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Ɏ ɢ ɡ ɢ ɤ ɚ  ɢ  ɦ ɚ ɬ ɟ ɪ ɢ ɚ ɥ ɨ ɜ ɟ ɞ ɟ ɧ ɢ ɟ  

ɍȾК 629.7 

Ⱥ.ɂ. ɒɭɥɟɩɨɜ, Ⱦ.Ⱥ. ɉɨɩɨɜ  

ȼЫȻɈɊ ɉɈɊəȾɄȺ ɊȺɁɆȿɓȿɇɂə ȽɊɍɉɉЫ ɆȺɅЫɏ ɄɈɋɆɂɑȿɋɄɂɏ ȺɉɉȺɊȺɌɈȼ  
ɋ ɍɑȿɌɈɆ ɉɈɋɅȿȾɍɘɓȿȽɈ ɂɏ ɊȺɁȼȿȾȿɇɂə ɇȺ ɊȺȻɈɑɂȿ ɈɊȻɂɌЫ 

ȼ ɞɚɧɧɨɣ ɫɬɚɬɶɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɩɪɨɛɥɟɦɚ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɞɜɢɠɟɧɢɹ 
ɦɚɥɵɯ ɤɨɫɦɢɱɟɫɤɢɯ ɚɩɩɚɪɚɬɨɜ ɫ ɭɱɟɬɨɦ ɢɯ ɤɨɦɩɨɧɨɜɤɢ ɧɚ ɩɥɚɬɮɨɪɦɟ ɜɵ-
ɜɟɞɟɧɢɹ ɢ ɩɚɪɚɦɟɬɪɨɜ ɨɬɞɟɥɟɧɢɹ. ȼ ɤɚɱɟɫɬɜɟ ɪɟɲɟɧɢɹ ɩɪɟɞɥɨɠɟɧ ɚɥɝɨ-
ɪɢɬɦ ɧɚɯɨɠɞɟɧɢɹ ɨɩɬɢɦɚɥɶɧɨɣ ɤɨɦɩɨɧɨɜɤɢ ɚɩɩɚɪɚɬɨɜ ɧɚ ɩɥɚɬɮɨɪɦɟ ɢ 
ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɢɯ ɨɬɞɟɥɟɧɢɹ ɢ ɩɨɫɥɟɞɭɸɳɟɝɨ ɞɜɢɠɟɧɢɹ. Пɪɢɜɟɞɟɧɵ ɪɟ-
ɡɭɥɶɬɚɬɵ ɤɨɦɩɨɧɨɜɤɢ ɢ ɝɪɚɮɢɤɢ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɩɨɥɨɠɟɧɢɹ ɩɥɚɬɮɨɪɦɵ 
ɜɵɜɟɞɟɧɢɹ ɢ ɦɚɥɨɝɨ ɤɨɫɦɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ, ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɩɨɥɨɠɟɧɢɹ 
ɞɜɭɯ ɨɬɞɟɥɢɜɲɢɯɫɹ ɚɩɩɚɪɚɬɨɜ ɧɚ ɨɩɪɟɞɟɥɟɧɧɨɦ ɩɪɨɦɟɠɭɬɤɟ ɜɪɟɦɟɧɢ. 
 
Кɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɦɚɥɵɣ ɤɨɫɦɢɱɟɫɤɢɣ ɚɩɩɚɪɚɬ, ɩɨɜɟɪɯɧɨɫɬɢ ɜɬɨɪɨɝɨ ɩɨ-
ɪɹɞɤɚ, ɪɚɡɦɟɳɟɧɢɟ, ɥɨɤɚɥɶɧɵɣ ɷɤɫɬɪɟɦɭɦ, ɜɟɪɨɹɬɧɨɫɬɧɚɹ ɨɰɟɧɤɚ, ɦɚɬɟ-
ɦɚɬɢɱɟɫɤɨɟ ɨɠɢɞɚɧɢɟ, ɧɨɦɟɪ ɝɪɭɩɩɢɪɨɜɤɢ, ɮɭɧɤɰɢɹ ɰɟɥɢ ɪɚɡɦɟɳɟɧɢɹ ɩɨ 
ɡɚɞɚɧɧɨɦɭ ɰɟɧɬɪɭ ɦɚɫɫ, ɜɵɩɭɤɥɵɟ ɦɧɨɝɨɝɪɚɧɧɢɤɢ.  

 
CHOICE OF THE ORDER OF ACCOMMODATION OF GROUP OF SMALL SPACECRAFTS 
TAKING INTO ACCOUNT THEIR SUBSEQUENT SEPARATION INTO АORKING ORBITS 

 
Noа the small spacecraft (SS) has a roа of the advantages alloаing to become 
adequate changeover of big spacecrafts. Among obvious it is possible to call such 
advantages of small devices as loа price, small time of development and manu-
facture, the loа cost of start determined, use of conversion rocketrв, group and 
passing starts («replanting»). The task of the maбimum placement of SS on the 
carrier in case of conversion start and separation in аorking orbits becomes one 
of the mains. It can be reached bв means of the rational accommodation of the 
SS group satisfвing to mass and centering characteristics of the conversion rock-
et and some other requirements. In this operation the questions connected to the 
decision of the task of a choice of an order of the placement alloаing to eбecute 
the specified operations are considered. 
 
Keв аords: small spacecraft, second-order surfaces, placement, local eбtremum, 
probabilistic estimation, mathematical eбpectation, grouping number, target lo-
cation function for a given center of mass, conveб polвhedron. 

