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Кванттық компьютерлерді қҧрастырудағы негізгі кедергілер: 

 ӛте жоғарғы деңгейде ӛлшеуді қамтамасыз ету керек; 

 сыртқы әрекеттердің (магнит ӛрісінің) әсерінен кванттық жүйе істен шығып немесе 
есептеуде қателіктер жіберуі мүмкін. 

Кванттық компьютерлерді құрастыру XXI ғасырдың негізгі мәселесі болып отыр. 

2010-шы жылдан бері кванттық компьютерлердің шектелген нұсқалары ғана 

құрастырылды.Сонымен қатар,қазіргі кванттық компьютерлер классикалық 

компьютерлермен салыстырғанда мультимедиялық ақпараттарды кӛруде, ӛңдеуде еш 

артықшылық кӛрсетпейді, олар тек түрлі кодтар мен шифрларды ӛте үлкен жылдамдықпен 

есептейді[4]. Болашақта кванттық компьютерлердің перспективасы ӛте жоғары.Кванттық 

компьютерді құрастыру уақытқа және ғылымның дамуына тікелей байланысты.  
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В данной статье изложен принцип использования квантовых эффектов некоторых 

полупроводниковых элементов, способных поглощать энергию в широком диапазоне 

спектра электромагнитных волн, и излучать узкий спектр волн (здесь под спектром 

подразумевается диапазон частот излучения), где спектр излучения зависит только от его 

размера обспечивающий дискретность сообщений. Изменяя размер квантовой точки, можно 

регулировать частоту еѐ излучения, позволяющий использовать вейвлетное преобразование 

как действие полосового фильтра или взаимную корреляцию, для определения 

местонахождения сингулярностей и их распределения а также изменения энергетического 

уровня  при  различных воздействиях из вне.   

Квантовые основы энергии. В работе [1] изложен принцип, который обеспечивает, 

существование атомных структур, где электроны удерживаются в атоме благодаря работе 

специальных программных манипуляций. Напомним, что по логике «цифрового» 

физического мира, электрон представляет собой квантовый пульсатор [2], т.е. неопределѐнно 

долгую цепочку циклических мгновенных смен всего двух состояний – с характерной 
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ɱɚɫɬɨɬɨɣ   , ɨɩɪɟɞɟɥɹɟɦɨɣ ɫɨɨɬɧɨɲɟɧɢɟɦ ɞɟ Ȼɪɨɣɥɹ      =        ɝɞɟ   - ɩɨɫɬɨɹɧɧɚɹ 
ɉɥɚɧɤɚ,   - ɦɚɫɫɚ ɩɨɤɨɹ ɷɥɟɤɬɪɨɧɚ, c – ɫɤɨɪɨɫɬɶ ɫɜɟɬɚ. ɑɚɫɬɨɬɭ ne, ɪɚɜɧɭɸ 1.24×10E-20 Ƚɰ, 
ɦɵ ɧɚɡɵɜɚɟɦ ɷɥɟɤɬɪɨɧɧɨɣ ɱɚɫɬɨɬɨɣ – ɧɚɥɢɱɢɟ ɭ ɱɚɫɬɢɰɵ ɤɜɚɧɬɨɜɵɯ ɩɭɥɶɫɚɰɢɣ ɧɚ ɷɬɨɣ 
ɱɚɫɬɨɬɟ ɨɡɧɚɱɚɟɬ ɧɚɥɢɱɢɟ ɭ ɧɟɺ ɷɥɟɦɟɧɬɚɪɧɨɝɨ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɡɚɪɹɞɚ, ɡɧɚɤ ɠɟ ɟɝɨ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɮɚɡɨɣ ɷɬɢɯ ɩɭɥɶɫɚɰɢɣ [3]. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɤɜɚɧɬɨɜɵɟ ɩɭɥɶɫɚɬɨɪɵ ɩɪɟɞɫɬɚɜɥɹɸɬ 
ɷɥɟɦɟɧɬɚɪɧɵɟ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɡɚɪɹɞɵ (ɱɚɫɬɢɰɵ), ɤɨɬɨɪɵɯ ɦɨɠɧɨ ɧɚɡɵɜɚɬɶ ɤɜɚɧɬɨɜɵɦɢ 
ɬɨɱɤɚɦɢ [5]. Ɉɞɧɚɤɨ  ɧɟɤɨɬɨɪɵɟ ɤɜɚɧɬɨɜɵɟ  ɷɮɮɟɤɬɵ ɦɨɠɧɨ ɨɛɧɚɪɭɠɢɬɶ ɢ ɛɨɥɟɟ ɤɪɭɩɧɵɯ 
ɷɮɮɟɤɬɨɜ. 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɚɥɝɨɪɢɬɦ, ɫɜɹɡɭɸɳɢɣ ɷɥɟɤɬɪɨɧ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɟɦɭ ɩɪɨɬɨɧ ɹɞɪɚ, 
ɩɨɩɟɪɟɦɟɧɧɨ ɩɪɟɪɵɜɚɟɬ ɢɯ ɩɭɥɶɫɚɰɢɢ ɧɚ ɷɥɟɤɬɪɨɧɧɨɣ ɱɚɫɬɨɬɟ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɨɢɡɜɨɞɢɬɫɹ 
ɰɢɤɥɢɱɟɫɤɢɣ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɣ ɩɟɪɟɛɪɨɫ ɷɧɟɪɝɢɢ ɤɜɚɧɬɨɜɵɯ ɩɭɥɶɫɚɰɢɣ. ɗɧɟɪɝɢɹ ɷɬɨɝɨ 
ɰɢɤɥɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɡɚɜɢɫɢɬ ɨɬ ɪɚɫɫɬɨɹɧɢɹ, ɧɚ ɤɨɬɨɪɨɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɟɪɟɛɪɨɫ – ɩɪɢɱɺɦ, 
ɷɬɚ ɷɧɟɪɝɢɹ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɭɛɵɥɶɸ  ɦɚɫɫ ɫɜɹɡɭɟɦɵɯ  ɱɚɫɬɢɰ, ɚ ɭɛɵɜɚɧɢɟ ɦɚɫɫ ɡɚɜɢɫɢɬ ɨɬ 
ɩɟɪɢɨɞɚ ɩɨɩɟɪɟɦɟɧɧɵɯ ɩɪɟɪɵɜɚɧɢɣ. ɉɨɷɬɨɦɭ ɩɪɨɬɨɧ ɢ ɷɥɟɤɬɪɨɧ, ɢɫɩɵɬɵɜɚɸɳɢɟ 
ɜɵɲɟɧɚɡɜɚɧɧɵɟ ɩɪɟɪɵɜɚɧɢɹ ɫ ɨɩɪɟɞɟɥɺɧɧɵɦ ɩɟɪɢɨɞɨɦ, ɜɵɧɭɠɞɟɧɵ ɧɚɯɨɞɢɬɶɫɹ ɧɚ 
ɨɩɪɟɞɟɥɺɧɧɨɦ ɪɚɫɫɬɨɹɧɢɢ ɞɪɭɝ ɨɬ ɞɪɭɝɚ – ɷɬɨ ɢ ɟɫɬɶ ɩɪɢɧɰɢɩ ɫɬɪɭɤɬɭɪɧɨɣ ɫɜɹɡɢ ɧɚ ɞɟɮɟɤɬɟ 
ɦɚɫɫ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɭ ɫɜɹɡɚɧɧɵɯ ɩɪɨɬɨɧɚ ɢ ɷɥɟɤɬɪɨɧɚ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɡɚɪɹɞɵ ɨɤɚɡɵɜɚɸɬɫɹ ɜ 
ɛɵɬɢɢ ɩɨɩɟɪɟɦɟɧɧɨ  ɫɦɟɧɹɹ ɞɪɭɝ ɞɪɭɝɚ. ɉɪɢ ɷɬɨɦ, ɜɪɟɦɟɧɧɨɣ  ɢɧɬɟɪɜɚɥ (ɩɟɪɢɨɞ) ɹɜɥɹɟɬɫɹ 
ɩɨɤɚɡɚɬɟɥɟɦ ɬɨɝɨ, ɧɚɫɤɨɥɶɤɨ ɛɨɥɶɲɨɣ ɫɞɜɢɝ ɜɞɨɥɶ ɨɫɢ ɜɪɟɦɟɧɢ ɬɪɟɛɭɟɬɫɹ ɞɥɹ ɩɨɬɟɪɢ 
ɤɨɪɪɟɥɹɰɢɢ ɦɟɠɞɭ ɧɢɦɢ – ɩɨɞɨɛɧɚ ɜɪɟɦɟɧɧɨɣ ɤɨɧɫɬɚɧɬɟ ɮɢɥɶɬɪɚ ɧɢɡɤɢɯ ɱɚɫɬɨɬ [2, 3,6]. ɇɚ 
ɨɫɧɨɜɚɧɢɢ ɫɬɪɭɤɬɭɪɧɨɣ ɫɜɹɡɢ ɧɚ ɞɟɮɟɤɬɟ ɦɚɫɫ, ɦɨɠɧɨ ɫɤɚɡɚɬɶ, ɱɬɨ ɷɧɟɪɝɢɹ ɡɚɜɢɫɢɬ ɨɬ 
ɩɟɪɢɨɞɚ ɩɪɟɪɵɜɚɧɢɣ ɢ ɩɪɢ ɷɬɨɦ, ɢɡɦɟɧɟɧɢɟ ɫɤɜɚɠɧɨɫɬɢ (ɜ %) ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɯɚɪɚɤɬɟɪɢɡɭɟɬ 
ɨɬɤɥɨɧɟɧɢɟ (ɢɡɦɟɧɟɧɢɟ) ɷɧɟɪɝɢɢ. ɨɬ ɜɧɟɲɧɢɯ ɜɨɡɞɟɣɫɬɜɢɹ. Ⱦɥɹ ɝɪɚɮɢɱɟɫɤɨɝɨ ɩɪɟɞɫɬɚɜɥɟɧɢɹ 
ɪɚɫɫɦɨɬɪɢɦ ɫɯɟɦɭ ɢɡɦɟɧɟɧɢɹ ɫɤɜɚɠɧɨɫɬɢ Ɋɢɫ.1. 

