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-�m ng� |�N í A � 6~ áî ï ð ~ Æz ~ ? m neH � ñ ò : ó W�

�

����68 9? ô � õ! 1-1 Gag? @ AB C D 67E F GpH w D F Gxá

��Ð 7Ipsurfactantx´ J K 8 9pbase fluidxW678 9�D AB F G� æ

Ïö < 6 D ÷ á ø D ÷ é � l ù ? ú D ? m n M W' ± ef g
 69� æ

Ì û 9gü � D áýáþ Æln�We68 9Ì ' � û c � ^ ? 67 � � g

� �3c 9? 8 -7g � 3
 6 û 9? M Ø ¡ 7W� |h i `.Ã S67

8 9? � � ¡ 7g Ä Å É � 6F Ï 	 � 678 9? ~ -1 � ge678 9

� 
 Ì � � o 8 9é  Áo 8 9W�
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����e678 9? � � � `î Ì ¨ � �   g % '�   � � ^ 67 M � y �

ç � F Gé � � � ç � F G V O ? � � � % . �   � Ì � � ^ 67 ç � F

G � ò g.k�Ð 7I? � ^ 67 ç � F Geî ì ? � � W678 9? �

  12 � k � � 2É gþ 3 � : 2á � � � � 2á � î Ù 2á � É U î Ù

2á¨ © � S 2Æ�  2gõ� 1-1 GaW�

�

����1930$ ! Elmore " Sw � # ó 2 � � k� k Ñ � $ ? % K < H w � D

68 9gÅ < �qî o < E 9b c � ? 67 � F Gú § & Ìg' N Á ( 6

D G) * W1969 $Å + � , © - © ª . v � � Papell �D 6÷ ´ ��Ð 7

I� ng / Å ä q} ? � 0 V � ç � 1 F gy � ��Ð 7I 2 è < 1 F �

�g� 671 F � P î ì < b Û�gV � 678 9W�

�

�����Q 3 ? v � k�g678 9? � � 4 4 5 Ã � 6 ? 7 § gÅ < 67

8 9�3c 9? `8 -7g � `A � É � 6F ? 	 � g 8 � k ² 4 % 9 N

8 ? � : gG.��S Ñ �Ê3( ; & < ? r � g = e�< 678 9A �

D E 6F ? é SNgGH � ? � ¡ M Ø � � gÊ > Ï > ( A ? �g�|�

��678 9A � D E 6F m nNG.H � ? @ �N O P Q Rg� Ì kX

678 9N `A £ ? � ¡ � �W�

�

678 9Ì ' ã A � Å Æ� ® � � G z B ? � � W678 9? « R �

S� NASA Ã S678 9G�3? 67´ 8 9� C z ¡ 7gé Ì Ð - D �

�¨ © E F � � gy�l�S < - © G ]- © H Ñ W�

�

67c 9�N Y 6F ^ _ é S�Ngl c d _ Ê l 3G» yge � �

¡ 7` � 67c 93 » 5 �S < F I � L �W�� Å 1�g6 J K � qr

� � � qr L M Ìk N O F ~ ? � � gG.` �   � � qr ê ë gõ� �

î G P Q ð R á � � P Q 5 S á T U 5 S 	g ç ^ 6 D � � à� ï S � �

? S � » p � V W X W67AB F GÊ`� V W Y 6 Z  Û9? ç � [ ^
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Y §gõ6 \ á6 \ � á67 Z ] 9	W�� � 1�g67 F GÊÁ�S

� ç � � á� ^ _ á� 0 O pN ½ ` D a x b c Á d � � �Q e » f ? 6 K

g U W67c 9�? AB 1 F ` g ± ¹ º h gyz `. i  Í 9 ! ® j �

9É g�� �� M ® � 1�g ã ä 5 �S < × � � M ® � k X ] ® ³´ µ

? �S Ñ gõ P l Ò Ó ³M ² m á n Ç o ³á� V W � K � ´ µ ? 3 » r

p » p á» Õ ® � m ü X ; I ? » � ´ 6 � ´ µ g.Æ q � 3 » 5 î u ¹

ºáDNA ] r � � M [ í 	1�3� �� ? S T 7W< � � � � 4 ´ � ®

k X V W �g æ Ê , 3< � § c 9 s -� " t à� § k 9� U V g u � �

c d î � `S T ' v í @ � { � z q � �� c d î w V W g�S < Õ x �

§ c 9î w ´ y ò �V W We678 9�? � 6 ö Å X 8 » �Ê z ; ' ±

z ~ Q { N K ~ | 
 ? ö = X 8 þ , �  g� |`SÏ� ^ y« ë 	� 

p ì � } ~ ? � � » p W678 9Ê`�é ' � � � Ig� � _ � < � '

P t qg678 9�N ¤�367g * � � _ b ? 8 9� l �l � sge

� � _ NÍ£g67c 9 � l ¤ ( ) 5 g��67? 8 9 � sgõ|? �

Q �Ng` É � ì � ? » �W�qr � L �½ ` �Ñ d Z 678 9g Ä Å

6F �l� � < û P ? 5 1g` � 67c 9Á� �Gæ � ? � ~ Ñ � � f

E ? � � W� É gÃ S67c 9�\ h 6F N` É � � � < qr � o ? »

�g`S < � 
 9H Å ? � � W�

�

����Q �   � � �68 9' ± �S � , �< � � D ß �pax - © v V ápbx

F I � � ÆpcxL E V W W< - © �g� A �z ~ � � m ng² 4 Ã Sö =

X 8 Gæ � � � ² 
 � L �23 » �Sg� |` � S678 9 � ! gy.

É � 6F � ! z ~ F H � X 8 » �W' ± ef g68 9�c d _ l i  É

� 6F �^ �e�  Ô � g� æ ¾ ? F I ë �` Ä Å � D ? 6F ^ _ gÏ

Ô � yc 7 » �g� e ( ã ä �S < F I � � We< L E 1�g�  � <

68 9`Ì É � 6F Gü ý e *  < L �g� Ê õ' ± 8 9 Ê , Y ë ü

�gÙ`3» î u L E W�

�� Þ î Õ x Ñ � 678 9� � � �SgÝ Ê � � X 678 9è 	 7�
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Þ î kÙ gY q� k� � �S É g678 9A 6F m nN�_ ` k�y w g

