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ABSTRACT 

 

 

Poroshenko A. Model and Methods of Audio Signal Processing in Network-

Based Audio Analytics Systems. – Qualification scientific work in manuscript 

form. 

Dissertation for the degree of Doctor of Philosophy in the specialty 

126 Information Systems and Technologies – Kharkiv National University of 

Radio Eectronics, Ministry of Education and Science of Ukraine, Kharkiv, 2025. 

The dissertation is devoted to increasing the efficiency of audio signal 

processing in network-based audio analytic systems. The work proposes the use of 

mathematical modeling to optimize network processes and refines methods for the 

transmission and analysis of audio signals, ensuring high accuracy in audio singal 

analysis, reduced signal transmission delays, and enhanced quality of service in 

real-time conditions. The relevance of this topic is determined by the fact that the 

rapid development of technology and the increasing volume of audio data lead to 

new challenges in the transmission and analysis of audio signals in network-based 

audio analytic systems. Combination of a growing amount of data, need for real-

time processing, and complexity of analysis makes the issue of enhancing the 

efficiency of audio signal transmission and analysis in network-based audio 

analytic systems relevant and important for research and development. 

The aim of the dissertation is to improve the accuracy of analysis and 

reduce the transmission delays of audio signals in network-based audio analytic 

systems by optimizing the network infrastructure and refining the methods for the 

transmission and analysis of audio signals. 

Object of research – the processes of transmitting and analyzing audio 

signals. 

Subject of research – the methods for transmitting and analyzing audio 

signals in network-based audio analytic systems. 
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In the introduction, the relevance of using network-based audio analytic 

systems in various fields, including security, monitoring systems, marketing, and 

entertainment, is substantiated. Attention is drawn to the importance of 

transmitting audio signals in real time, since delays can negatively affect system 

efficiency and response speed. The main components of the audio data processing 

and analysis process (collection, preprocessing, transmission, feature extraction) 

are described, and the research tasks are outlined, which include creating a 

mathematical model, selecting the optimal network structure, and refining the 

methods for transmitting and analyzing audio signals. The object, subject, and aim 

of the work are defined, and the scientific novelty is explained, which lies in the 

new mathematical model of audio signal transmission and the improved methods 

for audio signal transmission and analysis. The practical application areas of the 

obtained results are also presented, along with their implementation in the 

educational process. 

In the first chapter of the dissertation presents an analysis of the current state 

of development of methods for processing audio signals in network-based audio 

analytic systems. The main directions and trends in this field are examined, and a 

review of existing systems, their architectures, and functional capabilities is 

conducted. Key requirements for such systems are identified, including accuracy 

and processing speed. Based on this analysis, the research tasks aimed at 

developing a mathematical model of audio signal transmission and refining the 

methods for audio signal transmission and analysis, which will ensure high 

reliability and adaptability under different conditions, are formulated. 

In the second chapter of the dissertation, the transmission process of audio 

signals in network-based audio analytic systems is investigated, particularly their 

collection and transmission. A mathematical model is described for optimizing 

network resources, taking into account the hierarchical structure of the system and 

various data transmission routes. Special attention is paid to constructing 

optimization equations for basic network structures that allow capital expenditures 

to be minimized while providing high quality of service. The influence of non-
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standard Poisson traffic on system efficiency is considered, and methods for 

selecting the optimal network structure are proposed, which form the basis for 

further improvement of audio analytic systems. 

In the third chapter of the dissertation,the methods for transmitting and 

analyzing audio signals in network-based audio analytic systems are proposed. The 

algorithms for connection management, the method for virtual route switching, and 

the modeling of load sources are described in detail, taking into account the 

requirements of semantic transparency and time constraints. The role of traffic 

management and the use of modern network protocols to meet QoS indicators are 

highlighted, and the complexities arising in noisy environments or heterogeneous 

network infrastructures are outlined. Special attention is paid to neural networks 

for audio signal analysis and the application of quality assessment metrics. It is 

shown that the proposed approaches ensure high processing speed and system 

reliability in real time. 

In the fourth chapter, a comprehensive description of the developed 

information technology for audio signal processing in a network-based audio 

analytic system is provided. In particular, the conceptual principles of system 

design are presented, the choice of the technology stack is substantiated, and 

approaches to integrating the components for collecting, transmitting, and 

analyzing audio data in real time are examined. The system architecture and the 

principles of interaction among its components, aimed at ensuring maximum 

processing speed, scalability, and reliability, are analyzed in detail. This chapter 

also presents the results of an experimental evaluation of the system, which 

confirm its ability to achieve high-precision audio signal analysis and effective 

operation under complex and heterogeneous network conditions. 

In the conclusions of the dissertation, the main research results are 

summarized, and the significance of the scientific and practical achievements is 

highlighted. It is shown that the proposed models and methods for transmitting and 

analyzing audio signals in a network-based audio analytic system ensure increased 

accuracy and reduced transmission delays. 
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Research methods. A wide range of methods was used to solve the applied 

scientific problem. In developing the model of audio signal transmission in 

network-based audio analytic systems, mathematical modeling methods were 

employed, including network flow analysis, probabilistic approaches to loss 

calculation, and optimization algorithms. These methods make it possible to 

account for the specifics of non-standard loads and ensure minimal capital costs 

while meeting quality of service requirements. In developing the method for 

transmitting audio signals in network-based audio analytic systems, methods of 

data packetization, dynamic resource allocation, and time delay optimization were 

used, as well as algorithms for queue management and error correction, which 

allow maintaining the required quality of service level in real time and effectively 

managing traffic volumes. In developing the method for analyzing audio signals in 

network-based audio analytic systems, deep learning methods were used, primarily 

convolutional and recurrent neural networks, which made it possible to separate 

sound sources and improve the accuracy of audio singal analysis in real time. The 

evaluation of experimental data obtained during the work was carried out on the 

basis of methods from probability theory and mathematical statistics. 

The choice of research methods ensured the reliability of the obtained results 

and conclusions, which is confirmed by the convergence of the experimental 

research results obtained from the software implementation of the information 

technology for the network-based audio analytic system with the theoretical 

calculations and numerical modeling, as well as by their consistency with forecast 

estimates of the effectiveness of the proposed approaches. 

Main research tasks are the following: 

- conduct an analysis of development directions of audio signal processing 

methods and network-based audio analytics systems; 

- develop a mathematical model of the process of audio signal transmission 

in network-based audio analytics systems; 

- develop a method for selecting the network structure of an audio analytics 

system; 
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- improve the method of audio signals transmission through virtual route 

switching; 

- improve the method of audio signals analysis based on a multievent 

classifier; 

- improve the information technology for audio signals processing using 

improved methods and model. 

Scientific novelty of the obtained results is determined by the developed 

and refined model and methods for processing audio signals in network-based 

audio analytic systems, within which the following new scientific findings were 

achieved: 

1. For the first time, a mathematical model of the audio signal transmission 

process in network-based audio analytic systems has been proposed, taking into 

account non-standard Poisson traffic, which is based on quantitative results from 

analyzing network structures and makes it possible to increase data transmission 

efficiency and reduce infrastructure costs. 

2. The method of audio signal transmission has been improved, which 

differs from existing ones by using virtual route switching and allows ensuring 

high transmission quality, reducing signal transmission delays, and increasing 

system stability under dynamic network loads. 

3. The method of audio signal analysis has been improved by applying a 

multievent classifier based on deep neural networks, which makes it possible to 

improve the accuracy of audio signal analysis in complex acoustic environments. 

4. The information technology for audio signal processing in network-

based audio analytic systems has been further advanced, which is based on 

improved methods of audio signal transmission and analysis and makes it possible 

to integrate real-time audio signal analysis processes for various application 

domains. 

An analytical review of the subject area related to the research topic was 

carried out, methods for detecting both monophonic impulse audio events and 

polyphonic audio events were analyzed. Current issues related to the development 
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of such systems are also presented. An overview of modern existing solutions for 

audio signal processing was conducted, and the goal and objectives of the 

dissertation research were formulated. 

A formulation of the problem of optimizing the network-based audio 

analytic system based on the criterion of minimal capital costs is proposed. 

Optimization equations are derived for a unidirectional three-node basic structure, 

based on minimizing capital costs. Optimization equations for a bidirectional three-

node basic network structure are obtained, and the derived equations are 

generalized to any structure of network-based audio analytic system. 

A method for selecting the network structure of the audio analytic system 

has been proposed. The case of optimizing the network structure under non-

standard Poisson loads has been considered. The basic network of the audio 

analytic system was optimized based on cost criteria, and the optimization results 

were analyzed. 

Modeling of the system’s load sources has been performed. Methods for 

managing connections and traffic in the network-based audio analytic system have 

been examined. Methods for ensuring the quality of audio signal transmission have 

been investigated, and a method for audio signal transmission using virtual route 

switching has been proposed. 

A performance metric for audio signal transmission and analysis has been 

established. Datasets for training, validation, and testing of audio signal analysis 

methods in network-based audio analytic systems have been examined, and a 

method for audio signal analysis in network-based audio analytic system has been 

proposed. 

An analysis of the audio signal processing in the network-based audio 

analytic system has been conducted to monitor its effectiveness. A structure of the 

information technology for audio signal processing in network-based audio 

analytic systems that takes into account the processes of audio signal transmission 

and analysis has been proposed. 
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The practical significance of the results lies in the fact that the model and 

methods developed in this work form a scientific and practical foundation for 

further improvement of network-based audio analytic systems. The engineering 

methods and algorithms derived from this work enable to: 

- perform comprehensive optimization of the resources of a network-based 

audio analytic system by taking into account the specific features of audio signals 

and dynamic load; 

- reduce the transmission delays of audio signals in network-based audio 

analytic systems by 10%, which improves the system’s performance in real time; 

- improve the accuracy of the analysis results according to such evaluation 

criteria as F1-score and EER by achieving a 0.9% increase in the F1-score and a 

0.1 reduction in the EER, respectively, which indicates an improvement in the 

quality of audio signal analysis. 

The results obtained in the dissertation can be used for the automatic 

processing of large amounts of audio data, the implementation of security systems, 

monitoring, and medical diagnostics, as well as for the automation of telephony 

and customer support. The areas of application include security and audio 

surveillance, the medical field, monitoring systems, industry, and automation. 

The results of the dissertation were implemented at LLC SPEE "Promin" 

during the creation and modernization of network systems, which made it possible 

to improve the methods of collecting and processing audio signals, leading to an 

increase in the level of system automation, reliability, and security. Additionally, 

the obtained results are used in the educational process of Kharkiv National 

University of Radio Electronics at the department of electronic computers in the 

preparation of qualification works, course projects, and in the discipline "Computer 

networks" in accordance with the educational and professional program 123 

Computer Engineering for first-level (bachelor’s) education students. 

Materials of the dissertation are presented in 16 publications, of which 2 

articles in Ukrainian scientific professional journals of Category A that are indexed 

by Scopus and 3 articles in scientific professional journals of Category B; 11 
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conference abstracts in the materials of international scientific-technical and 

scientific-practical conferences, among which one abstract is published in the 

materials of an international scientific conference that is indexed by Scopus. 

Keywords: audio analytics, machine learning methods, deep learning, 

model, method, networks, information system, computer system, monitoring 

systems, signal, event, optimization, channel, processing, analysis. 
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0C4V>?>4V9 =02545=> =0 @8A. 1.5.  

!5 72060NG8 =0 B5, I> C @50;ь=><C 68BBV ?5@5206=> B@0?;ONBьAO 

?>;VD>=VG=V 0C4V>?>4VW, <5B>48 28O2;5==O <>=>D>=VG=8E 0C4V>?>4V9 <0NBь 

?@02> =0 VA=C20==O, =0?@8:;04, C >E>@>==8E A8AB5<0E 4;O 28O2;5==O 

?>AB@V;V2. 
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$8AC=>: 1.5 – #>;VD>=VG=V 0C4V>?>4VW 

 

"4=VєN 7 >A=>2=8E ?@>1;5< <5B>4V2 28O2;5==O B0 :;0A8DV:0FVW 

72C:>28E ?>4V9 є ?@>1;5<0 =02G0;ь=8E 40=8E [37]. �;O 70157?5G5==O 28A>:>W 

B>G=>ABV 28O2;5==O B0 :;0A8DV:0FVW =5>1EV4=> 28:>@8AB>2C20B8 =01V@ 40=8E, 

I> A:;040єBьAO 7 GVB:> <0@:>20=8E 72C:>28E AF5=, O:V <VABOBь G0A>2V <VB:8 

?>G0B:C B0 7025@H5==O 0C4V>?>4VW. #@>B5 B0:0 AC2>@0 <0@:V@>2:0 4>AB0B=ь> 

25;8:>3> =01>@C 40=8E є A:;04=8< 70240==O<, 0 0=>B0FVW 7 ?>4V1=8<8 

<VB:0<8, 9<>2V@=>, <VAB8B8<CBь ;N4Aь:V ?><8;:8 B0 =5?>A;V4>2=>ABV, 

>A>1;82> 7 >3;O4C =0 =5>4=>7=0G=VABь C A?@89=OBBV ?>G0B:C B0 :V=FO 45O:8E 

72C:>28E ?>4V9. "4=8< V7 @VH5=ь FVєW ?@>1;5<8 <>65 1CB8 HBCG=5 AB2>@5==O 

72C:>28E AF5= B0 WE ?>7=0G5==O 7 GVB:8< <0@:C20==O< [38]. �;5 F5 <>65 

?@8725AB8 4> =52V4?>2V4=>ABV <V6 HBCG=8<8 40=8<8 4;O =02G0==O B0 

70?8A0=8<8 @50;ь=8<8 40=8<8, O:V 28:>@8AB>2CNBьAO ?V4 G0A @>72'O70==O 

7040GV, I>, C A2>N G5@3C, <>65 A?@8G8=8B8 71>W 2 @>1>BV :;0A8DV:0B>@0. 

�=H8< @VH5==O< FVєW ?@>1;5<8 <>65 1CB8 28:>@8AB0==O A;01:> <0@:>20=8E 

40=8E, O:V =5 <VABOBь G0A>28E <VB>:, 0 ;8H5 V=D>@<0FVN ?@> =0O2=VABь ?>4VW 2 

70?8AV [39]. #@>B5 F5 @VH5==O <0є =87:C =54>;V:V2, ?>2'O70=8E V7 @V7=>N 

B@820;VABN 0C4V>?>4V9 B0 =0O2=VABN D>=>28E HC<V2. 

�V;ьHVABь <5B>4V2 28O2;5==O V<?C;ьA=8E 0C4V>?>4V9 70A=>20=V =0 

287=0G5==V 5=5@3VW 4;O =01>@C ?>A;V4>2=8E 1;>:V2 0C4V> A83=0;C, I> =5 

?5@5:@820NBьAO. �=5@3VO e  4;O k-3> 1;>:C A83=0;C, I> A:;040єBьAO 7 N  

2V4;V:V2, 287=0G0єBьAO O:: 

 



 52 

 
1

2

0

1
( ) ( ), 0,1,...

N

i

e k x i kN k
N

−

=

= + =õ . 

 

' O:>ABV ?@8:;04C, =0 @8A. 1.6 =02545=> ?@54AB02;5==O 72C:>2>3> 

A83=0;C 7 3CG=8<8 V<?C;ьA0<8, I> AB0;8AO ?VA;O 0,01 A B0 0,41 A 2V4 ?>G0B:C 

2V4;V:C 2V4?>2V4=> B0 3@0DV: 70;56=>ABV 5=5@3VW 2V4 G0AC.  

 

 

$8AC=>: 1.6 – #@54AB02;5==O 72C:>2>3> A83=0;C B0 3@0DV: 70;56=>ABV 5=5@3VW 

2V4 G0AC 

 

 5B>48:8 4;O 02B><0B8G=>3> 287=0G5==O 1;>:C, I> 2V4?>2V40є @V7:><C 

V<?C;ьA=><C 72C:C, @V7=OBьAO 70;56=> 2V4 28:>@8AB0=8E ?V4E>4V2. %5@54 

=09?>H8@5=VH8E <5B>4 =0 >A=>2V AB0=40@B=>3> 2V4E8;5==O =>@<>20=8E 

5=5@35B8G=8E 7=0G5=ь 1;>:V2, <5B>4 V7 70AB>AC20==O< <54V0==>3> DV;ьB@0 B0 
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<5B>4 V7 48=0<VG=8< ?>@>3>< 4;O 0=0;V7C 5=5@3VW 1;>:V2. � >A=>2V ?V4E>4C, I> 

28:>@8AB>2Cє AB0=40@B=5 2V4E8;5==O =>@<>20=8E 7=0G5=ь, ;568Bь ?@>F54C@0 

=>@<C20==O ?>G0B:>28E 5=5@3V9 1;>:V2 C 4V0?07>= 2V4 =C;O 4> >48=8FV: 

 

 
( ) min( ( ))

( )
max( ( ) min( ( )))

frame frame
j

norm

frame frame
jj

e j e j
e j

e j e j

−
=

−
, 

 

45 
framee  – 7=0G5==O 5=5@3VW 4;O D@59<C. 

�0;V >1G8A;NєBьAO AB0=40@B=5 2V4E8;5==O >B@8<0=>3> =01>@C 7=0G5=ь: 

 

 
2

2

0

1
var( ) [ ( , ) ( )]

1

L

normnorm

j

k e j k e k
L

−

=

= −
− õ . 

 

#V4 G0A =04E>465==O =>2>3> 7=0G5==O 5=5@3VW 74V9A=NєBьAO 9>3> 

?5@5=>@<C20==O 4> Fь>3> V=B5@20;C. 

-5 >4=8< ?V4E>4>< 4> 28O2;5==O 0C4V>?>4V9 є <5B>4, 70A=>20=89 =0 

28:>@8AB0==V <54V0==>3> DV;ьB@0. �;O 28O2;5==O 1;>:0 7 V<?C;ьA=>N ?>4VєN 

70AB>A>2CєBьAO C<>2=89 20@V0=B <54V0==>3> DV;ьB@0: 

 

 

1( ) ( );

( ), ( ( ) ( )) ;
( )

( ), ( ( ) ( )) ,

k

i l L
mf k MED e i

mf k я>MB mf k e k d th
cmf k

e k d я>MB mf k e k d th

− − +=

ü − − þ
= ý

− − − óþ

 

 

45 ( )e i  – ?>A;V4>2=VABь 48A:@5B87>20=8E 7=0G5=ь 2EV4=>3> 0C4V>A83=0;C; 

MED  – <54V0==0 >?5@0FVO, I> >1G8A;Nє <54V0==5 7=0G5==O; 

( )mf k  – 28EV4 <54V0==>3> DV;ьB@0 4;O <><5=BC G0AC k ; 

d  – 7AC2 V=45:AC 2V4=>A=> ?>B>G=>3> <><5=BC k ; 

th  – ?>@>3>25 7=0G5==O. 
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�024O:8 >1G8A;5==N @V7=8FV <V6 A83=0;>< ?VA;O C<>2=>W <54V0==>W 

DV;ьB@0FVW B0 ?>G0B:>28< A83=0;>< (V7 G0A>28< 7<VI5==O<) <>6=0 

02B><0B8G=> 287=0G8B8 1;>: V7 V<?C;ьA=>N ?>4VєN. 

' ?V4E>4V 7 48=0<VG=8< ?>@>3>< ?@>?>=CєBьAO 28:>@8AB>2C20B8 

A5@54=N ?>BC6=VABь 1;>:V2 V A5@54=ь>:204@0B8G=5 2V4E8;5==O O: :@8B5@V9 

4;O 28O2;5==O V<?C;ьA=>3> A83=0;C. �2B><0B8G=5 A?@0FN20==O 2V41C20єBьAO 

B>4V, :>;8 ?>B>G=0 ?>BC6=VABь 1;>:C ?5@528ICє ?>@>3, 287=0G5=89 

D>@<C;>N: 

 

 *th par std m= + , 

 

45 par  – ?0@0<5B@ GCB;82>ABV 0;3>@8B<C; 

std  – A5@54=ь>:204@0B8G=5 2V4E8;5==O ?>BC6=>ABV 1;>:V2; 

m  – :>5DVFVє=B 7<VI5==O. 

!0 @8A. 1.7, 1.8 B0 1.9 =02545=> 3@0DV:8 70;56=>ABV 5=5@3VW 2V4 G0AC 4;O 

:>6=>3> 7 >?8A0=8E <5B>4V2. �<?C;ьA=V ?>4VW B@0?8;8AO ?VA;O 0,01 A B0 0,41 A 

2V4 ?>G0B:C 2V4;V:C 2V4?>2V4=>.  

 

 

$8AC=>: 1.7 – �@0DV: 70;56=>ABV 5=5@3VW 2V4 G0AC ?@8 28:>@8AB0==V <5B>4C =0 

>A=>2V AB0=40@B=>3> 2V4E8;5==O =>@<>20=8E 7=0G5=ь 
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$8AC=>: 1.8 – �@0DV: 70;56=>ABV 5=5@3VW 2V4 G0AC 7 28:>@8AB0==O< <5B>4C =0 

>A=>2V <54V0==>3> DV;ьB@C 

 

 

$8AC=>: 1.9 – �@0DV: 70;56=>ABV 5=5@3VW 2V4 G0AC 7 28:>@8AB0==O< <5B>4C =0 

>A=>2V 48=0<VG=>3> ?>@>3C 

 

&>G=VABь 28O2;5==O 0C4V>?>4V9 ?@8 7@>AB0==V @V2=O HC<C =02545=0 C 

B01;. 1.2. /: =01V@ 40=8E 28:>@8AB>2CєBьAO =01V@ V7 476 V<?C;ьA=8E 

0C4V>?>4V9, :>6=0 7 O:8E <0є 2V4?>2V4=5 <0@:C20==O 7 G0A>28<8 <VB:0<8. 

#VA;O 28O2;5==O 0C4V>?>4VW @>7@0ECNBьAO 4>40B:>2V >7=0:8, V 28O2;5=0 

0C4V>?>4VO :;0A8DV:CєBьAO 70 >4=8< V7 2V4><8E <5B>4V2 :;0A8DV:0FVW [40, 41]. 
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&01;8FO 1.2 – &>G=VABь 28O2;5==O 0C4V>?>4V9 ?@8 7@>AB0==V @V2=O HC<C 

�V4=>H5==O 

A83=0;/HC<, dB 

%B0=40@B=5 

2V4E8;5==O, % 

 54V0==89 

DV;ьB@, % 

�8=0<VG=89 

?>@V3, % 

5 100 100 100 

0 99,79 99,37 99,58 

-5 97,69 97,06 97,48 

-10 81,52 80,05 81,1 

-15 41,81 40,34 40,55 

-20 0,42 0,21 0,63 

 

#5@5203>N <5B>4C =0 >A=>2V AB0=40@B=>3> 2V4E8;5==O є 9>3> ABV9:VABь 

4> HC<V2 B0 <>6;82VABь 28O2;5==O ?>2V;ь=> <V=;82>3> A83=0;C, 0=0;V7CNG8 

A5@54=є 7=0G5==O =>@<>20=8E 1;>:V2 ?>BC6=>ABV. �> ?5@5203 28:>@8AB0==O 

<54V0==>3> DV;ьB@C 2V4=>A8BьAO ;8H5 9>3> ?@>AB0 AB@C:BC@0, I> 4>72>;Oє 157 

7CA8;ь 7@>18B8 0?0@0B=C B0 ?@>3@0<=C @50;V70FVW 7 ?>@V2=O=> <0;>N 

>1G8A;N20;ь=>N A:;04=VABN. �V= <0є @O4 =54>;V:V2, ?>2'O70=8E 7 B8<, I> 

DV;ьB@ =5 ?@0FNє 2 C<>20E >48=8G=8E V<?C;ьA=8E HC<V2 B0 ?@8 71V;ьH5==V 

@>7<V@V2 2V:=0 DV;ьB@0 2V41C20єBьAO @>7<8BBO :@CB8E 7<V= A83=0;C. 

 5B>4 =0 >A=>2V 48=0<VG=>3> ?>@>3C <0є ?5@52038 >1>E <8=C;8E 

<5B>4V2, B0 ?>7102;5=89 45:V;ь:>E =54>;V:V2. �;5, =572060NG8 =0 F5, 

28:>@8AB>2C20B8 9>3> 4>A8Bь A:;04=>. #>2'O70=5 F5 7 28<>3>N 70240==O 

?0@0<5B@C GCB;82>ABV 0;3>@8B<C, I> CA:;04=Nє 0?0@0B=C @50;V70FVN. 

!5>1EV4=VABь @>7@0EC=:C ?0@0<5B@C GCB;82>ABV 0;3>@8B<C 7 >3;O4>< =0 

<VAF57=0E>465==O B0 =0?@02;5==O >1;04=0==O @>18Bь F59 <5B>4 A:;04=8< 4> 

@50;V70FVW, 0;5 5D5:B82=8< ?@8 ?@028;ь=><C 70AB>AC20==V.  

' ACG0A=8E A8AB5<0E 0C4V>0=0;VB8:8 28O2;5==O B0 :;0A8DV:0FVO BVA=> 

?>2'O70=V <V6 A>1>N. &0:V A8AB5<8 ?@54AB02;5=V =0 7<030==OE V A5<V=0@0E 

Detection and Classification of Acoustic Scenes and Events (DCASE), O:V 

?@>2>4OBьAO I>@>:C. !0?@8:;04, C 7<030==OE DCASE2021 є 70240==O 4 ?V4 

=072>N «�8O2;5==O 72C:>28E ?>4V9 B0 WE @>74V;5==O 2 4><0H=VE C<>20E». 
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 5B0 Fь>3> 70240==O – >FV=8B8 A8AB5<8 28O2;5==O 72C:>28E ?>4V9 70 

4>?><>3>N @50;ь=8E 40=8E 7 =5GVB:8<8 <VB:0<8 B0 AB@>3> <0@:>20=8E 

A8=B5B8G=8E 40=8E. �0240==O >FV=Nє A8AB5<8 28O2;5==O 72C:>28E ?>4V9, 

=02G5=V =0 A;01:> <0@:>20=8E 40=8E, O:V =5 <VABOBь G0A>28E <VB>:. %8AB5<8 

<0NBь 287=0G0B8 =5 ;8H5 :;0A ?>4VW, 0 9 WW ;>:0;V70FVN 2 G0AV, >A:V;ь:8 2 

0C4V>70?8AV <>65 1CB8 :V;ь:0 ?>4V9. 'G0A=8:0< =040NBьAO V7>;ь>20=V 72C:>2V 

?>4VW, D>=8 72C:V2 B0 A:@8?B8 4;O @>7@>1:8 =02G0;ь=>3> =01>@C 7 AB@>3> 

<0@:>20=8<8 A8=B5B8G=8<8 40=8<8. 

"4=5 7 107>28E @VH5=ь [37] 28:>@8AB>2Cє <>45;ь «AC2>@89 2G8B5;ь» =0 

>A=>2V =59@>==8E <5@56. *O <>45;ь є :><1V=0FVєN 42>E <>45;59 7 

>4=0:>2>N 0@EVB5:BC@>N: ABC45=BAь:>W B0 2G8B5;ьAь:>W. �G8B5;ьAь:0 <>45;ь 

4>?><030є ABC45=BAь:V9 ?V4 G0A =02G0==O, B>4V O: ABC45=BAь:0 є DV=0;ь=>N 

<>45;;N. #V4 G0A =02G0==O >1842V <>45;V >B@8<CNBь >4=0:>2V 2EV4=V 40=V, 

0;5 4> 2EV4=8E 40=8E 2G8B5;ьAь:>W <>45;V 4>40єBьAO 30CAV2Aь:89 HC<. *5 

4>72>;Oє ABC45=BAь:V9 <>45;V =02G0B8AO =0 >A=>2V DC=:FVW 2B@0B, O:0 

70157?5GCє C73>465=VABь O: 4;O A8;ь=8E, B0: V 4;O A;01:8E ?@>3=>7V2 4;O 2AVE 

:;V?V2 C ?0:5BV. 

&0:>6 є A?@>18 ?>:@0I8B8 28O2;5==O 72C:>28E ?>4V9 70 4>?><>3>N 

@>74V;5==O 72C:V2 [42], I> 28:>@8AB>2CєBьAO O: ?>?5@54=O >1@>1:0 4;O 

A8AB5<8 28O2;5==O 72C:>28E ?>4V9. �0240==O @>74V;5==O 72C:V2 ?>;O30є C 

2V4=>2;5==V 01> @5:>=AB@C:FVW >4=>3> 01> :V;ь:>E >@83V=0;ь=8E A83=0;V2, 

7<VH0=8E 7 V=H8<8 2=0A;V4>: ;V=V9=>3> 01> 73>@B:>2>3> ?@>F5AC. *5 

4>A;V465==O <0є 1030B> ?@0:B8G=8E 70AB>AC20=ь, 2:;NG0NG8 ?>:@0I5==O 

O:>ABV 72C:C, CAC=5==O HC<V2, @5<V:A8=3 <C78:8, AB2>@5==O ?@>AB>@>2>3> 

72CG0==O, @5<0AB5@8=3 B>I>. #@>B5 >AB0==V 4>A;V465==O ?>:070;8, I> 

C=V25@A0;ь=5 @>74V;5==O 72C:V2 <>65 28:>@8AB>2C20B8AO 4;O @>74V;5==O 

72C:V2 4>2V;ь=8E :;0AV2 [43,44]. #>є4=0==O @>74V;5==O 72C:V2 V7 28O2;5==O< 

72C:>28E ?>4V9 45<>=AB@Cє ?>B5=FV0; 4;O ?>:@0I5==O @>1>B8 A8AB5< 

28O2;5==O 72C:>28E ?>4V9, E>G0 9>3> ?5@52038 4>AV >1<565=V G5@57 
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=52V4?>2V4=VABь C<>2 =02G0==O 4;O @>74V;5==O 72C:V2 V C<>2 B5ABC20==O 4;O 

28O2;5==O 72C:>28E ?>4V9 [42]. 

�;O 70240==O DCASE 2021 Task 4 VA=Cє 1030B> A8AB5< 28O2;5==O 

72C:>28E ?>4V9, 70A=>20=8E =0 107>2V9 A8AB5<V [45-50]. 

' 2021 @>FV A8AB5<0, I> >B@8<0;0 =0928I89 @59B8=3, 70?@>?>=C20;0 

B@8 >A=>2=V 7<V=8 I>4> 107>2>3> @VH5==O [45]: 28:>@8AB0==O A5;5:B82=>W 

>48=8FV, 28:>@8AB0==O «<'O:>3> 28E>4C» 28O2;5==O H;OE>< =0;0HBC20==O 

?0@0<5B@0 B5<?5@0BC@8 2 A83<>W4=V9 DC=:FVW B0 28:>@8AB0==O :V;ь:>E 

<5B>4V2 0C3<5=B0FVW 40=8E. *V 7<V=8 4>72>;8;8 <5@56V 040?B82=> 

=0;0HB>2C20B8AO O: 4;O :>@>B:8E, B0: V 4;O 4>238E ?>4V9, I> 2 FV;><C 

?>:@0I8;> AB01V;ь=VABь V =04V9=VABь @>1>B8 A8AB5<8. 

