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ɸʥʥʦʪʘʮʠʷ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʤʝʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ 

ʯʘʩʪʦʪʳ ʜʳʭʘʪʝʣʴʥʳʭ ʜʚʠʞʝʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʝʩʢʦʥʪʘʢʪʥʳʭ ʩʧʦʩʦʙʦʚ, ʠ ʚʨʘʯʘʤ ʧʨʘʢ-

ʪʠʯʝʩʢʦʛʦ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʟʘʯʘʩʪʫʶ ʙʳʚʘʝʪ ʜʦʚʦʣʴʥʦ ʪʨʫʜʥʦ ʨʘʟʦʙʨʘʪʴʩʷ ʚʦ ʚʩʝʤ ʵʪʦʤ ʤʥʦʛʦʦʙʨʘʟʠʠ, 

ʦʩʦʙʝʥʥʦ ʫʯʠʪʳʚʘʷ ʘʢʪʠʚʥʦ ʚʥʝʜʨʷʶʱʠʝʩʷ ʚ ʩʦʚʨʝʤʝʥʥʫʶ ʢʣʠʥʠʯʝʩʢʫʶ ʧʨʘʢʪʠʢʫ ʪʝʣʝʤʝʜʠʮʠʥʩʢʠʝ ʪʝʭ-

ʥʦʣʦʛʠʠ. ʇʦʵʪʦʤʫ ʘʢʪʫʘʣʴʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʦʙʦʙʱʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʤʝʪʦʜʘʭ ʩ ʫʢʘ-

ʟʘʥʠʝʤ ʠʭ ʧʨʝʠʤʫʱʝʩʪʚ ʠ ʥʝʜʦʩʪʘʪʢʦʚ. ʆʙʟʦʨ ʧʦʩʚʷʱʝʥ ʘʥʘʣʠʟʫ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʙʝʩʢʦʥʪʘʢʪʥʦʛʦ 

ʠʟʤʝʨʝʥʠʷ ʯʘʩʪʦʪʳ ʜʳʭʘʪʝʣʴʥʳʭ ʜʚʠʞʝʥʠʡ, ʚʦʟʤʦʞʥʦʩʪʝʡ ʠʭ ʠʩʧʦʣʟɹʦʚʘʥʠʷ ʚ ʢʣʠʥʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ, 

ʪʨʝʥʠʨʦʚʢʘʭ ʠ ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ. ɹʝʩʢʦʥʪʘʢʪʥʳʝ ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʠ ʤʦʥʠʪʦʨʠʥʛʘ ʯʘʩʪʦʪʳ ʜʳʭʘ-

ʥʠʷ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʪʩʷ ʚ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʥʠʭ ʜʝʩʷʪʠʣʝʪʠʡ. ʅʝʩʤʦʪʨʷ ʥʘ ʨʘʟʥʦʦʙʨʘʟʠʝ ʤʝʪʦʜʦʚ ʠ ʧʦʜʭʦ-

ʜʦʚ, ʢʘʞʜʳʡ ʠʟ ʥʠʭ ʧʦʜʚʝʨʞʝʥ ʩʚʦʠʤ ʥʝʜʦʩʪʘʪʢʘʤ, ʜʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʢʦʪʦʨʳʭ ʥʝʦʙʭʦʜʠʤʦ ʜʘʣʴʥʝʡʰʝʝ 

ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ, ʩʦʯʝʪʘʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʤʝʪʦʜʦʚ ʠ ʧʦʜʢʣʶʯʝʥʠʝ ʢ ʦʙʨʘʙʦʪʢʝ ʠʥʬʦʨʤʘʮʠʠ 

ʪʝʭʥʦʣʦʛʠʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʚʠʪʠʷ, ʙʝʩʢʦʥʪʘʢʪʥʳʝ ʤʝʪʦʜʳ ʤʦʛʫʪ ʩʪʘʪʴ ʥʝʟʘ-

ʤʝʥʠʤʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʜʣʠʪʝʣʴʥʦʛʦ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʞʠʟʥʝʥʥʳʭ ʬʫʥʢʮʠʡ ʧʘʮʠʝʥʪʦʚ 

ʢʘʢ ʚ ʩʪʘʮʠʦʥʘʨʥʳʭ, ʪʘʢ ʠ ʚ ʘʤʙʫʣʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ. ʈʘʟʚʠʪʠʝ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʪʝʣʝʤʦʥʠʪʦʨʠʥʛʘ ʞʠʟ-

ʥʝʥʥʦ ʚʘʞʥʳʭ ʬʫʥʢʮʠʡ ʠ ʠʭ ʚʥʝʜʨʝʥʠʝ ʚ ʢʣʠʥʠʯʝʩʢʫʶ ʧʨʘʢʪʠʢʫ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʷʚʣʷʝʪʩʷ ʦʩʦʙʝʥʥʦ ʘʢʪʫ-

ʘʣʴʥʳʤ ʚ ʚʠʜʫ ʥʘʣʠʯʠʷ ʜʝʬʠʮʠʪʘ ʤʝʜʠʮʠʥʩʢʠʭ ʢʘʜʨʦʚ ʠ ʬʘʢʪʦʨʘ ʨʘʩʩʪʦʷʥʠʷ, ʢʦʛʜʘ ʩʫʱʝʩʪʚʫʶʪ ʫʩʣʦʚʠʷ 

ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʡ ʨʘʟʦʙʱʝʥʥʦʩʪʠ ʚʨʘʯʘ ʠ ʧʘʮʠʝʥʪʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʝʩʢʦʥʪʘʢʪʥʳʝ ʤʝʪʦʜʳ, ʯʘʩʪʦʪʘ ʜʳʭʘʥʠʷ, ʜʠʩʪʘʥʮʠʦʥʥʳʡ ʤʦʥʠʪʦʨʠʥʛ, ʪʝʣʝʤʝ-
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Abstract. Currently,  there are many different methods of respiratory rate measurement, including non-

contact ones and medical practitioners often find it difficult to figure out all these multiple methods, especially 

taking into consideration telemedicine technologies being actively introduced into modern clinical practice. It 

determines the relevance of generalizing the information about the above methods and indicating their ad-

vantages and disadvantages. The review is devoted to the analysis of modern respiratory rate non-contact meas-

urement methods and opportunities of their usage in clinical practice, ʪʨʝʥʠʨʦʚʢʘʭ and routine. Non-contact 

methods respiratory rate measurement and monitoring are actively developing in the last decades. Despite the 

diversity of methods and approaches, each of them has its own disadvantages. To overcome these disadvantages, 

further technical improvement, combination of several methods and usage of AI technologies in information 

processing are necessary. As a result of their development, non-contact methods have a chance of becoming an 

indispensable tool for long-term remote monitoring of vital functions in patients during both inpatient and outpa-

tient treatment. Development of new technologies for remote monitoring of vital functions and the introduction 

of these technologies into clinical practice in our country are especially relevant due to the lack of medical per-

sonnel and the distance factor when there is a territorial isolation between a doctor and a patient. 

Key words: non-contact methods, respiratory rate, remote monitoring, telemedicine.  

 

ʏʘʩʪʦʪʘ ʜʳʭʘʪʝʣʴʥʳʭ ʜʚʠʞʝʥʠʡ (ʏɼɼ) ï ʦʜʠʥ ʠʟ ʦʩʥʦʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ, ʦʧ-

ʨʝʜʝʣʷʝʤʳʡ ʚʨʘʯʘʤʠ ʩ ʜʨʝʚʥʠʭ ʚʨʝʤʝʥ. ʀʟʤʝʨʝʥʠʝ ʜʘʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʚʘʞʥʫʶ ʠʥʬʦʨʤʘ-

ʮʠʶ ʦʙ ʦʩʦʙʝʥʥʦʩʪʷʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ ʚ ʧʦʢʦʝ, ʘ ʪʘʢʞʝ ʚ ʫʩʣʦʚʠʷʭ ʨʘʟʣʠʯʥʳʭ ʵʢ-

ʟʦ- ʠ ʵʥʜʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʵʤʦʮʠʦʥʘʣʴʥʳʡ ʩʪʨʝʩʩ, ʫʤʩʪʚʝʥʥʘʷ ʠ ʬʠʟʠʯʝʩʢʘʷ ʥʘʛʨʫʟʢʘ, ʚʦʟʜʝʡ-

ʩʪʚʠʝ ʚʳʩʦʢʠʭ ʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ [28]. ɼʘʥʥʳʝ ʦ ʏɼɼ ʠ ʬʫʥʢʮʠʠ ʚʥʝʰʥʝʛʦ ʜʳʭʘʥʠʷ ʩʧʦʩʦʙʥʳ ʧʦʤʦʯʴ 

ʚ ʦʧʪʠʤʠʟʘʮʠʠ ʪʨʝʥʠʨʦʚʦʯʥʦʛʦ ʧʨʦʮʝʩʩʘ ʩʧʦʨʪʩʤʝʥʦʚ [3, 4, 29]. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʚʠʟʫʘʣʴʥʦʛʦ ʩʧʦʩʦʙʘ ʦʧʨʝʜʝʣʝʥʠʷ ʏɼɼ ʧʫʪʝʤ ʧʦʜʩʯʝʪʘ ʢʦʣʠʯʝʩʪʚʘ 

ʜʚʠʞʝʥʠʡ ʛʨʫʜʥʦʡ ʢʣʝʪʢʠ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʜʘʥʥʳʤʠ ʨʘʩʩʧʨʦʩʘ ʠ ʦʩʤʦʪʨʘ ʧʦʟʚʦʣʷʝʪ ʚʨʘʯʫ ʧʦʣʫʯʠʪʴ ʧʨʝʜ-
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ʩʪʘʚʣʝʥʠʝ ʦ ʥʘʣʠʯʠʠ ʫ ʧʘʮʠʝʥʪʘ ʜʳʭʘʪʝʣʴʥʦʡ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʠ, ʨʘʟʚʠʪʠʷ ʧʦʨʘʞʝʥʠʷ ʠʣʠ ʪʨʘʚʤʳ ʮʝʥ-

ʪʨʘʣʴʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ, ʘ ʪʘʢʞʝ ʨʷʜʘ ʜʨʫʛʠʭ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʡ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʏɼɼ ʨʘʟʣʠʯʥʳʝ ʢʦʥʪʘʢʪʥʳʝ ʠ 

ʙʝʩʢʦʥʪʘʢʪʥʳʝ ʤʝʪʦʜʳ, ʢʦʪʦʨʳʝ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʷʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʠ ʚʨʘʯʝʡ [6, 23]. ʂ 

ʜʘʚʥʦ ʠʟʫʯʝʥʥʳʤ ʠ ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʶʱʠʤʠʩʷ ʚ ʢʣʠʥʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ ʤʝʪʦʜʘʤ ʦʮʝʥʢʠ ʏɼɼ ʦʪʥʦʩʷʪʩʷ 

ʢʦʥʪʘʢʪʥʳʝ ʤʝʪʦʜʳ, ʢʦʪʦʨʳʝ ʧʦʜʨʘʟʫʤʝʚʘʶʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʪʯʠʢʦʚ, ʧʨʠʢʨʝʧʣʷʶʱʠʭʩʷ ʢ ʧʘʮʠʝʥʪʫ. ʂ 

