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

2003 ���������� ò 4 (491)

��� 517.929

�.�.������

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

� áá¬®âà¨¬ § ¤ çã ®¡ ®¯à¥¤¥«¥­¨¨ ®¯ á­ëå ¨ ¡¥§®¯ á­ëå £à ­¨æ ¤«ï ãà ¢­¥­¨ï

�x = a1x+ b1x(t� �) + b2 _x(t� �) + a2 _x+ f(x; _x; x(t� �); _x(t� �)); (1)

£¤¥ a1, a2, b1, b2 | ¯®áâ®ï­­ë¥, � > 0.
�à¥¤¯®«®¦¨¬, çâ®  ­ «¨â¨ç¥áª ï ¨«¨ ¤®áâ â®ç­® £« ¤ª ï äã­ªæ¨ï f(x1; x2; x3; x4) à §« £ -

¥âáï ¢ àï¤

f(x1; x2; x3; x4) = f (2)(x1; x2; x3; x4) + f (3)(x1; x2; x3; x4) + � � � ;

£¤¥

f (2) =
X

1�i�k�4

aikxixk; f (3) =
X

1�i�k�p�4

aikpxixkxp;

aik, aikp | ¯®áâ®ï­­ë¥ ª®íää¨æ¨¥­âë.
�®¯ãáâ¨¬, çâ® å à ªâ¥à¨áâ¨ç¥áª®¥ ãà ¢­¥­¨¥

�(p) =
���� p �1
�a1 � b1e

�p� p� a2 � b2e
�p�

���� = 0 (2)

¨¬¥¥â ª®à­¨ p1;2 = �i! ¨ pj , ã¤®¢«¥â¢®àïîé¨¥ ãá«®¢¨î Re pj < �� < 0, j > 2.
� ¤ ç¨, á¢ï§ ­­ë¥ á ®¯ á­ë¬¨ ¨ ¡¥§®¯ á­ë¬¨ £à ­¨æ ¬¨ ®¡« áâ¥© ãáâ®©ç¨¢®áâ¨ á®áâ®ï­¨©

