
������� �	�
���
� ���	����������������������
 � ! "$#%� &�'()! *)� +,������! �.-/� 01! 243/� &

5 � ���	6	#7� 89�������:��;�<=� * ��-?>�@1243/� &
A�B�C�DFE7GFH%I=HJ
KMLONQPRITS UQV�WOX/S Y[Z1N,H%\�]�^_KM`�H acbOdeA�K�fhg_ij\�klS mnC�A$V�o
CpC�DFqro
C,H%\�stS b�o
CuS vwA�iQS xy`zS myS {

qro
C,H
\�stS b�o
CuS v

| }�~ |����p�$���������$����� �$�u������ �$�����e���$�e� �
�����������/ ¢¡p�$£

¤[¥�¦t§z¨
©«ª1¬)­¯®F°j± ²�®F³�± ´F± µQ¶¸·c¹c°

¤[ºn»p¼¾½À¿Á�Â4º Ã�¦e¿
Ä�Å
Æ)Ç ± È)ÉÊ± Ë�¶¸Ì�ÍtÎ�¶¸Ï)­,Ð

¤ ÁMÑFº ÒTÓÔÂ4º Ã�¦e¿
®F³/Õ Å
Ö�×ÙØ ¶¸Ú¸¶¸Ï)­,Ð

ÛrÜ4Ý4Ý=Þ�ß	à�á�â



���������

®
	���®F¹�
�± Ö���� Ð
± ¹cÌ�� ± � Ç�� Ä�� ± Ö ��Ä�� ± Ø���� Õ ��� © Ä�� ª1³�± µ
A �OW�s1arK

I.qrbOv¸\tB_S ! \tmyS otS {�J#"[Y[B

\�]�vw\tY�$QBÊ\tY[KyS %MA�X)DrS Y[i'& S W�s:HC)(�S % *
C+*,S ,+(¢L�P�*¯H%I C,H q7myS {�\�s
C%J
K�*.\tZ J
Y[i�A�K�H qrVOK H
A�iQS xy`zS myS {�-�m HOC�D
.�/�02143�5�6�.�/�075718.�/�3�5

\ s�q W $ o
C,H S xpITS 94S : Z�C�D \ ] v
\ Y $ B \ Y KyS %pA X)DrS Y iwI C,H q myS {�\ s
C%J KMA KpA i¸H D7H?C�D;*tC,H q i?J x�ITS 94S : Z�C�D
A V Z S m�< W $ Y %MI=HJ K�& S W s:HC)(¢L�P�*¯H (FN%J myS 9�I C,H q myS {pD	C%a i C�D�=yq i?>A@ s�D A KCB myS V x�\ s
C%J KMA KCD E sGF�< mnN,H D	J {y\ i

\�]�vw\IH�GÊ\tY[KyS %MA�X)DrS Y[i
.�/�02143J1LK�5M6�.�/�075718.�/�3�5

\tY[KyS %MA�X)DrS Y[i'& S W�s:HC)(�S % *
C+*,S ,+(¢L�P�*¯H%I C,H q7myS {N@.myS U¸x�C�DOFP@.GFH D	J
{C<rWP9 H arG C,H q7i?J
x�ITS 94S :¢Z�C�D
.�/�02143J1LK�5Q1L.�/�02143J18RS5M6UT7.�/�075�1VT7.�/�3�5

F�D	J
v2<rWP9 H arG \�s
C%J
K�C,H q7i?J
x�ITS 94S :¢Z1C�D HC
F�& S W�s:HC)(¢L�P�*¯H (FN%J
myS 9�I C,H q7myS {CW)\�]�vw\tY[KyS %MA�X)DrS Y[iYX[Z ����\[]_^;` acb7d e



  ه 

 فهرست مطالب
 1                                                                                                                 مقدمه 

 4پیش نیازها                                                                                                          1

 4تعاریف و قضایای مقدماتی                                                                               1-1     

 14پایداری معادله تابعی جمعی کشی                                                                            2

 14جمعی کشی                                                           ی پایداری هایرز معادله تابع   2-1    

 22راسیاس معادله تابعی جمعی کشی                                        -اولام-پایداری هایرز   2-2    

 34               راسیاس معادله تابعی جمعی کشی                      -گاوروتا -پایداری اولام   2-3    

 44                              پایداری معادله تابعی کشی جمعی در فضاهای ناارشمیدسی        2-4    

 94معادله تابعی خطی                                                                                  پایداری    3

 94راسیاس معادله تابعی خطی                                                -لاماو-پایداری هایرز    3-1    

 94راسیاس معادله تابعی خطی                                              -گاوروتا -پایداری اولام   3-2    

 22                                            مراجع                                                                    

 29انگلیسی                                                                                  –واژه نامه فارسی      

 22فارسی                                                                                  –واژه نامه انگلیسی      

 



�����������	���

- W X *¯H
A b W i)N - m HOC�D FP@ s:H�
 P�DrS Y i�A x a , - m H
I C,H q myS {pA K
�pa KnJ iw\ Y KyS %

 P�DrS Y ijITS 94A G_S o8- mnJ V $ U i N,H
\ � m
� qro��QJ#H�i4J
mnN�
:C%a�� A�K�� -pW���xyS ����m *A= S �u]�x H D,N,H��rL�P�*¯H F�L�� s1a %��! #"%$'& S s C�DFS 94\�VO^_mnJ#$ 9=I C,H q7myS {�A�X/S( ��i
@ s:HrDOa B,a i*),+�-�. m�S m > =yq o =yD7H D0/FI=HJ KQW?q otS K21�J V i S K
. mnJ V i = *
J ,3. m54 � *A= *
J ,3. m!4 � < W b v76 J Z
W?q b v98_q �:1 /<; /�0 3�5>=>; /�075?; /�3�5 5A@ )
A H K H C�C�D ;'B 4 �0C 4 � @ otS � x7W 0#= 3ED 4 � J 9TI=HJ K�J ,¯H7A vjI C%a F A KG qrotS K�DOarB,ari 0�D 4 � J#9=I=HJ
K51 /<; /�075>=IHL/�075 50@ /J��J%olS K HKB 4 � C 4 � qrbOxyS iwI=H \�VO^_mnJ#$ 9 = S �,x >
L =IM J ,¯H%A vjD7H D `zS ] xrN%J myS 9 F�D	J vON ! H CTA X/S( � iQP:S xyS K�ITS 94S : Z�C�D�R S GV@ X/S ! C�DAS�N%J myS 9=q Y KT& S sjC�D

