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Иссɥеɞɭɸɬсɹ ɨсɨɛеɧɧɨсɬи ɦɨɞеɥиɪɨɜɚɧиɹ ɨпеɪɚɬɨɪɚ ɡɚпɚɡɞɵɜɚɧиɹ с испɨɥɶɡɨɜɚɧиеɦ 
ɪɹɞɨɜ Ɍеɣɥɨɪɚ и Пɚɞе. ɐеɥɶɸ иссɥеɞɨɜɚɧиɹ ɹɜɥɹеɬсɹ ɨпɪеɞеɥеɧие гɪɚɧиɰ 
ɭсɬɨɣчиɜɨсɬи ɚппɪɨɤсиɦɚɰии ɡɚпɚɡɞɵɜɚɧиɹ ɪɹɞɨɦ Ɍеɣɥɨɪɚ пɪи ɭɜеɥичеɧии чисɥɚ 

чɥеɧɨɜ ɪɹɞɚ. Нɚɭчɧɨɣ ɡɧɚчиɦɨсɬɶɸ ɪɚɛɨɬɵ ɹɜɥɹеɬсɹ ɭɬɨчɧеɧие ɭсɥɨɜиɣ 
пɪиɦеɧиɦɨсɬи ɪɹɞɚ Ɍеɣɥɨɪɚ ɞɥɹ ɚппɪɨɤсиɦɚɰии ɨпеɪɚɬɨɪɚ ɡɚпɚɡɞɵɜɚɧиɹ, чɬɨ сɬɚɥɨ 
ɨсɨɛеɧɧɨ ɚɤɬɭɚɥɶɧɨ ɜ сɜɹɡи с ɪɚспɪɨсɬɪɚɧеɧиеɦ сɨɜɪеɦеɧɧɵɯ пɪɨгɪɚɦɦɧɵɯ пɚɤеɬɨɜ, 

пɨɡɜɨɥɹɸɳиɯ пɪеɰиɡиɨɧɧɨе ɦɨɞеɥиɪɨɜɚɧие сɥɨɠɧɵɯ сисɬеɦ. Дɥɹ ɨпɪеɞеɥеɧиɹ 
гɪɚɧиɰ ɭсɬɨɣчиɜɨсɬи испɨɥɶɡɨɜɚɧ ɤɪиɬеɪиɣ Ɋɚɭсɚ. Пɪɨɜеɞеɧɨ ɜɵчисɥеɧие 
ɪɚспɪеɞеɥеɧиɹ ɤɨɪɧеɣ ɚппɪɨɤсиɦɚɰии ɞɥɹ ɪɚɡɥичɧɨгɨ ɤɨɥичесɬɜɚ чɥеɧɨɜ ɪɹɞɚ и 
ɜеɥичиɧɵ ɜɪеɦеɧи ɡɚпɚɡɞɵɜɚɧиɹ. Пɨɥɭчеɧ ɜɵɜɨɞ, чɬɨ ɞɨɤɚɡɚɬеɥɶсɬɜɚ сɯɨɞиɦɨсɬи 
сɨɨɬɜеɬсɬɜɭɸɳегɨ фɭɧɤɰиɨɧɚɥɶɧɨгɨ ɪɹɞɚ ɧеɞɨсɬɚɬɨчɧɨ и, сɯɨɞиɦɨсɬɶ ɧиɤɚɤ ɧе 
гɚɪɚɧɬиɪɭеɬ ɭсɬɨɣчиɜɨсɬи ɚппɪɨɤсиɦɚɰии ɧɚ ɨсɧɨɜе ɪɹɞɚ. 

