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� áá¬®âà¨¬ § ¤ çã

L"W (x; ") � "2W 00(x; ")�AW (x; ") = h(x); (1)

E1W (m; ") = E1[�
�2�m + cWm]; E2W

0(m; ") = E2[�
�4�m + ��3cWm]

¯à¨ "! +0, x 2 I = [0; a], m = 0; a; � = 3
p
".

�¤¥áì A| «¨­¥©­ë© ®¯¥à â®à, § ¤ ­­ë© ¢ Rn, W (x; ") | ¨áª®¬ ï ¢¥ªâ®à-äã­ªæ¨ï, �m, cWm

(m = 0; a) | § ¤ ­­ë¥ ­ ç «ì­ë¥ ¢¥ªâ®àë, Ek | ¤¨ £®­ «ì­ë¥ ¬ âà¨æë n-£® ¯®àï¤ª  ¢¨¤ 
E1 = diagf1; 0; : : : ; 0g, E2 = diagf0; 1; : : : ; 1g.

� ¤ çã (1) ¡ã¤¥¬ ¨áá«¥¤®¢ âì ¯à¨ ¢ë¯®«­¥­¨¨ â ª¨å ãá«®¢¨©.

�á«®¢¨¥ 1. A; h(x) 2 C1[I].

�á«®¢¨¥ 2. �¯¥ªâà ¯à¥¤¥«ì­®£® ®¯¥à â®à  A ã¤®¢«¥â¢®àï¥â ãá«®¢¨ï¬

�1(x) � x � e�1(x) < 0 < �2(x) � � � � � �p+1(x) < �p+2(x) � � � �
� �p+s+1(x) < �p+s+2(x) < � � � < �n(x): (2)

�®áª®«ìªã á¯¥ªâà ¯à¥¤¥«ì­®£® ®¯¥à â®à  A á®¤¥à¦¨â ¤¢  ªà â­ëå í«¥¬¥­â  �2(x) ¨ �p+2(x),
â® ãá«®¢¨© (2) ¥é¥ ­¥ ¤®áâ â®ç­® ¤«ï ®¤­®§­ ç­®© ¯®áâ ­®¢ª¨ ¨ ¤«ï ¯®áâà®¥­¨ï  á¨¬¯â®â¨ª¨
à¥è¥­¨ï á¨­£ã«ïà­® ¢®§¬ãé¥­­®© § ¤ ç¨ (���) (1), ª ª íâ® ¡ë«® ¢ á«ãç ¥ ¯à®áâ®£® á¯¥ªâà 
®¯¥à â®à  A. � §«¨ç­ë¥  á¯¥ªâë ¨áá«¥¤®¢ ­¨ï ��� (1) ¤«ï á«ãç ï ¯à®áâ®£® á¯¥ªâà  ®¯¥à â®à 
A ¨§ãç¥­ë ¤®áâ â®ç­® å®à®è® [1]{[6].

�«ãç ©, ª®£¤  ¯à¥¤¥«ì­ë© ®¯¥à â®à A ­¥ ï¢«ï¥âáï ¤¨ £®­ «¨§¨àã¥¬ë¬, ¢­®á¨â §­ ç¨â¥«ì-
­ë¥ âàã¤­®áâ¨ ¢ ¨áá«¥¤®¢ ­¨¥ ��� (1), ® ç¥¬ ¥é¥ ¡ë«® áª § ­® ¢ ([7], á. 148). � áª®«ìª®  ¢â®àã
¨§¢¥áâ­®, ¨áá«¥¤®¢ ­¨ï ��� (1) á ­¥¤¨ £®­ «¨§¨àã¥¬ë¬ ¯à¥¤¥«ì­ë¬ ®¯¥à â®à®¬ ­¥ ¯à®¢®¤¨-
«¨áì ¨«¨ (¢ ªà ©­¥¬ á«ãç ¥) à ¢­®¬¥à­® ¯à¨£®¤­ ï  á¨¬¯â®â¨ª  à¥è¥­¨ï § ¤ ç¨ (1) ­  ¢á¥¬
®âà¥§ª¥ I = [0; a] ¥é¥ ­¥ ¯®áâà®¥­ .

�«ï ®¤­®§­ ç­®£® ®¯¨á ­¨ï à¥£ã«ïà¨§ãîé¥© ¢¥ªâ®à-¯¥à¥¬¥­­®© t ¨ ¯à®áâà ­áâ¢  ¡¥§à¥§®-
­ ­á­ëå à¥è¥­¨© (���) ­¥®¡å®¤¨¬® ¥é¥ ¨¬¥âì ¨­ä®à¬ æ¨î ® ­®à¬ «ì­®© ä®à¬¥ ®¯¥à â®à  A.
�®íâ®¬ã ¡ã¤¥¬ ¯à¥¤¯®« £ âì, çâ® p-ªà â­®¬ã í«¥¬¥­âã �2(x) á®®â¢¥âáâ¢ã¥â ®¤¨­ í«¥¬¥­â à­ë©
¤¥«¨â¥«ì [�(x)� �2(x)]p,   s-ªà â­®¬ã í«¥¬¥­âã �p+2(x) á®®â¢¥âáâ¢ãîâ â®«ìª® ¯à®áâë¥ í«¥¬¥­-
â à­ë¥ ¤¥«¨â¥«¨ [�(x) � �i(x)], i = p+ 2; p+ s+ 1:
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�à¨ á¤¥« ­­ëå ¯à¥¤¯®«®¦¥­¨ïå ¬ âà¨æ  A(x) ®¯¥à â®à  A ¡ã¤¥â íª¢¨¢ «¥­â­  ¡«®ç­®-
¤¨ £®­ «ì­®© ¬ âà¨æ¥

A(x) �

0BBBBBBBBBBBBB@

�1(x) 0 0 0
... 0

0 G(x) 0 0
... 0

0 0 D(x) 0
... 0

0 0 0 �p+s+2(x)
... 0

� � � � � � � � � � � � . . . � � �
0 0 0 0

... �n(x)

1CCCCCCCCCCCCCA
; (3)

£¤¥ G(x) | ¦®à¤ ­®¢  ¬ âà¨æ  p-£® ¯®àï¤ª , ¢ ª®â®à®© ­  £« ¢­®© ¤¨ £®­ «¨ ­ å®¤ïâáï í«¥-
¬¥­âë �2(x),   ¥¤¨­¨æë ­ å®¤ïâáï ­ ¤ £« ¢­®© ¤¨ £®­ «ìî. � âà¨æ  D(x), á®®â¢¥âáâ¢ãîé ï
s-ªà â­®¬ã í«¥¬¥­âã �p+2(x), ï¢«ï¥âáï ¤¨ £®­ «ì­®©, ¢ ª®â®à®© ­  ¤¨ £®­ «¨ ­ å®¤ïâáï í«¥-
¬¥­âë �p+2(x) � � � � � �p+s+1(x).

�«¥¤®¢ â¥«ì­®, ��� (1) ¯®áâ ¢«¥­  â ª, çâ®¡ë ãª § âì ­  ®á®¡¥­­®áâ¨ ¨áá«¥¤®¢ ­¨ï § ¤ -
ç¨ (1), ª®â®àë¥ ¢®§­¨ª îâ ®â ªà â­®£®, ­® ¢á¥ ¦¥ ¤¨ £®­ «¨§¨àã¥¬®£® í«¥¬¥­â  �p+2(x) ¨ ®â
ªà â­®£® í«¥¬¥­â  �2(x), ª®â®àë© ¯®à®¦¤ ¥â ¦®à¤ ­®¢ã ¬ âà¨æã G(x).

