
ISSN 1813-1166 print 
ISSN 2306-1472 online 

 
MINISTRY OF EDUCATION AND SCIENCE OF UKRAINE 

National  Aviation  University 
 
 
 

 
 

 
 
 

 
 
 
 

PROCEEDINGS 
of the National Аviation University 

  Scientific journal       *      4 times a year      *       Established in November 1996 

 
3 (68) 2016 

 
 

 

 
 
 
 
 
 

KYIV 



Proceedings of the National Aviation University, N 3 (68), 2016 
 
http://jrnl.nau.edu.ua/index.php/visnik/ 
 
Journal Scope: The Scientific Journal is intended for publishing original papers concerning the following fields of 
research: aerospace systems for monitoring and control; modern aviation and space technology; airports and their 
infrastructure; information technology; environment protection; chemmotology and chemical technology; 
biotechnology; economic development strategy; professional education; law; transport technology. 
 
History: The Scientific Journal “Proceedings of the National Aviation University” was founded in 1996. The first 
volume of the Scientific Journal was published under the title Proceedings of the Kyiv International University of Civil 
Aviation in 1998. Since 2001 the Scientific Journal has been issued under the title Proceedings of the National Aviation 
University. Scientific journal “Proceedings of the National Aviation University” is referred to Ukrainian professional 
and scientific publications in the field of Engineering, Chemical (Ecological Safety) and Pedagogical Sciences. 
 
Abstracts & Indexing: EBSCO, Google Scholar; Directory of Open Access Journals (DOAJ); Russian Science 
Citation Index (Elibrary.ru); Chemical Abstracts Service (CAS); Index Copernicus International (IC), WorldCat; 
DRIVER; Academic Journals Database, Simple Search Metadata (SSM); the Vernadsky National Library of Ukraine; 
Scientific and Technical Library of the National Aviation University; Bielefeld Academic Search Engine (BASE); 
Ulrichsweb global serials directory; Directory of Research Journal Indexing (DRJI); Journal TOCs; SHERPA/RoMEO; 
Journal Finder University Libraries, Sjournals, Universal Impact factor, Research Bible, Periodicos.capes.gov.br. 
 
Disclaimer: The Editorial Board of the Scientific Journal “Proceedings of the National Aviation University” makes 
every effort to ensure the accuracy of all the information (the 'Content') contained in its publications. However, the 
Editorial Board is not responsible for authenticity of facts, names, photos and other Content of the article and disclaims 
all representations and warranties whether express or implied to the maximum extent permitted by effective legislation 
of Ukraine. Any views expressed in this publication are the views of the authors and are not necessarily the views of 
the Editorial Board of the Scientific Journal “Proceedings of the National Aviation University”. 
 
Copyright © 2016 National Aviation University. All rights reserved. No part of this publication may be reproduced, 
stored, transmitted, or disseminated, in any form, or by any means, without prior written permission from National 
Aviation University, to whom all requests to reproduce copyright material should be directed, in writing. 
 
Certificate of State Registration KV 5091 of 28 April 2001.  
 
Approved for publication and distribution via the Internet by the Academic Council of the National Aviation University  
(Minutes 7 of 07 September 2016). 
 
Submissions: All submissions should be made online at the Proceedings of the National Aviation University 
(http://jrnl.nau.edu.ua/index.php/visnik/author). Complete guidelines for preparing and submitting a manuscript to this 
Scientific Journal are provided at the Scientific Journal website. 
 
 
Enquiries to Scientific Journal Proceedings of the National Aviation University should be addressed to the Editorial Board: 
 
Kosmonavta Komarova avenue 1 
Kyiv, Ukraine, 03680 
Phone: +38044 408 24 29 
Fax: +38044 406 72 12 
E-mail: vestnik.nau@gmail.com 
 
 

 
 
 

Copyright © 2016 National Aviation University 



Editorial board 
 

 

3

EDITORIAL  BOARD 
 

Editor-in-Chief: 
 

Prof. Volodymyr Kharchenko  
National Aviation University, Ukraine, E-mail: kharch@nau.edu.ua 

Managing Editor:  Prof. Svetlana Pavlova  
National Aviation University, Ukraine, E-mail: psv@nau.edu.ua 
E-mail of the Editorial Office: vestnik.nau@gmail.com 

