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�������������� ��������

� ������������� ������� �������{�������.
II. ������������ �������

� ­­ ï à ¡®â  ï¢«ï¥âáï ¯à®¤®«¦¥­¨¥¬ áâ âì¨, ®¯ã¡«¨ª®¢ ­­®© ¢ ò3, 2004 £. ¦ãà­ «  \�§-
¢¥áâ¨ï ¢ã§®¢. � â¥¬ â¨ª ". �ã¬¥à æ¨ï à §¤¥«®¢ ¨ ä®à¬ã« ¯à®¤®«¦ ¥â ­ã¬¥à æ¨î ¯¥à¢®© ç -
áâ¨ à ¡®âë, ®¡®§­ ç¥­¨ï ¨§ ª®â®à®© §¤¥áì á®åà ­ïîâáï.

5. �¯â¨¬ «ì­ë¥ á¨áâ¥¬ë ¯®¤ «£¥¡à

�«¥¬¥­â U = u1X1 + u2X2 + u3X3  «£¥¡àë L3 ¯®à®¦¤ ¥â ¤¥©áâ¢ãîé¨© ¢ ¥¥ ¢¥ªâ®à­®¬ ¯à®-
áâà ­áâ¢¥ ®¯¥à â®à AdUhXi = X � U . � ¡ §¥ Xi, i = 1; 2; 3, íâ®â ®¯¥à â®à § ¤ ¥âáï ¬ âà¨æ¥©0

@u3 0 �u1
0 2u3 �2u2
0 0 0

1
A ;

  ¢­ãâà¥­­¨©  ¢â®¬®àä¨§¬ exp(t1AdX1) exp(t2AdX2) exp(t3AdX3) | ¬ âà¨æ¥©

A(t1; t2; a) =

0
@a 0 �t1
0 a2 �2t2
0 0 1

1
A ; a = exp t3 > 0:

�¢â®¬®àä¨§¬ A ¯¥à¥¢®¤¨â ¢¥ªâ®à
3P

i=1
eiXi ¢

3P
i=1

e0iXi,

e01 = ae1 � t1e3; e02 = a2e2 � 2t2e3; e03 = e3: (5.1)

� ¯®¬®éìî á®®â­®è¥­¨© (5.1) ¢ëç¨á«ïîâáï ®¯â¨¬ «ì­ë¥ á¨áâ¥¬ë �1 ¨ �2 ¯®¤ «£¥¡à  «£¥¡àë
L3. �¥§ã«ìâ âë ¢ëç¨á«¥­¨© ¯à¨¢¥¤¥­ë ¢ â ¡«. 1.

� ¡«¨æ  1. �¯â¨¬ «ì­ ï á¨áâ¥¬  ¯®¤ «£¥¡à  «£¥¡àë L3

k = 1 Xi

k = 2 Xi, Xj

�à¨ ¢ëç¨á«¥­¨¨ ®¯â¨¬ «ì­®© á¨áâ¥¬ë ¯®¤ «£¥¡à  «£¥¡àë La
4 ã¤®¡­® ¯¥à¥©â¨ ª ¡ §¥ Y1 = X1,

Y2 = X2, Y3 = Xa
4�(n+1)X3, Y4 = Xa

4 . � íâ®© ¡ §¥ ¤¥©áâ¢¨¥ ¢­ãâà¥­­¥£®  ¢â®¬®àä¨§¬  ­  ¢¥ªâ®à
Y = e1Y1 + e2Y2 + e3Y3 + e4Y4 § ¤ ¥âáï á ¯®¬®éìî á®®â­®è¥­¨©

e01 = bn+1e1 � (n+ 1)t1e4; e02 = ba�2n�1e2 + t2((2n+ 1)e3 � e4); e03 = e3; e04 = e4; a > 0; b > 0:

�ëç¨á«¥­­ë¥ ­  ¨å ®á­®¢¥ ®¯â¨¬ «ì­ë¥ á¨áâ¥¬ë �1, �2, �3 ¯®¤ «£¥¡à  «£¥¡àë La
4 ¯à¨¢¥¤¥­ë ¢

â ¡«. 2.

� ¡®â  ¢ë¯®«­¥­  ¯à¨ ä¨­ ­á®¢®© ¯®¤¤¥à¦ª¥ �®áá¨©áª®£® ä®­¤  äã­¤ ¬¥­â «ì­ëå ¨áá«¥¤®¢ ­¨©
(¯à®¥ªâ ò00-01-00128).
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� ¡«¨æ  2. �¯â¨¬ «ì­ ï á¨áâ¥¬  ¯®¤ «£¥¡à  «£¥¡àë La
4

k = 1 Yi; Y3 + �Y4; Y1 � Y2; Y1 � Y3; 1
2n+1

Y3 + Y4 � Y2
k = 2 Yi, Yj ; Y1, Y3+�Y4; Y2, Y3+�Y4; Y2, Y1+�Y3; Y1, 1

2n+1
Y3�Y2; Y1+�Y2, Y3� 2n+1

n
Y4

k = 3 Yi, Yj , Ys; Y1, Y2, Y3 + �Y4

� á«ãç ¥  «£¥¡àë Lb
4 ã¤®¡­® ¯¥à¥©â¨ ª ¡ §¥ Y1 = X1, Y2 = X2, Y3 = X3 � Xb

4 , Y4 = Xb
4.

�¥©áâ¢¨¥ ¢­ãâà¥­­¥£®  ¢â®¬®àä¨§¬  ­  ¢¥ªâ®à
4P

i=1
eiYi § ¤ ¥âáï á ¯®¬®éìî ä®à¬ã«

e01 = ce1 � t1e3; e02 = c�bd2+be2 + t2(be3 � (2 + b)e4); e03 = e3; e04 = e4; c > 0; d > 0:

�ëç¨á«¥­­ ï ­  ¨å ®á­®¢¥ ®¯â¨¬ «ì­ ï á¨áâ¥¬  ¯®¤ «£¥¡à  «£¥¡àë Lb
4 ¯à¨¢¥¤¥­  ¢ â ¡«. 3.

� ¡«¨æ  3. �¯â¨¬ «ì­ ï á¨áâ¥¬  ¯®¤ «£¥¡à  «£¥¡àë Lb
4

k = 1 Yi; Y3 + �Y4; Y1 � Y2; Y1 + �Y4; Y3 + b
2+b

Y4 � Y2
k = 2 Yi, Yj ; Y1, Y3+�Y4; Y2, Y3+�Y4; Y2, Y1+�Y4; Y1�Y2, Y3+ b+1

b+2
Y4; Y1, Y3+ b

b+2
Y4�Y2

k = 3 Yi, Yj , Ys; Y1, Y2, Y3 + �Y4

� ª®­¥æ, ¯®« £ ï b = 0 ¢ â ¡«. 3, ¯®«ãç¨¬ ®¯â¨¬ «ì­ë¥ á¨áâ¥¬ë ¯®¤ «£¥¡à  «£¥¡àë Lc
4. � -

à ¬¥âà � ¢ â ¡«¨æ å ¯à¨­¨¬ ¥â «î¡ë¥ ¢¥é¥áâ¢¥­­ë¥ §­ ç¥­¨ï, ¯à¨ç¥¬ «î¡ë¥ ¤¢¥ ¯®¤ «£¥¡àë
á à §«¨ç­ë¬¨ §­ ç¥­¨ï¬¨ � ­¥ ¯®¤®¡­ë. � §¬¥à­®áâ¨ ¯®¤ «£¥¡à ¢ â ¡«. 1{3 ®¡®§­ ç¥­ë ç¥à¥§ k.

