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Â�Ï+Ä�Ð-Â 
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XT0,T1

ÙÛî�Ô�Ä%Ç�Ó�Æ-Ò�Â�Å�Â�Ä�Ð�Ã¤ÉwâFÑ�Ð�Æ Æ�È�Ë
Æ�Ó�Ë�Ã#àFÕ±Â�é�Ð�È�Ä#Ï+Æ�Ð�Æ�Ô�àFÌrÓ�Ô�Æ�Ü�Ä#Ã#Ã

x = x(t), t ∈ [T0, T1]
Ë

x ∈ AC[T0, T1],
Å�Ç�Ä

AC[T0, T1]
�

Ï!Ò�Â�Ã#Ã�Â�×�Ã#Æ-Ò{é�Ð�È�Æ � È�Ä#Ó�Ô�Ä#Ô�àFÕ�È�àÛØ 	 Î!È�Ï�Ü�Ë�ÌZÈ
Â
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Ù
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 Ô�Ä#×�Î�Ä�Ð�Ã¤ÉãÈ
Â�Ì�Ð�ËãÕ�Ã#Ä9Ð-Â�Ï�Ë�ÄëÂ�×�Ã#Æ-Ò{é�Ð�È�Æ È�Ä#Ó�Ô�Ä#Ô�àFÕ�È�àFÄ 	 Î!È�Ï�Ü�Ë�ËãÈ
Â

[T0, T1]
â7Ï+Æ�Ð�Æ�Ô�àFÄ

Ó�Æ�Ô�Æ0ì¬Ç�Â�é�ÐT×±Â-Ö#Î Ç�Â�È�È�àÛØ
XT0,T1

Ù � Ç�Ä#Ã#ÍTË�Ö�Õ�Ä#Ã�Ð�Ä#È Ã�Ò{Ä%Ç{Î!é�ê�Ë�Ì Ô�Ä�Ö#Î0Ò{Í0Ð-Â-Ð ������� Õ�Ã#Ä�Ð-Â�Ï�Ë�Ä
	 Î!È�Ï�Ü�Ë�Ë5Î�Ç�Æ�Õ-Ò{Ä�Ð�Õ�Æ�Ô±É�é�Ð Ô�Ä�Ê�Ä#È�Ë�éåÇ�Ë 	�	 Ä#Ô�Ä#È�Ü�Ë
Â�Ò{Í�È�Æ�Å#ÆTÕ�Ï!Ò{éUÑ�Ä#È�Ë�É

dx

dt
∈ F (t, x),

Å�Ç�Ä
F (tx, )
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Â0Ñ�È
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Â�È�Ë �
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 Æ;Ä#Ã�Ð�ÍRÇ�Ë 	�	 Ä#Ô�Ä#È�Ü�Ë
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Â�Ò{Í �È�àFÝ È�Ä#Ô
Â�Õ�Ä#È�Ã�Ð�Õ�Æ�Ý

µ(t, x) ≤
dx

dt
≤ λ(t, x).

� Ò
ÉTÓ�Æ�Ã�Ð�Ô�Æ�Ä#È�Ë�É 	 Î!È�Ï�Ü�Ë�Ì
λ = λ(t, x)

Ë
µ = µ(t, x)
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� Â�Ô�Ä#Ýj×�à�Ù�î�Æ�ï�Ð�Æ�ÝdÎ 	 Î!È�Ï�Ü�Ë�Ë
λ
Ë

µ
Ó�Ô�Ä%Ç�Ó�Æ-Ò�Â�Å�Â�é�Ð�Ã¤É Ï�Õ±Â-Ö�Ë�ÝjÆ�È�Æ�Ð�Æ�È�È�Æ9È�Ä�Î!×�àFÕ±Â�é�ê�Ë �

ÝjËwÙ{ÚÛÄ#Å#ÝjÄ#È�Ð
[T0, T1]

� ï�Ð�Æ¨Î!Ñ
Â�Ã�Ð�Æ�Ïwâ{È
Â¬Ï+Æ�Ð�Æ�Ô�Æ�Ý Ó�Æ�Õ�Ä%Ç�Ä#È�Ë�Ä;Õ�Ä#Ï�Ð�Æ�Ô
Â
x = x(t)

