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Ʌ.Ʌ. Ƚɚɪɬ 
Ⱦɧɿɩɪɨɜɫɶɤɢɣ ɧɚɰɿɨɧɚɥɶɧɢɣ ɭɧɿɜɟɪɫɢɬɟɬ ɿɦɟɧɿ Ɉɥɟɫɹ Ƚɨɧɱɚɪɚ 

 

ɉɊɈ ɈɐȱɇɄɂ ɒȼɂȾɄɈɋɌȱ ɁȻȱɀɇɈɋɌȱ ɉɊɈȿɄɐȱɃɇɈ-

ȱɌȿɊȺɐȱɃɇɂɏ ɉɊɈɐȿɋȱȼ ɍɆɈȼɇɈȲ ɆȱɇȱɆȱɁȺɐȱȲ ɎɍɇɄɐȱɈɇȺɅȺ 
 
Ⱦɨɫɥɿɞɠɟɧɨ ɩɪɨɟɤɰɿɣɧɨ-ɿɬɟɪɚɰɿɣɧɿ ɩɪɨɰɟɫɢ, ɡɚɫɧɨɜɚɧɿ ɧɚ ɦɟɬɨɞɿ ɭɦɨɜɧɨɝɨ 

ɝɪɚɞɿєɧɬɚ, ɞɥɹ ɪɨɡɜ'ɹɡɚɧɧɹ ɡɚɞɚɱɿ ɦɿɧɿɦɿɡɚɰɿʀ ɮɭɧɤɰɿɨɧɚɥɚ ɜ ɞɿɣɫɧɨɦɭ ɫɟɩɚɪɚɛɟɥɶɧɨɦɭ 
ɝɿɥɶɛɟɪɬɨɜɨɦɭ ɩɪɨɫɬɨɪɿ. Ⱦɨɜɟɞɟɧɨ ɡɛɿɠɧɿɫɬɶ ɡɚ ɮɭɧɤɰɿɨɧɚɥɨɦ, ɚ ɜ ɪɚɡɿ ɫɢɥɶɧɨ 
ɨɩɭɤɥɨɝɨ ɮɭɧɤɰɿɨɧɚɥɚ − ɣ ɡɚ ɚɪɝɭɦɟɧɬɨɦ, ɞɟɤɿɥɶɤɨɯ ɨɛɱɢɫɥɸɜɚɥɶɧɢɯ ɫɯɟɦ 
ɩɪɨɟɤɰɿɣɧɨ-ɿɬɟɪɚɰɿɣɧɨɝɨ ɦɟɬɨɞɭ ɩɪɢ ɪɿɡɧɢɯ ɫɩɨɫɨɛɚɯ ɜɢɛɨɪɭ ɤɪɨɤɨɜɨɝɨ ɦɧɨɠɧɢɤɚ. 

Ɉɬɪɢɦɚɧɨ ɨɰɿɧɤɢ ɩɨɯɢɛɤɢ ɬɚ ɲɜɢɞɤɨɫɬɿ ɡɛɿɠɧɨɫɬɿ. 
Ʉɥɸɱɨɜɿ ɫɥɨɜɚ: ɮɭɧɤɰɿɨɧɚɥ, ɦɧɨɠɢɧɚ, ɩɪɨɫɬɿɪ, ɡɚɞɚɱɚ ɦɿɧɿɦɿɡɚɰɿʀ, ɩɨɫɥɿɞɨɜɧɿɫɬɶ, 

ɦɟɬɨɞ ɭɦɨɜɧɨɝɨ ɝɪɚɞɿєɧɬɚ, ɩɪɨɟɤɰɿɣɧɨ-ɿɬɟɪɚɰɿɣɧɢɣ ɦɟɬɨɞ, ɡɛɿɠɧɿɫɬɶ, ɨɰɿɧɤɚ, ɩɨɯɢɛɤɚ. 
 

ɂɫɫɥɟɞɨɜɚɧɵ ɩɪɨɟɤɰɢɨɧɧɨ-ɢɬɟɪɚɰɢɨɧɧɵɟ ɩɪɨɰɟɫɫɵ, ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɦɟɬɨɞɟ 

ɭɫɥɨɜɧɨɝɨ ɝɪɚɞɢɟɧɬɚ, ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɦɢɧɢɦɢɡɚɰɢɢ ɮɭɧɤɰɢɨɧɚɥɚ ɜ 
ɜɟɳɟɫɬɜɟɧɧɨɦ ɫɟɩɚɪɚɛɟɥɶɧɨɦ ɝɢɥɶɛɟɪɬɨɜɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ. Ⱦɨɤɚɡɚɧɚ ɫɯɨɞɢɦɨɫɬɶ ɩɨ 

ɮɭɧɤɰɢɨɧɚɥɭ, ɚ ɜ ɫɥɭɱɚɟ ɫɢɥɶɧɨ ɜɵɩɭɤɥɨɝɨ ɮɭɧɤɰɢɨɧɚɥɚ − ɢ ɩɨ ɚɪɝɭɦɟɧɬɭ, 
ɧɟɫɤɨɥɶɤɢɯ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɫɯɟɦ ɩɪɨɟɤɰɢɨɧɧɨ-ɢɬɟɪɚɰɢɨɧɧɨɝɨ ɦɟɬɨɞɚ ɩɪɢ 

ɪɚɡɥɢɱɧɵɯ ɫɩɨɫɨɛɚɯ ɜɵɛɨɪɚ ɲɚɝɨɜɨɝɨ ɦɧɨɠɢɬɟɥɹ. ɉɨɥɭɱɟɧɵ ɨɰɟɧɤɢ ɩɨɝɪɟɲɧɨɫɬɢ ɢ 

ɫɤɨɪɨɫɬɢ ɫɯɨɞɢɦɨɫɬɢ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɮɭɧɤɰɢɨɧɚɥ, ɦɧɨɠɟɫɬɜɨ, ɩɪɨɫɬɪɚɧɫɬɜɨ, ɡɚɞɚɱɚ ɦɢɧɢɦɢɡɚɰɢɢ, 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ, ɦɟɬɨɞ ɭɫɥɨɜɧɨɝɨ ɝɪɚɞɢɟɧɬɚ, ɩɪɨɟɤɰɢɨɧɧɨ-ɢɬɟɪɚɰɢɨɧɧɵɣ ɦɟɬɨɞ, 
ɫɯɨɞɢɦɨɫɬɶ, ɨɰɟɧɤɚ, ɩɨɝɪɟɲɧɨɫɬɶ. 

 

We study projection-iterative processes based on the conditional gradient method to 

solve the problem of minimizing a functional in a real separable Hilbert space.  

To solve extremal problems, methods of approximate (projection) type are often used, 

which make it possible to replace the initial problem by a sequence of auxiliary approxi-

mating extremal problems. The work of many authors is devoted to the problems of ap-

proximating various classes of extremal problems. Investigations of projection and projec-

tion-iteration methods for solving extremal problems with constraints in Hilbert and re-

flexive Banach spaces were carried out, in particular, in the works of S.D. Balashova, in 

which the general conditions for approximation and convergence of sequences of exact and 

approximate solutions of approximating extremal problems considered both in subspaces 

of the original space and in certain spaces isomorphic to them were proposed. 

The projection-iterative approach to the approximate solution of an extremal problem is 

based on the possibility of applying iterative methods to the solution of approximating 

problems. Moreover, for each of the "approximate" extremal problems, only a few approx-

imations are obtained with the help of a certain iteration method and the last of them as the 

initial approximation for the next "approximate" problem is used. 

This paper, in continuation of the author's past work to solve the problem of minimizing 

a functional on a convex set of Hilbert space, is devoted to obtaining theoretical estimates  

of the rate of convergence of the projection-iteration method based on the conditional gra-

dient method (for different ways of specifying a step multiplier) of minimization of approx 

________________________ 
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imating functionals in certain spaces isomorphic to subspaces of the original space. We 

prove theorems on the convergence of a projection-iteration method and obtain estimates 

of error and convergence degree. 

Keywords: functional, set, space, minimization problem, sequence, conditional gradient 

method, projection-iteration method, convergence, estimate, error. 

 

