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1. �à ¢­¥­¨¥ ­¥«¨­¥©­®© â¥¯«®¯à®¢®¤­®áâ¨

ut = (umux)x (1.1)

¢®§­¨ª ¥â ¯à¨ ¬®¤¥«¨à®¢ ­¨¨ á ¬ëå à §­®®¡à §­ëå ¯à®æ¥áá®¢ ¢ ¬¥å ­¨ª¥ á¯«®è­®© áà¥¤ë. �î-
¤  ®â­®áïâáï ¯à®æ¥ááë ¯¥à¥­®á  â¥¯«  (¬ ááë) ¢ áà¥¤¥ á ª®íää¨æ¨¥­â®¬ â¥¯«®¥¬ª®áâ¨ (¤¨ääã-
§¨¨), áâ¥¯¥­­ë¬ ®¡à §®¬ § ¢¨áïé¨¬ ®â â¥¬¯¥à âãàë (ª®­æ¥­âà æ¨¨), ä¨«ìâà æ¨¨ ¯®«¨âà®¯­®£®
£ §  ¢ ¯®à¨áâãî áà¥¤ã. � ¯®á«¥¤­¥¬ á«ãç ¥ ãà ¢­¥­¨¥ (1.1) ­ §ë¢ ¥âáï ãà ¢­¥­¨¥¬ �¥©¡¥­§®-
­ ,   ¯à¨ m = 1 | ãà ¢­¥­¨¥¬ �ãáá¨­¥áª . �â® ¦¥ ãà ¢­¥­¨¥ ¢®§­¨ª ¥â ¨ ¯à¨ ¬®¤¥«¨à®¢ ­¨¨
¤¨­ ¬¨ª¨ £àã­â®¢ëå ¢®¤. �à ¢­¥­¨¥ (1.1) ¡ã¤¥â à áá¬ âà¨¢ âìáï ­  ¯®«ã®á¨ x > 0 ¢¬¥áâ¥ á
­ ç «ì­ë¬ ¨ £à ­¨ç­ë¬ ãá«®¢¨ï¬¨

u(x; 0) = 1; u(0; t) = 0 (1.2)

(¨§¢¥áâ­ ï § ¤ ç  �.�.�®«ã¡ à¨­®¢®©-�®ç¨­®© [1] ®¡ ®¯®à®¦­¥­¨¨ ¡ áá¥©­ ). �¥è¥­¨¥ § ¤ ç¨
(1.1), (1.2) ¯à¨ m = 1 ¡ë«® ¯à®â ¡ã«¨à®¢ ­® ¢ [1],   ¥e ¯à¨¡«¨¦¥­­®¥  ­ «¨â¨ç¥áª®¥ à¥è¥-
­¨¥ ¯®áâà®¥­® ¢ [2]. �¥«ì ¤ ­­®© áâ âì¨ | ¯®áâà®¥­¨¥  á¨¬¯â®â¨ª¨ à¥è¥­¨ï § ¤ ç¨ (1.1), (1.2)
¢¡«¨§¨ £à ­¨æ x = 0 ¨ x =1. �®áª®«ìªã ¯à¥¤« £ ¥¬ ï §¤¥áì ¬¥â®¤¨ª  á¢ï§ ­  á ª ç¥áâ¢¥­­®©
â¥®à¨¥© ¤¨­ ¬¨ç¥áª¨å á¨áâ¥¬ ¨ â¥®à¨¥© ­®à¬ «ì­ëå ä®à¬ ®¡ëª­®¢¥­­ëå ¤¨ää¥à¥­æ¨ «ì­ëå
ãà ¢­¥­¨©, ¡ã¤¥¬ ¯à¥¤¯®« £ âì, çâ® m | ­ âãà «ì­®¥ ç¨á«®. � ¤ ç  (1.1), (1.2) à áá¬ âà¨¢ -
¥âáï ¢ ¯. 2{5. � ¯. 6  ­ «®£¨ç­ ï ¬¥â®¤¨ª  ¨á¯®«ì§ã¥âáï ¤«ï ¨§ãç¥­¨ï ¯à®æ¥áá  âãà¡ã«¥­â­®©
ä¨«ìâà æ¨¨ ¯®«¨âà®¯­®£® £ §  ¢ ¯®à¨áâ®© áà¥¤¥.

2. �§¢¥áâ­® [1], [2], çâ® à¥è¥­¨¥ § ¤ ç¨ (1.1), (1.2)  ¢â®¬®¤¥«ì­® ¨ ¬®­®â®­­® ¢®§à áâ ¥â ¯® x.
�®« £ ï � = xt�1=2, u = f(�), ¨§ (1.1), (1.2) ¯®«ãç¨¬ ¤«ï f(�) ®¡ëª­®¢¥­­®¥ ¤¨ää¥à¥­æ¨ «ì­®¥
ãà ¢­¥­¨¥

(fmf�)� + 2�1�f� = 0 (2.1)

¨ £à ­¨ç­ë¥ ãá«®¢¨ï

f(0) = 0; f(1) = 1: (2.2)

�«¥¤ãï [3], [4], ¯®«®¦¨¬

f = �2=m�(�); � = ���: (2.3)

� à¥§ã«ìâ â¥ ¯®¤áâ ­®¢ª¨ (2.3) ¢ (2.1) ¡ã¤¥¬ ¨¬¥âì ®¡ëª­®¢¥­­®¥ ¤¨ää¥à¥­æ¨ «ì­®¥ ãà ¢­¥­¨¥
¤«ï � = �(�):

�� = Q=P; Q = ((1 + 2=m)�m +m�m�1� + 2�1)w + 2m�1�m�; (2.4)

P = ��m�; w = � + 2m�1�;

73



¯à¨ç¥¬ f� = ��1+2=mw. �à ¢­¥­¨¥ (2.4) ã¤®¡­® § ¬¥­¨âì ¤¨­ ¬¨ç¥áª®© á¨áâ¥¬®©

�� = P; �� = Q: (2.5)

�ë¡®à ­¥§ ¢¨á¨¬®© ¯¥à¥¬¥­­®© � à®«¨ ­¥ ¨£à ¥â, â. ª. ­ á ¡ã¤ãâ ¨­â¥à¥á®¢ âì «¨èì âà ¥ªâ®à¨¨
¤¨­ ¬¨ç¥áª®© á¨áâ¥¬ë (2.5) ¢ ä §®¢®© ¯«®áª®áâ¨ (�; �),   ­¥ § ª®­ ¤¢¨¦¥­¨ï ¯® âà ¥ªâ®à¨¨.
�â¬¥â¨¬ ¯à¥¦¤¥ ¢á¥£®, çâ®, ¨¬¥ï ¨­â¥£à «ì­ãî ªà¨¢ãî ãà ¢­¥­¨ï (2.4), ¬®¦­® ­ ©â¨ ¨§ ¢â®à®-
£® ãà ¢­¥­¨ï (2.3) ®¤­®¯ à ¬¥âà¨ç¥áª®¥ á¥¬¥©áâ¢® ¥£® à¥è¥­¨© � = �(�; c),   § â¥¬ á ¯®¬®éìî
¯¥à¢®£® ¨§ à ¢¥­áâ¢ (2.3) | ®¤­®¯ à ¬¥âà¨ç¥áª®¥ á¥¬¥©áâ¢®  ¢â®¬®¤¥«ì­ëå à¥è¥­¨© ãà ¢­¥-
­¨ï (1.1). �«¥¤áâ¢¨¥¬ ­¥®âà¨æ â¥«ì­®áâ¨ ¨ ¬®­®â®­­®£® ¢®§à áâ ­¨ï ¯® x à¥è¥­¨ï u § ¤ ç¨
(1.1), (1.2) ï¢«ïîâáï ­¥®âà¨æ â¥«ì­®áâì ¨ ¬®­®â®­­®¥ ¢®§à áâ ­¨¥ ¯® � äã­ªæ¨¨ f(�). �®íâ®¬ã
¡ã¤¥¬ à áá¬ âà¨¢ âì «¨èì âà ¥ªâ®à¨¨ ¤¨­ ¬¨ç¥áª®© á¨áâ¥¬ë (2.5), ¯à¨­ ¤«¥¦ é¨¥ á¥ªâ®àã I
ä §®¢®© ¯«®áª®áâ¨ (�; �), ª®â®àë© «¥¦¨â ¢ ¯®«ã¯«®áª®áâ¨ � > 0 ¨ ®£à ­¨ç¥­ ¯®«ã®áï¬¨ � = 0
(� > 0) ¨ w = 0 (� > 0). � ¯®¬®éìî áâ ­¤ àâ­®© ¬¥â®¤¨ª¨ ª ç¥áâ¢¥­­®© â¥®à¨¨ ¤¨­ ¬¨ç¥áª¨å
á¨áâ¥¬ ­  ¯«®áª®áâ¨ [5] ­¥âàã¤­® ¨áá«¥¤®¢ âì ¯®¢¥¤¥­¨¥ âà ¥ªâ®à¨© ãà ¢­¥­¨ï (2.5) ¢ á¥ªâ®à¥ I.
�£à ­¨ç¨¬áï â¥¬, çâ® ¯à¨¢¥¤¥¬ «¨èì ­¥®¡å®¤¨¬ë¥ ¤«ï ¤ «ì­¥©è¥£® ®ª®­ç â¥«ì­ë¥ à¥§ã«ìâ âë
¯à®¢¥¤¥­­®£®  ­ «¨§  (á¬. à¨á. 1).