ʧʦʩʣʝʜʥʠʤ ʦʪʥʦʩʷʪ ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʠʝ ʜʘʪʯʠʢʠ, ʜʘʪʯʠʢʠ ʜʚʠʞʝʥʠʷ ʠ ʜʨʫʛʠʝ. ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʭʦ-

ʨʦʰʦ ʠʟʚʝʩʪʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʵʪʠʭ ʜʘʪʯʠʢʦʚ, ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʥʠ ʠʤʝʶʪ ʪʘʢʞʝ ʨʷʜ ʥʝʜʦʩʪʘʪ-

ʢʦʚ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʜʣʠʪʝʣʴʥʦʛʦ ʤʦʥʠʪʦʨʠʨʦʚʘʥʠʷ ʏɼɼ, ʪʘʢʠʝ ʢʘʢ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʢʦʥʪʘʢʪʘ ʩ ʪʝʣʦʤ, ʥʘ-

ʣʠʯʠʝ ʧʨʦʚʦʜʦʚ, ʧʠʪʘʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ. ʕʪʠ ʬʘʢʪʦʨʳ ʤʦʛʫʪ ʜʦʩʪʘʚʣʷʪʴ ʧʘʮʠʝʥʪʫ ʥʝʫʜʦʙʩʪʚʘ, ʦʩʦʙʝʥʥʦ 

ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʤʦʥʠʪʦʨʠʥʛʘ ʚ ʥʦʯʥʦʝ ʚʨʝʤʷ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʢʦʪʦʨʳʭ ʜʘʪʯʠʢʦʚ 

ʤʦʞʝʪ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʨʘʟʜʨʘʞʝʥʠʝʤ ʢʦʞʠ. ɺʩʝ ʚʳʰʝʫʢʘʟʘʥʥʳʝ ʬʘʢʪʦʨʳ ʤʦʛʫʪ ʩʥʠʟʠʪʴ ʜʠʘʛʥʦʩʪʠʯʝ-

ʩʢʫʶ ʮʝʥʥʦʩʪʴ ʢʦʥʪʘʢʪʥʳʭ ʤʝʪʦʜʦʚ ʠʟʤʝʨʝʥʠʷ ʏɼɼ ʚ ʨʝʘʣʴʥʦʡ ʢʣʠʥʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ. ɺ ʩʚʷʟʠ ʩ ʚʳʰʝ-

ʠʟʣʦʞʝʥʥʳʤ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʪʩʷ ʠ ʚʥʝʜʨʷʶʪʩʷ ʚ ʢʣʠʥʠʯʝʩʢʫʶ ʧʨʘʢʪʠʢʫ ʙʝʩʢʦʥʪʘʢʪ-

ʥʳʝ ʤʝʪʦʜʳ ʠʟʤʝʨʝʥʠʷ ʏɼɼ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʧʨʝʦʜʦʣʝʚʘʪʴ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ ʢʦʥʪʘʢʪʥʳʭ ʤʝʪʦʜʦʚ.  

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʩʝ ʙʦʣʴʰʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʝʪ ʤʦʥʠʪʦʨʠʥʛ ʨʘʟʣʠʯʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʬʫʥʢʮʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ: ʪʘʢʦʡ ʤʦʥʠʪʦʨʠʥʛ ʧʦʟʚʦʣʷʝʪ ʨʘʩʰʠ-

ʨʠʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʩʣʝʜʦʚʘʥʠʡ, ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʨʘʟʚʠʪʠʝ ʥʝʙʣʘʛʦʧʨʠ-

ʷʪʥʳʭ ʢʣʠʥʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ [5, 35, 18].  ʋʯʠʪʳʚʘʷ ʦʞʠʜʘʝʤʦʝ ʚ ʙʫʜʫʱʝʤ ʧʦʩʪʘʨʝʥʠʝ ʥʘʩʝʣʝʥʠʷ, ʥʝʠʟ-

ʙʝʞʥʦ ʩʦʧʨʦʚʦʞʜʘʶɦ ʝʝʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʥʘʛʨʫʟʢʠ ʥʘ ʩʠʩʪʝʤʫ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ, ʢʨʘʡʥʝ ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ 

ʨʘʟʚʠʪʠʝ ʪʝʣʝʤʝʜʠʮʠʥʩʢʠʭ ʩʠʩʪʝʤ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʨʦʚʦʜʠʪʴ ʜʠʩʪʘʥʮʠʦʥʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʩʦʩʪʦʷʥʠʷ 

ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʘʮʠʝʥʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʥʝʠʥʚʘʟʠʚʥʳʭ ʜʘʪʯʠʢʦʚ [27, 24]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʤʝʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ 

ʏɼɼ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʥʪʘʢʪʥʳʭ ʠ ʙʝʩʢʦʥʪʘʢʪʥʳʭ ʩʧʦʩʦʙʦʚ, ʠ ʚʨʘʯʘʤ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ 

ʟʘʯʘʩʪʫʶ ʙʳʚʘʝʪ ʜʦʚʦʣʴʥʦ ʪʨʫʜʥʦ ʨʘʟʦʙʨʘʪʴʩʷ ʚʦ ʚʩʝʤ ʵʪʦʤ ʤʥʦʛʦʦʙʨʘʟʠʠ, ʦʩʦʙʝʥʥʦ ʫʯʠʪʳʚʘʷ ʘʢʪʠʚʥʦ 

ʚʥʝʜʨʷʶʱʠʝʩʷ ʚ ʩʦʚʨʝʤʝʥʥʫʶ ʢʣʠʥʠʯʝʩʢʫʶ ʧʨʘʢʪʠʢʫ ʪʝʣʝʤʝʜʠʮʠʥʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠ. ʇʦʵʪʦʤʫ ʘʢʪʫʘʣʴ-

ʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʙʝʩʢʦʥʪʘʢʪʥʳʭ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʦʪʳ ʜʳʭʘʥʠʷ ʩ ʫʢʘʟʘ-

ʥʠʝʤ ʧʨʝʠʤʫʱʝʩʪʚ ʠ ʥʝʜʦʩʪʘʪʢʦʚ ʧʦʩʣʝʜʥʠʭ. 

