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É�Z�|Àf�»É�|À°�Y ÄÌ¼�É�Ë� ê ½ZË�Y�ZÌ¬Ë ���É�Ë�^e ½ZË�Y�ZÌ¬Ë ���Ê«{Z� ½Z�uYÉ�|À°�Y ÄÌ¼�

ÃÁ�³ÊÀ§Á|Ì·Âe

�Ë|»ÃÁ�³É�^¯Y |¼v»

�»Äq�f§{ µÂXÊÀ£�³�¿Ã{Y�

É�Z�|Àf�» ÃÁ�³:ÃÁ�³ �Ë|»É�¤�Y ZÌv»:Äq�f§{ µÂX�»É�Z^Æ� ÄÆ·Y

¥Á�u�Z´¿Ê�ÁZÌ� {ÔÌ»-Ä¿Y��§tf§Ä·YÃ{Y�

_Zq ��Z¿Ê¼Ì ¿ ½Y�Â�

½Â»�M ÃÁ�³

º¸« Ê��Â»M Ê¼¸� {ZÌÀ](¹Z�¦«Á)Êq

É�¯�» �f§{:[Ô¬¿Y ½Z]ZÌy[Ô¬¿Y ½Z]ZÌy¾Ì��¸§ Á Z^� ¾Ì]¾Ì��¸§ Á Z^� ¾Ì]±±­Ôa­Ôa923923±±��Â»M Ê´ÀÅ�§ ½Â¿Z¯��Â»M Ê´ÀÅ�§ ½Â¿Z¯±±:¾¨¸e:¾¨¸e64636463--021021

@Tahlilazemoon



�ZaÊvË��e x»½Â»�M15d�Æ^Ë{�Y1402«�YÁ{ Ê�Z�fyY{ºÅÊ�ZË�v¨�È3

1-ÈÀË�³»3«)ÊÀÌ�u µ{Z�(

�]ZeIÉÁ�\ªf�» Á Äf�ÂÌad�Y Ê�Z¬¿ �]Ze Ê¿Y�v] �Z¬¿�a .d�Y �Ë~a

½M �{ Ä¯.d�Y �¨� �]Y�] �]Ze ªf�» ZÅ

I �[� VLQ [ VLQ[3 3 3′ = − −

I �[� VLQ [ VLQ[ VLQ� [�0 3
′ =⎯⎯⎯→ = − = −

N
[ N [ [

�N

[ N [ [ N

3 2
2

3 2
2

π­ = π − � =°°� ∈® π° = π + π + � = π +
°̄

]

Ê» Y� [YÂm Äf�{ Á{ ¾ËY �Z¼fmYºÌ¿YÂe
N

[
2

π=.ºË�Ì´] ��¿ �{¾Ì] �{

ÄÀË�³,ZÅ
7

2

π
.d�Y [YÂm Äf�{ ¾ËY Â��

)½Z]Z�u2-Èv¨�117(

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

2-ÈÀË�³»4«)¹Y�Æ] ¾�v»�Âa(

[ 4= −Ä�Ë� �Y Ê°Ë�]Ze ÉZÅI ′:d�Y

I � �

I �[� [ P[

P P

2

4 0

3 2 24

48 8 24 0 3
′ − =

′ = + −

⎯⎯⎯⎯→ − − = � =

I �[� [ [ [3 23 24 2� = + − +

¹Â� Äm�{ �]Ze �{\ D[ E[ ���3 2= + +¦�� Ä�¬¿ µÂ�

,

E
[

D3
= −.d�Y

¬¿ µÂ� µYR� ¾ËY �{�a¦�� Ä�,[ 1= −½M��� ÁI � �1 28− =

.d�Y

)½Z]Z�u2-Äv¨�ÉZÅ111Ze117Á138Ze140(

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

3-ÈÀË�³»3«)ÊÀÌ�u µ{Z�(

Ã�Z] |ËZ]½M �{ Ä¯ ºÌÀ¯ Y|Ìa Y� ÉY�IRJ�′′:ºË�Y{ .|�Z] Ê¨À»

�IRJ� �[� J �[��I �J�[��′ ′ ′=

� [ ��[ [ � [ [ [2 3 22 1 2 2 5 2= − + − = + − +

�IRJ� �[� [ [26 2 5′′� = + −

�IRJ� �[� [0 1 31

6

′′ = − ±⎯⎯⎯⎯→ =

 ¬e �a�]Ze �IRJÇ�Z] �{
1 31 1 31

6 6
� � �
− − − +

ËZa Ä] Á�¾Ì

�]Y�] Ã�Z] ¾ËY µÂ� Ä¯ d�Y
31

3
.d�Y

)½Z]Z�u2-Äv¨�ÉZÅ127Ze130(

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

4-ÈÀË�³»2«)¹Y�Æ] ¾�v»�Âa(

c�Â� Ä] Y� �]Ze Ä�]Z�Ä]Á�Á�Ê»:ºÌ�ËÂ¿

[
� [

[I �[�
[

� [
[

2

2

0
1

0
1

­ ≤°° += ®
° ≥
° −¯

c�Â� Ä] �]Ze ªf�»�aÄ]Á�Á�:d�Y

[
� [

� [ �
I �[�

[
� [

� [ �

2

2 2

2

2 2

1
0

1

1
0

1

­ − ≤° +°′ = ®
+° ≥° −¯

Ë� ZÆÀe�]Ze Ä�I ′,[ 1= −Ä°ÀËY ÄmÂe Z] Á d�Y[ 1=\¿Zn» �Ì¿

Ê» Y� �]Ze �Zf§�cY�ÌÌ¤e µÁ|m ,d�Y �]Ze �Y{Â¼¿ ºWZ«:ºÌ�ËÂ¿

I

I PLQ

1 1

0
+∞

−∞

−
′ − + +

ÂLvº
2 / /

º¼ÌÀÌ» �Â¿ �Y Ê^�¿ º»�f�¯Y ®Ë �¬§ �]Ze�a.{�Y{

)½Z]Z�u2-Äv¨�ÉZÅ123Ze126(

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

5-ÈÀË�³»3«)Ê»Ô�Y Z��|Ì�(

ÄÀ»Y{ �{ Y� �]Ze �Y{Â¼¿Ê» º�� �Y:ºÌÀ¯

[ [ � [
I �[�

[ [ � [

2

2

6 12 8 2

6 12 2 4

­ + − − ≤ ≤°= ®
− + ≤ ≤°̄

½Z]Z�u2

@Tahlilazemoon



�ZaÊvË��e x»½Â»�M15d�Æ^Ë{�Y1402«�YÁ{ Ê�Z�fyY{ºÅÊ�ZË�v¨�È4

x

y

-8

-3

-21

2 3

3

4

4

�Z¬¿ ÓZ] �Y{Â¼¿ Ä] ÄmÂe Z]� � �3 21− −Á� � �2 4º»�f�¯Y�]Ze Ê^�¿ ÉZÅ

º»�f�¯Y L�m Ä¯ |Àf�ÅÊ» [Â�v» �Ì¿ ª¸�» ÉZÅ.|¿Â�

)½Z]Z�u2-Äv¨�ÉZÅ111Ze116(

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

6-ÈÀË�³»3«)ÊÀÌ�u µ{Z�(

ÄÀ»Y{ �{ �]ZeÇ�Z] ÊÀ Ë �Y> � �1 +∞�Y Äf�ÂÌaYÂÀ°Ë Ä°ÀËY ÉY�] �a .d

,d�Y Ê§Z¯ |�Z]I ′.|Å|¿ d»Ô� ¾ÌÌ e ½M �{

N
I �[�

[ [

1

2 2 1
′ = +

+ −

.|�Z] Äf�Y{ Ã{Z�[YÂm |ËZ^¿ �Ë� Ä·{Z » ÊÀ Ë�a

I �[� [ [
N

0 2
2 1

′ =⎯⎯⎯→ + = − −

�³Y Ä¯ d�Y ÊÆË|]N 0>È·{Z » .|�Z]Z]d·Zu �{ µZu ,{�Y|¿ [YÂm Ó

N 0<:ºË�Y{

N
[ [ [

N N N

2
2

2 2 2

4 4 4 2
2

4

+⎯⎯⎯→ + = − � =
−

·H¼U

:{�Ì´] �Y�« �]Ze ÄÀ»Y{ �{ |ËZ^¿ [YÂm ¾ËY

2 2
02

2 2

4 2 3
1 0 4 0 2

4 4

NN N
N N

N N
<+

� < � < � − < ⎯⎯→ < −
− −

ÉY�Y Ä] |ÌÀ¯ d«{ Z»YN 0=�]ZeI �[� [2 2= +{Â � 0Y|Ì¯YÁ É

ÉY�Y Ä]N 2= −�]ZeI �[� � [ [ �2 2 1= + − −Ê·Á�¿ 0Y|Ì¯Y

.d�Y

ÉY�] µÂ^« ¶]Z« �Ë{Z¬» È�Â¼n»�aN:d�Y �Ë�c�Â� Ä]