 
ȼɜɟɞɟɧɢɟ 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɦɚɥɵɣ ɤɨɫɦɢɱɟɫɤɢɣ ɚɩɩɚɪɚɬ (ɆКȺ) ɢɦɟɟɬ ɪɹɞ ɩɪɟɢɦɭɳɟɫɬɜ, ɩɨɡɜɨɥɹɸ-
ɳɢɯ ɟɦɭ ɫɬɚɬɶ ɚɞɟɤɜɚɬɧɨɣ ɡɚɦɟɧɨɣ ɛɨɥɶɲɢɯ ɤɨɫɦɢɱɟɫɤɢɯ ɚɩɩɚɪɚɬɨɜ. ɋɪɟɞɢ ɨɱɟɜɢɞɧɵɯ ɦɨɠɧɨ 
ɧɚɡɜɚɬɶ ɬɚɤɢɟ ɞɨɫɬɨɢɧɫɬɜɚ ɦɚɥɵɯ ɚɩɩɚɪɚɬɨɜ ɤɚɤ ɧɢɡɤɚɹ ɰɟɧɚ, ɧɟɛɨɥɶɲɨɟ ɜɪɟɦɹ ɪɚɡɪɚɛɨɬɤɢ ɢ ɢɡɝɨɬɨɜ-
ɥɟɧɢɹ, ɧɢɡɤɚɹ ɫɬɨɢɦɨɫɬɶ ɡɚɩɭɫɤɚ, ɨɩɪɟɞɟɥɹɟɦɚɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɨɧɜɟɪɫɢɨɧɧɨɣ ɪɚɤɟɬɧɨɣ ɬɟɯɧɢɤɢ, 
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ɝɪɭɩɩɨɜɵɟ ɢ ɩɨɩɭɬɧɵɟ ɡɚɩɭɫɤɢ («ɩɨɞɫɚɞɤɢ»). Ɉɞɧɨɣ ɢɡ ɨɫɧɨɜɧɵɯ ɫɬɚɧɨɜɢɬɫɹ ɡɚɞɚɱɚ ɦɚɤɫɢɦɚɥɶɧɨɝɨ 
ɪɚɡɦɟɳɟɧɢɹ ɆКȺ ɧɚ ɧɨɫɢɬɟɥɟ ɩɪɢ ɤɨɧɜɟɪɫɢɨɧɧɨɦ ɡɚɩɭɫɤɟ ɢ ɨɬɞɟɥɟɧɢɟ ɧɚ ɪɚɛɨɱɢɯ ɨɪɛɢɬɚɯ. Эɬɨ ɦɨ-
ɠɟɬ ɛɵɬɶ ɞɨɫɬɢɝɧɭɬɨ ɫ ɩɨɦɨɳɶɸ ɪɚɰɢɨɧɚɥɶɧɨɝɨ ɪɚɡɦɟɳɟɧɢɹ ɝɪɭɩɩɵ ɆКȺ, ɭɞɨɜɥɟɬɜɨɪɹɸɳɟɝɨ ɦɚɫ-
ɫɨɜɨ-ɰɟɧɬɪɨɜɨɱɧɵɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɤɨɧɜɟɪɫɢɨɧɧɨɣ ɪɚɤɟɬɵ ɢ ɪɹɞɭ ɞɪɭɝɢɯ ɬɪɟɛɨɜɚɧɢɣ. ȼ ɞɚɧɧɨɣ ɪɚ-
ɛɨɬɟ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɜɨɩɪɨɫɵ, ɫɜɹɡɚɧɧɵɟ ɫ ɪɟɲɟɧɢɟɦ ɡɚɞɚɱɢ ɜɵɛɨɪɚ ɩɨɪɹɞɤɚ ɪɚɡɦɟɳɟɧɢɹ, ɩɨɡɜɨɥɹ-
ɸɳɟɝɨ ɜɵɩɨɥɧɢɬɶ ɭɤɚɡɚɧɧɵɟ ɨɩɟɪɚɰɢɢ.  

 
ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ ɢ ɚɥɝɨɪɢɬɦ ɟɟ ɪɟɲɟɧɢя 

Ɂɚɞɚɱɭ ɪɚɡɦɟɳɟɧɢɹ ɦɚɥɵɯ ɤɨɫɦɢɱɟɫɤɢɯ ɚɩɩɚɪɚɬɨɜ (ɆКȺ) ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɡɚɞɚɱɭ 
ɪɚɡɦɟɳɟɧɢɹ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɨɛɴɟɤɬɨɜ ɜɧɭɬɪɢ ɡɚɦɤɧɭɬɵɯ ɨɛɴɟɦɨɜ. Ɍɚɤɢɟ ɡɚɞɚɱɢ ɨɬɧɨɫɹɬɫɹ ɤ ɤɥɚɫɫɭ 
ɦɧɨɝɨɷɤɫɬɪɟɦɚɥɶɧɵɯ Д1 – 4]. Ɋɚɰɢɨɧɚɥɶɧɨɟ ɪɚɡɦɟɳɟɧɢɟ ɨɛɴɟɤɬɨɜ, ɜ ɧɚɲɟɦ ɫɥɭɱɚɟ ɦɚɥɵɯ ɤɨɫɦɢɱɟ-
ɫɤɢɯ ɚɩɩɚɪɚɬɨɜ, ɡɚɜɢɫɢɬ ɨɬ ɫɩɨɫɨɛɨɜ ɪɟɲɟɧɢɹ ɬɚɤɢɯ ɡɚɞɚɱ. ɂɡ ɢɡɜɟɫɬɧɵɯ ɫɩɨɫɨɛɨɜ ɪɟɲɟɧɢɹ ɡɚɞɚɱ ɩɨ-
ɡɢɰɢɨɧɧɨɝɨ ɝɟɨɦɟɬɪɢɱɟɫɤɨɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ, ɩɪɨɲɟɞɲɢɯ ɚɩɪɨɛɚɰɢɸ, ɧɚɢɛɨɥɶɲɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ 
ɩɨɥɭɱɢɥɢ ɦɟɬɨɞ ɚɫɢɦɩɬɨɬɢɱɟɫɤɨɝɨ ɩɟɪɟɛɨɪɚ ɥɨɤɚɥɶɧɵɯ ɷɤɫɬɪɟɦɭɦɨɜ, ɜ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɭɞɚɟɬɫɹ ɨɩɢɫɚɬɶ 
ɝɪɚɧɢɰɭ ɨɛɥɚɫɬɢ ɞɨɩɭɫɬɢɦɵɯ ɪɚɡɦɟɳɟɧɢɣ ɞɢɮɮɟɪɟɧɰɢɪɭɟɦɨɣ ɮɭɧɤɰɢɟɣ, ɜɨɡɦɨɠɧɨ ɩɪɢɦɟɧɟɧɢɟ 
ɧɚɩɪɚɜɥɟɧɧɵɯ ɦɟɬɨɞɨɜ ɩɨɢɫɤɚ. 

