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1. � áá¬®âà¨¬   ¯®«ã®á¨ I = [0;1) ¬ âà¨ç®¥ «¨¥©®¥ ¤¨ää¥à¥æ¨ «ì®¥ ¢ëà ¦¥¨¥
¢â®à®£® ¯®àï¤ª 

l[y] = �fQ0(x)y0g0 +Q(x)y; (1)

£¤¥

Q0(x) =
�

0 q0(x)
q0(x) 0

�
; Q(x) =

�
q1(x) q(x)
q(x) q2(x)

�

áãâì ª¢ ¤à âë¥ ¬ âà¨æë ¢â®à®£® ¯®àï¤ª , q0(x), q1(x), q2(x), q(x) | ¤¥©áâ¢¨â¥«ì®§ çë¥
äãªæ¨¨, âà¨ ¯®á«¥¤¨¥ ¨§ ª®â®àëå ¨ fq0(x)g�1 ¨â¥£à¨àã¥¬ë ¯® �¥¡¥£ã   ª ¦¤®¬ á¥£¬¥â¥
[0; b], 0 < b < 1,   y = (y1(x); y2(x))> | ¤¢ãåª®¬¯®¥â ï ¢¥ªâ®à-äãªæ¨ï (> | á¨¬¢®«
âà á¯®¨à®¢ ¨ï).

�¥à¥§ L2([a;1)) (£¤¥ a| ¥ª®â®à®¥ ¤¥©áâ¢¨â¥«ì®¥ ç¨á«®) ®¡®§ ç¨¬ ¯à®áâà áâ¢® (áª «ïà-
ëå) ª®¬¯«¥ªá®§ çëå äãªæ¨© '(x), ¨§¬¥à¨¬ëå ¯® �¥¡¥£ã   ¯®«ã®á¨ [a;1), ¤«ï ª®â®àëå
j'(x)j2 ¨â¥£à¨àã¥¬  ¯® �¥¡¥£ã   [a;1),   ç¥à¥§ Lp

2(I) (1 � p < 1) | ª®¬¯«¥ªá®¥ ¯à®áâà -
áâ¢® ¤¢ãåª®¬¯®¥âëå ¢¥ªâ®à-äãªæ¨© y = (y1(x); y2(x)), ¨§¬¥à¨¬ëå ¯® �¥¡¥£ã   I, ã ª®â®àëå
áã¬¬  p-å áâ¥¯¥¥© ¬®¤ã«¥© ª®¬¯®¥â ¨â¥£à¨àã¥¬  ¯® �¥¡¥£ã   I. �à¨ p = 2 ¯à®áâà áâ¢®
Lp
2(I) áâ ®¢¨âáï, ª ª ¨§¢¥áâ®, £¨«ì¡¥àâ®¢ë¬ ®â®á¨â¥«ì® áª «ïà®£® ¯à®¨§¢¥¤¥¨ï

(y; z) =
Z
I
(y1(x)z1(x) + y2(x)z2(x))dx:

� «®£¨ç® ®¯à¥¤¥«ï¥âáï ¯à®áâà áâ¢® L2
2([a;1)).

�¡®§ ç¨¬ ç¥à¥§ L ¬¨¨¬ «ìë© § ¬ªãâë© á¨¬¬¥âà¨ç¥áª¨© ®¯¥à â®à, ¯®à®¦¤ ¥¬ë© ¢ë-
à ¦¥¨¥¬ (1) ¢ £¨«ì¡¥àâ®¢®¬ ¯à®áâà áâ¢¥ L2

2(I).
� ¯®¬®éìî â ª¨å ¦¥ à ááã¦¤¥¨©, ª ª ¢ ([1], x 17), ãáâ  ¢«¨¢ îâáï á«¥¤ãîé¨¥ ãâ¢¥à¦¤¥-

¨ï:

I) ®¡« áâì ®¯à¥¤¥«¥¨ï D� ®¯¥à â®à  L�, á®¯àï¦¥®£® á L, á®áâ®¨â ¨§ ¢¥ªâ®à-äãªæ¨©
y 2 L2

2(I),  ¡á®«îâ® ¥¯à¥àë¢ëå ¨ ¨¬¥îé¨å  ¡á®«îâ® ¥¯à¥àë¢ãî ¢¥ªâ®à-äãª-
æ¨î Q0y

0   ª ¦¤®¬ á¥£¬¥â¥ [0; b], 0 < b <1, ¤«ï ª®â®àëå l[y] 2 L2
2(I);

II) ¥á«¨ y = (y1(x); y2(x)), z = (z1(x); z2(x)) 2 D�, â® áãé¥áâ¢ã¥â (ª®¥çë©) ¯à¥¤¥«

lim
x!1

[y; z]; (2)

£¤¥

[y; z] = q0(x)f(y01(x)z2(x) + y02(x)z1(x)) � (y1(x)z 02(x) + y2(x)z 01(x))g; (3)

III) ®¡« áâì ®¯à¥¤¥«¥¨ï D ®¯¥à â®à  L á®áâ®¨â ¨§ â¥å ¢¥ªâ®à-äãªæ¨© y 2 D�, ¤«ï ª®â®àëå
y(0) = (Q0y

0)(0) = 0 ¨ ¯à¥¤¥« (2) à ¢¥ ã«î ¯à¨ ª ¦¤®¬ z 2 D�.
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� á¯¥ªâà «ì®© â¥®à¨¨ ¤¨ää¥à¥æ¨ «ìëå ®¯¥à â®à®¢ ®¤¨¬ ¨§ ¢ ¦¥©è¨å ï¢«ï¥âáï  -
¯à ¢«¥¨¥, á¢ï§ ®¥ á ¨§ãç¥¨¥¬ ¨¤¥ªá®¢ ¤¥ä¥ªâ  ¬¨¨¬ «ìëå ¤¨ää¥à¥æ¨ «ìëå ®¯¥à -
â®à®¢ ¢ § ¢¨á¨¬®áâ¨ ®â ¯®¢¥¤¥¨ï ª®íää¨æ¨¥â®¢ á®®â¢¥âáâ¢ãîé¨å ¤¨ää¥à¥æ¨ «ìëå ¢ëà -
¦¥¨©. � ç áâ®áâ¨, ¢®¯à®á ®¡ ¨¤¥ªá¥ ¤¥ä¥ªâ  à áá¬ âà¨¢ ¥¬®£® §¤¥áì ®¯¥à â®à  L ¨§ãç «áï ¢
à ¡®â å [2]{[8], a ¥ª®â®àë¥ ¤àã£¨¥ á¯¥ªâà «ìë¥ á¢®©áâ¢  íâ®£® ®¯¥à â®à  | ¢ [4]{[6]. � ¤ ®©
áâ âì¥ ¯à®¤®«¦ ¥âáï ¨§ãç¥¨¥ ¢®¯à®á  ®¡ ¨¤¥ªá¥ ¤¥ä¥ªâ  L. �à¨ íâ®¬ §¤¥áì, ¢ ®â«¨ç¨¥,  -
¯à¨¬¥à, ®â [8], ¥ ¨á¯®«ì§ãîâáï  á¨¬¯â®â¨ç¥áª¨¥ ¬¥â®¤ë,   ¨áá«¥¤ã¥âáï ¡¨«¨¥© ï ä®à¬  (3),
 áá®æ¨¨à®¢  ï á L (á¬. ¤«ï áà ¢¥¨ï [2], [3], [7]); íâ® ¯®§¢®«ï¥â ®¯à¥¤¥«¨âì ¨¤¥ªá ¤¥ä¥ªâ 
®¯¥à â®à  L, ¢ ç áâ®áâ¨, ¢ á«ãç ïå ¡ëáâà® ®áæ¨««¨àãîé¨å   ¡¥áª®¥ç®áâ¨ ª®íää¨æ¨¥â®¢,
ç¥£® ¥ ã¤ ¥âáï á¤¥« âì  á¨¬¯â®â¨ç¥áª¨¬¨ ¬¥â®¤ ¬¨.