Пɪɚɤɬичесɤиɦ ɡɧɚчеɧиеɦ ɪеɡɭɥɶɬɚɬɨɜ ɹɜɥɹеɬсɹ ɨɛɨсɧɨɜɚɧие ɬɪеɛɨɜɚɧиɹ 
иссɥеɞɨɜɚɧиɹ ɧе ɬɨɥɶɤɨ сɯɨɞиɦɨсɬи фɭɧɤɰиɨɧɚɥɶɧɨгɨ ɪɹɞɚ, ɧɨ и егɨ ɭсɬɨɣчиɜɨсɬи ɜ 
ɡɚɜисиɦɨсɬи ɨɬ пɨɪɹɞɤɚ ɚппɪɨɤсиɦɚɰии и пɚɪɚɦеɬɪɨɜ ɚппɪɨɤсиɦиɪɭеɦɨгɨ ɨпеɪɚɬɨɪɚ.  
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ɡɚпɚɡɞɵɜɚɧие. 

Ввеɞеɧие 

Пɪɨɛɥеɦɚ пɨɜɵɲеɧиɹ ɬɨчɧɨсɬи ɦɨɞеɥиɪɨɜɚɧиɹ сɥɨɠɧɵɯ сисɬеɦ сɬɚɥɚ ɨɞɧɨɣ иɡ 
ɧɚиɛɨɥее ɚɤɬɭɚɥɶɧɵɯ ɜ сɜɹɡи с ɲиɪɨɤиɦ ɪɚспɪɨсɬɪɚɧеɧиеɦ ɬɚɤиɯ сɨɜɪеɦеɧɧɵɯ 
пɪɨгɪɚɦɦɧɵɯ сɪеɞсɬɜ ɤɚɤ, ɧɚпɪиɦеɪ, Matlab, Mathcad, Maple [1-2]. Ɉɞɧɚɤɨ, 
ɨɤɚɡɵɜɚеɬсɹ, чɬɨ иɧɨгɞɚ сɬɪеɦɥеɧие ɤ ɜɵсɨɤɨɣ ɬɨчɧɨсɬи ɦɨɞеɥиɪɨɜɚɧиɹ ɬɨгɨ иɥи иɧɨгɨ 
ɨɛɴеɤɬɚ пɪиɜɨɞиɬ ɤ пɨɬеɪе ɭсɬɨɣчиɜɨсɬи ɦɨɞеɥи. 

Ɉɞɧиɦ иɡ ɧɚиɛɨɥее ɪɚспɪɨсɬɪɚɧеɧɧɵɯ ɷɥеɦеɧɬɨɜ ɦɨɞеɥеɣ сɥɨɠɧɵɯ сисɬеɦ 
ɹɜɥɹеɬсɹ ɨпеɪɚɬɨɪ чисɬɨгɨ ɡɚпɚɡɞɵɜɚɧиɹ Д3], пɪеɞсɬɚɜɥɹеɦɵɣ пɪи испɨɥɶɡɨɜɚɧии 
пɪеɨɛɪɚɡɨɜɚɧиɹ Ʌɚпɥɚсɚ ɷɤспɨɧеɧɬɨɣ ɨɬ ɨɬɪиɰɚɬеɥɶɧɨɣ ɜеɥичиɧɵ ɡɚпɚɡɞɵɜɚɧиɹ, 
ɭɦɧɨɠеɧɧɨɣ ɧɚ ɨпеɪɚɬɨɪ Ʌɚпɥɚсɚ [4]. Иɡɜесɬɧɨ, чɬɨ ɜɨ ɦɧɨгиɯ пɭɛɥиɤɚɰиɹɯ 
ɷɤспɨɧеɧɬɚ, ɨсɨɛеɧɧɨ ɦɚɬɪичɧɚɹ, ɨпɪеɞеɥɹɸɬсɹ чеɪеɡ ɪɹɞ Ɍеɣɥɨɪɚ [5-7], иɦееɬсɹ 
ɦɧɨɠесɬɜɨ ɪɚɛɨɬ, ɜ ɤɨɬɨɪɵɯ ɬɨчɧɨсɬɶ ɚппɪɨɤсиɦɚɰии ɷɤспɨɧеɧɬɵ сɜɹɡɵɜɚеɬсɹ с 
чисɥɨɦ ɜɡɹɬɵɯ чɥеɧɨɜ ɪɹɞɚ Ɍеɣɥɨɪɚ, пɪичеɦ, чеɦ ɛɨɥɶɲе ɜɡɹɬɨ чɥеɧɨɜ, ɬеɦ ɬɨчɧее 
ɚппɪɨɤсиɦɚɰиɹ Д8-9]. Дɥɹ пɨɜɵɲеɧиɹ сɤɨɪɨсɬи сɯɨɞиɦɨсɬи ɚппɪɨɤсиɦɚɰии (чɬɨ 
иɡɜесɬɧɨ пɪɚɤɬичесɤи, ɯɨɬɹ и ɧе ɞɨɤɚɡɚɧɨ ɬеɨɪеɬичесɤи), ɧɚ ɨсɧɨɜе ɪɹɞɚ Ɍеɣɥɨɪɚ 
пɨсɬɪɨеɧɚ ɞɪɨɛɧɨ-ɪɚɰиɨɧɚɥɶɧɚɹ ɚппɪɨɤсиɦɚɰиɹ Пɚɞе [10].  
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Целɶ ɪаɛоɬы 

