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ɇɚɰɢɨɧɚɥɶɧɵɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ ɍɤɪɚɢɧɵ "ɄɉИ ɢɦ. Иɝɨɪɹ ɋɢɤɨɪɫɤɨɝɨ" 

ɊȿɄɈɇɋɌɊɍɄɐɂə ɋɂɋɌȿɆɕ ɅɈɊȿɇɐȺ ɋ ɂɋɉɈɅɖɁɈȼȺɇɂȿɆ 
ɆȿɌɈȾȺ ɉȿɊɋɉȿɄɌɂȼɇɕɏ ɄɈɗɎɎɂɐɂȿɇɌɈȼ 

ȼɵɩɨɥɧɟɧɚ ɪɟɤɨɧɫɬɪɭɤɰɢɹ ɫɢɫɬɟɦɵ ɨɛɵɤɧɨɜɟɧɧɵɯ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ 
ɭɪɚɜɧɟɧɢɣ Ʌɨɪɟɧɰɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɟɬɨɞɚ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ. 
ɇɚɣɞɟɧɵ ɱɟɬɵɪɟ ɫɢɫɬɟɦɵ, ɨɛɳɢɣ ɜɢɞ ɭɪɚɜɧɟɧɢɣ ɤɨɬɨɪɵɯ ɧɟ ɫɨɜɩɚɞɚɟɬ ɫ 
ɭɪɚɜɧɟɧɢɹɦɢ ɫɢɫɬɟɦɵ Ʌɨɪɟɧɰɚ, ɧɨ ɤɨɬɨɪɵɟ ɫɩɨɫɨɛɧɵ ɜɨɫɩɪɨɢɡɜɟɫɬɢ ɜɪɟɦɟɧɧɨɣ ɪɹɞ 
ɨɞɧɨɣ ɢɡ ɩɟɪɟɦɟɧɧɵɯ ɫɢɫɬɟɦɵ Ʌɨɪɟɧɰɚ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɜɪɟɦɟɧɧɨɣ ɪɹɞ, ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɟ ɭɪɚɜɧɟɧɢɹ, ɪɟɤɨɧɫɬɪɭɤɰɢɹ, 
ɨɪɢɝɢɧɚɥɶɧɚɹ ɫɢɫɬɟɦɚ, ɫɬɚɧɞɚɪɬɧɚɹ ɫɢɫɬɟɦɚ, ɦɟɬɨɞ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ. 

 

ȼɢɤɨɧɚɧɚ ɪɟɤɨɧɫɬɪɭɤɰɿɹ ɫɢɫɬɟɦɢ ɡɜɢɱɚɣɧɢɯ ɞɢɮɟɪɟɧɰɿɚɥɶɧɢɯ ɪɿɜɧɹɧɶ Ʌɨɪɟɧɰɚ ɡ 
ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɦɟɬɨɞɚ ɩɟɪɫɩɟɤɬɢɜɧɢɯ ɤɨɟɮɿɰɿєɧɬɿɜ. Ɂɧɚɣɞɟɧɿ ɱɨɬɢɪɢ ɫɢɫɬɟɦɢ, 
ɡɚɝɚɥɶɧɢɣ ɜɢɝɥɹɞ ɪɿɜɧɹɧɶ ɹɤɢɯ ɧɟ ɫɩɿɜɩɚɞɚє ɡ ɪɿɜɧɹɧɧɹɦɢ ɫɢɫɬɟɦɢ Ʌɨɪɟɧɰɚ, ɚɥɟ ɹɤɿ 
ɡɞɚɬɧɿ ɜɿɞɬɜɨɪɢɬɢ ɱɚɫɨɜɢɣ ɪɹɞ ɨɞɧɿєʀ ɡɿ ɡɦɿɧɧɢɯ ɫɢɫɬɟɦɢ Ʌɨɪɟɧɰɚ. ȼ ɛɚɝɚɬɶɨɯ ɝɚɥɭɡɹɯ 
ɧɚɭɤɢ є ɚɤɬɭɚɥɶɧɨɸ ɩɪɨɛɥɟɦɚ ɿɞɟɧɬɢɮɿɤɚɰɿʀ ɫɢɫɬɟɦɢ ɡɜɢɱɚɣɧɢɯ ɞɢɮɟɪɟɧɰɿɚɥɶɧɢɯ 
ɪɿɜɧɹɧɶ ɡɚ ɱɚɫɨɜɨɸ ɩɨɫɥɿɞɨɜɧɿɫɬɸ ɨɞɧɿєʀ ɫɩɨɫɬɟɪɟɠɭɜɚɧɨʀ ɡɦɿɧɧɨʀ. əɤɳɨ ɩɪɚɜɿ 
ɱɚɫɬɢɧɢ ɪɿɜɧɹɧɶ ɫɢɫɬɟɦɢ є ɩɨɥɿɧɨɦɚɦɢ, ɬɨ ɪɨɡɜ'ɹɡɚɧɧɹ ɬɚɤɨʀ ɡɚɞɚɱɿ ɬɿɥɶɤɢ ɡɚ 
ɞɨɩɨɦɨɝɨɸ ɱɢɫɟɥɶɧɢɯ ɦɟɬɨɞɿɜ ɩɪɢɡɜɨɞɢɬɶ ɞɨ ɨɬɪɢɦɚɧɧɹ ɦɨɞɟɥɿ, ɳɨ ɜ ɛɿɥɶɲɨɫɬɿ 
ɜɢɩɚɞɤɿɜ ɦɿɫɬɢɬɶ ɧɚɞɥɢɲɤɨɜɿ ɫɤɥɚɞɨɜɿ ɬɚ ɧɟ ɜɿɞɨɛɪɚɠɚє ɮɿɡɢɤɭ ɩɪɨɰɟɫɭ. ɉɨɩɟɪɟɞɧɿɣ 
ɜɢɛɿɪ ɫɬɪɭɤɬɭɪɢ ɫɢɫɬɟɦɢ ɞɨɡɜɨɥɹє ɩɨɤɪɚɳɢɬɢ ɬɨɱɧɿɫɬɶ ɪɟɤɨɧɫɬɪɭɤɰɿʀ. 

