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� [1], [2] ¬¥â®¤®¬ �.�.� á«®¢  [3] ¯®áâà®¥ë ª®¬¯«¥ªáë¥ ���-à¥è¥¨ï «¨¥©ëå ãà ¢¥-
¨© ¤¢¨¦¥¨ï â®ª¨å ®¡®«®ç¥ª ¢ ¢¨¤¥ ®¤®¬¥àëå ¢®«®¢ëå ¯ ª¥â®¢, ¡¥£ãé¨å ¯® ¯®¢¥àå®áâ¨
®¡®«®çª¨. � [4] ¯à¥¤«®¦¥  ®¢ ï ª®áâàãªæ¨ï à¥è¥¨©, á®áà¥¤®â®ç¥ëå ¢¡«¨§¨ § ¬ªãâëå
«¨¨©. � ¥¥ ®á®¢ã ¯®«®¦¥  ¨¤¥ï [5] ¯¥à¥å®¤  ª ¯®¤¢¨¦®© «®ª «ì®© á¨áâ¥¬¥ ª®®à¤¨ â, á¢ï-
§ ®© á æ¥âà®¬ ¢®«®¢®£® ¯ ª¥â ,   â ª¦¥ ª®ªà¥âë© ¢¨¤ [6] äãªæ¨¨ í©ª® «  ¢  § âæ¥
���-àï¤ .

�¥«ìî ¤ ®© à ¡®âë ï¢«ï¥âáï à §¢¨â¨¥ ¬¥â®¤ , ¨§«®¦¥®£® ¢ [4],   á«ãç © ¤¢ã¬¥àëå
¢®«®¢ëå ¯ ª¥â®¢. �à¥¤« £ ¥âáï ���-¯à®æ¥¤ãà  ¯®áâà®¥¨ï ä®à¬ «ì®£®  á¨¬¯â®â¨ç¥áª®£®
à¥è¥¨ï § ¤ ç¨ �®è¨ ¤«ï ãà ¢¥¨© ¯®«®£¨å ®¡®«®ç¥ª, á®áà¥¤®â®ç¥®£® ¢ ®ªà¥áâ®áâ¨ ¯®-
¤¢¨¦ëå â®ç¥ª. �à¥¤¯®« £ ¥âáï, çâ® â®«é¨  ®¡®«®çª¨,   â ª¦¥ ä¨§¨ç¥áª¨¥ å à ªâ¥à¨áâ¨ª¨
¬ â¥à¨ «  ï¢«ïîâáï ¯¥à¥¬¥ë¬¨. �à¨¢®¤¨âáï ¯à¨¬¥à ® ¢®§¬®¦ëå ¢®«®¢ëå ä®à¬ å ¤¢¨¦¥-
¨ï â®ª®© áä¥à¨ç¥áª®© ¯ ¥«¨ á ¯¥à¥¬¥ë¬¨ ¬®¤ã«¥¬ �£  ¨ ¯«®â®áâìî ¬ â¥à¨ « .

1. �®áâ ®¢ª  § ¤ ç¨

�à¥¤¯®« £ ï ¡®«ìèãî ¨§¬¥ï¥¬®áâì ¢®« ¢ ®¡®¨å  ¯à ¢«¥¨ïå, ¨á¯®«ì§ã¥¬ á¨áâ¥¬ã ãà ¢-
¥¨© ¯®«®£¨å ®¡®«®ç¥ª, § ¯¨á ãî ¢ ¡¥§à §¬¥à®¬ ¢¨¤¥ [7],

"2f�d�w �K[(1� �)d;w]g +�k�+m@2w=@t2 = 0;

"2f�g���K[(1 + �)g;�]g ��kw = 0;
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; i; j; k; l = 1; 2; l 6= k;

d(�k) =
Eh3

1� �2
; g(�k) =

1
Eh

; m(�k) = �h:

� ª ç¥áâ¢¥ ªà¨¢®«¨¥©ëå ª®®à¤¨ â �1, �2   áà¥¤¨®© ¯®¢¥àå®áâ¨ ¢§ïâë «¨¨¨ ªà¨¢¨§ë,
â ª çâ® ¯¥à¢ ï ª¢ ¤à â¨ç ï ä®à¬  ¯®¢¥àå®áâ¨ ¨¬¥¥â ¢¨¤ d�2 = R2
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| å à ªâ¥àë© à §¬¥à ®¡®«®çª¨. �¥§à §¬¥àë¥ ¢¥«¨ç¨ë ¢ (1), (2) ¢¢¥¤¥ë ¯® ä®à¬ã« ¬

w� = "�2R0w; �� = E0R
2
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�¤¥áì w�, �� | ®à¬ «ìë© ¯à®£¨¡ ¨ äãªæ¨ï  ¯àï¦¥¨©,R�j | à ¤¨ãáë ªà¨¢¨§ë, h�, E�, ��,
�� | â®«é¨  ®¡®«®çª¨, ¬®¤ã«ì �£ , ª®íää¨æ¨¥â �ã áá®  ¨ ¯«®â®áâì ¬ â¥à¨ « , h0, E0,
�0 | á®®â¢¥âáâ¢ãîé¨¥ ¨¬ å à ªâ¥àë¥ § ç¥¨ï (¡ã¤ãâ ¢¢¥¤¥ë ¨¦¥), 0 < " | ¥áâ¥áâ¢¥ë©
¬ «ë© ¯ à ¬¥âà, T0 | å à ªâ¥à®¥ ¢à¥¬ï.

�à¥¤¯®« £ ¥âáï, çâ® ¢á¥ ª®íää¨æ¨¥âë ¢ ãà ¢¥¨ïå (1) ¡¥áª®¥ç® ¤¨ää¥à¥æ¨àã¥¬ë ¯®
�i ¨ ¨£¤¥ ¥ ®¡à é îâáï ¢ ã«ì.

�ãáâì

wjt=0 =W 0(�1; �2) expfi"�1S0(�1; �2)g;

_wjt=0 = i"�1V 0(�1; �2) expfi"�1S0(�1; �2)g;
(3)

S0 = P0(�1; �2)> +
1
2
(�1; �2)B0(�1; �2)>;

W 0 =
1X
k=0

"k=2w0
k(�1; �2); V 0 =

1X
k=0

"k=2v0k(�1; �2);

�k = "�1=2�k; k = 1; 2; B0 = B0
1 + iB0

2;

£¤¥ w0
k, v

0
k | ¯®«¨®¬ë áâ¥¯¥¥© Mk  à£ã¬¥â®¢ �1, �2 á ª®¬¯«¥ªáë¬¨ ª®íää¨æ¨¥â ¬¨,

P0 = (p01; p
0
2) | ¥ã«¥¢®© ¢¥ªâ®à, B0 | á¨¬¬¥âà¨ç ï ª®¬¯«¥ªá ï ¬ âà¨æ  à §¬¥à®áâ¨ 2� 2

á ¯®«®¦¨â¥«ì® ®¯à¥¤¥«¥®© ¬¨¬®© ç áâìî B0
2. �®çª  ¢ (3) ¨ ¨¦¥ ãª §ë¢ ¥â   ¤¨ää¥à¥-

æ¨à®¢ ¨¥ ¯® ¢à¥¬¥¨ t,   § ç®ª > ®§ ç ¥â âà á¯®¨à®¢ ¨¥. �á«®¢¨ï (3) § ¤ îâ   ¯®¢¥àå-
®áâ¨  ç «ìë© ¢®«®¢®© ¯ ª¥â á æ¥âà®¬ ¢  ç «¥ ª®®à¤¨ â (0; 0). �®«®¦¨¬ h0 = h�(0; 0),
E0 = E�(0; 0), �0 = ��(0; 0).

2. �¥â®¤ à¥è¥¨ï

�¥è¥¨¥ § ¤ ç¨ (1), (3) ¡ã¤¥¬ ¨áª âì ¢ ¢¨¤¥ ¢®«®¢®£® ¯ ª¥â  á æ¥âà®¬ ¢ â®çª¥ Q(q1; q2),
£¤¥ q1(t), q2(t) | ¤¢ ¦¤ë ¤¨ää¥à¥æ¨àã¥¬ë¥ äãªæ¨¨ ¢à¥¬¥¨ t ¨ â ª¨¥, çâ® q1(0) = q2(0) = 0.
�¥à¥©¤¥¬ ¢ (1) ª ®¢®© á¨áâ¥¬¥ ª®®à¤¨ â ¯® ä®à¬ã«¥