Ɂɚɪɹɞɨɜɵɣ ɪɚɡɛɚɥɚɧɫ. ɋɜɹɡɤɢ «ɩɪɨɬɨɧ-ɷɥɟɤɬɪɨɧ», ɫɦɟɧɹɸɳɢɟ ɞɪɭɝ ɞɪɭɝɚ 
(ɩɪɟɛɵɜɚɧɢɹ) ɜ ɛɵɬɢɢ ɡɚɪɹɞɚ ɩɪɨɬɨɧɚ ɢ ɡɚɪɹɞɚ ɷɥɟɤɬɪɨɧɚ ɞɥɹɬɫɹ ɨɞɢɧɚɤɨɜɵɟ ɩɪɨɦɟɠɭɬɤɢ 
ɜɪɟɦɟɧɢ, ɚ ɢɦɟɧɧɨ, ɩɨɥɩɟɪɢɨɞɚ ɫɜɹɡɭɸɳɢɯ ɩɪɟɪɵɜɚɧɢɣ, ɬɨ ɫɤɜɚɠɧɨɫɬɶ ɷɬɢɯ ɩɪɟɪɵɜɚɧɢɣ 
ɛɭɞɟɬ ɪɚɜɧɚ 50%. ȿɫɥɢ ɷɬɚ ɫɤɜɚɠɧɨɫɬɶ ɨɫɬɚɜɚɥɚɫɶ ɛɵ ɧɟɢɡɦɟɧɧɨɣ, ɬɨ ɧɚ ɢɧɬɟɪɜɚɥɚɯ  ɜɪɟɦɟɧɢ 
ɦɧɨɝɨ ɛɨɥɶɲɢɯ ɩɟɪɢɨɞɚ ɩɪɟɪɵɜɚɧɢɢ, ɫɜɹɡɤɚ «ɩɪɨɬɨɧ-ɷɥɟɤɬɪɨɧ» ɜɟɥɚ ɛɵ ɫɟɛɹ ɤɚɤ 
ɷɥɟɤɬɪɢɱɟɫɤɢ ɧɟɣɬɪɚɥɶɧɨɣ. ɉɪɢ ɫɞɜɢɝɟ ɫɤɜɚɠɧɨɫɬɢ ɜ ɬɭ ɢɥɢ ɢɧɭɸ ɫɬɨɪɨɧɭ ɨɬ ɰɟɧɬɪɚɥɶɧɨɝɨ 
ɡɧɚɱɟɧɢɹ, ɜɨɡɧɢɤɚɟɬ ɡɚɪɹɞɨɜɵɣ ɪɚɡɛɚɥɚɧɫ, ɨɛɭɫɥɨɜɥɟɧɧɵɣ ɞɨɦɢɧɢɪɨɜɚɧɢɟɦ ɩɪɟɛɵɜɚɧɢɹ ɜ 
ɛɵɬɢɢ ɡɚɪɹɞɚ ɬɨɝɨ ɢɥɢ ɢɧɨɝɨ ɡɧɚɤɚ.   

 

 
 

Ɋɢɫɭɧɨɤ 1 – ɋɯɟɦɚ ɫɤɜɚɠɧɨɫɬɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɩɟɪɢɨɞɚɦ ɩɪɟɪɵɜɚɧɢɣ 

 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɚɬɨɦ ɢɦɟɸɳɢɣ ɜ ɫɜɨɺɦ ɫɨɫɬɚɜɟ ɪɚɜɧɵɟ ɤɨɥɢɱɟɫɬɜɚ ɧɨɫɢɬɟɥɟɣ  
ɷɥɟɦɟɧɬɚɪɧɵɯ ɡɚɪɹɞɨɜ ɨɛɨɢɯ ɡɧɚɤɨɜ, ɫɩɨɫɨɛɟɧ ɜɟɫɬɢ ɫɟɛɹ ɤɚɤ ɨɛɥɚɞɚɬɟɥɶ  ɧɟɧɭɥɟɜɨɝɨ 
ɷɮɮɟɤɬɢɜɧɨɝɨ ɡɚɪɹɞɚ– ɧɚ ɢɧɬɟɪɜɚɥɚɯ ɜɪɟɦɟɧɢ ɛɨɥɶɲɢɯ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɩɟɪɢɨɞɨɦ 
ɩɪɟɪɵɜɚɧɢɣ, ɤɨɬɨɪɵɣ ɞɥɹ ɜɧɟɲɧɢɯ ɚɬɨɦɚɪɧɵɯ ɷɥɟɤɬɪɨɧɨɜ ɫɨɫɬɚɜɥɹɟɬ~10-15 ɫ. ɂɡɥɚɝɚɟɦɵɣ 
ɩɨɞɯɨɞ ɫɯɟɦɚɬɢɱɟɫɤɢ ɩɪɨɢɥɥɸɫɬɪɢɪɨɜɚɧ ɧɚ Ɋɢɫɭɧɨɤ 1, ɝɞɟ ɞɥɹ ɤɚɠɞɨɝɨ ɩɟɪɢɨɞɚ ɩɪɟɪɵɜɚɧɢɣ 
ɫɜɹɡɭɸɳɢɯ ɩɪɨɬɨɧ ɢ ɷɥɟɤɬɪɨɧ, ɭɤɚɡɚɧɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɫɤɜɚɠɧɨɫɬɶ ɜ ɩɪɨɰɟɧɬɚɯ. 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɜɵɲɟ ɩɪɢɜɟɞɟɧɧɵɯ ɨɛɫɬɨɹɬɟɥɶɫɬɜ ɦɨɠɧɨ ɫɤɚɡɚɬɶ, ɱɬɨ ɜɨɡɛɭɠɞɚɹ 
ɷɥɟɤɬɪɨɧɚ ɫ ɩɨɦɨɳɶɸ ɷɥɟɤɬɪɢɱɟɫɬɜɚ  ɢɥɢ ɫɜɟɬɚ, ɦɨɠɧɨ, ɬɚɤ ɠɟ ɤɚɤ ɜ ɚɬɨɦɟ ɩɟɪɟɜɟɫɬɢ 
ɷɥɟɤɬɪɨɧ ɜ ɫɨɫɬɨɹɧɢɟ ɫ ɛɨɥɶɲɟɣ ɷɧɟɪɝɢɟɣ. Ⱥ ɩɪɢ ɩɟɪɟɯɨɞɟ ɷɥɟɤɬɪɨɧɚ ɨɛɪɚɬɧɨ ɜ ɫɨɫɬɨɹɧɢɟ ɫ 
ɦɟɧɶɲɟɣ ɷɧɟɪɝɢɟɣ ɢɡɥɭɱɚɟɬɫɹ ɮɨɬɨɧ Ɋɢɫɭɧɨɤ 2.  
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Ɋɢɫɭɧɨɤ 2 – Ƚɪɚɮɢɤ ɢɡɥɭɱɟɧɢɹ ɮɨɬɨɧɚ hv 

 
ɗɧɟɪɝɟɬɢɱɟɫɤɨɟ ɫɨɫɬɨɹɧɢɟ ɤɜɚɧɬɨɜɵɯ ɬɨɱɟɤ. ɉɨ ɞɚɧɧɵɦ [5], ɤɜɚɧɬɨɜɨ-ɪɚɡɦɟɪɧɵɣ 

ɷɮɮɟɤɬ ɢɝɪɚɟɬ ɫɭɳɟɫɬɜɟɧɧɭɸ ɪɨɥɶ ɞɥɹ ɤɪɭɩɢɰ ɜɟɳɟɫɬɜɚ, ɪɚɡɦɟɪ ɤɨɬɨɪɵɯ ɫɨɩɨɫɬɚɜɢɦ ɫ 
ɞɥɢɧɨɣ ɜɨɥɧɵ ɞɟ Ȼɪɨɣɥɹ ɞɥɹ ɷɥɟɤɬɪɨɧɨɜ ɜ ɧɢɯ. ɗɬɨɬ ɷɮɮɟɤɬ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɟɫɥɢ  
«ɡɚɩɟɪɟɬɶ» ɷɥɟɤɬɪɨɧ ɜ ɞɨɫɬɚɬɨɱɧɨ ɦɚɥɟɧɶɤɨɣ ɨɛɥɚɫɬɢ ɩɪɨɫɬɪɚɧɫɬɜɚ ɫ ɞɥɢɧɨɣ ܮ (ɲɢɪɢɧɚ ɹɦɵ) 

ɧɟ ɞɚɜɚɹ ɟɦɭ ɭɛɟɠɚɬɶ, ɬɨ ɟɝɨ ɷɧɟɪɝɢɹ ɫɦɨɠɟɬ ɩɪɢɧɢɦɚɬɶ ɥɢɲɶ ɧɟɤɨɬɨɪɵɟ ɞɨɩɭɫɬɢɦɵɟ 
ɡɧɚɱɟɧɢɹ, ɬ.ɟ. ɫɩɟɤɬɪ ɡɧɚɱɟɧɢɣ ɷɧɟɪɝɢɢ ɫɬɚɧɟɬ ɞɢɫɤɪɟɬɧɵɦ. Ⱦɥɹ ɩɨɹɫɧɟɧɢɹ ɪɚɫɫɦɨɬɪɢɦ 
ɭɫɥɨɜɢɟ ɨɛɪɚɡɨɜɚɧɢɹ ɫɬɨɹɱɢɯ ɜɨɥɧ ɧɚ ɞɥɢɧɟ ܮ, ɝɞɟ ɭɤɥɚɞɵɜɚɟɬɫɹ ɰɟɥɨɟ ɱɢɫɥɨ ɩɨɥɭɜɨɥɧ: 

 

ܮ                                                                           (1)    

 

ɝɞɟ  n = 1,2,3… ɗɬɚ ɮɨɪɦɭɥɚ ɨɩɪɟɞɟɥɹɟɬ ɜɨɡɦɨɠɧɵɟ ɡɧɚɱɟɧɢɹ ɞɥɢɧɵ ɜɨɥɧɵ ɞɟ Ȼɪɨɣɥɹ   ɞɥɹ ɷɥɟɤɬɪɨɧɚ. 
ɉɨɫɤɨɥɶɤɭ ɨɧɚ ɫɜɹɡɚɧɚ ɫ ɢɦɩɭɥɶɫɨɦ ɷɥɟɤɬɪɨɧɚ   ɫɨɨɬɧɨɲɟɧɢɟɦ        ɝɞɟ   - 

ɩɨɫɬɨɹɧɧɚɹ ɉɥɚɧɤɚ, ɚ ɞɥɹ ɩɨɥɧɨɣ ɷɧɟɪɝɢɢ ɷɥɟɤɬɪɨɧɚ ɦɚɫɫɨɣ   ɜ ɧɟɪɟɥɹɬɢɜɢɫɬɫɤɨɦ ɫɥɭɱɚɟ 
ɫɩɪɚɜɟɞɥɢɜɨ ɫɨɨɬɧɨɲɟɧɢɟ        , ɢ ɩɨɫɥɟ ɧɟɤɨɬɨɪɵɯ ɚɪɢɮɦɟɬɢɱɟɫɤɢɯ  ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ  
ɩɨɥɭɱɢɦ  ɮɨɪɦɭɥɭ ɞɥɹ ɜɨɡɦɨɠɧɵɯ ɡɧɚɱɟɧɢɣ ɷɧɟɪɝɢɣ 

