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y(t) = x1(t)
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ẋ1 = f1(x1) + g1(x1)x2,

ẋ2 = f2(x1) + g2(x1)x2,

y = x1.
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ṗ1 = f1(p1) + g1(p1)p2 + u1,

ṗ2 = f2(p1) + g2(p1)p2 + u2.
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ė1 = G1(x1, p1) + g1(x1)e2 + u1,

ė2 = G2(x1, p1) + g2(x1)e2 + u2,
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Ñ�Ô�×�Ò©ß ã C å é ã ; å ô
Õ
Ö
Û!Ð�Ù
Ý�×#�^Ð&Ô3Û
×�í�ÓAÔ�Ó�Õ
Ó�Ò¡Ø�é�ô
Ó�í	ÐÛ
×�ÓAô
Õ
×�Ù�×�Ý�×�Û
Û
Ó�Ò¡Ø�é�Ö
Û
á�ÐAÕ
Ö!ÐAÛ�Ô�Û
Ó�Ò¡ØèÙ�Ö
ÚYÚY×�Õ
×�Û
Ü
Ö!Ð�Ý�Þ�Û
Ó�Ò¡Ø�Ò©Û
Ó æ Ó�Ó�ð�Õ!Ð&ê�Ö
ï áÉô
Õ
Ó�Ñ�Ô�Õ!ÐAÛ
Ñ�Ô�á�×
ô
×�Õ
×�Ò®×�Û
Û
ß�à

x, e
é!í�ÓAÔ�Ó�Õ
Ó�×YÓ�ô
Ö
Ñ�ß�á�ÐA×�Ô�Ñ�ìjÑ�Ö
Ñ�Ô�×�Ò©Ó�â

n − k
Õ!ÐAá�×�Û
Ñ�Ô�á

e2 − Φ(x1, e1) = 0, ã � å
ä <;:



Ø+Ù�Ó�á&Ý�×�Ô�á�Ó�Õ�ì
ïõù:Ö	à æ Õ!ÐAÛ
Ö
ë
Û
Ó�Ò¡ØZØ�Ñ�Ý�Ó�á�Ö
ï Φ(x1, 0) = 0
D464Ó æ Ù¯Ð`Ù
Ý!ìjÕ
×�ö:×�Û
Ö�ìjê+Ð�Ù¯Ð�ë
ÖjÓAÔ�Ñ�Ý�×�=�ÿÖ
á�ÐAÛ
Ö�ì Ù�Ó�Ñ�Ô&Ð&Ô�Ó�ë
Û
Ónô
Ó�Ù�Ó�ð�Õ!Ð&Ô�ÞZØ	ô
Õ!ÐAá&Ý�×�Û
Ö�ì

v1(.), v2(.)
ÖWÙ�Ö
ÚYÚY×�Õ
×�Û
Ü
Ö
Õ�Ø�×�Ò©ß5×hÚ3Ø	Û
í
Ü
Ö
Ö

Φ(x1, e1)
ÔAÐAí�é�ë�Ô�Ó�ð�ßÆÙ
Ý!ì^Ô�Õ!ÐA×�í�Ô�Ó�Õ
Ö
âGÕ!ÐAÑ�ö:Ö
Õ
×�Û
Û
Ó�âhÑ�Ö
Ñ�Ô�×�Ò©ß ã C å é ã���å Ö	Ý�Ö�é�ë�Ô�ÓpÔ�Ó<�V×5Ñ�ÐAÒ©Ó�×AéÑ�Ö
Ñ�Ô�×�Ò®ß ã C å é ã > å é
á�ß�ô
Ó&Ý�Û�ì	Ý�Ö
Ñ�Þ^Ø�Ñ�Ý�Ó�á�Ö�ì �

ä�å limt→∞ e1 = 0 +< å Ø	Õ!ÐAá�Û
×�Û
Ö�ì ã � å Ó�ô
Ö
Ñ�ß�á�ÐAïõÔYÖ
Û
á�ÐAÕ
Ö!ÐAÛ�Ô�Û
Ó�×�Ò©Û
Ó æ Ó�Ó�ð�Õ!Ð&ê�Ö
×Aé&Ø+Ù�ÓAá&Ý�×�Ô�á�Ó�Õ�ì
ïõö:×�× æ Õ!ÐAÛ
Ö
ë	=Û
ß�Ò�Ø�Ñ�Ý�Ó�á�Ö�ì
Ò
Φ(x1, 0) = 0 +C å Ø	í�Ð&ê+ÐAÛ
Û
Ó�×õÒ©Û
Ó æ Ó�Ó�ð�Õ!Ð&ê�Ö
×õÓAð&Ý¯Ð�Ù¯ÐA×�ÔbÑ�á�Ó�â
Ñ�Ô�á�Ó�Ò æ Ý�ÓAð�Ð�Ý�Þ�Û
Ó æ Ó:ÐAÑ�Ö
Ò©ô�Ô�ÓAÔ�Ö
ë
×�Ñ�í	Ó æ Ó:ô
Õ
Ö	=Ô�ì
�`×�Û
Ö�ì�D

= F _ ¼4»4Á
M�½:Â�Á�Q
P�¼°ÃL¼°½�¼4O?>A@CBW¼°ÎD>)È4O4Q ¹ ÃLM�»4¼FE8F�ÏLÐAÑ�Ñ�Ò©ÓAÔ�Õ
Ö
Ò á�Û!Ð+ë!Ð�Ý�×®ê+Ð�Ù¯Ð�ë�ØYÓñÑ�Ö
Û�Ô�×�=
ê�×�Ø	ô
Õ!ÐAá&Ý�×�Û
Ö
â�é�ô
Õ
Ö^í�ÓAÔ�Ó�Õ
ß�à^Ò©Û
Ó æ Ó�Ó�ð�Õ!Ð&ê�Ö
×Aé�Ó�ô
Õ
×�Ù�×�Ý!ì
×�Ò©Ó�×õÚYÓ�Õ
Ò¡Ø+Ý¯ÐAÒ©Ö ã � å é�ðAØ+Ù�×�ÔpÖ
Û
á�ÐAÕ
Ö	=ÐAÛ�Ô�Û
ß�ÒWÒ©Û
Ó æ Ó�ÓAð�Õ!Ð&ê�Ö
×�Ò Õ!ÐAÑ�ö:Ö
Õ
×�Û
Û
Ó�âVÑ�Ö
Ñ�Ô�×�Ò©ß ã C å é ã ; å DG/®Ù�×�Ý¯ÐA×�Ònê+ÐAÒ©×�Û�Øbô
×�Õ
×�Ò©×�Û
Û
ß�à e2

ô
Ó
ÚYÓ�Õ
Ò¡Ø+Ý�×

η = e2 −Φ(x1, e1)
é æ Ù�×õá�×�í�Ô�Ó�Õ η

à�ÐAÕ!ÐAí�Ô�×�Õ
Ö�ê�Ø�×�ÔVÓAÔ�í	Ý�Ó�Û
×�Û
Ö
×õÔ�Õ!ÐA×�í�Ô�Ó�Õ
Ö!âGÑ�Ö
Ñ�Ô�×�Ò©ß
ã C å é ã ; å ÓAÔ^Ò©Û
Ó æ Ó�Ó�ð�Õ!Ð&ê�Ö�ì ã � å D�3ÀÛ
Ó�á�ß�àlô
×�Õ
×�Ò©×�Û
Û
ß�àlØ	Õ!ÐAá�Û
×�Û
Ö�ìlÓAÔ�í	Ý�Ó�Û
×�Û
Ö
âlÔAÐAí�Ó�á�ß

{

ė1 = g1(x1)(Φ + η) + v1,

η̇ = [g2(x1) + (Φx1
− Φe1

)g1(x1)](Φ + η) − Φx1
[f1(x1) + g1(x1)p2] + v2 − Φe1

v1,
ã : å

æ Ù�×Yë
×�Õ
×�ê Φx1
, Φe1

Ó�ð�ÓAê�Û!Ð+ë
×�Û
ßýì
í�Ó�ð�Ö
×�á�ßýÒ®Ð&Ô�Õ
Ö
Ü
ß

Φx1
=

∂Φ(x1, e1)

∂x1

, Φe1
=

∂Φ(x1, e1)

∂e1

.

