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u′′
i + qi(t)gi(ui) = pi(t, u), i = 1, . . . , d, (1.1)
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�� u ∈ R
d, gi : R → R ���
�, � |ui| ���, �∣∣∣∣gi(ui) − gi(0)

ui

∣∣∣∣ ≤ li,

li ∈ R
+, i = 1, . . . , d, ���

(g0) lim|ui|→+∞ sgn(ui) · gi(ui) = +∞;

pi : [0, 2π] × R
d → R � qi : [0, 2π] → R

+ := (0,+∞) �������� t � 2π ���


�, ����� i = 1, . . . , d, �

(p0) |pi(t, u)| ≤ Pi ∈ R
+.

�
� g : R → R �����

lim
|x|→+∞

sgn(x)g(x) = +∞,

������ � M, !

τ(M) = τ(h−, h+) =
√

2
∣∣∣∣
∫ h+

h−

ds√
G(h+) − G(s)

∣∣∣∣
����� x′′ + g(x) = 0 �����

1
2
y2 + G(x) = M

������, �� y = x′, G(h) =
∫ h

0
g(s)ds � G(h±) = M.

��

τ+(h) = τ(0, h) =
√

2
∫ h

0

ds√
G(h) − G(s)

,

�� h > 0 ����� �.

�"�, ���� gi (i = 1, . . . , d), #��

τ+
i (h) = τi(0, h) =

√
2

∫ h

0

ds√
Gi(h) − Gi(s)

,

�� h > 0 ����� �.

��

(τ+∞) limh→+∞ τ+
i (h) = ∞, i = 1, . . . , d.


� u ���� (1.1) ���$�� u � (1.1) �$����� i = 1, . . . , d, � ui(0) =

ui(2π), u′
i(0) = u′

i(2π).

�������	��Æ, ��� !%�&"���# !$�'!"%#(&�'($

%)�). ��, *������	���$+*, &�#+, ��,','��Æ-(��),

.*-/+,�	��$�- .0., $����$�#$.+*//�&. 12(��)�

#�0(/1.0
��)3241 [10–15]  562%7 [1, 2] ".33,��$�4&4��8

5956�.

� qi(t) ≡ 1 �,  gi (i = 1, . . . , d) ����71.:86, � [4] 0(241��)7;<

(1.1) ��9�$�- .. �=, Fonda ">:;89 [5]��:%� Poincaré–Birkhoff ?;<

42�%�7;:%,�� Hamilton�	�@,+,<*���=A�	?;<42�% [8, 9].
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0(F��%, :%<� [4] ��0., +,��71.����	/F#�9�$�- . [8].

GG, ÆH)H,� [3] II7<0(��69?;�%7;��71.J���	/F#�

9�$�E9�$�- ..  � [3] �, 1I7��	FK�����GH.:8.

��:0(� [8] ����I:%� Poincaré–Birkhoff ?;<42�%+�Æ��E1.

���J2�	��$�- .�#$.+*.

LM07�:

`a 1.1 �� (g0), (τ+
∞) KJ, ��	 (1.1) NK- �� 2π- ��$. L�, - /F#

�����O� m, 2+ (1.1) - 2mπ- ��$ um(t), ��MH��O� 1 ≤ k ≤ m − 1,

um(t) <� 2kπ- ��$.

b 1.2 �� �	 (1.1) � pi(t, u) L�PN��L t � u, </M� 2mπ ������.

33, N</O� um(t) �O��� (1.1) �E9�$.

2 cQde
2.1 fghi

���� (1.1) �"P�	{
u′

i = vi,

v′i = −qi(t)gi(ui) + pi(t, u),
i = 1, . . . , d. (2.1)

.

 6��7;�, �<I7�QP., <Q�R., <S�� gi(0) = 0 (i = 1, . . . , d). R 

S, 3. gi(0) �= 0, �ÆH##RS��
� ĝi(ui) = gi(ui)− gi(0), 5T ĝi(0) = 0 ��� (1.1)

"P���

u′′
i + qi(t)ĝi(ui) = q̂i(t, u), i = 1, . . . , d,

�� q̂i(t, u) = pi(t, u) − qi(t)gi(0).