6. �­¢ à¨ ­â­ë¥ à¥è¥­¨ï

�®«ãç¥­­ë¥ â ¡«¨æë ¯®«­®áâìî ª« áá¨ä¨æ¨àãîâ á â®ç­®áâìî ¤® ¯à¥®¡à §®¢ ­¨© ¨§ ¤®¯ãá-
ª ¥¬®© £àã¯¯ë ¨­¢ à¨ ­â­ë¥ ­  ¥¥ ¯®¤£àã¯¯ å à¥è¥­¨ï ¢á¥å ­ ©¤¥­­ëå ¨­¢ à¨ ­â­ëå ãà ¢-
­¥­¨©. �¤­ ª® ­ á ¢ ¯¥à¢ãî ®ç¥à¥¤ì ¡ã¤ãâ ¨­â¥à¥á®¢ âì ¨­¢ à¨ ­â­ë¥ à¥è¥­¨ï ãà ¢­¥­¨ï

ut = (sgnuxu2f(jvj))x; v = uux; (6.1)

£¤¥ f(z) | ¬®­®â®­­® ¢®§à áâ îé ï ¯à¨ z > 0 äã­ªæ¨ï, ã¤®¢«¥â¢®àïîé ï ãá«®¢¨î A. �¬¥­-
­® ãà ¢­¥­¨¥ (6.1) ¯®«­®áâìî ®¯¨áë¢ ¥â £¨¤à®¤¨­ ¬¨ªã ¯«¥­ª¨ ­¥­ìîâ®­®¢áª®© ¦¨¤ª®áâ¨ á
à¥®«®£¨ç¥áª¨¬ § ª®­®¬ �¥©­¥à {�¨¢«¨­  [1], [2], ­¥¨§¢¥áâ­ ï äã­ªæ¨ï u ¢ ãà ¢­¥­¨¨ (6.1) |
â®«é¨­  ¯«¥­ª¨.

�¥§ã«ìâ â ¬¨ £àã¯¯®¢®£®  ­ «¨§  ãà ¢­¥­¨ï (6.1) ¬®¦­® ¢®á¯®«ì§®¢ âìáï, à áá¬ âà¨¢ ï ¥£®
¬®­®â®­­ë¥ à¥è¥­¨ï (¯®áª®«ìªã «î¡®¥ à¥è¥­¨¥ ¬®¦­® \áè¨âì" ¨§ ¬®­®â®­­ëå, íâ® ®£à ­¨ç¥-
­¨¥ ­¥áãé¥áâ¢¥­­®). � ¨¡®«ìè¨© ¨­â¥à¥á áà¥¤¨ ¨­¢ à¨ ­â­ëå à¥è¥­¨© ãà ¢­¥­¨ï (6.1) ¯à¥¤áâ -
¢«ïîâ à¥è¥­¨ï, ¨­¢ à¨ ­â­ë¥ ­  ®¤­®¯ à ¬¥âà¨ç¥áª¨å £àã¯¯ å. �­â¥à¥á­ë â ª¦¥ § ¢¨áïé¨¥
®â ¯ à ¬¥âà  � á¥¬¥©áâ¢  ¨­¢ à¨ ­â­ëå à¥è¥­¨© ­  ¯®¤ «£¥¡à¥Xa = X3+�Xa

4 ¨Xb = X3+�Xb
4.

� ¯¥à¢®¬ á«ãç ¥ (f | áâ¥¯¥­­ ï äã­ªæ¨ï, çâ® á®®â¢¥âáâ¢ã¥â à¥®«®£¨ç¥áª®¬ã § ª®­ã �áâ¢ «ì¤ {
�¨) ¨­¢ à¨ ­â­ë¥ à¥è¥­¨ï  ¢â®¬®¤¥«ì­ë ¨ ¯®«­®áâìî ¨§ãç¥­ë [3]. � áá¬®âà¨¬ ¢â®à®© á«ãç ©,
â. ¥. ãà ¢­¥­¨¥

ut =
�
sgnuxu2

�
jvj

jvj+ 1

���
x

; v = uux; � > 0: (6.2)

�«ï ¬®­®â®­­®£® ¨­¢ à¨ ­â­®£® ­  ¯®¤£àã¯¯¥ X3+�Xb
4 à¥è¥­¨ï u ãà ¢­¥­¨ï (6.2) á¯à ¢¥¤«¨¢®

¯à¥¤áâ ¢«¥­¨¥

u = t1+�(1+�)p(J); J = t�(2+�(1+2�))
�
x�

u2

2

�
(6.3)

(§­ ª¨ \+" ¢ ¨­¢ à¨ ­â¥ J ¤«ï ¢®§à áâ îé¥£®, \�" ¤«ï ã¡ë¢ îé¥£® à¥è¥­¨©), p(J) ¢ á«ãç ¥
¢®§à áâ îé¥© u | à¥è¥­¨¥ ­¥«¨­¥©­®£® ®¡ëª­®¢¥­­®£® ¤¨ää¥à¥­æ¨ «ì­®£® ãà ¢­¥­¨ï

(p2+�p0�)0 + (2 + �(1 + 2�))Jp0 � (1 + �(1 + �))p = 0; (6.4)
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  ¢ á«ãç ¥ ã¡ë¢ îé¥© u | à¥è¥­¨¥ ãà ¢­¥­¨ï

(p2+�(�p0)�)0 � (2 + �(1 + 2�))Jp0 + (1 + �(1 + �))p = 0: (6.5)