�¨á. 1

�¥ªâ®àã I ¯à¨­ ¤«¥¦¨â ¢¥â¢ì ¨§®ª«¨­ë ­ã«ï ãà ¢­¥­¨ï (2.4)

�1(�) = a(�) + b(�); a(�) = �((3 + 4=m)�m + 1=2)=(2m�m�1);

b(�) = f(1 + 4=m)2�2m + (4m�1 � 1)�m + 1=4g1=2:

�â  ¢¥â¢ì à á¯®«®¦¥­  ¢ ç¥â¢¥àâ®¬ ª¢ ¤à ­â¥ ä §®¢®© ¯«®áª®áâ¨ (�; �), ¢å®¤¨â ¢ ­ ç «® ª®-
®à¤¨­ â ¢ ­ ¯à ¢«¥­¨¨ á ã£«®¢ë¬ ª®íää¨æ¨¥­â®¬ k1 = �2=m (â. ¥. ª á ¥âáï ¯àï¬®© w = 0),
ãå®¤¨â ¢ 1 ¢ ­ ¯à ¢«¥­¨¨ á ã£«®¢ë¬ ª®íää¨æ¨¥­â®¬ k2 = �1=m. � ª®®à¤¨­ â­ë¬¨ ®áï¬¨ ¨
¯àï¬®© w = 0 íâ  ¢¥â¢ì ¯¥à¥á¥ª ¥âáï «¨èì ¢ ­ ç «¥ ª®®à¤¨­ â. �¥â¢ì �1 ¨ ª®®à¤¨­ â­ ï ¯®«ã-
®áì � (� > 0) à §¡¨¢ îâ á¥ªâ®à I ­  âà¨ ¯®¤á¥ªâ®à  I1, I2, I3, §­ ª¨ \+', \�" ­  à¨á. 1 ãª §ë¢ îâ
§­ ª¨ ¯à®¨§¢®¤­®© ¢¤®«ì âà ¥ªâ®à¨¨ ¢ íâ¨å ¯®¤á¥ªâ®à å. �á¥ âà ¥ªâ®à¨¨ ¢ á¥ªâ®à¥ I áâà¥¬ïâ-
áï ª ¯®«®¦¥­¨î à ¢­®¢¥á¨ï ¢ ­ ¯à ¢«¥­¨¨ á ã£«®¢ë¬ ª®íää¨æ¨¥­â®¬ k1, ¯à¨ç¥¬ ¨¬¥¥âáï ¤¢ 
®¤­®¯ à ¬¥âà¨ç¥áª¨å á¥¬¥©áâ¢  S1 ¨ S2 âà ¥ªâ®à¨©. �à¨¢ë¥ á¥¬¥©áâ¢  S1 ¯¥à¥å®¤ïâ ¨§ ¯®¤-
á¥ªâ®à  I3 ¢ ¯®¤á¥ªâ®à I2, £®à¨§®­â «ì­® ¯¥à¥á¥ª ï ¢¥â¢ì ¨§®ª«¨­ë ­ã«ï, § â¥¬ ¢¥àâ¨ª «ì­®

74



¯¥à¥á¥ª îâ ª®®à¤¨­ â­ãî ®áì �, ¢å®¤ïâ ¢ ¯®¤á¥ªâ®à I1 ¨ ¯à¨¡«¨¦ îâáï ­  1 ª ¯®«ã®á¨ � > 0
¯®  á¨¬¯â®â¨ç¥áª®¬ã § ª®­ã

� � A��m; �! 0; (2.6)

A > 0 | ¯ à ¬¥âà á¥¬¥©áâ¢ . �à¨¢ë¥ á¥¬¥©áâ¢  S2 ­¥ ¯¥à¥á¥ª îâ ­¨ ¨§®ª«¨­ë ­ã«ï, ­¨ ¯àï¬®©
w = 0 ¨ ­  ¢á¥¬ ¯à®âï¦¥­¨¨ ¯à¨­ ¤«¥¦ â ¯®¤á¥ªâ®àã I3. �«ï ªà¨¢ëå á¥¬¥©áâ¢  S2 á¯à ¢¥¤«¨¢ 
 á¨¬¯â®â¨ª  ¯à¨ �!1

� � �2m�1�+B��; � = 1� 2�1m; (2.7)

B > 0 | ¯ à ¬¥âà á¥¬¥©áâ¢ . �¥¬¥©áâ¢  S1 ¨ S2 à §¤¥«ï¥â ªà¨¢ ï S | ¢¥â¢ì á¥¯ à âà¨áë á¥¤« 
­  1 ¤¨­ ¬¨ç¥áª®© á¨áâ¥¬ë (2.5) ¢ ­ ¯à ¢«¥­¨¨ á ã£«®¢ë¬ ª®íää¨æ¨¥­â®¬ k3 = �1 = ��=m >
�2=m, � = (m + 2)=(m + 1). �â®â à¥§ã«ìâ â ­¥âàã¤­® ¯®«ãç¨âì, ¢ë¯®«­¨¢ ¯à¥®¡à §®¢ ­¨¥ �ã-
 ­ª à¥

� = 1=y1; � = (�1 + y2)=y1; (2.8)

ª®â®à®¥ ¯à¥®¡à §ã¥â á¨áâ¥¬ã (2.5) ¢ á¨áâ¥¬ã

y1� = �1y1 + y1y2; y2� = �2y2 + (m+ 1)(y2)2 + (2(m+ 1))�1(y1)m + 2�1(y1)my2; (2.9)

�2 = 1, ¯à¨ç¥¬ á¥¤«® ­  1 á¨áâ¥¬ë (2.5) ¯à¥®¡à §ã¥âáï ¢ á¥¤«® y1 = y2 = 0 (�1�2 < 0) á¨áâ¥¬ë
(2.9),   ªà¨¢ ï S | ¢ ®¤­ã ¨§ ¢¥â¢¥© á¥¯ à âà¨áë íâ®£® á¥¤« . � ¯®¬®éìî  á¨¬¯â®â¨ç¥áª¨å
ä®à¬ã«

� � �2m�1� (�! 0); � � �1� (�!1)

¤«ï ªà¨¢®© S ¨  ­ «®£¨ç­ëå  á¨¬¯â®â¨ç¥áª¨å ä®à¬ã« (2.6), (2.7) ¤«ï ªà¨¢ëå á¥¬¥©áâ¢ S1 ¨
S2 á ãç¥â®¬ á®®â­®è¥­¨© (2.3) ­¥âàã¤­® ¯®ª § âì, çâ® â®«ìª® ®¤­®¯ à ¬¥âà¨ç¥áª®¥ á¥¬¥©áâ¢®
à¥è¥­¨© f(�) ãà ¢­¥­¨ï (2.1), ¯®à®¦¤¥­­®¥ ¢ á¨«ã (2.3) ªà¨¢®© S, ã¤®¢«¥â¢®àïeâ £à ­¨ç­®¬ã
ãá«®¢¨î (2.2) ¯à¨ � = 0 ¨ ãá«®¢¨î limf(�) = c < 1 ¯à¨ � ! 1. �à¨ íâ®¬  á¨¬¯â®â¨ç¥áª®¥
à §«®¦¥­¨¥ f(�) ¯à¨ � ! 0 ®¯à¥¤¥«ï¥âáï  á¨¬¯â®â¨ª®© ªà¨¢®© S ¯à¨ �!1, â. ¥.  á¨¬¯â®â¨ª®©
¢ ®ªà¥áâ­®áâ¨ á¥¤«  ­ 1,    á¨¬¯â®â¨ç¥áª®¥ à §«®¦¥­¨¥ f(�) ¯à¨ � !1| á¨¬¯â®â¨ª®© S ¯à¨
� ! 0, â. ¥.  á¨¬¯â®â¨ª®© ¢ ®ªà¥áâ­®áâ¨ ¯®«®¦¥­¨ï à ¢­®¢¥á¨ï � = 0, � = 0. �®á«¥ ¯®«ãç¥­¨ï
íâ¨å  á¨¬¯â®â¨ª ­ ¤® ¡ã¤¥â ¢ë¡à âì §­ ç¥­¨¥ ¯ à ¬¥âà  á¥¬¥©áâ¢  à¥è¥­¨©, ¯®à®¦¤¥­­ëå ¢
á¨«ã (2.3) ªà¨¢®© S, â ª¨¬ ®¡à §®¬, çâ®¡ë ¢ë¯®«­ï«®áì ¨ £à ­¨ç­®¥ ãá«®¢¨¥ (2.2) ­  1.