�UM
� η : R
2 → R ��, ��

η(a, b) :=

⎧⎨
⎩ 0, |(a, b)| ≤ 1

2
,

1, |(a, b)| > 1,

� |η(a, b)| ≤ 1. ��S��	{
u′

i = vi,

v′i = −qi(t)gi(ui) + η(ui, vi) · pi(t, u),
i = 1, . . . , d. (2.2)

.

���� i = 1, . . . , d,  VW UiOVi �T2T=, ��{
u′

i = vi,

v′i = −qi(t)gi(ui) + η(ui, vi) · pi(t, u)
(2.3)

�

u′
i = vi, v′i = −qi(t)gi(ui). (2.4)

XUYU3�T2� (2.4)�VV2, � | gi(ui)
ui

| ≤ li U7, � (ui(0), vi(0)) �= (0, 0)�, �	 (2.4)

�$ �V�LZ<.WT2. X$VW UiOVi T2G (2.3) �$�V�LZ�<Y[WT2.
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 Z\� 1 �W&XG�	 (2.3) �

u′
i = vi, v′i = −qi(t)gi(ui) + pi(t, u),

5T3�YT�	 (2.1) �Z. X$, �	 (2.2) �M��� |(ui(t), vi(t))| ≥ 1 (i = 1, . . . , d) �

$��T�	 (2.1) �$.

2.2 ja
! x = col(xi)i=1,...,2d = (u1, v1, . . . , ud, vd), � (2.2) #[K{

x′
2i−1 = x2i,

x′
2i = −qi(t)gi(x2i−1) + η(x2i−1, x2i) · pi(t, y),

i = 1, . . . , d, (2.5)

�� y = (x1, x3, . . . , x2d−1).

� x0 ∈ R
2d � x(t;x0) ��� (2.5) ��[\ x(0) = (u1(0), v1(0), . . . , ud(0), vd(0)) := x0

�$. ���� i = 1, . . . , d, !

X0
i := Πix

0 = (x0
2i−1, x

0
2i)

�

(x2i−1(t, x0), x2i(t, x0)) := Πi(x(t, x0)),

��
∏

i : R
2d → R

2\],^L R
2d,,VW UiOVi�]^__. ##7;,�MH� x0 ∈ R

2d,

$ x(t;x0)  (−∞,+∞) S���. R S, ÆH�

ja 2.1 ���� i=1, . . . , d MH� T >0� ri,1≥0,�- �� ri,2 := ri,2(ri,1, T )>0,

2+� |t| ≤ T , ��

(x2
2i−1(0) + x2

2i(0))
1
2 ≤ ri,1 ⇒ (x2

2i−1(t) + x2
2i(t))

1
2 ≤ ri,2.

kl 2.2 ���� i = 1, . . . , d  MH� T > 0 � ri,1 > 0, �- ��*� ri,2 :=

ri,2(ri,1, T ) > 0, 2+-M |(x2i−1(0), x2i(0))| > ri,2, ��MH� t ∈ [−T, T ], �

|(x2
2i−1(t) + x2

2i(t))| ≥ ri,1.

��� i = 1, . . . , d, `����� δi > 0 (δi ��), :,VW UiOVi Ka�b&:

I := {(ui, vi) : δi ≤ θ ≤ π − δi}, II := {(ui, vi) : −δi < θ < δi}
III := {(ui, vi) : −π + δi ≤ θ ≤ −δi}, IV := {(ui, vi) : π − δi < θ < π + δi}.

