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�®áâ ®¢ª  § ¤ ç¨ ¨ ¥ª®â®àë¥ ¯à®¡«¥¬ë ¥¥ à¥è¥¨ï

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

"y0(x; ") �A(x)y(x; ") = eh(x) (0.1)

¯à¨ "! +0, x 2 I = [0; l], £¤¥ A(x) =
�
aij(x)

�2
i;j=1

| ¨§¢¥áâ ï ¬ âà¨æ , eh(x) = colon
�
h1(x); h2(x)

�
| § ¤  ï ¢¥ªâ®à-äãªæ¨ï,   y(x; ") = colon

�
y1(x; "); y2(x; ")

�
| ¨áª®¬ ï ¢¥ªâ®à-äãªæ¨ï.

�¥«ì ¤ ®© à ¡®âë á®áâ®¨â ¢ ¯®áâà®¥¨¨ à ¢®¬¥à®©  á¨¬¯â®â¨ª¨ à¥è¥¨ï (���) á¨áâ¥¬ë
(0.1), ¯à¨£®¤®©   ¢á¥¬ ®âà¥§ª¥ [0; l] ¯à¨  «¨ç¨¨ ¢ íâ®© á¨áâ¥¬¥ â®çª¨ ¯®¢®à®â  x = 0.

� ¨¡®«¥¥ áãé¥áâ¢¥ë¥ à¥§ã«ìâ âë ¢ íâ®¬  ¯à ¢«¥¨¨ ¯®«ãç¥ë ¢ [1], [2]. �¤ ª® ¥á¬®âàï
  § ç¨â¥«ìë© ¢ª« ¤ � §®¢  ¢ ¨áá«¥¤®¢ ¨¨ á¨áâ¥¬ ���� á â®çª ¬¨ ¯®¢®à®â , ¥à¥è¥ëå
¢®¯à®á®¢ ®áâ «®áì § ç¨â¥«ì® ¡®«ìè¥, ç¥¬ à¥è¥ëå. �«ï ¡®«ìè¥© ïá®áâ¨ áä®à¬ã«¨àã¥¬
®á®¢®© à¥§ã«ìâ â, ¯®«ãç¥ë© � §®¢ë¬. �à¨  «¨ç¨¨ â®çª¨ ¯®¢®à®â  x = 0 ¢ á¨áâ¥¬¥ (0.1)
® á®®â¢¥âáâ¢ãîé¨¬¨ ¯à¥®¡à §®¢ ¨ï¬¨ ¯à¨¢®¤¨â ¬ âà¨æã A(x) ª ¬ âà¨æ¥

A�(x) =
�
0 1
x 0

�
(0.2)

¨ áâà®¨â  á¨¬¯â®â¨ªã à¥è¥¨ï ®¤®à®¤®© á¨áâ¥¬ë ¤¨ää¥à¥æ¨ «ìëå ãà ¢¥¨© á ã¯à®é¥-
®© ¬ âà¨æ¥© (0.2). �¤ ª®, ª ª áª § ® ¢ ([2], c. 67), â®«ìª® ¤«ï ãà ¢¥¨© ¢â®à®£® ¯®àï¤ª 
áãé¥áâ¢ãîâ ¥ª®â®àë¥ â¥®à¨¨, ® ¨ ®¨ ¢ ¡®«ìè¨áâ¢¥ ¥¯®«ë¥. �â¨ à¥§ã«ìâ âë, ¯®«ãç¥ë¥
¤«ï á¨áâ¥¬ë ¤¢ãå ¤¨ää¥à¥æ¨ «ìëå ãà ¢¥¨© á â®çª®© ¯®¢®à®â , â ª ¥ ¡ë«¨ ®¡®¡é¥ë  
®¡é¨© á«ãç © á¨áâ¥¬ ����. � ¨áá«¥¤®¢ ¨ïå � §®¢  ¨ ¤àã£¨å  ¢â®à®¢, ª®â®àë¥ ¨á¯®«ì§ãîâ ¥£®
¬¥â®¤, ç áâ® ã¯®âà¥¡«ï¥âáï ¨¤¥ï, çâ® \¥ ®£à ¨ç¨¢ ï ®¡é®áâ¨, ¬®¦® áç¨â âì trA(x; 0) � 0"
(á¬. [1], c. 189, ä®à¬ã«ë (29.11), (29.12)). �¤ ª® ¯à¨ íâ®¬ ¥ ¯à®¢®¤¨âáï ¨áá«¥¤®¢ ¨¥ ¢«¨ï¨ï
á®®â¢¥âáâ¢ãîé¥£® ¯à¥®¡à §®¢ ¨ï   å à ªâ¥à ¯®«ãç¥®© ®¢®© ¬ âà¨æë.

�à¨¢¥¤¥¬ ®¤¨ ¯à®áâ®© ¯à¨¬¥à, ª®â®àë© ¯à®¨««îáâà¨àã¥â ®¯ á®áâì ¯à¨¬¥¥¨ï â ª¨å ¯à¥-
®¡à §®¢ ¨©. � áá¬®âà¨¬ á¨áâ¥¬ã (0.1), ¢ ª®â®à®© a11 = a12 = a22 = 1, a21 = x. �®à¨ å à ª-
â¥à¨áâ¨ç¥áª®£® ãà ¢¥¨ï jA(x) � �Ej = 0 à ¢ë 1 � px, â. ¥. ¢ ®ªà¥áâ®áâ¨ â®çª¨ x = 0 ®¨
áâ ¡¨«ìë¥. �à¨ ¯®¬®é¨ ¯à¥®¡à §®¢ ¨ï

y(x; ") = exp
�
1
2"

Z x

0
trA(x)dx

�
Z(x; ") = exp

�
x

"

�
Z(x; ") (0.3)

(á¬. [1], c. 189, ä®à¬ã«  (29.12)) á¨áâ¥¬  (0.1) ¯¥à¥©¤¥â ¢ á¨áâ¥¬ã

"Z 0(x; ") �A�(x)Z 0(x; ") = h(x) exp
��x

"

�
; (0.4)

á â®çª®© ¯®¢®à®â , ¢ ª®â®à®© ¬ âà¨æ  A�(x) á®¢¯ ¤ ¥â á ¬ âà¨æ¥© (0.2). �¤ ª® ¢ ¯à®æ¥áá¥
â ª®£® ¯à¥®¡à §®¢ ¨ï ¡ë«  ¯®«ãç¥  ¯à ¢ ï ç áâì á¨áâ¥¬ë, ª®â®à ï á®¤¥à¦¨â áãé¥áâ¢¥®
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®á®¡ãî äãªæ¨î exp
�
�x
"

	
®â®á¨â¥«ì® ¬ «®£® ¯ à ¬¥âà . �¨áâ¥¬ë ����, á®¤¥à¦ é¨¥ â®çªã

¯®¢®à®â  á â ª®© ¯à ¢®© ç áâìî,  áª®«ìª®  ¢â®àã ¨§¢¥áâ®, ¥é¥ ¥ ¨áá«¥¤®¢ ë. �®íâ®¬ã
¢®¯à®á ® ¯®áâà®¥¨ï  á¨¬¯â®â¨ª¨ ç áâëå à¥è¥¨© ¥®¤®à®¤ëå ���� ¢¨¤  (0.1) á â®çª®©
¯®¢®à®â  ®áâ ¥âáï  ªâã «ìë¬ ¨ ¯®á«¥ ¯®áâà®¥ëå �. � §®¢ë¬  á¨¬¯â®â¨ª ®¤®à®¤ëå ����.

� ª¨¬ ®¡à §®¬, ¯à¨¬¥¥¨¥ ¯à¥®¡à §®¢ ¨ï (0.3),   á«¥¤®¢ â¥«ì®, ã¯®âà¥¡«¥¨¥ ¢ëà ¦¥¨ï
\¥ ®£à ¨ç¨¢ ï ®¡é®áâ¨, ¬®¦® áç¨â âì, çâ® trA(x; 0) � 0" ¥¦¥« â¥«ì® ¯à¨ ¨áá«¥¤®¢ ¨¨
���� á â®çª®© ¯®¢®à®â . �á«¨ ¨áá«¥¤ã¥âáï â®«ìª® ®¤®à®¤ ï á¨áâ¥¬  ����, ª ª íâ® ¤¥« «
� §®¢, â® ¢ ®¯à¥¤¥«¥®© áâ¥¯¥¨ ¥áâì ®¯à ¢¤ ¨¥ ¯à¨¬¥¥¨î ¯à¥®¡à §®¢ ¨ï (0.3).

� ¬¥â¨¬ ¥é¥ á«¥¤ãîé¥¥. �§¢¥áâ®, çâ® ç áâ®¥ à¥è¥¨¥ ¥®¤®à®¤®£® ����, ¯®áâà®¥-
®¥ ª« áá¨ç¥áª¨¬¨ ¬¥â®¤ ¬¨ á ¨á¯®«ì§®¢ ¨¥¬ äã¤ ¬¥â «ì®© á¨áâ¥¬ë à¥è¥¨©  áâ®«ìª®
á«®¦®¥, çâ® ®® ¯®çâ¨ ¥¯à¨£®¤® ¤«ï ¯à ªâ¨ç¥áª¨å æ¥«¥©. �â® ãâ¢¥à¦¤¥¨¥ å®à®è® ¯à®¨«-
«îáâà¨à®¢ ® ¢ ([3], c. 31{33). � ª ¯®ª § «¨ ¯à®¢¥¤¥ë¥ ¨áá«¥¤®¢ ¨ï, ¤«ï ¯®áâà®¥¨ï  á¨¬-
¯â®â¨ª¨ ç áâëå à¥è¥¨© ¥®¤®à®¤ëå ���� á â®çª ¬¨ ¯®¢®à®â  ¥®¡å®¤¨¬® ¨á¯®«ì§®¢ âì
¡®«¥¥ á«®¦ë¥ áãé¥áâ¢¥® ®á®¡ë¥ äãªæ¨¨ (���), ç¥¬ ¤«ï ¯®«ãç¥¨ï  á¨¬¯â®â¨ª¨ à¥è¥¨©
®¤®à®¤ëå ����. �«ï íâ¨å æ¥«¥© ¯à¨¬¥ï«¨áì äãªæ¨¨ �ª®à¥àà  ([4], c. 411{414) ¢ áª «ïà-
®¬ á«ãç ¥ ¨ äãªæ¨ï 	(t) (á¬. [3], c. 199; [5], c. 53{58) ª ª ¢ áª «ïà®¬ á«ãç ¥, â ª ¨ ¤«ï á¨áâ¥¬
¢¨¤  (0.6).

