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Аɧɧɨɬаɰɢя 

ȼ ɞɚɧɧɨɣ ɫɬɚɬɶɟ ɪɟɲɚɟɬɫɹ ɜɨɩɪɨɫ ɨ ɧɟɨɞɧɨɡɧɚɱɧɨɫɬɢ ɧɟɤɨɬɨɪɵɯ ɨɩɟɪɚɰɢɣ ɫ 

ɤɨɦɩɥɟɤɫɧɵɦɢ ɱɢɫɥɚɦɢ (ɧɚɩɪɢɦɟɪ, ɜɨɡɜɟɞɟɧɢɟ ɜ ɫɬɟɩɟɧɶ), ɚ ɬɚɤɠɟ ɧɟɜɵɩɨɥɧɟɧɢɹ 

ɧɟɤɨɬɨɪɵɯ ɡɚɤɨɧɨɜ ɚɪɢɮɦɟɬɢɤɢ ɞɟɣɫɬɜɢɬɟɥɶɧɵɯ ɱɢɫɟɥ ɧɚ ɦɧɨɠɟɫɬɜɟ ɱɢɫɟɥ 

ɤɨɦɩɥɟɤɫɧɵɯ. 

Ⱥɜɬɨɪ ɨɩɢɪɚɟɬɫɹ ɧɚ ɨɛɳɟɢɡɜɟɫɬɧɵɟ ɮɨɪɦɭɥɵ, ɧɨ ɧɚ ɢɯ ɨɫɧɨɜɟ ɜɵɜɨɞɢɬ ɫɜɨɢ, 

ɤɨɬɨɪɵɟ ɪɟɲɚɸɬ ɭɩɨɦɹɧɭɬɵɟ ɩɪɨɛɥɟɦɵ. ɋ ɩɪɚɤɬɢɱɟɫɤɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ ɷɬɨ ɩɨɡɜɨɥɹɟɬ 

ɭɫɬɪɚɧɢɬɶ ɧɟɨɞɧɨɡɧɚɱɧɨɫɬɶ ɜɵɱɢɫɥɟɧɢɣ, ɚ ɬɚɤɠɟ ɭɥɭɱɲɚɟɬ ɷɫɬɟɬɢɱɟɫɤɨɟ ɜɨɫɩɪɢɹɬɢɟ 

ɬɟɨɪɢɢ ɤɨɦɩɥɟɤɫɧɨɝɨ ɩɟɪɟɦɟɧɧɨɝɨ. 

Ɍɚɤ ɠɟ ɞɚɟɬɫɹ ɜɨɡɦɨɠɧɚɹ ɫɦɵɫɥɨɜɚɹ ɬɪɚɤɬɨɜɤɚ ɧɨɜɵɯ ɞɚɧɧɵɯ ɢ ɩɨɧɹɬɢɣ, 

ɩɨɥɭɱɟɧɧɵɯ ɜ ɪɟɡɭɥɶɬɚɬɟ ɜɵɩɨɥɧɟɧɧɨɣ ɪɚɛɨɬɵ. 
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ȼɜɟɞɟɧɢɟ 

Кɚɤ ɢɡɜɟɫɬɧɨ, ɮɨɪɦɭɥɵ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɫɬɟɩɟɧɧɨɣ ɢ ɥɨɝɚɪɢɮɦɢɱɟɫɤɨɣ ɮɭɧɤɰɢɢ 

ɤɨɦɩɥɟɤɫɧɨɝɨ ɩɟɪɟɦɟɧɧɨɝɨ ɜɤɥɸɱɚɸɬ ɜ ɫɟɛɹ ɬ.ɧ. «ɧɨɦɟɪ ɜɟɬɜɢ» – ɧɟɤɨɟ ɰɟɥɨɟ ɱɢɫɥɨ, 

ɨɛɵɱɧɨ ɧɟ ɢɦɟɸɳɟɟ ɱɟɬɤɨɣ ɢɧɬɟɪɩɪɟɬɚɰɢɢ ɢ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɫɦɵɫɥɚ. ɇɚɥɢɱɢɟ 

ɧɨɦɟɪɚ ɜɟɬɜɢ ɜ ɮɨɪɦɭɥɚɯ ɩɪɢɜɨɞɢɬ ɤ ɦɧɨɝɨɡɧɚɱɧɨɫɬɢ ɮɭɧɤɰɢɣ. 

Ȼɭɞɭɱɢ ɲɤɨɥɶɧɢɤɨɦ, ɚ ɡɚɬɟɦ ɢ ɫɬɭɞɟɧɬɨɦ, ɢ ɭɜɥɟɤɚɹɫɶ ɬɟɦɨɣ ɤɨɦɩɥɟɤɫɧɵɯ 

ɱɢɫɟɥ, ɚɜɬɨɪ ɫɬɚɬɶɢ ɭɫɨɦɧɢɥɫɹ ɜ ɩɪɢɧɰɢɩɢɚɥɶɧɨɣ ɧɟɨɞɧɨɡɧɚɱɧɨɫɬɢ ɩɨɥɭɱɚɟɦɨɝɨ 

ɪɟɡɭɥɶɬɚɬɚ. Ⱦɟɥɨ ɜ ɬɨɦ, ɱɬɨ ɞɥɹ ɜɟɳɟɫɬɜɟɧɧɵɯ ɱɢɫɟɥ ɫɨɨɬɧɨɲɟɧɢɹ a=b
c
; b=√   ɢ 

c=logb(a) ɜɫɟɝɞɚ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɞɪɭɝ ɞɪɭɝɭ. ɇɨ ɞɥɹ ɤɨɦɩɥɟɤɫɧɵɯ ɱɢɫɟɥ – ɧɟɬ, ɢɛɨ ɜ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɵɛɪɚɧɧɨɝɨ ɧɨɦɟɪɚ ɜɟɬɜɢ ɨɫɧɨɜɚɧɢɹ ɫɬɟɩɟɧɢ «b» ɪɟɡɭɥɶɬɚɬ ɛɭɞɟɬ 

ɪɚɡɧɵɦ. Ⱥ ɞɥɹ ɥɨɝɚɪɢɮɦɚ ɜ ɮɨɪɦɭɥɭ ɜɯɨɞɹɬ ɞɜɚ ɧɨɦɟɪɚ ɜɟɬɜɢ: ɚɪɝɭɦɟɧɬɚ ɮɭɧɤɰɢɢ 

«a» ɢ ɨɫɧɨɜɚɧɢɹ ɥɨɝɚɪɢɮɦɚ «b». 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɧɚɪɭɲɚɟɬɫɹ ɨɞɧɨɡɧɚɱɧɨɫɬɶ ɜɵɱɢɫɥɟɧɢɣ, ɱɬɨ ɤɚɤ ɫ ɷɫɬɟɬɢɱɟɫɤɨɣ, 

ɬɚɤ ɢ ɫ ɩɪɚɤɬɢɱɟɫɤɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ ɜɵɝɥɹɞɢɬ ɧɟ ɫɥɢɲɤɨɦ ɭɞɨɛɧɨ ɢ ɩɪɢɹɬɧɨ. ɍ 

ɚɜɬɨɪɚ ɜɨɡɧɢɤɥɨ ɟɫɬɟɫɬɜɟɧɧɨɟ ɠɟɥɚɧɢɟ ɞɨɛɢɬɶɫɹ ɨɞɧɨɡɧɚɱɧɨɫɬɢ ɜ ɩɨɞɨɛɧɵɯ 

ɪɚɫɱɟɬɚɯ. ɇɢɠɟ ɩɪɢɜɟɞɟɧɵ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɪɚɫɫɭɠɞɟɧɢɹ ɢ ɜɵɜɨɞɵ. 

