astern -

uropean

= “ =EURO
J @It NAL
'r Tr':
EC f—i J\l®_

ournal of

nterprise

echnologies.

jet.com.u=m

wnopwaTORHTe TexiONBRR -

......

HOBasi 3KOHOMMKa

OBa eKOHOMiIKa

e ECHTORYY

-NMPOMbILUNIeHHbIe TeXHOfIOfVI“

npoMucioBi TexHonorii

T e A AN T O N AT I e N D 2 Do T Bt L Do, D RS Y U LM A I M A WL

2

WYRAS Ui vay
AV AVIONS

2

O O ety

k)

LA Sl T S I S BTN AP 47
5\ ~ ~ ~



BocrouHo-EBponelickui % CxigHo-EBponeHcbKui
XYPHAN XYPHAN
nepefoBbIX TEXHONOTHH nepefoBUX TEXHONOTiH

» Mathematics and cybernetics — applied aspects

5/4 (95) 2018
Content

MATHEMATICS AND CYBERNETICS - APPLIED ASPECTS

6

14

22

30

39

48

55

64

Bitwise method for the binary-coded operands conversion based on mathematical logic
A. Lukashenko, D. Harder, V. Lukashenko, E. Fedorov, V. Lukashenko, T. Utkina, S. Mitsenko, K. Rudakov

Development of test operations of different duration in terms of input for the verification of efficiency formula
I. Lutsenko, E. Fomovskaya, O. Serdiuk, M. Baranovskaya, B. Fomovskyi

Construction of the method for building analytical membership functions in order to apply operations of

mathematical analysis in the theory of fuzzy sets
L. Dykhta, N. Kozub, O. Malcheniuk, O. Novosadovckyi, A. Trunov, A. Khomchenko

Development of the Markovian model for the life cycle of a project’s benefits
V. Piterska, O. Kolesnikov, D. Lukianov, K. Kolesnikova, V. Gogunskii, T. Olekh, A. Shakhov, S. Rudenko

Ray tracing synthesis of images of triangulated surfaces smoothed by the spherical interpolation method
V. Gusiatin, M. Gusiatin, O. Mikhal

Constructing a method for the conversion of numerical data in order to train the deep neural networks
M. Pryshliak, S. Subbotin, A. Oliinyk

Ontological support formation for constructive-synthesizing modeling of information systems development
processes
V. Skalozub, V. liman, V. Shynkarenko

Abstract&References



ronoBHUU PEAAKTOP

AbomiH iMutpo OnekcaHppoBUY
1. T. H., ipocecop HartioHarbHOTro TeXHIYHOrO YHiBepCUTETY «XapKiBChKUIT IO TEXHIYHIN IHCTUTY T,
mupextop 111 «Texnonoriuamii Llentps», Xapkis (Ykpaina)

TepsiaH BaraH flkoBuu
1. T. 1., npodecop Yuisepcutery lOBsickiomnst (Dinssimzis)

PEAAKLIIMHA KOJIETISA
BUPOBHUYO-TEXHOJNIOTIYHI CUCTEMU

Awrejcewicz Jan, Professor of Lodz University of Technology, Lodz (Poland); Korzhyk Volodymyr, Doctor of Technical Sciences,
Chinese-Ukrainian E. O. Paton Welding Institute (CUPWT), Guangzhou (China); Marcin Kaminski, Professor of Lodz University of
Technology, Lodz (Poland); Shen Houfa, Professor of Tsinghua University, Beijing (China); Ulusoy Ugur, Professor of Cumhuriyet
Universitesi, Sivas (Turkey); 3aripusk M. B., 1. . H., ipod., Kpemenuynpkuii Hanionanbruii yaisepeurer imeni Muxaiisa Ocrporpaj-
cbkoro, Kpemenuyk (Ykpaina); 3anora B. O., x1. 1. 1., npod., Cymcbkuii gepskasuuii ynisepcutet, Cymu (Ykpaina); Kinapauyk M. B.,
1. T. H., mpod., Hanionanbuuit apiariitnuii yaisepcuret, Kuis (Ykpaina)

IHOOPMALIAHI TEXHONOTIT. CHCTEMU YNPABJIIHHA B MTPOMUC/IOBOCTI

Cardoso Jorge, Professor of University of Coimbra, Faculty of Science and Technology, Coimbra (Portugal); lyengar Sitharama
Sitharama, Professor of Florida International University, Miami, (USA); Jakab Frantisek, Associate Professor of Technical
University of Kosice, Department of Computers and Informatics, Kosice (Slovak Republic); Omelayenko Borys, PhD, Senior
Software Engineer at Elsevier Amsterdam Area, Amsterdam (Netherlands); Terziyan Vagan, Professor of University of Jyvaskyla,
Department of Mathematical Information Technology, Jyvaskyla (Finland); Wrycza Stanistaw, Professor of Uniwersytet Gdanski,
Gdansk (Poland); XXontkesuu I'. M., 1. 1. 1., 1pod., XapkiBcbkuii nanionanbuuii yaisepenter imeni B. H. Kapasina, Xapkis (Ykpaina);
JlaxHo B. A., 1. . H., ipod., €Bporneiicbkuit yHiBepcuret, Kuis (Ykpaina); Jiuteun B. B., 1. 1. H., ipod., Hamionanpumii yHiBepcu-
TeT «JIbBiBChKa nosritexnikay, JIbiB (Ykpaina); Ocranos C. E., 1. ¢.-m. 1., npod., UepHiBerpbkuii HallioHAIbHUN YHIBEPCUTET iMe-
i I0pist Menpkosuya, Yepnisii (Ykpaina); Menewmwnn A. M., 1. 1. 1., ipod., Harionansiuii ynisepcurer «JIbBiBcbKa moJiiTeXHikay,
JIbBiB (YKpaina); Tecniok B. M., 1. T. 1., mpod., Hantionansuuit yniBepcuret «J/IpBiBebka nomitexHikas, JInsis (Ykpaina)

MPOLIECH YNPABJIIHHA

Rab Nawaz Lodhi, PhD, COMSATS Institute of Information Technology Sahiwal Campus (Pakistan); Byteko T. B., x1. 1. 1., ipod.,
YKpalHCbKUIL lep:KkaBHUIL YHIBEPCUTET 3a/li3HIYHOro Tpancnopty, Xapkis (Ykpaina); ForyHcbkuit B. [., . T. 1., npod., Onecbriui
HaI[lOHAJIBHWIT ToJTiTexHiuHMit yHiBepcuteT, Oneca (Yipaina); [ibomin [. O., 1. T. H., npocd., HarionanpHmii TexHivHMIT yHIBEpCUTET
«XapkiBcobkuil nosmirexuiunuii inctuty Ty, gupekrop 1T «Texnonoriunmii Hentpy, Xapkis (Ykpaina); Mamniun C. B., 1. 1. 1., npod.,
JlHinponeTpoBCHKUIT HAITIOHAJIBHII YHIBEPCUTET 3a/li3HUYHOTO Tpancnopty, luinpo (Ykpaina); Manuenko C. B., 1. 1. H., ipod., Yk-
pailCbKuil lep:kaBHUl yHIBepCUTET 3ai3HIYHOro TpaHcopty, Xapkis (Ykpaina); [poxopueHko A. B., . T. 1., npod., YKpaincbruit
Jep KaBHUI yHIBEPCUTET 3a/Ii3HUYHOTO TpaHCHopTy, Xapkis (Ykpaina); Cipa O. B., . T. ., mpod., HantionanpHuit TexHiuyHMiT yHiBED-
cuteT «XapKiBcbKuil nositexuiynuit inctTutyT», Xapkis (Ykpaina)

MATEMATUKA TA KIBEPHETUKA - MPUKNAAHI ACNEKTHU

Ahmad lzhar, Associate Professor of King Fahd University of Petroleum and Minerals, Department of Mathematics and Sta-
tistics, Dhahran (Saudi Arabia); Hari Mohan Srivastava, Professor University of Victoria, Department of Mathematics and
Statistics, Victoria (Canada); Kanellopoulos Dimitris, PhD, University of Patras, Patra (Greece); Trujillo Juan J., Professor of
Universidad de la Laguna, Faculty of Mathematics, San Cristobal de La Laguna (Spain); Weber Gerhard Wilhelm, Professor of
Middle East Technical University, Institute of Applied Mathematics, Ankara (Turkey); Atramaniok I. ., a. 1. 1., npod., Muxko-
JlaiBChbKUii HallioHANBHUI arpapHuii yHiBepcurer, MukosaiB (Ykpaina); Kongparenko 0. I., 1. 1. 1., npod., HopHomopcbkuit
HalioHa bHUI yHiBepcuTeT iMeni [lerpa Morusu, Mukosais (Ykpaina); Pomanosa T. €., 1. 1. 1., 1pod., [HcTUTYT TpobIEM Ma-
muuoOyayBarus iM. A. M. ITizropaoro HAH Ykpainu, Xapkis (Ykpaina); Casanesuu B. €., 1. 1. 1., 1pod., /lep:kaBHe KocMiuHe
are"TcTBO YKpainu, Kuis (Ykpaina)

NPUKNALHA ®I3UKA

Bobitski Yaroslav, Professor of University of Rzeszow, Department of mechatronics, Rzeszow (Poland); Machado Jose Antonio Tenreiro,
Professor of Polytechnic of Porto, Institute of Engineering, Department of Electrical Engineering (Portugal); Magafas Lykourgos,
Professor of Eastern Macedonia & Thrace Institute of Technology, Greece; Nerukh Dmitry, Senior Lecturer Aston University, Bir-
mingham (United Kingdom); Pavlenko Anatoliy, Professor of Kielce University of Technology, Department of Building Physics and
Renewable Energy Kielce (Poland); Boek P. B., 1. ¢.-M. H., mpod., XapkiBchkuil HarioHanpHuil yaiBepeurer iveni B. H. Kapasina,
Xapkis (Ykpaina); FTnamasgin O. B., K. d.-M. H., cTapinmii HayKoBuil criBpobithuk, Harionanpuuii HaykoBuii 1eHTp «XapKiBChKuii
isuko-rexuivHMiT iHCTHTYT», XapkiB (Ykpaina); Mpuwanos M. I., 1. .-m. 1., pod., YKpaiHCHKUIT ep:KaBHNN YHIBEPCUTET 3aJIi3-
HuyHoro Tpancnopty, Xapkis (Ykpaina); enesuui B. I., 1. 1. 1., npod., Onecbka HamionaabHa akajeMis XapuoBUX TEXHOJO-
rift, Omeca (Ykpaina); Inbuyk I'. A., 1. d.-m. H., Tpod., Hamionanpamit yHiBepcuTeT «JIpBiBChbKa TMOTiTEXHIKa>, JIBBiB (YKpaiHa);
Map'anuyk . A, 1. ¢.-m. 1., npod., Yepniserskuii nanionansuuii ynisepeurert im. 0. Dexprosuua, Yepnisii (Yrpaina); Macnos B. I1.,
1. T. H., ipod., Harionampamii Texnivamii yHiBepcuTeT Ykpainu «KuiBcbknii mostitexHiunnii incTuTyT iMeHi Irops Cikopebkoros,
Kuis (Ykpaina); Crapikos B. B., k. ¢.-m. prouent, Harionanbuuit Texniunuii yHiBepcureT «XapKiBCbKUIl MO TeXHIYHUIT IHCTUTYT»,
XapkiB (Ykpaina); TkaueHko B. I, 1. d-m. 1., mpod., XapkiBcbkuii HartionansHuil yaiBepenteT iMeri B. H. Kapasina, Xapkis (Ykpai-
Ha); Lk B. P., a. 1. 1., npod., JIbBiBChKUil HallioHabHUIl yHIBEpCUTET BeTepuHAPHOT MeuiuHn Ta Giotexuomoriit imeni C. 3. [kuiib-
Koro, JIbBiB (Ykpaina)