�¥®à¨¨ ���� á â®çª ¬¨ ¯®¢®à®â  ¯®á¢ïé¥® § ç¨â¥«ì®¥ ª®«¨ç¥áâ¢® ¦ãà «ì®© ¨ ¬®®-
£à ä¨ç¥áª®© «¨â¥à âãàë. �®£¨¬¨  ¢â®à ¬¨ å®à®è® ¨§ãç¥® ãà ¢¥¨¥ �¨ã¢¨««ï

"2y00(x; ") + [xr(x) + "2q(x)]y(x; ") = h(x): (0.5)

�«ï c¨áâ¥¬ ���� ¢¨¤ 

"2W 00(x; ") �A(x)W (x; ") = h(x) (0.6)

â®¦¥ ã¤ «®áì à §à ¡®â âì ¤®áâ â®ç® ®¡é¨© ¬¥â®¤ ¯®áâà®¥¨ï ��� á à §«¨çë¬¨ â¨¯ ¬¨ â®ç¥ª
¯®¢®à®â  (á¬. [6]{[9] ¨ ¤à.).

�áå®¤ï ¨§ áª § ®£®, ¬®¦® áä®à¬ã«¨à®¢ âì á«¥¤ãîéãî ®á®¢ãî ¯à®¡«¥¬ã, ¦¤ãéãî
á¢®¥£® à¥è¥¨ï ¢ â¥®à¨¨ á¨áâ¥¬ ���� ¯¥à¢®£® ¯®àï¤ª  á â®çª ¬¨ ¯®¢®à®â : ¡¥§ ¨á¯®«ì§®¢ ¨ï
¯à¥®¡à §®¢ ¨ï (0.3) ¯®áâà®¨âì à ¢®¬¥àãî  á¨¬¯â®â¨ªã à¥è¥¨ï ¥®¤®à®¤®© á¨áâ¥¬ë (0.1)
¯à¨  «¨ç¨¨ ¢ ¥© â®çª¨ ¯®¢®à®â  á ¯®á«¥¤ãîé¨¬ ®¡®¡é¥¨¥¬ íâ¨å à¥§ã«ìâ â®¢   ®¡é¨©
á«ãç © á¨áâ¥¬ ���� ¯¥à¢®£® ¯®àï¤ª  á â®çª ¬¨ ¯®¢®à®â .

1. �á«®¢¨ï áãé¥áâ¢®¢ ¨ï â®çª¨ ¯®¢®à®â  ¢ á¨áâ¥¬¥

�¥®à¨ï ���� á â®çª ¬¨ ¯®¢®à®â  ¨§ãç¥  ¤®áâ â®ç® å®à®è®, ®¤ ª® ®¡é¥£® ®¯à¥¤¥«¥¨ï
â®çª¨ ¯®¢®à®â  ¤®  áâ®ïé¥£® ¢à¥¬¥¨ ¥ ¤ ® (á¬. [1], c. 186{187). �«ï ª ¦¤®£® ª« áá  ãà ¢¥-
¨© ¢¢®¤¨âáï á¢®¥ ¯®ïâ¨¥ â®çª¨ ¯®¢®à®â . � ®á®¢®¬ ¯®ïâ¨¥ â®çª¨ ¯®¢®à®â  ¯à®¨§®è«® ®â
ãà ¢¥¨ï �¨ã¢¨««ï, ¨ ®® ã¦¥ ï¢«ï¥âáï ª« áá¨ç¥áª¨¬ ®¯à¥¤¥«¥¨¥¬ â®çª¨ ¯®¢®à®â  ¤«ï íâ®£®
ãà ¢¥¨ï. �®áª®«ìªã á¨áâ¥¬ã (0.1) ¬®¦® ¯à¨¢¥áâ¨ ª ãà ¢¥¨î �¨ã¢¨««ï, â® ¢¢®¤ï ¯®ïâ¨¥
ª« áá¨ç¥áª®© â®çª¨ ¯®¢®à®â  ¤«ï íâ®© á¨áâ¥¬ë, ¡ã¤¥¬ íâ® ¯®ïâ¨¥ áà ¢¨¢ âì á   «®£¨çë¬
ª« áá¨ç¥áª¨¬ ®¯à¥¤¥«¥¨¥¬ â®çª¨ ¯®¢®à®â  ¤«ï ãà ¢¥¨ï �¨ã¢¨««ï.

� ç «¥ ã¦® à¥è¨âì á«¥¤ãîé¨© ¢®¯à®á: ª ª¨¬ ãá«®¢¨ï¬ ¤®«¦ë ã¤®¢«¥â¢®àïâì ª®íä-
ä¨æ¨¥âë á¨áâ¥¬ë (0.1), çâ®¡ë ®  á®¤¥à¦ «  ª« áá¨ç¥áªãî â®çªã ¯®¢®à®â  x = 0?

� à ªâ¥à¨áâ¨ç¥áª®¥ ãà ¢¥¨¥, á®®â¢¥âáâ¢ãîé¥¥ á¨áâ¥¬¥ (0.1), ¨¬¥¥â ¢¨¤

jA(x)� �Ej � �2(x)� �a11(x) + a22(x)
�
�(x) + detA(x) = 0: (1.1)

�§ (1.1) ¢¨¤®, çâ® ¤«ï â®£®, çâ®¡ë á¨áâ¥¬  (0.1) á®¤¥à¦ «  ª« áá¨ç¥áªãî â®çªã ¯®¢®à®â 
x = 0,   «®£¨çãî â®©, ª®â®à ï ¢®§¨ª ¥â ¢ ãà ¢¥¨¨ (0.5), ¥®¡å®¤¨¬®  «¨ç¨¥ ãá«®¢¨©

trA(x; 0) � a11(x) + a22(x) � 0; (1.2)

detA(0; 0) = 0; detA0(0; 0) 6= 0; (1.3)

çâ® ¨ ¡ã¤¥¬ ¢ ¤ «ì¥©è¥¬ ¯à¥¤¯®« £ âì.
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�à¨ ¢ë¯®«¥¨¨ ãá«®¢¨© (1.2) áãé¥áâ¢ã¥â â ª ï ¬ âà¨æ  ¯®¤®¡¨ï B(x), çâ® ¯à¥®¡à §®¢ ¨¥

y(x; ") = B(x)W (x; ") (1.4)

á¨áâ¥¬ã (0.1) ¯¥à¥¢®¤¨â ¢ á¨áâ¥¬ã

"W 0(x; ")� (D0(x) + "D1(x))W (x; ") = h(x); (1.5)

£¤¥

D0(x) =
�

0 �detA(x)a�121 (x)
a21(x) 0

�
=
�

0 d12(x)
d21(x) 0

�
; B(x) =

��1 �a11(x)a�121 (x)
0 �1

�
;

D1(x) = B�1(x)B(x); h(x) = B�1(x)eh(x):
�ë¢®¤ 1. �®áª®«ìªã B(x) ¥áâì ¬ âà¨æ  ¯®¤®¡¨ï, â® ¯à¥®¡à §®¢ ¨¥ (1.4) á¨áâ¥¬ã (0.1) ¯¥à¥-

¢®¤¨â ¢ á¨áâ¥¬ã (1.5), ã ª®â®à®© SpD0(x) = SpA(x).

�ë¢®¤ 2. � ®â«¨ç¨¨ ®â á¨áâ¥¬ë (0.4) ¯à¨ ¯à¥®¡à §®¢ ¨¨ (1.4) ¯à ¢ ï ç áâì á¨áâ¥¬ë (1.5) ¯®
áâàãªâãà¥ â  ¦¥ á ¬ ï, çâ® ¨ ¢ ¨áå®¤®© á¨áâ¥¬¥ (0.1). �à®¬¥ íâ®£®, ¯®«ãç¥  á¨áâ¥¬  ����, ã
ª®â®à®© d11(x) � d22(x) � 0. �â® ãá«®¢¨¥ ï¢«ï¥âáï áãé¥áâ¢¥ë¬ ¯à¨ ¯®á«¥¤ãîé¨å ¨áá«¥¤®¢ ¨-
ïå. �®áª®«ìªã d12(0) = 0, â® ¤«ï ¯®«ãç¥¨ï ª« áá¨ç¥áª®© â®çª¨ ¯®¢®à®â  ã¦® ¯à¥¤¯®«®¦¨âì,
çâ® d21(x) � a21(x) 6= 0 ¤«ï ¢á¥å x 2 [0; l].