IJ*,S ��iQS x�C�D A�v .�B L C MVU KyS %;W 0#= 3�D L J#9 *3/0+�-�. mMI=HJ
K�*�qrb�otS KWP:S xyS KMITS 94S :¢Z
X .�/�02143�5#Y4.�/�075#Y4.�/�3�5 XAZ /

X .�/�075�Y4K�/�075 XJZ / IJ*,S � iQS x�*�@ s:H7DOa B,a i K�/�075 6\[^]^_`ba�c .�/cT ` 075
T ` q ! W 0dD L J 9=I=HJ K�= S � x >_W?q b vO8_q �

q otS K�A V s1a W {QW @ KyS e 0 J 9�I=HJ K M A K5f
N,Hhg C .�/ g 075 @ otS � x�J ,¯H+= *2i deA K2F�q otS Ky\ i C,HJ j J K W 0kD L J 9�I=HJ K
FP@�s:H
\IH�G K = S �,x >

A KpHCtN%J myS 9�A X/S( � imln"!oqp=H q B_S , *rlI��stoTu & S W s:HCA= v m *TA K F�q o =yD7H DJ< W $ Y %M\ " � V ^ iQ
 PtS ! C�D¯N%J myS 9�A � w � i
& S W�s:HC)(¢L�P�*¯H (FN%J
myS 9TI C,H q7myS {�D	C%ari¯C�D =yq7i?> @�s�D9A�K B�myS VOx�A�iQS xy`zS myS {;-�m H�C�D F�q7x/D7H D <rWP$QY�%z\I"��OVO^_i ITS U)% C%a��

xbybz,y�{�| }>~Q��E� �<�?�����<� ���� y��Ty��#�h��� ����5� y5z,y���} �<�<� } �?�� yb�
}��<��}��
�



q m/q B��ca x�A i¸H D7HOC�D4F�< W b v¸\ i�\ s
C%J K�\ s�q W $ o
C,H S x�*�P:S xyS K�ITS 94S : Z¸C�D \ ] vj\ Y $ BÊ\ Y KyS %MA X)DrS Y i I=HJ KpHC
\ H G \ Y KyS %MA X)DrS Y ijITA V Z S mC< W $ Y %MI C,H q myS {7N,H
\ %yS � e H *A< W b v¸\ ij\ Z J Y ijHC'P:S xyS K�ITS 94S : Z1C�D \ H G \ Y KyS %MA X)DrS Y i

F�qrolq�9 H arG `zS WOK
< W 9 H a G I=H = CuS o:HQ\ Y KyS %�A X)DrS Y i - m HQI C,H q myS {7N,HQ\ � myS V xMA K+*�=yD	J v
\ Z J Y ijHCT\ ] vw\ Y $ B \ Y KyS %MA X)DrS Y iwH q V K H

\tY[KyS %MA�X)DrS Y[i FP@�o:H D
.�/�02143�5�6�.�/�075718.�/�3�5

=yDrS sl\ xyS K N�A K;< W 9 H a ^ K J ,¯H;F�< W iQS xy\ i \ Y $ B�HC�C%a vQE i�\ Y KyS %zA X)DrS Y i�� H a BÀJ 9 F�< W iQS xy\ i \ ] v�\ Y KyS %zA X)DrS Y i H C
F�qrotS K�I C,H q7myS {�L)arU)"[ij`zS WOKC-�mnJ#%�=yDrS s�J
mnN��A�[H�i�q7myS o <rW�bOvwA	� H C,H
I C,H q7myS {7N,H%\I"¾W��wa %

C�D A v�
r\ o . mMS K�HC�
r\ o8- m H+< W x H a V K J ,¯HCF�q b v98_q � \ � mnJ 
 %;@ W �lS G . m�C�D \ klS mnC�
r\ o . mC< W b vQ6 J Z
FP@�s:H�C,H q7myS {N@�W��lS G ` > <rWOm a ,_<rWOx �
K��.mnJ�
�%;W?qrbOvO8_q � @�W��lS G ` >

\ K H a B�������� & S s C�D
D E s F�lI��sto�D	J v�D	C%a G�J Kz\ ] v�A X)DrS Y i I C,H q myS {�= CuS KnC�D \ XyH a s A K;& S W s:HC�������� & S s C�D
C,H q x H J vÀA KMI NuS W x��4*
C - m H?C�D F�q otS K�\ izN%J myS 9��4*
C.A W � o D	J K�CuS � K�& S W s:HC�A v
\ o�*
C�F�D	J v
A m H C,H
` >.I=HJ K

F�qrotS Ky\ti J
mnN'
:C%a�� A�KC& S W�s:HC�A	�9W�VOx F�qrotS K�\I$QxM\�]�v��kiMVOGFH7` DOarK
*m/,+ - < W b vO6 J Z�� W xAF�q otS K U KyS %T. m . B! �7C  � *Tq otS K P:S xyS K�ITS : Z7*uD  � *  � < W b vm6 J Z

C�D 0#= 3mD" � J#9=I=HJ
K�A�vwI C%a F A�K�qrotS KMA$V�o:H DFDOarB�*$# D&% - = � 5
X .�/�02143�5�Y4.�/�075#Y4.�/�3�5 X Z / / X 0 X(' 1 X 3 X(' 5

W 0 D" � J#9=I=HJ
KMA�vjD	C,H D DOarB�**) B� �0C  � ITS V �,m�\tY�$QB�@�otS �,xM= S �,x > F�qrbOvO8_q �
X .�/�075�Y ) /�075 XAZ T /

TmY�T ' X 0 X '
F�D7H D
<rWP$QY�%�J
mnNE
:C%a�� A�K�HC & S W�s:HC�A	�9W�VOx+�����-, & S s C�D3l .#o0/.S % *
C+*,S ,w` >�N,H+D {

q otS KMI=H A x a ,ÀA K!1 B 432 4 C % - =54 5 @ otS � x�*�P:S xyS KMITS : Z / L = X76 X 5 *�\ � K > = *
J ,9. m / 4 =?1J5 < W b v36 J Z
8 y �
}:9h�<;>=�}@?