%8AB5<0, I> ?>AV;0 4@C35 <VAF5 [46], ?@>?>=Cє <>45;ь 28O2;5==O 

72C:>28E ?>4V9, 70A=>20=C =0 A0<>=02G0==V 7 28:>@8AB0==O< <>45;V «noisy 

student». �8:>@8AB>2C20;0AO <>45;ь RCRNN mean-teacher 4;O ?@>3=>7C20==O 

FV;ь>2>W <VB:8 :>6=>3> 0C4V>:;V?C, 70AB>A>2CNG8 0C3<5=B0FVN 40=8E V7 

HC<>< =0 >7=0:0E, HC< G5@57 28?04:>2V 2V4:;NG5==O B0 =0?V2:>=B@>;ь>20=C 

DC=:FVN 2B@0B 4;O <VB>:. 

%8AB5<0, I> ?>AV;0 B@5Bє <VAF5 [47], 28:>@8AB>2Cє O: @5:C@5=B=C 

AB@C:BC@C, B0: V B@0=AD>@<5@=C AB@C:BC@C 4;O <>45;N20==O A:;04=>W 

48=0<V:8 @50;ь=8E 72C:V2 C 4><0H=ь><C A5@54>28IV. *5 1C;> 7@>1;5=> 4;O 

?V428I5==O 7030;ь=>W ?@>4C:B82=>ABV ?>@V2=O=> 7 107>28< @VH5==O<, 

>A:V;ь:8 @V7=V <>45;V 45<>=AB@CNBь @V7=C 5D5:B82=VABь 70 @V7=8E C<>2. �@V< 

B>3>, 28:>@8AB>2CNBьAO =0?V2:>=B@>;ь>20=5 =02G0==O «mean-teacher» V @V7=V 

<5B>48 0C3<5=B0FVW 40=8E. 

�=0;V7 @>73;O=CB8E <5B>4V2 A2V4G8Bь, I> 4;O <5@56=8E A8AB5< 

0C4V>0=0;VB8:8 287=0G0;ь=8< є 4>B@8<0==O =87:8 206;828E 28<>3, 018 2>=8 

70;8H0;8AO <0:A8<0;ь=> 5D5:B82=8<8 B0 3=CG:8<8 ?V4 G0A 28:>@8AB0==O 2 

@V7=8E 30;C7OE. !0A0<?5@54 V45BьAO ?@> 28A>:C B>G=VABь @>7?V7=020==O, 0465 

=04V9=VABь V :>@5:B=VABь @57C;ьB0BV2 <0є ?5@H>G5@3>25 7=0G5==O. ":@V< 

Fь>3>, A8AB5<0 ?>28==0 040?BC20B8AO 4> <V=;828E C<>2 V 1CB8 
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<0AHB01>20=>N 4;O >1@>1:8 25;8:8E <0A82V2 40=8E, I> >A>1;82> 0:BC0;ь=> 

2 <5@56=8E AF5=0@VOE. /: V 1C4ь-O:0 V=D>@<0FV9=0 A8AB5<0, <5@56=0 A8AB5<0 
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AB@C:BC@C <>6=0 @>73;O40B8 O: 45:><?>78FVN 42>E 3-2C7;>28E 107>28E 
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13 13 13

;
C C C

H ò ò
= +  (2.6) 

 14 13 34

14 13 34

;
C C C

H ò ò
= +  (2.7) 

 
( )( )

13

13

13 14

13

13

.

d

e

E const

Z const

F const

R f r

V
ò

=
=
=

ö ö =
÷ ÷=
÷  ÷
ø ø

 

 

45 ( )13 13 14

n
R A r= +  – V=B5=A82=VABь =020=B065==O, I> =04E>48Bь =0 ?CG>: 

:0=0;V2 <V6 2C7;0<8 (1,3); 

13Z  – :>5DVFVє=B 48A?5@AVW =020=B065==O =0 40=><C ?CG:C; 14

e
r  – 

=04;8H:>25 =020=B065==O 7 ?CG:0 :0=0;V2 <V6 2C7;0<8 (1,4); 

d
F  – :>5DVFVє=B 4>ABC?=>ABV 4> ?CG:0 13V ; 

13E  – 2B@0B8 =0 ?CG:C 13V , >B@8<0=V ?VA;O 287=0G5==O >?B8<0;ь=>3> 

7=0G5==O є<=>ABV ?CG:0 14V . 

&0:8< G8=><, DC=:FV>=0;ь=0 70;56=VABь <V6 @V2=O==O<8 (2.6) V (2.7) 

287=0G0єBьAO 42><0 28@070<8: 

 

 13 13 13 14
13 14

13 13

( )
( ) ;

e e
er E A r

A r
V V

  +
= +

 
 

 
( )13 1413

13

13 13

;

e
A rR

V V
ò

 +
= =
 

  (2.8) 

 

45 
ij

A  – 107>289 ?>BV: <V6 2C7;0<8 i B0 j; 

e

ijr  – 5D5:B82=0 V=B5=A82=VABь B@0DV:C 2V4 2C7;0 i 4> 2C7;0 j. 
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2.4 "?B8<V70FVO 107>2>W <5@56V A8AB5<8 0C4V>0=0;VB8:8 

 

$>72'O70==O >?B8<V70FV9=8E @V2=O=ь (2.2), (2.4), (2.6), (2.7) 4;O 

2V4?>2V4=8E 107>28E <5@56=8E AB@C:BC@ 40є 7<>3C 287=0G8B8 >?B8<0;ь=V 

AB@C:BC@=V ?0@0<5B@8 F8E D@03<5=BV2 <5@56V 70 7040=>3> >1<565==O =0 

O:VABь >1A;C3>2C20==O. "4=0: VB5@0FV9=0 ?@>F54C@0 >B@8<0==O B0:>3> 

@>72'O7:C =02VBь 4;O =09?@>ABVH>W 3-2C7;>2>W AB@C:BC@8 є 4>A8Bь 

B@C4><VAB:>N, I> ?@872>48Bь 4> =5>1EV4=>ABV 28:>@8AB0==O 0?@>:A8<0FV9, 

O:V 40NBь 7<>3C 7=878B8 >1AO3 >1G8A;5=ь. 

 

2.4.1  5B>4 281>@C <5@56=>W AB@C:BC@8 A8AB5<8 0C4V>0=0;VB8:8 

 

$>73;O=5<> A?>G0B:C 0;3>@8B< >1G8A;5==O є<=>AB59 ?CG:V2 :0=0;V2 C 

3-2C7;>2V9 107>2V9 AB@C:BC@V. �V4?>2V4=> 4> >?B8<V70FV9=>3> @V2=O==O (2.3) 

4;O FVєW 107>2>W AB@C:BC@8 ?@>F54C@0 9>3> @>72'O7C20==O <0є VB5@0FV9=89 

E0@0:B5@ V 2:;NG0є =0ABC?=V >?5@0FVW: 

1. �040B8 ?>G0B:>2V 7=0G5==O 
2ò  B0 

3ò ; 

2. "1G8A;8B8 7=0G5==O 
1H  2V4?>2V4=> 4> @V2=O==O (2.3): 

 

 ( )1 1 2 2 3 3/ / / ;H C C Cò ò= +  

 

3. "1G8A;8B8 є<=VABь ?@O<>3> ?CG:0 :0=0;V2 (?5@H>3> 281>@C): 

( )1 1 1,
d

V f A F=  4;O 7=0G5==O 
1H , >B@8<0=>3> 2 ?. 2 70 C<>28, :>;8 

 

 
( ) ( )

1

1

11 1 1

1 1

1 1

,

d

e
V

A const

E const

E Ar AV
H A

V V=
=

ö ö
= − = −÷ ÷ ø ø

 

 

>A:V;ь:8 
( ) ( )

11 1 1 1

e

Vr AV AE A=
; 
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4. "1G8A;8B8: ?0@0<5B@8 =04;8H:>2>3> =020=B065==O 7 ?CG:0 :0=0;V2 

?5@H>3> 281>@C 
1V , I> =04E>48Bь =0 ?5@H89 >1EV4=89 =0?@O<>: (H;OE 

28A>:>3> 28:>@8AB0==O (2,3)) – 1 1,e e
r Z ; ?0@0<5B@8 =020=B065==O, I> 

=04V9H;8 =0 >1A;C3>2C20==O =0 4@C3C ��: 2 2 1

e
r A r= + ; ( )2 2 1 1 2/e e

Z A r Z r= + ; 

є<=VABь ?CG:0 :0=0;V2 =0 2-V9 �� – 
2V  70 C<>28, I> 2B@0B8 =0 ?CG:C 

2 2 4>?:V P P= ; A5@54=N 25;8G8=C =020=B065==O, >1A;C65=>3> =0 ?CG:C 
2V : 

2 2 2

e
Y r r= −  V ?0@0<5B@8 =020=B065==O, I> =04E>48Bь =0 B@5BN ��: 

3 3 2r A Y= + ; ( )3 3 2 1 1/ e
Z r Y Z r= + ; є<=VABь ?CG:0 :0=0;V2 =0 3-V9 �� – 

3V  70 

C<>28, I> 2B@0B8 =0 ?CG:C 3 3 4>?:V P P= ; 

5. "1G8A;8B8 7=0G5==O 
1

1

1

2,3

d

e

i Zi const

F const

i

r

V
ò =

=

=

ö ö
= ÷ ÷ø ø

; 

6. #>@V2=OB8 7=0G5==O ( 2,3)
i

iò =  7 7040=>N 25;8G8=>N  : O:I> 

2 3ò ò = ó , B> 70:V=G8B8 >1G8A;5==O; O:I> 
2 3ò ò = þ , B> ?5@59B8 4> ?. 2. 

Z-0?@>:A8<0FVO є >4=8< V7 =095D5:B82=VH8E <5B>4V2 4;O @>7@0EC=:C 

9<>2V@=>ABV 2B@0B C �� V7 2=CB@VH=V<8 1;>:C20==O<8 =0 <5@560E 7 

>1EV4=8<8 H;OE0<8 B0 287=0G5==O є<=>AB59 ?CG:V2 :0=0;V2. �V4?>2V4=> 4> 

FVєW 0?@>:A8<0FVW 9<>2V@=>ABV 2B@0B 28:;8:V2 =0 ?CG:C :0=0;V2 є<=VABN V  B0 

5D5:B82=>N 4>ABC?=VABN 
e

d  =0 O:89 =04E>48Bь =020=B065==O 7 ?0@0<5B@0<8 

( ), , 0
i i i

R Z Z þ , 287=0G0єBьAO O:: 

 

 , , , , ,i e i

i i i i i i

V R d V R FdV
P E E

Z Z Z Z Z Z

ö ö ö ö
= =÷ ÷ ÷ ÷

ø ø ø ø
 (2.9) 

 

45 ( , , )E  – D>@<C;0 �@;0=30 4;O V450;ь=>3> =5?>2=>4>ABC?=>3> 2:;NG5==O. 
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�0 D>@<C;>N (2.9) >1G8A;NNBь =04;8H:>25 1

e
r  9 >1A;C3>20=5 Y  

=020=B065==O 70 C<>28, I> =0 ?CG>: :0=0;V2 =04E>48Bь =5?C0A>=V2Aь:5 

=020=B065==O 7 ?0@0<5B@0<8 ( ), e

i i
R Z . 

�@V< B>3>, <>6=0 >B@8<0B8 >FV=:8 :>5DVFVє=BV2 48A?5@AVW 

=04;8H:>2>3> e

i
Z  9 y

Z  >1A;C3>20=>3> =020=B065=ь 70 C<>28, I> =0 ?CG>: 

:0=0;V2 =04E>48Bь =020=B065==O 7 ?0@0<5B@0<8 ( ),
i i

R Z . 

#V4 G0A @>72'O70==O 7040G >?B8<V70FVW <5@56V 2 ?@>F5AV WW ?@>5:BC20==O 

:>5DVFVє=B 4>ABC?=>ABV 
d

F  22060єBьAO 2V4><8<, 0 B0:>6 7040NBьAO 4>?CAB8<0 

25;8G8=0 2B@0B 28:;8:V2 =0 H;OEC >AB0==ь>3> 281>@C V ?0@0<5B@8 

?>G0B:>2>3> =020=B065==O ( ),R Z . #@8 Fь><C (2.9) є =5;V=V9=8< @V2=O==O< 7 

>4=8< =52V4><8< – є<=VABN ?CG:0 :0=0;V2 V. #@8 Fь><C є<=VABь V 

287=0G0єBьAO 7 C@0EC20==O< AB@C:BC@8 ��. 

&0:8< G8=>< 70 4>?><>3>N D>@<C;8 (2.9) <>6=0 287=0G8B8 є<=>ABV 

?CG:V2 :0=0;V2 C ?CG:0E 28A>:>3> 28:>@8AB0==O V ?CG:V2 :0=0;V2 C H;OE0E 

>AB0==ь>3> 281>@C. � =02545=>3> 0;3>@8B<C @>7@0EC=:C 3-2C7;>2>W 107>2>W 

AB@C:BC@8 28?;820є, I> є<=>ABV ?CG:V2 :0=0;V2 ?5@H>3> 281>@C (=0 ?@O<8E 

H;OE0E) 7=0E>4OBьAO 7 @>72'O70==O @V2=O==O: 

 

 1
1

1

,
R

H
V


=


 

 

?@8 DV:A>20=><C =020=B065==V 
1A , I> =04E>48Bь =0 F59 ?CG>:, V :>5DVFVє=BV 

4>ABC?=>ABV F, 45 ?0@0<5B@ 
1H  є :>=AB0=B>N V 287=0G0єBьAO 2 ?@>F5AV 

>?B8<V70FVW. 

#@>F5A >1G8A;5==O є VB5@0FV9=>N ?@>F54C@>N. "A:V;ь:8 =0 40=><C 

5B0?V >?B8<V70FVW >FV=NNBьAO BV;ь:8 <56V 7<V=8 7<V==8E, B> ?@8?CAB8<>N є 

45O:0 ?>E81:0 C 287=0G5==V є<=>AB59 ?CG:V2, B><C <>6=0 28:>@8AB>2C20B8 

=01;865=V D>@<C;8, O:V 40NBь 7<>3C C=8:=CB8 25;8:>W :V;ь:>ABV VB5@0FV9. 
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&0:, 4;O 287=0G5==O <0:A8<0;ь=>W є<=>ABV ?CG:0 
maxV  ?5@H>3> 281>@C 

70 C<>28 1
d

F  , :>;8 A8AB5<C <>6=0 22060B8 =51;>:CNG>N, 0 1%P = , 

70?@>?>=>20=> 0?@>:A8<0FVN 283;O4C AB5?5=52>W DC=:FVW, :>5DVFVє=B8 O:>W 

70;560Bь 2V4 <0@3V=0;ь=>3> 28:>@8AB0==O Fь>3> ?CG:0 :0=0;V2 (4;O 107>2>W 

AB@C:BC@8, ?@54AB02;5=>W =0 @8A. 2.6): 

 

 ( ) ( )0,41 0,41 0,41 0,41

max 1,5 2,67 0,9855 .
ij ji ij ji

V A A A A= + + + +  (2.10) 

 

�;O 3%P ó , I> 2V4?>2V40є 0,8
d

F  : 

 

 ( )0,075 0,0750,499 0,499

max 4,6 ij jiA A

ij jiV A A= + . (2.11) 

 

(>@<C;8 (2.10) B0 (2.11) >B@8<0=V 2 @57C;ьB0BV 70AB>AC20==O ;V=V9=>W 

@53@5AVW ?@8 0?@>:A8<0FVW D>@<C;8 (2.9). 

/:I> ?CG:8 :0=0;V2 <0NBь <>4C;ь=C AB@C:BC@C 7 є<=VABN <>4C;O, I> 

4>@V2=Nє M , B> G8A;> <>4C;V2 maxK  C Fь><C 28?04:C: 

 

 max
max 1,

V
K

M

ù ù= +ú úû û
 

 

45 [•] – FV;0 G0AB8=0 G8A;0. 

�=0;>3VG=V D>@<C;8 <>6=0 28:>@8AB>2C20B8 ?@8 287=0G5==V є<=>ABV 

?CG:V2 :0=0;V2 =0 >1EV4=8E H;OE0E =0ABC?=>3> 281>@C, O:V =5 є >4=>G0A=> 

H;OE0<8 >AB0==ь>3> 281>@C. !0?@8:;04, 4;O 107>2>W AB@C:BC@8, 

?@54AB02;5=>W =0 @8A. 2.6, FV D>@<C;8 <0NBь B0:89 283;O4: 

 

 

0,41

max 0,75 2,65 0,9855 , 4;O 1;i i
d

i i

R R
V F

Z Z

ö ö ö ö
= + + ÷ ÷ ÷ ÷

ø ø ø ø
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0,075

0,499

max 4,6 , 4;O 0,8.
i

i

R

Z
i

d

i

R
V F

Z

ö ö
÷ ÷
ø øö ö

= ÷ ÷
ø ø

 

 

Є<=>ABV ?CG:V2 :0=0;V2 >AB0==ь>3> 281>@C >1G8A;NNBь 70 DV:A>20=8E 

7=0G5=ь 25;8G8=8 2B@0B 4>4 n
P P=  4;O H;OEC >AB0==ь>3> 281>@C B0 :>5DVFVє=B0 

4>ABC?=>ABV 
d

F  ?V4 G0A 287=0G5==O ?>EV4=>W 284C: 

 

 
H

d

P const

F const

Y

V =
=

ö ö
÷ ÷ø ø

. (2.12) 

 

#V4 G0A >1ґ@C=BC20==O A?V;ь=>ABV :@8B5@VN >?B8<V70FVW 3-2C7;>2>W 

107>2>W AB@C:BC@8 1C;> 74V9A=5=> ?5@5EV4 4> A:V=G5==8E @V7=8Fь ?V4 G0A 

287=0G5==O ?>EV4=8E. "4=0: ?V4 G0A ?@>2545==O >1G8A;5=ь 70<V=0 ?>EV4=8E 

:V=F528<8 @V7=8FO<8 <>65 ?@8725AB8 4> ?>E81:8, 25;8G8=0 O:>W 70;568Bь 2V4 

A?V22V4=>H5=ь AB@C:BC@=8E V =020=B06C20;ь=8E ?0@0<5B@V2. ' 28?04:0E, 

:>;8 ?>B@V1=5 7=0==O ?>EV4=8E B8?C ( ) /f P V  , 45 ( )f P  – 45O:0 DC=:FVO, 

70;56=0 2V4 V<>2V@=>ABV 2B@0B, 70240==O <>65 1CB8 72545=5 4> 28:>@8AB0==O 

A:V=G5==8E @V7=8Fь ;8H5 70 C<>28, I> 25;8G8=0 V  4>A8Bь <0;0 0,01V  . 

"4=0: 28<>30 281>@C 1V üü  ?@872>48Bь 4> =5>1EV4=>ABV 28:>@8AB0==O 

V=B53@0;ь=8E ?>40=ь 4;O B0:8E D>@<C; O: ?5@H0 D>@<C;0 �@;0=30 V D>@<C;0 

4;O V450;ь=>3> =5?>2=>4>ABC?=>3> 2:;NG5==O �@;0=30. 

#V4 G0A >1G8A;5==O є<=>AB59 ?>2=>4>ABC?=8E ?CG:V2 :0=0;V2 <>6=0 

28:>@8AB>2C20B8 0?@>:A8<0FVN ?5@H>W D>@<C;8 �@;0=30: 

 

 ( ) ( )
( )

2

2

1
( ) 1 exp ln ,

1
V

S A S AS
E A S V V AS

VV S

+ − ü ü − + −ý ý
þ þ−
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45 ( ) ( )2
1 1 4

2

V A V A AV
S

A

+ + − + + −
= . 

� >3;O4C =0 B5, I> HC:0=0 ?>EV4=0 (2.12) >1G8A;NєBьAO ?@8 

DV:A>20=><C 7=0G5==V 
H

P const= , <>6=0 70?8A0B8: 

 

 ( ) ( )
1 ,

d

H

H

F const

R PY
P

V V
=

ù ù
= − ú ú û û

 (2.13) 

 

45 ( )H
R P  – ?>ABC?0NG5 =5?C0A>=V2Aь:5 =020=B065==O 2 B>GFV 

H
P . 

� 28@07C (2.13) 28?;820є, I> ?>EV4=0 /R V   287=0G0єBьAO 2 B>GFV 
H

P , 

B><C <>6=0 ?@89=OB8: 

 

 
( ) ( )

,
2

H HP const P const
R V V R V VR

V V

= =
+  − −


 

 

 

45 ( )R V V+  8 ( )R V V−  – 7=0G5==O =020=B065==O R  C B>G:0E ( )V V+  B0 

( )V V− , 2V4?>2V4=>, 70 C<>2>N 
H

P const= . 

"A:V;ь:8 4;O @50;ь=8E A8AB5< 1
d

F ó , B> 4;O 287=0G5==O 25;8G8= 

( )R V V+  8 ( )R V V−  28:>@8AB>2CNBь A?V22V4=>H5==O (2.9), O:5 ?>2'O7Cє 

<V6 A>1>N 2B@0B8, =020=B065==O, є<=VABь ?CG:0 V 25;8G8=C 4>ABC?=>ABV. 

�@0E>2CNG8 (2.9) B0 B5, I> 
H

P const= , <>6=0 70?8A0B8: 

 

   ( )
d

V

Z

V H
ZVF

x
Z

x x Pó
=

=õ , (2.14) 

 

45  V

Z

x  8 ( )xó  – DC=:FVW R B0 Z. 
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!0 ?V4AB02V >B@8<0=8E @0=VH5 A?V22V4=>H5=ь, (2.14) <>6=0 2V4>1@078B8 

O: @V2=O==O 283;O4C ( )R f V=  , 70 C<>2>N 
d

F const= , Z const= . $>72'O70B8 

@V2=O==O (2.14) <>6=0 7 28:>@8AB0==O< VB5@0FV9=>W ?@>F54C@8, I> 

?5@5410G0є 7=0E>465==O ?>EV4=>W 284C: 

 

 

  ( )

,
d

V

Z

V

ZVF
x

Z

x x

R
F

RZ

Z

ó
=

ö ö
÷ ÷÷ ÷÷ ÷ö ö ø øò  −÷ ÷ ö öø ø ÷ ÷

ø ø

õ
 

 

I> є 4>A8Bь B@C4><VAB:8< 70240==O<. 

�;O A:>@>G5==O >1AO3C >1G8A;5=ь 1C;> 28:>@8AB0=> 0?@>:A8<0FVN, I> 

40є E>@>HV @57C;ьB0B8 4;O 7=0G5=ь 
d

F , O:V ?5@51C20NBь C <560E 0,8 1
d

Fó ó : 

 

 ,

V

Z

RV
E

ZR Z
F

R RZ

Z Z

ö öö ö  ÷ ÷÷ ÷ö ö ø øø øò  − = −÷ ÷ ö ö ö öø ø  ÷ ÷ ÷ ÷
ø ø ø ø

 

 

45 1

V

Z
V V

Z Z

R
E

Z R R V
E E

R Z Z R

Z

ö ö ÷ ÷ ù ùö ö ö öø ø = + −ú ú÷ ÷ ÷ ÷ö ö ø ø ø øû û÷ ÷
ø ø

. 

�>A;V465==O E0@0:B5@C Fь>3> VB5@0FV9=>3> ?@>F5AC @>72'O70==O 

@V2=O==O (2.14) ?>:070;>, I> FO 0?@>:A8<0FVO 4;O ( )/F R Zò  70 C<>28 

1%
H

P =  70157?5GCє 4>1@C 71V6=VABь ?@8 2V4=>A=V9 ?>E81:8 C 287=0G5==V R, 

I> 4>@V2=Nє 0,0005 = . 
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�87=0G5==O ?>EV4=>W 
d

A const

F const

Y

V =
=

ö ö
÷ ÷ø ø

 72>48BьAO 4> 287=0G5==O ?>EV4=>W 

d

A const

F const

P

V =
=

ö ö−÷ ÷ø ø
, >A:V;ь:8: 

 

 
( )1

(1 ) .
A PY A P

P A
V V V V

 −ù ù  û û= = − = −
   

 

 

&0:8< G8=><, 4;O HC:0=>W ?>EV4=>W <>65 1CB8 7=0945=> BV;ь:8 

G8A5;ь=5 7=0G5==O 7 28:>@8AB0==O< V=B53@0;ь=>3> 2V4>1@065==O FVєW 

D>@<C;8. 

#VA;O 287=0G5==O є<=>AB59 ?CG:V2 :0=0;V2 ��, I> AB0=>2;OBь H;OE 

>AB0==ь>3> 281>@C, <>6=0 >1G8A;8B8 <0@3V=0;ь=V =020=B065==O 
2ò  V 

3ò : 

 

 i
i

i

R

V
ò

ö ö
= ÷ ÷ø ø

 70 C<>2>N 
i

Z const= , 
i

E const= , 
d

F const=  B0 2,3i = . 

 

#V4 G0A @>72'O70==O >?B8<V70FV9=>3> @V2=O==O (2.4) 4;O 107>2>W 

AB@C:BC@8, ?@54AB02;5=>W =0 @8A. 2.6, 70240==O 72>48BьAO 4> @>73;O4C 42>E 3-

2C7;>28E 107>28E AB@C:BC@, =0 O:V 45:><?>7CєBьAO AB@C:BC@0, O:C 

@>73;O40NBь.. Є<=>ABV ?CG:V2 :0=0;V2 C ?@O<><C V 72>@>B=><C =0?@O<:0E �� 

287=0G0NBь 28E>4OG8 7 C<>28 <>4C;ь=>ABV WE=ь>W 7<V=8, B>1B> G8A;> <>4C;V2 

C ?CG:C 4>@V2=Nє: 

 

 

* *

(max) 1,
ji ij

ij

V V
K

M

ù ù+
= +ú ú
û û  

 

45 *

( )ij jiV  – є<=VABь ?CG:0, >B@8<0=0 ?V4 G0A @>74V;ь=>W >?B8<V70FVW; 

M – є<=VABь <>4C;O ?5@28==>W 3@C?8 :0=0;V2. 
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2.4.2 "?B8<V70FVO <5@56=>W AB@C:BC@8 A8AB5<8 0C4V>0=0;VB8:8 ?@8 

=5>@48=0@=><C ?C0A>=V2Aь:><C =020=B065==V 

 

#@>2545=89 0=0;V7 @V7=8E AB@0B53V9 ?>4V;C A?V;ь=>3> ?@O<>3> ?CG:0 

(H;OE8 1-3> 281>@C) ?>:0702, I> >?B8<0;ь=>N є AB@0B53VO, O:0 2V4?>2V40є 

@>7?>4V;C ?@>?>@FV9=> 4> @>72'O7:V2, >B@8<0=8E C=0A;V4>: @>74V;ь=>W 

>?B8<V70FVW 42>E 3-2C7;>28E AB@C:BC@, O: 5D5:B82=VH0 2 A5=AV 4>AO3=5==O 

3;>10;ь=>3> <V=V<C<C B0 <V=V<0;ь=>3> G8A;0 >1G8A;5=ь. ' B0:><C 28?04:C 

25;8G8=8 
13V  B0 

31V  287=0G0NBьAO ?@>?>@FV9=> є<=>ABO< 2V4?>2V4=8E ?CG:V2, 

>B@8<0=8E ?V4 G0A @>74V;ь=>W >?B8<V70FVW, *

13V  B0 *

31V : 

 

 
* *

13 31
13 31* * * *

13 31 13 31

;
V V

V V V V
V V V V

= =
+ +

, 

 

45 V – є<=VABь ?CG:0 7 C@0EC20==O< <>4C;ь=>ABV ?>1C4>28 ��. 

$>72'O70==O >?B8<V70FV9=8E @V2=O=ь (2.6) B0 (2.7) 4;O 4-2C7;>2>W 107>2>W 

<5@56=>W AB@C:BC@8 (@8A. 2.7) 7 C@0EC20==O< DC=:FV>=0;ь=>W 70;56=>ABV <V6 

@V2=O==O<8, I> >?8ACєBьAO 28@070<8 (2.8) V (2.9), 74V9A=NєBьAO 2V4?>2V4=> 7 

=0ABC?=8< 0;3>@8B<><: 

1. "1@0B8 ?>G0B:>25 =01;865==O 4;O 25;8G8=8 =04;8H:>2>3> 

=020=B065==O 7 ?@O<>3> H;OEC (1,4) 14 0e
r = ; 

2. �87=0G8B8 25;8G8=C =020=B065==O, I> =04E>48Bь =0 �� (1,3) 

?5@H>3> >1EV4=>3> H;OEC 13 13 14

e
r A r= + ; 

3. �8@VH8B8 >?B8<V70FV9=5 @V2=O==O (2.6) 4;O B>3>, I>1 287=0G8B8 

є<=>ABV ?CG:V2 :0=0;V2 (1,3) – 
13V , (1,2) – 

12V  B0 (2,3) – 
23V ; 

4. $>72'O70B8 >?B8<V70FV9=5 @V2=O==O (2.7) 70 C<>2>N, I> 
13V  2V4><> 

(>1G8A;5=> 2 ?. �). ' Fь><C @07V ?V4 G0A >1G8A;5==O 7=0G5==O 
13ò  

?5@5410G0єBьAO, I> 2B@0B8 =0 ?CG:C :0=0;V2 (1,3) 287=0G0NBьAO 70 D>@<C;>N: 
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13 13 13 13 13( , , , ).E E r Z V d=  

 

' @57C;ьB0BV @>72'O70==O @V2=O==O (2.7) 1C4CBь 287=0G5=V є<=>ABV ?CG:V2 

:0=0;V2 (1,4) – 
14V  – (3,4) – 

34V  B0 =>25 7=0G5==O 25;8G8=8 =04;8H:>2>3> 

=020=B065==O 7 ?CG:0 (1,4), 
14rò ; 

5. #5@52V@8B8: O:I> 14 14

14

e

e

r r

r


ò−
ü  B> 70:V=G8B8 ?@>F5A >1G8A;5==O; 2 

V=H><C @07V ?@89=OB8 14 14

e
r rò=  B0 ?5@59B8 4> ?. 2. 

 

 

$8AC=>: 2.7 – 4-2C7;>20 107>20 <5@56=0 AB@C:BC@0  

 

#@8 AB2>@5==V <5@56=8E A8AB5< 0C4V>0=0;VB8:8 >A>1;82> 0:BC0;ь=8< є 

?8B0==O ?@> >?B8<0;ь=89 @>7?>4V; ?CG:V2 :0=0;V2 =0 <5@56V. �0AB>AC20==O 

B>G=8E 0=0;VB8G=8E <>45;59 CA:;04=5=5 G5@57 A:;04=C DC=:FV>=0;ь=C 

70;56=VABь <V6 V<>2V@=VABN 2B@0B V =020=B06C20;ь=8<8 B0 AB@C:BC@=8<8 

?0@0<5B@0<8. �@V< B>3>, 70AB>AC20==O AB@>38E 0=0;VB8G=8E <>45;59 28<030є 

25;8:>3> >1AO3C >1G8A;5=ь, I> >1<56Cє @>7<V@8 0=0;V7>20=>W <5@56V. &><C 

=091V;ьH 4>FV;ь=8< 283;O40є 70AB>AC20==O =01;865=8E <>45;59, ?5@52030 

O:8E ?>;O30є 2 C=VD>@<=>ABV >1G8A;5==O E0@0:B5@8AB8: B0 28A>:V9 

H284:>ABV. 