< [ � M Ø é � W � l ef g � Þ � � � � t W u eX 678 9k�� �

�g< 678 9�1960$ ! ( n� �  £g'E Ì � �Í � � ~ �z , �

�gl�X 6c d �k�y w à� � �� � l �'W-� � � $Ï � �<

'� � 678 9c d gA N Y o � 6F NgH � �k�o x yw Õ x @   g

y¡ !.N Y ½ ` ¢ £ Æ8 9 ô ngè 	 lk�o x y w W�

�

!!!!""""%%%% & ' ( )& ' ( )& ' ( )& ' ( ) ����

����

����678 9�6F é SN`H � r t O �� L M g é � i  6F é V

yá¤-áqr 	 N Y ~ -1 � W678 9�D E 6F .Æ\ h 6F é S

NgH � �k�N O P Q R`î Ì < � � o �paxr t o gÙI J K L M N

O P Q R�pbxu v o pLabyrinthinexN O P Q R�pcx� � ¨ � GH � � m

no pHybridxN O P Q R�pdx_ ` 	 O w Q RW�

�����

����' ± ef g`6w ´ @ 67c 9�k��6F é SNl 3N O P Q R

H � ge Ä  ��� ~ Æ z ~ ` � 67c 9 É � � ¥ O P �O x W�6F

é S�Ng67c 9¥ [H � N O P Q Rg67c 9? ¦ k6w � _ ´ 6

w ^ _ Æ 6^ _ È @ U 7¡  WRosensweig	� 6 �/ 0 �Ã S? ú `6

w � ^ 67 F G ? E 9b c pÙ67c 9xgÃ S© § ] %   � | _ ? ¨

<g Ä Å§X � � j / ¦ k6w p ? �X W�6F ¥ ¦ qg67c 9´ ©

§ �k�H � ; o x ? � L M põ!1-2Gaxg|� L M ÙÌ I J K L M N

O P Q R[1]gr sc �? 678 9È Q © � ? ª � o x g| � L M 3  �

_ O P 7gz r st « l ? } ¬ `  N O P � ® k�� ¦ k] s nØ � ï W�

�

����� B C 67c d �BCD E 6F NGH � ? N O P î � ¯ Å / 0 � �

Gï [2]põ!1-3Gaxg� Z 67c d î � �i � ´ Z [ ° ± � � 3'P ?

¡ ² 7W67c d ? ° ± î ê ³ P �400´1400 µmg µ ¶ /[c d � � ?
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N Y g`�67c d ? î � i � î Ì Ng < � � o �paxc d E \ � < 400�

µmg|o x � c d �Ò · 4 S T � O P �r t O � L M gec d ¸ ¹ � B

CV � s � º » Ì Ä ¼ S T �Q o R c d �pbxc d E \ @ < 500´1000�

µmg'= 3�Ò r t O � L M ÆÉ P Q o R c d ? H � g�|� o �N3

à × R c d ? H � ge u �Ò > z ? R c d > N O P �pcxc d E \ @ <

1100´1400�µmg3à× ? R c d î � H � g½ 1 R c d �9� ; Ã c d /

[ ° ± �� qGH � ? R c d , Ïï � ge R c d ? � � Ê  �Ò 9 ¸ ¹

· 4 y � �pdxc d E \ � < 1500�µmg ; Ã ° ± �� ? c d 3à N O P ?

Q Rge R c d �î � Ê�Ì ¾ ¿ áN © � W 

     

    �2007$gGollwitzer et al.[3]Ã SX T U V W � X 678 9��H � �

I J K L M N O P Q Rgy Ñ ± 3� í � 2 i j s678 9�� À Á g�

!1-4�� � � �ý Â Ô � ? 6F �g� Ì 6F ? N BCQ R� ï I J K L

M Q RÅY ë ¸ ¹ · 4 9 �Ò S � W 

 

����e� '� ! �7� �� Rither[4]	 � 6 g�� o ? J � Ñ Â ~ � §? 6

78 9g � 678 9 Ã 3�� �� Æ Ä _ ? ¢ £ ÏÕ x / 0 g� } � D E

6F y 	 � Ç � 6F ^ _ g¿ 6F L ý �� Y Å } 6F Ng�� o 68 9

@ �Npõ!1-5x`.� � 5 S Q ' Z N O P ? [ \ ] g � � � � � �G Æ

3S Q ? W 

�

����� �678 9GH � � u v o N O P Q R�1975$ ¯ 3k¥ Ç g

Romankiw et al.[5]i j 50´1000 µm� � ? 678 9´ N `a b c 9GV �

�c d �D E 6F ? é SN H � ? _ ` u v w Q Rpõ!1-6GaxW� � u

v w Q R� H � � Å < �678 9 ~ < 3 È É �� Ê �gÃ S È É Ñ 1 �

Ë '� Ê � ï 678 9A � < ¨ � Ê } pÙHele-Shaw Cellgõ!1-7xg} ³

D E 6F £g/ ¬ 9 Ñ S T �678 9� A � È É Ñ 1�� Ê F Ì �2 Í

Â h Ñ g r e9 \ h 1 h S T g� Ì _ ` u v w Q RW�
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����� $Ï� �u v o N O P Q R.À � 
 s|Q R�¡ ¢ ´ ¡  � WWen 

et al. Ã S67c 9´ b c d _ e f Â ~ < Hele-Shaw Cell�[6]g¥ ¦ 6F £

H � u v o N O P Q Rpõ!1-8GaxgyV � s � � ] 	 O w N O P k

�gÄ | Î 4 % � L » �? m nWu v o N O P Q R3¨ � � � ¡ ¢ �pax

`a b � u v o 	 O w Q R� Å6F H � �6Ï GV � �pbx% . R î � �

u v w Q R � � /- h Ñ S T ? 67c 9A � � Ê F Ì g Õ e 9 \ h 1 h

S T Wu v o 	 O w Q R? H � � , � A 6F ^ _ ]67c d £ ¤ ¥ _ G

m nWl�g% . R î � ? u v w Q R]c d £ ¤ ¥ _ 3� �� _ ? ¡ ² g

¡ ¢ ä _ ÐÌ £ ¤ ¥ _ h È U 7¡  g`û � ( )7 1 hλ ≈ ± ? ¡  � W�

�

����� �   G � � É g678 9. � � . L ? � L �6F N H � u v w Q

R � ? @ � Ï ¨ 7? [ > h á6c d = > 	 Ö × � 4 V � Ñ Ò _ ` ? i �

�'WDickstein et al. [7] 	 su v w Q RX < Z [ ¢ £ � �Ó  g� Ê� a

k © } �3 Ô � D ß ? 5 1Á � Ï � g � D ß u v w Q R? Õ Ö ¡ ¢ ��

Ö × Ï � Á§Õ × Ã 3Y 	�Á§W�

�

����Ø�u v o N O P Q RGÃ S�Hele-Shaw CellÑ � Ê ¤� g� 678

9Ä ¼ ; < `a b c 9�g¤ } ³ 'BCD E 6F g'¥ [c d ' È Q I

J K L M � r st g = e i  q} ? Ô � g|r st K D · 4 ´ `a b c

9 Ù ì m ng ¾ � 6~ Ë Ú �2 � ¥ z ~ ´ ��� ~ g� er st � _ i

q} Û Ë E � Ä ¼ Ü { `a b c 9> W�

�

����eÑ � 678 9GH � ? � ' � k�N O P Q RgÊ3' Z � ¡ �

�WChen et al.[8]�678 9´ `a b 8 9? / 0 �S Q r st ´ u v w Q

RY q ^ �? Q RW6F ¥ ¦ £g« ¬ Ý � 5 H � I J K L M r st g|

r st · 4 5 i  q} eÞ Þ ß à g� á � ¤_ ; { â P �`a b 8 9põ

!1-9xWI J K L M r st ? Ñ Y ´ Í ã ½ ä  Y qsQ u v o N O P Q R

? ¡ å � L ge|Q R � Å< `a b 8 9> É D �\ h 8 -G 5 Ã W�
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����678 9 � kA � D E 6F ? é S� É gA � \ h 6F � l H � 	 O

w Q Rge|Q R`�S < qr � o V W W| � o x � N O P Q RgÊ3

N Ì� ¡ � � WChen et al.[9]�/ 0 ���678 9= > d < � Ê Ñ g�6

78 9�> è Ë `a b � b Ûg¥ ¦ \ h 6F £` æ ¾ /-Ì � V ? 67

c d S T � Ì ç � ± � 	 O w Q Rpõ!1-10GaxW� � �è X N Y /[E

\ ? c d ÆN Y 6F ^ _ NGH � � 	 O w Q R Ý kî ï g Õ eS T s�

� R w �� Ô ä p � q} ? � î �< R 1W� É ' é � � � Î 4 k678

9´ N `a b c 9�\ h 6F NGH � ? 	 O w Q Rp!1-11xgMiranda[10]

