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� ���Mǈ̦ȏϯŪį̙��ƶȏ�Ē̸£ǝh�ちバ��nM# ̦ȏƣ�̀
セx ��~∼kͅȰǈℎ9���ϯŪį̙�±ǃ£Mȍɷˣ?@?MɃɷˣA?@�vM
あ̸řʏΨ+,+C j�Ψ.+,C ��ϯŪ£ǝhM«Ëæ±pƾテ˸£{ | )+,+C M).+,C �
x�kt��MÒ¬Çê�̦ȏ�˄ǂǻハ£つxʨ̸ÍÛæÇÊ¦êD+,E�vM
̦ȏ�ʶąŃホω.+,,+,+£つxk�
� ÒªæÛ�ğƕˏ���



� 
,�

ω.+,,+,+ =
2π
ℏ
J〈Ψ.+,

C |D+,E|Ψ+,+
C 〉J

N
δP).+,

C − )+,+
C − ℎ9Q� � � � (3.3)�

rr�MD+,E£Ɨ˟̜�Ʋ���k̦Ȥɲ∝�e�ȮϦRM̦ĬS T⁄ £Ƞ�Ĭ̦
ムȏ�M̦ɲVMȤɲW�Ƶ�èpçêÄリ£ȼp���MĒ̸ろ̙Ȩ��

RẌ =
S
T
(V − Ẋ × W)� � � � � � � � � � � � � (3.4)�

�ニh� �krr�Mº®äpÙÅê¸ßæ\�Õ²ÇæÙÅê¸ßæ]£̺
ͅx��やプ�e�k�

V = −grad\ −
∂]
∂c
lW = rot]� � � � � � � � � � (3.5)�

r ��Mä³äê¹¦ê��

g(X, Ẋ)wR
2
ẊN +

S
T
Ẋ ∙ ] −

S
T
\� � � � � � � � � � (3.6)�

�ニh� �k�
� Ȣ�MȨ�)�,  �ä³äê¹¦êj�ÍÛæÇÊ¦ê£̺nk̔Ű��MĊご
Ĥt }Ē̸Ϧ��

j =
∂g
∂Ẋ

= RẊ +
S
T
]� � � � � � � � � � � (3.7)�

���kr j�ÍÛæÇÊ¦ê��

Dl(X, j) = Ẋ ∙ j − g� � � � � � � � � � � � � � � � �

= Ẋ ∙ mRẊ +
S
T
]n − m

R
2
ẊN +

S
T
Ẋ ∙ ] −

S
T
\n � � �

=
R
2
ẊN +

S
T
\� � � � � � � $$� � � � � � � �

=
1
2R

mj −
S
T
]n

N
+
S
T
\� � � � � � � � (3.8)�

���r�k¢j�k�
� ƶȏ�ǻ�ɁŤÙÅê¸ßæp](X)£ǝモvMǆŐřƛ[], j] = ?ℏs ∙ ]£ハ~∼
��Ȩ�)�.  ��

D(X, j) =
jN

2R
−

S
2RT

(] ∙ j + j ∙ ]) +
SN

2RTN
]N +

S
T
\ + p](X)�

=
jN

2R
−

S
2RT

(2] ∙ j − ?ℏs ∙ ]) +
SN

2RTN
]N +

S
T
\ + p](X)$$$$$$$(3.9)�

�むƟ�l�kȯǷMȯƴ�Ȉハv�~∼�ͅȰǈ�Õ²ÇæÙÅê¸ßæ�Ɇぶ



� 
-‑�

ɞt~∼���]NǠ�クțx�kt��Mƶȏº´pæ��Ɇぶ̌~∼あ̌�ǈ�
i~∼�M̦Ȥɲ�ÿ˻�Ā˘v�~∼�����z�}�Ms ∙ ]w0���k{�
ƫīÍÛæÇÊ¦ê�)�/  ��

D(X, j) =
jN

2R
+ p](X) −

S
RT

] ∙ j$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$(3.10)�

�つt �k�
ƾ˟∝�ɁŤ̜�ƣ�ip�ÍÛæÇÊ¦êDu = jN 2R⁄ + p](X)�ˠv��

D+,E = −
S
RT

] ∙ j$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$� $$$$$$$$$$$$$$$$(3.11)�

�ʨ̸Ǡ�v�̷nk�
� �}Mクʨ̸ƣ�ip�ÿ˻X�řx�Í¨½êÕæ²ろ̙Ȩ��

Ẋ =
1
?ℏ
[X,Du] =

j
R
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$� $$$$$$(3.12)�

�e�kr £ハ~∼þģ�ƥȄ£x�k�
〈Ψ.+,

C |] ∙ j|Ψ+,+
C 〉 ∝ 〈Ψ.+,

C |w ∙ [X ∙ Du]|Ψ+,+
C 〉 = 〈Ψ.+,

C |w ∙ X|Ψ+,+
C 〉P)+,+ − ).+,Q

∝ 〈Ψ.+,
C |w ∙ X|Ψ+,+

C 〉�
���MʶąŃホ�)�)  ��

ω.+,,+,+ =
2π
ℏ
J〈Ψ.+,

C |w ∙ X|Ψ+,+
C 〉J

N
δP).+,

C − )+,+
C − ℎ9Q$$$$$$$$$$$$(3.13)�

�
�つz�k�
�

m̀ʹƔȟ�
�

� Ȯ∝��̦ȏŘ�²pèêげきk̷~∼�i�M̦ ȏ�ǂ~∼�せpe~∼�k�
Ē̸v�~∼�kŔˮ�}�M{ | �̦ȏk˛�̦ȏj�ȼp�˄ǂǻハ£ぺ
Ɠv}ɲ�∝�Ē̸v�~∼��ǝh��Ċ̦ȏƔȟ  k�
� ȍɷˣ�Ƀɷˣ�あ̸řʏ£x − 1̦ȏƣ�ǈ̦ȏ�ぶベx�k�

Ψ+,+
C = yϕ+,+

{ Ψ+,+
C|}$� � � � � � � � � � � � � � � � (3.14)�

Ψ.+,
C = yϕ.+,

~�ÄÅΨ.+,
C|}$� � � � � � � � � � � � � � � � (3.15)�

rr�Mȍɷˣ?@?�ϕ+,+
{ �ϯŪ±�ip�あʏ{£Ƞ�}ǈ̦ȏ�あ̸řʏk

Ψ+,+
C|}�Ȇt }̦ȏ�あ̸řʏk̹ ノ�ɃɷˣA?@�ϕ.+,

~�ÄÅ�Ē̸«Ëæ±p)*+,



� 
.�

£Ƞ�}ǈ̦ȏ�あ̸řʏk�y�ʺあ̸řʏ£げˠɨĤx�ęȄȏ  �
� r��g�Ɣȟ�̀ʹƔȟ�ƽ� MϯŪt }̦ȏ�＊ǲ�ɤhMƣ�ˠx
�テǋÙÅê¸ßæ�でΓ˖�むĤx����ĥ̔v�~∼�kr �£ハ~∼�M
ʶąŃホ�)�)  £ŨɎx�k�

〈Ψ.+,
C |D+,E|Ψ+,+

C 〉 = 〈ϕ.+,
~�ÄÅ|D+,E|ϕ+,+

{ 〉ÇΨ.+,
C|}JΨ+,+

C|}É = Ñ.+,,+,+
{ ÇΨ.+,

C|}JΨ+,+
C|}É� (3.16)�

PÑ.+,,+,+
{ ≡ 〈Ψ.+,

C |D+,E|Ψ+,+
C 〉Q�

m=[[?<NZB �̔ϖ�

�
� ǈ̦ȏkϯŪx��lMϯŪ±ǃ�x − 1̦ȏƣ��Ċʦēƍ£ŵ�t�~∼�
��x��Mx − 1̦ȏƣ�ɉ��（ぶ��

ÇΨ.+,
C|}JΨ+,+

C|}É = 1$� � � � � � � � � � � � � � � � (3.17)�

���MʶąǞϴ�Ċ̦ȏǞϴ�����k�
� �}Mȍɷˣ�Ƀɷˣ�«Ëæ±p£x − 1̦ȏƣ�ǈ̦ȏ�ぶベx�k�

)+,+
C = )+,+

C|} − )<$� � � � � � � � � � � � � � � � (3.18)�

).+,
C = ).+,

C|} + )*+,$� � � � � � � � � � � � � � � � (3.19)�

� ϯŪ±ǃ�x − 1̦ȏƣ��Ċʦēƍ£ŵ�t�~∼¢p~j�Mȍɷˣ�Ƀɷ
ˣ�ip�«Ëæ±p�řƛ�).+,C|} = )+,+

C|}���k«Ëæ±pゆ˘ˏ£ハ~∼�
むƟx���

)Ü
* = −)*+, + ℎ9 = −á{$� � � � � � � � � � � � � � (3.20)�

���k���MƫǤ«Ëæ±p�ˮ� 5X[PU ̦ȏ�«Ëæ±p�ニh� �
r�k¢j�kr £=[[?<NZB �̔ϖ�~∼gk�
�

mǈ̦ȏºÖ²ÇæƆ̩�
�

� ±Ǡ��MϯŪ±ǃ��x − 1̦ȏƣ�ɷˣ�む¢��~∼�~∼gĥ̔�ģ�
=[[?<NZB �̔ϖ£̺Ɍv}kvjvMȯǷ�ƣ��̦ȏ˄řk˘ǸvMr £
ǝモv�p ����~∼kǈ̦ȏkϯŪv}ǃMx − 1̦ȏƣ��ʘǐkʚw�k
̦ȏ˄řk̷n�Mr�ʘǐ£ȵЅx�}��̦ȏ�ǳうϴkʚwMƣʺ˟�«
Ëæ±p£Ʒɟtz�ろǎ�̸nkrr��M{�ǳうϴ£àϯŪɷˣ�ƽ�r