ȼɫɬɭɩ. Іɬɟɪɚɰɿɣɧɿ ɿ ɩɪɨɟɤɰɿɣɧɿ (ɚɩɪɨɤɫɢɦɚɰɿɣɧɿ) ɦɟɬɨɞɢ ɫɤɥɚɞɚɸɬɶ ɞɜɚ 
ɧɚɣɜɚɠɥɢɜɿɲɢɯ ɤɥɚɫɢ ɱɢɫɟɥɶɧɢɯ ɩɪɨɰɟɞɭɪ, ɹɤɿ ɡɚɫɬɨɫɨɜɭɸɬɶɫɹ ɞɥɹ ɩɨɛɭɞɨɜɢ 
ɪɨɡɜ’ɹɡɤɿɜ ɪɿɡɧɢɯ ɡɚɞɚɱ, ɳɨ ɜɢɧɢɤɚɸɬɶ ɜ ɬɟɨɪɿʀ ɤɟɪɭɜɚɧɧɹ ɿ ɨɩɬɢɦɿɡɚɰɿʀ [1]. 
ɉɪɚɜɢɥɶɧɨ ɩɨɛɭɞɨɜɚɧɚ ɚɩɪɨɤɫɢɦɚɰɿɹ ɟɤɫɬɪɟɦɚɥɶɧɨʀ ɡɚɞɚɱɿ ɡɚɞɚɱɚɦɢ ɛɿɥɶɲ 
ɩɪɨɫɬɨʀ ɩɪɢɪɨɞɢ ɞɨɡɜɨɥɹє ɨɬɪɢɦɚɬɢ ɡɦɿɫɬɨɜɧɿ ɪɟɡɭɥɶɬɚɬɢ ɹɤɿɫɧɨɝɨ ɿ 
ɤɿɥɶɤɿɫɧɨɝɨ ɯɚɪɚɤɬɟɪɭ ɩɪɨ ɞɨɫɥɿɞɠɭɜɚɧɢɣ ɩɪɨɰɟɫ. Ɉɫɧɨɜɢ ɬɟɨɪɿʀ ɿ ɦɟɬɨɞɿɜ 
ɚɩɪɨɤɫɢɦɚɰɿʀ ɬɚ ɫɬɿɣɤɨɫɬɿ ɟɤɫɬɪɟɦɚɥɶɧɢɯ ɡɚɞɚɱ ɡɚɤɥɚɞɟɧɿ ɜ ɩɪɚɰɹɯ  
ɉ.-ɀ. Ʌɨɪɚɧɚ, ɘ. Ɇ. Єɪɦɨɥɶєɜɚ, Ⱥ. Ɇ. Ɍɢɯɨɧɨɜɚ, ȼ. ȼ. ȼɚɫɢɧɚ, 
Ɇ. Ɇ. ɉɨɬɚɩɨɜɚ, Ⱥ. Ⱦɨɧɱɟɜɚ, ȼ. ȼ. ɉɟɬɪɿɲɢɧɚ, Ȼ. ɒ. Ɇɨɪɞɭɯɨɜɢɱɚ ɬɚ 
ɛɚɝɚɬɶɨɯ ɿɧɲɢɯ ɚɜɬɨɪɿɜ. ɉɟɪɲɿ ɪɟɡɭɥɶɬɚɬɢ ɿɡ ɡɚɝɚɥɶɧɢɯ ɭɦɨɜ ɡɛɿɠɧɨɫɬɿ ɡɚ 
ɮɭɧɤɰɿɨɧɚɥɨɦ, ɜ ɬɨɦɭ ɱɢɫɥɿ ɞɥɹ ɫɤɿɧɱɟɧɧɨ-ɪɿɡɧɢɰɟɜɢɯ ɚɩɪɨɤɫɢɦɚɰɿɣ 
ɟɤɫɬɪɟɦɚɥɶɧɢɯ ɡɚɞɚɱ ɛɭɥɢ ɨɬɪɢɦɚɧɿ ɜ ɪɨɛɨɬɚɯ Ȼ. Ɇ. Ȼɭɞɚɤɚ, Ȼ. Ɇ. Ȼɟɪɤɨɜɢɱɚ, 
Є. Ɇ. ɋɨɥɨɜɶɨɜɨʀ [2]. Ⱦɥɹ ɡɛɿɠɧɨɫɬɿ ɚɩɪɨɤɫɢɦɚɰɿɣɧɢɯ ɦɟɬɨɞɿɜ ɡɚ ɚɪɝɭɦɟɧɬɨɦ 
ɜɢɤɨɪɢɫɬɨɜɭɜɚɜɫɹ ɦɟɬɨɞ ɪɟɝɭɥɹɪɢɡɚɰɿʀ Ⱥ. Ɇ. Ɍɢɯɨɧɨɜɚ. Ɉɫɧɨɜɚɦ ɬɟɨɪɿʀ 
ɿɬɟɪɚɰɿɣɧɢɯ ɦɟɬɨɞɿɜ ɿ ɚɥɝɨɪɢɬɦɿɜ ɨɩɬɢɦɿɡɚɰɿʀ ɩɪɢɫɜɹɱɟɧɿ ɜɿɞɨɦɿ ɪɨɛɨɬɢ 
ɀ. ɋɟɚ, ȿ. ɉɨɥɚɤɚ, Ȼ. Ɇ. ɉɲɟɧɢɱɧɨɝɨ, ɘ. Ɇ. Ⱦɚɧɢɥɿɧɚ, Ɏ. ɉ. ȼɚɫɢɥɶєɜɚ ɬɚ 
ɛɚɝɚɬɶɨɯ ɿɧɲɢɯ ɜɱɟɧɢɯ. ɋɤɥɚɞɧɿɫɬɶ ɬɚ ɟɮɟɤɬɢɜɧɿɫɬɶ ɦɟɬɨɞɿɜ ɨɩɬɢɦɿɡɚɰɿʀ 
ɜɢɜɱɚɥɚɫɶ ɜ ɪɨɛɨɬɚɯ Ⱥ. ɋ. ɇɟɦɢɪɨɜɫɶɤɨɝɨ, Ⱦ. Ȼ. ɘɞɢɧɚ, Ɇ. Ɇ. Ʉɭɡɸɪɢɧɚ, 
ɋ. Ⱥ. Ɏɨɦɿɧɚ. 

ɉɪɨɟɤɰɿɣɧɿ ɬɚ ɩɪɨɟɤɰɿɣɧɨ-ɿɬɟɪɚɰɿɣɧɿ ɦɟɬɨɞɢ ɪɨɡɜ’ɹɡɚɧɧɹ ɟɤɫɬɪɟɦɚɥɶɧɢɯ 
ɡɚɞɚɱ ɜ ɝɿɥɶɛɟɪɬɨɜɢɯ ɿ ɪɟɮɥɟɤɫɢɜɧɢɯ ɛɚɧɚɯɨɜɢɯ ɩɪɨɫɬɨɪɚɯ, ɡɚɫɧɨɜɚɧɿ ɧɚ 
ɛɚɡɨɜɿɣ ɿɞɟʀ ɋ. Ⱦ. Ȼɚɥɚɲɨɜɨʀ, ɞɨɫɥɿɞɠɭɜɚɥɢɫɹ ɜ ɪɨɛɨɬɚɯ [3-10]. ɋɬɨɫɨɜɧɨ 
ɡɚɞɚɱɿ 

inf)(   uF → ,     u ,                                           (1) 

ɦɿɧɿɦɿɡɚɰɿʀ ɨɛɦɟɠɟɧɨɝɨ ɡɧɢɡɭ ɮɭɧɤɰɿɨɧɚɥɭ )(uF  ɧɚ ɦɧɨɠɢɧɿ   ɞɿɣɫɧɨɝɨ 
ɫɟɩɚɪɚɛɟɥɶɧɨɝɨ ɝɿɥɶɛɟɪɬɨɜɚ ɩɪɨɫɬɨɪɭ H  ɰɹ ɿɞɟɹ ɩɨɥɹɝɚє ɜ ɬɨɦɭ, ɳɨ ɡɚɞɚɱɚ (1) 
ɡɚɦɿɧɸєɬɶɫɹ ɞɟɹɤɨɸ ɩɨɫɥɿɞɨɜɧɿɫɬɸ ɚɩɪɨɤɫɢɦɭɸɱɢɯ ʀʀ ɟɤɫɬɪɟɦɚɥɶɧɢɯ ɡɚɞɚɱ 

inf)(   uF nn → ,     nnu  ,    ,..., 2 1n = ,                        (2) 

ɡɚɞɚɧɢɯ ɧɚ ɦɧɨɠɢɧɚɯ nn H=  ɿɡ ɩɿɞɩɪɨɫɬɨɪɿɜ nH  ɜɢɯɿɞɧɨɝɨ ɩɪɨɫɬɨɪɭ 
)......( HHHH n21  . Ⱦɥɹ ɤɨɠɧɨʀ ɡ «ɧɚɛɥɢɠɟɧɢɯ» ɟɤɫɬɪɟɦɚɥɶɧɢɯ 

ɡɚɞɚɱ (2) ɡɧɚɯɨɞɢɬɶɫɹ ɡɚ ɞɨɩɨɦɨɝɨɸ ɞɟɹɤɨɝɨ ɿɬɟɪɚɰɿɣɧɨɝɨ ɦɟɬɨɞɭ ɥɢɲɟ ɤɿɥɶɤɚ 
ɧɚɛɥɢɠɟɧɶ n

k
nu )( , nk 2 1k ,...,,= , ɨɫɬɚɧɧє ɡ ɹɤɢɯ ɨɛɢɪɚєɬɶɫɹ ɡɚ ɩɨɱɚɬɤɨɜɟ 

ɧɚɛɥɢɠɟɧɧɹ ɜ ɿɬɟɪɚɰɿɣɧɨɦɭ ɩɪɨɰɟɫɿ ɞɥɹ ɧɚɫɬɭɩɧɨʀ, ( 1n + )-ɨʀ ɡɚɞɚɱɿ. 
ɉɨɫɥɿɞɨɜɧɿɫɬɶ ɧɚɛɥɢɠɟɧɶ }{

