ISSN 2411-5363 (print)
ISSN 2519-4569 (online)

MIHICTEPCTBO OCBITH I HAYKH YKPATHH
HAIIIOHAJIbHUA YHIBEPCUTET «YEPHITIBCHKA ITOJIITEXHIKA»

TEXHIYHI HAYKH
TA TEXHOJIOI'II

HAYKOBHH KYPHAJT

Ne 4(22)

HALUIOHAJIBHUA YHIBEPCUTET
«YEPHITIBCEKA MONITEXHIKA»

1960-2020

Yepmiris 2020



T38

YK 62:67.05
T38
DOI: 10.25140/2411-5363-2020-4(22)

Jpykyerbcst 3a pimeHHsM BueHol paau HarionansHoro yHiBepcurery «UepHiriBebka nositextika» (mpotokoi Ne 10 Bix
28.12.2020 p.). Haykoswuit xypHan « TexHidHi Hayky Ta TEXHOJIOTIT» BHECEHO JI0 MEepeTiKy HAyKOBUX (axOBHX BUIAHb Y Kpa-
Hu, 3aTBepkeHoro Hakazom MinicrepcrBa ocBitH i Haykn Ykpaiau Big 11.07.2019 p. Ne 975, BianoBiaHo 110 SKOTo )KypHAITY
HaJaHo Kareropito «by.

TexHiuHi HAYKN Ta TEXHOJIOTII : HAyKOBMii xypHan / HanionanbHuii yHiBepcuTeT «UepHiriBcbka MoJliTeXHiKay. —
Yepmiris : HY «UepHiricbka nomitexHikay, 2020. — No 4(22). —260 c.

VY upoMy BUITyCKY KypHaITy « TeXHiUHI HayKH Ta TEXHOJIOTI» BMILlIEHO CTaTTi, IPUCBSUYCHI TEOPETUIHUM Ta €KCTIIEPUMEHTANIb-
HUM JIOCITI/DKEHHSIM Y HaykoBoMYy HanpsiMi « TexHiuHi Hayku» 3a crieliaibHOCTIMU: NPUKJIAIHA MEXaHika, Marepialo3HaBCcTBO, Ma-
MIMHOOY IyBaHHSI, iHOPMAILifiHO-KOMIT IOTEpHi TEXHOJIOTI], eHEPreTHKa, EICKTPOTEXHIKa Ta eNeKTpoMexaHika, XiMiuHi Ta Xap4oBi
TeXHoJIorii, Oy MiBHUIITBO Ta reoe3is. CtarTi mpoperieH30BaHi MPOBiIHUMH BUSHHUMH Y BiITIOBITHNAX Taly3sX 3HAHb.

Kypnan «Texniuni Hayku Ta TexXHOIOri» OyAe KOPUCHAM ISl HAYKOBILIIB, HAYKOBO-TIEAArOTiYHIUX MPAIiBHUKIB, JTOKTO-
paHTiB, acMipaHTiB Ta CTYAEHTIB TEXHIYHNX CIIEIialbHOCTEH 3aK/Ia iB BUIIOT OCBITH.

VK 62:67.05

Tonoenuil peoakmop:

Kasumup B. B., noxrop Texniunux Hayk, npogecop, HY «UepHiriBcpka momirextikay.
3acmynHuk 201081020 pedakmopa:

Canon C. I1., kanaunat TeXHiYHUX HayK, AoueHT, HY «YUepHiriBchbka noiTexHikay.

Ynenu pedakuinnoi Konezii:

IlpukiasHa MeXaHika, MaTepialo3HABCTBO Ta MAIIMHOOYIyBaHHs

boiiko C. B., kaHauaaT TeXHIYHUX HAYK, H01eHT, HY «UepHiriBchka MoiTeXHiKay;

Bonorog I'. I1., nokTop TexHidyHMX HayK, npodecop, HY «UepHiriBchka mosiTexHikay;

y6enenp B. I'., nokTop TexHiYHUX HayK, mpodecop, HY «UepHiriBchka nomiTexHikay;

€pomenko A. M., kKaHIMAAT TEXHIYHUX HAyK, Jo1eHT, HY «YepHiriBchbka mosiTeXHikay;

Kanpuenko B. 1., nokrop TexHidHUX Hayk, npodecop, HY «UepHiriBchka momiTexHikay;

Kanpuenko B. B., nokrop Texniunux Hayk, npodecop, HY «UepHiriBcbka mositexHikay;

Hosommmurens O. O., 1okTop TexHIYHUX HayK, mpodecop, HY «YepHiriBcbka momitexHikay;

IMmmmnenxo O. 1., foxTop TeXHIYHUX HayK, mpodecop, MPOBiTHMI HAYKOBUI CITiIBPOOITHHK, JlepkaBHuI HAyKOBO-IOCi THUI
IHCTUTYT BUNPOOYBaHS i cepTudikarii 030poeHHs Ta BiffCbKOBOT TEXHIKH.

I opmariiiiHo- KOMI IOTEPHI TEXHOJIOTIT

Aszapos O. [1,. 10KTOp TeXHIYHUX HayK, npodecop, BiHHUIbKMI HALliOHATBHUI TEXHIYHUI YHIBEPCHUTET;

Bapxona Mixai, TokTop TexHiYHUX Hayk, npodecop, Texniunuit ynisepcuter B Kommne (CroBayumHa);

Jhxon H. JleBuc, 10KTOp TEXHIYHUX HAYK, Ipodecop, yHiBepcuteT [ muunop, Pekcem, BennkoOpuraHisi;

3aitues C. B., 1okTop TexHiYHUX HayK, noreHT, HY «YepHiriBchka mosiTexHikay.

Eneprernka, eleKTpoTEXHiKa Ta eAEKTPOMEXaHika

Binnikos Jl., 1okTOp TexHiYHMX HayK, mpodecop, Tammincekuit yniBepcurer TexHonorii (Ecronis);

Bosxos 1. B., noxrop texniuanx Hayk, npodecop, [ncruryT enexrpoannamixu HAH Yxpainuy;

Iankin I., moxTop TexHiYHUX HayK, npodecop, Pu3bkuit Texniunmii yaisepcurer (JlaTsis);

I'yces O. O., kaHOWIAT TEXHIYHUX HayK, goueHT, HY «YepHiriBcbka noitexHikay;

Henucos 1O. O., nokTop TexHiYHUX HayK, npodecop, HY «YUepHiriBchka MomiTeXHiKa»;

Pomepo-Kanasan E., nokrop Texniunux Hayk, npodecop, Yuisepcurer Ecrpemanypu (Icnanis).

XiMiuHi Ta Xap4yoBi TEXHOJIOTIT

Camoxsanosa O. B., kanaunar TexHIYHIX HayK, Tpodecop, XapKiBChKuii JepKaBHUI yHIBEPCUTET XapuyBaHHS Ta TOPTiBIi;

Cm3a O. 1., noxrop TexHiyHuX Hayk, mpodecop, HanionansHuit yHiBepeuTer «HepHiriBebkuit koeriym» imeni T. I'. IlleBuenka;

[u6yns C. [1., noxTop TexHIYHUX HayK, mpodecop, HY «YepHiriBcrka nomiTexHikay;

Yensbiepa B. M., kanauaar TexHiyHux Hayk, 1oueHT, HY «UepHiriBcbka momiTexHikay.

byzniBHUITBO Ta reosesis

Binnikos [O. JI., 1okTop TeXHiYHMX HaYK, ipodecop, [TonaraBchkuii HalliOHATEHUN TEXHIYHUI YHIBEPCUTET;

ymei P. B., nokrop TexHiyHuX Hayk, npodecop, KMiBChkuii HalliOHATBHMIA YHIBEpCUTET OYNiBHUIITBA i apXiTEKTYpH.

3acHoBanuit y 1996 pomui. CBizonTBO Mpo AepKaBHY © HVY «YepHiriBcbka moJiTexHikay, 2020

peectpatito KB Ne 24601-14541 TP Bix 07.09.2020



ISSN 2411-5363 (print)
ISSN 2519-4569 (online)

MINISTRY OF EDUCATION AND SCIENCE OF UKRAINE
CHERNIHIV POLYTECHNIC NATIONAL UNIVERSITY

TECHNICAL SCIENCES
AND TECHNOLOGIES

SCIENTIFIC JOURNAL

ISSUE No 4(22)

Chernihiv 2020



UDC 62:67.05
DOI: 10.25140/2411-5363-2020-4(22)

Published by the decision of the Academic Council of the Chernihiv Polytechnic National University (protocol Ne 10
dated 28.12.2020). Scientific journal “Technical sciences and technologies™ is included into the list of scientific specialized
editions of Ukraine, approved by the Order of the Ministry of Education and Science of Ukraine dated July 11, 2019 Ne 975.
according to which magazine is assigned a category «B».

Technical sciences and technologies: scientific journal / Chernihiv Polytechnic National University. —
Chernihiv : Chernihiv Polytechnic National University, 2020. — Ne 4(22). — 260 p.

This issue of the journal “Technical sciences and technologies” contains articles devoted to theoretical and experi-
mental research in the scientific direction “Technical Sciences™ by specialties: applied mechanics, materials science and
machine building, information and computer technologies, power engineering, electrical engineering and electromechanical
engineering, chemical and food technologies, construction and geodesy. The articles are reviewed by leading scientists in
relevant fields of knowledge.

Journal “Technical sciences and technologies” will be useful for the scientific and technical workers, postgraduates, master
students and students of higher technical educational establishment.

UDC 62:67.05

Editor in chief:

Kazymyr V. V., Doctor of Technical Sciences, Professor, Chernihiv Polytechnic National University.

Deputy Editor in chief:

Sapon S. P., PhD in Technical Sciences, Associate Professor; Chernihiv Polytechnic National University.

Members of the Editorial Board:

Applied mechanics. materials science and machine building

Boyko S. V., PhD in Technical Sciences, Associate Professor; Chernihiv Polytechnic National University;

Bolotov H. P., Doctor of Technical Sciences, Professor; Chernihiv Polytechnic National University;

Dubenets V. H., Doctor of Technical Sciences, Professor, Chernihiv Polytechnic National University;

Yeroshenko A. M., PhD in Technical Sciences, Associate Professor; Chernihiv Polytechnic National University;

Kalchenko V. L., Doctor of Technical Sciences, Professor; Chernihiv Polytechnic National University;

Kalchenko V. V., Doctor of Technical Sciences, Professor; Chernihiv Polytechnic National University;

Novomlynets O. O., Doctor of Technical Sciences, Professor; Chernihiv Polytechnic National University;

Pilipenko O. 1., Doctor of Technical Sciences, Professor, leading scientific coworker, State Research Institute of Tests and
Certification of Armament and Military Technique.

Information and computer technologies

Azarov O. D., Doctor of Technical Sciences, Professor, Vinnytsia National Technical University;

Varchola Michal, Professor, President of the Academic society of Michal Baludansky, Slovakia;

John N. Davies, Professor, Department of Computer Science, Glyndwr University, Wrexham, U.K;

Zaitsev S. V., Doctor of Technical Sciences, Chernihiv Polytechnic National University.

Power engineering, electrical engineering and electromechanical engineering

Vinnikov D., Doctor of Science, Senior Researcher, Head of Power Electronics R&D Group, Tallinn University
of Technology, Tallinn, Estonia;

Volkov L. V., Doctor of Technical Sciences, Professor, Institute of Electrodynamics of the National Academy of Sciences
of Ukraine;

Galkin 1., Doctor of Science, Professor, Riga Technical University, Riga, Latvia;

Husev O. O., PhD in Technical Sciences, Associate Professor; Chernihiv Polytechnic National University;

Denysov Yu. A., Doctor of Technical Sciences, Professor; Chernihiv Polytechnic National University;

Romero-Cadaval E., Doctor of Science, Professor, University of Extremadura, Badajoz, Spain.

Chemical and food technologies

Samokhvalova O. V., PhD in Technical Sciences, Professor, Kharkiv State University of Food Technology and Trade;

Syza O. 1., Doctor of Technical Sciences, Professor, Taras Shevchenko National University «Chernihiv Collegiumy;

Tsybulia S. D., Doctor of Technical Sciences, Professor; Chernihiv Polytechnic National University;

CheliabiievaV. M., PhD in Technical Sciences, Associate Professor, Chernihiv Polytechnic National University.

Construction and geodesy

Vynnykov Y. L., Doctor of Technical Sciences, Professor, Poltava National Technical Yuri Kondratyuk University;

Shults R. V., Doctor of Technical Sciences, Professor, Kyiv national university of construction and architecture.

Founded in 1996. Certificate of State registration © Chernihiv Polytechnic National University, 2020

KV Ne 24601-14541 PR of 07.09.2020



TEXHIYHI HAVKHW TA TEXHOJIOT'Ti Ne 4(22), 2020
TECHNICAL SCIENCES AND TECHNOLOGIES

3MICT

PO3 A1 I. MPUKJAAHA MEXAHIKA, MATEPIAJIO3HABCTBO
TA MAIIMHOBY 1YBAHHA

Kanvuenko B., Benoiceza B., Cipa H., Mopouko B. JlociyKeHHS TUHAMIYHAX
XapaKTePUCTHUK IpoIiecy NUTi(hyBaHHS IMTIHIPHYHUX ITOBEPXOHB ITepUPEPi€ro
OpIEHTOBAHOT'O Kpyra B pekuMi 3aTyIuieHHs Ha BepetatTi B3208M4 ........cocooviiiniiiiiies 9

Kanvuenko B., I{uoyaa C., Caxno €., Epoutenko A. Ilponec GanancyBaHHs IIITAH]ICIB
Ut yBaTbHUX Ta MBHAKICHHX (pe3epyBaTbHUX BEPCTATIB Y IBOX ILIOMMUHAX KOPEKITii ..... 19

Knumenko A., Anicimoeé B., Cumap B. Po3po0ka TOHKOIIApOBUX MOKPUTTIB HA OCHOBI
(eH1IoOHY JUIS 3aXHCTY MMOBEPXOHB BiJ] ra30- Ta TiIp0adpa3suBHOTO 3HOIMTYBAHHS .................. 28

Semjon J., Hriz L., Kocan M., Voronko A. Design of assembly robotized workplace ... 35
Marcinko P., Kosc¢dk J. Experimental method for verification of performance criteria

Of the INAUSIIIAL TODOTS. ...e.uiiiiiiiii ettt ettt et e et eaee s 42
Tuleja P., Jobbagy B. Manipulation task realised by the vacuum suction cup

TMNPIEMENTATION . ....eitieiteieeit ettt ettt sttt et sae e bt et saeesbe et e ese e s bt eaesaeenbeens 48
Canon C., Kocmau 0. ®OyukiioHalbHE MPU3HAYCHHS TEXHOJIOTIYHOTO OCHAIECHHS JIJIS

TIEPEBOOOPOOKI ..eeeuvvieeiiieeiteeeiteeetteeasteesseeeaseeessseeassseeasssaeesssesassseeasssesssssesssseessssessssseessseenns 57

PO3/ILI II. IHOOPMAIINHO-KOMIT'IOTEPHI TEXHOJIOT'TI
Meoyweecokuii C. ABToMaTn30BaHi iHQopMaIliiiHi CUCTEMH SK €JIeMEHTH CUCTEMHU

VIPaBIiHHS AKICTIO (apMaIEBTUIHOTO TITITPHEMCTBA ....eeuvveerveeereenreensreeseensseeseessseenseessseenne 65
Iloexan I. OcoGIMBOCTI IPOTpaMHUX peatizallii MojeleH JIOTIYHUX JiepeB Kiachpikariil

HAa OCHOBI CEJIEKIIIT HAOOPIB EEMEHTAPHUX OBHAK .....eeeuveeereenreenueeeseesureeseesneesnseesnseenseesssesnses 72
bazuneeuu B., IIpu6bumosko M. CucteMa BUSBICHHS (eHKOBUX HOBUH 3a JIOIIOMOTOFO

DIAta SCICIICE ...ttt ettt ettt et ettt st sbt et et sb e et eat e bt etesatenaeens 91
Tkay FO. KoHuenTyanbHa MOJIENb OE3MEKH KIOCPIIPOCTOPY v.evvvervreanriarureeieerireareesnneenseens 96
Pozoeerko A. JlociipxeHHs] 00YHCITIOBAYIB MTPHCKOPEHOTO OOUMCIICHHS TAHUX

301TBIIIEHOT PO3PSITHOCTI HA OCHOBI OTHOBUMIPHOTO KacKaly KOHCTPYKTUBHUX MOJIYIIIB ......... 109
Yeik A., Axkumenxo 1. Ananiz indpopMaiiifiHOT CHCTEMHU yIOCKOHAIEHHS OCBITHHOTO

rporiecy 3a T0mOMOTOR0 TEXHOJOTIT [OT ....ooiiiiiiiiiiecceeeee e 118

Kynaxos 0., Kopenko /. Texuripuar Tpadgixy B DNC 3 po3raryKeHOr0 TOIOJIOTI€N....... 123
Pycinoe B., lIeaniwee b., Aumoniox A., Bonokuma A., /Iyyokuit I'. CiocoOu cunTe3y

TOTIOJIOTIYHHUX OpraHi3arliii Ha OCHOBI KOJIOBUX TIEPETBOPEHD JEOPYHHA.....ccvveererreenreeennnen. 131
Sarga P., Simsik D., Pavuk J. Realization of photo booth by raspberry PI.................... 144
Vaga$ M., Seminsky J. Approaches for the 3d camera system image processing

at autoMAted WOTKPLACES ....ccvieiiieiieiii ettt ettt st e e 150

PO3 AL III. EHEPTETHUKA, EJIEKTPOTEXHIKA TA EJJEKTPOMEXAHIKA

boiixo C., I'opoouin 0., Kacamkina 1., /lonyoapesa A., Bepunak JI.
BitpoenepreTuunuit KOMILIEKC IS 3apSHKCHHS aKyMYJISTOPHUX 0ATaAPEHh...c.veereveenveennnnne. 156
Muxaiinenko B., Yynak IO., bauuncokuii B. Anani3 mporeciB y KoJjiax
i3 mepeTBOprOBauamMu Tpu(a3HOi HAIPYTH B TIOCTIHHY 3 IBaHAIATU30HHUM PEryIIOBAHHSIM

13 2211104 1 SRS SRRRR 163
Kelemen M., Ligusovd J., Ligus J., Maxim V. Additional modules for programmable
logic controller based training StANAS............eeceerieeiiierieeiieie e 170

Kelemenovid T., Benedik O. Displacement measurement using the hall effect sensors ........ 177



Ne 4(22), 2020 TEXHIYHI HAVKH TA TEXHOJIOT'IT
TECHNICAL SCIENCES AND TECHNOLOGIES

Mikovd L. Controller design for de mMOtOr ........ccoeeviiriiniiiiiiiiciceeeeeeeeeeeeeeae 184

Rdkay R., Galajdovd A. Concept for physiological function monitoring with wearable
SEIISOT'S ... eutteneteeuteeatteeuteeeute et e e sb et eabeeeu e e eabeeeueeaabeesh bt e abeeeb bt e bt e eh b e ea bt e bt e et e e eh b e ea bt e bbe et e e nabeenbeenaees 190

3axapuenxo /1., Cmenenko C. Orisij Ta oOTpyHTYBaHHS BHOOpPY HAKOIIMYYBayiB
€JIEKTPOCHEPTii ISl pOOOTH E€JIEKTPOCHEPTETUIHIX 00 EKTIB ..cvvvreerereeeireerrreerieeenveeennneeens 198

PO3ILJI IV. XIMIYUHI TA XAPYOBI TEXHOJIOT'TI
Tpemoyc 1., Cemenenxo H. OnepxanHs IENION03H 13 MIIIEHUYHOT COJIOMHU B CHCTEMI
OIITOBA KUCJIOTA — MEPOKCH]T BOJTHIO — €THUIIOBHH CITHPT-BOMA .vvvveenvreeennreennrreenveeesveessnveenns 210
PO3A1JI V. BYJAIBHULITBO TA TEOAE3ISI

lsanuwun B., Byzait B., Kop3auenko M. 1107150B1 iHKE€HEPHO-T€0IOT1YHI BUITYKYBaHHS
1111 Oy IIBHUIITBO JIECSITUTIOBEPXOBUX JKUTIIOBUX OYyAMHKIB Ha ByymIi He3anexHocTi

B MICTI HEPHITOBI ...ttt ettt sttt ettt ettt ettt et et ettt sbe et e st saeeae et esbeenaeeaee 222
Kpayok C. MOHITOPHHT MICIIEBOCTI Ta MEPEIIKOJ Y PAHOHAX ACPOTIOPTY ..eevvernvennnnnne. 230
boiiko C., Isawenxo C., Epouwrenko A. BimHoBIICHHS JiepeB’ THUX MpUKpac (acasiis

CTAPOBUHHUX OYAMHKIB UEPHITOBA .....ceuvieuriiiiiiriieniieieeiteeteente ettt sttt st e e sae e 238
Boiixo O. IlepcnieKTHBY BUKOPHCTAaHH reoiH(opMaIiifHiX TEXHOJIOTIH B aeponopTax

Ykpaiau ajis aaMiHICTPATUBHO-TOCIIOAAPCHKOTO YIIPABIIHHS «.cvvvveeeevreeenrreennreeennreeennseeennsens 247
CBITJII TAM’SITI BUJIATHOI'O YYEHOI'O JINTBUHOBA BITAJIISA

BACHJIIBOBHUA ...ttt ettt ettt et sttt e bt e teeaeenees 258
OCHOBHI BUMOI'M 1O O®OPMJIEHHSI TA IIOJAAYI PYKOIIUCIB

HAYKOBHUX CTATEM .....ccoooiiiiiiieeeeeeee ettt st 259



TEXHIYHI HAVKHW TA TEXHOJIOT'Ti Ne 4(22), 2020
TECHNICAL SCIENCES AND TECHNOLOGIES

CONTENT

SECTION 1. APPLIED MECHANICS, MATERIALS SCIENCE
AND MACHINE BUILDING
Kalchenko V., Venzhega V., Sira N., Morochko V. Investigation of dynamic
characteristics of the process of grinding cylindrical surfaces by the periphery

of the oriented circuit in the mode of blunting on the VZ208F4 machine...........c.cccocceeeeieneen. 9
Kalchenko V., Tsybulia S., Sakhno E., Yeroshenko A. The process of balancing

the spindles of grinding and high-speed milling machines in two planes of correction........... 19
Klymenko A., Anisimov V., Sytar V. Development of thin-layer coatings based

on phenylon to protect surfaces from gas and hydroabrasive wear .............ccccovveveiierieeneennen. 28
Semjon J., Hriz L., Kocan M., Voronko A. Design of assembly robotized workplace .......... 35
Marcinko P., Kosc¢dk J. Experimental method for verification of performance criteria

Of the INAUSIIIAL TODOTS. ...e.uiiiiiiiii ettt ettt et e et eaee s 42
Tuleja P., Jobbagy B. Manipulation task realised by the vacuum suction cup

TMNPIEMENTATION . ....eitieiteieeit ettt ettt sttt et sae e bt et saeesbe et e ese e s bt eaesaeenbeens 48
Sapon S., Kosmach O. Functional assignment of technological accessories

TO1T WOOAWOTKING ..ttt ettt e b e e be e e b e e teeesseesseassseenseens 57

SECTION II. INFORMATION AND COMPUTER TECHNOLOGIES
Medushevskiy S. Automated information systems as elements of the pharmaceutical

enterprise quality management SYSTEIM ......cc.eevuieeiieriieeirerteeereesieeereeteesreeseeesseeseessseenseesnsens 65
Povkhan I. Features of software implementation of models of logical classification trees

based on selection of sets of elementary features ...........ccoocueeiieriierieniieee e 72
Bazylevych V., Prybytko M. Fake news detection system with the help

OF DAtA SCIEIICE. .....veieeiieieei ettt sttt sttt et ettt sat et etesaeenbeeas 91
Tkach Yu. Conceptual model of cyber Space SECUITLY .......cccueeriieriieniieniieiieeiieeie e 96
Rohovenko A. Research of computers for accelerated calculation of high bit depth data

based on a one-dimensional cascade of constructive modules ..........ccccceeveeviieiiiiiniinniiieneen. 109
Usik A., Yakymenko 1. Analysis of the information system for improving

the educational process using [0T technology .........ccveeiiiiiiiiiiieiieeiieeece e 118
Korenko D., Kulakov Yu. Traffic engineering in dnc with a ramified topology............. 123
Rusinov V., Ivanishchev B., Antoniuk A., Volokyta A., Loutskii H. Methods

of topological organization synthesis based on de brujin code transformations.................... 131
Sarga P., Simsik D., Pavuk J. Realization of photo booth by raspberry PI.................... 144
Vagas M., Seminsky J. Approaches for the 3d camera system image processing

at aUtoMAted WOTKPLACES ....ccveeiiieiieiii ettt ettt e e e 150

SECTION III. POWER ENGINEERING, ELECTRICAL ENGINEERING
AND ELECTROMECHANICAL ENGINEERING

Boiko S., Gorodny O., Kasatkina 1., Doludarieva Ya., Vershniak L. Wind power

complex for loading of Storages batteries .......ccuevviervieriieiiierie ettt 156
Mpykhailenko V., Chunyak Ju., Bachinskiy V. Analysis of processes in circuit with

a three-phase-to-DC converter with twelve zoned voltage regulations ............cccecvvevvveennnnne. 163
Kelemen M., Ligusovd J., Ligus J., Maxim V. Additional modules for programmable

logic controller based training StANAS............ceceeriieiiieniieiierie et 170
Kelemenovad T., Benedik O. Displacement measurement using the hall effect sensors ........ 177



Ne 4(22), 2020 TEXHIYHI HAVKH TA TEXHOJIOT'IT
TECHNICAL SCIENCES AND TECHNOLOGIES

Mikovd L. Controller design for de mMOtOr ........ccoeeviiriiniiiiiiiiciceeeeeeeeeeeeeeae 184

Rdkay R., Galajdovd A. Concept for physiological function monitoring with wearable
SEIISOT'S ... eutteneteeuteeatteeuteeeute et e e sb et eabeeeu e e eabeeeueeaabeesh bt e abeeeb bt e bt e eh b e ea bt e bt e et e e eh b e ea bt e bbe et e e nabeenbeenaees 190

Zakharchenko D., Stepenko S. Review and justification of the selection of an electric
energy storage device for power facilities TODOLICS.....ccuuiriieriieiiierieeie et 198

SECTION IV. CHEMICAL AND FOOD TECHNOLOGIES

Trembus 1., Semenenko N. Obtaining pulp from wheat straw in a two-stage system “acetic
acid — hydrogen peroxide — water — ethanol™.............ccccoiiieiiiiiiiiniieee e 210

SECTION V. CONSTRUCTION AND GEODESY

Ivanyshyn V., Buhay V., Korzachenko M. Field-based engneerng geologcal investigation
for the construction of ten-story residential buildings on nezavisimosti street

T CRETNITNIV ...ttt ettt et et e bt et e eaeesaeenaeenean 222
Kryachok S. Monitoring terrain and obstacles in the airport areas...........cccceeevveeveeennennee. 230
Boiko S., Ivashchenko S., Yeroshenko A. Restoration of wooden decorations

of facades of ancient buildings in Chernihiv............cccoooiiiiiiiiiiiiiniiee e 238
Boiko O. Prospects for using geoinformation technologies in airports of Ukraine

for administrative and €CONOMIC MANAZEMENL.......cuereiriirierieniieieeirenteeie ettt see e 247
IN MEMORY OF OUTSTANDING ACADEMICIAN LYTVYNOYV VITALII

VASYLOVYCH .....ooiiiiiiiieeeee ettt sttt ettt sttt ens 258
BASIC REQUIREMENTS FOR EXECUTION AND SUBMISSION

OF MANUSCRIPTS OF SCIENTIFIC ARTICLES...........cccoocoiiiiiiiiiieneneneeeeeee 259



TEXHIYHI HAVKU TA TEXHOJIOT'Ii Ne 4(22), 2020
TECHNICAL SCIENCES AND TECHNOLOGIES

PO311JI 1. ITPUKJIA/THA MEXAHIKA,
MATEPIAJIO3HABCTBO
TA MAIIMHOBYAYBAHHA

VIIK621.923.42
DOI: 10.25140/2411-5363-2020-4(22)-9-18

Bonooumup Kanvuenxo, Bonooumup Benowceea, Hamania Cipa, Borooumup Mopouxo

JOCIIUKEHHA TUHAMIYHUX XAPAKTEPUCTHUK ITPOLECY
HJITI®YBAHHSA HUJITHAPUYHUX ITOBEPXOHb IEPUPEPICTIO
OPIEHTOBAHOI'O KPYT'A B PEXKUMI 3ATYIIVIEHHS HA BEPCTATI B3208®4

Akmyanvhicmo memu 00cnidxceHHA. Benuka kinokicms demaneil y Mauuno6y0y8anti, uyo Marome NOGepxXHi 06epmans,
OMPUMYIOMb OCIMAMOYHY MOUHICIb PO3MIPI6, (hopMu ma uLOpCmKicmv Ha onepayiax Kpyanoz2o waigysanus. Jlocnioxcenns
napamempie uLnighyeanHs 3i CxpeuyeHuMU oCamMU Kpyea i Oemani 6 pexcumi 3amynieHHs. € aKmyaibHoK 3a0auero, OCKIIbKU
cnpusimume NiOGUWEHHIO NPOOYKMUGHOCII 00pOOKU, MOYHOCHI upobI8 | cmitikocmi IHCMpYMeHmie ma 3abe3neyygamume
OinbU 8UCOKY KOHKYDEHMOCHPOMONCHICHb 8UPODIE Y PISHUX 2ATY3AX MAWUHOOYOYEAHHS.

Ilocmanogka npoonemu. Ha onepayisx ocmamouno2o uLnighysanHs 6aicano cmeopiogamu YMosu i pelcumi, uo 3abes-
neyyms pobomy Kpyada 8 pexcuMi NepesaxrcHo20 3amynieHHs ado YacmKko8020 CamMo3amoyy8anHs, Koau 6i06yeacmocs 1o2o
He3HayHUil po3mipHuil 3Hoc. Lleil pexcum xapakmepusyemocs, 3 00H020 OOKY, NIOGUIEHUM 3AMYNIeHHAM AOPASUGHUX 3ePeH |
3ACONOBAHHAM NOBEPXHI KpY2d, d 3 IHULOT CHPUSIE 30epedceHHI0 PopMuU Kpyea NICIs NPABKY, MoMy He0OXIOHO npoeecmu OuHa-
MIUHT 00CTIONCEHHS, Pe3yTbmamu AKUX 6paxoeyeamil npu nooyo006i MexHoNI02iuH020 npoyecy wiighy8anHs.

AHnaniz ocmannix 0ocnioxcens i nyonikayii. Hayxoorw wkonow nio kepigHuymeom 0OKmMopa mexHiyHux HayK, npoge-
copa B. I. Kanvuenka 0ocniodceno cnocib kpyeno2o wiiig)y8ants 6 pexicumi camo3amoyy8ants 3i CXpeujeHUMU OCIMU Oemaii
il 3a20MO6KU MA 3aNPONOHOEAHO CROCOOU NIOBUWEHHS CIMITIKOCIE AOPASUBHUX KPY2ié ma mOoYHOCmI 0OpoOKu.

Buoinenna mneodocnioycenux uacmun 3azanbHoi npoodaemu. JlocnioxcenHs OUHAMIYHUX XAPAKMEPUCMUK Npoyecy
wrigpysanusa 6 pexcumi 3amynients Ha eéepcmami B3208 @4.

Ilocmanoeka 3a60anna. 3abesnevumu GucoKi NOKA3HUKY MOYHOCHE PO3MIPI6, HU3bKI ULOPCMIKICIb MA XGUNSACMICTb 00-
PpObNeHUX nogepxoHsb npu waigyeanni y pexcumi 3amynienns. Ilposecmu OuHamiunuil po3paxyHoK WNUHOETbHO20 8V3IA I
ecmanosumu oonacmi i02o 6e3pe3oHancHoi pobomu, noGyodysamu amniinyoHo azoeo-vacmomuy xapakmepucmuxy (ADUX)
I BU3HAYUMU OUHAMIYHY CMIUKICMb CUCMEMU.

Buknad ocnosnozo mamepiany. Pospiznsaiome uLnighyeants 6 pexcum camo3amoyyeanus i Nepeea’cHo2o 3amynieHHs.
incmpymenma. Y pescumi camo3amouyeanta 3HOULYBAHHA WIIYEANbHO20 Kpyea Npu3600Ums 00 3MIHU 11020 GUXIOHOI (npa-
BUNIbHOL) 2eoMempuuHol hopmu, wjo, y c80k0 uepey, inmeHcuQikye eiopayii mexHoro02iuHoi cucmemu, 3MeHULeH s, MOYHOCHI
PO3MIpI6 [ ymeopeHHs Ha 0OPOONI0EAHUX NOBePXHAX Oemaneli XGUNACIMOCH, NMOMY PedtCUM CaMO3aMOYY8aAHHA GUKOPUCHIOB) -
EMbCSL NEPeBANCHO HA ONepayisax nonepednHvbo2o winigysanns. Ha onepayisx ocmamounoeo winigyyeanns 6asxcano cmeopro-
6amMu yMOBU Ui pencuM, o 3abe3neuyioms pooony Kpyea @ pedcumi NepesalcHo2o 3amynieHHs abo Yacmkoeo2o camo3amo-
YYEAHHS, KONU 3a0e3neyyembCsl 1020 He3HAYHULL POZMIPHULL 3HOC.

BucHoeku 6i0nosiono 0o cmammi. Y pobomi 00cniodnceno OUHAMIYHI XapaKmepucmuky npoyecy wiigyeanns yuiiHopu-
YHUX NOBEPXOHL NepUepiclo OPIEHMOBAH020 Kpyaa 8 pedcumi 3amynienHs Ha eepcmami B3208 @4. IIpoeederi docnioncenns
0arme 3M02y MIHIMIZY8amu Cunl pi3ans, 6CMAaHosumuy oonacmi 6e3pe3oHaHcHol pobomu eepcmama, 30iIbUUmu iIHmepealu
MIDIC npaskamu ma cmiikicmo uLlighyeanvrHoeo Kpyea, 3abe3neuumu 6ilvid UCOKI MOYHICMb MA SKICMb 00p0obIeHUx nogep-
XOHb, @ MAKOHC NIOGUWUMY NPOOYKMUSHICHb Npoyecy 0OpoOKi.

Knwuoei croea: kpyene winighyeanns,; wnigpysanns nepughepicto opieHmosanoeo kpyea, uLiigyy8amnHs 6 pexicumi 3amyn-
JeHHsl;, OUHAMIYHUL po3paxyHok;, ADYX.

Puc: 2. bion. 8.

AKTyaJIbHICTh TeMH IOCTIIKeHHsI. Y BHPOOaX MaIMWHOOYAyBaHHS IIOIIMPEHA BEIIMKA
KUTBKICTB JICTaJIel THITY BaJIiB Ta OCEH 13 MWTIHAPUIHAMHE TIOBEPXHSIMH, OCTATOYHA TOYHICTH STKUX
dopmyeTbesi Ha (QIHIOMHUX omepalisix Kpyrioro nntidysanHs. BukxopucranHs crocoOy
nuTiyBaHHS 31 CXPEIICHUMH OCSIMU KpyTa Ta JeTali Ma€e MmepeBard Haj CnocoOoM Iuti()yBaHHS
IIpY TMapalelbHUX OCSX IHCTPYMEHTY Ta JAeTall, 10 MOoJsraoTh y ¢ikcarii GopMoyTBOpIOOUOL
JUISTHKA  a0pa3sMBHOTO 1HCTPYMEHTY, PIBHOMIPHOMY PO3IOAUITY TPHITYCKY Ta 3HOCY B3JI0OBXK
npodio kpyra. JlocmipkeHHs mportecy nuti)yBaHHS B PeXKHMI 3aTYTUICHHS Kpyra 3 BU3HAYCHHIM
JTUHAMIYHIX XapaKTEPUCTHK MPOIIECY € aKTYyaTIbHOIO 3371a9€t0, OCKUTEKY CIIPUSTHME ITiIBUIIICHHIO
CTIHKOCTI IHCTPYMEHTY, TOYHOCTI BUPOOIB Ta MPOITYKTUBHOCTI OOPOOKH.

© Kampuenko B. B., Bemxkera B. 1., Cipa H. M., Mopouko B. B., 2020
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IMocTanoBka nmpo6Jaemu. J[ocIiIuTH mporec Kpyrioro nuridpyBanHs Ha Bepctari B3208
@4 opieHTOBAaHMM IHCTPYMEHTOM Y PEKHMI 3aTyIUIEHHS HITi(YyBaTbHOTO Kpyra Ta BH3SHAYUTH
OpH [OMY OCHOBHI JWHAMi4Hi XapakTepuUcTHKH. [IpoBecTH aWHAMIYHUI pPO3paxyHOK
LIMTUH/IEIBHOT0 By3J1a 1 BCTAHOBUTH 00J1acTi Horo 06e3pe3oHancHoi poboTH, BU3HaunTH ADUX
1 OpMU KOJIMBAaHb CUCTEMH.

AHaJIi3 0CTAHHIX X0CTIKeHD i myOJikamiii. Y poOori [1] gociipkeHo OCHOBHI TPUYHHH
3aTyIJICHHS 1 3aCOJIOBaHHS NUTIQYBAJIBHHX KPYTiB, IO MPU3BOAATH JO BTPATH PiKYUOI
3JIaTHOCTI aOpa3MBHOTO IHCTPYMEHTY, 301JIBIIICHHS CHJI pi3aHHS, TIOSIBH BiOpariii.

JI. XynoOin i M. benos [2], mpoaHastizyBaBIIN KiIHETUKY CTaHy pOOOYMX MTOBEPXOHb KPYTiB
13 TpamuuiiiHux aOpa3sMBHHX MarepiaiiB (eJIeKTPOTPOKOPYHIIB 1 KapOifiB KpeMHiI0) Hpu
nutipyBaHHI B peXMMIi 3aTYIUICHHS BHIUIAINA TPH TEpiogn poOOTH KPYTiB: CKOJIOBAHHS
BEPIINH, 3aTYIUICHHS 3€PeH Ta IOJaJIbIIIe 3aCOIIOBaHHS pOOOYO0i TOBEPXHI.

OTpuMaTH BUII ITOKA3HHKH TOYHOCTI PO3MIpiB, HHU3bKI IMOPCTKICTh Ta XBHIISCTICTH
00poOJIeHNX TOBEPXOHb MOXKHA B Hpoleci poOoTH HUTiYBaIbHUX KpPYriB y PpeXHUMI
3aryruieHHs. PizanbHi Ta 1eopMyrodi 3epHa MillHO YTPUMYIOThCS 3B’ SI3KOIO B IHCTPYMEHTI, 1110
Jla€ MOXITUBICTH 30eperT mpodiib IHCTpyMeHTa, SKUi (opMyeThbes Ipu Ipasii [3].

[Ipw moridyBaHHI MWTHIAPHYIHAX TOBEPXOHB JeTallell i3 MapaJebHUMHU OCSIMH JeTalli Ta
IHCTpYMEHTa 3aJlisTHa He BCS BUCOTA ILTi(hyBAILHOTO KpyTa, a JUIIe YacTHHA, KA JOPIBHIOE
mojadi Jietaai Ha o0epT Kpyra. BimOyBaeTbcs HEpiBHOMIPHHEM 3HOC IHCTpYMEHTa Ta
MOTIPIIEHHS SIKOCTI i TOYHOCTI TOBEPXHEBOTO Iapy aetaii. [[puurHO0 1bOTO MOTipIIeHHs €
HecTablIbHE TOJIOKEHHST (OPMOYTBOPIOIOYOT JINITHKK Kpyra. Bucora 3HOMMEHOT AiSIHKA
IHCTpyMeHTa B KOKHI{ TOUII1 HOTO poO0YO0i MOBEPXHI 3aJI€KUTH BiJl Oa4i Ta BUCOTHU MIPHUITYCKY
[4]. ¥ BkazaHOMY cIOC001 3HMIXKYETHCS TMPOAYKTUBHICTH OOPOOKHM BHACIIJIOK 3aJiTHOCTI B
nporieci nutiyBaHHS HE BCi€l BUCOTH KpyTra, a JIMIIE il HeBEJIMKUX YaCTHH IPH HEBIIOMOMY
po3TanryBaHHi ()OPMOYTBOPIOIOYOT JiISTHKH.

Y [5] 3ampomonoBaHO cmoci®6 Kpyrioro moTipyBaHHS 3 TO3JOBKHBOIO IO/Ia4€iO
opieHTOBaHUM Kpyrom. Dikcartis popMoyTBOPIOIOYOT TITSTHKH KpyTa 3/11HCHIOETHCS 32 PAXyHOK
MOBOPOTY IHCTPYMEHTY Ha KyT BITHOCHO Oci oOepTaHHs JeTali i € 4iTKo BU3Ha4YeHow0. BoHa
po3TamroBaHa Ha OCi MOBOPOTY Kpyra. Aje B mporieci 3iioMy IpHITycKy KyT HOro moBOpOTY
3aJIeKUTh BiJl BEIMUNHH IPUITYCKA.

Himenpkoro dipmoro Junker po3po0ireHo HOBHIT cIOCiO 0OpOOKH IMITIHIPHYHUX 1 TOPIICBUX
MIOBEPXOHb, IPH SIKOMY KYTH OCi Kpyra # JeTaji CXpelIyloThCs MijJ HEeBEIIMKUM KyToM [6; 7].
BukopucTaHHs TOpIeBoOi AISIHKH IHCTPYMEHTY J03BOJISIE 3HAYHO 301JTBIIUTH PO3MIPH TUISIMH
KOHTaKTy iHCTPyMEHTA i3 3aroToBKO0. UnCIio 00epTiB 3aroTOBKH BUOUPAETHCS B PSIJIi BUTIAJIKIB
OUTBIIAM 3a Ymciio 00epTiB NuTihyBaIbHOTO Kpyra. JlocsraeThes mojada Ha 00epT OJIM3BKO
0,01, a mBHaKicTh muTipyBarHs — 10 160 M/c.

Y pob6ori [8] Oyito mpoBeeHO AOCIKSHHS THHAMIYHIX XapaKTepucTUK BepcTara B3 208
@4 npu nutidyBanHi nepudepiero OpieHTOBAHOTO Kpyra B pesKiMi camo3arodyBaHHs. OTpuMaHi
MOKa3HUKU CTaTHYHOI MOJIATIMBOCTI, MAKCHMAIILHOT Pe30HAHCHOI aMILTITyH, KoedirienTa 1u-
HaMIYHOCTi, pe30HAHCHOT YaCTOTH, ITapaMeTpy SIKUil XapaKTepu3ye BIOPOCTIHKICT CHCTEMH.

BugiienHss HexoCHiKeHHMX YacTHH 3arajbHoi mpoojemu. Kpyrie mnridyBaHHS
nepudepiero Kpyra 3i CXpeleHHMH OCSIMHU 1HCTPYMEHTA Ta JeTalli Jae MOXJIMBICTE (ikcarrii
(OpMOYTBOPIOIOUOT TUISTHKH a0pa3uBHOTO 1HCTPYMEHTY 1 3a0e3leuye piBHOMIPHHM PO3IOJILT
MPUITYCKY B3J0BX Mpodito Kpyra. 3aBAsK IIbOMY 3HOC HOro ctae OiIbII PIBHOMIPHUM Ta
MiIBUITYETHCSI TPOYKTHBHICTH 00poOKH. J[)1s1 3a0e3redeHHs] BUCOKUX TEXHIKO-€KOHOMIYHUX
MTOKa3HUKIB 0OPOOKH B peXHMMi 3aTYIUICHHS. HEOOXIHO JOCIITUTH Ta BPaxOBYBaTH JHHAMIUHI
XapPaKTEPUCTUKU CHCTEMHU.
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Mera crarri. Meroro 1iei poOOTH € TPOBEJACHHS JIUHAMIYHOTO PO3PaXyHKY
IMIAHJCIBHOTO By3ma Bepctata B3208 ®4 npm nwridyBanHI y pekuMi 3aTyIICHHS,
BCTaHOBJIEHHs 00acTi Horo 6e3pe3onancHoi podotu, BuzHaueHHss ADUX 1 popmMu KoIMBaHb
CHUCTEMH JUTS 3a0e3ITeYeHHS BUCOKHUX TTOKA3HHUKIB TOYHOCTI PO3MipiB, HU3BKOI MMOPCTKOCTI Ta
XBUJISICTOCTI 0OpOOJIEHUX TOBEPXOHb.

Bukian ocHoBHOTo MarepiaJy. [cHye 1Ba crtocoOu Kpyrioro nutiyBaHHS IATHAPAIHUX
MIOBEPXOHB JICTAJICH: y peXXUMi caM03aTOuyBaHHS 1 B peXXUMi 3aTyIuieHHs Kpyra. Jlocminumo
PEXUM 3aTyILICHHS.

AOpa3uBHI IHCTPYMEHTH INpH HUTI(HYBaHHI MIAIOTHCS NePIOJUYHOMY i TIepMaHEHTHOMY
CHUJIOBOMY, TETUIOBOMY 1 (Di3MKO-XIMIYHOMY BILIHBY, ¥ PE3yJIBTaTi SKOTO IXHI poOOYi MOBEPXHIi
3HOIIYIOThCS, 3aTYIUISIFOTCS 1 3acomotoThes [ 1; 2].

[Tiz 3HOIITYBaHHSM PO3YMIIOTh IIOCTYITOBE BiJTIICHHS 9aCTOK pOOOYOTo Mapy iHCTPYMEHTY,
10 TIPU3BOJIUTH JI0 3MEHIIIEHHSI HOTO PO3MIpIB 1 MacH.

[Ipu 3aryruieHHI 3MIHIOIOTHCS TEOMETPUYHI TTapaMeTpu Horo poOoYoi TOBEpXHI BHACIIIOK
3HOITYBaHHS a0pa3MBHUX 3€PEH, 110 TIPH3BOUTH JI0 3HWKSHHS PIXKYYOi 31aTHOCTI IHCTPYMEHTY.

3HOITYBaHHS IITi(YBATEHUX KPYTiB Bi0YBAa€THCS, B OCHOBHOMY, 3a PaXyHOK: MEXaHI9HOTO
CTHpaHHS BEPIINH PKYYHX KPaHOK 3epeH 1 OSBY Ha HUX MaiIaH4YMKiB 3HOCY; BUKPUIITYBaHHS
(CKOJTFOBaHHS ) YaCTOK aOpa3WBHOTO 3epHA il JIIEI0 CHIIOBUX HaBaHTAXXEeHb a00 (1) ITUKIIIYHOTO
YepryBaHHsI iX; IIBH/KOTO HArpiBaHHS i OXOJIO/DKEHHS, [0 CTBOPIOE TEPMOYIapH; aAre3iitHoro
3HOCY 3€peH, TOB'S3aHOTO 3 MEPIOIUIHAM BiAPHUBOM HAIUILIOTO HA HAX METAy 3arOTOBKH pa-
30M 3 YaCTHHKaMHU a0pa3uBy 1 yTBOPEHHIM Ha 3epHax JApiOHUX KparepiB; Audy3iitHOro 3HOIIY-
BaHHSI, IO TOJISTAE B pO3YMHECHHI a0pa3uBHUX 3epeH B MaTepialli 00poOIFoBaHOT 3arOTOBKH a00
(i) yTBOpeHHs X XiMIYHUX 3’€JHaHb; OKHCIICHHSI 3€PeH KUCHEM TIOBITpS IIPH BUCOKIH TeMIe-
parypi; BUpUBaHHS 31 3B’ SI3KH [LJTNX 3€pEH.

[1in 3acoeHHSIM PO3YMiIOTh ITPOLIEC IEPEHECeHHs Ha poO0Uy MOBEPXHIO a0pa3UBHOTO 1HCTPY-
MEHTY YaCTHHOK IIJaMy (YaCTHHKHU a0pa3uBy, 3B I3KH Ta MUTI(YBAIBLHOI CTPYKKH) Y Tporieci 00-
poOku. OIHAK YaCTHHKY IIIaMy 3/1aTHI TPOHUKHYTH H YTPUMATUCS B IPOCTOPI MK a0pa3uBHUM
3epPHOM 1 B TIOpax Kpyra, a Ha abpa3uBHUX 3epHAX HAIHIIAE MaTepial 00OpOOIFOBAHOT 3arOTOBKH.

3aTyIuieHHS 1 3aCOJIFOBaHHS € OCHOBHOIO NMPHYMHOIO BTPATH PiXKydoi 3aTHOCTI abpa3uB-
HOTO IHCTPYMEHTY. 3aJIe)KHO BiJ| TepeBaskaHHs TOTO Y IHIIOTO BUIY 3HOCY PO3PI3HSIOTH pe-
JKMM CaM03aTOuyBaHH:I 1 IIepEeBaKHOTO 3aTYIUICHHS iIHCTpyMEHTa. Y PeXUMi caM03aToqyBaHHs
TepeBakae MPoIeC CKOJIIOBAHHS a0pa3MBHUX 3epeH 1 BUPHBAHHS 1X 13 3B’ s13KH. [Ipu 1iboMy pi-
JKyda 3/IaTHICTh IUTiI(yBaIbHOTO Kpyra i TEIJIOCHUIOBA HAMPYXKEHICTh MPOIecy MiTidhyBaHHS 3
YacoM MPAKTUYHO HE 3MiHIOIOTHCS, IIPOTE 3HOITYBAHHS IUTi(hyBaIHHOTO KpyTra MPU3BOIUTH IO
3MiHH HOTO BUXiJIHOI (MIPaBUJIBHOI) TE€OMETPUYHOI (POPMHU, 1110, Y CBOIO Uepry, iHTeHCU(DiKye
BiOparlii TeXHOJOTIYHOI CHCTEMH, TIPU3BOAMTH JIO 301IBIIEHHS TTOXHOOK PO3MIpIB 1 YTBOPEHHS
Ha 00pOOIOBAaHUX MOBEPXHSIX JIETANICH XBHIISICTOCTI, TOMY PEXKUM CaM03aTOqyBaHHS BUKOPH-
CTOBY€ETBHCS IEPEBAKHO HA OTIEPAIlisSX MOMEPETHBOro MuTi(pyBaHHS.

Ha omnepanisx ocrarounoro nutidyBanHs 6akaHO CTBOPIOBATH YMOBH 1 PEXHM, 110 3a0e3-
MeYyI0Th pOOOTY Kpyra B PeXKHMi IIepeBayKHOTO 3aTyIUIEHHS a00 YaCTKOBOTO CaM03aTOqyBaHHSI,
KOJIM 3a0e31edy€eThesl HOro He3HAYHMH po3MipHUid 3HOC. Leii pexxuM XapaKTepu3yeThesl yTBO-
PEHHSAM MaiTaHYUKIB 3HOCY Ha PKYYHX KpalKax 3epeH 13 HaJIMIIAHHSM Ha I1i MaiJaHInKH
YaCTUHOK MeTally 3arOTOBKH. Pixyda 34aTHICTh HUTIQyBabHOTO Kpyra 31 30UIbIIEHHSIM HOTo
HaIpaIfOBaHHs 3MEHIIYEThCS, BHACIIIOK YOTO 3POCTAIOTh TEIUIOCHIIOBA HANPYXKEHICTh MPO-
1ecy 1 IHTEHCUBHICTH BiOpalliid, MOTipIIy€eThCs SAKICTh AeTanei. [l BiAHOBIEHHS pixKydoi 31a-
THOCTI a0pa3MBHUX 3€peH KPYTH ITIIAI0Th ITePIOANYIHIN MMpaBIli. 3 METOIO 3a0e3IeUeHHS CTa-
JIOCTI piXKydoi 3AaTHOCTI a0pa3sMBHOTO IHCTPYMEHTA 3aCTOCOBYIOTh O€3MepepBHY MPABKY.

bBayanc Mix CKOIOBaHHSIM 1 BUPUBAHHSM 3€peH 1 1X 3aTYIUICHHSIM BH3HAYAETHCS TETUIOCHIIO-
BOIO HaMPYKEHICTIO MPoIecy MUTiQyBaHHs | MIITHICHUMU BIACTUBOCTSIMHU CAMUX 3€PEH 1 3B’ SI3KH.
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3i 301IbIIEHHSIM POO0YOT IIBUAKOCTI Kpyra 1 HOro TBEpAOCTI 3pOCTAIOTh CEPEIHI 3HAYECHHS
CHUI, IO TIPUTIAAAI0Th HA OJTHE 3€PHO, MPH SKUX MOXKJIMBO PYHHYBaHHS 3e€peH ad0 BUPHBAHHS
iX 31 3B’S3KM (KpUTUYHE HABAHTAKEHHS). 3 IMiJIBUINEHHSM TBEPIOCTI Kpyra mpoiiec Iutigy-
BaHHS 3 MIEPEBAYKAIOUMM CaM03aTOUyBaHHIM MIEPEXOTUTh Y «3MIIaHHUI» PEXKUM, TIOTIM — Y pe-
KM 3 IIEPEeBAXKAIOYNM 3aTYIUIEHHSIM, a IpU 00poOI1i 3ar0TOBOK 3 IJIACTUYHUX 1 B SI3KHUX MaTe-
piajiB crIoCcTepiraeThesl IHTCHCHBHE 3aCOIFOBAHHS poO0OYO0T MOBEPXHI MUTIPyBaTBHOTO KpyTa.

YuMm MeHIa 3epHUCTICTh HUTI(YBaJIbHOTO Kpyra, TUM BYXXUMM CTa€ Jiarnma3oH TBEPIOCTI
KpyTa, P SKOMY MOXKITUBUN «3MIIMaHUN» pexkuM ioro podotu. [Ipu 301IbIIIeHH] IHTEHCHBHO-
CTi 3HIMAHHS MeTally KpyraMu MaJioi TBEpAOCTI PeKUM MEPEBAKHOTO 3aTyIICHHs Kpyra 3Mi-
HIOETHCS 3MIIIAHAM PEKHMOM, a TIOTIM MEPEXOAUTh ¥ PEKUM caMo3atodyBaHHs. [Ipu mmtidy-
BaHHI 3aroTOBOK 3 IUIACTHYHUX 1 B S3KMX MaTepiaiiB KpyraMu BHCOKOI TBEPIOCTi, 3MilIaHUHA
PEXUM 3MIHIOETBCS PEKIMOM 3aCOITFOBAHHS .

[Ipu mutipyBaHHi 3aroTOBOK KpyraMu 3 €JIeKTPOKOPYHIY 1 KapOily KpeMHiI0 MaloTh Miclie
BCl BUJY 3HOINYBAHHS, a IXHS ITUTOMAa Bara MO)ke 3MIHIOBAaTHCS 3aJI€KHO BiJI YMOB OOPOOKH;
1uti(hyBagbHI KPYTH 3 €1600py MPaIIOI0Th IePEBaKHO B PEKUMI caM03aTOUyBaHHSL.

[HTEeHCHBHICTh MEXaHIYHOTO CTHPAHHS 3epeH 3HAYHOIO MIpOI0 BH3HAYAETHCS MIITHICTIO i
TBEPICTIO MaTepiary 00poOIIIOBaHOT 3arOTOBKHU.

[Tpu mridyBaHHI 3ar0TOBOK 3 KOPO3IMHOCTIMKHUX 1 dKAPOMIITHUX CTaJIeH 1 CIIJIaBiB IHTEHCH-
BHICTb 3aTYIUICHHs a0pa3uBHUX 3epeH y KiJibKa pa3iB BHIIE, HiXK IPU ILTiQyBaHHI 3arOTOBOK 13
KOHCTPYKIIITHUX BYIJICTIEBUX 1 HU3BKOJICTOBAHUX CTaJIeH, IO MOSCHIOETHCS OLIBIT BUCOKOIO
MIITHICTIO 1 TBEPAICTIO IIUX MarepiajiB MPH BUCOKUX TEMIIeparypax.

Y 30HI nUTiyBaHHS, KA XapaKTePHU3YEThCS HAIBHICTIO BUCOKOTEMITEpaTypHOT CHIIOBOT B3a-
emoii MiXk HUTi(PyBaTbHUM KPYTOM 1 3aTOTOBKOIO, aKTUBHUM PIJIKHM 1 Ta30BUM CEPEIOBUIIEM,
CTBOPIOIOTHCS MIEPEAYMOBH ISl TIPOTIKAHHS XIMIYHUX PEaKIlii, Mo MPU3BOISATE JI0 YTBOPESHHS
MIPOMYKTIB, Ki OJOKYIOTH a00 aKTHBI3YIOTh O€3MOCEPEHIO B3aEMOJIII0 adpa3UBHOTO 3€pHa i
Marepiaiay 3aroToBkH. Jludy3iifHe 3HOITYBaHHS aOpa3sUBHUX 3€peH JIOMIHYE MPH MUTIPyBaHHI
3aroTOBOK 3 XiMIYHO aKTHBHUX MaTepiaiiB, 10 YHCa SIKUX BIAHOCATHCS, 30KpeMa, aioMiHi€B]
1 THTaHOBI CIUTaBH.

JI. Xyno0in i M. benos [2], mpoaHastizyBaBIIN KiHETUKY CTaHy pOOOYMX MTOBEPXOHb KPYTiB
3 TPaIUIIMHAX a0pa3WBHUX MaTepialliB (€JIEKTPOTPOKOPYHIIB 1 KapOiIiB KPEMHII0) TIPH IILTi-
(yBaHHI 3aTOTOBOK 3 KOPO31iHO CTIMKUX cTalel, BUAUTAIN TPH Mepioid poOoTH KpyTiB: 1) cKo-
JIFOBAaHHS BEPINUH aOpa3WBHHUX 3€pPEeH, PYHHYBAHHS 3€peH 3 YTBOPSHHSIM JIPIOHMX OCKOJIKIB 1
BUPHBAHHS HEMIIHO 3aKpIIUIEHUX 3€peH 13 3B'SI3KM B IMOYATKOBHM Mepion MUTiyBaHHS MiCIs
MPaBKH KpyTra; 2) 3aTYIUICHHS 3€PEH 3 MOJAIBIIIAM HAIMIAHHSIM Ha 1X BEpITHHA YaCTHHOK Me-
TaJly 3arOTOBKH, PyHHYBaHHsI 3epeH 3 yTBOPEHHSIM OCKOJIKIB 1 BUPHBAHHS 3aTyIJICHUX 1 3acMa-
JBITLOBAHUX 3€PEH 31 3B’S3KH ITiJT JTI€I0 CHJIM NUTI(PYBaHHS; IMPH IBOMY TIOPH Kpyra 4acTKOBO
3aMOBHIOIOTHCS IIJIAaMOM; 3) MOJAJbIe 3acoyIoBaHHS poO04YO0i MOBEpXHI MUTi(YyBaIbHOTO
Kpyra, 10 TOJISrae B 3all0BHEHHI IIJTAMOM MTPOCTOPY MiXK 3epHAMH, Ta TMPU3BOIUTH JI0 TIOBHOL
BTpaTd KPyroM pi>Kydoi 3/1aTHOCTI.

Omnucani BHINE SBHINA PH ILTiIPYBaHHI B PEKUMI 3aTyILICHHS MOXXYTh IIPU3BECTH 10 30i-
JBIICHHS CHJI Pi3aHHS, MOSIBU BiOpaIliif TeXHOJIOTIYHOI CHCTEMHU BEPCTaT-MPUCTOCYBAHHS —iH-
CTPYMEHT-JIETallb, 1110, Y CBOIO YEPry, 3HUXKYE TMPOAYKTUBHICTh Ta TOYHICTH 00poOKHu. Tomy
Jy’Ke Ba)KJIMBO MPOBECTH JOCIIKEHHS JUHAMIYHUAX XapaKTePUCTUK TEXHOJIOTIYHOI CUCTEMH
Ta mooyayBarn ADOYX.

JluHamivHi mapaMeTpy MIIHHEIBHOTO By3Jia 0e3ocepeIHbO BIUIMBAIOTH HA TOYHICTH (o-
pME 00pOOIICHOT TOBEPXH, 11 IMOPCTKICTh, IHTEHCHBHICTH 3HOCY PiXKydoro iHCTpyMeHTy. Tomy
HEOOXiJTHO MPOBECTH JWHAMIUYHUHN PO3paxyHOK INMUHAEIHHOTO By3ja 1 BCTAHOBUTH 00JACTi
fioro 6e3pe3oHaHCHOI poOoTH, BU3HAUNTH ADUX i (opMHU KOJIMBaHb CHCTEMH.
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[TouarkoBe nu(epeHItianbHe PiBHSIHHS BUMYIICHUX KOJMBAaHb CTEP)KHS-IITAH/IENS, 3aIlH-
meThes y BUTIIAL [8].
4 2
EJ-M+k19+mO-M=Pi-sin(a)-t)a (1)
ozt or?
ne EJ— KOpCTKICTh cTepKHS pH 3ruHi: £ — Moxyns FOura, MIla, J — MOMEHT iHepIii, KT * M

9 — nonepevHe epeMileHHs CTEPXKHS Ha BiJICTAaHI Z B MOMEHT Yacy £, MM;

k — xoedilieHT moCTeN;

mp — Maca OJIMHUIII JIOBXKUHU CTEPIKHS, KT

P, — cuna 30ypenns, H;

(® — 9acTOTa BUMYIIIEHUX KOJIMBaHb CUCTEMH, [ 11.

3 YHCIIOBUX METOJIIB PO3PAXYHKY IPYKHHX CHCTEM, SIKi OMTUCYIOThCS JTIHIHHUME U EpeH-
MiaTFHUMH PIBHSHHSIMH, OJTHUM 13 HAUITEPCIICKTUBHIIIHX, TIOPST i3 METOJIOM KiHIICBUX eJIeMe-
HTIB, € METOJI IIOYATKOBHX ITapaMeTpiB y MaTpuaHOMY (popMysrOBaHHI. BiH 103BOJIsSE IPHBO-
JUTH JTUHAMIYHI XapaKTePUCTUKU UIMUHCIBHUX BY3JIiB 1 YIPaBIiHHS JUHAMIYHUM BILUIMBOM
JI0 pO3paxyHKY CKJIaJHOI JIAHIIFOTOBOI CUCTEMH 3 0araropa3oBo MOBTOPIOBAHUM IIUKJIOM aJire-
OpaiuyHuX omepailiii, IO BIAMOBIIAIOTH MEPEXOAy BiJl OJIHI€T TIITHKA CUCTEMH JO 1HIIOT, 1 yc-
minrHo 3actocyBatd EOM.

Po3paxyHkoBa MoJIeNb By3J1a PO3TIISIAETHCS SIK MPYXKHA CTYIHYACTa Oanka JOBXKHHOIO L
Ha TPYXHOJASMI(PYIOUHX OMopax. 3a JomoMoror N pajiaJbHUX IEePETHHIB, BKIFOYAIOYN
KpaiiHi, 6anka po3ainieHa Ha (N-1) AUISTHOK TOCTIHHOTO MEPETHHY, B OJJHOMY 3 SIKUX Ji€ 30y-
proBasibHa cuia Py. [Ipu oMy KOXKHA i-Ta JIJISTHKA Ma€ PO3MOAUICHY Macy Mg Ta MOCTIHHY
JKOPCTKICTh Ha 3TUH EJ, a netaii, 3MOHTOBAHI Ha MIMUHJEII, PO3IIIIAI0ThCs K 30CepeKeHi
MacH m; Ha MeXi JIUITHOK 3 MOMEHTaMH iHepiii J;. Po3risHyTa Motenb ckiianaetrbes 3 13 -
HOK, po3nieHux 14 nepepizamu (puc. 1). JIJIsg KOXKHOT JTIJISHKA 33a€ThCsl IOBXKHHA Li, cepei-
Hilf giamMeTp (30BHIMIHIN D; Ta BHYTPINIHIK d;), po3MoIiJieHa Maca my;, AeMIIpipyBaHHS B MaTe-
piatti b; Ta 3MiHHA )KOPCTKICTh EJ; .

VY KO)XHOMY OKpeMOMY Tepepi3i BpaXoBYEThCs OIMH a00 KijibKa (haKkTopiB, a came:

1) 3MiHa 30BHIIIHBOTO D; 200 BHYTPIIIHBOTO d; JiaMeTPiB BaJIiB, MM;

2) pO3MIIIEHHS 30CEPEKEHOT OTIOPH;

3) 30cepekeHa Macoro m (Kr) Ta MoMeHT iHepii J (H/m);

4) 3oBHimHI# 30cepemkennii MomeHT (H/M) abo cuna (H).

VY po3paxyHKOBi#l MOJENI IIMUHIES, TiAMMUITHAKA PO3TIISIAIOTHCS K MPYXKHO-IEMII]Y-
104l OCHOBH.

[TapameTpu B moyaTkoBOMY Yy Ta KiHIIEBOMY Yy Iepepizax IIITUHIes MOJKHA 3B’ SI3aTH 3a
JIOTIOMOTOFO TIEPEXiTHUX MaTPHUIh HOTo JIJISHOK 3 BpaxXyBaHHIM CHIIH, SIKa Ji€ B i-My Iepepisi
Y BHIJISIII HACTYITHOTO MaTPUYHOTO PiBHSHHS:

[ ]=[4]-[¥o ]+ [4p,]- v, ). )
e [Y Y l [Yo] — MaTpPHIIi-CTOBIII KOMIIJIEKCHHX IapaMeTpiB y N-My i /-My mepepizax;

2.
°

[A] — MaTpuIlsd JOOYTKY BCiX MEPEXiTHUX MATPUILh TS TIISTHOK OaKu;

[A Pn ] — MaTpUIs JOOYTKY BCIX MEPEXiTHAX MATPHUILh JIIS JTUITHOK OQJTKH, PO3TAIIOBAHUX
iCIs 1n-roO Tepepizy, B SKOMY IMpUKIIaZeHa cuia P.

MatpuIis 30BHIITHEOTO HABAHTAXKCHHS [l// n] B 1-MYy TIepepi3i Mae BUTIIS:
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Puc. 1. Pospaxynxosa cxema wnighysanvnoi 6abku eepcmamy B3208D3
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Martpuiis [V, | BKOYa€e Taki KOMILIEKCH] BEIMYHHN:

Vi
@il

M2 “4)
EJ;

o’
EJ;

[vi]=

7€ Vi — KOMIUIEKCHA aMILIITy1a IIPOTHHY, M;

¢ — KOMILIEKCHA aMILIiTy/1a KyTa OBOPOTY, *;

M; — KOMIUJIEKCHA aMILTITyAa MOMEHTY cuid, H'm;

Qi — KOMIUIEKCHA aMILTiTyAa orepeyHoi cuu, H;

L — noBxuHa IIHUHJEIS, M;

EJ; — %OpCTKiCTh Ha 3THH i-T0 Iepepi3y potopa, MIIakr - M2,

[py BiTOMHMX MOYATKOBHX IapaMeTpax 3 BUKOPUCTAHHIM HEPEeXiTHUX MaTpUIlb CTEPKHEBUX
KOHCTPYKIII MOXKHA 3HANTH MapamMeTpH B Oyab-sKoMy miepepisi. [lepeximaai MaTpwili JTUITHOK Ta
nepepiziB MIMUHIE, X TapaMeTpH 3aJiekaTh BiJ IPUHHATOT pO3paxyHKOBOTI MO IITHH/IEIS.

3a CUJIOBUM 30BHIIIHIM BIUIUBOM, SIKH Ji€ B i-My nepepisi, 3HaX0sITh YacTOTHI mepesa-
TouHi QyHKIIIT BKa3aHUX NapameTpiB, Hanpukian, ADUX y i-my nepepisi mmunaens Oyie Bu-
3HAYaTHCS SIK:

W, (za)) yz(’a))

Wy (iw)=Re(w)+i- Im(a)) : (6)
3Bijcu MoxkHa Bu3HaunTH AD®UX potopa:

\/Re )+ Im ( . p(w)= arctg] (e ) (7

Re()

3a BiIOMHMH IapaMeTpaMH y Ta () B Iepepizax MOXKHA JOCTIJUTH OCHOBHI ()OPMH KOJIU-

BaHb IIITUH/IEIS P Pi3HUX YaCTOTaX.

Jls po3paxyHKy JHHAMIYHHX XapaKTEPHUCTHK IIHHJIEIFHOTO By3Jla BHKOPHCTOBYBAIach
nporpama SPIDWIN, po3po6iiena Ha kadeapi aBTOMOOIBHOTO TPAaHCIIOPTY Ta raxy3eBoro Ma-
HIMHOOY 1y BaHHS.

V pe3ynbTarti po3paxyHKiB OTpUMaHi IWHAMIUHI XapaKTePUCTUKU MINMUHAEIHHOTO By3Ja, a
came pe30HaHCHI YaCTOTH KOJMBAHb IIAHJISILHOTO By3Ja, napametpu ADOYX (3HaueHHS Be-
KTOpa JUHAMIYHOI IMOJATINBOCTI y IPSIMOKYTHIHM 1 TMOJIIPHIN cHcTeMaX KOOPIWHAT), a TaKOXK
(dhopMH KOTMBaHb MPY)KHOT CHCTEMH, Ha PE30HAHCHHUX YacTOTaX oOepTaHHs mmuHes. J{nHa-
MiYHa MOJATINUBICTh BU3HAYATACS 32 BIIOMOIO OPMYIIOI0

Y,
W, =W = ?;(iw), (8)
ne Y7 — mepeMmilieHHs CHCTEMH B IIbOMY Tiepepisi 4;
P; — cuna mpukIaieHa B IbOMY K TIepepisi.
ADUX sBiisie o000 BiAHOIIICHHSI TIEPEMIIIIEHHS CHCTEMH B TIepepisi i-My mepepisi A0 CUJH,
MPUKJIAICHOT B TOMY X Tepepisi, 1 XapaKTepu3yeThCs PSIIOM MOKA3HUKIB.
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Puc. 2. AQYX winigpysanvroi babxu eepcmama B3208-D3

3riano i3 modynoBanoo AOYUYX, oTpuMaHi HACTYIHI IWHAMIYHI TOKa3HUKH IIITUHIEIHHOTO
By3J1a LTI yBaIbHOT OA0KH:
1) crarnyHa MOAATIUBICTD Kene = 0,32 MxM/maH;
2) MakcUMaJIbHa pe30HaHCHA aMILTITYAA A rmax = 2,3 MKM/1aH;
3) KoediIieHT TMHAMIYHOCTI K = i = 3,14
k,. 0,482

4) pe3oHaHCHI yacToTH fp; =497,6 I'n, fp>=495,3 ',
5) mapamertp, siKuii XapakTepu3sye BiOpocTiiikicTb cuctemu Re!  =1,75mxm/0aH .

{
-~

=438

BucHoBkm BigmoBimHO a0 crarri. [IpoBeneHi auHAMIYHI JOCIIDKEHHS IPOIECY
nutipyBaHHS LWTIHIPUYHUX TIOBEPXOHb IepHdepielo OpieHTOBAHOTO Kpyra B peXHUMI
3aryluleHHs Ha Beperari B3208 @4 cBimyarh mpo JWHAMIYHY CTIHKICTh CHUCTEMH. 3a
pesynbraramu moOynoBaHoi ADOUX i oTpuMaHMMH pO3paxyHKaMH BCTaHOBICHO O0JIACTi
Oe3pe30HaHCHOT poOOTH BepcTara Ta iHIII MOKa3HUKHU JTUHAMIYHOCTI. [IpoBeieHi ToCITiKeHHS
JAIOTh 3MOTY MiHIMI3yBaTH CHUJIM pi3aHHs, 3a0€3MeYNTH OiNbII BUCOKI TOYHICTH, SKICTh Ta
MPOYKTHBHICTH OOPOOKH, ITiIBUIUTH CTIHKICTh IHCTPYMEHTY.
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UDC 621.923.42
Volodymyr Kalchenko, Volodymyr Venzhega, Nataliia Sira, Volodymyr Morochko

INVESTIGATION OF DYNAMIC CHARACTERISTICS OF THE PROCESS
OF GRINDING CYLINDRICAL SURFACES BY THE PERIPHERY OF THE
ORIENTED CIRCUIT IN THE MODE OF BLUNTING ON THE VZ208F4 MACHINE

Urgency of the research.. A large number of parts in mechanical engineering that have surfaces of rotation, get the final
accuracy of size, shape, and roughness in circular grinding operations. The study of grinding parameters with crossed axes of
the wheel and the part in the blunting mode is an urgent task, as it will increase processing productivity, product accuracy and
tool stability and ensure higher competitiveness of products in various fields of mechanical engineering.

Target setting. In the final grinding operations, it is desirable to create conditions and mode that ensure the operation of
the wheel in the mode of predominant blunting or partial self-sharpening, when there is a slight dimensional wear. This mode
is characterized on the one hand by increased blunting of abrasive grains and salinization of the surface of the wheel and on
the other helps to preserve the shape of the wheel after editing, so it is necessary to conduct dynamic studies whose results are
taken into account when constructing the grinding process.

Actual scientific researches and issues analysis. Analysis of recent research and publications. Scientific school under the
leadership of Dr., Prof. Kalchenko VI the method of circular grinding in the mode of self-sharpening with crossed axes of a detail
and preparation is investigated and the ways of increase of stability of abrasive wheels and accuracy of processing are offered.

Uninvestigated parts of general matters defining. Selection of previously unexplored parts of the general problem.
Investigation of the dynamic characteristics of the grinding process in the blunting mode on the machine VZ208 F4.
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The purpose of the article. To provide high indicators of the accuracy of the sizes, low roughness and undulation of the
processed surfaces when grinding in the blunting mode. Carry out a dynamic calculation of the spindle assembly and establish
the areas of its resonant operation, construct the amplitude phase-frequency response (AFCH) and determine the dynamic
stability of the system.

The presentation of the main material. There are grinding in the mode of self-sharpening and the predominant blunting of
the tool. In the self-sharpening mode, the wear of the grinding wheel leads to a change in its original (correct) geometric shape,
which, in turn, intensifies the vibrations of the process system, reduces dimensional accuracy and the formation of corrugated
parts on the machined surfaces. In the final grinding operations, it is desirable to create conditions and mode that ensure the
operation of the wheel in the mode of predominant blunting or partial self-sharpening, when it provides a slight dimensional wear.

Conclusions and suggestions. The dynamic characteristics of the process of grinding cylindrical surfaces by the periphery of
the oriented circle in the mode of blunting on the machine VZ208 F4 are investigated in the work. The conducted researches allow
to minimize cutting forces, to establish areas of resonant work of the machine, to increase intervals between edits and stability of a
grinding wheel, to provide higher accuracy and quality of the processed surfaces, and also to increase productivity of processing.

Keywords. circular grinding, grinding by the periphery of the oriented circle, grinding in the blunting mode, dynamic
calculation, AFCH.

Fig.: 2. References: 8.
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IMPOLEC BAJTAHCYBAHHS INIMIUHJAEJIB IIJII®YBAJBHUX
TA HIBUAKICHUX ®PE3EPYBAJ/IbHUX BEPCTATIB
Y IBOX IIVIOHNINMHAX KOPEKIIII

AKmyanbvHicmo memu 00C1i0NCeHHA. V 36 3Ky 3I CMEOPEHHAM HOBUX GUOIE MEMALO0OPOOHO20 YCMAMKYSAHHSL MA (H-
WX Mautut, wo 3abe3neyylomo 30i1buleHHs NPOOYKMUSHOCMI NPAYi, BUHUKAE NPOOIeMA YeHMpPYSanHs ma OANAHCYBAHHS He-
BPIGHOBANCEHUX MEXHONIOSIUHUX CUCIEM NPU IXHbOMY 6USOMOBNEHHI 1l PeXCUMHIL 3MIHI QucOanancié nio uac excniyamayii.
Huni ons 6ineuocmi wnighysanonux eepcmamic ma 6epcmamis s WUOKICHO20 (hpe3epy8aHHs nepedbauacmocs 6anancy-
BAHHS WNIPYBATLHO20 KOIA MA (hpe3epHo2o IHCmpyMeHnmy 6 pyuHomy pexcumi. Hedonikom makozo cnocody € HeobxioHicmo
¥ 3YRUHYL 0ONAOHAHHSL YU 3MIHI MEXHONO02IYHO20 MA eKCAIYamayitinoeo pexcumie pobomu. Biteur eghexkmuerum cnocobom €
60Y006a OANAHCYIOYUX NPUCMPOIE Y KIHEMAMUYHY CIMPYKMYPY Wi(hy6aibHo20 Yu (hpesepHoeo eepemama ma npoeeoeHHst 6a-
JIGHCYBAHHS 8 ABMOMAMUYHOMY PeXHCUMI ni0 Yac X00y MAULUHU.

Ilocmanoeka npoonemu. llpu peanizayii aemomamuunozo 6anaHCY8ANHHS WNUHOENIE UWLLIYBANLHUX MA WEUOKICHUX
(hpesepysanvHux eepcmamie Ha Xx00y MAWUHU ) 080X NIOWUHAX KOpeKyil HeOOXIOHa Oopoea, CKIAOHA GIOPOGUMIPIOBATbHA
anapamypa, enexmpoHHi 610KU YNPAGNiHHsA MA NOPIGHAHHS KOTUBAHb MAUuLUH. [[0 MO20 JHC MeXHON02Iis Aa8MOMAMU4Ho20 ba-
JAHCYBAHHS HA X00)Y MAUUHU Ol KOMNeHCayii MOMeHmMHOI ma OUHAMIYHOT He@PIBHOBANCEHOCMI GUMARAE BUDIULEHHS NPO-
ONeMuU 3HUINICEHHS 3ANUUMKOB020 OUCOANAHCY 3 OOHOYACHUM NIOBUULEHHIM HAOIUHOCMI NPUBOJY MA IHULUX NPUCPOIE.

AHnaniz ocmannix oocnioxcens i nyoaikayiii. Y pobomi 6yno poszensnymo ocmanni nyonikayii 3 yiei memu, sxi npedcma-
8/1€HO Y 8IOKPUMOMY OOCMYNI, 8KIIOUHO 3 Mepedceto [nmepHem.

Buoinenna nedocnioycenux yacmuH 3a2a1bHol RPoOaeMuU. 3HAYHA YACMKA ICHYIOYUX HA CbO20OHT NiOX00i6 w000 3pie-
HOBAXCYB8AHHS WNUHOCNIE WLTiY8ANbHUX MA (Dpe3epYBanbHUX 6epCMAmie y npoyeci eKCnayamayii 6umazae 3yNUHKU MAauuHu
1l 6anancysants 6 pyuHomy pedxcumi. llpu eusHauenHi HABAHMAICEHHS HA WNUHOENb Yepe3 OUCOAIAHC MAKOXC mpeda epaxy-
eamu me, W0 OUHAMIYHI CUNU PI3AHHS (HANPUKIAO, BUKTUKAHI NEPEPUGHACTIUM PEHCUMOM POOOMU (hpe3u Yu 3HOCOM Wipy-
8AILHORO KONA) HACMO BUABTAIOMbCS 3HAYHO GUYe GIOYCHMPOBUX CUI, GUKIUKAHUX OONYCIUMUMU 3ATUUKOBUMU OUCOANAH-
camu. Ipu asmomamuyuromy 6a1aHCY8aAHHI WNUHOCLIE WNIPYEATbHUX MA ULEUOKICHUX (h)pe3epyBaNbHUX 6ePCMAMmIE HeOOXIOHO
NPAaBUILHO 0OUPAMU NOTONCEHHS NIOWUH KOPeKYil 8i0HOCHO wnigysanvho2o ma gpesepysanvrozo incmpymenmy. Tomy eu-
3HAYeHHsl napamempig OUCOANAHCY Y 080X NIOWUHAX KOPEKYIL ma yMOGU dGMOMAMuUYH020 OANAHCYBAHHS € AKNYAILHOIO Yac-
MUHOI0 3A2AbHOI 300aY, WO BUPIULYEMBCA 8 YbOMY HAYKOBOMY OOCNIONCEHHI.

Memoio yiei Haykoeoi pobomu € opMYBaHHA MeMOOUKU ABIMOMAMUYHOO0 3DIEHOBANCYEAHHA UNUHOENIE ULTIQYEANLHUX MA
WBUOKICHUX hpe3epyBalbHUX 6epcmamie y 060X NIOWUHAX KOPEKYIL 3 GUSHAYEHHSIM 20JI06HO20 6eKMOopa OUcOaiancy ma npeo-
CMABNIEHHAM 2e0MeMPULHUX (MACOBUX) XAPAKMEPUCTUK POMOPA Yepe3 eKGIGaneHmMHI CKIA006I Y 080X NIOWUHAX KOPEKYIL.

Buknao ocnosnozo mamepiany. [Ipu 06pobyi 3a20mo60K HA GUCOKOMOUHUX WLTIQYEATLHUX 6ePCAMAX MA 6ePCMAMAax
0151 WBUOKICHO20 (hpe3epy6anHs GIOXUIEHHS 610 2eOMEeMPUYHOL MOYHOCII MA SAKOCMI 3a0aHOI NOBEPXHI 3HAUHOK MIDOH GU-
3HAYAIOMBCS BETUNUHOIO OUCOANAHCY, AKUL GUHUKAE NPpU 0Oepmanti wnunoens. Bioomo, wo mexnonoeiunuil oucoanauc € pe-
3YIbMAMOM MAKUX 00'€KMUGHUX NPUYUH, K PO3DINCHICMb OCell 320MOGKU [ WNUHOENS, HEPIGHOMIDHICIb PO3NOOLLY Mac y
JIOKANbHUX 00N1ACMAX 3a20MO6KU, padialbHe OUMMS 3a20MO6KYU Ma IHCMpYMeHmYy, pizHa wyinoricme mamepiany. Ha cyuacrux
wWighysanvHux ma gpesepHux eepcmamax Yacmoma o6epmants WNUHOeNs CMAHOBUMb KilbKa MUCSY 00epmi6 3a XGUIUHY,
MOMY KONCHA 3HOBY 6CMAHOGIEHA 3A20MO06KA 0008 A3K0680 NOBUHHA OYMuU Ni0OAHA DANAHCY8AHHIO, NEPEBANHCHO PA3OM I3 Na-
MPOHOM, ONPABKOI YU YAH2OHK).

BucHoeku 6ionosiono 0o cmammi. V pe3ynomami npoeeoeHux 00CaioNcenb GUSHAUCHO HANPSAMU 6eKMOPI6 CMamuyHoi
mMa OUHAMIYHOL HEGPIGHOBANCCHOCIE WNUHOCLIE ULTIQYBATbHUX MA WEUOKICHUX (Ppe3epy8albHUX 6epcmamis nicis 0anancy-
6anHs Y 060X niowuHax kopekyii. Illepemiwgyrouu niowuny Kopexyii y300624c¢ oci wnuHoes eepcmama 30invutyioms abo 3me-
HULYIOmb peakyii 6 onopax, mum Camum pe2ynioroms KOMNeHCAyiliHi 3YCUILIA 8i0 KOpe2ylouux mac, o 00380JA€E A8moMamu-
3yeamu npoyec KOMneHcayii MOMeHmMHOI i OUHAMIYHOI HeGPIGHOBANCEHOC.

Knwuogi cnosa: wnigysanus; gppesepyeants; He8piHOBaNCEHICMb; OANAHCYBAHHS.

Puc.: 4. bién.: 6.

AKTYyaJIbHICTh TeMH. Y 3B’SI3KY 31 CTBOPCHHSIM HOBHX BHJIIB METAI000POOHOTO YCTATKY-
BaHHS Ta IHIIMX MaIIKH, 10 3a0e3Me4y0Th 301IbIIEHHS TPOYKTHBHOCTI ITpalli, BAHUKAE MPO-
Onema IeHTpyBaHHs Ta OaJlaHCYBaHHS HEBPIBHOBKEHIX TEXHOJIOTIYHUX CUCTEM ITPH iXHBOMY
BHUTOTOBJICHHI 1 peXXMMHIM 3MiHI ArcOaTaHCiB i yac excrnryararii. Huai gyt O11sImocTi momi-
(yBaJIbHUX BEPCTATiB Ta BEpCTaTiB JJIs MIBUIKICHOTO (pe3epyBaHHS mepeadadeHo OamaHcy-
BaHHS LTI YBATLHOTO KOJIa Ta Ppe3epHOro iIHCTPYMEHTY B py4HOMY pexxumi. Hemomikom Ta-
KOro CImoco0y € HeOOXiTHICTh Yy 3YNUHII OOJaJHAaHHS YU 3MiHI TEXHOJOTIYHOTO Ta
eKCILTyaTaI[ifHOTrO PeXUMIB poOOTH. BilTbIN epeKTUBHUM CITOCOOOM € BOYT0Ba OATaHCYIOUNX
IPUCTPOIB Y KIHEMAaTUUHY CTPYKTYpY HUTIQYBadbHOTO uM (hpe3epHOro BepcTara Ta IpoBe-
JICHHSI OaJTaHCYBaHHS B aBTOMAaTHYHOMY PEXUMI i1 9ac poOOTH MaIIuHH.

© Kampuenko B. L., Hubyns C. [1., Caxro €. 0., €pomenko A. M., 2020
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IMocTanoBka npoodaemu. [Ipu peanizarii aBToMaTuyHOTo OaTaHCyBaHHS IIMTUHEINIB IILTi-
(yBaAIBHHUX Ta MBHJAKICHUX (pe3epyBaAIbHUX BEPCTATIB Ha X0y MAllMHK y JBOX IUIOIIMHAX
Kopek1ii HeoOXiHa Jopora, CKiIaHa BiOpoBUMIpIOBalIbHA arnapaTypa, eJIeKTpOHHI OJIOKH yII-
paBIIiHHS Ta TOPIBHSHHS KOJMBaHb MamHH. J[0 TOTO K TEXHOJIOTisI aBTOMAaTHYHOTO OallaHCy-
BaHHS Ha XOJIy MAIllUHK JIJI1 KOMIICHCAIlil MOMEHTHOI Ta JUHAMIYHOT HEBPIBHOBKEHOCTI BU-
Marae BHpIIIEHHS TMPOOJEMH 3HWKEHHS 3QJMIIKOBOTO JUcOANaHCy 3 OJHOYACHUM
T1IBUIIICHHSIM HAIHHOCTI PUBO/IA Ta IHINX MPUCTPOIB.

AHaJIi3 0CTaHHIX JOCHIIKeHb i myoaikaniit. Y po6oTi [1] po3risHyTo mporec 6aiaHcy-
BaHHS UTi(YBATLHOTO KOJIa MUTiPYBaTLHOTO BepeTaTa. HaBeaeHo 0co0MMBOCTI HATarosKeHHS
Ta eKCIUTyaTarii muTigpyBalbHAX BepcTaTiB. Y poboTax [2; 3] mpoBeneHo JOCIiHKeHHS poO0TH
pyuHOi HUTipyBaIbLHOT MAIIMHM, /1€ BCTAHOBJICHO, 110 TpH NUTipyBaHHI BUHUKAE JIOJIATKOBE
30LTBITICHHS BiOpallii yepe3 yCTaHOBJIEHHS HOBOTO JIUCKA 3 TIOXHOKOFO, Yepe3 HOoro HepiBHOMI-
pHE 3HOIIIYBaHHS ITi]] YaC BUKOHAHHS TEXHOJIOTIYHOI Omepallii, a TAKOXX IIPU 3aCTOCYBaHHI He-
SKICHUX JWCKIB. /{711 yCyHEHHS WX BiOparliii BAKOPUCTOBYIOThCS MTACHBHI aBTOOATAHCHPH 3
MoJIeTIIoBaHHSIM TporieciB y cepenonuii Solid Works ta moxyni Cosmos Motion. Takox Bu-
3HAYEHO TOBEJIIHKY IIIMHH e/ UTiQyBaTpHOT 0a0KH MPHU 3MiHI KOPCTKOCTI OMOP JUIS PO3PO-
OKM aBTOMATUYHOI CHCTeMH cTaOiTi3aIlii BeIMYMHU 3a30py B TIPOCTATUYHMX ITiIITHITHAKAX
JUTSL TIIBUIIICHHS CTAJIOCTI mporecy nutipyBanHs. Y [4] po3mIsHYyTO HMUTaHHS CTIHKOCTI Ta
3HOCY IUTiyBAIBHOTO KOJa B Ipolieci ekcrunyaraitii. [IpeacraBneHo TeopeTnyHi Ta eKCrepu-
MEHTAJIBbHI JIOCITIJDKSHHS CUCTEMH KOMITCH AIliT BiOpaIliii JuIsk IpOMHCIIOBOTO TLTi()yBAITBHOTO
obnmagHaHHsA. Y poOoTi [5] po3risiHyTO MpobiieMy MOBHOTO OanaHCyBaHHS 0araTovamkoBOTO
abpa3MBHOTO IHCTPYMEHTY, PO3p00JIeHO TpadivyHy MOJIeh IpoIlecy OalaHCyBaHHS.

Buninenns Hexoc/iIKeHHX YaCTHH 3arajbHoI npodaemMun. 3HauHa YacTKa ICHYIOUUX HA
CHOTOJIHI ITIXOJIIB IOJI0 3PiBHOBAKYBAaHHS IMIHHJCTIB MUTIPYBATLHUX Ta (Ppe3epyBaIbHUX
BEpCTaTIB y MPOIIeCci eKCIUTyaTallii BUMarae 3ylMHKY MaIluHY i OajaHCyBaHHS B PyYHOMY pe-
*uMi. [Ipn BU3HAUEHH] HaBaHTKEHHSI Ha IIITUH/IENb Yepe3 AucOaaHe TaKoXK CITijl BpaXyBaTh
Te, IO JUHAMIYHI CHJIM pi3aHHs (HANPHKIIAJ, BUKJIMKAHI TIEPEPUBUYACTUM PEIKUMOM POOOTH
(dpe3u ur 3HOCOM MUTI(PYBATEHOTO KOJIA) YaCTO BHSIBIISTIOTHCS 3HAYHO BHIIE BiAIIEHTPOBUX CHJI,
BUKIIUKAHUX JIOMYCTUMHUMH 3aJMIITKOBUMHK JucOaiancamu. [Ipu aBTOMaTH4YHOMY OajlaHCy-
BaHHI IIITAHJICTIB LTI yBAIBHAX Ta MBUAKICHUX (pe3epyBaIbHUX BEpCTATiB HEOOXITHO TIpa-
BUJILHO OOMpATH TMOJIOKEHHS IUIOIMKH KOPEKIlii BiTHOCHO IuTipyBaipbHOTO Ta (ppezepyBalib-
HOTO iHCTpyMeHTy. ToMy BU3HaYeHHS TapaMeTpiB AucOaIancy y IBOX IUIOIMUHAX KOPEKITii Ta
YMOBHU aBTOMAaTHYHOTO OaJIaHCYBaHHS € aKTYaJIbHOKO YaCTUHOIO 3arajibHOTO 3aBJIaHHSs, 110 BH-
PIIIYETHCS B IIBOMY HAYKOBOMY JOCTIDKEHHI.

ITocTanoBka 3aBaanHs (miseii craTrti). MeToro 1iel HayKoBO1 poO0TH € (OpMYyBaHHS Me-
TOJIMKM aBTOMATHYHOTO 3piBHOBa)KYBAHHS IMITAHICIIB MUTIPYBATLHUX 1 MBUAKICHUX (Ppe3e-
PYBaJIbHUX BEPCTATIB Y JBOX ILIOIMMHAX KOPEKIIii 3 BA3BHAYEHHSIM T'OJIOBHOT'O BEKTOpa JucOa-
JaHCY Ta TpPEJCTAaBICHHSIM TE€OMETPHYHMX (MAcOBUX) XapaKTePHCTUK pOTOpa Hepes
€KBIBaJICHTHI CKJIaJIOBI y IBOX IUIOIIMHAX KOPEKIIi.

Buxsaa ocHoBHOro matepiaiy. [Ipu 00poOr11i 3aroToOBOK Ha BHCOKOTOUHUX LTI (DyBah-
HUX BepcTaTtax i BepcTaTrax Jils MBUAKICHOTO (pe3epyBaHHS BIJIXUICHHS BiJl TEOMETPHUHOL
TOYHOCTI Ta IKOCTI 3a]]aHOi TOBEPXHI 3HAYHOIO MipOO BU3HAYAIOTHCS BEJTMIMHOIO TCOAIAHCY,
SIKMI BUHUKAE IIiJ1 4ac 0OepTaHHS IIMUHICIA. Biomo, 1o TeXHOJIOTiYHuN auchanaHe € pe-
3yJIBTaTOM TaKUX 00'€KTHBHUX IMPHYMH, SIK PO30IKHICTH OCI 3arOTOBKH  OCI IMITAHCIIS, HEPi-
BHOMIPHICTh PO3IOJIITY Mac y JOKAJIbHUX 00JIaCTSX 3ar0TOBKH, pajliaibHe OUTTS 3arOTOBKH Ta
IHCTpYMEHTY, pi3Ha MIUIbHICTh MaTepiany. Ha cydacHux muridyBaabHuX 1 ppe3epHUX BepcTa-
TaX 4acToTa 0OepTaHHS IIMUHICIS CTAHOBUTH KiJIbKa TUCSY 00EPTIB 32 XBHIIMHY, TOMY KOXKHA
3HOBY BCTQHOBJICHA 3ar0TOBKa 000B’S3KOBO IMOBUHHA OYTH ITi/IJTaHa OaJlaHCYBaHHIO, 3]1€01)Tb-
IIIOTO Pa3oM i3 MaTPOHOM, OIIPABKOIO YU I[AHTOI0.
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Bupimmyroun mocraBieHe 3aBiaHHs Tpeba BpaXyBaTH Te, IO HEBPiBHOBAXKEHICTH 00epTO-
BHX Mac LT (PyBATBHHUX 1 BUCOKOIIBHIKICHUX ()PE3CPHUX BEPCTATIB BKJIFOYAE B ceOe: BepcTa-
THUW TIMAHACIb, TPUMad 1HCTPYMEHTY, MPOMiIXHI KOMITIOHEHTH (OTpaBKH), 1HIII JI0JaTKOBI
€JIEMEHTH 1HCTPYMEHTY (HallpUKJIaj, TBUHTH) 1 BIACHE caM pi3ayibHUi iHCTpyMeHT. OCHOB-
HUMH PUYMHAMH JTUCOATAHCY €: TeOMETPHYHA aCUMETPisl BCIX IepepaxoBaHUX BHUIIE KOMIIO-
HEHTIB, TOYHICTH iX BUTOTOBJICHHS, & TAKOK TOXUOKH 1 MOMIJIKH TIPH iX ycTaHOBIi. HasBHICT
nucOanaHcy BUKJIMKAE K MiHIMYM BiOpartito 00J1alHaHHS, SIKa 3MEHIIY€ CTIMKICTh pi3aJIbHOTO
IHCTpYMEHTY, a TAKOX TOYHICTb 1 SIKICTh MeXaHI4HOi 00poOKu. J[J1s1 3MEHIIIeHHS BEIMYMHHU JTUC-
OayaHCy BUPOOHUKH 3MYIIICHI 0OMEXYBaTH Y4acTOTH OOEPTAaHHS IIITHHJICIIB BEPCTaTIB, a Ta-
KOXX BHKOPHUCTOBYBATH BIIIOBIIHE TEXHOJOTIYHE OcHaIeHHs. HeoOXiTHICTh peTebHOro 0a-
JIAHCYBaHHS IITIHJIEINIB MUTiQYBATBHUX Ta Ppe3epHUX BEPCTATiB MPU3BOAUTH JI0 TOTO, IO Yac,
BHUTpaueHU Ha OaaHCyBaHHS, 0araTopa3oBo MEPEBUINYE Yac Ha MEXaHIYHY 00pOOKY 3a/1aHOl
moBepxHi. Takox s 0e3BiIMOBHOT CIIy»OH pi3aIbHOTO IHCTPYMEHTY HEOOXiJHO OaslaHCy-
BaHHS IIMTAHENIB LT ()yBATHHOTO Ta BUCOKOIIBUAKICHOTO ()PE3EPHOTO BEPCTATIB Y ABOX ILIO-
mMHax Kopekuii. Ls mporenypa moBUHHA BUKOHYBATHCS NEPIOINYHO, OCKUIBKH y TIpoIieci BU-
KOPUCTaHHSI Pi3aJIbHOTO IHCTPYMEHTY apaMeTpH MeXaHiuHOi 0OPOOKH MOTipIIyIOThCS.

Po3srnsiHeMO nporiec aBToMaTHYHOTO OallaHCYBaHHS HUTI(QYBATBHUX IIITAH/ENIB 13 ITUPOKUMHU
KoJIaMH (MI>KOIIOPHUX POTOPIB) y ABOX ILIOIIMHAX KOPEKILT /ISl KOMIIEHCAIlii TOJIOBHOTO BEKTOpa
0 1 TOJIOBHOTO MOMEHTY M HEBPIBHOBXEHUX BIANIEHTPOBUX CHJI OE3MOCEPEIHHO HA XOJTy BepC-
tata. Tak Ha mmuHAemi / mpuctporo (puc. 1, a) (mat. N37851, H/IP) B omopax 2 mocapkeHa BTy IKa
3, 0 3 0THOTO OOKY YIUPAETHCS B OYPTHK IIITAHIEIS, a 3 1HIIIOTO KPIMUTHCS raikoro 4. Ha BTy
3 BCTaHOBJICHWI MTUTI(YBATBHUHN KPYT J, IO CKIIATAETHCS 3 HA0OPY KPYTiB. 3 TOPIIIB BTYJIKH 3, ¥
nBox romuHax (1, II), po3MinieHi KOpUTyBaJIbHI MacH, IO MAFOTh MOYITUBICTB TIOBEPTATUCS Bijl-
HOCHO 0OCi 00epTOBOTO LTI YBATLHOTO KpyTa B IMPOIleci KOPETYBaHHS 1 SIKi SBJISIOTH COO0I0 HAOIp
Kijterb. [T0BOpOT KiIblIeBMX KOPUTYBAIBHUX Mac BIIHOCHO 00€pTOBOrO ILTi(hyBaTbHOIo Kpyra 1
3JIMCHIOETHCS 3@ JIOIOMOTOI0 TIOBOPOTHO-TIEPEATHOIO MexaHi3My. Po3risHeMo JBOILIONTMHHE
OanaHcyBaHHS IINUHJIENIB OECLEHTPOBO-IIUTI(PYBaIBLHUX BEPCTATIB, 110 MAIOTH KJIBLIEBY OPOXK-
HHUHY, YTBOPEHY BHYTPIIIIHBOIO HMIIHIPUYHOIO TIOBEPXHEIO BTYIKH 4 (puc. 1, 0), Ha siKiif BcTaHO-
BJICHUH HaOip MuTi(hyBaTLHUX KPYTIB 2, 1 CTYIIEHb HAWOUIBIIIOTO AiameTpa mmuHAes J. st pos-
MIITICHHST KEPOBAaHOTO OaJaHCYIO4YOoro IMPHUCTPOI0 OOpaHa KuIbIleBa IMOPOKHWHA, TOMY ITO
pO3TaIIOBYBATH KOPUTYBAJIbHI €JIEMEHTH 30BHI INITAHACS, Y MIiCIIAX /, 3 YCTAaHOBKH cyxapiB (pHC.
1, 6), 5K 11€ 3pOOJICHO y BHUINEONMCAHOMY MPHUCTPOI (puc. 1, @), BUIBUIOCS KOHCTPYKTHBHO HEJO-
uinbHEM. st yCyHEHHsI HEeBPIBHOBaXECHOCTI UTiI(GYBaIBHOIO Kpyra (II0 ;, Ta A ) BCTAHOBJICHO
JIBa IIPUCTPOI YISl CTAaTUYHOTO OallaHCyBaHHS, IO OJHOMY IPHUCTPOIO B KOXKHIN ITOIIMHI KOPEKIii
I-I 1 II-11, sixi moBepTarOTHCSI MPUBOAOM (HA PHCYHKY HE TIOKa3aHO) B MOJIOKEHHS KOMITEHcAIlii Te-
XHOJIOTTYHOT HEBPIBHOBA)KEHOCTI.

A5

~ 408

a 7]

Puc. 1. IIpoyec osonnowunno2o banancy8anus ulnig)y8anvbHo2o WnuHoes.
a — 080NI0WUHHe OANAHCY8AHHSA WNihy8anbHo20 wnunoens no nam. N37851, HI[P,
6 — osonnowunHe 6ANAHCYBANHS 3 OONOMO20I0 080X CIAMUYHUX NPUCPOTE
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[Ipu 3piBHOBaXXyBaHHI IIMUHJENS HUTi(HYBATHHOTO YU (pe3epHOTO BepcTaTa y ABOX ILIO-

IUHAX KOPEKIIi1 TOJIOBHUHM BEKTOP ArcOaIaHCy ,ZZCT = 272 , 1 110T0 3aMiHSFOTh Ha CKJIAJIOBI B TLIO-
IUHAX KOPEKIIil, sIKi JOPiBHIOIOTH BiJIOBIIHO:

- - L, = - L
Dcra =Der-—2; Derp = Der-—2, (1)
L L

ne L — BiacTaHb Mix ommopamu; L4 1 Lp — BificTaHb Bijt omop 4 i B J1o eHTpa Mac poTopa.

[Ipu BU3HAYEHHI TOJIOBHOTO BEKTOpA JIUcOalaHCy pOTOpa BapTO BpaxyBaTH Te, IO POTOP
nepeOyBa€e y cTaHi JMHAMIYHOT PIBHOBArH 1 BIJIIIOBiTa€ yMOBaM PiBHOCTI HYJIFO CYMH BCiX He-
BPIBHOBXEHUX CHJI 1 CyMHU BCiX MOMEHTIB IIUX CHJI, TOOTO:

Y P=w') m, r =wZZ,L_Z,_ =0 ] =0 Lo =0;
SM =Z[L, P,}=Zm, [L,. r,}oz =0,

ne m;, 1y, /[i — BIIIOBIIHO HEBPIBHOBAXKEHA Maca, 11 eKCIIEHTPUCHUTET 1 JucOananc; jJ — roJoB-

2

HUH BEKTOp aucOanancy; L; — Tuieue IpuKIagaHHs i-TOi CHIIH.
3 ypaxyBaHHSM KOPCTKOCTI OIIOP pOTOpa CyMy CUIT 3’ P MOXHa [PE/ICTABUTH SIK:
Y P=ml, > <6,C 3)

pem on—on®

Sxmmo ymoBa (3) He BUKOHYETBCS, TO HEOOX1HO MMPOBOJIUTH JUHAMIYHE OajlaHCYBaHHS CH-
cTeMH. Y TIPaKTHIN YCYHSHHS BiJI3HAYCHUX JIUCOAIAHCIB TEOMETPUIHI MAaCOB1 XapaKTePUCTHKH
LIMUHIENS IPEICTaBISAIOTh Yepe3 eKBiBaJICHTHI CKJIaI0B1 y IJIOMIMHAX Kopekuii / 1 2 3 amJtika-

Tamu z; 1 z2 (puc. 2, a). ExBiBajieHTHA 3aMiHa TOJIOBHOTO BEKTOpa AUCOATaHCIB ). ABOMA BEK-
TOpaMUu D.| 1 D y IIOMKHAX KOPEeKIii / 1 2 crpaBeyinBa, SKIIO cCyMa UX aucOaTaHciB 3a-
JIMINAETHCS PIBHOI TIEPBICHOMY 3HAYEHHIO BEKTOpa [., i MOMEHT WX JUCOAIAHCIB BiTHOCHO

TOYKH IIPUKJIAJaHHs BEKTOpa D- JOPIBHIOE HYIIO:

Da+Deo=D:; ziDa+z2De=0. 4
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Puc. 2. Bekmopna xomnencayis 3MiHHO20 OUCOANAHCY:
a) po3KNAOAHHS 201108HO20 6eKMOpA OUCOANAHCI8 Y NIOWUHAX Kopekyii 1 i 2;
0) cxema 63a€MHO20 PO3MAULYBAHHS NIIOWUH KOpeKYil i onop

3BiJKH, 3 ypaXyBaHHSAM Opi€HTAIll BEKTOpa 1. OJIEPKAMO:
D:. &)

Z Z

bz; bcz =-

174 2172,

bcl =—-
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[Tpu BM3HAYEHHI CKITaIOBHX TOJIOBHOTO BEKTOPA TUCOATAHCIB BiJICTAHb JI0 IUIONIHH KOPEKIIii
BapTO MIJICTABIIATH 3 YpaxyBaHHSIM 3HaKiB. Tak, IpH po3TalryBaHHi IIEHTPa Mac M ILTOITHAMUA
KOPEKIIiT arutikara z> Ma€ HeraTuBHE 3HaYeHHS, a alllikara z; — no3utuBHe. To0To z/=1;; zo=-I21
z1-z2=l1+1>=1;>. 3 ypaxyBaHHsM 3HaKa aIIKaT z; 1 z2> BUpa3 (5) Oyie MaTu BUTIIS:

— l — — l —
Dcl =_2Dz; Dc2= D:. (6)

1
11"2 11,2

CxitanioBi aucOanancu D 1 N}y y TUIOIIMHAX, TEPIECHANKYIIPHUX JI0 BEKTOpa [,, 3HAM-
JIEMO, BUXOJISTYH 3 PIBHOCTI IIUX CKJIAIOBUX OJHMH OJTHOMY 33 MOJIYJIEM:

bcl = ch = D() .

3 BUpAa3y BiEHTPOBOrO MOMEHTY [,. = (z,-z,) D, ONCPXKUMO: D, = ]i, e, =z -z,
1,2

[Tics Bu3HavyeHHS AucOananciB D¢ 1 De2 y IBOX TUIOITMHAX KOPEKIIiT, EPIIeHTUKYIIPHUX
JI0 OCi poTOpa, MO’KHA BUKOPHUCTOBYIOUM MIPABUJIO NIEpEepaxyBaHHs AUcOATAHCIB 3 OJJHUX IUIO-
IUH B 1HIII, 1 BU3HAYATH JUCOATAHCH B MICIi YCTAHOBKH KOPHTYBAJILHUX Mac Ha pOTOpi Ta
nigibpaTu eMHOCTI KOPEryIOUHMX Mac JJisi OalaHCyBaHHS.

[Tpu 06poOIIi JeTalTi HeBpiBHOBOKEHUM LTI yBAIBHAM KOJIOM Ha METaJI0pi3aIbHUX BepC-
TaTax aucOaJaHcH KOPUTYBIBHUX Mac y mionHax kopekiii [ i 11 (puc. 2, 6) € 3anexxHuM Bij
CXEM B3a€EMHOTO PO3TAIyBaHHS TUIOIIMH KOPEKIIii Ta OTIOpP, 1 BOHU BH3HAYAIOTHCS 32 BIJIOMUMH
3anexxHocTsMH. [Ipu 00pob11i HeBpiBHOBaKEHUM HLUTI(PYyBaIBHUM KOJIOM Y 111 (popMyIn Jo1a-
IOTh MOMEHTH BiJI IUCOAIAaHCY 3aroTOBKH. Tak JIs1 cXeMH, TIoKa3aHoi Ha puc. 2, 6 TucOaancu
11 /1> y mnommnax xopekiii | # Il Bu3Hagaetbes 3a popmynamu:

_rZZBL_fZZZIZJ'_ﬂw?lx, _ﬂxa?(lx_L)_ﬂALJrﬂl(L_ll) (7)
A4, = .

/. - L

I[OﬂaTKOBOIO YMOBOIO JId aBTOMATH4YHOI'O 6aﬂaHCYBaHH$I 3a JOIIOMOI'OIO pO3pO6JIeHI/IX

MIPUBO/IIB € HEPIBHICTH:
L pirrs)
dt

ne Pp — BiAIIGHTpOBa CHJIA, CTBOPIOBaHA HEBPIBHOBAXKEHUM POTOpoM; P; i P2 — BIIIIEHTPOBI
CHJIM HEBPIBHOBKEHMX KOPUTYBAJIbHUX BaHTAXKIB; [ — Yac.

[Tepemimarouu MIOMKUHY KOPEKIIii y3/I0BXK OCi pOTOpa, 3MEHINYIOTh (200 301IBIIYIOTH) pe-
aKIii B onmopax. SIKIo KOpUTyBaJIbHI JUCKU 3HAXOAATHCS HA KOHCOJIBHOMY POTOPI MiX OIO-
pamu (puc. 3, a), To IpH 3MIICHH] iX BiJl TOYKH B 70 TOUkH A Ha BEIUYHMHY X peakilii R; B
omopi B (puc. 3, 6) 306inbryerbes. [Ipu 3MileHHI KOPUTYBAIBHUX JUCKIB /, pO3TAllIOBaHUX HA
KOHcoJI, BiJf Touku B 10 Touku C (puc. 3, 6) peakis R; B onopi B (puc. 3, 2) 3MeHmIyerbes. Y
MOJIOXKEHHI X = /, ie / — Tiede MpHUKIIaAeHOl BiIIIEHTPOBOT CHIIK P; Bil TEXHOJIOTIYHOTO JircOa-
JaHCy NUTi(YBaFHOTO KOJIa, peakilii OyIyTh JOPiBHIOBATH HYIIO, SIKIIO CyMa BiIIEHTPOBUX
CHJT KOPUTYBAJIBHUX JMCKIB JIOPIBHIOE P;.

BukopucToByroun BUIIEHABEIEHY METOAMKY, PO3KIaIeMO TOJIOBHAN BEKTOP JAHCOAIaHCY
poTopa Ha ckianoBi. Hexail mmuHmens mutidyBaabHOTO BepcTara 3 Macoko 71 Ma€ CTaTHYHY
HEBPIBHOBaXKeHICTh D 1 quHamiuHy M. Mix BekTopamu M i D xyt A. Po3tamyBaBmm cKJiajao-
BOro BekTopa My miomuHax kopekiii 4 1 B (puc. 4, a) 3ayBaxyemo, mo My = Mp, mpudomy:
M =M, (L,+L,)=M,(L,+L,).

ﬂ]z

dp,
dt
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>
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Puc. 3. Ilepemiugerns KOpUcy8anbHUxX MAc Y300824c 0Ci WLLihy8aIbHO20 WNUHOEIIA:
a, b — cxemu po3mauLy8aHHs KOPU2YBailbHUx Mac, 6, 2 — 3MiHa peaxkyii 6 onopax
Buznaunmo cxianoBi nucbananciB Dy i Dp y mnomunax 4 i B. Moayns Bektopa Dp y 1wio-
IITUHI KOpeKITii Y BU3HAYa€eThCs 3a GOPMYJIOFO:

D, =%\/M2 +D’z,” —=2M-Dz,|-sin A . )

AHasoriuno BeKTop D4 y TuiomuHi A BU3HA4Ya€ThCs 3a (OPMYIIOH0:

DA=NM2+D2z12+2M.Dzl.sinz, (10)
nezr=Lp z2=-La La+ Lp= L.

