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1. �¢¥¤¥¨¥

�  ç «  60-å ££., ¢à¥¬¥¨ ¨â¥á¨¢®£® ¨á¯®«ì§®¢ ¨ï à §®áâëå áå¥¬ ¤«ï à¥è¥¨ï á«®¦-
ëå  ãç®-â¥å¨ç¥áª¨å ¯à®¡«¥¬, ¢®§¨ª«  ¤¨«¥¬¬  ® â®¬, ª ªãî ¨§ áå¥¬, ï¢ãî ¨«¨ ¥ï¢ãî,
¨á¯®«ì§®¢ âì ¤«ï à¥è¥¨ï § ¤ ç¨. �¢ë¥ áå¥¬ë ¯à®áâë ¢ à¥ «¨§ æ¨¨, ® ¥ãáâ®©ç¨¢ë ¯à¨ ã¢¥-
«¨ç¥¨¨ è £  ¯® ¢à¥¬¥¨, ¥ï¢ë¥ áå¥¬ë ¥  ª« ¤ë¢ îâ ®£à ¨ç¥¨©   è £ ¯® ¢à¥¬¥¨, ®
âà¥¡ãîâ   ª ¦¤®¬ ¢à¥¬¥�®¬ á«®¥ à¥è¥¨ï á¨áâ¥¬ë «¨¥©ëå  «£¥¡à ¨ç¥áª¨å ãà ¢¥¨©, çâ®
ãá«®¦ï¥â  «£®à¨â¬. �  íâ® ¢à¥¬ï ¡ë«® ¯à¥¤«®¦¥® ¥áª®«ìª® â¨¯®¢ à §®áâëå áå¥¬ [1]{[5]
â ª¨å, ª ª áå¥¬  ¯¥à¥¬¥ëå  ¯à ¢«¥¨©, áå¥¬  ¤à®¡ëå è £®¢ (à áé¥¯«¥¨ï ¯® ä¨§¨ç¥áª¨¬
¯¥à¥¬¥ë¬), áå¥¬ë á ¯¥à¥áç¥â®¬ (¯à¥¤¨ªâ®à-ª®àà¥ªâ®à), áå¥¬ë á ä ªâ®à¨§®¢ ë¬ ®¯¥à -
â®à®¬ ¢¥àå¥£® á«®ï, á®ç¥â îé¨å ¯à®áâ®âã à¥ «¨§ æ¨¨ ¨ ¢®§¬®¦®áâì ¨á¯®«ì§®¢ ¨ï «î¡ëå
è £®¢ ¯® ¢à¥¬¥¨ ¤«ï à¥è¥¨ï § ¤ ç¨.

�à¥¤«®¦¥ë¥ ¢ ¤ ®© à ¡®â¥ âà¥ã£®«ìë¥ ª®á®á¨¬¬¥âà¨çë¥ à §®áâë¥ áå¥¬ë ®â®áïâ-
áï ª ª« ááã áå¥¬, íää¥ªâ¨¢® à¥è îé¨å § ¤ ç¨, â. ª. âà¥ã£®«ìë¥ ¬ âà¨æë «¥£ª® ®¡à â¨¬ë ¨
¥ âà¥¡ãîâ ¡®«ìè®£® ç¨á«   à¨ä¬¥â¨ç¥áª¨å ¤¥©áâ¢¨©. �¬¥áâ¥ á â¥¬, ¯®ª § ®, çâ® à §®áâë¥
áå¥¬ë â ª®£® ª« áá  ãáâ®©ç¨¢ë. �¥®à¥â¨ç¥áª¨¥ ¨áá«¥¤®¢ ¨ï ¯à®¢®¤¨«¨áì   ®á®¢¥ ¨§¢¥áâëå
à¥§ã«ìâ â®¢ â¥®à¨¨ ãáâ®©ç¨¢®áâ¨ ®¯¥à â®à®-à §®áâëå áå¥¬ ¨ ®¯¥à â®àëå ¥à ¢¥áâ¢ [6],
[7]. �¥§ã«ìâ âë, ¨§«®¦¥ë¥ ¢ áâ âì¥, á¯à ¢¥¤«¨¢ë ¤«ï à §®áâëå ®¯¥à â®à®¢ ¯® ¯à®áâà áâ¢ã,
®¡« ¤ îé¨å á¢®©áâ¢®¬ ¤¨áá¨¯ â¨¢®áâ¨, â. ¥. ¥á ¬®á®¯àï¦¥ëå ®¯¥à â®à®¢, ã ª®â®àëå á¨¬¬¥-
âà¨ç ï ç áâì ¯®«®¦¨â¥«ì® ®¯à¥¤¥«¥ . � §®áâë¥ ®¯¥à â®àë, ®¡« ¤ îé¨¥ â ª¨¬¨ á¢®©áâ¢ -
¬¨, ¬®£ãâ ¡ëâì ¯®«ãç¥ë ¯à¨  ¯¯à®ªá¨¬ æ¨¨ ¤®áâ â®ç® è¨à®ª®£® ª« áá   ãç®-â¥å¨ç¥áª¨å
¯à®¡«¥¬ [8].