�¥«ì ¤ ­­®© à ¡®âë á®áâ®¨â ¢ ¯®áâà®¥­¨¨ à ¢­®¬¥à­® ¯à¨£®¤­®©  á¨¬¯â®â¨ª¨ à¥è¥­¨ï ���
(1) ­  ¢á¥¬ ®âà¥§ª¥ [0; a], ª®â®à®¥ ¢ ¯à¥¤¥«¥ ¯à¨ " ! +0 áâà¥¬¨âáï ª à §àë¢­®¬ã à¥è¥­¨î
¢ëà®¦¤¥­­®£® ¢¥ªâ®à­®£® ãà ¢­¥­¨ï

�A!(x) = h(x): (4)

1. �¨®àâ®£®­ «ì­ ï á¨áâ¥¬  ¢¥ªâ®à®¢

�áå®¤ï ¨§ ¢¨¤  ¦®à¤ ­®¢®© ä®à¬ë ®¯¥à â®à  A, ¢¢¥¤¥¬ ¡¨®àâ®£®­ «ì­ãî á¨áâ¥¬ã ¢¥ªâ®à®¢ebi(x), eb�k(x), i; k = 1; n, ¢¨¤ 

(A� �iE)ebi(x) =
(
0; i = 1; 2;[p+ 2; n;ebi�1(x); i = 3; p+ 1;

(1.1)

¨

(A� � e�kE)eb�k(x) =
(
0; k = 1 [ p+ 1; n;eb�k+1(x); k = 2; p:

(1.2)

�á¥ ¢¥ªâ®àë ebi(x), i = 1; 2[p+ 2; n, ¨ eb�k(x), k = 1[p+ 1; n, ª®â®àë¥ ï¢«ïîâáï á®¡áâ¢¥­­ë¬¨
¢¥ªâ®à ¬¨ á®®â¢¥âáâ¢¥­­® ®¯¥à â®à®¢ A ¨ A�, á®¤¥à¦ â ¢ ¢¨¤¥ ¬­®¦¨â¥«¥© ¯® ®¤­®© ¯à®¨§-
¢®«ì­®© ¯®áâ®ï­­®© Ci ¨ C�k . �¥ªâ®àë ebi(x), i = 3; p+ 1, ¨ eb�k(x), k = 2; p, ®¡à §ãîâ æ¨ª«¨ç¥áª¨¥
á¨áâ¥¬ë ¨ ¨å § ¢¨á¨¬®áâì ®â ¯à®¨§¢®«ì­ëå ¯®áâ®ï­­ëå ¡®«¥¥ á«®¦­ ï, ç¥¬ ã á®¡áâ¢¥­­ëå ¢¥ª-
â®à®¢. � ª ï § ¢¨á¨¬®áâì ¢ â¥®à¨¨ á¨­£ã«ïà­ëå ¢®§¬ãé¥­¨© ¥é¥ ­¥ ¨áá«¥¤®¢ « áì ¨ ­¥ ï¢«ï-
¥âáï ®ç¥¢¨¤­®©. �®íâ®¬ã ¤«ï ¡®«ìè¥© ­ £«ï¤­®áâ¨ ¢ ãá«®¢¨ïå 2 ¢®§ì¬¥¬ ª®­ªà¥â­®¥ §­ ç¥­¨¥
p = 3. � íâ®¬ á«ãç ¥ æ¨ª«¨ç¥áª¨¥ á¨áâ¥¬ë ¢¥ªâ®à®¢ ¡ã¤ãâ ¨¬¥âì á«¥¤ãîéãî áâàãªâãàã:eb2(x) = c2e
2(x); eb3(x) = c2el3(x) + c3e
2(x); eb4(x) = c2el2(x) + c3el3(x) + c4e
2(x) (1.3)

¨

eb�4(x) = c4e
�4(x); eb�3(x) = c�4
el�3(x) + c�3e
�4 (x); eb�2(x) = c�4

el�2(x) + c�3
el�3(x) + c�2e
�4(x): (1.4)

� íâ¨å ä®à¬ã« å e
2(x) ¨ e
�4 (x) | á®¡áâ¢¥­­ë¥ ¢¥ªâ®àë ®¯¥à â®à®¢ A ¨ A�,   ®áâ «ì­ë¥ ¢¥ªâ®-
àë, á®¤¥à¦ é¨¥áï ¢ ä®à¬ã« å (1.3) ¨ (1.4), ï¢«ïîâáï ®¤­®§­ ç­® ®¯à¥¤¥«¥­­ë¬¨ ª ª ç áâ­ë¥
à¥è¥­¨ï á®®â¢¥âáâ¢ãîé¨å ­¥®¤­®à®¤­ëå  «£¥¡à ¨ç¥áª¨å á¨áâ¥¬ ãà ¢­¥­¨© (1.1) ¨ (1.2).
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� ¬¥ç ­¨¥ 1. � § ¢¨á¨¬®áâ¨ ®â â®£®, ª ª®© ¬¨­®à (n � 1)-£® ¯®àï¤ª  ­¥ à ¢¥­ ­ã«î, ¯®
®¤­®© ¨§ ª®¬¯®­¥­â ¢¥ªâ®à®¢ e
2(x) ¨ e
�4(x) ¡ã¤¥â â®¦¤¥áâ¢¥­­® à ¢­  ¥¤¨­¨æ¥,   ã ®áâ «ì­ëå
¢¥ªâ®à®¢, á®¤¥à¦ é¨åáï ¢ ä®à¬ã« å (1.3) ¨ (1.4), ®¤­  ¨§ ª®¬¯®­¥­â â®¦¤¥áâ¢¥­­® à ¢­  ­ã«î.
�®áª®«ìªã ¤«ï ­ è¨å ¨áá«¥¤®¢ ­¨© íâ® ®¡áâ®ïâ¥«ìáâ¢® ­¥ ¨¬¥¥â ¯à¨­æ¨¯¨ «ì­®£® §­ ç¥­¨ï,
â® ­¥ ¡ã¤¥¬ ¡®«ìè¥  ªæ¥­â¨à®¢ âì ¢­¨¬ ­¨¥ ­  à §¬¥é¥­¨¨ ¥¤¨­¨æ ¨ ­ã«¥© ¢ ¡¨®àâ®£®­ «ì­®©
á¨áâ¥¬¥ ¢¥ªâ®à®¢.

� ¬¥ç ­¨¥ 2. �®áª®«ìªã ªà â­®¬ã í«¥¬¥­âã �p+2(x) á®®â¢¥âáâ¢ã¥â ¤¨ £®­ «ì­ ï ¬ âà¨æ 
D(x), â® áãé¥áâ¢ã¥â s äã­¤ ¬¥­â «ì­ëå à¥è¥­¨© ®¤­®à®¤­ëå ãà ¢­¥­¨© (1.1) ¨ (1.2), ª®â®àë¥
®â®¦¤¥áâ¢«ï¥¬ á á®¡áâ¢¥­­ë¬¨ ¢¥ªâ®à ¬¨ ebi(x), eb�k, i; k = p+ 2; p+ s+ 1.

� àï¤ã á ¡¨®àâ®£®­ «ì­®© á¨áâ¥¬®© ¢¥ªâ®à®¢ febi(x);eb�k(x)g ¢¢¥¤¥¬ ¥é¥ ®¤­ã ¡¨®àâ®£®­ «ì-
­ãî á¨áâ¥¬ã ¢¥ªâ®à®¢ fbi(x; "); b�k(x; ")g, ¢ ª®â®à®©

bi(x; ") � ebi(x); i = 1; 2;[p+ 2; n; b�k(x; ") � eb�k(x); k = 1 [ p+ 1; n;

(A� �iE)bi = "bi�1; i = 3; p+ 1; (A� � �kE)b�k = "b�k+1; k = 1 [ p+ 1; n:

�¥£ª® ¯à®¢¥à¨âì, çâ® ebi(x) = "i�1bi(x; "), i = 3; p+ 1.

