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ɍȾК 004.272.2: 517.542 

Ʉɨɦɩɥɟɤɫɧɵɟ ɪɚɫɲɢɪɟɧɢя ɢ ɚɧɚɥɢɡ ɫɜɨɣɫɬɜ ɮɪɚɤɬɚɥɶɧɵх 
ɨɬɨɛɪɚɠɟɧɢɣ 

 Ⱥɪɬɟɦɟɧɤɨ В.Ⱥ., Ⱥɧɞɪюɯɢɧ Ⱥ.ɂ. 
Ⱦɨɧɟɰɤɢɣ ɧаɰɢɨɧаɥɶɧыɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ 

alexandruckin@ramber.ru 

 

Ⱥрɬɟɦɟɧɤɨ ȼ.Ⱥ., Ⱥɧдрɸɯɢɧ Ⱥ.ɂ. Кɨɦɩɥɟɤɫɧɵɟ рɚɫɲɢрɟɧɢɹ ɢ ɚɧɚɥɢɡ ɫɜɨɣɫɬɜ 
ɮрɚɤɬɚɥɶɧɵɯ ɨɬɨɛрɚɠɟɧɢɣ. ɉɨɫɬɪɨеɧɵ ɤɨɦɩɥеɤɫɧɵе ɪеɲеɧɢя ɦɚɬɪɢчɧɵɯ ɭɪɚɜɧеɧɢɣ. 
ɉɨɤɚɡɚɧɚ ɫɜяɡɶ ɫɨɜɪеɦеɧɧɵɯ фɪɚɤɬɚɥɶɧɵɯ  ɢɫɫɥеɞɨɜɚɧɢɣ ɢ ɪеɡɭɥɶɬɚɬɨɜ ɉɭɚɧɤɚɪе ɩɨ 
ɤɚчеɫɬɜеɧɧɨɦɭ ɢɫɫɥеɞɨɜɚɧɢɸ ɫɢɫɬеɦ. ɉɪеɞɫɬɚɜɥеɧɵ ɜɢɡɭɚɥɢɡɚɰɢɢ ɤɨɦɩɥеɤɫɧɵɯ ɪеɲеɧɢɣ 
ɛɚɡɨɜɨɝɨ ɭɪɚɜɧеɧɢя ɤɨɥеɛɚɬеɥɶɧɨɣ ɞɢɧɚɦɢɤɢ ɫɢɫɬеɦ. ȼɢɡɭɚɥɢɡɚɰɢɢ ɛɵɥɢ ɩɨɥɭчеɧɵ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢеɦ ɫɨɜɪеɦеɧɧɨɝɨ ɩɚɤеɬɚ ȼɨɥɶфɪɚɦ  Ɇɚɬеɦɚɬɢɤɚ 11.0 ɂɡɭчеɧɵ ɫɜɨɣɫɬɜɚ 
ɨɬɨɛɪɚɠеɧɢя Оiz. ɉɨɤɚɡɚɧɨ, чɬɨ ɪɚɡɧɨɫɬɶ ɦеɠɞɭ ɪеɚɥɶɧɵɦɢ чɚɫɬяɦɢ ɫɨɫеɞɧɢɯ ɪеɲеɧɢɣ 
ɭɪɚɜɧеɧɢя eiz

=z ɫɬɪеɦɢɬɫя ɤ 2 ɩɪɢ ɭɜеɥɢчеɧɢɢ z . Ɍɚɤɠе ɩɨɤɚɡɚɧɨ, чɬɨ ɡɧɚчеɧɢе 
ɤɨɷффɢɰɢеɧɬɚ ɩɪɢ ɦɧɢɦɨɣ чɚɫɬɢ   ɦеɧɶɲе ɧɭɥя, ɢɫɤɥɸчɚя z0

. ɉɨɫɬɪɨеɧɨ ɬɪɚɧɫɰеɧɞеɧɬɧɨе 
ɭɪɚɜɧеɧɢе, ɤɨɬɨɪɨе ɩɨɡɜɨɥяеɬ ɥеɝɤɨ ɧɚɯɨɞɢɬɶ ɧеɩɨɞɜɢɠɧɵе ɬɨчɤɢ ɷɬɨɝɨ ɨɬɨɛɪɚɠеɧɢя ɧɚ 
ɤɨɦɩɶɸɬеɪе. ɉɨɤɚɡɚɧɨ, чɬɨ ɨɬɨɛɪɚɠеɧɢе ɢɦееɬ ɨɞɧɨ ɭɫɬɨɣчɢɜɨе ɢ ɛеɫɤɨɧечɧɨе чɢɫɥɨ 
ɧеɭɫɬɨɣчɢɜɵɯ ɩɨɥɨɠеɧɢɣ ɪɚɜɧɨɜеɫɢя, ɫɭɳеɫɬɜɭеɬ ɛеɫɤɨɧечɧɨе чɢɫɥɨ ɨɬɬɚɥɤɢɜɚɸɳɢɯ 2-

ɩеɪɢɨɞɢчеɫɤɢɯ ɰɢɤɥɨɜ. ɉɨɫɬɪɨеɧɵ ɩɪɢɦеɪɵ ɩеɪɢɨɞɢчеɫɤɢɯ ɰɢɤɥɨɜ ɞɥɢɧɨɣ 2,3,4,5. 
ȼɢɡɭɚɥɢɡɢɪɭɸɬɫя  ɦɧɨɠеɫɬɜ ɀɸɥɢɚ ɞɥя ɪɚɡɥɢчɧɵɯ ɝɢɩеɪɛɨɥɢчеɫɤɢɯ ɢɡɨɛɪɚɠеɧɢɣ. 
ɉɨɫɥеɞɧɢе яɜɥяɸɬɫя ɚɫɢɦɩɬɨɬɢчеɫɤɢɦɢ ɪɚɡɥɨɠеɧɢяɦɢ eiz

. 

          Кɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɤɨɦɩɥеɤɫɧɨе чɢɫɥɨ, ɩɪеɞеɥ, ɦɚɬɪɢɰɚ, ɤɨɥеɛɚɧɢя, ɉɭɚɧɤɚɪе, фɪɚɤɬɚɥ.   

 

ȼɜɟɞɟɧɢɟ 

В ɧаɫɬɨɹɳɟɟ ɜɪɟɦɹ ɫɭɳɟɫɬɜɭɟɬ 
ɪаɡɥɢɱɧыɟ ɤɥаɫɫɢɮɢɤаɰɢɢ ɪаɫɲɢɪɟɧɢɹ ɩɨɧɹɬɢɹ 
ɱɢɫɥа. Вɫɹɤаɹ ɤɥаɫɫɢɮɢɤаɰɢɹ ɭɫɥɨɜɧа, ɨɞɧаɤɨ 
ɛɨɥɶɲɢɧɫɬɜɨ ɫɩɟɰɢаɥɢɫɬɨɜ ɫɱɢɬаюɬ, ɱɬɨ ɦɨɠɧɨ 
ɝɨɜɨɪɢɬɶ ɨ ɫɥɟɞɭюɳɢɯ ɫɟɦɢ ɨɛɳɟɩɪɢɧɹɬыɯ 
ɭɪɨɜɧɟɣ ɨɛɨɛɳɟɧɢɹ ɱɢɫɟɥ: ɧаɬɭɪаɥɶɧыɟ, 
ɪаɰɢɨɧаɥɶɧыɟ, ɞɟɣɫɬɜɢɬɟɥɶɧыɟ, ɤɨɦɩɥɟɤɫɧыɟ, 
ɜɟɤɬɨɪɧыɟ , ɦаɬɪɢɱɧыɟ ɢ ɬɪаɧɫɮɢɧɢɬɧыɟ ɱɢɫɥа. 
Оɬɞɟɥɶɧыɦɢ ɭɱɟɧыɦɢ ɩɪɟɞɥаɝаɟɬɫɹ ɫɱɢɬаɬɶ 
ɮɭɧɤɰɢɢ ɮɭɧɤɰɢɨɧаɥɶɧыɦɢ ɱɢɫɥаɦɢ ɢ 
ɪаɫɲɢɪɢɬɶ ɫɬɟɩɟɧɶ ɨɛɨɛɳɟɧɢɹ ɱɢɫɟɥ ɞɨ 
ɞɜɟɧаɞɰаɬɢ ɭɪɨɜɧɟɣ. Ɇɨɠɧɨ ɥɢ ɫɱɢɬаɬɶ 
ɝɢɩɟɪɤɨɦɩɥɟɤɫɧыɟ ɢɥɢ p-аɞɢɱɟɫɤɢɟ ɱɢɫɥа, 
ɩɪɨɫɬɪаɧɫɬɜɟɧɧыɟ ɦаɬɪɢɰы ɢ ɬ.ɩ. ɨɬɞɟɥɶɧыɦɢ 
ɫɬɭɩɟɧɹɦɢ ɷɬɨɣ ɤɥаɫɫɢɮɢɤаɰɢɢ?  

ɗɬɨɬ ɜɨɩɪɨɫ ɢ ɟɦɭ ɩɨɞɨɛɧыɟ ɨɱɟɜɢɞɧɨ 
ɛɭɞɭɬ ɪɟɲаɬɶɫɹ ɫаɦɢɦ ɪаɡɜɢɬɢɟɦ ɦаɬɟɦаɬɢɤɢ ɢ 
ɱɟɥɨɜɟɱɟɫɤɨɝɨ ɩɨɡɧаɧɢɹ ɜ ɰɟɥɨɦ. 

