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1. �¢¥¤¥­¨¥

1. � ¤ ­­®© à ¡®â¥, ¯à®¤®«¦ îé¥© à ¡®âã [1], à áá¬ âà¨¢ ¥âáï ãà ¢­¥­¨¥

ut = (u2�n)x + "F (t; x; u; �); � = uux: (1.1)

�à ¢­¥­¨ï ¢¨¤  (1.1) (n ­¥ç¥â­®) ®¯¨áë¢ îâ ¤¨­ ¬¨ªã á¢®¡®¤­®© ¯®¢¥àå­®áâ¨ ­¥­ìîâ®­®¢áª®©
¦¨¤ª®áâ¨ á® áâ¥¯¥­­ë¬ à¥®«®£¨ç¥áª¨¬ § ª®­®¬ [2], [3]. �¥à¢®¥ á« £ ¥¬®¥ ¢ ¯à ¢®© ç áâ¨ (1.1) |
¤¨¢¥à£¥­æ¨ï ¯®â®ª  ¦¨¤ª®áâ¨ q = u2�n, ¢â®à®¥ | ¡ « ­á ¬ ááë, ¨£à îé¨© à®«ì ¯®¢¥àå­®áâ­®£®
¨áâ®ç­¨ª  (áâ®ª ). �à ¢­¥­¨¥ (1.1) è¨à®ª® ¨á¯®«ì§ã¥âáï ¯à¨ ¬®¤¥«¨à®¢ ­¨¨ ¤¨­ ¬¨ª¨ «¥¤­¨-
ª®¢, áãá¯¥­§¨©, à áâ¢®à®¢ ¯®«¨¬¥à®¢. �à ¢­¥­¨ï ¢¨¤  (1.1) ¬®¤¥«¨àãîâ ¨ ¯à®æ¥ááë ¯¥à¥­®á 
âãà¡ã«¥­â­®£® £ §  ¢ ¯®à¨áâ®© áà¥¤¥, ¯à®æ¥ááë £¨¤à®à §àë¢  | à §¢¨â¨ï âà¥é¨­ë ¢ ¯®à®¤¥ ¯à¨
­ £­¥â ­¨¨ ¢ ­¥¥ ¦¨¤ª®áâ¨, ¯à®æ¥ááë ª®­¢¥ªâ¨¢­®£® ¯¥à¥­®á  ¢ ­¥«¨­¥©­®© áà¥¤¥ (¯à¨ n = 1)
¨ â ª ¤ «¥¥.

�à ¢­¥­¨¥ (1.1) ï¢«ï¥âáï ãà ¢­¥­¨¥¬ á ¤¢®©­ë¬ ¢ëà®¦¤¥­¨¥¬ | ¯® ­¥¨§¢¥áâ­®© äã­ª-
æ¨¨ ¨ ¥¥ £à ¤¨¥­âã. � ¯®á«¥¤­¨¥ £®¤ë ¤«ï ãà ¢­¥­¨© á ¤¢®©­ë¬ ¢ëà®¦¤¥­¨¥¬ ¡ë«® ¤®ª § ­®
áãé¥áâ¢®¢ ­¨¥ ­¥®âà¨æ â¥«ì­ëå (¨¬¥­­® ­¥®âà¨æ â¥«ì­ë¥ à¥è¥­¨ï ¯à¥¤áâ ¢«ïîâ ­ ¨¡®«ìè¨©
ä¨§¨ç¥áª¨© ¨­â¥à¥á), ­¥¯à¥àë¢­ëå ¯® ��¥«ì¤¥àã ®¡®¡é¥­­ëå à¥è¥­¨© ¯¥à¢®© ­ ç «ì­®-ªà ¥¢®©
§ ¤ ç¨ [4], ¨áá«¥¤®¢ ­  ¯à®¡«¥¬  à¥£ã«ïà­®áâ¨ ®¡®¡é¥­­ëå à¥è¥­¨© (­ ¨¡®«¥¥ ®¡é¨¥ à¥§ã«ì-
â âë ¢ íâ®¬ ­ ¯à ¢«¥­¨¨ ¯à¨­ ¤«¥¦ â �.�.�¢ ­®¢ã [5], £¤¥ ¬®¦­® ­ ©â¨ ¤ «ì­¥©è¨¥ ááë«ª¨).

� ¯à¥¤« £ ¥¬®© à ¡®â¥ à áá¬ âà¨¢ îâáï ­¥ª®â®àë¥ ª« ááë á¨¬¬¥âà¨© ãà ¢­¥­¨ï (1.1) ¨
áâà®ïâáï ¨­¢ à¨ ­â­ë¥ à¥è¥­¨ï ¨­¢ à¨ ­â­ëå ãà ¢­¥­¨©. � ¯. 2 ¯à¨¢®¤ïâáï ¢ ã¤®¡­®© ¤«ï
­ á ä®à¬¥ à¥§ã«ìâ âë à ¡®âë [1], ¢ ª®â®à®© ¡ë«  ¤ ­  ¯®«­ ï ª« áá¨ä¨ª æ¨ï ¯à¨¡«¨¦¥­­ëå
á â®ç­®áâìî O("2) á¨¬¬¥âà¨© ¢®§¬ãé¥­­®£® (" 6= 0) ãà ¢­¥­¨ï (1.1), ¯à¨ íâ®¬ áãé¥áâ¢¥­­®
¨á¯®«ì§®¢ «¨áì à¥§ã«ìâ âë à ¡®â [2], [3], ¢ ª®â®àëå ª« áá¨ä¨æ¨à®¢ ­ë â®ç­ë¥ á¨¬¬¥âà¨¨ ­¥-
¢®§¬ãé¥­­®£® ãà ¢­¥­¨ï (1.1) á " = 0 (íâ¨ à¥§ã«ìâ âë ¬ë â ª¦¥ ¯à¨¢®¤¨¬ ¢ ¯. 2) .

�à¨¡«¨¦¥­­ë¥ á¨¬¬¥âà¨¨ ãà ¢­¥­¨ï (1.1) § ¢¨áïâ, ª ª ¯®ª § ­® ¢ [1], ®â ­¥ª®â®à®£® ­ ¡®à 
¯à®¨§¢®«ì­ëå äã­ªæ¨© ¯¥à¥¬¥­­®© t. � ¯. 3{5 ¬ë ¨áá«¥¤ã¥¬ ãá«®¢¨ï, ª®â®àë¬ á«¥¤ã¥â ¯®¤ç¨-
­¨âì íâ¨ ¯à®¨§¢®«ì­ë¥ äã­ªæ¨¨, çâ®¡ë ­ ©¤¥­­ë¥ ¯à¨¡«¨¦¥­­ë¥ á¨¬¬¥âà¨¨ áâ «¨ â®ç­ë¬¨, ¨
­ å®¤¨¬ ®¡è¨à­ë¥ ª« ááë ãà ¢­¥­¨© (1.1) á ­¥­ã«¥¢ë¬ ¡ « ­á®¬ ¬ ááë (" ¯à®¨§¢®«ì­®), ¤®¯ãá-
ª îé¨¥ â®ç­ë¥ £àã¯¯ë â®ç¥ç­ëå á¨¬¬¥âà¨©, ¤«ï ª®â®àëå ãª §ë¢ ¥¬ ¨å ¨­ä¨­¨â¥§¨¬ «ì­ë¥
®¯¥à â®àë.

� ª¨¬ ®¡à §®¬, ¤«ï ¢®§¬ãé¥­­®£® ãà ¢­¥­¨ï (1.1) §¤¥áì à¥ «¨§®¢ ­ á«¥¤ãîé¨© ¯®¤å®¤ ª
¨§ãç¥­¨î á¨¬¬¥âà¨© ãà ¢­¥­¨© ¬ â¥¬ â¨ç¥áª®© ä¨§¨ª¨. �ãâ¥¬ ¢¢¥¤¥­¨ï ¬­®¦¨â¥«ï " ¯à¨
­¥ª®â®à®© £àã¯¯¥ á« £ ¥¬ëå ãà ¢­¥­¨¥ âà ªâã¥âáï ª ª ¢®§¬ãé¥­­®¥ (¢® ¬­®£¨å § ¤ ç å ¬ â¥-
¬ â¨ç¥áª®© ä¨§¨ª¨ ¬­®¦¨â¥«ì " ¯®ï¢«ï¥âáï ¢ à¥§ã«ìâ â¥ ®¡¥§à §¬¥à¨¢ ­¨ï ãà ¢­¥­¨©, ­® ¥£®
¬®¦­® ¢¢®¤¨âì ¨ ¨áªãááâ¢¥­­®). � â¥¬ áâà®ïâáï â®ç­ë¥ á¨¬¬¥âà¨¨ ­¥¢®§¬ãé¥­­®£® ãà ¢­¥­¨ï,
¨áá«¥¤®¢ ­¨¥ á¨¬¬¥âà¨© ª®â®à®£® ç áâ® ®ª §ë¢ ¥âáï ¡®«¥¥ «¥£ª®© § ¤ ç¥©, ç¥¬ ¨áá«¥¤®¢ ­¨¥