2. �®áâ ®¢ª  § ¤ ç¨ ¨ ¬¥â®¤ë ¥¥ à¥è¥¨ï

�¨ ¬¨ç¥áªãî § ¤ çã ª®¢¥ªâ¨¢®-¤¨ääã§¨®®£® ¯¥à¥®á  ¢¥é¥áâ¢  ¢ á«ãç ¥ ¤¢ãå ¯à®-
áâà áâ¢¥ëå ¯¥à¥¬¥ëå ¬®¦® § ¯¨á âì ¢ \á¨¬¬¥âà¨ç®©" ä®à¬¥ [8], ãç¨âë¢ ï ¥á¦¨¬ ¥-
¬®áâì áà¥¤ë (div ~V = 0),
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� ¡®â  ¢ë¯®«¥  ¯à¨ ä¨ á®¢®© ¯®¤¤¥à¦ª¥ �®áá¨©áª®£® ä®¤  äã¤ ¬¥â «ìëå ¨áá«¥¤®¢ ¨©
(¯à®¥ªâ ò03-01-00005-a) ¨ ¯à®£à ¬¬ë \�¨¢¥àá¨â¥âë �®áá¨¨" (¯à®¥ªâ ��.03.01.024).
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� ãà ¢¥¨¨ (1) ~V = (v1(x; y); v2(x; y)) | ¢¥ªâ®à áª®à®áâ¨ ¤¢¨¦¥¨ï áà¥¤ë, ¯¥à¢®¥ á« £ ¥¬®¥
á®®â¢¥âáâ¢ã¥â ¤¨ ¬¨ª¥ § ¤ ç¨, ¢â®à®¥ á« £ ¥¬®¥ | ¤¨ääã§¨®®¬ã ¯¥à¥®áã,   ®áâ «ìë¥ |
ª®¢¥ªâ¨¢®¬ã ¯¥à¥®áã.

�®á«¥  ¯¯à®ªá¨¬ æ¨¨ ¯à®áâà áâ¢¥ëå ¯à®¨§¢®¤ëå ãà ¢¥¨ï (1)   áâ ¤ àâ®¬ ¯ïâ¨-
â®ç¥ç®¬ è ¡«®¥, £¤¥ ª®¢¥ªâ¨¢ ï ç áâì  ¯¯à®ªá¨¬¨àã¥âáï æ¥âà «ìë¬¨ à §®áâï¬¨, ¯®-
«ãç ¥¬ ®¯¥à â®à®-à §®áâãî áå¥¬ã [6]

B
yk+1 � yk

�
+Ayk = fk; k = 0; 1; : : : ; (2)

y0 = u0: (3)

�¤¥áì A, B | «¨¥©ë¥ ®¯¥à â®àë (¬ âà¨æë) ¢ H, H | ¢¥é¥áâ¢¥®¥ ª®¥ç®¬¥à®¥ £¨«ì¡¥à-
â®¢® ¯à®áâà áâ¢®, f; y0 2 H, y0 |  ç «ì®¥ ãá«®¢¨¥, yk | à¥è¥¨¥ § ¤ ç¨ (1)   k-¬ è £¥ ¯®
¢à¥¬¥¨, A | à §®áâë© ®¯¥à â®à ¢ ®¡« áâ¨ D, � | è £ ¯® ¢à¥¬¥¨.