3. �«ï ¢ëç¨á«¥­¨ï  á¨¬¯â®â¨ç¥áª®£® à §«®¦¥­¨ï ¤«ï ªà¨¢®© S ¯à¨ �!1 (¢ ®ªà¥áâ­®áâ¨
á¥¤«  ­  1) ¯à¨¢¥¤¥¬ á¨áâ¥¬ã (2.9) ª ­®à¬ «ì­®© ä®à¬¥ ¢ ®ªà¥áâ­®áâ¨ á¥¤«  y1 = y2 = 0.
�¨áâ¥¬  (2.9) ¯à¨ m � 2 ¨¬¥¥â ª ­®­¨ç¥áª¨© ¢¨¤, ¨ ¢ íâ®¬ ¯ã­ªâ¥ ¡ã¤¥¬ ¯à¥¤¯®« £ âì íâ®
ãá«®¢¨¥ ¢ë¯®«­¥­­ë¬. �«ãç © m = 1 à áá¬®âà¨¬ ¢ ¯. 4. �ã¤¥¬ ¨á¯®«ì§®¢ âì ®¡®§­ ç¥­¨ï ¨
à¥§ã«ìâ âë ¨§ [6], ¯®« £ ïQ = (d; e) ZQ = zd1z

e
2. � ([6], á. 98) ¯®ª § ­®, çâ® ¥á«¨ � = �1=�2 = �r=s,

£¤¥ r=s | ­¥á®ªà â¨¬ ï à æ¨®­ «ì­ ï ¤à®¡ì, â® á¨áâ¥¬  (2.9) á ¯®¬®éìî ¯à¥®¡à §®¢ ­¨ï

yi = zi + hi(Z); i = 1; 2; (3.1)

£¤¥ hi(Z) =
P
Q
hiQZ

Q | áâ¥¯¥­­®© àï¤, ­¥ á®¤¥à¦ é¨© á¢®¡®¤­®£® ¨ «¨­¥©­ëå á« £ ¥¬ëå, ¢

®ªà¥áâ­®áâ¨ á¥¤«  y1 = y2 = 0 ¯à¨¢®¤¨âáï ª ­®à¬ «ì­®© ä®à¬¥

zi� = zi

�
�i +

1X
k=1

gi(ks;kr)z
ks
1 zkr2

�
: (3.2)

� á«ãç ¥ á¨áâ¥¬ë (2.9) ¨ ­¥ç¥â­®£® m ¨¬¥¥¬ r = m+2, s = m(m+1),   ¢ á«ãç ¥ ç¥â­®£® m = 2t
¨¬¥¥¬ r = t+1, s = t(2t+1). �¥¤«® y1 = y2 = 0 ¯à¥®¡à §®¢ ­¨¥ (3.1) ¯¥à¥¢®¤¨â ¢ á¥¤«® z1 = z2 = 0
á¨áâ¥¬ë (3.2). �ç¥¢¨¤­®, á¥¯ à âà¨á  íâ®£® á¥¤«  ¨¬¥¥â ¢¥â¢ì z1 = exp(�1�), z2 = 0 (®­  ¢å®¤¨â
¢ á¥¤«® ¯à¨ � !1). � ãç¥â®¬ ¯à¥®¡à §®¢ ­¨ï (3.1) ¨ â®£® ®¡áâ®ïâ¥«ìáâ¢ , çâ® áâ¥¯¥­­ë¥ àï¤ë
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hi(Z) ­¥ á®¤¥à¦ â á¢®¡®¤­®£® ¨ «¨­¥©­ëå á« £ ¥¬ëå, ¯®«ãç ¥¬ ¤«ï á¥¤«  y1 = y2 = 0 ¢¥â¢ì
á¥¯ à âà¨áë

y1 = exp(�1�) +
1X
k=2

h1(k;0) exp(�1k�); y2 =
1X
k=2

h2(k;0) exp(�1k�): (3.3)

�®íää¨æ¨¥­âë hi(k;0) ¬®£ãâ ¡ëâì ¯®á«¥¤®¢ â¥«ì­® ®¯à¥¤¥«¥­ë ¢ à¥§ã«ìâ â¥ ¯®¤áâ ­®¢ª¨ ä®à-
¬ «ì­ëå àï¤®¢ (3.3) ¢ á¨áâ¥¬ã (2.9) ¨ ¯à¨¬¥­¥­¨ï ¬¥â®¤  ­¥®¯à¥¤¥«¥­­ëå ª®íää¨æ¨¥­â®¢. �ª -
§ë¢ ¥âáï, çâ® y1, y2 à §« £ îâáï ¢ àï¤ë ¯® áâ¥¯¥­ï¬ u = expm�1� . � ¨¬¥­­®,

y1 = u1=m
�
1 +

1X
k=1

aku
k

�
; y2 =

1X
k=1

bku
k; (3.4)

£¤¥

a1 = (2�(2m + 3))�1; b1 = �(2(2m+ 3))�1; (3.5)

a2 = (m+ 1)2=(8�2(2m+ 3)2(3m+ 5));

b2 = �(m
2 �m� 4)=(4�(2m + 3)2(3m+ 5));

  ®áâ «ì­ë¥ ª®íää¨æ¨¥­âë ak, bk ®¯à¥¤¥«ïîâáï ¨§ à¥ªãàà¥­â­ëå á®®â­®è¥­¨©, ª®â®àë¥ ¢¢¨-
¤ã ¨å £à®¬®§¤ª®áâ¨ ­¥ ¯à¨¢®¤ïâáï. �®®â­®è¥­¨ï (3.4) § ¤ îâ ¯ à ¬¥âà¨ç¥áª®¥ ¯à¥¤áâ ¢«¥­¨¥
¢¥â¢¨ á¥¯ à âà¨áë á¥¤«  y1 = y2 = 0 á¨áâ¥¬ë (2.9), ¯à¨ç¥¬ ¬ «®© ®ªà¥áâ­®áâ¨ á¥¤«  á®®â¢¥â-
áâ¢ãîâ ¬ «ë¥ §­ ç¥­¨ï ¯ à ¬¥âà  u. �®« £ ï

�
1 +

1X
k=1

aku
k

��1
= 1 +

1X
k=1

rku
k;

£¤¥ ª®íää¨æ¨¥­âë rk ¢ëà ¦ îâáï ç¥à¥§ as (s = 1; : : : ; k) ¨ ¬®£ãâ ¯®á«¥¤®¢ â¥«ì­® ®¯à¥¤¥«ïâì-
áï á ¯®¬®éìî ¬¥â®¤  ­¥®¯à¥¤¥«¥­­ëå ª®íää¨æ¨¥­â®¢, á ãç¥â®¬ á®®â­®è¥­¨© (2.8) ¯®«ãç¨¬
¯ à ¬¥âà¨ç¥áª®¥ ¯à¥¤áâ ¢«¥­¨¥ ¢¥â¢¨ á¥¯ à âà¨áë á¥¤«  ­  1 á¨áâ¥¬ë (2.5)

�(u) = y�11 = u�1=m
�
1 +

1X
k=1

rku
k

�
; (3.6)

�(u) = (�1 + y2)=y1 = u�1=m
�
�1 + (�1r1 + b1)u+

1X
k=2

�
�1rk + bk +

X
s+t=k

rsbt

�
uk
�
:

� (3.6) r1 = �a1, r2 = a21� a2, ¤«ï ®áâ «ì­ëå ª®íää¨æ¨¥­â®¢ ¯®«ãç îâáï ¢á¥ ¡®«¥¥ £à®¬®§¤ª¨¥
ä®à¬ã«ë. �§ (3.6) ¡¥§ âàã¤  ­ å®¤¨¬, çâ® ¯à¨ u! 0 íâ  ªà¨¢ ï áâà¥¬¨âáï ª á¥¤«ã ­ 1 á¨áâ¥¬ë
(2.5) ¢ ­ ¯à ¢«¥­¨¨ á ã£«®¢ë¬ ª®íää¨æ¨¥­â®¬ k3 = �1, â. ¥. íâ  ªà¨¢ ï á®¢¯ ¤ ¥â á ªà¨¢®© S ¨
ä®à¬ã«ë (3.6) ¤ îâ ¨áª®¬®¥  á¨¬¯â®â¨ç¥áª®¥ ¯à¥¤áâ ¢«¥­¨¥ íâ®© ªà¨¢®© ¢ ®ªà¥áâ­®áâ¨ á¥¤« .
�¡®§­ ç¨¬

d(u) = �1u
�1=m(�(u))�1 � 1 =

1X
k=1

dku
k;

p(u) =
1X
s=1

psu
s = d(u)

1X
k=1

��1rk(1� km)uk�1:

�§ ¢â®à®£® ãà ¢­¥­¨ï (2.3) ¯®«ãç¨¬

� = c exp
Z

��1d� = cu1=� exp
� 1X

k=1

((1 + k)�1pku+ (dk + rk(1� km))=(k�))uk
�
: (3.7)