� ¦­®© ®á®¡¥­­®áâìî £àã¯¯ë Xb ï¢«ï¥âáï ®âáãâáâ¢¨¥ ã ­¥¥ ¢ ®â«¨ç¨¥ ®â Xa ¨­¢ à¨ ­â®¢, § -
¢¨áïé¨å «¨èì ®â x ¨ t. �®íâ®¬ã ¯à¥¤áâ ¢«¥­¨¥ (6.3) ¤«ï ¨­¢ à¨ ­â­®£® à¥è¥­¨ï u ¤ ¦¥ ¢
á«ãç ¥ ®¯à¥¤¥«¥­¨ï äã­ªæ¨¨ p ¨§ ãà ¢­¥­¨ï (6.4) ¤ ¥â «¨èì âà ­áæ¥­¤¥­â­®¥ ãà ¢­¥­¨¥ ¤«ï u.
� á¨«ã ãá«®¢¨ï ¬®­®â®­­®áâ¨ äã­ªæ¨¨ u ¤«ï ¥¥ ®¯à¥¤¥«¥­¨ï ¨§ ãà ¢­¥­¨ï (6.3) ­¥®¡å®¤¨¬®
­ ©â¨ ¥¥ ®¡« áâì ®¯à¥¤¥«¥­¨ï (¢ ª®â®à®© ®­  ¬®­®â®­­ ). � áá¬®âà¨¬ íâ®â ¢®¯à®á ¤«ï ¬®­®â®­-
­® ¢®§à áâ îé¥£® à¥è¥­¨ï. �§ ¯à¥¤áâ ¢«¥­¨ï (6.3) á«¥¤ã¥â, çâ® ­¥®¡å®¤¨¬ë¬ ¨ ¤®áâ â®ç­ë¬
ãá«®¢¨¥¬ ¢®§à áâ ­¨ï (ã¡ë¢ ­¨ï) ¨­¢ à¨ ­â­®£® à¥è¥­¨ï ï¢«ï¥âáï á¯à ¢¥¤«¨¢®áâì ­¥à ¢¥­-
áâ¢  0 < pp0 < t��, p > 0 (0 > pp0 > �t��, p > 0). �ãáâì à¥è¥­¨¥ p(J) ãà ¢­¥­¨ï (6.4) ¬®­®â®­­®
¢®§à áâ ¥â ­  ¨­â¥à¢ «¥ (J0; J1) (¢®§¬®¦­®, çâ® J0 = �1, J1 =1). � áá¬®âà¨¬ ¢ ¯«®áª®áâ¨ J; q
 ¡áæ¨ááë 
1(t); 
2(t); : : : â®ç¥ª ¯¥à¥á¥ç¥­¨ï ªà¨¢®© q = pp0 á ¯àï¬®© q = t�� (t > 0 ä¨ªá¨à®¢ -
­®), ¯à¨­ ¤«¥¦ é¨¥ ¨­â¥à¢ «ã I = (J0; J1). �â¨ â®çª¨ à §¡¨¢ îâ ¨­â¥à¢ « I ­  ¯®¤ë­â¥à¢ «ë
¨ ¯ãáâì Ii = (
i; 
i+1) (¢®§¬®¦­®, çâ® 
i = J0, 
i+1 = J1) | â ª®© ¯®¤ë­â¥à¢ «, ­  ª®â®à®¬
0 < q(J) < t��. �®£¤  ¬®¦­® ¯®ª § âì, çâ® à¥è¥­¨¥ u ãà ¢­¥­¨ï (6.3) ¡ã¤¥â ¢®§à áâ âì ­ 
¨­â¥à¢ «¥ (xi(t); xi+1(t)), £¤¥

xi = t2+�(1+2�)
�

i(t)� t�

p2(
i(t))
2

�
;

xi+1 = t2+�(1+2�)
�

i+1(t)� t�

p2(
i+1(t))
2

�
:

(6.6)

�¡ê¥¤¨­¥­¨¥ íâ¨å ¨­â¥à¢ «®¢ ¨ ¤ ¥â ¯à¨ § ¤ ­­®¬ t > 0 ®¡« áâì ®¯à¥¤¥«¥­¨ï ¬®­®â®­­® ¢®§-
à áâ îé¥£® ¨­¢ à¨ ­â­®£® à¥è¥­¨ï u ãà ¢­¥­¨ï (6.2).

�­ «®£¨ç­®, ¥á«¨ p(J) | ¬®­®â®­­® ã¡ë¢ îé¥¥ ­  ¨­â¥à¢ «¥ I à¥è¥­¨¥ ãà ¢­¥­¨ï (6.5),
�1(t); �2(t); : : : |  ¡áæ¨ááë â®ç¥ª ¯¥à¥á¥ç¥­¨ï ªà¨¢®© q = pp0 ¨ ¯àï¬®© q = �t�� ¨ Ii = (�i; �i+1)
| ¯®¤ë­â¥à¢ «, ­  ª®â®à®¬ 0 > q(J) > �t��, â® à¥è¥­¨¥ u ãà ¢­¥­¨ï (6.3) ã¡ë¢ ¥â ­  ¨­â¥à¢ «¥
(xi(t); xi+1(t)), £¤¥

xi = t2+�(1+2�)
�
�i + t�

p2(�i)
2

�
; xi+1 = t2+�(1+2�)

�
�i+1 + t�

p2(�i+1)
2

�
: (6.7)

� áá¬®âà¨¬ á«¥¤ãîé¨© ¯à¨¬¥à. �®«®¦¨¬ � = � 3
2+3�

¨ J0 > 0 ¯à®¨§¢®«ì­®. �®£¤  ãà ¢­¥­¨¥
(6.5) ¨¬¥¥â ­  ¨­â¥à¢ «¥ I = (0; J0) ¬®­®â®­­® ã¡ë¢ îé¥¥ à¥è¥­¨¥

p(J) = c�(J
��
0 � J��)�; � = �

� + 1
�

; � =
�

2� + 1
; c� = (���)��(2 + 3�)��=� :

�ã­ªæ¨ï
q = pp0 = ��c2�J

1=�(J��0 � J��)��=� < 0

¬®­®â®­­® ã¡ë¢ ¥â ­  ¨­â¥à¢ «¥ I, ¯à¨ç¥¬ q(0) = 0, q(J0) = �1. �«¥¤®¢ â¥«ì­®, ¯à¨ «î¡®¬
t > 0 áãé¥áâ¢ã¥â ¥¤¨­áâ¢¥­­®¥ à¥è¥­¨¥ J = �(t) ãà ¢­¥­¨ï q = �t��, ¯à¨ç¥¬ 0 > q(J) > �t��

­  ¨­â¥à¢ «¥ (0; �(t)). � ¯®¬®éìî á®®â­®è¥­¨© (6.7) ¯®«ãç ¥¬, çâ® ãà ¢­¥­¨¥ (6.3) ®¯à¥¤¥«ï¥â
¬®­®â®­­® ã¡ë¢ îé¥¥ ¨­¢ à¨ ­â­®¥ à¥è¥­¨¥ u ãà ¢­¥­¨ï (6.2) (¥£® ¬®¦­® ­ ©â¨ ç¨á«¥­­®,
­ ¯à., ¬¥â®¤®¬ �ìîâ®­ ) ­  ¨­â¥à¢ «¥ (x0; x1), £¤¥

x0 = c2�J
�2��
0 t�2{; { = (2 + 3�)�1;

x1 = t�{(� + 1
2
{
2�2t�(3+6�){):

(6.8)

�à¨ ¢ë¢®¤¥ á®®â­®è¥­¨© (6.8) ¢®á¯®«ì§®¢ «¨áì ãà ¢­¥­¨¥¬

���c2��
1=�(J��0 � ���)��=� = t3{ (6.9)
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¤«ï äã­ªæ¨¨ �(t). �«ï §­ ç¥­¨© u ­  ª®­æ å ¨­â¥à¢ «  ¯®«ãç ¥¬

umax = c�J
�{�
0 t�{; umin = �{t�(3�+1){:

�§ ãà ¢­¥­¨ï (6.9) ­¥âàã¤­® ­ ©â¨  á¨¬¯â®â¨ªã �(t) ¯à¨ t� 1 ¨ t� 1,   § â¥¬ ¨§ãç¨âì ¤¨­ ¬¨ªã
¢®«­ë ­  ¬ «ëå ¨ ¡®«ìè¨å ¢à¥¬¥­ å. �ã¤¥¬ ¨¬¥âì

x1 � c�{
�1J���0 t(3�+1){ + x0(t); u(t; x1) � u(t; x0); t� 1;

x1 � J0t
�{; u(t; x1) � {J0t

�(3�+1){; t� 1:

� ª¨¬ ®¡à §®¬, u(t; x) | ¨¤ãé ï ¨§1 �-®¡à §­ ï ­  ¬ «ëå ¢à¥¬¥­ å ¢®«­ , ª®â®à ï ­  ¡®«ì-
è¨å ¢à¥¬¥­ å à §¬ §ë¢ ¥âáï ¢¤®«ì ¢á¥© ¯®«ã®á¨ x > 0.