�¯à¥¤¥«¥¨¥ ([6]). � §®áâ ï áå¥¬  (2), (3)  §ë¢ ¥âáï �-ãáâ®©ç¨¢®© ¯®  ç «ìë¬ ¤ -
ë¬ (¯à¨ f = 0), ¥á«¨ áãé¥áâ¢ãîâ â ª¨¥ ¯®áâ®ïë¥ � > 0 ¨ M1, ¥ § ¢¨áïé ï ®â � , n, çâ® ¯à¨
«î¡ëå n ¨ ¯à¨ ¢á¥å yn 2 H ¤«ï à¥è¥¨ï yn+1 à §®áâ®£® ãà ¢¥¨ï (2) á¯à ¢¥¤«¨¢  ®æ¥ª 

kyn+1k � �kynk;

¯à¨ç¥¬ �n �M1.

�à¥¤áâ ¢¨¬ ¬ âà¨æã A ¢ ¢¨¤¥ áã¬¬ë á¨¬¬¥âà¨ç®© ¨ ª®á®á¨¬¬¥âà¨ç®© ç áâ¥©

A = A0 +A1; A0 = 0;5 (A+A�) ; A1 = 0;5 (A�A�) ; A1 = KB +KH ;

£¤¥ KB ¨ KH | ¢¥àåïï ¨ ¨¦ïï âà¥ã£®«ìë¥ ç áâ¨ ¬ âà¨æë A1, KB = �K�

H . �® á«¥¤áâ¢¨î 1
¨§ â¥®à¥¬ë 12 ([6], á. 121) ¥á«¨ á¨¬¬¥âà¨ç ï ç áâì A0 = 0;5(A+A�) ®¯¥à â®à  A ¥®âà¨æ â¥«ì 
(®¯¥à â®à A  §ë¢ ¥âáï ¢ íâ®¬ á«ãç ¥ ¤¨áá¨¯ â¨¢ë¬) ¨ ®¯¥à â®à B ¬®¦® § ¯¨á âì ¢ ¢¨¤¥
B = L+ ��A, £¤¥ � | ç¨á«®, L = L� > 0, â® ¯à¨ � � 0;5 áå¥¬  (2), (3) ãáâ®©ç¨¢  ¯®  ç «ìë¬
¤ ë¬ ¢ HL á ¯®áâ®ï®© � = 1, â. ¥. ¢ë¯®«ï¥âáï ®æ¥ª  kyn+1kL � kynkL, n = 1; 2; : : :

�ãáâì

B = BC + !KH ; BC = B�

C ; (4)

£¤¥ BC | ¯à®¨§¢®«ìë© ¯®ª  ®¯¥à â®à. � ¬¥â¨¬, çâ® á¨¬¬¥âà¨ç ï ç áâì ®¯¥à â®à  B ¨¬¥¥â
¢¨¤ B0 = BC + 0;5! (KH �KB). �®£¤ 

B = BC + !KH � 0;5! (A0 +KB �KH) + 0;5! (A0 +KB �KH) =

= BC + 0;5! (KH �KB)� 0;5!A0 + 0;5! (A0 +KB +KH) = B0 � 0;5!A0 + 0;5!A:

�¡®§ ç¨¬ L = B0 � 0;5!A0. �®£¤  L = BC + 0;5! (KH �KB) � 0;5!A0 = L�, â. ª. BC = B�

C,
KB = �K�

H ¨ A0 = A�

0 ¨ B = L + 0;5!A. �®âà¥¡ã¥¬ L = L� > 0. �â® ¯à¨¢®¤¨â ª ®¯¥à â®à®¬ã
¥à ¢¥áâ¢ã B0 > 0;5!A0.

�á¯®«ì§ãï ¯à¨¢¥¤¥®¥ à ¥¥ á«¥¤áâ¢¨¥ ¨§ [6] ¨ ¯®« £ ï � = 0;5!=� , ¯®«ãç ¥¬, çâ® ¯à¨
� � 0;5 áå¥¬  (2), (3) ãáâ®©ç¨¢  ¯®  ç «ìë¬ ¤ ë¬ ¢ HL, ®£à ¨ç¥¨¥   è £ ¯® ¢à¥¬¥¨
¨¬¥¥â ¢¨¤ � � !.

