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ȿɎȿɄɌɂȼɇȱɋɌɖ ȻȺɅȺɇɋɍȼȺɇɇə ȼȱȾɐȿɇɌɊɈȼɈȲ ɋɈɄɈȾȺȼɄɂ 
ɄɍɅɖɈȼɂɆ ȺȼɌɈȻȺɅȺɇɋɂɊɈɆ ɉɊɂ ɁȾȱɃɋɇȿɇɇȱ 

ɌȿɏɇɈɅɈȽȱɑɇɈȽɈ ɉɊɈɐȿɋɍ

Ƚɨɧɱɚɪɨɜ ȼ. ȼ.ɚ1
a Ʉɢʀɜɫɶɤɢɣ ɿɧɫɬɢɬɭɬ ɛɿɡɧɟɫɭ ɬɚ ɬɟɯɧɨɥɨɝɿɣ��ɍɤɪɚʀɧɚ
Ⱥɧɨɬɚɰɿɹ
ɉɨɤɚɡɚɧɨ, ɳɨ ɜɢɤɨɪɢɫɬɚɧɧɹ ɚɜɬɨɛɚɥɚɧɫɢɪɚ ɽ ɟɮɟɤɬɢɜɧɢɦ ɩɪɢ ɛɚɥɚɧɫɭɜɚɧɧɿ ɜɿɞɰɟɧɬɪɨɜɨʀ ɫɨɤɨɞɚɜɤɢ ɩɪɢ ɬɟɯɧɨɥɨ-
ɝɿɱɧɨɦɭ ɩɪɨɰɟɫɿ. ȼɿɧ ɩɨɤɪɚɳɭɽ ɜɿɛɪɚɰɿɣɧɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɜɿɞɰɟɧɬɪɨɜɨʀ ɫɨɤɨɞɚɜɤɢ ɩɪɢ ɤɭɥɹɯ ɛɭɞɶ-ɹɤɨɝɨ ɪɨɡɦɿɪɭ. 
ɉɨɤɚɡɚɧɨ, ɳɨ ɡɛɿɥɶɲɟɧɧɹ ɤɿɥɶɤɨɫɬɿ ɤɭɥɶ ɩɪɢɜɨɞɢɬɶ ɞɨ ɩɨɤɪɚɳɟɧɧɹ ɜɿɛɪɚɰɿɣɧɨɝɨ ɫɬɚɧɭ ɜɿɞɰɟɧɬɪɨɜɨʀ ɫɨɤɨɞɚɜɤɢ 
ɩɪɢ ɜɢɤɨɧɚɧɧɿ ɬɟɯɧɨɥɨɝɿɱɧɨɝɨ ɩɪɨɰɟɫɭ. ɍ ɜɢɩɚɞɤɭ ɦɚɥɢɯ ɤɭɥɶ ɿ ɩɪɢ ɧɚɩɨɥɨɜɢɧɭ ɡɚɩɨɜɧɟɧɿɣ ɛɿɝɨɜɿɣ ɞɨɪɿɠɰɿ ɜɿɛɪɚ-
ɰɿʀ (ɫɟɪɟɞɧɶɨɤɜɚɞɪɚɬɢɱɧɟ ɜɿɞɯɢɥɟɧɧɹ ɜɿɛɪɨɩɪɢɲɜɢɞɲɟɧɧɹ) ɜɿɞɰɟɧɬɪɨɜɨʀ ɫɨɤɨɞɚɜɤɢ ɡɦɟɧɲɭɽɬɶɫɹ ɦɚɣɠɟ ɧɚ 53%. 
ɉɨɹɫɧɸɽɬɶɫɹ ɰɟ ɧɚɫɬɭɩɧɢɦ ɱɢɧɨɦ. ȼ ɩɪɨɰɟɫɿ ɪɨɛɨɬɢ ɜɿɞɰɟɧɬɪɨɜɨʀ ɫɨɤɨɞɚɜɤɢ ɩɪɚɤɬɢɱɧɨ ɧɟɩɟɪɟɪɜɧɨ ɡɦɿɧɸɽɬɶɫɹ 
ɧɟɡɪɿɜɧɨɜɚɠɟɧɿɫɬɶ ɫɢɬɚ ɿ ɤɭɥɹɦ ɜ ɚɜɬɨɛɚɥɚɧɫɢɪɿ, ɜɿɞɩɨɜɿɞɧɨ, ɩɨɬɪɿɛɧɨ ɱɚɫɬɨ ɡɦɿɧɸɜɚɬɢ ɫɜɨʀ ɚɜɬɨɛɚɥɚɧɫɭɜɚɥɶɧɿ 
ɩɨɥɨɠɟɧɧɹ (ɡɞɿɣɫɧɸɽɬɶɫɹ ɜɟɥɢɤɚ ɤɿɥɶɤɿɫɬɶ ɩɨɫɥɿɞɨɜɧɢɯ ɩɟɪɟɯɿɞɧɢɯ ɩɪɨɰɟɫɿɜ). ɉɪɨɰɟɫ ɛɚɥɚɧɫɭɜɚɧɧɹ ɜɿɞɰɟɧɬɪɨɜɨʀ 
ɫɨɤɨɞɚɜɤɢ ɜ ɰɿɥɨɦɭ ɛɭɞɟ ɬɢɦ ɟɮɟɤɬɢɜɧɿɲɢɦ, ɱɢɦ ɦɟɧɲɨɸ ɛɭɞɟ ɬɪɢɜɚɥɿɫɬɶ ɩɟɪɟɛɿɝɭ ɤɨɠɧɨɝɨ ɩɟɪɟɯɿɞɧɨɝɨ ɩɪɨɰɟɫɭ 
ɜɿɞɧɨɫɧɨ ɿɧɬɟɪɜɚɥɭ ɱɚɫɭ ɦɿɠ ɡɦɿɧɚɦɢ ɧɟɡɪɿɜɧɨɜɚɠɟɧɨɫɬɿ. Ɍɪɢɜɚɥɿɫɬɶ ɩɟɪɟɛɿɝɭ ɩɟɪɟɯɿɞɧɢɯ ɩɪɨɰɟɫɿɜ ɡɚɥɟɠɢɬɶ, ɜ 
ɨɫɧɨɜɧɨɦɭ, ɜɿɞ ɜɿɞɫɬɚɧɿ ɦɿɠ ɫɭɫɿɞɧɿɦɢ ɚɜɬɨɛɚɥɚɧɫɭɜɚɥɶɧɢɦɢ ɩɨɥɨɠɟɧɧɹɦɢ ɤɭɥɶ ɬɚ ɫɢɥ ɜ’ɹɡɤɨɝɨ ɨɩɨɪɭ ɜɿɞɧɨɫɧɨɦɭ 
ɪɭɯɭ ɤɭɥɶ. ȱɡ ɡɛɿɥɶɲɟɧɧɹɦ ɞɿɚɦɟɬɪɭ ɤɭɥɶ ɡɦɟɧɲɭɽɬɶɫɹ ɡɚɩɨɜɧɟɧɿɫɬɶ ɛɿɝɨɜɨʀ ɞɨɪɿɠɤɢ, ɬɨɦɭ ɡɛɿɥɶɲɟɧɧɹ ɪɨɡɦɿɪɭ ɤɭɥɶ 
ɩɪɢɡɜɨɞɢɬɶ ɞɨ ɡɛɿɥɶɲɟɧɧɹ ɜɿɞɫɬɚɧɿ ɦɿɠ ɫɭɫɿɞɧɿɦɢ ɚɜɬɨɛɚɥɚɧɫɭɜɚɥɶɧɢɦɢ ɩɨɥɨɠɟɧɧɹɦɢ ɤɭɥɶ ɿ ɞɨ ɡɛɿɥɶɲɟɧɧɹ ɬɪɢ-
ɜɚɥɨɫɬɿ ɩɟɪɟɛɿɝɭ ɩɟɪɟɯɿɞɧɢɯ ɩɪɨɰɟɫɿɜ. ɉɪɢ ɨɞɧɚɤɨɜɿɣ ɤɿɥɶɤɨɫɬɿ ɦɚɫɬɢɥɚ ɜ ɚɜɬɨɛɚɥɚɧɫɢɪɿ ɤɭɥɿ ɛɿɥɶɲɨɝɨ ɞɿɚɦɟɬɪɭ ɽ 
ɛɿɥɶɲ ɿɧɟɪɬɧɢɦɢ ɿ, ɜɿɞɩɨɜɿɞɧɨ, ɜɨɧɢ ɞɨɜɲɟ ɤɨɥɢɜɚɸɬɶɫɹ ɧɚɜɤɨɥɨ ɫɜɨʀɯ ɚɜɬɨɛɚɥɚɧɫɭɜɚɥɶɧɢɯ ɩɨɥɨɠɟɧɶ. Ⱦɟɤɨɥɢ ɜɨɧɢ 
ɧɟ ɜɫɬɢɝɚɸɬɶ ɡɚɣɧɹɬɢ ɫɜɨʀ ɚɜɬɨɛɚɥɚɧɫɭɜɚɥɶɧɿ ɩɨɥɨɠɟɧɧɹ ɞɨ ɱɟɪɝɨɜɨʀ ɡɦɿɧɢ ɧɟɡɪɿɜɧɨɜɚɠɟɧɨɫɬɿ. Ɉɬɪɢɦɚɧɿ ɪɟɡɭɥɶ-
ɬɚɬɢ ɦɨɠɧɚ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ɩɪɢ ɤɨɧɫɬɪɭɸɜɚɧɧɿ ȺȻ ɞɥɹ ɡɪɿɜɧɨɜɚɠɟɧɧɹ ɧɚ ɯɨɞɭ ɦɚɲɢɧ ɡ ɲɜɢɞɤɨɨɛɟɪɬɨɜɢɦɢ 
ɪɨɬɨɪɚɦɢ, ɜ ɹɤɢɯ ɧɟɡɪɿɜɧɨɜɚɠɟɧɿɫɬɶ ɡɦɿɧɸɽɬɶɫɹ ɿɦɩɭɥɶɫɧɨ ɿ ɱɚɫɬɨ; ɞɥɹ ɩɿɞɜɢɳɟɧɧɹ ɟɮɟɤɬɢɜɧɨɫɬɿ ɚɜɬɨɛɚɥɚɧɫɭ-
ɜɚɧɧɹ ȼɋȾ ɜ ɩɪɨɰɟɫɿ ɟɤɫɩɥɭɚɬɚɰɿʀ.
Ʉɥɸɱɨɜɿ ɫɥɨɜɚ: ɚɜɬɨɛɚɥɚɧɫɭɜɚɧɧɹ; ɧɚɬɭɪɧɢɣ ɟɤɫɩɟɪɢɦɟɧɬ; ɡɦɿɧɧɚ ɧɟɡɪɿɜɧɨɜɚɠɟɧɿɫɬɶ; ɩɟɪɟɯɿɞɧɿ ɩɪɨɰɟɫɢ; ɪɨɬɨɪ.