�C45<> 22060B8, I> =0 ?CG:C <V6 2C7;0<8 1 V 3 <0є <VAF5 AC:C?=VABь K  

=5>@48=0@=8E ?C0A>=V2Aь:8E =020=B065=ь, O:V 70<V=8<> =0 5:2V20;5=B=V 
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@5:C@5=B=V =020=B065==O (B>1B> =020=B065==O, I> AB2>@NNBьAO 

@5:C@5=B=8<8 ?>B>:0<8 28:;8:V2), O:V 7040NBьAO ?0@>N ( ), , 1,i iR Z i K= . ' 

Fь><C 28?04:C @5:C@5=B=5 =020=B065==O <V6 2C7;0<8 1 V 3: 

 

 1
1 1

1 1

, .

K

i iK

i
i

i

R Z

R R Z
R

=

=

= =
õ

õ  

 

�2060B8<5<>, I> <V6 2C7;0<8 1 B0 3 <0є <VAF5 2;0A=5 =020=B065==O 

( )1 1,R Z , <V6 2C7;0<8 1 B0 2 – 2;0A=5 ?C0A>=V2Aь:5 =020=B065==O 
2A , V <V6 

2C7;0<8 2 B0 3 – 2;0A=5 ?C0A>=V2Aь:5 =020=B065==O – 
3A  (@8A. 2.4). 

&0:8< G8=><, >?B8<V70FV9=5 @V2=O==O C 28?04:C 3-2C7;>2>W <5@56V, 

?@54AB02;5=>W =0 @8A. 2.6, <0B8<5 283;O4: 
 

 1 2 3

1 2 3

.
C C C

H ò ò
= +
ò

 (2.15) 

 

' @07V 28:>@8AB0==O >?B8<V70FV9=>3> @V2=O==O (2.15) 0;3>@8B< 

287=0G5==O є<=>ABV ?CG:0 :0=0;V2 H;OEC ?5@H>3> 281>@C 
1V  70 7=0G5==O< 

?>EV4=>W 
1H ò  7V A?V22V4=>H5==O (2.15): 

 

 1

2 3

2 3

C
H

C C

ò ò

ò =
+

. (2.16) 

 

� V=H>3> 1>:C, 7=0G5==O FVєW ?>EV4=>W <>6=0 =01;865=> 287=0G8B8 O:: 

 

 
1,2 1,1

,
2

e e
r r

H
V

−
ò =  (2.17) 
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45 ( )( )1,1 1 1 1, ,e
r f R Z V V= +  – =04;8H:>25 =020=B065==O, I> 28=8:0є =0 ?CG:C 

:0=0;V2 H;OEC ?5@H>3> 281>@C, є<=VABь O:>3> 4>@V2=Nє 
1V V+ ; 

( )( )1,2 1 1 1, ,e
r f R Z V V= −  – =04;8H:>25 =020=B065==O, I> 28=8:0є =0 

?CG:C є<=VABN 
1V V− . 

�5;8G8=C =04;8H:>28E =020=B065=ь 1, , 1,2e

i
r i =  <>6=0 287=0G8B8 70 

D>@<C;>N (2.9): 

 

 
( )11 1

1,1 1

1 1 1

, , ;e d
F V VR V V

r R E
Z Z Z

+ö ö+
= ÷ ÷

ø ø
 

 
( )11 1

1,2 1

1 1 1

, , .e d
F V VR V V

r R E
Z Z Z

−ö ö−
= ÷ ÷

ø ø
 

 

"A:V;ь:8 
1H ò  287=0G0єBьAO 7V A?V22V4=>H5==O (2.16), B> 25;8G8=C 

є<=>ABV 
1V  ?CG:0 H;OEC ?5@H>3> 281>@C <>6=0 7=09B8 VB5@0FV9=> 7 

@>72'O70==O @V2=O==O (2.17), I> 2 Fь><C 28?04:C =01C45 283;O4C: 

 

 

( ) ( )1 11 1 1 1
1

1 1 1 1 1 1

1

, , , ,

,
2

d d
F V V F V VR V V R V V

R E E
Z Z Z Z Z Z

H
V

ù ù− +ö ö ö ö− +−ú ú÷ ÷ ÷ ÷
ø ø ø øû ûò =  (2.18) 

 

45 V const=  B0 >18@0єBьAO 2V4?>2V4=> 4> 4>?CAB8<>W ?>E81:8 >1G8A;5=ь. 

�;O 287=0G5==O 7=0G5==O 
1V  7 @V2=O==O (2.18) 1C;> 28:>@8AB0=> B0:5 

VB5@0FV9=5 @V2=O==O: 

 
    ( )( )1

1 1 11 121 ,
i i

V V H H
+ = − −  (2.19) 

 

45 
11H const=  B0 7=0E>48BьAO 7V A?V22V4=>H5==O (2.24), 0 

12H  – 7 (2.26). 

/: ?>G0B:>25 =01;865==O 4;O 25;8G8=8 є<=>ABV ?CG:0 28:>@8AB>2Cє<> 

25;8G8=C  0

1 1 1V R Z= . /: ?>:070;8 4>A;V465==O, ?@>F5A є 71V6=8< B0 
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>AF8;NNG8<. #@8 Fь><C G8A;> VB5@0FV9 C @07V 157?>A5@54=ь>3> 28:>@8AB0==O 

VB5@0FV9=>3> @V2=O==O (2.19) =5 ?5@528ICє 10-B8, 0 2 @07V ?@8A:>@5==O 

71V6=>ABV =5 ?5@528ICє 5-B8. 

$>73;O=CB89 0;3>@8B< 1C;> ?5@52V@5=> ?V4 G0A @>72'O70==O 7040GV 

>?B8<V70FVW >4=>A?@O<>20=>W 3-2C7;>2>W <5@56=>W AB@C:BC@8, 4;O O:>W 1C;> 

>B@8<0=> ?>?5@54=ь> B>G=89 @>72'O7>:. �?;82 =5?C0A>=V2Aь:>3> 

=020=B065==O =0 E0@0:B5@ >?B8<V70FVW ?>@V2=Oє<> =0 ?@8:;04V 3-2C7;>2>W 

<5@56V, 4;O O:>W: 
2 3 5A A= =  �@;, 

1 1C =  8 
2 3 1,5C C= =  C. >., 

1 5R =  �@;, 0 

1 1,2Z =  01> 4. $57C;ьB0B8 >?B8<V70FVW 4;O B@ь>E 7=0G5=ь 
1Z  72545=> 2 B01;. 

2.1, C O:V9 =02545=> @57C;ьB0B8 >?B8<V70FVW <5@56V, >B@8<0=V H;OE>< ?>2=>3> 

?5@51>@C. #V4 G0A >?B8<V70FVW <5@56V ?CG:8 :0=0;V2 H;OEC >AB0==ь>3> 281>@C 

287=0G0;8AO ?@8 DV:A>20=8E A5@54=ь>72065=8E 2B@0B0E 2 1%. 

 

&01;8FO 2.1 – $57C;ьB0B8 >?B8<V70FVW <5@56V H;OE>< ?>2=>3> ?5@51>@C 

#0@0<5B@ 

�>5DVFVє=B 48A?5@AVW =020=B065==O 

1 1Z =  1 2Z =  1 3Z =  

0=0;VB8G=5 B>G=5 0=0;VB8G=5 B>G=5 0=0;VB8G=5 B>G=5 

1V  7 7 9 10 13 16 

2V  13 12 12 12 14 12 

3V  12 12 13 12 13 12 

C  425 430 440 460 510 520 

,%ó  1.18 4.55 1.96 

 

/: 284=> 7 0=0;V7C 40=8E B01;. 2.1, <5B>4, C7030;ь=5=89 =0 28?04>: 

=5?C0A>=V2Aь:8E =020=B065=ь, 40є @57C;ьB0B8, 1;87ь:V 4> >?B8<0;ь=8E 

(?>E81:0 =5 1V;ьH5 6%). �1V;ьH5==O :>5DVFVє=B0 48A?5@AVW 
1Z  ?@872>48Bь 4> 

B>3>, I> ?CG>: :0=0;V2 ?5@H>3> 281>@C ?V4 G0A >?B8<V70FVW <0B8<5 1V;ьHC 

є<=VABь 70 B8E A0<8E C<>2 ?>@V2=O=> 7 28?04:><, :>;8 
1 1Z = . 



 88 

&0:8< G8=><, @>73;O=CB89 28I5 0;3>@8B< 40є 7<>3C >?B8<V7C20B8 3-

2C7;>2V >4=>A?@O<>20=V <5@56V. "?8A0=89 ?V4EV4 ?>H8@NєBьAO =0 V=HV 107>2V 

<5@56=V AB@C:BC@8. #@8 70AB>AC20==V 40=>3> ?V4E>4C 4> F8E AB@C:BC@, 7<V=8 

AB>AC20B8<CBьAO ;8H5 287=0G5==O ?CG:V2 :0=0;V2 H;OEV2 28A>:>3> 

28:>@8AB0==O (?@O<89 H;OE B0 >1EV4=89 H;OE 28A>:>3> 28:>@8AB0==O). #VA;O 

B>3>, O: 1C45 ?@>2545=> >?B8<V70FVN 107>28E <5@56=8E AB@C:BC@ B0 <5@56V 

7030;><, <>6=0 ?@>2>48B8 45B0;ь=89 0=0;V7 O:>ABV >1A;C3>2C20==O 

V=482V4C0;ь=8E ?>B>:V2 28:;8:V2, B>1B> >1G8A;N20B8 9<>2V@=>ABV 

V=482V4C0;ь=8E =020=B065=ь (V=B5=A82=>ABV B0 :>5DVFVє=B8 48A?5@AVW). 

 

2.4.3 "?B8<V70FVO 107>2>W <5@56V A8AB5<8 0C4V>0=0;VB8:8 70 :@8B5@Vє< 

20@B>ABV 

 

"A:V;ь:8 @>73;O=CB89 28I5 <5B>4 >?B8<V70FVW <5@56V 72'O7:C 70 

:@8B5@Vє< <V=V<0;ь=>W 20@B>ABV ґ@C=BCєBьAO =0 =87FV ?@8?CI5=ь, B> 2V= є 

=01;865=8<. "FV=8<> B>G=VABь Fь>3> <5B>4C.  

+8A;> :0=0;V2 =0 <5@56V :><CB0FVW ?@89=OB> @>7@0E>2C20B8 =0 >A=>2V 

:@8B5@VN <V=V<C<C :0?VB0;ь=8E 28B@0B ?@8 DV:A>20=V9 O:>ABV >1A;C3>2C20==O 

28:;8:V2 =0 ?CG:0E :0=0;V2 H;OEC >AB0==ь>3> 281>@C (,"�) V 4>B@8<0==O 

28<>38 :@0B=>ABV AC<0@=>W :V;ь:>ABV :0=0;V2 C 28EV4=><C B0 2EV4=><C ?CG:0E 

?@O<8E H;OEV2 (#,) G8A;C :0=0;V2 ?5@28==>3> <>4C;O A8AB5<8 ?5@540GV. 

&0:, ?@8 28:>@8AB0==V 0=0;>3>28E A8AB5< ?5@540GV ?5@28==89 <>4C;ь 

2V4?>2V40є 12-B8 :0=0;0<, 0 ?@8 28:>@8AB0==V F8D@>28E A8AB5< ?5@540GV – 13-

B8 :0=0;0<. #@8 4>B@8<0==V F8E 28<>3 70728G09 ?@89<0NBь B0:V 

A?@>IC20;ь=V 4>?CI5==O: 

1. #CG:8 :0=0;V2 є ?>2=>4>ABC?=8<8 B0 =51;>:>20=8<8; 

2. (C=:FVO :0?VB0;ь=8E 28B@0B є 157?5@5@2=>N V 48D5@5=FV9>20=>N; 

3. #0@0<5B@8 >?B8<V70FV9=>3> @V2=O==O 70;560Bь BV;ь:8 2V4 ?5@H>3> 

<><5=BC @>7?>4V;C =020=B065==O. 
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�0=V ?@8?CI5==O 40NBь 7<>3C >B@8<0B8 >?B8<V70FV9=V @V2=O==O 2 

?>@V2=O=> ?@>AB><C 283;O4V B0 5D5:B82=> WE 28:>@8AB>2C20B8 ?V4 G0A 

02B><0B870FVW ?@>5:BC20==O V=D>@<0FV9=>W <5@56V. "4=0: ?@8 Fь><C 28=8:0є 

45O:0 ?>E81:0 C 287=0G5==V є<=>ABV ?CG:V2, >FV=8B8 :>B@C 0=0;VB8G=> 4>A8Bь 

206:>. #>E81:C <>6=0 >FV=8B8 >?>A5@54:>20=>. ' O:>ABV B0:8E <5B>4V2 

<>6=0 28:>@8AB>2C20B8 ?>HC:>2V <5B>48 >?B8<V70FVW, =0?@8:;04, <5B>4 

28?04:>2>3> ?>HC:C ( �#), O:89 G0AB> 5D5:B82=> 70AB>A>2CNBь ?V4 G0A 

0=0;V7C >:@5<8E D@03<5=BV2 <5@56V. �VAB0282H8 @57C;ьB0B8 >?B8<V70FVW 

<5@56V 70 42><0 <5B>40<8, <>6=0 ?@81;87=> >FV=8B8 ?>E81:C. 

#V4 FV;ь>2>N DC=:FVєN C  @>73;O40NBьAO AC<0@=V :0?VB0;ь=V 28B@0B8 

=0 >@30=V70FVN <5@56V 72'O7:C: 

 

 ,
i i

i N

C CV


=õ  (2.20) 

 

45 
i

C  – :0?VB0;ь=V 28B@0B8 =0 >@30=V70FVN >4=>3> :0=0;C i-3> =0?@O<C; 

i
V  – є<=VABь ?CG:0 :0=0;V2 2 i-<C =0?@O<:C; 

i
N  – <=>68=0 CAVE =0?@O<:V2. 

�C45<> 22060B8, I> 2AV ?CG:8 :0=0;V2 #, 287=0G0NBьAO B0:8< G8=><, 

I> AC<0 :0=0;V2 C 28EV4=><C V 2EV4=><C ?CG:0E <V6 :>6=>N ?0@>N 2C7;V2 

:@0B=0 ?@89=OB><C <>4C;N ?5@28==>W 3@C?8 A8AB5<8 ?5@540GV M : 

 

 2E.?H 28E.?H ,V V kM+ =  

 

45 k  – <=>6=8: :@0B=>ABV ( 0k þ ), ?@8G><C @>7?>4V; :0=0;V2 ?> :>6=><C 7 

F8E ?CG:V2 74V9A=NєBьAO =0 >A=>2V 70157?5G5==O <V=V<C<C AC<0@=>W 

=04<V@=>ABV =020=B065==O. Є<=VABь ?CG:V2 :0=0;V2 >1EV4=8E ?@><V6=8E 

H;OEV2 ("#,) B0:>6 :@0B=0 М. 

#CG:8 :0=0;V2 ,"� є ?CG:0<8 28A>:>W O:>ABV V WE <>6=0 287=0G8B8 7 

B>G=VABN 4> >4=>3> :0=0;C 70 9<>2V@=>ABV 2B@0B 0.01P = . !0 ?CG:8 :0=0;V2 
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"#, =04E>4OBь =5?C0A>=V2Aь:V =04;8H:>2V =020=B065==O, O:V 704020B8<5<> 

WE=V<8 ?5@H8<8 42><0 <><5=B0<8 @>7?>4V;C – <0B5<0B8G=8< >GV:C20==O< 

V=B5=A82=>ABV =020=B065==O 
i

R , B0 9>3> 48A?5@AVєN 2

i
ó . �;O 7@CG=>ABV =040;V 

28:>@8AB>2C20B8<5<> :>5DVFVє=B 48A?5@AVW 2 /
i i i

Z Ró= . 

#V4 G0A 70AB>AC20==O  �# FV;ь>2C DC=:FVN (2.20) =5>1EV4=> CB>G=8B8, 

?>2'O702H8 є<=VABь ?CG:V2 ( )i
V i N  7 ?0@0<5B@0<8 =020=B065==O, I> 

=04E>48Bь =0 F59 ?CG>:, V<>2V@=VABN 28=8:=5==O =04;8H:>2>3> 

=020=B065==O B0 AB@C:BC@>N 2C7;0 :><CB0FVW. �?;82 AB@C:BC@8 2C7;0 
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?@89=OB>3> A?>A>1C @>7?>4V;C @5AC@AV2. �;O >@30=V70FVW :;0AV2 7'є4=0=ь 

=5>1EV4=V A?5FV0;ь=V 107>2V ?V4B@8<CNGV <5E0=V7<8: 

- :5@C20==O 4>?CA:>< 7'є4=0==O (%�%); 

- :5@C20==O ?0@0<5B@0<8 28:>@8AB0==O (UPC); 

- C?@02;V==O 72>@>B=8< 72'O7:><; 

- C?@02;V==O @>7?>4V;>< @5AC@AV2. 

 5E0=V7< %�% 287=0G5=89 O: =01V@ 4V9, I> 74V9A=NNBьAO <5@565N 

?@>BO3>< D078 >1@>1:8 28:;8:C (D070 CAB0=>2:8 2V@BC0;ь=>3> 7'є4=0==O) V 

?@>BO3>< D078 C73>465==O, I>1 287=0G8B8, G8 ?@89=OB0 70O2:0 =0 7'є4=0==O 

01> 2V4:8=CB0.  5@56=V @5AC@A8 (H8@8=0 A<C38 1VB>2>W H284:>ABV ?5@540GV 

B0 @>7<V@ 1CD5@0) @575@2CNBьAO ?V4 G0A >1@>1:8 70O2:8 C :>6=><C 2C7;V, 

O:I> F5 ?>B@V1=> ?@89=OB>W :0B53>@VW ?>A;C38. 

 5E0=V7< UPC 287=0G5=89 O: =01V@ 4V9 28:>=C20=8E <5@565N 4;O 

<>=VB>@8=3C 70 B@0DV:>< V C?@02;V==O =8<, 0 B0:>6 4;O AB2>@5==O ATM-

7'є4=0==O 2V4 :>@8ABC20GV2 4> <5@56=>3> V=B5@D59AC. "A=>2=0 <5B0 UPC 

?>;O30є C 70E8ABV <5@56=8E @5AC@AV2 2V4 <>6;82>ABV =5?@028;ь=>3> 

>1A;C3>2C20==O :>@8ABC20G0, ?@8 O:><C <>65 7<V=8B8AO QoS V=H8E C65 

?@89=OB8E 4> >1A;C3>2C20==O :>@8ABC20GV2, 7'є4=0==O O:8E 265 2AB0=>2;5=>. 

 5E0=V7< UPC 107CєBьAO =0 28:>@8AB0==V 0;3>@8B<C Generic Cell Rate, O:89 

:>=B@>;Nє :>65= >A5@54>:, I> =04E>48Bь, =0 2V4?>2V4=VABь 9>3> :>=B@0:BC, 

B>1B> ?@89=OB><C 2V4?>2V4=>ABV ?0@0<5B@V2 B@0DV:C 4;O 4>72>;5=>3> 

7'є4=0==O. /:I> 28O2;ONBьAO ?>@CH5==O ?0@0<5B@V2 B@0DV:C, B> 

?@89<0NBьAO 2V4?>2V4=V 4VW – 70B@8<:0, ?>7=0G:0 >A5@54:C 01> =02VBь 9>3> 

@565:FVO. 

 5E0=V7< C?@02;V==O 72>@>B=8< 72'O7:>< (FC) 287=0G0єBьAO O: 

<=>68=0 4V9, I> 74V9A=NNBьAO <5@56=8<8 B0 :V=F528<8 A8AB5<0<8 

(<>6;82> C 270є<>4VW), 4;O @53C;N20==O B@0DV:C 7'є4=0==O 73V4=> 7 C<>20<8, 

?@89=OB8<8 <5@56=8<8 5;5<5=B0<8. %?5F8DVG=V ?@>F54C@8 :5@C20==O %�% 

?>2'O70=V 7 :0B53>@VO<8 �& -A5@2VAC. '?@02;V==O @>7?>4V;>< @5AC@AC 

=095D5:B82=VH5 74V9A=NєBьAO 7 4>?><>3>N 70?@>20465==O @575@2C20==O 
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H8@8=8 1VB>2>W H284:>ABV ?5@540GV. '?@02;V==O @>7?>4V;>< @5AC@AV2 

=095D5:B82=VH5 74V9A=NєBьAO 7 4>?><>3>N 70?@>20465==O @575@2C20==O 

H8@8=8 1VB>2>W H284:>ABV ?5@540GV. 

 

3.3.2 '?@02;V==O 7’є4=0==O<8 C <5@56=V9 A8AB5<V 0C4V>0=0;VB8:8 

 

�;3>@8B< C?@02;V==O 4>?CA:C :>@8ABC20G0 2 <5@56C %AC 287=0G0є 4VW, 

I> 28:>=CNBьAO <5@565N, I> 4>72>;ONBь, 2 :V=F52><C @0EC=:C, 2AB0=>28B8 

7'є4=0==O. �0 4>?><>3>N 0;3>@8B<C %�% 7'є4=0==O 2AB0=>2;NєBьAO BV;ь:8 2 

B><C 28?04:C, O:I> <5@560 <>65 ?V4B@8<C20B8 F5 7'є4=0==O 7 =5>1EV4=8< 

QoS V =5 ?>3V@HC20B8 O:>ABV >1A;C3>2C20==O 265 2AB0=>2;5=8E 7'є4=0=ь. 

�;3>@8B< 4>72>;Oє 1;>:C20B8 4>?CA: C <5@56C =>28E 7'є4=0=ь, O:I> 2 =V9 

7@>AB0NBь A:C?G5==O >A5@54:V2 C G5@30E. �V= 74V9A=Nє @>7?>4V; ?V:>28E 

7=0G5=ь 1VB>2>W H284:>ABV ?5@540GV >A5@54:V2. �0 4>?><>3>N Fь>3> 0;3>@8B<C 

<>6=0 7<5=H8B8 <>6;82VABь A?@>18 ?>2B>@=>3> 28:;8:C. �;3>@8B< %�% 

?5@5410G0є B0:>6 <>6;82VABь DC=:FV>=C20==O, :>;8 01>=5=B C 72'O7:C 

28<030B8<5 >1A;C3>2C20==O 7 28I8<8 ?0@0<5B@0<8, ?>?5@54=ь> 74V9A=82H8 

?5@5@5єAB@0FVN. 

�VW 0;3>@8B<C %�% 28:>=CNBьAO O: C ?>G0B:>2><C 5B0?V 

>1A;C3>2C20==O 28:;8:C, B0: V =0 5B0?V ?5@5C73>465==O C<>2 >1A;C3>2C20==O 

28:;8:C. �;3>@8B< %�% 28@VHCє ?8B0==O, G8 =040B8 2V@BC0;ь=5 :0=0;ь=5 

7'є4=0==O Ѵ% 01> 2V@BC0;ь=5 7'є4=0==O H;OEC Ѵ$ A?>6820G52V. $>1>B0 40=>3> 

0;3>@8B<C 70157?5GCє 10;0=A <V6 5D5:B82=VABN B0 QoS. 

�;3>@8B< %�% 4;O 28@VH5==O ?8B0==O ?@> ?@89=OBBO G8 2V4E8;5==O 

7'є4=0==O <0є 287=0G8B8: 

- ?@89=OB=V <56V >1AO3C B@0DV:C; 

- =5>1EV4=89 :;0A QoS. 

*O V=D>@<0FVO <>65 1CB8 ?5@53;O=CB0 ?@>BO3>< VA=C20==O 7'є4=0==O. 

 5@560 <>65 >1<568B8 G0AB>BC F8E 4><>2;5=>AB59 V7 :>@8ABC20G5<. 
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!0 5B0?V @50;V70FVW 0;3>@8B<C %�% 287=0G0єBьAO B0: 720=89 B@0DVG=89 

:>=B@0:B. *59 :>=B@0:B ?>;O30є C =5>1EV4=>ABV 4>B@8<0==O =01>@C 

?0@0<5B@V2 >1A;C3>2C20==O, 2:;NG0NG8 ?0@0<5B@8 QoS. �V4?>2V4=> 4> 

@5:><5=40FV9 <V6=0@>4=>W A?V;:8 5;5:B@>72'O7:C (ITU), 28:>=0==O :>=B@0:BC 

:>=B@>;NєBьAO H;OE>< 9>3> ?5@52V@:8 =0 28:>=0==O 2V4?>2V4=>ABV 

?@89=OB><C ?@028;C >1A;C3>2C20==O B0 <5@56=><C QoS. �>=B@0:B DV:ACє 

:>@8ABC20G0, 7 O:8< <>6=0 7<V=8B8 9>3> ?>40;ьH5 >1A;C3>2C20==O. 

!01V@ ?0@0<5B@V2, I> >?8ACNBь B@0DV:, =07820єBьAO 45A:@8?B>@>< 

B@0DV:C 7'є4=0==O, I> 2AB0=>2;NєBьAO. �5A:@8?B>@ B@0DV:C @53;0<5=B>20=89 

ITU V ?>2'O70=89 V7 2AB0=>2;5==O< є48=>3> 7'є4=0==O Ѵ$ 01> 7'є4=0==O Ѵ%. 

�3V4=> 7 @5:><5=40FVO<8 ITU 45A:@8?B>@ B@0DV:C 287=0G0є: 

- ?0@0<5B@8 B@0DV:C; 

- 2V4?>2V4=VABь ?0@0<5B@V2 B@0DV:C ?5@52V@>G=><C ?@028;C; 

- <5@56=0 QoS. 

!0 5B0?V 2AB0=>2;5==O 7'є4=0==O C73>46CєBьAO V=D>@<0FVO, I> 

<VAB8BьAO C A?5F8DV:0FVW B@0DVG=>3> :>=B@0:BC. &0:8< G8=><, 45A:@8?B>@ 

B@0DV:C 287=0G0є <>6;82VABь :><?@><VA=8E C<>2 2AB0=>2;5==O 7'є4=0==O <V6 

:>@8ABC20G5< B0 <5@565N. 

"B65, 0;3>@8B< %�% ?@54AB02;Oє <=>68=C 4V9, O:V <0NBь 1CB8 

74V9A=5=V =0 5B0?V 2AB0=>2;5==O 7'є4=0==O 4;O B>3>, I>1 ?@89=OB8 01> 

2V4:8=CB8 >1A;C3>2C20==O :>@8ABC20G0. �0O2:0 =0 2AB0=>2;5==O 7'є4=0==O 

?@89<0єBьAO 4> >1A;C3>2C20==O ;8H5 2 B><C 28?04:C, :>;8 є 4>AB0B=V 

@5AC@A8 4;O @50;V70FVW 7'є4=0==O ?> 2AV9 <5@56V 7 =5>1EV4=8< QoS. #@8 Fь><C 

>1>2'O7:>2>N 28<>3>N є 715@565==O ?@89=OB>W O:>ABV >1A;C3>2C20==O 265 

2AB0=>2;5=8E 7'є4=0=ь. 

 

3.3.3 '?@02;V==O B@0DV:>< C <5@56=V9 A8AB5<V 0C4V>0=0;VB8:8 

 

'?@02;V==O ?0@0<5B@0<8 =020=B065==O, I> AB2>@NєBьAO :>@8ABC20G5<, 

B0 C?@02;V==O ?0@0<5B@0<8 <5@56V (UPC/NPC) 74V9A=NєBьAO =0 @V2=V 
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V=B5@D59AV2 :>@8ABC20G-<5@560 (UNI) B0 <5@560-2C7>; (NNI). *5 C?@02;V==O 

O2;Oє A>1>N =01V@ 4V9, O:V ?>28==V 1CB8 74V9A=5=V <5@565N 4;O 

A?>AB5@565==O B0 C?@02;V==O B@0DV:><, AB2>@N20=8< ATM-7'є4=0==O<8. 

$57C;ьB0B C?@02;V==O D>@<C;NєBьAO 2 B5@<V=0E B@0DV:C >A5@54:V2 B0 

5D5:B82=>ABV WE=ь>W <0@H@CB870FVW. "A=>2=0 <5B0 C?@02;V==O ?0@0<5B@0<8 

B@0DV:C, I> >1A;C3>2CєBьAO, ?>;O30є 2 :>=B@>;V 70 :>6=8< 2AB0=>2;5=8< 

7'є4=0==O< I>4> 9>3> 1V;ьH AC2>@>W 2V4?>2V4=>ABV B@0DVG=><C :>=B@0:BC. 

�450;ь=89 0;3>@8B< UPC/NPC <0є 2V4?>2V40B8 =0ABC?=8< 28<>30<: 

- 740B=VABь 28O2;OB8 1C4ь-O:V =5?@8?CAB8<V B@0DVG=V A8BC0FVW; 

- H284:0 @50:FVO =0 ?>3V@H5==O ?0@0<5B@V2 B@0DV:C; 

- ?@>AB0 @50;V70FVO. 

%5@54 <5B>4V2, I> ?@>?>=CNBьAO 4;O 70157?5G5==O F8E 28<>3, 7=0G=C 

C203C ?@84V;OєBьAO <5B>4C, O:89 >B@8<02 C<>2=C =072C «4V@O25 2V4@>». �=H8< 

<5B>4><, I> H8@>:> 70AB>A>2CєBьAO 2 <5@560E ?5@540GV 40=8E, є B0: 720=89 

<5B>4 :>27=>3> 2V:=0. �;O ?>1C4>28 ?@>F54C@8 C?@02;V==O 70AB>A>2CNBь 420 

?V4E>48: AB0B8AB8G=89 B0 70A=>20=89 =0 28:>@8AB0==V 45O:8E 0?@V>@=8E 

?@028;. !54>;V:>< AB0B8AB8G=>3> ?V4E>4C є =5>1EV4=VABь B@820;>3> 

A?>AB5@565==O B0 ?>2V;ь=0 @50:FVO C?@02;V==O. &><C =0 ?@0:B8FV 

70AB>A>2CNBьAO >?5@0FV9=V ?V4E>48. 

' @5:><5=40FVW 1.371 ITU ?@54AB02;5=> 42V 5:2V20;5=B=V 25@AVW 

>?5@0FV9=>3> 0;3>@8B<C – B0: 720=>3> C7030;ь=5=>3> 0;3>@8B<C @53C;N20==O 

H284:>ABV ?5@540GV >A5@54:V2 (GCRA). #5@H0 25@AVO >B@8<0;0 =072C 

0;3>@8B<C 2V@BC0;ь=>3> @>7:;04C (VS�), 4@C30 – 0;3>@8B<C 4V@O2>3> 2V4@0 

(LBA). $>73;O=5<> FV 25@AVW 4>:;04=VH5. 

