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�¢¥¤¥­¨¥

� ¯®á«¥¤­¨¥ £®¤ë §­ ç¨â¥«ì­®¥ ¢­¨¬ ­¨¥ ã¤¥«ï-
¥âáï ¨§¬¥à¥­¨î £®à¨§®­â «ì­®© á®áâ ¢«ïîé¥© á¨«ë,
¤¥©áâ¢ãîé¥© ­  ®áâà¨¥  â®¬­®-á¨«®¢®£® ¬¨ªà®áª®¯ 
(���) á® áâ®à®­ë ¨áá«¥¤ã¥¬®© ¯®¢¥àå­®áâ¨ (á¬.,
­ ¯à¨¬¥à, [1–5]). �â® á¢ï§ ­® ¯à¥¦¤¥ ¢á¥£® á â¥¬,
çâ® âà¥­¨¥ á ¬® ¯® á¥¡¥ ï¢«ï¥âáï ®¤­¨¬ ¨§ ­ ¨¡®-
«¥¥ ®¡é¨å ¨ á«®¦­ëå ä¨§¨ç¥áª¨å ï¢«¥­¨©. �®íâ®-
¬ã ¤¥â «ì­®¥ ¨§ãç¥­¨¥ á®®â¢¥âáâ¢ãîé¨å ¯à®æ¥áá®¢ á

¯®¬®éìî ��� ¯à¥¤áâ ¢«ï¥â ­¥á®¬­¥­­ë© ¨­â¥à¥á.
�à®¬¥ â®£®, á¨«ë âà¥­¨ï, ¢®§­¨ª îé¨¥ ¬¥¦¤ã §®­¤¨-
àãîé¨¬ ®áâà¨¥¬ ¨ ¨áá«¥¤ã¥¬®© ¯®¢¥àå­®áâìî, ¬®£ãâ
®ª §ë¢ âì §­ ç¨â¥«ì­®¥ ¢«¨ï­¨¥ ­  ¯à®áâà ­áâ¢¥­-
­®¥ à §à¥è¥­¨¥ ��� ¨ â®¯®£à ä¨î ¯®«ãç ¥¬ëå á

¯®¬®éìî ��� ¨§®¡à ¦¥­¨© [4]. � â® ¦¥ ¢à¥¬ï ¯®-
«ãç¥­¨¥ ¢ ¯à®æ¥áá¥ áª ­¨à®¢ ­¨ï ¤¢ãå ­¥§ ¢¨á¨¬ëå

à¥«ì¥ä®¢ — ¯®¢¥àå­®áâ¨ ¯®áâ®ï­­®© ¢¥àâ¨ª «ì­®©

á®áâ ¢«ïîé¥© á¨«ë ¨ á®®â¢¥âáâ¢ãîé¥£® à¥«ì¥ä  ¤«ï

¥¥ £®à¨§®­â «ì­®© á®áâ ¢«ïîé¥© — ¤ ¥â ¤®¯®«­¨-
â¥«ì­ãî ¨­ä®à¬ æ¨î ®¡ ¨áá«¥¤ã¥¬®¬ ®¡à §æ¥.

�¥å­¨ç¥áª¨¥ âàã¤­®áâ¨, á¢ï§ ­­ë¥ á ®¤­®¢à¥¬¥­-
­ë¬ ¨§¬¥à¥­¨¥¬ ¢¥àâ¨ª «ì­®© ¨ £®à¨§®­â «ì­®© á®-
áâ ¢«ïîé¨å á¨«ë, ¤¥©áâ¢ãîé¥© ­  §®­¤¨àãîé¥¥

®áâà¨¥, ª ­ áâ®ïé¥¬ã ¢à¥¬¥­¨ ¢ §­ ç¨â¥«ì­®© ¬¥à¥

¯à¥®¤®«¥­ë (á¬., ­ ¯à¨¬¥à, [5,6]). �¤­ ª® â¥®à¥â¨ç¥-
áª ï ¨­â¥à¯à¥â æ¨ï ¯®«ãç¥­­ëå à¥§ã«ìâ â®¢ âà¥¡ã¥â

¤®¯®«­¨â¥«ì­ëå ¨áá«¥¤®¢ ­¨©.

