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�®£®ç¨á«¥ë¥ ¨â¥à æ¨®ë¥ ¬¥â®¤ë ¯®§¢®«ïîâ ¤ âì ï¢ë© ¢¨¤ ¯à¨¡«¨¦¥¨ï ª à¥è¥-
¨î áâ æ¨® àëå § ¤ ç ¯à¨ ¯®¬®é¨ í¢®«îæ¨®ëå á¨áâ¥¬ ãà ¢¥¨©. �â® ¤ ¥â ¢®§¬®¦®áâì
¯®«ãç¨âì ¡ëáâà® áå®¤ïé¨¥áï ¨â¥à æ¨®ë¥  «£®à¨â¬ë á ¤®¢®«ì® ¯à®áâ®© ¨å à¥ «¨§ æ¨¥©.

�à¥¤¨ íää¥ªâ¨¢ëå ª« áá¨ç¥áª¨å ¨â¥à æ¨®ëå ¯à®æ¥áá®¢ è¨à®ª®¥ ¯à¨¬¥¥¨¥ ¨¬¥¥â ¬¥-
â®¤ ¯¥à¥¬¥ëå  ¯à ¢«¥¨©, ª®â®àë© ®á®¢    á¯¥æ¨ «ìëå ¯®¤å®¤ å à¥« ªá æ¨¨ ¨áå®¤®©
§ ¤ ç¨ á ¢®§¬®¦®© à¥¤ãªæ¨¥© á«®¦®© § ¤ ç¨ ª ¯®á«¥¤®¢ â¥«ì®áâ¨ ¯à®áâ¥©è¨å [1]{[5]. �á¥ íâ¨
¬¥â®¤ë ¬®¦® ®â¥áâ¨ ª ¬¥â®¤ ¬ à áé¥¯«¥¨ï. �¥â®¤ ¯¥à¥¬¥ëå  ¯à ¢«¥¨© ¬®¦® ®â¥áâ¨
ª ¬¥â®¤ ¬ ¯®«®©  ¯¯à®ªá¨¬ æ¨¨, â. ª. ¥£®  «£®à¨â¬  ¯¯à®ªá¨¬¨àã¥â ¨áå®¤®¥ ãà ¢¥¨¥. � ¥£®
¥¤®áâ âªã ¬®¦® ®â¥áâ¨ ®£à ¨ç¥¨¥   ª®«¨ç¥áâ¢® ®¯¥à â®à®¢ à áé¥¯«¥¨ï (¨å ¤®«¦® ¡ëâì
¥ ¡®«ìè¥ ¤¢ãå). � ¬¥â®¤ ¬ à áé¥¯«¥¨ï, ª®â®àë¥ ¬®¦® íää¥ªâ¨¢® ¨á¯®«ì§®¢ âì ¢ ª ç¥áâ¢¥
¨â¥à æ¨®ëå ¤«ï à¥è¥¨ï áâ æ¨® àëå § ¤ ç, á«¥¤ã¥â ®â¥áâ¨ ¬¥â®¤ë ä ªâ®à¨§ æ¨¨ [6]{[8] ¨
áâ ¡¨«¨§¨àãîé¥© ¯®¯à ¢ª¨ [9], [10]. �à¨ ¬®£®ª®¬¯®¥â®¬ à áé¥¯«¥¨¨ íâ¨ ¬¥â®¤ë âà¥¡ãîâ
¯®¯ à®© ª®¬¬ãâ¨àã¥¬®áâ¨ ¯à®áâà áâ¢¥ëå ®¯¥à â®à®¢ [11], [12]. �®§¬®¦®áâì ¯à¨¬¥¥¨ï
¬¥â®¤®¢ à áé¥¯«¥¨ï (¤à®¡ëå è £®¢) [1], [4] ª ª ¨â¥à æ¨®ëå ¬¥â®¤®¢ à¥è¥¨ï áâ æ¨® àëå
§ ¤ ç ¡¥§ âà¥¡®¢ ¨ï ª®¬¬ãâ¨àã¥¬®áâ¨ ®¯¥à â®à®¢ à áé¥¯«¥¨ï ¡ë«  ¯®ª §   ¢ [13], ®¤ ª®
¢®¯à®áë áª®à®áâ¨ áå®¤¨¬®áâ¨ ¥ ¡ë«¨ ¨§ãç¥ë. � ¤ ®© à ¡®â¥ ¨§ãç¥ë  ¤¤¨â¨¢ë¥ ¨â¥à -
æ¨®ë¥ ¬¥â®¤ë ¯®«®©  ¯¯à®ªá¨¬ æ¨¨ ¤«ï ¥ª®¬¬ãâ¨àã¥¬ëå ®¯¥à â®à®¢ à áé¥¯«¥¨ï [14],
[15]. �à¥¤«®¦¥ë¥  «£®à¨â¬ë à §¢¨¢ îâ ¨§¢¥áâë¥ ¬¥â®¤ë à áé¥¯«¥¨ï, ¤«ï ¨å ¯®«ãç¥ë
®æ¥ª¨ áª®à®áâ¨ áå®¤¨¬®áâ¨ ¨ ¯®ª § ® ¨å ¯à¥¨¬ãé¥áâ¢® ¯¥à¥¤ ª« áá¨ç¥áª¨¬¨.

1. �®áâ ®¢ª  § ¤ ç¨ ¨  ¤¤¨â¨¢ë¥ ¨â¥à æ¨®ë¥ ¬¥â®¤ë

� áá¬®âà¨¬ ®¯¥à â®à®¥ ãà ¢¥¨¥ ¯¥à¢®£® à®¤ 

Au = f (1.1)

á «¨¥©ë¬ ®¯¥à â®à®¬ A : H ! H (¥ ®¡ï§ â¥«ì® ¤¨áªà¥âë¬), ¤¥©áâ¢ãîé¨¬ ¢ ¢¥é¥áâ¢¥®¬
£¨«ì¡¥àâ®¢®¬ ¯à®áâà áâ¢¥ H á® áª «ïàë¬ ¯à®¨§¢¥¤¥¨¥¬ (u; v) ¨ ®à¬®© kuk =

p
(u; u). �ãáâì

A | ¯®«®¦¨â¥«ì® ®¯à¥¤¥«¥ë© ®¯¥à â®à, A � cE, c > 0, HA | ¯à®áâà áâ¢® H, á ¡¦¥®¥
áª «ïàë¬ ¯à®¨§¢¥¤¥¨¥¬ (u; v)A = (Au; v) ¨ ®à¬®© kukA =

p
(Au; u).

