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Ɉɩɢɫɚɧɚ ɥɨɝɢɤɚ ɩɪɨɯɨɠɞɟɧɢɹ ɨɫɨɛɵɯ ɭɱɚɫɬɤɨɜ ɨɪɛɢɬɵ ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ ɤɨɫɦɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ «Ƚɥɨɧɚɫɫ», 

ɚ ɢɦɟɧɧɨ, ɩɪɨɯɨɠɞɟɧɢɟ ɛɨɥɶɲɢɯ ɢ ɦɚɥɵɯ ɭɝɥɨɜ ɋɨɥɧɰɟ–ɨɛɴɟɤɬ–Зɟɦɥɹ. Ɋɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɶ 
ɜɵɩɨɥɧɟɧɢɹ ɭɩɪɟɠɞɚɸɳɟɝɨ ɪɚɡɜɨɪɨɬɚ ɤɨɫɦɢɱɟɫɤɢɦ ɚɩɩɚɪɚɬɨɦ ɩɪɢ ɩɪɨɯɨɠɞɟɧɢɢ ɛɨɥɶɲɢɯ ɢ ɦɚɥɵɯ ɭɝɥɨɜ  
ɋɨɥɧɰɟ–ɨɛɴɟɤɬ–Зɟɦɥɹ. Ɋɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɜɨɩɪɨɫ ɦɢɧɢɦɢɡɚɰɢɢ ɜɥɢɹɧɢɹ ɫɢɥ ɫɨɥɧɟɱɧɨɝɨ ɞɚɜɥɟɧɢɹ ɧɚ ɰɟɧɬɪ ɦɚɫɫ 
ɤɨɫɦɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ ɩɪɢ ɩɪɨɯɨɠɞɟɧɢɢ ɛɨɥɶɲɢɯ ɭɝɥɨɜ ɋɨɥɧɰɟ–ɨɛɴɟɤɬ–Зɟɦɥɹ. Ɍɚɤɠɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɜɨ-
ɩɪɨɫ ɦɢɧɢɦɢɡɚɰɢɢ ɩɨɝɪɟɲɧɨɫɬɢ ɨɩɪɟɞɟɥɟɧɢɹ ɮɚɡɨɜɨɝɨ ɰɟɧɬɪɚ ɚɧɬɟɧɧɵ ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɨɥɧɟɱɧɨ-ɡɟɦɧɨɣ ɫɢɫ-
ɬɟɦɵ ɤɨɨɪɞɢɧɚɬ ɩɪɢ ɩɪɨɯɨɠɞɟɧɢɢ ɨɫɨɛɵɯ ɭɱɚɫɬɤɨɜ ɨɪɛɢɬɵ ɧɚ ɛɨɪɬɭ ɢ ɜ ɚɩɩɚɪɚɬɭɪɟ ɩɨɬɪɟɛɢɬɟɥɹ. Ⱦɥɹ ɪɟ-
ɲɟɧɢɹ ɞɚɧɧɵɯ ɜɨɩɪɨɫɨɜ ɪɚɡɪɚɛɨɬɚɧɵ ɚɥɝɨɪɢɬɦɵ ɩɪɨɯɨɠɞɟɧɢɹ ɭɩɪɟɠɞɚɸɳɟɝɨ ɪɚɡɜɨɪɨɬɚ, ɤɨɬɨɪɵɟ ɡɚɤɥɚɞɵ-

ɜɚɸɬɫɹ ɧɚ ɛɨɪɬ ɤɨɫɦɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ ɢ ɜ ɚɩɩɚɪɚɬɭɪɭ ɩɨɬɪɟɛɢɬɟɥɹ. Аɥɝɨɪɢɬɦ, ɡɚɤɥɚɞɵɜɚɟɦɵɣ ɧɚ ɛɨɪɬ, 

ɩɨɡɜɨɥɹɟɬ ɫ ɩɨɦɨɳɶɸ ɩɪɢɛɨɪɨɜ ɨɪɢɟɧɬɚɰɢɢ ɢ ɢɫɩɨɥɧɢɬɟɥɶɧɵɯ ɨɪɝɚɧɨɜ ɨɬɫɥɟɠɢɜɚɬɶ ɷɬɚɥɨɧɧɨɟ ɡɧɚɱɟɧɢɟ ɤɭɪ-
ɫɨɜɨɝɨ ɭɝɥɚ ɧɚ ɜɫɟɦ ɭɱɚɫɬɤɟ ɭɩɪɟɠɞɚɸɳɟɝɨ ɪɚɡɜɨɪɨɬɚ. Аɥɝɨɪɢɬɦ, ɡɚɤɥɚɞɵɜɚɟɦɵɣ ɜ ɚɩɩɚɪɚɬɭɪɭ ɩɨɬɪɟɛɢɬɟɥɹ, 
ɪɚɫɫɱɢɬɵɜɚɟɬ ɷɬɚɥɨɧɧɨɟ ɡɧɚɱɟɧɢɟ ɤɭɪɫɨɜɨɝɨ ɭɝɥɚ ɧɚ ɜɫɟɦ ɭɱɚɫɬɤɟ ɩɪɨɜɟɞɟɧɢɹ ɭɩɪɟɠɞɚɸɳɟɝɨ ɪɚɡɜɨɪɨɬɚ. Ɋɚɡ-
ɪɚɛɨɬɚɧ ɚɥɝɨɪɢɬɦ, ɤɨɬɨɪɵɣ ɡɚ 10 ɦɢɧ ɞɨ ɧɚɱɚɥɚ ɭɩɪɟɠɞɚɸɳɟɝɨ ɪɚɡɜɨɪɨɬɚ ɩɪɨɝɧɨɡɢɪɭɟɬ ɜɪɟɦɹ ɧɚɱɚɥɚ ɢ 
ɨɤɨɧɱɚɧɢɹ ɭɩɪɟɠɞɚɸɳɟɝɨ ɪɚɡɜɨɪɨɬɚ, ɜɵɱɢɫɥɹɟɬ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɭɩɪɟɠɞɚɸɳɟɝɨ ɪɚɡɜɨɪɨɬɚ, ɚ ɬɚɤɠɟ 
ɧɚɱɚɥɶɧɵɟ ɞɚɧɧɵɟ, ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɭɩɪɟɠɞɚɸɳɟɝɨ ɪɚɡɜɨɪɨɬɚ. Ɍɚɤɠɟ ɪɚɡɪɚɛɨɬɚɧ ɚɥɝɨɪɢɬɦ, ɤɨ-
ɬɨɪɵɣ ɡɚ 50 ɫ ɞɨ ɧɚɱɚɥɚ ɭɩɪɟɠɞɚɸɳɟɝɨ ɪɚɡɜɨɪɨɬɚ ɭɬɨɱɧɹɟɬ ɫɩɪɨɝɧɨɡɢɪɨɜɚɧɧɨɟ ɜɪɟɦɹ ɧɚɱɚɥɚ ɢ ɨɤɨɧɱɚɧɢɹ 
ɪɚɡɜɨɪɨɬɚ, ɚ ɬɚɤɠɟ ɧɚɱɚɥɶɧɵɟ ɞɚɧɧɵɟ, ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɭɩɪɟɠɞɚɸɳɟɝɨ ɪɚɡɜɨɪɨɬɚ. Ⱦɥɹ ɚɩɩɚɪɚ-
ɬɭɪɵ ɩɨɬɪɟɛɢɬɟɥɹ ɪɚɡɪɚɛɨɬɚɧ ɟɳɟ ɨɞɢɧ ɚɥɝɨɪɢɬɦ, ɩɨɡɜɨɥɹɸɳɢɣ ɩɨ ɬɟɤɭɳɟɦɭ ɡɧɚɱɟɧɢɸ ɤɭɪɫɨɜɨɝɨ ɭɝɥɚ ɜɵ-

ɱɢɫɥɢɬɶ ɩɨɩɪɚɜɤɢ ɤ ɤɨɨɪɞɢɧɚɬɚɦ ɮɚɡɨɜɨɝɨ ɰɟɧɬɪɚ ɚɧɬɟɧɧɵ. Ɋɚɡɪɚɛɨɬɚɧɧɵɟ ɚɥɝɨɪɢɬɦɵ ɩɨɡɜɨɥɹɸɬ ɭɦɟɧɶ-
ɲɢɬɶ ɩɨɝɪɟɲɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɨɪɞɢɧɚɬ ɩɨɬɪɟɛɢɬɟɥɹ ɩɪɢ ɩɪɨɯɨɠɞɟɧɢɢ ɤɨɫɦɢɱɟɫɤɢɦ ɚɩɩɚɪɚɬɨɦ ɨɫɨɛɵɯ 
ɭɱɚɫɬɤɨɜ ɨɪɛɢɬɵ. 