)(
n

k

n
u  ɨɝɨɥɨɲɭєɬɶɫɹ ɦɿɧɿɦɿɡɭɸɱɨɸ ɩɨɫɥɿɞɨɜɧɿɫɬɸ 

ɞɥɹ ɜɢɯɿɞɧɨɝɨ ɮɭɧɤɰɿɨɧɚɥɭ )(uF  ɧɚ ɦɧɨɠɢɧɿ H , ɚ ɬɚɤɨɠ ɩɨɫɥɿɞɨɜɧɿɫɬɸ 
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ɧɚɛɥɢɠɟɧɶ ɞɨ ɬɨɱɤɢ *u  ɦɿɧɿɦɭɦɭ )(uF  ɧɚ   (ɹɤɳɨ ɬɚɤɚ ɬɨɱɤɚ ɿɫɧɭє). 
Ɉɬɪɢɦɚɧɨ ɡɚɝɚɥɶɧɿ ɭɦɨɜɢ ɚɩɪɨɤɫɢɦɚɰɿʀ ɿ ɡɛɿɠɧɨɫɬɿ ɡɚ ɮɭɧɤɰɿɨɧɚɥɨɦ (ɚ ɭ 
ɜɢɩɚɞɤɭ ɫɢɥɶɧɨ ɨɩɭɤɥɨɝɨ ɮɭɧɤɰɿɨɧɚɥɭ )(uF  ɧɚ   − ɣ ɡɚ ɚɪɝɭɦɟɧɬɨɦ) 
ɩɪɨɟɤɰɿɣɧɨɝɨ ɿ ɞɟɹɤɢɯ ɩɪɨɟɤɰɿɣɧɨ-ɿɬɟɪɚɰɿɣɧɢɯ ɦɟɬɨɞɿɜ ɪɨɡɜ’ɹɡɚɧɧɹ ɡɚɞɚɱɿ (1), 
ɜ ɬɨɦɭ ɱɢɫɥɿ ɛɟɡɭɦɨɜɧɨʀ ɦɿɧɿɦɿɡɚɰɿʀ )( H=  ɩɪɢ ɩɪɨɟɤɬɭɜɚɧɧɿ ɹɤ ɭ 
ɩɿɞɩɪɨɫɬɨɪɢ ɜɢɯɿɞɧɨɝɨ ɩɪɨɫɬɨɪɭ, ɬɚɤ ɿ ɜ ɞɟɹɤɿ ɩɪɨɫɬɨɪɢ, ɿɡɨɦɨɪɮɧɿ ɧɢɦ. 
ɉɨɛɭɞɨɜɚɧɨ ɩɪɨɟɤɰɿɣɧɿ ɜɚɪɿɚɧɬɢ ɝɪɚɞɿєɧɬɧɢɯ ɦɟɬɨɞɿɜ (ɩɪɨɟɤɰɿʀ ɝɪɚɞɿєɧɬɭ [6], 
ɭɦɨɜɧɨɝɨ ɝɪɚɞɿєɧɬɭ [3], ɫɩɪɹɠɟɧɢɯ ɝɪɚɞɿєɧɬɿɜ [7]), ɦɟɬɨɞɿɜ ɪɟɥɚɤɫɚɰɿʀ ɬɚ 
ɇɶɸɬɨɧɚ [4] ɜ ɞɿɣɫɧɢɯ ɫɟɩɚɪɚɛɟɥɶɧɢɯ ɝɿɥɶɛɟɪɬɨɜɢɯ ɩɪɨɫɬɨɪɚɯ. ɍ ɬɨɣ ɠɟ ɱɚɫ 
ɧɟɞɨɫɥɿɞɠɟɧɢɦɢ ɡɚɥɢɲɢɥɢɫɶ ɩɢɬɚɧɧɹ ɫɬɿɣɤɨɫɬɿ ɬɚ ɲɜɢɞɤɨɫɬɿ ɡɛɿɠɧɨɫɬɿ 
ɩɪɨɟɤɰɿɣɧɨ-ɿɬɟɪɚɰɿɣɧɢɯ ɦɟɬɨɞɿɜ ɪɨɡɜ’ɹɡɚɧɧɹ ɡɚɞɚɱɿ (1), ɦɨɠɥɢɜɨɫɬɿ 
ɩɨɛɭɞɭɜɚɧɧɹ ɪɟɝɭɥɹɪɢɡɭɸɱɢɯ ɩɪɨɟɤɰɿɣɧɨ-ɿɬɟɪɚɰɿɣɧɢɯ ɦɟɬɨɞɿɜ ɪɨɡɜ’ɹɡɚɧɧɹ 
ɧɟɤɨɪɟɤɬɧɢɯ ɟɤɫɬɪɟɦɚɥɶɧɢɯ ɡɚɞɚɱ ɭ ɮɭɧɤɰɿɨɧɚɥɶɧɢɯ ɩɪɨɫɬɨɪɚɯ. 

ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɿ. ɇɟɯɚɣ ɧɚ ɞɟɹɤɿɣ ɦɧɨɠɢɧɿ   ɞɿɣɫɧɨɝɨ ɫɟɩɚɪɚɛɟɥɶɧɨɝɨ 
ɝɿɥɶɛɟɪɬɨɜɚ ɩɪɨɫɬɨɪɭ H  ɡɚɞɚɧɢɣ ɨɛɦɟɠɟɧɢɣ ɡɧɢɡɭ ɮɭɧɤɰɿɨɧɚɥ )(uF : 

−=


F*uF 
u

)(inf .                                            (3) 

Ɋɨɡɝɥɹɧɟɦɨ ɡɚɞɚɱɭ (1) ɦɿɧɿɦɿɡɚɰɿʀ )(uF  ɧɚ  , ɪɨɡɭɦɿɸɱɢ ɩɿɞ ɰɢɦ ɬɚɤɿ 
ɩɢɬɚɧɧɹ [11]: 1) ɡɧɚɣɬɢ )( inf* uFF

u 
= ; 2) ɜɤɚɡɚɬɢ ɦɿɧɿɦɿɡɭɸɱɭ ɩɨɫɥɿɞɨɜɧɿɫɬɶ 

}{ )(ku , ɞɥɹ ɹɤɨʀ *)( lim )( FuF k

k
=

→
, ɚɛɨ ɠ, ɹɤɳɨ ɰɟ ɦɨɠɥɢɜɨ, ɡɧɚɣɬɢ ɬɨɱɤɭ 

*u  ɡ ɜɥɚɫɬɢɜɿɫɬɸ *Fu*F =)(  (ɬɨɱɤɭ ɦɿɧɿɦɭɦɭ )(uF  ɧɚ  ). 

Ⱦɥɹ ɪɨɡɜ’ɹɡɚɧɧɹ ɡɚɞɚɱɿ (1), ɹɤ ɡɚɡɧɚɱɚɥɨɫɶ ɜɢɳɟ, ɪɨɡɪɨɛɥɟɧɨ ɿ ɞɨɫɥɿɞɠɟɧɨ 
ɧɚ ɡɛɿɠɧɿɫɬɶ ɡɧɚɱɧɭ ɤɿɥɶɤɿɫɬɶ ɩɪɨɟɤɰɿɣɧɨ-ɿɬɟɪɚɰɿɣɧɢɯ ɦɟɬɨɞɿɜ, ɹɤɿ ɞɨɡɜɨɥɹɸɬɶ 
ɡɚ ɩɟɜɧɢɯ ɭɦɨɜ ɛɭɞɭɜɚɬɢ ɧɚ   ɩɨɫɥɿɞɨɜɧɨɫɬɿ }{ )( nk

nu , ɳɨ є ɦɿɧɿɦɿɡɭɸɱɢɦɢ ɞɥɹ 
)(uF  ɚɛɨ ɡɛɿɝɚɸɬɶɫɹ ɞɨ ɬɨɱɰɿ ɦɿɧɿɦɭɦɭ *u . ɑɚɫɬɢɧɚ ɡ ɰɢɯ ɦɟɬɨɞɿɜ 

ɩɪɢɞɚɬɧɚ ɞɥɹ ɩɨɲɭɤɭ ɦɿɧɿɦɭɦɭ ɮɭɧɤɰɿɨɧɚɥɚ ɧɚ ɜɫɶɨɦɭ ɩɪɨɫɬɨɪɿ H , ɱɚɫɬɢɧɚ 
− ɧɚ ɨɛɦɟɠɟɧɢɯ ɦɧɨɠɢɧɚɯ  , ɚ ɞɟɹɤɿ ɦɟɬɨɞɢ ɧɟɫɤɥɚɞɧɨ ɩɪɢɫɬɨɫɭɜɚɬɢ ɞɨ 
ɩɨɲɭɤɭ ɦɿɧɿɦɭɦɭ ɹɤ ɩɪɢ H= , ɬɚɤ ɿ ɩɪɢ H , ɩɪɢɱɨɦɭ ɦɧɨɠɢɧɚ   ɦɨɠɟ 
ɛɭɬɢ ɨɛɦɟɠɟɧɚ ɚɛɨ ɧɟɨɛɦɟɠɟɧɚ. 

ȼ ɞɚɧɿɣ ɪɨɛɨɬɿ ɞɨɫɥɿɞɠɭɸɬɶɫɹ ɞɟɤɿɥɶɤɚ ɨɛɱɢɫɥɸɜɚɥɶɧɢɯ ɫɯɟɦ ɩɪɨɟɤɰɿɣɧɨ-
ɿɬɟɪɚɰɿɣɧɨɝɨ ɦɟɬɨɞɭ ɪɨɡɜ’ɹɡɚɧɧɹ ɡɚɞɚɱɿ (1), ɨɫɧɨɜɚɧɨɝɨ ɧɚ ɦɟɬɨɞɿ ɭɦɨɜɧɨɝɨ 
ɝɪɚɞɿєɧɬɭ, ɩɪɢ ɪɿɡɧɢɯ ɫɩɨɫɨɛɚɯ ɜɢɛɨɪɭ ɤɪɨɤɨɜɨɝɨ ɦɧɨɠɧɢɤɚ. Ɂɚ ɩɟɜɧɢɯ 
ɩɪɢɩɭɳɟɧɶ ɞɨɜɨɞɢɬɶɫɹ ɡɛɿɠɧɿɫɬɶ ɜɿɞɩɨɜɿɞɧɢɯ ɩɨɫɥɿɞɨɜɧɨɫɬɟɣ ɧɚɛɥɢɠɟɧɶ ɡɚ 
ɮɭɧɤɰɿɨɧɚɥɨɦ ɿ ɡɚ ɚɪɝɭɦɟɧɬɨɦ ɬɚ ɨɞɟɪɠɭɸɬɶɫɹ ɨɰɿɧɤɢ ɲɜɢɞɤɨɫɬɿ ɡɛɿɠɧɨɫɬɿ. 

