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(DARPA)�ß à ��á (Micro Air Vehicles�MAV)

â ã ä å 6 � X ß 15 æ 9 ���( 'ç ß
8.33~16.67 m/s f ��á F� E¯ 4 è eé �à �
�á ­ � � E � � ° Ð 
A Ì } 9 QKê â 6

(Fixed- Wing)� { 6 (Rotary-Wing) � #  ë 6
(Flapping-Wing) à ��á ìÈUÏ �9 í î¿K(ï
ð ñ �2002) 

(É) ê â 6 à ��á  
ê â 6 à ��á ° O \ò � U > ��á C

ó�ñ ÉÐ 
ô õ ö ÷ Ð E
� � o­ Ð Eø ù �


8 E�ú û ( '�e­ �6 � � � E(üÉ)Fý
­ ß 6 � þ � ß 15cm � � �³ � Q� � � � �
E� � � U6 � � � � � � � (Aspect-Ratio�AR)

P � X(AR~1)�	 � 
 ��� 
à ��á 
 Ý U�
� ß � Ï F 

(¼) { 6 à ��á  
{ 6 à ��á � � à � � � �	 ���ñ �� { � °Ã � { � ² � F�

� { � MAV(îK� Ø IMM æ ÷ � � � � � / � 
 19mm � { 6 MAV)
 �
� � > 
 Ý °U> { 6 � C � �ý  ñ Ã � { � 
 MAV(îKMichiganU¯

 HoverBot � #  Stanford U¯ 
 Mesicopters ì)�� ��8 E ! y ° " #
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s��� ­ ² � j k � f É�ò ! 1 �

�� � É t ~ u � � f �8 � Q v w )F 
+ ,�f ^ 1 �� x } N Qh Å d

f f g � y � � z f { | } � �� 8 ~

�Q��f á � Fm ñ � � Q + ,��

� x � - 8 ­ � ® � � B u � �� � R

Í � + , Ï f � Ú Feb � f � � � c

, - � f X� � < u � �ò � V É � �

�K+ ,�� � x � N � � � �� 8 ~ ^ 1  ñ �� N EF- . Q� ' f ñ

��� + ,� ñ ¼�C 0 � ¸ f �� �É � � � ^ 1 f + ,� Ï T ñ ! 1

��  In gliding flight, a bird's wings 

deflect air downward, causing a lift 
force that holds the bird up in the air. 

�  By tilting forward and going 

into a slight dive, the bird can 
maintain forward speed. 
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�8 � É � F�	�� ² �����¼�C 0 � � ���Y � É � y F  ,

f �� ! 1 QÅ u ¡ ¢ f £ � � � �R � ~ u � ¤ 8 � ¥ 1 ¦ \- � § ¨ �

�� � Q� £ �e�� h Å � U�- ß ��F 
+ , ñ 3 100 © � N � ���ý + , + ª ñ ^ 1 ( « � { � � ¬ ­ ® ¯

t f Ð 
 � � � ° � ± �� 8 � � ��ò � f Ð E¨ � E(üÃ )�� ² ³ ´
E¨ � E�R �� ¿ \�c ó\� � B � f � E� # B �f Ð EF 

+ , f  �! " � µ ¶ � � y � e n · f �+ ,îH Î X�̧ � � @ !

¹ f  �� � � � � f � EFº �� - . ì + ,� �A Ì T U� � 8 u �
 » �¼ c � 8 ½ ��² ¾ f  8 q r � ¿ ¶ ¡ ¢ À 8 Á Â` u f Y Ã Fe
�K # Ä Å f  8 q r � ÆÇ f 8 u > �îó È É Ê�� � � Ë Ì ~ O � \F
( Í Î Ï �Ð 68)F 

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

���	�� 
 � � �� ¼ � Ñ ��Ò # Ó

Ô ìÈA � ¶ Õ K 
(É)� Ñ  

�	�� �  ñ Ö � � Ñ �� Ñ � ­ � × �

? Ø Ù 9 { ò � �FÚ � Ñ 
9 Û Ü � } Ý �


� � N Eg Þ �� Ñ f ` 	 # 9 Û > Ì � Q Ñ C

(venation)�Ñ C ~ ¾ �� 9 Ï �  ñ � � ß à á
âF� Ñ ñ ãÑ ¨ ÆÑ ² Ï �ãÑ °ÆÑ ò � �

f O äå �Ò��Ò f æ � ç - è �� Ñ � ` u É é Xf Q æ �î­ 2° 3
Ñ è � f �Òå À 2Ò�V W �~ � 3 � ê ë 5 � � Ñ è � f �Òå � ÒF
( ì G í �M î > �Ð 92)F� Ñ f ½ æ ; � ï - ð ñ (Comstock-Needham)�
ò ó ô õ (Hampson) ½ æ » �ü ö Q ï - ò ó ô õ � Ñ ½ æ » �­ À 1a Ñ ÷
ø B À 12 Ñ Q ù F�	�� 
��� Ñ î¿( z É� ð ñ õ � Ñ ½ æ » )K 

 
z É  �	
� Ñ  

A.ãÑ (Longitudinal veins) B.ÆÑ (Cross veins) 
1.�� � Ñ (Pc) 1. ú Ñ ÆÑ (r) 
2.�� Ñ (C) 2. ú 9 ÆÑ (s) 
3. û �� Ñ (Sc) 3. ú � ÆÑ (r-m) 
4. ú Ñ (R) 4. � Ñ ÆÑ (m-m) 
5. � Ñ (M) 5. � ü ÆÑ (m-cu) 
6. ü Ñ (Cu)  
7.� ü Ñ (Pcu)  
8. ý Ñ (A)  
9.� þ Ñ (J)  



