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�®áâ ®¢ª  § ¤ ç¨

� áá¬®âà¨¬ á¨£ã«ïà® ¢®§¬ãé¥®¥ ¤¨ää¥à¥æ¨ «ì®¥ ãà ¢¥¨¥ (����)

L"y(x; ") � "3y000(x; ") + xea(x)y0(x; ") + b(x)y(x; ") = h(x) (0.1)

¯à¨ "! +0, x 2 I = [0; 1].
�« áá¨ç¥áª®¥ ãà ¢¥¨¥ �¨ã¢¨««ï ï¢«ï¥âáï ç áâë¬ á«ãç ¥¬ ���� (0.1) ¯à¨ b(x) � 0.

�®íâ®¬ã ª® ¢á¥¬ã ¬®£®®¡à §¨î § ¤ ç, ®â®áïé¨åáï ª ãà ¢¥¨î �¨ã¢¨««ï, ¤«ï ���� (0.1)
¤®¡ ¢«ïîâáï ¥é¥ ®¢ë¥ ®á®¡¥®áâ¨ ¨ âàã¤®áâ¨ ¨áá«¥¤®¢ ¨©. � ª,  ¯à¨¬¥à, ¤«ï ãà ¢¥-
¨ï �¨ã¢¨««ï ¢®§¬®¦ë ¤¢  ®á®¢ëå á«ãç ï ®â®á¨â¥«ì® § ª®¢ ª®íää¨æ¨¥â  ea(x). �á«¨ea(x)>0, â® ª®à¨ å à ªâ¥à¨áâ¨ç¥áª®£® ãà ¢¥¨ï ç¨áâ® ¬¨¬ë¥,   á ¬  â®çª  ¯®¢®à®â  ï¢«ï-
¥âáï áâ ¡¨«ì®©. �á«¨ ¦¥ ea(x) < 0, â® ª®à¨ å à ªâ¥à¨áâ¨ç¥áª®£® ãà ¢¥¨ï ¤¥©áâ¢¨â¥«ìë. �
íâ®¬ á«ãç ¥ â®çª  x = 0 | ¥áâ ¡¨«ì ï â®çª  ¯®¢®à®â  (®¤  ¨§ äãªæ¨© �©à¨ ¥®£à ¨ç¥®
¢®§à áâ ¥â   ¡¥áª®¥ç®áâ¨).

�«ï ���� (0.1) áâàãªâãà  à¥è¥¨ï ãà ¢¥¨ï (0.1) ã¦¥ áãé¥áâ¢¥® § ¢¨á¨â ®â § ª®¢
¤¢ãå ª®íää¨æ¨¥â®¢ ea(x) ¨ b(x). �®íâ®¬ã ¡ã¤¥¬ à §«¨ç âì á«¥¤ãîé¨¥ ®á®¢ë¥ à á¯®«®¦¥¨ï
§ ª®¢ íâ¨å äãªæ¨©.

�«ãç © 1. �ãáâì ea(x) > 0, b(x) < 0 ¯à¨ x 2 I. �®£¤  x = 0 ï¢«ï¥âáï áâ ¡¨«ì®© â®çª®©
¯®¢®à®â  ¤«ï ���� (0.1) ¨ ®¡é¥¥ à¥è¥¨¥ ¢ëà®¦¤¥®£® ãà ¢¥¨ï

L0!(x) � xea(x)!0(x) + b(x)!(x) = h(x) (0.2)

ï¢«ï¥âáï ¤®áâ â®ç® £« ¤ª¨¬ ¤«ï ¢á¥å x 2 [0; 1], á®¤¥à¦ é¥¥ ¯à®¨§¢®«ìãî ¯®áâ®ïãî ¨-
â¥£à¨à®¢ ¨ï. �â® ®§ ç ¥â, çâ® ¤«ï ¯®áâà®¥¨ï ®¤®£® «¨¥©® ¥§ ¢¨á¨¬®£® à¥è¥¨ï ����
(0.1) ¬®¦® ¨á¯®«ì§®¢ âì à¥è¥¨¥ ¢ëà®¦¤¥®£® ãà ¢¥¨ï (0.2). �â®â á«ãç © ¨§ãç¥  ¢â®à®¬
¢ [1].

�«ãç © 2. �ãáâì ea(x) < 0, b(x) > 0. � íâ®¬ á«ãç ¥ x = 0 ã¦¥ ¥áâ ¡¨«ì ï â®çª  ¯®¢®à®-
â  ¤«ï ���� (0.1). �® à¥è¥¨¥ ¢ëà®¦¤¥®£® ãà ¢¥¨ï ¢á¥ ¦¥ ¤®áâ â®ç® £« ¤ª®¥ ¤«ï ¢á¥å
x 2 [0; 1] ¨ â®¦¥ á®¤¥à¦¨â ¯à®¨§¢®«ìãî ¯®áâ®ïãî ¨â¥£à¨à®¢ ¨ï. �«¥¤®¢ â¥«ì®, ª ª ¨ ¢
¯¥à¢®¬ á«ãç ¥, ®® â®¦¥ ¬®¦¥â ¡ëâì ¨á¯®«ì§®¢ ® ¤«ï ¯®áâà®¥¨ï «¨¥©® ¥§ ¢¨á¨¬®£® à¥è¥-
¨ï ���� (0.1). �â®â á«ãç © ¯® áà ¢¥¨î á ¯à¥¤ë¤ãé¨¬ á«ãç ¥¬ ¥ ¢®á¨â ¯à¨æ¨¯¨ «ìëå
âàã¤®áâ¥© ¢ ¯®áâà®¥¨¥  á¨¬¯â®â¨ª¨ à¥è¥¨ï ���� (0.1). �ç¨âë¢ ï à §à ¡®â ãî ¬¥â®¤¨-
ªã ¯®áâà®¥¨ï à ¢®¬¥à® ¯à¨£®¤®©  á¨¬¯â®â¨ª¨ à¥è¥¨ï ¤«ï  «£¥¡à ¨ç¥áª¨å â®ç¥ª ¯®¢®à®â 
([2]{[5]) ¨ ¬¥â®¤¨ªã [1], c«ãç © 2 ¯à¥¤áâ ¢«ï¥â ¢ ®á®¢®¬ â®«ìª® â¥å¨ç¥áª¨¥ âàã¤®áâ¨.

�«ãç © 3. �ãáâì ea(x) > 0, b(x) > 0. �¤¥áì, ª ª ¨ ¢ ¯¥à¢®¬ á«ãç ¥, x = 0 ï¢«ï¥âáï áâ ¡¨«ì®©
â®çª®© ¯®¢®à®â  ¤«ï ���� (0.1). �¤ ª® à¥è¥¨¥ ¢ëà®¦¤¥®£® ãà ¢¥¨ï ¨ ¥£® ¯à®¨§¢®¤ë¥
ã¦¥ ¥ ï¢«ïîâáï ¤®áâ â®ç® £« ¤ª¨¬¨ ¢ â®çª¥ x = 0,   ¨¬¥®, à¥è¥¨¥ ¢ëà®¦¤¥®£® ãà ¢¥-
¨ï ¨¬¥¥â à §àë¢ ¢â®à®£® à®¤  ¢ â®çª¥ ¯®¢®à®â . �®íâ®¬ã ®® ¥ ¬®¦¥â ¡ëâì ¨á¯®«ì§®¢ ® ¤«ï
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¯®áâà®¥¨ï «¨¥©® ¥§ ¢¨á¨¬®£® à¥è¥¨ï ���� (0.1). �â®â á«ãç © ã¦¥ ¢®á¨â ¯à¨æ¨¯¨ «ì-
ë¥ âàã¤®áâ¨ ¢ ¯®áâà®¥¨¥  á¨¬¯â®â¨ª¨ à¥è¥¨ï ���� (0.1) ¯® áà ¢¥¨î á ¯à¥¤ë¤ãé¨¬¨
¤¢ã¬ï á«ãç ï¬¨.

�«ãç © 4. �ãáâì ea(x) < 0, b(x) < 0. �®£¤  x = 0, ª ª ¨ ¢® ¢â®à®¬ á«ãç ¥, ï¢«ï¥âáï ¥áâ ¡¨«ì-
®© â®çª®© ¯®¢®à®â  ¤«ï ãà ¢¥¨ï (0.1). �¥è¥¨¥ ¢ëà®¦¤¥®£® ãà ¢¥¨ï ¨ ¥£® ¯à®¨§¢®¤ë¥
¯®   «®£¨¨ á âà¥âì¨¬ á«ãç ¥¬ ¥ ï¢«ïîâáï £« ¤ª¨¬¨ ¢ â®çª¥ x = 0. �®íâ®¬ã ®® â®¦¥ ¥
¬®¦¥â ¡ëâì ¨á¯®«ì§®¢ ® ¤«ï ¯®áâà®¥¨ï «¨¥©® ¥§ ¢¨á¨¬®£® à¥è¥¨ï ���� (0.1). �«ãç ©
4 ã¦¥ ¥ ¢®á¨â ¯à¨æ¨¯¨ «ìëå âàã¤®áâ¥© ¢ ¯®áâà®¥¨¥  á¨¬¯â®â¨ª¨ à¥è¥¨ï ���� (0.1).