Ɇɟɬɨɞ ɪɨɡɜ’ɹɡɚɧɧɹ. ɉɪɨɟɤɰɿɣɧɨ-ɿɬɟɪɚɰɿɣɧɚ ɪɟɚɥɿɡɚɰɿɹ ɦɟɬɨɞɭ ɭɦɨɜɧɨɝɨ 
ɝɪɚɞɿєɧɬɭ ɜ ɝɿɥɶɛɟɪɬɨɜɨɦɭ ɩɪɨɫɬɨɪɿ. Ⱦɥɹ ɧɚɛɥɢɠɟɧɨɝɨ ɪɨɡɜ’ɹɡɚɧɧɹ ɡɚɞɚɱɿ (1) 
ɚɩɪɨɤɫɢɦɭєɦɨ ɮɭɧɤɰɿɨɧɚɥ )(uF  ɩɨɫɥɿɞɨɜɧɿɫɬɸ ɛɿɥɶɲ ɩɪɨɫɬɢɯ «ɧɚɛɥɢɠɟɧɢɯ» 
ɮɭɧɤɰɿɨɧɚɥɿɜ )~(

~
nn uF , 2,... 1,n = , ɡɚɞɚɧɢɯ ɜɿɞɩɨɜɿɞɧɨ ɧɚ ɞɟɹɤɢɯ ɦɧɨɠɢɧɚɯ n~  

ɞɿɣɫɧɢɯ ɝɿɥɶɛɟɪɬɨɜɢɯ ɩɪɨɫɬɨɪɿɜ nH
~

. Ȼɭɞɟɦɨ ɜɜɚɠɚɬɢ, ɳɨ ɩɪɨɫɬɨɪɢ nH
~

 

ɿɡɨɦɨɪɮɧɿ ɩɿɞɩɪɨɫɬɨɪɚɦ nH  ɜɢɯɿɞɧɨɝɨ ɩɪɨɫɬɨɪɭ H  ɿ n  − ɥɿɧɿɣɧɿ ɧɟɩɟɪɟɪɜɧɨ 
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ɨɛɨɪɨɬɧɿ ɨɩɟɪɚɬɨɪɢ, ɹɤɿ ɡɞɿɣɫɧɸɸɬɶ ɜɡɚєɦɧɨ ɨɞɧɨɡɧɚɱɧɟ ɜɿɞɨɛɪɚɠɟɧɧɹ nH  ɧɚ 

nH
~

 ( 2,... 1,n = ), ɩɪɢɱɨɦɭ n  ɪɿɜɧɨɦɿɪɧɨ ɩɨ n  ɨɛɦɟɠɟɧɿ, ɬɨɛɬɨ 

Cn  ,   2,... 1,n = ;                                       (4) 
1

n
−  − ɨɩɟɪɚɬɨɪɢ ɨɛɨɪɨɬɧɨɝɨ ɜɿɞɨɛɪɚɠɟɧɧɹ nH

~
 ɧɚ nH . ȼ ɰɶɨɦɭ ɜɢɩɚɞɤɭ 

ɦɧɨɠɢɧɢ nn H
~~   ɦɚɸɬɶ ɜɢɝɥɹɞ 

},~:
~~{

~
nnnnnnnnn Hu  uu   Hu === ,  2,... 1,n = ;  1

~ .      (5) 

Ȼɭɞɟɦɨ ɩɪɢɩɭɫɤɚɬɢ ɧɚɞɚɥɿ, ɳɨ ɮɭɧɤɰɿɨɧɚɥɢ )~(
~

nn uF , 2,... 1,n =  ɩɨɜ’ɹɡɚɧɿ ɡ 
ɜɢɯɿɞɧɢɦ ɮɭɧɤɰɿɨɧɚɥɨɦ )(uF  ɭɦɨɜɨɸ ɛɥɢɡɶɤɨɫɬɿ 

nn
1

nnn uFuF − − ~
)~()~(

~
,    nnu  ~~ ,                            (6) 

ɞɟ 0n →~  ɩɪɢ →n , ɚ ɦɧɨɠɢɧɢ n~ , 2,... 1,n =  ɩɨɜ’ɹɡɚɧɿ ɡ   ɭɦɨɜɨɸ 

u     =
1nnu ~ , nnu  ~~ :    uulim n

1
n

n
=−

→

~ .                        (7) 

Ɂ ɭɦɨɜ (6) ɿ (3), ɡɨɤɪɟɦɚ, ɜɢɯɨɞɢɬɶ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ 

)~(
~~

)~(
~

* nnnn
1

nn uFuFF −− − ,   nnu  ~~ ,  2,... 1,n = ,          (8) 

ɡɜɿɞɤɢ ɜɢɩɥɢɜɚє ɨɛɦɟɠɟɧɿɫɬɶ ɡɧɢɡɭ ɤɨɠɧɨɝɨ ɡ ɧɚɛɥɢɠɟɧɢɯ ɮɭɧɤɰɿɨɧɚɥɿɜ 
)~(

~
nn uF  ɧɚ ɜɿɞɩɨɜɿɞɧɿɣ ɦɧɨɠɢɧɿ n~ :   −= 


nnn

u
FuF 

nn

~
)~(

~
inf~~

,  2,... 1,n = . 