 6

��  � � � � (220x) �%   " # � � & ' ( ) *  

 
(¼)�� 

�� f Å u ~ 3 �� = ¨ ~ 3 �� = � ó�i � Ñ 9 Û ~ 3 �� = ¨ ~

3 �� = Y � C óFÉ t eé �3 ��A f � Ñ � � � � i � � �� �
�

� Ú � � ¡ g �e 3 ��A f � Ñ � � � � �� �
� � Ú � � � Þ �ß �

~ � � \��
� � Ú ë ß �8 ��
� � Ú ë ß 5 8 F�
�A � � ¡ g

Ú � � Q���(Rm)�� �
��7 8 f ��Ú 9 ��
�A f � Þ Ú � �
Q� 	 �(Vn)�� 	 � � 
 s Èh � ���� ¨ � 	 � � � 	 � ( � � ü Ñ
Pcu ¨ À É 	 � Ñ 1Vä)Qç FÉ t �� � 
 f + ,�� � 	 � � U�e�
� � Zf + ,�� � 	 � � X�³ � + ,� 	 � f � � UX°� ��( " �

� � ( Í Î Ï �Ð 68)F 
 

(È) Ó Ô  
�	f �� � � � � �  � f Ó Ô î � � t � � � � (üÁ )������

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

' ( ) �* + � , - � . ��/ 0 ' 1 2 $ % & 3 4 �+ 5 / (  6 7 8 9 : ; �<

� = 
 � � � " $ % > ? �
 @ � A 
 � � + B C /   
Ó Ô }� Ù Í (ü � ) + g 1 �f G � � y g �� N E�i } � QÉX>

U � N � � á �� � | � ø � � & � ¬ ¤ 8 ( D � � �Ð 81)F�	�� f �
L � ­ Á � � ó � � f Ó Ô ò � � f �³ � �Ó Ô }~ � � �/ � � ! "

# � ø ù $ % G H �V W �Ó Ô m � �	a { [ & ' # ( � ñ ) ® Å 
 * ò

( + � , �Ð 88)F 
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��� � � �  

É�4 5 �	�� 
W � �� Ñ # Ó Ô F 
¼����� � � �� � � � ��� � � �� � � � �! " # $ % & '��	

��( " 
) * F 
È�, - . / 
0 1 2 3 �4 5 �	
6 �7 8 �9 : ; < �	= > 
? @ A B

# C D ? 8 EF 
 
 

��� � � � � � �  

É�_ ` á »  
- á 
 �  ` �   - á 
 �  ` �  

. ¯ I à / (Olympus NO.100) 10  Èh 1  2v 
û � 2 3 I à /  10  4 5 6 (200cm×100cm×150cm) 1Â 
` � 7 C � (FUJIFILM FinePix 
6900) 

10  �	4 5 6 (15cm×10cm×15cm) 1Â 

I à 7 C � (Nikon FM2) 10  ¼ 8 1 9 (MnO2)�� 8 Í (H2O2)  
0 ( Ý (Lutron LM-81AM) 10  § : ; 6 � < = � > ? �& 'Ý   
@ A B O  10  CD�� E � F E � é G   
. / 0 1(112cm×38cm×38cm) 1 0  § : ; H � I J á �K y Y   
 
 

�+  , - . / 0 1 2 03 4  �5   6 7 8 9 0: ; 0< = 0 
> ? @  
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(É) 0 1/ �  

1. 0 1â ã KÉ � / � O ? O � @ 8 f 2 3 ��� � Q � � � 6 # � � f
L E ¨ ´ E 
 - F� � � M Õ � � U ¯ T U ô 
 � ( 0 1G � � 
 Ý 0

1(112cm×38cm×38cm)( ü Ç �Ç È)F 
2.� 1.5 æ 9 N 
 O H / � 0 1W P ¨ Q H F0 1 R 9 Q 7 S( ü Ç )K 

(1)A( � T S)K � � 0 + � � @ 
 0 1F 
(2)B( À É U @ S)K, - V W � Q U @ W �R ² Ô ( C X 10 æ 9 )( ü Ç É)F 
(3)C( À ¼ U @ S)K��ú 0.5 æ 9 
 � Ø U @ �� � Y â 
 O � 0 Z ·

[ 
 S( ü Ç ¼)F 
(4)D( [ 
 S)K \ ] 25cm×20cm×20cm� ^ Ú 3 ÉÙ _ � ` 3 � 	= > F 
(5)E( À É a { S)K � ; < [ 
 S f 0 ( b c n Þ F 
(6)F( À ¼ a { S)K � n Þ f 0 Ã , d ( 0 1F 
(7)G( 0 	 S)Kê â � V - e 0 � � Q 0 E 8 * �e 0 � @ * Ñ � . / 


| ( ¸ Ä 2 3 F 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

�A   B C D @ � 

�A �   E F G (A) H I � J K G (B) �A �   I � J K G (C) H L M G (D) 
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(¼) � 	= > / �  

