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�-1 ��7W$�	f��7 !�� ���MVW	�46�
	��g/���/�!"��YW	ih�5���$�Uj���
�&���
�-���g!0��

	�)�� �?�0/�

��. � -
5�	�Uj��	��k�?	�. �3/�!�5%������7l1#�<�?��$���. �3/�!�5%������7l12���&/�!�9nma�-b+�������
�

[

5��-46���������&5��������o�
�-5����0�

/�5%�-1
/�!"5�	�Op'�q;�����-1

[

/�!"	����r�-�
	��M���?�j��	��?�&
 $ �����
��O6'Nsa��	���/0VW�%�MYW	������

[

�?	�. �3/�!05��������?�,
�� � -
� ��� 	�4X�-5%	������+�
	��?�-
�$������
�-���-O6G

t

�-46YW�-b]��7f������7+�jYW������$M�(' uwv&x&y�zM{&|�}3{?}�~•{&€-~•yL~;{�‚ )�.?!"� {�z�€�ƒM{�v&„…z�†S{-~‡v € -
ˆ x&~j‰�}‹ŠŒ{-~Su�xŽ•�‚>{�z�€ ˆ |0}�•�{&• )&.&!"����7i���‘VW	���!"�%�‘53$�� �%�����LYW���’Y‡�-�&@�$������&5�	�!"cj5�/�����������Y

�-���
�%� �-����7+�>��	���YW������.��0/��-�
�>�����-$M7

[

��	�
�����YW���
)�

�-��� ���
�j��	�4B5"��!0� U“

��/�
�� � 	�$���O”)?!"	��

�?	��#5�5����&�2��	���������	�$�c3��@&U�)W��	���YW������.��0/��-@�U /�!���@?�-!0@-��@�YZ7 �
�•5�7lTj$��–��7 4X	�� 	�Y—�-�

��	���YW������.��0/��&��1˜Y‡�-����$��™G

š

•�x ˆ |0}�~>y0|;~>x&•%{%u�{,›�{�›�{Xv&z�|�z�€BŠœuXxŽ•�‚;{-zM€ ˆ |3}�•�{?••‚ž{-ƒ�|Žv�€Ÿ• x�}0}”‚ž{-~¡•—€�‚g›_•Z€-zM¢&€�›

•dx"£�y0€�~;€BŠ¤›�{¥› {-ƒM{�¦&€-§ ¨©€�v�€2›�{#x&z&x�v�{%u�€&€�{-~ ƒM{&}�~K€%uXz�ª�~;{%u�{¬«-­]{%›_•Z|�ƒ�|®v�Šr|®‚¯†‡• °�±�² ± -
³�´rµ ¶Z·�¸�·0¹�º�·®µ

­�•�{�~;{”•—{&|
ˆ

•—|B£�y�†
ˆ

xM•-z�{j»¯€”•—{-•�{•›_•Z{BŠry®v�Šr|�~¼}3|0¦BŠ\yW½W•Z€®•Z{&ƒM|’•�x&•;•6v § -
ˆ

|�y0{?••¾_v�|”‚>|�z&~¿}�~¡•�ª�•"~Zª�•—€”•—{-y�x&zM€BŠ+•�Šrƒ&xL}0€&}�~;|®‚iyÀ›6•—{&}�~¡•dx?z�}�~>y0|]€•yÁ• | ‚>|�z�€?Â

3. Ã>Ä�Å�ÆaÇNÈ0É3ÊNË-ÌoÍkÊNË%Î™Ë•ÏNÈ0ÅnÆ™Ð%Ñ
Ð�Ò�ÓÁÒ�Å
È3Ô+È�Õ(Æ

Ö

$M��������	�� . �3/��-@?U �&/����&5�@�YW������$M��×‡q•×Ø/3�?/�!"	�53$?�-U;!Œ/�$���� @�UK�L�����?�3/��?�-�
��.M��7+�

�&����7])?�&/�����5�	�����7+�+��	

¸�º�Ù

²

·

°�±�²(±

³

±�Ú6±

Ù0·-¸�·0¹�º�Û

F  = 1.618 033 9¼   ,       F -1 = F   - 1 = j  = 0.618 033 9¼¼     .                (5)

Ü

 ÝŽÞ�ß

º(¸�·3Ù"à&º�á

ß

Û¡â   F  
[

�?�3/��?�-�
��.M��	��‘5o���?	j�&�����
	j���0�-Y‡��!��M� . �3/��?	��‘
 � �-�6���0/3/�� �ã/0�

46�
	�YW��� 	 !"��$���Y F  )