Ȼɭɞɟɦɨ ɪɨɡɝɥɹɞɚɬɢ ɡɚɞɚɱɿ ɦɿɧɿɦɿɡɚɰɿʀ: 
inf)~(

~
  uF nn → ,   nnn Hu

~~~  ,  ,..., 2 1n = .                       (9) 

Ɂɛɿɠɧɿɫɬɶ ɜ H  ɩɪɨɟɤɰɿɣɧɨɝɨ ɦɟɬɨɞɭ ɪɨɡɜ’ɹɡɚɧɧɹ ɡɚɞɚɱɿ (1) ɜɫɬɚɧɨɜɥɸє 
Ɍɟɨɪɟɦɚ 1 [10]. ɇɟɯɚɣ   − ɨɛɦɟɠɟɧɚ ɡɚɦɤɧɟɧɚ ɨɩɭɤɥɚ ɦɧɨɠɢɧɚ ɡ 

ɝɿɥɶɛɟɪɬɨɜɚ ɩɪɨɫɬɨɪɭ H , n~  − ɦɧɨɠɢɧɚ ɜɢɞɭ (5) ɡ ɝɿɥɶɛɟɪɬɨɜɚ ɩɪɨɫɬɨɪɭ 

nH
~

 )( 2,... 1,n = , ɩɨɜ’ɹɡɚɧɚ ɡ   ɭɦɨɜɨɸ (7). ɇɟɯɚɣ ɜɢɤɨɧɭєɬɶɫɹ ɭɦɨɜɚ (3), 

ɮɭɧɤɰɿɨɧɚɥɢ )(uF  ɿ )~(
~

nn uF , 2,... 1,n =  ɨɩɭɤɥɿ ɿ ɧɟɩɟɪɟɪɜɧɿ ɧɚ   ɿ n~ , 2,... 1,n =  

ɜɿɞɩɨɜɿɞɧɨ ɿ ɡɚɞɨɜɨɥɶɧɹɸɬɶ ɭɦɨɜɭ ɛɥɢɡɶɤɨɫɬɿ (6). Ɍɨɞɿ ɩɪɢ ɤɨɠɧɨɦɭ 
2,... 1,n =  ɮɭɧɤɰɿɨɧɚɥ )~(

~
nn uF  ɞɨɫɹɝɚє ɧɚ n~  ɫɜɨєʀ ɧɢɠɧɶɨʀ ɝɪɚɧɿ  ɿ ɞɥɹ ɛɭɞɶ-

ɹɤɢɯ  nn Mu
~~  

nM(
~

 – ɦɧɨɠɢɧɚ ɬɨɱɨɤ ɦɿɧɿɦɭɦɭ )~(
~

nn uF  ɧɚ n~ )  

*)~(
~

FuFlim nn
n

=

→
. ɉɪɢ ɰɶɨɦɭ ɛɭɞɶ-ɹɤɚ ɩɨɫɥɿɞɨɜɧɿɫɬɶ 

=
−

1nn
1

n
u }~{  є 

ɦɿɧɿɦɿɡɭɸɱɨɸ ɞɥɹ )(uF  ɧɚ   ɿ ɤɨɠɧɚ ʀʀ ɫɥɚɛɤɚ ɝɪɚɧɢɱɧɚ ɬɨɱɤɚ є ɬɨɱɤɨɸ 
ɦɿɧɿɦɭɦɭ )(uF  ɧɚ  , ɚ ɭ ɪɚɡɿ єɞɢɧɨɫɬɿ ɬɨɱɤɢ ɦɿɧɿɦɭɦɭ ɞɨ ɧɟʀ ɫɥɚɛɤɨ 
ɡɛɿɝɚєɬɶɫɹ ɜɫɹ ɩɨɫɥɿɞɨɜɧɿɫɬɶ 

=
−

1nn
1

n
u }~{ . 

ɇɟɯɚɣ ɧɚɞɚɥɿ   − ɨɩɭɤɥɚ ɡɚɦɤɧɟɧɚ ɨɛɦɟɠɟɧɚ ɦɧɨɠɢɧɚ ɜ ɝɿɥɶɛɟɪɬɨɜɨɦɭ 
ɩɪɨɫɬɨɪɿ H  ɿ nn H

~~  , 2,... 1,n =  − ɩɨɜ’ɹɡɚɧɿ ɡ ɧɟɸ ɦɧɨɠɢɧɢ ɜɢɞɭ (5).  ɉɪɢ 
ɞɨɜɟɞɟɧɧɿ ɬɟɨɪɟɦɢ 1 ɛɭɥɨ ɩɨɤɚɡɚɧɨ, ɳɨ ɡ ɨɛɦɟɠɟɧɨɫɬɿ, ɡɚɦɤɧɟɧɨɫɬɿ ɿ 
ɨɩɭɤɥɨɫɬɿ ɜ H  ɦɧɨɠɢɧɢ   ɜɢɩɥɢɜɚє ɨɛɦɟɠɟɧɿɫɬɶ, ɡɚɦɤɧɟɧɿɫɬɶ ɿ ɨɩɭɤɥɿɫɬɶ ɜ 

nH
~

 ɦɧɨɠɢɧɢ n~  ( 2,... 1,n = ). ɉɪɢɩɭɫɬɢɦɨ, ɳɨ ɩɪɢ ɤɨɠɧɨɦɭ 2,... 1,n =  
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ɧɚɛɥɢɠɟɧɢɣ ɮɭɧɤɰɿɨɧɚɥ )~(
~

nn uF  ɧɟɩɟɪɟɪɜɧɨ ɞɢɮɟɪɟɧɰɿɣɨɜɚɧɢɣ ɡɚ Ɏɪɟɲɟ ɧɚ 

n~ . 

Ⱦɥɹ ɪɨɡɜ’ɹɡɚɧɧɹ ɡɚɞɚɱɿ (1) ɦɿɧɿɦɿɡɚɰɿʀ )(uF  ɧɚ   ɛɭɞɟɦɨ ɡɚɫɬɨɫɨɜɭɜɚɬɢ ɞɨ 
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1

nn −= −  ( nnv  ~~ , ,..., 2 1n =  − ɩɨɫɥɿɞɨɜɧɿɫɬɶ, ɩɨɜ’ɹɡɚɧɚ ɡ *u  

ɫɩɿɜɜɿɞɧɨɲɟɧɧɹɦ *~ uvlim n
1

n
n

=−

→
, ɬɚɤ ɳɨ 0n → , →n ).  Ɍɨɞɿ ɡ (21) ɦɚєɦɨ 

nnn
1k

n
1k

n 2a uF nn −−−− ~
|)(

~
| )()( ,   ,..., 2 1n = ,                     (26) 

ɬɨɦɭ 

1nn
2

nnnnn1n 222aaa −− −−−−− ~~
)

~
( ,   0Nn  , 

ɚɛɨ 

02a2a2a 1n1nnn
2

nnnn +−−+−− −− )
~

()
~

()
~

( ,   0Nn  . 

əɤɳɨ 1nn 2 − ~
 ( 0Nn  ), ɬɨ ɪɨɡɜ’ɹɡɚɧɧɹ ɨɫɬɚɧɧɶɨʀ ɧɟɪɿɜɧɨɫɬɿ ɜɿɞɧɨɫɧɨ na  

ɡ ɭɪɚɯɭɜɚɧɧɹɦ ɬɨɝɨ, ɳɨ 0an  , ɞɚє 

nnnnn 2 21a0 +++− ~
)()( ,     0Nn  ,                  (27) 

ɞɟ  )
~

( n1n1nnn 2a 41 −++= −− . 

Ɂɚɫɬɨɫɭєɦɨ ɭɡɚɝɚɥɶɧɟɧɭ ɮɨɪɦɭɥɭ ɛɿɧɨɦɭ ɇɶɸɬɨɧɚ ɞɥɹ ɨɰɿɧɤɢ n  ɜ (27). 

ɉɨɡɧɚɱɢɦɨ ɱɟɪɟɡ )
~

( n1n1nnn 2a 4z −+= −− , ɬɚɤ ɳɨ 2
1

nn z1 )( += , 0Nn  . 

Ɉɫɤɿɥɶɤɢ, 0an → , 0n →~ , 0n →  ( →n ), ɬɨ ɡɧɚɣɞɟɬɶɫɹ ɱɢɫɥɨ 0NN   

ɬɚɤɟ, ɳɨ ɩɪɢ ɜɫɿɯ Nn   ɛɭɞɭɬɶ ɜɢɤɨɧɚɧɿ ɨɞɧɨɱɚɫɧɨ ɭɦɨɜɚ (18) ɿ ɧɟɪɿɜɧɿɫɬɶ 

412a0 n1n1n −+ −−
~

,                                         (28) 

Ɍɨɞɿ ɞɥɹ ɜɤɚɡɚɧɢɯ n , ɡɝɿɞɧɨ ɡ (18), (24), ɛɭɞɟ 1n   ɿ, ɹɤ ɧɚɫɥɿɞɨɤ ɡ ɰɶɨɝɨ ɿ 
(28), 1zn  , ɳɨ ɝɚɪɚɧɬɭє [14] ɩɪɢ ɛɭɞɶ-ɹɤɨɦɭ ɡɧɚɱɟɧɧɿ r  ɡɛɿɠɧɿɫɬɶ ɪɹɞɭ  
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ɪɹɞɭ ɩɪɢ ɞɚɧɨɦɭ 0m  ;  10 n  , Nn  . ɉɪɟɞɫɬɚɜɢɦɨ 2
1

nn z1 )( +=  ɭ 
ɜɢɝɥɹɞɿ ɫɭɦɢ ɞɜɨɯ ɱɥɟɧɿɜ ɡɚɡɧɚɱɟɧɨɝɨ ɪɹɞɭ ɬɚ ɣɨɝɨ ɡɚɥɢɲɤɨɜɨɝɨ ɱɥɟɧɭ: 
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Ɍɨɞɿ ɮɨɪɦɭɥɚ (27) ɞɥɹ Nn   ɧɚɛɭɞɟ ɜɢɝɥɹɞɭ 
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~

( , 

Nn  ,  ɜɢɩɥɢɜɚє, ɳɨ 1q0 n   ɞɥɹ ɜɫɿɯ ɡɚɡɧɚɱɟɧɢɯ n . 

Ɂ ɭɪɚɯɭɜɚɧɧɹɦ ɰɶɨɝɨ ɨɬɪɢɦɚєɦɨ: 
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Ʉɨɪɢɫɬɭɸɱɢɫɶ ɬɟɨɪɟɦɨɸ 6.2.3 ɿɡ [11] ɩɪɨ ɡɛɿɠɧɿɫɬɶ ɦɟɬɨɞɭ ɭɦɨɜɧɨɝɨ 
ɝɪɚɞɿєɧɬɭ ɞɥɹ ɡɚɞɚɱɿ ɦɿɧɿɦɿɡɚɰɿʀ (9), ɡɧɚɯɨɞɢɦɨ ɩɪɢ n N= : 

( ) ( ) ( )1 * *0 ( ) ( ) ( ) *N N Nk k k