1. ) f � 	ü � �� g § : ; H Ô 7 _ h U X 
 � 	ü � i I F 
2. j ( � 	= > 
 � k ��~ = > � l É Â 0.4cm f 1F 
3. ~ � 	= > 
 ���� X � � N 1/2ë�� m 
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( � 	 � ) B � � � �9 n � � Q 0°�30°�60°# 90° 
 � � h ( ü Ç Ã)F 
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(É) , - o W ï � 0p , q � r � � ; s t #� � � ( ü Ç ö �Ç Á ) � � f �
	� � Â � � u U � � v �T � w o x F 

(¼) g ò ï � f � 	9 n y É ��2 · Èh 1 � z ( � { _ ` Ò 45 F 
(È) g ï � f � 	3 · 4 5 6 � 4 5 �+ ` · > | } Ô �� ~ W � � ÷ � �+

! � g 4 5 6 ` 3 ß U � �­ �& ' < ] ëF 
 
 
 
 
 
 
 
 

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

(É) , - û � 2 3 I à / 45 L M 	� � 
 Ó Ô � � ü + 7 F 
(¼) , - � � � � � � � f Ó Ô �45 � � h ¨ � ÑF 
 

�������� � ! " � ! " � ! " � ! " ����� � # $� � # $� � # $� � # $ ����% & ' � ( "% & ' � ( "% & ' � ( "% & ' � ( "  
(É)� @ A B O � ( � � � � � �4 g ï � f � 	 ` 3 ß � � � � �g ² ` â

C n Ý � ( � 	� � (g)F 
(¼) � � ` � ñ � � U X f � 	ü � Î � �+ � � � 	¾� � 	¾� � 	 	¾

ì 0� � � f � 	 � Ï � � Q ¸ ¹ � H F 
(È) � É Í A4 ��� ( A4 � � � �� @ A B O � ( A4 � � � Fg ï � f �

	�O ` ß � A4 � � � ¿ � � W � � E � � ¿ Á � � � � Ô �3 ß @ A

B O � ( � � � 4 , - ¿ � æ Ì Ý � ( � 	���� � � (m2)F 

)(
)(4
)(4

)(
2

2 g
gA

mA
m ������

���

�� �
�	 � � ×=  

(Ã) Ô Õ Î � ò  � f � 	U X E � �� [ � É � � 	� � f � � � ' L1(�
� f ² � ä � ' )�� ¿ � ' L2(�� f ² � ä � ' )�� h x � R(���
� 
 ² � ä � h � ' )�Ô 7 ò � J � � � � � _ h � ' (m)� 4 , - ¿ �

æ Ì Ý � � � � (AS)F 

)(
)(21
2

2

m
mLL

����
� � �

×
=  

�A !   X Y " # 
 Z [ \ ] ^ _  �A `   X Y " # 
 a b c d e _  
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(É) g _ ` Ò � � �   +D   0 	 � ¡ � Ç ¢ £ y É 
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[) 9 n ~ _ ` Ò � ó É ¤ ` è ` � +Ý \ ��L M 	À É Â ¥ ¦ èQ Ë ù

è�- F E [ � � � � X § � � ¢ L M 	 ¨ Á � $ ��Ý � � O P � � (

"(cm/s)F 
(¼) � ¼ Â § : ; 6 2 3 î ¿ K 

T2K § : ; 6 � ` 3 & ' Ý � ` · < = ��¸ U 6 � & ' B 16[F 
T3K§ : ; 6 � ` 3 & ' Ý �̀ · < = �© 1 ª ��̧ U 6 � & ' B 5[F 

(È) ¡ � Ç ¢ £ y É 
 L M 	�̀ · T2 § : ; 6 � �ß 60 « � � ( �9 n ~
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« � � ( �� $ � í q ¬ ��Ý � � O P � � ( "(cm/s)F 

(Ã) ¡ � Ç ¢ £ y É 
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3333����4 5 6 74 5 6 74 5 6 74 5 6 7  
(É)45 � 	
 6 � 7 8 #? @ A B  

1. g � 	 a Ú 
 b c � ­ x ® j � ­ x W ¯ ¶ � Ø � 4 g ­ x # � Ø V É

¾ ® j ß0 1 [ 
 S � A O H F 
2. l ÷ e 0 � @ * ��| ( ¸ Ä 2 3 ¸ U [ 
 S � 
 0 ( B 3m/sF 
3. ~ 0 1 � T S��� ° � 8 Í (H2O2) ± · ¼ 8 1 9 (MnO2) � � � Í ? �4
5 Í ? @ < 0 1 [ 
 S � � 	6 � 7 8 f Ü � ( ü Ç � �Ç t )F 

 
 
 
 
 
 
 
 

 
 �A %   f g h i # 
 � � j k  �A +  f g l m # 
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(¼) � ó � � � � h ' ( � � h ) � ? @ A B �� E 
 ) *  
1.ß0 1 [ 
 S^ Ú ` 3 ÉÙ _ �Ù

