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�à¥¤« £ ¥âáï ­¥âà ¤¨æ¨®­­ë© á¯¥ªâà «ì­ë© ¬¥â®¤ à¥è¥­¨ï (ª®â®àë© ¬®¦­® â ª¦¥ ­ §¢ âì
¬¥â®¤®¬ à áé¥¯«¥­¨ï) ­¥ª®â®àëå ª« áá®¢ § ¤ ç â¥®à¨¨ à¥£ã«ïà­ëå ¨ á¨­£ã«ïà­ëå ¢®§¬ãé¥­¨©
¨ ¢ ®â«¨ç¨¥ ®â ¨§¢¥áâ­®£® [1]{[10] ¡®«¥¥ ã¤®¡­ë© ¤«ï ç¨á«¥­­®© à¥ «¨§ æ¨¨. � ¥£® ¯®¬®éìî ¯®-
«ãç¥­ë ­®¢ë¥  «£®à¨â¬ë à¥è¥­¨ï § ¤ ç¨ ® à¥£ã«ïà­®¬ ¢®§¬ãé¥­¨¨ ª®­¥ç­®¬¥à­ëå ®¯¥à â®à®¢
¯à®áâ®© ¨ ¯à®¨§¢®«ì­®© ¦®à¤ ­®¢®© áâàãªâãàë, ­¥ª®â®àëå § ¤ ç â¥®à¨¨ ¢¥â¢«¥­¨ï [11] (­¥ âà¥-
¡ãîé¨¥ ¯®áâà®¥­¨ï ¤¨ £à ¬¬ �ìîâ®­  [4], [5]) á¨­£ã«ïà­® ¢®§¬ãé¥­­ëå ­ ç «ì­ëå ¨ ªà ¥¢ëå
§ ¤ ç [12], [13] ¯à¨ ­ «¨ç¨¨ íªá¯®­¥­æ¨ «ì­ëå ¨ áâ¥¯¥­­ëå ¯®£à ­¨ç­ëå á«®¥¢,   â ª¦¥ ­¥ª®â®-
àëå á¯¥ªâà «ì­ëå § ¤ ç ¤«ï «¨­¥©­ëå ¤¨ää¥à¥­æ¨ «ì­ëå ®¯¥à â®à®¢ ¯à®¨§¢®«ì­®£® ¯®àï¤ª 
(­ ¯à., ¤«ï ®¯¥à â®à®¢ �âãà¬ {�¨ã¢¨««ï ¨ �¨à ª  [10], ¨¬¥îé¨å ¯à¨«®¦¥­¨¥ ¢ ª¢ ­â®¢®©
¬¥å ­¨ª¥).

1. �¥è¥­¨¥ ­¥ª®â®àëå § ¤ ç â¥®à¨¨ à¥£ã«ïà­ëå ¢®§¬ãé¥­¨© ¨ â¥®à¨¨
¢¥â¢«¥­¨ï

� áá¬®âà¨¬  «£®à¨â¬ à¥è¥­¨ï ª« áá¨ç¥áª®© § ¤ ç¨ â¥®à¨¨ ¢®§¬ãé¥­¨© ¢ Rn

A(")Sj(") = �j(")Sj(")
�
A(") =

X
jkj�0

Ak"
k; j"j < "0

�
; (�)

ª®â®àë© ¢ ®â«¨ç¨¥ ®â ¨§¢¥áâ­®£® [1]{[3] ¯®§¢®«ï¥â ­ å®¤¨âì (¡¥§ ¯®áâà®¥­¨ï ¤¨ £à ¬¬ �ìîâ®­ )
áà §ã ¢á¥ á®¡áâ¢¥­­ë¥ §­ ç¥­¨ï �j(") ¨ á®¡áâ¢¥­­ë¥ ¢¥ªâ®àë Sj(") á § ¤ ­­®© ¨ à ¢­®¬¥à­®© ¯®
" â®ç­®áâìî (¢ª«îç ï á«ãç © ¬­®£®¬¥à­®£® ¢®§¬ãé¥­¨ï " 2 Rm).