  

                              (2) 

 

Ɉɬɤɭɞɚ ɜɢɞɧɨ, ɱɬɨ ɫɩɟɤɬɪ ɷɧɟɪɝɢɢ ɞɢɫɤɪɟɬɟɧ, ɚ ɞɨɩɭɫɬɢɦɵɟ ɡɧɚɱɟɧɢɹ ɡɚɜɢɫɹɬ ɨɬ ɱɢɫɥɚ   ɚ Ɋɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɷɧɟɪɝɟɬɢɱɟɫɤɢɦɢ ɭɪɨɜɧɹɦɢ ɪɚɜɧɨ 

 

                                                                                 (3) 

 

ɂɡ ɮɨɪɦɭɥɵ ɫɥɟɞɭɟɬ, ɱɬɨ ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɷɧɟɪɝɟɬɢɱɟɫɤɢɦɢ ɭɪɨɜɧɹɦɢ ɛɵɫɬɪɨ 
ɭɦɟɧɶɲɚɟɬɫɹ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɪɚɡɦɟɪɚ ɤɜɚɧɬɨɜɨɣ ɬɨɱɤɢ ܮ. ɉɪɢ ɞɨɫɬɚɬɨɱɧɨ ɦɚɥɨɦ     ɦɵ 
ɩɪɨɫɬɨ ɩɟɪɟɫɬɚɧɟɦ ɪɚɡɥɢɱɚɬɶ ɨɬɞɟɥɶɧɵɟ ɭɪɨɜɧɢ, ɧɚɫɬɨɥɶɤɨ ɛɥɢɡɤɨ ɞɪɭɝ ɤ ɞɪɭɝɭ ɨɧɢ ɛɭɞɭɬ 
ɪɚɫɩɨɥɚɝɚɬɶɫɹ. ɉɪɢ ɷɬɨɦ ɫɩɟɤɬɪ ɷɧɟɪɝɢɢ  ɧɟ ɛɭɞɟɬ ɨɬɥɢɱɚɬɶɫɹ ɨɬ ɧɟɩɪɟɪɵɜɧɨɝɨ. Ʉɪɨɦɟ ɬɨɝɨ, 
ɧɚ ɨɫɧɨɜɚɧɢɢ ɫɨɨɬɧɨɲɟɧɢɹ ɞɟ Ȼɪɨɣɥɹ, ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɷɧɟɪɝɟɬɢɱɟɫɤɢɦɢ ɭɪɨɜɧɹɦɢ     

ɪɚɜɧɨ ɷɧɟɪɝɢɢ      ɢɡɥɭɱɚɟɦɨɝɨ ɤɜɚɧɬɚ ɩɪɢ ɩɟɪɟɯɨɞɟ ɷɥɟɤɬɪɨɧɚ ɦɟɠɞɭ ɷɬɢɦɢ ɭɪɨɜɧɹɦɢ 
(   ɱɚɫɬɨɬɚ ɢɡɥɭɱɟɧɢɹ). ɉɨɷɬɨɦɭ, ɢɡɦɟɧɹɹ ɪɚɡɦɟɪ ɤɜɚɧɬɨɜɨɣ ɬɨɱɤɢ, ɦɨɠɧɨ ɪɟɝɭɥɢɪɨɜɚɬɶ 
ɱɚɫɬɨɬɭ ɟɺ ɢɡɥɭɱɟɧɢɹ. ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ܮ ɱɚɫɬɨɬɚ ɢɡɥɭɱɟɧɢɹ ɩɚɞɚɟɬ, ɫɜɟɬ ɫɦɟɳɚɟɬɫɹ ɜ 
ɤɪɚɫɧɭɸ ɫɬɨɪɨɧɭ ɫɩɟɤɬɪɚ. (ɞɥɹ ɨɬɧɟɫɟɧɢɹ  ɂɄ-ɫɩɟɤɬɪ) ɜ ɫɨɫɬɨɹɧɢɟ  ɫ ɦɟɧɶɲɟɣ  ɷɧɟɪɝɢɟɣ  
ɢɡɥɭɱɚɟɬɫɹ ɮɨɬɨɧ Ɋɢɫ 2. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɜɨɣɫɬɜɨ ɤɜɚɧɬɨɜɵɯ ɬɨɱɟɤ ɜɵɬɟɤɚɟɬ ɢɡ 
ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɯɚɪɚɤɬɟɪɚ ɤɜɚɧɬɨɜɨɣ ɹɦɵ, ɫɬɟɧɤɚɦɢ ɤɨɬɨɪɨɣ ɫɥɭɠɚɬ ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ 
ɛɚɪɶɟɪɵ. ɍɩɪɚɜɥɹɬɶ ɪɚɡɦɟɪɨɦ ɤɜɚɧɬɨɜɨɣ ɹɦɵ, ɚ ɡɧɚɱɢɬ, ɢ ɫɩɟɤɬɪɨɦ ɢɡɥɭɱɟɧɢɹ ɦɨɠɧɨ, 
ɜɨɡɞɟɣɫɬɜɭɹ ɧɚ ɤɜɚɧɬɨɜɭɸ ɬɨɱɤɭ ɷɥɟɤɬɪɢɱɟɫɤɢɦ ɢ ɦɚɝɧɢɬɧɵɦ ɩɨɥɟɦ. 
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ɉɪɢɦɟɧɟɧɢɟ ɤɜɚɧɬɨɜɵɯ ɬɨɱɟɤ ɜ ɫɢɫɬɟɦɟ ɫɜɹɡɢ. Ƚɥɚɜɧɨɟ ɫɜɨɣɫɬɜɨ ɫɢɫɬɟɦɵ ɫɜɹɡɢ 
ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɨɧɚ ɞɨɥɠɧɚ ɬɨɱɧɨ ɢɥɢ ɩɪɢɛɥɢɠɟɧɧɨ ɜɨɫɩɪɨɢɡɜɟɫɬɢ ɜ ɨɩɪɟɞɟɥɟɧɧɨɣ 
ɬɨɱɤɟ ɩɪɨɫɬɪɚɧɫɬɜɚ ɢ ɜɪɟɦɟɧɢ ɧɟɤɨɬɨɪɨɟ ɫɨɨɛɳɟɧɢɟ, ɜɵɛɪɚɧɧɨɟ ɜ ɞɪɭɝɨɣ ɬɨɱɤɟ. ɋɨɨɛɳɟɧɢɟ 
ɜɵɛɢɪɚɟɬɫɹ ɢɡ ɧɟɤɨɬɨɪɨɝɨ ɫɟɦɟɣɫɬɜɚ ɜɨɡɦɨɠɧɵɯ ɫɨɨɛɳɟɧɢɣ. 

ɋɨɝɥɚɫɧɨ ɮɢɡɢɱɟɫɤɨɝɨ ɩɪɢɧɰɢɩɚ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ Ƚɟɣɡɟɧɛɟɪɝɚ, ɝɞɟ ɝɨɜɨɪɢɬɫɹ, ɱɬɨ 
ɧɟɥɶɡɹ ɨɞɧɨɜɪɟɦɟɧɧɨ ɬɨɱɧɨ ɡɧɚɬɶ  ɩɨɥɨɠɟɧɢɟ    ɱɚɫɬɢɰɵ ɢ ɟɟ ɢɦɩɭɥɶɫ    Ɏɚɤɬɢɱɟɫɤɢ,                   Ⱦɠ ɫ, ɧɨ  ɫ ɩɨɦɨɳɶɸ  ɭɪɚɜɧɟɧɢɹ ɗɣɧɲɬɟɣɧɚ        ɷɬɨɬ ɩɪɢɧɰɢɩ  
ɦɨɠɧɨ ɩɟɪɟɧɟɫɬɢ ɜ ɨɛɥɚɫɬɶ ɨɛɪɚɛɨɬɤɢ ɫɢɝɧɚɥɨɜ, ɝɞɟ ɨɧ  ɛɭɞɟɬ ɮɨɪɦɭɥɢɪɨɜɚɬɶɫɹ ɬɚɤ: ɧɟɥɶɡɹ 
ɨɞɧɨɜɪɟɦɟɧɧɨ ɫ ɥɸɛɨɣ ɬɨɱɧɨɫɬɶɸ  ɨɩɪɟɞɟɥɢɬɶ ɜɪɟɦɹ ɢ ɱɚɫɬɨɬɭ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ,    ܶ     ɝɞɟ       ܶ ɨɩɢɫɵɜɚɸɬ ɪɚɡɪɟɲɟɧɢɟ ɩɨ ɱɚɫɬɨɬɟ ɢ  ɩɨ ɜɪɟɦɟɧɢ. ȿɫɥɢ  ɪɚɡɪɟɲɟɧɢɟ  ɩɨ ɜɪɟɦɟɧɢ 
ɜɵɫɨɤɨɟ, ɬɨ ɱɚɫɬɨɬɚ  ɛɭɞɟɬ  ɨɩɪɟɞɟɥɹɬɶɫɹ ɦɟɧɟɟ ɬɨɱɧɨ, ɢ ɧɚɨɛɨɪɨɬ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɦɨɠɟɬ 
ɨɤɚɡɚɬɶɫɹ ɞɨɫɬɚɬɨɱɧɨ  ɫɥɨɠɧɨ ɨɞɧɨɜɪɟɦɟɧɧɨ ɢɡɦɟɪɢɬɶ ɫ ɧɟɨɛɯɨɞɢɦɨɣ ɫɬɟɩɟɧɶɸ ɬɨɱɧɨɫɬɢ 
ɱɚɫɬɨɬɭ ɤɨɦɩɨɧɟɧɬɚ ɫɢɝɧɚɥɚ ɢ ɜɪɟɦɹ ɟɝɨ ɩɨɹɜɥɟɧɢɹ ɢɥɢ ɪɚɡɞɟɥɢɬɶ ɜɨ ɜɪɟɦɟɧɢ ɪɚɡɥɢɱɧɵɟ 
ɱɚɫɬɨɬɧɵɟ ɤɨɦɩɨɧɟɧɬɵ. ɗɬɨ ɦɨɠɟɬ ɩɪɨɢɡɨɣɬɢ, ɟɫɥɢ ɫɢɝɧɚɥ ɫɨɞɟɪɠɢɬ ɤɪɚɬɤɨɜɪɟɦɟɧɧɵɟ 
ɜɵɫɨɤɨɱɚɫɬɨɬɧɵɟ ɤɨɦɩɨɧɟɧɬɵ, ɪɚɫɩɨɥɨɠɟɧɧɵɟ ɫɥɢɲɤɨɦ ɛɥɢɡɤɨ ɤ ɛɨɥɟɟ ɩɪɨɞɨɥɠɢɬɟɥɶɧɵɦ 
ɤɨɦɩɨɧɟɧɬɚɦ ɜɨ ɜɪɟɦɟɧɧɨɣ ɨɛɥɚɫɬɢ, ɤɨɬɨɪɵɟ ɬɚɤɠɟ ɛɥɢɡɤɨ ɪɚɫɩɨɥɨɠɟɧɵ ɜ ɱɚɫɬɨɬɧɨɣ 
ɨɛɥɚɫɬɢ ɢ ɜɨɡɧɢɤɚɸɬ ɜ ɪɚɡɥɢɱɧɵɟ ɦɨɦɟɧɬɵ ɜɪɟɦɟɧɢ. Ɍɚɤɢɟ ɫɢɝɧɚɥɵ ɧɟ ɩɟɪɢɨɞɢɱɧɵ. Ⱦɥɹ 
ɪɟɲɟɧɢɹ ɷɬɨɣ ɨɛɳɟɣ ɩɪɨɛɥɟɦɵ ɱɚɫɬɨɬɧɨ-ɜɪɟɦɟɧɧɨɝɨ ɚɧɚɥɢɡɚ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ  
ɤɜɚɧɬɨɜɵɟ ɷɮɮɟɤɬɵ ɧɟɤɨɬɨɪɵɯ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɯ ɷɥɟɦɟɧɬɨɜ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɜɟɣɜɥɟɬɧɨɝɨ  
ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ (wavelet transform), ɤɨɬɨɪɨɟ ɩɪɟɞɨɫɬɚɜɥɹɟɬ ɫɪɟɞɫɬɜɨ ɞɥɹ ɚɧɚɥɢɡɚ 
ɧɟɫɬɚɰɢɨɧɚɪɧɵɯ ɫɢɝɧɚɥɨɜ [1,7].  