7. �« áá¨ä¨ª æ¨ï ¬®­®â®­­ëå à¥è¥­¨© ãà ¢­¥­¨© (6:4), (6:5)

�§ à¥§ã«ìâ â®¢ ¯. 6 á«¥¤ã¥â, çâ® § ¤ ç  ª« áá¨ä¨ª æ¨¨ ¬®­®â®­­ëå ¨­¢ à¨ ­â­ëå à¥è¥­¨©
ãà ¢­¥­¨ï (6.2) á¢®¤¨âáï ª § ¤ ç¥ ª« áá¨ä¨ª æ¨¨ ¬®­®â®­­® ã¡ë¢ îé¨å ¯à¨ J > 0 à¥è¥­¨©
ãà ¢­¥­¨ï (6.5) ¨ ¬®­®â®­­® ¢®§à áâ îé¨å ¯à¨ J > 0 à¥è¥­¨© ãà ¢­¥­¨ï (6.4).

�à ¢­¥­¨¥ (6.5) ¤®¯ãáª ¥â £àã¯¯ã à áâï¦¥­¨©, á«¥¤®¢ â¥«ì­®, ¨ ¯®­¨¦¥­¨¥ ¯®àï¤ª . �®« -
£ ï ¯à¨ J > 0

p = zJ���; y = J
dz

dJ
; W = y � ��z; (7.1)

â ª çâ®

p0 = J��W; (7.2)

¯®«ãç¨¬ ãà ¢­¥­¨¥ ¯¥à¢®£® ¯®àï¤ª 

dy

dz
=

R1(y; z)
Q1(y; z)

; (7.3)

£¤¥

R1 = z�+1(�W )��1
�
(2 + �)yW + (3� + 2)

�

�
zW � ���yz

�
+ (2 + �(1 + 2�))y +

�

�
z;

Q1 = ��yz2+�(�W )��1:

�®­®â®­­® ã¡ë¢ îé¨¥ à¥è¥­¨ï p(J) ãà ¢­¥­¨ï (6.5) ¯®à®¦¤ îâáï ¢ á¨«ã ãà ¢­¥­¨© (7.1)
¨­â¥£à «ì­ë¬¨ ªà¨¢ë¬¨ ãà ¢­¥­¨ï (7.3), ¯à¨­ ¤«¥¦ é¨¬¨ á¥ªâ®àã I ¯«®áª®áâ¨ z; y, ª®â®àë©
ï¢«ï¥âáï ¯¥à¥á¥ç¥­¨¥¬ ¯®«ã¯«®áª®áâ¥© z > 0 ¨ W < 0, ¯à¨ç¥¬ ª ¦¤®¥ ®¤­®¯ à ¬¥âà¨ç¥áª®¥
á¥¬¥©áâ¢® ¨­â¥£à «ì­ëå ªà¨¢ëå ¯®à®¦¤ ¥â ¤¢ã¯ à ¬¥âà¨ç¥áª®¥ á¥¬¥©áâ¢® à¥è¥­¨© ãà ¢­¥­¨ï
(6.5),   ª ¦¤ ï ¨­â¥£à «ì­ ï ªà¨¢ ï | ®¤­®¯ à ¬¥âà¨ç¥áª®¥ á¥¬¥©áâ¢® à¥è¥­¨©. � ª¨¬ ®¡à -
§®¬, § ¤ ç  ª« áá¨ä¨ª æ¨¨ ¬®­®â®­­® ã¡ë¢ îé¨å à¥è¥­¨© ãà ¢­¥­¨ï (6.5) á¢®¤¨âáï ª § ¤ ç¥
ª« áá¨ä¨ª æ¨¨ ¨­â¥£à «ì­ëå ªà¨¢ëå ãà ¢­¥­¨ï (7.3), ª®â®à ï ¬®¦¥â ¡ëâì à áá¬®âà¥­  á ¯®¬®-
éìî áâ ­¤ àâ­ëå ¬¥â®¤®¢ â¥®à¨¨ ¤¨­ ¬¨ç¥áª¨å á¨áâ¥¬ ­  ¯«®áª®áâ¨ [4]. �¨¦¥ ¡ã¤¥¬ ¯®« £ âì,
çâ® � > 1 æ¥«®¥ (á«ãç © � = 1 §¤¥áì ­¥ ¨áá«¥¤ã¥âáï). �¯ãáª ï ¤¥â «¨ ¤®áâ â®ç­® £à®¬®§¤-
ª¨å ¨áá«¥¤®¢ ­¨© (¨§ãç¥­¨¥ ¢¥â¢¥© ¨§®ª«¨­ë ­ã«ï, ª®­¥ç­ëå ®á®¡ëå â®ç¥ª ¨ ®á®¡ëå â®ç¥ª ¢
1,  á¨¬¯â®â¨ª¨ ¨­â¥£à «ì­ëå ªà¨¢ëå ¢ ®ªà¥áâ­®áâ¨ ®á®¡ëå â®ç¥ª), ¯à¨¢¥¤¥¬ ®ª®­ç â¥«ì­ë¥
à¥§ã«ìâ âë. � ¤ «ì­¥©è¥¬ ¡ã¤¥¬ ¨á¯®«ì§®¢ âì á«¥¤ãîé¨¥ ®¡®§­ ç¥­¨ï:

� =
�

2� + 1
; � =

� + 1
2� + 1

; � = �
� + 1
�

; � =
1

� � 1
; � = �

� + 2
�

; ' = �
1

� + 1
;

{ = 1 + �(1 + �); � = 2 + �(1 + 2�); d1 = j{j; d2 = ��1=�d1z
�
0 ;

d3 = j�j� ; k1 = �
2� + 1
�

; k2 =
�'(3� + 2)

2�
; p1 = jJ��0 � J��j;
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p2 =
����J � J1

J1

����; �(A) = (2jAj)�1=2�J��=2�0 ;

i = 0; 1; 2; yi = ��zi; li = (���(� + 1)z�+3i )�� ;

R�

i = yi � d2jzi � zj1=� ; T�(d2) = J�
1

�
zi � d2

(�zi)1=�

�p�2

�
;

S�i = yi � lijzi � zj� ; V �

i = J�
1

�
zi � li

(�zi)�

��p��2

�
;

K(D) = p0(1 +Dp
�1=�
0 J); L(d1) = p0

�
1�

d1

�p
1=�
0 J�

�
;

�0(�) =

8>><
>>:
0; �2 < � < 0;
1
2
J2
0 ; � = 0;

1; � > 0;

�1(�) =

8>><
>>:
0; �2 < � < 0;
1
2
J2
1 ; � = 0;

1; � > 0;

F0(t; A) = J0t
�

�
1 +

�
� 2(A)t�

2

��1='�
; F�

1 (t) = J0t
�

�
1�

�

2�
J0d

2�
3 t��2

�
;

G�

i (t) = J1t
�

�
1�

z2i
2
J
�=�
1 t�

�
:

�ª §ë¢ ¥âáï, áãé¥áâ¢ãîâ ¤¢¥ â®çª¨ ¡¨äãàª æ¨¨ �1 = �2�=� ¨ �2 = ', ¯®íâ®¬ã ¯à¨å®¤¨âáï ¯®
®â¤¥«ì­®áâ¨ à áá¬ âà¨¢ âì ç¥âëà¥ á«ãç ï: 1) � � �1, 2) �1 < � < �2, 3) � = �2, 4) � > �2.