Ã Ss t 12 i j �N Y c 9? c _ �Ng	 O w Q R? V O .Ælä _

î D ê l A l m nW��\ h 6F Ngk�? O P 7Æ	 O w Q R? Ô ä

ë �p!1-12x�� � 3� ¡ � � � 4 � gÅOliveira[11]	� 6 � �s�6F

^ _ Ô � qg	 O w ? � L l yï à� ¹ ä ge i j s? 	 O w Q RÈ Q

× ¸ V � U 5W 

 

� k� � W � ? 68 9N O P Q RÉ gÊ3Ö × ¡ < � o V W Æl ì

� W ? � ¡ � � WChen et al.[12].s t i j �qr ? � � Ng`a b c 9

�u Ò ~ ´ v w ~ X o x ´ y w H � z � m npõ!1-13xWLebedev et al.[13]

�67c d d { � Y | _ � @ 67c 9�gy } .qr 6F �£S Q g�

qr 6F 3 � � ? í ¨ qgX < qr ~ -�� c d l 3 z � ? m npõ!

1-14xWChen et al.[14]s t i j s � � qr `a b c d �Hele-Shaw�Cell�

A u Ò ~ ´ v w ~ �m ngeÈ Q s�� � � � 	 O w N O P Q Rgl �

�õ!1-15W.Ñ Ì 	 O w N O P < qr k�? � ¡ � �W�

�

����678 9 � kA � [ '6F l H � N O P Q RÉ gØ � 678 9Y q

A ¨ � 6F �m nÊl H � � '� V � ? N O P Q R[15]WRhodes et al.�

678 9 ~ < Hele-Shaw Cell�gY q } ³ D E 6F ÆÂ qè �qr 6F g

�678 9A D E 6F m nqH � u v w Q RgY q � A � qr 6F �m

ne� ï 678 9î ü î Ç H � kÂ q è 1h ? ï � põ!1-16xW|É gl
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ì � 6 Ã Ss t i j ? 1 � g� �678 9�N Y Korteweg� ~ NgA D

E 6F Æ � U 1 h 6F m nGH � �_ ` 7	 O w Q R[16]põ!1-17xW 

 

    Ä Å678 9�6F NGH � ? c d î � U V g`Ã S|1 � ÏÕ x

c d î ð Æy ò [17]p!1-18xWÑ ± X 678 9àÕ '0 ? kÙ gü � 8 -

7]N O P 7g` � 678 9�S�Ö × 1�g ñ õ � » �Æ� M ® � �

S	W�

�

� '1�g678 9�A 6F é S�Nl H � � � < ò Ï 8 9� Q

RWLanger	 � 6 Ä Å. L ò Ï Á§1� � Ý Ì c d ¸ kV O geGH � ?

	 O Q R´ � ~ yw 3 Ï � ? ¡ ² [17]W�ò Ï 8 9´ â P Q { �¸ k« ~

� t Ú < ��� ~ Æ J 3 � 8 ? 
 U GH � �6F ¨ 6 ó ô �� �ge�

|î ï 1�`Á´ ç 
 93G¡ ² [18]W 

 

    Ä Å N Y | _ ? 678 9 ë �Ê`� � � H � � � < 	 O w � N O P

Q RWPacitto	 � 6 � | _ �� ? 678 9´ | _ �� ? N `a b 8 9m

ng�¥ ¦ 6F £S Q i  6F ? Ô � g ] ä õ  Û Ë�ek�	 O w Q

R�� À � È 	 s Ô � [19]W�

�

!!!!""""**** �  �  �  �  + , -+ , -+ , -+ , - . /. /. /. / ����

����

����678 9�3c 9? `8 -7g � `A É � 6F Ï 	 � l ~ -i � g

� | ( 
 Ý � � o 8 9W � |� É 678 9? ; z á��� ~ á c d 7Æ

� � î <7	 ê l � É � 6F ? » ye3GN Y g� |�S ³ P ` $ � �

ã ä g � Þ î Õ x Ñ � 678 9��SgÝ Ê � � X 678 9è 	 7�Þ

î kÙ We�� Ö × ¡ < 678 9� � �g� D î � è X �� ? 67c 9

��� é � � ° ± ? 67c 9ÏÕ x ' Z � ¡ � �W = e678 9? �S

N ö ö ÷ � k� � á � � � & ´ � � ® � � 1�g-� �Ã S� B C �6
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c d g.À Ä Å67c d ´ N `a b c 9.Æ`a b c 9} � é SgÏÕ

' 0 à� kÙ 678 9�N `a b c 9]`a b c 9��~ - U V g � 6

78 9? �SÁàã ä à� � W�

�

����e� » Ï�S Ñ gõ�ÁO P 	 � 678 9? ~ -1 � g� `Ã S6

78 9�� *  ø Á K gÏÕ x k 9? î u Æ k X � é & ´ � � Õ x ³M

´ µ qgÃ S6F �c d î � Ì à � �R c d . Õ { � ù ú Õ x ´ µ �Ê

`�³M ´ 678 9 Ý � ng / Å6F é S � É A û D � g � ï ³M Ý à

n Ç �Ò Ó ´ µ g.Íb X @ A Á D � ? Ð é S�e� � � � ü ý � `æ

� @ � � � 	 � þ 	 � ¡ �SWØÁ�678 9à� � � w .Æà� Þ î

kÙ 678 9�6F é SN�M Ø Q Rg� l`�S�³ P �`Ù � ��W�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�



 10 

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

!1-1 678 9? @ AB C D 67E F GpH w D F Gxá��Ð 7I

psurfactantx´ J K 8 9pbase fluidx�

�

�

�

�

�

�

�

�



 11 

�

�

�

�

�

�

�

�

�

�

!1-2�I J K L M � L M �

�

�

�

�

�

�

�

�

�

�

�

�

�

�

!1-3�67c d �D E 6F N H � �Ò r t O � L M ÆÉ P Q o R c d [2]�

�

�



 12 

�

�

�

�

�

�

�

�

�

�

�

�

!1-4�Ã SX T U V W � X 678 9��H � � I J K L M N O P Q R[3]�
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curl 0H =  (2-1) 

div 0B =  (2-2) 

67 8 9� ?6w p U æ V W . N 1 � � � 

( )* 1
( ) ,S

H
M H M coth H

H H
γ

γ
 = −   

0
*

3

SM
χγ =  (2-3) 

e67 8 9É P � 6w Q R g� ` ï � Navier-Stokes equationÌ N g 1 � � � 

( ) z

u
u u ge

t
ρ τ ρ∂ + ⋅ ∇ − ∇ ⋅ = − ∂   (2-4) 

div 0u =  (2-5) 

τ Ì � ~ � § g` � a Ì � 

( ) 20

2
Tu u p H I H B

µτ η  = ∇ + ∇ − + + ⊗    (2-6) 

l� hyd mp p p= + g hydp Ì 8 9¬ « ~ e mp Ì 67 8 9� « ~ g` û � � 

( )0
0

H

mp M h dhµ= ∫  (2-7) 

>T¬�Ox� 0u ≡ g(2-4)�` » û Ì� 

0zp ge M Hρ µ∇ = − + ∇  (2-8) 

¨ k �� } É � � ¥ GH�?~` ÅYoung─Laplace equationÏ � a õN� 

n nτ σκ  =   (2-9) 

�(2-8)� � î y�{ (2-9)�` ï � .N ¡  �� 

( ) ( )20
0 0

0 2

H

gz M h dh M n p
µσ κ ρ µ+ = + ⋅ −∫  (2-10) 

�(2-10)� � g	 # X ¸ Ì� �� ~´89¬« ~g	 # Y ¸ � ¨ �Ì6Á
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qg67cd ¥[ r� Ú f � �V� ' � � L ?I J K L M NO P �L

Mgz| �L M��_� � ; Z [ E \ � ?cd GH�?�L M�gõ!