ʎʝʣʴ ʜʘʥʥʦʛʦ ʦʙʟʦʨʘ ï ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʙʝʩʢʦʥʪʘʢʪʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʏɼɼ, 

ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʣʠʥʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ, ʪʨʝʥʠʨʦʚʢʘʭ ʠ ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ. 

ʇʦʠʩʢ ʠʥʬʦʨʤʘʮʠʠ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʚ ʧʦʠʩʢʦʚʳʭ ʩʠʩʪʝʤʘʭ PubMed ʠ E-library. ɼʣʷ ʧʦʠʩʢʘ ʠʩʧʦʣʴ-

ʟʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʢʣʶʯʝʚʳʝ ʩʣʦʚʘ: çrespiratory rateè, çnon-contactè, çcontactlessè, çmeasurementè. 

ʈʘʟʚʠʪʠʝ ʙʝʩʢʦʥʪʘʢʪʥʳʭ ʤʝʪʦʜʦʚ ʠʟʤʝʨʝʥʠʷ ʏɼɼ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʷʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʦʨʛʘ-

ʥʠʟʘʮʠʠ ʜʣʠʪʝʣʴʥʦʛʦ ʫʜʘʣʝʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʞʠʟʥʝʥʥʳʭ ʬʫʥʢʮʠʡ ʧʘʮʠʝʥʪʘ ʢʘʢ ʥʘ ʙʘʟʝ ʣʝʯʝʙʥʦʛʦ ʫʯ-

ʨʝʞʜʝʥʠʷ, ʪʘʢ ʠ ʘʤʙʫʣʘʪʦʨʥʦ. ʆʜʥʘʢʦ, ʥʝʢʦʪʦʨʳʝ ʙʝʩʢʦʥʪʘʢʪʥʳʝ ʩʧʦʩʦʙʳ ʠʤʝʶʪ ʥʝʜʦʩʪʘʪʦʢ ï ʩʣʦʞʥʦʩʪʴ 

ʚ ʥʘʩʪʨʦʡʢʝ ʠ ʫʩʪʘʥʦʚʢʝ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʥ ʧʦʵʪʦʤʫ ʥʝʨʝʜʢʦ ʪʨʝʙʫʶʪ ʧʦʤʦʱʠ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʝ-

ʮʠʘʣʠʩʪʦʚ. ɼʘʥʥʳʡ ʥʝʜʦʩʪʘʪʦʢ ʤʦʛʫʪ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʪʝʧʝʥʠ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʝ ʨʝʰʝ-

ʥʠʷ, ʠʥʬʦʨʤʘʮʠʷ ʦ ʢʦʪʦʨʳʭ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʠʞʝ [7]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʦʚʝʨʰʝʥʩʪʚʫʶʪʩʷ ʤʝʪʦʜʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʨʦʚʦʜʠʪʴ ʚʠʜʝʦʤʦʥʠʪʦʨʠʥʛ ʏɼɼ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʤʝʨʳ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʙʝʟ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʠʣʠ ʜʚʠʞʝʥʠʡ ʧʘʮʠʝʥʪʘ. ʍʦʪʷ 

ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʜʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʪʨʝʙʫʝʪ ʜʦʨʘʙʦʪʦʢ, ʦʥʘ ʚʠʜʠʪʩʷ ʢʨʘʡʥʝ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʚ ʢʦʥʪʝʢ-

ʩʪʝ ʜʣʠʪʝʣʴʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʞʠʟʥʝʥʥʳʭ ʬʫʥʢʮʠʡ ʚ ʜʦʤʘʰʥʠʭ ʫʩʣʦʚʠʷʭ [21, 10]. ɺ ʜʨʫʛʦʤ ʠʩʩʣʝʜʦʚʘ-

ʥʠʠ, ʧʦʩʚʷʱʝʥʥʦʤ ʚʠʜʝʦʤʦʥʠʪʦʨʠʥʛʫ ʏɼɼ ʧʦ ʜʚʠʞʝʥʠʶ ʛʨʫʜʥʦʡ ʢʣʝʪʢʠ ʩ ʧʦʤʦʱʴʶ ʚʝʙ-ʢʘʤʝʨʳ, ʙʣrʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʥʝʚʳʩʦʢʦʝ ʨʘʟʨʝʰʝʥʠʝ ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʚʠʜʝʦʨʷʜʘ (640*480), ʧʦʛʨʝʰʥʦʩʪʴ 

ʠʟʤʝʨʝʥʠʷ ʩʦʩʪʘʚʠʣʘ ʥʝ ʙʦʣʝʝ 2.8 ʚʜʦʭʦʚ ʚ ʤʠʥʫʪʫ ʠ ʚ ʮʝʣʦʤ ʙʳʣʘ ʩʦʧʦʩʪʘʚʠʤʘ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʧʨʝʜʝʣʝ-

ʥʠʷ ʏɼɼ ʧʦ ʵʣʝʢʪʨʦʢʘʨʜʠʦʛʨʘʤʤʘʤ [2]. ʆʧʠʩʘʥʥʳʝ ʨʘʙʦʪʳ ʧʨʝʜʣʘʛʘʶʪ ʦʧʨʝʜʝʣʝʥʠʝ ʜʚʠʞʝʥʠʡ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʪʝʣʘ ʚ ʦʙʱʝʤ ʠ ʛʨʫʜʥʦʡ ʢʣʝʪʢʠ ʚ ʯʘʩʪʥʦʩʪʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʏɼɼ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʦʪʦʢʦʚʦʡ ʧʝ-