N � � @ > � � � � �2 0 2 0∈ −∞ − +∞ = − −* \

)½Z]Z�u2-Äv¨�ÉZÅ120Ze122(

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

7-�³ÈÀË»1«)¹ZÀ°Ì¿�z^¿ZÆm(

�Z¬¿ cZ�fz»+Á$Ä]\Ìe�e+�[� �0Á$�[�I �[���a ,d�Y

:Z] d�Y �]Y�] h¸j» duZ�»6 2+�$+ [I �[�
1 1

2 2
= =

[
6�[�

[3
1

2 1
� =

+

�]Ze Ê¿Y�v] Ä�¬¿ �{6�[�Ê» w�duZ�» ¾Ë�f�Ì] ,:|Å{

[
6 �[� [ [

� [ �

3
3

3 2 3

1 1 2 1
0 1 2 0

2 1 2

−′ = = � − = � =
+

PD[6 6
33

3

1

1 1 42
32 62
2

§ ·
� = = =¨ ¸

© ¹

)½Z]Z�u2-Äv¨�ÉZÅ118Á119(

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

8-ÈÀË�³»1«)Ê»Ô�Y Z��|Ì�(

�y\ D2 1= −¾ËY Á d�Y �]Ze �Y{Â¼¿ Ê¬§Y \¿Zn»Y� �]Ze �Y{Â¼¿ �y

�{[
1

2
= −:ºË�Y{�a ,d�Y Ã{�¯ ��«

3

3

2 1
2 1

1

� D �[
D

[ D[

− = −
+ +

3 32 1 2 1 2 1 2 1� D �[ � D �[ D� D �[ D� − = − + − + −

D� D �[ D � D ��D[ �2 1 2 1 2 1 1 0� − + − = − + =

[ [
D I �[�

[ [

1 3
2

3

3
2

2 1

=−
⎯⎯⎯→ = � =

+ +

I �[�[ � [ �
I �[� [ �

�[ [ �

2
0

3 2

3 4 3 3
0

42 1

′ =+′� = ⎯⎯⎯→ = −
+ +

�{ �]Ze Ê^�¿ º¼ÌÀÌ» ,�Y{Â¼¿ Ä] ÄmÂe Z][
3

4
= −Ê» w�:|Å{

� �
I � �

� � � �

3

3

3 81
3

3 814 64
3 3 594 59

2 1
4 4 64

− −
� − = = =

− + − + −

)½Z]Z�u2-Äv¨�ÉZÅ123Ze126(

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

@Tahlilazemoon



�ZaÊvË��e x»½Â»�M15d�Æ^Ë{�Y1402«�YÁ{ Ê�Z�fyY{ºÅÊ�ZË�v¨�È5

9-ÈÀË�³»2«)|Ì�Ê»Ô�Y Z��(

¦�� Ä�¬¿ ®Ë Ê´ËZ�¼Å �{ �]Ze �Y{Â¼¿ ,µYR� c�Â� �{ Ã|� º�� �Y{Â¼¿

M �Y Z»Y ,d�Y ½M�]Ze Ä¯ ÊËZn¿[ 2<-\ [ D[ [3 2 10= + −�{

ºÅ Á {�Y{ �Ë� c�Â� Ä] Ê¨�� Ä�¬¿ ,{ÂmÁ c�Â�Äf°¿ ¾ËY Ä] ÄmÂe Z] ¾ÌÀq

¹Á{ Äm�{ �]Ze Ä¯[ 2≥-\ E[ [2 18 32= + −Ê¼¿Ä�¬¿ |¿YÂe

,|�Z] Äf�Y{ ¦��

--
a

3

{Â¼¿Yº�� �Ê´ËZ�¼Å �{ �]Ze �Y{Â¼¿ |ËZ] ,µYR� c�Â� �{ Ã|�[ 2=

�´Ë{ ½ZÌ] Ä] ZË ,|�Z] (Ä�]Z� Á{ É��» Ä�¬¿)[ 2=�Z¬¿ �Y Ê°Ë µÂ�

�]Ze �Y{Â¼¿ ¦��I.d�Y�{ �]Ze �a[ 2=ªf�» Á Äf�ÂÌa |ËZ]�Ë~a

:|�Z]

[ [
OLP I �[� D �I � � OLP I �[� E

2 2
4 12 2 4 4

− +→ →
= − = = +

D E D E � �4 12 4 4 4 1⎯⎯⎯→ − = + � − =Â«Tw¼ÃQ

[ D[ � [
I �[�

E[ � [

23 2 10 2

2 18 2

­ + − <°′ = ®
+ ≥°̄

I � � D � I � � E2 4 2 2 4 18− +′ ′� = + = +

D E D E � �4 2 4 18 4 2⎯⎯⎯⎯⎯⎯⎯→ + = + � − =¾Îoö¦ Ä ÁIÀ¢Tz¶ ÁoMHoM

) cÓ{Z »1) Á (2{Á|u ½{�ÁM d�{ Ä] ÉY�] �a ,|Àf�Å ½Z�°Ë (DÁE

Ê» ¹Á{ ªf�» ¡Y��:ºËÁ�
[ D � [

I �[�
E � [

6 2 2

2 2

+ <­′′ = ® >¯

Ä°ÀËY ÉY�][ 2=,|�Z] ¦�� Ä�¬¿ µÂ�I ′′d»Ô� �ÌÌ¤e |ËZ] ½M �{

:|Å{

E �D

E�D �

E �D

0 6 0

6 0

0 6 0

< + >­
°� + < � ®
° > + <¯

IÄ

Ä°ÀËY Ä] ÄmÂe Z]D E 4= +:ºË�Y{

E � E E

E � E �

0 10 0 10 0

0 10 0

< + > � − < <­
°
®
° > + <¯ ¸§x¶oÃü

IÄ

�Y{Â¼¿ �] �Z¼» �y \Ì� Ê§�� �Y2[ =½Z¼Å ÊÀ Ë2I � �′d^j» |ËZ]

.|�Z]

9
4 18 0

2
E E� + > � > −

{Á|u dËZÆ¿ �{EÇ�Z]
9

0
2

� � �−{Á|u ÁDÇ�Z]
1

4
2

� � �−d�{ Ä]

Ê».|ËM

)½Z]Z�u2-Äv¨�ÉZÅ131Á138Ze140(

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

10-ÈÀË�³»4«)Ê»Ô�Y Z��|Ì�(

½M �////�Á �////y Á |Àf////�Å É�YÂ////» Ã|////� Ã{Y{ �////y Á{Z////Å

\ [
19 3

4 11
2

++ = =//¯�» �Y |//ËZ] �//y ¾//ËY ,d/�Y�]Z//e ½�Z//¬e �

®Ì§Y�³Â¼ÅIÄ�¬¿ ÊÀ Ë:� D � D�23 3−{�~´]:

D D D D

D �D

2 23 12 4 11 4 3 1 0

1
1

4

� + − = � − − =

� = = −

�Y|¬» Z»YD 1=ÉY�Y Ä] Y�Ë� -d�Y µÂ^« ¶]Z«D
1

4
= −,I �[� 0′ >

�y Á{ Á d�Y\ [4 3= − +Á\ [4 19= − +Ê¼¿�] |À¿YÂeI

.|¿Â� �Z¼»
[

I �[�
[

3 2

2

−
� =

−
�Z¼e �Z¬¿ cZ�fz» µZu$Á%Ê» Y�:ºÌ]ZË

[
[ [ [ [

[
23 2

4 3 3 2 4 11 6
2

−• = − + � − = − + −
−

$ $[ [ �[ � [ \2 24 8 4 4 1 0 1 1� − + = − = � = � = −
[

[ [ [ [
[

23 2
4 19 3 2 4 27 38

2

−• = − + � − = − + −
−

% %[ [ �[ � [ \2 24 24 36 4 3 0 3 7� − + = − = � = � =

Ä¸�Z§Ä�¬¿ Á{$� � �1 1−Á%� � �3 7:Z] d�Y �]Y�] �´Ë|°Ë �Y

$% � � � �2 23 1 7 1 68 2 17= − + + = =

)½Z]Z�u2-Äv¨�ÉZÅ141Ze143(

@Tahlilazemoon



ÊvË��e x�Za»½Â»�M15d�Æ^Ë{�Y1402«�YÁ{ Ê�Z�fyY{ºÅÊ�ZË�v¨�È6

11-ÈÀË�³»1«)ÊÀÌ�u µ{Z�(

Ê» �Ë�c�Â� Ä] Y� Ã|� Ã{Y{ È·{Z »:ºÌ�ËÂ¿

�N �[ [ � N �21 2 1 0+ − − + =

:ºË�Y{ ½M �{ Ä¯

N
6 �3

N N

1 2 1

1 1

+= α + β = = αβ = −
+ +

Ä�]Y� ÉY�] µZu
2 2 1α β + αβ =Ê»:ºÌ�ËÂÀ] ºÌ¿YÂe

� � 362 2 1α β + αβ = αβ α + β = =

N
N N N

�N �
2

2

2 1
1 2 1 2 1

1

+
� − = � + + = − −

+

N
N N N

1
22 4 2 0 2 2

<−
⎯⎯⎯→ + + = � = − ±

.d�Y µÂ^« ¶]Z« �Y|¬» Á{ �Å

)½Z]Z�u1-Ä·{Z » Á �^mÄv¨� :ÉZÅ7Ze9(

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

12-ÈÀË�³»3«)Ê·ÔmY º�Z¯(

Ê¼Æ///� �{\ D[ E[ F2= + +Ä///�¬¿
E E DF

6� � �
D D

2 4

2 4

−− −

O� µYR/////� ¾/////ËY �{�/////a ,d/////�Y Ê¼Æ/////� �O�Ê¼Æ/////� �

\ [ P[ P2 2= − +È�¬¿
P P
� � P�

2

2
2 4

− +¾ËY��� .d�Y

:ÊÀ Ë ,d�Y �f�Ì] ½M µÂ� �]�» �Y Ä�¬¿

P P P
P P

P P P�P � P

2 2 2

2

2 2 0
4 4 2

4 4 0 0 4

− + > � − <

� − = − < � < <

Ã�Z] ¾ËY tÌv� {Y|�Y1,2Á3½M �Â¼n» Ä¯ |Àf�ÅZÅ�]Y�]6.d�Y

)Ê�ZË�1-Ä·{Z »Ä·{Z »Z¿ Á ZÅZÅÄv¨� :ÉZÅ78Ze82Á86Ze88(

13-ÈÀË�³»1«)ÊÀÌ�u µ{Z�(

�Ô�Y \Ì�$%,%&,&'Á$'Ä]\Ìe�e1-,
3

4
Á �¨� ,

3

4
,d�Y

�Á} Ê ¸��ZÆq ¾ËY �aÊ» Á d�Y Ä¬¿�¶°� ºÌ¿YÂe��¿ �{ Y� �Ë� Ê��§

:ºË�Ì´]

A D

B C

Ã|�Z« µÂ�:Z] d�Y �]Y�] Ä¬¿�Á} ¾ËY ÉZÅ

%& �$'2 2 2 28 6 10 4 3 5= + = = + =

É�YÂ» �y Á{ Ä¸�Z§ �Ì¿ Ä¬¿�Á} �Z¨e�Y$'Á%&:d�Y

$' � [ \ � %& � [ \3 4 1 3 4 20− = − = −

_ � � _

� �2 2

1 20 21

53 4

− −
� = =

+ −
ÌIÿUnH

:Z] d�Y �]Y�] Ä¬¿�Á} duZ�»�a

6 � � �
1 21 63
10 5 31 5

2 5 2

§ ·= + = =¨ ¸
© ¹

)½Z]Z�u1-Ä·{Z » Á �^mÄv¨� :ÉZÅ29Ze36(

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

14-ÈÀË�³»2«)Ê¿Z�»�Ô» É|Æ»(

Ä·{Z » |ËZ]Ä]Á�Á�:ºÌÀ¯ ¶u Y�[ [
[

3
2 1 3− = + +

Ê» :µÁY �Á�,d�Y ½Z�°Ë �Z¬¿ cZ�fz» ,�]Ze Á{ ­�f�» Ä�¬¿ �{ ºÌ¿Y{

Ä]�aÄ¯) ÓZ] Ä·{Z » ¶u ÉZm�{Ä] ,({�¯ ºÌÅYÂy ¶u ªÌ«{ ¹Á{�Á�ÉY�Y

ÄÀË�³ �{ �Y|¬» �Å�]Ze �{ Ä�¬¿ µÂ� ,ZÅ\ [ 1 3= + +�u Y�[Z

ÄËZa Ê�ZË�

@Tahlilazemoon



ÊvË��e x�Za»½Â»�M15d�Æ^Ë{�Y1402«�YÁ{ Ê�Z�fyY{ºÅÊ�ZË�v¨�È7

Ä] Ä�¬¿ cZ�fz» �³Y .ºÌÀ¯d�{�]Ze Ä�]Z� �{ Ã|»M\ [
[

3
2= −ºÅ

Ã{�¯ Y|Ìa Y� �]Ze Á{­�f�» Ä�¬¿ ,|À¯ ©|�.ºËY

[ [ [1 3 3 1 0 1+ + = � + = � = −ÈÀË�³:»1«

Ä�¬¿� � �1 3−�]Ze �Y{Â¼¿ ÉÁ�\ [
[

3
2= −.{�Y|¿ �Y�«

[ [
5 5 5 1

1 3 1
2 2

+ −+ + = � + =ÈÀË�³:»2«

[
1 5

2

−
� =

È�¬¿� � �
1 5 5 5

2 2

− +
�]Ze �Y{Â¼¿ ÉÁ�\ [

[

3
2= −-{�Y{ �Y�«

:Y�Ë�

1 5 3 6
2 1 5

2 1 5 1 5

2

� �
− − = − −

− −

3 3 5 5
1 5 5

2 2 2

+= − + + =

ÄÀË�³ �³YÊ» ,ºÌÀ¯ Ê���] Y� �´Ë{ ÉZÅÃ|»M d�{ Ä] È�¬¿ cZ�fz» ºÌÀÌ]

