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1. �®áâ ­®¢ª  § ¤ ç¨

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

L"y(x; ") � "3y000(x; ") + xea(x)y 0(x; ") + b(x)y(x; ") = h(x) (1.1)

¯à¨ "! +0, x 2 I = [0; 1].
� [1] ¨áá«¥¤®¢ ­® ���� (1.1) ¯à¨ ¢ë¯®«­¥­¨¨ ãá«®¢¨© ea(x) > 0, b(x) < 0,   ¢ [2] | ¯à¨ea(x) > 0 ¨ b(x) > 0. � æ¨â¨àã¥¬ëå à ¡®â å áãé¥áâ¢¥­­ë¬ ¡ë«® â®, çâ® ¢ ®¡®¨å á«ãç ïå â®çª 

¯®¢®à®â  ¡ë«  áâ ¡¨«ì­®©. �â ¡¨«ì­®áâì â®çª¨ ¯®¢®à®â  ®¡¥á¯¥ç¨¢ «® ¯à¨¬¥­¥­¨¥  ¯¯ à â 
äã­ªæ¨© �©à¨{�®à®¤­¨æë­  ¤«ï ¯®áâà®¥­¨ï  á¨¬¯â®â¨ª¨ à¥è¥­¨ï íâ®£® ãà ¢­¥­¨ï.

� ¤ ­­®© à ¡®â¥ ãà ¢­¥­¨¥ (1.1) ¨áá«¥¤ã¥¬ ¯à¨ ¢ë¯®«­¥­¨¨ â ª¨å ãá«®¢¨©.
�á«®¢¨¥ 1. a(x); b(x); h(x) 2 C1[0; 1].
�á«®¢¨¥ 2. a(x) = xea(x), ¯à¨ç¥¬ ea(x) < 0 ¨ b(x) < 0 ¯à¨ x 2 I � [0; 1].
� á®¦ «¥­¨î, ¤® ­ áâ®ïé¥£® ¢à¥¬¥­¨  ¯¯ à â äã­ªæ¨© �©à¨{�®à®¤­¨æë­  ([3], à §¤¥« 1;

[4]; [5], á. 198) ­¥ ã¤ «®áì ¯à¨¬¥­¨âì ¢ á«ãç ¥ ­¥áâ ¡¨«ì­®© â®çª¨ ¯®¢®à®â . �®íâ®¬ã ¢ ¯à¥¤-
«®¦¥­­®© à ¡®â¥ ¤«ï ¯®áâà®¥­¨ï à ¢­®¬¥à­® ¯à¨£®¤­®©  á¨¬¯â®â¨ª¨ à¥è¥­¨ï ���� (1.1) ­ 
¢á¥¬ ®âà¥§ª¥ [0; 1] ¢¬¥áâ® äã­ªæ¨© �©à¨{�®à®¤­¨æë­  ¡ã¤¥â ¨á¯®«ì§®¢ ­  ¤àã£ ï ¬®¤¨ä¨ª -
æ¨ï äã­ªæ¨© �©à¨ | äã­ªæ¨¨ �©à¨{� ­£¥à , á¢®©áâ¢  ª®â®àëå ®¯¨á ­ë ¢ ([3], à §¤¥« 1; [6],
á. 264{270; [7], £« ¢  11). � ¨á¯®«ì§®¢ ­¨¥¬ äã­ªæ¨© �©à¨{� ­£¥à  à §à ¡®â ­ ¬¥â®¤ ¯®áâà®¥-
­¨ï à ¢­®¬¥à­® ¯à¨£®¤­®©  á¨¬¯â®â¨ª¨ à¥è¥­¨ï ãà ¢­¥­¨ï �¨ã¢¨««ï ¨ á¨áâ¥¬ ���� ª ª á®
áâ ¡¨«ì­®©, â ª ¨ á ­¥áâ ¡¨«ì­®© ¨ ¢­ãâà¥­­¥©  «£¥¡à ¨ç¥áª¨¬¨ â®çª ¬¨ ¯®¢®à®â  ([3], à §-
¤¥«ë 5{7). �®íâ®¬ã ®á­®¢­®© æ¥«ìî íâ®© à ¡®âë ¡ã¤¥â ®¡®¡é¥­¨¥ à¥§ã«ìâ â®¢, ¯®«ãç¥­­ëå
¨ ®¯¨á ­­ëå ¢ [3] ¤«ï ­¥áâ ¡¨«ì­®©  «£¥¡à ¨ç¥áª®© â®çª¨ ¯®¢®à®â , ­  á«ãç © ­¥áâ ¡¨«ì­®©
¤¨ää¥à¥­æ¨ «ì­®© â®çª¨ ¯®¢®à®â .

� íâ®© à ¡®â¥ ¨áá«¥¤ã¥¬ á«ãç ©, ª®£¤  � = b(0)
~a(0)

2 N . �®áª®«ìªã � > 0, â® à¥è¥­¨¥ ¢ëà®-
¦¤¥­­®£® ãà ¢­¥­¨ï

L0!(x) � xea(x)!0(x) + b(x)!(x) = h(x) (1.2)

¨ ¥£® ¯à®¨§¢®¤­ë¥ ¯®  ­ «®£¨¨ á [2] ­¥ ï¢«ïîâáï £« ¤ª¨¬¨ ¢ ®ªà¥áâ­®áâ¨ â®çª¨ ¯®¢®à®â  x = 0.
�®íâ®¬ã ¢ ï¢­®¬ ¢¨¤¥ à¥è¥­¨¥ ãà ¢­¥­¨ï (1.2) ­¥«ì§ï ¨á¯®«ì§®¢ âì ¤«ï ¯®áâà®¥­¨ï à ¢­®¬¥à­®
¯à¨£®¤­®©  á¨¬¯â®â¨ª¨ à¥è¥­¨ï ���� (1.1).
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2. � áè¨à¥­¨¥ ¢®§¬ãé¥­­®£® ãà ¢­¥­¨ï

�®£« á­® à §à ¡®â ­­®¬ã ¬¥â®¤ã [1]{[3] ­ àï¤ã á ­¥§ ¢¨á¨¬®© ¯¥à¥¬¥­­®© x 2 I ¢¢¥¤¥¬
­®¢ãî ¯¥à¥¬¥­­ãî t ¯® ä®à¬ã«¥

t � "�1'(x) � �(x; "); (2.1)

£¤¥ à¥£ã«ïà¨§ãîé ï äã­ªæ¨ï '(x) ¯®¤«¥¦¨â ®¯à¥¤¥«¥­¨î.
� ¢¢®¤®¬ ¤®¯®«­¨â¥«ì­®© ¯¥à¥¬¥­­®© t ¢ ¢¨¤¥ (2.1) ¤«ï ®¯à¥¤¥«¥­¨ï à áè¨à¥­­®© äã­ªæ¨¨ey(x; t; ") ¯®«ãç¨¬ à áè¨à¥­­®¥ ãà ¢­¥­¨¥

eL"ey(x; t; ") = h(x); (2.2)

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

eL" � ['0(x)]3
@3

@t3
+ "d

@2

@t2
+ "2m

@

@t
+ a(x)

�
"�1'0(x)