ɐеɥɶɸ ɪɚɛɨɬɵ ɹɜɥɹеɬсɹ иссɥеɞɨɜɚɧие сɨɨɬɧɨɲеɧиɹ ɬɨчɧɨсɬи ɚппɪɨɤсиɦɚɰии 
ɨпеɪɚɬɨɪɚ ɡɚпɚɡɞɵɜɚɧиɹ и ɭсɬɨɣчиɜɨсɬи ɷɬɨɣ ɚппɪɨɤсиɦɚɰии пɪи испɨɥɶɡɨɜɚɧии ɪɹɞɚ 
Ɍеɣɥɨɪɚ и ɚппɪɨɤсиɦɚɰии Пɚɞе. 

Ɉсɧовɧаɹ часɬɶ 

Ɉɛɳеиɡɜесɬɧɨ, чɬɨ ɷɤспɨɧеɧɬɚ ɚппɪɨɤсиɦиɪɭеɬсɹ ɪɹɞɨɦ Ɍеɣɥɨɪɚ ɜ ɜиɞе: 
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В сɨɨɬɜеɬсɬɜии с ɭɤɚɡɚɧɧɨɣ ɚппɪɨɤсиɦɚɰиеɣ ɜ ɬеɨɪии сисɬеɦ ɷɤспɨɧеɧɬɭ 
ɡɚпɚɡɞɵɜɚɧиɹ, ɬɨ есɬɶ ɨпеɪɚɬɨɪ, пɨɥɭчеɧɧɵɣ ɜ ɪеɡɭɥɶɬɚɬе пɪеɨɛɪɚɡɨɜɚɧиɹ Ʌɚпɥɚсɚ 
ɡɚɞеɪɠɤи сигɧɚɥɚ ɧɚ ɜɪеɦɹ  , ɡɚписɵɜɚɸɬ ɜ ɜиɞе: 
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гɞе s  – ɨпеɪɚɬɨɪ Ʌɚпɥɚсɚ. 
Ɉɞɧɚɤɨ ɨɤɚɡɵɜɚеɬсɹ, чɬɨ ɬɚɤɨе пɪеɞсɬɚɜɥеɧие ɧе ɜпɨɥɧе ɤɨɪɪеɤɬɧɨ. Пɪи n > 4 

ɜɵɪɚɠеɧие ɜ пɪɚɜɨɣ чɚсɬи ɬеɪɹеɬ ɭсɬɨɣчиɜɨсɬɶ. Пɪичеɦ, гɪɚɧиɰɚ ɭсɬɨɣчиɜɨсɬи ɧе 
ɡɚɜисиɬ ɨɬ ɜɪеɦеɧи ɡɚпɚɡɞɵɜɚɧиɹ.  

