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ɆɈȾȿɅɂɊɈȼȺɇɂȿ ɄɊɂɌɂɑȿɋɄɂɏ əȼɅȿɇɂɃ 
ȼ ɆɈȾȿɅɂ ȽɈɊȿɇɂə ɂɁɈɅəɐɂɂ*

 

 
ɘ.ɋ. ȿɮɢɦɨɜɚ1, ȿ.Ⱥ. ɓɟɩɚɤɢɧɚ2 

 

1ɋɚɦɚɪɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ, 
2ɋɚɦɚɪɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɚɷɪɨɤɨɫɦɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦ. ɚɤɚɞɟɦɢɤɚ ɋ.ɉ. Ʉɨɪɨɥёɜɚ 

(ɧɚɰɢɨɧɚɥɶɧɨ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ) 

Ⱦɚɧɧɚɹ ɪɚɛɨɬɚ ɩɨɫɜɹɳɟɧɚ ɢɫɫɥɟɞɨɜɚɧɢɸ ɞɢɧɚɦɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɝɨɪɟɧɢɹ ɢɡɨɥɹɰɢɢ. ɂɫɫɥɟɞɨɜɚɧɢɟ 
ɩɪɨɜɨɞɢɬɫɹ ɦɟɬɨɞɚɦɢ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɬɟɨɪɢɢ ɫɢɧɝɭɥɹɪɧɨ ɜɨɡɦɭɳɟɧɧɵɯ ɫɢɫɬɟɦ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜ ɞɚɧɧɨɣ 
ɫɢɬɭɚɰɢɢ ɦɨɝɭɬ ɩɪɨɬɟɤɚɬɶ ɤɚɤ ɛɟɡɨɩɚɫɧɵɟ ɪɟɠɢɦɵ ɜɵɝɨɪɚɧɢɹ ɢɡɨɥɹɰɢɢ, ɬɚɤ ɢ ɪɟɠɢɦ ɬɟɩɥɨɜɨɝɨ ɜɡɪɵɜɚ ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɨɨɬɧɨɲɟɧɢɣ ɩɚɪɚɦɟɬɪɨɜ ɦɨɞɟɥɢɪɭɸɳɟɣ ɫɢɫɬɟɦɵ. ɉɨɥɭɱɟɧɵ ɤɪɢɬɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ 

ɛɟɡɨɩɚɫɧɨɝɨ ɩɪɨɬɟɤɚɧɢɹ ɩɪɨɰɟɫɫɚ.  
 

Ɋɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɝɨɪɟɧɢɹ ɢɡɨɥɹɰɢɢ, ɤɨɬɨɪɨɟ ɦɨɠɟɬ 
ɩɪɨɢɡɨɣɬɢ ɢɡ-ɡɚ ɭɬɟɱɤɢ ɝɨɪɸɱɟɣ ɠɢɞɤɨɫɬɢ ɢɥɢ ɝɚɡɚ ɢɡ ɧɟɫɭɳɟɣ ɬɪɭɛɵ ɜ ɢɧɟɪɬɧɭɸ 
ɩɨɪɢɫɬɭɸ ɫɪɟɞɭ. Ɂɚɬɟɦ ɠɢɞɤɨɫɬɶ ɩɪɨɩɢɬɵɜɚɟɬɫɹ ɩɨɪɢɫɬɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɢɡɨɥɹɰɢɨɧɧɨɝɨ 
ɦɚɬɟɪɢɚɥɚ, ɢ ɩɪɨɢɫɯɨɞɢɬ ɷɤɡɨɬɟɪɦɢɱɟɫɤɚɹ ɪɟɚɤɰɢɹ ɨɤɢɫɥɟɧɢɹ. ȼɫɟ ɷɬɨ ɩɪɢɜɨɞɢɬ ɤ 
ɩɨɜɵɲɟɧɢɸ ɬɟɦɩɟɪɚɬɭɪɵ ɢ, ɜ ɤɨɧɟɱɧɨɦ ɢɬɨɝɟ, ɜ ɨɩɪɟɞɟɥɟɧɧɵɯ ɭɫɥɨɜɢɹɯ ɝɨɪɸɱɚɹ ɫɦɟɫɶ 
ɫɚɦɨɜɨɫɩɥɚɦɟɧɢɬɫɹ. ɂɡɨɥɢɪɭɸɳɢɣ ɦɚɬɟɪɢɚɥ ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɤɚɤ ɩɭɱɨɤ ɩɚɪɚɥɥɟɥɶɧɵɯ 
«ɤɚɩɢɥɥɹɪɨɜ» ɨɞɢɧɚɤɨɜɨɝɨ ɞɢɚɦɟɬɪɚ. ȼ ɷɬɢɯ «ɤɚɩɢɥɥɹɪɚɯ» ɛɭɞɟɦ ɫɱɢɬɚɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɟ 
ɝɨɪɸɱɟɝɨ ɜɟɳɟɫɬɜɚ ɪɚɜɧɨɦɟɪɧɵɦ. ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɨɞɧɢɦ ɢɡ ɭɫɥɨɜɢɣ, ɜ ɤɨɬɨɪɵɯ ɛɭɞɟɬ 
ɩɪɨɬɟɤɚɬɶ ɪɟɚɤɰɢɹ ɨɤɢɫɥɟɧɢɹ, ɫɬɚɧɟɬ ɨɞɧɨɪɨɞɧɨɫɬɶ ɯɢɦɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ. ɉɨɞ 
ɨɞɧɨɪɨɞɧɨɫɬɶɸ ɩɨɧɢɦɚɟɬɫɹ, ɬɨ, ɱɬɨ ɨɞɧɢ ɢ ɬɟ ɠɟ ɩɪɨɢɫɯɨɞɹɳɢɟ ɜ ɫɪɟɞɟ ɩɪɨɰɟɫɫɵ ɢɦɟɸɬ 
ɦɟɫɬɨ ɜɨ ɜɫɟɯ «ɤɚɩɢɥɥɹɪɚɯ» ɨɞɧɨɜɪɟɦɟɧɧɨ. ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɪɟɚɤɰɢɹ ɩɪɨɬɟɤɚɟɬ ɜ 
ɭɫɥɨɜɢɹɯ ɚɞɢɚɛɚɬɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ. ɉɪɢ ɫɞɟɥɚɧɧɵɯ ɩɪɟɞɩɨɥɨɠɟɧɢɹɯ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ 
ɦɨɞɟɥɶ ɩɪɨɰɟɫɫɚ ɨɩɢɫɵɜɚɟɬɫɹ ɫɢɧɝɭɥɹɪɧɨ ɜɨɡɦɭɳɟɧɧɨɣ ɫɢɫɬɟɦɨɣ ɨɛɵɤɧɨɜɟɧɧɵɯ 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɜɢɞɚ Д1-3]: ��ሶ = ݌ݔ݁ ݔߤ  ቀ �ଵ+ఉ�ቁ − ሺ� − �଴ሻ − ݌ݔ݁ ݔ�  ቀ ௕�ଵ+ఉ�ቁ          (1) ݔሶ  = ݌ݔ݁ ݔߙ− ቀ ௕�ଵ+ఉ�ቁ − ݌ݔ݁ ݔଵܭ ቀ �ଵ+ఉ�ቁ                                  (2) ˆˇˈ � = ݌ݔ݁ ቀ− ଵఉቁ , = ߙ ݌ݔ݁ ଶܭ  ቀଵ−௕ఉ ቁ, ߤ = � �భఉమ ݌ݔ݁  ቀ− ଵఉቁ,  ߥ = �� �మఉమ ݌ݔ݁ ቀ− ௕ఉቁ, ݔ  – 

ɛɟɡɪɚɡɦɟɪɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɝɨɪɸɱɟɣ ɠɢɞɤɨɫɬɢ, � −  ɛɟɡɪɚɡɦɟɪɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɝɨɪɸɱɟɝɨ, �଴ −  ˄ˈˊ˓˃ˊˏˈ˓ː˃ˢ ˕ˈˏ˒ˈ˓˃˕˖˓˃ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ,  –  ܳ ,ɛɟɡɪɚɡɦɟɪɧɨɟ ɜɪɟɦɹ – ݐ

ɬɟɩɥɨɬɚ ɷɤɡɨɬɟɪɦɢɱɟɫɤɨɣ ɪɟɚɤɰɢɢ ɨɤɢɫɥɟɧɢɹ, ܳ௖ − ɥɚɬɟɧɬɧɚɹ ɬɟɩɥɨɬɚ ɩɚɪɨɨɛɪɚɡɨɜɚɧɢɹ, ߚ − ːˑ˓ˏˋ˓˖ˡщˋˌ ˍˑˠ˗˗ˋ˙ˋˈː˕, ܾ − ɨɬɧɨɲɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɦɩɟɪɚɬɭɪɵ 
ɩɚɪɨɨɛɪɚɡɨɜɚɧɢɹ ɤ ɷɧɟɪɝɢɢ ɚɤɬɢɜɚɰɢɢ ɪɟɚɤɰɢɢ ɨɤɢɫɥɟɧɢɹ,  ܭଵ ɢ ܭଶ − 
ɩɪɟɞɷɤɫɩɨɧɟɧɰɢɚɥɶɧɵɟ ɦɧɨɠɢɬɟɥɢ. 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɦɨɞɟɥɢ (1), (2) ɢ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɤɪɢɬɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ ɩɪɨɜɨɞɢɬɫɹ ɫ 
ɩɨɦɨɳɶɸ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɬɟɨɪɢɢ ɫɢɧɝɭɥɹɪɧɵɯ ɜɨɡɦɭɳɟɧɢɣ. Ɋɨɥɶ ɫɚɦɢɯ ɤɪɢɬɢɱɟɫɤɢɯ 
ɫɢɬɭɚɰɢɣ ɜɚɠɧɚ ɩɪɢ ɪɚɫɫɦɨɬɪɟɧɢɢ ɜ ɫɥɨɠɧɵɯ ɯɢɦɢɱɟɫɤɢɯ ɫɢɫɬɟɦɚɯ. Ȼɥɚɝɨɞɚɪɹ 
ɨɩɪɟɞɟɥɟɧɢɸ ɤɪɢɬɢɱɟɫɤɢɯ ɪɟɠɢɦɨɜ ɫɬɚɧɟɬ ɩɨɧɹɬɧɨ, ɤɨɝɞɚ ɢ ɤɚɤ ɛɭɞɟɬ ɩɪɨɬɟɤɚɬɶ 
ɛɟɡɨɩɚɫɧɵɣ ɪɟɠɢɦ ɪɟɚɤɰɢɢ, ɚ ɤɨɝɞɚ ɩɪɨɢɡɨɣɞɟɬ ɩɟɪɟɯɨɞ ɤ ɜɡɪɵɜɧɨɦɭ ɪɟɠɢɦɭ. Ⱦɥɹ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɤɪɢɬɢɱɟɫɤɢɯ ɹɜɥɟɧɢɣ ɜ ɢɫɫɥɟɞɭɟɦɨɣ ɦɨɞɟɥɢ, ɜɵɹɫɧɢɦ, ɤɚɤɢɟ ɪɟɠɢɦɵ 
ɪɟɚɤɰɢɢ ɜɨɡɦɨɠɧɵ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɯɢɦɢɱɟɫɤɨɣ ɫɢɫɬɟɦɟ. Ⱦɥɹ ɷɬɨɝɨ ɢɫɫɥɟɞɭɟɦ 
ɦɟɞɥɟɧɧɭɸ ɤɪɢɜɭɸ ɫɢɫɬɟɦɵ (1), (2), ɬ. ɟ. ɤɪɢɜɭɸ, ɡɚɞɚɜɚɟɦɭɸ ɜɵɪɨɠɞɟɧɧɵɦ ɭɪɚɜɧɟɧɢɟɦ 
ɫɢɫɬɟɦɵ Д3Ж:  �ሺݔ, �ሻ = ݌ݔ݁ ݔߤ ቀ �ଵ+ఉ�ቁ − ሺ� − �଴ሻ − ݌ݔ݁ ݔ�  ቀ ௕�ଵ+ఉ�ቁ = Ͳ.            (3) 

*Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɱɚɫɬɢɱɧɨɣ ɩɨɞɞɟɪɠɤɟ ɝɪɚɧɬɨɜ ɊɎɎɂ 13-01-97002-ɪ ɢ 14-01-97018Иɪ. 
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ɇɚɩɨɦɧɢɦ Д3-5Ж, ɱɬɨ ɩɨɞɦɧɨɠɟɫɬɜɨ ɦɟɞɥɟɧɧɨɣ ɤɪɢɜɨɣ ɧɚɡɵɜɚɟɬɫɹ ɭɫɬɨɣɱɢɜɵɦ 
(ɧɟɭɫɬɨɣɱɢɜɵɦ), ɟɫɥɢ ɧɚ ɧɟɦ ɜɵɩɨɥɧɹɟɬɫɹ ɭɫɥɨɜɢɟ ���� < Ͳ ሺ> Ͳሻ.  ȼ ε – ɨɤɪɟɫɬɧɨɫɬɢ 
ɭɫɬɨɣɱɢɜɵɯ ɢ ɧɟɭɫɬɨɣɱɢɜɵɯ ɭɱɚɫɬɤɨɜ ɦɟɞɥɟɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɥɟɠɚɬ ɭɫɬɨɣɱɢɜɵɟ 
(ɩɪɢɬɹɝɢɜɚɸɳɢɟ) ɢ ɧɟɭɫɬɨɣɱɢɜɵɟ (ɨɬɬɚɥɤɢɜɚɸɳɢɟ) ɦɟɞɥɟɧɧɵɟ ɢɧɜɚɪɢɚɧɬɧɵɟ 
ɦɧɨɝɨɨɛɪɚɡɢɹ. Ɍɚɤ, ɧɚ ɪɢɫɭɧɤɚɯ ͳ − 4 ɭɱɚɫɬɤɢ S ɢ D ɦɟɞɥɟɧɧɨɣ ɤɪɢɜɨɣ ɹɜɥɹɸɬɫɹ 
ɭɫɬɨɣɱɢɜɵɦɢ, ɚ ɭɱɚɫɬɤɢ U ɢ H − ɧɟɭɫɬɨɣɱɢɜɵɦɢ. 

 

 

 

 

            Ɋɢɫɭɧɨɤ 1. Ɇɟɞɥɟɧɧɚɹ ɤɪɢɜɚɹ ɫɢɫɬɟɦɵ                                Ɋɢɫɭɧɨɤ 2. Ɇɟɞɥɟɧɧɚɹ ɤɪɢɜɚɹ  
            (1), (2) ɩɪɢ ܾ < ܾ� < ܾ଴                                  ɫɢɫɬɟɦɵ (1), (2) ɩɪɢ  ܾ = ܾ� 

 

 

 

 

 

 

               Ɋɢɫɭɧɨɤ 3. Ɇɟɞɥɟɧɧɚɹ ɤɪɢɜɚɹ ɫɢɫɬɟɦɵ                                          Ɋɢɫɭɧɨɤ 4. Ɇɟɞɥɟɧɧɚɹ ɤɪɢɜɚɹ  
                    (1), (2) ɩɪɢ ܾ > ܾ଴                                             ɫɢɫɬɟɦɵ (1), (2) ɩɪɢ ܾ = ܾ଴ 