� 
/�

��vM{�あ̸řʏΨ.+,,âC|}£M{�«Ëæ±pƾテ˸£)âC|}�つxkx��M
ʶąǞϴバʼ�)�
,  ��

〈Ψ.+,
C |D+,E|Ψ+,+

C 〉 = Ñ.+,,+,+
{ äTâ

â

� PTâ = ÇΨ.+,,â
C|}JΨ+,+

C|}ÉQ$� � � � � � (3.21)�

rr�M|Tâ|N�Ċ̦ȏkx̦ȏƣ�ȍɷˣj�ɤhM{ ����ʚw}x − 1
̦ȏƣkǳうϴx�r����àϯŪɷˣΨ.+,,âC|}�ʶąx�Ńホ£つxk�
� ���Mあʏ{M«Ëæ±p)*+,�ǈ̦ȏºÖ²ÇæƆ̩�ω.+,,+,+£ハ~∼��

ã({, )*+,) = ä ω.+,,+,+
A?@,?@?

∝ ä JÑ.+,,+,+
{ J

2

.+,,+,+

ä|Tà|2
à

δP)*+, + )àC|} − )+,+
C − ℎ9Q$� � (3.22)�

�ニh� �k�}M̦ȏ�˜˟ǋī£ǝモv�MàϯŪɷˣ�ř¢�y|Tâ|N ≠
0���kǈ̦ȏれɌ�řx� 
ムȏɷˣ:ARRZ řʏ£Ȣ��g�̔Űx�k�

ç({, é) =ä
J〈ΨA?@,à

x−1|T{|Ψ?@?
x 〉J

N

é − )à
x−1 + )?@?

x + ?0+
� � � � � � � � (3.23)

â

�

T{�あʏ{M«Ëæ±pé�̦ȏ�ɤサęȄȏ�e�kr ��M
ムȏºÖ²Ç
æřʏè({, é) = (1 π⁄ )ãRç({, é)��

è({,é) =äJ〈Ψ.+,,â
C|}|T{|Ψ+,+C 〉J

2δPé − )âC|} + )+,+C Q
à

� � � � (3.24)�

�つz�k�}Mr� 
ムȏºÖ²Çæřʏ£��~∼�（ぶv}���

x(é) ≡ ê
ë{
(2π)í

è({, é) � � � � � � � � � � � � (3.25)�

£�
 ムȏ  ɷˣキ̩�~∼gkǩMω = )*+, − ℎ9�e�MTâ = 〈Ψ.+,,â
C|}|T{|Ψ+,+

C 〉�ɗ
p���MȨ�)�((  �ǈ̦ȏƆ̩�]({, é)£ハ~∼��

ã({, é) = ã({, 9, ])è({,é)A(é)� � � � � � � � (3.26)�
���Mɷˣキ̩£̽�r�k�l�kr��g�Ɔ̩£:ARRZ řʏ�つx�M
ń̩ぶĴǈ̦ȏぶǈ���Ȩ�)�(  �ºÖ²Çæřʏ£Mń̩（ぶǈ̦ȏぶǈ�
��Ȩ�)�(+  �ɷˣキ̩£̽�k�
�

mºÖ²Çæřʏ�ɑムȏづˊ�
�
� ̦ȏ�Ò¬Ìê˄ǂǻハ�̦ȏ�̦ȏ˄ǂǻハ����ʚw� 
 ̦ȏ«Ëæ±
p�むĤぶ�v�Ȧǀ«Ëæ±pΣ({,é)�~∼gͿʼʏ�ϖϦ£̺ͅx�kr
�Ȧǀ«Ëæ±p£ハ~∼� 
 ムȏ :ARRZ řʏç({,é)£つv}��£ 7eB[Z ろ
̙Ȩ�ƽ�M¸ê³æÎêÈ�ɲǤ�



� (	�

ç({,é) =
1

é − á{ − Σ({, é)
� � � � � � � � � � � � � (3.27)�

�つt �kr ���M
ムȏºÖ²Çæřʏr)�(s��

è({, é) = −
1
π
Imç({,é)�

= −
1
π

ImΣ({, é)
[é − á{ − ReΣ({, é)]N + [ImΣ({,é)]N

� � � � � � � (3.28)�

�ɗnr�k�l�kr �>[ARZCf ぶにƞ�řʏ�e�MºÖ²Çæ�Ñp²
ÿ˻��

é = á{ + ReΣ({, é)� � � � � � � � � � � � � � (3.29)�
�ニh� �k���ReΣ({, é)~pÑp²ÿ˻k¸ÒÇx�kr �ɑムȏÑ
p²�ƽ� �k�}MImΣ({, é)�˄ǂǻハ���ϯŪt }̦ȏkテƻ�Ƚ
ケ£Ƞ�r����MÑp²�ͼ£ニh�~∼�kx�¢�M̦ ȏ˄ř�ǋīkÑ
p²�«Ëæ±p¸ÒÇ�Ƚケͼ�ƙǧ� �~∼�kĊご̜��Ȧǀ«Ëæ±
p�ƥȄ£Ǟgr��Mǈ̦ȏºÖ²Çæ£Ĵʢx�r�k�l�k�
� Σ({,é)�7eB[Z ろ̙Ȩr)�(-‑s��:ARRZ řʏç({, é)£ハ~∼�Σ({,é) = é −