THE EFFICIENCY OF BALANCING THE CENTRIFUGAL JUICER 
WITH A BALL AUTOBALANCER IN THE IMPLEMENTATION OF THE 

TECHNOLOGICAL PROCESS

Goncharov V.ɚ1

a Kiev Institute of Business and Technology, Ukraine
Annotation
It is shown that the use of an autobalancer is effective in balancing the centrifugal juicer during the technological process. 
It improves the vibration characteristics of the centrifugal juicer for bullets of any size. It is shown that the increase in the 
number of balls leads to the vibration improvement of the state of the centrifugal juicer during the technological process. In 
the case of small balls and when the treadmill is half full, the vibration (standard deviation of the vibration acceleration) of 
the centrifugal juicer is reduced by almost 53%. This is explained as follows. In the process of operation of the centrifugal 
juicer, the imbalance of the sieve and bullets in the autobalancer changes almost continuously. Accordingly, it would help if 
you changed your autobalancing positions often (many successive transients are carried out). The process of balancing the 
centrifugal juicer, in general, will be the more efficient, the shorter the duration of each transition process relative to the 
time interval between changes in imbalance. The transients’ duration depends mainly on the distance between the adjacent 
self-balancing positions of the balls and the forces of viscous resistance to the relative motion of the balls. As the diameter 
of the balls increases, the fullness of the treadmill decreases. Hence, an increase in the size of the balls leads to an increase 
in the distance between adjacent self-balancing positions of the balls and to an increase in the duration of transients. With 
the same amount of oil in the autobalancer, larger diameter balls are more inert and, accordingly, they oscillate longer 
around their autobalance positions. Sometimes they do not have time to take their self-balancing positions before the next 
change of imbalance. The obtained results can be used in AB’s design for balancing on the go machines with high-speed 
rotors, in which the imbalance changes pulse and often; to increase the efficiency of IRR self-balancing during operation.
Keywords: auto-balancing; full-scale experiment; variable imbalance; transitory process; rotor.
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ȼɫɬɭɩ
ȼ ɩɪɨɰɟɫɿ ɪɨɛɨɬɢ ɜɿɞɰɟɧɬɪɨɜɢɯ ɫɨɤɨɞɚɜɨɤ 

(ȼɋȾ) ɡ ɰɢɥɿɧɞɪɢɱɧɢɦ ɫɢɬɨɦ ɧɟɡɪɿɜɧɨɜɚɠɟɧɿɫɬɶ 
ɽ ɡɦɿɧɧɨɸ – ɡɦɿɧɸɽɬɶɫɹ ɧɟɩɟɪɟɪɜɧɨ (ɞɢɫɤɪɟɬɧɨ ɡ 
ɡɧɚɱɧɨɸ ɱɚɫɬɨɬɨɸ ɿ ɲɜɢɞɤɿɫɬɸ, ɱɚɫɬɨ ɿ ɦɢɬɬɽɜɨ). 
ɇɚɫɥɿɞɤɨɦ ɰɶɨɝɨ ɽ ɡɧɚɱɧɿ ɜɿɛɪɚɰɿʀ ʀɯ ɤɨɪɩɭɫɭ. 
ɋɢɬɨ ɬɚɤɢɯ ȼɋȾ ɞɨɰɿɥɶɧɨ ɛɚɥɚɧɫɭɜɚɬɢ ɧɚ ɯɨɞɭ 
ɩɚɫɢɜɧɢɦɢ ɚɜɬɨɛɚɥɚɧɫɢɪɚɦɢ (ȺȻ) (Thearle, 1950; 
Ƚɨɪɛɟɧɤɨ, 2015; Ɏɢɥɢɦɨɧɢɯɢɧ ɬɚ ɿɧɲɿ, 2016).

ɉɪɢ ɩɪɨɟɤɬɭɜɚɧɧɿ ɩɚɫɢɜɧɢɯ ȺȻ ɞɥɹ ɛɚɥɚɧɫɭ-
ɜɚɧɧɹ ɤɨɧɤɪɟɬɧɢɯ ɦɚɲɢɧ ɫɩɨɱɚɬɤɭ ɞɨɫɥɿɞɠɭɸɬɶ:

– ɱɢ ɦɨɠɥɢɜɨ ɜ ɩɪɢɧɰɢɩɿ ɡɛɚɥɚɧɫɭɜɚɬɢ
ɩɟɜɧɢɣ ɪɨɬɨɪ ɩɚɫɢɜɧɢɦɢ ȺȻ ɛɭɞɶ-ɹɤɨɝɨ
(Hsieh ɬɚ Lu, 2015; Majewski et al., 2015;
Ɏɢɥɢɦɨɧɢɯɢɧ ɬɚ ɿɧɲɿ, 2017) ɚɛɨ ɩɟɜ-
ɧɨɝɨ (Ⱦɟɬɢɧɤɨ, 1956; ɇɟɫɬɟɪɟɧɤɨ, 1985;
Sperling et al., 2001) ɬɢɩɭ;

– ɦɨɠɥɢɜɿɫɬɶ ɩɿɞɜɢɳɟɧɧɹ ɬɨɱɧɨɫɬɿ ɛɚɥɚɧ-
ɫɭɜɚɧɧɹ ɿ ɡɦɟɧɲɟɧɧɹ ɡɚɥɢɲɤɨɜɢɯ ɜɿɛɪɚɰɿɣ
(Majewski, 1988; Ƚɭɫɚɪɨɜ, 2002; Quangang
et al., 2005)*

– ɦɨɠɥɢɜɿɫɬɶ ɩɪɢɲɜɢɞɲɟɧɧɹ ɧɚɫɬɚɧɧɹ ɚɜ-
ɬɨɛɚɥɚɧɫɭɜɚɧɧɹ (Ɏɢɥɢɦɨɧɢɯɢɧ ɬɚ ɿɧɲɿ,
2016; Ƚɨɧɱɚɪɨɜ ɬɚ ɿɧɲɿ 2017; Ɉɥɿɣɧɿɱɟɧɤɨ
ɬɚ ɿɧɲɿ, 2017).

ɉɿɫɥɹ ɰɶɨɝɨ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɨɰɿɧɸɸɬɶ 
ɟɮɟɤɬɢɜɧɿɫɬɶ ɛɚɥɚɧɫɭɜɚɧɧɹ (Rodrigues et al., 
2011). ɇɚ ɫɶɨɝɨɞɧɿ ɭɫɿ ɟɬɚɩɢ ɞɨɫɥɿɞɠɟɧɶ ɩɪɨ-
ɜɟɞɟɧɿ, ɜ ɨɫɧɨɜɧɨɦɭ, ɬɿɥɶɤɢ ɞɥɹ ɜɿɞɰɟɧɬɪɨɜɢɯ 
ɦɚɲɢɧ, ɭ ɹɤɢɯ ɧɟɡɪɿɜɧɨɜɚɠɟɧɿɫɬɶ ɩɨɫɬɿɣɧɚ ɚɛɨ 
ɡɦɿɧɸɽɬɶɫɹ ɩɨɜɿɥɶɧɨ.

ɉɪɢ ɞɨɫɥɿɞɠɟɧɧɿ ɩɪɨɰɟɫɭ ɧɚɫɬɚɧɧɹ ɚɜɬɨɛɚ-
ɥɚɧɫɭɜɚɧɧɹ ɞɨɫɥɿɞɠɟɧɧɹ ɩɪɨɜɨɞɹɬɶɫɹ ɡɚ ɧɚɫɬɭɩ-
ɧɢɦɢ ɱɨɬɢɪɦɚ ɧɚɩɪɹɦɤɚɦɢ.

1) ȼɢɜɱɟɧɧɹ ɩɪɢɧɰɢɩɨɜɨʀ ɦɨɠɥɢɜɨɫɬɿ ɛɚ-
ɥɚɧɫɭɜɚɧɧɹ ɪɨɬɨɪɧɨʀ ɦɚɲɢɧɢ ɩɚɫɢɜɧɢɦɢ ȺȻ 
(Gorbenko et al., 2019).

1.1) Ⱦɥɹ ȼɋȾ ɬɚɤɚ ɦɨɠɥɢɜɿɫɬɶ ɩɿɞɬɜɟɪɞɠɟɧɚ 
ɜ ɪɨɛɨɬɚɯ ɧɚɲɢɯ ɩɨɩɟɪɟɞɧɿɯ ɪɨɛɨɬɚɯ, ɞɟ ɞɨɫɥɿ-
ɞɠɟɧɨ ɫɬɚɬɢɱɧɟ ɛɚɥɚɧɫɭɜɚɧɧɹ ɨɞɧɢɦ ȺȻ:

– ɠɨɪɫɬɤɨɝɨ ɪɨɬɨɪɚ, ɳɨ ɡɞɿɣɫɧɸɽ ɩɪɨɫɬɨɪɨ-
ɜɢɣ ɪɭɯ;

– ɪɨɬɨɪɚ ɡ ɧɟɪɭɯɨɦɨɸ ɬɨɱɤɨɸ ɧɚ ɩɪɭɠɧɿɣ
ɨɩɨɪɿ;

– ɪɨɬɨɪɚ ɧɚ ɞɜɨɯ ɨɩɨɪɚɯ, ɳɨ ɡɞɿɣɫɧɸɽ ɩɪɨ-
ɫɬɨɪɨɜɢɣ ɪɭɯ;

– ɪɨɬɨɪɚ ɡ ɤɪɢɥɶɱɚɬɤɨɸ, ɧɚ ɹɤɭ ɞɿɸɬɶ ɚɟɪɨ-
ɞɢɧɚɦɿɱɧɿ ɫɢɥɢ;

– ɪɨɬɨɪɚ ɩɨɦɿɳɟɧɨɝɨ ɜ ɤɨɪɩɭɫɿ ɧɚ ɩɨɞɚɬɥɢ-
ɜɢɯ ɨɩɨɪɚɯ.

ȼ ɧɚɲɢɯ ɩɨɩɟɪɟɞɧɿɯ ɪɨɛɨɬɚɯ ɩɪɢ ɞɨɫɥɿɞɠɟɧ-
ɧɹɯ ɜɢɤɨɪɢɫɬɨɜɭɜɚɜɫɹ ɟɦɩɿɪɢɱɧɢɣ ɤɪɢɬɟɪɿɣ 
ɧɚɫɬɚɧɧɹ ɚɜɬɨɛɚɥɚɧɫɭɜɚɧɧɹ. ɐɟ ɨɞɢɧ ɡ ɧɚɣɟɮɟɤ-
ɬɢɜɧɿɲɢɯ ɦɟɬɨɞɿɜ ɜɢɡɧɚɱɟɧɧɹ ɭɦɨɜ, ɩɪɢ ɹɤɢɯ ȺȻ 
ɞɨɜɿɥɶɧɨɝɨ ɬɢɩɭ ɿ ɭ ɛɭɞɶ-ɹɤɿɣ ɤɿɥɶɤɨɫɬɿ ɦɨɠɭɬɶ 
ɡɛɚɥɚɧɫɭɜɚɬɢ ɠɨɪɫɬɤɢɣ ɪɨɬɨɪ ɧɚ ɩɨɞɚɬɥɢɜɢɯ 
ɨɩɨɪɚɯ (Bykov, 2013).