�¥è¥¨¥ ¬®£¨å áâ æ¨® àëå § ¤ ç (1.1) á ¯®«®¦¨â¥«ìë¬ ®¯¥à â®à®¬ ¬®¦® à áá¬ âà¨-
¢ âì ª ª ¯à¥¤¥«ìë© ¯¥à¥å®¤ ¯à¨ t!1 ¥áâ æ¨® à®© í¢®«îæ¨®®© § ¤ ç¨

dy

dt
+Ay = f; t > 0; y(0) = v0: (1.2)

�à¨ à¥è¥¨¨ áâ æ¨® à®© § ¤ ç¨ á ¯®¬®éìî í¢®«îæ¨®®© § ¤ ç¨ (1.2) ¯à®¬¥¦ãâ®çë¥ § -
ç¥¨ï à¥è¥¨ï íâ®£® ãà ¢¥¨ï ¥ ¯à¥¤áâ ¢«ïîâ ¨â¥à¥á . �â¥à¥áãîâ «¨èì  á¨¬¯â®â¨ç¥áª¨¥
à¥è¥¨ï § ¤ ç¨ (1.2) ¯à¨ t!1. �® áãâ¨ ¤¥«  ¢ íâ®¬ ¨ á®áâ®¨â ¥¤¨áâ¢® ¨ à §«¨ç¨¥ íâ¨å § ¤ ç
[13].
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�¥è¥¨ï § ¤ ç (1.1), (1.2) á¢ï§ ë ¥à ¢¥áâ¢®¬ ¢¨¤ 

ky(t)� uk � e�ctkv0 � uk: (1.3)

�â  áå¥¬  ¯®§¢®«ï¥â ª®áâàã¨à®¢ âì íää¥ªâ¨¢ë¥ ¨â¥à æ¨®ë¥ ¬¥â®¤ë, ¢ â®¬ ç¨á«¥ ¨   ®á®-
¢¥ ¥ï¢ëå ¬¥â®¤®¢. � ¯à¨¬¥à, ¤«ï à¥è¥¨ï í¢®«îæ¨®®© § ¤ ç¨ (1.2) ¬®¦® ¨á¯®«ì§®¢ âì
¥ï¢ë© à §®áâë© ¬¥â®¤

(by � y)=� +Aby = f; y(0) = y0; (1.4)

  á¥âª¥ t = tj = j� , y = y(t), by = y(t + �), j � 0. � §®áâ ï áå¥¬   á¨¬¯â®â¨ç¥áª¨ ãáâ®©ç¨¢ 
¯à¨ «î¡ëå � > 0. � §®áâ ï § ¤ ç  (1.4), ª ª ¨ (1.2), ¬®¦¥â á«ã¦¨âì  «£®à¨â¬®¬ ¤«ï à¥è¥¨ï
ãà ¢¥¨ï (1.1), ¯à¨ íâ®¬ ¥áâ¥áâ¢¥® ¥â ¥®¡å®¤¨¬®áâ¨ £®¢®à¨âì ® â®ç®áâ¨ (1.4) ¯à¨ à¥è¥¨¨
§ ¤ ç¨ (1.2), ®á®¡¥® ¯à¨ ¡®«ìè¨å t.

�«ï à §®áâ®© í¢®«îæ¨®®© § ¤ ç¨ (1.4) ¨¬¥¥â ¬¥áâ® ¥à ¢¥áâ¢® â¨¯  (1.3), ª®â®à®¥ ¨¬¥-
¥â ¢¨¤

ky(tj)� uk � e��tjky0 � uk; � = �(�) > 0: (1.5)

�¥«¨ç¨  �(�) ¯à¨ ¡®«ìè¨å t ¬®¦¥â áãé¥áâ¢¥® ®â«¨ç âìáï ®â c, ®¤ ª® ¤«ï à¥è¥¨ï § ¤ ç¨
(1.1) íâ® ¥ ¢ ¦®. �á¯®«ì§®¢ ¨¥ (1.4) ¢ ª ç¥áâ¢¥ ¨â¥à æ¨®®£® ¬¥â®¤  ¯à ªâ¨ç¥áª¨ ¥¢ë-
£®¤®, â. ª. ¯à¨ à¥è¥¨¨ íâ®£® ãà ¢¥¨ï ª®«¨ç¥áâ¢® ®¯¥à æ¨©   ª ¦¤®¬ è £¥ ¨â¥à æ¨®®£®
¯à®æ¥áá  ¥ ¬¥ìè¥, ç¥¬ ¯à¨ ¥¯®áà¥¤áâ¢¥®¬ à¥è¥¨¨ § ¤ ç¨ (1.1). �®íâ®¬ã ¯à¥¤áâ ¢«ï¥â
¨â¥à¥á ¯®áâà®¥¨¥ â ª¨å ¨â¥à æ¨®ëå ¬¥â®¤®¢, ¢ ª®â®àëå á®åà ï« áì ¡ë áª®à®áâì áå®¤¨¬®-
áâ¨, ¡«¨§ª ï ª (1.5), ¨ ª®«¨ç¥áâ¢® ¨â¥à æ¨©   ª ¦¤®¬ è £¥ ¨â¥à æ¨®®£® ¬¥â®¤  áãé¥áâ¢¥®
ã¬¥ìè «®áì. � ª¨¬¨ ¬¥â®¤ ¬¨ ï¢«ïîâáï  ¤¤¨â¨¢ë¥ à §®áâë¥ áå¥¬ë, ¯à¥¤«®¦¥ë¥ ¢ [16],

[17]. �¤¤¨â¨¢ë¥ ¬¥â®¤ë ¡ §¨àãîâáï   ¯à¥¤áâ ¢«¥¨¨ ®¯¥à â®à  A ¢ ¢¨¤¥
pP

�=1
A�, £¤¥ ª ¦¤ë©

¨§ ®¯¥à â®à®¢ A� ï¢«ï¥âáï áâ æ¨® àë¬ (¢®§¬®¦® ¢ëà®¦¤¥ë¬) ®¯¥à â®à®¬. �à ¢¥¨¥

(1.1) ¬®¦® § ¯¨á âì ¢ ¢¨¤¥
pP

�=1
A�u� = f; (¥á«¨ u� = u, � = 1; p, â® íâ® à ¢¥áâ¢® ¯¥à¥å®-

¤¨â ¢ ãà ¢¥¨¥ (1.1)). �¬¥áâ® áª «ïà®© í¢®«îæ¨®®© § ¤ ç¨ à áá¬®âà¨¬ § ¤ çã �®è¨ ¤«ï
á¨áâ¥¬ë ãà ¢¥¨©

dy�
dt

+
pX

�=1

A�y� = f; � = 1; p; y�(0) = y0: (1.6)

