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ȼɜɟɞɟɧɢɟ 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɪɢ ɢɡɭɱɟɧɢɢ ɨɤɪɭɠɚɸɳɟɝɨ ɧɚɫ ɦɢɪɚ ɢ 
ɩɨɫɬɪɨɟɧɢɢ ɦɨɞɟɥɟɣ ɩɨɜɟɞɟɧɢɹ ɨɛɴɟɤɬɨɜ ɜɨɡɧɢɤɚɟɬ ɩɨɬɪɟɛɧɨɫɬɶ 
ɭɱɢɬɵɜɚɬɶ ɬɨɬ ɮɚɤɬ, ɱɬɨ ɫɤɨɪɨɫɬɶ ɢɡɦɟɧɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɷɤɨɧɨɦɢɱɟɫɤɢɯ, 
ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɢɥɢ ɮɢɡɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɦɨɠɟɬ ɡɚɜɢɫɟɬɶ ɧɟ ɬɨɥɶɤɨ ɨɬ 
ɫɨɫɬɨɹɧɢɹ ɜ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ, ɧɨ ɢ ɜ ɩɪɟɞɵɞɭɳɢɟ. ȼ ɬɚɤɨɦ ɫɥɭɱɚɟ 
ɧɚ ɡɚɦɟɧɭ ɨɛɵɤɧɨɜɟɧɧɵɦ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɦ ɭɪɚɜɧɟɧɢɹɦ ɩɪɢɯɨɞɹɬ 
ɫɢɫɬɟɦɵ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɫ ɩɨɫɥɟɞɟɣɫɬɜɢɟɦ, 
ɨɬɤɥɨɧɹɸɳɢɦɫɹ ɢɥɢ ɡɚɩɚɡɞɵɜɚɸɳɢɦ ɚɪɝɭɦɟɧɬɨɦ. 

ɇɟɨɛɯɨɞɢɦɵɦ ɢ ɞɨɫɬɚɬɨɱɧɵɦ ɭɫɥɨɜɢɟɦ ɚɫɢɦɩɬɨɬɢɱɟɫɤɨɣ 
ɭɫɬɨɣɱɢɜɨɫɬɢ ɫɢɫɬɟɦɵ ɨɛɵɤɧɨɜɟɧɧɵɯ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ 
ɹɜɥɹɟɬɫɹ ɨɬɪɢɰɚɬɟɥɶɧɨɫɬɶ ɞɟɣɫɬɜɢɬɟɥɶɧɵɯ ɱɚɫɬɟɣ ɜɫɟɯ ɤɨɪɧɟɣ 
ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɝɨ ɩɨɥɢɧɨɦɚ([6], ɫ. 85 - 89). ȼ ɫɥɭɱɚɟ ɫɢɫɬɟɦ 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɫ ɡɚɩɚɡɞɵɜɚɧɢɹɦɢ ɜɫɟ ɧɟɦɧɨɝɨ ɬɪɭɞɧɟɟ. 
ɉɪɢɯɨɞɢɬɫɹ ɨɰɟɧɢɜɚɬɶ ɨɬɪɢɰɚɬɟɥɶɧɨɫɬɶ ɞɟɣɫɬɜɢɬɟɥɶɧɵɯ ɱɚɫɬɟɣ ɜɫɟɯ 
ɤɨɪɧɟɣ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɝɨ ɤɜɚɡɢɩɨɥɢɧɨɦɚ([4] ɫ. 209). 

ɇɚɩɪɢɦɟɪ ɞɥɹ ɫɢɫɬɟɦɵ  
 Ẋ = AXሺtሻ +∑BiXሺt − riሻm

i=ଵ  (1) 

ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɢɣ ɤɜɚɡɢɩɨɥɢɧɨɦ ɛɭɞɟɬ ɢɦɟɬɶ ɜɢɞ 

 Фሺ𝑧ሻ = ݐ݁݀ (𝑧𝐸 − ܣ ௜݁−𝑧௥೔௠ܤ∑ −
௜=ଵ ) (2) 

 ɉɪɨɛɥɟɦɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɧɚɯɨɠɞɟɧɢɟ ɤɨɪɧɟɣ 
ɤɜɚɡɢɩɨɥɢɧɨɦɚ - ɡɚɞɚɱɚ ɧɟɬɪɢɜɢɚɥɶɧɚɹ. ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ, ɤɜɚɡɢɩɨɥɢɧɨɦ 
ɢɦɟɟɬ ɛɟɫɤɨɧɟɱɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɤɨɪɧɟɣ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ, ɩɪɢɛɥɢɠɟɧɧɨɟ 
ɜɵɱɢɫɥɟɧɢɟ ɤɨɪɧɟɣ ɤɜɚɡɢɩɨɥɢɧɨɦɚ ɧɟ ɹɜɥɹɟɬɫɹ ɩɨɞɯɨɞɹɳɢɦ ɦɟɬɨɞɨɦ ɞɥɹ 
ɩɪɨɜɟɪɤɢ ɧɚ ɭɫɬɨɣɱɢɜɨɫɬɶ. 

ɋɭɳɟɫɬɜɭɟɬ ɧɟɫɤɨɥɶɤɨ ɦɟɬɨɞɨɜ ɞɥɹ ɨɰɟɧɤɢ ɨɬɪɢɰɚɬɟɥɶɧɨɫɬɢ 
ɜɟɳɟɫɬɜɟɧɧɵɯ ɱɚɫɬɟɣ ɜɫɟɯ ɤɨɪɧɟɣ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɝɨ ɤɜɚɡɢɩɨɥɢɧɨɦɚ, 
ɧɚɩɪɢɦɟɪ ɦɟɬɨɞ D-ɪɚɡɛɢɟɧɢɣ. 

 Ɇɟɬɨɞ D-ɪɚɡɛɢɟɧɢɣ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɩɨɢɫɤɟ ɨɛɥɚɫɬɟɣ 
ɚɫɢɦɩɬɨɬɢɱɟɫɤɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɞɥɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɝɨ 
ɭɪɚɜɧɟɧɢɹ (2) ɫ ɩɨɦɨɳɶɸ ɪɚɡɛɢɟɧɢɹ ɩɪɨɫɬɪɚɧɫɬɜɚ ɟɝɨ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɧɚ 
ɨɛɥɚɫɬɢ ɝɢɩɟɪɩɨɜɟɪɯɧɨɫɬɹɦɢ, ɬɨɱɤɚɦɢ ɤɨɬɨɪɨɝɨ ɹɜɥɹɸɬɫɹ ɤɜɚɡɢɩɨɥɢɧɨɦɵ, 
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ɢɦɟɸɳɢɟ, ɩɨ ɤɪɚɣɧɟɣ ɦɟɪɟ, ɨɞɢɧ ɧɭɥɶ ɧɚ ɦɧɢɦɨɣ ɨɫɢ. (Ɍɚɤɢɟ ɨɛɥɚɫɬɢ ɢ 
ɧɚɡɵɜɚɸɬɫɹ ɨɛɥɚɫɬɹɦɢ D-ɪɚɡɛɢɟɧɢɹ) 
 ȼ ɫɢɥɭ ɬɨɝɨ, ɱɬɨ ɧɭɥɢ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɝɨ ɤɜɚɡɢɩɨɥɢɧɨɦɚ (2) ɟɫɬɶ 
ɧɟɩɪɟɪɵɜɧɵɟ ɮɭɧɤɰɢɢ ɟɝɨ ɤɨɷɮɮɢɰɢɟɧɬɨɜ, ɢɡɦɟɧɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɧɭɥɟɣ ɜ 
ɥɟɜɨɣ ɤɨɦɩɥɟɤɫɧɨɣ ɩɨɥɭɩɥɨɫɤɨɫɬɢ ɦɨɠɟɬ ɩɪɨɢɡɨɣɬɢ ɥɢɲɶ ɩɪɢ ɩɟɪɟɯɨɞɟ 
ɱɟɪɟɡ ɦɧɢɦɭɸ ɨɫɶ.  

Ɉɞɧɚɤɨ ɭɠɟ ɩɪɢ ɪɚɡɦɟɪɧɨɫɬɢ 2 ɯ 2 ɦɚɬɪɢɰ A ɢ B ɜ ɭɪɚɜɧɟɧɢɢ (1) 
ɩɪɢɦɟɧɟɧɢɟ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ ɨɤɚɡɵɜɚɟɬɫɹ ɩɪɨɛɥɟɦɚɬɢɱɧɵɦ. 

 ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɢ ɜɨɡɧɢɤɚɟɬ ɩɨɬɪɟɛɧɨɫɬɶ ɜ ɪɚɡɥɨɠɟɧɢɢ 
ɤɜɚɡɢɩɨɥɢɧɨɦɚ ɧɚ ɛɨɥɟɟ ɩɪɨɫɬɵɟ ɫɨɦɧɨɠɢɬɟɥɢ, ɞɥɹ ɤɨɬɨɪɵɯ ɭɠɟ 
ɩɨɥɭɱɟɧɵ ɭɫɥɨɜɢɹ ɨɬɪɢɰɚɬɟɥɶɧɨɫɬɢ ɜɫɟɯ ɤɨɪɧɟɣ. 

 ɉɪɟɞɫɬɚɜɥɟɧɧɚɹ ɪɚɛɨɬɚ ɛɭɞɟɬ ɩɨɫɜɹɳɟɧɚ ɜɵɞɟɥɟɧɢɸ ɧɟɤɨɬɨɪɵɯ 
ɤɥɚɫɫɨɜ ɫɢɫɬɟɦ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɫ ɩɨɫɥɟɞɟɣɫɬɜɢɟɦ, ɞɥɹ 
ɤɨɬɨɪɵɯ ɮɚɤɬɨɪɢɡɚɰɢɹ ɜɨɡɦɨɠɧɚ. 

Ɉɫɧɨɜɵ ɬɟɨɪɢɢ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɫ ɡɚɩɚɡɞɵɜɚɧɢɹɦɢ 
ɢɡɥɨɠɟɧɵ ɜ ɪɚɛɨɬɚɯ [1,4]. Ɍɚɦ ɠɟ ɩɪɢɜɟɞɟɧɵ ɨɫɧɨɜɧɵɟ ɩɨɧɹɬɢɹ ɬɟɨɪɢɢ 
ɭɫɬɨɣɱɢɜɨɫɬɢ ɫɢɫɬɟɦ ɫ ɩɨɫɥɟɞɟɣɫɬɜɢɟɦ, ɩɨɥɭɱɟɧɨ ɩɪɟɞɫɬɚɜɥɟɧɢɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɝɨ ɤɜɚɡɢɩɨɥɢɧɨɦɚ ɢ ɟɝɨ ɫɜɹɡɶ ɭɫɬɨɣɱɢɜɨɫɬɶɸ ɜɫɟɣ 
ɫɢɫɬɟɦɵ.  

 ɋɜɨɣɫɬɜɚ ɫɚɦɢɯ ɤɜɚɡɢɩɨɥɢɧɨɦɨɜ ɯɨɪɨɲɨ ɢɡɭɱɟɧɵ ɜ ɪɚɛɨɬɟ [4]. 
Ɍɚɤɠɟ ɜ ɪɚɛɨɬɟ [4] ɦɨɠɧɨ ɧɚɣɬɢ ɧɟɤɨɬɨɪɵɟ ɩɨɥɟɡɧɵɟ ɬɟɨɪɟɦɵ ɫɜɹɡɚɧɧɵɟ ɫ 
ɤɜɚɡɢɩɨɥɢɧɨɦɚɦɢ. ȼ ɪɚɛɨɬɟ [7] ɩɪɟɞɫɬɚɜɥɟɧɨ ɨɩɪɟɞɟɥɟɧɢɟ ɩɨɧɹɬɢɹ 
ɛɢɫɬɟɩɟɧɢ. ȼ ɦɨɧɨɝɪɚɮɢɢ [2] ɩɨɥɭɱɟɧɵ ɭɫɥɨɜɢɹ ɨɬɪɢɰɚɬɟɥɶɧɨɫɬɢ 
ɜɟɳɟɫɬɜɟɧɧɵɯ ɱɚɫɬɟɣ ɜɫɟɯ ɤɨɪɧɟɣ ɤɜɚɡɢɩɨɥɢɧɨɦɚ ɛɢɫɬɟɩɟɧɢ (1,1) ɤɚɤ ɫ 
ɜɟɳɟɫɬɜɟɧɧɵɦɢ ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ, ɬɚɤ ɢ ɫ ɤɨɦɩɥɟɤɫɧɵɦɢ. 

 ɋɚɦ ɠɟ ɜɨɩɪɨɫ ɮɚɤɬɨɪɢɡɚɰɢɢ ɤɜɚɡɢɩɨɥɢɧɨɦɨɜ ɩɨɤɚ ɫɥɚɛɨ ɢɡɭɱɟɧ. 
Ɇɨɠɧɨ ɧɚɣɬɢ ɩɪɢɦɟɧɟɧɢɟ ɬɚɤɨɝɨ ɩɨɞɯɨɞɚ ɤ ɩɪɨɜɟɪɤɟ ɧɚ ɚɫɢɦɩɬɨɬɢɱɟɫɤɭɸ 
ɭɫɬɨɣɱɢɜɨɫɬɶ ɜ ɪɚɛɨɬɟ [4]. ȼ ɪɚɛɨɬɚɯ [5,10,11] ɩɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ 

ɭɫɥɨɜɢɣ ɨɞɧɨɜɪɟɦɟɧɧɨɣ ɬɪɢɚɧɝɭɥɢɡɢɪɭɟɦɨɫɬɢ ɧɟɫɤɨɥɶɤɢɯ ɦɚɬɪɢɰ, ɱɬɨ 
ɹɜɥɹɟɬɫɹ ɚɥɶɬɟɪɧɚɬɢɜɧɵɦ ɩɨɞɯɨɞɨɦ ɤ ɪɚɡɛɢɟɧɢɸ ɫɥɨɠɧɨɣ ɡɚɞɚɱɢ ɧɚ ɛɨɥɟɟ 
ɩɪɨɫɬɵɟ, ɞɥɹ ɤɨɬɨɪɵɯ ɭɠɟ ɩɨɥɭɱɟɧɵ ɪɟɡɭɥɶɬɚɬɵ. ɂ ɜ ɪɚɛɨɬɟ [3] ɩɨɥɭɱɟɧɵ 
ɬɟɨɪɟɦɵ, ɪɟɲɚɸɳɢɟ ɜɨɩɪɨɫ ɮɚɤɬɨɪɢɡɚɰɢɢ ɤɜɚɡɢɩɨɥɢɧɨɦɨɜ ɞɥɹ ɫɢɫɬɟɦ 
ɪɚɡɦɟɪɧɨɫɬɶɸ 2x2 ɢ ɨɞɧɢɦ ɡɚɩɚɡɞɵɜɚɧɢɟɦ. 
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 Ɉɫɧɨɜɧɵɟ ɨɩɪɟɞɟɥɟɧɢɹ 

 Ɉɩɪɟɞɟɥɟɧɢɟ 0.1([4] c. 480). ɉɭɫɬɶ h(z,w) - ɩɨɥɢɧɨɦ ɨɬ ɞɜɭɯ 
ɩɟɪɟɦɟɧɧɵɯ z ɢ w, ɤɨɷɮɮɢɰɢɟɧɬɵ ɤɨɬɨɪɨɝɨ ɦɨɝɭɬ ɛɵɬɶ ɤɨɦɩɥɟɤɫɧɵɦɢ. 