� ¡®â  ¢ë¯®«­¥­  ¯à¨ ä¨­ ­á®¢®© ¯®¤¤¥à¦ª¥ �®áá¨©áª®£® ä®­¤  äã­¤ ¬¥­â «ì­ëå ¨áá«¥¤®¢ ­¨©
(¯à®¥ªâ ò97-01-00346).
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á¨¬¬¥âà¨© ¨áå®¤­®£® ãà ¢­¥­¨ï (á íâ®© æ¥«ìî ¨ ¢¢®¤¨âáï ¯ à ¬¥âà). � «¥¥ â®ç­ë¥ á¨¬¬¥âà¨¨
­¥¢®§¬ãé¥­­®£® ãà ¢­¥­¨ï ¨á¯®«ì§ãîâáï á ¯®¬®éìî ¬¥â®¤¨ª¨ ¯à¨¡«¨¦¥­­®£® £àã¯¯®¢®£®  ­ -
«¨§ , à §¢¨â®© ¢ à ¡®â å [6]{[8], ¤«ï ¯®«ãç¥­¨ï ¯à¨¡«¨¦¥­­ëå á¨¬¬¥âà¨© ¢®§¬ãé¥­­®£® ãà ¢-
­¥­¨ï. � ª®­¥æ, ¢ëïá­ï¥âáï, ª®£¤  ­ ©¤¥­­ë¥ ¯à¨¡«¨¦¥­­ë¥ á¨¬¬¥âà¨¨ ¡ã¤ãâ â®ç­ë¬¨. �«®-
¤®â¢®à­®áâì â ª®£® ¯®¤å®¤  ª ¨§ãç¥­¨î â®ç­ëå á¨¬¬¥âà¨© ãà ¢­¥­¨© ¤¨­ ¬¨ª¨ ¯®¢¥àå­®áâ¨
¯«¥­ª¨ ­¥­ìîâ®­®¢áª®© ¦¨¤ª®áâ¨ ¨ ¯à®¤¥¬®­áâà¨à®¢ ­  ¢ ¯. 3{5. �®¦­® ­ ¤¥ïâìáï, çâ®  ­ «®-
£¨ç­ë© ¯®¤å®¤ ®ª ¦¥âáï ¯®«¥§­ë¬ ¨ ¤«ï àï¤  ¤àã£¨å ãà ¢­¥­¨© ¬¥å ­¨ª¨ ¨ í«¥ªâà®¤¨­ ¬¨ª¨
á¯«®è­ëå áà¥¤ ¨ â. ¤.

� ¯. 6{8 áâà®ïâáï ¨­¢ à¨ ­â­ë¥ à¥è¥­¨ï ãà ¢­¥­¨© (1.1), ­ ©¤¥­­ëå ¢ ¯. 3{5 ¨ ¤®¯ãáª îé¨å
£àã¯¯ã á¨¬¬¥âà¨©. � ª ¦¤®¬ á«ãç ¥ ¯®áâà®¥­¨¥ ¨­¢ à¨ ­â­ëå à¥è¥­¨© á¢®¤¨âáï á ¯®¬®éìî
¨­¢ à¨ ­â®¢ £àã¯¯ë ª à¥è¥­¨î á®®â¢¥âáâ¢ãîé¥£® ®¡ëª­®¢¥­­®£® ­¥«¨­¥©­®£® ¤¨ää¥à¥­æ¨-
 «ì­®£® ãà ¢­¥­¨ï ¢â®à®£® ¯®àï¤ª , áà¥¤¨ à¥è¥­¨© ª®â®à®£® ¨¬¥îâáï à¥è¥­¨ï ª ª á ­ã«¥¢ë¬
áâ®ª®¬ ­  äà®­â¥, â ª ¨ á® áâ®ª®¬, ®â«¨ç­ë¬ ®â ­ã«ï. �à¨ ®¯à¥¤¥«¥­­®¬ ¢ë¡®à¥ §­ ç¥­¨© ¯ -
à ¬¥âà®¢, ¢å®¤ïé¨å ¢ ª®íää¨æ¨¥­âë ãà ¢­¥­¨ï, ¨ á®¤¥à¦ é¥©áï ¢ ­¥¬ ¯à®¨§¢®«ì­®© äã­ªæ¨¨
ã¤ ¥âáï ¯®«ãç¨âì ¨­¢ à¨ ­â­ë¥ à¥è¥­¨ï ¢ § ¬ª­ãâ®© ä®à¬¥, ª®â®à ï ¯®§¢®«ï¥â ¤ âì ä¨§¨ç¥-
áªãî ¨­â¥à¯à¥â æ¨î £¥®¬¥âà¨ç¥áª¨å á¢®©áâ¢ ¯®¢¥àå­®áâ¨ ¯«¥­ª¨ ¨ ®á®¡¥­­®áâ¥© ¥¥ í¢®«îæ¨¨.
�­®£®ç¨á«¥­­ë¥ ¯à¨¬¥àë â ª¨å à¥è¥­¨© ¯à¨¢®¤ïâáï ­ ¬¨ ¢ ¯. 6{8. �â¨ à¥è¥­¨ï ®¯¨áë¢ îâ
â¥ç¥­¨¥ ¯«¥­ª¨ á ­ã«¥¢ë¬ áâ®ª®¬ ­  äà®­â¥. � §ã¬¥¥âáï, ¨­â¥à¥á­ë ¨ ¤àã£¨¥ ¨­¢ à¨ ­â­ë¥
à¥è¥­¨ï. � ç áâ­®áâ¨, ã¤ ¥âáï â ª¦¥ ãª § âì ¨ ¢ë¡®à §­ ç¥­¨© ¯ à ¬¥âà®¢, ª®â®àë© ¯à¨¢®¤¨â
ª à¥è¥­¨ï¬ ¢ ª¢ ¤à âãà å, íâ¨ à¥è¥­¨ï ®¯¨áë¢ îâ â¥ç¥­¨ï á ­¥­ã«¥¢ë¬ áâ®ª®¬ ­  äà®­â¥.

�¨¦¥ á æ¥«ìî ã¯à®é¥­¨ï § ¯¨á¨ ä®à¬ã« á¨áâ¥¬ â¨ç¥áª¨ ¨á¯®«ì§ãîâáï ®¡®§­ ç¥­¨ï
(n+1)n�1 = p, (3n+2)�1 = r, (2n+1)�1 = s, (n+1)(2n+1)�1 = l, (2n+3)�1 = m, (1+�(n+1))�1 = �.
�àã£¨¥ ®¡®§­ ç¥­¨ï ¯®ïá­ïîâáï ¢ â¥ªáâ¥ áâ âì¨.

2. �àã¯¯®¢®©  ­ «¨§ ãà ¢­¥­¨ï

ut = (un+2unx)x; (2.1)

¯®«ãç îé¥£®áï ¨§ (1.1) ¯à¨ " = 0, ¢ë¯®«­¥­ ¢ [2], [3]. �ª § «®áì, çâ® (2.1) ¤®¯ãáª ¥â ç¥âëà¥å-
ç«¥­­ãî â®ç¥ç­ãî £àã¯¯ã á ®¯¥à â®à ¬¨

X0
1 = @t; X0

2 = @x; X0
3 = t@t + 2x@x + u@u; X0

4 = (n+ 1)t@t + x@x � �@� (2.2)

(§¤¥áì ¨ ­¨¦¥ @t = @=@t ¨ â.¤.). �«ï ãà ¢­¥­¨ï (2.1) ­ ¨¡®«ìè¨© ¨­â¥à¥á ¯à¥¤áâ ¢«ïîâ  ¢â®¬®-
¤¥«ì­ë¥ à¥è¥­¨ï, ¨­¢ à¨ ­â­ë¥ ®â­®á¨â¥«ì­® £àã¯¯ë à áâï¦¥­¨© á ®¯¥à â®à®¬X0

� = X0
3+�X

0
4 .

� ª¨¥ à¥è¥­¨ï ¨¬¥îâ ¢¨¤

u = t��1(�); � = t����2(�); � = xt�(2+�)�; (2.3)

£¤¥  ¢â®¬®¤¥«ì­ ï ¯¥à¥¬¥­­ ï � | ¨­¢ à¨ ­â £àã¯¯ë X0
�,   �1, �2 ã¤®¢«¥â¢®àïîâ ­¥«¨­¥©­®¬ã

®¡ëª­®¢¥­­®¬ã ¤¨ää¥à¥­æ¨ «ì­®¬ã ãà ¢­¥­¨î

(�2
1�

n
2 )

0 + (2 + �)���01 � ��1 = 0; �2 = �1�
0

1: (2.4)

�â¬¥â¨¬, çâ® ãà ¢­¥­¨¥ (2.4) ¨­â¥£à¨àã¥âáï ¢ § ¬ª­ãâ®© ä®à¬¥ ¯à¨ � = �3 ¨ ¢ ª¢ ¤à âãà å
¯à¨ � = �2. �à¨ � = �3 ¯® ä®à¬ã« ¬ (2.3) ¯®«ãç ¥¬ à¥è¥­¨¥ § ¤ ç¨ ® á¢®¡®¤­®¬ à áâ¥ª ­¨¨
(­ã«¥¢ë¥ áâ®ª¨ ¯à¨ x = 0 ¨ ¯à¨ x = xf ) ­¥­ìîâ®­®¢áª®© ¦¨¤ª®áâ¨ ¨«¨ ªã¯®«®¢¨¤­®£® «¥¤­¨ª 
á ­ã«¥¢ë¬ ¡ « ­á®¬ ¬ ááë (F = 0), ¨¬¥îé¥¥ ¢¨¤

u(t; x) =

(
cnt

�r(�p0 � j�jp)l�s; j�j � �0; cn = (r1=nl�1)l�s;