�®£« á® [2]{[8] (á¬. â ª¦¥ «¨â¥à âãàã, ãª § ãî ¢ íâ¨å à ¡®â å) ¨¤¥ªá ¤¥ä¥ªâ  ®¯¥à -
â®à  L à ¢¥ fN;Ng, £¤¥ N ¬®¦¥â ¯à¨¨¬ âì § ç¥¨ï 2, 3 ¨«¨ 4 ¢ § ¢¨á¨¬®áâ¨ ®â ¯®¢¥¤¥¨ï
ª®íää¨æ¨¥â®¢ q0, q1, q2, q ¢ëà ¦¥¨ï (1); ¯à¨ íâ®¬ N á®¢¯ ¤ ¥â á ç¨á«®¬ «¨¥©® ¥§ ¢¨á¨-
¬ëå à¥è¥¨© ãà ¢¥¨ï l[y] = �y á ª®¬¯«¥ªáë¬ ¯ à ¬¥âà®¬ � ¯à¨ Im� 6= 0,   ¥á«¨ N = 4, â®
¨ ¯à¨ ¤¥©áâ¢¨â¥«ìëå �.

� ¤ ®© áâ âì¥ ¯®«ãç¥ë ãá«®¢¨ï   ª®íää¨æ¨¥âë q0, q1, q2, q, ¯à¨ ¢ë¯®«¥¨¨ ª®â®àëå
N 6= 2 (â¥®à¥¬  1 ¨ á«¥¤áâ¢¨ï ¨§ ¥¥), N 6= 4 (á«¥¤áâ¢¨¥ ¨§ â¥®à¥¬ë 2, â¥®à¥¬  3 ¨ á«¥¤áâ¢¨¥
¨§ ¥¥). � â¥®à¥¬¥ 2 ¤ ë ãá«®¢¨ï   ª®íää¨æ¨¥âë, ¯à¨ ª®â®àëå ãà ¢¥¨¥ l[y] = 0 ¨¬¥¥â
à¥è¥¨¥, ¥ ¯à¨ ¤«¥¦ é¥¥ ¯à®áâà áâ¢ã Lp

2(I) ¨ ¯à¨ ª ª®¬ p (1 � p < 1). � áâ âì¥ â ª¦¥
¯à¨¢¥¤¥ë ¤¢  ¯à¨¬¥à  ¢ëà ¦¥¨ï l[y] á ¡ëáâà® ®áæ¨««¨àãîé¨¬¨   ¡¥áª®¥ç®áâ¨ ª®íää¨-
æ¨¥â ¬¨, ¯®à®¦¤ îé¥£® ®¯¥à â®à L c ¨¤¥ªá®¬ ¤¥ä¥ªâ  f3; 3g (áà ¢¨â¥ á [9]).

�¥§ã«ìâ âë íâ®© áâ âì¨ ï¢«ïîâáï ¤®¯®«¥¨¥¬ ª à¥§ã«ìâ â ¬, ¨§«®¦¥ë¬ ¢ à ¡®â å  ¢â®à 
[2] ¨ [3].

2. � íâ®¬ ¯ãªâ¥ ¤®ª ¦¥¬ ãâ¢¥à¦¤¥¨ï, ¤ îé¨¥ ãá«®¢¨ï, ¨áª«îç îé¨¥ § ç¥¨¥ f2; 2g ¤«ï
¨¤¥ªá  ¤¥ä¥ªâ  ®¯¥à â®à  L.