_ � �K y Y � ² ³ ' F 
2. � 	= > 
 � k ´ < Ù _ ��O `

ß [ 
 S^ Ú F 
3. l ÷ e 0 � @ * ��| ( ¸ Ä 2 3

¸ U [ 
 S � 
 0 ( B 3m/sF 
4. 0 f @ 8 c � � 	= > L � � ² µ

� L � 
 ] ' � � Â � 	= > (0°�
30°�60°�90°) J _ ` 5 ¶ 

5. ~ 0 1 � T S��� ° � 8 Í (H2O2)
± · ¼ 8 1 9 (MnO2) � � � Í ? �
45 Í ? @ < 0 1 [ 
 S � � 	=

> � � f Ü � ( ü Ç î )F 
 

�A 5   f g " # V W 
 n K � o H
� � p q  
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�A    h i # 
 r 0s � $ � 

��� � �   

��������� � � � 
 �� � � � 
 �� � � � 
 �� � � � 
 �  
L M 	(Pieris rapae crucivora boisduval�· � L M 	�¸ M 	)�� ¹ , º

� ¸ , � � ß Ó � 	 (Lepidoptera) » 	¾(Pieridae)� > | �� �Ç u � ¾(K
¸�¼½ ¸� ¾ ¿ ¸)�F 
(É) > \ ! ] K� � 4.5~5 cm�� � ^ � s M � ��� W � ñ À � Á L ���

W � T 6 �} ° V ÉÏ � � 0� L M 	(Pieris canidia) � 9 ( ü ¼Ç �¼Ç
É)F Â 	� z � Ú ñ � Ô À Ó �� � Ã � ñ � Â � Ä I Å 1 F 

(¼) � \ u � KL M 	Õ Æ � ¼ · � · Ç f W 8 � �� ¢ ¨ È � L M 	 0 C É

Ê � Ë O ä �L M 	; � ß� Ì Í #O u � � Î M Ï �e Ð Ñ # ¾ � � T

�0� L M 	 � Î M Ï F 
 
 
 
 
 
 
 
 
 
 
 
 

��������� � � � � � 
 �� � � � � � 
 �� � � � � � 
 �� � � � � � 
 �  
L M 	� Ñ 
 45 G H î ¿ ( ü ¼Ç

¼)K 
�� � ÑK ñ û �� Ñ(Sc)É Ò �ú

Ñ(R) ö Ò (R1~R5)�� Ñ(M)È Ò (M1~M3)�
ü Ñ(Cu) ² Ò (Cu1�Cu2)�ý Ñ(A) ² Ò (2A�
3A)F 

�� � ÑK  ñ û �� Ñ^úÑ(Sc^
R1)É Ò �úÑ (RS)É Ò �� Ñ (M)È Ò

(M1~M3)� ü Ñ(Cu) ² Ò (Cu1�Cu2)� ý Ñ
(A) ² Ò (2A�3A)F 

 
 
 
 
 

�� A �  t u h i # (Pieris canidia) �� A  h i # (Pieris rapae crucivora) 

�� A �   h i # 
 r 0s � � $  
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��������8 9 � : , � ( ;8 9 � : , � ( ;8 9 � : , � ( ;8 9 � : , � ( ;  
[ � G H I J ( z ¼�È�Ã)K� 	¾�� 	¾# � 	 	¾f � � � ' (�

� f ² � ä � ' ) U � U ß� ¿ � ' (�� f ² � ä � ' )�i � 	¾f � � � '

(L1) ¨ � ¿ � ' (L2) C Ó � U ( � â =3.37)F­ � h x � (R) 8 ½ �� 	¾ � � �

U > f � 	( O P � h x � =8.9 cm)�e � � � 
 _ ` » Ô -- L M 	�� � � �
' N 4.95 ± 0.41 cm�� ¿ � ' N 4.10 ± 0.55 cm�� h x � N 4.84 ± 0.49 cm�
� ß� X > f � 	F 

 
z È  � 	¾� 	f ��� � f [ �  

� æ  
� � � '

(cm) 
� ¿ � '

(cm) 
� � � ' /
� ¿ � '  

� h x �

(cm) 

0� Õ Ö � 	 11.0 12.5 0.9 15.2 

× � � 	 10.1 7.2 1.4 11.7 

U � 	 10.4 4.0 2.6 12.0 

Õ Ö � 	 7.4 7.3 1.0 10.2 

U Ø L � 	 8.0 7.1 1.1 9.5 

U Ù Ú � 	 8.0 6.9 1.2 9.6 

Û . � 	 8.8 5.1 1.7 9.9 

× Ü � � 	 6.0 5.1 1.2 8.1 

0� Ý Þ � 	 5.9 5.1 1.2 7.2 

ß Á � 	 5.9 4.1 1.4 7.2 

Ü Á � 	 6.0 3.4 1.8 7.5 

� B � 	 5.5 4.1 1.3 7.1 

6 � � 	 6.4 3.2 2.0 7.0 

] à � B � 	 4.6 5.0 0.9 7.0 

Ø L � 	 5.1 4.7 1.1 6.2 

Ü � � 	 5.8 3.2 1.8 6.6 

O P  6.8 5.5 1.4 8.9 
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z Ã  � 	¾� 	f ��� � f [ �  

� æ  
� � � '

(cm) 
� ¿ � '

(cm) 
� � � ' /
� ¿ � '  