�§ (3.7) á«¥¤ã¥â, çâ® � ! 0 ¯à¨ u ! 0. �áª«îç ï u ¨§ (3.6) ¨ (3.7), ¯®«ãç¨¬ à §«®¦¥­¨¥ �(�)
¯® ¤à®¡­ë¬ áâ¥¯¥­ï¬ �, â. ¥.  á¨¬¯â®â¨ç¥áª®¥ à §«®¦¥­¨¥ �(�) ¯à¨ � ! 0,   § â¥¬ á ¯®¬®éìî
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¯¥à¢®£® ¨§ à ¢¥­áâ¢ (2.3) | ¨ ¨áª®¬®¥ à §«®¦¥­¨¥ ¢ àï¤ ¯® ¤à®¡­ë¬ áâ¥¯¥­ï¬ � ®¤­®¯ à ¬¥-
âà¨ç¥áª®£® á¥¬¥©áâ¢  à¥è¥­¨© f(�; c) ãà ¢­¥­¨ï (2.1), ã¤®¢«¥â¢®àïîé¥£® £à ­¨ç­®¬ã ãá«®¢¨î
(2.2) ¯à¨ � = 0. �â® à §«®¦¥­¨¥ ¨¬¥¥â ¢¨¤

f(�) = c2=m(�=c)1=(m+1)
1X
k=0

lk(�=c)k� ; (3.8)

c > 0 | ¯ à ¬¥âà á¥¬¥©áâ¢ . �®íää¨æ¨¥­âë lk ¢ (3.8) ¢ëà ¦ îâáï ç¥à¥§ ª®íää¨æ¨¥­âë as,
bs, rs, ds, ps á s � k, â. ¥. ç¥à¥§ ª®íää¨æ¨¥­âë àï¤®¢ (3.4). �®«ãç¨¬ à §«®¦¥­¨¥ (3.8), ¯®¯ãâ­®
¢ëç¨á«¨¬ ¨ ¥£® ª®íää¨æ¨¥­âë l0, l1, l2, â. ¥. âà¥åç«¥­­ãî  á¨¬¯â®â¨ªã f(�) ¯à¨ � ! 0. �ã¤¥¬
¨¬¥âì

d1 = a1 � (b1=�1); d2 = a2 + (b1=�1)
2 � (a1b1 + b2)=�1; p1 = a1d1(m� 1)=�;

exp
� 1X

k=1

((1 + k)�1pku+ (dk + rk(1� km))=(k�))uk
�
= 1 +

1X
k=1

mku
k;

m1 = (d1 + (m� 1)a1)=�; m2 = 2�1(p1 +m2
1) + (2�)�1(d2 + (1� 2m)r2);

(�=c)� = u

�
1 +

1X
k=1

gku
k

�
; g1 = m1�; g2 = (m2 + 2�1m2

1=(m+ 1))�;

u = (�=c)�
�
1 +

1X
k=1

vk(�=c)
k�

�
; v1 = �g1; v2 = 2g21 � g2;

®âªã¤  ¨ á«¥¤ã¥â à §«®¦¥­¨¥ (3.8), ¯à¨ç¥¬

l0 = 1; l1 = r1 �m�1v1;

l2 = ((m+ 1)v21 � 2mv2)(2m
2)�1 +m�1(m� 1)r1v1 + r2:

�¥âàã¤­® ¢ëç¨á«¨âì ª®íää¨æ¨¥­âë l3, l4, ­® ¤«ï ­¨å ¯®«ãç îâáï á«¨èª®¬ £à®¬®§¤ª¨¥ ä®à¬ã-
«ë, ¨ ¬ë ¨å ­¥ ¯à¨¢®¤¨¬. �§ ¯à¨¢¥¤¥­­ëå ä®à¬ã« á«¥¤ã¥â, çâ® ª®íää¨æ¨¥­âë l1, l2 ¢ëà ¦ -
îâáï â®«ìª® ç¥à¥§ ª®íää¨æ¨¥­âë a1, b1, a2 ¨, á«¥¤®¢ â¥«ì­®, ¬®£ãâ ¡ëâì ï¢­® ¢ëà ¦¥­ë ç¥à¥§
m á ¯®¬®éìî á®®â­®è¥­¨© (3.5). �­ ç¥­¨¥ ¯ à ¬¥âà  c, ®¯à¥¤¥«ïîé¥¥ à¥è¥­¨¥ f(�) ãà ¢­¥­¨ï
(2.1), ª®â®à®¥ ã¤®¢«¥â¢®àï¥â ®¡®¨¬ £à ­¨ç­ë¬ ãá«®¢¨ï¬ (2.2), ­ å®¤¨âáï ¨§ ãá«®¢¨ï f(1) = 1.
�­® § ¢¨á¨â ®â m ¨ ¤«ï ª ¦¤®£® ª®­ªà¥â­®£® §­ ç¥­¨ï m ¤®«¦­® ®¯à¥¤¥«ïâìáï ¢ ç¨á«¥­­®¬
íªá¯¥à¨¬¥­â¥. � ¨¡®«¥¥ ã¤®¡­® ¯®áâã¯¨âì á«¥¤ãîé¨¬ ®¡à §®¬. �®«®¦¨¬ f1(�) = f(�; c)jc=1. �
¯®¬®éìî  á¨¬¯â®â¨ª¨ (3.8) ­¥âàã¤­® ¢ëç¨á«¨âì ¤ ­­ë¥ �®è¨ f1, f1� ¢ â®çª¥ �0 � 1 ( á¨¬¯â®-
â¨ª  ¯à®¨§¢®¤­®© ¯®«ãç ¥âáï ¤¨ää¥à¥­æ¨à®¢ ­¨¥¬  á¨¬¯â®â¨ª¨ (3.8)) ¨, à¥è ï § ¤ çã �®è¨
¤«ï ãà ¢­¥­¨ï (2.1) á íâ¨¬¨ ­ ç «ì­ë¬¨ ¤ ­­ë¬¨, ¢ëç¨á«¨âì f1(1). �®« £ ï f = f(�; c0),
£¤¥ c0 = (f1(1))�m=2, ¯®«ãç¨¬ à¥è¥­¨¥ f ãà ¢­¥­¨ï (2.1), ã¤®¢«¥â¢®àïîé¥¥ ®¡®¨¬ £à ­¨ç­ë¬
ãá«®¢¨ï¬ (2.2).

�®ª ¦¥¬, çâ® àï¤ (3.8) áå®¤¨âáï ¢ ­¥ª®â®à®© ®ªà¥áâ­®áâ¨ â®çª¨ � = 0. �ç¥¢¨¤­®, ¤«ï íâ®£®
¤®áâ â®ç­® ¤®ª § âì, çâ® ¢ ­¥ª®â®à®© ®ªà¥áâ­®áâ¨ â®çª¨ u = 0 áå®¤ïâáï àï¤ë (á¬. ä®à¬ã«ë
(3.4))

x1 = u�1ym1 =
�
1 +

1X
k=1

aku
k

�m
=

1X
k=0

�ku
k; �0 = 1;

x2 = u�1y2 =
1X
k=0

�ku
k; �k = bk+1; �0 = �(2(2m+ 3))�1;

u = exp(m�1�); �1 = �(m+ 2)=(m(m+ 1)):
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�§ ãà ¢­¥­¨© (2.9) ¤«ï y1, y2 ¯®«ãç ¥¬ ãà ¢­¥­¨ï ¤«ï x1, x2

x1u = �m(m+ 1)(m+ 2)�1x1x2;

ux2u = �(m+ 2)�1((2m+ 3)x2 + 2�1x1 + 2�1(m+ 1)ux1x2 + (m+ 1)2ux22):

�§ íâ¨å ãà ¢­¥­¨© ¤«ï ª®íää¨æ¨¥­â®¢ �k, �k ¯®«ãç ¥¬ à¥ªãàà¥­â­ë¥ á®®â­®è¥­¨ï

(k + 1)�k+1 = �m(m+ 1)(m+ 2)�1
X

p+s=k

�p�s; (3.9)

((k + 1)(m+ 2) + 2m+ 3)�k+1 = �
�
2�1
�
�k+1 + (m+ 1)

X
p+s=k

�p�s

�
+ (m+ 1)2

X
p+s=k

�p�s

�
:

�§ á®®â­®è¥­¨© (3.9), ¯®«®¦¨¢ k = 0, ­ å®¤¨¬ �1 = m(m + 1)(2(m + 2)(2m + 3))�1,
�1 = �(m+1)(m2 �m� 4)(4(3m+5)(m+2)(2m+3)2)�1, ®âªã¤  á«¥¤ã¥â á¯à ¢¥¤«¨¢®áâì ®æ¥­®ª

j�1j � 1=4; j�1j � (32(m + 1))�1: (3.10)

�à¨ «î¡®¬ k ¨§ (3.9) ¯®«ãç ¥¬

j�k+1j � m(m+ 1)((m+ 2)(k + 1))�1
X

p+s=k

j�pj j�sj; (3.11)

j�k+1j � ((m+ 2)(k + 1) + 2m+ 3)�1
�
2�1
�
j�k+1j+

+(m+ 1)
X

p+s=k

j�pj j�sj

�
+ (m+ 1)2

X
p+s=k

j�pj j�sj

�
:

�à¥¤¯®«®¦¥­¨¥ ¨­¤ãªæ¨¨

j�pj � 1=4; j�pj � (4(m + 1))�1; p = 1; 2; : : : ; k; (3.12)