В ɪаɛɨɬɟ ɪаɫɫɦаɬɪɢɜаюɬɫɹ ɪɟɡɭɥɶɬаɬы 
ɩɨɩыɬɨɤ ɩɪɢɥɨɠɟɧɢɹ ɤɨɦɩɥɟɤɫɧɨɣ ɟɞɢɧɢɰы ɤ 
ɢɡɜɟɫɬɧыɦ ɫɨɨɬɧɨɲɟɧɢɹɦ, ɤɨɬɨɪыɟ ɩɨɥɭɱɟɧы ɫ 
ɱɢɫɬɨ ɜɟɳɟɫɬɜɟɧɧыɦɢ ɱɢɫɥаɦɢ 

Кɨɦɩɥɟɤɫɧаɹ ɟɞɢɧɢɰа i ɹɜɥɹɟɬɫɹ 
ɢɞɟаɥɶɧыɦ ɷɥɟɦɟɧɬɨɦ, ɤаɤ ɢ ɛɟɫɤɨɧɟɱɧɨ 
ɦаɥаɹ(ɛɨɥɶɲаɹ) ɜɟɥɢɱɢɧа x0(+). ɉɨɫɥɟɞɧɢɟ 
ɫɨɝɥаɫɧɨ ɇ.Кɭɡаɧɫɤɨɦɭ, ɹɜɥɹюɬɫɹ ɩɨ 
ɨɩɪɟɞɟɥɟɧɢю ɷɤɜɢɜаɥɟɧɬɧыɦɢ. 

В ɫɬаɬɶɟ ɪаɫɫɦаɬɪɢɜаюɬɫɹ ɫɥɟɞɭюɳɢɟ  
ɜɨɩɪɨɫы: 

 

 

 

Ⱥ) ɂɫɫɥɟɞɨɜаɧɢɟ ɩɨɜɟɞɟɧɢɹ ɢɡɜɟɫɬɧыɯ 
ɡаɦɟɱаɬɟɥɶɧыɯ ɩɪɟɞɟɥɨɜ ɢ ɫɨɨɬɧɨɲɟɧɢɣ ɩɪɢ 
ɡаɦɟɧɟ x0(+) ɧа ix: 

Ȼ) ɂɫɫɥɟɞɨɜаɧɢɹ ɢɡɦɟɧɟɧɢɹ ɪɟɲɟɧɢɣ 
ɦаɬɪɢɱɧыɯ ɭɪаɜɧɟɧɢɣ ɩɪɢ ɪаɫɲɢɪɟɧɢɢ ɜɢɞа 
ɪɟɲɟɧɢɣ ɦɧɢɦɨɣ ɱаɫɬɶю; 

В) Ⱥɧаɥɢɡ ɫɜɨɣɫɬɜ ɤɨɦɩɥɟɤɫɧɨɝɨ 
ɭɪаɜɧɟɧɢɹ Оiz

=z ɢ ɟɝɨ ɮɪаɤɬаɥɶɧыɯ ɫɜɨɣɫɬɜ. 
Cɥɟɞɫɬɜɢɟɦ ɢɡɜɟɫɬɧɨɣ ɮɨɪɦɭɥы ɗɣɥɟɪа 

ɹɜɥɹɟɬɫɹ ɫɨɨɬɧɨɲɟɧɢɟ О2i=1. Ʌɨɝаɪɢɮɦɢɪɭɹ ɨɛɟ 
ɫɬɨɪɨɧы ɷɬɨɝɨ ɬɨɠɞɟɫɬɜа, ɩɨɥɭɱаɟɦ  
ɛɟɫɤɨɧɟɱɧɨɟ ɦɧɨɠɟɫɬɜɨ  ɦɧɢɦыɯ ɧɭɥɟɣ ɢ ɢɦɟɟɦ 
ɡɧаɱɢɬɟɥɶɧɨɟ ɭɜɟɥɢɱɟɧɢɟ ɨɛɴɟɤɬɨɜ, 
ɭɞɨɜɥɟɬɜɨɪɹюɳɢɯ ɨɩɪɟɞɟɥɟɧɧыɦ ɭɫɥɨɜɢɹɦ. ɗɬɨ 
ɡаɦɟɱаɧɢɟ ɩɪɢɥɨɠɢɦɨ ɤ ɪɟɡɭɥɶɬаɬаɦ ɪаɛɨɬы. 

 

Ʉɨɦɩɥɟɤɫɧɵɟ ɪɚɫɲɢɪɟɧɢɹ  
 

ɇа ɪɢɫɭɧɤаɯ 1-6 ɩɪɟɞɫɬаɜɥɟɧы 
ɜɢɡɭаɥɢɡаɰɢɢ ɪɟɡɭɥɶɬаɬɨɜ ɩɪɢ ɡаɦɟɧɟ x0(+) 

ɧа iɯ ɞɥɹ ɧɟɤɨɬɨɪыɯ ɡаɦɟɱаɬɟɥɶɧыɯ ɩɪɟɞɟɥɨɜ ɢ 
ɜыɪаɠɟɧɢɣ.  

Кɨɦɩɥɟɤɫɧɨɟ ɱɢɫɥɨ i ɛыɥɨ ɩɨɥɭɱɟɧɨ ɩɪɢ 
ɪɟɲɟɧɢɢ ɩɪɨɫɬɨɝɨ ɤɜаɞɪаɬɧɨɝɨ ɭɪаɜɧɟɧɢɹ 
x

2+1=0. Ɋаɫɲɢɪɟɧɢɟɦ ɱɢɫɟɥ ɹɜɥɹюɬɫɹ ɦаɬɪɢɰы 
ɢ ɠɟɥаɬɟɥɶɧɨ ɩɨɥɭɱɢɬɶ ɢ ɨɰɟɧɢɬɶ ɫɜɨɣɫɬɜа 
ɪɟɲɟɧɢɣ ɦаɬɪɢɱɧыɯ ɭɪаɜɧɟɧɢɣ ɜɢɞа A

n
+X=0, 

ɝɞɟ ɏ ɟɫɬɶ ɟɞɢɧɢɱɧаɹ (ȿ), ɧɭɥɟɜаɹ (0) ɦаɬɪɢɰы ɢ 
ɧɟɤɨɬɨɪыɟ ɞɪɭɝɢɟ.  Ɋɟɲɟɧɢɹ ɩɪɢ n=2 (3) 

ɩɪɟɞɫɬаɜɥɟɧы ɧа ɪɢɫ.8-17. В  ɬаɛ.1-3 

ɩɪɟɞɫɬаɜɥɟɧы ɞаɧɧыɟ ɨ ɱɢɫɥɟ ɪɟɲɟɧɢɣ 
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ɦаɬɪɢɱɧыɯ  ɭɪаɜɧɟɧɢɣ ɩɪɢ n=2(3), ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɞɥɹ ɦаɬɪɢɰ ɉаɭɥɢ. 

 

Ɋɢɫɭɧɨɤ 1. – Ɏɭɧɤɰɢɹ F(Z)=Sin(Z)/Z: а) ) ɝɪаɮɢɤɢ ɪɟаɥɶɧɨɣ ɢ ɦɧɢɦɨɣ ɱаɫɬɢ  F(iX); 

ɛ) ɝɪаɮɢɤRe( F(Y+iX)) ; ɛ) ɝɪаɮɢɤ Im( F(Y+iX)) ; 

 

 

 

 
 

 

Ɋɢɫɭɧɨɤ 2. – Ɏɭɧɤɰɢɹ F(Z)=(Exp(Z)-1)/Z: а) ɝɪаɮɢɤɢ ɪɟаɥɶɧɨɣ ɢ ɦɧɢɦɨɣ ɱаɫɬɢ  F(iX) ; 

ɛ) ɝɪаɮɢɤ Re( F(Y+iX)) ; ɛ) ɝɪаɮɢɤ Im( F(Y+iX)) . 
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Ɋɢɫɭɧɨɤ 3. – Ɏɭɧɤɰɢɹ F(Z)=(1+Z)
1/Z: а) ɝɪаɮɢɤɢ ɪɟаɥɶɧɨɣ ɢ ɦɧɢɦɨɣ ɱаɫɬɢ  F(iX) ; 

ɛ) ɝɪаɮɢɤ Re( F(Y+iX)) ; ɛ) ɝɪаɮɢɤ Im( F(Y+iX)) . 

 

 
 

 

Ɋɢɫɭɧɨɤ 4. – Ɏɭɧɤɰɢɹ F(Z)=Ln( 1+Z)/Z: а) ɝɪаɮɢɤɢ ɪɟаɥɶɧɨɣ ɢ ɦɧɢɦɨɣ ɱаɫɬɢ  F(iX) ; 

ɛ) ɝɪаɮɢɤ Re( F(Y+iX)) ; ɛ) ɝɪаɮɢɤ Im( F(Y+iX)) . 
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Ɋɢɫɭɧɨɤ 5. – Ɏɭɧɤɰɢɹ F(Z)=Z
Z: а) ɝɪаɮɢɤɢ ɪɟаɥɶɧɨɣ ɢ ɦɧɢɦɨɣ ɱаɫɬɢ  F(iX) ; 

ɛ) ɝɪаɮɢɤ Re( F(Y+iX)) ; ɛ) ɝɪаɮɢɤ Im( F(Y+iX)) . 