2. � áâàãªâãà¥ à¥è¥­¨ï ¢ëà®¦¤¥­­®© á¨áâ¥¬ë ãà ¢­¥­¨©

�á¯®«ì§ãï ¢¢¥¤¥­­ë¥ ¡¨®àâ®£®­ «ì­ë¥ á¨áâ¥¬ë ¢¥ªâ®à®¢, ¯®«ãç¨¬ à §«®¦¥­¨¥ ¯à ¢®© ç -
áâ¨ ¢¥ªâ®à­®£® ãà ¢­¥­¨ï (4)

h(x) =
nX
i=1

(h(x); b�i (x))bi(x) �
nX
i=1

(h(x);eb�i (x))ebi(x): (2.1)

�¥è¥­¨¥ ¢¥ªâ®à­®£® ãà ¢­¥­¨ï (4) â®¦¥ ¡ã¤¥¬ áâà®¨âì ¢ ¢¨¤¥

!(x) =
nX

i=1

!i(x)bi(x) �
nX
i=1

e!i(x)ebi(x): (2.2)

�®¤áâ ¢¨¢ (2.2) ¢ ãà ¢­¥­¨¥ (4) ¨ ãç¨âë¢ ï à ¢¥­áâ¢  (1.1) ¨ (1.2), ¯®«ãç¨¬

e!i(x) = ��1i (h(x);eb�i (x)); i = 1 [ 4; n;
e!3(x) = ���12 (h(x);eb�3(x)) + ��22 (h(x);eb�4(x));e!2(x) = ���12 (h(x);eb�2(x)) + ��22 (h(x);eb�3(x)) � ��32 (h(x);eb�4(x)):

�®áª®«ìªã á¯¥ªâà ¯à¥¤¥«ì­®£® ®¯¥à â®à  A á®¤¥à¦¨â ­¥áâ ¡¨«ì­ë© í«¥¬¥­â �1(x) � xe�1(x),
â® ¤«ï ¤®áâ â®ç­®© £« ¤ª®áâ¨ à¥è¥­¨ï ¢¥ªâ®à­®£® ãà ¢­¥­¨ï (4) ­¥®¡å®¤¨¬®, çâ®¡ë ¨¬¥«® ¬¥áâ®
â®ç¥ç­®¥ ãá«®¢¨¥ (h(0);eb�1(0)) = 0.

�¯®á«¥¤áâ¢¨¨ ¯à¨ ¯®áâà®¥­¨¨  á¨¬¯â®â¨ª¨ à¥è¥­¨ï ��� (1) ¡ã¤¥â ¯®ª § ­®, çâ®  ­ «®£¨ç-
­®¥ ãá«®¢¨¥ ¡ã¤¥â  ¢â®¬ â¨ç¥áª¨ ¢ë¯®«­¥­® §  áç¥â á¯¥æ¨ä¨ª¨ ¯à¥¤«®¦¥­­®£® ¬¥â®¤ . �®íâ®¬ã
¯à¨ ¯®áâ ­®¢ª¥ § ¤ ç¨ (1) ­¥ ã¯®¬¨­ «®áì ãá«®¢¨¥ (h(0);eb�1(0)) = 0.

� ¬¥ç ­¨¥ 3. � á«ãç ¥ ¤¨ £®­ «¨§¨àã¥¬®£® ¯à¥¤¥«ì­®£® ®¯¥à â®à  A ¬ë ®¡å®¤¨«¨áì ¡¥§
¯à®¨§¢®«ì­ëå ¯®áâ®ï­­ëå ¬­®¦¨â¥«¥©, á®¤¥à¦ é¨åáï ¯à¨ á®¡áâ¢¥­­ëå ¢¥ªâ®à å. �®áª®«ìªã ¢
¨áá«¥¤ã¥¬®¬ á«ãç ¥ ¯à®¨§¢®«ì­ë¥ ¬­®¦¨â¥«¨ ¢å®¤ïâ ¢ ¡®«¥¥ á«®¦­®¬ ¢¨¤¥ (á¬. (1.3) ¨ (1.4)),
â® ¢ à §«®¦¥­¨¨ (2.1) ¨ ¢ à¥è¥­¨¨ (2.2) â®¦¥ á®¤¥à¦ âáï ¯à®¨§¢®«ì­ë¥ ¯®áâ®ï­­ë¥ Ci, i = 2; 4,
¨ C�k , k = 2; 4. �áâ «ì­ë¥ ¯®áâ®ï­­ë¥, ¯®  ­ «®£¨¨ á ¯à®áâë¬ á¯¥ªâà®¬ ¯à¥¤¥«ì­®£® ®¯¥à â®à ,
«¥£ª® ã¡¨à îâáï ¨§ à¥è¥­¨ï (2.2). � ¤àã£®© áâ®à®­ë, à¥è¥­¨¥ ¢ëà®¦¤¥­­®£® ¢¥ªâ®à­®£® ãà ¢-
­¥­¨ï (4) ®¯à¥¤¥«ï¥âáï ®¤­®§­ ç­® ¨ ­¥ ¤®«¦­® á®¤¥à¦ âì ­¨ª ª¨å ¯à®¨§¢®«ì­ëå ¯®áâ®ï­­ëå.
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�¡ê¥¬ à ¡®âë ­¥ ¯®§¢®«ï¥â ¯à®¢¥áâ¨ ¯®«­®¥ ¨áá«¥¤®¢ ­¨¥ à¥è¥­¨ï ãà ¢­¥­¨ï (4). �®íâ®¬ã
§ ¯¨è¥¬ ¢ ï¢­®¬ ¢¨¤¥ ®¤­® ¨§ á« £ ¥¬ëå à¥è¥­¨ï ãà ¢­¥­¨ï (4),   ¨¬¥­­®

e!3(x)eb3(x) � f���11 [(h(x); el�3(x))C�4 + (h(x); e
�4(x))C�3 ] + ��21 (h(x); e
�4(x))C�4g[C2
el3(x) + C3e
2(x)]:

�¨¤¨¬, çâ® ¯à®¨§¢®«ì­ë¥ ¯®áâ®ï­­ë¥ ¢å®¤ïâ ¢ íâ® á« £ ¥¬®¥ ¢ ¢¨¤¥ ¬­®¦¨â¥«¥© C�4 � C2,
C�4 � C3, C�3 � C3. �¤­ ª®, «¥£ª® ã¡¥¤¨âìáï, çâ® ¢ ¯à®æ¥áá¥ ¯®«ãç¥­¨ï ¡¨®àâ®­®à¬¨à®¢ ­­®©
á¨áâ¥¬ë ¢¥ªâ®à®¢ febi(x);eb�k(x)g ª ¦¤ë© ¨§ íâ¨å ¬­®¦¨â¥«¥© ®¤­®§­ ç­® ®¯à¥¤¥«ï¥âáï. �«¥¤®-
¢ â¥«ì­®, á« £ ¥¬®¥ (2.4) ï¢«ï¥âáï ®¤­®§­ ç­ë¬. �­ «®£¨ç­® ¬®¦­® ¯à®¢¥à¨âì, çâ® ¢á¥ á« £ -
¥¬ë¥ à¥è¥­¨ï (2.2) ï¢«ïîâáï ®¤­®§­ ç­® ®¯à¥¤¥«¥­­ë¬¨ ¨ ¤®áâ â®ç­® £« ¤ª¨¬¨ äã­ªæ¨ï¬¨
¤«ï ¢á¥å x 2 [0; a].