Ɉɫɤɿɥɶɤɢ ɜ ɞɚɧɨɦɭ ɞɨɫɥɿɞɠɟɧɿ ɪɨɡɝɥɹɞɚєɬɶɫɹ ɬɿɥɶɤɢ ɱɚɫɨɜɚ ɩɨɫɥɿɞɨɜɧɿɫɬɶ 
ɫɩɨɫɬɟɪɟɠɭɜɚɧɨʀ ɡɦɿɧɧɨʀ ɬɚ ɧɟɦɚє ɞɨɞɚɬɤɨɜɢɯ ɜɢɦɨɝ ɞɨ ɫɢɫɬɟɦ-ɤɚɧɞɢɞɚɬɿɜ, ɬɨ 
ɜɢɤɨɧɭɜɚɜɫɹ ɩɨɲɭɤ ɬɿɥɶɤɢ ɫɢɫɬɟɦ ɡɜɢɱɚɣɧɢɯ ɞɢɮɟɪɟɧɰɿɚɥɶɧɢɯ ɪɿɜɧɹɧɶ, ɳɨ ɦɚɸɬɶ 
ɧɚɣɦɟɧɲɭ ɤɿɥɶɤɿɫɬɶ ɫɤɥɚɞɨɜɢɯ ɜ ɪɿɜɧɹɧɧɹɯ. ɉɨɲɭɤ ɫɢɫɬɟɦ-ɤɚɧɞɢɞɚɬɿɜ ɜɢɤɨɧɭɜɚɜɫɹ 
ɫɟɪɟɞ ɨɤɪɟɦɢɯ ɜɢɩɚɞɤɿɜ ɫɢɫɬɟɦɢ ɡ ɩɨɥɿɧɨɦɚɦɢ ɞɪɭɝɨɝɨ ɫɬɭɩɟɧɹ ɜ ɩɪɚɜɢɯ ɱɚɫɬɢɧɚɯ 
ɪɿɜɧɹɧɶ. Ⱦɥɹ ɪɨɡɜ'ɹɡɚɧɧɹ ɩɨɫɬɚɜɥɟɧɨʀ ɡɚɞɚɱɿ ɡɚɫɬɨɫɨɜɭɜɚɥɚɫɹ ɡɚɩɪɨɩɨɧɨɜɚɧɚ ɜ 
[12, 11] ɤɨɦɛɿɧɚɰɿɹ ɚɧɚɥɿɬɢɱɧɨɝɨ ɬɚ ɱɢɫɟɥɶɧɨɝɨ ɦɟɬɨɞɿɜ. ɇɚɡɜɟɦɨ ɨɪɢɝɿɧɚɥɶɧɨɸ 
ɫɢɫɬɟɦɨɸ (Ɉɋ) ɫɢɫɬɟɦɭ ɪɿɜɧɹɧɶ, ɳɨ ɬɨɱɧɨ ɨɩɢɫɭє ɞɢɧɚɦɿɤɭ ɞɨɫɥɿɞɠɭɜɚɧɨɝɨ ɩɪɨɰɟɫɭ. 
ȼ ɞɨɫɥɿɞɠɟɧɧɿ ɬɚɤɨɠ ɡɚɫɬɨɫɨɜɭɜɚɥɚɫɹ ɫɬɚɧɞɚɪɬɧɚ ɫɢɫɬɟɦɚ (ɋɋ), ɳɨ ɦɿɫɬɢɬɶ 
ɩɨɥɿɧɨɦɿɚɥɶɧɭ ɚɛɨ ɞɪɨɛɨɜɨ-ɪɚɰɿɨɧɚɥɶɧɭ ɮɭɧɤɰɿɸ ɬɿɥɶɤɢ ɜ ɨɞɧɨɦɭ ɪɿɜɧɹɧɧɿ. 
Ʉɿɥɶɤɿɫɬɶ ɡɦɿɧɧɢɯ Ɉɋ ɬɚ ɋɋ ɨɞɧɚɤɨɜɚ. ɋɩɨɫɬɟɪɟɠɭɜɚɧɚ ɡɦɿɧɧɚ ɋɋ ɫɩɿɜɩɚɞɚє ɡɿ 
ɫɩɨɫɬɟɪɟɠɭɜɚɧɨɸ ɡɦɿɧɧɨɸ Ɉɋ, ɿ ɜɫɿ ɤɨɟɮɿɰɿєɧɬɢ ɋɋ ɦɨɠɭɬɶ ɛɭɬɢ ɚɧɚɥɿɬɢɱɧɨ 
ɜɢɪɚɠɟɧɿ ɱɟɪɟɡ ɤɨɟɮɿɰɿєɧɬɢ Ɉɋ. Ʉɪɿɦ ɬɨɝɨ, ɿɫɧɭє ɱɢɫɟɥɶɧɢɣ ɦɟɬɨɞ [12], ɳɨ ɞɨɡɜɨɥɹє 
ɜɢɡɧɚɱɢɬɢ ɤɨɟɮɿɰɿєɧɬɢ ɋɋ ɡɚ ɱɚɫɨɜɨɸ ɩɨɫɥɿɞɨɜɧɿɫɬɸ. Ⱦɥɹ ɩɨɲɭɤɭ ɧɚɣɩɪɨɫɬɿɲɨʀ Ɉɋ 
ɡɚɫɬɨɫɨɜɭɜɚɜɫɹ ɦɟɬɨɞ ɩɟɪɫɩɟɤɬɢɜɧɢɯ ɤɨɟɮɿɰɿєɧɬɿɜ [10], ɹɤɢɣ ɩɨɥɹɝɚє ɜ ɧɚɫɬɭɩɧɨɦɭ. 
ɋɩɨɱɚɬɤɭ ɱɢɫɟɥɶɧɢɦ ɦɟɬɨɞɨɦ ɡɚ ɱɚɫɨɜɨɸ ɩɨɫɥɿɞɨɜɧɿɫɬɸ ɪɟɤɨɧɫɬɪɭɸєɬɶɫɹ ɋɋ. Ⱦɚɥɿ, 
ɡɚ ɚɧɚɥɿɬɢɱɧɢɦɢ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹɦɢ ɬɚ ɫɬɪɭɤɬɭɪɨɸ ɋɋ ɜɢɡɧɚɱɚєɬɶɫɹ ɹɤɿ ɤɨɟɮɿɰɿєɧɬɢ 
Ɉɋ ɬɨɱɧɨ ɧɭɥɶɨɜɿ ɬɚ ɬɨɱɧɨ ɧɟɧɭɥɶɨɜɿ ɿ ɮɨɪɦɭєɬɶɫɹ ɩɨɱɚɬɤɨɜɚ ɫɢɫɬɟɦɚ (ɉɋ), ɳɨ 
ɜɤɥɸɱɚє ɬɿɥɶɤɢ ɬɨɱɧɨ ɧɟɧɭɥɶɨɜɿ ɤɨɟɮɿɰɿєɧɬɢ. ɉɿɫɥɹ ɰɶɨɝɨ ɉɋ ɞɨɩɨɜɧɸєɬɶɫɹ 
ɤɨɟɮɿɰɿєɧɬɚɦɢ Ɉɋ ɩɨɤɢ ɋɋ, ɳɨ ɜɿɞɩɨɜɿɞɚє Ɉɋ, ɧɟ ɫɩɿɜɩɚɞɚɬɢɦɟ ɡ ɋɋ, ɨɬɪɢɦɚɧɨɸ 
ɱɢɫɟɥɶɧɢɦ ɦɟɬɨɞɨɦ. Ɋɟɡɭɥɶɬɚɬɨɦ ɛɭɞɟ ɨɞɧɚ ɚɛɨ ɞɟɤɿɥɶɤɚ Ɉɋ. Ɂɚ ɞɨɩɨɦɨɝɨɸ ɬɚɤɨɝɨ 
ɩɿɞɯɨɞɭ ɛɭɥɢ ɡɧɚɣɞɟɧɿ 4 ɫɬɪɭɤɬɭɪɢ Ɉɋ ɡ 7 ɤɨɟɮɿɰɿєɧɬɚ-
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ɦɢ, ɳɨ ɜɿɞɪɿɡɧɹɸɬɶɫɹ ɜɿɞ ɫɢɫɬɟɦɢ Ʌɨɪɟɧɰɚ [17], ɚɥɟ ɡɞɚɬɧɿ ɬɨɱɧɨ ɜɿɞɬɜɨɪɢɬɢ ɱɚɫɨɜɭ 
ɩɨɫɥɿɞɨɜɧɿɫɬɶ ɡɦɿɧɧɨʀ X ɫɢɫɬɟɦɢ Ʌɨɪɟɧɰɚ. Ⱦɥɹ ɤɨɠɧɨʀ Ɉɋ ɛɭɥɢ ɡɧɚɣɞɟɧɿ ɱɢɫɥɨɜɿ 
ɡɧɚɱɟɧɧɹ ɱɚɫɬɢɧɢ ɤɨɟɮɿɰɿєɧɬɿɜ ɬɚ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ, ɳɨ ɡɜ'ɹɡɭɸɬɶ ɪɟɲɬɭ ɤɨɟɮɿɰɿєɧɬɿɜ 
ɦɿɠ ɫɨɛɨɸ. 