1.2) ɍɦɨɜɢ ɧɚɫɬɚɧɧɹ ɚɜɬɨɛɚɥɚɧɫɭɜɚɧɧɹ ɩɪɢ 
ɛɚɥɚɧɫɭɜɚɧɧɿ ɠɨɪɫɬɤɢɯ ɪɨɬɨɪɿɜ ɩɚɫɢɜɧɢɦɢ ȺȻ 
ɩɟɜɧɨɝɨ ɬɢɩɭ ɜɢɡɧɚɱɚɥɢɫɹ ɜ ɪɨɛɨɬɚɯ (Sperling 

et al., 2001; Sperling et al., 2004; Rodrigues et 
al., 2011):

– ɞɥɹ ɞɜɨɯɤɭɥɶɨɜɢɯ ȺȻ ɭ ɪɚɦɤɚɯ ɦɨɞɟɥɟɣ
ɪɨɬɨɪɚ ɡ ɧɟɪɭɯɨɦɨɸ ɬɨɱɤɨɸ ɿ – ɧɚ ɞɜɨɯ
ɩɪɭɠɧɢɯ ɨɩɨɪɚɯ;

– ɞɥɹ ɤɥɚɫɢɱɧɢɯ ɿ ɧɟɤɥɚɫɢɱɧɢɯ ȺȻ ɭ ɪɚɦɤɚɯ
ɦɨɞɟɥɟɣ ɪɨɬɨɪɚ ɡ ɩɥɨɫɤɨɩɚɪɚɥɟɥɶɧɢɦ ɪɭ-
ɯɨɦ ȺȻ;

– ɩɪɢ ɛɚɥɚɧɫɭɜɚɧɧɿ ɠɨɪɫɬɤɨɝɨ ɪɨɬɨɪɚ ɧɚ
ɞɜɨɯ ɿɡɨɬɪɨɩɧɢɯ ɩɪɭɠɧɢɯ ɨɩɨɪɚɯ: ɫɬɚɬɢɱ-
ɧɨ  ɨɞɧɢɦ ɞɜɨɯɤɭɥɶɨɜɢɦ ȺȻ, ɞɢɧɚɦɿɱɧɨ  
ɞɜɨɦɚ ɞɜɨɯɤɭɥɶɨɜɢɦɢ ȺȻ;

– ɩɪɢ ɫɬɚɬɢɱɧɨɦɭ ɛɚɥɚɧɫɭɜɚɧɧɿ ɨɞɧɢɦ ɛɚɝɚ-
ɬɨɤɭɥɶɨɜɢɦ ȺȻ ɠɨɪɫɬɤɨɝɨ ɪɨɬɨɪɚ, ɩɨɦɿ-
ɳɟɧɨɝɨ ɭ ɜɚɠɤɢɣ ɩɪɭɠɧɨ-ɜ’ɹɡɤɨ-ɡɚɤɪɿɩɥɟ-
ɧɢɣ ɤɨɪɩɭɫ ɩɪɢ ɦɚɥɿɣ ɿ ɜɟɥɢɤɿɣ ɦɚɫɿ ȺȻ.

1.3). ȼɩɥɢɜ ɪɿɡɧɢɯ ɮɚɤɬɨɪɿɜ ɧɚ ɬɨɱɧɿɫɬɶ ɛɚ-
ɥɚɧɫɭɜɚɧɧɹ ɞɨɫɥɿɞɠɭɜɚɜɫɹ ɜ ɪɨɛɨɬɚɯ (Majewski, 
1988; Sung et al., 2013; Haidar & Palacios, 2016):

– ɜ (Majewski, 1988) ɩɨɤɚɡɚɧɨ, ɳɨ ɨɫɧɨɜɧɢ-
ɦɢ ɩɪɢɱɢɧɚɦɢ, ɹɤɿ ɡɧɢɠɭɸɬɶ ɬɨɱɧɿɫɬɶ
ɛɚɥɚɧɫɭɜɚɧɧɹ ɩɚɫɢɜɧɢɦɢ ȺȻ ɪɨɬɨɪɿɜ, ɽ
ɟɤɫɰɟɧɬɪɢɫɢɬɟɬ ɛɿɝɨɜɨʀ ɞɨɪɿɠɤɢ ɿ ɫɢɥɢ
ɨɩɨɪɭ ɤɨɱɟɧɧɸ Ʉȼ ɩɨ ɞɨɪɿɠɰɿ; ɩɨɤɚɡɚɧɨ,
ɳɨ ɡɦɟɧɲɟɧɧɹ ɟɤɫɰɟɧɬɪɢɫɢɬɟɬɭ ɿ ɫɢɥɢ
ɫɭɯɨɝɨ ɬɟɪɬɹ ɩɪɢɜɨɞɢɬɶ ɞɨ ɡɦɟɧɲɟɧɧɹ
ɩɨɯɢɛɤɢ ɛɚɥɚɧɫɭɜɚɧɧɹ.

– ɜ (Quangang et al., 2005) ɞɨɫɥɿɞɠɟɧɨ ɡɚ-
ɥɟɠɧɿɫɬɶ ɬɨɱɧɨɫɬɿ ɛɚɥɚɧɫɭɜɚɧɧɹ ɪɨɬɨɪɚ
ɤɭɥɶɨɜɢɦɢ ȺȻ ɜɿɞ ɫɢɥ ɨɩɨɪɭ ɤɨɱɟɧɧɸ Ʉȼ,
ɡɚɩɪɨɩɨɧɨɜɚɧɨ ɡɦɟɧɲɭɜɚɬɢ ɫɢɥɢ ɨɩɨɪɭ
ɤɨɱɟɧɧɸ ɤɭɥɶ ɲɥɹɯɨɦ ɡɛɿɥɶɲɟɧɧɹ ɪɚɞɿɭɫɭ
Ʉȼ.

– ɜ (Haidar & Palacios, 2016) ɞɨɫɥɿɞɠɟɧɨ
ɬɨɱɧɿɫɬɶ ɛɚɥɚɧɫɭɜɚɧɧɹ ɡ ɜɪɚɯɭɜɚɧɧɹɦ ɫɢɥ
ɫɭɯɨɝɨ ɬɟɪɬɹ ɿ ɭɞɚɪɿɜ ɦɿɠ Ʉȼ.

2) Ⱦɨɫɥɿɞɠɟɧɧɹ ɩɟɪɟɯɿɞɧɢɯ ɩɪɨɰɟɫɿɜ (ɉɉ),
ɩɿɫɥɹ ɹɤɢɯ ɧɚɫɬɚɽ ɚɜɬɨɛɚɥɚɧɫɭɜɚɧɧɹ. Ɍɚɤɿ ɞɨɫɥɿ-
ɞɠɟɧɧɹ ɩɪɨɜɨɞɢɥɢɫɶ:

– ɚɧɚɥɿɬɢɱɧɨ ɞɥɹ ɞɜɨɯɤɭɥɶɨɜɢɯ ȺȻ ɿ ɞɥɹ
ɛɚɝɚɬɨɤɭɥɶɨɜɢɯ ȺȻ,

– ɱɢɫɥɨɜɢɦɢ ɦɟɬɨɞɚɦɢ ɞɥɹ ɞɜɨɯɤɭɥɶɨɜɢɯ
ȺȻ.

ȼ ɪɨɛɨɬɿ (Ƚɨɧɱɚɪɨɜ ɬɚ ɿɧɲɿ 2017) ɡɚɩɪɨɩɨɧɨ-
ɜɚɧɿ ɤɭɥɶɨɜɿ (ɪɨɥɢɤɨɜɿ) ȺȻ ɡ ɧɚɣɛɿɥɶɲɨɸ ɛɚɥɚɧ-
ɫɭɜɚɥɶɧɨɸ ɽɦɧɿɫɬɸ ɭ ɨɛɦɟɠɟɧɨɦɭ ɨɛ’ɽɦɿ ɿ ɹɤɿ 
ɡɚɛɟɡɩɟɱɭɸɬɶ ɧɚɣɲɜɢɞɲɟ ɧɚɫɬɚɧɧɿ ɚɜɬɨɛɚɥɚɧɫɭ-
ɜɚɧɧɹ. ɉɨɤɚɡɚɧɨ, ɳɨ ɧɚɣɛɿɥɶɲɭ ɛɚɥɚɧɫɭɜɚɥɶɧɭ 
ɽɦɧɿɫɬɶ ɫɬɜɨɪɸɸɬɶ ɧɚɣɛɿɥɶɲɿ Ʉȼ, ɳɨ ɩɨɦɿɳɚ-
ɸɬɶɫɹ ɭ ȺȻ. ɉɪɢ ɰɶɨɦɭ ɡɛɿɥɶɲɟɧɧɹ ɤɿɥɶɤɨɫɬɿ Ʉȼ 
ɩɪɢɲɜɢɞɲɭɽ ɧɚɫɬɚɧɧɹ ɚɜɬɨɛɚɥɚɧɫɭɜɚɧɧɹ.

ȼ ɪɨɛɨɬɚɯ ɚɜɬɨɪɿɜ, ɧɚ ɹɤɿ ɦɢ ɫɩɢɪɚɽɦɨɫɶ ɩɨ-
ɤɚɡɚɧɨ, ɳɨ ɩɪɢ ɞɨɫɥɿɞɠɟɧɧɿ ɬɪɢɜɚɥɨɫɬɿ ɩɟɪɟɛɿɝɭ 
ɉɉ ɧɟ ɛɚɠɚɧɨ ɡɚɫɬɨɫɨɜɭɜɚɬɢ ɞɜɨɯɤɭɥɶɨɜɿ ȺȻ.

3) Ⱦɨɫɥɿɞɠɟɧɧɹ 3D-ɦɨɞɟɥɸɜɚɧɧɹɦ (Guyader
et at., 2013). ȼɢɤɥɚɞɟɧɚ ɦɟɬɨɞɢɤɚ ɨɩɬɢɦɿɡɚɰɿʀ 
ɩɚɪɚɦɟɬɪɿɜ ȺȻ 3D-ɦɨɞɟɥɸɜɚɧɧɹɦ ɚɜɬɨɛɚɥɚɧɫɭ-
ɜɚɧɧɹ ɮɿɤɫɨɜɚɧɨʀ ɧɟɡɪɿɜɧɨɜɚɠɟɧɨɫɬɿ ɪɨɬɨɪɧɨʀ 
ɦɚɲɢɧɢ ɩɪɢ:
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– ɞɢɧɚɦɿɱɧɨɦɭ ɡɪɿɜɧɨɜɚɠɟɧɧɹ ɤɪɢɥɶɱɚɬɤɢ
ɨɫɶɨɜɨɝɨ ɜɟɧɬɢɥɹɬɨɪɚ ɿ ɦɿɧɿɦɿɡɚɰɿʀ ɬɪɢɜɚ-
ɥɨɫɬɿ ɩɟɪɟɛɿɝɭ ɉɉ;

– ɫɬɚɬɢɱɧɨɦɭ ɡɪɿɜɧɨɜɚɠɟɧɧɿ ɫɢɬɚ ȼɋȾ ɿ ɦɿ-
ɧɿɦɿɡɚɰɿʀ ɡɚɥɢɲɤɨɜɢɯ ɜɿɛɪɨɩɪɢɲɜɢɞɲɟɧɶ;

– ɫɬɚɬɢɱɧɨɦɭ ɡɪɿɜɧɨɜɚɠɟɧɧɿ ɫɢɬɚ ȼɋȾ ɿ ɦɿ-
ɧɿɦɿɡɚɰɿʀ ɬɪɢɜɚɥɨɫɬɿ ɩɟɪɟɛɿɝɭ ɉɉ.