3. � áè¨à¥­¨¥ ¢®§¬ãé¥­­®© § ¤ ç¨

� ¤ «ì­¥©è¥¬ ®¡é ï áå¥¬  ¨áá«¥¤®¢ ­¨ï ��� á ­¥¤¨ £®­ «¨§¨àã¥¬ë¬ ¯à¥¤¥«ì­ë¬ ®¯¥à â®-
à®¬ ®áâ ¥âáï â®© ¦¥ á ¬®©, çâ® ¨ ¤«ï ¤¨ £®­ «¨§¨àã¥¬®£® ®¯¥à â®à  [1]{[6]. � àï¤ã á ­¥§ ¢¨á¨-
¬®© ¯¥à¥¬¥­­®© x 2 I ¢¢¥¤¥¬ ­®¢ãî ¢¥ªâ®à-¯¥à¥¬¥­­ãî t = ftjkg, k = 1; 2; j = 1; 2 [ p+ s+ 1; n,
ä®à¬ã« ¬¨

t1k � t1 � ��2
�
3
2

Z x

0

q
��1(x)dx

�2=3
� ��2'1(x) � �1(x; ");

tjk = ��3(�1)k
Z x

(k�1)a

q
�j(x)dx � ��3'jk(x) � �jk(x; "): (3.1)

�®£¤  ¢¬¥áâ® ¢¥ªâ®à-äã­ªæ¨¨ W (x; ") ¡ã¤¥¬ ¨áá«¥¤®¢ âì à áè¨à¥­­ãî ¢¥ªâ®à-äã­ªæ¨îfW (x; t; ") [8], ª®â®à ï ï¢«ï¥âáï à¥è¥­¨¥¬ à áè¨à¥­­®© § ¤ ç¨

eL"
fW (x; t; ") = h(x);

E1
fW (Mm; ") = E1[�

�2�m + cWm]; E2

dfW (Mm; ")
dx

= E1[�
�2�m + cWm]; Mm =Mm(m; t(m)):

(3.2)

�¤¥áì

eL" � ��2'01
2(x)

@2

@t21
+

2X
k=1

X
j22[4+s;n

�
'0jk

2(x)
@2

@t2jk
+ �3djk

@

@tjk

�
+ �4d1

@

@t1
+ �6

@2

@x2
�A+ Y ?" ;

(3.3)

£¤¥

djk � 2'0jk(x)
@

@x
+ '00jk(x); d1k � d1 � 2'01(x)

@

@x
+ '001(x); (3.4)

  Y ?" | ®¯¥à â®à, ¨£à îé¨© à®«ì  ­­ã«ïâ®à  ¯à¨ ¯®áâà®¥­¨¨  á¨¬¯â®â¨ª¨ à¥è¥­¨ï ��� (1).
�®íâ®¬ã ­¥â á¬ëá«  ¢ë¯¨áë¢ âì ¥£® ï¢­ë© ¢¨¤.

4. �¥£ã«ïà¨§ æ¨ï á¨­£ã«ïà­® ¢®§¬ãé¥­­®© § ¤ ç¨
¢ ¯à®áâà ­áâ¢¥ ¡¥§à¥§®­ ­á­ëå à¥è¥­¨©

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

Yri1k = fbi(x)[�rik(x)Uk(t1) +Qrik(x)U
0
k(t1)]g; Yrijk = fbi(x)�rijk(x) exp tjkg; (4.1)

Vri = fbi(x)[fri(x) (t1) + gri(x) 
0(t1)]g; Xri = fbi(x)!ri(x)g:
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�¤¥áì �rik(x); Qrik(x); �rijk(x); fri(x); gri(x); !ri(x) 2 C1[I], Uk(t1) | äã­ªæ¨¨ �©à¨, á¢®©áâ¢ 
ª®â®àëå ®¯¨á ­ë ¢ [9],    (t1) | áãé¥áâ¢¥­­® ®á®¡®¥ ¬­®£®®¡à §¨¥ (���),

 (t1) =
Z t1

+1

[U2(t1)U1(�)� U1(t1)U2(�)]d�; (4.2)

á¢®©áâ¢  ª®â®à®£® ®¯¨á ­ë ¢ [1], [2], [4]{[6].
�§ ¯à®áâà ­áâ¢ (4.1) á®áâ ¢¨¬ ¯à®áâà ­áâ¢®

Yr �
nM
i=1

Yri �
nM
i=1

h 2M
k=1

M
j21;2[4+s;n

Yrijk
M

Vri
M

Xri

i
: (4.3)

�«¥¬¥­â íâ®£® ¯à®áâà ­áâ¢  ¨¬¥¥â ¢¨¤

Wr(x; t) �
nX
i=1

bi(x)Wri(x; t) �
nX
i=1

fWri(x; t); (4.4)

£¤¥

Wri(x) �
2X

k=1

[�rik(x)Uk(t1) +QrikU
0
k(t1)] +

+
X
j2


�rijk(x) exp tjk + fri(x) (t1) + gri(x) 
0(t1) + !ri(x); 
 = 2 [ 4 + s; n: (4.5)

� ¬¥â¨¬, çâ® ®¯¨á ­­ë¥ ¯à®áâà ­áâ¢  Yr ¬ «® ç¥¬ ®â«¨ç îâáï ®â á®®â¢¥âáâ¢ãîé¨å ¯à®áâà ­áâ¢
Yr [1].

�®áª®«ìªã ��� (4.3) ã¦¥ ®¯¨á ­ë, â® á®£« á­® ®¡é¥© áå¥¬¥ ¨áá«¥¤®¢ ­¨ï ��� á â®çª ¬¨
¯®¢®à®â  [1]{[6] ­¥®¡å®¤¨¬® ¨§ãç¨âì ¤¥©áâ¢¨¥ à áè¨à¥­­®£® ®¯¥à â®à  eL" ­  í«¥¬¥­âë á ���
(4.3). �¡é ï áå¥¬  ¨áá«¥¤®¢ ­¨© â  ¦¥ á ¬ ï, çâ® ¢ æ¨â¨à®¢ ­­ëå à ¡®â å. �¥®¡å®¤¨¬® â®«ìª®
¡®«¥¥ ¢­¨¬ â¥«ì­® ¯à®á«¥¤¨âì §  à¥§ã«ìâ â®¬ ¤¥©áâ¢¨ï ®¯¥à â®à  A ­  í«¥¬¥­âë, ¢ ª®â®àëå
¬­®¦¨â¥«ï¬¨ ï¢«ïîâáï ¢¥ªâ®àë bi(x), i = 2; 4.

�áâ ­®¢¨¬áï ¤¥â «ì­® ­  ¤¥©áâ¢¨¨ à áè¨à¥­­®£® ®¯¥à â®à  eL" ­  í«¥¬¥­âë ¯®¤¯à®áâà ­áâ¢
Yrijk. �¬¥¥¬

eL"

nX
i=1

bi(x)
X
j2


�rijk(x) exp tjk �
X
j2


� nX
i=1

bi(x)f[�j � �i]�rijk + �3djk�rijk(x) + �6e�rijk(x)g �

� �3b2(x)�r3jk(x)� �3b3(x)�r4jk(x)
�
exp tjk: (4.6)

� íâ®¬ â®¦¤¥áâ¢¥ á®£« á­® (3.1) § ¬¥­¨«¨ '0jk
2(x) ­  í«¥¬¥­âë �j(x). �ã­ªæ¨¨ e�rijk(x) ï¢«ï-

îâáï ¨§¢¥áâ­ë¬¨ äã­ªæ¨ï¬¨, ¯®«ãç¥­­ë¬¨ ®â ¤¥©áâ¢¨ï ®¯¥à â®à  @2

@x2
­  í«¥¬¥­âë bi(x)�rijk(x).