KyToBi koopamHaTH BEKTOpiB Dy 1 D 5 BIAHOCHO BEKTOpPA / BU3HAYAETHCS 32 POPMYIIOLO:

tgp, =tgh s 19, =1gA+ (11)

- Diz,|cosA Diz)|cosA '

Ha puc. 4, 6 nmoka3ane po3TamryBaHHS BEeKTOpPIiB l_)A i l_)B BiJIHOCHO BeKTOpa M TIpH TaKuX
mauux: m=20kr; D=2 -10°t™M; M=6 - 10* rm%; A =30°; Z; =150 Mmm; Z>=-100 mm.
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Puc. 4. Cxema posmauwiysanus eéekmopie cmamuuHoi (a) i ounamiunoi (0) He8pieHOBaAHCEHO-
cmi niciis 6anancy8ans

[lepeBipsitoun pe3ynbraTé rpadiuaoi modymaoBu 3a Gopmynow D= D4+ Dpg, 6auumo, 1o
BHUIIICHABE/ICHA PIBHICTh BUKOHYETHCSI.
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Takum yrHOM, TIpoLIec OGaaHCyBaHHS IITMHICTIB BHCOKOTOYHHX IILTi(pyBabHUX BepcTa-
TiB Ta BepCTATIB JUIS MIBUAKICHOTO (ppe3epyBaHHs Y ABOX IUIONIMHAX KOPEKIIil € JJOCUTh CKJa-
JTHOIO TEXHOJIOTIYHOIO OIIepalli€lo 1 BiH BiZIOYBa€ThCS TAaKUM YHHOM, 1100 0OepTaHHS HE MpH-
BOJIAJIO /IO BHHUKHEHHS HEKOMIICHCOBAHHX BiIIEHTPOBUX cuil. [Ipu ibomMy TpebGa BpaxoByBaTH
Te, 10 BEJIMYMHU PO3PAXOBAHOI MaCH KOPUTYIOUOT'0 BaHTAXYy 1 KyTa HOro oBOpOTY BUXOSTh
npoOoBuMHE BenmuarHaMu. OKpyTIIeHHS 3HAYSHb PHU3BOIUTH J0 OSIBH 3HAYHOTO 3aJTUIIIKOBOTO
nucOanaHcy, Mo 3HaYHO 30UIbIIYE TPUBATICTh OallaHCYBaIbHOI Iporenypu. Tomy MeTo/uKa,
0 HABOAMTHCS B JIaHIH HAYKOBii poOOTI JI03BOJISIE MMiIIOPATH KOPETYIOUX MacH JiIsl OallaHCy-
BaHHS INIUHENIB BUCOKOTOYHUX MUTI(PYyBaThbHUX BEPCTATiB Ta BEPCTATIB JUIS IIBHIKICHOTO
(dpe3epyBanHs. XKopcTki pOTOPH, 10 AKHX MOXKYTh OYTH BiTHECESHI IIMHHJIEN IITi(yBATEHAX
Ta (ppe3epHUX BEpCTaTiB, TEOPETHUYHO JOMYCKAIOTh MOBHE OaJaHCYBaHHS IPU IPUMYCOBOMY
MO€THAHHI OCi 00epTaHHS 3 TOJIOBHOO IIEHTPATBHOIO BICCIO 00epTaHHs, HATIPUKIIAN, IILITXOM
NEepEeMIIIIeHHs] KOPUTYIOUUX Mac (y TOMY YHCJIi i aBTOMaTHYHO ), BUJAJICHHS] KOPUTYIOUOi MacH,
a TaKoX 3a JIONIOMOTOO 1HIIIMX aBTOOATIAaHCYIOUNX TPUCTPOiB. OTHAK iICHYIOYi IPHCTPOT MAFOTh
0OMEXeHHS 10 TOYHOCTI, SIK1 IOB’s13aH1, 30KpeMa, 3 TePTSM 1 JUCKPETHICTIO BIUIMBIB B MEXaHi-
YHHX 1 TipaBIIYHUX IPUBOAX, IO HE JO3BOJISIE JOCSATTH 3HUKCHHS aMILTITYI KOJMBAHb 10
piBus 0,1-0,01 mxwM [6].

BucHoBKH BiImoBiaHO 10 cTaTTi. Y pe3yibTati MpoBeIeHUX JOCHIHKEHb BU3HAYECHO Ha-
IPSMKU BEKTOPIB CTAaTUYHOI Ta TMHAMIYHOI HEBPIBHOBAKEHOCTI IIMHUHIEIIB ILTI(QyBaTbHUX Ta
IMBHUJIKICHAX (Qpe3epyBaTbHAX BEPCTATIB IMic/Is OaJaHCyBaHHS Y JIBOX IUIONTHHAX Kopekirii. [1e-
PEMIIIYIOUH IUIONTMHY KOPEKITil Y3IOBXK OCl IIMUHAETS BepCcTaTy 301IbIITyI0Th, 800 3MEHIITYIOTh
peakIiii B oropax, THM CaMHUM DPEeTYJIFOIOTh KOMITEHCAIIWHI 3yCHJUISA BiJ] KOPETYIOUMX Mac, IIo
JI03BOJIsIE aBTOMATH3YBATH MPOIIeC KOMITEHCallii MOMEHTHOI 1 THHAMiIYHO1 HEBPIBHOBAKEHOCTI.
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UDC 621.92
Vitalii Kalchenko, Sergii Tsybulia, Evgeny Sakhno, Andrii Yeroshenko

THE PROCESS OF BALANCING THE SPINDLES OF GRINDING
AND HIGH-SPEED MILLING MACHINES IN TWO PLANES OF CORRECTION

Urgency of the research. In connection with the creation of new types of Metalworking equipment and other machines
that increase labor productivity, there is a problem of centering and balancing unbalanced technological systems during their
manufacture and regime change of imbalances during operation. Currently, most grinding machines and high-speed milling
machines provide manual balancing of the grinding wheel and the milling tool. The disadvantage of this method is the need to
stop the equipment or change the technological and operational modes of operation. A more effective way is to integrate
balancing devices into the kinematic structure of a grinding or milling machine and perform balancing automatically during
the machine's running time.

Target setting. When implementing automatic balancing of the spindles of grinding and high-speed milling machines on
the move of the machine in two planes of correction, expensive, complex vibration measuring equipment, electronic control
units and comparison of machine vibrations are necessary. In addition, the technology of automatic balancing on the move of
the machine to compensate for moment and dynamic imbalance requires solving the problem of reducing residual imbalance
while increasing the reliability of the drive and other devices.

Analysis of recent research and publications. The work considered the latest publications on this topic, which are pre-
sented in the public domain, including the Internet.

Uninvestigated parts of general matters defining. A significant proportion of current approaches to balancing the spin-
dles of grinding and milling machines during operation require stopping the machine and balancing in manual mode. In de-
termining the load on the spindle due to an imbalance, we also should note that the dynamic cutting forces (e.g., caused by
intermittent operation of the cutter or grinding wheel wear) are often much higher than centrifugal forces caused by admissi-
ble residual imbalances. When automatically balancing the spindles of grinding and high-speed milling machines, it is neces-
sary to correctly select the position of the correction planes relative to the grinding and milling tools. Therefore, determining
the parameters of the imbalance in the two planes of correction and the condition of automatic balancing is an urgent part of
the overall problem that is being solved in this scientific study.

The research objective. The purpose of this scientific work is to develop a method for automatic balancing of spindles of
grinding and high-speed milling machines in two correction planes with the determination of the main imbalance vector and
representation of the geometric (mass) characteristics of the rotor through equivalent components in two correction planes.

The statement of basic materials. When processing workpieces on high-precision grinding machines and high-speed milling
machines, deviations from the geometric accuracy and quality of a given surface are largely determined by the amount of imbalance
that occurs when the spindle rotates. It is known that the technological imbalance is the result of such objective reasons as mismatch
of the workpiece axis and the spindle axis, uneven mass distribution in local areas of the workpiece, radial runout of the workpiece
and tool, different material density. On modern grinding and milling machines, the spindle speed is several thousand revolutions per
minute, so each newly installed workpiece must be subjected to balancing, usually together with a chuck, mandrel or collet.

Conclusions. As a result of the research, the directions of vectors of static and dynamic imbalance of spindles of grinding
and high-speed milling machines after balancing in two correction planes are determined. By moving the correction plane
along the axis of the machine spindle, the reactions in the supports increase or decrease, thereby regulating the compensation
forces from the correcting masses, which allows automating the process of compensation for moment and dynamic imbalance.

Keywords: grinding, milling, imbalance, balancing.

Fig.: 4. References: 6.
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Anmon Knumenxo, Bonooumup Awnicimos, Bornooumup Cumap

PO3POBKA TOHKOIIAPOBUX ITOKPUTTIB HA OCHOBI ®EHIJIOHY JIJIA
3AXUCTY IHOBEPXOHD BI/I I'A30- TA I'TIPOABPA3ZUBHOI'O 3HOIITYBAHHSA

AKmyanvHicmb memu 00C1i0xceHHA. 3a60anns 30iNbuienHss 3Hococmitikocmi demainetl | 8Y371i6 mepms 3yMogJeHe
MmeHOeHYI€ 00 NIOBUUeHHS IXHbOI NPOOYKMUBHOCII, A Omdkce, pOOOUUX HABAHMANCEHb, WLEUOKOCHET, meMnepamyp ma
[HWUX napamempie.

Ilocmanoexka npodnemu. /s nokpaujenns eKcniyamayitinux Xapakmepucmux 6y3ie mepms HeOOXiOHO GUKOPUCTIOBY-
eamu mamepianuy, ki NOEOHYIOMb 000pi ad2e3iliHi ma aHMUPPUKYITIHI 61acCMUEoCmi.

Ananiz ocmannix 0ocnidxcensy i nyonikauii. Biooma 3nauna xinokicmo nyonikayiti npo mamepiany 3 NiOGUUEHUMU AH-
MUPPUKYITIHUMU BIACTIUBOCAMU MA OKPEMO 3 NIOGUUEHUMU A02e3IUHUMU BNACTUSOCTAMU.

Buoinenna nedocnioycenux yacmun 3azanvhoi npoonemu. Biocymnui eioomocmi npo mamepiaiu, siki noeonyeanu 6 eu-
COKI adee3itini enacmugocmi ma 2apHi AHMUGPUKYITIHI 61ACMUBOCHI 8 IKOCMI NOBEPXOHb, W0 NIOOAIOMbCsL 2430~ MA 2i0poad-
pa3su6HOMY 3HOULYBAHHIO.

Ilocmanoeka 3a60anna. Memoio pobomu € 00CHiOUmMU CYKYRHICHb A02e3IUHUX MA AHMUGPUKYITIHUX 61ACMUBOCTET Ma-
mepianie Ha OCHOGI (heHINoHY.

Buknao ocnoenozo mamepiainy. J{ocnioxceno adzesiiiny 30amuicne (eHinoHy 00 KIACUYHUX MAMePIanie Yacmun MAauuH
ma 1020 3HOCOCMITKICIMb NPU 2a30- Ma 2i0poadpa3U6HOMY 3HOULYEAHHI. L] 3anexcHicmo eenuyunu ma iHMeHCUGHOCII 3HO-
WYBAHHSA 60 KYMY amaxu abpasueHozo mamepiany.

Bucnoeku 6ionoeiono 0o cmammi. Bcmanogénero, uwjo He3anexcHo 6i0 pexcumy podomu Halbinibule 3HOULYBAHHA NOK-
pummie Ha OcHO8I peninony eiobyseanocsa npu kymax 45-60°, ma novunarouu 3 kyma amaxu @ 45° 3MiHI08AEC MEXAHIZM
3HOULYBAHHSL 3 MIKPOPI3AHHs HA 6UOUMMSL NOLIMepy NOCepeOuni 00Crioncyeano2o 3pasky. llpu obox pexcumax pobomu
NOKPUMMSL HA OCHOGI (YeHINOHY SUAGUNUCS OOCUMb CMIUKUMU, WO 6KA3YE HA MOICIUGICIb GUKOPUCMAHHS (DEHIIOHY 5K
nOKpummsi OJisi 3aXUCMY 6i0 2a30a0pA3UEH020 3HOULY8AHHS. Ale HeoOXIOHI nodanbuLi OOCIIONCeHHs, Wo 6YOyNMb OilbuUL HA-
OuUdNCEHT 00 PeaNbHUX YMOE eKCNIYyamayii, 3 NOULYKOM HANOGHIO8AYI8 OJisl NiOGUWEHHS 3HOCOCMITKOCMI Ma a02e3iiHoi 30a-
MHOCMI NOKPUMMSL HA OCHOGI (DeHINOHY.

Knwuogi cnosa: gerninon; adzesis; 3HOULYBAHHS, NOKPUMMSA, NOBEPXHSL.

Puc.: 6. Tabn.: 2. bi6n.: 6.

AKTYaJIbHICTh TeMH IOCTiIKeHHs. J[OBrOBIYHICTH JeTajeil i BY3JIiB yCTaTKyBaHHS,
OB’ S3aHOTO 3 MEepepoOKOIO 1 TPaHCHOPTYBaHHIM aOpa3sUBHUX MarepiajiB, BUBHAYAETHCS Ha-
camrepe]] 3HOCOCTIHKICTIO IXHIX poOOYMX MOBEPXOHb. AHAJI3 JOCBiY eKCIUTyaTallil moKa3ye,
1o TepMiH HpaHC3I[aTHOCTi TaKHuX ,Z[eTaJIeﬁ MalllvH JIy7Ke MaJInii 1 MOYKe CTAaHOBUTH HaBIThH (0210:0%
abo JeKiTbKa poOOYHX 3MiH.

ITocTanoBka npodaemu. XKopcTKicTh pe)KUMIB eKCITIyaTallil MalllyH, 10 3yMOBJICHA TCH-
JICHITIEFO JIO TTIBHINEHHS iX MPOTYKTHBHOCTI, & 0TKE, HABAaHTAXXCHb, IIIBUIKOCTEH, TEMIIEpATyp
Ta HIIUX MapameTpiB, MOTpeOye 301IbIIECHHS 3HOCOCTIMKOCTI 1eTasneit 1 By3:iB Tepts [1].

AHaJI3 OCTaHHIX JOCTiIKeHb i myOJaikaniii. 3HOIIYBaHHS € CKJIQJHUM IIPOLIECOM, 3aJie-
JKHUM BiJ[ IBOX B3a€MOIIOB’SI3aHUX I'pyTl (akTopiB. 3 0JJHOro OOKY, MPOLEC 3HOIIYBaHHS BU-
3HAYAETHCS YMOBaMH poOOTH JieTaii ado By3ja 3 ypaxXyBaHHSM IPUKIIAJCHHX HaBaHTaKEHb,
MIBUKOCTI MePEMIIIeHHsI, arPECUBHOCTI CepeIOBHINA i TeMITepaTypH eKCIUTyaTarlii, 3 iHIIoro
OOKY, BiH 3aJIC)KUTh TaKOX BiJ[ 3/[aTHOCTI METAITy TPOTHIISTH Jii HABAaHTA)KEHb, 110 BH3HAYA-
€THCS IOTO XIMIYHUM CKJIaJIOM, TEPMIYHOIO 00pOOKOIO, CTPYKTYPOIO 1 OTPUMAHUMU B PE3YIIb-
TaTi IbOTO MEeXaHIYHUMH BiacTUBOCTAMU. [Iporiec 3HOIIYBaHHS NeTaneil abo By3MiB mepeBa-
JKHO HEOJIHO3HAYHMI Ta 3aJIeKUTh BiJ BETUKOI UYMCENBHOCTI (aKkTOpiB. YMOBH poOOTH
OLTBIIOCTI JleTayiell (By31iB) BA3HAYAOTh HASBHICTE 0JIpa3y KiJIbKOX BHJIIB 3HOITYBAHHS, OJHI
3 IKAX TPH3BOJIATH O0€3IM0CepeTHRO JI0 PYHHYBAHHS MMOBEPXHEBOTO IIaPy, a 1HIINI — HE BUKJIH-
KaloTh 663HOCCpCI{HBOF (6] Bi,[[OKpCMJHOBaHHH YaCTUHKHU MaTepiaHy, OHaK CHPUAKOTH ITPUCKO-
PEeHHIO 1hOT0 TMporiecy. CucTeMaru3ailisi yMoB poOOTH, sIKi TPU3BOISATH J0 3HOITYBAaHHS JeTa-
e, mo3BosniIa Kiacu(ikyBaTy pi3Hi BUIU 3HOIIYBAHHS 3a TphoMa rpynamiu (puc. 1) [2].

I3 meperiveHUX BUIIB 3HONIYBAaHHS iHTEpEC CTAHOBUTH TiJ[pO- Ta Tazoabpa3WBHE 3HO-

LIyBaHHS.

© Kmumenko A. B., Aricimos B. B., Curap B. 1., 2020
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BunH 3HOITYBaHHA

| | |

. KoposiiiHo- IIpu Oii eneKTpHYHOTO
MexaniyHe -
MeXaHiTHe CTPYMY
* alpaszHBHE e KOpoziline
e TimpoaGpasHBHe PO3TpicKyBaHHA
e TimpoeposiiiHe ® OKHCIIIOBalIbHE
e KaBiTamnifine ® mpu dperminr-
® YTOMITIOHOYE KOpO32il
e 1IpH GperTiHry
e TIPH 3aigaHHi

Puc. 1. Knacugixayis uoie 3noutysanis

3HOITYBaHHS MaTepialiB i TI€I0 TBEPIUX YACTOK Y ITOTOKAX PiIMHY YH ra3y, He3BaKar0IH
Ha pi3Hi CTaHU CepeIOBUII, MAIOTh OAraTo CIUIBHOTO. BIinB abpa3nuBHOT YaCTUHKH, SIKa TIEpe-
HOCHTHCS IOBITPSTHAM Y PiIMHHIM TIOTOKOM, Ha TIOBEPXHIO TEPTS CYNPOBOIKY€EThCS a00 yia-
POM 13 HACTYITHUM YTBOPEHHSM JIYHOK, a00 KOB3aHHSM, 110 (OopMye oApsSnuHu. PiBeHb quHa-
MIYHOTO BILTUBY 1 MaKpopenbed MOBEPXHI TePTS MEePeAyCiM 3aJIe)KHUTh BiJT Opi€HTAIIil Ta30- 9u
rigpoadpa3uBHOTO MOTOKY JI0 MOBEPXHi, a00 Tak 3BaHUM KyTOM aTaku (puc. 2) [2].

V
oo e, S0,
O/A :‘// — > O—‘o Q/a/
a 9]

Puc. 2. Cxemu 3nourysanns:
a — 2azoabpasusHozo, b — 2iopoadbpazueHoco

AmHai3 BIIMOB BY3JIIB 1 JieTaliell 00JIalHAHHS MOKa3ye, M0 HAAIHHICTh Ta JOBTOBIYHICTH
MaIlIFH 1 arnapariB 37e01IbIIOr0 JIMITY€EThCSI HE 3arajibHOIO MIITHICTIO JeTaiel, a 3HOIIyBaH-
HSIM HalO1TbII HABaHTaKEHUX TIOBEPXOHb.

3MiITHEHHS] TTOBEPXOHb 3a3BUYAll MOB’S3YIOTH 13 IMMiIBUINEHHSM MIIlHICHUX BJIACTUBOCTEMH
MeTalTy TIOBEPXHEBOTO IMapy. BiTbIIicTh METOIiB 3MIITHEHHS SIK IIOBEPXHEBOTO IIapy, TaK i BH-
po0y 3arajioMm BUKJIMKAIOTh 301JIBIIIEHHS] B METaJIi KiJTbKOCTI Je)eKTiB KprcTaIiqHoi Oy1oBu. 3i
30UTBITICHHSIM IITUTBHOCTI JIe()eKTIB Y KPUCTATIYHIM I'paTIli X MEePeMIIeHHS i1 €0 3PYIIyIO-
YUX 3yCHJIb 3arallbMOBY€ETHCS, 3POCTAIOTh HAMPYXKEHHS, HEOOXiHI JUTs 3CyBaHHS OJHI€T yac-
THHYU KPHUCTAJIa I0JI0 1HIIO1, IO CIIPHSE ITiIBUINCHHIO TTOKa3HUKIB MIITHOCTI [3].

Onnak 301IbIIEHHST KUTBKOCTI JUCTOKalil 1 Ae(eKTiB KpUCTalliYHOl TpaTKu MOKe TpU3Be-
CTH JI0 TIEpeX0/1y B KPUXKHIA CTaH Ta HeOe3IeKr BUHUKHEHHSI Ta PO3BUTKY TpiluH. Takox He-
JIOJIIKOM € BeJIMKa TPYJAOMICTKICTh MPOIIECY 3MIITHEHHS Ta BUCOKA BaPTICTh JIESIKHX CIIOCOOIB.
ToMy BHHHKA€e HEOOXITHICTh Y MOIITYKY HOBHX IPOTPECHUBHUX CITOCOOIB IiABUIICHHS 3HOCO-
cTifikocTi. OJJHUM 13 TaKUX CMOCOOIB € HAHECEHHS MOTIMEPHUX ITOKPUTTIB.

Bungisienns HeocJTiIZKeHUX YACTHH 3arajibHOT MpooJaeMu. [lepcrekTHBHOIO IPyIIOIO 10~
JTIMEpHUX MaTepialliB € apoMaTUyHi momiamian. HaliOiapr 1iikaBuM MpeICTaBHUKOM apoMaTu-
YHHUX TOJIIaMIJIiB € eHIJIOH.
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Binomo, mo ¢eninon mae ayoBi (hi3uKo-MeXaHiUHI MOKA3HUKH Ta JOOpEe MPOSBUB cede K
anTudpuKIiitHAi MaTepian. ToMy BeMMKHIl iHTepec CTAaHOBUTH BUKOPUCTAHHS (DEHUIOHY SIK
3aXMCHOTO MOKPHUTTS 3 JTOCTIKEHHSIM HOTo ajre3iiHuX BIACTUBOCTEN J0 KJIACUYHHUX MaTepi-
aTiB MPOTOYHHUX YaCTHH MAIIIMH Ta HOT'0 3HOCOCTIUKOCTI.

IlocTanoBka 3aBaanHs. MeToro poOOTH € TOCTIPKEHHS CYKYITHOCT1 aJire3iiHUX Ta aHTH-
(PUKIIHHAX BIIACTUBOCTEN MaTepiajliB Ha OCHOBI (eHITIOHY.

Metoanka gociaizxenn. [loniMepHi HOKPUTTS OTPUMYBAIM HUIIXOM HAHECEHHS HAa MeTa-
JIeBY TIOBEPXHIO PO3YMHY 3 HACTYITHMM BHUTIApPOBYBAaHHSM po3uMHHHUKA. SK cyOcTpar oOpaHO
MeTaJIeBi MaTepialiy, SKi 3aCTOCOBYIOTH JIJIsl OTPUMAaHHS 3HOCOCTIMKIX (PYHKITIOHATFHUX TTOBE-
PXOHB. SIK pO3YMHHUK BUKOPHUCTOBYBaIU AuMeTuiIdopmamia (IMDA).

PiBens anresii (peHIIOHOBOIO MOKPUTTS 10 CyOCTpaTy BCTAHOBJIIOBAJIA METOJOM HEpiBHO-
MIpHOTO BiJIIIApYBaHHS Ha CHEIiaIbHO PO3pOOJIeHIN yCTaHOBII, IO JI03BOJISIE BU3HAYHUTH 3Y-
CHJUISL, sIK€ HEOOX1IHO MPUKIIACTH /IS BiJIIIApYBAaHHS ILTIBKU MEBHOI IIMPUHH BiJ] METaleBOL
MTOBEPXHI IIPH MOCTIHHINM MBUAKOCTI BiIapyBaHHS (pHC. 3).

7 6 5

7

Puc. 3. Cxema ycmano6xu 0.1 GU3HAYEHHSA MIYHOCMI
ao02e3ilin020 3 COHAHHS NPU GIOULADYBAHHI!
1 — cmanuna, 2 — menzomempuuna oanxa, 3 — pyxoma Kapemka, 4 — pyKosamxka npueooa
Kapemxku, 5 — nionodicka nokpummsi; 6 — 00cnioxcyeane nokpumms, 7 — samuckay, 8 —msed;
9 — menzomempuyHull niocuntosay, 10— peccmpyroyuil npuiao (Mikpoamnepmemp)

3HOCOCTIMKICTh TMOKPHTTIB OIIHIOBAIA B YMOBAaxX OPCTKOTO Ta30a0pa3HMBHOTO 3HOIIIY-
BaHHS MMOTOKOM IIicKy 3 po3Mmipom vactok 0,5-0,9 MM npu mBuakocti 76 m/c 3rigno 3 'OCT
23.201-78 Ha BiAIEHTPOBOMY IPHUCKOPIOBAYi TBEPAMWX YACTOK ITi/I PI3HAMH KyTaMHU aTakd al-
pasuBy: 15°, 30°, 45°, 60° 1 90°. BiqnoBigHO 10 3araTbHONPHUUHSTOI KiIacudikailii BH/IiB 3HO-
myBaHHS [4] Taki yMOBH BHIIPOOYBaHb HAJISXKATh JIO BUCOKOIIBH/IKICHOIO KOHTAKTHO-THHAMI-
YHOT'0 HaBaHTa)XK€HHS (IIBHJIKICTh OTOKY YaCTHHOK >60 M/c).

JlocmipkeHo BILIMB MPUPOJIN HAITOBHIOBaYa Ta MOAH(ikaTopa Ha 3HOCOCTIMKICTH PO3p0o0-
JICHUX TTOKPHUTTIB.

Buksaa ocHoBHOro Mmatepiaiy. Bijomo, mo (eHiJI0H Mae HU3bKHI piBeHB ajre3ii 10 cTa-
JeBUX cyOcTpaTiB. ABTOpaMu poOOTH [S5] JOCiiKeHO aare3iifHy 3/1aTHICTh (EeHIIOnY 10 Me-
TaJeBUX CyOCTpaTIiB Pi3HOI MPUPOJIH, ajie cepell HUX He OyJIo MaTepiaiiB, 3 SKHX BUTOTOBIIS-
IOTBCSL POTOPH HPOMHCIOBUX HeHTpudyr. Tomy mociijkeHHs anaresii 10 IHUX MaTepialiB
CTAaHOBUTH IHTEpPEC.

Jliss BcTaHOBJIEHHS a/Are3iiiHol 37aTHOCTI ()EHUIOHOBOTO MOKPUTTS BUKOPHCTOBYBAIHUCH
cyoctpatu 3 kiacuunux MmarepiaiiB (40X, 08X18HIOT, 12X18HI10T Ta ix anamorn). Pe3ys-
TaTH MpEJICTaBIIeHI Ha puc. 4.

Sk MokHA TOOAUNTH HA pHC. 4, pIBEHb aAre31iHOI MIITHOCTI HE € JIOCTATHIM JUIS TOTO, 00
MOKPUTTS 1oOpe Tpumasiocs. Tomy Oyio BUpilieHO OOMITHUTH CyOCTpaTH 3rifHo 3 [6].
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Puc. 4. Aozesis ¢heninony 00 KnacuyHux mamepianié NPOMOYHUX YACTIUH MAUUH
a — eicmozpama aoze3itiHoi miynocmi, 6 — (homo 3pasxie,
1 —12XI8HI0T; 2 — 08X18HIT, 3 — AISI 304, 4 — 40X
Bcranosieno, 1o MakcuMalibHe 3HOITYBAaHHS (DEHIIOHY, HE3aJIeKHO BiJl peXUMy poOOTH,
BiI0yBa€eThCs TpH KyTi aTtaku B 45—60°, 1m0 HeoOXiTHO BpaxoBYBaTH MpH eKciuryaraiii. Pe-
3yIbTAaTU JOCTIKEHB TIpeICTaBlIeHl Ha puc. 5 Ta 6 1 Tabn. 1 Ta 2.

az| &z W, cn ke
00% 04 q006

aaos
a03 03

q004
002 | g2 0003

a002
a01 a7

aaa?

%5’ w0’ 45° 60° 75° w°
a’zpadycy
2 3 4 5
7]

Puc. 5. Bnnuse xkyma amaxu abpasugy na eenuduny snoutysanns (dU), inmencuenicmo
suouryeanns (Iv), 6ionocuy snococmiiixicmo (B3) ma nosepxuio noxpumms n= 6000 xe™' :
a — epaghix 3anexcnocmeti, 1 —dU(a); 2— B3(a); 3 — Iv(a),

0 — pomo 3paskie; 1 —15° 2 —30° 3 —45° 4—60° 5—90°
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Tabmuus 1

3nococmiitikicmv nokpummise Ha 0CHOGI eHiNOHY NPU PIZHUX KYMAX amaxu adpasugy
npu n = 6000 xe™!

I'yctuna 3HoulyBaHHA . o IHTeHCHBHICTD
COMTIOBHT Kyr araku, BinHocHa 3HOCOCTINKICTB SHOIIVBAHHS
Hen? Y rpagycu r om® (BigHocHO 12X18H10T) c1\Z,3 . ’
15 0,02125 0,0157 0,267 0,00314
30 0,0279 0,02066 0,233 0,00413
1,350 45 0,04105 0,0304 0,170 0,00608
60 0,0381 0,0282 0,183 0,00564
90 0,02075 0,0154 0,246 0,00308
Tabmmus 2

3nococmiiikicms nOKpumMmie Ha OCHOBI PeHiIoNY NPU PI3HUX KYIMAX amaku abpasusy
npu n= 3000 x”

I'yctuna 3HOUIyBaHHS . o . IHTeHCUBHICTD
KOMIIO3HTY Ky aTaku, BigHocHa 3HOCOCTIHKICTh SHOIIYBAHHS
3 : )
en® rpanycu r cM (BimrOCHO 12X18HI10T) cyn
15 0,0076 0,00562 0,210 0,00014
30 0,01285 0,0095 0,172 0,000238
1,350 45 0,01665 0,01233 0,148 0,00031
60 0,01345 0,00996 0,171 0,00025
90 0,00585 0,00433 0,175 0,00011
ajz| B3 Iy, cn/ke
o2
a3 00004
00003
qz
L 00002
a1
o001
5’ 30° 457 e’ 75" P’
a’zpadycy
a
a 0 8 2 0
0

Puc. 6. Bnnuse xyma amaxu abpazugy na eenuduny snoutysanns (dU), inmencuenicmo
snouryeanns (Iv), eionocuy snococmiiixicmo (B3) ma nosepxuio noxpummsa n = 3000 xe™:
a — epaghix 3anexcnocmeti;, 1 —dU(a); 2 — B3(a); 3 — Iv(a),

0 — gpomo 3paszxis, 1 —15° 2—30° 3 —45° 4—60° 5—90°

32




TEXHIYHI HAVKU TA TEXHOJIOT'Ii Ne 4(22), 2020
TECHNICAL SCIENCES AND TECHNOLOGIES

Takox s 060X pexumiB poOOTH XapaKTepHa 3MiHa MEXaHI3My 3HOIIYBaHHS MpU KyTax
ataku 45-90°.

[Ipu 060X pexxumax poOOTH HOKPUTTS HA OCHOBI (DEHITTIOHY BUSIBUIIMCS IOCUTH CTIMKUMH,
0 BKa3ye Ha MOJKJIMBICTh BUKOPHCTAHHS (PEHUIOHY SIK MMOKPUTTS JUISL 3aXUCTY Bij ra3zoadpa-
3MBHOT'O 3HOLTYBaHHS.

BucnoBku BianmoBiaHo 10 craTTi. BcTaHOBIEHO, ITI0 HE3AJIEIKHO Bl PEXKUMY POOOTH Hali-
OispIIIe 3HOLITYBAHHS MOKPUTTIB HA OCHOBI (peH1IoHY BigOyBaocs npu Kytax 45—60°, ta mo-
YUHAIOYN 3 KyTa aTaku B 45° 3MIHIOBABCSI MeXaHI13M 3HOIITYBaHHS 3 MIKpOpi3aHHs HAa BUOUTTS
noJIiMepy MmocepeInHi T0CIiIKYBaHOTO 3pa3Ka.

[Tpu 000X peskuMax poOOTH IMOKPUTTS Ha OCHOBI (DEHITOHY BHSIBIIIACS JIOCHTH CTIHKHUMH,
10 BKa3ye Ha MOKJIMBICTh BUKOPHUCTAHHS (PEHUIOHY SIK MMOKPUTTS ISl 3aXUCTY Bij razoabpa-
3WUBHOTO 3HOINYBaHHS. AJle HEOOX1THI OB JOCTIDKEHHS, 0 Oy yTh OLIBIT HAOIMKEH]
JI0 peaJIbHUX YMOB €KCILTyaTallil, 3 MOITYKOM HallOBHIOBAUiB JJIsl ITiIBUIIIEHHS 3HOCOCTIHKOCTI
Ta aJre3iiHO1 3JaTHOCTI IIOKPUTTS Ha OCHOBI (PCHIJIOHY.

Cnucoxk BHKOPHCTAHUX JIKepeJt

1. Ienkun H. C., Kanpanos E. I1., Manspos [1. B. [ToBbllieHrne H3HOCOCTOMKOCTH TOPHO-000TaTH-
TeJIbHOro 00opyAoBaHMs : MOHOrpadusa. Mocksa : Henpa, 1992. 265 c.

2. Bunorpanos B. H., Copokun I'. M. U3HOCOCTOMKOCTb CTajieil 1 criaBoB : y4. OCO0. AJisl By30B.
Mocksa : Hedtb 1 raz, 1994. 417 c.

3. Copokun I'. M. Tpubonorus cralneii u criiaBoB: y4eOHHK i1 By30B. Mocksa : Henpa, 2000. 317 c.

4. I'azoabpa3uBHe 3HOLIYBaHHS ermokcuaHUX KoMmno3uTiB / [Tonoz O. 0., Ta iH. Bonpocsr xumuu u
xumuueckol mexuvonozuu. 2012. Ne 1. C. 75-80.

5. Curap B. 1., Knumenko A. B., Konechuk €. B. Anresist peHIIOHOBUX MOKPUTTIB JI0 METAJICBUX
MaTepiajiiB pisHOT pupoau. Bonpocwsl xumuu u xumuueckoil mexuonoeuu. 2013. Ne 2. C. 37-41.

6. Croci0 HaHeceHHs MOJIIMEPHOrO MOKPHUTTS Ha MeTaneBy moBepxHio : nar. 107878 YkpaiHa :
MIIK B05D 1/38 (2006.01). Ne a 2013 09410 ; 3asB1. 29.07.2013 ; omy6. 25.02.2015, brost. Ne 4.

References

1. Penkin, N. S., Kapralov, E. P., & Malyarov P.V. (1992). Povyshenie iznosostojkosti gorno-obogatitel'-
nogo oborudovanij [Increasing the wear resistance of mining and processing equipment]. Nedra.

2. Vinogradov, V. N., & Sorokin, G. M. (1994). Iznosostoikost stalei i splavov [Wear resistance of
steels and alloys]. Neft i gaz.

3. Sorokin, G. M. (2000). Tribologiia stalej i splavov [Tribology of steels and alloys]. Nedra.

4. Poloz, O. Iu., Lypytskyi, S. H., Kushchenko, S. M., Semenets, O. A., & Ebich, Yu. R. (2012).
Hazoabrazyvne znoshuvannia epoksydnykh kompozytiv [Gas-abrasive cleaning of epoxy composites].
Voprosy himii i himicheskoj tehnologii — Chemistry and chemical technology issues, 1, pp. 75-80.

5. Sytar, V. L, Klymenko, A. V., & Kolesnyk, Ye. V. (2013). Adheziia fenilonovykh pokryttiv do
metalevykh materialiv riznoi pryrody [Adhesion of phenylene coatings to metallic materials of different
nature]. Voprosy himii i himicheskoi tehnologii — Chemistry and chemical technology issues, 2, pp. 37-41.

6. Klymenko, A. V., Sytar, V. L., Kolesnyk, Ye. V. (2015). Sposib nanesennia polimernoho pokryttia
na metalevu poverkhniu [The method of applying a polymer coating on a metal surface]. Patent 107878
(UA), MPK B05D 1/38 (2006.01).

UDC 667.637.222
Anton Klymenko, Volodymyr Anisimov, Volodymyr Sytar

DEVELOPMENT OF THIN-LAYER COATINGS BASED ON PHENYLON
FOR PROTECTING SURFACES FROM GAS AND HYDROABRASIVE WEAR

Relevance of the research topic. The task of increasing the wear resistance of parts and friction units is due to the tendency
to increase their productivity and, consequently, workloads, speeds, temperatures and other parameters.

Formulation of the problem. To improve the performance of friction joints, it is necessary to use materials that combine
good adhesive and antifriction properties.

Analysis of recent research and publications. There are a significant number of publications on materials with high
antifriction properties and separately with high adhesion properties.
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Selection of unexplored parts of the general problem. There is no information on materials that would combine high
adhesive properties and good antifiiction properties as surfaces that are under gas and hydroabrasive wear.

Setting objectives. The aim of this research is to investigate the combination of adhesive and antifriction properties of
phenylon-based materials.

Presenting main material. The adhesion ability of phenylon to classical materials of machines parts and its wear re-
sistance at gas and hydroabrasive wear are investigated. The dependence of intensity of wearing from the angle of attack of
the abrasive material is given.

Conclusions in accordance to the article. It was found that, independently of the mode of operation, the greatest wear of
phenylon-based coatings occurred at angles of 45°-60°, and starting from the angle of attack of 45 ° changed the mechanism
of wear from microcutting to knocking out the polymer in the middle of the test sample.

In both modes of operation, phenylon-based coatings were quite stable, which indicates the possibility of using phenylone
as a coating to protect against gas-abrasive wear. But further research is needed, which will be closer to the real operating
conditions, with the search for fillers to increase the wear resistance and adhesion of the coating based on phenylon.

Key words: phenylon; adhesion; wear, coating; surface.
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DESIGN OF ASSEMBLY ROBOTIZED WORKPLACE

Urgency of the research. Replacing manual assembly with robotic workplaces increases the productivity and quality of
assembly. Operator at the robotic workplace is necessary to control of the operation processes and adding components to the
tanks and removing the finished parts from the appropriate box. This allows the operator to be used parallel for other activities
within the production line. The cost of building a robotic workplace is relatively low compared to the rising cost of human
labor. This creates a precondition for maintaining the competitiveness of the company.

Target setting. The aim was to design a functional assembly robotic workplace using an affordable SCARA robot from the
Dobot company. The designed robotic assembly workplace, after implementation made, should increase assembly productivity.

Actual scientific researches and issues analysis. Increasing productivity without the use of automated or robotic systems
is currently not possible. This leads to the spread of robotic applications even in the assembly of relatively simple parts, which
are produced in several modifications.

Uninvestigated parts of general matters defining. Improving the quality of assembly production with the using of robotic
workplaces is required not only in the company that carries out assembly, but especially from customers of manufactured parts.
1t leads to reduced in the proportion of human labor to a minimum.

The research objective. The aim was to design such a robotic workplace that would make it possible to relieve a person
from monotonous work. Another goal was to increase the quality of pressing two parts and, above all, to increase labor produc-
tivity by at least 10%. At the same time, to ensure a minimum participation of the operator at the robotic workplace, so that he
can be used for other activities within the assembly line.

The statement of basic materials. The spread of affordable industrial robots with an open architecture has an increasing
tendency in larger as well as smaller operations. This leads to the creation of small robotic cells, which can be relatively easily
rebuilt according to current needs in the workplace.The article describes the design of a robotic assembly workplace using a
SCARA robot. The workplace is designed for the as-sembly of two parts "A and B", while part "A" is the same for all three
final products. The types of connections differ only in their length in three dimensions. A vibrating hopper was used at the
workplace for feeding components "A". A special feeder was designed for the feeding of components "B", enabling the feeding
of all three lengths of component "B". An automatic pressing station was designed for the assembly of components. The oper-
ator of the facility checks the activity of the workplace at regular intervals. It is only necessary to refill the components in the
hopper twice per shift.

Conclusions. In this work shows the solution to an important technical problem. The functional of assembly robotic work-
place using an affordable SCARA robot from the Dobot company were designed. The designed workplace allows pressing 3
types of assemblies, which differ from each other only by the total length of one component. The designed robotic workplace
made it possible to increase productivity by 12% and reduce the presence of the operator to the minimum possible level.

Key words: robot SCARA; programming; assembly; robotic workplace.

Fig.: 10. References: 7.

Problem definition. Robotic technology already affects all aspects of work and home. Ro-
botics has the potential to positively transform lives and work practices, increase efficiency and
safety, and provide increased levels of service. Even more, robotics is set to drive technology
that supports a whole new generation of autonomous devices and cognitive accessories that,
thanks to their learning abilities, work seamlessly with the world around them, thus providing
the missing connection between the digital and physical worlds. Robotics is already a key driver
of competitiveness and flexibility in large manufacturing industries. Without robotics, many
successful industries would not be able to compete with the current pace of production technol-
ogy development and the growing demand for products. Robotics is becoming increasingly
relevant for smaller industries [1].

The process of robotization is done in order to replace the manual work of man, during more
difficult physical manipulation operations. Furthermore, also due to the mental health of a person
during monotonous work. The use of industrial robots automates processes throughout the pro-
duction line to save time and money. Industrial robots reduce waste and produce higher quality
products with continuous precision. Robots can handle even the most demanding and dangerous
production processes. Every industrial robot application requires a unique tool at the end of the
arm, a specific reach, a payload and flexibility. The automotive industry has been one of the fastest
growing industries, with industrial robots being the most widely used for a long time. Robots are
used in almost all parts of automotive manufacturing and remain one of the most automated supply
chains in the world. Industrial robots can significantly improve product quality. Applications are

© Su Cemiion, Jlrooomup I['pus, Maprin Kogan, Onexcannp Boporsko, 2020
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performed with accuracy and excellent repeatability in every job. This level of reliability can be
difficult to achieve in other ways. The disadvantage associated with the integration of robots into
the company is the significant initial costs. Continuous maintenance requirements may be added
to the total cost. Based on the mechanical configuration, serial industrial robots can be divided into
the following main groups: Cartesian robots (TTT), cylindrical robots (RTT), polar (spherical)
robots (RRT), articulated robots (RRR) and robots of the SCARA type (RRT or TRR). In addition
to the mechanical configuration, industrial robots can also be categorized on the basis of motion
control, power supply method and other physical characteristics [1; 2].

The SCARA (Selective Compliance Assembly Robot Arm) robots have a working space in
the shape of a ring and consist of two parallel rotary joints that ensure movement in one selected
plane. The swivel joints are positioned vertically, so that the end effector attached to the arm
moves horizontally. SCARA robots specialize in sideways movements and are mostly used in
the food, medical and assembly industries. It is designed primarily for small and fast tasks.
SCARA robots can move faster and integrate more easily than cylindrical and Cartesian robots.
Compared to robots with six degrees of freedom, it is not that flexible, but is much faster and
has higher repeatability accuracy. Therefore, they are mostly used for pick-and-place opera-
tions. The inverted kinematic structure (TRR) gives it further possibilities to apply itself to
specific tasks, where the vertical displacement in the Z axis is performed by the whole arm
attached to the base. The disadvantage of such an arrangement is the poorer handling ability in
the direction of the "Z" axis, if there are obstacles in the working space and it is necessary to
insert the component into a deeper cavity [3].

Current status in workplace. At present, the assembly workplace has been designed as a
manual workplace, where one operator works with a small lever press. Two components are
connected at this workplace. The first is component "A". It is a plastic rod and has three size
variants, namely 192, 140 or 90 mm in length. The other dimensions are the same. Component
types "B" is a metal roller that is pressed onto component "A". On the left side of Fig. 1 the
dimensions of component A and on the right side of component B are seen.

[ e
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140

Fig. 1. Dimensions of components A and B

The work procedure in the manual workplace can be divided into three basic steps. In the
first step, component A is inserted into the opening of the support of the pressing device. In the
second step, component B is inserted. It is inserted into the upper press tool. Subsequently, the
third step takes place, namely the insertion of the support under the press and the pulling of the
lever, by means of which the two components are pressed together. The last operation that the
operator must perform is to remove the moulded assembly from the support. Fig. 2 shows all
three basic steps of the process. The first figure on the left shows the process of inserting com-
ponent A. The figure in the middle shows the insertion of component B into the upper pressing
tool. The picture on the right shows an example of pressing components on a hand press.

1 ‘ | e ‘. E‘_ﬂatim'

Fig. 2. Manual assembly process
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Proposal of robotized workplace. The proposed robotic workplace has a reserved maxi-
mum floor plan measuring of 1550x850 mm. To reduce the built-up area, the workplace will
be placed on a work table at a height of 1000 mm, so that it is possible to use the space under
the table to store the necessary equipment for the operation of the workplace. The proposed
workplace will consist of the following basic parts: a robotic arm (SCARA type robot), a vi-
brating hopper for components B, a hopper for components A and a pressing station. The prin-
ciple of operation of the workplace is based on the work procedure used in manual assembly.
The task of the deployed robot is to replace a human in the work process, so that his intervention
consists only in adding individual components to the magazines. Fig. 3 shows a design of the
arrangement of individual parts on the workplace table.

Gravity conveyor
for finished parts
\

Vibratory bowl
feeder for

component B

800

Hopper for
component A

Pressing station

Work table

1500

< »
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Fig 3. Arrangement of a robotized workplace

A robot of the SCARA Dobot M1 type was chosen for the needs of handling individual
components and the finished part. The reason for choosing a robot was mainly its relatively low
price on the market, as well as its parameters and the size of the workspace. The load capacity
of the robot is 1.5 kg and the repeatable accuracy +/- 0.02 mm. Fig. 4 shows a view of Dobot
M1 and its working space [4].
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Fig. 4. Robot Dobot M1 [4]

37



Ne 4(22), 2020 TEXHIYHI HAYKU TA TEXHOJIOT'IT
TECHNICAL SCIENCES AND TECHNOLOGIES

A two-finger gripper from Schunk under the designation MGP 40 was chosen as the end
effector for the robot. It is a two-jaw, pneumatic, parallel gripper with flat guide surfaces of the
basic jaws. It can be used to grip and move small to medium-sized workpieces in low-contam-
inated environments, such as assembly lines, laboratories and the pharmaceutical industry. The
recommended weight of the handled part is up to 0.55 kg and the pressing force has a value of
110 N [5]. It was necessary to design fingers for the selected effector, which were then printed
on a 3D printer. The finger has a circular contact surface with a radius of 3 mm. Component B
has the same radius. Component A has a radius of 3.5 mm, which also ensured a relatively good
grip. In Fig. 5 a sketch of the proposed finger is displayed.
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Fig. 5. Basic finger dimensions

The pressing station is used to store component A, then component B. After securing the
components in position, the components are pressed. After the pressing is completed, the fin-
ished part will be tilted into the gravity trough. Fig. 6 contains a nest (1) for placing component
A by means of a robot. Furthermore, the pressing - pneumatic piston (2), which is equipped at
the end of the piston rod with a housing (3), into which the robot inserts component B. Another
pneumatic piston with locking (4) prevents component A from falling out of the nest during its
pressing. After pressing and releasing the finished product, the inclined platform (5) is raised
by means of a pneumatic piston (6) located below it. The finished piece slides on this platform
and falls through an opening in the workplace table directly into the prepared box.
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Fig. 6. Pressing station

A vibrating feeder from Hensle, type EMSE 40, was selected for the transport of small
components B, which is characterized by a fill weight of up to 20 kg [6]. A pull-out hopper has
been designed to supply the workplace with A components. The V-shaped hopper was made of
polyurethane and the middle catcher was made of sheet steel. The hopper is provided on both
sides with three grooves into which the separating screen is inserted, Fig. 7.
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Fig. 7. V-shaped hopper

The separating shield is placed in the appropriate groove, according to the length of the
currently pressed component A. The principle of operation is based on the use of gravity and
pneumatic extension of the catcher. When the catcher is in the lower position, the components
A are stored in the container fitted with the separating shield in an oriented manner. Subse-
quently, the robot picks up component A and moves it to the pressing station. In Fig. 8 is a view
of a container for components A.

Gripper Hopper Separating shield

i

Fig. 8. Magazine for components A

The frame of the designed workplace is made of welded steel closed profiles measuring
50x50%3 mm. The worktop is made of aluminium plate 20 mm thick to maintain sufficient
rigidity. Then it is screwed to the workplace frame.

The view of the designed workplace in 3D view is shown in Fig. 9. The height of the work-
place is 1608 mm. The workplace shown will be additionally equipped with a protective cover
made of clear polycarbonate. The construction of the protective cover will be realized from the
use of system aluminium profiles of 30x30 mm. There will be two doors in the front to allow
operator and maintenance access. It will be possible to place a box under the workplace table
into which the finished parts will fall out.

Robot

SCARA
Hopper Vibratory
feeder
Pressing
station
ﬁBn?:hf:crj Workplace
frame

products

Fig. 9. View of the workplace in 3D view
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The design of the workflow and its debugging was implemented in the off-line environment
RoboDK [7]. The used SCARA robot was selected from the environment database and then 3D
models of other workplace components were added. In addition to checking the mutual overlap
of the robot's workspace and individual components of the workplace, a complete program de-
sign and its connection with the Simatic S7-1200 control PLC was implemented. In Fig. 10 is

. I e
v | n et

Fig. 10. Workplace in RoboDK environment

The workplace was then equipped with a camera, which also made it possible to monitor
the success of the pressing of parts.

Conclusions. This article describes how to replace the monotonous human assembly activity
with a SCARA robot. The designed workplace allows pressing 3 types of assemblies, which differ
from each other only by the total length of one component. When changing the component type,
operator intervention is required to select the correct component length on the HMI panels. In
addition, it empties the container for components A and then moves the partition screen to the
desired groove. Of course, it is also necessary to empty the box of finished products.

The engineering design of the robotic workplace reduced the time required for the assembly
of components by 12%. The operator of the equipment fills the magazine and inspects the work-
place every 4 hours, while the rest of the working time is devoted to work at another workplace
of the production line.
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An Cemtion, Jlrobomup I puz, Mapmin Kouan, Onexcanop Boponvio
MHPOEKTYBAHHSA POGOTU30BAHOI'O CKJIIAJAJIBHOI'O POBOY0OI'O MICL A

AKmyanvhicmos memu 00CIOHCEHHA. 3aMiHA PYUHO20 CKIAOAHHS POOOMUZ08AHUMU POOOUUMU MICYSMU NIOSUULYE NPO-
OykmueHicmb ma sikicme cknadants. Onepamop Ha po6omu306aHomy po6ouomy micyi HeoOXiOHULL OJisi KOHMPONIO POOOYUX
npoyecis, 000A8AaHHs KOMNOHEHMI6 00 pe3epeyapie ma GUIMAHHA 20MO6UX demaiell i3 6i0N06IOH020 KoHmeliHepa. Lle do360-
JISIE NApanelbHO UKOPUCTNOBYBAMU ONepamopa 05 iHuuX 6udie dianbHocmi Ha eupodHuyill ninii. Bapmicmv cmeoperHs po-
60mu306arH020 po601020 Micysi BIOHOCHO HEGUCOKA NOPIGHSIHO 3i 3POCMAHHIM 8apmocmi 1100cokoi npayi. Lle cmeopioe nepe-
O0YMOBU 0Nl 30epedicerHsl KOHKYPEHMOCHPOMONICHOCHE KOMNAHIL.

Ilocmanoeka npodnemu. 3a60anns nonseae 6 po3pooyi pobouoeo micys ONisk CKIAOWILHO20 POOOMA 3 GUKOPUCTHAHHSAM
odocmynnozo poboma SCARA 6io komnanii Dobot. Cnpoexmogane pobomuzogane ckiadaivie poboye micye niciis 6Mposa-
ODICeHHS1 MAE NIOBUWUMU NPOOYKMUBHICb CKNAOAHHSL.

Ananiz ocmannix oocnioxcens i nyonikauiii. Iliosuwenns npodykmueHocmi 6e3 GUKOPUCMAHHS AGMOMAMU30BAHUX AOO
PpObOMU308aHUX cUCMEM HA OAHULL Yac HeMOoXCaueo. Lle npuzeooums 00 nowuperts pob6omu308anux 000amKie Hagimo npu
CKIAOGHHT 8IOHOCHO Npocmux Oemaietl, Ki GUNYCKAIOMbCA 8 OEKIIbKOX MOOUGikayisx.

Buoinenna nedocnioyncenux uacmun 3azanvHoi npooaemu. [lioguwenns axocmi cKiaoanbHO20 6UPOOHUYMEA 3 BUKOPU-
CMAHHAM POOOMUZ08AHUX POOOYUX MICYb NOMPIOHO He MINbKU 6 KOMUAHIL, U0 30TIUCHIOE CKIAOAHHS, ale 0COOIUBO 3aMOGHU-
Kamu 8y311i6, ujo 6u2omosasaomscs. Lle npuzeooums 00 ckOpoyeHHs YacmKu JH00CbKOL npayi 00 MiHIMyMY.

Ilocmanoeka 3a60aHHA. 3060aHHs NONA2AN0 Y CMEOPEHHI MAK020 POOOMU308AHO20 POOOU020 MICYS, 5iKe 00380NUN0 O
nozbasumu 100UHy 6i0 MOHOMOHHOI npayi. [Huor Memoro 6yn0 nideuweHHs AKOCMI NPeCY8aHHs. 080X demanell I, neput 3a
6ce, niosuwyeHHss npodykmuernocmi npayi ve menuwe Hixe Ha 10 %. Boonouac neobxiono 3abesneuumu MiHIMAIbHY YYacmo
onepamopa Ha pobomu308aHoMy pobouoMy Micyi poboma, w06 6iH Mie GUKOHYEAMU IHULL Ol HA CKIAOANbHIT JIIHII.

Buknao ocnosnozo mamepiany. [lowupenns 00cmynHux npomMuciosux pobomia 3 8iOKpUmMoI apximexkmypoio mMac meH-
OeHyil0 3DOCMAHH3L SIK 6 6eIUKUX, MAK [ 6 OpibHux onepayisx. Lle npuzeo0ume 0o cmeopenns HeeauKUX po6OMU306AHUX ele-
MeHMIB, SIKI MONCHA BIOHOCHO 1€2K0 nepebydyeamu i0nogioHo 00 NOMOYHUX nomped Ha pobouomy micyi. ¥ cmammi onucana
KOHCMPYKYIs pOOOMU308AHO20 CKIAOATbHO20 P0601020 Micys 3 sukopucmanuim poboma SCARA. Poboue micye npusnauene
onst ckradannsn 06ox uacmun «A i By, a vacmuna «A» oonaxosea 0ns 6cix mpvox Kinyesux eupoobis. Tunu 3’eOnano pospizns-
FOMbCsl MINbKU O08XHCUHOK MPboX posmipie. Ha pobouomy micyi 3acmocosyeasces ¢ibpayiinuii OyHkep 05 R0OAyi KOMNOHEH-
mig «A». J{ns nooaui komnonenmis « By yno pospobaeno cneyianohuil npucmpiti nooaui, uo 0036015€ 3a8AHMANCYEAMU KOM-
noHenmu «By 6cix mpvox Ooedxcun. J[ns ckiadanHs KOMNOHeHMIE 6yia po3poblieHa asmOMAMUYHA Npecoea CMAHYis.
Onepamop ycmanoeKku pe2yisipHo nepesipac akmueHicmos pooouozo micys. HeobxioHo ecvoeo nuwe 06iui 3a 3miHy dodasamu
KOMNOHeHmu 6 GyHKep.

Bucnogku 6i0nosiono 0o cmammi. V oaniii pobomi nokazano eupiuients eaxiciueoi mexniunoi npoonemu. Pospobneno
GyHkyionan pobomuz06anH020 CKIAOAILHO20 POOOU020 Micys 3 GuKopucmanuam oocmynnozo poooma SCARA 6i0 komnanii
Dobot. Cnpoexmosane poboue micye 0o36onse npecysamu 3 munu 6y3nie, sKi GIOPI3HAIOMbCL 00UH 610 00HO20 JUULe 3a2aTb-
HOIW 008XCUHOK 00H020 KoMNoHeHma. Po3pobiene pobomuzosamne poboue micye 00360110 30iTbulumu NPOOYKMUGHICMb HA
12% i ckopomumu npucymHicms onepamopa 00 MiHIMAIbHO MONCIUBO20 PIGHSL.

Knwuogi cnosa: pooom SCARA; npospamyeanHs; ckraoauus, pobomusosane podboye micye.
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Peter Marcinko, Juraj Koscak

EXPERIMENTAL METHOD FOR VERIFICATION OF PERFORMANCE
CRITERIA OF THE INDUSTRIAL ROBOTS

Urgency of the research. The interest in this issue is growing. By creating a suitable solution, it is possible to detect
damage to the robot. Based on the 9283 standard, a methodology was proposed, according to which it is possible to experi-
mentally measure the working characteristics of industrial robots.

Target setting. The main goal was to design a methodology on the basis of which methodological sheets could be devel-
oped and to develop and evaluate experimental measurements with the help of these sheets.

Actual scientific researches and issues analysis. Analysis of the publications shows that at present the data acquisition systems
about the working characteristics of industrial robots are currently very expensive. These systems use laser interference method.

Uninvestigated parts of general matters defining. This paper is focused on the analysis of a suitable method and the
creation of measuring devices for experimental measurements.

The research objective. The aim of this research was to create a methodology for measuring quantities. Creation of suitable
means and subsequent evaluation of measured values. Data collection using Matlab sofiware should be improved in the future.

The statement of basic materials. The analysis consists of the ISO 9283 standard. After a thorough analysis, methodo-
logical sheets and measuring devices such as measuring nest were created.

Conclusions. Since there is a robot in the department with positioning inaccuracies, it was decided to try to create a
suitable tool that would be able to analyse this robot in more detail and obtain data on working characteristics.

Keywords: mechanical vibration; mechanical systems; damage; vibrodiagnostics.

Fig.: 4. Table: 2. References: 8.

Problem definition. Robotics covers the areas of development, research, design and use of
robots. It combines knowledge from several scientific disciplines from mathematics, electrical
engineering, mechanical engineering, economic to biology. In recent decades, various materials
and new technologies have been developed. The deployment of all new robotic applications in
which the performance requirements of robots change frequently is closely related to this. Man-
ufacturers are constantly striving to improve production processes to reduce errors and costs.
These requirements are taken into account when deploying robotic applications [1].

The most important factors in choosing the correct robot are the accuracy and repeatability
of the robot. The choice of the correct robot to perform the intended task consists in getting to
know all the working characteristics of the robot in the whole degree of work deployment. One
of the other problems is the economic side of the deployed robot. Small companies do not have
the capital to provide a new, fully functional robot that can be safely deployed in a robotic
application, so it is often the case that small companies are indirectly forced to buy a robot that
has already been deployed in operation [2].

It often happens that these used robots are already on the verge of usability. It often happens
that the information about the use of the robot is unknown, and this also applies to the mainte-
nance data. Sometimes a robot has a collision with an object in its workspace and this leads to
deformation of the arm or damage to other parts. The robot could work at higher loads than
prescribed by the manufacturer, which affects the wear of the joints and this leads to a deterio-
ration in the repeatability and overall accuracy of the robot [3].

By measuring the working characteristics of the robot, it is possible to determine the overall
condition of the robot and then it is appropriate to evaluate whether such a robot meets the
requirements for its re-deployment in operation [4].

The main standards for robotic systems and their general characteristics, safety and ter-
minology are:

ISO 10218 — safety requirements for industrial robots,

ISO 13482 — safety requirements for personal care robots,

ISO 9283 — performance criteria and related test methods,

ISO 9787 — coordinate systems and motion nomenclatures.

© Ilerep Mapminko, FOpait Komak, 2020
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Overview of the standard for experimental measurements. The measured object was an
industrial robot of the Scara kinematic structure from the manufacturer Yamaha. This robot is
integrated into the educational process and is used mainly for handling operations in laboratory
conditions. These measurements were subject to the ISO 9283 standard and are described in
more detail at Table 1 [3].

Table 1
Overview of ISO 9283
Load -
Charakteristics (%v27£;nal enominalvale] yfucr;zi ?L:;ﬁ?ﬁg( ::Tat::)
50% | 100% |10% |50% | 100%

1. Pose accuracy A B IN N B 30 | P1-P2-P3-Ps-Ps
2. Pose repeatability A B ININ B 30 | P1-P2-P3-Ps-Ps
3. Distance accuracy and distance repeatability | ] | [l | [N | 30 P1-P2-Ps
4. Distance accuracy O B |INN B 30 P2-P4
5. Distance repeatability O BINN R 30 P2-P4
6. Position stabilization time I BE Bl | 3 | P1-P2-P3-Ps-Ps
7. Position overshoot BB INN B 3 P1-P2-P3-Ps-Ps
8. Drift pose accuracy O"|O0O " * P
9. Drift pose repeatability O B \IOO R * P1
10. Path accuracy A BB BB 10 *k
11. Path repeatability Il Bl IR Bl | 10 ok
12. Comering round-off error O BB B B 3 E1-E2-E3-E4
13. Cornering overshoot mE BN B BN | 3 E1-E2>-Es-E4
1. Weaving stroke error O BB B B 3 E1-E2-E3-E4
15. Path velocity accuracy A BINB B 10 *%
16. Path velocity repeatability A B IN B B 10 *%
17. Path velocity fluctuation A BINBD B 10 %
18. Minimum posing time A BION B 3 e
19. Static compliance Hokokk 3 P1

* - continuos operation - 8 hours O - non-required

** - linear path E1-E3 and E3-E1 R -optional

*#+ _more information in the standard B eouied

*4%% 10 % increase in load from 10% to 100%

Conditions of measuring. The conditions for carrying out the measurement must be in
accordance with the manufacturer's recommendations, in particular as regards installation. The
robot should be functional and, according to the manufacturer, properly mounted and all bal-
ancing should be satisfactory. If a warm-up operation is specified, it should be performed. The
standard specifies an ambient temperature of (2042) °C or in the range of 5 to 40 °C [5].

Measurements were performed at an ambient temperature of 20 °C on an industrial robot
URS with an appropriate control box and control pendant. The verification was performed using
a mechanical connection of a flange and a load of 5 kg. The measured points on a given meas-
ured plane were also determined by the standard and the location of the measuring cube and the
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measuring ball. The test cycles were in accordance with the standard. The vertices C1 to C8

denote the vertices of a simple cube, which is located in the part of the working space where
the most frequent use of the robot is assumed, Fig. 2.
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Fig. 1. Measuring plane

Measuring object. The measurements were performed on an industrial robot of atypical
kinematic structure, Scara from Yamaha. It is an industrial robot that is flexible in the x and y
axes and fixed in the z axis. From the point of view of the proposed construction, this structure
should handle demanding operations with the object of manipulation. An available Yamaha
YK-600X robot, Fig. 3 with QRCX-RCX 240 controller, was used for measurements. The ro-
botic device consists of three basic parts [6]:

- industrial robot,

- controller,

- teach pendant.

Fig. 2. Yamaha YK 600X

In technical practice, this method is the most used, it is a method that uses measurements of
geometry parameters of spatial mechanisms. The basis is the measurement of the deviation of
the achieved (actual) position and orientation of the reference body in the working space of the
mechanism from the programmed (desired) position. This body can have different shapes.

In the mentioned measurements, a cube or a sphere is used (so-called calibration mandrels are
also used). The method is based on measuring the change in position and orientation of a reference
body in space. The measuring cube must be geometrically accurate (polished) and is used to
measure position and orientation. The measuring ball must also be geometrically accurate for
position measurements. These bodies are mechanically attached to the robot interface (mechani-
cal connection). The second method, which was used in the performed measurements, was the
method of measuring with a cubic reference body, i.e. the so-called measuring cube. This method
involves placing the housing in a measuring socket where the sensors are clamped [7].
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The measurements were performed by stopping the body at the test point during the first
cycle, which made it possible to reset all sensors. Plate stops were fitted at the ends of the
sensors. The next step was to run a program that guaranteed repeated entry and exit of the body
into the measuring nest. This gave deviation values from the first reference value. Measuring
nest with measuring ball is shown at Fig. 4.

Fig. 3. Measuring of robot Scara

Parts of realized measuring:

1) end flange of robot,

2) intermediate flange,

3) flange of measuring parts,

4) nominal load,

5) measuring ball,

6) sensor

7) measuring nest.

Experimental measuring. Formulas from the standard were used to calculate all values. We
focused mainly on the values of these working characteristics: pose accuracy, pose repeatability,
drift pose accuracy and drift pose repeatability. Overall, the measurements were tested on industrial
robots, which did not show any deviation during manipulation or simulation. The measurements
were evaluated as satisfactory and therefore this methodology was applied to a Scara robot [8].
Pose accuracy measurements were performed at five points with 100 % load and 100 % speed.
30 measurements were performed and Tab. 2 shows the calculated values.

Table 2
Values of AP

N.m. P1 P2 P3 P4 P5

1 2 3 4 5 6
1. 0,0255999349 0,0084903213 0,0046888757 0,0035744463 0,0089612747
2. 0,0142626552 0,0065027345 0,0042093811 0,0029399546 0,0022886192
3. 0,0113117933 0,0118216844 0,0038103660 0,0028711206 0,0028468306
4. 0,0051791248 0,0063313155 0,0072745370 0,0045727453 0,0039880377
5. 0,0127732794 0,0063049363 0,0052521953 0,0045434935 0,0039206009
6. 0,0087952639 0,0036173962 0,0008863157 0,0018556221 0,0085188679
7. 0,0297661441 0,0033593981 0,0046027769 0,0054506880 0,0079059752
8. 0,0070064256 0,0056289924 0,0054023657 0,0061625211 0,0085773604
9. 0,0118500352 0,0071006260 0,0060541079 0,0015842980 0,0085812457
10. 0,0137388743 0,0028552097 0,0050976029 0,0028942472 0,0070406755
11. 0,0090529921 0,0059737388 0,0096946148 0,0030946190 0,0039120895
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1 2 3 4 5 6
12. 0,0175866427 0,0067294543 0,0051236922 0,0066214299 0,0024841721
13. 0,0109189438 0,0056526297 0,0070322274 0,0056783213 0,0025634179
14. 0,0138042264 0,0050483221 0,0073474863 0,0017823206 0,0056543002
15. 0,0099376389 0,0074845767 0,0078730906 0,0033630343 0,0050567886
16. 0,0099141313 0,0068618915 0,0037752115 0,0050441385 0,0504371336
17. 0,0043844422 0,0101629501 0,0050582166 0,0068685273 0,0069453422
18. 0,0059180515 0,0091370430 0,0051366872 0,0032419130 0,0065093096
19. 0,0100609807 0,0091114702 0,0076758640 0,0015416441 0,0057362396
20. 0,0047843495 0,0079552219 0,0068982284 0,0055235858 0,0066360966
21. 0,0091445795 0,0053869183 0,0017470610 0,0033030289 0,0092035017
22. 0,0088820043 0,0056585236 0,0076497640 0,0052258971 0,0053886712
23. 0,0238695762 0,0036173962 0,0048838737 0,0034799425 0,0070406755
24. 0,0182013736 0,0070156175 0,0087551255 0,0033231511 0,0058341904
25. 0,0132924791 0,0045627721 0,0132105597 0,0024172988 0,0045939574
26. 0,0067347358 0,0051979697 0,0115924784 0,0041444742 0,0045575334
27. 0,0111425610 0,0060952623 0,0096048020 0,0033231511 0,0068243030
28. 0,0124615408 0,0052490211 0,0038797193 0,0033827996 0,0039628833
29. 0,0165777964 0,0085138449 0,0036495053 0,0036299679 0,0040707630
30. 0,0200538442 0,0037263327 0,0100325581 0,0063542637 0,0063380684

Altogether, more than 500 measurements were measured, which were then evaluated. The val-
ues were plotted.

0,055
0,045 A
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= —@—D2
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% e P4
0,015 e===P5
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0005 12345678 91011121314151617 181920 2122 23 24 25 26 27 28 29 30

Fig. 4 Graph of plotted values — pose accuracy — AP

The calculated values from the measurements exceed the values specified by the manufac-
turer, while the measuring point P5 exceeds the values up to three times. This measurement
proves that the measured robot exceeds the limits and is thus evaluated as unsatisfactory.

Conclusions. International Standard ISO 9283 further specifies performance criteria for
industrial robots and their performance characteristics. The main goal was to design a method-
ology according to this standard and then test it on a Scara robot. By creating a measuring nest
and using the measuring technique, this robot was experimentally verified. Based on the work-
ing environment of the robot, the size of the measuring cube or sphere was defined. It was also
necessary to create a program according to the required path of movement of the robot, speed,
acceleration, but also the number of cycles that were to be repeated. Overall, a large amount of
data to be processed has been measured. In the future, it would be possible to improve data
collection and thus obtain even larger amount of data.
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EKCHEPI/IMEHTAJIBHI/Iﬁ METOA JJIsAA IIEPEBIPKH BUKOHABYHNX
KPUTEPIIB ITIPOMUCJIOBUX POBOTIB

AxmyanvHicmo memu 00¢ni0MceHHA. [nmepec 00 yvbozo numanna 3pocmae. CmeopusuLu 8i0N0GIOHe PiuleHHs, MONCHA
suAsuUMU noukoodcents poboma. Ha ocnoei cmanoapmy 9283 6yna 3anpononoeana memooono2is, 32i0HO 3 SIKOIO MOJICHA
eKcnepuUMeHmanbHo UMIPAMU POOOYI XapaKmepucmuKu RPOMUCIOBUX POOOMIS.

Ilocmanogexa npoonemu. OcHogHo0 Memoto Oy10 po3pobumu Memooonoziio, Ha OCHOGI SIKOL ModCHa Oy10 6 po3pobumu
MemoOOoN02IuHi peKOMeHOAyil ma 3a O0NOMO20I0 YUX PeKOMeHOAYill 6UKOHAMU | OYIHUMU eKCNePUMEHMANbHI GUMIDIOBAHHS.

AHnaniz ocmannix 0ocnioxcens i nyonikayii. Ananiz nybnikayiti nOKAzye, wo 6 OaHuUil uac cucmemu 360py Oanux npo poooui
Xapakmepucmuku nPOMUCIO8Ux pobomie dyxce 00poei. B yux cucmemax 6ukopucmosyemocs memoo 1azepHoi inmeppeperyii.

Buoinenna nedocniodycenux yacmun 3a2anvHoi npoonemu. Lls cmamms 30cepedsrcena Ha aHanisi peieeaHmHo2o me-
Mooy ma cmeopenHi BUMIPIOGANLHUX NPUNAOIE Oisl eKCNePUMEHMANbHUX UMIDIOBAHD.

ITocmanogka 3a80anna. Memoio ybo2o 00cioXHceHHs 6Y10 CMBOPEeHHA Memooon02ii 6uMiptoéanHs eenuyut. CmeopeHrHs
nPUOAmMHUX 3aco0ié ma nooaIbULA OYIHKA GUMIPSIHUX 6euduH. 30ip OaHUX 3a 0ONOMO2010 NPocpamHo2o 3abesneuenns Matlab
Mae Oymu 600CKOHANEHULL Y MAUOYMHbOMY.

Buknao ocnosnozo mamepiany. Ananiz epynmyemocs na cmanoapmi 1SO 9283. Ilicnsa pemenvHozo ananisy 6ynu cmeo-
DpeHi MemoOuuHi pekomeHOayii ma UMIpIo6anbHi NPUNAOU, MAaxi AK 6UMIPIOBATLHULL KYIN.

Buchoeku 6ionosiono 0o cmammi. Ockinoku y 6i00ini € po6om i3 HEMOYHOCMAMU @ NOZUYIIOBAHHT, O)I0 BUPTULEHO CHPO-
bysamu cmeopumu 8iONOGIOHUTL IHCMPYMeHm, AKuil Mie 6u 6Llbu 0emaibHO NPOAHANIZY6AMU Yb020 POOOMA Ma OMpPUMAamu
Oani npo podoui xapakmepucmuxi.

Knrwuoei cnosa: mexaniuna 6ibpayis; MexaniyHi cucmemu, NOUKOONCEHHS, 6i6POJIacHOCMuUKA.
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MANIPULATION TASK REALISED BY THE VACUUM SUCTION
CUP IMPLEMENTATION

Urgency of the research. The area covered by the article addresses both the technical and economic aspects of com-
pressed air management, which is the most expensive type of energy used in the manufacturing sector. It is extremely urgent
to save energy as it is, not excluding compressed air.

Target setting. The aim of the article is to give a comprehensive picture of the problems in solving one-sided gripping by
the action of vacuum. It gives instructions on how to proceed with their removal, with the focus on the procedures for saving
basic energy - compressed air.

Actual scientific researches and issues analysis. At present, great attention is paid to this area not only by users of
applications using compressed air and vacuum, but also by manufacturers of technology working on these principles. Practi-
cally all large manufacturers of pneumatic components are dedicated to it.

Uninvestigated parts of general matters defining. The article does not pay attention to the production and treatment of
compressed air, but only its consumption in the preparation of vacuum. Also, in the calculations, only the basic relationships
are indicated, by which the experienced user will find a solution to their problem.

The research objective. The aim of the article is to present the results of research in the field and to indicate the possibil-
ities of technical procedures for solving the application of vacuum gripping effectors using active vacuum suction cups.

The statement of basic materials. The material which became the article base consists of both general knowledge con-
tained in the technical literature, as well as own analyzes of partial data summarized in the conclusions.

Conclusions. The conclusions resulting from the article offer instructions for solving a set of problems in the design of
vacuum gripping effectors with suction cups.

Keywords: manipulation, manipulation task, compressed air, vacuum, suction cup, pneumatic circuit.

Fig.: 10. Table: 1. References: 5.

Introduction. Automated production is based on a number of handling tasks. Although
manipulation is considered an unproductive component of production, but without it we cannot
imagine production. Manipulated objects (semi-finished products, workpieces) are made of var-
ious materials and have many surface properties. These properties are often specific. Neverthe-
less, it is necessary to meet the basic condition of the handling task: the handling object (Om)
must be unambiguously grasped and fixed by the means of the gripping means and guaranteed
during the whole period of transport to the target position.

The means intended to fulfill the handling task is referred to as the gripping effector.

Gripping effector. The solution of its construction results from the application properties
of the manipulation task. It consists in a suitable arrangement of various kinematic chains,
which allow the transfer of forces from the used drive (pneumatic, hydraulic, electric) to the
Owm. This creates the required gripping force.

This force can be applied to Om in various ways [3]:

in the form of contact with Om at two or more points;

in the form of contact with Owm at one point relative to the fixed base (passive grip - without
the action of the drive);

in the form of contact with Oy at one point without additional support (one-sided gripping).

One-sided gripping with an active suction cup. One-sided gripping excludes the possibility
of Om support at some auxiliary point. The entire weight of the Owm is fixed only by the effect
of the effector. Therefore, the force effects of this weight during the handling task must be
thoroughly analyzed.

Each of the known methods of one-sided gripping [3] is based on a certain physical nature
of the gripping force. In the case of gripping with an active suction cup, it is a vacuum. How-
ever, the contact force of the effector with On during handling is negatively affected by the
weight of the Ow itself (static gravitational force, or tilting moments), as well as the forces
resulting from the dynamic effects of the manipulator (manipulator, robot). The force balance
on a static (stationary) suction cup is shown in Fig. 1. This is an ideal situation where the center
of the suction cup (TCP) and the position of the center of gravity of the Om (Tom) are identical.

© Ilerep Tynes, bopuc [x0066eri, 2020
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Fig. 1. Force ratios when gripping with a suction cup
The theoretical force of the suction cup is expressed by the relationship

Fr = 1073 'Sef "Dy [N] (1
where S./is the effective area of the suction cup [mm?], Fig. 2, py is the pressure value, expressed
as the absolute value of the relative vacuum in [kPa]. Thus, as can be seen from Fig. 2, the
effective area of the suction cup will be calculated from the dimension Die.

However, this value is not easy to determine in technical practice, therefore it is necessary
to relate the gripping force of the suction cup to the effective area of the suction cup stated for
a specific type of suction cup by the manufacturer. The contour diameter of an unloaded suction
cup is usually considered to be the effective diameter and the difference from reality is ne-
glected. Therefore, in the following relations, we will state the effective diameter of the suction
cup only as the diameter of the suction cup d [mm)].

suction cup
without vacuum with vacuum
P,
H, H, \
= 2 OM
DOe D1e
DOo D1o

Fig. 2. Determination of the effective area of the suction cup
Then the relation for calculating the theoretical force of the suction cup will be
Fr=1073 2. p, [N] @)
The effective (real) force of the Fgr suction cup is then determined by the relationship
Fon = - Fy = W

TP [N (3)

The coefficient 7 is determined according to the real situation of the manipulation accelera-
tions acting from Table:
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Table
Dynamic conditions during suction cup handling [1]
n- FU = FD
1073 --d?-
Fu=Tpv Fp=m-(atyg)
a=a,+ta,+a,
Fp=F +F, +F
m-a m-a
E=Fy= #x Fythzz =

ta, #0 ta, = ta, = ® ta, #0 ta, = *a, =
u=1 t=4 u<l t=8

ta, #0 ta,and/or+ a, # 0 @ ta, #0 ta,and/or+ a, # 0
u<l1 t=28 u<l t=8

Creating sufficient gripping force on the suction cup means creating perfect contact of the
suction cup with the On surface and generating a sufficiently high-quality vacuum under the
suction cup. From relation (1) it is obvious that in addition to the quality of the vacuum under
the suction cup, the size of the gripping force will also be determined by the diameter of the
suction cup (its effective area).

It often happens that a vacuum generator is sought to increase the gripping force of the
suction cup, which ensures a high value of vacuum quality.

Increasing the active area of the suction cup(s) is a much more gradual way. This means
that, if circumstances allow, it is more advantageous to use more suction cups or a suction cup
with a larger diameter than to spend money to generate a "super-quality" vacuum.

It is necessary to realize that the vacuum in the handling tasks is generated by jet generators —
ejectors much more often than by a vacuum pump.

However, this means that compressed air must be used to create a vacuum. Its consumption
then determines the total cost of operating the device with suction cups.

If we look at the balance on the ejector, Fig. 3, we will realize a few basic rules for the use
of vacuum:

the quality of the vacuum and the volume of the intake air do not increase proportionally
and indefinitely with increasing pressure, Fig. 3a), 3c¢);

the air consumption per ejector increases in direct proportion to the increasing pressure,
Fig. 3b);

the volume of the intake air is stopped only after reaching the maximum vacuum which the
ejector is capable of, Fig. 3d).
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Fig. 3. Pressure and flow ratios on the ejector

Source: [4]; modified by the authors.

It is pointless to increase the pressure of the air entering the ejector above the level of 0.5-0.6
MPa, as in the nozzle-diffuser system of the ejector the flow rate rises above a critical value
(speed of sound in air), which causes the so-called "rupture" of the vacuum. The suction cup
stops acting on Owm.

Also from course d) in Fig. 3, it is clear that the imperfectly sealed volume under the suction
cup almost absolutely negates the value of the vacuum generated by the ejector. This must be
kept in mind if we cannot ensure guaranteed occupancy of all suction cups, Fig. 4.

In cases where the occupancy guarantee is not possible, either due to a missing object,
Fig. 4a) or displacement of the manipulation object, Fig. 4b), it is necessary to solve the sit-
uation in one of the ways shown in Fig. 5; variant a) represents the use of a non-return valve
which is "deactivated" in the presence of an object, variant b) considers the use of a vacuum
saving valve [4].
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ejector
1 ~—~ 13
. ® { > .
occupied O 1 unoccupied
suction cups 2 suction cup

check valve

Fig. 5. Solution of "vacancy" of the suction cup [1; 4, 5]
Energy for vacuum production. As it was already mentioned, in order to create the gripping
force of the suction cup, a vacuum under the suction cup sleeve is required, which at the moment
of its generation must already have contact with the Om surface by a suitable mechanism.

vacuum

with ejector & air

atmospheric
compressed vacuum S, air
air 4 pump ~
3/2 valve
: 32valve - iact £
suction cups , - compressed L ejector .

consumed energy

Distance between vacuum source
and suction cup

Fig. 6. Comparison of energy requirements for suction cup activation [5] modified
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We have also already stated that in manipulation tasks performed by robotic technology,
the method of generating vacuum by a jet generator, so an ejector, is much more frequently
used. This ensures a higher readiness and reaction time of the effector during the handling task,
as the developer can be placed close enough to the suction cup and thus the loss of vacuum
through the transmission system is eliminated (Fig. 6). Then only the compressed air distribu-
tion is needed (vacuum distribution does not have to be specially designed), it is even possible
to eliminate the losses of its distribution using the ejector-suction cup combination. This reduces
the energy requirements for operation, Fig. 6.

The volume of compressed air flowed directly depends on the pressure of the flowing air
and the quality of the developed vacuum, Fig. 3.

From the diagram in Fig. 3a) it follows that the quality of the vacuum increases almost
linearly only in the range of inlet pressures from 0.2 MPa to 0.5 MPa. The effective value of
the maximum inlet pressure is approximately at the level of 0.4 MPa. Even at this inlet air
pressure, the value of the developed vacuum is at the level of about -85 kPa, i.e. about 84% of
the maximum achievable vacuum (absolute zero in the pressure spectrum represents the value
of 100% vacuum; but this can only be considered in the theoretical level).

It is therefore clear that in order to achieve a high level of vacuum, the corresponding pres-
sure is required and increasing it brings two problems at the same time: the compressed air
consumption increases (if we increase the inlet pressure on the ejector from 0.2 MPa to 0.5
MPa, the air consumption will increase by about 25 In/min, which means that for one working
shift, i.e. 8 hours "unnecessarily" we consume compressed air worth about 400 EUR) and if we
exceed the magic pressure limit of 0.6 MPa stated by most manufacturers, the already men-
tioned "rupture" of the vacuum.

Therefore, it is more advantageous to solve the magnitude of the gripping force on the one-
sided gripping effector with active vacuum suction cups by the size of their total contact area
with Owm (suction cup size) than by disproportionately increasing the vacuum quality, Fig. 7.

a =

2,5kg 2,5kg

Vacuum value: p,=- 80 kPa Vacuum value: p,=-20kPa
Diameter of suction cup: 2 20 mm Diameter of suction cup: 2 40 mm
Suction cup surface: S =314,16 mm? Suction cup surface: S = 1256,64 mm’
Fig. 7. Dependence of suction cup force ratios on vacuum quality and size
of suction cup contact area with Oy [5; 2]

Thus, saving a vacuum actually means saving compressed air. This is all the more urgent
when world statistics show that up to 75 % of the world's total compressed air is used to blow
surfaces and prepare vacuum in ejectors.

Methods of vacuum saving. The starting point is to determine the effective gripping force
required for safe handling of OM. It already takes into account the dynamics of the movement
of the manipulator (e.g. robot) [1]. In the calculations we use the value of the compressed air
pressure in the circuit of max. 0.5 MPa. The choice of a suitable ejector then directly depends
on the value of the required vacuum determined when calculating the size and number of suc-
tion cups [1]. Of course, the pressure level can be adjusted by optimization.

When choosing an ejector with the required vacuum quality, we often come across the fact
that the quality and the required suction volume (ejector flow) are in contradiction with each
other. If a high-quality vacuum is required, the ejector must have a small nozzle diameter, for
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volume we need this diameter as large as possible. As a result, it is not possible to achieve an
optimal setting with a single-stage ejector. Therefore, it is necessary to choose either a two- or
three-stage ejector, which will have a vacuum quality only slightly lower than a single-stage,
the suction volume will increase (depending on the number of stages) by 40 to 250 %.

This has a huge effect on the conditions on the effector, as in order to gain the grip strength
by increasing the diameter of the suction cup, the volume under its cuff will necessarily in-
crease. If we are to create a perfect force connection of the suction cup with the object, we must
"get rid" of the atmospheric air under the suction cup as quickly as possible. In addition, the
volumes of hoses, couplings and other components of the vacuum circuit must be included in
the total volume, fig. 8. All these volumes are taken into account in determining the required

suction power of the ejector.
1 compressed air

( i )
4 2/2 valve (suction = 2/2 valve (suction
W(gqp_geactuvate)

& cup activate)
o] &

lof &

o O
= ejector |
. :|| = throttle valve
(©) (©)
T Q 2 vacuum
I L switch
] e W=
vacuum r'l-li—hl-liﬂ
fitter & connector

a (I
%]I‘l -

]

suction cup =

Fig. 8. Vacuum circuit volume balance [2]
Associated with this is the determination of the value of the so-called evacuation time T}
and its multiples, Fig. 9.
open

vacuum control valve
closed —!

vacuum py

95% p, 100% |
80% I
63% p,-80%
40% |
20% |

T, 2T, 3T, time T [s]
Fig. 9. Evacuation times of ejector

The vacuum in the ejector, if the circumstances of the handling task allow it, should not be
developed throughout the handling task. To activate the vacuum under the suction cup, a short
pulse of the compressed air stream is enough to generate a vacuum (of the order of 1-1.5 s),
which will ensure that the suction cup adheres to the Owm surface, Fig. 10a).

Due to the non-return valve 1SVO01 installed in the circuit, the vacuum under the suction
cup is "locked" and its value is sufficient to keep the Owm in contact for the entire duration of the
handling task, fig. 10b). To release the suction cup at the Om storage location, it is sufficient to
supply suitably throttled (throttle valve 1R01) compressed air for a short time (approx. 0.5 s).
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{"‘ prisavka je aktivna
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a b

Fig. 10. Saving compressed air by arranging the circuit correctly

Conclusion. As shown in the article, the solution of air consumption as a large financial
cost item in the operation of automated production is a current issue in the operation of the
company. The basic premise of cost reduction is the rule: you save the most on what you don't
have to produce. A suitable arrangement of the vacuum circuit for solving handling tasks with
the use of gripping effectors with one-sided gripping (suction cups) is thus the most effective
way to reduce operating costs just to implement such solutions.
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3AJAYA MAHIITYJISIIIL, PEAJII3OBAHA
3A JJOMOMOTI'OIO BAKYYMHOI ITIPUCOCKH

AKmyanvHicmos memu 00CaiddceHHA. Y Oaniti cmammi po32na0aromecs AK MexXHIYHI, MaK | eKOHOMIYHI acnekmu Kepy-
BAHHSL CMUCHEHUM NOGIMPSIM, sIKe € HAUOLIbUL OOPOSUM GUOOM eHepRil, U0 BUKOPUCMOBYEMbCIL Y GUPOOHULOMY CEKMOPL.
Bxpaii sasxcnueo exonomumu enepeito sik maxy, He UKIIOUAIOYU i CIMUCHEHE NOGIMPAL.

Ilocmanoska npoonemu. Mema cmammi - 0amu euyepnme Ysi6IeHHS NPO BUPIUEHHS 3A60AHHS 0OHOCMOPOHHBO20 3AXO0N-
JIeHHs1 30 00NOMO2010 6aKyymy. B pobomi naoano pexomenoayii ugo0o ix eupiutents 3 aKyeHmom Ha WLIAXU O eKOHOMIT 0C-
HOBHOI enepeii - CMUCHeH020 NOGIMPAL.

AHaniz ocmannix 00cnioxncens i nyonikauin. B oanuil vac yiei obnacmi npudinaomo 6enuKy y6azy He mMilbKi KOPUCHLY-
6aui, WO GUKOPUCMOBYIONb CINUCHEHe NOGIMPSL | 6AKYYM, A 1i 6UPOOHUKY MEXHIKY, W0 npayoiome 3 Humu. Llum 3atimaiomocs
NPAKMUYHO 6CI GENUKI GUPOOHUKU NHEGMAMUYHUX KOMIOHEHNIE.
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Buoinenna HedocniodceHux YacmuHt 3a2anbHoi npodaemu. Y cmammi He npuodiisnemocs y8aza eupooHuymey i 0opooyi
CMUCHEeH020 NOGIMPSl, a MINbKU 1020 UMPAmi Ha OMPUMAHHS 6aKyymy. TaKodc 6 po3paxyHKax 6Kazylomvcs MinbKi OCHOGHI
630€MO038'A3K1U, 3G AKUMU O0CEIOYEHULl KOPUCMYBAY 3HATIOe PIULeHHS C80€T NPOOIeMU.

Ilocmanoeka 3aedanua. Mema cmammi - npeocmagumu pe3ynomamu O0CIIONCeHb 8 OaHIL 00Nacmi [ 6KA3AMU MONCIU-
80Ccmi MexXHIuHUX Npoyeodyp O GUPIULEHHS NPodIeMU 3ACMOCYBAHHS BAKYYMHUX 3AXEAMHUX eheKmOopi6 3 6UKOPUCTIAHHAM
AKMUBHUX BAKYYMHUX NPUCOCOK.

Buknao ocnosnozo mamepiany. Mamepian, sxkuil cmag 0CHO8OW cmammi, CKIA0AEMbCsl 5K 13 3a2ANbHUX 3HAHb, WO MIC-
MAMobCsl 8 MeXHIYHIT 1imepamypi, max i 3 61ACHO20 AHANI3Y YACMKOBUX OAHUX, V3A2ANbHEHUX Y GUCHOBKAX.

BucHoseku. V eucnoexax, 3pobaenux ¢ cmammi, HAOAHO PEKOMEHOAYIl OISl GUPIULEHHS KOMNIEKCY 3A60AHb 3 NPOEKNY-
BAHHSL BAKYYMHUX 3AX6AMHUX ePeKMOPI6 3 NPUCOCKAMU.

Kniouogi cnoga: maninynayis; maninynayiiine 3a60aHHs, CIMUCHeHe NOGIMPS; 6AKYYM; NPUCOCKA, NHEGMAMUYHUL TAHYIOR.
Puc.: 10. Tab6n.: 1. bién.: 5.
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®YHKIIOHAJIBHE IMTPM3HAYEHHS TEXHOJOTTYHOT'O OCHAIIIEHHS
JUUISI TEPEBOOBPOBKH

AKmyanvhicms memu 00Cni0HceHHA. 3aCMOCY8AHHsL CYUACHUX 3AC00I8 MEXHONO02IYHO20 OCHAWEHHS 0036015€ NiOGU-
wWumu npoOYKMuUGHICMb NPOYecie 0epeeooOpobHO20 GUPODHUYMEA, MOYHICMb | AKicmb Oepes sHux eupobie ma mebunis. Ta-
KOJIC MeXHOI02IUHE OCHAULeHHSL O03GONISE POIULUPUMU MEXHOLO0IYHI MOICIUBOCME 0epe00OPOOH020 00NAOHANHS, iHCmpYMe-
HmMY, 3abe3neuumu 6e3neyni ymoeu npayi npu Mexariuniti 06pobyi OepeguHu.

Ilocmanoeka npoonemu. llpu npoexmysanni mexHonr02iMHUX NPOYeCie 0epesoodbpobHo20 ma mMebae6o2o 6UPOOHUYMEA
3a0aua 6ubopy abo NPOEKMYBAHHS 3AC00I8 MEXHONIO2IUHO20 OCHAWEHHS ICHYE 3a6xHCOU. [ 062pYHMO06an020 6ubopy abo npo-
eKMYBaHHsL 3ac00i6 MEXHONOSTUHO20 OCHAUCHHSL 8 0epPe800OPOOHOMY SUPODHUYMEL BANCIUCE 3HAUCHHS MAE AHANI3 QYHKYIO-
HANbHO20 NPUSHAYEHHS.

AHaniz 0ocnioxcens i nyoaikayiii npucesueHo pobomam 3 NUMAHb QYHKYIOHATLHO2O AHANIZY MEXHIYHUX cucmem ma
BUOOPY MEXHONO2INHO20 OCHAUCHHSL.

Buoinenna neoocnioycenux yacmun 3a2anvHoi npoonemu. [lumannsm eubopy ma npoexnmyeanHs 3acobie mexHoio2iv-
HO20 OCHaueHHsl OJis 0epe6o0bPodKIL Ma Mede6020 GUPOOHUYMBA HA CbO200HI NPUOLIEHO MAJI0 Y8A2U 8 HAYKOGIl Iimepamypi.
Ananiz ma cucmemamu3sayisi QYHKYI MEXHON02IUHO20 OCHAWEHHsL OISl 0epesoobpobKU 003601umb 30ilicHiosamu ix OLlbuL
006epyHmoganuil 6ubIp ma npoexknmy8aHHs.

Memor cmammi € suzHaueHHs. YyHKYTI MeXHON02IUH020 OCHAWeHHs Oisl 0epegoobpobKU ma mebneso2o GUpOOHUYMEA
05l Oinbul 06SPYHMOBAHO20 GUOOPY MA NPOEKNYBAHHSL.

Buknao ocnoenozo mamepiany. Ha ocrosi npunyunie ma nioxooie QpyHKyioHanibHO20 AHANI3Y MEeXHIYHUX CUCeM Y po-
b6omi npedcmaeieHo MemoouKy (popmynI06anHs QYHKYIOHANbHO2O NPUSHAYCHHS MEXHOL02IYHO20 OCHAUEeHHS Oisl 0epe6ooD-
pobku ma mebnesozo eupobruymea. Chopmynbo6ano 0CHOGHI 1 OONOMINCHI PYHKYIT Ha NPUKIAO KOHOYKMOPA 3 pe2yilbo8a-
HOW MIdH0Cb08010 giocmanito. Hasedeno npuxnao ¢hopmyntoanis (pyHKYiOHANIbHO20 NPUZHAYEHHS NPUCTPOIO OJisl MEXAHIYHOT
00pobOKU Oepe iHOT 3a20MOBKU.

Buchoeku i npono3uyii. ¥ pobomi énepuie 3anponoHo68ano 3a2anbHuil nioxio 00 GYHKYIOHAIbHO20 AHANIZY MeXHON02iu-
HO20 OcHawjeHHsl 05 0epesoobpobku. Busnaueno gynkyii mexnonoeiunoeo ochaweHHss ma npooeMoHCmMpPO8aHO iX NPUKIAOHE
sacmocyeannsi. llpedcmaeneni mamepianu MojicHa euxopucmamu Oiisi OOIPYHMOBAHO20 8UOOPY YU NPOEKNTYBANHS 300616 me-
XHONO2IUHO20 OCHAUeHHsL O/1si 0epe600BPobKY ma Medie6020 GUPOBHUYMEA.

Kniouoei cnoea: mexnonoziune ocnawjennsi; QyHKYionaivbHe NPUHAYEHH S, 0epeeoodpobKa; mebreee GUpPOOHUYMEO.

Puc.: 3. bion.: 9.

AKTYaJIbHICTh TE€MH JOCTIKeHHsI. TeXHOJIOTIYHe OCHAIIECHHS BiJIirpae BaXKJIIMBY POJIb Y
IpoIriecax pyqHoOl Ta MEXaHIdHOI JIepeBO0OpOOKH, MedhopMyBaHHS, CKIIATaHHS (CKIICIOBAHHS)
€JIEMEHTIB JIepeB’ THUX KOHCTPYKITiH, BAPOOiB ur MeOJIiB. 3acTOCYBaHHS Cy4acHHX 3ac00iB Te-
XHOJIOTIYHOTO OCHAIIICHHS JI03BOJISIE TiABUIIUTH TPOIYKTUBHICTE MPOIIECIB JEPEBOOOPOOHOTO
BUPOOHMIITBA, TOYHICTH 1 SIKICTh MPOAYKIIil, [0 BUTOTOBIISAEThCS. KpiM 11bOT0, TEXHOIOTIUHE
OCHAIIIEHHS JI03BOJISIE PO3IIAPUTH TEXHOJIOTIYHI MOXIIHBOCTI JepeBOOOPOOHOTO 00 THAHHS
Ta MEXaH130BaHOTO JIEPEBOOOPOOHOTO IHCTPYMEHTY. 3aCTOCYBAHHS 3aTUCKHUX Ta MIPUTHCKHIX
€JIEMEHTIB TEXHOJIOTIYHOTO OCHAINEHHS MPH MEXaHIYHii 0OpoOIli AepeBUHU Ta JCPEBHHHHUX
MartepialiB J03BoJIs€ 3a0e3meunT Oe3MeYHi YMOBH Iparli.

ITocTanoBka npo6Jaemu. [Ipy npoekTyBaHHI TEXHOJIOTIYHUX MPOLECIB JIEPEBOOOPOOHOTO
Ta MeOJIEBOr0 BUPOOHUIITBA HEOIMIHHO IOCTAE 3a71a4a BUOOPY ab0 MPOEKTYBAaHHS IPOAYKTHB-
HUX, BUCOKOTEXHOJIOTIYHUX 3aCO0IB TEXHOJIOTIYHOTO OCHammeHHs. [Ipu oMy HEOIMIHHEM €
BpaxXyBaHHs €KOHOMIYHUX Ta (YHKITIOHAJILHUX KpHTepiiB. ToMy aHai3 PyHKIIIOHATBHOTO MTPH-
3HAYCHHS Ma€ BKJIUBE 3HAYCHHS JJIT OOrPyHTOBAHOTO BHOOPY a00 IPOEKTYBAHHS 3ac00iB Te-
XHOJIOTIYHOTO OCHAIIIEHHSI B JIEpeBOOOPOOHOMY BUPOOHMIITBI.

AHaJi3 ocTaHHIX JoCHiTKeHb i myOaikaniii. [Tutanasm QyHKIIOHATBHOTO aHATI3y TeX-
HIYHUX CHCTEM MPHUCBIYEHO JIOCTATHIO KUTbKICTh HayKOBHUX Iparls [1-3]. 3okpema B MOHOTpa-
¢ii b. ITanpueBchkoro [1] B 3araibHOMY BHUIISIII TIPEJCTABIICHO MOCTAITHY TEXHOJIOTII0 (QyHK-
MIOHAJIBHOTO aHai3y TEeXHIYHOI cHucTeMd. Y poboTi [4] pO3MISTHYTO OCOOJMBOCTI
(GYHKI10HATEHO-BAPTICHOTO MiJIXOY A0 (POpMYBaHHS CTPYKTYPH TEXHOJIOTIYHO]T omepallii, 30-
Kpema — J10 BUOOpY TEXHOJIOTTYHOTO OCHAIEHHS. AHAaJIi3 BIUIUBY OCHOBHHUX (DakTOpiB HA BUOIp
CUCTEMH TEXHOJIOTIYHOTO OCHAIeHHs HaBeZieHo Y [5]. Ctarts [6] 3arayiom € mepimoro crnpoOoro
BUSIBJICHHS Ta CUCTEMaTH3aIlii 0COOIMBOCTEN TEXHOJIOTIYHOTO OCHAIIEHHSI JIJIsI IEPEBOOOPOOKH
1 MeOJIeBOrO BUPOOHUIITRA.

© Canos C. I1., Kocmau O. I1., 2020
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Buainenns HeqocaizKeHUX YaCTHH 3arajbHOI mpo6Jemun. [IutanHsM BUOOPY Ta MPOEK-
TyBaHHS 3aC001B TEXHOJIOTIYHOTO OCHAIIICHHS JIJIS JIEPeBOOOPOOKH Ta MeOJICBOrO BUPOOHHIITBA
1 HasIBHIM HAyKOBi JiTeparypi NpUAIEHO TyKe Majo yBaru. AHali3 Ta cucTeMaru3alis QpyH-
KIIii TEXHOJIOTIYHOTO OCHAIICHHS JUIS JIEPEBOOOPOOKH JTO3BOJIUTH 3IIHCHIOBATH iX OLIBIN 00-
IPYHTOBaHU# BUOIp Ta IPOEKTYBAHHSI.

Mertoro crarTi € BU3HaUYeHHS (YHKIIIH TEXHOJIOTIYHOTO OCHAITICHHS JUIS JIEPeBOOOPOOKH
Ta Me6JIeBOr0 BUPOOHUIITBA ISl O1TIBII OOTPYHTOBAHOTO BUOOPY Ta MPOEKTYBAHHSI.

Bukian ocHoBHOro marepiasy. @yHKIIIOHATBHUH aHAaT3 CIPSIMOBAaHHN Ha JeTajbHE JI0-
CJIIJDKEHHS TEXHOJIOTTYHUX MpolieciB y Oy/ib-sKiit TexHonoriuHii cuctemi [1-3]. OyHKIioHaTH-
HUH aHaJi3 TEXHOJOTIYHOTO OCHAINEHHS TSI IEPEBOOOPOOKH, SIK TEXHIYHOI CHCTEMH BKIIFOUAE
TaKi OCHOBHI €Tarlu:

1) 3aranbHe (QOpPMYITIOBAHHS MPOOJIEMH, IS BUPIMIEHHS SKOT MOTPIOHO TEXHOJOTIYHE
OCHAIIIEHHSI, BA3HAUYEHHS Ta OTHC MpolLecy, A peaizaiii skoro HeoOXiiHi 3ac00u TEXHOJOT1-
YHOTO OCHAIICHHSI.

2) JlexoMIo3wilisi 3araibHOi TpoOIeMu Ha OKpeMi I1iJTi Ta (hOpMyTIOBaHHS OCHOBHUX 1 JIOTIO-
MDKHUX (YHKIIIH TEXHOJIOTIYHOTO OCHAIICHHS, 32 JIOTIOMOTOFO KX OYAYTh IOCSITHYTI OKpeMi IiTi.

3) BuzHaueHHS SKICHHX 1 KiIJIBKICHHX XapaKTEpUCTHK Ta (GOPMYyBaHHS KPHUTEPiiB BUOOPY
(Tpo€eKTYyBaHHS) KOHCTPYKTUBHHX €JIEMEHTIB TEXHOJIOTTYHOTO OCHAITICHHS JIJIsl peasti3allii oc-
HOBHHX 1 JOMMOMDKHHX (QyHKITiH.

4) CucreMaTm3allis MUISXIB JOCSITHEHHS METH BUOOPY a00 MPOEKTYBAHHS TEXHOJIOTYHOTO
OCHAIIIEHHS JJIS 1IepeBO0OPOOKH, aHalli3 Ta BUOIp aJbTepHATUBHUX BapiaHTIB.

[Tepmm HiX TPUCTYIUTH A0 GYHKIIIOHATHLHOTO aHANi3y OyIb-SIKOT TEXHIYHOI CHCTEMH HEO0-
X1/IHO YiTKO yCBiJIOMJIIOBaTd METY ii CTBOpEHHs. SIKII0 Iepe/1 TEXHIYHOIO CUCTEMOIO He MOCTa-
BJIcHa a00 He c(opMyILOBaHA MeTa 1i CTBOPeHHS — (DYHKITIOHAJILHUH aHalli3 He Ma€e ceHey [1].

HesanexxHo Bif TOro, IPOEKTY€ETHCS TEXHOJOTIUHE OCHAIICHHSI Y1 BUOMPAETHCS 3 BXKeE ic-
HYIOUOTO0, HacaMIiepe,1 HeoOXiTHO 3/TIMCHATH aHali3 BUX1IHUAX JaHUX. Bij rpyHTOBHOTO i Bee-
OiYHOTO aHaJi3y BUXIJIHUX JIaHUX Oe3MOCepeHBO 3aIeKUTh BUKOHAHHS IIPUCTPOEM CBOTO (y-
HKIIIOHAJBHOTO IMPU3HAYCHHS. By/b-sfKi MOMHIKA a00 HEBH3HAYCHOCTI Y BUXIJHHUX JTaHUX
HaifuacTile MpuBOJATH 10 YCKIIQAHEHHS! BUOOPY a00 HETOCKOHAIOCTI KOHCTPYKIIIT CIIPOEKTO-
BaHOTO TEXHOJIOTIYHOTO OCHAINEHHs. BeInKy 4acTHHY BUXiTHUX JaHUX OTPUMYIOTH 3 Kpecie-
HUKIB €JIEMEHTIB JIepeB’ SHUX KOHCTPYKIiN, BUPOOIB uM MeOJIIB Ta pO3pOOIEHOr0 TEXHOIOT14-
HOTO TIPOIIeCy iX BUTOTOBJICHHSI.

V 3arajpbHOMY BHUIAJKy, IpU BUOOPI a00 MPOEKTYBaHHI TEXHOJIOTIYHOTO OCHAIECHHS IS
JepeBOOOpOOKH a00 MeOJICBOr0 BUPOOHHUIITBA HEOOX1JHO MaTH HACTYITHI BUXIIHI JaHi:

- OOTpYHTOBaHi Ta MaKCHMaJbHO KOHKPETH30BaHI 3 HEOOXiTHMMHU YHCIOBUMH ITOKa3HH-
KaM¥ BUMOTH JI0 KOHCTPYKIIii, TEXHOJOTIYHIX MOKIIMBOCTEH Ta eKCILTyaTalifHuX XapaKkTepH-
CTHMK TEXHOJIOTIYHOTO OCHAIEHHS (TOYHICTh, IPOIYKTUBHICTD, EKCIUTyaTalliiiHa HaAIHHICTh Ta
JIOBrOBIYHICTH TOIIIO);

- KpeCIEHUKHU JIepeB’ssHOT KOHCTPYKLii, BUpoOy 4u MeOIiB 3 HEOOXITHUMHU TEXHIUHUMHU
BHMOTAMU;

- (pparmeHT ab0 TMOBHHUI TEXHOJOTIYHUI IpoleC BUTOTOBJIEHHS JAeTali, eleMeHTa Je-
peB’stHOT KOHCTPYKITii, BUpOOy 4m MeOIi, 1o Ja€ iH(pOopMaIlifo mpo MOCTi0BHICTE 00pOOKH,
MOBEPXHi, K1 BixKe 00poOIieHi Ta 1e He 00po0IIeHi, BAMOTH JI0 TOYHOCTI 00poOKH (CKIIalaHHs);

- ONepallifHAN €CKi3 Ha OIeparlito, IS sIKOi pO3pO0IIIETHCS TEXHOJIOTIYHE OCHAIEHHS (1H-
(dopmartis mpo cxeMy 6a3yBaHHS 1 3aKpIIJICHHS I€pEB’ IHOTO BUPOOY);

- omepalliifHa Kapra (TeXHOJIOTIYHUHN peryiaMeHT) Ta €CKi3 omepallii Jis sIKol BHOUpaeThCs
abo po3poOIIETHCS TEXHOJIOTIUHE OCHAIIEHHS, IO Aa€ iH(OpMaIliio Mpo MOCTiIOBHICTH Ta
3MICT MEepeXOiB, CXeMy Oa3yBaHHS 1 3aKpIIJICHHS JIEPEB’STHOrO BUPOOY, IHCTPYMEHT, 00ja-
HaHHS, PSKUMH 00pOOKH, HOPMY Yacy Ha BCTAHOBIICHHS, 3aKPITUICHHS 1 3HSTTS BUPOOY;
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- iHopmallist Tpo oOCAT BUITYCKY JIeTaje, eIeMEHTIB JIepeB’ THOI KOHCTPYKIIii, BUpOOyY Un
MeOiB;

- TEXHIYHI XapaKTEPUCTHKH TEXHOJIOTIYHOIO YCTaTKyBaHHS (€JIEKTPHYHOTO MeXaHi30Ba-
HOTO IHCTPYMEHTY), Jie Oy/ie BAKOPHCTAHO TEXHOJIOT1YHE OCHAICHHS.

Hageznenuit nepenik BUXITHUX JaHUX IS pO3POOKH TEXHOJOTTYHOTO OCHAIIEHHS JUIs Jepe-
BOOOPOOKH, CKJIaJIaHHs (CKIICFOBAHHS) JepeB’ SHUX BUPOOIB Ta MeOJIiB HE € BHKJIFOYHO 000B’513-
KOBUM y IOBHOMY 00CsI31. 3aJIeXKHO Bijl XapakTepy BUPOOHMIITBA, 3a1a4, IS SIKUX IIPOEKTY€ETHCS
(BHOWpPAETHCS ) TEXHOJIOTIYHE OCHAIICHHS, HABEJICHHI TIEPETiK BUXITHAX JTAHUX MOXKe OYTH CKO-
poueHuit a00 PO3IMUPEHHI 10 HEOOX1THOTO 1 IOCTaTHBOTO PiBHS 1H()OPMATUBHOCTI.

HasBHICTB 1 MOBHOTA BUXITHUX JaHUX JIO3BOJISE HA OCHOBI (DYHKITIOHAIBHOTO aHAJII3y Ma-
KCUMAaJIbHO TOYHO C(OPMYJIIOBATH (DyHKIIOHAJIbHE MPU3HAYCHHS TEXHOJIOTIYHOTO OCHAICHHS
JUTSL IEPeBOOOPOOKH, CKJIaTaHHs (CKJICIOBAHHS) JIEPEB’ SHUX BUPOOIB Ta MeOIiB.

Jlekomrio3uilist 3arajgbHOl PoOJIeMHU Ha PsiJi OKPEMHUX ITiIel € HeOOX1THUM eTaroM MpakTUIHO
OyIb-SIKOTO IPOEKTYBAHHS TeXHIYHOTO 00’ ekTa. CHopMyITFoBaTH OKpEMi ITiJTi, SIKi B KOMITJICKCI BH-
PILIYIOTH HAsBHY MPOOJIeMy, BaXIIMBO Hacammepea 1Uist (GOpMYITIOBaHHSI OCHOBHHUX 1 JIOTIOMIKHUX
(YHKITIH TEXHOJIOTIYHOTO OCHAIEHHS, 3@ JIOITOMOTOIO SIKKX OY/TyTh JTOCATHYTI OKpPEMI ITiIi.

Bynb-sika TexHIYHA ccTeMa MICTUTh CUCTEMY CTyKOOBHX (PyHKIIIH, sIKi BU3HAYAIOTH IPHH-
U i1 QYHKIIOHYBaHHS, | KOHCTPYKTHBHO SIBIISIE COOOIO CYKYITHICTh KOHCTPYKTHBHUX €JIEMEH-
TiB JUIsI peanizariii ux QyHKIii [7].

[TeBHA KOHCTPYKITiSI MOXKe peajTizyBaTd JIMIe oaHy (PyHKIIiO, aje Ta caMa (pyHKITIST MOXKe
OyTu peaiizoBaHa pi3HUMH BapiaHTaMU KOHCTPYKIIii.

Hamnpuknan, GpyHKIIisS IpuTHCKada — 3a0€3IeYnTH IUTbHE i Oe3nepepBHE MPUIISTaHHST 00p00-
JIFOBAHO1 JiepeB’THOI 3arOTOBKH JI0 YCTAaHOBYMX €IeMEHTIB abo MOBEpXOHb BepcTara (TeXHOIOTid-
HOTO OCHAITICHHST) MOYKE Pealli30ByBaTHCh Pi3HUM KOHCTPYKTHBHAM BHKOHaHHsM (puc. 1) [8].

Puc. 1. llpumuckni mexanizmu:
a — NPUMUCKHA KOJLOOKA, 0 — NPUMUCKHUTI 6AUMAK, 8 — NPUMUCKAY 13 SHYUKUMU
NIACMUHAMU, 2 — POJIUKOSUL npumuckayd, 1 — poauk; 2 — wumok,; 3 — KpoHuimeun, 4 — 2inv3a,
5 — npyacuna, 6 — eaiika, 7 — cmin, 8 — 26unm
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BinmoigHO 10 BHIIIEHABEICHOTO, TPOEKTYBAHHS TEXHOJIOTIYHOTO OCHAIICHHSI ITOILTSETHCS
Ha (QYHKIIIOHATBHE, IPH SKOMY (OPMYETHCS TMPHUHIUI HOTO (YHKIIIOHYBAHHS, Ta TEXHIYHE
MPOEKTYBAHHSI, TIPH SIKOMY Ha OCHOBi 00paHOTO MPHHIUITY (DYHKI[IOHYBaHHS CTBOPIOETHCS 200
BUOMPAETHCS KOHCTPYKILiSI IPUCTPOIO 200 HOT0 OKPEMHX CKJIa/IOBHX EIEMEHTIB.

BinnosigHo pyHKIiOHABHA CTPYKTYPa TEXHOJIOTIYHOTO OCHAIEHHs [9]:

So ({F}, {Q}),
ne {F} — MHOXHHA QyHKIIIH;
{Q} — MHOXXUHA BiJHOIIEHH MK ()YHKITiSIMU.
TexHiYHA CTPYKTYpa TEXHOJOTIYHOTO OCHAIIEHHS [9]:

St ({E}. {R}),
ne {E} — MHOXXWHA KOHCTPYKTHBHUX €JICMCHTIB;

{R} — MHOXWHA BiTHOIIIEHb MiXK €IEMEHTAMH.

QDyHKYyioHaNbHe NPUSHAYEHHS MEeXHOI02IYH020 OCHAUeHHS — MAaKCUMAITbHO yTOYHEeHa 1 Ji-
TKO chopMynbOBaHa 3a7a4a, /Ui PO3B’I3aHHS SIKOT IPU3HAYSHUN TPUCTPiil.

Po3pobka i ¢popmyrroBaHHs (QYHKITIOHATBHOTO MPH3HAYEHHS TPUCTPOIO TPYHTYETHCS Ha
aHai31 BUXiIHOT iH(opMaIIil Tpo onepailiro TEXHOIOTIYHOTO MPOIIECy, IS K0T TpU3HAUYeHU N
MIPHUCTPIid, TA YMOB, B IKHX €KCILTyaTyBaTUMETHCS TPHCTPIM.