TEXHONOTIT OPTAHIYHUX TA HEOPTAHIYHUX PEYOBUH

Martins Luisa, Associate Professor of Universidade de Lisboa, Lisbon (Portugal); Arvaidas Galdikas, Professor Kaunas University of
Technology, Department of Physics, Kaunas (Lithuania); Carda Juan B., Professor of Universidad Jaume I, Department of Inorganic
Chemistry, Castellon de la Plana (Spain); Gerasimchuk Nikolay, Professor of Missouri State University, Springfield (United States);
Rotaru Andrei, Professor of University of Craiova (Craiova); Sprynskyy Myroslav, Nicolaus Copernicus University in Torun, Department
of Environmental Chemistry and Bioanalytics, Torun (Poland); Zeng Liang, Tianjin University, Tianjin (China); Bapcykos B. 3., 1. x. H.,
npod., KuiBcbkuii HationabHII YHIBepeuTeT TexHoJIOr i Ta qusaiiny, Kuis (Ykpaina); Baxyna f. I, 1. 1. 1., npod., Harionansunit yHiBepcn-
ter «JIpBiBChKaA HosTiTexXHIKa», JIbBiB (Ykpanna); [lopoweHko A. O., 1. X. H., pod., XapkiBcbkuil HaltionanbHuil yHiBepeuret imeni B. H. Ka-
pasina, XapkiB (Ykpaina); Kanyctin O. €., 1. x. 1., npod., [Ipnasoscbkuii gep:kaBumii TexHiyHuil yaisepcurer, Mapiymnosns (Ykpaina);
Konocoe O. €., 1. 1. 1., Harionasnpumii texuiuumii yaisepenrter Yrpainn «KuiBebknii nositexuiunuit inctutyt imeni Iropst Cikopebkoros,
Kuis (Ykpaina); Kpusenko M. B., . 1. H., npod., Kuiscbkuii HarfionanpHuii yHiBepeuTeT OyaiBHUNTBa i apxiTekTypu, Kuis (Ykpaina);
Mnagau B. M., 1. . 1., ipod., KuiBcekuit Harfiona bl yHiBepCHTET TeXHOJIOTIH Ta nsaiiny, Kuis (Ykpaina); Powans O. /1., 1. X. H., XapKiBCh-
Kuit HarionasnpHMiT yHiBepeutet imeni B. H. Kapasina, Xapkis (Ykpaina); Cyxui K. M., 1. 1. 5., ipod., YKpaiHcbkuil iepkaBHUIT XiMiKO-TeX-
HoJioriunuil ynigepcuret, /lHinpo (Ykpaina); Yymak B. J1., 1. x. 1., npod., Hartionanpauii asiariiinuii ynisepcuret, Kuis (Ykpaina)

NPUKNALHA MEXAHIKA

Aifantis Elias, Aristotle University of Thessaloniki, Thessaloniki (Greece); Andrianov Igor, Professor of RWTH Aachen University,
Department of General Mechanics, Aachen (Germany); Lewis Roland W., Swansea University, Swansea (United Kingdom); Sapountzakis
Evangelos, National Technical University of Athens, Athens (Greece); Tornabene Francesco, University of Bologna, Bologna (Italy); Uchino Kenji,
Pennsylvania State University, University Park (USA); Visser, Frank C., Flowserve, Etten-Leur (Netherlands); Aspamoe K. B., 1. T. 1., npod.,
IHeTuTyT npobaiem MainuaoOyyBanHs im. A. M. TlinropHoro HartionasbHoi akazemii Hayk Ykpainu, Xapkis (Ykpaina); ActaHiu B. B, 1. T. H., ipod.,
Hauionanpuuit aBianiitanit yaisepceuret, Kuis (Ykpaina); Axyngoe B. M., 1. ¢.-m. 1., npodecop, Hartionanbha meranypriitna akajgemist YKpai-
uy, /IHinpo (Ykpaina); Jleresa B. M., . 1. 1., npod., Hartionanpuuii texuivnnit ynisepcurer Ykpainu «KniBebkuil nosiTexHiuHMil iHCTUTYT
imeni Iropst Cikopebkoros, Kuis (Ykpaina); Jibsoe I. I, 1. T. 1., npo¢., Hanionanbunit Texuiunmii yHiBepenteT «XapKiBCbKUIT OIITEXHIYHIIT
incrtutyT», Xapkis (Ykpaina); Mykau I1. A., 1. 1. 1., npod., Hanionansuuii ynisepeuter «JIbBiBcbka nositextikas, JIpis (Ykpaina); Pomyans-
posuu C. L., 1. 1. 1., npod., Haionansuuii asianiitnuii ynisepeurer, Kuis (Ykpaiuna); @iniMoHixin I'. B., . T. 1., 1pod., LlenTpaibHOyKpaiHChK i
HaIOHAIBHIIN TexHiunui yHiBepeutet, Kpornmsnuibkuii (Ypaina); @omuuos M. 0., 1. 1. 1., npod., HartionaibHuii acpokocMivHUi yHiBepcUTeT
im. M. €. JKykoBcbkoro «XapkiBcbkuil aBiatiiitnuii inctutyr», Xapkis (Ykpaina); Apowesuu M. ., 1. 1. 1., 1pod., JIy1pkuii HaioHaibHMit TEX-
HiuHuit yHiBepcurer, JIyipk (Yipaina)

EHEPTO3BEPITAIOYI TEXHOJIONT TA OBJIAAHAHHA

Acaroglu Mustafa, Selcuk Universitesi, Konya (Turkey); Besagni Giorgio, Ricerca sul Sistema Energetico, Milan (Italy); Calise Francesco,
Universita degli Studi di Napoli Federico IT, Naples (Italy); Guerrero Josep M., Aalborg Universitet, Aalborg (Denmark); Li Haiwen, Kyushu
University, Fukuoka (Japan); Ma Zhenjun, University of Wollongong, Wollongong (Australia); Morosuk Tatiana, Technical University of Berlin,
Berlin (Germany); Popescu Mihaela, University of CraiovaCraiova (Romania); Santamouris Mattheos, University of New South Wales,
Sydney (Australia); Sutikno Tole, Professor of Universitas Ahmad Dahlan, Department of Electrical Engineering, Yogyakarta (Indonesia);
AspameHko A. O., 1. 1. 1., ipod., [ncruryt Texuiunoi Tenmodisuku Hartionansruoi Akazemii Hayk Yxpainu, Kuis (Ykpaina); Epoxos B. 1O.,
1. T. H., 1pod., Hamionansuuii yHiBepcuter «JIbBiBebKa mositexHikas, JIbsis (Ykpaina); Jllo6apcbkuii b. T, 1. 1. H., ipod., Harionansuuii
TexHiuHMIA yHiBepcuTeT «XapKiBChbKUil osiiTexHiunmii inctuty>, Xapkis (Ykpaina); Pycanoe A. B., 1. 1. i, ipod., Incruryr npobiem ma-
murobyAyBanns iM. A. M. ITigroproro Harionanbioi akagemii nayk Yipainu, Xapkis (Yipaina); Tepewenko T. O., 1. T. ., npod., Hartio-
HaJIbHUIT TeXHIYHUN yHiBepcuTer YKpainu «Kuichkuil mositexuiunuii incturyrs, Kuis (Yipaina); @ianko H. M., . . 1., npod., [ncruryr
Texuiunoi Termodizuku Harionansnoi Akanemii Hayk Yipainu, Kuis (Yipaina)

IHGOPMALIIMHO-KEPYIOYI CUCTEMMU

Sattarova Ulkar Eldar, Associate Professor Azerbaijan University of Architecture and Construction, Department of Information technologies
and systems, Baku (Azerbaijan); Starovoitov Valery, Professor, Doctor of sciences, United Institute of Informatics Problems, National
Academy of Sciences of Belarus, Minsk (Belarus); Bespyk B. M., a. . 1., npod., XapKiBcbKuii HalliOHAJBHUI YHIBEPCUTET PalioeNeKTPOHIKH,
XapkiB (Ykpaina); Benuuko O. M., 1. 1. 1., mpodecop, /lep:xaBue mianpueMcTBo « YkpmeTprectcTanaapt», Kuis (Ykpaina); Ypuscokuid J1. O,
1. T. H., ipo., Harionanbnuii texuiunuit ynisepcurter Yipainu « KuiBcbkuii mositexuiunuii incrutyt imeri Iropst Cikopebkoro», Kuis (Ykpai-
Ha); Lep6akosa I. 10, i. . 1., norent, OnecbKuii HarionanbHUi ositexuivnmii yuisepcurer, Oneca (Yipaina); Aukis B. B., 1. T. 1., 101eHT,
TepHomiibChbKUIT HAIIIOHABHITI €KOHOMIYHWI yHiBepcuTeT, TepHomiab (Yikpaina)

EKONOrIA

Kisi Ozgur, Ilia State University, Tbilisi (Georgia); Makarynskyy Oleg, Australian Institute of Marine Science (Australia); Scholz Miklas,
Lunds Universitet, Lund (Sweden); Boiuenko C. B., x. 1. 1., npod., Harionanbnuii asiariitauii ynisepenrer, Kuis (Ykpaina); Fomens M. [1.,
1. T. 1., Tpoc., Hartiomanmprnii Texniunmit yaiBepcutet Ykpainu « KniBcpkuii mommitexaivamii inctutyT iMei Iropst Cikopebkoroy, Kuis (Ykpaina);
Pemes H. C., 1. 1. 1., Hartionamsumii Texaivnmii yniBepcuteT Yipainn «KuiBcpkuit mositexuivanmii inctutyT iMeni [rops Cikopebkoros, Knis (V-
paina); LUBeguukoea l. 0., 1. T. 1., mpod., KniBchkuii HarionaabHUH yHIBEPCUTET TEXHOJIOTIH Ta An3aiiny, Kuis (Ykpaina)

TEXHOJIOTIT TA OBJIAAHAHHA XAPYOBUX BUPOBHULTB

Adegoke Gabriel, Professor of University of Ibadan, Department of Food Technology, Ibadan (Nigeria); Barreca Davide, Universita degli
Studi di Messina, Messina (Italy); Effat Baher, National Research Centre, Cairo (Egypt); Erkmen Osman, Gaziantep Universitesi, Gaziantep
(Turkey); Hafiz Ansar Rasul Suleria, PhD, Kansas State University, Department of Food, Nutrition, Dietetics and Health, Manhattan (USA);
Modi Vinod, Central Food Technological Research Institute India, Fish and Poultry Technology, Mysore (India); Bypao O. I'., . T. 1., poc.,
Opiechka HarfioHaTbHa akajieMist XapuoBux Texnosoriit, Ozeca (Ykpaina); Maentok P. 0., 1. 1. 1., mpocd., XapkiBchKuii epskaBHuii yHiBepcureT
XapyyBamHs Ta Toprisii, Xapkis (Ykpaina)