� íâ®© à ¡®â¥ ãà ¢¥¨¥ (0.1) ¡ã¤¥¬ ¨áá«¥¤®¢ âì ¯à¨ ¢ë¯®«¥¨¨ á«¥¤ãîé¨å ãá«®¢¨©.
�á«®¢¨¥ 10. a(x); b(x); h(x) 2 C1[I].
�á«®¢¨¥ 20. a(x) = xea(x), ¯à¨ç¥¬ ea(x) > 0, b(x) > 0 ¯à¨ x 2 I.
�§ãç¨¬ á«ãç © 3. �®   «®£¨¨ á [1], à §« £ ï ¢ àï¤ � ª«®à¥ , ¯®«ãç¨¬ à ¢¥áâ¢ 

b(x)
xea(x) = �

x
+ �(x);

h(x)ea(x) = q + x(x); (0.3)

£¤¥ �(x) ¨ (x) |   «¨â¨ç¥áª¨¥ äãªæ¨¨ ¢ ®ªà¥áâ®áâ¨ â®çª¨ x = 0, ¯à¨ç¥¬ (0) 6= 0. �®¢ 
¯à¥¤¯®«®¦¨¬, çâ® � 2 N . � ®¡®§ ç¥¨ïå (0.3) á æ¥«ìî ¤ «ì¥©è¨å ã¤®¡áâ¢ § ª ¯ à ¬¥âà 
� ¨§¬¥¥   ¯à®â¨¢®¯®«®¦ë© ¯® áà ¢¥¨î á ®¡®§ ç¥¨¥¬, ¢¢¥¤¥ë¬ ¢ [1]. �®áª®«ìªã ¢
 è¥¬ á«ãç ¥ � > 0, â® à¥è¥¨¥ ¢ëà®¦¤¥®£® ãà ¢¥¨ï (0.2) ã¦¥ ¥ ï¢«ï¥âáï ¤®áâ â®ç®
£« ¤ª®© äãªæ¨¥© ¢ ®ªà¥áâ®áâ¨ â®çª¨ x = 0. �®íâ®¬ã, ª ª ã¦¥ ¡ë«® áª § ®, íâ® à¥è¥¨¥
¥«ì§ï ¨á¯®«ì§®¢ âì ¢ ï¢®¬ ¢¨¤¥ ¤«ï ¯®áâà®¥¨ï à ¢®¬¥à® ¯à¨£®¤®©  á¨¬¯â®â¨ª¨ à¥è¥¨ï
���� (0.1).

� [2]{[5] à §à ¡®â  ¬¥â®¤ ¯®áâà®¥¨ï à ¢®¬¥à® ¯à¨£®¤®£®  á¨¬¯â®â¨ç¥áª®£® à¥è¥¨ï ��-
�� á  «£¥¡à ¨ç¥áª®© â®çª®© ¯®¢®à®â  ¡¥§ ï¢®£® ¨á¯®«ì§®¢ ¨ï à¥è¥¨ï ¢ëà®¦¤¥®£® ãà ¢-
¥¨ï.

1. � áè¨à¥¨¥ ¢®§¬ãé¥®£® ãà ¢¥¨ï

� àï¤ã á ¥§ ¢¨á¨¬®© ¯¥à¥¬¥®© x 2 I ¢¢¥¤¥¬ ®¢ãî ¯¥à¥¬¥ãî t, ª®â®àãî ¢ ®â«¨ç¨e ®â
[1] áà §ã ®¯à¥¤¥«¨¬ ¢ ¢¨¤¥

t � "�1
�
3
2

Z x

0

q
xea(x)dx�2=3

� "�1'(x) � �(x; "); (1.1)

â. ¥. à¥£ã«ïà¨§ãîé ï ¯¥à¥¬¥ ï (1.1) á®¢¯ ¤ ¥â á á®®â¢¥âáâ¢ãîé¥© à¥£ã«ïà¨§ãîé¥© ¯¥à¥¬¥-
®©, ¢¢¥¤¥®© ¢ [1].

� ¢¢®¤®¬ ¤®¯®«¨â¥«ì®© ¯¥à¥¬¥®© t ¢ ¢¨¤¥ (1.1) á®£« á® ¬¥â®¤ã à¥£ã«ïà¨§ æ¨¨ áãé¥-
áâ¢¥® ®á®¡ëå äãªæ¨© (���) ¤«ï ®¯à¥¤¥«¥¨ï à áè¨à¥®© äãªæ¨¨ ey(x; t; ") ¯®«ãç¨¬ à á-
è¨à¥®¥ ãà ¢¥¨¥

eL"ey(x; t; ") = h(x); (1.2)

¢ ª®â®à®¬ à áè¨à¥ë© ®¯¥à â®à eL" ¨¬¥¥â ¢¨¤

eL" � ['0(x)]3
@3

@t3
+ "

�
3['0(x)]2

@

@x
+ 3'0(x)'00(x)

�
@2

@t2
+ "2

�
3'0(x)

@2

@x2
+

+ 3'00(x)
@

@x
+ '000(x)

�
@

@t
+ a(x)

�
"�1'0(x)

@

@t
+

@

@x

�
+ "3

@3

@x3
+ b(x): (1.3)

�ë¤¥«¨¬ ¬®¤¥«ìë© ®¯¥à â®à

eT � @3

@t3
+ t

@

@t
� T

@

@t
(1.4)
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á«¥¤ãîé¨¬ ®¡à §®¬:

['0(x)]3
@3

@t3
+ "�1'0(x)a(x)

@

@t
� ['0(x)]3

�
@3

@t3
+

a(x)
['0(x)]2

"
@

@t

�
� ['0(x)]3 eT; (1.5)

£¤¥
a(x)

"['0(x)]2
� t

��
t="�1'(x)

� "�1'(x):

� ãç¥â®¬ â®¦¤¥áâ¢  (1.5) à áè¨à¥ë© ®¯¥à â®à (1.3) § ¯¨è¥¬ ¢ ¢¨¤¥

eL" � ['0(x)]3 eT+ L0 + "d
@2

@t2
+ "2m

@

@t
+ "3

@3

@x3
; (1.6)

£¤¥

L0 � a(x)
@

@x
+ b(x); (1.7)

d � 3['0(x)]2
@

@x
+ 3'0(x)'00(x); m � 3'0(x)

@2

@x2
+ 3'00(x)

@

@x
+ '000(x): (1.8)

� ¬¥ç ¨¥ 1. �¥§ã«ìâ âë íâ®£® ¯ãªâ  ä®à¬ «ì® ¯®«®áâìî á®¢¯ ¤ îâ á á®®â¢¥âáâ¢ãî-
é¨¬¨ à¥§ã«ìâ â ¬¨, ®¯¨á ë¬¨ ¢ [1].