�à¨ à¥è¥¨¨ (1.6) ¬®¦® ¯à¨¬¥ïâì à §«¨çë¥ à §®áâë¥ áå¥¬ë ¨, ¥á«¨ ®¨ ï¢«ïîâáï  á¨¬-
¯â®â¨ç¥áª¨ ãáâ®©ç¨¢ë¬¨, ¨å ¬®¦® ¨á¯®«ì§®¢ âì ¢ ª ç¥áâ¢¥ ¨â¥à æ¨®ëå ¬¥â®¤®¢ à¥è¥¨ï
ãà ¢¥¨ï (1.1). � ¤ ®© à ¡®â¥ ¤¥â «ì® ¨§ãç ¥âáï  «£®à¨â¬ ¯ à ««¥«ì®£® ¢ëç¨á«¥¨ï,
¯à¥¤«®¦¥ë© ¢ [18], [19], ª®â®àë© ¨¬¥¥â ¢¨¤�

s+1
y� �

sey�=� + �A�

�
s+1
y� �

s
y�
�
+

pX
�=1

A�
s
y� = f;

sey = p�1
pX

�=1

s
y�; � = 1; p;

0
y� = y0: (1.7)

�«ï ¯®£à¥è®áâ¨ ¤ ®£® ¨â¥à æ¨®®£® ¬¥â®¤ 
s
z� = u�

s
y� ¨¬¥¥â ¬¥áâ® § ¤ ç �

s+1
z� �

sez�+ �A�

�
s+1
z� �

s
z�
�
+

pX
�=1

A�
s
z� = 0;

sez = u� p�1
pX

�=1

s
z�; � = 1; p;

0
z� = u� y0:(1.8)

�â¬¥â¨¬, çâ® ¨â¥à æ¨®ë© ¬¥â®¤ (1.7) ¨§ãç «áï ¢ [17]{[22]. �áá«¥¤®¢ ¨¥ íâ®£® ¬¥â®¤    ¡ §¥
ãà ¢¥¨ï (1.8) ¯®§¢®«ï¥â ¯®«ãç¨âì íää¥ªâ¨¢ë¥ ®æ¥ª¨ ¯®£à¥è®áâ¨ ¬¥â®¤  ¨ ¤®ª § âì ¨å
¢ëá®ªãî áª®à®áâì áå®¤¨¬®áâ¨ ¨ ä ªâ¨ç¥áª¨ ¯®«ãç¨âì ®æ¥ª¨ ¯®£à¥è®áâ¨, ¡«¨§ª¨¥ ª (1.5).

�¨¦¥ ¡ã¤ãâ à áá¬®âà¥ë á«ãç ¨ ª®¬¬ãâ¨àã¥¬ëå ®¯¥à â®à®¢ A�, ¥ª®¬¬ãâ¨àã¥¬ëå ®¯¥à -
â®à®¢ A�,   â ª¦¥ ¢ëà®¦¤¥ëå ®¯¥à â®à®¢ à áé¥¯«¥¨ï. �ã¤ãâ â ª¦¥ ¯à¨¢¥¤¥ë ¯à¨¬¥àë
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¯à¨¬¥¥¨ï ®¯¥à â®àëå ¨â¥à æ¨®ëå ¬¥â®¤®¢ (1.7) ª à¥è¥¨î áâ æ¨® àëå § ¤ ç ¬ â¥¬ -
â¨ç¥áª®© ä¨§¨ª¨.

2. �æ¥ª  áª®à®áâ¨ áå®¤¨¬®áâ¨  ¤¤¨â¨¢®£® ¨â¥à æ¨®®£® ¬¥â®¤ 

�®¯à®á ¬ ¨áá«¥¤®¢ ¨ï íª®®¬¨çëå ¨â¥à æ¨®ëå ¬¥â®¤®¢ ¯®á¢ïé¥  ®¡è¨à ï «¨â¥à -
âãà  [2]{[4]. �®«ìè®¥ ¢¨¬ ¨¥ ã¤¥«¥® ¯®¢ëè¥¨î áª®à®áâ¨ áå®¤¨¬®áâ¨ íâ¨å ¬¥â®¤®¢ §  áç¥â
¢ë¡®à  ®¯â¨¬ «ì®£® ¨â¥à æ¨®®£® ¯ à ¬¥âà  � . �à¨ç¥¬  ¤® ®â¬¥â¨âì, çâ® ª®¬¬ãâ â¨¢ë©
á«ãç © ¨§ãç¥ ¡®«¥¥ ¤¥â «ì®. �â® ª á ¥âáï ¯à¥¦¤¥ ¢á¥£® ¤¢ãåª®¬¯®¥â®£® ¬¥â®¤  ¯¥à¥¬¥-
ëå  ¯à ¢«¥¨© ¨ ¬¥â®¤  ä ªâ®à¨§ æ¨¨. � [21], [22] ¨§ãç¥ë ¢®¯à®áë áå®¤¨¬®áâ¨ ¤«ï ¬®£®-
ª®¬¯®¥â®£®  ¤¤¨â¨¢®£® ¨â¥à æ¨®®£® ¬¥â®¤  ¯®«®©  ¯¯à®ªá¨¬ æ¨¨ ¢¨¤ 

�
s+1
y� �

s
y�
�
=� + �A�

�
s+1
y� �

s
y�
�
+

pX
�=1

A�
s
y� = f; � = 1; p;

0
y� = y0; (2.1)

®¤ ª® ¯®«ãç¨âì ®æ¥ª¨ áª®à®áâ¨ áå®¤¨¬®áâ¨ ¥ ã¤ «®áì. �¥§ ç¨â¥«ìë¥ ¨§¬¥¥¨ï  «£®à¨â-
¬  (2.1),   ¨¬¥®, ãáà¥¤¥¨¥ à¥è¥¨ï ¢ ¯¥à¢®¬ ¢ëà ¦¥¨¨, ¯à¨¢¥«¨ ª ¨â¥à æ¨®®¬ã ¬¥â®¤ã
(1.7), çâ® áãé¥áâ¢¥® ¨§¬¥¨«® á¨âã æ¨î. �¥«® ¢ â®¬, çâ® ¢ ¨â¥à æ¨®®¬ ¬¥â®¤¥ ª®¬¯®¥âë
à¥è¥¨ï áå®¤ïâáï ¤àã£ ª ¤àã£ã ¤®¢®«ì® ¡ëáâà®,   ª ¥¤¨®¬ã à¥è¥¨î| ¬¥¤«¥®. �à¥¤«®¦¥-
 ï ¢ [18]{[20] ¯à®áâ ï ¬®¤¨ä¨ª æ¨ï (2.1) ¢¨¤  (1.7) ¨á¯à ¢¨«  íâã á¨âã æ¨î. � ¤ ®© à ¡®â¥
¨§ãç¥ ¢®¯à®á ® áª®à®áâ¨ áå®¤¨¬®áâ¨ ¨â¥à æ¨®®£® ¬¥â®¤  (2.1) ¨ ¯®«ãç¥ë ®æ¥ª¨ ¯®£à¥è®-
áâ¨ ¥¢ï§ª¨ ¢ ¥áª®«ìª® ¥âà ¤¨æ¨®®© ®à¬¥. �¨¦¥ ¯à¨¢¥¤¥ë ®æ¥ª¨ áª®à®áâ¨ áå®¤¨¬®áâ¨
¨â¥à æ¨®®£® ¯à®æ¥áá  (1.7) ¢ ¥áâ¥áâ¢¥®© («¥£ª® ¯à®¢¥àï¥¬®©) ®à¬¥.