à ¢­®¢¥á¨ï á¨áâ¥¬ á § ¯ §¤ë¢ ­¨¥¬, à áá¬ âà¨¢ «¨áì ¢ ([1]{[4]; [5], c. 8; [6], c. 126; [7], c. 291;
[8]{[10]). B à ¡®â å ([2]; [3]; [5], c. 8; [6], c. 126; [7], c. 291) ¤ ­ë á¯®á®¡ë ¨  «£®à¨â¬ë ¨áá«¥¤®-
¢ ­¨ï ãáâ®©ç¨¢®áâ¨ á¨áâ¥¬ á § ¯ §¤ë¢ ­¨¥¬ ¢ ªà¨â¨ç¥áª¨å á«ãç ïå, ®á­®¢ ­­ë¥ ­  á¢¥¤¥­¨¨
¨å ª \ãª®à®ç¥­­ë¬" á¨áâ¥¬ ¬ ãà ¢­¥­¨© ¡¥§ § ¯ §¤ë¢ ­¨ï. � [2] ¤«ï á¨áâ¥¬ á § ¯ §¤ë¢ ­¨-
¥¬ à §à ¡®â ­ ¯®¤å®¤ ª ¨áá«¥¤®¢ ­¨î ãáâ®©ç¨¢®áâ¨ ¢ ªà¨â¨ç¥áª®¬ á«ãç ¥ ¯ àë ç¨áâ® ¬­¨¬ëå
ª®à­¥©, ®á­®¢ ­­ë© ­  á¢¥¤¥­¨¨ ¨å ª á¨áâ¥¬ ¬ ¢â®à®£® ¯®àï¤ª  ¡¥§ § ¯ §¤ë¢ ­¨ï. � [3] ¯®¤å®¤,
à §à ¡®â ­­ë© ¢ [2], à §¢¨â ­  ªà¨â¨ç¥áª¨© á«ãç © ¯à®¨§¢®«ì­®£® ª®­¥ç­®£® ç¨á«  m ªà¨â¨ç¥-
áª¨å ª®à­¥© ¤«ï á¨áâ¥¬ á § ¯ §¤ë¢ ­¨¥¬. � [3] ¯®ª § ­®, çâ® ¢ ªà¨â¨ç¥áª®¬ á«ãç ¥ m ª®à­¥©
á ­ã«¥¢ë¬¨ ¤¥©áâ¢¨â¥«ì­ë¬¨ ç áâï¬¨ § ¤ ç  ®¡ ãáâ®©ç¨¢®áâ¨ á¨áâ¥¬ á § ¯ §¤ë¢ ­¨¥¬ íª¢¨¢ -
«¥­â­  § ¤ ç¥ ®¡ ãáâ®©ç¨¢®áâ¨ á¨áâ¥¬ ãà ¢­¥­¨© ¡¥§ § ¯ §¤ë¢ ­¨ï ¯®àï¤ª m. � ([4]; [6], c. 137)
¯®«ãç¥­ë ¢ëà ¦¥­¨ï ¢¥«¨ç¨­ë, ¯®¤®¡­®© ¯¥à¢®© «ï¯ã­®¢áª®© ¤«ï ãà ¢­¥­¨© ¯¥à¢®£® ¯®àï¤-
ª  á § ¯ §¤ë¢ ­¨¥¬ ¨ á¨áâ¥¬ ¢â®à®£® ¯®àï¤ª , á®¤¥à¦ é¨å ç«¥­ë á § ¯ §¤ë¢ ­¨¥¬ â®«ìª® ¢
­¥«¨­¥©­®© ç áâ¨. � [8], [9] ¢ ªà âª®© ä®à¬¥ (¡¥§ ¢ë¢®¤ ) ¤«ï á¨áâ¥¬ ¯à®¨§¢®«ì­®£® ¯®àï¤ª 
á § ¯ §¤ë¢ ­¨¥¬ ¯à¨¢¥¤¥­ë ä®à¬ã«ë ¢¥«¨ç¨­ë, ¯®¤®¡­®© ¯¥à¢®© «ï¯ã­®¢áª®© ¢ ªà¨â¨ç¥áª®¬
á«ãç ¥ ¯ àë ç¨áâ® ¬­¨¬ëå ª®à­¥©, ¨ ¢¥«¨ç¨­, ¯®¤®¡­ëå ¯¥à¢®© ¨ ¢â®à®© «ï¯ã­®¢áª¨¬ ¢ ªà¨-
â¨ç¥áª®¬ á«ãç ¥ ®¤­®£® ­ã«¥¢®£® ª®à­ï. �¬¥áâ¥ á â¥¬ ¢ ([1]{[4]; [5], c. 8; [6], c. 126; [7], c. 291;

� ¡®â  ¢ë¯®«­¥­  ¯à¨ ä¨­ ­á®¢®© ¯®¤¤¥à¦ª¥ ­ ãç­®© ¯à®£à ¬¬ë �¨­¨áâ¥àáâ¢  ®¡à §®¢ ­¨ï �®áá¨©-
áª®© �¥¤¥à æ¨¨ \�­¨¢¥àá¨â¥âë �®áá¨¨ | äã­¤ ¬¥­â «ì­ë¥ ¨áá«¥¤®¢ ­¨ï" (¯à®¥ªâ ò 992870).
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[8]{[10]) ­¥â â ª¨å ¤®áâ â®ç­® ¯à®áâëå ¨ ã¤®¡­ëå  «£®à¨â¬®¢ ¨ ä®à¬ã« ¤«ï ¢ëç¨á«¥­¨ï ¢¥«¨-
ç¨­, ¯®¤®¡­ëå «ï¯ã­®¢áª¨¬ ¤«ï ãà ¢­¥­¨© á § ¯ §¤ë¢ ­¨¥¬, ª ª¨¥ ¨¬¥îâáï ¤«ï ¢ëç¨á«¥­¨ï
«ï¯ã­®¢áª¨å ¢¥«¨ç¨­ á¨áâ¥¬ ¡¥§ § ¯ §¤ë¢ ­¨ï ([11], c. 28).