®opmyroBaHHS (PYHKIIIOHATHHOTO IPU3HAYSHHS TEXHOJIOTTYHOTO OCHAIIEHHS € YK€ Bij-
MOBITAJTHBHAM €TaIroM TIpoIiecy Horo BUOOPY, MPOEKTYBaHHS abo0 yaockoHayeHHs. [ToMuikwy,
JIOMYIIeH] TpU BUSBJIICHHI Ta YTOUHEHH] ()YHKI1IOHAILHOTO NMPU3HAUYEHHS, TPU3BOJSATH 10 He-
MPaBHILHOTO BHUOOPY, CTBOPEHHS HESKICHOTO TEXHOJIOTIYHOTO OCHAICHHS, 3aiiBUX BUTpAT
mpalli Mpy BUTOTOBJIEHHI Ta eKciutyatauii. ToMy po3poOi (pyHKIIOHATBEHOTO MpU3HAUYCHHS
MIPHUCTPOIO MMOBUHHI TIepeTyBaTh TIITMOOKEe BUBYCHHS 3a/1a4, JIUIS PO3B’s3aHHS SKUX MpH3Haue-
HUW TPHCTPIit, 1 TouHe GOPMYITFOBAaHHS HOTO (DYHKITIH.

[Ipu popmyroBanHI PYHKIIOHATHHOTO IPU3HAYSHHS TEXHOIOTTYHOT'O OCHAIICHHS JUISI J1e-
peBooOpoOKM HE MOKHA OOMEKYBAaTHCh 3aralbHUMHU BUpa3zaMu. HeoOXiaHO sikomora riauoie
YTOUHUTH MPU3HAYEHHS IPUCTPOIO 1 BUPA3HUTH 11i YTOUHEHHS KibKicHO. [ mnOuHa dpopmy:tro-
BaHHS (DYHKITIOHAIBHOTO TIPU3HAYCHHS MICTHTHCS caMe B yTOYHCHHSX.

®opmymoBaHHS (yHKIIOHATBHOTO TPU3HAYESHHS TOBUHHE MICTUTHU MPUOJIM3HO TAKUH 3MICT:

- 3arayibHe MPU3HAYEHHS TEXHOJIOTIYHOTO OCHAINCHHS;

- OCHOBHI ¥ JTOTTOMIKH1 (DyHKIIiT OCHAIEHHS;

- BAJ 1 KUTBKICTB JIepeB’ SHUX BHPOOIB (3ar0TOBOK), SIKi 13 3aCTOCYBaHHSIM IIHOTO IIPUCTPOIO
OJIHOYACHO BHTOTOBISIOTHCS (0OPOOIISIOTHCS, CKICIOIOTHCS, CKIIATAIOTHCS ), IXHI rabapuTH;

- cXeMa BCTAHOBJICHHS 1 3aKpiIUIeHHS BUPOOIB (3ar0TOBOK);

- IapaMeTpy TOYHOCTI JiepeB’ sSTHOr0 BUPOOY, sIKi MOBUHHI OyTH 3abe3neueHi npu Horo BU-
TOTOBJICHHI 13 3aCTOCYBaHHSM JIAHOTO TIPUCTPOIO;

- IEpeJIiK YMOB, B SIKUX MIPUCTPIN Ma€ MpamoBaTu (pekuM poOOTH 1 cTaH HABKOJIHMIITHBOTO
CEPEIOBHUINA);

- BUMOTH JI0 30BHIIITHBOTO BHJTY, O€3MeKH poOOTH, eprOHOMIYHOCTI, PiBHS LIyMYy, Koedii-
€HTY KOPHUCHOT JTii TOIIIO.

VY 3aecanvnomy npusHauenni TEXHOJIOTIYHOTO OCHAIIEHHS HABOIUTHCSI KOHKpETHA iH(popMa-
ITist TIPO TaTy3b 3aCTOCYBAHHS IPHCTPOIO.

Ocnoeua ¢hynxyis (OD) TEeXHONOTIYHOTO OCHAINEHHS — O3HaKa (03HAKH), sIKa BH3HAYAE
HOTO CYTHICTB, IPU3HAYCHHS, JUIS peai3allii sKoi iCHye MpUCTpii 1 6e3 Kol BiH, K BUPIO,
BTpaya€e CBOIO CIIOKUBYY BapTiCTh, KOPUCHICTD.

Tak, HapUKIIaa, OCHOBHOIO (DYHKIII€I0O KOHJYKTOpA 3 PEryJIbOBAaHOK MiXKOCHOBOO BijIC-
TaHHIO (pHC. 2) €: 3a0e3neueHHs] He0OX1AHOT TOYHOCTI po3MidaHHs ado CBEPAJIIHHS OTBOPIB Yy
3aroToBII.
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Puc. 2. Konoyxmop 3 pe2ynvo8aHo10 Midcocb08010 i0CMANHIO:!
1- pyuka, 2 — xonoykmop, 3 — 3a20moeKa

Jonomixcna pynkuia (J1®) TeXHOIOTIYHOTO OCHAIECHHS — O3HaKa (03HAKH), sIKa JIOTIOB-
HIOE, PO3BUBAE Ta YTOUYHIOE Or0 OCHOBHY (yHKIit0. /D MOXXe MPUHIUIIOBO HE BILUIUBATH Ha
fioro O®D, ayre 3abe3edye MeBHI YMOBH HOTO (PYHKITIOHYBaHHS.

Hanpuknan, nonoMi>kHUMH (QYHKIISIMU 3raJJaHOTO KOHJTYKTOPA €:

- 1®; — 3a0e3neunT HEOOXIHY IMBUIKICTH pO3MidaHHs a00 CBEpUTIHHS OTBOPIB (IIPOIY-
KTHBHICTB);

- 1®; — 3abe3neunTy 3aaHui 1iana3oH peryatoBaHHs MI’)KOChOBOI BiJICTaHi;

- 13 — 3a0e3meun Ty 3aaHi MOKAa3HUKU HAIIHHOCTI 1 JOBrOBIYHOCTI;

- 1d4 — Ge3neyHicTh eKcIlTyarallii KOHAYKTOpa;

- 1®d5 — 3a0e31eunT!H BUMOTH €prOHOMIYHOCTI;

- 1®ds — 3abe3neunty 3aaHy oOMeKeHY BEJIMYMHY BUTpAT Ha BUTOTOBJICHHsS a00 MpU-
OaHHS KOHIYKTODA.

®opMmyTIOBaHHS OCHOBHHX 1 JOMOMIDXHHX (PYHKIIH TEXHOJIOTTYHOTO OCHAIIEHHS JUIs Iepe-
BOOOPOOKHM Ta MeOJIEBOTO BUPOOHMIITBA € JYXKE BAXKIMBUM €TAIOM IPU HOT0 BHOOPI Ta Mpoe-
KTyBaHHi. Ha 0CHOBI OCHOBHUX 1 JONOMIKHUX QYHKIIH (POpMYIIOIOTH KpUTepii BHOOpY 3aco-
01B TEXHOJIOTIYHOTO OCHAITNICHHS cepell HasSIBHUX. Y TEXHIYHOMY 3aBJIaHHI Ha MPOEKTYBaHHS
HOBHX KOHCTPYKIIIi T€XHOJOTIYHOTO OCHAIIEHHS OCHOBHI M JOMOMiXHI (DYHKIIIi € OCHOBOIO
Ut POPMYITFOBAHHS 3aJ1ad, siKi HeoOXiTHO KOHCTPYKTOPY BHPIIINATH IPH MPOEKTYBaHHI OCHA-
nieHHs. Y Marepiajax, sKi MoJatoThCs 3a MiJICyMKaMi BUKOHAHHS IIPOEKTY, TOBUHHO 000B’sI3-
KOBO B1JI0Opa)kaTuch, IK KOHCTPYKTHBHO Y IHIIMMH CITOco0aMu 3a0e31eYeHO BUKOHAHHSI OC-
HOBHHX Ta JONOMIXHUX (PYHKIIIH TEXHOJOTTYHOTO OCHAIIEHHSI.

OCHOBHI i OTTOMiXHI (DYHKIIiT B TIOJQJIBIIOMY JIOTIOBHIOIOTHCSI YTOUHCHHSIMH.

[loTpiGHA MPOTYKTUBHICTH BUTOTOBIICHHS MIPOYKIIii TOTIOBHIOETHCS iH(POPMAIII€IO TIPO 6u0 i
KilbKicmb 0epes sIHUX 6Upobi6 (3a20mo60K), sKi i3 3ACMOCYBAHHAM YbO20 NPUCTPOIO OOHOYACHO
sueomognsaomvcs (0opoonsiomocs). 1 iHopMaliis TakoX BaXKJIUBa 3 OISy Ha BUOIp THITY
MIPECTPOIO 3a CTYIIEHEM crieltianizarii (YHiBepcaaIbHHMA, CIIelliai30BaHui ado CIielliaTbHAN ).

Cxemy 6cmanogieHHs ma napamempu moyHocmi 0eped ’aHo2o 6upooby, ki MOBUHHI OyTH
3a0e3MeyeHi Mpy HOro BUTOTOBJICHHI i3 3aCTOCYBAHHSM ITLOTO MPHCTPOIO JIOIIBHO Bigo0Opa-
3UTH y BUIJISAI omepaniiiHoro eckiza. Ha eckizi 300paxyeTbes cxema 6a3yBaHHS 3arOTOBKHU B
MPHUCTPOT ad0 MPHUCTPOIO Ha 3aroTOBII 3 yciMa MapaMeTpaMH, SIKi BATPUMYIOTh TP 0OpOOITi.
[Ipu MexaniuHii 00poO1Il JepeBUHHIX MaTepiajiiB Ha ecKi3i 00poOIroBaHi MOBEPXHi MO3HaYa-
I0ThCSI TIOTOBIIEHOIO JTiHi€r0. [lel pucyHOK, BIIacHe, i € gidomocmsamu npo oepes sHuil Gupio,
wo sucomosnicmspcsl. 3a HEOOXITHICTIO PHCYHOK, Ha SIKOMY HaBeIECHUU omeparliiHui eckis,
MOJKe OyTH JTOTIOBHEHHWH MOSICHCHHSIMH, KEPIBHUMH MaTepiaaMy 1010 0COOIMBOCTEH 3Tiiic-
HEHHSI OOPOOKH Ii€] 3arOTOBKH Ta PEKOMEH/IAIISIMHU II[OI0 TUITY PHCTPOIO.
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Ilepenix ymo8, 6 axkux npucmpiii mae npayioeéamu, TTOBUHEH BiTOOpa)XxaTH pexuM poOOTH
MPHUCTPOIO i CTAaH HABKOJHMITHLOTO CEPEIOBUINA, B IKOMY €KCILTyaTyBaTUMEThCS TpUCTpiid. Lle
Jy’Ke BaKIKBa iH(opMarllis 3 oty BUOOpY KOHCTPYKIIHUX MarepialliB JJIsl BUTOTOBJICHHS
JIeTajel MPUCTPOIO.

YTOYHEHHS 6UMO2 00 308HIUHBO2O 68UV, De3neKu pobomu, epeoHOMIYHOCI, DIBHS ULYMY,
Koe@hiyicumy kopuchoi Oii TOIIO € TOJATKOBOIO iH(OpMaIli€ro, ska He0OXiHa 111 BHOOPY KOHC-
TPYKTHBHOTO BUKOHAHHS TIPUCTPOIO Ta HOT0 OKPEMUX KOHCTPYKTUBHHX CJIEMCHTIB.

[Tpuxiaan popmyroBaHHS (GYHKIIIOHATEHOTO MTPH3HAYCHHS IIPUCTPOIO:

Ipucmpiit npusnavenuil 011 6a3y8ants ma 3aKpinients nonepeoHbo 00pobIeHoi 3a20mo-
6Ku npu it 06poodyi na gpeszepromy eepcmami mooeni @PCIII-1A.

Ocnoeni gynkyii (OD):

O®) — 3abe3nevumu moyricmo 6a3y6aHHs 3420MOBKU 8IOHOCHO PI3ANIbHO20 IHCIMPYMEHNTY
6 npoyeci 06poOKU Ha gepcmami.

O®D; — 3abe3neuumu HaoditiHe 3AMUCKAHHSA 3A20MOBKU.

Jonomixcni ¢pynxyii (J{D):

D — 3abe3neyenHs HOpMU YACYy HA BCMAHOGIEHHA i 3HAMMSA 00pPOONEHOT 3a20MO6KU
teem = 0,55 x6;

JD> — 3a6e3newumu 75 % cmanoapmu3zayilo KOHCMPYKYii npucmpoio;

J[D3 — 3ab6e3nevumu 3a0amny 006206iuHICMb,

Dy — 3abe3nevumu geluduHy 6UMpam Ha NPOeKmy8aHHs md 6U20MOoGLeHHSA NPUCIPOIO 8
meaxcax 1500 epu;

D5 — 3ab6e3neuumu gumocu epeOHOMiYHOCMI ma be3nexu excniyamayii.

3acomosroro € nonepeonvo obpodnenuii 6pyc 3 mamepiany 6epesa, I copmy 3a I'OCT 2695-83,
KIbKiCMb 00HOYACHO 00pOOIIOBAHUX 3A20MOB0K — 00HA. bazosi noeepxui 3a20moexu — 0opobeni
3 wopemxicmio Rmax 40 mxm, eabapumui pozmipu 3a2omosxu (Mm) 11036 x40.

IIpu 06pobyi 3ae0mosku, 3aKpiniieHoi 6 NPUCMpOI, Wo NPOEKMYEMbC HeOOXIOHO 3a6e3ne-
yumu (puc. 3):

- mounicmo posmipie (25 + 0,5) mm, (18 = 0,5) mm, (15 = 0,5)mm, 6072 aum, 1477 um

- wopcmxicmes 06podII08aHUX nosepxonb Rmax 40 mxm.
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Puc. 3. Onepayitinuti ecxiz

IIpucmpiii excniyamyemuocs 6 0epe6oodpoOHOMY Yexy 3i WmyuHOI0 eHMUNAYICIO NPU Me-
mnepamypi nosimps (20 + 10) °C ma eionocuiti éonococmi (70 +35) %. Tepmin excniyamayii
npucmpoio 2 poxu.

62



TEXHIYHI HAVKU TA TEXHOJIOT'Ii Ne 4(22), 2020
TECHNICAL SCIENCES AND TECHNOLOGIES

Ha 306niwinix nosepxusax oemainei npucmpoio He 00NYCKA€mMbCs HAAGHICb 20CMPUX KPAi6
ma Kymie 015 3a0e3nevenHs besnexu npu ckiadauui u ekcnryamayii. Ha nosepxusax oemaneti
NpUCmMpoIo He NOBUHHO OYymu cli0ig KOPO3il, MpiuH Ma IHUUX MeXAHTYHUX NOUKOOICEHb, K]
no2ipuLyromo MiyHiCmob, eKCnyamayiiuti 61acmueocmi ma 306HIUHIU 6U2TAO.

BucnoBku BinoBinHo 10 crarri. [IpaBmisHO i 4iTko copMynboBaHe (YHKITIOHATBHE TPU3-
Ha4YeHHs TEXHOJIOTTYHOTO OCHAIIEHHS JIJIS JIEPeBOOOPOOKH Ta MeOJIEBOTO BUPOOHHIITBA € 3aIOpy-
KOIO BUKOHAHHSI HUM YCiX MOKJIQJIEHIX HAa HHOTO (DYHKIIIH 3 HEOOX1THUMH TTOKa3HUKAMH SKOCTI.

YV po0GoTi BriepIire 3arporioHOBaHO 3araTbHUM TIXi 0 (PYHKIIOHATEHOTO aHaJIi3y TEXHOJIOTi-
YHOT'O OCHAIIIEHHS /I PyYHOI Ta MEXaHIYHOI JIepeBo0OpoOKH, 1eopMyBaHHsI, CKIIaJaHHsI (CKIle-
FOBaHHS) €JIEMEHTIB JIepeB’ SIHUX KOHCTPYKIIi, BUPoOiB U MeOJIiB. 30KpeMa, BU3HAYCHO (PYHKITIT
TEXHOJIOTIYHOTO OCHAIICHHS JJIS IEPeBOOOPOOKH Ta MeOIEBOr0 BUPOOHHUIITBA Ta MPOAEMOHCTPO-
BaHO iX MPHKJIAIHE 3acTOoCYBaHHA. [ Ipe/icTaBieHi B pod0Ti MaTepiaid B ITOIAITBIIIOMY MOXKYTh Oy TH
3aCTOCOBaHI IIPU PO3pOOIIl CyHaCHUX METOAMK OOTPYHTOBAHOTO BHOOPY Ta IMPOEKTYBAHHS 3ac001B
TEXHOJIOTIYHOTO OCHAITIEHHS JUISI IEPEBOOOPOOKH Ta MeOJIEBOTO BUPOOHHUIITRA.
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Serhii Sapon, Oleksandr Kosmach
FUNCTIONAL ASSIGNMENT OF TECHNOLOGICAL ACCESSORIES
FOR WOODWORKING

Urgency of the research. The use of modern technological accessories allows increasing the productivity of woodworking pro-
cesses, the accuracy and quality of wood products and furniture. Also, technological accessories allows to expand the technological
capabilities of woodworking accessories, tools, to ensure safe working conditions during mechanical processing of wood.

Target setting. When designing technological processes for woodworking and furniture production, the task of choosing
or designing technological accessories always exists. For a reasonable choice or design of technological accessories in the
woodworking industry, an analysis of the functional purpose is important.

Actual scientific researches and issues analysis is devoted to works on the functional analysis of technical systems and
the choice of technological accessories.

Uninvestigated parts of general matters defining. At the moment, little attention has been paid to the issues of selection and
design of technological accessories for woodworking and furniture production in the scientific literature. Analysis and systemati-
zation of the functions of technological accessories for woodworking will allow for a more informed choice and design.

The purpose of the article is to determine the functions of technological accessories for woodworking and furniture pro-
duction for a more informed choice and design.

The statement of basic materials. based on the principles and approaches of the functional analysis of technical systems, the
method of formulating the functional assignment of technological equipment for woodworking and furniture production is presented
in the work. the main and auxiliary functions are formulated as an example of a conductor with an adjustable center distance. an
example of the formulation of the functional assignment of a device for mechanical processing of a wooden blank is given.

Conclusions. In this work, for the first time, a general approach to the functional analysis of technological accessories
for woodworking is proposed. The functions of the technological accessories are determined and their applied application is
demonstrated. The presented materials can be used for an informed choice or design of technological equipment for wood-
working and furniture production.

Keywords: technological accessories; functional assignment; woodworking; furniture manufacturing.
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Cepeiit Meoyuiescvkuil

ABTOMATH30BAHI IHOOPMAIIIMHI CUCTEMU SIK EJJEMEHTH CUCTEMHU
YHPABJIIHHA AKICTIO PAPMALNEBTUYHOI'O IIAIIPUEMCTBA

AKmyanvHicmb memu 00C1i0MHCeHHA. 3 PO36UMKOM iHGOPMAYITIHUX MeXHONO02IL MA HOBUX NPAKIMUK MEHEOHCMEHNY 8i00YI0Cs
30NUICEHHSL | ACMO 3IUMMsL Memooi8 YAPAGIIHHsL SKICMIO ma iHpopmayitinux mexnonozitl. Huni oedani 6ineutozo 3navenns naby-
8arOMb KOHYenyil, 3ACHOBAHI HA IHMeZpayil CUCMeM YNPAGIIHHS SKICIIO Ma a8MoMamu306anoi ingopmayitinoi cucmemu (AIC).

Ilocmanoexa npoonemu. Ha coo200Hi 6idcymHiii eOunuil nioxio 0o opeawizayii inghopmayitinoi niOmpumMKy npoyecie opeami-
3ayii 3acobamu ingopmayitinux cucmem. IIpobnemoro € siocymuicmo Ha OLNbULOCTE NIORPUEMCING KOMITIEKCHO20 NIOX00Y 00 Ynpas-
JiHHA skicmio 3 euxopucmantsm eanioosanux AIC. e snuocye egpexmusnicmo 3acmocyeanns AIC i cucmem ynpaeninns skicmio
(CVA) 3azanom. Ilooanvuiozo poszeumky nompe6yromo numanns idenmuikayii npoyecie ma iHhopMayiiiHux nomoxie, 3abesne-
yeHHs docmogipHocmi ma adekeamuocmi ix nooanrs 00 AIC, oyinku eghexmuerocmi inghopmayiiinoeo 3aoesneverna CYVA.

AHnaniz ocmannix 0ocnioxcens i nyonikayiii. Y npoyeci 0ocniodcents cneyianizo8anoi HayKk08o-mexHiuHoi limepamypu
6ynu npoananizoéani cyuacki meHoeHyii ma npobremu 6npoeaoicents ingopmayiinux mexuonoziiy CVA.

Buoinenna nedocnioycenux yacmun 3azanvhoi npoonemu. Hesupiutenoio npobnemoro € 3a6e3neuerns iKocmi 6UKopu-
cmannsi AIC na gpapmayesmuunomy nionpuemcmei, inmeeposanoi ¢ CYA nionpuemcmea na 0cHOGI 6UMO2 MINCHAPOOHO2O
cmanoapmy GMP ma Hacmarnosu CT-H MO3 42-4.0:2016 «Jlikapcoki 3acobu. Hanesxcna eupobruua npakmuxay.

Ilocmanogka 3aed0anna. Mema nonseae 6 cucmemHoMy aHANI3i MEMOOUYHUX OCHOG 3a0e3neyeHHs. AKOCMI, ULNAXOM GNpo-
6aocenns ma suxopucmanisi AIC, cnpsamosanol Ha cmeopeHHst cCnpusmaAUGUX yMo6 0151 RIOGUUYeHHSL eqheKMUGHOCIE cucmeMu
VIPAGNIHHA SKICMIO HA RIONPUEMCMEAX (DapMayesmuyHoi 2any3i.

Buknao ocnoenozo mamepiany. Posensanymo numarnus nodyooeu ma 600CKOHANEHHS CUCEMU YUPAGTIHHA AKICMIO HA
OCHOBI HASABHUX MEXHON02TH OISl ABMOMAMUZ08AHUX 6UPOOHUYME. Busnaueno cmpyxkmypy komn tomeproi CVA i mexanizmu it
iHGhopmayiiinozo 3abesneuenns. Tarxodc npogedeno ananiz memooie inmeepayii cheyianizo8aHux NPOSPAMHUX cucmem I 3a-
NpONOHOBAHO KOHYeNnyito ix inmezpayii 6 cucmemy YnpaeiiHHs AKICIIo.

Buchoeku 6ionosiono 0o cmammi. Ha ocnosi kpumuunoeo ananizy 6yno 6i00KpeMaeHO KONO HeGUPIUeHUX NPOOIeMHUX
3a0au, NoG’sA3aHUX i3 PO3POOKOIO, GNPOBAONCEHHAM MA GUKOPUCTIAHHAM AGMOMAMU308AHUX HHOpMayiinux cucmem Ha 0azi
MIJICHAPOOHUX CIMAHOAPIMIE, A MAKOIC BUCYHYIMA HAYKOBA 2inome3a pe3ynbmamueHo20 GNpoGaAOICeHHsL MAd 6UKOPUCIIAHHS A6MO-
MAMu3068aHUX THGHOPMAYIUHUX CUCIEM, IHMEeSPOBAHUX Y CUCMEMY YRPAGIAHHS AKICHII0 (apMayesmuiuHo20 NiONPUEMCMEA.

Knrwuoei cnosa: asmomamusayis,; eanioayis,; eepugixayis, inghopmayitina cucmema; npoeKmMy6aHHs,; SKicmo.

Puc.: 3. bion.: 10.

AKTYyaJbHICTh TEMH JOCTiKeHHsL. J[J1s1 M ITBepIKEeHHST HEOOX1THOTO PiBHS SIKOCTI O17Th-
ITICTh KOMITaHIM BIPOBA/DKYIOTh CHCTeMY yrpaBiaiHHS skicTio (CYS), ocHOBOIO fKOi, SIK Bi-
JIOMO, €: TIPOIIECHUH Ti/IXi, OTHC Oi3HeC-IIPOIeCiB, CACTEMHUI aHaTi3.

VYeci i 3aBjaHHs B CyJacHUX YMOBAX IIOBUHHI peajTli3oByBaTHCS Ha OCHOBI iH()OpMaIiHHIX
TEXHOJIOTI#. PilleHHs mo1i0HUX 3aBAaHb BUMAarae 3acTOCyBaHHS BiIOBIIHAX iH(pOpMAITiiHO-
AHAIITUYHUX CHCTEM, IO IHTETPYIOTh 3aCO0M YHPaBIiHHS SKICTIO, MEXaHI3MH YIpPaBIiHHS
MpOEKTaMH i OaraTroacneKTHH aHali3 JaHuX. Tpeba 3a3HaunTH, 110 B Cy4aCHUX YMOBaxX puH-
KOBOT'O CEPEeJIOBHUIIA OJHUM i3 MEPCHEKTUBHUX IIISIXIB CTBOPEHHS pe3yIbTaTUBHOI aBTOMATH-
3o0BaHoi iH(popMmariitHoi cuctemu (AIC), inTerpoBanoi B CVY S, € ninecnpsimoBanuit BUOip cTpy-
KTypHHX €JIeMeHTIB KoHQiryparii cucremu. Tak, OCTAHHIMH pOKaM# PO3BHBAIOTHCS HATIPSIMH,
OB’ s13aHi 3 iH(popMaiHHUMU cUcTeMaMH yrpaBiHHs skicTio (ICY ), iHTerpoBaHUMU CHCTe-
MaMH{ MEHEJDKMEHTY, KOMIT FOTEPHOIO MiATPUMKOIO OIMiHKH edektuBHocTi CY S Ta iH.

ITocTanoBka mpo6Jemu. He3pakaroun Ha BETUKY KUIBKICTH POOIT, IPUCBSIUCHUX Pi3HUM
acreKTam 3a0e3IedeHHs SKOCTi mporieciB xkutTeBoro UKy (OKL[) AIC, po3poOky MixkHApOI-
HUX 1 BITYU3HSHUAX CTaHIAPTIB i cenudikamniii y ramysi AIC, HUHI HeMa€e € TAHOTO IiXOAY JI0
opranizauii iHpopMaIiitHoOi MiATPUMKHU MpOIeciB opraHizaiii 3acobamu iHopMariitHux cuc-
teM. Cepito3Hy mpoOieMy CTaHOBUTH BiJICYTHICTh Ha OUIBIIOCTI MiAMPUEMCTB KOMIUIEKCHOTO
MiJIXOJTy /IO YIPaBJIiHHS SIKICTIO 3 BUKOpPUCTaHHAM came BaitizjoBaHuX AIC, mo 3Hnxye edek-
tuBHICTH 3acTocyBanHs AIC 1 CY 4 3aranom. Kpim 11boro, motpedyroTh MoAaibIIoro po3BUTKY
NUTaHHSA 11eHTH]IKaIT IpolieciB Ta iHpopMaLiiHUX TTOTOKIB, 3a0€3MeUeHHS TOCTOBIPHOCTI Ta
anekBaTHOCTI 1X moganHs 10 AIC, ominku eekTuBHOCTI iHGOpMartiitHoro 3ade3neuenus CY 4.

© Menywescbkuii C. B., 2020
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AHAJII3 0CTAaHHIX JOCTILKeHD i my0JTikaniid. YTIpaBIiHHS SKICTIO € (QYHKIIEIO YIIPaBIiHHS
oprasizami€ro s 3a0e3rmeYeHHs] HeOOX1THOTO PiBHS SIKOCTI IMPOAYKIIIT, SIKHIA JTOCATAETHCS 3a pa-
XYHOK BIIPOBAPKEHHSI CYUacHHUX Pe3yJIbTaTUBHUAX CUCTEM YIPaBIiHHS SKICTIO (hapMarieBTUIHOTO
mianpuemMctia [1; 2], a Takok KOMILIEKCY IMPOTPECHBHUX METOJIIB 1 3ac00IB ILJIECIIPSIMOBAHOTO
KOHTPOJTIO CIIPSIMOBAaHMX HE TUTHKH Ha pallioHaTbHY OO0YA0BY 1 (DYHKIIIOHYBaHH OpraHi3arii Bij-
TTOBIJTHO JIO BHMOT JIiFOY0T HOPMATHBHO-ITPABOBOI 0a3M, a ¥ Crpusie onTUMI3allii aaMiHiCTpaTHB-
HOTO YIpaBJiHHA BciMa BUPOOHUYMMH (Oi3HEc-) mporecaMu (hapManeBTUYHOTO BUPOOHHUIITBA.
OCHOBHI METOJIMYHI ITiJTXOJTA JIO OINIHKK Pe3yJIbTATUBHOCTI ()YHKIIIOHYBAHHS IHTETPOBAHOI CHC-
TEMH YIPaBIiHHS Ha (hapMaIleBTHYHOMY ITiAMPHUEMCTBI BU3HAUYEHO aBTOPOM y poboTi [3].

3araipHi IMIX0I 10 po3poOKH Ta BrpoBapkeHHS AIC 11 onTuMizarii BApOOHUYHX IPO-
1I€CiB BUCBITJIIOBAJIMCH Y HAYKOBUX IpallsiX BITUM3HSIHUX Ta 3aKOPJAOHHUX (axiBuiB: [4; 5, 6].
ABTOpamu B po00Ti [ 7] pO3TISHYTO TUTAHHS 1010 aKTYaTLHOCTI BIPOBAI>)KEHHSI aBBTOMATH30-
Banux CVY B cyyacHilf KOHIIEMIIIT SIKOCTI, y3arajJbHEeHi BUMOTH JI0 CUCTEM aBTOMAaTH30BaHOTO
nokyMeHToo0iry CY S papmarieBTHIHOTO HiAPHEMCTBA.

[loeranuuii anani3 iHpopMaLiiHOT TEXHOIOTIT, MPU3HAUCHHUN JUISI IPOLIECY OIIHKH SKOCTI
it Oe31eKn aBTOMaTH30BaHOI CHCTEMH YIIPABJIIHHS TEXHOJIOTTYHUM ITPOIIECOM BUPOOHUIITBA JIi-
KapChKHX 3ac00iB PO3TIIIHYTO aBTOPOM poOoTH [8§].

Bunisienns HexocTiUKeHHX YACTHH 3arajbHoi mpodaemu. [Iprckopene BUKOPUCTAHHS
iHpopMalifHUX TEXHOJOTiH MOpsA 3 YCBIIOMJIEHHSIM YHIBEPCAJIBHOCTI NMPHHIIUIIB CUCTEM-
HOTO YIPaBIJIIHHS MPoIlecaMy MEHEJDKEpaMHU 1 po3poOHUKaMK iH(GOpPMAIIHHIX CUCTEM 3HAW-
IO BiJTIOOpaXKeHHs B 30JIMKEHHI METO1B MEHE/DKMEHTY Ta 1HPOpMaIiiHIUX TEXHOJIOT1H.

[TinBuimeHHs pouti iHpopMarii B cydacHHX yMOBax iH(pOpMAaIiitHOro CycCriJIbCTBa iHTEHCH-
¢ikarist iHpopMaLifHOro 0OMiHy MOPSI/T 3 POCTOM HAYKOEMHOCTI Ta TEXHOJIOTIYHOI CKIIaHOCTI
IpoIieciB (hapMareBTHYHUX I ITPUEMCTB, PO3BUTKY cepTH(dIKaIlii PO TYKIIii, ITOCITYT 1 IPOIIECiB
3YMOBIIIOIOTH BUCOKI BUMOTH J10 sikocTi AIC. 3 BuIIe3a3HaueHOr0 BUILTUBAE, 1110 IEPCIEKTUBHUM
HanpssMoM 3a0e3IeUYeHHS SIKOCTI POIIeCciB Ha MiMPHEMCTBI € po3podka AIC, opieHTOBaHMX Ha
nporiec, mo (QyHKIIOHYIOTh y Mexax CVY 41, a rakoxx po3podka AIC 3a paxyHOK CTaHAApTIB cepii
ISO 9000:2015. Y npomMy BHITaIKY MiIBUITYEThCs e(heKTUBHICTH 3acTocyBaHHs AIC 1 CY S uepe3
OLIBII TOYHE BiJI0OpakeHHs IPeIMETHOT 00JIacTi, pallioHaIbHe BUKOpHCTaHHs (paxiBiiB y cepi
CVY 31 Ta iHpopMaIiitHIX TEXHOJIOTIH 1 eKOHOMIT BCiX BHIIIB PECYPCIB.

[lopsin 3 yniBepcanpauMu ctagaaptamMu [SO 9000 BUKOPHCTOBYIOTHCS Tally3eBi CTaHAa-
pPTH, SKi BpaXxoBYIOThH crieni(didHi BUMOTH OKpeMHuX Taimyseit, Takux sk GMP. GMP (Good
Manufacturing Practice) — 11e koMIuIeke cTaHIapTiB Juis (papmaneBTHUHOT IpoMuciIoBocTi. Llei
CTaHJapT NPU3HAYCHO JUISI 3HWKEHHS PH3HKY, [0 iCHy€ y BUKOPUCTaHHI Oyab-sKoi dhapmarie-
BTUYHOI IPOJYKIIii Ta HE MOYKe OYTH IMOBHICTIO YCYHEHUH IUISIXOM MTPOBEICHHS ICIIUTIB TOTO-
Boi ipoaykiii. [TpuHIume ta npaBmia GMP € 060B’ 13koBEMH TSI BCiX KpaiH — wieHiB €C.

ITocTanoBka 3aBaHHsA. MeTa nojsirae B CHCTEMHOMY aHaji3i METOAMYHUX OCHOB 3a0e3-
MIEYCHHS SIKOCTI, IIUIIXOM BIIPOBA/KEHHS Ta BHKopucTaHHS AIC, cpsMOBaHOI HAa CTBOPEHHS
CIPUSITIUBUAX YMOB JIJIS MiIBUIIEHHS €(DeKTUBHOCTI CHCTEMU YIPABIiHHS SKICTIO Ha MiIpHU-
€eMCTBax (papMareBTHYHOT rarysi.

Buxuiag ocHoBHoro marepiajy. Cuctema ynpasiinas sikictio (CY ) — e oHa 3 mijcucreM
CHCTEMH YIPaBJIIHHS OY/Ib-IKOTO Cy4acHOTO ITiIIPUEMCTBA. Y TIPABITIHHS AKICTIO y IMAPOKOMY Ce-
HC1 pO3yMIETBCS SIK YIPaBIIiHHS IPOIEcaMy, CIIpSIMOBaHe Ha 3a0e3MeUeHHs SIKOCTI IXHIX pe3yJib-
tariB. Takuil miAXix BiAMOBiZae imesM 3arampHOro ympammiHHS skictio (Total Quality
Management), CyTHICTb SIKUX TIOJISITA€ B YIIPABIIHHI HiIIPHEMCTBOM Yepe3 YIPaBIiHHS SIKICTIO.

Jlst po3po0OKy # peaizariii 0OIpyHTOBAaHHX KOHCTPYKTOPCHKO-TEXHOJIOTIYHUX PIIICHb 13
3abe3nedeHHs SKOCTI MpoayKiii Ha Beix eramax i XKL HeoOXiHO MaTH IIOIEHHY aKTyallbHY
iH(popMallifo 3a BciMa TEXHOJOTIYHUMHE TTapameTpamu. [loBuHHaA OyTH 3a0e3medeHa MOXIIH-
BICTh OIEPATUBHOTO aHalli3y Bciei 3i0panoi indopmartii. Take 3aBmanHs Moke OyTH BUpillIeHEe

66



TEXHIYHI HAYKU TA TEXHOJIOTIi Ne 4(22), 2020
TECHNICAL SCIENCES AND TECHNOLOGIES

TIIBKH 3@ HASIBHOCTI HA MiANIPHEMCTBI iHTErpoBaHOi aBTOMAaTH30BaHO1 CUCTEMH 300py Ta aHa-
73y iH(opmarii mpo AKicTh MpoIeciB i mpoaykiii Ha Beix eramnax ii XKL, Ockinbku CY S TicHO
OB’ s13aHa 3 YCI€I0 YIPaBIIiHCHKOIO iIHPPACTPYKTYPOIO MiAIMPUEMCTBA, s iH(popMaliifHoro 3a-
OesreuenHs Tpeda BukopuctoByBat AlIC.

KirogoBum enemeHnTOM 3a0e31eueHHs SIKOCTI y (hapMareBTHUHIH TPOMUCIOBOCTI 3T1THO 31
craraproM GMP e Barinarris.

AIC € KpUTUYHUM KOMITIOHEHTOM BUPOOHUYOT CUCTEMU (papMalleBTUYHOI0 BUPOOHUIITBA i
TOMY Ma€ BIJIMMOBIIaTH CHCTEMI 3a0e3IMeYeHHS SIKOCTI Ta OyTH BalTiIoBaHOI. MeToro Bastiartii
AIC € cTBOpeHHS TOKYMEHTAIBHOTO IMiITBEP/HKEHHS BUCOKOTO PiBHSI BIIEBHEHOCTI B TOMY, IO
OyIb-SIKU allTOPHTM, MeXaHi3M, mporeaypa i ¢pyHkiis AIC OyayTh MOCTIHHO IPUBOTUTH 10
OUIKyBaHUX Pe3yJIbTaTiB, a TAKOX IiITBEPKEHHS TOT0, IO Il CUCTEMa PO3po0IIeHa 3 ypaxy-
BanHsM BuMor EU JlomaTox 11.

Baninaniitni BunpoOyBaHHS J103BOJISIIOTh NEpeBIpUTH (DYHKI[IOHYBaHHS BUIIPOOOBYBAHOI
CHUCTEMH B IIepe10auyBaHNX eKCTPEMAIbHUX YMOBAX il eKCIUTyaTallii 3 THM, 100 IepeKOHATUCS
B 30epexeHHI KepoBaHOCTi 1€l cucteMu. [lependayaeTnes, 1o y pasi ycmimHoi Bajijgarii cu-
CTeMH abo MPOIeCY OCTaHHI 3aJIUINAOTELCS ITiJT KOHTPOJIEM, SIKIIO Hi B CHCTEMY, Hi B IIPOIIEC
HE BHOCATH OYy/Ib-SIKUX 3MiH.

CVY 4l moBuHHa 6a3yBatucs Ha iH(pOpMaIIiiiHii creTeMi, IO MiATPEMY€E aBTOMaTH30BaHy 00po-
OKy JIlaHWX, JOKYMEHTYBaHHS MpoIieciB 3a0e3neueHHs sKoCcTi Ha Beix cramisx JKI] BupoOy i aBTo-
MaTH30BAHOTO YIPABJIiHHS ITAMH TIPOIleCaMy, JaHUMH Ta JIOKYMeHTari€er. Y 1mpomy cenci CY S
CTa€ HEeBiI €EMHOIO YaCTHHOIO IHTETPOBaHOI aBTOMaTH30BaHOi iH(popmarriiinoi cuctemu (IACY).

3acrocyBaHHs iH()OPMAIIMHAX TEXHOJIOTIH, IO 3a0e3MeUyIOTh MOIMIIIeHHS iHpOopMaIliii-
Horo 3a0e3nevyenHs: CY 51, Bene 10 NPUCKOPEHHS 1 IMiIBUIIIEHHS SKOCTI IPOIECIB IJIaHYBaHHS,
peatizariii, KOHTPOJIIO Ta peai3allii KOpUTyBaJIbHUX JIii, a TAKOXK JI0 3HWKCHHS BUTPAT 1 KiJlb-
KOCTi BUKOPHCTOBYBaHHX pecypciB [9].

YV Mexax miel mojen BaockoHaleHHs rporeciB CY S 3aiiicHIOEThes Yepe3 ii iHTerpoBany
iH(dopMariifHy TiATPUMKY. Yci HeoOXiaHi iHpopMaIliitHi TOTOKH HAIXOIAThH JO KOMIIOHEHTIB
CVY B moTpiOHUIT yac i B HOBHOMY 00CsI3i.

[adopmartiitHo-ypaBiIiHChKa CTPYKTypa aBTOMATU30BaHOTO (papMaleBTHYHOTO BUPOOHH-
I[TBa, IIPEJICTaBJICHA Ha pUC. 1, J03BOJIsE 3a0€3MEUNTH HOro KepoBaHi YMOBH BiJIIOBIAHO 10
BuMor sik cragaapty ISO 9001:2015, tak i GMP.

OLAP-cHCTEMH DM-cHCTEMH

OnepaTuEHMit InTenexTyamsHuit il KepiBHHITBO

aHAM3 JaHUX Rl aHam3 JaHUX
! '

PDM-cucreymu ERP-cHCTEMH « IInaHOBO (hiHAHCOBHH -
Ynpaeninxa Bimaim, Gyxrantepist E
HaHNMH n:po I ¢ ﬁ
TIPOAYKILIO =)

1 MES-chcremu |, RETOD e =
< BHPOOHHIITBA, MakHCTep q
OiTBHHII, TEXHOJOT,
MeXaHiK
> SCADA?cncre.\m < Onepattopn
BHPOGHHYHX ALTHHHIIb
L

Puc. 1. Ingpopmayitino-ynpasinincoeka cmpykmypa asmomamu30o8ano20 hapmayeemuiHo2o
supoobrnuymea sax enemenm CVA
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3rigHo 3 THIOBOO Moo AIC, iHpopMaris 3 BUpoOHWYOI 30HH HAAX0IUTh 10 MES-
CUCTEM, TTPOXOJIUTH CTAJIiF0 0OPOOKH, a IMOTIM yxke 00pobiieHa iHpopmarlis HaaxoauTh y ERP-
CUCTEMH, 1 JaJli — Ha PiBEHb BUIIOTO MeHeDKMEHTY mianmpuemcTBa (OLAP, DM).

Cuctemu ynpasninas ERP, MES, SCADA npezcraBieHi sk cucteMu 00JIiKy Ta orepaTu-
BHOTO ONpPAIfOBAaHHS JAHUX PO SKICTh Cy4acCHOr0 aBTOMATH30BaHOTO BUPOOHMIITBA (pHC. 2).

OLAP-cucTEMA DM-cHcTema
OnepaTHeHMIT InTenexTyamsHMIA — AHami3 JaHHX
aHam3s JaHUX aHam3 JaHUX
: : A 4
<« 30epiraHHsa JaHHX PO
ERP-cHCcTeMa - P g A p
SIKICTB
PDM-cucrema t t
Temfamo > ITepeTrBOpeHHS HaHHX
5 MES-cHcTeMa T IO SKiCTH
TIPOAYKILIO I i
> Peectparlist NepBHHHHX

SCADA-cHcTeEMA —

JaHHX TIPO AKIiCTh

Puc. 2. Cucmemu 061iKy ma onepamueHo2o onpay08anHs OAHUX Npo AKiCmb cy4acH02o
asmoMamu308aH020 UPOOHUYMEA

CVYSl crae aBromaru3oBaHoro iH(opMmariiiiHo-kepyrodoto cucremoro. HoBa Texnosoris ii
CTBOPEHHS 3BOJIUTHCS JIO HAJIAIITYBAHHS IporieciB i mapametpiB AIC.

Tumnoa indopmariitna cucreMa MicTUTh B 001 TaKi KOMIIOHEHTH:

- matdopMa, Ha IKiii GYHKIIIOHYFOTh 1HIINI KOMIIOHCHTH CUCTEMH;

- JlaHi, 3 SKAMH TpaIroe cuctema (0a3u JaHuX);

- JIOJATKH, IO PEealTi3yIOTh JIOTIKY IO poOOTi 3 IPOrpaMHUMH CHCTEMaMHU;

- Oi3Hec-IIpoIIecH € CIIeHapisIMU pOOOTH KOPUCTYBAUIB i3 CHCTEMOIO.

[Tporsrom XL mpoayKIii pi3HUMH IIPOTPaAMHUMHE cHcTeMaMu miaTpumkn KL o0po6is-
€ThCS Ta K cama iHopMallis, ajie KoXKHa CUCTeMa onepye K c(hOPMOBAHUMU 1 3aHECEHUMU B
eNeKTPOHHY 06a3y MTaHUMH, TakK i ¢(hOPMOBAHOIO HEIO YHIKAIBHOIO iH(GOpMAITIETO.

OcobnuBicTIO KOMIUIEKCHOT iHTerpaiiii komnoHeHTiB AIC € opranizarist B3aeMoii pilieHb
HiATPUMKH, cynpoBony Ta rutanyBanHs KL i3 3acTocyBaHHSM €iHOI iHTErpoBaHOI 06a3u Ja-
HUX Ul BUKOPUCTOBYBAHMX 1H(OPMALIHHUX CUCTEM i3 3aCTOCYBAHHSIM MIXXMOYJIbHOT 1HTET-
pauii mporpaMHuX iHTEpdEHCiB.

B inTerpoBaniii kommutekcHii AIC HEOOX1THO BHIUISATH TPaH3aKI[IHI CHCTEMH OOJTIKY Ta
OTIEPaTUBHOTO OMPAIFOBAHHS JIaHUX, KepyBaHHsI mporecamu Ta mpoektamu (ERP, CRM, MES,
SCADA, PDM rta in.). L1i cuctemu 30MparoTh i 00pOOJISIOTH JaHi PO SAKIiCTh, SKi 3T0JIOM BH-
KOPHCTOBYIOThCS aHATiTHIHUME cucTeMamu (OLAP, DM i in.) (puc. 3).

| CHCTeMH ynpaBIiHHA edeKTHBHicTIO IponeciB BPM (workflow) |

)

CHCTeMH aHANTi3y JaHHX
OLAP, DM

1

CHCTeMH 00IiKy H OTIepaTHBHOI 0GPOGKH JaHHX, KEPYBAHHS IIPOLIECAMH,
TIPOEKTAMH, JOKYMEHTOO0GIroM:
ERP, CRM, MES, MRP, SCADA, PDM, LIMS, EDMS, EBRS

Puc. 3. Cmpykmypa 63aemo0ii komnonenmis inghopmayitino-xepyiovoi CVAH
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Jliis GinbnocTi (hapMalieBTHUHUX KOMIAHIM akTyalbHi Mpo0sieMH 3a0e3MeUeHHs] BUILYCKY
MPOAYKIIiT cTab1IbHOT SIKOCTI Ta 3HWYKEHHS BIZICOTKY Opakxy i 3a0e3nedeHHs BiAMOBIAHOCTI BU-
POOHHUIITBA MI>KHAPOTHUM HOpMaM HaJIe)kHO1 BUpoOHIYOT npaktukn GMP. [ndopmariiina cu-
cTeMa SBJIsIE COO0I0 TIEPEBAKHO CYKYITHICTh KITBKOX KOMIIOHEHTIB, TOMY IIiJT IHTETpaIli€ro iH-
(dopMaIlifHAX CHCTEM IIPABHIIBHIINE PO3YMITH IHTETPAIlif0 CKIIAJOBHX X KOMITOHEHTIB [10].

Ha cporonni po3po6ieno 0e3mid pillieHb y rairy3i aBToMaru3aliii, 0arato 3 siKUX € iHTerpo-
BaHUMH CUCTEMaMU YIpaBiiHHs. Po3risiHeMO OCHOBHI JOKJIaIHIIIE.

Ha piBHi BUIIIOr0 MeHEKMEHTY HifnpueMcTBa moBuHHI npamoBatu OLAP-cucremu (On-
Line Analytic Processing — orepaTuBHU# OaraToBHUMIipHHUI aHai3 JaHux) i DM-cuctemu (Data
Mining — iHTeNneKTyalbHui aHami3 qannx). OLAP BUKOPHCTOBYEThCS aHATITHKAMH JIJIS IIIBH-
JIKOT OOpOOKH CKJIQIHUX 3alUTIB 10 0a3u JaHUX.

TexHomOrT IHTENEKTYa IbHOTO aHATI3Y JaHUX MOXYTh OYTH BUKOPHCTaH1 y IpoIieci JoCi-
JOKEHHS Ipo0JIeM SIKOCTI IPOAYKIIil, MPOIECIB 1 MIATOTOBKY ONTUMAIBHUX PILIECHb.

OcHOBHE TTpU3HAYCHHS ITi€] TEXHOJIOTIT — aBTOMAaTH30BaHUN MOMYK (DYHKIIIOHATBHHEX 1 JI0-
TYHUX 3aKOHOMIPHOCTEH y 0araTOBEMipHOMY CXOBHIIlI, BAKOPUCTAHHS BHSBIICHUX 3aKOHOMi-
pHOCTEH IS IPOTHO3YBaHHS (IHTEPITOJISINT Ta €KCTPAITOJISIiT) HEOOXITHUX JaHuX. MeToau
DM noainsroThcs Ha CTAaTUCTUYHI (IECKPUNTUBHIM aHai3, KOPENSIiiHMIA 1 perpeciiHuil aHa-
713, paKTOpHUH aHali3, JUCTIEpCiiHUI aHalli3, KOMIOHeHTHUH aHalli3, JUCKPUMiHAHTHUHN aHa-
Ji3, aHaJIi3 YacOBHX PAAIB) 1 KiOepHEeTHUHI (IITY4YHI HEHPOHHI MEpexKi, €BOJIOIiITHEe TporpaMy-
BaHHS, TCHETUYHI aJITOPUTMH, acOIl[iaTHBHA ITaM’ SITh, HEYIiTKa JIOTiKa, JiepeBa pilllieHb, CHCTEMHU
00pOOKH eKCIIePTHUX 3HAHB).

CrannapTuzanis 1 onuc 6i3Hec-IpoIieciB, a TAKOXK KOPCTKUN KOHTPOJIb HaJl IX BUKOHAHHSIM
3abe3neuyerhes 3a gonomororo workflow-texnomnorii. Workflow-cucteMu BHKOPHUCTOBYIOTHCS
JUTSl aBTOMATHU3aIlii Bi/IHOCHO HEBEJIMKOI HOMEHKJIATYPH TIPOIIECiB, HAHOLIBIIT KpUTHYHUX JUIS BH-
pobuunTBa. CucreMu yrpasiiaHas OizHec-mporiecamu (BPM — Business Process Management) e
posmmpenHsaM cucteM kiacy Workflow. 3actocyBanns B opranizarii BPM-cuctemu, 1o BUKO-
HYe€ 3aBJIaHHs CTaHAapTH3aIlii Oi3Hec-TpoIeciB, 30ip METpUK, GOpMYBaHHS CBiYeHb KOHTPOJTIO,
JI03BOJIUTH BIPOBAIUTH BUCOKOS(EKTUBHU IHCTPYMEHT yIpaBiIiHHs sKicTio. Y BPM-cucremax
3aKJIaJileHa KOMIUIEKCHA aBTOMATH3allisl POIeCHOro yrpapiiHHsi. BPM-cuctemu 31e61b110r0
SIBJSIFOTH COO00 0a30BUit HabOip 3BITIB 3a MOKA3HUKAMU Oi3HEC-TIPOLIECIB.

VY mijicyMKy MOJKHA 3ayBaXKUTH, IO aBTOMAaTH3allis Oi3HeCc-TpOoIeciB Ha ITiIMPHEMCTBAX
CIpHsi€e TiABUINCHHIO e()EeKTHBHOCTI BUPOOHMIITBA, 3POCTAHHS KOHKYPEHTOCIPOMOYKHOCTI
MPOAYKIIii B yMOBaxX puHKY. Tak caMo HEOOXiTHO 3a3HAYMTH, 10 BAXKIIMBO 3a0€3MEUUTH TpU-
WHATHUHN piBeHb HANIMHOCTI Ta BiAMOBOCTIi#KOCTI mpomucioBoi AIC. Lle moB’s13aH0 3 BUCOKUM
CTYIeHEM HaBaHTA)XKEHHS 3a JIOMOMOT 00 IMTPU3HAYCHUX ISl KOPUCTYBaya TpaH3akiiii. Tak, Ha-
MPHUKJIAJ, y pa3i BiIMOBH 00JIaJHAHHS HEOOXI1THO IMePEPO3MOILIATH HaBaHTAKCHHS BUPOOHH-
YHX MOTY>KHOCTEH, BHECTH 3MIiHU B TOTOYHUI ONEPaTUBHO-ACTAIBHUHN TUIaH, IIPOBECTH CHHX-
POHI3aIliIo 3 IUIaHAMHU BHUINHUX PIiBHIB iepapxii. OJHOYACHWHA 3aIyCcK JEKUIBKOX TpaH3aKIIii
MOJKe ITPU3BECTH JI0 BIIMOBU CUCTEMHU. TOMY BiJIIOBITHO JI0 IPOBEAECHOTO aHAJI3y CHCTEM MO-
JKHA CTBEpKYBaTH, 10 B IKOCTI BUpoOHMYOi AIC HaiO11b1n e(heKTUBHUM PIlIEHHSIM € CHC-
TeMa 3 MOHOJIITHUM SIIPOM, sIKe MiHIMi3ye pU3UKH BUHUKHEHHS KOJIi3i{l y mporieci poOoTH.

BucnoBku BimmoBigHo a0 crarti. [IpoBeeHo crucTeMHUI aHai3 3aCTOCYBAHHS €IMHOL
AIC g edexTuBHOrO 00MIiHY iH(OpMAaIiero MK ycima koMmroHeHTamu CY S, 3amissHuMu B
nporecax 3a0e3nedyeHHs sIKocTi (apMalleBTUYHOIO MiANpUEMCTBA. BCTaHOBIEHO, 110 TEXHO-
Jorii 00’ e JTHAHHSI MHOXKUHH KOMIIOHEHTIB, sIKi crioflydaroTbes B eiuHy AIC, He TibKU peaizye
edexTuBHMI 00MiH iH(OopMaliiero Mixk yciMa komnoneHTamu CY 51, 3a1islHUMH B Ipoliecax 3a-
Oe3mnedeHHs SIKOCTI, a i Hajlae eeKTUBHUM CIOCciO ajeKBaTHOI JEMOHCTpAIlii 31aTHOCTI TTi IIT-
PUEMCTRBA YIIPABJIATH SKICTIO MPOTYKIIil. 3aJIe’KHO Bl KOHKPETHHX OCOOTMBOCTEH, TTOB’ I3aHUX
13 raimy33t0, Oi3HeC-TpoIlecaMy Ta piBHEM 1X aBTOMATH3AIlil Ha ITiITPHEMCTBI, MOYKHA 3aIpOIIO-
HyBaTu HaOL1bI migxoxuit kiaac AIC i BUpileHHs] BAPOOHUYUX 3aBJaHb.
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AUTOMATED INFORMATION SYSTEMS AS ELEMENTS
OF THE PHARMACEUTICAL ENTERPRISE QUALITY MANAGEMENT SYSTEM

Urgency of the research. With the development of information technology and new management practices, there has been
a convergence and often a merger of quality management and information technology practices. At present, concepts based on
the integration of quality management systems and automated information systems are becoming increasingly important.

Actual scientific researches and issues analysis. In the process of researching specialized scientific and technical litera-
ture, modern trends and problems of introduction of information technologies in the quality management system were analyzed.

Uninvestigated parts of general matters defining. An unsolved problem is to ensure the quality of use of automated infor-
mation systems at a pharmaceutical enterprise integrated into an enterprise quality management system based on the requirements
of the international GMP standard and the Guidelines ST-N MOH 42-4.0: 2016 “Medicines. Good manufacturing practice”.

The research objective. The purpose is to systematically analyze the methodological foundations of quality assurance,
through the introduction and use of AIS, aimed at creating favorable conditions for improving the efficiency of the quality
management system in the pharmaceutical industry.

The statement of basic materials. The issues of construction and improvement of quality management system based on
existing technologies for automated production are considered. The structure of the computer quality management system and
the mechanisms of its information support are determined. The methods of integration of specialized software systems are also
analyzed and the concept of integration of them into the quality management system is proposed.

Conclusions. Based on the critical analysis, a number of unresolved problems related to the development, implementation
and use of automated information systems based on international standards were separated, as well as the scientific hypothesis
of the effective implementation and use of automated information systems integrated into the quality management system of the
pharmaceutical enterprise was put forward.
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leop Ilosexan

OCOBJMUBOCTI ITPOTPAMHHUX PIINIEHD MO/IEJIEHN JIOTTYHUX JIEPEB
KTACUDIKALII HA OCHOBI CEJIEKIII HABOPIB EJJEMEHTAPHUX O3HAK

Axmyanvricmb memu 00cidxcenna. Huni icHye 0exinoka He3anedicHux, 3a2aibHux nioxooie (KoHyenyiil) Onis GupIuLeHHs.
PIBHOMUNHUX 3060aHb KIACUDIKAYLT Y KNIACUYHITI NOCMAHO08YI, pO3POONeHO HABIP PI3HUX KOHYeNnyill, nioxooie, Memodis, mooenet
ma cxem, IHCMPYMeHmMapito, siki OXONNIOIOMb 3A2aNbHY NPOONeMy Meopii Wmy4HO20 [HMeNeKny ma IHOPMAYIiHUX CUCTIEM.
Ipuuomy eci yi nioxoou 6 meopii po3nizHaeanHs Malomo c6oi Qixcoeani nepesazit i HeOONIKU MA YMEOPIOIOMb EOUHUL IHCMPY-
MeHmapiil po36 3Ky NPUKIAOHUX 3a0ay meopil wmyuHo2o inmenexnty. Baxciusoro npobremoro 3anuuaemocsa numants eghexmut-
GHOCII NPOSPAMHUX CXeM MA AI20PUMMIE CUHme3y KOHCMPYKYiil Oepes Kiacugikayii 6 pospizi egpekmusHocmi Kpumepiro posea-
aydHcents ixnooi cmpykmypu. Omoice, YyeHmpaioHy Y6azy 6 ybomy OOCHIONCEHHI Oy0e NpuoileHo aKmyanvhiti KoHyenyii oepes
piuterv (Oepe6 kiacupixayii), po3ensoaemocs 3a2anbHa 3a0a¥a NPoSPAMHOL (An2opummiuHoi) no6y006uU N02IYHUX 0eped pOo3ni-
3Hasanns (knacugpixayii). 06 exmom ybo2o 0ociodNce s € N102iuni Oepesa knacugpixayii (cmpykmypu JIIK) ixni cyuacni npoepa-
mui peanizayii. [lpeomemom 00CniONceH sl € AKMYanbHi Memoou ma aneopummitHi cxemu no6y0o8u 102iuHux depeg kiacugikayii.

Ilocmanogxka npoonemu. OcrosHi HAAGHT MemMOOU MA AN20PUMMU POOOMIU 3 MACUBAMU OUCKPemHOL iHpopmayii npu
nobyoosi Gpynkyii posniznaeants (kiacugikamopie) He 003601510Mb OOCASHYMU Hanepeo 3a0aH020 PIGHs. MOYHOCHI (eghek-
mueHocmi) cucmemu Kiacugikayii ma pe2ynoeamu ix ckiaoHicme y npoyeci nobyoosu. O0nak yeil HedoniK giOCYymHill y me-
mooax ma cxemax nob6y0osu cucmem po3nisHA6AHHS, AKi 6A3VIOMbCA HA KOHYenyil N102iuHux depes Kiacugikayii (Oepeé pi-
wens). Cmpyxmypa n0eiuno2o Oepe6a 5615€ 00010 38 A3GHY MHOJNCUHY 2LIOK mMa 6Y371i8, NpUYOMYy HA 2iIKax Oepesa
DPO3MAauLo8yIomsbCst 0esIKi MImKU (ampubymu, 3Ha4eHHs, 03HAK), 610 AKUX 3anedcums yinbosa Gyukyis (y eunaoxy JUIK — ¢yn-
KYIsi pO3NI3HABAHHS), A Y 8Y31aX (6ePULUHAX) 3HAXOOSIMbCS 3HAYEHHS (OYHKYIT PO3NIZHABAHHS A60 po3uLUperi ampudymu nepe-
x00i6. Tobmo cxema nokpummsi HAGUANLHOL GUOIPKU HAOOPOM eleMeHMAPHUX 03HaK y eunaoxy JIIK nopooicye ¢hixcosany
0epesonodiony cmpyxkmypy danux (mooeav JIIK), saixa 3abesnevye cmuck ma nepemeopennsa novamxosux oanux HB, a omorce,
00360/19€ Cymmesy onmumizayilo ma eKkoOHOMIl0 anapamuux pecypcie cucmemu, 00 mo2o H 8 OCHOBI J1eHCumv EOUHA Memooo-
JI02Isi — ONMUMANbHOI ANPOKCUMAYIT HABYAIOYOT GUOIPKU HAOOPOM eleMeHMAapHUX 03HAK (ampubymie), sKi 6X005mo Y 0esKy
cxemy (onepamop), noby008aHy 6 npoyeci HABUAHHS.

AHnaniz ocmanuix 00cioxncens i nyonikauii. V npeocmasnenomy 00CnioxceHni Oyau posensiHymi ocmanti nyonixayii y
GIOKpUMOMY Oocmyni, sIKI NPUCEAUEeH] 3a2albHili memamuyi nioxo0ie, Memoois, aneopummie ma cxem pos3nizHasanHs (Mooeell
depee knacugirayii — cmpykmyp JIJIK/AJ/IK) ouckpemuux 06 'exkmis, 6i0N0GIOHUM NPOSPAMHUM Peanizayiam oepes piuteHv )
3a0a4ax po3nizHaanHs 06pazie meopii WMyuHo20 iHmeneKmy.

Buoinennsa nedocnioncenux uacmun 3azanvhoi npoonemu. Moociusicmo egpekmugHoi ma exoHOMHOT NPOZPAMHOL (an-
20pUMMIYHOT) cXemu nobyoosu 102iuHo2o Oepega Kiacugikayii (moderi cmpykmypu JI/IK) na ocrnosi nouamkogux macusie
HABUANbHUX BUOIPOK (MACUBIE OUCKpemMHOI IHhopmayil) eenuxo2o 00’ emy.

Ilocmanoeka 3ae0anns. Po3pobka npocmozo ma sKicHo20 NPOSPAMHO20 Memody (AN2opummy ma NPoSPaAMHOL CUCmemu)
nodyoosu mooenei (cmpykmyp) JIIK ons éeruxux macugie nouamkogux UOIPOK WisiXOM CUHmMe3y MIHIMAIbHUX (opm depes
KIacugikayii ma posnizHasannsl, sKi 3a6e3neuyroms eghekmueHy anpoKCUMAayito HaGYaNbHOT IHPOPMAayii HAOOPOM PAHICOBAHUX
eleMeHMAPHUX O3HAK (AMPUOYmie) Ha OCHOBI CXeMU PO32AYHCEHO20 BUOOPY O3HAK ) WUPOKOMY CHEKMPI NPUKIAOHUX 300aY.

Buknao ocnoenozo mamepiany. IIpononyemocs 3a2anibHa npoepamua cxema nooyoogu cmpyKmyp J102iUHuX oepes Kid-
cughixayii, sika 05t 3a0aHOi NOYAMKOBOL HABYANLHOI 6UDIPKU O)YOYe 0epe6onodiOHy cmpykmypy (Modeno Kiacugpixkayii), saKka
CKIA0AEMbCS 3 HAOOPY eNeMEeHMAPHUX O3HAK OYIHEHUX HA KONCHOMY Kpoyi nodyoosu mooeii 3a 0anolo eubipkoio. 3anpono-
HOBAHO MemoO ma 20moea NPOSPAMHA cucmema noby0osu 102iNHUX Oepes, OCHOBHA i0es K020 NONAAE 6 aNpOKCUMAYIL Ha-
YaIbHOI GUOIPKU O0BINLHO20 00 ‘€My HAOOpOM enemenmaphux o3Hax. Lleii memoo npu hopmysanni nomouHol epuLuH 102iu-
HO20 Oepesa (8y3na) 3abesneyye GUOLNeHHS HAUOLIbW IHHOPMAMUSHUX (AKICHUX) eleMeHMAPHUX O3HAK I3 NOYAMK0BO20
Habopy. Taxuil nioxio npu no6yo0si pe3yromyouo2o depesa Kiacugikayii 0036018€ 3HAYHO CKOPOMUMU PO3MIP MA CKIAO-
Hicmb depesa (3a2anbHy KINbKIiCmb 2UI0K Ma ApYycie cmpyKmypu) niOguuyumu sKicmo 11020 HACMYNHO20 AHALI3Y.

Buchoeku 6ionoeiono 0o cmammi. Po3pobrene ma 3anpononosare 6 pobomi npocpamue 3abe3neyenns no6y0osu cmpy-
xkmyp JIIK (mooeneii Oepes knacugixayii) 003601a€ 6uKopucmosysamu 1020 015 po36 ‘A3Ky WUpPOK020 CNeKmpa NPaKmuyHux
3a0au po3nizHaeanHa ma Kiacugixayii, a nepcnekmusu noOAILULUX OOCTIOHNCEHb MONCYMb NONAAMU Y CIMEOPEHHI 00Medrce-
HO020 Memooy Jo2iunozo depesa kiracugixayii (cmpyxmyp JIIK), saxuil nonseae y 66edenti kpumepito 3yRUHKU NPoyeoypu no-
6y0061 110214H020 Oepesa 3a 2NIUOUHOIO CIPYKNTYPU, ONMUMI3AYii 11020 NPOSPAMHUX peani3ayiil, a MaKoiC eKCnepuUMeHmalb-
HUX QOCTIONCEHHSX Yb020 MeNmody HA OLIbUL WUPOKE KOLO NPAKMUYHUX 300aY.

Kniouogi cnosa: 3aoaui posniznasanns; Oepesa knacugpixayii; nociune 0epeso, cxema po3ni3HABAHHS, ANCOPUMM,; OUC-
KpemHuil 06 °exm, el1eMeHmapHa 03HAKA; PO32anydHCeHUll 6UdIp O3HAK.

Puc.: 4. Tabn.: 4. bién.: 31.

AKTYaJIbHICTh TEMH H0CTIZKEeHHs. AHATI3YIOUH 3arajibHy IPpo0JIeMy METO/IIB, alrOpUT-
MIB Ta CXeM JIEPEBOMOIIOHIX MoJieelt kinacudikarlii Ta po3mizHaBaHHsI (CTPYKTYp JOTTYHHX Ta
anroputMmivamx Jepes — JIJIK/AJIK) MmoxkHa 3adikcyBaTti Opak MOTOYHHUX JIOCIIHKSHD Y IIBOMY
HampsMi — Teopii AepeB pillieHb, 3BaXKAIOUN Ha 3MIIIIEHHSI TOJIOBHO1 YBaru B OiK KOHIICMIIiT Hew-
pomMepexeBoro posmizHaBanHs [1]. HuHi HeMae yHiBepcalbHOTO IMiIXOIY A0 IX PO3B’sI3aHHS,
3aMpONOHOBAHO JIEKIJIbKa JOCUTh 3arallbHUX TEOPil Ta MiAXO0iB, 110 103BOJISIIOTH BUPIITYBaTH
© TloexaH 1. ®@., 2020
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Oararto KJaciB 3a1ay4, aje iX NPUKIJIAIHI 3aCTOCYBaHHS BIJPI3HAIOTHCS JTOCUTDH BEJIUKOIO Uy TIIH-
BicTIO 710 crienniku camoi 3a1adi abo MmpeIMEeTHOT 00J1acTi 3aCTOCYBaHHS. 3p0O3yMLJIO, IO 3HA-
YHOIO MipOIO 1€ TIOSICHIOETHCS. OCOOIMBOCTSIMYU CaMUX METO/IIB, aITOPUTMIB Ta MOJIENEH (CTpy-
ktyp) nepeB kinacudikarii (JIJIK/AJIK), 3HaUHUMHU TpyAHOIIAMH peari3alliiHiX MOMEHTIB
KOHIIeMIii alropuTMIYHOTO JepeBa Kiacudikamii (HalBUIOro piBHS aOCTpaKIlii KOHIEMIil
JIJIK), HabopoM KOPCTKUX MPpaBUJI Ta OOMEKEHB 010 MPAKTHYHOI pOOOTH 3 TAKUMHU CTPYK-
TypaMH JaHuX, MpoOJeMaMH IHCTpYMEHTapilo po3poOKu Ta mpencTaBieHHs [2-4]. OmHak
Tpeba 3ayBakKUTH, 1110 B OLTBINIOCTI BUTIAIKIB IPHUKIIATHOTO 3aCTOCYBAHHS KOHIIEHIII1 JIepeB pi-
IIeHb, NPEACTaBICHHS HaBYAJIbHUX BHOIPOK (MacHBiB JUCKpeTHOI iH(opMariii) BEITHUKOTro
00’eMy y BHTJISIZII CTPYKTYP (KOHCTPYKIIii) JOTTYHEX a00 alTOPUTMIYHUX JIepeB (JepeB y3ara-
JHHEHHUX O03HAK) MA€ CBOI CYTTEBI MepeBaru 00 IMPOCTOr0 Ta EKOHOMIYHOTO OINUCY JaHUX,
e(eKTHBHHUX MEXaHi3MiB IIPEICTABIICHHS Ta POOOTH 3 HUMH |5 ]. BaXKJIMBEM cerMeHTOM 00J1acTi
MPaKTUYHHUX 3aCTOCYBaHb KOHIICTIIIT JIOTIYHUX JIePEB 3ATUIIAIOTHCS METO/IU JIEPEB PillleHb (J1e-
peBa kiacudikariii, perpeciiini 1epeBa), ki aKTHBHO BUKOPUCTOBYIOTBCS SIK JUTS 3a7a49 Teopil
HITYYHOTO 1HTEJIEKTY, 3aCO00M MiATPUMKH MPUHHATTS PillIeHb, TaK 1 B CyMDKHHUX MPAaKTUYHUX
rayry3sx eKOHOMIKH, yIpaBIiHHS Tommo [6-12]. HelipoMmepeskeBa KOHIIEMIIIS PO3Ii3HABAHHS —
HEe3Ba)Kalouu Ha 3HAUHI MepeBard, Ma€, OJHaK, iCTOTHI HEJOJIKH, sIKi OOMEXYIOTh Tany3b il
3acTocyBaHHsS. HelipoHHI Mepexi IarOTh 3MOTY 3HAXOJWTH BIIIOBIIHI CyOONTHMAabHI
PO3B’SI3KH, IO € MPOOIEMOI0 B 33aUaxX i3 BUMOTOI Ha BHCOKY TOYHICTH MOJENI, o Oyay-
€Thcs. 3araiibHa cxeMa (DYHKITIOHYBaHHSI 3BOJIUTHCS JIO MPHHIIAITY YOPHOI (Cipoi B OKpeMUX
BHUIIAJIKaX) CKPHUHI, 10 HEJIOMYCTUMO 32 YMOBH aHAJI3y MPHUYUHU TPUAHSTTS TOTO YH iHIIIOTO
pimeHHs (B yMOBax IpaBmiia Kiacudikaiii). 3Ha4Hi armapaTHi Ta 4acoBi BUTpATH iHPpOpMaITiii-
HOI CHCTEMH Ha IpoIleC HaBYaHHS MOJIEIi HEe KOMIIEHCYIOTBCS IIBHKICTIO (hiHATBHOT KIIacH-
¢ikarii. OOMexxeHHs Ha (GOpMaT BXiTHUX JIAHUX, SIKE 3BOJIUTHCS JIO YMCIIOBOT IITKAIH JIJIS Me-
TOJIIB HEHpPOMEpEK HAKIAAA€e JOAATKOBE MPHHITUIIOBE OOMEXEHHS II0JI0 CIIEKTPa MOKINBUX
MPUKJIAIHAX 3a71a49. ToMy ciTiji BA3HATH, IO KJlac peallbHUX 3ajad, SKi IMianaaarTh i i 00-
MeXeHHS, TocTaTHbo Benukuit [11-31]. Tak, koHuenuis aepeB kinacudikamii (1epeB pilieHb)
mo30aBieHa 3HAYHOI YaCTHHH HABEJICHUX BHIIE HEJIOJIKIB Ta J03BOJISIE €(heKTUBHO MPAIFOBATH
B 3a/auax i3 JaHWMH JOBIIBHUX IIKal (e iHdopmarist 3agaeTbes y npupoaHid popmi). Ha
CHOT'OJIHI aKTyaJIbHUMU € Pi3Hi TiX0IH 10 OO0y I0BH KiTacu(PiKaTOPiB Y BUTIISAI IEPEB KIIaCH-
¢ikauii (JIZIK), mpuuomy iHTEepec A0 METOMAIB po3Mi3HaBaHHs, siKi BUKopucToBytoTh JIJIK, BU-
KIIMKaHU TIEBHUMH KOPUCHHMH BIIACTHBOCTSIMH, SIKHMH BOHH BOJIOJIIFOTH. 3 OJHOTO OOKY,
CKJIQ/IHICTh KJacy kiacudikatopiB y Burisiai moaeneit JIJIK, mpu Bu3HaueHNX ymoBax, He 1e-
PEBUIYIOTH CKJIQJHOCTI KJacy JiHIWHUX (DYHKIIHA po3Mi3HaBaHHS (IPOCTIIIOTO 3 BiJOMHX).
Came 3aralbHUM THTaHHSIM MPOrPaMHOi (ITOPUTMIYHOI) MOOYAOBH AepeB Kiacudikarrii,
ctpykryp JIJIK (y po3pi3i mporeaypu ix reHepaiiii) i Oyae mpucBsIeHa s podoTa.
ITocranoBka mpo6JiemMu. 3a1aHa MoYaTKoBa MHOKHHA M 00’ekTiB (curHamiB) w. Jlonart-
KOBO Ha MHOXWHI M 3amane po30uTTs R Ha KiHIIEBE YMCIIO MiMHOXHUH, KiaciB £);, (I =
1,..m), M = U%, Q;. lIpunyctumo, 1o po30UTTss M BU3HAYCHO HEMOBHICTIO. YMOBaMH 3a-
Jadi 3a/1aHa TUTBKY Jesika iHpopMartis | mpo kiacu ();, IpuIoMy eJIeMEHTH W 3aJIal0ThCs 3Ha-
YEHHAMHM JIESKUX O3HaK Xj, j = 1,...,n, npuduomy uei HaOlp OJMH 1 TOW e caMHid JUII BCiX
00’€KTiB, TOOTO OJHAKOBA PO3MIpPHICTH 00°€KTiB). Jlesika cKiHYeHO — 3Ha4HA QyHKIA fr(W),
sKa 3aJ1a€ po30UTTS R, 3ajaHa Ha MHOKHHI 00°€KTiB M, Ta Jae Ha BUXOJI HOMep Kiacy i Oy-
JeMo Ha3uBatu (pyHKIiero posmizHaBaHHs (DP). 3ayBakuMo, o KOKHHM 00pa3 (Kj1ac) MHO-
XKUHU M XapaKTepu3yeThCs MEBHOIO CIUTBHICTIO JIESKUX BJIAaCTHBOCTEH (aTpuOyTiB) HOTO ene-
MEHTIB (00°€KTIB), a €JIeMEHTH 3 Pi3HUX 00pa3iB MMOYATKOBOTO PO3OUTTS HE MAIOTh ITi€l
CIUIBHOCTI. Y MeXax LbOro JOCITIJKeHHS 3arajibHa 3ajlaya po3Ii3HaBaHHS I0JIAra€ B TOMY,
o0 JUIsl TOBUIBHOTO 00°€KTa W BCTAaHOBUTH HOT0 HAJEKHICTH NEBHOMY Kiacy (oOpasy) Ha
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OCHOBI CXeMH JiepeBa po3mnizHaBaHHsI. MHOXHHY (); TaK0K HA3WBAIOTHCS KOMITOHEHTAMH PO3-
Outtss MHOXHMHM M. CyKymHICTH 3HaueHb O3HaK Xj, BH3Hadac omuc (inpopmaniro) I(w)
00’exta w. KoxkHa 3 03HaK MOKe MpUHMaTH 3HAYEHHS 3 PI3HUX MHOXKHUH JOMYCTUMHX 3HAYEHb.
Omuc o6’exra I(w) = (x;(W), ..., x,(W)) Oynemo HazMBacTbCs CTAHIAPTHHM, AKIIO X;j(W)
NpHiiMae 3HAYCHHS JIUINE 3 MHOXKUHH JIOITYCTUMHUX 3HAUeHb. 3aada KiacuQikaiii 31 craHaap-
THOIO 1H(OpMAITIEI0 TOJISITae B TOMY, OO I (iKCOBAaHOTO 00’€KTa W Ta Habopy KjaciB
Q4, ..., Oy, 32 JOIOMOT OO HAaBYATBHOI iHGopMarii (L, ..., Q,,) Ta onucy I (w) po3paxyBaru
3HavYeHHs JeskuXx npemukaris P;(w),(w € Q;;i = 1,...,m). 3agaua posmisHaBaHHS 00pasiB
OyJie 3BOJMTHCS JIO HaBYaHHS cucTeMu () obunciroBaté (QyHKINO fr(x). ToOTO crucTeMa Mae
pearyBaTH ITpH T0/1a4i Ha BXiJ JesIKOro curaaiy (00°ekty) X, curHanom fp(x) (pakruasum
HOMEPOM KJ1acy HaslexxHocTi). OCHOBHOIO iH(pOpMAITi€lo TpH HaBYaHHI CUCTeMHU () € 3HAYCHHS
¢byHkuii fr(x) B OesKUX TOUKAaX N — MIPHOTO NMPOCTOPY (PO3MIPHICTIO B KIJIBKICTH O3HAK
00°‘exTiB MHOXHMHUA M). OcTanHe 03Hauae, 10 pU HaBYaHHI cucTeMH ( iif MoJaloThes mapu
curnanis ((x;, fz (x;)). Ha ocrosi nanoi indopmanii (anpioproi indopmarii) cucrema Q 6ymye
cXeMy o0YHcIieHHs QYHKINT po3mizHaBaHHsA. ToOTO CTaBUThCS 3a1a49a JOCTIDKEHHS Ta pO3pO-
OKM TakMX METOJIIB Ta MOJieNieil po3mi3HaBaHHs (BiAMOBIIHUX NMPOrpaMHUX peajizalliif), ski O
JTaBaJT MOJKJIMBICTB Yy TIpOIIeCi HaBYaHHS TOOYAYBaTH, IO MOXIIUBOCTI, IPOCTY JI€PEBOTIO/Ti-
OHy cxemy po3mizHaBaHHs (cxemy y Burisiai JIZIK ado AJIK), sika 3a0e3nedye HeoOXinHy ede-
KTHBHICTH Ta CKJIAJHICTh CUCTEMH PO3Mi3HaBaHHS (.

AHaJi3 ocTaHHIX JocaiTxkeHb i myOJikanii. JloMiHyIOUMMH MiX0AaMU Ha CbOTOJIHI B
KOHIIeMii AepeB pileHs (AepeB kiacudikarii) € cuctemu Ha ocHOBI MeTo1iB CART (copsimo-
BaHUX Ha PO3B’sI30K 3aJau Kiacu]ikaliii Ta perpecCUBHOIO aHali3y), a TAaKOK CUCTEMHU Ha OC-
HOBI cxemu C4.5 Ta 11 cyyacHHX Moaudikariiii (Juist po3B’ 13Ky 3a71a4 po3Mi3HaBaHHS Ta KJIacH-
¢ikamii) Ta ID3 [7]. Cxema ID3 0Ga3yeTbcss Ha BUKOPHCTaHHI OOMEXKEHOTO EHTPOIIHHOTO
Kputepiro — crpykrypa JIJIK Oy yeTbest 10 THX IMip, MOKH T KOKHOT pe3yIbTYIOUY0i BEPITUHA
(JtucTa nepeBa) He 3aIMIIaThCs JIMIIE 00 €KTH 0JTHOTO (piKCOBAHOTO KiIacy, ado IOKU cama Ipo-
Leaypa po3ralyXeHHs B JIepeBi, 0 OYAYETbCs Ja€ 3MEHIIeHHs 0YaTKOBOTO €HTPOIIHHOTO
kputepito. Cxema C4.5/C5.0 rpyHTyeThCs Ha BijoMoMy kputepii Gain-Ratio (HOpMaTUBHUIMA
SHTPOIINHUI KPUTEPIiil), IPHIOMY B SIKOCTI KPHUTEPil 3yIMMUHKH MPOIIETyPH PO3TaTyKeHHS (T10-
OyJIOBH JiepeBa) BUKOPHCTOBYEThCS OOME)KEHHSI Ha KiJIBKICTh 00°€KTIB JIJIST Pe3yJIbTYIOUO1 Be-
prmaE (Tucta ctpykTypu JIJIK) [8]. Tpeba 3ayBaskuTH, 1110 IpoIieAypa BiICIKaHHS Y CTPYKTYpi
JIJIK mpoBouThest 3a cxemoro Error-Based Pruning, sika 6a3yeTbest Ha 3arajibHii OLIHII 31aT-
HOCTI y3araJlbHEHHs JUIsI IPUXHATTS pilleHHS 11010 BUAAJICHHS I'JIOK Ta BEPUIMH KOHCTPYKIIii
nepesa kinacudikarii. Cxema CART y cBoiif po6oTi BUKopucToBye Kputepii JKuHi, mpuyomy
nporeypa Bijgcikanui y crpyktypi JIJIK nmpoBomuthes 3a cxemoro Cost-Complexity Pruning, a
JUIS. BUTIQJIKY HAsSBHUX MPOITYCKiB aTpHOYTiB BHKOPHCTOBYETHCS 0a30Ba cxema CypOTaTHUX
npeaukaris. Jo Toro x 6a30By iJIeF0 METOIIB PO3TANTYKEHOTO BUOOPY O3HAK (BEPIITUH aJITOPH-
TMIB) y cTpykTypi AJIK MO’kHa BU3HAUUTH SIK ONITUMAJIbHY allpOKCHMAITIIO JAESKO1 IT0YaTKOBOL
HB nabopom panx)oBaHUX anropuTMiB Kiacudikamii (03HaK, aTpHOyTiB 00’€KTa y BHUIAIKY
JIJIK), To Ha mepmuii miaH BUXOJUTH IIEHTpajbHE MUTAHHS — 3aja4a BUOOpY e€(eKTUBHOTO
KPUTEPIIO po3rairy’keHHs (BiIOOPY BEpIIUH, aTpUOYTIiB, 03HAK JUCKPETHUX 00 ekTiB st JIJIK
ta anroputMiB Ui AJIK). Lli mpuHIMIIOBI 3aa4aM po3risialoThest B poboTtax [4; 6; 15], me
MOPYIIYIOTHCS MATAHHS SIKICHOT OIIIHKA OKPEMHX JTUCKPETHHX O3HAK, IX HAaOOpiB Ta (hiKcoBa-
HUX CHOJYYEHb, 110 JO3BOJISIE 3alIPOBAAUTH ePeKTUBHUNA MeXaHI3M peaiizallii po3raryKeHHsI.
Binomo, mo ctpyktypu mozeneii nepes knacudikarii (JIJIK/AJIK) xapakrepusyeTbes kKommna-
KTHICTIO, 3 OJTHOTO OOKY, Ta HEPIBHOMIPHICTIO 3alTOBHEHHS (PO3PSIKEHICTIO) SIPYCiB, 3 IHIIIOTO
OOKy, B TIOPIBHSIHHI 3 KOHCTPYKITIAMU perysisspHuX jiepes [3; 13]. [Ipu 1iboMy BaXKIMBHMH ITH-
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TaHHSAMH 3TUIIAIOTHCS TUTAHHS 301KHOCTI Mporiecy o0y I0BH JiepeB Kiaacudikailii 3a MeTo-
JlaM{ PO3TATy’>KeHOT0 BHOOPY O3HAK Ta MUTAHHS BUOOPY KPUTEPIIO 3yMMHKH MPOTIECY CHHTE3Y
JoriuHoro niepesa [14]. 3ayBaxumo, 110 KOHIENIII] AepeB Kiacudikaiii He cynepeunuTh MOXK-
JIMBICTD SIK 03HAKY (BEpIIMH CTPYKTYPH) IepeBa Kiacu@ikailii BAKOPUCTOBYBATH HE T1JIbKH OK-
pemi aTpuOyTH (03HAKHM) 00’ €KTIB 1X croydeHHs (i7esl y3aralbHEeHO1 03HAKU, PO3TJIsaanach y
po6oTi [4]) Ta HabOpH, aye SKIIO IMITH JaJli Ta He PO3TIIAIATH SIK PO3TATYKCHHS aTpUOYTIB
00’eKTiB (03HAKH), a BIIOMpATH OKpeMi He3aJIe)KHI aJITOPUTMHU PO3ITi3HABAHHS, TO HAa BUXOJII
Oyne orpumane HoBa cTpykTypa — AJIK (Bummuii piBens JIJIK). Came mporpaMHEM CTPYKTypam
JIJIK i Oyme mpucBsideHa 1151 podora.

BugisieHHs Hex0CTiIPKEHNX YACTHH 3arajJibHOI poodaeMu. MoXIUBiCTh eDeKTHBHOI Ta
€KOHOMHOI MpOrpaMHoi (aJIrOpUTMI4HOI) cXeMH MOOYIOBH JIOTiUHOTO JAepeBa Kiacudikarii
(monmemi ctpykrypu JIJIK) Ha OCHOBI MOYaTKOBHX MAaCHBIB HaBUAIBHUX BUOIPOK (MACcHBIB JIAC-
KpeTHO1 iH(opMmallii) Bemukoro o0’ eMy noTpedye rpyHTOBHOTO BCEOIYHOTO JTOCIIIKEHHHSL.

Meta po6orn. Metoro 11i€l po60oTH € BUBUEHHS 0COOIMBOCTEH reHepaliii Ta mpeacTaBIeHHs
MpaBWJI, cxeM, Mojeneill knacuikaiii B 3aJadyax po3Mi3HaBaHHS Ha OCHOBI CTPYKTYp JEpeB
pitrens. Po3poOka 3arampHOi mporpamMHOi cxeMu MeToxy mooyxosu JIJIK miss HaBuabHUX
BHOIPOK BEJMKOro 00’eMy. Pe3ynbTaTroM poOOTH € MPOCTHI MPOTpaMHHN MEXaHi3M CHHTE3Y
mopeneit JIZIK mst 3anau kinacudikaiii AMCKpeTHUX 00’ €KTIB y JOBUIBHUX IIKAJIaX.

Buknan ocHoBHoro marepiaay. Tpeba 3ayBaxkutu, mo jgoBiibHe JIJIK MoxHA IOCHTH
MPOCTO MPEACTABUTH y MIPOrpaMHOMY (hopMaTi y BUIJISIII TAaKUX Oa30BUX €1eMEHTIB-MaCHBIB:

T[1..MN],SLED[1..MN], UPOD[1..MN], ne MN — xinbkicTs BeprmH JIJIK;

T[1..MN] — macuB, mo xapakrepusye iHpopMaIliro, sika 3HaX0AuThcs y BepmuHax JIJIK
(mepenik MiTOK, aTpuOYTiB, BEPIIUH CTPYKTYPH JI€pPEBa);

SLED[1..MN] — macuB, IO BKa3ye Ha MICIle HACTYIHOI BEepINUHH, KA 3HAXOJUTHCS
CIIpaBa 1 € HAIAAKOM i€l BepimHH y cTpyKTypi JIJIK;

UPOD[1..MN] — MacuB, 110 XapakTepu3ye iHPOpMAIIito PO MicIie JIiBOTO Halmaaka el
BEpIIMHU.

3ayBaxxumo, o TyT MN < 2N — 1, M — 3arainbpHa KiJIbKICTh BCiX 00°€KTIB IOYaTKOBOI iH-
¢dopmartii 1(1). BigmiTiMo Takok, IO KpiM BKa3zaHUX MacuBiB Juts mooyaoBu JIJIK y 1miif mpo-
rpaMHifl peaiizarii BUKOPHCTOBYIOTHCSI Ha0ip TaKWX JONMOMDKHHX MacuBiB — PR[1..N],
PR1[1..N], SPR[1..N].

Otxe, aisa nporpamuoi moOyaou JIJIK nHeoOxigno M * N GaifT onmepaTuBHOI mam ATi (B
HalimpocTilmoMy BHUNAJKY) Juis 30epiranHs nmouyatkoBoi iHpopmanii I(l), a Takox 3 * MN *
(6M — 1) Gaiit — s 36epirannst MmacuBiB N, SLED, UPOD Ta 3N Gaitt jutst 30epiranHs MacH-
BiB PR, PR1, SRP (3HOBY ke Taku — OalT TUIbKHU Ui HalimpocTimoro Bunaaky). Ha nactyn-
HOMY eTali po3TJIsTHEMO HAaCTYIHHUH MPHKIIAJ Ta yepe3 HbOTO MPEJCTaBUMO 3arajlbHy CXeMy
AITOPUTMY TTPOrpaMHOI o0y 10BH ¢ikcoBanoro JIJIK.

IIpuxnao. Hexait maemo nesike JIJIK, sike Mae QikcoBaHy HOTHPHUSAPYCHY CTPYKTYpPY
(puc. 1), mpuyoMy HaBeJIeHE JIEPEBO OJJHO3HAYHO BH3HAYAETHCS HACTYITHOIO iH(pOopMaIliero 6a-
3oBux MacuBiB T, SLED ta UPOD — npenctaBienux y TadmauuHiii Gopmi (Tadm. 1).

Tabmuus 1
Ingopmayitinuit emicm macusie T, SLED ma UPOD.
T 7 5 1 0 3 1 2 1 0 0 4 1 0

SLED 3 0 5 0 7 0 9 0 11 0 13 0
UPOD 2 4 6 0 8 0 10 0 0 0 12 0 0

[«
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13

Puc. 1. 3aeanvnuii suensao novamxosoeo JIJIK

Tyt cnig 3ayBaxuTH, 110 TUIH BCIX MPECTAaBICHIX MACHBI — 116 MAaCUBHU OaiTiB (3p0O3yMLJIO,
IO TIe 3aJIe)KUTh BT iHpopMartiitHoi eMHOCTI MiToK camoro JIJIK, tumizartii aTpuOyTiB JIOTIYHOTO
JiepeBa, MMOYaTKOBHX YMOB caMoi 3ajadi, TUIy Ta 00’ eMy modatkoBoi indopmariii 1(1)).

3po3ymilio, Mo B IIbOMY MpHKIaai GakTHuHA CTpyKTypa orpumanoro JIJIK mpemcranis-
€ThCS 32 JIOMIOMOTOI0 BMICTY TPhOX OCHOBHUX MacuBiB. OTxe, Matoun c(hopMoBaHi 1ii TpU Ma-
CUBH, MOXKHA rpadiqHO BIATBOPUTH CTPYKTYpPY o0y moBaHoro mporpamuo JIJIK.

3BakarouM Ha Bce BUIIEHABEJCHE, 3alPOIIOHYEMO TaKy aJITOPUTMIYHY peaizaiito moly-
nosu JIJIK 3a manumu mouatkoBoi iHpopmartii /().

3aeanvra cxema aneopummy nooyoosu JI/[K 3a oanumu nouamxosoi HB.

Kpox 1. BubGip nusixy B JIJIK, mo He nmpuBouTh y KinneBy Bepuuny. UPOD = 1, PR = 0,

TT =2,KI1 =0,SLED =0, MMM1 =M * 2 — 1.

Kpok 2. TT =TT + 2. Axmo TT = 0, To nepeiitu Ha Kpok 9.

Kpox 3. KI = KI + 1. SIlxkmo UPOD[KI] = 0 1o nepeiitu Ha Kpok 7. KII = KI. SIxmo
KII = 1, to nepeiitu Ha Kpoxk 9.

Kpox 4. Slxmio SLED[KII] > 0 to: (SRP[KI1 + 1] = 0, PAR = KI), B iHIIOMY BHIIaJKY:

(SRP[KI1+ 1] =1, PAR = KII — 1, KII = KII — 1).

Kpox 5. IK2 = KII + 1.

Kpox 6. KI2 = KI2 — 1. SIxmo UPOD[IK2] = PAR, ro: (KI1 = KI1 + 1, PR1|T[IK2]]| =
=1, PR1[KI1] = T[IK2], KII = IK?2). SIxmio KII = 1, To nepeiitu Ha Kpox 9.

Axmo K11 = 0 to nepeiitu Ha Kpok 5.

Kpoxk 7. Sxmo K11 < TT To nepeiitu Ha Kpok 3.

Kpox 8. IJKL = 0.

Kpox 9. SIxmo PR[1] = 0 ta TT = 0 To nepeiita Ha Kpoxk 13.

Kpok 10. (ETan o04mcieHHs 3HaUYeHB (PYHKITIOHATY BaXKJIMBOCTI 03HaK [6; 15]). OGumncmuTi
3HaYeHHs (YHKIIIOHATY JUIS BCiX P;, IO BXOASTH B 00JAacTh HOro BHU3HAYEHHS Ta 3HAUTH
O3HaKy, SKa Mae HaWOLIbIITy iHGOPMATHBHICTH (SKICTh, BaXIIMBICTH). [HpopMaIlis Imomao
P, .., P ¢ Ta Niyr - Ni ¢ 3HAXO/IUTECS B MACHBaxX PR, SRP BiOmoBimHO.

10
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Kpox 11. Ha ocnoBi Kpoky 10 3anoBHUTH BiAmnoBiaHi 3HayeHHs macusiB T, SLED, UPOD.

Kpox 12. Tlepetitu Ha Kpok 2.

Kpok 13. (Etan po3mizHaBanas HB 3a moGymosanum JIJIK).

Kpox 14.1=1+1,11 = 1.

Kpok 15. 11 = T[II]. SIxkmo UPOD[II] = 0 to (PASP[I] = I1. Tlepeiitu ua Kpoxk 16).

Slkto TB(1,11] = 0 to (II = UPOD|II]. lepeiitu Ha Kpox 15). Il = UPODI[II] + 1.

[lepetitu Ha Kpox 14.

Kpox 16. Slxmo I < M, To nepetitu Ha Kpox 14.

Kpox 17. OdauctuTy BCi 3MiHHI Ta MACHUBH, 3BIIBHUTH TIaM ‘SITh.

Kpoxk 18. 3akinuntu podoty anroputmy (END).

3a3Ha4MMO, 0 B 3aIIPOIIOHOBAHOMY aJITOPUTMI 3aCITyTOBYIOTh YBard Taki 9acoBi XapakTe-
PUCTHKH:

3aranpHuil yac noOyoBu pe3ynbTyrodoro JIJIK 3anexuts Big 06’eMy modyatkoBoi iH(Op-
Martii I (1), To6TO mpu 301IbIIEHH] TOTYXHOCTI ToYaTKkoBo1 iHpopMmarii I(l) gac Ha MOOYyI0BY
JIJIK € niniitoro ¢ynkuiero Big I(1);

3arajpHUI Yac MPUAHATTS pillleHb (Ha OCHOBI TPOTPpaMHO MOO0YI0OBAHOI CTPYKTYPH I[HOTO
JIJIK) He mepeBHIIIye N MPOCTHUX MOPIBHSIHB, JIe N — KUIBKICTh 03HAK y TIOYATKOBIH iHPpopMartii
[(1) (bakTrunuit yac TpoXoHKEHHS 3a PpikcoBaHUM HUTIXOM Yy cTpykTypi JIJIK).

3ayBa)KUMO, IO SAKIIO B IIPUBEICHOMY BHIIE aroput™i Kpox 1() 3aMiHUTH Ha BUKIIAK TIPO-
nexypu reaeparopa BunaakoBux uucen (PRG) mist Bubopy mesikoi o3HaKH, TO IEH allrOPUTM
Oyzne OyayBaTH MHOXKHUHY BHUTIIQJKOBHX JIEPEB PO3IMi3HABAHHS, HAJ SKUMH MOXHA OyJe 3/iiic-
HIOBATH oreparlii 3amMmukanHs (mutanas BJIK yxe po3riasaanock y momepeHiX po3iiax mboro
JOCTTiPKCHHS).

CraHOM Ha cbOTO/IHI BITOMO OJIM3BKO TphoX JecsiTKiB rotoBux [1C ta cepenoBuin asis no-
OyZ0BH PI3HHUX THIIIB Mojiesielt JepeB Kiacugikamii (aepeB pimnens) y Burisiai crpykryp JIJIK
(RStudio, RulQuest, DTTL v1.5, RLQTree, DCT v7, Precision Tree System, Edraw, SHAIDS,
Weka, JIACTAH, AYPOH ra iumri) ta mume ogna I1C ska 6a3yeTthest Ha xonmenmii AJIK
(OPIOH). Vci mi cuctemu BiAPI3HSIOTHCS MPUKIAIHOIO CIPSIMOBAHICTIO 3a7a4 IO PO3B°s3y-
IOTHCSI, METOJIAMH Ta KOHIICTITYaTbHAMH 3acajlaMH, Pi3HOMaHITHUM piBHEM HiATPUMKH, TpH-
yoMy 0araTo 3 HUX 3HAXOAATh Y BUTbHOMY (200 4acTKOBO BUIBHOMY) JAOCTYII. JloMiHyIOUnMHI
nigxonaamu — € cucteMu Ha ocHOBI MeTo1iB CART (cmpsiMmoBaHuX Ha PO3B’sI30K 3a/1a4 KJIacH-
¢ikarii Ta perpecuBHHE aHaii3), a Takox [1C Ha ocHOBI cxemu C4.5 Ta 11 cyyacHUX MoU(i-
Karii (Juist po3B’s3Ky 3a/ad po3mi3zHaBaHHS Ta Kiacudikarii), ID3. 3ayBakumo mpo IIC, sxi
0a3yroThest Ha anroputMax cxemu C4.5/C5.0 (3a aBropetBoM J. Ross Quinlan) BUKOpHUCTOBY-
I0Th SIK KpUTEPiil YMCTOTH MiAMHOXKUH moyaTkoBoi HB mapamertp entpomii. BukopucroByroun
SHTPOIIIIO SIK Mipy YACTOTH (O THOPIAHOCTI) KJ1aciB (i qMHOKXUH movaTtkoBoi HB), ski € pe3yiib-
TaTOM IPOLEAYPH PO3OUTTS, AITOPUTM MOKe 3adikcyBaTh (BiiOpaTH) Ty 03HaKy (arpudyr),
PO3OUTTS 3a KOO Ja€ HaAWUYKCTINTy (OHOPIIHY) MiAMHOXKUHYU oyaTkoBo HB (T06TO migmHO-
*uHY moyaTkoBoi HB 3 HaliMeHImoro eHTporiero). Taka cxema B JniTepaTypi MO3HAYAETHCS —
information gain (cxema IiJICHICHHS iH(popMaIlii), TpHIOMY SIKITIO JIUIS BiIiOpaHOi O3HAKH X;
BEJIMUUHA information gain € HyJIbOBOIO, TO 1€ (PaKTUYHO O3HAYAE Oe3MepCIeKTUBHICTD (He-
MO>KJTUBICTB) po30uTTs HB Ha I IMHOKUHU — HE IPUBOJIATE JIO 3MEHIIEHHS KOe(IIieHTY €H-
tpomii. [Tigkpecimmo, 1o MaKCUMaITbHO MOXITUBE 3HAYCHHSI BEIMYUHU information gain nopi-
BHIOE BEJIMYMHI €HTPOIIi J0 po30UTTS, a Iie, y CBOIO Yepry, O3Hayae, 10 €HTPOIisl MiCs
MMOTOYHOTO po30uTTs yacTiHH HB Oyze mopiBHIOBATH HYIIIO JIUIS TIOBHICTIO YACTUX (OTHOPIJI-
HUX) MiIMHOKUH ogaTkoBoi HB [17-21].

VY 3B’s13Ky 3 TUM, 1m0 cTpykTypH JIJIK micns moOymoBu 3a BUOipKaMu peasibHUX JTaHUX Be-
JIUKOTO 00’ €My — MarOTh 31€01IBIIIOTO CKJIAIHY JUIS aHATI3y Ta HEOJHOPIAHY 3a PIBHIMH (Spy-
caMH) CTPYKTYpY, TO TPUHIMIIOBOIO MPOOJIEMOIO 3alTUIIAEThCS MMUTAHHS OpraHizaiii mpore-
JypH ONITHMI3aIlii a00 00pi3ku (pruning) Takux KOHCTPYKIIii. [Tix cknagnricTio ctpykrypu JIZIK
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PO3yMI€ThCS 3arajibHa KUTBKICTh BEpPIIMH KOHCTPYKINT JiepeBa (BY3JiB po3ralyKeHHs), y Ta-
KOMY BUIAJIKy 3a3BHYail MaeThcs Ha yBasi, mo mojens JIJIK nepeBusnauena (is overfitted).
BaxmBoro ocobmusicTio cxemu C5.0 B miaHi KOpeKIlii CTPYKTypH MOOYIOBAHOTO JepeBa €
MOJKJIMBICTh BHKOPHCTaHHSI MEXaHI3My — post-pruning, KO BiIKUIAIOTHCS Ti BY3JIH, OOKH
KOHCTPYKIIii, ijytepeBa siki MaJto (BiJIOBIIHO JIO JISSKOTO 3aaHOT0 KPUTEPil0) BIUIMBAIOTH HA
pe3yibTaT 3arajbHOl Kiacugikalii (IomycTumMa MoMHIIKa), IPHUOMY JOMYCKAEThCsl HE JIMIIe
MPOCTE BiJICIKAHHS CTPYKTYP JIepeBa, ajie 1 IX MepeHeceHHs B iHITy YacTuHy cTpykTypH JIJIK,
a0o 3aMiHy Ha 1HITy KOHCTPYKIIIIO 3 MEHIIOIO CTPYKTYPHOIO CKJIAHICTIO (MEHIIOI po3raiyKe-
HocTi). Jlani cxemu ontumi3artii (00pizku) ctpyktyp JIJIK — subtree raising (iaHATTS Mije-
peBa) Ta subtree replacement (3aMiHa TiAEpeBa) B IPOLEIYPl pruning BUKOPUCTOBYIOTHCS B
C5.0 Ta B HeOarathboX IHIIUX METOJaxX MOOYAOBHU JepeB Kiacudikarlii, mpuuoMy aOCOTIOTHA
OUTBIIICTD IHIIUX METOJIIB Ta cXeM 0a3yeTbesl Ha MpPOIeLypl MONEepeaHbOT 00Pi3KU CTPYKTYpHU
JIJIK 1o OyayroTbest — pre-pruning, sika Ma€ CyTTEBI HEIOJIKH II0JI0 MOKIMBOCTI TPOMYCKY
(BificiKaHHS) BOKIMBHUX JIAHUX, AKI BXXKO BHSIBUTH. OTKe, 3BaKAOUM Ha BHUIIEC CKa3aHE, MO-
*Ha 3adikcyBaTH HacTymHI ocodmuBocti cxemu C5.0 B miani moOy o ctpykTyp JIJIK:

Bucoxuii piBeHb YHIBEpCAIBHOCTI Ta aJalITUBHOCTI — JO3BOJISIE pOOOTY 3 IMHPOKUM CITCKT-
POM TIPHUKJIAJHUX 337a4 Pi3HOMAHITHUX Talxy3eid MPaKTUYHOI TisUTHOCTI (OOMEXEHHS IIO0JI0
CTPYKTYpH Ta mpupoau nmodatkoBoi HB He HakmanaroThes).

VHiBepCalIbHICTh MO0 THIIIB MOYaTKOBHX MACHBIB JaHUX — JIO3BOJISE TPAIFOBATH HE
TITBKH 3 JUCKPETHAMHU BUOIpKaMH, ajleé TaKoX 13 MacHBaMH HOMIHAJIBHUX JTAHHUX (II03BOJISE
KOpPEKTHY 00pOOKY BHIIAJKIB IIPOIYIICHUX JTAHUX ).

Opranizartist posraiyxeHss B ctpyktypi JIJIK 3a mpunImmmom cenexiii e1eMeHTapHuX 03HAK —
MIPUYOMY BpaxOBYIOThCS TLIbKU HAHOLIBII BaXKTUBI (1H(OpMaTUBHI) 03HAKHU (aTpUOyTH) TUCKpET-
HUX 00’€KTiB, TOOTO TaKi, sIKi MAIOTh HAMOLTBINKI BIIMB HA OCTATOUHY KJIaCH(iKaIlio.

HesanexxHicTh BiTHOCHO 00’ €My Ta CTPYKTYpH 1modaTkoBoi HB — J1ae MOXKITUBICTB MparroBaTH
3 mouaTkoBEUMH HB sIK 111010 HEBEITMKOTO 00’ €My, TaK 1 3 HaJIBEJIMKAMHA MaCHBaMHU JaHHX.

Bucoka mpoctoTa Ta HAOYHICTH iHTepIpeTamii poOoTH Mo0yI0BaHOI MOJEII (CTPYKTYPH
JIJIK) — sixka He BUMarae CreIiaaizoBaHOI MaTeMaTHYHOI ITiITOTOBKH.

Bucoxka edextuBHicTs moOynoBanux mojeneii JI/IK — HaBiTh y MOpiBHSIHHI 3 aHATIOTI YHUMH
CTPYKTypaMmu (MOZEJIIMH) 00y T0BaHUMH 3a KiacuuHumu cxemamu C4.5 ta CART.

[Torpy BECOKY €(peKTUBHICTD y MPAKTUIHIH ILIOMUHI, HASBHICTh KICHOTO MEXaHi3MYy OTI-
TUMi3arii (00pi3kH, post-pruning) modynosanux crpykryp JIJIK cxema C5.0 He mo306aBieHa i
MIEBHUX CUCTEMHUX HEJIOMIKIB, SIKi 000B’3KOBO MOTPIOHO BPaxOBYBATH SIK MIPH peatizallii, Tak
i mpu poOoTi 3 moOynoBanuMu moaessivmu JIJIK:

BusnayanbHOI0 0COOJMBICTIO € Te, 10 Oy IyIOThCs JepeBa BUCOKOI CTPYKTYPHOI CKIIaJIHO-
CTi 3 BEJIMKOKO KUIBKICTIO BEPIIIHH, PiBHIB (SIPyci) Ta BUCOKOIO HEOIHOPITHICTIO MOOYA0BAHOT
cTpykTypH. Taka ocobmuBicTh cxemu C5.0 HakI1aae BUCOKI BAMOTH Ha €(peKTUBHICTH pOOOTH
IporeIypH 00pi3Kku mooyaoBaHoi cTpykTypH JIJIK Ta HeraTHBHO BILTUBAE Ha iHTEpIIpeTa0LITh-
HICTh — MOXKJIMBICTh JJOCTYITHOTO aHAJi3y MOJIEINI Ta IPOCTOTO CIPUNHSITTS MOOYJ0OBAHUX KOH-
CTPYKIIi# fepeB Kiacudikarii.

Mopnens JIJIK, sika moOyaoBana Ha ocHOBi cxemu C5.0 Moke OyTH K HEIOBU3HAYECHOIO
(overfit), Tak 1 nepeBu3HAYCHOIO (underfit).

V¥ po6oti mogem JIJIK, sika moOymoBana Ha ocHOBI cxemu C5.0 MOKITUBI TIEBHI HETOYHOCTI
(mommikn) Kiacuikaiii y 3B’3Ky 3 BUKOPHCTAHHSM JIMIIE MPSIMOTO PO30MTTS Ha MiJMHO-
XKUHU (axis-parallel splif).

[IpuanmmoBoro ocobmusicTio cxemu C4.5/C5.0 [24-27] € i1 gy*e BUCOKA UyTJIUBICTH II0JI0
KOPEKIIii y CTPYKTYpi Ta 00’ eMy movyarkoBoi HB — mprdoMy HaBiTh 11 BiJIHOCHO HEBEJIMKi 3MiHA
MOXKYTh TIPHBOJUTH JIO JIy)KE€ PI3KUX 3MIiH CTPYKTYPHOI CKJIATHOCTI (paJuKabHOTO 301)1b-
IMICHHS BEPIIHH, SPyCiB KOHCTPYKIIT JepeBa kiacu(ikarii) Ta epeKTHBHOCTI PO ypH KiH-
1eBoi ontuMizarii (00pizkn) modymnosanux moxaeneit JIJIK.
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Moneni JIJIK, sixi moOynoBana Ha ocHOBI cxemu C5.0 B aOCOMIOTHIN OiBIIOCTI BUTIA/IKIB
BiJIPI3HSIOTHCS BEJIMKOFO CKJIQTHICTIO, a iX aHaIi3 MOXKIMBHUH JIUIIIE 32 PaXyHOK aBTOMAaTHYHOT'O
a00 30BHIIIHKOTO BUAUICHHS paBuJI kiacudikarii konctpykuii JIJK.

3BUYaiHO, IO TpecTaBIeHuMHA airoputMami, [1C Ta ppeiiMBopkaMu He 0OMEXKYIOThCS
IporpaMHi peaiizalii KoHuenuis aepeB pimenb [28-31]. Tak B YxkropoJcbkoMy HallioHaIb-
HOMY YHIBEPCHUTETI Ha OCHOBI IpeICTaBIICHOI BUIIE B TOCTIKeHH] cxemu mooyaosu JIJIK (ce-
nexiii HabopiB enemeHTapHUX 03HaK) Oyna Hanucana [1C DeTree sika 6a3yeThcs Ha KOHIEMITIT
po3raiykeHoro BHOOpPY O3HaK Ta J03BOJIsie mparroBath 3 HB Benmmkoro ta HaaBeTuKoro
00’emy (puc. 2). [Ipuaomy Ha movyatkoBomy etani mpoekTyBaHHs [IC cTaBunmces Taki 6a30Bi
BHAMOTH II[OJI0 3arajibHOTO (DYHKITIOHAJIA CHCTEMH:

3HayHa yBara MpUIUsIIacs ONTUMI3aIll alropuTMiB MoOYI0BH MoJieNi Kiacudikarii s
JOCSATHEHHSI MaKCHMAaJTbHOT IMIBUKOCTI — SIK TeHEepallii, Tak 1 poOoTH camoi o0y I0BaHOI MO-
neni JIJIK (Runtime speed/Opertion speed).

BumMora Ha siKicHY Ta epeKTHBHY POOOTH 3 OIIEPaTUBHOIO Ta IMOCTIHOIO TTaM’ ITTIO iHpopMa-
LIHOT CUCTEMH Y 3B’SI3KY 3 CIIPSMOBAHICTIO HA MACHBHU ITOYATKOBUX JaHUX BEIIUKOTO 00’ €MY.

[Ipoctuit Ta 3py4nmii inTepdeiic 1 oneparopa, 000B I3KOBa HAIBHICTh aBTOMAaTHIHOTO
(3aCHOBAHOTO Ha Pi3HUX AITOPUTMAX) Ta IHTEPAaKTUBHOTO pexuMy rexepartii moaeneit JIJIK.

Bumora npoctoro moprysanHs rotoBoi [1C Ha iHIII anapaTHO/IporpamMHi miiaThopMu B Tie-
PCTIEKTHBI.

BuMora Ha MOXIIHBICTH ITOCTIIPOIIETYPHOT KOPEKIIii Ta JJOHABYAHHS MOOY0BaHOI CTPYK-
TypH JiepeBa Kiacugikarii.

Bumora Ha MoxuBicTE poboTH 3 HB BHOipKaMu BEJIMKOTO Ta HA/IBEJTUKOTO 00’ €My .