á{ − ç|}({, é)�ɗpMčīペ£ォ}vMȦǀ«Ëæ±p�ȯは�ſは�ˠv�
��}²äÚpº²èpÊÃÐ�řƛȨ�

ReΣ({, é) = −
1
ò
ℊê ëéö

ImΣ({, éö)

é − éö

õ

|õ
� � � � � � � � � � � (3.30)�

ImΣ({, é) =
1
ò
ℊê ëéö

ReΣ({, éö)

é − éö

õ

|õ
� � � � � � � � � � � � (3.31)�

kʕ�ボ�k�
� �}M˄ǂǻハ�ǋī£Ȧǀ«Ëæ±p�ͅ ��Mè({, é)�ɑムȏÑp²
�Ǡ�˛�M9RA<V ɑÿj�ベ }ÿ˻�ÓèpÈ�Ñp²���Ǡkƹ �k
r £¶Åä¨Ç�~∼~∼Mȯƴ��̽� �¶Åä¨Ç�˘Ǹ�̦ȏ˄ř�ǋ
īkɉバ�e�r�£ȥxkè({, é)�ɑムȏÑp²�Ǡ�µÐpçêÇはぶ
rP[URARZC�?NACsM¶Åä¨Ç£つxǠ�¨êµÐpçêÇはぶrVZP[URARZC�?NACs
�ƽ� �k�
� ˄ǂǻハke�ɲǤMɑムȏÎêÈ�˄ǂǻハk�~∼ɲǤrʊ)�(�N  s�す�M
9RA<V ɑÿ£∝ɿ�ÎêÈぶȃ�ͼkú{(< 1)͒�Ƌn��rʊ )�(�O  skr �M
˄ǂǻハ�ǋīk̦ȏ�ƙǧ� MテǋȮϦR∗kú{͒����~∼�r�£ȥx
r���M9RA<V ˔̩9>k≪n��MÎêÈ�Ɯlkɞtn��skr�ú{�ƙ



� (
�

ǧ�čȏrARZ[A<NXVfNCV[Z�SNPC[As�ƽ� M�

ú{ = ü1 −
∂ReΣ({, é)

∂é
†
°¢£{

∗
§

|}

� � � � � � � � � � � � � (3.32)�

�̔Űt �krr�Má{∗�Ȩr3.27s�ƒ�e�MΣ({, é)�̎ʴé − á{�ǆ̣
�v�Ÿ��kr�ú{£ハ~∼�Mç({, é)�è({,é)�Ȣ��g�µÐpçêÇは
ぶ�¨êµÐpçêÇはぶ�ぶp� �n�

ç({, é) =
ú{

é − á{
∗ − ?Γ{

+ ç¶ß®©™´¨´ß≠� � � � � � � � � � � � � � � (3.33)�

è({,é) =
ú{
ò

Γ{
(é − á{

∗)N + Γ{
N + è¶ß®©™´¨´ß≠� � � � � � � � � � � � (3.34)�

á{
∗ = ú{[á{ + ReΣ({,é)]lΓ{ = ú{|ImΣ({, é)|�

ʊ )�(�O  �ºÖ²Çæřʏ�i~∼�MµÐpçêÇʕぶ�˘Ǹ�ɑムȏkテ
ƻ�Ƚケ£Ƞ�Mɑムȏづˊkʕ�ボ��~∼�r�£ȥv�~∼�k�}r��l
ɑムȏ�あʏÕ²Çæ�e�{kョ~∼Ϧȏʏ���kÞÃÇʭĚ˟�i~∼�̦ȏ
kƐǸx�ɷˣ�¨êµÐpçêÇはぶkツ々�¨êµÐpçêÇɷˣ�つt
 �kĊろ�Ąɳƕ˕�i~∼�̦ȏkΎϳɷˣ�e�ɲǤ�µÐpçêÇはぶ
kツ々�µÐpçêÇɷˣkɌƹx�k̾�ÞÃÇƕ˕ʭĚ˟̢ą£ 89Ɣを�
Ŗ˓x�Ƿ�Ʋƒ��Ȓっ���k�
ʊ )�(�P  �ȯǷ�ɑムȏぶȃ�Ŗ˓ワ£ȥxkĊ̔�ƫǤ«Ëæ±p�ip