"1842V 25@AVW GCRA 4;O 1C4ь-O:>W ?>A;V4>2=>ABV <><5=BV2 

=04E>465==O >A5@54:V2 ( 1
a

t ó ) 287=0G0NBь >A5@54:8, O:V <>6CBь 1CB8 

?5@540=V 70 ;0=:>N 01> WE ?5@540G0 1C45 70B@8<0=0. � 0;3>@8B<V 2V@BC0;ь=>3> 

@>7:;04C VSA 28:>@8AB>2CNBь 420 ?0@0<5B@8: I  – 71V;ьH5==O; L  – 45O:0 

<560 9>3> 71V;ьH5==O B0 <=>68=0 ?@><V6=8E 7<V==8E ( ),GCRA I L . 
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� 0;3>@8B<V VSA >1G8A;NєBьAO B5>@5B8G=> ?5@5410GC20=89 <><5=B 

?>O28 >A5@54:V2 TAT  ?@8 ?@8?CI5==V, I> >A5@54:8 @V2=><V@=> @>7?>4V;5=V 2 

G0AV, ?@8G><C 2V4AB0=ь <V6 42><0 ?>A;V4>2=8<8 >A5@54:0<8 4>@V2=Nє I 2 

<><5=B 0:B82=>ABV 465@5;0. /:I> D0:B8G=89 G0A =04E>465==O ?5@528ICє 

TATt L= − , 45 L – 45O:5 ?@89=OB=5 7=0G5==O, B>4V >A5@54>: 4>?CA:0єBьAO, 

V=0:H5 >A5@54>: 70B@8<CєBьAO. 

%E5<0 0;3>@8B<C 2V@BC0;ь=>3> @>7:;04C =02545=0 =0 @8A. 3.3. 

 

 

$8AC=>: 3.3 – �;3>@8B< 2V@BC0;ь=>3> @>7:;04C 

 

$>73;O=5<> 0;3>@8B< 4V@O2>3> 2V4@0. !0 @8A. 3.4 ?>:070=>, O: 15@AB=89 

?>BV: >A5@54:V2 70?>2=Nє 2V4@> �1. /:I> 2V4@> �1 =5 ?5@5?>2=5=>, B> 

>A5@54:8 2 A5@54>28I5 ?5@540GV =04E>4OBь V7 30@0=B>20=>N H284:VABN. /:I> 

�1 28O2;OєBьAO ?5@5?>2=5=8<, B> =04;8H:>289 ?>BV: =04E>48Bь C 2V4@> �2. 

/:I> 2V4@> �2 =5 ?5@5?>2=5=>, B> 7 �2 ?>BV: >A5@54:V2 =04E>48Bь C 

A5@54>28I5 ?5@540GV 7 4>2V;ь=>N H284:VABN, 0;5 <5=H>N, =V6 30@0=B>20=0. 

/:I> �2 28O2;OєBьAO ?5@5?>2=5=8<, B> =04;8H:>289 ?>BV: @565:BCєBьAO. 

"?8A0=V9 AE5<V :5@C20==O ?>B>:>< 2V4?>2V40є 0;3>@8B<, =02545=89 =0 

@8A. 3.5.  
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$8AC=>: 3.4 – (V78G=0 V=B5@?@5B0FVO <5B>4C 4V@O2>3> 2V4@0 

 

 

$8AC=>: 3.5 – �;3>@8B< C?@02;V==O 1VB>28< ?>B>:>< «4V@O25 2V4@>» 

 

+0A>20 AE5<0 ?@>F54C@8 C?@02;V==O 4V@O2>3> 2V4@0 V;NAB@CєBьAO 

AE5<0<8 =0 @8A. 3.6 B0 @8A. 3.7. $8A. 3.6 2V4?>2V40є 28?04:C 70?>2=5==O 2V4@0, 

0 @8A. 3.7 – 28?04:C 2AB02:8 >A5@54:V2 C A5@54>28I5 ?5@540GV. !0 2V4<V=C 2V4 

<5E0=V7<C «:>27=5 2V:=>», <5E0=V7< «4V@O25 2V4@>» >?5@Cє 7 V=482V4C0;ь=8<8 

>A5@54:0<8. #>BV: >A5@54:V2 :>?VNєBьAO 2 B0: 720=C ?A524>G5@3C. +5@30 
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>1A;C3>2CєBьAO 7 45O:>N H284:VABN, O:0 22060єBьAO H284:VABN ?@>BV:0==O 

2V4@0. �>;8 1CD5@ =0?>2=8BьAO, >A5@54:8 28EV4=>3> ?>B>:C 70B@8<CNBьAO. 

�>6=><C 2AB0=>2;5=><C 7'є4=0==N AB028BьAO C 2V4?>2V4=VABь ;VG8;ь=8:, 

2<VAB O:>3> 71V;ьHCєBьAO =0 >48=8FN C @07V =04E>465==O V=D>@<0FV9=>3> 

>A5@54:C V 2V4?>2V4=> 7<5=HCєBьAO, O:I> C ;0=FV ?5@540GV <0є <VAF5 

?@89=OB=0 ?>B>G=0 H284:VABь 1VB0. �VG8;ь=8: <0є 45O:89 ?>@V3 L. /:I> 

2<VAB ;VG8;ь=8:0 4>@V2=Nє L, B> 4>ABC? >A5@54:V2 4> <5@56V ?@8?8=OєBьAO, V 

2>=8 =04E>4OBь C 1CD5@=89 =0:>?8GC20G. 

 

 

$8AC=>: 3.6 – +0A>20 V=B5@?@5B0FVO ?@>F54C@8 «4V@O25 2V4@>» =0 5B0?V 

70?>2=5==O 2V4@0: c – 4>?CI5=89 >A5@54>:; d – 70B@8<0=89 >A5@54>:; М – 

є<=VABь 2V4@0 ( 5M = ); 0,33a =  >A5@54:V2/A;>B; 

# min(# , )c A48EB8:9Aь M Q= − ; # min(0,# # )d A48EB8:9Aь c= −  

 

 

$8AC=>: 3.7 – +0A>20 V=B5@?@5B0FVO ?@>F54C@8 «4V@O25 2V4@>» =0 5B0?V 

2AB02:8 >A5@54:V2 

 

3.3.4 �0157?5G5==O O:>ABV ?5@540GV 0C4V>A83=0;C 

 

%5<0=B8G=0 ?@>7>@VABь (%#) <5@56V 287=0G0єBьAO O: 740B=VABь <5@56V 

B@0=A?>@BC20B8 ?>2V4><;5==O 2V4 465@5;0 4> >45@6C20G0 7 ?@89=OB=>N 

:V;ь:VABN ?><8;>:. #@8 7040=V9 A8AB5<V ?5@540GV ?@>7>@VABь <5@56V 

70157?5GCєBьAO: 

- :>4C20==O< ?>2V4><;5==O; 
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- ?>2B>@>< ?>2V4><;5==O =0 28<>3C ?@89<0G0; 

- :><1V=0FVєN ?@89><V2 ?.1 B0 2. 

!09206;82VH>N E0@0:B5@8AB8:>N, O:0 287=0G0є %#, є <>6;82VABь 

A?>B2>@5==O 1VBV2 V=D>@<0FVW, B0: 720=89 :>5DVFVє=B ?><8;>: ?> 1VB0< (BER): 

 

 .
З474?ьA4 >і?ь>іEFь CB@<?>B6<E 5іFі6

BER
З474?ьA4 >і?ь>іEFь C9D984A<E 5іFі6

=  

 

�;O @V7=8E A8AB5< ?5@540GV 28<V@ BER ?@0:B8G=> 72>48BьAO 4> =01>@C 

AB0B8AB8:8. ' ACG0A=8E 2>;>:>==>->?B8G=8E ;V=VOE 72'O7:C (�"��) 25;8G8=0 
910BER
−= . #@8 71V;ьH5==V 9<>2V@=>ABV BER 2V41C20єBьAO 71V;ьH5==O G8A;0 

?>2B>@=8E ?5@540G ?>H:>465=8E ?0:5BV2. #V428I5==O =020=B065==O ?@8 

Fь><C <>6=0 >FV=8B8 70 D>@<C;>N, I> 2@0E>2Cє 28:>@8AB0==O ?@>B>:>;C 

:5@C20==O «:>27=5 2V:=>»: 

 

 
1 (1 )

( ) ,
2 (1 )

nL

nL

W BER
R n

BER

− −
=

−
 

 

45 W  – @>7<V@ 2V:=0; 

n  – G8A;> ;0=>: ?5@540GV; 

L  – 4>268=0 ?0:5BC, 1VB. 
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$8AC=>: 3.18 – #@8=F8? H284:>W :><CB0FVW ?0:5BV2 

 

�'є4=0==O :><CB0B>@V2 Ѵ$ B0 Ѵ$/Ѵ% D>@<Cє 7'є4=0==O =0 <5@56=V9 

A8AB5<V 0C4V>0=0;VB8:8, I> =02545=5 =0 @8A. 3.19. 

 

  

$8AC=>: 3.19 – %E5<0 :><CB0FVW 2V@BC0;ь=8E H;OEV2 B0 :0=0;V2 =0 <5@56V 

 

!0 @8A. 3.20 ?@54AB02;5=0 C<>2=0 70;56=VABь 28B@0B :5@C20==O 2V4 

H284:>ABV ?5@540GV 4;O @V7=8E 284V2 :><CB0FVW. /: 28?;820є 7 @8A. 3.20, 

28B@0B8 =0 C?@02;V==O VAB>B=> 1V;ьHV, =V6 C @07V :><CB0FVW :0=0;V2 B0 

1030B>:0=0;ь=>W :><CB0FVW, 0;5 <5=HV, =V6 C @07V :><CB0FVW ?0:5BV2 C @568<V 

2V@BC0;ь=>3> :0=0;C B0 459B03@0<=><C @568<V. 

�0=0 :><CB0FV9=0 A8AB5<0 є A8AB5<>N 25;8:>W AB@C:BC@=>W A:;04=>ABV. 

&><C 2AV @50;ь=V <5B>48 @>7@0EC=:C WW ?@>?CA:=>W A?@><>6=>ABV =01;865=V. 
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#@8 Fь><C 28=8:0NBь ACBBє2V B@C4=>IV ?5@52V@:8 F8E <5B>4V2 70 4>?><>3>N 

V<VB0FV9=>3> <>45;N20==O. 

 

 

$8AC=>: 3.20 – �0;56=VABь 28B@0B =0 :5@C20==O 2V4 H284:>ABV ?5@540GV 4;O 

@V7=8E @568<V2 :><CB0FVW: �� – :><CB0FVO :0=0;V2; �� – 1030B>:0=0;ь=0 

:><CB0FVO; ,�� – H284:0 :><CB0FVO :0=0;V2; ,�# – H284:0 :><CB0FVO 

?0:5BV2; #��� – ?0:5B=0 :><CB0FVO 2V@BC0;ь=8<8 <0@H@CB0<8; �#� –

 459B03@0<=0 ?0:5B=0 :><CB0FVO 

 

 >6;82>ABV 28:>@8AB0==O V<VB0FV9=>3> <>45;N20==O 2C7;V2 <5@56=>W 

A8AB5<8 0C4V>0=0;VB8:8 4C65 >1<565=V. *5 ?>OA=NєBьAO BVєN >1AB028=>N, 

I> 4>?CAB8<89 @V25=ь 2B@0B V=D>@<0FV9=8E >A5@54:V2 4C65 =87ь:89. 

�>?CAB8<0 9<>2V@=VABь 2B@0B >A5@54:V2 ;568Bь C 4V0?07>=V 9 1010 10P
− −ó − . ' 

Fь><C 4V0?07>=V 2B@0B ?@8 ACG0A=8E :><?'NB5@0E 4>AO3B8 4>AB>2V@=8E 

AB0B8AB8G=8E @57C;ьB0BV2 ?>:8 =5<>6;82>. ' 72'O7:C 7 F8< ?@>2>4OBьAO 

V=B5=A82=V 4>A;V465==O C 30;C7V <>45;N20==O @V4:VA=8E ?>4V9. 

#@8 ?>1C4>2V V<>2V@=VA=8E <>45;59 <5@56=8E A8AB5< 0C4V>0=0;VB8:8 

28:>@8AB>2CNBь @V7=><0=VB=8E 0?@>:A8<0FVW: <0@:V2Aь:V ?@>F5A8, 

:><1V=0B>@=V ?V4E>48, <5B>48, 70A=>20=V =0 45:><?>78FVW A8AB5<8 =0 

?V4A8AB5<8 7 1V;ьH ?@>AB>N AB@C:BC@>N. ' 45O:8E 28?04:0E ?@8 >FV=FV 
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70B@8<>: V=D>@<0FV9=8E >A5@54:V2 70AB>A>2CNBь 0?@>:A8<0FVN �V=5@0-

)>?D0, I> 4>72>;Oє V=>4V >B@8<C20B8 4>A8Bь ?@>ABV D>@<C;8 70 C<>28, :>;8 

2EV4=89 ?>BV: 70O2>: є <0@:V2Aь:8< <>4C;ь>20=8< ?C0AA>=V2Aь:8< ?>B>:><.  

!0 O:VABь >1A;C3>2C20==O V=D>@<0FV9=8E >A5@54:V2 2 <5@56=V9 A8AB5<V 

0C4V>0=0;VB8:8 VAB>B=> 2?;820є <0@H@CB870FVO. !0 �� <5@56=>W A8AB5<8 

0C4V>0=0;VB8:8 74V9A=NєBьAO B0: 720=89 @568< ,�#. *ь><C @568<C 

:><CB0FVW ?@8ACB=V O: 2;0AB82>ABV @568<C :><CB0FVW :0=0;V2, B0: V @568<C 

:><CB0FVW ?0:5BV2. $50;V70FVO B0:8E A8AB5< 74V9A=NєBьAO =0 >A=>2V <5@56 

B8?C �0=ьO=, I> A0<><0@H@CB87CNBьAO. �>65= :0A:04 B0:>W A8AB5<8 

A:;040єBьAO 7 :><CB0B>@V2 V7 42><0 2E>40<8 B0 28E>40<8. %?>G0B:C B0:V 

<5@56V ?@87=0G0;8AO 4;O ?>1C4>28 1030B>?@>F5A>@=8E >1G8A;N20;ь=8E 

A8AB5<, 45 2>=8 ?@0FN20;8 2 @568<V @07>2>W :><CB0FVW, ?@8 O:><C 7'є4=0==O 

2AB0=>2;NNBьAO 70 ?>?5@54=ь> A:;045=8< A?8A:><. �0AB>AC20==O F8E <5@56 

157?>A5@54=ь> 4;O ,�# =5 є <>6;828< G5@57 28=8:0NG8 C A8AB5<V 

:>=D;V:B8 V=D>@<0FV9=8E >A5@54:V2, B>1B> A8BC0FVW, :>;8 28=8:0є 

=5>1EV4=VABь ?5@540GV 42>E V=D>@<0FV9=8E >A5@54:V2 ?> B><C A0<><C 28E>4C 

:><CB0B>@0. �;O CAC=5==O :>=D;V:BV2 =0 :>6=><C 2E>4V :><CB0B>@0 

=5>1EV4=> 2AB0=>2;N20B8 1CD5@=89 =0:>?8GC20G, C O:><C CB2>@NєBьAO G5@30 

7 V=D>@<0FV9=8E >A5@54:V2. *5 ?@872>48Bь 4> B>3>, I> G0A 70B@8<:8 

V=D>@<0FV9=>3> >A5@54:C ?V4 G0A ?5@540GV 70 0;3>@8B<>< 2V4 :V=FO 4> :V=FO 

<>65 ?5@528I8B8 4>?CAB8<5. ->1 7<5=H8B8 G0A 70B@8<:8 >A5@54:V2, A;V4 

7<5=H8B8 :V;ь:VABь ?>A;V4>2=> 2:;NG5=8E C A8AB5<V 1CD5@V2. 

%E5<0 ?@>E>465==O 0C4V>A83=0;C =02545=0 =0 @8A. 3.21. 

 

 

$8AC=>: 3.21 – %E5<0 ?@>E>465==O 0C4V>A83=0;C 
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 5B>4 ?5@540GV 0C4V>A83=0;V2 70 @0EC=>: :><CB0FVW 2V@BC0;ь=8E 

<0@H@CBV2: 

1. #>4V; 0C4V>A83=0;C =0 >A5@54:8 DV:A>20=>3> @>7<V@C; 

2. "FV=:0 <>6;82>ABV ?5@540GV 0C4V>A83=0;C; 

3. �87=0G5==O <>6;828E 2V@BC0;ь=8E <0@H@CBV2 4;O :>6=>3> 

>A5@54:0; 

4. #5@540G0 >A5@54:V2 73V4=> 7 287=0G5=8<8 B0 A:><CB>20=8<8 

2V@BC0;ь=8<8 <0@H@CB0<8; 

5.  >=VB>@8=3 B0 C?@02;V==O B@0DV:><; 

6. �1V@ >A5@54:V2 B0 45?0:5B870FVO; 

7. �V4=>2;5==O 0C4V>A83=0;C 4;O ?>40;ьH>3> 0=0;V7C. 

&5@<V=0;8 (465@5;> 0C4V>) A;C3CNBь 2V4?@02=>N B>G:>N, 45 

D>@<CєBьAO 2EV4=89 0C4V>A83=0;. #>BV< 40=V =04E>4OBь 4> ?0:5B870B>@0, O:89 

28:>=Cє @>71820є 0C4V>?>BV: =0 ;>3VG=V D@03<5=B8 7 2V4?>2V4=8<8 

703>;>2:0<8 01> A;C61>2>N V=D>@<0FVєN. #VA;O Fь>3> 1;>: CAC/UPC 

?5@52V@Oє, G8 740B=0 <5@560 2?>@0B8AO 7 =>28< ?>B>:><: O:I> @5AC@A8 

4>AB0B=V, B@0DV: ?@89<0єBьAO; O:I> =V – 2V4E8;OєBьAO. !0 @V2=V VP-

:><CB0B>@0 2V41C20єBьAO <0@H@CB870FVO 70 2V@BC0;ь=8<8 H;OE0<8: B0: 

<5@560 <>65 >4=>G0A=> >1A;C3>2C20B8 @V7=V 3@C?8 :0=0;V2 C A?V;ь=><C 

BC=5;V. #>BV< 40=V ?@>E>4OBь G5@57 V=D@0AB@C:BC@C <5@56V 0C4V>0=0;VB8:8, 

O:0 <>65 <VAB8B8 45:V;ь:0 ?@><V6=8E 2C7;V2 7 0=0;>3VG=>N ;>3V:>N. !0 

?@89<0;ь=><C 1>FV 2V440;5=89 VP/VC-:><CB0B>@ >AB0B>G=> A?@O<>2Cє 

0C4V>?>BV: 4> 1;>:C 45?0:5B870FVW, 45 7V1@0=V ?0:5B8 ?>25@B0NBьAO C 

157?5@5@2=89 ?>BV: V 0=0;V7CNBьAO B5@<V=0;><-?@89<0G5<. &0:0 

?>A;V4>2=VABь 4V9 40є 7<>3C ?V4B@8<C20B8 =87ь:V 70B@8<:8, <V=V<V7C20B8 

2B@0B8 B0 70157?5GC20B8 ?>B@V1=C O:VABь >1A;C3>2C20==O 0C4V>A83=0;C 2 

@568<V @50;ь=>3> G0AC. 
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3.4  5B>4 0=0;V7C 0C4V>A83=0;V2 C <5@56=8E A8AB5<0E 0C4V>0=0;VB8:8 

 

�=0;V7 0C4V>A83=0;V2 C <5@56=8E A8AB5<0E 0C4V>0=0;VB8:8 ?5@5410G0є 

420 5B0?8. #>-?5@H5, 74V9A=NєBьAO 28O2;5==O 0C4V>?>4V9 B0 WE ?>?5@54=O 

>1@>1:0. #>-4@C35, 28:>=CєBьAO :;0A8DV:0FVO F8E ?>4V9 =0 >A=>2V ACG0A=8E 

0;3>@8B<V2 3;818==>3> =02G0==O. 

#5@54 ?@>2545==O< :;0A8DV:0FVW 0C4V>?>4V9 =5>1EV4=> 28O28B8 B0 

?@>25AB8 ?>?5@54=N >1@>1:C. #>?5@54=O >1@>1:0 0C4V>40=8E є :@8B8G=8< 

5B0?>< C ?@>F5AV 0=0;V7C 0C4V>, >A:V;ь:8 2>=0 3>BCє A8@V 0C4V>40=V 4> 

?>40;ьH>W >1@>1:8 B0 0=0;V7C. #>?5@54=O >1@>1:0 <>65 2:;NG0B8 

DV;ьB@0FVN HC<C, 28@V2=N20==O, A53<5=B0FVN B0 2840;5==O 2V4;C==O. 

"A>1;82>ABV ?>?5@54=ь>W >1@>1:8 >?8A0=V 2 [89]. 

�=0;V7 0C4V>A83=0;V2 C <5@56=8E A8AB5<0E 0C4V>0=0;VB8:8 є 206;82>N 

A:;04>2>N, O:0 4>72>;Oє 284V;OB8 B0 V45=B8DV:C20B8 72C:>2V ?>4VW 2 

@50;ь=><C G0AV. *5 70240==O ?>B@51Cє 28A>:>W B>G=>ABV 2 C<>20E 

@V7=><0=VB=8E D>=V2 B0 <>6;828E ?5@5H:>4, 0465 0C4V>?>4VW <>6CBь <0B8 

@V7=V @V2=V V=B5=A82=>ABV, B@820;>ABV B0 E0@0:B5@=V >7=0:8. �8:>@8AB0==O 

A?5FV0;V7>20=8E 0;3>@8B<V2 V <5B>4V2 :;0A8DV:0FVW 70157?5GCє 740B=VABь 

A8AB5<8 :>@5:B=> >1@>1;OB8 A:;04=V 72C:>2V ?>B>:8, 2V4:@820NG8 

<>6;82>ABV 4;O ?>:@0I5==O 157?5:8, 02B><0B870FVW B0 V=H8E 70AB>AC20=ь C 

@V7=8E AD5@0E. 

/:VABь @>7@>1;5=>W <>45;V <0H8==>3> 01> 3;81>:>3> =02G0==O 7=0G=>N 

<V@>N 70;568Bь 2V4 O:>ABV B0 @5;520=B=>ABV =01>@C 40=8E, =0 O:><C 2>=0 1C;0 

=02G5=0.  5B>48 <0H8==>3> =02G0==O @>73;O40NBьAO 2 [90], 0 WE 

70AB>AC20==O 4> 0C4V> 2 [91, 92]. "A=>2=V =01>@8 40=8E 4;O =02G0==O <>45;59 

?>4V;C 72C:V2 V 0=0;V7C 0C4V>A83=0;V2 =02545=V 2 [93-95]. 

' @50;ь=><C A2VBV 0C4V>A83=0;8 G0AB> <VABOBь AC<VH @V7=8E 72C:V2 – 

<>2;5==O, <C78:8, D>=>2>3> HC<C B>I>. $>74V;5==O 72C:V2 4>72>;Oє 

V7>;N20B8 FV :><?>=5=B8 4;O 1V;ьH B>G=>3> 0=0;V7C. "A>1;82>ABV ACG0A=8E 

<5B>4V2 ?>4V;C 72C:V2 45B0;ь=> @>73;O=CB> 2 [96]. 
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�024O:8 I>@VG=><C :>=:C@AC DCASE Challenge [97] <5B>48 0=0;V7C 

0C4V>A83=0;V2 ?>ABV9=> 24>A:>=0;NNBьAO. DCASE Challenge ?@>?>=Cє 

C=VDV:>20=V :@8B5@VW 4;O >FV=N20==O B0 ?>@V2=O==O @V7=8E <5B>4V2 

@>7?V7=020==O 0C4V>?>4V9. �>6=>3> @>:C ?5@54 4>A;V4=8:0<8 2AB0NBь 2A5 

A:;04=VHV 70240==O AB8<C;NNG8 @>728B>: 1V;ьH ?5@54>28E B5E=>;>3V9. 

 

3.4.1 #>:07=8: O:>ABV 0=0;V7C 0C4V>A83=0;C 

 

�;O >FV=N20==O B>G=>ABV <>45;V 28:>@8AB>2CєBьAO <5B@8:8 F1-score B0 

Event Error Rate. �;NG>2>N ?5@5203>N F8E <5B@8: є WE 740B=VABь 70157?5G8B8 

45B0;ь=89 0=0;V7 O:>ABV 28O2;5==O ?>4V9, 4>72>;ONG8 @>7@>1=8:0< :@0I5 

@>7C<VB8 B0 >?B8<V7C20B8 A2>W A8AB5<8 4;O :>=:@5B=8E 28<>3 V AF5=0@VW2 

70AB>AC20==O. F1-score @>73;O40єBьAO O: 30@<>=VG=5 A5@54=є <V6 B>G=VABN B0 

?>2=>B>N. �;O @>7@0EC=:C F8E 7=0G5=ь 28:>@8AB>2CNBьAO VAB8==> ?>78B82=V 

(TP), E81=> ?>78B82=V (FP) B0 E81=> =530B82=V (FN) :;0A8DV:0FVW. &>G=VABь є 

<V@>N B>3>, A:V;ь:8 7 281@0=8E 5;5<5=BV2 є ?@028;ь=8<8. �=0G5==O B>G=>ABV 

@>7@0E>2CєBьAO O:: 

 

 
TP

P
TP FP

=
+

. 

 

#>2=>B0 є <V@>N B>3>, A:V;ь:8 7 0:BC0;ь=8E 5;5<5=BV2 1C;> 281@0=>: 

 

 
TP

R
TP FN

=
+

. 

�=0G5==O F1-score @>7@0E>2CєBьAO O:: 

 

 
2

1
PR

F
P R

=
+

. 
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Error Rate O: <5B@8:0 2 7040G0E 0=0;V7C 0C4V>A83=0;V2 28:>@8AB>2Cє 

7=0G5==O 70<V= S , 2AB02>: I , 2840;5=ь D  B0 :V;ь:>ABV ?>4V9 C 4>2V4:>28E 

40=8E N  4;O 287=0G5==O 5D5:B82=>ABV <>45;V. *O <5B@8:0 >A>1;82> 206;820 

C AF5=0@VOE, 45 B>G=5 @>7?V7=020==O B0 :;0A8DV:0FVO 0C4V>?>4V9 є 

:@8B8G=8<8. �=0G5==O 70<V= S  – F5 :V;ь:VABь 28?04:V2, :>;8 <>45;ь 

=5?@028;ь=> V45=B8DV:C20;0 >4=C ?>4VN O: V=HC. �=0G5==O 2AB02>: I  O2;Oє 

A>1>N ?><8;:>2V A?@0Fь>2C20==O, :>;8 <>45;ь 28O28;0 ?>4VN, O:>W =0A?@024V 

=5 1C;>. �=0G5==O 2840;5=ь D  – F5 :V;ь:VABь 28?04:V2, :>;8 <>45;ь 

?@>?CAB8;0 @50;ь=C ?>4VN. �>2V4:>2V ?>4VW N  4>@V2=Nє 7030;ь=V9 :V;ь:VABь 

?>4V9, O:V <0;8 1 1CB8 28O2;5=V, 2V4?>2V4=> 4> 4>2V4:>28E 40=8E. !0 >A=>2V 

F8E 7=0G5=ь >1@0E>2CєBьAO 7030;ь=0 ?><8;:0 28O2;5==O ?>4V9 (EER), O:0 

70728G09 28@060єBьAO 70 4>?><>3>N =0ABC?=>W D>@<C;8: 

 

 
S D I

EER
N

+ +
= . 

 

*O <5B@8:0 4>72>;Oє >FV=8B8 7030;ь=C 5D5:B82=VABь A8AB5<8 C 

28O2;5==V B0 @>7?V7=020==V 0C4V>?>4V9, 2@0E>2CNG8 2AV B8?8 ?><8;>:. !87ь:5 

7=0G5==O EER 2:07Cє =0 28A>:C B>G=VABь B0 5D5:B82=VABь A8AB5<8, B>4V O: 

28A>:5 7=0G5==O EER A2V4G8Bь ?@> ?@>1;5<8 C 28O2;5==V ?>4V9. 

 

3.4.2 !01V@ 40=8E 

 

FSD50K є 25;8:8< =01>@>< 40=8E, O:89 28:>@8AB>2CєBьAO 4;O 70240=ь, 

?>2'O70=8E V7 @>7?V7=020==O< 72C:V2. *59 2V4:@8B89 =01V@ 40=8E <VAB8Bь 

?>=04 51 000 0C4V>:;V?V2 7030;ь=>N B@820;VABN ?>=04 100 3>48=, ?><VG5=8E 

2@CG=C 7 28:>@8AB0==O< 200 :;0AV2 7 >=B>;>3VW AudioSet. �VF5=7C20==O 

0C4V>:;V?V2 FSD50K ?V4 Creative Commons, 2:;NG0NG8 E28;V 72C:C, @>18Bь WE 

2V;ь=> @>7?>2AN46C20=8<8 B0 4>ABC?=8<8. *O 2V4:@8B0 4>ABC?=VABь є 

7=0G=>N ?5@5203>N ?>@V2=O=> 7 45O:8<8 V=H8<8 40B0A5B0<8, @>1;OG8 9>3> 
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=570<V==8< @5AC@A>< 4;O 4>A;V4=8:V2 B0 @>7@>1=8:V2 ?> 2Aь><C A2VBC. �2C:8 

C FSD50K ?>:@820NBь H8@>:89 A?5:B@ :0B53>@V9, 2:;NG0NG8 ?@8@>4=V 

72C:8, <C78:C, ;N4Aь:V 3>;>A8, <VAь:V 72C:8 B0 1030B> V=H8E. �>65= 72C: C 

=01>@V 40=8E AC?@>2>46CєBьAO <5B040=8<8, O:V 2:;NG0NBь V=D>@<0FVN ?@> 

465@5;>, ;VF5=7VN, B538, >?8A8 B0 V=H5. 

%?>G0B:C =5>1EV4=> ?V43>BC20B8 40=V 7 FSD50K 4;O 28:>@8AB0==O C 

<>45;V. *5 2:;NG0є 2 A515 281V@ 2V4?>2V4=8E 0C4V>70?8AV2 V7 =01>@C 40=8E, O:V 

2V4?>2V40NBь :;0A0< ?>4V9, O:V ?>B@V1=> @>7?V7=0B8. �;O =02G0==O <5B>4C 

@>7?V7=020==V 0C4V>?>4V9 1C;> 28:>@8AB0=> 15 :;0AV2 72C:V2 7 3CG=8<8 

0C;V>?>4VO<8 B8?C Alarm, Gunshot, Gong B0 ?>4V1=8E. �030;ь=0 :V;ь:VABь 

40B0A5BC A:;040є 11763 70?8AV2. �AV 70?8A8 <0NBь 2V4?>2V4=5 <0@:C20==O B0 

G0A>2V E0@0:B5@8AB8:8. 

#>4V; 40=8E =0 B@5=C20;ь=C, 20;V40FV9=C B0 B5AB>2C 281V@:8 є 

206;82>N G0AB8=>N ?@>F5AC ?V43>B>2:8 40=8E 4;O 7040G <0H8==>3> 

=02G0==O. &@5=C20;ь=0 281V@:0 є >A=>2=8< =01>@>< 40=8E, O:89 

28:>@8AB>2CєBьAO 4;O B@5=C20==O <>45;V. &@5=C20;ь=0 281V@:0 ?>28==0 1CB8 

@5?@575=B0B82=>N V 2:;NG0B8 H8@>:89 A?5:B@ <>6;828E 28?04:V2, O:V 

<>45;ь <>65 7CAB@VB8 C @50;ь=><C A2VBV. 

�0;V40FV9=0 281V@:0 28:>@8AB>2CєBьAO 4;O B>=:>3> =0;0HBC20==O 

?0@0<5B@V2 <>45;V B0 4;O ?5@52V@:8 WW ?@>4C:B82=>ABV ?V4 G0A B@5=C20==O. 