�® ¢á¥å á«ãç ïå ¢ á¥ªâ®à¥ I ¨¬¥îâáï ¤¢  ®¤­®¯ à ¬¥âà¨ç¥áª¨å á¥¬¥©áâ¢  L1 ¨ L2 ¨­â¥£à «ì-
­ëå ªà¨¢ëå ãà ¢­¥­¨ï (7.3) ¨ à §¤¥«ïîé ï ¨å ¨­â¥£à «ì­ ï ªà¨¢ ï S (à¨á. 1{3). � â ¡«. 4
¯à¨¢¥¤¥­ë  á¨¬¯â®â¨ª¨ ¨­â¥£à «ì­ëå ªà¨¢ëå ¨ ®¯à¥¤¥«ïîé¨¥ ¨å ¯ à ¬¥âàë.

� ¬¥ç ­¨¥ 1. � ä®à¬ã« å â ¡«. 4 eA < 0, eD < 0 | ª®íää¨æ¨¥­âë, ª®â®àë¥ ®¯à¥¤¥«ïîâáï
«¨èì ç¨á«¥­­® ¤«ï ª ¦¤ëå § ¤ ­­ëå §­ ç¥­¨© �, �; z0 > 0, A < 0 | á®®â¢¥âáâ¢¥­­® ¯ à ¬¥âàë
á¥¬¥©áâ¢ L1 ¨ L2. � ¯¨áì ¢¨¤  A = A(z0), D = D(z0) ¨ â. ¯. ®§­ ç ¥â, çâ® á®®â¢¥âáâ¢ãîé¨©
ª®íää¨æ¨¥­â ¢  á¨¬¯â®â¨ª¥ ï¢«ï¥âáï äã­ªæ¨¥© ¯ à ¬¥âà .
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� ¡«¨æ  4. �á¨¬¯â®â¨ª¨ ¨­â¥£à «ì­ëå ªà¨¢ëå ãà ¢­¥­¨ï (7.3)

S
� � �1, y � eAz� ,
z ! 0; W � �d1z

�,
z !1

�1 < � < �2,
y � �d3z

�, z ! 0;
W � �d1z

�,
z !1

� = �2,
y � �(�')1=�z�,
z ! 0; W � eDz1=�,
z !1

� > �2, y � �d3z
�,

z ! 0; W � eDz1=�,
z !1

L1

y � Az� , z ! 0,
A = A(z0) > eA;
y � R�

0 (d2),
z!z0�0, y!y0�0

y � k1z,
z ! 0; y � R�

0 (d2),
z!z0�0, y!y0�0

y � R�

0 (l0), z !
z0 + 0, y ! y0 � 0;
W�Dz1=�, z!1,
D = D(z0) > eD

y � R�

0 (d2), z !
z0 + 0, y ! y0 � 0;
W�Dz1=�, z!1,
D = D(z0) > eD

L2

y�Az� , z ! 0,
A< eA, W � Dz1=�,
z !1,
D = D(A) < 0

y � Az� , z ! 0,
A < 0, W � Dz1=�,
z!1, D=D(A)<0

y � Az� , z ! 0,
A < 0, W � Dz1=�,
z!1,D=D(A)< eD

y � Az� , z ! 0,
A < 0, W � Dz1=�,
z!1,D=D(A)< eD

� æ¥«ìî ª« áá¨ä¨ª æ¨¨ ¬®­®â®­­® ¢®§à áâ îé¨å ¯à¨ J > 0 à¥è¥­¨© ãà ¢­¥­¨ï (6.4) á­®¢ 
¢ë¯®«­¨¬ ¯®¤áâ ­®¢ªã (7.1). �®«ãç¨¬ á®®â­®è¥­¨¥ (7.2) ¨ ãà ¢­¥­¨¥

dy

dz
=

P2(z; y)
Q2(z; y)

; (7.4)

P2 = z�+1W ��1[(2 + �)yW + (1 + �)zW + ��yz] + (2 + �(1 + 2�))W � (1 + �(1 + �))z;

Q2 = ��yz2+�W ��1:

�®­®â®­­® ¢®§à áâ îé¨¥ ¯à¨ J > 0 à¥è¥­¨ï ãà ¢­¥­¨ï (6.4) ¯®à®¦¤ îâáï ¢ á¨«ã (7.1), (7.2) ¨­-
â¥£à «ì­ë¬¨ ªà¨¢ë¬¨ ãà ¢­¥­¨ï (7.4), ¯à¨­ ¤«¥¦ é¨¬¨ á¥ªâ®àã II | ¯¥à¥á¥ç¥­¨î ¯«®áª®áâ¥©
z > 0 ¨ W > 0. �®çª ¬¨ ¡¨äãàª æ¨¨ ãà ¢­¥­¨ï (7.4) á­®¢  ï¢«ïîâáï � = �1 ¨ � = �2. � á¥ªâ®-
à¥ II ¨¬¥¥¬ âà¨ ®¤­®¯ à ¬¥âà¨ç¥áª¨å á¥¬¥©áâ¢  M1, M2, M3 ¨­â¥£à «ì­ëå ªà¨¢ëå ãà ¢­¥­¨ï
(7.4) ¨ ¤¢¥ à §¤¥«ïîé¨¥ ¨å ¨­â¥£à «ì­ë¥ ªà¨¢ë¥: S1 ¨ S2 (à¨á. 4{6). �á¨¬¯â®â¨ª¨ ¨­â¥£à «ì­ëå
ªà¨¢ëå S1, S2 ¨ á¥¬¥©áâ¢ M1, M2 ¨ M3 ¯à¥¤áâ ¢«¥­ë ¢ â ¡«. 5.

� ¡«¨æ  5. �á¨¬¯â®â¨ª¨ ¨­â¥£à «ì­ëå ªà¨¢ëå ãà ¢­¥­¨ï (7.4)
� � �1 �1 < � < �2 � = �2 � > �2

S1

y � d3z
�, z ! 0;

y � R+
1 (d2), z !

z1 + 0, y � y1 + 0

y � k1z, z ! 0;
y � k2z, z !1

S2

y � R+
2 (d2), z !

z2 + 0, y ! y2 + 0,
z2 > z1; y � k2z,
z !1

y � R+
2 (d2), z !

z2 + 0, y ! y2 + 0,
z2 > z1; y � k2z,
z !1

y � S+
2 ; z ! z2+0,

y ! y2+0, z2 > z1;
y � k2z, z !1

y � k1z, z ! 0;
W � d1z

�, z !1

M1

y � k1z, z ! 0; y �
R+
0 (d2), z ! z0 + 0,

y ! y0 + 0, z0 < z1

y � k1z, z ! 0; y �
Az� , z ! 0, A > 0

M2

y � R+
0 (d2), z !

z0 + 0, y ! y0 + 0,
z1 < z0 < z2;
y � Az� , z ! 0,
A = A(z0) > 0

y � R+
0 (d2), z !

z0 + 0, y ! y0 + 0,
0 < z0 < z2;
y � Az� , z ! 0,
A = A(z0) > 0

y � S+
0 , z !

z0 + 0, y ! y0+0,
0<z0<z2; y � Az� ,
z ! 0,
A = A(z0) > 0

y � k1z, z ! 0;
W�Dz1=�, z!1,
D > 0

M3

y � R+
0 (d2), z !

