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¾Ì»�Ê�ZÀ�

1-ÈÀË�³»3«Ê¿Z�¸� {Y�Æ])(  

É{Á�Á [M �Y|¬» ¾Ì]�,�ÊmÁ�y [M Á ½YÂz]M Ä]�2��YÊeY�ÌÌ¤e Á ½M

M Ç�Ìy} ºnu �{ Ä¯Ê» �Â«Á Ä] [{|¿ÂÌa� 6�Δ:d�Y �Y�«�] �Ë� È�]Y� ,

6 , 2Δ = −
,½ÔÌ/] ,|/�Z] Ê/mÁ�y [M �Y|¬» �Y �f�Ì] ,½YÂz]M Ä] É{Á�Á [M �Y|¬» �³Y

Ê¨À» ½ÔÌ] Äq �Å .d�Y Ê¨À» ,½ÔÌ] ,|�Z] ½M �Y �f¼¯ �³Y Á d^j»�e,|�Z]

.{Â] |ÅYÂy �f�Ì] ¾Ì»� d��¿Á�§ ½Y�Ì»

ÄÀË�³ Ê���]:ZÅ

ÈÀË�³»1:«150 100 506Δ = − =
�³ÈÀË»2:«250 300 506Δ = − = −

ÈÀË�³»3:«50 150 1006Δ = − = −
ÈÀË�³»4:«50 50 06Δ = − =

)Zy Á [M �]ZÀ»(¾Ì»�)Ê�ZÀ�Äv¨� ,ÉZÅ49Ze51(

----------------------------------------------

2-ÈÀË�³»2«Ê]�ne É��Y��)99(

�Y ¥|Å¾/ËY Ê¿Z/»� .d/�YZ/y ÊnË�|e \Ë�ze �Y É�Ì³Â¸m ,Zy d�Z¨u

Ê» ª¬ve ¥|Åº/¯ ,Z/y�ËZ��§ d��� Ä¯ |]ZË½M ¶Ì°/�e d��/� �Y �/e

.|�Z]

(Zy Á [M �]ZÀ»)¾Ì»�)Èv¨� ,Ê�ZÀ�57(

----------------------------------------------

3-ÈÀË�³»2«�Â�¯ �Y k�Zy É��Y��)-1401(  

c�|«Â» ª¸ » {YÂ» ½Y�Ì» Á d��� Ä] Ê´f�] ,[Z¿YÁ� Ê³|ÀËZ��§[Z¿YÁ� �{ {Âm

�Å .{�Y{Ê/�^Àm É��¿Y ,|�Z] �f�Ì] ª¸ » {YÂ» ½Y�Ì» Á ¹�m ,[Z¿YÁ� d��� Äq

Ê» �f�Ì] ½M Ê³|ÀËZ��§ c�|« ,ÄnÌf¿ �{ Á ,[M[M Ê³|ÀËZ/��§ c�|/« .{Â/�

YÂ» ½Y�Ì» Êf«Á .d�Y ª¸ » {YÂ» ÉY�Y{ [M �Y �f¼¯ ,�·Zy½YÂe �Y �f�Ì] ,ª¸ » {

[Â�� ,{Â� Äf�Z¯ É�Zm [M d��� �Y ZË Á |�Z] [Z¿YÁ� ¶¼u�Á�� {Á� É�Y~³

Ê»:�Y d�e�Z^� tÌv� x�Za ¥Z�ÁY ¾ËY Z] .{{�³P92
1

2

(Zy Á [M �]ZÀ»)¾Ì»�)Èv¨� ,Ê�ZÀ�56(

----------------------------------------------

4-ÀË�³È»4«(É|Ì��Ây Z��Ì¸�)

Ç�Z¼� �ËÂ�e4º/Å Ä/] d^/�¿ º/�m cY�} Á d/�Y Ê/��]�Àe Ä] �Â]�»

Ê»|¿�¤·←.²À� ½|Ë�]

�ËÂ�e2Á3®/Ë{�¿ º/Å Ä/] º/�m cY�} Á d/�Y É�Z/�§�À/e Ä] �Â]�»

Ê»|¿Â�←º¯Y�f».²À� ½|�

�ËÂ�e1¯�Àe Ä] �Â]�»Ê» �Á{ ºÅ �Y º�m cY�} Á d�Y Ê��.|¿Â�

←.²À� Ê´f��³

¾Ì»�)Ã�Z� Á Ê�ZÀ�¾Ì»�) (Ê�|ÀÆ» ÉZÅÄv¨� ,Ê�ZÀ�ÉZÅ60Á61(

----------------------------------------------

5-ÈÀË�³»2«sÔ§ ¾Ë�M)(É|�Y

½Z°» �{ �iR» ¶»YÂ� �Y Ê°ËÃ�Z� Ê]ZË,ZÅ.d/�Y ²À/� Á Z/y É�Ë~/a}Â¨¿

Ã�¨u²À� �{ Ê·Ôv¿Y ÉZÅ�Z£ Á ZÅ�Ë�� ,É�Ìz^e ÉZÅ²À/� �/´Ë{ �Y �eZ/Å

Ê» {ZnËYÂ�¿ÄËÓ ÉÁ� �] |� �³Y .|¾/°¼» ,{Â/� gY|/uY p³ ²À� �Y ÊËZÅ

�Y [M �Y�/§ h/�Z] Á {Z/nËY ,²À� �{ Ê·Ôv¿Y cY�¨u ,µZ� |Àq �Y�a d�Y

ºÅ Á |� ½�z».{Â� |� È¿|] É�Y|ËZaZ¿ ¾ÌÀq

¾Ì»�)Ã�Z� Á Ê�ZÀ�¾Ì»�) (Ê�|ÀÆ» ÉZÅÄv¨� ,Ê�ZÀ�ÉZÅ62Á63(

----------------------------------------------

6-ÈÀË�³»4«(É|¼v¼Ì¸� ½Z¼Ì¸�)

²À�²À� Êy�] Á Á�]Z³ ¶j» ¾Ë�}M ÉZÅÁ�¸¨¿�Â/Å ¶/j» Ê¿Â³�³{ ÉZÅ

²À� ¾ÌÀr¼Å Á dË�e�YÂ¯Ä�Z» ¶j» Ê]Â�� ÉZÅ²À�Y� ¹�Ó d/»ÁZ¬» ,Z/Å

Êa ÉY�] Á |¿�Y{Ã�Z�.|Àf�Å \�ZÀ» ZÅ

¾Ì»�)Ã�Z� Á Ê�ZÀ�¾Ì»�) (Ê�|ÀÆ» ÉZÅv¨� ,Ê�ZÀ�È62(

----------------------------------------------

7-ÈÀË�³»2«(É|Ì��Ây Z��Ì¸�)

µÔv¿Y²À/� É�Ë~/a�Y�Ì/] ,(®/¼¿ ²À/� Á p/³ ²À/�) É�/Ìz^e ÉZ/Å

²À�Ã�¨u ¾ËY�]ZÀ] .d�Y Ê°ÅM ÉZÅ²À/� ¾/ËY �{ Ê·Ôv¿Y ÉZÅ�Z£ Á ZÅZ/Å

�Ë��²À� �´Ë{ �Y �eÊ» {ZnËY ZÅ.{Â�

vÌ/�Âe Ä/] Ä/mÂe Z]Ê/» p/³ ²À/� Á ®/¼¿ ²À/� ÓZ/] cZ²À/� |/À¿YÂe

¶Ì°�e.|À�Z] ZÅ�Z£ ¾ËY Ç|ÀÅ{

¾Ì»�)Ã�Z� Á Ê�ZÀ�¾Ì»�) (Ê�|ÀÆ» ÉZÅÄv¨� ,Ê�ZÀ�ÉZÅ62Á63(

----------------------------------------------

8-ÈÀË�³»2«(ÊÅZ�]�� ½Y�°�)

Á�a ®Ë ¾Ë�Z£M cZ ·Z�» �{Ä/¿Â¼¿ �Â/�À» Ä] ,Ã�É�Y{�/]²À/� Z/Ë Z/y �Y

ÊaÄ¿Z¼³ ,Ã�Z�µZq ZË ZÅgY|/uY ¶v» ¦¸fz» �Z¬¿ �{ Ê¬Ì¼� Á ®Ë�Z] ÉZÅ

Ê» �¨u Ã�Z�Ä¿Â¼¿ .{Â�d�Y{�] Zy ZË ²À� ÉZÅÃZ´�ËZ»�M Ä] ,Ã|�ÉZ/Å

Ê» µZ��Y Ê��ze�À/e �/]Y�] �{ Zy Á ²À� d»ÁZ¬» �Y|¬» Á {Â�ÉZ/Å

Ê» �Y�« Ê���] {�Â» Y� Ã{�YÁ.|ÀÅ{

¾Ì»�)À�Ã�Z� Á Ê�Z¾Ì»�) (Ê�|ÀÆ» ÉZÅÊ�ZÀ�,Èv¨�61(

----------------------------------------------

9-ÈÀË�³»1«(É|Ì¸«Y d]Zi {Â¼v»)

ZÅ{Á� ªË���Y Ä¯ ÊeZ]Â��Ê/» ¶/¼u |/� ½�/z» Ä] ,�Y lË�|/e Ä/] ,|¿Â/�

Ê» |� ½�z» dÌ§��Ä] ÄnÌf¿�{ .|ÀÅZ¯�Y ÊÆmÂ/e ¶/]Z«�/z] |� lË�|e

Ây ÊËY�Z¯Ê» d�{ �Y Y� {.|Å{

¾Ì»�)Ã�Z� Á Ê�ZÀ�(Ê�|ÀÆ» ÉZÅ¾Ì»�)Èv¨� ,Ê�ZÀ�65(

----------------------------------------------

10-ÀË�³È»3«)½ZÌ«Zv�Y Ä]�Á�(

½Z�¿ (|�) �Â¯~» ¶°�Ç|ÀÅ{ÄËÓ {Y|f»Y Ä¯ d�Y Êf·Zu|/� �Â/v» Z/] ZÅ

ÄËÓ \Ì� Á d�Y É�YÂ»Ä] ZÅ{ÓZ] d¼�Ê/» d��/³Y d/·Zu ¾/ËY �{ .|/�Z]

.d�Ì¿ ÄÀÌ�Ì] ¶«YÓ ,d�Y ÄÀÌ¼¯ [M �Y�§ ºÌËÂ´¿

¾Ì»�)Ã�Z� Á Ê�ZÀ�¾Ì»�) (Ê�|ÀÆ» ÉZÅÈv¨� ,Ê�ZÀ�64(



) Ç�Á�a5(-½Â»�M21¾¼Æ]1401Ê�Z�fyYºÅ{�ZËÊ]�nev¨�È:4

Ê�ZË�)2(

11-ÈÀË�³»2«ÊËY�Ìv] |¼v»)(

�]Ze �Y{Â¼¿ ¶°� Ä] ÄmÂe Z]\ [=Ç�Y|¿Y Ä]3®/Ë Á d/�Y� Ä/] |/uYÁ

Ä/] Ã|/� º�� �]Ze È�]Z� ¾ËY�]ZÀ] .d�Y Ã|� Ã{Y{ µZ¬f¿Y ÓZ] d¼� Ä] |uYÁ

c�Â�1 3I �[� [= + −c�Â� È�]Z� Z] Ä�ËZ¬» Z] .d�YºË�Y{ µYR�

3D =Á1F =¾ËY�]ZÀ] .
4

12
D

F
=:ºË�Y{ Á d�Y

4
12 1 12 3 1 3 4

D
I � � I � �
F

= = + − = + =

)Ê�ZË�2,Äv¨� ,�]ZeÉZÅ65Ze70(

----------------------------------------------

12-ÈÀË�³»1«] |¼v»)ÊËY�Ìv(

�]Ze �{IÁJ:ºË�Y{

1 2 3I' ^ � � `=

2 3 4J' ^ � � `=

2 3I J' ' ^ � `=�

2 4 2 3 1 4 2 2 3 3I J ^� � � � � � �` ^� � � � � � �`− = − − = −

2 2 0 3 2 4 1J ^� � � � � � � � � � �`− = −

3
3

2 2

I J
K ^� � �`

J

−
� = = −

−

)Ê�ZË�2,Äv¨� ,�]ZeÉZÅ65Ze70(

----------------------------------------------

13-ÈÀË�³»2«É|Ì¼u |¼v»)(

:ºË�Y{ ½ZË{Y� Ä] Äm�{ ¶Ë|^e È�]Y� ª^�

0

0 0

1
0 017

180180 180

' 5 5
5 �

π= � = � =
π π

�

01 0 017� UDG� �

:ºË�Y{ Á0 01 180
57 3 1 57 3

180

'
' � UDG �= � = �

π π
� �

)Ê�ZË�2,Äv¨� ,cZj¸j»ÉZÅ72Ze76(

----------------------------------------------

14-ÈÀË�³»1«ÊÅZÀa |Ì �)(  

0VLQ FRV VLQ VLQ FRV VLQα α > α � α α − α >

)1(1 0 0VLQ �FRV � VLQ

−

α α − > � α <��	�


|Ì�Z] Äf�Y{ ÄmÂe1FRVα −.d�Y d^j»Z¿ Êe�Z^�

0 0
1

FRV FRV VLQ FRV FRV

VLQ VLQ

α α α α + α+ < � <
α α

)2(
N

1
0 0

FRV � VLQ �
FRV

VLQ
−

α + α
� < � α >

α

) Ä] ÄmÂe Z]1) Á (2�a (α.{�Y{ �Y�« ¹�ZÆq �]� �{

)Ê�ZË�2,Äv¨� ,cZj¸j»ÉZÅ77Ze79(

----------------------------------------------

15-ÈÀË�³»2«½ZË{Â¼v» �Ì»Y)(  

ÄËÁY� Y|f]YÖ2Ê» ¶Ë|^e ½ZË{Y� Ä] Y�:ºÌÀ¯
0

0

45

4180

5
5

π
= � =

π

Ê» d�{ Ä] Y� �Z�« duZ�»:ºË�ÁM
0 2

2
0

45

8360

5
6 5

π= × π =ÌIõ¤

h¸j» duZ�»$%&È�]Y� �Y Y�
1

2
Ö6 2$ 2% VLQ2= × ×d�{ Ä]

Ê»:ºË�ÁM0 2 21 1 2 2
45

2 2 2 4$%&
6 5 �5 �VLQ 5 5Δ = = × =

:Z] d�Y �]Y�] Ã{�Ây�Â�ZÅ ÈÌuZ¿ duZ�»