 

 

 
 

 

 

Ɋɢɫɭɧɨɤ 6. – Ɏɭɧɤɰɢɹ F(Y,X)=(Y+iɏ)X: а) ɝɪаɮɢɤɢ ɪɟаɥɶɧɨɣ ɢ ɦɧɢɦɨɣ ɱаɫɬɢ  F(Y+iɏ ,iX) ; 

ɛ) ɝɪаɮɢɤ Re( F(Y+iX, I)) ; ɛ) ɝɪаɮɢɤ Im( F(Y+iX, I)) . 
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ɉɨɫɥɟɞɧɢɟ ɩɪɢɦɟɧɹюɬɫɹ ɞɥɹ 
ɨɩɪɟɞɟɥɟɧɢɹ ɫɩɢɧа ɷɥɟɤɬɪɨɧа ɜ ɤɜаɧɬɨɜɨɣ 
ɦɟɯаɧɢɤɟ, ɜ ɤɨɬɨɪɨɣ ɥюɛɨɣ ɢɡɦɟɪɹɟɦɨɣ 
ɜɟɥɢɱɢɧɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɦаɬɪɢɰа ɢ ɩɨɫɥɟ 
ɢɡɦɟɪɟɧɢɹ  ɫɢɫɬɟɦа ɨɩɢɫыɜаɟɬɫɹ ɨɞɧɢɦ ɢɡ 
ɫɨɛɫɬɜɟɧɧыɯ ɜɟɤɬɨɪɨɜ ɦаɬɪɢɰы ɢɡɦɟɪɹɟɦɨɣ 
ɜɟɥɢɱɢɧы. 

 

ɍɪɚɜɧɟɧɢɹ ɫ ɦɚɬɪɢɰɚɦɢ  22 ɢ ɢɯ 
ɪɟɲɟɧɢɹ 

 

Вɜɟɞɟɦ ɨɛɨɡɧаɱɟɧɢɹ ɫɨɝɥаɫɧɨ ɪɢɫ.7. 

 

Ɋɢɫɭɧɨɤ 7. – Оɛɨɡɧаɱɟɧɢɹ ɦаɬɪɢɰ:  а) ɦаɬɪɢɰа 
Ⱥ; ɛ) ɧɭɥɟɜаɹ 0; ɜ) ɟɞɢɧɢɱɧаɹ ȿ; ɝ) ɦаɬɪɢɰа 
ɉаɭɥɢ 1; ɞ) ɦаɬɪɢɰа ɉаɭɥɢ  2; ɟ) ɦаɬɪɢɰа 

ɉаɭɥɢ 3. 

В ɬаɛɥɢɰɟ 1 ɩɪɟɞɫɬаɜɥɟɧы ɪаɫɱɟɬы ɱɢɫɥа 
ɪɟɲɟɧɢɣ ɦаɬɪɢɰ ɫ ɩɨɦɨɳɶю Mathematica 11.1.1. 

 

Ɍаɛɥɢɰа 1.ɑɢɫɥɨ ɪɟɲɟɧɢɣ ɞɥɹ ɭɪаɜɧɟɧɢɣ 
ɫ ɦаɬɪɢɰаɦɢ  22 

ɇɨɦɟɪ ɍɪаɜɧɟɧɢɟ ɑɢɫɥɨ 
ɪɟɲɟɧɢɣ 

1 Ⱥ2
=0 

 

3 

2 Ⱥ2
-ȿ=0 

 

7 

3 Ⱥ2+ȿ=0 7 

4 Ⱥ2
-iȿ=0 

 

7 

5 Ⱥ3
=0 3 

6 Ⱥ3
-E=0 18 

7 Ⱥ2+ȿ=0 18 

8 Ⱥ3
-iE=0 18 

9 Ⱥ4
=0 5 

10 Ⱥ4
-E=0 48 

11 Ⱥ4+ȿ=0 48 

12 Ⱥ4
-iE=0 48 

13 Ⱥ5
=0 3 

14 Ⱥ5
-E=0 55 

15 Ⱥ5+ȿ=0 55 

16 Ⱥ5
-iE=0 55 

17 Ⱥ2
-1=0 

 

4 

18 Ⱥ2
-2=0 

 

4 

19 Ⱥ2
-3=0 

 

4 

ɇа ɩɨɫɥɟɞɭюɳɢɯ ɪɢɫɭɧɤаɯ 
ɩɪɟɞɫɬаɜɥɟɧы  ɫɩɢɫɤɢ ɪɟɲɟɧɢɹ ɬɨɥɶɤɨ 
ɧɟɤɨɬɨɪыɯ ɭɪаɜɧɟɧɢɣ, ɬаɤ ɤаɤ ɦɧɨɝɢɟ ɢɡ ɧɢɯ 
ɢɦɟюɬ ɡɧаɱɢɬɟɥɶɧыɣ ɨɛɴɟɦ. 

 

 

Ɋɢɫɭɧɨɤ 8. – Ɋɟɲɟɧɢɹ ɭɪаɜɧɟɧɢɹ Ⱥ2
=0 

 Ɋɢɫɭɧɨɤ 9. – Ɋɟɲɟɧɢɹ ɭɪаɜɧɟɧɢɹ Ⱥ3
-E=0 

 

Ɋɢɫɭɧɨɤ 10. – Ɋɟɲɟɧɢɹ ɭɪаɜɧɟɧɢɹ Ⱥ2
-ȿ=0 

 

Ɋɢɫɭɧɨɤ 11. – Ɋɟɲɟɧɢɹ ɭɪаɜɧɟɧɢɹ Ⱥ2+ȿ=0 
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Ɋɢɫɭɧɨɤ 12. – Ɋɟɲɟɧɢɹ ɭɪаɜɧɟɧɢɹ Ⱥ3
=0 

 

 

ɍɪɚɜɧɟɧɢɹ ɫ ɤɨɦɩɥɟɤɫɧɵɦɢ 
ɦɚɬɪɢɰɚɦɢ  22 ɢ ɢɯ ɪɟɲɟɧɢɹ 

 

Ɇы ɩɨɜɬɨɪɹɟɦ ɪаɫɱɟɬы, ɩɪɟɞɩɨɥаɝаɹ, ɱɬɨ 
ɦаɬɪɢɰа Ⱥ ɹɜɥɹɟɬɫɹ ɤɨɦɩɥɟɤɫɧɨɣ ɫɨɝɥаɫɧɨ 
ɪɢɫ.13  

 

Ɋɢɫɭɧɨɤ 13. – Ɇаɬɪɢɰа Ⱥ 

 

Ɍаɛɥɢɰа 2.ɑɢɫɥɨ ɪɟɲɟɧɢɣ ɞɥɹ ɭɪаɜɧɟɧɢɣ 
ɫ ɤɨɦɩɥɟɤɫɧыɦɢ ɦаɬɪɢɰаɦɢ  22 

ɇɨɦɟɪ ɍɪаɜɧɟɧɢɟ ɑɢɫɥɨ 
ɪɟɲɟɧɢɣ 

1 Ⱥ2
=0 

 

3 

2 Ⱥ2
-ȿ=0 

 

6 

3 Ⱥ2+ȿ=0 6 

4 Ⱥ2
-iȿ=0 

 

6 

5 Ⱥ3
=0 5 

6 Ⱥ3
-E=0 27 

7 Ⱥ2+ȿ=0 27 

8 Ⱥ3
-iE=0 27 

9 Ⱥ4
=0 7 

10 Ⱥ4
-E=0 48 

11 Ⱥ4+ȿ=0 48 

12 Ⱥ4
-iE=0 48 

13 Ⱥ5
=0 3 

14 Ⱥ5
-E=0 55 

15 Ⱥ5+ȿ=0 55 

16 Ⱥ5
-iE=0 55 

17 Ⱥ2
-1=0 

 

4 

18 Ⱥ2
-2=0 

 

4 

19 Ⱥ2
-3=0 

 

4 

 

Ɋɟɲɟɧɢɹ ɧа ɪɢɫ.14 (ɩɪɢ ɢɫɩɨɥɶɡɨɜаɧɢɢ 
ɹɜɧɨɣ ɤɨɦɩɥɟɤɫɧɨɣ ɦаɬɪɢɰы Ⱥ ɧа ɪɢɫ.13) 
ɫɭɳɟɫɬɜɟɧɧɨ ɨɬɥɢɱаюɬɫɹ ɨɬ ɪɟɲɟɧɢɣ ɧа ɪɢɫ.15 
(ɩɪɢ ɢɫɩɨɥɶɡɨɜаɧɢɢ Ⱥ ɫɨɝɥаɫɧɨ ɪɢɫ.7а.).  

 

Ɋɢɫɭɧɨɤ 14. – 1 ɪɟɲɟɧɢɹ ɭɪаɜɧɟɧɢɹ Ⱥ2
-1=0 

 

Ɋɢɫɭɧɨɤ 15. – 1 ɪɟɲɟɧɢɹ ɭɪаɜɧɟɧɢɹ Ⱥ2
-1=0 

 

Ⱥɧаɥɨɝɢɱɧыɣ ɩɪɢɦɟɪ : ɫɬɪɭɤɬɭɪа 1 
ɪɟɲɟɧɢɹ ɞɥɹ ɭɪаɜɧɟɧɢɹ Ⱥ2=0 ɧа ɪɢɫ.15 ɢ 8. 
 