�  ®á®¢ ¨¨ ¨§«®¦¥®£® ¢ëè¥ ¨¬¥¥â ¬¥áâ®

�¥®à¥¬  1. �ãáâì ®¯¥à â®à A ¤¨áá¨¯ â¨¢¥, ®¯¥à â®à B ¯à¥¤áâ ¢¨¬ ¢ ¢¨¤¥ (4). �á«¨ ¯à¨

íâ®¬

0 < � � ! (5)

¨ ¢ë¯®«¥® ®¯¥à â®à®¥ ¥à ¢¥áâ¢®

0 < 0;5!A0 < B0; (6)
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£¤¥ B0 = BC + 0;5! (KH �KB), â® áå¥¬  (2), (3) ãáâ®©ç¨¢  ¢ HL, L = B0 � 0;5!A0.

� ¤®áâ â®ç®¬ ãá«®¢¨¨ (6) ¥áâì á¢®¡®¤  ¢ ¢ë¡®à¥ ®¯¥à â®à  BC. � áá¬®âà¨¬ ¥áª®«ìª® ¢ -
à¨ â®¢ ¥£® ¯®áâà®¥¨ï.

�«¥¤áâ¢¨¥. �á«¨ ®¯¥à â®à A ¤¨áá¨¯ â¨¢¥, ®¯¥à â®à B ¯à¥¤áâ ¢�̈¬ ¢ ¢¨¤¥ (4), ¯à¨ç¥¬

BC = D + 0;5!�iE; (7)

£¤¥ D = D� � 0, M = A0 + KB � KH , mij | í«¥¬¥âë ¬ âà¨æë M , 1) �i = � = kMk ¨«¨

2) �i =
NP
j=1

jmij j, i = 1; : : : ; N , â® ¯à¨ ¢ë¯®«¥¨¨ ãá«®¢¨ï (5) áå¥¬  (2), (3) ãáâ®©ç¨¢  ¢ HL,

L = D + 0;5! (�iE �M).

�®ª § â¥«ìáâ¢®. �® ãá«®¢¨ï¬ â¥®à¥¬ë 1 áå¥¬  (2), (3) ãáâ®©ç¨¢  ¢ HL ¯à¨ ¢ë¯®«¥¨¨
¥à ¢¥áâ¢ (5) ¨ (6). �á«¨ ®¯¥à â®à BC ¨¬¥¥â ¢¨¤ (7), â® L = B0� 0;5!A0 = D+0;5! (�iE �M),
¨ ¥à ¢¥áâ¢® (6) ¡ã¤¥â ¢ë¯®«¥®, ¥á«¨ D + 0;5! (�iE �M) > 0. �ç¨âë¢ ï D = D� � 0,
¯®«ãç ¥¬, çâ® ¢ á«ãç ¥ 1) ¥à ¢¥áâ¢® �iE �M ¢ë¯®«ï¥âáï ¯® [9], ¢ á«ãç ¥ 2) íâ® ¥à ¢¥áâ¢®
¢ë¯®«ï¥âáï ¯® â¥®à¥¬¥ �¥àè£®à¨  [10].

�®áâ â®çë¥ ãá«®¢¨ï ãáâ®©ç¨¢®áâ¨ áå¥¬ë (2), (3) ¯®  ç «ìë¬ ¤ ë¬, ¯à¨¢¥¤¥ë¥ ¢ëè¥,
¨¬¥îâ á¢®¡®¤ë¥ ¯ à ¬¥âàë:

| á¨¬¬¥âà¨çãî ¯®«®¦¨â¥«ì®-®¯à¥¤¥«¥ãî ¬ âà¨æã D,
| ¯ à ¬¥âà ! ¢ ®¯¥à â®à¥ B.
� ¥¥, ¯à¨ ¨áá«¥¤®¢ ¨¨ áå®¤¨¬®áâ¨ ¨â¥à æ¨®ëå ¬¥â®¤®¢ ¡ë«¨ à áá¬®âà¥ë à §«¨çë¥

ç áâë¥ á«ãç ¨ ¢ë¡®à  ¯ à ¬¥âà  !: ! = 2� [11], ! = � [12].
�à¨¢¥¤¥¬ ¥áª®«ìª® â¥®à¥¬ ¨§ íâ¨å à ¡®â, ¤ îé¨å ¤®áâ â®çë¥ ãá«®¢¨ï ãáâ®©ç¨¢®áâ¨ ¢ íâ¨å

á«ãç ïå.