 ℎሺݓ, 𝑧ሻ =∑ܽ௠௡𝑧௠ݓ௡   ௠,௡  (0.1) 

 ɇɚɡɨɜɟɦ ɱɥɟɧ ܽ௥௦𝑧௥ݓ௦ ɝɥɚɜɧɵɦ ɱɥɟɧɨɦ ɩɨɥɢɧɨɦɚ, ɟɫɥɢ ܽ௥௦ ≠ Ͳ ɢ 
ɟɫɥɢ ɞɥɹ ɤɚɠɞɨɝɨ ɞɪɭɝɨɝɨ ɱɥɟɧɚ ܽ௠௡𝑧௠ݓ௡ ɫ ܽ௠௡ ≠ Ͳ ɦɵ ɢɦɟɟɦ ɥɢɛɨ ݎ > ݏ ,݉ > ݊, ɥɢɛɨ ݎ = ݏ ,݉ > ݊, ɥɢɛɨ ݎ > ݏ ,݉ = ݊. 

 Ⱦɚɥɟɟ ɦɵ ɛɭɞɟɦ ɢɦɟɬɶ ɞɟɥɨ ɫ ɮɭɧɤɰɢɹɦɢ ɜɢɞɚ ℎሺ𝑧, ݁𝑧ሻ , ɤɨɬɨɪɵɟ 
ɧɚɡɵɜɚɸɬ ɤɜɚɡɢɩɨɥɢɧɨɦɚɦɢ. 

 Ɉɩɪɟɞɟɥɟɧɢɟ 0.2([7] c. 131). ȿɫɥɢ ɦɧɨɝɨɱɥɟɧ h(z,w) ɢɦɟɟɬ ɝɥɚɜɧɵɣ 
ɱɥɟɧ ɜɢɞɚ ܽ௠௡𝑧௠ݓ௡, ܽ௠௡ ≠ Ͳ, ɬɨ ɦɵ ɛɭɞɟɦ ɝɨɜɨɪɢɬɶ, ɱɬɨ ɛɢɫɬɟɩɟɧɶ 
ɤɜɚɡɢɩɨɥɢɧɨɦɚ ݂ሺ𝑧ሻ = ℎሺ𝑧, ݁𝑧ሻ ɪɚɜɧɚ (m,n). 

 ȼ ɫɜɹɡɢ ɫ ɩɪɢɜɟɞɟɧɧɵɦɢ ɨɩɪɟɞɟɥɟɧɢɹɦɢ ɨɬɦɟɬɢɦ ɬɟɨɪɟɦɭ. 

 Ɍɟɨɪɟɦа 0.1([8] c. 116-119) ɉɪɢ ɨɬɫɭɬɫɬɜɢɢ ɝɥɚɜɧɨɝɨ ɱɥɟɧɚ, ɮɭɧɤɰɢɹ ݂ሺ𝑧ሻ = ℎሺ𝑧, ݁𝑧ሻ ɧɟɩɪɟɦɟɧɧɨ ɢɦɟɟɬ ɛɟɫɤɨɧɟɱɧɨɟ ɦɧɨɠɟɫɬɜɨ ɧɭɥɟɣ ɫ 
ɩɪɨɢɡɜɨɥɶɧɨ ɛɨɥɶɲɢɦɢ ɩɨɥɨɠɢɬɟɥɶɧɵɦɢ ɞɟɣɫɬɜɢɬɟɥɶɧɵɦɢ ɱɚɫɬɹɦɢ. 

 ȼɫɥɟɞɫɬɜɢɟ ɬɟɨɪɟɦɵ 1 ɤɜɚɡɢɩɨɥɢɧɨɦ ɫ ɧɟɨɩɪɟɞɟɥɟɧɧɨɣ ɛɢɫɬɟɩɟɧɶɸ 
ɨɛɹɡɚɬɟɥɶɧɨ ɧɟɭɫɬɨɣɱɢɜ, ɨɞɧɚɤɨ ɫɢɫɬɟɦɵ, ɤɨɬɨɪɵɟ ɦɵ ɛɭɞɟɦ 
ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɧɟ ɩɨɩɚɞɚɸɬ ɩɨɞ ɞɟɣɫɬɜɢɟ ɷɬɨɣ ɬɟɨɪɟɦɵ. 

ȼɜɟɞɟɦ ɩɨɧɹɬɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɝɨ ɤɜɚɡɢɩɨɥɢɧɨɦɚ.  

Ɉɩɪɟɞɟɥɟɧɢɟ 0.3[1]. Ɋɚɫɫɦɨɬɪɢɦ ɥɢɧɟɣɧɨɟ ɨɞɧɨɪɨɞɧɨɟ 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ ɫ ɩɨɫɬɨɹɧɧɵɦɢ ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ ɢ 
ɩɨɫɬɨɹɧɧɵɦɢ ɨɬɤɥɨɧɟɧɢɹɦɢ ɚɪɝɭɦɟɧɬɚ  

 ∑∑ܽ௣௝ݔሺ௣ሻ(ݐ − ௝)௠ݎ
௝=଴

௡
௣=଴ = Ͳ (0.2) 

ɝɞɟ ܽ௣௝ ɢ  ݎ௝ – ɜɟɳɟɫɬɜɟɧɧɵɟ ɩɨɫɬɨɹɧɧɵɟ. 

 Ȼɭɞɟɦ ɢɫɤɚɬɶ ɪɟɲɟɧɢɟ ɭɪɚɜɧɟɧɢɹ (0.2) ɜ ɜɢɞɟ 

ሻݐሺݔ  = ݁𝑧௧ (0.3) 

 ɉɨɞɫɬɚɜɥɹɹ (0.3) ɜ (0.2) ɩɨɥɭɱɢɦ 
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 ∑∑ܽ௣௝𝑧௣݁−௥ೕ𝑧௠
௝=଴

௡
௣=଴ = Ͳ (0.4) 

 

Ʌɟɜɭɸ ɱɚɫɬɶ ɷɬɨɝɨ ɪɚɜɟɧɫɬɜɚ ɧɚɡɵɜɚɸɬ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɢɦ 
ɤɜɚɡɢɩɨɥɢɧɨɦɨɦ ɭɪɚɜɧɟɧɢɹ (0.2) 

 Фሺ𝑧ሻ = ∑∑ܽ௣௝𝑧௣݁−௥ೕ𝑧௠
௝=଴

௡
௣=଴  (0.5) 

ȼɜɟɞɟɦ ɨɩɪɟɞɟɥɟɧɢɹ ɭɫɬɨɣɱɢɜɨɫɬɢ ɢ ɚɫɢɦɩɬɨɬɢɱɟɫɤɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ. 

Ɋɚɫɫɦɨɬɪɢɦ ɫɢɫɬɟɦɭ 

ሻݐሺݔ̇  = ݂ ቀݐ, ,ሻݐሺݔ ݐ)ݔ − …,(ሻݐଵሺݎ , ݐ)ݔ −  ሻ)ቁ (0.6)ݐ௠ሺݎ

Ɉɩɪɟɞɟɥɟɧɢɟ 0.4([1] ɫ. 112). Ɋɟɲɟɧɢɟ ݔሺݐሻ𝜑ሺ௧ሻ ɭɪɚɜɧɟɧɢɹ (0.6) 

ɧɚɡɵɜɚɟɬɫɹ ɭɫɬɨɣɱɢɜɵɦ, ɟɫɥɢ ɞɥɹ ɤɚɠɞɨɝɨ ε > Ͳ ɫɭɳɟɫɬɜɭɟɬ 𝛿ሺεሻ > Ͳ, ɱɬɨ 
ɢɡ ɧɟɪɚɜɟɧɫɬɜɚ |𝜑ሺݐሻ − 𝜓ሺݐሻ| < 𝛿ሺεሻ ɧɚ ɧɚɱɚɥɶɧɨɦ ɦɧɨɠɟɫɬɜɟ ɫɥɟɞɭɟɬ |ݔሺݐሻ𝜑ሺ௧ሻ − |ሻ𝜓ሺ௧ሻݐሺݔ < ε ɩɪɢ ݐ ൒  ሻ – ɥɸɛɚɹ ɧɟɩɪɟɪɵɜɧɚɹݐ଴, ɝɞɟ 𝜓ሺݐ
ɧɚɱɚɥɶɧɚɹ ɮɭɧɤɰɢɹ. Ⱥ ݔሺݐሻ𝜑ሺ௧ሻ – ɪɟɲɟɧɢɟ ɨɫɧɨɜɧɨɣ ɧɚɱɚɥɶɧɨɣ ɡɚɞɚɱɢ ɩɪɢ 
ɭɫɥɨɜɢɢ ɪɚɜɟɧɫɬɜɚ ݔሺݐሻ = 𝜑ሺݐሻ ɧɚ ɧɚɱɚɥɶɧɨɦ ɦɧɨɠɟɫɬɜɟ. 

Ɉɩɪɟɞɟɥɟɧɢɟ 0.5([1] ɫ. 113). ɍɫɬɨɣɱɢɜɨɟ ɪɟɲɟɧɢɟ ݔሺݐሻ𝜑ሺ௧ሻ 
ɧɚɡɵɜɚɟɬɫɹ ɚɫɢɦɩɬɨɬɢɱɟɫɤɢ ɭɫɬɨɣɱɢɜɵɦ, ɟɫɥɢ lim௧→଴|ݔሺݐሻ𝜑ሺ௧ሻ |ሻ𝜓ሺ௧ሻݐሺݔ− = Ͳ ɞɥɹ ɥɸɛɨɣ ɧɟɩɪɟɪɵɜɧɨɣ ɧɚɱɚɥɶɧɨɣ ɮɭɧɤɰɢɢ 𝜓ሺݐሻ, 
ɭɞɨɜɥɟɬɜɨɪɹɸɳɟɣ ɩɪɢ ɞɨɫɬɚɬɨɱɧɨ ɦɚɥɨɦ 𝛿 > Ͳ ɭɫɥɨɜɢɸ |𝜑ሺݐሻ − 𝜓ሺݐሻ| < 𝛿 

Ɍɟɨɪɟɦа 0.2([4] c. 209). Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɫɢɫɬɟɦɚ (0.1) ɛɵɥɚ 
ɚɫɢɦɩɬɨɬɢɱɟɫɤɢ ɭɫɬɨɣɱɢɜɚ, ɧɟɨɛɯɨɞɢɦɨ ɢ ɞɨɫɬɚɬɨɱɧɨ, ɱɬɨɛɵ ɜɫɟ ɤɨɪɧɢ 
ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɝɨ ɤɜɚɡɢɩɨɥɢɧɨɦɚ (0.4) ɢɦɟɥɢ ɨɬɪɢɰɚɬɟɥɶɧɵɟ 
ɞɟɣɫɬɜɢɬɟɥɶɧɵɟ ɱɚɫɬɢ. 

ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ, ɮɚɤɬɨɪɢɡɚɰɢɹ – ɷɬɨ ɞɟɤɨɦɩɨɡɢɰɢɹ ɨɛɴɟɤɬɪɚ ɜ 
ɩɪɨɢɡɜɟɞɟɧɢɟ ɮɚɤɬɨɪɨɜ, ɤɨɬɨɪɵɟ, ɛɭɞɭɱɢ ɩɟɪɟɦɧɨɠɟɧɧɵɦɢ ɞɚɞɭɬ 
ɢɫɯɨɞɧɵɣ ɨɛɴɟɤɬ. 

Ɇɵ ɛɭɞɟɦ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɫɢɫɬɟɦɭ ɥɢɧɟɣɧɵɯ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ 
ɭɪɚɜɧɟɧɢɣ ɫ ɡɚɩɚɡɞɵɜɚɧɢɹɦɢ ɜɢɞɚ  
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 𝑋̇ = ሻݐ𝑋ሺܣ ݐ௜𝑋ሺܤ∑+ − ௜ሻ௠ݎ
௜=ଵ  (0.7) 

ɢ ɟё ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɢɣ ɤɜɚɡɢɩɨɥɢɧɨɦ 

 Фሺ𝜆ሻ = det (𝜆𝐸 − ܣ ௜݁−𝜆௥೔௠ܤ∑ −
௜=ଵ ) (0.8) 

Ƚɞɟ ɦɚɬɪɢɰɵ A ɢ B - ɜɟɳɟɫɬɜɟɧɧɵɟ, ɪɚɡɦɟɪɧɨɫɬɢ n x n. 

Ɉɩɪɟɞɟɥɟɧɢɟ 4. ɉɨɞ ɮɚɤɬɨɪɢɡɚɰɢɟɣ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɝɨ 
ɤɜɚɡɢɩɨɥɢɧɨɦɚ ɫɢɫɬɟɦɵ (0.6) ɦɵ ɛɭɞɟɦ ɩɨɧɢɦɚɬɶ ɩɪɟɞɫɬɚɜɥɟɧɢɟ (0.7) ɜ 
ɜɢɞɟ 

 Фሺ𝜆ሻ =∏ቌ𝜆 − ܽ௜ −∑݁−𝜆௥ೕܾ௜௝௤
௝=ଵ ቍ௡

௜=ଵ  (0.9) 
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ɉɨɫɬаɧɨɜɤа ɡаɞаɱɢ 

 Ɋɚɫɫɦɨɬɪɢɦ ɫɢɫɬɟɦɭ ɥɢɧɟɣɧɵɯ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɫ 
ɡɚɩɚɡɞɵɜɚɧɢɹɦɢ (0.7) ɢ ɟё ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɢɣ ɤɜɚɡɢɩɨɥɢɧɨɦ (0.8) 

ɐɟɥɶɸ ɧɚɫɬɨɹɳɟɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ: 

1. ɉɨɥɭɱɟɧɢɟ ɭɫɥɨɜɢɣ, ɩɪɢ ɤɨɬɨɪɵɯ ɤɜɚɡɢɩɨɥɢɧɨɦ Фሺ𝜆ሻ ɦɨɠɟɬ ɛɵɬɶ 
ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɜɢɞɟ Фሺ𝜆ሻ =∏ቌ𝜆 − ܽ௜ −∑݁−𝜆௥ೕܾ௜௝௤

௝=ଵ ቍ௡
௜=ଵ  

2. Ɉɩɪɟɞɟɥɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ܽ௜ ɢ ܾ௜௝. 
3. ȼɵɞɟɥɟɧɢɟ ɧɟɤɨɬɨɪɨɝɨ ɤɥɚɫɫɚ ɚɫɢɦɩɬɨɬɢɱɟɫɤɢ ɭɫɬɨɣɱɢɜɵɯ ɫɢɫɬɟɦ 

ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɫ ɡɚɩɚɡɞɵɜɚɧɢɹɦɢ. 

 

Ɋɚɫɫɦɚɬɪɢɜɚɬɶɫɹ ɛɭɞɭɬ ɫɥɭɱɚɢ ɜ ɤɨɬɨɪɵɯ ɦɚɬɪɢɰɵ A ɢ B ɢɦɟɸɬ 
ɪɚɡɦɟɪɧɨɫɬɶ 2x2 ɢɥɢ ɛɨɥɶɲɟ. 
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Ƚɥаɜа 1. ɋɥɭɱаɣ ɭɫɥɨɜɢɹ ɮаɤɬɨɪɢɡаɰɢɢ ɫɢɫɬɟɦ 
ɥɢɧɟɣɧɵɯ ɞɢɮɮɟɪɟɧɰɢаɥɶɧɵɯ ɭɪаɜɧɟɧɢɣ ɫ 
ɧɟɫɤɨɥɶɤɢɦɢ ɡаɩаɡɞɵɜаɧɢɹɦɢ ɪаɡɦɟɪɧɨɫɬɢ 2 ɯ 2. 