ɋɥɟɞɭɟɬ  ɨɬɦɟɬɢɬɶ, ɱɬɨ ɧɚ ɨɫɧɨɜɚɧɢɢ ɫɩɨɫɨɛɧɨɫɬɢ ɷɥɟɦɟɧɬɚɪɧɵɯ ɱɚɫɬɢɰ (ɷɥɟɤɬɪɨɧ, 
ɮɨɬɨɧ)  ɧɚɯɨɞɢɬɫɹ  ɜ ɫɭɩɟɪɩɨɡɢɰɢɢ, ɜɫɬɪɟɱɚɸɳɢɟɫɹ ɜ ɤɜɚɧɬɨɜɨɣ ɬɟɨɪɢɢ ɷɥɟɤɬɪɨɧɧɵɯ  
ɩɭɥɶɫɚɬɨɪɨɜ, ɦɨɠɧɨ ɜɨɫɫɬɚɧɚɜɥɢɜɚɬɶ ɫɨɨɛɳɟɧɢɟ  ɜ ɥɸɛɨɣ ɬɨɱɤɟ ɩɪɨɫɬɪɚɧɫɬɜɚ, ɩɪɢ ɷɬɨɦ  
ɨɫɧɨɜɵɜɚɟɬɫɹ  ɧɚ ɤɨɪɪɟɥɹɰɢɸ (ɜɡɚɢɦɨɫɜɹɡɢ) ɤɥɚɫɫɢɱɟɫɤɢɯ   ɩɪɟɨɛɪɚɡɨɜɚɧɢɢ Ɏɭɪɶɟ ɢ 
ɫɨɜɪɟɦɟɧɧɵɯ  ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɚɩɩɚɪɚɬɨɜ  ȼɟɣɜɥɟɬ-ɮɭɧɤɰɢɢ.  ȼɟɣɜɥɟɬɧɨɟ  ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ 

(wavelet transform) ɩɪɟɞɨɫɬɚɜɥɹɟɬ ɫɪɟɞɫɬɜɚ ɞɥɹ ɱɚɫɬɨɬɧɨ-ɜɪɟɦɟɧɧɨɝɨ  ɚɧɚɥɢɡɚ 
ɧɟɫɬɚɰɢɨɧɚɪɧɵɯ ɫɢɝɧɚɥɨɜ[1]. ɇɟɫɬɚɰɢɨɧɚɪɧɵɟ ɫɢɝɧɚɥɵ ɫ ɪɚɡɥɢɱɧɵɦɢ ɱɚɫɬɨɬɧɵɦɢ 
ɤɨɦɩɨɧɟɧɬɚɦɢ, ɪɚɫɩɥɨɠɟɧɧɵɦɢ ɜ ɪɚɡɥɢɱɧɵɯ ɩɪɨɦɟɠɭɬɤɚɯ ɜɪɟɦɟɧɢ, ɦɨɠɧɨ ɨɩɢɫɵɜɚɬɶ ɤɚɤ 
ɫɭɦɦɭ ɪɚɡɥɢɱɧɵɯ ɜɟɣɜɥɟɬɧɵɯ ɮɭɧɤɰɢɣ. Ⱦɥɹ ɷɬɨɝɨ ɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜɟɣɜɥɟɬɧɨɟ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ. ɉɪɢ ɷɬɨɦ, ɷɧɟɪɝɟɬɢɱɟɫɤɨɟ ɫɨɞɟɪɠɚɧɢɟ  ɫɨɨɛɳɟɧɢɣ ɦɨɠɧɨ  ɨɩɪɟɞɟɥɢɬɶ ɩɨ 
ɡɧɚɤɭ ɦɚɤɫɢɦɭɦɚ ɢ ɦɢɧɢɦɭɦɚ (ɤɨɧɭɫ Ʌɢɩɳɢɰɚ), ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣ ɭɪɨɜɟɧɶ ɷɧɟɪɝɢɢ, ɝɞɟ ɨɧɚ 
ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɧɚ ɛɨɥɟɟ ɧɢɡɤɢɯ ɱɚɫɬɨɬɚɯ ɢ ɷɤɜɢɜɚɥɟɧɬɧɨ ɭɦɟɧɶɲɚɟɬɫɹ ɧɚ ɛɨɥɟɟ ɜɵɫɨɤɢɯ 
ɱɚɫɬɨɬɚɯ [6,7]. 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɱɬɨɛɵ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɜɨɣɫɬɜɚ (ɤɜɚɧɬɨɜɵɯ ɷɮɮɟɤɬɨɜ) ɜ ɩɟɪɟɞɚɱɟ 

ɞɢɫɤɪɟɬɧɵɯ ɫɨɨɛɳɟɧɢɣ ɫɥɟɞɭɟɬ ɪɚɫɫɦɨɬɪɟɬɶ  ɩɨɜɟɞɟɧɢɟ ɤɜɚɧɬɨɜɵɯ ɬɨɱɟɤ ɫɨɫɬɨɹɳɟɣ ɢɡ 
ɛɨɥɶɲɨɝɨ ɱɢɫɥɚ ɚɬɨɦɨɜ. ɉɨ ɞɚɧɧɵɦ [5], ɞɢɫɤɪɟɬɧɵɣ ɫɩɟɤɬɪ ɷɧɟɪɝɢɢ ɞɟɥɚɟɬ ɩɨɜɟɞɟɧɢɟ 

ɤɜɚɧɬɨɜɨɣ ɬɨɱɤɢ ɫɨɫɬɨɹɳɟɣ ɢɡ ɛɨɥɶɲɨɝɨ ɱɢɫɥɚ  ɚɬɨɦɚ, ɩɨɯɨɠɢɦ ɧɚ ɩɨɜɟɞɟɧɢɟ ɨɞɢɧɨɱɧɨɝɨ 
ɚɬɨɦɚ. ȼɨɡɛɭɠɞɚɹ ɟɟ ɫ ɩɨɦɨɳɶɸ ɷɥɟɤɬɪɢɱɟɫɬɜɚ ɢɥɢ ɫɜɟɬɚ, ɦɨɠɧɨ, ɬɚɤ ɠɟ ɤɚɤ ɜ ɚɬɨɦɟ, 
ɩɟɪɟɜɟɫɬɢ ɷɥɟɤɬɪɨɧ ɜ ɫɨɫɬɨɹɧɢɟ ɫ ɛɨɥɶɲɟ ɷɧɟɪɝɢɟɣ. Ⱥ ɩɪɢ ɩɟɪɟɯɨɞɟ ɷɥɟɤɬɪɨɧɚ ɨɛɪɚɬɧɨ ɜ 
ɫɨɫɬɨɹɧɢɟ ɫ ɦɟɧɶɲɟɣ ɷɧɟɪɝɢɟɣ ɢɡɥɭɱɚɟɬɫɹ ɮɨɬɨɧ (Ɋɢɫ.2). ɋɥɟɞɭɟɬ ɬɚɤɠɟ ɨɬɦɟɬɢɬɶ 
ɨɫɨɛɟɧɧɨɫɬɢ, ɱɬɨ ɫɢɫɬɟɦɚ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɭɪɨɜɧɟɣ ɞɢɫɤɪɟɬɧɚ ɫ ɩɨɫɬɨɹɧɧɵɦ ɢɧɬɟɪɜɚɥɨɦ, 
ɪɚɜɧɵɦ    ɚ ɦɢɧɢɦɚɥɶɧɚɹ ɷɧɟɪɝɢɹ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɧɭɥɟɜɨɦɭ ɭɪɨɜɧɸ ɫɨɫɬɚɜɥɹɟɬ   /2. 