� §« £ ï ¯à®¨§¢®¤­ë¥ b0i(x) ¯® ¡ §¨áã bi(x), i = 1; n, ¯®«ãç¨¬ â®¦¤¥áâ¢®X
j2


nX
i=1

djkbi(x)�rijk(x) exp tjk �
nX
i=1

bi(x)
�X

j2


�
Dijk�rijk(x) +

nX
�=1;� 6=i

Tr�jk�rijk(x)
��

exp tjk:(4.7)

�¤¥áì

T�ijk � 2'0jk(x)(b
0
�(x); bi(x)); Dijk � 2'0jk(x)

�
@

@x
+ (b0i(x); b

�
i (x))

�
+ '00jk(x); eDi11 � '1(x)Di11:

(4.8)

�à®¤¥« ¢ ¯à¥®¡à §®¢ ­¨ï,  ­ «®£¨ç­ë¥ ¯à¥®¡à §®¢ ­¨ï¬ (4.6), (4.7) ­ ¤ í«¥¬¥­â ¬¨ ¢á¥£®
¯à®áâà ­áâ¢  Yr, ¯®«ãç¨¬ â®¦¤¥áâ¢®eL"W (x; t) � [R0 + �2R2 + �3R3 + �4R4 + �6R6]Wr(x; t): (4.9)
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� íâ®¬ â®¦¤¥áâ¢¥ ®¯¥à â®àë Rk ¢ ¨å ¤¥©áâ¢¨¨ ­  í«¥¬¥­âë ¨§ ��� (4.3) ¬®¦­® § ¯¨á âì ¢ ¢¨¤¥
á«¥¤ãîé¨å â®¦¤¥áâ¢:

R0Wr(x; t) �
nX
i=1

bi(x)
�
[�1 � �i]

� 2X
k=1

[�rik(x)Uk(t1) +Qrik(x)U 0k(t1)] +

+ fri(x) (t1) + gri(x) 
0(t1)

�
+
X
j2


[�j � �i]
2X

k=1

�rijk(x) exp tjk � �i(x)!ri(x)
�
;

(4.10)

R2Wr(x; t) �
nX
i=1

bi(x)
� eDi11

� 2X
k=1

Qrik(x)Uk(t1) + gri(x) (t1)
�
� '01

2(x)fri(x) +

+
nX

�=1;� 6=i

'1(x)T�i1

� 2X
k=1

Qr�k(x)Uk(t1) + gr�(x) (t1)
��
; (4.11)

R3Wr(x; t) �
nX
i=1

bi(x)
�X

j2


2X
k=1

�
Dijk�rijk(x) +

X
�=1;� 6=i

T�ijk�r�jk(x)
�
exp tjk +

4X
i=3

bi�1(x)Wri(x; t);
(4.12)

R4Wr(x; t) �
nX
i=1

�
Di11

� 2X
k=1

�rik(x)U
0
k(t1) + fri(x) 

0(t1) + gri(x)
�
+

+
nX

�=1;� 6=i

T�i1

�
gr�(x) +

2X
k=1

�r�k(x)U
0
k(x) + fr� 

0(x)
��
: (4.13)

�¥§ã«ìâ â ¤¥©áâ¢¨ï ®¯¥à â®à  R6 � @2

@x2
­  í«¥¬¥­â á ��� (4.3) ¡®«¥¥ ®ç¥¢¨¤¥­. �®áª®«ìªã

íâ®â à¥§ã«ìâ â ¡ã¤¥â ¨£à âì ¢â®à®áâ¥¯¥­­ãî à®«ì ¯à¨ ¯®áâà®¥­¨¨  á¨¬¯â®â¨ª¨ à¥è¥­¨ï ���
(1), â® ­¥â á¬ëá«  ¢ë¯¨áë¢ âì ¥£® ï¢­®¥ ¢ëà ¦¥­¨¥.

�®£« á­® ®¡é¥¯à¨­ïâ®© áå¥¬¥ ¨áá«¥¤®¢ ­¨© ��� á ­¥áâ ¡¨«ì­ë¬ á¯¥ªâà®¬ ¯à¥¤¥«ì­®£® ®¯¥-
à â®à  [1]{[6] ¨§ ¯®«ãç¥­­ëå â®¦¤¥áâ¢ (4.7){(4.13) á¤¥« ¥¬

�ë¢®¤ 1.

1.1. �à®áâà ­áâ¢® ¡¥§à¥§®­ ­á­ëå à¥è¥­¨© (4.3) ¨­¢ à¨ ­â­® ®â­®á¨â¥«ì­® ®¯¥à â®à®¢ Rk,
k = f0; 2; 3; 4; 6g,   á«¥¤®¢ â¥«ì­®, ®â­®á¨â¥«ì­® à áè¨à¥­­®£® ®¯¥à â®à  eL", ª®â®àë© ¡ã¤¥¬
¯®­¨¬ âì ¢ ¢¨¤¥ â®¦¤¥áâ¢  (4.9).

1.2. �¯¥à â®à R0 ï¢«ï¥âáï £« ¢­ë¬ ®¯¥à â®à®¬ à áè¨à¥­­®£® ®¯¥à â®à  eL" ¢ ¯à®áâà ­áâ¢¥
¡¥§à¥§®­ ­á­ëå à¥è¥­¨© (4.3).

1.3. � áè¨à¥­­ ï § ¤ ç  (3.2) ï¢«ï¥âáï à¥£ã«ïà­® ¢®§¬ãé¥­­®© ®â­®á¨â¥«ì­® ¬ «®£® ¯ à -
¬¥âà  � > 0 ¢ ��� (4.3).

1.4. �«¥¤®¢ â¥«ì­®, á®£« á­® ®¯¨á ­­®¬ã  «£®à¨â¬ã ¯à®¢¥¤¥­  à¥£ã«ïà¨§ æ¨ï á¨­£ã«ïà­®
¢®§¬ãé¥­­®© § ¤ ç¨ (1), ª®â®à ï ï¢«ï¥âáï ®á­®¢­ë¬ ¬®¬¥­â®¬ ¯à¨ ¯®«ãç¥­¨¨ à ¢­®¬¥à­® ¯à¨-
£®¤­®©  á¨¬¯â®â¨ª¨ à¥è¥­¨ï ��� (1) ­  ¢á¥¬ ®âà¥§ª¥ I = [0; a].

�¥à¥¤ â¥¬, ª ª ¯¥à¥©â¨ ª ®ç¥à¥¤­®¬ã íâ ¯ã ¯®áâà®¥­¨ï  á¨¬¯â®â¨ª¨ à¥è¥­¨ï ��� (1), ®¡à -
â¨¬ ¢­¨¬ ­¨¥ ­  á«¥¤ãîé¥¥. �á«¨ ¢ ¯®áâ ­®¢ª¥ § ¤ ç¨ (1) áç¨â âì ®¯¥à â®à A ¤¨ £®­ «¨§¨àã-
¥¬ë¬, â® ��� (4.3) ¨ â®¦¤¥áâ¢  (4.9){(4.13) á®¢¯ ¤ îâ á á®®â¢¥âáâ¢ãîé¨¬¨ ¯à®áâà ­áâ¢ ¬¨ ¨
â®¦¤¥áâ¢ ¬¨, à ­¥¥ ¯®«ãç¥­­ë¬¨ ¤«ï ¤¨ £®­ «¨§¨àã¥¬®£® ®¯¥à â®à  (á¬. æ¨â¨àã¥¬ãî «¨â¥à -
âãàã). �§ à ¢¥­áâ¢ (1.1) ¨ (1.2) ¡ã¤¥â á«¥¤®¢ âì, çâ® ¢á¥ ¢¥ªâ®àë ï¢«ïîâáï á®¡áâ¢¥­­ë¬¨ ¢¥ªâ®-
à ¬¨,   á«¥¤®¢ â¥«ì­®, ¢¥ªâ®àë b3(x) ¨ b4(x) ¡ã¤ãâ ¨¬¥âì ¯à®áâãî áâàãªâãàã ¢¨¤  bi(x) = cili(x),
i = 3; 4.