@

@t
+

@

@x

�
+ "3

@3

@x3
+ b(x); (2.3)

£¤¥

d � 3['0(x)]2
@

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

m � 3'0(x)
@2

@x2
+ 3'00(x)

@

@x
+ '000(x):

� ®â«¨ç¨¥ ®â [1] ¨ [2], ¢ ª®â®àëå ¡ë« ¨á¯®«ì§®¢ ­ ¬®¤¥«ì­ë© ®¯¥à â®à �©à¨{�®à®¤­¨æë­ ,
¢ â®¦¤¥áâ¢¥ (2.3) ¢ë¤¥«¨¬ ¬®¤¥«ì­ë© ®¯¥à â®à �©à¨{� ­£¥à , â. ¥. T � @2

@t2
� t, á«¥¤ãîé¨¬

®¡à §®¬:

['0(x)]3
@3

@t3
+ "�1'0(x)a(x)

@

@t
� ['0(x)]3

�
@2

@t2
+

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

�
@

@t
� ['0(x)]3T

@

@t
:

�¤¥áì ¢¢¥¤¥­® ®¡®§­ ç¥­¨¥

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

� �t��
t="�1'(x)

� �"�1'(x):

� ª¨¬ ®¡à §®¬, à¥£ã«ïà¨§ãîéãî äã­ªæ¨î '(x) ®¯à¥¤¥«ï¥¬ ª ª à¥è¥­¨¥ § ¤ ç¨

['0(x)]2'(x) = �xea(x) � �a(x); '(0) = 0: (2.4)

� ãç¥â®¬ â®¦¤¥áâ¢  (2.4) eL" § ¯¨è¥¬ ¢ ¢¨¤¥

eL" � ['0(x)]3T
@

@t
+ L0 + "d

@2

@t2
+ "2m

@

@t
+ "3

@3

@x3
: (2.5)

� ¬¥ç ­¨¥ 1. �¢­ë© ¢¨¤ à áè¨à¥­­®£® ®¯¥à â®à  (2.5) ä®à¬ «ì­® ¯®«­®áâìî á®¢¯ ¤ ¥â á
á®®â¢¥âáâ¢ãîé¨¬ à áè¨à¥­­ë¬ ®¯¥à â®à®¬, ¯®«ãç¥­­ë¬ ¢ [2] (á¬. â®¦¤¥áâ¢® (2.3)). �à®áâà ­-
áâ¢  ¡¥§à¥§®­ ­á­ëå à¥è¥­¨© (���) ¤«ï ¨áá«¥¤ã¥¬®£® á«ãç ï ã¦¥ ¡ã¤ãâ ®â«¨ç âìáï ®â ���,
®¯¨á ­­ëå ¢ [2], ¨ â¥¬ ¡®«¥¥ ®â ���, ®¯¨á ­­ëå ¢ [1]. �¤­ ª® ®¡é¨© ä®à¬ «¨§¬ ¯®áâà®¥­¨ï
«¨­¥©­® ­¥§ ¢¨á¨¬ëå à¥è¥­¨© ���� (1.1) ¡ã¤¥â á®åà ­¥­.

�«ï ¨áá«¥¤ã¥¬®£® á«ãç ï, â. ¥. ¯à¨ ¢ë¯®«­¥­¨¨ ãá«®¢¨ï 2, à¥£ã«ïà¨§ãîé ï äã­ªæ¨ï ¨¬¥¥â
¢¨¤

'(x) =
�
3
2

Z x

0

q
��ea(�)d��2=3

:

�¥£ª® ¯à®¢¥à¨âì á¯à ¢¥¤«¨¢®áâì á«¥¤ãîé¨å á¢®©áâ¢ '(x):

1) '(x) 2 C1[0; 1];
2) '(x) > 0 ¤«ï ¢á¥å x 2 (0; 1];
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3) äã­ªæ¨ï '(x) ¬®­®â®­­® ¢®§à áâ ¥â ­  ¢á¥¬ ®âà¥§ª¥ I, â. ¥. '0(x) > 0 ¤«ï ¢á¥å x 2 [0; 1];
4) '(0) = 0, '0(0) = 3

p�a0(0) � 3

p�ea(0).
�§ ¯®«ãç¥­­®£® ¢¨¤­®, çâ® ¢ ¨áá«¥¤ã¥¬®¬ á«ãç ¥, â. ¥. ª®£¤  ea(x) < 0, à¥£ã«ïà¨§ãîé ï

äã­ªæ¨ï '(x) ¢ë¡à ­  â ª¨¬ ®¡à §®¬, çâ® ®¤­  ¨§ äã­ªæ¨© �©à¨{� ­£¥à ,   ¨¬¥­­® Bi(t),
­¥®£à ­¨ç¥­­® ¢®§à áâ ¥â ¯à¨ t! +1.

�â®¡ë ­¥ ®âáë« âì ç¨â â¥«ï ª ­¥ ¢á¥£¤  ¤®áâã¯­®© á®®â¢¥âáâ¢ãîé¥© «¨â¥à âãà¥ ([6], á. 267),
¯à¨¢¥¤¥¬  á¨¬¯â®â¨ç¥áª¨¥ à ¢¥­áâ¢ , ª®£¤  t! +1,

Ai(t) =
e��

2
p
� 4
p
t

1X
k=0

(�1)kck��k; Bi(t) =
e�p
� 4
p
t

1X
k=0

ck�
�k; (2.6)

Ai0(t) =
� 4
p
te��

2
p
�

1X
k=0

(�1)kdk��k; Bi0(t) =
4
p
te�p
�

1X
k=0

dk�
�k; (2.7)

£¤¥

c0 = d0 = 1; � =
2
3
t3=2; ck =

(2k + 1)(2k + 3) � � � (6k � 1)
216kk!

; dk = �6k + 1
6k � 1

; k 2 N:

�§ ­ ¯¨á ­­ëå  á¨¬¯â®â¨ç¥áª¨å ä®à¬ã« ¢¨¤­®, çâ® ¯à¨ t! +1 äã­ªæ¨ï Ai(t) ¡ã¤¥â ®£à -
­¨ç¥­­®©,   Bi(t) ¨ ¥¥ ¯à®¨§¢®¤­ ï ­¥®£à ­¨ç¥­­® ¢®§à áâ îâ.