$%&
6 6 6 Δ= −½jn¼in¼{IÀ ÌIõ¤

Z�Ô�Y ª^�Ã{�Ây�Â�ZÅ ÈÌuZ¿ duZ�» ,Ä¸X�» c2 2π −.d�Y

2
22

8 4

5
5

π= −
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2 2
22

2 2 2 2 2 2
8 4 8

5 5
5 � �

π − = π − � π − = π −

2

1 8 2 2
8

5
5= � = =

2 2 2 2 4 25= π = π× = π�Ìv»

)Ê�ZË�2,Äv¨� ,cZj¸j»ÉZÅ72Ze76(

----------------------------------------------

16-ÈÀË�³»1«É|Ì¼u |¼v»)(

:ºË�Y{ ,Ã|� Ã{Y{ ÉÁZ�e �{

3

WDQ[
VLQ [

WDQ[
= ⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯→

+
.´ÃºIwnÂ¶ 2 ·H¼U ¾M Hn ¸ÃÎoö

2
2

2

1

1

3

VLQ [
WDQ[ FRW [

VLQ [
WDQ[

=
+=

+

2

1

31

WDQ [

WDQ[FR W [
=

++

23 WDQ[ WDQ[ FRW [ WDQ[⎯⎯⎯⎯⎯⎯→ + = +¸Ãõw» ¸ÃÎoö

03 3 30FRW [FRW [ WDQ[ FRW [ [� = � = � =

)Ê�ZË�2,,cZj¸j»Äv¨�ÅÉZ79Ze87(

----------------------------------------------

17-ÈÀË�³»1«\¸�ÁY{ {Zn�)(  

ÉZm Z]É�Y~³
5

4
[ N

π= π +�]Ze �{I:ºË�Y{

5 5
2 2 1

2 2
VLQ [ VLQ� N � VLQ

π π= π + = =

5 5
1

4 4
WDQ [ WDQ�N � WDQ

π π
= π + = =

:Z] d�Y �]Y�] c�Z^� ¶�Zu�a
1 2 1 1

1 1 2

� �−
= −

+

)Ê�ZË�2,Äv¨� ,cZj¸j»ÉZÅ79Ze87(

----------------------------------------------

18-ÈÀË�³»2«½ZË{Â¼v» �Ì»Y)(  

Z^� ½{�¯ Ã{Z� Z]:ºË�Y{ ,Ã|� Ã{Y{ c�

13 11 2 11 2

22 22 22 22
VLQ� � VLQ� � VLQ� �

π π + π π π
= = +

2 11 11
VLQ� � FRV

π π π= + =

31 33 2 33 2

22 22 22 22
VLQ� � VLQ� � VLQ� �

π π − π π π= = −

3

2 11 11
VLQ� � FRV

π π π= − = −

10 11 11

11 11 11 11
FRV� � FRV� � FRV� �

π π − π π π= = −

11 11
FRV� � FRV

π π
= π − = −

:Z] d�Y �]Y�] c�Z^� ¶�Zu

13 31 10

22 22 11 11 11 11
VLQ� � VLQ� � FRV� � FRV FRV FRV

π π π π π π
� − − = + +

3
11

FRV
π=

)Ê�ZË�2,Äv¨� ,cZj¸j»ÉZÅ79Ze87(

----------------------------------------------

19-ÈÀË�³»1«ÊÅZÀa |Ì �)(  

½Â//q
4

πα + β =Y~//·
4

πα = − βµZ//u ,αc�Z//^� �{ Y�$�Y�//«

Ê»:ºÌÅ{

2 3 2 3
4 2

4 5
4 5
4

VLQ� � � � VLQ� �
$

FRV� �FRV� � � �

π π− β + β − β + β
= =

π π − β + β− β + β

2 1
VLQ� � FRV

FRV� � FRV

π + β β= = = −
π + β − β

)Ê�ZË�2,Äv¨� ,cZj¸j»ÉZÅ79Ze84(

----------------------------------------------
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20-ÈÀË�³»2«\¸�ÁY{ {Zn�)(  

:ºË�Y{ ,Ã|� Ã{Y{ c�Z^� ½{�¯ Ã{Z� Z]

0 0 01105 3 360 25 25VLQ� � VLQ� � VLQ= × + =

0 0 0 0605 3 180 65 65 25FRV� � FRV� � FRV VLQ= × + = − = −

0 065 25VLQ FRV=

:ºË�Y{�a

0 0 0
0

0 0 0

25 2 25 25
25

2 25 25 25

VLQ VLQ VLQ
$ WDQ

FRV FRV FRV

− −
= = = −

−
)Ê�ZË�2,Äv¨� ,cZj¸j»ÉZÅ79Ze87(

----------------------------------------------

21-ÈÀË�³»4«É|Ì¼u |¼v»)(

�Y{Â/¼¿ Ä] ÄmÂe Z]I �[� VLQ [=Ã�Z/] �{ÉZ/Å2 2 2> N � � N � @π + πÁ

N∈]�]Ze �Y{Â¼¿�a ,d�Y ½Z�°Ë\ VLQ [=Ç�Z/] �{ Ä¯0 2> � @π

Ç�Z] �{ d�Y Ã|� º��4 2> � @− π − πÊ» �Y�°e �Ì¿.{Â�

)Ê�ZË�2,Äv¨� ,cZj¸j»ÉZÅ88Ze94(

----------------------------------------------

22-ÈÀË�³»1«É|Ì¼u |¼v»)(

Ç{Á|v» Ä] ÄmÂe Z]FRV [:ºË�Y{

1 1FRV[− ≤ ≤ +

4
4 4 4

� � FRV [× −⎯⎯⎯→ ≥ − ≥ −

7
11 7 4 3FRV [+⎯⎯→ ≥ − ≥

3 11 7 4
1

3 3

FRV [÷ −
⎯⎯→ ≥ ≥

11 11 3 8
1

3 3 3
_ PD[ PLQ _ _ _

−− = − = =

)Ê�ZË�2,Äv¨� ,cZj¸j»ÉZÅ88Ze94(

----------------------------------------------

23-ÈÀË�³»3«ÊÅZÀa |Ì �)(  

I J I J' ' '+ = �

2 24 0 4 2 2 2

4 0 4
I

[ [ _ [ _ [
'

[ [

° − ≥ � ≤ � ≤ � − ≤ ≤
®

+ ≥ � ≥ −°̄

2 2 I> � @ '⎯⎯⎯→ − =¥HoT{H

2 2

1 0 1

4 0 4 2 2 2
J

[ [
'

[ [ _ [ _ [

− ≥ � ≥°
®

− ≥ � ≤ � ≤ � − ≤ ≤°̄

2 1 J> � @ '⎯⎯⎯→ − =¥HoT{H

2 1 2 2 2 1 3I J I J' ' ' > � @ > � @ > � @ D E+ = = − − = − � − = −� �

)Ê�ZË�2,Äv¨� ,�]ZeÉZÅ65Ze70(

----------------------------------------------

24-ÈÀË�³»4«½ZË{Â¼v» �Ì»Y)(  

9

2
[

π= −�{ Y�I �[�Á
7

2
[

π= −�{ Y�J�[�ÉZ/////mÉ�Y~/////³

Ê»:ºÌÀ¯

9 9 9
2 2 6

2 2 4 2 4
I � � VLQ� � VLQ� �

π π π π π
− = π − + = π − + + π

3 2
2 2 2 2

2 4 4 2
VLQ� � FRV� � � �

π π π= π + = − π = − π = −π

�ËY�§Y Ä¯ |ÌÀ¯ ÄmÂe6π�Y|¬» �{VLQ�Y|¿ É�ÌiZe{cZ^/�Zv» Ä/] Ê·Á

Ê» ®¼¯À¯.|

7 7 5

2 2 2
J� � FRV� � FRV� �

π π π− = −π − + + π = −π −π + π

1 2� �= −π − + π = π

È/�¬¿ cZ/�fz»�a$c�Â/� Ä/]
9

2
2

$� � �
π− − πcZ/�fz» Á

È�¬¿%c�Â� Ä]
7

2
2

%� � �
π

− π.d�Y

2 2
$ % $ %$% �[ [ � �\ \ �= − + −

2 2 2 2 29 7
2 2 2 2

2 2
� � � � � �

π π
= − + + −π − π = π + π +

2 1 2 4 4 2 7 4 2� �= π + + + = π +

)Ê�ZË�2,Äv¨� ,cZj¸j»ÉZÅ88Ze94(

----------------------------------------------

25-ÈÀË�³»2«ÊÅZÀa |Ì �)(  

½Âq�Y{Â¼¿È�¬¿ �{ �]Ze Á{α��Z¬f»Y~· |¿Y020VLQ FRV� �α = α +

ÊÀ ËVLQZ] ÄËÁY�®ËFRVÊ» ÄËÁY� Á{ ÊÀ Ë d�Y �]Y�] �´Ë{ ÈËÁY�|À¿YÂe

.|À�Z] ºÅ º¼f»0 0 0 020 90 2 70 35α + α + = � α = � α =

2 0 0 2 0 23 3 3
2 35 25 2 60 2 2

2 4 2
\ VLQ � � VLQ � � � �� = + = = = =

)Ê�ZË�2,Äv¨� ,cZj¸j»ÉZÅ88Ze94(

----------------------------------------------
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26-ÈÀË�³»4«ÊËY�Ìv] |¼v»)(

Ê»:ºÌ¿Y{2FRV� [� FRV [π − =

�]Ze �Y{Â¼¿ ¶°� Ä] ÄmÂe Z]\ DFRV[ E= +:ºË�Y{

)1(
0 22

2 2
2

I � �_ D _ D E== ½°� = ⎯⎯⎯→ + =¾= − °¿

nHk£¶ ¸ÄoTzÃM
nHk£¶ ¸ÄoTx¨

)2(2 2 2I � � DFRV� � E D Eπ = − � π + = − � − + = −

1 2
0 2 2 4 0 4

2

� � � � � E
E D D⎯⎯⎯⎯→ = � = � + = + =

)Ê�ZË�2,Äv¨� ,cZj¸j»ÉZÅ88Ze94(

----------------------------------------------

27-ÈÀË�³»4«)Ã{Y��¯Y} Z��|¼uY(

3

2
VLQ� [� FRV[ FRV� [�

π + = − = π +

3

2 2 2
VLQ� [� VLQ� [� VLQ� [�

π π π+ = π + + = − +

�]Ze �Y{Â¼¿ ¾ËY�]ZÀ]I �[�³ �]Ze �]ÄÀË�) ÉZÅ1) ,(2) Á (3d/�Y ª/^�À» (

�]Ze �Y{Â¼¿ �] Ê·Á\ VLQ [= −.d�Ì¿ ª^�À»

)Ê�ZË�2,Äv¨� ,cZj¸j»ÉZÅ88Ze94(

----------------------------------------------

28-ÈÀË�³»3«Ã|¿�Âe ºÌÅY�]Y|¼v»)Ê¿Zm(

�]Z/e �Y{Â/¼¿ ½{�ÁM d/�{ Ä/] ÉY�]2\ I �[�= −�Y{Â/¼¿ ÉÁ� �YI �[�

�Z/¬¿ �{ Y� �]Ze �Ë{Z¬» d�Y Ê§Z¯
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0
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)Ê�ZË�2,Äv¨� ,�]ZeÉZÅ65Ze70(

----------------------------------------------

29-ÈÀË�³»2«Ã{Y�Ì¸� |Ì¼u)(

�]Z/e È/À»Y{ ½{�ÁM d�{ Ä] ÉY�]K�[�È/À»Y{ |/ËZ]IÈ/À»Y{ ÁJZ/] Y�

Z°Ë{Y� ��� �Y Ã|»M d�{ Ä] Ã{Á|v»:�a .ºË�Ì´] Y�f�Y µ

1 4 2 3I J' � � @ � ' > � @= − = −

0 1 0I �[� �J�[� J�[� �I �[� �J�[�− ≥ � − ≥µZ°Ë{Y� ��� :
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D D D
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)Ê�ZË�2,Äv¨� ,�]ZeÉZÅ65Ze70(

----------------------------------------------

30-ÈÀË�³»3«ÊÅZÀa |Ì �)(  
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)Ê�ZË�2,Äv¨� ,�]ZeÉZÅ65Ze70(
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d�Ë�)Ê�ZÀ�2(

31-ÈÀË�³»3«É|¼v» Z¼Ì¿)(  

�Â�À»µÁY d¼�«ÈÀË�³»3«ÄfyZË ,ÄÀË�Y{ ÉZÅÁ{ �Â/¿ ½Á�§�fÀËY .d�Y ÉY

ZÆÀe½|� µZ § \^�ÄfyZË�Z§Á�¯Z» ÉZÅÊ».{Â�

ÄÀË�³ �ËZ� Ê���]:ZÅ

1ÄfyZË (ÄÀË�Y{ ÉZÅÉY.|/¿�Y{ �Â/�u d/�Âa ¹�|/ÌaY È/ËÓ �{ Ê/¿YÁY�§ Ä/]