�«ï ã¤®¡áâ¢  ¤ «ì­¥©è¥£® ¨§«®¦¥­¨ï ¤«ï ¯à®¨§¢®«ì­®© ª¢ ¤à â­®© ¬ âà¨æë A ¢¢¥¤¥¬
á«¥¤ãîé¨¥ ®¡®§­ ç¥­¨ï: A = fajkgn1 = fAjkgp1, A = diagfa11; : : : ; anng, A = A � A, bA =

diagfA11; : : : ; Appg, ^̂
A = A � bA (2 � p < n). �à¨ ­ «¨ç¨¨ ã ¬ âà¨æë A0 ¯à®áâ®£® á¯¥ª-

âà  f�0jgn1 á®®â­®è¥­¨¥ (�) íª¢¨¢ «¥­â­® ¬ âà¨ç­®¬ã ãà ¢­¥­¨î A(")S(") = S(")�("), £¤¥
�(") = diagf�1("); : : : ; �n(")g,   ¬ âà¨æ  S(") = fS1("); : : : ; Sn(")g á®áâ®¨â ¨§ á®¡áâ¢¥­­ëå ¢¥ª-
â®à®¢ ¬ âà¨æë A("). � ¬¥­  S(") = S0H("), £¤¥ S�10 A0S0 = �(0) = �0, ¯®§¢®«ï¥â ¯¥à¥©â¨ ª
ãà ¢­¥­¨î

B(")H(") = H(")�(")
�
B(") = S�10 A(")S0 = �0 +

X
jkj�1

Bk"
k

�
; (��)

à¥è¥­¨¥ ª®â®à®£® ¬®¦¥â ¡ëâì ¯à¥¤áâ ¢«¥­® [11] ¢ ¢¨¤¥ áå®¤ïé¨åáï áâ¥¯¥­­ëå àï¤®¢ H(") = E+P
jkj�1

Hk"
k, �(") =

P
jkj�0

�k"
k. �¥©áâ¢¨â¥«ì­®, ¯à¨à ¢­¨¢ ï ª®íää¨æ¨¥­âë ¢ (��) ¯à¨ ®¤¨­ ª®¢ëå

áâ¥¯¥­ïå ", ¯®«ãç¨¬ ­ ¡®à ¬ âà¨ç­ëå ãà ¢­¥­¨©

�0Hk �Hk�0 = �k � Pk (jkj � 1; Pk = Ak; jkj = 1);

Pk = Bk +
X
jjj�1

(BjHk�j �Hk�j�j) = fpjmkg (jkj � 2);
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®âªã¤  ¯®á«¥¤®¢ â¥«ì­® ¨ ®¤­®§­ ç­® ¢á¥ ¤¨ £®­ «ì­ë¥ �k ¨ \¡¥§¤¨ £®­ «ì­ë¥" Hk (jkj � 1)
¬ âà¨æë ¨ á®®â¢¥âáâ¢ãîé¨¥ áâ¥¯¥­­ë¥ àï¤ë

�k = P k; Hk = fhjmkg; hjmk = Pjmk(�0j � �0m)
�1:

O¡®á­®¢ ­¨¥ ¯à¨¢®¤¨âáï ¢ [11].
�á«¨ ¬ âà¨æ  A0 ¨¬¥¥â ¯®«ã¯à®áâãî áâàãªâãàã, â. ¥. áãé¥áâ¢ã¥â ­¥¢ëà®¦¤¥­­ ï ¬ âà¨æ  S0

â ª ï, çâ®

S�10 A0S0 = �0 = diagf�01; : : : ;�0pg; �0j = �0jE

(�0j 6= �0k; j 6= k; k = 1; p; 2 � p � n� 1);

â® ¢¢®¤¨âáï ¬ âà¨æ 

Q(") = S�10 A(")S0 = �0 +
1X
1

Qk"
k:

�­ «®£¨ç­® ¯à¥¤ë¤ãé¥¬ã á ¯®¬®éìî ­¥¢ëà®¦¤¥­­®£® ¯à¨ ¤®áâ â®ç­® ¬ «ëå j"j ¯à¥®¡à §®¢ -
­¨ï H(") = E +

1P
1

^̂
Hk"

k ¬ âà¨æ  Q(") ¬®¦¥â ¡ëâì ¯à¨¢¥¤¥­  ª ¡«®ç­®-¤¨ £®­ «ì­®¬ã ¢¨¤ã

B(") = H�1(")Q(")H(") = diagfF1("); : : : ; Fp(")g = �0 +
1X
1

bBk"
k:

� «¥¥, ª ¦¤ ï ¨§ ¬ âà¨æ Fj(") = �0jE+
1P
1
Fjk"

k (" 2 R1
t ) ¯à¨¢®¤¨âáï ª ¤¨ £®­ «ì­®¬ã ¢¨¤ã, ¥á«¨

¬ âà¨æ  Fj1 ¨¬¥¥â ¯à®áâ®© (­¥ªà â­ë©) á¯¥ªâà. �á«¨ ¦¥ ¬ âà¨æ  F1j ¨¬¥¥â ¯®«ã¯à®áâ®© á¯¥ªâà,
â®£¤  ­¥®¡å®¤¨¬® ¯à®¨§¢¥áâ¨ ¤ «ì­¥©è¥¥ ¡«®ç­®¥ à áé¥¯«¥­¨¥ ¬ âà¨æë Fj("). �«ãç ©, ª®£¤ 
¬ âà¨æ  F1j ¨¬¥¥â ¯à®¨§¢®«ì­ãî ¦®à¤ ­®¢ã áâàãªâãàã, ¬®¦¥â ¡ëâì ¨áá«¥¤®¢ ­ ¯® á«¥¤ãîé¥©
áå¥¬¥.

�ãáâì ¬ âà¨æ  A0 ¨¬¥¥â ¦®à¤ ­®¢ã áâàãªâãàã ¢¨¤ 

S�10 A0S0 = J0 = diagfJ01; : : : ; J0pg;
£¤¥ J0j = �0jE +Mj (1 � p � n� 1), Mj | ¨§¢¥áâ­ë¥ ­¨«ì¯®â¥­â­ë¥ ¬ âà¨æë (j = 1; p). �®£¤ ,
ª ª ¨ ¢ëè¥, ¬®¦­® ¯¥à¥©â¨ ®â ¬ âà¨æë A(") ª ¡®«¥¥ ¯à®áâ®© ¬ âà¨æ¥

Q(") = S�10 A(")S0 = J0 +
1X
1

Qk"
k (" 2 R1

�):

� ¯®¬®éìî â ª ­ §ë¢ ¥¬®£® \áà¥§ îé¥£® ¯à¥®¡à §®¢ ­¨ï", ®¯à¥¤¥«ï¥¬®£® ¬ âà¨æ¥©

U(") = diagfU1("1); : : : ; Up("p)g ("mk

k = ");

£¤¥

Uk("k) = diagf1; "k; "2k; : : : ; "mk�1
k g; mk = dimJ0k (0 < "k < �1; k = 1; p);

¬ âà¨æ  Q(") ¯à¨¢®¤¨âáï ª ¢¨¤ã

B(") = U�1(")Q(")U(") = �0 +
1X
1

Bk�
k (� = ���

k
("k));

�0 = diagf�01; : : : ;�0pg; �0k = �0kE (k = 1; p);

ª®£¤  ¯à¨¬¥­�̈¬ ®¯¨á ­­ë© ¢ëè¥  «£®à¨â¬.
� áá¬®âà¨¬ ¤¢  å à ªâ¥à­ëå ¯à¨¬¥à .
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1. �¯¥ªâà  ­ «¨â¨ç¥áª¨ ¢®§¬ãé¥­­®© ¬ âà¨æë ¦®à¤ ­®¢®© áâàãªâãàë

A(") =

0
@ 0 1 0

0 0 1
�"3 3" 0

1
A = A0 + "A1 + "3A3 (1)

¤®áâ â®ç­® ¯à®áâ® ¢ëç¨á«ï¥âáï á ¯®¬®éìî ®¯¨á ­­®£® ¢ëè¥  «£®à¨â¬ 

�1 =
"2

3
+O("7=2); �2;3 = �

p
3"� "2

6
� "7=2

24
p
3
+O("7=2):

2. �­ «®£¨ç­ë¬ ®¡à §®¬ ®¯à¥¤¥«ï¥âáï á¯¥ªâà ¢®§¬ãé¥­­®© ¬ âà¨æë

A(") =

0
@ 0 " 0

0 0 "

"� "2 "2 � "� 1 1 + "2 � "3

1
A =

3X
0

Ak"
k;

�1 = "2 +O("2); �2 = "+ "2 +O("2); �3 = 1� "� "2 +O("2):