�â®¡ë «ãçè¥ ®á®§ âì ¢ ¦®áâì ¯®«ãç¥ëå à¥§ã«ìâ â®¢ ¨ ¨å á®®â¢¥âáâ¢¨¥ ãà ¢¥¨î
�¨ã¢¨««ï, ¯à¨¢¥¤¥¬ ®¤®à®¤ãî á¨áâ¥¬ã (0.1) ª ãà ¢¥¨î �¨ã¢¨««ï. �¢¥¤ï ¯®¤áâ ®¢ªã
y(x; ") =

p
a12(x)Z(x; "), ¯®«ãç¨¬ ãà ¢¥¨¥ �¨ã¢¨««ï á«¥¤ãîé¥£® ¢¨¤ :

"2Z 00(x; ")� " trA(x)Z 0(x; ") + [detA(x) + "�(x) + "2q(x)]Z(x; ") = 0; (1.6)

£¤¥

�(x) = �a011(x)�m(x)
�
1
2
trA(x) + a11(x)

�
; q(x) =

m0(x)
2

� m2(x)
4

; m(x) =
a012(x)
a12(x)

: (1.7)

� ª¨¬ ãá«®¢¨ï¬ ¤®«¦ë ã¤®¢«¥â¢®àïâì ª®íää¨æ¨¥âë ãà ¢¥¨ï (1.6), çâ®¡ë ®® á®¤¥à-
¦ «® ª« áá¨ç¥áªãî â®çªã ¯®¢®à®â  ¨ çâ®¡ë ª á¨áâ¥¬¥ (0.1) ¬®¦® ¡ë«® ¯à¨¬¥¨âì ¬¥â®¤,
®¯¨á ë© ¢ [5] ¤«ï ãà ¢¥¨ï �¨ã¢¨««ï ¨ ã¦¥ ®¡®¡é¥ë©   á¨áâ¥¬ë ���� ¢¨¤  (0.6)?

�®-¯¥à¢ëå. �®áª®«ìªã q(x) ¥ à ¢® â®¦¤¥áâ¢¥® ã«î, â® ¯®«ãç¥®¥ ãà ¢¥¨¥ (1.6) á®-
¤¥à¦¨â ¥ ª« áá¨ç¥áªãî â®çªã ¯®¢®à®â ,   á¨«ìãî â®çªã ¯®¢®à®â , ª®â®à ï ¢¯¥à¢ë¥ ¡ë« 
¨§ãç¥   ¢â®à®¬ (á¬. [5], p §¤¥« 8). �®íâ®¬ã, âà¥¡ãï  «¨ç¨ï ¯à®áâ®© ª« áá¨ç¥áª®© â®çª¨ ¯®-
¢®à®â  ¢ á¨áâ¥¬¥ (0.1), á«¥¤ã¥â ¯®âà¥¡®¢ âì, çâ®¡ë q(x) � 0 ¤«ï ¢á¥å x 2 [0; l]. � ãç¥â®¬ (1.2)
¨ (1.7) íâ® ®§ ç ¥â, çâ® ¤®«¦® ¢ë¯®«ïâìáï ãá«®¢¨¥ a11(x) � a22(x) � 0 ¤«ï ¢á¥å x 2 [0; l]. �
íâ®¬ á«ãç ¥ á¨áâ¥¬  (0.1) á¢®¤¨âáï ª ª« á¨ç¥áª®¬ã ãà ¢¥¨î �¨ã¢¨««ï (0.5).

�®-¢â®àëå. � íâ®¬ á«ãç ¥ detA(x) � �a12(x)a21(x). �«ï ¢ë¯®«¥¨ï ãá«®¢¨© (1.3) ¯®âà¥¡ã-
¥¬, çâ®¡ë ¢ë¯®«ï«®áì ãá«®¢¨¥: â®çª  x = 0 ¥áâì ã«ì ¯¥à¢®£® ¯®àï¤ª  í«¥¬¥â  a12(x).

�ë¢®¤ 3. �«ï â®£® çâ®¡ë x = 0 ¡ë«  ª« áá¨ç¥áª®© â®çª®© ¯®¢®à®â  ¤«ï á¨áâ¥¬ë (0.1), ã¦®,
çâ®¡ë ¨¬¥«¨ ¬¥áâ® ãá«®¢¨ï a11(x) � a22(x) � 0, detA(0) = 0, detA0(0) 6= 0 ¨ â®çª  x = 0 ¤®«¦ 
¡ëâì ã«¥¬ ¯¥à¢®£® ¯®àï¤ª  í«¥¬¥â  a12(x).

� ¬¥ç ¨¥ 1. �¨áâ¥¬  (0.1) ¢ ([1], c. 188{189) ¨áá«¥¤®¢   ¥ ¢ ®¡é¥¬ á«ãç ¥,   ¢ ã¯à®é¥-
®¬ ¢¨¤¥, ª®£¤  ¬ âà¨æ  ¡ë«  ¯à¥¤áâ ¢«¥  ¢ ä®à¬¥ (0.2). � ¬ ¦¥ áª § ®, çâ® \¥ ®£à ¨ç¨¢ ï
®¡é®áâ¨, ¬®¦® áç¨â âì, çâ® trA(x; 0) � 0, â. ª. íâ®£® ¢á¥£¤  ¬®¦® ¤®¡¨âìáï á ¯®¬®éìî ¯à¥-
®¡à §®¢ ¨ï (29.12)". � [2] â®¦¥ ¨áá«¥¤®¢   â  ¦¥ á¨áâ¥¬  ���� ¯¥à¢®£® ¯®àï¤ª .

�¥ áâ ¢ï ¯¥à¥¤ á®¡®© æ¥«ì ¤ ¢ âì ¯®«ë©   «¨§ à¥§ã«ìâ â®¢ �. � §®¢ , § ¤ ¤¨¬ á«¥¤ãîé¨¥
¢®¯à®áë. � ª ¯® ¨áå®¤®© ¬ âà¨æ¥, ¡¥§ ¯à¨¢¥¤¥¨ï ¥¥ ª ¢¨¤ã (0.2) ®¯à¥¤¥«¨âì, çâ® ®  á®¤¥à-
¦¨â â®çªã ¯®¢®à®â ? � ª ¯à¥®¡à §®¢ ¨ï, ¯à®¤¥« ë¥ �. � §®¢ë¬, ¯®¢«¨ïîâ   ¯à ¢ãî ç áâì
®¢®© ¥®¤®à®¤®© á¨áâ¥¬ë ãà ¢¥¨©?
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�â ª, ¡ã¤¥¬ ¨áá«¥¤®¢ âì á¨áâ¥¬ã ���� (0.1) ¯à¨ ¢ë¯®«¥¨¨ ãá«®¢¨©

a11(x) � a22(x) � 0; detA(0) = 0; detA0(0) 6= 0; a12(0) = 0; a012(0) 6= 0: (1.8)

2. �¥£ã«ïà¨§ æ¨ï á¨áâ¥¬ë á¨£ã«ïà® ¢®§¬ãé¥ëå ãà ¢¥¨©

�«ï ¯®áâà®¥¨ï ��� á¨áâ¥¬ë (0.1) ¨á¯®«ì§ã¥¬ ¬¥â®¤¨ªã, à §à ¡®â ãî ¤«ï ãà ¢¥¨ï �¨-
ã¢¨««ï [5] ¨ á¨áâ¥¬ ���� ¢¨¤  (0.4). �«ï ¢ë¤¥«¥¨ï ¢á¥å áãé¥áâ¢¥® ®á®¡ëå äãªæ¨© (���),
¢®§¨ª îé¨å ¯à¨ à¥è¥¨¨ á¨áâ¥¬ë (0.1) §  áç¥â ®á®¡®© â®çª¨ " = 0, ¢¢¥¤¥¬ à¥£ã«ïà¨§ãîéãî
¯¥à¥¬¥ãî t ¯® ä®à¬ã«¥ t = "��'(x), £¤¥ ¯®ª § â¥«ì � ¨ à¥£ã«ïà¨§ãîé ï äãªæ¨ï '(x) ¯®¤-
«¥¦ â ®¯à¥¤¥«¥¨î.

�«ï ®¯à¥¤¥«¥¨ï \à áè¨à¥®©" äãªæ¨¨ ¯®«ãç¨¬ \à áè¨à¥®¥" ¢¥ªâ®à®¥ ãà ¢¥¨¥

L"ey(x; t; ") � "1��'0(x)
@ey(x; t; ")

@t
+ "

@ey(x; t; ")
@x

�A(x)ey(x; t; ") = h(x): (2.1)

�á¨¬¯â®â¨ªã à¥è¥¨ï à áè¨à¥®£® ãà ¢¥¨ï (2.1) áâà®¨¬ ¢ ¢¨¤¥ àï¤ 

ey(x; t; ") = 1X
k=1

[�k(x; ")Uk(t) + "�k(x; ")U
0

k(t)] + f(x; ")	(t) + "g(x; ")	0(t) + !(x; "): (2.2)

�¤¥áì �(x; ") � f�k(x; "); �k(x; "); f(x; "); g(x; "); !(x; ")g | ¯®¤«¥¦ é¨¥ ®¯à¥¤¥«¥¨î   «¨â¨ç¥-
áª¨¥ äãªæ¨¨ ®â®á¨â¥«ì® ¬ «®£® ¯ à ¬¥âà  " > 0 ¨ ¡¥áª®¥ç® ¤¨ää¥à¥æ¨àã¥¬ë¥ ¯® ¯¥à¥-
¬¥®© x 2 [0; l], Uk(t), k = 1; 2, | äãªæ¨¨ �©à¨{�®à®¤¨æë . �®ª § â¥«ì  â®¦¥ ¯®¤«¥¦¨â
®¯à¥¤¥«¥¨î. �ãé¥áâ¢¥® ®á®¡ ï äãªæ¨ï 	(t) ®¯à¥¤¥«¥  ä®à¬ã«®©