Ä//fyZË//ÅÄ//ÀË�Y{ ÉZd//��{ Á ÉYcZ]Z //�¿Y {Â//y t�//� �{ Á{ �//Å ,�YÂ//y

.|¿�Y{ Ê¼�ÔaÂfÌ�

2É�f¯Z] ,ZÅ�Z§Á�¯Z» (Ä·{Z^»�z] Ä] Äf§ZË ÃY� ÉZÅ�Y Y� �¨À/e ÃZ´f/�{ ÉY

Ê» ¾Ì]d��{ .|¿�]Ê¼¿ Ã|ÅZ�» ½Ây ½Á�{ ZÅ�YÂy�ËZ¼e �Y�a ½Âq .|¿Â�

»Â±� k�Zy �{ dÌ�Â¿Ê» {ZnËY ZÅ.|¿Â�

4Á�eÂ¿ (Ì§¶Ä¿Z´Ì] �Y ÊÅÁ�³ ZÆÀe ZÅZÅ�YÂy�Â/�u ½Â/y ½Á�{ Ä/¯ |Àf/�Å

.|¿�Y{ÄfyZË ¾ËYÊf¼�« |Àq Èf�Å ®Ë ,ZÅ.|¿�Y{ (Äf�Å |Àq Ä¿)

d�Ë�)Ê�ZÀ�2Äv¨� ,ÉZÅ66Ze68Á70(

(Ê^Ì¯�e)d�Ë�)Ê�ZÀ�1Äv¨� ,ÉZÅ37,38Á63(

----------------------------------------------

32-ÈÀË�³»3«Ê]Â¬ Ë ½Z»�a)(

ÄfyZË �{ ÄqÄq Á É�Â¿Zm ÉZÅÄfyZËÉZÅÊÅZÌ³,Äf/��{Â/mÁ Á{ ÉZ/Å

Äf�� ¾ËY .|¿�Y{¹Á�Â/»Á�¯ Ä] �Z§Zf»Á�a È¸u�» �{ ZÅZ/ÅÉ¦�Z/�»Ã|/��{

Ê» ¶�f» ÄfyZË.|¿Â�

ÄÀË�³ �ËZ� Ê���]:ZÅ

1Ä¿YÂf�Y (µÂË�f¿Z� ½Z¼Å ZË ÊÀÌXeÁ�a ÉZÅÄfyZË �{ ZÅ/Åd/§ZË É�Â¿Z/m ÉZ

Ê»Ä·Â· ÊÅ|¿Z»�Z� �{ ZÅ�ZfyZ� ¾ËY .|¿Â��/¬¿ (Á{) Ê/ÀÌXeÁ�a �Ë� ÉZÅ

.|¿�Y{

2(Z]Äf�� �Y É|À]�¼¯ ¶Ì°�eÄfyZË �{ ¾Ë�ÂÌ» Á ¾Ìf¯Y ÉZÅ,É�Â¿Zm ÉZÅ

Ê» c�Â� º�ÔaÂfÌ� ºÌ�¬e.{�Ì³

4ÄfyZË �{ (¶/�Zu È/fyZË Á{ ¾Ì] ÊÅZÌ³ ÉZÅºÌ/�¬e �YÃ�YÂ/Ë{ ¶/v» �{

~§ZÀ»ÄfyZË Á {�Y{ {ÂmÁ É�Y�/«�] �Z/^e�Y º/Å Z/] ~/§ZÀ» ¾/ËY ª/Ë�� �Y Z/Å

Ê».|ÀÀ¯

(ÄfyZË ºÌ�¬e)d�Ë�)Ê�ZÀ�2Äv¨� ,ÉZÅ84Ze86(

----------------------------------------------

33-ÈÀË�³»3«É|¼v» Z¼Ì¿)(

¾ÌXeÁ�aÊ» ÄË�ne �Z§Z¿M È¸u�» �{ �»Á�f¿Z� ÈÌuZ¿ ÉZÅ/¿ZÌ» .|¿Â/�®�{ Z/Å

Ê/» d/¯�u Ä/fyZË ÉÂ/� Á{ Ä] �Z§Á�a È¸u�»,�Z/§Zf»Á�a È/¸u�» �{ .|/ÀÀ¯

Äf��¹Z§ �»Á�f¿Z� Ä] Á{ ÉZÅ¾eÊ» ¶�f» ZÅ.|¿Â�

ÄÀË�³ �ËZ� Ê���]:ZÅ

1¹Z§ (¾eZÅ�Y�/« (Äf/�Å ÉYÂf/�Y Ä/¿) Ä/fyZË ÉYÂf/�Y �{ �Z/§Zf» È¸u�» �{

Ê»�f¿Z� ¾Ì] ºÌ�¬e Á{ �Z§Á�a È¸u�» �{ .|¿�Ì³µÂËÊ» ¶°� ZÅ{�/Ì³.�{

Ê» \Ë�ze �Z§Zf»Á�a Á �Z§Á�a È¸u�» �{ Äf�Å��Âa Ä¯ Ê·Zu.{Â�

2¹Z§ �Z§Â¸e È¸u�» �{ (¾eÊ/» ½|� �Z] Ä] �Á�� ZÅ,�Z/§Z¿M È/¸u�» �{ .|/ÀÀ¯

¾ÌXeÁ�a Y|f]Y®/ÀÌ»Z§ Á Ã|/� Ä/Ë�ne �»Á�f¿Z/� ÈÌuZ¿ ÉZÅY|/m º/Å �Y Z/Å

Ê»¹Z§�b� ,|¿Â�¾e®e ÉZÅ] Ê°ÀÌ»Z§d/¯�u Ä/fyZË ÉÂ/� Á{ d¼/� Ä

Ê».|ÀÀ¯

4Ê/» \/Ë�ze Ê¼/�ÔaÁ|¿M È°^/� �/�Âa �Z/§Zf»Á�a È¸u�» �{ (.{Â/��{

Ê·ZuÄ¯Äf/�� �Y Ê/ÅÁ�³ ,�Z/§Zf» È¸u�» �{Ê/» |/À¸] Á{ ÉZ/ÅZ/e |¿Â/�

¹Z§¾e.|À¿Z�°] ÄfyZË ÉYÂf�Y d¼� Ä] Y� ZÅ

)Ê^Ì¯�e(d�Ë�)Ê�ZÀ�2Äv¨� ,ÉZÅ72,84Á85(

----------------------------------------------

34-ÈÀË�³»2«Ê°qÂ¯ Ê¸�)(

Ê/» É| ] ºÌ�¬e ½ZËZa Ze ºÌ�¬e ®Ë ½ZËZa �Y ÄfyZË ®Ë Ä¯ Ê¸uY�»|/¿Y�~³

ÄfyZË Èy�q Y�Ê» ÉYÀËÂ³�Z/§�fÀËY ¶/uY�» ¶»Z/� Ä/y�q ¾/ËY .|ºÌ/�¬e Á

¹Á�Â»Á�¯ �ÂfÌ» �Z§Zf» È¸u�» �{ .d�YY�« ÄfyZË ÉYÂf�Y �{ ZÅÊ» �Ä¯ |¿�Ì³

¹Z/§ �Y É�ËÂ/�e `/ÌeÂË�Z¯ .|/¿�Y{ Y� Ê³{��§ ¾Ë�f�Ì]¾/e�j¯Y|/u Z/] Z/Å

.d�Y Ê³{��§
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ÄÀË�³ �ËZ� Ê���]:ZÅ

1È¸u�» Ê� (6Z¿{ ,�Z§�fÀËYÄf�Å ÉÉYÊ» �]Y�] Á{.{Â�

3È¸u�» �{ (2*ÃZeÂ¯ �Z§�fÀËY Ê¸^« ¶uY�» Ä] d^�¿ Ä¯/� ,d�Y �edyZ

¾ÌXeÁ�aÊ» Y|Ìa�ËY�§Y ÄfyZË ºÌ�¬e ÉY�] �ZÌ¿ {�Â» ¶»YÂ� Á ZÅ.|ÀÀ¯

4µZ/�eY �Â/�À» Ä] �Z§Zf»Á�a È¸u�» �{ Ê¼�ÔaÁ|¿M È°^� Á Äf�Å��Âa (

Äf��¹Z§ �»Á�f¿Z� Ä] Á{ ÉZÅ¾eÊ» ÄË�ne ,ZÅ.|¿Â�

(Ê^Ì¯�e)d�Ë�)Ê�ZÀ�2Äv¨� ,ÉZÅ81Ze83Á85(

d�Ë�)Ê�ZÀ�1� ,Èv¨62(

----------------------------------------------

35-ÈÀË�³»2«É|¼v» Z¼Ì¿)(  

{�YÂ»»[«Á»{«Ê» ¶Ì¼°e Êf��{ Ä] Y� ��¿ {�Â» c�Z^�.|À¯

:{�YÂ» È¼Å Ê���]

ÄfyZË (¦·Y¾e{Za t��e �{ dÌ�Â¼�Ôa ÉZÅµÂ/°·Â») ZÅÊ/ÀÌXeÁ�a ÉZ/Å<

ÄfyZË ¾ËY .|¿�Y{�¬¿ (¶°�¶�Zu ZÅdÌ�Â¨À· �ËZ¼e%ÊËZ/¿YÂe Á |Àf/�Å

.|¿�Y|¿ ºÌ�¬e

dÌ�Â¨À· ([ÉZÅ%Ã��ZyÁ7Ã��Zy,7Ã|À�¯�/y �{ dÌ/�Â¼�Ôa Á

Ê�Z/§{ ¹Â�{Â/mÁdÌ/�Â¨À· Z/ÆÀe ½Z/Ì» ¾/ËY �{ .|/¿�Y{ÉZ/Å7Ã|À/�¯,

¾ÌXeÁ�a�ÅZ� Ä¯ ¾Ë�Â§�a ÉZÅ/|¿�Y{ |À¿Z»,Ê» |Ì·Âe.|ÀÀ¯

dÌ�Â¨À· (kÇ|À�¯ ÉZÅÁ Ê Ì^�dÌ�Â¨À·7Ã|À�¯Á ¾Ë�Â§�a t��e �{ ,

ºË�¿M�{ �iÂ»Ä/»Z¿�] ±�»½Z/Ì» ¾/ËY �{ .|/¿�Y{�/¬¿ Ä/fyZË Ç|/� É�/Ë�

Ä¿Z´Ì] Ê Ì^� Ç|À�¯ dÌ�Â¨À·Ê³�ËÁ �Z�Y�] Y� ZÅÊËZ/�ZÀ� Ê»Â/¼� ÉZÅ

Ê».|¿�Y|¿ ºÅ �Y Y� Ä¿Z´Ì] ¶»YÂ� ÊËZ�ZÀ� ÊËZ¿YÂe Á |ÀÀ¯

dÌ�Â¨À· ºÌ�¬e �iY �{ ({ÉZÅ%�Â¨À· ,¶Ì°/�e Ã��Z/y Á Ã|/ÀÀ¯ ¶¼� dÌ

Ê»dÌ�Â¨À· ½ZÌ» ¾ËY �{ .{Â�Ã�/ËÁ ÊÀ³{Z/a ÊËZ/�ZÀ� �Y�/a Ã��Zy ÉZÅ

Ê».|ÀÀ¯ �Â^� Ê¸�Y Ê��YÁ �Z¬¿ È¼Å �Y |À¿YÂe

)Ê^Ì¯�e(d�Ë�)Ê�ZÀ�2Äv¨� ,ÉZÅ69,72Ze75Á88(

----------------------------------------------

36-ÈÀË�³»4«½Z»�a)Ê]Â¬ Ë(  

R/» ®»Y|/¿Y Ê�Â/¿ ½|� ÄË�ne¾ÌXeÁ�/a �{ �iZ/�È°^/� È/Ë�ne Ê/À Ë É�

]� Ê¼�ÔaÁ|¿MÊ» w� �Z§Zf»Á�a È¸u�» �{ Ä¯ �Ä/¸u�» ¾/ËY �{ ,|Å{,µZ/�eY

Äf��º/Å Ä/] É�ÅYÂ/y ÉZÅ|ÌeZ»Á�¯ µZ�eY ¶v» Ä] Á{ ÉZÅ)�»Á�f¿Z/�(

Ê» c�Â�.{�Ì³

ÄÀË�³ �ËZ� Ê���]:ZÅ

1�Z§Zf» È¸u�» �{ (¹Á�Â»Á�¯ ½|� ¦Ë{� ,f�Y t�� �{ ZÅ¹Z/n¿Y ÄfyZË ÊËYÂ

Ê»Y|] Ê·Á {�Ì³Ã{�/�§ �Z£M Ä¯ |Ì¿Äf/�� É�Z/�ÊÀÌeZ/»Á�¯ ÉZ/ÅÊ/� �{

�ÂfÌ» ºÌ�¬eÃ|/Ë{ �Z/§Zf» �{ Ê³{�/�§ �Y|/¬» ¾Ë�f�Ì] Á �Z§Á�a È¸u�» �{

Ê».{Â�

2¹Á�Â»Á�¯ ½|� �Z] �Á�� ,�Z§Â¸e È¸u�» �{ (½M ¶Ë|^e Á ZÅeZ/»Á�¯ Ä] ZÅ¾Ì

Ê» ©Z¨eYÊ·Á ,|f§Y|ÌÀ¯ d«{Ä/] ¶/�f» Ê¼/�ÔaÂfÌ� |À]�¼¯�ËY|Ìa Ä¯

.{�Y|¿ �ÂfÌ» Ä] Ê�]� Á d�Y º�ÔaÂfÌ� ºÌ�¬e Ä] �Â]�» Z�£

3(\Ë�ze¶»Z¯Äf��®/Ë{�¿ Á �Z/§Â¸e È/¸u�» Ä] �Â]�» ºÌ�¬e Á{ ÉZÅ

¹Á�Â»Á�¯ ½|�Z� Ä] ZÅµÂË�f¿.d�Y �Z§Z¿M È¸u�» Ä] �Â]�» ZÅ

d�Ë�)À�Ê�Z2Èv¨� ,84(

(Ê^Ì¯�e)d�Ë�)Ê�ZÀ�1Èv¨� ,11(

----------------------------------------------

37-ÈÀË�³»1«Ã{Y���»Y�§ ºË�»)(

ÄÀË�³ Ê���]:ZÅ

1Y�mY -d��{ (É¹Á�ÂX¸¯Â¿,¾ÌXeÁ�a Á Z¿{Ê»|�Z]Á{ �/Å �ZfyZ/� �{ Ä/¯

.{�Y{ {ÂmÁ ½�Á�fÌ¿

2Äf/�� -d��{Z¿ (¯ ÉZ/ÅÈ/¸u�» �{ ºÌ/�¬e �Y�Ì/a ¾ÌeZ/»Á�6�/]Y�] Á{

Ê».|¿Â�

3{Á|/u Ä¯ ¾ÌXeÁ�a ÊËZe d�Å Ä�Â¼n» ®Ë �Y ¾e Äf�Å -d��{Z¿ (2�Á{

.d�Y Ã|� ¶Ì°�e Ã|ÌrÌa ½M ¥Y��Y Z¿{

4¹Á�Â//»Á�¯ �//¬§ -d//��{Z¿ (Z//ÅÉ¶//v» �{ Ä//¯ |//ÌeZ»Á�¯ Á{ �Y ¦�Z//�»

»Á�f¿Z��¶�f»Ã|� ¶Ì°�e ,|¿YÁ�¯ Ä¯ Ê·Zu �{ |¿Yº/Å ¦�Z/�»�Ì£ ¹Á�Â»