 

Ɋɢɫɭɧɨɤ 16. – Ɋɟɲɟɧɢɹ ɭɪаɜɧɟɧɢɹ Ⱥ2
=0 

 

ɍɪɚɜɧɟɧɢɹ ɫ ɦɚɬɪɢɰɚɦɢ  33 ɢ ɢɯ 
ɪɟɲɟɧɢɹ 

 

Кɨɥɢɱɟɫɬɜɨ ɪɟɲɟɧɢɣ ɭɪаɜɧɟɧɢɣ ɫ 
ɦаɬɪɢɰаɦɢ  33 ɹɜɧɨ ɛɨɥɶɲɟ ɢ  ɬаɤ ɤаɤ ɦɧɨɝɢɟ 
ɢɡ ɧɢɯ ɢɦɟюɬ ɡɧаɱɢɬɟɥɶɧыɣ ɨɛɴɟɦ, ɩɪɢɜɟɞɟɦ 
ɬɨɥɶɤɨ ɩɟɪɜɨɟ ɪɟɲɟɧɢɟ ɞɥɹ ɭɪаɜɧɟɧɢɹ Ⱥ2=0 ɧа 
ɪɢɫ.17. 
 

Ɍаɛɥɢɰа 3.ɑɢɫɥɨ ɪɟɲɟɧɢɣ ɞɥɹ ɭɪаɜɧɟɧɢɣ 
ɫ ɦаɬɪɢɰаɦɢ  33 

ɇɨɦɟɪ ɍɪаɜɧɟɧɢɟ ɑɢɫɥɨ ɪɟɲɟɧɢɣ 

1 Ⱥ2
=0 

 

30 

2 Ⱥ2
-ȿ=0 

 

90 

3 Ⱥ2+ȿ=0 90 

4 Ⱥ2
-iȿ=0 

 

90 
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Ɋɢɫɭɧɨɤ 17. – 1 ɪɟɲɟɧɢɹ ɭɪаɜɧɟɧɢɹ Ⱥ2
=0 

 

Ʉɨɦɩɥɟɤɫɧɨɟ ɭɪɚɜɧɟɧɢɹ Оiz
=z  

 
Оɛɳɟɢɡɜɟɫɬɧɨ ɜɥɢɹɧɢɟ ɪɟɡɭɥɶɬаɬɨɜ  Ⱥ. 

ɉɭаɧɤаɪɟ ɩɨ ɤаɱɟɫɬɜɟɧɧɨɦɭ ɢɫɫɥɟɞɨɜаɧɢю 
ɫɢɫɬɟɦ. В ɱаɫɬɧɨɫɬɢ ɨɧɢ ɩɨɫɥɭɠɢɥɢ ɬɨɥɱɤɨɦ 
ɞɥɹ ɪаɛɨɬ Ʌɹɩɭɧɨɜа ɩɨ ɭɫɬɨɣɱɢɜɨɫɬɢ ɫɢɫɬɟɦ ɢ 
ɫɥɟɞɨɜаɬɟɥɶɧɨ ɧа ɪаɡɜɢɬɢɟ ɨɛɳɟɣ ɬɟɨɪɢɢ 
ɭɩɪаɜɥɟɧɢɹ, ɬɟɨɪɢɢ аɜɬɨɦаɬɢɱɟɫɤɨɝɨ 
ɭɩɪаɜɥɟɧɢɹ, ɬɟɨɪɢɢ ɫɢɫɬɟɦ ɢ ɬ.ɞ.  

ɋ 1880 ɝ. ɧаɱаɥɫɹ ɰɢɤɥ ɪаɛɨɬ Ⱥ. ɉɭаɧɤаɪɟ 
«О ɤɪɢɜыɯ, ɨɩɪɟɞɟɥɹɟɦыɯ ɞɢɮɮɟɪɟɧɰɢаɥɶɧыɦɢ 
ɭɪаɜɧɟɧɢɹɦɢ»Д1-2]. 

ɋɥɨɠɧɨɫɬɶ ɢɫɫɥɟɞɨɜаɧɢɹ ɫɜɨɣɫɬɜ 
ɪɟɲɟɧɢɹ ɫɢɫɬɟɦ, ɩɨɜɟɞɟɧɢɟ ɤɨɬɨɪыɯ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɞɨɫɬаɬɨɱɧɨ ɩɪɨɫɬыɦɢ 
ɭɪаɜɧɟɧɢɹɦɢ  

 

./)]sinRe

)Im,(Re[

2 



ptEz

zzfziz




               

(1) 

ɦɨɠɧɨ ɨɰɟɧɢɬɶ, ɪаɫɫɦаɬɪɢɜаɹ ɪаɡɥɢɱɧыɟ 
ɜаɪɢаɧɬы ɪɟɲɟɧɢɹ ɭɪаɜɧɟɧɢɹ (1) 
ɩɪɟɞɫɬаɜɥɟɧɧыɟ ɧа ɪɢɫ.18-21, ɤɨɬɨɪыɟ ɛыɥɢ 
ɩɨɥɭɱɟɧы ɫ ɢɫɩɨɥɶɡɨɜаɧɢɟɦ ɫɨɜɪɟɦɟɧɧɨɝɨ 
ɩаɤɟɬа Вɨɥɶɮɪаɦ  ɆаɬɟɦаɬɢɤаД3Ж. 

ɋɭɳɟɫɬɜɭɟɬ ɦɧɨɠɟɫɬɜɨ ɧаɩɪаɜɥɟɧɢɣ 
ɪаɡɜɢɬɢɹ ɢɞɟɣ ɉɭаɧɤаɪɟ. Оɞɧɢɦ ɢɡ ɧɢɯ ɹɜɥɹɟɬɫɹ 
ɢɡɭɱɟɧɢɟ ɮɪаɤɬаɥɶɧыɯ ɫɜɨɣɫɬɜ ɷɜɨɥюɰɢɢ 
ɪɟаɥɶɧыɯ ɫɢɫɬɟɦ ɢ ɢɯ ɦаɬɟɦаɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ, 
ɧаɩɪɢɦɟɪ, ɢɡɭɱɟɧɢɟ ɮɪаɤɬаɥɶɧыɯ ɫɜɨɣɫɬɜ 
ɜɪɟɦɟɧ ɜɨɡɜɪаɳɟɧɢɹ ɉɭаɧɤаɪɟ, ɬ. ɟ. ɦɨɦɟɧɬɨɜ 
ɜɪɟɦɟɧɢ, ɤɨɝɞа ɫɢɫɬɟɦа ɩɨɱɬɢ ɩɨɜɬɨɪɹɟɬ ɫɜɨɟ 
ɩɟɪɜɨɧаɱаɥɶɧɨɟ ɫɨɫɬɨɹɧɢɟД4Ж. 

В ɪаɛɨɬаɯ Ɏаɬɭ ɢ ɀюɥɢа ɛыɥа 
ɭɫɬаɧɨɜɥɟɧа ɫɜɹɡɶ ɝɨɥɨɦɨɪɮɧыɯ ɮɭɧɤɰɢɣ ɧа 
ɤɨɦɩɥɟɤɫɧɨɣ ɩɥɨɫɤɨɫɬɢ ɫ  ɮɪаɤɬаɥɶɧыɦɢ 
ɦɧɨɠɟɫɬɜаɦɢД5Ж. ɂɫɩɨɥɶɡɨɜаɧɢɟ ɤɨɦɩɶюɬɟɪа 
ɩɨɡɜɨɥɢɥɨ Ɇаɧɞɟɥɶɛɪɨɬɭ ɩɨɫɬɪɨɢɬɶ ɢɡɜɟɫɬɧɨɟ 
ɦɧɨɠɟɫɬɜɨ (ɧаɡɜаɧɧɨɟ ɜ ɟɝɨ ɱɟɫɬɶ) Д6Ж. ɗɬɨ 

ɦɧɨɠɟɫɬɜɨ ɬɨɱɟɤ λ  C, ɹɜɥɹɟɬɫɹ ɨɝɪаɧɢɱɟɧɧыɦ 
ɩɪɢ ɫɬаɪɬɨɜɨɣ ɬɨɱɤɟ г =0 ɞɥɹ  ɢɬɟɪаɰɢɨɧɧɨɝɨ 
ɨɬɨɛɪаɠɟɧɢɹ  F(z)= = z

2+λ.  
Оɧɨ ɹɜɢɥɨɫɶ ɨɛɪаɡɰɨɦ ɞɥɹ ɢɫɫɥɟɞɨɜаɧɢɹ  

ɦɧɨɝɢɯ ɞɪɭɝɢɯ ɮɭɧɤɰɢɣ, ɫɪɟɞɢ ɤɨɬɨɪыɯ 
ɜыɞɟɥɢɦ ɝɢɩɟɪɛɨɥɢɱɟɫɤɢɟ ɜɢɞа λОz, λ(Оz

 −1)/г , 
λЬСг/z, λЬТЧ(г), λМШЬ(г), гД7–12].  

К ɷɬɨɦɭ ɤɥаɫɫɭ ɩɪɢɧаɞɥɟɠɢɬ ɢ 
ɨɬɨɛɪаɠɟɧɢɟ Оiz, ɫɜɨɣɫɬɜаɦɢ ɤɨɬɨɪɨɝɨ ɦы 
ɡаɧɢɦаɟɦɫɹ.  

ɇаɲɟ ɨɬɨɛɪаɠɟɧɢɟ ɹɜɥɹɟɬɫɹ ɱаɫɬɧыɦ 
ɫɥɭɱаɟɦ гn+1 = fλ(zn)=λОz

 ɩɪɢ  λ = Т ɢ ɡаɦɟɧɟ г ↔ 
Тг. ɉɪɢ ɢɡɭɱɟɧɢɢ ɫɜɨɣɫɬɜ ɷɬɨɝɨ ɨɬɨɛɪаɠɟɧɢɹ 
ɢɫɩɨɥɶɡɨɜаɥɫɹ ɩаɤɟɬ Wolfram Ɇаɬɟɦаɬɢɤа. 