3. �à®áâà ­áâ¢  ¡¥§à¥§®­ ­á­ëå à¥è¥­¨©

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

Y1r = fV1r(x)Ai(t) +Q1r(x)Ai
0(t)g;

Y2r = fV2r(x)Bi(t) +Q2r(x)Bi
0(t)g; (3.1)

Y3r = ffr(x)�(t) + gr(x)� 0(t)g; Y4r = f!r(x)g;
£¤¥ Vkr(x); Qkr(x); fr(x); gr(x); !r(x) 2 C1[I], k = 1; 2. �¤¥áì Ai(t) ¨ Bi(t) | äã­ªæ¨¨ �©à¨{
� ­£¥à ,   áãé¥áâ¢¥­­® ®á®¡ ï äã­ªæ¨ï (���) �(t) ¨¬¥¥â ¢¨¤

�(t) = Bi(t)
Z t

1

Ai(�)d� �Ai(t)
Z t

0

Bi(�)d�: (3.2)

�ã­ªæ¨ï (3.2) ¢¯¥à¢ë¥ ¡ë«  ¢¢¥¤¥­  ¢ [8] ¨ ¨á¯®«ì§®¢ ­  ¢ [9] ¯à¨ ¨áá«¥¤®¢ ­¨¨ ãà ¢­¥­¨ï
�¨ã¢¨««ï á ­¥áâ ¡¨«ì­®© ¨ ¢­ãâà¥­­¥© â®çª ¬¨ ¯®¢®à®â . � ¯®¬­¨¬ â®«ìª®, çâ® �(t) ï¢«ï¥âáï
à¥è¥­¨¥¬ § ¤ ç¨ ([3], áá. 59{63, 71)

� 00(t)� t�(t) = ��1; �(0) = �3�7=6��1( 2
3
); � 0(0) = �3�5=6��1( 1

3
)

¨ �(t) = O(t�1) ¯à¨ t! +1.
�§ ¯®¤¯à®áâà ­áâ¢ (3.1) á®áâ ¢¨¬ ­®¢®¥ ¯à®áâà ­áâ¢® ¡¥§à¥§®­ ­á­ëå à¥è¥­¨©

Yr =
4M

k=1

Yrk: (3.3)

�«¥¬¥­â ��� (3.3) ¨¬¥¥â ¢¨¤

Ur(x; t) = V1r(x)Ai(t) +Q1r(x)Ai
0(t) + V2r(x)Bi(t) +Q2r(x)Bi

0(t) +

+ fr(x)�(t) + gr(x)�
0(t) + !r(x): (3.4)
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�¯®á«¥¤áâ¢¨¨ ­¥®¡å®¤¨¬ë ¡ã¤ãâ ­¥ª®â®àë¥ â®¦¤¥áâ¢ , á¯à ¢¥¤«¨¢®áâì ª®â®àëå «¥£ª® ¯à®-
¢¥à¨âì:

W
(3)
k (t) �Wk(t) + tW 0

k(t)
��
t="�1'(x)

�Wk(t) + "�1'(x)W 0

k(t);

W
(4)
k (t) � 2W 0

k(t) + t2
��
t="�1'(x)

Wk(t) � 2W 0

k(t) + "�2'2(x)Wk(t)
(3.5)

¨

�(3)(t) � �(t) + t� 0(t)
��
t="�1'(x)

� �(t) + "�1'(x)� 0(t);

�(4)(t) � 2� 0(t) + t2
��
t="�1'(x)

�(t) + ��1t
��
t="�1'(x)

� 2� 0(t) + "�2'2(x)�(t) + ��1"�1'(x):
(3.6)

� â®¦¤¥áâ¢ å (3.5) ¢¢¥¤¥­ë ®¡®§­ ç¥­¨ï W1(t) � Ai(t) ¨ W2(t) � Bi(t).

4. �¥£ã«ïà¨§ æ¨ï á¨­£ã«ïà­® ¢®§¬ãé¥­­®£® ãà ¢­¥­¨ï

�«ï ¯à®¢¥¤¥­¨ï à¥£ã«ïà¨§ æ¨¨ ���� (1.1) ­¥®¡å®¤¨¬® ¨áá«¥¤®¢ âì ¤¥©áâ¢¨¥ à áè¨à¥­­®£®
®¯¥à â®à  eL" ­  í«¥¬¥­â ��� (3.3), â. ¥. ­  äã­ªæ¨î (3.4). �ç¨âë¢ ï á¢®©áâ¢  ��� Ai(t), Bi(t)
¨ ¨å ¯à®¨§¢®¤­ëå, â. ¥. à ¢¥­áâ¢  (3.5), ¯®«ãç¨¬ â®¦¤¥áâ¢ 

eL"[V1r(x)Ai(t) +Q1r(x)Ai
0(t) + V2r(x)Bi(t) +Q2r(x)Bi

0(t)] �
� P V

1r(x; ")Ai(t) + PQ
1r(x; ")Ai

0(t) + P V
2r(x; ")Bi(t) + PQ

2r(x; ")Bi
0(t); (4.1)

£¤¥

P V
kr(x; ") � "�2'0(x)'(x)

�
['0(x)]2'(x) + a(x)

�
Qkr(x) +D1Vkr(x) +

+ "[d+ '(x)m]Qkr(x) + "3V 000

kr (x); k = 1; 2; (4.2)

PQ
kr(x; ") � "�1'0(x)

�
['0(x)]2'(x) + a(x)

�
Vkr(x) +D2Qkr(x) +

+ "2mVkr(x) + "3Q000

kr(x); k = 1; 2: (4.3)

�­ «®£¨ç­®, ãç¨âë¢ ï à ¢¥­áâ¢  (3.6), ¯®«ãç¨¬

eL"[fr(x)�(t) + gr(x)�
0(t) + !r(x)] � P f

r (x; ")�(t) + P g
r (x; ")�

0(t) + P !
r (x; "); (4.4)

£¤¥

P f
r (x; ") � "�2'0(x)'(x)

�
['0(x)]2'(x)+a(x)

�
gr(x)+D1fr(x)+"[d+'(x)m]gr(x)+"

3f 000r (x); (4.5)

P g
r (x; ") � "�1'0(x)

�
['0(x)]2'(x)+a(x)

�
fr(x)+D2gr(x)+"2mfr(x)+"3g000r (x); (4.6)

P !
r (x; ") � L0!r(x)+"�

�1dfr(x)+"
2��1mgr(x)+"

3!000r (x): (4.7)

�¯¥à â®àë D1 ¨ D2 ¡ã¤ãâ ¨£à âì ®á­®¢­ãî à®«ì ¢ ¯®áâà®¥­¨¨  á¨¬¯â®â¨ª¨ «¨­¥©­® ­¥§ ¢¨á¨-
¬ëå à¥è¥­¨© ¨áá«¥¤ã¥¬®£® ãà ¢­¥­¨ï. �®íâ®¬ã § ¯¨è¥¬ ï¢­ë© ¢¨¤ íâ¨å ®¯¥à â®à®¢

D1 � �2a(x) @
@x

+ b1(x); D2 � �2a(x) @
@x

+ b2(x); (4.8)

£¤¥

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):
(4.9)
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� ¬¥ç ­¨¥ 2. �à ¢­¨¢ ï ¢ëà ¦¥­¨ï (4.8), (4.9) á á®®â¢¥âáâ¢ãîé¨¬¨ ¢ëà ¦¥­¨ï¬¨, ¯®«ã-
ç¥­­ë¬¨ ¢ [2] (á¬. (2.15), (2.16)), ¢¨¤¨¬ ®â«¨ç¨¥ â®«ìª® ¢ ­¥ª®â®àëå §­ ª å. �â® ®¡áâ®ïâ¥«ìáâ¢®
®¡êïá­ï¥âáï â¥¬, çâ® ¢ ¤ ­­®© à ¡®â¥ ¨á¯®«ì§®¢ ­ ¬®¤¥«ì­ë© ®¯¥à â®à �©à¨{� ­£¥à  @2

@t2
� t,

  ¢ [1], [2] ¨á¯®«ì§®¢ ­ ®¯¥à â®à �©à¨{�®à®¤­¨æë­  @2

@t2
+ t. �¥á¬®âàï ­  ­¥§­ ç¨â¥«ì­ë¥ ¨§-

¬¥­¥­¨ï, ¢á¥ ¦¥ ­¥®¡å®¤¨¬® ¡ã¤¥â âé â¥«ì­® ¨áá«¥¤®¢ âì ¢®¯à®á ® áãé¥áâ¢®¢ ­¨¨ ¤®áâ â®ç­®
£« ¤ª¨å à¥è¥­¨© ¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢­¥­¨©, á®¤¥à¦ é¨å íâ¨ ®¯¥à â®àë (á¬. á¥à¨¨ ¤¨ä-
ä¥à¥­æ¨ «ì­ëå ãà ¢­¥­¨© (5.4), (5.5) ¨ (5.12), (5.13)).