�0;V40FV9=0 281V@:0 4>?><030є 287=0G8B8, :>;8 <>45;ь ?>G8=0є 

?5@5=02G0B8AO =0 B@5=C20;ь=8E 40=8E. 

&5AB>20 281V@:0 є =570;56=8< =01>@>< 40=8E, O:89 28:>@8AB>2CєBьAO 

4;O >FV=:8 :V=F52>W ?@>4C:B82=>ABV <>45;V ?VA;O B@5=C20==O B0 

=0;0HBC20==O. *O 281V@:0 4>72>;Oє >FV=8B8, O: <>45;ь 1C45 ?@0FN20B8 =0 

=>28E, =52V4><8E 40=8E, A8<C;NNG8 @50;ь=5 28:>@8AB0==O. &5AB>20 281V@:0 

?>28==0 1CB8 01A>;NB=> =570;56=>N 2V4 B@5=C20;ь=>W B0 20;V40FV9=>W 

281V@>:. 

�030;ь=89 40B0A5B 1C;> ?>4V;5=> =0 B@5=C20;ь=C, 20;V40FV9=C B0 

B5AB>2C 281V@:8 C A?V22V4=>H5==V 70-20-10. �>40B:>2>, :>6=C 7 281>@>: 1C;> 
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>1'є4=0=> C >48= 0C4V>D09; 7V 715@V30==O< <0@:C20=ь, 4;O <>45;N20==O 

@>1>B8 C @568<V @50;ь=>3> G0AC. 

 

3.4.3  5B>4 0=0;V7C 0C4V>A83=0;C 7 28:>@8AB0==O< 1030B>?>4V9=>3> 

:;0A8DV:0B>@0 

 

'7030;ь=5=0 AE5<0 <5B>4C, I> ?@>?>=CєBьAO =02545=0 =0 @8A. 3.22. 

 

 

$8AC=>: 3.22 – '7030;ь=5=0 AE5<0 <5B>4C 

 

�0240==O ?>4V;C 72C:V2 ?>;O30є 2 >B@8<0==V 0C4V>4>@V6>: >:@5<8E 

465@5; 72C:C ?> >4=><C 0C4V>70?8AC 7 :V;ь:><0 465@5;0<8. ' 7030;ь=><C 

28?04:C, WW <>6=0 ?@54AB028B8 =0ABC?=8< G8=><: 

 

 
0

N

mixed i

i

a a
=

=õ . 
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�040G0 ?>4V;C 72C:V2 ?>;Oє 2 287=0G5==V :><?>=5=B ia  >A=>2=>3> 

0C4V>D09;C 
mixed

a . �;O @VH5==O FVєW 7040GV, 0C4V>40=V ?@54AB02;ONBьAO C 

283;O4V A?5:B@>3@0<8. #VA;O 287=0G5==O 0=><0;VW C 2EV4=><C ?>B>:C 

0C4V>40=8E 70 4>?><>3>N ?>@>3>2>3> 7=0G5==O HC<C B0 DV;ьB@0FVW, 0C4V>40=V 

1CD5@87CNBьAO B0 ?>40NBьAO 4> A?5FV0;ь=>3> 1030B>?>4V9=>3> 

:;0AD8V:0B>@0, O:89 287=0G0є :V;ь:VABь >4=>G0A=8E 0C4V>?>4V9. /:I> 

:V;ь:VABь 0C4V>?>4V9 N  4>@V2=Nє 1, B> 2>=0 >4@07C ?>40єBьAO 4> 

:;0A8DV:0B>@0 0C4V>?>4V9, V=0:H5, G5@57 >?5@0FVN @>74V;5==O 72C:C 

287=0G0NBьAO 45:V;ь:0 >4=>G0A=8E 0C4V>?>4VW B0 >B@8<CNBьAO WE 2V4?>2V4=V 

E0@0:B5@8AB8:8. #VA;O Fь>3>, >B@8<0=V 0C4V>40=V ?@>E>4OBь G5@57 

:;0A8DV:0B>@ 72C:V2, V @57C;ьB0B>< є N  0C4V>?>4V9 B0 I5 >4=0 2V4 

=5@>7?>4V;5=>3> 70?8AC. ":@5<0 <>45;ь ?V4 =072>N :;0A8DV:0B>@ :0=0;C 

>B@8<Cє 2AV 0C4V>40=V B0 2818@0є >A=>2=C 0C4V>?>4VN. 

!0 5B0?V 1030B>?>4V9=>3> :;0A8DV:0B>@0 206;82> O:=09H284H5 

287=0G8B8, O:>N 7 3V;>: ?V45 0;3>@8B<. ' 28?04:C ?>;VD>=VG=>W 0C4V>?>4VW 

F59 5B0? <>65 ACBBє2> 71V;ьH8B8 7030;ь=89 G0A >1@>1:8 0C4V>A83=0;C. 

�8E>4OG8 7 Fь>3>, <>45;ь <0є 1CB8 4>A8Bь <0;5=ь:>N. /: 1030B>?>4V9=89 

:;0A8DV:0B>@ 28:>@8AB>2C20;0AO <>48DV:0FVO ResNet18 =0 A?5:B@>3@0<0E 7 

:V;ь:VABN 2E>4V2 1 B0 B@ь><0 :;0A0<8 =0 28E>4V, 2V4?>2V4=> 4> :V;ь:>ABV 

<>6;828E >4=>G0A=8E 0C4V>?>4V9. �8?04:8, :>;8 3N þ  @V4:VA=V B0 

28<030NBьAO A:;04=8E @VH5=ь 4;O A2>єW >1@>1:8.  

!0 5B0?V @>74V;5==O 72C:C 28:>@8AB>2CєBьAO <5B>4 @>74V;5==O 72C:C 70 

4>?><>3>N :>=2>;NFV9=>W =59@>==>W <5@56V (CNN) B0 28:>@8AB0==O 

1V=0@=8E <0A>:. !02G0==O CNN 2V41C20єBьAO =0 >A=>2V A?5:B@>3@0<. �0<VABь 

157?>A5@54=ь>W @5:>=AB@C:FVW 72C:V2, CNN 28:>@8AB>2CєBьAO 4;O AB2>@5==O 

1V=0@=8E <0A>:. �V=0@=0 <0A:0 287=0G0є ?@8ACB=VABь 01> 2V4ACB=VABь 

:>=:@5B=>3> 465@5;0 72C:C 2 :>6=><C G0A>2><C :04@V B0 G0AB>B=><C 

4V0?07>=V A?5:B@>3@0<8. "B@8<0=0 1V=0@=0 <0A:0 70AB>A>2CєBьAO 4> 2EV4=>W 

A?5:B@>3@0<8 4;O 284V;5==O V=B5=A82=>ABV B8E G0AB>B, O:V 2V4?>2V40NBь 

FV;ь>2><C 465@5;C 72C:C. *5 4>72>;Oє 2V44V;8B8 FV;ь>289 72C: 2V4 @5HB8 
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<V:AC. CNN A:;040єBьAO 7 42>E 1;>:V2. �>65= 1;>: <VAB8Bь 420 :>=2>;NFV9=V 

H0@8. �>=2>;NFV9=V H0@8 28:>@8AB>2CNBьAO 4;O 28O2;5==O ;>:0;ь=8E 

E0@0:B5@8AB8: C 2EV4=8E 40=8E, B0:8E O: :@0W, B5:ABC@8 01> A?5F8DVG=V 

H01;>=8 2 A?5:B@>3@0<V. �8:>@8AB0==O 45:V;ь:>E :>=2>;NFV9=8E H0@V2 

4>72>;Oє <5@56V 2G8B8AO A:;04=VH8< B0 01AB@0:B=VH8< E0@0:B5@8AB8:0< 

40=8E. �>65= 1;>: <0є >48= H0@ <0:A-?C;V=3C. *59 H0@ 7<5=HCє @>7<V@=VABь 

40=8E, 2818@0NG8 =091V;ьH 7=0GCIV 5;5<5=B8 C 2V:=V ?C;V=3C. *5 4>?><030є 

7<5=H8B8 >1G8A;N20;ь=C A:;04=VABь B0 :>=B@>;N20B8 ?5@5=02G0==O. #VA;O 

:>6=>3> 1;>:C <0:A-?C;V=3C 70AB>A>2CєBьAO 4@>?0CB. *5 @>18Bь <5@56C 

<5=H GCB;82>N 4> A?5F8DVG=8E E0@0:B5@8AB8: B@5=C20;ь=8E 40=8E, B8< 

A0<8< 70?>1V30NG8 ?5@5=02G0==N. #VA;O ?@>?CA:0==O G5@57 :>=2>;NFV9=V B0 

<0:A-?C;V=3 H0@8, 40=V ?5@5B2>@NNBьAO 2 >4=>28<V@=89 D>@<0B B0 

?>40NBьAO 4> ?>2=>72'O7=>3> H0@C. *59 H0@ V=B53@Cє V=D>@<0FVN 7 CAVE 

?>?5@54=ь> 28;CG5=8E >7=0:, 4>72>;ONG8 <>45;V 2G8=8B8 :><?;5:A=V 

28A=>2:8 =0 >A=>2V 7030;ь=>W V=D>@<0FVW. �8:>@8AB0==O I5 >4=>3> H0@C 

4@>?0CBC 7V 7=0G5==O< 0.2 ?5@54 >AB0==V< ?>2=>72'O7=8< H0@>< 4>40B:>2> 

7=86Cє @878: ?5@5=02G0==O. "AB0==V9 ?>2=>72'O7=89 H0@ 35=5@Cє 25:B>@ 

7=0G5=ь, O:89 2V4?>2V40є :V;ь:>ABV G0AB>B=8E :>H8:V2 C B8?>2V9 A?5:B@>3@0<V. 

�5:B>@ ?@54AB02;Oє 1V=0@=V <0A:8 4;O :>6=>3> G0AB>B=>3> :><?>=5=B0 2 

@>7@V7V G0AC. 

�;O 7040GV :;0A8DV:0FVW 72C:V2 28:>@8AB>2CNBьAO 107>20 :><1V=0FV9=0 

<>45;ь =0 >A=>2V ResNet B0 RNN. ResNet 040?B>20=0 2V4 ResNet <>45;V 4;O 

28@VH5==O 7040GV @>7?V7=020==O 7>1@065==O. �><1V=C20==O ResNet B0 RNN 

4>72>;Oє AB2>@8B8 <>45;ь, O:0 A?@><>6=0 ?@0FN20B8 7 0C4V> 40=8<8, 

74V9A=NNG8 ?@8 Fь><C O: ?@>AB>@>289 0=0;V7 72C:C (70 4>?><>3>N ResNet), 

B0: V 0=0;V7 70;56=>AB59 2 G0AV (70 4>?><>3>N RNN). *5 4>72>;Oє 4>AO3=CB8 

28A>:>W B>G=>ABV 2 7040G0E :;0A8DV:0FVW 72C:V2. %?>G0B:C 28:>@8AB>2CєBьAO 

ResNet 4;O 0=0;V7C 72C:>28E A?5:B@V2, 0 ?>BV< >B@8<0=V >7=0:8 ?5@540NBьAO 

4> RNN 4;O 0=0;V7C ?>A;V4>2=>AB59 2 G0AV B0 28@VH5==O :>=:@5B=>W 7040GV 

:;0A8DV:0FVW. 
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�;0A8DV:0B>@ :0=0;C 28:>=Cє 7040GC :;0A8DV:0FVW =04 2AV<0 

>B@8<0=8<8 <V:A0<8. !0 Fь><C 5B0?V 4>ABC?=V 2AV <>6;82V >7=0:8 

0C4V>A83=0;C, 1V=0@=V <0A:8 B0 @57C;ьB0B :;0A8DV:0FV. 

�;O ?>@V2=O==O @>7@>1;5=>3> <5B>4C 7 VA=CNG8<8, =02G0==O 

28:>=C20;>Aь =0 =01>@V 40=8E 7 DCASE 2023 70240==O 4. ' Fь><C 70240==V 

28:>@8AB>2C20;AO 2;0A=89 =01V@ 40=8E 7 A;01> <0@:>20=8<8 40=8<8. 

#VA;O ?>1C4>28, =02G0==O B0 B5ABC20==O <>45;V 1C;8 >B@8<0=V 

@57C;ьB0B8 F1-score B0 EER, I> 4>@V2=NNBь 49,6% B0 0.44 2V4?>2V4=> 

(B01;. 3.2). *V @57C;ьB0B8 є :>@0I5==O< C ?>@V2=O==V, =0?@8:;04, 7 107>28< C 

DCASE challenge task 3, 45 1C;8 >B@8<0=V 48.7% B0 0.54 2V4?>2V4=>. 

 

&01;8FO 3.2 – $57C;ьB0B8 F1-score B0 EER 

 5B>4 F1-score EER 

The nerc-slip system for sound event localization and detection 62.7% 0.33 

Attention mechanism network and data augmentation  58.5% 0.35 

The distillation system based on ResNet-Conformer model guided by a 

ResNet-GRU 

51.4% 0.40 

�0?@>?>=>20=89 49,6% 0.44 

Baseline 48.7% 0.54 

One audio augmentation chain proposed for sound event localization and 

detection 

45.0% 0.48 

A framework for SELD using conformer and multi-ACCDOA strategies 33.1% 0.56 

Based on omi-dimensional dynamic convolution and feature pyramid 

attention module 

22.1% 0.64 

 

"A=>2=0 ?5@52030 @>7@>1;5=>3> <5B>4C – H284:89 0=0;V7 

<>=>D>=VG=8E 0C4V>?>4V9 G5@57 28:>@8AB0==O ?@>AB>3> 1030B>?>4V9=>3> 

:;0A8DV:0B>@0. #@8 B5ABC20==V <5B>4C, <0:A8<0;ь=89 G0A, I> 1C2 

28B@0G5=89 =0 0=0;V7 4>@V2=Nє 55 <A, 0 A5@54=V9 50 <A. &0:>6, O:VABь 0=0;V7C 

?>28==0 1CB8 ABV9:>N 4> HC<C B0 V=H8E ?5@5H:>4, G5@57 =0O2=VBь 1;>:C 

sound separator. �0157?5G5==O AB01V;ь=>W @>1>B8 A8AB5<8 2 C<>20E HC<C 

4>?><030є ?V4B@8<C20B8 28A>:C O:VABь >1@>1:8 0C4V>40=8E 2 @50;ь=8E 



 146 

C<>20E. "A>1;82C A:;04=VABь 4;O A8AB5<8 A:;040NBь 25;8:0 :V;ь:VABь 

>4=>G0A=8E 0C4V>?>4V9 B0 :;0A8DV:0FVO 3CG=8E 72C:V2 7 28A>:>N B>=0;ь=VABN. 

� =02?0:8, A8AB5<0 ?>:07CN E>@>HV @57C;ьB0B8 ?@8 :;0A8DV:0FVN 3CG=8E 

10AV2. 

$57C;ьB0B8 4>A;V465==O 2:07CNBь =0 ?>B5=FV0; B0:>3> ?V4E>4C C 

28@VH5==V 7040GV >1@>1:8 0C4V>A83=0;V2 C <5@56=V9 A8AB5<V 0C4V>0=0;VB8:8. 

#>40;ьHV 4>A;V465==O B0 @>728B>: Fь>3> =0?@O<:C <>6CBь ?@8725AB8 4> 

?>:@0I5==O B0 >?B8<V70FVW @57C;ьB0BV2 C <091CB=ь><C. ' <091CB=VE 

4>A;V465==OE <>6;82> @>73;O=CB8 @>7H8@5==O B0 >?B8<V70FVN 

28:>@8AB0==8E =59@>==8E <5@56 B0 :;0A8DV:0B>@V2. ' ?>B>G=V9 @>1>BV 

28:>@8AB>2C20;0AO 2V4=>A=> ?@>AB0 <>45;ь 7 >1<565=>N :V;ь:VABN H0@V2 B0 

?0@0<5B@V2 4;O :><?0:B=>ABV V 5D5:B82=>ABV B@5=C20==O. �1V;ьH5==O 3;818=8 

B0 4>4020==O 4>40B:>28E H0@V2 <>65 4>?><>3B8 =59@>==V9 <5@56V 28O2;OB8 

I5 1V;ьH5 206;828E >A>1;82>AB59 C 28EV4=8E 40=8E. 

%B@C:BC@=0 AE5<0 70?@>?>=>20=>3> <5B>4C =02545=0 =0 @8A. 3.23. 

!0 AE5<V ?@>F5A @>7?>G8=0єBьAO 7 28O2;5==O 0C4V>?>4VW C 2EV4=><C 

A83=0;V. #VA;O Fь>3> 2V41C20єBьAO >FV=:0 :V;ь:>ABV >4=>G0A=8E ?>4V9: O:I> 

287=0G5=> >4=C ?>4VN ( 1N = ), A83=0; >4@07C A?@O<>2CєBьAO =0 5B0? 

:;0A8DV:0FVW. �>;8 6 ?>4V9 28O2;OєBьAO 45:V;ь:0, ?@>2>48BьAO @>74V;5==O 

A83=0;C =0 A:;04>2V G0AB8=8, :>6=0 7 O:8E :;0A8DV:CєBьAO >:@5<>. #>BV< CAV 

?@>0=0;V7>20=V ?>4VW =04E>4OBь 4> :;0A8DV:0B>@0 :0=0;C, O:89 287=0G0є 

>A=>2=C 01> =09206;82VHC 7 =8E. $57C;ьB0B>< C 1C4ь-O:><C 28?04:C є 

:V=F520 :;0A8DV:>20=0 ?>4VO, I> 2V4>1@060є CA?VH=5 @>7?V7=020==O B0 

V45=B8DV:0FVN 72C:C. 

 



147 

 

 

$8AC=>: 3.23 – %B@C:BC@=0 AE5<0 70?@>?>=>20=>3> <5B>4C 

 

�8A=>2:8 70 @>74V;>< 3 

 

' Fь><C @>74V;V 1C;> 45B0;ь=> @>73;O=CB> >A=>2=V <5B>48 B0 ?V4E>48, 

O:V 70157?5GCNBь 5D5:B82=C ?5@540GC B0 0=0;V7 0C4V>A83=0;V2 C <5@56=8E 

A8AB5<0E 0C4V>0=0;VB8:8. $57C;ьB0B8 4>A;V465=ь ?V4:@5A;NNBь 206;82VABь 

>?B8<V70FVW <5@56=8E ?0@0<5B@V2 4;O 70157?5G5==O <V=V<0;ь=8E 70B@8<>:, 

ABV9:>ABV 4> HC<C, 0 B0:>6 =04V9=>3> 0=0;V7C 0C4V>A83=0;V2, I> є :@8B8G=8<8 

4;O @>1>B8 2 @568<V @50;ь=>3> G0AC. �D5:B82=VABь <5B>4C >1@>1:8 

0C4V>A83=0;V2 C <5@56=V9 A8AB5<V 0C4V>0=0;VB8:8 B0:>6 є 206;828< 

0A?5:B><.  5B>4 ?>28=5= 70157?5GC20B8 28A>:C B>G=VABь 2 @>7?V7=020==V 

?>4V9 B0 1CB8 ABV9:8< 4> HC<V2 V 740B=8< ?@0FN20B8 2 @V7=8E A5@54>28I0E B0 

7 @V7=8<8 2840<8 0C4V>A83=0;V2. 

"B65, C Fь><C @>74V;V >B@8<0=V B0:V @57C;ьB0B8: 

1. �8:>=0=> <>45;N20==O 465@5; =020=B065==O A8AB5<8; 
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2. $>73;O=CB> C?@02;V==O 7’є4=0==O<8 B0 B@0DV:>< C <5@56=V9 A8AB5<V 

0C4V>0=0;VB8:8; 

3. �>A;V465=> <5B>48 70157?5G5==O O:>ABV ?5@540GV 0C4V>A83=0;C; 

4. �0?@>?>=>20=> <5B>4 ?5@540GV 0C4V>A83=0;V2 70 @0EC=>: :><CB0FVW 

2V@BC0;ь=8E <0@H@CBV2; 

5. "1ґ@C=B>20=> ?>:07=8: O:>ABV ?5@540GV B0 0=0;V7C 0C4V>A83=0;C; 

6. �>A;V465=> =01>@8 40==8E 4;O =02G0==O, 20;V40FVW B0 B5ABC20==O 

<5B>4V2 @>7?V7=020==O 0C4V>?>4V9 C <5@56=8E A8AB5<0E 0C4V>0=0;VB8:8; 

7. �0?@>?>=>20=> <5B>4 0=0;V7C 0C4V>A83=0;V2 C <5@56=8E A8AB5<0E 

0C4V>0=0;VB8:8. 

�0?@>?>=>20=V <5B>48 ?5@540GV B0 0=0;V7C 0C4V>A83=0;V2 C <5@56=8E 

A8AB5<0E 0C4V>0=0;VB8:8 740B=V 7=0G=> ?>:@0I8B8 5D5:B82=VABь V =04V9=VABь 

B0:8E A8AB5<. �024O:8 @>7@>1;5=8< ?V4E>40< 70157?5GCєBьAO 28A>:0 

H284:VABь >1@>1:8 0C4V>A83=0;V2, I> @>18Bь <>6;828< WE=є 70AB>AC20==O 2 

7040G0E, 45 :@8B8G=> 206;828<8 є B>G=VABь, H284:>4VO B0 ABV9:VABь 4> 

?5@5H:>4. 

#5@5;V: 28:>@8AB0=8E 465@5; C 40=><C @>74V;V =02545=> C ?>2=><C 

?5@5;V:C 28:>@8AB0=8E 465@5; ?V4 =><5@0<8: 71–98. 
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4 �"%�����!!/ �!("$ �*��!"� &�)!"�"��� "�$"��� 

�'��"%��!���� '  �$��!�) %�%&� �) �'��"�!���&��� 

 

 

' Fь><C @>74V;V ?@54AB02;5=> @57C;ьB0B8 5:A?5@8<5=B0;ь=8E 

4>A;V465=ь @>7@>1:8 V=D>@<0FV9=>W B5E=>;>3VW >1@>1:8 0C4V>A83=0;V2 C 

<5@56=8E A8AB5<0E 0C4V>0=0;VB8:8. #@>2545=> 45B0;ь=89 0=0;V7 >B@8<0=8E 

<5B@8: ?@>4C:B82=>ABV, 2:;NG0NG8 >FV=N20==O >FV=20==O H284:>ABV 

?@>E>465==O A83=0;C B0 >FV=N20==O B>G=>ABV @>A?V7=020==O.  

 

4.1 $>7@>1:0 V=D>@<0FV9=>W B5E=>;>3VW >1@>1:8 0C4V>A83=0;V2 C 

<5@56=8E A8AB5<0E 0C4V>0=0;VB8:8 

 

�=D>@<0FV9=V B5E=>;>3VW >E>?;NNBь @V7=V <5B>48, 70A>18 B0 ?@>F5A8, 

O:V 28:>@8AB>2CNBьAO 4;O AB2>@5==O, 718@0==O, >1@>1:8, 715@V30==O, 70E8ABC 

B0 ?5@540GV V=D>@<0FVW. *5 2:;NG0є O: 0?0@0B=5, B0: V ?@>3@0<=5 

70157?5G5==O, <5@56=C V=D@0AB@C:BC@C, 1078 40=8E B0 V=D>@<0FV9=V A8AB5<8. 

�=D>@<0FV9=V B5E=>;>3VW є >A=>2>N ACG0A=>3> 1V7=5AC, >A:V;ь:8 4>72>;ONBь 

02B><0B87C20B8 1030B> ?@>F5AV2, 7<5=HC20B8 28B@0B8, ?V428IC20B8 

5D5:B82=VABь B0 ?>:@0IC20B8 :><C=V:0FVN. 

�=D>@<0FV9=0 B5E=>;>3VO >1@>1:8 0C4V>A83=0;V2 >1'є4=Cє 0?0@0B=5 B0 

?@>3@0<=5 70157?5G5==O 4;O 71>@C, 0=0;V7C B0 V=B5@?@5B0FVW 72C:>28E 40=8E C 

<5@56=><C A5@54>28IV. *5 4>72>;Oє 28@VHC20B8 @V7=V 70240==O C AD5@V 

157?5:8, <>=VB>@8=3C, <548F8=8 B0 V=H8E 30;C7OE.  5@56=0 A8AB5<0 

0C4V>0=0;VB8:8 2:;NG0є @V7=><0=VB=V :><?>=5=B8. #5@H 70 2A5, F5 

0C4V>A5=A>@8, B0:V O: <V:@>D>=8, I> @>7B0H>2CNBьAO 2 @V7=8E <VAFOE 4;O 

71>@C 72C:>28E 40=8E. �0=V 7 F8E A5=A>@V2 ?5@540NBьAO G5@57 <5@56=5 

>1;04=0==O, O:5 <>65 2:;NG0B8 :><CB0B>@8, <0@H@CB870B>@8 B0 1574@>B>2V 

B5E=>;>3VW. �V1@0=V 0C4V>40=V >1@>1;ONBьAO =0 A5@25@0E 70 4>?><>3>N 

A?5FV0;V7>20=>3> ?@>3@0<=>3> 70157?5G5==O, O:5 <>65 28:>=C20B8 @V7=V 2848 



 150 

0=0;V7C: @>7?V7=020==O <>28, 28O2;5==O 0=><0;V9, :;0A8DV:0FVN 72C:V2. 

$57C;ьB0B8 Fь>3> 0=0;V7C 715@V30NBьAO C 1070E 40=8E B0 <>6CBь 1CB8 

2V7C0;V7>20=V G5@57 251-V=B5@D59A8 01> <>1V;ь=V 4>40B:8. 

#5@54 B8< O: ?@8ABC?0B8 4> ?@>5:BC20==O V=D>@<0FV9=>W B5E=>;>3VW 

>1@>1:8 0C4V>A83=0;V2, 206;82> @>7V1@0B8Aь 7 @>7B0HC20==O< 70A>1V2 

0=0;VB8:8 B0 B>?>;>3VєN <5@56V. $>7B0HC20==O 0=0;VB8G=8E 70A>1V2 <>65 

<0B8 7=0G=89 2?;82 =0 5D5:B82=VABь WE 28:>@8AB0==O B0 <>6;82VABь 

>B@8<0==O :>@8A=>W V=D>@<0FVW. &>?>;>3VO <5@56V 287=0G0є, O: :><?>=5=B8 

A8AB5<8 ?V4:;NG5=V >48= 4> >4=>3> B0 O: 40=V ?5@540NBьAO 2 <5@56V. 

"A=>2=8<8 :><?>=5=B0<8 V=D>@<0FV9=>W B5E=>;>3VW >1@>1:8 

0C4V>A83=0;V2 є 70A>18 ?5@540GV V=D>@<0FVW B0 70A>18 >1@>1:8 V=D>@<0FVW. 

�0A>18 ?5@540GV V=D>@<0FVW 70157?5GCNBь ?5@540GC 0C4V>40=8E G5@57 <5@56V 7 

>4=>3> ?@8AB@>N =0 V=H89. �>=8 <>6CBь 2:;NG0B8 <5@56=5 >1;04=0==O, 

B0:5 O: <0@H@CB870B>@8, :><CB0B>@8, 0 B0:>6 ?@>B>:>;8 ?5@540GV 40=8E, 0 

B0:>6 A?5FV0;V7>20=V ?@>B>:>;8 4;O ?5@540GV 0C4V>40=8E. �0A>18 >1@>1:8 

V=D>@<0FVW 2V4?>2V40NBь 70 >1@>1:C >B@8<0=8E 0C4V>40=8E. �>=8 <>6CBь 

2:;NG0B8 ?@>3@0<=5 70157?5G5==O 4;O >1@>1:8 A83=0;V2, 0;3>@8B<8 0=0;V7C 

0C4V>, A8AB5<8 HBCG=>3> V=B5;5:BC 4;O @>7?V7=020==O <>28 01> 0=0;V7C 

0C4V>40=8E, 1078 40=8E 4;O 715@V30==O >1@>1;5=8E 40=8E B0 70A>18 

2V7C0;V70FVW 4;O ?@54AB02;5==O @57C;ьB0BV2 0=0;V7C. $>7B0HC20==O A8AB5< 

0C4V>0=0;VB8:8 <>6=0 @50;V7C20B8 70 B@ь><0 >A=>2=8<8 ?V4E>40<8: =0 

?5@8D5@VW, =0 ;>:0;ь=><C A5@25@V B0 2 E<0@V [98-100]. 

�C4V>0=0;VB8:0 =0 ?5@8D5@VW ?5@5410G0є 28:>=0==O 2AVE 0=0;VB8G=8E 

4V9 =0 ?5@8D5@V9=8E ?@8AB@>OE, B0:8E O: <V:@>D>=8 01> :0<5@8. *59 ?V4EV4 

4>72>;Oє 7<5=H8B8 =020=B065==O =0 <5@56C, >A:V;ь:8 40=V =5 ?>B@51CNBь 

?5@540GV 4> F5=B@0;ь=>3> A5@25@0. #5@5203>N є B5, I> F8D@>2V 0C4V>40=V =5 

70;8H0NBь ?5@8D5@VN, I> ?V428ICє :>=DV45=FV9=VABь. "4=0:, F59 ?V4EV4 

?>B@51Cє 7=0G=8E 28B@0B =0 2AB0=>2;5==O >1G8A;N20;ь=8E <>4C;V2 =0 

:>6=><C ?5@8D5@V9=><C ?@8AB@>W, I> <>65 1CB8 A:;04=8< C @50;V70FVW. 



151 

 

�>:0;ь=89 A5@25@ 28:>@8AB>2CєBьAO 4;O >1@>1:8 F8D@>2>3> 

0C4V>A83=0;C, O:89 =04E>48Bь 7 ?5@8D5@V9=8E ?@8AB@>W2. *59 ?V4EV4 4>72>;Oє 

F5=B@0;V7>20=> :5@C20B8 >1@>1:>N 40=8E B0 70157?5GCє 28A>:C H284:VABь 

?5@540GV V=D>@<0FVW 2 <560E ;>:0;ь=>W <5@56V. �>:0;ь=V A5@25@8 70728G09 є 

G0AB8=>N 70:@8B>W A8AB5<8, I> A?@8Oє 4>B@8<0==N :>=DV45=FV9=>ABV. 

"4=0:, 28B@0B8 =0 >1;04=0==O B0 >1A;C3>2C20==O ;>:0;ь=8E A5@25@V2 <>6CBь 

1CB8 7=0G=8<8. �@V< B>3>, =5>1EV4=> 70157?5G8B8 4>B@8<0==O 2AVE 

=>@<0B82=8E 28<>3 I>4> 715@V30==O B0 ?5@540GV ?5@A>=0;ь=8E 40=8E. 