ȼɫɟ ɜɵɤɥɚɞɤɢ ɢ ɪɚɫɱɟɬɵ ɩɪɢ ɩɨɞɝɨɬɨɜɤɟ ɞɚɧɧɨɣ ɫɬɚɬɶɢ ɩɪɨɢɡɜɨɞɢɥɢɫɶ ɡɚɧɨɜɨ. 

ȼɵɱɢɫɥɟɧɢɹ ɩɪɨɢɡɜɨɞɢɥɢɫɶ ɩɨ ɫɨɫɬɚɜɥɟɧɧɵɦ ɚɜɬɨɪɨɦ ɩɪɨɝɪɚɦɦɚɦ ɧɚ ɹɡɵɤɟ 

FreeBASIC. 

ɉɪɢɦɟɱаɧɢɟ. ȼ ɮɨɪɦɭɥɚɯ ɧɢɠɟ ɢɧɨɝɞɚ ɜɫɬɚɜɥɟɧɵ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɩɪɨɛɟɥɵ. 

Эɬɨ ɫɞɟɥɚɧɨ ɬɨɥɶɤɨ ɞɥɹ ɭɥɭɱɲɟɧɢɹ ɱɢɬɚɟɦɨɫɬɢ. 

 

Сɬɟɩɟɧɢ ɢ ɥɨɝаɪɢɮɦɵ 

ɉɨɫɤɨɥɶɤɭ ɡɚɞɚɱɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɩɨɥɭɱɟɧɢɢ ɮɨɪɦɭɥ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɧɨɦɟɪɨɜ 

ɜɟɬɜɟɣ, ɧɚɱɚɬɶ ɩɪɢɞɟɬɫɹ ɫ ɥɨɝɚɪɢɮɦɚ ɤɨɦɩɥɟɤɫɧɨɝɨ ɱɢɫɥɚ (c+d*i) ɫ ɧɨɦɟɪɨɦ ɜɟɬɜɢ k 

ɩɨ ɤɨɦɩɥɟɤɫɧɨɦɭ ɨɫɧɨɜɚɧɢɸ (a+b*i) ɫ ɧɨɦɟɪɨɦ ɜɟɬɜɢ n. 

q+p*i = log(a+b*i)n(c+d*i)k (1) 

Ɏɨɪɦɭɥɵ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɧɚɬɭɪɚɥɶɧɨɝɨ ɥɨɝɚɪɢɮɦɚ ɢɡɜɟɫɬɧɵ [1, ɫɬɪ. 728], ɞɥɹ 

ɜɵɱɢɫɥɟɧɢɹ ɥɨɝɚɪɢɮɦɚ ɥɸɛɨɝɨ ɱɢɫɥɚ ɩɨ ɥɸɛɨɦɭ ɨɫɧɨɜɚɧɢɸ – ɬɨɠɟ [1, ɫɬɪ. 29]. ɇɨ 

ɦɵ ɞɥɹ ɭɞɨɛɫɬɜɚ ɜɜɟɞɟɦ ɫɩɟɰɢɚɥɶɧɵɟ ɨɛɨɡɧɚɱɟɧɢɹ ɞɥɹ ɦɨɞɭɥɹ (R) ɢ ɚɪɝɭɦɟɧɬɚ (F) 



ɢɫɯɨɞɧɵɯ ɱɢɫɟɥ. ɉɪɢ ɷɬɨɦ ɚɪɝɭɦɟɧɬ ɧɚɯɨɞɢɬɫɹ ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ (–π) ɞɨ (+π) ɫ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɡɧɚɤɨɦ (sign). 

Ɇɨɞɭɥɶ ɢ ɚɪɝɭɦɟɧɬ ɤɨɦɩɥɟɤɫɧɨɝɨ ɱɢɫɥɚ (x+y*i) ɜɵɱɢɫɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɚɦ [1, 

ɫɬɪ. 32], ɧɨ ɦɵ ɞɥɹ ɭɞɨɛɫɬɜɚ ɛɭɞɟɦ ɜɵɱɢɫɥɹɬɶ ɚɪɝɭɦɟɧɬ ɢɧɚɱɟ: 

R = √     ;  F = sign(y)*arccos(x/R) (2) 

Ⱦɥɹ ɞɚɥɶɧɟɣɲɢɯ ɜɵɱɢɫɥɟɧɢɣ ɬɚɤɠɟ ɩɨɧɚɞɨɛɹɬɫɹ ɧɚɬɭɪɚɥɶɧɵɣ ɥɨɝɚɪɢɮɦ 

ɦɨɞɭɥɹ (ɨɛɨɡɧɚɱɢɦ L) ɢ ɩɨɥɧɵɣ ɚɪɝɭɦɟɧɬ ɫ ɭɱɟɬɨɦ ɧɨɦɟɪɚ ɜɟɬɜɢ (ɨɛɨɡɧɚɱɢɦ U). 

R1 = √     ;  F1 = sign(b)*arccos(a/R1) 

L1 = ln(R1);  U1 = (F1+2*π*n) 

R2 = √     ;  F2 = sign(d)*arccos(c/R2) 

L2 = ln(R2);  U2 = (F2+2*π*k) 

ɋ ɭɱɟɬɨɦ ɞɚɧɧɵɯ ɨɛɨɡɧɚɱɟɧɢɣ ɥɨɝɚɪɢɮɦ ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɚɦ: 

q = (L1*L2 + U1*U2) / (L1
2 
+ U1

2
) (3) 

p = (L1*U2 – U1*L2) / (L1
2 
+ U1

2
) (4) 

Кɚɤ ɜɢɞɧɨ (ɟɫɥɢ ɪɚɡɜɟɪɧɭɬɶ ɮɨɪɦɭɥɵ (3) ɢ (4)), ɡɧɚɱɟɧɢɹ n ɢ k ɜɯɨɞɹɬ ɜ ɨɛɟ 

ɮɨɪɦɭɥɵ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɜɵɱɢɫɥɹɬɶ ɢɯ ɦɨɠɧɨ ɩɨ ɨɛɟɢɦ, ɢ ɪɟɡɭɥɶɬɚɬ ɞɨɥɠɟɧ 

ɫɨɜɩɚɞɚɬɶ. Ɉɞɧɚɤɨ ɬɚɤ ɠɟ ɜɢɞɧɨ, ɱɬɨ ɡɧɚɱɟɧɢɟ n ɧɚɯɨɞɢɬɫɹ ɧɟ ɬɨɥɶɤɨ ɜ ɱɢɫɥɢɬɟɥɟ, ɧɨ 

ɢ ɜ ɡɧɚɦɟɧɚɬɟɥɟ ɷɬɢɯ ɮɨɪɦɭɥ, ɩɪɢɱɟɦ ɜɨ ɜɬɨɪɨɣ ɫɬɟɩɟɧɢ (ɜ ɫɨɫɬɚɜɟ U1). 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɜɵɱɢɫɥɟɧɢɟ n ɡɚɬɪɭɞɧɢɬɟɥɶɧɨ ɢ ɩɪɨɳɟ ɜɵɱɢɫɥɹɬɶ k. Ɂɧɚɱɟɧɢɟ k 

ɧɭɠɧɨ ɜɵɱɢɫɥɹɬɶ ɞɥɹ ɨɩɟɪɚɰɢɢ ɜɨɡɜɟɞɟɧɢɹ ɜ ɫɬɟɩɟɧɶ: 

(c + d * i)k = (a + b * i)n
(q+p*i)

 (5)
 

ɋ ɭɱɟɬɨɦ ɬɪɢɝɨɧɨɦɟɬɪɢɱɟɫɤɨɝɨ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɤɨɦɩɥɟɤɫɧɵɯ ɱɢɫɟɥ ɢ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɩɪɚɜɢɥ ɦɚɬɟɦɚɬɢɤɢ, ɜɵɱɢɫɥɢɦ ɪɟɡɭɥɶɬɚɬ (ɡɧɚɱɟɧɢɹ c ɢ d) ɫ ɭɱɟɬɨɦ 

ɜɜɟɞɟɧɧɵɯ ɪɚɧɟɟ ɨɛɨɡɧɚɱɟɧɢɣ. 