	(t) = U2(t)
Z t

+1

U1(�)d� � U1(t)
Z t

+1

U2(�)d�:

�¢®©áâ¢  äãªæ¨© �©à¨{�®à®¤¨æë  ¨ 	(t) ®¯¨á ë ¢ ([10] ¨ [5], c. 41{72).
�¯à¥¤¥«¨¬ ¯®«ãî ¯à®¨§¢®¤ãî ¯® ¥§ ¢¨á¨¬®© ¯¥à¥¬¥®© x ®â ¢¥ªâ®à-äãªæ¨¨ ey(x; t; ")

¨ ¯®¤áâ ¢¨¬ ¥¥ § ç¥¨¥ ¢ à áè¨à¥®¥ ¢¥ªâ®à®¥ ãà ¢¥¨¥ (2.1). �à¨à ¢ï¥¬ ª®íää¨æ¨¥âë
¯à¨ ��� ¢ ¯®«ãç¥®© á¨áâ¥¬¥. �¬¥¥¬ (k = 1; 2)

Uk(t) : �"1�2�+'0(x)'(x)�k(x; ") �A(x)�k(x; ") + "�0k(x; ") = 0;

U 0k(t) : "
1��'0(x)�k(x; ") � "A(x)�k(x; ") + "1+�0k(x; ") = 0;

(2.3)

	(t) : �"1�2�+'0(x)'(x)g(x; ") �A(x)f(x; ") + "f 0(x; ") = 0;

	0(t) : "1��'0(x)f(x; ") � "A(x)g(x; ") + "1+g0(x; ") = 0;
(2.4)

"!0(x; ") �A(x)!(x; ") + "1+��'0(x)g(x; ") = h(x): (2.5)

�®âà¥¡ã¥¬, çâ®¡ë ¯®«ãç¥ë¥  «£¥¡à ¨ç¥áª¨¥ á¨áâ¥¬ë ãà ¢¥¨© (2.3){(2.5) ¡ë«¨ à¥£ã«ïà®
¢®§¬ãé¥ë¬¨ ®â®á¨â¥«ì® ¬ «®£® ¯ à ¬¥âà  " > 0. �«ï íâ®£® ¥®¯à¥¤¥«¥ë¥ ¤®  áâ®ïé¥£®
¢à¥¬¥¨ ¯®ª § â¥«¨ � ¨  ¯®¤ç¨¨¬ á«¥¤ãîé¨¬ ãá«®¢¨ï¬: 1� 2� +  = 0 ¨ 1� � = . �§ íâ¨å
ãà ¢¥¨© ®¤®§ ç® ®¯à¥¤¥«¨¬ ¯®ª § â¥«¨ � = 2

3
¨  = 1

3
.

�ë¢®¤ 4. �á«¨ áâà®¨âì  á¨¬¯â®â¨ªã à¥è¥¨ï à áè¨à¥®© á¨áâ¥¬ë (2.1) ¢ ¢¨¤¥ àï¤  (2.2),
¢ ª®â®à®¬ � = 2

3
¨  = 1

3
, â® ¤«ï ®¯à¥¤¥«¥¨ï ª®íää¨æ¨¥â®¢ íâ®£® àï¤  ¯®«ãç¨¬ à¥£ã«ïà®

¢®§¬ãé¥ë¥ ®â®á¨â¥«ì® ¬ «®£® ¯ à ¬¥âà  " > 0 á¨áâ¥¬ë  «£¥¡à ¨ç¥áª¨å ãà ¢¥¨© (2.3)-
(2.5). � íâ® ®§ ç ¥â, çâ® ¯à®¢¥¤¥  à¥£ã«ïà¨§ æ¨ï ���� (0.1).
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3. �®áâà®¥¨¥ ä®à¬ «ìëå à¥è¥¨© ®¤®à®¤®© à áè¨à¥®© á¨áâ¥¬ë

� ¯®áâà®¥¨¨  á¨¬¯â®â¨ª¨ à¥è¥¨© ®¤®à®¤®© à áè¨à¥®© á¨áâ¥¬ë (2.1) ¯à¨¨¬ îâ ãç -
áâ¨¥ ¢¥ªâ®àë¥ ãà ¢¥¨ï (2.3) á ®¤®§ ç® ®¯à¥¤¥«¥ë¬¨ ¯®ª § â¥«ï¬¨ � = 2

3
¨  = 1

3
.

�k(x; ") =
+1X
r=0

"r�kr(x); �k(x; ") =
+1X
r=0

"r�kr(x): (3.1)

�®¤áâ ¢¨¬ íâ¨ àï¤ë ¢ ¢¥ªâ®àë¥ ãà ¢¥¨ï (2.3). �®£¤  ¤«ï ®¯à¥¤¥«¥¨ï ¢¥ªâ®à-äãªæ¨©
�kr(x) = colon

�
�1kr(x); �2kr(x)

�
¨ �kr(x) = colon

�
�1kr(x); �2kr(x)

�
¯®«ãç¨¬ á«¥¤ãîé¨¥ à¥ªãà-

à¥âë¥ á¨áâ¥¬ë ãà ¢¥¨©:

�(x)Zk0(x) = 0; �(x)Zkr(x) = �Z 0k(r�1)(x); r � 1: (3.2)

�¤¥áì Zkr(x) = colon
�
�1kr(x); �2kr(x); �1kr(x); �2kr(x)

�
,  

�(x) =

0BB@
'0(x) 0 0 �a12(x)
0 '0(x) �a21(x) 0
0 �a12(x) �'(x)'0(x) 0

�a21(x) 0 0 �'(x)'0(x)

1CCA : (3.3)

�ëç¨á«¨¢ ®¯à¥¤¥«¨â¥«ì íâ®© á¨áâ¥¬ë, ¯®«ãç¨¬ det�(x) = ['(x)['0(x)]2 + a12(x)a21(x)]2. �¥£ã«ï-
à¨§ãîéãî äãªæ¨î '(x) ®¯à¥¤¥«¨¬ ª ª à¥è¥¨¥ § ¤ ç¨

['0(x)]2'(x) = �a12(x)a21(x) � detA(x); '(0) = 0: (3.4)

�á¨¬¯â®â¨ªã à¥è¥¨ï à áè¨à¥®£® ãà ¢¥¨ï áâà®¨¬ á ¨á¯®«ì§®¢ ¨¥¬ äãªæ¨© �©à¨{
�®à®¤¨æë . �®áª®«ìªã  ¯¯ à â äãªæ¨© �©à¨{�®à®¤¨æë  å®à®è® à §à ¡®â  â®«ìª® ¤«ï
áâ ¡¨«ì®© â®çª¨ ¯®¢®à®â , â® íâ¨¬ á ¬ë¬ ¡ë«® ®¯à¥¤¥«¥®, çâ® â®çª  x = 0 ¤®«¦  ¡ëâì
áâ ¡¨«ì®© â®çª®© ¯®¢®à®â , â.¥. ¤®«¦® ¢ë¯®«ïâáï ãá«®¢¨¥ detA(x) > 0 ¤«ï ¢á¥å x 2 (0; l].

� ¬¥ç ¨¥ 2. �á«¨ ¦¥ detA(x) < 0 ¤«ï x 2 (0; l], â® x = 0 ¡ã¤¥â ¥áâ ¡¨«ì®© â®çª®©
¯®¢®à®â  (á¬. [5], à §¤¥« 6). � íâ®¬ á«ãç ¥ ¤«ï ¯®áâà®¥¨ï  á¨¬¯â®â¨ª¨ à¥è¥¨ï á¨áâ¥¬ë (0.1)
¥®¡å®¤¨¬® ¡ã¤¥â ¨á¯®«ì§®¢ âì äãªæ¨¨ �©à¨{� £¥à , ¯à¨ç¥¬ ®¤  ¨§ íâ¨å äãªæ¨© ¡ã¤¥â
¥®£à ¨ç¥® ¢®§à áâ âì   ¡¥áª®¥ç®áâ¨. �¥§ ®á®¡ëå ãá¨«¨© äãªæ¨¨ �©à¨{� £¥à  â ª¦¥
¬®¦® ¨á¯®«ì§®¢ âì ¢ á«ãç ¥ á® áâ ¡¨«ì®© â®çª®© ¯®¢®à®â .

�à¨ ¢ë¯®«¥¨¨ ãá«®¢¨ï detA(x) = �a12(x)a21(x) > 0 à¥è¥¨¥¬ § ¤ ç¨ (3.4) ¡ã¤¥â äãªæ¨ï

'(x) =
�
3
2

Z x

0

q
�a12(x)a21(x)dx

�2=3

:

�®áª®«ìªã det�(x) � 0, â® áãé¥áâ¢ã¥â ¥âà¨¢¨ «ì®¥ à¥è¥¨¥ á¨áâ¥¬ë (3.2) ¢¨¤ 

Zk0(x) = colon
�
a12(x)
'0(x)

�2k0(x);
a21(x)
'0(x)

�1k0(x); �1k0(x); �2k0(x)
�
; (3.5)

£¤¥ �ik0(x), i; k = 1; 2, | ¤® ®¯à¥¤¥«¥®£® ¢à¥¬¥¨ ¯à®¨§¢®«ìë¥, ¤®áâ â®ç® £« ¤ª¨¥ äãªæ¨¨
¯à¨ x 2 [0; l].