�ãáâì A� � ��E, �� > 0, � = 1; p, | ¯®«®¦¨â¥«ì® ®¯à¥¤¥«¥ë¥ ¨ ¯®¯ à® ª®¬¬ãâ¨àã¥-
¬ë¥ ®¯¥à â®àë, A�A� = A�A�. � áá¬®âà¨¬ ¯®¤à®¡® á«ãç © � = p. �¬®¦¨¬ ãà ¢¥¨¥ (1.8)

áª «ïà®   �A�
s+1
z� ¨ ¯à®áã¬¬¨àã¥¬ ¯® � = 1; p

pX
�=1

k
s+1
z�k

2
A�
�

�
sez; pX

�=1

A�
s+1
z�

�
+ 0:5� 3p

pX
�=1

k(A�
s
z�)tk2 + 0:5�p

pX
�=1

kA�
s+1
z�k

2 +

+ 0:25�
� pX

�=1

A�(
s+1
z� +

s
z�)

2 � � 2
 pX
�=1

(A�
s
z�)t

2� = 0:5�p
pX

�=1

kA�
s
z�k

2; (2.2)

£¤¥
s
z�t = (

s+1
z� �

s
z�)=� . � ª ª ª (

s+1ez �
sez)=� = �

pP
�=1

A�
s+1
z�, â®

�
sez; pX

�=1

A�
s+1
z�

�
= �

1
�

�
(
s+1ez �

sez); sez� = �0:5��1
�
k
s+1ez k2 � ksezk2 � � 2k

seztk2�;
sezt = �

pX
�=1

A�
s+1
z� = �0:5

� pX
�=1

A�(
s+1
z� +

s
z�) + �

pX
�=1

(A�
s
z�)t

�
:

�ç¨âë¢ ï ¢ëè¥áª § ®¥, ¨§ à ¢¥áâ¢  (2.2) ¯®«ãç¨¬

�
pX

�=1

k
s+1
z�k

2
A�

+ 0:5k
s+1ez k2 + 0:5� 4

�
p

pX
�=1

k(A�
s
z�)tk

2 �

 pX
�=1

(A�
s
z�)t

2�+
+ 0:5� 2p

pX
�=1

kA�
s+1
z�k

2 + 0:25� 2
� pX

�=1

A�(
s+1
z� +

s
z�)

2 + � 2
 pX
�=1

(A�
s
z�)t

2��
� 0:5� 2

� pX
�=1

A�
s+1
z�

2 �  pX
�=1

A�
s
z�

2� = 0:5k
sezk2 + 0:5� 2p

pX
�=1

kA�
s
z�k

2: (2.3)
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�ç¨âë¢ ï, çâ®

(A�
s
z�)t � (A�

s
z�)t = �p�1��2

s+1
v (�;�);

s+1
v (�;�) =

s+1
z� �

s+1
z �;

0:5p
pX

�=1

k(A�
s
z�)tk

2 � 0:5
 pX
�=1

(A�
s
z�)t

2 = pX
�;�=1;�>�

k(A�
s
z�)t � (A�

s
z�)tk

2;

¡ã¤¥¬ ¨¬¥âì

2�
pX

�=1

k
s+1
z�k

2
A�

+ k
s+1ez k2 + p�2k

s+1
v k23 + � 2p

pX
�=1

kA�
s+1
z�k

2 � � 2
 pX
�=1

A�
s+1
z�

2 =
= k

sezk2 + � 2p
pX

�=1

kA�
s
z�k

2; k
s+1
v k23 =

pX
�;�=1;�>�

(
s+1
v (�;�);

s+1
v (�;�)): (2.4)

�ãáâì � = min
1<�<p

��, â®£¤  2�
pP

�=1
k
s+1
z�k

2
A�
� 2��

pP
�=1

k
s+1
z�k

2 � 2��pk
sezk2.

� ª¦¥ ¨¬¥¥â ¬¥áâ® ¥à ¢¥áâ¢® kA�z�k
2 � ��(A�z�; z�), £¤¥ �� > A� | ¢¥àåïï £à ¨æ 

á¯¥ªâà  ®¯¥à â®à  A�. � ¥á«¨ � = max
1<�<p

��, â®

pX
�=1

(A�z�; z�) � ��1
pX

�=1

kA�z�k
2:

�§ à ¢¥áâ¢  (2.4) á«¥¤ã¥â ¥à ¢¥áâ¢® ¢¨¤ 

(1 + 2���p)k
s+1ez k2 + (1 + (1��)��1��1)� 2p

pX
�=1

kA�
s+1
z�k

2 � k
sezk2 +

+ � 2p2
pX

�=1

kA�
s
z�k

2; 0 < � < 1: (2.5)

�âáî¤  á«¥¤ã¥â

�¥®à¥¬  2.1. �ãáâì A� � ��E, � = 1; p, �� > 0. �®£¤  ¨â¥à æ¨®ë© ¬¥â®¤ (1:7) áå®¤¨âáï
¨ ¤«ï ¥£® áª®à®áâ¨ áå®¤¨¬®áâ¨ á¯à ¢¥¤«¨¢  ®æ¥ª 

Q(
s+1
z ) � qs+1Q(

0
z); s = 0; 1; : : : ;

£¤¥

Q(
s+1
z ) = k

s+1ez k2 + � 2
pX

�=1

kA�
s
z�k

2; q = min
�
(1 + 2��p)�1; (1 +��1p�2��1)

�
:

�¯â¨¬ «ì ï áª®à®áâì áå®¤¨¬®áâ¨ ¢ ¤ ®¬ á«ãç ¥ ¤®áâ¨£ ¥âáï ¯à¨ ¢ë¯®«¥¨¨ à ¢¥áâ¢ 
1 + 2���p = 1 + (1 � �)��1��1, â. ¥. ¯à¨ � =

�
1��
2���p

�1=2
. �â®â à¥§ã«ìâ â á®£« áã¥âáï á ®¡ëçë¬

¬¥â®¤®¬ ¯¥à¥¬¥ëå  ¯à ¢«¥¨© ¨ ¬¥â®¤®¬ ä ªâ®à¨§ æ¨¨. �¤ ª® ¢ ¤ ®¬ á«ãç ¥ ¥â ®£à -
¨ç¥¨ï   ª®«¨ç¥áâ¢® ®¯¥à â®à®¢ à áé¥¯«¥¨ï ¨ ¥ âà¥¡ã¥âáï ¨å ª®¬¬ãâ¨àã¥¬®áâì.

�à¨¢¥¤¥¬ ®æ¥ªã ¯®£à¥è®áâ¨, ¯®«ãç¥ãî ¤«ï ¨â¥à æ¨®®£® ¬¥â®¤  (1.7), ¨ áà ¢¨¬ ¥¥ á
®æ¥ª®© (2.5).