ɑɢɫɥɨ ɦɚɥɵɯ ɤɨɫɦɢɱɟɫɤɢɯ ɚɩɩɚɪɚɬɨɜ ɦɨɠɟɬ ɛɵɬɶ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɢɦ (ɧɚɩɪɢɦɟɪ, ɪɚɡɦɟɳɟ-
ɧɢɟ ɝɪɭɩɩɵ ɆКȺ ɧɚ ɫɩɟɰɢɚɥɶɧɨɣ ɩɥɚɬɮɨɪɦɟ, ɩɨɥɭɱɢɜɲɟɣ ɜ ɬɟɯɧɢɱɟɫɤɨɣ ɬɟɪɦɢɧɨɥɨɝɢɢ ɧɚɡɜɚɧɢɟ 
«ɚɞɚɩɬɟɪ»). ɉɪɹɦɨɣ ɩɟɪɟɛɨɪ ɥɨɤɚɥɶɧɵɯ ɷɤɫɬɪɟɦɭɦɨɜ ɞɚɠɟ ɫ ɩɨɦɨɳɶɸ ɫɨɜɪɟɦɟɧɧɵɯ ɛɵɫɬɪɨɞɟɣɫɬɜɭ-
ɸɳɢɯ ЭȼɆ ɩɪɢɜɨɞɢɬ ɤ ɛɨɥɶɲɢɦ ɡɚɬɪɚɬɚɦ ɤɚɤ ɦɚɲɢɧɧɨɝɨ, ɬɚɤ ɢ ɩɪɨɟɤɬɧɨɝɨ ɜɪɟɦɟɧɢ. Ɇɟɬɨɞ ɚɫɢɦɩ-
ɬɨɬɢɱɟɫɤɨɝɨ ɩɟɪɟɛɨɪɚ ɹɜɥɹɟɬɫɹ ɧɚɩɪɚɜɥɟɧɧɵɦ ɫɥɭɱɚɣɧɵɦ ɩɟɪɟɛɨɪɨɦ ɢ ɨɫɧɨɜɚɧ ɧɚ ɫɜɨɣɫɬɜɚɯ ɜɟɪɨɹɬ-
ɧɨɫɬɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɥɨɤɚɥɶɧɵɯ ɷɤɫɬɪɟɦɭɦɨɜ ɮɭɧɤɰɢɢ ɰɟɥɢ. Ɂɧɚɱɟɧɢɟ ɮɭɧɤɰɢɢ ɰɟɥɢ ɜ ɬɨɱɤɟ ɥɨ-
ɤɚɥɶɧɨɝɨ ɷɤɫɬɪɟɦɭɦɚ ɫɥɭɱɚɣɧɨ ɢ ɡɚɜɢɫɢɬ ɨɬ ɩɨɪɹɞɤɚ ɜɵɛɨɪɤɢ ɪɚɡɦɟɳɚɟɦɵɯ ɆКȺ. ȿɫɥɢ ɜ ɩɪɨɰɟɫɫɟ 
ɩɨɥɭɱɟɧɢɹ ɥɨɤɚɥɶɧɵɯ ɷɤɫɬɪɟɦɭɦɨɜ ɫɥɭɱɚɣɧɵɦ ɨɛɪɚɡɨɦ ɦɟɧɹɬɶ ɩɨɪɹɞɨɤ ɧɟ ɜɫɟɯ n ɪɚɡɦɟɳɚɟɦɵɯ 
ɆКȺ, ɚ ɬɨɥɶɤɨ ɨɩɪɟɞɟɥɟɧɧɨɟ ɢɯ ɤɨɥɢɱɟɫɬɜɨ k, ɬɨ ɩɨɥɭɱɟɧɧɵɣ ɡɚɤɨɧ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɡɧɚɱɟɧɢɣ ɮɭɧɤ-

ɰɢɣ ɰɟɥɢ ɬɨɠɟ ɛɥɢɡɨɤ ɤ ɧɨɪɦɚɥɶɧɨɦɭ ɫ ɦɚɬɟɦɚɬɢɱɟɫɤɢɦ ɨɠɢɞɚɧɢɟɦ kM ɢ ɞɢɫɩɟɪɫɢɟɣ 2
k . ɉɪɢɱɟɦ 

ɜɵɩɨɥɧɹɸɬɫɹ ɫɨɨɬɧɨɲɟɧɢɹ: 
2 2

0 0, ,k kM M    (1) 

ɝɞɟ 0M – ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɠɢɞɚɧɢɟ ɫɥɭɱɚɣɧɨɣ ɜɵɛɨɪɤɢ ɥɨɤɚɥɶɧɵɯ ɷɤɫɬɪɟɦɭɦɨɜ ɩɪɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶ-

ɧɨ-ɨɞɢɧɨɱɧɨɦ ɪɚɡɦɟɳɟɧɢɢ ɆКȺ ɧɚ ɚɞɚɩɬɟɪɟ, ɚ 2
k  – ɟɟ ɞɢɫɩɟɪɫɢɹ. 

Эɬɨ ɫɜɨɣɫɬɜɨ ɩɨɡɜɨɥɹɟɬ ɩɨɫɬɪɨɢɬɶ ɫɯɨɞɹɳɢɣɫɹ ɚɥɝɨɪɢɬɦ, ɨɫɭɳɟɫɬɜɥɹɸɳɢɣ ɧɚɩɪɚɜɥɟɧɧɵɣ 
ɫɞɜɢɝ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɠɢɞɚɧɢɹ ɮɭɧɤɰɢɢ ɰɟɥɢ ɜ ɫɬɨɪɨɧɭ ɟɟ ɝɥɨɛɚɥɶɧɨɝɨ ɷɤɫɬɪɟɦɭɦɚ. 

Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɫɪɚɜɧɢɜɚɟɦɵɯ ɜɟɤɬɨɪɨɜ ɫɨɫɬɨɹɧɢɹ ɪɚɡɦɟɳɟɧɢɹ ɆКȺ 0X  ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ, 
ɤɚɤ ɩɨɤɚɡɚɧɨ ɜ ɪɚɛɨɬɟ ɩɨ ɪɚɡɦɟɳɟɧɢɸ ɛɨɪɬɨɜɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɜ ɨɬɫɟɤɚɯ ɤɨɫɦɢɱɟɫɤɢɯ ɚɩɩɚɪɚɬɨɜ, ɚɥ-
ɝɨɪɢɬɦ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ-ɨɞɢɧɨɱɧɨɝɨ ɪɚɡɦɟɳɟɧɢɹ Д2]. 

Кɚɠɞɨɦɭ ɆКȺ ɫɬɚɜɢɬɫɹ ɩɨɪɹɞɤɨɜɵɣ ɧɨɦɟɪ. ɇɨɦɟɪ ɝɪɭɩɩɢɪɨɜɤɢ ɆКȺ ɨɛɪɚɡɭɟɬ ɱɢɫɥɨɜɭɸ ɩɨ-
ɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ μ0i, ɨɞɧɨɡɧɚɱɧɨ ɨɩɪɟɞɟɥɹɸɳɭɸ ɥɨɤɚɥɶɧɵɣ ɷɤɫɬɪɟɦɭɦ ɮɭɧɤɰɢɢ ɰɟɥɢ  0iX . Ɋɟ-

ɲɟɧɢɟ ɩɪɨɜɨɞɢɬɫɹ ɜ ɧɟɫɤɨɥɶɤɨ ɷɬɚɩɨɜ. ɇɚ ɤɚɠɞɨɦ ɲɚɝɟ i, ɫɨɞɟɪɠɚɳɟɦ τi ɲɚɝɨɜ, ɜ ɢɫɯɨɞɧɨɣ ɱɢɫɥɨɜɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ μ0i ɫ ɩɨɦɨɳɶɸ ɞɚɬɱɢɤɚ ɫɥɭɱɚɣɧɵɯ ɱɢɫɟɥ ɦɟɧɹɸɬɫɹ ɦɟɫɬɚɦɢ ɪɨɜɧɨ κi ɧɨɦɟɪɨɜ. ȼ 
ɫɥɭɱɚɟ ɭɞɚɱɧɨɝɨ ɲɚɝɚ ɡɚ ɢɫɯɨɞɧɭɸ ɱɢɫɥɨɜɭɸ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɪɚɡɦɟɳɟɧɢɹ ɩɪɢɧɢɦɚɟɬɫɹ ɧɚɢɥɭɱ-
ɲɚɹ.  