A



0#= 3mD L J#9=I=HJ
K�A�v
�1 /�0#= 3�5N6 c�

�����
1 /cT � 0#= T � 3�5T@ 4

<rW�otS KMA$V�o:H D 0#= 3mD 4 J#9=I=HN,HQA�KMA�v U KyS %q. m . B 4 C L *

X .�/�02143�5#Y4.�/�075#Y4.�/�3�5 XAZ 1 /�0#= 3�5
0�D 4 J#9=I=HN,HQA�KMA�v @�s:H7DOarB,ari ) B 4 C L ITS V �,mM\tY�$QB U KyS %�= S �,x >
X .�/�075�Y ) /�075 X*Z �

T �1 /�0#= 075

I C,H q myS {pA X/S( � i�A � b m H7A K�A B,a %MS K_F�D	C,H D A i¸H D7H � W xM`
a b v,H < 9=A b W i)N - m H?C�DJ& S W s:HC.ITS 9¾CuS v_@ s:HOJ v�� A KMLONQP
=yD	J V � ,zC%a F�A K�A X/S( � i - m H�W?D	C,H D \ klS mnC � W X/S x >I*=I.D	J KnCuS vO
�S W klS mnCpC�D I.DrS mnN.ITS 9¯D	J KnCuS v
\ Y KyS %q
 P�DrS Y i
\ s
C%J KzD	C%a izC�D¯N%J myS 9 *A& S W s:HC DrS mnN'
 H J W eyS( %�A K�A B,a %MS K2FP@ s:H#=yq o \ s
C%J K�`zS 
 
 g i4N,HQI.DrS mnN�D7H q Y %q� s1a %
*T\ Z J Y i9lI��sto
C�D �! 
	Ts�& S s C�DJ& S W s:HC�A � W s�*ÀA K�A v
HCT\ Y KyS %�
 P�DrS Y i I C,H q myS {rN,HQ\ d%a xQW)I C,H q myS {WN �yS � i

F�qrbOiQS xy\ti2& S W�s:HC)(¢L�P�*¯H (FN%J
myS 9=I C,H q7myS {CW?qro 
�S � e H
F�qrotS K�\ti3N��¢Z�
 N�iQS olA�iQS xy`zS myS {�-�m H

\ s
C%J KzA K�L *uD�N � Z¸C�D FP@ s:H
A iQS xy`zS myS { - m HOJ s:HJ s C�D,NuS W x�D	C%a ij\ %yS i
q 
 i ITS myS : j *�� mnJ Y %�N iQS o�&+*¯H N � Z
F�<7mnN,H D	J
{y\tiw\�s�qrWP$
o
C,H S x�*'P:S xyS K�ITS 94S :¢Z1C�D \�]�vw\tY�$QBÊ\tY[KyS %�A�X)DrS Y[i & S W�s:HC)(¢L�P�*¯H (FN%J
myS 9�I C,H q7myS {

�ca x�I=HJ KTP:S xyS K�ITS 94S : Z�C�DJ& S W s:HC)(¢L�P�*¯H (FN%J myS 9�A V Z S m�< W $ Y %MI C,H q myS {�\ s
C%J K�A KML)a s N � Z1C�D L%S � x H J s
FP@.GFH D	J
{C<rWP9 H arG \IH�GÊ\tY[KyS %MA�X)DrS Y[i�q7m/q7B

F�qrotS Ky\ti�l A ��o)*dlI��stoMW�lI� A o W�l  oMW�l .#o W�ln"5oMW�l A o�W�lI��o U BFHJ
i A�iQS xy`zS myS {�-�m H%\I� �RH[*.A�myS { U KyS bOi'@�s:H�J
v��FA�K�LONQP

�



����� �

��� 	
����
 ���

NuS W x�D	C%a iwA iQS xy`zS myS {�- m H?J s:HJ s C�D A v < mnN,H D	J {y\ iw\ %yS i
q 
 iwITS myS : j�*�� mnCuS Y %7N,H
\ : Y K�`zS W K�A KWN � Z�- m H?C�D
`zS 9¾J K�=( q 94S ] i�I=HJ KMq x H a %y\ i2=yq b x H a GA*Tq otS Ky\ iOl A ��o�* l A $ o U BFHJ i N,HQA V Z J ,/J K#N � ZI- m H � X/S H iLFP@ s:H
J � x �_J � S 94`zS 9¾J K�N,H¸\ : Y K�` D	C+* >�N,HIF�q b v��ca B�C U BFHJ i - m H
A K�@ s:H#=yq m/D	J � x�J v�� S � b m H�C�D A vw\ myS myS : j

F�<rW�bOv¸\ti J
v�� H C qrbOm >u\ti J���xMA�K�J%V �OX/S BÊA�vw\tmyS %/qrb�� `zS 9¾J
KM\tX * <rW�bOv¸\ti

� ¨cºnÓ�����Ó�� º��cº ���FÑ! "�/Á_º�#�¨ $&%'$

( )+*-, . / 0 L21 3 4 ( 576 89,;:<,>= ?A@ / B 5DC-EGFH, 1 I 5J:JK�LM:JLN,>OP. )Q:R( S TVU W7X ZZY d []\ ^ Z ` _ ` ��Fh�#( �Jacb \edgf
h 1i3-jlkm1in .�W>oqpr, @tscL�OR= j E 2 L C L .�u (]vw89,yx7.�z{K L 2 L C L
| /~}�:R(�0i.t���P/~?