�]Ze È�]Z� �{
3

2\ [
[

= −Ê¼¿ ©|�.|À¯

:¹Á{�Á�

23
2 1 3 2 3 1 3[[ [ [ [ [ [

[
×− = + + ⎯⎯→ − = + +

2

2
1

2 1 3 3

2 3
1 1

�[ �

[ [ [ [

[ [

[ [
÷ +

� − + = +

⎯⎯⎯→ − =
+ +

�Ì¤f» �ÌÌ¤e Z] µZu
[

W
[ 1

=
+

:ºË�Y{

3

2
ZËW W �W �� W � W22 3 0 1 2 3 0 1− − = � + − = � = −

[

[

[
[ [ [ [

[

[

[
[ [ [ [

[

[

0 2

0 2

1 1 1
1

1 5

2

3
3 1 2 9 9 4

21

3

<

>

­ = − � + = − ⎯⎯→ + =° +°
° −
°� =� ®
°
° = � + = ⎯⎯→ + =

+°
°� =¯

É�Y~´ËZm Z][
1 5

2

−=Á[ 3=�Z¬¿��� ,�]YÂe �Y Ê°Ë Ä�]Z� �{

Ä]\Ìe�e
5 5

2

+
Á5Ä]Ê» d�{.|ËM

)½Z]Z�u1-Äv¨� :Ä·{Z » Á �^mÉZÅ17Ze21(

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

15-ÈÀË�³»3«)ÊÀÌ�u µ{Z�(

YÄ�¬¿��� Y|f]3Ä�¬¿ µÂ� Á3′Ê» Ä^�Zv» Y�:ºÌÀ¯

1
2 2 23 1 8

1 1
9 9

3[

3 3 3[ \ \
=

+ = ⎯⎯⎯→ = − =

0

2 2

2
23

2 2

3

1

4 5
1

9 9

3

3

\
3

3 3

\

3

\

[ \

[
′

>

′ ′

=−

′

⎯⎯⎯→ =

+ =

⎯⎯⎯⎯→ = − =

0 5

3
3[

3[
′ >

′⎯⎯⎯→ =

¶°� Ä] ÄmÂe Z] µZu�Ë�:ºË�Y{

P

P

O

α

β

@Tahlilazemoon



ÊvË��e x�Za»½Â»�M15d�Æ^Ë{�Y1402«�YÁ{ Ê�Z�fyY{ºÅÊ�ZË�v¨�È8

2 2 1 2 5

3 3 3 3
VLQ �FRV �VLQ �FRVα = α = β = β =

:Z] d�Y �]Y�] h¸j» duZ�»�a

U

323
6 U VLQ� � 6 VLQ� �121 1

2 2
Δ

=

′
= α + β ⎯⎯→ = α + β

6 �VLQ FRV FRV VLQ �

� �

1

2

1 2 2 5 1 2 10 1

2 3 3 3 3 9

= α β + α β

+= × + × =

)Ê�ZË�1-cZj¸j»Äv¨� :ÉZÅ36Ze39(

)½Z]Z�u1-Äv¨� :cZj¸j»ÉZÅ110Ze112(

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

16-ÈÀË�³»2«)Ê»Ô�Y Z��|Ì�(

c�Z^� Y|f]Y$Ã{Z� Y�Ä�Ôy Á �eÊ» �e:ºÌ�ËÂ¿

7 2 7

2 2
VLQ VLQ FRV

π − θ π§ · § ·= − θ = − θ¨ ¸ ¨ ¸
© ¹ © ¹

7FRV� � FRVθ − π = − θ

3 2 3

2 2

3 6

FRV FRV VLQ

$ VLQ FRV

π + θ π§ · § ·= + θ = θ¨ ¸ ¨ ¸
© ¹ © ¹

� = θ − θ

�Y|¬» È^�Zv» ÉY�]�a$Ä]VLQθÁFRVθ.ºË�Y{ �ZÌ¿

{ZveY �Y µZuWDQ [
FRV [

2

2

1
1+ =Ê» Ã{Z¨f�Y:ºÌÀ¯

� D � �D � D D D2 2 2 21 5 3 2 5 4 4 4+ + = − � + = − +

D D D�D � D24 4 4 1 0 0 1� + = + = � = −IÄ

ÉY�Y Ä]D 0=,WDQ 3θ =ÁFRV
1

2
θ = −Ê» d�{ Ä]�{ ,|ËM

ÄnÌf¿VLQ
3

2
θ = −Á$ � �

3
3 1

2
= −.{Â] |ÅYÂy

ÉY�Y Ä//]D 1= −,�//Ì¿WDQ 2 2θ =ÁFRV
1

3
θ = −d//�{ Ä//]

Ê»ÄnÌf¿ �{ ,|ËMVLQ
2 2

3
θ = −Á$ � �2 1 2= −.{Â] |ÅYÂy

)Ê�ZË�1-Èv¨� :cZj¸j»43(

)½Z]Z�u1-Äv¨� :cZj¸j»ÉZÅ98Ze104(

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

17-ÈÀË�³»4«)Ê·ÔmY º�Z¯(

{ZveY Z] Y|f]YVLQ�[ \� VLQ[FRV\ FRV[VLQ\± = ±�Y

Ê» Ã{Z¨f�Y µÁY ÉÁZ�e:ºÌÀ¯

VLQ� � VLQ� �2α + β = α − β

2 2

VLQ FRV FRV VLQ

VLQ FRV FRV VLQ

� α β + α β
= α β − α β

VLQ FRV FRV VLQ

WDQ
WDQ WDQ

WDQ

3

3 3

� α β = α β
α

� α = β =
β

IÄ

{Z//veY Z//] µZ//u
WDQ[ WDQ\

WDQ�[ \�
WDQ[WDQ\1

±± =
B

¹Á{ ÉÁZ//�e �Y

Ê» Ã{Z¨f�Y:ºÌÀ¯

WDQ WDQ WDQ WDQ

WDQ WDQ WDQ WDQ

3 3

1 1

α + β α − β=
− α β + α β

ÊÀË�´ËZm Z]WDQ3 βÉZm Ä]WDQα:ºË�Y{

@Tahlilazemoon



ÊvË��e x�Za»½Â»�M15d�Æ^Ë{�Y1402«�YÁ{ Ê�Z�fyY{ºÅÊ�ZË�v¨�È9

2 0 2

2 2

4 6 1

151 3 1 3

WDQWDQ WDQ
WDQ

WDQ WDQ
β≠β β= ⎯⎯⎯⎯→ β =

− β + β

2 2 29 8

15 15
WDQ WDQ WDQ� α = � α − β =

)½Z]Z�u1-Äv¨� :cZj¸j»ÉZÅ110Ze112(

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

18-ÈÀË�³»4«)Ê·ÔmY º�Z¯(

�]Ze ÄÀ»Y{IÈ�Â¼n»{ }I' > � @5 5 1= − −�{ �]Ze ¾ËY .d�Y

tÌv� �Z¬¿2±,1−Ä�¬¿ ¾Ì¼nÀa �{ Ä°ÀËY ÉY�] �a ,{�Y{ |u �¨� Á

Y{ |u ºÅ tÌv��{ |ËZ] ,|�Z] Äf�[ 1=Ä�¬¿ ¾ËY �{ .|�Z] |u ÉY�Y{

k�z» |uI �[�:|�Z] �¨� |ËZ] ºÅ ½M c�Â� |u�a ,d�Y �¨�

[
OLP� [ P� P P2

1
5 2 2 2 0 1

→
� − − = − = � =

[
I �[�

[

25 2

1

− −
� =

−

:ºË�Y{ dËZÆ¿ �{

[ P [

[ [
OLP I �[� OLP

[ [

2 2

21

5 2 5 2

1 5 2→ →

− − − += ×
− − +

[ [

[ � [�� [�
OLP OLP

�[ � �[ �

2

1 1

1 1 1 2 1

4 1 4 1 4 2→ →

− − += = = − = −
− −

)½Z]Z�u1-Äv¨� :Ê´f�ÂÌa Á |uÉZÅ141Ze144(

19-ÈÀË�³»4«)ÊÀÌ�u µ{Z�(

[ 1=ºÆ^» |u Z] Á d�Y k�z» Á c�Â� ­�f�» È�Ë�
0

0
.ºÌf�Å ÄmYÂ»

Ä] Y� |u ¶�ZuÊ» [Z�u �Ë�c�Â�:ºÌÀ¯

2 21 1

1Q

[ [

[ [ [
/ OLP OLP

[ [ [ [+ +→ →

− −= +
− −

1

1 1

1 1

1 1

Q

[ [

[ [ [
OLP OLP

[ [ [ [+ +

−

→ →

− −+
− −

2 3

1

1 1

1

Q Q

[

�[ ��[ [ [ �
OLP

[+

− −

→

− + + + +
−

"

1

1 1

1 1[

[ [
OLP � �

[ [+→

− ++ ×
− +

2 3

1 1

1

1
1

1

Q Q

[ [

Q

[
OLP [ [ [ OLP

[+ +

− −

→ →

−

−+ + + + +
+jnHj ¾±x]

.SwH oÿÅ oMHoM

"����������	���������

�����	����
�����������	����������


1 4 17/ Q Q� = − = � =

)½Z]Z�u1-Äv¨� :Ê´f�ÂÌa Á |uÉZÅ141Ze144

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

20-ÈÀË�³»2«)Ê·ÔmY º�Z¯(

�]Ze\ >[ @2=Ç�Z] �Y Ê�Z¬¿ �{� �P�0Ä¯[2,{Â� tÌv� É�Y|¬»