�¥®à¥¬  1. �ãáâì áãé¥áâ¢ãîâ ¤¥©áâ¢¨â¥«ì®§ çë¥ äãªæ¨¨ f1, f2, g, ®¯à¥¤¥«¥ë¥
  [a;1), a > 0, ¨ ®¡« ¤ îé¨¥ á¢®©áâ¢ ¬¨

1) f1, f2, q0f 01, q0f
0

2, q0g  ¡á®«îâ® ¥¯à¥àë¢ë   ª ¦¤®¬ á¥£¬¥â¥ [a; b], a < b <1;
2) q0gf1f2 ¨¬¥¥â ®â«¨çë© ®â ã«ï ¯à¥¤¥« ¯à¨ x!1;
3) äãªæ¨¨

f1; f2; (q0gf1)
0+q0gf

0

1; (q0gf2)
0+q0gf

0

2; (q0f
0

1)
0�q0g

2f1�qf1�q2f2; (q0f
0

2)
0�q0g

2f2�q1f1�qf2

¯à¨ ¤«¥¦ â L2([a;1)).

�®£¤  ¨¤¥ªá ¤¥ä¥ªâ  ®¯¥à â®à  L ®â«¨ç¥ ®â f2; 2g.

�®ª § â¥«ìáâ¢®. �®áâ â®ç® ¯®ª § âì ([1], x 14), çâ® à §¬¥à®áâì ä ªâ®à¯à®áâà áâ¢ 
D
�=D ¡®«ìè¥ ç¥âëà¥å.
�¡®§ ç¨¬ ç¥à¥§ e(1) ¨ e(2) ¤¢ãåª®¬¯®¥âë¥ ¢¥ªâ®àë

e(1) =
�
1
0

�
; e(2) =

�
0
1

�
;

ç¥à¥§ 'k(x) | äãªæ¨¨

'k(x) = fk(x) exp
�
i

Z x

a

g(t)dt
�

(k = 1; 2); (4)

  ç¥à¥§ f(x) | ¤¢ãåª®¬¯®¥âãî ¢¥ªâ®à-äãªæ¨î

f(x) =
�
'1(x)
'2(x)

�
: (5)
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�ãáâì D�a | ¬®¦¥áâ¢® áã¦¥¨©   [0; a] ¢¥ªâ®à-äãªæ¨© ¨§ D�,   u(n) | ¢¥ªâ®à-äãªæ¨¨ ¨§
D
�

a, § ç¥¨ï u(n)(0), (Q0u
0(n))(0), u(n)(a) ¨ (Q0u

0(n))(a) (n = 1; : : : ; 5) ª®â®àëå ®¯à¥¤¥«ïîâáï
á®®â¢¥âáâ¢¥® ¨§ 1-©, 2-©, 3-© ¨ 4-© áâà®ª â ¡«¨æë 1)

8>><
>>:
e(1) e(2) 0 0 0
0 0 e(1) e(2) 0
0 0 0 0 f(a)
0 0 0 0 f 0(a)

9>>=
>>; (6)

(¢ ¥© ç¥à¥§ 0 ®¡®§ ç¥ ¤¢ãåª®¬¯®¥âë© ã«¥¢®© ¢¥ªâ®à). �¯à¥¤¥«¨¬ ¤¢ãåª®¬¯®¥âë¥
¢¥ªâ®à-äãªæ¨¨ y(n), ¯®«®¦¨¢

y(n) =

8>><
>>:
u(n); 0 � x < a; n = 1; : : : ; 5;

0; a � x <1;n = 1; : : : ; 4;

f; a � x <1;n = 5:

(7)

�§ ¯®áâà®¥¨ï ¢¥ªâ®à-äãªæ¨© y(n), ãá«®¢¨© 1), 3) ¤®ª §ë¢ ¥¬®© â¥®à¥¬ë ¨ ãâ¢¥à¦¤¥¨ï I)
á«¥¤ã¥â, çâ® ¢á¥ y(n) ¯à¨ ¤«¥¦ â D�.