X = q*L1 – p*U1 

Y = p*L1 + q*U1 

c = exp(X)*cos(Y) 

d = exp(X)*sin(Y) 

Ⱥ ɡɧɚɱɟɧɢɟ k, ɤɚɤ ɨɬɦɟɱɟɧɨ ɜɵɲɟ, ɦɨɠɧɨ ɧɚɣɬɢ ɢɡ ɮɨɪɦɭɥ (3) ɢ (4). ɉɪɢ ɷɬɨɦ 

ɞɥɹ ɬɟɫɬɢɪɨɜɚɧɢɹ ɚɜɬɨɪ ɛɪɚɥ ɨɛɚ ɜɚɪɢɚɧɬɚ ɢ ɫɪɚɜɧɢɜɚɥ ɢɯ. ɉɪɚɤɬɢɤɚ ɩɨɤɚɡɚɥɚ (ɜ 

ɩɨɥɧɨɦ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɟɨɪɢɟɣ), ɱɬɨ ɦɨɠɧɨ ɛɪɚɬɶ ɥɸɛɨɣ ɜɚɪɢɚɧɬ (ɢ k1, ɢ k2): 



k1 = (((L1
2 
+ U1

2
) * q – L1 * L2) / U1 – F2) / (2 * π) (6) 

k2 = (((L1
2 
+ U1

2
) * p + U1 * L2) / L1 – F2) / (2 * π) (7) 

Ɉɛɚ ɜɚɪɢɚɧɬɚ ɞɚɸɬ ɨɞɢɧɚɤɨɜɵɣ ɪɟɡɭɥɶɬɚɬ (ɜ ɩɪɟɞɟɥɚɯ ɩɨɝɪɟɲɧɨɫɬɢ 

ɜɵɱɢɫɥɟɧɢɣ). ȿɫɬɟɫɬɜɟɧɧɨ, ɩɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ k ɫɥɟɞɭɟɬ ɨɤɪɭɝɥɢɬɶ ɞɨ ɰɟɥɨɝɨ! 

Ɍɟɩɟɪɶ ɨɫɬɚɥɫɹ ɜɨɩɪɨɫ ɫ ɢɡɜɥɟɱɟɧɢɟɦ ɤɨɦɩɥɟɤɫɧɨɝɨ ɤɨɪɧɹ ɢɡ ɤɨɦɩɥɟɤɫɧɨɝɨ 

ɱɢɫɥɚ: 

(a + b * i)n = √ሺ     ሻ     
k (8) 

ɋɚɦɵɣ ɩɪɨɫɬɨɣ ɩɭɬɶ – ɭɱɟɫɬɶ, ɱɬɨ ɢɡɜɥɟɱɟɧɢɟ ɤɨɪɧɹ ɫɬɟɩɟɧɢ z ɪɚɜɧɨɫɢɥɶɧɨ 

ɜɨɡɜɟɞɟɧɢɸ ɜ ɫɬɟɩɟɧɶ 1/z. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɮɨɪɦɭɥɭ (8) ɦɨɠɧɨ ɩɪɟɨɛɪɚɡɨɜɚɬɶ ɤ ɜɢɞɭ: 

(a + b*i)n = (c + d*i)k
1 / (q + p*i)

 (9) 

ɉɨɥɭɱɟɧɧɵɣ ɩɨɤɚɡɚɬɟɥɶ ɫɬɟɩɟɧɢ ɧɭɠɧɨ ɩɪɟɨɛɪɚɡɨɜɚɬɶ, ɢɡɛɚɜɢɜɲɢɫɶ ɨɬ 

ɦɧɢɦɨɫɬɢ ɜ ɡɧɚɦɟɧɚɬɟɥɟ: 

qq = q/(q
2
+p

2
); pp = –p/(q

2
+p

2
) 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɮɨɪɦɭɥɚ (9) ɩɪɟɨɛɪɚɡɭɟɬɫɹ ɤ ɜɢɞɭ: 

(a + b*i)n = (c + d*i)k
(qq + pp*i) 

 (10) 

ɉɨɫɤɨɥɶɤɭ ɩɪɢɧɹɬɵɟ ɪɚɧɟɟ ɨɛɨɡɧɚɱɟɧɢɹ ɨɫɬɚɸɬɫɹ ɜ ɫɢɥɟ, ɜɵɱɢɫɥɟɧɢɟ a ɢ b 

ɩɪɨɢɫɯɨɞɢɬ ɩɨ ɫɥɟɞɭɸɳɢɦ ɮɨɪɦɭɥɚɦ: 

X = qq*L2 – pp*U2 

Y = pp*L2 + qq*U2 

a = exp(X) * cos(Y) 

b = exp(X) * sin(Y) 

Чɬɨ ɠɟ ɤɚɫɚɟɬɫɹ ɜɵɱɢɫɥɟɧɢɹ n, ɬɨ ɮɨɪɦɭɥɵ ɞɥɹ n1 ɢ n2 ɛɭɞɭɬ ɚɧɚɥɨɝɢɱɧɵ 

ɮɨɪɦɭɥɚɦ ɞɥɹ k1, ɢ k2 ɫ ɭɱɟɬɨɦ ɢɡɦɟɧɢɜɲɢɯɫɹ ɢɧɞɟɤɫɨɜ: 

n1 = (((L2
2
 + U2

2
) * qq – L2 * L1) / U2 – F1) / (2 * π) 

n2 = (((L2
2
 + U2

2
) * pp + U2 * L1) / L2 – F1) / (2 * π) 

ɂɦɟɧɧɨ ɜ ɬɚɤɨɦ ɜɢɞɟ ɚɜɬɨɪ ɢ ɩɪɨɜɨɞɢɥ ɜɫɟ ɩɪɨɜɟɪɨɱɧɵɟ ɪɚɫɱɟɬɵ ɜ ɧɚɱɚɥɟ 80-ɯ 

ɝɨɞɨɜ ɩɪɨɲɥɨɝɨ ɜɟɤɚ ɧɚ ɫɨɜɟɬɫɤɢɯ ɢɧɠɟɧɟɪɧɵɯ ɤɚɥɶɤɭɥɹɬɨɪɚɯ [2]. ɇɨ ɩɨɬɨɦ ɚɜɬɨɪɭ 

ɩɪɢɲɥɚ ɜ ɝɨɥɨɜɭ ɢɞɟɹ ɡɧɚɱɢɬɟɥɶɧɨɝɨ ɭɩɪɨɳɟɧɢɹ ɜɵɱɢɫɥɟɧɢɣ ɧɨɦɟɪɨɜ ɜɟɬɜɟɣ, ɱɬɨ 

ɬɚɤɠɟ ɩɨɦɨɝɥɨ ɛɨɥɟɟ ɩɨɥɧɨɦɭ ɨɫɦɵɫɥɟɧɢɸ ɫɭɬɢ ɞɚɧɧɨɝɨ ɜɨɩɪɨɫɚ. 