�§ ï¢®£® ¢¨¤  ¬ âà¨æë (3.3) ¨ à¥è¥¨ï (3.5) ¢¨¤®, çâ® á¨áâ¥¬ã (3.2) ¬®¦® à §¡¨âì  
¤¢¥ á¨áâ¥¬ë:

'0(x)�1kr(x)� a12(x)�2kr(x) = ��1k(r�1)
0(x);

a21(x)�1kr(x) + '0(x)'(x)�2kr(x) = �02k(r�1)(x)
(3.6)

¨

'0(x)�2kr(x)� a21(x)�1kr(x) = ��2k(r�1)
0(x);

a12(x)�2kr(x) + '0(x)'(x)�1kr(x) = �1k(r�1)
0(x):

(3.7)
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�â¨ á¨áâ¥¬ë ¥§ ¢¨á¨¬ë ®¤  ®â ¤àã£®©. �¤ ª® ¢ ¯®áâà®¥¨¨  á¨¬¯â®â¨ª¨ à¥è¥¨ï à áè¨-
à¥®£® ãà ¢¥¨ï (2.2) ®¨ ãç áâ¢ãîâ ®¤®¢à¥¬¥®   ª ¦¤®¬ ¨â¥à æ¨®®¬ è £¥.

�à¨áâã¯¨¬ ª à¥è¥¨î íâ¨å á¨áâ¥¬. � ç «  à áá¬®âà¨¬ íâ¨ c¨áâ¥¬ë ¯à¨ r = 1. � ãç¥â®¬
¯®«ãç¥®£® à¥è¥¨ï (3.5) ¨¬¥¥¬

'0(x)�1k1(x)� a12(x)�2k1(x) = ��1k0
0(x) � a12(x)

'0(x)
�2k0(x);

a21(x)�1k1(x) + '0(x)'(x)�2k1(x) = �2k0
0(x)

(3.8)

¨

'0(x)�2k1(x)� a21(x)�1k1(x) = ��2k0
0(x) � a21(x)

'0(x)
�1k0(x);

a12(x)�2k1(x) + '0(x)'(x)�1k1(x) = �1k0
0(x):

(3.9)

�§ (3.4) á«¥¤ã¥â, çâ® ®¯à¥¤¥«¨â¥«¨ íâ¨å á¨áâ¥¬ â®¦¤¥áâ¢¥® à ¢ë ã«î, â. ¥. �(x) =
['0(x)]2'(x) + a12(x)a21(x) � 0. �«¥¤®¢ â¥«ì®, ¢ ®¡é¥¬ á«ãç ¥ ¥ áãé¥áâ¢ã¥â à¥è¥¨© ¥®¤-
®à®¤ëå á¨áâ¥¬  «£¥¡à ¨ç¥áª¨å ãà ¢¥¨© (3.8) ¨ (3.9). �®íâ®¬ã ¨áá«¥¤ã¥¬ ¡®«¥¥ ¤¥â «ì®
¯à ¢ë¥ ç áâ¨ íâ¨å á¨áâ¥¬. �®£« á® â¥®à¥¬¥ �à®¥ª¥à {� ¯¥««¨ ¤«ï â®£®, çâ®¡ë áãé¥áâ¢®¢ «¨
¥âà¨¢¨ «ìë¥ à¥è¥¨ï á¨áâ¥¬ (3.8) ¨ (3.9), ¥®¡å®¤¨¬® ¨ ¤®áâ â®ç®, çâ®¡ë à £ à áè¨à¥-
ëå ¬ âà¨æ á¨áâ¥¬ (3.8) ¨ (3.9) á®¢¯ ¤ « á á®®â¢¥âáâ¢ãîé¨¬¨ à £ ¬¨ ¬ âà¨æ íâ¨å á¨áâ¥¬. �«ï
¢ë¯®«¥¨ï íâ¨å ãá«®¢¨© ¨á¯®«ì§ã¥¬ ¯à®¨§¢®«ì®áâì äãªæ¨© �ik0(x), á®¤¥à¦ é¨åáï ¢ ¯à ¢ëå
ç áâïå á¨áâ¥¬ (3.8) ¨ (3.9) á«¥¤ãîé¨¬ ®¡à §®¬. �á«®¢¨ï �à®¥ª¥à {� ¯¥««¨ ¤«ï áãé¥áâ¢®¢ -
¨ï à¥è¥¨ï íâ¨å ¥®¤®à®¤ëå á¨áâ¥¬ ãà ¢¥¨© íª¢¨¢ «¥âë ãá«®¢¨ï¬

'0(x)
a21(x)

� �a12(x)
'(x)'0(x)

=
�1k0

0(x)
�2k0 0(x)

�
�a12(x)
'0(x)

�2k0(x)
�0

�2k00(x)
; k = 1; 2; (3.10)

¨

'0(x)
a12(x)

� �a21(x)
'(x)'0(x)

=
�2k0

0(x)
�1k0 0(x)

�
�a21(x)
'0(x)

�1k0(x)
�0

�1k00(x)
; k = 1; 2: (3.11)

�§ (3.10) ¨ (3.11) ¯à¨ ä¨ªá¨à®¢ ®¬ k = 1; 2 ¯®«ãç¨¬ á®®â¢¥âáâ¢¥® ®¤¨ ¨ â¥ ¦¥ ¤¨ää¥à¥-
æ¨ «ìë¥ ãà ¢¥¨ï

[1 + '(x)]�2k0 0(x) +
a21(x)
'0(x)

�
a12(x)
'0(x)

�0
�2k0(x) = 0; (3.12)

[1 + '(x)]�1k0 0(x) +
a12(x)
'0(x)

�
a21(x)
'0(x)

�0
�1k0(x) = 0; (3.13)

£« ¤ª¨¬¨ à¥è¥¨ï¬¨ ª®â®àëå ¡ã¤ãâ äãªæ¨¨ �ik0(x) = �0
ik0
e�ik0(x), i; k = 1; 2, £¤¥ �0

ik0 { ¯à®¨§-
¢®«ìë¥ ¯®áâ®ïë¥, e�ik0(x) | ç áâë¥, ¤®áâ â®ç® £« ¤ª¨¥ ¤«ï ¢á¥å x 2 [0; l], à¥è¥¨ï ®¤®-
à®¤ëå ãà ¢¥¨© (3.12) ¨ (3.13).

�ë¢®¤ 5. �  ¤ ®¬ íâ ¯¥ ª ¦¤ ï ¨§ ¢¥ªâ®à-äãªæ¨© Zk0(x), k = 1; 2, ®¯à¥¤¥«¥  á®®â¢¥â-
áâ¢¥® á â®ç®áâìî ¤® ¤¢ãå ¯à®¨§¢®«ìëå ¯®áâ®ïëå ¬®¦¨â¥«¥© �0

ik0; i = 1; 2.

�à¨ â ª®¬ ®¯à¥¤¥«¥¨¨ ¢¥ªâ®à-äãªæ¨© Zk0(x) áãé¥áâ¢ãîâ à¥è¥¨ï ¥®¤®à®¤ëå á¨áâ¥¬
 «£¥¡à ¨ç¥áª¨å ãà ¢¥¨© (3.8) ¨ (3.9) ¢¨¤ 

Zkr(x) � colon

 
a12(x)�2kr(x)� �01k(r�1)(x)

'0(x)
;
a21(x)�1kr(x)� �02k(r�1)(x)

'0(x)
; �1kr(x); �2kr(x)

!
;

£¤¥ �ikr(x), i; k = 1; 2, | ª ª ¨ ¢ (3.5), ¤® ®¯à¥¤¥«¥®£® ¢à¥¬¥¨ ¯à®¨§¢®«ìë¥, ¤®áâ â®ç®
£« ¤ª¨¥ äãªæ¨¨ ¯à¨ x 2 [0; l].
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�à®¤®«¦ ï ¤ «¥¥ à¥è âì á¨áâ¥¬ë (3.6) ¨ (3.7) ¯à¨ r > 1, ¬®¦® ¯®ª § âì ¬¥â®¤®¬ ¬ â¥¬ â¨-
ç¥áª®© ¨¤ãªæ¨¨, çâ® íâ¨ á¨áâ¥¬ë ãà ¢¥¨©  á¨¬¯â®â¨ç¥áª¨ ª®àà¥ªâë ¢ á«¥¤ãîé¥¬ á¬ëá«¥.
�á«¨ ¯®âà¥¡®¢ âì áãé¥áâ¢®¢ ¨¥ à¥è¥¨© á¨áâ¥¬ ãà ¢¥¨© (3.6) ¨ (3.7) ¯à¨ r = 0; q, â® ª ¦¤ ï
¨§ ¨å ¯à¨ r = 0; q � 1 ®¯à¥¤¥«ï¥âáï á â®ç®áâìî ¤® ¤¢ãå ¯à®¨§¢®«ìëå áª «ïàëå ¬®¦¨â¥«¥©
�0
ikr, ª®â®àë¥ ®¡à §ãîâ ¯à®¨§¢®«ìë© ¢¥ªâ®à �0

kr = colon(�0
1kr; �

0
2kr).