�®ª ¦¥¬, çâ® y(n) (n = 1; : : : ; 5) «¨¥©® ¥§ ¢¨á¨¬ë ¯® ¬®¤ã«î D. �¥©áâ¢¨â¥«ì®, ¯ãáâì

5X
n=1

cny
(n) 2 D;

£¤¥ cn | ¯®áâ®ïë¥ ª®¬¯«¥ªáë¥ ç¨á« . �®£¤  á®£« á® ãâ¢¥à¦¤¥¨î III) ¨¬¥îâ ¬¥áâ® à ¢¥-
áâ¢ 

5X
n=1

cny
(n)(0) = 0;

5X
n=1

cn(Q0y
0(n))(0) = 0; (8)

lim
x!1

� 5X
n=1

cny
(n); y(m)

�
= 0: (9)

�§ (8), ãç¨âë¢ ï (6), (7),  å®¤¨¬ c1 = c2 = c3 = c4 = 0. �®« £ ï ¢ (9) m = 5 ¨ ¯à¨¨¬ ï ¢®
¢¨¬ ¨¥ (2){(7), ¯®«ãç ¥¬

4ic5 lim
x!1

q0gf1f2 = 0;

®âªã¤  ¢ á¨«ã ¯. 2) ¤®ª §ë¢ ¥¬®© â¥®à¥¬ë c5 = 0. � ª¨¬ ®¡à §®¬, cn = 0 (n = 1; : : : ; 5): �

�«¥¤áâ¢¨¥ 1. �ãáâì áãé¥áâ¢ãîâ ¤¥©áâ¢¨â¥«ì®§ çë¥ äãªæ¨¨ ', �,  1,  2, ®¯à¥¤¥«¥ë¥
  [a;1), a � 0, ¨ ®¡« ¤ îé¨¥ á¢®©áâ¢ ¬¨

1) ', q0'0, �  ¡á®«îâ® ¥¯à¥àë¢ë   ª ¦¤®¬ á¥£¬¥â¥ [a; b], a < b <1;
2) ' ¨£¤¥ ¥ ®¡à é ¥âáï ¢ ã«ì   [a;1);
3) � > 0   [a;1) ¨ ¨¬¥¥â ¯®«®¦¨â¥«ìë© ¯à¥¤¥« ¯à¨ x!1;
4) äãªæ¨¨

'; ��1=2�0'�1;  1;  2

¯à¨ ¤«¥¦ â L2([a;1)).

�á«¨   [a;1)

q1 = cf(q0'0)0 � �q�10 '�3 � q'+  1g'
�1;

q2 = c�1f(q0'0)0 � �q�10 '�3 � q'+  2g'
�1;

£¤¥ c 6= 0 | ¯®áâ®ï®¥ ¤¥©áâ¢¨â¥«ì®¥ ç¨á«®, â® ¨¤¥ªá ¤¥ä¥ªâ  ®¯¥à â®à  L ®â«¨ç¥ ®â f2; 2g.

1)�®ª § â¥«ìáâ¢® áãé¥áâ¢®¢ ¨ï â ª¨å ¢¥ªâ®à-äãªæ¨© u
(n)   «®£¨ç® ¤®ª § â¥«ìáâ¢ã «¥¬¬ë 2 ¨§

([1], x 17).
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�«ï ¯®«ãç¥¨ï á«¥¤áâ¢¨ï 1 ¤®áâ â®ç® ¢ â¥®à¥¬¥ 1 ¢§ïâì

f1 = '; f2 = c'; g = �1=2q�10 '�2:

�«¥¤áâ¢¨¥ 2. �ãáâì r | ¤¥©áâ¢¨â¥«ì®§ ç ï äãªæ¨ï, ®¯à¥¤¥«¥ ï   [a;1), a � 0, ¨
®¡« ¤ îé ï á¢®©áâ¢ ¬¨

1) r > 0   [a;1);
2) r ¨ q0r0  ¡á®«îâ® ¥¯à¥àë¢ë   ª ¦¤®¬ á¥£¬¥â¥ [a; b], a < b <1;
3) äãªæ¨¨ r�1=4; fq0(r�1=4)0g0 � qr�1=4 ¯à¨ ¤«¥¦ â L2([a;1)).