¼ ­rä

-k, ä

-k+1, ¼  , ä

-1
­rä

0º å

­rä

1
­rä

2, ¼ ­rä

k-1, ä

k, ¼                        (6)

Ü

 Ú

Ý”ß

µ

±

¹rº(¸�·0Ù�à

±

·   æ

±

æ

±�²

¹
·3¹rº�·   	�@-�M� . �3/��?�-���   �&����	    
æ

±

ß

Û¡â&à

Ý   k,   k³ 1, !MGç��G3�&�"�

Fk ={k· ä

i} i  
5 � ��	

¼  ,  kä

-k,  k ä

-k+1, ¼  ,  k ä

-1,  k ä

0º k,  k ä

1,  k ä

2, ¼  ,  k ä

k-1,  k ä

k, ¼             (7)



10

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

 { uk }, 
������ "!�#%$&����')(� *!�+

{ vk } 
�

$&,������
�- 
��.��&��/0��	���!

  1

k (
�������2�-3���')$4�*��$&��'5 *!�+6��798

:�;=<�>0?�@=ACB�DFE&E�?

 u G

ACHCI�;=JLKMB�B�N�OPI�;=<

 v Q-R

I�?CE�KMSUT=?�OVI�;=<

F
W�X�KYB Z�B�D[E K B�?�K \]AC^*KFI

E&X�KYB�DM_

k

W�X�KMB

 vk
Z�B�D[E K B`?�K Z�B�D[E K B�?`K

 a

k

u1 1 0 (v0) 1 1
u2 1 1 v1 1 1.618
u3 2 2 v2 3 2.62
u4 3 3 v3 4 4.24
u5 5 4 v4 7 6.85
u6 8 5 v5 11 11.09
u7 13 6 v6 18 17.94
u8 21 7 v7 29 29.03
u9 34 8 v8 47 46.98
u10 55 9 v9 76 76.01
u11 89 10 v10 123 122.99
u12 144 11 v11 199 199.00
u13 233 12 v12 322 322.00
u14 377 13 v13 521 521.00
u15 610 14 v14 843 843.00
u16 987 15 v15 1364 1364.0
u17 1597 16 v16 2207 2207.0
u18 2584 17 v17 3571 3571.0
u19 4181 18 v18 5778 5778.0
u20 6765 19 v19 9349 9349.0
u21 10946 20 v20 15127 15127.0
u22 17711 21 v21 24476 24476.0
u23 28657 22 v22 39603 39603.0
u24 46368 23 v23 64079 64078.9
u25 75025 24 v24 103682 103681.9

bcI�?`^*K[E�DMB�?`K�de\fA&^6K[IgE&X�KMB�D

k 
Aih=B�A�SM?jh=Sk;fTfS[A�HCI�;=JLKMB�BCA�^

R v
?0D

R

I�?CE�KYSMT�A�^

R  F
I�;=<�DM^

l m�n*oMp�qir

1

n"s�t�u6q*mvm�n wyx6z�{�|�}•~C€&•c‚Vƒ„x6z†…�‡C|ˆ•Š‰*~�}9~�{�‹�‰9‚V•ŠŒU‰6~i}•€j‰9l�•�•Šl•Ž•€j•�|�Ž‘Ž9€&‰v’�‰ z -
•“|%x•Ž ~ ‡�l�{�|�”�•�–i{•€j…�|�—�˜„€�€0Œ™‰6~�}9€&‰vl6€4š›–�|‘•c•g€0…�‡2|‘ƒ%x•Ž•€j…�‚�…•|‘˜)lvƒ•œ2•=”

ž

 Ÿ6 -¡
1

n"s�t�u
q9mvm�n       u = u1,  u2,  u3, … ¢

x6z�–�’&Ž9z�€&‰9‰v‚�£†x6z¤x�Ž9~&‡�l�{�|�”

un+1 = un + un-1 ¥�¦�§ˆ¨4©‘ªv«�ª&¬v­=©v®]¨P¯&©‘ªv«`¨j©ˆ°™±0²Lª�³&©9® ´ 1=1,  u2=1;                (8)

ž

 µ

t�¶

Ÿ6 �·¹¸

u
u�º�»

Ÿ6 -¡   v =  v1,  v2,  v3, … , x6z�–�’&Ž9z�€&‰9‰v‚�£†x6z¤x�Ž9~&‡�l•{�|�”

vn+1  =  vn + vn-1 ¥�¦=§�¨0©�ªv«�ªi¬v­�©9®g¨g¯j©‘ªv«`¨&©�°™±¼²“ª�³&©9® ½ 1=1,   v2=3;                (9)
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�

 �������	��

�
���
�������
���   z = u1, v0, u2, v1, u3, v2, u4, v3, …, �������
����� � ���"!  v0=0.