 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɭɩɪɟɠɞɚɸɳɢɣ ɪɚɡɜɨɪɨɬ, ɛɨɥɶɲɢɟ ɭɝɥɵ ɋɨɥɧɰɟ–ɨɛɴɟɤɬ–Зɟɦɥɹ, ɦɚɥɵɟ ɭɝɥɵ ɋɨɥɧɰɟ–
ɨɛɴɟɤɬ–Зɟɦɥɹ, ɨɫɨɛɵɟ ɭɱɚɫɬɤɢ ɨɪɛɢɬɵ, ɫɢɫɬɟɦɚ ȽɅɈɇАɋɋ. 
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The logic of passage of special sites of an orbit of navigating space vehicle GLONASS, namely passage of large and 

small corners the Sun-object-earth is described. The expediency of fulfillment of an anticipatory turn is considered by 

the space vehicle at passage of large and small corners the Sun-object-earth. The question of minimization of influence 

of forces of solar pressure upon the centre of weights of the space vehicle is considered at passage of large corners the 

Sun-object-earth. Also the question of minimization of an error of definition of the phase centre of the aerial concerning 

is solar-terrestrial co-ordinate system is considered at passage of special sites of an orbit on board and in consumer 

equipment. Algorithms of passage of an anticipatory turn which are put aboard the space vehicle and in consumer 

equipment are developed for the solution of this points in question. The algorithm put aboard, allows by means of 

devices of orientation and executive powers to trace reference value of a course corner on all site of an anticipatory 

turn. Algorithm, are put in consumer equipment, calculates reference value of a course corner for all site of carrying 

out of an anticipatory turn. The algorithm which for 10 minutes prior to the beginning of an anticipatory turn predicts 
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time of the beginning and the termination of an anticipatory turn is developed, calculates duration of an anticipatory 

turn, and also the initial data necessary for carrying out of an anticipatory turn. Also the algorithm which for 50 

seconds prior to the beginning of an anticipatory turn updates the beginnings predicted time and the turn terminations, 

and also the initial data necessary for carrying out of an anticipatory turn is developed. One more algorithm allowing 

on current value of a course corner to calculate the correction to co-ordinates of the phase centre of the aerial is 

developed for consumer equipment. The developed algorithms allow to reduce an error of a co-ordinates setting of the 

consumer at passage by the space vehicle of special sites of an orbit. 

 

Keywords: an anticipatory turn, large corners the Sun-object-earth, small corners the Sun-object-earth, special sites 

of an orbit, system GLONASS. 

 

ȼɜɟɞɟɧɢɟ. Ɉɪɛɢɬɚ ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ ɤɨɫɦɢɱɟɫɤɨɝɨ 
ɚɩɩɚɪɚɬɚ ɫɢɫɬɟɦɵ ȽɅɈɇȺɋɋ ɢɦɟɟɬ ɨɫɨɛɵɟ ɭɱɚɫɬɤɢ 

(ɩɪɢ ɭɝɥɚɯ ɋɨɥɧɰɟ – ɤɨɫɦɢɱɟɫɤɢɣ ɚɩɩɚɪɚɬ – Ɂɟɦɥɹ 
ɛɥɢɡɤɢɯ ɤ 0° – ɦɚɥɵɟ ɭɝɥɵ ɋɈɁ ɢ ɛɥɢɡɤɢɯ ɤ 180° – 

ɛɨɥɶɲɢɟ ɭɝɥɵ ɋɈɁ), ɩɪɢ ɩɪɨɯɨɠɞɟɧɢɢ ɤɨɬɨɪɵɯ ɤɨɫ-
ɦɢɱɟɫɤɢɣ ɚɩɩɚɪɚɬ ɫɨɜɟɪɲɚɟɬ ɪɚɡɜɨɪɨɬ ɜɨɤɪɭɝ ɨɫɢ, 

ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɣ ɧɚ Ɂɟɦɥɸ (ɨɫɶ ɦɢɧɭɫ ɈХ) [1–3]. 

1. Ʌɨɝɢɤɚ ɪɚɛɨɬы ɋɈɋ ɩɪɢ ɩɪɨɯɨɠɞɟɧɢɢ ɨɫɨ-
ɛыɯ ɭɱɚɫɬɤɨɜ ɨɪɛɢɬы. ɋ ɰɟɥɶɸ ɭɦɟɧɶɲɟɧɢɹ ɜɥɢɹɧɢɹ 
ɫɢɥ ɫɨɥɧɟɱɧɨɝɨ ɞɚɜɥɟɧɢɹ ɧɚ ɞɜɢɠɟɧɢɟ ɰɟɧɬɪɚ ɦɚɫɫ 
ɤɨɫɦɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ (ɩɪɢ ɩɪɨɯɨɠɞɟɧɢɢ ɛɨɥɶɲɢɯ 
ɭɝɥɨɜ ɋɈɁ) ɢ ɞɥɹ ɦɢɧɢɦɢɡɚɰɢɢ ɩɨɝɪɟɲɧɨɫɬɢ ɨɬɫɥɟ-
ɠɢɜɚɧɢɹ ɤɭɪɫɨɜɨɝɨ ɭɝɥɚ, ɤɨɫɦɢɱɟɫɤɢɣ ɚɩɩɚɪɚɬ ɫɨɜɟɪ-
ɲɚɟɬ ɫɢɦɦɟɬɪɢɱɧɵɣ ɭɩɪɟɠɞɚɸɳɢɣ ɪɚɡɜɨɪɨɬ ɜɨɤɪɭɝ 
ɨɫɢ ɦɢɧɭɫ ɈХ [3] (ɪɢɫ. 1). 

 

 
 

Ɋɢɫ. 1. Ƚɪɚɮɢɤ ɜɪɚɳɟɧɢɹ ɤɨɫɦɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ ɢ 

ɩɥɨɫɤɨɫɬɢ ɋɈɁ ɩɪɢ ɩɪɨɯɨɠɞɟɧɢɢ ɨɫɨɛɵɯ ɬɨɱɟɤ ɨɪɛɢɬɵ,  
 

ɤɨɝɞɚ ɋɨɥɧɰɟ ɧɚɯɨɞɢɬɫɹ ɜ ɩɥɨɫɤɨɫɬɢ ɨɪɛɢɬɵ 

 

ɉɪɢ ɩɪɨɯɨɠɞɟɧɢɢ ɛɨɥɶɲɢɯ ɭɝɥɨɜ ɋɈɁ ɩɪɢ ɦɨɞɭɥɟ 
ɭɝɥɚ ɦɟɠɞɭ ɩɥɨɫɤɨɫɬɶɸ ɨɪɛɢɬɵ ɢ ɧɚɩɪɚɜɥɟɧɢɟɦ ɧɚ 
ɋɨɥɧɰɟ ɦɟɧɶɲɟ ɡɚɞɚɧɧɨɝɨ ɡɧɚɱɟɧɢɹ ɮɨɪɦɢɪɭɟɬɫɹ ɭɩ-

ɪɟɠɞɚɸɳɢɣ ɪɚɡɜɨɪɨɬ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɢ ɈХ ɞɨ ɦɨɦɟɧ-

ɬɚ ɩɪɨɯɨɠɞɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɭɝɥɚ ɋɈɁ. ɉɪɢ ɭɝɥɟ 
ɦɟɠɞɭ ɨɫɶɸ ɈХ ɢ ɧɚɩɪɚɜɥɟɧɢɟɦ ɧɚ ɋɨɥɧɰɟ ɦɟɧɶɲɟ 
ɡɚɞɚɧɧɨɝɨ ɡɧɚɱɟɧɢɹ ɜɵɩɨɥɧɹɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɞɟɣɫɬɜɢɹ: 

– ɨɩɪɟɞɟɥɹɟɬɫɹ ɭɝɨɥ ɜ ɩɥɨɫɤɨɫɬɢ ɨɪɛɢɬɵ ɦɟɠɞɭ 
ɬɟɤɭɳɢɦ ɩɨɥɨɠɟɧɢɟɦ ɄȺ ɢ ɩɨɥɨɠɟɧɢɟɦ ɄȺ ɜ ɦɨɦɟɧɬ 
ɩɪɨɯɨɠɞɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɭɝɥɚ ɋɈɁ; 

– ɨɩɪɟɞɟɥɹɟɬɫɹ ɭɝɨɥ ɪɚɡɜɨɪɨɬɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɢ 