B ¤ ­­®© à ¡®â¥ ¯®«ãç¥­  ä®à¬ã«  ¢¥«¨ç¨­ë, ¯®¤®¡­®© ¯¥à¢®© «ï¯ã­®¢áª®© ¤«ï ãà ¢­¥­¨ï
(1), ç¥à¥§ ª®íää¨æ¨¥­âë íâ®£® ãà ¢­¥­¨ï ¨§«®¦¥­  ¬¥â®¤¨ª  ¥¥ ¢ë¢®¤ . � ®á­®¢¥ íâ®© ¬¥â®¤¨ª¨
«¥¦¨â ¯®¤å®¤ ª à¥è¥­¨î § ¤ ç¨ ãáâ®©ç¨¢®áâ¨ ¢ ªà¨â¨ç¥áª®¬ á«ãç ¥ ¯ àë ç¨áâ® ¬­¨¬ëå ª®à­¥©
¤«ï á¨áâ¥¬ á § ¯ §¤ë¢ ­¨¥¬, à §à ¡®â ­­ë© ¢ [2].

� ¯¨è¥¬ ãà ¢­¥­¨¥ (1) ¢ ¢¨¤¥ á¨áâ¥¬ë

_x� = Ax� +Bx�(t� �) + F (x�; x�(t� �)); (3)

£¤¥ ¢¥ªâ®à x� ¨¬¥¥â ª®¬¯®­¥­âë x�1 = x ¨ x�2 = _x, ¬ âà¨æë A = [a�ik], B = [b�ik] (i; k = 1; 2) ¨¬¥îâ
í«¥¬¥­âë a�11 = b�11 = b�12 = 0, a�12 = 1, a�21 = a1, a�22 = a2, b�21 = b1, b�22 = b2; ¢¥ªâ®à-äã­ªæ¨ï
F (x�; x�(t� �)) ¨¬¥¥â ª®¬¯®­¥­âë F1 = 0 ¨ F2 = f(x�1; x

�
2; x

�
1(t� �); x�2(t� �)).

�«¥¤ãï ¯®¤å®¤ã, à §à ¡®â ­­®¬ã ¢ [2], § ¯¨è¥¬ á¨áâ¥¬ã (3) ¢ ®¯¥à â®à­®© ä®à¬¥

dxt(�)
dt

= Lxt(�) +R(xt(�)); (4)

£¤¥ xt(�) = x�(t+�), x�(t) | ¢¥ªâ®à á ª®¬¯®­¥­â ¬¨ x�1(t), x
�
2(t), ¯à¥¤áâ ¢«ïîé¨© á®¡®© à¥è¥­¨¥

á¨áâ¥¬ë (3) ¯à¨ t > 0 á ­¥¯à¥àë¢­®-¤¨ää¥à¥­æ¨àã¥¬®© ­ ç «ì­®© ¢¥ªâ®à-äã­ªæ¨¥© x0(�) =
'(�), � 2 [��; 0],

Lxt(�) =

(
dxt(�)
d�

(�� � � < 0);

Axt(0) +Bxt(��) (� = 0);

R(xt(�)) =

(
0 (�� � � < 0);

F (xt(0); xt(��)) (� = 0):

�o á¯®á®¡ã ¨§ [2] ¯à¨¢¥¤¥¬ á¨áâ¥¬ã (4) ª ª ­®­¨ç¥áª®© ä®à¬¥. � áá¬®âà¨¬ äã­ªæ¨®­ «ë

fj[x(�)] =
2X

i=1

�i1(pj)
�
xi(0) +

2X
l=1

Z 0

��

e�pj (�+�)xl(�)b
�
ild�

�
; j = 1; 2;

£¤¥ p1;2 = �i!; �i1(pj) |  «£¥¡à ¨ç¥áª¨¥ ¤®¯®«­¥­¨ï í«¥¬¥­â®¢ i-© áâà®ª¨ ¨ 1-£® áâ®«¡æ  ®¯à¥-
¤¥«¨â¥«¥© �(pj); x1(�), x2(�) | ª®¬¯®­¥­âë ¢¥ªâ®à  x(�).

�¢®¤¨¬ ¢¥ªâ®àë �j(�) á ª®¬¯®­¥­â ¬¨

�
(i)
j (�) = exp(pj�)

�2i(pj)
�21(pj)�j

; i = 1; 2; j = 1; 2;

£¤¥ �2i(pj) |  «£¥¡à ¨ç¥áª¨¥ ¤®¯®«­¥­¨ï í«¥¬¥­â®¢ 2-© áâà®ª¨ ¨ i-£® áâ®«¡æ  ®¯à¥¤¥«¨â¥«¥©
�(pj), �21(pj) |  «£¥¡à ¨ç¥áª®¥ ¤®¯®«­¥­¨¥ í«¥¬¥­â  2-© áâà®ª¨ ¨ 1-£® áâ®«¡æ  ®¯à¥¤¥«¨â¥«¥©
�(pj), �21(pj) = 1, ¢¥«¨ç¨­ë