Ⱦɟɥɨ ɜ ɬɨɦ, ɱɬɨ ɫɚɦɨ ɡɧɚɱɟɧɢɟ ɚɪɝɭɦɟɧɬɚ ɪɟɡɭɥɶɬɚɬɚ ɜɨɡɜɟɞɟɧɢɹ ɜ ɫɬɟɩɟɧɶ (ɢɥɢ 

ɢɡɜɥɟɱɟɧɢɹ ɤɨɪɧɹ, ɧɟɜɚɠɧɨ) ɟɫɬɶ ɜɟɥɢɱɢɧɚ Y. ɂ ɷɬɚ ɜɟɥɢɱɢɧɚ ɦɨɠɟɬ ɛɵɬɶ ɨɱɟɧɶ 



ɛɨɥɶɲɨɣ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɡɧɚɱɟɧɢɣ, ɜ ɧɟɟ ɜɯɨɞɹɳɢɯ. ɇɨ ɩɨɫɤɨɥɶɤɭ ɫɢɧɭɫ ɢ ɤɨɫɢɧɭɫ 

– ɮɭɧɤɰɢɢ ɩɟɪɢɨɞɢɱɟɫɤɢɟ, ɚ «ɛɚɡɨɜɵɣ ɚɪɝɭɦɟɧɬ» ɞɨɥɠɟɧ ɛɵɬɶ ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ (–π) 

ɞɨ (+π), ɬɨ ɜɵɱɢɫɥɢɬɶ ɧɨɦɟɪ ɜɟɬɜɢ ɤɪɚɣɧɟ ɩɪɨɫɬɨ: 

k3 = (Y – F2) / (2 * π) (11) 

Ɂɧɚɱɟɧɢɟ k ɧɭɠɧɨ ɜɵɱɢɫɥɹɬɶ ɩɪɢ ɨɩɟɪɚɰɢɢ ɜɨɡɜɟɞɟɧɢɹ ɜ ɫɬɟɩɟɧɶ, ɬ.ɟ. 

ɜɵɱɢɫɥɟɧɢɹ ɡɧɚɱɟɧɢɣ c ɢ d. ɉɨɫɥɟ ɬɨɝɨ, ɤɚɤ ɨɧɢ ɫɬɚɧɭɬ ɢɡɜɟɫɬɧɵ, ɦɨɠɧɨ ɜɵɱɢɫɥɢɬɶ 

L2 ɢ F2, ɤɨɬɨɪɵɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɤɚɤ ɜ ɮɨɪɦɭɥɚɯ (6) ɢ (7), ɬɚɤ ɢ ɜ ɮɨɪɦɭɥɟ (11). ɇɨ 

ɨɱɟɜɢɞɧɨ, ɱɬɨ ɜɵɱɢɫɥɹɬɶ ɩɨ ɮɨɪɦɭɥɟ (11) ɧɚɦɧɨɝɨ ɩɪɨɳɟ. 

ɉɪɢ ɜɵɱɢɫɥɟɧɢɢ ɤɨɪɧɹ ɡɧɚɱɟɧɢɟ n3 ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ: 

n3 = (Y – F1) / (2 * π) (12) 

ɇɭɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜ ɮɨɪɦɭɥɟ (11) ɧɟ ɨɛɹɡɚɬɟɥɶɧɨ ɜɵɱɢɬɚɬɶ F2, ɦɨɠɧɨ 

ɡɚɩɢɫɚɬɶ ɮɨɪɦɭɥɭ ɤɚɤ k3=Y/(2*π), ɧɨ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɩɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ k ɛɭɞɟɬ 

ɞɪɨɛɧɵɦ ɢ ɟɝɨ ɧɭɠɧɨ ɨɤɪɭɝɥɢɬɶ ɞɨ ɰɟɥɨɝɨ ɩɨ ɩɪɚɜɢɥɚɦ ɨɤɪɭɝɥɟɧɢɹ. ɉɪɢɱɟɦ 

ɡɧɚɱɟɧɢɟ «–3.2» ɨɤɪɭɝɥɹɟɬɫɹ ɞɨ «–3», ɚ ɡɧɚɱɟɧɢɟ «–3.7» ɞɨ «–4». Ɏɨɪɦɭɥɚ (12) 

ɭɩɪɨɳɚɟɬɫɹ ɬɚɤ ɠɟ. 

ɉɨɧɹɬɧɨ, ɱɬɨ ɞɥɹ ɫɨɜɪɟɦɟɧɧɵɯ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɫɪɟɞɫɬɜ ɬɚɤɢɟ ɭɩɪɨɳɟɧɢɹ ɧɟ 

ɧɭɠɧɵ, ɧɨ ɚɜɬɨɪ ɦɧɨɝɨ ɥɟɬ ɧɚɡɚɞ ɢɫɩɨɥɶɡɨɜɚɥ ɞɥɹ ɪɚɫɱɟɬɨɜ ɫɨɜɟɬɫɤɢɟ 

ɩɪɨɝɪɚɦɦɢɪɭɟɦɵɟ ɤɚɥɶɤɭɥɹɬɨɪɵ [3], ɝɞɟ ɛɵɥ ɜɚɠɟɧ ɢ ɰɟɧɟɧ ɤɚɠɞɵɣ ɛɚɣɬ ɩɚɦɹɬɢ. 

Ⱦɥɹ ɥɭɱɲɟɝɨ ɩɨɧɢɦɚɧɢɹ ɢɡɥɨɠɟɧɧɨɝɨ ɪɚɫɫɦɨɬɪɢɦ ɩɪɢɦɟɪ: 

(–2 + 5*i)2
(3 – 4*i)

 = ? 

Ɍɨ ɟɫɬɶ, a= –2, b=5, q=3 ɢ p= –4. 

ȼɨɡɜɟɞɟɧɢɟ ɜ ɫɬɟɩɟɧɶ ɩɨ ɮɨɪɦɭɥɟ (5): 

ɫ = 1.649156076637304*10
+27

;  d = –1.997704047831531*10
+27

 

k1 = 6.000000000171492;  k2 = 6.000000000171487;  k3 = 6.000000000171492 

ȼɵɱɢɫɥɟɧɢɟ ɥɨɝɚɪɢɮɦɚ ɩɨ ɮɨɪɦɭɥɟ (1) ɧɚ ɨɫɧɨɜɟ ɩɨɥɭɱɟɧɧɵɯ ɡɧɚɱɟɧɢɣ c, d, k: 

q = 2.999999999926764;  p = –4.000000000008493 

Ɍɟɩɟɪɶ ɜɵɱɢɫɥɢɦ ɤɨɪɟɧɶ ɩɨ ɮɨɪɦɭɥɟ (9): 

a = –1.999999998204149;  b = 5.000000000718353 

n1 = 2.000000000057164;  n2 = 2.000000000057165;  n3 = 2.000000000057164 

Кɚɤ ɜɢɞɧɨ, ɜ ɩɪɟɞɟɥɚɯ ɩɨɝɪɟɲɧɨɫɬɢ ɜɫɟ ɡɧɚɱɟɧɢɹ ɜɵɱɢɫɥɹɸɬɫɹ ɩɪɚɜɢɥɶɧɨ. 