MATEPIANNIO3HABCTBO

Apostolopoulos Charis, Patras University, Patra (Greece); Gubicza Jend, Eotvos Lorand University, Budapest (Hungary); Gupta Manoj, National
University of Singapore, Singapore City (Singapore); Bykertos A. B., z1. T. 1., ipoc., XepcoHcbKa JiepkaBHa MOPChKa akajemist, XepcoH, (Ykpaina);
FesopksaH E. C., 11, T. 0., ipo., YKPaTHCHKNUIT JIepsKaBHIH YHIBEPCHTET 3a/lIBHUYHOTO TpaHciopty, Xapkis (Yipaina); lly6ok B. A., 1. x. 1., ipod., Kuiseb-
Kuit HatfioHasTbHMI yHiBepenTeT imeni Tapaca [lesuenka, Kuis (Ykpaina); fypsrina 3. A., 1. 1. 1., ipoc., Hartionasiermii yaiepentet «JIbBiBebKa mouti-
TexHikar, JIbBiB (Ykpaina); Ecppemenko B. ., 1. T. 1., ipo., /IBH3 «IIpnasoBcokuii repskaBHuii TexHiuHUi yHIBepcuTeTs, Mapiymoss (Ykpaina);
Cob6onb O. B., 11. d.-m. 1., ipod., Harfionanbrmii Texmivnuii yaiepenrer «XapKiBebkuil nostitexuivnmii incruryrs, Xapkis (Ykpaina); Apewmin 1. 1.,
1. d.-M. 1, 1pod., [Ipukapnarceknii Hartionansruil yaisepcuret imeni Bacuist Credanvika, IBano-Dpankisepk (Yipaina)



EDITOR IN CHIEF

Demin Dmitriy
Professor of the National Technical University «Kharkiv Polytechnic Institute»,
Director of Private Company «Technology Center», Kharkiv (Ukraine)

Terziyan Vagan
Professor of the University of Jyvaskyla (Finland)

EDITORIAL BOARD
ENGINEERING TECHNOLOGICAL SYSTEMS

Awrejcewicz Jan, Professor of Lodz University of Technology, Department of Automation, Biomechanics and Mechatronics, Lodz (Poland); Kindrachuk
Myroslav, Professor of National Aviation University, Department of Tribological material science, powder metallurgy, functional materials, Kyiv (Ukraine);
Korzhyk Volodymyr, Doctor of Technical Sciences, Director of the Chinese-Ukrainian E. O. Paton Welding Institute (CUPWI), Guangzhou (China);
Marcin Kaminski, Professor of Lodz University of Technology, Department of Structural Mechanics, Lodz (Poland); Ulusoy Ugur, Professor of Cumhuriyet
Universitesi, Department of Mining Engineering, Sivas (Turkey); Shen Houfa, Professor of Tsinghua University, School of Materials Science and Engineering,
Beijing (China); Zagirnyak Mykhaylo, Professor of Kremenchuk Mykhailo Ostrohradskiy National University, Department of electric machines and apparatus,
Kremenchuk (Ukraine); Zaloga Viliam, Professor of Sumy State University, Department of manufacturing engineering, machines and tools, Sumy (Ukraine)

INFORMATION TECHNOLOGY. INDUSTRY CONTROL SYSTEMS

Cardoso Jorge, Professor of University of Coimbra, Faculty of Science and Technology, Coimbra (Portugal); lyengar Sitharama Sitharama, Professor
of Florida International University, School of Computing and Information Sciences, Miami (USA); Jakab Frantisek, Associate Professor of Technical
University of Kosice, Department of Computers and Informatics, Kosice (Slovak Republic); Lakhno Valeriy, Professor of European University, Depart-
ment of Managing Information Security, Kyiv (Ukraine); Lytvyn Vasyl, Professor of Lviv Polytechnic National University, Department of Information
Systems and Networks, Lviv (Ukraine); Omelayenko Borys, PhD, Senior Software Engineer at Elsevier Amsterdam Area, Amsterdam (Netherlands);
Ostapov Serhii, Professor of Yuri Fedkovych Chernivtsi National University, Department of Computer systems software, Chernivtsi (Ukraine);
Peleshchyshyn Andriy, Professor of Lviv Polytechnic National University, Department of social communication and information activities, Lviv (Ukraine);
Terziyan Vagan, Professor of University of Jyvaskyla, Department of Mathematical Information Technology, Jyvaskyla (Finland); Teslyuk Vasyl, Professor of
Lviv Polytechnic National University, Department of Automated Control Systems, Lviv (Ukraine); Wrycza Stanistaw, Professor of Uniwersytet Gdanski,
Department of Business Informatics, Gdansk (Poland); Zholtkevych Grygoriy, Professor of Karazin Kharkiv National University, Department of Theoreti-
cal and Applied Computer Science of School of Mathematics and Computer Science, Kharkiv (Ukraine)

CONTROL PROCESSES

Butko Tatiana, Professor of Ukrainian State University of Railway Transport, Department of operational work and international transportation, Kharkiv
(Ukraine); Demin Dmitriy, Professor of National Technical University «Kharkiv Polytechnic Institute», director of the Private Company «Technolo-
gy Center», Kharkiv (Ukraine); Gogunsky Viktor, Professor of Odessa National Politechnic University, Department of Management of life safety sys-
tems, Odessa (Ukraine); Myamlin Sergey, Professor of Dnipropetrovsk National University of Rail Transpor, Dnipro (Ukraine); Panchenko Sergii,
Professor of Ukrainian State University of Railway Transport, Department of Automatic and computer remote control of train traffic, Kharkiv (Ukraine);
Prokhorchenko Andrii, Professor of Ukrainian State University of Railway Transport, Department of Operational Work Management, Kharkiv (Ukraine);
Rab Nawaz Lodhi, PhD, COMSATS Institute of Information Technology Sahiwal Campus (Pakistan); Sira Oksana, Professor of National Technical
University «Kharkiv Polytechnic Institute», Department of distributed information systems and cloud technologies, Kharkiv (Ukraine)

MATHEMATICS AND CYBERNETICS - APPLIED ASPECTS

Ahmad lzhar, Associate Professor of King Fahd University of Petroleum and Minerals, Department of Mathematics and Statistics, Dhahran (Saudi
Arabia); Atamanyuk Igor, Professor Mykolaiv National Agrarian University, Department of Higher and Applied Mathematics, Mykolaiv (Ukraine);
Hari Mohan Srivastava, Professor University of Victoria, Department of Mathematics and Statistics, Victoria (Canada); Kanellopoulos Dimitris,
PhD, University of Patras, Department of Mathematics, Patra (Greece); Kondratenko Yuriy, Professor Petro Mohyla Black Sea National University,
Department of Intelligent Information Systems, Mykolaiv (Ukraine); Romanova Tetyana, Professor Institute for Problems in Machinery of National
Academy of Sciences of Ukraine, Department of Mathematical Modeling and Optimal Design, Kharkiv (Ukraine); Savanevych Vadym, Professor
State Space Agency of Ukraine, Kyiv (Ukraine); Trujillo Juan J., Professor of Universidad de la Laguna, Faculty of Mathematics, San Cristobal de La
Laguna (Spain); Weber Gerhard Wilhelm, Professor of Middle East Technical University, Institute of Applied Mathematics, Ankara (Turkey)

APPLIED PHYSICS

Bobitski Yaroslav, Professor of University of Rzeszow, Department of mechatronics, Rzeszow (Poland); Glamazdin Alexander, PhD, National Science Center
«Kharkov Institute of Physics and Technology», Kharkiv (Ukraine); Grishanov Nikolay, Professor of Ukrainian State University of Railway Transport, Depart-
ment of Physics of plasmas, Controlled Nuclear Fusion, Kharkiv (Ukraine); llichuk Hryhoriy, Professor of Lviv Polytechnic National University, Department of
General Physics, Lviv (Ukraine); Machado Jose Antonio Tenreiro, Professor of Polytechnic of Porto, Institute of Engineering, Department of Electrical Engi-
neering, (Portugal); Magafas Lykourgos, Professor of Eastern Macedonia & Thrace Institute of Technology, Department of Electrical Engineering (Greece);
Maryanchuk Pavlo, Professor of Yuriy Fedkovych Chernivtsi National University, Departmetn of Physics, (Ukraine); Maslov Volodymyr, Professor of National
Technical University of Ukraine «Igor Sikorsky Kyiv Polytechnic Institute», Department of Scientific, analytic and ecological instruments and systems, Kyiv
(Ukraine); Nerukh Dmitry, Senior Lecturer Aston University, Department of Mathematics, Birmingham, United Kingdom; Pavlenko Anatoliy, Professor of
Kielce University of Technology, Department of Building Physics and Renewable Energy, Kielce (Poland); Starikov Vadim, Associate Professor of National
Technical University «Kharkiv Polytechnic Institute», Department of Physics of metals and semiconductors, Kharkiv (Ukraine); Tkachenko Viktor, Professor of
V.N. Karazin Kharkiv National University, Department of Physics of Innovative Energy & Technology & Ecology, Kharkiv (Ukraine); Tsizh Bohdan, Professor
of Stepan Gzhytskyi National University of Veterinary Medicine and Biotechnologies Lviv, Department of General Technical Subjects and Production Quality
Contro, Lviv (Ukraine); Vovk Ruslan, Professor of Karazin Kharkiv National University, Department of low temperature physics, Kharkiv (Ukraine); Zhelezny
Vitaly, Professor of Odessa National Academy of Food Technologies, Department of Thermal Physics and Applied Ecology, Odessa (Ukraine)