�k = qk(t) + "1=2�k; k = 1; 2: (4)

�à¨¨¬ ï ¢® ¢¨¬ ¨¥ (3), ¢ë¡¥à¥¬ ¢ ª ç¥áâ¢¥  § âæ  à¥è¥¨ï àï¤ë [4]

w =
1X
k=0

"k=2wk(�1; �2; t) expfi"�1S(�1; �2; t; ")g;

� =
1X
k=0

"k=2�k(�1; �2; t) expfi"
�1S(�1; �2; t; ")g;

(5)

£¤¥

S(�1; �2; t; ") =
Z t

0

!(�)d� + "1=2P(t)� +
1
2
"�>B(t)�; (6)

P = (p1(t); p2(t)); � = (�1; �2)
>;

B(t) | á¨¬¬¥âà¨ç ï ª®¬¯«¥ªá ï ¬ âà¨æ  á ¯®«®¦¨â¥«ì® ®¯à¥¤¥«¥®© ¬¨¬®© ç áâìî
ImB(t) ¤«ï «î¡®£® t � 0, wk, �k | ¯®«¨®¬ë  à£ã¬¥â®¢ �1, �2. �á¥ ¥¨§¢¥áâë¥ ¢ (5), (6)
¢¥«¨ç¨ë ¡ã¤¥¬ ¨áª âì ¢ ª« áá¥ ¤¢ ¦¤ë ¤¨ää¥à¥æ¨àã¥¬ëå äãªæ¨© ¢à¥¬¥¨ t. �à¨ ä¨ªá¨-
à®¢ ®¬ t !(t) ¨¬¥¥â á¬ëá« ¬£®¢¥®© ç áâ®âë ª®«¥¡ ¨© ®¡®«®çª¨ ¢ ®ªà¥áâ®áâ¨ ¯®¤¢¨¦-
®£® æ¥âà  Q, pk(t) | ¢®«®¢ë¥ ç¨á« ,   ª®¬¯®¥âë ¬ âà¨æë ImB(t) ®¯à¥¤¥«ïîâ áª®à®áâì
§ âãå ¨ï  ¬¯«¨âã¤ë ¢®« ¯à¨ ã¤ «¥¨¨ ®â æ¥âà  Q.

�«ï ®¯à¥¤¥«¥¨ï ¢å®¤ïé¨å ¢ (5), (6) äãªæ¨© ¯®¤áâ ¢¨¬ (4){(6) ¢ (1),   ¢á¥ ª®íää¨æ¨¥âë
¢ ¨áå®¤ëå ãà ¢¥¨ïå (1) à §«®¦¨¬ ¢ àï¤ë �¥©«®à  ¢ ®ªà¥áâ®áâ¨ â®çª¨ Q.
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3. �¥à¢®¥ ¨ ¢â®à®¥ ¯à¨¡«¨¦¥¨ï

�à¨à ¢¨¢ ï ¢ (1) ª®íää¨æ¨¥âë ¯à¨ "�2, ¯®«ãç¨¬ ®¤®à®¤ãî á¨áâ¥¬ã  «£¥¡à ¨ç¥áª¨å
ãà ¢¥¨©

L0X0 = 0; (7)

£¤¥ X0 = (w0�0)>,   L0 | ¬ âà¨æ  à §¬¥à®áâ¨ 2� 2 á í«¥¬¥â ¬¨
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; l0;21 = l0;12:

(8)

� ç¥¨ï äãªæ¨© m, d, g, A2
k, Rk ¢ (8) ¢ëç¨á«ïîâáï ¢ â®çª¥ Q. �§ ãá«®¢¨ï áãé¥áâ¢®¢ ¨ï

¥âà¨¢¨ «ì®£® à¥è¥¨ï á¨áâ¥¬ë (7)  å®¤¨¬

! = _q1p1 + _q2p2 �H(pk; qk); k = 1; 2; (9)

