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OVERVIEW OF METAHEURISTIC OPTIMIZATION TECHNIQUES 
APPLIED TO SOLVING POWER ENGINEERING PROBLEMS  
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 24, Minina st., Nizhny Novgorod, 603950, Russia 

Abstract. The rapid growth of electric power systems around the world in the XX century, 
and the imperfection of computer technology at that time led the emergence of a number of 
problems associated with the management and distribution of electricity. The most im-
portant tasks solved in the design of new and modernization of existing systems are the 
problems of managing power flows, planning loads and reactive power, choosing the net-
work configuration and others. All of them belong to a number of optimization problems, 
which for many years have been solved using traditional numerical methods: Newtonian 
methods, interior point, branch and bound method, nonlinear and quadratic programming, 
and others. In addition, the use of numerical methods led to difficulties in calculation of 
first and second order, which led to finding suboptimal solutions. The birth of heuristic 
and then metaheuristic optimization methods made it possible to simplify the preparation 
of mathematical models, and reduce the time of performing calculations, and the univer-
sality of new algorithms ensured their applicability for a wide range of tasks. The article 
describes the general sequence of performing optimization tasks using metaheuristic meth-
ods, describes the most important problems faced by modern electric power industry, lists 
popular metaheuristic optimization algorithms, describes their strengths and weaknesses, 
and lists the main areas of their application. 

Keywords: optimization, power system, genetic algorithm, particle swarm optimization, 
cuckoo search algorithm. 
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THE SMART CITY INFRASTRUCTURE OBJECT:  
A SYSTEM FOR ENVIRONMENTAL MONITORING  
AND PUBLIC INFORMATION / WARNING 
 
E.A. Basinya  
Novosibirsk State Technical University,  
Research Institute of Information and Communication Technologies 

20, Prospekt K. Marksa, Novosibirsk, 630073, Russian Federation  

Abstract. One of the possible tools to improve the living standards of citizens is automa-
tion of urban infrastructure management using information and communication solutions. 
An original system for environmental monitoring and public informing / warning as an in-
frastructure object of the smart city is reviewed. The design and software implementation 
of the client and server parts of the project based on the Alpine Linux operating system, 
the Python programming language, the Django web framework, and the Docker container-
ization technology are described. One of the implemented hardware and software client 
solutions using Wi-Fi, 4G / LTE and LoRaWAN wireless data transfer technologies is re-
viewed. The final consumers of this system are both government institutions and private 
enterprises. The methods of use are not strictly regulated, the implementation from smart 
transport stops to factory and city distributed public information / warning systems with 
environmental monitoring is recommended and tested. This work is an extension of the au-
thor’s project of a distributed information and emergency public warning system. The sci-
entific novelty lies in the implementation of additional authentication of control actions 
based on hidden marking of information flows, independently calculated and produced on 
the client and server side through meta-information about previous network interactions 
(trace route, commands, timestamps, etc.). To achieve this, the convolution function is 
used. Data of arbitrary length is converted into an output bit string of a set dimension, fol-
lowed by signature matching with a table of actions that do not interfere with network 
communication and are not detected by network traffic self-similarity tools. The architec-
ture provides for the possibility of integration with author's knowledge-intensive solutions: 
a system for intelligent adaptive management of the enterprise network infrastructure, as 
well as a self-organizing virtual secure communication channel module based on stochas-
tic multilayer encryption and overlay technologies.  

Keywords: Smart Cities, smart / intelligent objects, public information and warning sys-
tems, environmental monitoring systems, TCP / IP, wireless data transmission, Wi-Fi, 4G / 
LTE, LoRa, information flow management, information resources security. 
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MANAGING THE PROCESS OF REDUCTION GAS IN GAS PIPELINES. 

V.V. Kryukov, V.V. Tugov  

Orenburg state University 
13, Pobedy st., Orenburg, 460018, Russian Federation 

Abstract. The control laws of the high-pressure control valve on the gas reduction unit are 
considered. The system performance testing using the classical law of PID regulation 
in the SCADA-module Zond 2006 was performed. Identified problems and destabilizing 
factors affecting the quality of process control. Proposed and aprobirovany combined 
method that combines adaptive PID controller auto-tuning with the (table autotuning). 
This method has significantly improved the quality of regulation, and allowed to maintain 
the set value of the pressure at a constantly changing pressure at the inlet of the pipeline. 

Keywords: gas reduction, variable gas pipeline operation mode, PID controller, adapta-
tion, table autotuning, algorithm. 
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THE METHOD OF DETERMINING THE FREQUENCY 
QUANTIZATION OF THE ZERO-ORDER EXTRAPOLATOR 

V.E. Lysov, Y.I. Peshev  
Samara State Technical University 
244, Molodogvardeyskaya st., Samara, 443100, Russia 

Abstract. In this paper we consider a method for determining the quantization frequency of 
the zero-order extrapolator in the frame of the digital position-tracking system. The analy-
sis is carried out by the frequency approach. Amplitude frequency specifications of dis-
crete systems are defined as the sum of the shifted amplitude-frequency characteristics of 
the analog part of the system. In this connection, it is necessary to determine the shifting 
frequency of the amplitude frequency characteristics of the system’s continuous part so 
that their sum in the frequency band of the reference signal does not exceed the specified 
error regarding the analog prototype. The obtained value of the quantization frequency of 
the extrapolator will determine the interval of discreteness. 

Keywords: zero-order extrapolator, amplitude-frequency characteristic, transfer function, 
set frequency, sampling period. 
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Abstract. This paper presents the results of studies on queuing systems (QS) H2/E2/1 and 
E2/H2/1 with second-order hyperexponential and Erlang input distributions. Considered 
QS are of type G/G/1. The use of these higher-order distribution laws is hindered by in-
creasing computational complexity. For such second-order distribution laws, the classical 
method of spectral decomposition of the solution of the Lindley integral equation for 
G/G/1 systems makes it possible to obtain a solution in closed form. The article presents 
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the obtained spectral decompositions of the solution of the Lindley integral equation for 
the considered systems and the formula for the average waiting time in the queue. The ad-
equacy of the results is confirmed by the correct use of the classical method of spectral de-
composition and the results of numerical simulation. For practical application of the re-
sults obtained, the probability theory moments method is used. Systems of the G/G/1 type 
are widely used in the theory of teletraffic when modeling data transmission systems. For 
example, according to the average waiting time in the queue, packet delays in packet 
switching networks are estimated when they are modeled using QS. 

Keywords: hyperexponential and erlangian distribution laws, queuing systems, method of 
spectral decomposition. 
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