� 1��O6�� 1 � C � =�� D L .�0�:<, oN,;=�) /�� u ,
/ � 1��C5Q1��A6 � 1�/�� 1��Q5 C � =��W=��kD L .�0�:<, oN,+=�) / x

� I�� (�)+=�� � ,>O � D L .�0�:<, oN,;=�)�= j :JLe@P��=�)�OPLN,>O<O�@t}�K - D L .�� 3 ? /��
� 1 - 6 - 1 � 6 �

"



= j :JLe@P� =�) 1i� (�)�O�@t}�@t5 � D L�1i3�4 (�5q:J.�� 3 ?�C � D L .�0�:<, oN,+=�) / O
� 1 /��C5N6�� 1 � 6 -

h � � � 6 � � W>LN,>O � D L .�0�:<, oN,+=�) h 1i� (�)9E 1 � , K�.�� 3 ? � D E .���, / K
h /��N1 1 5 � 6�� � 1 1 � K ��/ � 1��C5M6�� � 1��t� C � =�� D L K ��= 1 D E .�0�:<, oN,;=�) / 0

	 . 4 � I 4 U W h 1 � ( ) /�
 ( W f 5 E�FH, 1 I 5J:JK�L7:JLN,>OP. )�:R( S T�U W L � I 3 j
� . T X�� \ ��� � � A Fh�#( �Jacb \edgf
� 1i3-jlkm1in .�W>o�� W , . � L�OR= j :JLe@P��=�)+6l89, X76 X B L C f�� Le@ n =�)+6 � (]� 4 U W L :JK�L

X 02143 XAZ X 0 X 1 X 3 X C 0#= 3�D L .�0�:<, .�) / �
h X � 0 X 6�� � � X 0 X C � D E .�07K 0�D L .�0�:<, .�) /cT

h O�@ ��� 57* 1iI 5N( 4 	 . 4 C 1i3-jlkm1in .�W>o���. � L�OR= j�� 5�. 4 � I�4
X 0 X 6 -�� 0 6 -

h � I W�@��DLN, 1 5�. 4 :R(�ScT U W , L X76 X 	 . 4 U W+*-, .�/~0�=�) L :JLN,>OP.�)�:R(�ScT�.�0

L L�O �  j = u ( ! 4 O;. 0 *�( ��. 0 � I W�@ ��"A( 4 ( )�:R( S T+, L L LN, 1 5�. 4 :R( S T X�# ` ��` ^ Z ` _ ` � Fh�#( �Jacb \edgf
h 1i� (�) , .t�w/~0

, L . B L C M 6 � ( � 4 h 1 3 � ( )Q:JLN,>OP. )�:R( 0H( S T L =IM � I 3 j$� . T�X�% d & ')( * ` + � "NFh�#( �Jacb \edgf
� I�� (�)�=�� � ,>O 0#= 3mD L .�0�:<, oN,;=�)+*�(,��.�0 � I W�@�� �.- /~}

.�/�02143�5�6�.�/�075718.�/�3�5 / ��Fh�10

.



0�D L .�0�:<, oN,;=�)+*�(,��.�0 � I W�@������w/~07(�W�@��mLe@P��=�) , L . B L C M | ) (�� . Fh�#( �Jacb \edgf
.�/�� 075�6��+.�/�075 /��QD��M5

h 1i� (�) � 5�(�W�@�� O , 1 ? ,w=�?A@t/~BD5<C � = j

/ ��Fh� 5 � - / }�= u O ( - 5RxJ, @ } . B L C M K f :JK�LM:JLN,>OP. )Q:R( S TwK~O M K L � I 3 j � . T
	QX���
���� ��_
�
FP@�s:H+- ��$ 9�S m a ,MC%a F A�K . = S �,x > qrotS K

D {'F .�/ - 5�6�.�/ - 5718.�/ - 5 <7mnC,H D / ��Fh� 5 A H�K HC�C�D 0 6 - 6 3 ` D7H DuC,HJ�j1N,H X ^;` �g\e^
.�/ - 5�6 - / A Fh�10

DOacot\ti�A	�9W�VOx / A Fh� 5 N,H#=yDrS "¾V�s:H * / ��Fh� 5 C�D 3 6 Y�0 I C,H Eb�,myS B.N,H
.�/�Y�075C6 Y .�/�075 � 0�D L / � Fh�10

I=HJ K2FP@ s:H+- � $ 9�S m a ,MC%a F�A K / ��Fh� 5 \ Y $ B A X)DrS Y i*� H a B J 9=A v2< W 9¯Dr\ ij`zS ] xT& S ! FP@ s:H%D	J Z . - m H J KyS b K
W 0 J#9=I=HN,H
A�K�C%ai�MbOi'-�m H

.�/cT 075�6�.�/�0214075�6�.�/�075718.�/�075�6UT7.�/�075

-�m HJ
KyS bOK
.�/ 
 075C6�.�/cT 0214075�6�.�/cT 075718.�/�075�6UT7.�/�075718.�/�075�6 
 .�/�075

<7mnC,H D��8@����Oi�*���WOg*� Dcq7dFJ#9=IJ*
C+
7HJ�
¾V�s:H%S K
.�/ � 075�6 � .�/�075 / "NFh�10

< W 9 H a G N � j�@ X/S !ÊA KMS b K *�@ s:H+@ � � i�� W g ��Dcq d Y �8= S � x >Àq otS KM\ " b i�� W g � Dcq d�� J ,¯H � W % J %;- W $ 9TA K
@�o:H D

.�/ � 075 6 .�/�Y /�Y � 5 075

�



6 Y .�/�Y � 075

6 Y /�Y � 5 .�/�075

6 � .�/�075

\ 9 H a ^ X)D ITS m a ,
Dcq d � < W b v36 J Z*& S ! F .�/ � 075 6 � .�/�075 W 0rD L J 9 * � � W g ��Dcq d J 9�I=HN,H¸A KCD {
J 9=I=HJ K . `
a � F � 0A6�� /�� 075 = *2i d�A K'FP@ s:H%\ Y W � F«Dcq d��2* � W g ��Dcq d � A v � 6 � � < W 9¯Dr\ i4C,HJ j F�q otS K

FP@�s:H�- ��$ 9���WOg*� Dcq7d
� .�/�075M6�.�/ � 075�6�.�/�� /�� 075 5�6��[.�/�� 075

� D {
.�/�� 075�6 �

� .�/�075�6��+.�/�075

<7mnC,H D ��6�.�/ � 5 � mnJ
Y�%�*wPtS Kq
:CuS �OdcC�D 0 6 � ` D7H DuC,HJ�j1N,H�FP@�s:H�- ��$ 9 S m a ,MC%a F A�K . D {
.�/��#5�6 � �

� FP@�s:H�- ��$ 9 S m a ,
D7H q7dpH%A�d%a $ �_ijIJ*
C . D {

. ��, h 1 � ( ) � - / } = u O ( - 5ZxJ, @ } . B L C M K 1 3 � ( )~LN, 1 5�. 4 :R( S T+K~O M K L � I 3 j$� . T
	�X���
���� ��_
�
h 6l89,w=���8y@ I�� =�
�� 4 .�0<L�O . *�(]� 4 ��1i� (�)�=���8y@ I�� =�
�� 4 U W~L�O .