TECHNOLOGY ORGANIC AND INORGANIC SUBSTANCES

Arvaidas Galdikas, Professor Kaunas University of Technology, Department of Physics, Kaunas (Lithuania); Barsukov Viacheslav, Professor Kyiv National
University of Technologies and Design, Department for Electrochemical Power Engineering and Chemistry, Kyiv (Ukraine); Carda Juan B., Professor of Uni-
versidad Jaume I, Department of Inorganic Chemistry, Castellon de la Plana (Spain); Chumak Vitaliy, Professor of National Aviation University, Department
of Chemistry and Chemical Engineering, Kyiv (Ukraine); Doroshenko Andrey, V. N. Karazin Kharkiv National University, Department of organic chemistry,
Kharkov (Ukraine); Gerasimchuk Nikolay, Professor of Missouri State University, Department of Chemistry, Springfield (United States); Rotaru Andrei, Pro-
fessor of University of Craiova, Department of Physics (Craiova); Kapustin Alexey, Professor of Pryazovskyi State Technical University, Department of Che-
mistry, Mariupol (Ukraine); Kolosov Akeksandr, Professor of National Technical University of Ukraine «Igor Sikorsky Kyiv Polytechnic Institute», Department
of Chemical, Polymeric and Silicate Machine Building, Kyiv (Ukraine); Krivenko Pavel, Professor Kyiv National University of Construction and Architecture,
Scientific Research Institute for Binders and Materials, Kyiv (Ukraine); Martins Luisa, Associate Professor of Universidade de Lisboa, Instituto Superior Tec-
nico, Lisbon (Portugal); Plavan Viktoriia, Professor Kyiv National University of Technologies and Design, Department of Applied Ecology, Technology of Pol-
ymers and Chemical Fiber, Kyiv (Ukraine); Roshal Alexander, V. N. Karazin Kharkiv National University, Research Institute of Chemistry, Kharkiv (Ukraine);
Rotaru Andrei, University of Craiova, Department of Physics (Craiova); Sprynskyy Myroslav, Nicolaus Copernicus University in Torun, Department of En-
vironmental Chemistry and Bioanalytics, Torun (Poland); Sukhyy Mikhaylo, Professor of Ukrainian State University of Chemical Technology, Department of
Processing of Plastics and Photo-, Nano- and polygraphic materials, Dnipro (Ukraine); Vakhula Yaroslav, Professor of Lviv Polytechnic National University,
Department of Silicate Engineering, Lviv (Ukraine); Zeng Liang, Tianjin University, School of Chemical Engineering and Technology, Tianjin (China)



APPLIED MECHANICS

Aifantis Elias, Aristotle University of Thessaloniki, Thessaloniki (Greece); Akhundov Vladimir, Professor of National metallurgical academy of Ukraine,
Department of Applied mechanics, Dnipro (Ukraine); Andrianov Igor, Professor of RWTH Aachen University, Department of General Mechanics, Aachen
(Germany); Astanin Vyacheslav, Professor of National Aviation University, Department of Mechanics, Kyiv (Ukraine); Avramov Konstantin, Profes-
sor of A. Podgorny Institute of Mechanical Engineering Problems of the National Academy of Sciences of Ukraine, Department of reliability and dynamic
strength, Kharkiv (Ukraine); Filimonikhin Gennadiy, Professor of Central Ukrainian National Technical University, Department of Machine Parts and Applied
Mechanics, Kropyvnytskyi (Ukraine); Fomychov Petro, Professor of National Aerospace University «Kharkiv Aviation Institute» named after N. E. Zhu-
kovsky, Department of Aircraft strength, Kharkiv (Ukraine); Legeza Viktor, Professor of National Technical University of Ukraine «Igor Sikorsky Kyiv
Polytechnic Institute», Department of Computer Systems Software, Kyiv (Ukraine); Lewis Roland W., Swansea University, Department of Civil Engineering,
Swansea (United Kingdom); Lvov Gennadiy, Professor of National Technical University «Kharkiv Polytechnic Institute», Department of dynamics and
strength of machines, Kharkiv (Ukraine); Pukach Petro, Professor of Lviv Polytechnic National University, Department of Computational Mathematics
and Programming, Lviv (Ukraine); Romualdovich Sergey, Professor of National Aviation University, Department of Aircraft construction, Kyiv (Ukraine);
Sapountzakis Evangelos, National Technical University of Athens, Civil Engineering, Athens (Greece); Tornabene Francesco, University of Bologna, Depart-
ment DICAM, Bologna (Italy); Uchino Kenji, Pennsylvania State University, Electrical Engineering, University Park (USA); Visser, Frank C., Flowserve, AMSS,
Etten-Leur (Netherlands); Yaroshevich Nikolai, Professor of Lutsk National Technical University, Department of Branch Engineering, Lutsk (Ukraine)

ENERGY-SAVING TECHNOLOGIES AND EQUIPMENT

Acaroglu Mustafa, Selcuk Universitesi, Department Energy Division, Konya (Turkey); Avramenko Andriy, Professor of Institute of Engineering Thermophysics
of National academy of sciences of Ukraine, Department of heat and mass transfer and hydrodynamics in heat power equipment, Kyiv (Ukraine); Besagni Giorgio,
Ricerca sul Sistema Energetico, Energy Systems Development Department, Milan (Ttaly); Calise Francesco, Universita degli Studi di Napoli Federico IT, Depart-
ment of Industrial Engineering, Naples (Italy); Fialko Nataliia, Professor of Institute of Engineering Thermophysics of National academy of sciences of Ukraine,
Department of energy efficient of heat technologies, Kyiv (Ukraine); Guerrero Josep M., Aalborg Universitet, Energy Technology, Aalborg (Denmark); Li Haiwen,
Kyushu University, Platform of Inter/Transdisciplinary Energy Research (Q-PIT), Fukuoka (Japan); Liubarskyi Borys, Professor of National Technical Universi-
ty «Kharkiv Polytechnic Institute», Department of electrical transport and diesel locomotive, Kharkiv (Ukraine); Ma Zhenjun, University of Wollongong, Sustain-
able Buildings Research Centre, Wollongong (Australia); Morosuk Tatiana, Technical University of Berlin, Institute for Energy Engineering, Berlin (Germany);
Popescu Mihaela, University of Craiova, Department of Electromechanics, Environment and Applied Informatics, Craiova (Romania); Rusanov Andrii, Pro-
fessor of A. Podgorny Institute of Mechanical Engineering Problems of the National Academy of Sciences of Ukraine, Department of Hydroaeromechanics of
Power Machines, Kharkiv (Ukraine); Santamouris Mattheos, University of New South Wales, Built Environment, Sydney (Australia); Sutikno Tole, Pro-
fessor of Universitas Ahmad Dahlan, Department of Electrical Engineering, Yogyakarta (Indonesia); Tereshchenko Tatiana, Professor of National Technical
University of Ukraine «Kyiv Polytechnic Institute», Department of Industrial Electronics, Kyiv (Ukraine); Yerokhov Valerij, Professor of Lviv Polytechnic
National University, Department of Semiconductor Electronics, Lviv (Ukraine)

INFORMATION AND CONTROLLING SYSTEM

Bezruk Valeriy, Professor of Kharkiv National University of Radio Electronics, Department of Information and Network Engineering, Kharkiv (Ukraine);
Shcherbakova Galyna, Associate professor of Odessa National Polytechnic University, Department of electronic apparatus & information technology, Odessa
(Ukraine); Uryvsky Leonid, Professor of National Technical University of Ukraine «Igor Sikorsky Kyiv Polytechnic Institute», Department of telecommunication,
Kyiv (Ukraine); Sattarova Ulkar Eldar, Associate Professor Azerbaijan University of Architecture and Construction, Department of Information technolo-
gies and systems, Baku (Azerbaijan);Starovoitov Valery, Professor, Doctor of sciences, United Institute of Informatics Problems, National Academy of Sciences of
Belarus, Laboratory of System Identification, Minsk (Belarus); Velychko Oleh, Professor of State Enterprise «Ukrmetrteststandard», Institute of Electromagnetic
Measurements, Kyiv (Ukraine); Yatskiv Vasyl, Associate professor of Ternopil National Economic University, Department of Cyber Security, Ternopil (Ukraine)

ECOLOGY

Boichenko Sergii, Professor of National aviation universit, Department of ecology, Kyiv (Ukraine); Gomelia Nikolai, Professor of National Technical Uni-
versity of Ukraine «Igor Sikorsky Kyiv Polytechnic Institute», Department of Ecology and Technology of Plant Polymers, Kyiv (Ukraine); Kisi Ozgur, Ilia
State University, Faculty of Natural Sciences and Engineering, Thilisi (Georgia); Makarynskyy Oleg, Australian Institute of Marine Science, Arafura Timor
Research Facility (Australia); Remez Natalya, Professor of National Technical University of Ukraine «Igor Sikorsky Kyiv Polytechnic Institute», Depart-
ment of Environmental Engineering, Kyiv (Ukraine); Scholz Miklas, Lunds Universitet, Department of Water Resources Engineering, Lund (Sweden);
Shvedchykova Iryna, Professor Kyiv National University of Technologies and Design, Department of Electronics and Electrical Engineering, Kyiv (Ukraine)

TECHNOLOGY AND EQUIPMENT OF FOOD PRODUCTION

Adegoke Gabriel, Professor of University of Ibadan, Department of Food Technology, Ibadan (Nigeria); Barreca Davide, Universita degli Studi di Messina,
Department of Chemical Biological Pharmaceutical and Environmental Sciences, Messina (Italy); Burdo Oleg, Professor of Odessa National Academy of Food
Technologies, Department of processes, equipment and energy management, Odesa (Ukraine); Effat Baher, National Research Centre, Dairy Science Depart-
ment, Cairo (Egypt); Erkmen Osman, Gaziantep Universitesi, Department of Food Engineering, Gaziantep (Turkey); Hafiz Ansar Rasul Suleria, PhD, Kansas
State University, Department of Food, Nutrition, Dietetics and Health, Manhattan (USA); Modi Vinod, Central Food Technological Research Institute India,
Department of Meat, Fish and Poultry Technology, Mysore (India); Pavlyuk Raisa, Professor of Kharkiv State University of Food Technology and Trade, De-
partment of Technology processing of fruits, vegetables and milk, Kharkiv (Ukraine)

MATERIALS SCIENCE

Apostolopoulos Charis, Patras University, Department of Mechanical Engineering and Aeronautics, Patra (Greece); Buketov Andriy, Professor of Kherson
State Maritime Academy, Department of Transport technologies, Kherson (Ukraine); Dubok Vitalii, Professor of Taras Shevchenko National University of Kyiv,
Department of Radiophysical Phaculyty, semiconductor physical chair, Kyiv (Ukraine); Duriagina Zoia, Professor of Lviv Polytechnic National University,
Department of Applied Materials Science and Materials Engineering, Lviv (Ukraine); Efremenko Vasily, Professor of State Higher Educational Institution
«Priazoivskyi State Technical University», Department of Physics, Mariupol (Ukraine); Gevorkyan Edvin, Professor of Ukrainian State University of Railway
Transport, Department of Quality, standartization, sertification and materials making technology, Kharkiv (Ukraine); Gubicza Jend, Eotvos Lorand University,
Department of Materials Physics, Budapest (Hungary); Gupta Manoj, National University of Singapore, Singapore City (Singapore); Sobol Oleg, Professor of
National Technical University «Kharkiv Polytechnic Institute», Department of Materials Science, Kharkiv (Ukraine); Yaremiy lvan, Professor of Vasyl Stefa-
nyk Precarpathian National University, Department of Material Science and New Technology, Ivano-Frankivsk (Ukraine)

e TECIFI;It(a)ng;rsCENTER Journal Indexing CBifOUTBO NPO AeprKaBHY
< > peecTpauii >xypHany
Ukrainian State University of = Scopus KB Ne 21546-11446 TIP Bix 08.09.2015
Railway Transport = CrossRef
= American Chemical Society ATS°"’°“"° - )
Publisher = EBSCO Bumoio Arecraniiinoio Komiciero Ykpainn
PC «<TECHNOLOGY CENTER» = Index Copernicus ITepesnix Ne 12 nocranosu IIpesusii
BT N TR S = Poccuiickuil nuexe Hayanoro iutuposanust (PVTHIT) BAK Ne 1-05.36 six 11.06.03
itorial office’s and publisher’s address: . P .
Shatilova dacha ;r., 4, Kharkiv, : ggllc\?];;erwdlcals pirectory [Tocranosoro Mpesunii BAK Vicpairu
Ukraine, 61145 . . ) Ne 1-05,/2 Bix 27.05.2009, Ne 1-05/3 Bix 08.07.2009
= Bielefeld Academic Search Engine (BASE) Bionererns BAK Yipaitn
Contact information = WorldCat
. = Electronic Journals Library Haxkasom MinicrepcrBa ocBiti i Haykn Ykpainu
Tel.: +38 (057) 750-89-90 = DOA Ne793 5in 04.07.2014
E-mail: eejet kh@gmail.com . Resea;]rchBib 2/I5 BN B2.07.
Website: http: jet.com.ua, :
e » Polska Bibliografia Naukowa Mianucano &0 Apyey
’ B = Directory of Research Journals Indexing o p-
(OF% E] = Directory Indexing of International Research Journals Mopmar 60 x 84 1/8.
= Open Academic Journals Index VM.-apyk. apk. 9,25. O6:.-Buz. apk. 8,60
[=] = Sherpa/Romeo Tupax 1000 exa.