ɋɨɫɬɨɹɧɢɟ ɫ ɧɭɥɟɜɨɣ ɷɧɟɪɝɢɟɣ ɨɬɫɭɬɫɬɜɭɟɬ, ɷɬɨ ɟɫɬɶ ɫɥɟɞɫɬɜɢɟ ɫɨɨɬɧɨɲɟɧɢɢ 
ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɟɣ, ɬɚɤ ɤɚɤ ɟɫɥɢ ɱɚɫɬɢɰɚ ɛɭɞɟɬ ɧɚɯɨɞɢɬɶɫɹ ɧɚ ɫɚɦɨɦ ɞɧɟ ɩɨɬɟɧɰɢɚɥɶɧɨɣ 
ɹɦɵ, ɬɨ ɷɬɨ ɛɭɞɟɬ ɨɡɧɚɱɚɬɶ, ɱɬɨ ɟɟ ɤɨɨɪɞɢɧɚɬɚ ɢ ɢɦɩɭɥɶɫ  ɨɞɧɨɜɪɟɦɟɧɧɨ ɬɨɱɧɨ ɨɩɪɟɞɟɥɟɧɵ, 
ɱɬɨ ɧɟɜɨɡɦɨɠɧɨ. [5,7]. ɗɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɬɟɦ, ɱɬɨ ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɷɧɟɪɝɟɬɢɱɟɫɤɢɦɢ 
ɭɪɨɜɧɹɦɢ ɛɵɫɬɪɨ ɭɦɟɧɶɲɚɟɬɫɹ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɪɚɡɦɟɪɚ ɤɜɚɧɬɨɜɨɣ ɬɨɱɤɢ ܮ ɢ ɩɪɢ  ɞɨɫɬɚɬɨɱɧɨ 
ɦɚɥɨɦ      ɦɵ ɩɪɨɫɬɨ ɩɟɪɟɫɬɚɟɦ ɪɚɡɥɢɱɚɬɶ ɨɬɞɟɥɶɧɵɟ ɭɪɨɜɧɢ, ɧɚɫɬɨɥɶɤɨ ɛɥɢɡɤɨ ɞɪɭɝ ɤ ɞɪɭɝɭ 
ɨɧɢ ɛɭɞɭɬ ɪɚɫɩɨɥɚɝɚɬɶɫɹ. Ʉɪɨɦɟ ɬɨɝɨ,  ɢɡɦɟɧɹɹ ɪɚɡɦɟɪ ɤɜɚɧɬɨɜɨɣ ɬɨɱɤɢ, ɦɨɠɧɨ ɪɟɝɭɥɢɪɨɜɚɬɶ 
ɱɚɫɬɨɬɭ ɟɺ ɢɡɥɭɱɟɧɢɹ, ɬ.ɟ. ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ܮ ɱɚɫɬɨɬɚ ɢɡɥɭɱɟɧɢɹ ɩɚɞɚɟɬ, ɫɜɟɬ ɫɦɟɳɚɟɬɫɹ ɜ 
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ɤɪɚɫɧɭɸ ɫɬɨɪɨɧɭ ɫɩɟɤɬɪɚ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ,  ɜɚɠɧɨɟ ɫɜɨɣɫɬɜɚɨ ɞɥɹ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɩɪɢɦɟɧɟɧɢɹ 
ɫɜɨɣɫɬɜɚ ɤɜɚɧɬɨɜɵɯ ɬɨɱɟɤ ɷɬɨ ɫɩɨɫɨɛɧɨɫɬɶ ɩɨɝɥɨɳɚɬɶ ɷɧɟɪɝɢɸ ɜ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ ɫɩɟɤɬɪɚ 
ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɜɨɥɧ, ɚ ɢɡɥɭɱɚɬɶ ɭɡɤɢɣ ɫɩɟɤɬɪ ɜɨɥɧ (ɡɞɟɫɶ ɩɨɞ ɫɩɟɤɬɪɨɦ ɩɨɞɪɚɡɭɦɟɜɚɟɬɫɹ 
ɞɢɚɩɚɡɨɧ ɱɚɫɬɨɬ ɢɡɥɭɱɟɧɢɹ). Ⱦɚɥɟɟ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ  ɜɟɣɜɥɟɬɧɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɤɚɤ 
ɞɟɣɫɬɜɢɟ ɩɨɥɨɫɨɜɨɝɨ ɮɢɥɶɬɪɚ ɢɥɢ ɜɡɚɢɦɧɭɸ ɤɨɪɪɟɥɹɰɢɸ, ɨɩɪɟɞɟɥɹɸɳɢɟ ɦɟɫɬɨɧɚɯɨɠɞɟɧɢɹ 
ɫɢɧɝɭɥɹɪɧɨɫɬɟɣ ɢ ɢɯ ɪɚɫɩɪɟɞɟɥɟɧɢɹ (ɜɟɣɜɥɟɬ – ɮɢɥɶɬɪɵ) [2,6,10].  

Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɧɟɩɟɪɢɨɞɢɱɟɫɤɢɯ ɫɢɝɧɚɥɨɜ. ɇɟɫɬɚɰɢɨɧɚɪɧɵɯ ɫɢɝɧɚɥɨɜ ɦɨɠɧɨ 
ɩɪɟɞɫɬɚɜɢɬɶ ɤɚɤ ɫɢɝɧɚɥɵ ɨɛɪɚɡɭɸɳɢɟ ɟɫɬɟɫɬɜɟɧɧɭɸ ɩɪɨɝɪɟɫɫɢɸ ɫ ɜɨɡɪɚɫɬɚɸɳɟɣ 
ɞɢɫɤɪɟɬɢɡɚɰɢɟɣ [7, 10]. ȼ ɷɬɢɯ ɨɩɪɟɞɟɥɟɧɢɹɯ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɫɢɝɧɚɥ s(t) ɤɜɚɞɪɚɬɢɱɧɨ 
ɢɧɬɟɝɪɢɪɭɟɦ, ɬ.ɟ.    

 

׬                                       (4)   

   

Ɇɨɞɟɥɢ ɬɚɤɢɯ ɫɢɝɧɚɥɨɜ ɬɚɤɠɟ ɦɨɝɭɬ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧɵ ɫɨɜɨɤɭɩɧɨɫɬɶɸ 
ɝɚɪɦɨɧɢɱɟɫɤɢɯ ɫɨɫɬɚɜɥɹɸɳɢɯ. Ʉɨɧɤɪɟɬɧɵɣ ɜɢɞ ɫɩɟɤɬɪɚɥɶɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɞɥɹ 
ɧɟɩɟɪɢɨɞɢɱɟɫɤɨɝɨ ɫɢɝɧɚɥɚ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ, ɩɪɨɫɥɟɞɢɜ ɢɡɦɟɧɟɧɢɹ, ɩɪɨɢɫɯɨɞɹɳɢɟ ɜ ɫɩɟɤɬɪɟ 
ɩɟɪɢɨɞɢɱɟɫɤɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɢɦɩɭɥɶɫɨɜ       ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɩɟɪɢɨɞɚ ɩɨɜɬɨɪɟɧɢɹ. 
Ɍɚɤ ɤɚɤ ɱɚɫɬɨɬɵ ɫɨɫɬɚɜɥɹɸɳɢɯ ɫɩɟɤɬɪɚ ɤɪɚɬɧɵ ɨɫɧɨɜɧɨɣ ɱɚɫɬɨɬɟ, ɬɨ ɩɪɢ ɟɟ ɭɦɟɧɶɲɟɧɢɢ 
ɥɢɧɢɢ ɧɚ ɫɩɟɤɬɪɚɥɶɧɨɣ ɞɢɚɝɪɚɦɦɟ ɫɛɥɢɠɚɟɬɫɹ.     

 ɋɩɟɤɬɪɚɥɶɧɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɞɥɹ ɨɞɢɧɨɱɧɨɝɨ ɢɦɩɭɥɶɫɚ      ɩɨɥɭɱɢɦ ɤɚɤ ɫɥɟɞɫɬɜɢɟ 
ɭɜɟɥɢɱɟɧɢɹ ɩɟɪɢɨɞɚ ɫɢɝɧɚɥɚ       ɞɨ ɛɟɫɤɨɧɟɱɧɨɫɬɢ. Ɂɚɩɢɲɟɦ ɩɚɪɭ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ Ɏɭɪɶɟ 
ɞɥɹ ɩɟɪɢɨɞɢɱɟɫɤɨɣ ɮɭɧɤɰɢɢ       ɢ  ɨɤɨɧɱɚɬɟɥɶɧɨ ɢɦɟɟɦ  

 

׬                         ׬        |   ܷ| ׬       |   ܵ| |ܵ|                    (5)  

 

ɉɨɥɭɱɟɧɧɨɟ ɫɨɨɬɧɨɲɟɧɢɟ ɢɡɜɟɫɬɧɨ ɩɨɞ ɧɚɡɜɚɧɢɟɦ ɪɚɜɟɧɫɬɜɨ ɉɚɪɫɟɜɚɥɹ. ɂɡɜɟɫɬɧɨ, ɱɬɨ 
ɷɧɟɪɝɢɹ ɜɵɞɟɥɹɟɦɚɹ ɧɟɩɟɪɢɨɞɢɱɟɫɤɢɦ ɫɢɝɧɚɥɨɦ  ɡɚ ɜɪɟɦɹ ɟɝɨ ɫɭɳɟɫɬɜɨɜɚɧɢɹ, ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɢɧɬɟɝɪɢɪɨɜɚɧɢɟɦ ɤɜɚɞɪɚɬɚ ɦɨɞɭɥɹ ɟɝɨ ɫɩɟɤɬɪɚɥɶɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɜ ɢɧɬɟɪɜɚɥɟ ɱɚɫɬɨɬ. 
Ʉɚɠɞɨɟ  ɢɡ ɛɟɫɤɨɧɟɱɧɨ ɦɚɥɵɯ ɫɥɚɝɚɟɦɵɯ   |ܵ   |    , ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɛɟɫɤɨɧɟɱɧɨ ɦɚɥɵɦ 
ɭɱɚɫɬɤɚɦ ɫɩɟɤɬɪɚ, ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɷɧɟɪɝɢɸ, ɩɪɢɯɨɞɹɳɭɸɫɹ ɧɚ ɫɩɟɤɬɪɚɥɶɧɵɟ ɫɨɫɬɚɜɥɹɸɳɢɟ 
ɫɢɝɧɚɥɚ, ɫɨɫɪɟɞɨɬɨɱɟɧɧɵɟ  ɜ ɩɨɥɨɫɟ ɨɬ     ɞɨ   +         . 

ɉɪɢɧɰɢɩ ɩɨɥɭɱɟɧɢɹ ɤɜɚɧɬɨɜɵɯ ɬɨɱɟɤ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɨɫɧɨɜɧɨɟ ɞɨɫɬɨɢɧɫɬɜɨ 
ɤɜɚɧɬɨɜɵɯ ɬɨɱɟɤ, ɷɬɨ ɩɨɥɭɱɟɧɢɟ ɫɩɟɤɬɪɚ ɢɡɥɭɱɟɧɢɹ, ɤɨɬɨɪɵɣ ɡɚɜɢɫɢɬ ɨɬ ɯɢɦɢɱɟɫɤɨɝɨ  
ɫɨɫɬɚɜɚ,  ɮɨɪɦɵ ɤɪɢɫɬɚɥɥɚ ɢ ɟɝɨ ɪɚɡɦɟɪɚ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɫɩɟɤɬɪɚ ɢɡɥɭɱɟɧɢɹ 
ɡɚɞɚɧɧɨɣ ɱɚɫɬɨɬɵ, ɧɚɞɨ ɩɪɨɫɬɨ ɜɵɪɚɫɬɢɬɶ ɤɪɢɫɬɚɥɥɵ  ɧɭɠɧɨɝɨ ɪɚɡɦɟɪɚ.  