ɂɡ (3) ɫɥɟɞɭɟɬ, ɱɬɨ ɮɨɪɦɚ ɦɟɞɥɟɧɧɨɣ ɤɪɢɜɨɣ ɡɚɜɢɫɢɬ ɨɬ ɫɨɨɬɧɨɲɟɧɢɣ ɦɟɠɞɭ 
ɩɚɪɚɦɟɬɪɚɦɢ ɫɢɫɬɟɦɵ. Ɋɚɫɫɦɨɬɪɢɦ ɫɥɭɱɚɣ � < � ɜ ɫɥɭɱɚɟ) ߤߙ >  ɪɟɡɭɥɶɬɚɬ ɛɭɞɟɬ ߤߙ
ɚɧɚɥɨɝɢɱɧɵɦ). Ȼɭɞɟɬ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɩɚɪɚɦɟɬɪ b ɤɚɤ ɛɢɮɭɪɤɚɰɢɨɧɧɵɣ. Ɍɨɝɞɚ ɜɢɞ 
ɦɟɞɥɟɧɧɨɣ ɤɪɢɜɨɣ ɡɚɜɢɫɢɬ ɨɬ ɬɨɝɨ, ɛɭɞɟɬ ɥɢ ɩɚɪɚɦɟɬɪ b ɦɟɧɶɲɟ ɢɥɢ ɛɨɥɶɲɟ ɧɟɤɨɬɨɪɨɝɨ 
ɡɧɚɱɟɧɢɹ ܾ଴ ሺɫɦ. ɪɢɫ. ͳ − 4ሻ, ɝɞɟ ܾ଴ = ͳ + 

ሺଵ+ఉ�బሻ�బ  ln ቀఓఔቁ, 
ɩɪɢ ɤɨɬɨɪɨɦ �� = �଴, ɚ ɡɧɚɱɟɧɢɟ � = �� = ଵ௕−ଵ−ఉ lnሺఓ ఔ⁄ ሻ ln ቀఓఔቁ ɨɬɜɟɱɚɟɬ ɚɫɢɦɩɬɨɬɟ 
ɦɟɞɥɟɧɧɨɣ ɤɪɢɜɨɣ. 

Ɇɟɞɥɟɧɧɵɣ ɪɟɠɢɦ ɪɟɚɤɰɢɢ ɛɭɞɟɬ ɩɪɨɬɟɤɚɬɶ, ɟɫɥɢ, ɜɵɯɨɞɹ ɢɡ ɧɚɱɚɥɶɧɨɣ ɬɨɱɤɢ, 
ɮɚɡɨɜɵɟ ɬɪɚɟɤɬɨɪɢɢ ɛɭɞɭɬ ɩɪɨɯɨɞɢɬɶ ɜɞɨɥɶ ɭɫɬɨɣɱɢɜɨɝɨ ɭɱɚɫɬɤɚ ɦɟɞɥɟɧɧɨɣ ɤɪɢɜɨɣ, ɫɦ. 
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ɪɢɫ. 5, 6. ɇɢɠɧɹɹ ɜɟɬɜɶ ɦɟɞɥɟɧɧɨɣ ɤɪɢɜɨɣ ɦɨɠɟɬ ɢɦɟɬɶ ɞɜɟ ɬɨɱɤɢ ɷɤɫɬɪɟɦɭɦɚ (ɪɢɫ. 1) ɢɥɢ 
ɨɞɧɭ ɬɨɱɤɭ ɩɟɪɟɝɢɛɚ (ɪɢɫ. 2). ȿɫɥɢ ɬɨɱɟɤ ɷɤɫɬɪɟɦɭɦɚ ɞɜɟ, ɬɨ ɦɟɠɞɭ ɧɢɦɢ ɛɭɞɟɬ ɧɚɯɨɞɢɬɶɫɹ 
ɧɟɭɫɬɨɣɱɢɜɵɣ ɭɱɚɫɬɨɤ ɦɟɞɥɟɧɧɨɣ ɤɪɢɜɨɣ U. ɉɪɢ ܾ� = ܾ଴ ɢ � =  ��   ɞɜɟ ɬɨɱɤɢ ɷɤɫɬɪɟɦɭɦɚ 
ɫɨɜɩɚɞɚɸɬ ɢ ɹɜɥɹɸɬɫɹ ɬɨɱɤɨɣ ɩɟɪɟɝɢɛɚ ɫ ɤɨɨɪɞɢɧɚɬɚɦɢ (�� ,  .ሺ��ሻ), ɫɦ. ɪɢɫ. 2ݔ

ɉɪɢ ܾ > ܾ଴ ɨɛɟ ɜɟɬɜɢ ɦɟɞɥɟɧɧɨɣ ɤɪɢɜɨɣ ɫɨɫɬɨɹɬ ɢɡ ɧɟɭɫɬɨɣɱɢɜɵɯ ɢ ɭɫɬɨɣɱɢɜɵɯ 
ɭɱɚɫɬɤɨɜ ɤɨɬɨɪɵɟ ɪɚɡɞɟɥɟɧɵ ɬɨɱɤɚɦɢ ɫɪɵɜɚ, ɫɦ. ɪɢɫ. 3. B ε - ɨɤɪɟɫɬɧɨɫɬɢ ɭɫɬɨɣɱɢɜɵɯ (S, 