Ʉɥɸɱɨɜɿ ɫɥɨɜɚ: ɱɚɫɨɜɢɣ ɪɹɞ, ɞɢɮɟɪɟɧɰɿɚɥɶɧɿ ɪɿɜɧɹɧɧɹ, ɪɟɤɨɧɫɬɪɭɤɰɿɹ, 
ɨɪɢɝɿɧɚɥɶɧɚ ɫɢɫɬɟɦɚ, ɫɬɚɧɞɚɪɬɧɚ ɫɢɫɬɟɦɚ, ɦɟɬɨɞ ɩɟɪɫɩɟɤɬɢɜɧɢɯ ɤɨɟɮɿɰɿєɧɬɿɜ. 

 

Reconstruction of the Lorenz ordinary differential equations system is performed by us-

ing perspective coefficients method. Four systems that have structures different from Lo-

renz system and can reproduce time series of one variable of Lorenz system were found. In 

many areas of science, the problem of identifying a system of ordinary differential equa-

tions (ODE) from a time series of one observable variable is relevant. If the right-hand 

sides of an ODE system are polynomials, then solving such a problem only by numerical 

methods allows to obtain a model containing, in most cases, redundant terms and not re-

flecting the physics of the process. The preliminary choice of the structure of the system 

allows to improve the precision of the reconstruction.  

Since this study considers only the single time series of the observable variable, and 

there are no additional requirements for candidate systems, we will look only for systems of 

ODE's that have the least number of terms in the equations. We will look for candidate sys-

tems among particular cases of the system with quadratic polynomial right-hand sides.  

To solve this problem, we will use a combination of analytical and numerical methods 

proposed in [12, 11]. We call the original system (OS) the ODE system, which precisely de-

scribes the dynamics of the process under study. We also use another type of ODE system - 

standard system (SS), which has the polynomial or rational function only in one equation. 

The number of OS variables is equal to the number of SS variables. The observable varia-

ble of the SS coincides with the observable variable of the OS. The SS must correspond to 

the OS. Namely, all the SS coefficients can be analytically expressed in terms of the OS co-

efficients. In addition, there is a numerical method [12], which allows to determine the SS 

coefficients  from a time series. To find only the simplest OS, one can use the perspective 

coefficients method [10], which means the following. Initially, the SS is reconstructed from 

a time series using a numerical method. Then, using analytical relations and the structure 

of the SS, we determine which OS coefficients are strictly zero and strictly non-zero and 

form the initial system (IS), which includes only strictly non-zero coefficients. After that, 

the IS is supplemented with OS coefficients until the corresponding SS coincides with the 

SS obtained by a numerical method. The result will be one or more OS’s. Using this ap-

proach, we have found 4 OS structures with 7 coefficients that differ from the Lorenz sys-

tem [17], but are able to reproduce exactly the time series of X variable of the Lorenz sys-

tem. Numerical values of the part of the coefficients and relations connecting the rest of the 

coefficients were found for each OS. 

Keywords: time series, differential equations, reconstruction, original system, standard 

system, method of perspective coefficients. 

 

ȼɜɟɞɟɧɢɟ. ȼɨ ɦɧɨɝɢɯ ɨɛɥɚɫɬɹɯ ɫɨɜɪɟɦɟɧɧɨɣ ɧɚɭɤɢ ɚɤɬɭɚɥɶɧɚ ɡɚɞɚɱɚ 
ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɫɢɫɬɟɦɵ ɨɛɵɤɧɨɜɟɧɧɵɯ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ 
(ɈȾɍ) ɩɨ ɜɪɟɦɟɧɧɨɦɭ ɪɹɞɭ ɨɞɧɨɣ ɧɚɛɥɸɞɚɟɦɨɣ ɩɟɪɟɦɟɧɧɨɣ – ɡɚɞɚɱɚ 
ɪɟɤɨɧɫɬɪɭɤɰɢɢ [8, 7]. ȿɫɥɢ ɩɪɚɜɵɟ ɱɚɫɬɢ ɫɢɫɬɟɦɵ ɈȾɍ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ 
ɩɨɥɢɧɨɦɵ, ɬɨ ɪɟɲɟɧɢɟ ɬɚɤɨɣ ɡɚɞɚɱɢ ɬɨɥɶɤɨ ɱɢɫɥɟɧɧɵɦɢ ɦɟɬɨɞɚɦɢ [6] 
ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɦɨɞɟɥɶ, ɫɨɞɟɪɠɚɳɭɸ, ɤɚɤ ɩɪɚɜɢɥɨ, ɢɡɛɵɬɨɱɧɵɟ 
ɫɥɚɝɚɟɦɵɟ ɢ ɧɟ ɨɬɪɚɠɚɸɳɭɸ ɮɢɡɢɤɭ ɩɪɨɰɟɫɫɚ. ȿɫɥɢ ɧɟɨɛɯɨɞɢɦɨ ɧɟ ɬɨɥɶɤɨ 
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ɜɨɫɩɪɨɢɡɜɟɫɬɢ ɜɪɟɦɟɧɧɨɣ ɪɹɞ, ɧɨ ɢ ɩɨɥɭɱɢɬɶ ɫɢɫɬɟɦɭ ɈȾɍ, ɢɦɟɸɳɭɸ 
ɮɢɡɢɱɟɫɤɢɣ ɫɦɵɫɥ, ɬɨ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɨɱɟɬɚɧɢɟ ɱɢɫɥɟɧɧɵɯ ɢ 
ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ ɪɟɤɨɧɫɬɪɭɤɰɢɢ, ɧɚɩɪɢɦɟɪ, ɩɪɟɞɥɨɠɟɧɧɨɟ ɜ [12, 11] ɢ 
ɪɚɡɜɢɬɨɟ ɜ [14, 15, 9, 10]. Ʉɪɨɦɟ ɬɨɝɨ, ɜ ɤɚɱɟɫɬɜɟ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨɣ ɡɚɞɚɱɢ 
ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ ɜɵɛɨɪ ɫɬɪɭɤɬɭɪɵ ɫɢɫɬɟɦɵ ɈȾɍ – ɤɚɤɢɟ ɢɦɟɧɧɨ ɫɥɚɝɚɟɦɵɟ, 
ɜɵɛɪɚɧɧɵɟ ɢɡ ɮɢɤɫɢɪɨɜɚɧɧɨɝɨ ɦɧɨɠɟɫɬɜɚ, ɞɨɥɠɧɵ ɜɯɨɞɢɬɶ ɜ ɭɪɚɜɧɟɧɢɹ 
ɫɢɫɬɟɦɵ [3, 4, 5]. ɉɪɟɞɜɚɪɢɬɟɥɶɧɵɣ ɜɵɛɨɪ ɫɬɪɭɤɬɭɪɵ ɫɢɫɬɟɦɵ ɩɨɡɜɨɥɹɟɬ 
ɩɨɜɵɫɢɬɶ ɬɨɱɧɨɫɬɶ ɪɟɤɨɧɫɬɪɭɤɰɢɢ. Ɍɚɤ ɤɚɤ ɩɨ ɨɞɧɨɣ ɧɚɛɥɸɞɚɟɦɨɣ 
ɩɟɪɟɦɟɧɧɨɣ ɧɟɜɨɡɦɨɠɧɨ ɨɞɧɨɡɧɚɱɧɨ ɪɟɤɨɧɫɬɪɭɢɪɨɜɚɬɶ ɫɢɫɬɟɦɭ ɈȾɍ [16], ɬɨ 
ɜ ɧɟɤɨɬɨɪɵɯ ɡɚɞɚɱɚɯ ɦɨɠɟɬ ɛɵɬɶ ɧɟɨɛɯɨɞɢɦɨ ɧɚɣɬɢ ɜɫɟ ɫɢɫɬɟɦɵ-ɤɚɧɞɢɞɚɬɵ 
[2], ɫɩɨɫɨɛɧɵɟ ɜɨɫɩɪɨɢɡɜɟɫɬɢ ɢɫɫɥɟɞɭɟɦɵɣ ɜɪɟɦɟɧɧɨɣ ɪɹɞ. 

ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ. ɇɟɨɛɯɨɞɢɦɨ ɧɚɣɬɢ ɫɢɫɬɟɦɵ ɈȾɍ, ɫɩɨɫɨɛɧɵɟ 
ɜɨɫɩɪɨɢɡɜɟɫɬɢ ɜɪɟɦɟɧɧɨɣ ɪɹɞ ɩɟɪɟɦɟɧɧɨɣ 1( )x t  ɫɢɫɬɟɦɵ Ʌɨɪɟɧɰɚ [17], 
ɤɨɬɨɪɚɹ ɢɦɟɟɬ ɜɢɞ 
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ɝɞɟ 1 10a = − , 2 10a = , 1 28b = , 2 6 1b b= = − , 3 8 3c = − , 5 1c = . ɉɨɫɤɨɥɶɤɭ ɜ 
ɞɚɧɧɨɦ ɢɫɫɥɟɞɨɜɚɧɢɢ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɬɨɥɶɤɨ ɜɪɟɦɟɧɧɨɣ ɪɹɞ ɧɚɛɥɸɞɚɟɦɨɣ, 
ɢ ɧɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɬɪɟɛɨɜɚɧɢɣ ɤ ɫɢɫɬɟɦɚɦ-ɤɚɧɞɢɞɚɬɚɦ, ɬɨ ɛɭɞɟɦ ɢɫɤɚɬɶ 
ɬɨɥɶɤɨ ɫɢɫɬɟɦɵ ɈȾɍ, ɢɦɟɸɳɢɟ ɧɚɢɦɟɧɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ ɫɥɚɝɚɟɦɵɯ ɜ 
ɭɪɚɜɧɟɧɢɹɯ. Ȼɭɞɟɦ ɢɫɤɚɬɶ ɫɢɫɬɟɦɵ-ɤɚɧɞɢɞɚɬɵ ɫɪɟɞɢ ɱɚɫɬɧɵɯ ɫɥɭɱɚɟɜ 
ɫɢɫɬɟɦɵ 
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Ɇɟɬɨɞ ɪɟɲɟɧɢɹ. Ⱦɥɹ ɪɟɲɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ ɛɭɞɟɦ ɢɫɩɨɥɶɡɨɜɚɬɶ 
ɫɨɱɟɬɚɧɢɟ ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɢ ɱɢɫɥɟɧɧɵɯ ɦɟɬɨɞɨɜ, ɩɪɟɞɥɨɠɟɧɧɨɟ ɜ [12, 11]. 
ɇɚɡɨɜɟɦ ɨɪɢɝɢɧɚɥɶɧɨɣ ɫɢɫɬɟɦɨɣ (Ɉɋ) ɫɢɫɬɟɦɭ ɈȾɍ, ɤɨɬɨɪɚɹ ɬɨɱɧɨ 

ɨɩɢɫɵɜɚɟɬ ɞɢɧɚɦɢɤɭ ɢɫɫɥɟɞɭɟɦɨɝɨ ɩɪɨɰɟɫɫɚ. Ɉɋ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɬɚɧɞɚɪɬɧɚɹ 
ɫɢɫɬɟɦɚ (ɋɋ), ɤɨɬɨɪɚɹ ɢɦɟɟɬ ɜɢɞ 
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ɝɞɟ n  - ɤɨɥɢɱɟɫɬɜɨ ɩɟɪɟɦɟɧɧɵɯ Ɉɋ ɢ ɋɋ; F  - ɩɨɥɢɧɨɦɢɚɥɶɧɚɹ ɢɥɢ ɞɪɨɛɧɨ 
ɪɚɰɢɨɧɚɥɶɧɚɹ ɮɭɧɤɰɢɹ; 1y  - ɧɚɛɥɸɞɚɟɦɚɹ ɩɟɪɟɦɟɧɧɚɹ ɋɋ, ɤɨɬɨɪɚɹ ɫɨɜɩɚɞɚɟɬ 
ɫ ɧɚɛɥɸɞɚɟɦɨɣ ɩɟɪɟɦɟɧɧɨɣ Ɉɋ, ɬ.ɟ. 1 1( ) ( )y t x t . ɉɪɢ ɷɬɨɦ ɜɫɟ ɤɨɷɮɮɢɰɢɟɧɬɵ 
ɋɋ ɦɨɝɭɬ ɛɵɬɶ ɚɧɚɥɢɬɢɱɟɫɤɢ ɜɵɪɚɠɟɧɵ ɱɟɪɟɡ ɤɨɷɮɮɢɰɢɟɧɬɵ Ɉɋ. Ʉɪɨɦɟ 
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ɬɨɝɨ, ɫɭɳɟɫɬɜɭɟɬ ɱɢɫɥɟɧɧɵɣ ɦɟɬɨɞ [12], ɩɨɡɜɨɥɹɸɳɢɣ ɩɨ ɜɪɟɦɟɧɧɨɦɭ ɪɹɞɭ 
ɨɩɪɟɞɟɥɢɬɶ ɤɨɷɮɮɢɰɢɟɧɬɵ ɋɋ. 

Ⱦɥɹ ɩɨɢɫɤɚ ɬɨɥɶɤɨ ɩɪɨɫɬɟɣɲɢɯ Ɉɋ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɦɟɬɨɞ 
ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ [10], ɤɨɬɨɪɵɣ ɫɨɫɬɨɢɬ ɜ ɫɥɟɞɭɸɳɟɦ. ȼɧɚɱɚɥɟ 
ɩɨ ɜɪɟɦɟɧɧɨɦɭ ɪɹɞɭ ɱɢɫɥɟɧɧɵɦ ɦɟɬɨɞɨɦ ɪɟɤɨɧɫɬɪɭɢɪɭɟɬɫɹ ɋɋ. Ɂɚɬɟɦ, 
ɢɫɩɨɥɶɡɭɹ ɚɧɚɥɢɬɢɱɟɫɤɢɟ ɫɨɨɬɧɨɲɟɧɢɹ, ɩɨ ɫɬɪɭɤɬɭɪɟ ɋɋ ɨɩɪɟɞɟɥɹɟɬɫɹ, ɤɚɤɢɟ 
ɤɨɷɮɮɢɰɢɟɧɬɵ Ɉɋ ɫɬɪɨɝɨ ɪɚɜɧɵ ɧɭɥɸ ɢ  ɫɬɪɨɝɨ ɧɟ ɪɚɜɧɵ ɧɭɥɸ ɢ 
ɮɨɪɦɢɪɭɟɬɫɹ ɢɫɯɨɞɧɚɹ ɫɢɫɬɟɦɚ (ɂɋ), ɜɤɥɸɱɚɸɳɚɹ ɬɨɥɶɤɨ ɫɬɪɨɝɨ ɧɟɧɭɥɟɜɵɟ 
ɤɨɷɮɮɢɰɢɟɧɬɵ. Ⱦɚɥɟɟ ɂɋ ɞɨɩɨɥɧɹɟɬɫɹ ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ Ɉɋ, ɩɨɤɚ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɋɋ ɧɟ ɛɭɞɟɬ ɫɨɜɩɚɞɚɬɶ ɫ ɋɋ, ɩɨɥɭɱɟɧɧɨɣ ɱɢɫɥɟɧɧɵɦ 
ɦɟɬɨɞɨɦ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɛɭɞɭɬ ɩɨɥɭɱɟɧɵ ɨɞɧɚ ɢɥɢ ɧɟɫɤɨɥɶɤɨ Ɉɋ. 