� ­ áâ®ïé¥© à ¡®â¥ ¯à¥¤« £ ¥âáï ¯®¤å®¤, ¯®§¢®-
«ïîé¨© ­¥ â®«ìª® ®¯¨á âì áª ­¨à®¢ ­¨¥ ¢ à¥¦¨¬¥

á¨« ®ââ «ª¨¢ ­¨ï, ­® ¨ ¢ëç¨á«¨âì §­ ç¥­¨ï £®à¨§®­-
â «ì­ëå á®áâ ¢«ïîé¨å á¨«ë, ¤¥©áâ¢ãîé¥© ­  ®áâà¨¥
���. � ª ç¥áâ¢¥ ¯à¨¬¥à  ¯à¨¢®¤ïâáï à¥§ã«ìâ âë

à áç¥â®¢ ¤«ï áª ­¨à®¢ ­¨ï ­ ¤ ¯®¢¥àå­®áâìî à¥è¥â-
ª¨ ¯«®â­®© ã¯ ª®¢ª¨  â®¬®¢, ª ª ­¥¢®§¬ãé¥­­®©, â ª
¨ á®¤¥à¦ é¥© â®ç¥ç­ë¥ ¤¥ä¥ªâë à §«¨ç­ëå â¨¯®¢.
�®¤®¡­ë¥ à áç¥âë, ª ª ãª §ë¢ «®áì à ­¥¥ [7,8], ¬®-
£ãâ ¡ëâì ¨á¯®«ì§®¢ ­ë ¯à¨ ¤¨ £­®áâ¨ª¥ â®ç¥ç­ëå

¤¥ä¥ªâ®¢ ­  ¯®¢¥àå­®áâ¨ ¬¥â ««®¢ ¬¥â®¤®¬ ���.

�¥â®¤¨ª  à áç¥â 

� ¯à¥¤¯®«®¦¥­¨¨ ® ¯ à­®¬ ¢§ ¨¬®¤¥©áâ¢¨¨  â®¬®¢

®áâà¨ï ¨ ¯®¢¥àå­®áâ¨ ¯®â¥­æ¨ «ì­ãî í­¥à£¨î ¢§ ¨-
¬®¤¥©áâ¢¨ï ¬®¦­® § ¯¨á âì ¢ ¢¨¤¥

U(x, y, z) =
n∑
i=1

m∑
j=1

u(xi, yi, zi, x+xj , y+yj, y+yj , z+zj).

(1)
�¤¥áì x, y, z — ª®®à¤¨­ âë ª®­ç¨ª  ®áâà¨ï ®â­®á¨-
â¥«ì­® ¨áá«¥¤ã¥¬®© ¯®¢¥àå­®áâ¨; ¨­¤¥ªá i ­ã¬¥àã¥â
 â®¬ë ¯®¢¥àå­®áâ¨ á ª®®à¤¨­ â ¬¨ xi, yi, zi; ¨­¤¥ªá j
­ã¬¥àã¥â  â®¬ë ®áâà¨ï, ¨¬¥îé¨¥ ª®®à¤¨­ âë xj , yj ,
zj, ¢ á¨áâ¥¬¥ ª®®à¤¨­ â, ­ ç «® ª®â®à®© á®¢¯ ¤ ¥â á
ª®­ç¨ª®¬ ®áâà¨ï. �á«¨ ¯à¥­¥¡à¥çì á¬¥é¥­¨¥¬  â®¬®¢
¯®¢¥àå­®áâ¨ ¨ ®áâà¨ï ¢ ¯à®æ¥áá¥ áª ­¨à®¢ ­¨ï (çâ®
¢® ¢áïª®¬ á«ãç ¥, ¡¥§ãá«®¢­®, á¯à ¢¥¤«¨¢® ¯à¨ á¨«¥
áª ­¨à®¢ ­¨ï F0 ∼ 10−9 H [9,10]), ¢¥àâ¨ª «ì­ãî ¨

£®à¨§®­â «ì­ãî (¢¤®«ì ®á¨ áª ­¨à®¢ ­¨ï x) á®áâ -
¢«ïîé¨¥ á¨«ë, ¤¥©áâ¢ãîé¥© ­  ®áâà¨¥, â® ¬®¦­®

­ ©â¨ ¢ à¥§ã«ìâ â¥ ¤¨ää¥à¥­æ¨à®¢ ­¨ï ¯®â¥­æ¨ «ì-
­®© í­¥à£¨¨ (1)