.d�Y �»Á�f¿Z� ÉY�Y{

d�Ë�)Ê�ZÀ�2Äv¨� ,ÉZÅ80Á81(

(Ê^Ì¯�e)d�Ë�)Ê�ZÀ�1Èv¨� ,10(

----------------------------------------------

38-ÈÀË�³»1«Ê]Â¬ Ë ½Z»�a)(  

{�Â» ZÆÀe¹Â��Y Ä/¯ d/�Y É�ËÂ/�e `/ÌeÂË�Z¯ .d�Y Ã|� ½ZÌ] Êf��{ Ä]

¹Á�Â»Á�¯Ê» ÄÌÆe Ê³{��§ �j¯Y|u Z] ZÅ.{Â�
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È¼Å Ê���]{�YÂ»:

�Â»ÈfyZË ºÌ�¬e �Y �»�« ÈrËÂ³ (µÁY {É|ÌWÂ¸Ì»Ê/» P/�À».{�/Ì³È/rËÂ³

�»�«.d�Y �ÂfÌ» ºÌ�¬e ÊËZ¿YÂe Á Äf�Å |«Z§ ,¢·Z]

ÄfyZË (¹Á{ {�Â»¾e{Za ÉZÅdÌ�Â¨À· ºÌ�¬e �Y �Z�%Ê» {ZnËY¾/ËY .|¿Â/�

ÄfyZË¿ ºÌ�¬e c�|« ZÅ.{�Y|

ÄfyZË (¹Â� {�Â»dÌ�Â¨À· Ç|¿�Z� ÉZÅ½YÂzf�Y �»�« �¤» �{ ZÅ,ÄfyZËÉZ/Å

ÄfyZË ¾ËY .|Àf�Å É|ÌWÂ¨À· É{ZÌÀ]ZÅ¾ËY�]Z/À] .|/¿�Y{ ÊËÓZ] ºÌ�¬e c�|«

Ê»½M �Y ½YÂe.{�¯ ÄÌÆe `ÌeÂË�Z¯ ZÅ

Êm�Zy (¹�ZÆq {�Â»ÄfyZË ¾Ë�eÉZÅÄfyZË d�Âa ¹�|ÌaY Ç|¿�Z�ËZÅÊÃ{�/»

|Àf�ÅpÌÅ Á |¿�Y|¿ ºÌ�¬e c�|« ¾ËY�]ZÀ]Ê¼¿ ºÌ�¬e ÃZ³.|¿Â�

d�Ë�)Ê�ZÀ�2Äv¨� ,ÉZÅ64,72Á81(

(Ê^Ì¯�e)d�Ë�)Ê�ZÀ�1Äv¨� ,ÉZÅ61Á62(

----------------------------------------------

39-ÈÀË�³»4«Ê°qÂ¯ Ê¸�)(

ÄfyZË Ç{Âe �Y �Â�À»dÌ¸]Z« Z] ÉYÄ]Zm�/�Âe ÊËZ/m�Â/»Âe ,Ê/¨À· ÃZ´f/�{

ºÌ/�¬e [Â¯�/� ÉY�] ÊËZÅÁ�Y{ �Y Ê¿Z»�{ Ê¼Ì� �{ .d�Y (½Z���) ºÌy|]

ÄfyZËZÅÉÊ» Ã{Z¨f�Y ½|]/] ¾ËY�]Z/À] -{Â/�Z/ÅÁ�Y{ ¾/ËY ¥�/�» Z,ºÌ/�¬e

ÄfyZËÉY¦«Âf»Ã|�ÄnÌf¿ �{ ÁÄfyZËZ/ÅºÌ/�¬e È/y�q Ê/��YÁ �Z/¬¿ �Y

ÄfyZËÊ¼¿ �Â^� ÉY.|ÀÀ¯

ÄÀË�³ �ËZ� Ê���]Å:Z

1d§Z] �{ (½Z��/� Ä/] Â°/�» Z/Ë Ê¿Z��� d§Z] �Y Ê�z] ZË ¹Z¼e É�Y{�]

Ê» Äf�Y{�].{Â�

2ÄfyZË ,Ê¿Z»�{Âe�a �{ (�¬e d��� Ä] Ä¯ ÊËZÅÊ» ºÌÄ] ,|¿Â�ºÌ¬f�» �Â�

Pe dveÊ» �Y�« ÉÂ« ÉZÅÂe�a �Ìi.|¿�Ì³

3�]Ze �ÌiZe dve Ä¯ É{Y�§Y �Y Ê� ] (�Y�/« Ê¿Z/»�{ Ê¼Ì/� Z/Ë |Ë|� ÉZÅ

Ê»|¿�Ì³,Ê» ½YÂzf�Y �¤» |¿ÂÌa Ä] �Â^n»ÄfyZË |À¿YÂf] Ze |¿Â�Ê¿Ây ÉZÅ

.|¿�Z�] Y� {Ây �ZÌ¿ {�Â»

(ÄfyZË ºÌ�¬e)d�Ë�)Ê�ZÀ�2Äv¨� ,ÉZÅ88Á89(

----------------------------------------------

40-ÈÀË�³»3«cY{Z� ��ZÌ¯)Ê Ì§�(

e�Y �{ ({) Á (k) ,(¦/·Y) {�YÂ»Ä/»Z¿�] ±�/» �/Å Z/] �Z/^©|/� Ã|/� É�/Ë�

Ê¼¿Á |ÀÀ¯/� c�Â� �Y �Â�À» .d�Y tÌv� ([) {�Â» ZÆÀeRµY±�/»ÉZ/Å

Ä»Z¿�]dÌ/�Â¨À· Á Ê/ Ì^� Ç|À/�¯ È/fyZË {�/°¸¼� �Y ¶�Zu Ã|� É�Ë�7

Ã|À�¯Ä»Z¿�] ±�» ,Ê��YÁ È�¬¿ �{ Ã|� É�Ë�1*ÁÊ Ì^� cÓZu¶j»�Y

¾f§� ¾Ì]Ã{�aÊÀÌÀm ½Y�Á{ �{ ½Zf�´¿Y ¾Ì]Ê».|/�Z][Z/f¯ ¾f/» ª/^�

¾ÌXeÁ�aµÂ°·Â») ZÅ±�» Á ÄfyZË Èy�q Ç|ÀÀ¯ ºÌ�Àe ,(½�Á�fÌ¿ ÉÁZu ÉZÅ

µZ § Z] Á |Àf�Å ½M½� É�Z�Ä»Z¿�] ±�» Ä] �Â]�» ÉZÅªË�� �Y) Ã|� É�Ë�

Ê» |ÀËY�§ ¾ËY ½|� µZ § \mÂ» ,(Äf�Å Ä] {Á�Á.|¿Â�

:{�YÂ» Ê���]

Ä»Z¿�] ±�» �Å |ÌÀ¯ d«{ (¦·YÃ|� É�Ë��Y Êy�] .{�Y|¿ �ZÌ¿ ¾Ë�Â§�a Ä] ÉY

±�»Ä»Z¿�] ÉZÅÊ��YÁ È�¬¿ �{ Ã|� É�Ë�1*ÄfyZËÄ/fyZË {Â/y �/�Âe

�Z£MÊ».|¿Â�

Ä»Z¿�] ±�» ºË�¿M ([{�YÁ ,Ä/fyZË \/Ë�ze ÉY�/] Á Ã{Â] ¾ÌXeÁ�a Ã|� É�Ë�

Êy�] Á Ã|� Äf�Å½�Ê/» µZ § Y� Ã|ÀÀ¯ \Ë�ze ÉZÅ.|/À¯¾ÌXeÁ�/a�{ Z/Å

½�Á�fÌ¿ {Ây �ZfyZ�.|¿�Y{

Ä»Z¿�] ±�» |ÀËY�§ �Å |ÌÀ¯ d«{ (kÄfyZË ÉY�] Ã|� É�Ë�É{Ây º·Z� ÉZÅ

¶j») d�Ì¿ É�Z¼Ì] 0Z»Á�·Ã{�a ¥~uÊÀÌÀm ½Y�Á{ �{ ½Zf�´¿Y Ê¿ZÌ» ÉZÅ(

Ä»Z¿�] ±�» ({dÌ/�Â¨À· �/�Âe Ã|� É�Ë�Ê/» Z/ÅYÂe¶/uY�» ¹Z/¼e �{ |/¿

ÄfyZË �Z§�fÀËY.{Â� ¹Zn¿Y ÉY

(Ê^Ì¯�e)d�Ë�)Ê�ZÀ�2Äv¨� ,ÉZÅ64,69,74,78,82,83,88Ze91(

d�Ë�)Ê�ZÀ�1Èv¨� ,10(

----------------------------------------------

41-ÈÀË�³»3«[Zf¯)�»Zm(  

d«{|ÌÀ¯Ä¯¾Ì»Zf�ÌÅh�Z]É{Z�³±�ËÂ»/ÅZÃ|/�Á�{Ä/nÌf¿�Z/�§

½ÂyY��ÅZ¯Á½ZË�m½ÂyY��ËY�§YÊ».|Å{

(ÊÀ¼ËY)d�Ë�)Ê�ZÀ�2Äv¨� ,ÉZÅ70Á71(

----------------------------------------------

42-ÈÀË�³»3«[Zf¯)�»Zm(  

{�YÂ»»¦·Y«Á»k«d��{Z¿.|¿Y

:d��{Z¿ {�YÂ» Ê���]

¯ È�Â¼n»®Ë �{ :¦·YÌÅ ,Ê»Á�Â»Á�¼Å � Ë́{ ¹Á�Â»Á�¯ Z] Ê»Á�Â»Á�¯ pfZ.d�Ì¿

Äf�� :kY�Ìa ÊÀÌeZ»Á�¯ ÉZÅÊ» �]Y�] Á{ ÄfyZË ºÌ�¬e �0Z»Á�· ¾¼� �{ .|¿Â�

ÄfyZË ºÌ�¬e �Å �Y�a¶uY�» ,ÉYqÈy�ÄfyZËÄ] ÉYÊ¼¿ Ê� ¶»Z¯ �Â�.{Â�

(ÄfyZË ºÌ�¬e)d�Ë�)Ê�ZÀ�2Äv¨� ,ÉZÅ80Ze83(

----------------------------------------------
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43-ÈÀË�³»1«[Zf¯)�»Zm(  

.{�Y{ �Y�/« º/�ÔaÂfÌ� �{ Ê�Z^¬¿Y È¬¸u ,[Zf¯ ¾f»�Z�Y�] Ä¯ |ÌÀ¯ d«{

d�Y Z�£ �Ë� �{ ¾ËY�]ZÀ],.½M ÉÁ� Ä¿

ÄÀË�³ �ËZ� Ê���]:ZÅ

ÈÀË�³»2:«Äf���f» Z�£ Ä] (¾Ë�ÂÌ» Á ¾Ìf Ȳ)Ê�Z^¬¿Y È¬¸u ÊÀÌXeÁ�a ÉZÅ¶.|¿Y

ÈÀË�³»3:«ºÌ/�¬e) �ÂfÌ» ¶uY�» �Á�� �{ º�ÔaÂfÌ� ºÌ�¬e Ä¯ |ÌÀ¯ d«{

Ê¼¿ w� (Äf�Å.|Å{

ÈÀË�³»4:«Äf�� µÂ�Ê¼¿ �ÌÌ¤e Ê�Z^¬¿Y pÌÅ �{ ¾Ë�ÂÌ» Á ¾Ìf¯Y ÉZÅ.|À¯

(Ê^Ì¯�e)d�Ë�)Ê�ZÀ�2Äv¨� ,ÉZÅ47,49Á84Ze86(

----------------------------------------------

44-ÈÀË�³»1«[Zf¯)�»Zm(  

¹Á�Â//»Á�¯¶°//� ,Ã�Y|//¿Y�Z//�Y �//] Z//Å½M �»Á�f¿Z//� É�//Ì³�Y�« ¶//v» ÁZ//Å

Ã�Z¼�Ê» É|À]¹Á�Â»Á�¯ ¾ËY�]ZÀ] .|¿Â�ÉZÅ1Á20Z �« ,�Z/v· ¾/ËY �YcÁZ/¨e

.|¿�Y{

ÄÀË�³ �ËZ� Ê���]:ZÅ

ÈÀË�³»2:«¹Á�Â»Á�¯ �Y É�ËÂ�e `ÌeÂË�Z¯Y Ê³{�/�§ �j¯Y|/u Z/] ZÅ.d/�

¹Á�Â»Á�¯ Ê³{��§ �j¯Y|u�Z§Zf» Ä] �Â]�» ZÅ�{ Ä/¯ d/�Y �Â/fÌ» �Z/§Z¿M Á

�Z§Z¿M ÉY|f]Y Á �Z§Zf».{�Y{ |ÌeZ»Á�¯ ®Ë �Y�Ì] ¹Á�Â»Á�¯

ÈÀË�³»3:«½�Ä¿Â³ ½Y�Y|¿Zm ÉZÅ-|/¿�Y{ º/Å Z/] É{ZË� cÁZ¨e ¦¸fz» ÉZÅ

½M Êfu.|¿�Y{ ½Z�°Ë Ê»Á�Â»Á�¯ {|� Ä¯ ÊËZÅ

ÈÀË�³»4:«�¯ {|�¹Á�Â»Á�¯ {Y| e Ç|ÀÅ{ ½Z�¿ ,Ê»Á�Â»Á�{ {Â/mÂ» ÉZ/Å

.d�Y É�°Ìa ÈfyZË ®Ë

(ÄfyZË ºÌ�¬e)d�Ë�)Ê�ZÀ�2Èv¨� ,81(

----------------------------------------------

45-ÈÀË�³»2«[Zf¯)�»Zm(  

Ä]�Â�[Á�/°Ì» Ê³|/¿� ÉY�/] É|Ì�Y �Ìv» Ê¸¯É�Z/¼Ì] ÉZ/Å\/�ZÀ» Y�

�°Ì» Êy�] -d�Ì¿[ÁÉ�Z¼Ì] ÉZÅÊ» Y��Â/^� ½|/] Ê�Z§{ µÁY |� �Y |À¿YÂe

ºÅ |ÀÀ¯[Á�°Ì» Z» d�Âa t�� �{ ¾ÌÀqÊ/» Ê³|/¿� ÊËZ/ÅZ/] Ä/¯ |/ÀÀ¯

.|¿�Z³�Z� d�Âa �ËY��

ÄÀË�³ �ËZ� Ê���]:ZÅ

ÈÀË�³»1:«ÉY�Y{ É�f¯Z/] �/Å ,ºË�Á�/Ì· Ä/¯ {�Y{ {Â/mÁ ½Z°»Y ¾ËYÇ�YÂ/Ë{

ÄfyZË{�^¿ ¾Ì] �Y Y� ÉY,f¯Z] |À¿Z»É�|Ì¨» ÉZÅ.