)<0@=0 0=0;VB8:0 ?5@5410G0є 28:>@8AB0==O E<0@=8E A5@25@V2 4;O 

>1@>1:8 B0 715@V30==O 40=8E. *59 ?V4EV4 70157?5GCє 3=CG:5 <0AHB01C20==O B0 

7=865==O 28B@0B =0 >1;04=0==O, >A:V;ь:8 >1G8A;N20;ь=V @5AC@A8 =040NBьAO 

O: ?>A;C30. )<0@=V @VH5==O 7=V<0NBь =5>1EV4=VABь C ?>ABV9=><C B5E=VG=><C 

>1A;C3>2C20==V >1;04=0==O, I> A?@>ICє 9>3> 5:A?;C0B0FVN. #@>B5, 4;O 

28:>@8AB0==O E<0@=8E A5@25@V2 =5>1EV4=5 =04V9=5 V=B5@=5B-7'є4=0==O, V 

?8B0==O 157?5:8 40=8E AB0є :@8B8G=> 206;828<, >A:V;ь:8 2V4?>2V40;ь=VABь 70 

715@565==O 40=8E @>7?>4V;OєBьAO <V6 :>@8ABC20G5< V ?>AB0G0;ь=8:>< 

?>A;C3. &0:>6 ?>B@V1=> 2@0E>2C20B8 70:>=>402GV 28<>38 I>4> ?5@540GV B0 

715@V30==O 40=8E C E<0@V. �>=B5:AB=0 4V03@0<0 V=D>@<0FV9=>W B5E=>;>3VW 

>1@>1:8 0C4V>A83=0;V2 ?@54AB02;5=0 =0 @8A. 4.1. 

 

 

$8AC=>: 4.1 – �>=B5:AB=0 4V03@0<0 V=D>@<0FV9=>W B5E=>;>3VW >1@>1:8 

0C4V>A83=0;V2 

 



 152 

' :>=B5:AB=V9 4V03@0<V V=D>@<0FV9=>W B5E=>;>3VW >1@>1:8 0C4V>A83=0;V2 

<>6=0 284V;8B8 :V;ь:0 :;NG>28E ?0@0<5B@V2: 2EV4=V 40=V, 28EV4=V 40=V, 

?0@0<5B@8 C?@02;V==O B0 <5E0=V7<8.  

�EV4=V 40=V 2:;NG0NBь 0C4V>A83=0;8, O:V є ?5@28==8<8 40=8<8, 

?0@0<5B@8 =0;0HBC20=ь, I> 287=0G0NBь :>=DV3C@0FVN A8AB5<8, B0:V O: 

G0AB>B=V 4V0?07>=8, @V2=V GCB;82>ABV B0 0;3>@8B<8 >1@>1:8, 0 B0:>6 <5B040=V, 

O:V 70157?5GCNBь 4>40B:>2C :>=B5:ABC0;ь=C V=D>@<0FVN 4;O ?V4B@8<:8 

0=0;V7C B0 715@V30==O 40=8E. 

�8EV4=V 40=V ?@54AB02;5=V >1@>1;5=8<8 40=8<8, I> 2:;NG0NBь 

@57C;ьB0B8 0=0;V7C 0C4V>A83=0;V2, 0 B0:>6 72VB8 B0 A?>2VI5==O, O:V 

V=D>@<CNBь :>@8ABC20GV2 ?@> 28O2;5=V ?>4VW B0 @57C;ьB0B8 0C4V>0=0;V7C. 

'?@02;V==O 74V9A=NєBьAO G5@57 ?>;VB8:8 157?5:8, I> @53C;NNBь 

4>ABC? 4> 40=8E V 70157?5GCNBь WE 70E8AB, <5B>48 ?5@540GV 0C4V>40=8E, O:V 

2AB0=>2;NNBь AB0=40@B8 4;O =04V9=>W B0 5D5:B82=>W ?5@540GV 

0C4V>V=D>@<0FVW G5@57 <5@56C, 0 B0:>6 <5B>48 >1@>1:8 0C4V>40=8E, B0:V O: 

HC<>703;CH5==O, =>@<0;V70FVO 72C:C, 284V;5==O >7=0:, :;0A8DV:0FVO 72C:V2 B0 

@>7?V7=020==O <>28. 

 5E0=V7<8 2:;NG0NBь 0?0@0B=V 70A>18, B0:V O: <V:@>D>=8, A5@25@8 B0 

<5@56=5 >1;04=0==O, I> 70157?5GCNBь DV78G=C V=D@0AB@C:BC@C A8AB5<8, B0 

?@>3@0<=5 70157?5G5==O, O:5 @50;V7Cє <5B>48 ?5@540GV, 0=0;V7C B0 2V7C0;V70FVW. 

 >6=0 ?@>25AB8 45:><?>78FVN :>=B5:AB=>W 4V03@0<8 =0 1V;ьH 4@V1=V, 

:5@>20=V G0AB8=8 01> ?V4DC=:FVW. *5 4>72>;8Bь ?@>0=0;V7C20B8 :>6=C 

G0AB8=C A8AB5<8 >:@5<>, I> A?@8Oє 1V;ьH 5D5:B82=><C C?@02;V==N B0 

@>7@>1FV A8AB5<8. �0 4>?><>3>N 45:><?>78FVW DC=:FV9 <>6=0 

V45=B8DV:C20B8 >:@5<V 70240==O, WE=V 2E>48, 28E>48 B0 270є<>4VW <V6 =8<8, 

I> ?>;53HCє 28O2;5==O ?@>1;5< B0 >?B8<V70FVN @>1>B8 A8AB5<8. !0 

25@E=ь><C @V2=V <>6=0 284V;8B8 7030;ь=V DC=:FVW, B0:V O: 71V@, ?5@540G0, 

>1@>1:0, 715@V30==O B0 2V7C0;V70FVO 0C4V>40=8E. �5:><?>78FVO DC=:FV9 

V=D>@<0FV9=>W B5E=>;>3VW >1@>1:8 0C4V>A83=0;V2 =02545=0 =0 @8A. 4.2. 

 



153 

 

 

$8AC=>: 4.2 – �5:><?>78FVO DC=:FV9 V=D>@<0FV9=>W B5E=>;>3VW >1@>1:8 

0C4V>A83=0;V2 

 

�1V@ 0C4V>40=8E 28:>=CєBьAO 70 4>?><>3>N <V:@>D>=V2, I> @>7B0H>20=V 

2 7>=V <>=VB>@8=3C. *V ?@8AB@>W DV:ACNBь 0:CAB8G=V A83=0;8 7 =02:>;8H=ь>3> 

A5@54>28I0. %8AB5<0 =0;0HB>2CєBьAO =0 ?52=89 @V25=ь GCB;82>ABV B0 

G0AB>B=89 4V0?07>=, I>1 70157?5G8B8 045:20B=89 70?8A 72C:V2. #0@0<5B@8 

=0;0HBC20=ь, B0:V O: GCB;82VABь <V:@>D>=V2 B0 G0AB>B=V 4V0?07>=8, 

:>=B@>;NNBь, O: A0<5 74V9A=NєBьAO F59 71V@. !0 28E>4V ?@>F5AC 71>@C 

0C4V>40=8E CB2>@NNBьAO >F8D@>20=V 0C4V>A83=0;8, 3>B>2V 4;O ?>40;ьH>W 

?5@540GV. 

#5@540G0 0C4V>40=8E 2V41C20єBьAO G5@57 <5@56C 4> F5=B@0;ь=8E 

A5@25@V2 4;O ?>40;ьH>W >1@>1:8. �C4V>40=V >F8D@>2CNBьAO B0 

C?>@O4:>2CNBьAO 2 ?0:5B8 4;O 5D5:B82=>W ?5@540GV. *59 ?@>F5A :5@CєBьAO 

<5B>40<8 ?5@540GV 40=8E, O:V 70157?5GCNBь =04V9=C B0 5D5:B82=C ?5@540GC 

40=8E G5@57 <5@56C. !0 28E>4V ?@>F5AC ?5@540GV >B@8<CNBьAO ?5@540=V 

0C4V>40=V, 3>B>2V 4;O >1@>1:8 =0 F5=B@0;ь=8E A5@25@0E. "1@>1:0 0C4V>40=8E 

2:;NG0є 70AB>AC20==O @V7=8E 0;3>@8B<V2 4;O 0=0;V7C >B@8<0=8E 72C:>28E 

A83=0;V2. �;3>@8B<8 >1@>1:8 <>6CBь 2:;NG0B8 HC<>703;CH5==O, 



 154 

=>@<0;V70FVN 72C:C, 284V;5==O >7=0:, :;0A8DV:0FVN 72C:V2 B0 @>7?V7=020==O 

<>28. #0@0<5B@8 >1@>1:8 287=0G0NBь, O: FV 0;3>@8B<8 70AB>A>2CNBьAO 4> 

0C4V>40=8E. !0 28E>4V Fь>3> ?@>F5AC >B@8<CNBьAO >1@>1;5=V 40=V, O:V <VABOBь 

@57C;ьB0B8 0=0;V7C, B0:V O: 28O2;5=V ?>4VW B0 @>7?V7=0=V 72C:8. 

�15@V30==O 40=8E 74V9A=NєBьAO 2 1070E 40=8E 01> E<0@=8E AE>28I0E. 

"1@>1;5=V 40=V 715@V30NBьAO @07>< V7 <5B040=8<8, I> 70157?5GCє <>6;82VABь 

?>40;ьH>3> 4>ABC?C B0 0=0;V7C. #@>F5A 715@V30==O 40=8E :5@CєBьAO 

?>;VB8:0<8 157?5:8, I> 2:;NG0NBь H8D@C20==O 40=8E, :>=B@>;ь 4>ABC?C B0 

70157?5G5==O FV;VA=>ABV 40=8E. !0 28E>4V ?@>F5AC 715@V30==O >B@8<CNBьAO 

715@565=V 40=V, 3>B>2V 4;O 28:>@8AB0==O 2 72VB0E 01> 4;O ?>40;ьH>3> 0=0;V7C. 

�V7C0;V70FVO B0 V=B5@D59A8 :>@8ABC20G0 70157?5GCNBь 4>ABC? 4> 

@57C;ьB0BV2 0=0;V7C 4;O :V=F528E :>@8ABC20GV2. "1@>1;5=V 40=V B0 72VB8 

2V4>1@060NBьAO G5@57 3@0DVG=V V=B5@D59A8, ?0=5;V C?@02;V==O B0 V=HV 70A>18 

2V7C0;V70FVW. #0@0<5B@8 2V7C0;V70FVW 287=0G0NBь, O: A0<5 @57C;ьB0B8 0=0;V7C 

1C4CBь ?@54AB02;5=V :>@8ABC20G0<. !0 28E>4V Fь>3> ?@>F5AC :>@8ABC20GV 

>B@8<CNBь 72VB8 B0 A?>2VI5==O, I> V=D>@<CNBь WE ?@> @57C;ьB0B8 0=0;V7C B0 

28O2;5=V ?>4VW, 4>72>;ONG8 W< ?@89<0B8 2V4?>2V4=V 70E>48. 

�>6=0 7 F8E DC=:FV9 <>65 1CB8 45B0;V7>20=0 =0 =86G8E @V2=OE. 

�5:><?>78FVN =87ь:>3> @V2=O DC=:FV9 V=D>@<0FV9=>W B5E=>;>3VW >1@>1:8 

0C4V>A83=0;V2 ?@54AB02;5=> =0 @8A. 4.3. 

�1V@ 40=8E <>6=0 ?>4V;8B8 =0 DC=:FVW =0;0HBC20==O <V:@>D>=V2, 

70?8AC 72C:V2, DV;ьB@0FVW HC<C B0 28O2;5==O 0C4V>?>4V9. !0;0HBC20==O 

<V:@>D>=V2 2:;NG0є :0;V1@C20==O GCB;82>ABV <V:@>D>=V2 V 2AB0=>2;5==O 

G0AB>B=>3> 4V0?07>=C 4;O 70?8AC 72C:V2. *5 =5>1EV4=> 4;O 70157?5G5==O 

B>G=>3> V GVB:>3> 70E>?;5==O 72C:>28E A83=0;V2. �0?8A 72C:V2 74V9A=NєBьAO 

G5@57 >F8D@C20==O 72C:>28E A83=0;V2, I> =04E>4OBь 2V4 <V:@>D>=V2, V WE 

?5@5B2>@5==O C F8D@>289 D>@<0B. *5 4>72>;Oє 715@53B8 72C:>2V 40=V C 

283;O4V, ?@840B=><C 4;O ?>40;ьH>W >1@>1:8. (V;ьB@0FVO HC<C 709<0єBьAO 

2840;5==O< =51060=8E HC<V2 V ?5@5H:>4 7 70?8A0=8E 0C4V>40=8E, I> 

?>:@0ICє WE O:VABь V ?>;53HCє ?>40;ьH89 0=0;V7. �8O2;5==O 0C4V>?>4V9 



155 

 

0=0;V7Cє 0C4V>40=V 4;O 28O2;5==O 7=0GCI8E ?>4V9, B0:8E O: 3>;>A8, A83=0;8 

B@82>38, @>718BBO A:;0 B0 V=HV 72C:>2V 0=><0;VW. 

 

 

$8AC=>: 4.3 – �5:><?>78FVO =87ь:>3> @V2=O DC=:FV9 V=D>@<0FV9=>W 

B5E=>;>3VW >1@>1:8 0C4V>A83=0;V2 

 

#5@540GC 40=8E <>6=0 ?>4V;8B8 =0 ?0:5B870FVN 40=8E, ?5@540GC 

?0:5BV2 B0 70157?5G5==O =5>1EV4=>3> @V2=O QoS. #0:5B870FVO 40=8E 

?5@5410G0є @>7182:C 0C4V>A83=0;V2 =0 >:@5<V ?0:5B8 4;O 5D5:B82=>W ?5@540GV 

G5@57 <5@56C. *5 4>72>;Oє >?B8<V7C20B8 28:>@8AB0==O <5@56=8E @5AC@AV2 V 

70157?5G8B8 ABV9:VABь 4> 2B@0B 40=8E. #5@540G0 ?0:5BV2 2:;NG0є 

28:>@8AB0==O <5@56=8E ?@>B>:>;V2 4;O 70157?5G5==O =04V9=>ABV B0 

5D5:B82=>ABV ?5@540GV 0C4V>40=8E. �81V@ ?@>B>:>;C 70;568Bь 2V4 28<>3 4> 

H284:>ABV ?5@540GV B0 ABV9:>ABV 4> ?><8;>:. �0157?5G5==O QoS 2:;NG0є 

C?@02;V==O ?@V>@8B5B0<8 B0 @5AC@A0<8 <5@56V 4;O 70157?5G5==O =04V9=>W V 

O:VA=>W ?5@540GV 0C4V>40=8E. 
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�15@V30==O 40=8E <>6=0 ?>4V;8B8 =0 715@565==O 0C4V>40=8E, 

715@565==O <5B040=8E B0 70157?5G5==O 157?5:8 40=8E. �15@565==O 40=8E 

2:;NG0є 715@565==O >1@>1;5=8E 0C4V>40=8E C 1070E 40=8E 01> E<0@=8E 

AE>28I0E. *5 70157?5GCє 4>ABC?=VABь 40=8E 4;O ?>40;ьH>3> 0=0;V7C B0 

28:>@8AB0==O. �15@565==O <5B040=8E ?5@5410G0є 70?8A 4>40B:>2>W 

V=D>@<0FVW ?@> 0C4V>40=V, B0:>W O: G0A 70?8AC, <VAF5 @>7B0HC20==O B0 V=HV 

@5;520=B=V E0@0:B5@8AB8:8, 4;O 70157?5G5==O <>6;82>ABV ?>40;ьH>3> 

4>ABC?C B0 0=0;V7C 40=8E. �57?5:0 40=8E 2:;NG0є 70E>48 4;O 70E8ABC 

715@565=8E 40=8E, B0:V O: H8D@C20==O, :>=B@>;ь 4>ABC?C B0 70157?5G5==O 

FV;VA=>ABV 40=8E. *5 206;82> 4;O 70?>1V30==O =5A0=:FV>=>20=><C 4>ABC?C B0 

2B@0BV 40=8E. 

�V7C0;V70FVN B0 V=B5@D59A8 :>@8ABC20G0 <>6=0 ?>4V;8B8 =0 

=0;0HBC20==O ?0@0<5B@V2 2V7C0;V70FVW, 2V4>1@065==O 40=8E B0 A?>2VI5==O 

:>@8ABC20GV2. !0;0HBC20==O ?0@0<5B@V2 2V7C0;V70FVW 2:;NG0є 287=0G5==O, O: 

A0<5 @57C;ьB0B8 0=0;V7C 1C4CBь ?@54AB02;5=V :>@8ABC20G0<. *5 <>65 

2:;NG0B8 281V@ D>@<0BV2 3@0DV:V2, B01;8Fь, :>;ь>@>28E AE5< B0 V=H8E 

?0@0<5B@V2 2V7C0;V70FVW. �V4>1@065==O 40=8E ?5@5410G0є ?@54AB02;5==O 

>1@>1;5=8E 0C4V>40=8E B0 72VBV2 G5@57 3@0DVG=V V=B5@D59A8, ?0=5;V 

C?@02;V==O B0 V=HV 70A>18 2V7C0;V70FVW. *5 4>72>;Oє :>@8ABC20G0< ;53:> 

7@>7C<VB8 B0 V=B5@?@5BC20B8 @57C;ьB0B8 0=0;V7C. 

 

4.2 #@>3@0<=0 @50;V70FVO V=D>@<0FV9=>W B5E=>;>3VW >1@>1:8 

0C4V>A83=0;V2 

 

$>728B>: ACG0A=8E V=D>@<0FV9=8E B5E=>;>3V9 B0 7@>AB0==O >1AO3V2 

0C4V>40=8E >1C<>2;NNBь =5>1EV4=VABь AB2>@5==O <5@56=8E A8AB5< 

0C4V>0=0;VB8:8, 740B=8E 5D5:B82=> >1@>1;OB8 B0 0=0;V7C20B8 72C:>2V A83=0;8 

2 @568<V @50;ь=>3> G0AC. &0:V A8AB5<8 <0NBь 70157?5GC20B8 28A>:C B>G=VABь 

@>7?V7=020==O 0C4V>?>4V9, <V=V<V7CNG8 70B@8<:8 ?@8 ?5@540GV B0 >1@>1FV 

40=8E. $50;V70FVO V=D>@<0FV9=>W B5E=>;>3VW >1@>1:8 0C4V>A83=0;V2 2:;NG0є 
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V=B53@0FVN :><?>=5=BV2 71>@C, ?5@540GV, ?>?5@54=ь>W >1@>1:8 A83=0;V2 B0 

70AB>AC20==O <>45;59 <0H8==>3> =02G0==O 4;O :;0A8DV:0FVW 72C:>28E ?>4V9. 

"A>1;820 C2030 ?@84V;OєBьAO >?B8<V70FVW 0@EVB5:BC@8 A8AB5<8 B0 0;3>@8B<V2 

>1@>1:8 4;O ?V428I5==O ?@>4C:B82=>ABV B0 =04V9=>ABV 2 C<>20E @50;ь=8E 

<5@56=8E A5@54>28I. 

 

4.2.1 �81V@ B5E=>;>3VG=>3> AB5:C B0 0@EVB5:BC@8 

 

#V4 G0A @50;V70FVW V=D>@<0FV9=>W B5E=>;>3VW >1@>1:8 0C4V>A83=0;V2 

=04728G09=> 206;82> ?@028;ь=> 287=0G8B8 =01V@ V=AB@C<5=BV2 V ?;0BD>@<, 

O:V 30@0=BC20B8<CBь 28A>:C 5D5:B82=VABь, <>6;82VABь <0AHB01C20==O, 

=0;56=89 @V25=ь 157?5:8 B0 4>B@8<0==O ACG0A=8E AB0=40@BV2. �V4 B>3>, O:V 

A0<5 B5E=>;>3VW >18@0є @>7@>1=8:, 70;560Bь 2AV 5B0?8 >1@>1:8, 2V4 71>@C B0 

?5@54020==O 0C4V>40=8E 4> WE=ь>W ?>40;ьH>3> 0=0;V7C, 715@V30==O B0 

?@54AB02;5==O @57C;ьB0BV2. 

�81V@ B5E=VG=8E @VH5=ь 70728G09 7C<>2;5=89 :V;ь:><0 :;NG>28<8 

G8==8:0<8. !0A0<?5@54 V45BьAO ?@> ?@>4C:B82=VABь B0 <0AHB01>20=VABь, 

0465 A8AB5<0 <0є >1@>1;OB8 25;8:V >1AO38 0C4V>40=8E C @568<V @50;ь=>3> 

G0AC, @503CNG8 =0 71V;ьH5==O =020=B065==O 7024O:8 B5E=>;>3VO< 

:>=B59=5@870FVW B0 >@:5AB@0FVW. �57?5:0 =5 <5=H 206;820, >A:V;ь:8 2 

0C4V>70?8A0E <>65 <VAB8B8AO :>=DV45=FV9=0 V=D>@<0FVO. �8:>@8AB0==O 

ACG0A=8E :@8?B>3@0DVG=8E ?@>B>:>;V2 V @VH5=ь 4;O <>=VB>@8=3C ?V428ICє 

70E8I5=VABь 40=8E =0 2AVE @V2=OE. 

�@V< B>3>, @>7@>1=8:8 G0AB> >18@0NBь <V:@>A5@2VA=C 0@EVB5:BC@C, 0 

B0:>6 ?>?C;O@=V D@59<2>@:8, I> @>18Bь A8AB5<C 3=CG:VH>N B0 7=0G=> 

A?@>ICє V=B53@0FVN 7 @V7=8<8 7>2=VH=V<8 <>4C;O<8 01> A5@2VA0<8. 

�0AB>AC20==O B5E=>;>3V9 7 0:B82=>N A?V;ь=>B>N D0EV2FV2 A?@8Oє 2G0A=><C 

2?@>20465==N >=>2;5=ь V H284:><C @>72’O70==N ?>B5=FV9=8E ?@>1;5<. 

"A=>2=>N <>2>N ?@>3@0<C20==O 4;O A5@25@=>W G0AB8=8 B0 >1@>1:8 

0C4V>40=8E 1C;> >1@0=> Python [101]. *59 281V@ 7C<>2;5=89 H8@>:8<8 
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<>6;82>ABO<8 Python C AD5@V =0C:>28E >1G8A;5=ь, >1@>1:8 A83=0;V2 B0 

<0H8==>3> =02G0==O.  >20 <0є 25;8:C :V;ь:VABь 1V1;V>B5: B0 D@59<2>@:V2, 

B0:8E O: TensorFlow, PyTorch, Keras 4;O <0H8==>3> =02G0==O, B0 LibROSA, 

PyAudio 4;O >1@>1:8 0C4V>A83=0;V2. Python B0:>6 2V47=0G0єBьAO ?@>AB>B>N 

A8=B0:A8AC B0 0:B82=>N A?V;ь=>B>N @>7@>1=8:V2, I> ?>;53HCє ?@>F5A 

@>7@>1:8 B0 ?V4B@8<:8 :>4C. 

�;O @50;V70FVW 251-A5@2VAV2 B0 RESTful API 1C;> 28:>@8AB0=> 

D@59<2>@: Django [102]. Django =040є ?>BC6=V V=AB@C<5=B8 4;O H284:>W 

@>7@>1:8 251-4>40B:V2, 70157?5GCє 28A>:89 @V25=ь 157?5:8 B0 ?V4B@8<Cє 

<0AHB01>20=VABь. (@59<2>@: <0є 21C4>20=V 70A>18 4;O @>1>B8 7 1070<8 

40=8E, 02B5=B8DV:0FVW :>@8ABC20GV2, C?@02;V==O A5AVO<8 B0 V=HV 206;82V 

:><?>=5=B8 251-4>40B:V2. 

' @>;V 1078 40=8E 4;O 715@V30==O AB@C:BC@>20=8E 40=8E B0 <5B040=8E 

1C;> >1@0=> PostgreSQL [103]. *O A8AB5<0 :5@C20==O 1070<8 40=8E 2V4><0 

A2>єN =04V9=VABN, ?@>4C:B82=VABN B0 2V4?>2V4=VABN AB0=40@B0< SQL. 

PostgreSQL ?V4B@8<Cє A:;04=V 70?8B8, B@0=70:FVW B0 70157?5GCє 28A>:89 

@V25=ь 157?5:8 40=8E, I> є :@8B8G=> 206;828< 4;O A8AB5<8, O:0 >1@>1;Oє 

:>=DV45=FV9=C V=D>@<0FVN. 

�;O 70157?5G5==O 157?5G=>W ?5@540GV 0C4V>40=8E 1C;> >1@0=> 

?@>B>:>;8 SRTP B0 TLS. SRTP 70157?5GCє H8D@C20==O, 02B5=B8DV:0FVN B0 

FV;VA=VABь 40=8E, I> ?5@540NBьAO 2 @50;ь=><C G0AV, I> 206;82> 4;O ?5@540GV 

0C4V>A83=0;V2. TLS 28:>@8AB>2CєBьAO 4;O 70E8ABC 40=8E ?V4 G0A ?5@540GV <V6 

:;Vє=B>< V A5@25@><, 70?>1V30NG8 0B0:0< B8?C «;N48=0 ?>A5@548=V». 

�;O AB2>@5==O 70E8I5=8E :0=0;V2 ?5@540GV 40=8E <V6 ?5@8D5@V9=8<8 

?@8AB@>O<8 B0 F5=B@0;ь=8< A5@25@>< 1C;> 28:>@8AB0=> OpenVPN [104]. *5 

@VH5==O 4>72>;Oє V7>;N20B8 <5@56=89 B@0DV: B0 70?>1V3B8 

=5A0=:FV>=>20=><C 4>ABC?C 77>2=V, I> ?V428ICє 7030;ь=89 @V25=ь 157?5:8 

A8AB5<8. 

' AD5@V >1@>1:8 0C4V>A83=0;V2 B0 @50;V70FVW <>45;59 <0H8==>3> 

=02G0==O 1C;> 28:>@8AB0=> 1V1;V>B5:8 B0 D@59<2>@:8, B0:V O: TensorFlow B0 
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PyTorch. �>=8 =040NBь ?>BC6=V 70A>18 4;O @>7@>1:8, =02G0==O B0 

@>73>@B0==O =59@>==8E <5@56, I> 4>72>;Oє 5D5:B82=> 28@VHC20B8 7040GV 

@>7?V7=020==O 0C4V>?>4V9. �V1;V>B5:0 LibROSA 28:>@8AB>2CєBьAO 4;O 0=0;V7C 

B0 >1@>1:8 0C4V>, =040NG8 H8@>:89 A?5:B@ V=AB@C<5=BV2 4;O @>1>B8 7V 

A?5:B@>3@0<0<8, <5;-G0AB>B=8<8 :>5DVFVє=B0<8 B0 V=H8<8 >7=0:0<8, 

=5>1EV4=8<8 4;O 0C4V>0=0;VB8:8. 

�;O @>7@>1:8 V=B5@D59AC :>@8ABC20G0 1C;> >1@0=> JavaScript 7 

28:>@8AB0==O< D@59<2>@:C React [105]. React 4>72>;Oє AB2>@N20B8 

48=0<VG=V B0 V=B5@0:B82=V V=B5@D59A8 :>@8ABC20G0, I> ?V428ICє 7@CG=VABь B0 

5D5:B82=VABь @>1>B8 7 A8AB5<>N. �8:>@8AB0==O :><?>=5=B=>3> ?V4E>4C 2 

React A?@8Oє ?>2B>@=><C 28:>@8AB0==N :>4C B0 A?@>ICє ?V4B@8<:C 4>40B:C. 

"1@0=89 B5E=>;>3VG=89 AB5: 70157?5GCє =5>1EV4=89 @V25=ь ?@>4C:B82=>ABV, 

157?5:8 B0 <0AHB01>20=>ABV, I> 4>72>;Oє A8AB5<V 5D5:B82=> DC=:FV>=C20B8 

C @V7=8E C<>20E. 

�@EVB5:BC@=0 4V03@0<0 A8AB5<8 =02545=0 =0 @8A. 4.4. �@EVB5:BC@0 

A8AB5<8 ?>1C4>20=0 =0 <V:@>A5@2VA=><C ?V4E>4V, I> 4>72>;Oє @>74V;8B8 

A8AB5<C =0 =570;56=V :><?>=5=B8, O:V <>6CBь @>72820B8AO B0 

<0AHB01C20B8AO >:@5<>. "A=>2=8<8 :><?>=5=B0<8 A8AB5<8 є ?5@8D5@V9=V 

?@8AB@>W 71>@C 40=8E, <5@56=89 H0@, A5@25@ >1@>1:8 40=8E, 1070 40=8E, 

V=B5@D59A :>@8ABC20G0 B0 A8AB5<0 157?5:8. 

#5@8D5@V9=V ?@8AB@>W 71>@C 40=8E – F5 <V:@>D>=8 7 21C4>20=8<8 

<>4C;O<8 >1@>1:8, O:V 28:>=CNBь ?>?5@54=є DV;ьB@C20==O HC<C B0 

?0:5B870FVN 40=8E. �><C=V:0FV9=89 H0@ 2:;NG0є <5@56=5 >1;04=0==O B0 

?@>B>:>;8 4;O ?5@540GV 40=8E 4> F5=B@0;ь=>3> A5@25@0 7 28:>@8AB0==O< 

H8D@C20==O SRTP B0 TLS. %5@25@ >1@>1:8 40=8E 2V4?>2V40є 70 0=0;V7 

0C4V>40=8E 7 28:>@8AB0==O< <>45;59 <0H8==>3> =02G0==O, @>7@>1;5=8E C 

?>?5@54=VE @>74V;0E. �070 40=8E A;C3Cє AE>28I5< 4;O >1@>1;5=8E 40=8E, 

@57C;ьB0BV2 0=0;V7C B0 <5B040=8E, 70157?5GCNG8 =04V9=5 715@V30==O B0 

H284:89 4>ABC? 4> V=D>@<0FVW. �=B5@D59A :>@8ABC20G0 @50;V7>20=89 O: 251-

4>40B>:, O:89 =040є 4>ABC? 4> @57C;ьB0BV2 0=0;V7C, 72VBV2 B0 =0;0HBC20=ь 
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A8AB5<8. %8AB5<0 157?5:8 70157?5GCє 02B5=B8DV:0FVN, 02B>@870FVN, 

H8D@C20==O 40=8E B0 <>=VB>@8=3 157?5:8 4;O 70E8ABC A8AB5<8 2V4 

?>B5=FV9=8E 703@>7. 

 

 

$8AC=>: 4.4 – �@EVB5:BC@=0 4V03@0<0 A8AB5<8 

 

4.2.2 $50;V70FVO >A=>2=8E :><?>=5=BV2 

 

$50;V70FVO V=D>@<0FV9=>W B5E=>;>3VW >1@>1:8 0C4V>A83=0;V2 2:;NG0є 

:V;ь:0 :;NG>28E :><?>=5=BV2, O:V BVA=> 270є<>4VNBь <V6 A>1>N 4;O 

70157?5G5==O 5D5:B82=>3> 71>@C, ?5@540GV, >1@>1:8 B0 715@V30==O 0C4V>40=8E. 

�>65= 7 F8E :><?>=5=BV2 2V4V3@0є :@8B8G=C @>;ь C 7030;ь=V9 

DC=:FV>=0;ь=>ABV A8AB5<8, V WE=O @50;V70FVO 28<030є 45B0;ь=>3> ?V4E>4C 4> 

B5E=VG=8E V 157?5:>28E 0A?5:BV2. 