0 o
Poéoma npucesuena po3pooui ma 00cioxncen1o nempa- DOI: 10.15587,/1729-4061.2018.142975

Quuiiinozo eucokoeexmuenozo po3psaoH020 KOPMeENCHO-
mabauuH020 N02iK0-060POMHO20 MEMOOY, HA OCHOBI AKO020

CMEOPI0IOMbCA NPeyusitini Mooeti 061UCaI06aIbHUX nepe- B I Tw I s E M ET H O D

meoprosauis ingpopmauii, npedcmasnenoi y 6uznsdi 00Ho-

noaapnux 06iiik060-K0006uUx onepanois 3 no3uYiliHo-6no- FO R T H E BI N A RY_

paokosanoi popmoto 3anucy.

Cyuacni modeni nepemeoprogauis, nodyoosani mpa- CO D E D 0 P E R A N D s

Quyitinumu Memooamu, He HeCYymv, AK NPAsUJI0, 061uUC-

N106ATILHO20 HABAHMANCEHHS | € Y3200HCYIOUUMU KOMNO- CO N V E R s IO N B A s E D

Henmamu, wo 3abe3newyiomv Heo0Xiony gopmy nodanns

ingpopmauii, ax na 6xodi, max i Ha 6ux00i 06UUCAIOEAT- 0 N M AT H E M ATI C A L

Hozo npucmporo. Ipu ybomy 6onu maromv pso odomesxicens,

BUKOHAHHS AKUX BUMARAE ANAPAMYPHOIO NIOMPUMKU, WO LOG I C
npu3eodums 00 30irbuenHs 6azu i 2a0apumie, nozipueHns

Haoilinocmi ma enepzo-4acoeux NOKA3IHUKIG, NiOGUWEHHIO A. Lukashenko
eapmocmi.

PhD, Senior Researcher*

To 03po0Ka 106020 Hempaouuilinozo memooy, uo D .
OMY po3p Ho Hempaouutun Memooy, E-mail: ineks-kiev@ukr.net

nepemeoproe pizHozo 6udy NO3UUIUHO-6NOPAOK0BAHT 08ili-

K060-K00061 onepanou 6 neeui 3HaueHHs xK00060i Komoi- D. Harder
Hauii i, HABNAKU, BUKOPUCMOBYI0MU 0OHI Ui Mi HC MAOAUUHI Junior Researcher*
dani 6ionogionocmi (nonepednvo obuucaeni), € axmyans- E-mail: lukash_d@ukr.net
HO10 3a0ayero. V. Lukashenko

Memoo exouac: popmysanms mabauys 6i0nosionocmi PhD, Junior Researcher*
Ha 0a3i popmanvioi 102iKu; 6UIHAMEHHS 3HAYMEHb KOPULYIO- E. Fedorov
YuUx KoHcmanwm, euxopucmosyrouu onepauiro XOR; nikei- Doctor of Technical Sciences,

dauito ingpopmauiiinoi HaOMIpHOCMI 3A60AKU KOPMENCHIN
dexoMno3uuii ma cunmes KoMNOHeHMI8 MOOeJi 004ucC-
J1106a1bH020 nepemeoprosaua ingopmauii. Cyxynnicmo
npouedyp 3abesnenye GazamoPyHKuioHANLHICMb, BUCOKY
wWeuUoK00i10 i HAdIlIHICMb, 3MEHUEHHS eHEP20CNONHCUBAHHSL
npu 30epesicenni npeyusitinocmi pesyabmamis.
Bepudghixauia 3anpononosanoi Jnoziko-mamemamun-

Associate Professor, Head of Department
Department of Computer Sciences

Donetsk National Technical University
Shybankova sq., 2, Pokrovsk, Ukraine, 85300
E-mail: yevhen.fedorov@donntu.edu.ua

V. Lukashenko

HOi MoOei 01 cmeopenns eexmuenozo memooy, AKuil Doctor of Technical Sciences,
nepemeopioe pianozo 6udy 06iiik060-K0006i onepan- Professor, Head of Department™**
ou, niomeepoicena po3paxynKamu KopuzyeanvHux KoHc- E-mail: ckc@chdtu.edu.ua
manm, nHasedeHumMu 6 MAGIUUAX, MA eKCREPUMEHMOM. T. Utkina
Excnepumernm npoeedeno na po3pobnenii Qizuuniit mode- PhD, Associate Professor**
Jii 3 €OUHUM HUCA06UM GIOKOM NaAM ‘ami, axa nepemeopioe E-mail: t.utkina@chdtu.edu.ua
deiiikoeuii K00 6 k00 Ipes i naenaxu. S. Mitsenko

3anpononosani opuzinanvii 6azamodynxyionanrvui PhD, Senior Lecturer**

06uuUCI08ANILHI NEPEMBOPIOBAUL 00360A10Mb 3 MEHUUMU
€HeP20-1aACoBUMU MA aANAPaAMYPHUMU EUMPAMAMU GUDI-
wyeamu N0KANIbHI 3A60AHHS YNPABIIHHA 8 KOMN tomep-
HO-IHME2POBAHUX CUCMEMAX CNEeUiaNbH020 NPUIHAMEHHS .
01 Ynpasainna 6UCOKOWBUOKICHUMU MEXHOTOZIMHUMU E-mail: k.rudakov@chf:ltu.edu:ua
npoyecamu a6o asmonomHumu Qizuunumu 06’ckmamu *E. O. Paton Electric Welding

Knoo6i criosa: xomnonenmu xomn’romepno-inmezpo- | Kazymyra Malevycha str., 11, Kyiv, Ukraine, 03680

E-mail: s.mitsenko@chdtu.edu.ua
K. Rudakoyv
PhD, Senior Lecturer**

eanux cucmem, xodonepemeopenis, 06iliKo6ili-Kx0006i **Department of Robotics
onepanou, po3paonuii Kopmedz’cHo-mabauHuil 102iKo- and Specialized Computer Systems
ob6opomnuii memoo Cherkasy State Technological University
o o Shevchenka blvd., 460, Cherkasy, Ukraine, 18006

1. Introduction platforms, radar installations, robotics, resource-saving tech-

nological complexes, etc., which operate in real time. The

At present, computer-integrated system (CIS) for special ~ development of computational tools puts forward a number
purposes are widely used in space technology, gyroscopic  of tasks related to the need to meet the ever-increasing




requirements for CIS components in terms of performance
speed, representation accuracy of calculation results, relia-
bility, power consumption, weight, dimensions, and cost at
the same time.

One of the main CIS components are the computational
converters of binary-coded information.

Binary-coded operand converters with different systems
of calculus are often the aligning components both at the
input and output of a computing device. Such models of
converters, built using traditional methods, are not typi-
cally computationally loaded. At the same time, they have
a number of constraints meeting which requires hardware
support, which leads to an increase in weight and dimensions,
deterioration of reliability and energy-time indicators, and
increases the cost. For example, the interference-resistant
unweighted Gray code is not applicable for computational
operations, which is why there is a need to convert it into
a binary weighted code. That increases hardware, energy, and
time costs, resulting in a clear decrease in the CIS structure
parameters in general and deterioration of its technical-eco-
nomic indicators.

Computational converters of binary-coded systems that
operating under extreme conditions are mostly built on the
basis of classical tabular methods (CTM) or tabular-algorith-
mic methods (TAM). The CTM tables contain two sets: va-
lues for the input codes (argument) {x;} and values for the out-
put codes (function) {y;}, while the TAM tables include {x;}
and the corresponding values for corrective constants {A;}.

The procedure of conversion implementation comes down
to constructing a read only memory (ROM), consisting of
a decoder for CTM, or a combinational circuit for the TAM
address scheme and numeric memory blocks that store, re-
spectively, the sets {y;} or {A;}.

The advantage of ROM fabricated based on CTM on
a single chip is their small weight and dimensions, high
performance speed and high reliability, and their low cost at
industrial production.

It is known that the volume of ROM depends on the
bit size of the operands, for example, for 7n>32 bits, ROM
volume reaches 21,011 bits. Despite advances in micro- and
nanotechnologies, when manufacturing large integrated cir-
cuits (LIC) with a high degree of integration, there increases
the percentage of defective crystals per plate and, as a conse-
quence, the cost of ROM LIC grows. At the same time, there
is an increase in the number of hidden technological defects,
which reduces the reliability of the product.

The task on compressing the volume of tables is resolved
by applying tabular-algorithmic methods, at which ROM re-
cords corrective constants, most often the results of calcula-
tions for part of the source data set, using the arithmetic and
logical operations. This is not acceptable for special purpose
systems that working in real time, due to the increased time
on time-consuming operations, such as multiplication, divi-
sion, etc. when processing code combinations.

Despite the large number of papers on methods for
converting the binary-coded operands [1-21], there is no
a unified theory for the unconventional method of bitwise
code conversion with different number systems. It is desir-
able that it should contain simple ratios that would link the
values for binary-coded operands not only for different types
of number systems, but also the unipolar codes with a posi-
tional form of notation.

The search for new principles of conversion has led to
the development of the unconventional bitwise tuple-tabular

logical-reverse (BTTLR) method of hardware implemen-
tation, based on the proposed mathematical logic (ML).
It makes it possible to directly convert the value of input
information in the form of a multi-bit binary coded combina-
tion in a single number system into the corresponding value
of output in the form of a binary code of another number
system. A limitation in the application of this method is the
execution of positioning, orderliness, and a unipolar form of
the operand notation.

Thus, a BTTLR method of hardware implementation is
promising for further development and introduction of new
principles for the binary-code conversion designed for special
purposes CIS that covers a rather broad scope of industry
and science.

2. Literature review and problem statement

Traditional methods to convert multi-bit binary-coded
operands do not always meet the high requirements put to
the modern components of special-purpose CIS due to the
large number of additional discrete elements or considerable
time cost. For example, the implementation of converters
based on software algorithm is distinguished by high flexibi-
lity, but they are characterized by a slow information proces-
sing rate and the complexity of computation [1].