&< DeTree - Input Data

File Model Report Help

| (® Add Column | | (® Add Row | I B Load | | [B) Save I | (@ Show Report | A Show Tree |

Fx PO P1 P2 P3 P4 P5 P6 P7 P8 P9 |

= |Io|lo|o|o|o|=|o|=|=|o

0
0
1
0
1
1
0
1
0
1
0

JEFQ U R I U [ B P Y
OIo|=|o|=|o|o|0o|0|—=|—
Ol=|o|o|o|o|= ||| ==
CIo|=|o|=|=|=IOo|o|0|o

0
1
1
1
0
1
0
0
1
0
1

CIo|Io|=|o|=|lo|=|o|o|—=
s |lololole|a|=]=[==|=
= IQOIQ|Q|=|=|=IO|0|c|—=

0
1
1
1
0
1
0
0
0
1
0

Puc. 2. 3aeanvnuii inmepdgeiic I1C DeTree

BinmoBigHO 10 1aHUX BEMOT OYyJIO BUPIIIEHO PO3IUTMTH MPOrpaMHUN MPOAYKT HaA JBa Oa-
30Bi IPO€eKTH (KoMnioHeHTH) — DeTree Backend ta DeTree, mpudoMy JUist 3py4YHOCTI KOMIIOHEHT
DeTreeBackend npencrasnsietbes sik Oeken, a DeTree sk ppontenn. Y miii cxemi [IC DeTree
koMmioHeHT DeTreeBackend 3abe3nedye GpyHKITIOHAT BCixX 0a30BUX 00paxyHKIB (BCiX cXeM 00-
pOOKM TaHMX Ta MEHEDKEp IaM’sITi) Ta JIOJaTKOBO MICTHTH y c00i Ha0ip KJIaciB Ta alrOPUTMIB
HU3BbKOpiBHEBOTO (pyHKINOHATA. KommoneHT DeTree, y cBOIO Uepry, peaiizye MOBHUN (QyHK-
1ioHa po0oTH 3 0OKY KOpUCTyBaua (IHTepakTUB) Ta 3abe3mnedye poOOTy JOBIIKOBOI Ta cepBi-

79



Ne 4(22), 2020 TEXHIYHI HAYKU TA TEXHOJIOT'IT
TECHNICAL SCIENCES AND TECHNOLOGIES

CHOI ciTyO0u. SIKIIo po3risaaTu peaizaliiiHy cxeMy IporpaMHOTO MPOAYKTY 3 MOTJISTY Ta-
tepry MVC (Model-View Controller), mpoext ¢pontenny (DeTreeBackend) Bukonye GyHKITT
View Ta BiJmoBiiae 3a 6a30BHil BBiJI Ta BUBIJI IAHUX, IPUYOMY KOHTPOJIEPOM Y ITili peari3ariii-
HIl cXeMi BHCTyHae Oe3rmocepeiHbo MpoeKT OekeHay (Delree). 3a ocHOBY 0a30BUX IOTOKIB
JAHUX Y IIPOTPaMHOMY ITPOJIYKTI (piKCyBayiacs cxeMa BBOJIY Ta BUBOJIY JaHUX i3 (aiiliB sl He
KPUTHYHHX TI0 IIBUKOCTI JUISTHOK KOY (U MAaKCUMAaJIbHOT €KOHOMIT OIIepaTUBHOI ITaM’sITi).
Taxa opranizairisi 00UMCIIEHb JO3BOJISIE TOCTATHRO €()EKTUBHO PO3IIIISATH JIOTIKY IPOrPaMHOTO
3a0e3mneueHHs Ha OKpeMi JIOT1uHi MiACUCTeMHU (KOMIIOHEHTH ).

Sk iHCTpyMeHTapiil po3poOku st KoMiioHeHTa (DeTree) O0yno oOpaHO MOBY IIporpamy-
BaHHS C++ (3 JOJaTKOBOIO MOKJIMBICTIO IMOPTYBAaHHS KOJY), IPHYOMY TaKHi BUOIp 3HAYHOIO
MIpOIO TIOSICHIOETHCS. MOXKIIMBICTIO KOMITUIALIT B HATUBHUIM KO/ Ta MOXJIUBICTIO pOOOTH 3 HU-
3bKOPIBHEBUMH 3a/1a9aMHU, TAKUMH K pOOOTa 3 OMEPATHBHOIO MaM’SITTIO, (QYHKITIOHAT BBOTY
BUBOJY JaHuX. Takox Takuii BUOIp IHCTPYMEHTapit0 pO3pOOKH J03BOJISIE 3a0e3eUnTH edek-
TUBHY PO3pOOKY OCHOBHOI JIOTiKH IIpOTrpaMu, a ii 0a30BHI KO/ BITHOCHO IPOCTO MOXKe OyTH
MTOPTOBaHUH Ha pi3HI anmaparHo/mporpamHi cucremu. st kommonenta DelreeBackend Oyio
oOpano iHcTpyMeHTapiii C# 3 METOI0 MPOCTOTH CTBOPEHHS rpadidHuX iHTepdeiciB s miat-
dbopmu Windows (cepenoButie po3podku Microsoft Visual Studio) (puc. 3).

DataTableUtils InputData
+ ReadCSV(string) : DataTable - numsSigns : int
+ SaveCSV(DataTable, string) ) - importer : DataTableUtils
+ SaveToHtml(DataTable, string) - dt: DataTable
+ InputData()
- InputData_Load(object, EventArgs)
COmAPS - InputData_Resize(object, EventArgs)
- coreProgramName : string - addColumnButton_Click(object, EventArgs)
-temporaryCsvName : string - addRowButton_Click(object, EventArgs)
+ Sharedinstance: CoreAPI 2E - saveToCsvButton_Click(object, EventArgs)
+ RunBuildTreeProcess(DataTable) : bool - loadFromCsvButton_Click(object, EventArgs)
+ GetTreelmage() : Image - buildTreeButton_Click(object, EventArgs)
+ GetReport() : string - showReportButton_Click(object, EventArgs)
_ - showTreeButton_Click(object, EventArgs)
TreeViewer - dataGridView1_CellValidating(object, DataGridViewCellValidatingEventArgs)
-treelmage : Image - dataGridView1_ColumnAdded(object, DataGridViewColumnEventArgs)
- _StartPoint : Point - CreateDataTable()
+ TreeViewer() - AddColumn(int)
- TreePictureBox_MouseWheel(object, MouseEventArds) - MakeDefaultColumns()
- TreeViewer_Load(object, EventArgs) - InputData_FormClosed(object, FormClosedEventArgs)
- CenterPicture() - GetFileType(string) : int
- treePictureBox_MouseDown(object, MouseEventArgg) - ImportFromCSV(string)
- treePictureBox_MouseMove(object, MouseEventArgs - ImportFromTxi(string)
- TreeViewer_Resize(object, EventArgs) - SaveToCSV(string)
- savelmageButton_Click(object, EventArgs) - SaveToTxi(string)
- GetEncoderinfo(string) : ImageCodecinfo - SaveToHTML(string)
ReportView

+ ReportViewer()

- ReportViewer_Load(object, EventArgs)

- ReportViewer_Resize(object, EventArgs)

- saveReportButton_Click(object, EventArgs)

Puc. 3. UML — cxema opeanizayii komnonenmie DeTree

Frontend Overview (DeTree). BinmiTuMO, 1110 TPOEKT (PPOHTEHTY, CKIATAETHCS 3 HOTUPHOX
OCHOBHHX BiKOH (Forms) Ta 1BoX 0a30BUX KJIACiB, MpHUoMy (opMH 3a0e3nedyroTh GyHKIIT
KOPHCTYBAITLKOTO iHTepelCy Ta BioOpakeHHS pi3HOTUITHOI poOovoi iHpopMarlii B mporieci
nooyoBu ctpyktyp JIJIK. Cepen ocHOBHEMX (hOopM MOKHA BUIUTATH TaKi:

dopMa MOTOYHOTO CTaTyCcy pOOOTH IIPOTPaMHU.

®opma 6a30Boro BBOJY BUBOAHM iH(pOpMAaIlii 3a/1a4i Ta JaHUX IHTEPAKTUBHOTO PEKUMY Te-
uepaii JIJIK.

dopwma Bizyautizarlii 3reHepoBaHoi cTpyKTypu Mojeni JIJIK st aBToMmaTHYHOTO Ta iHTEpa-
KTHUBHOTO pesxxumy poootu [1C.

dopma cepricHOI Bizyarizaii MPOMDKHUX MPOIEAYp 00paxyHKY JaHHUX B Mporieci mooy-
noBu ctpykrypu JIIIK.
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OCHOBHHMM KOMITIOHEHTOM 0a30BOTO BBOJY JaHHUX 00paHo rpadiunuii enemeHt — DataGrid,
110 JIO3BOJISIE JOCUTH THYYKO Ta IPOCTO MPAIFOBATH 3 AMHAMIYHUMH TaOJIMYHUMH JaHUMH (Te-
HepyBaTH Ta KOperyBaTy TabJIUIll pi3HOT pO3MipHOCTI Ta TUITYy, BAKOHYBAaTH IIepBUHHI IepeBi-
PKH KOPEKTHOCTI BXiJJHHX JIaHUX Ta 3a0e3euyBaTh €JICKTPOHHUH ITi/IUAC eJIEMEHTIB TabInd-
HUX [JaHUX YHIKaJIbHUMU IUPPOBUMH ileHTH(iKaTopamMu. JlogaTkoBO B CTPYKTYypi
KOMITOHEHTa 6a30BOT0 BBO/Y JAHUX JUIsI JaHOI ()OPMHU TOCTYIHHN (YHKI[IOHAI 3aBaHTaKSHHS
Ta 30epiraHHs TaOJWYHMX JAHUX Yy HaWOUIbIl mommpeHux (Qopmarax JaHUX
(cvs/cur/bin/dat/txt/html), mpudaomy 11t popMa MiCTUTH BEPXHIO TTaHEIb IHCTPYMEHTIB BiJIITOBI-
JTHOTO 3aBaHTAKEHHs/30epeKeHHs JaHUX, IHCTPYMEHTH 3MiHH THILY/pOo3MipHOCTI TaOJuIIl BXi-
JTHUX JaHWX, IHCTPYMEHTH Bi3yaltizallii pe3yJIbTaTiB 00paxyHKiB y TEKCTOBOMY Ta IpadigHOMY
BUTJISAT, @ TAKOXK Oe3mocepeIHbO iHCTpYMEHT reneparii ctpykrypu JIJIK.

3ayBaxkumo, 110 opMa Bizyaizarii modymoBanoro jnepepa (crpykrypu JIJIK) Bimodpaxkae
3reHepoBaHe 300paKeHHsI 3 BIIPEHIEPEHUM JIepeBOM Kiacudikallii, mpuyomMy AoCTYIHUH dy-
HKITIOHAJI, IKAH JTI03BOJISIE OCHOBHI (DYHKITIT 3MiHH MacIiTady 300pakeHHs Ta iIHCTPYMEHTH 30e-
pekeHHst Horo y rpagiuniit popmi (ocHOBHUX rpadiyHux Gopmarax).

JloJ1TaTKOBO BIKHO 3 Bi3yalli3aTopoM IPOIleCy OOpPaxXyHKIB MPOMIKHHX JIAHUX 3ajadi — I0-
Ka3zye MOTOYHMI JioT po3paxyHKy naHux JIJIK Ha cTopoHi KoMIoHeHTa OEKeHTy, TPUYOMY 10
¢dyHKITIOHANA TTi€T (POPMU MOYKHA BiJTHECTH MOKJIMBICTE 30€peKEHHS OIMHUCY OOPaxXyHKIB B CH-
CTeMHUH JioT — (aids1 /it HacTynmHOI epeBipKH (KopeKiii mapameTpiB Mojeni) Ta aHaizy. Tak
CTPYKTypa KOMITOHEHTa ()POHTEHTy MICTUTPH JBa 0a30Bi KJIACH — OJUH 3 SKUX JJISI poOOTH 3
iMIopToMm Ta ekcrioptoM ¢aitniB y popmari ganux (CSV, HTML ra in.), inmmii juis 6e3mnoce-
PEAHBOTO KEPYBaHHS MPOIIECOM OOUYHUCIICHb Ha CTOPOHI OekeHaa. PoboTa 3 GekeHI0M TIPOBO-
JTUThcs  Oe3lmocepelHbO  3a  JIOMOMOroro  6a3oBoro  kimacy  Process — 0i0mioTexu
System. Diagnostics, came 3a HOTO JTOTIOMOTOI0 CTBOPIOETHCS CHCTEMHHMH TIPOIiec, SIKUi 3armyc-
Ka€e KOMIIOHEHT OeKeH/ly 3 Ha0OpOM OCHOBHHX apryMEHTIB KOMaHJIHOTO PsIJIKa.

Taxk, mepe] 3amryckoM Iporiecy moOyIoBH JepeBa Kiacudikarlii, KOMIOHSHT (GpOHTECHTY
(bopMye MakeT BXiIHUX JJAHUX — [Iel TIpoIiec IPOBOIUTHCS 3a JOIMOMOT00 KOHBEPTYBaHHS Ja-
HUX rpadiuaoro enementy DataGrid 3 Tany DataTable y daitn popmary CSV, a micist KOHBe-
PTYyBaHHS JaHUX Ipoliec MOOY0BU JiepeBa Kiacu(ikaiii Moxe 3aBaHTaXXUTH (haiiir Ha CBOTH
CTOPOHI Ta POBECTH HEOOXiTHI 00UHCIIeHHS (pHC. 4).

DotWritter DeTree
- mNumOfNodes : int - mReportStream : stringstream
- mNumOfResultLeafs: int < - mDotWritter : DotWril
+ Write(TreeNode*, const char®) : bool 5 T
- WriteRootDot(TreeNode*, FILE*) 1 + BuildTree(const DataTable&) : bool
- WriteDot(TreeNode*, FILE*) + SaveGraphimage(const string&, const DataTable&)
+ SaveGraphReport(const string&, const DataTable&)
TreeNode + GetReport(): string
- DeleteRecursivly(TreeNode*)
- GetAllOfType(const TDataType&, const TSign&) : vector<size_t=
- GetFromFunctionAllOfType(const TDataType&, const TFunctiong, const vector<size_t=8) : vector<size_t=
+Name: string - On(const DataTable&, TDataType) : DataTable
+WPs: vector<double> - IsValidSit DataTable&, TreeNode*) : bool
+ TreeNode() - CalculateRecursivly(const DataTable&, TreeNode?, int)
+ SetKey(int) - CleanupLeafs(TreeNode*)

+ Parent : TreeNode
+ Left: TreeNode
+ Right: TreeNode

DataTable
+ Signs : vector=vector<int=>

InputParser CSVReader

+ Function : vector<int=

+ DataTable()

+ MakeDefault()

+ DataTable(const vector<vector<int=>, const vector<int=)

- mTokens : vector=string>

- mFileName : string

+ InputParser(int, char**)
+ GetArgument(const string&) : string
+ ArgumentExists(const std::string& option) : bool

- mCharDelimiter : char

+ CSVRi :string, char )
+ ReadDataTable() : vector<vector<int=>

Puc. 4. UML — cxema bexenody DeTree

Backend Overview (DeTreeBackend). SIk B>xe HaroJomryBajaoch BUIIE, MPOEKT OEKEHTy Ha-
MUCAaHUI MOBOIO ITporpaMmyBaHHsi C++ Ta sIBIIsie COO0F0 KITACHUHUIA KOHCOIBHUIA T0JIATOK, SIKHIA
3a0e3neuye 0a30BUi (DYHKIIOHAT BCIX MaTeMaTHYHHUX OOPAaXYHKIB JaHUX (QJITOPUTMIYHHX
cxeM), 30ip Ta poboTy 3 iH(opMmaIliero Ha IX ocHOBI. OCHOBHUI KOMYHiKalliiHUH iHTEpdeiic 13
HEIO pealli3oBaHUM, K BapiaHT — Yepe3 HaOOpH apryMEHTIB KOMaHIHOTO PsJIKA, BiIIOBIIHO
chopMOBaHi MakeTu JaHUX, Tak 1 yepe3 rpadiunuii inrepdeiic popmu pponTeHIa.

81



Ne 4(22), 2020 TEXHIYHI HAYKU TA TEXHOJIOT'IT
TECHNICAL SCIENCES AND TECHNOLOGIES

Ha croromni Oexkenn ckimanaeThes 3 6a3oBux 14 xinaciB ta 12 ctpyktyp nanux. Hampukinan,
Kiac InputParser onucye 3arajbHy JIOTIKY POOOTH JUIS aHAITI3y Ta PO3OUTTSA HAOOPIB BXiTHUX
apryMeHTiB KOMaHJIHOTO psJIKa Ha TOKEHH, Iei Kiac 3abe3neuye MOMXIIMBICTh HMIBUJIKOT epe-
BipKH Ta 0OpOOKH BXiJTHUX MapaMeTpiB KomaHaHOTO psaaka [1C, mepeBipku KOpEKTHOCTI iX 3Ha-
yeHb. Hanpukiaz, /15 3aBaHTaXEeHHs JaHUX O03HAK (aTpuUOYTiB), y HAOOPH apryMeHTiB KOMaH-
JTHOTO PsIJTKa BUKOPUCTOBYETHCS CHHTAKCUC BUTIIANY (-f <filename™), ne BiINOBITHUN KI1ac
napcepy nepeBipsie HasiBHICTh apryMeHTY BXIIHOTO (aifity Ta Jla€ MOXKIIMBICTh OTpUMaTu Oe3-
MOoCcepeTHHO 3HAYCHHS IIISIXY.

[licnsa eramy oOpoOku Ta aHaiizy HabOpy BXiJHHUX MapaMeTpiB Ta c(OPMOBAHUX IMAKETIB
JTAHWX HACTa€ eTal NEepBUHHOTO 3aBaHTaXeHHsS MacuBy mAaHux HB. OcHoBHa cxema iHTep-
¢eiicy koMyHIKalii JaHUX MK KOMIIOHEHTaMH (pOHTEHIy Ta OEKEHIy IOJIsirae yepe3 MocH-
JIaHHS a0COJIIOTHUX MUIAXiB (aiimiB ganux B Gopmari CSV (B 3a/1e’KHOCTI BiJl HAJIAIITYBaHb
I1C). Taka cxema KoMyHiKallii mpu nepeaadi AanuxX Mixk komrnonenTamu 1 1C nosicHIoeThCs 3Ha-
YHOIO e(DeKTHBHICTIO, 3PYYHICTIO B MOXKIIMBOCTI KOPEKITii JAHUX Ta MIPOCTOTOO MPOIIECY Opra-
Hizauii. /i 3aBanTakeHHs 1aHuX B popmati CSV B KOMIIOHEHTI OeKeH Ty peasi3oBaHui BiJl-
noBigauE Kiaac CSVReader, sixuii 3a0e3neuye MOBHUN (PYHKIIOHAT 3a7adi 3aBaHTa)KCHHS,
6a30Bo1 Bajtiiallii, KOpekiiii Ta GopMyBaHHs BHYTPIIIHBOTO npeicTaBieHHst CSV tabiaunp Ma-
cHBIB nanux. Hampukias, y HalpocTimoMy BUITAIKY — IaHi MPEICTABISIOTHCS 3a IOTIOMOT OO
BHYTpilmHboOro ncepionimMa 7'DataTable, skuit, y CBOIO 4epry, OIMUCYETHCSI BEKTOPOM BEKTOPIB
(std::vector<std.:vector<int>>).

[licns etamy 3aBaHTa)KeHHs, YCIX MPOLEAYP NEPEBIPKU JaHUX Ta IX TpaHcopmallii B BHY-
TpimHii Gopmar I1C, cuctema nmepexouTh 10 Oe3mocepeTHb0T 0Oy IOBH JAepeBa (CTPYKTYpH
JIZIK). Ha eramni mpoextyBanus [IC, Bcio BHYTpIIIHIO JIOTIKY MOB’s3aHYy 3 PO3paxyHKaMu Ta
aHaII30M JaHWX OyJI0 BUHECEHO B 0a30BHil Kiac DeTree, mpudoMy JIIs TIOOYIOBH JiepeBa Kiia-
cudikarii y CTpyKTypi I[bOT0 KJIaCy BUKOPUCTOBY€ETHCSI OCHOBHUM Meton BuildTree. Ilocnino-
BHICTH KPOKIB IMOOYJIOBH CTPYKTYpH JiepeBa kimacudikarii (moaem JIJIK) MoxxHa BH3HAYATH
TaKUM TOPSIKOM JIiii:

[TixroToBumii eTar MOYaTKOBOro BUOOPY Ta iHiIliami3arlii 6a30BHUX MapaMeTpiB Ta HAJTAIITYBaHb
I1C mix pearii KOHKPETHOT MPUKJIAIHOT 3a/1a4i BIATIOBITHO JIO YMOB reHepallii CTpyKTypH (MOJeTTi)
JIJIK — xpuTepiiB po3raiiyKeHHs Ta KpUTEpiiB 3yIMIMHKA MO0y I0BH JiepeBa Kiacupikariii.

[TouaTkoBuii eTam Bamifarii HAOOPiB BXiTHUX JAHUX MOTOYHOT 3a/1a4i (epeBipKa Ha Kope-
KTHICTB pi3HuX THIB Janux HB ta TB), BuOip Ta mepeBipka Ha KOPEKTHICTH OCHOBHUX PEKH-
MiB (TapaMeTpiB) poOOTH MpoIleIypy TeHepallil AepeBa Kiacudikartii.

Etam 3a0e3nedeHHs MEpBUHHUX TPOIIEYD 3aIUTY, BUAUICHHS Ta PO3MOILTY ONepaTHBHOI
nam‘aTi CUCTEMHM TiJ IeHTpalbHy Bepiiuny (Root Node), By311 Ta iepexoau CTpYKTypH Jie-
peBa kinacudikarii (podora meremkepa nam sti [1C).

Etan poGotu pekypcuBHOI npoueypu 00paxyHKy HaO00Opy BeIMUYHH iH(HOpMATUBHOCTI (Ba-
JKIMBOCTI) arpuOyTiB (03HaK) W (P;), BIAMOBIIHO JO 0OpaHOTO aBTOMATUYHO a00 B IHTEPAKTH-
BHOMY peXXHMMi KpUTepito po3raiyxenHns ctpykrypu JIJIK.

ETan reneparii ctpykrypu JIJIK (By3iiB gepeBa kiacugikariii) BiAmoOBiIHO 10 3adikcoBa-
HUX KPUTEPiiB po3ray’kKeHHs Ta 3yIHHKH 1100yI0BH JiepeBa Kiacugikarii.

ETan poGotu mporneypu BijcikanHs (onTuMizartii ctpyktypu JIJIK) mist MiHiMi3aIii cTpy-
KTYpHUX KOMIIOHEHTIB (BY3J1iB, OJIOKiB) HOOYJOBAaHOTO JiepeBa Ki1acudikarlii.

ETan ¢inagpHOT mepeBipKA OCHOBHHX ITapaMmeTpiB mooyaoBaHoi ctpykTypu JIJIK (Moneni
kiacudikariiii) B aBTOMaTHYHOMY a00 1HTEPAKTUBHOMY PEKUMI 3aJIe)KHO BiJ TOYATKOBHUX Ha-
namryBasb [1C.

Etan noctnponenypHoro anaiizy nodynoanoi mojeni (crpykrypu JIJIK), etan nexomrio-
3WINT CHHTE30BAaHOTO JiepeBa Kiacu(ikaiii 3 BHAUICHHIM Ta 30epeKeHHSIM OKPEMHX PaBHIT
Kiacudikarii.
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3a3HaunuMo, 110 MPOoIelypa PeKYPCUBHOIO 00PaXyHKY BEIMYMH iH(POPMAaTHBHOCTI aTpHOYTiB
0azyeTbest Ha ocHOBHOMY Metofi CalculateRecursivly, a Bech (yHKITIOHAT BY3JIiB KOHCTPYKITIT
JIJIK mpaittoe Ha ocHOBI 0a30BOi CTpYKTypH By37na nepeBa (Node) TreeNode. B cripornenomy
BUNAJIKY CTpYKTypa TreeNode cknanaeThes 31 ciucky iHpopmMariitnoi oninku arpudytis W (P;),
JiTepalbHOTO IMEHi 11t KOMIIOHeHTa Bizyanizamii ¢pparmenty JIJIK Ta yHikagpHOTO 11 poBOTO
KITIOYa, TPAYOMY 3aJIe)KHO BiJI pO3TaIlyBaHHS JJaHA CTPYKTYpa MiCTUThH HaOip TOCHIIaHb Ha Oa-
THKIBCHKHIA, JIIBUH Ta TipaBuit By3mH (610ku) koHeTpykiii JI/IK (BiamoBiHI CTPYKTYpH).

Oynkiiro Bizyarizarii modymaoBanux ctpykryp JIJIK (reHeparrii 300pakeHs, K MOBHUX Jie-
peB kiacudikarii Tak 1 iX OKpeMHX KOMIIOHEHTIB) OyJio MOKJaneHo Ha ¢opmaT nanux Dot,
SIKH# BXOJIUTB Y BIIKPUTHH MTporpaMHuii mpoaykt GraphViz (6i6ioTeka 3 BIIKpUTHM Iporpa-
MHHUM KOJIOM), caMe Ha ii OCHOBI OyayeTbes rpadidHe MpeacTaBIeHHs JiepeBa Kiacugikaiii
(Bizyaurizariii cKJIaqHUX Tpad) — CXeMHHX IPEJCTABIICHB) 1 B 0ararboX iHIIMX MOAIOHAX Mporpa-
MHUX Tpoaykrax. J[ns moOymoBu ¢aiiny y dopmati Dot Oyno po3pobieHo 0a3oBuii Kiac
DotWritter, nieit xiac (opMye TEKCTOBe IpejcTaBlieHHs (aitry ¢popmaTy Dot Ta Ha OHOBI pe-
KypCUBHOI Ipoleypu 0OpaXxyHKy JaHMX — 3all0BHIOE HOro iH(opMaIliero Ha OCHOBI OOy 10-
BaHOTO JiepeBa KiacH}ikariii.

Ha nactynHomy ertani po6otu 11C — miciist 3aBepieHHs BCiX omepariii po3paxyHKiB JaHUX,
reHeparlii BCiX cTpykTyp daitiry ¢popmary Dot Ta popMyBaHHS TaKeTiB JaHUX, Oa30BHUIl Kilac
DeTree 36epirae Bci modynoBani Habopu TaHUX Y TOTOYHY pobouy nanky I1C y cneriansHoMy
HaliMeHyBaHHI (popMaTi), Ta BUKJIHKAE 30BHIIHIO YTHIITY (KOMIIOHEHT) IPOTPaMHOTO MTaKeTa
GraphViz — sxa Ha ocHOBI (aiiny dpopmary Dot Oynye rpadiude (Tpad — cxeMHe) IpeJICTaB-
JICHHS JiepeBa Kiacudikarii (modynoBanoi Moaeni kiacudikarii). Ha HacTymHOMY KpoITi — ITi-
CJIs YCIITHOTO BUKOHAHHSI BCiX momepenHix eramniB ¢ynkiionyanns [1C, koMnoHeHT ¢ppoH-
TEH/Y BiJICTEKYE MOJIIF0 KOPEKTHOTO B IJIaHi (JOPMYBaHHS MAKeTiB JaHUX Ta OE3ITOMHUIKOBOTO
3aBepIICHHS Mpoliecy OEKEeHIY Ta MEePEeXOAUTh JI0 Mpoleaypy (GiHAIBHOTO 3aBaHTaKCHHS Ta
Bi3yaJizaiii BciX pe3yIbTaTiB po3paxyHKiB IMOTOYHOI 3a/1a4i (Moaeri Kiacudikarii).

3BepHeMo yBary, 1o [1C DeTree mae MOXIHBICTh 30epekeHHS K rpadiqHOTO Ta mapame-
TPUYHOTO TPEJICTABICHHS ITO0YA0BaHOT MoJiei aepeBa kiacudikaii (ctpykrypu JIJIK) — tak
1 JOMOMIKHHX JaHuX (TPOMIKHHX €TalliB) CHHTe3y KOHCTPYKIIi JiepeBa, 0 JO3BOJIsIE TPOBe-
cTH e(D)eKTHBHHM aHai3 caMoi IPOIEAYyPH CHHTE3Y JepeBa Kiacudikarii (Moseli) Ta 3HaHTH
MO>KJIMBI BapiaHTH Horo ¢iHanbHOT onTuMi3anii (00pi3ku cTpykTypr). OJTHUM 13 BapiaHTiB aHa-
ni3y mooyaoBanoi ctpyktypu JIJIK (Moxeni kimacudikarii) moxe Oyt pexxum podotu [1C
DeTree — (step-by-step model decomposition), sxuii 103BOJISIE TIPOBECTH MOSTATTHE BUIIICHHS
npaBwII Kinacugikarii 3 koHcTpykiiii JIJIK (muisxiB B cTpykTypi nepeBa kiacugikariii abo ¢ik-
coBaHHX T — OMOPHHUX MHOXXUH) JUIS iX ITOJAIBIIOTO aHANi3y Ta 30epexkeHHs. 3po3yMiso, o
TaKWi miaxia Oyae akTyaabHUH T MPUKJIaHAX 3a1a4 Kiacudikarii 3 HB Beiwkoro Ta Haa-
BEJIMKOI0 00°€My Ta y BUIAJIKY BEJIMUKOI CKIAJHOCTI (piHATBHOT MoJiei Kiacudikalii (CTpyK-
typu JIJIK) micist etamy ocTaTo4HOIT onrTEMi3ariii, MiHiMi3allii (00pi3ku KOHCTPYKITT JepeBa).

Jns mepeBipku mMoOyI0BaHOTO MPOTPAMHOTO 3a0e3MEeUYeHHs] BUKOPUCTOBYBAJIaCh BijioMa
3a/1a4a Mmpo TUI JiicoBoro mokpuBy (iric — 581012 enementiB MacuBy BuOipku). CTpyKTypa BU-
6ipku (HB ta TB) MicTuTb ciM Ki1aciB po30UTTS (TUIIM MOKJIMBOTO JIICOBOTO TIOKPOBY), MPH-
qoMy 00°€KT KITacuQiKarlii IpeCTaBISI€TCS K MOCITiOBHICTh 12 YHCIOBUX O3HAK Ta JIOAAT-
KOBO JIBOX OaraTo3Ha4HHMX IMCKPETHHX aTpHOYTIiB. 3ayBa)kKWMO IO MOJOBUHA MTOYATKOBOTO
MacuBy BUOIpKH (a came 290 506 00’ ekTiB BijToMOi Kitacu(ikarlii) BiIBOAIACE JUTST HABUYAHHS
CHCTEMH, a iHIIAa YacTUHA ISl TecTyBaHHs moOynoanux mozened JIJIK. 3aranbHi mani nmpo
3a/1a4y Ta 0e31ocepeIHbO caM MacHB BUOIPKH JUIS IEPEBipKH MOYKHA OTpHMaTH 3 pecypcy UCT
KDD Archive (http://kdd.ics.uci.edu).
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Kpim Toro, amroput™m C4.5 Ta iioro ineosoriuauiit Hamamaok C5.0 Oyin CKOMITUTLOBaHI 3a
JIOMTOMOT0F0 BijikpuToro kommistopa GCC (quist cucteMu Linux) 3 HAOOPOM OJTHAKOBHUX ITapa-
METpIB ONTUMI3allli Ta KOMIUIALIT OiHapHOTO KOoay. SIk 0a30Ba oneparliiiHa cucTeMa BUKOPUCTO-
ByBauiacsi Fedora Linux 23 (RedHat), a nns emynsuii Ta 3amycky Win32 API (po3po6nenoi [1C
DeTree) npormapox Wine (6i6mioteka libwine). Yci 3aMipu 4acy MpOBOJUIINCH Y CEKYHAX, a
cucteMu mooynoBu cTpykryp JIJIK OyIro 3amymieHo Ha IBOX Pi3HHX arapaTHUX KOHQITyparisax:

Configuration No 1 —Intel Core 17 7700K / Ram 16 GB;

Configuration No 2 — AMD FX8370 / Ram 16 GB.

OcHOBHI pe3yJIbTaTu TeCTYBaHHS HaBECHI B MOPIBHSUIBHUX TaOIHUIISIX 2-4.

Tabmuus 2
Topisuanns cxem nooyoosu JI/[K 3a xinvkicmio nomunox kiacugikayii,
Kinobkicmio npasui kiacugixayii, ma wacom nooyoosu JIJIK.

. 3arajbHa KiIbKicTh 3arajibHa KiJIbKiCTh NpaBuJI 3aranbHuii yac
AnropuTMmivyHa cxema o R
noMuiIokK — Ery, % kjacuikanii — Rty renepauii JIIK — Ty,
Config. Ne 1 -34 c.
C4.5 72 5420 &

Config. No2 — 42 c.
Config. No 1 — 186 c.
Config. No 2 —230 c.
Config. No 1 - 102 c.
Config. Ne2 — 129 c.

Cs5.0 6,3 4845

DeTree 6,7 5028

3a3HaunMo, 1Mo HaBeeHi aroputMidHi cxemu C4.5, C5.0 ta [IC DeTree MoXyTh TeHEpY-
BaTH sIK Ki1acugikaropu (HabOpH paBrII KiIack(ikariii), Tak i mpare3aTHi Mojeti (CTPyKTYpH)
JIJIK. B Gararpox BUIQJIKax y 3a/iadax aHaIi3y JaHUX HaOOpH MpaBwI KiacHpikalii € Kpammm
BapiaHTOM 3 TIOTJISTY €KCIIepTa 3a PaxyHOK IMPOCTOTH Ta HAOUHOCTI, HiX cTpykTypu JIJIK, ane, 3
iHIIOr0 OOKY, TaKe MPe/ICTAaBICHHS JaHUX € TOBLJIBHUM 1 BUMAra€e 3HauHO OiJIbINOI ONIepaTUBHOL
nam’sti. 3a3HaunmMo, 1o nodymosani cxemoro C5.0 Habopu mpasun (moaens JIJIK) marots mo-
MITHO HH)KYY YacTOTy MMOMIJIOK B mopiBHSIHHS 3 C4.5 Ta DeTree nmpuaomy MaroTh OJJHAKOBY TO-
YHICTh TOTOBOI MOJIeNi, ayie HaOip mpaBmi y mozeri C5.0 He3HayHO, aje MeHIe. BiHocHO Jacy
rereparii crpykryp JIJIK (ta mpaBwmin kimacudikariii) 3adgikcyemo, mo anroputMm C4.5 Habarato
IIBHIIIAH 32 paXyHOK MPOCTOTH CXEMH, JIOCTATHROI ONTHMI3aIlil Ta 0OMEXeHb Ha MPOLEAYPY
¢inanpHOT 00pi3ku (pruning). Tak, BuTpatu onepaTuBHOi nam’sti cxemu C5.0 nepeBaxHo 3Ha-
4yHO MeHIne, Hik y C4.5 npu noGyaosi Habopy npasui (mozeni JIJIK) — Oyio Bukopucrano 230
MB, a s C4.5 Butpaueno 4.3 GB, ane ograkoso Ounbine, Hixk y [IC DeTree — 180 Mb.

Tabmuns 3
lopisnanus cxemu 6ycmuney ons aneopummy C3.0.
Mepumne JIIK a- JIAK a.]'ll“OpHTM.y Ha.ﬁlp He[?BHHHHX Haoip knacudikatopis .
C5.0 Ha ocHOBI KkJacugikaropis aaroputmy | anroputmy C5.0 Ha ocHOBI
roputmy CS5.0
OyCTHHTY C5.0 OyCTHHTY
6,7 % 3.8% 6,2 % 3,6 %

3ayBa)kuMo, 110 3arajbHa cxema mpoueaypu OycTunry B anroputMi C5.0 He € IPUHIUIIOBO
CKJIQJTHOIO, IO JO3BOJISIE PeaTi3allifo MO Ji0HUX METOIUK (AJITOPUTMIB Ta CXeM) HaBITh O1IBIIOT
cknaaaocTi (epextuBHOCTI) st [IC DeTree ta C4.5 y BUTIISAI OKPEMOTO MMPOTPAMHOTO KOM-
moHeHTa. [IpoTe MexaHi3M OYCTHHTY € SKICHHM Ta eeKTUBHUM JII POOOTH B TIOPiBHSHHI 3
inmmmu noaiouuMu [1C moOymoBu AepeB pillieHb.
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Tabmuus 4
Topisusanns cxem nooyoosu JIJ[K 3a ¢hixcosanoio moynicmio, Kinbkicmio 6y3iié
ma uacom nooyoosu cmpykmypu JIIIK

AaroputmivyHa 3arajbHa KiJIbKicThb 3arajbHa KiJIbKicThb 3aranbHuii yac
cxema noMuiok — Eryy, % By3aiB JUIK — Vi, rerepauii JIIK — Ty,
C4.5 Config. No 1 — 57 c.
6.8 10167 Config. Ne2 —43 c.
C5.0 Config. Ne 1 — 62 c.
6.8 9201 Config. Ne2 — 51 c.
DeTree 6.7 1012 Config. Ne 1 — 50 c.

Config. Ne2 —47 c.

[IpuniunoBoro ocobsuBicTio cxemu C5.0 B MOPIBHSHHI 3 iHIIMMU TaKUMU aJrOpPUTMAMU
moOyT0BH JiepeB Kinacuikarlii € HasBHICTb MeXaHi3My OycTUHTY (booosting). I1ix OycTHHTOM
OyzeMo po3yMiTH 3arajlbHUH METO/]I reHepallii Ta 3aKJII0YHOro 00'eTHaHHS JeKiTbKOX 100y 10-
BaHUX KJIAaCH(IKAaTOPiB JIA MiABUINCHHS TOYHOCTI Kiacudikartii. 3ayBaxumo, 1mo cxema C5.0
HiATPUMY€E TPSIMUN OyCTHHT 3 OYb-SKOIO KUTBKICTIO iTepalliif, mpuiyoMy OibIa KiUTbKICTh iTe-
partiii 3a3Buyail MPU3BOIUTH JI0 TOAIBIINAX MMOKpAIIEeHb SKOCTI CHHTE30BaHUX KIIach(ikaTo-
piB. 3po3ymiso, 10 Ha CTBOPEHHS TiOpHAHUX Kiacu@ikaTopiB (Ha OCHOBI Mpoueaypu Oyc-
THUHTY) BUTPAYA€THCS 3HAYHO OLJIbINE Yacy, aje BUTPall y JOJAaTKOBIH TOYHOCTI MOJIENi MOXKe
BUIIPABJIATH JOJATKOBI BUTpPATH IMpoIliecopHoro yacy. OTxe, mpoueaypy OyCTHHTY 3aBKIH
CJTiJT TIPOBOJUTH, KOJH TOTPiOHA MaKCHMallbHA TOYHICThH (SKicTh) Kiacudikarlii, 0coOIMBO
KOJIM TIEPBUHHI KJIacu(iKaTOpH BXKe JAIOTh HEMOTaHy TOYHICTb.

3BepHeMo yBary, mo cxemu C4.5, C5.0 ta DeTree cuntesytots moaeni JIJIK 3 ananoriunoro
MIPOrHO3HOIO TOYHICTIO JIJIsI 3alIpONIOHOBAHO] 3a/1aui, ajie C5.0 moka3ye Tpoxu OUIbIINI yac po-
0oTH TIpu MOOYA0BI JiepeB Kiacudikarlii mpu Maike OJJHAKOBIH KUTLKOCTI IIOMUJIOK HA ITOYaT-
KoBiif BuOopIi. [IprdaomMy OCHOBHI BiIMIHHOCTI MOJSITAIOTH y pO3Mipax Ta CTPYKTypax mooy-
JIOBaHMX JiepeB Kiacu@ikarii i yacy oO4HcIeHb IpH MOOYI0BI TOTOBOI MOJIEN — CTPYKTypa
nepeBa C5.0 momiTHO MeHTIIe, ane BuTpatu yacy C5.0 € BiTHOCHO OiMbIIIi.

3BepHEMO yBary, mo cxema C5.0 Bkirodae B cede Kibka HOBUX (DYHKITIT, TAKAX SK 3MiHHI
BTpaT Ha HENPaBHIbHY KIacH]iKaito, o (GaKTUIHO T03BOJISIE BBOJUTH JIOJATKOBI THUIIH T10-
MUJIOK KJlacuQikarii 3 pi3HOI BapTiCTIO (AKicTio Ta 1iHOo0). Y cxemi C4.5 ta IIC DeTree Bci
MIOMMJIKH PO3TJISAAIOTHCS K PiBHI I[IHOIO (SIKICTIO, KIHIIEBUM BILUIMBOM), ajie Y MPUKIATHUX
3a/1a4ax JiesKi 0coOJIMBI TOMIJIKH KilacH(ikarlii (pi3HEX THIIB) MOXKYTh OyTH OLIBIT Cepiio3-
HUMU (BOKKHMMH), HIXK 1HINI (3BUYAHO 3ayie)kHO Bif crenudiku 3anayi). Tak anroputm C5.0
JT03BOJISIE BU3HAYUTH (BpaxyBaTH) OKPeMY BapTiCTh (IiIHY BILTUBY) JUTSI KOKHOIT TTOMIUIKH (J10-
BIJIBHOTO THITY) MOJIEI, 0 OyIy€ThCS — SKIO BUKOPUCTOBYETHCSI IS OIIIisl (B CXEMi alropu-
TMY), TO B I[bOMY BHITQJIKy OYy€ThCS KiIacu(piKaTOpH JJIs MiHIMI3aIll OUiKyBaHUX BUTpPAT Ha
HETIpaBUJIbHY KJIacU(iKallifo, a He 3arajibHoi 4acToTH MoMHuIoK cTpykTyp JIJIK, mpruaomy cami
TTOMIUTKH KJTacudikarii (BUIaIKN) TaKOK MOXKYTh MaTH HEOTHAKOBe 3HAYCHHS (IiHY). Y cxemi
C5.0 mepenbaveHo BiAMOBIIHUH apaMeTp (aTpuOyT) Baru BUMAAKY (TTOMUIIKA KiIacudikarrii),
KM KUTbKICHO Ta SIKICHO BU3HA4Ya€ BaXKJIMBICTh KOJKHOTO TAKOTO BHITAJIKY ((PaKTHIHO cXeMa
C5.0 mHamaraeThbest MiHIMI3yBaTH 3BayKE€HY 4aCTOTY MMOMMJIOK ITPOTHO3YBAHHS).

bimemmicts cydacHux [IC Ta KOMIUIEKCIB 1HTEIEKTYaIbHOTO aHAI3y JaHUX XapaKTepu3y-
IOTHCS Jy’K€ BUCOKOIO YHIBEpCAIbHICTh B IJIaHI PO3MIPHOCTI Ta cTpyKTypu HB — 3 coTHsIMH i
TUCSYaMHK aTpuOyTiB (03HaK). [IpuHIMIIOBOIO 0cOOMBicTIO cxemu C5.0, sika BijgcyTHs B C4.5
ta DeTree (anme moxe OyTH 10AaTKOBO peaitizoBaHa OKPEMHUM MOJIYJIEM) € aBTOMAaTUYHE BiJICi-
IOBaHHS aTpHOYTIB (03HAK) Tepe] MOo0YI0BOKO KiracudikaTopa, siKi XapaKTepU3YIOThCs JIHIIE
HE3HAYHOIO KopeJsiuieio (peneBanTHicTIO). s HB Benmkoro ta HajnBenukoro o0’eMy Taka
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MOYaTKOBa KOPEKIlisi MAaCUBIB JaHUX MO MPU3BECTH JI0 3MEHIICHHS CKJIQJHOCTI Kiacudika-
TOPIB Ta MiABUIICHHS TOYHOCTI PO3Mi3HABAHHS, a TAKOXK YaCTO MOKE CKOPOTHUTH Yac HEoOXi-
HU# U1 T00ynoBH HAOOpiB MpaBmiI Kiiackpikarii. 3BepHEMO TaKOX yBary Ha MpoOCTOTY y BH-
kopuctanHi cucteMu DeTree Ta C5.0. Ilporpamuunii inctpymeHT RuleQuest (3 BiakpuTUM
KOJZIOM) JI03BOJIsiE 3a0€3MeUNTH IPOIeypH YUTAHHS Ta iHTeprpeTanii KiacudikaTopiB cxem
SeeS5/C5.0 (See5 — Bimkpura nporpamua peamizaris anropurMmy C5.0 Ha Java). [Ticis Toro sk
kiacudikatopu (Mojeni aepeB Kiacudikaiii) Oy modyaoBani anroputmamu See5/C5.0 — s
crcTeMa JI03BOJISIE OTPUMATH J0 HUX JIOCTYII 3 iHImuX HezanexxHux [1C.

BucnoBku BimmoBigno g0 crarri. OTxe, 3Ba)Karoun Ha BCe BUIIICHABEIeHE, MOKHA 3adi-
KCYBaTH Takl MMyHKTH:

B onHOMY 3 BapiaHTiB, 3arainpHy CTpyKTypy AoBitbHOTO JIJIK MOXKHA TOCUTH IPOCTO Mpe-
CTaBHUTH B IPOrpaMHOMY (opMaTi y BUTIISAI TPhOX 0a30BUX €JIEMEHTIB (Ha0OPY TPhOX MACHBIB).
Tpeba 3ayBakutH, mo Juts nporpamuoi nodynosu JIJIK HeoOximHno M * N GalT onepaTHBHOI
mam’sti (Ui MpOCTOro BUMAMAKY) Ui 30epiranHs modatkoBoi iH(Gopmarii (1), a Takox 3 *
MN * (6M — 1) OaiiT — ms 30epiranHs TproX 0a30BUX MacuBiB Ta 3N OalT s 30epiranuHs
TPHOX JOMOMDKHHX. 3ayBaXXHMO, ITI0 Yac modyaoBu pe3ynsTytouoro JIJIK 3anexuTs Bij 00’ emy
noyatkoBoi iHpopmartii /(1) (e niniitHOIO dyHKIi€Eto Bix [ (1)), a yac NpUHHATTS pilleHb 3a Ho-
oynosanum JIJIK He mepeBHIye N MPOCTUX IMOPIBHSHD, JIe N — KUIBKICTh O3HAK Y ITOYATKOBIH
iHpopmartii /(). 3anporoHoBaHuil BUILE aTOPUTM JI03BOJIsE 3a0e3MeUnTH e(heKTUBHUN MeXa-
Hi3M nporpamHoi nooyaoBu dikcoBanoro JIJIK 3a Habopom nesikux nmouatkoBux ganux (HB).

Ha croromni Bijjomo nmecsatku [IC moOynoBH pi3HUX THIIB MOjelel jJepeB Kiachdikamii
(mepes pimens) y Burisiai ctpyktyp JIJIK ta mume ogna I1C sixa 6azyetbest Ha kontentiii AJIK,
MPUYOMY BCi IIi CHCTEMH BiJIPI3HSIOTHCS MPUKIIAJTHOIO CIIPSIMOBAHICTIO 3a/a4, IO PO3B’s3y-
IOTHCS, METOJIAMH Ta KOHIICTITYaIbHAUMH 3acajlaMH, Pi3HOMAHITHUM PiBHEM HiATPHUMKH, TpH-
yoMy 0araTo 3 HUX 3HaXOJITh Y BUIBHOMY (200 YaCTKOBO BITLHOMY) JIOCTYIII.

JIoMiHYIOUYHMY TiIX0JaMH METOIB Ta CXEM JIepPEB PillleHb, € CUCTEMH Ha OCHOBI METO/IiB
CART (crpssmoBaHUX JIJIS PO3B'SI3KY 3aJ1a4 KiacuQikailii Ta perpecuBHOTO aHamily), a [1C na
ocHoBi cxemu C4.5/C5.0 ta ix cygacHux moaudikariit/pearnizamniii (st po3B’ 3Ky 3aa4 po3-
MMi3HaBaHHS Ta Kiacudikaiii) Ta arGopMu (HaOOpH aIrOPUTMIB) MPSIMOTO Ta IPATIEHTHOTO
oyctunry (6i6mioreku LightGBM ta XGBoost).

Y 3B’S3KY 3 THM, IO CTPYKTYPH JIepeB Kiacu(ikarii micist moOya0BH 3a BHOIpKaMH peallb-
HUX JIaHUX BEJMKOT0 00°€My — MarOTh 37€0UIBIIOr0 CKIAAHY JUIS aHAli3y Ta HEOJHOPIIHY 3a
PIBHSIMU (SIpycaMu) CTPYKTYPY, TO TIPUHIIAIIOBOO IMTPOOIEMOIO 3aTHIITAEThCS TUTAHHS OpraHiza-
il mpoueaypy onTuMizaliii abo oOpi3kH (pruning) TaKUX KOHCTPYKINI. 3HayHa e(eKTUBHICTh
TOTO YH IHITIOTO AJITOPHTMY 200 CXeMHU JiepeB Kiacudikarlii B 3Ha4HiH Mipi BU3HAYA€ThCs eek-
THUBHOIO peajtizali€ero (€peKTUBHICTIO peali3oBaHuX AITOPUTMIB) caMe IbOT0 KOMIIOHEHTA.

[Torpy BECOKY €(PeKTUBHICTD y MPAKTUIHIHA IUIOMUHI, HASBHICTh SKICHOTO MEXaHi3MYy OTI-
TUMI3allil, MiHiMi3a1il o0y J0BaHUX CTPYKTYD JAepeB Kiacudikamnii cxema C5.0 He nmo36aBneHa
1 MIEBHUX CHCTEMHUX HEJIOJIIKIB, SIKi 000B'I3KOBO IMOTPIOHO BpaXOBYBATH SIK IIPH peatizarlii, TaK
i mpu poOoTi 3 moOyaoBanuMu mozensmu JIJIK.

I1C DeTree 6a3yeThbes Ha KOHIICIIIIT PO3TATy’)KEHOTO BUOOPY O3HAK (ITOSTAITHOT CeNeKITiT
03HaK) Ta J03BoJIsIe TpaloBaT 3 HB pizHoTHIHOT iHpOpMAaIlil IMHUPOKOTO CIEKTpa MPUKIIAI-
HUX 3a1a4. [Ippdomy Ha moyaTkoBoMy etarti mpoektyBaHHs [IC craBuimmcst 6a30Bi BUMOTH
IIOJI0 3arajbHOro (PYHKIIOHATIA CHCTEMH — HasBHICTh €(pEKTHBHOTO MEHEKepa ImaM’ sITi CH-
CTeMH, CIIPSIMOBAHICTh Ha pOOOTY 3 MAaCHBaMU JIAHHUX BEJIMKOTO Ta HAJIBETUKOTO 00’ €MY, BH-
Mora Ha e()eKTHBHICTh Ta ONTUMI3AIIiI0 KOAY CUCTEMH, MPOCTOTa iHTepdeiicy oneparopa, Ha-
SBHICTh aBTOMATHYHOI'O Ta IHTEPAKTHBHOTO pPEXHMIB pPOOOTH CHCTEMH, BHUMOTA
KpocIutar(hOpMHOCTI TOTOBOI CUCTEMH, BUMOTA Ha KOPEKIIIIO Ta JJOHABYAHHSI TOTOBOI MOJIENi
kinacudikamii (crpykrypu JIJIK).
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[locninoBHICTH KpOKIB MOOYIOBH CTPYKTYpH nepeBa kiacudikamii (mogeni JIJIK) B T1C
DeTree MoXHA BU3HAYUTH HACTYITHUM ITOPSIKOM JIiii: TOYaTKOBHI €Tal BU3HAYEHHS Ta iHIITi-
anizanii 6a30BUX MapaMeTpiB, eTan BaJifalii BXiIHUX JaHUX Ta BU3HAYEHHS PEXUMIB poOOTH
I1C, eranm po6oTr 6a30BHX IPOIEAYP MEHEKEpa ITaM'sITi, eTan (JopMyBaHHs Ta iHGopMaIiifHO1
OLIIHKM HaOOpiB 03HaK (aTpulbyTiB), eTamn GpopmyBaHHs cTpykTypu JIJIK (By3:iB Ta nepexoiB),
eTarn onTuMi3arii Ta Mirimizarii koHcTpyKIii JIJIK (pinanpHOT 00pi3ku qepeBa Kiacudikairii),
eTarl KiHI[eBOi epeBipKH napameTpiB nooyaoBanoi moeni kinacudikanii (JIIAK), eran ananizy
Ta BUUICHHS IPABIIT KJIacH(ikarrii.

OnnuM 3 BapiaHTiB aHallizy nmooymoBaHoi ctpykTypu JIJIK (Moneni kmacudikarii) Mmosxe
oytu pexxum podotu I1C DeTree (step-by-step model decomposition), sikuit 703BOJIsIE TIPOBE-
CTH IO€TaIHe BUAUICHHS paBui Kiacudikanii 3 konerpykii JIJIK mis ix noganeiioro goci-
JOKCHHSI Ta 30€peKeHHs, MPUIOMY 3PO3YMLJIO, IO TAKHWH MiAXiT Oye aKTyalbHUHA IS TPUK-
JamHUX 3a1a4d kinacuikanii 3 HB Benukoro ta HajBennkoro o0’eMy Ta y BHIAJIKY BEITHKOL
CKJIQTHOCTI (iHaNbHOT MoJienm kinacudikarii (crpykrypu JIJIK) micis eTamy ocTaTo4HOT ONTH-
Mi3arlii, MiHiMi3aIlii (00pi3kKu KOHCTPYKIIT JepeBa).
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Igor Povkhan

FEATURES OF SOFTWARE SOLUTIONS OF MODELS OF LOGICAL
CLASSIFICATION TREES BASED ON SELECTION OF SETS OF ELEMENTARY
FEATURES

Urgency of the research. Currently there are several independent approaches (concepts) to solve the classification problem
in the general setting, and the development of various concepts, approaches, methods, and models that cover the general issues of
the theory of artificial intelligence and information systems, all of these approaches in a recognition theory have their advantages
and disadvantages and form a single tool to solve applied problems of the theory of artificial intelligence. This study will focus on
the current concept of decision trees (classification trees). The general problem of software (algorithmic) construction of logical
recognition trees (classification) is considered. The object of this research is logical classification trees (LCT structures). The
subject of the research is actual methods and algorithmic schemes for constructing logical classification trees.

Target setting. The main existing methods and algorithms for working with arrays of discrete information in the construc-
tion of recognition functions (classifiers) do not allow you to achieve a predetermined level of accuracy (efficiency) of the
classification system and regulate their complexity in the construction process. However, this disadvantage is absent in meth-
ods and schemes for building recognition systems based on the concept of logical classification trees (decision trees). That is,
the coverage of the training sample the set of elementary signs in the case of LCT generates a fixed tree data structure (model
LCT), which provides compression and conversion initial data TS, and therefore allows significant optimization and savings
of hardware resources of the system, and is based on a single methodology — the optimal approximation test sample set of
elementary features (attributes) that are included in some schema (operator) constructed in the learning process.

Actual scientific researches and issues analysis. The possibility of an effective and economical software (algorithmic)
scheme for constructing a logical classification tree (LCT structure model) based on the source arrays of training samples
(arrays of discrete information) of a large sample.

The research objective. Development of a simple and high-quality sofiware method (algorithm and software system) for
building models (structures) LCT for large arrays of initial samples by synthesizing minimal forms of classification and recog-
nition trees that provide an effective approximation of educational information with a set of ranked elementary features (at-
tributes) is created on the basis of a scheme for branched feature selection in a wide range of applied problems.

The statement of basic materials. We propose a general program scheme for constructing structures of logical classifi-
cation trees, which for a given initial training sample builds a tree structure (classification model), which consists of a set of
elementary features evaluated at each step of building the model for this sample. A method and ready-made sofiware system
build logic trees the main idea is to approximate the initial random sampling of the volume set of elementary features. This
method provides the selection of the most informative (qualitative) elementary features from the source set when forming the
current vertex of the logical tree (node). This approach allows to significantly reduce the size and complexity of the tree (the
total number of branches and tiers of the structure) and improve the quality of its subsequent analysis.

Conclusions. The developed and proposed mathematical support for constructing LCT structures (classification tree mod-
els) allows it to be used for solving a wide range of practical problems of recognition and classification, and the prospects for
further research may consist in creating a limited method of logical classification tree (LCT structures), which consists in
maintaining the criterion for stopping the procedure for constructing a logical tree by the depth of the structure, optimizing its
software implementations, as well as experimental studies of this method for a wider range of practical problems.

Keywords: tasks of recognition, classification tree, logical tree recognition algorithm, discrete object, elementary basis,
extensive characteristic selection.
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CUCTEMA BUSIBJIEHHS ®EMKOBUX HOBUH
3A 1OIIOMOTI'OIO DATA SCIENCE

AKmyanvHicms memu 00cnioxcenHA. Ha coo200Hi akmyansrum € 3a60anHs AHANIZY IPAGOUGOCIIE IHPOPMAYIT 6 HOBUNAX,
AKUMY 3ANOBHeH I 6Ci ICHYIOY] KAHANU OMpuMarnHus ingopmayii. Ii akmyanvHicmo noe 'sa3ana 3 HeoOXiOHicmIo 3anobicanHa na-
HIKU uepe3 OMPUMAHHA HeOOCMOGIPHOI iH(popMayil, pO3GIHYYE8AHHA NCEBOOHAYKOBUX (DAKMIB, U0 MONCYMb 3ASPOHCYEAMU
orcummio 0oetl, 60pomv6a 3 NONIMUYHOIO NPONAZAHOOIO MA THULL.

Ilocmanogka npodaemu. Ls poboma ¢hoxkycyemocs Ha noHammi po3pooKu cucmemil GUAGIEHHS QelikO8UX HOBUH, AHANI3I
ICHYIOUUX cucmem ma ix NPUHYUNIe pobomu, NPUHYUNIE NOOYO08U iX aneOPpUmMMIe ma 0cOOIUGOCSX IX GUKOPUCTIAHHSL.

AHnaniz ocmannix 00cnioxcenv ma nyonikauiii. bynu posensnymi ocmanni nyoaikayii y 6i0Kpumomy 0ocmyni, cmamuc-
MuyHi Oawi, 36imu Kopnopayil.

Buoinenna Hedocnioxycenux wacmun 3a2anvHoi npodaemu. Ananiz ghaiiny 6yoe uKOHAHULL 30 OONOMO20K MPbOX MENO-
die/knacugixamopis i be3 euxopucmarnns PassiveAgressive knacugixamopa. Obuucnenna ma 6useoeHHs pe3yiomamie uKo-
HYEMbCSL 3d OONOMO20I0 NOOYO08U MAMPUYL NOMUIOK MA PO3PAXYEAHHS MOYHOCML.

Ilocmanogka 3aedanns. OcrogHOI0 Menoio pobomu € CIMEOPEeHHs HA OCHOBE PO32ISHYMUX MAMEPIANi6 cucmemu Gusi6-
JIeHHsL (hetiKo8UX HOBUH MA OOCA2MU HAOLNbUL MOICIUBOL MOYUHOCT.

Buknao ocnosnozo mamepiany. Obparo 6xioni 0awi 0ns 00ciiodcents, npoeedena ix niocomogka ma ananis. [lposedeno
Q0CIONCEHHSL OAHUX 3a 00NOMO2010 Memoodie/knacugixamopie Jlocicmuunoi peepecii, Jlepesa piutenv ma Pandommnozo nicy.
Obuucnena mounicmo GUAGNEHHS (EUKOBUX HOGUH.

BucHnoeku 6ionosiono 0o cmammi. 3anpononosana cucmema 00360J5€ Kiacupixysamu HO8UHU K « petikosiy abo «npa-
60ugi» 3 mounicmio 98-99 %.

Knwuogi cnosa: Python; geiix; ¢eiikoea Hosuna, npasouea HoguHa; kiacugixamop.

Puc.: 6. Taon. 1. bion.: 6.

AKTyaJbHiCTh TeMH JocaiakeHHs. Ha choro/iHI aKTyansHUM € 3aBJIaHHS aHATI3Y MpaB-
JTUBOCTI iH(popMaIlii B HOBUHAX, SKUMH 3alIOBHEHI BC1 iICHYIOUI KaHAIM OTPUMaHHS iH(opmMarrii.
Ii akTyanbHicTh OB’ s13aHa 3 HEOOXIAHICTIO 3aM00IraHHs MaHIKM Yyepe3 OTPUMAaHHs HeI0CTOBI-
pHOi iH(pOopMaIIii, po3BiHUYBaHHS TICEBIOHAYKOBUX (DAKTiB, IO MOXKYTh 3arpOKyBaTH KHTTIO
mozeit, 00poThOa 3 MONIITHYHOO MPONAraHoko Ta 1HIII.

ITocTanoBka nmpoo6aemu. Binrosi sk TepMiH «peiHKoBI HOBUHI» TOTPAIUB Y TOBHE BHKO-
PHUCTaHHS Ta CTaB 3arajibHOBXKUBaHUM Y 2016 poIli, MU CTaIH CBIIKAMU paIliOHAIBHOTO MOIITH-
peHHS HempaBIuBo1 iHpopMaIlii Ta crroco0iB 11 MOMHUpPeHHs. Y IHOMY POIIi IJIs1adaM Ta 9uTa-
YaM JOBENOCS CTUKHYTHCS 3 (aJbIIMBUMH BiJCOPOJIMKAMU, IO OOYyIH TOJaHi SK JIHCHO
MpaBIIUBi, OJ0raMu, HAMTMCAHUMHU aHOHIMHAMH «TPOJIIMUY, & TAKOK CYMHIBHUMHE TEOPIsIMH, y
sk moBipuik HaBiTh y bimomy nomi CIIIA. Ie me He kaKyuH Npo YUCICHHI MPUKIAAA TOMHU-
JKOBUX a00 3aBijioM0 oMaHIMBHX JaHUX Y 3MI abo BUCTyIIax BCECBITHROBIIOMUX IMOJTITHKIB.

AHaJTi3 0CTAHHIX J0CTiKeHb i myoJikamiii. JlocmikeHHs i€l mpodieMu TPOBOIUITUCS
TaKMMH BUSHUMHU Ta opranizaitismu, sk Filip Mishevski, [1], data-flair [2] Ta ixmmi.

Bupinenns Hexocai:KeHHX YACTHH 3arajbHOI mpobJjemu. Y 1iif ctarTi aHami3 Qaiimy
OyJe BUKOHAHWHA 3a JIOIIOMOTOIO TPHOX METOMIB/KiIacu(pikaTopiB i 0e3 BHKOPHUCTAHHS
PassiveAgressive knacugikaropa. O04ncIeHHs Ta BUBEJICHHS pe3yIbTaTiB BUKOHYETHCS 3a J10-
MTOMOT OO TIO0YTIOBH MaTPHIIh TOMUJIOK Ta PO3paxXyBaHHS TOYHOCTI.

ITocTranoBka 3axaui. [IpoananizyBaTi icHyI04i aJIrOPUTMH Ta METO/IU BUSIBICHHS (eiiko-
BHUX HOBWH Ta BU3HAYUTH HAWOLIBII e()eKTUBHMIMA, a00 TX KOMOIHAIIIIO.

Buxaax ocHoBHoro marepiaiy. «®elikoBa HOBUHA)» BHU3HAYAETHCS K Taka HOBUHA, 110
«ITOBHICTIO CKJIaJieHa 1 cabpuKoBaHa JUIs OOMaHy 4MTada, 3 METOI 301IbIIeHHS Tpadiky i
npuOyTKy». Taki HOBUHU MO’KHA OXapaKTepU3yBaTH SIK eleMeHT iH(popmMariitHoi MicTudikanii
a00 HaBMHUCHE TIOIMUPEHHS HEMPaBIUBUX (aKTiB B OHJIAMH- Ta TpaauIiiHUX Meia abo 3MI 3
METOIO BBEJICHHSI CIIOKMBaYa B OMaHy abo oTpuMaHHs (iHAHCOBOI UM MOJITUYHOI BUTOIH [3].

L1 poboTa pokycyeThes Ha MOHATTI PO3POOKH CUCTEMH BHSIBIICHHS ()eHiKOBUX HOBHH, aHa-
731 ICHYIOUUX CHCTEM Ta MPUHIHUIIIB IXHBOI pOOOTH, IPUHIIMIIIB TOOYI0BHU iXHIX aITOPUTMIB
Ta 0COOJIUBOCTSIX iX BUKOPUCTAHHSI.

© bazunesuu B. M., [Tpubursko M. /1., 2020
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Jnst nocripkeHHst peHKOBUX HOBHUH Ta OTPHMAHHS SIKOMOTA TOYHIIIIOTO Pe3yJIbTaTy, HOTpi-
OHO MaTH JIOCUTH BEJIMKHUI 00CAT BUXITHUX JaHUX. [ [ppudomy uuM OiLIbIIy KiJTbKiCTh HOBHH BIla-
CTbCS ITPOAHATI3yBaTH, TUM OUIBIITY TOUHICTh pe3yJIbTaTiB MokHa Oyae otpumaru. Cepes unma-
JI01 KiJTBKOCTI BapiaHTiB OyB oOpanwmii caiT https://www.kaggle.com/, sikuii HaJtlae MOKITHBICTh
3HAiTH OaraTo CeTiB JaHMX Ul Maibke Oyb SIKUX aHATITHUHHUX oTped [4]. Y HammoMy BUIAIKY
OyB oOpanwmii qaracet «Fake and real news datasety. Llei HaOip qaHUX CKIIaIa€Thes 13 TBOX (aii-
niB Fake.csv ta True.csv, siki MicTSTh BiAIOBITHO HAO1p elKOBUX Ta HAOip MpaBIUBUX HOBHH.

Y nmaraceTi BUKOPUCTaHI HOBUHH, 10 Oyym omyoutikoBaHi 3 31 6epe3ns 2015 poky mo 19
mrotoro 2018 poky Ta 3 13 ciunst 2016 poky mo 31 rpyans 2018 poky ans daiini Fake.csv ta
True.csv BiInoBiIHO

J171s1 3pydHOCTI MOJANBINIOTO aHAMI3Y JaHUX, HOTPIOHO MiArOTYBaTH (hail TAKMM YHHOM:

Jomaemo neii6m “fake™ ta “true” s daitmis.

«3nuBaemMo» oOuBa (haitiam B o1uH piHATHHUH.

[TepemimmyemMo JaHi, OO OTPUMATH BHITAIKOBUH MOPSA0K HOBUH Y (aiii.

[Tpubupaemo xononku title Ta date sik Taki, 10 He HECYTh IIIHHOCTI JUIsL JOCI1JKEHHSI.

[lepeBommmo TekcT y lowercase.

[Ipubupaemo myHKTYyaIiIO.

Bunansemo “stopwords™ (11e Taki ciioBa, sIKi He J0Jaf0Th OCOOJMBOTO 3HAYCHHS PEUCHHIO.
Bonu MoxyTh OyTu 6e3medHo MmpoirHopoBaHi 0e3 MKOoAM Ui 3MicTy pedeHHs). [licis Buko-
HaHHS JIifl, OIMCaHUX BUIIE, (hailll MOJKHA BBaYKATH TOTOBUM JUIS TIOAAJBIIOTO JTOCTIHKEHHSL.

[lepen TuM siK peasizyBaTH alTOPUTM TOINYKY (hefiKOBUX HOBUH, IPOBEAEMO MEPBUHHHIA
aHaIi3 BMICTY JaHUX y (ailii, a/pke BaXKIIUBO PO3YMITH HE JIHMIIE 3 SIKAM 0OCSITOM JTaHUX MU
MPAIFOEMO, a i 3 SIKUMHU caMe JAHUMH MU Ma€eMO CIIPaBy.

BuBemeMo y BUTJISII CTOBITYACTOI JliarpaMu KUTBKICTh (peHKOBHX Ta IPABIUBUAX HOBHH. J[J1st
IOTO BUKOpUCTaEMO Jeiom “true” Ta “false”, siki Oynu BCTaHOBIEHI HA MOYATKYy poOOTH 3
¢aiiioM. Pesynbrat miapaxyHKy mpecTaBlIieHui Ha puc. 1.

label

fake 23481

true 21417

Name: text, dtype: intss

<matplotlib.axes._subplots.AxesSubplot at ex2b23aasacde>

0 5000 10000 15000 20000
count

Puc. 1. Pe3ynoemam éugeoents KilbKocmi (hetikosux ma npagousux Ho8uUH

Bupaxyemo Takok TOUHY KUIbKICTh HalO1JIBINI BXKUBAHUX CIIB Y (PeHKOBUX Ta MpaBIUBUX
HOBHHAX 1 BUBEJIEMO pe3yJIbTaT, sIK TI0Ka3aHo Ha puc. 2 Ta 3 BiJITOBIIHO.
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Puc. 2. Pe3ynomam eugeoents KilbKOCMI HAUOLIbUL BHCUBAHUX CILI8 Y (DelIKOBUX HOBUHAX
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Puc. 3. Pe3ynomam eusedentst KilbKoCmi HAUOLIbUL 8HCUBAHUX C1I6 Y NPABOUSUX HOBUHAX

Temnep MoxHa 3pOOUTH TPUITYIIEHHS PO OCHOBHY TEMAaTHKY HOBHH, IIIO NIPEICTABIICHI Y
(aiini, a TaKoX OMIHUTH HAJEKHICTH JO MEeBHOI reorpadidHoi obmacti (y HAIOMY BHITAIKY
KpaiHW) Ta OMHUCY JIiif MIEeBHUX TPyl HaceJeHHs (y HAIIOMY BHIAJIKY MOKHA NOOAYUTH HaBITh
KOHKPETHI Tpi3BUIIA).

3poOUBIIN TaHUH aHAaJi3 Ta po3yMilOUYH BMICT (hailiry, MOXKHA EPEeXOAUTH JIO CTBOPEHHS
ITOPATMY TOITYKY (EHKOBUX HOBUH.

[Iporec MoenOBaHHS CKJIAIA€ThCsl 3 BEKTOPU3AIlil KOPITyCy, 0 30epiraeTbcs B CTOBIIII
»text”, motim 3actocyBanHs TF-IDF (frequency-inverse document frequency) i, Hapemiri, aj-
rOpUTMY Kiacudikaliii MalmMHHOTO HaBYaHHs [5].

Y KOHTEKCTI JTaHO1 CTAaTTi MU BUAUIIEMO TPH METOAM/KIacu(pikaTopy BUSBICHHS, a caMme:

1. Jlorictiuna perpecis.

2. JlepeBo pillicHb.

3. PanyiomHuit Jic.

[ToOymyemo confusion matrix (MaTpuIli MOMHUJIOK) MOJENCH IS KOKHOTO 3 3a3HAueHUX
BHIIE MeToAiB/KiIacudikaropis [6]. Ha puc. 4 300paxena MaTpuils moMujIok st Jlorictuanoi
perpecii, Ha puc. 5 — ms Jlepesa pimeHs Ta Ha puc. 6 — PanaoMHOTO JTicy.
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Puc. 6. Mampuys nomunox (Panoomnuii nic)

BucnoBku BimnoBiaHo 10 crarTi. J[71st 3py4HOCTI OTJIs/1y, 3p00OHUMO TOPIBHSIIBHY TAOJIUITO
OTPUMAaHUX Pe3yJIbTaTiB TOYHOCTI. Pe3ympTaT MOXKHA MIPEJICTABUTH Y BUTIISL TaOITHIII.

Tabmuns
lopisnanus pe3yriomamie 00YuUcieHHs MOYHOCII 3a PI3HUMU MemoOamU
Hasa meToay OTpumaHa TO4HicTb, %
JlorictnuHa perpecist 98,98
JlepeBo pimens 99,64
Pannmomunii iic 99,28

OTKe, JTOCIIWBIIY iICHYIOUI aJITOPUTMH Ta METOJIM BUSBJICHHS (DEKOBHX HOBHH Ta IPOBI-
BIIIM CTAaTUCTUYHMI aHAJIi3 OTPUMAHHUX PE3yJIbTaTiB, MOKEMO 3pOOUTH BUCHOBOK, IO PE3YJIb-
TaT BUSABJICHHS (PEHKOBUX HOBUH 3a JIOMOMOTOI0 Kitacu(ikaTopa JlepeBa pilleHb J1aB HaliO1J1b-
U pe3yJIbTar.
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Volodymyr Bazylevych, Maria Prybytko
FAKE NEWS DETECTION SYSTEM BASED ON DATA SCIENCE

Urgency of the research. Today, the task of analyzing the veracity of information in the news, which filled all existing
channels for obtaining information, is relevant. Its urgency is related to the need to prevent panic by obtaining inaccurate
information, debunking pseudo-scientific facts that can threaten people's lives, combating political propaganda and others.

Target setting This article focuses on the concept of developing a system for detecting fake news, analysis of existing
systems and their principles of operation, principles of construction of their algorithms and features of their use.

Actual scientific researches and issues analysis. Recent open publications, statistics, and corporate reports were reviewed.

Uninvestigated parts of general matters defining. File analysis will be performed using three methods / classifiers and
without the use of PassiveAgressive classifier. The calculation and derivation of results is performed by constructing error
matrices and calculating accuracy.

The research objective. The main purpose of the work is to create a system for detecting fake news on the basis of the
considered materials and to achieve the highest possible accuracy.

Presenting main material. Input data for the study were selected, prepared and analyzed. Data were studied using the meth-
ods / classifiers of Logistic Regression, Decision Tree and Random Forest. The accuracy of detecting fake news is calculated.

Conclusions. The proposed system allows to classify news as “fake” or “true” with an accuracy of 98-99 %.

Keywords: Python; fake; fake news; truthful news; classifier.
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FOnia Tkau
KOHIENTYAJIbHA MOAEJIb BE3IIEKHA KIGEPITPOCTOPY

AxkmyanvHicmb memu 00¢1i0iceHy. /leporcasHi i opmayiiini pecypcit i 3acoou 30ilICHeHHSA eeKMPOHHUX MepeHCesux
MpaH3aKyill (cepeepu, Mapuipymu3amopu, cepeepi GULYIeH020 O0CHYNY, KAHATU 36 S13KY, ONepayiiini cucmemu, 6a3u 0aHux i
doodamki) nompibHo 3axuwamu 0co6IU80 HAOIIHO I AKicHO. L]e 3ymoeneno mum, wo eapmicmo HACTIOKIE KOJMCHO20 «31AMY»
3axucmy weuoko pocme i ye 6yoe mpueamu @ HaubdIUICULOMY MAUOYMHbOMY.

Ilocmanoeka npodnemu. 3abesneyenns ingopmayiiHoi be3nexu mepeic i cucmem 00poOKU € NPIOPUMEMHUM 3A80AHHAM
OJIs1 KePIGHUYMBA OEPIICABU, OCKINbKU i0 30epedicer st KOHPIOeHYiliHocmi, YilicHocmi 1l 00CHYNHOCMI 0ePICAGHUX THopma-
YitiHux pecypcie 6a2amo 6 4omy 3anedHCUms Kicnb ma OnepamueHicme NPUIHMNMSL CMPAame2iyHux pitueHb ma eghekmueHicms
ixHbOI peanizayii.

AHaniz ocmannix 0ocnioxcens i nyonikauyii. Ilonpu nocmiiino 3pocmaroyy Kinekicmo nyonikayiil, npucesayenux iHgop-
Mayiinit 6e3neyi, npobiema 3abe3neuenis 6e3nexu 6 Kibepnpocmopi, 0codIU60 0epicasu, 3aTUUAEMbCS HEGUPTULEHOI).

Buoinenna neoocnioicenux yacmut 3a2aavHoi npodnemu. Huni 6 pobomax eimyusHanux ma 3aKkOpOOHHUX YYeHUX He-
docmamubo yeaeu npudiieHo po3pobyi cucmem ma mooenell Kibepbesnexu 0epicasu.

Ilocmanoeka 3ae0anua. Memoro cmammi € no6y006a KOHYenmyaibHoi MoOeli 6e3neKu 8 Melcax Kibepnpocmopy, uo
onuute ckia0o8i HayioHAIbHOI Kibepbe3neKku ma 003601UNMb 6CIMAHOGUMU CUILY 36 SI3KY MINC 8iONOGIOHUMU IT CKIa0o6UMU, A
MaKodC GUSHAYUMU Pi6eHb Kibepbe3neKi.

Buknao ocnosnozo mamepiany. 3 suxopucmannsiv oiazpam Eiinepa-Benna paghiuno npedcmasneno kibepnpocmip oepacasu
Ma HA OCHOGI MeOPIi MHONCUH 3aNPONOHOBAHO BiNbLL CIPORUTE Onuc MOOei. V 3a2anbHOMY 6UNS0I KOHYENMYaNbHA MOOIb be3neKu
Kibepnpocmopy (popmMyemvcsi Ha OCHOBI MPLOX KOMIOHEHMIG: 0Co0U, sIKa 0OpodIsc iHghopmayito, 60100i€ Helo abo 30iCHIOE i 3a-
XUcm; HOPMAMUGHO-NPABOGI aKmu, sKI 3a0e3neuyiomo PUOUYHULl 3axucm IHQopmayii; IHopmayiiHi pecypcu, y SKux
CKOHYEHMPOBAHO THGHOPMAYIIo, U0 NOMPEOYE 3aXUCTY, | 8 MENCAX IKUX QYHKYIOHVIOMb 3aC00U 3aXUChTY IHpopMmayil.

Buchnoeku 6i0nogiono 0o cmammi. Y cmammi no6yoosany KOHYenmyaivbHy mMooeiv Oe3neku 0epiicasu, uo Onucye
CKIA0086I Kibepbesnexku Oepicagu ma 0036018€ GCMAHOGUMU CUTY 36 SI3KY MINC GIONOGIOHUMU i CKIA008UMU, A MAKOMIC
8uUsHaAUUMU piceHv Kibepoesnexil.

Knrouoei cnoea: xibepnpocmip; konyenmyaivHa mooens, iHpopmayiiina beznexa oepiicagu, besnexa ingpopmayii.

Puc.: 6. Tabn.: 2. Bi6n.: 9.

AKTyaJIbHICTh TeMH JI0CTiKeHHs. Bukopucranus kideprnpoctopy AepkKaBH SIK TI0O0aTbHOT
MyOJTIYHOT Mepexi o3Ha4ae JUIs 3ac00iB Oe3MeKn 00’€KTIB 3aXUCTy HE TUTBKH Pi3Ke 301TbITICHHS
KUTBKOCTI 30BHIIIHIX KOPUCTYBauiB 1 pO3MAITICTh THUIMIB KOMYHIKAIIHHKUX 3B’S3KIB, ane 1
CITIBICHYBaHHSI 3 HOBUMH MEPEXEBUMH ¥ iH(OpMaIifHAMI TexXHONoTisMA. Tomy iH(opmartiitai
pecypcu Ta 3aco0u 3/1iICHEHHS eJIEKTPOHHUX MEPEKeBUX TPaH3aKILH (cepBepu, MapIIpyTH3aTOPH,
CEpPBEpPH BUIJIYUCHOTO JIOCTYITY, KaHAJM 3B’sI3Ky, OIEpaIliiHi CHCTeMH, 0a3H JIAaHUX 1 JIOJATKH)
MOTPIOHO 3axXuInaTd OCOOJIMBO HAIMHO 1 sikicHO. Ile 3ymMOBIE€HO TWM, IO BapTICTh HACIHIJIKIB
KOYKHOTO «3JIaMy» 3aXHUCTY IIBHJIKO POCTE i 11e Oy1e TpUBaTH B HAUOIMKIOMY MalilOyTHBOMY.

ITocTanoBka npodemu. 3acobu 3amMmy Mepex 1 po3KpagaHHs iHpopMaIlii po3BUBAIOTHCS
TaKk caMO IIBUAKO, SK 1 BCI BHCOKOTEXHOJIOTIYHI KOMIT IOTEpHI Taiy3i. Y IHX YMOBax
3abe3nedeHHs iHPpOpMaLiiHOT Oe3MeKH Mepex 1 CUCTEM 0OPOOKH € MPIOPUTETHUM 3aBJIaHHIM
JUISE KEpIBHHIITBA JIEP)KaBH, OCKUIBKH BiJ] 30epeXeHHS KOH(IACHIIWHOCTI, MUTICHOCTI M
JIOCTYITHOCTI JIepKaBHUX 1H(OpMaIifHUX pecypciB Oararo B 4OMY 3alle)KUTh SIKICTH Ta
OTIePaTUBHICTh MPUHUHSATTS CTPATETIYHUX PIIICHb Ta €PEKTUBHICTD IXHBOI peasizallii.

AHAJi3 OCTaHHIX J0CJTiIKeHb Ta myOgikaniid. 3HauHUI BHECOK y PO3BUTOK Teopii Ta
MIPaKTHKH TTOOYIOBH KiOepIIpoCcTOpy 1 3a0e3IMeYeHHS HOT0 3aXKHCTY 3arajoM 3poOHIIH MTPOBiIHI
3aKOpJIOHHI Ta BITUM3HsAHI HaykoBmi Taki, sk K. Anmexcamaep, K. demuwak, JIi J[xanr,
I1. JTomOporcekmii, JI. XKanueBcki, M. Kaetm, A.KmimOypr, ®.Kpamep, JIx. Jlinman,
Jx. Has-mom., I'. Partpeit, C. Crapp, /. lllengon, O. Anamos, C. bonnapenko, B. Bypsyok,
B. Byryzos, C.I'matiok, O. Jloerans, JI. JIy6os, O. Knmumuyk, O. Kopuenko, O. MaHa310K,
O. Mamnxait, B.Ilanuenko, B.Ilerpo, B.Ilumunuyk, O.Ilotiéi, M. [IpucsxHioK,
B. ®ypamres, B. Xopomiko, I. Xpaban Ta iHii.

Bunginenns HexocilkKeHHX YACTHH 3arajbHoi mpo6Jjemu. Ha cphorogui B poborax
BITUM3HSIHHUX Ta 3aKOPJIOHHUX YUCHUX HEAOCTAaTHLO YyBaru HpI/I,I[iJ'IeHO BUBYCHHIO IIMTAHHS

CTPYKTYPH Ta CKJIQJIOBUX KiOepIIpocTopy, a TAKOXK MpoIlecy 3a0e3eueHHs HOro Oe3MeKH.

© Txkau 10. M., 2020
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Merta cTaTTi. MeToro cTaTTi € mody0Ba KOHIIENTYaIbHOI MOJIeNi O€3MeKH B Mexax Kidep-
MIPOCTOPY, IO OIHUIIE CKIIAJO0BI HAIlIOHAEHOT KibepOe3neKn Ta JO3BOJUTH BCTAHOBUTH CHITY
3B’SI3KY MK BiITIOBITHUMH 11 CKJIaJJOBIMH, & TAKOK BU3HAUUTH PiBEHb KibepOe3meKu.

Bukiiax ocHoBHOro Martepiaiy. Y npoekti Konmenii inpopmariitHoi Oe3rmekn YkpaiHu
[2], 3a3Ha4eHo, 0 iH(opMartiitHa Oe3reka — I1e CTaH 3aXHUIIEHOCT] )KUTTEBO BAXKITUBUX IHTEPECIB
JFOJIMHY 1 TPOMAJITHIHA, CYCIIIILCTBA 1 JIepyKaBH, TIPU SIKOMY 3aIto0iracThCs 3aBJIaHHS [ITKOIN
Yyepe3 HEMOBHOTY, HECBOEYACHICTh 1 HEJIOCTOBIPHICTH MOIIUPIOBAHOI iH(OpMaIlii, HOpyIIeHHs
MUTICHOCTI Ta JIOCTYIHOCTI iH(opMaIrii, HeCaHKI[IOHOBaHMIA 00ir iH(opMarii 3 oOMeKeHUM
JIOCTYIIOM, @ TaKOXX Yepe3 HeraTUBHUI iHPOPMAIiHO-TICUXOJOTIYHUIA BIUIMB Ta YMHCHE
CHPUYMHEHHS HeTaTUBHUX HACITIKIB 3aCTOCYBaHHS 1H(POPMAITIHHIX TEXHOJIOT 1.

Otxe, iHgopmayiina 6Oesneka Oepocasu — Te KOMIUIGKC 3aXOMdiB 3AiHCHIOBAHUX
JIep)KaBHUMH OpTraHaMU BJIaU B iHQopMaIliiHii cdepi i3 3amodiraHHs NOpyIIeHHS MUTICHOCTI,
KOH(QIACHIIHHOCTI Ta AOCTYHHOCTI iH(popMaIllii, TOOTo kibepbe3neka Oepoiicasu — CUCTEMA
3aX0/1iB JAepKAaBHUMH OPTaHAMH BJIATU B KiOEPITPOCTOPI, CIPSIMOBAHUX Ha 3a0e3MIeUeHHS CTaHy
3axXHINEHOCT] Iep’KaBHUX 1HPOpMaLiiHUX pecypciB.

BuokpeMITroroTh TpH piBHI 3a0e3nedeHHs iHGopMaIiifHOT Oe31eKu:

piBeHb 0coOH ((hopMyBaHHS paIliOHATBHOT0, KPUTUYHOI'O MUCJICHHS HA OCHOBI IPUHIIUIIIB
cB00OIM BHOODY);

cycniulbHUN piBeHb ((opMyBaHHS SKICHOTO iH(OpPMAIifHO-aHATITUYHOTO TIPOCTOPY,
IUTFOpalTi3M, OaraToKaHAJIBHICTh OTpUMaHHS iH(opMarlii, He3amrexHi moryxHi 3MI, ki
HaJIe)KaTh BITYN3HSHIM BIACHHKAM );

Jiep>kaBHUAN piBeHb (iHQOpMamiifHO-aHATITHYHE 3a0e3MeueHHs JisSUTbHOCTI JIepIKaBHUX
opraniB, iH(dopmariitHe 3a0e3nedYeHHs BHYTPIMIHLOI 1 30BHIMIHBOI TMOMITHKA Ha
MDKJICpXKaBHOMY piBHI, CHCTeMa 3axHUCTy iHpopMarlii 3 oOMeXEHHM JIOCTYIIOM, MPOTHIIS
MIPaBONOPYIIEHHSM B iH(popMalliitHiit chepi, KoM I0TepHUM 37104nHaMm) [3].

Ha miictaBi paHimie BUKJIQICHOTO CPOPMYITIOEMO ITiIXOH JI0 peai3allii 3aXHCHUX 3aX0/IiB
mozo 3ale3nedeHHs: Oe3neku iH(opMmarii y KiGeprmpocTopi, IO Ha CHOTOTHIIIHINA JeHb
BHTJISTIAE SIK TPhOXETAIHa MOAeIb (puc. 1).

Puc. 1. Tpvoxemanna mooensv peanizayii 3axucHux 3axo0ieé
wooo 3abe3nevenns besnexu ingopmayii 6 kibepnpocmopi
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OnHak HasBHICTH BIIOMHMX HiAXOJIB J0 peaji3allil 3aXMCHUX 3axOJiB HE BHpILIyE B
moBHOMY 00cs3i mpoOsiemn 3I. Ile moB’sA3aHO 3 BIACYTHICTIO KOHIENTYaIbHUX MOJIEIeH
3aXUCTy, po3podka sSkuxX Ha eranax peanizaiii C3I 103BoIUTH BIPOBaIKyBaTH BUITICHABEICH]
3aXUCHI 3aX0/IH.

Ha puc. 2-3 nHaBesieHO BapiaHTH KOHIENTYyaTbHUX MOJIENIEH sIK 0COOH, TakK 1 iHpopMaIliiHuX
pecypciB, sKi po3pobJieHi 3 ypaXyBaHHSIM yKe ICHYIOUHX Ha ChOTOHI Mojenei [1].

A
_>-

—

| |
= ="

Puc. 2. Konyenmyanvnua mooens 6esnexu ocoou

=TT =

Puc. 3. Konyenmyanvna mooenv 6esnexu ingopmayitinux pecypcie
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BaxnuBum 3 mornsgy Oe3meku JaepikaBu € il HOpMATUBHO-NIPaBOBE 3a0e3MeueHHS.
[IporonyeMo cxeMaTHYHE TPEJCTABICHHS KOHIENTYaJIbHOI MOJEIi HOPMAaTHBHO-IIPABOBOI
Oe3mneku JepxaBu (puc. 4).

Puc. 4. Konyenmyanona mooenb HOpMamueHO-npasosoi be3nexku 0epiicasu

[TpoananizyBaBIy KOHIENTYaIbHI MOJIei (prc. 2—4), MOXHA JIHTH BUCHOBKY, IO IXHBOIO
O0CHOBOIO € iH(opmarris. OTxe, MOKHA CTBEPKYBATH, IO MPHU OYAb-SIKOMY PO3TIISil MUTAaHb
KepyBaHHS OyIb-SKOIO JISTFHICTIO IICHTPATbHE MiCIIe TIociIae iHpopMaIris.

3rigHo 3 3akoHoM Ykpainu «IIpo indopmariroy, iHdopmarllis — Oyab-sKi BiZoMOCTi Ta/abo
JlaHi, sIKi MOXYTh OyTH 30€epeKeHi Ha MaTepiaTbHIX HOCISIX a00 BiTOOpaXKeHi B €JICKTPOHHOMY
Burisai [5]. BianmoBigHo, iH(pOpMaIlis TIyMadyuThCS SK MOBIIOMIICHHS PO IOCh, JOBEACHHS
JI0 BiJIOMa YOTOCh; BIJOMOCTI IMPO HABKOJUIIHINA CBIT, TIPOIECH, SIKi B HHOMY BiIOYBarOTHCS,
PO TOJii, CUTYAIlii, YHIOCH JIISITLHICTb.

[adopmariitai pecypen B 3akoni Ykpainu «[Ipo HamioHaIbHY Iporpamy iHpopMaTH3ariin
[6] BM3HAuUaAIOTBCSA K CYKYMHICTh JOKYMEHTIB B iHQoOpMariifHux cuctemax (0i0mioTekax,
apxiBax, OaHKax JIaHUX TOIIIO).

VY Posnopsmxenni [Ipo cxBanenns Ctpaterii po3BUTKY iH(GOPMAIIHHOTO CYCIiILCTBA B
VYkpaini iHpopMaIiiiHi pecypcu 03HAYarOThCs K CUCTeMaTH30BaHa iH(opMallis abo 3HaHHS,
10 MAIOTh IIHHICTh Y MIEBHIN MpeaMeTHi 00acTi it MOXyTh OYTH BHKOPUCTAHI JFOJUHOIO Y
CBOTH MISTBHOCTI JUTSI TIOCSITHEHHS TIeBHOT MeTH [7].

[lin iapopmaniiHUM pecypcoM po3ymieMO CyKymHIicTh iH(opmamii Ta i HOCIIB,
iHpOpMAIITHIX TEXHOJIOTIH Ta iHpopMartiiHoi iHppacTpykTypH. [HpOopMaTIIiitHi pecypcH MOKYTh
OyTu MOJiJIeHi Ha JBI TPyNu: JepskaBHi iH(pOpMaIiiHI pecypcH Ta HeaepxaBHI iH(popMariiiai
pecypcen. HeneprkarHi iH(opMartiiiHi pecypcH, Opi€eHTOBaHI Ha TIEPECIYHOT0 KOPHCTYBava. Y CBOTi
poOOTi MU 30cepeIMMO yBary Ha 3aXUCTi JIepKaBHUX iHPOpMaIliifHuX pecypciB.

TakuM 9rHOM, JepKaBHUH iHPOPMAIITHIN pecypc € YaCTHHOIO iHQOpMaIIHHUX pecypciB
3aranoM. JlepxaBHi iHpopmaliifHi pecypcu — 1ie pe3yJIbTaTH iHTENIeKTYaIbHOI Ta MPaKTUYHO1
TisUTbHOCTI, MmO chopMoBaHi B ycix cdepax KATTEMISUILHOCTI JIFOJWHU, CYCHIBCTBA Ta
JepkaBH, 3adikcoBaHi i cucTeMaTH30BaHI Ha BIAMOBIIHUX MaTepialibHUX HOCIAX iH(popMarii
SIK OKpeMi JJOKYMEHTH 1 MaCHBH JIOKYMEHTIB, OaHKH 1 0a3u JaHHUX Ta 3HaHb, YCI BUIM apXiBiB 1
610mioTek, My3eiHi (oHaH, iHpOpMaliiiHI pecypcH, siKi 0OpoOJSIOThCS 1 MepesaroThesl B
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iH(opMaliifHUX cHcTeMax JIep:KaBHOTO 1/ab0 3arallbHOTO MpPU3HAYEHHS, 1HINI PECypcH, IO
MICTSATB JaHi, BiJOMOCTI Ta 3HAHHS, SIKi € 00’ €KTOM ITpaBa BJIACHOCTI JIep)KaBU HE3aJIC)KHO BiJl
(dbopMH BIacHOCTI Ha Yac iX CTBOPEHHS 1 MalOTh CIIOXKHMBUY ILIHHICTh, @ TaKOX Taki, IO
IpU3HAYeH] TSI PO3BHTKY W 3a0BOJICHHS IOTped TIpOMaisiH, CYCIUIBCTBA, JAEpKaBH Ta
MiJISITAI0Th 3aXUCTY 3T1HO BU3HAUEHOT MOITUKH O€3MeKH i YMHHOTO 3aKOHOIaBCcTBRa [9].

Jlo nepaBHUX iHQOpPMAIIHUX pecypciB BUCYBAIOTHCS BUMOTH IIMOJO aKTyadbHOCTI Ta
JIOCTOBIPHOCTI HaBEJEHMX Yy HHUX JaHWX; BHUEPIHOI MOBHOTH iH(OpMaIiiiHUX IKeper;
KOMITAaKTHOCTI BHIKJIQJLy; ONIEPATHBHOCTI MmomryKy. JlepkaBHi iH(popMaIliifHi pecypcH MaroTh
TUIIOBY CTPYKTYpYy: OOOB’SI3KOBY — OCHOBHY YacTMHY 1 BHXiJHI JaHi; (paKyJIbTaTUBHY —
JIOB1IKOBO-010Tiorpadiuamii anapar i JoaaTkoBy iHpopMartito [4].

OckinbKM Mijl CYyCHUIBHUM piBHEM iH(popMaIliifHoi Oe3neku po3yMmieTbes (OpMyBaHHS
SKiCHOTO iH(pOpMaIliiHO-aHATITHYHOTO TPOCTOPY, ICHYBaHHS HE3aJCKHUX MMOTYKHHX
BiTuM3HAHUX 3MI, TO B CyKyITHOCTI KOHIIENTyallbHA MOJIeIb Oe3neKu 0codu Ta iH(popMaIiifHuX
pecypciB  sBIATAME CcO000I0 MOAENb Oe3lekn cychiiberBa (puc. 5). Jis HaodHOTO
MpeJCTaBICHHS JaHOT MOJEIi MU BUKopucTanu niarpamu Eitnepa-Benna.

Besneka cycmiiibcTBa

Puc. 5. Konyenmyanovna mooens 6e3nexu cycnitecmed

3 ommaay Ha BXe 3i0paHuil 1 mpoaHasizoBaHMK (aKTHUHUM Martepiaq I0J0
KOHIIEITYaJIbHUX MOJIEIeH Oe3MeKu MoOyayeMO KOHIIETITYaIbHY MOJIENh OS3MEeKH JIepKaBu B
Mexax KibeprpocTopy. Meroro i1 moOynoBH € JOCTIKEHHS KiOepmpocTopy JepKaBH,
BH3HAYCHHS MHOro CKJIQJOBHX Ta B3a€MO3B’S3KIB MK HUMH Ta OKpPECJICHHS HaIpsMiB
MOKpAIIEHHS HOro (GyHKIIOHYBaHHS.

3amporoHOBaHA HAMH MOJIENb € KOHIENTYaldbHOIO, OCKIIBKH 1  IpHUTaMaHHI
XapaKTePUCTHKH BJIACTHBI MOJEISIM TAaKOTO BHAY, 30KpeMa, CKIAJaeTbCs 3 HU3KH
B32€MOIIOB’SI3aHUX TIOHSATH, IO BHKOPHCTOBYIOTHCS JISI OMHUCY KiOeprmpocTopy IepiKaBH,
MOEIHY€E KOHIIEMINI0 KOPUCTYBaya i po3poOHMKA MOJeNi, BKJIIOYAE B SBHOMY BH/II JIOTIKY,
0OMeXeHHS, YMOBH iCHyBaHHs. DopMai3oBaHMi OIMKUC MOJIEI JTa€ MOYKIIUBICTh BHOKPEMHUTH
yMOBH (DYHKI[IOHYBaHHSI 00’€KTa, BU3HAUYEHI XapaKTepOM B3aeMOJil Mik 00 €KTOM 1 HOro
OTOYCHHSIM, a TAKOXX MiX eJleMeHTaMH 00’€KTa KepyBaHHS 00’€KTOM Ta BH3HAYEHHS CKJIQIy
KEepOBaHUX 3MIHHUX 00’ €KTa.

3 morsy 3abe3nedeHHs Oe3MeKu B KiOepIpocTopi BiMOBIAHY KOHIENTYaJIbHY MOJICITH
MOJKHA IpesicTaBUTH Alarpamamu Eitnepa-Benna (puc. 6).

PosristHeMo Ha OCHOBI Teopii MHOKHH OLTBIIN CTPOTHN OIHC TaKOT MOJIEITI.
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Jlo popmMyBaHHS MHOKHWHU €JICMEHTIB MOJIeJIi O€3IeKH JIep)KaBH B MeXaxX KiOeprpocTopy
(K;) HEOOXiIHO 3aITyYUTH EKCIIEPTIB 13 MHOKUHK E = {U;‘zl E]} ={E, E ., ExLE; CE( =

1,n), n — KinbKicTh eKcnepTis, Ej — ekcneptr y cdepi kibepOesneku. 1li excnieptu popmyroTs
BIIOBIHI MHOYXHHU.

KIBEPITPOCTIP
JEPXXABU

Besneka \ N
{HQPacTpyKTypu '\

/ besneka
HépOOHaJ'IBHP[X JaHUX
Besnexa

iHpopMaLiTHIX
\ pecypcis

-

Besneka ocobu

Besnexa
JepKaBu

Besnexa
CyCIiIBCTBA

Puc. 6. Konyenmyanvha mooeib be3nexu 0epicasu 8 Mexicax Kibepnpocmopy

Mmuosxuna 6e3nexu ocodu: 0 = {UFL; 0} = {04,0,,...,0,,}, 0, €Ok =1,m), m —
KIUIBKICTB €JIEMEHTIB, 1110 XapaKTepu3yloTh MHOXUHY, O) — copMoBaHi ekcrieptamu y cdepi
KibepbOe3nekn XapaKTepUCTHKH €JIeMEHTIB MHOXHHH (MOXXYTh ONHCYBAaTUCh K TEKCTOBUM
MTOBIJIOMJICHHSIM, TaK 1 MIPEJACTABIISITUCH Y BATJIS KUTBKICHAX TIOKA3HUKIB).

MHuoxuHa Oe3nekn iHpopmariitaux pecypcis: IP = {Uf=1 IPl} = {IPl, IP,, ...,IPp}, IP, €
IP(l =1,p), p — KiNbKiCTh €TeMEHTIB, IO XapaKTepu3yloTh MHOXKHHY, [P, — cdopMoBaHi
eKkcriepTamMu y cepi kibepOesrnekn XapakTepUCTHKN eJIEMEHTIB MHOKHUHH (MOXKYTh OITUCYBATHCH
SIK TEKCTOBHMM TIOBIIOMJICHHSIM, TaK 1 TIPEICTABISTHUCH Y BUTIISIL KUTbKICHHUX TTOKA3HUKIB).

MHOXHHA HOPMAaTHBHO-IIPaBoBOI Oesneku: NB = {U]Zc=1 NBf} = {NB;,NB,, ..., NB,},
NB; € NB(f = 1,z), Z — KiNbKiCTh €JIeMEeHTIB, IO XapaKTepH3yloTh MHOXHHY, N By —
chopMoBaHi ekcrmeptamu y cdepi kibepOe3nekn XapaKTEPUCTUKH €JIeMEHTIB MHOXXUHU
(MOXYTh ONHCYBAaTHCh SIK TEKCTOBHUM IIOBIJOMJICHHSIM, TaK 1 IMPEJICTABIATHCH Yy BHUIJISI
KUTBKICHUX TTOKA3HUKIB).

Takox 3rigHO 3 prc. 6 MAEMO TPHU TIEPEPi3u MO 1Bl MHOKUHHU. SIK HACTIIOK, YTBOPIOIOTHCS
MiIMHOXKHHH, a caMe:

- Oe3reka nepcoHaibHuX ganux: BP = (ON NB) = {bp/bp € O Abp € NB};

- Gesneka indopmariiiaoi crpykrypu: Bl = (IP N NB) = {bi|bi € IP A bi € NB};

- 6esmeka cycminbetBa: BS = (0 N IP) = {bs|bs € O A bs € IP}.
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[litMHOXKMHA Oe3MeKn MepCOHAIBHUX JaHuX: BP = {Uﬁ=1 BPh} = {BPl,BPz, ...,Bffq},
BP, € PB(h=1,g), g — KilbKiCTh €JIeMEHTIB, IO XapaKTepU3ylOTh MHOXKUHY, NBj —
chopMoBaHi ekcrmeptamMu y cdepi kibepOe3nekn XapaKTEpPUCTUKH €JIeMEHTIB MHOXXUHU
(MOXYTh ONHMCYBaTHCh SIK TEKCTOBHM ITOBIJOMJICHHSIM, TaK i IPEICTABISATHCH Yy BHUTJISII
KiJTbKICHHX TTOKa3HUKIB).

[TiqmMHOXMHA Oe3neku cycriibeTBa: BS = {U‘]’-‘;lBSj} = {BS1,BS,, ...,SBy},BS; € BS(j =
1, W), W — KiJIbKiCTb €JIeMEHTIB, 1[0 XapaKTepH3yIoTh MHOKUHY, BS ; — cOpMOBaHi eKcriepTamMu
y cdepi kibepOe3nekn XapakTepUCTHKY EJIEMEHTIB MHOKUHH (MOXKYTh OITUCYBATHCh SIK TEKCTOBUM
MTOBIJIOMJICHHSIM, TaK 1 MTPECTABIIATHCH Y BUIIIA KUTbKICHAX TIOKA3HUKIB).

[linmuo)kmHa Oe3nexkn  iHGpacTpykTypu: Bl = {UZ=1 Blf} = {Bll,BIZ, ...,qu}, BI, €
Bl(u=1,q), q — KilbKiCTh €JIeMEHTIB, 10 XapaKTepH3YIOTh MHOKUHY, Bl — cdopmonani
eKcriepTaMu y cepi KibepOe3nekn XapaKTepUCTUKU €JIEMEHTIB MHOXHUHH (MOXKYTh OIIUCYBATUCh
SIK TEKCTOBHM ITOBIJIOMJICHHSIM, TaK 1 TIPEJICTABIISATHACH Y BUTJISII KUTbKICHHMX ITOKa3HHKIB).

VY pesynbraté niepepizy Tpbox MHOXUH O, [P, NB MU OTpUMaeMO MHOXHUHY €JIEMECHTIB
KibepOe3neKku JaepKaBu:

D=(OnIPNNB)={d]|djeONd; €EIPAd; € NB:j=T,x:x=a+b+c}. (1)
JIe X — KUJIBKICTH €JIEMEHTIB MHOKHAHU D, a, b, ¢ — KUIBKICTh €JIEMEHTIB KOXKHOI 3 MHOYKHHU
Oy, [P, NBf BiamoBinHO, 10 NOTPaNUIK 10 nepepisy D.
®opmyBanHs HarioHanbHOI KiOepOesmeku T BinOyBaeTbes SIK 00’ €THAHHS CKJIAJIOBHX
€JIEMEHTIB, IO BXOJATH JO Mojeleil Oe3meku ocobwu, iH(pOpMAIIHHUX pecypciB Ta
HOPMAaTHBHO-IIPABOBOT O€3MEeKH
(T=(UIPUNB) ={tj|lt;, EONt; EIPAt; ENB:i=1,y:y=m+p+z—g—q—w+x}):

0, 0, .. O
T=|1pP, IP, .. IP )
NB, NB, ... NB;

OCKIJTbKH KUTBKICTh €JIeMeHTIB KOXHO1 3 miaMHOXHHN O, [P, NB MuHOXUHA T MOXe OyTH
pi3HOIO, TO B IIbOMY BHIIQJKy TpeOa JOIMOBHHUTH PSJIKH 1O HAHOUTBINOI pPO3MIpHOCTI
BiJIMOBITHOIO KUTBKICTIO, HAPUKJIIA/, OJTAHUII.

OniHKy IIHHOCTI KOXXHOTO €JIeMEHTa 3a3HaueHOi BHUINC MHOXXHHI MOXXHA IIPOBECTH 3a
metogukoto Caati. Jlns 1boro HEOOXiTHO PpO3IJISTHYTH CKIHYEHY MHOMKMHY €JIEMEHTIB
anerepratuB D = {d d, ...d,}. TlopiBHsATH 1OBiNbHI aBa eleMeHTH dg Ta d) HA MPeaAMET
BCTAHOBJICHHS (DaKTy, SKHi €JIEMEHT IepeBakae HaJl IHIIUM Ta Y CKUIBKH pa3iB, a MOTIM

BU3HAYHUTHU II€peBaru €JeMEHTIB BUKOPUCTOBYIOTh INKAIy BIIHOCHOI Ba)KIIMBOCTI 00’ €KTIB 3a
Caari (tabm. 1) [8].

Tabmums 1
HlIxkana sionocnoi eaxciueocmi 06 'cxkmie 3a Caami
Busnavenns CTyniHb BaXJIHBOCTI
00’€KTH piBHOLIHHI 1
OJIMH 00’ €KT ME0 MepeBaXxkae HaJl iHITUM 3
OJIMH 00’ €KT Kparie 3a iHmuit 5
OJIMH 00’ €KT 3HAYHO Kpallle 3a iHmuit 7
OJIMH 00’ €KT aOCOFOTHO Kpauui 9
MIPOMIXKHI CYPKEHHSI TTPO 00’ €KTH 2,4,6,8

Excrieptr 3a mkanoro (quB. Tabj. 1) 3aiCHIOIOTH MONapHi MOPIBHSAHHSA. Y pe3yibTari
OTPUMAEMO MATpPHUII0 A = ||al- /ll(mxm)’ KOXXHHH €JIEMEHT SKOi a;; ABIAE COOOK OLIHKY
BiJTHOCHOI mepeBaru 00’ eKkTa d; OPiBHSHO 3 eneMeHToM dy, (k,s = 1,x:x =a+ b + ¢).
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[Ipunmyctumo, mo (wy,...,W,,) — HaOlp ICTUHHUX BIJIHOCHUX IIIHHOCTEH KOXXHOTO 3
. . .« . . Wi
€JIEMEHTIB MHOXKHMHH D. Y BUNaJKy, SKIIO BiANOBIAI €KCIEPTIB (a;; = W—‘) Y3TOJUKYIOTBCS, TO
J

CIPABIKYIOThCS HACTYITHI BIIACTUBOCTI.

1 P
Bracmusicme 1. a;j =1, a ,=— s Beix §,j = 1,m, 10070, SKIIO eneMeHT d; Kpaimii

a ..
J!
3ad, y @ > 1 pa3, To ToAi HiHHICTh 00’ €KTa d), ckinagae 1/a miHHOCTI 00’ €KTa d.
W1 141
Bracmusicms 2. Y BUIaJIKy TIOBHOI y3TO/DKEHOCTI A = | --- | =m
Wm Wm
Bextop (W, ...,W,,)T € BIaCHIM BEKTOPOM MaTpHIl A, a M € BIACHAM YHCIIOM 1€l MATPHIIi.

Jlayri 00YnCITMMO BiTHOCHI IIIHHOCTI €JIEMEHTIB, IS IKUX A,y 4, (1€ M - HaltO1TbINe BIIacHE
yrcso Matputii A). Otxe, uuM OJMKYE A,y 4, TAM Kpallle Y3ro/DKEHUME MiXK cOO0I0 € BiIMOBI/I
eKCIepTiB. [HAEKC y3TromKeHOCTi

__ Amax
o =y (3)
3HayYeHHs J,, OPIBHIOIOTE 3 €TAJIOHHUMH J, (Tabm. 2) [8].
Tabmuis 2
Emanounni 3snauenns nokasnuka yzeooacenocmi
3AU1eIHCHO 810 KibKOCmi 00 €KmMis, Wo NOPIGHIOIOMbCS

Kinorcicme |4y 15 | 6 L 7 g |9 1o 11|12 ] 13| 14| 15
06 ’exkmie
2 058 | 00 | 112 | 124 | 132 | 141 | 145 | 149 | 151 | 154 | 156 | 1.57 | 1.59

Sxmo J, < 0,1/, To pe3yIbTaTh ONUTYBAHHS EKCIEPTIB 3a0BLIbHI.
OOunciIeHHs TTOKa3HUKA BITHOCHOI IIIHHOCTI €JIEMEHTIB 3ICHIOETHCS JUTSI KOXKHOTO PSIJIKa
Matpuii A 3a GpopmyIioro:
_ Maii.aim
Zﬁl N ail...aim’
OcTaHHIM KPOKOM € aHaJi3 eKCIIepTaMU OTPUMAHUX PE3yJIbTATIB Ta MPUUHATTS PilllcHb.
BaxmBuMm eneMeHTOM UIss Hamioi MOJeNli € BCTAaHOBJCHHS CHJIM 3B’SI3KYy MiX
BiJINIOBITHUIMH MHOXXHHAMH Ta iX €JEMEHTaMH Ta MPOTHO3YBAaHHS MOXIIMBUX BIUIMBIB Ha
kibepbe3neky naepxkaBu. [[ms 1MbOro HEOOXITHO po3paxyBaTH Koe(illieHT KOpesiii Ta
o0y IyBaTH perpeciiiHe piBHAHHS.
JlinifiEui KoedilieHT MapHOT KOPENAT 7y, JOCIIPKYE IUTGHICTD 3B 3Ky MUK SBHII, 11O
BUBYAIOThCA (—1 < 73, < 1):

W, i=Lm. )

LRy FE-J %

xy = = —
o \ESTED

)

Koegiyienm xopensyii Mmae Taxi énacmueocmi:

BiH HaOyBae 3Ha4YeHHS Ha Biapi3Kky [—1; 1], Todro —1 < r < 1. Ynum Gmeokue |7 1o 1, M
TICHIITNIE KOPEJISIIHHAN 3B’ S30K;

opu |r| =1 kopensmiiiauii 38’30k crae  QyHKmioHanpHUM. [lpum 1pOoMy  Bei
CIIOCTEpEIKyBaHi 3HAYCHHS JIe)KaTh HA OJTHIN JiHIT;

npu r = 0 KOpeJmiiHAN 3B’ 130K BiACYTHIH Ta JIiHisA perpecii mapaieiabHa oci X.

IIpu >0 (b1>0) KopenAMiHUA 3B’SI30K HA3WBAETHCS npsamum, a npu r <0 (b1 <0)
KOPEJSIIHHAN 3B’SI30K HA3WUBAETBCSA 360pOMHUM. Y Ppe3ylbTaTi OTPHMAEMO MAaTPHIIO
KoeiIieHTiB TapHOi KOpeJIsIIii:
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1 ryl ryz T‘yk
ry 1 1y . T
R = rzy Tk2 1 - T (6)
Thy Th1 Tz ... 1

L{s MaTpuIlsg € CHMETPUYHOIO, TOOTO KOSPIIIEHTH KOPETAIii MiXkK pe3yIbTyIOUO0I0 3MiHHOIO
y — be3snexoio Oepoicasu Ta HaKTOPHOIO O3HAKOIO X; — eliemenmu nepepizy D piBHI Mixk c06010
(ryj = Tjy, ] = 1, k), Koedinientn Kopenamii Mix i-M Ta j-M (akTopamm TexX piBHi (1;; = Tj;,
i=1k,j=1k).

Sxmo 3HaYeHHs KoedillieHTa mapHoi Kopelsiii Mk ¢akTopaMu HAOIMKEHE IO OJIUHUIL,
TO II€ CBIJTYUTH PO TICHUH 3B’ S30K MK HUMHU. Y [IbOMY BUIIAJKY OJMH i3 (paKTOpiB HEOOX1THO
BUJIYYUTH 3 PO3TIISLY, TOOTO HE BPaxOBYBATH MiJ yac MoOyI0BH piBHSHHS perpecii (0axaHo
3TUIIATH (aKTOpP, AKHHA € BAarOMIIIAM 3 TIOTJISITY €KCIIepPTiB ad0 TOM, IO CHITBHIIIE KOPEITIoe
3 pe3yJIbTYIOUOIO 3MIHHOIO V).

OckinpKH Ha Oe3IeKy JeprKaBu BILIMBAIOTH Oarato pakTopiB, TO Y IIbOMY BHITAJIKY MAaEMO
CIpaBy 3 MHOXXUHHOIO (0araToakTOpHOO) JTIHIHHOI MOJEIUTIO (perpeciero), Mo OIHCYE
B3aEMHHM 3B’S30K MiX 3alie)KHOIO 3MIHHOIO Y (6Oe3nexa oOepocasu) ma ¢hakmopamu
X1,Xp..., Xy (enemenmu nepepisy D) 1 aKy MOXHA IOJAaTH y TaKOMy BHIUIAIL: Y =
f(x1, %2, %X3... Xy, €), I€ Y - 327Ie%kKHA (pe3yIbTyI0Ua) 3MiHHA; x> (=Lm)
€ - CTOXaCTUYHA CKJIaJI0Ba.