� â®¦¤¥áâ¢¥ (4.12) ¤«ï á«ãç ï ¤¨ £®­ «¨§¨àã¥¬®£® ®¯¥à â®à  ¡ã¤ãâ ®âáãâáâ¢®¢ âì á« £ -
¥¬ë¥ bk(x)Wr(k+1)(x; t), k = 2; 3. �â¨ á« £ ¥¬ë¥ ¢«¨ïîâ ­  ¯®áâà®¥­¨¥  á¨¬¯â®â¨ª¨ à¥è¥­¨ï
��� (1), ®¤­ ª® ®­¨ ­¥ ¢«¨ïîâ ­  ¯®áâà®¥­¨¥ ç áâ­ëå à¥è¥­¨© bi(x)Zi(x; "), i = 1 [ p+ 2; n,

19



®¤­®à®¤­®£® ãà ¢­¥­¨ï (1). �â® ãâ¢¥à¦¤¥­¨¥ á®®â¢¥âáâ¢ã¥â ª« áá¨ç¥áª®© â¥®à¨¨ ¯®áâà®¥­¨ï
äã­¤ ¬¥­â «ì­®© á¨áâ¥¬ë à¥è¥­¨© (���) ¤«ï á¨­£ã«ïà­® ¢®§¬ãé¥­­ëå ãà ¢­¥­¨©.

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

�§ ¢ë¢®¤  1.3 á«¥¤ã¥â, çâ®  á¨¬¯â®â¨ªã à áè¨à¥­­®© § ¤ ç¨ (3.2) á«¥¤ã¥â áâà®¨âì ¢ ¢¨¤¥
àï¤ 

fW (x; t; ") =
+1X
r=�2

�rWr(x; t); Wr(x; t) 2 Yr: (5.1)

�«ï ®¯à¥¤¥«¥­¨ï ª®íää¨æ¨¥­â®¢ àï¤  (5.1) ¯®«ãç¨¬ à¥ªãàà¥­â­ãî á¨áâ¥¬ã § ¤ ç

R0W�2(x; t) = 0; E1W�2(Mm) = E1�m; GmW�2 � E2

2X
k=1

X
j2


'0jk(m)
@W�2(Mm)

@tjk
= 0; (5.2)

R0W�1(x; t) = 0; E1W�1(Mm) = 0; GmW�1 = E2

�
�m � '01(m)

@W�2(Mm)
@t1

�
; (5.3)

R0W0(x; t) = h(x)�R0W�2(x; t); E1W0(Mm) = E1
cWm;

GmW0 = E2

�cWm � '01(m)
@W�1(Mm)

@t1

�
(5.4)

¨ â.¤.
�®«ãç¨«¨ á¥à¨î ¨â¥à æ¨®­­ëå § ¤ ç ¢ ç áâ­ëå ¯à®¨§¢®¤­ëå á â®ç¥ç­ë¬¨ ªà ¥¢ë¬¨ ãá«®-

¢¨ï¬¨. �â®¡ë ¯®ª § âì  á¨¬¯â®â¨ç¥áªãî ª®àà¥ªâ­®áâì íâ®© á¥à¨¨ § ¤ ç, ­¥®¡å®¤¨¬® ¨§ãç¨âì
¢®¯à®á ® áãé¥áâ¢®¢ ­¨¨ ¢ ��� (4.3) à¥è¥­¨ï ¨â¥à æ¨®­­®£® ãà ¢­¥­¨ï

R0Wr(x; t) = Hr(x; t): (5.5)

�á¯®«ì§ãï â®¦¤¥áâ¢® (4.10), § ¯¨è¥¬ áâàãªâãàã ï¤à  ®¯¥à â®à  R0. �¬¥¥¬

KerR0 = fb1(x)[�r1k(x)Uk(t1) +Qr1k(x)U 0k(t1)]; k = 1; 2;

bj(x)�rjjk(x) exp t5k; j = 5; 6 + s; k = 1; 2; bj(x)�rjjk(x) exp tjk; j = 7 + s; n; k = 1; 2; (5.6)
4X

j=2

bj(x)�rjjk(x) exp t2k; k = 1; 2; b1(x)[fr1(x) (t1) + gr1(x) 
0(t1)]g;

£¤¥ ª®íää¨æ¨¥­âë ¯à¨ ��� ï¢«ïîâáï ¯à®¨§¢®«ì­ë¬¨ ¤®áâ â®ç­® £« ¤ª¨¬¨ äã­ªæ¨ï¬¨ ¯à¨
x 2 I.

�á¯®«ì§ãï à §à ¡®â ­­ãî ã¦¥ ­ ¬¨ áå¥¬ã [1]{[6] á ãç¥â®¬ (5.6), ¬®¦­® ¤®ª § âì, çâ® ¨¬¥¥â
¬¥áâ®

�¥®à¥¬  1. �ãáâì 1) ¢ë¯®«­ïîâáï ãá«®¢¨ï 1 ¨ 2; 2) ¯à ¢ ï ç áâì ¨â¥à æ¨®­­®£® ãà ¢-

­¥­¨ï (5:5) ¯à¨­ ¤«¥¦¨â ¯à®áâà ­áâ¢ã (4:3) ¨ ­¥ á®¤¥à¦¨â í«¥¬¥­â®¢ ï¤à  ®¯¥à â®à  R0;
3) Sr1(0) = 0, £¤¥ b1(x)Sr1(x) | ¯à®¥ªæ¨ï Hr(x; t) ­  ¯®¤¯à®áâà ­áâ¢® Xr1. �®£¤  ¢ ��� (4:3)
áãé¥áâ¢ã¥â à¥è¥­¨¥ ¨â¥à æ¨®­­®£® ãà ¢­¥­¨ï (5:5), ¯à¥¤áâ ¢¨¬®¥ ¢ ¢¨¤¥

Wr(x; t) = Zr(x; t) + yr(x; t): (5.7)

�¤¥áì

Zr(x; t) � b1(x)
� 2X

k=1

[�r1k(x)Uk(t1) +Qr1k(x)U 0k(t1)] + fr1(x) (t1) + gr1(x) 0(t1)
�
+

+
2X

k=1

nX
j=2

bj(x)�rjjk(x) exp tjk; (5.8)

20



£¤¥ t2k = t3k = t4k, tjk = t5k, j = 5; 6 + s,   yr(x; t) | ®¤­®§­ ç­® ®¯à¥¤¥«¥­­ ï ¢¥ªâ®à-äã­ªæ¨ï,

ï¢­®¥ ¢ëà ¦¥­¨¥ ª®â®à®© «¥£ª® ¢ë¯¨á âì.

�¥è ï ¯®áâ¥¯¥­­® ¨â¥à æ¨®­­ë¥ ãà ¢­¥­¨ï (5.2){(5.4) ¨ â ª ¤ «¥¥, ¬®¦­® ¯®ª § âì, çâ® ª
ª ¦¤®¬ã ¨§ íâ¨å ãà ¢­¥­¨© ¯à¨¬¥­¨¬  â¥®à¥¬  1, â. ¥. ¨¬¥¥â ¬¥áâ®  ­ «®£ ãâ¢¥à¦¤¥­¨ï ¤«ï
¤¨ £®­ «¨§¨àã¥¬®£® ®¯¥à â®à .