#

� !��%$�&'!�(*)�$+�,� �%-*!��/.'&*)���0 12���3���4�5���*.��".�&��3����-26��*12� k=1, $�78�272-26/�  F1 , ��09$�:;0��"!

-26/�  F. <

�%)��%�*:�=
>?�@)2�A�"=�>CB%$�&'DE-26/���/F2( � 1�$ G��%��:	=�>H�I�2��6J���20%��� �2G2KML;� � �J&'NO�A�4PQ� ='&*6*(

�2�26RG����*S�09$�F/�Q0 F/�"��� =�>TFVU���S��*&�W'GYX/7

#

���	0 :ZF��"PH=��[��$�!��9$+&*$�:/(R)2$+�VFV0"&*�*GV-�� F/� =
0%$�F��

vk = F k + (-j )k       ,                                          (10)

G�PQ�\=��9)�&�=��96M0�)2�A�"=�� v5 = 11 �%� �M��$ �*&*)*&��Q��$ F 5
09$+� =��4F�&'$+0%6M!�� =':�];� 1% &^���%������(�1��"1

F�&��*=
�_&'N`U���S��a7bX�(�-�� NO�*&*)*&��J!��"PH�2G vk  & F k
09$+� =��4F�&*$+096c�*-�� =���S�-A�"PH&�!��d!��%�*>e!Q7

f

N%� &�!��20	F�6/Ng:hB%$�&�Di-26/���/Fi�4��-�� ���9��6��9$+0%6i&C$+� !�([)�$+� $+��)*1/& F k
$+��)�=
�*(;� vk  -

�	0 &�!j�A$+��$�&')���0 14&lkm$�78�27*0R-��20%$+�4! kn ���%�/6�$M�A-A�4!�� P�G2$�1/&I!o�"PH�*G,)�&
0%��� !j& uk+1 &  uk+2 F

#

������$+�/!p0��9)A�"=�&'&q7

4. r[sqt/uwv x*t�y
uwz{vQy
|A}�z•~€~a•[‚ ƒ5„/…w‚ x2ƒ�t

f

F/�"��� !CF†-A�	0�0 !���$ -A�"=�&
�`�20 =��2F�=
�/‡d�*��� =��"$+�9-�='>e‡d���%-*&5�/� ˆ 10 �2�26Š‰�����=
�%)*=��4‡

0"&�0%$+�"!j>‹12� 1Œ09-A�"�*=��	�[�2��6^Ng=��9)A�"=�&�‡ •4Ž
ˆ 5•‘•

ˆ 7•a’

ˆ 8•

Ž
ˆ 9 &“=��"N��4F��"!‹�"�9�,&�!��"=�� !d��&'� � -

$+�9$�&*)���0	1��4‡`�*��� =
�%$�>•”Z-A�2N��9-��'&�='>Q(5�2�26€1���$+��-��/‡†&�0 �
�4��:	NgG*� $+096Y�*S��4Ng=��9)A�"=�&
� )( . 
f

=
�

N��"F�&�0 &'!���09$�&•�4$€$+�4� �*(–09G�L;��09$+F�G*�%$€�*&—B%$+�˜�*��� =
�"$+��(��/�A-A�"���%�264�"!j>e‡_B%$�&'!™Ng=
�%)�� =�&
� !

�
�%-*&��4� ˆ 10 š

ˆ )( S�G����%$V&��›-��%$+:31��*KV)�� F�G2Ki-A����:VF{‰j”V‰H('���20 1�����:�14G@�"�9�,�›�A�"F+='>?�3� �%-*! � -
='&�1/&c0	�/F����"���%K[$œ0I�
�%-*&��4��� !j&‹�AS�-�� L;� ='&*6p�*��� =
�%$`&d���%-*&��4���4! ˆ 0= T •

X2X9žŸ���%$�=��"�9�

W'&�1����{‰j ;¡
=
� �*-*&�!��9-�(
F	$+��-��%6^�9�9-�!��4=�&�12�3¢l0[���9-�&
�/���4!_”Z�*G�$+�4=���(�$ -��%$�: 6;¢

<

�"�'$�G�=
��(

&,�2-£7 ¤

��0	0 !���$ -�&'!EF	���2PQ� ='=�>H�H�*��� =
�%$+�9-�=�>H��-26��*>_k R1 Ì  R2 Ì  R3 )