N N N N N N N N Na F u F u F u F F F− =  − + − + −   

( ) *( ) 2 2Nk
N N N N N N N NF u F B k M − +  +   +  +  = ,    2 22N Nk k LC D  , 

ɞɟ 2 2 (0) *
N max{2 ;  F ( ) }( 1)N N NB LC D u F k= − + , *

N N NF inf F (u )
N Nu 

= , (0)
N Nu  , 

1kN 
~

 − ɧɨɦɟɪ ɿɬɟɪɚɰɿʀ, ɩɨɱɢɧɚɸɱɢ ɡ ɹɤɨɝɨ )(|)(
~

| )()( 22k
N

k
NN DCLuF =  

ɡɚɞɨɜɨɥɶɧɹє ɭɦɨɜɭ 10 N  .  Ɍɚɤɢɦ ɱɢɧɨɦ, ɫɩɪɚɜɟɞɥɢɜɿɫɬɶ ɨɰɿɧɤɢ (19) 

ɜɫɬɚɧɨɜɥɟɧɚ. əɤɳɨ ɞɨ ɬɨɝɨ ɠ 1qq0 n   ɞɥɹ ɜɫɿɯ Nn  , ɬɨ ɜ (19) 0n →  

ɩɪɢ →n . Ɍɟɨɪɟɦɚ ɞɨɜɟɞɟɧɚ. ■ 
ɇɚ ɩɪɚɤɬɢɰɿ ɩɪɢ ɪɨɡɜ’ɹɡɭɜɚɧɧɿ ɡɚɞɚɱ ɦɿɧɿɦɿɡɚɰɿʀ ɜɢɞɭ (1) ɨɛɦɟɠɟɧɧɹ (18) ɧɚ 

ɜɢɛɿɪ ɱɢɫɟɥ nk  ɦɨɠɟ ɜɢɹɜɢɬɢɫɶ ɡɚɧɚɞɬɨ ɠɨɪɫɬɤɢɦ ɿ ɧɚɜɿɬɶ ɧɟɡɞɿɣɫɧɟɧɧɢɦ. ȼ 
ɡɜ’ɹɡɤɭ ɡ ɰɢɦ ɤɨɪɢɫɧɨɸ ɦɨɠɟ ɛɭɬɢ ɬɚɤɚ ɨɰɿɧɤɚ ɲɜɢɞɤɨɫɬɿ ɡɛɿɠɧɨɫɬɿ 
ɩɪɨɟɤɰɿɣɧɨ-ɿɬɟɪɚɰɿɣɧɨɝɨ ɩɪɨɰɟɫɭ (10), (12) (13), ɹɤɚ, ɯɨɱɚ ɿ ɛɭɞɟ, ɦɨɠɥɢɜɨ, 
ɡɚɜɢɳɟɧɨɸ ɜ ɩɨɪɿɜɧɹɧɧɿ ɡ (19), ɚɥɟ ɧɟ ɩɨɬɪɟɛɭɜɚɬɢɦɟ ɞɨɞɚɬɤɨɜɢɯ ɨɛɦɟɠɟɧɶ 
ɧɚ ɜɢɛɿɪ nk  ɿ ɧɚ ɲɜɢɞɤɿɫɬɶ ɡɛɿɠɧɨɫɬɿ 

=
− 1nn

1
n vF )}~({  ɞɨ *F . 

Ɍɟɨɪɟɦɚ 4 [8]. ɇɟɯɚɣ ɜɢɤɨɧɭɸɬɶɫɹ ɜɫɿ ɭɦɨɜɢ ɬɟɨɪɟɦɢ 3, ɡɚ ɜɢɧɹɬɤɨɦ (18). 
Ɍɨɞɿ ɫɩɪɚɜɟɞɥɢɜɚ ɨɰɿɧɤɚ 

( )1
n0 ( ) *  nk

n n na F u F− =  −   ,     1n  ,                        (29) 
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n i i n

2 22 1

k ( 2) 4  2
n n nn n

j i i i j j
i ij j i j i

M q LC D q q
−

= == = = +

 = +   +  +  +     ,  1n  ;  

1 1 1 12B k = +  +  ;  1 (1 )n n nq k= +  , 0  1n     ;  n  ɞɚɸɬɶɫɹ ɜ (25); 

0M  , 0B  − ɫɬɚɥɿ, ɹɤɿ ɧɟ ɡɚɥɟɠɚɬɶ ɜɿɞ n ; 0L   ɿ 0C   ɜɢɡɧɚɱɟɧɿ ɜ (15) ɿ 
(4) ɜɿɞɩɨɜɿɞɧɨ, D  − ɞɿɚɦɟɬɪ ɦɧɨɠɢɧɢ  . 

ȼ ɭɦɨɜɚɯ ɬɟɨɪɟɦɢ 3 ɦɨɠɟ ɛɭɬɢ ɬɚɤɨɠ ɨɬɪɢɦɚɧɚ ɨɰɿɧɤɚ, ɹɤɚ ɯɚɪɚɤɬɟɪɢɡɭє 
ɲɜɢɞɤɿɫɬɶ ɡɛɿɠɧɨɫɬɿ ɩɨɫɥɿɞɨɜɧɨɫɬɿ 
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{ )(  ɞɨ *F . Ⱥ ɫɚɦɟ, ɡ ɩɟɪɲɨʀ 

ɱɚɫɬɢɧɢ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ (21) ɡ ɭɪɚɯɭɜɚɧɧɹɦ (6) ɿ (19) (ɚɛɨ (29)) ɜɢɩɥɢɜɚє: 
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Ɍɟɨɪɟɦɚ 5 [8]. ɇɟɯɚɣ ɜɢɤɨɧɭɸɬɶɫɹ ɜɫɿ ɭɦɨɜɢ ɬɟɨɪɟɦɢ 2, ɡɚ ɜɢɧɹɬɤɨɦ (3), ɿ 
ɭɦɨɜɚ (7). ɇɟɯɚɣ, ɤɪɿɦ ɬɨɝɨ, ɮɭɧɤɰɿɨɧɚɥ )(uF  ɧɟɩɟɪɟɪɜɧɢɣ ɿ ɫɢɥɶɧɨ ɨɩɭɤɥɢɣ 
ɧɚ H , ɚ ɮɭɧɤɰɿɨɧɚɥɢ )~(

~
nn uF  ɨɩɭɤɥɿ ɧɚ nn H

~~  , ,..., 2 1n =  ɜɿɞɩɨɜɿɞɧɨ. 
Ɍɨɞɿ ɩɨɫɥɿɞɨɜɧɿɫɬɶ 
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n
nu }~{

)( , ɞɟ )(~ nk
nu  ɜɢɡɧɚɱɚɸɬɶɫɹ ɡɝɿɞɧɨ ɡ ɭɦɨɜɚɦɢ 

(10), (12), (13) ɿ 


=1n

2
n

~ , ɡɛɿɝɚєɬɶɫɹ ɞɨ єɞɢɧɨʀ ɬɨɱɤɢ *u  ɦɿɧɿɦɭɦɭ )(uF  ɧɚ 

  ɡɚ ɧɨɪɦɨɸ ɩɪɨɫɬɨɪɭ H  ɩɪɢ ɛɭɞɶ-ɹɤɨɦɭ 1
0

1u  ~~ )(  ɿ ɫɩɪɚɜɟɞɥɢɜɚ ɨɰɿɧɤɚ 

−−
n

2
H

k
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1
n 2 uu n ||*~|| )( ,    1n  , 

ɞɟ  0n   ɜɢɡɧɚɱɟɧɨ ɜ (19) (ɚɛɨ ɜ (29)),  0   − ɫɬɚɥɚ ɡ ɭɦɨɜɢ ɫɢɥɶɧɨʀ 
ɨɩɭɤɥɨɫɬɿ )(uF  ɧɚ  . 

ȼɢɛɿɪ ɤɪɨɤɨɜɨɝɨ ɦɧɨɠɧɢɤɚ ɡ ɭɦɨɜ Ȼ ɿ ȼ. ɇɟɯɚɣ ɩɪɢ ɪɨɡɜ’ɹɡɚɧɧɿ ɡɚɞɚɱɿ 
ɦɿɧɿɦɿɡɚɰɿʀ (1) ɜ ɩɪɨɟɤɰɿɣɧɨ-ɿɬɟɪɚɰɿɣɧɨɦɭ ɩɪɨɰɟɫɿ (10), (12) )(~ k

n  ɜɢɛɢɪɚєɬɶɫɹ 
ɡ ɭɦɨɜɢ (14) (ɭɦɨɜɢ Ȼ). ɇɢɠɱɟ ɛɭɞɟ ɩɨɤɚɡɚɧɨ, ɳɨ ɩɪɢ ɞɟɹɤɢɯ ɨɛɦɟɠɟɧɧɹɯ ɧɚ 
ɮɭɧɤɰɿɨɧɚɥɢ )~(

~
nn uF , ,..., 2 1n =  ɬɚɤɢɣ ɜɢɛɿɪ )(~ k

n  ɦɨɠɥɢɜɢɣ. ɇɚ ɩɪɚɤɬɢɰɿ 
ɫɩɨɱɚɬɤɭ ɨɛɢɪɚɸɬɶ 1k

n = )(~  ɿ ɩɟɪɟɜɿɪɹɸɬɶ ɭɦɨɜɭ (14). əɤɳɨ ɜɨɧɚ ɜɢɤɨɧɚɧɚ, 
ɬɨ ɡɚɥɢɲɚɸɬɶ 1k

n = )(~ ; ɹɤɳɨ ɠ ɧɿ, ɬɨ ɡɞɿɣɫɧɸɸɬɶ ɞɪɨɛɥɟɧɧɹ )(~ k
n  ɞɨ ɬɢɯ ɩɿɪ, 

ɩɨɤɢ ɧɟ ɜɢɤɨɧɚєɬɶɫɹ (14), ɧɚɦɚɝɚɸɱɢɫɶ ɩɪɢ ɰɶɨɦɭ ɡɭɩɢɧɢɬɢɫɹ ɧɚ ɡɧɚɱɟɧɧɿ 
)(~ k

n , ɩɨ ɦɨɠɥɢɜɨɫɬɿ ɛɥɢɡɶɤɨɦɭ ɞɨ ɨɞɢɧɢɰɿ [11]. 

Ɍɟɨɪɟɦɚ 6 [9]. ɇɟɯɚɣ ɮɭɧɤɰɿɨɧɚɥ )(uF  ɜɢɡɧɚɱɟɧɢɣ ɧɚ ɨɩɭɤɥɿɣ ɡɚɦɤɧɟɧɿɣ 
ɨɛɦɟɠɟɧɿɣ ɦɧɨɠɢɧɿ   ɝɿɥɶɛɟɪɬɨɜɚ ɩɪɨɫɬɨɪɭ H , ɚ ɮɭɧɤɰɿɨɧɚɥ )~(

~
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ɦɧɨɠɢɧɿ n~  ɜɢɞɭ (5) ɝɿɥɶɛɟɪɬɨɜɚ ɩɪɨɫɬɨɪɭ nH