:|Àf�Å �Ë�c�Â� Ä] �Z¬¿ ¾ËY .d�Y Äf�ÂÌaZ¿

{ }� � � � � ���1 2 3 2 5

�]Ze Ê·ÁI�{[ 1=:Y�Ë� ,d�Y Äf�ÂÌa

[
I � � OLPI �[�

1
1 0

→
= =

�Y|¬» ¾Ë�f�Ì] ¾ËY�]ZÀ]P�]Y�]2.d�Y

)½Z]Z�u1-Äv¨� :Ê´f�ÂÌa Á |uÉZÅ145Ze151(

@Tahlilazemoon



ÊvË��e x�Za»½Â»�M15d�Æ^Ë{�Y1402«�YÁ{ Ê�Z�fyY{ºÅÊ�ZË�v¨�È10

21-ÈÀË�³»1«)Ê¿Z¼ËY Ê¸�(

A

B C

2 1 1 3 1 2 1 0 1%$ 2$ 2% � � � � � � � � � � � �= − = − = − −
JJJG JJJG JJJG

2 3 1 3 1 2 1 2 1%& 2& 2% � � � � � � � � � � � �= − = − = − −
JJJG JJJG JJJG

1 0 1 2

2 6 12

%$ � %&ÖFRV%
_ %$ __ %& _

+ +
= = =

×

JJJG JJJG

JJJG JJJG

2 1 3 3

32 3 3 3
= = × =

)Ä�|ÀÅ3:ZÅ�Y{�]Äv¨� :ÉZÅ77Á78(

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

22-ÈÀË�³»4«)�Zb¯Zy Ä¿Y��§(

1 3
3 1 1

0 1 1

D � � P � �
D E � P � � �

E � � � �

= −
� × = − − − −

= −

G
GG

G

2 2 23 3 1 1 3_ D E _ � P � � � � �× = � − − + − + − =
GG

2 2 23 2 3 3 1� P � �P �⎯⎯⎯⎯→ − − + = � + =·H¼U ¾M

3 1 2

3 1 4

P P

P P

+ = � = −­
� ® + = − � = −¯

)Ä�|ÀÅ3:ZÅ�Y{�]:Èv¨�81(

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

23-ÈÀË�³»2«)[Â^v»Â]Y ¾Ì�u�Ì»Y(

1 0 1 1 2 0 2 2 1$% 2% 2$ � � � � � � � � � � � �= − = − − − = − −
JJJG JJJG JJJG

0 1 1 1 2 0 1 3 1$& 2& 2$ � � � � � � � � � � � �= − = − − − = −
JJJG JJJG JJJG

1 1
2 2 1 1 3 1

2 2$%&
6 _ $% $& _ _ � � � � � � � � _Δ = × = − − × −

JJJG JJJG

1 1 5 2
5 3 4 25 9 16

2 2 2
_ � � � � _= − − − = + + =

)Ä�|ÀÅ3:ZÅ�Y{�]Äv¨� :ÉZÅ81Ze84(

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

24-ÈÀË�³»4«)�Zb¯Zy Ä¿Y��§(

È°Ë �Y{�] Ä� ÉY�]L
G
,M
G

ÁN
G

:ºË�Y{

L M N � M N L � N L M× = × = × =
G G G G G GG G G

:Z] d�Y �]Y�] Ã|� Ã{Y{ c�Z^� ¶�Zu ¾ËY�]ZÀ]

L ��N M� M �� L N� N �� M L �× + × + ×
G G G G G GG G G

L � L � M� M� N� N�= − + − + −
G G G G G G

2 2 2 1 1 1 3_ L _ _ M _ _ N _= − − − = − − − = −
G G G

)�|ÀÅÄ3:ZÅ�Y{�]Äv¨� :ÉZÅ77Ze84(

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

25-ÈÀË�³»1«)Ê¿Z¼ËY Ê¸�(

�Y{�] Á{ �³YD E+
GG

ÁD E−
GG

ºÅ½M ,|À/�Z] Ã�Y|¿YÃZ/³D
G

�/]E
G

{Â/¼�

:ºË�Y{ ÄnÌf¿ �{ Á d�Y �¨� �]Y�] �Y{�] Á{ Ê¸yY{ [�� ÊÀ Ë ,d�Y

2 2 2 264 8_ D E _ _ D _ _ E _ _ E _− = + � = +
G G GG G

2 56 2 14_ E _ _ E _� = � =
G G

É�YÂf» d·Zu ¾ËY �{Ã|/� ÄfyZ/� �Ô�ÓY�/�ÂeÉZ/Å�Y{�]D
G

ÁE
G

®/Ë ,

Á d�Y ¶Ì�f�»:Z] d�Y �]Y�] ½M duZ�»

2 2 2 14 4 28 8 76 _ D __ E _= = × = =
GG

)Ä�|ÀÅ3:ZÅ�Y{�]Äv¨� :ÉZÅ77Ze84(

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

26-ÈÀË�³»3«)Ê¿Z¼ËY Ê¸�(

Ã�Y|¿Y�Y{�] Ä� ÉZÅD
G
,E
G

ÁF
G

®/Ë �Y{�/] Ä/� �a ,d�Y �´Ë|°Ë �]Y�]

ÉÁZ�f» h¸j»ÄfyZ� �Ô�ÓYª^�À» �´Ë{ �Y{�] ÉZÆf¿Y �] �Y{�] �Å ÉY|f]Y .|¿Y

�]Y�] ,�Y{�] Á{ �Å ¾Ì] ÈËÁY� �a ,d�Y0 0 0180 60 120− =ÄmÂe Z] .d�Y

:ºË�Y{ cZvÌ�Âe ¾ËY Ä]

D �E D �F E �F= =
G GG G G G

2 2 2D �E D �F E �F D �E D �E D �E D �E+ − = + − =
G G G G G GG G G G G G G G

0 1
2 120 2 3 3 9

2
_ D __ E _ FRV � �= = × × × − = −
GG

)Ä�|ÀÅ3:ZÅ�Y{�]Äv¨� :ÉZÅ77Á78(

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

Ä�|ÀÅ3

@Tahlilazemoon



ÊvË��e x�Za»½Â»�M15d�Æ^Ë{�Y1402«�YÁ{ Ê�Z�fyY{ºÅÊ�ZË�v¨�È11

27-ÈÀË�³»2«)[Â^v»Â]Y ¾Ì�u�Ì»Y(

�Y{�] Y|f]YD E×
GG

Ê» Ä^�Zv» Y�:ºÌÀ¯

1 2 1
7 2 3

1 1 3

D � � � �
D E � � � �

E � � � �

= ½°� × = − −¾
= − °¿

G
GG

G

�Y{�]F
G

�Y{�/] Á{ �Y Ã|¿�~³ Èv¨� �{ Êe�Â� �{D
G

ÁD E×
GG

{�Y{ �Y�/«

É�YÂf» ºnu Ä¯ÉZÅ�Y{�] ÉÁ� Ã|� ÄfyZ� sÂ��·YD
G

ÁD E×
GG

ÁF
G

�]Y�]

:ºË�Y{�a ,|�Z] �¨�

1 2 1

7 2 3 0 2 6 0 2 0 14 0

0

� Q P � � P Q�

P Q

− − = � − − + − − + + =

16
4 16 0 4 16 4

4

P
P Q P Q

Q
� − − = � = − � = − = −

)Ä�|ÀÅ3:ZÅ�Y{�]Äv¨� :ÉZÅ83Á84(

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

28-ÈÀË�³»3«)ÊÀÌ�u Z��|¼v»|Ì�{�§(

�Y{�]D E×
GG

Èv¨� �]¶»Z��Y{�] Á{D
G

ÁE
G

�Y{�] �Å �]�a ,d�Y {Â¼�

È/¸¼m �Y Äv¨� ¾ËY �{ {ÂmÂ» �´Ë{D E+
GG

Ê/À Ë ,{Â/] |/ÅYÂy {Â/¼� �/Ì¿

0�D E� ��D E�+ × =
G GG G

.d�Y

2 2_ D D E E _ _ �D E� �D E� _+ × + = + + ×
G G G GG G G G

2 2 2_ D E _ _ D E _ �D E� ��D E�= + + × + + ×
G G G GG G G G

2 2 22 3 1 35 0 49 7� � _ D D E E _= + + + + = � + × + =
G GG G

)Ä�|ÀÅ3:ZÅ�Y{�]Äv¨� :ÉZÅ77Ze84(

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

29-ÈÀË�³»2«)sÔ§ Z��|¼uY(

�Y{�]D E×
GG

�Y{�] Á{ �]D
G

ÁE
G

�{ {Â/mÂ» �Y{�/] �/Å �]�a ,d�Y {Â¼�

�Y{�] Ä¸¼m �Y �Y{�] Á{ ¾ËY Èv¨�D E−
GG

¾ËY�]Z/À] .{Â/] |/ÅYÂy {Â/¼� �Ì¿

:ºË�Y{

2 2 2 2_ D E _ _ D _ _ E _ D �E− = + −
G G GG G G

2 2 2
2 2 2 2 2

2
� �= + − × × ×

4 2 4 2 2_ D E _= + − = � − =
GG

0 2
45 2 2 2

2
_ D E _ _ D _ _ E _ VLQ× = = × × =
G GG G

090_ �D E� �D E� _ _ D E __ D E _ VLQ− × × = − ×
G G G GG G G G

2 2 1 2 2= × × =

)Ä�|ÀÅ3:ZÅ�Y{�]Äv¨� :ÉZÅ77Ze84(

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

30-ÈÀË�³»4«)sÔ§ Z��|¼uY(

|ÌÀ¯��§E′
G

�ËÂ�eºWZ«�Y{�]E
G

�Y{�] ÉÁ�D
G

c�Â/� ¾/ËY �{ ,|/�Z]