3-3(c)W�¡ ¢ 6F£gI J K L M �L MÊ i� ` agy 9 \ h 1 h Ù � g

õ!3-3(d)W�6F¤ _¥¦ qg�Ú f>�ÆÚ f>� ��67cd A D

E 6F� é S H��_�� ?�L Mgy¥[ H� ; E \ � ?cd à Ìm
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6F¡ ¢ £g� D î ?cd b K < Ú fc�Ñ1 g� Ú f´6789{ |

N` ab ? ¡ 7g
 ¾Ú f>Ñ1 ?6789�2 ¤ ´ Ú f>��678

9Þ î m n gõ!3-4(d)W�D E 6F¤ _é S <67cd qg� k�6F



 33 

� Ò GH�?I J K L M �L M� É gÉ P Ê H�k' � �_�� ? R c

d �L Mgõ!3-4(e)We; Ã /[ E \ �� ?cd ef g%. R ¥¦ 6F

GH�?� L �L M � � �× gyi u 6F� Ò ? ¬ u . � � >O� 1

�j g gõ!3-4(f)W 

 

    ÅÑ � < � ³ ñ ` .SQ6789�D E 6Fé S NglH�?I J

K L M �L M�_�� ´Z [ E \ 3'P ?�¡ 7g�6F¡ ¢ ¤ _¥¦

qg%. R GH�?� L �L M´l K � Ú fc�Ñ?6789× Ì Ê 3
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!3-6(a)W� 8� ± U � ô H�D E 6F£g67c9H�rtOy´Ú f

c� ½ ` g| q�� �� ~´6~� _ ¥ gulcd ' » r� Ú f � �g

å g ý Â 2D?q} gõ!3-6(b)W�6~é S �cd ? m n �± � �� ~

£g67cd ¥[ r� Ú fc�V� � L �NO P �L Mgy�6F Z Ö

?NB C QR
 ¾I J K L M �L M3 ¤ -�U Vgõ!3-6(c)W�6FI

J £g| NO P �L MÊ i�I J gõ!3-6(d)W¤ _�6F¥¦ £g` æ

¾ R cd ?H�gi 6~ U ?î o 
 ¾ K � Ú f � �?67893 · 4

h É h ¤ ? À Á gõ!3-6(e)W� Ú f � �Ñ?6789A D E 6Fé S

£gÊ H�NO P ?I J K L M �L Mgy· 4 h É h ¤ gõ!3-6(f)W 

 

    �cd E \ Ì900 µmqzD E 6F^ _Ì440 OeNg` æ ¾ 6789

´ Ú fc� ½ ` ? � U ��<�Y 6FE \ �� ?cd y ï ; �N � i g

�6F?Ô��6~ y �ge6789´ Ú f½ ` �H�N © �? � U g

õ!3-7(b)We , � B �` j k � l s H�I J K L M �L M?�_åÌ

1100µmgõ!3-7(c)W�6F¡ ¢ ¤ ¥¦ £gi Z [ E \ ?Ô�Æ6F^

_?Ô�g| q K � Ú f>� �?67893 · 4 y × ? À Á ge � Z 6

789Ê A D E 6F? m n eH�NO P �L Mgy¥[ � Ú f>Ñ1 3

à Ì¾ ¿ ÆN© �?~ -gõ!3-7(e)W 

 

    Ø cd E \ Ô�Ì1050 µm� U 5 Ng�6F¥¦ ?Å } g�cd Ñ1

¸ ¹ È Q � � m n O?�L gy Î -Ú fc� 9 Ñrs eÈ Q m n O?U

Vg
 ¾ � } ? Ú f> y = y 9 <â 8-gõ!3-8(b)W�6~é S <67

89? m n �<� �� ~qgcd r� Ú fc�V� �_åÌ1400µm?�

L NO P �L Mg�cd h ÑST? ¹ ug  Ñ � B �` & ' æ ¾ E \ �
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� y � gõ!3-8(c)W�6F¡ ¢ £gcd GH�?NO P �L MÊ i�`

ag/¬< Ú f>�?6789î Ì¨ D î g' D î ' o � Ú f>�ge

� ' D î i I J K L M �L M? ` ae K � Ú f>Ñ1 ge Ä ÅÚ f?

N` ab 7�| ¨ D î ?6789ð Ô gõ!3-8(d)W¤ _¥¦ 6F£g/

¬� Ú f>�?6789¤ R V� I J K L M �L Mge K � Ú f>� �

?6789�< Ú f>Ñ1 H� � � ? R cd gyi X 8 » � Æ6F?

m n 9 É Ù Tgõ!3-8(e)Æ!3-8(f)W 

 

    i 6F?Ô�g` .SQ�� � Z [ E \ ?U 5 Ng6F^ _ > ^

lcd î � H�I J K L M �L M?�_Ê 3 > �? À Á ge�cd î �

?�_ > �g�6F¡ ¢ £l E o � Ú f>Ñ1 ?6789Ê > × g � Ê


 ¾k6F¤ _¥¦ q� Ú f>Ñ1 ?6789H� à × ? R cd geG

H�?R cd �_�y ï �� W 

 

����������������� � � � 	
 � �  � � � � � � � �� � � � 	
 � �  � � � � � � � �� � � � 	
 � �  � � � � � � � �� � � � 	
 � �  � � � � � � � � 510 Oe � � �� � �� � �� � � ����

 

    �U � ô � ± ?� 8Ô�Ì 2.6AqgU � GH�?D E 6FÔ�Ì510 

OegNY E \ �� ?6789� Ú f>�GH�?I J K L M NO P QR

õ!� G a W�6F¥¦ � gcd E \ Ì930 µm?67cd È Ä Ç ?� Vg

õ!3-9(a)W�6F¥¦ £g67cd A � D E 6F?é S eH�h ÑrÃ

?QRg�6~á� �� ~á z ~Æ c d ~�a ó ô Ng  � Ú f´67

cd ?k �H�@ � V�� pgõ!3-9(b)W�D E 6~ý Â é S Ng67

89H�� L I J K L M �L Mgõ!3-9(c)W�D E 6F I J qgI J K

L M �L MÊ i�I J gõ!3-9(d)W¬� GH�?I J K L M �L M�6

F I J qH� ` agyÅ<6789´ Ú fN` ab ? ¡ 7g�ï ` a?