Fz(x, y, z) = −
∂

∂z
U(x, y, z),

Fx(x, y, z) = −
∂

∂x
U(x, y, z). (2)

�à¨ áª ­¨à®¢ ­¨¨ ­  ¯®áâ®ï­­®© ¢ëá®â¥ z = const
á¨«  Fx ¢ (2) ¯à¥¤áâ ¢«ï¥â á®¡®© á®¡áâ¢¥­­® á¨«ã

«®ª «ì­®£® ( â®¬­®£®) âà¥­¨ï. �ª ­¨à®¢ ­¨¥ ¢ ���,
®¤­ ª®, ¯à®¢®¤¨âáï ¢¤®«ì ¯®¢¥àå­®áâ¨ ¯®áâ®ï­­®©

á¨«ë Fz = const (â®ç­¥¥, ¯®áâ®ï­­®© ¢¥àâ¨ª «ì-
­®© á®áâ ¢«ïîé¥© á¨«ë). �®®â¢¥âáâ¢¥­­® ¨§¬¥àï¥-
¬ ï ¯à¨ íâ®¬ £®à¨§®­â «ì­ ï á®áâ ¢«ïîé ï á¨«ë

¯à¥¤áâ ¢«ï¥â á®¡®© äã­ªæ¨î

F̃x(x, y) = Fx(x, y, z)
∣∣∣
Fz(x,y,z)

= const. (3)
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�¨á. 1. �¢ã¬¥à­®¥ ¨§®¡à ¦¥­¨¥ ¯®¢¥àå­®áâ¨ ¯®áâ®ï­­®©
á¨«ë ( ) ¨ ¯à®ä¨«ï £®à¨§®­â «ì­®© á®áâ ¢«ïîé¥© á¨«ë
F̃x (¡) ¯à¨ áª ­¨à®¢ ­¨¨ ®áâà¨ï ��� ­ ¤ à¥è¥âª®©

¯«®â­®© ã¯ ª®¢ª¨  â®¬®¢.   — hmax = 0.5a, hmin = 0.367a;
¡ — F̃xmax = 0.473F0, F̃xmin = −0.473F0,

�«ï â®£® çâ®¡ë ­ ©â¨ ¢¥«¨ç¨­ã (3), ­¥®¡å®¤¨¬® ¢
ª ¦¤®© â®çª¥ (x,y) à¥è¨âì ®â­®á¨â¥«ì­® z ãà ¢­¥­¨¥

−
∂

∂z
U(x, y, z) = F0, (4)

£¤¥ F0 — á¨«  áª ­¨à®¢ ­¨ï.
�à¨ íâ®¬ ¡ã¤¥â ¯®«ãç¥­  ¯®¢¥àå­®áâì ¯®áâ®ï­­®©

á¨«ë z = z(x, y). � â¥¬ ¢ ª ¦¤®© â®çª¥ íâ®© ¯®¢¥àå-
­®áâ¨ á«¥¤ã¥â ¢ëç¨á«¨âì á¨«ã Fx(x, y, z(x, y)). �¥-
§ã«ìâ âë â ª®£® à áç¥â , ¥áâ¥áâ¢¥­­®, çã¢áâ¢¨â¥«ì­ë

ª ¢ë¡®àã ¯®â¥­æ¨ «  ¯ à­®£® ¢§ ¨¬®¤¥©áâ¢¨ï, ®á®-
¡¥­­® ¢ à¥¦¨¬¥ á¨« ®ââ «ª¨¢ ­¨ï, ª ¢ë¡®àã ¬®¤¥-
«¨  â®¬­®£® áâà®¥­¨ï ®áâà¨ï. �à®áâ¥©è ï ¬®¤¥«ì

®¤­® â®¬­®£® ®áâà¨ï (á¬., ­ ¯à¨¬¥à, [7,9,10]) ¯®§¢®-
«ï¥â ¯à¨ «î¡ëå ­ ç «ì­ëå ¢ëá®â å (â. ¥. ¯à¨ «î-
¡ëå á¨« å áª ­¨à®¢ ­¨ï) ¤®áâ â®ç­® å®à®è® ®¯¨-
á âì ¯®¢¥àå­®áâì ¯®áâ®ï­­®© á¨«ë ¢ ®¡« áâ¨ ­¥¯®-
áà¥¤áâ¢¥­­® ­ ¤  â®¬ ¬¨ ¨áá«¥¤ã¥¬®© ¯®¢¥àå­®áâ¨.
�¤­ ª® ¯à¨ ¤®áâ â®ç­® ¬ «ëå ­ ç «ì­ëå ¢ëá®â å