Ɋаɧɟɟ ɪɟɡɭɥɶɬаɬы ɩɨ λОz
 ɨɛыɱɧɨ ɩɨɥɭɱаɥɢɫɶ ɞɥɹ 

λ  R, ɜɫɥɟɞɫɬɜɢɟ ɱɟɝɨ ɪаɫɫɦаɬɪɢɜаɥɢɫɶ 
ɦɧɨɠɟɫɬɜа ɀюɥɢа. а ɧɟ ɦɧɨɠɟɫɬɜɨ 
Ɇаɧɞɟɥɶɛɪɨɬа. ɉɪɢ λ  C ɪɟɡɭɥɶɬаɬы ɧɨɫɹɬ 
ɨɛɳɢɣ ɯаɪаɤɬɟɪД13Ж. В ɪаɛɨɬɟ ɬаɤɠɟ 
ɪаɫɫɦаɬɪɢɜаɟɬɫɹ ɦɧɨɠɟɫɬɜɨ Ɇаɧɞɟɥɶɛɪɨɬа ɞɥɹ 
ɫɟɦɟɣɫɬɜа ɨɬɨɛɪаɠɟɧɢɣ гn+1 = fλ(zn)=λОz

 ɩɪɢ λ  

C., ɬ.ɟ. ɨɞɧɨ ɢ ɬɨɠɟ ɨɬɨɛɪаɠɟɧɢɟ ɨɩɢɫыɜаюɬ 
ɦɧɨɠɟɫɬɜа ɀюɥɢа ɢ Ɇаɧɞɟɥɶɛɪɨɬа ɫ ɪаɡɥɢɱɧыɯ 
ɬɨɱɟɤ ɡɪɟɧɢɹ.  

Ɇɧɨɠɟɫɬɜа ɀюɥɢа  ɞɥɹ ɪаɰɢɨɧаɥɶɧыɯ 
ɰɟɥыɯ ɢ ɬɪаɧɫɰɟɧɞɟɧɬɧыɯ  ɰɟɥыɯ ɮɭɧɤɰɢɣ 
ɨɛɥаɞаюɬ ɪаɡɥɢɱɧыɦɢ ɯаɪаɤɬɟɪɢɫɬɢɤаɦɢД14Ж.  

В ɱаɫɬɧɨɫɬɢ ɞɥɹ ɝɢɩɟɪɛɨɥɢɱɟɫɤɢɯ 
ɮɭɧɤɰɢɣ ɢ ɪаɫɫɦаɬɪɢɜаɟɦɨɝɨ ɨɬɨɛɪаɠɟɧɢɹ 
ɦɧɨɠɟɫɬɜɨ ɀюɥɢа ɫɨɜɩаɞаɟɬ ɫ ɝɪаɧɢɰɟɣ ɬɨɱɟɤ 
ɭɯɨɞа ɢ ɢɦɟɟɬ ɫɬɪɭɤɬɭɪɭ ɛɭɤɟɬɨɜ Каɧɬɨɪа. ɗɬɨ 
ɫɥɟɞɭɟɬ ɢɡ ɬɨɝɨ , ɱɬɨ ɨɬɨɛɪаɠɟɧɢɟ   ɞɥɹ 
ɝɢɩɟɪɛɨɥɢɱɟɫɤɢɯ ɮɭɧɤɰɢɣ ɧɟ ɹɜɥɹɟɬɫɹ 
ɫɠɢɦаюɳɢɦ  Д15Ж. 

ɇаɩɨɦɧɢɦ, ɱɬɨ “ɬɨɱɤа ɩɪɢɧаɞɥɟɠɢɬ 
ɦɧɨɠɟɫɬɜɭ ɀюɥɢа ɬɨɝɞа ɢ ɬɨɥɶɤɨ ɬɨɝɞа, ɤɨɝɞа 
ɞɢɧаɦɢɤа ɜ ɨɤɪɟɫɬɧɨɫɬɢ ɷɬɨɣ ɬɨɱɤɢ 
ɞɟɦɨɧɫɬɪɢɪɭɟɬ ɱɭɜɫɬɜɢɬɟɥɶɧɭю ɡаɜɢɫɢɦɨɫɬɶ ɨɬ 
ɢɡɦɟɧɟɧɢɣ ɧаɱаɥɶɧыɯ ɞаɧɧыɯ, ɬɨ ɟɫɬɶ ɛɥɢɡɤɢɟ 
ɧаɱаɥɶɧыɟ ɞаɧɧыɟ ɩɨɪɨɠɞаюɬ ɫɨɜɫɟɦ ɞɪɭɝɨɣ 
ɯаɪаɤɬɟɪ ɩɨɜɟɞɟɧɢɹ ɬɪаɟɤɬɨɪɢɢ ɩɨɫɥɟ ɛɨɥɶɲɨɝɨ 
(а ɢɧɨɝɞа ɢ ɧɟ ɨɱɟɧɶ ɛɨɥɶɲɨɝɨ) ɱɢɫɥа ɢɬɟɪаɰɢɣ” 
[5]. 

ɋɜɨɣɫɬɜɚ ɨɬɨɛɪɚɠɟɧɢɹ F(z) = e
iz
  

ɋɜɨɣɫɬɜɨ 1. Оɬɨɛɪаɠɟɧɢɟ F(z) = exp(iz) 

ɢɦɟɟɬ ɩɨ ɤɪаɣɧɟɣ ɦɟɪɟ ɨɞɧɭ ɭɫɬɨɣɱɢɜɭю 
ɧɟɩɨɞɜɢɠɧɭю ɬɨɱɤɭ г0 =0 .5764 +0.3746i.  

ɋɜɨɣɫɬɜɨ 2. Оɬɨɛɪаɠɟɧɢɟ F(z) = exp(iz) 

ɢɦɟɟɬ ɛɟɫɤɨɧɟɱɧɨ ɦɧɨɝɨ ɧɟɩɨɞɜɢɠɧыɯ 
ɧɟɭɫɬɨɣɱɢɜыɯ ɬɨɱɟɤ. 

ɋɩɪаɜɟɞɥɢɜɨɫɬɶ ɷɬɢɯ ɫɜɨɣɫɬɜ, ɩɨɥаɝаɹ z 

=a+bi, ɫɥɟɞɭɟɬ ɢɡ ɫɥɟɞɭюɳɢɯ ɩɨɥɨɠɟɧɢɣ. 
ɂɡ e

iz
=z  ɦɨɠɟɦ ɩɨɥɭɱɢɬɶ ɫɢɫɬɟɦɭ 

ɬɪаɧɫɰɟɧɞɟɧɬɧыɯ ɭɪаɜɧɟɧɢɣ                          
b=Ln(cos(a)/a) ɢ b=aTg(a).  

ɇа ɪɢɫ.22 ɩɪɟɞɫɬаɜɥɟɧы ɝɪаɮɢɤɢ ɷɬɢɯ 
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ɩɟɪɢɨɞɢɱɟɫɤɢɯ ɮɭɧɤɰɢɣ ɢ ɦɨɠɧɨ 
ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɫɪаɡɭ ɭɬɜɟɪɠɞаɬɶ:  

а)ɪɟɲɟɧɢɣ ɛɟɫɤɨɧɟɱɧɨ ɦɧɨɝɨ;  

ɛ) ɪаɡɧɨɫɬɶ ɦɟɠɞɭ ɪɟаɥɶɧыɦɢ ɱаɫɬɹɦɢ 
ɪɟɲɟɧɢɣ ɭɪаɜɧɟɧɢɹ e

iz
=z ɫɬɪɟɦɢɬɫɹ ɤ 2 ɩɪɢ 

ɭɜɟɥɢɱɟɧɢɢ ɚ;   

ɜ) ɡɧаɱɟɧɢɟ ɤɨєɮɮɢɰɢɟɧɬа ɩɪɢ ɦɧɢɦɨɣ 
ɱаɫɬɢ ɜ  ɦɟɧɶɲɟ ɧɭɥɹ, ɢɫɤɥюɱаɹ z0

.  

 

 

 

Ɋɢɫɭɧɨɤ 22. – Ƚɪаɮɢɤɢ ɮɭɧɤɰɢɣ b=Ln(cos(a)/a) 

ɢ b=aTg(a). 

Кɨɧɤɪɟɬɧыɟ ɡɧаɱɟɧɢɹ  ɪɟɲɟɧɢɣ ɭɪаɜɧɟɧɢɹ eiz
=z 

ɫ ɭɱɟɬɨɦ   e
2i

=1 ɦɨɠɟɦ ɨɩɪɟɞɟɥɹɬɶ ɩɪɢ К=..-
1,0,+1,.. ɢɡ ɬɪаɧɫɰɟɧɞɟɧɬɧɨɝɨ ɭɪаɜɧɟɧɢɹ 

 

Ln(cos(a)/(a-2K)-(a-2K)Tg(a)=0. 
 

ɇа ɪɢɫ.23 ɩɪɟɞɫɬаɜɥɟɧы ɷɬɢ ɩɟɪɜыɟ 
ɪɟɲɟɧɢɹ ɧа ɤɨɦɩɥɟɤɫɧɨɣ ɩɥɨɳаɞɢ. 

