MINING — INFORMATICS, AUTOMATION AND ELECTRICAL ENGINEERING
Published since 1962

DOI: http://dx.doi.org/10.7494/miag

Chairman of the Scientific Board/Przewodniczacy Rady Naukowe;j:
Antoni Kalukiewicz, AGH University of Science and Technology, Krakéw (Poland)

Secretary of the Scientific Board/Sekretarz Rady Naukowej:
Krzysztof Krauze, AGH University of Science and Technology, Krakéw (Poland)

Members of the Scientific Board/ Czlonkowie Rady Naukowe;j:

Darius Andriukatis, Kaunas University of Technology, Kaunas (Lithuania)

Naj Aziz, University of Wollongong, Wollongong (Australia)

Edward Chlebus, Wroctaw University of Science and Technology, Wroctaw (Poland)
George L. Danko, University of Nevada, Reno (USA)

Krzysztof Filipowicz, Silesian University of Technology, Gliwice (Poland)

Jirt Fries, Technical University of Ostrava, Ostrava (Czech Republic)

Leonel Heradia, EAFIT University, Medellin (Columbia)

Dou Lin-ming, China University of Mining and Technology, Xuzhou (China)
Arkadiusz Mezyk, Silesian University of Technology, Gliwice (Poland)

Josph Molnar, University of Miskolc, Miskolc (Hungary)

Jacek Paraszczak, Laval University, Quebec (Canada)

Sorin Mihai Radu, University of Petrosani, Petrosani (Romania)

Yuan Shujie, Anhui University of Science and Technology, Huainan (China)

Marek Sikora, Institute of Innovative Technologies EMAG, Katowice (Poland)
Radostaw Zimroz, Wroctaw University of Science and Technology, Wroctaw (Poland)

Editorial staff/ Redakcja czasopisma:

Editor in Chief/ Redaktor naczelny — Krzysztof Krauze

Deputy Editor in Chief/ Zastgpca redaktora naczelnego — Krzysztof Kotwica
Managing Editor/ Kierownik redakcji — Marcin Mazur

Associate editors/ Redaktorzy tematyczni:

Waldemar Korzeniowski (technological processes/ procesy technologiczne)

Lukasz Botoz (mechanics/ mechanika)

Jacek Feliks (building and exploitation of machines/ budowa i eksploatacja maszyn)
Tomasz Siostrzonek (power electronics/ energoelektronika)

Waldemar Rqczka (automation/ automatyka)

Tomasz Buratowski (robotics/ robotyka)

Ryszard Klempka (applied IT/ informatyka stosowana)

Elzbieta Beres-Pawlik (telecommunications/ telekomunikacja)

Tomasz Wydro (safety/ bezpieczenstwo)

Proofreading/ Redaktor jezykowy — Aleksandra Kozak
Technical Editor/ Redaktor techniczny — Kamil Mucha
Webmaster/ Redaktor strony internetowej — Pawet Mendyka

PUBLISHER
Publishing Manager/ Redaktor naczelny Wydawnictw AGH: Jan Sas

Linguistic Corrector/ Korekta jezykowa: Kamila Zimnicka-Warchot (Polish/ jezyk polski), Bret Spainhour (English/ jezyk angielski)
Desktop Publishing/ Sktad komputerowy: Andre

Cover Design/ Projekt okladki i strony tytutowej: ROMEDIA-ART

© Wydawnictwa AGH, Krakéw 2017

ISSN 2449-6421 (online)
ISSN 2450-7326 (printed)

The electronic version of the journal is the primary one.
Number of copies: 10

Wydawnictwa AGH (AGH University of Science and Technology Press)
al. A. Mickiewicza 30, 30-059 Krakow

tel. 12 617 32 28, tel./faks 12 636 40 38

e-mail: redakcja@wydawnictwoagh.pl
http://www.wydawnictwo.agh.edu.pl





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. 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 suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /PLK ()
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