�­ «¨§¨àãï ¯®«ãç¥­­ë¥ â®¦¤¥áâ¢  (4.1){(4.7), á¤¥« ¥¬

�ë¢®¤ 1. 1) �®¤¯à®áâà ­áâ¢  Y1r ¨ Y2r ¨­¢ à¨ ­â­ë ®â­®á¨â¥«ì­® à áè¨à¥­­®£® ®¯¥à â®-
à  eL";

2) á ¬® ¯®¤¯à®áâà ­áâ¢® Y3r ­¥ ï¢«ï¥âáï ¨­¢ à¨ ­â­ë¬ ®â­®á¨â¥«ì­® à áè¨à¥­­®£® ®¯¥à -
â®à  eL". �¤­ ª® ¯®¤¯à®áâà ­áâ¢® Y3r

L
Y4r ã¦¥ ¨­¢ à¨ ­â­® ®â­®á¨â¥«ì­® à áè¨à¥­­®£® ®¯¥-

à â®à  eL";
3) ¯à®áâà ­áâ¢  Yr ¨­¢ à¨ ­â­ë ®â­®á¨â¥«ì­® à áè¨à¥­­®£® ®¯¥à â®à  eL";
4) à áè¨à¥­­ë© ®¯¥à â®à eL" ¢ ¥£® ¤¥©áâ¢¨¨ ­  í«¥¬¥­âë ¨§ ¯à®áâà ­áâ¢  ��� (3.3) ã¦¥

ï¢«ï¥âáï à¥£ã«ïà­® ¢®§¬ãé¥­­ë¬ ®â­®á¨â¥«ì­® ¬ «®£® ¯ à ¬¥âà  " > 0 ¢ íâ®¬ ¯à®áâà ­áâ¢¥.
�­ ç¨â, ¢ ¯à®áâà ­áâ¢¥ ¡¥§à¥§®­ ­á­ëå à¥è¥­¨© Yr ¯à®¢¥¤¥­  à¥£ã«ïà¨§ æ¨ï ���� (1.1).

� ¬¥ç ­¨¥ 3. � ãç¥â®¬ ®¯à¥¤¥«¥­¨ï à¥£ã«ïà¨§ãîé¥© äã­ªæ¨¨ '(x) ª ª à¥è¥­¨ï § ¤ ç¨
(2.4), ¢ëà ¦¥­¨¥ ['0(x)]2'(x) + a(x), ­ å®¤ïé¥¥áï ¢ § ¯¨á ­­ëå à ¢¥­áâ¢ å (4.2), (4.3), (4.5) ¨
(4.6), â®¦¤¥áâ¢¥­­® à ¢­® ­ã«î, ¨ íâ® ãá«®¢¨¥ ¢¯®á«¥¤áâ¢¨¨ ¡ã¤¥â ãçâ¥­®.

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

1. �®£« á­® á¤¥« ­­ë¬ ¢ë¢®¤ ¬ á­ ç «  ¯®áâà®¨¬  á¨¬¯â®â¨ªã ¤¢ãå à¥è¥­¨© à áè¨à¥­­®£®
ãà ¢­¥­¨ï (2.2), á®®â¢¥âáâ¢ãîé¨å â®çª¥ ¯®¢®à®â  ¢ ¯®¤¯à®áâà ­áâ¢ å Ykr, k = 1; 2. �â¨ à¥è¥­¨ï
áâà®¨¬ ¢ ¢¨¤¥ àï¤®¢

y1(x; t; ") =
1X
r=0

"ry1r(x; t) �
1X
r=0

"r[V1r(x)Ai(t) +Q1r(x)Ai0(t)]; y1r(x; t) 2 Y1r; (5.1)

y2(x; t; ") =
1X
r=0

"ry2r(x; t) �
1X
r=0

"r[V2r(x)Bi(t) +Q2r(x)Bi0(t)]; y2r(x; t) 2 Y2r: (5.2)

�®¤áâ ¢¨¬ àï¤ë (5.1) ¨ (5.2) ¢ à áè¨à¥­­®¥ ãà ¢­¥­¨¥ (2.2). �ç¨âë¢ ï «¨­¥©­ãî ­¥§ ¢¨á¨¬®áâì
��� Ai(t), Bi(t), ¨å ¯à®¨§¢®¤­ëå ¨ (4.1), ¯®«ãç¨¬

P V
kr(x; ") � 0; PQ

kr(x; ") � 0; k = 1; 2: (5.3)

� «¥¥ ­¥®¡å®¤¨¬® ¯®ª § âì, çâ® ¨§ (5.3) ¡ã¤ãâ ®¯à¥¤¥«¥­ë ¢á¥ ª®íää¨æ¨¥­âë àï¤®¢ (5.1),
(5.2) ¨ ¢á¥ ¯®«ãç¥­­ë¥ ¯à¨ íâ®¬ äã­ªæ¨¨ ¡ã¤ãâ ¤®áâ â®ç­® £« ¤ª¨¬¨ ­  ¢á¥¬ ®âà¥§ª¥ [0; 1],
¢ª«îç ï ¨ â®çªã ¯®¢®à®â  x = 0.

�à¨à ¢­¨¢ ï ª®íää¨æ¨¥­âë ¯à¨ ®¤¨­ ª®¢ëå áâ¥¯¥­ïå ¬ «®£® ¯ à ¬¥âà  ¢ â®¦¤¥áâ¢ å (5.3),
¯®«ãç¨¬ ¤«ï ®¯à¥¤¥«¥­¨ï ª®íää¨æ¨¥­â®¢ àï¤®¢ (5.1) ¨ (5.2) á«¥¤ãîé¨¥ à¥ªãàà¥­â­ë¥ á¨áâ¥¬ë
¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢­¥­¨©:

D1Vk0(x) = 0; D1Vkr(x) = �[d+ '(x)m]Qk(r�1)(x)� V 000

k(r�3)(x); r � 1; (5.4)

D1Qk0(x) = 0; D2Qkr(x) = �mVk(r�2)(x)�Q000

k(r�3)(x); r � 1: (5.5)