�¥®à¥¬  2 ([11]). �ãáâì ®¯¥à â®à A ¥á ¬®á®¯àï¦¥, ®¯¥à â®à B ¨¬¥¥â ¢¨¤

B = BC + 2�KH ; B0 = BC + � (KH �KB) = B�

0 > 0: (8)

�®£¤  ¤«ï ãáâ®©ç¨¢®áâ¨ à §®áâ®© áå¥¬ë (2), (3) ¯®  ç «ìë¬ ¤ ë¬ ¢ í¥à£¥â¨ç¥áª®¬

¯à®áâà áâ¢¥ HB0
¤®áâ â®ç® ¢ë¯®«¥¨ï ãá«®¢¨ï

0 � 0;5�A0 � B0:

�¯à¥¤¥«¨¬ ®¯¥à â®à BC ¢ â¥®à¥¬¥ 2 ª ª ¤¨ £® «ìë© ®¯¥à â®à.

�«¥¤áâ¢¨¥. �ãáâì ®¯¥à â®à A ¤¨áá¨¯ â¨¢¥, ®¯¥à â®à B ¨¬¥¥â ¢¨¤ (8) ¨ BC = �E, � > 0.
�®£¤  à §®áâ ï áå¥¬  (2), (3) ãáâ®©ç¨¢  ¯®  ç «ìë¬ ¤ ë¬ ¢ í¥à£¥â¨ç¥áª®¬ ¯à®áâà áâ¢¥
HB0

, B0 = �E + � (KH �KB) ¯à¨ ¢ë¯®«¥¨¨ ãá«®¢¨ï

0 < � <
�

 + 0;5�max

; (9)

£¤¥  = max
i

P
j

ja1ij j, a
1
ij | í«¥¬¥âë ¬ âà¨æë A1, �k | á®¡áâ¢¥ë¥ ç¨á«  ®¯¥à â®à  A0, �max =

max
k

�k.

�®ª § â¥«ìáâ¢®. �§ (8) ¯®«ãç ¥¬ B0 = �E + �R, R = KH �KB. �¡®§ ç¨¬ ç¥à¥§ �k ¨ �k
á®¡áâ¢¥ë¥ ç¨á«  ®¯¥à â®à®¢ B0 ¨ R á®®â¢¥âáâ¢¥®. �®£¤ 

�k = � + ��k; k = 1; 2; : : : ; N: (10)

�® «¥¬¬¥ ¨§ [9]

� � � �k � �; k = 1; 2; : : : ; N; (11)
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£¤¥ � = max
i

Ri, Ri =
P
j

jkij j, kij | í«¥¬¥âë ¬ âà¨æë R. � ª ª ª í«¥¬¥âë ¬ âà¨æ A1 ¨ R

®â«¨ç îâáï ¤àã£ ®â ¤àã£  â®«ìª® § ª ¬¨, áã¬¬ë ¬®¤ã«¥© íâ¨å í«¥¬¥â®¢ á®¢¯ ¤ îâ. �®íâ®¬ã ¢
á¨«ã á¢®©áâ¢ ¬ âà¨æ [9] ¬®¦® ¯®«®¦¨âì � = . �ç¨âë¢ ï (10) ¨ (11), ¯®«ãç ¥¬, çâ® á¯à ¢¥¤«¨¢®
¥à ¢¥áâ¢®

� � � � �k � � + �; k = 1; 2; : : : ; N:

�® â¥®à¥¬¥ 2 ¤«ï áå®¤¨¬®áâ¨ áå¥¬ë (2), (3) ¤®áâ â®ç® ¢ë¯®«¥¨ï ãá«®¢¨ï 0 � 0;5�A0 � B0,
çâ® íª¢¨¢ «¥â® 0 � 0;5��max � �min, á«¥¤®¢ â¥«ì®, �k � 0;5��max � 0, ¯®íâ®¬ã � � � �
0;5��max � 0. �à¨ � > 0 ¯®«ãç ¥¬, çâ® áå¥¬  (2), (3) ãáâ®©ç¨¢  ¯à¨ 0 < � < �= ( + 0;5�max).