�¥®à¥¬  2.2 ([21]). �ãáâì A� � ��E, �� � � > 0, � = 1; p. �®£¤  ¤«ï ¨â¥à æ¨®®£® ¬¥â®¤ 
(1:7) ¨¬¥¥â ¬¥áâ®

Q(
s
y) � q�sQ(

0
y); (2.6)

£¤¥ Q(
s
y) = kr(

s
y)k2 + p�2��2k

s
vk23, q = 1 + 2�p� , r(

s
y) =

pP
�=1

A�
s
y� � f .
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�§ ®æ¥ª¨ (2.6), ¢®®¡é¥ £®¢®àï, ¥ á«¥¤ã¥â áå®¤¨¬®áâì ¨â¥à æ¨®®£® ¬¥â®¤  (1.7) ª à¥è¥¨î
¨áå®¤®© § ¤ ç¨, â. ª. ¥¢ï§ª  ¬¥â®¤  r(

s
y) ¥ á®£« á®¢   á ¥áâ¥áâ¢¥®© ¥¢ï§ª®©A

s
y�f , ª®â®à ï

¨á¯®«ì§ã¥âáï ¤«ï ª« áá¨ç¥áª¨å ¨â¥à æ¨®ëå ¬¥â®¤®¢. �§ ®æ¥ª¨ (2.6) ¬®¦® ¯®«ãç¨âì ®æ¥ªã,
¯®¤®¡ãî (2.5). �¬¥¥â ¬¥áâ® â®¦¤¥áâ¢®

s
y� =

sey + p�1
pX

�=1

(
s
y� � y�) =

sey + p�1
pX

�=1

s
v(�;�);

¨ ¤«ï
s
z = y �

sey ¯®«ãç¨¬ à ¢¥áâ¢® ¢¨¤ 

A
s
z = �

pX
�=1

A�

�
p�1

pX
�=1

s
v(�;�)

�
+ r(

s
y): (2.7)

�§ à ¢¥áâ¢  (2.7)  å®¤¨¬
s
� = �

pP
�=1

B�

�
p�1

pP
�=1

s
v(�;�)

�
+ A�1r(

s
y), £¤¥ B� = A�1A� =�

E +
pP

�=1; �6=�
A�1� A�

�
. �¤¥áì ¢®§¨ª ¥â ¥®¡å®¤¨¬®áâì ¢ë¤¥«¨âì ®â¤¥«ì® ª®¬¬ãâ¨àã¥¬ë© á«ã-

ç ©. �à¨ ãá«®¢¨¨ ¯®¯ à®© ª®¬¬ãâ¨àã¥¬®áâ¨ ®¯¥à â®à®¢ A�, � = 1; p, ¨¬¥¥â ¬¥áâ® ¥à ¢¥áâ¢®
kB�k < 1 ¨ k

s
zk � c�1kr(

s
y)k+ k

s
vk3, 0 < c < A. �§ ®æ¥ª¨ (2.5) á«¥¤ãîâ ¥à ¢¥áâ¢ 

k
s
vk3 � p�(q�sQ(

0
y)1=2); kr(

s
y)k � Q(

0
y)1=2: (2.8)

�âáî¤  ¤«ï
s
z ¨¬¥¥â ¬¥áâ® ®æ¥ª  k

s
�k � (p� + c�1)q�s=2(Q(

0
y))1=2: �«ï áå®¤¨¬®áâ¨ ¨â¥à æ¨®®£®

¬¥â®¤  (1.7) á¯à ¢¥¤«¨¢ 

�¥®à¥¬  2.3. �á«¨ ®¯¥à â®àë A� � ��E, �� > �, � > 0, ¯®¯ à® ª®¬¬ãâ¨àã¥¬ë, â® ¨â¥-

à æ¨®ë© ¬¥â®¤ (1:7) ¯à¨ � = p áå®¤¨âáï ª à¥è¥¨î ¨áå®¤®© § ¤ ç¨, ¨ ¤«ï áª®à®áâ¨ ¥£®

áå®¤¨¬®áâ¨ á¯à ¢¥¤«¨¢  ®æ¥ª 

k
s
zk � (p� + c�1)(1 + 2�p�)s=2kr(

0
y)k:

� ª¨¬ ®¡à §®¬, ¢ ¤ ®¬ á«ãç ¥ ¨â¥à æ¨®ë© ¬¥â®¤ (1.7) áå®¤¨âáï ¯à¨ «î¡ëå � > 0.
�¯â¨¬ «ì®¥ ¦¥ § ç¥¨¥ ¨â¥à æ¨®®£® ¯ à ¬¥âà  � , ª ª ¨ á«¥¤ã¥â ¨§ (2.8), ¤®áâ¨£ ¥âáï ¯à¨
� = �0 = p�1c�1. �æ¥ª¨ (2.8) ¯®ª §ë¢ îâ, çâ® áå®¤¨¬®áâì ¨â¥à æ¨®®£® ¬¥â®¤  (1.7) § ¢¨á¨â
â®«ìª® ®â ¨¦¥© £à ¨æë á¯¥ªâà  ®¯¥à â®à®¢ A;A�. �â® £®¢®à¨â ® â®¬, çâ® áª®à®áâì áå®¤¨-
¬®áâ¨  «£®à¨â¬  (1.7) ¡«¨§ª  ª ç¨áâ® ¥ï¢®© áå¥¬¥ (1.4). �¯¥à â®àë A, A�, � = 1; p, ¬®£ãâ
¡ëâì ª ª ¤¨áªà¥âë¬¨, â ª ¨ ¥¯à¥àë¢ë¬¨. � á«ãç ¥ à §¤¥«ïîé¨å ¯¥à¥¬¥ëå ¬¥â®¤ (1.7)
¯® á¢®¨¬ ª ç¥áâ¢ ¬ ¡«¨§®ª ª ¬¥â®¤ã �ãàì¥.

�«ï ®æ¥ª¨ ç¨á«  ¨â¥à æ¨© S, ¥®¡å®¤¨¬®£® ¤«ï ¤®áâ¨¦¥¨ï âà¥¡ã¥¬®© â®ç®áâ¨, ¤®áâ -
â®ç® ¯®âà¥¡®¢ âì, çâ®¡ë (p� + c�1)(1 + 2�cp)�S=2 < ". �ãáâì c + p��; â®£¤  ¯à¨ � = p�1c�1

¨¬¥¥¬

� � �0(") = 2(ln(2c�1="))= ln(1 + 2p�1): (2.9)

�§ (2.9) ¢¨¤®, çâ® ¯à¨ ¤¨áªà¥âëå ®¯¥à â®à å A, A�, � = 1; p, ª®«¨ç¥áâ¢® ¨â¥à æ¨© ¥ § ¢¨á¨â
®â è £  ¯à®áâà áâ¢¥®© á¥âª¨. �â® £®¢®à¨â ® ¯à¥¨¬ãé¥áâ¢¥ ¬¥â®¤  (1.7) ¯¥à¥¤ ª« áá¨ç¥áª¨¬
¬¥â®¤®¬ ¯¥à¥¬¥ëå  ¯à ¢«¥¨© ¨ ®á¢®¡®¦¤ ¥â  á ®â á«®¦®© ¯à®æ¥¤ãàë ¢ë¡®à  ®¯â¨¬ «ì-
®£® ¨â¥à æ¨®®£® ¯ à ¬¥âà .