3D-ɦɨɞɟɥɸɜɚɧɧɹɦ ɞɨɫɥɿɞɠɟɧɨ ɩɪɨɰɟɫ ɚɜɬɨ-
ɛɚɥɚɧɫɭɜɚɧɧɹ ȼɋȾ ɩɪɢ ɿɦɩɭɥɶɫɧɿɣ ɡɦɿɧɿ ɧɟɡɪɿɜ-
ɧɨɜɚɠɟɧɨɫɬɿ ʀʀ ɫɢɬɚ.

4) ɉɪɨɜɟɞɟɧɧɹ ɧɚɬɭɪɧɨɝɨ ɟɤɫɩɟɪɢɦɟɧɬɭ.
Ɂɚɝɚɥɶɧɢɣ ɩɿɞɯɿɞ, ɳɨ ɜɢɤɨɪɢɫɬɨɜɭɽɬɶɫɹ ɞɥɹ ɞɨ-
ɫɥɿɞɠɟɧɧɹ ɚɜɬɨɛɚɥɚɧɫɭɜɚɧɧɹ ȼɋȾ ɜɠɟ ɪɟɚɥɿɡɨɜɚ-
ɧɢɣ ɩɪɢ ɞɨɫɥɿɞɠɟɧɧɿ ɚɜɬɨɛɚɥɚɧɫɭɜɚɧɧɹ ɨɫɶɨɜɢɯ 
ɜɟɧɬɢɥɹɬɨɪɿɜ. Ⱦɨɜɟɞɟɧɚ ɦɨɠɥɢɜɿɫɬɶ ɫɬɚɬɢɱɧɨɝɨ ɿ 
ɞɢɧɚɦɿɱɧɨɝɨ ɛɚɥɚɧɫɭɜɚɧɧɹ ɪɨɬɨɪɚ, ɜɫɬɚɧɨɜɥɟɧɨ-
ɝɨ ɭ ɜɚɠɤɢɣ ɩɪɭɠɧɨ-ɜ’ɹɡɤɨ ɡɚɤɪɿɩɥɟɧɢɣ ɤɨɪɩɭɫ; 
ɞɨɜɟɞɟɧɚ ɦɨɠɥɢɜɿɫɬɶ ɛɚɥɚɧɫɭɜɚɧɧɹ ɩɚɫɢɜɧɢɦɢ 
ɚɜɬɨɛɚɥɚɧɫɢɪɚɦɢ ɹɤ ɡɜɢɱɚɣɧɨʀ, ɬɚɤ ɿ ɚɟɪɨɞɢɧɚ-
ɦɿɱɧɨʀ ɧɟɡɪɿɜɧɨɜɚɠɟɧɨɫɬɟɣ ɤɪɢɥɶɱɚɬɤɢ.

Ⱦɥɹ ȼɋȾ ɜɠɟ ɩɪɨɜɟɞɟɧɿ ɬɚɤɿ ɞɨɫɥɿɞɠɟɧɧɹ:
– ɡɚɩɪɨɩɨɧɨɜɚɧɨ ɬɟɯɧɿɱɧɟ ɪɿɲɟɧɧɹ ɩɨ ɦɨ-

ɞɟɪɧɿɡɚɰɿʀ ȼɋȾ (ɩɚɬɟɧɬ  2014)
– ɞɨɫɥɿɞɠɟɧɨ 3D-ɦɨɞɟɥɸɜɚɧɧɹɦ ɩɪɨɰɟɫ

ɚɜɬɨɛɚɥɚɧɫɭɜɚɧɧɹ ȼɋȾ ɹɤ ɩɪɢ ɧɟɡɦɿɧɧɿɣ
ɧɟɡɪɿɜɧɨɜɚɠɟɧɨɫɬɿ ɬɚɤ ɿ ɩɪɢ ɿɦɩɭɥɶɫɧɿɣ ʀʀ
ɡɦɿɧɿ;

– ɫɬɜɨɪɟɧɨ ɿ ɩɪɨɬɟɫɬɨɜɚɧɨ ɧɚɬɭɪɧɢɣ ɫɬɟɧɞ
ȼɋȾ ɩɪɢ ɜɿɞɫɭɬɧɨɫɬɿ ɬɚ ɩɪɢ ɧɟɡɦɿɧɧɿɣ
ɧɟɡɪɿɜɧɨɜɚɠɟɧɨɫɬɿ ɫɢɬɚ.

Ⱦɥɹ ȼɋȾ ɭɫɿ ɟɬɚɩɢ ɬɚɤɢɯ ɞɨɫɥɿɞɠɟɧɶ ɩɪɨ-
ɜɟɞɟɧɿ ɬɿɥɶɤɢ ɞɥɹ ɱɚɫɬɢɧɧɨɝɨ ɜɢɩɚɞɤɭ – ɩɪɢ 
ɫɬɚɬɢɱɧɨɦɭ ɚɜɬɨɛɚɥɚɧɫɭɜɚɧɧɿ ɧɟɡɦɿɧɧɨʀ ɜ ɱɚɫɿ 
ɧɟɡɪɿɜɧɨɜɚɠɟɧɨɫɬɿ ɫɢɬɚ. Ⱥ ɨɬ ɚɜɬɨɛɚɥɚɧɫɭɜɚɧ-

ɧɹ ɲɜɢɞɤɨʀ ɡɦɿɧɢ ɧɟɡɪɿɜɧɨɜɚɠɟɧɨɫɬɿ ɫɢɬɚ ȼɋȾ 
ɞɨɫɥɿɞɠɟɧɨ ɬɿɥɶɤɢ 3D-ɦɨɞɟɥɸɜɚɧɧɹɦ.

Ɍɨɦɭ ɚɤɬɭɚɥɶɧɨ ɧɚ ɧɚɬɭɪɧɨɦɭ ɫɬɟɧɞɿ ȼɋȾ 
ɞɨɫɥɿɞɢɬɢ ɟɮɟɤɬɢɜɧɿɫɬɶ ɫɬɚɬɢɱɧɨɝɨ ɚɜɬɨɛɚɥɚɧ-
ɫɭɜɚɧɧɹ ɩɪɢ ɩɪɨɜɟɞɟɧɧɿ ɬɟɯɧɨɥɨɝɿɱɧɨɝɨ ɩɪɨɰɟɫɭ, 
ɜ ɹɤɨɦɭ ɿɦɩɭɥɶɫɧɨ ɿ ɱɚɫɬɨ ɡɦɿɧɸɽɬɶɫɹ ɧɟɡɪɿɜɧɨ-
ɜɚɠɟɧɿɫɬɶ.

Ɇɟɬɨɸ ɪɨɛɨɬɢ ɽ ɞɨɫɥɿɞɠɟɧɧɹ ɟɮɟɤɬɢɜɧɨɫɬɿ 
ɛɚɥɚɧɫɭɜɚɧɧɹ ȼɋȾ ɤɭɥɶɨɜɢɦ ȺȻ ɧɚ ɧɚɬɭɪɧɨɦɭ 
ɫɬɟɧɞɿ ɜ ɯɨɞɿ ɬɟɯɧɨɥɨɝɿɱɧɨɝɨ ɩɪɨɰɟɫɭ.

Ɇɟɬɨɞɢ ɬɚ ɦɚɬɟɪɿɚɥɢ ɞɨɫɥɿɞɠɟɧɧɹ 
Ⱦɨɫɥɿɞɠɟɧɧɹ ɚɜɬɨɛɚɥɚɧɫɭɜɚɧɧɹ ɩɪɨɜɨɞɢɬɶɫɹ 

ɧɚ ɧɚɬɭɪɧɨɦɭ ɫɬɟɧɞɿ ɫɟɪɿɣɧɨʀ ȼɋȾ «Ɋɨɞɧɢɱɨɤ» 
(ɋȾɉɉ-201, ɍɤɪɚʀɧɚ). ɉɪɢ ɰɶɨɦɭ ɜɢɤɨɪɢɫɬɨ-
ɜɭɸɬɶɫɹ ɪɟɡɭɥɶɬɚɬɢ ɪɨɛɿɬ ɨɡɧɚɱɟɧɨɝɨ ɜɢɳɟ ɩɚ-
ɬɟɧɬɭ. Ⱥ ɫɚɦɟ ȼɋȾ ɦɨɞɟɪɧɿɡɭɽɬɶɫɹ ɧɚɫɬɭɩɧɢɦ 
ɱɢɧɨɦ: ɧɚ ɜɚɥ ɪɨɬɨɪɚ (ɪɢɫ. 1) ɡɚɦɿɫɬɶ ɫɟɪɿɣɧɨʀ 
ɩɥɚɬɮɨɪɦɢ ɧɚɫɚɞɠɭɽɬɶɫɹ ɩɥɚɬɮɨɪɦɚ ɫɭɦɿɳɟɧɚ ɡ 
ɤɭɥɶɨɜɢɦ ȺȻ. ɉɪɢ ɰɶɨɦɭ ɞɥɹ ɫɬɟɧɞɭ ɫɩɪɨɟɤɬɨɜɚ-
ɧɚ ɿ ɜɢɝɨɬɨɜɥɟɧɚ ɭɧɿɜɟɪɫɚɥɶɧɚ ɦɨɞɟɥɶ ɤɭɥɶɨɜɨɝɨ 
ȺȻ (ɪɢɫ. 2ɚ, 2ɜ). ȼɨɧɚ ɦɨɠɟ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢɫɹ 
ɜ ɞɜɨɯ ɜɚɪɿɚɧɬɚɯ: ɹɤ ɡɜɢɱɚɣɧɢɣ ɨɞɧɨɪɹɞɧɢɣ 
ɤɭɥɶɨɜɢɣ ȺȻ (ɪɢɫ. 2, ɛ, ɞɟ 1 – ɤɨɪɩɭɫ ȺȻ, 2 – 
ɤɭɥɿ); ɹɤ ȺȻ ɡ ɪɭɯɨɦɢɦɢ ɩɟɪɟɝɨɪɨɞɤɚɦɢ (ɪɢɫ. 
2ɜ), ɡɚɜɞɹɤɢ ɜɢɤɨɪɢɫɬɚɧɧɸ ɡɧɿɦɧɨʀ ɜɬɭɥɤɢ 3 ɡ 
ɩɟɪɟɝɨɪɨɞɤɚɦɢ.