£¤¥

H =
�
d

m

�
p21
A2
1

+
p22
A2
2

�2

+
1
mg

�
p21

A2
1R2

+
p22

A2
2R1

�2�
p21
A2
1

+
p22
A2
2

��2�1=2

| äãªæ¨ï � ¬¨«ìâ® . �ã¤¥¬ ¯à¥¤¯®« £ âì, çâ® P(t) 6= 0   ¥ª®â®à®¬ ®âà¥§ª¥ t 2 [0; T ].
�ãáâì w0 = Z0(�1; �2; t) | ¯®«¨®¬  à£ã¬¥â®¢ �1, �2. �®£¤ 

�0 = �Z0; � = �l0;11l
�1
0;12: (10)

�® ¢â®à®¬ ¯à¨¡«¨¦¥¨¨ (¯à¨ "�3=2) ¨¬¥¥¬ ¥®¤®à®¤ãî á¨áâ¥¬ã ãà ¢¥¨©

L0X1 = �L1X0; (11)

£¤¥ X1 = (w1;�1)>,   L1 | ¬ âà¨æ , í«¥¬¥âë l1;kl (k; l = 1; 2) ª®â®à®© áãâì ®¯¥à â®àë

l1;kl =
�
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Q = (q1; q2)>,   ¯®¤ ¯à®¨§¢¥¤¥¨¥¬ ¢¥ªâ®à®¢ ¢ (12) ¨ ¨¦¥ ¯®¤à §ã¬¥¢ ¥âáï ¨å áª «ïà®¥ ¯à®-
¨§¢¥¤¥¨¥.

�á«®¢¨¥ áãé¥áâ¢®¢ ¨ï à¥è¥¨ï á¨áâ¥¬ë (11) ¯à¨¢®¤¨â ª ¤¨ää¥à¥æ¨ «ì®¬ã ãà ¢¥¨î
®â®á¨â¥«ì® Z0, ª®â®à®¥ ¨¬¥¥â à¥è¥¨¥ ¢ ¢¨¤¥ ¯®«¨®¬ , ¥á«¨ ¢¥ªâ®àë Q(t), P(t) ã¤®¢«¥â¢®-
àïîâ á¨áâ¥¬¥ � ¬¨«ìâ® 

_Q = HP; _P = �HQ: (13)

�à ¢¥¨ï (13) ¨ ¤ «ì¥©è¨¥ ¯®áâà®¥¨ï á®®â¢¥âáâ¢ãîâ á«ãç î, ª®£¤  ¯¥à¥¤ äãªæ¨¥© � ¬¨«ì-
â®  ¢ (9) ¡¥à¥âáï § ª ¬¨ãá.

�§ (3){(6) ¯®«ãç ¥¬

Qjt=0 = 0; Pjt=0 = P
0: (14)

�à¨ á¤¥« ëå ¢ëè¥ ¯à¥¤¯®«®¦¥¨ïå ®â®á¨â¥«ì® ¢å®¤ïé¨å ¢ ãà ¢¥¨ï (1) ª®íää¨æ¨¥â®¢
§ ¤ ç  (13), (14)   ¥ª®â®à®¬ ®âà¥§ª¥ [0; t] ¨¬¥¥â ¥¤¨áâ¢¥®¥ ¨ ¥¯à¥àë¢®¥ à¥è¥¨¥.
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�ç¨âë¢ ï (12), (13),  å®¤¨¬ ®¡é¥¥ à¥è¥¨¥ á¨áâ¥¬ë (11)

w1 = Z1; �1 = �Z1 +
@�

@P
P�Z0 +

@�

@Q
�Z0 � i

@�

@P

@Z0

@�
; (15)

£¤¥ Z(�1; �2; t) | ¯®«¨®¬  à£ã¬¥â®¢ �1, �2.

4. �à¥âì¥ ¨ ¢ëáè¨¥ ¯à¨¡«¨¦¥¨ï

� áá¬®âà¨¬ á¨áâ¥¬ã

L0X2 = �L1X1 � L2X0; (16)

¢®§¨ª îéãî ¢ âà¥âì¥¬ ¯à¨¡«¨¦¥¨¨ (¯à¨ "�1). �¤¥áì L2 | ¬ âà¨æ  á í«¥¬¥â ¬¨
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�> _B� + inkl; k; l = 1; 2;

£¤¥
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n12 =
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X
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p3k; n21 = �n12;
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�
; k; l = 1; 2; k 6= j;

tr ®§ ç ¥â á«¥¤ ¬ âà¨æë,   @2l0;kl=@P2, @2l0;kl=@Q@P, @2l0;kl=@Q2, @2=@�2 | ¬ âà¨æë à §¬¥à®-
áâ¨ 2� 2.