ɇа ɪɢɫ.24 ɩɪɟɞɫɬаɜɥɟɧы ɡɧаɱɟɧɢɹ 
ɩɟɪɜыɯ ɪɟɲɟɧɢɣ ɷɬɨɝɨ ɭɪаɜɧɟɧɢɹ. 

 

 
 

Ɋɢɫɭɧɨɤ 23. – ɉɟɪɜыɟ ɪɟɲɟɧɢɹ  ɭɪаɜɧɟɧɢɹ  
e

iz
=z. 

 

Ƚɨɥɨɦɨɪɮɧаɹ ɮɭɧɤɰɢɹ ɹɜɥɹɟɬɫɹ ɰɟɥɨɣ 
ɮɭɧɤɰɢɟɣ, ɟɫɥɢ ɨɧа ɨɩɪɟɞɟɥɟɧа ɧа ɜɫɟɣ 
ɤɨɦɩɥɟɤɫɧɨɣ ɩɥɨɫɤɨɫɬɢ. ɂɡɜɟɫɬɧɨ, ɱɬɨ ɥюɛаɹ 
ɰɟɥаɹ ɮɭɧɤɰɢɹ, ɧɟ ɪаɜɧаɹ ɤɨɧɫɬаɧɬɟ, ɩɪɢɧɢɦаɟɬ 
ɜɫɟ ɡɧаɱɟɧɢɹ , ɤɪɨɦɟ ɦɨɠɟɬ ɛыɬɶ ɨɞɧɨɝɨ. 
ɉɨɷɬɨɦɭ ɨɬɨɛɪаɠɟɧɢɟ  Оiz 

 ɨɛɥаɞаɟɬ ɷɬɢɦ 
ɫɜɨɣɫɬɜɨɦ.  

Ʌɟɝɤɨ ɩɨɤаɡаɬɶ, ɱɬɨ ɧа ɛɟɫɤɨɧɟɱɧɨɫɬɢ 
ɮɭɧɤɰɢɹ Оiz

 ɢɦɟɟɬ ɩɨɪɹɞɨɤ 1.  
Оɬɨɛɪаɠɟɧɢɟ e

iz
 ɩɪɢɧаɞɥɟɠɢɬ ɤɥаɫɫɭ 

ɒɩаɣɡɟɪа, ɤаɤ ɮɭɧɤɰɢɹ, ɤɨɬɨɪаɹ  ɧɟ ɢɦɟɟɬ 
ɤɪɢɬɢɱɟɫɤɢɯ ɬɨɱɟɤ (ɫɢɧɝɭɥɹɪɧɨɫɬɟɣ).  

Ⱦɨɤаɡаɧа ɬɟɨɪɟɦа  ɱɬɨ ɪаɰɢɨɧаɥɶɧыɟ 
ɨɬɨɛɪаɠɟɧɢɹ ɧɟ ɦɨɝɭɬ ɢɦɟɬɶ ɛɥɭɠɞаюɳɟɝɨ 
ɞɨɦɟɧа, ɧɨ ɞɥɹ ɬɪаɧɫɰɟɧɞɟɧɬɧыɯ ɨɬɨɛɪаɠɟɧɢɣ 
ɢɡɜɟɫɬɧы ɤɨɧɬɪɩɪɢɦɟɪы (ɩɨɞ ɛɥɭɠɞаюɳɢɦɢ 
ɬɨɱɤаɦɢ ɩɨɧɢɦаюɬɫɹ  ɬɨɱɤɢ, ɜ ɤɨɬɨɪыɟ 
ɬɪаɟɤɬɨɪɢɹ ɧɟ ɜɨɡɜɪаɳаɟɬɫɹ). 

ɋɜɨɣɫɬɜɨ 3. Оɬɨɛɪаɠɟɧɢɟ F(z) = exp(iz) 

ɢɦɟɟɬ ɛɟɫɤɨɧɟɱɧɨɟ ɱɢɫɥɨ ɩɟɪɢɨɞɢɱɟɫɤɢɯ ɰɢɤɥɨɜ 
ɞɥɢɧɨɣ n=2. ɗɬɢ ɰɢɤɥы  ɹɜɥɹюɬɫɹ 
ɨɬɬаɥɤɢɜаюɳɢɦɢД16Ж.  

Ⱦɥɹ n>2 ɢɡɜɟɫɬɧа ɬɟɨɪɟɦа ɞɥɹ ɰɟɥыɯ 
ɮɭɧɤɰɢɣ, ɝаɪаɧɬɢɪɭюɳаɹ ɫɭɳɟɫɬɜɨɜаɧɢɟ 
ɰɢɤɥɨɜ ɢ ɢɯ ɨɬɬаɥɤɢɜаюɳɢɣ ɯаɪаɤɬɟɪ  

Ɍɟɨɪɟɦа 1.21 (ɉɟɪɢɨɞɢɱɟɫɤɢɟ ɬɨɱɤɢ 
ɩɨɱɬɢ ɜɫɟɯ ɩɟɪɢɨɞɨɜ).Каɠɞаɹ ɰɟɥаɹ ɮɭɧɤɰɢɹ 
ɢɦɟɟɬ ɨɬɬаɥɤɢɜаюɳɢɟ ɩɟɪɢɨɞɢɱɟɫɤɢɟ ɬɨɱɟɤ ɜɫɟɯ 
ɩɟɪɢɨɞɨɜ, ɤɪɨɦɟ, ɜɨɡɦɨɠɧɨ, ɩɟɪɢɨɞ n=1 [15] 

ɉɪɢɦɟɪɨɦ ɰɟɥɨɣ ɮɭɧɤɰɢɢ ɛɟɡ 
ɩɟɪɢɨɞɢɱɟɫɤɢɯ ɬɨɱɟɤ ɩɟɪɢɨɞа 1 ɹɜɥɹɟɬɫɹ  e 

z
 + z. 

Ȼɨɥɟɟ ɩɨɥɧɨɟ ɢɡɥɨɠɟɧɢɟ ɢ ɢɫɬɨɪɢɹ 
ɬɟɨɪɟɦы 1.21  ɩɪɟɞɫɬаɜɥɟɧɨ ɜД15Ж.  

Оɩɪɟɞɟɥɢɦ  ɮɭɧɤɰɢɢ  
 fa(a,b)=e

-b
cos(a), 

 fb(a,b)=e
-b

sin(a). 

Ɍɨɝɞа ɡаɞаɱа ɨɩɪɟɞɟɥɟɧɢɹ ɩɟɪɢɨɞɢɱɟɫɤɢɯ 
ɰɢɤɥɨɜ ɞɥɢɧы n ɞɥɹ ɨɬɨɛɪаɠɟɧɢɹ eiz

 ɫɜɨɞɢɬɫɹ ɤ 
ɪɟɲɟɧɢю ɫɢɫɬɟɦы ɬɪаɧɫɰɟɧɞɟɧɬɧыɯ ɭɪаɜɧɟɧɢɣ 
(a0=an,b0=bn). 

  

ai+1=fa(ai,bi), bi+1=fb(ai,bi) ɩɪɢ i=0,n-1 

 

В ɬаɛɥɢɰɟ 4 ɩɪɟɞɫɬаɜɥɟɧы ɧаɣɞɟɧɧыɟ 
ɩɟɪɢɨɞɢɱɟɫɤɢɟ ɰɢɤɥы ɞɥɹ ɧаɱаɥɶɧыɯ ɬɨɱɟɤ z 

=Ⱥ+Вi ɞɥɹ ɩɟɪɢɨɞɨɜ ɞɥɢɧы  n=2,3,4,5. 

Ɍаɛɥɢɰа 4.ɉɟɪɢɨɞɢɱɟɫɤɢɟ ɰɢɤɥы 

n A B 

2 -0.048833    -3.16017 

3  -0.165067   -1.19233 

4 -0.09315   -1.5417 

-0.04168   -2.3877 

5  -0.04739    -1.5258 

 

ɇа ɪɢɫ 25. ɩɪɟɞɫɬаɜɥɟɧы ɦɧɨɠɟɫɬɜа 
ɀюɥɢа ɩɪɢ ɩɪɢɛɥɢɠɟɧɢɢ ɮɭɧɤɰɢɢ e

iz
 

ɩɨɥɢɧɨɦаɦɢ ɫɬɟɩɟɧɢ n.  

ȼɵɜɨɞɵ 

ɇɟɨɛɯɨɞɢɦɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɨɫɧɨɜɧаɹ 

ɱаɫɬɶ ɢɡɥɨɠɟɧɧыɯ ɪɟɡɭɥɶɬаɬɨɜ ɩɨɥɭɱɟɧа ɧа 
ɤɨɦɩɶюɬɟɪɟ ɢ ɨɬɧɨɫɢɬɫɹ, ɩɨ ɨɛɪаɡɧɨɦɭ 
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ɜыɪаɠɟɧɢю ɋ.Вɨɥɶɮɪаɦа, ɤ 
«ɷɤɫɩɟɪɢɦɟɧɬаɥɶɧɨɣ ɦаɬɟɦаɬɢɤɟ». ȿɫɥɢ 
ɨɫɧɨɜɧɨɣ ɪаɛɨɬɨɣ ɦаɬɟɦаɬɢɤа ɢɥɢ ɫɭɳɧɨɫɬɶю 
ɦаɬɟɦаɬɢɤɢ ɫɱɢɬаɬɶ ɮɨɪɦɭɥɢɪɨɜɤɭ ɢ 
ɞɨɤаɡаɬɟɥɶɫɬɜɨ ɬɟɨɪɟɦ, ɬɨ ɜ ɨɬɥɢɱɢɟ ɨɬ ɷɬɨɣ  
ɞɟɹɬɟɥɶɧɨɫɬɢ ɜыɪаɠɟɧɢɟ «ɷɤɫɩɟɪɢɦɟɧɬаɥɶɧаɹ 
ɦаɬɟɦаɬɢɤа» ɜыɝɥɹɞɢɬ ɩɨ ɤɪаɣɧɟɣ ɦɟɪɟ 
ɫɬɪаɧɧыɦ.  