Ⱥ ɱɬɨ ɛɭɞɟɬ, ɟɫɥɢ ɜɵɱɢɫɥɢɬɶ ɡɧɚɱɟɧɢɟ ɤɨɪɧɹ ɬɨɣ ɠɟ ɫɬɟɩɟɧɢ (3–4*i) ɢɡ ɬɨɝɨ ɠɟ 

ɱɢɫɥɚ (c+d*i), ɧɨ ɫ ɞɪɭɝɢɦ ɧɨɦɟɪɨɦ ɜɟɬɜɢ k (ɞɨɩɭɫɬɢɦ, ɪɚɜɧɵɦ ɧɟ 6, ɚ 7)? 

ȼɵɱɢɫɥɟɧɢɟ ɩɨ ɮɨɪɦɭɥɟ (9) ɞɚɟɬ ɬɚɤɨɣ ɪɟɡɭɥɶɬɚɬ: 

a = –1.785990970477639; b = 0.8327677791893998 

n1 = 2.000000000057165; n2 = 2.000000000057164; n3 = 2.000000000057164 

ȼɢɞɧɨ, ɱɬɨ ɢɡɦɟɧɟɧɢɟ ɧɨɦɟɪɚ ɜɟɬɜɢ ɜɫɟɝɨ ɧɚ 1 ɩɪɢɜɟɥɨ ɤ ɹɜɧɨɦɭ ɢɡɦɟɧɟɧɢɸ 

ɞɟɣɫɬɜɢɬɟɥɶɧɨɣ ɢ ɦɧɢɦɨɣ ɱɚɫɬɢ ɪɟɡɭɥɶɬɚɬɚ (ɜɟɬɜɶ ɟɝɨ ɨɫɬɚɥɚɫɶ ɩɪɟɠɧɟɣ). ɇɨ ɟɫɥɢ 

ɜɡɹɬɶ k=8, ɬɨ ɢɡɦɟɧɢɬɫɹ ɢ ɡɧɚɱɟɧɢɟ n. ɇɭ ɢ ɬ.ɞ. 

 

Аɪɢɮɦɟɬɢɱɟɫɤɢɟ ɨɩɟɪаɰɢɢ 

ɉɨɫɥɟ ɬɨɝɨ, ɤɚɤ ɧɟɨɞɧɨɡɧɚɱɧɨɫɬɶ ɫɬɟɩɟɧɧɵɯ ɮɭɧɤɰɢɣ ɛɵɥɚ ɭɫɬɪɚɧɟɧɚ, ɜɫɬɚɥ 

ɟɫɬɟɫɬɜɟɧɧɵɣ ɜɨɩɪɨɫ ɨ ɞɪɭɝɢɯ ɚɪɢɮɦɟɬɢɱɟɫɤɢɯ ɨɩɟɪɚɰɢɹɯ: ɫɥɨɠɟɧɢɢ, ɜɵɱɢɬɚɧɢɢ, 

ɭɦɧɨɠɟɧɢɢ ɢ ɞɟɥɟɧɢɢ. Кɚɤɨɟ ɡɧɚɱɟɧɢɟ ɧɨɦɟɪ ɜɟɬɜɢ ɢɦɟɟɬ ɬɚɦ? 

ɋɧɚɱɚɥɚ ɪɚɡɛɟɪɟɦ ɭɦɧɨɠɟɧɢɟ ɢ ɞɟɥɟɧɢɟ. Ɋɚɫɫɦɨɬɪɢɦ ɩɪɢɦɟɪ: 

(x + y*i)m = (a + b*i)n * (c + d*i)k (13) 

ȼɵɱɢɫɥɢɬɶ ɡɧɚɱɟɧɢɹ x ɢ y ɬɪɭɞɚ ɧɟ ɫɨɫɬɚɜɥɹɟɬ. ɇɨ ɱɟɦɭ ɛɭɞɟɬ ɪɚɜɧɨ m? 

ɉɪɟɞɫɬɚɜɢɦ ɢɫɯɨɞɧɵɟ ɱɢɫɥɚ ɜ ɬɪɢɝɨɧɨɦɟɬɪɢɱɟɫɤɨɣ ɮɨɪɦɟ: 

(a + b*i)n = R1* ሺ        ሻ   
(c + d*i)k = R2* ሺ        ሻ   
ɉɟɪɟɦɧɨɠɢɦ ɢɯ: 

(x + y*i)m = R1*R2* ሺ                 ሻ   = R3*       
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, R3=R1*R2, ɚ U3=F1+F2+2*π*(n+k). ɇɨ ɬɟɩɟɪɶ ɡɧɚɱɟɧɢɟ U3 ɧɭɠɧɨ 

ɩɪɢɜɟɫɬɢ ɤ ɞɢɚɩɚɡɨɧɭ ɨɬ (–π) ɞɨ (+π), ɱɬɨ ɩɨɡɜɨɥɢɬ ɜɵɱɢɫɥɢɬɶ m. ɉɨɫɤɨɥɶɤɭ 

ɭɦɧɨɠɟɧɢɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɜ ɚɥɝɟɛɪɚɢɱɟɫɤɨɣ ɮɨɪɦɟ, ɡɧɚɱɟɧɢɹ R3 ɢ F3 ɜɵɱɢɫɥɹɸɬɫɹ ɩɨ 

ɩɨɥɭɱɟɧɧɵɦ ɡɧɚɱɟɧɢɹɦ x ɢ y ɫ ɩɨɦɨɳɶɸ ɮɨɪɦɭɥ (2). 

Ɂɞɟɫɶ ɤɚɤ ɪɚɡ ɢ ɩɨɞɯɨɞɢɬ ɜɚɪɢɚɧɬ ɢɡ ɮɨɪɦɭɥ (11) ɢ (12) ɫ ɮɚɤɬɢɱɟɫɤɨɣ ɡɚɦɟɧɨɣ 

Y ɧɚ U3: 

m = (U3 – F3) / (2 * π) = (F1 + F2 – F3) / (2 * π) + (n + k) (14) 

ɂɡ ɮɨɪɦɭɥɵ (14) ɫɥɟɞɭɟɬ, ɱɬɨ ɩɪɢ ɭɦɧɨɠɟɧɢɢ ɤɨɦɩɥɟɤɫɧɵɯ ɱɢɫɟɥ ɧɨɦɟɪ ɜɟɬɜɢ 

ɬɚɤ ɠɟ ɦɨɠɟɬ ɛɵɬɶ ɜɵɱɢɫɥɟɧ. Ɉɞɧɚɤɨ ɩɪɢ ɜɵɱɢɫɥɟɧɢɹɯ ɧɚ ЭȼɆ ɮɨɪɦɭɥɭ (14) 

ɦɨɠɧɨ ɭɩɪɨɫɬɢɬɶ (ɤɜɚɞɪɚɬɧɵɟ ɫɤɨɛɤɢ ɨɛɨɡɧɚɱɚɸɬ ɜɵɞɟɥɟɧɢɟ ɰɟɥɨɣ ɱɚɫɬɢ): 



m = (n + k) + [(F1 + F2) / π] (15) 

Ɍɚɤɨɟ ɭɩɪɨɳɟɧɢɟ ɨɫɧɨɜɚɧɨ ɧɚ ɱɢɫɬɨɣ ɚɪɢɮɦɟɬɢɤɟ ɫ ɭɱɟɬɨɦ ɩɪɢɜɟɞɟɧɢɹ 

ɚɪɝɭɦɟɧɬɚ ɪɟɡɭɥɶɬɚɬɚ ɤ ɫɬɚɧɞɚɪɬɧɨɦɭ ɞɢɚɩɚɡɨɧɭ. ɇɚɞɨ ɩɪɨɫɬɨ ɭɱɟɫɬɶ, ɱɬɨ ɜɵɞɟɥɟɧɢɟ 

ɰɟɥɨɣ ɱɚɫɬɢ ɞɥɹ ɱɢɫɥɚ «–4.3» ɨɡɧɚɱɚɟɬ ɪɟɡɭɥɶɬɚɬ «–4», ɧɨ ɧɟ «–5»! 