ɈХ ɜ ɩɪɨɰɟɫɫɟ ɞɜɢɠɟɧɢɹ ɩɨ ɨɪɛɢɬɟ ɨɬ ɬɟɤɭɳɟɝɨ ɩɨ-
ɥɨɠɟɧɢɹ ɄȺ ɞɨ ɬɨɱɤɢ ɩɪɨɯɨɠɞɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɨɝɨ 
ɭɝɥɚ ɋɈɁ, ɜ ɤɨɬɨɪɨɣ ɨɫɶ OY ɞɨɥɠɧɚ ɛɵɬɶ ɩɟɪɩɟɧɞɢɤɭ-
ɥɹɪɧɚ ɩɥɨɫɤɨɫɬɢ ɨɪɛɢɬɵ; 

– ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɪɟɦɹ ɪɚɡɜɨɪɨɬɚ ɩɨ ɨɫɢ ɈХ ɧɚ 
ɭɤɚɡɚɧɧɵɣ ɜɵɲɟ ɭɝɨɥ, ɩɪɢ ɡɚɞɚɧɧɨɣ ɫɤɨɪɨɫɬɢ ɪɚɡɜɨ-
ɪɨɬɚ ɜɨɤɪɭɝ ɨɫɢ ɈХ; 

– ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɪɟɦɹ ɩɪɨɯɨɠɞɟɧɢɹ ɩɨ ɨɪɛɢɬɟ ɭɝ-
ɥɚ ɨɬ ɬɟɤɭɳɟɝɨ ɩɨɥɨɠɟɧɢɹ ɞɨ ɬɨɱɤɢ ɩɪɨɯɨɠɞɟɧɢɹ 
ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɭɝɥɚ ɋɈɁ. 
Ʉɚɤ ɬɨɥɶɤɨ ɜɪɟɦɹ, ɧɟɨɛɯɨɞɢɦɨɟ ɞɥɹ ɪɚɡɜɨɪɨɬɚ ɜɨ-

ɤɪɭɝ ɨɫɢ ɈХ ɧɚ ɜɵɱɢɫɥɟɧɧɵɣ ɭɝɨɥ ɪɚɡɜɨɪɨɬɚ, ɫɬɚɧɨ-
ɜɢɬɫɹ ɛɨɥɶɲɟ ɜɪɟɦɟɧɢ ɩɪɨɯɨɠɞɟɧɢɹ ɩɨ ɨɪɛɢɬɟ ɭɝɥɚ ɨɬ 
ɬɟɤɭɳɟɝɨ ɩɨɥɨɠɟɧɢɹ ɄȺ ɞɨ ɬɨɱɤɢ ɩɪɨɯɨɠɞɟɧɢɹ ɦɚɤ-
ɫɢɦɚɥɶɧɨɝɨ ɭɝɥɚ ɋɈɁ, ɮɨɪɦɢɪɭɟɬɫɹ ɩɪɢɡɧɚɤ ɛɨɥɶɲɢɯ 
ɭɝɥɨɜ ɋɈɁ ɢ ɩɪɢɡɧɚɤ ɧɚ ɭɩɪɟɠɞɚɸɳɢɣ ɪɚɡɜɨɪɨɬ ɄȺ 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɢ ɈХ. 

Ɉɞɧɨɜɪɟɦɟɧɧɨ ɨɬɤɥɸɱɚɟɬɫɹ ɩɪɢɛɨɪ ɨɪɢɟɧɬɚɰɢɢ ɧɚ 
ɋɨɥɧɰɟ (ɉɈɋ) ɨɬ ɭɩɪɚɜɥɟɧɢɹ ɩɨ ɤɚɧɚɥɭ ɨɬɧɨɫɢɬɟɥɶɧɨ 
ɨɫɢ ɈХ. ɋɤɨɪɨɫɬɶ ɪɚɡɜɨɪɨɬɚ ɢ ɭɝɨɥ ɪɚɡɜɨɪɨɬɚ ɩɪɢ ɭɩ-

ɪɟɠɞɚɸɳɟɦ ɪɚɡɜɨɪɨɬɟ ɤɨɧɬɪɨɥɢɪɭɸɬɫɹ ɩɨ ɢɧɮɨɪɦɚ-
ɰɢɢ ɫ ɛɥɨɤɚ ɢɡɦɟɪɟɧɢɹ ɫɤɨɪɨɫɬɟɣ (Ȼɂɋ). ȼɵɤɥɸɱɟɧɢɟ 
ɭɩɪɟɠɞɚɸɳɟɝɨ ɪɚɡɜɨɪɨɬɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨɫɥɟ ɩɪɨ-
ɯɨɠɞɟɧɢɹ ɛɨɥɶɲɢɯ ɭɝɥɨɜ ɋɈɁ ɩɪɢ ɭɝɥɟ ɦɟɠɞɭ ɩɥɨɫ-
ɤɨɫɬɶɸ XOY ɢ ɩɥɨɫɤɨɫɬɶɸ ɋɈɁ ɦɟɧɶɲɟ ɡɚɞɚɧɧɨɝɨ 
ɡɧɚɱɟɧɢɹ. Ⱦɚɥɟɟ ɤ ɭɩɪɚɜɥɟɧɢɸ ɩɨɞɤɥɸɱɚɟɬɫɹ ɉɈɋ,  

ɢ ɨɪɢɟɧɬɚɰɢɹ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨ ɚɥɝɨɪɢɬɦɭ ɪɟɠɢɦɚ 
ɨɪɢɟɧɬɚɰɢɢ ɧɚ Ɂɟɦɥɸ. 

Ɇɚɥɵɟ ɭɝɥɵ ɋɈɁ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɧɚɥɢɱɢɟɦ ɬɟɧɢ 

Ɂɟɦɥɢ. ɉɪɢɛɥɢɠɟɧɢɟ ɬɟɧɟɜɨɝɨ ɭɱɚɫɬɤɚ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɩɭɬɟɦ ɫɪɚɜɧɟɧɢɹ ɢɡɦɟɪɟɧɧɨɝɨ ɫ ɩɨɦɨɳɶɸ ɉɈɋ ɭɝɥɚ 
ɦɟɠɞɭ ɨɫɶɸ ɦɢɧɭɫ OX ɢ ɧɚɩɪɚɜɥɟɧɢɟɦ ɧɚ ɋɨɥɧɰɟ ɫ 
ɭɝɥɨɜɵɦ ɪɚɡɦɟɪɨɦ Ɂɟɦɥɢ, ɟɫɥɢ ɭɝɨɥ ɦɟɠɞɭ ɩɥɨɫɤɨ-
ɫɬɶɸ ɨɪɛɢɬɵ ɢ ɧɚɩɪɚɜɥɟɧɢɟɦ ɧɚ ɋɨɥɧɰɟ ɦɟɧɶɲɟ ɩɨ-
ɥɨɜɢɧɵ ɭɝɥɨɜɨɝɨ ɪɚɡɦɟɪɚ Ɂɟɦɥɢ, ɥɢɛɨ ɩɨ ɢɧɮɨɪɦɚ-
ɰɢɢ, ɩɨɫɬɭɩɚɸɳɟɣ ɢɡ ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɛɚɥ-
ɥɢɫɬɢɱɟɫɤɢɯ ɡɚɞɚɱ (ɉɄ ȻɁ). 
ɍɩɪɚɜɥɟɧɢɟ ɩɨ ɨɫɢ ɈХ ɜɨ ɜɪɟɦɹ ɩɪɨɯɨɠɞɟɧɢɹ ɬɟɧɢ 

Ɂɟɦɥɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨ ɢɧɮɨɪɦɚɰɢɢ ɫ Ȼɂɋ. ɉɪɟɞɭ-
ɫɦɨɬɪɟɧɵ ɞɜɚ ɪɟɠɢɦɚ ɭɩɪɚɜɥɟɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɢ 

ɈХ ɄȺ ɩɪɢ ɩɪɨɯɨɠɞɟɧɢɢ ɬɟɧɟɜɨɝɨ ɭɱɚɫɬɤɚ Ɂɟɦɥɢ.  