0; j�j > �0:
(2.5)

�ã¯®« «¥¤­¨ª  (â®çª  ¬ ªá¨¬ã¬  ¯® ª®®à¤¨­ â¥ x â®«é¨­ë u) ­¥¯®¤¢¨¦¥­,   â®çª¨ äà®­â 
(u(t; xf ) = 0) ¤¢¨¦ãâáï ¯® § ª®­ã xf (t) = ��0tr, ¯à¨ t ! 1 u(t; x) ! 0, xf ! �1, â.¥. § 
¡¥áª®­¥ç­®¥ ¢à¥¬ï ¯à®¨áå®¤¨â ¯®«­®¥ à áâ¥ª ­¨¥. �â¬¥â¨¬, çâ® ¯®â®ª q ­¥¯à¥àë¢¥­ ­  ¢á¥©
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¢¥é¥áâ¢¥­­®© ®á¨ ¤«ï à¥è¥­¨ï (2.5). � á«ãç ¥ � = �2 ¯®«ãç ¥âáï à¥è¥­¨¥, ®¯¨áë¢ îé¥¥ ¤¨­ -
¬¨ªã ¯®¢¥àå­®áâ¨ áâ®ïç¥£® «¥¤­¨ª  á ­¥­ã«¥¢ë¬ áâ®ª®¬ ­  äà®­â¥. �àã£®© ª« áá § ¬ª­ãâëå
à¥è¥­¨© ãà ¢­¥­¨ï (2.1) á®áâ ¢«ïîâ ¡¥£ãé¨¥ ¢®«­ë, ¨­¢ à¨ ­â­ë¥ ®â­®á¨â¥«ì­® £àã¯¯ë á ®¯¥-
à â®à®¬ @t � �@x

u(t; x) =

(
((l � s)�1j�j1=n(�0 � �))l�s; � � �0; � = x+ �t;

0; � > �0; � < 0:
(2.6)

� [1] ®¤­¨¬ ¨§  ¢â®à®¢ ­ áâ®ïé¥© à ¡®âë ¡ë«¨ ­ ©¤¥­ë ¢á¥ ãà ¢­¥­¨ï (1.1), ¤®¯ãáª îé¨¥ á
â®ç­®áâìî O("2) ¯à¨¡«¨¦¥­­ë¥ (¢ á¬ëá«¥ à ¡®â [6]{[8]) £àã¯¯ë á¨¬¬¥âà¨© ¨ ¤«ï ª ¦¤®© ¨§
­¨å ãª § ­ë ¨­ä¨­¨â¥§¨¬ «ì­ë¥ ®¯¥à â®àë. �ä®à¬ã«¨àã¥¬ ­¥®¡å®¤¨¬ë¥ ¤«ï ¤ «ì­¥©è¥£®
à¥§ã«ìâ âë ¨§ [1]. �¢¥¤¥¬ ®¯¥à â®à

X = '(t)@t + (�1(t)x+ �2(t))@x + �1(t)u@u + �2(t)�@� ; (2.7)

£¤¥ ', �1, �2 | ¯à®¨§¢®«ì­ë¥ äã­ªæ¨¨ ­¥§ ¢¨á¨¬®© ¯¥à¥¬¥­­®© t,

�1 = l�1 � s'0; �2 = s(�1 � 2'0): (2.8)

�®£¤  ãà ¢­¥­¨¥

ut = (u2�n)x + "[� 01xu� (2�1x2�01 + x�02)�u
�1 + f(t; u; �)]; � = uux; (2.9)

(f | ¯à®¨§¢®«ì­ ï äã­ªæ¨ï á¢®¨å  à£ã¬¥­â®¢) ¨­¢ à¨ ­â­® á â®ç­®áâìî O("2) ®â­®á¨â¥«ì­®
¯à¨¡«¨¦¥­­®© £àã¯¯ë á¨¬¬¥âà¨¨ á ®¯¥à â®à®¬

X2 = X0
2 + "X: (2.10)

�à ¢­¥­¨¥

ut = (u2�n)x + "

�
�t�1

�
�1u�

�
x�1 + t�(2+�)

Z
t��(2+�)�02dt

�
�u�1

�
+

+ t�(n+1)��f(I1; I2; I3)
�
; � = uux; (2.11)

¨­¢ à¨ ­â­® á â®ç­®áâìî O("2) ®â­®á¨â¥«ì­® ¯à¨¡«¨¦¥­­®© £àã¯¯ë á¨¬¬¥âà¨© á ®¯¥à â®à®¬

X� = X0
� + "X: (2.12)

� (2.12)

I1 = xt��(2+�); I2 = t��u; I3 = t��� (2.13)

| âà¨ ­¥§ ¢¨á¨¬ëå ¨­¢ à¨ ­â  £àã¯¯ë X0
�, f | ¯à®¨§¢®«ì­ ï äã­ªæ¨ï. � ª®­¥æ, ãà ¢­¥­¨¥

ut = (u2�n)x + "

�
�1u�

�
�1x+ �2 + �

Z
�1dt

�
�u�1 + f(x+ �t; u; �)

�
; � = uux; (2.14)

¤®¯ãáª ¥â á â®ç­®áâìî O("2) ¯à¨¡«¨¦¥­­ãî £àã¯¯ã á¨¬¬¥âà¨¨ á ®¯¥à â®à®¬

X� = X0
1 � �X0

2 + "X: (2.15)

� [1] ¤«ï ª ¦¤®£® ¨§ ãà ¢­¥­¨© (2.9), (2.11), (2.14) ãª § ­ë ¨ ¯à¨¡«¨¦¥­­ë¥ á â®ç­®áâìî
O("2) ¯à¨¡«¨¦¥­­®-¨­¢ à¨ ­â­ë¥ c â®© ¦¥ â®ç­®áâìî à¥è¥­¨ï, ®¡®¡é îé¨¥ á®®â¢¥âáâ¢ãîé¨¥
 ¢â®¬®¤¥«ì­ë¥ à¥è¥­¨ï ­¥¢®§¬ãé¥­­®£® ãà ¢­¥­¨ï (2.1). �à¨ " � 1 (á«ãç © ¤®áâ â®ç­® ¢ ¦-
­ë© ¤«ï ¯à¨«®¦¥­¨©) íâ¨ à¥§ã«ìâ âë ¤ îâ à¥è¥­¨ï á ­¥®¡å®¤¨¬®© â®ç­®áâìî. � á«ãç ¥ ¦¥
ª®­¥ç­®£® " ¥áâ¥áâ¢¥­­® ¢®§­¨ª ¥â ¢®¯à®á: ¯à¨ ª ª®¬ ¢ë¡®à¥ ¯à®¨§¢®«ì­ëå äã­ªæ¨© ', �1, �2
¨ f ¯à¨¡«¨¦¥­­ë¥ £àã¯¯ë á¨¬¬¥âà¨¨ á ®¯¥à â®à ¬¨ (2.10), (2.12), (2.15) ¡ã¤ãâ á®®â¢¥âáâ¢¥­­®
â®ç­ë¬¨ ¤«ï ãà ¢­¥­¨© (2.9), (2.11), (2.14). �«ï ¯®«ãç¥­­ëå ãà ¢­¥­¨© § â¥¬ á«¥¤ã¥â ¯®áâ ¢¨âì
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¢®¯à®á ¨ ® ­ å®¦¤¥­¨¨ â®ç­ëå ¨­¢ à¨ ­â­ëå à¥è¥­¨©. �áá«¥¤®¢ ­¨î íâ¨å § ¤ ç ¨ ¯®á¢ïé¥-
­  ¤ ­­ ï à ¡®â . �¨¦¥ áä®à¬ã«¨àã¥¬ ¯®«ãç¥­­ë¥ à¥§ã«ìâ âë, ª ª ¯à ¢¨«®, ®¯ãáª ï ¢¥áì¬ 
£à®¬®§¤ª¨¥ ¢ëª« ¤ª¨.