~

 ( 2,... 1,n = ), ɩɪɢɱɨɦɭ 

ɜɢɤɨɧɚɧɿ ɭɦɨɜɢ (3), (6) ɿ 
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nn uF  ɡɚɞɨɜɨɥɶɧɹє ɧɚ n~  ɭɦɨɜɭ Ʌɿɩɲɢɰɹ (15). 

Ɍɨɞɿ ɩɨɫɥɿɞɨɜɧɿɫɬɶ ɧɚɛɥɢɠɟɧɶ 
=1n

k

n
nu }~{

)( , Kkn  , ɹɤɚ ɜɢɡɧɚɱɚєɬɶɫɹ 
ɜɿɞɩɨɜɿɞɧɨ ɞɨ ɭɦɨɜ (10), (12), (14), ɿɫɧɭє ɿ  

( ) ( ) ( ) ( ) ( ) 0uu  ,uFuF
nH

k
n

k
n

k
nn

k
n

k
n →−= ~)~)~(

~
()(

~
, →n  ( 1k 1 0k n −= ,...,, )  ɩɪɢ ɛɭɞɶ-

ɹɤɨɦɭ ɜɢɛɨɪɿ 1
0

1u  ~~ )( . 

Ɍɟɨɪɟɦɚ 7. ɇɟɯɚɣ ɡɛɟɪɿɝɚɸɬɶ ɫɢɥɭ ɜɫɿ ɭɦɨɜɢ ɬɟɨɪɟɦɢ 6. ɇɟɯɚɣ, ɤɪɿɦ ɬɨɝɨ, 
ɜɢɤɨɧɚɧɚ ɭɦɨɜɚ (7), ɮɭɧɤɰɿɨɧɚɥɢ ( )F u  ɿ ( )n nF u , n 1, 2,...=  ɨɩɭɤɥɿ ɧɚ H  ɿ 

n nH  , n 1, 2,...=  ɜɿɞɩɨɜɿɞɧɨ ɿ ( ) ( )F u C  . ɇɟɯɚɣ (0)
1 1u   ɜɢɛɪɚɧɨ 

ɞɨɜɿɥɶɧɨ ɿ ɩɨɫɥɿɞɨɜɧɿɫɬɶ  ( )
1{ }nk

n nu 
= , nk K   ɜɢɡɧɚɱɟɧɚ  ɜɿɞɩɨɜɿɞɧɨ  ɞɨ  ɭɦɨɜ 

(10), (12), (14).  Ɍɨɞɿ ɞɥɹ ɜɫɿɯ n1,  2,...,  kk =   ɿɫɧɭє  ( )lim ( ) *k
n n

n
F u F

→
= ,  

ɩɨɫɥɿɞɨɜɧɿɫɬɶ ( )1
1{ }nk

n n nu− 
=  є ɦɿɧɿɦɿɡɭɸɱɨɸ ɞɥɹ ( )F u  ɧɚ   ɿ ɛɭɞɶ-ɹɤɚ ʀʀ ɫɥɚɛɤɚ 
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ɝɪɚɧɢɱɧɚ ɬɨɱɤɚ є ɬɨɱɤɨɸ ɦɿɧɿɦɭɦɭ ( )F u  ɧɚ  , ɩɪɢɱɨɦɭ ɜ ɪɚɡɿ єɞɢɧɨɫɬɿ 
ɬɨɱɤɢ ɦɿɧɿɦɭɦɭ ɞɨ ɧɟʀ ɫɥɚɛɤɨ ɡɛɿɝɚєɬɶɫɹ ɜɫɹ ɩɨɫɥɿɞɨɜɧɿɫɬɶ ( )1

1{ }nk
n n nu− 

= . əɤɳɨ 
ɞɨ ɬɨɝɨ ɠ, ɩɨɱɢɧɚɸɱɢ ɡ ɞɟɹɤɨɝɨ 1n N=  , ɱɢɫɥɨ ɿɬɟɪɚɰɿɣ nk  ɡɚɞɨɜɨɥɶɧɹє 
ɭɦɨɜɭ 2 2 ( )n n nk C D   , ɬɨ ɫɩɪɚɜɟɞɥɢɜɚ ɨɰɿɧɤɚ 

( )1
n0 ( ) *  nk

n n na F u F− =  −   ,     n N ,                      (31) 

ɞɟ  
1

n i 1 i 2
21

 2  ( )
n nn

j j
i Nj N j i

M q q
+

− −
= += + =

 = +  +  ,  0M   − ɫɬɚɥɚ, ɹɤɚ ɧɟ ɡɚɥɟɠɢɬɶ 

ɜɿɞ n ;  2 2
11 4 (2 ) ( )n n n n n n nq k C D− = −   −    ,  12n n−   ,  0 1n     ,  

0 2(1 )n n L     −  ,  0 1n   ;  0C   ɿ 0L   ɜɢɡɧɚɱɟɧɿ ɜ (4) ɿ (15) 

ɜɿɞɩɨɜɿɞɧɨ, D  − ɞɿɚɦɟɬɪ ɦɧɨɠɢɧɢ  . 

Ⱦ ɨ ɜ ɟ ɞ ɟ ɧ ɧ ɹ.  ɇɟɯɚɣ *u  − ɬɨɱɤɚ ɦɿɧɿɦɭɦɭ )(uF  ɧɚ H , 
nu~  − ɬɨɱɤɚ 

ɦɿɧɿɦɭɦɭ )~(
~

nn uF  ɧɚ nn H
~~  , 2,... 1,n =  ( ** Mu  ,  nn Mu

~~ , 2,... 1,n = ;  *M  ɿ 

nM

~
 – ɦɧɨɠɢɧɢ ɬɨɱɨɤ ɦɿɧɿɦɭɦɭ )(uF  ɧɚ   ɿ )~(

~
nn uF  ɧɚ n~  ɜɿɞɩɨɜɿɞɧɨ). 

ɉɨɜɬɨɪɸɸɱɢ ɦɿɪɤɭɜɚɧɧɹ, ɚɧɚɥɨɝɿɱɧɿ ɩɪɨɜɟɞɟɧɢɦ ɩɪɢ ɞɨɜɟɞɟɧɧɿ ɬɟɨɪɟɦɢ 3, 

ɦɨɠɧɚ ɩɟɪɟɤɨɧɚɬɢɫɶ, ɳɨ ɩɨɫɥɿɞɨɜɧɿɫɬɶ 
=1n

k
nn uF )}~(

~
{ )( , ɞɟ n

k
nu  ~~ )(  ɜɢɡɧɚɱɟɧɿ 

ɜɿɞɩɨɜɿɞɧɨ ɞɨ ɭɦɨɜ (10), (12), (14), ɡɛɿɝɚєɬɶɫɹ ɞɨ *F  ɩɪɢ →n  ɞɥɹ ɛɭɞɶ-

ɹɤɢɯ nk 2 1k ,...,,= . Ⱦɿɣɫɧɨ, ɬɚɤ ɹɤ ɩɪɢ →n  0uF 1k
n

1k
n →−− )(

~ )()(  ɞɥɹ ɜɤɚɡɚɧɢɯ 
k  ɜ ɫɢɥɭ ɬɟɨɪɟɦɢ 6, ɚ 0FuF nn →− *)~(

~
 ɞɥɹ ɛɭɞɶ-ɹɤɢɯ  nn Mu

~~  ɜ ɫɢɥɭ ɬɟɨɪɟɦɢ 
1, ɬɨ ɿɫɧɭɜɚɧɧɹ *)~(

~ )( FuF lim k
nn

n
=

→
 ɞɥɹ ɜɫɿɯ nk 2 1k ,...,,=  ɧɟɝɚɣɧɨ ɜɢɩɥɢɜɚє ɡ 

(20) ɩɪɢ ɩɟɪɟɯɨɞɿ ɞɨ ɝɪɚɧɢɰɿ ɩɪɢ →n . Ɂ ɬɢɯ ɠɟ ɩɿɞɫɬɚɜ, ɡɿ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ 
(21) ɜɢɯɨɞɢɬɶ, ɳɨ ɩɨɫɥɿɞɨɜɧɿɫɬɶ 

=
−

1n

k

n
1

n
nu }~{

)(  є ɦɿɧɿɦɿɡɭɸɱɨɸ ɞɥɹ )(uF  ɧɚ 

 . Ⱦɨɜɟɞɟɧɧɹ ɫɥɚɛɤɨʀ ɡɛɿɠɧɨɫɬɿ 
=

−
1n

k

n
1

n
nu }~{

)(  ɞɨ ɬɨɱɨɤ ɿɡ ɦɧɨɠɢɧɢ *M  

ɩɪɨɜɨɞɢɬɶɫɹ ɞɨɫɥɿɜɧɨ ɞɨɜɟɞɟɧɧɸ ɚɧɚɥɨɝɿɱɧɨɝɨ ɮɚɤɬɭ ɡ ɬɟɨɪɟɦɢ 3. 
Ɉɬɪɢɦɚєɦɨ ɨɰɿɧɤɭ (31). əɤ ɩɨɤɚɡɚɧɨ ɜ [9] ɩɪɢ ɞɨɜɟɞɟɧɧɿ ɬɟɨɪɟɦɢ 6, 
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Ɍɨɦɭ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ (6) ɦɨɠɧɚ ɨɬɪɢɦɚɬɢ 
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ȼ ɫɢɥɭ ɬɟɨɪɟɦɢ 6, 0uF k
n

k
n →)(

~ )()(  ɩɪɢ →n  ɞɥɹ ɛɭɞɶ-ɹɤɢɯ 
1k 1 0k n −= ,...,, , ɬɨɦɭ ɡɧɚɣɞɟɬɶɫɹ ɱɢɫɥɨ 1N0   ɬɚɤɟ, ɳɨ ɩɪɢ ɜɫɿɯ 0Nn   ɛɭɞɟ 
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ɿ ɞɥɹ ɡɚɡɧɚɱɟɧɢɯ 0Nn   ɦɚɬɢɦɟɦɨ 
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Ɍɚɤ ɹɤ 0uF k
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k