ɉɪɢ ɜɯɨɞɟ ɜ ɬɟɧɶ ɨɬɫɥɟɠɢɜɚɧɢɟ ɩɥɨɫɤɨɫɬɶɸ XOY 

ɧɚɩɪɚɜɥɟɧɢɹ ɧɚ ɋɨɥɧɰɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨ ɪɚɡɧɨɫɬɢ 

ɭɝɥɨɜ: 
– ɭɝɥɚ, ɩɨɥɭɱɟɧɧɨɝɨ ɢɧɬɟɝɪɢɪɨɜɚɧɢɟɦ ɭɝɥɨɜɨɣ 

ɫɤɨɪɨɫɬɢ ɫ Ȼɂɋ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɢ ɈХ ɩɨɫɥɟ ɜɯɨɞɚ ɄȺ 

ɜ ɬɟɧɶ Ɂɟɦɥɢ; 

– ɭɝɥɚ, ɪɚɜɧɨɝɨ ɪɚɡɧɨɫɬɢ ɬɟɤɭɳɟɝɨ ɭɝɥɚ ɪɵɫɤɚɧɢɹ 
ɢ ɭɝɥɚ ɪɵɫɤɚɧɢɹ ɧɚ ɦɨɦɟɧɬ ɜɯɨɞɚ ɄȺ ɜ ɬɟɧɶ Ɂɟɦɥɢ, 

ɪɚɫɫɱɢɬɚɧɧɵɯ ɉɄ ȻɁ. 
ɉɪɢ ɩɪɨɯɨɠɞɟɧɢɢ ɜ ɬɟɧɢ Ɂɟɦɥɢ ɦɚɥɵɯ ɭɝɥɨɜ ɋɈɁ, 

ɩɪɢ ɤɨɬɨɪɵɯ ɫɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ ɩɥɨɫɤɨɫɬɢ ɋɈɁ ɩɪɟ-
ɜɵɲɚɟɬ ɩɨɢɫɤɨɜɭɸ ɫɤɨɪɨɫɬɶ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɢ ɈХ, 

ɮɨɪɦɢɪɭɟɬɫɹ ɭɩɪɟɠɞɚɸɳɢɣ ɪɚɡɜɨɪɨɬ ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɨɫɢ ɈХ ɞɨ ɦɨɦɟɧɬɚ ɩɪɨɯɨɠɞɟɧɢɹ ɦɢɧɢɦɚɥɶɧɨɝɨ ɭɝɥɚ 
ɋɈɁ ɫ ɰɟɥɶɸ ɨɛɟɫɩɟɱɟɧɢɹ ɫɢɦɦɟɬɪɢɱɧɨɫɬɢ ɪɚɡɜɨɪɨɬɚ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɬɨɱɤɢ ɦɢɧɢɦɚɥɶɧɨɝɨ ɭɝɥɚ ɋɈɁ (ɫɟɪɟɞɢ-

ɧɵ ɬɟɧɟɜɨɝɨ ɭɱɚɫɬɤɚ). 
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ɉɪɢ ɩɪɨɯɨɠɞɟɧɢɢ ɦɚɥɵɯ ɭɝɥɨɜ ɋɈɁ ɩɪɢ ɦɨɞɭɥɟ 
ɭɝɥɚ ɦɟɠɞɭ ɩɥɨɫɤɨɫɬɶɸ ɨɪɛɢɬɵ ɢ ɧɚɩɪɚɜɥɟɧɢɟɦ ɧɚ 
ɋɨɥɧɰɟ ɦɟɧɶɲɟ ɡɚɞɚɧɧɨɝɨ ɡɧɚɱɟɧɢɹ ɮɨɪɦɢɪɭɟɬɫɹ ɭɩ-
ɪɟɠɞɚɸɳɢɣ ɪɚɡɜɨɪɨɬ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɢ ɈХ ɞɨ ɦɨɦɟɧ-
ɬɚ ɩɪɨɯɨɠɞɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɭɝɥɚ ɋɈɁ. 
ɉɪɢ ɭɝɥɟ ɋɈɁ ɦɟɧɶɲɟ ɡɚɞɚɧɧɨɝɨ ɡɧɚɱɟɧɢɹ ɫ ɢɫ-

ɩɨɥɶɡɨɜɚɧɢɟɦ ɢɧɮɨɪɦɚɰɢɢ ɉɄ ȻɁ ɜɵɩɨɥɧɹɸɬɫɹ ɫɥɟ-
ɞɭɸɳɢɟ ɞɟɣɫɬɜɢɹ: 

1) ɨɩɪɟɞɟɥɹɟɬɫɹ ɭɝɨɥ ɜ ɩɥɨɫɤɨɫɬɢ ɨɪɛɢɬɵ ɦɟɠɞɭ 
ɬɟɤɭɳɢɦ ɩɨɥɨɠɟɧɢɟɦ ɄȺ ɢ ɩɨɥɨɠɟɧɢɟɦ ɄȺ ɜ ɦɨɦɟɧɬ 
ɩɪɨɯɨɠɞɟɧɢɹ ɦɢɧɢɦɚɥɶɧɨɝɨ ɭɝɥɚ ɋɈɁ; 

2) ɨɩɪɟɞɟɥɹɟɬɫɹ ɭɝɨɥ ɪɚɡɜɨɪɨɬɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɢ 
ɈХ ɨɬ ɬɟɤɭɳɟɝɨ ɩɨɥɨɠɟɧɢɹ ɄȺ ɞɨ ɬɨɱɤɢ ɩɪɨɯɨɠɞɟɧɢɹ 
ɦɢɧɢɦɚɥɶɧɨɝɨ ɭɝɥɚ ɋɈɁ, ɜ ɤɨɬɨɪɨɦ ɨɫɶ OY ɞɨɥɠɧɚ 
ɛɵɬɶ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɚ ɩɥɨɫɤɨɫɬɢ ɨɪɛɢɬɵ; 

3) ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɪɟɦɹ ɪɚɡɜɨɪɨɬɚ Ɍ1 ɨɬɧɨɫɢɬɟɥɶɧɨ 
ɨɫɢ ɈХ ɧɚ ɭɝɨɥ, ɨɩɪɟɞɟɥɟɧɧɵɣ ɜ ɩ. 2, ɩɪɢ ɡɚɞɚɧɧɨɣ 
ɫɤɨɪɨɫɬɢ ɪɚɡɜɨɪɨɬɚ; 

4) ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɪɟɦɹ Ɍ2 ɩɪɨɯɨɠɞɟɧɢɹ ɩɨ ɨɪɛɢɬɟ 
ɭɝɥɚ ɨɬ ɬɟɤɭɳɟɝɨ ɩɨɥɨɠɟɧɢɹ ɞɨ ɬɨɱɤɢ ɩɪɨɯɨɠɞɟɧɢɹ 
ɦɢɧɢɦɚɥɶɧɨɝɨ ɭɝɥɚ ɋɈɁ. 
ɉɪɢ Ɍ1 ≥ Ɍ2 ɮɨɪɦɢɪɭɟɬɫɹ ɩɪɢɡɧɚɤ ɭɩɪɟɠɞɚɸɳɟɝɨ 

ɪɚɡɜɨɪɨɬɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɢ ɈХ. ɋɤɨɪɨɫɬɶ ɪɚɡɜɨɪɨɬɚ  
ɢ ɭɝɨɥ ɪɚɡɜɨɪɨɬɚ ɤɨɧɬɪɨɥɢɪɭɸɬɫɹ ɩɨ ɢɧɮɨɪɦɚɰɢɢ ɫ Ȼɂɋ. 
ȼɵɤɥɸɱɟɧɢɟ ɭɩɪɟɠɞɚɸɳɟɝɨ ɪɚɡɜɨɪɨɬɚ ɨɫɭɳɟɫɬɜ-

ɥɹɟɬɫɹ ɩɨɫɥɟ ɩɪɨɯɨɠɞɟɧɢɹ ɫɟɪɟɞɢɧɵ ɬɟɧɟɜɨɝɨ ɭɱɚɫɬɤɚ 
ɩɪɢ ɭɝɥɟ ɦɟɠɞɭ ɩɥɨɫɤɨɫɬɶɸ XOY ɢ ɧɚɩɪɚɜɥɟɧɢɟɦ ɧɚ 
ɋɨɥɧɰɟ ɦɟɧɶɲɟ ɡɚɞɚɧɧɨɝɨ ɡɧɚɱɟɧɢɹ. 