!0 5B0?V 71>@C 40=8E 28:>@8AB>2CNBьAO ?5@8D5@V9=V ?@8AB@>W, 

>1;04=0=V 28A>:>GCB;828<8 <V:@>D>=0<8 B0 <V:@>:>=B@>;5@0<8. *V ?@8AB@>W 

28:>=CNBь ?>G0B:>2C >1@>1:C 0C4V>A83=0;C, I> 2:;NG0є >F8D@C20==O 

A83=0;C 7 G0AB>B>N 48A:@5B870FVW 44,1 :�F, DV;ьB@0FVN HC<C B0 =>@<0;V70FVN 

@V2=O A83=0;C. �;O ?V428I5==O O:>ABV 70?8AC B0 7<5=H5==O 2?;82C 

=02:>;8H=ь>3> HC<C 28:>@8AB>2CNBьAO 0;3>@8B<8 F8D@>2>W >1@>1:8 

A83=0;V2, B0:V O: 040?B82=5 DV;ьB@C20==O B0 A?5:B@0;ь=5 2V4AVN20==O. 

#VA;O ?>G0B:>2>W >1@>1:8 0C4V>40=V ?0:5B87CNBьAO 73V4=> 7 ?@>B>:>;>< 

SRTP, I> 70157?5GCє H8D@C20==O B0 FV;VA=VABь 40=8E. �>65= ?0:5B <VAB8Bь 
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<5B040=V, B0:V O: G0A>2V <VB:8 B0 V45=B8DV:0B>@8 ?@8AB@>W2, I> ?>;53HCє 

A8=E@>=V70FVN B0 ?>40;ьH89 0=0;V7 40=8E =0 A5@25@V. 

#5@540G0 40=8E 2V4 ?5@8D5@V9=8E ?@8AB@>W2 4> F5=B@0;ь=>3> A5@25@0 

74V9A=NєBьAO G5@57 70E8I5=5 7'є4=0==O 7 28:>@8AB0==O< VPN, AB2>@5=>W =0 

107V OpenVPN. *5 70157?5GCє 4>40B:>289 @V25=ь 157?5:8, 70E8I0NG8 40=V 2V4 

?5@5E>?;5==O B0 =5A0=:FV>=>20=>3> 4>ABC?C ?V4 G0A ?5@540GV G5@57 

7030;ь=>4>ABC?=V <5@56V. 

*5=B@0;ь=89 A5@25@ 2V4?>2V40є 70 3;81>:C >1@>1:C 0C4V>40=8E, 

>B@8<0=8E 2V4 ?5@8D5@V9=8E ?@8AB@>W2. %5@25@=0 V=D@0AB@C:BC@0 

?>1C4>20=0 =0 107V 28A>:>?@>4C:B82=8E >1G8A;N20;ь=8E 2C7;V2 7 

?V4B@8<:>N 3@0DVG=8E ?@>F5A>@V2, I> 4>72>;Oє ?@8A:>@8B8 28:>=0==O 

0;3>@8B<V2 <0H8==>3> =02G0==O. 

!0 A5@25@V @>73>@=CB> ?@>3@0<=5 70157?5G5==O, @>7@>1;5=5 =0 <>2V 

Python 7 28:>@8AB0==O< D@59<2>@:V2 TensorFlow B0 PyTorch. "A=>2>N 

A8AB5<8 @>7?V7=020==O є <5B>4, >?8A0=89 C @>74V;V 3.4. #5@54 ?>40G5N =0 

2EV4 =59@>==>W <5@56V 0C4V>40=V ?5@5B2>@NNBьAO C A?5:B@>3@0<8 7 

28:>@8AB0==O< H284:>3> ?5@5B2>@5==O (C@'є. %?5:B@>3@0<8 =>@<0;V7CNBьAO 

B0 <0AHB01CNBьAO 4;O ?>:@0I5==O AB01V;ь=>ABV <>45;V. �;O ?V428I5==O 

ABV9:>ABV 4> HC<V2 B0 @V7=><0=VB=8E 0:CAB8G=8E C<>2 70AB>A>2CNBьAO <5B>48 

0C3<5=B0FVW 40=8E. $57C;ьB0B8 >1@>1:8, 0 B0:>6 A8@V 0C4V>40=V B0 <5B040=V 

715@V30NBьAO C 107V 40=8E PostgreSQL. %B@C:BC@0 1078 40=8E @>7@>1;5=0 7 

C@0EC20==O< 28<>3 =>@<0;V70FVW B0 >?B8<V70FVW 70?8BV2. �0=V @>74V;5=V =0 

;>3VG=V B01;8FV, I> <VABOBь V=D>@<0FVN ?@> 0C4V>?>4VW, ?@8AB@>W 71>@C 40=8E, 

:>@8ABC20GV2 A8AB5<8 B0 V=HV ACB=>ABV. �030;ь=89 0;3>@8B< >1@>1:8 

0C4V>40=8E =02545=> =0 @8A. 4.5. 
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$8AC=>: 4.5 – �;3>@8B< >1@>1:8 0C4V>40=8E 

 

�030;ь=0 AE5<0 ?5@540GV 40=8E =02545=0 =0 @8A. 4.6. 

 

 

$8AC=>: 4.6 – %E5<0 ?5@540GV 40=8E 
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�;O 2V4?>2V4=>ABV 28<>30< GDPR B0 V=H8E 70:>=>402G8E 0:BV2 I>4> 

70E8ABC ?5@A>=0;ь=8E 40=8E 2?@>20465=> <5E0=V7<8 2840;5==O B0 

0=>=V<V70FVW 40=8E 70 70?8B>< :>@8ABC20GV2. �545BьAO 6C@=0; ?>4V9, I> 

DV:ACє 2AV 4VW 7 40=8<8, I> 4>72>;Oє ?@>2>48B8 0C48B B0 28O2;OB8 <>6;82V 

?>@CH5==O 157?5:8. 

$57C;ьB0B8 >1@>1:8, 0 B0:>6 A8@V 0C4V>40=V B0 <5B040=V 715@V30NBьAO C 

107V 40=8E PostgreSQL. %B@C:BC@0 1078 40=8E @>7@>1;5=0 7 C@0EC20==O< 

28<>3 =>@<0;V70FVW B0 >?B8<V70FVW 70?8BV2. �0=V @>74V;5=V =0 ;>3VG=V B01;8FV, 

I> <VABOBь V=D>@<0FVN ?@> 0C4V>?>4VW, ?@8AB@>W 71>@C 40=8E, :>@8ABC20GV2 

A8AB5<8 B0 V=HV ACB=>ABV. 

�;O 70157?5G5==O 157?5:8 40=8E 70AB>A>2CNBьAO <5E0=V7<8 

H8D@C20==O O: =0 @V2=V ?5@540GV (7 28:>@8AB0==O< TLS), B0: V =0 @V2=V 

715@V30==O. ,8D@C20==O 40=8E C AB0=V A?>:>N @50;V7>20=> 70 4>?><>3>N 

DC=:FV>=0;ь=>ABV Transparent Data Encryption, O:0 H8D@Cє D09;8 1078 40=8E 

=0 @V2=V D09;>2>W A8AB5<8. *5 70?>1V30є 4>ABC?C 4> 40=8E C 28?04:C 

:><?@><5B0FVW DV78G=8E =>AVW2 01> @575@2=8E :>?V9. 

�>=B@>;ь 4>ABC?C 4> 40=8E 74V9A=NєBьAO 70 4>?><>3>N @>;59 B0 ?@02 

4>ABC?C, =0;0HB>20=8E C PostgreSQL. �>6=><C :>@8ABC20GC A8AB5<8 

?@87=0G0єBьAO @>;ь 7 ?52=8<8 ?@82V;5O<8, I> >1<56Cє 9>3> 4VW 2 A8AB5<V 

2V4?>2V4=> 4> ?@8=F8?C =09<5=H8E ?@82V;5W2. �CB5=B8DV:0FVO :>@8ABC20GV2 

@50;V7>20=0 7 28:>@8AB0==O< ?@>B>:>;C OAuth 2.0, I> 70157?5GCє 157?5G=89 

B0 AB0=40@B87>20=89 <5E0=V7< C?@02;V==O A5AVO<8 B0 B>:5=0<8 4>ABC?C. 

�=B5@D59A :>@8ABC20G0 @>7@>1;5=> O: 251-4>40B>:, I> 70157?5GCє 

4>ABC?=VABь 7 @V7=8E ?@8AB@>W2, 2:;NG0NG8 :><?'NB5@8, ?;0=H5B8 B0 

A<0@BD>=8. �;O D@>=B5=4C 28:>@8AB0=> D@59<2>@: React, O:89 4>72>;Oє 

AB2>@N20B8 48=0<VG=V B0 V=B5@0:B82=V :>@8ABC20Fь:V V=B5@D59A8. 

�8:>@8AB0==O :><?>=5=B=>3> ?V4E>4C 2 React A?@8Oє ?V4B@8<C20=>ABV :>4C 

B0 9>3> ?>2B>@=><C 28:>@8AB0==N. �8709= V=B5@D59AC >@Vє=B>20=89 =0 

V=BCWB82=VABь B0 7@CG=VABь 28:>@8AB0==O. �>@8ABC20GV <>6CBь ?5@53;O40B8 

@57C;ьB0B8 0=0;V7C 0C4V>40=8E C 283;O4V 3@0DV:V2, B01;8Fь B0 V=B5@0:B82=8E 
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2V7C0;V70FV9. $50;V7>20=> A8AB5<C A?>2VI5=ь, O:0 V=D>@<Cє :>@8ABC20GV2 ?@> 

28O2;5=V ?>4VW, B0:V O: 0=><0;ь=V 72C:8 01> A83=0;8 B@82>38. 

�;O 15:5=4C 251-4>40B:C 28:>@8AB>2CєBьAO Django REST Framework, 

I> =040є API 4;O 270є<>4VW 7 D@>=B5=4><. API @50;V7Cє 2AV =5>1EV4=V 

>?5@0FVW, 2:;NG0NG8 >B@8<0==O 40=8E, AB2>@5==O =>28E 70?8AV2, >=>2;5==O 

B0 2840;5==O. �><C=V:0FVO <V6 D@>=B5=4>< B0 15:5=4>< 2V41C20єBьAO G5@57 

70E8I5=89 ?@>B>:>; HTTPS 7 28:>@8AB0==O< TLS. 

�@V< B>3>, 2?@>20465=> 6C@=0;N20==O 2AVE 206;828E ?>4V9 C A8AB5<V, 

2:;NG0NG8 4VW :>@8ABC20GV2, A8AB5<=V ?><8;:8 B0 V=HV :@8B8G=V ?>4VW. 

�C@=0;8 715@V30NBьAO C F5=B@0;V7>20=><C AE>28IV B0 <>6CBь 1CB8 

28:>@8AB0=V 4;O 0=0;V7C V=F845=BV2 157?5:8 B0 >?B8<V70FVW @>1>B8 A8AB5<8. 

 

4.3 "FV=:0 5D5:B82=>ABV 70?@>?>=>20=>W V=D>@<0FV9=>W B5E=>;>3VW 

 

"FV=:0 5D5:B82=>ABV 70?@>?>=>20=>W V=D>@<0FV9=>W B5E=>;>3VW є 

:;NG>28< 5B0?>< C ?V4B25@465==V WW 4>FV;ь=>ABV B0 :>=:C@5=B>A?@><>6=>ABV. 

' Fь><C @>74V;V ?@>2545=> 45B0;ь=89 0=0;V7 A8AB5<8 70 :V;ь:><0 :@8B5@VO<8: 

G0A ?@>E>465==O A83=0;C B0 B>G=VABь @>7?V7=020==O. *59 0=0;V7 4>72>;Oє 

28O28B8 ?5@52038 B0 =54>;V:8 B5E=>;>3VW, 0 B0:>6 287=0G8B8 =0?@O<8 4;O 

?>40;ьH>3> 24>A:>=0;5==O. 

 

4.3.1 "FV=:0 70 G0A>< ?@>E>465==O A83=0;C 

 

+0A>< ?@>E>465==O A83=0;C 22060єBьAO ?@><V6>: 2V4 <><5=BC DV:A0FVW 

72C:C <V:@>D>=>< 4> D>@<C20==O >AB0B>G=>3> @VH5==O A8AB5<8 I>4> 

@>7?V7=020==O 0C4V>?>4V9.  5B>N 4>A;V465==O є 287=0G5==O A5@54=VE, 

<0:A8<0;ь=8E B0 <V=V<0;ь=8E 70B@8<>: =0 2AVE 5B0?0E, 0 B0:>6 >FV=:0 

?@840B=>ABV A8AB5<8 4> @>1>B8 2 @568<V, =01;865=><C 4> @50;ь=>3> G0AC. 

�024O:8 ?>?5@54=V9 >1@>1FV =0 ?5@8D5@V9=8E ?@8AB@>OE B0 5D5:B82=V9 

?0:5B870FVW 40=8E, 70B@8<:8 =0 5B0?V 71>@C <V=V<V7CNBьAO. �8:>@8AB0==O 
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?@>B>:>;V2 SRTP B0 >?B8<V7>20=8E <5@56=8E H;OEV2 4>72>;Oє 70157?5G8B8 

=87ь:C 70B@8<:C ?@8 ?5@540GV 40=8E. ,8D@C20==O 40=8E =57=0G=> 2?;820є 

=0 7030;ь=89 G0A ?5@540GV 7024O:8 28:>@8AB0==N 5D5:B82=8E 0;3>@8B<V2 

H8D@C20==O. �;O ?@>2545==O 4>A;V465==O 1C;> 284V;5=> HVABь >A=>2=8E 

5B0?V2 >1@>1:8 0C4V>A83=0;C: 

1. �1V@ 40=8E – DV:A0FVO 72C:C; 

2. "F8D@C20==O – ?5@5B2>@5==O 0=0;>3>2>3> A83=0;C 2 F8D@>2C 

D>@<C; 

3. #5@540G0 40=8E – 2V4?@02:0 >F8D@>20=>3> A83=0;C G5@57 <5@56C 4> 

A5@25@0 7 28:>@8AB0==O< C4>A:>=0;5=>3> <5B>4C ?5@540GV 0C4V>A83=0;V2; 

4. #V43>B>2:0 40=8E – =>@<0;V70FVO @V2=V2, 2840;5==O HC<C, 

D>@<C20==O =01>@C >7=0:; 

5. "1@>1:0 <>45;;N – 70AB>AC20==O <5B>4C 0=0;V7C 0C4V>A83=0;C; 

6. #>AB->1@>1:0 B0 CE20;5==O @VH5==O – D>@<C20==O :V=F52>3> 

28A=>2:C ?@> 0C4V>?>4VN B0 70?8AC 4> 1078 40=8E. 

!0 :>6=><C 7 5B0?V2 A8AB5<0 DV:AC20;0 ?@><V6>: G0AC 70 4>?><>3>N 

21C4>20=8E B09<5@V2. �:A?5@8<5=B8 ?@>2>48;8AO 2 C<>20E ;>:0;ь=>W <5@56V 

7V H284:VABN ?5@540GV 40=8E 1 �1VB/A, ?@8 A5@54=ь><C =020=B065==V =0 :0=0;. 

�030;ь=0 7=0G5==O 70B@8<:8 :>6=>3> 5B0?C =02545=V C B01;. 4.1. 

 

&01;8FO 4.1 – �=0G5==O 70B@8<>: :>6=>3> 5B0?C 

�B0? >1@>1:8 
%5@54=O 

70B@8<:0, <A 

 0:A8<0;ь=0 

70B@8<:0, <A 

 V=V<0;ь=0 

70B@8<:0, <A 

�1V@ 40=8E 4 5 3 

"F8D@C20==O 2 3 2 

#5@540G0 40=8E 28 45 15 

#V43>B>2:0 40=8E 14 17 10 

"1@>1:0 <>45;;N 45 58 36 

#>AB->1@>1:0 B0 CE20;5==O @VH5==O 11 13 8 

�030;ь=89 G0A 70B@8<:8 104 141 74 
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"?B8<V70FVO <>45;59 <0H8==>3> =02G0==O, 2:;NG0NG8 28:>@8AB0==O 

3@0DVG=8E ?@>F5A>@V2, 4>72>;Oє 7=878B8 G0A >1@>1:8 0C4V>D@03<5=BV2. 

%5@54=V9 G0A >1@>1:8 >4=>3> 0C4V>D@03<5=B0 AB0=>28Bь 1;87ь:> 104 <A, I> 

2V4?>2V40є 28<>30< @568<C @50;ь=>3> G0AC. *5 4>AO30єBьAO 7024O:8 

28:>@8AB0==N 5D5:B82=8E 0;3>@8B<V2. �030;ь=89 G0A ?@>E>465==O A83=0;C 

2V4 <><5=BC 9>3> DV:A0FVW 4> >B@8<0==O @57C;ьB0BC =5 ?5@528ICє 141 <A. *5 

70157?5GCє <>6;82VABь H284:>3> @503C20==O =0 28O2;5=V ?>4VW B0 ?V4E>48Bь 

4;O 70AB>AC20=ь, 45 >?5@0B82=VABь є :@8B8G=>N. 

�V03@0<0 @>7?>4V;C 70B@8<>: =02545=0 =0 @8A. 4.7. 

 

 

$8AC=>: 4.7 – �V03@0<0 @>7?>4V;C 70B@8<>: 

 

�0?@>?>=>20=0 V=D>@<0FV9=0 B5E=>;>3VO >1@>1:8 0C4V>A83=0;V2 

45<>=AB@Cє 28A>:C 5D5:B82=VABь 70 G0A>< ?@>E>465==O A83=0;C, I> @>18Bь WW 

?@840B=>N 4;O 70AB>AC20==O 2 @568<V @50;ь=>3> G0AC, 45 70B@8<:8 ?>28==V 

1CB8 <V=V<0;ь=8<8. 

 

4.3.2 "FV=:0 70 B>G=VABN @>7?V7=020==O 

 

&>G=VABь @>7?V7=020==O 0C4V>?>4V9 є :;NG>28< ?>:07=8:>< 

5D5:B82=>ABV A8AB5<8 0C4V>0=0;VB8:8. �;O >FV=:8 B>G=>ABV 
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28:>@8AB>2C20;8AO <5B@8:8 F1-score B0 EER. *V <5B@8:8 4>72>;ONBь 

>1'є:B82=> >FV=8B8 ?@>4C:B82=VABь A8AB5<8.  0B@8FO ?;CB0=8=8 4;O >FV=:8 

B>G=>ABV @>A?V7=020==O =02545=0 C B01;. 4.2. 

 

&01;8FO 4.2 –  0B@8FO ?;CB0=8=8 4;O >FV=:8 B>G=>ABV @>A?V7=020==O 
(0:B8G=89 \ 
#5@5410G5=89 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 $07>< 

1. Accelerating 60 3 3 3 0 0 0 6 0 0 0 0 5 0 0 80 

2. Aircraft 2 59 3 2 0 0 3 3 0 0 0 1 0 5 0 78 

3. Alarm 3 2 60 2 0 4 0 3 0 0 0 0 0 5 0 79 

4. Animal 2 0 0 58 3 0 2 0 5 3 0 2 0 1 0 76 

5. Applause 0 1 0 2 62 0 1 4 5 3 1 0 0 0 2 81 

6. Bell 1 2 4 0 0 57 2 3 0 1 0 0 0 3 2 75 

7. Vehicle 5 4 0 0 1 0 59 1 2 1 0 0 3 2 0 78 

8. Musical 

Instr. 
1 3 4 4 8 10 0 66 3 5 0 0 0 1 2 107 

9. Domestic 

Sounds 
0 2 5 5 4 3 1 0 56 0 0 0 0 0 1 77 

10. Human 

Voice 
2 0 0 3 2 0 0 0 3 61 1 5 3 0 0 80 

11. Water 1 0 0 3 0 0 0 0 2 4 60 0 5 2 2 79 

12. Human 

Group 
0 1 0 5 9 0 0 0 3 10 0 59 0 0 0 87 

13. Engine 7 5 0 0 0 0 6 1 0 0 3 0 58 1 0 81 

14. Explosion 5 1 5 1 0 3 4 0 1 0 0 0 2 59 2 83 

15. Glass 0 0 3 1 1 3 1 5 3 0 0 0 0 2 56 75 

$07>< 89 83 87 89 90 80 79 92 83 88 65 67 76 81 67 1216 

 

$57C;ьB0B8 @>7@0EC=:V2 F1-score B0 EER =02545=V C B01;. 4.3. 

 

&01;8FO 4.3 – $57C;ьB0B8 @>7@0EC=:V2 F1-score B0 EER 

�;0A EER F1-score 

1. Accelerating 0.25 0.71 

2. Aircraft 0.24 0.73 

3. Alarm 0.24 0.72 

4. Animal 0.24 0.7 

5. Applause 0.23 0.73 

6. Bell 0.24 0.74 

7. Vehicle 0.24 0.75 

8. Musical Instr. 0.38 0.66 

9. Domestic Sounds 0.27 0.7 

10. Human Voice 0.24 0.73 

11. Water 0.24 0.83 

12. Human Group 0.32 0.77 

13. Engine 0.28 0.74 

14. Explosion 0.29 0.72 

15. Glass 0.25 0.79 

%5@54=є 7=0G5==O 0.27 0.73 
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 0AHB01 281V@:8 4;O :;0AC «8 Musical Instrument» 107 7@07:V2 є 

=091V;ьH8< ?>:07=8:><, 0 66 ?@028;ь=> :;0A8DV:>20=8E 70?8AV2 AB0=>2;OBь 

;8H5 1;87ь:> 61.7%. *5 <>65 2:07C20B8 =0 25;8:C @V7=><0=VB=VABь 

0C4V>D@03<5=BV2 C <560E Fь>3> :;0AC, I> CA:;04=Nє @>7?V7=020==O. «12 

Human Group» B0:>6 ?><VB=> 2V4AB0є, B>G=VABь 2Aь>3> 67.8%. #@8G8=>N 

<>65 1CB8 AE>6VABь V7 «10 Human Voice» 01> 1@0: GVB:8E 2V4<V==8E >7=0: C 

=02G0==V. ' E>4V B5ABC20==O A8AB5<0 4>AO3;0 F1-score =0 @V2=V 73.46% B0 EER 

0,27. *V ?>:07=8:8 є ?>:@0I5==O< ?>@V2=O=> 7 ?>?5@54=V<8 5:A?5@8<5=B0<8 

B0 2V4?>2V40NBь 01> ?5@525@HCNBь @57C;ьB0B8 0=0;>3VG=8E A8AB5< C 30;C7V. 

#V428I5==O B>G=>ABV 1C;> 4>AO3=CB> 7024O:8 >?B8<V70FVW <>45;59, 

28:>@8AB0==N 4>40B:>28E 40=8E 4;O =02G0==O B0 2?@>20465==N <5B>4V2 

0C3<5=B0FVW 40=8E. 

�V03@0<0 @>7?>4V;C F1-score B0 EER =02545=0 =0 @8A. 4.8 

 

 

$8AC=>: 4.8 – �V03@0<0 @>7?>4V;C F1-score B0 EER 

 

�0?@>?>=>20=0 V=D>@<0FV9=0 B5E=>;>3VO >1@>1:8 0C4V>A83=0;V2 

70157?5GCє :>=:C@5=B>A?@><>6=C B>G=VABь @>7?V7=020==O 0C4V>?>4V9, I> 



169 

 

?V4B25@46Cє WW 5D5:B82=VABь 4;O ?@0:B8G=>3> 28:>@8AB0==O C @V7=8E AD5@0E, 

45 =5>1EV4=> 74V9A=N20B8 B>G=89 B0 H284:89 0=0;V7 0C4V>A83=0;V2. 

 

�8A=>2:8 70 @>74V;>< 4 
 

' Fь><C @>74V;V 1C;> ?@>2545=> 4>A;V465==O B0 @>7@>1:C 

V=D>@<0FV9=>W B5E=>;>3VW >1@>1:8 0C4V>A83=0;V2 C <5@56=8E A8AB5<0E 

0C4V>0=0;VB8:8. ' Fь><C @>74V;V 1C;8 4>AO3=CBV =0ABC?=V @57C;ьB0B8: 

1. "?8A0=> V=D>@<0FV9=C B5E=>;>3VN >1@>1:8 0C4V>A83=0;V2; 

2. �8:>=0=> 281V@ B5E=>;>3VG=>3> AB5:C B0 0@EVB5:BC@8 A8AB5<8 B0 

@>7@>1;5=> 0@EVB5:BC@C A8AB5<8; 

3. $50;V7>20=> >A=>2=V :><?>=5=B8 V=D>@<0FV9=>W B5E=>;>3VW >1@>1:8 

0C4V>A83=0;V2; 

4. �8:>=0=> >FV=:C 5D5:B82=>ABV 70?@>?>=>20=>W V=D>@<0FV9=>W 

B5E=>;>3VW 70 B0:8<8 :@8B5@VO<8 O: G0A ?@>E>465==O A83=0;C B0 B>G=VABь 

@>7?V7=020==O. 

�0?@>?>=>20=0 V=D>@<0FV9=0 B5E=>;>3VO >1@>1:8 0C4V>A83=0;V2 

45<>=AB@Cє 28A>:C ?@>4C:B82=VABь, =04V9=VABь B0 3=CG:VABь, I> @>18Bь WW 

?5@A?5:B82=>N 4;O 70AB>AC20==O C AD5@0E 157?5:8, <>=VB>@8=3C B0 V=H8E 

30;C7OE, 45 ?>B@V1=5 B>G=5 @>7?V7=020==O 72C:>28E ?>4V9 2 @568<V @50;ь=>3> 

G0AC. )>G0 V=D>@<0FV9=0 B5E=>;>3VO 45<>=AB@Cє 28A>:C 5D5:B82=VABь, WW 

?@>4C:B82=VABь <>65 7=86C20B8Aь C A5@54>28I0E V7 28A>:8< @V2=5< HC<C 

01> ?@8 >4=>G0A=><C 28=8:=5==V 45:V;ь:>E 0C4V>?>4V9.  

#5@5;V: 28:>@8AB0=8E 465@5; C 40=><C @>74V;V =02545=> C ?>2=><C 

?5@5;V:C 28:>@8AB0=8E 465@5; ?V4 =><5@0<8: 99–106. 
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��%!"��� 

 

 

' 48A5@B0FV9=V9 @>1>BV @>72’O70=0 0:BC0;ь=0 =0C:>2>-?@8:;04=0 7040G0 

?V428I5==O B>G=>ABV 0=0;V7C B0 7<5=H5==O 70B@8<>: ?5@540GV 0C4V>A83=0;V2 C 

<5@56=8E A8AB5<0E 0C4V>0=0;VB8:8 H;OE>< >?B8<V70FVW <5@56=>W 

V=D@0AB@C:BC@8 B0 C4>A:>=0;5==O <5B>4V2 ?5@540GV 9 0=0;V7C 0C4V>A83=0;V2. 

#@8 Fь><C 1C;8 >B@8<0=V B0:V =0C:>2V B0 ?@0:B8G=V @57C;ьB0B8: 

1. #@>2545=> 0=0;V7 ACG0A=8E =0?@O<:V2 @>728B:C <5B>4V2 >1@>1:8 

0C4V>A83=0;V2 V <5@56=8E A8AB5< 0C4V>0=0;VB8:8. �87=0G5=> ?5@52038 9 

=54>;V:8 VA=CNG8E A8AB5<, >1ґ@C=B>20=> 0:BC0;ь=VABь V =5>1EV4=VABь 

C4>A:>=0;5==O <5B>4V2 ?5@540GV B0 0=0;V7C 0C4V>A83=0;V2 C @50;ь=><C G0AV; 

2. $>7@>1;5=> <0B5<0B8G=C <>45;ь ?@>F5AC ?@>E>465==O 

0C4V>A83=0;V2 C <5@56=8E A8AB5<0E 0C4V>0=0;VB8:8, I> 4>72>;8;> 

>?B8<V7C20B8 <5@56=C AB@C:BC@C 70 :@8B5@Vє< <V=V<C<C :0?VB0;ь=8E 28B@0B. 

*5 ?V428ICє 5D5:B82=VABь ?5@540GV 40=8E V 7<5=HCє 28B@0B8 =0 <5@56=C 

V=D@0AB@C:BC@C; 

3. $>7@>1;5=> <5B>4 281>@C <5@56=>W AB@C:BC@8 A8AB5<8 

0C4V>0=0;VB8:8, I> 2@0E>2Cє Vє@0@EVG=C AB@C:BC@C B0 @V7=V B8?8 =020=B065=ь; 

4. '4>A:>=0;5=> <5B>4 ?5@540GV 0C4V>A83=0;V2 70 @0EC=>: 

70AB>AC20==O :><CB0FVW 2V@BC0;ь=8E <0@H@CBV2. �0?@>?>=>20=89 ?V4EV4 

4>72>;Oє 70157?5G8B8 28A>:C O:VABь ?5@540GV, 7=878B8 70B@8<:8 ?5@540GV 

0C4V>A83=0;V2 =0 10% B0 ?V428I8B8 AB01V;ь=VABь @>1>B8 A8AB5<8 2 C<>20E 

48=0<VG=8E =020=B065=ь; 

5. '4>A:>=0;5=> <5B>4 0=0;V7C 0C4V>A83=0;V2 =0 >A=>2V 

1030B>?>4V9=>3> :;0A8DV:0B>@0. *5 4>72>;8;> ?V428I8B8 B>G=VABь 0=0;V7C 

0C4V>A83=0;V2, 0 A0<5 ?>:@0I82H8 ?>:07=8: F1-score =0 0,9% V 7<5=H82H8 

@V25=ь ?><8;>: EER =0 0,1; 

6. '4>A:>=0;5=> V=D>@<0FV9=C B5E=>;>3VN >1@>1:8 0C4V>A83=0;V2, O:0 

V=B53@Cє 70?@>?>=>20=V <5B>48 ?5@540GV V 0=0;V7C B0 4>72>;Oє ?>:@0I8B8 



171 

 

?@>F5A8 02B><0B8G=>W >1@>1:8 C @V7=8E 30;C7OE 70AB>AC20==O; 

7. #@>2545=> 0?@>10FVN @57C;ьB0BV2 4>A;V465==O, I> ?V4B25@48;> 

5D5:B82=VABь 70?@>?>=>20=8E <>45;V B0 <5B>4V2 2 C<>20E @50;ь=8E 

28@>1=8G8E B0 >A2VB=VE A5@54>28I. 

$57C;ьB0B8 48A5@B0FV9=>W @>1>B8 ?V4B25@465=> 5:A?5@8<5=B0;ь=8<8 

4>A;V465==O<8, I> 70A2V4G8;8 WE=N 4>AB>2V@=VABь V 2V4?>2V4=VABь 

B5>@5B8G=8< @>7@0EC=:0<. "B@8<0=V <5B>48 B0 <>45;ь AB0=>2;OBь =0C:>2>-

?@0:B8G=C >A=>2C 4;O @>728B:C B0 2?@>20465==O <5@56=8E A8AB5< 

0C4V>0=0;VB8:8 C AD5@0E 157?5:8, <548G=>W 4V03=>AB8:8, 0C4V>A?>AB5@565==O, 

:;Vє=BAь:>W ?V4B@8<:8 B0 <>=VB>@8=3>28E A8AB5<. 



 172 

#�$���� ���$�� #"%���!!/ 

 

 

1. Poroshenko A., Kovalenko A. Optimization of a basic network in audio 

analytics systems // Advanced Information Systems. 2023. Vol. 7(1). P. 23–28. 

doi: https://doi.org/10.20998/2522-9052.2023.1.04 ((0E>25 2840==O :0B53>@VW �, 

2E>48Bь 4> <V6=0@>4=>W =0C:><5B@8G=>W 1078 Scopus, 4 :20@B8;ь). 