Дɨɤɚɠеɦ ɷɬɨ ɚɧɚɥиɬичесɤи ɞɥɹ ɭɪɚɜɧеɧиɹ пɹɬɨгɨ пɨɪɹɞɤɚ 
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Дɥɹ ɷɬɨгɨ сɨсɬɚɜиɦ ɬɚɛɥиɰɭ Ɋɚɭсɚ Д4] (ɬɚɛɥ. 1). 
 

Ɍаɛлиɰа 1. 
Ɍɚɛɥиɰɚ Ɋɚɭсɚ ɞɥɹ ɭɪɚɜɧеɧиɹ 5 пɨɪɹɞɤɚ 

Вспɨɦɨгɚɬеɥɶɧɵе 
ɤɨɷффиɰиеɧɬɵ 

Ɉсɧɨɜɧɵе ɤɨɷффиɰиеɧɬɵ 

 с11 = τ5 / 120 с12 = τ3 / 6 с13 = τ 
 с21 = τ4 / 24 с22 = τ2 / 2 с23 = 1 

r3 = с11 / c21 = 0.2· τ с31 = c12 - τ3·  с22  = 0.4 ·   τ4 с32 = c13 - τ3·  с23 = 0.8 ·   τ  

r4 = с21 / c31 = 5· τ / 48 с41 = c22 – τ4·  с32  = 5 ·   τ2 / 12 с42 = c23 – τ4·  с33 = 1  

r5 = с31 / c41 = 0.96· τ с51 = c32 – τ5·  с42  = -0.16 ·   τ   

r6 = с41 / c51 = -2.6· τ < 0    

 

Пɨсɤɨɥɶɤɭ r6 < 0, ɬɨ пɨɥиɧɨɦ пɹɬɨгɨ пɨɪɹɞɤɚ ɧе ɭсɬɨɣчиɜ. Ɇɨɠɧɨ пɨɤɚɡɚɬɶ, чɬɨ 
ɧеɭсɬɨɣчиɜɵ и ɜсе пɨɥиɧɨɦɵ ɛɨɥее ɜɵсɨɤɨгɨ пɨɪɹɞɤɚ. И ɷɬɨɬ ɜɵɜɨɞ ɧе ɡɚɜисиɬ ɨɬ 
ɜеɥичиɧɵ ɡɚпɚɡɞɵɜɚɧиɹ. Дɥɹ иɥɥɸсɬɪɚɰии ɞɚɧɧɨгɨ ɭɬɜеɪɠɞеɧиɹ, ɜɵчисɥиɦ и 
пɪеɞсɬɚɜиɦ ɧɚ ɪис. 1 ɪɚспɪеɞеɥеɧие ɤɨɪɧеɣ ɚппɪɨɤсиɦɚɰии ɷɤспɨɧеɧɬɵ ɞɥɹ n = 4, 5, 10, 

20, 100, 1000 и ɞɥɹ  τ = 0.1, 1, 5, 10, 50, 100. 
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Ɋис. 1.  Ɋɚспɪеɞеɥеɧие ɤɨɪɧеɣ ɷɤспɨɧеɧɬɵ ɡɚпɚɡɞɵɜɚɧиɹ пɪи ɪɚɡɥичɧɵɯ n: ɚ – n = 4;       

ɛ – n = 5; ɜ – n = 10; г – n = 20; ɞ – n = 100; е – n = 1000 

 

Иссɥеɞɭеɦ ɛɨɥее пɨɞɪɨɛɧɨ, ɤɚɤ ɜеɞɭɬ сеɛɹ ɤɨɪɧи si пɪи иɡɦеɧеɧии пɨɪɹɞɤɚ 
ɚппɪɨɤсиɦɚɰии.  Нɚ ɪис. 2 и 3 пɨɤɚɡɚɧɨ иɡɦеɧеɧие ɦɚɤсиɦɚɥɶɧɨɣ ɞеɣсɬɜиɬеɥɶɧɨɣ чɚсɬи 
ɤɨɪɧɹ max(real(si)), ɦиɧиɦɚɥɶɧɨɣ ɞеɣсɬɜиɬеɥɶɧɨɣ чɚсɬи ɤɨɪɧɹ min(real(si)), 