�あʏろǎ�Ɔ̩ぶに£"[<RZCa<�7VBCAVOaCV[Z�6aAbR�0�"76MĊ̔あʏ�i
p�ƫǤ«Ëæ±pろǎ�Ɔ̩ぶに£8ZRATe�7VBCAVOaCV[Z�6aAbR�0�876���k�
�
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ʊ3.3 (a):ǈ̦ȏれɌk(b)Ē̸Ϧ�ゆ˘k 

 

ń̩ぶĴǈ̦ȏぶǈ��̦ȏ�Ē̸«Ëæ±pÆØ∞±MĒ̸Ϧ�ろǎ≤�\£け
Ź̦ȏ¦Éä¨·p£ハ~∼�Ŗ˓x�rʊ3.3(a)sk 

� ̦ȏkƫɢj�ʃƘ∝�ˬɌx�Ƿ�Ē̸Ϧ�ƫɢつザぺǞʕぶkゆ˘t 
���ˠvMʋ̎ʕぶ�ȇȞřʏ�}�ĊはkȬ¢ �rʊ3.3 (b)skϯŪǈ�
Ē̸Ϧ�Óåæ¦ê¿pê�す�クț�l���ɞt~∼}� 

≥ = Ø + ¥                              (3.35) 
�řƛkʕボx�k≥MØ�ƫɢ∝�̦ȏ�ȍɷˣŵ�Ƀɷˣ�あʏÕ²ÇæM
¥ = P2@"ò µ⁄ , 2@#ò ∂⁄ , 2@%ò T⁄ Q�͆Ă�ųŁȏÕ²Çæ£つxkʃƘ∝�̦ȏ
�Ē̸Ϧ£∑�ɗn�� � � � � � � � � � � � �  
� � � � � � � � � � � � � � ∑∥ ℏ⁄ = ≥∥ + ¥∥� � � � � � � � � � � � � � � � � � (3.36) 
�e�kǈ̦ȏ�あʏÕ²ÇæØ = ∑ ℏ⁄ = Pπ", π#Q� 

π" = ∫
2RlÆØ∞±

ℏN
ª
} N⁄

cos\sin≤, π# = ∫
2RlÆØ∞±

ℏN
ª
} N⁄

sin\� � � � � � � (3.37) 

�ɗpM˓ ̔ĩ͌�あʏラĉk ���ϯŪǈ«Ëæ±p�Ā˘x�r�kぶ
j�kĊȢƵŵ�̓ȢƵȮ��ƫɢつザ�ʋ̎�ʕぶ�あʏぶȃ£クț�l
�}�Mǈ̦ȏ�Ē̸Ϧℏ≥�つザ�ぺǞ�ʕぶℏØ∥ = ℏ≥∥ |j�ÎêÈぶȃ£ƪ
̔�l�k 
ń̩（ぶǈ̦ȏぶǈ��Ȩ(3.25)�ȥv}２�MºÖ²Çæřʏ£あʏƘŘ�

（ぶv}ɷˣキ̩kŖ˓t �k 
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� EA(DaA�Îæ²� DaA,がザ˟�ĵ̢���ǚˌ�Ͻ���~∼kĊろ�{�
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ˠv�ʩ�もt M）̣ʴはぶ��g�ʩ�もvÎêÈ£Ɵʕv�~∼�k}~M
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Mk{�}�つザ�i~∼�ȤŦネ�m£�w��v}Ø¿ê� 89Ɣを
�̦ȏ��®ÃÔåê³£ÎêÈ�°ê²ǚˌ�v� 4DB8E �̊��ちバk
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イƱź��M̋Ǣ«Ëæ±pぶĴ͌ -‑RH çp·p4DB8E £ハ~∼� EA(DaAつ
ザ�̦ȏ�̒«Ëæ±pÞpÈ��®ÃÔåê³£Ŗ˓vMh.<RH ŵ�
h
+<RH �°ê²kきƲt }kh
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�ɲǤ����g�°ê²ǚˌ£Ɵʕx�j��~∼�ȥxL)/Mkʊ
+�(�N
hN)  ��O
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̜�Ń͇t �~∼�r�£ɪĲv}k�}M±ɩ�ʮǞƱź��Mつザ��Îæ
²�¾ÒÇĤv}í)Ò¬Ìêk̪ƫv DaA,がザ˟�ザ́ĵ̢£くgŁȏϽ�
£ʚwtz�r�£ȥv}kM̹Ʊź�i~∼�˧ĊƶϖƥȄ�つザ�ƆȤʔk
ˋƆt ��~∼gr�kるǥt �~∼�L,Mkʊ +�, �ĊごǌうƔȟΙ����M
つザŵ�Îæ²�ƫɢǚˌ�ü̔Ĥ«Ëæ±p£˧ĊƶϖƥȄv}ƫī�e�k
ģʊ∝�� DaA, がザ˟�ĵ̢ń�むĤx�MÎæ²�ͧȤʔ�ƆȤʔ�ɲǤ
�ü̔Ĥ«Ëæ±p�ĨhMつザ�ͧȤʔMƆȤʔŵ�げƆȤʔ�ɲǤ�ü̔Ĥ
«Ëæ±pkȥt �~∼�k>887ÏÀpêj�Ʋ（�� }つザ�DaA,がザ
˟�ĵ̢ńh/zƔを�Ǵü̔�����つザ�ƆȤʔ˿əkʚ� �ɲǤ�e
�kĨh�MͧȤʔ�ƆȤʔ�ü̔Ĥ«Ëæ±p�ǰkÎæ²��h<RH̙̩
�e�kĊろ�Mつザ��h+	<RH ̙̩�e�}�Mつザ��Îæ²���Ɔ
Ȥʔkü̔Ĥx�kつザ�DaA,がザ˟�ĵ̢ń�MÎæ²���ƆȤʔkü̔
Ĥx�r�j�Mつザ�ƆȤʔ˿əkɌƹx�r�kドƲt �~∼�kĊろ�M
ƆȤʔ˿əke�ɲǤ�MÎêÈ�ǳǚʕkŪr��y�e�kMįŻ�4DB8E
˓̔��Ŗ˓t �~∼�~∼L.Mkǚˌ�ĵ̢�ȤŦ�でü̔ʔkiǂ~∼Ƅ̊vǤ
gr�kȥǮt �~∼�k 
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̾�MDaA,がザ˟�ザ́ĵ̢£く�}つザ�ϖ˂̜�Ɣ~∼ɷƊ��Mɒʍ�

Îæ²���ÒªæÛɑÿɰ�ɷˣキ̩kǢ��r�� dxy ū̻デピ�ðÎê



� +
�

È�i~∼�ƆȤʔkǢ��r�k˧ĊƶϖƥȄ�ʮǞƱź�るǥt �i�þ
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dxyū̻�ÎêÈͼkɊɞvMvHS k EF���Ɣ�nr�� DOS(ɷˣキ̩)k
ˋ˦x�kr � Qef�Qfd ū̻kĵ̢�ēƍ£˦lnȼp�~∼�~∼��ˠɧ�e
�k�}Mr�Ʊź��>74ƥȄj�̺j �MĒ̸Ϧ�Ā˘x�ºÇÉpč
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£Ėh��ƆȤʔ˿əkきʚx�k  L)Mk
r�ºÇÉpčȏ�ϖϺ£ハ~∼�Mつザ� dxyū̻デピ�ðÎêÈ�ƆȤʔkˋ
Ɔt �r�kȥǮt �~∼�k�
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デピ�Îæ²�ïÎêÈh	<RH�h-‑	<RHMq(
デピ�つザ�ïÎêÈ�h	<RHMq)デピ�Îæ²�ðÎêÈ�h
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ê²kŖ˓t �~∼�kh	<RH�h-‑	<RH�°ê²�įŻ�4DB8E�ʮ�
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EA(DaA�ï�ðÎêÈ�れȰǈ4DB8E ˊk�P  �N�O  � 4DB8E ˊ�"76j�ƪ̔v
}ïŵ�ðÎêÈぶȃkダċ�°ê²kȥt �~∼�k�Q  �P  ∝�ðÎêÈ£ダċ�«
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kȥt �~∼�kL
	M�
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�N  � �O  �

�P  �

ʊ +�/�N  ÒªæÛ«Ëæ±p�ip�CB< ÚÃÔkダċ�̿ボ�ȃブÕ²Çæ£ȥv
�e�k�O  �EA(DaA �Îæ²� ) ��îMïMðÎêÈ�ÒªæÛ«Ëæ±p�Ɔ
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ˌk°ê²�«Ëæ±p£Ǧダċ�ȥxkL,M 
�



� ++�

ū̻ÎêÈ�ÞpÈ®ÃÔåê³�ʺ˟ˊ£Ŗ˓x��� 4DB8E �̎ʧƪ̔
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ʔƱʅƱźȭ�4DB8Eˇ˻£ハ~∼�ȯȔv}kȜュ�Ͽĺŵ�˓̔�h+=�
Ǟ�}k˓̔ʃƘ� )× 10|}}torrþģ�˓̔ぶĴ͌� Q82h
�)<RH �Ǟ�}k�
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ɃɷˣÎêÈk�~∼}��e��ǝh� �k�
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イƱź�̯Ɓ˦Ň˦ŇĐ：ラĉʾʕĪŇƱźĪȮƣ「ǗʅƱźȭ����Ǟ
¢ �v}k�
� ʅɹƈȾ��MʐĸǴʮ˳�Œƅ£ニh�~∼}~~∼}r��ŏȴv�i��
xk�}˜n�れȰǈȔʪ��ȯƴ�MϖŇĳ�ȁĨx�ťĳ£~∼}~l�
v}k�}Ňĳ̱�きつɑぞ�MイƱź£�����e}�sȒ̺~∼}~~∼}
r��ŏȴv�xke�k�gsu~∼�xk�
� イϺ�，ǱČ£ギ��̍~∼}∝Ї˹ƈȾMЄƶɏϹƈȾMɺ˚˩ȊƈȾM
Ɣ̵ジɐƈȾ��ガɋ�Ș�Ϻ�ˠvũɉ�¦ÈÎ¨º£̍l�v}kʂn
ŏȴ˼v�xk�
� Ɓ̨˦Ň˦ŇĐϖŇƱźĪϖŇ「Ǘ±タƱźȭ�±タĕŬƈȾ�ŜȺ˦Ň
˦ŇĐǓŇƱźĪÒèêÅ§¦ǹュť͌ǓŇ「Ǘɣ」˭ǍƱźȭ�˭Ǎʗǡɘ
ƈ��MイƱź�˓̔�ハ~∼} EA(DaA£̘Ƃv�~∼}~l�v}kɅȯv}
˓̔Mƫīk̽� }��ȗ��ijq�e��xk�}±タƈȾ��ϖŇ
ĳȡ�MÆ§º®Ã¸ãêx�ťĳ£ニh�~∼}~lM˦むΐƆ����v
}ke�k�gsu~∼�xk�
� ʔƱźɖ∝ЇƱźȭ∝Ї˹ƈȾ��MイϺ�Ʊź�i~∼�MȜュ£̘Ƃ
v�~∼}~l�v}k{�Ƿ�ƱźȭÛpÅ§ê³�MÆ§º®Ã¸ãê�ȁ
Ĩtz�~∼}~~∼}r��MƆ˄ř̦ȏƣ�ザおt£˹�r�k�lMイƱź
��ʚjt }�ǝh�i��xke�k�gsu~∼�xk�
� ʔƱźɖƔ̵Ʊźȭ�Ɣ̵ジɐƈȾ��Mク˹�Ș�ϖŇʺご�˹ȩ£
̤Ⱦv�~∼}~l�v}kȯƴ�Š＝j�Ʊź£ʆ��~∼nɰ��Öpº�Ț
���M˜n£Ň�MイƱź�ɠĭtz�~∼}~l�v}ke�k�gsu~∼
�xk�
� ʔƱźɖĠǺƱźȭ�ĠǺǛȀ̾͆ɐƈȾ��M¼ÛÉp∝�˜n�sɘ
ƺ£~∼}~l�v}k̹wżȭ�e�}Ƿ��MȘk͂v~∼Ş£v�~∼��M
ぶj��xnƈh�̍~∼}r��˜nM˦むΐƆ����v}ke�k�gs
u~∼�xk�
� イƱźȭ�ʣ̥Ǟɩɘƈ��M¼ÛÉṕ�〜～¤�Æ§º®Ã¸ãê£v�
~∼}~l�v}k�}Ňĳ�∝Řきつ±��Mȗj�¦ÈÎ¨º£̍lʕ̌x
�r�k�l�v}kȘʚŌ�řv��sɘƺ£~∼}~l�v}ke�k�g
su~∼�xk�
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ʔƱźɖƔ̵ƱźȭǦ̥ɘƈ��M̉j�じ��ʇĊ͒Ʊź�ʃЈ�e�Ȏ
々�ŏコ£ȼpMȘ�ϯ�r�k�l�v}k̾�ȗ��ȯƴ£ƃ�Ǟgr�
k˜nMƱź��ÂpÜép²k~∼j�˦ʦ����e�j£Ň�r��l�
v}ke�k�gsu~∼�xk�
� ʔƱźɖū̻れȰʔƱźȔʪ�ダȣǈĊϹɘƈ��Mȯƴ�Ƿ�iʐϼ
����v}kȗ�ŭɍM˹ȩke�}ijq�ョ~∼˓̔£Ǟgr�k�l�
v}k�}ʆΔ��~∼��sɘƺ�~∼}~l�v}ke�k�gsu~∼�xk�
� イƱźȭA5�ɞʲƭ͔̓Ȍ��˗Ʊ̰ɕ�đ�ǯ�¢j��~∼ɷˣ�Ș�
ǈ̦ȏぶǈ�řx�«Ã¼êº£Ⱦp�~∼}~l�v}k{�ijq�˗ƏƱ
ź£クȞ�Ƀh�r�k�lM{ kǃ�イƱź�ʚjt �v}ke�k�
gsu~∼�xk�
� イƱźȭA5�∝ȂɅ˦ȗ��MǢǙȡ˥j��とlǤ~∼�~∼gr��e�M
̈́Ǩj�ǆマtz�~∼}~l�v}kΐƆ�ȯƴ�i~∼�ŦƮ��nへpM�}
̲h�n �ȗ��ŏȴvl �z¤kƱź£Ǟgɰ��Mȗ�ŝ̇��ͧɳ�
ēƍ£ȼp�~∼�v}ke�k�gsu~∼�xk�
� ĠǺƱźȭ�̾͆ƱźČϰズǣ͔Ȍ��Mď�ĳ�ʟ�〜～�ɰq�~∼}~
lMȘ�ͧɳ�ňvnįsz�v}k�}ȗ�Ŵ̈́�ʠv��~∼ƱźȎ々��
ȉƧ£ȼp�v}ke�k�gsu~∼�xk�
� イƱźȭ�̾͆ɘƈ˭́て͔͊Ȍ��M~∼��ͼǕ~∼¹ßêæ�ザお~∼ϼ£
v�~∼}~lMエ̈́kΐƆ�v}ke�k�gsu~∼�xk�
� イƱźȭ�̾͆ƱźČ6RQAVP�5NARVXXR ͔Ȍ��MれȰǈȔʪ̱�Ǟ�}ȡ�
Ȼカ�ϼ£v�k�ȯƴ£ɱ�ʦ�r�k�l�v}ke�k�gsu~∼�
xk�
� Ɣ̵Ʊźȭ�̾͆ƱźČǽズɏよ͔Ȍ��Mǩ�ʚŌ�ɝピ��~∼�ϼxr
��e�M˦むȁǝ����v}ke�k�gsu~∼�xk�
� イƱźȭ�ŭɍΒǭČび̫ɡȏȗ��M~∼��iĮȏ£Ƞ��l�~∼}~~∼
�M{ £、��~∼��lkǔz�v}ke�k�gsu~∼�xk�
� イƱźȭ̹Ť�ƵƫƝʈȗ��MョnƱź�˄˷�M�j�Ř�Ŵˑ£��
�v�v}k{v�r�Ϻ£ȫͭx��e}�ƃ�ő£j~∼�n }r�
�M･ʕ�Ț�}�~�ȑ~∼�xke�k�gsu~∼�xk�
イƱźȭ7(�ƉイʎǕȗ�"(�̨˾ɩǒȗMɣŚ˦ȿȗ��MĹ£Ďl