2. �à®áâà áâ¢  ¡¥§à¥§® áëå à¥è¥¨©

�¢¥¤¥¬ ¬®¦¥áâ¢  (¯®¤¯à®áâà áâ¢ ) äãªæ¨©

Yrk =
�
Vrk(x)Uk(t) +Qrk(x)U 0k(t)

	
; k = 1; 2;

Yr3 =
�
fr(x)	(t) + gr(x)	

0(t)
	
; Xr =

�
!r(x)

	
:

(2.1)

�¤¥áì Vrk(x), Qrk(x), fr(x), gr(x), !r(x) 2 C1[I], Uk(t) | äãªæ¨¨ �©à¨{�®à®¤¨æë  [6], â. ¥.
¤¢  «¨¥©® ¥§ ¢¨á¨¬ëx à¥è¥¨ï ¬®¤¥«ì®£® ãà ¢¥¨ï U 00(t) + tU(t) = 0,  

	(t) � U2(t)
Z t

1

U1(�)d� � U1(t)
Z t

1

U2(�)d�: (2.2)

�ª ¦¥¬   ¥ª®â®àë¥ á¢®©áâ¢  ��� (2.2).
1. �¬¥îâ ¬¥áâ® â®¦¤¥áâ¢ 

	0(t) � U 02(t)
Z t

1

U1(�)d� � U 01(t)
Z t

1

U2(�)d�;

	00(t) � 1� t	(t); 	(3)(t) � �	(t)� t	0(t)
��
t="�1'(x)

� �	(t)� "�1'(x)	0(t); (2.3)

	(4)(t) � �2	0(t) + t2
��
t="�1'(x)

�	(t)� t
��
t="�1'(x)

� �2	0(t) + "�2'2(x)	(t)� "�1'(x):

2. �à®¬¥ â®£®, ¨¬¥îâ ¬¥áâ® à ¢¥áâ¢ eT	(t) = 1; eT	0(t) = �2	0(t); (2.4)

â. ¥. ��� 	(t) ¨ 	0(t) ¨¢ à¨ âë ®â®á¨â¥«ì® ¬®¤¥«ì®£® ®¯¥à â®à  (1.4).
3. �ç¨âë¢ ï â®ç¥çë¥ § ç¥¨ï ¤«ï ��� Uk(t) (á¬. [6], [7]), «¥£ª® ¯®«ãç¨âì â®ç¥çë¥ § -

ç¥¨ï

	(0) = 31=3�
�
4
3

�
� 3�2=3�

�
1
3

�
; 	0(0) = �3�1=3�

�
2
3

�
:

� ª¨¬ ®¡à §®¬, ��� 	(t), ª®â®à®¥ ¡ã¤¥â ¨£à âì ®á®¢ãî à®«ì ¢ ¯®áâà®¥¨¨ âà¥âì¥£® «¨-
¥©® ¥§ ¢¨á¨¬®£® à¥è¥¨ï ���� (0.1), ã¤®¢«¥â¢®àï¥â § ¤ ç¥

	00(t) + t	(t) = 1; 	(0) = 31=3�
�
4
3

�
; 	0(0) = �3�1=3�

�
2
3

�
: (2.5)
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�ãé¥áâ¢¥® ®á®¡ ï äãªæ¨ï	(t) ¢¯¥à¢ë¥ ¡ë«  ¢¢¥¤¥  ¢ ([7], cá. 199, 212), £¤¥ ¡ë«¨ ¨§ãç¥ë
¥¥ á¢®©áâ¢  ¯à¨ t ! +1. �¤ ª® ¢ ([7], á. 198) ¤®¯ãé¥  â¥å¨ç¥áª ï ®è¨¡ª  ¯à¨  ¯¨á ¨¨
§ ç¥¨ï ¯®áâ®ï®© a,   á«¥¤®¢ â¥«ì®, ¨  ç «ì®¥ § ç¥¨¥ 	(0) ®¯à¥¤¥«¥® ¥¯à ¢¨«ì®.

�à ¢¨«ì®© ¡ã¤¥â ä®à¬ã«  a = 3
p
3�
�
2
3

�
=

+1R
0

U1(�)d� .

�§ ¯®¤¯à®áâà áâ¢ (2.1) á®áâ ¢¨¬ ®¢®¥ ¯à®áâà áâ¢® ¡¥§à¥§® áëå à¥è¥¨© (���)

Yr =
3M

k=1

Yrk
M

Xr: (2.6)

�«¥¬¥â ��� (2.6) ¨¬¥¥â ¢¨¤

yr(x; t) =
3X

k=1

yrk(x; t): (2.7)

�¤¥áì

yrk(x; t) � [Vrk(x)Uk(t) +Qrk(x)U 0k(t)] 2 Yrk; k = 1; 2; (2.8)

yr3(x; t) � Fr(x; t) + !r(x) � [fr(x)	(t) + gr(x)	
0(t) + !r(x)] 2 Yr3

M
Xr: (2.9)

�à ¢¨¢ ï ®¯¨á ë¥ ��� (2.6) á ���, ¢¢¥¤¥ë¬¨ ¢ [1], ¬®¦® áª § âì á«¥¤ãîé¥¥. �®¤¯à®-
áâà áâ¢  Yrk, k = 1; 2, ¢¢¥¤¥ë¥ ¢ íâ®© à ¡®â¥, ¥ á®¤¥à¦ â ���Wk(t),   ¢¬¥áâ® ¨å ¬ë ¨¬¥¥¬
��� 	(t) ¨ ¥¥ ¯à®¨§¢®¤ãî, â. ¥. ¯®¤¯à®áâà áâ¢  Yr3 ¢®®¡é¥ ¥ ¡ë«® ¢ à ¡®â¥ [1].

�  ¯¥à¢ë© ¢§£«ï¤ ª ¦¥âáï, çâ® ¨á¯®«ì§ã¥¬ë¥ ��� ï¢«ïîâáï ¤®áâ â®ç® á«®¦ë¬¨ äãª-
æ¨ï¬¨,   á«¥¤®¢ â¥«ì®, ¨ ¯à¥¤«®¦¥ë© ¬¥â®¤ âàã¤® ¯à¨¬¥¨âì   ¯à ªâ¨ª¥. � ¤¥©áâ¢¨â¥«ì-
®áâ¨ ¢¢¥¤¥ë¥  ¬¨ ��� ¥ ¢®áïâ § ç¨â¥«ìëå âàã¤®áâ¥© ¢ ¯à¥¤«®¦¥ë© ¬¥â®¤ ¨§-§ 
á«¥¤ãîé¥£®.

1. �á¨¬¯â®â¨ª  ¯®áâà®¥®£® à¥è¥¨ï á «î¡®© áâ¥¯¥ìî â®ç®áâ¨ ®â®á¨â¥«ì® ¬ «®£® ¯ -
à ¬¥âà  á®¤¥à¦¨â â®«ìª® ª®¥ç®¥ ª®«¨ç¥áâ¢® ���.

2. �ãé¥áâ¢¥® ®á®¡ë¥ äãªæ¨¨ ï¢«ïîâáï à¥è¥¨ï¬¨  ¨¡®«¥¥ ¯à®áâëå ¤¨ää¥à¥æ¨ «ìëå
ãà ¢¥¨©,  áª®«ìª® íâ® ¢®§¬®¦® ¢ à ¬ª å ¨áá«¥¤ã¥¬®£® ����.

3. � ¨á¯®«ì§®¢ ¨¥¬ ¨¤¨¢¨¤ã «ìëå ª®¬¯ìîâ¥à®¢ «¥£ª® ¯®áâà®¨âì £à ä¨ª¨ à¥è¥¨© íâ¨å
ãà ¢¥¨© ¨ ¯®«ãç¨âì ç¨á«®¢ë¥ § ç¥¨ï ¤«ï ¨á¯®«ì§ã¥¬ëå ���.

�§ãç¨¬ ¤¥©áâ¢¨¥ à áè¨à¥®£® ®¯¥à â®à  eL" (á¬. (1.6){(1.8))   í«¥¬¥â ��� (2.6), â. ¥.
  í«¥¬¥â (2.7). � ãç¥â®¬ â®¦¤¥áâ¢ (2.3) ¨ (2.4) ¯®«ãç¨¬ à¥§ã«ìâ â ¤¥©áâ¢¨ï à áè¨à¥®£®
®¯¥à â®à  eL"   í«¥¬¥â yr(x; t) 2 Yr ¢ ¢¨¤¥ â®¦¤¥áâ¢ 

eL"yr(x; t) �
3X

s=0

"sRsyr(x; t) �
3X

s=0

"s

(
2X

k=1

Rskyrk(x; t) +Rs3Fr(x; t)

)
+ L"!r(x); (2.10)

£¤¥ ®¯¥à â®àë Rs ¢ ¨å ¤¥©áâ¢¨¨   yr(x; t) 2 Yr ¬®¦® ¯à¥¤áâ ¢¨âì ¢ ¢¨¤¥ â®¦¤¥áâ¢

R0yr(x; t) �
2X

k=1

fD1Vrk(x)Uk(t) +D2Qrk(x)U 0k(t)g+D1fr(x)	(t) +D2gr(x)	0(t) +

+ L0!r(x) �
2X

k=1

R0kyrk(x; t) +R03Fr(x; t) + L0!r(x); (2.11)

R1yr(x; t) � � [d+ '(x)m]

"
2X

k=1

Qrk(x)Uk(t) + gr(x)	(t)

#
+

+ dfr(x) �
2X

k=1

R1kyrk(x; t) +R13Fr(x; t); (2.12)
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R2yr(x; t) �m

(
2X

k=1

Vrk(x)U 0k(t) + fr(x)	0(t) + gr(x)

)
�

�
2X

k=1

R2kyrk(x; t) +R23Fr(x; t); (2.13)