� ¥ª®¬¬ãâ¨àã¥¬®¬ á«ãç ¥ â ª®£® à¥§ã«ìâ â  ¯®«ãç¨âì ¯®ª  ¥ ã¤ «®áì. � ¥ª®¬¬ãâ¨àã¥-
¬®¬ á«ãç ¥ [21] á¯à ¢¥¤«¨¢ 
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�¥®à¥¬  2.4. �á«¨ E�� � A� � ��E, �� > 0, �� > 0, â® ¨â¥à æ¨®ë© ¬¥â®¤ (1:7)
áå®¤¨âáï ª à¥è¥¨î ¨áå®¤®© § ¤ ç¨, ¨ ¤«ï áª®à®áâ¨ ¥£® áå®¤¨¬®áâ¨ á¯à ¢¥¤«¨¢  ®æ¥ª 

k
s
zkA � c�1=2kr(

s
y)k+

� pX
�=1

p�1 pX
�=1

s+1
v (�;�)

2
A

�1=2

� (c�1=2 + ���1=2)qs=2(Q(
0
y))1=2; (2.10)

£¤¥ � =
pP

�=1
��.

�æ¥ª  (2.10) â¨¯¨ç  ¤«ï ¬¥â®¤  ¯¥à¥¬¥ëå  ¯à ¢«¥¨© ¨ ¬¥â®¤  ä ªâ®à¨§ æ¨¨, ® ® 
á¯à ¢¥¤«¨¢  ¢ ¥ª®¬¬ãâ¨àã¥¬®¬ á«ãç ¥ ¨ «î¡®¬ ª®«¨ç¥áâ¢¥ á« £ ¥¬ëå à §¡¨¥¨ï ®¯¥à â®à  A.
�â® ¢ëà ¦ ¥âáï ¢ â®¬, çâ® ¢ (2.10) ¢å®¤¨â á« £ ¥¬®¥ ���1=2.

3. �¥ª®â®àë¥ ¯à¨¬¥àë

� áá¬®âà¨¬ ¯¥à¢ãî ªà ¥¢ãî § ¤ çã ¤«ï í««¨¯â¨ç¥áª®£® ãà ¢¥¨ï

Lu = �
pX

�;�=1

@

@x�

�
k��(x)

@u

@x�

�
= f(x); x 2 G(p); u(x) = 0; x 2 @G(p); (3.1)

£¤¥ G(p) = (x1; : : : ; xp) | ®¤®á¢ï§ ï ®¡« áâì á ¤®áâ â®ç® £« ¤ª®© £à ¨æ¥© @G(p), L | í««¨¯-
â¨ç¥áª¨© ®¯¥à â®à, ¤«ï ª®â®à®£® ¢ë¯®«ïîâáï ãá«®¢¨ï

c1

pX
�=1

�2� �
pX

�;�=1

k��(x) ���� � c2

pX
�=1

�2�; 0 6= � = (�1; : : : ; �p) 2 G(p): (3.2)

�à¥¤¯®« £ ¥âáï â ª¦¥, çâ® ¨§¢¥áâë¥ äãªæ¨¨ f(x), k��(x) â ª®¢ë, çâ® à¥è¥¨¥ § ¤ ç¨ (3.1)
áãé¥áâ¢ã¥â, ¥¤¨áâ¢¥® ¨ ®¡« ¤ ¥â £« ¤ª®áâìî, ¥®¡å®¤¨¬®© ¤«ï ª®àà¥ªâ®áâ¨ à áá¬ âà¨¢ ¥-
¬ëå ¨¦¥ ¬¥â®¤®¢.

�à¨ k�� = 0, � 6= �, ¤«ï à¥è¥¨ï ãà ¢¥¨ï (1.1) ¬®¦® ¥¯®áà¥¤áâ¢¥® ¨á¯®«ì§®¢ âì

¨â¥à æ¨®ë© ¬¥â®¤ (1.4). �à¥¤áâ ¢«¥¨¥ A =
pP

�=1
A�, A� � 0, ¥ ¯®§¢®«ï¥â ¯à¨¬¥¨âì ¯à¥¤-

«®¦¥ë¥ ¬¥â®¤ë ¤«ï ãà ¢¥¨© á® á¬¥è ë¬¨ ¯à®¨§¢®¤ë¬¨. �®áâà®¨¬ ¯®¤®¡®¥ ¯à¥¤áâ -
¢«¥¨¥ ¢ á«ãç ¥, ª®£¤  ¢ ãà ¢¥¨¨ (1.1) § ¤  í««¨¯â¨ç¥áª¨© ¤¨ää¥à¥æ¨ «ìë© ®¯¥à â®à á®
á¬¥è ë¬¨ ¯à®¨§¢®¤ë¬¨.

�á«¨ k��(x) 6= k��(x), â® ãà ¢¥¨¥ (3.1) ¬®¦® ¢¨¤®¨§¬¥¨âì á ¯®¬®éìî ¯à®áâ®© ¯à®æ¥¤ãàë.
�à¥®¡à §ã¥¬ ®¯¥à â®à L, ¯à¥¤áâ ¢¨¢ ¥£® ¢ ¢¨¤¥ áã¬¬ë á¨¬¬¥âà¨ç®£® ¨ ª®á®á¨¬¬¥âà¨ç®£®
®¯¥à â®à®¢ L = A+B, £¤¥

Au =
pX

�;�=1

A��u; A��u = �
@

@x�

�
a��(x)

@u

@x�

�
;

a�� = k��; a�� = 0;5(k�� + k��) = a��; � 6= �; � = 1; p; � = 1; p;

Bu =
pX

�=1

B�u; B�u = �0;5
�

@

@x�
(b�(x)u) + b�(x)

@u

@x�

�
;

b�(x) = 0;5
pX

�=1; �6=�

@

@x�
(k�� � k��); ~b(x) = (b1; : : : ; bp); div~b(x) = 0 8x 2 G(p):