`zS ] x2F [^]^_��a�� .�/�3�5N6 .�/ g 5 - m H J KyS b K2F�< W b v¸\ iQ6 J Z =$H a ^ X)D H C 0 F�q otS K�A V s1a W {�g�C�D . < W b v36 J Z X ^;` �g\ ^
FP@�s:H
A$V�s1acWO{ 0 C�D . <rWP9¯Dr\ti

[^]^_
��a�� .�/�3�5 6 [^]^_

��a�� .�/�3,YY02140mY g 1 g 5
6 [^]^_

��a�� % .�/�37Y 0 1 g 5718.�/�0OY g 5��
	



6 [^]^_��a�� .�/�3,YY021 g 5Q1 [^]^_��a�� .�/�0OY g 5
6 .�/ g 5718.�/�0OY g 5
6 .�/ g 5718.�/�075#Y4.�/ g 5
6 .�/�075

/ . Fh�10
� F�qrotS Ky\tiwA$V�s1acWO{ . H E7X�DOarKM=$H ar^_X)D 0 `
ai� FP@�s:H%A$V�s1acWO{ 0 C�D . A�vjq�9¯Dr\tij`zS ]�xC-�m H *

L�O&K 1 � ( )Q= � 8y@ I ��| ) ( � . B L Y C M K � � I � � LN, 1 5�. 4 :R( S T�K~O�� K  � I 3 j$� . T���X���
���� ��_
�
h 6l89, � 
ms . *�(]� 4 � C 1i3-jlkm1in �.- /~} �.- ) (���=�u O ( - 5

J ,¯H%A vjD	C,H D DOa B�*TS m a ,wD7H q dpH?N,H�� � `�� A X/S � x/DWg D fÀJ 9=I=HJ KpH E X;W?q b X/S � � fÀC�D S m a ,
D7H q dpH
`
a � X ^;` �g\ ^
H E7X � ` C g W � C 4

) / g 075M6 ) /k[^]^_`ba	�!c � ` 075M6 [^]^_`ba	�!c ) /�� ` 075M6 [^]^_`ba	�!c � ` ) /�075M6 g ) /�075

�

h 6l89, � 
ms C 1i� (�) LN, 1i4 , . j % K2=cR � *�o�(�)�:JK�L7= j .�B f C f �.- /~} | ) (�� .�0�
�X���
���� ��_
�
IJ*
C . < W 9¯Dr\ ij`zS ] x�H q V K HIF�q otS KrC,H q x H J v % K2=cR � = NuS KpIJ*
C�*=\ Y $ B . B f C f�< W b v36 J Z X ^;` �g\ ^
A KMA vjI C%a F A K�D	C,H D DOa B�*
� @ � � i Dcq d D { W @ s:H�C,H q x H J v % K2=cR � = NuS KMIJ*
C . `
a � FP@ s:H�C,H q x H J v % - =cRTY K �

W 3�D % K2=cR � J#9=I=HN,H
� .�/�3�5 ��@ �

s



H E7X .�/�075�6�.�/�0214K�5�Y4.�/PK�5 D { 021LKOD&% K2=cR � = S �,x > 0�D&% - =cRTY K � J#,¯H
� .�/�075 ��@ � 1L.�/PK�5

< W 9¯Dr\ izC,HJ j�� 6������	�
� < W b v96 J Z FP@ s:H?C,H q x H J v % - = � � = NuS KpIJ*
C .�/�075 D { � 6 R0YLK < W 9¯Dr\ i C,HJ j

H E7X�
 /�075M6�.�/�075�Y �?0

 /�0 143�5 6 .�/�02143�5#Y ��/�0 143�5

6 .�/�075718.�/�3�5#Y ��/�075�Y ��/�3�5
6 .�/�075#Y ��/�075Q18.�/�3�5#Y ��/�3�5
6 
 /�075Q1 
 /�3�5

fwC�D 0 J#9=I=HN,H
A�K FP@�s:H � � *,S bP%�= C+*uD S K�� *,S b�VOi�
 /�075 H E7X F 
 / � 5N6�.�/ � 5#Y � � 6 -AD {

 /�021 � 5M6 
 /�075Q1 
 / � 5N6 
 /�075

S K�� *,S b V i

 /�075 `
a ��* FP@ s:H?C,H q x H J v % - = � � = NuS KpIJ*
C W % - = � � = NuS KpIJ*
C�C,H q x H J v U KyS %+*uD,N klS " %�= *2i d«A K
FP@ s:H?C,H q x H J v�fÊIJ*
C.A v_@ s:H
\ Y $ B U KyS %�
 /�075 H E X FP@ s:H?C,H q x H J v�fÊIJ*
C�
 /�075 D {;W @ s:H � � *,S b %�= C+*uD
� F�qrotS Ky\ti .�/�075M6 �?0 S m�
 /�075M6 - WnfwC�D 0 J#9=I=HN,HQA�K
N�� j�A	�9W�VOx J
KyS bOK

h 6l89,��i(]��� f
� L�O � 
ms . I�� �.- /~} | ) (�� .�0�� , .�� ���AX���
���� ��_
�
A d%a $ � i < W b v'6 J Z F�q otS K�\ Y $ B U KyS %�\ H G=J W � � H a B . < W b v'6 J Z X ^;` �g\ ^
. `
a � F�< W b v¸\ i ��S ^ V x H
HC 0 � J " �lS xM\ 
 W 
 !ÊDcq d F�q otS K . U KyS % �eHJ ,,4 6 � /�0#= 3�5 �)0dD f = 3_6V.�/�075 �

A�vjD	C,H DFDOarB�* 0 � J#"��lS xM\ 
¾W 
�!ÊDcq7d D { W @�s:H%\tY�$QB U KyS %M\IH�G
J%W��&� H arB
.�/�0 � 50 � �6 .�/�0 � 50 �

 



`
a � F .�/�075 6���/�075 @ o:H D
< W 9 H a G 0 �6 -�J 9=I=HN,H¸A K 0 � 6 0 * � 6 ��� � � �� � ` D7H D,C,HJ j9S Kq
:C%a � - m HOJ W �_C�D
H E7X FP@�s:H%f\j S bP%�C�D S iQ6 J
Z9S KC-�m H
A�v @�s:H%\IH�G . D { .�/ - 5�6 -
����� � 0 � .�/�0 � 50 � .�/�0 � 5�� �6 -

f
� A g " ��L%S $ %zA � W V x[C�DQ*.q b V � 9�\ H G N 
 V � i
	� � 6 /�0 � =c.�/�0 � 5 5 *�	� � 6 /�0 � =c.�/�0 � 5 5 ITS 9¾C,H D	J KC- m H J KyS b K
A�vjq7x C,H D DOarB�* � � * � � \ 
¾W 
�!ÊD7H q7dpH
	� 6 /�0#=c.�/�075 5 C,H D	J
K�J#9=I=HN,HQA�K�\�bOY[m � qrb�bOv
\ti�qrWOX a %pHC

	� 6�� � 	� � 1 � � 	� �
D7H q dpHQHJ mnN W @ s:H�	� C,H D	J K�A g " � . m/D � x�=$H a ^ X)D A K�� � 	� � 1 � � 	� � = S � x >�q b otS K�S m a ,
D7H q dpH�� � *�� � J ,¯H�& S !

<7mnC,H D `
acbOv,H�FP@�s:H�& S �9�	f
�:C�D � ��A	�9W�VOx�C�D *�& S �9�	f�\ 
¾W 
�!�D7H q7dpHOC�D � ITS m a ,
� � 	� � 1 � � 	� � 6 � � /�0 � =c.�/�0 � 5 5Q1 � � /�0 � =c.�/�0 � 5 5

6 / � � 0 � 1 � � 0 � = � � .�/�0 � 5Q1 � � .�/�0 � 5 5
6 / � � 0 � 1 � � 0 � =c.�/ � � 0 � 1 � � 0 � 5 5

A�d%a $ �_i'-�m HJ
KyS bOK
�4 6 � /�0#= 3�5 �#0A6 � � 0 � 1 � � 0 � = 3 6�.�/ � � 0 � 1 � � 0 � 5>= � � = � � D�� �

`
ai� FP@�s:H�& S �9� f
�:C�D
�4�� 4

� F�DOacot\ti3N�iQS v
A$W�:rj�`zS 9¾J
K�*A@�s:H�& S �9���3�MC�D W . \tY�$QBÊ\IH�GÀJ%W�� U KyS %�J#9��eHJ#, D {

A V s1a W {yS x�\ Y $ B @ otS � x - V G_S s A K%J � b iÀA v < W b v¸\ i `zS W KtHCrN iQS 9�A myS {�L)a U " iÀA i¸H D7HyC�D
F�qrolq�9 H arG

��$



, L��!= ?A@ / B 5 h 1 � ( )�� = ?A@ / B 5�. W>o���K � � I � � O , 1 ? ,eoN,�:<,>= ?A@ / B 5�� � I 3 j$� . T �T��Fh�#( �Jacb \edgf
h 1i� (�)�� oN,�(��-vwW K�(�W�@�� � 
ms�� I-j . �QU W	�l@tSc?q.�0<.���, � I W�@��
� :<, .�)��w5N(�0�=�W ( �

:<, LN,>O
� oN,;= 
 � 4 . 0<L�O � - / } 6 � ( � 4 K~O+. ��, h 1 � ( ) f :<, . )�� 5N( 0 = W ( � � � I 3 j$� . T����;X���
���� ��_
�
h 1i3 W�KN(���5J6 � (]� 4 K~O �+W ,w*�(]� 4 � C 1i3�� (�) .�) , .�)Q:R(�0iLN, 1 �g5

F�q b V � 9�J K HJ K�ITS 9¾C,H q 
 ijI=HC,H D � N,HQA H 
 x J 9tC�D A vjq b otS Kz\ Y $ B @ otS � x *uD . � * . � < W b vQ6 J Z X ^;` �g\ ^
D7H q dpH * � C�D R � = 6 6 6 =cR ` D7H q dpH+- m H J KyS b K2F .�6 . � Y4. � < W 9¯Dr\ i C,HJ jAF�q otS KM=$H a ^ X)D \ 
 W 
 !�Dcq d 0 < W b v36 J Z

A�vjq7x C,H D DOarB�*.`zS b�� � � = 6 6 6 = � ` ITS m a ,
0A6 � � R � 1 6 6 6 1 � ` R `

-�m HJ
KyS bOK
. � /�075�Y4. � /�075 6 .�/�075

6 .�/�� � R � 1 6 6 6 1 � ` R ` 5
6 .�/�� � R � 571 6 6 6 18.�/�� ` R ` 5
6 � � .�/[R � 571 6 6 6 1 � ` .�/[R ` 5
6 � � % . � /[R � 5�Y4. � /[R � 5���1 6 6 6 1 � ` % . � /[R ` 5#Y4. � /[R ` 5��
6 -

� FP@�s:H�N�iQS vw`zS 9¾J
K�* . � 6�. � -�m HJ
KyS bOK

�.- /~} | ) (�� � Le@t� 3 W ,eL�O h 1i� (�) | ) (���U W�� B � C f K f :<, .�)��w5N(�0 =�W ( � � � I�3-j
� .�T ����X���
���� ��_
�
h .�/[RS5M6 � /[RS5 C R*D � .�0�:<, .�)�= j OPLN,>ORO�@t}�K Fi( 3 � . B f C f

�T�



A�vjq7x C,H D DOarB�*.`zS b�� � � = 6 6 6 = � ` ITS m a ,
D7H q7dpH * � C�D R � = 6 6 6 =cR ` D7H q7dpH�W 0 \ 
¾W 
�!�Dcq7dFJ#9=I=HJ
K X ^;` �g\e^
0A6 � � R � 1 6 6 6 1 � ` R `