ɍɱɢɬɵɜɚɹ ɜɵɲɟ ɢɡɥɨɠɟɧɧɨɟ, ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɫɢɫɬɟɦɵ 
Ʌɨɪɟɧɰɚ (1) ɛɵɥɚ ɫɮɨɪɦɢɪɨɜɚɧɚ ɫɥɟɞɭɸɳɚɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɞɟɣɫɬɜɢɣ: 

1. ȼɵɜɟɫɬɢ ɫɨɨɬɧɨɲɟɧɢɹ, ɫɜɹɡɵɜɚɸɳɢɟ ɤɨɷɮɮɢɰɢɟɧɬɵ Ɉɋ ɢ ɋɋ. 
2. Ɋɟɤɨɧɫɬɪɭɢɪɨɜɚɬɶ ɋɋ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɭɸ ɫɢɫɬɟɦɟ Ʌɨɪɟɧɰɚ (1). 
3. ɂɫɩɨɥɶɡɭɹ ɚɧɚɥɢɬɢɱɟɫɤɢɟ ɫɨɨɬɧɨɲɟɧɢɹ, ɨɩɪɟɞɟɥɢɬɶ, ɤɚɤɢɟ 

ɤɨɷɮɮɢɰɢɟɧɬɵ Ɉɋ ɞɨɥɠɧɵ ɛɵɬɶ ɫɬɪɨɝɨ ɧɭɥɟɜɵɟ, ɚ ɤɚɤɢɟ - ɫɬɪɨɝɨ ɧɟɧɭɥɟɜɵɟ. 
4. ɂɫɩɨɥɶɡɭɹ ɦɟɬɨɞ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ, ɧɚɣɬɢ ɜɫɟ ɩɪɨɫɬɟɣɲɢɟ 

Ɉɋ, ɤɨɬɨɪɵɦ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɋɋ, ɩɨɥɭɱɟɧɧɚɹ ɜ ɩ. 2. 
5. Ɉɩɪɟɞɟɥɢɬɶ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɧɚɣɞɟɧɧɵɯ Ɉɋ, ɟɫɥɢ ɷɬɨ 

ɜɨɡɦɨɠɧɨ. 
Ɋɟɡɭɥɶɬɚɬɵ. Ȼɵɥ ɜɵɩɨɥɧɟɧ ɜɵɜɨɞ ɫɨɨɬɧɨɲɟɧɢɣ, ɫɜɹɡɵɜɚɸɳɢɯ 

ɤɨɷɮɮɢɰɢɟɧɬɵ Ɉɋ ɢ ɋɋ. Ⱦɥɹ ɭɞɨɛɫɬɜɚ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɨɨɬɧɨɲɟɧɢɣ 
ɧɟɨɛɯɨɞɢɦɨ, ɱɬɨɛɵ ɜ ɧɢɯ ɨɬɫɭɬɫɬɜɨɜɚɥɢ ɢɪɪɚɰɢɨɧɚɥɶɧɵɟ ɫɥɚɝɚɟɦɵɟ. 
ɉɨɷɬɨɦɭ ɢɡ ɭɪɚɜɧɟɧɢɣ Ɉɋ (2) ɛɵɥɢ ɢɫɤɥɸɱɟɧɵ ɩɪɨɢɡɜɟɞɟɧɢɹ 
ɧɟɧɚɛɥɸɞɚɟɦɵɯ ɩɟɪɟɦɟɧɧɵɯ, ɤɨɬɨɪɵɟ ɩɪɢɜɨɞɹɬ ɤ ɩɨɹɜɥɟɧɢɸ ɬɚɤɢɯ 
ɫɥɚɝɚɟɦɵɯ ɜ ɫɨɨɬɧɨɲɟɧɢɹɯ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɫɢɫɬɟɦɚ ɩɪɢɧɹɥɚ ɜɢɞ 
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ɋɋ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ Ɉɋ (4), ɢɦɟɟɬ ɜɢɞ 
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ɋɨɨɬɧɨɲɟɧɢɹ ɦɟɠɞɭ ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ Ɉɋ (4) ɢ ɋɋ (5) ɜ ɞɚɧɧɨɣ ɫɬɚɬɶɟ ɧɟ 
ɩɪɢɜɟɞɟɧɵ ɩɨ ɩɪɢɱɢɧɟ ɢɯ ɡɧɚɱɢɬɟɥɶɧɨɝɨ ɨɛɴɟɦɚ. ɇɭɦɟɪɚɰɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ 
ɋɋ ɬɚɤɚɹ ɠɟ, ɤɚɤ ɜ (9) ɢɡ [1].  

Ⱦɥɹ ɫɢɫɬɟɦɵ (1) ɦɟɬɨɞɵ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɢ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɋɋ 
ɢɡɜɟɫɬɧɵ ɢɡ [13]. ɂɫɩɨɥɶɡɭɹ ɩɨɞɯɨɞ ɢɡ ɭɤɚɡɚɧɧɨɣ ɪɚɛɨɬɵ, ɞɥɹ (1) ɛɵɥɚ 

ɩɨɥɭɱɟɧɚ ɋɋ, ɤɨɬɨɪɚɹ ɫ ɭɱɟɬɨɦ ɨɛɨɡɧɚɱɟɧɢɣ (5) ɢɦɟɟɬ ɜɢɞ 

( )

1 2

2 3

2 2 4 3

3 4 1 5 1 2 6 1 3 7 2 8 2 3 20 1 21 1 2 1 1

,
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,

y y

y y

y N y N y y N y y N y N y y N y N y y D y

 =
 =
 = + + + + + +

 (6) 

ɝɞɟ 4 720N = , 5 29,33N = − , 6 13,67N = − , 7 11N = , 8 1 1N D= = , 20 10N = − , 

21 1N = −  ɢ 1 1( ) ( )y t x t . 

Ɇɨɠɧɨ ɜɢɞɟɬɶ, ɱɬɨ ɋɋ (6) ɡɧɚɱɢɬɟɥɶɧɨ ɩɪɨɳɟ, ɱɟɦ (5). ɗɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ 
Ɉɋ (4) ɫɨɞɟɪɠɢɬ ɢɡɛɵɬɨɱɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ, ɤɨɬɨɪɵɟ ɧɟɨɛɯɨɞɢɦɨ 
ɩɪɢɪɚɜɧɹɬɶ ɧɭɥɸ. Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɬɨɝɨ, ɤɚɤɢɟ ɤɨɷɮɮɢɰɢɟɧɬɵ Ɉɋ (4) ɪɚɜɧɵ 
ɧɭɥɸ, ɛɵɥ ɜɵɩɨɥɧɟɧ ɚɧɚɥɢɡ, ɚɧɚɥɨɝɢɱɧɵɣ ɪɚɫɫɦɨɬɪɟɧɧɨɦɭ ɜ [1]. Ɂɧɚɹ, ɱɬɨ 
ɧɟɤɨɬɨɪɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɋɋ (6) ɧɭɥɟɜɨɣ (ɢɥɢ ɧɟɧɭɥɟɜɨɣ) ɢ ɢɫɩɨɥɶɡɭɹ 
ɫɨɨɬɧɨɲɟɧɢɹ ɦɟɠɞɭ ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ Ɉɋ ɢ ɋɋ, ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ 
ɧɚɥɢɱɢɢ ɢɥɢ ɨɬɫɭɬɫɬɜɢɢ ɤɨɷɮɮɢɰɢɟɧɬɨɜ Ɉɋ. Ɇɧɨɝɨɤɪɚɬɧɨɟ ɩɨɜɬɨɪɟɧɢɟ 
ɞɚɧɧɨɣ ɨɩɟɪɚɰɢɢ ɞɥɹ ɪɚɡɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɋɋ ɩɨɡɜɨɥɹɟɬ ɭɩɪɨɫɬɢɬɶ 
ɫɬɪɭɤɬɭɪɭ Ɉɋ. ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɨɫɧɨɜɧɵɯ ɷɬɚɩɨɜ ɚɧɚɥɢɡɚ ɞɥɹ ɤɪɚɬɤɨɫɬɢ 
ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɜɢɞɟ ɞɢɚɝɪɚɦɦɵ (ɪɢɫ. 1), ɨɛɨɡɧɚɱɟɧɢɹ ɤɨɬɨɪɨɣ ɢɦɟɸɬ 
ɫɥɟɞɭɸɳɢɣ ɫɦɵɫɥ: 