�¥®à¥¬  3 ([12]). �ãáâì ®¯¥à â®à A ¤¨áá¨¯ â¨¢¥, ®¯¥à â®à B = E + �KH , ¨ ¢ë¯®«¥®

ãá«®¢¨¥ B0 > 0;5�A0, £¤¥ B0 = E + 0;5� (KH �KB). �®£¤  áå¥¬  (2), (3) ãáâ®©ç¨¢  ¢ HL, L =
B0 � 0;5�A0.

3. �¨á«¥ë¥ íªá¯¥à¨¬¥âë

� ç¨á«¥®¬ íªá¯¥à¨¬¥â¥ ¡ë«  à áá¬®âà¥  áå¥¬  (2), (3) á ®¯¥à â®à®¬ (8) á® á«¥¤ãîé¨¬¨
§ ç¥¨ï¬¨ ¯ à ¬¥âà  �:

a) ¥á«¨ � = 1, â® ãá«®¢¨¥ ãáâ®©ç¨¢®áâ¨ (9) íª¢¨¢ «¥â® 0 < � � 1=( + 0;5�max);
b) ¥á«¨ � = �, � = kMk + ", " > 0, M = A0 + KB � KH , â® ãá«®¢¨¥ ãáâ®©ç¨¢®áâ¨ (9)

à ¢®á¨«ì® 0 < � � �=( + 0;5�max).

� ª¦¥ ¢ ç¨á«¥ëå à áç¥â å ¡ë«  à áá¬®âà¥  áå¥¬  (2), (3) á ®¯¥à â®à®¬ (4), £¤¥ BC ¢ëç¨-
á«ï¥âáï ¯® ä®à¬ã«¥ (7), � = kMk + ", " > 0, M = A0 +KB �KH ,   D ¨ ! ¨¬¥îâ á«¥¤ãîé¨©
¢¨¤:

a) ¥á«¨ D = 0, ! = 2� , â® áå¥¬  (2), (3)  ¡á®«îâ® ãáâ®©ç¨¢  ¢ HL, L = � (�E �M);
b) ¥á«¨ D = E, ! = � , â® áå¥¬  (2), (3)  ¡á®«îâ® ãáâ®©ç¨¢  ¢ HL, L = E + 0;5� (�E �M);
c) ¥á«¨ D = 0, ! = � , â® áå¥¬  (2), (3)  ¡á®«îâ® ãáâ®©ç¨¢  ¢ HL, L = 0;5� (�E �M ).

� ¨á¯®«ì§®¢ ¨¥¬ ¢ë¡à ëå âà¥ã£®«ìëå áå¥¬ ¡ë«¨ à¥è¥ë ç¥âëà¥ § ¤ ç¨, ª®íää¨æ¨¥-
âë ¢¥ªâ®à®¢ áª®à®áâ¨ ª®â®àëå ¯à¨¢¥¤¥ë ¢ â ¡«¨æ¥.

� ¡«¨æ . �®íää¨æ¨¥âë ¢¥ªâ®à  áª®à®áâ¨ ~V

ò v1(x; y) v2(x; y)
1 1 2
2 1� 2x 2y � 1
3 x+ y x� y
4 sin�x ��y cos�x

� ç «ìë¥ ¨ ªà ¥¢ë¥ ãá«®¢¨ï,   â ª¦¥ f(x; y; t) ¢ë¡¨à «¨áì â ª, çâ®¡ë   «¨â¨ç¥áª¨¬ à¥-
è¥¨¥¬ § ¤ ç¨ (1) ¡ë«  äãªæ¨ï â¨¯  ¯®£à á«®ï '(x; y) = (x10 + y10) t.