Ⱦɥɹ ɪɚɡɦɟɳɚɟɦɵɯ ɆКȺ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɮɭɧɤɰɢɢ ɰɟɥɢ ɦɨɠɧɨ ɨɰɟɧɢɬɶ ɩɨɪɹɞɨɤ ɢɯ ɜɵɛɨɪɤɢ. 
Эɬɨɬ ɩɨɪɹɞɨɤ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɨɪɹɞɤɭ ɦɨɧɬɚɠɚ ɆКȺ ɧɚ ɚɞɚɩɬɟɪɟ ɢ ɨɛɪɚɬɧɨɦɭ ɩɨɪɹɞɤɭ ɆКȺ ɩɪɢ ɨɬ-
ɫɬɵɤɨɜɤɟ ɧɚ ɨɪɛɢɬɟ.  
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ȼ ɫɥɭɱɚɟ ɨɬɵɫɤɚɧɢɹ ɨɩɬɢɦɚɥɶɧɨɝɨ ɪɚɡɦɟɳɟɧɢɹ ɆКȺ ɩɪɢ ɡɚɞɚɧɧɨɦ ɰɟɧɬɪɟ ɦɚɫɫ ɚɞɚɩɬɟɪɚ ɜɵ-

ɛɨɪ ɩɨɪɹɞɤɚ ɪɚɡɦɟɳɟɧɢɹ ɦɨɠɧɨ ɩɨɫɬɪɨɢɬɶ ɩɨ ɫɥɟɞɭɸɳɟɦɭ ɚɥɝɨɪɢɬɦɭ. ɉɪɟɞɫɬɚɜɢɦ ɮɭɧɤɰɢɸ ɰɟɥɢ  
ɪɚɡɦɟɳɟɧɢɹ ɆКȺ ɩɨ ɡɚɞɚɧɧɨɦɭ ɰɟɧɬɪɭ ɦɚɫɫ ɜ ɜɢɞɟ: 

     0 0 1 1ЦТЧ .
k k

i k k k k ku G
X m F m 

   u u u  (2) 

Ɂɞɟɫɶ    
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1 1 0
1
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F m
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 


  u u u – ɨɬɤɥɨɧɟɧɢɟ ɜɟɤɬɨɪɚ ɫɬɚɬɢɱɟɫɤɨɝɨ ɦɨɦɟɧɬɚ ɧɚ ɲɚɝɟ k. 

ɍɜɟɥɢɱɟɧɢɟ ɱɢɫɥɚ ɪɚɡɦɟɳɚɟɦɵɯ ɆКȺ ɦɨɠɟɬ ɛɵɬɶ ɞɨɫɬɢɝɧɭɬɨ ɢɡɦɟɧɟɧɢɟɦ ɮɭɧɤɰɢɢ (2). 
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ȼɜɟɞɟɧɢɟ ɦɧɨɠɢɬɟɥɹ kC  ɩɟɪɟɜɨɞɢɬ ɜɟɤɬɨɪ ku  ɜ ɡɚɧɹɬɭɸ ɨɛɥɚɫɬɶ, ɩɨɷɬɨɦɭ ɜɫɟ ɆКȺ ɪɚɡɦɟ-

ɳɚɸɬɫɹ ɧɚ ɝɪɚɧɢɰɟ ɡɚɧɹɬɨɣ ɨɛɥɚɫɬɢ. ɂɡ ɨɰɟɧɤɢ ɜɵɪɚɠɟɧɢɣ (2) ɢ (4) ɜɢɞɧɨ, ɱɬɨ ɫɯɨɞɢɦɨɫɬɶ ɦɧɨɝɨɲɚ-
ɝɨɜɨɝɨ ɩɪɨɰɟɫɫɚ ɧɚɢɥɭɱɲɢɦ ɨɛɪɚɡɨɦ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɩɪɢ 

1 2 3 ... .nm m m m     (5) 

ɍɫɥɨɜɢɟ (5) ɩɨɡɜɨɥɹɟɬ ɜɵɛɪɚɬɶ ɩɨɪɹɞɨɤ ɪɚɡɦɟɳɟɧɢɹ ɆКȺ. ɍɫɥɨɜɢɟ (5) ɫɨɜɩɚɞɚɟɬ ɫ ɬɪɢɜɢɚɥɶ-
ɧɵɦ ɫɨɨɛɪɚɠɟɧɢɟɦ, ɱɬɨ ɪɚɡɦɟɳɟɧɢɟ ɆКȺ ɦɚɤɫɢɦɚɥɶɧɨɣ ɩɥɨɬɧɨɫɬɢ ɜ ɪɚɣɨɧɟ ɰɟɧɬɪɚ ɦɚɫɫ ɨɛɟɫɩɟɱɢɬ 
ɧɚɢɥɭɱɲɭɸ ɰɟɧɬɪɨɜɤɭ ɨɬɫɟɤɚ ɢɥɢ ɩɥɚɬɮɨɪɦɵ (ɚɞɚɩɬɟɪɚ). 