ȼ ɪɨɛɨɬɿ (Ɏɢɥɢɦɨɧɢɯɢɧ ɬɚ Ƚɨɧɱɚɪɨɜ, 2013) 
ɧɚ ɨɫɧɨɜɿ ȼɋȾ «Ɋɨɞɧɢɱɨɤ» ɫɬɜɨɪɟɧɨ ɫɬɟɧɞ, ɩɪɢ-
ɡɧɚɱɟɧɢɣ ɞɥɹ ɩɪɨɜɟɞɟɧɧɹ ɛɚɝɚɬɨ- ɿ ɩɨɜɧɨɮɚɤɬɨɪ-
ɧɢɯ ɟɤɫɩɟɪɢɦɟɧɬɿɜ ɡ ɦɟɬɨɸ ɞɨɜɟɞɟɧɧɹ ȺȻ ɬɚ 
ɩɨɲɭɤɭ ɨɩɬɢɦɚɥɶɧɢɯ ɡɧɚɱɟɧɶ ɣɨɝɨ ɩɚɪɚɦɟɬɪɿɜ. 
ɉɪɢ ɰɶɨɦɭ: ɬɪɶɨɯɨɫɶɨɜɢɣ ɞɚɬɱɢɤ ɜɿɛɪɨɩɪɢɲɜɢɞ-
ɲɟɧɶ ɜɫɬɚɧɨɜɥɟɧɢɣ ɧɚ ɝɨɪɢɡɨɧɬɚɥɶɧɿɣ ɩɨɜɟɪɯɧɿ 
ɜɟɪɯɧɶɨʀ ɤɪɢɲɤɢ ȼɋȾ ɹɤ ɦɨɠɧɚ ɛɥɢɠɱɟ ɞɨ ɤɪɚɸ 
ɤɪɢɲɤɢ; ɫɢɝɧɚɥɢ ɜɿɛɪɨɩɪɢɲɜɢɞɲɟɧɶ ɜ ɧɚɩɪɹɦ-
ɤɭ ɨɫɟɣ ɈX ɬɚ ɈY ɨɛɪɨɛɥɹɸɬɶɫɹ ɨɞɧɿɽɸ ɚɧɚɥɨ-
ɝɨ-ɰɢɮɪɨɜɨɸ ɩɥɚɬɨɸ, ɚ ɜ ɧɚɩɪɹɦɤɭ ɬɪɟɬɶɨʀ ɨɫɿ 
(ɈZ) – ɿɧɲɨɸ. Ɂɚɦɿɪ ɜɿɛɪɨɩɪɢɲɜɢɞɲɟɧɧɹ ɩɪɨ-
ɜɨɞɢɬɶɫɹ ɧɚɫɬɭɩɧɢɦ ɱɢɧɨɦ: ɚɧɚɥɨɝɨɜɿ ɫɢɝɧɚɥɢ 
ɡ ɞɚɬɱɢɤɚ ɜɿɛɪɨɩɪɢɲɜɢɞɲɟɧɶ ɱɟɪɟɡ ɚɧɚɥɨɝɨ-
ɜɨ-ɰɢɮɪɨɜɿ ɩɥɚɬɢ ɩɨɞɚɽɬɶɫɹ ɧɚ ɉɄ, ɞɟ ɡ ɜɢɤɨ-
ɪɢɫɬɚɧɧɹɦ ɩɪɨɝɪɚɦɧɨɝɨ ɡɚɛɟɡɩɟɱɟɧɧɹ USB-ɨɫ-
ɰɢɥɨɝɪɚɮ-IRIS ɨɛɪɨɛɥɹɸɬɶɫɹ ɿ ɜɢɜɨɞɹɬɶɫɹ ɧɚ 
ɟɤɪɚɧ ɉɄ ɭ ɪɟɠɢɦɿ «ɋɚɦɨɩɢɫɟɰɶ». ȼɿɞɰɢɮɪɨɜɚɧɿ 

Рис. 1. Вал приводу

Рис. 2. Модернізація СДПП-201: 
а, в – платформа суміщена з кульовим АБ: звичайним – а, з рухомими перегородками – в; 

1 – корпус АБ; 2 – кулі; 3 – рухома втулка з перегородками

а б
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ɫɢɝɧɚɥɢ ɫɤɥɚɞɨɜɢɯ ɜɿɛɪɨɩɪɢɲɜɢɞɲɟɧɧɹ USB-ɨɫ-
ɰɢɥɥɨɝɪɚɮ ɡɚɦɿɪɹɽ ɜ ȼ.

Ⱦɥɹ ɜɢɡɧɚɱɟɧɧɹ ɜɿɞɩɨɜɿɞɧɨɫɬɿ ɦɿɠ ɨɞɢɧɢɰɹɦɢ 
ɜɢɦɿɪɸɜɚɧɧɹ ɜɿɛɪɨɩɪɢɲɜɢɞɲɟɧɹ (ɪɨɡɦɿɪɧɨɫɬɹ-
ɦɢ ȼ ɿ ɦ/ɫ2) ɩɪɨɜɟɞɟɧɨ ɬɚɪɭɜɚɧɧɹ ɬɪɶɨɯɨɫɶɨɜɨɝɨ 
ɞɚɬɱɢɤɚ. Ⱦɥɹ ɰɶɨɝɨ ɩɪɢ ɜɢɤɥɸɱɟɧɿɣ ȼɋȾ ɞɚɬɱɢɤ 
ɫɩɨɱɚɬɤɭ ɜɫɬɚɧɨɜɥɸɽɬɶɫɹ ɜ ɪɨɛɨɱɨɦɭ ɩɨɥɨɠɟɧɧɿ, 
ɩɨɬɿɦ ɩɨɜɟɪɬɚɽɬɶɫɹ ɧɚ 180ɨ ɜɿɞɧɨɫɧɨ ɝɨɪɢɡɨɧ-
ɬɚɥɶɧɨʀ ɨɫɿ. ɉɪɢ ɰɶɨɦɭ: ɜ ɪɟɠɢɦɿ «ɋɚɦɨɩɢɫɟɰɶ» 
ɜɢɡɧɚɱɚɸɬɶɫɹ ɩɨɤɚɡɧɢɤɢ ɜɿɛɪɨɩɪɢɲɜɢɞɲɟɧɧɹ 
Ug=1,72 B ɿ U-g= –1,72 ȼ ɬɚ ɡɧɚɯɨɞɢɬɶɫɹ ɪɨɡɦɚɯ 
ǻU = Ug – U–g = 3,74 B, ɹɤɢɣ ɜɿɞɩɨɜɿɞɚɽ ɜɿɛɪɨ-
ɩɪɢɲɜɢɞɲɟɧɧɸ 2g = 19,62 ɦ/ɫ2. Ʉɨɟɮɿɰɿɽɧɬ k 
ɩɟɪɟɯɨɞɭ ɦɿɠ ɪɨɡɦɿɪɧɨɫɬɹɦɢ ȼ ɬɚ ɦ/ɫ2: k = 2g/
ǻU  = 5,7 ɦ/(ɫ2 ȼ).

Ɂɚɭɜɚɠɢɦɨ, ɳɨ ɜ ɦɨɞɟɪɧɿɡɨɜɚɧɿɣ ȼɋȾ ɩɥɨ-
ɳɢɧɚ ɤɨɪɟɤɰɿʀ (ɩɥɨɳɢɧɚ, ɜ ɹɤɿɣ ɪɭɯɚɸɬɶɫɹ ɰɟɧ-
ɬɪɢ ɤɭɥɶ) ɿ ɩɥɨɳɢɧɚ, ɜ ɹɤɿɣ ɪɭɯɚɽɬɶɫɹ ɦɟɡɝɚ, ɧɟ 
ɫɩɿɜɩɚɞɚɸɬɶ. ɉɥɨɳɢɧɚ ɤɨɪɟɤɰɿʀ ɡɧɚɯɨɞɢɬɶɫɹ ɧɚ 
ɜɿɞɫɬɚɧɿ (27+r) ɦɦ, ɞɟ r – ɪɚɞɿɭɫ ɤɭɥɶ, ɜɿɞ ɫɟɪɟɞ-
ɧɶɨ ɫɬɚɬɢɫɬɢɱɧɨɝɨ ɩɨɥɨɠɟɧɧɹ ɦɟɡɝɢ (ɬɨɱɤɢ, ɹɤɚ 
ɪɿɜɧɨɜɿɞɞɚɥɟɧɚ ɜɿɞ ɤɪɚʀɜ ɫɢɬɚ).

Ɍɪɢɜɚɥɿɫɬɶ   ɤɨɠɧɨɝɨ ɡ ɟɤɫɩɟɪɢɦɟɧɬɿɜ ɜɢɛɢ-
ɪɚɽɬɶɫɹ ɪɿɜɧɨɸ 5 ɯɜ (ɡɚ ɰɟ ɱɚɫ ɡɝɿɞɧɨ ɟɤɫɩɥɭɚɬɚ-
ɰɿɣɧɨʀ ɿɧɫɬɪɭɤɰɿʀ ȼɋȾ ɦɚɽ ɩɟɪɟɪɨɛɥɹɬɢ ɞɨ 5 ɤɝ 
ɫɢɪɨɜɢɧɢ). ȼɿɞɥɿɤ ɬɪɢɜɚɥɨɫɬɿ ɩɨɱɢɧɚɽɬɶɫɹ ɡ ɦɨ-
ɦɟɧɬɭ ɩɟɪɲɨʀ ɩɨɞɚɱɿ ɩɟɪɟɪɨɛɥɸɜɚɧɨʀ ɫɢɪɨɜɢɧɢ.