�¥ªãàà¥­â­ë¥ á¨áâ¥¬ë ãà ¢­¥­¨© (5.4) ¨ (5.5) ä®à¬ «ì­® á®¢¯ ¤ îâ á á®®â¢¥âáâ¢ãîé¨¬¨ á¨áâ¥-
¬ ¬¨, ¯®«ãç¥­­ë¬¨ ¢ [2] (á¬. à ¢¥­áâ¢  (3.2) ¨ (3.3)). �¥á¬®âàï ­  áª § ­­®¥, ¢á¥ ¦¥ ¨áá«¥¤ã¥¬
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¢®¯à®á ® áãé¥áâ¢®¢ ­¨¨ £« ¤ª¨å à¥è¥­¨© íâ¨å á¨áâ¥¬ ãà ¢­¥­¨©. �¡é¨¬¨ à¥è¥­¨ï¬¨ ãà ¢­¥-
­¨© (5.4) ¨ (5.5) ¯à¨ r = 0 ¡ã¤ãâ äã­ªæ¨¨

Vk0(x) = V 0
k exp

�Z x

1

b1(x)
2x~a(x)

dx

�
� V®¡é. ®¤­.(x);

Qk0(x) = Q0
k exp

�Z x

1

b2(x)
2x~a(x)

dx

�
� Q®¡é. ®¤­.(x); k = 1; 2;

(5.6)

£¤¥ V 0
k , Q

0
k | ¯à®¨§¢®«ì­ë¥ ¯®áâ®ï­­ë¥ ¨­â¥£à¨à®¢ ­¨ï. �« ¤ª®áâì íâ¨å à¥è¥­¨© ­  ¢á¥¬ ®â-

à¥§ª¥ [0; 1], ¢ª«îç ï ¨ â®çªã ¯®¢®à®â , áãé¥áâ¢¥­­® § ¢¨á¨â ®â §­ ª®¢ ¢ëà ¦¥­¨© bk(0)=2ea(0),
k = 1; 2. �ç¨âë¢ ï (1.2) ¨ (4.9), ¨¬¥¥¬

b1(0)
2~a(0)

=
b(0) + ['0(0)]3

2~a(0)
=
1
2
[�+ 1] = �1;

b2(0)
2~a(0)

=
b(0) + 2['0(0)]3

2~a(0)
=
1
2
�+ 1 = �2:

� ¬¥ç ­¨¥ 4. �à ¢­¨¢ ï ¯®«ãç¥­­ë¥ â®¦¤¥áâ¢  á á®®â¢¥âáâ¢ãîé¨¬¨ â®¦¤¥áâ¢ ¬¨ à ¡®âë
[2], ¢¨¤¨¬, çâ® ä®à¬ «¨§¬ ¨áá«¥¤®¢ ­¨© á®åà ­ï¥âáï,   à §«¨ç¨¥ á®áâ®¨â â®«ìª® ¢ §­ ª å íâ¨å
¢ëà ¦¥­¨© ¨ áâàãªâãà¥ à¥£ã«ïà¨§ãîé¥© äã­ªæ¨¨ '(x).

� ¤ ­­®© à ¡®â¥ à áá¬ âà¨¢ ¥âáï á«ãç ©, ª®£¤  � = b(0)

~a(0)
2 N . �®íâ®¬ã ¯®  ­ «®£¨¨ á [2]

¯à®¢¥¤¥¬ ¡®«¥¥ âé â¥«ì­®¥ ¨áá«¥¤®¢ ­¨¥ ¢®§¬®¦­ëå ¤¢ãå á«ãç ¥¢.

�«ãç © 1. �ãáâì � = 2n+1, â. ¥. �1 = (n+1) 2 N . �®£¤  á¥à¨î ¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢­¥­¨©
(5.5) à¥è ¥¬ ¯à¨ ãá«®¢¨ïå jQkr(0)j < 1, k = 1; 2,   ¤¨ää¥à¥­æ¨ «ì­ë¥ ãà ¢­¥­¨ï (5.4) ¨¬¥îâ
¤®áâ â®ç­® £« ¤ª¨¥ ®¡é¨¥ à¥è¥­¨ï, â. ¥.

Qk0(x) � Qk1(x) � 0; Qkr(x) = Qç áâ. ­¥®¤­.(x); r � 2;

Vkr(x) = V®¡é. ®¤­.(x); r = 0; 1; 2; Vkr(x) = V®¡é. ®¤­.(x) + Vç áâ. ­¥®¤­.(x); r � 3:
(5.7)

�ë¢®¤ 2. �á«¨ � = 2n+1, â® ¯®«ãç¨¬ ä®à¬ «ì­ë¥ à¥è¥­¨ï à áè¨à¥­­®£® ãà ¢­¥­¨ï (2.2) ¢
¢¨¤¥ àï¤®¢ (5.1) ¨ (5.2), ¢ ª®â®àëå ª ¦¤ ï ¨§ äã­ªæ¨© Vkr(x) ¡ã¤¥â ®¯à¥¤¥«¥­  á â®ç­®áâìî ¤®
®¤­®© ¯à®¨§¢®«ì­®© ¯®áâ®ï­­®©,   Qkr(x) ®¯à¥¤¥«¥­ë ª ª ç áâ­ë¥ à¥è¥­¨ï á®®â¢¥âáâ¢ãîé¨å
¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢­¥­¨© ¯à¨ ­ ç «ì­ëå ãá«®¢¨ïå jQkr(0)j <1.

� íâ®¬ á«ãç ¥ á ãç¥â®¬ (5.7) ¯®áâà®¥­­ë¥ à¥è¥­¨ï ¨¬¥îâ â ªãî áâàãªâãàã:

y1(x; t; ") �
1X

r=0

"rV1r(x)Ai(t) +
1X
r=2

"r[V1r(x)Ai(t) +Q1r(x)Ai0(t)];

y2(x; t; ") �
1X

r=0

"rV2r(x)Bi(t) +
1X
r=2

"r[V2r(x)Bi(t) +Q2r(x)Bi
0(t)]:

(5.8)

�«ãç © 2. �ãáâì � = 2n, â. ¥. �2 = (n+ 1) 2 N . � íâ®¬ á«ãç ¥ à¥è ¥¬ ¯®áâ¥¯¥­­® á¥à¨¨ ¤¨ä-
ä¥à¥­æ¨ «ì­ëå ãà ¢­¥­¨© (5.4) ¯à¨ ãá«®¢¨ïå jVkr(0)j < 1, k = 1; 2,   ¤«ï ¤¨ää¥à¥­æ¨ «ì­ëå
ãà ¢­¥­¨© (5.5) ­ å®¤¨¬ ¤®áâ â®ç­® £« ¤ª¨¥ ®¡é¨¥ à¥è¥­¨ï. � ª¨¬ ®¡à §®¬, ¡ã¤ãâ ®¯à¥¤¥«¥­ë
¢á¥ ª®íää¨æ¨¥­âë àï¤®¢ (5.1) ¨ (5.2) ¢¨¤ 

Vk0(x) � 0; Vkr(x) = Vç áâ. ­¥®¤­.(x); r � 1;

Qkr(x) = Q®¡é. ®¤­.(x); r = 0; 1; 2; Qkr(x) = Q®¡é. ®¤­.(x) +Qç áâ. ­¥®¤­.(x); r � 3:

�¤¥áì, ª ª ¨ ¢ ¯à¥¤ë¤ãé¥¬ á«ãç ¥, ¢á¥ ®¯à¥¤¥«¥­­ë¥ ­ ¬¨ äã­ªæ¨¨ ¡ã¤ãâ ¤®áâ â®ç­® £« ¤ª¨¬¨
¤«ï ¢á¥å x 2 [0; 1].