Ë�Ö�Õ�Ä#Ã�Ð�È�Æ
� Æ�È�ÆNÆ�Ó�Ô�Ä%Ç�Ä�Ò{Ä#È�Æ9Ã�Ð-Â-Ð�Ë�Ã�Ð�Ë�Ï+Æ�ÌwÙlî�Æ�Õ-Ò{Ë�É�Ð�ÍNÈ
Â Õ�Ä#Ï�Ð�Æ�Ô

x = x(t)
Î+ì¬Ä�È�Ä�Ð5Õ�Æ�Ö�ÝjÆ0ìTÈ�Æ�Ã�Ð�Ëwâ

Ó�Æ�ï�Ð�Æ�ÝdÎ5Ó�Ô�Æ�ÝjÄ�ì�Î+Ð�Æ�Ï
[T0, T1]

È
Â-Ö�àFÕ±Â�é�ÐTÈ�Ä�Î!Ó�Ô
Â�Õ-Ò
É�Ä#ÝjàFÝ ����� Ù
•
Á;Â Ó�Ô�Æ�ÝjÄ�ì�Î+Ð�Ï+Ä

[T1, T2]
� Õ � È�Æ�Õ�Æ�Ý � Ã#Ä�Ö�Æ�È�Ä�â�È�Ä#Æ�×�Ø±Æ#Ç�Ë�ÝjÆ Ó�Æ�Ã�Ð�Ô�Æ�Ë�Ð�ÍñÓ�Ô�Æ�Å#È�Æ�Ö�â 	 Î!È�Ï �

Ü�Ë�é
x = x(t),

Ï+Æ�Ð�Æ�Ô
Â-É Æ�Ó�Ë�Ã#àFÕ±Â�Ò�ÂQ×�àÞÕ�Ã#ÄZÕ�Æ�Ö�ÝjÆ0ìTÈ�àFÄ9Ó�Æ�Õ�Ä%Ç�Ä#È�Ë�É Ó�Ô�Æ�Ü�Ä#Ã#Ã�Â�Ù � Ã#Ã�Ò{Ä �
Ç�Æ�Õ±Â�È�Ë�ÄZÓ�Æ�Õ�Ä%Ç�Ä#È�Ë�ÉñÔ�Ä�Ê�Ä#È�Ë�Ì Ç�Ë 	�	 Ä#Ô�Ä#È�Ü�Ë
Â�Ò{Í�È�àÛØãÕ�Ï!Ò{éUÑ�Ä#È�Ë�Ì ÝjÆ0ìTÈ�ÆpÓ�Ô�Æ�Õ�Æ#Ç�Ë�Ð�Í ×�Ä�Ö
Ë�Ã#Ó�Æ-Ò{Í�Ö�Æ�Õ±Â�È�Ë�É 	 Î!È�Ï�Ü�Ë�Æ�È
Â�Ò�ÂZÏ!Â0Ñ�Ä#Ã�Ð�Õ±Â�âlËpÃTÈ�Ë�Ý �

I = I(t, x, u).
� Ç�Ä#Ã#ÍZÓ�Ô�Ä%Ç�Ó�Æ-Ò�Â�Å�Â �

Ä�Ð�Ã¤ÉwâjÑ�Ð�ÆQÈ
ÂrÓ�Ô�Æ�ÝjÄ�ì�Î+Ð�Ï+Ä
[T1, T2]

Ë�ÝjÄ#Ä�Ð�Ã¤É Õ�Æ�Ö�ÝjÆ0ìTÈ�Æ�Ã�Ð�ÍëÎ!Ó�Ô
Â�Õ-Ò
É�Ð�Í Ó�Ô�Æ�Ü�Ä#Ã#Ã#Æ�ÝðÃNÓ�Æ �
ÝjÆ�ê�Í�éðÈ�Ä#Ï+Æ�Ð�Æ�Ô�Æ�Ì 	 Î!È�Ï�Ü�Ë�Ë