ȼ ɪɚɛɨɬɟ [3] ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɭɫɥɨɜɢɹ ɮɚɤɬɨɪɢɡɚɰɢɢ ɞɥɹ ɫɢɫɬɟɦ ɜɢɞɚ 

 𝑋̇ + ሻݐ𝑋ሺܣ + ݐ𝑋ሺܤ − ͳሻ = Ͳ (1.1) 

ɝɞɟ A,B – ɜɟɳɟɫɬɜɟɧɧɵɟ ɦɚɬɪɢɰɵ 2 ɯ 2. 

 Ɉɩɢɲɟɦ ɨɫɧɨɜɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨɥɭɱɟɧɧɵɟ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ. 

 ɉɭɫɬɶ ଵ݂(z) = 𝜆ଵ஺ + 𝜆ଵ஻݁−𝑧 + 𝑧,  ଶ݂(z) = 𝜆ଶ஺ + 𝜆ଶ஻݁−𝑧 + 𝑧. ȿɫɥɢ 
ɜɨɡɦɨɠɧɨ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɝɨ ɤɜɚɡɢɩɨɥɢɧɨɦɚ ɫɢɫɬɟɦɵ 
(1.1) ɜ ɜɢɞɟ ɩɪɨɢɡɜɟɞɟɧɢɹ ɤɜɚɡɢɩɨɥɢɧɨɦɨɜ ɛɢɫɬɟɩɟɧɟɣ (1,1), ɬɨ ɨɧ ɛɭɞɟɬ 
ɩɪɟɞɫɬɚɜɥɹɬɶɫɹ ɜ ɜɢɞɟ ଵ݂(z) ଶ݂(z). 

 Ɋɚɫɫɦɨɬɪɢɦ ɬɟɨɪɟɦɭ ɩɪɟɞɥɨɠɟɧɧɭɸ ɜ ɪɚɛɨɬɟ [3], ɬɚɦ ɞɨɤɚɡɵɜɚɟɬɫɹ 
ɪɚɜɧɨɫɢɥɶɧɨɫɬɶ ɲɟɫɬɢ ɭɬɜɟɪɠɞɟɧɢɣ, ɦɵ ɪɚɫɫɦɨɬɪɢɦ ɥɢɲɶ ɱɟɬɵɪɟ ɢɡ ɧɢɯ. 

 Ɍɟɨɪɟɦа 1.1[3]. 

ɋɥɟɞɭɸɳɢɟ ɭɬɜɟɪɠɞɟɧɢɹ ɪɚɜɧɨɫɢɥɶɧɵ:  

1) ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɢɣ ɤɜɚɡɢɩɨɥɢɧɨɦ ɫɢɫɬɟɦɵ (1) ɩɪɟɞɫɬɚɜɢɦ ɜ ɜɢɞɟ 
F(p)= ଵ݂(p) ଶ݂ (p);  

2) det(A + B)=(𝜆ଵ஺ + 𝜆ଵ஻)( 𝜆ଶ஺+ 𝜆ଶ஻); 

3) det(AB −BA) = 0; 

4) ɫɭɳɟɫɬɜɭɟɬ ɛɚɡɢɫ, ɜ ɤɨɬɨɪɨɦ ɦɚɬɪɢɰɵ A ɢ B ɩɪɢɧɢɦɚɸɬ ɜɟɪɯɧɸɸ 
ɬɪɟɭɝɨɥɶɧɭɸ ɮɨɪɦɭ. 

 Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɡ ɞɚɧɧɨɣ ɬɟɨɪɟɦɵ ɫɥɟɞɭɟɬ, ɱɬɨ ɮɚɤɬɨɪɢɡɚɰɢɹ 
ɤɜɚɡɢɩɨɥɢɧɨɦɚ ɜɨɡɦɨɠɧɚ ɬɨɝɞɚ ɢ ɬɨɥɶɤɨ ɬɨɝɞɚ, ɤɨɝɞɚ ɫɭɳɟɫɬɜɭɟɬ ɛɚɡɢɫ, ɜ 
ɤɨɬɨɪɨɦ ɦɚɬɪɢɰɵ A ɢ B ɩɪɢɧɢɦɚɸɬ ɜɟɪɯɧɢɣ ɬɪɟɭɝɨɥɶɧɵɣ ɜɢɞ. ɇɭɦɟɪɚɰɢɹ 
ɫɨɛɫɬɜɟɧɧɵɯ ɱɢɫɟɥ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɬɨɦɭ ɩɨɪɹɞɤɭ, ɜ ɤɨɬɨɪɨɦ ɨɧɢ ɫɬɨɹɬ ɧɚ 
ɞɢɚɝɨɧɚɥɹɯ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɦɚɬɪɢɰ. 

 Ɍɟɨɪɟɦа 1.2[3]. 

 Ɋɚɫɫɦɨɬɪɢɦ ɫɢɫɬɟɦɭ (1.1), ɩɭɫɬɶ det(AB −BA) = 0. Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ 
ɫɢɫɬɟɦɚ (1.1) ɛɵɥɚ ɚɫɢɦɩɬɨɬɢɱɟɫɤɢ ɭɫɬɨɣɱɢɜɚ, ɧɟɨɛɯɨɞɢɦɨ ɢ ɞɨɫɬɚɬɨɱɧɨ, 
ɱɬɨɛɵ ɤɨɪɧɢ ɤɜɚɡɢɩɨɥɢɧɨɦɨɜ ɛɢɫɬɟɩɟɧɢ (1,1) ଵ݂(z) = 𝜆ଵ஺ + 𝜆ଵ஻݁−𝑧 + 𝑧 ɢ ଶ݂(z) = 𝜆ଶ஺ + 𝜆ଶ஻݁−𝑧 + 𝑧 ɥɟɠɚɥɢ ɜ ɥɟɜɨɣ ɤɨɦɩɥɟɤɫɧɨɣ ɩɨɥɭɩɥɨɫɤɨɫɬɢ. 
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ɇɚɯɨɠɞɟɧɢɟ ɨɛɥɚɫɬɢ ɚɫɢɦɩɬɨɬɢɱɟɫɤɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɜ ɫɥɭɱɚɟ 
ɜɟɳɟɫɬɜɟɧɧɵɯ ɢɥɢ ɤɨɦɩɥɟɤɫɧɵɯ 𝜆௜஺ ɢ 𝜆௜஻ ɨɩɢɫɚɧɨ ɜ ɪɚɛɨɬɟ [2]. 

Заɦɟɱаɧɢɟ 1.ɋɥɟɞɭɟɬ ɡɚɦɟɬɢɬɶ, ɱɬɨ ɟɫɥɢ ɫɨɛɫɬɜɟɧɧɵɟ ɱɢɫɥɚ ɨɞɧɨɣ 
ɢɡ ɦɚɬɪɢɰ – ɤɨɦɩɥɟɤɫɧɵɟ, ɬɨ ɨɧɢ ɹɜɥɹɸɬɫɹ ɤɨɦɩɥɟɤɫɧɨ ɫɨɩɪɹɠёɧɧɵɦɢ. 
ȿɫɥɢ ɫɨɛɫɬɜɟɧɧɵɟ ɱɢɫɥɚ ɨɞɧɨɣ ɢɡ ɦɚɬɪɢɰ – ɤɨɦɩɥɟɤɫɧɨ ɫɨɩɪɹɠёɧɧɵɟ, ɚ 
ɞɪɭɝɚɹ ɦɚɬɪɢɰɚ ɢɦɟɟɬ ɜɟɳɟɫɬɜɟɧɧɵɟ ɫɨɛɫɬɜɟɧɧɵɟ ɱɢɫɥɚ, ɬɨ ɮɚɤɬɨɪɢɡɚɰɢɹ 
ɧɟɜɨɡɦɨɠɧɚ, ɟɫɥɢ ɫɨɛɫɬɜɟɧɧɵɟ ɱɢɫɥɚ ɜɬɨɪɨɣ ɦɚɬɪɢɰɵ – ɪɚɡɥɢɱɧɵ. ɗɬɨ 
ɫɥɟɞɭɟɬ ɢɡ ɪɚɜɟɧɫɬɜɚ 2 ɜ ɬɟɨɪɟɦɟ 1.1. 

Ɍɚɤɠɟ ɜɚɠɧɨ, ɱɬɨ ɞɥɹ ɩɪɨɜɟɪɤɢ ɜɨɡɦɨɠɧɨɫɬɢ ɮɚɤɬɨɪɢɡɚɰɢɢ 
ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɝɨ ɤɜɚɡɢɩɨɥɢɧɨɦɚ ɫɢɫɬɟɦɵ (1.1) ɞɨɫɬɚɬɨɱɧɨ ɩɪɨɜɟɪɢɬɶ 
ɜɵɩɨɥɧɟɧɢɟ ɜɫɟɝɨ ɨɞɧɨɝɨ ɭɫɥɨɜɢɹ. ȿɫɥɢ ɞɨɩɭɫɬɢɬɶ, ɱɬɨ ɦɚɬɪɢɰɵ A ɢ B – 

ɛɭɞɭɬ ɢɦɟɬɶ ɪɚɡɦɟɪɧɨɫɬɢ n x n, ɬɨ ɜɪɹɞ ɥɢ ɩɨɥɭɱɢɬɫɹ ɨɝɪɚɧɢɱɢɬɶɫɹ ɜɫɟɝɨ 
ɥɢɲɶ ɨɞɧɢɦ ɭɫɥɨɜɢɟɦ. 

Ɋɚɫɫɦɨɬɪɢɦ ɩɨɞɪɨɛɧɟɟ ɩɨɥɭɱɟɧɢɟ ɪɚɜɧɨɫɢɥɶɧɨɫɬɢ ɦɟɠɞɭ 
ɭɬɜɟɪɠɞɟɧɢɹɦɢ 1 ɢ 2 ɜ ɬɟɨɪɟɦɟ 1.1. 

Ɋɚɫɫɦɨɬɪɢɦ ɪɚɜɟɧɫɬɜɨ 

 Фሺ𝜆ሻ = (𝜆 + ܽଵ + ݁−𝜆௥  ܾଵ)(𝜆 + ܽଶ + ݁−𝜆௥ܾଶ) (1.2) 

Ƚɞɟ Ɏ(𝜆) – ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɢɣ ɤɜɚɡɢɩɨɥɢɧɨɦ ɫɢɫɬɟɦɵ (1.1). 

 ɑɬɨɛɵ ɪɚɜɟɧɫɬɜɨ (1.2) ɜɵɩɨɥɧɹɥɨɫɶ, ɧɟɨɛɯɨɞɢɦɨ ɢ ɞɨɫɬɚɬɨɱɧɨ 
ɪɚɜɟɧɫɬɜɨ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɩɪɢ ɦɧɨɠɢɬɟɥɹɯ 𝜆௜݁−௜𝜆௥. Ɋɚɫɤɪɵɜ ɫɤɨɛɤɢ ɢ 
ɩɪɢɪɚɜɧɹɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɨɥɭɱɚɟɦ ɫɥɟɞɭɸɳɭɸ 
ɫɢɫɬɟɦɭ ɭɪɚɜɧɟɧɢɣ 

1: ܽଵଵܽଶଶ − ܽଵଶܽଶଵ = ܽଵܽଶ 

(1.3) 

𝜆: ܽଵଵ + ܽଶଶ = ܽଵ + ܽଶ ݁−ଶ𝜆௥: ܾଵଵܾଶଶ − ܾଵଶܾଶଵ = ܾଵܾଶ 𝜆݁−𝜆௥: ܾଵଵ + ܾଶଶ = ܾଵ + ܾଶ ݁−𝜆௥: ܽଵଵܾଶଶ − ܽଵଶܾଶଵ + ܾଵଵܽଶଶ − ܾଵଶܽଶଵ = ܽଵܾଶ + ܽଶܾଵ  
  

ɇɟɬɪɭɞɧɨ ɡɚɦɟɬɢɬɶ, ɱɬɨ ɩɟɪɜɵɟ ɞɜɚ ɪɚɜɟɧɫɬɜɚ ɷɤɜɢɜɚɥɟɧɬɧɵ ɬɨɦɭ, 
ɱɬɨ ܽଵ ɢ ܽଶ – ɹɜɥɹɸɬɫɹ ɫɨɛɫɬɜɟɧɧɵɦɢ ɱɢɫɥɚɦɢ ɦɚɬɪɢɰɵ A, ɚ ɬɪɟɬɶɟ ɢ 
ɱɟɬɜɟɪɬɨɟ ɪɚɜɟɧɫɬɜɚ ɷɤɜɢɜɚɥɟɧɬɧɵ ɬɨɦɭ, ɱɬɨ ܾଵ ɢ ܾଶ – ɹɜɥɹɸɬɫɹ 
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ɫɨɛɫɬɜɟɧɧɵɦɢ ɱɢɫɥɚɦɢ ɦɚɬɪɢɰɵ B. Ɍɨɝɞɚ ɫ ɩɨɦɨɳɶɸ ɮɨɪɦɭɥɵ ɦɚɬɪɢɰɵ 
ɫɭɦɦɵ ɩɨɫɥɟɞɧɟɟ ɭɪɚɜɧɟɧɢɟ ɦɨɠɧɨ ɩɪɢɜɟɫɬɢ ɤ ɜɢɞɭ 

 detሺA +  Bሻ = ሺ𝜆ଵ஺  +  𝜆ଵ஻ሻሺ 𝜆ଶ஺ + 𝜆ଶ஻ሻ (1.4) 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɵ ɩɨɤɚɡɚɥɢ ɪɚɜɧɨɫɢɥɶɧɨɫɬɶ ɭɬɜɟɪɠɞɟɧɢɣ 1 ɢ 2 ɜ 
ɬɟɨɪɟɦɟ 1.1. 

Ɍɟɩɟɪɶ ɪɚɫɫɦɨɬɪɢɦ ɫ ɫɢɫɬɟɦɭ ɥɢɧɟɣɧɵɯ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ 
ɭɪɚɜɧɟɧɢɣ ɫ ɧɟɫɤɨɥɶɤɢɦɢ ɡɚɩɚɡɞɵɜɚɧɢɹɦɢ 

 𝑋̇ + ሻݐ଴𝑋ሺܣ ݐ௜𝑋ሺܣ∑+ − ௜ሻݎ = Ͳ௠
௜=ଵ  (1.5) 

Ƚɞɟ ܣ௜ , ݅ = Ͳ,݉̅̅ ̅̅ ̅̅  – ɜɟɳɟɫɬɜɟɧɧɵɟ ɦɚɬɪɢɰɵ ɪɚɡɦɟɪɧɨɫɬɢ 2 x 2. 