3�ß�ð�×�Õ
×�Ò�Ø	ô
Õ!ÐAá&Ý�×�Û
Ö
×
v2

ÔAÐAí
Ö
Ò�é!ë�Ô�Ó

v2 = −[g2(x1) + (Φx1
− Φe1

)g1(x1)]Φ + Φx1
(f1(x1) + g1(x1)p2) + Φe1

v1.

6LÓ æ Ù¯Ð`Ñ�Ö
Ñ�Ô�×�Ò®Ð ã : å ô
Õ
Ö
Û
Ö
Ò®ÐA×�Ôÿá�Ö	Ù
{

ė1 = g1(x1)(Φ + η) + v1,

η̇ = [g2(x1) + (Φx1
− Φe1

)g1(x1)]η.
ãIH�å

1ñÔ�Ñ�ï�Ù¯ÐÿÑ�Ý�×�Ù!Ø�×�Ô�é�ë�Ô�ÓGÚ3Ø	Û
í
Ü
Ö�ì
η(t) = 0

Ø+Ù�Ó�á&Ý�×�Ô�á�Ó�Õ�ì
×�Ô#Ñ�Ö
Ñ�Ô�×�Ò©× ãIH�å é¯Ñ�Ý�×�Ù�Ó�á�Ð&Ô�×�Ý�Þ�Û
Ó
é�×�Ñ�Ý�ÖáVÛ
×�í�ÓAÔ�Ó�Õ
ß�âlÒ©Ó�Ò©×�Û�Ô^á�Õ
×�Ò©×�Û
Ö#Õ!ÐAá�×�Û
Ñ�Ô�á�Ó ã � å á�ß�ô
Ó&Ý�Û
×�Û
Ó�é
Ô�ÓVÓ�Û
Ó`ðAØ+Ù�×�Ô^á�ß�ô
Ó&Ý�Û
×�Û
Ó`Ô�Ó(�VÙ�×�=Ñ�Ô�á�×�Û
Û
ÓVÙ
Ý!ìlá�Ñ�×�à
t
D

7YÝ!ìnÔ�Ó æ Ólë�Ô�Ó�ð�ß-Ó�ð�×�Ñ�ô
×�ë
Ö�Ô�ÞZÑ�á�Ó�â
Ñ�Ô�á�Ó æ Ý�Ó�ð�Ð�Ý�Þ�Û
Ó æ Ó#ô
Õ
Ö�Ô+ì
�`×�Û
Ö
×`Ù
Ý!ì Ö
Û
á�ÐAÕ
Ö!ÐAÛ�Ô�Û
Ó æ ÓÒ©Û
Ó æ Ó�Ó�ð�Õ!Ð&ê�Ö�ì ã � å Ö^Ø�Ñ�Ô�Õ
×�Ò©Ö�Ô�Þ:ÓAÔ�í	Ý�Ó�Û
×�Û
Ö�ì e1(t)
íÿÛ�Ø�Ý�ïbé	áYÛ!Ð&ö:×�ÒJÕ!ÐAÑ�ô
Ó�Õ�ì
�`×�Û
Ö
ÖÿÖ
Ò©×�×�Ô�Ñ�ì

á�ß�ð�Ó�Õlá�Ö	Ù¯Ð`Ú3Ø	Û
í
Ü
Ö
Ö
Φ(x1, e1)

Ö#Ø	ô
Õ!ÐAá&Ý�×�Û
Ö�ì
v1(.)