ɇɚ ɨɫɧɨɜɚɧɢɢ ɨɬɤɪɵɬɢɹ ɩɪɨɰɟɫɫɚ ɫɚɦɨɨɪɝɚɧɢɡɚɰɢɢ ɤɜɚɧɬɨɜɵɯ ɬɨɱɟɤ, ɟɳɟ ɜ 1990-ɟ 
ɝɨɞɵ, ɬɨ ɟɫɬɶ ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɨɟ ɜɨɡɧɢɤɧɨɜɟɧɢɟ ɭɩɨɪɹɞɨɱɟɧɧɨɣ ɦɚɤɪɨɫɤɨɩɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɵ 
ɧɚ ɩɨɞɥɨɠɤɟ ɩɪɢ ɨɩɪɟɞɟɥɟɧɧɵɯ ɭɫɥɨɜɢɹɯ, ɩɪɢɜɟɥɨ ɨɛɪɚɡɨɜɚɧɢɸ ɭɩɪɭɝɢɯ ɧɚɩɪɹɠɟɧɢɢ, 
ɤɨɬɨɪɵɟ ɜɨɡɧɢɤɚɸɬ ɜ ɩɨɞɥɨɠɤɟ, ɤɨɝɞɚ ɜ ɧɟɣ ɨɫɚɠɞɚɸɬɫɹ ɚɬɨɦɵ ɢɥɢ ɦɨɥɟɤɭɥɵ ɞɪɭɝɨɝɨ 
ɜɟɳɟɫɬɜɚ. ɗɬɢ ɭɩɪɭɝɢɟ ɧɚɩɪɹɠɟɧɢɹ ɡɚɫɬɚɜɥɹɸɬ ɨɫɚɠɞɚɟɦɨɟ ɜɟɳɟɫɬɜɨ ɫɨɛɢɪɚɬɶɫɹ ɜ ɨɫɬɪɨɜɤɢ, 
ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɩɨɜɬɨɪɹɬɶ ɢ ɧɟ ɩɨɜɬɨɪɹɬɶ, ɬɟɦ ɫɚɦɵɦ ɪɟɚɥɢɡɭɟɬɫɹ ɫɜɨɣɫɬɜɨ ɮɢɡɢɱɟɫɤɢɯ 
ɫɢɫɬɟɦ ɩɟɪɟɯɨɞɢɬɶ ɜ ɪɚɜɧɨɜɟɫɧɨɟ ɫɨɫɬɨɹɧɢɟ, ɩɪɢ ɤɨɬɨɪɨɦ ɷɧɟɪɝɢɹ ɫɢɫɬɟɦɵ ɦɢɧɢɦɚɥɶɧɚ  
ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɧɭɥɟɜɨɦɭ ɭɪɨɜɧɸ ɫɨɫɬɚɜɥɹɟɬ   /2 [11].  

ɉɨ ɞɚɧɧɵɦ [4.5], ɞɥɹ ɫɨɡɞɚɧɢɹ ɤɜɚɧɬɨɜɵɯ ɬɨɱɟɤ ɩɨɞɯɨɞɹɬ ɪɚɡɧɵɟ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɟ 
ɦɚɬɟɪɢɚɥɵ: ɤɪɟɦɧɢɣ(Si), ɫɟɥɟɧɢɞ ɤɚɞɦɢɹ (CdSe(, ɬɟɥɥɭɪɢɞ ɤɚɞɦɢɹ(CdTe), ɫɟɥɟɧɢɞ 
ɫɜɢɧɰɚ(PbSe), ɮɨɫɮɢɞ ɢɧɞɢɹ(inP), ɫɭɥɶɮɢɞ ɰɢɧɤɚ(ZnS), ɫɟɥɟɧɢɞ ɰɢɧɤɚ(ZnSe), ɚɪɫɟɧɢɞ 
ɝɚɥɥɢɹ-ɢɧɞɢɹ(InGaAs) ɢ ɞɪɭɝɢɟ. ȼɚɪɶɢɪɭɹ ɷɬɢ ɜɟɳɟɫɬɜɚ ɢ ɭɫɥɨɜɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ 
ɩɪɨɰɟɫɫɨɜ, ɭɞɚɟɬɫɹ ɫɨɡɞɚɜɚɬɶ ɱɚɫɬɢɰɵ, ɪɚɡɥɢɱɚɸɳɢɟɫɹ ɧɟ ɬɨɥɶɤɨ ɪɚɡɦɟɪɚɦɢ ɢ ɮɨɪɦɨɣ, ɧɨ ɢ 
ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ ɜ ɱɚɫɬɧɨɫɬɢ, ɩɨɥɭɱɟɧɢɟ ɤɜɚɧɬɨɜɨɣ ɹɦɵ ɫ ɲɢɪɢɧɨɣ, 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɞɥɢɧɟ Ⱦɟ Ȼɪɨɣɥɹ) [3,4,5].  Ʉɪɨɦɟ ɬɨɝɨ, ɬɟɯɧɨɥɨɝɢɢ ɢɯ ɩɨɥɭɱɟɧɢɹ ɭɫɥɨɜɧɨ 
ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɮɢɡɢɱɟɫɤɢɟ ɢ ɯɢɦɢɱɟɫɤɢɟ. Ɏɢɡɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɨɛɟɫɩɟɱɢɜɚɸɬ ɛɨɥɟɟ 
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ɩɨɥɧɵɣ ɤɨɧɬɪɨɥɶ ɧɚɞ ɩɪɨɰɟɫɫɨɦ, ɧɨ ɬɪɟɛɭɸɬ ɫɥɨɠɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. ɏɢɦɢɱɟɫɤɢɟ ɦɟɬɨɞɵ 
ɩɪɨɳɟ ɢ ɩɨɡɜɨɥɹɸɬ ɩɨɥɭɱɢɬɶ ɡɚ ɰɢɤɥ ɨɝɪɨɦɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɤɜɚɧɬɨɜɵɯ ɬɨɱɟɤ (ɞɨ     ) [4].  

ȼɵɜɨɞɵ 
ɇɚ ɨɫɧɨɜɚɧɢɢ ɜɵɲɟ ɢɡɥɨɠɟɧɧɵɯ ɨɛɫɬɨɹɬɟɥɶɫɬɜ, ɦɨɠɧɨ ɡɚɤɥɸɱɢɬɶ ɱɬɨ: 
1. ɐɢɤɥɢɱɟɫɤɢɣ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɣ ɩɟɪɟɛɪɨɫ ɷɧɟɪɝɢɢ ɤɜɚɧɬɨɜɵɯ ɩɭɥɶɫɚɰɢɣ  

ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɨɛɥɚɫɬɶ ɜɵɫɨɤɨɝɨ ɢɧɮɨɪɦɚɰɢɨɧɧɨɝɨ ɫɨɞɟɪɠɚɧɢɹ ɫɨɨɛɳɟɧɢɣ (ɨɛɥɚɫɬɶ ɧɢɡɤɨɣ 
ɱɚɫɬɨɬɵ). ɂɡɦɟɧɟɧɢɟ ɫɤɜɚɠɧɨɫɬɢ ɩɪɢ ɩɟɪɟɛɪɨɫɟ ɷɧɟɪɝɢɢ ɤɜɚɧɬɨɜɵɯ ɩɭɥɶɫɚɰɢɣ, ɩɨɡɜɨɥɹɟɬ 
ɬɚɤɠɟ ɨɛɧɚɪɭɠɢɜɚɬɶ ɨɬɤɥɨɧɟɧɢɟ ɜɵɡɜɚɧɧɵɟ ɫɨ ɫɬɨɪɨɧɵ (ɧɟ ɫɚɧɤɰɢɨɧɢɪɨɜɚɧɧɵɟ 
ɜɦɟɲɚɬɟɥɶɫɬɜɚ).  

2. Ⱦɥɹ ɷɮɮɟɤɬɢɜɧɨɝɨ ɱɚɫɬɨɬɧɨɝɨ ɪɚɡɞɟɥɟɧɢɹ ɫɢɝɧɚɥɨɜ, ɜ ɤɚɧɚɥɟ ɢɫɩɨɥɶɡɭɟɬɫɹ  
ɮɢɥɶɬɪɵ ɧɚɫɬɪɨɟɧɧɨɝɨ ɧɚ ɤɨɦɛɢɧɚɰɢɸ ɨɛɨɡɧɚɱɚɸɳɭɸ ɪɚɡɞɟɥɢɬɟɥɶɧɵɣ ɡɧɚɤ, ɜɵɞɟɥɢɬɶ 
ɨɬɪɟɡɨɤ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɱɚɫɬɨɬɧɵɯ ɞɢɚɩɚɡɨɧɨɜ. ȼɵɞɟɥɟɧɧɵɣ ɨɬɪɟɡɨɤ (ɜɵɛɪɚɧɧɵɣ ɤɚɧɚɥ 
ɫ ɱɚɫɬɨɬɨɣ) ɞɨɥɠɟɧ ɡɚɤɥɸɱɚɬɶɫɹ ɦɟɠɞɭ ɞɜɭɦɹ ɫɨɫɟɞɧɢɦɢ ɦɨɦɟɧɬɚɦɢ (ɦɟɠɞɭ ɞɜɭɯ ɩɨɥɨɫɧɵɦ 
ɫɢɝɧɚɥɨɦ) ɬ.ɟ. ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɟɧɢɹ ɱɚɫɬɨɬɵ ɢɡɥɭɱɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɨɛɴɟɤɬɚ. 

3. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ȼɟɣɜɥɟɬ – ɮɢɥɶɬɪɨɜ ɞɥɹ ɩɪɨɹɜɥɟɧɢɹ ɫɢɧɝɭɥɹɪɧɨɫɬɢ ɢ ɢɯ ɩɨɥɨɠɟɧɢɹ 
ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟɫɹ ɚɦɩɥɢɬɭɞɨɣ ɢ ɡɧɚɤɚɦɢ ɦɚɤɫɢɦɭɦɨɜ ɜɟɣɜɥɟɬɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɜ (ɤɨɧɭɫ  
Ʌɢɩɳɢɰɚ) ɡɚɜɢɫɢɦɨɫɬɢ ɢɯ ɨɬ ɜɪɟɦɟɧɢ ɢ ɪɚɡɧɵɯ ɦɚɫɲɬɚɛɨɜ ɚ ɬɚɤɠɟ ɨɛɥɚɫɬɶ ɜɵɫɨɤɨɝɨ 
ɢɧɮɨɪɦɚɰɢɨɧɧɨɝɨ ɫɨɞɟɪɠɚɧɢɹ ɫɨɨɛɳɟɧɢɣ (ɨɛɥɚɫɬɶ ɧɢɡɤɨɣ ɱɚɫɬɨɬɵ).   