�à¨ íâ®¬ ¢ ¯à®áâà áâ¢¥ H ®¯¥à â®àë A, B ®¡« ¤ îâ á«¥¤ãîé¨¬¨ á¢®©áâ¢ ¬¨: 1) A | á ¬®-
á®¯àï¦¥ë© ¯®«®¦¨â¥«ì®-®¯à¥¤¥«¥ë© ®¯¥à â®à, â. ¥. A = A� > 0; 2) B = �B�, B� = �B��,
� = 1; p, ¨ (B�u; u) = 0 ¤«ï ¢á¥å u 2 H.
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� «¥¥ ®¯¥à â®à A à §®¡ì¥¬   áã¬¬ã ¤¢ãå ®¯¥à â®à®¢: A = A+ +A� â ª, çâ®

A� =
pX

�=1

A�� ; A��u =
�X
i=1

A��iu; A+
�u =

pX
i=�

A+
�iu;

A�i =

(
A+
�i; i � �;

A��i; i � �;
A��iu =

@

@x�

�
a��i

@u

@xi

�
; a��� = a+�� = 0;5a��; a�i =

(
a+�i; i > �;

a��i; i < �:

�ãáâì H2p | £¨«ì¡¥àâ®¢® ¯à®áâà áâ¢® ¢¥ªâ®à-äãªæ¨© U = (u!1 ; : : : ; u!p ; u
 
p ; : : : ; u

 
1 ),

u!� ; u
 
� 2 H, � = 1; p, ®¡à é îé¨åáï ¢ ã«ì   £à ¨æ¥ @G(p), á® áª «ïàë¬ ¯à®¨§¢¥¤¥¨¥¬

(U; V ) =
2pP
�=1

(u��; v
�
�) ¨ ®à¬®© kUk =

p
(U; V ), £¤¥ u�� = u!� , � = 1; p, ¨ u�� = u 2p+1��, � = p+ 1; 2p.

�®á«¥ ¯à¥®¡à §®¢ ¨© ®¯¥à â®à  L ¢¬¥áâ® § ¤ ç¨ (3.1) à áá¬®âà¨¬ á¨áâ¥¬ã ¤¨ää¥à¥æ¨-
 «ìëå ãà ¢¥¨©

@y�
@t

+
2pX
�=1

(A��y(�) +
1
2
B�y�) = f(x); x 2 G(p); y�(0) = y0; y�(x) = 0; x 2 @G(p); � = 1; 2p:

(3.3)

� á¨áâ¥¬¥ (3.3) ¯à¨ïâë á«¥¤ãîé¨¥ ®¡®§ ç¥¨ï:

A��y(�) =

(
A�� y

!
(�); � = 1; p;

A+
2p+1��y

 
(2p+1��); � = p+ 1; 2p;

B�y(�) =

(
B�y

!
(�); � = 1; p;

B2p+1��y
 
(2p+1��); � = p+ 1; 2p;

(3.4)

£¤¥ A�� y
!
(�) = A���y

!
� +

��1P
i=1

A�iy
!
i , A

+
� y
 
(�) = A+

��y
 
� +

pP
i=�+1

A�iy
 
i .

�®¦® ¯®ª § âì [15], çâ® ¤«ï ª®¬¯®¥â ¯à®¨§¢®«ì®© ¢¥ªâ®à-äãªæ¨¨ (3.4) ¢ ¯à®áâà áâ¢¥
H2p á¯à ¢¥¤«¨¢® ¥à ¢¥áâ¢®

2pX
�=1

(A��y(�); y�) � 0;5c1
2pX
�=1

k@y�=@x�k
2:

� «®£¨ç®¥ ¯à¥¤áâ ¢«¥¨¥ ¨¬¥¥â ¬¥áâ® ¨ ¤«ï ¤¨áªà¥â®£®   «®£  ãà ¢¥¨ï (3.1) [14]. �¯¥-
à â®à Ah ¢ ¤ ®¬ á«ãç ¥ ¯à¥¤áâ ¢¨¬ ¢  ¤¤¨â¨¢®¬ ¢¨¤¥

A =
pX

�=1

(A��h +B�h) +
2pX

�=p+1

(A+
2p+1��;h +B2p+1��;h):

�«ï ãà ¢¥¨ï (3.2)   «®£ íª®®¬¨ç®© à §®áâ®© áå¥¬ë (1.7) ¡ã¤¥â ¨¬¥âì ¢¨¤

(by!� � bey)=� + ��(A��hy
!
(�))t +

pX
�;i=1

(A��hy
!
(�) +A+

ihy
 
(i)) = 0;

(by  � bey)=� + ��(A+
hy
 
())t +

pX
�;i=1

(A��hy
!
(�) +A+

ihy
 
(i)) = 0; (3.5)

� = 1; p;  = p+ 1� �; bey = (2p)�1
� pX

�=1

y!� +
2pX

�=1+p

y (�)

�
:

�â¨ ãà ¢¥¨ï à¥è îâáï ¥§ ¢¨á¨¬®, ª ¦¤®¥ ¨§ ¨å ¯®á«¥¤®¢ â¥«ì®. �¬¥áâ® (3.5) ¬®¦® â ª-
¦¥ ¨á¯®«ì§®¢ âì  «£®à¨â¬ ¢¨¤ 

(by!� � bey)=� + ��(A��hy
!
(�))t +

2pX
�=1

A��hy(�) = 0; (3.6)

9



A�ih = A+
�ih, i � �, A�ih = A��ih, i � �. �«ï áå®¤¨¬®áâ¨ ¨â¥à æ¨®ëå ¬¥â®¤®¢ (3.5), (3.6)

á¯à ¢¥¤«¨¢  ®æ¥ª , ¯®¤®¡ ï ®æ¥ª¥ ¢ â¥®à¥¬¥ 2.1.
�à®¨««îáâà¨àã¥¬ ¢ëè¥áª § ®¥   ¯à¨¬¥à¥ âà¥å¬¥à®© § ¤ ç¨ �¨à¨å«¥ ¤«ï ãà ¢¥¨ï

�ã áá®  ¢ ¥¤¨¨ç®¬ ªã¡¥

3X
�=1

@2u

@x2�
= �f(x); x 2 G; u(x) = g(x); x 2 �: (3.7)