­ ©â¨ ­¥¯à¥àë¢­ãî ¯®¢¥àå­®áâì ¯®áâ®ï­­®© á¨«ë

¢ ®¡« áâ¨ ¬¥¦¤ã  â®¬ ¬¨ ®ª §ë¢ ¥âáï ­¥¢®§¬®¦-
­ë¬ [10,12,13]. �«ï á®§¤ ­¨ï ¡®«¥¥ á«®¦­ëå ¬®¤¥-
«¥© ª®­ç¨ª  ®áâà¨ï, ¯®§¢®«ïîé¨å  ¤¥ª¢ â­® ®¯¨áë-
¢ âì íªá¯¥à¨¬¥­â «ì­ë¥ à¥§ã«ìâ âë, ¨á¯®«ì§ãîâáï
¤¢  ¯ãâ¨. �¥à¢ë© á¢ï§ ­ á ¬®¤¥«¨à®¢ ­¨¥¬ â®© ¨«¨

¨­®© ª« áâ¥à­®© áâàãªâãàë ª®­ç¨ª  ®áâà¨ï (á¬.,
­ ¯à¨¬¥à, [12–15]). �â®à®© ¯ãâì á®áâ®¨â ¢ ¯à¥¤-
áâ ¢«¥­¨¨ ª®­ç¨ª  ®áâ¨àï ¢ ¢¨¤¥ ­¥ª®â®à®£® ª¢ -
§¨ â®¬  ¨ ¯®¤¡®à¥ ¯®¤å®¤ïé¥£® ¬®¤¥«ì­®£® ¯®â¥­-
æ¨ «  ¢§ ¨¬®¤¥©áâ¢¨ï íâ®£® ª¢ §¨ â®¬  á  â®¬ ¬¨

¯®¢¥àå­®áâ¨ [16]. �à¨ íâ®¬, ®¤­ ª®, ¢¯®«­¥ ¬®¦¥â
®ª § âìáï, çâ® ¬®¤¥«ì­ë© ¯®â¥­æ¨ «, ¯®¤®¡à ­­ë©
â ª, çâ®¡ë ®¡¥á¯¥ç¨âì á®®â¢¥âáâ¢¨¥ â¥®à¥â¨ç¥áª¨å ¨

íªá¯¥à¨¬¥­â «ì­ëå à¥§ã«ìâ â®¢ ¤«ï ¯®¢¥àå­®áâ¨ ¯®-
áâ®ï­­®© á¨«ë, ­¥ ®¡¥á¯¥ç¨¢ ¥â  ¤¥ª¢ â­®¥ ®¯¨á ­¨¥
£®à¨§®­â «ì­®© á®áâ ¢«ïîé¥© á¨«ë, ¤¥©áâ¢ãîé¥© ­ 
®áâà¨¥. �®íâ®¬ã ¡®«¥¥ ¥áâ¥áâ¢¥­­ë¬ ¯à¥¤áâ ¢«ï¥â-
áï ¬®¤¥«¨à®¢ ­¨¥ ª®­ç¨ª  ®áâà¨ï  â®¬­ë¬ ª« áâ¥-
à®¬, á®®â¢¥âáâ¢ãîé¨¬ áâàãªâãà¥ ¬ â¥à¨ «  (à¥è¥â-
ª  ¯«®â­®© ã¯ ª®¢ª¨ [12,13] «¨¡® â¥âà £®­ «ì­ ï

áâàãªâãà  [15]).
� ­ áâ®ïé¥© à ¡®â¥ ¨á¯®«ì§ã¥âáï ¬®¤¥«ì ¯ à ¡®-

«¨ç¥áª®£® ®áâà¨ï [8,17], ­  ª®­ç¨ª¥ ª®â®à®£® ­ å®-
¤¨âáï ª« áâ¥à ¨§ 7  â®¬®¢ [12,13], ®¤¨­ ¨§ ª®â®-
àëå ®¯ãé¥­ ­  à ááâ®ï­¨¥ h = 0.22a ®â­®á¨â¥«ì-
­® ¯«®áª®áâ¨ ®áâ «ì­ëå è¥áâ¨, à á¯®«®¦¥­­ëå ¢