�á«®¢¨¥ áãé¥áâ¢®¢ ¨ï à¥è¥¨ï á¨áâ¥¬ë (16) á ãç¥â®¬ (13), (15) á®¢  ¤ ¥â ¤¨ää¥à¥æ¨-
 «ì®¥ ãà ¢¥¨¥ ®â®á¨â¥«ì® Z0. �®á«¥¤¥¥ ¨¬¥¥â à¥è¥¨¥ ¢ ¢¨¤¥ ¯®«¨®¬  â®£¤  ¨ â®«ìª®
â®£¤ , ª®£¤  B(t) ï¢«ï¥âáï à¥è¥¨¥¬ ¬ âà¨ç®£® ãà ¢¥¨ï �¨ªª â¨

_B+BHPPB+HQPB+BT>QQ +HQQ = 0: (17)

�®£¤  äãªæ¨ï Z0  ©¤¥âáï ¨§ ãà ¢¥¨ï

�
i
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@�2

�
+ �

�
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@Z0

@�

�
+ (B�)

�
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@Z0

@�

�
+
@Z0

@t
+GZ0 = 0; (18)

G =
1
2
tr(HPPB)�

1
2H

_! �
1
H
(Hq1Hp1 +Hq2Hp2) +

+
l0;22
2mH

@�

@P

@�

@Q
+

1
2mHl0;22

(2l0;12n21 � l0;11n22 � l0;22n11):

�¥à¥§ HPP, HQP, HQQ ¢ (17), (18) ®¡®§ ç¥ë ¬ âà¨æë, í«¥¬¥âë ª®â®àëå ¯®«ãç îâáï ¤¨ä-
ä¥à¥æ¨à®¢ ¨¥¬ £ ¬¨«ìâ®¨   H ¯® pi, qi   ¢¥ªâ®à å Q, P, ã¤®¢«¥â¢®àïîé¨å § ¤ ç¥ (13),
(14).
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�à ¢¨¢ ï (3) ¨ (6), ¯®«ãç¨¬  ç «ì®¥ ãá«®¢¨¥

Bjt=0 = B0 (19)

¤«ï (17). �  ®âà¥§ª¥ [0; T ] § ¤ ç  (17), (19) ¨¬¥¥â ¥¤¨áâ¢¥®¥ ¨ ¥¯à¥àë¢®¥ à¥è¥¨¥ B(t),
¤«ï ª®â®à®£® ImB(t) | ¯®«®¦¨â¥«ì® ®¯à¥¤¥«¥ ï ¬ âà¨æ  ¤«ï «î¡®£® t 2 [0; T ] ([5], £«. 3,
x 2, á. 104). �®á«¥¤¥¥ ãâ¢¥à¦¤¥¨¥ ¢ ®¤®¬¥à®¬ á«ãç ¥ ¤®ª § ® ¢ [4].

�à ¢¥¨¥ (18) ¨¬¥¥â à¥è¥¨¥ ¢ ¢¨¤¥ ¯®«¨®¬ 

Z0 =
NX
s=0

X
k;l

k+l=s

Akl(t; c0;j)�
k
1�

l
2 (20)

«î¡®© æ¥«®© áâ¥¯¥¨ N � 0 á ª®íää¨æ¨¥â ¬¨ Akl, á®¤¥à¦ é¨¬¨ ¥®¯à¥¤¥«¥ë¥ ¯®áâ®ïë¥
¨â¥£à¨à®¢ ¨ï c0;j , £¤¥ j = 0; : : : ; 1

2
(N + 1)(N + 2).

