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METHOD FOR DETERMINING THE PARAMETERS OF MOTION OBJECT A FINITE TIME INTERVAL 
 

The  article  shows  that  in  order  to  determine  the  parameters  of  the  object  requires  information  about  his  coordinates  (to 
determine the speed, you must first determine the values of the two coordinates, acceleration – the three coordinates and sharpness – four 
coordinates). To increase the accuracy of measurements suggested the total number of coordinates of the object in a time interval divided 
into  groups with  the  same  number  of  coordinates  (two  for  speed,  three  for  acceleration  and  four  for  the  sharpness),  to  determine  the 
arithmetic mean of the coordinates of the code in groups and for these results to determine the average values of the object parameters at a 
predetermined time interval. The analysis of the effectiveness of the proposed method of determining the motion of an object parameter with 
respect to the classic way, which depends essentially on the amount used for the calculation of coordinates. 

Keywords: parameters of the motion object, location, speed, acceleration, sharpness, accuracy determine, standard deviation. 
 

ȼɫɬɭɩ 

ɉɪɢɫɤɨɪɟɧɧɹ – ɞɢɧɚɦɿɱɧɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɨɛ'єɤɬɚ. Ɂɝɿɞɧɨ ɡ ɞɪɭɝɢɦ ɡɚɤɨɧɨɦ ɇɶɸɬɨɧɚ ɜɨɧɨ ɜɢɧɢɤɚє 
ɬɿɥɶɤɢ ɩɿɫɥɹ ɩɪɢɤɥɚɞɟɧɧɹ ɞɨ ɨɛ'єɤɬɚ ɛɭɞɶ-ɹɤɨʀ ɫɢɥɢ. ɉɟɪɟɦɿɳɟɧɧɹ ɨɛ'єɤɬɚ, ɣɨɝɨ ɲɜɢɞɤɿɫɬɶ, ɩɪɢɫɤɨɪɟɧɧɹ ɬɚ 
ɪɿɡɤɿɫɬɶ є ɜɡɚєɦɨɩɨɜ'ɹɡɚɧɢɦɢ ɮɿɡɢɱɧɢɦɢ ɜɟɥɢɱɢɧɚɦɢ: ɲɜɢɞɤɿɫɬɶ – ɰɟ ɩɟɪɲɚ ɩɨɯɿɞɧɚ ɜɿɞ ɩɟɪɟɦɿɳɟɧɧɹ, 

ɩɪɢɫɤɨɪɟɧɧɹ ɣɨɝɨ ɞɪɭɝɚ ɩɨɯɿɞɧɚ, ɚ ɪɿɡɤɿɫɬɶ – ɬɪɟɬɹ. ɉɪɨɬɟ ɜɡɹɬɢ ɩɨɯɿɞɧɭ ɫɢɥɶɧɨ ɡɚɲɭɦɥɟɧɨɝɨ ɫɢɝɧɚɥɭ 

ɩɪɚɤɬɢɱɧɨ ɧɟɦɨɠɥɢɜɨ, ɨɫɤɿɥɶɤɢ ɰɟ ɩɪɢɡɜɨɞɢɬɶ ɞɨ ɜɢɧɢɤɧɟɧɧɹ ɞɭɠɟ ɜɟɥɢɤɢɯ ɩɨɯɢɛɨɤ ɧɚɜɿɬɶ ɩɪɢ 

ɜɢɤɨɪɢɫɬɚɧɧɿ ɩɨɪɿɜɧɹɧɨ ɫɤɥɚɞɧɢɯ ɫɯɟɦ ɨɛɪɨɛɤɢ. 

ɒɜɢɞɤɿɫɬɶ ɪɭɯɭ ɦɨɠɟ ɛɭɬɢ ɚɛɨ ɤɭɬɨɜɨɸ, ɚɛɨ ɥɿɧɿɣɧɨɸ. ȼɨɧɚ ɩɨɤɚɡɭє, ɧɚɫɤɿɥɶɤɢ ɲɜɢɞɤɨ ɨɛ'єɤɬ 
ɪɭɯɚєɬɶɫɹ ɩɨ ɩɪɹɦɿɣ ɥɿɧɿʀ ɚɛɨ ɧɚɫɤɿɥɶɤɢ ɲɜɢɞɤɨ ɜɿɧ ɨɛɟɪɬɚєɬɶɫɹ. ȼɢɦɿɪɸɜɚɧɧɹ ɲɜɢɞɤɨɫɬɿ ɡɚɥɟɠɢɬɶ ɜɿɞ 

ɪɨɡɦɿɪɿɜ ɨɛ'єɤɬɭ ɿ ɦɨɠɟ ɜɢɪɚɠɚɬɢɫɹ, ɧɚɩɪɢɤɥɚɞ, ɜ ɦɦ/ɫ ɚɛɨ ɤɦ/ɝɨɞ. 

Ɂɝɿɞɧɨ ɤɥɚɫɢɱɧɨɝɨ ɫɩɨɫɨɛɭ ɜɢɡɧɚɱɟɧɧɹ ɲɜɢɞɤɨɫɬɿ ɩɟɪɟɦɿɳɟɧɧɹ ɧɚ ɤɿɧɰɟɜɨɦɭ ɿɧɬɟɪɜɚɥɿ ɱɚɫɭ 

ɜɢɡɧɚɱɚєɬɶɫɹ ɪɿɡɧɢɰɹ ɤɨɨɪɞɢɧɚɬ, ɹɤɿ ɜɿɞɧɨɫɹɬɶɫɹ ɞɨ ɤɿɧɰɹ ɬɚ ɩɨɱɚɬɤɭ ɿɧɬɟɪɜɚɥɭ ɱɚɫɭ [1]: 
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ɞɟ  V  ɫɟɪɟɞɧɹ ɲɜɢɞɤɿɫɬɶ ɧɚ ɿɧɬɟɪɜɚɥɿ ɱɚɫɭ t ;  iX t  ɤɨɨɪɞɢɧɚɬɚ ɩɨɥɨɠɟɧɧɹ ɧɚ ɩɨɱɚɬɤɭ ɱɚɫɨɜɨɝɨ 

ɿɧɬɟɪɜɚɥɭ;  iX t t   ɤɨɨɪɞɢɧɚɬɚ ɩɨɥɨɠɟɧɧɹ ɜ ɤɿɧɰɿ ɱɚɫɨɜɨɝɨ ɿɧɬɟɪɜɚɥɭ. 