R1={ ¥ ¦ § ¦ ¨

¨ ©

© ª

¦ « ¬�¦

R2={ ­“¦O® , ¥ ¦ § ¦
¨

¨ ©

©
ª

¦ « ¬�¦

R3={  ¯m° ± ² ± ³ ¦ ­l¦ ® , ¥ ¦ § ¦ ¨

¨ ©

© ª

¦ « ¬´¦

1���-*=�� F�>H�,���%-*&5�/�*>i12��$+��-�>�D
ˆ

(n) , (n=1, 2, 3), �/�A-A�"���%�26+K3$+0%6“���%-*&��4���4!µ0	� !��/‡¶!o� � -
��� ='=��4‡Y�A�A�"=��%$�>·F[-26/�*G;¢˜¸™��&*$+�9-A�4!‹k

ˆ 5n
(
¹H-�� =
�/!·k

ˆ 7n
&I”Q-��4N��%-*��&'=��2‡`k

ˆ 10n
(50��2� $ -

F/�%$+09$+F/� ='=��
7A”º�4������=
�	=�&��[B%$�&'D^-26����4FŒ»¼� 1�$+��-A�"!j&5(5�/�A-A�"���%�26+K[L{&�!j&“F�-�� L;� ='&��{‰���� = -
W
�Yk ½ (–0˜���9-�&
�/���"!–& t , t n

(RX�X žŸ�A�9$�=�&�‡_W'&�1��_‰j  k ¾

¾,©

©

0I���9-�&
�/���4! ˆ 0n
&c�*S�-�� L;�"=�&
�

�
��6�0��,��09$+�%-��/&'���/F€k ¿ ¦ 0��Y09-A�"�*=�&'!‹�
�%-*&��4���/!ÀU Á
n

�AS��/N›=��%)�&'! Rn(* ), �%���“Â;�4Ng=��9)A�	�%$

0	����$�F/� $+09$+F�G4KML{&
‡Œ»��"1�$+��-a7

U��4�����,ke0"!Q7
U���S��a7'Ã
n

W
�%����)*&�09�A�"=�=��2�,�*-*&5S��*&�PQ�"=�&�� w )(n
i  ��$�=
�/];�"=�&*6

ˆ

(n)/Ti � � -
-�� ���9��6��%$^���9-�&
�/� Ti 1��"1“�9�9-�!��4=�&�14G 1���-�=
� F��4� �“���9-�&
�/���  ˆ

(n)
  F˜-�6/�2G   Rn ( =��"�*-*&�!��%-
(

� �%-*!��/='&�1��

#

� !‘�*&iF_-26��2G·¸™�'&�$+�9-A�¶-�� F�=
�•X�Ã'(º�TFÄ-�6/�2GÀ¹H-�� =
�¶¢™Å�Æ
n

(º�  w )1( +n
Rn   -

� �%-*!��/='&�14GÇ1���-*=��	F/�/� �[���9-�&
�/���\-26���� Rn FR-26/�2G Rn+1 km=��"�*-*&�!��%-
(*�9�9-�!��4=�&�12�Z¸™��&A$+�%-��
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���������	�
����
���������
�������������� ��! C )(n
i - "$#&%('�) *

�+�-,(��.�� ��/10�
32�4�26572�8�26�90�� �����:8��<;>=?2@,�23A

�:0�/B
@0DC
2���,E8�2��GF@,E�+2�0����  Ti �H�(����� A kI�J�K

LNM�O�PRQTSRMVU+W

 X

M�Y�Z\[<]GQR^_Qa`�PbM�]Rc�d>e�`�PbMD]Rc�d�M�Y�]Rf?g?Y3h3i�M�g

j�kmlEn$oqp r�sutwv�xzy pun7{z|~}

R1
r�sqt€•T{�|u• |u}

R2
r�sut€‚T{zƒ~„…n†{ x�y�•�‡�}

 R3

ˆ

x ‰Šx

j�k�ƒ~„†• ‚Rn7{zy9ƒqtw‹

i

(
‹�{zƒ~x�Œ$•…ƒqtzŽ

•

|${ •(ƒ~•�y�ou|�‘_{�sut“’ ”

yBx�ƒ~•†{ n–•€•�ƒ�—…pu˜G™

d%)

•

|${z•�ƒ~•�y�ou|�‘_{�sut�’ š

yBx�ƒ~•†{zn…•€•�ƒ�—…pu˜R™

d%)

•

|${ •(ƒ~•�y�ou|�‘_{�sut“’

)(
yBx�ƒ~•†{ n–•€•�ƒ�—…pu˜G™

d%)

1 ›

0.068718

(t=25.1 d)

174             (0.8)