Authors of paper [2] examine the transformation of in-
formation using the optimal choice of the generating poly-
nomial. However, obtaining a result using it includes long
arithmetic operations: multiplication, exponentiation, etc.

The disadvantage of known specialized digital conver-
sion systems, which are manufactured by firms Fourier Sys-
tems Ltd. (Israel) [3], Pascolnc. (United States) [4], Phywe
GmbH (Germany) [5], is their high cost.

In addition, there are information converters for the
industrial automation systems [6], which require additional
equipment to align signals from sensors with computational
devices, which leads to the bulkiness of the converter and
increases the cost of the complex in general.

The designed hardware-software platform [7] only par-
tially elininates the above shortcomings, but requires ad-
ditional expenditures for the development of proprietary
software.

The high-performance methods for converting the bi-
nary-coded special-purpose operands include tabular me-
thods [8]. However, when processing multi-bit information,
they require a significant volume of ROM, for example,
a volume of the numeric memory block for operands with
a bit size of n=32 is 32-(2%2-1)=10'! bits. This reduces the
percentage of yield of suitable crystals per plate and, as
a consequence, increases the cost of the product.

Several important results were reported in papers that
relate to the structural organization [9], generation [10],
and determining the best binary cyclic codes [11], however,
their disadvantage is the slow performance of the information
conversion process.

Paper [12] shows that the most widely used codes in
computational equipment are the binary-decimal codes that
satisfy the condition for uniqueness, they have the properties
of additivity, orderliness, balance, parity, additionality. How-
ever, the code «8, 4, 2, 1» hinders the formation of transfer
from a lower tetrad to the higher tetrad. The code with
a «redundant 3» lacks the property of weighting. The code
«2, 4, 2, 1» with an artificial order of weights lacks the



mutually unambiguous correspondence between decimal
digits and their binary codes.

Also of interest are the weighted codes in the binary nu-
meral system [13] whose main advantage is the universality
of number representations, while the drawback is performing
arithmetic operations only at full-bit representation of multi-
bit operands. That reduces the information conversion speed,
which is not always acceptable for the special purpose CIS
components.

The sign-bit number system [14] has a number of ad-
vantages: the possibility of organizing digital information
processing from higher bits to the lower ones; the extensi-
bility of computation bit size. The main disadvantage is slow
performance due to the local distribution of carries when
performing arithmetic operations.

A significant improvement in performance is provided by
a parallel implementation of basic arithmetic operations and
areduction in the amount of memory for function tabulations
when using code combinations in the system of residual clas-
ses (SRC). However, the obstacle to widespread application
of SRC for the specialized computing tools is the complicated
division algorithms (when a result is not an integer) and the
difficulty in locating an overflow [13].

Work [15] fails to provide a description of the method for
an error-free recovery of the original coded information at
a reverse operation. Despite the large number of papers
on the conversion of codes, there are no any grouped set
of different kinds of binary-coded operands, which are the
most needed ones for special-purpose systems. For instance,
there are no descriptions of conversion of the non-weighted
noise-resistant code with a positional notation or a unipolar
noise-like code directly into a binary code of the value for
a transcendent function and vice versa. Therefore, develop-
ment of the method for converting the codes of different
number systems using a common methodological and infor-
mation basis is a promising task.

3. The aim and objectives of the study

The aim of this study is to develop a bitwise tuple-tab-
ular logical-reverse method for converting multibit binary-
coded operands with a positionally-ordered notation based
on mathematical logic for the computer-integrated systems
for special purposes.

To accomplish the aim, the following tasks have been set:

—to generate a set of modern positionally-ordered bi-
nary-coded (POBC) operands for the special purpose CIS
components;

— to define a formalized logical-mathematical model that
would describe the direct and inverse conversion of POBC
multi-bit operands using corrective constants for different
number systems;

— to implement the principles of forming the output bi-
nary-coded operands based on the adjustment of input codes;

—to build a multifunctional model for converting a
noise-resistant code with a positional notation into multi-bit
binary-coded combinations of values for functions sin(x),
tg(x), th(x) and a natural binary code based on BTTLR
method,;

—to verify the proposed BTTLR method based on the
designed physical model that would convert the Gray code
into a weighted binary code and vice versa, utilizing the same
volume of the memory numeric block.

4. Defining the class of positionally-ordered binary-coded
operands for the special purpose converters

The complexity of tasks on managing objects within CIS,
and especially in the special-purpose systems, is explained by
the increased requirements to the basic technical-economic
indicators of their components (such as performance speed,
accuracy, reliability, power consumption, weight, dimensions,
and cost).

We should note the peculiarity in the design and manu-
facture of special purpose converters. That implies that one
knows in advance the input set of the converted operands
in a single number system and the corresponding output set
of the same or a completely different number system of the
converted binary-coded operands [16—18].

A customer often demands that high performance speed,
high accuracy, high reliability, good weight-and-size indices,
low cost, small energy consumption and reversibility should
be simultaneously ensured [19-21].

Conversion reversibility is characterized by that in the
application of a reverse operation, the source information is
restored without errors [22—25].

Fig. 1 shows a set of binary-coded operands for the direct
and inverse conversion, which are most in demand in the
special purpose CIS.

The principal attributes of the models of computational
information converters for special purposes are positioning,
orderliness, representation of the binary-coded operands in
the form (0, +1), codes with a positional unipolar notation,
codes from different number systems.

An analysis of the set of existing binary-coded operands
(Fig. 1) confirms the variety of their notation systems. Some
of them do not contain computational operations and are
applied to match the input information source and the com-
putational unit of a special-purpose CIS.

The problem is that there are no simple correlations lin-
king the values for different types of the positionally-ordered
binary-coded operands regardless of number systems and the
form of notation.

Positionally-ordered binary-coded operands
for special-purpose systems

3
[ 1

‘ Codes of numeric operands ‘ ‘ Codes of controlling operands
I T

‘ Non-weighted codes }—<—{ Non-uniform codes ‘

Weighted codes _‘
[ |

Gray codes with a positional
notation

Uniform codes ‘

Binary-decimal codes ‘

Skitbitz codes

Noise-like codes with
a unipolar positional —

notation Diamond codes

Walsh-Peli codes with a unipolar L
positional notation

Lippel codes

»-{ Libov and Craig code ‘
Walsh-Hadamard codes with a =
unipolar positional notation ]

‘ Codes of binary-decimal fractions r’;‘ Codes of decimal fractions ‘

Corrective codes ‘

Fig. 1. A set of different kinds of binary-coded operands that
are employed in special-purpose systems



To this end, it is proposed to reproduce a unified formal-
ized model to describe the procedure of converting codes of
different kinds based on mathematical logic.

5. Formalized logic-mathematical model for converting
binary-coded operands of various types

A logic-mathematical model (LMM) for the formalized
description of the procedure to convert the positionally-or-
dered input operands into respective output binary-coded
operands is constructed using corrective constants derived
from the XOR operation within Zhegalkin algebra.

A special feature of the formal logic is that one defines the
location (position) of unity «1» and zero «0».

Let the positionally-ordered converted set X and its
corresponding predefined converted set Y of binary-coded
sequences be recorded in the following form:

X =(2, Xy e Xy 2, 2), } o
Y:(yn—1 yn—Z "'yn—i y1 yo)

A bitwise difference between the code sequence that
is converted and the code sequence that has been conver-
ted, when using the properties of the Zhegalkin algebra’s
XOR operation, takes the form:

Ay=X®Y=

=, ®y,) (2, ®y,)...(x,®y)(x,®y,), (2
where

(4,1 ®,.)=4,--. (%, ®y,,)=

=A, e (4,@y,)=4A4 (v, @y,)=A,.

A positionally-ordered code of the difference is a correc-

tive constant Ag that is represented in the following form:

Ag=(A A, A AAY). 3)

Code sequence (3) maintains positionality and orderliness:
O0<A, <A <A, <..<A [ <...<A <A,
0>A>A, > >A >..>A ,>A . (4)

The positionally-ordered sequence of the converted code
(direct code) is calculated using LMM, recorded in the fol-
lowing form:

Y=X®A, =
=, ®A,)..(v, @A, ). (x,@A)...(x,®4,). (5)
The positionally-ordered sequence of the inverse code

(inverse transform) based on the properties of the XOR ope-
ration is calculated from formula:

X=A, @Y=

= (An—1 ®yﬂ—1)"'(AVL—i ®yn—l) (A1 ®y1) (AO ®y0) (6)

It follows from formulae (3), (5) and (6) that the repre-
sentation of the set of direct and inverse codes employs the

same set of codes of corrective constants, that is, the same
volume of tables.

Investigating LMM for direct and inverse transforms has
showed that their characteristic features are:

—the absence of lengthy arithmetic operations, which
improves performance speed;

— the lack of additivity eliminates the expectation to rep-
resent operands only in full-bit form for further conversion,
which makes it possible to process operands from high-order
bits to low-order bits and vice versa. That speeds up the pro-
cess of information processing;

— the scalability of bit size, which improves the accuracy
of information representation;

— the possibility of parallel information processing, which
reduces the time of delay to derive a result;

— the possibility to represent direct and inverse coded
operations at the same volume of tables of corrective con-
stants, which reduces the overall memory volume compared
with classical tabular methods (CTM).

Desire to compress the volume of tables that store infor-
mation to generate the results of representation of the output
binary-coded operands has led to the implementation of ap-
propriate principles aimed to condense information.

6. Principles of forming the output binary-coded
operands based on the input code correction

It is known that the method is characterized by the com-
bination of techniques for applying the principles and means
of hardware implementation [22—25].

The principle of formal logic underlies the design of the bit
tuple-tabular logic-reverse (BTTLR) method for the hardware
implementation of high-speed conversion of multi-bit bina-
ry-codes operands by the components of special-purpose CIS.

At the stage of preliminary preparation, we perform the
procedure to level the bit size of the operands. We insert «0»
after comma (after a lower bit), or before a comma, we in-
sert «0» before a higher bit.

Since the emergence of «1» and «0» in the binary-codes
operands X and Y at a bit size n>8 are equally likely, there
is a possibility to use the array of input information X with
further adjustment.

The principle of determining the difference between the
positionally-ordered binary-coded operands X and Y is built
based on the logical XOR operation.

The principle of forming the output set of respective multi-
bit unipolar positionally-ordered binary-coded operands im-
plies the adjustment of the input set of independent variables
using low-bit constants.

Search for compacting the set of corrective constants has
led to the application of the principle of decomposition of the
structured multi-bit input and output codes based on the low-bit
tuples followed by determining the difference between them.

Examples of tuple decomposition of the sets of input X
binary-coded operands with corresponding numbers and the
positionally-ordered subsets of low-bit tuples 7, in the gene-
ral form are given in Table 1.

Examples of tuple decomposition of the sets of the corre-
sponding input X binary-coded operands with corresponding
numbers and the positionally-ordered subsets of low-bit tu-
ples 7, in the general form are given in Table 2.

Table 3 gives, in the general form, the relational model
of binary-coded operands of the respective number and the
subsets of tuples of corrective constantns A calculated from
formula (2).