� <rW�bOv¸\ti � mnJ
Y�%
.�/�075M6�� � � /[R � 571 6 6 6 1 � ` � /[R ` 5

F .�/[RS5M6 � /[RS5 � <7mnC,H D RAD � J#9=I=HJ
KC-�m HJ
KyS bOK
F�q b otS KN=$H a ^ X)D \ 
 W 
 ! D7H q dpH 3 * 0 < W b vO6 J ZOFP@ s:HQ\ Y $ B \ 
 W 
 ! D7H q dpHQIJ*
C . < W 9¯Dr\ iw`zS ] x�`
a b v,H

-�m HJ
KyS bOK
0 6�� � K � 1 6 6 6 1 � ` K `

*

3 6�� � R � 1 6 6 6 1���� R��

F�qrb�otS Ky\ti � N�iQS 9�A�myS {MITS :¢dpH R � = 6 6 6 =cR�� * K � = 6 6 6 = K ` *.S m a ,
D7H q7dpH � � = 6 6 6 =���� * � � = 6 6 6 = � ` A�v
W � Z � 1 �4-�m HJ
KyS bOK'F�qrotS K � R � = 6 6 6 =cR�� � * � K � = 6 6 6 = K ` � A�d%a $ �_iC*uD��:S $
VOBFH � � � = 6 6 6 = � � � <rW�bOv36 J
Z

0 6�� � � � 1 6 6 6 1�� � � �

*

3 6 � � � � 1 6 6 6 1 � � � �
<7mnC,H D H E7X F�qrb�otS K�J#"�� @�s:H�- ��$Qi�D7H q7dpH+-�m H?N,H
I.D7H q7Y�%+*�qrb�otS Ky\tijS m a ,wD7H q7dpH � � = 6 6 6 = � � * � � = 6 6 6 =	� � A�v

02143 6 /
� � 1 � � 5�� � 1 6 6 6 1�/
� � 1 � � 5�� �
� A



*

.�/�02143�5 6 .�/ /
� � 1 � � 5�� � 1 6 6 6 1�/
� � 1 � � 5�� � 5
6 /
� � 1 � � 5 � /�� � 571 6 6 6 1�/
� � 1 � � 5 � /�� � 5
6 % � � � /�� � 571 6 6 6 1�� � � /�� � 5��

1 % � � � /�� � 571 6 6 6 1 � � � /�� � 5
6 .�/�075718.�/�3�5

� FP@�s:H�N�iQS vw`zS 9¾J
K�*A@�s:H%\tY�$QB \ 
¾W 
�!�D7H q7dpH
IJ*
C . -�m HJ
KyS bOK

fÊI=HJ KqN iQS 9=A myS {q. m � < W b vQ6 J Z�F�< mnNuS � KM\ H G
J W ��\ Y $ B�@ otS � x
N iQS 9=A myS {q. $ v
S KC< W x H a %y\ ij`
a b v,H
<rW�bOv¸\ti � mnJ
Y�% F�qrotS K � N,H+=$H ar^_X)D a�:¢d R <rW�bOv36 J
Z F�qrotS K

� /�075N6
�� � - = 0 D � Y � R �
� = 0A6�R

F .�/�075�6 � /�075 W 0 D � J#9=I=HJ
KMA�vjD	C,H DFDOarB�*T`zS b�� . B f C f�\tY�$QB U KyS %WN�� j:A$W�:rj9A�K�S bOK
<7mnC,H D W 0 �6�R * 0�D � J#9=I=HJ
KC-�m HJ
KyS bOK

- 6 .�/�075
0 �6 .�/[RS5

R

FP@�s:H%\IH�G
J%W�� . -�m HJ
KyS bOK

� �



� ��� �

����� ���	��
 ���	� ��
 ����� � � � � ���>��� ���

\ ] v�\ Y $ B�\ Y KyS % A X)DrS Y i I=HJ KQW)I C,H q myS {�- m H�B myS V x * & S W s:HC)(¢L�P�*¯H (FN%J myS 9�I C,H q myS {�\ s
C%J K A KqN � ZI- m H�C�D
\tY[KyS %�A�X)DrS Y[i & S W�s:HC)(¢L�P�*¯H (FN%J
myS 9�I C,H q7myS { &+*¯H�� ^_K�C�DOFP@�s:H�� ^_K�*uD�N�iQS o N��¢Z�-�m H�F�<7mnN,H D	J
{y\ti

.�/�02143�5�6�.�/�075718.�/�3�5 / ��F A 0
\ s�q W $ o
C,H S x ITS 94S : Z¸C�D HC / ��F A 5 \ Y KyS %�A X)DrS Y i I C,H q myS {ML *uD�� ^ K C�D *A< W b v¸\ i A � H C,H
HC�C,H q i?J xMITS 94S : Z¸C�D
l A � o * lI� � o W�lI��sto W�lI� A o W�l  o W�l 	#o W�l .#o W�ln"!o U BFHJ izN,H�N � Z - m H � X/S H i F�< W 9¯Dr\ i C,HJ j_\ s
C%J K�D	C%a i

FP@�s:H+=yqro @�o:H D	J
K

� Ò�� � #�»�� � #! cºn¨#"%$�Â4º�#�Ó'&)(��cºn½ ��Á ¿ ���cº+* $&%-,
`zS W Kp`zS 9¾J K�S KN=$HJ $ 9¢HC.q o�A � H C,H?N%J myS 9d� s1a %,�! #"Q��& S sjC�D A v H C�J mnNA< U ijA W : j�W @ � ^ x.� ^ KC- m H)C�D

F�<rW�bOv¸\ti

� "



K 1 � ( ) "A( 4 ( )&:R( S T  � KVLN, 1 5�. 4 :JLN,>OP. )�:R( S T  � � I 3 j � . TGX � \ b ` � � � _ � � X���
 �
� ��_
�
L�O 0#= 3�D  � .�0�:<, .�) .�B� �0C  �

X .�/�02143�5#Y4.�/�075#Y4.�/�3�5 XAZ / / A F A 0

L�O 0 . 0�:<, . )�= j OPLN,>O<O�@ }�K Fi( 3 � ) B  �*C  � :R( � v W � - / } 6 � ( � 4 *�( � 4 � C 1 3 jlkm1 n /A+ - U W�:<, . )
C � W>LN,>O  �

X .�/�075�Y ) /�075 X*Z / 6

<7mnC,H D F�<rW�bOv¸\ti2<rW�� 
�% T J
K�HC -pWOZ J�F D E�s F 0A6 3 <rWP9¯Dr\ti C,HJ�j / A F A 5 A H�K HC�C�D X ^;` �g\e^
X .�/cT 075

T Y4.�/�075 XAZ /
T / � F A 0

<7mnC,H DJ<rW�bOv¸\ti'<rW�� 
�% T J
K�HC -pWOZ J�F D E�s * -�m ���,myS B T 0 S K�HC 0Y/ � F A 5 A H�K HC�C�D
X .�/cT � 075

T � Y .�/cT 075
T X Z /

T � / "NF A 0

<7mnC,H D��A� �Oi�IJ*,S ��iQS xcN,H *A=yD	J
v���WOv)J#%�HC / "NF A 5 * / � F A 5 � K H *
C
X .�/cT � 075

T � Y4.�/�075 X 6 X .�/cT � 075
T � 1 .�/cT 075

T Y .�/cT 075
T Y4.�/�075 X

Z X .�/cT � 075
T � Y .�/cT 075

T X 1 X .�/cT 075
T Y4.�/�075 X

Z / / �T 1 �
T � 5�6 / / � Y�T�� � 5

<rW�bOv¸\ti2@.KyS e 
7HJ�
¾V�s:H%A�KW& S !
X T � ` .�/cT ` 075#Y4.�/�075 XAZ / / � Y�T � ` 5 / . F A 0

� .



f m a Y % T 0 S KpHC 0 *A=yD	J v2< W � 
 % T J K�HC / . F A 5 A H K H C�& S ! F�q m >u\ i2@ s�D A K / � F A 5 A H K H C�`zS $ 9�� 6 � I=HJ K
<7mnC,H DJ<rW�bOv¸\ti

X T�� � `�� � � .�/cT `�� � 075#Y .�/cT 075
T X Z / / �T Y�T�� � `�� � � 5 / � F A 0

-�m HJ
KyS bOK
X T�� � `�� � � .�/cT `�� � 075#Y4.�/�075 X

6 X T � � `�� � � .�/cT `�� � 07571 .�/cT 075
T Y .�/cT 075

T Y4.�/�075 X
Z X T � � `�� � � .�/cT `�� � 075#Y .�/cT 075

T X 1 X .�/cT 075
T Y4.�/�075 X

Z / / �T Y�T�� � `�� � � 5Q1 /
T 6 / / � Y�T�� � `�� � � 5

D {
X T�� � `�� � � .�/cT `�� � 075#Y4.�/�075 XAZ / / � Y�T�� � `�� � � 5

A X/S � x/D  � C�D 0 J 9=I=HJ KC< W 9¯Dr\ i�`zS ] x F�DOa ot\ i�A � W V xz\ klS mnC I=HJ 
 V s:H7A K � D�� J 9=I=HJ K / . F A 5 \ V s
C�D�*

C�D � S KpHC�Dcq d - m HNFP@ s:H%\ Y W � FlDcq d�� Y � = S � x > q otS K �r+ �:+ -�J ,¯H�FP@ s:H%\ ] v � T � ` .�/cT ` 075 � c` � �
<7mnC,H D 0�D" � J#9=I=HJ
K'F�<rW�bOv¸\ti'-�m ���,myS B / . F A 5 A H�K HC

X .�/cT ` � � 075
T ` � � Y4.�/�075 XAZ / / � Y �

T ` � � 5

<7mnC,H DJ<rW�bOv¸\ti �:J%k ���� C�D H C -pWOZ J�F
X .�/cT ` � � 075

T ` Y .�/�075
T � XAZ / / �

T � Y �
T ` 5

<rW�bOv¸\ti'-�m ���,myS B T � 0 S KpHC 0 & S !
X .�/cT ` 075

T ` Y .�/cT � 075
T � X Z / / �

T � Y �
T ` 5

� �



-�m HJ
KyS bOK / �� � Y ���� 5 C -A<7mnC,H D � C 4 J#,¯H & S !
[^]^_

�
� `ba�c X

.�/cT ` 075
T ` Y .�/cT � 075

T � X 6 -
� mnJ Y %q& S ! FP@ s:HJ � $ 9AD {�@ s:H P:S xyS KMITS : Z  � `
a � FP@ s:H
\ ] vjA X/S � x/D � T � ` .�/cT ` 075 � c` � � - m H J KyS b K

A H�KyS k S K ) B  � C  � <rW�bOv¸\ti
) /�075M6 [^]^_`ba�c T � ` .�/cT ` 075

T ` 3 
:CuS � d 3 ITS B A K�* T ` 0 
:CuS � d 0 ITS B A K / A F A 5 A H K H CpC�D H q V K HNFP@ s:H
\ Y $ B&)U< W b vw\ i2@ KyS eT& S !
<7mnC,H D�=yD	J
v2<rW�� 
�% T ` J
K�HC -pWOZ J�F D E�s F�<rWP9¯Dr\ti C,HJ�j

X T�� ` .�/cT ` 021VT ` 3�5�Y�T�� ` .�/cT ` 075�Y�T�� ` .�/cT ` 3�5 XAZ /
T `

<7mnC,H DJ-�m HJ
KyS bOK
X ) /�0 143�5#Y ) /�075�Y ) /�3�5 X

6 X [^]^_`ba�c � .�/cT ` /�02143�5
T ` Y .�/cT ` 075

T ` Y .�/cT ` 3�5
T ` � X

6 X [^]^_`ba�c �
T ` � .�/cT ` /�02143�5#Y4.�/cT ` 075�Y4.�/cT ` 3�5 � X

6 [^]^_`ba�c �
T ` X .�/cT ` /�02143�5 5�Y4.�/cT ` 075�Y4.�/cT ` 3�5 X

Z [^]^_`ba�c /
T ` 6 -

<7mnC,H DJD {
) /�0 143�5�6 ) /�075Q1 ) /�3�5

W 0�D" � J#9=I=HJ
K�<rW�bOv¸\ti'@.KyS eT& S !
X .�/�075�Y ) /�075 XAZ /

��	