ɉɪɢ ɪɟɚɥɿɡɚɰɿʀ ɞɚɧɨɝɨ ɫɩɨɫɨɛɭ ɜɟɥɢɱɢɧɚ t  ɦɨɠɟ ɛɭɬɢ ɡɚɞɚɧɚ ɡ ɜɢɫɨɤɨɸ ɬɨɱɧɿɫɬɸ, ɳɨ 

ɡɚɛɟɡɩɟɱɭєɬɶɫɹ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɤɜɚɪɰɨɜɨʀ ɫɬɚɛɿɥɿɡɚɰɿʀ ɱɚɫɬɨɬɢ. Ɍɨɦɭ ɩɨɯɢɛɤɚ ɜɢɡɧɚɱɟɧɧɹ V  ɡɚɥɟɠɢɬɶ ɜɿɞ 

ɩɨɯɢɛɤɢ ɜɢɡɧɚɱɟɧɧɹ ɜɟɥɢɱɢɧ  iX t  ɬɚ  .iX t t   ɉɪɢ ɩɪɟɞɫɬɚɜɥɟɧɧɿ ɤɨɨɪɞɢɧɚɬ ɩɨɥɨɠɟɧɧɹ ɰɢɮɪɨɜɢɦ 

ɤɨɞɨɦ ɜɟɥɢɱɢɧɚ V  ɛɭɞɟ ɜɢɡɧɚɱɚɬɢɫɹ ɹɤ 
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ɞɟ   iN t t   ɰɢɮɪɨɜɢɣ ɤɨɞ ɤɨɨɪɞɢɧɚɬɢ  ;iX t t    iN t  ɰɢɮɪɨɜɢɣ ɤɨɞ ɤɨɨɪɞɢɧɚɬɢ  ;iX t  

K   ɤɨɟɮɿɰɿєɧɬ ɩɪɨɩɨɪɰɿɣɧɨɫɬɿ. 
ȼɿɞɧɨɫɧɚ ɩɨɯɢɛɤɚ 

cepV  ɜɟɥɢɱɢɧɢ V  ɜɢɡɧɚɱɚєɬɶɫɹ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹɦ 
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(1)

ɞɟ  
cepV  ɚɛɫɨɥɸɬɧɚ ɩɨɯɢɛɤɚ ɜɟɥɢɱɢɧɢ V ;  

maxcepV   ɦɚɤɫɢɦɚɥɶɧɟ ɡɧɚɱɟɧɧɹ V ;  iN t t  ɬɚ 

 iN t
  ɩɨɯɢɛɤɢ ɰɢɮɪɨɜɢɯ ɤɨɞɿɜ ɤɨɨɪɞɢɧɚɬ ɩɨɥɨɠɟɧɧɹ ɜ ɤɿɧɰɿ ɬɚ ɧɚ ɩɨɱɚɬɤɭ ɿɧɬɟɪɜɚɥɭ t . 

ȼɜɚɠɚɸɱɢ, ɳɨ ɜ ɡɚɝɚɥɶɧɨɦɭ ɜɢɩɚɞɤɭ ɩɨɯɢɛɤɢ  iN t
  є ɜɢɩɚɞɤɨɜɨɸ ɜɟɥɢɱɢɧɨɸ, ɪɨɡɩɨɞɿɥɟɧɨɸ ɡɚ 

ɧɨɪɦɚɥɶɧɢɦ ɡɚɤɨɧɨɦ, ɡɿ ɫɜɨʀɦ ɫɟɪɟɞɧɶɨɤɜɚɞɪɚɬɢɱɧɢɦ ɜɿɞɯɢɥɟɧɧɹɦ (ɋɄȼ)  iN t
    , ɬɨ ɨɬɪɢɦɚєɦɨ, ɳɨ 

ɜɿɞɧɨɫɧɚ ɩɨɯɢɛɤɚ 
cepV ɜɢɡɧɚɱɟɧɧɹ ɜɟɥɢɱɢɧɢ V  ɪɨɡɝɥɹɧɭɬɢɦ ɫɩɨɫɨɛɨɦ ɦɚє ɬɚɤɟ ɋɄȼ [2]: 

 

 
max

2
.

i

cep

N t

V

cep

K

V t


 

      
 

(2)

Ɋɨɡɝɥɹɧɭɬɚ ɩɨɯɢɛɤɚ (2) ɩɪɢɜɨɞɢɬɶ ɞɨ ɡɦɟɧɲɟɧɧɹ ɬɨɱɧɨɫɬɿ ɜɢɡɧɚɱɟɧɧɹ ɤɨɨɪɞɢɧɚɬ ɩɟɪɟɦɿɳɟɧɧɹ. 

 

ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɿ 
Ɇɟɬɨɸ ɞɚɧɨʀ ɪɨɛɨɬɢ є ɜɞɨɫɤɨɧɚɥɟɧɧɹ ɜɿɞɨɦɨɝɨ ɫɩɨɫɨɛɭ ɜɢɡɧɚɱɟɧɧɹ ɲɜɢɞɤɨɫɬɿ ɩɟɪɟɦɿɳɟɧɧɹ [3] ɬɚ 

ɪɨɡɲɢɪɟɧɧɹ ɦɟɠ ɣɨɝɨ ɜɢɤɨɪɢɫɬɚɧɧɹ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɧɚ ɤɿɧɰɟɜɨɦɭ ɿɧɬɟɪɜɚɥɿ ɱɚɫɭ ɬɚɤɢɯ ɩɚɪɚɦɟɬɪɿɜ ɪɭɯɭ 

ɨɛ’єɤɬɚ, ɹɤ ɩɪɢɫɤɨɪɟɧɧɹ ɬɚ ɪɿɡɤɿɫɬɶ. 