ÆH`c]a^. �� x0 ∈ R
2d � X0

i := (x0
2i−1, x

0
2i) �= (0, 0),�$ (x2i−1(t, x0), x2i(t, x0))

##(]a^\] {
x2i−1(t) = ri(t) cos θi(t),
x2i(t) = ri(t) sin θi(t),

(2.6)

�� ri(t), θi(t) ���
�. U7,  a^_` (2.6) 6, (ri(t), θi(t)) ����⎧⎪⎨
⎪⎩

r′i = ri sin θi(t) cos θi(t) − qi(t)gi(ui) sin θi(t) + η(ui, vi)pi(t, y) sin θi(t),

θ′i = − sin2 θi − qi(t)gi(ui)
ui

cos2 θi(t) + η(ui, vi) · pi(t, y)
ri

cos θi(t),
i = 1, . . . , d, (2.7)

�� ui(0) = ri(0) cos θi(0), vi(0) = ri(0) sin θi(0).

XUb7:
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ja 2.3 ���� i = 1, . . . , d,- �� R
(0)
i > 1,� (2.5)�MH$ x(t),d ri(t) > R

(0)
i ,

� θ′i(t) < 0.

mn � (g0) c- �� M0
i > 0, �MH� |ui| ≥ M0

i , � gi(ui) · ui > 0.

 b& I Z, ` A1
i > 0, 2+� ri > A1

i �, �

Pi

ri
<

sin2 δi

4
,

�� Pi � (p0) ��. ��W, � |ui| ≤ M0
i �, Ua |gi(ui)| �6. 33, ` A1

i e��, �

ri ≥ A1
i �, � ∣∣∣∣qi(t)gi(ui)

ri

∣∣∣∣ ≤
∣∣∣∣q0

i gi(ui)
ri

∣∣∣∣ <
sin2 δi

4
,

�� q0
i = max[0,2π]{qi(t)}. G��W, � |ui| > M0

i �, Ua

qi(t) · gi(ui)
ui

> 0.

X$ b& I Z

θ′i(t) < − sin2 δi +
sin2 δi

2
= − sin2 δi

2
< 0.

Ua,  b& III Z, � ri(t) > A1
i �I� θ′i(t) < 0.

 b& II Z, ui ≥ ri cos δi. � (g0) c, - A2
i > 0, 2+� ri > A2

i �, q1
i gi(ui) > 2Pi, �

� q1
i = min[0,2π]{q1

i (t)}. L�)H,, 3�

−qi(t)gi(ui)
ui

cos2 θ(t) < 0,

1#

−qi(t)gi(ui)
ui

cos2 θi(t) + η(ui, vi) · pi(t, ui)
ri

cos θi(t) ≤ −Pi

ri
cos δi < 0.

X$� (2.7) c θ′i(t) < 0.

 b& IV Z��"I7. ` R0
i := max{A1

i , A
2
i }, � R0

i ��`%Mf. 7b.

�"�� [6] ��7;, ÆH�

ja 2.4 � (g0) � (τ+
∞) KJ� x(t) = (u1(t), v1(t), . . . , ud(t), vd(t)) ��� (2.2) �$.

���� i = 1, . . . , d, d

ri(t) ≥ R
(1)
i > R

(0)
i , 0 < t1 ≤ t ≤ t2 � θi(t2) − θi(t1) = −2π,

�

lim
R

(1)
i →∞

(t2 − t1) → ∞,

�� (ri(t), θi(t)) (i = 1, . . . , d) � (2.6) ��.

`% (2.4) �U,  :8 (τ+
∞) 6, �	 (2.2) �$ VW UiOVi (i = 1, . . . , d) S�c�d

�, �$ (x2i−1(t), x2i(t))  ,VW UiOVi S[Wb& II gdh, X$iT2;�j1eM�

�Lgd&. 6W, �"�� [7, `% 1] �7;�), ÆH##7;:
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ja 2.5 ���� i = 1, . . . , d - νi > 1
2 , ����� Ri > R

(0)
i �- Li(Ri) > Ri,

2+3. x(t) = (u1(t), v1(t), . . . , ud(t), vd(t))��� (2.2)�$�� ri(t1) = Li(Ri), ri(t2) = Ri