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɫɩɨɫɨɛɧɨɫɬɢ - ɢɡɥɭɱɚɬɶ ɭɡɤɢɣ ɫɩɟɤɬɪ ɜɨɥɧ (ɞɢɚɩɚɡɨɧ ɱɚɫɬɨɬ 
ɢɡɥɭɱɟɧɢɹ), ɩɨɡɜɨɥɹɟɬ ɩɪɢɦɟɧɹɬɶ ɞɥɹ ɢɞɟɧɬɢɮɢɤɚɰɢɢ (ɝɪɚɧɢɱɧɵɟ ɷɮɮɟɤɬɵ) ɚ ɬɚɤɠɟ ɡɚɳɢɬɵ 
ɨɬ ɩɨɞɞɟɥɨɤ, ɬɚɤ ɤɚɤ, ɩɪɢ ɫɩɟɰɢɚɥɶɧɨɣ ɨɛɪɚɛɨɬɤɟ (ɬɟɯɧɨɥɨɝɢɢ ɩɨɥɭɱɟɧɢɹ ɩɨɞɥɨɠɟɤ), ɭɩɪɭɝɢɟ 
ɧɚɩɪɹɠɟɧɢɹ ɡɚɫɬɚɜɥɹɸɬ ɨɫɚɠɞɚɟɦɨɟ ɜɟɳɟɫɬɜɨ ɫɨɛɢɪɚɬɶɫɹ ɜ ɨɫɬɪɨɜɤɢ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ 
ɩɨɜɬɨɪɹɬɶ ɫɬɪɭɤɬɭɪɭ, ɦɨɝɭɬ ɢ ɧɟ ɩɨɜɬɨɪɹɬɶ. Ɍɟɦ ɫɚɦɵɦ ɪɟɚɥɢɡɭɟɬɫɹ ɫɜɨɣɫɬɜɨ ɮɢɡɢɱɟɫɤɢɯ 
ɫɢɫɬɟɦ ɩɟɪɟɯɨɞɢɬɶ ɜ ɪɚɜɧɨɜɟɫɧɨɟ ɫɨɫɬɨɹɧɢɟ, ɩɪɢ ɤɨɬɨɪɨɦ ɷɧɟɪɝɢɹ ɫɢɫɬɟɦɵ ɦɢɧɢɦɚɥɶɧɚ. ɬ.ɟ. 
ɧɟ ɫɭɳɟɫɬɜɭɟɬ  ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɶ.  

4. ɂɡɜɟɫɬɧɨ, ɱɬɨ ɫɪɟɞɧɢɣ ɨɛɴɟɦ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ (ɷɧɬɪɨɩɢɹ  ɢɫɬɨɱɧɢɤɚ), ɦɨɠɟɬ ɛɵɬɶ 
ɪɚɡɪɟɲɟɧ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɚɥɮɚɜɢɬɚ, ɝɞɟ ɫɪɟɞɧɟɟ ɤɨɥɢɱɟɫɬɜɨ ɢɧɮɨɪɦɚɰɢɢ, ɤɨɬɨɪɨɟ ɞɨɥɠɧɨ 
ɛɵɬɶ ɨɬɩɪɚɜɥɟɧɨ ɱɟɪɟɡ ɤɚɧɚɥ ɫɜɹɡɢ ɞɥɹ ɪɚɡɪɟɲɟɧɢɹ ɷɬɨɣ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ, ɞɨɥɠɧɨ ɛɵɬɶ 
ɩɪɟɞɫɬɚɜɥɟɧɨ ɜ ɜɢɞɟ ɷɧɟɪɝɢɢ  ɛɢɬɨɜ ɧɚ ɫɢɦɜɨɥ. ɗɬɚ ɷɧɟɪɝɢɹ ɞɨɥɠɧɚ ɛɵɬɶ  ɨɝɪɚɧɢɱɟɧɧɨɣ 
ɫɧɢɡɭ ɧɭɥɟɦ (ɦɢɧɢɦɚɥɶɧɚɹ ɷɧɟɪɝɢɹ), ɟɫɥɢ ɧɟ ɫɭɳɟɫɬɜɭɟɬ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ, ɢ ɫɜɟɪɯɭ     (N), ɤɨɝɞɚ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɶ ɦɚɤɫɢɦɚɥɶɧɚ  [6,8].  

5. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɢɧɮɨɪɦɚɰɢɨɧɧɨɟ ɫɨɞɟɪɠɚɧɢɟ N-ɫɢɦɜɨɥɶɧɨɝɨ ɚɥɮɚɜɢɬɚ, 
ɢɫɩɨɥɶɡɭɟɦɨɟ ɜ ɞɟɣɫɬɜɢɬɟɥɶɧɵɯ ɫɢɫɬɟɦɚɯ ɫɜɹɡɢ, ɨɛɵɱɧɨ ɦɟɧɶɲɟ ɜɟɪɯɧɟɝɨ ɩɪɟɞɟɥɚ 
ɫɨɨɬɧɨɲɟɧɢɹ (1). ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɣ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɤɨɞɢɪɨɜɚɧɢɹ ɢɫɬɨɱɧɢɤ ɦɨɠɟɬ ɛɵɬɶ 
ɨɩɢɫɚɧ ɫ ɩɨɦɨɳɶɸ ɦɟɧɟɟ ɩɨɥɨɜɢɧɵ ɛɢɬɚ ɧɚ ɫɢɦɜɨɥ (ɷɬɨ ɦɨɠɟɬ ɛɵɬɶ ɜɫɟ ɬɨɱɤɢ ɦɟɠɞɭ 0 ɢ 1, 
ɩɪɢɱɟɦ ɜ ɫɭɩɟɪɩɨɡɢɰɢɢ), ɚ ɧɟ ɨɞɧɨɝɨ ɛɢɬɚ ɧɚ ɫɢɦɜɨɥ, ɤɚɤ ɜ ɬɟɤɭɳɟɣ ɮɨɪɦɟ, ɜ ɷɬɨɦ ɫɦɵɫɥɟ 
ɷɬɨ ɬɚɤɠɟ ɧɢɠɧɹɹ ɝɪɚɧɢɰɚ, ɤɨɬɨɪɚɹ ɦɨɠɟɬ ɛɵɬɶ ɞɨɫɬɢɝɧɭɬɚ  ɫ ɩɨɦɨɳɶɸ ɧɟɤɨɬɨɪɵɯ ɤɨɞɨɜ 
ɫɠɚɬɢɹ ɞɚɧɧɵɯ, ɢɦɟɸɳɢɯ ɩɟɪɟɦɟɧɧɭɸ ɞɥɢɧɭ. 

 

ɋɩɢɫɨɤ ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ 
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2. Ƚɪɢɲɚɟɜ Ⱥ.Ⱥ. Ɇɚɫɫɚ, ɤɚɤ ɦɟɪɚ ɫɨɛɫɬɜɟɧɧɨɣ ɷɧɟɪɝɢɢ ɤɜɚɧɬɨɜɵɯ ɨɫɰɢɥɥɹɬɨɪɨɜ. 
ɂɧɫɬɢɬɭɬ ɦɟɬɪɨɥɨɝɢɢ ɜɪɟɦɟɧɢ ɢ ɩɪɨɫɬɪɚɧɫɬɜɚ, Ƚɉ ȼɇɂɂɎɌɊɂ.141570 Ɇɨɫɤɨɜɫɤɚɹ ɨɛɥ., 
Ɇɟɧɞɟɥɟɟɜɨ 2012. ɋ. 37-60 

3. Ƚɪɢɲɚɟɜ Ⱥ.Ⱥ. Ⱥɜɬɨɧɨɦɧɵɟ ɩɪɟɜɪɚɳɟɧɢɹ ɷɧɟɪɝɢɢ ɤɜɚɧɬɨɜɵɯ ɩɭɥɶɫɚɬɨɪɨɜ – 

ɮɭɧɞɚɦɟɧɬ ɡɚɤɨɧɚ ɫɨɯɪɚɧɟɧɢɹ ɷɧɟɪɝɢɢ. Ƚɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɷɬɚɥɨɧ ɜɪɟɦɟɧɢ-ɱɚɫɬɨɬɵ, ɎȽɍɉ 
―ȼɇɂɂɎɌɊɂ‖  141570 Ɇɨɫɤɨɜɫɤɚɹ ɨɛɥ., Ɇɟɧɞɟɥɟɟɜɨ. 2013. ɋ.67-92 

4. Ƚɥɭɲɤɨɜ ȿ, ɒɭɥɶɝɚ Ʉ. Ʌɚɛɨɪɚɬɨɪɢɹ  ɫɜɟɪɯɩɪɨɜɨɞɹɳɢɯ ɦɟɬɚɦɚɬɟɪɢɚɥɨɜ  ɇɂɌɍ 
«Ɇɂɋ ɢ ɋ. ɀ-ɥ. ɉɨɩɭɥɹɪɧɚɹ  ɦɟɯɚɧɢɤɚ., Ɇ. №3. 2014. ɋ.34-37. 

5. Ⱥ. ɉɨɧɹɬɨɜ. Ʉɜɚɧɬɨɜɵɟ  ɬɨɱɤɢ ɩɪɨɝɪɟɫɫɚ. ɀ-ɥ. «ɇɚɭɤɚ ɢ ɠɢɡɧɶ  №6,2016. ɋɬɪ.38-45 
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6. Ȼɟɪɧɚɪɞ ɋɤɥɹɪ. ɐɢɮɪɨɜɚɹ  ɫɜɹɡɶ. Ɍɟɨɪɟɬɢɱɟɫɤɢɟ ɨɫɧɨɜɵ ɢ ɩɪɚɤɬɢɱɟɫɤɨɟ  
ɩɪɢɦɟɧɟɧɢɟ. Ɇɨɫɤɜɚ, ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝ, Ʉɢɟɜ.:-2007. ɋ.800-826. 

7. Ⱥɢɮɢɱɟɪ ɗ., Ⱦɠɟɪɜɢɫ Ȼ.( Ɇɨɫɤɜɚ.ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝ.Ʉɢɟɜ 2004 ) ɐɢɮɪɨɜɚɹ  
ɨɛɪɚɛɨɬɤɚ  ɫɢɝɧɚɥɨɜ., ɉɪɚɤɬɢɱɟɫɤɢɣ ɩɨɞɯɨɞ. ɋ.173-182. 

8. Ʉɨɫɬɪɨɜ Ȼ.ȼ. Ɉɫɧɨɜɵ ɰɢɮɪɨɜɨɣ ɩɟɪɟɞɚɱɢ ɢ ɤɨɞɢɪɨɜɚɧɢɹ  ɢɧɮɨɪɦɚɰɢɢ – Ɇ.:                   
«ɌɟɯȻɭɤ», 2007. ɋ.40 -110. 

9. Ɋɢɱɚɪɞ Ʌ.. ɐɢɮɪɨɜɚɹ  ɨɛɪɚɛɨɬɤɚ ɫɢɝɧɚɥɨɜ. ɂɡɞɚɬɟɥɶɫɬɜɨ Ȼɢɧɨɦ. ɉɟɪ ɫ ɚɧɝɥ. – Ɇ.: 
000 Ȼɢɧɨɦ  - ɉɪɟɫɫ», 2013. ɋ.156 ɢɥ. 