ʨʝʜʘʯʠ ʚʠʜʝʦ ʚ ʮʝʥʪʨ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʡ ʤʦʥʠʪʦʨʠʥʛ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʚʦ-

ʜʠʪʩʷ ʨʷʜ ʤʝʨʦʧʨʠʷʪʠʡ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʮʝʥʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʏɼɼ ʧʦ ʜʘʥʥʳʤ ʚʠʜʝʦ-

ʤʦʥʠʪʦʨʠʥʛʘ, ʚʢʣʶʯʘʶʱʠʝ ʘʜʘʧʪʠʚʥʦʝ ʦʙʥʘʨʫʞʝʥʠʝ ʜʳʭʘʪʝʣʴʥʳʭ ʜʚʠʞʝʥʠʡ ʛʨʫʜʥʦʡ ʢʣʝʪʢʠ, ʘʜʘʧʪʠʚ-

ʥʦʝ ʚʳʜʝʣʝʥʠʝ ʦʙʣʘʩʪʠ ʠʥʪʝʨʝʩʘ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʧʦʤʝʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʢʨʫʞʝʥʠʝʤ, ʦʥʣʘʡʥ-ʘʜʘʧʪʘʮʠʶ ʢ 

ʦʩʚʝʱʝʥʠʶ ʠ ʪ.ʜ. [21]. ʂʨʦʤʝ ʪʦʛʦ, ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʠ ʘʢʪʠʚʥʦ ʚʥʝʜʨʷʶʪʩʷ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʝ ʘʣʛʦ-

ʨʠʪʤʳ ʠʟʚʣʝʯʝʥʠʷ ʩʠʛʥʘʣʦʚ ʜʳʭʘʥʠʷ ʠʟ ʚʠʜʝʦʧʦʪʦʢʘ [10]. 

ʆʧʠʩʘʥʘ ʪʝʭʥʦʣʦʛʠʷ ʦʧʨʝʜʝʣʝʥʠʷ ʏɼɼ ʩ ʧʦʤʦʱʴʶ ʧʦʩʪʦʙʨʘʙʦʪʢʠ ʚʠʜʝʦʨʷʜʘ, ʟʘʧʠʩʘʥʥʦʛʦ 

ʦʙʳʯʥʦʡ RGB-ʢʘʤʝʨʦʡ ʜʦʤʘʰʥʝʛʦ ʥʦʫʪʙʫʢʘ ï ʧʨʦʠʟʚʦʜʠʤʳʡ ʘʥʘʣʠʟ ʠʟʤʝʥʝʥʠʷ ʥʘʩʳʱʝʥʥʦʩʪʠ ʧʠʢʩʝʣʝʡ 

ʧʦʟʚʦʣʷʝʪ ʧʦʩʪʨʦʠʪʴ ʚʦʣʥʦʦʙʨʘʟʥʳʡ ʛʨʘʬʠʢ, ʫʢʘʟʳʚʘʶʱʠʡ ʥʘ ʭʘʨʘʢʪʝʨ ʜʳʭʘʥʠʷ. ʇʦʛʨʝʰʥʦʩʪʴ ʪʘʢʦʛʦ 

ʤʝʪʦʜʘ ʩʦʩʪʘʚʠʣʘ ʤʝʥʝʝ 1 ʚʜʦʭʘ ʚ ʤʠʥʫʪʫ (ʦʪ 0.01 ʜʦ 0.21 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʙʦʪʳ) [25, 37]. ʉʭʦʞʘʷ ʪʝʭ-

ʥʦʣʦʛʠʷ ʧʨʠʤʝʥʠʤʘ ʪʘʢʞʝ ʠ ʢ ʚʠʜʝʦʨʦʣʠʢʘʤ, ʩʥʷʪʳʤ ʥʘ ʢʘʤʝʨʫ ʩʤʘʨʪʬʦʥʘ [9]. ɺ ʦʙʱʝʤ ʠ ʮʝʣʦʤ, ʩʦʚʝʨ-

ʰʝʥʩʪʚʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʦʧʨʝʜʝʣʝʥʠʷ ʏɼɼ ʧʦ ʚʠʜʝʦʨʦʣʠʢʘʤ, ʘʣʛʦʨʠʪʤʦʚ ʩʙʦʨʘ ʠ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘ-

ʮʠʠ, ʙʦʨʴʙʳ ʩ ʚʦʟʥʠʢʘʶʱʠʤʠ ʘʨʪʝʬʘʢʪʘʤʠ ʷʚʣʷʝʪʩʷ ʢʨʘʡʥʝ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʚ ʥʘʙʣʶʜʝʥʠʠ ʟʘ ʩʦʩʪʦʷʥʠʝʤ 
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ʟʜʦʨʦʚʳʭ ʣʶʜʝʡ ʠʣʠ ʧʘʮʠʝʥʪʦʚ, ʩʪʨʘʜʘʶʱʠʭ ʨʘʟʣʠʯʥʳʤʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ. ʆʜʥʘʢʦ ʜʘʥʥʳʡ ʧʦʜʭʦʜ ʥʫʞ-

ʜʘʝʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʩʦʚʝʨh ʝʥʩʪʚʦʚʘʥʠʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʣʦʞʥʳʭ ʧʘʪʪʝʨʥʦʚ ʜʳʭʘʥʠʷ. 