Table 1
Relational model of tuples and domains
of the converted code sequence X
No. of set Subset of tuples of Subset of Subset of
of ope- higher bits X tuples of the | tuples of lower
rands X 8 i-th bits X bits X
Xi Xn-1,1 Xn-2,1 Xn-3,1 Xn-4,1 e Xt e X3,1 X2,1 X1,1 Xo,1
X Xp12Xp-22Xn-32Xp-42 | - Xi2.. | X32X22X12%X02
X Xnt e Xn-2k Xn-3) Xn—af | X i3 | X3 X2k X1f X0k
Xr Ty Tix Tmx
Table 2

Relational model of tuples and domains
of the code sequence Y that has been converted

No. of set Subset of Subset of
Subset of tuples of

of oper- higher bits ¥ tuples of the | tuples of lower

ands Y g i-th bits ¥ bits ¥
Y Yn-11Yn-2,1 Yn-31 Yn-4,1 Yt e Y31 Y21 Y11 Yo
Y, Yn-12Yn-22Yn-32Yn-42 Y2 Y32Y22Y12Y0,2
Y Yn-1k Yn-2k Yn-3k Yn-4k Vi3 | YskY2kY1EY0k
Yr Ty Tiy Ty

Table 3

Relational model of code sequences
of the tuples of corrective constants A and domains

No. of set Subset of Subset of
Subset of tuples of

of con- higher bits A tuples of the | tuples of lower

stants A 8 i-th bits A bits A
Ay Ap 11 An21 003180 41 Ay | A31A21 A1 Aoy
Ay A2 D22 Dn 3000 g2 o Ajo.. |Ag32Ar9A12 Ay
Ay Aptk Dnok Dn3pDnsp | - Aige [ A3pAopArpAog
Ar A LN Tmy

The principle of forming the output code combination Y is
based on the application of the logical operation of conca-
tenation.

The result of concatenation is the following form of the
multi-bit positionally-ordered binary-coded combination:

Y=n,..0,..7,.

The totality of employment of the specified principles
has allowed us to form directly (bypassing the cost of the
procedure for information adjustment of different number
systems) a set of multi-bit polyfunctional binary-coded
operands.

Volume of the set of corrective constants Ay, for each tuple
at the same length of bit size 7 is calculated from formula:

V,=r-(2 —1) bits. ()

At the parallel conversion of n-bit codes, the volume of
tables of corrective constants is derived from formula:

V= I:(nz/r)~(27 —1)] bits.

When compared to the classical tabular method, the
volume of stored tables reduces owing to that r<<n by ap-
proximately:

VCTM/VBTTLR = n'(2n _1)/(712/7)'(2" _1) =
= (r/n)~(2””) times.

Verification of the information compression principles
is confirmed by the specific examples [22, 24—-27] shown
in Tables 4, 5, and the histogram in Fig. 2.

The relational model of decomposition of values for the
positionally-ordered non-weighted noise-resistant Gray code
and the corresponding values for the measured binary code of
functions Y;=sin(x), Yiz=tg(x), Yin=th(x) for n=8 are given
in Table 4.

Table 4

Relational model of values for the Gray code
and output binary codes of functions

Decomposi- D - lues f .
tion values ecomposition values for respective
. functions based on tuples in the binary
for the input
No. . : number system

of noise-resis-

tant (INR)
t .

Y code Y=sin(@) | Yi=tg@) | Yu=th()

INRy | INRy | Yig | Yos | Yig | Yog | Yiew | You
1 0001 | 1000 |.0011 | 0010 |.0010 | 0010 |.0011 | 0010
2 0001 | 1001 |.0011 | 0100 |.0011 | 0100 |.0011 | 0110
3 0001 | 1011 |{.0011 | 0110 |.0011 | 0110 |.0011 | 1000
4 0001 | 1010 {.0011 | 1010 |.0011 | 1010 |.0011 | 1010
5 0001 | 1110 |{.0011 | 1110 |.0011 | 1100 |.0011 | 1110
6 0001 | 1111 |{.0011 | 1100 | .0011 | 1110 |.0100 | 0000
7 0001 | 1101 |.0100 | 0000 |.0100 | 0000 |.0100 | 0100
8 0001 | 1100 {.0100 | 0100 |.0100 | 0010 |.0100 | 0110
9 0001 | 0100 |.0100 | 0110 |.0100 | 0100 |.0100 | 0100
10 | 0001 | 0101 |.0100 | 1000 |.0100 | 0000 |.0100 | 1100
11 0001 | 0111 |{.0100 | 1010 | .0100 | 1100 |.0100 | 1100

Note: INRy; INR, are the values for the higher and lowe tuples,
respectively, of the noise-resistant Gray code

The relational model of decomposition of values for the
non-weighted positionally-ordered noise-resistant Gray code
and the corresponding tuples of values for the corrective con-
stants A are given in Table 5.

An analysis of values in the tuples of corrective constants
for functions sin(x), tg(x), th(x) reveals the multitude of the
same values, indicating information redundancy.

In order to visualize results of the tuple decomposition of
structured corrective constants derived from formula (2), we
constructed a histogram shown in Fig. 2.



Table 5

Relational model of values for the Gray code
and values for the corrective constants

Decomposition values for the correc-
Decomposition tive constants based on tuples of the
No. | . values _for the_ binary-coded combinations for respec-
of | input noise-resis- tive functions
entry | tant (INR) code ) ) )
INRy INRy Aig | Agg | Atg | Ao | Aten | Ao
1 0001 1000 | 0010 | 1010 | 0011 | 1010 | 0010 | 1010
2 0001 1001 | 0010 | 1101 | 0010 | 1101|0010 | 1111
3 0001 1011 | 0010 | 1101|0010 | 1101 [ 0010 | 0011
4 0001 1010 | 0010 | 0000 | 0010 | 0000 [ 0010 | 0000
5 0001 1110 {0010 | 0000 | 0010 [ 0010 | 0010 | 0000
6 0001 1111 {0010 | 0011 | 0010 | 0001 | 0101 | 1111
7 0001 1101 | 0101 | 1101|0101 | 1101 0101 | 1001
8 0001 1100 | 0101 | 1000 | 0101 | 1110|0101 | 1010
9 0001 0100 {0101 {0010 {0101 [ 0000 | 0101 | 0000
10 0001 0101 |{0101 | 1101 { 0101 [ 0101 | 0101 | 1001
1 0001 0111 [0101 [ 1101 | 0101 | 1011 | 0101 | 1011
N 18
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Fig. 2. Histogram of the number of corrective constants
for the direct and reverse conversion of a noise-resistant code.
Note: Nis the number of identical values
of corrective constants

«Co-processor for computing values for the «direct> and
«inverse» functions; «Converter of binary code into unipolar
inverse codes, and vice versa» [22, 24, 25].

They differ from those already known, given the multi-
functionality, by low hardware cost for the implementation of
tables and by the improved reliability, by the increased time
between failures, by high-speed performance owing to the use
of the logical operations «AND», «OR», XOR only.

7. Multifunctional model of the noise-resistant code
conversion into a set of operands for function values

One means of hardware implementation [22, 24—27], based
on the BTTLR method, is a multifunctional model (Fig. 3) for
converting the noise-resistant non-weighted Gray code into
the respective binary function codes Y=sin(x), Vi =tg(x),
Ya=th(x) and a binary code.

The algorithm for generating the output values for the
respective operands based on model (Fig. 3) after traditional
preparatory operations implies the following:

1. Record the Gray code into the register for code inputs.

2. Recognize the respective Gray code combination by
using a matching address scheme.

3. Read the tuples of corrective constants from memory’s
NB, which were recorded previously.

4. Corrective constants appear at the computational re-
gister inputs by the corrective feedback.

5. Triggers of the register change their state, under
the action of unities from the corrective constant, to the
opposite state.

6. The generated corresponding function code appears at
the register outputs and at the inputs of the gate block.

7. The function code is received at the gate block outlet
under the influence of the generated pulse.

8. The corresponding function’s value appears by the reverse
information link at the inputs of the converter inside the crystal,
which are connected to the external bus «input/outputs.

It should be noted that the conversion algorithm has the
same structure of operations when representing the code values
for functions Ys=sin(x), Yig=tg(x), Yn=th(x) and a binary code.

—H—
A

|_. Rg »|Combina-{—
Fig. 2 shows the redundancy (multitude <« tional
of identical values) of constants (some are Ca';cd"r';szf )
repeated 17, 18 times), which makes it pos- < :—3|2 >
sible to reduce the total volume of tables. In — OR |
addition, owing to the XOR operation, the 4 %1 tional _; NB
number of corrective constants for the direct | cireuit of | . 12
. . .| address >
and reverse conversion of codes according to — > .
formulae (5) and (6) is maintained. 4]
During hardware implementation, the me- 17¢% AN |5 Combina-
s . 19 J D .| tional |,
mory’s numeric block (NB) records one con- > | circuit of
. Y
stant (from the multitude of the same) and one 276 AN . adg';“ G
volume for corrective constants for the direct 28 J D 25 »24]
and reverse conversion, which significantly Combina 22
reduces the total amount of memory’s NB. 34 3L AN 3 : ,ﬁonft*l .
.| circuit of | |

It should be noted that with a substantial
reduction in the volume of memory’s NB the
information content is preserved.

address

29
—B]
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The proposed method has been develo-

ped and protected by patents for invention:
«Multifunctional tabular-logic co-processors;

Fig. 3. Model of the Gray code conversion into
the function codes and a binary code



In Fig. 3, symbols and digits Rg 1, «Combinational circuit
of address» 2, 13, 23, 29, «<NB» 12, «T» 7, «G» 22 denote
the input/output register, combinational circuits of address,
memory’s NB, a trigger, a block of gates; digits 9, 10, 18, 19,
28, 34 are the external control buses: «trigger start», «reset»,
«run to represent functions Y;=sin(x), Yi;=tg(x), Yin=th(x)
and a binary code, respectively.

A special feature of the model (Fig. 3) is the uniformity
of topologies for 4 elements «AND» and 4 combinational cir-
cuits of address. In addition, 4 conversion procedures utilize
a single memory’s NB that stores constants, and a single re-
gister that performs the functions of receiving an input code
and adjusting it to the output code. It facilitates the work
of the builder, reduces the number of errors when designing
topologies. A two-fold decrease in the number of registers
and the use of a single memory’s NB reduce hardware costs,
lower power consumption, and improve reliability.

9. Discussion of results of examining a logic-reverse
operation when restoring the converted code

We have experimentally confirmed verification of the
model for converting the Gray code with a positionally-or-
dered notation into a binary code, and vice versa, conversely,
at the designed bench shown in Fig. 4.

Fig. 4. Multifunctional educational-research bench

In Fig, 4:

Examined blocks:

1a — converters of the Gray code into a binary code and
vice versa (these include: a coded disk, engine, control and
visualization system, power supply);

1b — Barker code (it includes: a code generator, analytical
unit that generates correlation functions).

2 — power supply unit (Uy=5V; Uy=+12V, U3=—12 V).

3 — generator of noise signals.

4 — oscilloscope S1-55.

5 — combined digital device Shch4300.

6 — Acer Extensa 5220 laptop (connected to the genera-
tor of noise signals).

Experimental tests have confirmed that values for a binary
code (direct conversion) and for the Gray code (reverse con-
version) are generated using the same volume of memory’s NB.