Ⱥɧɚɥɨɝɢɱɧɨ ɞɥɹ ɞɟɥɟɧɢɹ ɤɨɦɩɥɟɤɫɧɵɯ ɱɢɫɟɥ: 

m = (n – k) + [(F1 – F2) / π] (16) 

ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɧɨɦɟɪɚ ɜɟɬɜɟɣ ɢ ɚɪɝɭɦɟɧɬɵ ɜɵɱɢɬɚɸɬɫɹ. 

ɋɥɨɠɟɧɢɟ ɢ ɜɵɱɢɬɚɧɢɟ ɪɚɫɫɦɨɬɪɢɦ ɨɬɞɟɥɶɧɨ ɧɢɠɟ. 

 

ɉɪɢɦɟɧɟɧɢɟ ɜ ɪаɫɱɟɬаɯ 

Кɚɤ ɷɬɨ ɜɫɟ ɦɨɠɧɨ ɩɪɢɦɟɧɹɬɶ ɧɚ ɩɪɚɤɬɢɤɟ? 

ɉɪɟɠɞɟ ɜɫɟɝɨ, ɭɫɬɪɚɧɟɧɢɟ ɧɟɨɞɧɨɡɧɚɱɧɨɫɬɢ ɩɨɡɜɨɥɹɟɬ ɫɨɝɥɚɫɨɜɵɜɚɬɶ ɪɚɫɱɟɬɵ. 

Ɋɚɫɫɦɨɬɪɢɦ ɬɚɤɨɣ ɩɪɢɦɟɪ, ɝɞɟ ɧɨɦɟɪ ɜɟɬɜɢ ɪɟɡɭɥɶɬɚɬɚ ɜɵɱɢɫɥɟɧ ɩɨ ɮɨɪɦɭɥɟ (15): 

(7+2*i)3 * (8–3*i)4 = (62–5*i)7 (17) 

ɉɪɨɜɟɪɢɦ ɪɚɜɟɧɫɬɜɨ, ɜɵɩɨɥɧɹɸɳɟɟɫɹ ɞɥɹ ɞɟɣɫɬɜɢɬɟɥɶɧɵɯ ɱɢɫɟɥ, ɧɨ 

ɫɱɢɬɚɸɳɟɟɫɹ ɧɟɨɞɧɨɡɧɚɱɧɵɦ ɞɥɹ ɱɢɫɟɥ ɤɨɦɩɥɟɤɫɧɵɯ: (a
x
)*(b

x
) = (a*b)

x
. 

Ⱦɥɹ ɷɬɨɝɨ ɜɨɡɜɟɞɟɦ ɜɫɟ ɬɪɢ ɱɢɫɥɚ ɢɡ (17) ɜ ɨɞɧɭ ɢ ɬɭ ɠɟ ɫɬɟɩɟɧɶ: 

X1 = (7 + 2*i)3
(2+i)

 = (–2.156898286094466*10
-7

 + 1.475130300448898*10
-7 

* i)6 

X2 = (8 – 3*i)4
(2+i)

 = (1.81261057910507*10
-10

 + 1.257945247306628*10
-9 

* i)8 

X3 = (62 – 5*i)7
(2+i

 = (–2.246594815750467*10
-16

 – 2.445876269101168*10
-16 

* i)15 

X4 = X1 * X2 = (–2.246594815750531*10
-16

 – 2.445876269101133*10
-16 

* i)15 

Кɚɤ ɜɢɞɧɨ, ɜ ɩɪɟɞɟɥɚɯ ɩɨɝɪɟɲɧɨɫɬɢ ɜɵɱɢɫɥɟɧɢɣ ɫɬɟɩɟɧɶ ɩɪɨɢɡɜɟɞɟɧɢɹ ɪɚɜɧɚ 

ɩɪɨɢɡɜɟɞɟɧɢɸ ɫɬɟɩɟɧɟɣ (X3=X4), ɩɪɢɱɟɦ ɫɨɜɩɚɞɚɸɬ ɜɫɟ ɬɪɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɤɨɦɩɥɟɤɫɧɨɝɨ ɱɢɫɥɚ: ɞɟɣɫɬɜɢɬɟɥɶɧɚɹ ɱɚɫɬɶ, ɦɧɢɦɚɹ ɱɚɫɬɶ ɢ ɧɨɦɟɪ ɜɟɬɜɢ. ɂɧɚɱɟ 

ɝɨɜɨɪɹ, ɧɨɦɟɪ ɜɟɬɜɢ ɧɚɞɨ ɫɱɢɬɚɬɶ ɩɨɥɧɨɰɟɧɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ ɤɨɦɩɥɟɤɫɧɵɯ 

ɱɢɫɟɥ. Ɉɬɫɸɞɚ ɫɥɟɞɭɟɬ, ɱɬɨ ɞɜɚ ɤɨɦɩɥɟɤɫɧɵɯ ɱɢɫɥɚ ɪɚɜɧɵ ɞɪɭɝ ɞɪɭɝɭ ɬɨɝɞɚ, ɤɨɝɞɚ 

ɪɚɜɧɵ ɢɯ ɞɟɣɫɬɜɢɬɟɥɶɧɵɟ ɱɚɫɬɢ, ɦɧɢɦɵɟ ɱɚɫɬɢ ɢ ɧɨɦɟɪɚ ɜɟɬɜɟɣ. ȼ ɩɪɨɬɢɜɧɨɦ 

ɫɥɭɱɚɟ ɧɟ ɜɫɟ ɨɩɟɪɚɰɢɢ ɛɭɞɭɬ ɨɛɪɚɬɢɦɵ ɢ ɨɞɧɨɡɧɚɱɧɵ. 

Ɋɚɫɫɦɨɬɪɢɦ ɟɳɟ ɨɞɢɧ ɩɪɢɦɟɪ, ɭɫɬɪɚɧɹɸɳɢɣ ɞɪɭɝɭɸ ɧɟɨɞɧɨɡɧɚɱɧɨɫɬɶ. 

