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˙cA = −k1cA · cB + k2cC
˙cB = −k1cA · cB + k2cC
˙cC = k1cA · cB − k2cC
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div(ẋ) =
∂

∂cA
( ˙cA) +

∂

∂cB
( ˙cB) +

∂

∂cC
( ˙cC) = −k1cB − k1cA − k2 < 0

L #�MsM�~:x�SUMT]U]UOQW[��	���W�V[MsOQ]t]ubR	DgigiMTS�$a#v	D�n\8MTSUWR��M8f8	�h�]uM�	�gig/xv	DSa	�b�MT$UM8SU]t	�SuM|x�W[]UO��
$aO�V[MD( L #Fh�]T!v$a#�M�]u_�]`$aM8b�OQ]Y
�Oi]u]UOQxv	D$aO�V[MD(

• L #�M
M8gQM8f $aSUOQf}f8OQSUf8h�OQ$�(@mo$tOQ]Yq[OQV�M8�HOi�H]`$�	���
�	�SU
HX2W[SUb�Oi�HM8�?(t�"J�(Q�1��� {




ẋ1 = x2

ẋ2 = −R
L
x2 − 1

L
f(x1, x2) + A

L
sinωx3

ẋ3 = 1
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div(ẋ) = 0−R/L− (1/L) ∂f
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∂x2
> 0 ⇒ div(ẋ) < 0
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ẋ1 = x2

ẋ2 = −R
L
x2 − 1

L
f(x1, x2) + A

L
sinωt
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div(ẋ) =
∂

∂x1
(ẋ1) +
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∂x2
(ẋ2)
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ẍ + 2ẋ+ 2x = 2 cos (2t)− sin (2t)
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ẍ+ 2ẋ + 2x = 0
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xh = exp (λt)
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λ
{

λ2 + 2λ+ 2 = 0
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λ = −1 ± i
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xh(t) = A exp (−t + it) +B exp (−t− it)
= exp (−t) (A (cos t + i sin t) +B (cos t− i sin t)) =

= exp (−t) (C cos t +D sin t)
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D = i(A − B)
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x(t) = exp (−t)F cos (t+ δ)
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C = F cos δ
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D = −F sin δ
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xp(t) = α sin (βt+ ϕ)
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−αβ2 sin (βt+ ϕ) + 2αβ cos (βt+ ϕ) + 2β sin (βt+ ϕ) = 2 cos (2t)− sin (2t)
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2αβ cos (βt+ ϕ)− (αβ2 − 2α) sin (βt+ ϕ) = 2 cos (2t)− sin (2t)
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(αβ2 − 2α) = 1
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ϕ = 0

!

α =
1

2
, β = 2, ϕ = 0
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x(t) = xh(t) + xp(t) = exp (−t) (C cos t+D sin t)
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2
sin (2t)
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x(t) = 1

2
sin (2t)
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ẋ(t) = cos (2t)
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ẋ(t) = −1
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Ẋ = −X + Y

Ẏ = X − Y −XZ
Ż = XY − bZ

µ M8gQW:fTOQ$�_
V = (Ẋ, Ẏ , Ż)
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V ·R = (−X + Y,X − Y −XZ,XY − bZ) · (X, Y, Z)

= −X2 +XY +XY − Y 2 −XZY +XY Z − bZ2

= −X2 + 2XY − Y 2 − bZ2 = −(X − Y )2 − bZ2
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V · R < 0
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