� h x �

(cm) 
0� Å Á � 	 6.0 1.5 4.00 5.3 

Å Á � 	 5.0 1.7 2.94 6.8 
� � � 	 8.3 4.6 1.79 10.2 

á � � � 	 7.7 4.8 1.62 9.2 
Ø � 	 4.8 1.9 2.53 5.3 

Ù � â � 	 5.5 2.0 2.75 6.5 
ã ä � 	 4.3 1.3 3.31 4.6 

ã ä Ü � 	 4.6 1.5 3.07 4.6 
À ¾ å Á 	 5.8 2.0 2.90 6.6 

0� X â � 	 5.2 1.6 3.25 6.4 
æ } 	 5.2 2.2 2.32 9.1 

â ç � � 	 5.6 2.2 2.50 8.5 
X ç � � 	 4.7 1.9 2.47 5.5 
M è L � 	 5.5 2.5 2.20 6.0 
é ê ß � 	 6.0 2.0 3.00 6.6 
ë ì ß � 	 5.9 2.3 2.54 6.7 
0� ß � 	 6.4 1.4 4.54 7.2 
í @ � 	 6.0 1.9 3.16 6.5 
Å Èx 	 5.0 0.5 10.00 4.2 

0� î Èx 	 5.2 2.0 2.67 6.1 
ï ð Èx 	 4.9 1.5 3.27 5.0 

­ 	 5.7 3.0 1.90 6.2 
À ñ � 	 3.9 1.5 2.60 5.0 
å L 	 5.0 1.1 4.55 4.9 

Å ò � 	 7.2 2.6 2.77 7.7 
@ î � 	 6.2 2.1 2.92 6.8 
M L 	 4.7 2.0 2.35 5.1 

Ø î � 	 5.5 2.0 2.75 5.6 
ó � 	 5.2 1.5 3.47 5.6 

M ô Å Á � 	 4.7 1.6 2.94 5.0 
õ � 	 6.5 0.9 7.22 5.6 

Â Ø â � 	 5.5 1.0 5.45 4.5 
U â � 	 8.3 1.5 5.51 8.2 

O P  5.7 2.0 3.37 6.5 
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����������	�
�������

�
�
������ �
 �

������

������

������

������

������

���� ���� ���� ���� ���
 ����

� � � ��� � � � �� � �

�
��
�
��
��
��
	


�
�

z ö   � 	 	¾� 	f ��� � f [ �  

� æ  
� � � '

(cm) 
� ¿ � '

(cm) 
� � � ' /
� ¿ � '  

� h x �

(cm) 

U ö � À ÷ 	 5.1 3.9 1.30 5.2 

¶ ¾ ö � ÷ 	 3.5 3.1 1.13 4.3 

ö � ÷ 	 5 4.4 1.14 5.6 

ø L ö � ÷ 	 5.5 4.2 1.30 6 

¶ ¾ ÷ 	 5.5 3.5 1.57 5.9 

ù ì ¾ Å Á ÷ 	 5 4 1.25 5.3 

M � À ÷ 	 4.7 3.7 1.27 5.4 

â � 	 	 4.1 3.5 1.17 4.6 

À ú ä 	 4.6 5 0.92 6.4 

M Ò Á ÷ 	 6.2 5.4 1.14 7 

È � ø L � 	 	 4.5 2.2 2.05 3.8 

U M � û 	 5 3 1.67 2.6 

O P  4.9 3.8 1.29 5.18 

 
 

�������� � ! " � � � # $ � < = � ! " � � � # $ � < = � ! " � � � # $ � < = � ! " � � � # $ � < =  
ü ¼Ç ÈQ L M 	� � � � (g) ° � � � � (m2) 
 D ä � x �L M 	f � �

� � N Q 0.06 ± 0.02 g�� � � � N 0.0012 ± 0.0003 m2F­ G H I J KR L M

	� � � � S � �T � � � � Y S U �² = s ü ý f x y D ä (R2=0.9586)F 
 

 
 
 
 
 
 
 
 
 

 
ü ¼Ç È  L M 	� � � � (g) ° � � � � (m2) 
 D ä � x  
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� ���

���

���

���

� ��� � ��� � ��� � �� � � ��� � ���

� � � �� � � �

��
�
��
��
�
��
	


���������	�
����

�

�
�
�����
���

� ��


� ���

� ���

���

���

���

� 
�� � 
�� � 
�� � ��� � ��� � �� �

� � � � � � � � � � � � �

��
�
��
��
�
��
	


3333���� � ! " . � � � 	 
 / 0 � 1 2 � ! " . � � � 	 
 / 0 � 1 2 � ! " . � � � 	 
 / 0 � 1 2 � ! " . � � � 	 
 / 0 � 1 2  
ü¼ÇÃQLM	����(g) ° �� (" (m/s) 
 D ä � x (Ò & 23[

¿)F­ G H I J �RLM	����S ��T�� (" Y S Z �² = s � '
C D (R2=0.5559)F 

 
 
 
 
 
 
 
 
 
 
 

 
ü¼ÇÃ  LM	����(g) ° �� (" (m/s) 
 D ä � x (Ò & 23[¿) 

 
 
 
>>>>����� � # $ . � � � 	 
 / 0 � 1 2� � # $ . � � � 	 
 / 0 � 1 2� � # $ . � � � 	 
 / 0 � 1 2� � # $ . � � � 	 
 / 0 � 1 2  