4. �®áâà®¥¨¥ ä®à¬ «ìëå ç áâëå à¥è¥¨©
¥®¤®à®¤®£® à áè¨à¥®£® ãà ¢¥¨ï

�®áâà®¥¨¥  á¨¬¯â®â¨ª¨ ç áâëå à¥è¥¨© ¥®¤®à®¤®£® à áè¨à¥®£® ãà ¢¥¨ï (1.2)
®¡¥á¯¥ç¨¢ îâ á¨áâ¥¬ë (2.4) ¨ (2.5). �áá«¥¤ã¥¬ á ç «  á¨áâ¥¬ã ãà ¢¥¨© (2.4). �® áâàãªâãà¥
®  ®¤¨ ª®¢  á á¨áâ¥¬®© (2.3). �«¥¤®¢ â¥«ì®,   ®á®¢¥ à¥§ã«ìâ â®¢ ¯à¥¤ë¤ãé¥£® ¯ à £à ä 
¬®¦® áà §ã § ¯¨á âì ä®à¬ «ìë¥ à¥è¥¨ï íâ®© á¨áâ¥¬ë ¢ ¢¨¤¥ àï¤®¢ ¯® áâ¥¯¥ï¬ ¬ «®£® ¯ -
à ¬¥âà  " > 0. �¤ ª® ¢ íâ®¬ á«ãç ¥ ¥ ¯®«ãç¨«¨ ¡ë ¦¥« ¥¬ëå à¥è¥¨© à¥ªãà¥â®© á¨áâ¥¬ë
(2.5), ª®â®àãî á ãç¥â®¬ ®¤®§ ç® ®¯à¥¤¥«¥ëå ¯®ª § â¥«¥© § ¯¨è¥¬ ¢ ¢¨¤¥ (� = "1=3)

�A(x)!(x; ") + �2'0(x)g(x; ") + �3!0(x; ") = h(x): (4.1)

�áå®¤ï ¨§ áª § ®£®, ¤«ï ®¡¥á¯¥ç¥¨ï áãé¥áâ¢®¢ ¨ï £« ¤ª®£® à¥è¥¨ï á¨áâ¥¬ë (4.1)  á¨¬-
¯â®â¨ªã à¥è¥¨ï á¨áâ¥¬ë (2.4) áâà®¨¬ ¢ ¢¨¤¥ àï¤®¢

f(x; ") =
+1X
r=�2

�rfr(x); g(x; ") =
+1X
r=�2

�rgr(x): (4.2)

�«ï ®¯à¥¤¥«¥¨ï ¢¥ªâ®à-äãªæ¨© fr(x) ¨ gr(x) ¯®«ãç¨¬ à¥ªãàà¥âë¥ á¨áâ¥¬ë ãà ¢¥¨©

�(x)Y ç áâ.
r (x) = 0; r = �2;�1; 0; �(x)Y ç áâ.

r (x) = �Y ç áâ.
(r�3)

0(x); r � 1: (4.3)

�¤¥áì �(x) | ¬ âà¨æ  (3.3),   Y ç áâ.
r (x) = colon

�
f1r(x); f2r(x); g1r(x); g2r(x)

�
| ¥¨§¢¥áâ ï

¢¥ªâ®à-äãªæ¨ï.
� ãç¥â®¬ à¥§ã«ìâ â®¢ ¯à¥¤ë¤ãé¥£® ¯ à £à ä  ¨áá«¥¤®¢ ¨ï ¯à®¢¥¤¥¬ áå¥¬ â¨ç¥áª¨. �®-

áª®«ìªã det�(x) � 0, â® áãé¥áâ¢ãîâ ¥âà¨¢¨ «ìë¥ à¥è¥¨ï ®¤®à®¤ëå á¨áâ¥¬ (4.3) ¯à¨
r = �2;�1; 0 ¢¨¤  (á¬. (3.5))

Y ç áâ.
r (x) = colon

�
a12(x)
'0(x)

g2r(x);
a21(x)
'0(x)

g1r(x); g1r(x); g2r(x)
�
; (4.4)

£¤¥ gir(x) | ¤® ®¯à¥¤¥«¥®£® ¢à¥¬¥¨ ¯à®¨§¢®«ìë¥, ¤®áâ â®ç® £« ¤ª¨¥ äãªæ¨¨ ¯à¨ x 2 [0; l].
� «¥¥, ¯®   «®£¨¨ á ¯à¥¤ë¤ãé¨¬ ¯ à £à ä®¬ (á¬. (3.6){(3.7)), ¤«ï ®¯à¥¤¥«¥¨ï äãªæ¨©

fr(x) ¨ gr(x) ¯à¨ r � 1 ¯®«ãç¨¬ ¤¢¥ à¥ªãàà¥âë¥ á¨áâ¥¬ë ãà ¢¥¨©:

'0(x)f1r(x)� a12(x)g2r(x) = �f1(r�3)0(x);
a21(x)f1r(x) + '0(x)'(x)g2r(x) = g2(r�3)

0(x)
(4.5)

¨

'0(x)f2r(x)� a21(x)g1r(x) = �f2(r�3)0(x);
a12(x)f2r(x) + '0(x)'(x)g1r(x) = g1(r�3)

0(x):
(4.6)

�¯à¥¤¥«¨â¥«¨ íâ¨å á¨áâ¥¬ â®¦¤¥áâ¢¥® à ¢ë ã«î. �®íâ®¬ã ¨áá«¥¤®¢ ¨¥ áãé¥áâ¢®¢ ¨ï ¨å
à¥è¥¨ï ¯à¨ r = 1; 3 ¯à®¢¥¤¥¬ ¯®   «®£¨¨ á (3.10) ¨ (3.11). �®âà¥¡ã¥¬ ¢ë¯®«¥¨ï ãá«®¢¨©

'0(x)
a21(x)

� �a12(x)
'(x)'0(x)

=
f1(r�3)

0(x)
g2(r�3)0(x)

�
�a12(x)
'0(x)

g2(r�3)(x)
�0

g2(r�3)0(x)
(4.7)
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¨

'0(x)
a12(x)

� �a21(x)
'(x)'0(x)

=
f2(r�3)

0(x)
g1(r�3)0(x)

�
�a21(x)
'0(x)

g1(r�3)(x)
�0

g1(r�3)0(x)
: (4.8)

�®¢ , ¨§ à ¢¥áâ¢ (4.7) ¨ (4.8) ¯®«ãç¨¬ ¤¨ää¥à¥æ¨ «ìë¥ ãà ¢¥¨ï

[1 + '(x)]g2(r�3)0(x) +
a21(x)
'0(x)

�
a12(x)
'0(x)

�0
g2(r�3)(x) = 0; r = 1; 3; (4.9)

[1 + '(x)]g1(r�3) 0(x) +
a12(x)
'0(x)

�
a21(x)
'0(x)

�0
g1k(r�3)(x) = 0; r = 1; 3: (4.10)

£« ¤ª¨¬¨ à¥è¥¨ï¬¨ ª®â®àëå ¡ã¤ãâ äãªæ¨¨ gi(r�3)(x) = g0i(r�3)egi(r�3)(x), i = 1; 2, £¤¥ g0i(r�3) |
¯à®¨§¢®«ìë¥ ¯®áâ®ïë¥, egi(r�3)(x) | ç áâë¥, ¤®áâ â®ç® £« ¤ª¨¥ ¤«ï ¢á¥å x 2 [0; l], à¥è¥¨ï
®¤®à®¤ëå ãà ¢¥¨© (4.9) ¯à¨ r = 1; 3.

� «ì¥©è¨¥ ¨áá«¥¤®¢ ¨ï ¯à¨¢®¤ïâ ª á«¥¤ãîé¨¬ ¢ë¢®¤ ¬.

�ë¢®¤ 6. �à¥¡ãï áãé¥áâ¢®¢ ¨ï à¥è¥¨© á¨áâ¥¬ (4.5) ¨ (4.6) ¯à¨ r = 1; 3, ®¯à¥¤¥«¨¬ ¢¥ªâ®à-
äãªæ¨¨ Y ç áâ.

r (x), r = �2; 0 (á¬. (4.4)) á â®ç®áâìî ¤® ¯à®¨§¢®«ìëå ¯®áâ®ïëå ¬®¦¨â¥«¥©
g0ir, r = �2; 0, i = 1; 2.

�ë¢®¤ 7. �à¨ â ª®¬ ®¯à¥¤¥«¥¨¨ ¢¥ªâ®à-äãªæ¨© Y ç áâ.
r (x), r = �2; 0, áãé¥áâ¢ãîâ à¥è¥¨ï

¥®¤®à®¤ëå á¨áâ¥¬ë ãà ¢¥¨© (4.5) ¨ (4.6) ¯à¨ r = 1; 3 ¢¨¤ 

Y ç áâ.
r (x) � colon

 
a12(x)g2r(x)� g01(r�3)(x)

'0(x)
;
a21(x)g1r(x)� g02(r�3)(x)

'0(x)
; g1r(x); g2r(x)

!
:

� ¬¥ç ¨¥ 3. �  ¯¥à¢ë© ¢§£«ï¤ ¢ à¥è¥¨ïå ¯®ï¢¨«¨áì «¨è¨¥ ¯à®¨§¢®«ìë¥ ¯®áâ®ïë¥
¬®¦¨â¥«¨ g0ir. �¤ ª® ¤ «¥¥ ¡ã¤¥â ¯®ª § ®, çâ®   ª ¦¤®¬ ¨â¥à æ¨®®¬ è £¥ §  áç¥â ®¤-
®§ ç®£® ®¯à¥¤¥«¥¨ï íâ¨å ¯®áâ®ïëå ¡ã¤¥â ®¡¥á¯¥ç¥® áãé¥áâ¢®¢ ¨¥ ¤®áâ â®ç® £« ¤ª¨å
à¥è¥¨© á¨áâ¥¬ (4.1), â. ¥. ¡ã¤¥â ¯®«ãç¥    «®£¨ï á ¬¥â®¤®¬ à¥è¥¨ï ãà ¢¥¨ï �¨ã¢¨««ï ¨
á¨áâ¥¬ ���� ¢¨¤  (0.4) (á¬. [5]{[9]).