ɦɚɤсиɦɚɥɶɧɨɣ ɦɧиɦɨɣ чɚсɬи ɤɨɪɧɹ max(imag(si)), ɦɚɤсиɦɚɥɶɧɨгɨ ɪɚɡɦɚɯɚ ɦеɠɞɭ 
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ɦɚɤсиɦɚɥɶɧɨɣ и ɦиɧиɦɚɥɶɧɨɣ ɞеɣсɬɜиɬеɥɶɧɵɦи чɚсɬɹɦи ɤɨɪɧеɣ. Иɡ ɪисɭɧɤɨɜ ɜиɞɧɨ, 
чɬɨ с ɪɨсɬɨɦ пɨɪɹɞɤɚ ɚппɪɨɤсиɦɚɰии ɦɚɤсиɦɚɥɶɧɨе ɪɚссɬɨɹɧие ɦеɠɞɭ ɦɚɤсиɦɚɥɶɧɨɣ и 
ɦиɧиɦɚɥɶɧɨɣ ɞеɣсɬɜиɬеɥɶɧɵɦи чɚсɬɹɦи ɤɨɪɧеɣ ɪɚсɬеɬ, ɭсɬɪеɦɥɹɹсɶ ɤ ɛесɤɨɧечɧɨсɬи. 
ɋɤɨɪɨсɬɶ ɪɨсɬɚ ɡɚɜисиɬ ɨɬ ɜɪеɦеɧи ɡɚпɚɡɞɵɜɚɧиɹ ɷɤсɬɪеɦɚɥɶɧɨ, ɬɨ есɬɶ ɨɧɚ 
ɭɜеɥичиɜɚеɬсɹ пɪи ɪɨсɬе ɡɚпɚɡɞɵɜɚɧиɹ ɨɬ 0.1 ɞɨ 5 и ɭɦеɧɶɲɚеɬсɹ пɪи ɞɚɥɶɧеɣɲеɦ 
ɪɨсɬе ɡɚпɚɡɞɵɜɚɧиɹ. 

 

Ɋис. 2. Пɨɜеɞеɧие ɤɨɪɧеɣ ɜ фɭɧɤɰии пɨɪɹɞɤɚ ɚппɪɨɤсиɦɚɰии пɪи n=5..100 и   
ɪɚɡɥичɧɵɯ τ  

 

Ɋис. 3. Пɨɜеɞеɧие ɤɨɪɧеɣ ɜ фɭɧɤɰии пɨɪɹɞɤɚ ɚппɪɨɤсиɦɚɰии пɪи n=5..1000 и 
ɪɚɡɥичɧɵɯ τ 
 