ü¼ÇöQLM	� � � � (m2) ° �� (" (m/s) 
 D ä � x (Ò & 23[
¿)F­ G H I J �LM	� � � � ° �� (" �² = s � 'C D (R2=0.3955)F 

 
 
 
 
 
 
 
 
 
 
 

 
ü¼Çö  LM	� � � � (m2) ° �� (" (m/s) 
 D ä � x (Ò & 23[¿) 
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���

�� �

� ��

� � �

� ��

� 	 � � 	 � 
 	
� � 
 � � � � � � � �

�
��
�
��
��
	


��



�����������	���
����


�
�
������ ���

����

����

���


���

��


���

����� ���� 
 ���� � ����
 �����

� � � �� � � � � � �� � � � �

��
�
��
��
�
��
	


????����% & '% & '% & '% & ' . � � � 	 
 / 0 � 1 2. � � � 	 
 / 0 � 1 2. � � � 	 
 / 0 � 1 2. � � � 	 
 / 0 � 1 2  
ü¼ÇÁQLM	� � � (AS) ° �� (" (m/s) 
 D ä � x (Ò & 23[

¿)�LM	f O P � � � (Aspect-Ratio�AR)Q 1.71 ± 0.12F­ G H I J �R
� � � (AR) S X �TLM	�� (" Y c � Z �² = s � 'C D (R2=0.4726)F 

 
 

 
 
 
 
 
 
 
 
 
ü¼ÇÁ  LM	� � � (AR) ° �� (" (m/s) 
 D ä � x (Ò & 23[¿) 

 
 

 
@@@@����A B + , . � � � 	 
 / 0 � 1 2A B + , . � � � 	 
 / 0 � 1 2A B + , . � � � 	 
 / 0 � 1 2A B + , . � � � 	 
 / 0 � 1 2  

ü¼Ç�Q$ % & '° LM	�� (" (m/s) 
 D ä üF­ G H I J �5[
\�LM	�� (" Q 0.87±0.26 m/s�16[\�LM	�� (" Q 0.86±0.22 
m/s�e 23[\�LM	�� (" y � Q 1.01±0.24 m/sF þ R$ % & 'S ] �

T�� ('Y S Z � $ % & ' ° � � ( " 
 D ä s � ' C D (y=0.07x^
0.7733�R2=0.6967)F 

 
 

 
 
 
 
 
 
 
 
 
 
 

ü¼Ç�  � ó & '(5[�16[�23[)¿�LM	
 �� (" (m/s) 
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CCCC����� � � D � E F G H � I J� � � D � E F G H � I J� � � D � E F G H � I J� � � D � E F G H � I J  
(É) ß 0 1 [ 
 S 4 5 � 	�a b � 	c d 0 e��R0 1 f 0 S g �� 	�

�  8h 'U�i Z ej k �l h m n U(45')(üÇ��Çt)F 
(¼) 4 5 � 	
 6� 7 8�a b � 	
 6� 7 8v w x y O z # { | �i 6p
q r s tu � (ü¼Çt a)F 

(È) 4 5 � 	 � 
 ? @ A B a b �} ~ � � A # �A � � � � � �~ � A �
� ] � � ��, � 	B �A �� (ü¼Ç î )F 

 
 
 
 
 
 
 
 

 
 
 
 

ü¼Çt   � ¿ ë O z | 8= Ì  
 
 
 
 
 
 
 
 
 
 
 

 
ü¼Ç î   � 	 � 
 ? @ A B ( 0 ( 3m/s) 
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KKKK����) * � L M N O ,) * � L M N O ,) * � L M N O ,) * � L M N O , ( P Q OP Q OP Q OP Q O ) . H � I J. H � I J. H � I J. H � I J ����R � � 1 2R � � 1 2R � � 1 2R � � 1 2  
üÈÇQ~ ê â 0 ((3m/s)¿�� ó � � � � h '( � � h ) ° � 	= > �

�] '(cm) 
 D ä üFG H I J K� � � � h '( � � h ) S U�� 	= > 
 �
� ] ' Y S ] �R � � h ' ( � � h )60°\�� 	 = > 
 � � ] ' � ]
(2.2±0.1cm)F 

üÈÇ  � ó � � � � h '( � � h )\( 0 ( 3m/s)�� 	= > 
 � �] ' 
 

���

���

� ��

� ��

� ��

� ��

� � � � � � �

	 
 � �

�
�

�
�

��
�
�
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��� �  

É� Ú � Ñ 
 9 Û Ü � } Ý � 
 � � N E g Þ �� Ñ f ` 	 # 9 Û > Ì � QÑ C

(venation)�Ñ C ~ ¾ � � 9 Ï �  ñ�� ß à á â F� � < Ë � �¡ ¢ , - �

Y � �LM	� � � f Ó Ô � �a b LM	  ñ � � Ä f � h ¨ / � ã Æ f �

Ñ�+ i a b û �� Ñ(Sc) ¨ ú Ñ(R1) � � QÉÒ�ú Ñ(R) m � � QÉ�Á � �
Ñ � � b H � � ß 	 � Ï ¨ � Å Ï ì � � 
 1 f + , ( ì G í �Mk > �Ð 92)F 
� � G H Y a b �LM	� � f Å u ~ 3 �� = ¨ ~ 3 � � = � ó �i �

Ñ 9 Û ~ 3 �� = ¨ ~ 3 � � = Y � C ó F 3 � �A f � Ñ � � � � i � � �

e 3 � � A f � Ñ � � � � � � � 
 � � Ú � � � Þ �ß � ~ � � \�� 
 �

� Ú ë ß � 8�� 
 � � Ú ë ß 5 8F 
¼�É t U> �� á f � � � ~ 5~7 � � �eLM	f O P � � � (AR)Q 1.71 ± 

0.12�; � � � � (AR) S U� � � S ý �� � � S X �(" S Z F­ � � G H

Y a b �RLM	� � � S X �T�� ('Y S Z �² = s � 'C D (R2=0.4726)F 
È�RLM	����S ��T�� (" Y S Z (R2=0.5559)�ý ����S �Y ó
\c y � � � � � (R2=0.9586)�; � + , � � f � � UX ° � �� (" � � �
( Í Î Ï �Ð 68)F³ � �Ð [ + , 	 
 ~ ����¨ � � � � ä � � � � �~

N 
 � � � f �� F 
Ã�É t � � � � 
 + , �� � 
 � � � � � � ! " � U��� � Z �e� � �

× 
 + , �� � 
 � � � U� � ! " � X ��� � 
 F­ z Á
 U ± a b �

Å Ï ¨ º � Ï � 
  � ! " � U��� (" � Z �eLM	
  � ! " X (9 s�

1)��� (" � 
 (1.01±0.24 m/s)F�(Ð 91) Î � ø # �R + , � � �  (' 


\ ´ E � X �� < ò � 8 f � @ m � Þ �³e6» ~ ¿ \  6� l � g � f

� @ N ��� � � � Uf � ä �E F � � _ ` G H ° � � � Ô �Ð [ � 	} N

³ � ! " � X ��  (' 
 � � � 6» l m � � f � @ � y � �� (" F 
 

z Á  J � + , f �� (' 
 �� (" (m/s)  � ! " (s�1) Ref 

LM	 1.01±0.24 9 In this study 
� � (Tabanus bovinus) 14  Í Î Ï �Ð 68 
- . (Libellula depressa) 4~10 280 Í Î Ï �Ð 68 
� Å  2~2.3 180~197 Í Î Ï �Ð 68 
� � � (Bumble bee) 3~5 220~240 Í Î Ï �Ð 68 
º �  2.5~3.7 180~203 Í Î Ï �Ð 68 

 
ö�R$ % & 'S ] (5�16�23[)\�� 	�� (" Y S Z (y=0.07x^0.7733�

R2=0.6967)F0 1 _ ` a b K� 	c d 0 e��R0 1 f 0 S g �� 	� �  8
h 'U�i Z ej k �l h m n U(45')�Ð [ } N î � ò � � f B � 9 E U�

} � � �  f � ��V W Y a b ! �R0 1 f 0 j Ò É S \ ä � �� 	 � � c
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����  � � � � 	 
 � �  

�   � n · g 0 � � f v # F­ � } Ý �R� 	�\ " ! W ~ $ % f ) * �î

$ % & '�0 (�0 B f # n �� 	c # n  � f ! " � � � � ��f h ' 8

) * � B � f L E �� $ % $ % f # n ( ! n � 0 )F³ � �D 8 à �� á m } ,
- � � A Ì � 8 $ % ? @ f # n F 

Á�� � & ø y + , �î � � 	 �ì � 	 �- . 	 �~ �� \��� � J . ' û 7

8�ý Ó � 	 ( � 	) + , �� \���� � Ñ � ~ É� �e� � É � - ç ���

� � �� ò � f Ð E ¨ �E F­ ß + , 6» « K Ï É ( g � � � � � ) � �³

� | 8f A Ì ° \ � ¸ � * ) * �E f � � ³´ �� � 4 5 a b K� 	
 6�

7 8v w x y O z # { | �i 6p q r s tu � �³ � Ð [ �6� N ~ ã 2 �

+ | �~ ] , # ¿ \� � - . 
 b H �� � Ï � Ð 
 á 	 } 
 � � F 
��­ ß LM	c � � �³ � ¡ ¢ / � � 	= > � / 2 ? @ A B # �E Ü � �+ M

Õ _ h 4 5 # � � Å u ! y � g � 	= > 
 ��� � W � ( � 	 � ) B � � �  
(0°�30°�60°�90°)�+ 3 · 0 1 � [ 
 FG H a b K� � � � h '( � � h )
S U�� 	= > 
 � �] 'Y S ] Fý � � � � � � h ' 0°\�� 	= > Y �
��Ð [ } N � O � 0 � � 	= > � � Ú B � 0 ��+ 
 e " É 1 B E 
 � -

e � � 	= > � �F 
� � h ¸ � R � 6 2 1 \6�

� ° Í O x f 3 h �UÚ 9 � � ° ñ

� � h (üÈÇÉ)�� � h } > j �
� 4 | f A B O 5 (R� � �� \ "
! c B E �� � - B V É 6 �� � h