 
Ɋɢɫ. 1. ɉɨɢɫɤ ɱɚɫɬɧɵɯ ɫɥɭɱɚɟɜ Ɉɋ (4), ɤɨɬɨɪɵɦ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɋɋ (6) 

(4) 1 0D 
2 0D =

6 0a =

2 0a 

3 0a 
5 0a =

3 0b =

2 0a =

3 0a 

3 0a =

2 0= 5 0a = 2 0b =

3 0=

0 0D =

2 0D =

0 0D =
9 0N = 0 0D =

4 0D =

12 0N =

5 0a =

4 0a =
5 0b =

6 0c =

11 0N =

21 0N 

4 0b =

6 0b 
5 0c 

10 0N =

11 0N =

2 0=

0 0a =
1 0=

2 0N =

0 0b =

(7) 
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1. ȼ ɩɪɹɦɨɭɝɨɥɶɧɢɤɚɯ ɩɪɢɜɟɞɟɧɵ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɨɱɟɪɟɞɧɨɝɨ ɲɚɝɚ 
ɚɧɚɥɢɡɚ – ɮɚɤɬɵ ɪɚɜɟɧɫɬɜɚ ɢɥɢ ɧɟɪɚɜɟɧɫɬɜɚ ɧɭɥɸ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ 
ɤɨɷɮɮɢɰɢɟɧɬɚ ɋɋ. ɋɞɟɥɚɧɧɵɣ ɧɚ ɢɯ ɨɫɧɨɜɟ ɜɵɜɨɞ ɨɬɧɨɫɢɬɟɥɶɧɨ 
ɤɨɷɮɮɢɰɢɟɧɬɨɜ Ɉɋ ɭɤɚɡɚɧ ɜɨɡɥɟ ɫɬɪɟɥɨɤ. 

2. Ʉɪɭɝɢ ɨɛɨɡɧɚɱɚɸɬ ɪɚɫɫɦɨɬɪɟɧɢɟ ɜɡɚɢɦɧɨ ɢɫɤɥɸɱɚɸɳɢɯ ɝɢɩɨɬɟɡ, 
ɤɨɬɨɪɨɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɤɨɝɞɚ ɢɦɟɸɳɢɯɫɹ ɮɚɤɬɨɜ ɧɟɞɨɫɬɚɬɨɱɧɨ ɞɥɹ 
ɨɞɧɨɡɧɚɱɧɨɝɨ ɜɵɜɨɞɚ. 

3. ɋɢɦɜɨɥ «X» ɨɡɧɚɱɚɟɬ, ɱɬɨ ɩɪɟɞɵɞɭɳɢɟ ɲɚɝɢ ɚɧɚɥɢɡɚ ɩɪɢɜɟɥɢ ɤ 
ɩɪɨɬɢɜɨɪɟɱɢɹɦ, ɞɟɥɚɸɳɢɦ ɧɟɜɨɡɦɨɠɧɵɦ ɚɧɚɥɢɬɢɱɟɫɤɢɣ ɩɟɪɟɯɨɞ ɦɟɠɞɭ Ɉɋ 
ɢ ɋɋ. 

ɂɡ ɪɢɫ. 1 ɦɨɠɧɨ ɜɢɞɟɬɶ, ɱɬɨ ɛɵɥɚ ɧɚɣɞɟɧɚ ɬɨɥɶɤɨ ɨɞɧɚ Ɉɋ, ɤɨɬɨɪɚɹ 
ɹɜɥɹɟɬɫɹ ɱɚɫɬɧɵɦ ɫɥɭɱɚɟɦ (4) ɢ ɤɨɬɨɪɨɣ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɋɋ (6). ɋɢɫɬɟɦɚ ɢɦɟɟɬ 
ɜɢɞ 

1 1 1 2 2

2 1 1 2 2 6 1 3

2
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,

,

.

x a x a x

x b x b x b x x

x c c x c x c x x

 = +
 = + +
 = + + +

                                  (7) 

Ɉɬɦɟɬɢɦ, ɱɬɨ ɜ ɫɢɫɬɟɦɟ (7) ɨɬɫɭɬɫɬɜɭɸɬ ɤɨɷɮɮɢɰɢɟɧɬɵ ɫɢɫɬɟɦɵ (4), ɤɨɬɨɪɵɟ 
ɫɨɝɥɚɫɧɨ ɪɢɫ. 1 ɪɚɜɧɵ ɧɭɥɸ, ɢ ɬɨɱɧɨ ɩɪɢɫɭɬɫɬɜɭɸɬ ɤɨɷɮɮɢɰɢɟɧɬɵ 2a , 6b , 5c , 

ɤɨɬɨɪɵɟ, ɫɨɝɥɚɫɧɨ ɞɢɚɝɪɚɦɦɟ, ɧɟ ɪɚɜɧɵ ɧɭɥɸ. Ɉɫɬɚɥɶɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ 
ɫɢɫɬɟɦɵ (7) ɦɨɝɭɬ ɩɪɢɧɢɦɚɬɶ ɤɚɤ ɧɭɥɟɜɵɟ, ɬɚɤ ɢ ɧɟɧɭɥɟɜɵɟ ɡɧɚɱɟɧɢɹ. ɋɜɹɡɶ 
ɦɟɠɞɭ ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ Ɉɋ (7) ɢ ɋɋ (6) ɜɵɪɚɠɚɟɬɫɹ ɫɨɨɬɧɨɲɟɧɢɹɦɢ 

( )

( )

4 2 6 0 2 1 3 1 2 3

5 1 2 3

6 1 2 3

7 1 2

8 1

20 2 6 4 1 6 5

21 6 5

,

,

,

,

1,

,

.

N a b c a b c a b c

N a b c

N a b c

N a b

N D

N a b c a b c

N b c

= − +
 = − +
 = + +
 = − +
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Ɇɨɠɧɨ ɜɢɞɟɬɶ, ɱɬɨ ɫɢɫɬɟɦɚ (7) ɫɨɞɟɪɠɢɬ 9 ɧɟɧɭɥɟɜɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ, ɱɬɨ 
ɛɨɥɶɲɟ, ɱɟɦ 7 ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɜ ɫɢɫɬɟɦɟ Ʌɨɪɟɧɰɚ (1). Ⱦɥɹ ɞɚɥɶɧɟɣɲɟɝɨ 
ɭɩɪɨɳɟɧɢɹ ɫɢɫɬɟɦɵ (7) ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɨɨɬɧɨɲɟɧɢɣ (8) ɛɵɥ ɩɪɢɦɟɧɟɧ 
ɦɟɬɨɞ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ [10]. ȼɧɚɱɚɥɟ ɛɵɥɚ ɫɮɨɪɦɢɪɨɜɚɧɚ ɂɋ, 
ɫɨɞɟɪɠɚɳɚɹ ɬɨɥɶɤɨ ɧɟɧɭɥɟɜɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ 2a , 6b , 5c . ȿɣ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 
ɋɋ ɫ ɧɟɧɭɥɟɜɵɦɢ ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ 8N , 21N , 1D , ɚ 