�á«¨ ¯à¨ íâ®¬

q1 = k1q
�1
0 r; q2 = k2q

�1
0 r

¯®çâ¨ ¢áî¤ã   [a;1), £¤¥ k1 ¨ k2 | ¥ à ¢ë¥ ã«î ¤¥©áâ¢¨â¥«ìë¥ ª®áâ âë ®¤®£® § ª ,
â® ¨¤¥ªá ¤¥ä¥ªâ  ®¯¥à â®à  L ®â«¨ç¥ ®â f2; 2g.

�«¥¤áâ¢¨¥ 2 ¢ëâ¥ª ¥â ¨§ á«¥¤áâ¢¨ï 1, ¥á«¨ ¯®«®¦¨âì â ¬

' = r�1=4;  1 =  2 = qr�1=4 � fq0(r
�1=4)0g0; �(x) � (k1k2)

1=2;

c =

(
�(k1k

�1
2 )1=2; ¥á«¨ k1 ¨ k2 ¯®«®¦¨â¥«ìë;

(k1k
�1
2 )1=2; ¥á«¨ k1 ¨ k2 ®âà¨æ â¥«ìë:

�à¨¬¥à 1. �ãáâì a > 0 ¨   [a;1)

q0(x) = x��0(x
"); q1(x) = k1x

��(x�); q2(x) = k2x
��(x�); q(x) = O(x) (x!1);

£¤¥ �, �, , �, ", k1, k2 | ¯®áâ®ïë¥ ¤¥©áâ¢¨â¥«ìë¥ ç¨á« , k1k2 > 0,   �0(x), �(x) | ¯®«®¦¨-
â¥«ìë¥ ¯¥à¨®¤¨ç¥áª¨¥ ¤¢ ¦¤ë ¥¯à¥àë¢® ¤¨ää¥à¥æ¨àã¥¬ë¥ äãªæ¨¨   I. �®£¤  ¢ á¨«ã
á«¥¤áâ¢¨ï 2 ¯à¨

�� 3� > 8maxf0; �; "g � 6; �+ � > 2maxf1; 2 + 1g (10)

¨¤¥ªá ¤¥ä¥ªâ  ®¯¥à â®à  L ®â«¨ç¥ ®â f2; 2g.

�à¨¬¥à 2. �ãáâì a � 0 ¨   [a;1)

q0(x) = e�x�0(e"x); q1(x) = k1e
�x�(e�x); q2(x) = k2e

�x�(e�x); q(x) = O(ex) (x!1);

£¤¥ �, �, , �, ", k1, k2, �0(x), �(x) â ª¨¥ ¦¥, ª ª ¢ ¯à¨¬¥à¥ 1. �®£¤  ¯à¨

�� 3� > 8maxf0; �; "g; �+ � > maxf0; 4g (11)

¢ á¨«ã á«¥¤áâ¢¨ï 2 ¨¤¥ªá ¤¥ä¥ªâ  ®¯¥à â®à  L ®â«¨ç¥ ®â f2; 2g.

�¤ ª® á¯à ¢¥¤«¨¢  â ª¦¥ á«¥¤ãîé ï (á¬. â¥®à¥¬ã 3 ¨§ [2])

�¥®à¥¬  2. �á«¨ ¯à¨ ¥ª®â®à®¬ a � 0 ¯®çâ¨ ¢áî¤ã   [a;1) äãªæ¨ï q0(x) ¯®«®¦¨â¥«ì-

 , q(x) ¥®âà¨æ â¥«ì ,   äãªæ¨¨ q1(x), q2(x) «¨¡® ®¡¥ ¥®âà¨æ â¥«ìë, «¨¡® ®¡¥ ¥¯®«®-

¦¨â¥«ìë, â® ãà ¢¥¨¥ l[y] = 0 ¨¬¥¥â à¥è¥¨¥, ¥ ¯à¨ ¤«¥¦ é¥¥ ¯à®áâà áâ¢ã Lp
2(I) ¨

¯à¨ ª ª®¬ p, 1 � p <1.