Иɧɬеɪесɧɨ ɨɬɦеɬиɬɶ, чɬɨ пɨсɬɪɨеɧɧɚɹ ɧɚ ɬɨɦ ɠе ɪɹɞе Ɍеɣɥɨɪɚ ɚппɪɨɤсиɦɚɰиɹ 
Пɚɞе иɦееɬ ɡɧɚчиɬеɥɶɧɨ ɛɨɥɶɲиɣ ɡɚпɚс ɭсɬɨɣчиɜɨсɬи. Ɍɚɤ ɞɥɹ ɭɤɚɡɚɧɧɨгɨ ɜɵɲе ɧɚɛɨɪɚ 
ɜɪеɦеɧ ɡɚпɚɡɞɵɜɚɧиɹ сиɦɦеɬɪичɧɚɹ ɚппɪɨɤсиɦɚɰиɹ Пɚɞе ɭсɬɨɣчиɜɚ ɞɨ 75 пɨɪɹɞɤɚ. 
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Пɪичеɦ, ɤɚɤ и ɜ сɥɭчɚе ɪɹɞɚ Ɍеɣɥɨɪɚ, ɭсɬɨɣчиɜɨсɬɶ ɧе ɡɚɜисиɬ ɨɬ ɜɪеɦеɧи 
ɡɚпɚɡɞɵɜɚɧиɹ.  Ɉɞɧɚɤɨ, пɪи пɨɪɹɞɤе 75 ɤɨɪɧи ɨɤɚɡɵɜɚɸɬсɹ ɧɚсɬɨɥɶɤɨ ɛɥиɡɤиɦи ɤ 
ɦɧиɦɨɣ ɨси, чɬɨ чисɥеɧɧɨе ɦɨɞеɥиɪɨɜɚɧие пɨɤɚɡɵɜɚеɬ ɧеɭсɬɨɣчиɜɵɣ пɪɨɰесс. Ɍɚɤ чɬɨ 
ɪеɚɥɶɧɵɦ пɨɪɹɞɤɨɦ, пɪи ɤɨɬɨɪɨɦ ɚппɪɨɤсиɦɚɰиɹ сɯɨɞиɬсɹ, ɹɜɥɹеɬсɹ 70. И 
ɞеɣсɬɜиɬеɥɶɧɨ, с ɭɜеɥичеɧиеɦ пɨɪɹɞɤɚ пɨсɬепеɧɧɨ ɭɥɭчɲɚеɬсɹ ɤɚчесɬɜɨ 
ɚппɪɨɤсиɦɚɰии. 

Ɋеɡɭлɶɬаɬы исслеɞоваɧиɹ 

Ɋеɡɭɥɶɬɚɬɵ иссɥеɞɨɜɚɧиɹ гɪɚɧиɰ ɭсɬɨɣчиɜɨсɬи ɚппɪɨɤсиɦɚɰии ɨпеɪɚɬɨɪɚ 
ɡɚпɚɡɞɵɜɚɧиɹ ɪɹɞɨɦ Ɍеɣɥɨɪɚ пɨɤɚɡɵɜɚɸɬ, чɬɨ ɤɨɥичесɬɜɨ ɞɨпɭсɬиɦɵɯ чɥеɧɨɜ ɪɹɞɚ ɞɥɹ 
ɚппɪɨɤсиɦɚɰии ɷɤспɨɧеɧɰиɚɥɶɧɨɣ фɭɧɤɰии ɪɚɜɧɨ пɹɬи, с егɨ пɪеɜɵɲеɧиеɦ ɬеɪɹеɬсɹ 
ɭсɬɨɣчиɜɨсɬɶ ɚппɪɨɤсиɦɚɰии. Аɧɚɥиɡ ɤɨɪɧеɣ пɪи иɡɦеɧеɧии пɨɪɹɞɤɚ ɚппɪɨɤсиɦɚɰии 
пɨɤɚɡɵɜɚеɬ, чɬɨ с ɪɨсɬɨɦ пɨɪɹɞɤɚ ɚппɪɨɤсиɦɚɰии ɦɚɤсиɦɚɥɶɧɨе ɪɚссɬɨɹɧие ɦеɠɞɭ 
ɦɚɤсиɦɚɥɶɧɨɣ и ɦиɧиɦɚɥɶɧɨɣ ɞеɣсɬɜиɬеɥɶɧɵɦи чɚсɬɹɦи ɤɨɪɧеɣ ɪɚсɬеɬ, ɭсɬɪеɦɥɹɹсɶ ɤ 
ɛесɤɨɧечɧɨсɬи. В ɬɨ ɠе ɜɪеɦɹ испɨɥɶɡɨɜɚɧие сиɦɦеɬɪичɧɨɣ ɚппɪɨɤсиɦɚɰии Пɚɞе ɞɚеɬ 
ɭсɬɨɣчиɜɨе ɪеɲеɧие, ɧе ɡɚɜисɹɳее ɨɬ ɜɪеɦеɧи ɡɚпɚɡɞɵɜɚɧиɹ, пɪи ɛɨɥɶɲɨɦ пɨɪɹɞɤе 

ɬеɨɪеɬичесɤи ɪɚɜɧɨɦ 75, ɚ пɪɚɤɬичесɤи - 70. Ɍɨчɧɨсɬɶ ɚппɪɨɤсиɦɚɰии Пɚɞе с 
ɭɜеɥичеɧиеɦ чисɥɚ чɥеɧɨɜ, ɤɚɤ и ɨɠиɞɚɥɨсɶ, пɥɚɜɧɨ ɭɜеɥичиɜɚеɬсɹ.  