2. �­¢ à¨ ­â­ë¥ ãà ¢­¥­¨ï

1. � íâ®¬ ¯ã­ªâ¥ ãª ¦¥¬ ãà ¢­¥­¨ï (2.9), ¤«ï ª®â®àëå ¯à¨¡«¨¦¥­­ë¥ á¨¬¬¥âà¨¨ á ®¯¥à â®-
à®¬ (2.10) ï¢«ïîâáï â®ç­ë¬¨. � ¯®¬®éìî ¨­ä¨­¨â¥§¨¬ «ì­®£® ªà¨â¥à¨ï â®ç­®© ¨­¢ à¨ ­â­®-
áâ¨ ¬®¦­® ¯®ª § âì, çâ® ãà ¢­¥­¨¥ (2.9) â®ç­® ¨­¢ à¨ ­â­® ®â­®á¨â¥«ì­® £àã¯¯ë á ®¯¥à â®à®¬
X2 (2.10) â®£¤  ¨ â®«ìª® â®£¤ , ª®£¤  ­¥ § ¢¨áïé ï ®â x äã­ªæ¨ï f(t; u; �) ã¤®¢«¥â¢®àï¥â ãà ¢-
­¥­¨î

'ft + �1ufu + �2�f� � (n+ 1)�2f = �u(� 01(�1x+ �2) + x('� 01)
0) +

+ �u�1['(2�1�001x
2 + �002x) + (�1x+ �2)(�

0

1x+ �02) + ('0 � �1)(2�1�01x
2 + �02x)]: (3.1)

�¬¥áâ¥ á äã­ªæ¨¥© f «¥¢ ï ç áâì ãà ¢­¥­¨ï (3.1) ­¥ § ¢¨á¨â ®â x, á«¥¤®¢ â¥«ì­®, ­¥ ¤®«¦­ 
§ ¢¨á¥âì ®â x ¨ ¯à ¢ ï ç áâì. �à¨à ¢­¨¢ ï ­ã«î ª®íää¨æ¨¥­âë ¯à¨ x ¨ x2 ¢ ¯à ¢®© ç áâ¨ (3.1),
­ ©¤¥¬

(('�02)
0 + �2�

0

1)�u
�1 � (('� 01)

0 + �1�
0

1)u = 0; (3.2)

('�01)
0 + �1�

0

1 = 0: (3.3)

� ª ª ª u ¨ � ¯à®¨§¢®«ì­ë, â® ¤«ï ®¯à¥¤¥«¥­¨ï âà¥å ­¥¨§¢¥áâ­ëå äã­ªæ¨© ', �1, �2 ¯®«ãç ¥¬
á¨áâ¥¬ã âà¥å ãà ¢­¥­¨©

('� 01)
0 + �1�

0

1 = 0; ('�02)
0 + �2�

0

1 = 0 (3.4)

¨ ãà ¢­¥­¨¥ (3.3). �«ï äã­ªæ¨¨ f ¨§ (3.1) ¯®«ãç ¥¬ ãà ¢­¥­¨¥

'ft + �1ufu + �2�f� � (n+ 1)�2f = �2�
0

2�u
�1 � �2� 01u: (3.5)

�¨áâ¥¬  ãà ¢­¥­¨© (3.3), (3.4), (3.5) ¤«ï äã­ªæ¨© ', �1, �2, f ¤ ¥â ­¥®¡å®¤¨¬ë¥ ¨ ¤®áâ â®ç­ë¥
ãá«®¢¨ï ¨­¢ à¨ ­â­®áâ¨ ãà ¢­¥­¨ï (2.9) ®â­®á¨â¥«ì­® £àã¯¯ë á ®¯¥à â®à®¬ X2 (2.10).

� áâ­®¥ à¥è¥­¨¥ f1 ãà ¢­¥­¨ï (3.5) ¨é¥¬ ¢ ¢¨¤¥

f1 = �(t)u+ �(t)�u�1:

�®¤áâ ¢«ïï f1 ¢ ãà ¢­¥­¨¥ (3.5), ¯®«ãç ¥¬ «¨­¥©­ë¥ ­¥®¤­®à®¤­ë¥ ãà ¢­¥­¨ï ¯¥à¢®£® ¯®àï¤ª 
¤«ï ­¥¨§¢¥áâ­ëå äã­ªæ¨© � ¨ �

('�)0 = ��2� 01; '� 0 � (�1 � '0)� = �2�
0

2;

®âªã¤ 

f1 = '�1

��
c1 �

Z
�2�

0

1dt

�
u+

�
c2 +

Z
�2�

0

2 exp
�
�
Z
�1'

�1dt

�
dt

�
exp

�Z
�1'

�1dt

�
�u�1

�
: (3.6)

�¡é¥¥ à¥è¥­¨¥ ¯à¨¢¥¤¥­­®£® ®¤­®à®¤­®£® ãà ¢­¥­¨ï

'ft + �1ufu + �2�f� � (n+ 1)�2f = 0

¨¬¥¥â ¢¨¤

f0 =  

�
u exp

�
�
Z
�1'

�1dt

�
; � exp(

�
�
Z
�2'

�1dt

��
exp

�
(n+ 1)

Z
�2'

�1dt

�
; (3.7)

£¤¥  | ¯à®¨§¢®«ì­ ï äã­ªæ¨ï ¤¢ãå  à£ã¬¥­â®¢. �¡é¥¥ à¥è¥­¨¥ ãà ¢­¥­¨ï (3.5) ¥áâì áã¬¬ 
f = f0+f1. �â ª, ¬ë ¯®«ãç¨«¨ á«¥¤ãîé¨© à¥§ã«ìâ â. �à ¢­¥­¨¥ (2.9) ¨­¢ à¨ ­â­® ®â­®á¨â¥«ì­®
£àã¯¯ë á ®¯¥à â®à®¬ X2 â®£¤  ¨ â®«ìª® â®£¤ , ª®£¤  äã­ªæ¨¨ ', �1, �2 ã¤®¢«¥â¢®àïîâ á¨áâ¥¬¥
¨§ âà¥å ãà ¢­¥­¨© (3.3), (3.4),   äã­ªæ¨ï f ¥áâì áã¬¬  äã­ªæ¨© (3.6) ¨ (3.7).
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�à¨¢¥¤¥¬ ª®­ªà¥â­ë¥ ¯à¨¬¥àë ¨­¢ à¨ ­â­ëå ãà ¢­¥­¨© (2.9). �®«®¦¨¢ ' = �t, �1 = ��,
�2 = ln t, ­ ©¤¥¬, çâ® ãà ¢­¥­¨ï (3.3), (3.4) ã¤®¢«¥â¢®àïîâáï. � ¯®¬®éìî á®®â­®è¥­¨ï (3.6)
(£¤¥, ­¥ ã¬¥­ìè ï ®¡é­®áâ¨, ¯®«®¦¨«¨ c1 = c2 = 0) ­ ©¤¥¬, çâ® ãà ¢­¥­¨¥

ut = (u2�n)x + "[(ln t� �x� 1)�(�tu)�1 + t�3l (utl+s; �t3s)]; � = uux; (3.8)

¨­¢ à¨ ­â­® ®â­®á¨â¥«ì­® £àã¯¯ë á ®¯¥à â®à®¬

X2 = "�t@t + (1 + "(ln t� �x))@x � "�(l + s)u@u � 3"�s�@� : (3.9)

�â®à®© ¯à¨¬¥à ¯®áâà®¨¬ á ¯®¬®éìî à¥è¥­¨ï

' = t(2n+2)m; �1 = 2mt�m; �2 = �t�m

á¨áâ¥¬ë (3.3), (3.4). � ¯®¬®éìî (3.6) (á­®¢ , ­¥ ã¬¥­ìè ï ®¡é­®áâ¨, ¯®« £ ¥¬ c1 = c2 = 0), (3.7)
¯®á«¥ § ¬¥­ë x+ �(2m)�1 ­  x ¯®«ãç¨¬, çâ® ãà ¢­¥­¨¥

ut = (u2�n)x + "(m2t�(2n+4)mx2�u�1 + t�(2n+2)m (u; �t2m)); � = uux; (3.10)

¤®¯ãáª ¥â £àã¯¯ã á ®¯¥à â®à®¬

X2 = "t(2m+2)m@t + (1 + 2"mt�mx)@x � 2"mt�m�@�: (3.11)

2. � áá¬®âà¨¬ ãá«®¢¨ï â®ç­®© ¨­¢ à¨ ­â­®áâ¨ ãà ¢­¥­¨ï (2.11) ®â­®á¨â¥«ì­® £àã¯¯ë á ®¯¥-
à â®à®¬ X� = X0

� + "X (2.12). �¡®§­ ç¨¬

�3 =
Z
t��(2+�)�02dt:

� ¯®¬®éìî ¨­ä¨­¨â¥§¨¬ «ì­®£® ªà¨â¥à¨ï â®ç­®© ¨­¢ à¨ ­â­®áâ¨ ¨ ¢¥áì¬  £à®¬®§¤ª¨å ¢ëª« -
¤®ª, ª®â®àë¥ ¬ë á­®¢  ®¯ãáª ¥¬, ¬®¦­® ¯®ª § âì, çâ® ¤«ï â®£® çâ®¡ë ãà ¢­¥­¨¥ (2.11) ¡ë«®
¨­¢ à¨ ­â­® ®â­®á¨â¥«ì­® £àã¯¯ë á ®¯¥à â®à®¬ X�, ­¥®¡å®¤¨¬® ¨ ¤®áâ â®ç­®, çâ®¡ë äã­ªæ¨ï
f(I1; I2; I3), § ¢¨áïé ï «¨èì ®â ¨­¢ à¨ ­â®¢ (2.13), ã¤®¢«¥â¢®àï«  ãà ¢­¥­¨î

(R1(t)I1 + P (t))
@f

@I1
+R2(t)I2

@f

@I2
+R3(t)

�
I3
@f

@I3
� (n+ 1)f

�
=

= A(t)I2 +B(t)I1I3I
�1
2 + C(t)I3I

�1
2 ; (4.1)