6789 ( ð Ô � Ú fc�Ñ1 g�6F¤ _¥¦ qg< Ú f p >?67

89r� Ú fc�V� I J K L M �L Mg q o � Ú fc�Ñ1 ?678

9Ê V� k�_ � � ?I J K L M �L Mgõ!3-9(e)W�Ú f>Ñ1 ?6
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789A � 6~a� j r ´ p >� � H�?I J K L M �L MG  � ?�

�] -m n e· 4 9 \ h 1 h ~ -gõ!3-9(f)W 

 

    !3-10Ìcd E \ Ì1120 µm?67cd �D E 6F^ _Ì510 OeqG

H�?I J K L M NO P QR� \ !W6F º » ¥¦ � g  Ñ � Æ , � B

�` æ ¾ 67cd ?VOgõ!3-10(a)W�6F¥¦ qg67cd A D E

6~é S e� Ú fc�V� N � i ? � pgõ!3-10(b)W ½  ` æ ¾ 67

cd r� Ú fc�GH�?I J K L M NO P QRgyi | QR?H�

�Ú fc�3� �] -?H�gõ!3-10(c)W� � � � � ë 32D?q} E

� � � � 8qg67cd Ê i� ` agõ!3-10(d)W6F¤ _¥¦ Å } g

< Ú f p >] � >?6789 ê H�k� � ?rs tgõ!3-10(e)W� Ú

f � >?6789�H�I J K L M �L MqgA � { | } 6~a� j r

?é S ] Ú fc�?� �] -eH� h ¤ gõ!3-10(f)W 

 

    �cd E \ Ì1140 µmqgD E 6FH�?Å } g67cd A D E 6~

é S � Ú fc�V� kN � i ? � pgõ!3-11(b)W�67cd r� Ú f

c�V� I J K L M �L MqgA � 6~á� �� ~á z ~Æ c d ~ m n

eÈ QNO P ?Oxgõ!3-11(c)W� � � � � ë ¥¡ s t ¡ ¢ �U � �

� 8� ± g| qD E 6F Ë Ú 
 ¾ I J K L M NO P QRi� I J gõ!

3-11(d)W� 8 ¥ � � � � ë qg � 8� ± U � ¤ _H�D E 6Fg q o <

Ú f � >?6789A 6~] � � ] -V� �_ � � z ³ P ��?rs

tgy] Ú f p >?6789 � Y V � � L I J K L M �L Mgõ!

3-11(e)W< Ú f � �?6789A � � � ] -Æ{ | } 6~a� j r ? m

n e· 4 9 \ h 1 h Ù ì gõ!3-11(f)W 

 

    cd E \ Ì1190 µmqgA D E 6FGH�?I J K L M NO P QRõ

!3-12W�D E 6FH�Å } g6789A D E 6~é S �Ú fc�V� N

� i ? � pgecd � � A � | ò 6~ U ´6F^ _��?¡  H��_
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�l ì u ý k �?N � i � pgõ!3-12(b)Wi cd E \ ´6F^ _?

Ô�g ' » r� Ú fc�?6789� Ú f p >î � � Ö × � � ?I J K

L M �L Mgõ!3-12(c)WD E 6F I J £gI J K L M �L M ` ay3

D î 6789 q o � Ú f � >Ñ1 g� Ú f´6789N` ab ?¡  �

� Ú f p >´ Ú f � >Ñ1 ?6789 ( N` ab c9 ð Ô W6F¤ _¥

¦ qg� Ú f p >?6789A � Ú fc d ~eH� [ 'I J K L M �L

Mg q o � Ú f � >Ñ1 ?6789Y q´ Ú f ] © § ½ ` g�| V� ´

[ \ � © § � GH�?I J K L M �L M3 Z Ö � � � U Vpî � Ö × �

_�� ?I J K L M �L Mxgõ!3-12(e)W�Ú f� >Ñ1 ?I J K L M

�L M A � { | } 6~a� j r ´� � ] -e 9 \ h 1 h b ¤ gõ!

3-12(f)W 

 

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

     

    �X <6789´N` ab c9A D E 6FGH�? [ 'I J K L M

�L M�6789´` ab c9A D E 6FGH�? k �NO P QR�¾

Ñ` .î � < � �o�pvx [ � u v w pLabyrinthinexQR�p�xu v w Q

R´ [ 'I J K L M �L M Y qH��pwx× � I J K L M �L M · 4 V

� [ 'I J K L M �L MyY qH�u v w QR�pxxV� × � I J K L

M �L My y i u v w QR?H�We  � | < � �o? ¨ < �� , t

Ú <67cd ?E \ �� W�

�

��������� �� �� �� �� � � � 	� �  � � � � � � � �� � � � 	� �  � � � � � � � �� � � � 	� �  � � � � � � � �� � � � 	� �  � � � � � � � � 350 Oe � � �� � �� � �� � � �

�

    �U � ô GH�?D E 6FÌ350 Oeqg6789´EMG � g b Û �

D E 6FNH�?%'�k �NO P QRõm � \ !G a Wcd E \ ?�

� Ì1080 µmqgÅ6Fº » ¥¦ � ? m � \ !(!3-13(a))̀ SQ�678

9´b Û ` ab ? ¹ ug�ï cd V� k� i z ? ¸ k W�6F¥¦ £å
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0.1D` æ ¾ u v w QR cd ¸ ¹ ¥[ H�gõ!3-13(b)W�6FH�?

Å } A � D E 6~H�?I J K L M NO P QRA � ` ab c9? ¹ u¾

�6~ Ë Ú g�| , � B ��2 æ ¾ I J K L M �L M?H�g ¼ ` SQ

c�3 ] -Ã { ?QRH�geÑ � B �` æ ¾ _ ` u v w QRgõ!

3-13(c)Æ(d)Wi u v w QR?STg67cd ´b Û · 4 m n 
 ¾67

89?| _i�Í b gõ!3-13(e)Æ(f)W 

 

    �� Ì2560 µm?67cd ´b Û �6Fº » H�� gcd ¸ ¹ D î È

Qab ?QRgõ!3-14(a)W�6F¥¦ å0.06DX Y g67cd H� Q O

r Ã yz y i _ ` u v w QR?H�gõ!3-14(b)Wi D E 6~ý Â

é S <6789´b Û ?m n Mg  � k67cd � �V� k à N © �?

Ã { gõ!3-14(c)We�D E 6Fé S å0.2D£g<cd � Ò H�k�Z

À ?I J K L M �L Mgel â P V� k Q OzN © �?c� Ã { gõ!

3-14(d)Wi 6~ý Â é S <6789gl�ST� Ì�Ä Ç ?I J K L

M �L Mge�cd ¸ ¹ Î�ý Â V� _ ` u v w QRgõ!3-14(e)Æ(f)W

eh i �Y qH� [ 'I J K L M �L M´ _ ` u v w QR?U 5 Q �Ì

%. �oW 

 

    i cd E \ Ô�Ì3410�µmglGH�?k �NO P QRÊ 3N's

?U VH�W�D E 6FH�£å0.1DX Y g67cd H�k Q OrÃ g

y��<cd E \ k � ?67893 à � � z � × � V? Q V u H�ge

cd ¸ ¹ ��´b Û m n � × ? D î �¥ [ s Q u v w QRgõ!