2. Ⱥɥɝɨɪɢɬɦы ɮɨɪɦɢɪɨɜɚɧɢɹ ɢɧɮɨɪɦɚɰɢɢ ɞɥɹ 

ɩɪɨɯɨɠɞɟɧɢɹ ɭɩɪɟɠɞɚɸщɟɝɨ ɪɚɡɜɨɪɨɬɚ. Ⱦɥɹ ɮɨɪ-
ɦɢɪɨɜɚɧɢɹ ɩɪɢɡɧɚɤɚ ɭɩɪɟɠɞɚɸɳɟɝɨ ɪɚɡɜɨɪɨɬɚ ɢ ɡɧɚɤɚ 
ɪɚɡɜɨɪɨɬɚ ɢɫɩɨɥɶɡɭɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɛɚɥɥɢɫɬɢɱɟɫɤɢɟ 
ɩɚɪɚɦɟɬɪɵ: 

– ɬɟɤɭɳɢɣ ɭɝɨɥ ɋɈɁ; 
– ɬɟɤɭɳɢɣ ɭɝɨɥ ɦɟɠɞɭ ɩɥɨɫɤɨɫɬɶɸ ɨɪɛɢɬɵ ɢ ɧɚ-

ɩɪɚɜɥɟɧɢɟɦ ɧɚ ɋɨɥɧɰɟ; 
– ɭɝɨɥ ɩɨ ɨɪɛɢɬɟ ɨɬ ɬɟɤɭɳɟɣ ɬɨɱɤɢ ɞɨ ɬɨɱɤɢ ɦɢ-

ɧɢɦɚɥɶɧɨɝɨ (ɦɚɤɫɢɦɚɥɶɧɨɝɨ) ɭɝɥɚ ɋɈɁ. 
ɉɨɥɨɠɟɧɢɟ ɫɜɹɡɚɧɧɵɯ ɨɫɟɣ ɄȺ ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɨɥ-

ɧɟɱɧɨ-ɡɟɦɧɨɣ ɢ ɨɪɛɢɬɚɥɶɧɨɣ ɫɢɫɬɟɦ ɤɨɨɪɞɢɧɚɬ ɩɟɪɟɞ 
ɮɨɪɦɢɪɨɜɚɧɢɟɦ ɭɩɪɟɠɞɚɸɳɟɝɨ ɪɚɡɜɨɪɨɬɚ ɩɨɤɚɡɚɧɨ ɧɚ 
ɪɢɫ. 2 [4; 5], ɝɞɟ αS  – ɭɝɨɥ ɦɟɠɞɭ ɩɥɨɫɤɨɫɬɶɸ ɨɪɛɢɬɵ 

ɢ ɧɚɩɪɚɜɥɟɧɢɟɦ ɧɚ ɋɨɥɧɰɟ; ɋɈɁ – ɬɟɤɭɳɢɣ ɭɝɨɥ 
ɋɨɥɧɰɟ–ɨɛɴɟɤɬ–Ɂɟɦɥɹ; ȿ – ɭɝɨɥ ɩɨ ɨɪɛɢɬɟ ɨɬ ɬɟɤɭɳɟɣ 
ɬɨɱɤɢ ɞɨ ɬɨɱɤɢ ɦɢɧɢɦɚɥɶɧɨɝɨ (ɦɚɤɫɢɦɚɥɶɧɨɝɨ) ɭɝɥɚ ɋɈɁ; 
ɧɚɱȥ  – ɡɧɚɱɟɧɢɟ ɤɭɪɫɨɜɨɝɨ ɭɝɥɚ ɩɟɪɟɞ ɧɚɱɚɥɨɦ ɭɩɪɟɠ-

ɞɚɸɳɟɝɨ ɪɚɡɜɨɪɨɬɚ; ɪɚɡɜȥ  – ɭɝɨɥ ɪɚɡɜɨɪɨɬɚ ɨɬɧɨɫɢ-

ɬɟɥɶɧɨ ɨɫɢ ɈХ ɜ ɩɪɨɰɟɫɫɟ ɞɜɢɠɟɧɢɹ ɩɨ ɨɪɛɢɬɟ ɨɬ ɬɟ-
ɤɭɳɟɝɨ ɩɨɥɨɠɟɧɢɹ ɄȺ ɞɨ ɬɨɱɤɢ ɩɪɨɯɨɠɞɟɧɢɹ ɦɢɧɢ-
ɦɚɥɶɧɨɝɨ (ɦɚɤɫɢɦɚɥɶɧɨɝɨ) ɭɝɥɚ ɋɈɁ, ɜ ɤɨɬɨɪɨɣ ɨɫɶ OY 
ɞɨɥɠɧɚ ɛɵɬɶ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɚ ɩɥɨɫɤɨɫɬɢ ɨɪɛɢɬɵ. 
ɇɢɠɟ ɩɪɟɞɫɬɚɜɥɟɧɚ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɜɵ-

ɱɢɫɥɟɧɢɹ ɤɭɪɫɨɜɨɝɨ ɭɝɥɚ ɩɪɢ ɭɩɪɟɠɞɚɸɳɟɦ ɪɚɡɜɨɪɨɬɟ: 
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ɝɞɟ ɧɚɱȥ  – ɡɧɚɱɟɧɢɟ ɤɭɪɫɨɜɨɝɨ ɭɝɥɚ ɧɚ ɦɨɦɟɧɬ ɧɚɱɚɥɚ 
ɭɩɪɟɠɞɚɸɳɟɝɨ ɪɚɡɜɨɪɨɬɚ; ɧɚɱȦ  – ɡɧɚɱɟɧɢɟ ɫɤɨɪɨɫɬɢ 

ɜɪɚɳɟɧɢɹ ɄȺ ɧɚ ɦɨɦɟɧɬ ɧɚɱɚɥɚ ɭɩɪɟɠɞɚɸɳɟɝɨ ɪɚɡɜɨ-
ɪɨɬɚ; Ȧn  – ɡɧɚɱɟɧɢɟ ɩɨɢɫɤɨɜɨɣ ɫɤɨɪɨɫɬɢ ɜɪɚɳɟɧɢɹ 
ɄȺ (ɦɚɤɫɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɨɣ ɫɤɨɪɨɫɬɢ ɜɪɚɳɟɧɢɹ); 
ɪɚɡɝt  – ɜɪɟɦɹ ɪɚɡɝɨɧɚ (ɬɨɪɦɨɠɟɧɢɹ) ɄȺ ɞɨ ɩɨɢɫɤɨɜɨɣ 

ɫɤɨɪɨɫɬɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɢ ɈХ; ɩt  – ɜɪɟɦɹ ɪɚɡɜɨɪɨɬɚ 
ɜɨɤɪɭɝ ɨɫɢ ɈХ ɫ ɩɨɢɫɤɨɜɨɣ ɫɤɨɪɨɫɬɶɸ. 

 

 

Ɋɢɫ. 2. ɉɨɥɨɠɟɧɢɟ ɫɜɹɡɚɧɧɨɣ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ 
(OXYZ) ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɨɥɧɟɱɧɨ-ɡɟɦɧɨɣ (OXZYZZZ)  
 

ɢ ɨɪɛɢɬɚɥɶɧɨɣ (OX0Y0Z0) ɫɢɫɬɟɦ ɤɨɨɪɞɢɧɚɬ 
 

ȼ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɭɩɪɟɠɞɚɸɳɢɣ ɪɚɡɜɨɪɨɬ 
ɪɚɡɞɟɥɟɧ ɧɚ ɬɪɢ ɜɡɚɢɦɨɫɜɹɡɚɧɧɵɯ ɭɱɚɫɬɤɚ (ɪɢɫ. 3): 

1. ɍɱɚɫɬɨɤ ɪɚɡɝɨɧɚ (ɭɱɚɫɬɨɤ ɧɚɛɨɪɚ ɩɨɢɫɤɨɜɨɣ 

ɫɤɨɪɨɫɬɢ) – ɷɬɨɬ ɭɱɚɫɬɨɤ ɨɩɢɫɵɜɚɟɬ ɞɜɢɠɟɧɢɟ 
ɤɨɫɦɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ ɜɨɤɪɭɝ ɨɫɢ ɦɢɧɭɫ ɈХ (ɨɫɶ, 
ɧɚɩɪɚɜɥɟɧɧɚɹ ɧɚ Ɂɟɦɥɸ) ɩɪɢ ɧɚɛɨɪɟ ɩɨɢɫɤɨɜɨɣ ɫɤɨ-
ɪɨɫɬɢ (ɦɚɤɫɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɚɹ ɫɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ 
ɚɩɩɚɪɚɬɚ). ɇɚɛɨɪ ɩɨɢɫɤɨɜɨɣ ɫɤɨɪɨɫɬɢ ɯɚɪɚɤɬɟɪɟɡɭɟɬɫɹ 
ɧɚɥɢɱɢɟɦ ɩɨɫɬɨɹɧɧɨɝɨ ɭɝɥɨɜɨɝɨ ɭɫɤɨɪɟɧɢɹ. 