:ºË�Y{

2 6
3

_ D � E _ _ D � E _
_ E _ _ D � E _

_ D _
′ = � = � =

G GG GG GG
G

2 2 2 2 2 36 9 16_ D E _ �D �E� _ D _ _ E _ _ D E _× + = � × + = ×
G G G GG G G G

2 144 36 108 6 3_ D E _ _ D E _� × = − = � × =
GG

É�YÂ//f» duZ//�» �//³YÉZ//Å�Y{�] ÉÁ� Ã|//� ÄfyZ//� �Ô//�ÓY2 3D E+
GG

Á

3 2D E−
GG

�]Y�] ,6½M ,|�Z]:ºË�Y{ ÃZ³

2 3 3 26 _ � D E� � D E� _= + × −
G GG G

N N6 4 9 6
R R

_ D D D E E D E E _= × − × + × − ×
G G

G G G GG G G G

4 9 13 13_ D E D E _ _ D E _ _ D E _= − × − × = − × = ×
G G G GG G G G

13 6 3 78 3= × =

)Ä�|ÀÅ3:ZÅ�Y{�]Äv¨� :ÉZÅ77Ze84(

@Tahlilazemoon



e x�ZaÊvË��»½Â»�M15d�Æ^Ë{�Y1402«�YÁ{ Ê�Z�fyY{ºÅÊ�ZË�v¨�È12
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41-ÈÀË�³»4«)Ê«Z¨eY Ä¿ZÀu(
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ÄnÌf¿ �{24Q _��� Ä] ÄmÂe Z] Ä¯6Q >:ºË�Y{

8 12 24Q � �=

µZ¼fuY Á �Z»M)-�Z»MÊ�Z^Àf�YÄv¨� :ÉZÅ106Á107(

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

50-ÈÀË�³»3«)�Zb¯Zy Ä¿Y��§(

�³YQÁ[Ä]Á Ä¿Â¼¿ ¾Ì´¿ZÌ» Á Ã�Y|¿Y \Ìe�eσÄ »Zm �ZÌ » ¥Y�v¿Y

½M ,|�Z]½ZÀÌ¼�Y È¸�Z§ ÃZ³95c�Â� Ä] Ä »Zm ¾Ì´¿ZÌ» {�ÁM�] ÉY�] |��{

2 2
>[ �[ @

Q Q

σ σ− +:ºË�Y{ ¾ËY�]ZÀ] .d�Y

2 2
13 11

4 1
2

2

�[ � �[ �
Q Q

Q Q

σ σ+ − − = −

σ σ
� = � =

4 4 1
8 64

2
Q Q

Q
σ=⎯⎯⎯→ = � = � =

µZ¼fuY Á �Z»M)-�Z»MÊ�Z^Àf�YÄv¨� :ÉZÅ121Á122(

µZ¼fuY Á �Z»M
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51-ÈÀË�³»3«)ÊÀÌ»Y Z��·Y|^�(\�¿

Ê¼¿ ,�Â] Ê¼eY µ|»�y c|� ½{Â] cÁZ¨f» |¿YÂetÌ/�Âe Y� Ê¸Ì�³ ¦Ì� ÉZÅ

|Å{.» �´Ë{ ÊËZ��Z¿|º/eY ÉY�] Ä¯ d�Y ¾ËY �Â] µ®/Ë �Y�Ì/] Ä/¯ ÊËZ/Å

Ä] ,|¿�Y{ ½Á�f°·YÊ¼¿ �Z¯.{Á�

d�¿YÂe �Â] µ|»Ê´¿Â/´q ,º/eY É�Y|ËZaÄf/�Å �Á{ Ä/] ½Á�/f°·Y d/¯�uÁ

½�Á�|ÌÅ ºeY Ê]~m Á Ê¸Ì�³ ¦Ì� ¾ÌÀr¼Å.|Å{ tÌ�Âe Ê]Ây Ä] Y�

®Ë�Ì§)3-:Ê¼eY ®Ë�Ì§ Z] ÊËZÀ�MÈv¨�131(

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

52-ÈÀË�³»2«)(Ê¼f�� ¹ZÀÆ]

È�]Y� ª^�5
Q

(
(

Q
= −

2
e Ç�Z¼� �ËY�§Y Z] ,Z/Å�Y�e É��/¿Y ,É��¿Y ÉZÅ�Y�

ÉZÅ�Y�e ¾Ì] È¸�Z§ Z»Y Äf§ZË�ËY�§YÊ/»�ÅZ/¯ É��¿YÊ/§�� �Y .|/]ZËª/^�

È�]Y�QU D Q= 2
0�ËY�/§Y ZÅ�Y|/» �Z � ,É��¿Y ÉZÅ�Y�e Ç�Z¼� �ËY�§Y Z] ,

Ê» �f�Ì] �Ì¿ ZÅ�Y|» ¾Ì] È¸�Z§ ¾ÌÀr¼Å Á Äf§ZË{Â�¾ËY�]ZÀ] .½�Á�|ÌÅ ºeY �{

Z´ÀÅÊ»Ä¯¾ÌËZa ÉZÅ�Y|» �YÊ» �eÓZ] ÉZÅ�Y|» Ä] �e½M ÉZÅ�Y�e É��¿Y ,ºËÁ�

|À¿Z¼Å½M ÉZÅ�Y|» �Z ��ËY�§YÊ»É��/¿Y ÉZ/Å�Y�e ¾Ì/] È¸/�Z§ Z/»Y |]ZË

¥Ôy�]ZÅ�Y|» ¾Ì] È¸�Z§�ÅZ¯Ê».|]ZË

®Ë�Ì§)3-Äv¨� :Ê¼eY ®Ë�Ì§ Z] ÊËZÀ�MÉZÅ125Ze128(

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

53-ÈÀË�³»4«)(É|¼v»Z«M Ã�Å�

ÄfzÌ´¿Y�] d·Zu ¾Ì»Â��Q �= 4ÄËZa d·Zu Á�Q �=1:ºË�Y{�a .d�Y

5
Q

(
(

5Q
5 5

(
( ( ( ( ( (

=−
Δ = − ⎯⎯⎯⎯⎯→ = − + =

2
4 1

15

16 16

ÄfzÌ´¿Y�] d·Zu ¾Ì»Á{ ÉY�]Q = 3ÄfzÌ´¿Y�] d·Zu ¾Ì·ÁY ÁQ = 2.d�Y

:ºË�Y{�a

5 5
5

( (
( (′ = − + = 5

9 4 36

Ê» ¾ËY�]ZÀ]:d�Â¿ ½YÂe

5

5

(
(

( (
= =

′

15
2716

5 4

36

®Ë�Ì§)3-Äv¨� :Ê¼eY ®Ë�Ì§ Z] ÊËZÀ�MÉZÅ125Ze128(

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

54-ÈÀË�³»4«)(|Ì��Ây ZfÌ]

Ê»� ºÌ¿Y{�]Y� �Y ½�Á�|ÌÅ ºeY ÉZÅ�Y|» �Z ÈQU D Q= 2
0É��¿Y Á½Á�f°·Y

�Y|» �Å �{�]Y� �YÈ5
Q

(
(

Q
= −

2
Ä]Ê» d�{ºË�Y{ .|ËM:

Q

5
Q

Q

U D Q

5

( �
( � Q Q

Q Q

U D Q U D U D

U U D D Q

( �
( � H9

′=

= − � − = − � = � =

= � = × � =

′ ′= = × = � ⎯⎯⎯⎯⎯→ =

= − = − = −

2
0

2
2 2

2 2
0 0 0

0 0

4 2

13 6
3 4 4 2

2 4

4 4 4 16 4

13 6
0 85

164

®Ë�Ì§3
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Ê» ¾ËY�]ZÀ]:d�Â¿ ½YÂe

( � � � � � H9Δ = − − − =0 85 3 4 2 55

®Ë�Ì§)3-Ê¼eY ®Ë�Ì§ Z] ÊËZÀ�MÄv¨� :ÉZÅ125Ze127(

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

55-ÈÀË�³»2«)(Ä¿Â³ Z��Ì¸�

ÉZ//Å�Y�e �{ É��//¿Y �Y|//¬» È^//�Zv» ÉY�//]Q = 2ÁQ =1�Y Ã{Z¨f//�Y Z//]

È�]Y�5
Q

(
(

Q
= −

2
Ê»:d�Â¿ ½YÂe

�
( � H9

�
( � H9

= − = −

= − = −

1 2

2 2

13 6
13 6

1

13 6
3 4

2

È/�]Y� �Y Ã{Z¨f/�Y Z] µZu8 /
KF

( (− =
λ

,µÂ/�Y� Ê¸Ì/�³ ½Â/eÂ§ kÂ/»