Ɍɪɚɞɢɰɢɨɧɧɵɣ ɦɟɬɨɞ ɪɚɡɦɟɳɟɧɢɹ ɝɪɭɡɨɜ ɢɥɢ ɩɪɢɛɨɪɨɜ ɜ ɩɪɢɛɨɪɧɵɯ ɨɬɫɟɤɚɯ  КȺ ɭɛɟɠɞɚɟɬ, 
ɱɬɨ ɪɚɡɦɟɳɟɧɢɟ ɜ ɡɚɦɤɧɭɬɵɯ ɨɛɴɟɦɚɯ ɧɚɱɢɧɚɸɬ ɫ ɛɨɥɟɟ ɤɪɭɩɧɵɯ Д2]. ɉɨɤɚɠɟɦ ɷɬɨ, ɢɫɩɨɥɶɡɭɹ ɜɟɪɨ-
ɹɬɧɨɫɬɧɭɸ ɨɰɟɧɤɭ. Ⱦɥɹ ɨɩɢɫɚɧɢɹ ɡɨɧɵ ɪɚɡɦɟɳɟɧɢɹ ɛɭɞɟɦ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɢɫɤɪɟɬɧɭɸ ɦɨɞɟɥɶ, ɩɨɡɜɨ-
ɥɹɸɳɭɸ ɜɵɪɚɠɚɬɶ ɨɛɴɟɦɵ ɡɨɧ ɪɚɡɦɟɳɟɧɢɹ ɢ ɆКȺ ɰɟɥɵɦɢ ɱɢɫɥɚɦɢ. Ɍɨɝɞɚ ɜɟɪɨɹɬɧɨɫɬɶɸ ɪɚɡɦɟɳɟ-
ɧɢɹ ɆКȺ М ɧɨɦɟɪɨɦ s ɛɭɞɟɦ ɫɱɢɬɚɬɶ ɫɬɚɬɢɱɟɫɤɭɸ ɜɟɪɨɹɬɧɨɫɬɶ ɬɨɝɨ, ɱɬɨ ɜ ɨɬɫɟɤɟ ɩɨɫɥɟ ɫɥɭɱɚɣɧɨɝɨ 
ɪɚɡɦɟɳɟɧɢɹ (s-1) ɆКȺ ɧɚɣɞɟɬɫɹ ɦɟɫɬɨ ɞɥɹ ɭɫɬɚɧɨɜɤɢ ɫɥɟɞɭɸɳɟɝɨ. Ⱦɪɭɝɢɦɢ ɫɥɨɜɚɦɢ, ɫɥɟɞɭɟɬ ɧɚɣɬɢ 
ɜɟɪɨɹɬɧɨɫɬɶ ɬɨɝɨ, ɱɬɨ ɧɢ ɨɞɢɧ ɢɡ ɪɚɧɟɟ ɪɚɡɦɟɳɟɧɧɵɯ ɆКȺ ɧɟ ɡɚɣɦɟɬ ɦɟɫɬɚ, ɨɬɜɟɞɟɧɧɨɝɨ ɞɥɹ ɪɚɡɦɟ-
ɳɟɧɢɹ ɨɱɟɪɟɞɧɨɝɨ ɆКȺ.  

Ɉɛɴɟɦ ɡɨɧɵ ɪɚɡɦɟɳɟɧɢɹ ɛɟɡ ɨɛɴɟɦɚ ɆКȺ ɫ ɧɨɦɟɪɨɦ s ɛɭɞɟɦ ɫɱɢɬɚɬɶ ɫɜɨɛɨɞɧɵɦ ɞɥɹ ɪɚɡɦɟ-
ɳɟɧɢɹ ɩɟɪɜɵɯ (s-1) ɆКȺ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɢɫɤɨɦɚɹ ɜɟɪɨɹɬɧɨɫɬɶ ɪɚɜɧɚ ɨɬɧɨɲɟɧɢɸ ɱɢɫɥɚ ɜɚɪɢɚɧɬɨɜ 
ɪɚɡɦɟɳɟɧɢɹ (s-1) ɆКȺ ɜ ɫɜɨɛɨɞɧɨɣ ɡɨɧɟ (ɨɛɴɟɦɟ) ɤ ɨɛɳɟɦɭ ɱɢɫɥɭ ɜɚɪɢɚɧɬɨɜ ɪɚɡɦɟɳɟɧɢɹ ɬɟɯ ɠɟ 
ɆКȺ  

   
 

! !
! !s

k i k j
P

k i j k
 


 

 (6) 

ɍɱɢɬɵɜɚɹ ɩɪɢɧɹɬɭɸ ɦɨɞɟɥɶ, ɡɞɟɫɶ: k – ɨɛɴɟɦ ɡɨɧɵ ɪɚɡɦɟɳɟɧɢɹ; i – ɨɛɴɟɦ ɆКȺ ɫ ɧɨɦɟɪɨɦ s; j 
– ɫɭɦɦɚ ɨɛɴɟɦɨɜ ɪɚɧɟɟ ɪɚɡɦɟɳɟɧɧɵɯ ɆКȺ. 

Ɂɚɞɚɞɢɦɫɹ ɥɢɧɟɣɧɵɦ ɡɚɤɨɧɨɦ ɢɡɦɟɧɟɧɢɹ ɨɛɴɟɦɨɜ ɆКȺ ɢ ɩɨɫɬɪɨɢɦ ɡɚɜɢɫɢɦɨɫɬɢ Ps(S) ɞɥɹ 
ɞɜɭɯ ɜɚɪɢɚɧɬɨɜ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ ɢɯ ɪɚɡɦɟɳɟɧɢɹ: 

 (1)
0 1 ;sW W W s     (7) 

 (2)
0 ; 1,2,3,..., .sW W W n s s n      (8) 

ɉɪɢ ɪɚɡɦɟɳɟɧɢɢ ɜ ɩɨɪɹɞɤɟ ɭɛɵɜɚɧɢɹ ɨɛɴɟɦɨɜ (ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ  2
sW ) ɜɟɪɨɹɬɧɨɫɬɶ ɪɚɡɦɟ-

ɳɟɧɢɹ ɩɨɫɥɟɞɧɟɝɨ ɆКȺ ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɶɲɟ, ɱɟɦ ɜ ɫɥɭɱɚɟ ɜɵɛɨɪɚ ɆКȺ ɜ ɨɛɪɚɬɧɨɦ ɩɨɪɹɞɤɟ (ɪɢɫ. 1). 
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Рис. 1. ȼɥɢɹɧɢɟ ɡɚɤɨɧɚ ɜɵɛɨɪɚ ɬɟɥ (ɆКȺ) ɧɚ ɜɟɪɨɹɬɧɨɫɬɶ ɢɯ ɪɚɡɦɟɳɟɧɢɹ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ 

1 2 3 ... nW W W W     (9) 

ɨɛɟɫɩɟɱɢɜɚɟɬ ɧɚɢɛɨɥɶɲɭɸ ɜɟɪɨɹɬɧɨɫɬɶ ɪɚɡɦɟɳɟɧɢɹ ɆКȺ ɜ ɡɚɞɚɧɧɨɣ ɡɨɧɟ (ɨɬɫɟɤɟ) Д2]. 
ȼɵɛɨɪ ɩɨɪɹɞɤɚ ɪɚɡɦɟɳɟɧɢɹ ɛɟɡ ɭɱɟɬɚ ɜɟɪɨɹɬɧɨɫɬɢ ɪɚɡɦɟɳɟɧɢɹ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɬɚɤɨɣ ɫɢɬɭ-

ɚɰɢɢ, ɤɨɝɞɚ ɭɫɬɚɧɨɜɤɚ ɨɱɟɪɟɞɧɨɝɨ ɆКȺ ɧɟɜɨɡɦɨɠɧɚ, ɧɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɜɚɪɢɚɧɬɵ ɭɞɚɱɧɨɝɨ ɪɚɡɦɟ-
ɳɟɧɢɹ ɫɭɳɟɫɬɜɭɸɬ. 