D
ó1Ø�Ñ�Ô�ÞÿÚ3Ø	Û
í
Ü
Ö�ì

Φ(x1, e1)
ì
á&Ý!ì
×�Ô�Ñ�ìZë!ÐAÑ�Ô�Û
ß�ÒÀÕ
×�ö:×�Û
Ö
×�ÒÊÑ�Ý�×�Ù!Ø	ïõù`×�âjÑ�Ö
Ñ�Ô�×�Ò©ß�Ø	Õ!ÐAá�Û
×�=

Û
Ö
âlá^ë!ÐAÑ�Ô�Û
ß�àlô
Õ
Ó�Ö�ê�á�Ó+Ù�Û
ß�àlô
×�Õ
á�Ó æ Ó^ô
Ó�Õ�ì	Ù�í	Ð

g2(x1) + (Φx1
− Φe1

)g1(x1) = −(λ, . . . , λ)T , Φ(x1, 0) = 0,

æ Ù�× λ > 0
DJ6LÓ æ Ù¯Ð�éñ×�Ñ�Ý�Ö/Ñ�Ó�ÓAÔ�á�×�Ô�Ñ�Ô�áAØ	ïõù`×�×K��Ô�Ó�Ò¡ØþÕ
×�ö:×�Û
Ö
ïxØ	ô
Õ!ÐAá&Ý�×�Û
Ö
×

v2(x1, e1)
Ø�Ù�Ó&=

á&Ý�×�Ô�á�Ó�Õ�ì
×�Ô#Ó æ Õ!ÐAÛ
Ö
ë
×�Û
Ö
ï * <	é¯Ô�Ó#Ò©Û
Ó æ Ó�ÓAð�Õ!Ð&ê�Ö
×Aé�Ó�ô
Õ
×�Ù�×�Ý!ì
×�Ò©Ó�×`ÚYÓ�Õ
Ò¡Ø+Ý¯ÐAÒ©Ö ã � å é�Ó�ð�Ý¯Ð�Ù¯ÐA×�ÔÑ�á�Ó�â
Ñ�Ô�á�Ó�Ò æ Ý�Ó�ð�Ð�Ý�Þ�Û
Ó æ Ó1ô
Õ
Ö�Ô�ì
�`×�Û
Ö�ì�é�Ð1Ñ�Ð&Ò®ÖL��Ô�ÖVÚYÓ�Õ
Ò¡Ø+Ý�ßèÓ�ô
Õ
×�Ù�×�Ý!ì
ïõÔpÐAÑ�Ö
Ò©ô�Ô�ÓAÔ�Ö
ë!×�Ñ�í�Ø�ïÓ�Ü
×�Û
í�Ø#ô
×�Õ
×�Ò©×�Û
Û
ß�à
x2(t)
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7YÝ!ì`Ó�ð�×�Ñ�ô
×�ë
×�Û
Ö�ìGÐAÑ�Ö
Ò©ô�Ô�ÓAÔ�Ö
ë
×�Ñ�í	Ó�â^Ø�Ñ�Ô�Ó�â
ë
Ö
á�Ó�Ñ�Ô�ÖÿÛ�Ø�Ý�×�á�Ó æ ÓpÕ
×�ö:×�Û
Ö�ìÿÑ�Ö
Ñ�Ô�×�Ò©ß ãIH�å á�ß�=ð�×�Õ
×�Ò Ø	ô
Õ!ÐAá&Ý�×�Û
Ö
×