AnamitTrana ¢opma Iriel Mojesli Moke OyTH PI3HOIO 3alleXKHO BiJI CYTHOCTI 3B’SI3KiB.
Haii6inbin nommpena ¢popma 3ajnexHocTi — JiHilHa: Y = by + by -x; + e;, e by — BUIbHUI uIieH,
AKMI BU3HAYAE 3HAYEHHS Y; 32 YMOBH, KOJIM 3HA4€HHs (DaKTOPiB IOPIBHIOKOTH HYJEBI; X;; (i =

- He3aJIe)KHI 3MiHHI;

1,n,j =1,m) — 3HaueHHs Xj-ro Qaxropy mpu i-My cmocrepexenni; b; (j=1,m) -
TeOpeTU4Hi KoedimieHTH perpecii (JacTKOBi KoedillieHTH) a0o MmapaMeTpu TEOPETUUHOI
perpecii, sIKi XapakTepU3ylOTh PEaKIlilo 3aJeXHOi 3MiHHOI y; (I = rn) Ha 3MiHYy KOXHOTO
daxropa X; (j = 1,m); €; — BUIAKOBHI 36YIHUK [IPH i-MY CIIOCTEPEIKEHHI.

JUtst 0THO3HAYHOTO BU3HAYEHHS MAapaMmeTpiB b; Mosen HeoOXiJHO, MO0 BUKOHyBAlIach

HEpIBHICTh N = M + 1, 1e » — YUCII0 CIOCTEPEKEHB; M — YUCIIO PaKTOPIB y MOJEIII.
Y BeKTOpHO-MATpHUHiil popMi TEOPETHUHY MO/IeTTh MOYKHA TIOJ[ATH TaK:

Y=X -A+2& ne

yl 1 X11 wen xl] aen xlm b() 81
V2 1 X21 ij o Xom bl €2

— . - s S

Y — X — e e e L] L] L] A — é) — ) 7
vi |’ 1 x40 . Xij - Xim |’ bj |’ & ™)
Vn 1 Xp1 oo *nj - Xnm b, &n

[HIIIMEU popMaMu 3aIeKHOCTI MOXKYTh Oy TH:

1)Y = by + by X — niniiiHa;

2)Y = byXP1 — crenenena;

3)Y = by - b{ — nokxasuukopa;

4)Y = by + % — rinepOoJivHa Ta iH, ae by, by — HeBiIoMI mapaMeTpu MOJIEli.

HeBaxxxo mepekoHaTHCh, IO HaBeACHI HeNiHiWHI (OpPMHU 3aIEKHOCTI 3a JOMOMOTOIO
eJIEMEHTapHHUX ITEPETBOPEHB MPUBOAATHCS 70 JIIHIHHUX.

3aysasxcumo,  wo  midc  (BakmopHumu  O3HAKAMU  MOJCe  GUHUKHYMU  AGULYe
MYIbMUKOoLiHeapnocmi, TOOTO BHCOKA 3aJISKHICTh (KOPEIbOBaHICTh) Pi3HUX (DaKTOPIB.
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Jlns  BHSBICHHS MYJIBTHKOJIHEAPHOCTI MOXKHA BHKOPUCTATH KPHTEPild (aITOPHUTM)
Oeppapa-I'no6epa. Llelt anropuT™M Mae Tpu BHIU CTATUCTHUYHUX KPHUTEPIiB, 3TiTHO 3 SIKUMU
mepeBipseThcs MYIBTHKONHEAPHICTh YChOTO MAcCHBY HE3QTEKHHMX 3MIHHEHX ()° — «Xi»-
KBaJIpaT); KOXKHOI HE3aJIe)KHOI 3MIHHOI 3 PEITO 3MIHHMX (F-KpHTepii); KOXHOI mapu
HEe3aJIS)KHHUX 3MIHHUX (/-KpUTEPiif).

[Ipu HasBHOCTI MYJIBTUKOJIHEAPHOCTI (PaKTOpiB JOLIIHHO 3BEpPHYTH yBary 1 Ha
cnenndikanito mojeni. [Hoai 3amiHa onHiel QyHKUii iHIIOIO, HE cymepeduTh iH(popMarlii,
JI03BOJISIE YCYHYTH MYJIBTUKOTIHEAPHICTb.

VY BHIIagKy MoJeliell 3 BEIHMKOIO KITBKICTIO (PaKTOpiB, KOJIM HE BJIAETHCS MO30yTHCS
MYJIBTHKOJIIHEAPHOCTI, TapaMeTPH MOJICITi OI[IHIOIOTh HE METOJIOM HalWMEHIIHMX KBaJpaTiB, a
METOJIOM TOJIOBHUX KOMITOHEHT.

Ockinbku (hakTOPHI O3HAKH, SIKI BKIIFOUAIOTHCS B MOJIENb, MOXKYTh OyTH B PI3HUX OJMHUILSL
BUMIPIOBaHHS, TO HEOOXITHO TPOBOJIUTH CcMaHOApmu3ayilo (Hopmanizayilo) 3MIiHHUX.
EnemeHTH CTaHIAPTH30BAaHUX BEKTOPIB PO3paxyeMo 3a (HopMyIIoro:

XX, ()
ik — 2 ’
VIO x,
JIe 1 — YUCJIO CIIOCTEPEKEHb, 7 — YUCIIO0 He3aIeKHUX 3MIHHUX, i=1,n, k=1, m, X — cepenus
apupMeTHyUHa k-1 He3aJIe)KHOI 3MIHHOT, O')z(k — nucnepcis k-1 He3aleKHOT 3MIHHOT.

[lepm Hi)kK BH3HAYWTH iCTHHHI 3HAYCHHS IMapaMeTpiB, MH MOXEMO BH3HAYHUTH DPIiBCHb
HaIllOHAIBHOT ~ KibepOe3mekn, a came, SKIIO OTPHUMaHe 3HAYCHHS Pe3yJIbTYHYOl
V = f(X1,X3,X3,,..., Xm ,€), 3HAXOAUTHCA B Mexax Big 0 go 1, yum Ommxde 10 1, THM piBeHb
6e3nexu Bume. [Ipu mpomy Oyaemo BBaxatu, mo 0-0,3 piBeHb O€3NEKU HenpuiiHAmHuULL
0,3-0,7— nuswxuir;, 0,7-1 — oocmamnui.

[cTuHHI OIiHKK TapaMeTpiB MOJIENTi BU3HAYAIOTHCS 3a POopMyIaMu:

by = bl x (:7Y> b, = b3 x (:7Y> by = b3 X (:72) b = bi x () )
bO = Y - bl)Zl - bz)zz - b3X3+. . +leXTl‘

OO00B’I3KOBHM € TIepeBipKa MHOYKUHHOI JTIHIFHOT MOJIeN Ha TOYHICTh (SKICTB). 3arajibHy
SIKICTh PIBHSIHHSI perpecii OIiHIOIOTh Yepe3 po3paxyHOK Koe@iyicuma Oemepminayii.

Koedirmient merepminarii mokasye, sika yacTWHA 3MiHU 3aJI€KHOI 3MIHHOI 0OyMOBJIEHa
3MiHOI0 HesanexHoro daktopy (0 < R? < 1). Yum 6mmkue R? 1o 1, THM Kpame piBHSAHHS
perpecii HabIMXkae (ampOKCUMY€E) eKcIepUMeHTalbHI AaHi. Y BUNaAKy IapHoi perpecii R? =
T2, ne r — xoedinienT kopenauii. KoedimienT nerepminartii o6uncmoeThest 3a GopMyIIoko:

5 X@i-9? T (yi-9)?
R =S =L s e (10)
i i=y) i i=y)

Cepeons noxubxa anpoxkcumayii — CepeTHE BiTHOCHE BiIXHJICHHS PO3PaXyHKOBUX 3HAUYEHB

BiJl (PaKTUYHUX:

Z=%2|yiy;fi|-1oo %. (11)

[ToGynoBaHe piBHSHHS perpecii BBaXaeTbCs 3aJ0BUIBHAM, SIKIO 3HA4YeHHS A He
nepesuinye 10-12 %.

Yum euwyitl nokasHuk Oemepminayii abo 4yum MeHuLa cepeons NOXUOKa anpoxcumayii, mum
Kpawe no6yo0osana mooelb ONUCYE UXIOHI OaH.

Orinka 3HaYyIOCTI BCHOTO PIBHSHHS perpecii 3arajioM 3TiHCHIOETBCS 3a JTOTIOMOTOr0 F-
kputepiro Pimepa. F-xkputepiit @imepa nojsArae B TOMY, IO TPOBOAUTHCS IIEPeBipKa TiIoTe3n
H, mpo CTaTUCTHYHY 3HAUYIIICTh PIBHSHHS perpecii. J[Js 1bOr0 BUKOHYETHCS MOPIBHSIHHS
(GakTHIHOTO Fyyr Ta TAOMMYHOTO (KPUTHYHOTO) Fra6, 3Ha4eHb F-Kputepito ®imepa. Fpayr
BH3HAYAETHCS 32 (POPMYIIOIO:
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@i-»?
F Y= g n-m-1 (12)
QKT T @i=39% T 112, m
n-m-1

Jie N — KUIBKICTh OJAMHUIL CYKYITHOCTI, M — KUIBKICTh ITapaMeTpiB MPpH 3MIHHUX (JUIs JTiHIHHOT
perpecii m = 1). JUist HexniHiiHOT perpecii 3aMicTb 7, BAKOPHCTOBYIOTH R?.

F.6, — MAKCUMAITEHO MOKITUBE 3HAYCHHS KPUTEPIFO 11T BILTABOM BHITQJKOBHUX (DaKTOPIB ITPH
CTYICHSX BUIBHOCTI ki =m, k, =n-m-1 Ta piBHI 3HadymocTi «. PiBeHb 3HAUYyImoOCTI @ —
HMOBIPHICTH BiIKMHYTH MIPAaBUIIbHY TIOTE3Y MPH YMOBI, 1110 BOHA € BipHA. 3a3BUYail & HAJIAIOTh
srayenHs 0,05 a6o 0,01. e o3nauae, mo y 5 ado 1 % BumakiB MU MOKEMO TOMUJIUTHUCS, & Y 95
a60 99 % BunaKiB (piBeHb JOBIPH) HAIll BACHOBKH OYIyTh MPABHJILHIMH.

SIKMO Fragy < Fpagr TO TinOTe3a Hy BIAXAIIAETHCSA Ta BASHAETHCSA CTATUCTAYHA 3HAYYITICTH
Ta HaJIIHICTh PIBHSHHS perpecii.

Ko Fran > Fpaxr, TO TimoTe3a Hy He BIIXWISETbCS Ta BU3HAETHCS CTATHCTHYHA
HE3HAUYIICTh Ta HEHAIHHICTE PIBHIHHS perpecii.

JIisl OLIHKM CTaTHCTUYHOI 3HAYYIIOCTI KoeQilieHTIB IiHIHHOI perpecii Ta JiHIHHOTO
KoeQilicHTa MapHOi KOPENAIii 7y, 3aCTOCOBYIOTH TaKOX [-KpuTepidi CrThromeHTa Ta
PO3paxoBYIOTh JOBipYl IHTEPBAIHM KOXKHOTO 3 MOKA3HUKIB. f-KpuTepiii CThIOJCHTA TOJISATAaE B
TOMY, 1110 BUCYBAEThCS TinoTe3a Hy mpo BUNIAAKOBY IPUPOIY TOKA3HUKIB, TOOTO PO HE3HAUHE
iX BigxuiieHHs Bijl HyJis1. DaKTUYHE 3HAUEHHS KPUTEPIIO Lpapr VIS KOEDILIEHTIB perpecii Ta
Koe(ilieHTa KOPEISILi 75,y PO3paX0OBYEThCS IIIAXOM MOPIBHAHHS IXHIX 3HAYEHb 13 BENMYMHOKO
CTaHJAPTHOI MMOXUOKH:
=2 = (13)

mbl mrxy

L@i-9)? -
. m. = LTI Exi® m. = 1-1dy (14)
Y (x;—-%)>? s bo n—2 nZ(xi—EZ’ Txy n2 "

[lopiBHtotoun QaxkTuuHe Ta TaOJIMYHE 3HAUEHHS JUISL f-KpUTEpilo poOsATh BiAMOBIAHI
BHUCHOBKH.

Imaén - MAKCUMAJIBHO MOXKIIMBE 3HAYEHHSI KPUTEPIIO i1 BIUTMBOM BUIAKOBUX (PAaKTOPIB ISt
k = n-2 cTyneHiB BUTLHOCTI Ta PiBHI 3HAYYIIOCTI .

SIKIMO traen < Laxrs TO TiMOTE3a Hy BimXmiIsieThes (TOOTO KOE(DilliecHTH PiBHAHHS perpecii
Ta KOE(DIMIEHT KOPEISIIi 7y, HE BUNAIKOBO BIIMIHHI BiJl HyJs Ta C)OPMOBaHIi IiJ| BILIABOM
CUCTEeMATUYHO Jit0yoro (hakTopy Xx).

SIKIMO tra6n > tyaxr> TO TiMOTE3a Hy HE BIIXMIIAETBCS Ta BU3HACTHCS BHIIAIKOBA MPHPOJIA
GopmyBanns by, by Ta 1y

Jlogipui inmepeanu

JloBipui iHTepBaIM BU3HAUYAIOTH MEXIi, B SKUX JIEKaTh TOYHI 3HAYEHHS BHU3HAYCHUX
MTOKa3HHKIB, 13 33JJaHAUM CTYIICHEM JIOCTOBIPHOCTI.

Jliist po3paxyHKy JOBIpYHMX IHTEPBATIB JUIS ITApaMeTPIiB by Ta by piBHSIHHS JTIHIHHOT perpecii
BU3HAYAIOTh IPAaHUYHY TOXUOKY AJUIsl KOXKHOTO ITOKa3HUKA!

Abo = lragn - Mp,s Abl = lragn - Mp, - (15)
€ tmacn— 1€ TAONMUHE 3HaUeHHS t-KpuTepito CThIoIeHTa 711 k = n — 2 CTyNeHiB BUIBHOCTI Ta
3aJIaHOTO PiBHS 3HAYYIIOCTI (.

Toxi noBipYi iHTEPBATH OOYUCITIOIOTHCS:

Yby = bo £ Apy; Vb, = b1 £ 4p,. (16)
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S0 B Mexi AOBIpYOTO iHTEpBay MOTpAIUIsie HyIb (TOOTO HUIKHS TPAHMIIS BiJl'€MHA, a
BEpXHS — J0JaTHA), TO TTapaMeTp, IO OIiHIOETHCS TPUUMAETHCS 32 HYJIb.

BucnoBku BignmoBiano 10 crarti. OTxe, y 3araJbHOMY BUIJISIII KOHIIETITYaJIbHA MOJIEIb
Oe3nekn KibeprpocTopy (HOPMYETHCS HA OCHOBI TPHOX KOMITOHEHTIB: 0cobOu, sika o0poOIise
iHdopmariito, Boiojie Heto abo 3MilicHIoE i1 3aXUCT; HOpMAMUBHO-NPABOSI aKkmu, SKi
3a0e3MeuyoTh IOPUAWYHUN 3axucT iHdopMmarii, in¢opmayitini pecypcu, y SKHX
CKOHIIEHTPOBAHO 1H(OpMaILito, 1110 MOTpedye 3axXKCTy, 1 B MekKaX SKUX (PyHKIIOHYIOTH 3ac00U
3axucTy iHdopmarrii.
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UDC 004.056:351.861
Yuliia Tkach
CONCEPTUAL MODEL OF CYBER SPACE SECURITY

Urgency of the research. Public information resources and means of electronic network transactions (servers, routers,
remote access servers, communication channels, operating systems, databases and applications) must be protected reliably
and efficiently: the price of each "break" of protection is growing rapidly and this growth will continue in the near future.

Target setting. Ensuring information security of networks and processing systems is a priority for the state leadership, as
the quality and efficiency of strategic decision-making and the effectiveness of their implementation largely depend on main-
taining the confidentiality, integrity and availability of state information resources.

Actual scientific researches and issues analysis. Despite the ever-increasing number of publications on information se-
curity, the problem of security in cyberspace, especially a state one, remains unresolved.

Uninvestigated parts of general matters defining. Currently, in the works of domestic and foreign scientists, insufficient
attention is paid to the development of systems and models of cybersecurity of the state.

The research objective. The aim of the article is to build a conceptual model of security within cyberspace, which will
describe the components of national cybersecurity and will establish the strength of the connection between its relevant com-
ponents, as well as determine the level of cybersecurity.

The statement of basic materials. Using Euler-Venn diagrams, the cyberspace of the state is graphically represented and
a more rigorous description of the model is proposed on the basis of set theory. In general, the conceptual model of cyberse-
curity is formed on the basis of three components: a person who processes information, owns it or protects it; regulations that
provide legal protection of information; information resources, where the information in need of protection is concentrated,
and within which means of information protection function.

Conclusions. The article builds a conceptual model of state security, which describes the components of cybersecurity of
the state and allows to establish the strength of the connection between its relevant components, as well as to determine the
level of cybersecurity.

Keywords: cyberspace; conceptual model; information security of the state; information security.
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Anopiit Pocosenko

AOC/IZKEHHA OBYNCIIOBAYIB ITIPUCKOPEHOI'O OBYUCJIEHHS JAHUX
3BIVIBIIEHOI PO3PAHOCTI HA OCHOBI OJHOBUMIPHOI'O KACKAY
KOHCTPYKTUBHUX MOJAYJIIB

AKmyanwvHicms memu 00cioNHceHHA. [[0CniOxHCeHHs 0OUUCIIO8AYIE 0OUUCIeHHS OAHUX 30ibULeHOT PO3PIOHOCHI MA 6Pa-
XY6aHHs 6Nauey mMemooig ix onucy, npu peanizayii ¢ oazuci I1JIIC, 0o3zeonums 30ineutumu weuoKicnmes 06pooKu OaHUX ma
eghexmueniute suxopucmamu pecypcu IJIIC.

Ilocmanoeka npoonemu. [Ipuckopenns npoyecy oduucieHHss Oanux 30L1bieHol po3PAOHOCH UCYBAE O00AMKOGL BUMOSU
00 peanizayii enemMeHnie 00YUCTIOBATLHUX CUCHIEM A OOYUCTIOBATLHUX CUCTHEM 3A2ATIOM.

AHnaniz ocmannix 00caioxcens i nyonikauiil. [lleuoxicmo obuuciens Oanux 30ineuLeHoi po3psaOHOCH, AKI BUKOPUCHIOBYIOMLCS
6 bazuci I1J1IC, 3anexcamsb 6i0 Memooie ix onucy, ane yi Memoou maKoic GUIUEAIONTb HA ANapamti GUMPAmu.

Buoinenna nedocnioxcenux uacmun 3azanvHoi npodnemu. Biocymui meopemuyHti il ekCnepumMeHmanbHi 00CiOHCeHH s
064uc06auie 30i1buleHoi po3paOHoci 0 OOYUCIeHb ONepayili 3a MOOYJeM HA OCHOGI OOHOGUMIPHUX KACKAOI8 KOHCMPYK-
mueHux mooynie y 6asuci I1JIIC.

Ilocmanoeka 3ae0anna. Memoiw pobomu € onuc ma OOCHIONCEHHSL OOUUCTIOBAYIE CKIAOHUX Onepayiti 3a MOOYleM HA0
danumu 30invwenoi pospsaonocmi ¢ basuci IJIIC.

Buknao ocnoenozo mamepiany. Obuucirosaui ckiaoHux onepayiil 3a Mooyiem 30i1buenoi po3psOHoCcmi OnUcani me-
MOOOM (PYHKYIOHATLHO20 ONUCY 3a OONOMO20I0 cmanoapmuux onepamopie VHDL, ma memooom cmpykmypHo2o onucy y
6U2NA0I OOHOBUMIPHO20 KACKAOY KOHCMPYKMUGHUX MOOYILIG. 3anedcHocmi meuoKkooii ma anapamuux eumpam 6io po3psio-
HOCMi GU3HAYEHI eKCNePUMEHMATbHUM ULISIXOM, 3 YPAXYBAHHIM 6HYMPIuHb0i 6Y006uU KoHkpemHozo cimeticmea I1JIIC ons
KOJICHO20 3 MemoOi6 Onucy.

Bucnoexu 6ionogiono 0o cmammi. Buxopucmants memooy GYHKYIOHANbHO20 ONUCY MUNOGUMU THCINPYMEHMATbHUMU
sacobamu 6 baszuci IIJIIC ne 0ae 3mo2y 8paxyseamu 0codonusocmi aneopummie 06pooKu OaHUX 6eIUKOL POPAOHOCHI, WO NpU-
6800UMb 00 HAOTUWKOBOCIL Y ANAPAMHUX GUMPAMAX. 3aNPONOHOBAHUTI MEMOO CMPYKIYPHO20 ONUCY 3 GUKOPUCTIAHHAM 00-
HOBUMIPHO20 KACKAOY KOHCMPYKIMUGHUX MOOYII6 MOBOIO ONUCY Anapamypu, 0eMOHCMPYE Kpawi pe3yabmamu ma 0de smozy
Oinbut eHyuKo nioxooumu 00 sukopucmawnts anapamuux pecypcie ILIIC.

3meHwenns anapamuux gumpam Ha peanizayiio 3acobie 0OuUUCIeHHs. OAHUX 30L1bULEHOL PO3PAOHOC 8 MENHCAX KOHKpe-
muoi IIVIIC, 3a paxynok eusiibHenHs 000amKoGUX pecypcie 0ae 3Mo2y 30iNbuumu po3psioHicme OaHUX, Wo 00po6IsIOmbCs,
6e3 000amKo8UX GUMPAM HA 3aMIHY ANAPAMHO20 3a0e3neYeHH s NPU 3a2ailbHOMY 30ibUleHHI NPOOYKMUBHOCHE 0OUUCTIOBATb-
HO20 elemenma abo cucmemil.

Knrwuoei cnosa: oonosumipruil kackao koncmpykmuenux mooynie; ILJIIC; apugmemuuni onepayii 3a mooynem; VHDL;
GyHkyionanoHuil onuc, 6a2amopo3psaoHi 0aHi; KOMOIHAYIUHA N02IKA.

Puc.: 10. Tabn.: 2. bion.: 6.

AKTyaJIbHICTh TeMH JocaizkeHHs. Oreparrii 3a 3MiIHHAM MOJyJIEM € OJHUMH i3 Hakl-
OLTBIN MOIIUPEHHUX apu(PMETUUHUX OMEpalliid, sIKi BUMararoTh IPOBEICHHS 00YKCIICHb HAJ Ja-
HUMH 3 BEIIUKOIO PO3PSIHICTIO, OCKITBKM OCHOBHUMH TalTy3sIMH X BUKOPUCTAHHS € CHCTEMH
uppoBoi 0OpOoOKK CUTHAIIB, KpUITOTpadiuHi CUCTEMH, BIIMOBOCTIHKI CHCTEMH, CIeIiali3o-
BaHI 00YHUCITFOBaYi, ITI0 TTOOYT0BaHI Ha OCHOBI armapaTy MOJYJISIPHAX OOYHCIICHb.

IMocranoBka npodaemu. OCHOBHOIO 3 TOJIOBHHX BHMOT, III0 BUCYBAIOTHCS JI0 TaKUX IPH-
CTpOIB, € 30UTBITICHHS IIBUIKO/II1 IIPH IIOMipHUX altapaTHUX BUTpaTax. OHUM i3 HAIPsMIB ITiJI-
BUIIIEHHSI IBHUJIKO/II1 0araTopo3psAHOT0 00YUCITIOBAILHOTO MPHCTPOIO € BUKOPUCTAHHSI TPUC-
KOPEHMX METOJIB Ta aJIrOPUTMIB OOYHMCICHHS. A TpH peaiizamii muX OOYMCITIOBATBHHIX
npuctpoiB y 6azuci [TJIIC mBuakoais Oyae 3aaexaTd TaKOX 1 B METOY OIUCY.

Merton orucy oouncroBaIbHOTO prcTporo B 6aszuci [JIIC, kpiM mBHIKO 1T, CYTTEBO BILTH-
Bae i Ha anaparHi BuTpatu. HaBiTh pu J1y’Ke rapHUX pe3ysibTaTtax poOOTH MPHCTPOIO 32 KPHUTE-
pieM IBUAKOIIT, BATPATH HA anapaTHy peati3allilo MOXXYTh BUSIBUTHUCH HEJIOITYCTUMHMHU.

AHaJTi3 0CTaHHIX TOCTiKeHb i mydaikaniii. Y monepenHix podoTax AeTalbHO PO3IIisia-
€THCSI METO]] OITUCY OOYHCITIOBATBHUX €JIEMEHTIB Ollepailiil J0JJaBaHHs 32 MOJIyJIEM Ha OCHOBI
OJTHOBUMipHOTO KacKa,{y KOHCTPYKTHBHUX MOJYJIB [1; 2], sikuii moOyjoBaHH HAa OCHOBI KOHC-
TpykTUBHOTO MOAYJs [3]. Ha ocHOBI omepartii 1ogaBaHHs 32 MOJyJieM OyJid 3alporOHOBaHI
peaizaril iHIuX CKJIaJHIINX apu(pMETUUHHUX OTepalliil 3a MOJTyJIeM, TaKuX sIK MHOXKEHHS Ta
I THECEHHS JIO cTereHs [4].

© Porogenko A. 1., 2020
109



Ne 4(22), 2020 TEXHIYHI HAYKU TA TEXHOJIOT'IT
TECHNICAL SCIENCES AND TECHNOLOGIES

Panimme mpoBesieHi JOCiKEHHSI CyMaTOPIB 32 MOJIYJIEM JIEMOHCTPYIOTh JIOCTATHIO IMBHIKO-
JUFO ITPH HEBEJIMKUX allapaTHUX BUTpaATax y OOUMCITFOBATLHUX MPUCTPOSIX, TTOOYTOBAHUX HA OCHOBI
OJTHOBUMIpPHHX KacKa(iB KOHCTPYKTUBHUX MOAYJIB [5]. JI1st OIliHKM e(heKTUBHOCTI TPUCTPOIB, SIKi
OOYHCITIOIOTE OLTBITT CKJIaJTHI OIepaltii 3a MoJyjIeM, HeOOXiTHO IMPOBECTH JIOCIIIKCHHS BILIHBY
30UTBIICHHS PO3PSTHOCTI IPHCTPOFO Ha MBHUIKOIIIO 3 YpaxyBaHHIM allapaTHUX BUTPAT.

BuisieHHsI HeI0CJTIIKeHUX YaCTHH 3arajibHol pooseMu. BifcyTHi TeopeTHuHi i ekcIiepu-
MEHTATbHI JOCITiPKEHHST 00UYHCITIOBAYIB 30UTBIIIEHOT PO3PSITHOCTI IJIsl OOUMCIIeHb OTeparliit 3a Mo-
JTyJIeM Ha OCHOBI OJTHOBHMIPHHUX KacKaJliB KOHCTPYKTUBHHX MO Ty.IiB y Oaszuci I[JIIC.

MeTta po6oTu. MeToro pobOTH € JOCHTIIKEHHS aapaTHUX BUTPAT Ta IBUIKO1T 00UnCITIO-
BaJILHUX TPUCTPOIB, K CKJIAIAIOTHCS 13 CyMaTOPiB HA OCHOBI OJTHOBHMIPHUX KacKaJliB KOHC-
TPYKTHUBHHUX MOJYJIIB MU 30UIBILICHHI PO3PSAHOCTI JAHUX 10 00POOIISIIOTECS. A TaKOX HOpi-
BHSIHHSI OTPIMAHUX PE3YJIbTATIB i3 pe3yaIbTaTaMu JOCHTIHKEHHS IPUCTPOIB OMTMCAHUX METOIOM
¢ynkuioHansHOro onucy Ha MoBi VHDL.

Bukusiag ocHOBHOTo MaTepiany. Y SIKOCTI 00YHCITIOBATBHUX IIPUCTPOIB JUTS TOCITHKSHHS
o0paHi MpUCTPiii MHOXKEHHS 32 MOJYJIEM, Ta MPUCTPIH MiABECHHS 10 CTETEHIO 3a MOYJIeM,
sIKi OyIyIOThCS HA OCHOBI CyMaTOpiB.

Tumosa peamizailiss 00UUCTIOBaYiB Mepeadadac BUKOPUCTAHHS METOAY (YHKIIIOHATHFHOTO
orrcy Ha MoBI VHDL Ta 6a3yeTbest Ha OCHOBI CTaHIapTHHUX OIEPaTOPiB ITi€l MOBH [6].

Hanpuknan, npucTpiii MHOKEHHS 32 MOJTIyJIEM OITUCYETHCS 3a JONOMOT0I0 OiHAPHOTO OIe-
paTtopa MHOXEHHs Ta oreparopy mod:

AmB <= std_logic_vector(unsigned(A) * unsigned(B));

R <=std logic_vector(unsigned(AmB) mod unsigned(P));

Tyr AmB — nie npomi>kHU#T CUTHAT MHOXEHHS JIBOX OTIE€PaH/IiB, PO3PSIHICTh SKUX JIOPiB-
HIOE TIOZIBOEHIH PO3PSAHOCTI OTIEPAHTY.

Omuc curHaNIB Ma€e TaKWA BHUTIIS:

signal A,P,.B,R : std logic vector(N - 1 downto 0);

signal AmB : std_logic_vector(N*2 - 1 downto 0);

Jlyis 3aBaHTa)KeHHS BXiTHUX JAHUX, Ta PEECTpaIlii pe3ynpTary OyJia 3alpornoHOBaHa CTpPY-
KTypa o0uucItoBaya, 10 HaBeJeHa Ha puc 1.

IHTepchenc FSL
] /Y
din {16 116 dout
Y

CnpoLweHun NpucTpin
3aBaHTaXEeHHS onepaHais

Yi6 +16 +16 1516
Y a vI) vp r
PericTtp A Perictp B Perictp P | |Perictp R

J' A
P& B 1P + R

Y Y Y

Bbnok MHOXEeHHS 3a MoAyInemM

Puc. 1. Cmpykmypa npucmpoio MHOJNCEHHS 3a MOOYIeM, SIKA ONUCAHA MemOOOM
@yuxyionanvrozo onucy mosoro VHDL
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Kpim 6510ka MHOMKEHHS JTOCITHAN TPUCTPIN CKIIAJIAE€THCS 31 CIPOIICHOTO MPUCTPOIO 3a-
BaHTa)KCHHSI, KW 3a0e3nedye y3ropkeHHs 3 inTepdeiicom FSL, Ta perictpis BBOAY/BHBOY.
AJTOpUTM POOOTH CIPOINEHOTO TPUCTPOIO 3aBAHTAXKCHHS OIEPAHJIIB IPEICTABICHHIA

Ha puc. 2.
IMoyamox

Y

| rising_adge(cik) -

- subv_num <= . v
stk <=vsite dxl!(_ subv rum+ 1 subv_num <=0 Y
U Y u Y m_num <=0
@ _num+1

Q_num <= ;
@_num+1
| sk <=red

Puc. 2. Cxema ancopummy pobomu cnpowjeno2o npucmpor 3a8aHmaiCeHs. onepanoie

Jnst mocmiiKeHHsl MHOYKEHHST Ha OCHOBI OJTHOBUMIPHOTO KacKaJy KOHCTPYKTUBHHX MOJIY-
JiB MoOy10oBaHa aHAJIOTIYHA CXeMa, ajle olepallis J0JAaBaHHs 3a MOyJeM Oy/ie BUKOHYBaTHCh
OKpeMHM OaraTopo3psiTHIM cyMaTopoM 3a MojxyneM. lle mo3Bossie peanizyBaTH aarOpHTM
MHOJKeHHSI, 1110 3aIlpONIOHOBAHU Ha puc. 3.
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Toyarox

Y

nbit<=n-1

Y

res<= (res+ resjmocd P

Kineus

Puc. 3. Cxema ancopummy pobomu 610Ky MHONCEHHS
HA OCHOBI 0OHOBUMIPHO20 KACKAOY KOHCMPYKMUBHUX MOOY 6

3 ypaxyBaHH;IM 0COOJIMBOCTEH alropuTMy Ta iHTepdeiicy cymaropa 3ampornoHoBaHa CTPYK-
Typa MPUCTPOIO MHOXKEHHS 32 MOYJIEM, SIKa ITPeJICTaBlIeHa Ha pHC. 4, 3 SIKOTO BUIHO, IO IHTep-
¢eiicHa yacTUHA TPUCTPOIO BiAIOBIIae iHTepdelcHii yacTuHi 3 meporo gociiay (puc. 1). Ta-
KHM 9MHOM, 11 BIUIMBOM Ha 3arajJbHy KUIBKICTh PECYpCiB MOKHA B OJATBIIOMY 3HEXTYBATH.

IHTepdchec FSL ‘

din {16

Y

A
16 dout

CnpoujeHWid NpucTpin
3aBaHTaXeHHs1 onepaHiB

A
i L16
13 +£6 1 pa 116
Y ¥
Perictp A ‘ Perictp B ‘ Perictp P ‘ ‘ Perictp R ‘

r B
Y

+p AR

Y

bnok MHOXXeHHS 33 Moagynem

A B

¥4 yB

R

‘R

Cymartop

3a -
MOIYTIEM -
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Jlocmiay MpOBOIMIIACH 13 BXIIHUMH JaHUMH 3 PO3PSIHICTIO Bif 16 10 1024. PesynbraTh
eKCIIEPUMEHTATLHUX 00YMCIICHh HaBeIeHI B TaOHISIX 1 Ta 2, a TAaKOK MPOLTIOCTPOBaHI y BH-
sl GyHKIiH, 300paxkeHi Ha pUCcyHKax 5 Ta 6.

Tabmums 1

Peszynemamu excnepumenmie iz npucmpoem MHOJCEHHA 3a MOOYIleM, AKUU ONUCAHUL
Memooom hynkyionanenoeo onucy Ha moei VHDL

Po3psigHicTh Kinbkicte LUT KiabkicTts Slice 3aTpumka, HC
16 1611 549 106,385
32 6325 1796 243,701
48 14273 3826 387,603
64 25164 6619 540,669
80 38890 10090 704,07
96 56152 15075 876,24

Tabmums 2

Pesynomamu excnepumenmis i3 npucmpoem MHOJNCEHHS 3a MOOYIeM, AKUL ONUCAHUT

MemoOOM HA OCHOBT 0OHOBUMIPHO20 KACKAOY KOHCMPYKMUGHUX MOOYIG

Po3psigHicTh Kinbkicte LUT KiabkicTts Slice 3aTpumMka, HC
128 1755 592 11177,216
256 3480 1276 32699,392
384 5252 1881 64521,984
512 6491 2317 107351,04
640 8078 2854 159002,88
768 9272 3630 222587,904
896 10968 4305 295778,56
1024 14056 5438 379039,744

TaGmuyHi TaHi IS TepIIoro ONMUcy 3 BUKOpUCTaHHIM onieparopie VHDL HaBemeHi ure

JUTst po3psiAiB o 96. Iloganbpime 301TbIICHAS] PO3PSAHOCTI BXITHUX JJAHUX 00MEXYBaJIOCh pe-
cypcamu [UIIC, mo BUKOpHCTOBYBajach y JA0OCHiaX, 1 HECIPOMOXKHICTIO IHCTPYMEHTIB CHH-
Te3y BUKOHATH IMIIEMEHTAIIIO POEKTY.

JIJist HOpiBHSIHHSA pe3yJbTaTiB IPH PO3PSAHOCTI OHAA 96 3 pe3ynbTaTaMu MeToly (yHKIIi-
oHasbHOTO onucy Ha MoBi VHDL Oyia moOynoBaHa aHamiTHuHa (YHKINS, IO OTPHAMaHa 3a
JIOLIOMOTOI0 METOTy HalMEHIINX KBaIPaTiB, TOMY III0 OTPUMAHHS IPAKTHYHUX 3HAYEeHb 00OMe-

YKUJIOCH MOKJTHBICTIO amapaTypH.

7.0E+6 40E+5 —
f(ix) = 0.31x42+ 4792x ~16520
6.0E46. f(X) =5.99x42 + 10.16x - 84.60 _# SRR lv kikm sl
R? = 1.00 K B |
5.0E+6 - vHDL N oo 1f(x) = 0.02xA2 + 7.64x - 19,86
4.0E+6- s 2 29E%Re=1.00
= K3 £ 20E+5-4VHDL
2 3.0E46- . g |
)" 2 1565 |
2.0E+6 - O YV KKM ® 10E+5
1.0E+6 - o 100 = 12.76x + 69.32 5.0E+4 -
L Rf=0.99 I ¢
0.0E+0 - mmmmb="" 0.0E+) MERS—n e n=p=cp==d=¥""7" | |

0 128 256 384 512 640 768 896 102411

5

0 128 256 384 512 640 768 896 1024 1152

PospsagHictb PospsigHicTb
Puc. 5. 3anexcnicmo xinokocmi LUT Puc. 6. 3anexcnicmo 3ampumxu
610 po3psaoHocmi 810 po3psaOHOCMI
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OcCkiNbKY CTaHJAPTHUM orepaTop IiJHECeHHs 10 cTeneHio MoBoro VHDL He minTpumye

po0OTYy i3 CHTHAJIaMU, peai3allis Iiel oneparlii BAKOHaHA HAa OCHOBI oreparlii MHOKEHHS 3a
QITOPUTMOM HaBEJICHUM Ha puc. 7.

lovarox

| mbit <=0 I

-

mbit <= mbit+1
=

Puc. 7. Cxema ancopummy nionecenus 00 cmeneHio 3a 3MiHHUM MOOYieM

IHTepcheric FSL

A
din {16 } 16 dout
Y

CnpoLeHnii NpUcTpin
3aBaHTaXEHHSs onepaHais

A
Yié xi6 X6 Y16
v \ v’
Perictp A Perictp B Perictp P Perictp R
44 1B P fé R
Y Y Y

Bnok nigHeceHHs A0 CTeneHio 3a MoAaynem

A
L4, BB, R
A
\

/ R
Brnok ~
MHOXEHHSA
3a moaynem [«

P

P B AR
R s
vy4 y B fR
Cymatop
3a
mozaynem -«

P

Puc. 8. Cmpyxmypa npucmpoio nionecenus 00 cmeneHio Ha 0CHOBI OOHOBUMIPHO20 KACKAOY

KOHCMPYKMUSHUX MOOYIi6
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3 ypaxyBaHHSIM OCOOJMBOCTEW alrOpUTMY 3aIPOINOHOBAHA CTPYKTYpa MPHUCTPOIO IiJHE-
CEHHS JI0 CTEIEHIO 3a MOJIyJIeM, sKa MpejcTaBlieHa Ha puc. 8. J{ociiau IpoBOHIUCEH 13 BXiJI-
HUMH JJaHUMHU 3 po3psaHicTio Bix 16 1o 1024. PesynbraTn ekcriepuMeHTAIbHUX OOYHCIICHb
MPOLTIOCTPOBAHI y BHTJIS AL pyHKINIH Ha prcyHKax 9 Ta 10.

7.0E+6 - 1.4E+9
6.0E+6 ‘ f(x) = 6.05x*2 + 8.21x + 87.70 ',’ 1.2E49 |
R*=1.00 K v kkm | () = 1.08/xA3.00
5.0E+6 ‘ +VHDL R | 1.0E+9 R*=1.00
L4
4.0E+6 + 2 B.OE+8
5 \ 4 g f(x) = 21.2x2 -322.0x + 36173
3 3.0E+6 ‘ 2 § 6.0E+8 R'=10
¢ g + VHDL
2.0E46 = Y REM 8 4.0E+8-
| L% f(x) = 19.57x + 14.71
1.0E+6 ‘ e 2=1.00 i 2.0E+8
e 5
0.0E+0 S e e ey | 0.0E+0 AR PR SRR AL S
0 128 256 384 512 640 768 896 1024 1152 0 128 256 384 512 640 768 896 10241152
Po3spsigHicTs Po3spsaaHicte
Puc. 9. 3anexcnicmo xinexocmi LUT Puc. 10. 3aneocnicmo 3ampumku
810 pO3pAOHOCMI 810 po3psaOHoCmi

BucHoBKkH BiamoBixHO 10 cTarTi. BiOBIIHO 10 OTpEMaHUX pe3y/IbTaTiB y peaizallisax
000X omeparliift MeTo1oM (pyHKITIOHATEHOTO onucy MoBoro VHDL, 3aTpumka Ha oOUuCIIeHHS pe-
3yJIbTaTy Ma€ MEHII 3HaUeHHs B Jiana3oHi Big 8 10 96 po3psiiiB, HiXK IPU BUKOPUCTAHHI METOTY
CTPYKTYPHOT'O OIIUCY HAa OCHOBI OJIHOBUMIPHOTO KacKay KOHCTPYKTUBHHX MOJIYJIB, 1€ HOsIC-
HIOETHCS] BUKOPUCTAHHSIM Y NTepeBakHii OUIbIIOCTI KOMOIHAIIMHOT JIOTIKM Ha BI/IMiHY BiJ OJJHO-
BHUMIPHOTO KacKajy KOHCTPYKTUBHHX MOJYJIIB, Y SIKOMY MepeBakae MOCIiJOBHA JIOTiKa.

3rifiHO 3 pe3yIbTaTaMHu eKCIIEPUMEHTY MOKHA KOHCTATYBaTH, IO peatizarlis 00YHCIFOBAYiB
BEJIMKOI PO3PSTHOCTI CTAHIAPTHAMH 3acOo0aMH € Hee()eKTUBHOIO Y 3B’SI3KY 3 HAJTUIIKOBICTIO
arapaTHUX BUTpaT. BogHouac BeMKOIO MepeBarol0 BUKOPUCTAHHS CyMaTopa Ha OCHOBI OJHO-
BUMIpPHOT'O KacKaJy KOHCTPYKTHUBHUX MOJYJIIB SIK OCHOBH JUIs OJI0Ka ITiTHECEHHS /IO CTENEHIO 3a
MOJIyJIEM € Te, IO JUIS peattizariii 0JI0KiB BEJIMKOI PO3PSTHOCTI BUTPAYAETHCS CYTTEBO MEHIIS
pecypciB. Hampukinaz, peatizarist MeTooM GyHKITIOHaIFHOTO onrcy MoBoro VHDL Ha po3psi-
HOCTI MTOHAJ 96 3aiiMa€e KiIBKICTh pecypciB, Ky HE MOXKYTh HaJ[aTH HABITh HAHOLIBIN €K3eMIT-
msipu cimeiictBy TJIIC Spartan6. Ilpu npomy peanizariisi 3 BAKOPUCTaHHIM cymMaropa 3a MOAY-
nem Ha ocHoBI KKM mae 3Mory pearizyBatu O6J10Ku po3psaHicTiO Oibine Hixk 1024.
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RESEARCH OF COMPUTERS FOR ACCELERATED CALCULATION
OF HIGH BIT DEPTH DATA BASED ON A ONE-DIMENSIONAL CASCADE
OF CONSTRUCTIVE MODULES

Urgency of the research. The study of computers to calculate data of increased bit size and take into account the impact
of methods of their description on the implementation of FPGA will increase the speed of data processing, and more efficient
use of FPGA resources is certainly an urgent task.

Target setting. Accelerating the process of calculating data of increased bit size places additional demands on the imple-
mentation of elements of computer systems and computer systems in general.

Actual scientific researches and issues analysis. The speed of computing high-bit data used in an FPGA depends on the
methods used to describe it, but these methods also affect hardware costs.

Uninvestigated parts of general matters defining. There are no theoretical and experimental studies of high-bit computers
to calculate the operations of modules based on one-dimensional cascades of structural modules based on FPGA.
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The research objective. The aim of the work is to describe and study computers of complex operations on the module on
the data of the increased bit size in the basis of FPGA.

The statement of basic materials. Computers of complex operations on the increased bit module are described by the
method of functional description using standard VHDL operators and the method of structural description in the form of a one-
dimensional cascade of structural modules. The dependences of speed and hardware costs on the bit are determined experi-
mentally taking into account the internal structure of a certain family of FPGAs for each of the methods of description.

Conclusions. The use of the method of functional description by typical tools based on FPGA does not allow to take into
account the peculiarities of large data processing algorithms, which leads to excessive hardware costs. The proposed method
of structural description using a one-dimensional cascade of structural modules in the language of hardware description
demonstrates better results and allows a more flexible approach to the use of FPGA hardware resources.

Reducing the hardware cost of implementing high-bit computing tools within a particular FPGA, by freeing up additional
resources, increases the bit size of the data being processed at no additional cost to replace the hardware with an overall
increase in the performance of the computing element or system.

Keywords: one-dimensional cascade of structural modules; FPGA; arithmetic operations modulo;, VHDL, functional de-
scription; multi-bit data; combinational logic.

Fig.: 10. Table: 2. References: 6.
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AHAJII3 IHOOPMAIIIMHOI CUCTEMUA YAOCKOHAJIEHHSI OCBITHBOT'O
IMPOLECY 3A 10IIOMOI'OIO TEXHOJIOI'II IoT

Akmyanvhicmos memu oocnioxcenna. llumanns suxopucmanns mexnonoeii [oT 6 oceimi € akmyanvrum, 0codnu60 6 ne-
Ppio0 oucmarnyiiiHo20 HAGYAHHSL.

Ilocmanogka npodnemu. binvuticme suxiadauie ve Moxcymo NOCMIUHO 00CTIONCY8aAMiL Ul YNPAGIAMU NPOYECAMU HAE-
YaHHsA 3000)6a4i6 6UWOT OCEIMU 8 PeANbHOMY YACi, WO NO2AHO BNIUBAE HA AKICMb 0CEIMU 3a2a0M.

Ananiz ocmannix docnioycens ma nyonikauiii. byiu posensinymi ocmanni nyonikayii' y 6iOKpumomy 00Cmyni, 6 sIKUxX 6Uc6i-
mneHo chepu suxopucmanns mexnonoeii loT. Taxooic posensanymo naunonynspriwi npukiaou euxopucmanus loT ¢ oceimi.

Buoinenna nedocnioxceHux wacmuH 3azaabHoi nPOOAeMU. YOOCKOHANEHHS CUCIEMU NPOBEOCHHSL 3aHSMb 13 MEMmO
NOKpAUjeHHsl 0CBIMHbO20 NPoyecy 6 Nepiod OUCMAHYINIHO20 HABYAHHS, 3d OONOMO20I0 GIOCMeNCeH sl GI0BIOYBAHHS MA KOHYe-
Hmpayii yeaeu Ha iexyii 3000y6ayise euuoi oceimii.

Ilocmanogka 3ae0anna. llpoananisysamu, ax loT ennueae na axicmo oceimuvozo npoyecy. Onucamu cucmemy, 3a 00-
NOMO20I0 SIKOI MONCHA NOJe2UWUm poOONy 6UKIA0AYi6, a came OONOMA2aAmu KOHMPONI08amu 6i08i0yeanicme 3aHAMb i 6u-
3HAUamu 3aYiKaeieHiCmb PeOMenoM, o HAOaLi OONOMONce 06 EKMUBHO OYiHumMuU 3000)6aui6 GUOT OCGIMU.

Buknao ocnoenozo mamepiany. [Ipoananizosaro, axi icnytomo mexrnonoeii loT 6 oceimi. Onucarno cucmemy, 3a 0onomo-
2010 KO MOJICHA 8IOCMENCYSAMU NPUCYMHICMb 3000Y68a4i6 HA NAPI, a MAKOIC KOHMPOIIOSAMU IXHIO Y6azy il 6U3HAYAMIU 3a-
yixagieHicmo npeomMemom y peaibHoMy 4aci.

BucHoeku 6ionosiono 0o cmammi. 3anpononosanuii y cmammi aHaniz 003601ums CIMEOPUMU IHPOPMAYIUHY cucmemy
YOOCKOHANeHHSl 0C8IMHBO20 npoyecy 3a donomozor mexnonozii loT, wo 6 mailbymuvomy 003601UMb NONEUUMU OP2AHI3A-
yitiny pobomy 6uKIA0AYA i 6NAUHE HA 3A2ANbHY AKICMb OYIHIOBAHHS CMYOeHMA.

Knwuogi cnosa: 1oT; 3aknadu euuyoi oceimu; MOHIMOpuUHe, eNeKMPOHHULL HCYPHAI; PO3NIZHABAHHS 00pa3ie; OUCmaH-
yitiHe HABUAHHSL.

Puc.: 1. bion.: 7.

AKTyaJbHicTh TeMH JocTaikeHHs. [0T mBUIKO po3BUBAEThCS 1 cTae NeAali aKTyalbHi-
IOr0 TeMO¥O. ICHYe 6e311id 03HaK, 1110 CBi4aTh Mpo Te, o loT Oy e 3MiHrOBaTH O6arato ramy3ei,
BKJTIOYAIOYH 3aKJIa/IM BUIIOI OCBITH. BpaxoByrouw, 1110 BUKIIaAa4 y Tepiol TUCTAHIIITHOTO HaB-
YaHHS HE MOKE IMOCTIHO JOCTIKYBATH ¥ YIPABIISATA HABYAILHUMH TTPOIIECaMHU, 3a MATPUMKH
[oT 3axaay BUIIIOT OCBITH MOXYTh MOKPAIIyBaTH pe3yIbTaTd HABUAHHSI, YOCKOHAIOIOUH OTIe-
pariifHy e(eKTHBHICTh Ta OTPUMYIOUH PO3yMIHHS JiSUTEHOCTI CTYACHTIB y pealibHOMY 4aci. Te-
xHoJjorist [oT momomoske KapauHATBFHO 3MIHUTH CIOCIO poOOTH YHIBEPCHTETIB Ta MOKPAIIUTH
piBeHb HaBYaHHS CTYCHTIB i3 0araTboX JUCIHUILTIH Ta HA Oy Ib-IKOMY OCBITHROMY PiBHI.

IMocTranoBka npodaemu. @enomen Intepuety peueit (IoT) choronni Bijirpae BakJIMBY
poib y 6aratbox cdepax [1]. 3 KOKHIM pOKOM KiJTBKICTh MIPUCTPOIB, SIKI MH MOTJIH O PO3TJIs-
JaTH K eJleMeHTH [HTepHeTy pedeid, 3poctae. [HTepHET pedeii MOKHA PO3YMITH SIK BEJTUKY Me-
PEeXY 3 PI3HHMH ITiIKITIOYCHIUMH THITAMHA 00’ €KTIB, 3IaTHUX B3a€MOJIISITH MiX COOOIO Ta 0OMi-
HIOBaTHUCs 1H(pOpMaIli€lo, He3alIeKHO BiJl TOTO UM HaJIe)KaTh BOHU J10 OJHi€T rpynu. CTBOpeHHs
MEpPEeXKi, IO CKJIAJIAETHCS 3 MPUCTPOIB, SKI B3aEMOJIIFOTH MK 0000, HaJTa€ MOKIIUBICTh KOPH-
CTyBaueBi OUTBII e(h)eKTHUBHO YIPABJIATU BCiMa MiJKIIOUCHUMH MPUCTPOsIMH. [HTepHET peueit
JIO3BOJISE BiJJIAJICHO KOHTPOJTIOBATH 00’ €KTH Yepe3 iCHYI0Ul MepexkeBi iHPpacTpyKTypH, CTBO-
PIOIOYM MOXKITUBICTB JJIs1 OJANIBIIOT Oe310cepeIHbOI IHTerparlii (hJi3nYHOTO CBITY B KOMIT IOTe-
pHI CHCTEMH, IO MPU3BOIUTH JIO MiABUINCHHS €()eKTHBHOCTI, TOYHOCTI Ta €KOHOMIYHOI BH-
rogu. [oT HomMOBHIOETHCS HaTYMKaMU Ta aKTyaTOpaMH, IO POOUTH HOTo KidOep(hi3maHOIO
CUCTEMOIO, sIKa BKJIFOYA€E TaKi TEXHOJIOTII, IK PO3YMHI Mepexi, po3yMHi OyJIMHKH, IHTEJICKTya-
JBHUI TPAaHCIOPT, PO3YMHI MiCTa, a TAKOX PO3YMHY OCBITY [2].

OCBITHIH CEKTOp 3aBXK/IU CIIpUMaB HOBI pO3POOKH B rajty3i iHpOpMAIIfHUX TEXHOJIOTiH Ta
KoMyHiKaIliid. TepMiH «OCBiTa» B Cy4acHy €moxy He 0OMEKY€EThCS JIUIIIE T IPYIHUKAMH, a i Oi-
JIBIIIE CTOCYETHCS IU(PPOBOIO CepPeIOBHINA 3HAHB Ta iH(opMaIlii. Brme TexHoOTI# TOMIiTHHIA
y PI3HHX aclleKTaX HaBYaHHS: BiJl 301IBINICHHS yUacTi CTYJICHTIB Y HaBYaIbHOMY ITpOIleCi uepes

IUGPOBUN KOHTEHT /IO CTBOPEHHS IIEPCOHATI30BAHOIO KOHTEHTY JUISl TIOKPAIIEHHs PO3yMiHHS

© Vcik A. M., Sxumenxko 1. B., 2020
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Ta pe3yibTariB yuHiB. OJTHAM 13 HAUTOTYXHIIMUX aciekTiB TexHoJjorii € loT. 3rigHo 3 gocmi-
JOKEHHSIM, ITpoBeJIcHNM KommaHiero Juniper Research [3], 3aranbHa kigbkicTh loT-puctpoiB Ta
nat4yrkiB nepeBuuTh SO0 Mupx 1o 2022 p., nopiBHsHO 3 ominkamu 21 mupa 'y 2018 p. [3].

KirogoBoro npobieMoro € akTyaabHICTh B3a€eMO3B 513Ky [HTepHeTYy peueil Ta 3aKkiajiB BU-
moi ocBitTi. OCHOBHE 3aBJaHHS CTATTi — MOKAa3aTH CIIOCOOU, SK MOJIETIIUTH OCBITHIH mpolec
BHKJIaJia4aM 3a Joromororo TexHosorii IoT, a Takox OUTBIN SKICHO OI[IHIOBATH YCITIIIHICTH
CTYJICHTIB 3 ypaxyBaHHSM BiJIBilyBaHb 3aHSAThH | BUBUCHHS MaTepialy, IKH Haa€ThCs BUKJIA-
JlauaM¥ Ha TTapax, B yMOBax JUCTAHIIHHOTO HAaBYaHHSI.

AHaJTi3 0CTAHHIX J0CTiTKeHb i myoaikamiii. JlocmikeHHs i€l mpoOaeMu TPOBOIUIIICS
TaKMMH BITUM3HSHUMHU Ta 3aKOpJOHHMMH BueHUMH, sk Jack Marquez, Suja P Mathews,
Alexander Garcia Davalos [4] Ta iH.

BuisieHHs1 HeT0CTIUKEHUX YaCTHH 3araJibHOI poodeMu. Y I1iii cTaTTi MpoaHaTi30BaHO
CHCTEMY, 3a JIOTIOMOTOIO SIKOT MOYKHA ITiIBUIIMTH SKICTh MPOBEJICHHS 3aHSTTS BHKIIJa4eM, a
TAKOK MOKPAIIUTH OPraHi3allifo OCBITHROTO MPOIECY 3arajioM. 3a JOMOMOT'O 3alpOIIOHOBA-
HOT CHCTEMM BHKJIaJ[a4d 3MOXKe BiJICTEXKYBATH BiJ[BilyBaHHS 3aHSTh Ta 3aI[iKaBJICHICTh IPeIMe-
TOM 3/100yBayaMHt B PEXKHMI peabHOTO Yacy B yMOBaX JUCTAHIIIHHOTO HABYaHHSI.

ITocTanoBKka 3aBAaHHs. Y CTATTi MPOAHATI30BAaHO BIUIMB [HTEpHETY pedeil Ha OCBITHIO
0i13HEC-MOJIeJ)Ib Ta EKOCHCTEMY OCBITH, HaBeJIeHI MpuKkIIaau 3any4deHHs loT B 3akiamax ocBiTH.
BucBiTIIEHO cITOCOOM MTOKpAIeHHS TKOCT OCBITH 3a IOTIOMOTO010 TexHoJIoTii [oT, BpaxoByroun
MoTIepe THI TOCIJDKSHHS JIJ1sl BU3Ha4YeHHs BIUTUBY 0T Ha ocBiTHI# nponiec. BusHadeHo, sik Mo-
JKHA TIOKPAIIUTH OCBITHIM MPOIeC TUCTAHIIIHHOTO HABYAHHS 3a JOMOMOTOIO BEJICHHS CJICKT-
POHHOTO KypHAITy 3 KpUTEPIsSIMH, K1 JOMOMAraroTh BU3HAUYUTH MPUCYTHICTH 1 3alliKaBJICHICTh
CTY/ICHTIB KOHKPETHHUM IMPEIMETOM.

Buxnan ocHoBHoro martepiany. Brums IoT Ha ocBiTHIO Oi3HEC-MOJIe]Tb MOXHA TIpeJICTa-
BHTH y TPHOX BUMipax: IporpaMu, MOJIe]Tb HaBYaHHS Ta 3alliKaBJIeHI CTOpOoHH (pHc. 1).

Mogens
HaB4YaHHA

Puc. 1. Tpusumipnuii ennue loT na mooenv oceimu

Jlo BUMipy mporpam HajekaTb: PO3yMHI Ta MiAKIIOYEHI KJIacH, pO3yMHHUH KaMmIyc, aBToO-
MaTH30BaHa CUCTEMA BiJ[BITyBaHOCTI, CHCTEMH JUIsl IHKJIFO3UBHOI OCBITH, MOHITOPHHT OXOPOHHU
3JI0pPOB’S CTYACHTIB, TIEPCOHATI30BaHEe HABYAHHS Ta iH.

Crefikxoaepu: 3100yBadi BHINOT OCBITH, BUKJIaAadi Ta OAThKH.

Moies HaBYaHHS: CITUJIbHE HAaBYaHHS, BIpTYaJIbHAN IHCTPYKTOP, aJalTHBHE HAaBYAHHS Ta
3MillIaHE HAaBYaHHS.
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OcKiTbKH pO3yMHE HaBYaHHSI CTOCYETHCS IIPEIMETIB, HABYAILHUX KaOiHETiB, BOHH ITOB’s13aH1
3 TEXHOJIOTiAMU. TpaauIiiHAHN IMiIXiT 10 HaBYaHHS 3aKiHIMBCS PO3YMHOIO CHCTEMOIO OCBITH,
HaByYaJIbHA CHCTEMa 3aMiHIOEThCs MeTo/IoM «chalk-talky HOBUMM TEXHONOTIYHUMH TPUCTPOSMH
(Finger Touch, Pen Based, Teaching Pointer Tomno). ¥ BHIIUX HaBYaILHUX 3aKJIafax CTYIACHTH
noTpeOyIOTh CEPEIOBHIIIA, JIe BOHM MAaTUMYTh Pi3HOMAHITHICTh 3HAHb, HABYAIBHHIH ITPOCTIP, MO-
JKITABOCTI JUIS JTOCTJDKEHb, IOCTYIHICTE [HTepHETY B Mabopatopii. oT cTBoproe anantoBany 00-
JacTh HaBYaHHS, 100 TOTTIOMOT'TH iM OOMIHIOBATHCS 3HAHHSIMH OJIHE 3 OJTHHM.

ExcriepTs 3 OCBITH OIIIHIOIOTH PO3YMHE HaBYaHHS SIK CAMOOCBITY, OO 3a0XOTHTH THX, XTO
HABYAETHCS, TPAIIOBATH HE TUTBKY 3 MipyYHHKaMu. [le MOTHBYe y4HIB IO caMOCTiiHOT 0CTTi-
JTHUIBKOT poOoTH Oe3 odiriitHuX aHaIoroBUX eramniB HaBdaHHs. B [oT mabGopaTopis B3aemoie
3 00'eKTaMu, JaTYNKaMH, TPOITYCKHOIO 3/IaTHICTIO JIaHUX Ta 3'€THY€ KOMIOHEHT 3 XMapHUMH
OOYHCIICHHSIMY, i€ TIPUIIBH/IITYE HABYaHHS. Ternep y4Hi MOXYTh BIJICTE)KYBaTH Ta CIIOCTEPi-
raTy 3a CBOIMHU €KCIIEPUMEHTAILHUMHU JiSIMH B PEKUMI PEaTbHOTO Yacy, BAKOPUCTOBYIOUH iH-
TEJEKTYa bHI TEXHOJOTIYHI MPUCTPOT MOHITOPUHTY, TOOTO BHYTPIIIHIO KaMepy, IHTEIeKTya-
JBHUIM TOJIOCOBHU KOHTPOJIEP, MPUCTPOI BIJICTEXKEHHS, NATYMKHU BigcTexxeHHs Bluetooth,
PO3YMHHI TOIMHHHK CIIOBIiIIeHHS. PO3yMHI HaBYaibHI cepeOBHINA IMPOKIAIAIOTh MUISX JI0
aJlanTaii yuHiB 10 CIpUHHATTS iHpopMarii Ta ii 00poOkH sk nudpoBUx GopMaTiB HABUAHHSL.

Po3ymuwmit ximac — e miciie HaBYaHHS, BUKJIQJAHHS Ta OI[IHIOBAHHSI, SIKE BiTOYBA€THCS B
IHTeJIeKTyaTbHOMY cepefoBHINi. Po3ymMHHII Kiac poOMTH CHCTeMYy HaBYaHHS BUKIIAJAQHHSIM
MPOCTIINO0, 3a0e3Medyloun Kpalle YIpaBIiHHSA KiIacoM. BHKiIamadi Ta CTyIEHTH MOXYTh
3HATH, [0 € METOIO HABYAHHS Ha TEXHOJIOT1UHIi OCHOBI B CUCTEMI PO3YMHOTO YIIPaBIiHHS Kila-
coM. BuuTen 3MiiCHIOIOTE JTii BIAIMOBIHO 70 yCIXy Y4HIB. BOHH MpHMarOTh MOKIIHBI pi-
LICHHS 1010 MOJIMIIEHHS SKOCTI BUIIOT OCBITH. PO3yMHI TE€XHOJIOT14HI IHCTPYMEHTH, Hapu-
KJIaJI, JOKyMEHTaJlbHA Kamepa, IHTepaKTUBHA JIOIIKA, IHTEPAKTHBHUU IIPOEKTOP, MPOCTHIH
IPOEKTOP, I(poBa KaMepa Ta rpadivHi IUIAHIIETH BUKOPUCTOBYIOTHCSI B PO3YMHOMY KJlaci.
KoHmernrist po3yMHOT KJTaCHOT KIMHATH CTOCY€ETHCS IPOTOBOTO Ta 0€3pOTOBOTO HOCISI, ITOB'S-
3aHUX 13 TEXHOJIOTIEXO [5].

Haenemo nesiki mpuxiaau Bukopuctanfs [oT B ocBiTi.

B omHOMY 3 nmociipkeHh BUKOPHCTOBYBABCS METOJ BiICTe)KeHHs oueil. JlocmiquBimm e
METO]I, BUSIBIJIM BIUIMB HOCiSl HA YATAHHS 1 BA3HAYWIIH, IO CTYJCHTH, SKi YATAIOTh LIIOCTPO-
BaHUI TEKCT Ha marmepi, Kpaie oOpoOJISIOTh 1 PO3yMIIOTh TEKCT, HiX CTYACHTH, SIKI YATAIOTh
TaKHi caMUH TEKCT Ha KOMIT FOTepi [6].

VY [7] BuKOpuCTOBYBaBCS PO3YMHH OpacieT Ta CEHCOpHA MeperKa JIJIsl BUSIBJICHHS eMOITii
THIBY.

[HTEepHET peueli MOKe BUSIBUTHCS KOPUCHUM JUIS YIHIB 3 00MEKEHIUMHI MOXKIMBOCTSIMH. Y YHI
3 IOPYIICHHSMH CITyXY MOXKYTh BUKOPHCTOBYBATH CHCTEMY ITiIKITFOUSHUX PyKaBUYOK 1 TTAHIIIET
JUTSL IepeKIIajTy 3 MOBH JKECTIiB B YCHE MOBJICHHSI, IEPETBOPEHHS 3BYKY B TUCEMOBY MOBY. BHKo-
pHICTaHHS IPUCTPOIB i cucTeM [HTepHeTY pedeil € KOHCTPYKTUBHHM CIIOCOOOM HaaHHsI OCBITHBOI
JIOIOMOTH YYHSIM 3 OOMEXEHUMH MOKIMBOCTSIMU. OcoOIMBO 1€ TOJIerirye poOOTy BUKIIauiB
31 CTyJIeHTaM# 3 0OMEKEHIMHU MOIIMBOCTSIMU B YMOBAX JIMCTAHI[IHHOTO HABYAHHSL.

JIis BIIMIHHOTO cITOco0y IIBUAKO BUYMTHUCS, a TAKOXK JUUISI KPAIlOro 3acBOEHHS iH(popMaliii,
OyB po3pobienuit puctpiit ScanMarker. 3a g0mMoMOror0 HHOro 3700yBadi MOXYTh IBHIKO
CKaHyBaTH peJlaroBaHuil TEKCT 3 KHUT, TANlepPiB Ta IHIIAX JOKYMEHTIB MPSIMO B TeNIe(OH, TUIaH-
meT 9u koM totep. [ToTim 1ie# TekeT MokHa TiepeBecTH Oiibine Hixk Ha 40 MOB.

[1ix wac qucTaHIITHOTO HABYAHHS Y BUKJIaadiB 3’ IBUJIOCS JI0IaTKOBE HaBaHTakeHHs. 1le
OB’ I3aHO 30KpeMa 3 TUM, 110 HeOoOXiJHO MOCTIHHO KOHTPOJIFOBATH MIPUCYTHICTH 1 yBary cTy-
JEHTIB Ha JIeKIii. Kow JleKiist mpoXoauTh, Ty>Ke BaKKO IMMPOBOIUTH 3aHSATTS 1 BiJICTEXKYBaTH,
XTO 31 CTYJIEHTIB iepe0yBae Ha mapi BeCh Uac, a XTO TUIBKH YAaCTHHY 3aHSTTS, OCKUTBKH CUTYa-
Iisl 3 TPUCYTHICTIO MOKE 3MIHIOBATHCS B OY/Ib-SIKU MOMEHT. 3 ypaxyBaHHSIM IIbOTO MOYKHA
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CTBOPHTH CHCTEMY, SIKa JIOTIOMOXE KOHTPOJIOBATH MPUCYTHICTH cTyneHTa. [lix mprcyTHicTIO
3100yBava po3yMi€ThCs BiJIBIIyBaHHS 3aHATTS BiJl IOYATKY MAPH 1 JIO KiHI, O€3 BiABOJIIKAHb.
Takox BaYKJIMBOIO 03HAKOIO SIKICTIO HABYAHHS € 3aI[IKaBJICHICTh CTYACHTA i/ Yac 3aHATTs. 3a-
I[IKaBJICHICTh MOYKHA MEPEBIPUTH 3a JOMOMOTOI0 KOHIIEHTpaIlil 3100yBava 10 MoHiTopa. Lle
Oyze BU3HAUATHCS 3a JJOMIOMOTOIO PO3Mi3HaBaHHs 00pa3iB, a came (iKcyBaTH MIMIKY Ta eMo-
MIWHAN CTaH CTyJICHTA ITiJT 9ac 3aHATTA. Kamepa (ikcye moI0KeHHS Tijia, MiMiKy, @ TAKOX T10-
JIOXKEHHS 0Yel 1 B IOJJANTBIIIOMY ITOPiBHIOE JIaHi 3 TOYATKOBOIO KAPTHHKOIO 3 YpaxyBaHHSIM MO-
KJIMBO1T TOXUOKHU.

[licns 3akiHyeHHs mapu OyJie CTBOPEHO XypHall, B IKoMy OyJie BiAMIY€HO, CKUJIBKU Yacy
3100yBa4 OyB MPHUCYTHiM HA Mapi 1 SKUil piBeHb 3aI[iKaBIEHOCTI J0 MPeMETa, a caMe, K 4acTo
3100yBaY BiBOJIIKABCS BiJI MapHu. Takox MOXHa (QikCyBaTH, SIK 3MIHIOBABCS €MOIIMHAN CTaH
CTYACHTA MPOTSATOM 3aHSTTSL.

BucHoBKH BiImoBiTHO 10 cTaTTi. Y MpOoIieci HaMCaHHs CTaTTi OYJIO MpoaHai30BaHO iCHY-
toui TexHoJorii [0T, siKi BAKOPHCTOBYBAIUCS B OCBITI, @ TAKOX BU3HAYCHO, SIK BOHH BILTHHYJIH Ha
SIKICTh OCBITHBOTO TIporiecy 3aranoMm. lIpoanamizyBamu inpopmariiiiHy cucTeMy yIOCKOHAICHHS
OCBITHBOT'O TIPOIIECY, 32 JIOTIOMOTOIO BU3HAYCHHSI IIPHCYTHOCTI CTYJICHTIB Ha Mapi, a TAKOXK BH3HA-
YEHHS 3aIliKaBJICHOCTI IPeMETOM Yepe3 po3ITiZHABAHHS MIMIKH 1 ITOJIOXKEHHS 004t 3100yBayva.
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ANALYSIS OF THE INFORMATION SYSTEM FOR IMPROVING
THE EDUCATIONAL PROCESS USING IOT TECHNOLOGY

Urgency of the research. The issue of using loT technology in education is relevant, especially in the period of distance learning.

Target setting. Most teachers cannot constantly monitor and manage the learning processes of higher education students
in real time, which has a negative impact on the quality of education in general.

Actual scientific researches and issues analysis. The latest open access publications covering the areas of use of loT
technology were considered. Also considered the most popular examples of the use of loT in education.

Uninvestigated parts of general matters defining. Improving the system of classes in order to improve the educational
process during distance learning, by tracking attendance and focusing on lectures of higher education students.

The research objective. Analyze how IoT affects the quality of the educational process. To describe a system that can
Jacilitate the work of teachers, namely to help control class attendance and determine interest in the subject, which will further
help to objectively assess applicants for higher education.

The statement of basic materials. The existing loT technologies in education are analyzed. A system that can be used to
track the presence of applicants in pairs, as well as to control their attention and determine interest in the subject in real time
is described.

Conclusions. The analysis proposed in the article will create an information system to improve the educational process
using loT technology, which in the future will facilitate the organizational work of a teacher and affect the overall quality of
student assessment.

Keywords: [0T, higher education, monitoring, e-journal, pattern recognition, distance learning.
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IOpii Kynaxos, JImumpo Kopernko
THKUHIPUHI" TPA®IKY B DCN 3 PO3T'ATYKEHOIO TOHOJIOT'TEIO

Axmyanvricmo memu 0ocnioncenua. Cyuacni DCN maromo 6enuxy po3mipHicmo i 6i0Opi3HAIOMbCA PI3HOMAHIMHICTIO
061a0HaHHS, NIOKIIOYeH020 00 HUX. Uepes ye cmae documo cKIAOHO YNPAGIAMU OAHUM MUNOM MePedc, d came, OpKecmpos-
ko mpaghixy. 11{o6 eupiviumu yi npobremu 6UKOPUCMOBYIOMb MEXHOLO02II0 NPOSPAMHO-KOHPIZyposanux mepedic. Taxoic 00-
HUM 3 Memooi6 GUpiuleHHs Yux npooieM € BUKOPUCMAHHSL PI3HUX MONON02IH NoOY008u meperc. A0dce UKOPUCMAHHS CKIAOHUX
MONOoNoR2Il He 3a6HCOU payionanreHo. B cmammi posensadaiomocs mpu 0CHOGHI MONONO2IL TOKANbHUX Mepedc ma Memoo opKe-
CmMpoKU mpagixy 6 Hux.

Ilocmanoexa npoonemu. OcrogHUM HEOONIKOM Memo0i6, ki 6Yiu OOCIIONHCeH] 8 OCMAHHIX NYONIKAYIsX, € me, Wo Mapui-
PYMU pOpMYIOMbCsL KONCHUM GY3110M Mepeci 6e3 YpaxyeanHts 6Jice chopmMoBanux wlisixie inwumu gyziamu. Lle npuzeooums 0o
NOBMOPHO20 (POPMYEAHHS OKPeMUX OLNAHOK 8Xce chopmosanux unaxie. Payionanvhe suxopucmarts pisnux mononoeii niosuwye
eeKmueHICMb BUKOPUCTIAHHSL KAHAIG 36'53KY [ 3MEHULYE CKIIAOHICIb OPKeCMPOSKU MpPaQiKy | MEXHIUHO20 CYNPOBOOY Mepeici.

AHnaniz ocmannix 00cioxncens i nyonikauin. Ha oanuil uac 006pe onucano yeHmpanizosane (hopmyeanis 0e3nivi wmisnxie
Ha ocHogi bazamoroniitnoi mapwpymuzayii ¢ SDN. Byno 3anpononosano mooughikosanuii cnocio ¢opmyeanns 6e3niy uLisxis,
WO Xapakxmepu3syemovcsi MEHULOIO MUMUYACOBOH) CKIAOHICHIIO 8 NOPIGHAHHI 3 BIOOMUMU CNOCOOAMU hopMYEaHs 6e3NTul uLISXIE.
Taxodic 6y6 po3pobrenuti Mooughixosanuil cnocié 6a2amokonitiHol Mapuipymu3ayii, IKUil 3a paxyHok 001Ky ocobiueocmi op-
eanizayii SDN, 30kpema 3a paxyHok HAA6HOCMI 8 MepeXdCi YeHMpalbHO20 KOHMPOoaepd, 003601A€ CKOPOMUMU Y4AC (hOPMYEAHHS
be3niui Mapuipymie 00cmyny 00 Mepexicesux pecypcie.

Buoinenna nedocniosycenux uacmut 3a2anvHoi npoonemu. He posensnymumu Ha OGHUTE MOMeHM 3aTUULAIOMbCA 8apia-
HMU pAyioHATbHO20 8UKOPUCMAHHS DI3HUX MONON02II 015 NIOSUWEHHS eheKMUBHOCTI GUKOPUCTNIAHHA KAHANIE 36'A3KY | 3Me-
HULeHHS! CKIAOHOCTI OpKeCmpOoGKY Mpagiky [ mMeXHIYHO20 CYNPOBOOJY MepPeiCi.

Ilocmanoeka 3a60anHA. 3060aHHAM € ONUC MPLOX OCHOGHUX MONON02IH MA PO32si0 Memody 6a2amoKoriiUHOL Mapuipy-
mu3ayii | opkecmposKu Mpaghiky 6 HUX 3 YpaxyeanHam ocobaueocmeli i nepesae SDN.

Buknao ocnoenozo mamepiany. Onucani mononoeii moécme 0epeso, NOOSIIHA po3utupena 3ipka ma noositine Kinoye. Posens-
HYmMOo Memoo 0a2amoKonitiHol Mapuipymu3sayii | Opkecmposku mpagixy 6 Hux 3 ypaxyeaHHsam ocobrusocmell i nepesaz SDN.

BucHnoeku 6i0nogiono 0o cmammi. Buxonaro ananiz pe3yiomamie ma HamiveHi eapianmu MaudymHix 00C1iOH#CceHb.

Knrwuogi cnosa: noxanvri mepeorci; opkecmposxa mpagixy; SDN; DCN.

Puc.: 3. Taébn.: 10. bion.: 13.

AKTYaJbHICTh T€MH JOCTIUKeHHsI. [3 KOXKHUM POKOM Jie/1alli 3pocTae morpeda B 00Umc-
JIOBAJIbHIN MOTYKHOCTI Ta 00cs131 iH(opMaItii 1 O1IbII aKTyaTbHUM CTa€ 3aBAAHHS M1IBUIICHHS
edexTuBHOCTI MepexxeBuX IeHTpiB JaHuX (DCN). CydacHi DCN MaroTh BeJIMKY PO3MIipHICTS i
BiJIPI3HSIOTHCSI PI3HOMAHITHICTIO 00JIaIHAHHS, MiIKIIF0OUEHOro 10 HuX. Uepes 1ie cTae JOCUTh
CKJIQJTHO YITPABJISITH TaKUM THIIOM MEPEK, a caMe, OpKecTpoBKoro Tpadiky. 1106 BupimmTy 11i
pobJieMH BUKOPUCTOBYIOTH TEXHOJIOTIIO MporpamMHo-KoH(pirypoanux mepex (SDN) [1-3].
Takok OJHMM i3 METOJIIB BUPIIIEHHS ITUX MPOOJIeM € BUKOPUCTAHHS Pi3HUX TOIOJIOTIH MO0y~
JOBU MCPCIK. A,Z[)Ke BUKOPUCTAHHSA CKIIAIHUX TOIIOJIOT 1# (HaanKnan, 3MiIlIaHa) HC 3aBXKIH pa-
mioHATBHO. OCKIUTEKH KYIH 3pY4HIiIlle B MaJICHbKHX KOMITaHISIX BHKOPHUCTOBYBATH TPOCTI TO-
noJiorii (IMHa, 3ipKa, KiJbIle 1 T. iH.), sIKi HabaraTo mpocrTiiie 00CIyroByBaTu it opkecTpyBaTH
B HUX Tpadik. Y BEIHMKHUX K& KOPIOPAIisSX JOMIIFHO BHKOPUCTOBYBATH OLIBIN CKIIAIHI TTO0Y-
JOBHU Mepemi JJIL pO3MEIKYBAHHA I[OCTyHiB, X04Ya HUMU JOCHUTH CKJIAIHO YIIPABJIATU i JUIA X
MIITPAMKH ITOTPiOEH BEIMKUH MTAT TEXHIYHUX CICIIaJTiCTIB.

ITocTanoBka npo6aemu. OCHOBHUM HEJIOJIIKOM METO/IiB, IKi OyJIN TOCTIIKEeH] B OCTaHHIX
myOJTiKaIlisX, € Te, 0 MapIIpyTH GOPMYIOTHCS KOKHUAM BY3JI0M MEpeki 0e3 ypaxyBaHHS BiKe
copMOBaHUX NUBIXIB IHIIMMHU By3ji1aMu. Lle mpu3BoaUTH 10 TOBTOPHOTO (hopMyBaHHS OKpe-
MUX JUISHOK BXe cpopMOBaHMX NUIAXiB. PamioHanbHe BAUKOPUCTAHHS Pi3HUX TOIOJIOTIH Mij-
BHIIy€ €)EeKTUBHICTh BAKOPUCTAHHS KaHAIB 3B'SI3KY 1 3MEHIITY€ CKJIaIHICTh OPKECTPOBKH Tpa-
(biKy 1 TEXHIYHOTO CYIPOBOY MEpPEXi.

AHAJI3 0CTAHHIX J0CTIIKeHD i myoJikamiii. [[enTpanizoBane popmyBaHHs Oe3ITidi MUIIXIB
Ha OCHOBI OaratokodiiiHoi MapmpyTu3zaiii B SDN 103BojIsIE CKOPOTUTH Yac KOHCTPYIOBAHHS
Tpadika i MIBUIIUATH SKICTh Horo obciayroByBanHs (QoS) [6], omHak Bigomi metomu Gopmy-
BaHHsI 03114l IIJISIXiB MAIOTh BUCOKY TUMUYACOBY CKIAIHICTB [7]. Y 3B’s13Ky 3 1iuM y podoTi «The
method of plurality generation of disjoint paths using horizontal exclusive scheduling [8] 3ampo-
MOHOBaHO MO (iKOBaHUH c11oci6 (hopMyBaHHS 03114 IIISIXIB, 10 XapaKTePU3YETHCsT MEHIIIOO
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TUMYACOBOIO CKJIQIHICTIO B MMOPIBHSHHI 3 BIIOMUMU crioco0amu (hopMyBaHHs Oe3midi MUIsIXiB. Y
po6oti «SDN Orchestration for Next Generation Inter-Networking» [9] 3anpomnonoBano Mo 1u-
¢ixoBanuii crocid GaraTokoiitHOT MapIIpyTH3allii, SKUi 32 paXyHOK 001Ky OCOOIMBOCTI Oopra-
Hizamii SDN, 30kpeMa 3a paXyHOK HasBHOCTI B MEpEXi IEHTPAITBHOTO KOHTPOJIEPA, JO3BOJISE
CKOPOTHTH 4yac (opMyBaHHs O€3J1iui MapIIpyTiB JOCTYITY J0 MEPEKEBUX PECYPCIB.

BunisieHns HegoCTiTKeHNX YACTHH 3arajbHoOl mpobemu. He po3risHyTHMHU Ha ChOTO-
JIH1 3aJIMIIAI0THCS BapiaHTH PalliOHAIBLHOTO BUKOPUCTAHHS P13HUX TOMOJIOTIH JJIs1 M1 IBUIIEHHS
e()eKTUBHOCTI BUKOPHCTAHHS KaHAJIB 3B’SI3Ky Ta 3MEHIICHHS CKJIAJHOCTI OPKECTPOBKH Tpa-
(biKy 1 TEXHIYHOTO CYIPOBOY MEpPEXi.

Merta crarTi. MeTOrO JTOCIIKSHHS € PO3TJIS TPhOX OCHOBHHX TOIOJIOTIT JIOKAIBHUX Me-
PEX 1 po3rIIsi croco0y O6araToKoMiHOT MapIIpyTH3aIlii i OpKecTpoBKH TpadiKy B HUX 3 ypa-
XyBaHHSM ocoOmBocTeit i mepesar SDN [10-13].

BukJan ocHoBHOro Matepiadry.

Fat Tree. Y xoMyTOBaHiii MaTpHIIi — TOITOJIOTiI MepeXi, B IKiii BAKOPUCTOBYIOTHCS KOMY-
TaTOpH, — TOJIOBHA MeTa — MiJKIIOYUTH BEUKY KUTBKICTh KIHIIEBUX TOYOK (TpoIiecopiB abo
CepBepiB) 3a JIOOMOT'OI0 KOMYTAaTOPIB, IO MAIOTH JIUITIE 0OMEXEHY KUTbKICTh TOPTiB. PO3yMHO
MOETHYIOUH MEPEKITIOYaloUl eIEMeHTH Ta (POPMYyIOUM TOIOJIOTII0, MEepeka MOXKe 3’ €IHyBaTh
3HAYHY KUIBKICTh KIHIIEBUX TOYOK (pHC. 1).

Core

Aggregation
Vs

Vs Q/ Vs Vs $/ Vio Vi1 $/ V1§ Vi3 §/ Vl& Edle
\ \ /\ /\ \ \

P00 888 HOpp BDs

Puc. 1. Tononocia Fat Tree

Mepexi Fat-Tree (puc. 1) 6ynu 3anpononoBani Yapian3om Jleiizepconom 3 MIT B 1985
porri. Taka Mepexa € JepeBOM i IMPOIECOPH ITiIKIIFOUYCHI JI0 HIPKHBOTO PiBHS. BiMiHHOIO OCO-
OJUBICTIO TOBCTOTO JIepeBa € Te, 10 JJsl OyAb-IKOro KOMyTaTopa KUIbKICTh MOCHJIaHb, 10
WIyTh BHA3 JIO OTO CIIAJIKOEMIIIB, JIOPIBHIOE KIJTBKOCTI IIOCHIIAHb, IO HAYTh J0 HOTO OAaTHKIB
Ha BEPXHBbOMY piBHI. TOMy IMOCHIaHHS CTAIOTh «OLNTBII TOBCTHMUY JIO BEPIIMHHU JIEPEBa, 1 y
nepeMuKava B KOpeHi JiepeBa € OUIBIIICTh MOCKUIIaHb Y MOPIBHSHHI 3 Oy/Ib-sIKUM 1HIIUM Hepe-
MUKAYeM IT1iJ1 HUM.

s ycTaHOBKa OCOOJIMBO KOPHCHA ISl MEPEX Ha KPHUCTAaJIi 1 € JIeTeBOIO Ta €(peKTUBHOIO JUIs
BUKOPHUCTAHHS B CyNMepKoMIT foTepax. OMHaK i1 KOPIIOPATUBHUX MEPEXK, IO 3’ €AHYIOTh Cep-
BEpU, BUKOPHCTOBYIOThCS CTaHJIApTHI (TOTOBi) KOMYTaTOpH, SIKI MalOTh (DIKCOBaHY KUIBKICTh
mopTiB. OT)Ke, KOHCTPYKIIis, JIe KUTBKICTB ITOPTIB BapiFOEThCS BiJI KOMyTaTopa JIo KOMyTaTopa,
HE JIy’Ke 3pydHa Yy BUKOpUCTaHHI. ToMy Oynu 3amporoHoBaHi albTepHATUBHI TOIOJIOT T, SIKi MO-
KyTh e(DeKTHBHO BUKOPHCTOBYBATH iICHYIOUI KOMYTaTOpH 3 (PJiKCOBAHOIO KiJIBKICTIO ITOPTIB.

Tomousorist «moaBiiiHA po3mmupeHa 3ipka». Y Mepekax, 1[0 BUKOPUCTOBYIOTh TOIOJIOTIIO
«3ipKay, MepeKeBHI HOCIH 3’ €THy€ MEHTPATLHUN KOHIICHTPATOP 13 KOXKHUM MPUCTPOEM, ITiJI-
KIIIOYEHUM J10 Mepexi. D13uuHUi BUTIIS]] TOMOJIOTIT «3ipKa» Harajaye pajianbHi CIHII, SKi BU-
XOJIATH 13 TICHTPY KoJieca. Y IIiif TOIMOJIOTil BAKOPUCTOBYETHCS YIIPABIIIHHS 3 IICHTPAIBHOI TO-
YKH, a 3B’S130K MK NPUCTPOSMH, MiJAKIIOYCHUMH J0 MEpexi, 3AIMCHIOEThCS 3a JOIOMOTOIO
JIBOTOYKOBUX JIIHIA MiXK KOXKHHM IPUCTPOEM 1 IICHTPATBHAM KaHAJIOM a00 KOHIICHTPATOPOM.
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VYBech MepexeBuit Tpadik y 31pKomoIiOHiN TOMOIOTT MPOXOUTh Yepe3 KoHleHTpaTop. Cro-
YaTKy JaHi HaJICWJIAIOTHCS JI0 KOHIIEHTPATOpa, a MOTIM KOHIIEHTpATOp MepenpaBise ixX mpu-
CTPOIO BIJIMOBIIHO JI0 a/IpECH, 1[0 MiCTUTHCS B IaHUX.

AJte SIKIIIO ITPOCTa 31PKOIT0 1i0Ha TOOJIOTIS He MOJKe IIOKPUTH HMOBIPHY 00J1aCTh MEPEXKi, TO
il MOYKHA PO3MIMPUTH NIIIXOM BHKOPHCTAHHS MIXXMEPEKEBHUX TPHUCTPOIB, SIKi HE JTAIOTH TPOSIB-
nsaTrcs eeKTy arTeHroarlii. Pe3ybTyroda TOIOJIOTiS HA3WBAETHCS TOIOJIOTIEID «PO3IIMPEHA
3ipkay (puc. 2). Jlns Toro mob 3ipkornoaioHa TOnoJoris Moria e(peKTHBHO BUKOPHCTOBYBATHUCS
y BeJMKii OyIiBIi, il HEOOXITHO PO3MHMPHUTH. 32 paXyHOK 301IbIIECHHS JOBXHHA KaOeIliB ropH-
30HTAIBbHOI KaOEJIbHOI CUCTEMH 1Ie pOOUTH HE MOKHA, OCKIJIBKU HE MOYKHA [TEPEBHUIILYBATH PEKO-
MEHJIOBaHY MaKCUMaJIbHY JIOBKUHY Kabeto. 3aMiCTh IIbOTO MOKHA BHKOPACTOBYBATH MEPEKEBI
OPUCTPOT, SIKI MEepPemKOoKaloTh Jerpanamii curaamy. 11006 curHamu MoOrim po3mi3HaBaTHCS
MPUAMAIOYNMHA TTPUCTPOSIMH, BUKOPUCTOBYIOTBCS TIOBTOPIOBaYi, sIKi OEpyTh OCIAOIeHUH CHT-
HaJI, OYHIIAIOTh HOT0, TOCUIIIOIOTH 1 BIAMIPABIISIOTH JIaJli IO MEpexi. 3a JOOMOTO0 TTIOBTOPIOBA-
YiB MOKHA 301TBIIUTH BiJICTaHb, HA IKY MOXeE csAraT Mepexa. [loBroproBadi mpaIforoTh y TaH-
JIeMi 3 MEpEKEBUMH HOCISIMH 1, OTKE, HAJIEXKaTh 710 (pi3MuHOro piBHA eTasoHHol Mojerni OSI.

Vis Vi7 Vie

Puc. 2. Tononozis «noosiiina posuiupena 3ipkay

JlocuTh 9acTo JiIs 3amodiraHHs BiIMOB Y poOOTI Mepexi JTOJatoTh JIPYTUid, TyOTFor0unit
KOMYTaTOp, KA 3MOJKe MPUAHSITH Ha ceOe YacTHHY HaBaHTaXCHHS Mepexi (puc. 2).

TomoJiorist «nmoaBiiiHe KiJibIe». Y KiTbIli, HA BIJIMIHY BiJl IHITKUX TOIOJIOTIH (3ipKa, IMWHA),
HE BUKOPUCTOBYETHCSI KOHKYPEHTHHI METO] HaJICHIIaHH TaHuX. KoM’ roTep y Mepexi oTpu-
MYE€ JaHi BiJ] ONEPeTHHOTO B CIIUCKY aJIpecaTiB 1 MepeHanpaBise X Jai, SIKII0 BOHU aJIpeco-
BaHi He Homy. CnHCOK ajipecariB reHepYEThCS KOMIT IOTEPOM, IO € TeHEPaTOpOM Mapkepa.
MepexeBuii MOTYJIh TEHEPYE MAapKepHUN CUTHAN, KU 3a3BUYail CTaHOBUTH 2-10 GalT 100
YHUKHYTH 3aracaHus, i mepeae ioro HacTymHiii cuctemi. HactynHa cucrema, npuiHSIBINT CH-
THaJI, He aHaJIi3ye HOTo, a MpocTo mepeaae aaii. [le Tak 3BaHUit HYJIOBHI ITUKIT (pHC. 3).

Tomosnorist «mojBiliHe KinbIe» (puc. 3) modyaoBaHa Ha ABOX KiibIlsax. [lepire kinbie — oc-
HOBHUH IUIAX JUIA Tepeaadi JaHuX. J[pyre — pe3epBHUHN MUISIX, O JTyOJIF0O€ OCHOBHUM. SIKIIIO
nepie Kiiblie pyHKIIOHye HOpMAJIbHO, TO J1aHi epelaloThCs TUIBKU M0 HhOMY. SIKIIO KiJibIle
BHUXOJIUTH 13 JIaJIy, BOHO 00’ €THYETHCS 3 JPYTUM 1 Mepeska MpoioBxkye pyHkmionysaru. Jlani
[P IIFOMY 3a HEPIIUM KiJIbIIEM IepPeIatoThCS B OJJHOMY HAIPSAMKY, a IO JAPYTOMY — Y 3BOPOT-
HoMy. [Ipukinagom mosxe nociyxutu mepexa FDDI.
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Puc. 3. Tononocia «noositine Kinvye»

Jlnst popMyBaHHSI MapHIPyTiB Mepeadi MaKeTiB Y PO3TISHYTUX TOMOJIOTISIX OyAeMO BUKO-
pucToByBaTH Mo iKOoBaHHMA anroput™ [13].

IIpuxkiaagu popMyBaHHA Ta0JHUbL OaraTokoJiiiHOI MapmpyTu3aunii. Posriasaemo npu-
KJ1aau (popMyBaHHS TaOIUITE MapIIpyTH3AIIiT IS Tepeaadi iHpopMartii Bij By3na V7 1o By3Ja
V14 DCN po3ristHyTHX BHIIE TOHNOJOTIH.

Y po6oti «Orchestration of traffic in network data centers based on technology Software-
Defined Networking» [13] HaBeneHa mocii1oBHICTh popMyBaHHS TaOIUIHL MAPIIPYTIB IS TO-
nostorii Fat Tree. Ayte mboMy NpUKJIaai MOOYAYyEMO TAOJIMIN MapIIpyTiB JJIS TOTOJIOTIH TO-
NBiifHa po3mupeHa 3ipka i mojBiitHe Kinble (Tad:i. 1).

Tabmuns 1
3asanmasicenns Kananie 0151 Monoio2ii NOOGItiHA po3uiupenda 3ipKa
Ll LZ L3 L4- LS L6 L7 L8 L9 L10 L11 L12
Kanaz Vi Ve | VoV, | VeV, | VeV, | VeV, | VoVs | VoV, | VoV | ViVs | ViV, | ViV, | VsV,
Hapanraxenns | 0,1 0,2 0,7 0,5 0,6 0,6 0,2 0.4 0,3 0,2 0.4 0,1

ITocainoBHicTh popmyBaHHS TA0AUIB MAPIIPYTIB.
dopmyeThest MHOXKUHA BY3iB W, = {V5}, CyMDKHUX 3 BY3JIOM V4.
dopmyeThes TAOTUIT MapIIpyTiB s By3na Vs (Tadm. 2).

Ta6mums 2
Tabnuys mapupymis ons 8ysia Vs
Tabnwms By3na Vs
BY30J1 METPHUKa HaBaHTAXCHHSA
aapecar CYMiXKHUIA HUIAXY Xy 1o Vi,
V14 V14 M i,14 091

j=1

dopmyeThest MHOKUHA By3miB W, = {V;,V,}, mo npuMukaroTh J0 By3ia Vs.
Koeoinient HaBaHTaxkeHHs KaHaiy L, = (Vs, V,) nopisatoe d, = 0,2.

d,> D5, Tomi D;=d, =0,2.

dopmyBaHHS TaOIUII MapHIPYTiB 70 By3na V, (tadm. 3).
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Tabmums 3
Tabnuys mapwpymis ons eysna V,
Tabnwmis By3na V,
BY30J1 METPHUKa HaBaHTaXCHHA
agpecar CYMiKHWI HUTAXY nusxy 10 Vs
Vig Vs M; 14 0,2
KoeoimienT HaBaHTaxeHHs KaHay Lz = (Vs, V;) nopiBaroe d; = 0,7.
d;> D,, Toni D; =d5; =0,7.
dopmyBaHHS TaOJHIII MapIIPYTiB 70 By3ia V; (Tadm. 4).
Tabmmms 4

Tabnuys mapupymis ons eysia V;

Tabauus By3na V;
By3011 MeTpHKa HaBaHTAKEHHS
ajipecar CYMiKHUH HULAXY nutaxy ao Vs
Via V; M1, 0.2

j=2.

dopmyeThest MHOKUHA BY3ITiB Ws ={V3,V,, Ve }, 110 IpUMHKArOTH 10 By3Ja V.

[oxi6HuM yrHOM, c(OPMYBABIIM MAPIIPYTH JIO 1HIIUX BY3JiB, SIK Pe3yJIbTaT, MU OTPUMAEMO
TaOJIUIIIO MapIIPYTIB VIS By3na Vs, uepes sSIKuii MU OTpUMAaEMO J0CTyH 1o By3ina V., (tabum. 5).

Tabmuns 5
Tabnuys mapupymis ons 6y3ia Vs
Tabnmis By3na Vs
By3ol - " METpPHKA IIISIXY Path load up to V;
agpecar CYMUKHUHU
V14 Vl Mi,14 073
V14 VZ Mi,14 076

Ha mijictaBi Buine3azHadeHUX TaOJUITh MapIIpyTH3aIlii iH(opMallis iepeacThbes Bijl By3ia
V., mo By3na V; 4 3 MmiHiMaIbHUM 3HaYeHHIM D; = 0,3 y Takiit mocmigoBHocTi Vo, —> Vo—> V —>
Vy—> V,—> Vs—> V;, (Tabm. 6).

Tabmums 6

3asanmasicenns kananie OJisi MONOJ02ii NOOGitiHe Kilbye
Ly L, | Ly | L, Ls Le L, Lg | Lo | Lig | Lyy | Lyp
Kanan ViaVo | VoVio | VoVi | ViV | VigVig | ViaVa | ViaVip | VioVo | VBV, | VL V) | ViV, | VRV
Hapanrtaxenns |0,1 0,2 0,7 103 0,6 0,5 0,5 0,5 0,6 |02 (04 0,1

ITocainoBHicTh popmMyBaHHS TA0AUIB MAPIIPYTIB.
dopmyeThest MHOKUHA BY3IiB W, = {Vg}, cyMixkHUX 3 By37IOM V4.
®dopMmyeThCs TAOTHUIT MapIIpyTiB s By3na Vg (Tadu. 7).

Tabmuus 7
Tabnuys mapupymie ons eyzia Vg
Tabmuusg By3na Vg
BY30J1 METPHUKa HaBaHTaXCHHA
aapecar CYyMiXKHUIA LUIAXY uusaxy 10 Vi
Vig Via Mijq 0.1

j=1

dopmyeThest MHOXKUHA By31iB W, = {V;,V;(}, 1m0 npumMukaioTh 10 By3na V.
KoeodimienT HaBaHTa)keHHs KaHATY L, = (Vo, V; ) nopiBHioe d, = 0,2.

d2> Dg, TOI[i Dl = d2 = 0,2
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dopmyBaHHS TaOJAIII MapIIpyTiB 70 By3ia V;, (Tadm. 8).

Tabmuust 8
Tabnuys mapupymis ons eysna Vy
Tabmms By3na V;
BY30J METpUKa HaBaHTAXCHH
agpecat CYMIKHHIA LUIAXY nisaxy 1o Vg
V14 V9 M i,14 097

KoeoimienT HaBaHTaxxeHHs KaHATy Ls =(Vo, V;) nopieaioe d;=0,7.

d;> Dy, Tomi D; =d5 =0,7.

®opmyBanHs TabIHII MapIIpyTiB 70 By3na V, (tadi. 9).
Tabmums 9

Tabnuys mapupymis ons eysna V,

Ta6mnuus By3na Vg
By30J1 MeTpHKa HAaBaHTaKEHH
azpecar CYMiKHUI LUISIXy usixy 10 Vi
Via Vio M4 0,3

j=2.
dopmyeThest MHOKUHA BY3ITiB Ws = {V/,, V;4}, 110 MpUMUKAIOTH 110 By3Ja V.
[oxi6HuM yrHOM, C(OPMYBABIIM MAPIIPYTH JIO IHIIUX BY3IiB, SIK Pe3yJIbTaT, MU OTPUMAEMO
TaOJIUIIIO MapIIPYTiB JUIs By3na V,, uepes sSKuif MU OTpUMaeMo J0cTyn Jo By3na V, (tabi. 10).
Tabmuns 10
Tabnuys mapupymis ons eysia V,

Tabnwuis By3na V,
Bysol - " MeTpHia Path load up to V5
ajgpecar CyMDKHUAN LHULIXY
Vig \'A M 14 0,4
V14— V12 Mi,14 095

Ha mijictaBi Buine3azHadeHUX TaOJUITh MapIIpyTH3aIlii iH(opMallis iepeacThbes Bijl By3ia
V; no By3na V;, 3 MiHiMameHUM 3HadeHHsM D; = 0,4 y Ttakiit mociigosHocti Vo,—> V,—>
Vi—=>Vy=> Vig—> Vo—> V4.

SIK1o HaBaHTaXXeHHs Ha 3B’ 130K 00paHOTo MapILIpyTy 3pOCTae, Horo TabaMIis MapIIpyTiB
3MiHIO€EThCS. Lle mpu3BOAUTE 0 peKoHpIrypartii 3aJaHOT0 MUISIXY.

[Tpomerypa OpKeCTpOBKH pyxXy OUIBIN JIOKJTAIHO ONMKcaHa B cTaTTi «Orchestration of traffic
in network data centers based on technology Software-Defined Networking»[13]. BukopucTtoByroun
H#oro, MOXHa JJOCUTH JIETKO OPKECTPYBaTH Tpadik sl pi3HUX TOIOJIOTIH Mepexi.

BucHoBkH BiinoBigHo 10 cTaTTi. Y poOOTI peanizoBaHO B MEpexkKeBi TOIMOJIOTIT Ta BU-
KOPHCTaHHI MeTo 1 opKecTpoBKH Tpadiky B DCN, skwii, BpaxOBYIOUYH 0COOJIMBOCTI OpraHi3artii
SDN, mo3BoJisie CKOPOTUTH Yac (opMyBaHHSI HAOOPY MapIIPYTiB OCTYITY J0 MEPEKEBHX pe-
CYPCIB Ta CIIPOCTUTH MPOIEAYPY 3MiHH MapIIPYTy.

Jlani Tomoutorii 3a IoMOMOTr oo Ib0ro MeTo 1ty [13] 103BOJISIFOTH MPAKTUYHO BUKITIOUUTH 3aTpU-
MKy 200 BTpaTy IakeTiB y Ipolieci nepeHanpasienHs Tpadiky. ¥ Toit ke yac, 4umM OlIbIIe NUISIXIB
(OpMYETBCS B TOMOJIOTISIX, TUM MEHIIIO0 Oy 1€ HMOBIpHICTh 3aTPUMKHU a00 BTPATH MAKETIB.

i Tonosorii mobpe miaXoASTh A MaJNX Ta cepenHix odiciB. [t BUKOpucTaHHS Ha Be-
JUKAX TMPHEMCTBAX I1i TOIOJIOTIT TOBHHHI OyTH PO3IIHMPEHi Ta Po3ranyXeHi. MoKIHBOIO
TEMOIO HACTYIHUX JOCTIKEHB € pO3po0Ka METOy OpPKECTPOBKH Tpadiky B OiIBIINUX TOMOJIO-
risx. Takox MiKaBO¥O TeMOrO 0yJ10 O HaBYAaHHS Ta pO3MIIIECHHS B TICBHUX BY3JIaX HEHpOMEpexKi,
sika O BiJIMOBigalia 3a aHalli3 MepeJaHnuX MaKeTIB Ta 3aXUCT BiJ KibepaTak Ha CHCTEMY.
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UDC 004.732:004.9
Yurii Kulakov, Dmytro Korenko,
TRAFFIC ENGINEERING IN DCN WITH A RAMIFIED TOPOLOGY

Urgency of the research. Modern DCNs have a large dimension and differ in the variety of equipment connected to them.
This makes it quite difficult to manage this type of network, namely, traffic orchestration. To solve these problems we use the
technology of software-configured networks. Also, one of the methods to solve these problems is to use different topologies for
building networks. After all, the use of complex topologies is not always rational. The article considers three main topologies
of local networks and the method of orchestration of traffic in them.

Target setting. The main disadvantage of the methods that have been studied in recent publications is that the routes are
formed by each node of the network without taking into account the already formed paths of other nodes. This leads to the re-
Sformation of individual sections of already formed paths. Rational use of different topologies increases the efficiency of com-
munication channels and reduces the complexity of traffic orchestration and network maintenance.

Actual scientific researches and issues analysis. At present, the centralized formation of multiple paths based on multi-
path routing in SDN is well described. A modified method of forming multiple paths has been proposed, which is characterized
by less time complexity compared to known methods of forming multiple paths. A modified method of multipath routing was
also developed, which by taking into account the peculiarities of the SDN organization, in particular due to the presence of a
central controller in the network, allows to reduce the time of formation of many access routes to network resources.

Uninvestigated parts of general matters defining. Options for the rational use of different topologies to increase the
efficiency of communication channels and reduce the complexity of traffic orchestration and network maintenance remain not
considered at the moment.

The research objective. The task is to describe the three main topologies and consider the method of multipath routing
and orchestration of traffic in them, taking into accounts the features and benefits of SDN.

The statement of basic materials. The topologies of a fat tree, a double extended star and a double ring are described.
The method of multipath routing and orchestration of traffic in them taking into account the features and an advantage of SDN
is considered.

Conclusions. The analysis of results is carried out and variants of future researchers are planned.

Keywords: local networks, traffic orchestration, SDN, DCN.
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Bonooumup Pycinos, bocoan lsaniwes, Anopiti AumoHniox,
Apmem Bonokuma, I'eopeiti JIyyvkuti

CIIOCOBU CUHTE3Y TOIMOJOITYHUX OPTAHI3ALIN
HA OCHOBI KOJIOBUX NEPETBOPEHD JJEEPYITHA

AxkmyanwvHicms memu docnioxncenHa. Ha cooeooni maxi mononoeiuni opeanizayii, sik oepesa (tree), scupHi oepeea (fat
tree), 3D-mesh, 6D-tor, DragonFly euxopucmogyromocs six cnocio mepeacesoi opeanizayii 6 yenmpax obpobku oanux. Yci yi
mMononoz2ii Maoms 8i0MOB0OCMIIKI 61ACMUBOCTI 6HACTIOOK HAAGHOCMI OeKINbKOX ANbMEPHAMUBHUX WISAXIE MAPUPYMU3AYIL.
Tomy axkmyanvhorw € 3a0aua po3podKu HOBUX MONOL0RTH, AKI OYOyms mamu 6aeamo 30aiaHCO8AHUX Mapupymie (one cost
path). O0num i3 kKpawux éapianmis Onisk O0CAIOHCeHb NOKPAUeHHS. MOnonoaii depega € Kombinayis 3 epagamu de bpyiina
DI3HUX cUCmeMax YUCTeHHS, W0 00360JA€E 6aPII08AMU CHIYNEHeM 6ePULUH, OiaMempOM MA KINbKICMIO albMepHAMUSHUX ULTAXI6
ona mapuwpymusayii. ¥ cmammi nponoHyEmoscs UKOPUCMAmu HO8Ull Cnocio, aKuili 0036018€ OMPUMAmM 3a0aHi Xapakmepuc-
muku npu 06 ’€OHaAHHI MONONO2IT HA OCHOGI Oepes 3 2pagom Ha OCHOBI KOOOBUX nepemeopets Oe bpyiina.

Ilocmanogka npodnemu. llpu cmeopenti 61.COKONPOOYKMUSHUX OOUUCTIOBATILHUX CUCTEM 8AXCIUBOIO € 3A6YACHA PO3-
POOKA X MONONOZIUHUX OP2AHIZaYIT, KA O036ONSE GYACHO NEPeObAYUMU XAPAKMEPUCHIUKY CUCTEMU.

Ananiz ocmanix docnioxcens i nyonikayiil. Ha yeii uac icHye Huska pooim, npuceésuenux monono2isim, o 3acHOBAHI Ha No-
cnioosHocmi Oe bpytina. IcHye demanvHuil 0ens0 cunmesy SiOpuOHUX Mononoeii Ha 0CHo6 gpagie de bpyiina ma zinepxyoa.

Buoinenna HedocniodxceHux uacmut 3a2anbHoi npodnemu. He poszensinymoro Ha yeil uac 3anuulaemoCs MOXCIUBICTG
BGUKOPUCIANHSL 2IOPUOHUX MONONO2IH HA OCHOGI 0eOPYUHIBCHKUX NOCTIO06HOCEN MA PI3HUX MUNIE 0epes.

Ilocmanogka 3a80anHA. 3a60anismu € po3podKa cnocody CUHmMe3a HOGUX MONOLO2I HA OCHOBE 0epee [ OeOPYIHIBCLKUX
nocni008HOCMeEl MA AHANIZY XAPAKMEPUCMUK CUHME308AHUX MONOIO02IYHUX OP2aHI3ayill ONIsl PI3HUX PIGHI6 6I0MOBOCMITIKOCTI.

Buknao ocnognozo mamepiany. Onucano cunmes n’simu monouoziii Ha 0CHO8I Oepeg i 0eOPYIHIBCLKUX NOCTIO06HOCHE.
1IposederHo nopieHANbHUI AHANI3 YCIX CUHME308AHUX MONONO2II.

Buchnoeku 6ionogiono 0o cmammi. Buxonano ananiz xapakmepucmux, 6UOLIeHO OCHOGHI nepegazu ma HedOoNiKu 3anpo-
NOHOBAHUX MONONOIUHUX CIPYKMYD, GUCYHYMO NPONO3UYIT U000 IX NOKPAUeHHS.

Knrwuoei cnosa: epag oe bpyiina; mononozis; 8i0M060CMIUKICHb.

Puc.: 13. Tabn.: 9. bién.: 13.

AKTyaJbHicTh TeMH JocaikeHHs. Ha cboroani nepeBa (tree) Ta xupHi gepena (fat tree)
IITUPOKO BUKOPUCTOBYIOTHCS SIK CITOCIO MepekeBOol opraHizaiii B IieHTpax o0poOku manux. Ta-
KO B CyYaCHHX CYNEPKOMII I0Tepax BUKOPUCTOBYIOTHCS TaKi TOMOJIOTIYHI opraHizarii, ik 3D-
mesh [1], DragonFly [2], 6D-tor [3]. Bci mi TomoJiorii MaroTh BiIMOBOCTIiKi BIIACTUBOCTI BHA-
CJIIIOK HAsBHOCTI JIEKUTBKOX aJbTePHATUBHUX HUISAXIB MapuipyTusamii. ToMy akTyalbHOIO €
3a/1a4a po3poOKH HOBUX TOTIOJIOTIH, sIKi OyIyTh MaTh Oarato 30aJlaHCOBAaHMX MapIIpyTiB (one
cost patch) [4]. OnauM 3 BapiaHTIB ISl JOCTIKEHb MOKPAIIEHHS TOIOJIOTIT JepeBa € KoMOi-
Harlis 3 rpadamu Jie bpyiiHa B pi3HUX cHCTEeMaX YUCIICHHS. BUKOPHCTaHHS Pi3HUX CHCTEM YH-
CJICHHSI JI03BOJISIE BapilOBaTH CTYIEHEM BEPINUH, J[IaMETPOM Ta KiJbKICTIO albTePHATUBHHUX
MUISXIB JJTT MapIIpyTH3aIlii. Y cTaTTi MPONOHY€EThCS BUKOPUCTATH HOBHM CITOCIO, IKHIA JO3BO-
Jsie OTPUMATH 3aJIaHi XapaKTepUCTUKU MPpH 00’ €THAHHI TOMOJIOTIH Ha OCHOBI JiepeB 3 rpadom
Ha OCHOBI KOJIOBHX TIepeTBOpEHb Ji¢ bpyitHa.

ITocTanoBka npodaemu. [Ipu cTBOpeHHI BUCOKOIIPOIYKTUBHOI OOUNCITIOBATILHOI CHCTEMH,
BaXXJIMBOIO YaCTHHOIO poOOTH € po3po0Ka TOMOJIOTi9HOI opranizarii. [{ei Kpok 103BoJIsle BYUaCHO
r[epez[6aq1/1TI/I XapaKTCPUCTUKU CUCTEMHU, HC BUKOHYIOYN MMOBHOI1 MOI[CJ'Ii CHUCTCMU, 11O JO3BOJIAE
MIPaBHJIHLHO TTIOpaTH 00JIaHAHHS Ta PO3POOUTH ITOPUTMH MapmpyTu3arii. Sk Bijiomo, Oiib-
LICTh KJIACTEPiB BUKOPUCTOBYE LIEHTPAIbHI IPOLIECOPU pa3oM 3 JIEKIIbKOMa IpadiYyHUMU IpUC-
KOpIOBaYaMH¥ ISl PO3B'SI3aHHS OOYMCITIOBAILHUX 3aja4. 3a3BU4Yail, 3Ha4Ha vacTwHa JiHii PCI
express BxKe BUKOPHUCTOBYETBCS, 1 TOMY BaXKITUBO TePeTIaCHO KUTBKICTh 3B’ S3KIB JUIT KOYKHOTO
BY3J1a, 10 Oy/ie BIUIMBATH Ha Yepry MOBIOMIICHbD, sika Oy/ie YTBOPIOBATHUCS.

AHaJIi3 0OCTaHHIX JOCTiKeHb i myOJrikaniii. Ha meif yac icHye HU3Ka poOiT, IPUCBIYECHUX
TOTIOJIOTISIM, IO 3aCHOBaHI Ha MociioBHOCTI Jie bpyitHa [5-7]. IcHye netanbhuit ormsi cuH-
Te3y TiOpUIHUX TOIOJIOTIH Ha ocHOBI rpadiB e bpyitHa Ta rimepky6a. Takox IikaBo 3a3Ha-
YUTH, 10 30UTBITYETHCS KUIBKICTh HAYKOBHUX CTaTel, SIki BUKOPUCTOBYIOTh rpadu ae bpyiina

mutst cuaTe3y JIHK i remomis [8].