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~ )()(  ɡ ɪɨɫɬɨɦ k  ɩɪɢ ɤɨɠɧɨɦɭ ɮɿɤɫɨɜɚɧɨɦɭ 0Nn  , ɬɨ ɡɚ 
ɭɦɨɜɢ |uF|  uF 1k

n
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n
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n
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n
nn )(

~
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~
| )()()()( −− , 1k 1 0k n −= ,...,,   ɦɚɬɢɦɟɦɨ: 

1nn
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ɚɛɨ, ɩɪɢɣɦɚɸɱɢ ɩɨɡɧɚɱɟɧɧɹ  *)~( )( FuFa nk
n

1
nn −= − ,  )(

~~ 22
nnnn DCk = , 

( ) ( )
1nn

21k
n

1k
nn1nn 22uFaa nn

−
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− ++−− ~~
|)(

~
| ,   0Nn  . 

ɉɨɞɚɥɶɲɿ ɦɿɪɤɭɜɚɧɧɹ ɡ ɨɬɪɢɦɚɧɧɹ ɨɰɿɧɤɢ ɞɥɹ na  ɩɨɜɧɿɫɬɸ ɡɛɿɝɚɸɬɶɫɹ ɡ 
ɚɧɚɥɨɝɿɱɧɢɦɢ ɦɿɪɤɭɜɚɧɧɹɦɢ ɩɪɢ ɞɨɜɟɞɟɧɧɿ ɨɰɿɧɤɢ ɜ ɬɟɨɪɟɦɿ 3. əɤɳɨ ɞɥɹ ɜɫɿɯ 
ɡɚɡɧɚɱɟɧɢɯ ɜ (28) ɡɧɚɱɟɧɶ Nn    1qq0 n  , ɬɨ ɜ (31) 0n →  ɩɪɢ →n . 

Ɍɟɨɪɟɦɚ ɞɨɜɟɞɟɧɚ. ■ 
ȼ ɭɦɨɜɚɯ ɬɟɨɪɟɦɢ 7 ɦɨɠɟ ɛɭɬɢ ɬɚɤɨɠ ɨɬɪɢɦɚɧɚ ɨɰɿɧɤɚ, ɳɨ ɯɚɪɚɤɬɟɪɢɡɭє 

ɲɜɢɞɤɿɫɬɶ ɡɛɿɠɧɨɫɬɿ ɩɨɫɥɿɞɨɜɧɨɫɬɿ 
=Nn

k
nn

nuF )}~(
~

{ )(  ɞɨ *F . Ⱥɧɚɥɨɝɿɱɧɨ (30), 

nn
k

nn  FuF n +− ~
|*)~(

~
| )( ,    Nn  , 

ɞɟ 0n   ɿ 0n ~  ɜɢɡɧɚɱɟɧɿ ɜ (31) ɿ (6) ɜɿɞɩɨɜɿɞɧɨ. 
Ɍɟɨɪɟɦɚ 8 [9]. ɇɟɯɚɣ ɜɢɤɨɧɭɸɬɶɫɹ ɜɫɿ ɭɦɨɜɢ ɬɟɨɪɟɦɢ 2, ɡɚ ɜɢɧɹɬɤɨɦ (3), ɿ 

ɭɦɨɜɚ (7). ɇɟɯɚɣ, ɤɪɿɦ ɬɨɝɨ, ɮɭɧɤɰɿɨɧɚɥ )(uF  ɧɟɩɟɪɟɪɜɧɢɣ ɿ ɫɢɥɶɧɨ ɨɩɭɤɥɢɣ 
ɧɚ H , ɚ )~(

~
nn uF  ɨɩɭɤɥɿ ɧɚ nn H

~~  , ,..., 2 1n =  ɜɿɞɩɨɜɿɞɧɨ. Ɍɨɞɿ 
ɩɨɫɥɿɞɨɜɧɿɫɬɶ 

=
−

1n

k

n
1

n
nu }~{

)( , ɞɟ )(~ nk
nu  ɜɢɡɧɚɱɚɸɬɶɫɹ ɜɿɞɩɨɜɿɞɧɨ ɞɨ ɭɦɨɜ (10), 

(12), (14), ɡɛɿɝɚєɬɶɫɹ ɞɨ єɞɢɧɨʀ ɬɨɱɤɢ *u  ɦɿɧɿɦɭɦɭ )(uF  ɧɚ   ɡɚ ɧɨɪɦɨɸ 
ɩɪɨɫɬɨɪɭ H  ɩɪɢ ɛɭɞɶ-ɹɤɨɦɭ ɜɢɛɨɪɿ 1

0
1u  ~~ )(  ɿ ɫɩɪɚɜɟɞɥɢɜɚ ɨɰɿɧɤɚ 

−−
n

2
H

k
n

1
n 2 uu n ||*~|| )( ,    Nn  , 

ɞɟ 0n   ɜɢɡɧɚɱɟɧɨ ɜ (31), 0  − ɫɬɚɥɚ ɡ ɭɦɨɜɢ ɫɢɥɶɧɨʀ ɨɩɭɤɥɨɫɬɿ 
ɮɭɧɤɰɿɨɧɚɥɚ )(uF  ɧɚ  . 

Ɂɚɭɜɚɠɢɦɨ, ɳɨ ɧɚɜɟɞɟɧɿ ɫɯɟɦɢ ɩɪɨɟɤɰɿɣɧɨɝɨ ɦɟɬɨɞɭ, ɚ ɬɚɤɨɠ ɩɪɨɟɤɰɿɣɧɨ-
ɿɬɟɪɚɰɿɣɧɨɝɨ ɦɟɬɨɞɭ (10), (12) ɡ ɜɢɛɨɪɨɦ ɤɪɨɤɨɜɨɝɨ ɦɧɨɠɧɢɤɚ ɡ ɭɦɨɜɢ Ⱥ, Ȼ 
ɚɛɨ ȼ ɡɛɟɪɿɝɚɸɬɶɫɹ ɛɟɡ ɡɦɿɧ ɿ ɜ ɪɟɮɥɟɤɫɢɜɧɢɯ ɛɚɧɚɯɨɜɢɯ ɩɪɨɫɬɨɪɚɯ [10]. 

Ⱥɧɚɥɿɡ ɨɞɟɪɠɚɧɢɯ ɪɟɡɭɥɶɬɚɬɿɜ ɬɚ ɜɢɫɧɨɜɤɢ.  ɍ ɪɨɛɨɬɿ ɞɨɫɥɿɞɠɟɧɨ ɪɿɡɧɿ 
ɜɚɪɿɚɧɬɢ ɩɪɨɟɤɰɿɣɧɨ-ɿɬɟɪɚɰɿɣɧɨɝɨ ɦɟɬɨɞɭ, ɡɚɫɧɨɜɚɧɨɝɨ ɧɚ ɦɟɬɨɞɿ ɭɦɨɜɧɨɝɨ 
ɝɪɚɞɿєɧɬɭ, ɞɥɹ ɪɨɡɜ’ɹɡɚɧɧɹ ɡɚɞɚɱɿ ɭɦɨɜɧɨʀ ɦɿɧɿɦɿɡɚɰɿʀ ɮɭɧɤɰɿɨɧɚɥɚ ɜ ɝɿɥɶɛɟɪɬɨɜɨɦɭ 
ɩɪɨɫɬɨɪɿ. ɉɪɢ ɞɨɫɬɚɬɧɶɨ ɡɚɝɚɥɶɧɢɯ ɭɦɨɜɚɯ ɚɩɪɨɤɫɢɦɚɰɿʀ ɜɢɯɿɞɧɨʀ ɡɚɞɚɱɿ ɪɨɡɝɥɹɧɭɬɿ 
ɩɢɬɚɧɧɹ ɡɛɿɠɧɨɫɬɿ ɩɪɨɟɤɰɿɣɧɨ-ɿɬɟɪɚɰɿɣɧɢɯ ɩɪɨɰɟɫɿɜ ɧɚɛɥɢɠɟɧɶ, ɳɨ ɜɢɧɢɤɚɸɬɶ ɜ 
ɪɟɡɭɥɶɬɚɬɿ ɩɪɨɟɤɬɭɜɚɧɧɹ ɜ ɝɢɥɶɛɟɪɬɨɜɿ ɩɪɨɫɬɨɪɢ, ɿɡɨɦɨɪɮɧɿ ɩɿɞɩɪɨɫɬɨɪɚɦ 
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ɜɢɯɿɞɧɨɝɨ ɩɪɨɫɬɨɪɭ. ȼɫɬɚɧɨɜɥɟɧɿ ɭɦɨɜɢ, ɡɚ ɹɤɢɦɢ ɩɪɨɟɤɰɿɣɧɨ-ɿɬɟɪɚɰɿɣɧɿ 
ɩɨɫɥɿɞɨɜɧɨɫɬɿ ɧɚɛɥɢɠɟɧɶ ɦɿɧɿɦɿɡɭɸɬɶ ɜɢɯɿɞɧɢɣ ɮɭɧɤɰɿɨɧɚɥ ɬɚ ɫɥɚɛɤɨ (ɚɛɨ 
ɫɢɥɶɧɨ) ɡɛɿɝɚɸɬɶɫɹ ɡɚ ɧɨɪɦɨɸ ɨɫɧɨɜɧɨɝɨ ɩɪɨɫɬɨɪɭ ɞɨ ɬɨɱɤɢ ɦɿɧɿɦɭɦɭ 
ɮɭɧɤɰɿɨɧɚɥɚ ɧɚ ɪɨɡɝɥɹɞɭɜɚɧɿɣ ɦɧɨɠɢɧɿ. Ɉɬɪɢɦɚɧɨ ɬɟɨɪɟɬɢɱɧɿ ɨɰɿɧɤɢ 
ɲɜɢɞɤɨɫɬɿ ɡɛɿɠɧɨɫɬɿ ɬɚ ɩɨɯɢɛɤɢ ɡɚ ɮɭɧɤɰɿɨɧɚɥɨɦ (ɚ ɭ ɜɢɩɚɞɤɭ ɫɢɥɶɧɨ 
ɨɩɭɤɥɨɝɨ ɮɭɧɤɰɿɨɧɚɥɚ, ɣ ɡɚ ɚɪɝɭɦɟɧɬɨɦ) ɤɨɠɧɨɝɨ ɡ ɜɚɪɿɚɧɬɿɜ ɩɪɨɟɤɰɿɣɧɨ-
ɿɬɟɪɚɰɿɣɧɨɝɨ ɦɟɬɨɞɭ ɡɚɥɟɠɧɨ ɜɿɞ ɫɩɨɫɨɛɭ ɜɢɛɨɪɭ ɤɪɨɤɨɜɨɝɨ ɦɧɨɠɧɢɤɚ ɜ 
ɦɟɬɨɞɿ ɭɦɨɜɧɨɝɨ ɝɪɚɞɿєɧɬɭ. Ɇɟɬɨɞɢɤɚ ɞɨɫɥɿɞɠɟɧɶ ɿ ɪɟɡɭɥɶɬɚɬɢ ɫɬɚɬɬɿ ɦɨɠɭɬɶ 
ɛɭɬɢ ɜɢɤɨɪɢɫɬɚɧɿ ɩɪɢ ɪɨɡɪɨɛɰɿ ɿ ɬɟɨɪɟɬɢɱɧɨɦɭ ɨɛґɪɭɧɬɭɜɚɧɧɿ ɿɧɲɢɯ 
ɩɪɨɟɤɰɿɣɧɨ-ɿɬɟɪɚɰɿɣɧɢɯ ɦɟɬɨɞɿɜ ɿ ɚɥɝɨɪɢɬɦɿɜ ɪɨɡɜ’ɹɡɚɧɧɹ 
ɧɟɫɤɿɧɱɟɧɧɨɜɢɦɿɪɧɢɯ ɟɤɫɬɪɟɦɚɥɶɧɢɯ ɡɚɞɚɱ, ɜ ɬɨɦɭ ɱɢɫɥɿ ɛɟɡ ɨɛɦɟɠɟɧɶ, ɚ 
ɬɚɤɨɠ ɩɪɢ ɧɚɛɥɢɠɟɧɨɦɭ ɪɨɡɜ’ɹɡɭɜɚɧɧɿ ɞɟɹɤɢɯ ɤɥɚɫɿɜ ɡɚɞɚɱ ɨɩɬɢɦɚɥɶɧɨɝɨ 
ɤɟɪɭɜɚɧɧɹ. 
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