Вывоɞы 

Пɪи испɨɥɶɡɨɜɚɧии ɚппɪɨɤсиɦɚɰии ɨпеɪɚɬɨɪɨɜ ɞɨɤɚɡɚɬеɥɶсɬɜɚ сɯɨɞиɦɨсɬи 
сɨɨɬɜеɬсɬɜɭɸɳегɨ фɭɧɤɰиɨɧɚɥɶɧɨгɨ ɪɹɞɚ ɧеɞɨсɬɚɬɨчɧɨ и, сɨɛсɬɜеɧɧɨ, сɯɨɞиɦɨсɬɶ 
ɧиɤɚɤ ɧе гɚɪɚɧɬиɪɭеɬ пɪиɦеɧиɦɨсɬи ɪɹɞɚ. Пɨɦиɦɨ сɯɨɞиɦɨсɬи ɧеɨɛɯɨɞиɦɨ 
иссɥеɞɨɜɚɬɶ ɭсɬɨɣчиɜɨсɬɶ и ее пɨɜеɞеɧие ɜ ɡɚɜисиɦɨсɬи ɨɬ пɨɪɹɞɤɚ ɚппɪɨɤсиɦɚɰии и, 
ɜɨɡɦɨɠɧɨ, пɚɪɚɦеɬɪɨɜ ɚппɪɨɤсиɦиɪɭеɦɨгɨ ɨпеɪɚɬɨɪɚ. 
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Дɨсɥɿɞɠɭɸɬɶсɹ ɨсɨɛɥиɜɨсɬеɣ ɦɨɞеɥɸɜɚɧɧɹ ɨпеɪɚɬɨɪɚ ɡɚпɿɡɧеɧɧɹ ɿɡ ɜиɤɨɪисɬɚɧɧɹɦ 
ɪɹɞɿɜ Ɍеɣɥɨɪɚ ɿ Пɚɞе. Ɇеɬɨɸ ɞɨсɥɿɞɠеɧɧɹ є ɜиɡɧɚчеɧɧɹ ɦеɠ сɬɿɣɤɨсɬɿ ɚпɪɨɤсиɦɚɰɿʀ 
ɡɚпɿɡɧеɧɧɹ ɪɹɞɨɦ Ɍеɣɥɨɪɚ пɪи ɡɛɿɥɶɲеɧɧɿ ɤɿɥɶɤɨсɬɿ чɥеɧɿɜ ɪɹɞɭ. Нɚɭɤɨɜɨɸ 
ɡɧɚчиɦɿсɬɸ ɪɨɛɨɬи є ɭɬɨчɧеɧɧɹ ɭɦɨɜ ɡɚсɬɨсɭɜɚɧɧɹ ɪɹɞɭ Ɍеɣɥɨɪɚ ɞɥɹ ɚпɪɨɤсиɦɚɰɿʀ 
ɨпеɪɚɬɨɪɚ ɡɚпɿɡɧеɧɧɹ, ɳɨ сɬɚɥɨ ɨсɨɛɥиɜɨ ɚɤɬɭɚɥɶɧɨ ɜ ɡɜ’ɹɡɤɭ ɿɡ пɨɲиɪеɧɧɹɦ 
сɭчɚсɧиɯ пɪɨгɪɚɦɧиɯ пɚɤеɬɿɜ, ɹɤɿ ɞɨɡɜɨɥɹɸɬɶ пɪеɰиɡɿɣɧе ɦɨɞеɥɸɜɚɧɧɹ сɤɥɚɞɧиɯ 
сисɬеɦ. Дɥɹ ɜиɡɧɚчеɧɧɹ ɦеɠ сɬɿɣɤɨсɬɿ ɜиɤɨɪисɬɚɧɨ ɤɪиɬеɪɿɣ Ɋɚɭсɚ. Ȼɭɜ пɪɨɜеɞеɧиɣ 
ɪɨɡɪɚɯɭɧɨɤ ɪɨɡпɨɞɿɥеɧɧɹ ɤɨɪɧɿɜ ɚпɪɨɤсиɦɚɰɿʀ ɞɥɹ ɪɿɡɧɨʀ ɤɿɥɶɤɨсɬɿ чɥеɧɿɜ ɪɹɞɭ ɿ 
ɜеɥичиɧи чɚсɭ ɡɚпɿɡɧеɧɧɹ.  
Ɉɬɪиɦɚɧɨ ɜисɧɨɜɨɤ, ɳɨ ɞɨɤɚɡɭ ɡɛɿɠɧɨсɬɿ ɜɿɞпɨɜɿɞɧɨгɨ фɭɧɤɰɿɨɧɚɥɶɧɨгɨ ɪɹɞɭ 
ɧеɞɨсɬɚɬɧɶɨ, ɿ, ɡɛɿɠɧɿсɬɶ ɧɿɹɤ ɧе гɚɪɚɧɬɭє сɬɿɣɤɨсɬɿ ɚпɪɨɤсиɦɚɰɿʀ ɧɚ ɨсɧɨɜɿ ɪɹɞɭ. 
Пɪɚɤɬичɧиɦ ɡɧɚчеɧɧɹɦ ɪеɡɭɥɶɬɚɬɿɜ ɪɨɛɨɬи є ɨɛґɪɭɧɬɭɜɚɧɧɹ ɜиɦɨги ɞɨсɥɿɞɠеɧɧɹ ɧе 
ɬɿɥɶɤи ɡɛɿɠɧɨсɬɿ фɭɧɤɰɿɨɧɚɥɶɧɨгɨ ɪɹɞɭ, ɚɥе ɿ ɣɨгɨ сɬɿɣɤɨсɬɿ ɜ ɡɚɥеɠɧɨсɬɿ ɜɿɞ пɨɪɹɞɤɭ 
ɚпɪɨɤсиɦɚɰɿʀ ɿ, пɚɪɚɦеɬɪɿɜ ɚпɪɨɤсиɦɭɸчɨгɨ ɨпеɪɚɬɨɪɚ.  
Ʉлючові слова: ɚпɪɨɤсиɦɚɰɿɹ, ɪɹɞ, Ɍеɣɥɨɪ,  сɬɿɣɤɿсɬɶ, еɤспɨɧеɧɬɚ, ɨпеɪɚɬɨɪ, 

ɡɚпɿɡɧеɧɧɹ.  
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The article is devoted to the research of delay operator modeling features using Taylor and 

Pade series. The purpose of the research is to determine the stability boundaries for 

approximation of the delay operator by Taylor series when the number of terms in the 

series is increasing. The scientific significance of the research states the Taylor series 

applicability conditions for the delay operator modelling. The conditions are important for 

modern software that allows precise modeling of complex systems. The Routh criterion is 

used to determine the stability boundaries. The calculations of the delay operator 

approximation poles for different number of series terms and the delay value were made.  

The scientific value of the research is the conclusion that the proof of corresponding 

functional series convergence is insufficient to use this series in modelling systems. The 

convergence of series does not guarantee the approximation stability and, respectively, 

applicability of the series.  

The practical value of the work results is grounded on the requirement to investigate not 

only convergence of the series, but also the approximation stability taking into account the 

approximation order and the operator parameters.  

Keywords: approximation, series, Taylor, stability, Pade, operator, time delay, modelling.  
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