ʉʫʱʝʩʪʚʫʝʪ ʨʷʜ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʠ ʠʟʤʝʨʝʥʠʷ ʏɼɼ ʠ ʯʘʩʪʦʪʳ ʩʝʨʜʝʯʥʳʭ ʩʦʢʨʘʱʝ-

ʥʠʡ ʩ ʧʦʤʦʱʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʧʫʣʴʩʠʨʫʶʱʠʭ ʬʦʪʦʧʣʝʪʠʟʤʦʛʨʘʬʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʚ ʢʦʨʦʪʢʠʭ ʚʠʜʝʦʨʦ-

ʣʠʢʘʭ ʩ ʣʠʮʦʤ ʧʘʮʠʝʥʪʘ, ʟʘʩʥʷʪʳʭ ʥʘ ʢʘʤʝʨʫ ʦʙʳʯʥʦʛʦ ʩʤʘʨʪʬʦʥʘ. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʠʩʧʦʣʴ-

ʟʫʝʪʩʷ ʧʦʜʭʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʬʣʫʢʪʫʘʮʠʡ ʮʚʝʪʦʚ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʟʦʥʘʭ ʠʥʪʝʨʝʩʘ ʥʘ ʣʠʮʝ ʚ ʮʚʝʪʦʚʳʭ ʤʦʜʝ-

ʣʷʭ RGB ʠ HSV. ʅʝʩʤʦʪʨʷ ʥʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʥʫʶ ʪʦʯʥʦʩʪʴ, ʦʧʠʩʘʥʥʳʡ ʤʝʪʦʜ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʠʤʝʝʪ ʟʥʘʯʠʤʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ï ʦʥ ʥʝʧʨʠʤʝʥʠʤ ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʟʘʢʨʳʪʳʤ ʣʙʦʤ (ʥʘʧʨʠʤʝʨ, ʩʪʨʠʞʢʘʤʠ ʩ 

ʯʝʣʢʦʡ), ʩʦ ʰʨʘʤʘʤʠ ʠʣʠ ʤʘʩʩʠʚʥʦʡ ʙʦʨʦʜʦʡ, ʘ ʪʘʢʞʝ ʧʨʠ ʥʦʰʝʥʠʠ ʥʝʢʦʪʦʨʳʭ ʛʦʣʦʚʥʳʭ ʫʙʦʨʦʚ (ʙʝʡʩ-

ʙʦʣʢʘ, ʰʣʷʧʘ, ʪʶʨʙʘʥ ʠ ʪ.ʜ.) [31, 12]. ɽʱʝ ʙʦʣʴʰʝʡ ʪʦʯʥʦʩʪʠ ʚʦʟʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʨʝʟʫʣʴ-

ʪʘʪʦʚ ʚʠʜʝʦ-ʧʣʝʪʠʟʤʦʛʨʘʬʠʠ ʩ ʜʚʠʞʝʥʠʷʤʠ ʛʦʣʦʚʳ [16]. ʅʝʩʤʦʪʨʷ ʥʘ ʪʝʭʥʠʯʝʩʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ, ʪʝʭʥʦʣʦ-

ʛʠʷ ʚʠʜʠʪʩʷ ʘʚʪʦʨʘʤ ʢʨʘʡʥʝ ʧʝʨʩʧʝʢʪʠʚʥʦʡ, ʦʩʦʙʝʥʥʦ ʚ ʢʦʥʪʝʢʩʪʝ ʩʪʨʝʤʠʪʝʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʠ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠ ʥʝʡʨʦʩʝʪʝʡ.  

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʩʪʘʣʠ ʧʦʷʚʣʷʪʴʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʜʣʷ ʦʧʨʝʜʝʣʝ-

ʥʠʷ ʏɼɼ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʘʥ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʏɼɼ ʯʝʨʝʟ ʢʘʤʝʨʫ ʩʤʘʨʪʬʦʥʘ, ʦʩʥʦʚʘʥ-

ʥʳʡ ʥʘ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʧʠʢʩʝʣʝʡ ʩ ʧʦʤʦʱʴʶ ʦʜʥʦʤʝʨʥʳʭ ʩʚʝʨʪʦʯʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ. ʆʧʠʩʘʥʥʳʡ ʤʝʪʦʜ 

ʠʤʝʝʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 20 ʢʘʜʨʦʚ ʚ ʩʝʢʫʥʜʫ ʠ ʩʦʭʨʘʥʷʝʪ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʜʘʞʝ ʧʨʠ ʥʘʣʠʯʠʠ ʮʠʬ-

ʨʦʚʦʛʦ ʰʫʤʘ ʦʧʨʝʜʝʣʝʥʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. ɺ ʩʨʘʚʥʝʥʠʠ ʩ ʢʦʥʪʘʢʪʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʪʦʯʥʦʩʪʴ ʦʧʠʩʘʥʥʦʛʦ 

ʤʝʪʦʜʘ ʩʦʩʪʘʚʠʣʘ 93% [15].  

ʂʨʦʤʝ ʪʦʛʦ, ʨʘʟʨʘʙʦʪʘʥʳ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʤʦʜʝʣʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʲʝʢʪʦʚ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʪʝʭ-

ʥʦʣʦʛʠʠ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ (ʥʘʧʨʠʤʝʨ, ʪʝʭʥʦʣʦʛʠʷ YOLO). ɼʘʥʥʘʷ ʤʦʜʝʣʴ ʫʞʝ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʣʘʩʴ ʚ 

ʢʦʥʪʝʢʩʪʝ ʜʣʠʪʝʣʴʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʏɼɼ ʩ ʠʩʧʦʣʟɹʦʚʘʥʠʝʤ ʪʝʧʣʦʚʠʟʠʦʥʥʦʡ ʢʘʤʝʨʳ (ʪʝʧʣʦʚʠʟʦʨʘ), 

ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ ʠʥʬʨʘʢʨʘʩʥʫʶ ʪʝʨʤʦʛʨʘʬʠʶ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʦʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʷ ʪʝʧʣʦʚʠʟʦʨʦʚ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʏɼɼ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʥʦʟʜʨʝʡ ʧʘʮʠʝʥʪʘ ʜʣʷ 