¢¨¤¥ è¥áâ¨ã£®«ì­¨ª  á® áâ®à®­®© b = 0.85a (a —
à ¢­®¢¥á­®¥ à ááâ®ï­¨¥ ¬¥¦¤ã  â®¬ ¬¨ ¢ à¥è¥âª¥

¯«®â­®© ã¯ ª®¢ª¨). � ª ï ¬®¤¥«ì ®áâà¨ï ¯®§¢®«ï¥â

­¥¯à®â¨¢®à¥ç¨¢® ®¯¨á âì ¯à®æ¥áá áª ­¨à®¢ ­¨ï ­ 

­ ç «ì­ëå ¢ëá®â å d ∼ (0.5 − 0.6)a, ª®£¤  á¨« ¬¨

¯à¨âï¦¥­¨ï ¬®¦­® ¯à¥­¥¡à¥çì ¯® áà ¢­¥­¨î á á¨« -
¬¨ ®ââ «ª¨¢ ­¨ï. � íâ®¬ á«ãç ¥ ¯ à­ë© ¯®â¥­æ¨ « ¢

(1) ¬®¦­® ¢§ïâì, ­ ¯à¨¬¥à, ¢ ¢¨¤¥ [18]

u(xi, yi, zi, x+ xj , y + yj, z + zj)

=
α

[(x+ xj − xi)2 + (y + yj − yi)2 + (z + zj − zi)2]6
.

(5)
�«ï â®£® çâ®¡ë ¨§¡¥¦ âì § ¢¨á¨¬®áâ¨ à¥§ã«ìâ â®¢

®â §­ ç¥­¨ï ¯®«ãí¬¯¨à¨ç¥áª®© ¯®áâ®ï­­®© α, ã¤®¡-
­® ¢á¥ à áç¥âë ¯à®¢®¤¨âì ¢ ®â­®á¨â¥«ì­ëå ¢¥«¨ç¨-
­ å, ¨§¬¥àïï ¢á¥ à ááâ®ï­¨ï ¢ ¥¤¨­¨æ å ¬¥¦ â®¬­®-
£® à ¢­®¢¥á­®£® à ááâ®ï­¨ï a,   á¨«ë ¢ ¥¤¨­¨æ å

á¨«ë áª ­¨à®¢ ­¨ï F0. �à®¬¥ â®£®, ¯®¢¥àå­®áâì

¯®áâ®ï­­®© á¨«ë, ¯®«ãç¥­­ ï ¯à¨ à¥è¥­¨¨ ãà ¢­¥-
­¨ï (1), ¨ á®®â¢¥âáâ¢ãîé ï £®à¨§®­â «ì­ ï á®áâ -
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�¨á. 2. �¢ã¬¥à­®¥ ¨§®¡à ¦¥­¨¥ ¯®¢¥àå­®áâ¨ ¯®áâ®ï­-
­®© á¨«ë ( ) ¨ ¯à®ä¨«ï £®à¨§®­â «ì­®© á®áâ ¢«ïîé¥©

á¨«ë F̃x ¯à¨ áª ­¨à®¢ ­¨¨ ®áâà¨ï ��� ­ ¤ ¢ ª ­á¨¥©

¢ à¥è¥âª¥ ¯«®â­®© ã¯ ª®¢ª¨  â®¬®¢:   — hmax = 0.5a,
hmin = 0.284a; ¡ — F̃xmax = 0.588F0 , F̃xmin = −0.456F0 .