Ⱦɥɹ ɞɟɣɫɬɜɢɬɟɥɶɧɵɯ ɱɢɫɟɥ ɫɨɛɥɸɞɚɟɬɫɹ ɞɜɨɣɧɨɟ ɪɚɜɟɧɫɬɜɨ: 

(a
x
)

y
=(a

y
)

x
=a

(x*y)
 (18) 



ɋɱɢɬɚɟɬɫɹ, ɱɬɨ ɞɥɹ ɤɨɦɩɥɟɤɫɧɵɯ ɱɢɫɟɥ ɷɬɢ ɪɚɜɟɧɫɬɜɚ ɧɟɨɞɧɨɡɧɚɱɧɵ. ɇɨ ɟɫɥɢ 

ɩɪɢɦɟɧɹɬɶ ɭɤɚɡɚɧɧɭɸ ɜɵɲɟ ɦɟɬɨɞɢɤɭ, ɬɨ ɢ ɞɥɹ ɤɨɦɩɥɟɤɫɧɵɯ ɱɢɫɟɥ ɷɬɢ ɪɚɜɟɧɫɬɜɚ 

ɛɭɞɭɬ ɜɵɩɨɥɧɟɧɵ: 

X1 = (7 + 2*i)3
(2+i)

 = (–2.156898286094466*10
-7

 + 1.475130300448898*10
-7 

* i)6 

X2 = X1
(-1+2*i)

 = (5.524634557196399*10
-30

 – 4.230680220626587*10
-29 

* i)-11 

X3 = (7 + 2*i)3
(-1+2*i)

 = (–2.84589084219499*10
-18

 – 1.746395597130054*10
-18 

* i)-2 

X4 = X3
(2+i)

 = (5.524634528110641*10
-30

 – 4.230680210188251*10
-29

 * i)-11 

X5 = (7 + 2*i)3
(2+i) *(-1+2*i)

 = (7 + 2*i)3
(-4 + 3*i) 

= 

= (5.524634499704038*10
-30

 – 4.230680212104622*10
-29 

* i)-11 

Кɚɤ ɜɢɞɧɨ, ɡɧɚɱɟɧɢɹ X2, X4 ɢ X5 ɜ ɩɪɟɞɟɥɚɯ ɩɨɝɪɟɲɧɨɫɬɢ ɪɚɜɧɵ (ɧɨɦɟɪɚ ɜɟɬɜɟɣ 

ɜ ɩɪɢɦɟɪɟ ɨɤɪɭɝɥɟɧɵ ɞɨ ɰɟɥɨɝɨ ɡɧɚɱɟɧɢɹ). Эɬɨ ɡɧɚɱɢɬ, ɱɬɨ ɢ ɞɥɹ ɤɨɦɩɥɟɤɫɧɵɯ ɱɢɫɟɥ 

ɪɚɜɟɧɫɬɜɚ (18) ɜɵɩɨɥɧɹɸɬɫɹ ɨɞɧɨɡɧɚɱɧɨ. 

ȿɫɬɶ ɟɳɟ ɨɞɧɨ ɩɪɚɜɢɥɨ, ɤɨɬɨɪɨɟ ɞɥɹ ɤɨɦɩɥɟɤɫɧɵɯ ɱɢɫɟɥ ɫɱɢɬɚɟɬɫɹ 

ɧɟɨɞɧɨɡɧɚɱɧɵɦ: (ax
)*(a

y
) = a

(x+y)
. 

Ɋɚɫɫɦɨɬɪɢɦ ɩɪɢɦɟɪ. 

X1 = (7 + 2*i)3
(2+i)

 = (–2.156898286094466*10
-7

 + 1.475130300448898*10
-7 

* i)6
 

X2 = (7 + 2*i)3
(-1+2*i)

 = (–2.84589084219499*10
-18

 – 1.746395597130054*10
-18 

* i)-2 

X3 = (7 + 2*i)3
(2+i) +(-1+2*i)

 = (7 + 2*i)3
(1 + 3*i) 

= 

= (8.714458141839352*10
-25

 – 4.312621427991102*10
–26 

* i)-4 

X4 = X1 * X2 = (8.714458141839398*10
-25

 – 4.312621427991287*10
–26 

* i)-4 

Кɚɤ ɜɢɞɧɨ, ɢ ɡɞɟɫɶ ɡɧɚɱɟɧɢɹ X3 ɢ X4 ɫɨɜɩɚɞɚɸɬ, ɬ.ɟ. ɷɬɨ ɩɪɚɜɢɥɨ ɬɨɠɟ 

ɜɵɩɨɥɧɹɟɬɫɹ ɨɞɧɨɡɧɚɱɧɨ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɟɫɥɢ ɭɱɢɬɵɜɚɬɶ ɧɨɦɟɪ ɜɟɬɜɢ ɤɚɤ ɩɨɥɧɨɰɟɧɧɵɣ ɩɚɪɚɦɟɬɪ 

ɤɨɦɩɥɟɤɫɧɨɝɨ ɱɢɫɥɚ, ɬɨ ɜɫɟ ɨɛɳɟɩɪɢɧɹɬɵɟ ɧɟɨɞɧɨɡɧɚɱɧɨɫɬɢ ɛɭɞɭɬ ɭɫɬɪɚɧɟɧɵ. 

Ɉɞɧɚɤɨ ɫɥɟɞɭɟɬ ɨɛɪɚɬɢɬɶ ɜɧɢɦɚɧɢɟ ɧɚ ɬɪɢ ɜɚɠɧɵɯ ɦɨɦɟɧɬɚ: 

1. ɇɨɦɟɪ ɜɟɬɜɢ ɩɨɤɚɡɚɬɟɥɹ ɫɬɟɩɟɧɢ ɧɟ ɭɱɚɫɬɜɭɟɬ ɜ ɜɵɱɢɫɥɟɧɢɹɯ. 

ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɧɨɦɟɪ ɜɟɬɜɢ ɡɧɚɱɟɧɢɹ ɥɨɝɚɪɢɮɦɚ (q+p*i) ɩɨ ɮɨɪɦɭɥɟ (1) 

ɨɩɪɟɞɟɥɟɧ ɛɵɬɶ ɧɟ ɦɨɠɟɬ ɢ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ 0, ɟɫɥɢ ɧɟɬ ɢɧɵɯ 

ɢɫɬɨɱɧɢɤɨɜ ɢɧɮɨɪɦɚɰɢɢ ɨ ɧɟɦ. 

2. ɉɪɢ ɫɥɨɠɟɧɢɢ ɢ ɜɵɱɢɬɚɧɢɢ ɤɨɦɩɥɟɤɫɧɵɯ ɱɢɫɟɥ ɧɨɦɟɪ ɜɟɬɜɢ ɪɟɡɭɥɶɬɚɬɚ ɬɚɤ 

ɠɟ ɧɟ ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧ. Ⱥ ɡɧɚɱɢɬ, ɥɨɝɢɱɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɞɥɹ 



ɫɥɨɠɟɧɢɹ ɢ ɜɵɱɢɬɚɧɢɹ ɧɨɦɟɪɚ ɜɟɬɜɟɣ ɤɨɦɩɨɧɟɧɬɨɜ ɞɨɥɠɧɵ ɫɨɜɩɚɞɚɬɶ: 

ɜɵɱɢɫɥɟɧɢɟ (7+2*i)3 + (8–5*i)3 ɞɨɩɭɫɬɢɦɨ (ɩɨɥɭɱɚɟɬɫɹ ɪɟɡɭɥɶɬɚɬ (15–3*i)3), ɚ 

ɜɵɱɢɫɥɟɧɢɟ (7+2*i)3 + (8–5*i)4 ɜɵɩɨɥɧɹɬɶ ɭɠɟ ɧɟɥɶɡɹ! 