2. Poroshenko A., Kovalenko A. Audio event analysis method in network-

based audio analytics systems // Advanced Information Systems. 2024. Vol. 8(4). 

P. 60–64. doi: https://doi.org/10.20998/2522-9052.2024.4.08 ((0E>25 2840==O 

:0B53>@VW �, 2E>48Bь 4> <V6=0@>4=>W =0C:><5B@8G=>W 1078 Scopus, 4 

:20@B8;ь). 

3. Kovalenko A., Poroshenko A. Analysis of the sound event detection 

methods and systems // Advanced Information Systems. 2022. Vol. 6(1) P. 65–69. 

doi: https://doi.org/10.20998/2522-9052.2022.1.11 ((0E>25 2840==O :0B53>@VW �) 

4. #>@>H5=:> �. �.  0B5<0B8G=0 <>45;ь ?@>E>465==O 0C4V>A83=0;V2 C 

<5@56=8E A8AB5<0E 0C4V>0=0;VB8:8 // Advanced Information Systems. 2022. 

&. 6(4). %. 25–29. doi: https://doi.org/10.20998/2522-9052.2022.4.04 ((0E>25 

2840==O :0B53>@VW �). 

5. Poroshenko A., Kovalenko A. Audio signal transmission method in 

network-based audio analytics system // Innovative technologies and scientific 

solutions for industries. 2023. Vol. 4(26). P. 58–67. doi: 

https://doi.org/10.30837/ITSSI.2023.26.058 ((0E>25 2840==O :0B53>@VW �). 

6. Poroshenko A., Kovalenko A., Sedlaček P. Organization of Audio 

Analytics Systems Topologies // 2022 IEEE 9th International Conference on 

Problems of Infocommunications, Science and Technology (PIC S&T). Kharkiv, 

Ukraine, 2022. P. 517-521, doi: 

https://doi.org/10.1109/PICST57299.2022.10238687 



173 

 

7. #>@>H5=:> �.�., �>20;5=:> �.�.  5B>48 :;0A8DV:0FVW >7=0: 

0C4V>A83=0;V2 // #@>1;5<8 V=D>@<0B870FVW: B578 4>?. 9-W <V6=0@. =0C:.-B5E=. 

:>=D., 18-19 ;8AB>?040 2021 @. )0@:V2, 2021. &. 1. %. 90. 

8. #>@>H5=:> �.�., �>20;5=:> �.�.  5B>48 B0 ?V4E>48 4> 

45B5:BC20==O B0 @>7?V7=020==O ?>;VD>=VG=8E 0C4V>?>4V9 // %CG0A=V =0?@O<8 

@>728B:C V=D>@<0FV9=>-:><C=V:0FV9=8E B5E=>;>3V9 B0 70A>1V2 C?@02;V==O: 

<0B5@V0;8 12-W <V6=0@. =0C:.-B5E=. :>=D., 27-28 :2VB=O 2022 @. )0@:V2, 2022. &. 

1. %. 37. 

9. #>@>H5=:> �.�., �>20;5=:> �.�.  5B>48 AB8A=5==O 0C4V>40=8E C 

A8AB5<0E 0C4V>0=0;VB8:8 // #@>1;5<8 V=D>@<0B870FVW: B578 4>?. 45AOB>W 

<V6=0@. =0C:.-B5E=. :>=D., 24-25 ;8AB>?040 2022 @. )0@:V2, 2022. &. 1. %. 92. 

10. #>@>H5=:> �.�., �>20;5=:> �.�.  5B>48 7=865==O HC<C 72C:>2>3> 

A83=0;C // %CG0A=V =0?@O<8 @>728B:C V=D>@<0FV9=>-:><C=V:0FV9=8E 

B5E=>;>3V9 B0 70A>1V2 C?@02;V==O : <0B5@V0;8 13-W <V6=0@. =0C:.-B5E=. :>=D., 

26-27 :2VB=O 2023 @. )0@:V2, 2023. &. 2. %. 54. 

11. #>@>H5=:> �.�., �>20;5=:> �.�. �8:>@8AB0==O <5B>4V2 

HC<>?>3;8=0==O C A8AB5<0E 0C4V>0=0;VB8:8 // #@>1;5<8 V=D>@<0B870FVW: B578 

4>?. 11-W <V6=0@. =0C:.-B5E=. :>=D., 16-17 ;8AB>?040 2023 @. )0@:V2, 2023. &. 

3. %. 49. 

12. #>@>H5=:> �.�., �>20;5=:> �.�.,  0@B>28Fь:89 �.". �@EVB5:BC@0 

?@>3@0<=>-0?0@0B=>W <>45;V =075<=>3> >1;04=0==O $%�! B8?C TACAN // 

#@>1;5<8 V=D>@<0B870FVW: B578 4>?. 11-W <V6=0@. =0C:.-B5E=. :>=D., 16-17 

;8AB>?040 2023 @. <. )0@:V2, 2023. &. 3. %. 106. 

13. #>@>H5=:> �.�., �>20;5=:> �.�. Variability of delays in network-

based audio analytics systems // %CG0A=V V=D>@<0FV9=V A8AB5<8 B0 B5E=>;>3VW 2 

F8D@>2><C ACA?V;ьAB2V: <0B5@V0;8  V6=0@>4=>W =0C:>2>-?@0:B8G=>W 

:>=D5@5=FVW, 18 - 19 :2VB=O 2024 @. <. )0@:V2, 2024. %. 106. 

14. #>@>H5=:> �.�., �>20;5=:> �.�. Special features of implementing 

QoS in network-based audio analytics systems // The 23rd International scientific 



 174 

conference information technologies and management 2024, April 25-26. Riga, 

Latvia. 2024. 

15. #>@>H5=:> �.�., �>20;5=:> �.�., �CA;>2 #.�  >6;82>ABV 

28:>@8AB0==O =59@>==8E <5@56 4;O 0B0: =0 <C;ьBVA5@2VA=V // #@>1;5<8 

V=D>@<0B870FVW: B578 4>?. 12-W <V6=0@. =0C:.-B5E=. :>=D., 21-22 ;8AB>?040 

2024 @. <. )0@:V2, 2024. &. 2. %. 48. 

16. #>@>H5=:> �.�., �>20;5=:> �.�.  5B>4 :;0A8DV:0FVW 72C:>28E ?>4V9 

C <5@56=8E A8AB5<0E 0C4V>0=0;VB8:8 // #@>1;5<8 V=D>@<0B870FVW: B578 4>?. 

12-W <V6=0@. =0C:.-B5E=. :>=D., 21-22 ;8AB>?040 2024 @. <. )0@:V2, 2024. &. 3, 

%. 8. 

17. Alharbi S. Automatic Speech Recognition: Systematic Literature Review 

// IEEE Access. 2021. Vol. 9, P. 131858-131876. doi: 

https://doi.org/10.1109/ACCESS.2021.3112535 

18. Mesaros A., Heittola T., Virtanen T., Plumbley M.D. Sound Event 

Detection: A tutorial // IEEE Signal Processing Magazine. 2021. Vol. 38. №, 5. P. 

67-83. doi: https://doi.org/10.1109/MSP.2021.3090678 

19. Gul S., Khan M. S. A Survey of Audio Enhancement Algorithms for 

Music, Speech, Bioacoustics, Biomedical, Industrial, and Environmental Sounds 

by Image U-Net // IEEE Access. 2023. Vol. 11. P. 144456-144483 doi: 

https://doi.org/10.1109/ACCESS.2023.3344813 

20. Ren Z., Chang Y., Nguyen T. T., Tan Y., Qian K., Schuller B. W. A 

Comprehensive Survey on Heart Sound Analysis in the Deep Learning Era // IEEE 

Computational Intelligence Magazine. 2024. Vol. 19, №. 3. P. 42-57 doi: 

https://doi.org/10.1109/MCI.2024.3401309 

21. Prajapati Y. J., Gandhi P. P., Degadwala S. A Review - ML and DL 

Classifiers for Emotion Detection in Audio and Speech Data // 2022 International 

Conference on Inventive Computation Technologies (ICICT). Nepal, 2022. P. 63-

69. doi: https://doi.org/10.1109/ICICT54344.2022.9850614 



175 

 

22. Triantafyllopoulos A. An Overview of Affective Speech Synthesis and 

Conversion in the Deep Learning Era // Proceedings of the IEEE. 2023. Vol. 111, 

№ 10. P. 1355-1381. doi: https://doi.org/10.1109/JPROC.2023.3250266 

23. Zhu H., Luo MD., Wang R. Deep Audio-visual Learning: A Survey // 

Int. J. Autom. Comput. 2021. Vol. 18. P. 351–376. doi: 

https://doi.org/10.1007/s11633-021-1293-0 

24. Kaminski M. E. Privacy and the Right to Record. BUL Rev. 2017. 

167 pp. 

25. Arnold S. The Audio Spectrum. In: Radio and Radar Astronomy Projects 

for Beginners // The Patrick Moore Practical Astronomy Series. Springer, Cham. 

2021. P. 61-65. doi: https://doi.org/10.1007/978-3-030-54906-0_3 

26. Ulyanov O. M., Plakhov M. S., Shevtsova A. I., Ulyanova O. O., Skoryk 

A. A., Tkachev V. N. Testing the speed of the FFT using the NVIDIA graphic 

cards // 2015 International Young Scientists Forum on Applied Physics (YSF). 

2015. P. 1-1. doi: https://doi.org/10.1109/YSF.2015.7333253 

27. Klimushin P., Solianyk T., Kolisnyk T., Mozhaiv O. Potential 

application of hardware protected symmetric authentication microcircuits to ensure 

the security of internet of things // Advanced Information Systems. 2021. Vol. 5, 

№ 3. P. 103–111, doi: https://doi.org/10.20998/2522-9052.2021.3.14 

28. Rabcan J., Levashenko V., Zaitseva E., Kvassay M., Subbotin S. Non-

destructive diagnostic of aircraft engine blades by Fuzzy Decision Tree // 

Engineering Structures. 2019. Vol. 197. doi: 

https://doi.org/10.1016/j.engstruct.2019.109396 

29. Kuchuk H., Kovalenko A., Ibrahim B.F., Ruban I. Adaptive compression 

method for video information // International Journal of Advanced Trends in 

Computer Science and Engineering. 2019. Vol. 8, № 1.2. P. 66-69. DOI: 

https://doi.org/10.30534/ijatcse/2019/1181.22019 

30. Barkovska O., Kholiev V., Lytvynenko V. Study of noise reduction 

methods in the sound sequence when solving the speech-to-text problem // 



 176 

Advanced Information Systems. 2022. Vol. 6, № 1. P. 48–54. doi: 

https://doi.org/10.20998/2522-9052.2022.1.08 

31. Ashouri M., Davidsson P., Spalazzese R. Cloud, Edge, or Both? 

Towards Decision Support for Designing IoT Applications // 2018 Fifth 

International Conference on Internet of Things: Systems, Management and 

Security. Valencia, Spain, 2018. P. 155-162. doi: 

https://doi.org/10.1109/IoTSMS.2018.8554827 

32. Tkachov V., Hunko M., Volotka V. Scenarios for Implementation of 

Nested Virtualization Technology in Task of Improving Cloud Firewall Fault 

Tolerance // 2019 IEEE International Scientific-Practical Conference Problems of 

Infocommunications, Science and Technology (PIC S&T). 2019. P. 759-763, doi: 

https://doi.org/10.1109/PICST47496.2019.9061473.  

33. Davydov V., Hrebeniuk D. Development the resources load variation 

forecasting method within cloud computing systems // Advanced Information 

Systems. 2020. Vol. 4, №, 4. P. 128–135. https://doi.org/10.20998/2522-

9052.2020.4.18 

34. Dufaux A., Besacier L., Ansorge M., Pellandini F. Automatic sound 

detection and recognition for noisy environment // 2000 10th European Signal 

Processing Conference. Tampere, Finland, 2000. P. 1-4. 

35. Phan H. What makes audio event detection harder than classification? // 

2017 25th European Signal Processing Confer-ence (EUSIPCO). 2017. P. 2739-

2743. doi: https://doi.org/10.23919/EUSIPCO.2017.8081709. 

36. Rahman S.U., Khan A., Abbas S. Hybrid system for automatic detection 

of gunshots in indoor environment // Multimed Tools Appl. 2021. Vol. 80. P. 

4143–4153. doi: https://doi.org/10.1007/s11042-020-09936-w 

37. Turpault N., Serizel R. Training Sound Event Detection On A 

Heterogeneous Dataset // DCASE Workshop. Tokyo, Japan, 2020. 

38. Salamon J., MacConnell D., Cartwright M., Li P., Bello J. P. Scaper: A 

library for soundscape synthesis and augmentation // 2017 IEEE Workshop on 



177 

 

Applications of Signal Processing to Audio and Acoustics (WASPAA). NY, USA, 

2017. P. 344-348. doi: https://doi.org/10.1109/WASPAA.2017.8170052.  

39. Shah A., Kumar A., Hauptmann A. G., Raj B. A closer look at weak 

label learning for audio events // arXiv:1804.09288. [Online]. Available: 

http://arxiv.org/abs/1804.09288 

40. Kumar K., Chaturvedi K. An Audio Classification Approach using 

Feature extraction neural network classification Approach // 2nd International 

Conference on Data, Engineering and Applications (IDEA). 2020. P. 1-6. doi: 

https://doi.org/10.1109/IDEA49133.2020.9170702. 

41. Hirata K., Kato T., Oshima R. Classification of Environmental Sounds 

Using Convolutional Neural Network with Bispectral Analysis // 2019 

International Symposium on Intelligent Signal Processing and Communication 

Systems (ISPACS). 2019. P. 1-2, doi: 

https://doi.org/10.1109/ISPACS48206.2019.8986304. 

42. Turpault N., Wisdom S., Erdogan H., Hershey J.R., Serizel R. Improving 

Sound Event Detection In Domestic Environments Using Sound Separation // 

DCASE Workshop 2020 - Detection and Classification of Acoustic Scenes and 

Events. Tokyo, Japan, 2020.  

43. Tzinis E., Wisdom S., Hershey J. R., Jansen A., Ellis D. P. W. Improving 

Universal Sound Separation Using Sound Classification // 2020 IEEE International 

Conference on Acoustics, Speech and Signal Processing (ICASSP). 2020. P. 96-

100. doi: https://doi.org/10.1109/ICASSP40776.2020.9053921. 

44. Sose S., Mali S., Mahajan S. P. Sound Source Separation Using Neural 

Network // 2019 10th International Conference on Computing, Communication 

and Networking Technologies (ICCCNT). 2019. P. 1-5, doi: 

https://doi.org/10.1109/ICCCNT45670.2019.8944614. 

45. Zheng X., Chen H., Song Y. Zheng USTC teams submission for 

dcase2021 task4 semi-supervised sound event detection // DCASE2021 Challenge, 

Tech. Rep, 2021. 



 178 

46. Kim N. K., Kim H. K. Self-training with noisy student model and semi-

supervised loss function for dcase 2021 challenge task 4 // arXiv preprint. 2021. 

arXiv:2107.02569. 

47. Lu R. Integrating advantages of recurrent and transformer structures for 

sound event detection in multiple scenarios // Tech. Rep., DCASE2021 Challenge. 

2021. 

48. Ebbers J., Haeb-Umbach R. Self-Trained Audio Tagging and Sound 

Event Detection in Domestic Environments // Proceedings of the Detection and 

Classification of Acoustic Scenes and Events 2021 Workshop (DCASE2021). 

2021. P. 15-19. 

49. Nam H. Heavily augmented sound event detection utilizing weak 

predictions // arXiv preprint. 2021. arXiv:2107.03649. 

50. Tian G. Sound event detection using metric learning and focal loss for 

dcase 2021 task 4. // Tech. Rep., DCASE2021 Challenge, 2021. 

51. Hunter D. K., Andonovic I. Approaches to optical Internet packet 

switching // IEEE Communications Magazine. 2000. Vol. 38, № 9. P. 116-122. 

doi: https://doi.org/10.1109/35.868150 

52. Chiesa M., Kamisiński A., Rak J., Rétvári G., Schmid S. A Survey of 

Fast-Recovery Mechanisms in Packet-Switched Networks // IEEE 

Communications Surveys & Tutorials. 2021. Vol. 23, № 2. P. 1253-1301. doi: 

https://doi.org/10.1109/COMST.2021.3063980 

53. Adamo Di Packet switching in quantum networks: A path to the 

quantum Internet // Physical Review Research. 2022. Vol. 4. P. 43–64. doi: 

https://doi.org/10.1103/PhysRevResearch.4.043064 

54. Yoo S. J. B. Optical Packet and Burst Switching Technologies for the 

Future Photonic Internet // Journal of Lightwave Technology. 2006. Vol. 24, № 12. 

P. 4468-4492. doi: https://doi.org/10.1109/JLT.2006.886060 

55. Manzato A. G., da Fonseca N. L. S. A survey of channel switching 

schemes for IPTV // IEEE Communications Magazine. 2013. Vol. 51, № 8, P. 120-

127. doi: https://doi.org/10.1109/MCOM.2013.6576349 



179 

 

56. Yoo W., Sim A. Network bandwidth utilization forecast model on high 

bandwidth networks // 2015 International Conference on Computing, Networking 

and Communications (ICNC). Garden Grove, CA, USA, 2015. P. 494-498, doi: 

https://doi.org/10.1109/ICCNC.2015.7069393. 

57. Shukla S., Hassan M.F., Tran D.C. Improving latency in Internet-of-

Things and cloud computing for real-time data transmission: a systematic literature 

review (SLR) // Cluster Comput. 2023. Vol. 26. P. 2657–2680. doi: 

https://doi.org/10.1007/s10586-021-03279-3 

58. Park J., Samarakoon S., Shiri H. Extreme ultra-reliable and low-latency 

communication // Nat Electron 5. 2022. P. 133–141. doi: 

https://doi.org/10.1038/s41928-022-00728-8 

59. Singh M., Baranwal G. Quality of Service (QoS) in Internet of Things // 

2018 3rd International Conference On Internet of Things: Smart Innovation and 

Usages (IoT-SIU). Bhimtal, India, 2018. P. 1-6. doi: https://doi.org/10.1109/IoT-

SIU.2018.8519862. 

60. Cavalcanti J. C. Microphone and audio compression effects on acoustic 

voice analysis: A pilot study // Journal of Voice. 2023. Vol. 37, № 2. P. 162-172, 

doi: https://doi.org/10.1016/j.jvoice.2020.12.005 

61. Shi Y. Calculation of Network System Reliability Based on Improved 

Disjointed Minimal Path Set // 2010 International Conference on E-Product E-

Service and E-Entertainment. Henan, China, 2010. P. 1-4. doi: 

https://doi.org/10.1109/ICEEE.2010.5660486. 

62. Yevdokymenko M., Manasse M., Zalushniy D., Sleiman B. Analysis of 

methods for assessing the reliability and security of infocommunication network // 

2017 4th International Scientific-Practical Conference Problems of 

Infocommunications. Science and Technology (PIC S&T). Kharkiv, Ukraine, 

2017. P. 199-202. doi: https://doi.org/10.1109/INFOCOMMST.2017.8246379. 

63. Mohanty R. K., Sahoo S. P., Kabat M. R. A Network Reliability based 

Secure Routing Protocol (NRSRP) for Secure Transmission in Wireless Body Area 

Network // 2023 8th International Conference on Communication and Electronics 



 180 

Systems (ICCES). Coimbatore, India, 2023. P. 663-668, doi: 

https://doi.org/10.1109/ICCES57224.2023.10192691 

64. Zeghidour N., Luebs A., Omran A., Skoglund J., Tagliasacchi M. 

SoundStream: An End-to-End Neural Audio Codec // IEEE/ACM Transactions on 

Audio, Speech, and Language Processing. 2022. Vol. 30. P. 495-507. doi: 

https://doi.org/10.1109/TASLP.2021.3129994 

65. Jian MS., Wu J.MT. Hybrid Internet of Things (IoT) data transmission 

security corresponding to device verification // Ambient Intell Human Comput. 

2021. doi: https://doi.org/10.1007/s12652-021-03122-y 

66. Zhang C. Scalable Traffic Engineering for Higher Throughput in 

Heavily-loaded Software Defined Networks // 2020 IEEE/IFIP Network 

Operations and Management Symposium. Budapest, Hungary, 2020. P. 1-7, doi: 

https://doi.org/10.1109/NOMS47738.2020.9110259. 

67. Pratt C.W. The concept of marginal overflow in alternate routing // The 

5th ITC. New-York, June, 1967. P. 52–58. 

68. Wallstrom A. Methods for Optimizing Alternative Routing Networks // 

Ericsson Technics. № 1. P. 3–29. 

69. Bailey A. Network Technology for Digital Audio // Routledge. 2001. 

doi: https://doi.org/10.4324/9780080512556 

70. Mamchych O., Volk M. Esimation of power consumption of mobile 

devices in cloud computing // Innovative technologies and scientific solutions for 

indastries. 2023. Vol. 1. № 23. P. 72–82. DOI: 

https://doi.org/10.30837/ITSSI.2023.23.07 

71. Mota A. V., Azam S., Shanmugam B., Yeo K. C., Kannoorpatti K. 

Comparative analysis of different techniques of encryption for secured data 

transmission // 2017 IEEE International Conference on Power, Control, Signals 

and Instrumentation Engineering (ICPCSI). Chennai, India, 2017. P. 231-237. doi: 

https://doi.org/10.1109/ICPCSI.2017.8392158. 

72. Chaudhry S. An Encryption-based Secure Framework for Data 

Transmission in IoT // 2018 7th International Conference on Reliability, Infocom 



181 

 

Technologies and Optimization (Trends and Future Directions) (ICRITO). Noida, 

India, 2018. P. 743-747. doi: https://doi.org/10.1109/ICRITO.2018.8748523. 

73. Alagic G., Broadbent A., Fefferman B., Gagliardoni T., Schaffner C., St. 

Jules M. Computational Security of Quantum Encryption // Information Theoretic 

Security. Lecture Notes in Computer Science. Springer, Cham. 2016. Vol. 10015. 

doi: https://doi.org/10.1007/978-3-319-49175-2_3 

74. Xu D., Yu K., Ritcey J. A. Cross-Layer Device Authentication With 

Quantum Encryption for 5G Enabled IIoT in Industry 4.0 // IEEE Transactions on 

Industrial Informatics. 2022. Vol. 18, № 9. P. 6368-6378. doi: 

https://doi.org/10.1109/TII.2021.3130163. 

75. Martovytskyi V., Sievierinov "., Liashenko O., Koltun Y., Liashenko S., 

Kis V., Sukhoteplyi V., Nosyk A., Konov D., Yevstrat D. Devising an approach to 

the identification of system users by their behavior using machine learning 

methods // Eastern-European Journal of Enterprise Technologies. 2022. Vol. 3, № 

117. P. 23–34. doi: https://doi.org/10.15587/1729-4061.2022.259099  

76. Barkovska O., Movsesian I., Yeromina N., Liashenko O., Tkachenko D. 

System of individual multidimensional biometric authentication // International 

Journal of Emerging Trends in Engineering Research. 2019 Vol. 7, № 12. P. 812–

817. doi: https://doi.org/10.30534/ijeter/2019/147122019 

77. Kholiev V. and Barkovska O. Comparative analysis of neural network 

models for the problem of speaker recognition // Innovative technologies and 

scientific solutions for industries. 2023. Vol. 2, № 24. P. 172–178. doi: 

https://doi.org/10.30837/ITSSI.2023.24.172. 

78. Mykhailichenko I., Ivashchenko H., Barkovska O., Liashenko O. 

Application of Deep Neural Network for Real-Time Voice Command Recognition 

// 2022 IEEE 3rd KhPI Week on Advanced Technology (KhPIWeek). Kharkiv, 

Ukraine, 2022. P. 1-4, doi: 

https://doi.org/10.1109/KhPIWeek57572.2022.9916473. 

79. European Parliament and Council of the European Union. (2016). 

Regulation (EU) 2016/679 of the European Parliament and of the Council of 27 



 182 

April 2016 on the protection of natural persons with regard to the processing of 

personal data and on the free movement of such data (General Data Protection 

Regulation - GDPR). Official Journal of the European Union. URL: https://eur-

lex.europa.eu/eli/reg/2016/679/oj 

80. Barkovska O. Performance study of the text analysis module in the 

proposed model of automatic speaker’s speech annotation // Computer systems and 

information technologies. 2022. Vol. 4. P. 13–19. DOI: 

https://doi.org/10.31891/csit-2022-4-2. 

81. Kuchuk N. Mathematical Methods of Reliability Analysis of the 

Network Structures: Securing QoS on Hyperconverged Networks for Traffic 

Anomalies // Future Intent-Based Networking. Lecture Notes in Electrical 

Engineering. 2022. Vol. 831. P. 223–241. DOI: https://doi.org/10.1007/978-3-030-

92435-5_13. 

82. Ghido F., Tabus I. Sparse Modeling for Lossless Audio Compression // 

IEEE Transactions on Audio, Speech, and Language Processing. 2013. Vol. 21. 

№ 1. P. 14–28. DOI: https://doi.org/10.1109/TASL.2012.2211014. 

83. Huang H., Shu H., Yu R. Lossless audio compression in the new IEEE 

Standard for Advanced Audio Coding // 2014 IEEE International Conference on 

Acoustics, Speech and Signal Processing (ICASSP). 2014. P. 6934–6938, DOI: 

https://doi.org/10.1109/ICASSP.2014.6854944. 

84. Petrosky E. E., Michaels A. J., Ridge D. B. Network Scalability 

Comparison of IEEE 802.15.4 and Receiver-Assigned CDMA // IEEE Internet of 

Things Journal. 2019. Vol. 6. № 4. P. 6060–6069. DOI: 

https://doi.org/10.1109/JIOT.2018.2884455. 

85. Meng X., Pappas V., Zhang L. Improving the Scalability of Data Center 

Networks with Traffic-aware Virtual Machine Placement // 2010 Proceedings 

IEEE INFOCOM. 2010. P. 1–9, DOI: 

https://doi.org/10.1109/INFCOM.2010.5461930. 

86. Amarudin, Ferdiana R., Widyawan. A. Systematic Literature Review of 

Intrusion Detection System for Network Security: Research Trends, Datasets and 



183 

 

Methods // 2020 4th International Conference on Informatics and Computational 

Sciences (ICICoS). 2020. P. 1–6, https://doi.org/DOI: 

10.1109/ICICoS51170.2020.9299068. 

87. Szymanski A. Grade-of-service-based routing in optical networks 

[Quality-of-Service-Based Routing Algorithms for Heterogeneous Networks] // 

IEEE Communications Magazine. 2007. Vol. 45. № 2. P. 82–87. DOI: 

https://doi.org/10.1109/MCOM.2007.313400. 

88. Liu C. H., Gkelias A., Leung K. K. Connection admission control and 

grade of service for QoS routing in mesh networks // 2008 IEEE 19th International 

Symposium on Personal, Indoor and Mobile Radio Communications. 2008. P. 1–5, 

DOI: https://doi.org/10.1109/PIMRC.2008.4699895. 

89. Barkovska O., Havrashenko A. Analysis of the influence of selected 

audio pre-processing stages on accuracy of speaker language recognition // 

Innovative technologies and scientific solutions for industries. 2023. Vol. 4, № 26. 

P. 16–23. doi: https://doi.org/10.30837/ITSSI.2023.26.016. 

90. Koosha S. and Mahyar A. Machine Learning and Deep Learning: A 

Review of Methods and Applications // World Information Technology and 

Engineering Journal. 2023. Vol. 10, № 7. P. 3897-3904. Available at SSRN: 

https://ssrn.com/abstract=4458723 

91. Grumiaux P.A., Kitić S., Girin L., Guérin A. A survey of sound source 

localization with deep learning methods // Acoust. Soc. Am. 2022. Vol. 152 P. 

107-151. doi: https://doi.org/10.1121/10.0011809 

92. Zaman K., Sah M., Direkoglu C., Unoki M. A Survey of Audio 

Classification Using Deep Learning // IEEE Access. 2023. Vol. 11. P. 106620-

106649. doi: https://doi.org/10.1109/ACCESS.2023.3318015. 

93. Fonseca E., Favory X., Pons J., Font F., Serra X. FSD50K: An Open 

Dataset of Human-Labeled Sound Events // IEEE/ACM Transactions on Audio, 

Speech, and Language Processing. 2022. Vol. 30. P. 829-852. doi: 

https://doi.org/10.1109/TASLP.2021.3133208. 



 184 

94. Karol J. Piczak. ESC: Dataset for Environmental Sound Classification // 

Proceedings of the 23rd ACM international conference on Multimedia (MM '15). 

NY, USA, 2015. P. 1015–1018. doi: https://doi.org/10.1145/2733373.2806390 

95. Foster P., Sigtia S., Krstulovic S., Barker J., Plumbley M. D. Chime-

home: A dataset for sound source recognition in a domestic environment // 2015 

IEEE Workshop on Applications of Signal Processing to Audio and Acoustics 

(WASPAA). NY, USA, 2015. P. 1-5. doi: 

https://doi.org/10.1109/WASPAA.2015.7336899. 

96. Kavalerov I. Universal Sound Separation // 2019 IEEE Workshop on 

Applications of Signal Processing to Audio and Acoustics (WASPAA). New Paltz, 

NY, USA, 2019. P. 175-179. doi: 

https://doi.org/10.1109/WASPAA.2019.8937253. 

97. DCASE Challenge 2023 - Sound Event Localization and Detection 

Evaluated in Real Spatial Sound Scenes. URL: 

https://dcase.community/challenge2023/task-sound-event-localization-and-

detection-evaluated-in-real-spatial-sound-scenes (40B0 725@=5==O: 28.03.2025). 

98. Hunko M., Tkachov V., Kuchuk H., Kovalenko A. Advantages of Fog 

Computing: A Comparative Analysis with Cloud Computing for Enhanced Edge 

Computing Capabilities // 2023 IEEE 4th KhPI Week on Advanced Technology. 

2023. P. 1-5. doi: https://doi.org/10.1109/KhPIWeek61412.2023.10312948 

99. Kuchuk H., Malokhvii E. Integration of IOT with Cloud, Fog, and Edge 

Computing: A Review // Advanced Information Systems. 2024. Vol. 8, № 2. P. 

65–78. doi: https://doi.org/10.20998/2522-9052.2024.2.08 

100. Petrovska I., Kuchuk H. Adaptive resource allocation method for data 

processing and security in cloud environment // Advanced Information Systems. 

2023. Vol. 7, № 3. P. 67–73. doi: https://doi.org/10.20998/2522-9052.2023.3.10 

101. Welcome to Python.org. URL: https://www.python.org (40B0 

725@=5==O: 16.01.2025). 

102. The web framework for perfectionists with deadlines. URL: 

https://www.djangoproject.com (40B0 725@=5==O: 16.01.2025). 



185 

 

103. PostgreSQL: The world's most advanced open source database. URL: 

https://www.postgresql.org (40B0 725@=5==O: 16.01.2025). 

104. Business VPN For Secure Networking. URL: https://openvpn.net 

(40B0 725@=5==O: 16.01.2025). 

105. The library for web and native user interfaces. URL: https://react.dev 

(40B0 725@=5==O: 16.01.2025). 