�j =
d�(p)
dp

����
p=pj

= 2pj + e�pj� (�b1 + �pjb2 � b2)� a2 6= 0; j = 1; 2:

� ¬¥­¨¬ ¢¥ªâ®à­ãî ¯¥à¥¬¥­­ãî xt(�) ­  áª «ïà­ë¥ ª®¬¯«¥ªá­®-á®¯àï¦¥­­ë¥ ¯¥à¥¬¥­­ë¥
y1(t), y2(t) ¨ ¢¥ªâ®à­ãî ¯¥à¥¬¥­­ãî zt(�) ¯® ä®à¬ã« ¬

yj(t) = fj [xt(�)]; zt(�) = xt(�)�
2X

j=1

�j(�)yj(t): (5)
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�á¯®«ì§ãï (5), ®â á¨áâ¥¬ë (4) ¯à¨å®¤¨¬ ª á¨áâ¥¬¥ ¢ ª ­®­¨ç¥áª®© ä®à¬¥

_yj = pjyj +�(y1; y2; zt(�)); j = 1; 2;

dzt(�)
dt

= Lzt(�) +H(y1; y2; zt(�));
(6)

£¤¥

� = f(�11y1 + �12y2 + z1t(0); �21y1 + �22y2 + z2t(0); �31y1 + �32y2 + z1t(��); �41y1 + �42y2 + z2t(��));

H = R(�1(�)y1 + �2(�)y2 + zt(�))� (�1(�) + �2(�))�;

�1j = 1=�j ; �2j = pj=�j ; �kj = e�pj��k�2;j (k = 3; 4):

�«¥¤ãï [2], ®â á¨áâ¥¬ë (6) ¯¥à¥©¤¥¬ ª \ãª®à®ç¥­­®©" á¨áâ¥¬¥ ¢â®à®£® ¯®àï¤ª  ¡¥§ § ¯ §¤ë-
¢ ­¨ï. � ç áâ­®¬ á«ãç ¥, ª®£¤  ã äã­ªæ¨¨ f(x1; x2; x3; x4) ­¥â ª¢ ¤à â¨ç­ëå ç«¥­®¢ (f (2) = 0),
®­  ­¥ á®¤¥à¦¨â ç«¥­®¢ ­¨¦¥ âà¥âì¥£® ¯®àï¤ª  ¨ ¨¬¥¥â ¢¨¤

f = f (3) + � � � =
X

1�i�k�p�4

aikpxixkxp + � � � ;

\ãª®à®ç¥­­ ï" á¨áâ¥¬  ¢â®à®£® ¯®àï¤ª  ¡¥§ § ¯ §¤ë¢ ­¨ï ¯®«ãç ¥âáï ¨§ ¯¥à¢ëå ¤¢ãå ãà ¢­¥-
­¨© á¨áâ¥¬ë (6), ¢ ª®â®àëå ¯®« £ ¥âáï zt(�) = 0, ¨ ¨¬¥¥â ¢¨¤

_yj = pjyj +�(y1; y2; 0) = pjyj +
X

1�i�k�p�4

aikp(�i1y1 + �i2y2)�

�(�k1y1 + �k2y2)(�p1y1 + �p2y2) + � � � = pjyj +
X
k�3

X
r+q=k

Drqy
r
1y

q
2 + � � � ; j = 1; 2: (7)

�®íää¨æ¨¥­â D21 ¢ á¨áâ¥¬¥ (7), ­ ¯à¨¬¥à, ¨¬¥¥â ¢¨¤

D21 =
1

�2
1�2

X
1�i�k�p�4

aikp(�i1�k1�p2 + �i1�k2�p1 + �i2�k1�p1) =

=
1

�2
1�2

�
3

4X
i=1

aiii�
2
i1�i2 +

4X
i=1

4X
p=i+1

aiip(�
2
i1�p2 + 2�i1�i2�p1) +

4X
i=1

4X
p=i+1

aipp(�i2�
2
p1 + 2�i1�p1�p2) +

+
X

1<i<k<p<4

aikp(�i1�k1�p2 + �i1�k2�p1 + �i2�k1�p1)
�
; (8)

£¤¥ �1j = 1, �2j = pj, �3j = exp(�pj�), �4j = pj�3j , j = 1; 2. �¥«¨ç¨­ , ¯®¤®¡­ ï ¯¥à¢®© «ï¯ã­®¢-
áª®©, ¢ ¤ ­­®¬ á«ãç ¥ ¤«ï ãà ¢­¥­¨ï (1) ¡ã¤¥â ¯à¨¢¥¤¥­  ­¨¦¥.