� ¤ ç¨ à¥è «¨áì   ¢à¥¬¥�®¬ ®âà¥§ª¥ t 2 [0; 20] á è £®¬ ¯® ¢à¥¬¥¨, ã¢¥«¨ç¥¨¥ ª®â®à®£®
¯à¨¢®¤¨â ª ¯®â¥à¥ ãáâ®©ç¨¢®áâ¨ áå¥¬ë (2), (3) ¨«¨ ª à®áâã ®â®á¨â¥«ì®© ¯®£à¥è®áâ¨ ¡®«¥¥
ç¥¬   20%. �¥è¥¨ï ¯®«ãç¥ë   á¥âª¥ 32� 32 ¯® ¯à®áâà áâ¢ã ¯à¨ á«¥¤ãîé¨å ç¨á« å �¥ª«¥:

1. Pe = 10�1 | ¤®¬¨¨àãîé ï ¤¨ääã§¨ï,
2. Pe = 10 | áà¥¤ïï ¤¨ääã§¨ï,
3. Pe = 103 | á« ¡ ï ¤¨ääã§¨ï,
4. Pe = 105 | ¤®¬¨¨àãîé ï ª®¢¥ªæ¨ï.

� à ¡®â¥ [13] ¯®ª § ®, çâ® áå¥¬ë á �i = � = kMk à¥è îâ § ¤ çã (1) á ¬¥ìè¥© ¯®£à¥è-

®áâìî, ç¥¬   «®£¨çë¥ áå¥¬ë á �i =
NP
j=1

jmij j, i = 1; : : : ; N , ¯à¨ íâ®¬ ¢à¥¬ï à¥è¥¨ï § ¤ ç¨

á®®â¢¥âáâ¢ãîé¨¬¨ áå¥¬ ¬¨ ®¤® ¨ â® ¦¥. �®íâ®¬ã áå¥¬ë á �i =
NP
j=1

jmij j, i = 1; : : : ; N , à áá¬®-

âà¥ë¥ à ¥¥, ¢ ç¨á«¥ëå à¥§ã«ìâ â å ¤ ®© à ¡®âë ¥ ®âà ¦¥ë.
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�à¨ áà ¢¥¨¨ ç¨á«¥ëå à¥§ã«ìâ â®¢ à¥è¥¨ï § ¤ ç¨ (1) á à §«¨çë¬¨ ¢¥ªâ®à ¬¨ áª®à®-
áâ¨ ¢ë¡à ë¬¨ áå¥¬ ¬¨ ãç¨âë¢ «¨áì

| ¢à¥¬ï, § âà ç¥®¥   à¥è¥¨¥ § ¤ ç¨   ®âà¥§ª¥ [0; 20];
| ®â®á¨â¥«ì ï ¯®£à¥è®áâì à¥è¥¨ï ¢ ®à¬¥ ¯à®áâà áâ¢  �   ¯®á«¥¤¥¬ è £¥ ¯® ¢à¥-

¬¥¨.

4. �ë¢®¤ë

�à¥¤«®¦¥ ®¢ë© ª« áá ãáâ®©ç¨¢ëå ¨ ç áâ¨ç®-ãáâ®©ç¨¢ëå âà¥ã£®«ìëå ª®á®á¨¬¬¥âà¨ç-
ëå à §®áâëå áå¥¬ ¨ ¯®«ãç¥ë ¤®áâ â®çë¥ ãá«®¢¨ï ãáâ®©ç¨¢®áâ¨ íâ¨å áå¥¬. �à®¢¥¤¥® ç¨-
á«¥®¥ ¨áá«¥¤®¢ ¨¥ áå¥¬ë (2) á ª ¦¤ë¬ ¨§ á«¥¤ãîé¨å ®¯¥à â®à®¢ (¯à¨ � = kMk):

B = E + 2�KH ; (12)

B = ��E + 2�KH ; (13)

B = (1 + 0;5��)E + �KH ; (14)

B = �E + 2�KH ; (15)

B = 0;5��E + �KH : (16)

�¨á«¥ë¥ à áç¥âë ¯®¤â¢¥à¤¨«¨ ¯®«ãç¥ë¥ â¥®à¥â¨ç¥áª¨¥ à¥§ã«ìâ âë ®¡ ãá«®¢®© ãáâ®©-
ç¨¢®áâ¨ áå¥¬ë (2) á ®¯¥à â®à ¬¨ (12), (15) ¨  ¡á®«îâ®© ãáâ®©ç¨¢®áâ¨ íâ®© áå¥¬ë á ®¯¥à â®à ¬¨
(13), (16), (14).