�«¥¤áâ¢¨¥ 3. �á«¨ ¯à¨ ¥ª®â®à®¬ a � 0   [a;1) äãªæ¨ï q0(x) ¯®«®¦¨â¥«ì  ¯®çâ¨ ¢áî-
¤ã, q(x) áãé¥áâ¢¥® ®£à ¨ç¥  á¨§ã,   äãªæ¨¨ q1(x), q2(x) áãé¥áâ¢¥® ®£à ¨ç¥ë «¨¡® ®¡¥
á¨§ã, «¨¡® ®¡¥ á¢¥àåã, â® ¨¤¥ªá ¤¥ä¥ªâ  ®¯¥à â®à  L ®â«¨ç¥ ®â f4; 4g.
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�¥©áâ¢¨â¥«ì®, ¯®áª®«ìªã ãá«®¢¨ï,  ª« ¤ë¢ ¥¬ë¥   äãªæ¨¨ q, q1, q2 ¢ â¥®à¥¬¥ 2, á¢®-
¤ïâáï §¤¥áì ª ãá«®¢¨ï¬,  ª« ¤ë¢ ¥¬ë¬   â¥ ¦¥ äãªæ¨¨ ¯à¨¡ ¢«¥¨¥¬ ª ¬ âà¨æ¥ Q(x) ¯®-
áâ®ï®© á¨¬¬¥âà¨ç¥áª®© ¬ âà¨æë, â® á«¥¤áâ¢¨¥ ¢ëâ¥ª ¥â ¨§ â¥®à¥¬ë 2 ¢ á¨«ã â¥®à¥¬ë 6 ¨§
([1], £«. IV, x 14).

�®íâ®¬ã, ¥á«¨ ¢ ¯à¨¬¥à å 1 ¨ 2 ¤®¯®«¨â¥«ì® ¯à¥¤¯®«®¦¨âì, çâ® q(x)   [a;1) áãé¥áâ¢¥-
® ®£à ¨ç¥  á¨§ã, â® ¯à¨ ¢ë¯®«¥¨¨ ãá«®¢¨© (10) (á®®â¢¥âáâ¢¥® (11)) ¨¤¥ªá ¤¥ä¥ªâ 
®¯¥à â®à  L ¡ã¤¥â f3; 3g.

3. � áá¬®âà¨¬ ¤àã£®© á«ãç ©, ª®£¤  ¨¤¥ªá ¤¥ä¥ªâ  ®¯¥à â®à  L ®â«¨ç¥ ®â f4; 4g.

�¥®à¥¬  3. �ãáâì áãé¥áâ¢ãîâ ¤¥©áâ¢¨â¥«ì®§ çë¥ äãªæ¨¨ f1, f2, g1, g2, ®¯à¥¤¥«¥-
ë¥   [a;1), a > 0, ¨ ®¡« ¤ îé¨¥ á¢®©áâ¢ ¬¨

1) f1, f2, q0f 01, q0f
0

2, q0g1, q0g2  ¡á®«îâ® ¥¯à¥àë¢ë   ª ¦¤®¬ á¥£¬¥â¥ [a; b], a < b <1;
2) ¯®çâ¨ ¢áî¤ã   [a;1) «¨¡® g1 = g2, «¨¡® ¢ë¯®«ïîâáï ¥à ¢¥áâ¢  q1g

2
2f1f2 � 0,

q2g
2
1f1f2 � 0;

3) äãªæ¨¨ (q0g1f1)0+q0g1f 01, (q0g2f2)
0+q0g2f 02, (q0f

0

1)
0�qf1, (q0f 02)

0�qf2, q0g
2
2f2+q1f1, q0g

2
1f1+

q2f2 ¯à¨ ¤«¥¦ â L2([a;1));
4) ¯® ªà ©¥© ¬¥à¥ ®¤  ¨§ äãªæ¨© f1 ¨«¨ f2 ¥ ¯à¨ ¤«¥¦¨â L2([a;1)).