�á«®¢¨ï áãé¥áâ¢®¢ ¨ï à¥è¥¨ï ¥®¤®à®¤ëå á¨áâ¥¬  «£¥¡à ¨ç¥áª¨å ãà ¢¥¨©, ¢®§¨ª -
îé¨å ¢ ¢ëáè¨å ¯à¨¡«¨¦¥¨ïå (¯à¨ "�1+k=2, £¤¥ k � 1), ¯à¨¢®¤ïâ ª ¥®¤®à®¤ë¬ ¤¨ää¥à¥-
æ¨ «ìë¬ ãà ¢¥¨ï¬ ®â®á¨â¥«ì® äãªæ¨© Zk(�1; �2; t), ¯à ¢ë¥ ç áâ¨ ª®â®àëå ¯à¥¤áâ ¢«ïîâ
á®¡®© ¥ª¨¥ ¯®«¨®¬ë  à£ã¬¥â®¢ �1, �2.

5. �¥è¥¨¥ § ¤ ç¨ �®è¨ (1), (3)

� áá¬®âà¨¬ ¢¥ªâ®à-äãªæ¨î

Xa = (wa;�a)> =
2X

m=1

1X
k=1

"k=2X
(m)
k expfi"�1S(m)g; (21)

£¤¥

S(m) =
Z t

0

!(m)(�)d� + "1=2P(m)(t)�(m) +
1
2
"(�(m))>B(m)(t)�(m);

�(m) = (�(m)
1 ; �

(m)
2 )>; �

(m)
j = "�1=2[�j � q

(m)
j (t)]; X

(m)
k = (w(m)

k ;�(m)
k )>; m; j = 1; 2:

� ç áâ®áâ¨,X(m)
0 = Z(m)

0 (�(m)
1 ; �(m)

2 ; t; c(m)
0;j )(1; �

(m))>. �ãªæ¨ï �(m) ®¯à¥¤¥«ï¥âáï ¯® ä®à¬ã«¥ (10)
¯à¨Q = Q(m)(t),P = P(m)(t). �¤¥áì ¨¤¥ªáëm = 1 ¨m = 2 ®â¢¥ç îâ á®£« á® (9) ®âà¨æ â¥«ì®©
¨ ¯®«®¦¨â¥«ì®© ¢¥â¢ï¬ ¯®áâà®¥ëå à¥è¥¨©.

� á¨«ã ¯à®¢¥¤¥ëå ¯®áâà®¥¨© äãªæ¨¨ wa, �a ï¢«ïîâáï ä®à¬ «ìë¬  á¨¬¯â®â¨ç¥áª¨¬
à¥è¥¨¥¬ ãà ¢¥¨© (1). �å®¤ïé¨¥ ¢ X(m)

k (�(m)
1 ; �

(m)
2 ; t; c

(m)
k;j ) ¥®¯à¥¤¥«¥ë¥ ª®áâ âë c

(m)
k;j

¬®£ãâ ¡ëâì  ©¤¥ë ¨§  ç «ìëå ãá«®¢¨©. �®¤áâ ¢¨¬ (21) ¢ (3) ¨ ãçâ¥¬, çâ® ¯à¨ t = 0
�
(1)
j = �

(2)
j = �j. � à¥§ã«ìâ â¥ ¯®«ãç¨¬ á¨áâ¥¬ã ãà ¢¥¨©

(Z(1)
k + Z

(2)
k )jt=0 = F 0

k;1; (Z(1)
k � Z

(2)
k )jt=0 = F 0

k;2; (22)

£¤¥, ¢ ç áâ®áâ¨,

F 0
0;1 = w0(�1; �2); F 0

0;2 = �
v0(�1; �2)

H(p01; p02; 0; 0)

| ¨§¢¥áâë¥ ¯®«¨®¬ë áâ¥¯¥¨ M0. � áá¬®âà¨¬ á¨áâ¥¬ã (22) ¯à¨ k = 0. �à¨à ¢¨¢ ï ª®-
íää¨æ¨¥âë ¯à¨ ®¤¨ ª®¢ëå áâ¥¯¥ïå �m1 �

n
2 , ¯®«ãç¨¬ á¨áâ¥¬ã ¨§ (M0 + 1)(M0 + 2)  «£¥¡à -

¨ç¥áª¨å ãà ¢¥¨© ®â®á¨â¥«ì® (¢ ®¡é¥¬ á«ãç ¥ ª®¬¯«¥ªáëå) ¥¨§¢¥áâëå c
(1)
0;j , c

(2)
0;j , £¤¥

j = 1
2
(M0 + 1)(M0 + 2).
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6. � «¨§ à¥è¥¨ï ¨ ¯à¨¬¥à