�å¥¬  (2) á ®¯¥à â®à®¬ (12) ¯à¨ ¤®¬¨¨àãîé¥© ¤¨ääã§¨¨ ¥ãáâ®©ç¨¢ , ¢®§à áâ ¨¥ ¢«¨ï-
¨ï ª®¢¥ªæ¨¨ ¢¥¤¥â ª ã¢¥«¨ç¥¨î è £  ¯® ¢à¥¬¥¨, ¯à¨ ª®â®à®¬ áå¥¬  á®åà ï¥â ãáâ®©ç¨¢®áâì.

�å¥¬  (2) á ®¯¥à â®à®¬ (15), ï¢«ïïáì ãá«®¢® ãáâ®©ç¨¢®©, ¯à¨ ¬ «ëå ç¨á« å �¥ª«¥ ¨ ¡®«ì-
è®¬ è £¥ ¯® ¢à¥¬¥¨ (� = 20) à¥è ¥â § ¤ çã (1) á ¯®£à¥è®áâìî ¯®àï¤ª  0,2%{1%, ¯à¨ ¡®«ìè¨å
ç¨á« å Pe ¨ � � 1 ¯®£à¥è®áâì á®áâ ¢«ï¥â ¡®«¥¥ 20%, çâ® ¯à¨¢®¤¨â ª ¥®¡å®¤¨¬®áâ¨ ã¬¥ìè¨âì
è £ ¯® ¢à¥¬¥¨ ¤® � = 1;2.

�å¥¬  (2) á ®¯¥à â®à ¬¨ (13), (14)  ¡á®«îâ® ãáâ®©ç¨¢  ¥§ ¢¨á¨¬® ®â â®£®, ª ª®© ¨§ ä¨-
§¨ç¥áª¨å ¯à®æ¥áá®¢ ¤®¬¨¨àã¥â, ¨ à¥è ¥â § ¤ çã â®ç¥¥ ¨ §  ¬¥ìè¥¥ ¢à¥¬ï, ç¥¬ áå¥¬  (2) á
®¯¥à â®à ¬¨ (12), (15).

� ª ¨ ®¦¨¤ «®áì, ¤®¬¨¨à®¢ ¨¥ ª®¢¥ªâ¨¢ëå ¯à®æ¥áá®¢ ¯à¨¢®¤¨â ª ã¢¥«¨ç¥¨î ¯®£à¥è-
®áâ¨ à¥è¥¨ï § ¤ ç¨ (1).

�å¥¬  (2) á ®¯¥à â®à®¬ (12) ¤®áâ¨£ ¥â  ¨¡®«ìè¥© â®ç®áâ¨   § ¤ ç¥ 1 (á¬. â ¡«.), á ®¯¥-
à â®à®¬ (15) |   § ¤ ç¥ 2, á ®¯¥à â®à ¬¨ (13), (16), (14) |   § ¤ ç å 3 ¨ 4. � ¬®© â®ç®© ¨§
âà¥ã£®«ìëå áå¥¬ ï¢«ï¥âáï áå¥¬  (2) á ®¯¥à â®à®¬ (13).

� ª¨¬ ®¡à §®¬, áå¥¬  (2) á ®¯¥à â®à ¬¨ (13), (16), (14) ¢ á«ãç ¥ à¥è¥¨ï â¨¯  ¯®£à á«®ï
ï¢«ï¥âáï  ¨¡®«¥¥ íää¥ªâ¨¢®© ¨§ âà¥ã£®«ìëå ª®á®á¨¬¬¥âà¨çëå áå¥¬, â. ª. à¥è ¥â § ¤ çã
ª®¢¥ªæ¨¨-¤¨ääã§¨¨ ¡ëáâà¥¥ ¨ â®ç¥¥ ®áâ «ìëå, ¥§ ¢¨á¨¬® ®â ¯à¥®¡« ¤ ¨ï ª®¢¥ªæ¨¨ ¨«¨
¤¨ääã§¨¨.
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