© Pycinos B. B., Ipanimes b. B., AaToHIOK A. 1., Bomokuta A. M., JIyupkuii I'. M., 2020
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BujisieHHs He0CJTiIPKEHNX YaCTHH 3arajibHoOI mpooJieMu. OJTHIEO 3 MAPOKO PO3MOBCIO-
JOKeHHX MojaudikaIiiii 1epeBa € TOBCTE JepeBO, MOKA3HUKH SKOTO JO3BOJISIOTH BUKOHYBATH
MacITadyBaHHS BiIMOBOCTIMKHX Tomojorii. [Ipote paHime He 0YII0 PO3TIISTHYTO MOKIUBICTh
BUKOPUCTaHHS TOPHIHUX TOIMOJIOTiH Ha OCHOBI JeOpYHHIBCHKUX MOCIIOBHOCTEH Ta pi3HUX
TUTIIB JIepeB.

Mera crarTi. MeToro g0ociipkeHHS € po3poOka croco0y CHHTE3a HOBHUX TOIOJIOTIH Ha Oc-
HOBI JIepeB 1 1e0pyHHIBCHKHUX MOCTITIOBHOCTEH, Ta aHAJI3y XapaKTepUCTUK CHHTE30BAHUX TO-
MOJIOTIYHUX OpraHi3amiil AJisl pi3sHUX PiBHIB BiIMOBOCTIHKOCTI.

Bukiag ocHoBHOro marepiany. BinbImicTe TOMOJOTIH, SKi 3aCTOCOBYIOTHCS B CYIIEp-
KOMIT FOTepax, HaCIpaB/ii MAIOTh KOPEHI 3 TPOCTHX TOMOJOTIYHUX OpTaHi3allii, HalpuKiIag pe-
miTky (mesh). OTxe, 3MIACHATH ITePEXiJT BiJ MPOCTUX JIO CKIIATHUX TOIOJIOTIH MOYKHA JAEKiThb-
KOMa IUISTXaMH:

lepapxiunmit migxia. Ha ocHOBI kiactepa, SIKHi MiCTHTh HEBEJIMKY KUJTBKICTh ITOETHAHUX
MiX c0000 BY3IiB, POPMYETHCS i€papXidHa TOMOJIOTIS, B SAKiH 3B’ S3KH MiX KJIacTepaMU TaKOXK
BiJIMOBIJAIOTH OJTHOMY 33JJaHOMY MTPABUILY.

JlexaproBuii 100yTOK Tonojorii. Jl03Bojsie OTpUMATH HOBI TOIOJIOTI 3 MOETHAHHSIM Blla-
CTUBOCTEl 000X MOYATKOBHUX TOTOJIOTIH [5].

O06’eHanHs TOMOJOTIH. 3a JOMOMOTOI0 TOAATKOBHUX 3B’S3KiB, MOXHA 30epertu mepe-
Bard JIeSIKO1 TOIOJIOTIT Ta pO3IMHUPHUTH i1 (PYHKI[IOHAT KOIITOM 3B’ SI3KiB, 110 MPUTAMaHHI iH-
Ii#l TOmoJIoTi.

Jlo OCHOBHUX TOKA3HWKIB TOIOJIOTIH OyJIeMO BiTHOCHTH KiIbKICTH N BY3JiB TOMOJIOTII,
CTYIIHB S TomoJorii, miameTp D Tomosorii, cepenHiii giameTp D Tomostorii, TonoorivyHmii Tpa-
¢ik Q, Bapticts C.

Sk mouaTkoBi 6a30Bi JOCIIKYBaH1 TOMOJIOTIYHI OpraHizallii BAKOpUCTaHi AepeBa Ta rpadu e
Bpyiina. PosrnsHemo 3Buuaiine 6iHapHe aepeBo. MaciraOyBaHHS TaKoi TOMOJIOT 3AiHCHIOEThCS
HACTYITHMM YMHOM: € KOPEHEeBa BEPIINHA, HAa HACTYITHOMY KPOIIi JI0 Hei I0Jat0ThCs JIBi HOBI Bep-
IIMHH, SIKI HAa3UBAIOTHCS sipycoM. Ha kKoxHOMY Kpolli MacIiTabyBaHHS 10 OCTaHHBOTO SIPYCY, JI0
KO’KHOT 3 BEpIIINH JI0JIA€ThCS 110 JIBI BEPIIMHH, YTBOPIOIOYX HOBUIA spyc (puc. 1, Tadm. 1).

Puc. 1. Tononocis binapne depeso

Tabmmms 1
Xapaxkmepucmuxu 6iHapHo2o Oepesa Ha r-oMy Kpoyi
IMMapameTp KinbkicTh Bep- . . .
(¢ - panr) - Cryninb HiameTtp Mina
PiBHsiHHSI 3pocTy 2'-1 3 2*(r-1) 3*(2"-1)* *2*(r-1)

[Ipote B nepeBa 3anmuImaroThCsl MpoOJIeMH, siKi MOTpeOyroTh BupimeHHs. Hampukian,
IMBUIKE 3pOCTaHHS JiaMeTpy Ta TOMOJIOTiuHOTo Tpadiky. OJHAM i3 BapiaHTIB BUPIIICHHS i€l
MpoOIeMH € 3yTUHKA MacIITadyBaHHS JIepeBa 3 OJJHOYACHUM JI0JIABAaHHSIM HOBHX 3B’sI3KiB, 1110
peari3oBaHO B TOIOJIOTIi TOBCTOTO JiepeBa. [HIMUI BapiaHT, SKU PO3TIISAAEThCSA B JIaHId po-
00TI, - IIle CHHTE3yBaHHS TiOPUIHOT TOIOJIOTIT Ha OCHOBI JiepeBa Ta JeOpyHHIBCHKUX 3B’ SI3KiB.

Posrmstremo rpad ae bpyiiHa, skuii CTBOPIOETHCS 3a JOIMOMOTOO 3CYBiB BiIiBo. [Ipu dop-
MYBaHHI HOBOI ITOCJIIJIOBHOCTI, cTapiia u¢pa BUTHCKAETHCS (3HUKAE), MOJIOIIA U ppa micist
3cyBy orpuMmye 3HadeHHs 0 abo 1. OTpuMaHi TAKMM YHHOM BY3JIM MalOTh 3B’SI30K i3 BY3JIOM,
BiJl HOMepa sKoro 3po0sieHo 3cyB. Hanpukian, BisbMemo (Tabi. 2) ae HaBeaeHO GOpMyBaHHS
nocTiI0BHOCTI Jie bpyitHa s Tpu3HAYHUX YUCeT.
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Tabmurs 2
Tabnuys gpopmysants 0eOPyUHIBCLKUX NOCTIO08HOCHET
000 001 010 011
001 | 000 010 | 011 100 | 101 110 [ 111
100 101 110 111
000 | 001 010 | 011 100 | 101 110 [ 111

TakuM YMHOM yTBOPIOETHCS ITOCITIIOBHICTE Jie bpyitHa. JIyig MmacmtabyBanHs rpady, 10/1a-
€THCS ITIe OJTMH PO3PSII, IO 301IBINYE KiIBKICTh BY3JIiB B JBa pa3u. [IoTpiOHO 3a3HAYUTH, 110
rpad MOXXHA TIOBTOPHO BUKOPHUCTATH JUISI HACTYITHUX KPOKiB MacmradyBanHs. [Ipn mbomy 1mo-
TpiOHO mpoayOiroBaTH rpad ABa pasu, 1 J0AATU HOBI 3B’ S3KH, TOMY IO IPX 301IbIICHH] KiJTb-
KOCTI po3psiziiB, 1eOpyHHIBCHKI 3CYyBU OYlyTh FeHepYBaTH HOBI 3HAUEHHSI, SIK1 PO3IIUPSIIOTH IO~
nepeaHii etan macmradyBaHHs (puc. 2, Tadi. 3).

Puc. 2. Tononozis oe bpyiina

Tabmuns 3
Xapaxmepucmuxu mononoeii 0e bpytina na r-nomy kpoyi
IMapametp . . .
(r - panr) K-cTb Bepmnu Cryninb HiameTtp Lina
PiBHsiHHS 3pocTy 2 4 r 4*2*r

Cunre3 Tonouorii. [lepira 3anpornonosana Tonosoris: Kinacrepu 3 ABifikoBUX 1epeB, 0
iepapxiuHo 00’ eaHaHi 32 npuHIHNOM j1e bpyiina. [[ponoHyeThCcs B3STH IBIHKOBE JIEPEBO K
Kiactep (TpyIy By3JiB) Ta 00’ €IHATH 3 IHIIAMH KJIACTepaMH 3a JIOTIKOIO, IO OMUCYETHCS J1e0-
pYHHIBCBKUMH 3CyBaMH.

Po3rnsiHemMo OiIbI €TalIbHO, SIK (POPMYIOTHCS 3B’ 13K HA OCHOBI 1€0PYHHIBCHKHX 3CYBIB,
Ha TpUKIJIafi aBiikoBoro yucna. st popmyBaHHS 3B’ 3Ky MOTPiOHO 3poOHUTH 3CyB unciaa A
BIIiBO, Ta Ha MicIli ocTaHHBOI Iudpu 3amucatu 0 ado 1. Takum ymHOM, POPMYIOTHCS JBa
3B’SI3KH, TIPH [[OMY cTapia nudpa, ska 3aIAIIAE€ThCS 1032 PO3PSTHOIO CITKOIO, BUIITOBXY-
€THCS 1 HE BPaXOBYEThCS. UUCIIO A MOXKHA MTPEJICTABUTH B HACTYITHOMY BHTJISIJIL:

A=ai*2 +a * 2"+ . +a*2+a

Jlns yTBOpeHHsI 3B's13KiB, HEOOXiTHO 3pOOUTH 3CYB BIIiBO, TAKMM YMHOM YTBOPIOETHCS

qucio As:

As=ai *2 +ain * 2"+ .. +ag*2+E,
ne E — npuitmae nBa 3Hauenss 01 1.
OTxe, urciia 3 IKUMH Oy 1e BCTAaHOBIICHHH 3B’ 130K Aso 1 As1 OITUCYIOTHCS TAKAMH (POPMYJIAMH:

Aso=ain * 2 +ain * 27+ . +ap*2+0
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Asi=ai1 ¥ 21 +ain* 2"+ . +ap*2+1
Bapro 3a3naunTy, 110 icHye 1Ba uncia Bo ta By, ki MaTUMYTbh 3B'SI30K 3 UUCIOM A:
Bo=0%*2+a;*2" +  +ay*2+a
Bi=1%2+a;*2"+  +a*2+a
Posrmstremo npukita s 4 kiactepiB (rpyn), e KOXKEH Kiiactep € OiHapHUM JepeBOM 3 7
BepimHaMu (puc. 3, tabi. 4).

Puc. 3. Knacmepu 3 0siiikosux oepes, wjo icpapxiuno 06 'eonani 3a npunyunom Jebpyina

Tabmuus 4
Xapaxmepucmuku kiacmepis 08illKOGUX Oepes, U0 iEPapXiuHo
00 eonani 3a npunyunom /lebpyiina

K c;]i)BBy3 HdiameTtp Cryninb Ce[;ii[:;g u Hina Tonfg;;i:?m“ SD
14 5 3 3,131868 210 2,087912 15
28 6 5 3,637566 840 1,445026 30
56 7 6 4,258442 2352 1,419481 42
112 8 6 4,852156 5376 1,617385 48
224 9 6 5,5217 12096 1,840567 54
448 10 6 6,256492 26880 2,085497 60
896 11 6 7,039867 59136 2,346623 66
1792 12 6 7,866417 129024 2,662214 72
3584 13 6 8,730765 279552 2,910255 78

Hacrynna 3anpononoBana tonosorist: JABilikoBe gepeBo 3 ropH30HTAILHUMU JIeOPYIi-
HIBCBKUMH 3B’si3kaMu. Ha KO)KHOMY TOPH30HTAIILHOMY SpYCi JiepeBa, GOpPMYIOThCS 3B’ I3KH
MiX By3JaM{ Ha OCHOBI A€OpyHHIBCHKHX 3CYBIB.

OTxe, Ha KOXKHOMY HACTYITHOMY KpOIIli MacIITadyBaHHS JI0 JiepeBa JI01aeThes 2'-1 BepIvH,
10 TaKOX JOPIBHIOE KiJIBKOCTI BepIIuH B rpadi 1e bpyiina Ha r po3psinamu. Takum YnHOM, MU
MOXEMO 3aCTOCYBaTH AeOPYHHIBCHKI 3CYBU Ha KOKHOMY sIpYC1 JiepeBa, JUIsl MOTINIIeHHs 0a30-
BUX XapaKTEePUCTHK JepeBa. [Ipu nboMy peKoMeH1yeMO BUKOPHCTOBYBATH MO/IBIMHY HyMepa-
1if0, MO0 OpraHiYHO MOETHATH TOIIYK IO JIEPEBY 1 MapIIpyTH3aIlito 3a ae bpyitHoMm. SApyc
BU3HAYAETHCS 3a JIONMOMOTOI0 HOMEpY By3sa B JepeBi. [Ipumyctumo, mo Hac mikaBUTh, Ha
SIKOMY SIpYCl 3HaXOAUTHCSI BY30J1 P, JUIS IbOTO 3HAX0AUMO 3HaueHHs [log2(p)| = m, sike Biamo-
BiJTaTHMe sIpyCy, Ha SIKOMY 3HAXOJUTHCS BEPIITHHA. 3HAIOUH 1€ 3HAYCHHSI, MOKHA BH3HAYUTH
yci 3B’S13KM MK BepIIMHAMHU Ha sipyci Bxke 3 Hymepalilieto ae bpyitna. Takum unHOM, By3011 Ma€e
MTO/IBITHUI HOMep, 1110 MUIIEeThes Yepe3 kpanky. Hampukian, 3.7, ne 3 — 1ie piBeHb Jepesa, a
7 —HOMep y Tomnosorii ne bpyiina (puc. 4, Tadi. 5).
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Puc. 4. Jlsitikose 0epeso 3 20puzonmanbHUMu 0eOpyUHi6CoKUMU 36 SA3KaAMU
Tabmuns 5
Xapaxkmepucmuxu 08itiIk08020 0epesa 3 20PU3OHMANbHUMU 0eOPYIUHIBCOKUMU 36 SI3KAMU

K c;]i)BBy:‘ HiameTtp Cryninb Cel;ii‘:;g a Lina TOH:::;);;?(H““ SD
3 1 2 1 6 1 8
7 3 4 1,80952 84 0,90476 12
15 5 4 2,94286 300 1,47143 20
31 7 4 4,34409 868 2,17204 28
63 9 4 5,94031 2268 2,97465 36
127 11 4 7,69929 5588 3,84964 44
255 13 4 9,54618 13260 4,77309 52
511 15 4 11,45497 30660 5,72749 60
1023 17 4 13,40185 69564 6,70092 68
2047 19 4 15,37146 155572 7,68573 76
4095 21 4 17,35434 343980 8,67717 84

Tpers 3anpornoHoBana Tomosoris: JIBiiikoBi iepeBa, OB’ A3aHi Misk 00010 TPiliKOBHMH
AedpyitHiBcbKMMHE 3B’ si3kaMu. Kitactepn (hopMyrOTBCS Ha OCHOBI JiepeB Ha 00paHOMY KpOITi
MaciuTaOyBaHHs Ta 00’ €IHYIOThCS 3a JOIOMOTOI0 TpiiikoBHX 3CyBIB Jie bpyiina.

Lei#t cmocid cXOKuil 10 MepIIOro po3rJIIHYyTOro, MpoTe TPIMKOBI JAeOpYHHIBCHKI 3CYBU
JIeTIO MO-1HIIoMY (OpMYIOThCS. SIK 1 B mepInoMy IpUKIIail, K Kiactep o0paHo OiHapHE IepeBo
3 7 BeprmHaMH. J[711 popMyBaHHS 3B’ SI3KY IMTOTPiOHO 3pOOUTH 3CYB YHClIa A BIiBO, Ta Ha MICITi
mostoamoi 1 pu 3amucata 0 ta 1 1 2. Takum 9rHOM, (HOPMYIOTHCS JIBA 3B’ SI3KH, IIPH I[OMY
cTapima 1udpa, SKa 3aTUIIAETHCS 11032 PO3PSTHOIO CITKOIO BHINITOBXYETHCS 1 HE BPAXOBYETHCS.
Cxoxwuif croci0 3 BUKOPHCTAHHSIM HAJJIMIIKOBOTO KOJYBaHHS omHMcaHo B myOumikarmii [9-13].
OTxe, icHye yncio A:

A=a*3 +a *3 + . +a*3+a,
ne a —udpa Big 0 10 2, 1 — KUIBKICTh PO3PSIIB B UUCIHi A.
Cdopmyemo 3B S13KH 32 JIOTIOMOT0F0 3CyBY BIIiBO. [liciist 3cyBY uncIia, OTpUMY€EMO YHCTIO AS:
As=aji1 * 3 +a2* 3"+ .. ag*3+e,
ne e — HaOyBae 3HauenHs 0, 1 a6o 2.
3aJe’kHO BiJl 3HAYEHHS €, OTPUMYEMO 3 pI3HHX YHUCIIA, 3 SKUMU Oylie yTBOPEHi 3B S3KH.
Amnaoriyao 710 popMyBaHHs 3B’ I3KiB JIJIs HEPIIO] TOTOJIOTIT, IcHYI0Th 3 uncia Bo, B, B2 koTpi
(OpMYIOTh 3B’SI30K 3 A, ONHUIIEMO 3arajbHOI0 (HOpMyYJIIOr0 ISl BCIX TPHOX BUMAJKIB 17 Bi, B
skomy e HaOye 3HadenHs 0, 1, 2 (puc. 5, Tabm. 6):
Bi=e*3+a *3"+ . +a*3+a.
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Puc. 5. Jlsitikosi Oepesa, nos szamni misic cob010 mpiikosumu 0eOpyUHi6CoKUMU 38 "S3KAMU

Tabmuns 6
Xapaxmepucmuku nepwoi’ 3anp0n0H08aH0i mononozii

;cy:::i]; HdiameTtp Cryninb Cel;iil:;g a Lina TOH:;;;?CH““ SD
21 5 4 3,385711 420 1,69286 20
63 6 7 4,081413 2646 1,16612 42
189 7 8 4,849544 10584 1,21239 56
567 8 8 5,654383 36288 1,4136 64
1701 9 8 6,515968 122472 1,62899 72
5103 10 8 7,423336 408240 1,85583 80

YeTBepra 3ampornoHoBaHa TomoJjoris: JekapTroBuii JI00yTOK JBiliKOBOr0 JiepeBa Ta
rpady ne bpyiina 3 aBilikoBUMU 3B’ I3KAMH.

OCo0MHBICTIO JIEKAPTOBOTO JIOOYTKY, SIK CITOCOO0Y CHHTE3y HOBOI TOIOJIOTIYHOT OpraHizaiii
€ Te IO, SKIO BiJIOMO, SKHM YHHOM 3POCTAIOTh ITOKa3HUKH, a00 sIKa 3aJIeKHICTh ICHYE MiX
paHToM (eTarmoM MacIITa0yBaHHs) TOIOJIOTI] Ta MOKa3HUKaMU. TakuM YMHOM, MOXHA aHai-
TUYHO TEePeI0AUUTH SIKi XapaKTePUCTUKHA MaTHMe OTPUMAaHa TOIOJIOTIs Ha OyIb-sIKOMY 3 eTa-
MiB MacITadyBaHHsl. 3 I[LOTO BUILTUBAE 1HINA OCOOIHUBICTH, SKIIO TOMOJIOTiS A Ta Tomojoris B
MAarOTh CTaTy CTYIiHb, TO YTBOpeHa TomoJoris C TaKoX MaTUMe CTally CTYIIHb Ha OY/b-IKOMY
3 KPOKiB. Y pe3yJbTaTi, yTBOpEHa TOIOJIOTisl Ha OCHOBI A Ta B Moke MaTh mokparieHi Xapak-
TEPUCTHUKH, 30€piraro9ud BiIMOBOCTIIKI BJIACTUBOCTI, SIKi HAC IIKABJIATh. A came, 30epeKeHHs
JIOCTaTHBO HEBEJIMKOTO CTYIICHS B iHTEpBaJi BiJl 4 710 6, Ta 3MEHIIEHHS JIlaMeTPy 3a PaxyHOK
CTBOpPEHHS JOJATKOBHX 3B’s3KiB (puc. 6, Tabi. 7).
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Puc. 6. /[sitikogi Oepesa nomnoodiceni na epag de bpyiina 3 08itikosumu 36 a3Kamu

Tabmuus 7
Xapaxkmepucmuxu 0ekapmogoco 000ymK) 06iliIk08020 Oepesda
ma epagy 0e bpyiina 3 08IlKOSUMU 36 SI3KAMU

K c;]i)BByg HiameTtp Cryninb Cel;ii‘:;g a Hina Tonfg;)g;cﬂﬂﬂ SD
12 4 5 2,19697 240 0,87879 20

56 7 7 3,703896 2744 1,05827 49

240 10 7 5,513354 16700 1,57524 70
992 13 7 7,621867 90272 2,17768 91
4032 16 7 9,986001 451584 2,85314 112

3ayBaxuMo, 10 B JJAHOMY CIOCO01 CTYIIiHB JepeBa Ha KOXKHOMY KpPOIli MacIITadyBaHHS
MEHIIIe Ha OJIWH, HIXK CTYIHb rpada e bpyiiHa.

IT’sita 3anponioHoBana Torosoris: TpiiikoBe JiepeBo 3 TPiliKOBHMH J1€0PYiHIBChKHMH
3B’SI3KaMM _Ha KOKHOMY sSIpYCi JiepeBa.

[Tixix aHATOTIYHKEA 1O BUKOPUCTAHOTO Y JIPYTil TOMOJIOTII, aje 3aMicTh JIBIHKOBHUX J1e0-
PYHHIBCBKUX 3B’S13KiB, 3aCTOCOBaH1 TPiiKoBi AepOyHHIBChKI 3B s3KH. OCKUIBKH JAepeBO Tpiii-
KOBE, TO Ha KOskHOMY sipyci Oyne 3'-1 BepimuH. Takox HE0OXi1HO BUKOPUCTOBYBATH came Tpiit-
KOBI1 JIeOpyHHIBCHKI 3B’SI3KM I 3a0e3MeueHHs 3B’ S3KiB BEpIIUH Ha sIpyci. 3a CXOXHUM J0
JpyTroi TOMOJIOTii MPUHIIUIIOM, BY30J] P, 3HaX0AUTUMEThes Ha sipyci |log3(p)| = m. [ToTim s
3m BepIIUH BCTAHOBIIOIOTHCS TPIHKOBI AeOpYHHIBCHKI 3B’ s13KH (pHC. 7, Ta0I. 8).

Puc. 7. Tpiiikose 0epeso 3 mpitikosumu 0eOpyUHIBCOKUMU 368 A3KAMU
HA KOJCHOMY Apyci Oepesa
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Tabnuns 8
Xapaxkmepucmuxu mpitiko8o2o Oepesa 3 mpilKosumu 0eOpYUHIBCbKUMU 36 A3KAMU

K-ctb By3aiB | Jiamerp | Cryninb | Cepenniii niamerp | Hina | Tonmosnoriunuii Tpagik SD
8 3 4 2 96 1 12

26 5 6 3,42462 780 1,14154 30

80 7 6 5,12405 3360 1,70802 42

242 9 6 6,98141 13068 2,32714 54

728 11 6 8,91851 48048 2,97284 66
2186 13 6 10,89222 170508 3,63074 78
6560 15 6 12,88165 590400 4,29388 90

PesyabTaTn. Ha puc. 8-13 300pakeHi giarpaMu TOTOJOTIYHUX XapaKTEPHCTHK 3aJICIKHO

BiJT KITBKOCTI BepIiH. TOmOIOri1, SIKi pO3TIISIHYTI BUIIE, TOKa3aHi Ha rpadikax y BiAMOBITHOMY
¢dbopmari:

Kracrepu 3 nBiiiKoBUX JepeB, 0 iepapXidyHO 00’ €HAHI 3a MPUHIUIIOM e bpyiina

1. Binary Tree Clusters with Hierarchical Binary DeBrujin

JIBilikOBe JIepeBO 3 TOPH3OHTATHLHIUMHE JICOPYHHIBCHKAMH 3B’ SI3KaMH.

2. Binary Tree with horizontal Debrujin connections

JIBiiiKOBI JiepeBa, OB’ s3aH1 MK COO0I0 TPIHKOBUMHU JIeOpYHHIBCHKUMHU 3B’ SI3KaMH.

3. Binary Tree Clusters with Hierarchical Ternary Debrujin

JlexaproBuii 100yTOK JBiiiKOBOTO JiepeBa Ta rpady ae bpyiiHa 3 TBIHKOBAMY 3B’ SI3KAMH.
4. Cartesian Product of Binary Tree and Binary Debrujin

TpiitkoBe epeBo 3 TPIHKOBUMHE JeOPYHHIBCAKUMH 3B’ I3KaMH Ha KOKHOMY SIpYCi JiepeBa.
5. Ternary Tree with horizontal ternary Debrujin connections

Degree
9 Panl
8
7 . .
———3. Binary Tree Clusters with
6 Hierarchical Ternary Debrujin
5
4 4. Cartesian Product of Binary
Tree and Binary Debrujin
3
2 —35. Ternary Tree with horizontal
1 ternary Debrujin connections
0
0 2000 4000 6000 8000

Puc. 8. I'pagix pocmy cmynens cucmemu 3a1edcHo 8i0 KitbKOCmi 8y371i6
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Diameter
18 Panl

14
12 ——— 3. Binary Tree Clusters with
Hierarchical Ternary Debrujin
10
8 . .
4. Cartesian Product of Binary
6 Tree and Binary Debrujin
4
2
0

——35. Ternary Tree with horizontal
ternary Debrujin connections
0 2000 4000 6000 8000

Puc. 9. I'pagix pocmy diamempa cucmemu 3anexcno io Kitbkocmi 8y31i6

Average Diameter Paxl
14
12 . .
———3. Binary Tree Clusters with
10 Hierarchical Ternary Debrujin
8
6 4. Cartesian Product of Binary
4 Tree and Binary Debrujin
2 = 35. Ternary Tree with horizontal
0 ternary Debrujin connections

0 2000 4000 6000 8000

Puc. 10. I'paghix pocmy cepednvoeo diamempa cucmemu 3aieiHCHO 8I0 KilbKOCHI 6Y371i8

Topological Traffic
Psanl
10
9
8 2. Binary Tree with horizontal
7 Debrujin connections
6 3. Binary Tree Clusters with
5 Hierarchical Ternary Debrujin
4 —_—
3 4. Cartesian Product of Binary
5 Tree and Binary Debrujin
1 ———35. Ternary Tree with horizontal
0 ternary Debrujin connections
0 2000 4000 6000 8000

Puc. 11. I'paghix pocmy mononoeiunoeo mpaghixy cucmemu 3a1eHCHO 8i0 KibKOCHI 8Y371i8
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Cost Panl
700000
600000 2. Binary Tree with horizontal
Debrujin connections
500000
400000 3._Binary_ Tree Clusters with_
Hierarchical Ternary Debrujin
300000
4. Cartesian Product of Binary
200000 Tree and Binary Debrujin
100000
= 5. Ternary Tree with horizontal
0 ternary Debrujin connections
0 2000 4000 6000 8000
Puc. 12. I'paghix pocmy yinu cucmemu 3a1exHcHO 8i0 KiMbKOCMI 8Y3/1i6
SD Panl
120
100 Hierarchical Ternary Debrujin /
80 Binary Tree
60 Cartesian Product of Binary
Tree and Binary Debrujin
40
20 Ternary Tree with horizontal
0 ternary Debrujin connections
0 2000 4000 6000 8000

Puc. 13. I'paghix pocmy napamempy SD cucmemu 3anesimcno 6io Kinbkocmi 6y3nie
3 rpadikiB MOXKHA MOOAYUTH, K TOMOJOTIUHI XapaKTEPUCTUKHU MPECTaBICHUX OpraHi3a-

ITii 3MIHIOFOTBCS 3 POCTOM KIJTBKOCTI BepiiuH. [TokaxkeMo aHATITHYIHI GOPMYITH JUTS TPHPOCTY
rapaMeTpiB 3aJIeKHO BiJ] KPOKY MacmTadyBaHHs (Ta0. 9).

Tabmuis 9
Tabnuys pocmy monono2idHux Xapakmepucmux 3a1eHCHO 810 KPOKY MACumadyeanHs.
K-cTb Bepminn Cryninb Hiametp SD
1 7*2R 6 4+R 6(4+R)
2 2R 4 1+2R 4(1+2R)
3 7*3R 8 4+R 8(4+R)
4 2R*(2R.1) 7 1+3R 7(1+3R)
5 3R] 6 1+2R 6(1+2R)

BucHoBKH BiInmoBiaHo 10 cTarTi. Y po0oTi OyJI0 PO3MIISIHYTO IT'ATh TOTOJIOTIYHHUX Opra-

Hi3alii Ta iX XapakTepucTHKH. B Xoai po3poOku croco0y CHHTE3y HOBHUX TOIOJIOTiH OyiIo
BCTAHOBJICHO 3JICXKHICTh 3pOCTAaHHS JiaMeTpy Bia oOpanoro crnocoly. [lokazano, mo s ie-
PapXi4HOTO MiJXO/Y, B SKOMY B SIKOCTI KJIacTEpy BUKOPHCTOBYETHCS JIEPEBO, a 3B’ SI3KU BCTa-
HOBIIIOIOTHCS 3 JIOTIOMOT0I0 JIeOpYHHIBCHKUX 3CYBiB, JiaMeTp 3pOCTa€ BJBIYi MOBUIbHIIIE B
MOPIBHSIHHI 3 IEPEBOM 13 JI0IaTKOBUMH 3B’ si3KaMHu. TakoxkK yci TOMOIOriT HAapOIIyIOTh KiJTbKiCTh
BY3JIiB, SIK CTYIiHb OCHOBH CHCTEMH KOJIyBaHHS IIOCIIIZIOBHOCTI Jie bpyitHa.

[lepeBaramu aHoro miaxomdy €, mo-nepiue, JiHikHUH npupict SD-napametpa. e cBiqunuTh

PO Te, IO OJIFH 13 TOKA3HUKIB 3AIHIIAETHCS CTATMM IPOTITOM YCiX KPOKiB MacITaOyBaHHS,
B IbOMY BUIIQJIKY 1€ TOKa3HUK CTyIeHt0. CTajia CTyIiHb JI03BOJISE 3a3/1aJIeTi b iepedauyBaTh
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sIKa MaKCHMaJIbHa KiIBbKICTh 3B’ SI3KiB Oyze Ha Oy/ab-SKOMY Kpolli, 1 IIepe10aunTH BUTPATH Ha
MepexeBe 00aHaHHs. TakoK, CyTTEBO 3MEHITUBCS MOKA3HUK J[iaMeTpy JUISL PO3TIITHYTHX TO-
IOJIOTiH, y TOPIBHSIHHI 3 IEPEBOM.

[CHYIOTB JIesiKi HEeJIOJTIKH, a caMe TIOKa3HUK TOTOJIOTTYHOTO Tpadiky Mae 3HaYCHHS OiJTbIIe
HiX 1, IO CTBEPXKY€ MPO MOKIIMBE YTBOPEHHS «3aTOPiB» MAKETiB Ha By3/1ax. MOKJIMBUM Ba-
piaHTOM IOKpAIICHHS ITOKa3HUKIB € BUKOPUCTAHHS MOTU(IKOBAaHUX JepPEB, TOOTO IMOETHAHHS
OJIHOYACHO TPHOX 1 O1JIBITIE TOMOOTIH.
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UDC 004.75
Volodymyr Rusinov, Bohdan Ivanishchev, Andrii Antoniuk, Artem Volokyta, Heorhii Loutskii

METHODS OF TOPOLOGICAL ORGANIZATION SYNTHESIS
BASED ON DE BRUIJN CODE TRANSFORMATIONS

Urgency of the research. Today, topological organizations such as trees, fat trees, 3D-mesh, 6D-tor, DragonFly are used as
a way of network organization in data centers. All these topologies have fault-tolerant properties due to the presence of several
alternative routing paths. Therefore, the task of developing new topologies that have many balanced routes (one cost path) is
relevant. One of the best options for research on tree topology improvement is the combination with de Bruijn graphs in different
number systems, which allows varying the degree of vertices, diameter and number of alternative paths for routing. This paper
proposes a new way to obtain specified characteristics when combining tree-based topologies with a de Bruijn graph.

Target setting. When creating high-performance computing systems, it is important to develop their topological
organizations in advance, which allows in time to anticipate the characteristics of the system.

Actual scientific researches and issues analysis. At present there are a number of works devoted to topologies based on
de Bruijn sequences. There is a detailed review of the synthesis of hybrid topologies based on de Bruijn graphs and hypercube.

Uninvestigated parts of general matters defining. The possibility of using hybrid topologies based on de Bruijn sequences
and different types of trees remains unexamined at present.

The research objective. The tasks are to develop a way to synthesize new topologies based on trees and de Bruijn
sequences and to analyze the characteristics of the synthesized topological organizations for different levels of fault tolerance.

The statement of basic materials. The synthesis of five topologies based on trees and de Bruijn sequences is described. A
comparative analysis of all synthesized topologies is performed.

Coclusions. An analysis of the characteristics is performed, the main advantages and disadvantages of the proposed
topological structures are highlighted, and suggestions for their improvement are made.

Keywords: de Bruijn graph, topology, fault tolerance.

Fig.: 13. Table: 9. References: 13.
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Patrik Sarga, Dusan Simsik, Juraj Pavuk
REALIZATION OF PHOTO BOOTH BY RASPBERRY PI

Urgency of the research. Nowadays, the deployment of low-cost platforms, such as Raspberry Pi is applied not only in
educational or hobby projects, but it finds application also in industry or various commercial products. Therefore, it is crucial
to explore the possibilities of using such low-cost systems.

Target setting. The research aimed to create a "low-cost"” photo booth that would be comparable or better in parameters
to commercial solutions, but at a much lower cost.

Actual scientific researches and issues analysis. When designing the system and preparing this paper, we considered
both current sources — publications and papers dealing with the current state of development of the photo booth as well as
existing solutions, which are available on the market.

Uninvestigated parts of general matters defining. The created photo booth solution currently neither have printing ap-
plied, nor send the resulting photos to email or cloud automatically. It will be implemented in the next stage of development.

The research objective. The purpose of this article is to explain how we can create original photo booth using Raspberry
Pi platform.

The statement of basic materials. We used single-board low-cost microcomputer Raspberry Pi, and in combination with a cam-
era, we made a photo booth. For this system, we created a control program in the Python environment, which is one of the most
widespread programming languages and finds application in various areas.

Conclusions. Using the Raspberry Pi and the camera, we created a fully functional photo booth qualitatively comparable
to commercially available products at a much lower price.

Keywords: Raspberry Pi (RPi); Python; Photo booth.

Fig.: 8. References: 12.

Introduction. A photo booth is an automatic device or kiosk that uses an automatic process to
take photos of an individual or a group of people. It can create a single photo or a series of photos.
Photo booths can be divided into two categories. Enclosed photo booths are often used in public
spaces. The image size of the photo is from the waist up and is mostly used for use in documents.

Newer types of cabins are open photo booths, which can take photographs of a larger number
of people. It is a small box, which is very easy to operate with one touch. Either a single photo or
a series of multiple photos is created. If a series of photos are created, there is a pause of a few
seconds between each photo to change poses or exchange props. Numerical countdown signals
about this pause on display or a LED before the next photo is taken. The photos can be sent by e-
mail, printed on-site, or sent via MMS. This type of photo booth should include an extensive
display so that all customers can see the timer or live preview of photos. Such photo booths are
mostly used at weddings, parties, corporate events, festivals, and other social events [1].

Our goal was to create an open photo booth. Before presenting our own solution, we will
give examples of commercially available photo booths.

HootBooth® DSLR EventPRO Augmented Reality Photo Booth. This photo booth
(Fig. 1) is produced by Hootbooth, based in the United States. It includes a 12.3" touch screen
monitor in the form of a Microsoft Surface Pro 6 tablet with an i5 processor and uses the Win-
dows operating system. Photos are taken with the Canon EOS M50. Its stand is made of steel,
and the packaging of all hardware components is made of aluminium. This photo booth weighs

approximately 12.2 kg [2].

Fig. 1. HootBooth® DSLR Event PRO Augmented Reality Photo Booth [2]

© lapra I1., lummuk /., [MaByk 0., 2020
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The main advantage of this product is its compactness and easy installation, which, accord-
ing to the manufacturer, should take about 5 minutes. The disadvantage could be considered a
relatively small display, which is limited by the maximum size of manufactured tablets. This
photo booth price is relatively high, in the version without a printer costs 7699 EUR and the
one with a printer — 8449 EUR.

FB-003 Classic. It is a product of the Polish company
Photo Booth Europe (Fig. 2). This device contains a 15" touch
screen from ELO and a mini-computer of various configura-
tions (CPU 1i3/i5/i7, 120/240GB SSD, 4/8GB RAM) with OS
Windows 10. The Canon 2000D camera is installed in the
photo booth. The photo booth also includes a DNP DS-

RX1HS printer. The product uses LED lights around the mon-
itor to illuminate the subject. The price of this model starts at
4500 Euros [3].

The main advantage of this product is printer included in « \‘
standard equipment and the variability of the computer con- :
figuration. The significant disadvantage of this device is the
weight, as the stand weighs 30kg and the packaging of com-
ponents 27kg, which is in total 57kg. Another disadvantage is
the large size of 65x47x172 cm.

Topfotobudka FT1. It is a photo booth (Fig. 3) of Slovak
origin, manufactured by ADAMASS s.r.o. Among all com-
pared photo booths, this model has the largest 17" display
from IITYAMA. However, it also includes a more massive HP
260 W10 computer. It uses a Canon 250D digital camera and 1}
a HITI printer. It uses LED lighting around the display. The :
price of the photo booth is about 4700 Euros [4].

The advantage over previous devices is that it contains the
largest display, which will be appreciated by the photographed
persons, especially if they will take pictures in larger groups.
FT1 contains a printer at the start price. The disadvantage is
the biggest dimensions of 60x45x170 cm and also the highest
weight of all the presented solutions (approx. 80 kg).

Our solution — hardware. Our goal was to create a cheaper device that would be more
compact and at the same time with a lower weight, while the function and operation of the photo
booth would be comparable to commercial models. For this purpose, we chose as the control
unit, the Raspberry Pi microcomputer (Fig. 4) with the Raspbian operating system [5]. Other
components used were Nikon D4 camera, Asus VT 229H touchscreen LCD monitor, memory
card, connecting cables, lighting, mouse and keyboard. The control software was created using
the Python programming language.

The Raspberry Pi is a single-board low-cost microcomputer with a size 85x56 mm and
approximately 20 mm thick, almost like a credit card. This small computer is an exposed moth-
erboard on which hardware components are mounted, and its performance can be compared to
a weaker desktop computer. It was designed primarily for teaching programming. Any operat-
ing system compatible with the ARM platform can be installed on it, but it must be taken into
account that the RPi does not contain any hard disk or SSD disk. By connecting various external
components, we can modify it for a specific environment and purpose [5].

Fig 2. FB-003 Classic [3]

Fig. 3. Topfotobudka FT1 [4]
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After consideration of the financial costs, weight and dimensions, we chose the Raspberry Pi
2 Model B microcomputer (Fig. 4), which we had available for the implementation of the photo
booth. The benefits of the newer version of RPi were not significant enough for our project to be
invested in. We used the Raspbian operating system for the selected RPi [7]. This operating sys-
tem is free. It is based on Linux, so it is also suitable for computers with lower performance.

40 Pin GPIO Header

Broadcom BCM 2835 & 512MB RAM
/ | g)n
[ u
Setrde Bty m_:.

Quad USB Ports

I,
i 10/100 BaseT
Ethernet Socket

DSl Display Connectof/

Micro SD Card Slot
(on underside)

5V Micro USB" HDMI Port 4-pole 3.5mm jack

(stereo audio & composite video]
CSI Camera Connector

Fig. 4. Raspberry Pi 2 Model B [6]

We applied the Nikon D4 camera that we had available. If we had to buy a new camera, we
would use, for example, a Canon 2000D camera, which can be bought with a lens for 400 Euros.

As a display device, we used a 21.5" touch monitor Asus VT 229H, and its current price is
220 Euros. This monitor is intended to show a preview before shooting, inform about the status
of the system and allow controlling the entire environment.

Other hardware components such as Micro-SD memory card, a mouse with keyboard and
connecting cables were used.

The final set of the photo booth. In Fig. 5, we can see all the hardware components con-
nected. The total cost of new components for the photo booth we have built (without the cabin)
would be about 750 Euros. The estimated price of the photo booth cabin made of wood would
be approximately 250 Euros. Its design is displayed in Fig. 6 — its dimensions are 60x60x23cm,
estimated weight is about 13 kg.

Fig. 5. The final set of the photo booth

Our photo booth would cost several times less than commercially available photo booths.
The great advantage of our device is also a larger display than the commercially available photo
booths have, and at the same time, it is not heavy.
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Fig. 6. Design of the case of the photo booth: front and back view

Our solution - software. The Python programming language was used to create a control
program for our photo booth. It is a universal programming language that is used to create
modern applications related to data analysis, media processing and other operations. This pro-
gramming language works on various platforms such as Windows, Linux, Mac or even Rasp-
bian. In our specific case, we used Python version 3.7.3 [8; 9; 10]. The resulting program has
the task of providing communication between RPi, camera, monitor, mouse, keyboard, or
printer, respectively implement photo sending to mail/internet storage. An important function
is also communication with the user of the photo booth via the created GUI.

The resulting program contains several subroutines. They had to import and configure li-
braries as well as hardware. Communication between RPi and the used camera is realized in
the subroutine camera.py (Fig.7), in which the program gphoto2 is implemented [11]. At the
same time, the camera.py subroutine must be able to solve situations in which the camera does
not cooperate. After setting all parameters in individual subroutines, a graphical interface was
created, which provides control and communication with the user. Subsequently, it was neces-
sary to fine-tune the operation of the program for various error messages [12].

import subprocess

# Nacitanie OpenCV

try:

import cv2 as cv

cv_enabled = True

except ImportError:

cv_enabled = False

# Oprava fotoaparatu

class CameraException(Exception):

def __init__(self, message, recoverable=False):
self. message = message
self.recoverable = recoverable

# Nacitanie pixelov z fotaku

class Camera_cv:

def __init__(self, picture_size):

if cv_enabled:

self.cap = cv.VideoCapture(0)

self.cap.set(3, picture_size[0])

self.cap.set(4, picture_size[1])

# Ulozenie fotky

def take_picture(self, filename="/tmp/picture.jpg"):
if cv_enabled:

r, frame = self.cap.read()

cv.imwrite(filename, frame)

retum filename

else:

raise CameraException("OpenCV NEDOSTUPNE!")

class Camera_gPhoto:
“""gphoto2, ktoré bude fotoaparat vyuzivat na fotenie"""

def __init__(self, picture_size):
self.picture_size = picture_size
# moznosti pripojenia fotaku

Fig. 7. Sample of the subprogram camera.py [12]
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Testing functionality of the photo booth. After starting the program, the number of photos
was set, for example, of four pieces. A preview of the captured object was displayed. When the
shooting was activated, the program counted down and took a picture. This cycle was repeated
four times with a 5 seconds pause between each shoot. As a result, four photographs were taken.
They were compiled into a collage according to our prescribed rule, then displayed on the mon-
itor and saved on the RPi disk (Fig. 8). Testing verified the full functionality of our solution.

Usmev prosim p::‘

Fotim 4x

Fig. 8. Practical test [12]

Conclusions. This article aimed to present the possibility of deploying the low-cost plat-
form RPi in devices where standard computers are commonly used. We were able to prove
compatibility between RPi with components such as camera and touch screen. The result is a
fully functional photo booth, with a control program created in Python. With a little improve-
ment, adding an external flash, printer, our photo booth could replace commercial photo booth.
Compared to other commercially available devices of this type, we found that our solution has
a much lower weight and also several times lower price [12].

Acknowledgement. This work was supported by grant project VEGA 1/0330/19.
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Hampux lapea, [ywan Lumwux, FOpaiu [lagyk
PEAJIIBALIS ®OTOKABIHU HA TIVIAT®OPMI RASPBERRY PI

AKmyanvHicms memu 00CHIOHCEHHA. V naw uac GUKOPUCMAHHS HEOOPO2UX OOHONIAMHUX KOMN TOMepis, maKux sk
Raspberry Pi, 6i06ysacmucsi ne nuute 6 0c8imHIX ma Xo0i-npoekmax, aie makoxc [y npoMUciogocmi ma KOMepyiltHux npooy-
xkmax. Came momy HAO36UYAUHO BANCIUEO OOCIOUMU MOMCIUBOCHI] GUKOPUCIIAHHS MAKUX HEOOPOSUX CUCIIEM.

Ilocmanogeka npoonemu. Memoro oocniodncenns 6y6 ananiz icHyIOUUX piuieHb ma po3poodra deutesutoi homoxkadinu, sika
3a napamempamu 6yaa 6 NOPIGHAHHA AOO KPAWA 3 KOMEPYIIHUMU PIULEHHAMU, Alle 3 HADA2AMO HUNCHOI BaAPMICIIO.

Amnaniz oocnioxcens i nyonixkayii. [lpu pospobyi nautoeo piutenns ma nioeomogyi 0anoi cmammi Mu 6paxyeanu sk no-
MOuHI Odcepena - nyonikayii ma cmammi, wo CMOCYIOMbCsL CYUACHO20 CMAHY PO36UMKY (POmMOoKAbIHL, MAK [ ICHYIOUI plleHHS,
00CmMYNnHi HA PUHKY.

Buoinenna nedocnioyncenux uacmun 3azanvHoi npoonemu. Ha oanuii uac y cmeopenomy piutenti 0nist (pomokaobin He
30IUlICHIOEMbCS, OPYK, A MAKOIC ABMOMAMUYHO He HAOCUNAIOMbCS OMPUMAHI homozpaii Ha eneKmpoHHy NOUWLMY YU 6 XMapy.
Le 6yoe enposadiicero na HacmynHomy emani po3pooKu.

Ilocmanogka 3ae0anna. Mema yici cmammi - ROACHUMU, SIK MU MONCEMO PO3POOUMU OPUSIHATLHY omoKkabiHy 3a 0o-
nomoeoro naamepopmu Raspberry Pi.

Buknao ocnosnozo mamepiany. /[na eupiuienns nocmasienoi 3a0aui Mu 6UKOPUCHIOBY8ANU HEOOPO2ULl OOHONIAMHUL
mikpoxomn tomep Raspberry Pi, ma 0ns po3pobku ¢pomokabinu noeonanu io2o 3 pomo kameporo. J{nsa kepyeants 6yno pos-
pobaeno npozpamy 6 cepedosuwyi Python, sika € o0uicio 3 Halnowupeniuux Mo6 npoPamyeaHHs i 3HaxX00UMs 3aCMOCYBAHHS
6 pi3HUX cghepax.

Bucnoeku. Buxopucmosyrouu Raspberry Pi ma ¢pomo kamepy, 6y10 po3pobneno nosHOQyHKYIOHATbHY YomoKkabiny, Ky
NOPIGHAHO 3 KOMEPYIlIHUMU NPOOYKIMAMI, | IKA MAE 3HAYHO HUNCYY 6APMICTb.

Knrouoei cnoea: Raspberry Pi (RPi), Python, pomoxabina
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APPROACHES FOR THE 3D CAMERA SYSTEM IMAGE PROCESSING
AT AUTOMATED WORKPLACES

Urgency of the research. It is important to point out the application possibilities of the 3D camera system at the automated
workplaces. At the same time, we want to provide an overview of the principles of 2D and 3D image processing.

Target setting. Purpose of the article is to give some form of instruction on correct approach of visioning that can be
applied at the automated workplace.

Actual scientific researches and issues analysis. Currently, there are already many innovative and user-friendly 3D and 2D
camera solutions. Due to its prices, it is necessary to realize a well-priced solution that can be affordable for the smallest companies.

Uninvestigated parts of general matters defining. The manufacturer's dealing with the image processing and vision sys-
tem as a whole, provides an expensive an (obviously) closed solution of image processing without any adjusting. Therefore, we
consider it is necessary to address at this issue.

The research objective. The aim of article is to provide the price-affordable solution based on the two CCD cameras that
will be implemented at automated workplace.

The statement of basic materials. For realization of such cheaper solution is good to have a suitable example how to
solve image processing and data collection based on process adjusting.

Conclusions. Published article presents the price-affordable solution that can be applied at the automated workplace.
Presented article provides a closer view to some image processing solution regarding the target object capturing that are not
often and sufficient described by manufacturers.

Keywords: vision system; camera; automated workplace.

Fig.: 2. References: 12.

Introduction. Existing classical approaches and techniques for the determination of some
necessary sensing object characteristic did not meet the relevant customer needs [1]. Existing
classical approaches and techniques for determination of the some necessary sensing object
characteristic did not meet relevant needs of the material engineering and end customers, as a
whole. 3D vision sensor as the main representative of vision systems is an important device for
the automated manufacturing workplaces for enlargement of its peripheral abilities and possi-
bilities in the sense of industry 4.0 concept. Currently ongoing research and the development
in this area is focused on the determining the parameters of a 3D model based on at least two
image signal sensors (cameras), from which it is possible to the subsequently compile the nec-
essary process data of the scanned object. Beside this, in all technological processes can be a
situation when the non-oriented objects are at the workplace output, the standard workplace
program process cannot be used and the palette deployment are nonsystematic [2].

In such (and similar) cases, it is suitable to determine the properties of objects that are stored
on the pallet by the CCD camera usage. Standard industrial CCD camera are sensing and trans-
mit the recorded image by its interface such as Camera Link or IEEE 1394, into the connected
PC or into the next advanced systems for image processing. This obtained images are subse-
quently evaluated with regards to the necessary information extraction of the relevant scanned
object. In addition, the intelligent cameras still more and more supports the material engineering
and simplified it, because the image analyzing are realized directly inside the camera system.
Their core is usually equipped by the processor that is responsible for whole algorithm set
needed for sensing. Image sensor which is used inside the intelligent cameras are in basic a high
quality CCD sensor that are able to sense a monochromatic pictures in necessary resolution
with the sufficient speed (60 per sec). It can produce a sharp image that lead to the increasing
of algorithms precision such as "edge detection" and "pattern recognition". Such intelligent
vision system (camera) can be useful in order to the provide a faithful information about the
sensing objects followed by the data sending directly to the control system of robotic arm with
the requirement to correct object gripping [3].

The ratio between the prices of visual system versus its achieved qualitative contribution in
the technology manufacturing gradually stabilized into a form of innovative and nonconven-
tional solution based on the higher processors for data flow processing and the image infor-
mation with higher computing power. Therefore, it can be stated that the vision systems are

© Baram M., Cemunck ., 2020
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nowadays considered as a standard device at almost every bigger manufacturing workplaces
[4]. In addition, where it is necessary to implement a total check of the individual object (TQM)
are the vision systems right thing for their irreplaceable ability. Their most often usage is in the
object quality check with respect to their parameters, see Fig. 1. Obviously, object quality check
is realized via comparison of its shapes and geometric characteristics with etalon. This neces-
sary information is stored inside the vision system before its calibration.

Inspection of objects at specified location Inspection based on symbols and shape of objects

Inspection of objects — oricntation recognition Inspection of objects — control of position

Fig. 1. Examples of vision system usage

Approaches of the image processing. In general, current approaches for solving of the
image processing at vision systems are focused on the positions determination for the individual
object parameters followed by the pairing of obtained results [5]. Subsequently, based on this
information we can determine a geometric imagination about sensing object together with its
parameters [6]. Next step suppose a reference plane translation at any distance in the horizontal
direction ,,x* and simultaneously realizing of a measurement at this place with the determination
of relevant value for the translation (in pixels). By further calculations can be determine a pre-
cise distance from the CCD sensor and the sensing object. One condition for this process is the
immobilization of both coordinate axis ,,x and ,,z*“. Basic geometrical principle of 3D vision
systems leads at least on two CCD camera sensors that are mounted side by side. Object that is
under the these cameras will be scanned and digitizing, together with the fulfilling of the re-
quirement that suppose intersection of object capture directions, while its axes are parallel [7].
CCD camera sensor distance from the target (object) is later possible determine as a ratio be-
tween the distance of these sensors ,,b” and distance from its reference plane ,,7”” to the absolute
value between the measured translation ,,a and ,,c”, so:
(bxr)

=1 (1)

where b — Distance between the cameral and camera 2; r — Distance between the reference and
visual plane; a — Measured displacement of cameral ; ¢ — Measured displacement of camera?2.

We also take into the account a following properties that are relevant during the image
processing:

- Resolution of the obtained picture.

- Number of the pictures per second.

- Information stability about the picture intensity and colour.
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2D camera system usage approach. With this type of visioning is needed the initial cali-
bration of both camera systems in such way that were successfully obtain a necessary infor-
mation about the sensing objects. It is possible to reach by the setting of CCD camera internal
parameters (calibration matrix, distortion coefficient) together with the external parameters
(mutual position and orientation of the CCD cameras). Epipolar geometry (geometry that are
focused at the relationships of the sensing pictures of both CCD cameras) helping for evaluation
of 3D points that can are estimated from the information about the points position at both CCD
cameras [8]. So, we can say that during our determination of searched point m =[x, ', /] from
obtained picture followed equation is applied:
m=PXM. )
While point ,,m* can be considered as picture of point ,,M* in the plane of projection (there-
fore, in the plane of sensing area in a way that can be captured by the camera system). Projection
matrix dimension ,,P* has value 3x4 and describe an relationship between the real point and the
captured are point:

P =K x[I,0]. 3)
While, dimension calibration matrix ,,K* has value 3x3 and describe the environment coor-

dinates to the camera system coordinates, squared unit matrix is ,,/*, 3x3 is dimension and ,,0*
1s zero column.

a, c t,
K=|0 a, t ‘ (4)
0 0 1

where a — Direction scaling in axes ,,x* and ,,)* with relationship to vision system; ¢ — Intersec-
tion of vision plane and optical axis; ¢ — Distortion parameter (usually = 0).

Projection matrix ,,P* can be in general different from the higher written representation
about the value of translation and orientation to the coordinate system. Based on this assume is
added a transformation matrix for the camera system coordinate to the environment system:

P=K><[I,0]><[§ Rlc'] (5)

While,

R — Matrix with the dimension 3x3 that describes the rotation.

C’ - Vector of translation regarding to the environment system.

In a such way is needed to determine the relationship that for point ,,m* from first captured
picture allocate point ,,m " from the second captured picture. For both these points we assume
a followed fundamental matrix ,.F* with dimension 3x3, while:

mTxXFxm=0. (6)
Also, we suppose that one of projection matrix will be situated directly at the beginning of

coordinate system, so any translation and rotation cannot be created — the sufficient solution
consists of determination for the second projection matrix from the second CCD camera system

in the following form:
0 -1 0
w=|1 0 o0 (7

0 0 1
Projection matrices must be tested in the any point and select the correct one, it means — the
point must lay before both CCD camera systems. Subsequently, by the linear method for the
triangulation is possible to realize coordinate of points - and that way can be determined the
linear equations:
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Basically, for the 3D position of sensing object lay key factor in the captured picture trans-
formation in a way of each individual paired points has the same ,,)* coordinate. After that is
just to locate the corresponding point in the corresponding row for the second CCD camera.
Obviously, it is recommended that the pre - processing followed by standard processing of
captured picture is needed (negative properties removing) [9].

3D camera system usage approach. This type of the visioning with single 3D camera
system consists of captured picture transformation and decomposition in a way that can be
stated an individual parameters and properties of the sensing object. [10]. Information which
were captured by this principle serves for the determination and calculation of the 3D points.
Based on this can be evaluated the dimensions, thickness, position and orientation of the sensing
object. Any distortions that may occurred from the CCD camera system lens together with the
picture deformation can be removed by correction and measurement of the distorted pictures
followed by its repairing. Correction are evaluated with the help of calibration. Thanks to the
geometric dependence between the sensing object, CCD camera system and by the comparison
with CAD model is possible determine sensing object position and orientation [11].

Setup of the vision system. Setup of vision system are focused to the interconnection with
help of the available communication protocols and interfaces so that will ensure a reliable com-
munication between the control system of robotic arm and the vision system. Existing commu-
nication interfaces are created based on the connectivity and the topology as Ethernet, RS232,
RS485, RS422, CAN-bus, and PROFIBUS. From the software point of view, is for robotic arm
necessary libraries presence together with the reliable functions for the communication (with
the vision system) inside their control system.

X,Y,Z
lma e o, B. ‘ -
)roces}i'n Hardware * Hardware | Control system
si .
I & Interface Interface of robotic arm
module P—

Confirmation data
and other information

Zch Zgh

Y(' YR
> >
X(- xR

Fig. 2. Setup of the vision system

Interconnection between the control system of robotic arm and the vision system can be
seen at Fig. 2. Next logical step consists of vision system calibration. Their purpose is the de-
termination of internal, external parameters together with the values of mathematical model for
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the lens distortion (due to their impact). By the calibration process we determine the precise
position selection of the entities from the pictures. This process is followed by the transfor-
mation between relationships of robotic arm coordinate system and the vision system [12].
Conclusions. Trends in the area of nonconventional technology and their implementation at
the multidisciplinary manufacturing processes are mainly oriented into the advanced sensing and
evaluating of the object parameters that are participating inside of these applications. Nowadays,
precision manufacturing machines are usually equipped by the special-purposed sensing devices
with the high quality based on vision systems, because the current standard technologies are not
satisfied by customer requirements. Standard sensing devices are often implemented directly at
the robotic arm, but recent research focus in this area is more oriented to the newly recent senso-
rial object processing which the classic devices cannot met, so far. In particular, also material
engineering is just the relevant touched area, where the advanced 3D vision systems allows the
complex embedded chains usage during characteristic recognition of objects parameters.

Acknowledgement. This work has been supported by the Slovak Grant VEGA 1/0330/19 -
Research and design of algorithms and systems for the fusion of heterogeneous data in multi-
sensory architectures.
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maAxoaAu 10 ObPOBKH 30bPA’KEHb CUCTEMM 3D KAMEP
HA ABTOMATHU30BAHUX POBOYUX MICIAX

AxkmyanvHicmb memu 00cnioxiceHHA. Baxciusum € po3enad modxcirusocmeii 3acmocysans cucmemu 3D-kamep Ha ag-
momamu306anux poboyux micysx. Y moii sce uac mu xouemo onucamu npunyunu oopooxu 2D i 3D 300padicens.

Ilocmanoexa npoonemu. Mema cmammi - po3pobumu iHCMpPYKYii w000 NPAGUILHUX NIOX00I6 00 cucmeMmu 00podKu 30-
bpasicenn, sAKa Modxce Oymu 3acmoco8ana Ha aBMOMAMU308aAHUX POOOYUX MICYSIX.

AHnaniz ocmannix 00ocioxncens i nyonikauin. B oanuil uac edice icnye 6e3niu iHHOGAYIUHUX [ 3pYUHUX piweHs 0 3D- i
2D-xamep. IIpome, uepe3s ix eucoki yinu, icHye HeobXiOHicmb peanizyeamiu GU2IOHe pieHHsl, sike Modice OYmu OOCMYNHUM OJlsl
MaNeHbKUX KOMNAHILL.

Buoinenna neoocnioycenux uacmun 3azansnoi npoonemu. Bupobrux, sikuil 3aiMacmocs cucmemoro o6pobku 306pa-
JICeHb [ MAUUHHO2O0 30pY, 3A36Ulail, HA0ae 0opoze ma (04e6uUOH0) 3aKpume piuienHs Oiisl 06pobKuU 300padicetb 6e3 6YOb-sKUX
xkopuzyeans. Tomy esancaemo 3a HeobxioHe 00CAiOumu ye NUMAaHHs;.

Ilocmanoeka 3a60anna. Mema cmammi - 3anponoHyéamu 0ocmynte 3a YiHow piwenns Ha 06asi 06ox 1133-kamep, sixe
6yOe 8npoeaodIHceHo Ha ABMOMAMU30EAHOMY POOOUOMY Micyi.

Buknaod ocnoenozo mamepiany. /[ns peanizayii 6inou deuteo2o piutets O0YiibHO Mamu 6iON0GIOHUT NPUKAAO PIULeHH S
06pobKu 300padicers | 300py OAHUX HA OCHOBL Pecyo8aHHS NPOYecy.

Bucnoeku. B onybonixosaniii cmammi npedcmagneHo 00cmynHe 3a YiHo pPilleHHs, aKe MOXCHA 3acmocy8amil Ha aémo-
Mamu306anomy pobouomy micyi. ¥ npeocmaeneniic cmammi 6inouL 0emaibHO po32nsa0aromscs 0esKi piuteHts 01s 06pooKu
300pasiceHb, o CMOCYIOMbCSL 3aX0NIeHHS YLIb0B020 00'€kma, sIKi He Yacmo i He OOCMAMHbLO ONUCAHI GUPOOHUKAMIU.

Knrouoei cnoea: mawunnuii 3ip;, pomoanapam, agmomamu3zogane poboue micye.
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BITPOEHEPTETHUYHWIT KOMILIEKC JIJISI 3APSJIKEHHSI
AKYMYJISITOPHUX BATAPEN

Akmyanvhicms memu oocnioycenna. OOHUM i3 HANPIAMIE CYUACHUX CEIMOGUX CMpamezill € PO36UMOK 8IOHOBNIEAHOT
enepeemuxu. Lle ocobnueo akmyanbHo 0151 mux pecionis, oe Hemae OOCMYNy 00 CYUACHUX eHep2oCUCmeM, ab0 OJisk eKOHOMIK,
Wo po36UBAIOMbCSL, 3i 3DOCMAOYUMU eHep2eMUYHUMU nompebamu. Ananiz 0ocsacHe b CYYacHol eHepeemuKi NOKA3ye, uo oe-
YEeHMPANI306aHI eHep2OCUCEeMU 3 GUKOPUCIAHHIM 0JCepell PO30Cepe0dCeHol 2eHepayii MoJCymb 6ymu HA036UYAliHO Npu-
6ymxk06010 cghepolo Olist KanimailoBKAAOeHb, KUO € MONCIUBICHL POIMIUYEaAmuU 0Jcepeia 2eHepayii enepeii nodaU3y cnoxicu-
eauie. 3azeuuaii eumpamu Ha nepeoayy enepeii csizaiomo 30 % 6i0 eapmocmi ii 6upobnenHs.

Ilocmanoeka npoénemu. Ilpobiemoio yici pobomu € NUManHs KOMAOHYEAHHS MA CMPYKMYPU GIMpPOeHepeemuiHo20
KOMWIEKCY OJisl 3apAO0XCeHHA aKyMyaamopHux oamapeil. IcHyioui memoouxu Onsi NPOEKMYBAHHS CUCHEMU eNeKmpPOonocma-
YAHHA GI00ANEHUX CHONMCUBAYUIE NEPeBANCHO PO32NAAIOMb AK ANbMEPHAMUEY YEHMPANI308AHOMY eNeKMPONOCMAYAHHIO eJleK-
MpONOCmMauanHs 3a PaxyHoK eeHepayii enexmpoenepeii Ha 6a3i 6iOH0BII0EANLHUX Jcepell eHepeil, ma He NPUOLIeHO doCcman-
HbO Y8a2u 8 KOHMeKCmMi 000amMKO8OI IX (YHKYIOHANLHOCT.

Ananiz ocmannix 0ocnioycens i nyonikauiit. V psoi nonepeonix docniodiceno agmopu 00IpyHmogylons HeoOXiOHicmb
8MPOBAOICEHHS ABMOHOMHUX 0dicepenl eHep2il Ha a3l 8i0H061068aH0T eHepeemuru. Mixe mum, 3-noMixc iHuUX Oxcepe 6i0H06-
JI08AHOI eHepee MUK GUOINAIOMb BIMPOeHeP2eMUKY, W0 MAE NeGHI nepesazu K 3a pe3yibmamamiu meopemuiHux 00C1iOHCeHb,
Mak i 3 00C8i0y NPAKMUYHUX BNPOBAONHCeHb. J[OCNIONCEHHS WO0O00 Nepepaxo8aHux HAYKOBO-NPAKMUYHUX MeMAMUK NPOO06-
JHCYIOMbCA MA HAOYB8AIOMb HOBUX CEHCI8, 6PAX08VIOYU ACNEKMU CYUACHO20 PO3GUMKY HAVKU MA MEeXHIKU.

Buoinenna neoocnioscenux yacmun 3a2anvHoi npoonaemu. Taxum 4unom, aKkmyanbHo0 HAYKOBO-NPAKMUYHOIO 3a0ayero
€ pO3poOKA CMPYKMYPU GiMpPOeHEPLeMUYHO20 KOMNIEKCY OISl 3aPAONCEHHS aKYMYIAMOPHUX bamapetl npu HeMONCIUBOCI
nio ’€OHANHI 00 YeHMPANI308AHO20 eeKmpONnOCMAYAHHSL.

Ilocmanoeka 3a80aHHA. AKMYATbHOIO HAYKOBO-NPAKMUYHOIO 3A0AYel0 € PO3POOKA CIMPYKMYPU imMpoeHep2emuyHo20
KOMRIIEKCY 05l 3aPA0NCEHHS AKYMYISMOPHUX Oamapeil @ yMO8ax HeMONCIUBOCTI Ni0 '€OHAHHS 00 YeHMPANi308aHO20 eleK-
MpOnOCMA4aHHA.

Buknao ochoenozo mamepiany. /{15 3a6e3neuenns 6e3nepeperHoumi eeKmponoCmaiaHs  yMoeax peanoHux 00Mexdcets
Ha 3anacu NAIuea, HAAGHI 6 PO3NOPAONCEHHI MO20 YU [HULO20 ABMOHOMHO20 00 €KMAd, NPONOHYEMbCS BUKOPUCTIOBYEAMU
BIOHOGNI0BAHI Odicepena eHepeil, SIKi € 3a6x#cOU i 6CIOO0U I ceped AKUX UOLsIomb gimpoenepeemuxy. Tomy, 36axcaroyu Ha nepe-
Paxoeami acnekmu KOMNOHYBAHHSL 8IMpPOeHepeeMUYHUX KOMNIEKCI8, pO3POONeHH S cCucmemu Kepy8aHHs MAe 3a Menty 3abesne-
YUMU CROJNCUBAYIE CIMADITbHOI HANPY20H NOCMINHOL YacCmOomu He3AIeHCHO 6I0 3MIHU napamempie y 0yO0v-saKill 1anyi cucmemu
Ma 3apsONCeHHs. AKyMYISIMOPHUX bamapetl.

Buchoeku 6ionogiono 0o cmammi. O6tpynmogano HeoOXiOHICIb 6NPOBAOICEHHS 8 CIMPYKIMYPY A6MOHOMHOI CUCIeMU
eneKmponoOCmanHtsl Ha 6a3zi GIMpPoeHep2eMUYHO20 KOMIAEKCY NAHKU O 3aPAONCEeHHS AKYMYIAMOpHUX bamapei. 3anponono-
6AHO CMPYKMYPY GIiMPOeHepeemuiHO20 KOMIIEKCY 015l 3aPAOJNCEHHS aKYMYAAMOPHUX 6amapeil 6 yM0o8AX HeMOICIUBOCI
nio ’€OHANHI 00 YeHMPANI308AHO20 eeKmpONnOCMAYAHHSL.

Knwuogi cnosa: posocepeosicena cenepayis; impoeHepeemuuHull KOMIIEKC, eHepeemuune 0O0NAOHAHHA, eleKmpono-
CMAYAHHS; AKYMYIAMOPU.

Puc.: 1. bion.: 12.

AKTYaJIbHICTH T€MH JT0CTIPKeHHsA. PO3BUTOK BiIHOBIIIOBAHOT EHEPIETUKH € OJHHUM 13 Ha-
MPSIMIB CyYacHUX CBITOBHX cTpareriil. J[ist perioHiB 0e3 TOCTYIy 10 CYYacHHX €HEProCHCTEM
a00 EKOHOMIK 31 3pOCTalOYMMH CHePreTHYHUMH ITOTpeOaMH I1e 0COOJIMBO aKTyaabHO. JleIeHT-
pastizoBaHi €HEProOCHCTEMH 3 BHKOPHCTAHHSIM JDKEPENT PO30CEPe/DKEHOI TeHepallii MOXYyTh
OyTH HaJ3BHYAWHO MPHOYTKOBOIO c(heporo T KaIliTaJTOBKIAIEHb, SKIIO € MOXKJIHBOCTI PO3-
MIIyBaTH JpKepesa reHepallii eneprii nodiamsy crnoxkuBadiB. Ha 11e Bkazye aHalli3 JOCSTHEHb
Cy4acHOI EHEPIreTUKHU.

ITocranoBka nmpoodJiemu. CtpaTerii po3BUTKY Cy4acHOI CBITOBOT €HEPreTHKH CIIPSIMOBaHI
Ha CKOpPOYEHHS BiJICOTKA CIOXKMBAHHS CBITOBHX 3amaciB TPaWIIfHUX BHUJIB MaaWBa, IO
OB’ I3aHO 3 TTOCTIMHUM ITiIBHINEHHS IIiH Ha eHeproHocii. OJTHAM 13 HalpsIMiB CYJacHHUX CBITO-
BHX CTpATETii € PO3BUTOK BiIHOBIIFOBAHOI eHepreTuky [1].

Jiist 3a0e3nedyeHHs] EHEPreTUYHOT HE3aICKHOCTI JIEpPIKaBH, 10 HE BOJIOIIOTh JJOCTATHHOIO
PECYPCHO-CUPOBHHHOIO 0a3010, aKTUBHO BIIPOBAKYIOTh HOBITHI TEXHOJIOTil B €HEPreTHIHIM
rajysi. 3-IOMIX TaKuX HacaMmIepes] € PO3BUTOK BiJHOBIIIOBAHUX JuKepen eHeprii. Takum uu-
HOM, Y Maiil0OyTHhOMY, 3a POTHO3aMH €KCIIEPTIB, YacTKa «3€JICHOI» €Heprii y CBITOBOMY BHPO-
OHMIITBI €JIEKTPOCHEPTIi Mae TEHICHITIIO JIO0 TOCTIHHOTO 3POCTaHHS.

© Boiiko C. M., I'oponwiit O. M., Kacarkina 1. B., lomynapesa . C., Bepmasxk JI. B., 2020
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BijHOBTIOBaHA €HEpreTHKa JI03BOJISIE OPTraHi3yBaTH CaMOJOCTAaTHE 1 JCIICHTpaTi30BaHe
€HEeProIoCTavYaHHs 1 IiIBUIIUTH IIHHICTh MICIIEBHX peCypCiB 0€3 3aJIe)KHOCTI BiJT iMIopTy abo
HEOOXITHOCTI CTBOPEHHS JIOPOTHX eHeproMepek. Lle 0coOIMBO aKTyabHO JJIS THX PETiOHIB,
Jie HeMa€ JIOCTYITY JI0 Cy4acCHUX €HEprocucTeM, ado Jiisi eKOHOMIK, III0 PO3BUBAIOTHCS, 31 3pO-
CTAlOYMMHU €HEPreTUYHUMHU TOTpedamMu. 3aCTOCYBaHHS aBTOHOMHHX JICIIEHTPAIi30BaHUX CH-
CTEM eJICKTPONIOCTaYaHHs Ha0yBa€e BaXKIMBOTO 3HAUYCHHSI.

AHari3 JI0CATHEHb Cy4acHOI EHePreTHKH TIOKa3ye, M0 JIEICHTPaTi30BaHi eHePrOCUCTEMH 3
BUKOPHUCTAHHSM JDKEpPENl PO30Cepe/KEHOT TeHepallii MOXyTh OyTH HaJ3BHYAHHO MPHOYTKO-
BOIO c(heporo JUIS KalliTalOBKIIAJICHbB, SKIIO € MOXJIMBICTh PO3MIIIYBaTH JpKepelia TeHepartii
eHeprii moOIu3y CIIoKMBaviB. 3a3BHUail BATpATH Ha Iiepeaady eHeprii csararots 30 % Big Bap-
ToCTi i1 BHpoOIeHHS [1].

[cHYIOYI METOAMKH TSl TPOEKTYBAHHS CHCTEMH €JIEKTPOIIOCTAYaHHS BiUTAICHUX CIIO’KIUBAYiB
B OCHOBHOMY PO3TJISIAIOTH SIK aJIbTEPHATHBY IIEHTPATI30BAHOMY €JIEKTPOIIOCTAYaHHIO, EJIEKTPO-
MOCTA4YaHHs 3a PaXyHOK I'eHepallii eneKTpoeHeprii Ha 0a3i BIHOBIIOBAIBHUX JHKEPEIL.

Jocsin OolfoBuX Jiii Ha TepuTOpii YKpaiHH MOKazye, IO BifiCbKOBIH aBiarlii, 30kpema 6e3-
MUIOTHIN, HEOOXiTHA MIMpPOKa Mepeka CyJacHHUX aepoJpoMiB. MixK TuUM, 3a CIIPUSHHS CHJIOBHX
CTPYKTYp YKpaiHu, BiTOyBaeThCs BIIPOJLKEHHS JIepKaBHOI Masioi Ta Oe3miIoTHOI aBiamii. Marna
aBiallis Mae TaKOXK TMEpPCIEKTUBHY, SIK Oi3HEC-POEKT. MiXk THM, aKIEHTYIOUYM yBary Ha 0e3-
MUTOTHIH aBiarii, CJIijl 3a3HAYMTH, IIIO I1iJIa KOTopTa MOJIeNIeli BUKOPHCTOBYE JIISI TIOJIHOTIB €JIeK-
TPOJIBUTYHH, III0, SIK HACTIJIOK, CIIOHYKA€E JI0 BUPIMIEHHS MPOOIeMH 3aps/DKEHHS aKyMYy I TOPHHX
Oarapei Oe3MTOTHIX MOBITPSHUX CYJCH. Y ¢i 1Tl (PaKTOPH CIPUSIOTH 3BEPHEHHIO YBArk Ha MEPExKyY
aepopoMiB. OTHUM i3 3HAYYINUX ITATAHb Y IHOMY aCIEKTi € eJIeKTPOIIOCTAYaHHs aepOIPOMIB, IO
pO3TaIioBaHi 1HOJI BiUTAJICHO BiJl IICHTPATI30BAaHUX CHCTEM €JICKTPOIIOCTAHHS, Y1, BPAXOBYIOUH
YMOBH €KCIUTyaTallii Ta JIOKaIlii, MoTpeOyIOTh I0JJaTKOBUX JIKEPEI eNeKTposKuBIeHHs [ 1-3].

AHaJIi3 OCTaHHIX JocTiKeHb i myOJikaniii. Y psal momepenHix TOCTIKEHb aBTOPH
OOTPYHTOBYIOTH HEOOXIJIHICTh BIPOBAPKEHHSI aBTOHOMHUX JKEpeJl eHeprii Ha 0a3i BiTHOBIIO-
BaHOI eHepreTuku. MiXk TUM, 3 IOCepe/T IHIIKX JDKEePET BiTHOBIIOBAHOT €HEPTEeTHKH, BUILIIS-
IOTh BITPOCHEPTeTUKY, III0 MA€ TEBHI NepeBary sK 3a pe3yJbTaTaMu TEOPETUYHUX JTOCITIPKEHb,
TakK 1 3 IOCBIIy MPaKTHYHUX BIIPOBaKEHb [ 1-3].

Pesynprat mocmipKeHHSI 1010 3aCTOCYBaHHSI HAKONMYYBaviB B aBTOHOMHHX CHCTEMax
eJIeKTpOTIOCTaYaHHs Ha 0a3i BiJIHOBIIOBAHUX JDKepellaMu BigoOpaxkeHo B pobortax b. Jly-
kytina, H. FOxno, B. ['magkeBndy Ta iHmmx HaykoBIiB [1-8].

KpiMm Toro, siK y CBITi, TaK i B YKpaiHi Ha0yJI0 pO3BUTKY IIPOBAKEHHS B Pi3HI CepH eIeK-
TpU(iKOBAaHOTO TpaHCIOPTY. ToMYy JOCIIKEHHS! HayKOBIIB Y IIbOMY HalpsiMi BKa3ylOTh Ha
JOIUTEHICTh BCTAHOBJICHHSI 3apsIHUX CTaHIliN Ha 0a3i BiJHOBIIOBAHUX JIKEpEN €Heprii, 1o €
aKTyaJIbHUM, Ta PO3IIUPIOE CIEKT 1X BCTAHOBJICHHSI, TIONPHU BiIaJICHICTh BiJl IIEHTpali30Ba-
HOro ejekTponoctadanus [9]. Jlo Toro »x JOCiKEHHS 00 IepepaxoBaHUX HAYKOBO-IIPAK-
THUYHUX TEMATHK MPOJOBXKYIOTHCS Ta HA0YBalOTh HOBUX CEHCIB, BPAaXOBYIOUH acleKTH cydac-
HOTO PO3BHUTKY HAyKH Ta TEXHIKH.

BunisienHs1 HeTOCTIKeHUX YACTHH 3arajibHOI MpooJieMH. AKTyaThHOIO HAyKOBO-TIPAKTHY-
HOIO 3a/1a49€t0 € PO3po0Ka CTPYKTYPH BITPOSHEPTETUIHOTO KOMIUTEKCY JUTS 3aps/PKEHHS aKyMyJIsi-
TOPHUX OaTapeil Mpr HEMOKIIMBOCTI 1)1’ €JHAHHS JIO IICHTPATI30BaHOTO €JIeKTPOITOCTAYaHHSI.

Merta crarTi. ['0JI0BHOIO MeTOFO ITi€l pOOOTH € po3pOOKa CTPYKTYPH BITPOCHEPTETUYHOTO
KOMILJIEKCY JUIS 3apsKeHHS aKyMYJISTOPHHX OaTapei.

Bukian ocHoBHoro Mmarepiasiay. O6’€KTH aBTOHOMHOTO €Hepro3ade3nedeHHs BiAirpaioTh
BA)XIIUBY POJIb y Pi3HKX Taly3aX (TpaHCIOPTHil, BilichKOBIH, TypucTHUHil Ta iHmmmX). IX enex-
TpoInocTauyaHHs Mae OyTH HaJiHHUM Ta BIJMOBIIATH peXKUMaM PoOOTH eJIeKTpoIpuiiMadiB. 3
METOIO 3a0e3nedeHHs 0e3MepepBHOCTI X eIeKTPOIOCTaYaHHs B YMOBAX peallbHUX 0OMEKEeHb
Ha 3allacyl MMajiiBa, HasBHI B PO3MOPSHKEHHI TOTO YH IHINOTO aBTOHOMHOTO 00’€KTa, IPOIIo-
HY€ThCSI BAKOPUCTOBYBATH BiTHOBITIOBAHI JKepesia eHeprii, ki € 3apxau 1 Bcroau. Ceper HUX
BHJILJISIIOTH BITpOeHEpreTHKy [8-12].
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[Ipote BuKopucTanHs BiTpoeHepretuunux komiuiekciB (BEK), sik ocHoBHOro mxepena
SJIEKTPUYHOI eHeprii IpH aBTOHOMHOMY €JIEKTPOTIOCTaYaHHI MOTpedye 00OB’SI3KOBOTO HAKO-
MUYEHHS eIEKTPUYHOT eHeprii.

SIk HaKoOTMYyBadi €Heprii B CydaCHUX aBTOHOMHHX CHCTEMaX eJIeKTPOITOCTa4aHHs Tepe-
BaYXHO 3aCTOCOBYIOTH XiMiuHi akymyJssiTopu. Lleit Tun HakonudyBadiB Mae CBOi HeJIOJIIKH, TaKi
SIK HEBUCOKHUH KOeQiIli€eHT KOPUCHOT i1, 0OMEeKEeHEe YUCIIO ITUKIIIB 3apsI-po3psi, He3AaTHICTh
HIBUJIKOTO pearyBaHHs, MPo0JIeMaTUYHICTh YTHIII3allii TOIIO, TOMY BUHUKAE HEOOXITHICTH iX
3aMiHM Ha OLTBIN IPOTPECHBHI CYyYacHI aHAJIOTH XIMIYHUX aKyMyJIATOPiB [4].

ABTOHOMHE €JIEKTPOIIOCTAYaHHS € aKTyaJIbHOIO TEMATHKOIO SIK y CBITI, Tak 1 B Ykpaini. [{ns
3a0e3MeueHHs IKICHOTO MTOBHOIIIHHOTO €JIEKTPOIIOCTAaYaHHsT MAJIONIOTY)KHHX 00’ €KTIiB Bij aB-
TOHOMHHX CUCTEeM eJieKTporoctauanHsi Ha 0a3i BEK BaximBuM € BupimeHHs mpobiiemu
30epiraHHs eJeKTPUYIHOI eHeprii, il mepeTBOPEHHS Ta MOAAIBIIOr0 PO3MoALTY. JlocimKeHHS
BITYM3HSIHMX Ta 3aKOPJOHHUX YYEHHMX BKa3ylOTh Ha TOH (akT, IO CHCTEMH HAKOIMMYEHHS
€HEpril € BAXKJIMBOIO CKJIaIOBOIO CHCTEMH aBTOHOMHOTO eJIeKTporocTadanHs Ha 6a3i BEK.

J1nst BITPOBOI €HEepreTHUHO1 YCTAHOBKY BUKOPUCTOBYIOTh aCHHXPOHHI Ta CHHXPOHHI TeHepa-
TOPH Pi3HUX THITIB Ta KOH(Irypartiii. ¥ ci BOHM MarOTh CBOI IIepeBary Ta HeIOJIKU. Bupimarsauvu
B MUTaHHI BUOOPY reHepaTopa € YMOBH BUKOPUCTAHHS BITPOBOI ycTaHOBKHU. HeoOxinHo migibpati
SIIEKTPUIHUM TeHepaTop, SIKHii MaKCHMAaJTLHO BiIOBITae po3ranryBanaio BEK [3].

3a pe3yabTaTaMy aHali3y MOKHA 3pOOUTH BUCHOBOK IIPO Te€, 1[0 aCHHXPOHHHH reHeparop
y niana3oHi moTyxHocTi 5 + 100 kBt mpu0Oim3HO B miBTOpa pasa JIeTmui 3a CAHXPOHHUH Te-
HEepaTop, a TAaKOXK Mae MeHII rabaputu [4].

Buxostau 3 pe3yabTaTiB aHa3y MOYKHA 3pOOHUTH BUCHOBOK TIPO T€, IO BapTiCTh KOMYyTa-
Li{HOT anapaTypH Ta IHIIKX €JIeMEHTIB CHCTEMH aCHHXPOHHOTO T'eHepaTopa MEHIIIa 3a BapTiCTh
AHAJIOTIYHUX CKIJIAJIOBHX CHHXPOHHOTO TeHeparopa [5].

VY reneparopHOMy peXMMi aCHHXPOHHA MallliHA 3 KOPOTKO3aMKHEHUM POTOPOM 3aCTOCO-
BYETBCS PIJIKO Yepe3 HasBHICTh 30BHINTHBOI KPYTOCIAIHOT XapaKTEPUCTHKH 1 HeJJOCKOHAIOCTI
KOH/ICHCATOPHOTO 30y/I’KeHHsI. AJle BOJHOYAC 3aCTOCYBAHHS aCHHXPOHHOI MAaIlMHK B reHepa-
TOPHOMY peXHMi Mae Oe3lepedHi IepeBard rnepe CAHXPOHHUMH TeHepaTtopaMu [6], a came:
MIPOCTOTA 1 HAAIMHICTh KOHCTPYKIIil; MaJi Maca Ta rabapuTu; HU3bKa BapTiCTh; IPOCTOTA MOH-
TaXy Ta 00CIyroByBaHHS.

Tomy, 3Bakaroun Ha mepepaxoBaHi acriektu komnonyBanHs BEK, po3pobnenns cucremu
KepyBaHHS Ma€ 3a MeTy 3a0e31eUnTH CIIOKUBAYIB CTA01IBHOIO HAIPYTOK MOCTIHHOI YacTOTH
He3aJIe)KHO BiJ] 3MIHH MapaMeTpiB y OyAb-sKiil JaHII CHCTeMH. Y MPOIeci BUPIMIEHHS IOTO
MUTaHHS 0YJI0 3°SICOBAHO, IO CHCTEMa KEpyBaHHS, SKa MPAIO€ 3a CIeliaJhbHO CTBOPEHUM 3a-
KOHOM KepyBaHHs, 3[aTHa 3a0e3MeudTH MOCTiHHI BUXiAHI eHepretuuHi napamerpu BEK.
CrpykrypHa cxema BEK i3 cucremMoro kepyBaHHS IIpeJicTaBiieHa Ha puc. 1 [9].

3a ymoBu HopMmanbHOI podotu BEK BinOyBaeThes enextponocrayanus M ta 3apsn AKD.
SIkIo BUHUMKAE aBapiifHa CHTYaIlis, 3a JOIIOMOTOF0 KepoBaHOTO KoMyTaTtopa K2 BikimogaeTbes
Mepexka M Big rerepatopa Al, a 3a momomororo komyTtatopa K3 mimkimoyaeTbess HaBaHTa-
xerHs 10 AKB depes inBeptop 1. 3apsoxanas AKB yepes komyrarop K1 BitOyBaeThcs 10TH,
noku aBromatuyHuid 3apsimHuit npuctpiit A3Il Binkmounte AKDB Bixm renepatopa uepes
HEBIJIMOBIAHICTH ITApaMeTPiB CTPyMy ab0 HAIIPYTH.

[1ig wac obepTanHs BITPOBOTO Kojeca Ta Bally TeéHepaTopa MiKpOKOHTPOJIEp aHali3ye Be-
JWYUHY CUTHAJIB, IO HAIXOJATh JI0 HOTO, Ta POOWTH BHCHOBOK INOJO BEJIWYHHU 3aaHOL
HanpyTrH Ui OJ0KIB CUMUCTOPIB. JIOKH €MHICTH /10/1aTKOBUX KOHJIEHCATOPIB JJ03BOJISIE pery-
JFOBATH BEJTMYMHY BHXIJHOI YaCTOTH Ta HAIPYTH, 11l TapaMeTPH PEryIIOI0ThCS OaTapeero po-
004YMX KOHJEHCATOPIB. SIKIO KepyBaHHS €MHICTIO HE Ja€ pe3ylbTary, TOOTO yacTtora Ta
Hampyra IpoJIOBKYIOTh 3pOCTaTH, TO 33/1aHa HANPyTa MOJAEThCS Ha JAPYTY TPYIy CHMUCTOPIB,
SIK1 M1JIKITF0YaTh OagacTHe HaBaHTAKEHHS JUIS PEryJIIOBaHHS BUXiIHOI HAlpyTH Ta 4YaCcTOTH.
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Puc. 1. CmpykmypHa cxema eimpoeiexmpomexHiyH020 KOMNIeKCy Ha 6a3i dCUHXPOHHO20
eenepamopa : BK — eimpoge koneco, A’ — acunxpounuii 2cenepamop 3 KOpOmMKO3AMKHEHUM
pomopom; B3K — 6amapes 30y0cyiouux kondencamopis, EMI" — enekmpomaznimme 2anomo,
J[Hm — oasau nanpyeu; J{C1, 2, n — oageaui cmpymy, ona konmpoiio 3apsoy AKb; JIHI, 2,

n — oasayi nanpyeu, 0151 koumpoiio 3apaoy AKbB; 9 — oasau wacmomu obepmis BK;
JYm — 0asau wacmomu nanpyeu mepesici; A3, 2 — asmomamuyni 3aps0ui npucmpoi,
AKF1, 2, n, AKE CK— axymynsmopui 6amapei,; I — ineepmop; BJ/[K — bamapes 0o0amkosux
KoHOeHcamopie, bH — 6anacmmne nasanmaoicenns, CK — cucmema xepyeansi;

KI-K3 — keposani komymamopu, M — noxanvna mepedxca, T — mpancgopmamop

[TepenbavyaeThcs 3IiMCHIOBATH aBTOMATHYHE KEPYBaHHS €MHICHHM CTPYMOM Y JIBa
mpuiioMu. 3aCTOCYBaHHS KOXKHOTO 3 HAX 3AJISKUTh BiJI IIIBUIKOCTI 0OEpTaHHS BITPOBOTO KoJjleca.

CTpyKTypa BITPOEIEKTPOTEXHIYHOTO KOMIUIEKCY Ma€ MOXKIIHUBICTh, 3a HEOOXIJIHOCTI,
MpaioBaTd Ha Mepexy. [Ipudomy 3a gomoMoror kepoBaHoro komyratopa K2 € MoIHBICT
i1’ €THAHHS BITPOCJICKTPOTEXHIYHOTO KOMILUIEKCY SIK HAIIPSMY JI0 MEPEeXi, TaK i dyepe3 iHBep-
Top. KOHTpOJIb €HEpreTHYHUX MapaMeTpiB 3reHEPOBAHOT SICKTPUIHOT CHeprii y TOYIll i1 €1~
HaHHS JI0 MEpeXKi BU3HAYaeThes qaBadaMu Hanpyru JIHm Ta wactotu J{Um, ski mepeaaroTh iH-
(dopmailiro 10 CUCTEeMHU KepyBaHHsI BiTpoesieKTpoTexHiuHoro kKoMiuiekcy CK.

[Tix’eTHAHHS BITPOETCKTPOTEXHIYHOTO KOMILIEKCY HANPSAMY 10 Mepexki Moxke OyTH JInIIe
MIPY BUKOHAHHI YMOBH Y3TOJDKCHHS CHEPIeTUUHUX ITapaMeTpiB TeHEPOBAHOT €HEprii Ta Mepexi:

UG=Um
f(}zfm ’

ne Ug, fc — Hampyra Ta 4acToTa 3HeprepoBaHoi eleKTpudHoi eHeprii, Uy, f,» — Halpyra Ta 4a-
CTOTa €JIEKTPUYHOI HEeprii B Mepexi.

[Tix’etHAHHS BITPOETIEKTPOTEXHIYHOTO KOMILICKCY JIO MEpeXi, Y pas3i HeBiIOBITHOCTI iXHIX
SHEPreTUYHMX TapaMeTpiB, MOKIIUBE Yepe3 KepOBaHUiA TpaHC(POpMATOp Ta KEPOBAHUI IHBEPTOP.

Mix THM, 3aITPOITOHOBAHA CXeMa BITPOEIIEKTPOTEXHIYHOTO KOMILJICKCY HacaMITepe T Imepe/i-
0avae y CBOIill CTPYKTYpi KOMILIEKC IS 3aps/DKEHHS aKyMyIITOpHUX Oartapeit. [lo fioro cximamay
BXOATh 3apsytanid mpuctpiii A3I11, gaadi crpymy JIC1-JICn Ta maBaui manpyru JIH1-/1Hn,
JUISI KOHTPOJTIO CTaHy 3apsy aKyMyJISTOpHUX Oatapeit Ta akymysitopHi 6atapei AKB1-AKbn.

PoGoTa Takoi cucteMu BiTPOETEKTPOTEXHIYHOTO KOMILIEKCY MOKe OyTH onrcaHa MaTeMa-
THUYHOIO MOJIEILTIO:
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PG :Pm +prc6
QG :Qm ’

ne PG, Qg — akTUBHI 1 peakTHBHI MOTYKHOCTI T'eHepallii Jpkepes eHeprii BiANoBiAHO; P, On —
AaKTHBHA W peaKkTHWBHA IOTYXKHOCTI JIOKAIBHOI MEPEKi BITPOCIEKTPOTEXHIYHOTO KOMILIEKCY;
Puxs — aKTHBHI IIOTY)KHOCTI aKyMYJIATOPIB.

BitpoenexTpoTexHiYHAN KOMITIEKC (PYHKIIOHY€E TAKHM YHHOM: BH3HAYAETHCS MIEPIIOYSp-
roBa (yHKITIOHaJIbHA HEOOXITHICTh KOMILIEKCY, IO BiJIoOpakaeThCsl B KOMIIOHYBaHHI 00J1a1-
HaHHSM 13 BIJIMTOBIJTHUMH €HEPTeTHYHIMH XapaKTePUCTHKAMMU.

VY pa3si nepmodeproBoro npusHadeHHs BEK sk aBTOHOMHOTO 4M JTOAaTKOBOTO JXKepeia
€IeKTPUYHOI eHeprii, KOMILUIEKC MepIIoYeproBO XKUBUTH €HEProod’€KTH, IO MiJa €JIHaHI J0
HBOTO. 3apsiKEHHS aKyMYJSITOPHUX OaTapeit BiIOyBaEThCsI TUIIIE 32 YMOBH HAJUJIUINKY 3TeHE-
POBaHO{ €JIeKTPHUYHOT eHeprii.

V pasi nepmmoyeprosoro npusHayeHHst BEK sk BiTpozapsiiHOi cTaHIlil, mepiovyeproBo Bii0y-
BAa€EThCS 3aPSHKEHHS aKyMYJIITOPHUX Oatapeil, a Ha/UTUINOK 3reHePOBAHOI eIEKTPHYHOI eHeprii €
MOJKJIABICTh HakonwuuTH J10 akymysisitopa AKb CK, um 1mix’ € qHaTH KOpHUCHE HaBaHTaKCHHSI.

MonynbHicTh KOHCTPYKINiT BEK 1mo03Boiisse B KOpOTKHI TepMiH HOTO 3MOHTYBAaTH Ta
HajamTyBatH. [ [praoMy 3aie)KHO Bij] 3aBJIaHb, sKi cTaBiAThCs mepea BEK, HUM € MoxIMBicTh
HOT0 BUKOPUCTOBYBATH SIK TOPTATUBHUM, TaK 1 CTAIlioOHApHUM. TaKuii BITpOECTEKTPOTEXHITHHUIHA
KOMILUIEKC OyJie 0cOOJIMBO aKTyalbHUM ISl €JIeKTPOIIOCTaYaHHs aepoIpOMiB, IO PO3TaIIo-
BaHi, [0 BiJJIaJICHO BiJl IEHTPAII30BAHUX CHUCTEM €JIEKTPOIIOCTaHHS, UM, BPAaXOBYIOUH YMOBHU
eKCIUTyaTarii Ta JoKallii, moTpe0yIoTh JOJaTKOBUX JDKEPET eJIEKTPOKUBJICHHS, Ta MOJIbOBUX
KOPOTKOYacHHUX 0a3 JJist 00CIIyroByBaHHS O€3MUIOTHHX JTiTATbHUX araparis.

BucnoBkn BiamoBigHo 10 crarTti. 1. OOrpyHTOBaHO HEOOXIJHICTH BIPOBAKEHHS B
CTPYKTYPY aBTOHOMHOI CHCTEMH €JIEKTPONOCTaHHs Ha 0a3i BITPOCHEPTreTHYHOTO KOMILIEKCY
JIAHKU JJIS 3apsily akyMyJIsITOpHUX OaTapei.

2. 3anpomoHOBAaHO CTPYKTYPY BITPOCHEPTETUYHOTO KOMIUIEKCY IS 3apsPKEHHS aKyMYJIsi-
TOpHUX OaTapeil B yMOBaxX HEMOJKJIMBOCTI i1’ €JHAHHS J0 IIEHTPATI30BAHOTO €JICKTPOITOCTAa-
YaHHS, Y TOMY YHUCIIi aepOPOMIB.
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UDC 621.311.4.031
Serhii Boiko, Oleksiy Gorodny, Irina Kasatkina, Yana Doludarieva, Leonid Vershniak
WIND POWER COMPLEX FOR LOADING OF STORAGE BATTERIES

Urgency of the research. One of the directions of modern world strategies is the development of renewable energy. This
is especially true for those regions where there is no access to modern energy systems, or for developing countries with growing
energy needs. Analysis of the achievements of modern energy shows that decentralized energy systems using distributed gen-
eration sources can be an extremely profitable area for investment, if it is possible to place energy sources near consumers.
Usually the cost of energy transfer reaches 30 % of its production.
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Actual scientific researches and issues analysis. The problem of this work is the layout and structure of the wind power
complex for charging batteries. Existing methods for designing the power supply system for remote consumers are mainly
considered as an alternative to centralized power supply, electricity supply through electricity generation based on renewable
energy sources, and not enough attention has been paid to their additional functionality.

Uninvestigated parts of general matters defining. The authors substantiate the need for the introduction of autonomous
energy sources based on renewable energy in a number of previous studies. Meanwhile, wind energy is distinguished among
other sources of renewable energy, which has a number of advantages both according to the results of theoretical research
and from the practical implementation. The research on these scientific and practical topics continues, and acquires new
meanings, taking into account aspects of modern science and technology.

The research objective. Thus, the urgent scientific and practical task is to develop the structure of the wind power complex
for charging batteries in the conditions of impossibility of connection to the centralized power supply.

The statement of basic materials. In order to ensure the continuity of their electricity supply in the face of real restrictions
on fuel reserves available to a particular autonomous facility, it is proposed to use renewable energy sources, which are always
and all of which emit wind energy. Therefore, taking into account the above aspects of the layout of wind power systems, the
development of the control system aims to provide consumers with a stable DC voltage regardless of changes in parameters in
any part of the system and battery charging.

Conclusions. The necessity of introduction in the structure of an autonomous stirrup of power station on the basis of a
wind power complex of a link for a back of accumulator batteries is proved. The structure of a wind power complex for charging
of accumulator batteries in the conditions of impossibility of connection to the centralized power supply is offered.

Keywords: distributed generation; wind power complex; power equipment; power supply; batteries.
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Boiixo Cepriii MukosaiioBn4 - kKaHJu1aT TEXHIYHUX HAYK, JOLEHT Kadepy aBTOMATU30BAHUX EJICKTPOMEXaHIYHUX
CHCTEM B IPOMHUCIIOBOCTI Ta TpaHcnopti, KpuBopi3bkuit HalioHansHuit yHiBepeuTeT (By. Bitanis Marycesuua, 11,
M. Kpuswnii Pir, 50027, Ykpaina).

Boiko Serhii - PhD in Technical Sciences, Associate Professor of Department of automation electromechanical systems in
the industry and vehicles, Kryvyi Rih National University (11 Vitalyy Matusevych Str., 50027 Kryvyi Rih, Ukraine).
E-mail: bsn1987@i.ua

ORCID: http://orcid.org/0000-0001-9778-2202

Scopus ID: 56417478200

Topoaniii Onexciii MukoaiioBu4y — KaHAWIAT TEXHIYHUX HayK, JOLEHT KaeApH €IEKTPOHIKH, aBTOMATHKHY,
poboToTexHiKM Ta MexaTpoHiky, Hanionanenuii yHiBepcureT «UepHiriBebka momitexnika» (Byi. llleBuenka, 95,
M. Yepmniris, 14035, Ykpaina).

Gorodny Oleksiy — PhD in Technical Sciences, associate professor of Department of Electronics, Automation, Robotics and
Mechatronics, Chernihiv Polytechnik National University (95 Shevchenka Str., 14035 Chernihiv, Ukraine).

E-mail: aleksey.gorodny@gmail.com

ORCID: http://orcid.org/0000-0001-5303-9564

Web of Science H-1425-2016

Scopus: ID 56338229500

Kacarkina Ipuna BitaniiBHa - kaH11aT TEXHIYHUX HAYK, JOLUEHT Kaepy aBTOMaTH30BAHUX €JIEKTPOMEXaHIYHUX
CHCTEM B IPOMHUCIIOBOCTI Ta TpaHcnopti, KpuBopi3bkuit HaioHansHuit yHiBepeuTeT (Byn. Bitanis Marycesuua, 11,
M. Kpuswii Pir, 50027, Ykpaina).

Kasatkina Irina - PhD in Technical Sciences, associate professor of Department of automation electromechanical systems
in the industry and vehicles Kryvyi Rih National University (11 Vitalyy Matusevych Str., 50027 Kryvyi Rih, Ukraine).
E-mail speet@ukr.net

ORCID: http://orcid.org/0000-0001-8967-6442

Joaynapea SIna CtaHicaaBiBHA - BUKJIa a4y BUIIOT KaTEropii, BUKIa1au-METOIVCT, FOJI0BA [IUKJIOBOT KOMICIT mpu-
POMAHUYKMX HAYK, KAHAWAAT TEXHIYHUX HAYK, TOUECHT, KpeMeHUyI[bKuil THbOTHHI KOJIEMHK XapKiBChKOr0 HAIliOHATb-
HOTO yHiBEpCUTETY BHYTpIIIHIX crpas (Bya. Ilepemorn, 17/6, m. Kpemenuyk, 39600, Ykpaina).

Doludarieva Yana - Lecturer of the highest category, teacher-methodologist, chairman of the cycle commission of
natural sciences, candidate of technical sciences, associate professor, Kremenchuk Flight College, Kharkiv National
University of Internal Affairs (17/6 Wins Str., 39600 Kremenchug, Ukraine).

E-mail: boikosn2017@gmail.com

ORCID: http://orcid.org/0000-0001-5303-9564

Bepunsik Jleoninx BosoaumupoBuu — acmipant, HamionaneHuii — yHiBepcuteT «UepHiriBcbka MOJiTEXHiKay
(Byn. llleBuenka, 95, M. UepHiris, 14035, Ykpaina).

Vershniak Leonid — PhD student, Chernihiv Polytechnik National University (95 Shevchenka Str., 14035 Chernihiv,
Ukraine).

E-mail: L.V.Vershnyak@gmail.com

ORCID: http://orcid.org/0000-0001-7178-7339

boiiko C., l'opoaniit O., Kacarkina ., Jlonynapesa 51., Bepunsik JI. BiTpoeHepreTHUHMIA KOMIUIEKC JUTsl 3apsLKEHHS aKyMYJIITOPHUX OaTapeil.
Texniuni nayku ma mexronoeii. 2020. Ne 4(22). C. 156-162.

162



TEXHIYHI HAVKU TA TEXHOJIOT'Ii Ne 4(22), 2020
TECHNICAL SCIENCES AND TECHNOLOGIES

VIK 621.3.011.74.005
DOI: 10.25140/2411-5363-2020-4(22)-163-169
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AHAJII3 ITPOLECIB ¥ KOJIAX I3 HEPETBOPIOBAYAMU TPUDA3HOI
HAIIPYI'U B IIOCTIUHY 3 IBAHAJAIATU30OHHUM
PEI'YJIIOBAHHSAM HAIIPYI'H

AxmyanvHicmb memu 00CHi0NHCeHHA. V 36 S3KY 3 WUPOKUM UKOPUCTIAHHAM HANIGNPOGIOHUKO8UX KOMYMAMOPIE Y efle-
KMPUYHUX KOIAX CYYACHUX NePemgoploeayie napamempie enekmpoeHepeii 3HAUHO YCKIAOHIOIONbCs 3a0adi AHANI3Y eleKmpo-
maeHimuux npoyecie. Hailbinouti yckiaOHeH s GUHUKAIOMb NPU HeOOXIOHOCH MOONIOBAHHS YCMANEHUX | NepeXiOHUX npoyecie
Y PO32ANYAHCEHUX KOAAX 3MIHHOT CMPYKMYpU, V JTAHKAX i3 peaKMUGHUMU eleMeHMAaMU K0T GUHUKAIOMb CUHYCOIOHI, NOCMILIHI
ma iMRYIbCHI HANPY2U.

Ilocmanoeka npoonemu. Mamemamuuna MoOenb nepemeop8aya moxce Oymu no6yo008ana 3 GUKOPUCTIAHHAM Memooy
bazamonapamempuuHux MoOYIIOUUX QYHKYIL Y HANPAMKY PO3POOKU HOBUX MAMEMAMUYHUX MOOeell eNeKmpPOMASHINMHUX
npoyecie y Koiax 3 HAnienpPOGIOHUKOGUMU KOMYMAMOPAMU MA NAHKAMU CUHYCOIOHUX, ROCIMITHUX MA IMAYIbCHUX CIPYMIE.

Ananiz ocmannix oocnioxncens i nyonikayii. V nyonixayisx M. Maxapenxa, B. Cenvka, M. IOpuenxa, A.A. ll]epou ma
iHULUX GUeHUX 6YNI0 PO3POBIEHO MENOO 6a2AMONAPAMEMPUYHUX QYHKYIH, KU CHPOWYE OYIHKY eAeKMPOMASHIMHUX NPOYECis
¥ eNeKmPUIHUX KONAX CUHYCOIOHO020 CMPYMY 3 HANIGNPOGIOHUKOGUMU KOMYMAMOPAMU.

Buoinenna nedocnioxncenux yacmut 3a2anbHoi npoodnemu. Bunuxna HeobXxionicms po36umky 6a2amonapamempuyHux
MemoOy ONist AHANI3Y NepexiOHUX Npoyecie y eleKmpuiHux Koiax 3 JIAHKAMu He MilbKu CUHYCOIOHO020, ane Ui NOCMIH020 ma
IMRYICHO20 CIPYMIG, HeOOXIOHUX OISl peanizayii eleKmpOMexaniyHux i pO3PAOHO-IMIYIbCHUX MeXHOL02Il.

Ilocmanoexa 3a60anua. CmeopeHHs MamemMamuuHoi Mooei ONa aHanisy eleKmpOoMASHIMHUX NPOYeCi6 )y HaNiGNPOGIOHUKO-
6OMY Nepemeoplosaui 3 6a2amo30HHUM PeZYIIOGAHHIM GUXIOHOT HANPY2U NPU RIOKTIOYEHHT PASHUX HANPY2 MEPeNCE JHCUGTEHHS.

Buknao ocnoenozo mamepiany. Y cmammi npogedeHo aHaniz enexmpoMasHimHUX Npoyecie 6 el1eKmpuyHux Koaax i3 Ha-
nienpogionuxosumu komymamopamu. CmeopeHo Mamemamuyny Mooens Osi AHANI3Y eNeKmpOMASHIMHUX NPOYecie Y Hanien-
DPOBIOHUKOBUX NEPeMBOPIOBAUAX i3 WLUPOMHO-IMNYIbCHUM Pe2YTI08AHHAM GUXIOHOI HaNPY2U.

Buchoeku 6ionogiono 0o cmammi. Po3pobiero Hogy mamemamuuny Mooeiv Ol AHANI3Y eNeKMmPOMASHIMHUX NPOYeci
V eNeKmpuiHUX KONAX HANIGNPOGIOHUKOBUX NePemEopIo6ayie MOOYIAYINHO20 MUNy 3 6a2amoKaHaNbHUM 30HHUM 6UKOPUCHIAH-
HAM (PA3HUX HANpye MpupasHoi Mepexci JHcusneHHs 6e3 ypaxyeanHs 6mpam elekmpoenepeii y KOMymamopax.

Knwuogi cnosa: enexmpomaznimui npoyecu; 6uxiona Hanpyaa, cmpym.

Puc.: 5. bion.: 9.

AKTYaJbHICTh T€MH JTOCTIZKeHHS. Y 3B 3Ky 3 IMUPOKAUM BUKOPUCTAHHSM HaITIBIPOBIJI-
HHUKOBHX KOMYTATOPIB y JICKTPUYHUX KOJIAX CyJaCHUX IEPETBOPIOBAYIB TapaMeTpPiB eJIEKTPO-
eHeprii 3HAYHO YCKIAIHIOIOTHCS 3ajadvi aHali3dy eJIeKTPOMAarHiTHUX MpoieciB. Haitoimbmmi
YCKJIaIHEHHS BUHUKAIOTH ITPH HEOOX1JHOCTI MOJICITIOBAHHS YCTAJICHHUX 1 IIEPEXiTHAX MPOIIECiB
y pO3TaTy’KeHUX KOJlax 3MIHHOI CTPYKTYpH, V JJaHKAX i3 PCaKTUBHUMH €JICMCHTAMH SIKO1 BH-
HUKAIOTh CUHYCOI/IHI, IOCTiHHI Ta iMITyIbCHI Hampyru [1].

IlocTanoBka nmpodjaemMn. MaremaTuyHa MOIeNTb IEPETBOPIOBAaYa MOXe OyTH MO0y 10BaHA
3 BUKOPUCTAaHHSIM METOJy OaraTomapaMeTpUyHIUX MOAYTIOI0YNX (DYHKIIIN Yy HAIPSIMKY pO3po-
OKHM HOBHUX MaTeMaTHYHUX MOJeJIel eleKTpOMarHiTHUX IpOIleciB y Kojax i3 HariBIPOBiTHU-
KOBUMH KOMYTaTOpaMHU Ta JJAaHKaMH CHHYCOITHUX, IIOCTIMHUX Ta IMITyJIbCHUX CTpyMiB [2; 3].

AHAJI3 OCTaHHIX T0CTKeHb Ta MyoJikamiit. B nparti [4; 5 | BUKOHaHO aHaJIi3 TPaH3UCTOP-
HUX IIePEeTBOPIOBAYIB Ta MPOBEJICHO JOCII/DKSHHS €HEPreTHYHHMX MOKa3HUKIB €JIEMEHTIB Ta CHC-
TEMH EJICKTPOIIPUBOJTY B ITiyIoMy. OTHUM 3 HAWKpaIuX CII0cO0iB BAMUKAHHS THPUCTOPIB Y HHU3b-
KOBOJIBTHOMY IMITYJIbCHOMY €JIEKTPOIIPHUBO/II € COCIO MapajiebHO-€MHICHOT KOMYTAIlii CHJIOBOTO
TUPUCTOPA IIEPETBOPIOBaYA MOCTIHHOT Hanpyrw. [Ipw 1iboMy Kparire 00XoauThCs 0e3 JT0TaTKOBOTO
JKEpeiia eHepri'l', AK€ BUKOPUCTOBYIOTH B OKPEMUX BUITAKAX JIJIA niz[3ap;1m<1/1 KOMYTYIOY0I'O KOH-
JIEHCATOpa, TaK SK IpH aBTOHOMHOMY JDKEpeli JKUBJICHHs (aKyMyJISITOpHIN OaTtapei) 1o1aTKoBe
JUKEepernio eHeprii 3HWXKye e(eKTUBHICTh poOOTH IMITYJILCHOTO eJIeKTporpuBoay. B [6] mposo-
JIMThCS aHAT3 TUPUCTOPHUX Ta TpanzuctopHux HIIII cucremu enekTporipuBoy, OfHAK s pO3-
paxynky 1x HITIT kopucTyroThCsl JOCTaTHRO CKIIATHIMU CUCTEMAaMHU PiBHSHb.

B po6Gori [5] po3rasmaeTbess METOJ CTPYKTYPHOTO CHHTE3y Ha OCHOBI rpady 3MiHU cTaHy
(I"'3C) Ta MeTO1 CTPYKTYPHOTO CHHTE3Y HAIIBIPOBITHUKOBUX TiepeTBoproBadiB (HIIIT) Ha ocHOBI
rojioBHOI Tonojioriunoi Marpui (I'TM). BukopucTaHHs IIUX METOJIIB CHHTE3Y JIO3BOJISE OTPH-
MaTH TTOBHHU Ha0Ip CXeMHHX pillleHb pi3HuX Bigomux kiaciB HIIII, a y meskux BHIIaKax BH-
SIBUTH HOBI cxeMH. Po3po0iieHi MeToIn JIOBEIEHO 70 MPAKTHYHUX METOAMK Ha 0araTthox IpH-

KJIaJlaX TeHepallii HariBIpOBITHUKOBUX CXEM PI3HOTO (DYHKIIIOHATBHOTO MPU3HAYECHHSI.

© Muxaiinenko B. B., Uynsk FO. M., bauuncekuii B. 1., 2020
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[Ipu migroToBui cTaTTi Oy po3riisiHyTi myOikarii [ 7; 8], mpucBsiueHi mpobiaemMam aHamizy
€JICKTPOMAarHITHUX MPOIIECIB y HAIMIBIPOBITHUKOBUX MIEPETBOPIOBAYAX.