£¤¥ ®¡®§­ ç¥­®

R1(t) = �1 � �(2 + �)t�1'; P (t) = t��(2+�)�2; R2(t) = �1 � �t�1';

R3(t) = �2 + ��t�1'; A(t) = �(t�1�1'� (�1')
0); B(t) = �(('�1)

0 � t�1'�1); (4.2)

C(t) = �[(�(2 + �)� 1)t�1'�3 + t��(2+�)('�02 + �1�2)� �3(�1 � '0)]:
�á«®¢¨¥, çâ® äã­ªæ¨ï f | à¥è¥­¨¥ ãà ¢­¥­¨ï (4.1) | § ¢¨á¨â «¨èì ®â ¨­¢ à¨ ­â®¢ I1, I2,

I3, á­®¢  ­ « £ ¥â ®ç¥­ì ¦¥áâª¨¥ ®£à ­¨ç¥­¨ï ­  äã­ªæ¨¨ ', �1, �2.
�à¥¦¤¥ ¢á¥£® ®â¬¥â¨¬, çâ® ®¡é¥¥ à¥è¥­¨¥ ãà ¢­¥­¨ï (4.1) ¨¬¥¥â ¢¨¤

f = f0 + f1; (4.3)

£¤¥ f0 | ç áâ­®¥ à¥è¥­¨¥ ­¥®¤­®à®¤­®£® ãà ¢­¥­¨ï (4.1)

f0 = c1(t)I2 + c2(t)I1I3I
�1
2 + c3(t)I3I

�1
2 ; (4.4)

¯à¨ç¥¬ äã­ªæ¨¨ c1(t), c2(t), c3(t) ®¯à¥¤¥«ïîâáï á®®â­®è¥­¨ï¬¨

c1(t)(R2 � (n+ 1)R3) = A; c2(t)(R1 �R2 � nR3) = B; c2(t)P � c3(t)(R2 + nR3) = C; (4.5)
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  f1 | ®¡é¥¥ à¥è¥­¨¥ ¥£® ¯à¨¢¥¤¥­­®£® ®¤­®à®¤­®£® ãà ¢­¥­¨ï

(R1I1 + P )
@f

@I1
+R2I2

@f

@I2
+R3

�
I3
@f

@I3
� (n+ 1)f

�
= 0:

� á«ãç ¥ R1 6= 0

f1 =
�
I1 +

P

R1

�(n+1)R3=R1

 

�
I2

�
I1 +

P

R1

��R2=R1

; I3

�
I1 +

P

R1

��R3=R1
�
; (4.6)

  ¢ á«ãç ¥ R1 = 0, P 6= 0

f1 =  

�
I2 exp

��R2I1
P

�
; I3 exp

��R3I1
P

��
exp

�
(n+ 1)

I1R3

P

�
; (4.7)

 | ¯à®¨§¢®«ì­ ï äã­ªæ¨ï á¢®¨å ¤¢ãå  à£ã¬¥­â®¢.
�§ (4.6), (4.7) á«¥¤ã¥â, çâ® à¥è¥­¨¥ f1 ¡ã¤¥â § ¢¨á¥âì «¨èì ®â  à£ã¬¥­â®¢ I1, I2, I3 (â.¥. ­¥

¡ã¤¥â § ¢¨á¥âì ®â ¯ à ¬¥âà  t) «¨èì ¯à¨ ãá«®¢¨¨, çâ® ¯à¨ R1 6= 0 ¤à®¡¨ R2=R1, R3=R1, P=R1,  
¯à¨ ãá«®¢¨¨ R1 = 0, P 6= 0 ¤à®¡¨ R2=P , R3=P ï¢«ïîâáï ª®­áâ ­â ¬¨. �§ (4.2) á«¥¤ã¥â, çâ® ¤«ï
íâ®£® ­¥®¡å®¤¨¬  ¨ ¤®áâ â®ç­  áâ¥¯¥­­ ï § ¢¨á¨¬®áâì äã­ªæ¨© ', �1, �2 ®â t,   ¨¬¥­­®

' = �tk; �1 = 
tk�1; �2 = �t�(2+�)+k�1 (4.8)

(�, 
, � | ª®­áâ ­âë). �®£¤ 

�1 = �1t
k�1; �2 = 
1t

k�1; �3 =

(
�1t

k�1; k 6= 1;

�2 ln t; k = 1;
(4.9)

�1 = l
 � ks�; 
1 = s(
 � 2k�); �1 = �(k � 1)(�(2 + �) + k � 1); �2 = ��(2 + �):

�­ ç «  à áá¬®âà¨¬ á«ãç © k 6= 1. � ãç¥â®¬ (4.9) ãà ¢­¥­¨¥ (4.1), ¢ ª®â®à®¬ äã­ªæ¨¨ ', �1,
�2 ®¯à¥¤¥«¥­ë á ¯®¬®éìî á®®â­®è¥­¨© (4.8), ¡ã¤¥â ®¤­®à®¤­ë¬ «¨èì ¯à¨ ãá«®¢¨¨, çâ® ª®íä-
ä¨æ¨¥­âë �, 
, � ¢ (4.8) ã¤®¢«¥â¢®àïîâ  «£¥¡à ¨ç¥áª®© á¨áâ¥¬¥ ãà ¢­¥­¨©

�(�(2 + �) + k � 1)(�1 + �) + 
(� � �1) = 0; ��1 = 0; �
 = 0: (4.10)

�¥ ¯à¥¤áâ ¢«ï¥â âàã¤  ¯¥à¥ç¨á«¨âì ¢á¥ à¥è¥­¨ï á¨áâ¥¬ë (4.10). � ¨¬¥­­®, ¯¥à¥¯¨á ¢ (4.10) ¢
¢¨¤¥

�[�(�(2 + �) + k � 1)(�(2 + �) + 2(k � 1))� �
(2 + �)] = 0;

�((n+ 1)
 � k�) = 0; �
 = 0;

¡¥§ âàã¤  ­ ©¤¥¬, çâ® ¢®§¬®¦­ë «¨èì á«¥¤ãîé¨¥ á«ãç ¨

1) � = 0, 
 = 0, � 6= 0, k 6= 1, � ¯à®¨§¢®«ì­ë;
2) � = 0, � = 0, 
, k, � ¯à®¨§¢®«ì­ë;
3) � = 0, 
 = 0, k = 0, � 6= 0, � ¯à®¨§¢®«ì­ë;
4) � = 0, � = �2, 
, k 6= 1, � ¯à®¨§¢®«ì­ë;
5) 
 = 0, k = 0, � = n�1, �, � ¯à®¨§¢®«ì­ë;
6) 
 = 0, k = 0, � = 0, �, � ¯à®¨§¢®«ì­ë.

� ¨¡®«ìè¨© ¨­â¥à¥á ¯à¥¤áâ ¢«ïîâ á«ãç ¨ 1){3), ¢ ª®â®àëå � ®áâ ¥âáï ¯à®¨§¢®«ì­ë¬. � á«ãç ¥
1) ¨§ (4.7) ¯®«ãç ¥¬ f1 =  (I2; I3), ¯à¨ç¥¬, ­¥ ã¬¥­ìè ï ®¡é­®áâ¨, ¬®¦­® ¯®«®¦¨âì � = 1. �§
(2.11) á«¥¤ã¥â, çâ® ãà ¢­¥­¨¥

ut = (u2�n)x + "

�
t�(n+1)�� (I2; I3)�

�
�(2 + �)
k � 1

+ 1
�
t�(2+�)+k�2�u�1

�
; � = uux; (4.11)

¨­¢ à¨ ­â­® ®â­®á¨â¥«ì­® £àã¯¯ë á ®¯¥à â®à®¬

X� = t@t + (�(2 + �)x+ "t�(2+�)+k�1)@x + �(u@u � ��@�): (4.12)
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� á«ãç ¥ 2) á ¯®¬®éìî (4.6) ­ ©¤¥¬, çâ® ãà ¢­¥­¨¥

ut = (u2�n)x + "[tk�2(lu� x�u�1) + t�(n+1)��I l1 (I2I
�l
1 ; I3I

�s
1 )]; � = uux; (4.13)

¤®¯ãáª ¥â £àã¯¯ã á ®¯¥à â®à®¬

X� = t@t + (�(2 + �) + "tk�1)x@x + (�+ "ltk�1)u@u + ("stk�1 � ��)�@� (4.14)

(­¥ ã¬¥­ìè ï ®¡é­®áâ¨ ¯®« £ ¥¬ 
 = 1, çâ® ¤®áâ¨£ ¥âáï § ¬¥­®© "
 ­  "). � ãç¥â®¬ á®®â­®è¥­¨©
(2.13) ãà ¢­¥­¨¥ (4.13) ¬®¦­® ¯¥à¥¯¨á âì ¢ ¢¨¤¥ ãà ¢­¥­¨ï

ut = (u2�n)x + "[tk�2(lu� x�u�1) + (xt�2)l (ux�lts; �x�st2s)]; � = uux;