ÈÀË�³»3:«ÄfyZËÊ» Ê��Âa ÉZÅÊ�Z/z» �ËZ/» ZË ©�� |À¿Z» Ê ËZ» |À¿YÂe

É�f¯Z] ±�» \mÂ» Á d�Y ºË�Á�Ì· ÉÁZu Ä¯ |ÀÀ¯ t��eÊ» ZÅ.{Â�

ÈÀË�³»4«Ã|£ :½Á�] �Â¿ �Y Ã| » ÉZÅÄfyZË Z] �Ë�ÉZ/Å½Á�{Á |Àf/�Å �/Ë�

Ê» Y�n» ½Á�{ Ä] Y� {Ây cZv��e \¸£Y�Ì� .|¿�Ë�|Ì/�Y ¾f/�Y{ Z/] Ã| » Ç

Ê»É�Z¼Ì] ¶»YÂ� |¿YÂe�Ç{Z» Ã| » �Zz» .{�^] ¾Ì] �Y Y� YÊ�Zz»... Á |Ì�Y ,

Ê» t��e.|À¯

)Ê^Ì¯�e(d�Ë�)Ê�ZÀ�2Äv¨� ,ÉZÅ54,55,64Á65(

d�Ë�)Ê�ZÀ�1Èv¨� ,21(

----------------------------------------------

46-ÈÀË�³»3«[Zf¯)�»Zm(

{�YÂ»»[«,»k«Á»{«.|Àf�Å tÌv�

Ê���]{�YÂ»:

Èv¨/� Á |/�Z] ÉÁZ/�»Z¿ d/�Y ¾/°¼» º/�ÔaÂfÌ� ºÌ/�¬e |ÌÀ¯ d«{ :¦·Y

ÄfyZËÄfyZË È¿ZÌ» �{ ÉYÈ¼¸¯ Ä]) .{Â�¿ {ZnËY»�Å«R� �{(.|ÌÀ¯ d«{ µY

¶°� ª]Z�» :[9Èv¨�86dÌ·Z § Á4Èv¨�91Ê�ZÀ� d�Ë�2�Y ¶/^« ,

yZË Èv¨� ¶Ì°�eÄf�{ ÉY¹Á�Â»Á�¯ �Z§Zf» È¸u�» �{ º�ÔaÂfÌ� ºÌ�¬eÉZ/Å

Äf�� ÉÁ� �] Ä¿Z³Y|m Á ¶¬f�» c�Â� Ä] Zf¼Å.|¿�Y{ �Y�«Á{ ÉZÅ

¶°� ª]Z�» :k9Èv¨�86d�Ë�Ê�ZÀ�2½Z/»� �{ Ä/¯ d/�Y�z/�» ,

Ê«Z] ,º�ÔaÂfÌ� ºÌ�¬eÄf�� Ç|¿Z»Ê» Ã|ÅZ�» Á{ ÉZÅº/Å -{Â/�¾Ì/Àq

,Ê��{ [Zf¯ ¶°� ª]Z�»Ê´f§�Á�§ÄfyZË Ç�YÂË{ �{Ê» {ZnËY ÉY.{Â�

�Y ¶^« :{Ä/fyZË Èv¨� ¶Ì°�e�{ ÉYº/�ÔaÂfÌ� ºÌ/�¬e,Ä/�Ì¯�Ë�ÊËZ/Å

��ÂeÃZ´f�{Ê» |Ì·Âe É�¸³Ä]Zm º�ÔaÂfÌ� �{ Ä¯ |¿Â�Ê» Zm.|¿Â�

(ÄfyZË ºÌ�¬e)d�Ë�)À�Ê�Z2Äv¨� ,ÉZÅ81,85,86Á91(

----------------------------------------------
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47-ÈÀË�³»4«[Zf¯)�»Zm(  

�Á��Ä] �Â]�» ÉZÅ|ÀËY�§�{ ÊÅZÌ³ ÈfyZË ®Ë º�ÔaÂfÌ� ºÌ�¬eÄ/¸u�»

Ê» �Z§Z¿M.|�Z]

ÄÀË�³ Ê���]:ZÅ

ÈÀË�³»1:«.d�Y �Z§Â¸e È¸u�» Ä] �Â]�» Äf�Å��Âa É�Z��Z]

ÈÀË�³»2:«¹Á�Â/»Á�¯ ½|� �Z] �Á��Z/ÅÁ¾ÌeZ/»Á�¯ ¶Ì°/�eÄ/] �Â/]�» ,

.d�Y �Z§Â¸e È¸u�»

ÈÀË�³»3:«.d�Y �Z§Z¿M ÉZÆf¿Y Ä] �Â]�»

ÈÀË�³»4:«¹Á�Â»Á�¯ ½|� ¦Ë{�¼Å�Ì£ ÉZÅZfd�Y �Z§Zf» È¸u�» Ä] �Â]�»

�Y ¶^« Ä¯�Á��Ä�Ì¯�Ë� �¼neÄ/] �Â/]�» ¶/uY�» �Á�/� �Y ¶/^« ÊÀ Ë ZÅ

ºÌ�¬eº�ÔaÂfÌ�.d�Y Äf§�³ c�Â� Ê¿ZÌ»�z] �{

¬e)(ÄfyZË ºÌ�d�Ë�)Ê�ZÀ�2Äv¨� ,ÉZÅ84Ze86(

----------------------------------------------

48-ÈÀË�³»3«[Zf¯)�»Zm(

Ê��YÁ È�¬¿1*←Ê» ¾X¼�» Z¿{ d»Ô� �Y Y� ÄfyZË.|À¯

Ê��YÁ È�¬¿2*←Á{ ½{Â] ºÅY�§ �Y ½ZÀÌ¼�Y¹�Ó ¶/»YÂ� Z/Ë ºÌ/�¬e 

ÉY�]ºÌ�¬e

É�Z§Zf» Ê��YÁ È�¬¿←¹Á�Â/»Á�¯ Ä/¯ �Â/�Â» ¾/ËY �Y ½ZÀÌ¼�Y ÉY�]Z/Å

Ä]Äf�� Ä] ªÌ«{ c�Â�Äf§ZË�ËY�M ÄfyZË ��Á �{ Á ¶�f»Á{ ÉZÅ.|¿Y

(ÄfyZË ºÌ�¬e)d�Ë�)Ê�ZÀ�2Èv¨� ,88(

----------------------------------------------

49-ÈÀË�³»1«[Zf¯)�»Zm(  

È/¸u�» ÉY|/f]Y �{ �/Ì¿ Á �Z/§Zf» Á �Z§Zf»Á�a ,�Z§Á�a ¶uY�» ÉZÆf¿Y Á Y|f]Y �{

¹Á�Â»Á�¯ ,�Z§Z¿M¦�Z�» ZÅÈ/¸u�» ÉZ/Æf¿Y �{ Á |Àf�Å (É|ÌeZ»Á�¯Á{) Ã|�

¹Á�Â»Á�¯ �Z§Â¸e È¸u�» ÉZÆf¿Y Á Y|f]Y �Ì¿ Á �Z§Z¿M®e ZÅf�Å É|ÌeZ»Á�¯.|À

Äf�� �Z§Â¸e È¸u�» �{¹Á�Â/»Á�¯ Á Ã|/� \/Ë�ze Á{ ÉZ/ÅÄ/] �Á�/� Z/Å

Ê» ½|��Z]Ä] Ze |ÀÀ¯,Ä/¸u�» ¾ËY ÉZÆf¿Y Á Y|f]Y �{ .|ÀËM�{ ¾ÌeZ»Á�¯ c�Â�

¹Z§¾e¹Á�Â»Á�¯) ZÅ®e (ZÅ.|Àf�Å É|ÌeZ»Á�¯

ÄÀË�³ �ËZ� Ê���]:ZÅ

ÈÀË�³»2:«¹Á�Â»Á�¯ �Z§Zf» È¸u�» �{�Ì/] Ä/¯ ZÅ�/�§ ¾Ë�/eY|/Ìa Y� Ê³{

Ã{�¯Ê» ¦Ë{� ÄfyZË (ÊËYÂf�Y t��) ��Á �{ ,|¿YÉZ/Æf¿Y Á Y|/f]Y �{ .|¿Â�

¹Á�Â»Á�¯ ,Ä¸u�» ¾ËYÄ] ZÅ¦�Z�» c�Â�Ê/» Ã|Ë{ Ã|��/�¿ �Y�/a ,|¿Â/�

¦�Z�».|¿�Y{ dÅZ^� �´Ë|°Ë Ä] ½{Â]

ÈÀË�³»3:«Ã{��§ ¾¼� �Z§Á�a È¸u�» �{µÂË�f¿Z/� ,¹Á�Â»Á�¯ ½|�Ä/] Z/Å

fyZË ¥��Á{Ê» d¯�u Ä½M ¾Ì] Á |ÀÀ¯Á{ ZÅºÌ�¬eÊ» ¶Ì°�e.{Â�

¹Á�Â/»Á�¯ Ä/¸u�» ¾ËY ÉZÆf¿Y Á Y|f]Y �{Ä/] Z/Å¦�Z/�» c�Â/�Ã|/Ë{ Ã|/�

Ê»¦�Z�» ��¿ �Y�a ,|¿Â�.|¿�Y{ dÅZ^� �´Ë|°Ë Ä] ½{Â]

ÈÀË�³»4:«,�»Á�f¿Z/� È/ÌuZ¿ �{ Ê·Z/�eY ¾ÌXeÁ�a ÈË�ne Z] �Z§Z¿M È¸u�» �{

|m ºÅ �Y ZÅ|ÌeZ»Á�¯Ê» Y¹Á�Â»Á�¯ Ä¸u�» ¾ËY ÉY|f]Y �{ .|¿Â�¦�Z/�» Z/Å

Z/Æf¿Y �{ Á Ã{Â]É¹Á�Â/»Á�¯ ½M®/e Z/Å�/�¿ �Y�/a ,|Àf/�Å É|/ÌeZ»Á�¯

¦�Z�».|¿�Y{ cÁZ¨e �´Ë|°Ë Z] ½{Â]

(Ê^Ì¯�e)d�Ë�)Ê�ZÀ�2Äv¨� ,ÉZÅ58,80,84Á85(

----------------------------------------------

50-ÈÀË�³»1«[Zf¯)�»Zm(  

{�Â» ZÆÀe»k«.d�Y tÌv�

¾ÌXeÁ�a |À¿Z» ÊeZ^Ì¯�edÌ�Âf�Z» �Y ¾Ì»Zf�ÌÅ ½Á�§�fÀËY ,¶¼°» ÉZÅÁ Z/Å

¶Ì§Á�Z]¾e{Za ,ZÅdÌ�Â¨À· �Y ZÅÉZÅ%�{½|] �Y �Z§{�{[Z/¿ÂyÃ|ÅZ/�»

Ê»Â�¿.|

:{�YÂ» Ê���]

ÄfyZË ÉZ�£ Ä] ½Á�§�fÀËY |À¿Z» É{YÂ» (¦·YÄ¿Z´Ì]¶�f»Ê¼¿Â�¿.|

([Ã|¿�Ì³Ê¼¿ {�YÁ [Z¿Ây Ä] Ê�Z�fyY �Z§{ ÉZÅÂ�¿.|

[Á�°Ì» cZv��e ¶j» Êm�Zy ¶»YÂ� (kÉ�Z/¼Ì] ÉZ/Å�Á�/] \/mÂ» Y�\/e

Ê»�Ì] .|¿Â�ºË�¿M �eºË�¿M ÓZ] ÉZ»{ �{ .|¿�Y{ ÊÀÌXeÁ�a \Ì¯�e ZÅ�ÌÌ¤e ZÅ

Ê» Y|Ìa �ZfyZ�Ê» �iY ½|] dÌ·Z § �] Ä¯ |ÀÀ¯.{�Y~³

({¾ÌXeÁ�aÄ¬¸u �ZfyZ� ¶¼°» ÉZÅÊ» {ZnËY |À¿Z».|ÀÀ¯

)Ê^Ì¯�e(d�Ë�)ZÀ�Ê�2Äv¨� ,ÉZÅ67Á69Ze74(

d�Ë�)Ê�ZÀ�1Èv¨� ,61(
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®Ë�Ì§)2(

51-ÈÀË�³»4«)ÊÀÌ»Y Z��·Y|^�\�¿(

Á{ ��¬» t�� duZ�» d^�¿ Y|f]YºÌ�Ê» Ä^�Zv» Y�:ºË�Y{ .ºÌÀ¯
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2 2

1 1
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π
= � = =

−′π −
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2
$

$ %
%

5
/ / �

5
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/

5
$

= ρ:ºË�Y{

$ $ $ %

% % % $

5 / $
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ρ
= × ×

ρ

1 1
1 3

2 6
$ $

% %

ρ ρ
� = × × � =

ρ ρ

(ºÌ¬f�» ½ZË�m ÉZÅ�Y|» Á Ê°Ë�f°·Y ½ZË�m)®Ë�Ì§)2,Äv¨�ÉZÅ45Á46(

----------------------------------------------

52-ÈÀË�³»4«Ã|Ì�)Êv·Z��Ì» ÄvÌ¸»(

ÈÀË�³ ZÆÀe»4«-d�Y d��{Z¿Ê/¼eY �ZfyZ� Ä] º�m ®Ë Ç�ËÁ d»ÁZ¬» Y�Ë�

{�Y{ Ê´f�] ½M ÉZ»{ Á.