z0+0, y!y0+0,
z0>z2; W � Dz1=�,
z !1,
D = D(z0) > 0

y � R+
0 (d2), z !

z0+0, y!y0+0,
z0>z2; W � Dz1=�,
z !1,
D = D(z0) > 0

y � S+
0 z ! z0 + 0,

y ! y0+0, z0 > z2;
W�Dz1=�, z!1,
D = D(z0) > 0

y � k1z, z ! 0;
y � R+

0 (d2),
z ! z0 � 0,
y ! y0 � 0
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� ¬¥ç ­¨¥ 2. � ä®à¬ã« å â ¡«. 5 z0 > 0 | ¯ à ¬¥âà á¥¬¥©áâ¢ M1, M2, M3 ¯à¨ � � �2.
�à¨ � � �2 ¯ à ¬¥âà®¬ á¥¬¥©áâ¢  M1 ï¢«ï¥âáï A > 0, á¥¬¥©áâ¢  M2 | D > 0, á¥¬¥©áâ¢ 
M3 | z0 > 0. �¥«¨ç¨­ë z1, z2, ®¯à¥¤¥«ïîé¨¥ ¨­â¥£à «ì­ë¥ ªà¨¢ë¥ S1, S2 ((z1; y1), (z2; y2) |
ª®®à¤¨­ âë â®ç¥ª ¯àï¬®© W = 0, ¨§ ª®â®àëå ¢ëå®¤ïâ íâ¨ ªà¨¢ë¥), ¬®£ãâ ¡ëâì ®¯à¥¤¥«¥­ë
«¨èì ç¨á«¥­­®.

�á¯®«ì§ãï  á¨¬¯â®â¨ª¨ â ¡«. 4 ¨ 5 ¨ á®®â­®è¥­¨ï (7.1), ¬®¦­® ¨áá«¥¤®¢ âì  á¨¬¯â®â¨ç¥áª®¥
¯®¢¥¤¥­¨¥ ¬®­®â®­­® ã¡ë¢ îé¨å à¥è¥­¨© ãà ¢­¥­¨ï (6.5) ¨ ¬®­®â®­­® ¢®§à áâ îé¨å à¥è¥­¨©
ãà ¢­¥­¨ï (6.4) ¢¡«¨§¨ ª®­æ®¢ ¨­â¥à¢ «®¢, ­  ª®â®àëå à¥è¥­¨¥ ¬®­®â®­­®.

� â ¡«. 6 ¯à¨¢¥¤¥­ë  á¨¬¯â®â¨ª¨ ¬®­®â®­­® ã¡ë¢ îé¨å à¥è¥­¨© p(J) ãà ¢­¥­¨ï (6.5), ¯à¨-
­ ¤«¥¦ é¨å ®¤­®¯ à ¬¥âà¨ç¥áª®¬ã á¥¬¥©áâ¢ã N(S; J0), ¯®à®¦¤¥­­®¬ã ¢ á¨«ã (7.1) ¨­â¥£à «ì-
­®© ªà¨¢®© S ãà ¢­¥­¨ï (7.3), ¨ à¥è¥­¨© p(J), ¯à¨­ ¤«¥¦ é¨å ¤¢ã¯ à ¬¥âà¨ç¥áª¨¬ á¥¬¥©áâ¢ ¬
N(L1; J0; z0), N(L2; J0; A) (J0 > 0, z0 > 0, A < 0 | ¯ à ¬¥âàë á¥¬¥©áâ¢), ¯®à®¦¤¥­­ë¬ ®¤­®¯ -
à ¬¥âà¨ç¥áª¨¬¨ á¥¬¥©áâ¢ ¬¨ L1 ¨ L2 ¨­â¥£à «ì­ëå ªà¨¢ëå ãà ¢­¥­¨ï (7.3).

� ¯®¬®éìî á®®â­®è¥­¨ï (7.2) ­¥âàã¤­® ã¡¥¤¨âìáï, çâ®  á¨¬¯â®â¨ª  ¯à®¨§¢®¤­®© p0 ¢ ®ªà¥áâ-
­®áâ¨ ª®­æ®¢ ¨­â¥à¢ « , ­  ª®â®à®¬ ®¯à¥¤¥«¥­® ¬®­®â®­­® ã¡ë¢ îé¥¥ à¥è¥­¨¥ p, ¯®«ãç ¥âáï
¤¨ää¥à¥­æ¨à®¢ ­¨¥¬  á¨¬¯â®â¨ª¨ p(J), ¯®á«¥ ç¥£® ¡¥§ âàã¤  ­ å®¤¨âáï ¨  á¨¬¯â®â¨ª  äã­ª-
æ¨¨ q = pp0. �«ï ã¤®¡áâ¢  ç¨â â¥«ï ¯à¨¢®¤¨¬ ¢ â ¡«. 6 §­ ç¥­¨ï äã­ªæ¨¨ q ­  ª®­æ å ¨­â¥à¢ « 
(¨á¯®«ì§ã¥¬ ¯à¨ íâ®¬ ®¡®§­ ç¥­¨ï p0 = p(0), q0 = q(0)).

�­ «®£¨ç­ë¥ à¥§ã«ìâ âë ¤«ï ¬®­®â®­­® ¢®§à áâ îé¨å à¥è¥­¨© ãà ¢­¥­¨ï (6.4) (®¤­®¯ à -
¬¥âà¨ç¥áª¨¥ á¥¬¥©áâ¢  N(S1; J0), N(S2; J0) ¨ ¤¢ã¯ à ¬¥âà¨ç¥áª¨¥ á¥¬¥©áâ¢  N(Mi; J0; z0)) ¯à¥¤-
áâ ¢«¥­ë ¢ â ¡«. 7.
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� ¡«¨æ  6. �á¨¬¯â®â¨ª¨ ã¡ë¢ îé¨å à¥è¥­¨© p(J) ãà ¢­¥­¨ï (6.5)
N(S) N(L1)

� � �1
p � �( eA)p�1=2�1 , J ! J0�0; p � L(d1),
J ! 0; 0 � J � J0, q0 = 0,
q(J0) = �1

p � �(A)p�1=2�1 , J ! J0 � 0; p �
T+
0 (d2), J ! J1 + 0; J1 � J � J0,

q(J1) = 0, q(J0) = �1

�1 < � < �2

p � (d3p1��1)�, J ! J0�0; p � L(d1),
J ! 0; 0 � J � J0, q0 = 0,
q(J0) = �1

p � J0J
�+k1 , J !1; p � T+

0 (d2), J !
J1 + 0; J1 � J <1, q(J1)=0, q(1)=0

� = �2

p � (�p1�
�1)�

(�+1)�
, J ! J0 � 0; p � K( eD),

J ! 0; 0 � J � J0, q0 = eDp�'0 < 0,
q(J0) = �1

p � V �

0 , J ! J1�0; p � K(D), J ! 0;
0 � J � J1, q0 = Dp�'0 < 0, q(J1) = 0

� > �2

p � (d3p1��1)�, J ! J0�0; p � K( eD),
J ! 0; 0 � J � J0, q0 = eDp�'0 < 0,
q(J0) = �1

p � T�

0 (d2), J ! J1 � 0; p � K(D),
J ! 0; 0 � J � J1, q0 = Dp�'0 < 0,
q(J1) = 0

N(L2)