10. Ʉɨɧɨɩɟɥɶɤɨ ȼ.Ʉ , Ȼɨɪɢɫɤɟɜɢɱ  Ⱥ.Ⱥ, ɐɜɟɬɤɨɜ ȼ.ɘ.Ɇɧɨɝɨɦɟɪɧɵɟ  ɬɟɯɧɨɥɨɝɢɢ 
ɫɠɚɬɢɹ, ɡɚɳɢɬɵ ɢ ɤɨɦɦɭɬɚɰɢɢ  ɢɡɨɛɪɚɠɟɧɢɣ.Ɇɢɧɫɤ «Ȼɟɫɬɩɪɢɧɬ».: -2008 ɫ.7 – 20 

11. ɋɤɨɬɬ ɗ. (Ɇɨɫɤɜɚ Ɏɢɡɦɚɬɥɢɬ 2007.400ɫ). ɇɟɥɢɧɟɣɧɚɹ ɧɚɭɤɚ  ɪɨɠɞɟɧɢɟ ɢ ɪɚɡɜɢɬɢɟ 
ɤɨɝɟɪɟɧɬɧɵɯ ɫɬɪɭɤɬɭɪ. ɋ.57-60. 

12.ɉɪɢɨɪɨɜ Ⱥ.Ʌ., Ɇɨɱɚɥɨɜ ɂ.ɋ. ɉɪɢɦɟɧɟɧɢɟ ɫɯɟɦɵ  ȼɟɣɜɥɟɬ – ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɞɥɹ 
ɫɠɚɬɢɹ ɢɡɨɛɪɚɠɟɧɢɣ  ɀ-ɥ «ɗɥɟɤɬɪɨɫɜɹɡɶ».№11. ɋ.29 -34. 

13. ȿɥɢɫɟɟɜ Ⱥ.Ⱥ, Ʌɭɤɚɲɢɧ Ⱥ.ȼ. Ɏɭɧɤɰɢɨɧɚɥɶɧɵɟ ɧɚɧɨɦɚɬɟɪɢɚɥɵ. – Ɇɨɫɤɜɚ.: 
ɎɂɁɆȺɌɅɂɌ. 2010. ɋ.353-420.  

 

 

ɍȾɄ 656.039.5 

ɂɋɉɈɅɖɁɈȼȺɇɂȿ ɌȿɏɇɈɅɈȽɂɂ NFC ȾɅə ɉɈɅɍɑȿɇɂə ȾɈɋɌɍɉȺ ȼ 
ɉɈɆȿɓȿɇɂȿ 

 

ɀɚɧɭɪɨɜ ɇɭɪɚɞɢɥ ɇɭɪɥɚɧɨɜɢɱ 

zhanurov97@gmail.com 
ɋɬɭɞɟɧɬ ɤɚɮɟɞɪɵ ɊɗɌ ȿɇɍ ɢɦ. Ʌ.ɇ. Ƚɭɦɢɥɟɜɚ, ɇɭɪ-ɋɭɥɬɚɧ, Ʉɚɡɚɯɫɬɚɧ 

ɇɚɭɱɧɵɣ ɪɭɤɨɜɨɞɢɬɟɥɶ – Ⱥ. ɇɚɭɪɵɡɛɚɟɜ 

 

Ɂɚ ɩɨɫɥɟɞɧɢɟ ɧɟɫɤɨɥɶɤɨ ɥɟɬ ɫɦɚɪɬɮɨɧɵ ɫɬɚɥɢ ɛɨɥɟɟ ɭɧɢɜɟɪɫɚɥɶɧɵɦɢ ɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ 
ɤɚɱɟɫɬɜɟ ɤɚɪɦɚɧɧɵɯ ɩɟɪɫɨɧɚɥɶɧɵɯ ɤɨɦɩɶɸɬɟɪɨɜ. ɉɪɨɢɡɜɨɞɢɬɟɥɢ ɫɦɚɪɬɮɨɧɨɜ, ɩɵɬɚɹɫɶ 
ɞɨɛɢɬɶɫɹ ɧɚɢɥɭɱɲɢɯ ɪɟɡɭɥɶɬɚɬɨɜ ɧɚ ɪɵɧɤɟ ɷɥɟɤɬɪɨɧɧɵɯ ɭɫɬɪɨɣɫɬɜ, ɩɨɫɬɨɹɧɧɨ ɞɨɛɚɜɥɹɸɬ 
ɧɨɜɵɟ ɮɭɧɤɰɢɢ ɢ ɭɥɭɱɲɚɸɬ ɢɯ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ. Ɉɞɧɨɣ ɢɡ ɬɚɤɢɯ ɮɭɧɤɰɢɣ ɹɜɥɹɟɬɫɹ 
ɬɟɯɧɨɥɨɝɢɹ NFC (Near Field Communication). ɗɬɚ ɬɟɯɧɨɥɨɝɢɹ ɛɟɫɩɪɨɜɨɞɧɨɣ ɜɵɫɨɤɨɱɚɫɬɨɬɧɨɣ 
ɫɜɹɡɢ ɦɚɥɨɝɨ ɪɚɞɢɭɫɚ ɞɟɣɫɬɜɢɹ, ɤɨɬɨɪɚɹ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɨɛɦɟɧɚ ɞɚɧɧɵɦɢ ɦɟɠɞɭ 
ɭɫɬɪɨɣɫɬɜɚɦɢ, ɧɚɯɨɞɹɳɢɦɢɫɹ ɧɚ ɪɚɫɫɬɨɹɧɢɢ ɧɟ ɛɨɥɟɟ 10 ɫɚɧɬɢɦɟɬɪɨɜ. (History of Near Field 

Communication, 2017) ɇɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɷɬɚ ɬɟɯɧɨɥɨɝɢɹ ɫɬɪɟɦɢɬɟɥɶɧɨ ɪɚɡɜɢɜɚɟɬɫɹ ɢ 
ɩɪɟɞɨɫɬɚɜɥɹɟɬɫɹ ɜɨ ɦɧɨɝɢɯ ɮɥɚɝɦɚɧɫɤɢɯ ɦɨɛɢɥɶɧɵɯ ɬɟɥɟɮɨɧɚɯ. Ɉɫɧɨɜɧɵɦɢ 
ɩɪɟɢɦɭɳɟɫɬɜɚɦɢ NFC ɹɜɥɹɸɬɫɹ ɩɪɨɫɬɨɬɚ ɜ ɢɫɩɨɥɶɡɨɜɚɧɢɢ, ɛɟɡɨɩɚɫɧɨɫɬɶ, ɧɢɡɤɨɟ 
ɷɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɟ ɢ ɛɸɞɠɟɬɧɚɹ ɫɬɨɢɦɨɫɬɶ. ȼɫɟ ɷɬɢ ɬɟɧɞɟɧɰɢɢ ɭɤɚɡɵɜɚɸɬ ɧɚ ɪɚɫɬɭɳɭɸ 
ɩɨɩɭɥɹɪɧɨɫɬɶ ɢ ɛɨɥɶɲɨɣ ɩɨɬɟɧɰɢɚɥ ɞɥɹ ɛɨɥɟɟ ɲɢɪɨɤɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ NFC ɜ ɫɨɜɪɟɦɟɧɧɨɦ 
ɨɛɳɟɫɬɜɟ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɥɸɞɢ ɜɫɟ ɟɳɟ ɢɫɩɨɥɶɡɭɸɬ ɧɟɢɡɦɟɧɧɭɸ ɬɟɯɧɨɥɨɝɢɸ 
ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɨɬɤɪɵɬɢɹ ɢ ɡɚɤɪɵɬɢɹ ɞɜɟɪɢ. ɉɪɢ ɷɬɨɦ ɦɵ ɮɚɤɬɢɱɟɫɤɢ ɨɛɹɡɚɧɵ ɧɨɫɢɬɶ ɜɫɟ 
ɜɨɡɦɨɠɧɵɟ ɜɢɞɵ ɤɥɸɱɟɣ. Ʉɥɸɱɢ ɩɪɢɱɢɧɹɸɬ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɧɟɭɞɨɛɫɬɜɚ ɜ ɩɨɜɫɟɞɧɟɜɧɨɣ 
ɠɢɡɧɢ. Ɇɵ ɯɪɚɧɢɦ ɢɯ ɜ ɧɚɲɢɯ ɤɚɪɦɚɧɚɯ ɢɥɢ ɤɨɲɟɥɶɤɚɯ, ɨɧɢ ɡɚɧɢɦɚɸɬ ɦɧɨɝɨ ɦɟɫɬɚ ɢ ɢɯ 
ɥɟɝɤɨ ɩɨɬɟɪɹɬɶ. ȼɫɟ ɷɬɢ ɜɨɩɪɨɫɵ ɩɨɪɨɞɢɥɢ ɢɞɟɸ ɪɚɡɪɚɛɨɬɤɢ ɷɥɟɤɬɪɨɧɧɨɣ ɫɢɫɬɟɦɵ  ɞɨɩɭɫɤɚ 
ɜɯɨɞɧɨɣ ɞɜɟɪɢ.  

ɐɟɥɶ ɢɫɫɥɟɞɨɜɚɧɢɹ. ɐɟɥɶɸ ɩɪɨɟɤɬɚ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɷɥɟɤɬɪɨɧɧɨɣ ɫɢɫɬɟɦɵ 
ɞɨɫɬɭɩɚ ɞɜɟɪɢ ɫ ɟɝɨ ɞɚɥɶɧɟɣɲɢɦ ɩɪɢɦɟɧɟɧɢɟɦ ɜ ɩɨɦɟɳɟɧɢɹɯ. ɂɡ ɩɨɫɬɚɜɥɟɧɧɨɣ ɰɟɥɢ, 
ɮɨɪɦɢɪɭɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: 

1. ɢɡɭɱɢɬɶ ɬɟɯɧɨɥɨɝɢɸ NFC  

2. ɩɨɧɹɬɶ, ɤɚɤɢɟ ɤɨɦɩɨɧɟɧɬɵ ɧɚɢɥɭɱɲɢɦ ɨɛɪɚɡɨɦ ɩɨɞɯɨɞɹɬ ɞɥɹ «ɭɦɧɨɝɨ» ɡɚɦɤɚ 

3. ɫɞɟɥɚɬɶ ɥɚɛɨɪɚɬɨɪɧɵɣ ɨɛɪɚɡɟɰ ɫɢɫɬɟɦɵ ɞɨɩɭɫɤɚ. 
1.1 ɑɬɨ ɬɚɤɨɟ NFC? 
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