The experiment has confirmed a 100-% recovery verifica-
tion of the input code applying the developed physical model,
which implements the method proposed.

Thus, this study into the proposed method and model has
confirmed the convergence between theoretical and practical
results.

The drawback is the application of the proposed method
only for the special-purpose control systems components.

In the future, it is of interest to investigate the effect of
length (uniform and non-uniform) of tuples’ bits on the bina-
ry-coded operations.

The in-depth research into these issues should be
based on the predefined technical characteristics of the
designed CIS.

10. Conclusions

1. We have analyzed and formed a class of modern posi-
tionally-ordered binary codes that are most effectively imple-
mented based on the proposed method for the components
of special-purpose CIS. That made it possible to expand the
scientific and technical base for designing computational
information converters.

2. A logic-mathematical model has been proposed, whose
special feature is: the presence of simple correlations linking
values for different types of positionally-ordered binary-
coded operands regardless of number systems; the ease of
hardware implementation; the absence of lengthy arithmetic
operations. In combination, this accelerates the design pro-
cess of computational information converters.

3. We have implemented the prin-
ciples of generation of output binary-
coded operands based on the adjust-
ment of input codes, which formed the
base for the development of a bitwise
tuple-tabular logic-reverse conversion
methods, specifically:

— the principle of formal logic that
ensures the formalization of the conver-
sion process;

— the principle of determining the
difference between the input and output
multi-bit codes using the properties of the
logical XOR operation. That provides for
a decrease in the volume of tables of cor-
rective constants by not less than 2 times,
and improves performance speed,;

— the principle of forming an output set of respective
multi-bit unipolar positionally-ordered binary-coded ope-
rands using the adjustment of the input set of operands.
That has made it possible to reduce the number of registers
by 2 times, to decrease power consumption, and to improve
reliability;

— the principle of decomposition of the structured multi-
bit input and output codes for low-bit tuples and with the
subsequent determining the difference between them, which
has allowed us to identify a large number of identical values
for tuples;

— the principle of generation of the output code combi-
nation based on applying the logical operation of concate-
nation, which has made it possible to speed up the process of
forming the input value for the respective code.

4. We have developed a multifunctional model for con-
verting the Gray code values with a positional notation into
the codes of values for transcendental functions and a natural
binary code. A special feature of the model is:

—the conversion algorithm has a uniform structure of
operations, ensuring high regularity of implementation when
representing many functions;



— the uniformity of topologies for 4 elements «AND»,
4 combinational circuits of address facilitate the work of
a builder, reducing the number of errors in design;

— it reduces the number of registers by 2 times and utilizes
one numeric memory block for 4 conversion procedures, re-
sulting in lower power consumption and increased reliability.

5. A special feature of the developed bitwise tuple-
tabular logic-reverse method for converting various kinds of
binary-coded multi-bit operands with a positionally-ordered
notation is:

— the formalization of the process of their conversion,
owing to the employment of formal logic. This expands the
scope of their application and simplifies the process of con-
verting binary-coded multi-bit operands;

— high performance owing to the high degree of paralle-
lism in the information processing;

— the possibility of a tuple build-up that provides in-
creased accuracy;

—the restoration of the input code without an error
during logic-reverse procedure using the same volume of
tables of corrective constants.

6. Based on the developed structural, functional, and
fundamental electrical circuits, we have constructed
a physical model to investigate the code conversion
procedure, which is built into a multifunctional edu-
cational-research bench. Verification of the theoretical con-
clusions has been confirmed by the results of the experi-
mental study.
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Busnauenns noxaznuxa 0nst OuinKu ehexmusHOCmi CuCmeMHux
onepauiii € HAUBANCUCTUUM emaANOM Ol ONMUMIZAUTT MEXHOI0-
2ivHux npouecie 0Yov-aK020 nionpuemcmea. Ileii xpox 3ymoeaoe
cmanuil pesxcum QYHKUIOHYSAHHS BCIX 1020 CUCMEMHUX NPOUECIS.

Te, wio 6ci 6e3 uNAMKY MEXHON02IMHI NPOUEeCcU NosunHi Gymu
ONMUMI306aHT 3 GUKOPUCIAHHAM Y32002CEH020 KpUmepito onmu-
Mizauii, € axciomoro. Ilpu yvbomy marxa modxcaugicmo 3adesneyny-
€MbCSL MINLKU 6 00HOMY BUNAOKY — AKUO Y 6CIX PYHKUIOHATLHUX
cucmemax 8 AKOCMi Kpumepito onmumizauii 6UKOPUCMOBYEMbCS
dopmyna edpexmuenocmi. Came maxuil nioxio sabe3neuye max-
cumizauito Qinancosux Mojicaueocmell 6J1ACHUKA NiONpUeMcmea.

IIpoonema nonszae ¢ momy, w06 ceped Ge3niui ouiHOUHUX
noKaznuxie, 00HaKoeux 3a opmanrvhumu o3naxamu, i0ewmu-
Qixyeamu maxy cmpyxmypy, saxa éionosioae cmpyxmypi opuzi-
HavHoi popmyau epexmusnocmi.

ns npaxmuunozo eupiwenns upo20 3a60anns 6 0anul wac
BU3HAYEHT KJAACU eMANIOHHUX MoOdeiell onepauiil, KoJceH 3 AKUX
Mae ceoto Pynxuionanvuy cnpamosanicmo. Ilpu yvomy naiidinvu
PO3POOIEHUMU € KIAACU eMATIOHHUX MOOeel NPOCMUX onepauii.

Ilo sionowennio 0o xnacie emanonnux mooeJei onepauii
3 po3nodinenumu napamempamu, 3adaua supiwena 01 onepa-
YIUHUX NPOUECi6é 3 00HAK0B0I0 MPUBATICMIO 6 HACT, A MAKOIHC O
npouecis, 3 pizHor0 mpusanicmio pecypcosiooayi no euxooy.

Y npononoeaniiic po6omi eusnauacmocs ooMmedcenull Kaac
Modeiell onepauiii 3 po3noodijeHuMuU napamempamu piznoi mpu-
eanocmi no 6xody. Cmeopenns maxozo Kaacy onepauii € 00cumo
CKAAOHUM 3A80AHHAM, OCKLIbKU Heo0XiOHo épaxosyeamu gak-
mop uacy i 3ab6e3neuyeamu MoNCAUGICMb 3iCMABAEHHS Onepauii-
HUX NPOUeCie Pi3Hoi mpueaiocmi.

s eupimenns yboz0 3asdanns, na nepwomy emani, Oyau
chopmosani 2nobanvii modei npocmux onepauiii piznoi mpuea-
Jlocmi 3 6u3Hauenoro pelimuneosoi egpexmuenicmio. Ha nacmyn-
HOMY emani, WAAXOM KOMROZUUTL, POPMYEaAnUCs emanonti mooe-
Jii onepauiii 3 po3noodiieHumu napamempamu wooo UX00y pizHoi
mpueanocmi.

Poszsumox memooy eepupixauii, 3a paxynox eusnauen-
HsL Kacy onepayiil 3 po3noodijeHuMu napamempamu no 6xo0y
pi3noi mpueanocmi y uaci, icmomio nidsuwye HaoiiHicmob
i docmogipnicmo pe3yivmamis éepudikayii ouinounozo noxas-
nuxa. Illpoyedypy eepudpixauii neo6xiono nposodumu ons kpu-
mepito aKw0o nepeddauacmocs 020 BUKOPUCMOBYBEAMU 6 AKOC-
mi nokaznuxa epexmusnocmi

Kntouosi cnosa: eepudpixauis ouinounozo noxkasnuxa, one-
pauisa 3 po3nodilenumMu napamempamu, Kiac onepauii, memoo
sepuixauii

0 0

1. Introduction

A basis of the principle of operation of any enterprise is the
execution of system operations. The task of system manage-
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ment is to determine parameters of operations, which provide
results of system functioning maximally coordinated with the
purpose of its owner [1, 2]. In turn, the aim of an owner of an
enterprise is to maximize its investment opportunities [3].
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This paper addresses the development and examination
of the unconventional highly-efficient bitwise tuple-tabu-
lar logical-reverse method, underlying the construction of
precision models of computational information converters,
represented in the form of unipolar binary-coded operands
with a positionally-ordered notation.

Modern models of converters, built using traditional
methods, are typically not computationally loaded and are
the aligning components that ensure the required form of
information representation both at the input and output of
the computing device. At the same time, they have a number
of constraints that require hardware support, which leads
to an increase in the weight and dimensions, compromises
reliability and energy-time indicators, and increases the cost.

Therefore, development of the new unconventional
method that converts various types of positionally-ordered
binary-coded operands into certain values for a code combi-
nation and vice versa, using the same tabular compliance data
(previously calculated) is a relevant task.

The method implies the construction of compliance

tables based on formal logic; determining the values for cor-
rective constants using the XOR operation; the elimination
of information redundancy owing to the tuple decomposition
and the synthesis of components for the model of a compu-
tational converter of information. The totality of procedures
ensures the versatility, high performance speed and reli-
ability, reduces energy consumption while maintaining the
precision of results.

Verification of the proposed logical-mathematical model

for constructing an effective method that converts various
types of binary-coded operands has been confirmed by cal-
culating the corrective constants given in tables, as well as
during an experiment. The experiment was conducted on the
designed physical model with a single numeric memory unit
that converts a binary code into the Gray code and vice versa.

The proposed original multifunctional computational

converters make it possible, at lower energy-time and hard-
ware costs, to solve local control tasks in the computer-in-
tegrated systems for special purposes in order to manage
high-speed technological processes or handle autonomous
physical objects.

Keywords: components of computer-integrated systems,

code conversion, binary-coded operands, bitwise tuple-tabu-
lar logical-reverse method.
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Determining an indicator for the estimation of effective-
ness of system operations is an important stage for optimiza-
tion of technological processes of any enterprise. This step
predetermines the established mode of functioning of all its
system processes.

The fact that all technological processes should be op-
timized using an agreed optimization criterion is an axiom.
Such a possibility appears only in one case — if we apply the
efficiency formula as an optimization criterion in all func-
tional systems. This approach maximizes financial possibili-
ties of the owner of an enterprise.

The problem is to identify a structure that corresponds to
the structure of the original efficiency formula among a set
of evaluation indicators that are identical in terms of formal
characteristics.

There are classes of standard models of operations define
now for the practical solution of this problem. Each of them
has its own functional orientation. The most developed are
the classes of reference models of simple operations.

In relation to the classes of reference models of operations
with distributed parameters, there is a solution of the prob-
lem operational processes with the same duration in time,
as well as for processes with different duration of resource
expense by an output.

In the proposed study, we define a limited class of models
of operations with distributed parameters of different dura-
tion by an input. The creation of such a class of operations is
quite a difficult task, since it is necessary to take into account
a time factor and to enable possibility of comparison of ope-
rational processes of different duration.

To solve this problem, at the first stage, we formed global
models of simple operations of different duration with pre-
determined rating efficiency. At the next stage, we formed
reference models of operations with distributed parameters
by an output of different duration by compositing.

The development of the verification method by determi-
ning a class of operations with distributed parameters in terms