(2)

�®¢ë© ¬¥â®¤ ®ª § «áï ¢¥áì¬  íää¥ªâ¨¢­ë¬ ¯à¨ à¥è¥­¨¨ ­¥ª®â®àëå § ¤ ç â¥®à¨¨ ¢¥â¢«¥-
­¨ï, ¢ ç áâ­®áâ¨, ¯à¨ ­ å®¦¤¥­¨¨ ª®à­¥© ­¥«¨­¥©­®£® ãà ¢­¥­¨ï

f(x; ") =
nX
0

fk(")x
k = 0 ("; x 2 R1; fn = 1); (3)

¯à¨ç¥¬ ¡¥§ ¨á¯®«ì§®¢ ­¨ï âà ¤¨æ¨®­­®£® ¬¥â®¤  ¤¨ £à ¬¬ �ìîâ®­  [4], [5], çâ® § ¬¥â­® ®¡-
«¥£ç ¥â ¥¥ ç¨á«¥­­®¥ à¥è¥­¨¥. �¥©áâ¢¨â¥«ì­®, ãà ¢­¥­¨¥ (3) ¯®á«¥ § ¬¥­ë x = � ¬®¦¥â ¡ëâì
á¢¥¤¥­® ª á¨áâ¥¬¥

� = �y0 = y1; �
2 = �y1 = y2; : : : ; �

n = �yn�1 = �
n�1X
0

fk(")yk;

A(")y = �y (y0 = 1; y = (y0; y1; : : : ; yn�1)
>);

£¤¥ á¯¥ªâà ¬ âà¨æë A(") á®¢¯ ¤ ¥â á ª®à­ï¬¨ ãà ¢­¥­¨ï (3).
� ª, ­ ¯à¨¬¥à,
1. à¥è¥­¨¥ ãà ¢­¥­¨ï �3�3"�+ "3 = 0 á ¯®¬®éìî ­®¢®£®  «£®à¨â¬  á¢®¤¨âáï ª ­ å®¦¤¥­¨î

á¯¥ªâà  ¬ âà¨æë (1);
2. ª®à­¨ ãà ¢­¥­¨ï "�3�(1+"2�"3)�2+(1+"�"2)�+"2�" = 0 ¯®«ãç îâáï ª ª á®¡áâ¢¥­­ë¥

§­ ç¥­¨ï "�y = A(")y ¬ âà¨æë (2) (áà. [6], á. 435).
�â¬¥â¨¬ â ª¦¥, çâ® ¯à¥¤«®¦¥­­ë©  «£®à¨â¬ ¯à¨á¯®á®¡«¥­ ¨ ¤«ï à¥è¥­¨ï ­¥«¨­¥©­ëå á¯¥ª-

âà «ì­ëå § ¤ ç [14] ¢¨¤  Au + "B(u) = �u (u 2 Rn), £¤¥ A | «¨­¥©­ë© ®¯¥à â®à, B(u) |
¤®áâ â®ç­® £« ¤ª¨© ­¥«¨­¥©­ë© ®¯¥à â®à.

2. �á¨¬¯â®â¨ç¥áª¨©  ­ «¨§ ­¥ª®â®àëå ª« áá®¢ á¨­£ã«ïà­® ¢®§¬ãé¥­­ëå ¨
á¯¥ªâà «ì­ëå § ¤ ç

� áá¬®âà¨¬ ¢ Rn á¨­£ã«ïà­® ¢®§¬ãé¥­­ãî ¬­®£®â®ç¥ç­ãî ªà ¥¢ãî § ¤ çã

"
dy

dx
= A(x; ")y + f(x);

nX
1

Fky(xk; ") = � (a = x1 < � � � < xn = b); (4)

£¤¥ A(x; ") =
1P
0
Ak(x)"k (j"j < "0 < 1, Ak(x); f(x) 2 C1[a; b]). �¨­£ã«ïà­®áâì § ¤ ç¨ (4) ®§­ ç ¥â,