 Ɋɚɫɫɦɨɬɪɢɦ ɪɚɜɟɧɫɬɜɨ 

 Фሺ𝜆ሻ = (𝜆 + ܽ଴ଵ +∑݁−𝜆௥೔ܽ௜ଵ௠
௜=ଵ )(𝜆 + ܽ଴ଶ +∑݁−𝜆௥೔ܽ௜ଶ௠

௜=ଵ ) (1.6) 

 ɇɟɬɪɭɞɧɨ ɡɚɦɟɬɢɬɶ, ɱɬɨ ɩɪɢ ɩɟɪɟɯɨɞɟ ɨɬ ɨɞɧɨɝɨ ɡɚɩɚɡɞɵɜɚɧɢɹ ɤ ɞɜɭɦ 
ɤɨɥɢɱɟɫɬɜɨ ɭɪɚɜɧɟɧɢɣ ɜ ɫɢɫɬɟɦɟ (1.3) ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɧɚ 4, 2 ɢɡ ɧɢɯ 
ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɬɨɦ, ɱɬɨ  ܽ௜ଵ ܽ௜ଶ ɹɜɥɹɸɬɫɹ ɫɨɛɫɬɜɟɧɧɵɦɢ ɱɢɫɥɚɦɢ 
ɦɚɬɪɢɰɵ ܣ௜, ɚ ɨɫɬɚɜɲɢɟɫɹ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɜ ɜɢɞɟ ɚɧɚɥɨɝɢɱɧɨɦ ɭɪɚɜɧɟɧɢɸ 
(1.4)  detሺܣ଴  + ଶሻܣ  = (𝜆ଵ஺బ  +  𝜆ଵ஺మ)( 𝜆ଶ஺బ + 𝜆ଶ஺మ) 

(1.7) detሺܣଵ  + ଶሻܣ  = (𝜆ଵ஺భ  +  𝜆ଵ஺మ)( 𝜆ଶ஺భ + 𝜆ଶ஺మ) 
 ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɤɨɥɢɱɟɫɬɜɚ ɡɚɩɚɡɞɵɜɚɧɢɣ ɫ q-1 ɧɚ q ɤɨɥɢɱɟɫɬɜɨ 
ɭɪɚɜɧɟɧɢɣ ɜ ɫɢɫɬɟɦɟ ɚɧɚɥɨɝɢɱɧɨɣ ɫɢɫɬɟɦɟ (1.3) ɭɜɟɥɢɱɢɬɫɹ ɧɚ q+2, q ɢɡ 
ɧɢɯ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨɛ ɨɬɧɨɲɟɧɢɹɯ ɫɜɹɡɢ ɫ ɞɪɭɝɢɦɢ ɦɚɬɪɢɰɚɦɢ, ɚ 2 

ɨɫɬɚɥɶɧɵɯ ɨ ɬɨɦ, ɱɬɨ ɤɨɷɮɮɢɰɢɟɧɬɵ ܽ௤ଵ ɢ ܽ௤ଶ ɜ ɪɚɡɥɨɠɟɧɢɢ (1.6) ɛɭɞɭɬ 
ɫɨɛɫɬɜɟɧɧɵɦɢ ɱɢɫɥɚɦɢ ɦɚɬɪɢɰɵ ܣ௤. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɠɧɨ 
ɫɮɨɪɦɭɥɢɪɨɜɚɬɶ ɬɟɨɪɟɦɭ. 

Ɍɟɨɪɟɦа 1.3. 

 Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɢɣ ɤɜɚɡɢɩɨɥɢɧɨɦ Фሺ𝜆ሻ ɫɢɫɬɟɦɵ 

(1.5) ɦɨɠɧɨ ɛɵɥɨ ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɜɢɞɟ  
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 Фሺ𝜆ሻ = (𝜆 + 𝜆ଵ஺బ +∑݁−𝜆௥೔𝜆ଵ஺೔௠
௜=ଵ )(𝜆 + 𝜆ଶ஺బ +∑݁−𝜆௥೔𝜆ଶ஺೔௠

௜=ଵ ) (1.9) 

ɝɞɟ 𝜆ଵ஺೔ ɢ 𝜆ଶ஺೔ – ɫɨɛɫɬɜɟɧɧɵɟ ɱɢɫɥɚ ɦɚɬɪɢɰ ܣ௜, ɧɟɨɛɯɨɞɢɦɨ ɢ ɞɨɫɬɚɬɨɱɧɨ, 
ɱɬɨɛɵ ɜɵɩɨɥɧɹɥɢɫɶ ɪɚɜɟɧɫɬɜɚ 

 det(ܣ௜  + (௝ܣ  = ቀ𝜆ଵ஺೔  +  𝜆ଵ஺ೕቁ ቀ 𝜆ଶ஺೔ + 𝜆ଶ஺ೕቁ (1.10) 

Ƚɞɟ ݅, ݆ =  Ͳ,݉̅̅ ̅̅ ̅̅ , ݅ ≠ ݆. 
ɋɥɟɞɫɬɜɢɟ 1.1. ɉɨɪɹɞɨɤ ɫɥɟɞɨɜɚɧɢɹ ɦɚɬɪɢɰ ܣ௜ ɜ ɫɢɫɬɟɦɟ (1.5) ɧɟ 

ɜɥɢɹɟɬ ɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɢɥɢ ɧɟɜɨɡɦɨɠɧɨɫɬɶ ɮɚɤɬɨɪɢɡɚɰɢɢ 
ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɝɨ ɤɜɚɡɢɩɨɥɢɧɨɦɚ ɞɚɧɧɨɣ ɫɢɫɬɟɦɵ.  

ɋɥɟɞɫɬɜɢɟ 1.2. Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɢɣ ɤɜɚɡɢɩɨɥɢɧɨɦ Фሺ𝜆ሻ ɫɢɫɬɟɦɵ (1.5) ɦɨɠɧɨ ɛɵɥɨ ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɜɢɞɟ (1.9) ɧɟɨɛɯɨɞɢɦɨ ɢ 
ɞɨɫɬɚɬɨɱɧɨ, ɱɬɨɛɵ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɢɟ ɤɜɚɡɢɩɨɥɢɧɨɦɵ Ф௞ሺ𝜆ሻ ɫɢɫɬɟɦ 

 𝑋̇ + ሻݐ௜𝑋ሺܣ + ݐ௝𝑋ሺܣ − ͳሻ = Ͳ (1.11) 

Ƚɞɟ Ͳ ൑ ݅ < ݆ ൑ ݉, ɦɨɠɧɨ ɛɵɥɨ ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɜɢɞɟ  

 Ф௞ሺ𝜆ሻ = ሺ𝜆 + 𝜆ଵ஺೔ + ݁−𝜆௥𝜆ଵ஺ೕሻሺ𝜆 + 𝜆ଶ஺೔ + ݁−𝜆௥𝜆ଶ஺ೕሻ (1.12) 

 ɗɬɨ ɫɥɟɞɭɟɬ ɢɡ ɪɚɜɧɨɫɢɥɶɧɨɫɬɢ ɩɟɪɜɵɯ ɞɜɭɯ ɪɚɜɟɧɫɬɜ ɜ ɬɟɨɪɟɦɟ 1.1, 
ɬɟɨɪɟɦɵ 1.3 ɢ ɫɥɟɞɫɬɜɢɹ 1.1. 

Лɟɦɦа 1.1. Ɋɚɫɫɦɨɬɪɢɦ ɦɚɬɪɢɰɵ ܣଵ, ,ଶܣ … ,  .௠ ɪɚɡɦɟɪɧɨɫɬɢ n x nܣ

ȿɫɥɢ ɫɭɳɟɫɬɜɭɟɬ ɛɚɡɢɫ ɜ ɤɨɬɨɪɨɦ ɷɬɢ ɦɚɬɪɢɰɵ ɨɞɧɨɜɪɟɦɟɧɧɨ ɩɪɢɧɢɦɚɸɬ 
ɜɟɪɯɧɢɣ ɬɪɟɭɝɨɥɶɧɵɣ ɜɢɞ, ɬɨ ɷɬɢ ɦɚɬɪɢɰɵ ɩɨɩɚɪɧɨ ɨɞɧɨɜɪɟɦɟɧɧɨ 
ɬɪɢɚɧɝɭɥɢɡɭɟɦɵ. 

Ⱦɨɤɚɡɚɬɟɥɶɫɬɜɨ ɷɬɨɣ ɥɟɦɦɵ ɬɪɢɜɢɚɥɶɧɨ, ɩɭɫɬɶ ɫɭɳɟɫɬɜɭɟɬ ɬɚɤɨɟ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɩɨɞɨɛɢɹ P, ɱɬɨ ɜɫɟ ɦɚɬɪɢɰɵ ܲ−ଵܣ௜ܲ ɢɦɟɸɬ ɜɟɪɯɧɢɣ 
ɬɪɟɭɝɨɥɶɧɵɣ ɜɢɞ, ɬɨɝɞɚ ɛɥɚɝɨɞɚɪɹ ɷɬɨɦɭ ɠɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɸ ɩɨɞɨɛɢɹ ɜɫɟ 
ɦɚɬɪɢɰɵ ɛɭɞɭɬ ɩɨɩɚɪɧɨ ɨɞɧɨɜɪɟɦɟɧɧɨ ɬɪɢɚɧɝɭɥɢɡɭɟɦɵ.  

 Ɍɟɩɟɪɶ ɦɵ ɦɨɠɟɦ ɫɮɨɪɦɭɥɢɪɨɜɚɬɶ ɫɥɟɞɭɸɳɭɸ ɬɟɨɪɟɦɭ, 
ɨɛɨɛɳɚɸɳɭɸ ɜɫɟ ɩɪɟɞɵɞɭɳɢɟ ɪɟɡɭɥɶɬɚɬɵ. 

Ɍɟɨɪɟɦа 1.4.  

ɋɥɟɞɭɸɳɢɟ ɭɬɜɟɪɠɞɟɧɢɹ ɪɚɜɧɨɫɢɥɶɧɵ: 

1) ɏɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɢɣ ɤɜɚɡɢɩɨɥɢɧɨɦ Фሺ𝜆ሻ ɫɢɫɬɟɦɵ (1.5) ɦɨɠɧɨ 
ɛɵɥɨ ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɜɢɞɟ (1.9) 
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2) ɏɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɢɟ ɤɜɚɡɢɩɨɥɢɧɨɦɵ Ф௞ሺ𝜆ሻ ɫɢɫɬɟɦ (1.11) ɦɨɠɧɨ 
ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɜɢɞɟ (1.12) 

3) ȼɵɩɨɥɧɹɸɬɫɹ ɪɚɜɟɧɫɬɜɚ (1.10) 
4) det(ܣ௜ܣ௝ −ܣ௝ܣ௜) = 0, Ͳ ൑ ݅ < ݆ ൑ ݉ 

5) Ʉɚɠɞɚɹ ɩɚɪɚ ɦɚɬɪɢɰ ܣ௜  и ܣ௝ ɨɞɧɨɜɪɟɦɟɧɧɨ ɬɪɢɚɧɝɭɥɢɡɭɟɦɚ. 

ȿɫɥɢ ɠɟ ɫɭɳɟɫɬɜɭɟɬ ɛɚɡɢɫ ɜ ɤɨɬɨɪɨɦ ɜɫɟ ɦɚɬɪɢɰɵ ܣ௜ , ݅ = Ͳ,݉̅̅ ̅̅ ̅̅  

ɨɞɧɨɜɪɟɦɟɧɧɨ ɩɪɢɧɢɦɚɸɬ ɜɟɪɯɧɢɣ ɬɪɟɭɝɨɥɶɧɵɣ ɜɢɞ, ɬɨ ɷɬɨ ɜɥɟɱɟɬ ɡɚ 
ɫɨɛɨɣ ɜɵɩɨɥɧɟɧɢɟ ɜɫɟɯ ɩɹɬɢ ɩɭɧɤɬɨɜ ɩɪɟɞɵɞɭɳɟɣ ɬɟɨɪɟɦɵ (ɜ ɫɢɥɭ 
ɫɥɟɞɫɬɜɢɹ 1.1 ɢ ɩɹɬɨɝɨ ɩɭɧɤɬɚ ɬɟɨɪɟɦɵ). ȼ ɬɚɤɨɦ ɫɥɭɱɚɟ ɫɨɛɫɬɜɟɧɧɵɟ 
ɱɢɫɥɚ ɜ ɪɚɡɥɨɠɟɧɢɢ (1.9) ɛɭɞɭɬ ɢɞɬɢ ɜ ɩɨɪɹɞɤɟ ɢɯ ɫɥɟɞɨɜɚɧɢɹ ɧɚ 
ɞɢɚɝɨɧɚɥɹɯ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɢɦ ɦɚɬɪɢɰ ɜ ɛɚɡɢɫɟ, ɤɨɬɨɪɵɣ ɩɪɢɜɨɞɢɬ ɢɯ ɤ 
ɜɟɪɯɧɟɣ ɬɪɟɭɝɨɥɶɧɨɣ ɮɨɪɦɟ. 

Ɉɞɧɚɤɨ ɫɬɨɢɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɧɚ ɩɪɚɤɬɢɤɟ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɪɚɡɥɨɠɟɧɢɹ 
(1.12) ɧɚɦ ɧɟ ɞɨɫɬɚɬɨɱɧɨ ɩɪɨɜɟɪɢɬɶ, ɧɚɩɪɢɦɟɪ, ɭɬɜɟɪɠɞɟɧɢɹ 4 ɢɡ ɬɟɨɪɟɦɵ 
1.4, ɬɚɤ ɤɚɤ ɧɟ ɡɧɚɹ ɛɚɡɢɫɚ ɜ ɤɨɬɨɪɨɦ ɜɫɟ ɦɚɬɪɢɰɵ ɛɭɞɭɬ ɩɪɢɧɢɦɚɬɶ 
ɜɟɪɯɧɢɣ ɬɪɟɭɝɨɥɶɧɵɣ ɜɢɞ, ɦɵ ɧɟ ɦɨɠɟɦ ɝɨɜɨɪɢɬɶ ɨ ɩɨɪɹɞɤɟ ɫɥɟɞɨɜɚɧɢɹ 
ɫɨɛɫɬɜɟɧɧɵɯ ɱɢɫɟɥ ɜ ɷɬɨɦ ɪɚɡɥɨɠɟɧɢɢ. Ɍɚɤ ɱɬɨ ɩɨɦɢɦɨ ɷɬɨɝɨ 
ɭɬɜɟɪɠɞɟɧɢɹ, ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɪɢɬɶ ɜɵɩɨɥɧɢɦɨɫɬɶ (1.10) ɞɥɹ ɜɵɛɪɚɧɧɨɝɨ 
ɩɨɪɹɞɤɚ ɫɨɛɫɬɜɟɧɧɵɯ ɱɢɫɟɥ. 
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Ƚɥаɜа 2. ɋɥɭɱаɣ n = 3. 
Ɋɚɫɫɦɨɬɪɢɦ ɫɢɫɬɟɦɭ ɭɪɚɜɧɟɧɢɣ ɫ ɩɨɫɬɨɹɧɧɵɦɢ ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ  ɢ 

ɩɨɫɬɨɹɧɧɵɦ ɡɚɩɚɡɞɵɜɚɧɢɟɦ 

 Ẋ = AXሺtሻ + BXሺt − rሻ (2.1) 

ɝɞɟ A, B – ɜɟɳɟɫɬɜɟɧɧɵɟ ɦɚɬɪɢɰɵ  ɪɚɡɦɟɪɧɨɫɬɢ 3 ɯ 3. 