4 5 6 7 20 0N N N N N= = = = = , ɱɬɨ ɩɪɨɬɢɜɨɪɟɱɢɬ (6). Ⱦɥɹ ɭɫɬɪɚɧɟɧɢɹ ɷɬɨɝɨ 
ɩɪɨɬɢɜɨɪɟɱɢɹ ɧɟɨɛɯɨɞɢɦɨ ɞɨɛɚɜɥɹɬɶ ɜ ɂɋ ɨɬɫɭɬɫɬɜɭɸɳɢɟ ɜ ɧɟɣ 
ɤɨɷɮɮɢɰɢɟɧɬɵ Ɉɋ (7) ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɋɋ ɧɟ ɛɭɞɟɬ 
ɫɨɜɩɚɞɚɬɶ ɫ (6). ȼɫɟɝɨ ɛɵɥɨ ɧɚɣɞɟɧɨ 9 Ɉɋ, ɜ ɬɨɦ ɱɢɫɥɟ 3 ɫɢɫɬɟɦɵ ɫ 6 
ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ ɢ 6 ɫɢɫɬɟɦ ɫ 7 ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ. ɋɬɪɭɤɬɭɪɵ ɧɚɣɞɟɧɧɵɯ Ɉɋ 



 ISSN 2074-5893 ɉɢɬɚɧɧɹ ɩɪɢɤɥɚɞɧɨʀ ɦɚɬɟɦɚɬɢɤɢ ɿ ɦɚɬɟɦɚɬɢɱɧɨɝɨ ɦɨɞɟɥɸɜɚɧɧɹ.  ȼɢɩɭɫɤ 18 

 

 53 

ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ. 1, ɝɞɟ ɫɢɦɜɨɥɨɦ "+" ɨɛɨɡɧɚɱɟɧɨ, ɤɚɤɢɟ ɢɡ ɤɨɷɮɮɢɰɢɟɧɬɨɜ 
ɫɢɫɬɟɦɵ (7) ɩɪɢɫɭɬɫɬɜɭɸɬ ɜ ɭɪɚɜɧɟɧɢɹɯ. 

Ⱦɚɥɟɟ ɛɵɥɨ ɜɵɩɨɥɧɟɧɨ ɨɩɪɟɞɟɥɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɨɜ Ɉɋ ɢɡ ɤɨɷɮɮɢɰɢɟɧɬɨɜ 
ɋɋ (6). ɉɪɢ ɷɬɨɦ ɨɤɚɡɚɥɨɫɶ, ɱɬɨ ɞɥɹ Ɉɋ №1-4 ɧɟ ɫɭɳɟɫɬɜɭɸɬ ɡɧɚɱɟɧɢɣ 
ɤɨɷɮɮɢɰɢɟɧɬɨɜ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɋɋ (6). 
ɇɚɩɪɢɦɟɪ, ɞɥɹ Ɉɋ №1, ɢɡ (8) ɦɨɠɧɨ ɜɵɜɟɫɬɢ ɫɨɨɬɧɨɲɟɧɢɹ 1 20 21a N N= −  ɢ 

1 7a N= − , ɤɨɬɨɪɵɟ ɫɬɚɧɨɜɹɬɫɹ ɩɪɨɬɢɜɨɪɟɱɢɜɵɦɢ ɩɪɢ ɩɨɞɫɬɚɧɨɜɤɟ ɡɧɚɱɟɧɢɣ 
ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɋɋ (6). Ɍɚɤɢɟ Ɉɋ ɛɵɥɢ ɢɫɤɥɸɱɟɧɵ ɢɡ ɞɚɥɶɧɟɣɲɟɝɨ 
ɪɚɫɫɦɨɬɪɟɧɢɹ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɨɤɚɡɚɥɨɫɶ, ɱɬɨ ɫɬɚɧɞɚɪɬɧɚɹ ɫɢɫɬɟɦɚ (6) 
ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɨɪɢɝɢɧɚɥɶɧɵɦ ɫɢɫɬɟɦɚɦ №5-9 ɢɡ ɬɚɛɥ. 1, ɫɪɟɞɢ ɤɨɬɨɪɵɯ ɟɫɬɶ ɢ 
ɫɢɫɬɟɦɚ Ʌɨɪɟɧɰɚ (№7). Ɉɱɟɜɢɞɧɨ, ɜɫɟ ɨɧɢ ɫɩɨɫɨɛɧɵ ɜɨɫɩɪɨɢɡɜɟɫɬɢ 
ɢɫɫɥɟɞɭɟɦɵɣ ɜɪɟɦɟɧɧɨɣ ɪɹɞ. ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɩɨ ɨɞɧɨɣ ɧɚɛɥɸɞɚɟɦɨɣ 
ɩɟɪɟɦɟɧɧɨɣ ɧɟɜɨɡɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɜɫɟ ɤɨɷɮɮɢɰɢɟɧɬɵ Ɉɋ, ɞɥɹ ɤɚɠɞɨɣ ɢɡ 5 
ɧɚɣɞɟɧɧɵɯ Ɉɋ ɦɨɠɧɨ ɨɞɧɨɡɧɚɱɧɨ ɨɩɪɟɞɟɥɢɬɶ ɡɧɚɱɟɧɢɹ ɱɚɫɬɢ 

ɤɨɷɮɮɢɰɢɟɧɬɨɜ, ɢɫɩɨɥɶɡɭɹ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɋɋ (6). ɇɚɩɪɢɦɟɪ, 
ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ 3c  ɦɨɠɧɨ ɨɞɧɨɡɧɚɱɧɨ ɨɩɪɟɞɟɥɢɬɶ, ɟɫɥɢ ɜɵɜɟɫɬɢ ɢɡ 
(8) ɫɨɨɬɧɨɲɟɧɢɟ 3 5 7c N N= .  

ɇɚɣɞɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ Ɉɋ №5-9 ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ. 2. Ⱦɥɹ 
ɬɨɝɨ ɱɬɨɛɵ ɛɵɥɚ ɜɨɡɦɨɠɧɨɫɬɶ ɜɵɱɢɫɥɢɬɶ ɜɫɟ ɤɨɷɮɮɢɰɢɟɧɬɵ Ɉɋ, ɛɵɥɢ 
ɩɪɢɧɹɬɵ ɡɧɚɱɟɧɢɹ 2 6 1a b= = . ɉɪɢ ɜɵɱɢɫɥɟɧɢɢ ɤɨɷɮɮɢɰɢɟɧɬɨɜ Ɉɋ №9 ɛɵɥɨ 
ɧɟɨɛɯɨɞɢɦɨ ɪɟɲɢɬɶ ɤɜɚɞɪɚɬɧɨɟ ɭɪɚɜɧɟɧɢɟ, ɢɡ-ɡɚ ɱɟɝɨ ɞɚɧɧɨɣ Ɉɋ 
ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɞɜɚ ɧɚɛɨɪɚ ɤɨɷɮɮɢɰɢɟɧɬɨɜ (№9Ⱥ ɢ №9Ȼ). ɀɢɪɧɵɦ ɲɪɢɮɬɨɦ 
ɜɵɞɟɥɟɧɵ ɤɨɷɮɮɢɰɢɟɧɬɵ, ɤɨɬɨɪɵɟ ɦɨɠɧɨ ɨɞɧɨɡɧɚɱɧɨ ɨɩɪɟɞɟɥɢɬɶ. 