çâ® ¥¥ à¥è¥­¨¥ ­¥ ¬®¦¥â ¡ëâì ¢ ®¡é¥¬ á«ãç ¥ ¯à¥¤áâ ¢«¥­® ¢ ¢¨¤¥ à¥£ã«ïà­®£® ¯® " àï¤ ,
â. ª. à¥è¥­¨¥ ¯à¥¤¥«ì­®© (" = 0) § ¤ ç¨ ­¥ ã¤®¢«¥â¢®àï¥â, ¢®®¡é¥ £®¢®àï, ªà ¥¢ë¬ ãá«®¢¨ï¬.
� ®â«¨ç¨¥ ®â ¨§¢¥áâ­®£® [6], [7] ­®¢ë©  «£®à¨â¬ [11]{[13] ¯®§¢®«ï¥â ­ å®¤¨âì  á¨¬¯â®â¨ç¥áª®¥
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à §«®¦¥­¨¥ à¥è¥­¨ï (¡¥§ ¨á¯®«ì§®¢ ­¨ï  ¯¯ à â  äã­ªæ¨© �à¨­ ) ¨ áâàãªâãàã ¯®£à ­¨ç­®£®
á«®ï ¤«ï § ¤ ç ãª § ­­®£® ª« áá  ¢ § ¬ª­ãâ®©  ­ «¨â¨ç¥áª®© ä®à¬¥.

�«¥¤ã¥â ®â¬¥â¨âì, çâ® ¢ ®â«¨ç¨¥ ®â à¥£ã«ïà­®£® á«ãç ï § ¤ ç  (4) ¨¬¥¥â ®£à ­¨ç¥­­®¥ (¯à¨
"! +0) à¥è¥­¨¥ â®«ìª® ¯à¨ ®¯à¥¤¥«¥­­®© § ¢¨á¨¬®áâ¨ ¤¥©áâ¢¨â¥«ì­ëå ç áâ¥© á¯¥ªâà  ¬ âà¨-
æë A0(x) ®â à á¯®«®¦¥­¨ï â®ç¥ª xk, ¢ ª®â®àëå § ¤ ­ë ªà ¥¢ë¥ ãá«®¢¨ï.

�¥®à¥¬  1. �á«¨ á¯¥ªâà f�0j(x)gn1 ¬ âà¨æë A0(x) ã¤®¢«¥â¢®àï¥â ãá«®¢¨ï¬

�0j(x) 6= �0k(x); �0j(x) 6= 0 (j 6= k; j; k = 1; n; x 2 [a; b]);

Re �0k(x) � 0; x 2 [xk; b]; Re �0k(x) � 0; x 2 [a; xk] (k = 2; n� 1);

Re�01(x) � 0; Re �0n(x) � 0; x 2 [a; b];

Re
Z x

xk

�0k(t)dt < 0; x 2 [a; b] n xk (k = 1; n);

¨ ¯à¨ íâ®¬ detT 6= 0, £¤¥ ¯®áâ®ï­­ ï ¬ âà¨æ  T = (T11; : : : ; Tnn) ®¯à¥¤¥«ï¥âáï áâ®«¡æ ¬¨

¬ âà¨æë Tj = FjS0(xj) = (T1j ; : : : ; Tnj) (j = 1; n) (S�10 (x)A0(x)S0(x) = �0(x) = diagf�01(x); : : : ;
�0n(x)g), â® ¯à¨ ¤®áâ â®ç­® ¬ «ëå " > 0 áãé¥áâ¢ã¥â ¥¤¨­áâ¢¥­­®¥ ¨ ®£à ­¨ç¥­­®¥ ¯à¨ "! +0
à¥è¥­¨¥ y(x; ") § ¤ ç¨ (4), ¯à¥¤áâ ¢¨¬®¥ ¢ ¢¨¤¥

y(x; ") = S0(x)
�
E +

NX
1

Hk(x)"
k

�
�(N)(x; ")C +

NX
0

vk(x)"
k +O("N+1);

£¤¥

�(N)(x; ") = diagfe�1(x;"); : : : ; e�n(x;")g;

�j(x; ") = "�1
Z x

xj

NX
0

�kj(t)"kdt (j = 1; n);

�(N)(x; ") =
NX
0

�k(x)"k; �k(x) = diagf�k1(x); : : : ; �kn(x)g;

¬ âà¨æë Hk(x), �k(x) ¨ vk(x) ®¤­®§­ ç­® ®¯à¥¤¥«ïîâáï ¢ å®¤¥ ¤®ª § â¥«ìáâ¢  [12].