Ê» Ä^�Zv»:ºÌÀ¯

KF
( ( � � � �

� QP
�

− = � − − − =
λ λ

� λ = ≈

2 1
1240

3 4 13 6

1240
121 5

10 2

®Ë�Ì§)3-Äv¨� :Ê¼eY ®Ë�Ì§ Z] ÊËZÀ�MÉZÅ125Ze129(

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

56-ÈÀË�³»3«)Ì�u(Ê»Á|z» ¾

/�]Y� �Y ¦/¸fz» d/·Zu Á{ �{ Ã|/� ¶Ì�³ ½ÂeÂ§ É��¿Y ¥ÔfyY ÉY�]È�/Ë�

Ê» Ã{Z¨f�Y:ºÌÀ¯

(�Q Q � ( (Δ → = −1 2 1 2

Ê» Ê³{Z� Ä] ¾ËY�]ZÀ]:{Y{ ½Z�¿ ½YÂe

(�Q Q � (�Q Q � (�Q Q �

(�Q Q � (�Q Q � (�Q Q �

Δ → = Δ → − Δ →
Δ → = Δ → + Δ →

1 2 1 3 2 3

1 2 1 3 3 2

c�Z^� ,cZvÌ�Âe ¾ËY Z]c�Z^� Á d��{Z¿ ([) Á (¦·Y) ÉZÅ(c) Á (_) ÉZ/Å

Å tÌv�|Àf�.

®Ë�Ì§)3-Äv¨� :Ê¼eY ®Ë�Ì§ Z] ÊËZÀ�MÉZÅ125Ze129(

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

57-ÈÀË�³»1«)ÊÀÌ»Y Z��·Y|^�(\�¿

Ê»Z´ÀÅÄ¯¾ÌËZa �Y�e Ä] �eÓZ] �Y�e �Y ½Á�f°·Y¶Ì/�³ ½Â/eÂ§ ,|/�Z] Ä/f§� �e

Ê»�]Y�] Ã|� ¶Ì�³ ½ÂeÂ§ É��¿Y .{Â�Z]Y ¥ÔfyY:ºË�Y{ .d�Y �Y�e Á{ É��¿

5

5 5

( KI
( � H9

( (
( ( ( ( ( � �

KI � � � KI H9
Δ =
=

− −
Δ = − = − = −

⎯⎯⎯⎯⎯⎯→ = × − � =

3 2 2 2

13 6

3 2

1 1 17
13 6

4 9 9

k~£¶Hß kL¶

®Ë�Ì§)3-Äv¨� :Ê¼eY ®Ë�Ì§ Z] ÊËZÀ�MÉZÅ125Ze129(

----------------------------------------------
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58-ÈÀË�³»1«)Ä¿Â³ Z��Ì¸�(

É��/¿Y ¥Ôf/yY Z] 0Z¬Ì«{ |ËZ] É{Á�Á ½ÂeÂ§ É��¿Y ,ÊËZ¬·Y ¶Ì�³ ÉY�]Á{ ÉZ/Å

Ë �Y�eÊÀ 8 /( (−|�Z] ½Z�°Ë|/ÌÀ¯ d«{ ¾ÌÀr¼Å .ÊËZ/¬·Y ¶Ì/�³ �{

Ê» k�Zy ½ÂeÂ§ Á{ Á {�YÁ ½ÂeÂ§ ®Ë.{Â�8 /( ( H9− = 3

®Ë�Ì§)3-Äv¨� :Ê¼eY ®Ë�Ì§ Z] ÊËZÀ�MÉZÅ132Á133(

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

59-ÈÀË�³»2«)Y|^�ÊÀÌ»Y Z��·(\�¿

Ê³�ËÁf�Å ÉZÅÈ{Y| e Y� ºeY½ÂeÁ�a½Á�eÂ¿ Á ZÅÉZÅÊ/» ¾ÌÌ e Äf�ÅÁ |/À¯

{Y| e Ä] �Â]�» ÊËZÌ¼Ì� �YÂy½ÂeÁ�aÉZÅ,d�Y Äf�Åd/�Y ¶Ì·{ ¾Ì¼Å Ä]

Ä¯_ÂeÁ�ËY�YÂ/y Ê/·Á |/¿�Y{ Ê¿Z/�°Ë ÊËZÌ¼Ì/� �YÂ/y �/�À�®Ë ÉZÅ

Äf�Å½M ÉY.d�Y cÁZ¨f» ZÅ

®Ë�Ì§)3-ÊËZÀ�M]Äf�Å ®Ë�Ì§ ZÈv¨� :ÉY139(

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

60-ÈÀË�³»3«)(Ä¿Â³ Z��Ì¸�

Ç�Y|¿Y½Â/X¸¯Â¿ ¾Ì] Ê�¿Y�³ ÉÁ�Ì¿¦Ì /� Äf/�Å ÉZ/Å�Y �/eÇ�Y|/¿YÉÁ�/Ì¿

Á�f°·YY½ÂeÁ�a ¾Ì] Ê�¿Y� Ê°ÌeZf�.d�Y ZÅ

®Ë�Ì§)3-Äf�Å ®Ë�Ì§ Z] ÊËZÀ�MÈv¨� :ÉY140(

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

61-ÈÀË�³»3«)d�Y� Ê¸�|¼v»(½Z¼Ìa

½Âq\Ì��y= 1=Z] �]Y�]d/�Y ®Ë,|/�Z] {Â/¼� ½M �/] Ä/¯ Ê/�y

ÉY�Y{Ê¨À» \Ì�®Ë.d�Y

=

1

Δ = −
Δ

1\Ì��y

= =
= = 1 1

1 1

−
� = − � − = − +

−
2 1

2 1 2 1
2 1

1

= 1 = 1 $ $� + = + � =2 2 1 1 2 1

|� ÉY�Y{ |À�Z] Äf�Y{ �Y�« �y ¾ËY ÉÁ� Ä¯ É��ZÀ� ¾ËY�]ZÀ]�/]Y�] Ê»�m {

.|Àf�Å

®Ë�Ì§)3-Äf�Å ®Ë�Ì§ Z] ÊËZÀ�MÄv¨� :ÉYÉZÅ138Ze141(

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

62-ÈÀË�³»2«)(Ä¿Â³ Z��Ì¸�

Ê�ZaYÁ �{
−βË ,½Á�eÂ¿ �Y Ê°½Á�/f°·Y Á ½Â/eÁ�a ®/Ë Ä] Äf�Å ½Á�{ ÉZÅ

Ê» ¶Ë|^e{Â�$ $
1 1= =; < −

− −+→ + β01 11

®Ë�Ì§)3-Äf�Å ®Ë�Ì§ Z] ÊËZÀ�MÄv¨� :ÉYÉZÅ142Ze145(

----------------------------------------------
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63-ÈÀË�³»4«)(Ê¼f�� ¹ZÀÆ]

Ä] ÄmÂe Z]Ç|�Z«Â/e�a d�Y� d�{É)1(Â/e�aÉÂ/e�a Á Ê/¨À» ÉZ/f]É)2(

Âe�aÉ¾ËY�]ZÀ] .d�Y Z»Z³c�Z^�.d�Y d��{ ([)

:cÔ¼m �ËZ� Ê���]