ENGINEERING SCIENCES 
Prof. Paul R. Bates, University of Southern Queensland, Australia 
Prof. Andrii Bieliatynskyi, Academician of the Ukrainian Transport Academy, National Aviation University, Ukraine 
Prof. Sergii Boichenko, National Aviation University, Ukraine 
Prof. Valery Chepizhenko, National Aviation University, Ukraine 
Prof. Oleh Hrynyshyn, Institute of Chemistry and Chemical Technologies, National University "Lviv Polytechnic", Ukraine 
Prof. Oleksandr Danilov, All-Russian Research Institute of Oil Refining, Russia 
Prof. Serhiy Dmitriyev, Laureate of the State Prize of Ukraine in Science and Technique, National Aviation 
University, Ukraine 
Prof. Werner Hufenbach, Institute of Lighweight Structures and Polymer Technology, Technical University, Dresden, Germany 
Prof. Hikmet Karakoc, Anadolu University Civil Aviation School, Turkey 
Prof. Byung Jong Кім, Korean Aerospace University, Korea 
Prof. Oleg Khudolenko, Research-and-Production Complex "Application of Aviation in National Economy", Russia 
Prof. Georgiy Konahovych, Honored Worker of Transport of Ukraine, National Aviation University, Ukraine 
Prof. Vitali Larin, National Aviation University, Ukraine 
Prof. Volodymyr Ledovskyh, National Aviation University, Ukraine 
Prof. Kazimierz Lejda, Technical University of Rzeszow, Poland 
Prof. Rahim Mamedov, Azerbaijan State Oil Academy, Azerbaijan 
Assoc. Prof. Kristina Marintseva, National Aviation University, Ukraine 
Prof. Robert Mc Millan, IEEE Life Fellow; Senior Member of Optical Society of America; Senior Member of Photo-
Optical Instrumentation Engineers Society; Recipient of Meritorious Presidential Rank Award, US Army Space and 
Missile Defense Command, United States of America 
Prof. Jozef Modelski, IEEE Fellow, Member of the Polish Academy of Sciences, Honorary Doctorate of the Military 
University of Technology, Warsaw University of Technology, Poland 
Prof. Victor Myronenko, State Economical-Technological University of Transport, Ukraine 
Prof. Vito Pascazio, IEEE Senior Member, Department of Technology, University of Naples Parthenope, Italy 
Prof. Olegas Prentkovskis, Academician of the Ukrainian Transport Academy (Foreign Member) Vilnius Gediminas 
Technical University, Lithuania 
Prof. Volodymyr Reshetilowski, Institute for Industrial Chemistry of Dresden University of Technology, Germany 
Prof. TetyanaShmelova, National Aviation University, Ukraine 
Prof. Mykola Sidorov, National Aviation University, Ukraine 
Prof. Henrikas Sivilevicius, Vilnius Gediminas Technical University, Lithuania  
Prof. Jonas Stankunas, Vilnius Gediminas Technical University, Lithuania  
Prof. Krzysztof Szafran, Aviation Institute, Poland  
Prof. BorysTonkonogov, Gubkin Russian State University of Oil and Gas, Russia 
Prof. Vladimir Tsipenko, Moscow State Technical University of Civil Aviation, Russia 
Prof. Anatoliy Tunik, IEEE Senior Member, Member of the International Academy of Navigation and Motion Control, 
National Aviation University, Ukraine 
Prof. Uriy Vishnyakov, Southern Federal University, Russia 
Prof. Oksana Vovk, National Technical University of Ukraine "Kyiv Polytechnic Institute", Ukraine 
Prof. Felix Yanovsky, IEEE Fellow, Ukraine State (President) Award Winner in the Field of Science and Technology, Member of the 
Transport Academy of Ukraine, the International Academy of Navigation and Motion Control, Academy of Sciences of Applied Radio 
Electronics of Belarus, Russia and Ukraine, Electromagnetics Academy at Cambridge, MA, USA, National Aviation University, Ukraine 
Prof. Leonid Yanovsky, Federal State Unitary Enterprise “Central Institute of AviationMotorbuilding named after 
P.I. Baranov”, Russia 
Prof. Gennadiy Yun, National Aviation University, Ukraine 
Prof. Józef Zając, State School of Higher Education in Chelm, Poland 
Prof. Oleksandr Zaporozhets, National Aviation University, Ukraine 
Prof. Stefan Zaychenko, National Technical University of Ukraine "Kyiv Polytechnic Institute", Ukraine 
Prof. Edmundas Zavadskas, Vilnius Gediminas Technical University, Lithuania  
Prof. Boris Zubkov, Moscow State Technical University of Civil Aviation, Russia 

BIOLOGICAL SCIENCES 
Prof. Mykhailo Baranovski, National Aviation University, Ukraine 
Assoc. Prof. Ian Bryndza, Institute of Biodiversity Conservation and Biosafety, Slovak Agricultural University in 
Nitra, Slovakia 



ISSN 1813-1166 print / ISSN 2306-1472 online. Proceedings of the National Aviation University. 2016. N 3 (68): 3–4 
 

 