ɍɱɟɬ ɞɜɭɯ (ɢ ɛɨɥɟɟ) ɮɚɤɬɨɪɨɜ ɩɪɢ ɜɵɛɨɪɟ ɩɨɪɹɞɤɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɦɧɨɝɨɤɪɢɬɟɪɢɚɥɶɧɭɸ 
ɡɚɞɚɱɭ, ɪɟɲɟɧɢɸ ɤɨɬɨɪɨɣ ɜ ɪɹɞɟ ɫɥɭɱɚɟɜ ɩɨɦɨɝɚɸɬ ɮɢɡɢɱɟɫɤɢɟ ɢ ɫɬɚɬɢɱɟɫɤɢɟ ɡɚɜɢɫɢɦɨɫɬɢ ɦɟɠɞɭ ɩɚ-
ɪɚɦɟɬɪɚɦɢ ɪɚɡɦɟɳɚɟɦɵɯ ɆКȺ. Ɍɚɤ, ɞɥɹ ɫɨɝɥɚɫɨɜɚɧɢɹ ɩɨɪɹɞɤɚ ɪɚɡɦɟɳɟɧɢɹ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɝɨ ɡɚɞɚɧ-
ɧɨɟ ɩɨɥɨɠɟɧɢɟ ɰɟɧɬɪɚ ɦɚɫɫ, ɫ ɩɨɪɹɞɤɨɦ ɦɚɤɫɢɦɢɡɢɪɭɸɳɢɦ ɜɟɪɨɹɬɧɨɫɬɶ ɪɚɡɦɟɳɟɧɢɹ (9), ɧɟɨɛɯɨɞɢɦɨ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɨɨɬɧɨɲɟɧɢɟ, ɫɜɹɡɵɜɚɸɳɟɟ ɨɛɴɟɦ ɢ ɦɚɫɫɭ ɆКȺ: 

.iii Wm   (10) 

ɉɨɫɤɨɥɶɤɭ ɩɥɨɬɧɨɫɬɶ ɨɬɞɟɥɶɧɨɝɨ ɆКȺ i  – ɜɟɥɢɱɢɧɚ ɫɥɭɱɚɣɧɚɹ, ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɟɟ 

ɫɬɚɬɢɱɟɫɤɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɞɥɹ ɪɚɡɦɟɳɚɸɳɢɯ ɆКȺ. ɉɪɢ ɦɚɥɵɯ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɵɯ ɨɬɤɥɨɧɟɧɢɹɯ 
ɩɥɨɬɧɨɫɬɢ (ɧɚɩɪɢɦɟɪ, ɧɚɱɢɧɚɹ ɫ ( ) / ( ) 0,05М    ) ɡɚɜɢɫɢɦɨɫɬɶ (11) ɛɥɢɡɤɚ ɤ ɥɢɧɟɣɧɨɣ, ɦɨɠɧɨ ɫɱɢ-

ɬɚɬɶ ɫɨɨɬɧɨɲɟɧɢɹ (5) ɢ (9) ɩɨɱɬɢ ɫɨɜɩɚɞɚɸɳɢɦɢ ɢ ɩɨɥɶɡɨɜɚɬɶɫɹ ɥɸɛɵɦ ɢɡ ɧɢɯ.  
ȼ ɧɚɲɟɦ ɫɥɭɱɚɟ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɪɟɲɟɧɢɹ ɬɚɤɨɣ ɡɚɞɚɱɢ ɜɵɛɢɪɚɟɬɫɹ ɦɨɞɟɥɶ ɚɞɚɩɬɟɪɚ ɢ ɆКȺ 

Д5]. Ⱦɥɹ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɨɰɟɧɤɢ ɪɚɡɦɟɳɟɧɢɹ ɆКȺ ɜ ɤɚɱɟɫɬɜɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɨɩɢɫɚɧɢɹ ɡɨɧ 
ɪɚɡɦɟɳɟɧɢɹ (ɚɞɚɩɬɟɪ, ɨɬɫɟɤ) ɢ ɆКȺ ɜɵɛɪɚɧɵ ɩɨɜɟɪɯɧɨɫɬɢ ɧɟ ɜɵɲɟ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ:  

  442 0,a      A r r К r  (11) 

ɝɞɟ A– ɚɮɮɢɧɨɪ ɫ ɤɨɨɪɞɢɧɚɬɚɦɢ Ⱥ= аik; ɚ – ɜɟɤɬɨɪ ɫ ɤɨɨɪɞɢɧɚɬɚɦɢ ɚТ = аij; i, k = 1, 2, 3, 4; j = 4. 
Ɂɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɭɪɚɜɧɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ ɜ ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɣ ɨɫɹɦ 

ɞɟɤɚɪɬɨɜɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ ɢ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɥɹ ɨɩɢɫɚɧɢɹ ɜ ɩɟɪ-
ɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɤɚɤ ɷɥɟɦɟɧɬɨɜ ɤɨɧɫɬɪɭɤɰɢɢ ɨɬɫɟɤɨɜ ɢ ɚɞɚɩɬɟɪɨɜ, ɬɚɤ ɢ ɫɚɦɢɯ ɦɚɥɵɯ ɤɨɫɦɢɱɟɫɤɢɯ 
ɚɩɩɚɪɚɬɨɜ.  

ȼɵɩɭɤɥɵɟ ɦɧɨɝɨɝɪɚɧɧɢɤɢ, ɩɨɫɬɪɨɟɧɧɵɟ ɧɚ ɩɥɨɫɤɨɫɬɹɯ, ɩɨɡɜɨɥɹɸɬ ɨɩɢɫɚɬɶ ɡɨɧɵ ɪɚɡɦɟɳɟɧɢɹ 
ɆКȺ ɧɚ ɚɞɚɩɬɟɪɟ ɢ ɝɟɨɦɟɬɪɢɸ ɆКȺ. 
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Ɂɧɚɱɟɧɢя ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɩɨɜɟɪɯɧɨɫɬɟɣ ɜɬɨɪɨɝɨ ɩɨɪяɞɤɚ 

ɉɨɜɟɪɯɧɨɫɬɶ a11 a22 a33 a14 a24 a34 a44 
ɉɥɨɫɤɨɫɬɶ 0 0 0 L m n  000 nznylx   
ɋɮɟɪɚ 1 1 1 -x0 -y0 -z0 

22
0

2
0

2
0 Rzyx   

ɐɢɥɢɧɞɪ 0 1 1 0 -y0 -z0 
22

0
2

0 RzY   

Кɨɧɭɫ 22
0 tРx  1 1 22

0 tРx  -y0 -z0 22
0

2
0

2
0 tРxzy   

Ɂɞɟɫɶ: l, m, n –  ɧɚɩɪɚɜɥɹɸɳɢɟ ɤɨɫɢɧɭɫɵ ɧɨɪɦɚɥɢ ɤ ɩɥɨɫɤɨɫɬɢ; x0, y0, z0 – ɤɨɨɪɞɢɧɚɬɵ ɬɨɱɤɢ ɧɚ ɩɥɨɫ-
ɤɨɫɬɢ, ɰɟɧɬɪɚ ɫɮɟɪɵ, ɰɢɥɢɧɞɪɚ, ɤɨɧɭɫɚ; R – ɪɚɞɢɭɫ ɡɨɧɵ ɪɚɡɦɟɳɟɧɢɹ (ɚɞɚɩɬɟɪ, ɨɬɫɟɤ). 