 Ɋɚɫɫɦɨɬɪɢɦ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɢɣ ɤɜɚɡɢɩɨɥɢɧɨɦ ɫɢɫɬɟɦɵ (2.1): 

 Фሺ𝜆ሻ == ݐ݁݀ ቌ𝜆 − ܽଵଵ − ݁−𝜆௥ܾଵଵ −ܽଵଶ − ݁−𝜆௥ܾଵଶ −ܽଵଷ − ݁−𝜆௥ܾଵଷ−ܽଶଵ − ݁−𝜆௥ܾଶଵ 𝜆 − ܽଶଶ − ݁−𝜆௥ܾଶଶ −ܽଶଷ − ݁−𝜆௥ܾଶଷ−ܽଷଵ − ݁−𝜆௥ܾଷଵ −ܽଷଶ − ݁−𝜆௥ܾଷଶ 𝜆 − ܽଶଶ − ݁−𝜆௥ܾଶଶቍ 
(2.2) 

 

 Ɍɟɨɪɟɦа 1. 
 Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɢɣ ɤɜɚɡɢɩɨɥɢɧɨɦ ɫɢɫɬɟɦɵ (2.1) 

ɦɨɝ ɛɵɬɶ ɪɚɡɥɨɠɟɧ ɧɚ ɦɧɨɠɢɬɟɥɢ ɧɟɨɛɯɨɞɢɦɨ ɢ ɞɨɫɬɚɬɨɱɧɨ, ɱɬɨɛɵ 
ɜɵɩɨɥɧɹɥɢɫɶ ɫɥɟɞɭɸɳɢɟ ɭɫɥɨɜɢɹ (2.3): ݀݁ݐ (ܽଵଵ ܽଵଶ ܽଵଷܾଶଵ ܾଶଶ ܾଶଷܾଷଵ ܾଷଶ ܾଷଷ) + ݐ݁݀ (ܾଵଵ ܾଵଶ ܾଵଷܽଶଵ ܽଶଶ ܽଶଷܾଷଵ ܾଷଶ ܾଷଷ) + ݐ݁݀ (ܾଵଵ ܾଵଶ ܾଵଷܾଶଵ ܾଶଶ ܾଶଷܽଷଵ ܽଷଶ ܽଷଷ)  = = 𝜆ଵ஺𝜆ଶ஻𝜆ଷ஻ + 𝜆ଵ஻𝜆ଶ஺𝜆ଷ஻ + 𝜆ଵ஻𝜆ଶ஻𝜆ଷ஺ 

ݐ݁݀  (ܾଵଵ ܾଵଶ ܾଵଷܽଶଵ ܽଶଶ ܽଶଷܽଷଵ ܽଷଶ ܽଷଷ) + ݐ݁݀ (ܽଵଵ ܽଵଶ ܽଵଷܾଶଵ ܾଶଶ ܾଶଷܽଷଵ ܽଷଶ ܽଷଷ) + ݐ݁݀ (ܽଵଵ ܽଵଶ ܽଵଷܽଶଵ ܽଶଶ ܽଶଷܾଷଵ ܾଷଶ ܾଷଷ)  = = 𝜆ଵ஻𝜆ଶ஺𝜆ଷ஺ + 𝜆ଵ஺𝜆ଶ஻𝜆ଷ஺ + 𝜆ଵ஺𝜆ଶ஺𝜆ଷ஻ 

ሺ𝑀ଵଵ஺ݐ݁݀  +𝑀ଵଵ஻ ሻ + ሺ𝑀ଶଶ஺ݐ݁݀ +𝑀ଶଶ஻ ሻ + ሺ𝑀ଷଷ஺ݐ݁݀ +𝑀ଷଷ஻ ሻ == ሺ𝜆ଵ஺ + 𝜆ଵ஻ሻሺ𝜆ଶ஺ + 𝜆ଶ஻ሻሺ𝜆ଷ஺ + 𝜆ଷ஻ሻ 
 

Ƚɞɟ 𝑀௜௝஺ ɢ 𝑀௜௝஻ – ɦɢɧɨɪɵ ɤ ɷɥɟɦɟɧɬɚɦ ܽ௜௝ ɢ ܾ௜௝ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 𝛌௜஺ ɢ 𝛌ଵ஻ – ɫɨɛɫɬɜɟɧɧɵɟ ɱɢɫɥɚ ɦɚɬɪɢɰ A ɢ B ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
ɍɫɥɨɜɢɹ (2.3) ɧɚɡɨɜёɦ ɭɫɥɨɜɢяɦɢ ɫɨɝɥаɫɨɜаɧɢя.  
ȼ ɬɚɤɨɦ ɫɥɭɱɚɟ (2.2) ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜ ɜɢɞɟ: (𝜆 − 𝜆ଵ஺ − ݁−𝜆௥𝜆ଵ஻)(𝜆 − 𝜆ଶ஺ − ݁−𝜆௥𝜆ଶ஻)(𝜆 − 𝜆ଷ஻ − ݁−𝜆௥𝜆ଷ஻) 
 

Ⱦɨɤаɡаɬɟɥɶɫɬɜɨ: 
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ȿɫɥɢ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɢɣ ɤɜɚɡɢɩɨɥɢɧɨɦ ɦɨɠɟɬ ɛɵɬɶ ɪɚɡɥɨɠɟɧ ɧɚ 
ɦɧɨɠɢɬɟɥɢ, ɬɨ ɨɧ ɩɪɟɞɫɬɚɜɢɦ ɜ ɜɢɞɟ: (𝜆 − ܽଵ − ݁−𝜆௥  ܾଵ)(𝜆 − ܽଶ − ݁−𝜆௥ܾଶ)(𝜆 − ܽଷ − ݁−𝜆௥ܾଷ)  (2.4) 

Ƚɞɟ ܽ௜ , ܾ௜ – ɤɚɤɢɟ-ɬɨ ɱɢɫɥɚ. 
Ɂɚɦɟɬɢɦ, ɱɬɨ ɞɥɹ ɪɚɜɟɧɫɬɜɚ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɝɨ ɤɜɚɡɢɩɨɥɢɧɨɦɚ 

ɫɢɫɬɟɦɵ (2.2) ɤɜɚɡɢɩɨɥɢɧɨɦɭ (2.4), ɧɟɨɛɯɨɞɢɦɨ, ɱɬɨɛɵ ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɪɢ 𝜆௜݁−𝜆௥∗௝  ɞɨɥɠɧɵ ɛɵɬɶ ɪɚɜɧɵ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɥɭɱɚɟɦ 9 ɭɪɚɜɧɟɧɢɣ: 

 

1) ܽଵ + ܽଵ + ܽଵ = ܽଵଵ + ܽଶଶ + ܽଷଷ 

 

2) ܽଵܽଶ + ܽଵܽଷ + ܽଶܽଷ == ܽଵଵܽଶଶ + ܽଵଵܽଷଷ + ܽଶଶܽଷଷ − ܽଵଶܽଶଵ − ܽଷଶܽଶଷ− ܽଷଵܽଵଷ 

3) ܽଵܽଶܽଷ = ܽଵଵܽଶଶܽଷଷ + ܽଶଵܽଷଶܽଵଷ + ܽଷଵܽଵଶܽଶଷ − ܽଶଶܽଷଵܽଵଷ− ܽଷଷܽଵଶܽଶଵ − ܽଵଵܽଷଶܽଶଷ 

 

4) ܾଵ + ܾଵ + ܾଵ = ܾଵଵ + ܾଶଶ + ܾଷଷ 

 

5) ܾଵܾଶ + ܾଵܾଷ + ܾଶܾଷ == ܾଵଵܾଶଶ + ܾଵଵܾଷଷ + ܾଶଶܾଷଷ − ܾଵଶܾଶଵ − ܾଷଶܾଶଷ − ܾଷଵܾଵଷ 

6) ܾଵܾଶܾଷ = ܾଵଵܾଶଶܾଷଷ + ܾଶଵܾଷଶܾଵଷ + ܾଷଵܾଵଶܾଶଷ − ܾଶଶܾଷଵܾଵଷ− ܾଷଷܾଵଶܾଶଵ − ܾଵଵܾଷଶܾଶଷ 

 

7) ܽଵܾଶܾଷ + ܾଵܽଶܾଷ + ܾଵܾଶܽଷ= ܽଵଵܾଶଶܾଷଷ + ܾଶଵܾଷଶܽଵଷ + ܾଷଵܽଵଶܾଶଷ − ܾଶଶܾଷଵܽଵଷ− ܾଷଷܽଵଶܾଶଵ − ܽଵଵܾଷଶܾଶଷ+ܾଵଵܽଶଶܾଷଷ + ܽଶଵܾଷଶܾଵଷ+ ܾଷଵܾଵଶܽଶଷ − ܽଶଶܾଷଵܾଵଷ − ܾଷଷܾଵଶܽଶଵ− ܾଵଵܾଷଶܽଶଷ+ܾଵଵܾଶଶܽଷଷ + ܾଶଵܽଷଶܾଵଷ + ܽଷଵܾଵଶܾଶଷ− ܾଶଶܽଷଵܾଵଷ − ܽଷଷܾଵଶܾଶଵ − ܾଵଵܽଷଶܾଶଷ 

 

8) ܾଵܽଶܽଷ + ܽଵܾଶܽଷ + ܽଵܽଶܾଷ= ܾଵଵܽଶଶܽଷଷ + ܽଶଵܽଷଶܾଵଷ + ܽଷଵܾଵଶܽଶଷ − ܽଶଶܽଷଵܾଵଷ− ܽଷଷܾଵଶܽଶଵ − ܾଵଵܽଷଶܽଶଷ+ܽଵଵܾଶଶܽଷଷ + ܾଶଵܽଷଶܽଵଷ+ ܽଷଵܽଵଶܾଶଷ − ܾଶଶܽଷଵܽଵଷ − ܽଷଷܽଵଶܾଶଵ− ܽଵଵܽଷଶܾଶଷ+ܽଵଵܽଶଶܾଷଷ + ܽଶଵܾଷଶܽଵଷ + ܾଷଵܽଵଶܽଶଷ− ܽଶଶܾଷଵܽଵଷ − ܾଷଷܽଵଶܽଶଵ − ܽଵଵܾଷଶܾଶଷ 
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9) ܽଵܾଶ + ܽଵܾଷ + ܽଶܾଷ + ܾଵܽଶ + ܾଵܽଷ + ܾଶܽଷ == ܽଵଵܾଶଶ + ܽଵଵܾଷଷ + ܽଶଶܾଷଷ − ܽଵଶܾଶଵ − ܽଷଶܾଶଷ − ܽଷଵܾଵଷ+ ܾଵଵܽଶଶ + ܾଵଵܽଷଷ + ܾଶଶܽଷଷ − ܾଵଶܽଶଵ − ܾଷଶܽଶଷ − ܾଷଵܽଵଷ 

 

Ɂɚɦɟɬɢɦ, ɱɬɨ ɩɟɪɜɵɟ 6 ɭɪɚɜɧɟɧɢɣ ɪɚɜɧɨɫɢɥɶɧɵ ɬɨɦɭ, ɱɬɨ 
ɱɢɫɥɚ ܽ ௜  и ܾ௜ ɞɨɥɠɧɵ ɹɜɥɹɬɶɫɹ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɢɦɢ ɱɢɫɥɚɦɢ ɦɚɬɪɢɰ A ɢ 
B ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ɉɫɬɚɜɲɢɟɫɹ 3 ɭɪɚɜɧɟɧɢɹ, ɤɨɬɨɪɵɟ ɦɵ ɧɚɡɵɜɚɟɦ 
ɭɪɚɜɧɟɧɢɹɦɢ ɫɜɹɡɢ, ɩɪɢ ɩɨɦɨɳɢ ɬɟɨɪɟɦɵ ɨɛ ɨɩɪɟɞɟɥɢɬɟɥɟ ɫɭɦɦɵ ɦɚɬɪɢɰ 
[9] ɩɪɢɜɨɞɹɬɫɹ ɤ ɭɪɚɜɧɟɧɢɹɦ (2.3). Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɬɟɨɪɟɦɚ ɞɨɤɚɡɚɧɚ. 
 

Заɦɟɱаɧɢɟ 2.1. 

 ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɟɫɥɢ ɦɚɬɪɢɰɵ A ɢ B – ɹɜɥɹɸɬɫɹ 
ɬɪɟɭɝɨɥɶɧɵɦɢ, ɬɨ ɩɨ ɭɫɥɨɜɢɹɦ ɬɟɨɪɟɦɵ 2.1 ɨɱɟɜɢɞɧɨ ɛɭɞɭɬ ɜɵɩɨɥɧɹɬɫɹ, 
ɬɚɤ ɤɚɤ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɷɥɟɦɟɧɬɵ ɝɥɚɜɧɵɯ ɞɢɚɝɨɧɚɥɟɣ ɦɚɬɪɢɰ A ɢ B ɛɭɞɭɬ 
ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɢɦɢ ɱɢɫɥɚɦɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɦɚɬɪɢɰ. 
 Заɦɟɱаɧɢɟ 1.3. 

 ɉɨɥɭɱɟɧɢɟ ɨɛɥɚɫɬɟɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɦɟɬɨɞɨɦ D-ɪɚɡɛɢɟɧɢɣ ɞɥɹ 
ɩɨɥɢɧɨɦɚ 𝛌 − ܽ − ∑ 𝒆−𝛌𝐫𝒋b𝒋𝒒𝒋=𝟏   ɹɜɥɹɟɬɫɹ ɛɨɥɟɟ ɬɪɭɞɨɟɦɤɨɣ ɡɚɞɚɱɟɣ, 
ɩɨɷɬɨɦɭ ɞɚɥɟɟ ɦɵ ɫɨɫɪɟɞɨɬɨɱɢɦɫɹ ɧɚ ɫɥɭɱɚɟ ɨɞɧɨɝɨ ɡɚɩɚɡɞɵɜɚɧɢɹ. 
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Ƚɥаɜа 3. ɋɥɭɱаɣ n x n. 
Ɋɚɫɫɦɨɬɪɢɦ ɫɢɫɬɟɦɭ ɭɪɚɜɧɟɧɢɣ ɫ ɩɨɫɬɨɹɧɧɵɦɢ ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ  ɢ 

ɩɨɫɬɨɹɧɧɵɦ ɡɚɩɚɡɞɵɜɚɧɢɟɦ 

 𝑋̇ = ሻݐ𝑋ሺܣ + ݐ𝑋ሺܤ −  ሻ (3.1)ݎ

Ƚɞɟ A, B – ɜɟɳɟɫɬɜɟɧɧɵɟ ɦɚɬɪɢɰɵ n ɯ n. 

 

Ɍɟɨɪɟɦа 3.1. 