R3yr(x; t) � @3yr(x; t)
@x3

�
2X

k=1

@3yrk(x; t)
@x3

+
@3Fr(x; t)

@x3
+ !000r (x) �

�
2X

k=1

R3kyrk(x; t) +R33Fr(x; t) + !000r (x): (2.14)

�¤¥áì ¯®   «®£¨¨ á [1] ¢¢¥¤¥ë ®¡®§ ç¥¨ï

D1 � L0 � ['0(x)]3 � '(x)d � �2a(x) @
@x

+ b1(x); D2 � �2a(x) @
@x

+ b2(x); (2.15)

£¤¥

b1(x) � b(x)� ['0(x)]3 � 3'(x)'0(x)'00(x);

b2(x) � b(x)� 2['0(x)]3 � 3'(x)'0(x)'00(x):
(2.16)

�§ ¯®«ãç¥ëå â®¦¤¥áâ¢ (2.10){(2.16) ¬®¦® á¤¥« âì á«¥¤ãîé¨¥ ¢ë¢®¤ë.
1. �à®áâà áâ¢  ¡¥§à¥§® áëå à¥è¥¨© (2.6) ¨¢ à¨ âë ®â®á¨â¥«ì® ®¯¥à â®à®¢ Rs,

s = 0; 3,   á«¥¤®¢ â¥«ì®, ¨ ®â®á¨â¥«ì® à áè¨à¥®£® ®¯¥à â®à  eL", ¯à¥¤áâ ¢¨¬®£® ¢ ¢¨¤¥
â®¦¤¥áâ¢  (2.10).

2. �¯¥à â®à R0 ï¢«ï¥âáï £« ¢ë¬ ®¯¥à â®à®¬ à áè¨à¥®£® ®¯¥à â®à  eL" ¢ ��� (2.6).
3. � ¦¤®¥ ¨§ ¯®¤¯à®áâà áâ¢ Yr1, Yr2 ¨ Yr3

L
Xr ¨¢ à¨ â® ®â®á¨â¥«ì® à áè¨à¥®£®

®¯¥à â®à  eL". �â® á¢®©áâ¢® ¯®§¢®«¨â áâà®¨âì ¥§ ¢¨á¨¬® ®¤® ®â ¤àã£®£® à¥è¥¨ï à áè¨à¥®£®
ãà ¢¥¨ï (1.2) ¢ á®®â¢¥âáâ¢ãîé¨å ¯®¤¯à®áâà áâ¢ å,   á«¥¤®¢ â¥«ì®, ¨ à¥è¥¨ï ¨§ãç ¥¬®£®
ãà ¢¥¨ï (0.1).

4. � áè¨à¥®¥ ãà ¢¥¨¥ (1.2) à¥£ã«ïà® ¢®§¬ãé¥® ®â®á¨â¥«ì® ¬ «®£® ¯ à ¬¥âà  ">0
¢ ��� Yr. � ª¨¬ ®¡à §®¬,  ¬¨ ¯à®¢¥¤¥  à¥£ã«ïà¨§ æ¨ï ���� (0.1).

3. �®à¬ «¨§¬ ¯®áâà®¥¨ï àï¤  à¥è¥¨© à áè¨à¥®£® ãà ¢¥¨ï

�  ®á®¢ ¨¨ á¤¥« ëå ¢ë¢®¤®¢  á¨¬¯â®â¨ç¥áª¨¥ à¥è¥¨ï ®¤®à®¤®£® à áè¨à¥®£®
ãà ¢¥¨ï (1.2) áâà®¨¬ ®â¤¥«ì® ¢ ¢¨¤¥ àï¤®¢

yk(x; t; ") =
+1X
r=0

"ryrk(x; t); k = 1; 3; (3.1)

£¤¥ yrk(x; t) 2 Yrk, k = 1; 2, yr3(x; t) 2 Yr3
L

Xr:

�á®¢®© æ¥«ìî ¤ ®© à ¡®âë ï¢«ï¥âáï ¯®áâà®¥¨¥ âà¥âì¥£® à¥è¥¨ï à áè¨à¥®£® ãà ¢-
¥¨ï (1.2), ª®â®à®¥ ¡ã¤¥â ®¯¨á ® á ¨á¯®«ì§®¢ ¨¥¬ ��� 	(t) ¨ 	0(t). � [1] ®¯¨á   áå¥¬ 
¯®áâà®¥¨ï à¥è¥¨© á ¨á¯®«ì§®¢ ¨¥¬ ��� Uk(t), k = 1; 2, ¨ ¨å ¯à®¨§¢®¤ëå. �®íâ®¬ã ¢ ¤ «ì-
¥©è¥¬ ¢á¥ â®, çâ® ª á ¥âáï ¯®áâà®¥¨ï ¯¥à¢ëå ¤¢ãå à¥è¥¨© ãà ¢¥¨ï (0.1), ¡ã¤¥¬ ¯à®¢®¤¨âì
áå¥¬ â¨ç¥áª¨.

�ç¨âë¢ ï «¨¥©ãî ¥§ ¢¨á¨¬®áâì ��� Uk(t), 	(t) ¨ ¨å ¯à®¨§¢®¤ëå, ¤«ï ®¯à¥¤¥«¥¨ï
¥¨§¢¥áâëå ª®íää¨æ¨¥â®¢ àï¤®¢ (3.1) (á¬. (2.7), (2.9)) ¯®«ãç¨¬ à¥ªãàà¥âë¥ á¨áâ¥¬ë ãà ¢-
¥¨©

D1Vrk(x) = [d+ '(x)m]Q(r�1)k(x)� V 000

(r�3)k(x); (3.2)

D2Qrk(x) = �mV(r�2)k(x)�Q000(r�3)(x) (3.3)
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¨

L0!r(x) = �dfr�1(x)�mgr�2(x)� !000r�3(x); (3.4)

D1fr(x) = [d+ '(x)m]gr�1(x)� f 000r�3(x); (3.5)

D2gr(x) = �mfr�2(x)� g000r�3(x): (3.6)

� íâ¨å, ª ª ¨ ¢ ¯®á«¥¤ãîé¨å ä®à¬ã« å, ¢á¥ äãªæ¨¨ á ®âà¨æ â¥«ìë¬¨ ¨¤¥ªá ¬¨ ¡ã¤ãâ â®-
¦¤¥áâ¢¥® à ¢ë ã«î.

� ª ã¦¥ ¡ë«® áª § ®, ¤«ï ã¯à®é¥¨ï ¨§«®¦¥¨ï ¡®«¥¥ ª®ªà¥â® ®¯¨è¥¬ ¯à®æ¥áá ¯®áâà®-
¥¨ï âà¥âì¥£® «¨¥©® ¥§ ¢¨á¨¬®£® à¥è¥¨ï ®¤®à®¤®£® ���� (0.1). �ã¤¥¬ áç¨â âì h(x) � 0.
� «ì¥©è¨¥ ¨áá«¥¤®¢ ¨ï à¥è¥¨© ¯®«ãç¥ëå ¤¨ää¥à¥æ¨ «ìëå ãà ¢¥¨© (3.2){(3.6) ¡ã-
¤ãâ áãé¥áâ¢¥® ®â«¨ç âìáï ®â   «®£¨çëå ¨áá«¥¤®¢ ¨©, ¯à®¢¥¤¥ëå ¢ [1].

� ¯®¬¨¬, çâ® á®£« á® ¯®áâ ®¢ªe § ¤ ç¨, ®¯¥à â®à L0 ¥ ¯®§¢®«ï¥â ¯®áâà®¨âì ®¡é¨¥, ¤®-
áâ â®ç® £« ¤ª¨¥ à¥è¥¨ï ¤¨ää¥à¥æ¨ «ìëå ãà ¢¥¨© (3.4). �®íâ®¬ã ¡ã¤¥¬ áâà®¨âì â®«ìª®
ç áâë¥ à¥è¥¨ï íâ¨å ãà ¢¥¨©.