 
Ɋɟɚɥɢɡɚɰɢя ɢ ɪɟɡɭɥɶɬɚɬɵ 

Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ ɨɩɬɢɦɢɡɚɰɢɢ ɪɚɡɦɟɳɟɧɢɹ ɆКȺ ɧɚ ɩɥɚɬɮɨɪɦɟ ɩɪɢ ɡɚɞɚɧɧɨɦ ɰɟɧɬɪɟ ɦɚɫɫ ɨɬ-
ɫɟɤɚ (ɝɨɥɨɜɧɨɣ ɱɚɫɬɢ/ɩɨɥɟɡɧɨɣ ɧɚɝɪɭɡɤɢ) ɪɟɚɥɢɡɨɜɚɧɨ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. Ɂɚɞɚɞɢɦɫɹ ɝɟɨɦɟɬɪɢɱɟ-
ɫɤɨɣ ɮɨɪɦɨɣ ɩɥɚɬɮɨɪɦɵ ɜ ɜɢɞɟ ɤɨɥɶɰɚ (ɪɢɫ. 2). 

Рис. 2. ɋɯɟɦɚ ɪɚɡɛɢɟɧɢɹ ɩɥɚɬɮɨɪɦɵ-ɚɞɚɩɬɟɪɚ:  

tr,  – ɪɚɞɢɚɥɶɧɚɹ ɢ ɭɝɥɨɜɚɹ ɤɨɨɪɞɢɧɚɬɵ ɭɡɥɨɜɨɣ ɬɨɱɤɢ ɧɚ ɩɥɚɬɮɨɪɦɟ; 1 0
'

2,
r rdr dt

N N


   – ɪɚɞɢɚɥɶɧɵɣ ɢ ɭɝ-

ɥɨɜɨɣ ɲɚɝɢ ɫɟɬɤɢ.  

ɉɭɫɬɶ ɰɟɧɬɪ ɦɚɫɫ ɨɬɫɟɤɚ ɧɚɯɨɞɢɬɫɹ ɧɚ ɩɪɨɞɨɥɶɧɨɣ ɨɫɢ ɪɚɤɟɬɵ-ɧɨɫɢɬɟɥɹ, ɬ.ɟ. ɜ ɬɨɱɤɟ ɫ ɤɨɨɪɞɢ-
ɧɚɬɚɦɢ 0,0  yx . ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɧɭɠɧɨ ɩɪɨɢɡɜɟɫɬɢ ɫɥɟɞɭɸɳɭɸ ɨɩɬɢɦɢɡɚɰɢɸ: 

*1 1 1
0 0 0

1 1 1

0, 0, ,

n n n

i i i i i i
i i i

n n n

i i i
i i i

m x m y m z
X Y Z h

m m m

  

  

     
  

  
 (12) 

ɝɞɟ 0 0 0, ,X Y Z  – ɤɨɨɪɞɢɧɚɬɵ ɰɟɧɬɪɚ ɦɚɫɫ ɝɪɭɩɩɵ ɆКȺ; im  – ɦɚɫɫɚ i-ɝɨ ɆКȺ; , ,i i ix y z  – ɤɨɨɪɞɢ-
ɧɚɬɚ ɰɟɧɬɪɚ ɦɚɫɫ i-ɝɨ ɆКȺ; n – ɤɨɥɢɱɟɫɬɜɨ ɆКȺ. 

ɂɡ ɦɧɨɠɟɫɬɜɚ ɞɨɩɭɫɬɢɦɵɯ ɪɟɲɟɧɢɣ, ɭɞɨɜɥɟɬɜɨɪɹɸɳɢɯ ɭɫɥɨɜɢɹɦ (3) ɢ (5), ɫɥɭɱɚɣɧɵɦ ɨɛɪɚ-
ɡɨɦ ɨɬɛɟɪɟɦ ɤɨɨɪɞɢɧɚɬɵ ɬɨɱɟɤ, ɜ ɤɨɬɨɪɵɟ ɩɨɦɟɫɬɢɦ ɰɟɧɬɪɵ ɦɚɫɫ ɆКȺ. Ɂɚɬɟɦ ɨɬɫɨɪɬɢɪɭɟɦ (ɪɢɫ. 3) 
ɩɨɥɭɱɟɧɧɵɣ ɦɚɫɫɢɜ ɩɨ ɜɨɡɪɚɫɬɚɧɢɸ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ (12): 

 

( )*( ) ( )* ( )* ( )

* ( ) ( )* ( )* ( )* ( )
У

( ) ( )* ( )* ( )( )*

,

P P , ,

,

jj j j j
ii i i i

j j j j j
i i i i i

j j j jj
i i i ii

Xx x X x
y y Y Y y

z z Z zZ



  
           

      

 
 
 

 

ɝɞɟ ( )* ( )* ( )*, ,j j j
i i ix y z – ɫɥɭɱɚɣɧɨ ɜɵɛɪɚɧɧɵɟ ɤɨɨɪɞɢɧɚɬɵ ɰɟɧɬɪɚ ɦɚɫɫ ɞɥɹ i-ɝɨ ɆКȺ ɧɚ j-ɦ ɧɨɦɟɪɟ ɨɬ-

ɛɨɪɚ; ( )* ( )* ( )*, ,j j j
i i iX Y Z  – ɡɧɚɱɟɧɢɹ ɩɨɥɨɠɟɧɢɹ ɰɟɧɬɪɚ ɦɚɫɫ ɝɪɭɩɩɵ ɆКȺ ɧɚ j-ɦ ɧɨɦɟɪɟ ɨɬɛɨɪɚ; *n – 

ɤɨɥɢɱɟɫɬɜɨ ɫɥɭɱɚɣɧɨ ɨɬɨɛɪɚɧɧɵɯ ɤɨɨɪɞɢɧɚɬ. 