} : ; 7 1 { 8 )� 8 9 � � | B (Ö
� X > : # � � ª ñ ; 6�< ñA B

=�ý | � \É ( c - � | B �Á �

³Q� � h f D ä )�ø ] � E � k

(� � � 6� � �� E � k m ø ] �ñ

9 ß Y â y )F¡ ¢ ß Ò� # 0 1 � 4 5 � 	 � � \�a b � � h > _ ñ 9 ß �
	 � � \f O 5 � � � � @ Y â F 

t�à �� á ~ ? @ - A � I ñ á â �3 Ö 8 × �·�B Û 
 Ø � 1 ¼ @ C D � � F

ý � à �� á E � X �(' 
 ��� � �  ñ I Uf O ? 8E ¯ ° �� E ¯ �

f ¡ C F 
­ ß � 	f ë 6�� (flapping fly)8 � $ % �� � � x q � � � 	���

��� � � � �� � � � � ! " # $ % & '� �� (" 
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É�LM	� � N 4.5~5 cm�� � ^ � s M � ��� W � ñ À � Á L�� � W � T

6� � É ! ] } ° V ÉÏ � � 0 � LM	(Pieris canidia) � 9 F 
¼�LM	� �  ñ � � Ä � h ¨ / � ã Æ f � Ñ��� � Ñ ñ û �� Ñ(Sc)É

Ò� ú Ñ(R)öÒ(R1~R5)�� Ñ(M)ÈÒ(M1~M3)� ü Ñ(Cu) ² Ò(Cu1�Cu2)�ý

Ñ(A) ² Ò(2A�3A)Fe� � � Ñ ñ û �� Ñ^ ú Ñ(Sc^R1)ÉÒ� ú Ñ(RS)
ÉÒ�� Ñ(M)ÈÒ(M1~M3)�ü Ñ(Cu) ² Ò(Cu1�Cu2)�ýÑ(A) ² Ò(2A�3A)F 

È�� 	¾ �� 	¾ # � 	 	¾ f � � � 'U� Uß � ¿ � '�i � 	¾ f � � �

'¨ � ¿ � 'C Ó � UF­ � h x � 8 ½ � � 	¾ � � � U> f � 	�eLM

	 � ß � > f � 	F 
Ã�LM	f O P � � � (AR)Q 1.71 ± 0.12�����N Q 0.06 ± 0.02 g�� � �
� N 0.0012 ± 0.0003 m2�RLM	����S ��T� � � � Y S UF 

ö�LM	� � � S X �����S ��T�� ('Y S Z F 
Á�23[\�LM	�� (" Q 1.01±0.24 m/s�R$ % & 'S ] (5�16�23[)�T
�� ('Y S Z F 

��� 	6p q r s tu � �� 	 � \���� � Ñ � ~ É� �e� � É � - ç

���� � �� ò � f Ð E ¨ �E F6� 7 8v w x y O z # { | �³ � �6

� N ~ ã 2 � + | �~ ] , # ¿ \� � - . 
 b H �Ï � Ð 
 á 	 } 
 � � F

� 	 � \�} ~ � � A # �A � � � � � �~ � A � � ] � � ��, � 	B

�A �� F 
t�� � � � h 'S U�� 	= > 
 � �] 'Y S ] �R� � h ' 60°\�� 	=
> 
 � �] '� ] (2.2±0.1cm)F 
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(É) H I « �  
1. ì G í �M î >  (Ð 92) S T U � V WS T U � V WS T U � V WS T U � V W (����)� 0 � J ® �22(1)�28-41F 
2. ï ð ñ (Ð 91) � 	 
 X Y Z < � � � [ \� 	 
 X Y Z < � � � [ \� 	 
 X Y Z < � � � [ \� 	 
 X Y Z < � � � [ \ �� K Ð Ø E ¯ ¯ c c L �100�

2-5F 
3. Ë M N  (Ð 90) � � � ] � 	 
 ^ _ ` a b %� � � ] � 	 
 ^ _ ` a b %� � � ] � 	 
 ^ _ ` a b %� � � ] � 	 
 ^ _ ` a b % � O P U¯ Q R ¯ = « � � F 
4. S T U �V W X �Y Z A  (Ð 90) c d e f g h i g j k � � l Z m n o pc d e f g h i g j k � � l Z m n o pc d e f g h i g j k � � l Z m n o pc d e f g h i g j k � � l Z m n o p

` a` a` a` a � 0 p � � �6�15-29F 
5.� q [  (Ð 91) q � � r � 	 
 s t � u � v w 6 7 ` aq � � r � 	 
 s t � u � v w 6 7 ` aq � � r � 	 
 s t � u � v w 6 7 ` aq � � r � 	 
 s t � u � v w 6 7 ` a �Ø û 0 � U¯ $

- E ¯ � � ò \ ] « � F 
(¼)ü Î Î �  

1.http://www.ornithopter.org/store/teacherguide.pdf 
2.XN^_ (Ð 92) 	w�xy�^_	w�xy�^_	w�xy�^_	w�xy�^_� ` a ü Î æ ÷F 
3. Í Î Ï  (Ð 68) � � z { �� � z { �� � z { �� � z { � �0 O K b Ä � 1 @ V c � ñ þ æ ÷F 
4. + � ,  (Ð 88) c | � � }c | � � }c | � � }c | � � } — ~ � i V �~ � i V �~ � i V �~ � i V � �0 O KU ú � 1 @ V c � ñ þ æ

÷F 
5. D � �  (Ð 81) � � � _� � �� � � _� � �� � � _� � �� � � _� � � �0 � K¤ U Î d F 

 
 