�1 < � <1 p � �(A)p�1=2�1 , J ! J0 � 0; p � K(D), J ! 0; 0 � J � J0, q0 = Dp�'0 < 0,
q(J0) = �1, D = D(A)

� ¡«¨æ  7. �á¨¬¯â®â¨ª¨ ¢®§à áâ îé¨å à¥è¥­¨© p(J) ãà ¢­¥­¨ï (6.4)
N(S1) N(M1)

� � �1

p�(d3p1��1)�, J!J0 + 0; p�T+
1 (d2),

J ! J1 � 0, J0 � J � J1, q(J0) = 1,
q(J1) = 0

p � J0J
k1+�, J ! 0; p � T+

0 (d2), J !
J1 � 0; 0 � J � J1, q0 = 0, q(J1) =1

� > �2

p � J0J
�1=2�, J ! 0; p � J1J

k1+�,
J !1; 0 � J <1, q0 =1,
q(1) = �1(�)

p � �(A)p�1=2�1 , J ! J0 + 0; p �
J1J

k1+�, J !1; J0 � J <1,
q(J0) =1, q(1) = �1(�)

N(S2) N(M2)

� < �2
p � J0J

�1=2�, J ! 0; p � T+
2 (d2), J !

J1 � 0; 0 � J � J1, q0 =1, q(J1) = 0

p � �(A)p�1=2�1 , J ! J0 + 0; p �
T+
0 (d2), J ! J1 � 0; J0 � J � J1,

q(J0) =1, q(J1) = 0

� = �2
p � J0J

�1=2�, J ! 0; p � V �

2 , J !
J1 � 0; 0 � J � J1, q0 =1, q(J1) = 0

p � �(A)p�1=2�1 , J ! J0 + 0; p � V +
0 ,

J ! J1 � 0; J0 � J � J1, q(J0) = 1,
q(J1) = 0

� > �2
p�L(d1), J ! 0; p�J0Jk1+�, J ! 1;
0 � J <1, q0 = 0, q(1) = �0(�)

p � K(D), J ! 0; p � J0J
k1+�,

J !1; 0 � J <1, q0 = Dp�'0 > 0,
q(1) = �0(�)

N(M3)

� < �2
p � K(D), J ! 0; p � T+

0 (d2), J ! J1 � 0; 0 � J � J1, q0 = Dp�'0 > 0,
q(J1) = 0

� = �2 p � K(D), J ! 0; p � V �

0 , J ! J1�0; 0 � J � J1, q0 = Dp�'0 > 0, q(J1) = 0

� > �2
p � J0J

k1+�, J ! 1; p � T+
0 (d2), J ! J1 + 0; J1 � J < 1, q(J1) = 0,

q(1) = �0(�)

�â ª, ª« áá¨ä¨æ¨à®¢ ­ë ¬®­®â®­­® ¢®§à áâ îé¨¥ ¯à¨ J = x + u2

2
> 0 à¥è¥­¨ï p(J) ãà ¢-

­¥­¨ï (6.4) ¨ ¬®­®â®­­® ã¡ë¢ îé¨¥ ¯à¨ J = x� u2

2
> 0 à¥è¥­¨ï p(J) ãà ¢­¥­¨ï (6.5). �®« £ ïep = z(�J)� , y = J dz

dJ
, W = y + �z ¯à¨ J < 0, ¯®«ãç¨¬ ¢ á«ãç ¥ ¢®§à áâ îé¥£® à¥è¥­¨ï ep(J),

J = x+ u2

2
, ¨§ (6.4) ãà ¢­¥­¨¥ (7.3) ¢ á¥ªâ®à¥ I,   ¢ á«ãç ¥ ã¡ë¢ îé¥£® à¥è¥­¨ï ep(J), J = x� u2

2
,

¨§ (6.5) | ãà ¢­¥­¨¥ (7.4) ¢ á¥ªâ®à¥ II. �âáî¤  á«¥¤ã¥â, çâ® ¢®§à áâ îé¨¥ ¯à¨ J < 0 à¥è¥­¨ïep(J) ãà ¢­¥­¨ï (6.4) ¯®«ãç îâáï ¨§ ã¡ë¢ îé¨å à¥è¥­¨© p ãà ¢­¥­¨ï (6.5), ª®â®àë¥ ¯®«­®-
áâìî ª« áá¨ä¨æ¨à®¢ ­ë ¢¬¥áâ¥ á  á¨¬¯â®â¨ª ¬¨ ¢ â ¡«. 6 á®£« á­® ä®à¬ã«¥ ep(J) = p(�J),
J = x + u2

2
< 0. �®ç­® â ª ¦¥ ¯®«ãç îâáï ã¡ë¢ îé¨¥ ¯à¨ J = x � u2

2
< 0 à¥è¥­¨ï ep ãà ¢-
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­¥­¨ï (6.5) ¨§ ¢®§à áâ îé¨å à¥è¥­¨© p ãà ¢­¥­¨ï (6.4), ãª § ­­ëå ¢ â ¡«. 7. � ª¨¬ ®¡à §®¬,
¢ â ¡«. 6, 7 ¯®«­®áâìî ª« áá¨ä¨æ¨à®¢ ­ë ¬®­®â®­­ë¥ à¥è¥­¨ï ãà ¢­¥­¨© (6.4) (¢®§à áâ îé¨¥
à¥è¥­¨ï) ¨ (6.5) (ã¡ë¢ îé¨¥ à¥è¥­¨ï).