                                         ȼɟɫɬɧɢɤ АɦȽУ                              ȼɵɩɭɫɤ 79, 2017 

 

42 

ɇɟɨɛɯɨɞɢɦɨ ɡɚɞɚɬɶɫɹ ɧɟɤɨɬɨɪɨɣ ɨɛɥɚɫɬɶɸ  , ɩɪɢ ɩɨɩɚɞɚɧɢɢ ɜ ɤɨɬɨɪɭɸ ɚɥɝɨɪɢɬɦ ɨɫɬɚɧɨɜɢɬ-
ɫɹ. ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɪɟɛɭɟɦɨɣ ɬɨɱɧɨɫɬɢ   ɛɵɜɚɟɬ ɪɚɡɥɢɱɧɨɣ. ȼɵɛɪɚɜ ɡɧɚɱɟɧɢɹ ɤɨɨɪɞɢɧɚɬ ɰɟɧɬɪɚ 
ɦɚɫɫ, ɩɨɩɚɜɲɢɯ ɜ ɨɛɥɚɫɬɶ , ɩɨ ɢɧɞɟɤɫɭ j ɧɨɦɟɪɚ ɨɬɛɨɪɚ ɩɨɥɭɱɢɦ ɤɨɨɪɞɢɧɚɬɵ ɤɚɠɞɨɝɨ ɆКȺ. 

Ⱦɥɹ ɨɩɢɫɚɧɢɹ ɨɪɛɢɬɚɥɶɧɨɝɨ ɞɜɢɠɟɧɢɹ ɩɥɚɬɮɨɪɦɵ ɜɵɜɟɞɟɧɢɹ ɢ ɨɬɞɟɥɢɜɲɢɯɫɹ ɆКȺ ɩɪɢɦɟɦ 
ɦɨɞɟɥɶ ɜ ɨɫɤɭɥɢɪɭɸɳɢɯ ɷɥɟɦɟɧɬɚɯ Д6]. ȼ ɤɚɱɟɫɬɜɟ ɜɨɡɦɭɳɚɸɳɢɯ ɮɚɤɬɨɪɨɜ ɩɪɢɦɟɦ ɧɟɰɟɧɬɪɚɥɶɧɨɫɬɶ 
ɡɟɦɧɨɝɨ ɩɨɥɹ ɩɪɢɬɹɠɟɧɢɹ Д7] ɢ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɢɟ ɫɢɥɵ. 

ɇɚ ɪɢɫ. 4 ɢɡɨɛɪɚɠɟɧɚ ɫɯɟɦɚ ɨɬɞɟɥɟɧɢɹ ɆКȺ ɨɬ ɛɚɡɨɜɨɝɨ ɚɩɩɚɪɚɬɚ ɢɥɢ ɩɥɚɬɮɨɪɦɵ ɜɵɜɟɞɟɧɢɹ 
ɜ ɩɥɨɫɤɨɫɬɢ ɨɪɛɢɬɵ. 

Рис. 4. ɋɯɟɦɚ ɨɬɞɟɥɟɧɢɹ ɆКȺ ɨɬ ɛɚɡɨɜɨɝɨ ɚɩɩɚɪɚɬɚ. 

ɇɚ ɪɢɫ. 5 ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɞɥɹ ɪɚɡɧɵɯ ɫɥɭɱɚɟɜ ɨɬɞɟɥɟɧɢɹ – ɨɞɢɧ ɆКȺ ɨɬɞɟ-
ɥɢɥɫɹ ɩɨ ɤɚɫɚɬɟɥɶɧɨɣ ɤ ɬɪɚɟɤɬɨɪɢɢ ɢ ɞɜɚ ɆКȺ – ɜ ɞɢɚɦɟɬɪɚɥɶɧɨ ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɯ ɧɚɩɪɚɜɥɟɧɢɹɯ, 
ɩɨɞ ɭɝɥɨɦ 30° ɤ ɤɚɫɚɬɟɥɶɧɨɣ. 

Рис. 5. Ƚɪɚɮɢɤɢ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɪɚɫɫɬɨɹɧɢɹ ɦɟɠɞɭ ɩɥɚɬɮɨɪɦɨɣ ɢ ɆКȺ (ɫɥɟɜɚ),  
ɦɟɠɞɭ ɞɜɭɦɹ ɆКȺ (ɫɩɪɚɜɚ). 

Рис. 3. Ɉɬɨɛɪɚɧɧɵɟ ɬɨɱɤɢ ɞɨ ɢ ɩɨɫɥɟ ɫɨɪɬɢɪɨɜɤɢ. 
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Ⱥɧɚɥɢɡɢɪɭɹ ɩɪɢɜɟɞɟɧɧɵɟ ɫɥɭɱɚɢ ɪɚɫɱɟɬɚ, ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɜ ɫɥɭɱɚɟ ɨɬɞɟɥɟɧɢɹ ɞɜɭɯ 

ɚɩɩɚɪɚɬɨɜ ɜɟɥɢɤɚ ɜɨɡɦɨɠɧɨɫɬɶ ɢɯ ɫɬɨɥɤɧɨɜɟɧɢɹ ɱɟɪɟɡ ɨɞɢɧ ɜɢɬɨɤ (ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɧɢɦɢ ɛɭɞɟɬ 
ɦɟɧɶɲɟ 10 ɦ; ɧɚ ɩɨɫɥɟɞɭɸɳɢɯ ɜɢɬɤɚɯ ɦɢɧɢɦɭɦ ɭɜɟɥɢɱɢɜɚɟɬɫɹ), ɚ ɜ ɫɥɭɱɚɟ ɨɬɞɟɥɟɧɢɹ ɨɞɧɨɝɨ ɚɩɩɚɪɚ-
ɬɚ ɨɬ ɩɥɚɬɮɨɪɦɵ ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɧɢɦɢ ɬɨɥɶɤɨ ɱɟɪɟɡ 250 ɫɭɬɨɤ ɞɨɫɬɢɝɧɟɬ ɦɢɧɢɦɭɦɚ, ɤɨɬɨɪɵɣ 
ɛɨɥɶɲɟ 2 ɤɦ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɛɨɫɧɨɜɚɧɧɨ ɜɵɛɪɚɧɚ ɦɟɬɨɞɢɤɚ, ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɨɩɢɫɚɧɢɹ ɆКȺ, 
ɚɞɚɩɬɟɪɚ, ɚɥɝɨɪɢɬɦ ɪɟɲɟɧɢɹ, ɩɨɡɜɨɥɹɸɳɢɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɨɰɟɧɢɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɤɚɤ ɪɚɡɦɟɳɟɧɢɹ 
ɆКȺ, ɬɚɤ ɢ ɩɨɫɥɟɞɭɸɳɟɟ ɢɯ ɛɟɡɭɞɚɪɧɨɟ ɪɚɡɞɟɥɟɧɢɟ  ɧɚ ɪɚɛɨɱɢɯ ɨɪɛɢɬɚɯ. 
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