¢ á¨«ã ®æ¥­®ª (3.10) ¢ë¯®«­ï¥âáï ¯à¨ k = 1,   â ª¦¥ ¨ ¤«ï �0. � ¯®¬®éìî ¯à¥¤¯®«®¦¥­¨ï
¨­¤ãªæ¨¨ (3.12)¨§ ¯¥à¢®£® ­¥à ¢¥­áâ¢  ¢ (3.11) ¯®«ãç ¥¬

j�k+1j � m(m+ 1)((m+ 2)(k + 1))�1(j�kj+ k=(16(m + 1))) �

� m(k + 4)(16(m + 2)(k + 1))�1 � 1=4;

¯®á«¥ ç¥£® ¨§ ¢â®à®£® ­¥à ¢¥­áâ¢  ¢ (3.11) á«¥¤ã¥â

j�k+1j � (32((m + 2)(k + 1) + 2m+ 3))�1(3k + 10) � (4(m+ 1))�1:

� ª¨¬ ®¡à §®¬, ¯® ¨­¤ãªæ¨¨ ¤®ª § ­  á¯à ¢¥¤«¨¢®áâì ®æ¥­®ª (3.12) ¯à¨ ¢á¥å p � 1,   ¨§ íâ¨å
®æ¥­®ª á«¥¤ã¥â áå®¤¨¬®áâì àï¤®¢ (3.4) ¢ ­¥ª®â®à®© ®ªà¥áâ­®áâ¨ â®çª¨ u = 0, á«¥¤®¢ â¥«ì­®, ¨
àï¤  (3.8) ¢ ­¥ª®â®à®© ®ªà¥áâ­®áâ¨ â®çª¨ � = 0.

4. � á«ãç ¥ m = 1 (ãà ¢­¥­¨¥ �ãáá¨­¥áª ) á¨áâ¥¬  (2.9) ­¥ ï¢«ï¥âáï ª ­®­¨ç¥áª®©, ­® «¥£ª®
¯à¨¢®¤¨âáï ª ª ­®­¨ç¥áª®¬ã ¢¨¤ã

v1� = �1v1 � 0;1v21 + v1v2; v2� = v2 � 0;04v21 + 0;2v1v2 + 2v22 ; �1 = �3=2; (4.1)

«¨­¥©­ë¬ ¯à¥®¡à §®¢ ­¨¥¬

y1 = v1; y2 = �0;1v1 + v2: (4.2)

�®¢â®àïï à ááã¦¤¥­¨ï ¯à¥¤ë¤ãé¥£® ¯ã­ªâ , ­ ©¤¥¬, çâ® ¢¥â¢ì á¥¯ à âà¨áë á¥¤«  v1 = v2 = 0
á¨áâ¥¬ë (4.1), ¢ ª®â®àãî ¯¥à¥å®¤¨â ªà¨¢ ï S ¢ à¥§ã«ìâ â¥ ¯à¥®¡à §®¢ ­¨© (2.8) ¨ (4.2), ¤®¯ãá-
ª ¥â ¯ à ¬¥âà¨ç¥áª®¥ ¯à¥¤áâ ¢«¥­¨¥

v1 = u

�
1 +

1X
k=1

aku
k

�
; v2 =

1X
k=2

bku
k;
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a1 = 1=15, a2 = 1=900, b2 = 0;01, b3 = 1=1650. �áâ «ì­ë¥ ª®íää¨æ¨¥­âë ¬®£ãâ ¡ëâì ®¯à¥¤¥«¥­ë
á ¯®¬®éìî à¥ªãàà¥­â­ëå á®®â­®è¥­¨©

k�1ak = �0;2ak�1 � 0;1
X

s+r=k�1

asar + bk +
X

s+r=k

asbr;

(k�1 � 1)bk = �0;08ak�2 � 0;04
X

s+r=k�2

asar + 0;2bk�1 + 0;2
X

s+r=k�1

asbr + 2
X

s+r=k

bsbr

(ak ®¯à¥¤¥«ï¥âáï ¢á«¥¤ §  bk). �¯ãáª ï ¢ëª« ¤ª¨,  ­ «®£¨ç­ë¥ ¯à®¢¥¤¥­­ë¬ ¢ ¯. 3, ãª ¦¥¬,
çâ® áâ¥¯¥­­®¥ à §«®¦¥­¨¥ á¥¬¥©áâ¢  à¥è¥­¨© ãà ¢­¥­¨ï (2.1), ã¤®¢«¥â¢®àïîé¥£® £à ­¨ç­®¬ã
ãá«®¢¨î f(0) = 0, ¯®«ãç ¥âáï ¢ ¢¨¤¥

f(�) = c2(�=c)1=2
�
1 +

1X
k=1

lk(�=c)3k=2
�
;

£¤¥ l1 = �1=15, l2 = 1=300. � à ¬¥âà c á­®¢  ®¯à¥¤¥«ï¥âáï ¨§ ãá«®¢¨ï f(1) = 1 á ¯®¬®éìî
¯à¨¥¬ , ãª § ­­®£® ¢ ª®­æ¥ ¯. 3 ¢ á«ãç ¥ ¯à®¨§¢®«ì­®£® m.

5. �¥à¥©¤¥¬ ª ¨§ãç¥­¨î  á¨¬¯â®â¨ª¨ à¥è¥­¨ï £à ­¨ç­®© § ¤ ç¨ (2.1), (2.2) ¯à¨ � ! 1.
�¨­ ¬¨ç¥áªãî á¨áâ¥¬ã (2.5) â¥¯¥àì ã¤®¡­® ¯¥à¥¯¨á âì ¢ ¢¨¤¥ á¨áâ¥¬ë

y1� = �1y1 + y1f1; y2� = �2y2 + y2f2; (5.1)

£¤¥ �1 = 0, �2 = 1=2, y1 = �, y2 = w,

f1 = 2m�1ym1 � ym�11 y2; f2 = (2m�1 � 1)ym1 +mym�11 y2: (5.2)

�¨áâ¥¬  (5.1) ª ­®­¨ç¥áª ï. � ([6], á. 97) ¯®ª § ­®, çâ® á¨áâ¥¬  ¢¨¤  (5.1) á �1 = 0 ¨ �2 6= 0
¯à¥®¡à §®¢ ­¨¥¬ (3.1), £¤¥ á­®¢  ä®à¬ «ì­ë¥ áâ¥¯¥­­ë¥ àï¤ë hi(Z) ­¥ ¨¬¥îâ á¢®¡®¤­®£® ¨
«¨­¥©­ëå á« £ ¥¬ëå, ¯à¨¢®¤¨âáï ª ­®à¬ «ì­®© ä®à¬¥

z1� = z1g1(z1); z2� = z2g2(z1); (5.3)

g1(z1) =
1P
k=1

g1(k;0)z
k
1 , g2(z1) = �2 +

1P
k=1

g2(k;0)z
k
1 . �¡®§­ ç¨¬ hi(Z) = zih

(i)(Z). �®íää¨æ¨¥­âë gi(k;0)

áâ¥¯¥­­ëå àï¤®¢ (5.2) ¨ ª®íää¨æ¨¥­âë hiQ (Q = (q1; q2)) áâ¥¯¥­­ëå àï¤®¢

h(1)(Z) =
X
Q

h1QZ
Q (q1 � �1; q2 � 0); h(2)(Z) =

X
Q

h2QZ
Q (q1 � 0; q2 � �1)

¯®á«¥¤®¢ â¥«ì­® ®¯à¥¤¥«ïîâáï ¨§ á®®â­®è¥­¨© ([6], á. 95)

hi(k;0) = 0; gi(k;s) = 0 (s 6= 0); gi(k;0) = c
(1)
i(k;0) + c

(2)
i(k;0); (5.4)

hiQ = 2q�12 (c(1)iQ + c
(2)
iQ ) (q2 6= 0);

£¤¥

c
(1)
iQ = �

X
P+R=Q

hiP giR �
X

P+R=Q

(p1g1R + p2g2R)hiP ; (5.5)

  c
(2)
iQ | ª®íää¨æ¨¥­â ¯à¨ ziZ

Q ¢ à §«®¦¥­¨¨ äã­ªæ¨¨

yifi = zi(1 + h(i))fi(z1(1 + h(1)); z2(1 + h(2))): (5.6)

�®áª®«ìªã à §«®¦¥­¨¥ äã­ªæ¨¨ zih
(i) ­¥ á®¤¥à¦¨â á¢®¡®¤­®£® ¨ «¨­¥©­ëå á« £ ¥¬ëå, ¨¬¥¥¬

h1(�1;0) = h2(0;�1) = h1(�1;1) = h2(1;�1) = 0: (5.7)
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� ¯®¬®éìî ¯®á«¥¤­¥£® á®®â­®è¥­¨ï ¢ (5.4) ¨ á®®â­®è¥­¨© (5.5){(5.7) ¯® ¨­¤ãªæ¨¨ ­¥âàã¤­®
¤®ª § âì, çâ®

h1(�1;k) = h2(k;�1) = 0 (k � 0): (5.8)

� ¯®¬®éìî (5.5), (5.8), (5.2), (5.6) ¨ ¯¥à¢®£® ¨§ á®®â­®è¥­¨© (5.4) â¥¯¥àì ã¤ ¥âáï ¢ëç¨á«¨âì
c
(1)
i(k;0) ¨ c