­¥ á®¤¥à¦ é¥£® ¯ à ¬¥âà �.
� á«ãç ¥ 3) ¨¬¥¥¬ ãà ¢­¥­¨¥

ut = (u2�n)x + "t�(n+1)��I
�(n+1)�=(2+�)
1  (I2I

�1=(2+�)
1 ; I3I

�=(2+�)
1 ; � = uux; (4.15)

¤®¯ãáª îé¥¥ £àã¯¯ã á ®¯¥à â®à®¬

X� = (t+ "�)@t + �((2 + �)x@x + u@u � ��@�):
�®á«¥ ¯®¤áâ ­®¢ª¨ ¨­¢ à¨ ­â®¢ I1, I2, I3 ¨§ (2.13) ¯®«ãç ¥¬ à ¢¥­áâ¢®

t�(n+1)��I�(n+1)�=(2+�)
1  (I2I

�1=(2+�)
1 ; I3I

�=(2+�)
1 ) = x�(n+1)�=(2+�) (x�1=(2+�); x�=(2+�)�):

�«¥¤®¢ â¥«ì­®, ãà ¢­¥­¨¥ (4.15) ¤®¯ãáª ¥â ¨ ®¯¥à â®à @t. �ª®­ç â¥«ì­® ­ ©¤¥¬, çâ® ãà ¢­¥­¨¥

ut = (u2�n)x + "x�(n+1)�=(2+�) (x�1=(2+�)u; x�=(2+�)�); � = uux (4.16)

¨­¢ à¨ ­â­® ®â­®á¨â¥«ì­® £àã¯¯ë á ®¯¥à â®à ¬¨ X0
� ¨ @t.

�«ãç ¨ 4) ¨ 5) ¯®á«¥ ¯à®áâëå ¯à¥®¡à §®¢ ­¨© á¢®¤ïâáï á®®â¢¥âáâ¢¥­­® ª á«ãç ï¬ 2) ¯à¨
� = �2 ¨ 3) ¯à¨ � = n�1. � á«ãç ¥ 6) ¯®«ãç ¥¬ ãà ¢­¥­¨¥

ut = (u2�n)x + "[�u�1 +  ((2I1 � �)1=2I2; I3]; � = uux; � = �=�; (4.17)

¨­¢ à¨ ­â­®¥ ®â­®á¨â¥«ì­® £àã¯¯ë á ®¯¥à â®à®¬

(t+ "��1)@t + (2x+ "t)@x + u@u: (4.18)

� á«ãç ¥ R1 = 0, P = 0, R2 6= 0 ®¡é¥¥ à¥è¥­¨¥ ¯à¨¢¥¤¥­­®£® ®¤­®à®¤­®£® ãà ¢­¥­¨ï ¤«ï
ãà ¢­¥­¨ï (4.1)

f1 = I
(n+1)R3=R2

2  (I1; I3I
�R3=R2

2 );

 | ¯à®¨§¢®«ì­ ï äã­ªæ¨ï. �­® § ¢¨á¨â «¨èì ®â  à£ã¬¥­â®¢ I1, I2, I3 ¯à¨ ãá«®¢¨¨, çâ® ¤à®¡ì
R3=R2 ï¢«ï¥âáï ª®­áâ ­â®©. �«¥¤®¢ â¥«ì­®, ¨¬¥¥¬

cR2 = R3 (c | ª®­áâ ­â ); �1 = �(2 + �)t�1'; �2 = 0; R2 = �(t�1'� '0) 6= 0:

�¥âàã¤­® ã¡¥¤¨âìáï, çâ® íâ¨ á®®â­®è¥­¨ï ¢ë¯®«­ïîâáï «¨èì ¯à¨ c = 2, ¯à¨ç¥¬ äã­ªæ¨ï '
®áâ ¥âáï ¯à®¨§¢®«ì­®©, ­® ®â«¨ç­®© ®â ' = �t (â.ª. ¯à¨ ' = �t R2 = 0).

�â ª, ¢ à áá¬ âà¨¢ ¥¬®¬ á«ãç ¥ ¯à¨¢¥¤¥­­®¥ ®¤­®à®¤­®¥ ãà ¢­¥­¨¥ ãà ¢­¥­¨ï (4.1) ¨¬¥¥â
§ ¢¨áïé¥¥ «¨èì ®â I1, I2, I3 à¥è¥­¨¥

f1 = I2(n+1)
2  (I1; I3I�2

2 ) (4.19)

â®£¤  ¨ â®«ìª® â®£¤ , ª®£¤ 

�1 = �(2 + �)t�1'; �2 = 0; (4.20)

' | ¯à®¨§¢®«ì­ ï äã­ªæ¨ï, ®â«¨ç­ ï ®â ' = �t.
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�à ¢­¥­¨¥ (4.1), ¢ ª®â®à®¬ äã­ªæ¨¨ ', �1, �2 ®¯à¥¤¥«¥­ë á ¯®¬®éìî á®®â­®è¥­¨© (4.20),
¡ã¤¥â ®¤­®à®¤­ë¬ (A(t) = B(t) = C(t) = 0) «¨èì ¯à¨ ãá«®¢¨¨, çâ® � = �2 (á«¥¤®¢ â¥«ì­®,
�1 = 0), ' =

p
�t2 + �2 (�, �2 6= 0 | ¯à®¨§¢®«ì­ë¥ ¯®áâ®ï­­ë¥).

� ãç¥â®¬ (4.19), (2.11)-(2.13) (¯®á«¥ § ¬¥­ë ¢ ãà ¢­¥­¨¨ ¨ ®¯¥à â®à¥ "s á­®¢  ­  ") ãà ¢­¥­¨¥

ut = (u2�n)x + "

�
s�up
�t2 + �2

+ u2(n+1) 

�
x;

�

u2

��
; � = uux; (4.21)

¤®¯ãáª ¥â £àã¯¯ã á ®¯¥à â®à®¬

X� = �(t� "
p
�t2 + �2)@t + s

�
1� "�tp

�t2 + �2

�
(u@u + 2�@�): (4.22)

� á«ãç ¥ R1 = 0, P = 0, R2 = 0 ¯®«ãç ¥¬

' = �t; �1 = ��(2 + �); �2 = 0; �1 = ��; �2 = ����; R3 = 0;

A(t) = B(t) = C(t) = 0:

�à ¢­¥­¨¥ (4.1) ®ª §ë¢ ¥âáï â®¦¤¥áâ¢®¬ ¤«ï «î¡®© f(I1; I2; I3). �ë ­¥ ¢ë¯¨áë¢ ¥¬ ¤«ï íâ®£®
á«ãç ï ¨­¢ à¨ ­â­®¥ ãà ¢­¥­¨¥, â.ª. ¢ ª®­æ¥ ¯. 4 ¯®«ãç¨¬ ¡®«¥¥ ®¡é¥¥ ãà ¢­¥­¨¥ (á¬. ãà ¢­¥­¨¥
(4.33)).

�¥à¥©¤¥¬ ª ­¥®¤­®à®¤­®¬ã ãà ¢­¥­¨î (4.1). �§ (4.4), (4.5) á«¥¤ã¥â, çâ® ãà ¢­¥­¨¥ (4.1) ¨¬¥¥â
ç áâ­®¥ à¥è¥­¨¥

f0 = c1I2 + c2I1I3I
�1
2 + c3I3I

�1
2 (4.23)

(c1, c2, c3 | ¯à®¨§¢®«ì­ë¥ ¯®áâ®ï­­ë¥), § ¢¨áïé¥¥ «¨èì ®â ¨­¢ à¨ ­â®¢ I1, I2, I3 â®£¤  ¨ â®«ìª®
â®£¤ , ª®£¤  äã­ªæ¨¨ ', �1, �2 ã¤®¢«¥â¢®àïîâ á¨áâ¥¬¥ ãà ¢­¥­¨©

c1('
0 � t�1') = �(t�1�1'� (�1')

0); c2('
0 � t�1') = �(('�1)

0 � t�1'�1); (4.24)

c2t
��(2+�)�2 � c3[�1 � '0 � (�(2 + �)� 1)t�1'] =

= �[(�(2 + �)� 1)t�1'�3 + t��(2+�)('�02 + �1�2)� �3(�1 � '0)]: (4.25)

�à ¢­¥­¨ï (4.24) íâ®© á¨áâ¥¬ë ®¯à¥¤¥«ïîâ äã­ªæ¨¨ ', �1, ¯®á«¥ ç¥£® äã­ªæ¨ï �2 ®¯à¥¤¥«ï¥âáï
¨§ ¨­â¥£à®-¤¨ää¥à¥­æ¨ «ì­®£® ãà ¢­¥­¨ï (4.25).

� ãç¥â®¬ (2.11) ¨ (2.13) ãà ¢­¥­¨¥

ut = (u2�n)x + "t�1[(��1 + c1)u+ (c2 � ��1)x�=u+ t�(2+�)(c3 � ��3)�=u]; � = uux; (4.26)

¤®¯ãáª ¥â £àã¯¯ã á ®¯¥à â®à®¬ X� (2.12) â®£¤  ¨ â®«ìª® â®£¤ , ª®£¤  äã­ªæ¨¨ ', �1, �2 ã¤®¢«¥-
â¢®àïîâ á¨áâ¥¬¥ ãà ¢­¥­¨© (4.24), (4.25).