(df ri(t1) = Ri, ri(t2) = Li(Ri)),  

Ri ≤ ri(t) ≤ Li(Ri), ∀ t ∈ [t1, t2],

�

θi(t2) − θi(t1) < −νi · 2π.

mn � (g0), (p0)c- ��M
(1)
i >R

(0)
i ,�MH� u ∈ R

2d� |ui| ≥ M
(1)
i ,� [q(1)

i gi(ui)−
pi(t, u)] · sgn(ui) > Pi, �� q

(1)
i := mint∈[0,2π] qi(t). ` ε ∈ (0, Pi

2 ), ��
� ĝi : R → R 36:

ĝi(ui) = min
{

Pi

2
, inf{qi(t)gi(ξ) − Pi − ε : t ∈ R, ξ ≥ ui}

}
.

Ua, � ui �������, qi(t)gi(ξ)−Pi − ε > Pi

2 , X$� ĝi(ui) = Pi

2 . �egc ĝi �69

/f
�N��MH� ui ∈ R  t ∈ [0, 2π], ��

ĝi(ui) ≤ qi(t)gi(ui) − Pi − ε.

Ua, ÆH##�������69/f
� g̃i, 2+�1�� ui ∈ R, � g̃i(ui) ≤ ĝi(ui), N�

������ ui, g̃i(ui) = Pi

2 . �"�, ##�������69/f
� hi(ui), 2+�1�

� ui ∈ R  MH� t ∈ [0, T ], �

hi(ui) ≥ qi(t)gi(ui) + Pi + ε,

�� ui < 0 N� |ui| ���, � hi(ui) = −Pi

2 .

��

Gi(ui) =
∫ ui

0

g̃i(s)ds, Hi(ui) =
∫ ui

0

hi(s)ds.

5T

Gi(ui) < Hi(ui), � ui > 0; Gi(ui) > Hi(ui), � ui < 0.

$�, ��� ui > 0 ���, � g̃i(ui) = p
(0)
i

2 , 1#

lim
ui→+∞Gi(ui) → +∞.

�"�, �

lim
ui→−∞Hi(ui) → +∞.

` Ri > R
(0)
i ,! B[Ri] := {(a, b) ∈ R

2 : a2+b2 ≤ R2}�` ki > 0,2+�MH� (ui, vi) ∈ B[Ri],

�
v2

i

2
+ Hi(ui) < ki,

v2
i

2
+ Gi(ui) < ki.

` αi < 0, 2+ Hi(αi) = ki.  ui − vi VWS��6kl1

Γi
1 :=

{
(ui, vi) :

v2
i

2
+ Hi(ui) = Hi(αi), vi ≥ 0

}
,

Γi
2 :=

{
(ui, vi) :

v2
i

2
+ Gi(ui) = Gi(αi), vi ≤ 0

}
.
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3� Hi �Sg�,���� vi ∈ R,�#�m�� u
(1)
i , u

(2)
i ,2+ (u(1)

i , vi) ∈ Γi
1, (u(2)

i , vi) ∈ Γi
1.

� Γi
2 I�,L�07. 5T, - βi > Ri, 2+ Hi(βi) = Hi(αi). GG, I- γi > Ri, 2

+ Gi(γi) = Gi(αi) > Hi(αi). 3�� ui > 0 �, Gi(ui) < Hi(ui), 1#� γi > βi. h , !

(u(t), v(t))� (2.2) �$. 3.l1 t �→ (ui(t), vi(t))hW Γi
1, �FT�XZiiGihW. R 

S, jk�� (2.3) �$, � vi(t) > 0, ÆH�
d

dt

(
v2

i

2
+ Hi(ui)

)
= vi[hi(ui) − (qi(t)gi(ui) − pi(t, ũ))] > 0,

FHlk Γi
1 S���2j, �� (2.3) �ink��XZ�iG�. � Γi

2 I�,L�07.

L�, U7,  _1 {(ui, 0) : ui ≥ γi} S, ink�i6�.