175             (1.4)

1218              (0.4)

1225                (0.2)

7308            (0.2)

7350                (0.8)

2 œ

0.24085   50                  (1.5)   350                (0.3) 2100                (0.9)

3 •

0.61521   20                  (3.7)   140                (2.5)

  136                (0.4)

  840                (3.0)

  816                (0.2)

4 ž

1.00004   12                  (1.2)     84                (0.01)   504                (0.6)

5 Ÿ

1.88089     6                  (4.9)     42                 (6.0)

    45                 (0.7)

  252                (5.7)

  270          (1.3), (0.7)*

6  

4.21     3                  (6.1)     20                 (0.2)   120                (0.8)

7
ž

11.07     1                  (6.7)       8                 (5.4)     45                (0.6)

8 ¡

11.86223     1       7                 (1.2)     42                (0.6)

9 ¢

29.45772       3                 (5.2)     17                (0.07)

10 £

84.01529       1       6                (0.6)

11 ¤

164.78829       3          (1.4), (0.8)*

12 ¥

¥

247.6968       2          (1.2), (0.6)*

13 )( 501.144       1
�H�+23/¦,�§���
32���¨

©

Œ

•

|${z•�ƒ~•�y�oª|Gƒ~k~l�n$oupu|€‘€x�«~|q•�n†pu|¬{z•�ƒ~•­{�sut“’®n$—…pu˜€¯�n…«zƒ~nu}�k“«�y °T|$±�•€n$nRoBƒqpu•9ƒ~•wn…•�y�²³x�n†{zy�ƒmtz|wƒ~k~{z|q´wn…•�y s®o~ƒ {

-
•�n…‘~ƒª±Bx�«�|q•�n†pu‡Vywx�n7{zy�ƒqtz|�µ$puƒ~•–ƒGƒ�k~l9n…oqpu|�¶�x�ƒ~•7{zn–•€•:ƒ~—…pu˜Tƒ�oq{�’�•–« n…•�y sTtz|u• |T‘T—$o~ƒ k o~|$·<Œ

¸

Œ ¹3«~sT{�sqtz|

)( 
„†•z|qo~ƒª•»º�ƒqpu•�n7¼En…•�|�puƒq¼z•�ƒ�—…pu˜_ƒupu•:ƒ~—$y pªn…«�˜u•�ƒ ½ ¾?¿

À

Œ ‚Rn7{zy�ƒqt€tz«~s_‚T{Eƒ~„…n†{ x�y�•�‡@} ½

10 Á

½

)(
}mt�|u«�n$n�’ªp~ƒq¼z• s�n†pu—…sT¼�n7{En$„�ÂT’~{zy ¼�n…—uo~y�±&{�sut�Œ

Ã

��,�Ä��D8+!:��� ��, F�0<8���§��:,�/

*

§���0 �:8�0DC\,�
�
3ÅÆ, ������Å R1 , R2,  R3
0�Ç<8������E;È�

����0DÉ@�E������/B2 F@0D��0�Ç�2��

*

F���0<���:8���;»=?2�/B2@�E�

*

� §��9�E�9
@0�� �<2

*

� � 8�,����D;>=?23A F����:�<2�8���A

/&��8�!��92@F�8+234(���92���
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I��A%���5�6M���Q/-�"�
��%�{���$&%M�"�
	G��5
I�����	��
����	��-$'�����

di*=2 di ,      (i=0,1,2, ¼),                                       (17)
Di*=2 Di ,     (i=0,1,2, ¼),                                       (18)
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'/(+*�, -

&�.

Ta
01,

&

,32546,3798:7<;=-?>

R4

-5 0.0902 (=33d) (u9=34) 0.1803
-4 0.1459 (=53d) (u10=55) 0.2918
-3 0.2361 (=86d) (u11=89) T @ 0.4721
-2 0.3820 (=140d) (u12=144) 0.7639 1
-1 0.6180 (=226d) (u13=233) T A

1.2361 1
0 1.0000(=365d) 1

(u14=377)
T �

2.0000 2

1 1.6180 1 3.2361 3
2 2.6180 3 5.2361 5
3 4.2361 4 TA 8.4721 8

4 6.8541 7 13.7082 13
5 11.0901 11 T B

B

22.1803 21 2 T B

B

C

-�D3,�-	2E46,37=837<;F-�>

R5

6 17.9443 18 35.8885 34
7 29.0344 29 T G 58.0689 55
8 46.9787 47 93.9574 89
9 76.0131 76 TÓÓ

HJI

7 K K�(=L?M
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N O

>:-	2E46,38:7<;F-�>

R6
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