� ®¡é¥¬ á«ãç ¥ ¯à¨ f (2) 6= 0 â ª¦¥ ¯à¨å®¤¨¬ ª \ãª®à®ç¥­­®©" á¨áâ¥¬¥ ¢â®à®£® ¯®àï¤ª  ¡¥§
§ ¯ §¤ë¢ ­¨ï

_yj = pjyj +Q(y1; y2); (9)

£¤¥ Q(y1; y2) =
P
k�2

P
r+q=k

Arqy
r
1y

q
2 + � � � .

�®íää¨æ¨¥­âë A20, A11, A21 ¢ëà ¦ îâáï ç¥à¥§ ª®íää¨æ¨¥­âë ãà ¢­¥­¨ï (1) á«¥¤ãîé¨¬
®¡à §®¬:

A20 = E20=�2
1; A11 = E11=�1�2;
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£¤¥

E20 = a11 + a22p
2
1 + a33�

2
31 + a44p

2
1�

2
31 + a12p1 +

+a13�31 + a14p1�31 + a23p1�31 + a24p
2
1�31 + a34p1�

2
31; (10)

E11 = 2[a11 + a33 + !2(a22 + a44) + ! sin!�(a14 � a23) + cos!�(a24!2 + a13)]; (11)

A21 = C21 +D21; (12)

C21 =
1

�2
1�2

�
2

4X
i=1

aii(�i1

(i)
11 + �i2


(i)
20 ) +

X
1�i<k�4

aik(�k1

(i)
11 + �i1


(k)
11 + �i2


(k)
20 + �k2


(i)
20 )
�
; (13)

D21 ®¯à¥¤¥«ï¥âáï ä®à¬ã«®© (8).
� ä®à¬ã«¥ (13)


(k)rq =
2X

l=1

�lk(�)B
(l)
rq =�(�); k = 1; 2;


(k)rq = exp(���)
(k�2)rq +ErqL
(k�2)
rq ; k = 3; 4;

(14)

£¤¥ � = (r � q)i!, �(�) | ®¯à¥¤¥«¨â¥«ì ¨§ ä®à¬ã«ë (2), ¢ ª®â®à®¬ p = �,

B(1)
rq = �Erq(�11 + �12);

B(2)
rq = Erq

�
1� �21 � �22 +

2X
k=1

bkL
(k)
rq

�
; (15)

L(k)
rq =

2X
j=1

1
pj � �

(e�pj� � e��� )�kj ; k = 1; 2;

�11 = �� a2 � b2e
��� ; �12 = a1 + b1e

��� ; �21 = 1; �22 = �: (16)

�¨¤ ®áâ «ì­ëå ª®íää¨æ¨¥­â®¢ á¨áâ¥¬ë (9) ­¥ ¯à¨¢®¤¨âáï, â. ª. ®­¨ ­¥ ¢å®¤ïâ ¢ ¢ëà ¦¥­¨¥
¢¥«¨ç¨­ë, ¯®¤®¡­®© ¯¥à¢®© «ï¯ã­®¢áª®©.

�â¬¥â¨¬ â ª¦¥, çâ® â. ª. ãà ¢­¥­¨¥ (1) ï¢«ï¥âáï ç áâ­ë¬ á«ãç ¥¬ á¨áâ¥¬ë á § ¯ §¤ë¢ ­¨¥¬,
à áá¬®âà¥­­®© ¢ [8], â® ä®à¬ã«ë (8), (10){(15) ¤«ï ª®íää¨æ¨¥­â®¢ A20, A11, A21 ¨ ¢¥«¨ç¨­ 
(k)rq