�®£¤  ¨¤¥ªá ¤¥ä¥ªâ  ®¯¥à â®à  L ®â«¨ç¥ ®â f4; 4g.

�ãáâì

'k(x) = fk(x) exp
�
i

Z x

a

gk(t)dt
�

(k = 1; 2); f(x) =
�
'1(x)
'2(x)

�
; (12)

¨ ¯ãáâì y(0) = u ¯à¨ 0 � x < a, y(0) = f ¯à¨ a � x < 1, £¤¥ ¢¥ªâ®à-äãªæ¨ï f ®¯à¥¤¥«¥ 
ä®à¬ã« ¬¨ (12),   u 2 D�a ¨ u(a) = f(a), (Q0u

0)(a) = (Q0f
0)(a). �á«¨ ¯® ªà ©¥© ¬¥à¥ ®¤  ¨§

äãªæ¨© f1 ¨«¨ f2 ¥ ¯à¨ ¤«¥¦¨â L2([a;1)), â® ¨ f =2 L2
2([a;1)). �®íâ®¬ã y(0) =2 L2

2(I), ®
l[y] 2 L2

2(I). �®£¤  ãâ¢¥à¦¤¥¨¥ â¥®à¥¬ë 3 ¬®¦® ¯®«ãç¨âì, ¨á¯®«ì§ãï à¥§ã«ìâ âë à ¡®âë [10]
(á¬. â ª¦¥ ¤®ª § â¥«ìáâ¢® â¥®à¥¬ë 1 ¨§ [3]).

�«¥¤áâ¢¨¥ 4. �ãáâì q0, q1, q2, q â ª®¢ë, çâ® ¤«ï ¥ª®â®à®£® a � 0

1) q0, q1, q2, q01, q
0

2  ¡á®«îâ® ¥¯à¥àë¢ë   ª ¦¤®¬ á¥£¬¥â¥ [a; b], a < b <1;
2) q0 ¯®«®¦¨â¥«ì ,   q1 ¨ q2 «¨¡® ®¡¥ ¯®«®¦¨â¥«ìë, «¨¡® ®¡¥ ®âà¨æ â¥«ìë   [a;1);
3) ¯à¨ ¥ª®â®àëå ¤¥©áâ¢¨â¥«ìëå ç¨á« å � ¨ � äãªæ¨¨

f(q0jq1j3�jq2j�+1)1=2g0jq1j��; f(q0jq1j�+1jq2j3�)1=2g0jq2j�� ; fq0(jq1j�)0g0�qjq1j�; fq0(jq2j�)0g0�qjq2j�

¯à¨ ¤«¥¦ â L2([a;1)),   ¯® ªà ©¥© ¬¥à¥ ®¤  ¨§ äãªæ¨© jq1j� ¨«¨ jq2j� ¥ ¯à¨ ¤«¥-
¦¨â L2([a;1)).

�®£¤  ¨¤¥ªá ¤¥ä¥ªâ  ®¯¥à â®à  L ®â«¨ç¥ ®â f4; 4g.

�«ï ¤®ª § â¥«ìáâ¢  á«¥¤áâ¢¨ï 4 ¤®áâ â®ç® ¢ â¥®à¥¬¥ 3 ¯®«®¦¨âì

f1 = jq1j
�; f2 = �(sign q2)jq2j

� ; g1 = (q�10 jq1j
��jq2j

�+1)1=2; g2 = (q�10 jq1j
�+1jq2j

��)1=2:
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