2. ɍɱɚɫɬɨɤ ɪɚɡɜɨɪɨɬɚ ɧɚ ɩɨɢɫɤɨɜɨɣ ɫɤɨɪɨɫɬɢ – 

ɨɩɢɫɵɜɚɟɬ ɞɜɢɠɟɧɢɟ ɤɨɫɦɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ ɜɨɤɪɭɝ 
ɨɫɢ ɦɢɧɭɫ ɈХ ɫ ɩɨɫɬɨɹɧɧɨɣ ɦɚɤɫɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɨɣ 

ɫɤɨɪɨɫɬɶɸ ɜɪɚɳɟɧɢɹ ɚɩɩɚɪɚɬɚ. 
3. ɍɱɚɫɬɨɤ ɬɨɪɦɨɠɟɧɢɹ – ɨɩɢɫɵɜɚɟɬ ɞɜɢɠɟɧɢɟ 

ɤɨɫɦɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ ɜɨɤɪɭɝ ɨɫɢ ɦɢɧɭɫ ɈХ ɩɪɢ 

ɭɦɟɧɶɲɟɧɢɢ ɭɝɥɨɜɨɣ ɫɤɨɪɨɫɬɢ ɤɨɫɦɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ 
ɫ ɩɨɫɬɨɹɧɧɵɦ ɨɬɪɢɰɚɬɟɥɶɧɵɦ ɭɫɤɨɪɟɧɢɟɦ. 

Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɭɩɪɟɠɞɚɸɳɟɝɨ ɪɚɡɜɨɪɨɬɚ ɧɟɨɛɯɨ-
ɞɢɦɨ ɡɚɛɥɚɝɨɜɪɟɦɟɧɧɨ ɪɚɫɫɱɢɬɚɬɶ ɧɚɱɚɥɶɧɵɣ ɭɝɨɥ 
ɪɚɡɜɨɪɨɬɚ, ɧɚɱɚɥɶɧɭɸ ɫɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ, ɚ ɬɚɤɠɟ 
ɜɪɟɦɹ ɧɚɱɚɥɚ ɢ ɨɤɨɧɱɚɧɢɹ ɪɚɡɜɨɪɨɬɚ. ɇɚ ɪɢɫ. 4 ɩɨɤɚ-
ɡɚɧɚ ɛɥɨɤ-ɫɯɟɦɚ ɚɥɝɨɪɢɬɦɚ, ɩɨɡɜɨɥɹɸɳɟɝɨ ɡɚɛɥɚɝɨ-
ɜɪɟɦɟɧɧɨ ɫɮɨɪɦɢɪɨɜɚɬɶ ɧɚɱɚɥɶɧɵɟ ɞɚɧɧɵɟ, ɧɟɨɛɯɨ-
ɞɢɦɵɟ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɭɩɪɟɠɞɚɸɳɟɝɨ ɪɚɡɜɨɪɨɬɚ. 
ɉɨɝɪɟɲɧɨɫɬɶ ɜɵɱɢɫɥɟɧɢɹ ɩɪɨɝɪɚɦɦɧɵɦ ɤɨɦɩɥɟɤ-

ɫɨɦ ɛɚɥɥɢɫɬɢɱɟɫɤɢɯ ɡɚɞɚɱ ɭɝɥɚ ɦɟɠɞɭ ɩɥɨɫɤɨɫɬɶɸ 

ɨɪɛɢɬɵ ɢ ɧɚɩɪɚɜɥɟɧɢɟɦ ɧɚ ɋɨɥɧɰɟ ɨɩɪɟɞɟɥɹɟɬ ɩɨ-
ɝɪɟɲɧɨɫɬɶ ɜɵɱɢɫɥɟɧɢɹ ɭɝɥɚ ɪɚɡɜɨɪɨɬɚ ɢ ɫɤɨɪɨɫɬɢ ɪɚɡ-
ɜɨɪɨɬɚ ɧɚ ɦɨɦɟɧɬ ɧɚɱɚɥɚ ɭɩɪɟɠɞɚɸɳɟɝɨ ɪɚɡɜɨɪɨɬɚ, ɚ 
ɬɚɤɠɟ ɩɨɝɪɟɲɧɨɫɬɶ ɜɵɱɢɫɥɟɧɢɹ ɜɪɟɦɟɧɢ ɧɚɱɚɥɚ ɢ 

ɨɤɨɧɱɚɧɢɹ ɭɩɪɟɠɞɚɸɳɟɝɨ ɪɚɡɜɨɪɨɬɚ [6–8]. 
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Ɋɢɫ. 3. Ƚɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ ɤɭɪɫɨɜɨɝɨ ɭɝɥɚ ɢ ɫɤɨ-
ɪɨɫɬɢ ɤɨɫɦɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ ɩɪɢ ɩɪɨɯɨɠɞɟɧɢɢ  
 

ɭɩɪɟɠɞɚɸɳɟɝɨ ɪɚɡɜɨɪɨɬɚ 
 

 
 

Ɋɢɫ. 4. Ȼɥɨɤ-ɫɯɟɦɚ ɚɥɝɨɪɢɬɦɚ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ  
ɧɚɱɚɥɶɧɵɯ ɞɚɧɧɵɯ ɭɩɪɟɠɞɚɸɳɟɝɨ ɪɚɡɜɨɪɨɬɚ 

Ⱦɥɹ ɭɦɟɧɶɲɟɧɢɹ ɩɨɝɪɟɲɧɨɫɬɢ ɜɵɱɢɫɥɟɧɢɹ ɧɚ-
ɱɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɭɩɪɟɠɞɚɸɳɟɝɨ ɪɚɡɜɨɪɨɬɚ ɪɚɡɪɚ-
ɛɨɬɚɧ ɚɥɝɨɪɢɬɦ (ɪɢɫ. 5), ɩɨɡɜɨɥɹɸɳɢɣ ɩɨ ɛɚɥɥɢɫɬɢɱɟ-
ɫɤɨɣ ɢɧɮɨɪɦɚɰɢɢ ɡɚ 60 ɫ ɞɨ ɧɚɱɚɥɚ ɪɚɡɜɨɪɨɬɚ ɭɬɨɱ-
ɧɢɬɶ ɫɩɪɨɝɧɨɡɢɪɨɜɚɧɧɵɟ ɩɚɪɚɦɟɬɪɵ ɭɩɪɟɠɞɚɸɳɟɝɨ 
ɪɚɡɜɨɪɨɬɚ. 

 

Наɱаɥɨ ɩɪɨɝɪаɦɦы

ɋɪɚɜɧɟɧɢɟ ɬɟɤɭɳɟɝɨ 

ɭɝɥɚ ɦɟɠɞɭ ɩɥɨɫɤɨɫɬɶɸ 

ɨɪɛɢɬɵ ɢ ɧɚɩɪɚɜɥɟ- 

ɧɢɟɦ ɧɚ ɋɨɥɧɰɟ ɫ 
ɩɨɪɨɝɨɜɵɦ ɡɧɚɱɟɧɢɟɦ

Наɱаɥɨ ɩɪɨɝɪаɦɦы

Кɨɧɟɰ ɩɪɨɝɪаɦɦы

ɋɪɚɜɧɟɧɢɟ ɬɟɤɭɳɟɝɨ 

ɜɪɟɦɟɧɢ ɫɨ ɜɪɟɦɟɧɟɦ 

ɧɚɱɚɥɚ ɪɚɡɜɨɪɨɬɚ

Ɋɚɫɱɟɬ ɭɝɥɚ ɪɵɫɤɚɧɢɹ 
ɧɚ ɦɨɦɟɧɬ ɧɚɱɚɥɚ 

ɪɚɡɜɨɪɨɬɚ ɩɨ 

ɫɩɪɨɝɧɨɡɢɪɨɜɚɧɧɨɣ 

ɛɚɥɥɢɫɬɢɱɟɫɤɨɣ 

ɢɧɮɨɪɦɚɰɢɢ

Ɋɚɫɱɟɬ ɦɚɤɫɢɦɚɥɶɧɨɝɨ 

ɭɝɥɚ ɪɚɡɜɨɪɨɬɚ, ɪɚɫɱɟɬ 
ɫɤɨɪɨɫɬɢ ɧɚ ɦɨɦɟɧɬ 
ɧɚɱɚɥɚ ɪɚɡɜɨɪɨɬɚ, 

ɪɚɫɱɟɬ ɜɪɟɦɟɧɢ 

ɪɚɡɝɨɧɚ, ɩɨɢɫɤɨɜɨɝɨ 

ɜɪɟɦɟɧɢ.