v1 = −g1(x1)Φ(x1, e1)−Γe1

é æ Ù�× Γ = MONGP�Q (γ, . . . , γ), γ > 0
D�3òÕ
×�ê�Ø+Ý�Þ+Ô&Ð&Ô�×

Ñ�Ö
Ñ�Ô�×�Ò®Ð ãIH�å ô
Õ
×�Ó�ð�Õ!Ð&ê�Ø�×�Ô�Ñ�ìZílá�Ö	Ù!Ø
{

ė1 = g1(x1)η − Γe1,

η̇ = −Λη,
ã�ä @ å

æ Ù�× Λ = MONGP�Q (λ, . . . , λ)
D

ó1Ø�Ñ�Ô�Þ
V (t) = 1

2
(eT

1 e1 + ηT η) ç Ú3Ø	Û
í
Ü
Ö�ìR,Yì
ô�Ø	Û
Ó�á�Ð3Ù
Ý!ìGÑ�Ö
Ñ�Ô�×�Ò©ß ã�ä @ å D.S©×ñô
Õ
Ó�Ö�ê�á�Ó�Ù�Û!Ð&ìáVÑ�Ö	Ý!ØhÑ�Ö
Ñ�Ô�×�Ò©ß ã�ä @ å Õ!ÐAá�Û!Ð
V̇ (t) = −eT

1 Γe1 + eT

1 g1(x1)η − ηT Λη.

/�Ó æ Ý¯ÐAÑ�Û
ÓõÑ�Ù�×�Ý¯ÐAÛ
Ó�Ò¡ØYô
Õ
×�Ù�ô
Ó&Ý�Ó(�`×�Û
Ö
ïbé���Ô&Ð�Ý�Ó�Û
Û!Ð&ìYÔ�Õ!ÐA×�í�Ô�Ó�Õ
Ö�ì x(t)
ì
á&Ý!ì
×�Ô�Ñ�ìbÓ æ Õ!ÐAÛ
Ö
ë
×�Û
Û
ÓAâÚ3Ø	Û
í
Ü
Ö
×�âèá�Õ
×�Ò©×�Û
Ö�D©ó3Õ
ÖWÙ�Ó�ô
Ó&Ý�Û
Ö�Ô�×�Ý�Þ�Û
Ó�Ò/Ô�Õ
×�ð�Ó�á�ÐAÛ
Ö
ÖJÓ æ Õ!ÐAÛ
Ö
ë
×�Û
Û
Ó�Ñ�Ô�ÖJê�Û!Ð�ë
×�Û
Ö
â g1(x1)Ö�ê�ô
Ó�Ñ�Ý�×�Ù�Û
× æ ÓpÕ!ÐAá�×�Û
Ñ�Ô�á�Ð3Ñ�Ý�×�Ù!Ø�×�Ô�é�ë�Ô�Ó3ê�Û!Ð+ë
×�Û
Ö�ì γ, λ

Ò©Ó æ Ø�ÔYð�ß�Ô�ÞYá�ß�ð�Õ!ÐAÛ
ßJÔ&ÐAí
Ö
ÒWÓ�ð�Õ!Ð&ê�Ó�Ò�éë�Ô�Ó1ô
Õ
Ó�Ö�ê�á�Ó�Ù�Û!Ð&ì:Ú3Ø	Û
í
Ü
Ö
ÖT,Yì
ô�Ø	Û
Ó�á�Ð
V̇ (t)

Ñ�ÔAÐAÛ
Ó�á�Ö�Ô�Ñ�ì`Ó�ô
Õ
×�Ù�×�Ý�×�Û
Û
Ó3ÓAÔ�Õ
Ö
Ü!Ð&Ô�×�Ý�Þ�Û
Ó�âVÚ3Ø	Û
í	=
Ü
Ö
×�âÉá�Õ
×�Ò©×�Û
Ö�DF6¡ÐAí
Ö
ÒýÓ�ð�Õ!Ð&ê�Ó�Ò�é°álÕ
×�ê�Ø+Ý�Þ+Ô&Ð&Ô�×Gô
Õ
×�Ù
Ý�Ó(�V×�Û
Û
Ó�âÉÑ�à�×�Ò©ß Ñ�Ö
Û�Ô�×�ê+ÐZØ	ô
Õ!ÐAá&Ý�×�Û
Ö
â
ô
Ó&Ý!Ø	ë!Ð&×�Ò�é�ë�Ô�Ó