ʢʦʨʨʝʢʪʥʦʡ ʦʮʝʥʢʠ ʜʘʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ, ʯʪʦ ʤʦʞʝʪ ʥʘʨʫʰʘʪʴʩʷ ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʛʫʩʪʳʤʠ ʫʩʘʤʠ, ʥʘʣʠʯʠʝʤ 

ʤʘʩʢʠ ʥʘ ʣʠʮʝ (ʥʘʧʨʠʤʝʨ, ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʚʝʥʪʠʣʷʮʠʠ ʣʝʛʢʠʭ), ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʫʩʪ-

ʨʦʡʩʪʚ, ʩʦʟʜʘʶʱʠʭ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʚ ʜʳʭʘʪʝʣʴʥʳʭ ʧʫʪʷʭ (ʥʘʧʨʠʤʝʨ, ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ CPAP ʪʝ-

ʨʘʧʠʠ). 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ Kwon H.M. et al. (2021) ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʪʝʧʣʦʚʠʟʦʨʘ ʩ ʧʨʷʤʳʤ ʧʦʜʩʯʝʪʦʤ ʏɼɼ 

ʦʰʠʙʢʘ ʠʟʤʝʨʝʥʠʷ ʩʦʩʪʘʚʠʣʘ -0,139 ʜʳʭʘʥʠʡ ʚ ʤʠʥʫʪʫ, ʧʨʠ ʵʪʦʤ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʩʦʩʪʘʚʠʣ 0,95 

[19]. ʇʨʠ ʵʪʦʤ ʘʚʪʦʨʳ ʫʢʘʟʳʚʘʣʠ ʥʘ ʪʦ, ʯʪʦ ʪʨʝʙʫʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʨʘʙʦʪʘ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʦʣʫʯʝ-

ʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʥʦʟʜʨʝʡ ʧʘʮʠʝʥʪʘ ʚ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʷ ʏɼɼ [19]. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʳʰʝʫʢʘʟʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ YOLO ʧʦʤʦʛʣʦ ʦʪʦʡʪʠ ʦʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʬʠʢʩʠʨʦʚʘʪʴ ʟʦʥʫ 

ʥʦʩʦʚʳʭ ʭʦʜʦʚ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʏɼɼ ï ʜʦʩʪʘʪʦʯʥʦ ʥʘʣʠʯʠʷ ʣʠʮʘ ʚ ʢʘʤʝʨʝ. ʇʨʠ ʵʪʦʤ, ʧʦʛʨʝʰʥʦʩʪʴ ʩʦʩʪʘ-

ʚʠʣʘ ʚʩʝʛʦ 0,66 ʜʳʭʘʥʠʡ ʚ ʤʠʥʫʪʫ [34]. ɺ ʮʝʣʦʤ, ʢʣʘʩʩʠʯʝʩʢʠʡ ʤʝʪʦʜ ʪʝʨʤʦʛʨʘʬʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ 

ʏɼɼ ʦʩʥʦʚʘʥ ʥʘ ʦʧʨʝʜʝʣʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʢʦʞʠ ʢʨʳʣʴʝʚ ʥʦʩʘ, ʦʩʪʳʚʘʶʱʝʡ ʧʨʠ ʚʜʦʭʝ ʠ ʥʘʛʨʝʚʘʶʱʝʡʩʷ 

ʧʨʠ ʚʳʜʦʭʝ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʢʣʘʩʩʠʯʝʩʢʘʷ ʪʝʨʤʦʤʝʪʨʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʥʘʣʠʯʠʷ ʚ ʢʘʜʨʝ 

ʢʨʳʣʴʝʚ ʥʦʩʘ, ʥʦʩʦʚʳʭ ʭʦʜʦʚ. ʇʨʠ ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʨʤʦʤʝʪʨʠʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʬʠʢʩʠʨʫʝʪʩʷ ʪʦʣʴʢʦ ʚʜʦʭ, ʚ 

ʪʦ ʚʨʝʤʷ, ʢʘʢ ʚʳʜʦʭ ʠ ʧʘʫʟʘ ʤʝʞʜʫ ʜʳʭʘʪʝʣʴʥʳʤʠ ʤʘʥʝʚʨʘʤʠ ʥʝ ʦʧʨʝʜʝʣʷʝʪʩʷ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʚʳʩʦʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʪʦʯʥʦʩʪʴ ʤʝʪʦʜʘ ʩʥʠʞʘʝʪʩʷ, ʘ ʧʨʠ ʥʠʟʢʦʡ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦʚʳʰʘʝʪʩʷ 

[1]. ʊʘʢʞʝ ʦʛʨʘʥʠʯʝʥʠʝʤ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʦʪʩʫʪʩʪʚʠʝ ʥʦʩʦʚʦʛʦ ʜʳʭʘʥʠʷ ʧʘʮʠʝʥʪʘ (ʜʳʭʘ-

ʥʠʝ ʯʝʨʝʟ ʨʦʪ). ʇʦ ʩʫʪʠ, ʦʪʣʠʯʠʷ ʤʝʪʦʜʦʚ ʪʝʨʤʦʛʨʘʬʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʏɼɼ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʧʦʣʴ-

ʟʫʝʤʳʭ ʤʦʜʝʣʷʭ ʨʘʩʯʸʪʘ, ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʲʝʢʪʦʚ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʤ ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʠʚʝʜʝʥʥʦʛʦ ʚʳʰʝ ʦʧʠʩʘʥʠʷ ʤʝʪʦʜʦʚ, ʤʥʦʛʠʝ ʠʟ ʥʠʭ ʪʨʝʙʫʶʪ ʚʦʚʣʝʯʝʥʠʷ ʯʝʣʦʚʝʢʘ 

ʚ ʧʨʦʮʝʩʩ ʠʟʤʝʨʝʥʠʷ ï ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʤʝʱʝʥʠʷ ʣʠʮʘ, ʥʦʩʘ ʠʣʠ ʛʨʫʜʥʦʡ ʢʣʝʪʢʠ ʚ ʢʘʜʨʝ, ʥʝʢʦʪʦʨʳʝ 

ʦʛʨʘʥʠʯʝʥʠʷ ʚʦ ʚʥʝʰʥʝʤ ʚʠʜʝ ʠ ʦʢʨʫʞʘʶʱʝʡ ʦʙʩʪʘʥʦʚʢʝ.  