33, d (ui, vi) ��� (2.2) �$ (u(t), v(t)) : [t1, t2] → R
2d  VW UiOVi S�]^�

(ui(t1), vi(t1)) ∈ {(ui, vi) : vi ≤ 0, v2
i (t1)
2 + Gi(ui(t1)) > Gi(γi)}, �� |(ui(t2), vi(t2))| = Ri, �

|(ui(t), vi(t))| ≥ R, ∀ t ∈ [t1, t2], ���- t1 < ωi ≤ t2, 2+

(a) ui(ωi) ≥ βi, vi(ωi) = 0;

(b) ∀ t ∈ [t1, ωi), (ui(t), vi(t)) Y Γi
1 Y Γi

2 <,o, X$ |(ui(t), vi(t))| > Ri;

(c) u′
i(t)  [t1, ωi] ZNK�m�p2.

FHlkl1 t �→ (ui(t), vi(t))  hW1l {(ui, 0) : βi ≤ ui ≤ γi} Xqi B[Ri] NKm;< π,

m θ(ωi) − θ(t1) ≤ −π. )H, (b) # Ri > R
(0)
0 , � θi(t2) − θi(t1) < −π.

���� (ui(t1), vi(t1)) ∈ {(ui, vi) : vi ≥ 0} �$I��"�eg ,'�I7. 33, #

#no����� Li(Ri) > Ri, 2+�%�07KJ. 7b.

kl 2.6 ���� Ri > R
(0)
i ��O� j, �- Li(Ri, j) > Ri, 2+3. (u(t), v(t)) �

�� (2.2) �$�� ri(t1) = Li(Ri, j), ri(t2) = Ri (df ri(t1) = Ri, ri(t2) = Li(Ri, j))  

Ri ≤ ri(t) ≤ Li(Ri, j), ∀ t ∈ [t1, t2],

�

θi(t2) − θi(t1) < −2jπ.

mn �`% 2.5,! νi = δi + 1
2 ,� δi > 0.n� Ri > R

(0)
i ,�`% 2.5,! R

(1)
i := Li(Ri) >

Ri N� R
(2)
i := Li(R

(1)
i ). � (u(t), v(t)) � (2.2) �$��: ri(t1) = R

(2)
i , ri(t2) = Ri ��MH

t ∈ [t1, t2], � Ri ≤ ri(t) ≤ R
(2)
i . ! s1 � s2 Æ� [t1, t2] Z�� ri(t) = R

(1)
i �o���8�

�p���8. )H, θi(s2) − θi(s1) < 0, X$

θi(t2) − θi(t1) = (θi(t2) − θi(s2)) + (θi(s2) − θi(s1)) + (θi(s1) − θi(t1))

< −
(

δi +
1
2

)
· 2π −

(
δi +

1
2

)
· 2π = −(2δi + 1) · 2π.

! R
(3)
i := Li(R

(2)
i ), �"#7, 3. (u(t), v(t)) � (2.2) �$�� ri(t1) = R

(3)
i , ri(t2) = Ri (d

f ri(t1) = Ri, ri(t2) = R
(3)
i )  

Ri ≤ ri(t) ≤ R
(3)
i , ∀ t ∈ [t1, t2],

�

θi(t2) − θi(t1) < −
(

3δi +
3
2

)
· 2π.

qrc4SrI7, ����� j > 0, ##p,�� Li(Ri, j) > Ri, 2+07KJ. 7b.



208 � � � 	 ] ^ _ 62�

ja 2.7 � R
(2)
i > R

(1)
i > R

(0)
i ������, (u(t), v(t)) � (2.2) ���$��

R
(1)
i ≤ ri(t) ≤ R

(2)
i , ∀ t ≥ t0,

�

θi(t) − θi(t0) → −∞, t → +∞

� t0 ∈ [0, 2π] �qKJ.

mn � θ′i ���.c, - ai > bi > 0, 2+ −ai < θ′i < −bi. X$ θi(t) − θi(t0) <

−bi(t − t0). +7.

b 2.8 `% 2.7 �, ai, bi ���-Y i # R
(2)
i > R

(1)
i �n`��.