�¥è¥¨¥ (21) ¯à¨ t > 0 ¯à¥¤áâ ¢«ï¥â á®¡®© ¯ àã ¯ ª¥â®¢ ¨§£¨¡ëå ¢®« á æ¥âà ¬¨ ¢ â®ç-
ª å (q(1)1 (t); q(1)2 (t)) ¨ (q(2)1 (t); q(2)2 (t)), ¡¥£ãé¨å á £àã¯¯®¢ë¬¨ áª®à®áâï¬¨ V(1)

g (t) = (H(1)
p1
;H(1)

p1
)> ¨

V(2)
g (T ) = (�H(2)

p1
;�H(2)

p1
)> á®®â¢¥âáâ¢¥®. �¤¥ªá (m) ãª §ë¢ ¥â   â®, çâ® ¯à®¨§¢®¤ë¥ £ -

¬¨«ìâ®¨   ¯® pj  å®¤ïâáï   ¢¥ªâ®à å P(m), Q(m).
�«ï ¡®«¥¥ ¤¥â «ì®£®   «¨§  à¥è¥¨ï à áá¬®âà¨¬ ¢ ª ç¥áâ¢¥ ¯à¨¬¥à  â®ªãî áä¥à¨ç¥áªãî

¯ ¥«ì á ¯¥à¥¬¥ë¬ ¬®¤ã«¥¬ �£  ¨ ¯«®â®áâìî ¬ â¥à¨ « , ª®â®à ï ¨¬¥¥â ¯ à ¬¥âàë

�1 = �; ��=2 < �1 � � � �2 < �=2; �2 = '; �� < '1 � ' � '2 < �;

A1 = 1; A2 = cos �; h � 1; (E=�)1=2 = f('):

�¤¥áì � | ã£®« ¬¥¦¤ã à ¤¨ãá-¢¥ªâ®à®¬ â®çª¨   ¯®¢¥àå®áâ¨ ®¡®«®çª¨ ¨ íª¢ â®à¨ «ì®© ¯«®á-
ª®áâìî,   ' | ¤®«£®âë© ã£®«. �ãáâì p01 = 0, p02 6= 0. �áá«¥¤ã¥¬ à¥è¥¨¥   ¬®¦¥áâ¢¥ (0; '2).
�«ï íâ®£® à áá¬®âà¨¬ ¤¢  á«ãç ï: 1) f 0(') < 0 ¯à¨ ' 2 (0; '2), 2) f 0(') > 0, ¥á«¨ ' 2 (0; '2). �§
  «¨§  á¨áâ¥¬ë � ¬¨«ìâ®  ¯®«ãç ¥¬, çâ® ¢ ®¡®¨å á«ãç ïå p(1)1 = q

(1)
1 = 0 ¤«ï «î¡®£® t 2 [0; T ].

� ª ç¥áâ¢¥ T ¡¥à¥¬ ¥ª¨© ¬®¬¥â ¢à¥¬¥¨, ¯à¨ ª®â®à®¬ æ¥âà ¢®«®¢®£® ¯ ª¥â   å®¤¨âáï ¤®-
áâ â®ç® ¤ «¥ª® ®â ªà ï ' = '2, â ª çâ® £à ¨çë¬¨ ãá«®¢¨ï¬¨ ¨ íää¥ªâ®¬ ®âà ¦¥¨ï ¢®«
®â ªà ï ¬®¦® ¯à¥¥¡à¥çì.

� á«ãç ¥ 1) ¨¬¥¥¬ _p2 > 0, _q(1)2 > 0 ¤«ï «î¡®£® t 2 [0; T ], çâ® £®¢®à¨â ® â®¬, çâ® ¢  ¯à ¢«¥¨¨
ã¡ë¢ ¨ï äãªæ¨¨ E=� ¢®«®¢®© ¯ ª¥â ¤¢¨¦¥âáï ¥®£à ¨ç¥®,   ¢®«®¢®¥ ç¨á«® p2 à áâ¥â.
�¤¥áì t < T2 = T('2) ¨

T(') =
H0

2

Z '