(ºÌ¬f�» ½ZË�m ÉZÅ�Y|» Á Ê°Ë�f°·Y ½ZË�m)®Ë�Ì§)2Äv¨� ,ÉZÅ45Ze49(

----------------------------------------------

53-ÈÀË�³»3«ÊÀÌ»Y Z��·Y|^�)\�¿(

½Â¿Z« ®¼¯ Ä]Ä] Y� ºÌ� Ê°Ë�f°·Y d»ÁZ¬» ,ºÅYÊ» d�{:ºË�ÁM

10
20

0 5

9
5

, �
= = = Ω

�]Y�®¼¯ Ä]È
/

5
$

= ρ,Ä/] Y� ºÌ� ��¬» t��Ê/» d/�{º/Ë�ÁM.)ρ

.d�Y ºÌ� Ç�ËÁ d»ÁZ¬»(

6

20 1 6

5 10

1
20 5 10

5 � / P/
5

$ $−
= Ω = −
ρ= ×

= ρ ⎯⎯⎯⎯⎯⎯→ = × ×

6
7 25 10

2 5 10
20

$ � P
−

−×
= = ×

µZuÈ�]Y� Ä] ÄmÂe Z]P 9′= ρÄ¯′ρqd�Y ºÌ� Ê·Z´,:ºË�Y{

3 3
8 8000
J NJ

FP PP 9 $/
′ρ = =

′ ′= ρ = ρ ⎯⎯⎯⎯⎯⎯⎯⎯→

7 38000 2 5 10 1 2 10 2P � NJ J− −= × × × = × =

(ºÌ¬f�» ½ZË�m ÉZÅ�Y|» Á Ê°Ë�f°·Y ½ZË�m)®Ë�Ì§)2Äv¨� ,ÉZÅ45Á46(

----------------------------------------------

54-ÈÀË�³»3«ÊÀÌ»Y Z��·Y|^�)\�¿(

nu ½{Â] d]Zi Ä] ÄmÂe Z]:ºË�Y{ ,ºÌ� º

2 1
1 2 1 1 2 2

1 2

1

4

$ /
9 9 $ / $ /

$ /
= � = � = =

È�]Y� ª^�
/

5
$

= ρ,:ºË�Y{

2 2 2 1

1 1 1 2

1 4 4 16
5 / $

5 / $

ρ
= × × = × × =

ρ

,ºÌ� Ê°Ë�f°·Y d»ÁZ¬» ¾ËY�]ZÀ]16Ê» �]Y�].{Â�

(ºÌ¬f�» ½ZË�m ÉZÅ�Y|» Á Ê°Ë�f°·Y ½ZË�m)®Ë�Ì§)2Äv¨� ,ÉZÅ45Á46(

----------------------------------------------

55-ÈÀË�³»2«ÊÀÌ»Y Z��·Y|^�)\�¿(

|·Â» �� Á{ ¶Ì�¿Zfa ¥ÔfyY È�]Y� Ä] ÄmÂe Z]�9 ,U�= ε −�Y{Â/¼¿ ,9

\�u�],ÉY�]�Y��� Ä¯ d�Y Ê¨À» \Ì� Z] Ê�y |·Â»�/y ¾/ËY O|^»

εÁ |·Â» È¯�v» ÉÁ�Ì¿ ZË�Y|¬»½Z/�¿ Y� |/·Â» Ê/¿Á�{ d/»ÁZ¬» ,½M \Ì�

Ê»:¾ËY�]ZÀ] .|Å{

°

V(V)

I(A)
ε

r

ε

0

0

, 9
9 ,U

9 ,
U

= � = ε
°= ε − � ® ε= � =°̄
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Ê» ,µYÂ� c�Â� �Y{Â¼¿ Ä] ÄmÂe Z]:d�Â¿ ½YÂe

14

8 14 3 2

9

U U

ε =
® = − � = Ω¯

ºÌ¬f�» ½ZË�m ÉZÅ�Y|» Á Ê°Ë�f°·Y ½ZË�m)®Ë�Ì§) (2Äv¨� ,ÉZÅ50Á51(

----------------------------------------------

56-ÈÀË�³»3«ÊÀÌ»Y Z��·Y|^�)\�¿(

d»ÁZ¬»�ËY�§Y Z]�Ì¤f»5,Ê/»�ËY�/§Y �Y|/» µ{Z » d»ÁZ¬»ª/^� .|/]ZË

È//�]Y�
HT

,
5 U

ε=
+

½Z//Ë�mÊ¸//�Y ÈyZ//� �{Y|//»Ê//»�ÅZ//¯ �Á |//]ZË

lÀ��b»MÃ|ËYµMÊ» ½Z�¿ Y� É�f¼¯ {|�È/�]Y� ª^� .|Å{9 ,U= ε −,

½ZË�m�ÅZ¯ Z]Ê/»�ËY�§Y |·Â» �� Á{ �Zf·Á|/]ZË¾ËY�]Z/À])19�ËY�/§Y

Ê»|]ZË(.d»ÁZ¬» �� Á{ �Zf·Á �Â¼n» Z] �]Y�] |·Â» �� Á{ �Zf·Á15�Z/f·Á Á

�Ì¤f» d»ÁZ¬» �� Á{5:d�Y1 1 29 ,5 9= +

�ËY�§Y Z]19�ÅZ¯ Á,�Zf·Á ,29.d§ZË |ÅYÂy�ËY�§Y 0Z �«

ZË�m)®Ë�Ì§) (ºÌ¬f�» ½ZË�m ÉZÅ�Y|» Á Ê°Ë�f°·Y ½2Äv¨� ,ÉZÅ50Á51(

----------------------------------------------

57-ÈÀË�³»4«)Êq�Â� {YÂm|¼v»(  

:Z] d�Y �]Y�] �Y|» µ{Z » d»ÁZ¬» ,|Ì¸¯ ¶�Á �Y ¶^«

3 3 6
3

3 3 6HT
� �

5
+ ×= = Ω
+ +

�]Y�] d·Zu ¾ËY �{ |·Â» �Y É�Â^� ½ZË�m:Z] d�Y

3 1 4HT
, ,

5 U

ε ε ε= = � =
+ +

Ω

r
ε

3Ω3

Ω6

= Ω1I

d/»ÁZ¬» ,|/Ì¸¯ ¶�Á �Y | ]3¥~/u �Y|/» �Y Á Ã|/� ÃZ/eÂ¯ µZ/�eY Ê/¼ÅY

Ê»:ºË�Y{ d·Zu ¾ËY �{ Á {Â�

3 6
2

3 6HT5
×′ = = Ω
+

:Z] d�Y �]Y�] d·Zu ¾ËY �{ |·Â» �Y É�Â^� ½ZË�m

2 1 3HT
, ,

5 U

ε ε ε′ ′= = � =
′ + +

r
ε

Ω3

Ω6

= Ω1I ′

:ÄnÌf¿ �{

43
3

4

,

,

ε
′

= =
ε

®Ë�Ì§) (ºÌ¬f�» ½ZË�m ÉZÅ�Y|» Á Ê°Ë�f°·Y ½ZË�m)2Äv¨� ,ÉZÅ50Á51(

----------------------------------------------

58-ÈÀË�³»1«)(Êq�Â� {YÂm|¼v»  

Ê» Ä^�Zv» Y� �Y|» µ{Z » d»ÁZ¬» Y|f]Y.ºÌÀ¯

3 6
2 10 2 12

3 6
5 � 5

×′ ′′= = Ω = + = Ω
+

12 8 24
4 8

12 8 5HT5 �
×= = = Ω
+

È�]Y� ª^�
HT

,
5 U

ε
=

+
:ºË�Y{

2 5 15
4 8 1 2HT

, � 9
5 U � �

ε ε
= � = � ε =

+ +

(ºÌ¬f�» ½ZË�m ÉZÅ�Y|» Á Ê°Ë�f°·Y ½ZË�m)®Ë�Ì§)2Äv¨� ,ÉZÅ50Á51Á55Ze61(

----------------------------------------------
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59-ÈÀË�³»2«)Ê¨Ë�� É|Æ»(

Y|» Y|f]YÊ» Ã{Z� Y� �:ºÌÀ¯

ε r= Ω2

I
2

′

I
2

I
3I

I
4I

1

I

R =5
Ω10

R
3 = Ω3

R
4 = 6Ω

R
2 = Ω8

R
1= Ω3

3 4
3 4

3 4

3 6
2

3 6�
5 5

5 �,�
5 5

×
= = = Ω

+ +

2 3 4 2 3 4 2 3 4 8 2 10
�,�

� � � � �5 5 5 5 �,,�= + ⎯⎯→ = + = Ω

2 3 4 5
2 3 4 5

2 3 4 5

� �
� � �

� �

5 5
5

5 5

×
=

+

2 3 4 5
10 10

5
10 10

�,,�
� � �5 �,,,�

×⎯⎯⎯→ = = Ω
+

¾ËY Ä] ÄmÂe Z]Ä¯2 3 4� �5Á55:ºË�Y{ ,|Àf�Å É�YÂ» ºÅ Z]

2 3 42 2
2 1

1 5 1

10
1

10

� � �,,�5, ,
, ,

, 5 ,
= ⎯⎯⎯→ = = � =

:ºË�Y{ Ê§�� �Y1 2 1 2 2

,
, , , , ,= + � = =

É�YÂ» d»ÁZ¬» Á{ ÉY�]35Á45:ºË�Y{

3 4 3
4 3

4 3 4

6 1
2

3 2

, 5 ,
, ,

, 5 ,
= � = = � =

1 3 4 3 3
1

2 2

,
, , , , ,= + � = +

3 3
3

2 2 3

, ,
, ,� = � =

¾ËY Ä] ÄmÂe Z]Ä¯1 5, � $′ =½ZË�m Á{ �Â¼n» Z] d�Y �]Y�]3,Á2,,

:ºË�Y{

3 2
5

1 5 1 8
3 2 6

, ,
, , , � , , � $′ = + � = + = � =

Ä/¯�v» ÉÁ�Ì¿ ,É�eZ] �Y É�Â^� ½ZË�m Á µ{Z » d»ÁZ¬» ¾f�Y{ Z] dËZÆ¿ �{

Ä] Y� É�eZ] �� Á{ �Zf·Á�b� ÁÊ» d�{:ºË�ÁM

1 2 3 4 5 3 5 8
�,,,�

HT � � � HT5 5 5 5= + ⎯⎯⎯→ = + = Ω

1 8 18
8 2HT

, � 9
5 U

ε ε
= � = � ε =

+ +

18 2 1 8 14 49 U, 9 � � � � 9= ε − � = − × =ÁoUIM ÁoUIM

(ºÌ¬f�» ½ZË�m ÉZÅ�Y|» Á Ê°Ë�f°·Y ½ZË�m)®Ë�Ì§)2Äv¨� ,ÉZÅ50Á51Á55Ze61(

----------------------------------------------

60-ÈÀË�³»2«Ã|Ì�)Êv·Z��Ì» ÄvÌ¸»(

� Á{d»ÁZ¬» �Y ®Ë �Å �ZÅÊm�Zy ÉÃ|� ¶�f» |·Â» �� Á{ Ä]¾ËY�]ZÀ] ,|¿Y

.|ÀË�YÂ» �´Ë|°Ë Z] d»ÁZ¬» Ä�

1 2 3

1 1 1 1 1 1 1 1

3 3 3HT HT5 5 5 5 5
= + + � = + +

10

2 1
1

HT

, $
HT U � 5

HT
5 ,

5 U
=

= Ω = Ω
ε

� = Ω � = ⎯⎯⎯⎯⎯⎯⎯→
+

10 1 2 30HT, �5 U� � � 9ε = × + = × + =

®Ë�Ì§) (ºÌ¬f�» ½ZË�m ÉZÅ�Y|» Á Ê°Ë�f°·Y ½ZË�m)2Äv¨� ,ÉZÅ50,51Á55Ze61(

----------------------------------------------

61-ÈÀË�³»3«)Ê¨Ë�� É|Æ»(

ZÅ|Ì¸¯ È¼Å Ä¯ Êf·Zu �{�/]Y�] �Y|/» µ{Z/ » d/»ÁZ¬» ,|Àf/�Å Äf�]
4

5

d�YÊ»Z´ÀÅ Ê·Á ,�/]Y�] µ{Z/ » d/»ÁZ¬» ,|¿Â/� �Z/] 0Z/»Z¼e ZÅ|Ì¸¯ Ä¯5

Ê//»{Â//�.Ê//À Ë,d//�Y Ä//f§ZË�ËY�//§Y �Y|//» ¶//¯ d//»ÁZ¬».È//�]Y� Ä//]ZÀ]

HT
,

5 U

ε
=

+
Ä/f§ZË�ÅZ¯ Ê°Ë�f°·Y ½ZË�m �Y|» ¶¯ d»ÁZ¬»�ËY�§Y Z]

Ê//» ½Z//�¿ Y� É�//f¼¯ {|//� lÀ//��b»M ÁÈ//�]Y� Ä//]ZÀ] Ê//§�� �Y .|//Å{

9 ,U= ε −,Ê°Ë�f°·Y ½ZË�m�ÅZ¯ Z]�Y|»Y ,¶Ì�¿Zfa d§�,U�|/·Â»

d·Á Á Äf§ZË�ÅZ¯lÀ�Ã|ËYµM½Z/�¿ Y� |/·Â» �/� Á{ ¶Ì�¿Zfa ¥ÔfyY Ä¯

Ê»,|Å{Ê» ½Z�¿ Y� É�f�Ì] {|�.|Å{

(ºÌ¬f�» ½ZË�m ÉZÅ�Y|» Á Ê°Ë�f°·Y ½ZË�m)®Ë�Ì§)2Äv¨� ,ÉZÅ50,51Á55Ze61(

----------------------------------------------
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62-ÈÀË�³»2«Êq�Â� {YÂm|¼v»)(  

Y|f]Y�Y{Â¼¿ Ä] ÄmÂe Z]»¦·Y«,d»ÁZ¬» Ç�Y|¿Y5Ä] Y�d�{Ê».ºË�ÁM

2
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2
2

2
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3 5 � �
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3 5 � �

 = ×°= � ®
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− =� − = ⎯⎯⎯⎯⎯→ = � = Ω

d»ÁZ¬» ½ÂÀ¯Yµ{Z »Y� �Y|»¶°� �{»[«Ä]Ê» d�{�ÁMºË:
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Ä] Y� |·Â» �Y É�Â^� ½ZË�m µZuÊ» d�{:ºË�ÁM
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5 U

ε
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= ε − ⎯⎯⎯⎯⎯⎯→ = − × =

®Ë�Ì§) (ºÌ¬f�» ½ZË�m ÉZÅ�Y|» Á Ê°Ë�f°·Y ½ZË�m)2Äv¨� ,ÉZÅ55Ze61(

----------------------------------------------

63-ÈÀË�³»3«)É{Z�À» º�Z¯|¼v»(  
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3
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(ºÌ¬f�» ½ZË�m ÉZÅ�Y|» Á Ê°Ë�f°·Y ½ZË�m)®Ë�Ì§)2Äv¨� ,ÉZÅ53Ze55(