�ë¢®¤ 3. �á«¨ � = 2n, â® ¯®«ãç¨¬ ä®à¬ «ì­ë¥ à¥è¥­¨ï à áè¨à¥­­®£® ãà ¢­¥­¨ï (2.2) ¢
¢¨¤¥ àï¤®¢ (5.1) ¨ (5.2), ¢ ª®â®àëå ª ¦¤ ï ¨§ äã­ªæ¨© Qkr(x) ¡ã¤¥â ®¯à¥¤¥«¥­  á â®ç­®áâìî ¤®
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®¤­®© ¯à®¨§¢®«ì­®© ¯®áâ®ï­­®©,   Vkr(x) ®¯à¥¤¥«¥­ë ª ª ç áâ­ë¥ à¥è¥­¨ï á®®â¢¥âáâ¢ãîé¨å
¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢­¥­¨© ¯à¨ ­ ç «ì­ëå ãá«®¢¨ïå jVkr(0)j <1.

�®áâà®¥­­ë¥ à¥è¥­¨ï ¨¬¥îâ á«¥¤ãîéãî áâàãªâãàã:

y1(x; t; ") � Q10(x)Ai
0(t) +

1X
r=1

"r[V1r(x)Ai(t) +Q1r(x)Ai
0(t)];

y2(x; t; ") � Q20(x)Bi
0(t) +

1X
r=1

"r[V2r(x)Bi(t) +Q2r(x)Bi
0(t)]:

(5.9)

2. �®áâà®¨¬ âà¥âì¥ ä®à¬ «ì­®¥  á¨¬¯â®â¨ç¥áª®¥ à¥è¥­¨¥ ®¤­®à®¤­®£® à áè¨à¥­­®£® ãà ¢-
­¥­¨ï (2.2) ¢ ¯®¤¯à®áâà ­áâ¢¥ Y3

L
Xr ¢ ¢¨¤¥ àï¤ 

y3(x; t; ") =
+1X
r=0

"ry3r(x; t) �
+1X
r=0

"r[fr(x)�(t) + gr(x)�
0(t) + !r(x)]; (5.10)

£¤¥ y3r(x; t) 2 Y3r
L

Xr.
�ç¨âë¢ ï (4.4){(4.7), ¨¬¥¥¬ á«¥¤ãîé¨¥ âà¨ (­¥§ ¢¨á¨¬ë¥ ®¤­® ®â ¤àã£®£®) â®¦¤¥áâ¢ :

P f
r (x; ") � 0; P g

r (x; ") � 0; P !
r (x; ") � 0:

�§ íâ¨å â®¦¤¥áâ¢ ¤«ï ®¯à¥¤¥«¥­¨ï ª®íää¨æ¨¥­â®¢ ä®à¬ «ì­®£® à¥è¥­¨ï (5.10) ¯®«ãç¨¬ âà¨
à¥ªãàà¥­â­ë¥ á¨áâ¥¬ë ãà ¢­¥­¨©:

D1f0(x) = 0; D1fr(x) = �[d+ '(x)m]g(r�1)(x)� f 000(r�3)(x); r � 0; (5.11)

D2g0(x) = 0; D2gr(x) = �mf(r�2)(x)� g000(r�3)(x); r � 0; (5.12)

L0!0(x) = 0; L0!r(x) = ���1df(r�1)(x)� ��1mg(r�2)(x)� !000(r�3)(x): (5.13)

�®«ãç¥­­ë¥ á¨áâ¥¬ë ãà ¢­¥­¨© (5.11) ¨ (5.12) ä®à¬ «ì­® á®¤¥à¦ â â¥ ¦¥ ®¯¥à â®àë, çâ® ¨
á¨áâ¥¬ë (5.4) ¨ (5.5). �®íâ®¬ã ¢®¯à®á ® áãé¥áâ¢®¢ ­¨¨ ¤®áâ â®ç­® £« ¤ª¨å à¥è¥­¨© íâ¨å á¨áâ¥¬
ãà ¢­¥­¨© à¥è ¥âáï  ­ «®£¨ç­® ¯à¥¤ë¤ãé¨¬ à ááã¦¤¥­¨ï¬.

�­ ç «  ¨áá«¥¤ã¥¬ à¥ªãàà¥­â­ãî á¨áâ¥¬ã ãà ¢­¥­¨© (5.13). �à¨ r = 0 ¨¬¥¥¬ ®¤­®à®¤­®¥
ãà ¢­¥­¨¥ L0!0(x) = 0. �®áª®«ìªã á®£« á­® ¯®áâ ­®¢ª¥ § ¤ ç¨ � = b(0)

~a(0)
2 N , â. ¥. � > 0, â®

£« ¤ª¨¬ à¥è¥­¨¥¬ íâ®£® ãà ¢­¥­¨ï ­  ¢á¥¬ ®âà¥§ª¥ I, ¢ª«îç ï ¨ â®çªã ¯®¢®à®â  x = 0, ¡ã¤¥â
!0(x) � 0.

�à®¤®«¦ ï ¤ «¥¥ ¨â¥à æ¨®­­ë© ¯à®æ¥áá, ­¥§ ¢¨á¨¬® ®â â®£®, ¨¬¥¥â «¨ ¬¥áâ® c«ãç © 1 ¨«¨
c«ãç © 2, ¯®«ãç¨¬ ®¤­®à®¤­ë¥ ¤¨ää¥à¥­æ¨ «ì­ë¥ ãà ¢­¥­¨ï (5.13), £« ¤ª¨¬¨ à¥è¥­¨ï¬¨ ª®â®-
àëå ¡ã¤¥â â®¦¤¥áâ¢¥­­ë© ­ã«ì, ¨«¨ ­¥®¤­®à®¤­ë¥ ¤¨ää¥à¥­æ¨ «ì­ë¥ ãà ¢­¥­¨ï (5.13), á®¤¥à-
¦ é¨¥ ¢ ¯à ¢®© ç áâ¨ ¯à®¨§¢®«ì­ë¥ ¯®áâ®ï­­ë¥. � íâ®¬ á«ãç ¥ ®¯à¥¤¥«¨¬ ç áâ­ë¥ à¥è¥­¨ï
íâ¨å ãà ¢­¥­¨©, ª®â®àë¥ ¡ã¤ãâ á®¤¥à¦ âì ¯à®¨§¢®«ì­ë¥ ¯®áâ®ï­­ë¥.

� ª¨¬ ®¡à §®¬, ¨¬¥îâ ¬¥áâ® á«¥¤ãîé¨¥ ¢ë¢®¤ë.