Вɵɱɢɫɥɟɧɢɟ ɚɪɝɭɦɟɧɬɚ 

ɲɢɪɨɬɵ ɧɚ ɦɨɦɟɧɬ 
ɧɚɱɚɥɚ ɭɩɪɟɠɞɚɸɳɟɝɨ 

ɪɚɡɜɨɪɨɬɚ

Ɋɚɫɱɟɬ ɜɪɟɦɟɧɢ ɧɚɱɚɥɚ 

ɢ ɤɨɧɰɚ ɭɩɪɟɠɞɚɸɳɟɝɨ 

ɪɚɡɜɨɪɨɬɚ

ɋɪɚɜɧɟɧɢɟ ɜɪɟɦɟɧɢ 

ɧɟɨɛɯɨɞɢɦɵɦ ɧɚ 

ɪɚɡɜɨɪɨɬɚ ɫɨ ɜɪɟɦɟɧɟɦ 

ɩɪɨɯɨɠɞɟɧɢɹ КА ɩɨ 

ɨɪɛɢɬɟ ɧɚ ɜɪɟɦɹ 

ɪɚɡɜɨɪɨɬɚ

 

 
Ɋɢɫ. 5. Ȼɥɨɤ-ɫɯɟɦɚ ɚɥɝɨɪɢɬɦɚ, ɭɬɨɱɧɹɸɳɟɝɨ 
ɫɩɪɨɝɧɨɡɢɪɨɜɚɧɧɵɟ ɧɚɱɚɥɶɧɵɟ ɞɚɧ-ɧɵɟ ɩɨ 
ɛɚɥɥɢɫɬɢɱɟɫɤɨɣ ɢɧɮɨɪɦɚɰɢɢ, ɧɟɨɛɯɨɞɢɦɵɟ  
 

ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɭɩɪɟɠɞɚɸɳɟɝɨ ɪɚɡɜɨɪɨɬɚ 
 

ɋɮɨɪɦɢɪɨɜɚɧɧɵɟ ɧɚɱɚɥɶɧɵɟ ɞɚɧɧɵɟ ɩɟɪɟɞɚɸɬɫɹ  
ɜ ɚɩɩɚɪɚɬɭɪɭ ɩɨɬɪɟɛɢɬɟɥɹ ɱɟɪɟɡ ɧɚɜɢɝɚɰɢɨɧɧɵɣ ɤɚɞɪ 
[9; 10].  

ɗɬɚɥɨɧɧɵɟ ɦɨɞɟɥɢ ɭɩɪɟɠɞɚɸɳɟɝɨ ɪɚɡɜɨɪɨɬɚ ɧɚ 
ɛɨɪɬɭ ɢ ɜ ɚɩɩɚɪɚɬɭɪɟ ɩɨɬɪɟɛɢɬɟɥɹ ɨɞɢɧɚɤɨɜɵɟ, 
ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɜɪɟɦɹ ɧɚɱɚɥɚ ɭɩɪɟɠɞɚɸɳɟɝɨ 

ɪɚɡɜɨɪɨɬɚ, ɭɝɨɥ ɪɚɡɜɨɪɨɬɚ ɤɨɫɦɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ ɩɨ 
ɤɚɧɚɥɭ ɪɵɫɤɚɧɢɹ ɧɚ ɛɨɪɬɭ ɢ ɜ ɚɩɩɚɪɚɬɭɪɟ ɩɨɬɪɟɛɢɬɟɥɹ 
ɛɭɞɭɬ ɬɚɤɠɟ ɨɞɢɧɚɤɨɜɵ. 

3. Ⱥɥɝɨɪɢɬɦ ɩɪɨɯɨɠɞɟɧɢɹ ɭɩɪɟɠɞɚɸщɟɝɨ ɪɚɡ-
ɜɨɪɨɬɚ ɧɚ ɛɨɪɬɭ ɄȺ. ɇɚ ɤɨɫɦɢɱɟɫɤɨɦ ɚɩɩɚɪɚɬɟ 
ɭɩɪɚɜɥɹɸɳɢɟ ɞɜɢɝɚɬɟɥɢ-ɦɚɯɨɜɢɤɢ (ɍȾɆ) ɢɦɟɸɬ ɪɚɡ-
ɛɪɨɫ ɩɨ ɤɪɭɬɢɡɧɟ ɦɨɦɟɧɬɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ. Ɇɨɦɟɧɬ 

ɋɪɚɜɧɟɧɢɟ ɜɪɟɦɟɧɢ, 
ɧɟɨɛɯɨɞɢɦɨɝɨ  

ɧɚ ɪɚɡɜɨɪɨɬ, ɫɨ ɜɪɟ-
ɦɟɧɟɦ ɩɪɨɯɨɠɞɟɧɢɹ 
ɄȺ ɩɨ ɨɪɛɢɬɟ  

ɧɚ ɜɪɟɦɹ ɪɚɡɜɨɪɨɬɚ 

ɞɥɹ ɪɚɡɜɨɪɨɬɚ, ɢɡ 
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ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɧɚ ɜɚɥɭ ɍȾɆ ɬɚɤɠɟ ɢɫɤɚɠɚɟɬ ɦɨɦɟɧɬ-
ɧɭɸ ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ ɍȾɆ. Ɇɨɦɟɧɬ ɢɧɟɪɰɢɢ ɄȺ ɨɬɧɨ-
ɫɢɬɟɥɶɧɨ ɨɫɢ ɈХ ɬɚɤɠɟ ɢɦɟɟɬ ɪɚɡɛɪɨɫ [11–13]. 

ɂɫɯɨɞɹ ɢɡ ɷɬɨɝɨ, ɜɟɥɢɱɢɧɚ Ȧ X

X

M

J

•

=  ɧɟ ɢɦɟɟɬ ɩɨ-

ɫɬɨɹɧɧɨɝɨ ɡɧɚɱɟɧɢɹ. ɉɨɷɬɨɦɭ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɭɩɪɟɠ-

ɞɚɸɳɟɝɨ ɪɚɡɜɨɪɨɬɚ ɛɭɞɭɬ ɜɨɡɧɢɤɚɬɶ ɩɨɝɪɟɲɧɨɫɬɢ ɩɨ 
ɭɝɥɭ ɪɚɡɜɨɪɨɬɚ ɄȺ [14; 15]. 

 

 

Ɋɢɫ. 6. Ȼɥɨɤ-ɫɯɟɦɚ ɚɥɝɨɪɢɬɦɚ ɜɵɱɢɫɥɟɧɢɹ 
ɤɭɪɫɨɜɨɝɨ ɭɝɥɚ ɩɪɢ ɭɩɪɟɠɞɚɸɳɟɦ ɪɚɡɜɨɪɨɬɟ  
 

ɧɚ ɛɨɪɬɭ ɤɨɫɦɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ 
 

Ⱦɥɹ ɦɢɧɢɦɢɡɚɰɢɢ ɩɨɝɪɟɲɧɨɫɬɟɣ, ɨɛɭɫɥɨɜɥɟɧɧɵɯ 
ɪɚɡɛɪɨɫɨɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɍȾɆ ɢ ɪɚɡɛɪɨɫɨɦ ɦɨɦɟɧɬɚ 
ɢɧɟɪɰɢɢ ɤɨɫɦɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɢ ɈХ, 

ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɚɥɝɨɪɢɬɦ ɮɨɪɦɢɪɨɜɚɧɢɹ ɭɩɪɚɜɥɹɸ-

ɳɢɯ ɜɨɡɞɟɣɫɬɜɢɣ ɩɨ ɤɚɧɚɥɭ ɈХ ɫ ɞɨɩɨɥɧɢɬɟɥɶɧɵɦ 

ɮɨɪɦɢɪɨɜɚɧɢɟɦ ɭɩɪɚɜɥɹɸɳɢɯ ɜɨɡɞɟɣɫɬɜɢɣ ɧɚ ɞɜɢɝɚ-
ɬɟɥɶ-ɦɚɯɨɜɢɤ ɩɨ ɨɫɢ ɈХ ɩɪɢ ɪɚɫɫɨɝɥɚɫɨɜɚɧɢɢ ɩɨ ɭɝɥɭ ɢ 

ɫɤɨɪɨɫɬɢ ɮɚɤɬɢɱɟɫɤɨɝɨ ɢ ɦɨɞɟɥɶɧɨɝɨ ɞɜɢɠɟɧɢɹ ɄȺ. 

ɇɚ ɪɢɫ. 6 ɩɪɟɞɫɬɚɜɥɟɧ ɩɪɢɧɰɢɩ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ 
ɜɵɱɢɫɥɟɧɢɹ ɤɭɪɫɨɜɨɝɨ ɭɝɥɚ ɩɪɢ ɭɩɪɟɠɞɚɸɳɟɦ ɪɚɡɜɨ-
ɪɨɬɟ ɧɚ ɛɨɪɬɭ ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ ɤɨɫɦɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ. 