¢«ïîé ï á¨«ë § ¢¨áïâ ®â ®à¨¥­â æ¨¨ ®áâà¨ï ®â-
­®á¨â¥«ì­® ªà¨áâ ««®£à ä¨ç¥áª¨å ®á¥© ¯®¢¥àå­®áâ¨.
�à¨ íâ®¬ ¬¥â®¤¨ª  à áç¥â®¢ áãé¥áâ¢¥­­® § ¢¨á¨â

®â â®£®, ª ª ¯à®¨§¢®¤¨âáï áª ­¨à®¢ ­¨¥. �á«¨ ¯à¨

áª ­¨à®¢ ­¨¨ ®à¨¥­â æ¨ï ¬¨ªà®ª« áâ¥à  ­  ª®­ç¨ª¥

®áâà¨ï ®áâ ¥âáï áâà®£® ä¨ªá¨à®¢ ­­®© ®â­®á¨â¥«ì­®

¯®¢¥àå­®áâ¨, â® ­¥®¡å®¤¨¬® ¯à®¢®¤¨âì ¢á¥ à áç¥âë

¨¬¥­­® ¤«ï íâ®© ä¨ªá¨à®¢ ­­®© ®à¨¥­â æ¨¨. �á«¨
¦¥ ¢ ¯à®æ¥áá¥ áª ­¨à®¢ ­¨ï ®à¨¥­â æ¨ï ¬¨ªà®ª« -
áâ¥à  ®â­®á¨â¥«ì­® ¯®¢¥àå­®áâ¨ á«ãç ©­ë¬ ®¡à §®¬

¬¥­ï¥âáï, â® ­¥®¡å®¤¨¬® ¯à®¢®¤¨âì á®®â¢¥âáâ¢ãîé¥¥
ãáà¥¤­¥­¨¥ [12,13]. �¨¦¥ ¯à¨¢®¤ïâáï à¥§ã«ìâ âë

à áç¥â®¢ ãáà¥¤­¥­­ëå ¯®¢¥àå­®áâ¥© ¯®áâ®ï­­®© á¨«ë

¨ á®®â¢¥âáâ¢ãîé¨å áà¥¤­¨å §­ ç¥­¨© £®à¨§®­â «ì­®©

á®áâ ¢«ïîé¥© á¨«ë ¤«ï à¥è¥âª¨ ¯«®â­®© ã¯ ª®¢ª¨,
¬®¤¥«¨àãîé¥© ¯®¢¥àå­®áâì ¬¥â ««®¢.

�¨á. 3. �¢ã¬¥à­®¥ ¨§®¡à ¦¥­¨¥ ¯®¢¥àå­®áâ¨ ¯®áâ®ï­-
­®© á¨«ë (a) ¨ ¯à®ä¨«¥© £®à¨§®­â «ì­ëå á®áâ ¢«ïî-
é¨å á¨«ë F̃x (¡) ¨ F̃y (¢) ¯à¨ áª ­¨à®¢ ­¨¨ ®áâà¨ï

��� ­ ¤ ¤¨¢ ª ­á¨¥© ¢ à¥è¥âª¥ ¯«®â­®© ã¯ ª®¢ª¨

 â®¬®¢.   — hmax = 0.5a, hmin = 0.34a; ¡ —
F̃xmax = 0.508F0, F̃xmin = −0.532F0 .; ¢ — Fymax = 0.585F0 ,
Ẽymin = −0.585F0.
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�ª ­¨à®¢ ­¨¥ ­ ¤ à¥è¥âª®© ¯«®â­®©

ã¯ ª®¢ª¨

�  à¨á. 1,   ¯à¨¢¥¤¥­ë à¥§ã«ìâ âë à áç¥â  ãáà¥¤-
­¥­­®© ¯®¢¥àå­®áâ¨ ¯®áâ®ï­­®© á¨«ë ¯à¨ áª ­¨à®-
¢ ­¨¨ ®áâà¨ï ��� ­ ¤ ­¥¢®§¬ãé¥­­®© à¥è¥âª®©

¯«®â­®© ã¯ ª®¢ª¨. �¢ã¬¥à­ë¥ ¨§®¡à ¦¥­¨ï §¤¥áì ¨

¤ «¥¥ ¯à¥¤áâ ¢«ïîâ á®¡®© á¥ç¥­¨ï á®®â¢¥âáâ¢ãîé¨å

¯®¢¥àå­®áâ¥©, ¯®«ãç¥­­ëå ¯à¨ à¥è¥­¨¨ ãà ¢­¥­¨ï

(4), ¤¥áïâìî £®à¨§®­â «ì­ë¬¨ ¯«®áª®áâï¬¨, ¯à®¢¥-
¤¥­­ë¬¨ á è £®¬ ∆z = (zmax − zmin)/10. �®«¥¥

á¢¥â«ë© â®­ á®®â¢¥âáâ¢ã¥â ¡®«ìè¥© ¢ëá®â¥, ¡®«¥¥

â¥¬­ë© — ¬¥­ìè¥©. �® ¢á¥å à áá¬ âà¨¢ ¥¬ëå á«ã-
ç ïå zmax = 0.5a.