ä�å Ô�Õ!ÐA×�í�Ô�Ó�Õ
Ö
ÖjÑ�Ö
Ñ�Ô�×�Ò©ß ã C å é ã ; å Ñ�Ô�Õ
×�Ò¡ì�Ô�Ñ�ìjí#Ò©Û
Ó æ Ó�Ó�ð�Õ!Ð&ê�Ö
ï e2 − Φ(x1, e1) = 0 +< å limt→∞ e1 = 0 +C å Ö�ê æ Õ!ÐAÛ
Ö
ë
Û
Ó æ ÓnØ�Ñ�Ý�Ó�á�Ö�ì Φ(x1, 0) = 0
Ù
Ý!ìÉÙ�Ö
ÚYÚY×�Õ
×�Û
Ü
Ö
Õ�Ø�×�Ò®ÓAâÆÚ3Ø	Û
í
Ü
Ö
Ö

Φ(x1, e1)Ñ�Ý�×�Ù!Ø�×�Ô�é¯ë�Ô�Ó
limt→∞ e2 = 0
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M�ÃLQ�FO3èí�Ð�=

ë
×�Ñ�Ô�á�×Gô
Õ
Ö	Ý�Ó(�`×�Û
Ö�ì Ù¯ÐAÛ
Û
Ó æ ÓlÑ�ô
Ó�Ñ�Ó�ð�ÐlÕ
×�ö:×�Û
Ö�ìÉê+Ð�Ù¯Ð+ë
ÖÉÓAÔ�Ñ�Ý�×��ÿÖ
á�ÐAÛ
Ö�ìÉÕ!ÐAÑ�Ñ�Ò®Ó&Ô�Õ
Ö
ÒþØ	Õ!ÐAá&=Û
×�Û
Ö�ì�é�Ó�ô
Ö
Ñ�ß�á�ÐAïõù:Ö
×^á�Õ!Ð&ù:×�Û
Ö
×^ô
Ó#Ö
Û
×�Õ
Ü
Ö
Ö Ô�á�×�Õ�Ù�Ó æ ÓlÔ�×�Ý¯Ð#á�Ó�í
Õ�Ø æ Û
×�ô
Ó�Ù�á�Ö
�ÿÛ
Ó�ânÔ�Ó�ë
í
Ö�éÑ�ÓAá�ô!Ð�Ù¯ÐAïõù:×�âZÑYÜ
×�Û�Ô�Õ
Ó�Ò�Ô+ì
�`×�Ñ�Ô�ÖlÔ�×�Ý¯Ð�D
11ðAÓAê�Û!Ð�ë
Ö
á

a1 =
A2 − A3

A1

, a2 =
A3 − A1

A2

, a3 =
A1 − A2

A3

é�ê+ÐAô
Ö�ö:×�Ò Ø	Õ!ÐAá�Û
×�Û
Ö�ì
X â	Ý�×�Õ!Ð











ẋ1 = a1x2x3,

ẋ2 = a2x3x1,

ẋ3 = a3x1x2,

ã�ä�ä�å
æ Ù�× A1, A2, A3 ç Ò©Ó�Ò©×�Û�Ô�ßJÖ
Û
×�Õ
Ü
Ö
ÖbÔ�×�Ý¯ÐñÓAÔ�Û
Ó�Ñ�Ö�Ô�×�Ý¯Þ�Û
Ó æ Ý¯ÐAá�Û
ß�àbÓ�Ñ�×�â�é x(t) ç á�×�í�Ô�Ó�ÕbØ æ Ý�Ó�á�Ó�âÑ�í�Ó�Õ
Ó�Ñ�Ô�ÖlÔ�×�Ý¯Ð�D4/�Ö
Ñ�Ô�×�Ò¡Ø ã�ä�ä�å ðAØ�Ù�×�Ò�Õ!ÐAÑ�Ñ�Ò®Ð&Ô�Õ
Ö
á�Ð&Ô�Þÿí�Ð&íD��Ô&Ð�Ý�Ó�Û
Û�Ø	ï�Ù
Ý!ì#ê+Ð�Ù¯Ð+ë
ÖlÓAÔ�Ñ�Ý�×��ÿÖ	=á�Ð&Û
Ö�ì)D�ó3Õ
×�Ù�ô
Ó&Ý�Ó��^Ö
Ò5é�ë�Ô�Ó:ô
×�Õ
á�ß�×5Ù�á�×õí	Ó�Ò©ô
Ó�Û
×�Û�Ô�ß