----------------------------------------------

64-ÈÀË�³»3«)É{Z�À» º�Z¯|¼v»(  

Z� Y� �Y|» �Ë� ¶°� ª]Z�» Y|f]YÊ» Ã{:ºÌÀ¯
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Ω
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Ω
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5
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:ºÌÀ¯ Ä^�Zv» Y� �Y|» ¶¯ ½ZË�m |ËZ] ½ÂÀ¯Y
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3 3
3 4 5 3 4 5 3 3 4 5 24 3 12

, $
� � � � � �9 5 , 9 9 9
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d»ÁZ¬» �Y É�Â^� ½ZË�m dËZÆ¿ �{15Z] d�Y �]Y�] (�Y|» ¶¯ ½ZË�m):

1 2 3 1 3 4, , , $= + = + =

¾ËY Ä] ÄmÂe Z]:ºË�Y{ ,d�Y |·Â» ÊmÁ�y ½YÂe Z] �]Y�] �Y|» �{ Ê§��» ½YÂe Ä¯

2 2
1 7 4 112HT3 5 , :� = = × =

(ºÌ¬f�» ½ZË�m ÉZÅ�Y|» Á Ê°Ë�f°·Y ½ZË�m)®Ë�Ì§)2Äv¨� ,ÉZÅ53Ze61(

----------------------------------------------

65-³ÈÀË�»4«Ã|Ì�)Êv·Z��Ì» ÄvÌ¸»(

d»ÁZ¬» ½ÂqÉZÅ15Á25É�YÂ»¶Ì�¿Zfa ¥ÔfyY ,|¿Y�/� Á{½MZ/] Z/Å

d/»ÁZ¬» �Y É�Â/^� ½Z/Ë�m �/³Y ¾ËY�]ZÀ] .d�Y �]Y�] ºÅ25Y�2,/§��

d»ÁZ¬» �Y É�Â^� ½ZË�m ,ºÌÀ¯15\�u�] Y�2,Ä]Ê» d�{:ºË�ÁM

2
R R1=

ε

3
R = R

2R

I
2 I1

I

I

2 2
2 1 2 2 1 1 2 2 1 12

2

5 ,
9 9 5 , 5 , 5 , 5, ,

5
= � = � = � =

½ZË�m �Â¼n» �Y�b�d/»ÁZ¬» ÉZÅÉZ/Å15Á25�Y É�Â/^� ½Z/Ë�m ,

d»ÁZ¬»35ÊÀ Ë),(Ê» ¾ÌÌ e Y�:ºÌÀ¯

2 2 2 2 2
1 2 2

2

2 2

5 , 5 , 5,
, , , , , ,

5 5

+
= + � = + � =

2
2

2

2

5 5
, ,

5

+
� = ×

È�]Y� �Y Ã{Z¨f�Y Z] �yM �{23 5,=¾/ËY Ä/] ÄmÂe Z] ÁÄ/¯2 3
1

2
3 3=

,d�Yd^�¿2

3

5

5
)ÊÀ Ë25

5
(Ê» [Z�u Y�:ºÌÀ¯

2
32 2

2 3 2 2 3 3
1 1

2 2

, ,3 5,3 3 5 , 5 ,
==� = ⎯⎯⎯⎯→ = × ⎯⎯⎯→

2 2 22
2 2 2

21

2 2

5 5
5 , 5 � � �, �

5

+
= × × ×

2 2 2 2
2 2 2 2

2 22

4 4 4 4

2 84

5 5 55 5 55 55
5 5

55

+ + + +
� = × � =

2 2 2 2
2 2 2 2 28 4 4 4 4 055 5 55 5 5 55 5� = + + � − + =

2
2 2 22 0 2 0 2�5 5� 5 5 5 5� − = � − = � =

Y|» Á Ê°Ë�f°·Y ½ZË�m)®Ë�Ì§) (ºÌ¬f�» ½ZË�m ÉZÅ�2Äv¨� ,ÉZÅ53Ze61(

----------------------------------------------

66-ÈÀË�³»4«Ã|Ì�)Êv·Z��Ì» ÄvÌ¸»(

Y|f]YÄ] µÁ� \�u�] Y� Ê°Ë�f°·Y É��¿YÊ» d�{:ºË�ÁM

3 3 40 4 0 4 10 3 6 10 4 36 108 � N:K � � -= = × × × = × ×

È//�]Y� �Y�b//�28 3�W 5, W= =Z//Ë�mY� ¾°»�//³ ºÌ//� �Y Ã|//¿�~³ ½

Ê» [Z�u:ºÌÀ¯

44 36 102 2
60 25 25 60

8 -
5 � W PLQ V

8
8 5, W ,

5W
= × ×

= Ω = = ×
= � = ⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯→

4
2 24 36 10

16 4
60 25 60

, , , $
× ×

= � = � =
× ×

®Ë�Ì§) (ºÌ¬f�» ½ZË�m ÉZÅ�Y|» Á Ê°Ë�f°·Y ½ZË�m)2Äv¨� ,ÉZÅ53Ze55(

----------------------------------------------

67-ÈÀË�³»2«Êq�Â� {YÂm|¼v»)(  

Z]] ÄmÂeÈ�]Y� Á{ Ä23 , U,= ε −Â]»oiÁ9 U,= ε −ÁoUIM:ºË�Y{ ,

2 9 U,
3 , U, ,� U,�

=ε−
= ε − = ε − ⎯⎯⎯⎯⎯→ÁoUIM

Â]»oi
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3
3 , 9 9

,
= × � =

Â]»oi
Â]»oi ÁoUIM ÁoUIM

9

3

9
3

3

3 :

, $
9 9

=
=

⎯⎯⎯⎯⎯→ = =Â]»oi
ÁoUIM

d·Á ¾ËY�]ZÀ]lÀ��Y|¬»39Ê» ½Z�¿ Y�.|Å{

Y|» Á Ê°Ë�f°·Y ½ZË�m)®Ë�Ì§) (ºÌ¬f�» ½ZË�m ÉZÅ�2Äv¨� ,ÉZÅ51Ze54(

----------------------------------------------

68-ÈÀË�³»2«Êq�Â� {YÂm|¼v»)(  

Z]È�]Y� Á{ Ä] ÄmÂe8 3 �W=Á23 5,=d/»ÁZ¬» �Y Ã|/¿�~³ ½ZË�m ,

Ä] Y�Ê» d�{:ºË�ÁM

2 722 2
10 20

72 10 20
3 5, 8 -

5 � W V
8 3 �W 8 5, W ,= =

= Ω =
= ⎯⎯⎯⎯→ = ⎯⎯⎯⎯⎯⎯→ = × ×

2 0 36 0 6, � , � $� = � =

/»� c|/» Á Ê/°Ë�f°·Y ½Z/Ë�m ¾f�Y{ Z] µZuY� d/»ÁZ¬» �Y É�Â/^� �Z/] ,½Z

Ä]Ê» d�{:ºË�ÁM

0 6

20
0 6 20 12

, � $
W V

T ,W T � &=
=

= ⎯⎯⎯⎯→ = × =

31 10 3600 3 6 3 6P$K $ V � $V � &−= × = =⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯→

1 10
12

3 6 3

P$K
T & P$K

� &
= × =

½ZË�m ÉZÅ�Y|» Á Ê°Ë�f°·Y ½ZË�m)(ºÌ¬f�»Ì§)®Ë�2Äv¨� ,ÉZÅ53Á54(
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69-ÈÀË�³»2«Ã|Ì�)Êv·Z��Ì» ÄvÌ¸»(

¾ËY Ä] ÄmÂe Z]�Y{Â¼¿ �{ Ä¯,\�u�]9,�]Y�] �Y{Â¼¿ \Ì�
1

5
/�Yd,

�Y{Â¼¿ \Ì�%�Y{Â/¼¿ \Ì� �Y �f�Ì]$,d/�Yd/»ÁZ¬» ¾ËY�]Z/À]$

d»ÁZ¬» �Y �f�Ì]%µ{Z » d»ÁZ¬» �Y{Â¼¿ \Ì� ¾ÌÀr¼Å .d�Y,¾Ë�f�Ì]

ÁZ¬» ÄnÌf¿ �{ .{�Y{ Y� �Y|¬»µ{Z » d»Á{d»ÁZ¬»$Á%®/qÂ¯�Y �/e

d»ÁZ¬» �Y ®Ë �ÅÊ» Á d�Y ZÅd/»ÁZ¬» É�YÂ/» ¾f/�] º/Å Ä] �{ ºÌ¿Y{,Z/Å

®qÂ¯ µ{Z » d»ÁZ¬»d»ÁZ¬» �Y ®Ë �Å �Y �e.|� |ÅYÂy ZÅ¾ËY�]Z/À]$5

Á%5.|Àf�Å É�YÂ» ºÅ Z]

®Ë�Ì§) (ºÌ¬f�» ½ZË�m ÉZÅ�Y|» Á Ê°Ë�f°·Y ½ZË�m)2Äv¨� ,ÉZÅ45Á55Ze61(

----------------------------------------------

70-ÈÀË�³»4«Ã|Ì�)Êv·Z��Ì» ÄvÌ¸»(

Ä] Y� �Y|» ¶°� Y|f]YÊ» º�� Ã{Z� c�Â�Ä] ÄmÂe Z]�b� .ºÌÀ¯µZ�eY �Â¿

Z¬»d»ÁÄ] Y� �Y|» µ{Z » d»ÁZ¬» ,ZÅÊ» d�{:ºË�ÁM

A

B

R

R R

R R R

2

R

2

R

A

B

R

R
2

R

2

R

2R

A

B

R

2R

2
6 9

3
5 5� = � = Ω

®Ë�Ì§) (ºÌ¬f�» ½ZË�m ÉZÅ�Y|» Á Ê°Ë�f°·Y ½ZË�m)2Äv¨� ,ÉZÅ55Ze61(

2 2

2 3

5 5
5

5 5

× =
+
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Ê¼Ì�)2(

71-ÈÀË�³»2«(½ZÌ¼eZu �Ì»Y)

c�Z^�.|Àf�Å d��{ (g) Á (_) ,(M) ÉZÅ

c�Z^� Ê���]ZÅd��{Z¿ É:

Á ½Z/¿ ,½Y�/ËY �{ Ê¯Y�Ây {YÂ» È¿ÓZ� ¥��» È¿Y�� ¾Ë�f�Ì] µÁ|m ª]Z�» ([

.d�Y �Ì� ½ZÆm �{

Ã{�ÁY�§ Á �Ì� (c½Â/Ë Ã�/ËÁ Ä/] Á ¾ÌXeÁ�/a ¾Ì»P/e ÉY�] Ê¼Æ» �^À» ½M ÉZÅ

�¸¯.d�Y ºÌ

)Ê¼Ì�2,Äv¨�ÉZÅ50Ze52(

----------------------------------------------

72-ÈÀË�³»1«(Ê¿YÂ�� Ä]�Á�)

c�Z^� �¬§»[«.d�Y d��{

Ê���]c�Z^�ÉZÅ:d��{Z¿

Ê/¸Ìy cY�} �Z¼/� ,{�Y{ É�f/�Ì] ÉZ/»{ Ä/¯ Ê¼�m d�Y ¾°¼» :(M) c�Z^�

.|�Z] Äf�Y{ Ê¼¯

�³ É��¿Y :(_) c�Z^�.{�Y{ Ê´f�] cY�} {Y| e Á Z»{ Ä] ÊËZ»

Ã�} {Y| e Ä¯ Zn¿M �Y :(c) c�Z^�ÊËZ/»�³ É��¿Y ,d�Y �f�Ì] Ê¸Ìy �zf�Y ÉZÅ

.{�Y{ É�f�Ì]

)Ê¼Ì�2,Äv¨�ÉZÅ54Ze56(

----------------------------------------------

73-ÈÀË�³»3«(Êv]} |Ì¼u)

ÄÀË�³ Ê���]:ZÅ

ÈÀË�³»1:«³ É��¿Y.d�Y Äf�]YÁ Ã{Z» ÉZ»{ Á cY�} �Z¼� Ä] ÊËZ»�

ÈÀË�³»2:«ÉZ»{�ËY�§Y ÉY�] ¹�Ó ÉZ»�³ �Y|¬» ,Ã�ËÁ ÉZ»�³1Ä/] Ã{Z» ¹�³

Ç�Y|¿Y&01.d�Y

ÈÀË�³»3:«) ½ZeY µÂ» ®Ë ÉZ»{�ËY�§Y ÉY�] ¹�Ó ÉZ»�³30,(½Z/eY ¹�³30

ÉZ»{�ËY�§Y ÉY�] ¹�Ó ÉZ»�³ �]Y�]1Ç�Y|¿Y Ä] ½M �Y ¹�³&01.d�Y

ÈÀË�³»4:«.d�Y Äf�]YÁ ½M Ê°Ë�Ì§ d·Zu Ä] Ã{Z» Ç�ËÁ ÉZ»�³

)Ê¼Ì�2,Äv¨�ÉZÅ56Ze58(

----------------------------------------------

74-ÈÀË�³»3«(ÊWZ�Ì¸� ��ZË)

È�]Y� Ä] ÄmÂe Z]4 PF= Δθ,ÊËZ/»�³ d/Ì§�� �/°� ¥�/ » �Y{Â¼¿ \Ì�

.d�Y

�% $>ÊËZ»�³ dÌ§���$ %>\Ì�
4 PF

Δθ = 1

Ç{Z»%�Y) ½Z/�°Ë ÉZ/»{ �/ÌÌ¤e ÉY�/] Y�/Ë� {�Y{ É�f�Ì] ÊËZ»�³ dÌ§��5

Ä] Äm�{35�³ (�ÂÌ�¸� Èm�{.{�Y{ �ZÌ¿ É�f�Ì] ÉZ»

Ç�ËÁ ÉZ»�³$:Z] d�Y �]Y�]

4 -
PF F F �

J� &
= � = × � =

Δθ − 0

600
40 0 5

35 5

)Ê¼Ì�2,Äv¨�ÉZÅ56Ze58(

----------------------------------------------
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75-ÈÀË�³»4«ÊÀË|]Z� µÂ��)(Ã�YÁ�

.293µ{Z »&020Ê» Ê¨À» Ã|� Ä·{Z^» ÉZ»�³ d»Ô� Á d�Y.|�Z]