� ª¨¬ ®¡à §®¬, ¯à¨áâã¯ ¥¬ ª à¥è¥¨î á¥à¨¨ à¥ªãàà¥âëå ¤¨ää¥à¥æ¨ «ìëå ãà ¢¥¨©
(3.4){(3.6). �à¨ r = 0 ®¯à¥¤¥«¨¬ ç áâ®¥, ¤®áâ â®ç® £« ¤ª®¥ à¥è¥¨¥ !0(x) � 0 ¨ ¯®«ãç¨¬
®¤®à®¤ë¥ ¤¨ää¥à¥æ¨ «ìë¥ ãà ¢¥¨ï

D1f0(x) = 0; D2g0(x) = 0: (3.7)

�¡é¨¬¨ à¥è¥¨ï¬¨ ¤¨ää¥à¥æ¨ «ìëå ãà ¢¥¨© (3.5) ¨ (3.6) ¡ã¤ãâ äãªæ¨¨

f0(x) = C exp
�Z x

1

b1(x)
2xea(x)dx

�
; g0(x) = C exp

�Z x

1

b2(x)
2xea(x)dx

�
: (3.8)

�« ¤ª®áâì íâ¨å à¥è¥¨©   ¢á¥¬ ®âà¥§ª¥ I, ¢ª«îç ï ¨ â®çªã ¯®¢®à®â , áãé¥áâ¢¥® § ¢¨á¨â
®â § ª®¢ ¢ëà ¦¥¨© bi(0)

2ea(0) , i = 1; 2. �®íâ®¬ã § ©¬¥¬áï ¨áá«¥¤®¢ ¨¥¬ á®¤¥à¦ é¨åáï ¢ (3.8)

¯®¤¨â¥£à «ìëå äãªæ¨©. �ç¨âë¢ ï ®¡®§ ç¥¨ï (0.3) ¨ â®¦¤¥áâ¢  (2.16), ¨¬¥¥¬

b1(0)
2ea(0) = b(0)� ['0(0)]3

2ea(0) =
1
2
[�� 1] = �1;

b2(0)
2ea(0) = b(0) � 2['0(0)]3

2ea(0) =
1
2
�� 1 = �2:

�®áª®«ìªã ¢ ¨áá«¥¤ã¥¬®¬ á«ãç ¥ � 2 N , â® ¢®§¬®¦ë ¤¢  á«ãç ï.
�«ãç © 1. �ãáâì � = 2n | ç¥â®¥ ç¨á«®, n 2 N . �®£¤  �1 = n� 1

2
¥ ï¢«ï¥âáï  âãà «ìë¬

ç¨á«®¬,   �2 = n� 1 |  âãà «ì®¥ ç¨á«® ¨«¨ �2 = 0 ¯à¨ � = 2.
�á«¨ �1 = n � 1

2
| ¤®áâ â®ç® ¡®«ìè®¥ ç¨á«®, â® ¤«ï ¯®áâà®¥¨ï  á¨¬¯â®â¨ª¨ «¨¥©®

¥§ ¢¨á¨¬®£® à¥è¥¨ï á ®¯à¥¤¥«¥®© áâ¥¯¥ìî â®ç®áâ¨ ®â®á¨â¥«ì® ¬ «®£® ¯ à ¬¥âà  " > 0
¬®¦® ¡ë«® ¡ë ¨á¯®«ì§®¢ âì à¥è¥¨ï ¤¨ää¥à¥æ¨ «ìëå ãà ¢¥¨© (3.5). �¤ ª®, ¯®áª®«ìªã
¢ íâ®¬ á«ãç ¥ ç¨á«® 1

2
��1 = �2 ï¢«ï¥âáï æ¥«ë¬ ¥®âà¨æ â¥«ìë¬ ç¨á«®¬, â®, ¨á¯®«ì§ãï ®¡é¨¥

à¥è¥¨ï ¤¨ää¥à¥æ¨ «ìëå ãà ¢¥¨© (3.6) ¨ ç áâë¥ à¥è¥¨ï ¤¨ää¥à¥æ¨ «ìëå ãà ¢¥¨©
(3.5), ¬ë ¯®áâà®¨¬ à ¢®¬¥à® ¯à¨£®¤ãî  á¨¬¯â®â¨ªã «¨¥©® ¥§ ¢¨á¨¬®£® à¥è¥¨ï ����
(0.1) á «î¡®© áâ¥¯¥ìî â®ç®áâ¨ ®â®á¨â¥«ì® ¬ «®£® ¯ à ¬¥âà  " > 0   ¢á¥¬ ®âà¥§ª¥ I,
¢ª«îç ï ¨ â®çªã ¯®¢®à®â  x = 0.

�«ãç © 2. �ãáâì � = 2n � 1 | ¥ç¥â®¥ ç¨á«®, n 2 N . �®£¤  �1 = n � 1 | æ¥«®¥ ¥®âà¨æ -
â¥«ì®¥ ç¨á«®,   �2 = n � 3

2
¥ ï¢«ï¥âáï  âãà «ìë¬ ç¨á«®¬. � íâ®¬ á«ãç ¥ ¤«ï ¯®áâà®¥¨ï

à ¢®¬¥à® ¯à¨£®¤®©  á¨¬¯â®â¨ª¨ «¨¥©® ¥§ ¢¨á¨¬®£® à¥è¥¨ï ���� (0.1) á «î¡®© áâ¥-
¯¥ìî â®ç®áâ¨ ®â®á¨â¥«ì® ¬ «®£® ¯ à ¬¥âà  " > 0   ¢á¥¬ ®âà¥§ª¥ I ¡ã¤¥¬ ¨á¯®«ì§®¢ âì
ç áâë¥ à¥è¥¨ï ¥®¤®à®¤ëå ¤¨ää¥à¥æ¨ «ìëå ãà ¢¥¨© (3.6) ¨ ®¡é¨¥ à¥è¥¨ï ¤¨ää¥-
à¥æ¨ «ìëå ãà ¢¥¨© (3.5), â. ¥.  ®¡®à®â ¯® áà ¢¥¨î á ¯à¥¤ë¤ãé¨¬ á«ãç ¥¬.

�«ï ®¯à¥¤¥«¥®áâ¨ ¡ã¤¥¬ ¯à¥¤¯®« £ âì, çâ® � = 2n, â. ¥. �2 = n� 1 |  âãà «ì®¥ ç¨á«®.
�®£¤  á®£« á® á«ãç î 1 ç áâë¬¨ ¨ ¤®áâ â®ç® £« ¤ª¨¬¨ à¥è¥¨ï¬¨ ãà ¢¥¨© (3.4) ¨ (3.5)
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¡ã¤ãâ !0(x) � f0(x) � 0,  

gr(x) = Cr3 exp
�Z x

1

b2(x)
2xea(x)dx

�
� Cr3x

�2eg(x); r = 0; (3.9)

£¤¥ eg(x) | ¤®áâ â®ç® £« ¤ª ï äãªæ¨ï ¯à¨ x 2 I, ¯à¨ç¥¬ eg(0) 6= 0. �¥  àãè ï ®¡é®áâ¨,
¬®¦® ¢§ïâì Cr3 = 1, r = 0;+1.

�à¨ r = 1 á®¢  ¨¬¥¥¬ !1(x) � 0 ¨ ¯®«ãç¨¬ ¤¨ää¥à¥æ¨ «ìë¥ ãà ¢¥¨ï

D1f1(x) = [d+ '(x)m]g0(x) � G1(x); (3.10)

D2gr(x) = 0: (3.11)

�®£« á® ¯à¥¤«®¦¥®¬ã  «£®à¨â¬ã ®¯à¥¤¥«¨¬ ç áâ®¥, ¤®áâ â®ç® £« ¤ª®¥ à¥è¥¨¥ ¤¨ää¥-
à¥æ¨ «ì®£® ãà ¢¥¨ï (3.10), ã¤®¢«¥â¢®àïîé¥¥ ãá«®¢¨î jf(0)j <1. �¥£ª® ¯à®¢¥à¨âì, çâ®

f1(0) =
G1(0)
b1(0)

=
3ea(0)�2 e�0(0)
b(0) � ea(0) x�2�1

����
x=0

;

â. ¥. f1(0) = 0 ¯à¨ �2 � 2 ¨ f1(0) 6= 0 ¯à¨ �2 = 1.
�¡é¥¥ à¥è¥¨¥ ¤¨ää¥à¥æ¨ «ì®£® ãà ¢¥¨ï (3.11) ¯à¥¤áâ ¢¨¬® ¢ ¢¨¤¥ ä®à¬ã«ë (3.9) ¯à¨

r = 1.
� ç¨ ï á r � 2, ¯®«ãç¨¬ ¥®¤®à®¤ë¥ ¤¨ää¥à¥æ¨ «ìë¥ ãà ¢¥¨ï (3.4) ®â®á¨â¥«ì®

¥¨§¢¥áâëå äãªæ¨© !r(x). �®áª®«ìªã â®çª  x = 0 ï¢«ï¥âáï à¥£ã«ïà®© ®á®¡®© â®çª®©, â® ¢á¥-
£¤  ¬®¦® ®¯à¥¤¥«¨âì ¤®áâ â®ç® £« ¤ª¨¥ à¥è¥¨ï íâ¨å ãà ¢¥¨©, ã¤®¢«¥â¢®àïîé¨¥ ãá«®¢¨î
j!r(0)j <1, r � 0.