�¨áªà¥â­ë©  ­ «®£ ¯à¥¤«®¦¥­­®£® ¬¥â®¤  ¯®§¢®«ï¥â (¢ ®â«¨ç¨¥ ®â ¨§¢¥áâ­®£® [10]) ¤®áâ -
â®ç­® ¯à®áâ® ¯à®¢®¤¨âì  á¨¬¯â®â¨ç¥áª¨©  ­ «¨§ ¡®«ìè®£® ª« áá  á¯¥ªâà «ì­ëå § ¤ ç ¤«ï «¨-
­¥©­ëå ¤¨ää¥à¥­æ¨ «ì­ëå ®¯¥à â®à®¢ (¢ â®¬ ç¨á«¥ ¨ ¯à¨ § ¤ ­¨¨ ¬­®£®â®ç¥ç­ëå ªà ¥¢ëå
ãá«®¢¨©), ­ ¯à¨¬¥à, ¤«ï ®¯¥à â®à  �âãà¬ {�¨ã¢¨««ï

�y00 + q(x)y = �y; y(0) = y(�) = 0 (5)

¨«¨ ¤«ï ®¯¥à â®à  �¨à ª 

_y � p(t)x = �x; _x+ r(t)y = ��y;
x(0) sin�+ y(0) cos� = 0; x(�) sin� + y(�) cos � = 0

(6)

(¨¬¥îé¨å ¯à¨«®¦¥­¨¥ ¢ ª¢ ­â®¢®© ¬¥å ­¨ª¥) ¯ãâ¥¬ á¢¥¤�¥­¨ï ãª § ­­ëå § ¤ ç ª á¨­£ã«ïà­®
¢®§¬ãé¥­­ë¬ ®¤­®à®¤­ë¬ ªà ¥¢ë¬ § ¤ ç ¬ ¢¨¤  (4), ¨¬¥îé¨¬ ­¥âà¨¢¨ «ì­®¥ à¥è¥­¨¥ «¨èì
¯à¨ ¤¨áªà¥â­ëå §­ ç¥­¨ïå ¬ «®£® ¯ à ¬¥âà  ". �¥©áâ¢¨â¥«ì­®, ®¡®§­ ç¨¢ � = "�2, § ¯¨è¥¬
§ ¤ çã (5) ¢ ¢¥ªâ®à­®© ä®à¬¥

"
dz

dx
= (A0 + "2A2(x))z; F1z(0; ") + F2z(�; ") = 0;

£¤¥ z = (y; " _y)>,

A0 =
�
0 1
�1 0

�
; A2(x) = q(x)

�
0 0
1 0

�
; F1 =

�
1 0
0 0

�
; F2 =

�
0 0
1 0

�
;
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à¥è¥­¨¥ ª®â®à®© ¨§«®¦¥­­ë¬ ¬¥â®¤®¬ ¨¬¥¥â ¢¨¤

z = S0

�
E +

1X
1

Hk(x)"
k

�
exp

�
"�1

Z x

0
�(t; ")dt

�
C � Z(x; ")C (C 6= 0);

£¤¥ ¬ âà¨æë �k(x) ¨ Hk(x) ®¯à¥¤¥«ïîâáï ¯® ®¯¨á ­­®© ¢ëè¥ áå¥¬¥

Hk(x) = �1
2
��10 P k(x); P1 = 0; P2 =

i

2
q(x)

�
1 1
�1 �1

�
; P3 = �dH2

dx
;

Pk = B2Hk�2 � dHk�1

dx
�

k�1X
j=1

Hj�k�j (k � 4);

�0 =
��i 0
0 i

�
; �k = P k(x); �1 = �3 = 0; �2 =

i

2
q(x)

�
1 0
0 �1

�
;

H1 = 0; H2 =
q(x)
4

�
0 1
1 0

�
; S0 =

�
1 1
�i i

�
;

¯à¨ íâ®¬

F (") = F1Z(0; ") + F2Z(�; ") =
1
4

�
4� "2q(0) 4� "2q(0)

e�i�(4� "2q(�)) ei�(4� "2q(�))

�
+O("2);

£¤¥ � = �
"
� "