Ɍɚɤɢɦ ɱɢɧɨɦ, ɜ ɫɬɚɬɬɿ ɧɟɨɛɯɿɞɧɨ:  

1) ɩɨɤɚɡɚɬɢ, ɳɨ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɩɚɪɚɦɟɬɪɿɜ ɪɭɯɭ ɨɛ’єɤɬɚ ɧɟɨɛɯɿɞɧɚ ɿɧɮɨɪɦɚɰɿɹ ɩɪɨ ɞɟɤɿɥɶɤɚ ɣɨɝɨ 

ɤɨɨɪɞɢɧɚɬ, ɨɬɪɢɦɚɧɢɯ ɱɟɪɟɡ ɮɿɤɫɨɜɚɧɿ ɦɨɦɟɧɬɢ ɱɚɫɭ; 

2) ɜɢɡɧɚɱɢɬɢ ɭɦɨɜɢ ɩɿɞɜɢɳɟɧɧɹ ɬɨɱɧɨɫɬɿ ɜɢɡɧɚɱɟɧɧɹ ɩɚɪɚɦɟɬɪɿɜ ɪɭɯɭ ɨɛ’єɤɬɚ (ɲɜɢɞɤɨɫɬɿ, 
ɩɪɢɫɤɨɪɟɧɧɹ ɬɚ ɪɿɡɤɨɫɬɿ) ɧɚ ɡɚɞɚɧɨɦɭ ɿɧɬɟɪɜɚɥɿ ɱɚɫɭ; 

3) ɩɪɨɜɟɫɬɢ ɚɧɚɥɿɡ ɟɮɟɤɬɢɜɧɨɫɬɿ ɡɚɩɪɨɩɨɧɨɜɚɧɨɝɨ ɫɩɨɫɨɛɭ ɜɢɡɧɚɱɟɧɧɹ ɩɚɪɚɦɟɬɪɿɜ ɪɭɯɭ ɨɛ’єɤɬɚ ɩɨ 

ɜɿɞɧɨɲɟɧɧɸ ɞɨ ɤɥɚɫɢɱɧɨɝɨ ɫɩɨɫɨɛɭ ɜ ɡɚɥɟɠɧɨɫɬɿ ɜɿɞ ɤɿɥɶɤɨɫɬɿ ɜɢɤɨɪɢɫɬɨɜɭɜɚɧɢɯ ɞɥɹ ɨɛɱɢɫɥɟɧɶ ɤɨɨɪɞɢɧɚɬ. 
 

Ɋɨɡɜ’ɹɡɚɧɧɹ ɩɨɫɬɚɜɥɟɧɨʀ ɡɚɞɚɱɿ 
Ⱦɥɹ ɩɿɞɜɢɳɟɧɧɹ ɬɨɱɧɨɫɬɿ ɜɢɦɿɪɸɜɚɧɶ ɜ ɪɨɛɨɬɿ ɩɪɨɩɨɧɭєɬɶɫɹ ɿɧɬɟɪɜɚɥ ɱɚɫɭ ɜɢɦɿɪɸɜɚɧɧɹ t  ɪɨɡɛɢɬɢ 

ɧɚ 1m   ɪɿɜɧɢɯ ɿɧɬɟɪɜɚɥɿɜ ɱɚɫɭ ɬɪɢɜɚɥɿɫɬɸ , ɜɢɡɧɚɱɚɬɢ ɤɨɨɪɞɢɧɚɬɢ ɨɛ’єɤɬɚ ɧɚ ɝɪɚɧɢɰɹɯ ɰɢɯ ɞɢɫɤɪɟɬɧɢɯ 

ɿɧɬɟɪɜɚɥɿɜ ɱɚɫɭ, ɚ ɩɚɪɚɦɟɬɪɢ ɪɭɯɭ ɨɛ’єɤɬɚ ɪɨɡɪɚɯɨɜɭɜɚɬɢ ɡɚ ɜɢɡɧɚɱɟɧɢɦɢ ɤɨɞɚɦɢ ɤɨɨɪɞɢɧɚɬ  .iN t  ɇɚ ɪɢɫ.1 

ɧɚɜɟɞɟɧɚ ɱɚɫɨɜɚ ɞɿɚɝɪɚɦɚ ɩɪɢɣɦɚɧɧɹ ɫɢɝɧɚɥɿɜ ɤɨɨɪɞɢɧɚɬ ɩɟɪɟɦɿɳɟɧɧɹ ɧɚ ɤɿɧɰɟɜɨɦɭ ɿɧɬɟɪɜɚɥɿ ɱɚɫɭ 

ɜɢɦɿɪɸɜɚɧɧɹ t . 

Ɋɨɡɝɥɹɧɟɦɨ ɦɟɬɨɞɢɤɭ ɜɢɡɧɚɱɟɧɧɹ ɩɚɪɚɦɟɬɪɿɜ ɪɭɯɭ ɨɛ’єɤɬɚ ɡɚ ɪɢɫ. 1. 

Ɇɢɬɬєɜɭ ɲɜɢɞɤɿɫɬɶ  iV t

 

ɦɨɠɧɚ ɜɢɡɧɚɱɢɬɢ ɞɥɹ ɜɫɿɯ ɦɨɦɟɧɬɿɜ ɱɚɫɭ ɜɿɞ 2t  ɿ ɞɨ mt  (ɦɢɬɬєɜɨɸ ʀʀ 

ɧɚɡɢɜɚєɦɨ ɬɨɦɭ, ɳɨ ɿɧɬɟɪɜɚɥ ɱɚɫɭ  ɦɿɠ ɦɨɦɟɧɬɚɦɢ ɜɢɡɧɚɱɟɧɧɹ ɤɨɨɪɞɢɧɚɬ ɨɛ’єɤɬɚ 1it   ɬɚ it  ɜɢɛɢɪɚєɬɶɫɹ 

ɹɤɨɦɨɝɚ ɦɟɧɲɢɦ, ɨɞɧɚɤ ɞɨɫɬɚɬɧɿɦ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɤɨɨɪɞɢɧɚɬ ɡ ɧɟɨɛɯɿɞɧɨɸ ɬɨɱɧɿɫɬɸ): 
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Ɋɢɫ. 1. ɑɚɫɨɜɚ ɞɿɚɝɪɚɦɚ ɩɪɢɣɦɚɧɧɹ ɫɢɝɧɚɥɿɜ ɤɨɨɪɞɢɧɚɬ ɩɟɪɟɦɿɳɟɧɧɹ ɧɚ ɤɿɧɰɟɜɨɦɭ ɿɧɬɟɪɜɚɥɿ ɱɚɫɭ ɜɢɦɿɪɸɜɚɧɧɹ t  



Ɉɩɬɢɱɧɿ ɬɚ ɮɿɡɢɤɨ-ɯɿɦɿɱɧɿ ɜɢɦɿɪɸɜɚɧɧɹ 
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Ɍɚɤ, ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɦɢɬɬєɜɨʀ ɲɜɢɞɤɨɫɬɿ ɧɟɨɛɯɿɞɧɨ ɜɢɡɧɚɱɢɬɢ ɩɨɬɨɱɧɭ ɬɚ ɩɨɩɟɪɟɞɧɸ ɤɨɨɪɞɢɧɚɬɢ 

ɨɛ’єɤɬɚ, ɚ ɡɧɚɱɟɧɧɹ ɦɢɬɬєɜɨʀ ɲɜɢɞɤɨɫɬɿ ɜɢɡɧɚɱɚєɬɶɫɹ ɧɚ ɿɧɬɟɪɜɚɥɿ ɱɚɫɭ ɬɪɢɜɚɥɿɫɬɸ  (ɜɜɚɠɚєɦɨ ɿɧɬɟɪɜɚɥ 

1i iT t t    ɡɚɞɚɧɢɦ ɡ ɜɢɫɨɤɨɸ ɬɨɱɧɿɫɬɸ ɞɥɹ ɜɫɶɨɝɨ ɿɧɬɟɪɜɚɥɭ ɱɚɫɭ t ). 

Ɇɢɬɬєɜɟ ɩɪɢɫɤɨɪɟɧɧɹ  ia t

 

ɦɨɠɧɚ ɜɢɡɧɚɱɢɬɢ ɞɥɹ ɜɫɿɯ ɦɨɦɟɧɬɿɜ ɱɚɫɭ, ɩɨɱɢɧɚɸɱɢ ɜɿɞ 3t  ɿ ɞɨ mt  [4]: 
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Ⱦɥɹ ɜɢɡɧɚɱɟɧɧɹ ɦɢɬɬєɜɨɝɨ ɩɪɢɫɤɨɪɟɧɧɹ ɧɟɨɛɯɿɞɧɨ ɜɢɡɧɚɱɢɬɢ ɩɨɬɨɱɧɭ ɬɚ ɞɜɿ ɩɨɩɟɪɟɞɧɿ ɤɨɨɪɞɢɧɚɬɢ 

ɨɛ’єɤɬɚ, ɚ ɡɧɚɱɟɧɧɹ ɦɢɬɬєɜɨɝɨ ɩɪɢɫɤɨɪɟɧɧɹ ɜɢɡɧɚɱɚєɬɶɫɹ ɧɚ ɿɧɬɟɪɜɚɥɿ ɱɚɫɭ ɬɪɢɜɚɥɿɫɬɸ 2 . 

Ɇɢɬɬєɜɚ ɪɿɡɤɿɫɬɶ  ir t

 

ɦɨɠɟ ɛɭɬɢ ɜɢɡɧɚɱɟɧɚ ɞɥɹ ɜɫɿɯ ɦɨɦɟɧɬɿɜ ɱɚɫɭ, ɩɨɱɢɧɚɸɱɢ ɜɿɞ 4t  ɿ ɞɨ mt  [5]: 
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Ⱦɥɹ ɜɢɡɧɚɱɟɧɧɹ ɦɢɬɬєɜɨʀ ɪɿɡɤɨɫɬɿ ɧɟɨɛɯɿɞɧɨ ɜɢɡɧɚɱɢɬɢ ɩɨɬɨɱɧɭ ɬɚ ɬɪɢ ɩɨɩɟɪɟɞɧɿ ɤɨɨɪɞɢɧɚɬɢ 

ɨɛ’єɤɬɚ, ɚ ɡɧɚɱɟɧɧɹ ɦɢɬɬєɜɨʀ ɪɿɡɤɨɫɬɿ ɜɢɡɧɚɱɚєɬɶɫɹ ɧɚ ɿɧɬɟɪɜɚɥɿ ɱɚɫɭ ɬɪɢɜɚɥɿɫɬɸ 3 . 

əɤɳɨ ɭɫɟɪɟɞɧɢɬɢ ɜɫɿ ɨɬɪɢɦɚɧɿ ɪɟɡɭɥɶɬɚɬɢ ɡɚ ɤɿɧɰɟɜɢɦ ɿɧɬɟɪɜɚɥɨɦ ɱɚɫɭ t , ɬɨ ɨɬɪɢɦɚєɦɨ: 
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(5)

Ɉɬɪɢɦɚɧɿ ɫɟɪɟɞɧɿ ɡɧɚɱɟɧɧɹ ɩɚɪɚɦɟɬɪɿɜ ɪɭɯɭ ɨɛ’єɤɬɚ ɧɚ ɤɿɧɰɟɜɨɦɭ ɿɧɬɟɪɜɚɥɿ ɱɚɫɭ ɜɪɚɯɨɜɭɸɬɶ ɬɿɥɶɤɢ 

ɱɚɫɬɢɧɭ ɜɢɡɧɚɱɟɧɢɯ ɤɨɨɪɞɢɧɚɬ ɩɟɪɟɦɿɳɟɧɧɹ, ɚ ɫɚɦɟ: ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɫɟɪɟɞɧɶɨʀ ɲɜɢɞɤɨɫɬɿ ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ 

ɬɿɥɶɤɢ ɞɜɚ ɡɧɚɱɟɧɧɹ ɤɨɨɪɞɢɧɚɬ – ɩɨɱɚɬɤɨɜɟ ɬɚ ɤɿɧɰɟɜɟ; ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɫɟɪɟɞɧɶɨɝɨ ɩɪɢɫɤɨɪɟɧɧɹ – ɱɨɬɢɪɢ 

ɡɧɚɱɟɧɧɹ ɤɨɨɪɞɢɧɚɬ: ɞɜɚ ɩɨɱɚɬɤɨɜɢɯ ɬɚ ɞɜɚ ɤɿɧɰɟɜɢɯ; ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɫɟɪɟɞɧɶɨʀ ɪɿɡɤɨɫɬɿ – ɲɿɫɬɶ ɡɧɚɱɟɧɶ 

ɤɨɨɪɞɢɧɚɬ: ɬɪɢ ɩɨɱɚɬɤɨɜɢɯ ɬɚ ɬɪɢ ɤɿɧɰɟɜɢɯ. 

Ⱦɥɹ ɩɿɞɜɢɳɟɧɧɹ ɬɨɱɧɨɫɬɿ ɜɢɦɿɪɸɜɚɧɶ ɩɪɨɩɨɧɭєɬɶɫɹ ɜɢɡɧɚɱɚɬɢ ɫɟɪɟɞɧє ɚɪɢɮɦɟɬɢɱɧɟ ɤɨɞɿɜ 

ɤɨɨɪɞɢɧɚɬ ɧɚ ɩɟɪɲɿɣ ɬɚ ɞɪɭɝɿɣ ɩɨɥɨɜɢɧɚɯ ɿɧɬɟɪɜɚɥɭ t , ɚ ɬɚɤɨɠ ʀɯ ɪɿɡɧɢɰɸ. Ɉɬɪɢɦɚɧɢɣ ɪɟɡɭɥɶɬɚɬ є 
ɞɨɫɬɚɬɧɿɦ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɲɜɢɞɤɨɫɬɿ ɩɟɪɟɦɿɳɟɧɧɹ ɧɚ ɿɧɬɟɪɜɚɥɿ t  ɡ ɦɟɧɲɨɸ ɩɨɯɢɛɤɨɸ, ɧɿɠ ɭ ɜɿɞɨɦɢɯ 

ɪɿɲɟɧɧɹɯ. Ɂɝɿɞɧɨ ɬɚɤɨɝɨ ɫɩɨɫɨɛɭ ɲɜɢɞɤɿɫɬɶ ɜɢɡɧɚɱɚєɬɶɫɹ ɡɚ  ɡɧɚɱɟɧɧɹɦɢ ɤɨɨɪɞɢɧɚɬ: 
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ɫɟɪɟɞɧɹ ɲɜɢɞɤɿɫɬɶ ɧɚ ɿɧɬɟɪɜɚɥɿ ɱɚɫɭ t , ɜɢɡɧɚɱɟɧɚ ɡɚ ɞɚɧɢɦ ɫɩɨɫɨɛɨɦ;  
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  ɫɟɪɟɞɧɿ ɡɧɚɱɟɧɧɹ ɤɨɞɿɜ ɤɨɨɪɞɢɧɚɬ ɩɟɪɟɦɿɳɟɧɧɹ ɜɿɞɩɨɜɿɞɧɨ ɧɚ ɩɟɪɲɿɣ ɬɚ ɞɪɭɝɿɣ ɩɨɥɨɜɢɧɚɯ 

ɿɧɬɟɪɜɚɥɭ t ; 2t  ɿɧɬɟɪɜɚɥ ɱɚɫɭ ɦɿɠ ɭɫɟɪɟɞɧɟɧɢɦɢ ɡɧɚɱɟɧɧɹɦɢ ɤɨɞɿɜ ɤɨɨɪɞɢɧɚɬ;  – ɰɿɥɟ ɩɚɪɧɟ ɱɢɫɥɨ, 
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ɳɨ ɞɨɪɿɜɧɸє ɤɿɥɶɤɨɫɬɿ ɤɨɞɿɜ ɤɨɨɪɞɢɧɚɬ  iN t . 

ȼ ɞɚɧɿɣ ɫɬɚɬɬɿ ɩɪɨɩɨɧɭєɬɶɫɹ ɚɧɚɥɨɝɿɱɧɨ ɜɢɡɧɚɱɚɬɢ ɫɟɪɟɞɧɿ ɡɧɚɱɟɧɧɹ ɩɪɢɫɤɨɪɟɧɧɹ ɬɚ ɪɿɡɤɨɫɬɿ ɧɚ 
ɿɧɬɟɪɜɚɥɿ t , ɨɞɧɚɤ ɩɪɢ ɜɢɡɧɚɱɟɧɧɿ ɩɪɢɫɤɨɪɟɧɧɹ ɩɨɜɧɢɣ ɿɧɬɟɪɜɚɥ t

 

ɩɨɬɪɿɛɧɨ ɪɨɡɞɿɥɢɬɢ ɧɚ ɬɪɢ ɨɞɧɚɤɨɜɿ 
ɱɚɫɬɢɧɢ, ɚ ɩɪɢ ɜɢɡɧɚɱɟɧɧɿ ɪɿɡɤɨɫɬɿ – ɧɚ ɱɨɬɢɪɢ ɱɚɫɬɢɧɢ (ɬɨɛɬɨ ɩɪɢ ɜɢɡɧɚɱɟɧɧɿ ɩɪɢɫɤɨɪɟɧɧɹ  ɦɚє ɛɭɬɢ 

ɤɪɚɬɧɟ 3, ɚ ɩɪɢ ɜɢɡɧɚɱɟɧɧɿ ɪɿɡɤɨɫɬɿ – ɤɪɚɬɧɟ 4): 
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(8)

Ɂɚɩɪɨɩɨɧɨɜɚɧɢɣ ɫɩɨɫɿɛ ɜɢɡɧɚɱɟɧɧɹ ɩɚɪɚɦɟɬɪɿɜ ɪɭɯɭ ɨɛ’єɤɬɚ ɦɚє ɩɨɯɢɛɤɭ, ɨɛɭɦɨɜɥɟɧɭ ɩɨɯɢɛɤɚɦɢ 

 iN t
  ɤɨɞɿɜ ɤɨɨɪɞɢɧɚɬ  iN t . ɉɨɯɢɛɤɢ  iN t

  ɨɛɭɦɨɜɥɟɧɿ ɪɿɡɧɢɦɢ ɩɪɢɱɢɧɚɦɢ (ɬɚɤɢɦɢ ɹɤ ɩɨɯɢɛɤɚ 

ɤɜɚɧɬɭɜɚɧɧɹ, ɿɧɫɬɪɭɦɟɧɬɚɥɶɧɚ ɩɨɯɢɛɤɚ ɬɚ ɿɧ.), ɬɨɦɭ ɜ ɡɚɝɚɥɶɧɨɦɭ ɜɢɩɚɞɤɭ ɦɨɠɧɚ ɜɜɚɠɚɬɢ  iN t
  ɜɢɩɚɞɤɨɜɨɸ 

ɜɟɥɢɱɢɧɨɸ, ɪɨɡɩɨɞɿɥɟɧɨɸ ɡɚ ɧɨɪɦɚɥɶɧɢɦ ɡɚɤɨɧɨɦ ɡɿ ɫɜɨʀɦ ɋɄȼ  iN t
    . 

ȼɿɞɧɨɫɧɚ ɩɨɯɢɛɤɚ ɜɢɡɧɚɱɟɧɧɹ cepV   ɡɚɩɪɨɩɨɧɨɜɚɧɢɦ ɫɩɨɫɨɛɨɦ ɞɨɪɿɜɧɸє: 
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ɞɟ  
cepV 

 ɜɿɞɧɨɫɧɚ ɩɨɯɢɛɤɚ ɜɢɡɧɚɱɟɧɧɹ cepV  ;    
max maxcep cepV V   ɦɚɤɫɢɦɚɥɶɧɟ ɡɧɚɱɟɧɧɹ ɲɜɢɞɤɨɫɬɿ; 

cepV 
  ɚɛɫɨɥɸɬɧɚ ɩɨɯɢɛɤɚ ɜɢɡɧɚɱɟɧɧɹ cepV  . 

ȼɟɥɢɱɢɧɚ 
cepV 

 є ɜɢɩɚɞɤɨɜɨɸ ɜɟɥɢɱɢɧɨɸ ɡɿ ɫɜɨʀɦ ɋɄȼ 
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Ⱥɧɚɥɨɝɿɱɧɨ ɡɚɩɢɲɟɦɨ ɜɢɪɚɡɢ ɞɥɹ ɜɿɞɧɨɫɧɢɯ ɩɨɯɢɛɨɤ ɜɢɡɧɚɱɟɧɧɹ ɫɟɪɟɞɧɿɯ ɡɧɚɱɟɧɶ ɩɪɢɫɤɨɪɟɧɧɹ 
cepa 

 

ɿ ɪɿɡɤɨɫɬɿ 
cepr 

 ɡɚɩɪɨɩɨɧɨɜɚɧɢɦ ɫɩɨɫɨɛɨɦ ɬɚ ɜɿɞɩɨɜɿɞɧɢɯ ʀɦ ɋɄȼ 
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Ɂ’ɹɫɭєɦɨ, ɱɢ ɡɚɛɟɡɩɟɱɭє ɡɚɩɪɨɩɨɧɨɜɚɧɢɣ ɫɩɨɫɿɛ ɛɿɥɶɲɭ ɬɨɱɧɿɫɬɶ ɩɪɢ ɜɢɡɧɚɱɟɧɧɿ ɩɚɪɚɦɟɬɪɿɜ ɪɭɯɭ 

ɨɛ’єɤɬɚ ɧɚ ɤɿɧɰɟɜɨɦɭ ɿɧɬɟɪɜɚɥɿ ɱɚɫɭ ɭ ɩɨɪɿɜɧɹɧɧɿ ɡ ɤɥɚɫɢɱɧɢɦ ɫɩɨɫɨɛɨɦ. Ⱦɥɹ ɰɶɨɝɨ ɩɨɪɿɜɧɹєɦɨ ɋɄȼ 

ɜɿɞɧɨɫɧɢɯ ɩɨɯɢɛɨɤ ɜɢɡɧɚɱɟɧɧɹ ɲɜɢɞɤɨɫɬɿ, ɩɪɢɫɤɨɪɟɧɧɹ ɬɚ ɪɿɡɤɨɫɬɿ ɡɚɩɪɨɩɨɧɨɜɚɧɨɝɨ ɬɚ ɤɥɚɫɢɱɧɨɝɨ ɫɩɨɫɨɛɿɜ, 

ɡɧɚɣɲɨɜɲɢ ʀɯ ɜɿɞɧɨɲɟɧɧɹ:  



Ɉɩɬɢɱɧɿ ɬɚ ɮɿɡɢɤɨ-ɯɿɦɿɱɧɿ ɜɢɦɿɪɸɜɚɧɧɹ 
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ɉɪɨɜɟɞɟɦɨ ɚɧɚɥɿɡ ɟɮɟɤɬɢɜɧɨɫɬɿ ɡɚɩɪɨɩɨɧɨɜɚɧɨɝɨ ɫɩɨɫɨɛɭ ɜɢɡɧɚɱɟɧɧɹ ɩɚɪɚɦɟɬɪɿɜ ɪɭɯɭ ɨɛ’єɤɬɚ ɡɚ 
(15)÷(17) ɩɨ ɜɿɞɧɨɲɟɧɧɸ ɞɨ ɤɥɚɫɢɱɧɨɝɨ ɫɩɨɫɨɛɭ, ɜ ɪɟɡɭɥɶɬɚɬɿ ɱɨɝɨ ɨɬɪɢɦɚєɦɨ ɬɚɤɿ ɪɟɡɭɥɶɬɚɬɢ. 

1. ɉɪɢ ɜɢɡɧɚɱɟɧɧɿ ɲɜɢɞɤɨɫɬɿ ɪɭɯɭ ɨɛ’єɤɬɚ ɤɿɥɶɤɿɫɬɶ ɤɨɨɪɞɢɧɚɬ m ɦɚє ɛɭɬɢ ɩɚɪɧɨɸ, ɩɪɢ ɜɢɡɧɚɱɟɧɧɿ 
ɩɪɢɫɤɨɪɟɧɧɹ – ɤɪɚɬɧɨɸ 3, ɚ ɩɪɢ ɜɢɡɧɚɱɟɧɧɿ ɪɿɡɤɨɫɬɿ – ɤɪɚɬɧɨɸ 4. ɉɪɢ ɨɞɧɨɱɚɫɧɨɦɭ ɜɢɡɧɚɱɟɧɧɿ ɲɜɢɞɤɨɫɬɿ ɬɚ 
ɩɪɢɫɤɨɪɟɧɧɹ ɤɿɥɶɤɿɫɬɶ ɤɨɨɪɞɢɧɚɬ m ɦɚє ɛɭɬɢ ɤɪɚɬɧɨɸ 6, ɚ ɩɪɢ ɜɢɡɧɚɱɟɧɧɿ ɳɟ ɣ ɪɿɡɤɨɫɬɿ – ɤɪɚɬɧɨɸ 12. 

2. Ɂɛɿɥɶɲɟɧɧɹ ɬɨɱɧɨɫɬɿ ɜɢɡɧɚɱɟɧɧɹ ɲɜɢɞɤɨɫɬɿ ɡɚɩɪɨɩɨɧɨɜɚɧɢɦ ɫɩɨɫɨɛɨɦ ɩɨ ɜɿɞɧɨɲɟɧɧɸ ɞɨ 

ɤɥɚɫɢɱɧɨɝɨ ɫɩɨɫɨɛɭ ɜɿɞɛɭɜɚєɬɶɫɹ ɩɪɢ 8,m   ɩɪɢɫɤɨɪɟɧɧɹ – ɩɪɢ 18,m   ɪɿɡɤɨɫɬɿ – ɩɪɢ 20.m   Ⱦɥɹ 
ɞɨɫɹɝɧɟɧɧɹ ɟɮɟɤɬɢɜɧɨɝɨ ɡɦɟɧɲɟɧɧɹ ɩɨɯɢɛɤɢ ɜɢɡɧɚɱɟɧɧɹ ɩɚɪɚɦɟɬɪɿɜ ɪɭɯɭ ɤɿɥɶɤɿɫɬɶ ɜɢɤɨɪɢɫɬɨɜɭɜɚɧɢɯ 

ɤɨɨɪɞɢɧɚɬ ɦɚє ɛɭɬɢ: ɩɪɢ ɜɢɡɧɚɱɟɧɧɿ ɲɜɢɞɤɨɫɬɿ 2 , 5,m k k   ɩɪɢɫɤɨɪɟɧɧɹ – 3 , 7,m k k   ɪɿɡɤɨɫɬɿ – 

4 , 5,m k k   ɲɜɢɞɤɨɫɬɿ ɿ ɩɪɢɫɤɨɪɟɧɧɹ – 6 , 4,m k k   ɲɜɢɞɤɨɫɬɿ ɣ ɪɿɡɤɨɫɬɿ – 4 , 5,m k k   

ɩɪɢɫɤɨɪɟɧɧɹ ɬɚ ɪɿɡɤɨɫɬɿ – 12 , 2,m k k   ɲɜɢɞɤɨɫɬɿ, ɩɪɢɫɤɨɪɟɧɧɹ ɬɚ ɪɿɡɤɨɫɬɿ – 12 , 2.m k k    

Ɍɨɦɭ ɳɨ ɜɢɛɿɪ ɜɟɥɢɱɢɧɢ m ɜ ɡɚɝɚɥɶɧɨɦɭ ɜɢɩɚɞɤɭ ɡɧɚɯɨɞɢɬɶɫɹ ɭ ɤɨɦɩɟɬɟɧɰɿʀ ɪɨɡɪɨɛɧɢɤɚ, ɬɨ 

ɨɬɪɢɦɭɜɚɧɚ ɟɮɟɤɬɢɜɧɿɫɬɶ ɡɚɩɪɨɩɨɧɨɜɚɧɨɝɨ ɫɩɨɫɨɛɭ ɪɟɚɥɿɡɭєɬɶɫɹ ɡ ɜɪɚɯɭɜɚɧɧɹɦ ɡɧɚɱɟɧɧɹ m. Ⱦɥɹ ɿɥɸɫɬɪɚɰɿʀ 
ɟɮɟɤɬɢɜɧɨɫɬɿ ɡɚɩɪɨɩɨɧɨɜɚɧɨɝɨ ɫɩɨɫɨɛɭ ɜɢɡɧɚɱɟɧɧɹ ɩɚɪɚɦɟɬɪɿɜ ɪɭɯɭ ɨɛ’єɤɬɚ ɧɚ ɪɢɫ. 2 ɧɚɜɟɞɟɧɿ ɡɚɥɟɠɧɨɫɬɿ 
ɤɨɟɮɿɰɿєɧɬɿɜ ,Vk  ak  ɬɚ rk  (ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ (15)÷(17)) ɜɿɞ m (ɩɪɢ ɪɨɡɪɚɯɭɧɤɚɯ ɡɧɚɱɟɧɧɹ m ɜɢɛɢɪɚɥɨɫɹ 
ɤɪɚɬɧɢɦ 12, ɳɨ є ɨɛɨɜ’ɹɡɤɨɜɨɸ ɭɦɨɜɨɸ ɨɞɧɨɱɚɫɧɨɝɨ ɜɢɡɧɚɱɟɧɧɹ ɲɜɢɞɤɨɫɬɿ, ɩɪɢɫɤɨɪɟɧɧɹ ɬɚ ɪɿɡɤɨɫɬɿ ɪɭɯɭ 

ɨɛ’єɤɬɚ; ɩɭɧɤɬɢɪɧɢɦɢ ɩɨɤɚɡɚɧɿ ɥɿɧɿʀ ɬɪɟɧɞɭ). 

 

 

  
ɚ) ɛ) 

 
ɜ) 
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ɤɿɥɶɤɨɫɬɿ ɜɢɤɨɪɢɫɬɨɜɭɜɚɧɢɯ ɞɥɹ ɨɛɱɢɫɥɟɧɶ ɤɨɨɪɞɢɧɚɬ ɨɛ’єɤɬɚ m ɧɚ ɤɿɧɰɟɜɨɦɭ ɿɧɬɟɪɜɚɥɿ ɱɚɫɭ ɜɢɦɿɪɸɜɚɧɧɹ t  
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         ɛɿɥɶɲɿ ɞɢɫɤɪɟɬɧɨɫɬɟɣ ɜɿɞɩɨɜɿɞɧɢɯ ɤɨɞɿɜ ɤɥɚɫɢɱɧɨɝɨ 

ɫɩɨɫɨɛɭ, ɳɨ ɬɚɤɨɠ є ɩɟɪɟɜɚɝɨɸ ɞɚɧɨɝɨ ɫɩɨɫɨɛɭ. 

 

ȼɢɫɧɨɜɤɢ 

1. ɉɨɤɚɡɚɧɨ, ɳɨ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɩɚɪɚɦɟɬɪɿɜ ɪɭɯɭ ɨɛ’єɤɬɚ ɧɟɨɛɯɿɞɧɚ ɿɧɮɨɪɦɚɰɿɹ ɩɪɨ ɣɨɝɨ ɤɨɨɪɞɢɧɚɬɢ 

(ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɲɜɢɞɤɨɫɬɿ ɧɟɨɛɯɿɞɧɨ ɩɨɩɟɪɟɞɧɶɨ ɜɢɡɧɚɱɢɬɢ ɡɧɚɱɟɧɧɹ ɞɜɨɯ ɤɨɨɪɞɢɧɚɬ, ɩɪɢɫɤɨɪɟɧɧɹ – ɬɪɶɨɯ 

ɤɨɨɪɞɢɧɚɬ, ɚ ɪɿɡɤɨɫɬɿ – ɱɨɬɢɪɶɨɯ ɤɨɨɪɞɢɧɚɬ) (ɪɢɫ.1). 

2. Ⱦɥɹ ɩɿɞɜɢɳɟɧɧɹ ɬɨɱɧɨɫɬɿ ɜɢɦɿɪɸɜɚɧɶ ɡɚɩɪɨɩɨɧɨɜɚɧɨ ɡɚɝɚɥɶɧɭ ɤɿɥɶɤɿɫɬɶ ɤɨɨɪɞɢɧɚɬ ɨɛ’єɤɬɚ ɧɚ 
ɿɧɬɟɪɜɚɥɿ ɱɚɫɭ ɞɿɥɢɬɢ ɧɚ ɝɪɭɩɢ ɡ ɨɞɧɚɤɨɜɨɸ ɤɿɥɶɤɿɫɬɸ ɤɨɨɪɞɢɧɚɬ (ɞɜɿ ɞɥɹ ɲɜɢɞɤɨɫɬɿ, ɬɪɢ ɞɥɹ ɩɪɢɫɤɨɪɟɧɧɹ ɿ 
ɱɨɬɢɪɢ ɞɥɹ ɪɿɡɤɨɫɬɿ), ɜɢɡɧɚɱɚɬɢ ɫɟɪɟɞɧє ɚɪɢɮɦɟɬɢɱɧɟ ɤɨɞɿɜ ɤɨɨɪɞɢɧɚɬ ɜ ɝɪɭɩɚɯ ɿ ɡɚ ɰɢɦɢ ɪɟɡɭɥɶɬɚɬɚɦɢ 

ɜɢɡɧɚɱɚɬɢ ɫɟɪɟɞɧɿ ɡɧɚɱɟɧɧɹ ɩɚɪɚɦɟɬɪɿɜ ɪɭɯɭ ɨɛ’єɤɬɚ ɧɚ ɡɚɞɚɧɨɦɭ ɿɧɬɟɪɜɚɥɿ ɱɚɫɭ. 

3. ɉɪɨɜɟɞɟɧɨ ɚɧɚɥɿɡ ɟɮɟɤɬɢɜɧɨɫɬɿ ɡɚɩɪɨɩɨɧɨɜɚɧɨɝɨ ɫɩɨɫɨɛɭ ɜɢɡɧɚɱɟɧɧɹ ɩɚɪɚɦɟɬɪɿɜ ɪɭɯɭ ɨɛ’єɤɬɚ ɩɨ 

ɜɿɞɧɨɲɟɧɧɸ ɞɨ ɤɥɚɫɢɱɧɨɝɨ ɫɩɨɫɨɛɭ (ɪɢɫ. 2), ɹɤɚ ɫɭɬɬєɜɨ ɡɚɥɟɠɢɬɶ ɜɿɞ ɤɿɥɶɤɨɫɬɿ ɜɢɤɨɪɢɫɬɨɜɭɜɚɧɢɯ ɞɥɹ 

ɨɛɱɢɫɥɟɧɶ ɤɨɨɪɞɢɧɚɬ. 
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