�à®¤®«¦ ï ¤ «¥¥ ¨â¥à æ¨®ë© ¯à®æ¥áá, ¯®«ãç¨¬ ¤®áâ â®ç® £« ¤ª¨¥   ¢á¥¬ ®âà¥§ª¥ [0; 1]
äãªæ¨¨ !r(x), fr(x) ¨ gr(x), r � 0. �¥¬ á ¬ë¬ ¡ã¤¥â ®¯à¥¤¥«¥® âà¥âì¥ à¥è¥¨¥ à áè¨à¥®£®
ãà ¢¥¨ï (1.2) ¢ ¢¨¤¥ àï¤ 

Y3(x; t; ") =
+1X
r=0

"ryr3(x; t) � g0(x)	0(t) + "[f1(x)	(t) + g1(x)	0(t)] +

+
+1X
r=2

"r[fr(x)	(t) + gr(x)	
0(t) + !r(x)]: (3.12)

�®   «®£¨¨ á ¯®«ãç¥ë¬ à¥è¥¨¥¬ (3.12), ¯®áâ¥¯¥® à¥è ï ¤¨ää¥à¥æ¨ «ìë¥ ãà ¢¥-
¨ï (3.2) ¨ (3.3), ¯®áâà®¨¬ ¥é¥ ¤¢  à¥è¥¨ï à áè¨à¥®£® ãà ¢¥¨ï (1.2), ¯à¥¤áâ ¢«¥ë¥ ¢
¢¨¤¥ ä®à¬ «ìëå àï¤®¢

Yk(x; t; ") =
1X
r=0

"r
�
Vrk(x)Uk(t) +Qrk(x)U 0k(t)

�
�

1X
r=0

"ryrk(x; t); k = 1; 2: (3.13)

�ë¢®¤ 5. � ª¨¬ ®¡à §®¬, ¯®áâà®¥ë âà¨ ä®à¬ «ìëx à¥è¥¨ï à áè¨à¥®£® ãà ¢¥¨ï (1.2)
Yk(x; t; "), k = 1; 3, ¯à¥¤áâ ¢«¥ë¥ ¢ ¢¨¤¥ àï¤®¢ (3.12) ¨ (3.13).

�¨¥© ï ¥§ ¢¨á¨¬®áâì äãªæ¨¨ Uk(t), k = 1; 2, e	(t) ¨ ¨å ¯à®¨§¢®¤ëå ¡ã¤ãâ ®¡¥á¯¥ç¨¢ âì
«¨¥©ãî ¥§ ¢¨á¨¬®áâì ¯®áâà®¥ëå âà¥å ç áâëå à¥è¥¨© Yk(x;�(x; "); "), k = 1; 3, ����
(0.1).

�«ï ¯®áâà®¥¨ï ç áâ®£® à¥è¥¨ï ¥®¤®à®¤®£® ���� (0.1) ¬®¦® ¨á¯®«ì§®¢ âì à áè¨à¥-
®¥ ãà ¢¥¨¥ (1.2) ¨ ¤¥©áâ¢¨¥ à áè¨à¥®£® ®¯¥à â®à    í«¥¬¥â ��� (2.6), â. ¥. ¯®«ãç¥ë¥
â®¦¤¥áâ¢  (2.11){(2.14). �¤ ª® § ç¨â¥«ì® ¯à®é¥ ¡ã¤¥â áâà®¨âì íâ® à¥è¥¨¥ ¥¯®áà¥¤áâ¢¥®
¨á¯®«ì§ãï â®«ìª® ���� (0.1) ¨ ¥ ¯¥à¥å®¤¨âì ª à áè¨à¥®¬ã ãà ¢¥¨î (1.2).

� ª¨¬ ®¡à §®¬, ç áâ®¥ à¥è¥¨¥ ¥®¤®à®¤®£® ���� (0.1) áâà®¨¬ ¢ ¢¨¤¥ àï¤ 

Y4(x; ") =
+1X
r=0

"reyr(x); eyr(x) 2 Xr: (3.14)
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�®¤áâ ¢¨¬ (3.14) ¢ ���� (0.1) ¨ ¯à¨à ¢ï¥¬ ª®íää¨æ¨¥âë ¯à¨ ®¤¨ ª®¢ëå áâ¥¯¥ïå ¬ «®£®
¯ à ¬¥âà . �®£¤  ¤«ï ®¯à¥¤¥«¥¨ï ª®íää¨æ¨¥â®¢ íâ®£® àï¤  ¯®«ãç¨¬ á«¥¤ãîéãî à¥ªãàà¥â-
ãî á¨áâ¥¬ã ¤¨ää¥à¥æ¨ «ìëå ãà ¢¥¨©:

L0ey0(x) = h(x); L0eyr(x) = 0; r = 1; 2; L0eyr(x) = �ey000r�3(x); r � 3: (3.15)

� ª ¨§¢¥áâ®, ¯®áª®«ìªã � > 0, ¥ áãé¥áâ¢ã¥â ¤®áâ â®ç® £« ¤ª¨å ®¡é¨å à¥è¥¨© íâ¨å ãà ¢¥-
¨©. �¤ ª® ¤®áâ â®ç® ¯®áâà®¨âì â®«ìª® ç áâë¥ à¥è¥¨ï ãà ¢¥¨© (3.15), ã¤®¢«¥â¢®àïîé¨¥
ãá«®¢¨ï¬ eyr(0) < 1: � â ª¨¥ à¥è¥¨ï áãé¥áâ¢ãîâ   ¢á¥¬ ®âà¥§ª¥ I = [0; 1], ¯à¨ç¥¬ ey3r(x) ¥
à ¢ë â®¦¤¥áâ¢¥® ã«î,   ey1+3r(x) � ey2+3r(x) � 0, r � 0. �¤¥áì ey0(0) = h(0)

b(0)
. �«¥¤®¢ â¥«ì®,

ç áâ®¥ à¥è¥¨¥ ¥®¤®à®¤®£® ���� (0.1) à §« £ ¥âáï ¢ áâ¥¯¥®© àï¤ ¯® áâ¥¯¥ï¬ � = "3,
çâ® á®®â¢¥âáâ¢ã¥â ª« áá¨ç¥áª®© â¥®à¥¬¥ �«¥§¨£¥à {�¨àª£®ää {�® ©® , â. ª. ¢ ���� (0.1)
¯à¨ áâ àè¥© ¯à®¨§¢®¤®© á®¤¥à¦¨âáï ¬ «ë© ¯ à ¬¥âà ¢ âà¥âì¥© áâ¥¯¥¨.

4. �æ¥ª  ®áâ â®çëå ç«¥®¢

� ¯¨è¥¬ ¯®áâà®¥ë¥ à¥è¥¨ï (3.12), (3.13) à áè¨à¥®£® ãà ¢¥¨ï (1.2) ¨ ç áâ®¥ à¥è¥¨¥
(3.14) ãà ¢¥¨ï (1) ¢ ¢¨¤¥ à ¢¥áâ¢

Yk(x; t; ") = Y �

pk(x; t; ") + "p+1�(p+1)k(x; t; "); k = 1; 3; (4.1)

Y4(x; ") = Y �

p4(x; ") + "p+1�(p+1)4(x; "); (4.2)

£¤¥

Y �

pk(x; t; ") =
pX

r=0

"ryrk(x; t); Y �

p4(x; ") =
PX
r=0

"reyr4(x) (4.3)

| ç áâ¨çë¥ áã¬¬ë, a "p+1�(p+1)k(x; t; "), k = 1; 3, ¨ "p+1�(p+1)4(x; ") | ®áâ â®çë¥ ç«¥ë á®®â-
¢¥âáâ¢ãîé¨å àï¤®¢.