4 PF

- -
� N- P � � � &

N- J� &

P � J

PRO$O � DWRP$O
"DWRP$O � J$O

J$O PRO$O

� DWRP$O

= Δθ

− × = × × −

� =

×= × ×

= ×

3
0

0

23

23

10
0 1215 0 9 10 20

1

13 5

1 6 02 10
13 5

27 1

3 01 10

)Ê¼Ì�2,Äv¨�ÉZÅ56Ze58(
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76-ÈÀË�³»2«(É�Z´f�� ZËÂa)

¾]�/¯ �Z/³ �Y Ã{Z¨f/�Y Z/] ½M ½|/ » ²À/� �Y ¾/ÅM |Ì·Âe Ç|� Ä¿�YÂ»�À¯YÁ

¯Â¿Â»Ä] |Ì�:d�Y �Ë� c�Â�

)H 2 �V� &2�J� )H�V� &2 �J�+ → +2 3 23 2 3

Ê» |Ì·Âe Ä¯ ¾ÅM µÂ» Á{ �Å ÉY�Y Ä] ÓZ]�À¯YÁ Ä] ÄmÂe Z],{Â/�3�Z/³ µÂ/»

Z] µ{Z ») |Ì�¯Â¿Â» ¾]�¯84Á Ã|/� Ã{Á�/§Y |»Zm {YÂ» ¹�m Ä] (¹�³3µÂ/»

É{ ¾]�¯ �Z³Z] µ{Z ») |Ì�¯Y132¥�/� �{ {Â/mÂ» |»Zm {YÂ» ¹�m �Y (¹�³

¯Ê//» Äf//�Z�//Å |//Ì·Âe ÉY�Y Ä//] �Â//¼n» �{ -{Â//�2¾//ÅM µÂ//»48

¹�³� �− =132 84 48Ê/» Äf/�Z¯ ¥�� �{ {ÂmÂ» |»Zm {YÂ» ¹�m �Y.{Â/�

:Z] d�Y �]Y�] Ã|� |Ì·Âe ¾ÅM ¹�m

PRO)H J)H
"J)H J J)H

J PRO)H
= × × =2 56
36 84

48 1
³o]yÀI¨

³o]yÀI¨

¹�Ó É��¿Y µÁ�Â¸Ì¯ |Àq Ä¯ ºÌÀ¯ Ä^�Zv» |ËZ] µZuÉZ/»{ Z/e d�Y84¹�/³

Ç�Y|¿Y Ä] Y� ¾ÅM40:ºÌÅ{�ËY�§Y�ÂÌ�¸� Èm�{

� N-1 512ZË4 PF 4 � -= Δθ� = × × =84 0 45 40 1512

)Ê¼Ì�2,Äv¨�ÉZÅ56Ze58(
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77-ÈÀË�³»3«(É�Z´f�� ZËÂa)

» ÉY�Y Ä]�À¯YÁ È·{Z » Ä] ÄmÂe Z]É�e ½�Á�fÌ¿ É{ µÂ» ®Ë �Å ¥��,|Ì/�¯Y

1620Ê» {Y�M É��¿Y µÁ�Â¸Ì¯:ºË�Y{ ¾ËY�]ZÀ] .{Â�

PRO1 2
N- J1 2

J1 2
= × × 2 3

2 3
2 3

119
200

100 76
.

N-
N-

PRO1 2
× =

2 3

1620
810

1

Ã|/� |/Ì·Âe [M �Z/z] ¹�³ |Àq�À¯YÁ ¾ËY �{ Ä¯ ºÌÀ¯ Ä^�Zv» |ËZ] Ê§�� �Y

:d�Y

PRO1 2 PRO+ 2
"J+ 2 J1 2

J1 2 PRO1 2

J+ 2
J+ 2

PRO+ 2

= × × ×

× =

2 3 2
2 2 3

2 3 2 3

2
2

2

1 319
200

100 76 1

18
27

1

{�ËY�§Y dËZÆ¿ �{ÉZ»27�Y Ã{Z¨f�Y Z] Y� [M �Zz] ¹�³810É��/¿Y µÁ�Â/¸Ì¯

Ä]�À¯YÁ �{ Ã|� {Y�MÊ» d�{:ºË�ÁM

4 PF �

&

= Δθ� × = × × Δθ

� Δθ = ×

3

3 0

810 10 27 2 5

12 10

)Ê¼Ì�2,Äv¨�ÉZÅ56Ze58Á63Ze65(

----------------------------------------------
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78-ÈÀË�³»3«(Âm�ÀÅ�Z^�)

c�Z^���{ (c) Á ([) ,(M) ÉZÅ.|Àf�Å d

�À/¯YÁ �/Å �{ Ã|/� [~/m Z/Ë Ã|/� {Y�M ÉZ/»�³ .d�Y d��{Z¿ (_) c�Z^�

Ä] ÊËZÌ¼Ì��À/¯YÁ {YÂ/» ¶Ì/�¿Zfa É��/¿Y ½ZÌ» cÁZ¨e Ä] Ã|¼� �Â�Á Ã|/ÀÅ{

.d�Y Äf�]YÁ Ã{�ÁY�§

)Ê¼Ì�2,Äv¨�ÉZÅ58Ze61(

----------------------------------------------

79-ÈÀË�³»3«(Âm�ÀÅ�Z^�)

c�Z^� Ê���]:ZÅ

Ã{�ÁY�§ Y�Ë� .d��{ (M�À/¯YÁ �{ Á d/�Y ½Z�°Ë�À¯YÁ Á{ �Å �{�,��Y Z/]

.d�Y Ã|� |Ì·Âe Ã{�ÁY�§ ,É�f¼¯ É��¿Y ½{Y{ d�{

.d��{ ([PRO1+ N-
"N- � /1+ � N-

� /1+ PRO1+
= × × =3

3
3 3

1 183
8 96 36 6

22 4 2

.|Àf�Å Ã{Z»�³�À¯YÁ Á{ �Å Y�Ë� .d��{ (_

.d��{Z¿ (c

PRO1+ N-
"N- � J1+ � N-

J1+ PRO1+
= × × =3

3
3 3

1 92
6 8 18 4

17 2

)Ê¼Ì�2,Èv¨�62(
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80-ÈÀË�³»1«(Âm�ÀÅ�Z^�)

¾fyÂ� �Y ¶�Zu É��¿Y Y|f]Y22Ê» Ä^�Zv» Y� �·ZyZ¿ ½ZaÁ�a ¹�³:ºÌÀ¯

PRO& + N-
"N- J& +

J& + PRO& +

� N-

= × × ×

=

3 8
3 8

3 8 3 8

175 2046
22

100 44 1

767 25

È//Ë�ne �Y ¶//�Zu ½�Á�//fÌ¿ �Z//³ º//nu ,|// ] È//¸u�» �{1D13�ËY�//� �{

:{�Y|¿Zf�Y

PRO1 � /1
"/1 � N- /1

N- PRO1
= × ×2 2

2 2
2

3 22 4
767 25 1146

45 1
�

)Ê¼Ì�2,Äv¨�ÉZÅ61Ze65(
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81-ÈÀË�³»1«(ÊWZ�Ì¸� ��ZË)

�Ì³Z/»�³ Ã|� �¯} ÉZÅ|ÀËY�§ ÄÌ¬] .d�Y Ã{Z»�³ É|ÀËY�§ Ä¯ (M) c�Z^� �m Ä]

Ê» [Â�v».|¿Â�

)Ê¼Ì�2,Äv¨�ÉZÅ58Ze66(

----------------------------------------------

82-ÈÀË�³»2«(ÊÀÌ�u ¾�u�Ì»)

J2� N-
"N- PRO2 N-

� J2 PRO2
= × × =3

3
3 3

4814 3
2 286

4 8 1

�À¯YÁ ¹Zn¿Y Z]$Ê»�ËY�§Y Êb·Zf¿M ,�a .|]ZË$+ N-Δ = +286.d�Y

�À¯YÁ%�À¯YÁ ¹Zn¿Y ,$.d�Y d�³�] dÆm �{

�a%+ N-Δ = −286.d�Y

)Ê¼Ì�2,Äv¨�ÉZÅ63Ze65(

----------------------------------------------
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83-ÈÀË�³»2«(É�Z´f�� ZËÂa)

µÂ/» �Z¼� ,Ã|� ¥��» É��¿Y �Y|¬» Ä] ÄmÂe Z]|/� |/Ì·Âe ½�Ì/�¯Y ÉZ/ÅY� Ã

Ê» Ä^�Zv»:ºÌÀ¯

PRO2 2
"PRO2 � N-

N-

PRO2
� PRO2

PRO2 2

== ×

× =
=

2

2
2

1
742 5

495

1
1 5

1

kº ¼ÃQÁroº H
Ároº H

kº ¼ÃQ

�{ Ã|/////� ¥�/////�» cY�/////fÌ¿ ºË|/////� ¹�/////m |///// ] È/////¸u�» �{

�À//¯YÁ1D12 �V� 1D12 �V� 2 �J�→ +3 2 22 2�b//� Á Ä^//�Zv»

Ä] Y� ½M�Â¸y |��{Ê» d�{:ºË�ÁM

PRO1D12 J1D12
"J1D12 � PRO2

PRO2 PRO1D12

J1D12

= × ×

=

3 3
3 2

2 3

3

2 85
1 5

1 1

255

= ×100}²Ii ³o]
}²IiIº ³o]

�Â¸y |��{

%= × =255
100 85

300
�Â¸y |��{

)Ê¼Ì�2,Äv¨�ÉZÅ63Ze68(
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84-ÈÀË�³»2«(Âm�ÀÅ�Z^�)

ÄÀË�³ Ê���]:ZÅ

ÈÀË�³»1:«�a ,d�Y �f°qÂ¯ {�³Â³ Ê¼eY �Z � �Y ½�Ì�¯Y Ê¼eY �Z � ½Âq

|¿ÂÌa Êb·Zf¿M6 +−�Y �f¼¯2 +−ÉY�/] [M �Zz] µÂ» ®Ë ¾ËY�]ZÀ] -d�Y

ºeY Ä] ½|� ¶Ë|^e.{�Y{ �ZÌ¿ É�f�Ì] É��¿Y Ä] Y�n» É�Z³ ÉZÅ

ÈÀË�³»2:«�À¯YÁ �Y Êy�] Êb·Zf¿M �ÌÌ¤e�{ �/ÌÌ¤e �Y ... Á [M �/Ìz^e ¶/j» ZÅ

d¯�� {YÂ» Ê�^Àm É��¿Y �Y|¬»Ê» cP�¿ Ã|ÀÀ¯.{�Ì³

ÈÀË�³»3:«»�³ ½{Y{ Z] Y�Ë�ÉÂ/fv» ¥�� Ä] Z1 22 4Ä/] �Z/³ ¾/ËY ,122

µÂ//» �Z¼//� Á Ã|//� Ä//Ë�neÊ//»�ËY�//§Y ¥�//� ¾//ËY �{ É�Z//³ ÉZ//Å.|//]ZË

1 2 �J� 12 �J�→2 4 22

ÈÀË�³»4:«¾]�¯ |¿ÂÌa±.d�Y Ä¿Z³Á{ ¾eY �{ Á Ä¿Z Ë́ ½Z°·M Â¸°Ì� �{ ¾]�¯
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حشر ا اوآتنا211401هم

زز! وآ 

ا  ما تنا  هبو . د ئ آها حشر ا  طر تنا  و ،ا

قاء و ، دآ حشر ا   آ نار نط  اآ قو اوما تنا ا

.و

261.  ر و د  یرا سهی و کیز یعا ا ؟و

1  عد  یکا .2  ب  یکا .

3.و  ی4ر .د

:حشر اا3ندیا ال ا هو  ب نها    ندر یرا . حی

ال ئ   ک  و، ایز یرذ  ثبی یاند .یرا  ب،

یرا     و مرز و،ثبی قو وال یرذ و.

262. رو  یشگیر فید  و د رید؟

1 ا .رآکر2.ر حرز ا

3و ر .4 م.

:حشر اا2. حیحر رهو و ز اةال ا غز متر

 یرضرال ا ا  بر ال تخا ر متر ل غز ر   .و

. یا بریر

263. عدو؟ یشتر ظا و د  یرذ ا ا

1رصو ال .2نید ال .3م ر .م4ند.

:حشر اا2. حی،عا ظا و عدد یرذ ا ا4-3 و

وانید یرذ ا9-5.یدخو  ا یز  عد و حشر ا طفا . و

؟ .264 فید ا ا    ال  یشتر ج پا ار  ر و د

1ال .رصو2نید ال .3م ر .م4ند.

:حشر اا1ند ر . حیو عدد یرذ ا ا نید  متر

 ال  یشتر ج ،د ال و و ی  ی  ا ا   ود

ینا  یو ا  ر .و نتقنید بد صور   تا ت مک د ا و،

شا  نظو تو او ق  رصو ت.دشو آ ا



265.  گو طا دو ا   و و؟ و ر ه و م 

1ه طا ر شید  رکت2.ر.

3ر لا .4م.و

:حشر اا4ه ال و ها ر . حیستر  ر آ  ر ار

می  ال ا و و  ر ند.ر

266. نا عطا   ر  د ید؟ر

1.ثا  تفا تا  وو ا2ثا  .او  ا ر دد ا

3.د فا4م .

:حشر اا2ثا  . حیمی ر و دد اادا  ال ر

آ هتر و.ا

267.  ر ط د پا ار ؟ ر

1طا .جی2ند طا .3د  ع طا .4و .12

:حشر اا4 جی  یجا طا . حی تر ر ی:ر   ود

 یو یشتر. ثبی ا  کر کا یشتر، و ثا  نیبا ا  ندا ا

نید. تفا  طا یرا ر جی  

268.  دنا سا  ر  ید؟ر

1.عمو   یر2دد   .3ر .4یچکد .

:حشر اا2ثا  . حیمی ر و دد اادا  ال ر

آهتر و.ا

؟ .269 ر خ ر و   د  ر و تگهد

1کنو  ا یک .2تنو  و یک .3ر .د4م .

:حشر اا1کنو  ا یکا . حی، یکا ث،یشتر دا و

تر و ا  ل ا و و  د. یا نظ م اد.ود ت هتر کر

:کتوا  و،ا قو ر ا ازمر،یل  ظا،

اکا م ما  کاا  .  ئتنا نا ند

و ووتنا قو    نید. رد هین و  "بر"

 یدا.و

تنا قو گر ،"یر"ر وو تنا نا آ   

 عو.داارو  قو رپیواا  وو( ما ار

ا)کوو.یر ر تفا و نظو   د