 
Ɍɚɛɥɢɰɚ 1 

ɋɬɪɭɤɬɭɪɵ Ɉɋ, ɤɨɬɨɪɵɦ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɋɋ (6) 
№ 1a  2a  1b  2b  6b  0c  3c  4c  5c  

1 + +   + + +  + 

2 + + +  +  +  + 

3 + +  + +  +  + 

4 + + +  + + +  + 

5 + +  + + + +  + 

6 + +   + + + + + 

7 + + + + +  +  + 

8 + + +  +  + + + 

9 + +  + +  + + + 

 

ɉɪɢ ɩɨɞɫɬɚɧɨɜɤɟ ɡɧɚɱɟɧɢɣ ɤɨɷɮɮɢɰɢɟɧɬɨɜ Ɉɋ ɢɡ ɬɚɛɥ. 2 ɜ ɜɵɪɚɠɟɧɢɹ (8) 
ɩɨɥɭɱɟɧɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɋɋ ɛɭɞɭɬ ɬɚɤɢɦɢ ɠɟ, ɤɚɤ ɜ (6). ɋɥɟɞɨɜɚɬɟɥɶɧɨ, 

ɧɚɛɥɸɞɚɟɦɵɟ ɩɟɪɟɦɟɧɧɵɟ ɜɫɟɯ ɧɚɣɞɟɧɧɵɯ Ɉɋ ɫɨɜɩɚɞɚɸɬ ɫ ɧɚɛɥɸɞɚɟɦɨɣ 

ɩɟɪɟɦɟɧɧɨɣ ɫɢɫɬɟɦɵ Ʌɨɪɟɧɰɚ (1). Ɂɧɚɱɟɧɢɹ ɧɟɤɨɬɨɪɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ Ɉɋ 
ɛɭɞɭɬ ɡɚɜɢɫɟɬɶ ɨɬ ɪɚɧɟɟ ɩɪɢɧɹɬɵɯ ɡɧɚɱɟɧɢɣ 2a , 6b . ȿɫɥɢ ɩɪɢɫɜɨɢɬɶ 2a  ɢ 6b  

ɩɪɨɢɡɜɨɥɶɧɵɟ ɧɟɧɭɥɟɜɵɟ ɡɧɚɱɟɧɢɹ, ɬɨ ɡɚɜɢɫɹɳɢɟ ɨɬ ɧɢɯ ɤɨɷɮɮɢɰɢɟɧɬɵ Ɉɋ 
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ɢɡɦɟɧɹɬɫɹ ɬɚɤ, ɱɬɨ ɤɨɷɮɮɢɰɢɟɧɬɵ ɋɋ ɢ ɧɚɛɥɸɞɚɟɦɚɹ ɨɫɬɚɧɭɬɫɹ 
ɧɟɢɡɦɟɧɧɵɦɢ. ɉɪɢɦɟɪɨɦ ɬɚɤɨɣ ɫɢɬɭɚɰɢɢ ɹɜɥɹɟɬɫɹ ɫɢɫɬɟɦɚ №7, ɫɬɪɭɤɬɭɪɚ 
ɤɨɬɨɪɨɣ ɫɨɜɩɚɞɚɟɬ ɫɨ ɫɬɪɭɤɬɭɪɨɣ ɫɢɫɬɟɦɵ Ʌɨɪɟɧɰɚ (1), ɧɨ ɡɧɚɱɟɧɢɹ 
ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɨɬɥɢɱɚɸɬɫɹ. Ɏɚɡɨɜɵɟ ɩɨɪɬɪɟɬɵ Ɉɋ №5-9, ɩɨɫɬɪɨɟɧɧɵɟ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɡɧɚɱɟɧɢɣ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɢɡ ɬɚɛɥ. 2, ɩɨɤɚɡɚɧɵ ɧɚ ɪɢɫ. 2. 

Ɍɚɛɥɢɰɚ 2 

Ɂɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ Ɉɋ №5-9 

№ 1a  2a  1b  2b  6b  0c  3c  4c  5c  

5 -10 1 0 -1 1 746,67 -2,67 0 -1 

6 -11 1 0 0 1 720 -2,67 1 -1 

7 -10 1 280 -1 1 0 -2,67 0 -1 

8 -11 1 270 0 1 0 -2,67 1 -1 

9Ⱥ 11,828 1 0 -22,828 1 0 -2,67 -21,828 -1 

9Ȼ -22,828 1 0 11,828 1 0 -2,67 12,828 -1 
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Ɋɢɫ. 2. Ɏɚɡɨɜɵɟ ɩɨɪɬɪɟɬɵ Ɉɋ №5-9 

 

ȼɵɜɨɞɵ. ȼ ɫɬɚɬɶɟ ɜɵɩɨɥɧɟɧɚ ɪɟɤɨɧɫɬɪɭɤɰɢɹ ɫɢɫɬɟɦɵ ɈȾɍ Ʌɨɪɟɧɰɚ ɩɨ 
ɨɞɧɨɣ ɧɚɛɥɸɞɚɟɦɨɣ ɩɟɪɟɦɟɧɧɨɣ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɟɬɨɞɚ ɩɟɪɫɩɟɤɬɢɜɧɵɯ 
ɤɨɷɮɮɢɰɢɟɧɬɨɜ. Ȼɵɥɢ ɧɚɣɞɟɧɵ 4 ɫɢɫɬɟɦɵ ɈȾɍ, ɤɨɬɨɪɵɟ ɨɬɥɢɱɚɸɬɫɹ ɩɨ 
ɫɬɪɭɤɬɭɪɟ ɨɬ ɫɢɫɬɟɦɵ Ʌɨɪɟɧɰɚ, ɧɨ ɫɩɨɫɨɛɧɵ ɜɨɫɩɪɨɢɡɜɟɫɬɢ ɜɪɟɦɟɧɧɨɣ ɪɹɞ 
ɨɞɧɨɣ ɢɡ ɩɟɪɟɦɟɧɧɵɯ ɫɢɫɬɟɦɵ Ʌɨɪɟɧɰɚ. ɉɨɢɫɤ ɫɢɫɬɟɦ ɈȾɍ ɫ ɨɞɢɧɚɤɨɜɵɦɢ 
ɧɚɛɥɸɞɚɟɦɵɦɢ ɩɟɪɟɦɟɧɧɵɦɢ ɢ ɪɚɡɥɢɱɧɨɣ ɫɬɪɭɤɬɭɪɨɣ ɜɚɠɟɧ ɫ ɩɪɚɤɬɢɱɟɫɤɨɣ 
ɬɨɱɤɢ ɡɪɟɧɢɹ, ɩɨɫɤɨɥɶɤɭ ɬɚɤɢɦ ɫɢɫɬɟɦɚɦ ɦɨɝɭɬ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɪɚɡɧɵɟ 
ɦɟɯɚɧɢɡɦɵ ɩɪɨɬɟɤɚɧɢɹ ɢɫɫɥɟɞɭɟɦɨɝɨ ɩɪɨɰɟɫɫɚ. 

Ⱥɧɚɥɢɬɢɱɟɫɤɢɣ ɩɟɪɟɯɨɞ ɦɟɠɞɭ Ɉɋ ɢ ɋɋ ɜɨɡɦɨɠɟɧ ɧɟ ɞɥɹ ɜɫɟɯ ɫɢɫɬɟɦ 
ɈȾɍ, ɱɬɨ ɫɨɡɞɚɜɚɥɨ ɨɩɪɟɞɟɥɟɧɧɵɟ ɬɪɭɞɧɨɫɬɢ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ. ɉɨɷɬɨɦɭ 
ɞɚɥɶɧɟɣɲɟɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɬɪɟɛɭɸɬ ɜɨɩɪɨɫɵ ɜɵɹɜɥɟɧɢɹ Ɉɋ, ɞɥɹ ɤɨɬɨɪɵɯ 
ɜɨɡɦɨɠɟɧ ɩɟɪɟɯɨɞ ɤ ɋɋ, ɢ ɜɵɜɨɞ ɞɥɹ ɧɢɯ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɚɧɚɥɢɬɢɱɟɫɤɢɯ 
ɫɨɨɬɧɨɲɟɧɢɣ. 
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