�ë¢®¤ 4. �á«¨ � = 2n+ 1, â® ¯®«ãç¨¬ ä®à¬ «ì­®¥ à¥è¥­¨¥ à áè¨à¥­­®£® ãà ¢­¥­¨ï (2.2) ¢
¢¨¤¥ àï¤ 

y3(x; t; ") �
1X

r=0

"rfr(x)�(t) +
1X
r=2

"r[fr(x)�(t) + gr(x)� 0(t)] +
1X
r=0

"r!r(x); (5.14)

¢ ª®â®à®¬ ª ¦¤ ï ¨§ äã­ªæ¨© fr(x) ®¯à¥¤¥«¥­  á â®ç­®áâìî ¤® ®¤­®© ¯à®¨§¢®«ì­®© ¯®áâ®ï­­®©,
  gr(x) ®¯à¥¤¥«¥­ë ª ª ç áâ­ë¥ à¥è¥­¨ï ¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢­¥­¨© (5.12) ¯à¨ ­ ç «ì­ëå
ãá«®¢¨ïå jgr(0)j <1.
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�ë¢®¤ 5. �á«¨ � = 2n, â® ¯®«ãç¨¬ ä®à¬ «ì­®¥ à¥è¥­¨¥ à áè¨à¥­­®£® ãà ¢­¥­¨ï (2.2) ¢ ¢¨¤¥
àï¤ 

y3(x; t; ") � g0(x)�
0(t) +

1X
r=1

"r[fr(x)�(t) + gr(x)�
0(t)] +

1X
r=0

"r!r(x); (5.15)

¢ ª®â®à®¬ ª ¦¤ ï ¨§ äã­ªæ¨© gr(x) ®¯à¥¤¥«¥­  á â®ç­®áâìî ¤® ®¤­®© ¯à®¨§¢®«ì­®© ¯®áâ®ï­­®©,
  fr(x) ®¯à¥¤¥«¥­ë ª ª ç áâ­ë¥ à¥è¥­¨ï ¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢­¥­¨© (5.11) ¯à¨ ­ ç «ì­ëå
ãá«®¢¨ïå jfr(0)j <1. �à¨ ­¥®¡å®¤¨¬®áâ¨ ¤«ï äã­ªæ¨© fr(x) ¨ gr(x) ¬®¦­® ¢ë¯¨á âì ¨ à¥è¥­¨ï,
 ­ «®£¨ç­ë¥ à¥è¥­¨ï¬ (5.6).

�ë¢®¤ 6. �¥è ï ¯®áâ¥¯¥­­® á¥à¨¨ ¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢­¥­¨© (5.11){(5.13), ¢ ¯®¤¯à®áâà ­-
áâ¢¥ Y3

L
Xr ¯®áâà®¨¬ âà¥âì¥ ä®à¬ «ì­®¥ à¥è¥­¨¥ à áè¨à¥­­®£® ãà ¢­¥­¨ï (2.2) ¢ ¢¨¤¥ àï¤ 

(5.10). � ¦¤®¥ á« £ ¥¬®¥ íâ®£® àï¤ , â. ¥. ª ¦¤ ï äã­ªæ¨ï yr(x; t), § ¢¨á¨â ®â ¯à®¨§¢®«ì­ëå ¯®-
áâ®ï­­ëå, ¯®«ãç¥­­ëå ®â ¨­â¥£à¨à®¢ ­¨ï ¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢­¥­¨© (5.11), ¥á«¨ � = 2n+1,
¨«¨ ¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢­¥­¨© (5.12), ¥á«¨ � = 2n.

3. � áâ­®¥ à¥è¥­¨¥ ­¥®¤­®à®¤­®£® ���� (1.1) áâà®¨¬ ¢ ¢¨¤¥ àï¤ 

Yç áâ­.(x; ") � Y4(x; ") =
1X
r=0

"3reyr(x); eyr(x) 2 Xr: (5.16)

�®¤áâ ¢¨¬ (5.16) ¢ ���� (1.1) ¨ ¯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¥­â­ãî
á¨áâ¥¬ã ¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢­¥­¨©:

L0ey0(x) = h(x); L0eyr(x) = �ey000r�1(x); r � 1: (5.17)

�®áª®«ìªã � > 0, â® ­¥ áãé¥áâ¢ã¥â ¤®áâ â®ç­® £« ¤ª¨å ®¡é¨å à¥è¥­¨© íâ¨å ãà ¢­¥­¨©. �¤­ ª®
¯®  ­ «®£¨¨ á [2] ¤®áâ â®ç­® ¯®áâà®¨âì â®«ìª® ç áâ­ë¥ à¥è¥­¨ï ãà ¢­¥­¨© (5.17) ­  ¢á¥¬ ®âà¥§-
ª¥ I = [0; 1]. �ãé¥áâ¢®¢ ­¨¥ ¤®áâ â®ç­® £« ¤ª¨å ç áâ­ëå à¥è¥­¨© íâ¨å ãà ¢­¥­¨© ¯à¨ «î¡®©
¤®áâ â®ç­® £« ¤ª®© ¯à ¢®© ç áâ¨ h(x) ®¡¥á¯¥ç¥­® ãá«®¢¨¥¬ 1 ¨ â¥¬, çâ® b(0) 6= 0.

6. �æ¥­ª  ®áâ â®ç­ëå ç«¥­®¢

� ª ã¦¥ ¡ë«® áª § ­®, á«ãç © ­¥áâ ¡¨«ì­®© â®çª¨ ¯®¢®à®â  ¢­®á¨â ¯à¨­æ¨¯¨ «ì­ë¥ ¨§¬¥-
­¥­¨ï ¢ å à ªâ¥à ®æ¥­®ª ®áâ â®ç­ëå ç«¥­®¢  á¨¬¯â®â¨ª¨ à¥è¥­¨© ¯® áà ¢­¥­¨î á â¥¬¨, çâ®
¡ë«¨ ¯®«ãç¥­ë ¢ [1], [2]. �¤­ ª® áå¥¬  ¯®«ãç¥­¨ï íâ¨å ®æ¥­®ª â  ¦¥ á ¬ ï, çâ® ¨ ¢ æ¨â¨àã¥¬ëå
à ¡®â å  ¢â®à .

� ¯¨è¥¬ ¯®áâà®¥­­ë¥ à¥è¥­¨ï (5.1), (5.2), (5.11) à áè¨à¥­­®£® ãà ¢­¥­¨ï (2.2) ¨ ç áâ­®¥
à¥è¥­¨¥ (5.17) ãà ¢­¥­¨ï (1.1) ¢ ¢¨¤¥

Yk(x; t; ") = YkP (x; t; ") + "P+1�k(P+1)(x; t; "); k = 1; 3; (6.1)

Y4(x; ") = Y4P (x; ") + "3(P+1)�4(P+1)(x; "); (6.2)

£¤¥

YkP (x; t; ") =
PX
r=0

"rykr(x; t); Y4(x; ") =
PX
r=0

"3reyr(x)
| ç áâ¨ç­ë¥ áã¬¬ë, a "P+1�k(P+1)(x; t; ") ¨ "3(P+1)�4(P+1)(x; ") | ®áâ â®ç­ë¥ ç«¥­ë á®®â¢¥âáâ¢ã-
îé¨å àï¤®¢.
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�®  ­ «®£¨¨ á [2] (á¬. ä®à¬ã«ë (4.14){(4.16)), ¨á¯®«ì§ãï (2.6) ¨ (2.7), ¤«ï ®áâ â®ç­ëå ç«¥­®¢
à¥è¥­¨© (6.1) ¨ (6.2) ¯®«ãç¨¬ ®æ¥­ª¨