6. �®áâà®¥­¨¥ ¯¥à¢ëå ç«¥­®¢  á¨¬¯â®â¨ª¨ à¥è¥­¨ï

�à¨ ¯®á«¥¤®¢ â¥«ì­®¬ à¥è¥­¨¨ ¨â¥à æ¨®­­ëå ãà ¢­¥­¨© (5.5) ¤«ï r = �2; 4, ¯®«ãç¨¬
Wr(x; t) � Zr(x; t); r = �2;�1; (6.1)

W0(x; t) � Z0(x; t) + !0(x): (6.2)

�¤¥áì à¥è¥­¨ï ®¯à¥¤¥«¥­ë ä®à¬ã« ¬¨ (5.7), (5.8),

!0(x) �
nX

i=1

bi(x)!0i(x) �
nX
i=1

ebi(x)e!0i(x); (6.3)

£¤¥

e!0i(x) � ���1i (x)(h(x);eb�i (x)); i = 2; n;

e!01(x) � ��11 (x)[(h(x);eb�1(x)) � '01
2(x)f(�2)1(x)];

(6.4)

  ¢ à¥è¥­¨ïå Zr(x; t), r = �2; 0, ª®íää¨æ¨¥­âë Qr1k(x) � yr1(x) � 0 ¨ ®âáãâáâ¢ãîâ á« £ ¥¬ë¥
¨§ ¯®¤¯à®áâà ­áâ¢ Vri.

�ª «ïà­ë¥ ª®íää¨æ¨¥­âë �rjjk(x), j = p+ s+ 2; n, ®â¢¥ç îé¨¥ ¯à®áâë¬ í«¥¬¥­â ¬ á¯¥ªâà 
¯à¥¤¥«ì­®£® ®¯¥à â®à  A, ®¯à¥¤¥«ïîâáï á â®ç­®áâìî ¤® ¯à®¨§¢®«ì­ëå ¯®áâ®ï­­ëå ¬­®¦¨â¥«¥©
�0rj1, �

a
rj2 ª ª à¥è¥­¨ï ¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢­¥­¨©

Djjk�rjjk(x) = 0; j = p+ s+ 2; n: (6.5)

�®íää¨æ¨¥­âë �rjjk(x), j = p+ s; p+ s+ 1, ®â¢¥ç îé¨¥ ªà â­®¬ã, ­® ¢á¥ ¦¥ ¤¨ £®­ «¨§¨-
àã¥¬®¬ã í«¥¬¥­âã �p+2(x) � �5(x), ®¯à¥¤¥«ïîâáï ª ª à¥è¥­¨ï á¨áâ¥¬ë s ¤¨ää¥à¥­æ¨ «ì­ëå
ãà ¢­¥­¨©

2'05(x)�
0
r5k(x) + [2'05(x)T5(x) + '005(x)]�r5k(x) = 0; (6.6)

£¤¥ �r5k(x) = (�r55k(x); : : : ; �r(4+s)(4+s)k(x)) | ¢¥ªâ®à-áâ®«¡¥æ,   T5(x) = k(b0i(x); b�j (x))k4+s
i;j=5 |

ª¢ ¤à â­ ï ¬ âà¨æ  s-£® ¯®àï¤ª .
�®íää¨æ¨¥­âë �rjjk(x), j = 2; 4, ®â¢¥ç îé¨¥ ªà â­®¬ã, ­® ­¥¤¨ £®­ «¨§¨àã¥¬®¬ã í«¥¬¥­âã

�2(x), ®¯à¥¤¥«ïîâáï ª ª à¥è¥­¨ï á¨áâ¥¬ë âà¥å ¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢­¥­¨© ¢¨¤ 

2'02(x)�
0
r2k(x) + [2'02(x)T2(x) + '002(x) + J2]�r2k(x) = 0; (6.7)

£¤¥ �r2k(x) = (�r22k(x); �r33k(x); �r44k(x)),  

J2 =

0@0 1 0
0 0 1
0 0 0

1A :
�¥áâ ¡¨«ì­®¬ã í«¥¬¥­âã �1(x) á®®â¢¥âáâ¢ãîâ ¤¢¥ ¯ àë äã­ªæ¨© vr1k(x) ¨ fr1(x). �­¨ ®¯à¥-

¤¥«ïîâáï ª ª à¥è¥­¨ï ¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢­¥­¨©

D111vr1k(x) = 0; D111fr1(x) = 0; r = �2; 0: (6.8)
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� ¬¥ç ­¨¥ 4. � «¨ç¨¥ ¢ á¨áâ¥¬¥ (6.7) ®¯¥à â®à  J2 ç¥âª® ãª §ë¢ ¥â ­  â¥ ¨§¬¥­¥­¨ï, ª®â®-
àë¥ ¢­®á¨â ­¥¤¨ £®­ «¨§¨àã¥¬ë© í«¥¬¥­â �2(x) ¢ ®¯à¥¤¥«¥­¨¥ ª®íää¨æ¨¥­â®¢ ¢¥ªâ®à-äã­ªæ¨©
Wr(x; t) 2 Yr. �á«¨ ¦¥ í«¥¬¥­â �2(x) ¡ã¤¥â ¤¨ £®­ «¨§¨àã¥¬ë¬, â® J2 � 0 ¨ á¨áâ¥¬  (6.7) ¡ã¤¥â
á®¢¯ ¤ âì á á¨áâ¥¬®© (6.6), ª®â®à ï á®®â¢¥âáâ¢ã¥â ¤¨ £®­ «¨§¨àã¥¬®¬ã í«¥¬¥­âã á¯¥ªâà  ®¯¥à -
â®à  A. � á«ãç ¥ ¯à®áâ®£® á¯¥ªâà  ¯à¥¤¥«ì­®£® ®¯¥à â®à  A á¨áâ¥¬ë (6.6) ¨ (6.7) ¯à¥¢à é îâáï
¢ áª «ïà­ë¥ (­¥§ ¢¨á¨¬ë¥ ¤àã£ ®â ¤àã£ ) ¤¨ää¥à¥­æ¨ «ì­ë¥ ãà ¢­¥­¨ï ¢¨¤  (6.5). �«¥¤®¢ -
â¥«ì­®, ¬¥â®¤ ¯®áâà®¥­¨ï  á¨¬¯â®â¨ª¨ à¥è¥­¨ï ��� (1) á®¤¥à¦¨â ¢ á¥¡¥ ª ª ç áâ­ë© á«ãç ©
 á¨¬¯â®â¨ªã à¥è¥­¨ï ��� (1) á ¯à®áâë¬ á¯¥ªâà®¬ ¯à¥¤¥«ì­®£® ®¯¥à â®à  [1]{[6], â. ¥. ¨¬¥¥â
¬¥áâ® ¯à¥¥¬áâ¢¥­­®áâì ¯à¥¤«®¦¥­­®£® ¬¥â®¤  ¯®áâà®¥­¨ï à ¢­®¬¥à­®©  á¨¬¯â®â¨ª¨ à¥è¥­¨ï
��� á â®çª ¬¨ ¯®¢®à®â  [1]{[6].