c�Z^��ËÂ�e Ä] ÄmÂe Z] Y�Ë� d�Y d��{Z¿ (¦·Y),Âe�a ¥Y�v¿Y ½Y�Ì»É)1(

Âe�a �Y �f�Ì]É)3.d�Y (

c�Z^�ÉZÅ)(_Ác)d��{Z¿ (,|Àf/�ÅÊ/�ZaYÁ ÉZÅ|/ÀËY�§ ¹Z/¼e �{ Y�/Ë�

Y�Âe�a{Y| e Ä¯ d�Y Ã|� Ã|ÅZ�»¶¯½Â/X¸¯Â¿Ê/�ZaYÁ |/ÀËY�§ Ê/� �{ Z/Å

Äf�ÅZÅZa½Â/X¸¯Â¿ {Y|/ e Ê/À Ë -d�Y Äf�ËÉZ/Å{Y|/ e Z/] |/ÀËY�§ �Y�Ì/a

½ÂX¸¯Â¿ZÅÉ.d�Y ÉÁZ�» |ÀËY�§ �Y�a

®Ë�Ì§)3-Äf�Å ®Ë�Ì§ Z] ÊËZÀ�MÄv¨� :ÉYÉZÅ142Ze145(

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

64-ÈÀË�³»1«)ÊÀÌ»Y Z��·Y|^�(\�¿

$
1= < ; � � � �

$ � �

= � �

$ = 1 1 1

+→ + α + β

= + × + =­
� ® = + × + =¯

= + � = + � =

196 4 0
79 117 2 13 1

196 3 4 0 208

79 3 2 1 86

208 86 122

®Ë�Ì§)3-Äf�Å ®Ë�Ì§ Z] ÊËZÀ�MÄv¨� :ÉYÉZÅ142Ze145(

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

65-ÈÀË�³»4«)Ã�« {Â �»(Ê¿Zy

Ä¼Ì¿Äf�Å {Y| e Ze d�Y Ê¿Z»� c|» �¼�� �/�À�®/Ë µZ/ § ÉZ/ÅYÂË{YÂ/Ìf¯

Ä¼Ì¿ Äq �Å ¾ËY�]ZÀ] {Â�¦�¿ÃZeÂ¯ É��À� �¼�Z] �eÄf/�Å {Y|/ e ,|�ÉZ/Å

�Ë�� ½M µZ §ÄnÌf¿ �{ Á d§ZË |ÅYÂy�ÅZ¯ �e�e|Àe �Y{Â¼¿ \Ì�Ê».{Â/�

:ºË�Y{ ¾ËY�]ZÀ]& $ %W W W> >

®Ë�Ì§)3-Äf�Å ®Ë�Ì§ Z] ÊËZÀ�MÄv¨� :ÉYÉZÅ146Á147(

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

66-ÈÀË�³»2«)Ã�« {Â �»(Ê¿Zy

�Y|¬»25/6µ{Z » |��{
1

16
Ê» ÊÀ Ë .d�Y:d�Â¿ ½YÂe

Q Q1
� � � � Q

1
= � = � =

0

1 1 1
4

2 16 2

ÊÀ Ë�{36�Á�4Ä¼Ì¿:ºË�Y{ Á d�Y Äf�~³ �¼�

�Á�
W

Q 7
7 7

= � = � =1
1 1

2
2 2

36
4 9

�Y�a18�Á�Ä¼Ì¿ Á{Ê» �´Ë{ �¼�:ºË�Y{ Á {�~³

1
� � �

1
= =6

0

1 1
1 5

2 64
%�

®Ë�Ì§)3-Äf�Å ®Ë�Ì§ Z] ÊËZÀ�MÄv¨� :ÉYÉZÅ146Á147(

----------------------------------------------
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67-ÈÀË�³»1«)Ê¿YÂ£�Y Á��y({�§

d/�~³ �Y�a80,µZ/�P
31

32
Ê/» Ê/�ZaYÁ{Â/�ÁP

1

32
µZ/ § ½M �Y

Ê».|¿Z»

P P P P P
P→ → → → →

2 4 8 16 32

¾ËYc|»µ{Z »5ºÌ¿�a d�Y �¼�:µZ�7 7= � =1 1

2 2

5 80 16

ÓZ] �Y{Â¼¿ ª^�Ê»d�~³ �Y�a ºÌ¿Y{4¼Ì¿ÄÊÀ Ë �¼�64,µZ/�
1

16
¹�/m

À� ¾ËY �Y ÄÌ·ÁY µZ §Ê» µZ § ��.|¿Z»

®Ë�Ì§)3-Äf�Å ®Ë�Ì§ Z] ÊËZÀ�MÄv¨� :ÉYÉZÅ146Á147(

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

68-ÈÀË�³»4«)(�¸q|À« ¾�v»

È�]Y� ª^�
Q
1

1 = 0

2
½M �{ Ä¯ ,QÄ¼Ì¿ {Y| e�/�À� Á{ �Å ÉY�] ,d�Y �¼�

Ä¯Ä¼Ì¿ {Y| eÃ{�¯ É�b� Y� É�]Y�] �¼�Ê«Z] |��{ ,|¿Y.d�Y �]Y�] Ã|¿Z»

Ä¼Ì¿ ½Âq ,¹Á{ d¼�« �{ Z»Y�¼�$Ä¼Ì¿ �Y �f�Ì]�/¼�%d/�Y,Ä/nÌf¿ �{

�/�À� ,�/]Y�] Ê¿Z/»�d�~³ �Y�a%�Y É�f/�Ì] |/��{Ê/�ZaYÁ Y� {Â/y

Ê».|À¯

®Ë�Ì§)3-Äf�Å ®Ë�Ì§ Z] ÊËZÀ�MÄv¨� :ÉYÉZÅ146Á147(

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

69-ÈÀË�³»3«)(Ê¼f�� ¹ZÀÆ]

Äf�Å ÉZÅ�Âf¯Y� �{Ì´À/�[M ,Ê·Â/¼ » [M |À¿Z» É{YÂ» �Y ,ÉY¾d/Ì§Y�³ Á

Ä]½Á�eÂ¿ �Z�|À¯ ½YÂÀ�¿Z» É{YÂ» �Y Á ZÅ²/ÀÅM ºÌ/�Àe ÉY�] �Â] Á ºÌ»{Z¯ |À

½Á�eÂ¿ {Y| e µ�fÀ¯ ÊÀ Ë d§Z°� �À¯YÁÄ/] ÉY�/] {ÂmÂ» ÉZÅ½{�ÁM {Â/mÁ

Ê» Ã{Z¨f�Y ,d§Z°�.{Â�

®Ë�Ì§)3-Äf�Å ®Ë�Ì§ Z] ÊËZÀ�MÄv¨� :ÉYÉZÅ148Ze152(

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

70-ÈÀË�³»1«)d�Y� Ê¸�|¼v»½Z¼Ìa(

§Z°� �Y�ÁY dYÌ¿Â¹235Z] Ä¯ ,®Ë½Á�eÂ¿|À¯Ê» �Z£M{Â�,É{Z/Ë� �Y|/¬»

Ê» {Y�M É��¿Y¹�/m ,d/�Ì¿ �Y�/«�] ÊËZ/ÆÀe Ä/] ¹�/m Ê´f/�ËZa ¶/�Y .{Â�

�À¯YÁÃ|ÀÅ{Ä/¯ d/�Y�À/¯YÁ cÓÂ/�v» ¹�m �Y �f�Ì] ZÅ¥Ôf/yY¹�/m

Ä]Ê» {Y�M É��¿Y c�Â�] ,É��¿Y ¾ËY �Y Ê�z] Ä¯ {Â�Äc�Â�Àm É��¿YÊ�^

�À¯YÁ cÓÂ�v»{Â] |ÅYÂy.

®Ë�Ì§)3-Äf�Å ®Ë�Ì§ Z] ÊËZÀ�MÄv¨� :ÉYÉZÅ148Ze152(
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71-ÈÀË�³»2«)Ê¿ZÌ¯ Ê¨��»(

Ê¼�m Ä] Êf«ÁQ½Á�f°·Y]ºÌÅ|,Ç�Y|¿Y Ä] ½M Ê°Ë�f°·Y �Z]T QHΔ = −

Ê» �ÌÌ¤eº�m ÈÌ·ÁY �Z] ½Âq ¾ËY�]ZÀ] .|À¯1T T= +d�Y,½Á�f°·Y ½{Y{ Z]

Ä]:ºË�Y{ ½M2 1 2 1
T QHT T T T T QHΔ =−= + Δ ⎯⎯⎯⎯→ = −

Ê°Ë�f°·Y �Z] Ç�Y|¿Y ½Âq ,�´Ë{ ¥�� �Y
1

4
¦·Z/z» ½M �Z] �Â¿ Á ÄÌ·ÁY �Y|¬»

ÄÌ·ÁY �Z]Ê» ,d�Y�Y:d�Â¿ ½YÂe

2 1
2 1 1 1

1 1
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91-ÈÀË�³»4«)½ZÌ¼Ì�� |¼v»Ã�YÁ�(  
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95-ÈÀË�³»1«)½ZÌ¼eZu �Ì»Y(
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96-ÈÀË�³»3«)É�¨ m ½Y�»Z¯(
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ºnÀa {�Â»±½M �{ ¾]�¯�ËZ�¯Y {|� ¾Ë�eÓZ] :d��{3¾Ë�/f¼¯ Á +1-

�]Y�] ¥ÔfyY Á d�Y4.d�Y
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99-ÈÀË�³»3«(|À»�ÀÅ �^¯Y)
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100-ÈÀË�³»2«ÊÀË|]Z� µÂ��)(Ã�YÁ�
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101-ÈÀË�³»2«)½ZÌ¼eZu �Ì»Y(
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103-ÈÀË�³»4«)½ZÌ¼eZu �Ì»Y(
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105-ÈÀË�³»4«)É�Z´f�� ZËÂa(
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