Y1(x; t; ") = Ai(t)
� pX
r=0

"rV1r(x) +O("p+1)
�
+Ai0(t)

� pX
r=0

"rQ1r(x) +O("p+1)
�
; (6.3)

Y2(x; t; ") = Bi(t)
� pX
r=0

"rV2r(x) +O("p+1)
�
+Bi0(t)

� pX
r=0

"rQ2r(x) +O("p+1)
�
; (6.4)

Y3(x; t; ") = �(t)
� pX
r=0

"rfr(x) +O("p+1)
�
+ � 0(t)

� pX
r=0

"rgr(x) +O("p+1)
�
+

+
pX

r=0

"r!r(x) +O("p+1); (6.5)

Yç áâ­.(x; ") =
pX

r=0

"3reyr(x) +O("3(p+1)): (6.6)

�ä®à¬ã«¨àã¥¬ ¯®«ãç¥­­ë¥ à¥§ã«ìâ âë.

�¥®à¥¬ . �ãáâì ¤«ï ���� (1:1)  ) ¨¬¥îâ ¬¥áâ® ãá«®¢¨ï 1 ¨ 2; ¡) � = b(0)

~a(0)
2 N .

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

1) ¢ëè¥®¯¨á ­­ë¬ ¬¥â®¤®¬ ¬®¦­® ¯®áâà®¨âì âà¨ «¨­¥©­® ­¥§ ¢¨á¨¬ëx à¥è¥­¨ï ®¤­®-

à®¤­®£® à áè¨à¥­­®£® ãà ¢­¥­¨ï (2:2) ¢ ¢¨¤¥ ä®à¬ã« (5:1), (5:2) ¨ (5:10), ¯à¨ç¥¬
1 a) ¥á«¨ � = 2n+1, â® íâ¨ à¥è¥­¨ï ¨¬¥îâ áâàãªâãàã, ¯à¥¤áâ ¢«¥­­ãî àï¤ ¬¨ (5:8)

¨ (5:14),
1 b) ¥á«¨ � = 2n, â® íâ¨ à¥è¥­¨ï ¯à¥¤áâ ¢¨¬ë àï¤ ¬¨ (5:9) ¨ (5:15);

2) áã¦¥­¨¥ íâ¨å à¥è¥­¨© ¯à¨ t = "�1'(x) ï¢«ïîâáï ä®à¬ «ì­ë¬¨  á¨¬¯â®â¨ç¥áª¨¬¨

à¥è¥­¨ï¬¨ ®¤­®à®¤­®£® ���� (1:1);
3) ç áâ­®¥ à¥è¥­¨¥ ­¥®¤­®à®¤­®£® ���� (1:1) ¯à¥¤áâ ¢¨¬® ¢ ¢¨¤¥ àï¤  (5:16);
4) ¤«ï ®áâ â®ç­ëå ç«¥­®¢  á¨¬¯â®â¨ç¥áª¨å àï¤®¢ à¥è¥­¨© ¨¬¥îâ ¬¥áâ® ®æ¥­ª¨ (6:3){

(6:6).

� ¬¥ç ­¨¥ 5. �  ¯¥à¢ë© ¢§£«ï¤ ãá«®¢¨¥ � = b(0)

~a(0)
2 N ¤®¢®«ì­® ¦¥áâª®¥. �¤­ ª®, ª ª

¡ë«® § ¬¥ç¥­® ¢ [1], íâ® ãá«®¢¨¥ ®¡¥á¯¥ç¨¢ ¥â ¯®áâà®¥­¨¥ ä®à¬ «ì­ëå à¥è¥­¨© á ¡¥áª®­¥ç­ë¬
ç¨á«®¬ á« £ ¥¬ëå. �  ¯à ªâ¨ª¥ ®£à ­¨ç¨¢ îâáï â®«ìª® ª®­¥ç­ë¬ ç¨á«®¬ á« £ ¥¬ëå ¢ àï¤¥
à¥è¥­¨©. �®íâ®¬ã íâ® ãá«®¢¨¥ ¬®¦­® § ¬¥­¨âì ¡®«¥¥ ¡« £®¯à¨ïâ­ë¬ ãá«®¢¨¥¬, ¯®âà¥¡®¢ ¢,
çâ®¡ë � = b(0)

~a(0)
¡ë«® ¤®áâ â®ç­® ¡®«ìè¨¬ ç¨á«®¬, ¢¥«¨ç¨­ã ª®â®à®£® ¯à¨ ­¥®¡å®¤¨¬®áâ¨ «¥£ª®

®¯à¥¤¥«¨âì.

� ¬¥ç ­¨¥ 6. �ãáâì �� = b(0)
~a(0)

2 N ¨ ¨¬¥¥â ¬¥áâ® ãá«®¢¨¥ 2. � íâ®¬ á«ãç ¥ â®çª  ¯®-
¢®à®â  ®áâ ¥âáï ­¥áâ ¡¨«ì­®© ¨ ®¡¥á¯¥ç¨¢ ¥âáï áãé¥áâ¢®¢ ­¨¥ ¤®áâ â®ç­® £« ¤ª®£® à¥è¥­¨ï
¢ëà®¦¤¥­­®£® ãà ¢­¥­¨ï (1.2) ­  ¢á¥¬ ®âà¥§ª¥ I, ¢ª«îç ï ¨ â®çªã ¯®¢®à®â  x = 0. �á¯®«ì§ãï
¬¥â®¤¨ªã [1] ¨ § ¬¥­ïï äã­ªæ¨¨ �©à¨{�®à®¤­¨æë­  äã­ªæ¨ï¬¨ �©à¨{� ­£¥à , ¬®¦­® ¯®«ã-
ç¨âì à¥§ã«ìâ âë,  ­ «®£¨ç­ë¥ à¥§ã«ìâ â ¬ à ¡®âë [1].

� ¬¥ç ­¨¥ 7. �«ï â®£® çâ®¡ë ãâ¢¥à¦¤ âì, çâ® ¤«ï ���� (1.1) ¢ ®á­®¢­®¬ à §à ¡®â ­ 
â¥®à¨ï  á¨¬¯â®â¨ç¥áª®£® ¨­â¥£à¨à®¢ ­¨ï,  ­ «®£¨ç­ ï â®©, ª®â®à ï ®¯¨á ­  ¢ [3], ­¥®¡å®¤¨¬®
¥é¥ ¨áá«¥¤®¢ âì íâ® ãà ¢­¥­¨¥ á ¢­ãâà¥­­¥© â®çª®© ¯®¢®à®â . �«ï á«ãç ï á ¢­ãâà¥­­¥© â®ç-
ª®© ¯®¢®à®â  ®á­®¢­ ï âàã¤­®áâì á®áâ®¨â ¢ ¯®áâà®¥­¨¨ £« ¤ª¨å à¥è¥­¨© ¤¨ää¥à¥­æ¨ «ì­ëå
ãà ¢­¥­¨© â¨¯  (5.4), (5.5) ­  ¢á¥¬ ®âà¥§ª¥ [�1; 1].
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