� ª¨¬ ®¡à §®¬, ¯à¨ ¯®áâ¥¯¥­­®¬ à¥è¥­¨¨ ¨â¥à æ¨®­­ëå ãà ¢­¥­¨© (5.2){(5.4) ¯à¨ r = �2; 4,
¡ã¤¥â ¯®«ãç¥­  ¢¥ªâ®à-äã­ªæ¨ï

W0(x; t; ") �
0X

r=�2

�r
� 2X

k=1

�
b1(x)vr1k(x)Uk(t1) +

nX
j=2

bj(x)�rjjk(x) exp tjk

��
+

+ ��2b1(x)f(�2)1(x) (t1) +
nX
i=1

bi(x)!ri(x):

7. �á¨¬¯â®â¨ç¥áª ï ª®àà¥ªâ­®áâì ¨â¥à æ¨®­­®© á¨áâ¥¬ë § ¤ ç

� ¦¤®¥ à¥è¥­¨¥ ¨â¥à æ¨®­­®© á¨áâ¥¬ë § ¤ ç (5.2){(5.4) § ¢¨á¨â ®â 2n ¯à®¨§¢®«ì­ëå ¯®-
áâ®ï­­ëå, ¯®«ãç¥­­ëå ®â ¨­â¥£à¨à®¢ ­¨ï ¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢­¥­¨© (6.5), (6.9) ¨ á¨áâ¥¬
¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢­¥­¨© (6.6), (6.7). � ¯¨è¥¬ íâ¨ ¯®áâ®ï­­ë¥ ¢ ¢¨¤¥ ¢¥ªâ®à 

Cr = (v0r11; v
a
r12; �

0
r221; : : : ; �

a
rnn2); (7.1)

£¤¥ �0rjj1 = �rjj1(0), �a
rjj2 = �rjj2(a). �¥®¡å®¤¨¬® ¯®ª § âì, çâ® ¢¥ªâ®à (7.1) ®¤­®§­ ç­® ®¯à¥¤¥-

«ï¥âáï á®®â¢¥âáâ¢ãîé¨¬¨ ªà ¥¢ë¬¨ ãá«®¢¨ï¬¨ (5.2){(5.4).
�®¤áâ ¢¨¢ à¥è¥­¨¥ W�2(x; t) ¢ ªà ¥¢ë¥ ãá«®¢¨ï (5.2), ¯®«ãç¨¬ á¨áâ¥¬ã 2n  «£¥¡à ¨ç¥áª¨å

ãà ¢­¥­¨© (r = �2)
�(")Cr = �r; (7.2)

£¤¥

��2 = (�0(�2)111;�
a
(�2)112; 0; : : : ; 0);

�0(�2)111 = �01 � b11(0)f(�2)1(0) (0); �(�2)112 = �a1 � b11(a)f(�2)1(a) (t1(a)):

�« ¢­ë© ç«¥­ ®¯à¥¤¥«¨â¥«ï á¨áâ¥¬ë (7.2) ¬®¦­® § ¯¨á âì ¢ ¢¨¤¥

j�(")j = b11(0)b11(a)O(
p
�)

nY
j=2

'0j1(0)'
0
j2(a)j eB(0)j j eB(a)j; (7.3)

£¤¥

eB(x) =
0B@b22(x) � � � bn2(x)

� � � . . . � � �
b2n(x) � � � bnn(x)

1CA :
�®áª®«ìªã ¢á¥ ¦¥ � > 0, â® j�(")j 6= 0, ¥á«¨

b11(m) 6= 0; j eB(m)j 6= 0; m = 0; a: (7.4)

�ë¢®¤ 2. �à¨ ¢ë¯®«­¥­¨¨ ãá«®¢¨© (7.6) á¨áâ¥¬  (7.2) ¨¬¥¥â ¥¤¨­áâ¢¥­­®¥ à¥è¥­¨¥, â. ¥. § -
¤ ç  (5.2) ®¤­®§­ ç­® à §à¥è¨¬  ¢ ��� Y�2. �à®¤®«¦ ï ¤ «¥¥ ¯®¤áâ ¢«ïâì à¥è¥­¨ï Wr(x; t)
¢ á®®â¢¥âáâ¢ãîé¨¥ ªà ¥¢ë¥ ãá«®¢¨ï, ¬¥â®¤®¬ ¬ â¥¬ â¨ç¥áª®© ¨­¤ãªæ¨¨ ¬®¦­® ¯®ª § âì, çâ®
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ª ¦¤ ï ¨§ ¨â¥à æ¨®­­ëå § ¤ ç (5.2){(5.4) ¨¬¥¥â ¥¤¨­áâ¢¥­­®¥ à¥è¥­¨¥ ¢ ��� (4.3). �«¥¤®¢ -
â¥«ì­®, à¥ªãàà¥­â­ ï á¨áâ¥¬  § ¤ ç (5.2){(5.4)  á¨¬¯â®â¨ç¥áª¨ ª®àà¥ªâ­  ¢ ¯à®áâà ­áâ¢¥ ¡¥§-
à¥§®­ ­á­ëå à¥è¥­¨© (4.3).

�à®¢¥¤¥¬ áã¦¥­¨¥ ¯à¨ t = �(x; ") ¢ ä®à¬ «ì­®¬ àï¤¥ à¥è¥­¨ï (5.1) ¨ § ¯¨è¥¬ ¥£® ¢ ¢¨¤¥
â®¦¤¥áâ¢ 

W (x;�(x; "); ") �
qX

r=�2

�rWr(x;�; ") +
nX
i=1

bi(x)�(q+1)i(x;�; "):

�á¯®«ì§ãï ¬¥â®¤¨ªã æ¨â¨àã¥¬ëå à ¡®â, ¯à¨¤¥¬ ª ®æ¥­ª¥��j�(q+1)i(x;�(x; "); ")j�� � �q+1K; (7.5)

£¤¥ ¯®áâ®ï­­ ï K ­¥ § ¢¨á¨â ®â x 2 I ¨ ¬ «®£® ¯ à ¬¥âà  " > 0. �¬¥¥â ¬¥áâ®

�¥®à¥¬  2. �ãáâì ¤«ï ��� (1)  ) ¢ë¯®«­ïîâáï ãá«®¢¨ï 1 ¨ 2; ¡) ®¯¥à â®à A íª¢¨¢ «¥­â¥­

¡«®ç­®-¤¨ £®­ «ì­®© ¬ âà¨æ¥ (3); ¢) ¨¬¥îâ ¬¥â® ãá«®¢¨ï (7:4). �®£¤  ¯à¨ ¤®áâ â®ç­® ¬ «ëå

§­ ç¥­¨ïå ¯ à ¬¥âà  " > 0
1) ¤«ï à¥è¥­¨ï à áè¨à¥­­®© § ¤ ç¨ (3:2) ¬®¦¥â ¡ëâì ¯®áâà®¥­  á¨¬¯â®â¨ç¥áª¨© àï¤

(5:1);
2) áã¦¥­¨¥ àï¤  (5:1) ¯à¨ t = �(x; ") ï¢«ï¥âáï  á¨¬¯â®â¨ç¥áª¨¬ àï¤®¬ à¥è¥­¨ï ��� (1);
3) ®áâ â®ç­ë© ç«¥­  á¨¬¯â®â¨ç¥áª®£® àï¤  à¥è¥­¨ï ��� (1) ¨¬¥¥â ®æ¥­ªã (7:5);
4) ¯à¨ �mi = bii(m)f(�2)1(m) (t1(m)), m = 0; a, ­  «î¡®¬ ª®¬¯ ªâ¥ ®âà¥§ª  [0; a], ­¥ á®¤¥à-

¦ é¥¬ â®çª¨ x = 0, ¨¬¥¥â ¬¥áâ® ¯à¥¤¥«ì­®¥ á®®â­®è¥­¨¥

lim
"!+0

W (x;�(x; "); ") = !(x);

£¤¥ !(x) | à¥è¥­¨¥ ¢ëà®¦¤¥­­®£® ¢¥ªâ®à­®£® ãà ¢­¥­¨ï (4), ¯à¥¤áâ ¢¨¬®¥ ä®à¬ã« ¬¨ (6:3),
(6:4).
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