� áâ¨çë¥ áã¬¬ë (4.3) ã¤®¢«¥â¢®àïîâ ãà ¢¥¨ï¬

eL"Y
�

pk(x; t; ") = �"p+1e�(p+1)k(x; t; "); k = 1; 3; L"Y
�

p4(x; ") = h(x)� "p+1e�(p+1)4(x; ");
ã ª®â®àëå ¯à ¢ë¥ ç áâ¨ á ãç¥â®¬ à¥§ã«ìâ â®¢ ¤¥©áâ¢¨ï ®¯¥à â®à®¢ Rk   í«¥¬¥âë ��� Yr
¨¬¥îâ ¢¨¤

e�(p+1)k(x; t; ") � A�(p+1)k(x; ")Uk(t) +B�

(p+1)k(x; ")U
0

k(t); k = 1; 2; (4.4)e�(p+1)3(x; t; ") � C�(p+1)3(x; ")	(t) +D�

(p+1)3(x; ")	
0(t) +E�(p+1)3(x; "); (4.5)

e�(p+1)4(x; ") � 2X
s=0

"s!000(p�2+s)(x) � ��(p+1)(x; ");

£¤¥ ª®íää¨æ¨¥âë ¯à¨ ��� ¢ (4.4), (4.5), E�(p+1)3(x; ") ¨ !�(p+1)(x; ") ï¢«ïîâáï ¤®áâ â®ç® £« ¤-
ª¨¬¨ äãªæ¨ï¬¨ ¯à¨ x 2 [0; 1] ¨ ¬®£®ç«¥ ¬¨ ¥ ¢ëè¥ ¢â®à®© áâ¥¯¥¨ ®â®á¨â¥«ì® ¬ «®£®
¯ à ¬¥âà  " > 0.

�®áª®«ìªã â®çª  x = 0 ï¢«ï¥âáï áâ ¡¨«ì®© â®çª®© ¯®¢®à®â , â® äãªæ¨¨ �©à¨ Uk(t) ¨
��� 	(t), 	0(t) ï¢«ïîâáï ®£à ¨ç¥ë¬¨ äãªæ¨ï¬¨ ¤«ï ¢á¥å t � 0. � íâ® ®§ ça¥â, çâ® ¢á¥
���, á®¤¥à¦ é¨¥áï ¢ à¥è¥¨ïå ���� (0.1), ï¢«ïîâáï ®£à ¨ç¥ë¬¨ äãªæ¨ï¬¨ ¤«ï ¢á¥å
x 2 �0; '(1)

"

�
, ªà®¬¥ ��� U 0k(t), k = 1; 2, ª®â®à®¥   ¡¥áª®¥ç®áâ¨ ¨¬¥¥â ¯®àï¤®ª O("�1=4).

� ª¨¬ ®¡à §®¬, ¯®áâà®¥ë¥ ä®à¬ «ìë¥ à¥è¥¨ï (3.12), (3.13) à áè¨à¥®£® ãà ¢¥¨ï
(1.2) ¨ ç áâ®¥ à¥è¥¨¥ (3.14) ï¢«ïîâáï ä®à¬ «ìë¬¨  á¨¬¯â®â¨ç¥áª¨¬¨ à¥è¥¨ï¬¨ íâ®£®
ãà ¢¥¨ï,   áã¦¥¨ï íâ¨å àï¤®¢ ï¢«ïîâáï ä®à¬ «ìë¬¨  á¨¬¯â®â¨ç¥áª¨¬¨ à¥è¥¨ï¬¨ ����
(0.1) ([8], á. 52).
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�®ª ¦¥¬, çâ® ¯®áâà®¥ë¥ à¥è¥¨ï ï¢«ïîâáï  á¨¬¯â®â¨ç¥áª¨¬¨ à¥è¥¨ï¬¨. �«ï íâ®© æ¥«¨
¯®¤áâ ¢¨¬ à ¢¥áâ¢  (4.1), (4.2) ¢ à áè¨à¥®¥ ãà ¢¥¨¥ (1.2). �®£¤  ¤«ï ®¯à¥¤¥«¥¨ï ®áâ â®ç-
ëå ç«¥®¢ ¯®«ãç¨¬ ãà ¢¥¨ï

eL"�(p+1)k(x; t; ") = e�(p+1)k(x; t; "); k = 1; 3; (4.6)

L"�(p+1)4(x; ") = e�(p+1)4(x; "): (4.7)

�ã¤¥¬ ®¡®§ ç âì ç¥à¥§ Xr" ¯à®áâà áâ¢  ¡¥áª®¥ç® ¤¨ää¥à¥æ¨àã¥¬ëå äãªæ¨© ¯® ¯¥à¥-
¬¥®© x 2 [0; 1] ¨   «¨â¨ç¥áª¨ § ¢¨áïé¨å ®â ¬ «®£® ¯ à ¬¥âà  " > 0. �à ¢ë¥ ç áâ¨ ãà ¢¥-
¨© (4.6) ¯à¨ ¤«¥¦ â á®®â¢¥âáâ¢¥® ¯®¤¯à®áâà áâ¢ ¬ Yrk, k = 1; 2, ¨ Yr3

L
Xr". � ¦¤®¥ ¨§

íâ¨å ¯à®áâà áâ¢ ¨¢ à¨ â® ®â®á¨â¥«ì® à áè¨à¥®£® ®¯¥à â®à  eL". �à ¢ ï ç áâì ãà ¢¥-
¨ï (4.7) ¯à¨ ¤«¥¦¨â ¯®¤¯à®áâà áâ¢ã Xr", ¨ íâ® ¯®¤¯à®áâà áâ¢® ¨¢ à¨ â® ®â®á¨â¥«ì®
®¯¥à â®à  L". �®íâ®¬ã à¥è¥¨ï ãà ¢¥¨© (4.6) ¨ (4.7) â®¦¥ ¨é¥¬ á®®â¢¥âáâ¢¥® ¢ íâ¨å ¯®¤-
¯à®áâà áâ¢ å, â. ¥. ¢ ¢¨¤¥

�(p+1)k(x; t; ") � V �

(p+1)k(x; ")Uk(t) +Q�(p+1)k(x; ")U
0

k(t); k = 1; 2; (4.8)

�(p+1)3(x; t; ") � f�(p+1)k(x; ")	(t) + g�(p+1)k(x; ")	
0(t) + !�(p+1)(x; "); (4.9)

�(p+1)4(x; ") � y�(p+1)(x; "): (4.10)

�®¤áâ ¢¨¬ (4.8){(4.10) á®®â¢¥âáâ¢¥® ¢ ¤¨ää¥à¥æ¨ «ìë¥ ãà ¢¥¨ï (4.6) ¨ (4.7). �®£¤ , ¯à¨-
à ¢ï¢ ª®íää¨æ¨¥âë ¯à¨ ®¤¨ ª®¢ëå ���, ¯®«ãç¨¬ á«¥¤ãîé¨¥ á¥à¨¨ ®¡ëª®¢¥ëå ¤¨ää¥-
à¥æ¨ «ìëå ãà ¢¥¨© (á¬. (2.11){(2.14)):

D1V
�

(p+1)k(x; ") � "[d+ '(x)m]Q�(p+1)k(x; ") + "3
dQ�(p+1)k(x; ")

dx3
= A�(p+1)k(x; ");

D2Q
�

(p+1)k(x; ") + "2mV �(p+1)k(x; ") + "3
dQ�(p+1)k(x; ")

dx3
= B�

(p+1)k(x; "); (4.11)

D1f
�

(p+1)(x; ") � "[d+ '(x)m]g�(p+1)(x; ") + "3
df�(p+1)(x; ")

dx3
= C�(p+1)k(x; ");

D2g
�

(p+1)(x; ") + "2mf�(p+1)(x; ") + "3
dg�(p+1)(x; ")

dx3
= D�

(p+1)(x; "); (4.12)

L0!
�

(p+1)k(x; ") + "df�(p+1)(x; ") + "2g�(p+1)(x; ") + "3
d3!�(p+1)(x; ")

dx3
= E�(p+1)(x; ");�

L0y
�

(p+1)(x; ") + "3
d3

dx3

�
y�(p+1)(x; ") = ��(p+1)(x; "): (4.13)

�®«ãç¥ë ¤¨ää¥à¥æ¨ «ìë¥ ãà ¢¥¨ï ¨ á¨áâ¥¬ë ¤¨ää¥à¥æ¨ «ìëå ãà ¢¥¨© á ¬ «ë¬
¯ à ¬¥âà®¬ ¤«ï ®¯à¥¤¥«¥¨ï ¥¨§¢¥áâëå äãªæ¨©

M�

(p+1)k(x; ") =
�
V �

(p+1)k(x; "); Q
�

(p+1)k(x; "); k = 1; 2;

f�(p+1)(x; "); g
�

(p+1)(x; "); !
�

(p+1)(x; "); y
�

(p+1)(x; ")
	

¢ ¯®¤¯à®áâà áâ¢¥ Xr".
�®   «®£¨¨ á [1] ¨¬¥¥¬ á«¥¤ãîé¨¥ ãâ¢¥à¦¤¥¨ï:
1) ®¡« áâì ®¯à¥¤¥«¥¨ï ¢á¥å ¢®§¬ãé¥ëå ¨ ¢ëà®¦¤¥ëå ®¯¥à â®à®¢ íâ¨å ãà ¢¥¨© á®-

¢¯ ¤ îâ á ¯à®áâà áâ¢®¬ X";
2) ª ¦¤ë© ¢ëà®¦¤¥ë© ®¯¥à â®à ¨¬¥¥â ®¡à âë© ®¯¥à â®à ¤«ï ¢á¥å x 2 [0; 1] ¢ ã¦®¬  ¬

¯®¤¯à®áâà áâ¢¥. �¤¥áì ãçâ¥® âà¥¡®¢ ¨¥ áãé¥áâ¢®¢ ¨ï â®«ìª® ç áâëå à¥è¥¨© ¥ª®â®àëå
¤¨ää¥à¥æ¨ «ìëå ãà ¢¥¨© ¨§ (4.11){(4.13).