0

d'0

f 2('0)[H2
0f

�2('0)� �]3=4
; H0 = H(0; p02; 0; 0); � = 1� �2:

� á«ãç ¥ 2) ¤¨ ¬¨ª  ®¡®«®çª¨ á«®¦¥¥. �ãáâì

f(0)[1 + (p02)
4��1]1=2 � f('2):

�®£¤  p(1)2 > 0, _p(1)2 < 0, _q(1)2 > 0 ¯à¨ t 2 [0; T ], £¤¥ T < T2. �¤¥áì ¤¢¨¦¥¨¥ ¯ ª¥â  â ª¦¥ ï¢«ï¥âáï
¥®£à ¨ç¥ë¬, ®¤ ª® ¢®«®¢®¥ ç¨á«® p(1)2 ã¬¥ìè ¥âáï. �,  ª®¥æ, ¯à¨

f(0)[1 + (p02)
4��1]1=4 < f('2) (23)

¯®«ãç ¥¬

p(1)2 > 0; _p(1)2 < 0; _q(1)2 > 0; t 2 [0; Tr);

p
(1)
2 (Tr) = _q(1)2 (Tr) = 0; (24)

p
(1)
2 < 0; _p(1)2 < 0; _q(1)2 < 0; t 2 (Tr; T ];

£¤¥ Tr = T('r),   'r  å®¤¨âáï ¨§ ãà ¢¥¨ï

f(') = f(0)[1 + (p02)
4��1]1=4:

�§ (24) á«¥¤ã¥â, çâ® ¢ á«ãç ¥ 2) ¢ ¬®¬¥â ¢à¥¬¥¨ Tr ¨¬¥¥â ¬¥áâ® ®âà ¦¥¨¥ ¢®«®¢®£® ¯ ª¥â 
®â «¨¨¨ ' = 'r. �¡ àã¦¥ë© íää¥ªâ á®®â¢¥âáâ¢ã¥â à¥§ã«ìâ â ¬, ¯®«ãç¥ë¬ ¢ [1] ¯à¨ ¨á-
á«¥¤®¢ ¨¨ ®á¥á¨¬¬¥âà¨çëå á¥¬¥©áâ¢ ¨§£¨¡ëå ¢®« ¢ ¡¥áª®¥ç®© æ¨«¨¤à¨ç¥áª®© ®¡®«®çª¥
á ¯¥à¥¬¥ë¬¨ E ¨ �. �¤ ª® ¢  è¥¬ á«ãç ¥ p2(t) ! 0 ¯à¨ t ! Tr,   äãªæ¨ï  ¯àï¦¥¨©
� ¯à¨¨¬ ¥â ¡¥áª®¥ç® ¡®«ìè¨¥ § ç¥¨ï. � ª¨¬ ®¡à §®¬, ¢ á«ãç ¥ 2), ¥á«¨ ¢ë¯®«ï¥âáï ¥-
à ¢¥áâ¢® (23), ¯®áâà®¥®¥ à¥è¥¨¥ (21) á«¥¤ã¥â áç¨â âì á¯à ¢¥¤«¨¢ë¬   ®âà¥§ª¥ [0; T ], £¤¥
T < Tr. �®á«¥¤¥¥ ®¡áâ®ïâ¥«ìáâ¢® å®à®è® á®£« áã¥âáï á â¥¬ ä ªâ®¬, çâ® ãà ¢¥¨ï ¯®«®£¨å ®¡®-
«®ç¥ª (1) ¤ îâ ¯«®åãî â®ç®áâì ¯à¨ ¬ «®¬ ç¨á«¥ ¢®« ¢ ®¡®¨å  ¯à ¢«¥¨ïå. �«ï ¯®áâà®¥¨ï
à¥è¥¨ï, á¯à ¢¥¤«¨¢®£® ¯à¨ Tr � t � T2 (  â ª¦¥ ¨áá«¥¤®¢ ¨ï íää¥ªâ  ®âà ¦¥¨ï ¢®«®¢®£®
¯ ª¥â ), ¬®¦¥â ¡ëâì ¨á¯®«ì§®¢   ¯®« ï á¨áâ¥¬  ãà ¢¥¨© ¢ ¯¥à¥¬¥é¥¨ïå ¯®¤®¡® [1].
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