�  à¨á. 1, ¡ ¯à¨¢¥¤¥­® ¤¢ã¬¥à­®¥ ¨§®¡à ¦¥­¨¥ ¯à®-
ä¨«ï £®à¨§®­â «ì­®© á¨«ë (3). �¥«ë© â®­ ­  ¤¢ã¬¥à-
­ëå ¨§®¡à ¦¥­¨ïå á¨«ë á®®â¢¥âáâ¢ã¥â ¬ ªá¨¬ «ì­®-
¬ã ¯®«®¦¨â¥«ì­®¬ã §­ ç¥­¨î F̃xmax, ª®£¤  £®à¨§®­-
â «ì­ ï á¨«  ¤¥©áâ¢ã¥â ­  ®áâà¨¥ ¢ ­ ¯à ¢«¥­¨¨ áª -
­¨à®¢ ­¨ï.�¥à­ë© â®­ á®®â¢¥âáâ¢ã¥â¬¨­¨¬ «ì­®¬ã,
â. ¥. ¬ ªá¨¬ «ì­®¬ã ¯® ¬®¤ã«î ®âà¨æ â¥«ì­®¬ã, §­ -
ç¥­¨î F̃xmin, ª®£¤  £®à¨§®­â «ì­ ï á¨«  ¤¥©áâ¢ã¥â ­ 
®áâà¨¥ ¢ ­ ¯à ¢«¥­¨¨, ¯à®â¨¢®¯®«®¦­®¬ ­ ¯à ¢«¥-
­¨î áª ­¨à®¢ ­¨ï. � ¦¤®¥ ¨§¬¥­¥­¨¥ â®­  ®â ¡®«¥¥
á¢¥â«®£® ª ¡®«¥¥ â¥¬­®¬ã á®®â¢¥âáâ¢ã¥â ã¬¥­ìè¥­¨î

á¨«ë ­  ∆F̃x = (F̃xmax − F̃xmin)/10.

� ª ¢¨¤­® ¨§ áà ¢­¥­¨ï à¨á. 1,   ¨ ¡, £®à¨§®­-
â «ì­ ï á®áâ ¢«ïîé ï á¨«ë ®¡à é ¥âáï ¢ ­ã«ì ­¥-
¯®áà¥¤áâ¢¥­­® ­ ¤  â®¬ ¬¨ ¨áá«¥¤ã¥¬®© ¯®¢¥àå­®áâ¨

¨ ¢ â®çª å ¬¥¦¤ã ­¨¬¨, çâ® á®£« áã¥âáï á íªá¯¥-
à¨¬¥­â «ì­ë¬¨ à¥§ã«ìâ â ¬¨ (á¬.: ­ ¯à¨¬¥à, [6]).
�®«ãç¥­­ ï £«ã¡¨­  à¥«ì¥ä  ¤«ï £®à¨§®­â «ì­®©

á®áâ ¢«ïîé¥© (F̃xmax − F̃xmin) ≈ F0 â ª¦¥ å®à®è®

á®£« áã¥âáï á íªá¯¥à¨¬¥­â «ì­ë¬¨ ¤ ­­ë¬¨ [6].

� ª ­á¨ï ¨ ¤¨¢ ª ­á¨ï ¢ à¥è¥âª¥

¯«®â­®© ã¯ ª®¢ª¨

� áá¬®âà¨¬ â¥¯¥àì ­¥ª®â®àë¥ â¨¯ë â®ç¥ç­ëå ¤¥-
ä¥ªâ®¢ ¢ à¥è¥âª¥ ¯«®â­®© ã¯ ª®¢ª¨. �  à¨á. 2
¯à¨¢¥¤¥­ë à¥§ã«ìâ âë à áç¥â®¢ ¤«ï ¤¥ä¥ªâ  â¨¯ 