(2)
i(k;0). �¬¥¥¬

c(1)i(k;0) = 0; c(2)1(k;0) = 2m�1�km; c(2)2(k;0) = (2m�1 � 1)�km;

�km | á¨¬¢®« �à®­¥ª¥à . �§ âà¥âì¥£® á®®â­®è¥­¨ï ¢ (5.4) ¢ëâ¥ª ¥â g1(k;0) = 2m�1�km, g2(k;0) =
(2m�1 � 1)�km. �«¥¤®¢ â¥«ì­®, ­®à¬ «ì­ ï ä®à¬  (5.3) á¨áâ¥¬ë (5.1) ¨¬¥¥â ¢¨¤

z1� = 2m�1zm+1
1 ; z2� = �2z2 + (2m�1 � 1)zm1 z2: (5.9)

�¨áâ¥¬  (5.9) «¥£ª® ¨­â¥£à¨àã¥âáï. � ©¤¥¬

z2 = cz�1 exp(�1=(4z
m
1 )); (5.10)

� = m
2
(2m�1�1). �®á«¥ ¯®¤áâ ­®¢ª¨ (5.10) ¢ (3.1) ¯®«ãç¨¬ ¤«ï ®¤­®¯ à ¬¥âà¨ç¥áª®£® á¥¬¥©áâ¢ 

à¥è¥­¨© ãà ¢­¥­¨ï (2.4) (c | ¯ à ¬¥âà á¥¬¥©áâ¢ ) á«¥¤ãîé¥¥ ¯à¥¤áâ ¢«¥­¨¥:

� = y1 = z1

�
1 +

X
Q

h1QZ
Q

�
; (5.11)

� = y2 � 2m�1y1 = z2 � 2m�1z1 +
X
Q

h2Qz2Z
Q � 2m�1

X
Q

h1Qz1Z
Q;

£¤¥ z2 ®¯à¥¤¥«ï¥âáï à ¢¥­áâ¢®¬ (5.10). � ãç¥â®¬ ¯¥à¢®£® á®®â­®è¥­¨ï ¨§ (5.4) ¨ (5.7) ­¥âàã¤­®
§ ¬¥â¨âì, çâ® áâ¥¯¥­­ë¥ àï¤ë ¢ ¯à ¢ëå ç áâïå à ¢¥­áâ¢ (5.11) á®¤¥à¦ â íªá¯®­¥­æ¨ «ì­® ã¡ë-
¢ îé¨© ¯à¨ z1 ! +0 ¬­®¦¨â¥«ì z2 ª ª ¬¨­¨¬ã¬ ¢ ¯¥à¢®© áâ¥¯¥­¨. �ë¯¨á ¢ «¨èì á« £ ¥¬ë¥ á
¯¥à¢®© áâ¥¯¥­ìî z2, ¯®«ãç¨¬  á¨¬¯â®â¨ç¥áª¨¥ ¯à¥¤áâ ¢«¥­¨ï ¯à¨ z1 ! +0

� = z1

�
1 +

pX
q=0

h1(q;1)z
q
1z2

�
+O(zp+2+�1 exp(�1=(4zm1 ))); (5.12)

� = �2m�1z1 �
�
2m�1

pX
q=0

h1(q;1)z
q+1
1 � 1

�
z2 +O(zp+2+�1 exp(�1=(4zm1 ))):

�à¨ z1 ! +0 ¨¬¥¥¬ � ! +0, � ! �0   w ! +0 ¯à¨ c > 0. �à¨¢ë¥ (5.11) ¯à¨ z1 ! +0 ¢å®¤ïâ
¢ ­ ç «® ª®®à¤¨­ â ¢ á¥ªâ®à¥ I ä §®¢®© ¯«®áª®áâ¨ (�; �) ¢ ­ ¯à ¢«¥­¨¨ á ã£«®¢ë¬ ª®íää¨æ¨-
¥­â®¬ k1 = �2m�1. �à¨¢ ï S ¯®«ãç ¥âáï ¨§ á¥¬¥©áâ¢  ªà¨¢ëå (5.11) ¯à¨ ­¥ª®â®à®¬ §­ ç¥­¨¨
¯ à ¬¥âà  c = c1, § ¢¨áïé¥¬ ®â m ¨ ®¯à¥¤¥«ï¥¬ë¬ ¤«ï ª ¦¤®£® ª®­ªà¥â­®£® §­ ç¥­¨ï m «¨èì
ç¨á«¥­­®. �«ï ª®íää¨æ¨¥­â®¢ h1(q;1) ¨§ (5.4){(5.6) ­ å®¤¨¬

h1(q;1) = 2(c(1)1(q;1) + c(2)1(q;1)) = 2(m�1(5m� 2q � 2)h1(q�m;1) � �qm�1);

®âáî¤ 

h1(q;1) = 0 (q < m� 1); h1(m�1;1) = �2; h1(q;1) = 2m�1(5m� q � 2)h1(q�m;1) (q � m): (5.13)

�§ (5.13) á«¥¤ã¥â, çâ® ®â«¨ç­ë ®â ­ã«ï «¨èì ª®íää¨æ¨¥­âë

h1(m�1;1) = �2; h1(sm�1;1) = (�1)s�12s(2s� 5)!! (s � 2):
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�®®â­®è¥­¨ï (5.12) ¯à¨®¡à¥â îâ â¥¯¥àì ®ª®­ç â¥«ì­ë© ¢¨¤

� = z1 � 2zm1 z2 �
nX

s=2

(�2)s(2s� 5)!!zsm1 z2 +O(z(n+1)m+�
1 exp(�1=(4zm1 ))); (5.14)

� = �2m�1z1 + z2 + 4m�1zm1 z2 + 2m�1
nX

s=2

(�2)s(2s� 5)!!zsm1 z2 +O(z(n+1)m+�
1 exp(�1=(4zm1 ))):

�®á«¥ ¯®¤áâ ­®¢ª¨ ¢ (5.14) z2 ¨§ (5.10) á c = c1 ¯®«ãç¨¬  á¨¬¯â®â¨ªã ªà¨¢®© S ¢¡«¨§¨ ­ ç « ,
á ¯®¬®éìî ª®â®à®© ¨§ ¢â®à®£® ãà ¢­¥­¨ï (2.3) ­ å®¤¨âáï á­ ç «   á¨¬¯â®â¨ª  �(�),   § â¥¬
á ¯®¬®éìî ¯¥à¢®£® à ¢¥­áâ¢  (2.3) | ¨  á¨¬¯â®â¨ª  à¥è¥­¨ï ªà ¥¢®© § ¤ ç¨ (2.1), (2.2) ¯à¨
� !1. �à¨¢¥¤¥¬ âà¥åç«¥­­ãî  á¨¬¯â®â¨ªã f(�). �ã¤¥¬ ¨¬¥âì

�=c = z
�m=2
1 (1 + 2�1c1m�(�2�1; (4zm1 )

�1) +O(�(�3=2; (4zm1 )
�1)));

z1 ! +0, c > 0 ¯à®¨§¢®«ì­®, �(v; x) | ­¥¯®«­ ï £ ¬¬ -äã­ªæ¨ï ([7], á. 954). �á¯®«ì§ãï  á¨¬-
¯â®â¨ªã �(v; x) ¯à¨ x!1 ([7], á. 956), ­ ©¤¥¬

�=c = z�m=2
1 (1 + 4c1mz3m=2

1 exp(�1=(4zm1 )) +O(z5m=2
1 exp(�1=(4zm1 )))); z1 ! +0: (5.15)

�§ (5.15) á«¥¤ã¥â, çâ® � !1 ¯à¨ z1 ! +0. � ¯®¬®éìî (5.15) ­ å®¤¨âáï ¯à¨ � !1  á¨¬¯â®â¨ª 

z1 = (�=c)�2=mf1 + 8c1(�=c)
�3 exp(�(�=2c)2) +O(��5 exp(�(�=2c)2))g: (5.16)

� à¥§ã«ìâ â¥ ¯®¤áâ ­®¢ª¨ (5.16) ¢ (5.14) ¯®«ãç ¥¬ âà¥åç«¥­­ãî  á¨¬¯â®â¨ªã �(�) ¯à¨ � !1

�(�) = (�=c)�2=mf1� 2c1(c�
�1 � 4(c��1)3 +O(��5)) exp(�(�=2c)2)g;

  § â¥¬ á ¯®¬®éìî ¯¥à¢®£® á®®â­®è¥­¨ï (2.3) |  á¨¬¯â®â¨ªã ®¤­®¯ à ¬¥âà¨ç¥áª®£® á¥¬¥©áâ¢ 
(c > 0 | ¯ à ¬¥âà á¥¬¥©áâ¢ ) à¥è¥­¨© ãà ¢­¥­¨ï (2.1)

f(�; c) = c2=mf1� 2c1(c��1 � 4(c��1)3 +O(��5)) exp(�(�=2c)2)g:

� ãç¥â®¬ £à ­¨ç­®£® ãá«®¢¨ï (2.2) ¯à¨ � =1 ®ª®­ç â¥«ì­® ­ å®¤¨¬

f(�) = 1� 2c1�
�1(1� 4��2 +O(��4)) exp(�(�2=4)); � !1: (5.17)

�á¨¬¯â®â¨ª  ¯à®¨§¢®¤­®© f� (� ! 1) ¯®«ãç ¥âáï ¤¨ää¥à¥­æ¨à®¢ ­¨¥¬  á¨¬¯â®â¨ª¨ (5.17), ¨
¬ë ¥¥ ­¥ ¯à¨¢®¤¨¬. �®«®¦¨¢ ¢ ¯à ¢®© ç áâ¨ à ¢¥­áâ¢  (5.17) � = xt�1=2, ¯®«ãç ¥¬ âà¥åç«¥­­ãî
 á¨¬¯â®â¨ªã § ¤ ç¨ �.�.�®«ã¡ à¨­®¢®©-�®ç¨­®© (1.1), (1.2) ¯à¨ x!1 (t > 0 ä¨ªá¨à®¢ ­®).