ɇɨ аɪɝɭɦɟɧɬы ɏɟɪɲа ɨ ɝɭɦаɧɢɫɬɢɱɟɫɤɨɣ 
ɮɢɥɨɫɨɮɢɢ ɦаɬɟɦаɬɢɤɢ  ɫɬаɧɨɜɹɬɫɹ ɟɳɟ ɛɨɥɟɟ 
ɭɛɟɞɢɬɟɥɶɧыɦɢ ɜ  ɫɨɜɪɟɦɟɧɧɨɦ ɨɤɪɭɠɟɧɢɢ Д17Ж. 

1. Ɇаɬɟɦаɬɢɤа - ɷɬɨ ɱɟɥɨɜɟɤ. Оɧа 
ɹɜɥɹɟɬɫɹ ɱаɫɬɶю ɤɭɥɶɬɭɪы ɱɟɥɨɜɟɱɟɫɬɜа. ɗɬɨ ɧɟ 
ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɤɨɧɰɟɩɰɢɢ Ɏɪɟɝɟ аɛɫɬɪаɤɬɧɨɣ, 
ɜɧɟɜɪɟɦɟɧɧɨɣ(ɢɥɢ ɛɟɡɜɪɟɦɟɧɧɨɣ), ɨɛɴɟɤɬɢɜɧɨɣ 
ɪɟаɥɶɧɨɫɬɢ. 

2. Ɇаɬɟɦаɬɢɱɟɫɤɨɟ ɡɧаɧɢɟ ɨɲɢɛɨɱɧɨ. Каɤ 
ɜ ɧаɭɤɟ, ɦаɬɟɦаɬɢɤа ɦɨɠɟɬ ɩɪɨɞɜɢɝаɬɶɫɹ, ɞɟɥаɹ 
ɨɲɢɛɤɢ, а ɡаɬɟɦ ɢɫɩɪаɜɥɹɹ ɢɥɢ ɞаɠɟ 
ɤɨɪɪɟɤɬɢɪɭɹ ɢɯ. ɗɬɢ ɫɜɨɣɫɬɜа ɦаɬɟɦаɬɢɤɢ 
ɛɥɟɫɬɹɳɟ ɞɨɤаɡыɜаɟɬɫɹ ɜ «Ⱦɨɤаɡаɬɟɥɶɫɬɜаɯ ɢ 
ɨɩɪɨɜɟɪɠɟɧɢɹɯ» Ʌаɤаɬɨɫа. 

3. ɋɭɳɟɫɬɜɭюɬ ɪаɡɧыɟ ɧɨɪɦы ɫɬɪɨɝɨɫɬɢ 
ɞɨɤаɡаɬɟɥɶɫɬɜ. ɇɨɪɦы ɫɬɪɨɝɨɫɬɢ ɦɨɝɭɬ 
ɜаɪɶɢɪɨɜаɬɶɫɹ ɜ ɡаɜɢɫɢɦɨɫɬɢ ɨɬ ɜɪɟɦɟɧɢ, ɦɟɫɬа 
ɢ ɞɪɭɝɢɯ ɮаɤɬɨɪɨɜ. ɂɫɩɨɥɶɡɨɜаɧɢɟ 
ɤɨɦɩɶюɬɟɪɧыɯ ɞɨɤаɡаɬɟɥɶɫɬɜ, ɩɪɢɦɟɪɨɦ 
ɤɨɬɨɪыɯ ɫɥɭɠɢɬ ɤɨɦɩɶюɬɟɪɧɨɟ ɞɨɤаɡаɬɟɥɶɫɬɜɨ 
ɱɟɬыɪɟɯɰɜɟɬɧɨɣ ɬɟɨɪɟɦы ɨ 4 ɤɪаɫɤаɯ, ɹɜɥɹɟɬɫɹ 
ɥɢɲɶ ɨɞɧɢɦ ɢɡ ɩɪɢɦɟɪɨɜ ɩɨɹɜɥɟɧɢɹ 
ɧɟɬɪаɞɢɰɢɨɧɧɨɝɨ ɫɬаɧɞаɪɬа ɫɬɪɨɝɨɫɬɢ. 

4. ɗɦɩɢɪɢɱɟɫɤɢɟ ɞаɧɧыɟ, ɱɢɫɥɟɧɧыɟ 
ɷɤɫɩɟɪɢɦɟɧɬы ɢ ɜɟɪɨɹɬɧɨɫɬɧыɟ ɞɨɤаɡаɬɟɥɶɫɬɜа 
ɦɨɝɭɬ ɩɨɦɨɱɶ ɧаɦ ɪɟɲɢɬɶ, ɱɟɦɭ ɜɟɪɢɬɶ ɜ 
ɦаɬɟɦаɬɢɤɟ. Ⱥɪɢɫɬɨɬɟɥɟɜɫɤаɹ ɥɨɝɢɤа ɧɟ 
ɨɛɹɡаɬɟɥɶɧɨ ɜɫɟɝɞа ɹɜɥɹɟɬɫɹ ɥɭɱɲɢɦ ɫɩɨɫɨɛɨɦ 
ɪɟɲɟɧɢɹ. 

5. Ɇаɬɟɦаɬɢɱɟɫɤɢɟ ɨɛɴɟɤɬы ɹɜɥɹюɬɫɹ 
ɨɫɨɛыɦ ɪаɡɧɨɨɛɪаɡɢɟɦ ɫɨɰɢаɥɶɧɨ-ɤɭɥɶɬɭɪɧɨ-

ɢɫɬɨɪɢɱɟɫɤɨɝɨ ɨɛɴɟɤɬа. Вɨɩɪɟɤɢ ɭɬɜɟɪɠɞɟɧɢɹɦ 
ɧɟɤɨɬɨɪыɯ ɩɨɫɬɦɨɞɟɪɧɢɫɬɫɤɢɯ ɯɭɥɢɬɟɥɟɣ 
ɦаɬɟɦаɬɢɤа ɧɟ ɦɨɠɟɬ ɛыɬɶ ɨɬɛɪɨɲɟɧа ɤаɤ 
ɩɪɨɫɬɨ ɧɨɜаɹ ɮɨɪɦа ɥɢɬɟɪаɬɭɪы ɢɥɢ ɪɟɥɢɝɢɢ. 
Ɇɧɨɝɢɟ ɦаɬɟɦаɬɢɱɟɫɤɢɟ ɨɛɴɟɤɬы ɦɨɠɧɨ 
ɪаɫɫɦаɬɪɢɜаɬɶ ɤаɤ ɨɛɳɢɟ ɢɞɟɢ, ɬаɤɢɟ ɤаɤ «Ɇɨɛɢ 
Ⱦɢɤ» ɜ ɥɢɬɟɪаɬɭɪɟ ɢɥɢ «ɇɟɩɨɪɨɱɧɨɟ ɡаɱаɬɢɟ ɜ 
ɪɟɥɢɝɢɢ». 

В ɥюɛɨɦ ɫɥɭɱаɟ ɦаɬɟɦаɬɢɤа ɹɜɥɹɟɬɫɹ ɢ 
ɨɫɬаɧɟɬɫɹ ɭɧɢɤаɥɶɧыɦ ɱɟɥɨɜɟɱɟɫɤɢɦ 
ɧаɱɢɧаɧɢɟɦ.  

ɋɨɰɢаɥɶɧыɣ ɤɨɧɫɬɪɭɤɬɢɜɢɫɬɫɤɢɣ ɬɟɡɢɫ 
ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ ɦаɬɟɦаɬɢɤа - ɷɬɨ ɫɨɰɢаɥɶɧɨɟ 
ɫɬɪɨɢɬɟɥɶɫɬɜɨ, ɤɭɥɶɬɭɪɧыɣ ɩɪɨɞɭɤɬ, 
ɨɲɢɛɨɱɧыɣ, ɤаɤ ɥюɛаɹ ɞɪɭɝаɹ ɨɬɪаɫɥɶ ɡɧаɧɢɣ. 
В ɞаɧɧɨɣ ɪаɛɨɬɟ, ɜ ɤɨɬɨɪɨɣ ɜыɩɨɥɧɟɧа ɩɨɩыɬɤа 
ɫɪаɜɧɟɧɢɹ ɪɟɡɭɥɶɬаɬɨɜ ɪɟɲɟɧɢɣ ɫ ɧɟɹɜɧыɦ ɢ 
ɹɜɧыɦ ɢɫɩɨɥɶɡɨɜаɧɢɟɦ ɤɨɦɩɥɟɤɫɧыɯ 

ɪаɫɲɢɪɟɧɢɣ ɜ ɪаɡɥɢɱɧыɯ ɧаɩɪаɜɥɟɧɢɹɯ, ɜ 
ɱаɫɬɧɨɫɬɢ ɜ ɨɛɥаɫɬɢ ɧɟɥɢɧɟɣɧɨɣ ɞɢɧаɦɢɤɢ ɢ 
ɮɪаɤɬаɥɨɜ,  ɤɨɦɩɶюɬɟɪ ɢɝɪаɥ ɰɟɧɬɪаɥɶɧɭю ɪɨɥɶ,  
ɩɨɦɨɝ ɨɩɪɟɞɟɥɢɬɶ ɧɟɤɨɬɨɪыɟ ɨɛɴɟɤɬы ɢ ɛɨɥɟɟ 
ɹɫɧɨ ɢ ɤɨɧɤɪɟɬɧɨ ɡаɞаɬɶ ɨɬɧɨɫɹɳɢɟɫɹ ɤ ɧɢɦ 
ɜɨɩɪɨɫы.  
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Ɋɢɫɭɧɨɤ 18. – Ƚɪаɮɢɤɢ ɪɟɲɟɧɢɹ ɭɪаɜɧɟɧɢɹ (1), p=3, а) z(0)=0.1;ɛ) z(0)=1.5;ɜ) z(0)=2. 
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Ɋɢɫɭɧɨɤ 19. – Ƚɪаɮɢɤɢ ɪɟɲɟɧɢɹ ɭɪаɜɧɟɧɢɹ (1), p=2, а) z(0)=0.1;ɛ) z(0)=1.5;ɜ) z(0)=2. 
 