3-15(b)W�6F¥¦ å0.5D£g6789V� Ö × �b NY ?I J K L M

�L Mgecd ¸ ¹ �3 à � � ?u v w QRH�gõ!3-15(d)W � Z �

_NY ?I J K L M �L M� · 4 ñ ò V� [ 'I J K L M �L Mgyi

 6789´b Û ?m n g _ ` u v w QR?î ü Ê y ï à �¹ ä gõ!

3-15(e)Æ(f)Wh i �× � I J K L M �L M · 4 V� [ 'I J K L M �L

Myy i _ ` u v w QR?U VQ �Ì%� �oW 
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    �cd E \ Ì3980�µmqGH�? k �NO P QRÊ 3NY ?�oH

�W�6F¥¦ å0.1DX Y g67cd V� � Q O?r Ã gõ!3-16(b)W

�6~é S �6789?q} · 4 Ô�qg¬� � Q O?r Ã D î · 4 V

� Ö × �� �b N'¾?I J K L M �L Mg  cd ¸ ¹ ` æ ¾ _ ` u v

w QR?Z À · 4 V� gõ!3-16(c)Æ(d)W � Z I J K L M �L M � k l

�6~a� j r � É � Ê l H� ñ ò ?QRg�ï { | � } � ?I J K L

M �L MY í · 4 m n V� Y 'I J K L M �L Mgõ!3-16(e)Æ(f)We

| � × � I J K L M �L M´ _ ` u v w QRY q ^ �?U V�î �Ì%

<�oW 

 

����������������� � � � 	� �  � � � � � � � �� � � � 	� �  � � � � � � � �� � � � 	� �  � � � � � � � �� � � � 	� �  � � � � � � � � 440 Oe � � �� � �� � �� � � ����

 

    �6F^ _Ô�Ì440 Oeqg6789´` ab c9A D E 6FGH

�?k �NO P QR�¾ÑÊ ` î Ì< � �oW 

 

    �E \ �� åÌ1000�µm?6789A � 6F^ _Ì440 Oe?D E 6

~é S NgI J K L M �L M A � ´b Û ab e¾�6~ Ë Ú H��� Ý

� 5 ` agE \ �� ?67cd V� ?I J K L M �L M ê l 3| � Ý �

` a?QRH�W  , � B �` æ ¾ 6789´b Û GV� ?c��6F

¥¦ Å } på0.1Dx3 s t Ã { ?QRge| qGH�?u v w QR ' ` æ

¾ Z [ ?cd ¸ ¹ gõ!3-17(b)W�6~ý Â é S <6789Ñgu v w

QR? ³ P Ê · 4 9 \ h 1 h É P STg�6789´b Û m n D î � Ì

qg�Á & ' æ ¾ u v QRGV� ?î ü gõ!3-17(c)Æ(d)Wi 678

9´b Û m n ? D î Ô�gu v w QR? Q ; y ï �N� � gelî ü �

\ h 1 h È QN © �O�STgõ!3-17(e)Æ(f)W| � k �NO P QR?

STU V � <%'�W 

 

    i cd E \ Ô�Ì�å2240 µmg/- cd �� ?6789 � I J
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K L M �L M Ý � ` a?QR�E \ ��?cd ��N í H�W�6F¥

¦ £å0.07Dg6789¯ / H�k��� � z ½ � � V?c�Ã { gõ!

3-18(b)WE ´ � � ? m ü \ ! ` æ s �6FH�? Å } g6789i Ù V

� I J K L M NO P QRW�6F � ^ ?cd � Ò V� �_��?I J K

L M �L Mge�l * � ?6789�È Q� b ~ � À Á gõ!3-18(c)W

�6789 È f ÎA D E 6~e · 4 9 ÑST¾� I J K L M �L M � '

Ä Ç STg] � © § � GH�?I J K L M NO P QR� ; g- / 0 � I

J K L M �L M p D Æ ¸ ¹ È Q���� pgõ!3-18(d)Wei q} Ô

�g6789´b Û b n ? D î Ê i�Ô�g _ ` u v w QR · 4 9 É S

Tg�ï I J K L M �L M?�_ · 4 NÍ gõ!3-18(e)Æ(f)W| � [ '

I J K L M NO P �L M´ _ ` u v w QRY q ^ �?U Vgh i �� Q

�Ì%. �oW 

 

    i 67cd E \ ?Ô�gcd Q ; ¸ ¹ �N í H�m � ?U 5 gõ

!3-19(a)W�D E 6FH�å0.07D£gÅcd ¸ ¹ ¬H�Q OrÃ g��

} � � } ÎÊ 3�_� b ?r Ã gõ!3-19(b)W � <� } Æcd ¸ ¹ ?6

789�_iq} · 4 Ô�g�cd � ¸ ¹ Î ¯ ¥[ 3u v w QR?H

�gõ!3-19(c)W�6FH�å0.2D£g� } � 6F� Ò Î?6789V

� s � I J K L M �L Mge� ½ � ¸ ¹ ?6789 ' L ý Q Or Ã gõ

!3-19(d)W � <� } ?I J K L M �L M�_ · 4 Ô�ge�ï � < � Z

I J K L M �L M * � ?6789 Ë Ì g  Ñ � B �` æ ¾ �cd � } *

� H�k � � � © § � ?î � U Vg�cd ¸ ¹ ��_ ` w u v QR?H

�gõ!3-19(e)W�6F¥¦ £å8Dgs � I J K L M �L M ¯ a�m n

V� [ 'I J K L M �L Mg _ ` u v w QR?î ü Ê > Ï > | ò gõ!

3-19(f)WÅ × � I J K L M �L MV� [ 'I J K L M �L Mz y i_ ` w

u v w QR?± � � <%� �NO P QRW 

 

    67cd E \ Ì4070�µmGH�? k �NO P QRõm � \ !G a W�
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6F¥¦ £å0.07Dg6789� �H�k'Z N© �?Ã { ge� Z N©

� Ã { Ê   � cd ¸ ¹ 3 ¹ � ?u v w QRH�gõ!3-20(b)W ½  � }

� cd ¸ ¹ V� k Q Or Ã gl�_���b N'¾gõ!3-20(c)We�

cd � Ò * � ?6789�r Ã V� s � I J K L M �L Mg/¬�cd

¸ ¹ ? Q Or Ã Ê · 4 ´I J K L M �L M m n gõ!3-20(d)W  Ñ � Æ

, � B �` æ ¾ <cd � Ò * � GH�?I J K L M �L M´cd ¸ ¹ G

V� ? _ ` u v w QRgõ!3-20(e)Æ(f)WÑ � s � I J K L M NO P �

L M´u v w QRY q ^ �?± � � <%<�oW 

 

�������� � � � �� � � � 	� �  � � � � � � � �� � � � 	� �  � � � � � � � �� � � � 	� �  � � � � � � � �� � � � 	� �  � � � � � � � � 510 Oe � � �� � �� � �� � � ����

����

    �� ± � � � � ë ?� 8Ô�Ì 2.6Aqg̀ H�?� �D E 6FÌ510 

Oege6789´` ab c9pb Û xGH�? k �NO P QRY s Ê ` î

Ì<� �oW 

 