u = u(t)
Ë�Ö�È�Ä#Ï+Æ�Ð�Æ�Ô�Æ�Å#ÆNÏ!Ò�Â�Ã#Ã�Â¬Ç�Æ�Ó�Î�Ã�Ð�Ë�ÝjàÛØrÎ!Ó�Ô
Â�Õ-Ò{Ä#È�Ë�Ì

K ⊂ AC[T1, T2]
Ù � Ã#È�Æ�â�Ñ�Ð�Æ

x = x(t, x, u) ∈ AC[T1, T2]
ËrÈ
Â Ó�Ô�Æ�ÝjÄ�ì�Î+Ð�Ï+Ä

[T1, T2]
Î�Ç�Æ �

Õ-Ò{Ä�Ð�Õ�Æ�Ô±É�Ä�ÐTÈ�Æ�Õ�Æ�ÝdÎ�Ç�Ë 	�	 Ä#Ô�Ä#È�Ü�Ë
Â�Ò{Í�È�Æ�ÝdÎ5Õ�Ï!Ò{éUÑ�Ä#È�Ë�é
dx

dt
∈ F1(t, x, u)

Ù � Â0Ç�Â0Ñ
Â¬Ã#Æ�Ã�Ð�Æ�Ë�Ð Õ¨Ð�Æ�ÝFâ
Ñ�Ð�Æ�×�àåÓ�Æ�Ã�Ð�Ô�Æ�Ë�Ð�Í Ó�Ô
Â�Õ�Î!é Ñ
Â�Ã�Ð�ÍTï�Ð�Æ�Å#ÆTÕ�Ï!Ò{éUÑ�Ä#È�Ë�ÉwÙ � Ë�ÝjÄ#È�È�Æ�â
Ó�Æ�Ã�Ð�Ô�Æ�Ë�Ð�ÍTÏ�Õ±Â-Ö�Ë�ÝjÆ�È�Æ�Ð�Æ�È�È�àFÄ 	 Î!È�Ï�Ü�Ë�Ë

λ = λ1(t, x, u)
Ë

µ = µ1(t, x, u)
Ð-Â�Ï�Ë�Ä�â{Ñ�Ð�Æ

µ1(t, x, u) ≤
dx

dt
≤ λ1(t, x, u)

Ó�Ô�Ë9Õ�Ã#Ä�Ø
t ∈ [T1, T2]

Ë Ç�Æ�Ó�Î�Ã�Ð�Ë�ÝjàÛØZÎ!Ó�Ô
Â�Õ-Ò{Ä#È�Ë�É!Ø
u ∈ K.

çlÄ�Ê¬Â-Ð�ÍNÐ-Â�Ï�Î!éðÖ0Â0Ç�Â0Ñ�ÎZÓ�Ô±É�ÝjàFÝjËëÕ�àFÑ�Ë�Ã�Ò{Ä#È�Ë�É�ÝjËë×�Ä�Ö¬Ó�Ô�Ë�Õ-Ò{Ä#Ñ�Ä#È�Ë�ÉëÑ�Ë�Ã�Ò{Ä#È�È�àÛØëÝjÄ�Ð�Æ#Ç�Æ�ÕNË
Ã#Æ�Ö�Ç�Â�È�Ë�ÉNÓ�Ô�Æ�Å#Ô
Â�ÝjÝjÈ�Æ�Å#Æ¬Æ�×�Ä#Ã#Ó�Ä#Ñ�Ä#È�Ë�Éwâ�Ó�Æ�Ï�Ô
Â�Ì�È�Ä#Ì5ÝjÄ#Ô�Ä�â�È�Ä#Ô
Â�Ü�Ë�Æ�È
Â�Ò{Í�È�Æ�Ù�î�Æ�ï�Ð�Æ�ÝdÎTÝjàãÓ�Ô�Ä%Ç �
Ò�Â�Å�Â�Ä#ÝNÇ
Ò
É;Ô�Ä�Ê�Ä#È�Ë�ÉLÓ�Æ�Ã�Ð-Â�Õ-Ò{Ä#È�È�àÛØ;Ö0Â0Ç�Â0Ñ � Ø±Æ�Ð0É�×�àQÕ�È�Ä#Ï+Æ�Ð�Æ�Ô�àÛØ�Ñ
Â�Ã�Ð�È�àÛØLÃ�Ò
Î!Ñ
Â-É!Ø � Ë�Ã#Ó�Æ-Ò{Í�Ö�Æ �
Õ±Â-Ð�ÍLÃ#Ó�Ä#Ü�Ë
Â�Ò{Ë�Ö�Ë�Ô�Æ�Õ±Â�È�È�Æ�ÄRÓ�Ô�Æ�Å#Ô
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