¬®£ãâ ¡ëâì ¯®«ãç¥­ë ª ª ç áâ­ë© á«ãç © ¨§ á®®â¢¥âáâ¢ãîé¨å ä®à¬ã«, ¯à¨¢¥¤¥­­ëå ¢ [8].
�«ï á¨áâ¥¬ë (9) ¯¥à¢ ï «ï¯ã­®¢áª ï ¢¥«¨ç¨­  ­ å®¤¨âáï ¯® ä®à¬ã«¥ ([13], á. 204)

g = 2ReA21 � i=!A11(A20 �A02) = 2ReA21 � 2A11 Im(A20)=!: (17)

� ç áâ­®¬ á«ãç ¥ g = ReA21 = ReD21, ª®£¤  f =
P

1�i�k�p�4
aikpxixkxp. � (17) ¨á¯®«ì§®¢ ­ 

ª®¬¯«¥ªá­ ï á®¯àï¦¥­­®áâì A20 ¨ A02. �á«¨ g < 0, â® £à ­¨æ  ®¡« áâ¨ ãáâ®©ç¨¢®áâ¨ á¨áâ¥¬ë
(9) ¡¥§®¯ á­ ï, ¥á«¨ g > 0 ®¯ á­ ï ([11], á. 25).

�¥«¨ç¨­  g ¤«ï ãà ¢­¥­¨ï (1) ¡ã¤¥â ¯®¤®¡­a ¯¥à¢®© «ï¯ã­®¢áª®© [2]. �á«¨ g < 0, â® £à ­¨æ 
®¡« áâ¨ ãáâ®©ç¨¢®áâ¨ ãà ¢­¥­¨ï (1) ¡¥§®¯ á­ ï, ¥á«¨ g > 0 ®¯ á­ ï.

�à¨¬¥à 1. � ©¤¥¬ ¢¥«¨ç¨­ã g ¤«ï ãà ¢­¥­¨ï

�x = a1x+ b1x(t� �) + a2 _x+ b2 _x(t� �) + r1x
2 +

+ r2x
2(t� �) + r3xx(t� �) + r4x

3 + r5x
2x(t� �) + r6xx

2(t� �) + r7x
3(t� �); (18)

¯à¥¤áâ ¢«ïîé¥£® á®¡®© ç áâ­ë© á«ãç © (1).
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�o ä®à¬ã« ¬ (8), (10){(13) ¤«ï ãà ¢­¥­¨ï (18) ­ å®¤¨¬ ª®íää¨æ¨¥­âë

A20 = (r1 + e�p1�r2 + e�p1�r3)=�2
1;

A11 = 2(r1 + r2 + cos(!�)r3)=�1�2; (19)

A21 =
1

�2
1�2

[2r1(

(1)
11 + 


(1)
20 )2r2(e

(�p1�)

(3)
11 +

+e(�p2�)
(3)20 ) + r3(e
�p1�


(1)
11 + 


(3)
20 + e�p2�


(1)
20 ) +

+r3

(3)
11 + 3r4 + 2r5 cos(!�) + r6(2 + e�2p1� ) + 3r7e�p1� ]; (20)

�j = 2pj + e�pj� (�b1 + �pjb2 � b2)� a2; p1;2 = �i!: (21)

�¥«¨ç¨­ë 
(1)rq , 

(3)
rq , ¢å®¤ïé¨¥ ¢ ¢ëà ¦¥­¨¥ (20), ®¯à¥¤¥«ïîâáï ¯® ä®à¬ã« ¬ (14){(16), ¢ ª®â®àëå

á«¥¤ã¥â ¯®«®¦¨âì Erq = �r
1�

q
2Arq, £¤¥ Arq ®¯à¥¤¥«ïîâáï ä®à¬ã« ¬¨ (19).

�®¤áâ ¢«ïï ¢ëà ¦¥­¨ï (19), (20) ¤«ï A20, A11, A21 ¢ ä®à¬ã«ã (17), ¯®«ãç¨¬ ¢ëà ¦¥­¨¥
¢¥«¨ç¨­ë g ¤«ï ãà ¢­¥­¨ï (18).