4 
Prof. Kateryna Harkava, National Aviation University, Ukraine 
Prof. O. Konoplia, Kursk State Medical University, Russia 
Prof. Ivan Matushek, ProjektServis, Trnava, Slovak Republic 
Prof. Iaroslav Movchan, National Aviation University, Ukraine 
Assoc. Prof. Lilyana Nacheva, Institute for Ovoscharstvo, Plovdiv, Bulgaria 
Prof. Volodymyr Patyka, Danilo ZabolotnyInstitute of Microbiology and Virology, National Academy of Sciences of 
Ukraine, Ukraine 
Prof. Eleonora Popova, National Aviation University, Ukraine 
Prof. Gianfranco Tamburelli, Institute for International Legal Studies of the National Research Council of Italy, Italy 
Prof. I. Tikhonovich, RAAS and NAAS of Ukraine, Director of the All-Russian Research Institute of Agricultural 
Microbiology, Russia 

ECONOMIC SCIENCES 
Prof. Olena Arefyeva, National Aviation University, Ukraine 
Prof. Nataliia Kasianova, National Aviation University, Ukraine 
Prof. Vyacheslav Koba, Honored Worker of Science and EngineeringKyiv State Academy of the Water Transport 
named after hetman Petr Konashevich-Sagaidachny, Ukraine 
Prof. Olena Lozhachevska, National Aviation University, Ukraine 
Prof. Aleksei Nekrasov, Correspondent Member of Russian Academy of Natural Sciences, Academician of the 
European Academy of Natural Sciences, Academician of the Russian Academy of Quality Problems Moscow 
Automobile-Road State Engineering University, Russia 
Prof. Victoria Prokhorova, Ukrainian engineering and pedagogical academy, Ukraine. 
Prof. Hajiaga Rustambekov, Baku State University, Azerbaijan 
Prof. Olesya Suntsova, National Aviation University, Ukraine. 
Prof. Bijan Vasigh, College of Business Embry-Riddle Aeronautical University, United States of America 
Prof. Leszek Wozniak, Rzeszow University of Technology, Poland 
Prof. Valentyn Zagorulko, National Aviation University, Ukraine 

PEDAGOGICAL SCIENCES 
Prof. Natalya Bidyuck, Khmelnitsky National University, Ukraine 
Prof. Eva Blenesi, CorvinusUniversity, Hungary 
Prof. ArturGudmanian, National Aviation University, Ukraine 
Prof. Barbara Kolodziej, Uniwersytet Przyrodniczy, Poland 
Prof. Przemyslaw Lozowsky, University of Technologies and Humanities named after Kazimir Pulawsky, Poland 
Prof. Elvira Luzik, National Aviation University, Ukraine 
Prof. Maryana Marusynets, National Pedagogical Dragomanov University, Ukraine 
Prof. Natalya Muranova, National Aviation University, Ukraine 
Prof. Natalya Pazyura, National Aviation University, Ukraine 
Prof. Olena Petrashchuk, National Aviation University, Ukraine 
Prof. Lyudmyla Puhovska, Institute of technical and vocational education NAPS of Ukraine, Ukraine 
Prof. Hanna Tovkanets, Mucachevo State University, Ukraine 
Prof. Mirek Wojcik, Wysza Szkola imieni Kardynala Awgusta Hlonda, Czech Republic 

SCIENCES OF LAW 
Prof. Ivan Borodin, Head of the Department Theory and History of State and Law Teaching and Research Law Institut, 
National Aviation University, Ukraine 
Assoc. Prof. Viktoria Cherevatyuk, National Aviation University, Ukraine 
Prof. Stanislav Husaryev, First Vice-Rector, National Academy of Internal Affairs, Ukraine  
Prof. Alexander Kopylenko, Director of the Institute of Legislation of the Verkhovna Rada of Ukraine 
Prof. Ibrahim Orudzh ogly Kuliev, National Academy of Aviation, Head of the Department, the Republic of 
Azerbaijan 
Prof. Sophia Lyhova, Head of the Department Criminal Law and Procedure Training, Research Institute of Law, 
National Aviation University, Ukraine 
Prof. Marek Mozgova, Maria Curie-Sklodowska University in Lublin; Head of the Department Criminal Law and 
Criminology Faculty of Law and Administration, Poland 
Prof. Helena Riabchenko, Head of the department of management, administrative law and procedure and 
administration, University of the State Fiscal Service, Ukraine 
Assoc. Prof. Iryna Sopilko, Director of Training and Research Institute of Law, National Aviation University, Ukraine 
Assoc. Prof. Svitlana Vyshnovetska, Head of the Department of Civil Law and Trial Teaching and Research Law 
Institute, National Aviation University, Ukraine 
Prof. Vid Yakulin, University of Ljubljana, Faculty of Law professor, Slovenia 
Prof. Jozef Zat’ko, President of the European Institute of Continuing Education, Slovak Republic 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /UKR ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