�«¥¤®¢ â¥«ì®, ¤¨ää¥à¥æ¨ «ìë¥ ãà ¢¥¨ï (4.11)-(4.13) ï¢«ïîâáï à¥£ã«ïà® ¢®§¬ãé¥-
ë¬¨ ¢ ¯à®áâà áâ¢¥ X". �®£¤  ¨å à¥è¥¨ï ¢ íâ®¬ ¯à®áâà áâ¢¥ ¯à¥¤áâ ¢¨¬ë ¢ ¢¨¤¥ àï¤®¢
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M�

(p+1)k(x; ") =
+1P
s=0

"sM�

(p+1)ks(x), ¯à¨ç¥¬ jM�

(p+1)k(x)j � K(p+1)k, £¤¥ ¯®áâ®ïë¥ K(p+1)k ¥ § ¢¨áïâ

®â x 2 I ¨ ¬ «®£® ¯ à ¬¥âà  " > 0. � ª¨¬ ®¡à §®¬, ¤¨ää¥à¥æ¨ «ìë¥ ãà ¢¥¨ï (4.11){(4.13)
¢ ¯à®áâ áâ¢ å Xr" ¨¬¥îâ à ¢®¬¥à® ®£à ¨ç¥ë¥ à¥è¥¨ï ¯® ¯¥à¥¬¥®© x 2 I ¤«ï ¢á¥å
¤®áâ â®ç® ¬ «ëå § ç¥¨© ¬ «®£® ¯ à ¬¥âà  " > 0.

�¥¯¥àì ¤«ï à¥è¥¨© à áè¨à¥®£® ãà ¢¥¨ï (1.2) ¯®«ãç¨¬ á«¥¤ãîé¨¥  á¨¬¯â®â¨ç¥áª¨¥
à ¢¥áâ¢  ¯à¨ k = 1; 2:

Yk(x; t; ") = Uk(t)

"
pX

s=0

"sVsk(x) +O("p+1)

#
+ U 0k(t)

"
pX

s=0

"s[Qsk(x) +O("p+1)

#
; (4.14)

Y3(x; t; ") = 	(t)

"
pX

s=0

"sfs(x) +O("p+1)

#
+	0(t)

"
pX

s=0

"s[gs(x) +O("p+1)

#
; (4.15)

Y4(x; ") =
pX

s=0

"sys(x) +O("p+1): (4.16)

�§ ®£à ¨ç¥®áâ¨ ��� ¨¬¥¥¬

k�k(p+1)(x; t; ")k � A(p+1)"
�1

4 ; p � 1; k = 1; 2; k�3(p+1)(x; t; ")k � A(p+1); p � 0;

k�k1(x; t; ")k � A1; k = 1; 3; k�4(p+1)(x; ")k � A4(p+1); p � 0;
(4.17)

£¤¥ ¯®áâ®ïë¥ A(p+1) ¨ A1 ¥ § ¢¨áïâ ®â x 2 [0; 1] ¨ ¬ «®£® ¯ à ¬¥âà  " > 0. �à®¢¥¤ï áã¦¥¨¥
¯à¨ t = �(x; ") ¢ ¯®áâà®¥ëå à¥è¥¨ïå ¨ á®®â¢¥âáâ¢ãîé¨å ®æ¥ª å, ¯®«ãç¨¬ ä®à¬ã«ë

Yk(x;�(x; "); ") =
PX
r=0

"rYrk(x;�(x; "); ") + "p+1�k(p+1)(x;�(x; "); "); k = 1; 3; (4.18)

¨ ®æ¥ª¨

k�k(p+1)(x;�(x; "); ")k � Ap+1"
�1

4 ; p � 1; k = 1; 2; k�3(p+1)(x;�(x; "); ")k � Ap+1; p � 0;

k�k1(x;�(x; "); ")k � A1; k = 1; 3; k�4(p+1)(x; ")k � Ap+1; p � 0; (4.19)

£¤¥ ¯®áâ®ïë¥ Ap+1 ¨ A1 ¥ § ¢¨áïâ ®â x 2 [0; 1] ¨ ¬ «®£® ¯ à ¬¥âà  " > 0. �á¯®«ì§ãï á¢®©áâ¢ 
���   ¡¥áª®¥ç®áâ¨, ®æ¥ª¨ (4.17) ¨ (4.19), «¥£ª® ãáâ ®¢¨âì á¯à ¢¥¤«¨¢®áâì ¯à¥¤¥«ì®£®
à ¢¥áâ¢ 

lim
"!0

Y (x;�(x; "); ") = lim
"!0

� 3X
i=1

Yi(x;�(x; "); ") + Y4(x; ")
�
= ey0(x) � !(x) (4.20)

  «î¡®¬ ª®¬¯ ªâ¥ ®âà¥§ª  I, ¥ á®¤¥à¦ é¥¬ â®çªã x = 0, £¤¥ !(x) | ç áâ®¥ à¥è¥¨¥ ¢ëà®-
¦¤¥®£® ãà ¢¥¨ï L0!(x) = h(x). � ª¨¬ ®¡à §®¬, ¯®«ãç¥ 

�¥®à¥¬ . �ãáâì ¤«ï ���� (0:1)  ) ¨¬¥îâ ¬¥áâ® ãá«®¢¨ï 10 ¨ 20;
¡) b(x)

a(x)
= �

x
+ �(x), £¤¥ � = 2n, n 2 N .

�®£¤  ¯à¨ ¤®áâ â®ç® ¬ «ëå § ç¥¨ïå ¯ à ¬¥âà  " > 0 :

1) ¢ ��� Yr ®¯¨á ë¬ ¬¥â®¤®¬ ¬®¦® ¯®áâà®¨âì âà¨ à¥è¥¨ï ®¤®à®¤®£® à áè¨à¥-

®£® ãà ¢¥¨ï (1:2), ¯à¥¤áâ ¢¨¬ë¥ ¢ ¢¨¤¥ ä®à¬ã« (3:12), (3:13), (4:1);
2) áã¦¥¨ï íâ¨å à¥è¥¨© ¯à¨ t = �(x; "), â. ¥. àï¤ë (4:18) ï¢«ïîâáï  á¨¬¯â®â¨ç¥áª¨¬¨

à¥è¥¨ï¬¨ ®¤®à®¤®£® ���� (0:1);
3) ç áâ®¥ à¥è¥¨¥ ¥®¤®à®¤®£® ���� (0:1) ¯à¥¤áâ ¢¨¬® ¢ ¢¨¤¥  á¨¬¯â®â¨ç¥áª®£® àï¤ 

(3:14);
4) ¤«ï à¥è¥¨© à áè¨à¥®£® ãà ¢¥¨ï (1:2) ¨¬¥îâ ¬¥áâ®  á¨¬¯â®â¨ç¥áª¨¥ à ¢¥áâ¢ 

(4:14){(4:16);
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5) ¤«ï ®áâ â®çëå ç«¥®¢ àï¤®¢ (4:1) ¨ (4:2) ¨¬¥îâ ¬¥áâ® ®æ¥ª¨ (4:17), (4:19), â. ¥. íâ¨
àï¤ë ï¢«ïîâáï  á¨¬¯â®â¨ç¥áª¨¬¨ àï¤ ¬¨ à¥è¥¨© ���� (0:1);

6)   «î¡®¬ ª®¬¯ ªâ¥ ®âà¥§ª  I, ¥ á®¤¥à¦ é¥¬ â®çª¨ x = 0, ¨¬¥¥â ¬¥áâ® ¯à¥¤¥«ì®¥

à ¢¥áâ¢® (4:20).

� ¬¥ç ¨¥ 2. �¥§ ®á®¡®© âàã¤®áâ¨   «®£¨çë¥ à¥§ã«ìâ âë ¬®¦® ¯®«ãç¨âì ¢ á«ãç ¥,
ª®£¤  � = 2n+ 1, n 2 N .
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