x1(t), x2(t)
á�×�í�Ô�Ó�Õ!ÐYØ æ Ý�Ó�á�Ó�âÿÑ�í�Ó�Õ
Ó�Ñ�Ô�Ö

x(t)
Ö�ê�á�×�Ñ�Ô�Û
ßYD
/�ÓAÑ�ÔAÐAá�Ö
Òþá�Ñ�ô
Ó�Ò©Ó æ Ð&Ô�×�Ý�Þ�Û�Ø	ï Ñ�Ö
Ñ�Ô�×�Ò¡Ø�é4ô
Õ!ÐAá�ß�×^ë!ÐAÑ�Ô�Öòí	ÓAÔ�ÓAÕ
Ó�âòÒ©Ó æ Ø�ÔjÑ�Ó�Ù�×�Õ��^Ð�Ô�Þjô
Õ
Ó&=Ö�ê�áAÓ&Ý�Þ�Û
ß�×pÚ3Ø	Û
í
Ü
Ö
Ö

ui(.), i = 1, 2, 3 �










ṗ1 = a1p2p3 + u1,

ṗ2 = a2p1p3 + u2,

ṗ3 = a3p1p2 + u3.
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×�ðAØ�×�Ô�Ñ�ì ô
Ó+Ù�Ó�ð�Õ!Ð&Ô�ÞòØ	ô
Õ!ÐAá&Ý�×�Û
Ö�ì

u1, u2, u3

Ô&ÐAí
Ö
Ò Ó�ð�Õ!Ð&ê�Ó�Ò�é8ë�Ô�Ó�ð�ß�Ý�ïñð�Ó�×jÕ
×�ö:×�Û
Ö
× Ñ�Ö	=
Ñ�Ô�×�Ò®ß ã�ä < å ÐAÑ�Ö
Ò©ô�Ô�ÓAÔ�Ö
ë
×�Ñ�í
ÖòÑ�Ô�Õ
×�Ò©Ö	Ý�Ó�Ñ�Þjí ê+Ð�Ù¯ÐAÛ
Ó�Ò¡ØnÕ
×�ö:×�Û
Ö
ï Ñ�Ö
Ñ�Ô�×�Ò©ß ã�ä�ä�å D¯7YÝ!ìY��Ô�Ó æ Ó

ä CA@



Ñ�Ó�Ñ�ÔAÐAá�Ö
Ò�Ø	Õ!ÐAá�Û
×�Û
Ö�ìèÓ&ö:Ö
ð�Ó�í�éLÓ�ð�ÓAê�Û!Ð+ë
Ö
ánÑ�Ó�ÓAÔ�á�×�Ô�Ñ�Ô�áAØ�ïõù:Ö!×hÓAÔ�í	Ý�Ó�Û
×�Û
Ö�ìèë
×�Õ
×�ê
ei(t) =

= pi(t) − xi(t), i = 1, 2, 3 �










ė1 = a1(e1p3 + e3x2) + u1,

ė2 = a2(e2p3 + e3x1) + u2,

ė3 = a3(e1p2 + e2p1) + u3.

ã�ä C å
ø8Ø+Ù�×�ÒÀÕ
×�ö`Ð&Ô�Þÿê+Ð�Ù¯Ð�ë�Ø#Ñ�ÔAÐAð�Ö	Ý�Ö�ê+ÐAÜ
Ö
ÖnÛ�Ø�Ý�×�á�Ó æ ÓGÕ
×�ö:×�Û
Ö�ìnÑ�Ö
Ñ�Ô�×�Ò©ß ã�ä C å áÿÓ�í
Õ
×�Ñ�Ô�Û
Ó�Ñ�Ô�ÖÛ
×�í	ÓAÔ�Ó�Õ
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