�«ï ¯à¨¡«¨¦¥®£® à¥è¥¨ï á®®â¢¥âáâ¢ãîé¥© à §®áâ®© § ¤ ç¨ �¨à¨å«¥ ¨á¯®«ì§®¢ «áï âà¥å-
ª®¬¯®¥âë© ¨â¥à æ¨®ë© ¬¥â®¤ ¯¥à¥¬¥ëå  ¯à ¢«¥¨© (1.7). � áç¥âë ¯à®¢®¤¨«¨áì ¯à¨
§ ¤ ®© â®ç®áâ¨ " = 10�4. �â¥à æ¨¨ à¥£ã«¨à®¢ «¨áì ãá«®¢¨¥¬ k

s
�k � c�1kr(s)k+k

s
vk3 � ". �ë-

ç¨á«¥¨ï ¯®ª § «¨, çâ® ¯à¨ ¬ «ëå § ç¥¨ïå ¯ à ¬¥âà  � ®à¬  à §®áâ¨ ª®¬¯®¥â ¬¥â®¤ 
k
s
vk3 ¬ « , ® ¥¢ï§ª  kr(s)k ¤®áâ â®ç® ¢¥«¨ª  ¢á«¥¤áâ¢¨¥ ®â®á¨â¥«ì® ¡®«ìè®£® § ç¥¨ï ª®-
íää¨æ¨¥â  á¦ â¨ï 1=q. �à¨ ¡®«ìè¨å § ç¥¨ïå �  ¡«î¤ ¥âáï ®¡à â ï á¨âã æ¨ï, â. ¥. ®à¬ 
¥¢ï§ª¨ ¬ «  (1=q ¬ «®),   à §®áâì ª®¬¯®¥â ¢¥«¨ª . �¨¨¬ «ì®¥ ç¨á«® ¨â¥à æ¨© ¤®áâ¨-
£ ¥âáï ¤«ï § ç¥¨ï � = �0 � 0;025, ¯à¨ íâ®¬ s0(") � 13. � ã¢¥«¨ç¥¨¥¬ ª®«¨ç¥áâ¢  â®ç¥ª
¤¨áªà¥â¨§ æ¨¨ N ç¨á«® ¨â¥à æ¨©, ¥®¡å®¤¨¬ëå ¤«ï ¤®áâ¨¦¥¨ï § ¤ ®© â®ç®áâ¨ ", ¥ ¢®§-
à áâ ¥â ¢ á®®â¢¥âáâ¢¨¨ á ®æ¥ª®© . � ª¨¬ ®¡à §®¬, áª®à®áâì áå®¤¨¬®áâ¨ ¨â¥à æ¨®®£® ����
(1.7) § ¢¨á¨â â®«ìª® ®â ¨¦¥© £à ¨æë á¯¥ªâà  ®¯¥à â®à  A ¨ § ¤ ®© â®ç®áâ¨ ¨ ¥ § ¢¨á¨â
®â è £  ¯à®áâà áâ¢¥®© á¥âª¨. �á«¨ áà ¢¨¢ âì ¬¥â®¤ (1.7) á ª« áá¨ç¥áª¨¬ ¬¥â®¤®¬ ¯¥à¥¬¥-
ëå  ¯à ¢«¥¨© ¢ ¤¢ã¬¥à®¬ ¢ à¨ â¥ ¨«¨ ¬¥â®¤®¬ ä ªâ®à¨§ æ¨¨ ¤«ï á«ãç ï ª®¬¬ãâ¨àã¥¬ëå
®¯¥à â®à®¢ à §¡¨¥¨ï, â® áª®à®áâì áå®¤¨¬®áâ¨ íâ¨å ¬¥â®¤®¢ § ¢¨á¨â ®â è £  ¯à®áâà áâ¢¥®©
¤¨áªà¥â¨§ æ¨¨ ¤ ¦¥ ¯à¨ ®¯â¨¬ «ì®¬ ¢ë¡®à¥ ¨â¥à æ¨®ëå ¯ à ¬¥âà®¢.

� áá¬®âà¨¬ â¥¯¥àì ¯à¨¬¥¥¨¥ ¬¥â®¤  (1.7) ¤«ï à §®áâ®£®   «®£  ãà ¢¥¨ï (3.7) ¢ á«ã-
ç ¥ ¥ª®¬¬ãâ¨àã¥¬ëå ®¯¥à â®à®¢ A� ( ¯à., ¤«ï ãà ¢¥¨ï á ¯¥à¥¬¥ë¬¨ ª®íää¨æ¨¥â ¬¨).
� ª ¡ë«® ®â¬¥ç¥®, â¥®à¥¬  2.4 ¯®§¢®«ï¥â íää¥ªâ¨¢® ¢ëç¨á«ïâì ¢ ¯à®æ¥áá¥ ¨â¥à æ¨© ®à¬ã

¯®£à¥è®áâ¨ ¬¥â®¤  k
s
�kA = k

sey � ykW 1

2

. �á«®¢¨¥ k
s
�kA � " ¨á¯®«ì§®¢ «®áì ¢ ª ç¥áâ¢¥ ªà¨â¥-

à¨ï ¤«ï ®ª®ç ¨ï ¯à®æ¥áá  ¨â¥à æ¨©. � áç¥âë ¯à®¢®¤¨«¨áì   ª¢ ¤à â®© á¥âª¥ ¤«ï " = h2.
�¥§ã«ìâ âë ¢ëç¨á«¥¨© § ¥á¥ë ¢ â ¡«¨æã.

h = 0;1 h = 0;03
� s kr(s)k kvk3 � s kr(s)k kvk3

0,003 85 4;9 � 10�2 1;1 � 10�8 0,003 115 3;7 � 10�3 2;3 � 10�7

0,008 35 4;0 � 10�2 3;5 � 10�6 0,005 75 2;1 � 10�3 4;4 � 10�5

0,02 20 7;5 � 10�3 3;0 � 10�4 0,008 69 6;5 � 10�5 1;1 � 10�5

0,1 33 6;3 � 10�4 5;7 � 10�4 0,02 94 1;7 � 10�5 1;3 � 10�5

0,5 114 2;0 � 10�5 6;5 � 10�4 0,04 133 5;0 � 10�6 1;4 � 10�5

�§ â ¡«¨æë ¢¨¤®, çâ® ç¥¬ ¬¥ìè¥ è £ ¤¨áªà¥â¨§ æ¨¨, â¥¬ ¡®«ìè¥ s. �à¨ç¥¬ ¬¨¨¬ «ì®¥
ç¨á«® ¨â¥à æ¨© s0 ¤®áâ¨£ ¥âáï ¯à¨ h = 0;1 , ª®£¤  � ¯à¨¨¬ ¥â ¥ª®â®à®¥ § ç¥¨¥, à ¢®¥
�0 � 0;02.

�«¥¤ã¥â ®â¬¥â¨âì, çâ® ¥á«¨ ¯à®¢¥àªã â®ç®áâ¨ ¨â¥à æ¨®®£® ¯à®æ¥áá  ¯à®¢®¤¨âì â®«ìª® ¯®
¥¢ï§ª¥ kr(s)k � ", â® ¯à¨ ã¢¥«¨ç¥¨¨ � (� > 50) áå®¤¨¬®áâì ¬¥â®¤  (1.7) ¤®áâ¨£ ¥âáï §  ®¤ã-

¤¢¥ ¨â¥à æ¨¨, ¯à¨ íâ®¬ ¥£® ®â®á¨â¥«ì ï ¯®£à¥è®áâì k
sey � yâ®çk=kyâ®çk (â. ¥. ¯®£à¥è®áâì ¢

à ¬ª å ¤ ®© § ¤ ç¨) á®áâ ¢«ï¥â ¯à¨¬¥à® 0,3% ¤«ï ãª § ëå ¢ëè¥ á¥â®çëå è £®¢.
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