 

 
 

 

Ɋɢɫɭɧɨɤ 20. – Ƚɪаɮɢɤɢ ɪɟɲɟɧɢɹ ɭɪаɜɧɟɧɢɹ (1), p=5, а) z(0)=0.1;ɛ) z(0)=1.5;ɜ) z(0)=2. 

 

Ɋɢɫɭɧɨɤ 21. – Ƚɪаɮɢɤɢ ɪɟɲɟɧɢɹ ɭɪаɜɧɟɧɢɹ (1), p=1.5, а) z(0)=0.01;ɛ) z(0)=0.1;ɜ) z(0)=0.105. 
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Ɋɢɫɭɧɨɤ 23. – ɉɟɪɜыɟ 24  Ɋɟɲɟɧɢɹ ɭɪаɜɧɟɧɢɹ ɟxp(IZ)=Z, Z=A+BI.  

 

 

Ɋɢɫɭɧɨɤ 24. –Ɇɧɨɠɟɫɬɜа ɀɭɥɢа ɩɪɢ ɩɪɢɛɥɢɠɟɧɢɢ eiz
 ɩɨɥɢɧɨɦаɦɢ ɫɬɟɩɟɧɢ n: а) n=4; а) n=6 а) n=8 а) 

n=10.  
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Ⱥрɬɟɦɟɧɤɨ ȼ.Ⱥ., Ⱥɧдрɸɯɢɧ Ⱥ.І. Кɨɦɩɥɟɤɫɧɿ рɨɡɲɢрɟɧɧɹ ɿ ɚɧɚɥɿɡ ɜɥɚɫɬɢɜɨɫɬɟɣ ɮрɚɤɬɚɥɶɧɢɯ 
ɜɿдɨɛрɚɠɟɧɶ. ɉɨɛɭɞɨɜɚɧɨ ɤɨɦɩɥеɤɫɧɿ ɪɿɲеɧɧя ɦɚɬɪɢчɧɢɯ ɪɿɜɧяɧɶ. ɉɨɤɚɡɚɧɨ ɡɜ'яɡɨɤ ɫɭчɚɫɧɢɯ 
фɪɚɤɬɚɥɶɧɢɯ ɞɨɫɥɿɞɠеɧɶ ɿ ɪеɡɭɥɶɬɚɬɿɜ ɉɭɚɧɤɚɪе ɡɚ яɤɿɫɧɢɦ ɞɨɫɥɿɞɠеɧɧяɦ ɫɢɫɬеɦ. ɉɪеɞɫɬɚɜɥеɧɿ 
ɜɿɡɭɚɥɿɡɚɰɿʀ ɤɨɦɩɥеɤɫɧɢɯ ɪɿɲеɧɶ ɛɚɡɨɜɨɝɨ ɪɿɜɧяɧɧя ɤɨɥɢɜɚɥɶɧɨʀ ɞɢɧɚɦɿɤɢ ɫɢɫɬеɦ. ȼɿɡɭɚɥɿɡɚɰɿʀ ɛɭɥɢ 
ɨɬɪɢɦɚɧɿ ɡ ɜɢɤɨɪɢɫɬɚɧɧяɦ ɫɭчɚɫɧɨɝɨ ɩɚɤеɬɭ ȼɨɥɶфɪɚɦ Ɇɚɬеɦɚɬɢɤɚ 11.0 ȼɢɜчеɧɨ ɜɥɚɫɬɢɜɨɫɬɿ 
ɜɿɞɨɛɪɚɠеɧɧя Оiz. ɉɨɤɚɡɚɧɨ, ɳɨ ɪɿɡɧɢɰя ɦɿɠ ɪеɚɥɶɧɢɦɢ чɚɫɬɢɧɚɦɢ ɫɭɫɿɞɧɿɯ ɪɿɲеɧɶ ɪɿɜɧяɧɧя Оiz

 = г ɩɪɚɝɧе 
ɞɨ 2 ɩɪɢ ɡɛɿɥɶɲеɧɧɿ г. Ɍɚɤɨɠ ɩɨɤɚɡɚɧɨ, ɳɨ ɡɧɚчеɧɧя ɤɨефɿɰɿєɧɬɚ ɩɪɢ ɭяɜɧɿɣ чɚɫɬɢɧɿ ɦеɧɲе ɧɭɥя, 
ɜɢɤɥɸчɚɸчɢ г0. ɉɨɛɭɞɨɜɚɧɨ ɬɪɚɧɫɰеɧɞеɧɬɧе ɪɿɜɧяɧɧя, яɤе ɞɨɡɜɨɥяє ɥеɝɤɨ ɡɧɚɯɨɞɢɬɢ ɧеɪɭɯɨɦɿ ɬɨчɤɢ 
ɰɶɨɝɨ ɜɿɞɨɛɪɚɠеɧɧя ɧɚ ɤɨɦɩ'ɸɬеɪɿ. ɉɨɤɚɡɚɧɨ, ɳɨ ɜɿɞɨɛɪɚɠеɧɧя ɦɚє ɨɞɢɧ ɫɬɿɣɤɢɣ ɿ ɧеɫɤɿɧчеɧɧе чɢɫɥɨ 
ɧеɫɬɿɣɤɢɯ ɩɨɥɨɠеɧɶ ɪɿɜɧɨɜɚɝɢ, ɿɫɧɭє ɧеɫɤɿɧчеɧɧе чɢɫɥɨ ɜɿɞɪɚɡɥɢɜɢɯ 2-ɩеɪɿɨɞɢчɧɢɯ ɰɢɤɥɿɜ. ɉɨɛɭɞɨɜɚɧɨ 
ɩɪɢɤɥɚɞɢ ɩеɪɿɨɞɿчɧɢɯ ɰɢɤɥɿɜ ɞɨɜɠɢɧɨɸ 2,3,4,5. ȼɿɡɭɚɥɿɡɭɸɬɶɫя ɦɧɨɠɢɧ ɀɸɥɿɚ ɞɥя ɪɿɡɧɢɯ ɝɿɩеɪɛɨɥɿчɧɢɯ 
ɡɨɛɪɚɠеɧɶ. Оɫɬɚɧɧɿ є ɚɫɢɦɩɬɨɬɢчеɫɤɢɦɢ ɪɨɡɤɥɚɞɚɧɧяɦɢ Оiz
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Кɥɸɱɨɜɿ ɫɥɨɜɚ: ɤɨɦɩɥеɤɫɧе чɢɫɥɨ, ɦеɠɚ, ɦɚɬɪɢɰя, ɤɨɥɢɜɚɧɧя, ɉɭɚɧɤɚɪе, фɪɚɤɬɚɥ.  
 

 

 

Artemenko V.A., Andryukhin A.I. Complex extensions and analysis of the properties of fractal 

mappings. Complex solutions of matrix equations are constructed.The connection of modern fractal studies and 

the results of Poincaré on qualitative research of systems is shown. The visualizations of complex solutions of 

the basic equation of oscillatory dynamics of systems are presented. Visualizations were obtained using the 

modern package Wolfram Mathematics 11.0. The properties of the mapping e
iz
 are studied. The results obtained 

in the work are of a constructive nature. Basically they are the fruits of computer experiments. It is shown that 

the difference between the real parts of the neighboring solutions of the equation e
iz
 = z tends to 2 as z 

increases. It is also shown that the coefficient value for the imaginary part is less than zero, excluding z0. A 

transcendental equation is constructed which makes it easy to find  fixed points of this map on a computer. 

Specific values of the solutions of the equation e
iz 

= z with allowance for e 
2i

 = 1 can be determined from K = ... 

1.0, + 1, .. from the transcendental equation Ln (cos (a) / (a-2K) - (a-2K) tg (a) = 0. The values of the first 

solutions of this equation are presented. Also these first solutions are presented in the complex area.  It is shown 

that the map has one stable and infinite number of unstable equilibrium positions, there are an infinite number 

of repelling 2-periodic cycles. The problem of determining periodic cycles of length n for the map e
iz
 reduces to 

solving a system of transcendental equations (a0 = an, b0 = bn), a i + 1 = fa (ai, bi), b i + 1 = fb (ai, bi) for i = 0, n-

1.Examples of periodic cycles of length 2,3,4,5 are constructed. The Julia sets for various hyperbolic images are 

visualized. The latter are asymptotic expansions of e
iz
. 

  

Keywords: complex number, limit, matrix, oscillations, Poincaré, fractal. 
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