�ãáâì ¢ ãà ¢­¥­¨¨ (18) a1 = b2 = r1 = r2 = r3 = r4 = r5 = r6 = 0, r7 6= 0, � = 1. �à ¢­¥­¨¥
£à ­¨æë ®¡« áâ¨ ãáâ®©ç¨¢®áâ¨, á®®â¢¥âáâ¢ãîé¥© ¯ à¥ ç¨áâ® ¬­¨¬ëå ª®à­¥© p1 = i!, p2 = �i!,
¢ íâ®¬ á«ãç ¥ ¨¬¥¥â ¢¨¤ ([12], á. 130)

a2 = �! tg !; b1 = �!2= cos! (0 < ! < �=2): (22)

� ª á«¥¤ã¥â ¨§ ä®à¬ã« (19){(21), A20 = A11 = C21 = 0, A21 = 3r7e�p1=�2
1�2, �j = 2pj � a2 +

b1e
�pj . �® ä®à¬ã«¥ (17)

g = ReA21 = Re
3r7
�2

1�2

e�pj =
3r7

(�1�2)2
Re[(cos! � i sin!)(�2i! � a2 + b1e

i!)]: (23)

�®¤áâ ¢«ïï ¢ëà ¦¥­¨ï (22) ¤«ï a2, b1 ¢ ä®à¬ã«ã (23), ¯®«ãç ¥¬

g =
6r7

(�1�2)2
(�! sin! � !2= cos!): (24)

�§ (24) á«¥¤ã¥â, çâ® ¢ á«ãç ¥ a1 = b2 = r1 = r2 = � � � = r6 = 0, � = 1 £à ­¨æ  ®¡« áâ¨
ãáâ®©ç¨¢®áâ¨ á®áâ®ï­¨ï à ¢­®¢¥á¨ï x = 0 ãà ¢­¥­¨ï (18) ¯à¨ r7 > 0 (g < 0) ¡¥§®¯ á­ ï,   ¯à¨
r7 < 0 ®¯ á­ ï.

�à¨¬¥à 2. � áá¬®âà¨¬ ãà ¢­¥­¨¥

�x = �x+ x3(t� �) + _x5(t� �): (25)

� ©¤¥¬ ¤«ï ­¥£® ¢¥«¨ç¨­ã g. � à ªâ¥à¨áâ¨ç¥áª®¥ ãà ¢­¥­¨¥ �(p) = p2 + 1 = 0 ¨¬¥¥â ª®à­¨
p1;2 = �i. �¥«¨ç¨­ë �j = 2pj , j = 1; 2.

�o ä®à¬ã« ¬ (8), (17) ¯®«ãç ¥¬

g = ReD21 = Re
1

�2
1�2

e�i� = � e�sin �; e� > 0:

�¥«¨ç¨­  e� ¢ ¤ ­­®¬ á«ãç ¥ ­¥ ¨¬¥¥â §­ ç¥­¨ï, ­ã¦¥­ â®«ìª® ¥¥ §­ ª. �®íâ®¬ã §­ ç¥­¨¥ e� ­¥
¯à¨¢®¤¨âáï.

�à¨ � = 0 ¤«ï ãà ¢­¥­¨ï (25) ¯¥à¢ ï «ï¯ã­®¢áª ï ¢¥«¨ç¨­  L1 = g = 0, ¢â®à ï L2 =
�=24 > 0 ([11], á. 47). �âáî¤  á«¥¤ã¥â, çâ® ¯à¨ � = 0 á®áâ®ï­¨¥ à ¢­®¢¥á¨ï x = 0 ãà ¢­¥­¨ï (25)
­¥ãáâ®©ç¨¢®. �à¨ «î¡®¬ ¬ «®¬ � > 0 ¢¥«¨ç¨­  g < 0. �âáî¤  á«¥¤ã¥â, çâ® á®áâ®ï­¨¥ à ¢­®¢¥á¨ï
x = 0 ãà ¢­¥­¨ï (25), ­¥ãáâ®©ç¨¢®¥ ¯à¨ � = 0, áâ ­®¢¨âáï ãáâ®©ç¨¢ë¬ ¯à¨ «î¡®¬ ¬ «®¬ � > 0.

� ¬¥â¨¬, çâ® ¢ á«ãç ¥, ª®£¤  å à ªâ¥à¨áâ¨ç¥áª®¥ ãà ¢­¥­¨¥ (2) ¨¬¥¥â ®¤¨­ ­ã«¥¢®© ª®à¥­ì
p1 = 0 ¨ ®áâ «ì­ë¥ ª®à­¨ pj á Re pj < �� < 0, ª ª á«¥¤ã¥â ¨§ [9], â ª®£® à¥§ã«ìâ â  ¡ëâì ­¥
¬®¦¥â.
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