ʆʜʥʘʢʦ ʩʝʛʦʜʥʷ ʩʫʱʝʩʪʚʫʶʪ ʠʥʳʝ ʧʦʜʭʦʜʳ, ʧʨʝʜʲʷʚʣʷʶʱʠʝ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʪʝʭʥʠʯʝ-

ʩʢʦʤʫ ʦʙʝʩʧʝʯʝʥʠʶ, ʦʜʥʘʢʦ ʢʦʤʧʝʥʩʠʨʫʶʱʠʝ ʚʳʰʝʠʟʣʦʞʝʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʤʝʪʦʜʦʚ 

ʷʚʣʷʝʪʩʷ ʤʦʥʠʪʦʨʠʥʛ ʥʘ ʦʩʥʦʚʝ ʵʬʬʝʢʪʘ ɼʦʧʧʣʝʨʘ. ɼʦʧʧʣʝʨʦʚʩʢʠʡ ʨʘʜʘʨ ʤʦʞʝʪ ʠʟʤʝʨʷʪʴ ʯʘʩʪʦʪʫ ʜʳ-

ʭʘʥʠʷ ʟʘ ʩʯʝʪ ʫʣʘʚʣʠʚʘʥʠʷ ʙʝʩʧʨʦʚʦʜʥʳʭ ʩʠʛʥʘʣʦʚ, ʤʦʜʫʣʠʨʫʝʤʳʭ ʜʚʠʞʝʥʠʷʤʠ ʛʨʫʜʥʦʡ ʢʣʝʪʢʠ. ʈʘʩʧʦ-

ʣʦʞʝʥʥʳʝ, ʥʘʧʨʠʤʝʨ, ʚ ʧʘʣʘʪʝ ʜʘʪʯʠʢʠ ʧʦʟʚʦʣʷʶʪ ʦʪʩʣʝʞʠʚʘʪʴ ʘʤʧʣʠʪʫʜʫ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʜʚʠʞʝʥʠʡ. 

ʉʘʤʠ ʤʝʪʦʜʠʢʠ ʦʮʝʥʢʠ ʏɼɼ ʧʨʠ ʵʪʦʤ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʣʠʯʥʳʤʠ, ʥʘʧʨʠʤʝʨ, ʥʝʢʦʪʦʨʳʝ ʧʨʠʙʦʨʳ ʧʨʦʚʦʜʷʪ 

ʠʟʤʝʨʝʥʠʝ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʚʨʝʤʝʥʠ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʦʪʨʘʞʝʥʠʷ ʩʠʛʥʘʣʦʚ ʦʪ ʛʨʫʜʥʦʡ ʢʣʝʪʢʠ 

ʦʙʨʘʪʥʦ ʢ ʫʩʪʨʦʡʩʪʚʫ. ɼʨʫʛʠʝ ʧʨʠʙʦʨʳ ʠʩʧʦʣʴʟʫʶʪ ʥʝʧʨʝʨʳʚʥʳʝ ʚʦʣʥʦʚʳʝ ʩʠʛʥʘʣʳ ʜʣʷ ʪʦʯʥʦʛʦ ʧʝʨʝʥʘ-

ʧʨʘʚʣʝʥʠʷ ʨʘʜʠʦʚʦʣʥ ʥʘ ʛʨʫʜʥʫʶ ʢʣʝʪʢʫ ʠʩʧʳʪʫʝʤʳʭ, ʜʣʷ ʢʦʥʪʨʦʣʷ ʜʳʭʘʥʠʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʚʦ ʚʨʝʤʷ ʩʥʘ. 

ʉʠʛʥʘʣʳ ʧʦʩʳʣʘʶʪʩʷ ʢ ʧʘʮʠʝʥʪʫ ʩ ʧʦʤʦʱʴʶ ʠʤʧʫʣʴʩʥʦʛʦ ʨʘʜʠʦ-ʨʘʜʘʨʘ, ʧʨʠ ʵʪʦʤ ʜʳʭʘʪʝʣʴʥʳʝ ʜʚʠʞʝ-

ʥʠʷ ʚʳʜʝʣʷʶʪʩʷ ʠʟ ʯʘʩʪʦʪʥʦʛʦ ʩʧʝʢʪʨʘ ʧʨʠʥʷʪʦʛʦ ʩʠʛʥʘʣʘ [11]. ʊʘʢ, ʧʦ ʜʘʥʥʳʤ Dou C. et al. (2021) ʪʦʯ-

ʥʦʩʪʴ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʦʢʘʟʘʣʘʩʴ ʭʦʨʦʰʝʡ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʦʰʠʙʢʘ ʠʟʤʝʨʝʥʠʷ ʩʦʩʪʘʚʠʣʘ ʤʝʥʝʝ 0,7 ʜʳʭʘ-

ʪʝʣʴʥʳʭ ʜʚʠʞʝʥʠʡ, ʘ ʩʨʝʜʥʷʷ ï 0,15 ʚ ʤʠʥʫʪʫ [11]. ʇʨʠ ʵʪʦʤ ʚʦʟʤʦʞʥʘ ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʜʘʪʯʠʢʦʚ ʩ ʥʦʩʠ-