�à®¤®«¦ ï ¤ «¥¥ à¥è âì ¨â¥à æ¨®ë¥ á¨áâ¥¬ë  «£¥¡à ¨ç¥áª¨å ãà ¢¥¨© (4.5) ¨ (4.6) ¯à¨
r > 3, ¬¥â®¤®¬ ¬ â¥¬ â¨ç¥áª®© ¨¤ãªæ¨¨ ¬®¦® ¯®ª § âì, çâ® á¨áâ¥¬ë ãà ¢¥¨© (4.5) ¨ (4.6)
 á¨¬¯â®â¨ç¥áª¨ ª®àà¥ªâë.

� ª¨¬ ®¡à §®¬, ¥é¥ ®áâ «®áì ¨áá«¥¤®¢ âì à¥è¥¨ï á¨áâ¥¬ë (4.1). �á¨¬¯â®â¨ªã à¥è¥¨ï íâ®©
á¨áâ¥¬ë áâà®¨¬ ¢ ¢¨¤¥ àï¤ 

!(x; ") =
+1X
r=�2

�r!r(x): (4.11)

�«ï ®¯à¥¤¥«¥¨ï ¢¥ªâ®à-äãªæ¨© !r(x) ¯®«ãç¨¬ à¥ªãàà¥âë¥ á¨áâ¥¬ë ãà ¢¥¨©

�A(x)!0(x) = h(x)� '0(x)g(�2)(x); �A(x)!r(x) = �'0(x)g(r�2)(x); r = 1; 2;

�A(x)!r(x) = �'0(x)g(r�2)(x)� !0(r�3)(x); r � 3:
(4.12)

�¤¥áì !r(x) = colon
�
!1r(x); !2r(x)

�
| ¥¨§¢¥áâ ï ¢¥ªâ®à-äãªæ¨ï.

�áá«¥¤ã¥¬ ãà ¢¥¨¥ (4.12) ¯à¨ r = 0. �«ï íâ®£® á ç «  ¢ëç¨á«¨¬ ¥£® ¯à ¢ãî ç áâì. �«ï
¡®«ìè¥©  £«ï¤®áâ¨ à á¯¨è¥¬ ¥¥ ¢ áª «ïà®¬ ¢¨¤¥. �¬¥¥¬

� a12(x)!20(x) = h1(x)� '0(x)g1(�2)(x) � h1(x)� '0(x)g01(�2)eg1(�2)(x);
� a21(x)!10(x) = h2(x)� '0(x)g2(�2)(x) � h2(x)� '0(x)g02(�2)eg2(�2)(x): (4.13)

�à¨ à¥è¥¨¨ á¨áâ¥¬ë (4.13) ¥®¡å®¤¨¬® ãâ®ç¨âì, ª ª®© ¨§ ¬®¦¨â¥«¥© ®¯à¥¤¥«¨â¥«ï
detA(x) � �a12(x)a12(x) ®¡à é ¥âáï ¢ ã«ì ¢ â®çª¥ ¯®¢®à®â . �®£« á® ¯à¥¤¯®«®¦¥¨î (1.8) ¨á-
á«¥¤®¢ ¨ï ¯à®¢®¤ïâáï ¤«ï á«ãç ï a12(0) = 0. � ®¡é¥¬ á«ãç ¥ ¯¥à¢®¥ ãà ¢¥¨¥ á¨áâ¥¬ë (4.13)
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¥ ¨¬¥¥â £« ¤ª®£® à¥è¥¨ï ¢ â®çª¥ ¯®¢®à®â . �¤ ª®, ¨á¯®«ì§ãï ¯à®¨§¢®«ì®áâì ¬®¦¨â¥«ï
g01(�2), ¢ë¡¥à¥¬ ¥£® ¢ ¢¨¤¥ g01(�2) = h1(0)

�
'0(0)eg1(�2)(0)��1. �®áª®«ìªã ¢ íâ®¬ á«ãç ¥ a21(0) 6= 0, â®

¥  àãè ï ®¡é®áâ¨, ¬®¦® ¢§ïâì g02(�2) = 0.
�à¨ â ª®¬ ¢ë¡®à¥ ¬®¦¨â¥«¥© g0i(�2) áãé¥áâ¢ã¥â ¤®áâ â®ç® £« ¤ª®¥ à¥è¥¨¥ á¨áâ¥¬ë (4.13)

  ¢á¥¬ ®âà¥§ª¥ I, ¢ª«îç ï ¨ â®çªã ¯®¢®à®â  x = 0,   ¨¬¥®

!10(x) =
�h2(x) + '0(x)g2(�2)(x)

a21(x)
; !20(x) =

�h1(x) + '0(x)g1(�2)(x)
a12(x)

:

�¤¥áì

!20(0) = lim
x!+0

�h1(x) + '0(x)g1(�2)(x)
a12(x)

=
[�h1(x) + '0(x)g1(�2)(x)]0

a012(x)

���
x=0

<1:

�áá«¥¤ã¥¬ á¨áâ¥¬ã (4.12) ¯à¨ r = 1; 2. �«ï ®¡¥á¯¥ç¥¨ï áãé¥áâ¢®¢ ¨ï ¤®áâ â®ç® £« ¤ª®£®
à¥è¥¨ï íâ®© á¨áâ¥¬ë   ¢á¥¬ ®âà¥§ª¥ I, ¢ª«îç ï ¨ â®çªã ¯®¢®à®â  x = 0, ¬®¦® ¢§ïâì g0(�1) =
g00 = 0. �®£¤  ¯®«ãç¨¬ £« ¤ª¨¥ à¥è¥¨ï

!1r(x) =
'0(x)g2r(x)
a21(x)

; !2r(x) =
'0(x)g1r(x)
a12(x)

; r = 1; 2:

�à¨ r � 3 ¢ à §¢¥àãâ®¬ ¢¨¤¥ ¨¬¥¥¬ á¨áâ¥¬ã

�a12(x)!2r(x) = �'0(x)g01(r�2)eg1(r�2)(x)� !1(r�3)
0(x);

�a21(x)!1r(x) = �'0(x)g02(r�2)eg2(r�2)(x)� !2(r�3)
0(x):

(4.14)

�¨áâ¥¬  (4.14) ¡ã¤¥â ¨¬¥âì ¤®áâ â®ç® £« ¤ª¨¥ à¥è¥¨ï, ¥á«¨ ¯à®¨§¢®«ìë¥ ¯®áâ®ïë¥ ¢§ïâì
¢ ¢¨¤¥

g01(r�2) =
�!1(r�3)

0(0)
'0(0)eg1(r�2)(0) ; g01(r�2) = 0; r � 3:

�®£¤  ¯à¨ r � 3 ¯®«ãç¨¬ £« ¤ª¨¥ à¥è¥¨ï

!1r(x) =
'0(x)g2(r�2)(x) + !2(r�3)

0(x)
a21(x)

; !2r(x) =
'0(x)g1(r�2)(x) + !1(r�3)

0(x)
a12(x)

:

� ¬¥ç ¨¥ 4. �á«¨ ¯à¨ ¨â¥£à¨à®¢ ¨¨ ¤¨ää¥à¥æ¨ «ìëå ãà ¢¥¨© (4.9) ¢§ïâì ¢ ¨â¥-
£à «¥ ¨¦¨© ¯à¥¤¥« à ¢ë¬ ã«î, â® à¥è¥¨ï¬¨ ®¤®à®¤ëå ¤¨ää¥à¥æ¨ «ìëå ãà ¢¥¨©
(4.9) ¯à¨ ®¤®à®¤ëå  ç «ìëå ãá«®¢¨ïå ¡ã¤ãâ â®¦¤¥áâ¢¥ë¥ ã«¨. � íâ®¬ á«ãç ¥ à¥è¥¨ï
(4.4) ã¯à®áâïâáï,   ¨¬¥®

Y ç áâ.
r (x) = colon

�
0;
a21(x)
'0(x)

g1r(x); g1r(x); 0
�
; r = �2; 0:

� ª¨¬ ®¡à §®¬, ¯à¨ ¯®áâ¥¯¥®¬ à¥è¥¨¨ á¥à¨¨ á¨áâ¥¬ ¤¨ää¥à¥æ¨ «ìëå ãà ¢¥¨© (2.4)
¨ (2.5) ¡ã¤ãâ ®¤®§ ç® ®¯à¥¤¥«¥ë ¢á¥ ª®íää¨æ¨¥âë àï¤®¢ (4.2) ¨ (4.11).

�ë¢®¤ 8. �®áâà®¥® à¥è¥¨¥ à áè¨à¥®£® ãà ¢¥¨ï (2.1) ¢ ¢¨¤¥ ä®à¬ «ì®£® àï¤  (á¬.
(2.2))

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

"r

"
2X

k=1

[�kr(x)Uk(t) + "�1=3�k(x)U 0k(t)]

#
+

+
+1X
r=�2

�r[fr(x)	(t) + "1=3gr(x)	0(t)] +
+1X
r=0

�r!r(x): (4.15)
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�ã¦¥¨¥ íâ®£® à¥è¥¨ï ¯à¨ t = "�1'(x), â. ¥. àï¤

y(x; "�1'(x); ") =
+1X
r=0

"r
� 2X
k=1

�
�kr(x)Uk("

�1'(x)) + "�1=3�kr(x)
dUk("�1'(x))
d("�1'(x))

��
+

+
+1X
r=0

"r=3
�
fr(x)	("�1'(x)) + "1=3gr(x)

d	("�1'(x))
d("�1'(x))

�
+

+1X
r=0

"r=3!r(x); (4.16)

ï¢«ï¥âáï ä®à¬ «ìë¬ à¥è¥¨¥¬ ¨§ãç ¥¬®© á¨áâ¥¬ë ���� (0.1).