4. Ⱥɥɝɨɪɢɬɦ ɪɚɫɱɟɬɚ ɤɭɪɫɨɜɨɝɨ ɭɝɥɚ ɢ ɩɨɩɪɚɜɨɤ 

ɞɥɹ ɜыɱɢɫɥɟɧɢɹ ɮɚɡɨɜɨɝɨ ɰɟɧɬɪɚ ɚɧɬɟɧɧы ɜ ɚɩɩɚ-
ɪɚɬɭɪɟ ɩɨɬɪɟɛɢɬɟɥɹ. ɉɨɬɪɟɛɢɬɟɥɶ ɩɪɨɜɨɞɢɬ ɢɡɦɟɪɟ-
ɧɢɹ ɩɨɥɨɠɟɧɢɹ ɮɚɡɨɜɨɝɨ ɰɟɧɬɪɚ ɚɧɬɟɧɧɵ, ɚ ɞɨɥɠɟɧ 

ɡɧɚɬɶ ɩɨɥɨɠɟɧɢɟ ɰɟɧɬɪɚ ɦɚɫɫ ɤɨɫɦɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ. 
ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɩɪɢ ɩɪɨɯɨɠɞɟɧɢɢ ɨɫɨɛɵɯ ɬɨɱɟɤ ɨɪɛɢ-

ɬɵ ɜ ɚɩɩɚɪɚɬɭɪɟ ɩɨɬɪɟɛɢɬɟɥɹ ɧɟɨɛɯɨɞɢɦɨ ɜɵɱɢɫɥɹɬɶ 
ɩɨɩɪɚɜɤɢ ɧɚ ɩɨɥɨɠɟɧɢɟ ɮɚɡɨɜɨɝɨ ɰɟɧɬɪɚ ɚɧɬɟɧɧɵ. 

ɇɚ ɪɢɫ. 7 ɩɪɟɞɫɬɚɜɥɟɧ ɩɪɢɧɰɢɩ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ 
ɜɵɱɢɫɥɟɧɢɹ ɜ ɚɩɩɚɪɚɬɭɪɟ ɩɨɬɪɟɛɢɬɟɥɹ ɩɨɩɪɚɜɤɢ ɩɨ-
ɥɨɠɟɧɢɹ ɮɚɡɨɜɨɝɨ ɰɟɧɬɪɚ ɚɧɬɟɧɧɵ. 

 

Наɱаɥɨ ɩɪɨɝɪаɦɦы

Ɉɛɪɚɛɨɬɤɚ ɧɚɱɚɥɶɧɵɯ 
ɞɚɧɧɵɯ ɞɥɹ 

ɭɩɪɟɠɞɚɸɳɟɝɨ ɪɚɡɜɨɪɨɬɚ, 

ɩɨɥɭɱɟɧɧɵɯ ɫ КА

ɉɨɥɭɱɟɧɢɟ 

ɢɧɮɨɪɦɚɰɢɢ ɨ ɜɪɟɦɟɧɢ 

ɧɚɱɚɥɚ ɭɩɪɟɠɞɚɸɳɟɝɨ 

ɪɚɡɜɨɪɨɬɚ

ɋɪɚɜɧɟɧɢɟ ɬɟɤɭɳɟɝɨ 

ɜɪɟɦɟɧɢ ɢ ɜɪɟɦɟɧɢ 

ɧɚɱɚɥɚ ɪɚɡɜɨɪɨɬɚ

Уɱаɫɬɨɤ ɪаɡɝɨɧа
Ɋɚɫɱɟɬ ɬɟɤɭɳɟɝɨ ɭɝɥɚ 

ɪɚɡɜɨɪɨɬɚ 

ɋɪɚɜɧɟɧɢɟ ɬɟɤɭɳɟɝɨ 

ɜɪɟɦɟɧɢ ɫɨ  ɜɪɟɦɟɧɟɦ 

ɧɟɨɛɯɨɞɢɦɵɦ ɞɥɹ ɧɚɛɨɪɚ 

ɩɨɢɫɤɨɜɨɣ ɫɤɨɪɨɫɬɢ 

Уɱаɫɬɨɤ ɪаɡɜɨɪɨɬа ɧа 

ɩɨɢɫɤɨɜɨɣ ɫɤɨɪɨɫɬɢ
Ɋɚɫɱɟɬ ɬɟɤɭɳɟɝɨ ɭɝɥɚ 

ɪɚɡɜɨɪɨɬɚ

Вɵɱɢɫɥɟɧɢɟ ɭɝɥɚ 

ɪɚɡɜɨɪɨɬɚ ɞɥɹ ɭɱɚɫɬɤɚ 

ɬɨɪɦɨɠɟɧɢɹ 

Уɱаɫɬɨɤ ɬɨɪɦɨɠɟɧɢя
Ɋɚɫɱɟɬ ɬɟɤɭɳɟɝɨ ɭɝɥɚ 

ɪɚɡɜɨɪɨɬɚ ɢ ɬɟɤɭɳɟɝɨ 

ɡɧɚɱɟɧɢɹ ɫɤɨɪɨɫɬɢ 

ɪɚɡɜɨɪɨɬɚ

Наɱаɥɨ ɩɪɨɝɪаɦɦы

Кɨɧɟɰ ɩɪɨɝɪаɦɦы

Ɋɚɫɱɟɬ ɩɨɩɪɚɜɨɤ ɤ 
ɤɨɨɪɞɢɧɚɬɚɦ ɮɚɡɨɜɨɝɨ 

ɰɟɧɬɪɚ ɚɧɬɟɧɧɵ

Ɋɚɫɱɟɬ ɩɨɩɪɚɜɨɤ ɤ 
ɤɨɨɪɞɢɧɚɬɚɦ ɮɚɡɨɜɨɝɨ 

ɰɟɧɬɪɚ ɚɧɬɟɧɧɵ

Ɋɚɫɱɟɬ ɩɨɩɪɚɜɨɤ ɤ 
ɤɨɨɪɞɢɧɚɬɚɦ ɮɚɡɨɜɨɝɨ 

ɰɟɧɬɪɚ ɚɧɬɟɧɧɵ

ɋɪɚɜɧɟɧɢɟ ɬɟɤɭɳɟɝɨ 

ɭɝɥɚ ɪɚɡɜɨɪɨɬɚ ɫ ɭɝɥɨɦ 

ɨɤɨɧɱɚɧɢɹ ɪɚɡɜɨɪɨɬɚ

 
 

Ɋɢɫ. 7. Ȼɥɨɤ-ɫɯɟɦɚ ɚɥɝɨɪɢɬɦɚ ɜɵɱɢɫɥɟɧɢɹ  
ɜ ɚɩɩɚɪɚɬɭɪɟ ɩɨɬɪɟɛɢɬɟɥɹ ɩɨɩɪɚɜɤɢ ɩɨɥɨɠɟɧɢɹ  
 

ɮɚɡɨɜɨɝɨ ɰɟɧɬɪɚ ɚɧɬɟɧɧɵ 
 

Ɂɚɤɥɸɱɟɧɢɟ. Ⱥɥɝɨɪɢɬɦɵ, ɨɩɢɫɚɧɧɵɟ ɜ ɞɚɧɧɨɣ 

ɫɬɚɬɶɟ, ɹɜɥɹɸɬɫɹ ɭɧɢɜɟɪɫɚɥɶɧɵɦɢ ɞɥɹ ɜɫɟɯ ɬɢɩɨɜ 
ɤɨɫɦɢɱɟɫɤɢɯ ɚɩɩɚɪɚɬɨɜ ɨɪɛɢɬɚɥɶɧɨɣ ɝɪɭɩɩɢɪɨɜɤɢ 

ȽɅɈɇȺɋɋ. 

ɉɨɝɪɟɲɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɩɨɥɨɠɟɧɢɹ ɮɚɡɨɜɨɝɨ 
ɰɟɧɬɪɚ ɚɧɬɟɧɧɵ ɜ ɩɥɨɫɤɨɫɬɢ OY0Z0 ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɨ-
ɦɢɧɚɥɶɧɨɝɨ ɩɨɥɨɠɟɧɢɹ ɧɟ ɛɭɞɟɬ ɩɪɟɜɵɲɚɬɶ 2 ɫɦ ɩɪɢ 

ɪɚɫɫɬɨɹɧɢɢ ɨɬ ɰɟɧɬɪɚ ɦɚɫɫ ɞɨ ɰɟɧɬɪɚ ɚɧɬɟɧɧɵ 1 ɦ. 

 

ɜɪɟɦɟɧɢ ɫɨ ɜɪɟɦɟɧɟɦ, 
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