�ã­ªæ¨¨ ', �1 ­ å®¤ïâáï ¢ § ¬ª­ãâ®© ä®à¬¥. �¥©áâ¢¨â¥«ì­®, ¨§ ãà ¢­¥­¨© (4.24) ­¥âàã¤­®
­ ©â¨

({ � '0)' = d1t; �1 = ��1

�
c2 � d2t

'

�
; (4.27)

£¤¥ d1, d2 | ¯à®¨§¢®«ì­ë¥ ª®­áâ ­âë, { = ��1((2n + 1)c1 + (n + 1)c2). �®«®¦¨¢ ¢ ¯¥à¢®¬ ¨§
á®®â­®è¥­¨© (4.27) ' = tv, ¯®«ãç¨¬ ãà ¢­¥­¨¥

({ � v � tv0)v = d1
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¤«ï ®¯à¥¤¥«¥­¨ï äã­ªæ¨¨ v, ®âªã¤  ¡¥§ âàã¤  ­ å®¤¨¬, çâ® äã­ªæ¨ï '(t) ­¥ï¢­® ®¯à¥¤¥«ï¥âáï
¨§ á®®â­®è¥­¨©

d3 =
p
'2 � {t'+ d1t2 exp

�
{p

4d21 � {2
arctg

2'� {t
t
p
4d21 � {2

�
; 4d1 � {2 > 0;

d3 = ('� �1t)�1=(�1��2)('� �2t)�2=(�2��1); 4d1 � {2 < 0;

d3 = (2'� {t) exp
�

{t

{t� 2'

�
; 4d1 � {2 = 0;

d3 | ¯à®¨§¢®«ì­ ï ¯®áâ®ï­­ ï, �1, �2 | ª®à­¨ ª¢ ¤à â­®£® ãà ¢­¥­¨ï v2 � {v + d1 = 0.
�â ª, ­ ©¤¥­ë, á ®¤­®© áâ®à®­ë, ãá«®¢¨ï, ®¡¥á¯¥ç¨¢ îé¨¥ áãé¥áâ¢®¢ ­¨¥ § ¢¨áïé¥£® «¨èì

®â ¨­¢ à¨ ­â®¢ I1, I2, I3 ­¥âà¨¢¨ «ì­®£® à¥è¥­¨ï f1 ¯à¨¢¥¤¥­­®£® ®¤­®à®¤­®£® ãà ¢­¥­¨ï ãà ¢-
­¥­¨ï (4.1) (¯à¥¤áâ ¢«¥­¨¥ (4.8) ¨«¨ (4.20) ¤«ï äã­ªæ¨© ', �1, �2) ¨, á ¤àã£®© áâ®à®­ë, ãá«®¢¨ï,
®¡¥á¯¥ç¨¢ îé¨¥ áãé¥áâ¢®¢ ­¨¥ § ¢¨áïé¥£® «¨èì ®â ¨­¢ à¨ ­â®¢ à¥è¥­¨ï (4.23) ­¥®¤­®à®¤­®£®
ãà ¢­¥­¨ï (4.1) (äã­ªæ¨¨ ', �1, �2 ã¤®¢«¥â¢®àïîâ á¨áâ¥¬¥ ãà ¢­¥­¨¥ (4.24), (4.25)). � ©¤¥­ë ¨
á®®â¢¥âáâ¢ãîé¨¥ ¨­¢ à¨ ­â­ë¥ ãà ¢­¥­¨ï ¢¨¤  (2.11) ¨ ¤®¯ãáª ¥¬ë¥ ¨¬¨ £àã¯¯ë á ®¯¥à â®à -
¬¨ (2.12).

�®§­¨ª ¥â ¢®¯à®á, ª®£¤  íâ¨ ãá«®¢¨ï ¡ã¤ãâ ¢ë¯®«­ïâìáï ®¤­®¢à¥¬¥­­® (¢ íâ®¬ á«ãç ¥ ãà ¢-
­¥­¨¥ (4.1) ¡ã¤¥â ¨¬¥âì § ¢¨áïé¥¥ «¨èì ®â ¨­¢ à¨ ­â®¢ I1, I2, I3 à¥è¥­¨¥ f = f0 + f1 (4.3)).
�¥âàã¤­® ¯®ª § âì á ¯®¬®éìî (4.8), (4.9), (4.24), (4.25), çâ® ¤«ï íâ®£® ­¥®¡å®¤¨¬® ¨ ¤®áâ â®ç­®,
çâ®¡ë äã­ªæ¨¨ ', �1, �2 ®¯à¥¤¥«ï«¨áì á ¯®¬®éìî á®®â­®è¥­¨© (íâ¨ á®®â­®è¥­¨ï á®®â¢¥âáâ¢ãîâ
§­ ç¥­¨î k = 1 ¢ (4.8))

' = �t; �1 = 
; �2 = �t�(2+�)

(�, 
, � | ª®­áâ ­âë), ¯à¨ç¥¬

�(2 + �)(
 � ��(2 + �)) = 0;

c2� + c3(��(2 + �)� 
) = ��(��(2 + �) + 
): (4.28)

�§ (4.28) á«¥¤ã¥â, çâ® ¢®§¬®¦­ë «¨èì á«¥¤ãîé¨¥ ç¥âëà¥ á«ãç ï
1) � = 0, ®âªã¤  �2 = 0, �1 = l
 � s�, �2 = s(
 � 2�). �á«¨ ��(2 + �) � 
 6= 0, â® c3 = 0 ¨

¯à¨¢¥¤¥­­®¥ ®¤­®à®¤­®¥ ãà ¢­¥­¨¥ ãà ¢­¥­¨ï (4.1) ¨¬¥¥â ®¡é¥¥ à¥è¥­¨¥ (4.6)

f1 = I l1 (I2I
�l
1 ; I3I

�s
1 ):

� ª¨¬ ®¡à §®¬, ãà ¢­¥­¨¥

ut = (u2�n)x + "t�1(c1u+ c2x�=u+ t�I l1 (I2I
�l
1 ; I3I

�s
1 )); (4.29)

¨­¢ à¨ ­â­® ®â­®á¨â¥«ì­® £àã¯¯ë á ®¯¥à â®à®¬

X� = (1 + "�)t@t + (�(2 + �) + ")x@x + (�+ "(l � s�))u@u +
+ (���+ "s(1� 2�))�@� ; � = �=
: (4.30)

�à¨ ¢ë¢®¤¥ ãà ¢­¥­¨ï (4.29) ¨ ¢ëà ¦¥­¨ï (4.30) ¤«ï ®¯¥à â®à  X� § ¬¥­¨«¨ "�
 á­®¢  ­  ",
c1=�
 ­  c1, c2(�
)�1 � 1 ­  c2 ¨ ¢®á¯®«ì§®¢ «¨áì á®®â­®è¥­¨ï¬¨

���+ s(1� 2�)
1� ��(2 + �)

= s;
(�+ s)�� l
��(2 + �)� 1

= l:

�«¥¤ã¥â ®â¬¥â¨âì, çâ® ãà ¢­¥­¨¥ (4.29) ¤®¯ãáª ¥â ¨ £àã¯¯ã á ®¯¥à â®à®¬ X0
�.

2) � = �2. � íâ®¬ á«ãç ¥ (c2 � �
)� = c3 ¨ ¯®á«¥ § ¬¥­ë x + � ­  x ¯®«ãç ¥¬ ãà ¢­¥­¨¥ ¨
®¯¥à â®à, ª®â®àë¥ ¯®«ãç îâáï ¨§ (4.29), (4.30) ¯à¨ � = �2.
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3) 
 = ��(2 + �), � 6= 0. �«¥¤®¢ â¥«ì­®, R1 = 0, P = � 6= 0, c2 = 2�
, �1 = ��, �2 = ����,
R2 = R3 = 0. �à¨¢¥¤¥­­®¥ ®¤­®à®¤­®¥ ãà ¢­¥­¨¥ ãà ¢­¥­¨ï (4.1) ¨¬¥¥â ®¡é¥¥ à¥è¥­¨¥ ¢¨¤ 
(4.7) f1 =  (I2; I3), ®âáî¤  ãà ¢­¥­¨¥

ut = (u2�n)x + "t�1[c1u+ (
x+ t�(2+�)(c3 � ��(2 + �) ln t))�u�1 + t� (I2; I3)]; � = uux;(4.31)

¤®¯ãáª ¥â £àã¯¯ã á ®¯¥à â®à®¬

X� = t@t + (�(2 + �)x+ "�(1 + "�)�1t�(2+�))@x + �(u@u � ��@�): (4.32)

4) 
 = ��(2 + �), � = 0, c1, c2, c3 ¯à®¨§¢®«ì­ë, f1 =  (I1; I2; I3),  | ¯à®¨§¢®«ì­ ï äã­ªæ¨ï.
� íâ®¬ á«ãç ¥ ­ ©¤¥¬, çâ® ãà ¢­¥­¨¥

ut = (u2�n)x + "t�1(c1u+ (c2x+ c3t
�(2+�))�u�1 + t� (I1; I2; I3)); � = uux; (4.33)

¤®¯ãáª ¥â £àã¯¯ã á ®¯¥à â®à®¬ X0
�.