8. �á¨¬¯â®â¨ç¥áª¨¥ á¢®©áâ¢  ¨­¢ à¨ ­â­ëå à¥è¥­¨©

� ¯ã­ªâ¥ 6 ¯®ª § ­®, çâ® ª ¦¤®¥ ¬®­®â®­­®¥ à¥è¥­¨¥ p(J) ãà ¢­¥­¨© (6.4), (6.5) ¯®à®¦¤ ¥â
¯® ¬¥­ìè¥© ¬¥à¥ ®¤­® ¬®­®â®­­®¥ à¥è¥­¨¥ ui(t; x), ®¯à¥¤¥«¥­­®¥ ­  ¨­â¥à¢ «¥ Ii, ª®â®àë© ®¯à¥-
¤¥«ï¥âáï á ¯®¬®éìî á®®â­®è¥­¨ï (6.6) ¤«ï ¬®­®â®­­® ¢®§à áâ îé¨å ¨ (6.7) | ¤«ï ¬®­®â®­­®
ã¡ë¢ îé¨å à¥è¥­¨©. �®á«¥ ®¯à¥¤¥«¥­¨ï ¨­â¥à¢ «  Ii (¤«ï ç¥£® ¯à¨å®¤¨âáï à¥è âì ãà ¢­¥­¨¥
q = pp0 = t�� ¢ á«ãç ¥ ¢®§à áâ îé¨å ¨ ãà ¢­¥­¨¥ q = pp0 = �t�� ¢ á«ãç ¥ ã¡ë¢ îé¨å à¥è¥-
­¨©) à¥è¥­¨¥ ui ­ å®¤¨âáï ¨§ âà ­áæ¥­¤¥­â­®£® ãà ¢­¥­¨ï (6.3), £¤¥ x 2 (xi; xi+1). �ç¥¢¨¤­®,
çâ® ª ª ãà ¢­¥­¨ï (6.4), (6.5), â ª ¨ ãà ¢­¥­¨ï ¤«ï ®¯à¥¤¥«¥­¨ï £à ­¨æ ¨­â¥à¢ «  Ii,   § â¥¬
¨ ãà ¢­¥­¨¥ (6.3) ¤«ï ui ¬®£ãâ ¡ëâì à¥è¥­ë «¨èì ç¨á«¥­­®. �¤­ ª® á ¯®¬®éìî ãª § ­­ëå ¢
â ¡«. 6, 7  á¨¬¯â®â¨ç¥áª¨å ¯à¥¤áâ ¢«¥­¨© ¤«ï p(J), ¨§ ª®â®àëå ­¥âàã¤­® ¯®«ãç¨âì ¨  á¨¬¯â®-
â¨ªã q(J), ã¤ ¥âáï ¯®ª § âì, çâ® ª ª ­  ¬ «ëå, â ª ¨ ­  ¡®«ìè¨å ¢à¥¬¥­ å ª ¦¤®¥ ¬®­®â®­­®¥
à¥è¥­¨¥ p(J) ¯®à®¦¤ ¥â ­¥ ¡®«¥¥ ®¤­®£® (¢ ¨áª«îç¨â¥«ì­ëå á«ãç ïå | ¤¢ãå) ¬®­®â®­­®£®
à¥è¥­¨ï u, ®¯à¥¤¥«¥­­®£® ­  ¨­â¥à¢ «¥ (x0(t); x1(t)), ¯à¨ç¥¬ ¤«ï £à ­¨ç­ëå â®ç¥ª x0, x1 ¨ §­ -
ç¥­¨© à¥è¥­¨ï u(t; x) ¢ íâ¨å â®çª å ã¤ ¥âáï ¯®«ãç¨âì ¨å  á¨¬¯â®â¨ªã ¤«ï ¬ «ëå ¨ ¡®«ìè¨å
¢à¥¬¥­ (á«¥¤ã¥â, ®¤­ ª®, ®â¬¥â¨âì, çâ® ­¥ ¢á¥ ¬®­®â®­­ë¥ à¥è¥­¨ï áãé¥áâ¢ãîâ, á®åà ­ïï á¢®î
¬®­®â®­­®áâì, £«®¡ «ì­® ¯® t). �®®â¢¥âáâ¢ãîé¨¥ à¥§ã«ìâ âë ¯à¨¢®¤¨¬, ®¯ãáª ï ¢ëª« ¤ª¨, ¢
â ¡«. 8, 9 ¤«ï t� 1.

� ¡«¨æ  8. �á¨¬¯â®â¨ç¥áª¨¥ á¢®©áâ¢  ã¡ë¢ îé¨å à¥è¥­¨© ãà ¢­¥­¨ï (6.2) (t� 1)
N(S)

� � �1 x0 = 2�1p20t
2{, u0 = p0t

{; x1 � F0(t; eA), u1 � 2��=2J1=2
0 (�( eA))�1='t{+��

2

�1 < � < �2 x0 = 2�1p20t
2{, u0 = p0t

{; x1 � F+
1 (t), u1 � J0d

�
3 t

��1

� = �2 x0 = 2�1p20, u0 = p0; x1 � J0t
�'
�
1� �J0'

3

2t1=�

�
, u1 � �J0't1=�

�2 < � < 0 x0 = 2�1p20t
2{, u0 = p0t

{; x1 � F+
1 (t), u1 � J0d

�
3 t

��1

N(L1)
� � �1 x0 � G+

0 (t), u0 � J�
1 z0t

{; x1 � F0(t; A), u1 � 2��=2J1=2
0 (�(A))�1='t{+

��
2

0 < � <1 x0 � x1 +
J�1 'z

1='
0

�d�
2

t����, u0 � u1 �
t

��d�
2
z�+2
0

; x1 = G+
0 (t), u1 = J�

1 z0t
{

N(L2)

� < 0
x0 = 2�1J0� 2(A)t2{, u0 = p0t

{; x1 � J0t
�(1� 21='(�(A))�2='t��='),

u1 � 2��=2J1=2
0 (�(A))�1='t{+

��
2

� ¡«¨æ  9. �á¨¬¯â®â¨ç¥áª¨¥ á¢®©áâ¢  ¢®§à áâ îé¨å à¥è¥­¨© u(t; x) ãà ¢­¥­¨ï (6.2) (t� 1)
N(S1)

� � �1 x0 � F�

1 (t), u0 � J0d
�
3 t

��1; x1 = G�

1 (t), u1 = J�
1 z1t

{

�2 < � < 0 x0 � ��
�1
�
� 2�

J2
0

�1='
t�+{�1, u0 �

�
� 1

2�

��=2
J�+1
0 t(�+{�1)=2; x1 =1, u1 =1

N(S2)

� � �2
x0 � ��

�1
�
� 2�

J2
0

�1='
t�+{�1, u0 �

�
� 1

2�

��=2
J�+1
0 t(�+{�1)=2; x1 = G�

2 (t),
u1 = J�

1 z2t
{

�2 < � < 0 x0 = �2�1p20t
2{, u0 = p0t

{; x1 =1, u1 =1

� > 0 x0 = �2�1p20t
2{, u0 = p0t

{; x1 � �p0t2{
�
p0
2
� t1�{

�d�
1

�
, u1 � p0t

{

�
1� �t1�{

p0d
�
1

�
�á¨¬¯â®â¨ª  äã­ªæ¨© x0(t), x1(t) > x0(t) ¨ u0 = umax = u(t; x0), u1 = umin = u1(t; x1) ¤«ï

ã¡ë¢ îé¨å à¥è¥­¨© u(t; x) ãà ¢­¥­¨ï (6.2), ¯®à®¦¤¥­­ëå ã¡ë¢ îé¨¬¨ ¯à¨ J > 0 à¥è¥­¨ï¬¨
p(J) ãà ¢­¥­¨ï (6.5) ¨§ â ¡«. 6, ¯à¨¢¥¤¥­  ¢ â ¡«. 8,   ¤«ï ¢®§à áâ îé¨å à¥è¥­¨© u(t; x), ¯®-
à®¦¤¥­­ëå ¢®§à áâ îé¨¬¨ ¯à¨ J > 0 à¥è¥­¨ï¬¨ p(J) ãà ¢­¥­¨ï (6.4) ¨§ â ¡«. 7 | ¢ â ¡«. 9,
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£¤¥ u0 = umin = u(t; x0), u1 = umax = u(t; x1) (¦¥« ï ¨§¡¥¦ âì çà¥§¬¥à­®© £à®¬®§¤ª®áâ¨ â ¡«. 9,
®£à ­¨ç¨«¨áì á¥¬¥©áâ¢ ¬¨ N(S1), N(S2) ¨§ â ¡«. 7).

� ãç¥â®¬ áª § ­­®£® ¢ ª®­æ¥ ¯. 7 ­¥âàã¤­® ¯®«ãç¨âì  ­ «®£¨ç­ë¥ à¥§ã«ìâ âë ¨ ¤«ï ¬®­®-
â®­­ëå à¥è¥­¨© u(t; x) ãà ¢­¥­¨ï (6,2), ¯®à®¦¤¥­­ëå ¢®§à áâ îé¨¬¨ ¯à¨ J < 0 à¥è¥­¨ï¬¨
ãà ¢­¥­¨ï (6.4) ¨ ã¡ë¢ îé¨¬¨ ¯à¨ J < 0 à¥è¥­¨ï¬¨ ãà ¢­¥­¨ï (6.5).
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