� ¬¥ç ­¨¥. �á¨¬¯â®â¨ª  f(�) ¯à¨ � ! 0 (� ! 1) ®¤­®¢à¥¬¥­­® ¤ ¥â ¨  á¨¬¯â®â¨ªã ¯à¨
x ! 0 (x ! 1), t > 0 ä¨ªá¨à®¢ ­®, à¥è¥­¨ï u(t; x) § ¤ ç¨ (1.1), (1.2) ¨ à ¢­®¬¥à­ãî ¯® x ­ 
«î¡®¬ ª®­¥ç­®¬ ¨­â¥à¢ «¥ ¯®«ã®á¨ x � 0  á¨¬¯â®â¨ªã íâ®£® à¥è¥­¨ï ¯à¨ t!1 (t! +0).

6. � íâ®¬ ¯ã­ªâ¥ ¤«ï á®ªà é¥­¨ï § ¯¨á¨ ä®à¬ã« ¡ã¤¥¬ ¨á¯®«ì§®¢ âì ®¡®§­ ç¥­¨ï
� = (m + 1)=(km � 1), � = (m + 1)�1, 
 = (k + 1)=(km � 1), � = (k � 1)m, � = (km � 1)�1 ¨
¯à¥¤¯®« £ âì, çâ® � > 0, k > 1, m > 0 (k, m æ¥«ë¥). �à¨ âãà¡ã«¥­â­®© ä¨«ìâà æ¨¨ ¯®«¨âà®¯­®-
£® £ §  ¢ ¯®à¨áâ®© áà¥¤¥ ¥£® ¯«®â­®áâì �(x; t) (¢ á«ãç ¥ ¯«®áª¨å ¢®«­) ã¤®¢«¥â¢®àï¥â ãà ¢­¥­¨î
(¬®¤¥«ì �¥©¡¥­§®­ ) [8]

�t = (���xj�xj
m�1)x: (6.1)

�®áâà®¨¬ ¢®§à áâ îé¥¥ à¥è¥­¨¥ ãà ¢­¥­¨ï (6.1), ã¤®¢«¥â¢®àïîé¥¥ ¯à¨ x > 0 ãá«®¢¨î ­¥-
¯à¥àë¢­®áâ¨ ¯®â®ª  q = ���xj�xj

m�1 ¨ ãá«®¢¨ï¬ �®«ã¡ à¨­®¢®©-�®ç¨­®© (1.2). �â® à¥è¥­¨¥
 ¢â®¬®¤¥«ì­® ¨ ¨¬¥¥â ¢¨¤ � = f(�), £¤¥ � = xt��,   f(�) ã¤®¢«¥â¢®àï¥â ãà ¢­¥­¨î

(f (k�1)mfm� )� + ��f� = 0 (6.2)
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¨ £à ­¨ç­ë¬ ãá«®¢¨ï¬ (2.2). �®«®¦¨¢

f = ���; � = ���; (6.3)

¨§ (6.2) ¯®«ãç¨¬ ¤¨­ ¬¨ç¥áªãî á¨áâ¥¬ã

�� = Q(�; �); �� = P (�; �); (6.4)

P = �m��wm�2�; Q = m
��wm�1 + ����1�wm�1 +m����wm�2 + �;

w = � + ��:

� á¨«ã ®ç¥¢¨¤­®£® á®®â­®è¥­¨ï f� = ���1w ¨ ¢®§à áâ ­¨ï f ¨­â¥£à «ì­ë¥ ªà¨¢ë¥ ãà ¢­¥­¨ï
(6.4) á«¥¤ã¥â à áá¬ âà¨¢ âì «¨èì ¢ á¥ªâ®à¥ I | ¯¥à¥á¥ç¥­¨¨ ¯®«ã¯«®áª®áâ¥© � > 0, w > 0.
�­®¢  ­ ©¤¥¬, çâ® ¢ á¥ªâ®à¥ I ¨¬¥îâáï á¥¬¥©áâ¢® S1 ¨­â¥£à «ì­ëå ªà¨¢ëå á ¢¥àâ¨ª «ì­®©
 á¨¬¯â®â®© (®áìî �) ¨ á¥¬¥©áâ¢® S2 á ­ ª«®­­®©  á¨¬¯â®â®© w = 0. �â¨ á¥¬¥©áâ¢  à §¤¥«¥­ë
ªà¨¢®© S | á¥¯ p âà¨á®© á¥¤«  ­ 1 ¢ ­ ¯à ¢«¥­¨¨ á ã£«®¢ë¬ ª®íää¨æ¨¥­â®¬ k1 = v0 = �
=k.
�á¥ ¨­â¥£à «ì­ë¥ ªà¨¢ë¥ ¢ á¥ªâ®à¥ I ­ ç¨­ îâáï ¢ â®çª å ¯àï¬®© w = 0. � ®ªà¥áâ­®áâ¨ â®çª¨
¢ëå®¤  (�0; �0), �0 > 0, �0 = ���0, á¥¯ à âà¨áë S ¤«ï ­¥¥ á¯à ¢¥¤«¨¢   á¨¬¯â®â¨ª  ¯à¨ � !
�0 + 0

� � �0 � A(�� �0)
�; A = (�=(��m��+10 ))� ; � = 1=(m� 1); m > 2; (6.5)

� = 1; A = (� � �2m��+10 )=(m���+10 ); m = 2;

� = 1; A = ��; m < 2:

�®®à¤¨­ âë �0, �0 â®çª¨ ¢ëå®¤  ¬®£ãâ ¡ëâì ®¯à¥¤¥«¥­ë «¨èì ç¨á«¥­­®. �¤­®¯ à ¬¥âà¨ç¥-
áª®¥ á¥¬¥©áâ¢® à¥è¥­¨© f(�; c) ãà ¢­¥­¨ï (6.2), ã¤®¢«¥â¢®àïîé¨å £à ­¨ç­®¬ã ãá«®¢¨î (2.2)
¯à¨ � = 0 á­®¢  ¯®à®¦¤ ¥âáï ¢ á¨«ã ãà ¢­¥­¨© (6.3) á¥¯¥à âà¨á®© S. � ¯®¬®éìî ¯à¥®¡à §®¢ -
­¨ï �ã ­ª à¥

� = 1=y1; � = (v0 + y2)=y1; (6.6)

£¤¥ v0 = �
=k, ¨§ (6.4) ¯®«ãç¨¬ ¤¨­ ¬¨ç¥áªãî á¨áâ¥¬ã

y1� = �1y1 +my1y2(y2 + k�1)m�2 +mv0y1f(y2 + k�1)m�2 � k2�mg;

y2� = �2y2 +mk(y2)2(y2 + k�1)m�2 +my2f(y2 + k�1)m�2 � k2�mg+ �(y1)1=� ;
(6.7)

£¤¥ �1 = mv0k
2�m < 0, �2 = mk2�m > 0. �à¥®¡à §®¢ ­¨¥ (6.6) ¯¥à¥¢®¤¨â á¥¤«® ­  1 ¤¨­ ¬¨ç¥-

áª®© á¨áâ¥¬ë (6.4) ¢ á¥¤«® y1 = y2 = 0 á¨áâ¥¬ë (6.7),   ªà¨¢ãî S | ¢ ®¤­ã ¨§ ¢¥â¢¥© á¥¯ à âà¨áë
íâ®£® á¥¤« . � ááã¦¤ ï, ª ª ¨ ¢ ¯. 3, ¯®«ãç¨¬ ¤«ï ¨áª®¬®© ¢¥â¢¨ á¥¯ à âà¨áë á¥¤«  y1 = y2 = 0
¤¨­ ¬¨ç¥áª®© á¨áâ¥¬ë (6.7) ¯à¥¤áâ ¢«¥­¨¥

y1 = u�
�
1 +

1X
s=1

asu
s

�
; y2 =

1X
s=1

bsu
s; u = exp(�1�=�): (6.8)