3. ȼ ɫɥɭɱɚɟ ɬɪɢɝɨɧɨɦɟɬɪɢɱɟɫɤɢɯ ɢ ɝɢɩɟɪɛɨɥɢɱɟɫɤɢɯ ɮɭɧɤɰɢɣ ɤɨɦɩɥɟɤɫɧɨɝɨ 

ɩɟɪɟɦɟɧɧɨɝɨ ɟɝɨ ɧɨɦɟɪ ɜɟɬɜɢ ɧɟ ɜɥɢɹɟɬ ɧɚ ɪɟɡɭɥɶɬɚɬ, ɢɛɨ ɷɬɢ ɮɭɧɤɰɢɢ 

ɩɟɪɢɨɞɢɱɟɫɤɢɟ. Чɬɨ ɠɟ ɤɚɫɚɟɬɫɹ ɨɛɪɚɬɧɵɯ ɮɭɧɤɰɢɣ, ɬɨ ɬɚɦ ɩɪɢɧɹɬɨ 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɝɥɚɜɧɵɟ ɡɧɚɱɟɧɢɹ ɧɚɬɭɪɚɥɶɧɨɝɨ ɥɨɝɚɪɢɮɦɚ, ɮɚɤɬɢɱɟɫɤɢ 

ɩɪɢɧɢɦɚɹ ɜɫɟ ɮɨɪɦɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɧɨɦɟɪɨɜ ɜɟɬɜɟɣ ɪɚɜɧɵɦɢ ɧɭɥɸ. ȼɩɨɥɧɟ 

ɜɟɪɨɹɬɧɨ, ɱɬɨ ɨɬɤɚɡ ɨɬ ɬɚɤɨɝɨ ɞɨɩɭɳɟɧɢɹ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɜɟɫɶɦɚ 

ɢɧɬɟɪɟɫɧɵɦ ɪɟɡɭɥɶɬɚɬɚɦ, ɧɨ ɚɜɬɨɪ ɫɬɚɬɶɢ ɩɨɞɪɨɛɧɨ ɷɬɢɦ ɜɨɩɪɨɫɨɦ ɧɟ 

ɡɚɧɢɦɚɥɫɹ. 

 

Ɉɰɟɧɤа ɢ ɩɨɧɢɦаɧɢɟ ɪɟɡɭɥɶɬаɬɨɜ 

К ɜɨɩɪɨɫɭ ɢɧɬɟɪɩɪɟɬɚɰɢɢ. ɋɬɪɨɝɨ ɧɚɭɱɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɞɥɹ ɫɦɵɫɥɚ ɧɨɦɟɪɚ 

ɜɟɬɜɢ ɞɚɬɶ ɧɟ ɭɞɚɥɨɫɶ, ɧɨ ɜɩɨɥɧɟ ɜɨɡɦɨɠɧɚ ɚɧɚɥɨɝɢɹ ɜ ɜɢɞɟ ɪɚɡɦɟɪɧɨɫɬɢ ɮɢɡɢɱɟɫɤɢɯ 

ɜɟɥɢɱɢɧ. ɇɚɩɪɢɦɟɪ, ɩɪɢ ɭɦɧɨɠɟɧɢɢ ɚɦɩɟɪɚ (ɫɢɥɚ ɬɨɤɚ) ɧɚ ɫɟɤɭɧɞɭ (ɜɪɟɦɹ) 

ɩɨɥɭɱɚɟɬɫɹ ɤɭɥɨɧ – ɞɪɭɝɚɹ ɮɢɡɢɱɟɫɤɚɹ ɜɟɥɢɱɢɧɚ (ɡɚɪɹɞ). Ⱦɟɥɟɧɢɟ ɧɶɸɬɨɧɚ (ɫɢɥɵ) ɧɚ 

ɤɜɚɞɪɚɬɧɵɣ ɦɟɬɪ (ɩɥɨɳɚɞɶ) ɞɚɟɬ ɩɚɫɤɚɥɶ – ɞɚɜɥɟɧɢɟ. ɇɭ ɢ ɬ.ɞ. 

ȿɫɥɢ ɫɱɢɬɚɬɶ, ɱɬɨ ɧɨɦɟɪ ɜɟɬɜɢ ɟɫɬɶ «ɮɢɡɢɱɟɫɤɚɹ ɪɚɡɦɟɪɧɨɫɬɶ», ɬɨ ɭɦɧɨɠɟɧɢɟ ɢ 

ɞɟɥɟɧɢɟ ɤɨɦɩɥɟɤɫɧɵɯ ɱɢɫɟɥ ɬɚɤɠɟ ɩɪɢɜɨɞɢɬ ɤ ɩɨɹɜɥɟɧɢɸ ɞɪɭɝɨɣ «ɮɢɡɢɱɟɫɤɨɣ 

ɜɟɥɢɱɢɧɵ» (ɞɪɭɝɨɣ «ɪɚɡɦɟɪɧɨɫɬɢ» ɜ ɜɢɞɟ ɞɪɭɝɨɝɨ ɧɨɦɟɪɚ ɜɟɬɜɢ). 

Ⱦɥɹ ɩɪɢɦɟɪɚ ɢɡ ɮɨɪɦɭɥɵ (17) ɱɢɫɥɚ (7+2*i)3 ɢ (8–3*i)4 ɩɪɢ ɭɦɧɨɠɟɧɢɢ ɞɚɸɬ 

ɧɨɜɭɸ «ɮɢɡɢɱɟɫɤɭɸ ɜɟɥɢɱɢɧɭ» (62–5*i)7 (ɢɧɨɣ ɪɚɡɦɟɪɧɨɫɬɢ), ɩɨɥɭɱɟɧɧɭɸ 

ɩɟɪɟɦɧɨɠɟɧɢɟɦ ɞɜɭɯ ɡɧɚɱɟɧɢɣ ɫɨ ɫɜɨɢɦɢ ɪɚɡɦɟɪɧɨɫɬɹɦɢ (ɧɨɦɟɪɚɦɢ ɜɟɬɜɟɣ). 

ɋɨɝɥɚɫɧɨ ɷɬɨɣ ɚɧɚɥɨɝɢɢ (ɧɨɦɟɪ ɜɟɬɜɢ ɟɫɬɶ ɪɚɡɦɟɪɧɨɫɬɶ) ɜɩɨɥɧɟ ɟɫɬɟɫɬɜɟɧɧɨ, 

ɱɬɨ ɫɤɥɚɞɵɜɚɬɶ ɢ ɜɵɱɢɬɚɬɶ ɦɨɠɧɨ ɬɨɥɶɤɨ ɨɞɧɨɪɚɡɦɟɪɧɵɟ ɜɟɥɢɱɢɧɵ: ɦɟɬɪɵ ɫ 

ɦɟɬɪɚɦɢ, ɜɚɝɨɧɵ ɫ ɜɚɝɨɧɚɦɢ ɢ ɬ.ɞ., ɨ ɱɟɦ ɢ ɫɤɚɡɚɧɨ ɜ ɩ.2 ɜɵɲɟ. 

ȼɩɨɥɧɟ ɜɨɡɦɨɠɧɨ, ɱɬɨ ɜ ɫɮɟɪɟ ɪɟɚɥɶɧɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ɤɨɦɩɥɟɤɫɧɵɯ ɱɢɫɟɥ 

(ɧɚɩɪɢɦɟɪ, ɜ ɷɥɟɤɬɪɨɬɟɯɧɢɤɟ, ɝɟɨɮɢɡɢɤɟ ɢ ɬ.ɞ.) ɩɪɢɜɟɞɟɧɧɚɹ ɜ ɞɚɧɧɨɣ ɫɬɚɬɶɟ 

ɢɧɮɨɪɦɚɰɢɹ ɩɨɡɜɨɥɢɬ ɩɨɥɭɱɢɬɶ ɜɚɠɧɵɟ ɩɪɚɤɬɢɱɟɫɤɢɟ ɪɟɡɭɥɶɬɚɬɵ. 
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