3 opqrs
3.1 Ætru Poincaré–Birkhoff vwsxy`a

�<tKLM0.�7;, ÆH'(� [9] (#a� [8, �% 5]) ���*� Hamilton �	

Poincaré __���I� Poincaré–Birkhoff ?;<42�%.

! 0 < Ri
1 < Ri

2 (i = 1, . . . , N), �� R
2N �� N - sW

Ω = (BR1
2
\BR1

1
) × (BR2

2
\BR2

1
) × . . . × (BRN

2
\BRN

1
).

`a 3.1 (� [9, �% 1.2]) M` m ∈ Z
+, �-M z(t) ���{

u′
i = vi,

v′i = −qi(t)gi(ui) + pi(t, u),
i = 1, . . . , N (3.1)

�� z(0) ∈ Ω�MH$,g� z(t) [0, 2mπ]S���,����� i = 1, . . . , N � t ∈ [0, 2mπ],

�

zi(t) �= (0, 0).

c�t, ��- N ��� K1,K2, . . . ,KN , 2+���� i = 1, . . . , N , ��

θi(2mπ) − θi(0) < −2Kiπ, d |zi(0)| = Ri
1; � θi(2mπ) − θi(0) > −2Kiπ, d |zi(0)| = Ri

2.

�3��NK- N + 1 �uvS<L� 2mπ- ��$ z(t), z(0) ∈ Ω, ������ i =

1, . . . , N , � θi(2mπ) − θi(0) = −2Kiπ.

3.2 `a 1.1 umn
mn 6W7;- /F#�����O� m, 2+ (2.2) - 2mπ- ��$.

su, ���� i = 1, . . . , d, n��O� ki ∈ Z
+. �:7 2.6, ���� i = 1, . . . , d, `

R
(1)
i > R

(0)
i , R

(2)
i := L(R(1)

i , ki + 1), R
(3)
i := L(R(2)

i , ki + 1), �� x(t) ��� (2.2) �M��$,

�-M xi(t) := (ui(t), vi(t))  ,VW UiOVi ShW B[R(2)
i ] \B(R(1)

i ), d B[R(3)
i ] \B(R(2)

i ), t

u xi(t) i,VW UiOVi �T2NKm;< ki + 1 j. ! Ai := B[R(3)
i ] \ B(R(1)

i ). �`% 2.7

c- m∗
i,ki

∈ Z
+, �MH mi ≥ m∗

i,ki
(mi ∈ Z

+), 3. ∀ t ∈ [0, 2miπ], �� R
(1)
i ≤ ri(t) ≤ R

(3)
i ,

��

θi(2miπ) − θi(0) < −2kiπ.
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`md := max{m∗
i,ki

: i = 1, . . . , d},Ua,� ∀m ≥ md  ��� i = 1, . . . , d,3. ∀ t ∈ [0, 2mπ],

�� R
(1)
i ≤ ri(t) ≤ R

(3)
i , ��

θi(2mπ) − θi(0) ≤ θi(2m∗
i,ki

π) − θi(0) < −2kiπ.

� (r(t), θ(t)) ��� (2.7) �$, ri(0) = R
(2)
i , ��:

• df (ui(t), vi(t)) ∈ Ai, ∀ t ∈ [0, 2mπ], �� (ui(t), vi(t)) � (2.6) wU;

• df- t̂i ∈ (0, 2mπ), 2+ (ui(t̂i), vi(t̂i))∈̄Ai.

�q�vvwwc θ(2mπ) − θ(0) < −2kiπ. �p�vvw, ##no��bL [ti,1, ti,2] ⊂
[0, 2mπ], 2+

• df ri(ti,1) = R
(2)
i , ri(ti,2) = R

(1)
i � ∀ t ∈ [ti,1, ti,2], � R

(1)
i ≤ ri(t) ≤ R

(2)
i ;

• df ri(ti,1) = R
(2)
i , ri(ti,2) = R

(3)
i � ∀ t ∈ [ti,1, ti,2], � R

(2)
i ≤ ri(t) ≤ R

(3)
i .