D) ɢ ɧɟɭɫɬɨɣɱɢɜɵɯ (U, H) ɱɚɫɬɟɣ ɦɟɞɥɟɧɧɨɣ ɤɪɢɜɨɣ ɥɟɠɚɬ ɭɫɬɨɣɱɢɜɵɟ (ܵ�  ,  ሻ ɢ�ܦ
ɧɟɭɫɬɨɣɱɢɜɵɟ ( �ܷ  , ��ሻ ɦɟɞɥɟɧɧɵɟ ɢɧɜɚɪɢɚɧɬɧɵɟ ɦɧɨɝɨɨɛɪɚɡɢɹ. ɂ ɟɫɥɢ ɧɚɱɚɥɶɧɚɹ ɬɨɱɤɚ 
ɧɟ ɩɨɩɚɞɚɟɬ ɜ ɨɛɥɚɫɬɶ ɩɪɢɬɹɠɟɧɢɹ ɦɟɞɥɟɧɧɨɝɨ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɦɧɨɝɨɨɛɪɚɡɢɹ ܦ� , ɬɨ ɛɭɞɟɬ 
ɩɪɨɢɫɯɨɞɢɬɶ ɬɟɩɥɨɜɨɣ ɜɡɪɵɜ ɢɥɢ ɬɟɩɥɨɜɨɣ ɜɡɪɵɜ ɫ ɡɚɩɚɡɞɵɜɚɧɢɟɦ Д3-10], ɫɦ. ɪɢɫ. 7.  

 

                                             (ɚ)         (ɛ) 

Ɋɢɫɭɧɨɤ 5. (ɚ) Ɍɪɚɟɤɬɨɪɢɹ (ɫɩɥɨɲɧɚɹ ɥɢɧɢɹ) ɢ ɦɟɞɥɟɧɧɚɹ ɤɪɢɜɚɹ (ɩɭɧɤɬɢɪ) ɫɢɫɬɟɦɵ (1), (2) ɢ (ɛ) ɜɪɟɦɟɧɧɵɟ 
ɪɚɡɜɟɪɬɤɢ θ ɢ x ɜ ɫɥɭɱɚɟ ɪɟɠɢɦɚ ɦɟɞɥɟɧɧɨɝɨ ɜɵɝɨɪɚɧɢɹ: b=0,3685. Ɂɞɟɫɶ ɢ ɧɚ ɜɫɟɯ ɞɪɭɝɢɯ ɪɢɫɭɧɤɚɯ ɡɧɚɱɟɧɢɹ 
ɨɫɬɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ: μ=2.017, � = 0.870, ε = 0.01, ܭ ,0.14 = ߚଵ=1, α =21.57269880, �଴ = −1.530612245 

 

 

 

 

 

  

                                                (ɚ)                                                                                       (ɛ) 

Ɋɢɫɭɧɨɤ 6. (ɚ) Ɍɪɚɟɤɬɨɪɢɹ (ɫɩɥɨɲɧɚɹ ɥɢɧɢɹ) ɢ ɦɟɞɥɟɧɧɚɹ ɤɪɢɜɚɹ (ɩɭɧɤɬɢɪ) ɫɢɫɬɟɦɵ (1), (2), ɢ (ɛ) ɜɪɟɦɟɧɧɵɟ 
ɪɚɡɜɟɪɬɤɢ θ ɢ x ɜ ɫɥɭɱɚɟ ɪɟɠɢɦɚ ɦɟɞɥɟɧɧɨɝɨ ɜɵɝɨɪɚɧɢɹ: ܾ = ͳ, ɧɚɱɚɥɶɧɚɹ ɬɨɱɤɚ ɥɟɠɢɬ ɜ ɨɛɥɚɫɬɢ ɜɥɢɹɧɢɹ ܦ�   

ɉɪɢ ܾ = ܾ଴ ɦɟɞɥɟɧɧɚɹ ɤɪɢɜɚɹ ɛɭɞɟɬ ɢɦɟɬɶ ɬɨɱɤɭ ɫɚɦɨɩɟɪɟɫɟɱɟɧɢɹ (ɪɢɫ. 4). ɗɬɨɬ 
ɫɥɭɱɚɣ ɨɛɟɫɩɟɱɢɜɚɟɬ ɭɫɥɨɜɢɹ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ܵ�  ɢ �� «ɫɤɥɟɢɬɶ» ɜ ɬɨɱɤɟ ɫɚɦɨɩɟɪɟɫɟɱɟɧɢɹ 
ɦɟɞɥɟɧɧɨɣ ɤɪɢɜɨɣ. ɉɪɢ ܾ =  ܾ∗ = ܾ଴ + ܱሺ�ሻ ɩɪɨɢɡɨɣɞɟɬ «ɫɤɥɟɣɤɚ» ɢɧɜɚɪɢɚɧɬɧɵɯ 
ɦɧɨɝɨɨɛɪɚɡɢɣ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɢɫɬɟɦɚ (1), (2) ɛɭɞɟɬ ɢɦɟɬɶ ɬɪɚɟɤɬɨɪɢɸ-ɭɬɤɭ, ɬ. ɟ. 
ɬɪɚɟɤɬɨɪɢɸ ɫɢɧɝɭɥɹɪɧɨ ɜɨɡɦɭɳɟɧɧɨɣ ɫɢɫɬɟɦɵ, ɩɪɨɯɨɞɹɳɭɸ ɫɧɚɱɚɥɚ ɜɞɨɥɶ ɭɫɬɨɣɱɢɜɨɝɨ 
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ɦɟɞɥɟɧɧɨɝɨ ɢɧɜɚɪɢɚɧɬɧɨɝɨ ɦɧɨɝɨɨɛɪɚɡɢɹ, ɚ ɩɨɬɨɦ ɜɞɨɥɶ ɧɟɭɫɬɨɣɱɢɜɨɝɨ. ȼ ɫɢɫɬɟɦɟ (1), (2) 
ɬɚɤɚɹ ɬɪɚɟɤɬɨɪɢɹ ɛɭɞɟɬ ɪɚɡɝɪɚɧɢɱɢɜɚɬɶ ɨɛɥɚɫɬɢ ɛɟɡɨɩɚɫɧɵɯ ɢ ɜɡɪɵɜɧɵɯ ɪɟɠɢɦɨɜ, ɬ. ɟ. 
ɨɩɢɫɵɜɚɬɶ ɤɪɢɬɢɱɟɫɤɢɣ ɪɟɠɢɦ. ɗɬɨɬ ɪɟɠɢɦ ɧɟ ɛɭɞɟɬ ɜɡɪɵɜɧɵɦ, ɬɚɤ ɤɚɤ ɬɟɦɩɟɪɚɬɭɪɚ 
ɛɭɞɟɬ ɪɚɫɬɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɦɟɞɥɟɧɧɨ ɢ ɧɟ ɛɭɞɟɬ ɦɟɞɥɟɧɧɵɦ, ɜ ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ ɜ ɬɚɤɨɣ 
ɫɢɫɬɟɦɟ ɪɚɡɨɝɪɟɜ ɝɨɪɚɡɞɨ ɛɨɥɶɲɟ ɟɞɢɧɢɰɵ, ɫɦ. ɪɢɫ. 8. 

Ⱥɫɢɦɩɬɨɬɢɱɟɫɤɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɬɪɚɟɤɬɨɪɢɢ-ɭɬɤɢ ɢ ɩɚɪɚɦɟɬɪɚ b ɦɨɠɧɨ ɧɚɣɬɢ ɜ 
ɜɢɞɟ Д3, 4Ж:  � = ሻݔ଴ሺݕ  + ሻݔଵሺݕ�  + ܱሺ�ሻ ,     (4) ܾ =  ܾ∗ = ܾ଴ + �ܾଵ + ܱሺ�ሻ.                 (5) 

Ɍɨɱɤɚ ɫɚɦɨɩɟɪɟɫɟɱɟɧɢɹ ɦɟɞɥɟɧɧɨɣ ɤɪɢɜɨɣ ɹɜɥɹɟɬɫɹ ɬɨɱɤɨɣ ɫɤɥɟɣɤɢ ɢɧɬɟɝɪɚɥɶɧɵɯ 
ɦɧɨɝɨɨɛɪɚɡɢɣ ɢ ɢɦɟɟɬ ɤɨɨɪɞɢɧɚɬɵ ሺݔ∗, ∗ݔ  ଴∗ሻ, ɝɞɟݕ = ሺଵ+ఉ�బሻ�బఓ exp ሺ�బ ሺଵ+ఉ�బሻ⁄ ሻ lnሺఔ ఓ⁄ ሻ , ∗଴ݕ =  ሻ=�଴ .                              (6)∗ݔ଴ሺݕ

Ʉɨɷɮɮɢɰɢɟɧɬɵ ɜ ɪɚɡɥɨɠɟɧɢɢ (4) ɧɚɯɨɞɢɦ ɦɟɬɨɞɨɦ, ɚɧɚɥɨɝɢɱɧɵɦ ɦɟɬɨɞɭ ɦɚɥɨɝɨ 
ɩɚɪɚɦɟɬɪɚ, ɩɨɞɫɬɚɜɥɹɹ ɪɚɡɥɨɠɟɧɢɹ (4), (5) ɜ ɫɢɫɬɟɦɭ (1), (2). ɉɪɢ ɷɬɨɦ ɤɨɷɮɮɢɰɢɟɧɬɵ ɜ 
ɪɚɡɥɨɠɟɧɢɢ (5) ɧɚɯɨɞɢɦ ɢɡ ɭɫɥɨɜɢɹ ɧɟɩɪɟɪɵɜɧɨɫɬɢ ɮɭɧɤɰɢɣ ݕ଴ሺݔሻ, .ሻ  ɢ ɬݔଵሺݕ ɞ.  ˅  ˕ˑ˚ˍˈ ˔˓ы˅˃.  ɉɟɪɜɨɟ ɩɪɢɛɥɢɠɟɧɢɟ ɤɪɢɬɢɱɟɫɤɨɝɨ ɡɧɚɱɟɧɢɹ 
ɩɚɪɚɦɟɬɪɚ b, ɩɨɥɭɱɟɧɧɨɟ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɦɟɟɬ ɜɢɞ ܾଵ =  ௬బ′ ሺ௫∗ሻሺଵ+ఉ�బሻఔ�బ ݌ݔ݁ ଵܭ]  ቀሺଵ−௕బሻ�బሺଵ+ఉ�బሻ ቁ] +  ,ߙ

ɝɞɟ  

′଴ݕ ሺݔ∗ሻ = ʹሺͳ + ∗ݔ଴ሻଶ�ߚ ݌ݔ݁ ଴ܾߥ] ( ܾ଴�଴ͳ + (଴�ߚ − ݌ݔ݁ߤ ( �଴ͳ + [(଴�ߚ × 

    × ͳ)ߤ] − ሺͳߚʹ + (଴ሻ�ߚ exp ቀ �బଵ+ఉ�బቁ − ଴(ܾ଴ܾߥ − ሺͳߚʹ + (଴ሻ�ߚ exp ቀ ௕బ�బଵ+ఉ�బቁ].   
 

 

 

(ɚ) (ɛ) 

  (ɚ)                            (ɛ) 

Ɋɢɫɭɧɨɤ 7. (ɚ) Ɍɪɚɟɤɬɨɪɢɹ (ɫɩɥɨɲɧɚɹ ɥɢɧɢɹ) ɢ ɦɟɞɥɟɧɧɚɹ ɤɪɢɜɚɹ (ɩɭɧɤɬɢɪ) ɫɢɫɬɟɦɵ (1), (2) ɢ (ɛ) ɜɪɟɦɟɧɧɵɟ 
ɪɚɡɜɟɪɬɤɢ θ ɢ x ɜ ɫɥɭɱɚɟ ɪɟɠɢɦɚ ɬɟɩɥɨɜɨɝɨ ɜɡɪɵɜɚ: b = 1. ɇɚɱɚɥɶɧɚɹ ɬɨɱɤɚ ɥɟɠɢɬ ɜ ɨɛɥɚɫɬɢ ɜɥɢɹɧɢɹ �� 
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                               (ɚ)      (ɛ) 

Ɋɢɫɭɧɨɤ 8. (ɚ) Ɍɪɚɟɤɬɨɪɢɹ-ɭɬɤɚ (ɫɩɥɨɲɧɚɹ ɥɢɧɢɹ) ɢ ɦɟɞɥɟɧɧɚɹ ɤɪɢɜɚɹ (ɩɭɧɤɬɢɪ) ɫɢɫɬɟɦɵ (1), (2) ɢ (ɛ) 
ɜɪɟɦɟɧɧɵɟ ɪɚɡɜɟɪɬɤɢ θ ɢ x ɜ ɫɥɭɱɚɟ ɤɪɢɬɢɱɟɫɤɨɝɨ ɪɟɠɢɦɚ: b = 0,56827  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚ ɨɫɧɨɜɟ ɤɚɱɟɫɬɜɟɧɧɨɝɨ ɚɧɚɥɢɡɚ ɦɨɞɟɥɢ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜ 
ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɯɢɦɢɱɟɫɤɨɣ ɫɢɫɬɟɦɟ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɨɨɬɧɨɲɟɧɢɣ ɦɟɠɞɭ ɩɚɪɚɦɟɬɪɚɦɢ  
b, μ, �, α ɦɨɠɟɬ ɩɪɨɬɟɤɚɬɶ ɥɢɛɨ ɦɟɞɥɟɧɧɵɣ ɪɟɠɢɦ ɝɨɪɟɧɢɹ, ɥɢɛɨ ɪɟɠɢɦ ɬɟɩɥɨɜɨɝɨ ɜɡɪɵɜɚ. 
ȼɡɪɵɜ ɩɪɨɢɡɨɣɞɟɬ ɜ ɬɨɦ ɫɥɭɱɚɟ, ɟɫɥɢ ɬɟɦɩɟɪɚɬɭɪɚ ɝɨɪɸɱɟɣ ɠɢɞɤɨɫɬɢ ɪɚɫɬɟɬ ɨɱɟɧɶ ɛɵɫɬɪɨ, 
ɚ ɤɨɧɰɟɧɬɪɚɰɢɹ ɝɨɪɸɱɟɝɨ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɢɡɦɟɧɹɟɬɫɹ. 

ɉɪɢ ɦɟɞɥɟɧɧɨɦ ɪɟɠɢɦɟ ɬɪɚɟɤɬɨɪɢɹ ɫɢɫɬɟɦɵ ɛɭɞɟɬ ɩɪɨɯɨɞɢɬɶ ɜɞɨɥɶ ɭɫɬɨɣɱɢɜɨɝɨ 
ɢɧɜɚɪɢɚɧɬɧɨɝɨ ɦɧɨɝɨɨɛɪɚɡɢɹ ɦɟɞɥɟɧɧɨɝɨ ɞɜɢɠɟɧɢɹ. ȼ ɫɥɭɱɚɟ ɬɟɩɥɨɜɨɝɨ ɜɡɪɵɜɚ 
ɬɪɚɟɤɬɨɪɢɹ ɛɭɞɟɬ ɫɪɵɜɚɬɶɫɹ ɫ ɦɟɞɥɟɧɧɨɝɨ ɢɧɜɚɪɢɚɧɬɧɨɝɨ ɦɧɨɝɨɨɛɪɚɡɢɹ. 

ȼ ɫɢɥɭ ɧɟɩɪɟɪɵɜɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɩɪɚɜɵɯ ɱɚɫɬɟɣ ɫɢɫɬɟɦɵ (1), (2) ɨɬ ɩɚɪɚɦɟɬɪɨɜ 
ɦɟɠɞɭ ɜɡɪɵɜɧɵɦɢ ɢ ɦɟɞɥɟɧɧɵɦ ɪɟɠɢɦɚɦɢ ɛɭɞɟɬ ɪɚɫɩɨɥɚɝɚɬɶɫɹ ɨɛɥɚɫɬɶ ɩɟɪɟɯɨɞɧɵɯ 
ɪɟɠɢɦɨɜ, ɤɨɬɨɪɵɟ ɹɜɥɹɸɬɫɹ ɤɪɢɬɢɱɟɫɤɢɦɢ, ɬɚɤ ɤɚɤ ɨɧɢ ɨɩɪɟɞɟɥɹɸɬ ɝɪɚɧɢɰɭ ɛɟɡɨɩɚɫɧɨɝɨ 
ɩɪɨɬɟɤɚɧɢɹ ɩɪɨɰɟɫɫɚ ɝɨɪɟɧɢɹ ɢɡɨɥɹɰɢɢ. ɋɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɬɪɚɟɤɬɨɪɢɹ ɜɧɚɱɚɥɟ ɞɜɢɠɟɬɫɹ 
ɜɞɨɥɶ ɭɫɬɨɣɱɢɜɨɝɨ ɢɧɜɚɪɢɚɧɬɧɨɝɨ ɦɧɨɝɨɨɛɪɚɡɢɹ, ɚ ɩɨɬɨɦ ɜɞɨɥɶ ɧɟɭɫɬɨɣɱɢɜɨɝɨ 
ɢɧɜɚɪɢɚɧɬɧɨɝɨ ɦɧɨɝɨɨɛɪɚɡɢɹ ɫɢɫɬɟɦɵ, ɬ. ɟ. ɹɜɥɹɟɬɫɹ ɬɪɚɟɤɬɨɪɢɟɣ-ɭɬɤɨɣ.  