¢ ª ­á¨¨: ¤¢ã¬¥à­®¥ ¨§®¡à ¦¥­¨¥ ãáà¥¤­¥­­®© ¯®-
¢¥àå­®áâ¨ ¯®áâ®ï­­®© á¨«ë (à¨á. 2,  ) ¨ á®®â¢¥âáâ¢ã-
îé¥£® ¯à®ä¨«ï £®à¨§®­â «ì­®© á®áâ ¢«ïîé¥© á¨«ë

F̃x (à¨á. 2, ¡). �à ¢­¥­¨¥ à¨á. 1,  , ¡ á à¨á. 2,  , ¡ á®-
®â¢¥âáâ¢¥­­® ­ £«ï¤­® ¤¥¬®­áâà¨àã¥â ¢®§¬®¦­®áâì

®¡­ àã¦¥­¨ï ­  ¯®¢¥àå­®áâ¨ ®¡à §æ  ¤¥ä¥ªâ®¢ â¨¯ 

¢ ª ­á¨¨ ¯® ¤ ­­ë¬ ���. �«ï ¤¨¢ ª ­á¨¨ ¤¢ã-
¬¥à­®¥ ¨§®¡à ¦¥­¨¥ ¯®¢¥àå­®áâ¨ ¯®áâ®ï­­®© á¨«ë

¯à¨¢¥¤¥­® ­  à¨á. 3,  . � ¬¥â¨¬, çâ® ¯à¨ áª ­¨à®¢ -
­¨¨ ®áâà¨ï ��� ¢¡«¨§¨ ¤¨¢ ª ­á¨¨ ¢¤®«ì ¢§ ¨¬­®

¯¥à¯¥­¤¨ªã«ïà­ëå ®á¥© x ¨ y £®à¨§®­â «ì­ë¥ á®áâ -
¢«ïîé¨¥ á®¢¥àè¥­­® à §«¨ç­ë ¨ ã¦¥ ­¥ ¬®£ãâ ¡ëâì

¢ëà ¦¥­ë ¤àã£ ç¥à¥§ ¤àã£  á ¨á¯®«ì§®¢ ­¨¥¬ á¢®©áâ¢

á¨¬¬¥âà¨¨ à¥è¥âª¨, ª ª ¢ á«ãç ïå ­¥¢®§¬ãé¥­­®©

à¥è¥âª¨ ¨ ¢ ª ­á¨¨. �®íâ®¬ã ¡ë«¨ ¯®¤à®¡­® ¨áá«¥-

¤®¢ ­ë à¥¦¨¬ë áª ­¨à®¢ ­¨ï ¢¤®«ì ®¡¥¨å ®á¥©. �®-
«ãç¥­­ë¥ ¯à®ä¨«¨ £®à¨§®­â «ì­ëå ª®¬¯®­¥­â á¨«ë

F̃x ¨ F̃y ¯à¨¢¥¤¥­ë ­  à¨á. 3, ¡ ¨ ¢ á®®â¢¥âáâ¢¥­­®.
�®«ãç¥­­ë¥ à¥§ã«ìâ âë ïá­® ¯®ª §ë¢ îâ, çâ® ­ -

«¨ç¨¥ ­  ¨áá«¥¤ã¥¬®© ¯®¢¥àå­®áâ¨ â®ç¥ç­ëå ¤¥ä¥ª-
â®¢ § ¬¥â­® ¨§¬¥­ï¥â ­¥ â®«ìª® å à ªâ¥à ¯®¢¥àå-
­®áâ¨ ¯®áâ®ï­­®© á¨«ë, ­® ¨ ¯à®ä¨«ì £®à¨§®­â «ì-
­®© á®áâ ¢«ïîé¥© á¨«ë, ¤¥©áâ¢ãîé¥© ­  ®áâà¨¥ ¢

¯à®æ¥áá¥ áª ­¨à¢ ­¨ï ¢ à¥¦¨¬¥ á¨« ®ââ «ª¨¢ ­¨ï.
�«¥¤®¢ â¥«ì­®, ¨§¬¥à¥­¨¥ £®à¨§®­â «ì­®© á®áâ ¢«ï-
îé¥© á¨«ë ¤ ¥â ¤®¯®«­¨â¥«ì­ãî ¨­ä®à¬ æ¨î ¤«ï

¤¨ £­®áâ¨ª¨ â®ç¥ç­ëå ¤¥ä¥ªâ®¢ ¬¥â®¤®¬ ���.
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