5. �æ¥ª  ®áâ â®çëå ç«¥®¢  á¨¬¯â®â¨ª¨ à¥è¥¨ï

�«ï â®£® çâ®¡ë ãâ¢¥à¦¤ âì ®¡  á¨¬¯â®â¨ç¥áª®¬ å à ªâ¥à¥ ¯®áâà®¥ëå à¥è¥¨© (4.15) ¨
(4.16), ¥®¡å®¤¨¬® ¤ âì ®æ¥ªã ®áâ â®çëå ç«¥®¢ íâ¨å à¥è¥¨©. �®áª®«ìªã ��� ¢å®¤ïâ ¢
¯®áâà®¥ë¥ à¥è¥¨ï ª ª ¬®¦¨â¥«¨, â® ¤«ï ¯®«ãç¥¨ï á®®â¢¥âáâ¢ãîé¨å ®æ¥®ª à¥è¥¨© ¤®-
áâ â®ç® ¤ âì ®æ¥ª¨ ®áâ â®çëå ç«¥®¢ ä®à¬ «ìëå àï¤®¢ (3.1), (4.2) ¨ (4.11).

�®à¬ «ìë¥ àï¤ë (3.1) § ¯¨è¥¬ ¢ ¢¨¤¥ â®¦¤¥áâ¢ �k (x; ") � �kq (x; ") + "q+1��k(q+1) (x; "),
�k (x; ") � �kq (x; ")+"q+1��k(q+1) (x; "), £¤¥ �kq (x; ") ¨ �kq (x; ") | ç áâ¨çë¥ q-áã¬¬ë àï¤®¢ (3.1),
  "q+1��k(q+1) (x; ") ¨ "q+1��k(q+1) (x; ") | ®áâ â®çë¥ ç«¥ë íâ¨å àï¤®¢.

�®¤áâ ¢¨¬ íâ¨ àï¤ë ¢ á¨áâ¥¬ã (2.3) ¨ ãçâ¥¬, çâ® ª®íää¨æ¨¥âë �kr(x) ¨ �kr(x) ï¢«ïîâáï
à¥è¥¨ï¬¨ á¨áâ¥¬ (3.6) ¨ (3.7), â. ¥. ª ¦¤ ï ¨§ ¢¥ªâ®à-äãªæ¨© �kr(x) ¨ �kr(x) ¯à¨ r = 0; q � 1
®¯à¥¤¥«ï¥âáï á â®ç®áâìî ¤® ¤¢ãå ¯à®¨§¢®«ìëå áª «ïàëå ¬®¦¨â¥«¥© �0

ikr, ª®â®àë¥ ®¡à §ãîâ
¯à®¨§¢®«ìë© ¢¥ªâ®à �0

kr = colon (�0
1kr; �

0
2kr). �¥è¥¨¥ á¨áâ¥¬ (3.6) ¨ (3.7) ¯à¨ r = q § ¢¨á¨â ®â

¤¢ãå ¯à®¨§¢®«ìëå ¤®áâ â®ç® £« ¤ª¨å äãªæ¨© �ikq(x), i = 1; 2.
�«ï ®¯à¥¤¥«¥¨ï ®áâ â®çëå ç«¥®¢ ¯®«ãç¨¬ á¨áâ¥¬ã  «£¥¡à ¨ç¥áª¨å ãà ¢¥¨©

"�0�(q+1) (x; ")� '(x)'0(x)��(q+1) (x; ")�A(x)��(q+1) (x; ") + �kq
0(x) = 0;

"�0�(q+1) (x; ") + '0(x)��(q+1) (x; ")�A(x)��(q+1)(x; ") + �kq
0(x) = 0;

(5.1)

ª®â®à ï ¯® áâàãªâãà¥   «®£¨ç  á¨áâ¥¬¥ (2.3).
�®   «®£¨¨ á ¯à¥¤ë¤ãé¨¬ (á¬. (3.6) ¨ (3.7)), ¤«ï ®¯à¥¤¥«¥¨ï ª®®à¤¨ â ¥¨§¢¥áâëå

¢¥ªâ®à-äãªæ¨©

��k(q+1) (x; ") =
�
�1�k(q+1) (x; ") ; �2�k(q+1) (x; ")

�
¨ ��k(q+1) (x; ") =

�
�1�k(q+1) (x; ") ; �2�k(q+1) (x; ")

�
á¨áâ¥¬ã (5.1) à §®¡¥¬   ¤¢¥ ¥§ ¢¨á¨¬ëå á¨áâ¥¬ë

"�01�(q+1) (x; ") + '0(x)�1�(q+1) (x; ")� a12(x)�2�(q+1) (x; ") = ��1kq
0(x);

"�02�(q+1) (x; ") + a21(x)�1�(q+1) (x; ")� '0(x)'(x)�2�(q+1)(x; ") = �2kq
0(x)

(5.2)

¨

"�02�(q+1) (x; ") + '0(x)�2�(q+1)(x; ") � a21(x)�1�(q+1)(x; ") = ��2kq
0(x);

"�02�(q+1) (x; ") + a12(x)�2�(q+1)(x; ") � '0(x)'(x)�1�(q+1)(x; ") = �1kq
0(x):

(5.3)

�¥è¥¨ï á¨áâ¥¬ (3.6) ¨ (3.7) ¯®áâà®¥ë ¢ ¢¨¤¥ àï¤®¢ ®â®á¨â¥«ì® ¬ «®£® ¯ à ¬¥âà  (á¬.
(3.1)). �¨áâ¥¬ë (5.2) ¨ (5.3) à¥è âì ¥â ¥®¡å®¤¨¬®áâ¨,   â®«ìª® ¤®áâ â®ç® ®æ¥¨âì ¨å à¥è¥¨ï.
�  ¯¥à¢ë© ¢§£«ï¤ ª ¦¥âáï, çâ® ¯®«ãç¥ë¥ á¨áâ¥¬ë (5.2) ¨ (5.3) ¥ ¯à®é¥ ¨áá«¥¤ã¥¬®© á¨áâ¥¬ë
(0.1).

�¤ ª® «¥£ª® ¯à®¢¥à¨âì, çâ® å à ªâ¥à¨áâ¨ç¥áª¨¥ ãà ¢¥¨ï ¤«ï íâ¨å á¨áâ¥¬ ¨¬¥îâ ¢¨¤
�2(x) + '0(x)(1 + '(x))�(x) = 0, â. ¥. �1(x) � 0 ¨ �2(x) = �'0(x) (1 + '(x)).

�¨áâ¥¬ë ãà ¢¥¨© (5.2) ¨ (5.3) ¥ á®¤¥à¦ â â®çª¨ ¯®¢®à®â  ¨ ¨¬¥îâ áâ ¡¨«ìë© á¯¥ªâà.
�®íâ®¬ã ¤«ï ¨å à¥è¥¨ï ¯à¨¬¥¨¬  ª« áá¨ç¥áª ï â¥®à¨ï ¬¥â®¤  à¥£ã«ïà¨§ æ¨¨ (á¬. [3]). �«¥-
¤®¢ â¥«ì®, ¯®«ãç¨¬ á«¥¤ãîé¨¥ ®æ¥ª¨ ®áâ â®çëå ç«¥®¢:��k(q+1) (x; ") � K(q+1);

��k(q+1) (x; ") � K(q+1); q > 0; (5.4)
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£¤¥ ¯®áâ®ï ï Kq+1 ¥ § ¢¨á¨â ®â x 2 I ¨ ¬ «®£® ¯ à ¬¥âà  " > 0.
� «®£¨çë¬ ®¡à §®¬ ¤«ï ä®à¬ «ìëå àï¤®¢ (4.2) ¨ (4.11) ¯®«ãç¨¬ ®æ¥ª¨�f(q+1) (x; ") � K(q+1);

�g(q+1) (x; ") � K(q+1);
�!(q+1) (x; ") � K(q+1); q > 0: (5.5)

�ç¨âë¢ ï ¯®«ãç¥ë¥ ®æ¥ª¨ (5.4) ¨ (5.5),  á¨¬¯â®â¨ªã ®¡é¥£® à¥è¥¨ï á¨áâ¥¬ë (0.1) ¬®¦®
§ ¯¨á âì ¢ ¢¨¤¥ àï¤ 

y(x; "�1'(x); ") =
2X

k=1

�" qX
r=0

"r�kr(x) +O("q+1)

#
Uk("�1'(x)) +

+ "1=3
"

qX
r=0

"r�kr(x) +O("q+1)

#
dUk("�1'(x))
d("�1'(x))

�
+

qX
r=0

�r!r(x) +O("q+1) +

+

"
qX

r=�2

�rfr(x) +O("q+1)

#
	("�1'(x)) + "1=3

"
qX

r=�2

�rgr(x) +O("q+1)

#
d	("�1'(x))
d("�1'(x))

: (5.6)

�ä®à¬ã«¨àã¥¬ ¯®«ãç¥ë¥ à¥§ã«ìâ âë.

�¥®à¥¬ . �ãáâì ¤«ï á¨áâ¥¬ë ���� (0.1):  ) ¨¬¥îâ ¬¥áâ® ãá«®¢¨ï (1:8); ¡) a12(x); a21(x) 2
C1[0; l]. �®£¤  ¯à¨ ¤®áâ â®ç® ¬ «ëå § ç¥¨ïå ¯ à ¬¥âà  " > 0 ¬®¦® ¯®áâà®¨âì  á¨¬¯â®-

â¨ªã ®¡é¥£® à¥è¥¨ï á¨áâ¥¬ë (0.1) ¢ ¢¨¤¥  á¨¬¯â®â¨ç¥áª®£® àï¤  (5.6).
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