ȼ ɹɤɨɫɬɿ ɰɿɥɶɨɜɨʀ ɮɭɧɤɰɿʀ ɪɨɡɝɥɹɞɚɽɬɶɫɹ 
ɫɟɪɟɞɧɽ ɿɧɬɟɝɪɚɥɶɧɟ ɡɧɚɱɟɧɧɹ ɦɨɞɭɥɹ ɜɿɛɪɨ-
ɩɪɢɲɜɢɞɲɟɧɧɹ ɬɨɱɤɢ, ɹɤɚ ɡɧɚɯɨɞɢɬɶɫɹ ɧɚ ɝɨ-
ɪɢɡɨɧɬɚɥɶɧɿɣ ɩɨɜɟɪɯɧɿ ɜɟɪɯɧɶɨʀ ɤɪɢɲɤɢ ȼɋȾ 
ɛɥɢɡɶɤɨ ɞɨ ʀʀ ɤɪɚɸ, ɡɚ ɱɚɫ ɜɫɶɨɝɨ ɟɤɫɩɟɪɢɦɟɧɬɭ 
ɚɛɨ ɣɨɝɨ ɱɚɫɬɢɧɢ. ȼ ɟɤɫɩɟɪɢɦɟɧɬɚɯ ɡɚ ɞɨɩɨɦɨ-
ɝɨɸ ɬɪɶɨɯɨɫɶɨɜɨɝɨ ɞɚɬɱɢɤɚ ɜɿɛɪɨɩɪɢɲɜɢɞɲɟɧɶ 
ɬɚ ɞɜɨɯ ɚɧɚɥɨɝɨɜɨ-ɰɢɮɪɨɜɢɯ ɩɥɚɬ ɡ ɩɪɨɝɪɚɦɧɢɦ 
ɡɚɛɟɡɩɟɱɟɧɧɹɦ USB-ɨɫɰɢɥɨɝɪɚɮ-IRIS ɡɚɦɿɪɹ-
ɸɬɶɫɹ ɩɨɬɨɱɧɿ ɫɤɥɚɞɨɜɿ ɜɟɤɬɨɪɚ ɜɿɛɪɨɩɪɢɲɜɢɞ-
ɲɟɧɧɹ Ux(t), Uy(t), Uz(t) (ɜ ȼ) ɿ ɨɛɱɢɫɥɸɽɬɶɫɹ 
ɦɨɞɭɥɶ ɦɢɬɬɽɜɨɝɨ ɜɿɛɪɨɩɪɢɲɜɢɞɲɟɧɧɹ
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ɑɚɫ T ɩɪɨɜɟɞɟɧɧɹ ɟɤɫɩɟɪɢɦɟɧɬɭ ɞɿɥɢɬɶɫɹ ɧɚ 
n ɨɞɧɚɤɨɜɢɯ ɿɧɬɟɪɜɚɥɿɜ ɿ ɡ ɡɚɥɟɠɧɨɫɬɿ U(t) ɡɧɚɯɨ-
ɞɹɬɶɫɹ ɫɟɪɟɞɧɿ ɿɧɬɟɝɪɚɥɶɧɿ ɡɧɚɱɟɧɧɹ Ua,i:
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ɦɨɞɭɥɹ ɜɿɛɪɨɩɪɢɲɜɢɞɲɟɧɧɹ ɡɚ ɿɧɬɟɪɜɚɥɢ ɱɚɫɭ 
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                                      .
ɉɟɪɟɞ ɩɨɱɚɬɤɨɦ ɩɪɨɜɟɞɟɧɧɹ ɟɤɫɩɟɪɢɦɟɧɬɿɜ 

ɜɢɡɧɚɱɚɽɬɶɫɹ ɧɟɭɫɭɜɧɢɣ ɲɭɦ – ɜɟɥɢɱɢɧɚ ɦɨɞɭ-
ɥɹ ɜɿɛɪɨɩɪɢɲɜɢɞɲɟɧɧɹ ɧɚ ɯɨɥɨɫɬɨɦɭ ɯɨɞɭ. ȼɿɧ 
ɫɤɥɚɞɚɽ 0,06 ȼ.

Ⱦɨɫɥɿɞɠɟɧɧɹ ɩɪɨɜɨɞɹɬɶɫɹ ɧɚ ɩɪɢɤɥɚɞɿ ɨɬɪɢ-
ɦɚɧɧɹ ɫɨɤɭ ɦɨɪɤɜɢ. Ⱦɥɹ ɤɨɪɟɤɬɧɨɫɬɿ ɩɨɪɿɜɧɹɧɧɹ 
ɪɟɡɭɥɶɬɚɬɿɜ ɨɤɪɟɦɢɯ ɟɤɫɩɟɪɢɦɟɧɬɿɜ ɜɢɛɢɪɚɽɬɶɫɹ 
ɫɢɪɨɜɢɧɚ ɩɪɢɛɥɢɡɧɨ ɨɞɧɚɤɨɜɨʀ ɮɨɪɦɢ (ɞɨɜɠɢɧɚ, 
ɞɿɚɦɟɬɪ) ɿ ɦɚɫɢ. Ⱦɿɚɦɟɬɪ ɦɨɪɤɜɢɧ ɬɪɨɯɢ ɦɟɧɲɢɣ 

ɡɚ ɨɬɜɿɪ ɞɥɹ ɩɨɞɚɱɿ ɫɢɪɨɜɢɧɢ, ɬɨɛɬɨ ɦɨɪɤɜɢɧɢ 
ɧɟ ɩɨɬɪɿɛɧɨ ɪɨɡɪɿɡɚɬɢ ɧɚ ɱɚɫɬɢɧɢ ɿ ɜɨɧɢ ɩɪɢ ɩɨ-
ɩɚɞɚɧɧɿ ɜ ɨɬɜɿɪ ɞɥɹ ɩɨɞɚɱɿ ɫɢɪɨɜɢɧɢ ɧɟ ɡɚɜɚɥɸ-
ɽɬɶɫɹ (ɡɧɚɯɨɞɹɬɶɫɹ ɜ ɜɟɪɬɢɤɚɥɶɧɨɦɭ ɩɨɥɨɠɟɧɧɿ). 
ɉɪɢ ɩɪɨɜɟɞɟɧɧɿ ɟɤɫɩɟɪɢɦɟɧɬɿɜ ɦɿɧɿɦɿɡɭɽɬɶɫɹ 
ɜɩɥɢɜ ɜɢɩɚɞɤɨɜɢɯ ɡɨɜɧɿɲɧɿɯ ɫɢɥ ɧɚ ɩɪɨɰɟɫ ɨɬ-
ɪɢɦɚɧɧɹ ɫɨɤɭ: ɲɬɨɜɯɚɱ ɞɿɽ ɧɚ ɫɢɪɨɜɢɧɭ ɬɿɥɶɤɢ 
ɫɢɥɨɸ ɜɥɚɫɧɨʀ ɜɚɝɢ – 0,5 ɤɝ; ɜɿɧ ɩɨɦɿɳɚɽɬɶɫɹ ɜ 
ɨɬɜɿɪ ɞɥɹ ɩɨɞɚɱɿ ɫɢɪɨɜɢɧɢ ɿ ɩɿɞɬɪɢɦɭɽɬɶɫɹ ɪɭ-
ɤɨɸ (ɜ ɪɚɡɿ ɧɟɨɛɯɿɞɧɨɫɬɿ) ɜ ɜɟɪɬɢɤɚɥɶɧɨɦɭ ɩɨ-
ɥɨɠɟɧɧɿ ɛɟɡ ɞɨɞɚɬɤɨɜɢɯ ɜɟɪɬɢɤɚɥɶɧɢɯ ɡɭɫɢɥɶ; 
ɜɢɤɢɞ ɦɟɡɝɢ ɧɟ ɡɞɿɣɫɧɸɽɬɶɫɹ.

ȼɢɤɨɪɢɫɬɨɜɭɜɚɜɫɹ ɡɜɢɱɚɣɧɢɣ ȺȻ (ɛɟɡ ɩɟɪɟ-
ɝɨɪɨɞɨɤ) ɡ ɞɿɚɦɟɬɪɨɦ ɛɿɝɨɜɨʀ R=83,2 ɦɦ. ɉɪɨ-
ɜɨɞɢɥɨɫɶ ɞɜɚ ɜɢɞɢ ɟɤɫɩɟɪɢɦɟɧɬɿɜ – ɩɟɪɲɢɣ ɛɟɡ 
ɤɭɥɶ ɜ ȺȻ, ɚ ɞɪɭɝɢɣ ɡ ɤɭɥɹɦɢ.

ɋɩɨɱɚɬɤɭ ɩɪɨɜɨɞɹɬɶɫɹ ɟɤɫɩɟɪɢɦɟɧɬɢ ɛɟɡ 
ɤɭɥɶ ɜ ȺȻ ɿ, ɤɪɿɦ ɿɧɲɨɝɨ, ɜɢɡɧɚɱɚɽɬɶɫɹ ɦɚɤɫɢ-
ɦɚɥɶɧɚ ɩɨɬɨɱɧɚ ɧɟɡɪɿɜɧɨɜɚɠɟɧɿɫɬɶ ɫɢɬɚ. ɉɨɬɿɦ 
ɩɪɨɜɨɞɹɬɶɫɹ ɟɤɫɩɟɪɢɦɟɧɬɢ ɡ ɤɭɥɹɦɢ. ɉɪɢ ɰɶɨɦɭ, 
ɜɢɯɨɞɹɱɢ ɡ (Goncharov ɬɚ ɿɧɲɿ, 2017), ɜ ȺȻ ɩɨ-
ɦɿɳɚɽɬɶɫɹ ɧɟ ɦɟɧɲɟ 3-ɯ ɤɭɥɶ. Ɋɨɡɦɿɪ ɿ ɤɿɥɶɤɿɫɬɶ 
ɤɭɥɶ ɜɢɛɢɪɚɸɬɶɫɹ ɬɚɤɢɦɢ, ɳɨɛ ɛɚɥɚɧɫɭɜɚɥɶɧɚ 
ɽɦɧɿɫɬɶ ȺȻ ɫɤɥɚɞɚɥɚ ɧɟ ɦɟɧɲɟ 125% ɜɿɞ ɦɚɤ-
ɫɢɦɚɥɶɧɨʀ ɩɨɬɨɱɧɨʀ ɧɟɡɪɿɜɧɨɜɚɠɟɧɨɫɬɶ ɫɢɬɚ ɜ 
ɟɤɫɩɟɪɢɦɟɧɬɚɯ ɛɟɡ ɤɭɥɶ ɜ ȺȻ.

ɉɪɨɜɟɞɟɧɧɹ ɟɤɫɩɟɪɢɦɟɧɬɭ. ȼɦɢɤɚɽɬɶɫɹ 
ȼɋȾ ɿ ɜɢɱɿɤɭɽɬɶɫɹ ɱɚɫ ɩɨɤɢ ɜɫɬɚɧɨɜɢɬɶɫɹ ɪɭɯ. 
Ⱦɚɥɿ ɜɦɢɤɚɸɬɶɫɹ USB-ɨɫɰɢɥɨɝɪɚɮɢ-IRIS ɜ ɪɟɠɢ-
ɦɿ ɫɚɦɨɩɢɫɟɰɶ ɿ ɩɨɞɚɽɬɶɫɹ ɩɟɪɟɪɨɛɥɸɜɚɧɚ ɫɢɪɨ-
ɜɢɧɚ ɞɨ ɦɨɦɟɧɬɭ ɡɚɤɿɧɱɟɧɧɹ ɟɤɫɩɟɪɢɦɟɧɬɭ. ɉɪɢ 
ɰɶɨɦɭ ɦɚɫɚ ɩɟɪɟɪɨɛɥɟɧɨʀ ɫɢɪɨɜɢɧɢ ɜ ɤɨɠɧɨɦɭ 
ɟɤɫɩɟɪɢɦɟɧɬɿ ɦɨɠɟ ɛɭɬɢ ɪɿɡɧɨɸ. ɉɿɫɥɹ ɡɚɤɿɧɱɟɧ-
ɧɹ ɱɚɫɭ ɟɤɫɩɟɪɢɦɟɧɬɭ: ɜɢɤɥɸɱɚɽɬɶɫɹ ȼɋȾ ɿ ɡɭ-
ɩɢɧɹɽɬɶɫɹ ɫɚɦɨɩɢɫɟɰɶ; ɩɪɨɜɨɞɢɬɶɫɹ ɡɜɚɠɭɜɚɧɧɹ 
ɨɬɪɢɦɚɧɨɝɨ ɫɨɤɭ ɬɚ ɦɟɡɝɢ; ɩɪɨɜɨɞɢɬɶɫɹ ɨɱɢɫɬɤɚ 
ɫɢɬɚ ɜɿɞ ɦɟɡɝɢ ɬɚ ɩɪɨɦɢɜɤɚ ɫɢɬɚ.