    E \ �� åÌ1100�µm?67cd �A D E 6F?é S �NgZ ¶ / 0

§ X t gcd � Ò Î3�^ ?6F^ _H�g�| ` Å , � B � æ ¾ cd

� Ò 3 Z Ö ? Ã { ge� ¸ ¹ Î�¥[ V� u v w QRgõ!3-21(b)W�

67cd ´b Û · 4 m n �6789? | _NÍ   � GA 6~ Ë Ú yA z

~ m n eH� ` agei _ ` u v w QR · 4 9 \ h 1 h STg678

9´b Û Ê 3 à × ?m n gõ!3-21(c)á(d)á(e)Æ(f)WH� _ ` u v w Q

R?/�� , �Å<6789´b Û ` ab ? ¹ ug�/ - A D E 6~e

H�?I J K L M �L M A � | _ Í b e�6~ Ë Ú H� ` ag Õ e r 9

\ h ST� Ìu v w QRWÑ � | � k �NO P QR� <%'�oW 

 

    �cd E \ Ô�Ì2250�µmqlGH�? k �NO P QRÌ%. �

oW�6F¥¦ £å0.07DX Y gÅ, � B �` æ ¾ 67cd V� Q ON©

�?r Ã gõ!3-22(b)We � Z È Q Or Ã ?6789 l · 4 9 cd � �



 42 

ñ ò g�cd � Ò * � ?6789�È Q È f Ogõ!3-22(c)Wcd � Ò

?rs t l H� Z Ö ? � ¤ g�| ± � �� <cd � Ò * � È È f Î?5

1 l · 4 ´ * � ?6789V� Ä Ç ?I J K L M �L Mgõ!3-22(d)W

e| I J K L M �L M Ê l A � 6~ é � Ç 9c�? m n eH� � ¤ gÑ

� ?B ��` � � æ � u v w QR?H�gõ!3-22(e)Æ(f)W 

 

    �cd E \ Ô�Ì3610�µmglGH�?k �NO P QR' � <%. �

oW�6F¥¦ £å0.1DX Y g67cd V� Q OrÃ g��<6F^ _

�� ÆE \ �� ?cd 3��? Q Or Ã H�gõ!3-23(b)W�6FH�

£å0.26DX Y g�6F� Ò H�k�_� �?I J K L M �L Mg3Ü<

6F� Ò H��_ � �?I J K L M �L Mg�l * � �È Q È f Îgõ

!3-23(c)We � Z È f ?51 � · 4 i D E 6F?1 h STy · 4 9 cd

� Ò } � gõ!3-23(d)W� D î 6789 · 4 9 � � Î } � qg�ï 6w

pÔ�eH�k à ��_?I J K L M �L Mgl� Ê 3D î 6789pñ

õ�p D ?D î x´b Û m n �ï 6w pNÍ eH�_ ` u v w QRgõ!

3-23(e)Æ(f)W�

�

����E \ Ô�Ì3830 µm?67cd GH�? k �NO P QR � <%<�

oW�6F¥¦ £å0.1D Y s ?` æ ¾ Q OrÃ ?H� y i cd � Ò ?

È f Îgõ!3-24(b)We�6F¥¦ £å0.26DX Y gcd È f Î?51 ¥

[ V� ¨ � � I J K L M �L MyzH�N © �? ~ - 1 �ge�cd ¸

¹ ?6789�H�� � d T X 
 ?u v w QRgõ!3-24(c)Æ(d)WI J

K L M �L M?«Ç ´N` ab ? © § ½ ` g�| 6w p? y w N× ��

X 5g p D ?6789�´` ab ?b Û ½ ` g
 ¾6789 | _NÍ y

  � 6w p? Í b g` � � æ s cd � � V� I J K L M �L M´cd p

>V� u v w QR?¨ � oxgõ!3-24(e)Æ(f)W 

�

�



 43 

��������!!!!����" #" #" #" # 				$ %$ %$ %$ % ����

 

    h i î ï 6789´N` ab c9p Ù Ú fxgl k �NO P QR?S

T± � g` SQ�6F¥¦ Å } g67cd A � 6~?é S e 9 ÑSTg

¼ �A � � �� ~é S m n �l�_ E o Z Ö q} £ � r� Ú fc�V�

I J K L M �L MWei Z [ E \ ?Ô�lI J K L M �L M? � ��

_Ê i�Ô�W�cd E \ Ô�qg6F¡ ¢ £3�� § ?6789 E o

< Ú fc�Ñg�¤ _¥¦ 6Fqg<N` ab c9 p >?6789 ' l

¤ R r� Ú fc�ge Ú fc�Ñ1 ?6789� l i 6~ U � î o é

�X 8» � H�N© ��h ¤ W 

 

    î ï NY E \ �� ?67cd �_iq} ? y w ` ï � Ng ¡ 7�¥

¦ 6F Å } g67cd �D E 6~?é S H� 9 ÑST?QRg ¼ �� �

� ~é S e ' » r� Ú fc�gei 6F^ _?Ô� ` SQr� Ú fc

�� ��_3Ô�?QRW 

 

    Ø h i �6789 Â ~ <` ab ´N` ab ?89� pb Û ´ Ú fxg

� � lA D E 6FNGH�?I J K L M NO P QRg` ï � .N Õ � ¡

7W�6789<b Û � A D E 6FGH�?I J K L M NO P QR3l

¡ 7�pax�cd E \ �� påÌ1000 µmx?67cd l  cd ¸ ¹ ¥[ H

�_ ` u v w QRgc�l 3Z Ö Ã { �pbxE \ ��på2000 µm~2500 µmx

?67cd �� Ò l H� [ '?I J K L M �L Mgecd ¸ ¹ · 4 ´b

Û m n ? D î �H� _ ` w u v QR�pcxE \ åÌ3500 µm?67cd �

Z À V� × � I J K L M �L Mgi q} ?Ô�� y Ì [ 'I J K L M

�L Mgy y i u v w QR?H��pdxE \ åÌ4000 µm?67cd �

V� Ö × I J K L M �L MyzY qH� _ ` u v w QRW6789 ~ <

Ú f�A D E 6Fé S NGH�?I J K L M �L M�3Ng ¡ 7�pax�

6F¥¦ qg67cd A D E 6~?é S e 9 Ñ � Ã ge� Ú f � �� ~



 44 

�é S �lH� [ '� I J K L M �L M�pbx�6F¡ ¢ qgA D E 6~

I J �¹ u�I J K L M �L M` ay q o <Ú fc�Ñ1 �pcx�¤ _¥

¦ 6Fqg q o < Ú fc�Ñ1 ?6789´ © § ½ ` y¥[ î � � Ö ×

�� �� ?I J K L M �L Mgy�Ú fc�Ñ1 H� h ¤ �pdxe� Ú f

>p D �67cd ' H�[ '?I J K L M �L MW�

�

    6789A D E 6FGH�? k �NO P QRA � ` ab ÆN` ab

c9¨ 6 ? m n W« ¬�N` ab 1 �g�6F I J £g D î r� Ú fc

�?6789�2 + � Ú f p >g�| ¤ _¥¦ 6Fqg6789�î �

¨ D î pî ÜÌ Ú f � >] p >?6789xge� Ú f � >?6789Y

q´ Ú f ] © § ½ ` g� Ú f p >?6789� [ \ � ´ Ú f½ ` ��X

5g6789´b Û ��a�m n ? ¹ ug�¡ ¢ 6F� £��� � ? u

Üg� ' l ] N` ab ?³ ñ3� � ? ¨ < 7W 

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�



 45 

�

�

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

!3-1 67cd (D�750 µm)�{ N` ab c9A � D E 6F(H�350 Oe)