ɇɚɣɞɟɧɧɵɟ ɭɫɥɨɜɢɹ ɩɪɨɬɟɤɚɧɢɹ ɤɪɢɬɢɱɟɫɤɨɝɨ ɪɟɠɢɦɚ ɜ ɜɢɞɟ ɚɫɢɦɩɬɨɬɢɱɟɫɤɢɯ 
ɪɚɡɥɨɠɟɧɢɣ ɩɨ ɦɚɥɨɦɭ ɩɚɪɚɦɟɬɪɭ ɫɢɧɝɭɥɹɪɧɨ ɜɨɡɦɭɳɟɧɧɨɣ ɫɢɫɬɟɦɵ. ɉɨɞɨɛɧɵɟ ɡɚɞɚɱɢ 
ɨɩɪɟɞɟɥɟɧɢɹ ɤɪɢɬɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ ɛɟɡɨɩɚɫɧɵɯ ɩɪɨɰɟɫɫɨɜ ɪɚɫɫɦɚɬɪɢɜɚɥɢɫɶ ɜ ɪɚɛɨɬɚɯ Д3-7].  

 
Ʌɢɬɟɪɚɬɭɪɚ  
1. McIntosh A.C., Bains M., Crocombe W., Griffiths J.F. Autoignition of combustible fluids in porous insulation 

ЦКЭОЫТКХЬ // CШЦЛЮЬЭ. FХКЦО.−1994.−VШХ. 99. P. 541-550. 

2. McIntosh A.C., Griffiths J.F. On the thermal runaway of combustible fluids in lagging material // J. of Applied 

MКЭС.−1995.−VШХ. 54. P. 83−96. 
3. ɋɨɛɨɥɟɜ ȼ.Ⱥ., ɓɟɩɚɤɢɧɚ ȿ.Ⱥ. Ɋɟɞɭɤɰɢɹ ɦɨɞɟɥɟɣ ɢ ɤɪɢɬɢɱɟɫɤɢɟ ɹɜɥɟɧɢɹ ɜ ɦɚɤɪɨɤɢɧɟɬɢɤɟ. Ɇ.: 

ɎɂɁɆȺɌɅɂɌ, 2010.−320 ɫ. 
4. ɓɟɩɚɤɢɧɚ ȿ.Ⱥ. Ⱦɜɚ ɜɢɞɚ ɫɦɟɧɵ ɭɫɬɨɣɱɢɜɨɫɬɢ ɢɧɬɟɝɪɚɥɶɧɵɯ ɦɧɨɝɨɨɛɪɚɡɢɣ // Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧɵɟ 

ɭɪɚɜɧɟɧɢɹ.−2004.−№5. ɋ. 713-716. 

5. ɓɟɩɚɤɢɧɚ ȿ.Ⱥ. ɍɫɥɨɜɢɹ ɛɟɡɨɩɚɫɧɨɫɬɢ ɜɨɫɩɥɚɦɟɧɟɧɢɹ ɝɨɪɸɱɟɣ ɠɢɞɤɨɫɬɢ ɜ ɩɨɪɢɫɬɨɦ ɢɡɨɥɹɰɢɨɧɧɨɦ 
ɦɚɬɟɪɢɚɥɟ // ɋɢɛɢɪɫɤɢɣ ɠɭɪɧɚɥ ɢɧɞɭɫɬɪɢɚɥɶɧɨɣ ɦɚɬɟɦɚɬɢɤɢ.−2002.−№3(11). ɋ. 162−169. 

6. ɓɟɩɚɤɢɧɚ ȿ.Ⱥ. Ʉɪɢɬɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ ɫɚɦɨɜɨɫɩɥɚɦɟɧɟɧɢɹ ɜ ɩɨɪɢɫɬɨɣ ɫɪɟɞɟ // ɏɢɦɢɱɟɫɤɚɹ 
ɮɢɡɢɤɚ.−2001.−№7. ɋ.3-9. 

7. ɓɟɩɚɤɢɧɚ ȿ.Ⱥ. ɉɪɢɬɹɝɢɜɚɸɳɟ-ɨɬɬɚɥɤɢɜɚɸɳɢɟ ɢɧɬɟɝɪɚɥɶɧɵɟ ɩɨɜɟɪɯɧɨɫɬɢ ɜ ɡɚɞɚɱɚɯ ɝɨɪɟɧɢɹ // Ɇɚɬɟɦ. 
ɦɨɞɟɥɢɪɨɜɚɧɢɟ.−2002.−№3. ɋ.30−42. 

 

  