� R
(1)
i , R

(2)
i � R

(3)
i �n`, /7xvvw�� θi(ti,2) − θi(ti,1) < −2(ki + 1)π. )H

, [θi(2mπ) − θi(ti,2)] + [θi(ti,1) − θi(0)] < 2π, 33 θi(2mπ) − θi(0) < −2kiπ. xS1r, d

(r(t), θ(t)) ��� (2.7) �$, �

ri(0) = R
(2)
i ⇒ θi(2mπ) − θi(0) < −2kiπ.

h , n� m ≥ md. �`% 2.4 c- S
(1)
i > R

(2)
i , 2+3. (r(t), θ(t)) ��� (2.7) �

�� ∀ t ∈ [0, 2mπ], �� ri(t) ≥ S
(1)
i �$, � θi(2mπ) − θi(0) > −2π. y�:7 2.2, - 

S
(2)
i > S

(1)
i , 2+�MH� (2.7) ��� ri(0) ≥ S

(2)
i �$, (r(t), θ(t)) ���

ri(t) ≥ S
(1)
i , ∀ t ∈ [0, 2mπ].

1#

ri(0) = S
(2)
i ⇒ θi(2mπ) − θi(0) > −2π.

���	 (2.7) � 2mπ-Poincaré __:

[(0,+∞) × R]d � (r0, θ0) �→ (r(2mπ; 0, r0, θ0), θ(2mπ; 0, r0, θ0)).

` R
2d �� d- sW

Ω =
(
B

S
(2)
1

\B
R

(2)
1

) × . . . × (
B

S
(2)
N

\B
R

(2)
N

)
.

XUxb�% 3.1 �1�:8y��, X$��% 3.1 c, �� (2.2) NK- d + 1 �<L

� 2mπ- ��$ x1(t), x2(t), . . . , xd+1(t). ���� j = 1, . . . , d + 1, ��

xj(0) ∈ Ω,

���� i = 1, . . . , d,

θj
i (2mπ) − θj

i (0) = −2kiπ,

m x2i−1(t)  [0, 2mπ] Zzy� 2ki �p2.

� R
(2)
i ���#c ∀ t ∈ [0, 2mπ], ri(t) > R

(1)
i . O�, �SrI7c θi(2mπ) − θi(0) <

−2kiπ, FY θi(2mπ) − θi(0) = −2kiπ {z. 33, xj(t) (j = 1, . . . , d + 1) ��� (2.1) � d + 1

� 2mπ- ��$, m uj(t) (j = 1, . . . , d + 1) ��� (1.1) � d + 1 � 2mπ- ��$.

5T, d- |� i ∈ {1, 2, . . . , d}, 2+ ki � m {}N� u(t) ��� (1.1) � 2mπ- ��

$, �Ua<- �O� 1 ≤ k ≤ m − 1, 2+ u(t) � 2kπ- ��$.
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�p, ��W, �`% 2.4 c- ��� � R(1) > 0, 2+3. (r(t), θ(t)) ��� (2.7)

���$, �- |� i ∈ {1, . . . , d} �� ri(0) > R(1), ��

θi(2π) − θi(0) > −2π;

G��W,!R(2) >
√

dR(1),����� x0 ∈ ∂B(R(2))F- i ∈ {1, . . . , d}�� |Πi(x0)|>R(1).

�� 2π-Poincaré __36:

P2π : R
2d → R

2d,

x0 �→ x(2π;x0).
(3.2)

�SrzUa, �MH� x0 ∈ ∂B(R(2)) # MH� Li ≥ 1, ��

P2π(x0) �= Lix0.

|~ Poincaré–Bohl �%, �� (1.1) NK- �� 2π- ��$. 7b.

z{ {|}}�~>�����~���.
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