 ȿɫɥɢ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɢɣ ɤɜɚɡɢɩɨɥɢɧɨɦ ɫɢɫɬɟɦɵ (3.1) ɦɨɠɧɨ 
ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɜɢɞɟ 

 Фሺλሻ =∏(λ − ܽ௜ − ݁−λ୰ܾ௜)௡
௜=ଵ  (3.2) 

Ɍɨ ɜɟɪɧɨ 

 Фሺλሻ =∏(λ − λ௜஺ − ݁−λ୰λ௜஻)௡
௜=ଵ  (3.3) 

Ƚɞɟ λ௜஺ и λ௜஻ – ɫɨɛɫɬɜɟɧɧɵɟ ɱɢɫɥɚ ɦɚɬɪɢɰ A ɢ B ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
 Ⱦɨɤаɡаɬɟɥɶɫɬɜɨ: 
 Ɋɚɫɫɦɨɬɪɢɦ  ɩɪɚɜɭɸ ɱɚɫɬɶ ɭɪɚɜɧɟɧɢɹ (3.2). ȼɵɞɟɥɢɦ ɢɡ  ɷɬɨɝɨ 
ɤɜɚɡɢɩɨɥɢɧɨɦɚ ɩɨɥɢɧɨɦ, ɜ ɤɨɬɨɪɨɦ ɨɬɫɭɬɫɬɜɭɸɬ ɷɥɟɦɟɧɬɵ ݁−λ୰ܾ௜ , 
ɡɚɦɟɬɢɦ, ɱɬɨ ɷɬɨɦɭ ɩɨɥɢɧɨɦɭ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɪɨɢɡɜɟɞɟɧɢɟ ∏ ሺλ − ܽ௜ሻ௡௜=ଵ . 

 Ɋɚɫɫɦɨɬɪɢɦ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɢɣ ɤɜɚɡɢɩɨɥɢɧɨɦ ɫɢɫɬɟɦɵ (3.1): 

 Фሺλሻ = λE )ݐ݁݀ − ܣ  −  λ୰ ) (3.4)−݁ܤ

 Ɍɚɤɠɟ ɜɵɞɟɥɢɦ ɢɡ (3.4) ɩɨɥɢɧɨɦ, ɜ ɤɨɬɨɪɨɦ ɨɬɫɭɬɫɬɜɭɸɬ ɫɥɚɝɚɟɦɵɟ 
ɜ ɤɨɬɨɪɵɟ ɜɯɨɞɢɬ ݁−λ୰, ɧɟɬɪɭɞɧɨ ɡɚɦɟɬɢɬɶ, ɱɬɨ ɟɦɭ ɛɭɞɟɬ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ 
ɩɨɥɢɧɨɦ det(λE −  ,ɬɚɤ ɤɚɤ ɞɥɹ ɪɚɜɟɧɫɬɜɚ (3.3) ɢ (3.4), ɧɟɨɛɯɨɞɢɦɨ ,(ܣ 
ɱɬɨɛɵ ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɪɢ ɨɞɢɧɚɤɨɜɵɯ ɫɬɟɩɟɧɹɯ ɛɵɥɢ ɪɚɜɧɵ, ɬɨ ɬɨɝɞɚ ɢ 
ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɪɢ λ௡ ɞɨɥɠɧɵ ɛɵɬɶ ɪɚɜɧɵ, ɜ ɬɚɤɨɦ ɫɥɭɱɚɟ ɩɨɥɭɱɚɟɦ 
ɪɚɜɟɧɫɬɜɨ 

 detሺλE − ሻܣ  =  ∏ሺλ − ܽ௜ሻ௡
௜=ଵ  (3.5) 

 Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɥɭɱɚɟɦ, ɱɬɨ ܽ௜ = λ௜஺, i = ͳ, ݊̅̅ ̅̅ ̅. Ⱥɧɚɥɨɝɢɱɧɵɦ 
ɨɛɪɚɡɨɦ ɦɨɠɧɨ ɩɨɤɚɡɚɬɶ, ɱɬɨ ܾ௜ = λ௜஻, i = ͳ, ݊̅̅ ̅̅ ̅, ɱ.ɬ.ɞ. 
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 ɂɫɫɥɟɞɭɟɦ ɬɟɩɟɪɶ ɭɪɚɜɧɟɧɢɹ ɫɜɹɡɢ, ɩɭɬёɦ ɩɨɞɫɬɚɧɨɜɨɤ ɩɨɥɭɱɢɦ 
ɫɥɟɞɭɸɳɢɟ ɭɪɚɜɧɟɧɢɹ (3.6): ∑λ௜஺௜≠௝ λ௝஻ = ∑M௜ಲ௝ಳ௜≠௝  

∑ λ௜஺௜≠௝≠௤ λ௝஻λ௤஻ = ∑ M௜ಲ௝ಳ௤ಳ௜≠௝≠௤  

∑ λ௜஺௜≠௝≠௤ λ௝஺λ௤஻ = ∑ M௜ಲ௝ಲ௤ಳ௜≠௝≠௤  

    ………………………………. 
 ∑ λ௜భ஺௜ೖ≠௜𝑡 ∀௞,௧= ଵ,௡̅̅̅̅̅ λ௜మ஻ λ௜య஻ … λ௜𝑛஻ = ∑ M௜భಲ௜మಳ௜యಳ… ௜𝑛ಳ௜ೖ≠௜𝑡 ∀௞,௧= ଵ,௡̅̅̅̅̅  

∑ λ௜భ஺௜ೖ≠௜𝑡 ∀௞,௧= ଵ,௡̅̅̅̅̅ λ௜మ஺ λ௜య஻ … λ௜𝑛஻ = ∑ M௜భಲ௜మಲ௜యಳ… ௜𝑛ಳ௜ೖ≠௜𝑡 ∀௞,௧= ଵ,௡̅̅̅̅̅  

………………………………. ∑ λ௜భ஺௜ೖ≠௜𝑡 ∀௞,௧= ଵ,௡̅̅̅̅̅ λ௜మ஺ λ௜య஺ … λ௜𝑛−భ஺ λ௜𝑛஻ = ∑ M௜భಲ௜మಲ௜యಲ… ௜𝑛−భಲ ௜𝑛ಳ௜ೖ≠௜𝑡 ∀௞,௧= ଵ,௡̅̅̅̅̅  

 

 Ƚɞɟ M௜భಲ௜మಲ…௜೜ಲ௜೜+భಳ … ௜ೖಳ – ɨɩɪɟɞɟɥɢɬɟɥɶ ɦɚɬɪɢɰɵ, ɤɨɬɨɪɭɸ ɦɵ ɩɨɥɭɱɚɟɦ 

ɩɭɬɟɦ ɡɚɦɟɳɟɧɢɹ ɜ ɦɚɬɪɢɰɟ B ɫɬɪɨɱɟɤ ݅ଵ ݅ଶ … ݅௤  ɧɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ 
ɫɬɪɨɱɤɢ ɦɚɬɪɢɰɵ A ɢ ɩɨɫɥɟɞɭɸɳɢɦ ɜɵɱɟɪɤɢɜɚɧɢɟɦ ɜɫɟɯ ɫɬɪɨɱɟɤ ɢ 
ɫɬɨɥɛɰɨɜ, ɧɨɦɟɪɨɜ ɤɨɬɨɪɵɯ ɧɟɬ ɜ ɧɚɛɨɪɟ ݅ଵ஺݅ଶ஺… ݅௤஺݅௤+ଵ஻ … ݅௞஻. 

 Ⱦɟɣɫɬɜɢɬɟɥɶɧɨ, ɩɨɤɚɠɟɦ ɫɩɪɚɜɟɞɥɢɜɨɫɬɶ ɭɪɚɜɧɟɧɢɹ 

 ∑ λ௜భ஺௜ೖ≠௜𝑡 ∀௞,௧= ଵ,௥̅̅ ̅̅ …λ௜೜஺ λ௜೜+భ஻ … λ௜ೝ஻ = ∑ M௜భಲ…௜೜ಲ௜೜+భಳ … ௜ೖಳ௜ೖ≠௜𝑡 ∀௞,௧= ଵ,௡̅̅̅̅̅  (3.7) 

Ƚɞɟ r – ɪɚɡɦɟɪɧɨɫɬɶ ɦɚɬɪɢɰ ɩɪɚɜɨɣ ɱɚɫɬɢ ɭɪɚɜɧɟɧɢɹ ɢ ɤɨɥɢɱɟɫɬɜɨ 
ɦɧɨɠɢɬɟɥɟɣ ɜ ɤɚɠɞɨɦ ɫɥɚɝɚɟɦɨɦ ɥɟɜɨɣ ɱɚɫɬɢ ɭɪɚɜɧɟɧɢɹ, ɚ q – ɤɨɥɢɱɟɫɬɜɨ 
ɫɬɪɨɱɟɤ ɜ ɤɚɠɞɨɣ ɦɚɬɪɢɰɟ ɩɪɚɜɨɣ ɱɚɫɬɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɦɚɬɪɢɰɟ A. 

ɂɡɦɟɧɹɹ r ɢ q ɦɵ ɦɨɠɟɦ ɩɨɥɭɱɢɬɶ ɥɸɛɨɟ ɭɪɚɜɧɟɧɢɟ ɫɢɫɬɟɦɵ (3.6).  

ɋɢɫɬɟɦɚ (3.6) ɜɵɬɟɤɚɟɬ ɢɡ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɪɚɜɟɧɫɬɜɚ ɩɪɚɜɵɯ ɱɚɫɬɟɣ 
ɭɪɚɜɧɟɧɢɣ (3.3) ɢ (3.4). ɉɨɫɦɨɬɪɢɦ ɧɚ ɩɪɚɜɭɸ ɱɚɫɬɶ ɭɪɚɜɧɟɧɢɹ (3.3), 

ɜɵɞɟɥɢɦ ɜɫɟ ɫɥɚɝɚɟɦɵɟ ɩɪɢ λ௡−௥݁−ሺ୰−୯ሻλ୰. ɉɨɥɭɱɢɦ ɫɭɦɦɭ ɩɪɨɢɡɜɟɞɟɧɢɣ ɜ 
ɤɨɬɨɪɵɟ ɩɟɪɜɨɟ ɫɥɚɝɚɟɦɨɟ ɤɚɠɞɨɝɨ ɦɧɨɠɢɬɟɥɹ  ∏ (λ − λ௜஺ − ݁−λ୰λ௜஻)௡௜=ଵ  

ɜɨɣɞɟɬ n – r ɪɚɡ, ɜɬɨɪɨɟ ɫɥɚɝɚɟɦɨɟ ɜɨɣɞёɬ  q ɪɚɡ, ɬɪɟɬɶɟ ɫɥɚɝɚɟɦɨɟ ɜɨɣɞёɬ r-
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q ɪɚɡ. Ɋɚɡɞɟɥɢɦ ɧɚ λ௡−௥݁−ሺ୰−୯ሻλ୰ ɢ ɩɨɥɭɱɢɦ  ሺ−ͳሻ௥ ∑ λ௜భ஺௜ೖ≠௜𝑡 ∀௞,௧= ଵ,௥̅̅ ̅̅ …λ௜೜஺ λ௜೜+భ஻ … λ௜ೝ஻  , ɱɬɨ ɷɤɜɢɜɚɥɟɧɬɧɨ ɩɪɚɜɨɣ ɱɚɫɬɢ. 
ɇɟɬɪɭɞɧɨ ɭɜɢɞɟɬɶ, ɱɬɨ ɤɨɥɢɱɟɫɬɜɨ ɫɥɚɝɚɟɦɵɯ ɜ ɞɚɧɧɨɦ ɜɵɪɚɠɟɧɢɢ ɛɭɞɟɬ 
ɪɚɜɧɨ С௡௥С௥௤. 

 Ɍɟɩɟɪɶ ɪɚɫɫɦɨɬɪɢɦ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɢɣ ɤɜɚɡɢɩɨɥɢɧɨɦ (3.4). 

ɉɪɢɦɟɧɢɦ ɤ ɧɟɦɭ ɬɟɨɪɟɦɭ ɨɛ ɨɩɪɟɞɟɥɢɬɟɥɟ ɫɭɦɦɵ ɦɚɬɪɢɰ λE ɢ − ܣ  .λ୰ [9]−݁ܤ−

 ɉɨɥɭɱɢɦ ɫɥɟɞɭɸɳɟɟ ɪɚɜɟɧɫɬɜɨ  
 Фሺλሻ = detሺλEሻ +∑∆ሺͳሻ +∑∆ሺʹሻ + ሻݏሺ∆∑+ڮ + ሺ݊∆∑+ڮ − ͳሻ + ݐ݁݀ ሺ− ܣ −  λ୰ ሻ (3.8)−݁ܤ

Ƚɞɟ ∆ሺݏሻ – ɨɩɪɟɞɟɥɢɬɟɥɶ, ɩɨɥɭɱɟɧɧɵɣ ɡɚɦɟɳɟɧɢɟɦ s ɫɬɪɨɱɟɤ 

ɨɩɪɟɞɟɥɢɬɟɥɹ ɜɬɨɪɨɣ ɦɚɬɪɢɰɵ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ ɫɬɪɨɱɤɚɦɢ ɩɟɪɜɨɣ 
ɦɚɬɪɢɰɵ. Ɂɧɚɤɢ ɫɭɦɦ ɨɡɧɚɱɚɸɬ, ɱɬɨ ɦɵ ɫɭɦɦɢɪɭɟɦ ɜɫɟ ɬɚɤɢɟ ɜɨɡɦɨɠɧɵɟ 
ɫɨɱɟɬɚɧɢɹ.  

Ɋɚɫɤɥɚɞɵɜɚɹ ∆ሺݏሻ ɩɨ ɫɬɪɨɱɤɚɦ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɦɚɬɪɢɰɟ λE ɦɨɠɧɨ 
ɡɚɦɟɬɢɬɶ, ɱɬɨ ɷɥɟɦɟɧɬɵ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɝɨ ɤɜɚɯɢɩɨɥɢɧɨɦɚ ɜ ɤɨɬɨɪɵɯ 
ɟɫɬɶ ɦɧɨɠɢɬɟɥɶ λ௡−௥݁−ሺ୰−୯ሻλ୰, ɦɨɝɭɬ ɛɵɬɶ ɩɨɥɭɱɟɧɵ ɬɨɥɶɤɨ ɢɡ ɫɥɚɝɚɟɦɨɝɨ ∆ሺ݊ −  ሻ. Ɋɚɫɫɦɨɬɪɢɦ ɨɞɧɭ ɢɡ ɬɚɤɢɯ ɦɚɬɪɢɰ, ɩɭɫɬɶ -A-B=C, ɚ ɦɚɬɪɢɰɚ Cݎ

ɫɨɫɬɨɢɬ ɢɡ ɷɥɟɦɟɧɬɨɜ с௜௝ = −ܽ௜௝−ܾ௜௝݁−λ୰  
 

∆ሺ݊ − ሻݎ = ݐ݁݀
(  
 λ ڮ Ͳڭ ⋱ Ͳڭ ڮ λ Ͳ ڮ Ͳڭ ⋱ Ͳڭ ڮ Ͳܿ௡−௥+ଵ,ଵ … ܿ௡−௥+ଵ,௡−௥ڭ ⋱ ௡,ଵܿڭ ڮ ܿ௡,௡−௥ ܿ௡−௥+ଵ,௡−௥+ଵ ڮ ܿ௡−௥+ଵ,௡ڭ ⋱ ௡,௡−௥+ଵܿڭ ڮ ܿ௡,௡ )  

 
 