Γ �sし�Γ �Ǟ��~∼}~lMňv~∼ȡŘ£ǻ��~∼}~l�v}k�
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}ザお~∼ϼ£̘Ƃv�~∼~lMåÒçÃ¸á����v}ke�k�gsu~∼
�xk�
� Ɣ̵Ʊźȭ7
�Ѐ̔ˆȗ��M̹wˇ˻£ȈĝŘ�e�M̈́Ǩj�̂ョ
ntz���~∼�v}kƱź£Ǟgɰ��Mȗ�ϖŇ��Ǐšɿĝ〜～t£̎
���˜n�ȉƧ£ゼ~∼�v}ke�k�gsu~∼�xk�
� Ɣ̵Ʊźȭ7
�タǍャȗ��Mǃ͐�k�M�}�l�Ʊź�˞�ǧ�Ȏ
�ŏコ£ȼpMƱź�ϯ�����v}ke�k�gsu~∼�xk�
Ɣ̵Ʊźȭ"
�：ĈパĲȗ��MƱź�řx�ϼ�オı̱�řx�ϼ�ʂ

~∼�r¡��v}r��MƱźʚŌ�ňvnįsz�v}ke�k�gsu~∼
�xk�
Ɣ̵Ʊźȭ"
�Ǧ」Ŭばȗ��MϮʞ�ぶʢMつɴ�ŏɿv�~∼�v}k

Ș�ȗ��g�Ϯʞ�ぶʢリ£ʄ��p}~∼�ȑ~∼�xke�k�gsu~∼�
xk�
� ʔƱźɖĠǺƱźȭ"(�̬̌̑ȗ�"
�ɚħ̝ȗ��Mŝ̇��ȯƴ
£Ǟ��~∼�Ȏ々£ŏひvMȘ�ねpw�ŝ̇�r�k�l�v}k�}ȗ�
�（ƒʔ�Ǣt��Ǝjt MȘ�ȗ��Ʉ~∼MイϺ�űϺ�ʚjxr�k
�l�v}ke�k�gsu~∼�xk�
� イƱźȭずɗ�：Ёǔȏt¤��M̈́Ǩj�ƱźʚŌ£¶ÙpÇv�~∼}~
lM�}Ňĳ�れȰǈȔʪ�ǞnǷ�Ⱥ˖l��M˦むiʐϼ����v}k
e�k�gsu~∼�xk�
� イƱźȭずɗ�ƮȏΛȕt¤��MƱźʚŌ£¶ÙpÇv�~∼}~lMŏȴ
v�i��xk�
� ʔƱźɖMȮƣMͿǿϖǓ�A5�ろo�σʇMǃ͐��MȾƏ�ロ
ǟM¨ÕêÇ����ňv~∼ŇʚʚŌ£įsxr�k�lMɅȯv}ƱźʚŌ
£ˉ�r�k�l�v}ke�k�gsu~∼�xk�
�
Ǵǃ�MƱźʚŌ£ʄƔ�ȓh�n }ͷMらM)ʇ�ウ̖�ŏȴv�xk�

�


