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Ⱦɧɿɩɪɨɜɫɶɤɢɣ ɞɟɪɠɚɜɧɢɣ ɬɟɯɧɿɱɧɢɣ ɭɧɿɜɟɪɫɢɬɟɬ 

ɋɉɅȺɃɇ-ɆȿɌɈȾ  ɉȱȾȼɂɓȿɇɇɈȲ ɌɈɑɇɈɋɌȱ ɊɈɁȼ’əɁȺɇɇə  
ɁȺȾȺɑȱ ɄɈɒȱ ȾɅə ɋɂɋɌȿɆɂ ȾɂɎȿɊȿɇɐȱȺɅɖɇɂɏ Ɋȱȼɇəɇɖ 

 

Ɋɨɡɪɨɛɥɟɧɚ ɫɩɥɚɣɧ-ɤɨɥɨɤɚɰɿɣɧɚ ɫɯɟɦɚ ɩɿɞɜɢɳɟɧɧɨʀ ɬɨɱɧɨɫɬɿ ɪɨɡɜ’ɹɡɚɧɧɹ ɡɚɞɚɱɿ 
Ʉɨɲɿ ɞɥɹ ɧɨɪɦɚɥɶɧɨʀ ɫɢɫɬɟɦɢ ɞɢɮɟɪɟɧɰɿɚɥɶɧɢɯ ɪɿɜɧɹɧɶ ɿɡ ɡɦɿɧɧɢɦɢ ɤɨɟɮɿɰɿєɧɬɚɦɢ. 

ɋɯɟɦɚ ɡɚɫɧɨɜɚɧɚ ɧɚ ɧɨɜɢɯ ɦɟɬɨɞɚɯ ɿɞɟɧɬɢɮɿɤɚɰɿʀ ɩɚɪɚɦɟɬɪɿɜ ɦɨɞɟɥɿ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ 
ɫɩɥɚɣɧɿɜ, ɳɨ ɞɨɡɜɨɥɹє ɩɿɞɜɢɳɢɬɢ ɬɨɱɧɿɫɬɶ ɧɚɛɥɢɠɟɧɨɝɨ ɪɨɡɜ’ɹɡɤɭ ɜ ɩɨɪɿɜɧɹɧɧɿ ɡ 
ɪɨɡɜ’ɹɡɤɚɦɢ, ɹɤɿ ɡɧɚɣɞɟɧɿ  ɿɫɧɭɸɱɢɦɢ ɦɟɬɨɞɚɦɢ. 

Ɋɚɡɪɚɛɨɬɚɧɚ ɫɩɥɚɣɧ-ɤɨɥɥɨɤɚɰɢɨɧɧɚɹ ɫɯɟɦɚ ɩɨɜɵɲɟɧɧɨɣ ɬɨɱɧɨɫɬɢ ɪɟɲɟɧɢɹ ɡɚɞɚ-
ɱɢ Ʉɨɲɢ ɞɥɹ ɧɨɪɦɚɥɶɧɨɣ ɫɢɫɬɟɦɵ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɫ ɩɟɪɟɦɟɧɧɵɦɢ 
ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ. ɋɯɟɦɚ ɨɫɧɨɜɚɧɚ ɧɚ ɧɨɜɵɯ ɦɟɬɨɞɚɯ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɩɚɪɚɦɟɬɪɨɜ 
ɦɨɞɟɥɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɩɥɚɣɧɨɜ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɩɨɜɵɫɢɬɶ ɬɨɱɧɨɫɬɶ ɩɪɢɛɥɢɠɟɧɧɨ-
ɝɨ ɪɟɲɟɧɢɹ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɪɟɲɟɧɢɹɦɢ, ɤɨɬɨɪɵɟ ɧɚɣɞɟɧɵ ɫɭɳɟɫɬɜɭɸɳɢɦɢ ɦɟɬɨɞɚ-
ɦɢ. 

A spline-collocation scheme of improved accuracy for solving the Cauchy problem for a 

normal system of differential equations with variable coefficients is developed. The scheme 

is based on new methods of identification of the model parameters using splines, which 

improves the accuracy of the approximate solution compared with solutions that are found 

existing methods. 

Ʉɥɸɱɨɜɿ ɫɥɨɜɚ: ɫɩɥɚɣɧ, ɤɨɥɨɤɚɰɿɣɧɚ ɫɯɟɦɚ, ɡɚɞɚɱɚ Ʉɨɲɿ, ɿɞɟɧɬɢɮɿɤɚɰɿɹ. 

ȼɫɬɭɩ. ɒɢɪɨɤɢɣ ɫɩɟɤɬɪ ɧɚɭɤɨɜɨ-ɬɟɯɧɿɱɧɢɯ ɩɪɨɛɥɟɦ ɜɢɜɱɟɧɧɹ ɤɨɥɢɜɚɥɶ-
ɧɢɯ ɩɪɨɰɟɫɿɜ ɪɿɡɧɨʀ ɮɿɡɢɱɧɨʀ ɩɪɢɪɨɞɢ ɡɜɨɞɢɬɶɫɹ ɞɨ ɩɨɛɭɞɨɜɢ ɦɨɞɟɥɟɣ, ɧɚɣɱɚ-
ɫɬɿɲɟ ɭ ɜɢɝɥɹɞɿ ɞɢɮɟɪɟɧɰɿɚɥɶɧɢɯ ɪɿɜɧɹɧɶ ɚɛɨ ʀɯ ɫɢɫɬɟɦ ɿɡ ɡɚɞɚɧɢɦɢ ɨɛɦɟɠɟɧ-
ɧɹɦɢ. Ɉɬɪɢɦɚɧɧɹ ɬɨɱɧɨɝɨ ɚɧɚɥɿɬɢɱɧɨɝɨ ɪɨɡɜ’ɹɡɤɭ ɬɚɤɢɯ ɡɚɞɚɱ є ɞɨɫɢɬɶ ɫɤɥɚ-
ɞɧɢɦ. Ⱦɥɹ ɩɨɛɭɞɨɜɢ ɿ ɞɨɫɥɿɞɠɟɧɧɹ ɧɚɛɥɢɠɟɧɨɝɨ ɪɨɡɜ’ɹɡɤɭ ɡɚɞɚɱ ɡ ɪɿɡɧɨɝɨ ɪɨ-
ɞɭ ɝɪɚɧɢɱɧɢɦɢ ɭɦɨɜɚɦɢ ɨɬɪɢɦɚɧɿ ɿ ɞɨɫɬɚɬɧɶɨ ɟɮɟɤɬɢɜɧɨ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ 

ɫɩɥɚɣɧ-ɦɟɬɨɞɢ.  Ɉɫɧɨɜɧɨɸ ɩɪɨɛɥɟɦɨɸ  ɜɢɤɨɪɢɫɬɚɧɧɹ ɫɩɥɚɣɧ-ɦɟɬɨɞɿɜ ɡɚɥɢ-
ɲɚєɬɶɫɹ  ɧɟɜɢɫɨɤɚ ɬɨɱɧɿɫɬɶ ɨɬɪɢɦɚɧɨɝɨ ɧɚɛɥɢɠɟɧɨɝɨ ɪɨɡɜ'ɹɡɤɭ. ȼɢɤɨɪɢɫɬɚɧ-
ɧɹ ɧɨɜɢɯ ɦɟɬɨɞɿɜ ɿɞɟɧɬɢɮɿɤɚɰɿʀ ɩɚɪɚɦɟɬɪɿɜ ɦɨɞɟɥɟɣ ɧɚɞɚє ɩɚɪɚɦɟɬɪɢɱɧɨɦɭ 
ɤɨɥɢɜɚɥɶɧɨɦɭ ɩɪɨɰɟɫɭ. 

ɉɪɨɛɥɟɦɚɦ ɿɞɟɧɬɢɮɿɤɚɰɿʀ ɩɪɢɫɜɹɱɟɧɨ ɧɟɦɚɥɨ ɪɨɛɿɬ, ɜ ɹɤɢɯ ɪɨɡɝɥɹɞɚєɬɶɫɹ  
ɿɞɟɧɬɢɮɿɤɚɰɿɹ ɦɨɞɟɥɟɣ ɚɛɨ ʀɯ ɩɚɪɚɦɟɬɪɿɜ, ɡɨɤɪɟɦɚ ɪɨɛɨɬɢ  Ⱦ. Ƚɪɨɩɩɚ, ɉ. ȿɣɤ-
ɯɨɮɮɚ, Ɋ. Ʌɿ,  Ʌ. Ʌɶɸɧɝɚ, ə.Ɂ. ɐɢɩɤɢɧɚ, ȱ.ȼ. ɋɟɪɝɿɟɧɤɚ, ȼ.ɋ. Ⱦɟɣɧɟɤɢ, 
ȼ.Ɏ.Ƚɭɛɚɪɟɜɚ. ȼɟɥɢɤɚ ɭɜɚɝɚ ɜ ɰɢɯ ɪɨɛɨɬɚɯ ɩɪɢɞɿɥɹєɬɶɫɹ ɿɞɟɧɬɢɮɿɤɚɰɿʀ ɥɿɧɿɣ-
ɧɢɯ ɞɢɧɚɦɿɱɧɢɯ ɨɛ'єɤɬɿɜ, ɳɨ ɨɩɢɫɭɸɬɶɫɹ ɞɢɮɟɪɟɧɰɿɚɥɶɧɢɦɢ ɚɛɨ ɪɿɡɧɢɰɟɜɢɦɢ 
ɪɿɜɧɹɧɧɹɦɢ. ɉɢɬɚɧɧɹ ɩɨɛɭɞɨɜɢ ɫɯɟɦ ɧɚɛɥɢɠɟɧɨɝɨ ɪɨɡɜ’ɹɡɤɭ ɡɚɞɚɱ ɡ ɡɚɞɚɧɢɦɢ 
ɩɨɱɚɬɤɨɜɢɦɢ  ɭɦɨɜɚɦɢ,  ɹɤɿ  ɦɚɥɢ  ɛ  ɛɿɥɶɲ  ɜɢɫɨɤɭ  ɬɨɱɧɿɫɬɶ  ɭ  ɩɨɪɿɜɧɹɧɧɿ  ɡɿ 
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ɫɬɚɧɞɚɪɬɧɢɦɢ ɤɭɫɨɱɧɨ-ɩɨɥɿɧɨɦɿɚɥɶɧɢɦɢ ɫɯɟɦɚɦɢ ɡɚɥɢɲɚєɬɶɫɹ ɚɤɬɭɚɥɶɧɢɦ.  
ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɿ. Ⱦɚɧɚ ɪɨɛɨɬɚ ɩɪɢɫɜɹɱɟɧɚ ɪɨɡɪɨɛɰɿ ɦɟɬɨɞɿɜ ɿɞɟɧɬɢɮɿɤɚ-

ɰɿʀ ɩɚɪɚɦɟɬɪɿɜ ɦɨɞɟɥɿ ɩɚɪɚɦɟɬɪɢɱɧɢɯ ɤɨɥɢɜɚɥɶɧɢɯ ɩɪɨɰɟɫɿɜ ɡ ɦɟɬɨɸ ɩɿɞɜɢ-
ɳɟɧɧɹ ɫɬɭɩɟɧɹ ɚɞɟɤɜɚɬɧɨɫɬɿ ɰɿєʀ ɦɨɞɟɥɿ, ɚ ɬɚɤɨɠ ɩɨɛɭɞɨɜɿ ɦɟɬɨɞɿɜ ɩɨɲɭɤɭ 
ɧɚɛɥɢɠɟɧɨɝɨ ɪɨɡɜ’ɹɡɤɭ ɡɚɞɚɱɿ Ʉɨɲɿ ɞɥɹ ɧɨɪɦɚɥɶɧɨʀ ɫɢɫɬɟɦɢ ɞɢɮɟɪɟɧɰɿɚɥɶɧɢɯ 
ɪɿɜɧɹɧɶ ɿɡ ɡɦɿɧɧɢɦɢ ɤɨɟɮɿɰɿєɧɬɚɦɢ 
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Ⱦɥɹ Rt  ɤɨɟɮɿɰɿєɧɬɢ ɫɢɫɬɟɦɢ (1) )(tpij , )(tqi )2,1;2,1(  ji , ɚ ɬɚɤɨɠ 

)(),( 2211 txxtxx  - ɞɜɿɱɿ ɧɟɩɟɪɟɪɜɧɨ ɞɢɮɟɪɟɧɰɿɣɨɜɚɧɿ ɮɭɧɤɰɿʀ.  
Ⱦɥɹ ɨɬɪɢɦɚɧɧɹ ɧɚɛɥɢɠɟɧɨɝɨ ɪɨɡɜ'ɹɡɤɭ ɩɪɨɜɟɞɟɧɨ ɞɢɫɤɪɟɬɢɡɚɰɿɸ ɡɚɞɚɱɿ (1) 

- (2).  Ⱥɥɟ ɛɭɞɶ-ɹɤɚ ɞɢɫɤɪɟɬɢɡɚɰɿɹ ɩɪɢɡɜɨɞɢɬɶ ɞɨ ɜɬɪɚɬɢ ɬɨɱɧɨɫɬɿ ɪɨɡɜ'ɹɡɤɭ. 
Ɍɨɦɭ ɩɪɨɩɨɧɭєɬɶɫɹ ɩɪɨɜɟɫɬɢ ɿɞɟɧɬɢɮɿɤɚɰɿɸ ɩɚɪɚɦɟɬɪɿɜ ɞɢɫɤɪɟɬɧɨʀ ɦɨɞɟɥɿ 
ɬɚɤ, ɳɨɛ ɩɿɞɜɢɳɢɬɢ ɫɬɭɩɿɧɶ ɛɥɢɡɶɤɨɫɬɿ ɧɚɛɥɢɠɟɧɨɝɨ ɪɨɡɜ'ɹɡɤɭ ɡɚɞɚɱɿ (1)–(2) 

ɞɨ ʀʀ ɬɨɱɧɨɝɨ ɪɨɡɜ'ɹɡɤɭ. Ʉɪɢɬɟɪɿєɦ ɹɤɨɫɬɿ ɿɞɟɧɬɢɮɿɤɚɰɿʀ є ɦɿɧɿɦɭɦ ɚɛɫɨɥɸɬɧɨʀ 
ɜɟɥɢɱɢɧɢ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɜɿɞɯɢɥɟɧɧɹ ɪɨɡɜ’ɹɡɤɭ ɩɨɛɭɞɨɜɚɧɨʀ ɦɨɞɟɥɿ ɜɿɞ ɬɨɱ-
ɧɨɝɨ ɪɨɡɜ’ɹɡɤɭ ɡɚɞɚɱɿ Ʉɨɲɿ. 

Ɇɟɬɨɞ ɪɨɡɜ’ɹɡɭɜɚɧɧɹ ɬɚ ɚɧɚɥɿɡ ɨɞɟɪɠɚɧɢɯ ɪɟɡɭɥɶɬɚɬɿɜ. ɋɩɨɱɚɬɤɭ ɞɨ ɫɢ-
ɫɬɟɦɢ (1) ɡɚɫɬɨɫɨɜɭєɦɨ ɦɟɬɨɞ ɜɢɤɥɸɱɟɧɧɹ ɡɦɿɧɧɨʀ, ɡɚ ɞɨɩɨɦɨɝɨɸ ɹɤɨɝɨ ɡɚɞɚ-
ɱɚ (1) – (2)  ɡɜɨɞɢɬɶɫɹ ɞɨ ɡɚɞɚɱɿ Ʉɨɲɿ ɞɥɹ ɥɿɧɿɣɧɨɝɨ ɞɢɮɟɪɟɧɰɿɚɥɶɧɨɝɨ ɪɿɜɧɹɧ-
ɧɹ ɞɪɭɝɨɝɨ ɩɨɪɹɞɤɭ ɿɡ ɡɦɿɧɧɢɦɢ ɤɨɟɮɿɰɿєɧɬɚɦɢ: 
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ɉɿɫɥɹ ɩɪɨɜɟɞɟɧɧɹ ɡɚɦɿɧɢ ɡɚɞɚɱɚ (3) – (4) ɧɚɛɭɜɚє ɜɢɝɥɹɞɭ 

)()()( 111 tfxtqxtpx  ,                                              (5) 

0101 )0(,)0( xxxx  .                                                  (6) 

Ⱦɨ ɡɚɞɚɱɿ (5) – (6) ɡɚɫɬɨɫɨɜɭєɦɨ ɩɪɢɣɨɦ, ɪɨɡɪɨɛɥɟɧɢɣ ɜ ɪɨɛɨɬɿ [2]. 

ɇɟɯɚɣ )(tS – ɧɚɛɥɢɠɟɧɢɣ ɫɩɥɚɣɧ-ɪɨɡɜ’ɹɡɨɤ ɡɚɞɚɱɿ (5) – (6). ɉɪɢ ɩɨɛɭɞɨɜɿ 
ɞɢɫɤɪɟɬɧɨʀ ɦɨɞɟɥɿ ɜɢɦɚɝɚɬɢɦɟɦɨ, ɳɨɛ ɜɿɧ ɫɩɿɜɩɚɞɚɜ ɡ ɬɨɱɧɢɦ ɪɨɡɜ’ɹɡɤɨɦ ɡɚ-
ɞɚɱɿ (1) – (2) ɜ ɬɨɱɤɚɯ ɪɿɜɧɨɦɿɪɧɨɝɨ ɪɨɡɛɢɬɬɹ  , ɞɟ  

...},2,1,0,0,{  ihihtt
ii . Ɉɬɪɢɦɚєɦɨ ɞɢɫɤɪɟɬɧɭ ɦɨɞɟɥɶ 
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
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

)1,1(,

)0(,)0( 00

NiFSQSPS

xSxS

iiiiii

                           (7) 

 

Ɍɚɤɢɦ ɱɢɧɨɦ, ɧɟɩɟɪɟɪɜɧɚ ɦɨɞɟɥɶ (5) – (6) ɡɚɦɿɧɸєɬɶɫɹ ɞɢɫɤɪɟɬɧɨɸ 

ɦɨɞɟɥɥɸ (7). əɤɳɨ ɜ ɦɨɞɟɥɿ (7)  ɩɚɪɚɦɟɬɪɢ  iii FQP ;;  ɩɨɤɥɚɫɬɢ ɪɿɜɧɢɦɢ ɡɧɚ-
ɱɟɧɧɹɦ ɜɿɞɩɨɜɿɞɧɢɯ ɮɭɧɤɰɿɣ )();();( tftqtp  ɭ ɜɭɡɥɚɯ ɪɨɡɛɢɬɬɹ  , ɨɬɪɢɦɚєɦɨ 
ɤɥɚɫɢɱɧɭ ɤɨɥɨɤɚɰɿɣɧɭ ɫɯɟɦɭ, ɩɨɪɹɞɨɤ ɬɨɱɧɨɫɬɿ ɹɤɨʀ, ɹɤ ɜɿɞɨɦɨ, ɫɤɥɚ-
ɞɚє )(

2
hO . Ɍɨɦɭ ɛɭɥɨ ɩɪɨɜɟɞɟɧɨ ɿɞɟɧɬɢɮɿɤɚɰɿɸ ɩɚɪɚɦɟɬɪɿɜ ɦɨɞɟɥɿ (7), ɳɨ ɞɨ-

ɡɜɨɥɢɥɨ  ɩɿɞɜɢɳɢɬɢ ɩɨɪɹɞɨɤ ɬɨɱɧɨɫɬɿ ɧɚɛɥɢɠɟɧɨɝɨ ɪɨɡɜ’ɹɡɤɭ. 
ɉɨɡɧɚɱɢɦɨ )(1 tx  – ɬɨɱɧɢɣ ɪɨɡɜ’ɹɡɨɤ ɡɚɞɚɱɿ (5) – (6). Ⱦɥɹ ɩɪɨɜɟɞɟɧɧɹ ɿɞɟɧ-

ɬɢɮɿɤɚɰɿʀ ɜɢɤɨɪɢɫɬɨɜɭєɦɨ ɜɿɞɨɦɿ ɚɫɢɦɩɬɨɬɢɱɧɿ ɪɨɡɜɢɧɟɧɧɹ ɩɟɪɲɨʀ ɿ ɞɪɭɝɨʀ 
ɩɨɯɿɞɧɢɯ ɿɧɬɟɪɩɨɥɹɰɿɣɧɨɝɨ ɤɭɛɿɱɧɨɝɨ ɫɩɥɚɣɧɚ ɭ ɜɭɡɥɚɯ ɪɨɡɛɢɬɬɹ. ɉɿɫɥɹ ɩɪɨ-
ɜɟɞɟɧɧɹ ɿɞɟɧɬɢɮɿɤɚɰɿʀ ɦɨɞɟɥɶ (7) ɧɚɛɭɜɚє ɜɢɝɥɹɞɭ 
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                       (8) 

ɞɟ  )( ii tpp  , )( ii tqq  , )( ii tff  , Rt , 

)2(
2

iiiii qpp   ;     )2( iiiiiiii qpppqp   ;  

)( iiiii qpq   ;      )( iiiii ffp   ;     )1( i                                    (9) 

6

11
1  ;      

6

4
2  ;      1...43   .                                                   

ɍ ɹɤɨɫɬɿ ɧɚɛɥɢɠɟɧɨɝɨ ɪɨɡɜ’ɹɡɤɭ )(tS  ɡɚɞɚɱɿ (5) – (6)  ɪɨɡɝɥɹɞɚєɦɨ  ɤɭɛɿɱɧɢɣ  
ɫɩɥɚɣɧ  
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BCtS ,   Nnnht  ,],0[ ,                 (10) 
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t
B3 - ɧɨɪɦɨɜɚɧɢɣ ɤɭɛɿɱɧɢɣ ȼ-ɫɩɥɚɣɧ.  
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Ⱦɥɹ ɜɢɡɧɚɱɟɧɧɹ ɤɨɟɮɿɰɿєɧɬɿɜ ɫɩɥɚɣɧɭ (10) ɜɢɤɨɪɢɫɬɨɜɭєɦɨ ɜɿɞɨɦɿ ɡɧɚɱɟɧɧɹ 

ȼ-ɫɩɥɚɣɧɭ ɬɚ ɣɨɝɨ ɩɨɯɿɞɧɢɯ ɭ ɜɭɡɥɚɯ ɪɨɡɛɢɬɬɹ. Ɉɫɤɿɥɶɤɢ  ɫɩɥɚɣɧ (10) є 
ɪɨɡɜ’ɹɡɤɨɦ ɞɢɫɤɪɟɬɧɨʀ ɦɨɞɟɥɿ (8), ɬɨ ɩɿɫɥɹ ɩɿɞɫɬɚɧɨɜɤɢ ɡɧɚɱɟɧɶ ȼ-ɫɩɥɚɣɧɚ ɬɚ 
ɣɨɝɨ ɩɨɯɿɞɧɢɯ ɩɪɢɯɨɞɢɦɨ ɞɨ ɪɨɡɪɚɯɭɧɤɨɜɨʀ ɫɯɟɦɢ ɜɿɞɧɨɫɧɨ ɤɨɟɮɿɰɿєɧɬɿɜ 
ɫɩɥɚɣɧɭ iC : 
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
 .                                            (14) 

ɉɟɪɟɜɚɝɚ  ɡɚɩɪɨɩɨɧɨɜɚɧɨʀ ɫɯɟɦɢ ɜ ɬɨɦɭ, ɳɨ, ɦɚɸɱɢ ɬɚɤɭ ɠ ɫɬɿɣɤɿɫɬɶ, ɳɨ ɿ 
ɫɯɟɦɚ Ⱥɞɚɦɫɚ, ɜɨɧɚ ɦɚє ɛɿɥɶɲ ɜɢɫɨɤɭ ɬɨɱɧɿɫɬɶ. ɇɢɠɱɟ ɛɭɞɟ ɜɢɩɢɫɚɧɢɣ ɝɨɥɨ-
ɜɧɢɣ ɱɥɟɧ ɚɫɢɦɩɬɨɬɢɤɢ ɭɯɢɥɟɧɧɹ ɫɩɥɚɣɧ-ɪɨɡɜ'ɹɡɤɭ ɡɚɞɚɱɿ (1) – (2) ɜɿɞ ɬɨɱɧɨɝɨ 
ɪɨɡɜ'ɹɡɤɭ. 

Ɋɨɡɜ’ɹɡɨɤ ɞɥɹ )(2 tx ɡɧɚɯɨɞɢɦɨ ɡ ɩɟɪɲɨɝɨ ɪɿɜɧɹɧɧɹ ɫɢɫɬɟɦɢ (1), ɜɿɧ ɦɚє ɜɢ-
ɝɥɹɞ 

         )()()()(
)(

1
)(

~
13113

12

3 tqtStptS
tp

tS    Nnnht  ,],0[ ,           (15) 

ɞɟ )(3 tS – ɫɩɥɚɣɧ (10), ɤɨɟɮɿɰɿєɧɬɢ ɹɤɨɝɨ ɡɧɚɯɨɞɹɬɶɫɹ ɡɚ ɮɨɪɦɭɥɚɦɢ  (11) – 

(14). 

Ⱦɨɜɟɞɟɧɨ, ɳɨ ɡɚɩɪɨɩɨɧɨɜɚɧɚ ɫɯɟɦɚ ɪɨɡɜ’ɹɡɤɭ ɡɚɞɚɱɿ (1) – (2) ɞɚє ɬɨɱɧɿɫɬɶ  
ɩɨɪɹɞɤɭ )(

4
hO . Ɍɚɤɭ ɨɰɿɧɤɭ ɩɨɯɢɛɤɢ ɨɬɪɢɦɚɧɨɝɨ ɧɚɛɥɢɠɟɧɨɝɨ ɪɨɡɜ’ɹɡɤɭ  ɩɿ-

ɞɬɜɟɪɞɠɭє ɧɚɫɬɭɩɧɚ ɬɟɨɪɟɦɚ. 
Ɍɟɨɪɟɦɚ.  ɇɟɯɚɣ )(1 tq , )(2 tq ],0[

4
nhL , ],0[)(

5
nhLtpij   ( 2,1, ji Nn ) ɿ 

)(12 tp ɧɟ ɞɨɪɿɜɧɸє ɧɭɥɸ ɜ ɛɭɞɶ-ɹɤɿɣ ɬɨɱɰɿ ],0[ nht . əɤɳɨ ],0[)(
6

*1 nhLxx   ɿ 
],0[)(

6

*2 nhLxx  – ɬɨɱɧɿ ɪɨɡɜ’ɹɡɤɢ ɡɚɞɚɱɿ (1) – (2)  ɢ )(3 tS ɩɨɞɚɧɢɣ ɭ ɜɢɝɥɹɞɿ 
(10) , ɞɟ )1,0(  niCi - ɡɧɚɯɨɞɹɬɶɫɹ ɡɚ ɫɯɟɦɨɸ (11) – (14),  ɚ  )(

~
3 tS ɡɧɚɯɨɞɢɬɶ-

ɫɹ ɡɚ ɮɨɪɦɭɥɨɸ (15), ɬɨ ɩɪɢ 0h ɜɢɤɨɧɭєɬɶɫɹ ɧɟɪɿɜɧɿɫɬɶ 
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Ⱦɥɹ ɞɨɜɟɞɟɧɧɹ ɬɟɨɪɟɦɢ ɛɭɥɨ ɪɨɡɝɥɹɧɭɬɨ ɞɨɩɨɦɿɠɧɟ ɬɜɟɪɞɠɟɧɧɹ. 
Ʌɟɦɚ. ɇɟɯɚɣ )(1 tq , )(2 tq ],0[

4
nhL , ],0[)(

5
nhLtpij   ( 2,1, ji Nn ) ɿ 

)(12 tp ɧɟ ɞɨɪɿɜɧɸє ɧɭɥɸ ɜ ɛɭɞɶ-ɹɤɿɣ ɬɨɱɰɿ ],0[ nht . əɤɳɨ ],0[)(
6

*1 nhLxx   - 

ɬɨɱɧɢɣ ɪɨɡɜ’ɹɡɨɤ ɡɚɞɚɱɿ (1) – (2)  ɢ )(3 tS ɩɨɞɚɧɢɣ ɭ ɜɢɝɥɹɞɿ (10), ɞɟ 
)1,0(  niCi  ɡɧɚɯɨɞɹɬɶɫɹ ɡɚ ɫɯɟɦɨɸ (11) – (14),  ɬɨ ɩɪɢ 0h  ɪɿɜɧɨɦɿɪɧɨ ɩɨ 

i ɦɚєɦɨ 

)())()((
144
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1 65)4(

12111

5)5(
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4)4(

1
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1 hOhxtptp
i

hx
i

hxhxxɋ iiiiiiii 







)2( i , ɞɟ )(11 ii txx  . 

ȼɢɫɧɨɜɤɢ. Ɋɨɡɪɨɛɥɟɧɨ ɦɟɬɨɞ ɩɨɲɭɤɭ ɧɚɛɥɢɠɟɧɨɝɨ ɪɨɡɜ’ɹɡɤɭ ɡɚɞɚɱɿ Ʉɨɲɿ 
ɞɥɹ ɫɢɫɬɟɦɢ ɞɢɮɟɪɟɧɰɿɚɥɶɧɢɯ ɪɿɜɧɹɧɶ, ɳɨ є ɦɨɞɟɥɥɸ ɥɿɧɿɣɧɨʀ ɞɢɧɚɦɿɱɧɨʀ ɫɢ-
ɫɬɟɦɢ ɞɪɭɝɨɝɨ ɩɨɪɹɞɤɭ, ɩɚɪɚɦɟɬɪɢ ɹɤɨʀ ɨɩɢɫɭɸɬɶɫɹ ɧɟɩɟɪɟɪɜɧɢɦɢ ɮɭɧɤɰɿɹɦɢ 
ɱɚɫɭ. Ⱦɥɹ ɰɶɨɝɨ ɛɭɥɨ ɩɪɨɜɟɞɟɧɨ ɞɢɫɤɪɟɬɢɡɚɰɿɸ ɡɚɞɚɱɿ Ʉɨɲɿ. ɉɨɛɭɞɨɜɚɧɨ ɦɟ-
ɬɨɞ ɿɞɟɧɬɢɮɿɤɚɰɿʀ ɩɚɪɚɦɟɬɪɿɜ ɞɢɫɤɪɟɬɧɨʀ ɦɨɞɟɥɿ, ɹɤɢɣ ɞɨɡɜɨɥɹє ɨɬɪɢɦɚɬɢ 
ɪɨɡɜ’ɹɡɨɤ ɜ ɚɧɚɥɿɬɢɱɧɨɦɭ ɜɢɝɥɹɞɿ ɧɚ ɜɫɿɣ ɨɛɥɚɫɬɿ ɜɢɡɧɚɱɟɧɧɹ ɡɚɞɚɱɿ ɡ ɛɿɥɶɲ 
ɜɢɫɨɤɨɸ ɬɨɱɧɿɫɬɸ ɜ ɩɨɪɿɜɧɹɧɧɿ ɡɿ ɡɜɢɱɚɣɧɢɦɢ ɤɨɥɨɤɚɰɿɣɧɢɦɢ ɦɟɬɨɞɚɦɢ. 
Ɉɬɪɢɦɚɧɨ ɤɨɟɮɿɰɿєɧɬɢ ɫɩɥɚɣɧ-ɪɨɡɜ’ɹɡɤɭ ɦɨɞɟɥɿ ɡ ɿɞɟɧɬɢɮɿɤɨɜɚɧɢɦɢ ɩɚɪɚɦɟɬ-
ɪɚɦɢ. Ɉɬɪɢɦɚɧɨ ɨɰɿɧɤɢ ɬɨɱɧɨɫɬɿ ɪɿɲɟɧɧɹ ɦɨɞɟɥɟɣ ɡ ɿɞɟɧɬɢɮɿɤɨɜɚɧɢɦɢ ɩɚɪɚ-
ɦɟɬɪɚɦɢ. Ⱦɨɜɟɞɟɧɨ, ɳɨ ɜɿɞɯɢɥɟɧɧɹ ɨɬɪɢɦɚɧɨɝɨ ɪɨɡɜ’ɹɡɤɭ ɜɿɞ ɬɨɱɧɨɝɨ ɧɟ ɩɟ-
ɪɟɜɢɳɭє )(

4
hO . 
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