 Ɋɚɫɤɥɚɞɵɜɚɹ ɷɬɨɬ ɨɩɪɟɞɟɥɢɬɟɥɶ ɩɨ ɩɟɪɜɵɦ n-r ɫɬɪɨɱɟɤ, ɩɨɥɭɱɢɦ 
ɫɥɟɞɭɸɳɟɟ ɪɚɜɟɧɫɬɜɨ (3.9) ∆ሺ݊ − ሻݎ = λ௡−௥ ∗ ݐ݁݀ (ܿ௡−௥+ଵ,௡−௥+ଵ ڮ ܿ௡−௥+ଵ,௡ڭ ⋱ ௡,௡−௥+ଵܿڭ ڮ ܿ௡,௡ ) == λ௡−௥ ∗∗ det ቌ−ܽ௡−௥+ଵ,௡−௥+ଵ−ܾ௡−௥+ଵ,௡−௥+ଵ݁−λ୰ ڮ −ܽ௡−௥+ଵ,௡ − ܾ௡−௥+ଵ,௡݁−λ୰ڭ ⋱ ௡,௡−௥+ଵܽ−ڭ − ܾ௡,௡−௥+ଵ݁−λ୰ ڮ −ܽ௡,௡−ܾ௡,௡݁−λ୰ ቍ 
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 Ɍɟɩɟɪɶ ɤ ɷɬɨɦɭ ɨɩɪɟɞɟɥɢɬɟɥɸ ɩɪɢɦɟɧɢɦ ɬɟɨɪɟɦɭ ɨɛ ɨɩɪɟɞɟɥɢɬɟɥɟ 
ɫɭɦɦɵ[9], ɩɭɫɬɶ ̅ܣ ɢ ̅ܤ ɬɚɤɢɟ ɦɚɬɪɢɰɵ ɪɚɡɦɟɪɧɨɫɬɢ r x r ɫɨɫɬɨɹɳɢɟ ɢɡ 
ɷɥɟɦɟɧɬɨɜ ɦɚɬɪɢɰ A ɢ B ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɢ ɜɟɪɧɨ ∆ሺ݊ − ሻݎ = λ௡−௥ ∗det ሺ−̅ܣ − λ୰ሻ , ɩɨɥɭɱɢɦ (3.10) ∆ሺ݊−݁ܤ̅ − ሻݎ = λ௡−௥ ∗∗ ቀdetሺ−̅ܣ ሻ +∑∆ሺͳሻ +∑∆ሺʹሻ ሻݏሺ∆∑+ڮ+ ሺ݊∆∑+ڮ+ − ͳሻ + ݐ݁݀ ሺ−̅ܤሻቁ 
 Ɂɚɦɟɬɢɦ, ɱɬɨ ɷɥɟɦɟɧɬɵ ɫ ɦɧɨɠɢɬɟɥɟɦ ݁−ሺ୰−୯ሻλ୰ ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ 
ɬɨɥɶɤɨ ɢɡ ∆ሺݎ −  ሻ, ɪɚɫɤɥɚɞɵɜɚɹ ɷɬɢ ɦɚɬɪɢɰɵ ɩɨ ɫɬɪɨɱɤɚɦ, ɧɟɬɪɭɞɧɨݍ
ɡɚɦɟɬɢɬɶ, ɱɬɨ ɜɫɟ ɫɥɚɝɚɟɦɵɟ ɨɩɪɟɞɟɥɢɬɟɥɹ ∆ሺݎ −  ሻ ɛɭɞɭɬ ɫɨɞɟɪɠɚɬɶݍ
ɦɧɨɠɢɬɟɥɶ ݁−ሺ୰−୯ሻλ୰. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɩɨɥɭɱɚɟɦ ∆ሺ݊ − ሻݎ = λ௡−௥ ∗ ሺ∑∆ሺݎ − ሻݍ + ܳሺλሻሻ 
 Ƚɞɟ ܳሺλሻ – ɜɫɟ ɷɥɟɦɟɧɬɵ ɩɪɚɜɨɣ ɱɚɫɬɢ ɭɪɚɜɧɟɧɢɹ (3.10) ɩɨɦɢɦɨ ∑∆ሺݎ −  .ሻݍ
 ɉɪɨɞɟɥɵɜɚɹ ɚɧɚɥɨɝɢɱɧɵɟ ɞɟɣɫɬɜɢɹ ɫɨ ɜɫɟɦɢ ɜɨɡɦɨɠɧɵɦɢ ∆ሺ݊ −  ሻݎ
ɢɡ ɭɪɚɜɧɟɧɢɹ (3.8) ɢ ɜɫɟɦɢ ∆ሺݎ −  ሻ ɢɡ ɭɪɚɜɧɟɧɢɹ (3.9), ɜɵɞɟɥɢɦ ɜɫɟݍ
ɫɥɚɝɚɟɦɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɝɨ ɤɜɚɡɢɩɨɥɢɧɨɦɚ ɫɢɫɬɟɦɵ (3.1), ɜ ɤɨɬɨɪɵɯ 
ɩɪɢɫɭɬɫɬɜɭɟɬ ɦɧɨɠɢɬɟɥɶ λ௡−௥݁−ሺ୰−୯ሻλ୰. Ʉɨɧɟɱɧɭɸ ɫɭɦɦɭ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ 
ɜ ɜɢɞɟ ɩɪɚɜɨɣ ɱɚɫɬɢ ɭɪɚɜɧɟɧɢɹ (3.7). Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɵ ɞɨɤɚɡɚɥɢ 
ɫɥɟɞɭɸɳɭɸ ɬɟɨɪɟɦɭ. 
  

Ɍɟɨɪɟɦа 3.2. 

 Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɢɣ ɤɜɚɡɢɩɨɥɢɧɨɦ ɫɢɫɬɟɦɵ (3.1) ɦɨɝ 
ɛɵɬɶ ɪɚɡɥɨɠɟɧ ɧɚ ɦɧɨɠɢɬɟɥɢ ɜɢɞɚ (3.2), ɧɟɨɛɯɨɞɢɦɨ ɢ ɞɨɫɬɚɬɨɱɧɨ 
ɜɵɩɨɥɧɟɧɢɟ ɭɫɥɨɜɢɣ (3.6).  

ȼ ɬɚɤɨɦ ɫɥɭɱɚɟ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɢɣ ɤɜɚɡɢɩɨɥɢɧɨɦ ɛɭɞɟɬ ɩɪɟɞɫɬɚɜɢɦ 

ɜ ɜɢɞɟ (3.3). 

 Заɦɟɱаɧɢɟ 3.1. 

 ȿɫɥɢ ɜɵɩɨɥɧɟɧɵ ɭɫɥɨɜɢɹ ɬɟɨɪɟɦɵ 3.1, ɬɨ ɞɥɹ ɩɪɨɜɟɪɤɢ ɫɢɫɬɟɦɵ (3.1) 

ɧɚ ɚɫɢɦɩɬɨɬɢɱɟɫɤɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ ɞɨɫɬɚɬɨɱɧɨ ɩɪɨɜɟɪɢɬɶ 
ɚɫɢɦɩɬɨɬɢɱɟɫɤɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ ɤɜɚɡɢɩɨɥɢɧɨɦɨɜ λ − λ௜஺ − ݁−λ୰λ௜஻, ɝɞɟ i =  ͳ, ݊̅̅ ̅̅ ̅. Ɉɛɥɚɫɬɢ ɚɫɢɦɩɬɨɬɢɱɟɫɤɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɬɚɤɢɯ ɤɜɚɡɢɩɨɥɢɧɨɦɨɜ 
ɦɨɠɧɨ ɧɚɣɬɢ ɜ ɪɚɛɨɬɟ [2]. 

Заɦɟɱаɧɢɟ 3.2. 
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ɋɥɟɞɭɟɬ ɡɚɦɟɬɢɬɶ, ɱɬɨ ɤɨɥɢɱɟɫɬɜɨ ɭɪɚɜɧɟɧɢɣ ɜ ɫɢɫɬɟɦɟ (6) ɟɫɬɶ ሺ௡−ଵሻ௡ଶ , ɚ ɤɨɥɢɱɟɫɬɜɨ ɫɥɚɝɚɟɦɵɯ ɜ ɥɟɜɨɣ ɢ ɩɪɚɜɨɣ ɱɚɫɬɢ ɤɚɠɞɨɝɨ ɢɡ 

ɭɪɚɜɧɟɧɢɣ С௡௥С௥௤, ɝɞɟ r – ɤɨɥɢɱɟɫɬɜɨ ɦɧɨɠɢɬɟɥɟɣ ɤɚɠɞɨɝɨ ɫɥɚɝɚɟɦɨɝɨ ɥɟɜɨɣ 
ɱɚɫɬɢ ɢɥɢ ɪɚɡɦɟɪɧɨɫɬɶ ɦɚɬɪɢɰ ɩɪɚɜɨɣ ɱɚɫɬɢ, ɚ q – ɤɨɥɢɱɟɫɬɜɨ ɦɧɨɠɢɬɟɥɟɣ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɫɨɛɫɬɜɟɧɧɵɦ ɱɢɫɥɚɦ ɦɚɬɪɢɰɵ A ɜ ɤɚɠɞɨɦ ɢɡ ɫɥɚɝɚɟɦɵɯ 
ɥɟɜɨɣ ɱɚɫɬɢ.  
 Заɦɟɱаɧɢɟ 3.3. 

 ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ (ɚɧɚɥɨɝɢɱɧɨ ɫɥɭɱɚɸ n=3), ɱɬɨ ɟɫɥɢ ɦɚɬɪɢɰɵ A ɢ B 

– ɹɜɥɹɸɬɫɹ ɬɪɟɭɝɨɥɶɧɵɦɢ, ɬɨ ɭɫɥɨɜɢɹ ɬɟɨɪɟɦɵ 3.2 ɨɱɟɜɢɞɧɨ ɛɭɞɭɬ 
ɜɵɩɨɥɧɹɬɫɹ, ɬɚɤ ɤɚɤ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɷɥɟɦɟɧɬɵ ɝɥɚɜɧɵɯ ɞɢɚɝɨɧɚɥɟɣ ɦɚɬɪɢɰ A 

ɢ B ɛɭɞɭɬ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɢɦɢ ɱɢɫɥɚɦɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɦɚɬɪɢɰ. 
Заɦɟɱаɧɢɟ 3.4. 

 Ɍɟɨɪɟɦɚ 2.1 ɹɜɥɹɟɬɫɹ ɱɚɫɬɧɵɦ ɫɥɭɱɚɟɦ ɬɟɨɪɟɦɵ 3.2.  
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Ƚɥаɜа 4. ɉɪɨɝɪаɦɦɧаɹ ɪɟаɥɢɡаɰɢɹ ɢ ɩɪɢɦɟɪɵ. 
Ⱦɥɹ ɩɪɨɜɟɪɤɢ ɤɨɪɪɟɤɬɧɨɫɬɢ ɞɨɤɚɡɚɬɟɥɶɫɬɜɚ ɬɟɨɪɟɦɵ 

3. 2 ɛɵɥɚ ɧɚɩɢɫɚɧɚ ɩɪɨɝɪɚɦɦɚ ɜ ɫɢɦɜɨɥɶɧɵɯ ɜɵɱɢɫɥɟɧɢɹɯ 
ɧɚ ɹɡɵɤɟ Python 3.6.3 ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɛɢɛɥɢɨɬɟɤɢ SymPy 

1.1.1 [13].  

ɉɪɨɝɪɚɦɦɚ ɩɨɜɬɨɪɹɟɬ ɞɟɣɫɬɜɢɹ ɚɧɚɥɨɝɢɱɧɵɟ 
ɞɨɤɚɡɚɬɟɥɶɫɬɜɭ ɬɟɨɪɟɦɵ 1 ɢɡ 2 ɝɥɚɜɵ. ȼ ɫɢɥɭ ɨɝɪɨɦɧɨɝɨ 
ɤɨɥɢɱɟɫɬɜɚ ɫɢɦɜɨɥɶɧɵɯ ɜɵɱɢɫɥɟɧɢɣ ɡɚ 12 ɱɚɫɨɜ ɪɚɛɨɬɵ 
ɩɪɨɝɪɚɦɦɵ ɨɧɚ ɫɦɨɝɥɚ ɩɪɨɜɟɪɢɬɶ ɬɟɨɪɟɦɭ 3.2 ɬɨɥɶɤɨ ɞɨ 
ɫɥɭɱɚɹ n = 8. 

 

ɉɨɦɢɦɨ ɷɬɨɝɨ, ɛɵɥɚ ɧɚɩɢɫɚɧɚ ɩɪɨɝɪɚɦɦɚ, ɤɨɬɨɪɚɹ ɩɪɨɜɟɪɹɟɬ 
ɜɨɡɦɨɠɧɨɫɬɶ ɮɚɤɬɨɪɢɡɚɰɢɢ ɤɨɧɤɪɟɬɧɨɣ ɫɢɫɬɟɦɵ ɥɢɧɟɣɧɵɯ 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɫ ɡɚɩɚɡɞɵɜɚɧɢɹɦɢ, ɢ ɟɫɥɢ ɷɬɨ ɜɨɡɦɨɠɧɨ, ɬɨ 
ɩɪɨɜɟɪɹɟɬ ɩɨɩɚɞɚɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɪɚɡɥɨɠɟɧɢɹ ɜ ɨɛɥɚɫɬɶ 
ɚɫɢɦɩɬɨɬɢɱɟɫɤɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɫ ɩɨɦɨɳɶɸ ɪɟɡɭɥɶɬɚɬɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɜ 
ɪɚɛɨɬɟ [2]. Ⱦɥɹ ɧɚɝɥɹɞɧɨɫɬɢ, ɜ ɫɥɭɱɚɟ ɜɟɳɟɫɬɜɟɧɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ 
ɪɚɡɥɨɠɟɧɢɹ ɩɪɨɝɪɚɦɦɚ ɩɨɤɚɡɵɜɚɟɬ ɧɚ ɝɪɚɮɢɤɟ ɢɯ ɪɚɫɩɨɥɨɠɟɧɢɟ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɛɥɚɫɬɢ ɚɫɢɦɩɬɨɬɢɱɟɫɤɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ, ɩɨɥɭɱɟɧɧɨɣ 
ɦɟɬɨɞɨɦ D-ɪɚɡɛɢɟɧɢɣ [1]. Ⱦɥɹ ɧɚɩɢɫɚɧɢɹ ɷɬɨɣ ɩɪɨɝɪɚɦɦɵ ɛɵɥ 
ɢɫɩɨɥɶɡɨɜɚɧ ɹɡɵɤ Python 3.6.3 ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɛɢɛɥɢɨɬɟɤ NumPy 1.14.3 

[14] ɢ matplotlib 2.2.2 [15]. 

Ɋɚɫɫɦɨɬɪɢɦ ɫɢɫɬɟɦɭ 

𝑋̇ =  ቌ͵ ͺͲ Ͷ ͳͲ −ͺ−͵ −ͷͲ ͲͲ Ͳ ʹ ͻͲ Ͷ ቍ𝑋ሺݐሻ + ቌ͵ ͺͲ Ͷ ͳͲ −Ͷ−͵ −ͷͲ ͲͲ Ͳ ʹ ͵Ͳ ʹ ቍ𝑋ሺݐ −  ሻݎ
Ⱦɚɧɧɚɹ ɫɢɫɬɟɦɚ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɭɫɥɨɜɢɹɦ ɡɚɦɟɱɚɧɢɹ 3.3, ɬɚɤ ɤɚɤ 

ɦɚɬɪɢɰɵ ɢɦɟɸɬ ɬɪɟɭɝɨɥɶɧɵɣ ɜɢɞ. ɉɨɷɬɨɦɭ ɮɚɤɬɨɪɢɡɚɰɢɹ ɜɨɡɦɨɠɧɚ. Ɍɨɝɞɚ 
ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɢɣ ɤɜɚɡɢɩɨɥɢɧɨɦ ɷɬɨɣ ɫɢɫɬɟɦɵ ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɜ 
ɜɢɞɟ Фሺλሻ = ሺλ − ͵ − ͵݁−λ୰ሻሺλ − Ͷ − Ͷ݁−λ୰ሻሺλ − ʹ − ʹ݁−λ୰ሻሺλ − ʹ − Ͷ݁−λ୰ሻ 
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 Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɞɚɧɧɚɹ ɫɢɫɬɟɦɚ ɥɢɧɟɣɧɵɯ 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɚɫɢɦɩɬɨɬɢɱɟɫɤɢ ɭɫɬɨɣɱɢɜɚ. 