ȼɢɡɧɚɱɟɧɧɹ� ɟɮɟɤɬɢɜɧɨɫɬɿ� ǻ� ɚɜɬɨɛɚɥɚɧɫɭ�
ɜɚɧɧɹ� ȼɋȾ ɛɚɝɚɬɨɤɭɥɶɨɜɢɦ ȺȻ ɩɪɨɜɨɞɢɬɶɫɹ�
ɧɚɫɬɭɩɧɢɦ ɱɢɧɨɦ:

∆

%100)t(U/)]t(U)t(U[ ɫɟɪɫɟɪ
AB

ɫɟɪ ⋅−=∆ (2)

ɞɟ

∆

 )t(Un/1)t(U n

1i i,a
ɫɟɪ ¦ =

⋅= , 

∆

 )t(U)t(U n

1i i,a
ɫɟɪ
AB ¦ =

=  
  – ɫɟɪɟɞɧɽ ɚɪɢɮɦɟɬɢɱɧɟ ɡɧɚɱɟɧɧɹ ɦɨɞɭɥɹ ɜɿɛɪɨ-

ɩɪɢɲɜɢɞɲɟɧɧɹ, ɜɿɞɩɨɜɿɞɧɨ, ɩɪɢ ɜɿɞɫɭɬɧɨɫɬɿ ɬɚ 
ɧɚɹɜɧɨɫɬɿ ɤɭɥɶ ɜ ȺȻ.

ȼɫɶɨɝɨ ɩɪɨɜɟɞɟɧɨ ɩɨ ɫɿɦ ɟɤɫɩɟɪɢɦɟɧɬɿɜ ɛɟɡ 
ɤɭɥɶ ɜ ȺȻ ɿ ɡ ɤɭɥɹɦɢ ɜ ȺȻ.

ɋɩɨɱɚɬɤɭ ɩɪɨɜɟɞɟɧɨ ɟɤɫɩɟɪɢɦɟɧɬɢ ɛɟɡ ɤɭɥɶ. 
ȼɢɡɧɚɱɟɧɨ ɧɚɣɛɿɥɶɲɭ ɩɨɬɨɱɧɭ ɧɟɡɪɿɜɧɨɜɚɠɟ-
ɧɿɫɬɶ ɫɢɬɚ – 925 ɝ ɦɦ. Ⱦɥɹ ʀʀ ɡɪɿɜɧɨɜɚɠɟɧɨɫɬɿ 
ɛɚɥɚɧɫɭɜɚɥɶɧɚ ɽɦɧɿɫɬɶ ȺȻ ɦɚɽ ɛɭɬɢ ɧɟ ɦɟɧɲɨɸ 
ɡɚ 925 ǜ 1,25 = 1156 ɝ ɦɦ. Ɉɫɬɚɧɧɽ ɡɚɛɟɡɩɟɱɭ-
ɽɬɶɫɹ ɩɨɦɿɳɟɧɧɹɦ ɜ ȺȻ ɬɪɶɨɯ ɤɭɥɶ ɞɿɚɦɟɬɪɨɦ 
14,29 ɦɦ.

ɉɨɬɿɦ ɩɪɨɜɟɞɟɧɨ ɟɤɫɩɟɪɢɦɟɧɬɢ ɡ ɤɭɥɹɦɢ ɜ 
ȺȻ.
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Ɋɟɝɪɟɫɿɣɧɢɣ ɚɧɚɥɿɡ ɨɬɪɢɦɚɧɢɯ ɪɟɡɭɥɶɬɚɬɿɜ 
ɩɪɨɜɟɞɟɧɨ ɡɚ ɞɨɩɨɦɨɝɨɸ ɩɚɤɟɬɭ ɩɪɢɤɥɚɞɧɢɯ 
ɤɨɦɩ’ɸɬɟɪɧɢɯ ɩɪɨɝɪɚɦ STATISTICA_6 ɞɥɹ ɧɟ-
ɥɿɧɿɣɧɨʀ ɦɨɞɟɥɿ ɪɟɝɪɟɫɿʀ ɜɢɝɥɹɞɭ 

 U(t) = c1 t + c2 t
2 + c3 ln(t + c4),

ɞɟ ɫ1, ɫ2, ɫ3, ɫ4 – ɤɨɟɮɿɰɿɽɧɬɢ ɪɟɝɪɟɫɿʀ.

Ɋɟɡɭɥɶɬɚɬɢ
ɇɚ ɪɢɫ. 4 ɩɨɤɚɡɚɧɨ ɯɚɪɚɤɬɟɪɧɿ ɞɿɚɝɪɚɦɢ ɩɨ-

ɬɨɱɧɨɝɨ ɦɨɞɭɥɹ ɜɿɛɪɨɩɪɢɲɜɢɞɲɟɧɶ (ɪɹɞ 1) ɿ 
ɫɟɪɟɞɧɽ ɡɧɚɱɟɧɧɹ ɞɿɚɝɪɚɦɢ (ɪɹɞ 2) ɡɚ ɱɚɫ ɩɪɨ-
ɜɟɞɟɧɧɹ ɟɤɫɩɟɪɢɦɟɧɬɭ ɭ ɜɢɩɚɞɤɭ ɜɿɞɫɭɬɧɨɫɬɿ 
ɤɭɥɶ ɜ ȺȻ (ɪɢɫ. 4, ɚ) ɬɚ ɩɪɢ ʀɯ ɧɚɹɜɧɨɫɬɿ (ɪɢɫ. 4, 
ɛ). ɋɟɪɟɞɧɽ ɡɧɚɱɟɧɧɹ ɞɿɚɝɪɚɦ ɪɿɜɧɨ, ɜɿɞɩɨɜɿɞɧɨ, 
0,657 ȼ ɿ 0,435 ȼ.

ɑɚɫ ɩɪɨɜɟɞɟɧɢɯ ɟɤɫɩɟɪɢɦɟɧɬɿɜ ɪɨɡɛɢɬɨ ɧɚ 10 
ɪɿɜɧɢɯ ɱɚɫɬɢɧ. ɇɚ ɪɢɫ. 5 ɚ, ɛ ɩɨɤɚɡɚɧɨ ɝɪɚɮɿɱɧɟ 
ɡɨɛɪɚɠɟɧɧɹ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɞɚɧɢɯ ɨɬɪɢɦɚ-
ɧɢɯ ɩɪɢ ɜɿɞɫɭɬɧɨɫɬɿ (ɪɢɫ. 5 ɚ) ɬɚ ɧɚɹɜɧɨɫɬɿ (ɪɢɫ. 
5 ɛ) ɤɭɥɶ ɜ ȺȻ.

Ɉɬɪɢɦɚɧɨ ɧɚɫɬɭɩɧɿ ɮɭɧɤɰɿʀ ɪɟɝɪɟɫɿʀ: ɪ ɪ  
)073,1tln(616,0t004,0t12,0)t(U 2 +++−=  

– ɩɪɢ ɜɿɞɫɭɬɧɨɫɬɿ  ɤɭɥɶ ɜ ȺȻ; 
)237,1tln(208,0t014,0)t(U ++−=

– ɩɪɢ ɧɚɹɜɧɨɫɬɿ ɤɭɥɶ ɜ ȺȻ.

Ɉɛɝɨɜɨɪɟɧɧɹ
Ɂ ɝɪɚɮɿɤɿɜ ɧɚ ɪɢɫ. 4, 5, 6 ɫɥɿɞɭɽ, ɳɨ ɧɚɹɜɧɿɫɬɶ 

ɤɭɥɶ ɜ ȺȻ ɫɭɬɬɽɜɨ ɡɦɟɧɲɭɽ ɜɿɛɪɚɰɿʀ.
Ɋɟɡɭɥɶɬɚɬɢ ɟɤɫɩɟɪɢɦɟɧɬɿɜ ɽ ɫɬɨɯɚɫɬɢɱɧɢɦɢ 

ɿ ɡɚɥɟɠɚɬɶ ɜɿɞ ɛɚɝɚɬɶɨɯ ɜɢɩɚɞɤɨɜɢɯ ɮɚɤɬɨɪɿɜ, 
ɨɫɧɨɜɧɢɦɢ ɡ ɹɤɢɯ ɽ: ɹɤɿɫɬɶ ɫɢɪɨɜɢɧɢ ɿ ɩɨɪɹɞɨɤ ʀʀ 
ɩɨɞɚɱɿ; ɱɚɫɬɟ ɜɬɪɭɱɚɧɧɹ ɥɸɞɢɧɢ ɜ ɬɟɯɧɨɥɨɝɿɱɧɢɣ 
ɩɪɨɰɟɫ (ɫɢɥɚ ɞɿʀ ɧɚ ɲɬɨɜɯɚɱ, ɪɭɱɧɚ ɩɿɞɬɪɢɦɤɚ 
ɤɨɪɩɭɫɭ ȼɋȾ). Ⱦɥɹ ɤɨɪɟɤɬɧɨɫɬɿ ɩɨɪɿɜɧɹɧɧɹ 
ɪɟɡɭɥɶɬɚɬɿɜ ɨɤɪɟɦɢɯ ɟɤɫɩɟɪɢɦɟɧɬɿɜ ɡɚɩɪɨɩɨɧɨ-
ɜɚɧɨ ɜɿɞɛɢɪɚɬɢ ɫɢɪɨɜɢɧɭ ɩɪɢɛɥɢɡɧɨ ɨɞɧɚɤɨɜɢɯ 
ɩɚɪɚɦɟɬɪɿɜ (ɦɚɫɚ, ɞɨɜɠɢɧɚ, ɞɿɚɦɟɬɪ); ɞɿɚɦɟɬɪ 
ɦɨɪɤɜɢɧ (ɛɟɡ ɪɨɡɪɿɡɚɧɧɹ) ɦɚɽ ɛɭɬɢ ɬɪɨɯɢ ɦɟɧ-
ɲɢɣ ɡɚ ɨɬɜɿɪ ɞɥɹ ɩɨɞɚɱɿ ɫɢɪɨɜɢɧɢ; ɦɨɪɤɜɢɧɢ 
ɩɨɞɚɜɚɬɢ ɩɨɲɬɭɱɧɨ ɿ ɲɢɪɲɨɸ ɫɬɨɪɨɧɨɸ ɜɧɢɡ. 
Ⱦɥɹ ɦɿɧɿɦɿɡɚɰɿʀ ɜɩɥɢɜɭ ɥɸɞɫɶɤɨɝɨ ɮɚɤɬɨɪɭ ɡɚ-
ɩɪɨɩɨɧɨɜɚɧɨ: ɞɿɹɬɢ ɲɬɨɜɯɚɱɟɦ ɧɚ ɫɢɪɨɜɢɧɭ ɡ 
ɩɨɫɬɿɣɧɨʀ ɫɢɥɨɸ – ɫɢɥɨɸ ɜɥɚɫɧɨʀ ɜɚɝɢ, ɹɤɚ ɪɿɜɧɚ 
5 H; ɧɟ ɡɞɿɣɫɧɸɜɚɬɢ ɜɢɤɢɞ ɦɟɡɝɢ.