2

�R
0

q(t)dt. �à ¢­¥­¨¥ detF (") = 0 (� � "�n � "2a + O("2) = 0) ¯®§¢®«ï¥â ­ ©â¨

¤¨áªà¥â­ë¥ §­ ç¥­¨ï ¬ «®£® ¯ à ¬¥âà 

"(n) =
1
n
� a

�n3
+O

�
1
n3

� �
a =

1
2

Z �

0

q(t)dt
�

(¯à¨ ª®â®àëå áãé¥áâ¢ãîâ ­¥âà¨¢¨ «ì­ë¥ à¥è¥­¨ï § ¤ ç¨ (4)) ¨ á®®â¢¥âáâ¢ãîé¨¥ á®¡áâ¢¥­­ë¥
§­ ç¥­¨ï ¨ á®¡áâ¢¥­­ë¥ äã­ªæ¨¨

�(n) = n2(1 + 2a��1n�2 +O(n�2)); '(�; x) =
�
1 +

q(x)
4�

+O

�
1
�

��
sin
�p

�x� 1
2
p
x

Z x

0
q(t)dt

�
:

�­ «®£¨ç­ë¬ ®¡à §®¬ § ¤ ç  (6) ¯®á«¥ § ¬¥­ë � = "�1 ¬®¦¥â ¡ëâì § ¯¨á ­  ¢ ¢¥ªâ®à­®© ä®à¬¥

"
dz

dt
= (A0 + "A1(t))z; F1z(0; ") + F2z(�; ") = 0;

£¤¥

z =
�
y

x

�
; A0 =

�
0 1
�1 0

�
; A1(t) =

�
0 p(t)

�r(t) 0

�
;

F1 =
�
cos� sin�
0 0

�
; F2 =

�
0 0

cos � sin�

�
;

¨ ¤¨áªà¥â­ë¥ §­ ç¥­¨ï ¬ «®£® ¯ à ¬¥âà  " = "(n) ®¯à¥¤¥«ïîâáï ¤ «¥¥ ¯® ã¦¥ ¨§¢¥áâ­®© áå¥¬¥.
� ¯®¬®éìî ¯à¥¤«®¦¥­­®£® ¬¥â®¤  ¡ë«¨ ¨§ãç¥­ë á¨­£ã«ïà­® ¢®§¬ãé¥­­ë¥ ­ ç «ì­ë¥ ¨

ªà ¥¢ë¥ § ¤ ç¨ ¯à¨ ­ «¨ç¨¨ áâ¥¯¥­­®£® ¯®£à ­á«®ï. � ç áâ­®áâ¨, ¨¬¥¥â ¬¥áâ®

�¥®à¥¬  2. �®ç­®¥ à¥è¥­¨¥ § ¤ ç¨ �®è¨

(x+ ")
dy

dx
= A(x)y; y(0; ") = � (x 2 [0; 1]; y 2 Rn);

£¤¥ àï¤ A(x) =
1P
0
Akx

k áå®¤¨âáï ¯à¨ jxj < 1 + 2� (� > 0) ¨ á¯¥ªâà f�0j(0)gn1 ¬ âà¨æë A(0)

ã¤®¢«¥â¢®àï¥â ­¥à ¢¥­áâ¢ ¬

�0j(0) � �0k(0) 6= 0; 1; 2; : : : ; Re �0j(0) � 0 (j 6= k; j; k = 1; n);
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¬®¦¥â ¡ëâì ¯à¨ ¤®áâ â®ç­® ¬ «ëå " > 0 ¯à¥¤áâ ¢«¥­® ¢ ¢¨¤¥

y = S(")P (x+ "; ")
�
1 +

x

"

��0(")

P�1("; ")S�1(")�;

£¤¥

P (x+ "; ") =
1X
0

Pk(")(x + ")k; jx+ "j < 1 + �; j"j < �;

�
1 +

x

"

��0(")

= diag
��

1 +
x

"

��01(")
; : : : ;

�
1 +

x

"

��0n(")�
; �0(") = diagf�01("); : : : ; �0n(")g;

  ¬ âà¨æë P (x + "; "), S("), �0(") ¨ P ("; "), ®¤­®§­ ç­® ®¯à¥¤¥«ï¥¬ë¥ ¢ å®¤¥ ¤®ª § â¥«ìáâ¢ ,
 ­ «¨â¨ç­ë ¯à¨ jx+ "j < 1 + � ¨ j"j < � á®®â¢¥âáâ¢¥­­®.
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