 Ɋɚɫɫɦɨɬɪɢɦ ɞɪɭɝɨɣ ɩɪɢɦɟɪ 

𝑋̇ =  (−͵ ʹ Ͷʹ −ͷ −͵ͳ Ͳ ͵ )𝑋ሺݐሻ + (͵ ͺ ͶͶ Ͷ ͵Ͷ Ͳ −ͳ)𝑋ሺݐ −  ሻݎ
ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɮɚɤɬɨɪɢɡɚɰɢɹ ɧɟɜɨɡɦɨɠɧɚ ɢ ɦɵ ɧɟ ɦɨɠɟɦ ɧɢɱɟɝɨ 

ɫɤɚɡɚɬɶ ɨɛ ɚɫɢɦɩɬɨɬɢɱɟɫɤɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɷɬɨɣ ɫɢɫɬɟɦɵ ɥɢɧɟɣɧɵɯ 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ c ɡɚɩɚɡɞɵɜɚɧɢɹɦɢ, ɞɟɣɫɬɜɢɬɟɥɶɧɨ 

  

ɉɪɨɝɪɚɦɦɚ ɩɪɨɜɟɪɹɟɬ ɥɢɲɶ ɩɟɪɜɨɟ ɭɪɚɜɧɟɧɢɟ ɫɢɫɬɟɦɵ (3.6) ɞɥɹ 
ɤɚɠɞɨɝɨ ɭɩɨɪɹɞɨɱɢɜɚɧɢɹ ɩɚɪ ɫɨɛɫɬɜɟɧɧɵɯ ɱɢɫɟɥ ɦɚɬɪɢɰ A ɢ B, ɬɚɤ ɤɚɤ 
ɨɧɨ ɧɟ ɜɵɩɨɥɧɹɟɬɫɹ, ɬɨ ɨɫɬɚɥɶɧɵɟ ɩɪɨɜɟɪɹɬɶ ɧɟɬ ɫɦɵɫɥɚ. 
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Заɤɥɸɱɟɧɢɟ 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɦɵ ɪɚɫɲɢɪɢɥɢ ɪɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ 
[3] ɧɚ ɫɥɭɱɚɣ ɫ ɤɨɧɟɱɧɵɦ ɤɨɥɢɱɟɫɬɜɨɦ ɡɚɩɚɡɞɵɜɚɧɢɣ. ɉɨɦɢɦɨ ɷɬɨɝɨ 

ɩɨɥɭɱɢɥɢ ɧɟɤɨɬɨɪɵɟ ɭɫɥɨɜɢɹ ɮɚɤɬɨɪɢɡɚɰɢɢ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɢɯ 

ɤɜɚɡɢɩɨɥɢɧɨɦɨɜ ɫɢɫɬɟɦ ɥɢɧɟɣɧɵɯ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɫ 
ɧɟɫɤɨɥɶɤɢɦɢ ɡɚɩɚɡɞɵɜɚɧɢɹɦɢ ɪɚɡɦɟɪɧɨɫɬɢ ɛɨɥɟɟ ɱɟɦ 2 x 2, ɧɚɲɥɢ 
ɧɟɨɛɯɨɞɢɦɵɟ ɢ ɞɨɫɬɚɬɨɱɧɵɟ ɭɫɥɨɜɢɹ ɩɪɢ ɤɨɬɨɪɵɯ ɷɬɢ ɤɜɚɡɢɩɨɥɢɧɨɦɵ 

ɩɪɟɞɫɬɚɜɢɦɵ ɜ ɜɢɞɟ 

Фሺ𝜆ሻ =∏ቌ𝜆 − ܽ௜ −∑݁−𝜆௥ೕܾ௜௝௤
௝=ଵ ቍ௡

௜=ଵ  

ɍɫɬɚɧɨɜɢɥɢ ɤɨɷɮɮɢɰɢɟɧɬɵ ܽ௜ ɢ ܾ௜௝ ɤɚɤ ɫɨɛɫɬɜɟɧɧɵɟ ɱɢɫɥɚ ɦɚɬɪɢɰ A 

ɢ ܤ௜ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

Ɍɚɤɠɟ ɛɵɥɚ ɧɚɩɢɫɚɧɚ ɩɪɨɝɪɚɦɦɚ, ɪɟɚɥɢɡɭɸɳɚɹ ɩɨɥɭɱɟɧɧɵɟ 
ɪɟɡɭɥɶɬɚɬɵ. 

ȼ ɫɜɹɡɢ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ, ɩɨɥɭɱɟɧɧɵɦɢ ɞɥɹ ɫɢɫɬɟɦ ɪɚɡɦɟɪɧɨɫɬɢ 2 ɯ 2, 
ɢ ɡɚɦɟɱɚɧɢɟɦ 3.3, ɜ ɞɚɥɶɧɟɣɲɟɦ ɩɥɚɧɢɪɭɟɬɫɹ ɩɨɞɪɨɛɧɨ ɢɡɭɱɢɬɶ ɜɨɩɪɨɫ 
ɨɞɧɨɜɪɟɦɟɧɧɨɣ ɬɪɢɚɧɝɭɥɹɰɢɢ ɧɟɫɤɨɥɶɤɢɯ ɦɚɬɪɢɰ ɢ, ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɪɟɡɭɥɶɬɚɬɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ, ɩɪɨɜɟɪɢɬɶ ɪɚɜɧɨɫɢɥɶɧɨɫɬɶ 
ɜɨɡɦɨɠɧɨɫɬɢ ɮɚɤɬɨɪɢɡɚɰɢɢ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɝɨ ɤɜɚɡɢɩɨɥɢɧɨɦɚ ɢ 
ɨɞɧɨɜɪɟɦɟɧɧɨɣ ɬɪɢɚɧɝɭɥɢɡɭɟɦɨɫɬɢ ɦɚɬɪɢɰ ɫɢɫɬɟɦɵ ɥɢɧɟɣɧɵɯ 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɪɚɡɦɟɪɧɨɫɬɢ n x n. 

Ɍɚɤɠɟ ɩɥɚɧɢɪɭɟɬɫɹ ɪɚɡɜɢɜɚɬɶ ɫɥɟɞɭɸɳɭɸ ɢɞɟɸ. ɋɨɛɫɬɜɟɧɧɵɟ ɱɢɫɥɚ 
ɦɚɬɪɢɰɵ ɢ ɟё ɨɩɪɟɞɟɥɢɬɟɥɶ ɟɫɬɶ ɧɟɩɪɟɪɵɜɧɵɟ ɮɭɧɤɰɢɢ ɨɬ ɟё ɷɥɟɦɟɧɬɨɜ. 
ɉɟɪɟɧɟɫёɦ ɜɫɟ ɫɥɚɝɚɟɦɵɟ ɤɚɠɞɨɝɨ ɭɪɚɜɧɟɧɢɹ ɜ ɫɢɫɬɟɦɟ (3.6) ɜ ɥɟɜɭɸ 
ɫɬɨɪɨɧɭ. Ɍɨɝɞɚ ɦɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɟɫɥɢ ɜɫɟ ɥɟɜɵɟ ɱɚɫɬɢ ɭɪɚɜɧɟɧɢɣ 
ɧɚɯɨɞɹɬɫɹ ɜ ɤɚɤɨɣ-ɬɨ ɨɤɪɟɫɬɧɨɫɬɢ ɧɭɥɹ, ɬɨ ɧɚɣɞёɬɫɹ ɫɢɫɬɟɦɚ ɥɢɧɟɣɧɵɯ 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɫ ɡɚɩɚɡɞɵɜɚɧɢɹɦɢ ɞɥɹ ɤɨɬɨɪɨɣ 
ɮɚɤɬɨɪɢɡɚɰɢɹ ɜɨɡɦɨɠɧɚ ɢ ɤɨɬɨɪɚɹ ɛɭɞɟɬ ɛɥɢɡɤɚ ɤ ɩɟɪɜɨɧɚɱɚɥɶɧɨɣ. Ɍɨɝɞɚ ɢ 
ɤɨɷɮɮɢɰɢɟɧɬɵ ɪɚɡɥɨɠɟɧɢɹ ɩɨɥɭɱɟɧɧɨɣ ɫɢɫɬɟɦɵ ɛɭɞɭɬ ɥɟɠɚɬɶ ɜ ɤɚɤɨɣ-ɬɨ 
ɨɤɪɟɫɬɧɨɫɬɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɟɪɜɨɧɚɱɚɥɶɧɵɯ. ȿɫɥɢ ɩɨɥɭɱɢɬɶ ɨɰɟɧɤɢ ɷɬɢɯ 
ɨɤɪɟɫɬɧɨɫɬɟɣ, ɬɨ ɦɨɠɧɨ ɛɭɞɟɬ ɫɞɟɥɚɬɶ ɜɵɜɨɞɵ ɨɛ ɚɫɢɦɩɬɨɬɢɱɟɫɤɨɣ 
ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɟɪɜɨɧɚɱɚɥɶɧɨɣ ɫɢɫɬɟɦɵ. ɂɡɭɱɟɧɢɟ ɧɟɨɛɯɨɞɢɦɵɯ ɢ 
ɞɨɫɬɚɬɨɱɧɵɯ ɭɫɥɨɜɢɣ ɚɫɢɦɩɬɨɬɢɱɟɫɤɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɫɟɦɟɣɫɬɜ 
ɤɜɚɡɢɩɨɥɢɧɨɦɨɜ ɦɨɠɧɨ ɧɚɣɬɢ ɜ ɪɚɛɨɬɟ[12]. 

 



25 

ɋɩɢɫɨɤ ɥɢɬɟɪаɬɭɪɵ 

1. ɗɥɶɫɝɨɥɶɰ Ʌ.ɗ., ɇɨɪɤɢɧ ɋ.Ȼ.  “ȼɜɟɞɟɧɢɟ ɜ ɬɟɨɪɢɸ 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɫ ɨɬɤɥɨɧɹɸɳɢɦɫɹ ɚɪɝɭɦɟɧɬɨɦ”, Ɇ., 
1971 

2. Ⱥ.ɂ. Ʉɢɪɶɹɧɟɧ “ɍɫɬɨɣɱɢɜɨɫɬɶ ɫɢɫɬɟɦ ɫ ɩɨɫɥɟɞɟɣɫɬɜɢɟɦ ɢ ɢɯ 
ɩɪɢɥɨɠɟɧɢɹ”, ɢɡɞ-ɜɨ ɋ.-ɉɟɬɟɪɛɭɪɝɫɤ. ɭɧ-ɬɚ, ɋɉɛ., 1994. 

3. Ɇ. ȼ. Ɇɭɥɸɤɨɜ “Ɉ ɮɚɤɬɨɪɢɡɚɰɢɢ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɝɨ 
ɤɜɚɡɢɩɨɥɢɧɨɦɚ ɫɢɫɬɟɦɵ ɥɢɧɟɣɧɵɯ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ 
ɫ ɡɚɩɚɡɞɵɜɚɧɢɟɦ”, Иɡɜ. ɜɭɡɨɜ. Маɬеɦ., 2013, № 9, 38–44; Russian 

Math. (Iz. VUZ), 57:9 (2013), 31–36. 

4. Ȼɟɥɥɦɚɧ Ɋ., Ʉɭɤ Ʉ. “Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧɨ-ɪɚɡɧɨɫɬɧɵɟ ɭɪɚɜɧɟɧɢɹ”, Ɇ., 
Ɇɢɪ, 1967. 

5. Ⱥɥɶɩɢɧ ɘ.Ⱥ., Ʉɨɪɟɲɤɨɜ ɇ.Ⱥ. “Ɉɛ ɨɞɧɨɜɪɟɦɟɧɧɨɣ 
ɬɪɢɚɧɝɭɥɢɡɭɟɦɨɫɬɢ ɦɚɬɪɢɰ”, Ɇɚɬɟɦ. ɡɚɦɟɬɤɢ 68 (5), 648–652 (2000). 

6. Ⱦɟɦɢɞɨɜɢɱ Ȼ.ɉ. “Ʌɟɤɰɢɢ ɩɨ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɬɟɨɪɢɢ ɭɫɬɨɣɱɢɜɨɫɬɢ”, 

Ɇ., ɇɚɭɤɚ, 1967. 
7. ɉɨɫɬɧɢɤɨɜ Ɇ.Ɇ., “ɍɫɬɨɣɱɢɜɵɟ ɦɧɨɝɨɱɥɟɧɵ” 2-ɟ ɢɡɞ. 
8. ɉɨɧɬɪɹɝɢɧ Ʌ.ɋ., “Ɉ ɧɭɥɹɯ ɧɟɤɨɬɨɪɵɯ ɷɥɟɦɟɧɬɚɪɧɵɯ 

ɬɪɚɧɫɰɟɧɞɟɧɬɧɵɯ ɮɭɧɤɰɢɣ”, ɂȺɇ ɋɋɋɊ, ɫɟɪ. ɦɚɬɟɦ., 1942 ɝ., ɬ. 6, ɫ. 
115-134. 

9.  ɋɢɝɨɪɫɤɢɣ ȼ.ɉ. “Ɇɚɬɟɦɚɬɢɱɟɫɤɢɣ ɚɩɩɚɪɚɬ ɢɧɠɟɧɟɪɚ”, Ɍɟɯɧɢɤɚ, 1977 

10. McCoy N.H. “On characteristic roots of matrix polynomials”, Bull. 

Amer. Math. Soc., 42 (1936), pp. 592-600 

11. ɏɨɪɧ Ɋ., Ⱦɠɨɧɫɨɧ ɑ. Ɇɚɬɪɢɱɧɵɣ ɚɧɚɥɢɡ, Ɇ., Ɇɢɪ, 1989 

12. ɀɚɛɤɨ Ⱥ.ɉ., ɏɚɪɢɬɨɧɨɜ ȼ.Ʌ., “Ɇɟɬɨɞɵ ɥɢɧɟɣɧɨɣ ɚɥɝɟɛɪɵ ɜ ɡɚɞɚɱɚɯ 
ɭɩɪɚɜɥɟɧɢɹ”, ɢɡɞ-ɜɨ ɋ.-ɉɟɬɟɪɛɭɪɝɫɤ. ɭɧ-ɬɚ, ɋɉɛ., 1993 

13. Sympy. http://www.sympy.org/ 

14. Numpy. http://www.numpy.org/ 

15. matplotlib. https://matplotlib.org/ 

 

 

 


	Кафедра  «теории управления»
	Выпускная квалификационная работа