�®íää¨æ¨¥­âë as, bs ®¯à¥¤¥«ïîâáï ¯®á«¥¤®¢ â¥«ì­® (as ®¯à¥¤¥«ï¥âáï ¢á«¥¤ §  bs) á ¯®¬®éìî
à¥ªãàà¥­â­ëå á®®â­®è¥­¨©, ª®â®àë¥ ¯®«ãç îâáï ¢ à¥§ã«ìâ â¥ ¯®¤áâ ­®¢ª¨ àï¤®¢ (6.8) ¢ ãà ¢-
­¥­¨¥ (6.7) á ãç¥â®¬ á®®â­®è¥­¨©

y1� = �1y1 + �1�
�1u�

1X
s=1

sasu
s; y2� = �1�

�1
1X
s=1

sbsu
s

¨ áà ¢­¥­¨ï ª®íää¨æ¨¥­â®¢ ¯à¨ ®¤¨­ ª®¢ëå áâ¥¯¥­ïå u ¢ ¯®«ãç¥­­ëå à ¢¥­áâ¢ å. �¢¨¤ã £à®-
¬®§¤ª®áâ¨ ¬ë ­¥ ¯à¨¢®¤¨¬ íâ¨å à¥ªãàà¥­â­ëå á®®â­®è¥­¨© ¨ ®£à ­¨ç¨¬áï ¢ëç¨á«¥­¨¥¬ ª®íä-
ä¨æ¨¥­â®¢

a1 = m���11 k3�mb1(k
�1 + (m� 2)v0); b1 = �(�1�

�1 � �2)
�1: (6.9)
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� ¯®¬®éìî ¯à¥¤áâ ¢«¥­¨ï (6.8) ¤«ï y1, y2 ¨ à ¢¥­áâ¢ (6.6) ¨§ (6.3) ¯®«ãç ¥¬ ¤«ï ®¤­®¯ à ¬¥-
âà¨ç¥áª®£® á¥¬¥©áâ¢  f(�; c) à¥è¥­¨© ãà ¢­¥­¨ï (6.2), ã¤®¢«¥â¢®àïîé¨å £à ­¨ç­®¬ã ãá«®¢¨î
(2.2) ¯à¨ � = 0, ¯à¥¤áâ ¢«¥­¨¥ ¢ ¢¨¤¥ àï¤  ¯® ¤à®¡­ë¬ áâ¥¯¥­ï¬  ¢â®¬®¤¥«ì­®© ¯¥à¥¬¥­­®© �

f(�; c) = c�(�=c)1=k
1X
s=0

ls(�=c)
s(k+1)=k : (6.10)

�â¬¥â¨¬, çâ® ¯®ª § â¥«¨ áâ¥¯¥­¨ ¢ à §«®¦¥­¨¨ (6.10) ­¥ § ¢¨áïâ ®â m,   ª®íää¨æ¨¥­âë ls ®â
m § ¢¨áïâ ¨ ¢ëà ¦ îâáï ç¥à¥§ ª®íää¨æ¨¥­âë àï¤®¢ (6.8). �â¨ ¢ëà ¦¥­¨ï ¢¥áì¬  £à®¬®§¤ª¨,
¨ ¬ë ®£à ­¨ç¨¬áï â¥¬, çâ® ¯à¨¢¥¤¥¬ «¨èì ª®íää¨æ¨¥­âë

l0 = 1; l1 = kb1=(k + 1);

a1, b1 §¤¥áì ®¯à¥¤¥«ïîâáï à ¢¥­áâ¢ ¬¨ (6.9). �­ ç¥­¨¥ ¯ à ¬¥âà  c ¢ à ¢¥­áâ¢¥ (6.10) ®¯à¥¤¥-
«ï¥âáï ¢â®àë¬ £à ­¨ç­ë¬ ãá«®¢¨¥¬ (2.2). � ãç¥â®¬  á¨¬¯â®â¨ª¨ (6.5) ­¥âàã¤­® ã¡¥¤¨âìáï á
¯®¬®éìî á®®â­®è¥­¨© (6.3), çâ® ¤«ï ª ¦¤®£® à¥è¥­¨ï á¥¬¥©áâ¢  (6.10) áãé¥áâ¢ã¥â â®çª  �1(c)
â ª ï, çâ® f�(�1(c); c) = 0, ¯à¨ç¥¬ f�(�; c) > 0 ¯à¨ � < �1(c). �¥âàã¤­® â ª¦¥ ã¡¥¤¨âìáï, çâ®
¢¬¥áâ¥ á à¥è¥­¨¥¬ f(�) ãà ¢­¥­¨ï (6.2) ¥£® à¥è¥­¨¥¬ ï¢«ï¥âáï ¨ äã­ªæ¨ï ���f(��), £¤¥ � > 0
¯à®¨§¢®«ì­®. � áá¬®âà¨¬ à¥è¥­¨¥ f(�; c) ¯à¨ c = 1 ¨ ®¡®§­ ç¨¬ ¥£® f1(�),   ç¥à¥§ �1 = �1(1)
®¡®§­ ç¨¬ â®çªã, ¢ ª®â®à®© ®¡à é ¥âáï ¢ ­ã«ì f1� (â®çª  �1 ¯à¨ § ¤ ­­ëå k ¨ m ®¯à¥¤¥«ï¥âáï
ç¨á«¥­­®). �®«®¦¨¬ f0 = f1(�1) > 0. �áª®¬®¥ à¥è¥­¨¥ f(�; c0) ãà ¢­¥­¨ï (6.2), ã¤®¢«¥â¢®àïî-
é¥¥ ®¡®¨¬ £à ­¨ç­ë¬ ãá«®¢¨ï¬ (2.2), ¡ã¤¥¬ ¨áª âì ¢ ¢¨¤¥ f(�; c0) = ���f1(��), ¥£® ¯à®¨§¢®¤­ ï
®¡à é ¥âáï ¢ ­ã«ì ¢ â®çª¥ �1(c0). �¯à¥¤¥«¨¬ §­ ç¥­¨¥ � ¨§ ãá«®¢¨ï f(�1(c0); c0) = 1. �ã¤¥¬ ¨¬¥âì
�1(c0) = �1=�, ¯à¨ç¥¬ � = f 1=�0 . � ª¨¬ ®¡à §®¬, à¥è¥­¨¥ f = f�10 f1(f

1=�
0 �) ãà ¢­¥­¨ï (6.2) ã¤®-

¢«¥â¢®àï¥â £à ­¨ç­®¬ã ãá«®¢¨î (2.2) ¯à¨ � = 0, ¬®­®â®­­® ¢®§à áâ ¥â ­  ¨­â¥à¢ «¥ (0; �1f
�1=�
0 ),

¯à¨ç¥¬ f(�1f
�1=�
0 ) = 1. �®«®¦¨¢ f(�) = 1 ¯à¨ � > �1f

�1=�
0 , ¯®«ãç¨¬ à¥è¥­¨¥ ãà ¢­¥­¨ï (6.2),

ã¤®¢«¥â¢®àïîé¥¥ ®¡®¨¬ £à ­¨ç­ë¬ ãá«®¢¨ï¬ (2.2) ¨ ­¥¯à¥àë¢­®¥ ¢¬¥áâ¥ á ¯à®¨§¢®¤­®© f�, á«¥-
¤®¢ â¥«ì­®, ã¤®¢«¥â¢®àïîé¥¥ ¨ ãá«®¢¨î ­¥¯à¥àë¢­®áâ¨ ¯®â®ª  q. � ãç¥â®¬ à ¢¥­áâ¢  (6.10)
¤«ï íâ®£® à¥è¥­¨ï ¯®«ãç¨¬ ®ª®­ç â¥«ì­® ¯à¥¤áâ ¢«¥­¨¥

f = f�10 (�f 1=�0 )1=k
1X
s=0

ls(�f
1=�
0 )s(k+1)=k ¯à¨ 0 � � � �1f

�1=�
0 ;

f = 1 ¯à¨ � > �1f
�1=�
0

(§­ ç¥­¨¥ ¯ à ¬¥âà  c, ¢ë¤¥«ïîé¥¥ ¨áª®¬®¥ à¥è¥­¨¥ ¨§ á¥¬¥©áâ¢  (6.10), ¥áâì c0 = f
�1=�
0 ). �

§ ª«îç¥­¨¥ ®â¬¥â¨¬, çâ® ­¥âàã¤­® ¢ëç¨á«¨âì ¨  á¨¬¯â®â¨ªã f(�) ¯à¨ � ! �0 � 0, �0 = �1f
�1=�
0 .

� ¯®¬®éìî (6.5) ¨ (6.3) ¡¥§ âàã¤  ¯®«ãç ¥¬ ¤¢ãç«¥­­ãî  á¨¬¯â®â¨ªã f(�) ¯à¨ � ! �0�0 ¢ ¢¨¤¥

f(�) = 1�B(�0 � �)1+� + o((�0 � �)1+�);

£¤¥ B = ��(1 + �)�1A�a(1��)�1��0 ¯à¨ m > 2 ¨ � = 1, B = (12�0)�1 ¯à¨ m = 2 (®â¬¥â¨¬, çâ® �0 ¨
�0 á¢ï§ ­ë ¯à®áâë¬ á®®â­®è¥­¨¥¬ ��0 �0 = 1, ï¢«ïîé¨¬áï á«¥¤áâ¢¨¥¬ ãá«®¢¨ï f(�0) = 1).
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