3. � áá¬®âà¨¬ ãá«®¢¨ï â®ç­®© ¨­¢ à¨ ­â­®áâ¨ ãà ¢­¥­¨ï (2.14) ®â­®á¨â¥«ì­® £àã¯¯ë á ®¯¥-
à â®à®¬ (2.15). �¡®§­ ç¨¢ I1 = x+ �t, ­ ©¤¥¬, çâ® ¤«ï â®£® çâ®¡ë ãà ¢­¥­¨¥ (2.14) ¤®¯ãáª «®
£àã¯¯ã á ®¯¥à â®à®¬ (2.15), ­¥®¡å®¤¨¬® ¨ ¤®áâ â®ç­®, çâ®¡ë äã­ªæ¨ï f(I1; u; �) ¢ (2.14) ã¤®¢«¥-
â¢®àï«  ãà ¢­¥­¨î

(�'+ �1x+ �2)
@f

@I1
+ �1ufu + �2�f� � (n+ 1)�2f =

= �u('�1)0 +
�
'(�1x+ �2) + �'

Z
�1dt� 2�1�

�Z
�1dt

�2�0
�u�1: (5.1)

�®â ä ªâ, çâ® äã­ªæ¨ï f ¢ (5.1) ¤®«¦­  § ¢¨á¥âì «¨èì ®â I1, u, �, á­®¢  ­ « £ ¥â ¦¥áâª¨¥
ãá«®¢¨ï ­  ', �1, �2. �ã¤¥¬ ¨áª âì à¥è¥­¨¥ ­¥®¤­®à®¤­®£® ãà ¢­¥­¨ï (5.1) ¢ ¢¨¤¥

f = �u+ 
�u�1 + �I1�u
�1 + f0(I1; u; �); (5.2)

£¤¥ f0 | à¥è¥­¨¥ ¯à¨¢¥¤¥­­®£® ®¤­®à®¤­®£® ãà ¢­¥­¨ï, â ª¦¥ § ¢¨áïé¥¥ «¨èì ®â I1, u, �.
�¥âàã¤­® ­ ©â¨, çâ® ãà ¢­¥­¨¥ (5.1) ¨¬¥¥â à¥è¥­¨¥ ¢¨¤  (5.2) â®£¤  ¨ â®«ìª® â®£¤ , ª®£¤ 
äã­ªæ¨¨ ', �1, �2 ã¤®¢«¥â¢®àïîâ á¨áâ¥¬¥ ãà ¢­¥­¨©

('(�1 + �))0 = 0;

�(�2 + �('� t�1))� 
(�1 � '0) =
�
'

�
�2 + �

Z
�1dt

�
� 2�1�

�Z
�1dt

�2�0
� �t('�1)0; (5.3)

�'0 = ('�1)0:

�¥§ âàã¤  ­ å®¤¨âáï ®¡é¥¥ à¥è¥­¨¥ á¨áâ¥¬ë (5.3), ®­® ­ å®¤¨âáï ¢ ­¥ï¢­®© ä®à¬¥. �áâ ­®¢¨¬áï
­  ç áâ­ëå á«ãç ïå, ª®£¤  äã­ªæ¨¨ ', �1, �2 § ¤ îâáï ¢ ï¢­®¬ ¢¨¤¥.

1) ' = 0, �1(t) | ¯à®¨§¢®«ì­ ï äã­ªæ¨ï, �2(t) = ��1�1
�
��t + 
 � � R �1dt�. �ª §ë¢ ¥âáï, çâ®

äã­ªæ¨ï f0 ¢ (5.2) ­¥ ¤®«¦­  § ¢¨á¥âì ®â I1, ®âáî¤  ãà ¢­¥­¨¥

ut = (u2�n)x + "

�
l�1u+ (1� ��1�1)

�
�I1 � �

Z
�1dt

�
�u�1 + u (u��n�1)

�
; � = uux; (5.4)

¤®¯ãáª ¥â £àã¯¯ã á ®¯¥à â®à®¬

X� � @t +
�
��+ "

�
�1I1 � ��1��1

Z
�1dt

��
@x + "�1(lu@u + s�@�) (5.5)

(­¥ ã¬¥­ìè ï ®¡é­®áâ¨, ¬®¦­® ¯®«®¦¨âì 
 = 0, çâ® ¤®áâ¨£ ¥âáï § ¬¥­®© x+ 
��1 ­  x).
2) ' = '0, �1 = �0 ('0, �0 | ¯à®¨§¢®«ì­ë¥ ¯®áâ®ï­­ë¥), �2 ­ å®¤¨âáï ¨§ ¢â®à®£® ãà ¢­¥­¨ï

¢ (5.3)
�2 = c exp(�t'�1

0 ) + ��1(
�0 � �'0�
�1(� � �0)2 + ��0(� � �0)t):
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�ã­ªæ¨ï f0 á­®¢  ­¥ ¤®«¦­  § ¢¨á¥âì ®â I1, â®£¤  ãà ¢­¥­¨¥

ut = (u2�n)x + "[((� � �0)(I1 + (� � �0)�'0�
�2 � ��0��1t)�
� c exp(�t'�1

0 ))�u�1 + u (u��n�1)]; � = uux; (5.6)

¨­¢ à¨ ­â­® ®â­®á¨â¥«ì­® £àã¯¯ë á ®¯¥à â®à®¬

X� = (1 + "'0)@t + [��+ "(�0I1 + c exp(�t'�1
0 )� �'0(� � �0)2��2 �

� ��20��1t)]@x + "�0(lu@u + s�@�): (5.7)

3) �®«®¦¨¬ ' = at. �®£¤  ¨§ (5.3) á«¥¤ã¥â a = (2n + 1)� + (n + 1)�, �1 = � + ct�1 (c |
¯à®¨§¢®«ì­ ï ¯®áâ®ï­­ ï). � ¤¨ ã¯à®é¥­¨ï ¢ëª« ¤®ª ¯®« £ ¥¬ c = 0 ¨ ­ å®¤¨¬ á ¯®¬®éìî
¢â®à®£® ãà ¢­¥­¨ï ¢ (5.3)

�2 = bt(��a)a
�1

+ 


(b | ¯à®¨§¢®«ì­ ï ¯®áâ®ï­­ ï). �¥è¥­¨¥ f0 ¯à¨¢¥¤¥­­®£® ®¤­®à®¤­®£® ãà ¢­¥­¨ï á­®¢  ­¥ § -
¢¨á¨â ®â I1

f0 = u(n+1)(2�+�)��1 (u���(2�+�)
�1

):

�®á«¥ § ¬¥­ë x+ 
��1 ­  x, "� ­  ", b��1 ­  b, ���1 ­  �, a��1 ­  � ¯®«ãç ¥¬, çâ® ãà ¢­¥­¨¥

ut = (u2�n)x + "[u(n+1)(2�+1)��1 (u���(2�+1)�1)� bt(1��)��1�u�1]; � = uux; (5.8)

¨­¢ à¨ ­â­® ®â­®á¨â¥«ì­® £àã¯¯ë á ®¯¥à â®à®¬

X� = (1 + "�t)@t + (��+ "(x+ bt(1��)�
�1

))@x � "(�u@u + (1 + 2�)�@�: (5.9)

4) �®«®¦¨¬ ' = bt1=2, b | ¯à®¨§¢®«ì­ ï ¯®áâ®ï­­ ï. �§ (5.3) á«¥¤ã¥â � = �l�1�,
�1 = � + ct�1=2,

�2 = dt�1=2 exp(2�t1=2=b)� (2�c2 � 
�)��1 + (
c��1 � �bc2��2)t�1=2 � 2�ct1=2;

c, d | ¯à®¨§¢®«ì­ë¥ ¯®áâ®ï­­ë¥. �ã­ªæ¨ï f0 ®ª §ë¢ ¥âáï à ¢­®© ��n+1, � | ¯à®¨§¢®«ì­ ï
ª®­áâ ­â . �®á«¥ § ¬¥­ë x + 
��1 ­  x, "� ­  ", b��1 ­  b, c��1 ­  c, d��1 ­  d, ���1 ­  � ¢
ãà ¢­¥­¨¨ ¨ ®¯¥à â®à¥ ­ ©¤¥¬, çâ® ãà ¢­¥­¨¥

ut = (u2�n)x + "[(lc� 2�1sb)t�1=2u�
� (t�1=2(cx� �bc2 + d exp(2t1=2=b))� 2�c2)�u�1 + ��n+1]; � = uux; (5.10)

¤®¯ãáª ¥â £àã¯¯ã á ®¯¥à â®à®¬

X� = (1 + "bt1=2)@t + [��+ "(x� 2�c(c + t1=2) + t�1=2(cx+ d exp(2t1=2=b)� �bc2))]@x +
+ "t�1=2(l(c + t1=2)� 2sb)u@u + "st�1=2(c� b+ t1=2)�@�: (5.11)

�­¢ à¨ ­â­ë¥ à¥è¥­¨ï ¨­¢ à¨ ­â­ë¥ ãà ¢­¥­¨©, ¯®«ãç¥­­ëå ¢ ¯. 3{5, ¡ã¤¥¬ à áá¬ âà¨¢ âì
¢® ¢â®à®© ç áâ¨ ¤ ­­®© à ¡®âë.
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