ȼɢɤɨɪɢɫɬɚɧɧɹ ȺȻ ɽ ɟɮɟɤɬɢɜɧɢɦ ɩɪɢ ɛɚɥɚɧɫɭ-
ɜɚɧɧɿ ȼɋȾ ɩɪɢ ɜɢɤɨɧɚɧɧɿ ɬɟɯɧɨɥɨɝɿɱɧɨɝɨ ɩɪɨɰɟ-
ɫɭ – ɩɨɤɪɚɳɭɸɬɶɫɹ ɜɿɛɪɚɰɿɣɧɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ. 
ɉɪɢ ɰɶɨɦɭ ɫɟɪɟɞɧɽ ɿɧɬɟɝɪɚɥɶɧɟ ɡɧɚɱɟɧɧɹ ɦɨɞɭɥɹ 
ɜɿɪɨɩɪɢɲɜɢɞɲɟɧɧɹ ɡɦɟɧɲɭɽɬɶɫɹ ɜɿɞ 54% (ɩɪɢ 
ɧɟɬɪɢɜɚɥɿɣ ɪɨɛɨɬɿ ȼɋȾ) ɞɨ 45% (ɩɪɢ ɬɪɢɜɚɥɿɣ 
ɪɨɛɨɬɿ ȼɋȾ – ɛɿɥɹ 5 ɯɜ).

Рис. 4. Характерні діаграми модуля вібропришвидшень у випадку, коли кулі в АБ: а – відсутності; 
б – наявні; ряд 1 – діаграма; ряд 2 – середнє значення діаграми за час експерименту

а

б
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ɉɪɢ ɬɪɢɜɚɥɿɣ ɪɨɛɨɬɿ ȼɋȾ ɜɿɞɛɭɜɚɽɬɶɫɹ ɱɚɫɬ-
ɤɨɜɟ ɧɚɫɢɱɟɧɧɹ ɧɟɡɪɿɜɧɨɜɚɠɟɧɨɫɬɿ ɫɢɬɚ – ɿɡ 
ɡɛɿɥɶɲɟɧɧɹɦ ɱɚɫɭ ɪɨɛɨɬɢ ȼɋȾ ɧɟɡɪɿɜɧɨɜɚɠɟ-
ɧɿɫɬɶ ɫɢɬɚ ɡɛɿɥɶɲɭɽɬɶɫɹ ɩɨɜɿɥɶɧɿɲɟ.

ɉɨɜɧɿɫɬɸ ɡɪɿɜɧɨɜɚɠɢɬɢ ȼɋȾ ɜ ɩɪɨɰɟɫɿ ɪɨɛɨ-
ɬɢ ɧɟ ɜɞɚɽɬɶɫɹ, ɬɚɤ ɹɤ ɩɪɢɫɭɬɧɹ ɦɨɦɟɧɬɧɚ ɧɟɡɪɿɜ-
ɧɨɜɚɠɟɧɿɫɬɶ (ɩɥɨɳɢɧɚ, ɜ ɹɤɿɣ ɪɭɯɚɽɬɶɫɹ ɧɟɡɪɿɜ-
ɧɨɜɚɠɟɧɿɫɬɶ ɿ ɩɥɨɳɢɧɚ ɤɨɪɟɤɰɿʀ ɧɟ ɫɩɿɜɩɚɞɚɸɬɶ).

Ɉɬɪɢɦɚɧɿ ɪɟɡɭɥɶɬɚɬɢ ɦɨɠɧɚ ɜɢɤɨɪɢɫɬɨɜɭɜɚ-
ɬɢ ɩɪɢ ɤɨɧɫɬɪɭɸɜɚɧɧɿ ȺȻ ɞɥɹ ɡɪɿɜɧɨɜɚɠɟɧɧɹ ɧɚ 

ɯɨɞɭ ɦɚɲɢɧ ɡ ɲɜɢɞɤɨɨɛɟɪɬɨɜɢɦɢ ɪɨɬɨɪɚɦɢ, ɜ 
ɹɤɢɯ ɧɟɡɪɿɜɧɨɜɚɠɟɧɿɫɬɶ ɡɦɿɧɸɽɬɶɫɹ ɿɦɩɭɥɶɫɧɨ ɿ 
ɱɚɫɬɨ; ɞɥɹ ɩɿɞɜɢɳɟɧɧɹ ɟɮɟɤɬɢɜɧɨɫɬɿ ɚɜɬɨɛɚɥɚɧ-
ɫɭɜɚɧɧɹ ȼɋȾ ɜ ɩɪɨɰɟɫɿ ɟɤɫɩɥɭɚɬɚɰɿʀ.

Ɉɫɧɨɜɧɢɣ ɧɟɞɨɥɿɤ ɩɪɨɜɟɞɟɧɢɯ ɞɨɫɥɿɞɠɟɧɶ 
ɽ ɬɟ, ɳɨ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ɨɬɪɢɦɚɧɿ ɪɟɡɭɥɶɬɚ-
ɬɢ ɦɨɠɧɚ ɬɿɥɶɤɢ ɩɪɢ ɫɬɚɬɢɱɧɨɦɭ ɛɚɥɚɧɫɭɜɚɧɧɿ 
ɪɨɬɨɪɧɢɯ ɦɚɲɢɧ ɤɭɥɶɨɜɢɦɢ ȺȻ. Ⱥɥɟ ɜɿɧ ɤɨɦɩɟɧ-
ɫɭɽɬɶɫɹ ɬɢɦ, ɳɨ ɜ ɛɿɥɶɲɨɫɬɿ ɜɢɩɚɞɤɿɜ ɞɥɹ ɚɜɬɨɛɚ-
ɥɚɧɫɭɜɚɧɧɹ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɫɚɦɟ ɤɭɥɶɨɜɿ ȺȻ.

а

б

Рис. 5. Графічне зображення результатів експериментів при відсутності (а) та наявності (б) куль 
в АБ; ряд j,   /7,1j/ =  – графічне зображення j-го експерименту; ряд 8 – графічне зображення

середнього арифметичного значень експериментів 1–7

Рис. 6. Графічне зображення експериментальних точок та функцій регресії 
при відсутності (ряд 1, 2) та наявності (ряд 3, 4) куль в АБ
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ȼɢɫɧɨɜɤɢ
Ɋɨɡɪɨɛɥɟɧɨ ɦɟɬɨɞɢɤɭ ɩɪɨɜɟɞɟɧɧɹ ɟɤɫɩɟɪɢ-

ɦɟɧɬɿɜ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɟɮɟɤɬɢɜɧɨɫɬɿ ɫɬɚɬɢɱɧɨɝɨ 
ɡɪɿɜɧɨɜɚɠɟɧɧɹ ɩɚɫɢɜɧɢɦɢ ɚɜɬɨɛɚɥɚɧɫɢɪɚɦɢ ɜɿɞ-
ɰɟɧɬɪɨɜɢɯ ɫɨɤɨɞɚɜɨɤ ɩɪɢ ɡɞɿɣɫɧɟɧɧɿ ɬɟɯɧɨɥɨɝɿɱ-
ɧɨɝɨ ɩɪɨɰɟɫɭ. ȼɨɧɚ ɞɚɽ ɦɨɠɥɢɜɿɫɬɶ ɦɿɧɿɦɿɡɭɜɚɬɢ 
ɜɩɥɢɜ ɜɢɩɚɞɤɨɜɢɯ ɡɨɜɧɿɲɧɿɯ ɮɚɤɬɨɪɿɜ ɧɚ ɪɟɡɭɥɶ-
ɬɚɬɢ ɟɤɫɩɟɪɢɦɟɧɬɿɜ. ɉɨɤɚɡɚɧɨ, ɳɨ ɜɢɤɨɪɢɫɬɚɧɧɹ 
ɤɭɥɶɨɜɨɝɨ ɚɜɬɨɛɚɥɚɧɫɢɪɚ ɩɨɤɪɚɳɭɽ ɜɿɛɪɚɰɿɣɧɿ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɟɯɧɨɥɨɝɿɱɧɨɝɨ ɩɪɨɰɟɫɭ ɜɿɞ-
ɰɟɧɬɪɨɜɨʀ ɫɨɤɨɞɚɜɤɢ. ɉɪɢ ɰɶɨɦɭ ɿɡ ɡɛɿɥɶɲɟɧɧɹ 
ɤɿɥɶɤɨɫɬɿ ɤɭɥɶ ɜɿɛɪɚɰɿʀ ɡɦɟɧɲɭɸɬɶɫɹ. ɍ ɩɪɨɰɟɫɿ 
ɞɨɫɥɿɞɠɟɧɶ ɜɫɬɚɧɨɜɥɟɧɨ, ɳɨ ɜɢɤɨɪɢɫɬɚɧɧɹ ɤɭ-
ɥɶɨɜɨɝɨ ȺȻ ɩɨɤɪɚɳɭɽ ɜɿɛɪɚɰɿɣɧɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɬɟɯɧɨɥɨɝɿɱɧɨɝɨ ɩɪɨɰɟɫɭ ȼɋȾ. ɋɟɪɟɞɧɽ ɿɧɬɟ-
ɝɪɚɥɶɧɟ ɡɧɚɱɟɧɧɹ ɦɨɞɭɥɹ ɜɿɪɨɩɪɢɲɜɢɞɲɟɧɧɹ 
ɡɦɟɧɲɭɽɬɶɫɹ ɜɿɞ 45% ɞɨ 54%. ɉɨɜɧɿɫɬɸ ɩɨɝɚ-
ɫɢɬɢ ɜɿɛɪɚɰɿʀ ɧɟ ɜɞɚɽɬɶɫɹ – ɩɪɢɫɭɬɧɹ ɦɨɦɟɧɬɧɚ 
ɧɟɡɪɿɜɧɨɜɚɠɟɧɿɫɬɶ. ȼ ɩɨɞɚɥɶɲɨɦɭ ɩɥɚɧɭɽɬɶɫɹ 
ɩɪɨɜɟɫɬɢ ɚɧɚɥɨɝɿɱɧɿ ɞɨɫɥɿɞɠɟɧɧɹ ɞɥɹ ɿɧɲɢɯ ɬɢ-
ɩɿɜ ɪɨɬɨɪɧɢɯ ɦɚɲɢɧ.
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