GH�� I J K L M NO P QRW 

(a)t�0 s, (b) t�0.2 s, (c) t�5.2 s, (d) t�11 s, (e) t�16.3 s, and (f) t�20.9 s 
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!3-2 67cd (D�840 µm)�{ N` ab c9A � D E 6F(H�350 Oe)

GH�� I J K L M NO P QRW 

(a)t�0 s, (b) t�0.3 s, (c) t�4 s, (d) t�11.1 s, (e) t�13.5 s, and (f) t�18.3 s 
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!3-3 67cd (D�940 µm)�{ N` ab c9A � D E 6F(H�350 Oe)

GH�� I J K L M NO P QRW 

(a)t�0 s, (b) t�0.5 s, (c) t�6.4 s, (d) t�11.2 s, (e) t�16.2 s, and (f) t�21.6 s 
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!3-4 67cd (D�1060 µm)�{ N` ab c9A � D E 6F(H�350 Oe)

GH�� I J K L M NO P QRW 

(a)t�0 s, (b) t�0.3 s, (c) t�5.2 s, (d) t�10.5 s, (e) t�15.6 s, and (f) t�20.7 s 
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!3-5 67cd (D�780 µm)�{ N` ab c9A � D E 6F(H�440 Oe)

GH�� I J K L M NO P QRW 

(a)t�0 s, (b) t�0.8 s, (c) t�4.4 s, (d) t�10.6 s, (e) t�15.3 s, and (f) t�18.5 s 
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!3-6 67cd (D�790 µm)�{ N` ab c9A � D E 6F(H�440 Oe)

GH�� I J K L M NO P QRW 

(a)t�0 s, (b) t�0.5 s, (c) t�5.2 s, (d) t�10.7 s, (e) t�14.7 s, and (f) t�19.3 s 
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!3-7 67cd (D�900 µm)�{ N` ab c9A � D E 6F(H�440 Oe)

GH�� I J K L M NO P QRW 

(a)t�0 s, (b) t�0.9 s, (c) t�6.1 s, (d) t�11.4 s, (e) t�16.6 s, and (f) t�21.2 s 
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!3-8 67cd (D�1050 µm)�{ N` ab c9A � D E 6F(H�440 Oe)

GH�� I J K L M NO P QRW 

(a)t�0 s, (b) t�0.9 s, (c) t�6.5 s, (d) t�11.6 s, (e) t�16.4 s, and (f) t�22 s 
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!3-9 67cd (D�930 µm)�{ N` ab c9A � D E 6F(H�510 Oe)

GH�� I J K L M NO P QRW 

(a)t�0 s, (b) t�0.7 s, (c) t�4.7 s, (d) t�10.5 s, (e) t�13 s, and (f) t�15.4 s 
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!3-10 67cd (D�1120 µm)�{ N` ab c9A � D E 6F(H�510 Oe)

GH�� I J K L M NO P QRW 

(a)t�0 s, (b) t�0.6 s, (c) t�6.2 s, (d) t�10.4 s, (e) t�12.3 s, and (f) t�14.2 s 
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!3-11 67cd (D�1140 µm)�{ N` ab c9A � D E 6F(H�510 Oe)

GH�� I J K L M NO P QRW 

(a)t�0 s, (b) t�0.7 s, (c) t�5.4 s, (d) t�10.5 s, (e) t�12.4 s, and (f) t�14.3 s 
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!3-12 67cd (D�1190 µm)�{ N` ab c9A � D E 6F(H�510 Oe)

GH�� I J K L M NO P QRW 

(a)t�0 s, (b) t�0.8 s, (c) t�4.6 s, (d) t�11.4 s, (e) t�13.6 s, and (f) t�16.2 s 
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!3-13 67cd (D�1080 µm)�{ ` ab c9A � D E 6F(H�350 Oe)

GH��%'� I J K L M NO P QRW 

(a)t�0 s, (b) t�0.1 s, (c) t�0.2 s, (d) t�0.4 s, (e) t�3 s, and (f) t�8 s 
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!3-14 67cd (D�2560 µm)�{ ` ab c9A � D E 6F(H�350 Oe)

GH��%. � I J K L M NO P QRW 

(a)t�0 s, (b) t�0.06 s, (c) t�0.1 s, (d) t�0.2 s, (e) t�3 s, and (f) t�8 s 
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!3-15 67cd (D�3410 µm)�{ ` ab c9A � D E 6F(H�350 Oe)

GH��%� � I J K L M NO P QRW 

(a)t�0 s, (b) t�0.1 s, (c) t�0.5 s, (d) t�1 s, (e) t�3 s, and (f) t�8 s 
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!3-16 67cd (D�3980 µm)�{ ` ab c9A � D E 6F(H�350 Oe)

GH��%<� I J K L M NO P QRW 

(a)t�0 s, (b) t�0.1 s, (c) t�0.5 s, (d) t�1 s, (e) t�3 s, and (f) t�8 s 
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!3-17 67cd (D�1000 µm)�{ ` ab c9A � D E 6F(H�440 Oe)

GH��%'� I J K L M NO P QRW 

(a)t�0 s, (b) t�0.1 s, (c) t�0.2 s, (d) t�0.4 s, (e) t�3 s, and (f) t�8 s 

 

 

 



 62 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

!3-18 67cd (D�2240 µm)�{ ` ab c9A � D E 6F(H�440 Oe)

GH��%. � I J K L M NO P QRW 

(a)t�0 s, (b) t�0.07 s, (c) t�0.1 s, (d) t�0.4 s, (e) t�3 s, and (f) t�8 s 
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!3-19 67cd (D�3460 µm)�{ ` ab c9A � D E 6F(H�440 Oe)

GH��%� � I J K L M NO P QRW 

(a)t�0 s, (b) t�0.07 s, (c) t�0.1 s, (d) t�0.2 s, (e) t�0.4 s, and (f) t�8 s 
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!3-20 67cd (D�4070 µm)�{ ` ab c9A � D E 6F(H�440 Oe)

GH��%<� I J K L M NO P QRW 

(a)t�0 s, (b) t�0.07 s, (c) t�0.1 s, (d) t�0.23 s, (e) t�0.4 s, and (f) t�8 s 
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!3-21 67cd (D�1100 µm)�{ ` ab c9A � D E 6F(H�510 Oe)

GH��%'� I J K L M NO P QRW 

(a)t�0 s, (b) t�0.1 s, (c) t�0.4 s, (d) t�1.6 s, (e) t�3 s, and (f) t�8 s 
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!3-22 67cd (D�2250 µm)�{ ` ab c9A � D E 6F(H�510 Oe)

GH��%. � I J K L M NO P QRW 

(a)t�0 s, (b) t�0.07 s, (c) t�0.13 s, (d) t�0.37 s, (e) t�3 s, and (f) t�8 s 
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!3-23 67cd (D�3610 µm)�{ ` ab c9A � D E 6F(H�510 Oe)

GH��%. � I J K L M NO P QRW 

(a)t�0 s, (b) t�0.1 s, (c) t�0.26 s, (d) t�0.4 s, (e) t�3 s, and (f) t�8 s 
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!3-24 67cd (D�3830 µm)�{ ` ab c9A � D E 6F(H�510 Oe)

GH��%<� I J K L M NO P QRW 

(a)t�0 s, (b) t�0.1 s, (c) t�0.26 s, (d) t�0.4 s, (e) t�3 s, and (f) t�8 s 
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