Bupinenns Hexoc iPKeHNX YACTHH 3arajbHOI podaemu. Bunukia HeoOXiIHICTh po3-
BUTKY OaratomapaMeTpHYHUX METOJY ISl aHAi3y MEePeXiHUX MPOIECiB Y eIeKTPUIHUX KO-
Jax 3 JJaHKaMH He TiJIbKH CHHYCOITHOTO, ajie i MOCTIIfHOTO Ta IMITYJIbCHOTO CTPYMiB, HEOOXiI-
HUX JUIA peaizalii eJeKTPOMEXaHIYHUX 1 PO3pSTHO-IMITYIBCHUX TeXHOJIOTiH. [Ipu mpomy
BaXXJIUBO OyJI0 BU3HAUUTH OCOOIMBOCTI MiAKIIOYCHHS €JIEKTPUYHUX KiJT 13 HAMiBIPOBIAHUKO-
BHMH KOMYyTaTopaMu 70 (pa3Hoi Ta JIIHIHHOT HAmpyT Tpruda3HOT MEepeKi eIeKTPOKHBIICHHS.

IMocTranoBka 3aBaanHs. CTBOpPEHHS! MaTeMaTUYHOI MOJENI JUIsl aHAJII3y eNeKTPOMAarHiT-
HUX IMPOIIECIB Y HAITIBIIPOBITHUKOBOMY ITIEPETBOPIOBaYI 3 0araTO30HHUM PETYJIFOBAaHHSIM BUXi-
JTHOT HANpyTH MpH MiAKIIOYeHH] (pa3HUX HAIPYT MEPEXi KUBICHHS.

Buxaax ocHoBHOro Mmartepiajy. TeHaeHIIIT TEpeTBOPEHHS €IEKTPUYHOI €Heprii, a TaKOX
YCIIXH Yy PO3BUTKY HAIIBIPOBITHUKOBOI TEXHIKM J03BOJISIIOTH BUKOPUCTOBYBAaTH B
MEePETBOPIOBATHHAX YCTAHOBKAX JIAHKY BUCOKOT YaCTOTH 3 YaCTOTOO EPEKITFOYCHHS BEHTHUITIB
3HaYHO OUNBIIOI BiJl YacTOTH 3MIHHOI HAmNpyrd HpPOMHCIOBOI Mepexi. Y pobortax [1-6]
MoKa3aHa JOIUIbHICTh BUKOPUCTaHHS CTPYKTYp meperBoproBadiB yactotu (I1Y) 3 omHOKpat-
HOIO MOJYJISIIE€I0 NP MOOYAO0BI CUCTEM BTOPHHHOIO €JIEKTPOIOCTAYaHHS /ISl KOMILIEKCIB
JIArHOCTHKH €JICKTPOMEXaHIYHUX IPHUCTPOIB i3 Pi3HOMAHITHUM BHJIOM BXiJHOI eHeprii. Y
JlaHii poOOTI MPOBOIUTHCS aHAI3 aCTIEKTY BUKOPUCTAHHS Ti€l sk cTpykTypH [1U B sikoCTi TaHKH
BHCOKOI 4acCTOTH, IO CTOCYETHCSI MOOYIOBU W aHAI3y MEepEeTBOPIOBAUIB ISl KOMIUICKCIB 13
HIMPOTHO-IMITYJIbCHUM perymoBanHsM (ILIIP) nampyru.

CTpykTypHa cXeMa IepeTBOproBava mokaszana Ha puc. 1. Ha miii cxemi nosnaueni: CMA,
CMB, CMC - cunosi Mmoaynsitopu (CM) daszuux wanpyr 4, B i C BianosigHo, BB — Bucoko-
yacTOoTHHH BUTIpsmisd, H — naBaaTaxkenns. CykynHicte CM, TiAKITIOUEHUX 10 €HePreTHIHO1
MepeKi mapajienbHo 1 3’ €IHAaHUX IO BUXOTY TOCIII0BHO, SIBIIsi€ COOOIO JIAHKY BUCOKOT YaCTOTH
MepeTBOpIOBaYa.

¢i1(i>t)/, CMA uZM(i’t)V ]
A

¢ ul(lst) lid(t)
— MB A w0

4
(1)
Be— CMC <= [~ w0

Puc. 1. CmpykmypHna cxema nepemeoprogaua

Ha ctpykrypHiit cxemi CM nokazaniii Ha puc. 2 mo3HadeHi: IBH — inBepTop BUnpsmieHoi
Hanpyru, TV — y3ropkyBanbHui Tpancopmatop, n — Homep IBH.

TaxuMm urHOM, KOoskeH CM Mmae y cBoeMy ckutaji N IBH, me N — 1ie uunciio iHBepTOpiB.

CTBOpeHHsI MaTeMaTUYHOT MO/IETIl TepeTBOpIOBaya rnepeoadae po3pooKy MaTeMaTUYHOTO
3a0e31meyeHHs, CIIPOMOYKHOTO TIPOBECTH aHaIi3 MO0 eJIEKTPOMAarHiTHUX IMPOIIECiB BiIHOCHO
€Heprii, Sika TeHepYy€eThCs, 3 YpaxyBaHHSIM XapaKTepy HaBaHTa)KEHHS, €Heprii, sKa CHoKUBa-
€THCS, a TAKOXK €HEPrii, sIka MEPEeTBOPIOETHCS B OKPEMHUX JIAHKAX 1 B OKPEMHUMH eJIeMeHTaMU
MepeTBOpIOBaYA.
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Puc. 2. Cmpykmypua cxema cunooeo mooynsimopa

IIpn cxiagaHHI MareMaTH4YHOI MOJEIl IEpeTBOPIOBAYa BUKOPUCTAEMO  METOJ
OaraTomapaMeTpuYHNX MOAyroounx GyHKIiH [1], skuit mepembavae  momepenHe
MPEJCTABICHHS AJTOPUTMIYHOTO DIBHSHHS IepeTBoproBaya. [Ipm mpomy mnpuiiMemo Taki
MPUITYIIECHHS: BX1/IHA Mepe)ka CHMETpUYHA 1 11 BHYTPILIHIH OIip JOPiBHIOE HYJIIO, TPAH3UCTOPH
i miogu IBH mpencraBnsitoTbes i7iealbHUMU KIIFOYaMH, TpaHCc(OpMaTOpu HE MalOTh BTpart, a
HaBaHTAXEHHS [IEPETBOPIOBAYA Ma€ aKTUBHO-1HAYKTUBHUH XapakTep.

Taka cTpykTypa 103BOJsie peanidyBaTH OaraToKaHaJIbHUM CIOCIO IEepeTBOPEHHS
napaMeTpiB eJIeKTPOMArHiTHOI eHeprii Mepexi, mpu skoMy B CM 311iHCHIOETbCS po3rairykeHa
MOJTYJISITIiSl MUTTEBUX 3HAYEHD MOTEPeTHBO BUMPSIMICHUX (a3HUX HANPYT u;(i,1), 4aCTOTH O1,
TpudazHoi Mepesxi BiAMOBITHUMU MOTYTIOIOYUMU BIUTUBAMH \/(0lp,f), YACTOTH (2.

VY npomy BUIIAAKY Ha BUXO/Ii KokHOTO 3 IBH hopMyeThes mpoMo Iy IbOBaHa Hampyra

UZM(P:i:f): kTul(lat)(I)(lat)W(aP:t) 5 (1)
nei=1,2,3 —HoMepu a3 Mepexi; kr — koedirieHT Tpancopmariii Tpanchopmaropa; p =1,
2,3, --+, n— HOMEpH 30H PEryJItoBaHHs; ¢ (i, 1) — PyHKIIT IPSIMOKYTHOTO CiHyca, CIIiBIIaJar0yi

3a yacoM 3 (pa3HUMH Harpyramu; u;(i,f) — METTEBI 3HAUEHHS BX1JIHOI HAIIPyTH.
OYHKIIIT MPSIMOKYTHOTO CiHyca IOJIAIOThCS K

RN (i-1)2x
@(i,t) =signsin| ot — T , 2
a MUTTEBI 3HAYCHHS BX1HOT HAIIPYTH MEPEKi IPEICTaBJICHI Y BUTIISAII
i—1)2
u,(i,ty=U,, sin(a)lt—%} 3)

ne Ujm — ammniTyiHe 3Ha4eHHs (a3Hol HalpyTH.
ExBiBasieHTHI MOy TIOIOY] BIUIMBYU MTOAAIOTHCS BHPA30M

y(ap.t) =%Zsign[sin(c02tioc13(t)—(p)] i (4)

ne ap(f) — KyTH YIpaBIliHHS, 32 paXyHOK 3MiHH sIKuX 3a0e3neuyerbest [P BuximHol Hampyru
MEepeTBOPIOBAYA; () — MOYATKOBA (ha3a eKBIBAJIEHTHUX MOYJIIOIOUUX BILIUBIB.

V nepeTBoproBadi 3a6e31edyeThes I0Ueproba 3MiHa KyTiB KepyBaHHs B JianasoHi in 0°
10 90°. V ¢dopmyBaHHI Hampyrm KOKHOI 30HH KepyBaHHsS 3ajisHi TpH iHBepTOpa, SKi
T TKITFOYCH] 10 BIMOBIAHKUX (Da3 MeperKi )KUBJICHHS. ¥ MOBH 3MiHH KYTiB KEPYBaHHS Y OKPEMHX
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30HAX MOJAKOThCs y HacTymHOMY Burisiai: 0p()=0, sximo 7 < (]i’] _11)5; O(f)=T, sixmo t>117—§,

a inaxime OL(0) =1 (D,N:Y), ne f.(p.N =12,1) — GYHKILis, IO 3a/1a€ 3aKOH 3MIiHH 0p(?), sKa 3a-
JIeKUTH BiJl HOMEpa 30HHU P 1 X KitbKkocTi N = 12.

Buxinna neperBoproBaua Ug (f ) BHU3HAYAETHCS BUPA3OM

u, (1)= Zzulo OOGL (o, E(2) (3)

T P=1 i=1
nev(t)— QyHKIiS MpsIMOKYTHOTO CiHyca, CIiBIIajaioda 3a 9acoM 3 TOJIOXKEHHSM BHXIiJTHOL
HaIpYyTH u, (1) JTaHKK BUCOKOI YaCTOTH IEPETBOPIOBAYA.

W(t) =sign(u, (7). (6)

Jlist aHasi3zy BUXiZHOT HANPYTH nepeTBoproBaya B (5) nosHaunmo u, (i) ¢(a,.1) =‘u1 (i,t)‘ i,

J. (7)

3 mpuBeieHOTO piBHSHHSA (7) BHIIHO, IO BHXIiJHA HAIIpyra MepeTBOpOBava JOCIATHE MaK-
CUMaJIbHOTO 3HA4Y€HHs IPH YMOBi, MO a,(7) =0 . B IpoMy BHIAIKy YacToTa IyJbcalliit

BpaxoByioun (3) i (4), a Takox Te, mo B (6) YA, HHUT) =‘w(aP,t)( , MAeEMO

u, (t)= Z Z U mn(mt—¢}

1m
TPlll

D sign[sin(o, +(a, /2) - )]

BUXIJIHOT HALIPYTU o, = 6, a BUpa3 A Ug (f ) npuiime BUTJIST

1 & ) i—1)2n
:k_zz U, sin wlt—% .
P=1 i=1
®)
CtpyM HaBaHTa)XEHHS 3HANIEMO, SIK peakiito RL—maHmrora Ha Jiro Hanpyra v(t) (6). s
IpOro JudepeHiiagbHe piBHIHHS, CKIaJIeHe Il BUXITHOIO KOHTYpPY, IPEACTaBUMO SIK
u,(t) R
D(t,y)=—L—=-—y,, ©)
I I Yo
Jie: Yo — BA3HAYAETHCS 3 IOYATKOBUX YMOB; R 1 L — BIATIOBIIHO aKTUBHUH OMIp 1 IHIYKTUBHICTb
HaBaHTaKCHHS.

Pimennst piBHsHHS (9) BITHOCHO CTPYMY HaBaHTAXXEHHS BU3HAYUMO YHCIOBHM METOJIOM SIK
i, () =rkfixed(y.0,k,s,D), (10)

Jie: Y — BEKTOp MOYaTKOBUX yMOB; 0, kK — yacoBHii iIHTEpBaJ PIllIeHb; § — KUIBKICTh TOYOK Ha
4acOBOMY IHTEpBaJ pillieHb; D — BEKTOp QYHKITiS JU(epeHITIHHUX PIBHSIHB .

ExgiBastenTHi (pyHK1 (4) 1 (6), SIKi MaIOTh OJJUHAYHY aMIUTITY Ty, MOYKHA PO3IJISIIATH SIK (DYHKILI,
10 BU3HAYAFOTH 3aJIeKHICTh BX1THOTO CTPYMY BiJl BUXITHOTO CTPYMY, SIKHIA TIOKa3aHWH y BATJISI Pi-
meHHs piBHstHHS (9) ciiBBinHOMmEHHsM (10). J{71s BU3HAUeHHS cTpyMy i2(f) BACOKOYACTOTHOTO BHIIPSI-
MipTda HeoOxiHO (10) po3aimTe Ha (6). SKIIO B PyHKITIT TepeTBOPEHHSI € Hy TbOBHI PiBEHB OIIEPAITito
JIJIEHHSI HA TOBHOMY TIepioi icHyBaHHSI (8) BUKOHATH HEMOXKIIHUBO. [ e mpr3BoMTh 10 HEOOXITHOCTI
3HAXOJDKEHHS CTPYMY TIepe/l BACOKOYACTOTHAM BUITPSMIISTIEM Ha iHTepBalaX HEHYTb0BOTO 3HAYCHHS,
3 OCJTLAYFOUYMM IPUIIACOBYBAHHSIM Pe3yJIbTaTiB OKpeMHUX ITiipaxyHKiB. OfHak noanss (6) GyHKIiero
OJTMHIYHOI aMITTITY]TH JI03BOJISIE BU3HAUMTH CTpyM i2(f) mepemuokerssM (10) Ha (6) 1, TAM camuM,
CIIPOCTHTH TPOIIEC MiAPAXYHKIB, MPEACTABIISIOUN Pe3yJIbTaTH Ha TIOBHOMY iHTepBai icHyBaHHS (7) 1
(10). Takum 9rHOM, BXiJTHHM CTPYM BUCOKOYACTOTHOTO BHITPSMIISTYA MA€E BUTJISI:

iz(f):id(f)v(t)- (11)
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JInist BU3HAUeHHs BXIJJHUX CTPYMIB iHBEpTOPIB i—X (a3 JJIsi KOKHOI p—i 30HH PEeryItOBaHHS
BpaxyeMo, Mo i2(f) IpOTiKae B 3aralbHOMY KOHTYPi Bcix CM, yTBOpEHOMY TTOCITIJIOBHO 3’ € THA-
HUMH BTOPUHHAMH OOMOTKaMH y3T0JDKYBaJIbHUX TpaHC(HOpMaTopiB 1 MpUMEMO 10 yBar ajiro-
puT™ivHe piBHSHHS (5) 1 Te, o (2), (4) 1 (6) € PYHKIIIMA OJMHHYHOT aMILTITY/IH.

[Ipu oMy B 3arajibHOMY BHJI

il(n, l,f) — l2(t)W(OLP9t)(I)(lﬂt) . (12)
3k,
YacoBi miarpaMu CTpyMy HaBaHTa)KEHHS B KOOpIHMHATAX BUXIJIHOI HAIPYTH IEPETBO-

proBaya ISl IBAaHAIITA30HHOTO PEryJIFOBaHHs, IPECTaBICH] Ha puc. 3.

n (1) BA i, m?f‘%ﬁ?ﬁ (1)
622 e U (1) (04
Oj 0 | “——E.H_,

{,¢

Puc. 3. Hacosi diaepamu cmpymy i nanpyeu Ha8anmaiceHHs.

Jlyis BU3Ha4YeHHs CTPYMiB i—X (pa3 Mepexi BUKOHAEMO CyMYBaHHS BX1IHUX CTPYMiB 1HBEp-
TOPIB BCiX 30H PeryJIFOBaHHS B KOXHil 3 i—if (pa3i. BpaxoByroun piBHsSHHS (12) 3araJibHAN BH-
pa3 A CTpyMiB i—X (ha3 Mepesxi moaaMo Sk

i(6,0)=i(L,0)+i(2,i,t)+i(3,7,0)+. . +i,(12,,2), (13)

ne: i (1,i,t), i,(2,i,1) 5 i,(3,i,1)» i1(4,i,f), ---,i1(12,i,f)— BXIJTHI CTPYMH iHBEpPTOPIB i—X (a3 JuIst
MepIIoi, APYroi, TPETHO1, YETBEPTO1 Ta JABAHAALSTOI 30H PETYIIOBAHHS
YacoBi JliarpaMu BXiTHUX CTPYMiB i—X (a3 eHepreTHYHOl Mepexi B KOOpIAUHATAX HAIPYT,
ooy moBani 3a (13) 11 TBaHAIATA30HHOTO PETYITIOBAHHS, ITPEJICTABIICHI Ha puC. 4.
u(it).BY i (i.1),A 4 i (L7)
311:01(’ )(’),4 : u(ll) 0,04,
=311+ 0 i(2,1) <"~ 0,02 u(2,1) \,/‘ t,C
?)11 0 \VQQO’02| >/‘\0’04| -
1 o I | >
3114 _()’4_..@74 - e

T, NI I =y .
-311_L 0,33 Coee——=~ 0,020 @~__ _~— 0,04"¢,¢

Puc. 4. Hacosi oiaepamu exionux cmpymie i—x ¢paz mepesici 6 Koopounamax Gaznux nanpye

Jlnst Toro, mo6 3HAWTH aMILTITY IHI 3HAUeHHs CTPYMIB yepe3 cuiioi Tpanzucropu IBH, no-
CTaTHBO IIPOAHATI3YBATH CTPYMH i . (n,i,¢) TIEPBUHHUX OOMOTOK Y3T0/KYyBaJIbHHUX TpaHc(hopMa-

TOPIB, KOTPi 3HAXOIITHCS B KOJIAX MPOTIKAHHS CTPYMIB Yepe3 CHIIOBI TPAH3UCTOPH.

BucnoBku BiamoBigHo 10 crarti. [1liqTBepKEHO AOMIIBHICTE BUKOPHUCTAHHS IIPOTpaM-
Horo nakety MATHCAD nnst ananizy enekTpoMarHiTHUX IPOIIeciB Ta ONTUMI3alii mapameT-
PpiB HAITIBIPOBITHUKOBUX IIEPETBOPIOBAYIB. TaKuit ITi IXi/1 T03BOJISIE SMEHIITUTH HECTA0THHICTh
PEKUMIB y TEXHOJOTIYHOMY HaBaHTAXXEHHI Ta PEXKHUMIB CIIOKMBAaHHS €JIEKTPOEHepril BiJ Me-
PeXi eIeKTPOKUBIICHHS.

Po3pobieHo HOBY MaTeMaTHUHy MOJIEIb YCTAIEHUX 1 TePeXiTHUX MPOIIECIB Y €IeKTPHUHUX
KOJIaX HAMIBIIPOBITHUKOBHUX MEPETBOPIOBAYIB MOAYIISIIIHHOTO TUIY 3 OaraToKaHaJIbHUM 30H-
HUM BHUKOPUCTaHHSM (a3HUX Hampyr TpudazHoi Mepexi KUBJIeHHs Oe3 ypaxyBaHHsS BTpat
eNeKTpoeHeprii y KoMyTaTopaX Ha IEpIIOMY €Tall MOJETIOBAHHS JUIS CIPOINCHHS PpO-
3paxXyHKiB 1 IIBUIKOI OLIHKY BILUTUBY ITapaMeTpiB HAaBaHTAKEHHS Ha XapaKTEPUCTUKU PETyJIbo-
BaHUX BUXIJIHUX CHHYCOITHUX 1 TOCTIHHUX HAIPYT.
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Takmit miaxing 3a0e3nedye MBHUJIKE BU3HAYEHHS aJTOPUTMIB YIIPABIIHHS KOMYTaTOpamMu
MIPH ITIKJTFOYEHH] HaIiBIPOBITHUKOBUX IEPETBOPIOBAUIB 710 (pa3HUX HAIPYr MEpeki JKUB-
JICHHS Ta TiABHUINEHHS SIKOCTI 3HAKOTIOCTIHUX HANpPYT IPU 0araTo30HHOMY PeryJIIOBaHHI BHU-
xijHoi Hanpyru. [Ipu mopiBHAHHI 3 MaTEMAaTUYHUMU MOJIEIISIMU HaBeJIeHUMH Yy [4-6] moxubka
PO3paxyHKIB ckiiagana He Oiibine HiXK —5 % + +3 %, 10 J03BOJIsiE TOBOPHUTH, IO IeH METO.
miaxoauTh i mBuakol orinku HITIT ta pexumis fioro poGoTw.
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Viadyslav Mykhailenko, Julia Chunyak, Viadyslav Bachinskiy

ANALYSIS OF PROCESSES IN CIRCUIT
WITH A THREE-PHASE-TO-DC CON-VERTER
WITH TWELVE ZONED VOLTAGE REGULATIONS

Urgency of the research. Due to the widespread use of semiconductor switches in the electrical circuits of modern con-
verters of electricity parameters, the tasks of analysis of electromagnetic processes are significantly complicated. The greatest
complications arise when it is necessary to model steady-state and transient processes in branched circuits of variable struc-
ture, in which links with reactive elements sinusoidal, constant and pulse voltages occur.

Target setting. The mathematical model of the converter can be built using the method of multiparameter modulating
functions in the direction of developing new mathematical models of electromagnetic processes in circuits with semiconductor
switches and links of sinusoidal, direct and pulsed currents.

Actual scientific researches and issues analysis. In the publications of M. Makarenko, V. Senko, N. Yurchenko,
A. Scherba and other scientists have developed a method of multiparameter functions that simplifies the evaluation of electro-
magnetic processes in sinusoidal current circuits with semiconductor switches.

Uninvestigated parts of general matters defining. There is a need to develop a multiparameter method for the analysis
of transients in electrical circuits with links not only sinusoidal, but also direct and pulsed currents required for the implemen-
tation of electromechanical and discharge-pulse technologies.

The research objective. Creation of a mathematical model for the analysis of electromagnetic processes in a semiconduc-
tor converter with multiband regulation of the output voltage when connecting the phase voltages of the power supply network.

The statement of basic materials. The article analyzes the electromagnetic processes in electrical circuits with semicon-
ductor switches. A mathematical model for the analysis of electromagnetic processes in semiconductor converters with pulse-
width regulation of the output voltage is created.

Conclusions. A new mathematical model for the analysis of electromagnetic processes in electric circuits of semiconduc-
tor converters of modulation type with multichannel band use of phase voltages of three-phase power supply network without
taking into account power losses in switches is developed.

Keywords: electromagnetic processes; output voltage; current.
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ADDITIONAL MODULES FOR PROGRAMMABLE LOGIC CONTROLLER
BASED TRAINING STANDS

Urgency of the research. Programmable logic controllers are devices, which are necessary for building of controlling systems
mainly for industrial applications. Therefore, there is an effort to make intensive training for knowledge and skills in this area.

Target setting. Training stands have been developed of the training purpose. Programmable controllers are used together
with sensors and actuators. The aim is to make a training in area for working with sensors and actuators to compose completed
project similar as it is required in industry.

Actual scientific researches and issues analysis. Training set allows making hardware simulation of control system. But
also, it is important to apply it together with other real parts. Practical experience with using of all components together are
highly required. There are some effects, which cannot be simulated virtually, and it is necessary to pass it also through the
hands of young mechatronic students.

Uninvestigated parts of general matters defining. The questions of the networked structure of programmable logic con-
troller devices, sensors and actuators networks are uninvestigated and therefore the next research will be focused on this.

The research objective. The main goal is to create a compact device with real models of actuators and sensors for training
Sfuture application developers with a programmable logic controller. Such real objects as actuators and sensors have many
properties and effects, which should be tested experimentally. There are problems with signal noise, hysteresis, dead zones,
saturation, backlash, deformation effects, friction effects, thermal effects etc. Influence of these effects to control systems can
be explored using the experimental works.

The statement of basic materials. Our training stands include free din rails for additional modules, which can be very
easy and fast inserted into these stands. DIN rail system is frequently used in industrial racks as well. Every additional module
has own screw terminal for connection to power supply and connection to programmable logic controllers.

Conclusions. Main contribution is that students will practically work with real systems with programmable logic control-
lers and with sensors and actuators. All theoretical knowledge can be experimentally verified on these stands equipped with
additional modules with sensors and actuators.

Keywords: Programmable logic controller, controlling; hardware; sensor, actuator.

Fig.: 13. References: 3.

Introduction. Training stands (fig. 1) are designed for training process with programmable
logic controller (also called as PL.C). These stands include programmable logic controller core,
human machine interface, industrial switch, power supply, circuit breaker and main backlight
power switch, main and additional screw terminal. The main frame is composed of aluminium
construction profiles and there are three DIN rails for placement of additional devices. Primary
aim was to complete training stands as compact movable stations for fast prototyping of any
control system. The idea was to include frequently used sensors and actuators for additional
practical work of students in training process. Students can make training in area of sensors and
actuators connecting. Understanding of these basic principles and related problems will uncover
the bigger creativity of students and better adaptability to complicated industrial conditions.

l 1

s . A =
Fig. 1. Training stands with programmable logic controllers

The effort to improve the educational process was the motivation for the developing of addi-
tional modules for programmable logic controllers. Button modules and combined modules with
switches, buttons, LEDs and buzzers have been created. Inductive and capacitive sensors were

© Kenemen M., Jlirycosa 4., Jliryc 5., Makcum B., 2020
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used to build sensor modules. Relay modules will be used to control the actuators. Solenoid ac-
tuators were used to build additional actuator modules. Fans with BLDC motors with a size of 80
mm and a pair of fans with dimensions of 40 mm were placed on other actuator modules.

1. Switch and buttons modules. Modules - Hardware simulator (fig. 2) includes parallelly
connected four toggle switches and four momentary buttons connected to +24V. It means that
there are four channels of generators of logical states S1, S2, S3 and S4. These switches and
buttons can simulate the limit switches, proximity switches, level switches, door switches, tem-
perature switches, pressure switches or other two state sensors. So, it is possible to simulate real
processes with logical one or logical zero. If PLC sends any logical state to its digital outputs,
it is logical zero or logical one. For this purpose, there are four LED diodes with resistor for
limiting of current flow to 20mA. These LED diodes can be used for visualisation of output
logical state on PLC outputs. LED diodes are used instead of any real controlled devices as
actuator, relay, or light tower. The hardware simulator also includes one channel with buzzer,
which can be also used for connecting to any PLC digital output. Students can build any appli-
cation with this hardware simulator instead of real controlled plants. This situation enables to
try very dangerous situation in control process without any risk and disaster.

TR

Modules — Buttons (fig. 3) include two momentary buttons with possibility to use normally
open or normally closed mode. Switching mechanism of both buttons is covered with transpar-
ent plastic for the better visibility of working principle.

\ \“

T
-

AL ‘i

ig. 3. Butto
2. Sensor modules. First sensor module (fig. 4) consists of two pieces of inductive PNP
three wire sensors. Both sensors are connected to screw terminal. Sensors have indication LED
diode for signalization of metal object detection. Next sensor module (fig. 5) holds the capaci-
tive sensor for detecting non-metal object. Detection makes a signal using the built-in LED
diode. Detection distance can be adjusted with screwdriver on multi turn potentiometer. Also,
this module includes the screw terminal for connecting power supply and signal cables.
3. Actuator modules. First basic part for output systems is electromagnetic relay (fig. 6),
which is used for controlling of high power system, which cannot be connected directly to PLC,
but it is possible to connect them to relay switching contacts. Relay is mounted on pluggable

ns modules
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DIN socket, which allows to change damaged relay very fast. Solenoid electromagnetic actuator
is included in next module (fig. 7). The solenoid actuator is often used to perform linear move-
ments such as servo valves for pneumatic and hydraulic systems, electronic locks, printers, copy
machines, fuel systems, starter systems, water systems, gas systems, latching mechanisms,
brake systems, transmission mechanisms, etc. When using a solenoid actuator, a situation may
occur where the solenoid coil heats up and may be destroyed. This situation can occur if this
actuator is activated for a long time. For this reason, a bimetallic thermal switch (fig. 7) is
installed on the solenoid actuator coil. So, at an increased coil temperature, the electric current

passing through the coils is automatically interrupted.

Fig. 7. Solenoic;’ actuator modules
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Rotary electrical machines are also often used in automated and mechatronic applications.
DC and BLDC motors are often used mainly in smaller devices for the implementation of rotary
movements or in combination with gear mechanisms also for the creation of linear motion.
BLDC motors with fans are used to create additional modules (fig. 8) for training stands with
programmable logic controllers. Modules (fig. 8) with a fan with a diameter of 80 mm with a
protective cage and a screw terminal were created. To simulate systems with multiple actuators,
modules with two fans with BLDC motors with a diameter of 40 mm with a protective cage
and screw terminals were created (fig. 9).

Fig. 8. Modules with 80mm BLDC fans
- L Sl

L

ikt ’ dulips
Fig. 9. Modules with double 40mm BLDC fans
4. Fully equipped training stand. The result of the development of training stands and
extension modules are fully equipped workstations (fig. 10) for training and simulation of stand-
ard and industrial applications with programmable logic controllers. In addition to software, it
is also possible to train hardware applications and experimentally verify proposed applications
with sensors and actuators. These advanced training stations provide much more space for ex-
perimental work and testing of future applications, because in many cases only virtual experi-
ments fail to provide reliable information about the future features of the proposed system. They
are therefore a suitable addition to virtual prototypes created in simulation software, because
after a successful simulation in a virtual environment, it is possible to create a real experiment
with real sensors and actuators. In this concept, six working training stands were created for
didactic purposes and for research work in the development of automated, mechatronic and
robotic systems (fig. 11).
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Fig. 10. Fully equipped training stands overall configuration prepared for use.

S i@
Fig. 11. Fully equipped training stands with programmable logic controllers
5. Conveyor with feed application. Figure 12 shows the example of training on training
stands. Designed system consist of conveyor with tank and feed with automatic filling system.
Module with inductive sensor (fig. 4) is used as proximity sensor for detection of tank and
capacitive sensor (fig. 5) is used as level sensor of filled tank.

“PREVADIXA™
SR

MO0 wMO.4
CSTART s *PREVADIKA" &

0.1 - &
“STOP —R1 Q— e %MO0.4 %Q0.1
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i “STOFP e 33 e— R1 Q —— —

STOF — —R Q— —

Fig. 12. Ladder diagram for control system for conveyor with tank and feed system

Module with solenoid actuator (fig. 7) is used as model for servo valve filling system and
module with BLDC motor (fig. 8) is used as function model of conveyor motor. Both actuators
must be used with relay switch module (fig. 6) for safe control of the system. Part of the system
solution is also the design of an HMI interface for this application, in which interactive elements
for control and animations for realistic display of the current state of the controlled system were
also designed.
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Fig. 13. Human machine interface for solved example of conveyor with tank and feed system

Conclusion. The proposed laboratory stands together with additional modules represent com-
plex platform solutions for training and research work in laboratory conditions. Students working
on these sets can verify their theoretical knowledge, but above all, they will also gain practical
experience in this area and habits in working with industrial elements and systems. The whole
device is compact and so it is very easy to carry it without the need to dismantle the project.
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JOJATKOBI MOAYJII VIS HABYAJIBHUX CTEHAIB HA OCHOBI
ITPOT'PAMOBAHMUX JIOTTYHUX KOHTPOJIEPIB

Axmyanvhicme memu docnioycennsa. l[lpoespamosani no2iuni KoHmponepu — ye npucmpoi, sKi HeobxioHi 0ns nodyoosu
cucmem Kepy6aHHs, NepeGalcHo O NPOMUCIOBUX 3ACmOcy6aHb. Tomy 00K1a0aomocs 3yCuiis 0N IHMEeHCUBHO20 PO3GUMKY
3HAHb | HABUYOK Y Yill 2ANY3i.

Ilocmanoeka npoonemu. 1[i cmenou po3pobneni 0ns HasuaneHux yineil. [Ipoepamosani KoHmporepu 6UKOPUCHIO8YHOMbCS
PA30M 3 0aMYUKaAMU ma UKOHASYUMU MexaHizmamu. Mema nonsieae y nposedenti mpeHinzy 3 pooomu 3 0amuukamu ma eu-
KOHAGUUMU MEXAHIZMAMU OIS CIMEOPEHHSA 306ePUuleH020 NPOEKMY, NOOIOHO20 MOMY, AKUIL NOMPIOeH 6 NPOMUCIO80CHII.

AHnaniz ocmannix 0ocnioxncens i nyonikauii. Haguanoruii cmeno 0036015€ 3p0dumu anapamte MoOen08aH s CUCTHEMU
VAPAGNIHHS, alle MAKONC BANCIUBO 3ACMOCO8Y8am 1020 PA30M 3 IHUMUMU peanbHuMu yacmunamu. Haoseuuaiino neobxioHuil
NPaKMuYHULL 00CGIO CRINbHO20 BUKOPUCAHHSL 6CIX KOMNOHEHMIS. [lesiki eqhpexmit, sIKi HEMONICIUBO 3MOOENIOBAMU BIPNYALLHO,
Maiome 6ymu onpaybo8ari MOIOOUWUMYU CHYOEHMAMU Y 2ANY3i MEXAMPOHIKU.

Buoinenna neoocniosycenux wacmun 3a2anvHoi npoonemu. llumanns mepesrce6oi Cmpykmypu npoepamo8aHux J102i4HUx
KOHMpONepie, Mepexc OAmuuKie ma 6UKOHAGYUX MEXAHI3MI6 He OOCHIONCeHI, MOMY HA YyboMy OyOe 30cepedceHe HACHIYNHE
0ocniodNceHH .
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Ilocmanogka 3aedanna. OcHogHa mema NOASI2AE Y CMEOPEHHT KOMNAKMHO20 NPUCPOIO 3 PEANbHUMU MOONAMU GUKO-
HABYUX MEXAHI3MI6 ma 0amyuKie 015 HAGYAHHS POOOMI 3 NPOSPAMOBAHUM JIO2IUHUM KOHMPOLEPOM MAUOYMHIX PO3POOHUKIE
odooamxis. Taki peanvHi 00 'exmu, AK UKOHAGUI MEXAHI3MU MA OAMYUKY, MAlomMb bazamo elacmueocmeli ma eghexmis, AKi
mpeba nepegipumu excnepumMeHmanoHo. lcuytomo npobremu i3 wlymoMm y CUSHANAX, 2icmepe3ucom, MepmeumMu 30HaMU, HaCU-
yeHHAM, Tlogpmom, epexmamu depopmayii, echexmamu mepms, menniogumu egpexmamu mowo. Bnnue yux egpexmis Ha cu-
cmeMu KepySaHHsL MOJICHA OOCAIOUMU 30 OONOMO20I0 eKCREPUMEHMANbHUX PODim.

Buknao ocnoenozo mamepiany. Hauii mpenysanoni cmenou micmsameo 6inori DIN-petixu 0ns dooamkosux mooynis, sKi
MOodCcHa dyoice necko ma weuoko ecmanogumu. Cucmema DIN-peiiok uacmo 6ukopucmogyemocsi i @ NPOMUCTOGUX CIMELANCAX.
Koorcen 0o0amrosuil Mooynb Mae 61acHUTl 26UHMOBUTL PO3 €M OlI5i NIOKTIOUEHHSL 00 OJXCepena JHCUBTEHHSL A NIOKIIOYEHHS. 00
npocpamoBaHux N02IYHUX KOHMPONEPIE.

BucHnoeku 6ionoeiono 00 cmammi. [ 0106HUll 6HECOK NONSA2AE 8 MOMY, WO CHYOCHMU O3HAUOMISINGCS HA NPAKMUYI 3
DEeANbHUMU CUCTNEMAMU 3 NPOSPAMOSAHUMU JIO2IYHUMU KOHMPOLePAMUL, 3 OaMYUKAMU MA BUKOHABYUMY Mexanizmamu. Yci
MmeopemuyHi 3HAHH MOXCHA eKCNEPUMEHMANTbHO NePesipumiL Ha Yux cmeHOAax, OCHAWEHUX 000aMKOSUMU MOOYIAMU 3 0am-
YUKaMu ma 6UKOHABUUMU MeXAHIZMAaMU.

Knrouosi cnosa: npospamosaruii 1o2iuHull KOHMpOnep; KePYBaHHs, anapamue 3a6e3neyerHs, OAmyuK; 6UKOHAGY] MeXAHI3MU.
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DISPLACEMENT MEASUREMENT USING THE HALL EFFECT SENSORS

Urgency of the research. There are several types of measurement principles for displacement measurement. Hall effect sen-
sor is one of them. Hall sensor has several advantages and there is a need for identification of suitable application principles.

Target setting. The selected Hall effect displacement sensors are a low-cost part, which are useful for many various
applications. The aim is to identify principles and behaviours of using of these sensors in various modes.

Actual scientific researches and issues analysis. The Hall effect sensors working on effect, where magnetic array influ-
ences the output voltage on these sensors. There is a problem with definition of suitable configuration of arrangement of these
sensors. It depends on polarity of magnetic array and intensity of magnetic array. Also, placement of the sensor is important
for this sensing application.

Uninvestigated parts of general matters defining. The main problem is expressing of transformation characteristic, which
depends on used permanent magnet as source of magnetic array. There is no regulations and recommendation for using these
sensors as a displacement sensor. The question is also about the reliability of these sensors and minimum number of measure-
ments for minimized uncertainty of measurement and stability of measured data. Long distance sensing measurements are
uninvestigated, therefore the next research will be focused on this area.

The research objective. The aim is to obtain any useful experience and recommendations about the using of these sensors.
Several sensors also have the hysteresis effect, which is as problem and it is parasitic effect for measurement.

The statement of basic materials. The Hall effect with ratiometric voltage output have been explored. So, it is analogue
sensors with voltage reaction to changed displacement.

Conclusions. The selected explored sensors have perfect properties for displacement measurement. They are potentially
applicable for very sensitive and precise measurement of displacement.

Keywords: Hall effect; displacement;, measurement; magnetic array,; gauges.

Fig.: 10. References: 9.

Introduction. The paper is focused on area of displacement measurement. There are many
ways of measurement methods and principles as resistive sensors, capacitive sensors, inductive
sensors, optical sensors etc. Hall effect sensor is another way of displacement measurement.
The Hall effect is based on material sensitivity towards magnetic array. Sensor SS495A and
SS49E are tested for displacement measurement. Both sensors are ratiometric linear sensor
suitable for displacement measurement. Magnetic field from permanent magnet or electromag-
net can be detected. In our case, the permanent magnet NdFeB (diameter 10mm, length 10 mm)
will be used with axial anisotropic polarisation with remanence 1.25T and coercive force 907
kA/m. Four configurations of magnet and sensor (fig. 1) have been tested using the length gauge
blocks (fig. 2). Length gauge blocks are used as etalon of displacement [1-7].

Measured
displacement

Hall effect
sensor

e

Fig. 1. Configuration Ul, U2, U3, U4 of hall
effect sensor with permanent magnet Fig. 2. Displacement sensor in test stand
for displacement measurement with gauge length block

1. Experimental verification of the sensor. Experimental verification of sensor has been
executed using the length gauge blocks Fig. 2 for every millimetre of measured range. Every
position has been tested ten times and average number of these measurements are shown on
figure 3 and figure 4. They show results for all measurement configuration U1, U2, U3, U4 for

Permanent
magnet

© Kenemenona T., beneauxk O., 2020
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both explored sensors SS495A and SS49E. All measurements have been measured for ap-
proaching of magnet to the sensor and for moving away of magnet from sensor. This strategy
has been used for identifying hysteresis or other parasitic effects unwanted for measurement
process. Both sensors have similar characteristics (fig. 3, 4), but some configurations also have
hysteresis, what is unwanted effect for measurement purposes. Hysteresis is visible on enlarged
graphs on figure 5 and figure 6, where configuration U4 has the minimum hysteresis effect.

‘5 H i : 5
AT B T e R U1-U2--U3-U4["" 2
o __ ‘ o=
g2 3'2 ' o2
g% g%
w © 25 - w3
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g3 2 52
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0 10 20 30 40 50 60 0 10 20 30 40 50 60

Measured position (mm) Measured position (mm)

Fig. 3. Measured result from displacement
measurement using the sensor SS495A4
for all measurement configuration Ul, U2,
U3 and U4

U1 U2 -U3 ~U4

Measured sensor output
voltage (V)

5 6 7 8 9 10
Measured position (mm)

SS495A | : H
; ~U1 ~U2 U3 ~U4 |
1.5 Feeeeeememeenees fromnmane e e Frm e T e

Measured sensor output
voltage (V)

-0,5

~ Measured positidn (mm)

Fig. 5. Hysteresis analysis for displacement
measurement using the sensor SS4954
for all measurement configuration Ul, U2,
U3 and U4

Fig 4. Measured result from displacement
measurement using the sensor SS49E
for all measurement configuration Ul, U2,
U3 and U4

S$S495A H :
i [~u1 ~u2 —us ~u4 |

A
\)

Measured sensor output
voltage (V)

-0.5 : :
Measured position (mm)

21

$SA9E ~Ul ~U2 ~U3 -U4

19 : /

Measured sensor output
voltage (V)

5 6 7
Measured position (mm)

Fig. 6. Hysteresis analysis for displacement
measurement using the sensor SS49E
for all measurement configuration Ul, U2,
U3 and U4

8 9 10

Consequently, configuration U4 is the best from the viewpoint of hysteresis. It means that
configuration U4 should be used for practical application for both sensor type. Both statics
characteristics of U4 configuration are converted to transform characteristics as dependence of
measured position on measured sensor voltage output. Math model of these transform charac-
teristic can be used for calculation of searched displacement from measured sensor output volt-
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age. Fitting of these experimental data using the regression analysis using the least square meth-
ods is shown on figure 7 and 8. Various types of approximation function have been tested for
these characteristics and polynomial function looks like the best approximation (fig. 7, 8). But
also, approximation by polynomial function was also a problem, because of atypical shape of
characteristic. For this reason, the usable measurement range had to be decreased for further
displacements from sensor. Consequently, for reduced measurement range both characteristics
were successfully fitted using the polynomial functions (fig. 9 and 10).
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Fig. 7. Regression analysis for displacement  Fig. 8. Regression analysis for displacement
measurement using the sensor SS4954 measurement using the sensor SS49E
for measurement configuration U4 for measurement configuration U4

Measurement range for sensor SS495A is defined in interval from Smm to 25mm and for
sensor SS49E the interval is defined from 5mm to 30mm. Therefore, the sensor SS49E has a
bit larger measurement range (fig. 7 and 8).
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Measured sensor output voltage (V) Measured sensor output voltage (V)
Fig. 9. Polynomial fitting for displacement  Fig. 10. Polynomial fitting for displacement
measurement using the sensor SS495A4 measurement using the sensor SS49E
for measurement configuration U4 for measurement configuration U4

2. Reliability of measurement on explored sensors. Reliability gives information about
consistency of measurement results for multiply repeated measurements of any quantity. Reli-
ability describes the stability of process of finding the measurement of measurement quantity.
For this purpose, a hundred measurements have been executed for 6 selected values of both
sensors (fig. 11 and 12).
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SS495A4 for measurement configuration U4
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Fig. 12. Hundred measurement for sensor
SS49E for measurement configuration U4

The measured data have been captured with one second sampling time. Measured values

(fig. 11 and 12) show the perfect time stability of measurement signal. Both graphs are between
similar limits so, from this viewpoint, both sensors are comparable. From this data the cumu-
lated standard deviations have been made (fig. 13 and 14).
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Fig. 13. Cumulated standard deviations

for sensor SS495A4 for measurement

configuration U4
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Fig. 14. Cumulated standard deviations

for sensor SS49E for measurement

configuration U4

Measured data shown on figure 11 and 12 also can be interpreted in different forms. It is

possible to make average number for all cases, and maximum error index from the average. For
evaluation, it is better to express relative error for both sensors and for all measured values (fig.
15). This graph shows that both sensors are comparable approximately on one level of accuracy.
Both sensors have relative error less than 0.25%. It means that these sensors are also perfect
from the viewpoint of accuracy of measurement. In addition, it is necessary to say, that these
errors also include the error of multimeter (not only for sensor). The error is larger for smaller
displacements. The best error index is for displacement of 30 mm and 35 mm. For these values,
the error is less than 0.05%. This value means that both these sensors are very accurate (fig.
15). This error can be reported into overall uncertainty of measurement.
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Fig. 15. Relative error for sensor SS4954 and SS49E for measurement configuration UA4.

Data obtained from the measurement made for reliability exploring, can be used also for
evaluation of probability distribution. Figure 16 and 17 shows the histograms for selected nom-
inal values. The histograms confirmed that it is not possible to express them using the gauss
normal distribution function. In this case, it is better to use uniform distribution, because the
probability of all values in measured range is equal. The knowledge of probability distribution
is necessary for expressing of expanded uncertainty, where it is necessary to use the coverage
factor, which depends on probability distribution of measured data. In addition, these histo-
grams include influence of used multimeter. The used multimeter has datasheet with declared
maximum error with value 0.5 % of measured value and it means that sensors have probably
much better accuracy than our exploring shows.
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Fig. 16. Histograms for sensor SS495A4 Fig. 17. Histograms for sensor SS49E
for measurement configuration U4. for measurement configuration U4.

Conclusion. Thanks to mass production, the hall effect sensors are economically perfect
selection for realisation of displacement measurement. The experiments show that configura-
tion U4 (North pole of magnet oriented to larger area of sensor) is the best for measurement
purposes for both explored sensors. It is possible to make transformation characteristics for
implementation to controller program to recalculate voltage to displacement information. Next
experiments confirm the perfect time stability of output signal and relative error of both sensors
are less than 0.25% of measured value. Histograms show that standard distribution probabilities
cannot be used for description of these sensors, so uniform probability distribution is recom-
mended to use for expressing of measurement uncertainties.
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BUMIPIOBAHHS 3MIIIIEHHA
3 BUKOPUCTAHHSAM JATYUKIB XOJIJIA

AKmyanvhicmos memu 00cni0xceHHA. IcHYe Kinbka NPUHYUNie UMIPHOGanHs 3mityeHHs. Jlamuux Ha ochosi eqpexmy Xonna
€ 00HuM i3 Hux. [lamuux Xonna mae Kinoka nepesae i icHye HeOOXIOHICIMb GU3HAYUMU 8IONOBIOHT NPUHYUNU 3ACOCYB8AHHS.

Ilocmanoeka npoonemu. Bubpani oamuuxu nepemiujernsi Ha 0CHOGI epexmy Xonna € HeOOpoSUMU, WO € KOPUCHUM OISt
PpisHUX 3acmocyeans. Mema nonseae y 6UsHaueHHi NPUHYUNI6 Ma noéediHKU Npu 6UKOPUCTNAHHT YUX OQMYUKIE Y DISHUX PeHCUMAX.

AHnaniz ocmanuix 0ocnioxncens i nyoaikayii. /Jamuuxu Xoana npayioromo Ha eghexmi, KOIU MASHIMHA MAMPUYA BNIUEAE
Ha GUXIOHY Hanpyey yux oamyuxie. Bunuxae npobnema 3 6U3Ha4eHHAM GIONOGIOHOT KOHDIZypayii po3mauty8anHs yux oam-
yukie. Lle 3anexcumo 6i0 nonaprocmi i inmeHcueHocmi mazHimnozo macusy. Kpim mozo, easxcnueum ona yvoeo 3acmocysanHs
DO3MiWeHHs € OamuuKda.

Buoinenna neoocniorncenux yacmut 3a2anvHoi npoonemu. OcHogHa npoodremMa noisieae y BUPANCEHHI XapaKkmepucmuxy
nepemeopenHsl, SIKA 3aNeNCUMb 8i0 NOCMIUHO20 MASHIMY, BUKOPUCMAHO20 8 IKOCMI OJcepena Onisi MacHimHol mampuyi. Hemae
HISIKUX Npaguil i pekoMeHOayill 3 6UKOPUCMAHHA YUX OAMYUKIE 8 AKocmi oamyuka smiwenns. llumanna maxooc y Haditinocmi
Yux 0amyuKie i MiHIMAnbLHIl KiTbKOCMI 6UMIPI068AHL 0/ 3a0e3neyeH s MIHIMANbHOI HeMOYHOCMI 8UMIPIOBAHb | cMAadiNbHOCI
BUMIPIO8AHUX OaHUX. Bumipiosanus yumu oamuuxamu Ha 6eIUKUX 8i0CMAHAX He OOCHIONCeH], MOMY HACHYNHE OOCHIONCEHHS.
6yOe 30cepedcene Ha Yyux NUMAaHHsIX.

Ilocmanoeka 3a60anHA. Memoio € ompumMaHHsa KOPUCHO20 00CEI0Y Ma peKoMeHOAyill w000 GUKOPUCAHHS YUX OamMUUKIE.
Kinoka damuukie maxoc marome egexm icmepesucy, wo makoxic € npoonemor, i ye napasumHuil egpexm npu GUMIPIOGAHHSIX.

Buknao ocnoenozo mamepiany. J{ociioxceno epexm Xonna 3a koegpiyienmom euxionoi nanpyeu. Omoice, ye aHano2osi
0amyuKy 3 peakyiero Hanpy2u Ha 3MIUeHHsI.

Buchoeku. Bubpani docnioxceni 0amuuki Marome GIOMIHHI 61acmMueocmi 0Jisi GUMIPHOGAHHS 3MiuyeHHs. Bonu nomenyiino
nioxX00samy 015 OyoHce UYMAUBO20 | MOYHO20 GUMIDIOBAHHS 3MIUYEeHHS.

Knwuogi cnosa: epexm Xonna, 3smiyenus; 6UMIpIOGAHHA; MASHIMHA PeuLimka; Oamuyuxi.

Fig.: 10. References: 8.
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CONTROLLER DESIGN FOR DC MOTOR

Urgency of the research. DC motors are very important and therefore great attention is paid to their development and
production. DC motors are used wherever a wide range of speed control is required, or where starting conditions are difficult.
They are characterized by simple speed controllability and reliability.

Target setting. The article deals with the analysis of a DC motor with a focus on speed control using the design of a Pl
controller. Matlab / Simulink software is used for simulation.

Actual scientific researches and issues analysis. The Pl controller is the most common combined controller because it
has an almost universal use. In a closed loop control system, it eliminates permanent control deviation and improves stability.
At the beginning of the control, the influence of the proportional term prevails, with increasing time the influence of the inte-
gration term prevails.

Uninvestigated parts of general matters defining. Another task will be to verify the proposed PI controller on a real motor.

The research objective. The main aim was to create control of a DC motor using a Pl controller. The proposed control
system regulates the motor speed with zero control deviation.

The statement of basic materials. It is a type of electric motor powered by direct current. The main advantages include
versatility and simplicity.

Conclusions. The aim of the article was to create a mathematical model, which is the main building block for simulations
in a computer environment. Based on the available parameters of the selected DC motor, this mathematical model and its
Sfunctionality were simulated. Subsequently, the PI controller is designed and its simulation with different load characteristics.

Keywords: DC motor; speed;, mathematical model; Matlab/Simulink.

Fig.: 12. Table: 1. Reference: 10.

Introduction. Today, we encounter the problem of controlling DC motors in almost every
place. We can find them in various household appliances, work tools, also in vehicles or in
industry. Each of these sectors has its own requirements for quality and accuracy of control.
An important factor in control is to decide between quality, quantity, and area of use. Obviously,
the more precise and high-quality control is needed, the higher the implementation costs, but it
is also important that an accurate and costly controller is not always available. Most used actu-
ator in mechatronics motion control applications is DC motors. Despite a variety of resources
that propose different selections and design of control strategies to control motions in desired
fashion, for instant, most control system used are based on convention PID controller [1-7].

Mathematical model of DC motor. It is a type of electric motor powered by direct current.
The main advantages include versatility and simplicity. Due to the fact that the speed of a DC
motor is directly proportional to the magnitude of the supply voltage, it is possible to achieve
almost any speed compared to AC motors, of course with regard to the mechanical properties

of the electric motor.

i 9 MK B(.) Mz

Fig. 1. Model of DC motor

The DC motor model is characterized by the following relationships:
Electrical part of DC motor:

Rig(t) + L7492 = 1, (1) — kyw(D)

and the transfer function:

14(s) _ 1
Ua(s)—ky2(s)  R+Ls

© Mikosa JI., 2020
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Table
Parameters of simulation
Uy motor armature voltage
ig current
Up feedback voltage
R resistance
inductance
J moment of inertia of the motor
B viscous motor and load friction
kg feedback constant
k., motor constant
My load moment
Mg motor driving torque
Mechanical parts of DC motor and their transfer functions:
Mg () = kpia(8);
Mk(s) _ .
Ias) M
dw(t) .
J ==+ Bw(t) = My (t) — My (t);
2(s) 1
My (s)-Mz(s) ~ Js+B’
up(t) = kyw(t);
Up(s) _
ais) M
M_Z (s)
U_A(s) : I_A(s) ) Q(s)
( ; ) L-s+R O J-s+B
| Qfs)

Fig. 2. Mathematical model of DC motor

W a—

|
1

Fig. 3. Speed of DC motor without and with load [rpm]

In Fig. 3 is possible to see the reason for the need to apply the controller.

185



Ne 4(22), 2020 TEXHIYHI HAYKU TA TEXHOJIOT'IT
TECHNICAL SCIENCES AND TECHNOLOGIES

PI control of a DC motor. The controller is used mainly in the industrial sector, which
contains the Proportional, Integration and Derivative components. It is the task of minimizing
the control deviation obtained as the difference between the output value measured by the sen-
sor and the desired value. The P component takes into account current errors, the I component
collects past errors, and the D component predicts future errors based on the rate of change of
current errors [8-10]. The transfer function is:

2
Gr(s) = Ky + 2+ Kys = 2220000

Pole placement method. An assisted pole placement method has been proposed to help the
designers in their choice of the design parameters. Once the desired rise time, settling time and
percentage of overshoot of the step response of the closed-loop system with respect to a refer-
ence change have been specified, the computation of the controller is performed automatically
[9]. By suitable positioning of the poles, it is possible to influence the stability or periodicity of
the control output [3].

Controller design considers a 3nd order system, characteristic equation has the form:

Gan(s) = kw?
3R T $34+(28K)wos2+(1+28k) wis+kwd’

& N

—]— kp-s+ki | | 1 1 I
s L-s+R J-s+B &l

\ Y/

km

/

Fig. 4. Closed-loop control system
By simplifying the block scheme, we get the final transfer function of control system:
G(S) _ _ kmkps+kmx*Kjp .
LJs3+(LB+R])s%2+(RB+km2+kmkp)s+kmk;
The PI controller constants are obtained by comparing the coefficients of the characteristic
equation of the desired and the final transfer function:

3
1 — >
km
2
K (1+2&k)w3Lj—RB—km?
P — .
km
Pole-Zero Map Pole-Zero Map
1 T : T - 150 [z T - — —
T, HER 1 IR i 0982,  : 0962. 0925 086 072 045
2 : i % %] 0.992 e T T
Yo, : ! 100 G P fa B ORTR
0.6
\3 - H
8 04 n
g 4 ‘é 50 [0-998.;
wle+q3 800; 600 400 % 90| 800 700 600 500 400:
E“ E :
204" S %0008
E E :
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1 : S SA00R § L Fxd
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Fig. 5. Pole position uncontrolled and controlled system
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Verification of the functionality of the control was simulated under the action of two type
disturbance variables.

03

0 1 2 3 4 5 6 7 8 9 10 o 1 2 3 4 5 6 7 8

Fig. 6. Disturbance variables (constant and square load)

. . /
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] 1 2 3 4 5 6 7 8 9 10 49 495 5 505 51 515

Fig. 7. Speed of DC motor at constant load

1

10 A

0 1 2 3 4 5 6 7 8 9 10 49 495 5 505 51 515

Fig 8. Control deviation of closed-loop control system at constant load

One of the important factors for the control of the DC motor is the intervention of the action
variable in the change of the load, which is on Fig. 9.

0 1 2 3 4 5 6 7 8 9 10 44 46 48 5 52 54

Fig. 9. The course of the action variable at constant load

During a square load, the load is characterized according to Fig. 9. In practice, such a situ-
ation may occur when connecting a load using a coupler and then disconnecting it. As in the

previous case, it is necessary to monitor the output parameters to verify the correct operation of
the close loop control system.

56
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Fig. 10. V Control deviation of closed-loop control system at square load

o 1 2 3 4 5 6 7 8 9 10 5 52 54 56 58 6 62 64 66 68 7

Fig. 11. Control deviation of closed-loop control system at square load

2
10| 1"

0 1 2 3 4 5 6 7 8 9 10 5 52 54 56 58 6 62 64 66 68 7

Fig. 12. The course of the action variable at square load

Conclusion. In everyday life, we encounter electric motors of any kind very often and due to
the growing tendency to automate all previously manually controlled or controlled activities, it
will be even more common in the future, so it is important in technical practice to know the basic
components of electric motors and various control options. It was ultimately possible to improve
this technology and minimize possible failures during the cycle. The aim of the article was to
create a mathematical model, which is the main building block for simulations in a computer
environment. Based on the available parameters of the selected DC motor, this mathematical
model and its functionality were simulated. Subsequently, the PI controller is designed and its
simulation with different load characteristics. From the simulation, the PI controller reacts to
changes in load quickly and efficiently, what corresponds to zero control error in steady space.

Acknowledgement. This research was funded by Slovak Grant VEGA 1/0389/18 “Research
on cinematically redundant mechanisms”.

References

1. Alotaibi A.M. (2013) Modeling and Motion Control Selection and Design of Electric Motor for
Mechatronics Robotics Applications. International journal of control, automation and systems, vol. 1,
no 2, ISSN 2165-8277.

2.Jamal A. M. (2011) Modeling, Analysis and Speed Control Design Methods of a DC Motor. Eng.
& Tech. Journal, Vol. 29, No. 1.

3. Mikova, L., Virgala, 1., Kelemen, M. (2016). Speed control of DC motor. American Journal of
Mechanical Engineering. Vol. 4, no. 7 (2016), p. 380-384. - ISSN 2328-4102.

4. Timko, J., Zilkova, J., Dudrik, J., Girovsky, P. (2009). Elektrické akéné ¢leny a pohony. Kosice
FEITU.

188



TEXHIYHI HAVKU TA TEXHOJIOT'Ii Ne 4(22), 2020
TECHNICAL SCIENCES AND TECHNOLOGIES

5. Isermann, R. (1998). Mechatronic systems - Innovative products with embedded control. Control
Engineering Practice 16, (pp. 14-29).

6. Jae-Bok, S., Kyung-Seok, B. (19988). Throttle actuator control system for vehicle traction con-
trol. Department of Mechanical Engineering, Korea University.

7. Horn, J. (1999). Neural adaptive tracking control of a DC motor. Informat Sci.

8. Farid, M. (2008). PID controller design for controlling DC motor speed using Matlab application.
University Malaysia Pahang.

9. Kinnaert, M., Peng, Y., (1995). Digital Control Systems Implementation Techniques. Control
and Dynamic Systems.

10. Pavkovié, D. (2003). Identification and control of electronic throttle drive. Master's thesis, Fac-
ulty of Electrical Engineering and Computing, University of Zagreb, Croatia.

VIIK 004.4
Jlrobuya Mukosa
PO3POBKA PEI'YJISITOPA JUISI IBUT'YHA IIOCTIMHOI'O CTPYMY

AKkmyanvhicms memu oocnioxcenua. Jleucynu nocmiinozo cmpymy (JIIC) € Oyace saxciusumu 6 cyuacHomy ceimi,
momy ix po3pobyi ma eupobrHuymsy npuodinsiemocs 6enuxa yeaza. Bonu euxopucmosgyromocs mam, de icnye nompeba pecyiio-
BAHHS WEUOKOCTI 8 WUPOKOMY OIANA30HI aO0 NPUCYMHI 8ANCKI YMOBU 3anycKy. BoHu 6i0pIi3HAI0OMbCS NPOCMOMON0 KepPy8aHHs.
Ma 6UCOKOI0 HAOIUHICTIIO.

Ilocmanogka npodnemu. Cmamms npucéaueHa aHanisy O8USYHa NOCMIIHO20 CMPYMY 3 AKYEHMOM HA pe2yNI06aHHS WEU-
OKoCmi 3 BUKOPUCMAHHAM NponopyiliHo-inmezpanvrozo (111)-pecynamopa. /[na mooento8anHsa 6UKOPUCTIO8YEMbCA NPOSPAMHE
3abesneuennsi Matlab / Simulink.

AHnaniz ocmanuix 0ocnioxncens i nyonikauii. [11-peeynsimop € 00HUM 3 HATOIILUL NOUWUPEHUX KOMOIHOBAHUX Pe2yNmopie
ma mMae yHieepcanvhe 3acmocy8ants. B cucmemi ynpaeninms 3i 360pOMHUM 36'13K0M GiH yCy8ae nocmitine 8iOXUieHHs pe2)-
noeanns i nokpawye cmabinericme. Bin xapaxmepusyemocs mum, wo 8 NOYAmMKoGull MOMeHm 30YpeHHts nepeeaxdcae 6Naue
NPONOPYIUHO20 pe2yiamopd, d NOMIM - iHme2panbHO2O.

Buoinenna nedocnioycenux wacmum 3azanvhoi npoonemu. He 0o rinys oocnioxcenum € numarnns pospooru I11-
peaynamopa 3 ypaxy8aHHAM NApamempie peanbHo20 08USYHA.

Ilocmanogxa 3a60anua. OcHo6HOIO Memoio 0Y10 CMEOPUMU CUCEMY YIPABILIHHA O8USYHOM NOCMITIHO20 CIPYM) 3d 00~
nomoeoio Ill-pezynamopa. 3anpononoeana cucmema ynpaeiinHs pe2yitoe€ UeUOKICms 08USYHA 3 HYTbOBUM GIOXUIEHHAM NO
YNPA6NIHHIO.

Buknao ochoenozo mamepiany. 3anpononosano MamemamuyHy mMooeisb, wo 00360158€ NPOGOOUMIU MOOCTIO8AHHS MA
ananiz cucmemu ynpaeninus J{IIIC na ocnosi Ill-pecynsmopa. [lpusedeno pe3yiomamu MoOeno8aH s 015 PI3HUX MUnie 30y-
penb 6 npoepamnomy komnaexci Matlab / Simulink.

Buchnoexku. Cmeopeno mamemamuuny mMooenv, sIKa € OCHOBOKW 05t Mooentoéants cucmemu ynpasninus J{IIC na ocnosi
II-pecynamopa 6 komn 'romepromy cepedosuwi Matlab / Simulink. Ha ocnosi 0ocmynnux napamempie 6ubparnozo 0euzyHa
ROCMIUH020 CmMpPYyMY Y0 BPOMOOENI08AH0 POOOMY CUCMEMU YAPAGIIHHS CMOCOBHO cmabinizayii uieuokocmi. B nooansuiomy
naanyemocsi po3pobka Ill-pezyisimopa ma 11020 MOOeI06AHHSL 3 PIZHUMU XAPAKMEPUCTUKAMU HABAHMANCEHHSL.

Knwuogi cnosa: osucyn nocmiiinozo cmpymy, wieuoxkicmov, mamemamuyna mooens;, Matlab / Simulink..
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CONCEPT FOR PHYSIOLOGICAL FUNCTION MONITORING WITH
WEARABLE SENSORS

Urgency of the research. Modern trends in the automation focus on the implementation of new technologies in people's
daily lives, regardless of whether they are healthy or not. The overall health status monitoring became easier nowadays by
developing intelligent wearable devices.

Target setting. Wearable devices must be non-invasive, comfortable, very light, and with unobtrusive design. The latest
technological solutions in microcontroller, communication and sensing technologies provide significant advantages in terms
of wireless monitoring of various parameters.

Actual scientific researches and issues analysis. When preparing this article, various publicly available journals,
datasheets and experimental solutions were analyzed. Conclusions of other experiments were used to create the knowledge
base on this research topic as well.

Uninvestigated parts of general matters defining. There are many technologies for sensing various physiological param-
eters and for communication that work online and offline from various vendors. This paper is not enough to describe and
analyze them.

The research objective. In this article, the design factors and concepts of wearable monitoring systems were analyzed. The results
of the article form the basis for further development of an integrated complex wearable device with an identification system.

The statement of basic materials. People should be monitored to predict future infections or prevent the spread of the
disease. The use of compact solutions in health monitoring, such as sensors, microcontrollers with integrated communication
technologies, provide a good basis for solving such problems as necessary monitoring of physiological condition.

Conclusions. The proposed paper deals with the properties that need to be assumed when designing a carrier device. The
proposed system can provide useful information about the user's health, and the aim of the design was to find the cheapest
solution for university environment.

Keywords: automated monitoring, sensing, physiological parameters

Fig.: 4. References: 8.

Introduction. Systems with non-invasive and unobtrusive sensors can be used in many
applications. They can be diagnostic tools for healthcare professionals who monitor patients
remotely or for people who are interested in monitoring their own physiological functions, for
example, during real-time physical activities. These devices can consist of various types of
flexible sensors, which can be integrated, for example, into textile fibers, clothing, elastic
patches or are directly connected to the human body. Sensors can measure physiological signals
such as electrocardiogram, electromyogram, heart rate, arterial oxygen saturation (SpO.), blood
pressure, and respiratory rate. In addition, the micro-electro-mechanical systems MEMS in-
clude miniature motion sensors such as accelerometers, gyroscopes, that sense signals related
to human movements. Continuous monitoring of physiological signals was primarily intended
for the diagnosis and early detection of several cardiovascular, neurological and pulmonary
diseases in the initial stages. Therefore, it is understandable, that wearable sensors play an im-
portant role in monitoring systems [1, 2].

Intelligent devices with information and communication technologies lead to developing
smart cars, houses, cities, which are a trend of the present and a vision of the future. There is a
wide range of innovative devices in this area that make people's lives easier. Especially for pa-
tients who suffer from chronic diseases, as their remote monitoring helps healthcare professionals
to apply the necessary treatment in a timely or daily physiological parameters monitoring.

The current situation of the COVID-19 pandemic requires the necessary measures to be
taken to protect society and oneself. Wearing protective drapes, thorough hygiene and compli-
ance with mandatory quarantine are the basic steps for protection against the virus. The main
symptoms are high fever, dry cough and breathing difficulties. The virus itself in the early
stages behaves as a common flu, but its consequences can be fatal.

The design of the device is created to help schools in the daily prevention of students' in-
fection and in monitoring their presence. The main physiological parameter under analysis

when students enter the school area is their body temperature.

© Pakaii P., I'anatinora O., 2020
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Internet of Things (IoT). The Internet of Things refers to the large number of "things" that
are connected to the Internet. Their main task is to share data with other things such as Internet
applications, connected devices, industrial machines, etc. Devices connected to the Internet use
built-in sensors to collect data, and in some cases respond to collected data. [oT can improve the
way we work and live. Examples of the real Internet of Things range from a smart home that
automatically adjusts heating and lighting to a smart factory that monitors industrial machinery,
which performs real-time diagnostics and the necessary optimization to prevent failures [2, 3].

IoT in healthcare. Health services are more expensive than before, the world's population is
ageing, and the number of chronic diseases is rising. We are approaching a world where basic
health care would be inaccessible to most people. While technologies cannot prevent the popula-
tion from ageing, chronic diseases, they can at least facilitate health care in terms of access. loT
technology can move routine medical examination from the hospital to the patient's home. Very
often proper diagnosis will also reduce the need for hospitalization. The full implementation of
IoT in healthcare allows healthcare centers to be more competent and the patient to receive better
treatment. The use of this technology-based medical method has many advantages that could
improve the quality and effectiveness of treatment and improve patients' health accordingly.

Choice of connection technology. Choosing the most appropriate connection technology
is one of the most important decisions to be made in loT deployment strategy, as connectivity
is an integral part of the final IoT solution for end-users. The choice of an appropriate commu-
nication method is based on several factors, including the distance or range of the connection,
the connection rate, and the power consumption level of the device. The ratio of distance and
connection speed for different wireless communication technologies is shown on Fig.1.

Connection speed
A

100 KBps

1 KGps Unlicensed LPWAN

Sgfox

> Distance

im 1om 100m kam 10km

Fig. 1. Comparison of communication technologies

Cloud. The concept of Cloud when it comes to technology or computer science is nothing
new. If we imagine the Internet as a virtual space that connects users from all over the world, it
is a cloud. It shares resources, software, and information over a network. Information and data
are stored on physical or virtual servers that are maintained and controlled by the cloud pro-
vider. The user accesses his information via an Internet connection. Cloud offers several ser-
vices, the most well-known include cloud storage and cloud computing [4].

Cloud computing is used to work and complete specific projects. It's necessary to move data
to the cloud before using cloud systems. However, after moving the data to the cloud, it can be
processed into useful material and send back. An example of cloud computing is a software as a
service (SaaS) where software data is entered and this data is then remotely transformed via a
software interface without the process being connected to your computer. For example, remote
application programming. Today, this technology is widespread in the digital and business world.
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It ensures better cooperation, transparency, efficiency and innovation of solutions. It also reduces
communication barriers and allows access to a wider audience, including customers and suppli-
ers. Cloud computing pushes higher computing power than cloud storage. Cloud computing ser-
vices enable the immediate delivery of the computing infrastructure, databases, repositories, and
applications needed to process and analyze data points generated by hundreds of on-demand [oT
devices. And with the emergence of similar services like Amazon Web Services, Google Cloud
Platform, Microsoft Azure and IBM Cloud, the growth of the Internet of Things is even more so.

Design conditions for wearable devices Wearable devices are miniature electronic devices
worn on the body, often integrated or intended to replace existing accessories, such as watches.
This market segment is in progress, which is made possible by IoT technology. The need for
smaller and intuitive devices is therefore growing rapidly. Current trends include smart
watches, smart glasses and surveillance devices for sports and fitness activities. In addition to
the consumer market, the medical industry is also creating demand for devices that monitor
physiological parameters and functions.

The most important electronic component of wearable devices is the microcontroller
(MCU). Because these MCUs must be small and contain multiple functions at once, integration
is another important factor [5, 7].

Requirements for wearable equipment. The design of the wearable device should fit into
various fashion accessories, such as watches, glasses, jewelry and the like. Aesthetics are so
important that top semiconductor companies like Intel are working with the fashion industry to
increase demand for their manufacturing. Capacitive touch sensing is a key technology that also
helps to improve aesthetics. The user interface must be functional for a variety of shapes, in-
cluding curved surfaces, must be fluid resistant, and can be scanned even when overlapped.
Thanks to Capress and TrueTouch technologies from Cypress, these requirements are met. New
equipment must be as small as possible so that it can be worn comfortably. At the same time,
however, they must integrate multiple functions into one space. Technologies such as System-
on-Chip (SoC) and Chip Packages (CSP) can help reduce size.

Energy consumption. Wearable devices are battery-powered, so each power consumption
poses a challenge for these devices. Unlike other mobile devices, these wearable devices must
always be switched on and always connected, because of which they are monitoring devices.
For example, a smart watch must always display the time and must be connected to a mobile
phone via a wireless connection, such as Bluetooth, in order to receive notifications, as in the
case of pedometers and heart rate monitoring. Battery capacity is necessarily limited due to the
need to reduce all dimensions. Therefore, these devices must operate with very low power con-
sumption for the battery to last as long as possible [3, 6].

Wireless communication. A wireless connection is important for wearable devices because
they must communicate with one or more devices. Depending on the type and features offered,
the device must provide different wireless protocols, such as Wi-Fi, ANT +, Bluetooth Low
Energy (BLE), and an IEEE 802.15.4-based protocol.

The choice of main processor depends on the type and characteristics of the device. Ad-
vanced information and entertainment devices that include an application processor are
equipped with an MCU processor, which is processed in a carrier-type manner. The latest mi-
crocontrollers integrate function control into a single chip. This is important in reducing the
total amount of carrying equipment and the cost per piece.

Wearable device components. Depending on the type of main processor used, multiple pe-
ripheral functions can be integrated into a single processor chip. For example, most PSoC devices
integrate capacitive sensing functions, which eliminates the use of a separate touch controller and
similar display functions. An important subsystem of the wearable device is the sensor data ac-
quisition subsystem. Depending on the type of device, this could be a simple system with only a
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few MEMS sensors or complex with a dedicated sensor hub for connection to the sensors. MEMS
sensors play a key role in fitness and wellness areas and monitor the movement of the human
body in all dimensions. These sensors are also called motion sensors. Actually, all these sensors
provide motion information in digital mode via the 12C / SPI communication interface [7, 8].
Design of an innovative solution. The aim of this innovative solution is to design a device
that will be able to identify students, school staff and monitor physiological functions. The meas-
ured parameter will be body temperature. The overall concept of the device consists of two parts.
The first part is the identification module, whose task is to register people in the cloud system
with the current time of arrival. This module is closely connected with the main point of the
solution, which is the design of the wearable device. The system structure is shown on Fig. 2.

Cloud

Wi-Fi
MCU

0

Raspberry Pi

Raspberry Pi
Camera

Wearable
device

Sensors

(G

User interface

Fig. 2. System structure

Design of wearable device. To make the device as comfortable to wear as possible and to
meet the aesthetic trends of today, it will be designed as a bracelet. Thus, it will also suit sensor
applications that need the best possible contact with the human body. The main functions of the
wearable device are a measurement of body temperature, pulse, QR code display function, Wi-
Fi connection, power saving mode capability and sending of measured data to the cloud.[7]

Microcontroller selection. There are many different development boards and microcon-
trollers available from different companies: TI, Samsung, Arduino, Raspberry Pi and more. The
choice of the most suitable depends on several factors, which vary depending on the nature of
the application: Compatibility, Architecture, Memory, Availability, Price.

The overall set of components of the wearable device consists of a microcontroller that
controls the processes of the device, the sensor that measures body temperature and pulse with
high accuracy. In order to communicate with the device, it must be equipped with a display.
The whole device is powered by a battery that offers 3.7 V.

The MAX30205 temperature sensor is selected to measure the temperature of the human body.
The digital temperature sensor has an accuracy of 0.1°C in the measuring range of 37°C to 39°C.
This device converts temperature measurements to digital form using a high-resolution analog-to-
digital converter (ADC). The accuracy meets the ASTM E1112 clinical thermometric specifica-
tion. Communication takes place via the I2C serial interface. The sensor has a supply voltage range
of 2.7 V to 3.3 V and a low supply current of 600 pA. It is available in compact dimensions of 3x3
mm. These sensors are suitable for wearable fitness and medical applications [8].

In general, wearable devices such as smartwatches, bracelets offer almost the same basic
functions. The best known include monitoring physiological functions, counting steps, calcu-
lating calories burned, monitoring sleep activity and compatibility with a mobile device that is
used to visualize the measured data. Most of the special functions are not needed for this solu-
tion. The basis is the identification and measurement function of physiological parameters. In
the future, the device may be equipped with innovative features that will add more application
value to the device. The components of the system are shown on Fig. 3.
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Fig. 3. Components of proposed system

Identification module. By combining a camera from Raspberry Pi and the control unit itself,
we get a fully functional identification module. The camera will be used to scan the QR code of
wearable devices. Subsequent recognition and identification is the responsibility of the microcon-
troller. This process requires the fast computing features that the Raspberry Pi offers with its com-
puting power. It also includes a Wi-Fi wireless module, so sending data to the cloud is no problem.

The process of identification and measurement of physiological functions. On the en-
trance of the school facility, there is a gate that contains an identification module. Log in the
system is done by scanning the QR code, which is unique for each student and employee. The
wearable device contains a login function, the activation of which triggers two functions. The
first function is to display the QR code on the display of the wearable device, which is scanned
by the camera module. At the same time, the body temperature and pulse measurement function
is run for 60 seconds to get the most accurate measurement values. After scanning the code, the
control unit compares the Raspberry Pi identification module to see if the identification number
is entered in the registry and if yes, the unit turns on Wi-Fi and then writes it along with the
current time to the cloud. After 60 seconds, the resulting value of the measured body tempera-
ture and the averaged value of the measured pulse are written to the output. The control unit of
the ESP32 wearable device switches on the Wi-Fi mode and sends the measured values to a
common cloud. In the cloud, the assignment function of the identification numbers takes place
together with the devices and their measured values. After the assignment, a final check of the
measured values occurs, which verifies that an individual has a temperature above 38°C. In this
case, the cloud function initiates an alarm mode and notifies the competent persons of the cur-
rent higher temperature of the student.

The measurement cycle has repeated in total for ten times during the day, every half hour.
This is to obtain the most accurate data and to detect fever, infection, and the like as soon as
possible. To save battery life as much as possible, the implementation of the device's sleep
modes is necessary. After each measurement and sending data to the cloud, after 30 seconds,
the device enters a power-saving mode that turns off Wi-Fi, measurement functions and com-
pletely dims the contrast on the display.

The flowchart briefly describes the process of identifying and monitoring physiological
functions. After experimental measurements and tests, it would be necessary to optimize the
process and look for possible system errors. In addition, the power regulations should be re-
evaluated to save the battery as much as possible. It was not analyzed the process in the cloud
in detail, but its functions are showed in Fig.4.
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Fig. 4. Functional principle of the proposed system

Conclusion. This paper describes the concept of physiological condition monitoring sys-
tem. The modern monitoring systems are implementing sensing, communication, and visuali-
zation operations without interrupting the normal life of people. The proposed monitoring sys-
tem finds application in the monitoring of the health of the user. The integrated sensors can be
used to monitor the temperature and other parameters and if it is necessary, it can warn the
responsible staff to take action. The article aims to introduce the essential aspects of the system
design and describes a functioning principle of the proposed device. Internet of Things, cloud
technologies, hardware components and the design requirements were described. The most im-
portant design aspect was to find the cheapest solution for a university environment where the
student and the staff can benefit from using such system.

As the proposed system solves a complex task, it was divided into two main units. In the
first part of the system, the identification of the person is performed, while in the second part,
various physiological indicators are monitored. These parts communicate in parallel via a Wi-
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Fi connection with the master cloud. Data recording and processing is performed here. In the
case of critical values, an alarm message is sent. The proposed system can be used as a basis
for further development.
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Pobepm Paxaii, Onena I'anaiioosa

KOHIIENIIISA MOHITOPUHT'Y ®I3IOJIOTTYHUX ®YHKIIIN 3A
JAOITIOMOI'OIO HOCUMHUX CEHCOPIB

Akmyanvhicms memu oocnioxcenna. Cyuacni meHOenyii agmomamu3ayii OPIEHMOBAH] HA 8NP OGAONCEHHSL HOBUX MeX-
HON02ITl 8 NOBCAKOCHHE JICUMMIS NI00eLll, He3ANeHCHO Gi0 MOo20, 300p06i 60HU YU Hi. B danuii yac monimopune 3a2anpnoz2o cmamy
300p086'ss cmag npocmiwum 3a605KU po3POOYI IHMENeKMYANbHUX HOCUMUX NPUCTIPOIB.

Ilocmanogexa npoonemu. Hocumi npucmpoi nogunni 6ymu 6e3neunumu, 3pyYHUMU, OYoce 1ecKUMU [ Mamu HeHAG sI3nUGU
ouzaiin. Hosimui mexnonoziuni piuieHus 6 oonacmi MikpoKoHmMponepie, ceHcopie ma 36 A3Ky 3ab6e3neyyioms 3HAYHI nepesazi
3 mouku 30py 6e30pPoN068020 MOHIMOPUHZY PI3HUX NAPAMemPIE.

AHaniz ocmanuix oocniddcendy i nyonikayii. Ilpu niocomosyi cmammi Oynu npoananizoéami pisHi 3a2anrbHO00CMYNHI
nyonikayii, 008IOHUKOSI Mamepiany ma eKCnepuUMeHmanbHi piwenns. Pesynomamu inuux excnepumenmie maxodxc 6yau 6uko-
pucmani Ons cmMEopenHst 6a3u 3HAHb NO Yiti memi OOCTIONHCEHHS.

Buoinenna neoocnioycenux yacmun 3azansHoi npooaemu. Icnye 6e3niy mexnHonozit Ons GUMIPIOGAHHS PI3HUX iziono-
2IUHUX napamempis i 36'13KY, AKi Npayoms OHIAUH I OQNaiH 6i0 pi3HUX eupobHuKis. /lanoi cmammi HedocmamHeo O ix
onucy ma amanizy.
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Ilocmanogka 3a80anna. V yiii cmammi 6ynu npoananizoeami KOHCMPYKMUGHi 0CcoOIUGOCE MA KOHYeNYii HOCUMUX CUC-
mem moHimopuney. Pezynomamu cmammi € ochogolo 0151 nooanbutol po3pooKu iHmMezpo8ano20 CKAAOHO20 HOCUMO20 NpU-
Cmpoio 3 cucmemoro ioeHmugixayit.

Buknao ocnosnozo mamepiany. Cman 1i00unu nompioHo MOHImopumu Oisi Mo2o, Wob Mamu MoXCIUGicnb nepedda-
yumu maubymui ingexyii abo 3anobiemu nowupenHo x6opobu. Bukopucmanns komnakmuux piutenv 0yisi MOHIMOPUHEY 300-
PO8'5, MaKux sk OamuuKu, MiKpOKOHmMpPoiepu 3 60Y006AHUMU KOMYHIKAYIHUMY MEXHONO2IAMU 3a6e3neuye 2apHy 0CHO8Y Oisl
BGUPIULEHHS MAKUX 3060AHb SIK MOHIMOPUHE (PI3I0N02TUHO20 CIAHY THOOUHI.

BucHoeku 6ionosiono 0o cmammi. Y 3anpononoganiic cmammi po3ensioamocs 0CcoOIue0Cmi, sKi HeoOXiOHO 6Paxo8y-
6amu npu NPoeKmMy8aHHi HOCUMO20 NPUCMPOI0. 3anpPoNoHO8AHA CUCIEMA MOXCe HAOAMU KOPUCHY IHpopMayito npo 300poe's
Kopucmyeaua, mMemoio po3pooru 0yno 3Haumu HalbinbuL deutege piulelHst Oisl YHIGePCUMEMCbK020 cepedosuud.

Knwuogi cnosa: asmomamu3zoeanuii MOHimopuHe, ceHcop, @izionoziyni napamempu

Puc.: 4. bion.: 8.
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JImumpo 3axapuenxo, Cepeiti Cmenenko

OI'JISAJI TA OBIPYHTYBAHHSA BUBOPY HAKOIIUYYBAUIB EJJEKTPOEHEPTII
JJIAA POBOTHU EJIEKTPOEHEPTETUYHHUX OB’€EKTIB

AKmyanvHicms memu 00Cai0xceHHA. J[0CTIONCeHHs HAKONUYYBAYIE eeKmpoeHep2ii 0is poOOmu eNeKmpoeHepPeemuyHUX
006 exmis, xapakmepucmuxk ma ix 6paxy8ants npu euOOPi Muny HaKonuyyeaua Ois 006’'ckma 003601uNb ONMUMIZYEamMU Po-
bomu cucmemu 3a2alI0M.

Ilocmanogka npoonemu. Haykoso-mexniunuii po3eumox ma eKono2iyHe CMAaHosuue 8Ucy8ac Oiibul HOPCMKI 6UMOSU
00 eJleKmpoeHepeemudHux cucmemu.

AHnaniz ocmanuix oocnioxcens i nyonikayiii. Poszensnymo knacugikayito ma 0CHOGHI XapaKkmepucmuky HAsi6HUX HaKo-

Buoinenna Hedocnioxcenux uacmun 3azanvHoi npodaemu. OcrosHo0 npoobIeMOoIo 3aCmoCY8AHNSA HOBUX MUNIE HAKONIL-
Yy8auis elekmpoeHepeii € IOCYMHICHb X MAC08020 NOWUPEHHS HA PUHKY eJIeKIMPOeHEPLeMUUHUX 00 '€Kmis.

Ilocmanoeka 3ae0anusa. Memoio pobomu € po3podka MemoouKu GU3HAYEHHA ONMUMATbHO20 MUNY MA MOOei YHigep-
CaNbHO20 HAKONUYYAYA eleKmpoeHepail i aHaniz 1lo2o nepesas ma HeOONiKis.

Buknao ocnoenozo mamepiany. Ilposedenuii ananiz icHylouux munie HaKONUYYeauie elekmpoeHepeii ma ixwix xapaxme-
pucmux. 3anponoHoeanHa Memoou, AKa 0a3yEMvCsa Ha NOPIGHAHHT 6apMOcmi 0OUHUYT EMHOCH, 00 EMHOT EMHOCMI, eKonoziu-
HO20 6nauey ma cmpoky excnayamayii. [Ipoananizosani 0CHOGHI 8iOMIHHOCII KONXCHO20 MUNY HAKONUYY8AYA eNeKmpoeHepeil,
IxHi nepesazu ma HeoONIKU.

BucHoeku 6ionosiono 0o cmammi. 3anpononosana memoouxa 6a3yemvpes Ha NOPIGHAHHL 8APMOCI 0OUHUYT EMHOCTII,
00 €MHOI eEMHOCII, eKON02TUHO20 6NAUGY ma cmpoKy excnayamayii. [Ipoananizoeani ocHOGHI 8IOMIHHOCHI KOJCHO20 MUNY

ManvHutl UOIP HAKONUYYEAYA eleKmpOoeHepii Olisl eleKMPOeHePLeMUYHUX 00 '€KMIg.

Knrouosi cnosa: naxonuuysay enexmpoenepeii; akymyisimopha bamapes, Jimiti-iOHHUL aKyMYIsmop, C8UHYEeB0-KUCIO-
MHULL GKYMYNIAMOP; HIKeNb-KAOMIEGUL AKYMYIAMOp; 6apmicms OOUHUYI EMHOCHI.

Tabn.: 7. Puc.: 2. Bi6n.:29.

AKTYaJbHICTh T€MH JOCTIKEHHsI. 3 PO3BUTKOM JIFOJICTBO JeJai OlTbINe BIOCKOHAIOE
€JIEKTPOEHEePreTUYHI 00’ €KTH, pOOJISTUM iX OLIbIT O€3MeYHUMH, eKOHOMIYHO BUT1THUMH Ta, 110
HaWTOJIOBHIIIE, EKOJIOTTYHO YHCTUMHU. HakonmudyBadi eJleKTpoeHeprii € He3aMiHHOIO YaCTHHOIO
OUTBIIOCTI €JIEKTPOECHEPreTHYHUX 00’ €KTIB 1 MPaBUIBHUX iX MiAOIp Ta BCTAHOBIICHHS € 3aIl0-
PYKOIO BUKOHAHHS BCiX Cy9acHUX BHMOT.

ITocTanoBka npo6saemu. TexHIUHMI PO3BUTOK HAKONIUYYBAYiB €JIEKTPOSHEPTii 301IbIIUB
YyeM eJIeKTpoeHeprii € akymyisitopHa 6atapest (AKB). Bona BctaHOBIIOETBCS B cHicTeMax co-
HSYHUX €JIEKTPOCTAHIliS, BITPOBUX €JICKTPOCTAHINIH, eIeKTpOMOOiTiB, Oe3mepeOiitHOro KHUB-
nenHs tomo. 3aBagku AKDB Brmaetbes crabinmizyBaTw BHUXIOHY Hampyry, OTpUMYBaTH
€KOJIOT1YHO YHCTY €JIEKTPOCHEPTiI0 B O€3BITPSHI TOAMHY W TOJMHHU 3 MAJIOKO COHSYHOKO aKTH-
BHICTIO, PyXaTHUCh €JIEKTPOMOO1LTI0. 3HAaUHU# creKTp BUIB 1 XapakTepuctuk AKb po6uts npo-
1ec iX miaoopy J0 BiAMOBITHOTO €IEKTPOSHEPTETHYHOTO 00’ €KTY BiIIOBITATLHAM 3aBIAHHSIM.
Ha puc. 1 300pakeH0 eIeKTpOoeHepreTHUHy CUCTEMY 13 BUKOPHUCTAHHSM COHSYHOI €Heprii Ta
mporiecy nmepeTBopeHHs ii B enexktpuuny 3 AKb.

AHaJTi3 0CTAHHIX JOCTiKeHb 1 myOJtikaniii. OcTaHHIMU pOKaMHU MpoiiecaM aHamily, om-
TUMAJIBHOTO I I00py, 0OCITyrOBYBaHHS, €KCILTyaTallii Ta BIOCKOHAJICHHIO [27-29] mpucBsYeHa
BeJIMKA KUTBKICTh SIK YKPaiHCBKUX, TakK 1 3apyOiKHUX IyOumikamii. AHali3 MpoBOIUTHCS 3/1€0i-
JBIIOTO TEOPETHYHO, iHKOJM eKCIiepuMeHTaNbHO. KoxHa HacTymHa myOstikaris OyxyeTsest Ha
CTAJIOMY JIOCBiJIi TIOTIEPEHIX HAYKOBHX JOCITI/DKEHB Ta iX pe3ynbrariB. HaykoBo-TeXHIUHUH
mporpec y JaHiil ramysi € JOBOJI 3HAYHUM, a BUMOTH PI3HOMaHITHHUX €JIEKTPOCHEPreTUYHUX
KOMIIJICKCIB Ta €KOJIOTIYHI CTaHIapTH JeIajli 3pOCTat0Th. BOAMOBIIHO 10 3a3HAYEHOTO € He00-
X1HICTh TOOYTOBM HOBOTO JOCITIIPKEHHS Ha TOCIIHIHM 6a3i monepeaHukiB. Y poborti [27] mpo-
BOIMTHCS OTJisiy Ta o0rpyHTyBaHHS AKDB 1t 06’ ekta. L poboTa omyosrikoBana y 2017 p. i Ha
CHOT'OJHI BTPATHJIAa YACTUHY aKTyaJIbHOCT] Yepe3 PO3BUTOK TEXHOJIOTIH, I[iH Ta MO PEHHS TUX
gn iHmmx AKB Ha cBiTOBOMY pHHKY. AJie ISl poO0Ta € HaifO1IbII 3MiCTOBHOIO Ta OOIPYHTOBA-
HOIO, IPABUIILHO CPOPMYIIHOBAHOIO JJIsI OCHOBU HAIIOI POOOTH.

© 3axapuenko /. C., Crenenko C. A., 2020
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Puc. 1. Enekmpoenepeemuuna cucmema

BuisieHHs HexoCTiIZKEHUX YaCTHH 3arajibHoi mpooJemu. HaykoBo-TeXHIUHHUI Tporpec
y CTBOpPEHH1 HOBHUX TUIIIB Ta BIocKoHaleHH] icHytounx AKD 37iiicHIoe icTOTHUI BIUTUB Ha efe-
KTpOEHEPTreTHYHI 00’ €KTH BIIJIOMY. ICHYBaHHS Bce JIaBHO pO3pOOJIEHUX Ta JOBEJACHHX JI0 JIO-
TYHOTO KiHIISI BAOCKOHAJIEHHS MOJIENI iICHYIOTh Ta € KOHKYPEHTOCIIPOMOKHUMH 3aBISIKU 1X
MTOIIMPEHHIO Ta HU3bKi# co0iBapTOCTi, 200 3aBASKH 1X BY3bKOCIEIiaTi30BaHINX 0COOJIUBOCTEH.
3nebinbinoro MopanbHo ctapi Tunu AKB MaioTh BUHSITKOBO HU3bKY BapTICTh Ha Cy4aCHOMY
PUHKY HaKONHMYYBadiB eJleKTpoeHeprii. ToMy OLIBII HOBI, CydacHi Ta €KOJIOTIYHI MOJEIN Ta
turm AKB He € KOHKYPEHTOCIIPOMOKHUMH. [X TIIMOOKO JOCIiIKYBATH Ha CHOTOHIIIHIM 1eHb
HEMa€ CEHCY 10 MPUYXHI HA3bKOI BIPOBAKEHOCTI Ta TPAHUYHO HU3BKOTO TOMIAPEHHS. AJle
3a TAaKUMH TUIIaMH e()EeKTUBHE 1 €KOJIOTiYHE MaifOyTHE.

ITocTanoBKa 3aBaaHHsA. MeTOIO pOOOTH € OIS ICHYFOUMX THITIB HAKOITMYYBAUiB €JIeKT-
poeHeprii, iX XapakTepUCTHK Ta OCHOBHUX MapameTpiB. J{J1s icHyrounx Ta HaiO1IbII HoLIHpe-
HUX €JICKTPOCHEPTeTHYHUX 00’ €KTIB PO3POOUTH METOJIUKY BHOOPY HAWOLIBII ONTHMAIBHOTO
THUILYy HAKOIIMYyBaya eJIeKTPOeHeprii.

Buxaax ocHoBHOro MartepiaJy.

AKBD Bi1pi3HSIOTHCS] TAKUMH OCHOBHUMH ITapaMeTpaMu:

. EMHICTh aKyMyJIATOpA.

. 30BHIIIHI PO3MIpH.

. TepMiH ekcruTyarartii.

. KinpkicTh IMKIIIB TIepe3apsIKy.

. Jliana3zon poOounx TeMIeparyp.

. [lapameTpu camopo3psy.

. [IpucyTHICTh IPUCKOPEHOT 3apS/IKH.
. Hamipyra opmiei cekrii.

. Exonoriuni BmacTuBOCTI.

CyuacHi AKB BUKOHYIOTBCS SIK OJIMH a00 JeKiIbKa 00’ € THAaHUX y CIIJIFHOMY KOpIyci eje-
MEHTIB. ¥ 3aJIe)KHOCTI BiJl THILY, €JIEKTPOJIT MOKe OyTH Y BUTJISAL PIIMHU 200 reimo. 3 orisay
Ha THII €JICKTPOJITY HEeOOXiHO 3aCTOCOBYBATH Pi3HI PeXUMH OOCIYrOBYBaHHS, 3apsIKd Ta
BCTaHOBJICHHS aKyMYJISITOPY.

O 00 1 O\ LN K~ LW IN—

199



Ne 4(22), 2020 TEXHIYHI HAYKU TA TEXHOJIOT'IT
TECHNICAL SCIENCES AND TECHNOLOGIES

Jlo naii6insm nomupenux AKb HanexaTs Taki THIIN:

1. CBHHIIEBO-KUCIIOTHI.

2. Hikenb-meTan-riipuasi.

3. Hikenp-xkaaMmiesi.

4. JliTii-ioHHI.

5. Jlitiii-3amizo-docdari.

6. Jlitifi-moniMepHi.

V¥ 3amexnocti Bix ity AKDB Bifpi3HSAETBCS X BapTICTh, EMHICTD, TEMITEPATYPHHH PEKUM
poboTH, pO3MipH, KITBKICTh MUKIIIB nepe3apsaku Toino. AKB BUKOHYIOTBCS SIK OJTMH €JIeMEHT
abo0 KiJIbKa eJIEMEHTIB, MIIKIIOYCHUX MapajielbHo 9 mociigoBHO. Jleski Buau AKB maroTh
€JIEMEHTH YIPABIIHHS JUIsl 3a0€31eUeHHs KOHTPOJIIO PEKUMY 3apsy/ po3psiy 1 3a0e3nedeHHs
3aXUCTY MPH eKCILTyaTallii.

CpunneBo-kuciotTHi AKb (Lead-Acid batteries). Ileit Tun AKb € nHaiiGinpim nommupe-
HUM Ha pUHKY HAaKOTTMIyBaviB eJIeKTPOSHEpriil. Y 3aJIe)KHOCTI BiJT TUITY €JIEKTPOJIITY CBUHIIEBO-
kucnoTHi AKb MoxkHa nofinuTu Ha: 1) 3 piIHUM €NEeKTPOIITOM; 2) 3 TEIeBUM €JIEKTPOTITOM
(tammr AGM ta GEL). [Ipuamun po6otu AKB naHoro tumny 3acHOBaHWN Ha €JIEKTPOXIMITHHX
PeaKIlisIx CBUHIIO 1 IIOKCUIY CBUHITIO ¥ PO3UMHI cipyaHoi kuciaotu. CBuHIeBo-kucioTHI AKb
tunty GEL ta AGM 3aB1sKu BiICYTHICTB PiJIKOTO €JIEKTPONTY Y CBOEMY CKJIaJli € OLIBII 3py-
YHUMH Y BAKOPUCTaHHI Ta HaaiiHuMH [7]. ¥ Tabi. 1 HaBeieHO MOPIBHIHHS JSSIKUX TapaMeTpiB
cBuHIeBO-KUCIOTHUX AKDB.

Tabmums 1
llopiensanns ceunyeso-kuciomuux AKB
. Pecypc po- | 3oBHimHI po3- .
Hazsa €Xl~{r1§“’ Hangyra, ootu, Mipw/Bara BapTl}(I:TL’

A p, 3apsamie* | JIxIIxB, mwm, kr P
Bosch 6CT-70 S4 026 0092540260 [1] 70 12 15300 260x 11775 x225 2205
Topla 6CT-70 TOP Japan R [2] 70 12 14960 260x 11775 x225 2654
Volter GE (GEL) [3] 60 0 19110 347X117673x 168 5970
LogicPower LPM-GL (GEL) [4] 65 12 13900 350X21§59X 185 4799
VENTURA GPL 1270 (AGM) [5] 70 12 12550 260X212698X229 4771
Merlion MLB-12-65 (AGM) [6] 6 0 11820 350 21067; 179 3805

[lepeBaramu cBuHineBo-kucioTHux AKD €:

1. Hu3bkuii camopo3psi.

2. Brucoka KUIbKICTh IIUKITIB 3apsiTy/po3psiay.

3. Hu3pka BapTicTh Ta BUCOKA MOIIAPEHICTb.

4. BincyTHicTb «e(eKTy mam’siTi».

Henomixamu ceuaneBo-kucinotaux AKD e:

1. Hu3pka muTOMa €MHICTB.

2. I'muOoxuit po3psia MpU3BOIUTH IO CKOPOUCHHSI YKCIIa LIUKIIB 3apsity/po3psy.

3. Tokcwuni peuoBun™ y ckiaani AKB.

4. HeoOXiHICTh JOTPUMaHHs BUMOT JI0 BCTaHOBJIEHHS Ta nepeBezeHHss AKD 3 pinkum TH-
TTOM €JICKTPOJIITY.

Ha Binminy Bin Ty GEL, Tun AGM mae y cBoeMy cKJajii BCTaBKU 3 aOCOpOyr0oUoi CKIIo-
TKaHWHH, SIKi 3B’ SI3yIOTh elIeKTpoiT. AKB gaHoro Ty MaroTh O1IBII BUCOKY CTPYMHU IIPH 3a-
psiIi/po3psii, MEHIITy BapTiCTh 1 HUYKYl BUMOTH JI0 HAPYTH Y MPOLECi 3apsry.
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Buxonsuu 3 nanux, HaBeneHux y tadiu. 1 BugHo, o okpim mo AKb tumy (AGM) maroth
MeHIITy BapTicTh y opiBasHHI 3 AKB Tamy (GEL) ta menmmii pecype pobotu. Kitacnuni AKb
13 pLAKUM €JIeKTPOJIITOM MAalOTh 3HAYHO HUXKYY BapTICTh NPH BiACYTHOCTI BiIMIHHOCTEH y iH-
MUX TapaMeTpax. Taka 3ajJeXHICTh cIiocTepiraeThes 1 Ha mpakTuii. Jlominyrounmu € AKB 3
PLAKUM €JIeKTPOIIITOM.

Jlnst BukopuctanHas AKB y enekTpoeHepreTHIHUX 00’ €KTaX HEOOXiTHUM € BCTAHOBJICHHS
koHTposiepa. CBunneBo-kucioTi AKB He MatoTh y CBOeMy cKJia/li KOHTPOJIEpY, OTKe, HeoOXi-
JTHO 3aCTOCOBYBATH 30BHIITHI KOHTPOJICPH 3apsTy. 3a THIIOM PO3JIUISIOTE KOHTPOJIEPH 3apsiay
Ha: 1) mupoTHO-iMIyIbcHOT Moaysii (LIIIM); 2) i3 BiacTe)XeHHAM TOYKHA MaKCUMaTbHOI MO-
Ty)kHOCTI (Maximum Power Point Tracking, MPPT).

Kontponepu tumy [IIIM MmaroTh MeHIITy BapTiCTh 1 MeHIIY €(QeKTHUBHICTh Y MOPIBHIHHI 1
MPPT. TomMy 3 MEeTOIO 3MEHIIICHHS BAPTOCTI IBOT'O THITY KOHTPOJIEPIiB, 3alIPOITOHOBAHUH TUTaH
BiJIMOBH BiJl BAKOPUCTAHHS Y IXHbOMY CKJIaJi Mikponporecopis, IIJIIC Ta ananoroso-mudpo-
BHX TIEPETBOPIOBAYIB, MISIXOM 3aMIiIIeHHs iXHIX (YHKIIIT aHAJIOTOBHUMH By3Jamu [26].

Sk mokasye cutyallis Ha pUHKY HaKOIIMYyBayiB eJleKTpoeHeprii, cBuHIeBo-KucioTHi AKb
MaroTh HaWOUIbINE MOMMPEeHHS Ta cepy 3acTocyBaHHsS. BOHU Bifpi3HSIIOTHCS JTOCTYITHICTIO,
PO3MOBCIOIKEHICTIO Ta HEBUCOKOIO BapTICTIO.

Hikean-kaamieBi AKB (NiCd batteries). Hixens-kaamieBi AKb oTpumain mmpoke 1mo-
HIMPEHHS SIK HAKONUYyBay eJeKTpoeHeprii npubausHo B movarky 50-x pp. XX cr. HaitOins-
IIIOT0 3aCTOCYBAHHS OTPUMAJIHM Yy MOPTATHBHOMY OOJIaHAHHI MPpH mommpeHHi g0 50 %. Leit
tun AKDB npairtoe 3aBsky eeKTpoXiMiuHIM peakiii riapoKCcuIy HIKeo, BOIU Ta KaIMifo.

[TepeBaramu Hikenb-kaamieBux AKD e:

1. Hu3bka BapTiCTh.

2. 3HaYHA KUTBKICTh ITUKIIIB 3apsiay/pO3psIy.

3. Bucoka CTIfKICTh 10 TeMIIepaTypHUX 3MiH.

4. Manwuiif BHYTpIITHIH OITip.

5. Bucoka mBHIKICTh 3apsIKy.

6. BiJiIcyTHICTh HETraTHBHHUX HACIIJIKIB «TJTAOOKOTOY» PO3PSIY.

7. MoxnuBicTh BUKOpUCTOBYBaTH Ta nepeBo3utu AKb 6e3 cneriaibHUX BUMOT.

Henomixamu Hikens-kagmiesux AKD e:

1. Hu3bka exooTiuHICTh (KaaMill BiTHOCHTBCS IO BUCOKOTOKCHYHUX €JIEMEHTIB).

2. Hu3pka muToMa €EMHICTb.

3. HasiBHiCTB «e(eKTy mam’saTi».

4. Bucoxuii caMopo3psijL.

Hanuit Tum AKDB cepen ycixX iHIIUX €IWHUHN, IO Ma€ HAWKpaIy BiATady MaKCHMAaJTbHOT
€MHOCTI, Ma€ 3HAYKY KUTBKICTh ITUKIIIB 3apsTy/po3psity IMPpH NEpioMIHOMY BMACHOMY TJTHOO0-
KoMy po3psai. OauH eneMeHT Mae Hanpyry 1.2 B, mo HIK4Ye HiIX y CBUHIIEBO-KUCIOTHIX - 2
B. ¥ Tab. 2 HaBeneHO MOPIBHSAHHS apaMeTpiB Hikelb-kagaMieBux AKB.

Tabnuus 2
llopienanns nixkenv-xkaomiceux AKD
. 30BHiLIHI po3- .
Hassa €X%lrlgn” Hanpyra, B Pecyrf : I:[ O?;T H, Mipu/Bara Bal; TlI:TB’

A P, 3apAil JxIxB, MM, Kr P
Panasonik (P301) [8] 0.6 3.6 1000 53 X§2><11 163
Camelion  (T-107) 49%23x20
9] 0,6 3,6 940 0.25 107
Enepris E110 [10] 0.6 3.6 1130 65><14;1;<18 78
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Sk xoHTpOIsep 3apsry 1 Hikedb-kaamieBux AKD 3anmpononoBaHo BUKOpUCTaHHS alTropu-
T™Y 3 HeuiTkoi Jioriku (Fuzzy Logic) [24]. ¥V pe3ynbTari O4iKyeThCs MiIBUINCHHS KiTBKOCTI
IUKIIB 3apsay/po3psay 1o 3000 Ta KKJ[ HakonndyBaua eekTpoeHeprii.

Hikean-meran-rinpuani AKB (NiMh battery). Hikenb-metan-rinpuaai AKb orpumanm
LIMPOKE MOIIMPEHHS K HAKOIMYyBay eJIeKTpoeHeprii mpubau3Ho B novatky 80-x pp. XX cT.
VY mopiBHsAHHI 3 Hikelb-KagMmieBuMu AKB maroTes OinbIny miimbHICTH eHeprii. Karon manmx
AKD Bukonanuit 3 rizpuay metainy. ¥ Tali. 3 HaBeJACHO MOPIBHSIHHS apaMeTpiB HiKelIb-Me-
tan-rigpuaanx AKB.

[lepeBaramu Hikenb-metan-rizpuaaux AKD e:

1. bimeima nmutoma eMHicTh (1o 30 %).

2. Menmia Bara.

3. MeHIa cCXmIbHICTD 10 «e()eKTy TaM’ STi».

4. binbina exonoriyHa 0e3MeYHICTh.

Henonikamu Hikens-metan-rigpuaaux AKD e:

1. MeH1ma KiJIbKiCTh IUKIIIB 3apsTy/po3psiay.

2. Buima BapTicTh.

3. Menmmii, y nopiBasiaHi 3 NiCd, TemneparypHuit 1iana3oH.

4. Menima cumna cTpymy.

5. HenomyctumicTh rTuOOKUX PO3PSIIB.

6. Bucokwuii camopo3sps.

Tabmuns 3
lopisnanus nikenv-meman-eiopuonux AKbH
€MHICTB, Pecype po- 3OBI.{1LHH1 po3- Bapricts,
Hasga A-ro Hanpyra, B 6oTH, Mipu/Bara O
A p, 3apsagis* | JAxIIxB, mm, kr P
VB-Power NI-MH [21] 4 7. 710 130>(<)le15 1163
Dinogy NiMH [22] 17%x32x100
1,6 7,2 600+ 0.72 400
Traxxas NiMH [23] 3 8.4 590 11154;5;19 1044

Jlitifi-ionni AKDB (Li-ion batteries). Jlitiii-ionni AKb otpumany mupoke mommpeHHs sk
HAKOIMYIyBay eJIeKTPOCHeprii mpuOm3HO B moyaTky 90-x pp. XX cT. HaitOiapmmM BUpOOHHU-
koM AKDB nanoro tuny € komnanis Sony. Konctpyxkiiis cyvacuux niti-ionaux AKb nepeznba-
Yae BUKOPUCTAHHS KOHTPOJEpiB, a0 Tak 3BaHHX «Smart-Mikpocxem». BoHU maroTh MOXIH-
BICTh KepyBaTH 3apsJHUM HPUCTPOEM Il Oe3meuyHoro i eQeKTUBHOro TMpolecy
sapsiaku/po3psiaka. Jlis nitiii-ionaux AKbB Takoxk 0yJ1o 3amponoHOBaHO BUKOPUCTAHHS KOHT-
porepy 3apsiny/po3psay 3 BUKOPUCTAHHSM TEXHOJIOTI] HeUiTKOI Joriku [24]. 3a pe3ynbpratamu
MOJICITIOBAHHS Ta €KCIIEPUMEHTIB, TaK CHCTEMY JI03BOJIsIE 3MeHITUTH vac 3apsaku AKD wa 20-
23 %. Y Tabn. 4 HaBeieHO MOPIBHSAHHS MapaMeTpiB JiTii-ionHux AKD.

[TepeBaramu mitii-ionanx AKD €:

1. Bucoka mutomMa €MHICTb.

2. Masta Bara Ta rabapTHHi po3MipH.

3. Huzpkuii camopo3psia.

4. Benmuka KUTBKICTh IIAKITIB 3apsiTy/po3psiy.

Henomikamu mitiii-ionanx AKD e:

1. Bucoka BapTicTh.

2. Manwii niana3oH poOoYnx TeMIepaTyp.

3. Cnanaxo-, BHOyXOHEOe3eUHICTh.
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Tabmusa 4
lopienanus nimiti-ionnux AKH
€MHICTB, Pecype po- BOBI.{ILHHI po3- Bapricts,
Hazpa A-rox Hampyra, B 6otw, Mipu/Bara oH
p, 3apsnis* | JIXIIIxB, MM, kr p

BMS Eco Battery [11] 832 24 3000+ 1200%600x640 143013

260
LPLTO[12] 80 48 2700+ 360*‘1‘3(2” 701 90763
Soluna 4K PACK [13] 20 48 3200 436x630%200 69741

56
WEEKENDER LI-ION 100 12 2470 220x81x231 10200
[14] 6.25

Jlitifi-3anizo-pocharni AKB (LiFePO4 batteries). Jlitiit-3anizo-¢pocharni AKb otpu-
MaJld IUPOKE TOMIMPEHHS K HAKOMUYyBau eJeKTpoeHeprii npubim3Ho Ha nmodatky XXI cT.
Sx karon y nmeomy tuii AKB BHKOPUCTOBYEThCS JiTik-3aimizo-pocdar. Y Tabn. 5 HaBeleHO

MOPIBHSHHS JISSIKUX MapaMeTpiB JdiTii-3amizo-pocparaux AKB.
[TepeBaramu mitiit-3aimizo-pocharanx AKD e:

. binpmmit pecype pobotu.
. CtrabinpHa Harpyra po3psiy.
. Hamipyra ogmniei komipku 3.2 B.

. binpmmit mikoBwit cTpym.
. XiMiuHa 1 TepMidHA CTAO1IBHICTD.
. CTifiKicTh 10 HU3BKUX TemmepaTyp (1o -30°C).

1
2
3
4. BiJIbIII €KOJIOTIYHI.
5
6
7

Henonixamu mitiit-3amizo-pocharanx AKD e:

1. HasiBHICTD «e(ekTy mam’siTiy.

2. Bucoka BapTicTh.

3. HeoOXigHICTh TOYHO TOTPUMYBATHCH YMOB 3apsiny/po3psy.

Tabmuns 5
Hopisuauuns nimiu-3anizo-gpocpamuux AKb
€mmnicts, | Hanpyra, Pecype po- | 3osHiui pos- BapricTs,
Hazpa Ao B oortw, Mipu/Bara
ron p, 3apsnis* | JIxIIIxB, MM, kr pH
LUXEON HT12.8-50AH 257%x200%x132
LIFEPO [15] 50 12 3700+ 7.5 9999
][El\gEREXCEED EP48100 100 48 4000+ 483><14737><450 63169
CHALLENGER 12-100 [17] 100 12 2900 450X1222%X170 13508

Jlitiii-mostimepui AKB (Li-pol). J{aawit Tun AKB 5 ynockonanennm Li-ion AKB. Sk emek-
TPOJIIT BUKOPUCTOBYETHCS TBEPAUH MOTIMEp. 3HANIIUIN HAO1TBIIOr0 MOIIMPEHHS Y ApiOHii erne-
KTpOHiIli (MOOLITBHI TeleoHu, MU poBa TeXHIKA), TIOPTATHBHOMY €JICKTPOIHCTPYMEHTI Ta eJIeK-
TpoMoOLISIX. ¥V Tab. 6 HaBeJeHO MOPIBHAHHS JeSIKUX MapameTpiB JiTid-nonimepaux AKbB.

[TepeBaramu mitiit-momimepaux AKB e:

1. Huzbkuit camopo3psia.

2. Benmuka mIiIbHICTD €HEprii.

3. MoXJIHMBICTh MaTH TOBIIMHY Big 1 MM.

4. MOXXITUBICTh MaTH THYYKY (OpMY.
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Henonixamu mitiit-momimepaux AKB e:
1. HeBenukuii cTpyM po3psiy.
2. HeBenmka criiikicTs A0 Temmepatyp Hrpkue 3a -20 °C.

Tabnuus 6
Lopisuanns nimii-nonivmepnux AKB
€MHICTBD, Pecype po- 3OBI.HLHH1 pos- Bapricrs,

Hazpa Ao Hampyra, B 6otw, Mmipu/Bara

roa p, 3apsaais* | JIxIIxB, mwm, kr pH

Dinogy Li-Pol [18] 1 22 4300 196>;7f><50 6500
34109125 DBK 100x120x3

[19] 6 3,7 2300+ 0.05 399
663480SP  Shida 80%33x%6,2

20] 1,5 3.7 - 0.03 402

IopiBusiaas pocaimxennx tuniB AKB. /s BuObopy onTuMaasHOr0 €KOHOMIYHOTO Pi-
IMeHHS HeOOXI1THIM € BU3HAYCHHS BapTOCTi ouHHUII eMHOCTI AKDB KOXHOTO 3 THITIB, BUpaKe-
Hoto y Br-rogunax. J[s mporo HeoOXigHO cKopucTaTich Gopmyroro (1):

7=2 |
- C- U, ( )
ne X — Baprictb AKD, rpH;

C — emuicts AKbB, A-tox;

7 — Baptictb oguaHIi eMHOCTI AKDB, rpa/(BT - Tox);

U — Hanpyra, B.

Jlis xoxxHoro tury AKB HeoOXiHO 00paTH BapiaHT, SKAN Mae HAWMEHIIY BapTiCTh OJTHUIT
eMHOCTI. Pe3ysbrati po3paxyHKy Ta mopiBHSIHE oOpaHux BapianTiB AKb 3aneceni 1o Tabn. 7.

Tabmusa 7
Pesynomamu pospaxynky
Ne Haszsa AKb Tun AKb |Z, rpu/(Btron) X, rpa C, A'ron U,B
Bosch 6CT-70 S4 026
1 0092540260 Pb/SLA 2,63 2205 70 12
2 | LogicPower LPM-GL GEL 6,07 4799 65 12
3 Merlion MLB-12-65 AGM 4,88 3805 65 12
4 Enepris E110 NiCd 36,11 78 0.6 3,6
5 Dinogy NiMH 34,72 400 1.6 7,2
6 BMS Eco Battery Li-ion 7,16 143013 832 24
7 CHALL?})\LGER 121 LiFePo4 11,26 13508 100 12
8 34109125 DBK Li-pol 17,97 399 6 3,7

3 ornsiy Ha HaBeZeHi B TabJ. 7 pe3ylbTaTé po3paxyHKy MOKHA JIWTH BUCHOBKY, IIIO Hai-
JeIIeBIINM € cBHHIeBo-KucnoTHuit Tin AKB 3 pinkum enexrporitom. HMoro BapticTs Ha 46 %
MeHIna 3a Haiommkyoro 1o nopiBHsHHS Tuny AKDB, a came cBuHneBo-kucnornoro 3 GEL ene-
KTpoiiToM. Taki iHOBI pe3y/IbTaTH Ha CbOTOIHIIIHIN 1I€Hb MOKJIMBI 3aBJISIKU ITOIMIMPEHOCTI Ta
MIPOCTOTI BUTOTOBJIEHHS. TakoX pe3ysibTaTH po3paxyHKy HaBeJleHi Ha ricTrorpami Ha puc. 2.
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Puc. 2. Pe3ynomamu po3paxyHxy

SIKIo 3BepHYTH yBary Ha BiJHOIICHHS 30BHIIIHIX radaputHux po3MmipiB AKbB Ta ix macu
JI0 EMHOCTI, BUpa)KeHO1 y BT'To/1, TO Ha CbOTO/HINIHIN IeHb Y TaHOMY IapaMeTpi crocTepira-
€ThCS MPUOJIM3HA PIBHICTH 3aBJSKH PO3BHTKY TEXHOJOTiH BUpoOHMITBA ycixX ThiiB AKb Ha
ocHoBi JliTiro.

Baxxmmeum mapametpom AKDB Takox € fioro pecypc. 3riIHO 3 OTUCOM Ta PO3TIISIOM KOXK-
Horo 3 TuniB AKD yci Timm MoxyTh 3a0€31eYnTH TOCUTh 3HAYHHIA TepMiH BUKOpUCTaHHS. [[ei
TepMiH 3HaXoAuThes B Mexax 10-15 pokiB. HaitOinbimoro tepMiHy BHKOPHCTAHHS MOXKHA
orpumatH Big NiCd AKB. Ceunnesi AKb tpumaroTs 11ei#t mapamerp Ha piBHI 12 pokis. J{is
OTpUMaHHs MOBHOTO TepMiHy BuKkopuctans AKD i BiicyTHOCTI HOTO 3HMYKEHHS] KDUTUYHO Ba-
’KITABO BUTPUMYBATH yci yMoBH ekcruryararii AKDb, Taki sk TeMiepaTypHuii pesKum, TInOnHA
pO3psiAy/3apsy, CTpyM 3apsily, yMOBU 30epiraHHsi, TpaHCIIOPTYBaHHS, 00CIyTrOBYBaHHS TOIIIO.
Koxen turmr AKbB Mae cBoi crierugivai yMOBH i BHOIp ONTHMAIEHOTO THITY TaKOX ITOBHHEH
3aJIe’KaTH BiJl MOXKIIMBOCTI IOBHOIO MipOIO BUTPUMYBATH I1i BAMOTH €KCIUTyaTallii.

BucnoBku BignosimHo 10 crarri. [lepmmit AKB 3’sBuBcs npudmmsao 140 pokiB ToMy i
BIIEBHEHO 3aBOJIOJIIB YCiMa aCMEKTH JIFOJICBKOTO KUTTA. 3apa3 JyXe CKIAJHO YSIBUTH CBIT 0e3
HaKoOIM4yBaviB enekTpuyaHoi eHeprii. AKbB 3acTOCOBYIOTBCS CKpi3b, BiJI HAWMEHIIIOTO JI0 Hal-
OLIBIIOTO: JTiXTapi, MOOUIbHI TenedOHH, IIAHIIeTH, HOYTOYKH, IMyJIbTH AUCTAHI[IHHOTO Kepy-
BaHHS, PE3EPBHI JKepeia KUBJICHHS, HOBITHI €KOJIOTIUHI eJIeKTPOCTAHIIIl, €KOJIOT19HO YUCTI
TUIHM TPAHCHOPTY, KOCMiYHA Taixy3b TOMIO. 3 KOKHUM POKOM JIFOJIMHA CIIOXKHBAIO Jiesai Oi-
JIBITIE €JIEKTPUIHOI €HepTii 1 ieJjari OUTBIHH i1 BiICOTOK CIIOKHBAETHCS caMe 3 HAKOITUIyBaviB
enekTpoeneprii. Tomy mporecu BupoOuuiTBa AKbD, ix ekcmyaranii Ta yTumizailii MOBUHHI 3
KOXKHUM POKOM ITOKpaIyBaTUCh, @ PO3BUTOK HOBITHIX THIIB AKDB He cTosTH Ha MicIti.

Skio O6paTtu 10 yBaru He TUIbKH BapTicTh oaunuii eMHocti AKDB, a i Gananc nepesar/He-
JOJTiKiB KOokHOTO 3 TUTIB AKDB 1 yMOBH 1X BUKOPHCTAHHS, TO HAWOIIBII ONTHMAIEHUM 1 TIepc-
NEeKTUBHUM y MaiiOyTHbhoMY € Li-ion Tun AKD i ymoBu ix Bukopuctanns. [lanuit Tun AKbB nae
MOJKJTUBICTH BUKOPHCTOBYBATH Horo mpoTsiroM 10-15 pokiB, Mae 30a1aHCOBaHY BapTiCTh OJIH-
HUIl €MHOCTI, BUpaXeHoi y BT-ron, Benuky Hampyry ojHiel KOMipKH, BUCOKY 00’ €MHICTB Y
BijtHOIIEHHS 710 00’ eMy AKDB Ta #oro Macu, HU3bKHIA caMOpO3psi/ Ta MHPOKI YMOBH EKCILTya-
Tatii. 3 koxxHuM pokoMm nommpenns AKb nanoro tumy 3poctae, BapTiCTh 3HHKY€EThCS, Iapa-
METPH Ta XapaKTEPUCTUKHU BIOCKOHATIOIOTHCS. Y MEPCIEKTUBI ONTHMAIBHICTH TAHOTO BHOOPY
Oyne 3poctaru. [lepcnektuBHUME € po3podOku niTieBux AKD iHIMX TumiB, aje Ha ChOTOIHI
iXHIM TOJIOBHHM HEJIOJIIKOM € BUCOKA BapTiCTh Ta MaJia OIMUPEHICTh.
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TIlomouni 00cnioAHCeHHS BUKOHYIOMBCS 8 MEAHCAX 0ePAHCOI00HCEMHOI HAYKOBO-00CTIOHOI PO-
oomu monooux eyenux Ne 0120U101554 «Aesmonomni erekmpoenepeemuini cucmemu 3 6UcCO-
K010 eghekmusHicmio, NOKpAueHUMU MACO2A0apUMHUMU XAPAKMePUCMUKAMU Md Ni08ULEHOTO
HAOIUHICMIO OJISl CReYIAIbHUX 3ACMOCYBAHB ».
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UDC 621.377
Dmytro Zakharchenko, Serhii Stepenko

REVIEW AND JUSTIFICATION OF THE ENERGY STORAGE DEVICES
SELECTION FOR ELECTRIC POWER FACILITIES OPERATION

Urgency of the research. The study of electricity storage for the operation of power facilities, characteristics and their
consideration when choosing the type of storage for the facility will optimize the system as a whole.

Target setting.Scientific and technical development and the environmental situation make more stringent requirements
for the power system.

Actual scientific researches and issues analysis. The classification and main characteristics of existing energy storage
devices, their main advantages and disadvantages are considered.

Uninvestigated parts of general matters defining. ThereThe main problem with the use of new types of electricity storage
is the lack of their widespread use in the market of electricity facilities.

The research objective.The aim of the work is to develop a methodology for determining the optimal type and model of
universal electricity storage and analysis of its advantages and disadvantages.

The statement of basic materials. The analysis of existing types of electric energy storage devices and their characteristics
is carried out. Methods are proposed that are based on a comparison of unit cost, volume capacity, environmental impact and
service life. The main differences of each type of electricity storage, their advantages and disadvantages are analyzed.

Conclusions.The proposed method is based on a comparison of unit cost, volume capacity, environmental impact and
service life. The main differences of each type of electricity storage, their advantages and disadvantages are analyzed. Using
the proposed technique, the optimal choice of electricity storage for power facilities is made.

Keywords: energy storage, storage battery, lithium-ion battery, lead-acid battery, nickel-cadmium battery, unit cost.

Table: 7. Fig.: 2. References: 29.

208



TEXHIYHI HAVKU TA TEXHOJIOT'Ii Ne 4(22), 2020
TECHNICAL SCIENCES AND TECHNOLOGIES

3axapuenko [Imutpo CTaHiciaBoBHY — acripaHt, Marictp aBToMo06iibHOr0 TpaHcnopty, Hanionansauit YHiBep-
curet «YepuiriBceka [lonitexnika» (Byn. IlleBuenka, 95, m. Yepsniris, 14035, Ykpaina).

Zakharchenko Dmytro - PhD student, Master of Motor Transport, Chernihiv Polytechnic National University
(95 Shevchenko Str., Chernihiv, 14035, Ukraine).

E-mail: dimazakhar@gmail.com

ORCID: https://orcid.org/0000-0003-3009-5648

Crenenko Cepriii AHaTOii0BHY — KAaHIWIAT TEXHIYHUX HAYK, IPOBiqHMIT HayKoBHUii criiBpoOiTHIK, HamionansHwMit
Vuisepcurer «Yepuiriseska [omitexnika» (Byn. IlleBuenka, 95, m. Yepsiris, 14035, Ykpaina).

Stepenko Serhii — PhD in Electrical Engineering, leading researcher, Chernihiv Polytechnic National University

(95 Shevchenka Str., 14035 Chernihiv, Ukraine).

E-mail: serhii.stepenko.ua@jieee.org

ORCID: http://orcid.org/0000-0001-7702-6776

ResearcherID: F-1018-2014

Scopus Author ID: 55570068000

3axapuenko /1., Crenenko C. Oris Ta 00IpYHTYBaHHS BUOOPY HAKOMIYYBaUiB €IEKTPOCHEPTii 111 pOOOTH €IEKTPOEHEPTETHYHUX 00 EKTIB.
Texniuni nayku ma mexronoeii. 2020. Ne 4(22). C. 198-209.

209



Ne 4(22), 2020 TEXHIYHI HAYKU TA TEXHOJIOT'IT
TECHNICAL SCIENCES AND TECHNOLOGIES

PO31JI 1V. XIMIUHI Té XAPYOBI
TEXHOJIOI'TI
VIIK 676.18

DOI: 10.25140/2411-5363-2020-4(22)-210-221
Ipuna Tpemoyc, Hina Cemenenxo

OAEPXAHHS HEJIOJIO3U 13 H’[HEHH‘IHOT COJIOMA
Y ABOCTYIIEHEBIN CUCTEMI .
OLTOBA KHCJIOTA - ITEPOKCHU/I BOJHIO — BOJA - ETUJIOBUMU CIIUPT

AKmyanvhicms memu 00Cni0xceHHA. 3anyuents 6MOPUHHOL CUPOBUHU Y U2NIA0I 6I0X00I6 CLbCbKO20 20CNO0apCmea ma
PO3POONIeHHS HOBUX €KON02IYHO be3ne uHUX cnocobi6 OenieHIiKayii pOCIUHHOL CUPOBUHY OI5l GUPIULEHHSL NPOBIEM 3a0PYOHeHHS
HAGKONUULHBO20 CepedosULd.

Ilocmanoeka npoonemu. Hasgni memoou Oenienighikayii pociunHOl CUpOBUHIL 3 BUKOPUCTIAHHAM OKUCHUKA — NEPOKCUOY
BOOHI0 OQIOMb 3M0O2Y OMPUMAMU BOJIOKHUCIIUTL HANIBHABPUKAM 13 GUCOKUM UXOOOM, ajle 3 NOKasHukamu miynocmi na 15-30 %
HUNCUUMU 8 NOPIGHAHHI 3 60IOKHUCUMU HANIBHAOPUKAMAMU, 00EPHCAHUM 8apUbHUMU posuuHamu npu pH > 7. Tomy HeoOxi-
OHO 600CKOHANIOBAMU HAAGHI CNOCOOU OellizHigikayii nueHUYHOI coOnoMU NePOKCUOOM BOOHIO 6 CepeO0BULlYi OYMOBOL KUCIOML.

Ananiz ocmaunix 0ocniodcens. byio oemanoHo poseisnymo ocmanni GimMuusHsAHIi ma 3aKOopOOHHI nyonikayii, wo € y
GIOKpUMOMY OOCHIYNI, W0OO0 OKUCHO-OP2AHOCONbECHMHUX CNOCO0I8 Oenienighiayii poCIUHHOT CUPOBUHU 3 GUKOPUCTIAHHAM Ne-
POKCOKUCIOM MA CRUPMIE.

Buodinenna neoocniosncenux wacmun 3a2anvHoi npoonemu. J[ocnioxcents mexHon02ii OKUCHO-0P2aHOCONbEEeHMHOI Oellie-
Highikayii pocIuHHOT CUPOBUHU 3 BUKOPUCTIAHHAM CRUPMY Y CKNAOI 6aPUNLHO20 POZUUHY MA GUSHAYEHHS ONMUMATIbHUX 3HAYEHb
MeXHONOSTUHUX Napamempie (memnepamypu i mpueaiocmi) npoyecy 00EPHCAHHSL COLOM THUX 80TOKHUCIUX HANI6HAOpUKamis.

ITlocmanoeka 3a80anuA. /locriodicents mexHoN0IMHUX NAPAMEMPIE 00EPICAHHS CONOM THOT Yenton03U 8 CUCeEMI OYMoBa Ku-
CIOma — NEPoKCUO BOOHIO — 600A-eMUIOBUTE CRUPM OJisl 30ITbULeHHSL (DIZUKO-MEXAHIYHUX NOKAZHUKIG | 6UX00Y YLIbOBO2O NPOOYKMY.

Buknao ocnoenozo mamepiany. J[ocniodxcerno 06ocmyneneguii cnocié 00epiCcanHsi coNoM SIHOI Yeaton03u i3 CIUKU NULEeHU-
ynoi conomu. Ha nepwiiti cmaoii denienigixayia npoeoounacs 6 cepedosuuyi oymosa KUCi0ma-nepoKcuo 600H0-600a NP 6U-
mpamax nepokcudy 600Hw0 50 % 6i0 macu abcontomuo cyxoi cuposunu (a.c.c.). Ha opyeiti cmaoii éapinnus 00 6apuioHo2o
pozuuny 0ooaganu 40 06 'emHux % emuno6oeo cnupniy Ha 3aMiHy MAKOL JHC KITbKOCHI 8I0NPAYb08AH020 APUILHO20 PO3UUHY
nicia neputoi cmaoii. BusHayeno émicm OCHOBHUX KOMNOHEHMI8 )y UXIOHIT pOCIUHHIN cupoeuHi. Bueuero eniue ymoe oenie-
Highikayii, a came memnepamypu ma mpueaiocmi 6apiHHa HA 6UXI0 80JOKHUCMO20 HaNiehadpuxamy, emicm y HoOMy 3aNUUL-
KOB020 JNicHIHY, 6Micm Yento103U ma nokasHuky miynocmi. Ilokazano, wo 3pocmanns memnepamypu Ha neputiti cmaoii npo-
yecy 6i0 50 0o 70 °C, na opyeii cmaoii 6i0 80 do 100 °C i mpusanocmi oopobku pociunnoi cuposunu 6io 60 do 120 x6 ma 6io
60 0o 180 xs, 6ionogioHo 0o cmadiil npoyecy Oenienigixayii, Npuzeooums 00 3meHuieHHs 6uxody Ha 7,9-18,9 %, emicmy 3anu-
wk06020 nieniny Ha 4,27-9,11 %, npu ybomy emicm yenon03u y 60J10KHUCMOMY Hanieghabpurxami spocmae na 10,1-15,8 %.
Jocniodceno, wo noKasHuKU MexaHiuHOL MIYHOCMI 00ePICAHUX GONOKHUCIUX HANIGHabpuramie 3i 30i1buleHHAM memnepa-
mypu ma mpuganocmi 06pooKu GuXIOHOI cuposuHu 3pocmarome. Pospaxoearno pienanns pecpecii 015 KOJHCHOL cmadii 6apiHHs,
SKI A0eK6AMHO ONUCYIONb eKCNEPUMEHMATbHI OQHI 1l MOJCYMb OYMU 6UKOPUCMAHT SIK MAMEMAMUYHa MoOeb npoyecy oelie-
HighiKayii NUEeHUYHOI CONOMU NEPOKCUOOM B0OHIO 8 Cepedosuuyl oymogoi kuciomu. Memodom 6azamokpumepianibHoi onmu-
Mizayii ymoe OenieHipixayii 6usHAYEHO ONMUMANLHI 3HAYEHHS MeXHONI02IYHUX Napamempie npoyecy 6apiHHA NULEHUYHOT CO-
oMU,  3anponoHosaHa NieHIiH-8VeNe600Ha diazpama OenieHigikayii pociunnoi cupoeunu. Busnaueno pso, 6 sKuil
DPO3MAauLo8yIomsbCsl 34 eheKMuUGHICMIO PI3Hi cnocobu OenieHi(IKayii NueHuYHOI CONOMU.

Bucnogku 6ionogiono 0o cmammi. Po3pobieno mexnonozito 00epicants coiom iHUX 60NOKHUCMUX Hanie(hadbpuxkamie
6 cucmemi « Oymoea KUCI0ma — nepokcuo 600110 — 800d — emuno6uil cnupmy. Pospaxoeano piensannsa pespecii, ujo adexeamno
ONUCYIOMb eKCNePUMEHMANbHI OaHT | MOXCYIMb OYMU 6UKOPUCIAHI SIK MAMEMAMUYHA MOOeNb OOCIIONCEHO20 CROCOBY 00ep-
JICAHHSL CONIOM SIHO20 BONIOKHUCMO20 Hanigghabpurxamy. Becmanosneno onmumanvhi mexnono2iuni napamempu, ski 3abe3neyy-
FOMb 00ePIHCAHHSL KIHYe8020 NPOOYKNLY 3 8UCOKUMU NOKAZHUKamu skocmi. Hasedeno nienin-gyeneeoony diaspamy odenienigixa-
yii cmeben nuleHUYHOL CONOMU PISHUMU CHOCODAMU BAPIHHSL.

Knwuogi cnoea: nuenuyna conoma,; oymosa Kucioma, nepokcuo 600HI0, emuioeull cnupm, oenieHigixkayis,; uxio ono-
KHUCMO20 HANI6habpukany; eMicm 3aIuuK0o8020 JI2HIHY, MICH Yelr0N03U, PIGHAHHS pegpecil; Onmumizayis.

Puc.: 6. bion.: 15.

AKTyaJbHICTh TeMH J0CTiKeHHs. J[0CcTiPKeHHS B TalTy31 MaKpOMOJIEKYJISIPHUX MaTepi-
aTiB CTBOPIOIOTH HAYKOBY OCHOBY JUUIsI PaIliOHAIFHOTO BUKOPUCTAHHS BiTHOBIIIOBAJILHOT pOC-
JUHHOI CHPOBUHU. bepydn 710 yBaru JIOBroCTPOKOBE TTTOOATIEHE €KOHOMIUHE 3pDOCTaHHS 1 Te,
IO ITOITUT Ha KapTOHHO-ITAIIEPOBY MPOIYKIIIO ¥ CBIiTI OyJie B cepeTHbOMY 3poctatd Ha 1,1 %
10 2030 poky, 11e BuMarae 301IbIIeHHs] 00CATIB BUPOOHHIITBA 1Ier0I03H [ 1].

OCHOBHOIO CHPOBHHOIO JUISI BAPOOHUIITBA BOJIOKHHCTUX HamiBpaopukaTie (BH®D) y cBiti
3aJIMINAETHCS JIEPEBUHA XBOWHUX 1 JIMCTSHUX Topia. Iyt KpaiH, B SKHUX 3alacy BiTBHOI Jepe-
BUHH OOMEXEHi, aKTyaTbHOI0 TPOOIEMOIO 3aTHINAETHCS TOITYK HOBUX aIbTePHATHBHUX JDKE-
pell BOJOKHHCTOI CHPOBHHH JIJIsl TOTped 1memntono3Ho-nanepoBoi mpomucioBocti (LIIIT) [2].

© TpembOyc 1. B., Cemenenko H. B., 2020
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Taxum mxepenoM Moke OyTH HeZiepeBHA POCIMHHA CUPOBHHA, 30KpeMa OCOOJIMBY yBary J0c-
JITHHUKIB TIPUBEPTAIOTH cTe0JIa 371aKOBUX KYJIBTYp. OCHOBHOIO IIEPEeBaror0 Takoi CHPOBUHM € ii
IOPIYHA BiTHOBJTFOBAHICTH 1 OLTBIT HU3bKA BApTICTh y MOPIBHIHHI 3 JIEPEBUHOIO [3].

ITocTranoBKa npodseMu. [CHYFOUI TEXHOJIOTIT OTPHMAHHS IIEJIFOJIO3H 3 JICPEBUHH Ta HEJIePeB-
HOI POCIIMHHOT CHPOBUHHM € SHEPrOEMHI i €KOJIOTIYHO IIKI/IJIMBI Yepe3 BUKOPUCTAHHS CIONYK Ci-
PKH Ta XJIopy. BUMOTH /10 Ta30BUX BHKHZIIB i CTIYHUX BOJI TPOMHUCIIOBUX ITiIIIPAEMCTB 3MYIITYIOTh
BHKOPHCTOBYBATH O1JIBII €KOJIOTIYHO Oe3MedHi crocoOu AemirHidikarii pocmHHOT cHpoBUHH. [0
YHClia TAKUX CHOCO0IB HaJIeXKaTh OPraHOCOJIBBEHTHI CIIOCOOH, HacamIiepel OKUCHO-OPraHOCOIIb-
BEHTHA JeNirHi(iKallisi pOCIMHHOI CHPOBUHH B CEPEIOBHUIIIL «OLTOBA KUCIIOTa — HEPOKCH]] BOJTHIO
— BOJIa — €THJIOBUH criupT». ['0JIOBHOIO mepeBaroro Takoi JenirHiikarli € Hu3bka Temieparypa
BapiHHS 1 POIIEC HEe BUMArae 3acTOCyBaHHS BUCOKOTO TUCKY [4]. BukopucTaHHs OHOPIYHUX pO-
CJIMH SIK CHPOBUHH JIs1 BAPOOHUIITBA IIEJTIOJI03H IACTh 3MOT'Y 3HAYHO PO3LIMPHUTH CUPOBUHHY 0a3y
TIEJTFOJI03HO-TTANIepOBOI Tamy3i Ykpainu [5]. B ymoBax YkpaiHU Takor CHPOBHHOIO MOXYThH OyTH
BIJIXOJTM CIJIBCBKOTO TOCIIOAAPCTBA, HAacaMIlepe/l, MINCHWYIHA coioMa. ToMmy iCHye HeoOXiTHICTb
TTOJTAJTBIIIOTO YIOCKOHAJICHHSI TEXHOJIOT1T OJIepyKaHHS COJIOM’STHUX BOJIOKHUCTHX HarliB(haOpHKaTiB
Y CHCTEMI «OITOBA KMCJIOTa — MEPOKCH]T BOIHIO — BOJIA — €THUJIOBUH CITAPTY.

AHAJI3 0CTAHHIX JOCTIIZKeHb 1 myorikaniii. HuHI epcieKTHBHIMY € OKHCHIOBATbHI Me-
TOJM JeTirHidikanii pocIMHHOI CHPOBUHH MEPOKCHIOM BOIHIO B KHCIOMY cepeloBHII [5-6].
[lepokcu BOJTHIO € M’SIKUM OKHCHHKOM 1 PO3TJISIIAETHCS SIK OJIMH 13 HAKOUIBIN TPUHHATHHX 3
€KOJIOTIYHOTO TOTJISITy peareHt JJIs mpoiiecy aenirHigikarii [7]. Bin yrBoproe 3 opranivHuMu
KHCJIOTaMH IIEPOKCOOIITOBY i IEPOKCOMYPAIIUHY KUCIIOTH, SIKi XapaKTePU3yIOThCSl BUCOKOIO JIe-
JirHi(iKyIO4Yor0 aKTUBHICTIO 1 TeHEPYIOThCS B IpoIieci BapiHHs. BukoprcTtanHs opraniuyHux re-
POKCOKHCIIOT 3a 1X KoHIeHTparii 4-10 % 103BoJIsie IPOBOIUTH JCTIrHi(piKaIlio POCTHHHOI CH-
poBHHH 3a atMochepHOro THCKY 1 Temreparypu 10 100 °C Ta CKOPOTUTH BUTPATH CBIXKOI BOIH
[8-10]. BuxopucTaHHs TEPOKCOKHCIOT HE TMPU3BOAMTH JIO JIECTPYKINi BHCOKOMOJEKYIISIPHOL
CKJIQJIOBOI POCIIMHHOI CHPOBHHH, IEJIF0I03a MAE BUCOKE 3HAYEHHsI TIOKa3HUKa O1JI0CTI, 1110 J10-
3BOJISIE BAKOPHCTOBYBATH i1 B KOMITO3UIIII Ianepy Ta KapToHy 0e3 3acTOCyBaHHSI JI0IaTKOBOI cTa-
Jii BUOLTIOBaHHS, Ilepedavae MOKIUBICTh YTHIII3yBaTH TE€MIIIETION03U POCIUHHOT CHPOBUHH 1
BUJIUIATH PEaKIITHO3aTHUH JIITHIH, KW JISTKO TIepepoOIsSeThes B IIHHI XiMivHI TPOyKTH [9].

Bupinenns HegoCTiKeHUX YaCTHH 3arajJbHOI podaeMu. TeXHOIOris BapiHHS JTUCTS-
HUX 1 XBOMHUX MOPiJ JEPEeBUHU B IBOCTYIIEHEBIN CHCTEMI OI[TOBA KUCIIOTA — IIEPOKCH/T BOIHIO
— BOJIa — €TUJIOBUH CHUPT JOCUTH IKUPOKO MpeCTaBiIeHa B JIiTepaTypi, Ha BiIMIHY BijJ OTpu-
ManHsg BH® i3 BigXo/iB CLTBCHKOTO TOCHOAPCTBA, 30KpeMa 31 ¢cTe0el MIIEHUIHOI COJTOMH.
BijfcyTHI BU3HAYCHI ONTUMANIBHI TEXHOJIOTIYHI MapaMeTph (TeMIepaTypy Ta TPUBAJIOCTI Ba-
PiHHS) TpoIiecy JeirHipikarii.

IMocTanoBKa 3aBaaHHsA. MeTOIO pOOOTH € JOCIIPKEHHS TIPOIIeCy OJIepKaHHS BOJOKHHUC-
TUX HaniB(paOpHKaTiB 31 cTeOCIT MIIEHUIHOI COJIOMU BapHILHAM PO3YHHOM OI[TOBOI KUCIOTH —
MEPOKCUIY BOIHIO — BOJHM — €TUIIOBOTO CITUPTY.

JIist mocsiTHEeHHST BKa3aHOi METH MOCTABJICHO TaKi 3aB/laHHS:

— BU3HAYMTH XIMIYHHAN CKJIaJ CIYKH MIIEHUYHOI COJIOMHU;

— JIOCJII/IUTH BIUTUB OCHOBHUX (DaKTOPIB MpoIlecy JemirHidikarlii Ha BIACTHBOCTI KiHIIe-
BOTO MTPOJYKTY;

— TPOBECTH MaTeMaTUyHy 00poOKY €KCIIEPUMEHTATFHUX JIAaHUX Ha OCHOBI OJIEpXKaHUX Pi-
BHSIHB perpecii 3A1CHUTH ONTUMI3aIlil0 TapaMeTpiB OJepKaHHS COJIOM STHOT IIEIF0I03H;

— HaBECTH JITHIH — BYIJICBOJIHY Jiarpamy.

ExcnepuMeHTabHAa YacTHHA

Jlist mpoBeIeHHS TOCIIXKEeHb 3 OTpUMaHHsAM cojioM’ sHuX BH® 1enmono3n BuKopucTano
BHCYIIICHI Ha TOBITpi cTebna mmeHu4Hoi coomu (Triticum vulgare). [Timennuny conomy cop-
TYBaJIM B1JT TUCTS Ta Koytoccs. [loapiOHtoBam ;10 po3MipiB 15-20 MM Ta 30epirajii B eKCHKaTOPi
JUTSL T ITPUMAHHS TIOCTIHHOT BOJIOTOCTI Ta XIMIYHOTO CKJIaTy. XIMIYHUH CKJIaJ] cTeOeI MIICHH-
YHOI cOJIOMH OYyJIO BAKOHAHO 3TiHO 31 cTaHaapTHUMH Metoaukamu TAPPI [11].
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[Iporec OKHCHO-OPTraHOCOTBBEHTHOT'O BapiHHS IIENTFOJI03U MMPOBOIIIN Y 1Bi cTaii. OKHCHE
BapiHHS CIYKM COJOMH Ha MepIIiil crafii 3A1iCHIOBAIM BapMIIBHUM PO3YMHOM, SIKMH MiCTHB
JBOJITHY OITOBY KHCIIOTY Ta Boay 3a cmiBBigHomeHHss CH3COOH : HoO — 75:25 06’ emuunx %,
3 JI0JIaBaHHSM TIepokcuy BoaHio 50 % Bix MacH a.c.c., 3a koHneHTpamii H>O2 — 50 %. [{um
PO3YMHOM TTPOBOIMIIN TIEPIITY CTAJIif0 BapiHHS COJIOMH 3a Pi3HOI TPUBAJIOCTI, a came Bijx 60 10
120 xB, 3a Temmneparypu Big 50 mo 70 °C, rizpomosyns BapinHs ctaHoBuB 10:1. Ha npyriit
cTajii mpoBoanin BiaOip 40 % BiAnpanboBaHOTO BAPHIEHOTO PO3UYMHY 1 JOAABATIH A0 POUUHY
BIJIOBIJIHY KUTbKicTh eTuiioBoro cuupty (C2HsOH). Tpusanicts BapinHs craHOBHIIA Bif 60 10
180 xB, Temneparypa 80—100 °C. [Togatok BapiHHS (QiKCyBaIH 3 MOMEHTY JIOCSTHEHHS 3a1aHO1
temneparypu. Ilicis 3akiHdeHHS 0OpOOKH, BOJOKHHCTHU HamiB(aOpHKaT BiJIOKPEMITIOBAIIN
BiJl pO3UMHY, IPOMUBAIN MPOTOYHOIO BOJOIO JI0 HEMUTpalbHUX 3HAaueHb pH MPOMUBHUX BOJ,
3HEBOJIHIOBAJIM Ta BUCYIIyBaiH 10 Bosiorocti 6—8 %. Jlns ogepxanoro BH® Bu3Hauanmm Taxi
MOKA3HUKH SIKOCTI: BUX1J], BMICT 3aJIUIIKOBOTO JITHIHY, BMICT LENIIONI03H Ta (Pi3UKO-MEXaHIYHi
XapaKTePUCTUKH BiIIOBIIHO JIO CTAHIAPTHUX METOAMK [12].

JIJist oTpEMaHHSI MAaTEMAaTHYHHX 3AJIEKHOCTEH TTOKa3HUKIB SIKOCTI OKAUCHO-OPTaHOCOJTBBEH-
THUX cojioM stHuX BH® Bix iX OCHOBHHX TEXHOJIOTIYHHX MapaMeTpiB SK MaTeMaTHYHUI Me-
TOJy TUTaHyBaHHS OyJI0 BUKOpUCTaHO NOoBHUHU (akTopHuii ekcriepumeHT (IIDE) [13]. Leii me-
TOJl  IIUPOKO  3aCTOCOBYEThCS  JUIs  MOOYIAOBH  E€KCHEPUMEHTATbHO-CTaTHCTUUHUX
MaTeMaTHYHUX MoJieNelt JUIst 00’ €KTa THILY TE€XHOJIOTisI — BIACTUBICTh. SIK MaTeMaTH4Hy MO-
JIelTb 00paHo MOJIIHOM JIPYTOTO MOpSAAKY. MaTeMaTndHa MO/IesTh IPOTIeCy BapiHHS COJIOM STHUX
OKHCHO-0OpraHocoJibBeHTHUX BH® 11 koxkHOT QYyHKIIT Y; y BUTIIAII piBHSHB perpecii st
JIBOX TEPEeMiIHHUX Ma€ TaKUi BUTIISLL:

Y, = by +b, X, +byx,+b, X, x,+b, x] +by x5 (1

ne Yi— MOKa3HUK SKOCTI COJIOM STHOTO BOJIOKHUCTOTO HamiBpaOpuKarty;

bo, b1, by, b3, ba, bs — KoeiIlieHTH MaTeMaTHIHOT MOJICITI;

X11x2 — 3Ha4eHHS (PaKTOPIB Y KOJOBaHii Gopmi.

3miHHUME QyHKIisSME (Y;) Oyli0 BU3HAYeHO TaKi MOKA3HUKH SKOCTI OKHCHO-OPraHOCOJb-
BEHTHHX COJIOM’ SIHUX BOJIOKHUCTHX HaIrliB(haOpUKaTiB:

Y1 — Buxin BonmokHucTOrO HamiBdaOpukary, % BiJ Macu adc. CyX. CHPOBUHHU;

Y> — BMiCT 3aJTUIIIKOBOTO JITHIHY, %0;

Y3 — BMicT nenromnosu, %;

Y4— KiTBKICTh MMOJBIHHUX ITEPETHUHIB, K.ILIT;

Y5 — omip nponasmioBanHio, klla;

Ys— po3puBHa TOBKUHA, M.

JL1st TIepeBipKU OJHOPIAHOCTI JTOCTPOKOBHUX JMCIIEPCiii BUKOPUCTOBYBaIU KpuTepiii Kox-
peHa. 3HadyIicTh KOeQilli€HTIB 0JIepiKaHol eKCIIePUMEHTATEHO-CTATUCTHYHOT MOJICITI TIepeBi-
psd 3a torioMororo kputepito CTerofieHTa. [lepeBipky ajieKBaTHOCTI 0JIep)KaHUX MaTeMaTud-
HUX MoJIesiell BAKOHYBAJIU 3 ypaxyBaHHsM Kputepito Pimmepa [13].

JI1s mOIIyKy ONTUMAIILHUX 3HAYEHB ITApaMeTPiB MPOBEICHHS TEXHOJIOTIYHUX MPOIIECIB, SK
BIIOMO, ICHYIOTH pi3HI Meronu ontumizarii. OgHUM 13 HaHOUTBIN MOIMUPEHUX CHOCO0IB
PO3B’sI3aHHS 33J1a4i ONITUMI3allii TapaMeTPiB TEXHOJOTIYHUX MPOIIECIB 3a JIeKITbKOMa ITOKa3HH-
KaMH SIKOCTi € 00’ € JHaHHS KPUTEPIiB (ITOKa3HUKIB SKOCTi) 3 BAKOPHCTAHHSM y3arajibHeHO! (yH-
kiii 6axkaHocti Xappiarrona D. Ilpu 11 moOya0oBi HaTypaabHI 3HAYCHHS OKPEMHUX ITOKA3HUKIB
skocTi (V) mepeTBoproroTh y 6€3po3MipHy mikany Oaxanocti d B iHTepBaii 3minu Big 0 1o 1.
binb1re uncensHe 3HaYCHHS OI[IHKY Ha IIKAJTi BiIMOBI A€ OUTBIIINM Oa)kaHOCTI — BiJT Ty>Ke TOTaHO
(d =0,00-0,20) mo ayxe noodpe (d = 0,80—-1,00) [13]. I'padiuni 3amexHOCTI y3araTbHEHOT PYHK-
1ii 6akanocTi D, sk cepeiHe reoMeTpUYIHe OKpeMHX OakaHocTe# d, Ha IIOTIHI TEXHOJIOTTYHUX
(dakTopiB X — X> MOKa3yIOTh Y3ro/DKEHHS MK yciMa TOKa3HHKaM# SKocTi (V;) 1 OUTBII onTH-
MaJIbHUMHU BBKAIOTHCS YMOBH, 32 SIKUX (DYHKITiSI OaKaHOCTI Mae MaKCUMaJTbHE 3HAUCHHSI.
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Bukian ocHoBHOro martepiany. Ik BUXiIHY pOCIMHHY CHPOBHHY BUKOPHCTOBYBAIIU CTe-
0J1a MIIEHNYHOI COJIOMH, SIKI MaJIM TaKUil XiMIdHUH cKitam, % Bix MacH a.c.c.: Ieioino3a — 44,3;
JirHiH — 16,5; menTo3anu — 26,7; emonu xupu Bocku (CXKB) — 5,2; pozunnnicTs y Boai — 10,1;
po3umHHICTE ¥ 1 % po3unni NaOH — 38.,4; 30;1a — 6.,6.

JIist BU3HAYeHHS BIUIMBY TEMIIEPATypH 1 TPUBAIOCTI 0OpOOKM HA MOKA3HUKH SIKOCTI CO-
oM’ ssHoro BH® mipoBoami miepiry cTajito BapiHHS ITEPOITOBOIO KUCIOTOO, IKa YTBOPIOBA-
Jacsl B mpoiieci BapiHHS (KOHIIEHTpAIlis IepOITOBOI KUCIOTH He Oinbiie 6.4 %) [14]. Pe3yinb-
TaTH MPOBEACHUX JIOCIIDKCHh HaBeJICHO Ha puc. 1, g, 0, 6.

18

., %

Bmior nirsiny Bij Mack a.c.c., %

Buxix BHO Bix macu a.c.c

60
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6

Puc. 1. 3anexcnicms 6uxody (a), emicmy 3anuuik0802o nieHiny (6) ma émicmy yenronosu (8)
conom ’anux BH® 6io mpueanocmi npoyecy 6apinus NULEHUYHOI CONOMU NEPOYMOBOIO KUCIO-
moro 3a pizHux memnepamyp: -4- 50 °C; -m- 60 °C; - A- 70 °C

3pocTaHHs TEXHOJIOTIYHUX TapaMeTpiB MPU3BOAUTH JI0 3HUKECHHS TAaKOTO MOKa3HUKA KO-
CTI TeXHIYHOI IENI0JIO3H, SIK BUXia (puc. 1, @), Mo moB’S3aH0 3 TPUCKOPEHHSIM IPOIIeCy Jie-
CTPYKIIIT JIITHIHY 3a paXyHOK KHCJIOTHOTO PO3IICIICHHS 0-€TePHUX 3B’SI3KIB JIITHIHY 3 yTBO-
PEHHSIM TNPOMDKHHMX O€H3WIbHUX KapOokarTioHiB [4]. Ilum mosicHIoeThCst 1 OLIBIN JieTKa
neniraiikaiis HeepeBHOT POCIMHHOI CHPOBHHH, B SIKiM YacTKa HEIUKIIYHUX CTPYKTYD O-
apuJIBHOTO eTepy, 10 BIAMOBIAAIOTH 3a IECTPYKILIIO JITHiIHY, Maike BABIYl O1IbIIA, HIX Y JIiT-
HiHI XBOWHHX Topif. [Ipy iboMy OpranigyHuil pO3YMHHHEK, K CTa0KHi HyKjIeo(dis, OJOKye ak-
TUBHI IICHTPH JITHIHY 1 TIEPEeIIKOo/IKa€e mpoliecy foro kouaeHcaiii. [lepornrosa nemirnidikarris
MIIEHUYHOT COJIOMH CYIIPOBOJDKYETHCS YaCTKOBUM PYHHYBAaHHSM TOJiCaxapuIiB, IO TAKOX
MPU3BOANTH J0 3HUKEHHS BUXOJy TEXHIYHOI IIENIFOJI03U Ta 30UIBIIEHHIO B Hill BMICTY IIEITIO-
no3u (puc. 1, 6).
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AHaJIOTI4HI 3aJIS)KHOCTI CITOCTEPIrafoThCS Ha pHC. 1, 6, a caMe BMICT 3aJTAIIIKOBOTO JIITHIHY
B cojioM’ ssHoMY BH® Bij1 3MiHM TEXHOJIOTIYHUX TapaMeTpiB. ExcriepuMeHTaIbHI TOCI THKSHHS
MOKa3aJly, 10 OCHOBHA KUIBKICTh JIITHIHY BUJaNIseThes 3a nepiui 60-90 xB aenirnidikamii mime-
HUYHOT COJIOMH Ha MepIiif cTajii B CHCTeMI OLTOBA KUCJIOTA — IIEPOKCU/] BOJIHIO — BoJia. Bmict
LENTIONIO3H B OJIEp>)KaHOMY BOJIOKHMCTOMY HamiBgaOpukati (puc. 1, ¢) 301IbIIy€eThCs 3a paxy-
HOK TIepEeX0,ly Y BapHJILHUI PO3UMH PO3UNHHOI BYTJIEBOIHOI YACTUHU POCIHMHHOI CHPOBHHH.

3acTocyBaHHSI TIEPINOi CTAIii BapiHHS MPU3BOIUTH JIO TOT'O, III0 TIPOIIec JAelirHigikarii mpoxo-
JIATH Y IOCUTH CIIPHSATIIMBAX YMOBaX Ta Ma€ JBOCTOPOHHIH XapakTep: (pparMeHTallis JirHiny 3 mo-
JIAJTBIIOI0 OKMCHOIO JIECTPYKINEIO IHOTO JITHIHY Ta MepeBeIeHHsIM HOTro 10 BApHIHLHOTO PO3UHHY.

VY npucyTHOCTI epOKCHUTY BOJIHIO IHTEHCU(DIKYETHCS peaKilisi OKUCICHHS JIITHIHY, 10 JI0-
3BOJISIE OTPUMATH MPOAYKT 13 BUCOKHM BMICTOM I1eN0s103H (10 69 %). [Ipu nboMy B oTpuma-
HOMY TIPOYKTi 30epiraeThbes JOCTaTHLO 3HAYHA KIJTBKICTh TeMIIIEITIONI03.

Jlist ofepkaHHS MaTeMaTHYHUX MOJEIIEH, 10 OMUCYIOTh 3aJIeKHICTh MTOKA3HUKIB SKOCTI
OKHCHO-OPraHOCOJIBBEHTHUX coJIoM’ stHUX BH® BiJ1 TeXHOIOTIYHHUX TapaMeTpiB HepiIoi cTaaii
Bapinns BuKopucToByBaiu [IME Tummy 22, SIk (pakTopH X;, 0 BILIMBAIOTH HA HOKA3HUKHU AKOCTI
BH®, 6ynu BuGpani Temieparypa xi Ta TPUBAIICTh IPOIIECY X2.

CTaTUCTHYHOIO 0OPOOKOIO EKCIIEPUMEHTATEHUX JAHUX PO3PaxX0BaHO TaKi piBHSIHHS perpe-
cii (B xofoBaHiii (hopMi), IO aJIEKBATHO OMUCYIOTH 3AJICIKHOCTI BUXITHUX 3MIHHHUX BiJl OCHOB-
HUX 00paHUX TEXHOJIOTIYHUX YNHHUKIB:

Buxin BomokaucToro HamiBpadpukary, %o

Y1=70,667 —10,817x1 — 7,2667x> — 2,325x1x2 — 4,05x1> + 2,5x2%.

Bwmict 3anmumikoBoro JirHiny, %

Y2=4,6889 — 2,1x1 —2,1667x2 + 0,375x1x2 + 0,86667x1% + 1,1667x2>.

Bwmict nemomnosu, %

Y3=62,033 + 5,7x1 + 2,8667x2 + 0,675x1x2 + 3,1x1% — 1,1x2%

AHai3 HaBeJIeHUX PiBHSHb perpecii sk BUXOJy, BMICTY 3aJIMIIKOBOTO JIIFHIHY CBIAYUTH,
10 OCHOBHI (paKTOPU BapiHHA X1 1 X2 MAIOTh BiA €MHUH 3HAK. Tomy 301IbIIEHHS TeMIepaTypu
(x1) Ta TpuBanOCTI mporecy AenirHigikarmii (x2) TPU3BOIUTH 10 3MEHINICHHS BKa3aHUX BHIIE
moKa3HUKIB sskocti BH®. J[iist 3HaUeHHS BMICTY IIEITIOJIO3M OCHOBHI (DaKTOPH BapiHHS X1 1 X2,
MAalOTh JIOJIATHUH 3HAK, IO CBITYUTH PO 301IBIIEHHS BMICTY IICJTFOJIO3H 32 ITiIBUICHHS TEM-
TepaTypu Ta TpUBAIOCTI BapiHHs. [IlepeBaskarounii BIUTUB Ha TOKA3HUKH SKOCTI KiHIIEBOTO ITPO-
JTYKTy Ma€ TeMIepaTypa BapiHHsI.

OtpuMaHi piBHSHHS perpecii Oy BUKOPHCTaHI JUIsi BA3HAYCHHS ONTHMAIBHUX 3HAYEHb
napaMeTpiB MPOBEJCHHS MepIIoi CTail BapiHHs. SIK onTUManbHa TOYKA Xiop, BA3HAUEHO TaKi
3HAUEHHS X; MPU SKAX 3HAYCHHS Y; HalKpalre 3aJ0BOJIBHSIIOTh KOMIIPOMICHI# oOmacTi. 3Ha-
YeHHS (aKTOPIB X1 1 X2 B ONTUMAIBHINA TOYIlI JJOPIBHIOIOTE: Y HATYPAIBHHUX OJIMHUIAX X| (TEM-
neparypa Bapinus) = 70 °C, x; (TpuBaiticTh BapiHas) = 90 XB.

[Toxa3uuku sikocti cosnom’ssHuX BH®, ski po3paxoBaHi 3a JOIOMOT0I0 OJIEpKaHUX PiBHSHb
perpecii, B TO4Ili ONTUMYMY MalOTh TaKi 3HAYCHHS: BUXia — 65,7 %; BMICT 3aJIMIIKOBOTO JIiT-
HiHY — 6,0 %; BMICT meimoo3u — 67,6 %.

MeTtoioM GaraToKpuTepialIbHOT ONTHMI3aIlii 3 BUKOPUCTAaHHAM (DYHKITIT OakaHoCTi Xap-
piarToHa D juis 3HalIcHUX piBHIHB perpecii Y1 — Y3 BU3HAYeHO KOMITPOMICHY 00JIacTh IPOBE-
JICHHS TIEPIIOi CTalii BapiHHS MIIIEHUYHOT COJIOMH 3aJIe)KHO BiJI OCHOBHHMX TEXHOJIOTIYHUX Ia-
pameTpiB (x;), IKy HaBeJIeHO Ha puc. 2 (00acTh po3TalioBaHa Ha TUIOMIHHI X1 — X2).

214



TEXHIYHI HAYKU TA TEXHOJIOTIi Ne 4(22), 2020
TECHNICAL SCIENCES AND TECHNOLOGIES

X1
1

AR

02 \ \\

-1 -0,6 -0,2 0,2 0,6 1%

Puc. 2. Komnpomicna obracmo npogedenis neputoi cmaoii 8apints NUeHUYHOT COOMU.
1 — suxio BH®, %, 2 — emicm 3anuuixogoeo nieniny, %, 3 — emicm yenionosu, %
Jpyry cTajito BapiHHS IPOBOIMIN 3 JOJABaHHSAM JI0 BapUJIBHOTO po3unHy 40 mi eTuiio-
BOTO CHUPTY Ha 3aMiHy Takoi ke KiJTbKOCTI BiIIPaIbOBAHOTO BAPHILHOTO PO34YHHY. Pe3yib-
TaTH BIUIMBY TPUBAJIOCTI i TeMIepaTypu Ipolecy AeiirHigikaiii Ha sKiCTh 0JIep>KaHOTo BOJIO-
KHHCTOTO HarmiB(paOpHuKaTy HaBeJIeHO Ha pHC. 3, 4, 0, 6.
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Puc. 3. 3anexcnicms 6uxody (a), emicmy 3anuuik08020 nieHiny (6) ma emicmy yenronosu (8)
y conom ’anux BH® 6io mpuseanocmi npoyecy 6apinus ¢ cucmemi
CH;C(0O)O-OH : C2HsOH : H>O 3a piznux memnepamyp. - A- 80 °C; -m- 90 °C; -¢- 100 °C
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Sk BUIHO 3 TpadiyHUX 3aNe)KHOCTEH pHC. 3, @ 31 3pOCTaHHIM TeMIepaTypu Ta TPUBAJIOCTI
BapiHHS, BHXIiJ[ COJIOM STHOTO BOJIOKHHUCTOTO HamiB(aOpukary 3MmeHIIyeTbes Ha 7,9—18,9 %.
Bwmict 3anumkoBoro JirHiny (puc. 3, 6) 3MeHmyetbes Ha 4,27-9,11 %, BMICT 1emoso3u 3011b-
myetbest Ha 10,1-15,8 % (puc. 3, 6), SKIIIO MOPIBHIOBATH 3 IEPIIOIO CTAII€I0 BapiHHS. Y TOPIB-
HSIHHI 3 TIepoITOBUM BapiHHsM, Buxi BH® 3a nocmimkeHoro ciocoly aemniraidikarii OiIbImmii
Ha 5,3 %, pH bOMY BMICT 3aJIMIITKOBOTO JITHIHY Maike oHakoBuit. Ile cBiquuTh TIpo Te, 0
BBEJICHHS €THJIOBOTO CHMPTY IiJBHUILYE IBUIKICTH Ta BUOIPKOBICTH MpoIiecy JAeirHigikariii ci-
YKH MIIEHAYHOT COJIOMH TIEPOITOBOIO KUCIIOTOIO, sIKa YTBOPIOETHCS B TIPOIIEC] BapiHHSI.

ExcniepumenTaibHi TOCTKEHHs TOKA3ajH, 10 Mpolec AeTirHi(ikamii ciukd cojJoMU B
cuctemi CH3C(O)O-OH : C2HsOH : H>O npunmasieTses micis 90—120 XB BapiHHS 3a TeMITe-
patypu (90+2) °C. Ilogasblie npogoBKEeHHS BapiHHS PU3BOIUTH 10 AECTPYKIIl BYTJIEBOIHE-
BAX KOMIIOHEHTIB POCJIIMHHOI CHPOBHHH, a caMe 3a Mai’ke 0JIHAaKOBOTO BMICTY 3aJIUIIKOBOTO
JITHIHY, BiI0yBa€ThCs 3HIKEHHS BUXOTy Ha 4—6 %.

Jlnst nocomipkeHHs Bi3UKO-MeXaHIYHUX XapaKTEPUCTHK OJIePKAHO1 MEJT0I03H OYJI0 BUTO-
TOBJIEHO Ta6OPATOPHi BifUTHBKM Macoro 75 T/M? [12]. Pe3yabTaTh MpoBeeHUX JOCITiKeHb Ha-
BeJIeHO Ha puc. 4, a, 0, 6.
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[3 HaBeieHUX Ha puc. 4 JaHUX BUHO, IO 31 30UIBIICHHSM TPUBAJIOCTI MPOIIECY BapiHHS,
(bi3MKO-MexaHIYHI MOKa3HUKH ojepkaHux BH® 3pocTaroTh, Mo MOSCHIOETHCS KPAITUMH I1a-
MEPOTBIPHUMHE BJIACTUBOCTSMH COJIOM STHOT IIEJTFOJIO3H 33 paXYHOK YTBOPEHHS JI0JJaTKOBUX BO-
JTHEBUX 3B’ SI3KIB MiXK IMOJTicaxapyIaMd 1 BACOKUM BMICTOM B HUX T€MIIIEJIIOI03, SIKi CIIPUSIOTH
MOKpAIEHHIO MEXaHI9HOT MIITHOCTI.

Biymomo [15], mo ¢i3uko-MeXaHiuHI TOKa3HUKHA OpPraHOCOJBBEHTHOI IEJIFOI03H TaKOX 3a-
aexath Bia pH BapmiibHUX po3unHiB. Tak, HOKa3HUKHM MIIHOCTI BOJIOKHUCTUX HamiBpabpuka-
TiB, OJICPKAHUX B KUCJIIOMY CEpPEOBHIII, K MPABHUJIO, HIKYi, 33 aHAIOT14HI MoKka3HuKn BH®
OJICPYKAHUX y JIY)KHOMY cepenioBuiili. OcoOJIMBO 1€ CTOCYETHCS PO3PUBHOI JIOBKHUHH, Ha 3HAa-
YSHHS SKOTO BILIMBA€E BMICT reMinenroio3 y BH®, ctpykrypa oxepxannx BH®, BiacTuBoCTI
MOBEPXHI BOJIOKOH. 3 €KCIIEPUMEHTATBHHUX JJAHUX BUJTHO, IO COJIOM’sTHA IIeJTF0JI03a, OJIepiKaHa
JOCTIPKEHAM CIIOCOO0M, 3a TIOKQ3HUKOM PO3PHBHOI JIOBKHHH HAOJIMKAETHCS JIO BiMTOBITHIX
MOKA3HUKIB TICITIOJI03HU, OJICPKaHUX MpH JTyXkHOMY pH.

CratucTuaHOI0 0OPOOKOIO0 €KCIIEPUMEHTATLHUX JTAHUX PO3PaXxOBaHO HACTYIHI PIBHSIHHS
perpecii (B kojoBaHiit Gopmi), 110 aAeKBaTHO OMUCYIOTH 3aJIEKHOCTI BUXITHUX 3MIHHUX BiJ
OCHOBHHUX OOPaHUX TEXHOJOTIYHMX YHHHHUKIB:

Buxin BomokaucToro HaniBadpukary, %o

Y1=159,433 —5,7167x1 — 2,6833x2 + 0,675x1x2 — 3,45x1% + 0,45x2°.

Bwmict 3amumikoBoro JIirHiHY, %

Y2=0,78889 — 0,58167x1 — 0,45333x2 + 0,2925x1x2 + 0,33167x1% + 0,07667x2°.

Bwmict nenronosu, %

Y3= 75,767 + 3,4383x1 + 4,4217x2 — 0,73x1x2 — 2,595x1% + 0,335x2%.

MinHicTs Ha 371aM i yac 6araTopa3oBUX MEPETUHIB

Y= 112,22 +36,667x1 + 14,167x> + 5x1x2 — 18,333x12 + 4,1667x2%.
Omip npoasroBanHio, kKl la
Ys5=1397,72 + 84,067x1 + 46,85x2 — 25,4x1x2 — 42,733x1° — 8,6833x>°.
Po3puBHa 1oBXHHA, M
Yo6=4172.2 + 1778,3x1 + 951,67x2 + 60x1x2 + 1351,7x1% + 424,67x>°.

OTtpumaHi piBHSHHS perpecii Oy BUKOPHCTaHI JUIsl BUSHAYCHHS ONTUMAILHUX 3HAYCHB
mapaMeTpiB IPOBEIEHHS Mporiecy AefirHigikamii. B skocTi ONTHMAaIbHOT TOUYKH Xiopr, BU3HA-
YeHI TaKi 3HAYCHHS X;, IPU SKAX 3HAUCHHS }; HaMKpalle 3aJJ0BOJIbHSIOTH KOMIIPOMICHi# 00J1a-
cTi. 3HaYeHHS (AKTOPIB X1 1 X2 B ONTHMAIBHIN TOYIll JOPIBHIOIOTh: B HATYPATBHUX OJIMHHIIIX
x1 (temnepatypa Bapiaas) = 100 °C, x2 (TpuBanicts BapinHs) = 100 XBUINH.

[Tokxa3zauku sKocTi cosiom’sstHEX BH®, siki po3paxoBaHi 3a IOTIOMOTOIO OJIepyKaHUX PiBHSIHb
perpecii, B TO4Ili ONTUMYMY MalOTh TaKi 3HAYCHHS: BUXia — 55,7 %; BMICT 3aJIMIIIKOBOTO JIiT-
HiHy — 1,05 %; BMicT 1emomo3u — 79,6 %; MIIHICTE Ha 3J1aM i 9ac OaraTopa3oBUX IIEPETHHIB
— 635 u.a.m.; omip nponasmoBanHio — 428,7 klla; pozpusna goBxkuHa — 7900 M.

MeTto10M GaraToKpHuTepiabHOI ONTUMI3AINi] 3 BAKOPUCTAHHIM (PyHKIIIT OaskaHOCTI XapiH-
rroHa D a1 po3paxoBaHUX PiBHSIHB perpecii Y1 — Ys BU3HaUYCHO KOMIIPOMICHY 00JIaCTh TIPO-
BEJICHHS BapiHHS IMIIICHUYHOT COJIOMH 3aJIS)KHO BiJl OCHOBHHMX TEXHOJIOTIYHUX MTApaMeTpiB (X;),
SIKy HaBEJIEHO Ha puc. 5.
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Puc. 5. Komnpomicna obracms nposedents 6apinHs NUEHUYHOL CONOMU 8 cucmemi
CH3;C(0)O-OH: (7HsOH : H>0: 1 — 6uxio BH®, %, 2 — émicm 3a1uuik08020 JlieHiHy, %o,
3 — emicm yenonosu, %. 4- miynicmo Ha 31am nio yac 6a2amopasz06ux Nepecunis;

5 — onip npooasniosantio; 6 — pO3PUEHA O0BIHCUHA

Jlist mopiBHSHHS e(DeKTHBHOCTI Pi3HUX CHOCOOIB JiemirHidikarii CiuKy MIEeHHIHOT COJIOMHA
Ha puc. 6 HaBeJIEHO Jiarpamy, sika XapaKTepHU3ye 3aIeKHICTh BMICTY BUXOJIY OJIEPIKAHOTO BO-
JIOKHUCTOTO HamiB(haOpHUKaTy BiJl BMICTY B HHOMY 3JIUIIIKOBOTO JITHIHY.
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Puc. 6. 3anexcnicmo 6uxooy BH® i3 cmeben nuteHuyHoi conomu, 00epiuCanux pisHumu
cnocobamu denieHigixayii i0 emMicmy 3aNUUKOB020 NICHIHY:
- 0- CH3COs3H : C2HsOH : H>O; -+- ASAE [16]; -*- MILOX [16];
-o- [JOK + kamanizamop [16]; -0- [IOK [16]; - A- H-Cy [16],; -¢- Na [16].

Jlinis «igeanpHOI Aeniraidikamii» (puc. 6) Xapakrepusye MaKCUMalIbHUI BMICT MoJicaxa-
PHUIIB POCIMHHOI CHPOBHHU JIJIS IIEBHOT'O BMICTY 3aJIMINKOBOTO JIITHIHY Yy BOJIOKHHCTOMY HaITi-
B(habpukari. Tomy unm Onmkye JiHIS KOHKPETHOTO Mpoliecy AeirHidikarii 1o aiHiil «ijgeaib-
HOT Jiemiraidikariin Jis MeBHOTO 3 IMIKOBOTO JIITHIHY, THM OinbInuit Buxiq BH® 3a paxyHok
30epekeHHs, HacaMIiepe/] moricaxapu/IiB (I[eJIF0JI03H 1 TeMIleI0I03H).

I3 miarpamu (puc. 6) MOXHa 3pOOUTH BECHOBOK ITPO T€, IO 32 HAOIMKSHHSIM JI0 «iJIeaTbHOT
JiHiT geniraidikamii», To0To 3a 301IbIIEHHM e()EeKTUBHOCTI OJIepKaHHS 13 cTe0el MIEeHUYHOT
TaHHs B HacTynHi# nociioBHocTi: Na— H-Cy — [IOK — ITIOK+xkatanizarop — MILOX — ASAE
— CH3C(0)O-OH : C2HsOH : H>O.

BucHoBkH BianmoBigHo A0 cTaTTi. Ynepiie HayKoBO OOIPYHTOBAaHO TEXHOJIOTiIO OTpH-
MaHHs BHOIJICHOI IIEJTFOJI03H 13 MIIIEHHYHOI coJloMu y BocTyreHesii cuctemi CH3C(0)O-OH
: CoHsOH : H2O. Otpumano cosom’ssauit BHO® 3 Buxomom Bix 78,4 mo 55,2 %, BMicTOM 3ai-
mKkoBoro Jirainy Bix 11,2 10 0,93 % Tta BMicTOM 1eirono3u Bijx 59,6 mo 79,3 %.
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3a pe3ysbTaTaMu KOMILIEKCHUX JIOCTIIKEHb BU3HAUCHO, 1110 JTOCTIKEHUM CIIOCOOOM BapiHHSI
CIUKH{ TIIECHWYIHOI COJIOMH MOYKHA OJICpIKaTH IEITF0I03y 3 HACTYITHUMH TOKa3HUKAMH MIITHOCTI:
po3puBHa jgoxuHa Bix 3040 1o 8050 M, omip mpoaaBmoBaHHIO Bix 92,8 1o 463,9 klla, MinHICTH
Ha 3J1aM ITiJ] 9ac Oararopa3zoBux neperuHin Bijg 450 10 640 w..m. Taki MoKa3HUKH MIITHOCTI JJ03BO-
JSIOTH Y TIOATIBIIIOMY MPOBECTH JOCIIKEHHS 3 METOKO OJICpyKaHHSI TTAaKyBAIbHUX BHJIIB T1ariepy,
B KOMITO3HIIi1T SIKOTO OY/TyTh BUKOPHUCTaHI OJIepKaHi COJIOM sTHI BOJIOKHUCTI HarriB(haOprKaTy.

Po3paxoBano piBHSHHS perpecii, ki aJjeKBaTHO OMUCYIOTh eKCIIEPUMEHTANBHI JJaHi i Mo-
KyTb OyTH BUKOPHCTAHHI SIK MaTeMaTHIHA MOJIEJb JTOCTIJPKEHOTO crIoco0y BapiHHS. MeTo10M
OaraToKkpuTepialIbHOI ONTUMI3allii BU3HAYCHO ONTHMAIBHI YMOBH MPOIIECY U MOKA3HUKH KO-
CTi COJIOM’ THOT IEJTFOJIO3H B TOYIIl ONTHMYMY.

[loka3zaHo, 1110 3aCTOCYBaHHS JaHOT TEXHOJIOTI] 103BOJISIE OTPUMATH I[EJIFOJI03Y 3 BUXOJI0M
OurbImuM Ha 5,3 % y HOPIBHSHHI 3 IIEITIOJI0300, OTPHUMAHOIO IIEPOIITOBUM BapiHHSIM (32 OJTHA-
KOBOTO CTymneHs JienirHigikarii Buxig neporrosoro BH® cranosuts 50,4 %).

3anponoHOBaHO JITHIH BYTJIEBOIHY aiarpamy. [lokazaHo po3TamnryBaHHs pO3TISTHYTHX CITO-
co0iB nenirHigikarii NIIeHUYHOT COIOMU 3a 30UIbIICHHSIM e()eKTUBHOCTI BUJIAJICHHS JITHIHY
i3 cTeOel MIIeHUYHOI COJIOMH, K1 pO3MOMISIOTEC Yy HacTynHu# psa: Na — H-Cy — [TOK —
ITOK + karamnizarop — MILOX — ASAE — CH3C(O)O-OH : C2Hs0H : H20,.
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UDC 676.18

Trembus Irina, Semenenko Nina
OBTAINING PULP FROM WHEAT STRAW IN A TWO-STAGE SYSTEM
“ACETIC ACID - HYDROGEN PEROXIDE - WATER - ETHANOL”

Urgency of the research. Involvement of secondary raw materials in the form of agricultural waste and development of
new ecologically safe ways of delignification of vegetable raw materials to solve problems of environmental pollution.

Target setting. Available methods of delignification of vegetable raw materials using oxidant - hydrogen peroxide allow
to obtain a fibrous semi-finished product with a high yield, but with strength values of 15-30% lower compared to fibrous semi-
finished products obtained by cooking solutions at pH > 7. Therefore, it is necessary to improve existing methods. hydrogen
peroxide in acetic acid.

Actual scientific researches and issues analysis. The latest available domestic and foreign publications on oxidative-
organosolvent methods of delignification of plant raw materials using peroxyacids and alcohols were considered in detail.
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Uninvestigated parts of general matters defining. Research of technology of oxidative-organosolvent delignification of
vegetable raw materials with use of alcohol as a part of a cooking solution and definition of optimum values of technological
parameters (temperature and duration) of process of reception of straw fibrous semi-finished products.

The research objective. Investigation of technological parameters of straw cellulose production in the system acetic
acid-hydrogen peroxide-water-ethyl alcohol in order to increase the physical and mechanical parameters and the yield of
the target product.

The statement of basic materials. A two-stage method for producing straw pulp from wheat straw at the first stage has
been investigated. Delignification was carried out in the “acetic acid-hydrogen peroxide-water” environment at a hydrogen
peroxide consumption of 50% of the mass of absolutely dry raw material (a.d.r.m.) and at the second stage of cooking, 40
volume % of ethyl alcohol was added to the cooking solution to replace the same amount of spent cooking solution after the
first stage. The content of the main components in the original plant raw materials is determined. The influence of delignifica-
tion conditions, namely temperature and duration of cooking on the yield of fibrous semi-finished product, the content of re-
sidual lignin, cellulose content and strength indicators was studied. It is shown that the temperature increase at the first stage
of the process from 50 °C to 70 °C, at the second stage from 80 to 100 °C and the duration of processing of vegetable raw
materials from 60 to 120 min. and from 60 to 180 minutes, according to the stages of the delignification process, leads to a
decrease in yield by 7.9-18.9%, the residual lignin content by 4.27-9.11%, while the cellulose content in the fibrous semi-
finished product increases by 10.1-15.8 %. 1t is investigated that the indicators of mechanical strength of the obtained fibrous
semi - finished products increase with increasing temperature and duration of processing of raw materials. Regression equa-
tions for each stage of cooking are calculated, which adequately describe the experimental data and can be used as a mathe-
matical model of the process of delignification of wheat straw with hydrogen peroxide in acetic acid. The method of multicrite-
ria optimization of delignification conditions determines the optimal values of technological parameters of the wheat straw
cooking process. The lignin-carbohydrate diagram of delignification of vegetable raw materials is offered. The number in
which various methods of delignification of wheat straw are located on efficiency is defined.

Conclusions. The technology of obtaining straw fibrous semi-finished products in the system "acetic acid-hydrogen per-
oxide-water-ethanol” has been developed. Regression equations are calculated that adequately describe the experimental data
and can be used as a mathematical model of the investigated method of obtaining straw fibrous semi-finished product. The
optimal technological parameters are established, which ensure the production of the final product with high quality indicators.
The lignin-carbohydrate diagram of delignification of wheat straw stalks by different cooking methods is given.

Keywords: wheat straw, acetic acid, hydrogen peroxide, ethanol, delignification, yield of fibrous semi-finished product,
residual lignin content, pulp content, regression equation, optimization.

Fig.: 6. References: 15.
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Bonooumup leanuwun, Bikmop Byeati, Muxona Kopsauenko

HHOJIBOBI IHHKEHEPHO-I'EOJIOTTYHI BUINYKYBAHHA I BY AIBHUITBO
JECATHUIIOBEPXOBUX KUTJIOBUX BYIUHKIB HA BYJINII
HE3AJIEZXKHOCTI B MICTI YEPHIT'OBI

AxkmyanvHicmob memu 00cnioxHceHHA. be3 iHdCeHepHO-2e0102TUHUX OOCTIONCEHD (6UULYKYEAHL) HA OINAHKAX, 6I08e0eHUX
nio OyoieHuymeo 6ydieeis i cnopyo, 6yOieHUYME0 He NOGUHHO nouunamucs. Tomy maki O0CIIOHCeHHS 3a8XHCOU AKMYATBHI.

Ilocmanoeka npoonemu. Maiixce écs mepumopis micma Hepuieoga i Uepniziecokoi obnacmi 6kpuma uemeepmuHHUMU
8i0KIAOAMU, AKI MAIOMb DIZHY MOGUUHY U TIMONOSTUHUILL CKIAO, ULO 88AXHCAEMBCA HE2AMUBHUM (PAKIMOPOM NPU 36€0eHHI PI3HUX
byoigenvHux 06 ‘exmie. Yepes ye na koxcnomy 6y0igenbHOMY MAUOAHUUKY (M10wi) NOMPIOGHO 0emMAalbHO 8USUAMIU 11020 2e0/10-
2iuni i 2i0poceonociumi ymosu.

AHaniz ocmanuix 0ocnioxcens i nyonikauii. bynu pozenanymi ocmanni nyonikayii y 6iOkpumomy oocmyni.

Buoinenna nedocnioncenux uacmun 3azanvnoi npoonemu. /[na Yepriziewunu 3a2an6Hoi0 CKIAOHOI HEOOCMAMHbLO GU-
PiweHo0 npodiemor € Kapmuna NOUWUPEeHHs, MOSWUHU MA JIMOL02Is YemEePMUHHUX GIOKIAOeHb.

Ilocmanogka 3a80anua. Jlocniodxcenns 2eonoiuHoi 6y006u i 2i0po2eonoiyHUX YMOE8 OLISIHKYU Ni0 OYOIGHUYMEO MPbOX
0ecAmuno8epxosux Humnogux 6yournxie na eynuyi Hezanescrnocmi 6 micmi YepHizosi.

Buknao ocnosnozo mamepiany. 3a zeomopghonoeicio docniodicysana OinsHka 3Haxo0umocs Ha Hepriciecoko-1 0poOHAHCOKIT
MOPEeHHO-3aHOP O8Il PIBHUHI Ha NpU6000po30invHil yacmuni pixk Cmpuscusa ma binoyca. 32i0H0 3 mekmoHiuHuM pailoHy8aHHAM
80HA GIOHOCUMBCS 00 NPUOCLOBOI 30HU NIBHIYHO-3aXIOHOI Yacmunu J[Hinpoecvko-/[oHeywbrol 3anadunu. ¥ 2eonoziyHux po3pizax
3a pe3yIemamam. OnpayOEaHHs Mamepianie OypiHHA | CIMAmMUYH020 30HOY8AHHS UldineHo 11 iHjcenepHo-2e0N0IUHUX eNeMeH-
mie (II'E). I'eonociunuii po3piz 0o enuburu 20 m ckia0eHutl CyuacHUMU MEXHOSEHHUMU, 6EPXHLO- | CepeOHbOYemEepMUHHUMU
gioknaoamu. 1'iopoeeono2iuni ymoeu OissHKY 6U3HAYEHT IPYHMOGUMU 600aMU DE3HANIPHO20 MUNY, SIKI 3HAXOOSIMbCSL HA 2IUOUHI 3-
3,5 m. 3aeanom dinsnka gionocumocs 0o Il kame2opii 3a ckNaOHICMIO iHICeHEPHO-2e ON0STUHUX YMOB.

Bucnoeku 6ionogiono 0o cmammi. 3a pe3ynemamami 6UKOHAHUX SUULYKYEAHL 6CIAHOGIEHO, U0 MOBUA TPYHMIE HA
Oinanyi € HeOOHOPIOHOI, WO NIOMEePONCYEMbCs eudinennsm v niii 11 inocenepno-zeonozivnux enemenmis. Ipynmu IUE 2, 4-
6 € npocionumu npu 000amKo6ux Hasanmazicennsx. Ipynmoei 6oou neazpecusni 0o 6cix mapok bemonie, yemenmie i apma-
mypu 3a1i300eMOHHUX KOHCMPYKYIL.

Knrouosi cnosa: 6ioknaou; tpyHmu; 20pu3oOHmMu; iHHCeHEPHO-2eO0N02INHI eleMeHmuY; C6epONIOBUHA; CMAMUYHE 30HOY-
BAHHS, TPYHMOBI BOOU.

Puc.: 5. Taé6n.: 1. Fi6n.: 10.

AKTyaJIbHiCTh TEMH J0CTiKeHHs. be3 1HKeHepHO-TeOJOTIYHUX TOCIIIKEeHb (BUIITYKY-
BaHb) Ha JIJITHKAX BiJBEJICHUX I OYIIBHUIITBO OyiBelb 1 CIOpY/ OYAIBHUIITBO HE TOBUHHO
rmouyrHaTUCs. ToMy Taki TOCITiHKSHHS 3aBXIA aKTyaJTbHi.

ITocTanoBka npodaemu. Maiixe Bes Teputopist Micta Ueprirosa i UepHiriBebkoi o0acTi
BKpHTA YETBEPTHUHHUMH BiJKJIAJaMH, SIKi MAIOTh Pi3HY TOBIIMHY 1 JITOJOTIYHHUI CKJIaJ, IO
BBKAETHCS HETATUBHUM (DAaKTOPOM IIPH 3BEJICHHI pi3HUX Oy/iBeIbHUX 00’ €KTiB. Uepes e Ha
KOXKHOMY OyJIiBeTbHOMY MalJJaHYHMKY (ILJIOII) TOTPIOHO JeTaTbHO BUBYATH HOTO TE€OJIOTivHI
i T1IpOTe0JIOTiYHI YMOBH.

AHaJT3 ocTaHHIX JoCHiKeHb 1 mydaikaniil. BukoHaBmm aHami3 JiTepaTypHUX JKEpeT
3a UM HampsiMoM, OyJIO BCTAaHOBIIEHO, IO MyOImiKaIlii, o cTocyBaiucs 6e3mocepeIHbo a-
HOTO OyJIiBeTFHOTO MaliJJaHYMKa BiJICYyTHi. B OKpeMHUX cTaTTAX MIiCTUTKCS iH(OpMAILis mpo pe-
aped TepuTopii, KIIIMAaTUYHI JIaHi Ta piBHI IPYHTOBUX BOJ [1].

BunisieHns HexocCHiKeHHNX YaCTHH 3arajabHOI npoo6Jemu. /[ YepHIriBIIMHN 3arajib-
HOIO CKJIQJTHOIO HEJIOCTATHHO BHPIIIICHOIO ITPOOJIEMOIO € KapTHHA MOIMMPEHHS, TOBIIUHU Ta JIi-
TOJIOT1sI YeTBEPTUHHUX BIIKJIA/ICHb.

ITocTanoBka 3aBaaHHs. J[0CITiPKeHHS I€OJIOTIYHOT OY0BH U T1IpOre0IOTIYHIX YMOB JIi-
JITHKH 1111 OYTIBHUIITBO TPHOX JIECATHIIOBEPXOBHX JKUTIOBUX OYIMHKIB Ha Byymii Hesamex-
HOCTI B MicTi YepHIrosi.

Buknan ocHoBHoOro martepiasy. JlocnikeHna qiIssHKa po3TallioBaHa B MiBHIYHIN YacTHHI
MmicTta YepHirosa B Mikpopaiioni Macanu mix Bynuismu Hezanexunocti Ta KpacHocinbebkoro.
[H)XeHepHO-Te0JIOTiYHI BUIITYKYBaHHsI BUKOHAHI TOBApPUCTBOM 3 OOMEKYBAJIBHOIO BiJIOBiIa-

aeHicTIO (TOB) «YepniriBOyapo3siayBanHs» y rpyati 2017 poxy.

© IpanuwuH B. A., byraii B. I'., Kop3auenko M. M., 2020
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VY mpoMmy paitoni y 2008 porii Oyiu mpoBesieH! iHKEHEPHO-TeOJIOTiYHI BUITYKYBaHHSI TSI
OOTpYHTYBaHHS MPOEKTY OYJIIBHUIITBA KBapTalIy OaraTOKBapTHPHUX JKATIOBHX OYIHHKIB Ha
nanboBUX (QyHAaMEHTaX, siKi Oyyiu BpaxoBaHi mpu pociimkeHHsx 2017 poky. YacTuHa 3 HUX
omyb6JtikoBaHa [1].

B anasnoriyHux iH)X€HEpHO-T€0JIOTIYHUX YMOBAX MOOJIN3Y JTOCIIIKYBaHOT TIJISTHKH 3HAXO-
TSITBCST OJTHOTIOBEPXOBi CIIOPYIM PHHKY, CYIIEpPMapKeTy, CTaHIlil TEXHIYHOTO 00CIyTOBYBAaHHS
(CTO) ta npuBatHi 0y auaku MacuBy «Hosa [lomyciBkay,iio modyaoBaHi Ha CTpiUKOBUX (yH-
JaMeHTax. Yci Il cropy i Oyiii 0O0CTeXeH1 3a pe3yabTaraMu 4oro jgedopmairii HaadyHame-
HTHHUX KOHCTPYKIiii He OyJI0 BCTaHOBIIEHO.

[Hdopmartis mpo ckiIam, 0OCATH Ta METOUKY BUKOHAHHMX POOIT TAETHCS B TAOJIHIII.

Tabmurs
Crnao, obcseu ma memoouxa pooim
Ne Buau poGit O.MIHm“ Kinpkicts MeToanka BUKOHAHHUX POOIT
3/m BUMIPHOBAHHSA I0T./M.IL.
[TonboBi poboTn
1 |BypiHHS cBepaIOBUH Crioci6 OypiHHS —MeXaHIYHUH
T./M 3/60 Ta yIapHO-KOHTAKTHUH

2 |CratnuHe 30HIyBaHHS T./M 6/20 [2]

3 | Bypinns myp¢is IT./M 1/5 [2]

4 | Bingbip MOHOITIB IT. 20 [3]

JlabopaTopHi poboTH

5 | Mexi TeKy4OCTi Ta KOHCUCTEHIIis 3pa3ku 39 [4]

6 | llineHicTb IpyHTIB 3pa3ku 72 [4]

7 |I'panynoMeTpuyHMIA CKIax 3pasKu 2 [5]

8 |KommnpeciiiHi BunpoOyBaHHs 3pa3ku 12 [6]

9 | Bu3Ha4eHHs CIPOTHUBY 3pi3y 3pasKu 12 [6]

10 | AHasti3 TpyHTOBHX BOJ npobu 3 [7]

3a reoMopdoJIOTIYHIMH O03HAKaMU JIIJITHKA POOIT po3TamoBaHa Ha YepHiriBebko-I opo-
HSHCBKIi MOpPEHHO-3aHJIpOBii piBHUHI. Penbed MIISTHKM MOJOro piBHMHHUHU 13 HAXWIJIOM Ha
cXiJ1 1 a0COFOTHUMH BiMiTKaMH TToBepxHi 3eMJi Bix 143,7 mo 144,2 m. Kimimar y paiioHi mo-
MipHUH, Bostoruii. CepeHs ciuHeBa TemIeparypa cTaHoBUTh — 6-7 °C, a MakcumainpHa — 33-
36 °C. cuiropwmii mokpus jgocsirae 30-40 cM, a rimOWHA TpoMep3aHHs TPYHTY —10 1,5 M. J1iToM
MiHiMaJIbHa TemIieparypa ckianae +19-+20 °C, makcumanbha -+37-+39 °C. Cyma piuHux ona-
niB tocsrae 500-600 My, 70 % sIKUX BHTIAA€ B TEIUT MicAIll poKy. BumiapoByBaHHS 3 TOBEPXHI
3eMJi jocsrae 520 MM 3a pik.

3a TEKTOHIYHUM PaOHYBaHHIM TEPUTOPIS TOCITIHKEHD BIAHOCUTHCS J0 MTPHOCHOBOI 30HH
MiBHIYHO-3aX1HOI YacTHHU J{HITPOBCHKO-/[OHEIbKOT 3ama uHu.

[mxeHepHO-TeooTiuHa OyoBa JTUISHKU TpyHTYeThes Ha pospizax I-I' i II-IT' (puc. 1, 2)
Mpe/ICTaBICHUX 1HKEHEPHO-Te0IorTYHUMH eneMeHnTamu 1-11 (puc. 3), ski BUITIeH] 3a pe3yib-
TaTaM¥u OYpiHHS CBEPJUIOBHH 3 BpaxyBaHHSM JIaHUX JTAOOPATOPHHUX JOCIIDKeHb (puc. 4), cTa-
THUYHOTO 30H/IyBaHHS (pUC. 5) Ta BHIITYKYBaHb MHHYJIMX POKiB. PO3KpHTI mopoy 3ajsraroTh
MOXUJIO-TOPH30HTAIBHO.
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Puc. 5. Jliaepama cmamuunozo 30n0yeanus 6 mouyi No [

YV reosorivHiii OyI0BI TUISHKY JI0 PO3BijaHoi 10 rOouHN 20 M OepyTh y4acTh Cy4JacHi TeX-
HOTeHHI BiIKJIa 11 TOBIIMHOIO /10 0,3 M, siki npencrapieni HacunauMu rpyHTamu (IIE 1) Hepis-
HOMIpHOI IIJTBHOCTI 3 BMICTOM Oy 1iBeJIBHOTO CMITTS; BEpXHBOUETBEPTUHHIMH €0JI0BO-JICITIOBI-
ameaumu cymickamu (ICE 2) (BeperBa II),ra mumyBatmmu mickamu (II'E 3) (Bepctpa III)
MIPHYOPHOMOPCHKOTO TOPH30HTY; EMOBIAIbHUME TIpyHTaMHu AadiriBcbkoro ropusonty (IIE
4),(IT’E 4a) (BepctBa IV); eonoaentoBianbaumMu rpyHTamu 0y3pkoro ropusonty (II'E 5) (BepcTBa
V); eroBiaIekHUMHE BiKIamamMu nprtynibkoro ropu3onty (IIE 6) (BepctBa VI); cepemapoueTBe-
pTUHHUMHU MopeHHUMH (uoBiormsiaasaumu cyrimuakamu (IE 7) (BepctBa VII) nHinpoBch-
KOTO TOPH30HTY M’ SIKOIIACTHYHOI Ta TeKydormiactuaroi koncucteHtii (IIE 8 Ta 8a) (BepcrBa
VIII); cynickamu miactuuaumu (IUE 9) ta texyunmu (IFE 9a) (Bepersa [X); o3epHO-THOI0BH-
koBumHu Bakkumu cyrimHkamu (II'E 10) (BepetBa X),rimuaamu veoreny (II'E 11) (Bepctra XI).

BuzinenHs iHKeHEepHO-TE€OJIOTTYHHUX €JIEMEHTIB IPOBEICHO 3riAHO 3 [8, 9] Ta mepeBipeHo Ha
ITiJICTaBl OIIHKKA IIPOCTOPOBOI 3MIHHOCTI MEX Ta YMCJIA TUIACTHYHOCTI, CTYIIEHS BOJIOTOCTI 1 KOe-
(IIieHTIB MTBHOCTI, MEXaHIYHUX BIACTUBOCTEH, KOTpi Oy BU3HAUeHi B 1abopaTopii, Bpaxo-
BYIOUi pe3y/IbTaTH paHillle BAKOHAHUX 1HKEHEPHO-TEOJIOTIYHUX POOIT Ha MPHIISTIINX JTIJITHKAX.

Bunineni iHxeHepHO-TEO0JIOTIUHI €JIEMEHTH BiJINOBIIAl0TH JTITOJOTIYHIUM TOPU30HTAM.

I'pynru ITE 2,4-6 MOXyTh NpOCiaTH IIPH TOJATKOBUX HABAHTAXKEHHSAX. BOHM mommpeHi
Ha BCi# JJOCIiKyBaHi# MI01Ii.
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BuBueHi riponoriuii yMOBHU AUISHKY CBiYaTh PO HASBHICTH TYT IPYHTOBHX BOJ Oe3Ha-
mipHOTO TUMY Ha rmouHax 3,0-3,5 M. JlinstHKa Moske TiATOIUTFOBATUCS ITPH 3HAYHUX aTMoche-
PHUX OTIaJiax, CHITOTaHEeHHi, KOJIM BOJIa MOJKe ITiTHSTUCS 110 TuOuHH 1,4 M, BUTOKaX 3 TiJIpo-
KOMYHiKaIliii. BoqoynopHuMu ropuzoHTaMu Ha SKHX pOpMyeThes «BepxoBojikay € IpyHTH II'E
4,6,7. TloTik TpyHTOBUX BOJ HAIpaBIEHUH 3 MIBHIYHOTO 3aX0/y HA MIBACHHHM CXiJl. 3TiTHO 3
[10] Ta mociOHMKa ;IO HHOTO BOJIA JUIS BCiX MapoK OCTOHIB, IIEMEHTIB 1 apMaTypH 3a1i300eTOH-
HUX KOHCTPYKIil HearpecuBHa. THI IDyHTOBHX BOJ TiIpoKapGOHATHMI KaniblieBuit. Moro
3MIiHM MOJKJTMBI 3a paXyHOK BHUTOKIB 3 KaHaumi3amii. I1po e cBiTuuTh OXpUCTO-piKaBe 3ad0apB-
nenns rpyHtiB II'E 2.3 1 npakTtuka OyAiBHUIITBA CYCIHIX CIIOPY/, A€ 3allPOEKTOBAHO JIPEHAXK,
SIKHI peKOMEHIYETHCS 1 Ha JOCTIKEHIN JUISHIIL.

[Tix gac 3abymoBu, acanbTyBaHHS AUISHKH CYTTEBO 3MEHIIHTHCS TPHPOJIHE BUIIAPOBY-
BaHHS, SIKe CKJIaIaeThes 0m3bko 520 MM. Uepes 1e 3pocTe BOJIOTICTS, IO MPU3BE/IE JIO ITiJIBH-
IICHHS PiBHS IPYHTOBHX BOJ, 3yMOBUTH 3MiHYy KOHCHCTEHIIIT INIMHUCTUX IPYHTIB, 3HU3UTH iX
MEXaHI4HI BIIACTHBOCTI, IOYHYTHCS MIPOCITHI MPOIIECH.

3a knacudikariero [3] BUKOHaHa OIIHKA KaTeropidl CKJIaJHOCTI 1HXEHEPHO-TeOJOrTUHUX
YMOB JUISHKH BUITYKYBaHb. 3TiJTHO 3 II€I0 OI[IHKOIO 32 TeOMOP(OJIOTIYHUMH O3HAKAMU JTiJIs-
HKa BijiHeceHa Jio | kareropii ckiaiHOCTi, 3a Teosioriunoro OynoBoro 1o 111 kareropii, 3a rigpo-
T'eOJIOTIYHIMHE YMOBaMH J10 | kaTeropii, 3a HassBHICTIO CydacHUX (i3HKO-T€OJIOTTYHHX MPOIIECiB
1o Il xateropii, 3a HasiBHICTIO crienugigHuX IpyHTIB 110 Il Kareropii.

3arajoMm JociipkeHa IIoina BiTHOCUTRCS 10 I kareropii 3a CKIIaHICTIO iH)KEHEPHO-TE0-
JIOT1YHUX YMOB.

BucHoBKH BignoBiTHO 10 cTaTTi. Pe3ynpTaTi BUKOHAHUX JOCHIKEHb CBIIUaTh MPO TE,
10 TOBINA PO3KPHUTUX IPYHTIB HEOJHOPIIHA B PO3pi3i Ta HA TIOIIIL.

1. I'pynTn IT'E -2,4-6 npocini npy J0JaTKOBMX HABAHTAXKEHHSX.

2. IpyHTOBI BOJIM, SIKi BCTAHOBJIEHI HA TIMOKMHI 3-3,5 M IpH PSCHUX OMajax i TaHEHH] CHIry
MOXKYTh ITHITHCS JI0 TIHOUHY 1,4 M.

3. JlinsiHKa miATOIUIIOBaHA, TOMY HOTPiOHO MependaunTH BOJOBIABEICHHS Ta T'1JIpOi30IIs-
1if0 GyHIAMEHTIB Ta MiBAIMH, PETYJIOBAHHS TOBEPXHEBOTO CTOKY.

4. Bona 10 Bcix Mapok O€TOHIB, IIEMEHTIB 1 apMaTypu 3a1i300eTOHHUX KOHCTPYKIIiil Hear-
pecHBHa.
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UDC 624.057(477.51)
Volodymyr lvanyshyn, Viktor Buhay, Mykola Korzachenko

FIELD-BASED ENGNEERNG GEOLOGCAL INVESTIGATION
FOR THE CONSTRUCTION OF TEN-STORY RESIDENTIAL BUILDINGS
ON NEZAVISIMOSTI STREET IN CHERNIHIV

Urgency of the research. The building construction should not begin without engineering geological investigation (research)
on the areas, allocated for the construction of buildings and structures. In this regard, such researches are always relevant.

Target setting. Almost the whole territory of Chernihiv and Chernihiv region is covered with the quaternary sediments,
which have different thicknesses and lithological composition, and it is considered a negative factor in the construction of
various construction projects. Because of that, each construction site (area) needs to study its geological and hydrogeological
conditions in details.

Actual scientific researches and issues analysis. Recent open access publications have been reviewed.

Uninvestigated parts of general matters defining. Picture of distribution, thickness and lithology of Quaternary sediments
is a general complex insufficiently solved problem for Chernihiv region.

The research objective. Study of the geological structure and the hydrogeological conditions in the area for the construc-
tion of three ten-story residential buildings on Nezalezhnosti Street in Chernihiv.

The statement of basic materials. According to the geomorphology, the studied area is located on the Chernihiv-Go-
rodnyansky Moraine-outwash plain coast near the water-divide part of the Stryzhen and the Belous rivers. According to tec-
tonic zoning, it belongs to the axial zone of the north-western part of the Dnieper-Donetsk depression. In the geological sec-
tions, based on the results of processing materials in drilling and cone penetrometer test, 11 engineering and geological
elements (EGE) were identified. The geologic cross-section up to a depth of 20 m is composed of modern technological, upper-
and middle-quaternary sediments. The hydrogeological conditions of the area are determined by the ground water of a non-
pressure type that is located at a depth of 3-3.5 m in general; moreover, the area belongs to Category Il in terms of the
complexity of engineering and geological conditions.

Conclusions. Based on the surveys performed, it was found that the soil thickness on the area is heterogeneous, that is
confirmed by the allocation of 11 engineering and geological elements in it. EGE 2,3-6 soils are subsidence under additional
loads. The ground water is non-aggressive to all grades of concrete, cement, and reinforced concrete structures.

Keywords: sediments; soils; horizons; engineering and geological elements; borehole; cone penetrometer test; ground water.
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Cepeiu Kpavox
MOHITOPHHI MICIIEBOCTI TA IEPEIIIKOJI Y PAMOHAX AEPOIIOPTY

AxkmyansHicmo memu 0ocnionceHua. Ha coo200mi 6 Yrpaini 6éedeno Hosi asiayiiini npaguia, siki cmocylomocs 06ciy-
208Y8aHHsL aeponagieayitinow ingopmayicio. Ilpasuna epaxogyrome 3axonodascmeo €eponeticokozo Coro3zy, dokymenmu €6-
poxoumponio, Cmanoapmu ICAO cmocono mounocmi, onpayoéanHs ma GUKOPUCMAHHSL AePOHABI2AYTIHUX OAHUX, CKAAD0-
BUMU SIKUX € OAHI NPO MICYe8icMb [ NepeuKoou 8 pailoHax aeponopmie.

Ilocmanoexka npoonemu. OOHum i3 YUHHUKIG, WO 6NIUBAIOMb HA De3NeKy NONbomie YueiibHOT agiayii, € 6PAaxy8aHHs ne-
PeuLKoo Ha mpacax neperbomia y euenaoi niosuuerv penvedy ma sucomnux o6 'exkmis. Illpo ye ceiouame asapii ma kamacm-
poghu nogimpanux cyoew, cnpudUHeri 3IMKHEHHAM 13 8UCOMHUMU NepeuKkooamy. Tomy HeoOXIOHO npoeOOUMU MOHIMOPUHE
HA3eMHO20 NPOCMOpPY 8 PALlOHAX aeponopny OJisl C6OECYACHO20 GUSGICHHS NEPeutko0 Ol AKMYyanizayii elekmpoHHoi 6asu da-
HUX W 000 MICYegocmi ma nepeukoo.

AHnaniz ocmaunix 00caioxncens i nyonikayii. bBynu posensHymi ocmanui nyonikayii y 6iOkpumomy 0ocmyni, siKi NpucesyeHi
ICHYIOUUM MemoOam 30UpaHHsl 2e0NPOCMOPOBUX OAHUX 1000 BUZHAUCHHSL PENIbEQY MICYe8OCHI Ma NePeuKo0 Y PAllOHAX aeponopnty.

Buoinenna nedocnioncenux yacmun 3az2anbHoi npoonemu. Ananiz HagedeHux dxcepesl 003805€ 3POOUMIU GUCHOBOK, O
€cmoco6Ho paiiony 1 aeponopmy, aKum € mepumopis 0epicasu, HaseoeHa cynepeynuea iHgopmayis ujo00 UKOPUCIAHHS MO20
YU iIHULO20 MemOOy USHAYEHHS PeNlbedy Micyegocmi ma nepeuikoo.

Mema cmammi. 1 051061010 Memoro cmammi € aHani3 Memooie MOHIMOPUHEY NPOCMOPO6OT IHPopmayii w000 micyeeocmi
ma nepeutko0 y pationi 1 aeponopniy 3 6UKOPUCMAHHSIM PAOiONOKAYITHUX CUCIMEM KOCMIYH020 6a3y6anHsl, Ki 6 3400801bHSIU
sumozu IKAO 6 yvomy paiioni 000 6e0eHHs eeKMpPOHHOL 6a3 OaHUX NPO Micyesicmb Ma NepeuKoou.

Buknao ocnognozo mamepiany. Haseoeno xinvkicri eumozu IKAO wooo danux npo micyesicmo ma nepeukoou 8 paioHi
1 aeponopmy. Pozensnymo noxubku pe3yiomamieé CynymauKo8020 paodiolokayiliHozo monocpagiunozo sHimanus (Shuttle
radar topographic mission (SRTM), sixe 0ozeonunu ompumamu yugposy modens penveqhy 3emui. [loxubku ons mepumopii
€epaszii — e 3naxooumoecs Ykpaina, ckradanu 8,8 m y nnani ma 6,2 no eucomi ma manu po30inbHy 30amHICHb Y 6ePMUKANbHIL
nrowuni 1 m, ay eopuzonmanehiil niowuri — 30 m. Memoo Permanent Scatterer SAR Interferometry PSInSAR) — inmepgepo-
Mempii cmiiikux 8i00U6ai6 i3 GUKOPUCMAHHAM PAOIOIOKAMOPIE i3 CUHME308AHOI0 ANepmypol0 KOCMIYHO20 6A3Y8aHHS 00360~
JISIE OMPUMAmMu MOYHICMb CMITIKUX GI0OUBAYIE (MPUPOOHUX MA MEXHO2EHHUX 00 '€KMi6) Yy 6ePMUKANbHIT NIOWUHT O1U3bKo 1 M
ma noxubka U3HaAYeHHs. GUCOM IHuwUx 00 '‘ekmie micyeeocmi cknaoae 14 m. Huni memoouxy PSInSAR 3acmocogyiomo 05
MOHIMOPUHEY OCIOAHHA 3eMHOI NOBEPXHI 6 Micmax, wo 003601A€ 6U3HAYAMU Oeh)opmayii 3eMHOI NOGepPXHI 3 MOUHICIIO 00
minimempie. Yepynyeanus cynymuuxie J[33: TerraSAR-X i TanDEM-X 3abe3neuuno enobanvhe nokpumms 3eMHOi HOGePXHI
yugpposoio modenio pervehy 3 mounicmio 3a eucomoro He menuie Hixc 2 m. Ilpocmopose po3spiznenns cmano6uno o6auzoro 1
M. YV 2020 poyi 6yno susedeno Ha HaBKONI03eMHY OpOINY CYNYMHUK I3 CUHME308AHOK ANepmypor padloIOKAYIHO20 3HIMAHHS
Capella-2. 1]eii ynixanonuii mikpo cynymuux mae macy 107 xz. Hozo snimanvna anapamypa mae Hapasi Hadeucoky npocmo-
posy po3dinvry 30amuicmo 50%50 cm.

Bucnoexu 6ionosiono 0o cmammi. Cyuacui Memoou cynymHuko6020 padioloKayitiHo20 3HIMAHHA 003601410Mb BU3HA-
YUmu NIAHo8e Ma 6UCOMHe NOLOJICeHHsL 00 'ekmie micyesocmi 6 pailoni aeponopmy 1 (mepumopis Oepacagu) 3 mounicmio ma
Pp030invHoto 30amuicmio, axa éionogioac eumozam IKAO uj000 6edenns enekmpoHHOL 6a3u OaHuX npPo micyesicmv ma nepeut-
koou. IIpononyemocs euxonyeamu neputy azy MOHIMoOpuH2y 006 €Kmie MiCyegocmi Ha MepuUmopii 0eprcasu 3a OONOMO20oK
CYRYMHUKO08020 PAOIOIOKAYINHO20 3HIMAHHS, A HA OPYeiil (ha3i MOHIMOPUHEY 3ANYYaAMU HA3EeMHE 00CMeNCeHHs — OJisl YMoy-
HeHHsL ampuOymueHol iHopmayii w000 06 €kmis, 8UAGIeHUX HA NepuLitl (hasi.

Knrwuoei cnosa: aeponopmu; eumozcu IKAO; micyegicmob, nepewxoou,; padionokayiii CynymHuKo6i Memoou 3HIMAaHHA.

Tabn.: 1. Puc.: 5. Bi6n.: 15.

AKTyaJbHicTh TeMH Jocaimxennsa. Huni B Ykpaini BBeleHO HOBI aBialliiiHi mpaBuia, sKi
CTOCYIOTBCSI OOCITYTOBYBaHHS aepoHaBirariitHoro ingopmariiero [1]. [IpaBuia BpaxoByrOTh 3a-
KOHO/aBcTB €Bporeiickkoro Coro3y, fokyMmenTu €Bpokontpoito, Crannaptu ICAO (Mixna-
pOJIHOT opraHi3aIii MUBUILHOT aBiallii) CTOCOBHO TOYHOCTI, IIITICHOCTI, OIIPAIFOBAaHHS Ta BUKO-
PHCTaHHS aepOHABIrallifHUX, CKJIQJIOBUMH SKHX € JIaHi CTOCOBHO MiCIEBOCTI Ta IEPELIKO]] y
paifoHax aepoIopTiB.

ITocTanoBka npo6aemu. OTHUM 13 YMHHUKIB O€3MEKU MOJIBOTIB IIUBLIBHOI aBiallii € Bpa-
XYBaHHS Ha Tpacax IepeTbOTiB ITiIBUIICHB Pelbedy Ta BHCOTHUX 00’ €KTiB. Tak, 9 rpyaust 2007
poky mo6nuzy aeporopty XKynsuu (Ykpaina) po3ouscs mitak Beechcraft King Air C90B. I1pu-
YHUHOO KaTacTpo(u CTaj0 3iTKHEHHS CIPABHOIO JIiTaKa 3 BUCOTHOO MEPEITKOI0I0, a B MOJ1a-
JBIIOMY — 13 3€MHOIO moBepxHeto. [lacaxxupu Ta ujeHn ekimaxy 3aruHynu [2]. 24 Gepe3Hst
2015 poxy mitak A320 aBiakommanii Germanwings, 110 JIeTiB MappyToM bapcenona — [Tro-
ccenpopd, 3a3HaB aBapii B paifoHi BKpaii Ba)KKOIOCTYITHOTO ripchkoro MacuBy Tpya-EBesiie
B Anbniax Bepxuaporo IIpoBancy (®paniis) [3].

© Kpsuok C. 1., 2020
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3 1 ciunsg 2020 poky B YkpaiHi HaOpaym YMHHOCTI HOBi OyxiBenbHI HOpMU [4]. Lleit HoOp-
MaTHBHHI TOKYMEHT 3aCTOCOBYIOTh JIJISI IPOEKTYBAHHS Ta OyIiIBHUIITBA BUCOTHHUX KHUTIOBUX
criopy BucoToro 10 100 M BKIIFOYHO Ta TpOMaChKUX OyiBeah BUCOTOIO 10 150 M BKIIIOYHO
Ta € J03BUILHUM HOPMATUBHUM JIOKYMEHTOM JIJISl BACOTHOTO Oy IiBHUIITBA.

VY Takux ymMOBax HEOOXiJTHO MPOBOAUTH MOHITOPUHT Ha3eMHOTO IPOCTOPY B paifoHax ae-
POTOPTY VISl CBOEYACHOTO BHUSIBIICHHS IEPEIIKO]I Ta aKTyai3allii eJIeKTPOHHOI 0a3u JJaHUX CTO-
COBHO MICIIEBOCTI Ta MEPEIIKO yV paioHax aeporopry [5].

AHaJti3 ocTaHHIX gocaikeHs i mydaikamiit. Y nokymenti [6] ICAO HaBegeno metoaun
BH3HAYCHHS pelibe()y MiCIIEBOCTI Ta IMEPEIIKol y ONFMKHIX paiioHax acpornopTy. Jlo HUX Haje-
’KaTh Ha3eMHI I'e0JIe3MYHI METOU: TPsIMi KYTOBI 3aCiUKH, IMPOKJIAJIaHHS TEOJOTITHUX XOIIB,
TPUKYTHHKIB TPiaHTYJISIIT — JIJTsl BA3HAYEHHS TUTAHOBOTO MTOJIOKEHHSI TIEPEIKO/T; TeOMETPHYHE
Ta TPUTOHOMETPUYHE HiBEIIOBAHHS — JUISI BU3HAYEHHS BUCOT TOYOK MICIIEBOCTI Ta MEPEIIKO/T.
3aCcTOCOBYETRCS TaKOXK HazeMHe (OTOrpaMMETpHUHE 3HIMaHHS Ta acpodoTro3HiMaHHs. Kpim
TOTO, T00YBaTH HEOOXiAHY 1H(POPMALIiI0O MOXKHA 3 ICHYIOUUX TOMOrpadidHuX KapT MiCIIEBOCTI
y macmrabax: 1:2500, 1:5000, 1:10000. Kaprorpadiunuii matepiaia HOBUHEH KOPUTYBATHUCH 1
NEePiOIMYHO OHOBJIOBATHUCH.

VY nocnimpkenHi [7] pekomeHnoBaHo BukoHyBaTH TexHojorito IFSAR (Interferometry
Syntheticaperture radar) pamionokaniiHux iHTepHEPOMETPUUYHUX CUCTEM 13 CHHTE30BAaHOIO
anepTyporO MOBITPSHOTO 0a3yBaHHS JUISI CTBOPEHHS ITU(GPOBOI MOJIENTI MICIIEBOCTI Ta Ha3eM-
HOTO 3HIMaHHS — TSl BUSIBJICHHS TIEPEIKO/T Y paiioHi 1 aepomnopTy, SIKUM € TEPUTOPIsI IePIKABH.
SIx HOCIT 3HIMAIBHOI anmaparypd BUKOPHUCTOBYIOTHCS JTiTaku abo rejikonTepu. CTOCOBHO 3a-
CTOCYBaHHS PaioJOKAIITHIX 3HIMATBHIX CHCTEM KOCMIYHOTO 0a3yBaHHS Ha 4ac MPOBEICHHS
JOCTiPKEHHS He OyJI0 BUSBJICHO JOCTOBIPHOI iH(pOpMaIlii y BIIKpUTHX JDKepenax [7].

VY pobori [8] neTanbHO BUKIAAEHO iH()OPMAIIiF0 CTOCOBHO BiIOMUX METOIB 30MpaHHS Te-
OIIPOCTOPOBUX JaHMX. Y paiioHi 1 AaHi Mpo MEepeInkoIy HaAI0ThCs MO0 MEPEIIKO/T 3aBBH-
miky O6inbine 100 M Hax moBepxHErO 3eMii [5; 9].

Bupinenns Hexoc/iKeHHX YaCTHH 3arajbHoOI NpodaeMH. AHaJI3 HaBeJEHUX JKepe
JI03BOJISIE 3pOOUTH BUCHOBOK, ITIO CTOCOBHO paiioHy 1 aeponopry, SIKUM € TepUTOPIs AepPiKaBH,
HaBeJICHO cylepewInBa iH(opMallis 100 BHKOPUCTAHHS TOTO UM 1HIIIOTO METO Ty BU3HAUCHHS
penbedy MICIIEBOCTI Ta IEPETKOI.

Merta cratTi. ['0JJOBHOIO METOFO CTATTi € aHaJIi3 METO/IiB MOHITOPHHTY IIPOCTOPORBOI iH(pO-
pMartii 1o 10 MiCIIeBOCTI Ta MEePEIIKO]T Y paiioHi 1 aeponopTy 3 BAKOPHCTAHHSIM PajIioJIOKaIiii-
HUX CUCTEM KOCMIYHOTO Oa3yBaHHS, sKi 0 3a10BobHsIH BuMorn IKAO B pationi 1 aeporopty.

Bukaa ocHoBHOro MmatepiaJjy. 3riHo 3 HopmMaTuBHUM JoKyMeHTOM IKAO [5] kinbkicHi
BUMOTH CTOCOBHO JaHUX PO MICIIEBICTh Ta MEPEIIKOIM B paiioHi 1 aepormopTy MaroTh Xapak-
TEPUCTHKH, HABEJICH]I B TaOJIUII.

Tabnuis
Kinvxicni umocu wjooo oanux npo micyegicms ma nepeuikoou 6 pauoHi 1
[HTeDBaN MiK TOCTAMMU TToxubka Po3niibHa 31aTHICTh IToxu6xka Jlosipua
p . . y BePTHUKAJbHil M10- | y BEpTUKAJIBHIM IUI0- | Y TOPU3OHTANIBHINA |, . P
(,Z[J'I}l JAaHUX Mpo MICHCBICTL) . . . HNMOBIPHICTb
HIH1 OINH1 TUTOIIUH1
3 ¢ myru (90 m) 30 m I ™M 50 M 90 %

Ipumimka. Tlepio OHOBIEHHS TAaHUX — 33 HEOOXiTHOCTI.

[Tig MicIIEBICTIO PO3YMIIOTH «IOBEPXHIO 3eMJIi 3 TaKUMHU MPUPOIHHMH CIIEMEHTAMH, SIK
ropH, ropOH, XpeOTH, TIOJUHHU, BOJU, BIYHUH JIiJI, CHIT, 32 BUKITFOUESHHSIM TIepETKo» [5].

[TepemkoamMu BBXKAIOThCS BCi HEPyXoMi (TTOCTiiHI a00 THMYACOBi) i pyXoMi 00’ €KTH abo
YacTHHA iX, III0: pO3TaIllOBaHi B 30Hi, sKa MMPU3HAYCHA JIUIS pyXY HMOBITPSHUX CYJCH 10 MTOBEP-
XHi; a00 MM THIMAIOTHCS HaJl BA3BHAYCHOIO ITOBEPXHEIO, 10 IPU3HAYCHA IS 3a0e3eueHHs 0e3-
MIEKH TOBITPSIHUX CYJICH B TOJIBOTI; 200 TIepeOyBarOTh 32 MEKaMH ITUX BU3HAYCHUX MTOBEPXOHb
1 PO3IIHIOIOTKCS, SIK TaKi, 0 HeOe3MmeyHi s MOBITpsAHOT HaBirarii [5; 9].
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Kopucryrournch JaHUMU TaOIHII 100 TOYHOCTI Ta PO3IIBHOI 3IaTHOCTI, MOYKHA BHKO-
HATH Ti101p METOiB 3HIMaHHS MICIICBOCTI Ta MEPEIIKO]T y paioHi 1 aeporopry.

Huni pasionokaniiiHi 3HIMaHHS BUKOHYIOTb 13 HOCIiB 3a JIOTIOMOTI'0I0 pa/iioJIOKAIiTHUX cUC-
TEM 13 CHHTE30BaHOI0 arepTyporo (Synthetic Aperture Radar) 3 BUKopuCTaHHSIM METOJTy iHTEp-
(dhepomeTpii, 1o J03BOJSE OTPUMATH J]aHi PO pelbed MIiCIIEBOCTI HA BETUKHUX TepuTopisx. [le-
peBaramMu paJTioJIOKAIifHOTO 3HIMAHHS € MOXKIIUBICTh OTPUMAaHHS 300pakeHb B YMOBAX, KOJIH
00’ €KTH 3aKpHUTI XMapaMu, TYMaHOM, TUMOBHAMHU 3aBiCaMH TOIIO Ta B OyIb-sIKHit yac 106w [8].

Tax, OyJi0o BUKOHAHE paJlioJIoOKaIliifHe Tormorpadidae 3HIMaHHS O1TBIIOT YaCTHHH TEPUTOPIT
3eMHOI KYJIi, 32 BUHATKOM CaMUX MIBHIYHUX, HAWOUIBIN MIBACHHUX IMHUPOT, a TAKOXK OKEaHiB

(puc. 1) [10].

ao BETAA COWERAGE A

-
el -]

Eal-1-] el =] B -1+] =] [=] Bl (1] B 18O Ao Rl -]
weofils aail B LONGITUGE waten| o)1 uE
Puc. 1. Cxema nokpumms s3nimannusm SRTM nosepxui 3emni (nosnavenns: Land 0-1-2-3-4;

Water 0-1-2-3-4 cnosiwaioms npo KilbKicmsb 3HIMAHb OLIAHOK 3¢ MHOI YU 60OHOT NOGEPXHI)

3uimanns TpuBaio 11 gaiB B motomy 2000 p. Ta 3acTocoByBajach creliajibHa pagapHa
CUCTeMa, sfKka Oa3yBayiach Ha KOcMidHOMY KopaOii Space Shuttle. J[Boma pamionokariiiHuMu
ceracopamu SIR-C(Space borne Imaging Radar) i X-SAR (Synthetic Aperture Radar) - pana-
pam¥ i3 CHHTE30BaHOO allepTYPOr0 KOCMIYHOTO 0a3yBaHHS, SIKi MPAITIOIOTH Y Jiala30Hax pa-
mioxBuib 15-7,5 eMm (C) ta 7,5-3,8 eMm (X) [10], Oyno 3i6pano monan 12 TepabaiiT JaHUX Mpo
penbed 3emiti. Micis mictaia Ha3By CYIMYTHHKOBOTO PaiojIOKaIliifHOro TonorpadiqHoro 3Hi-
manHs (Shuttle radar topographic mission (SRTM)) ¥V niacymky Oyma orpumana nudposa Mo-
neb peabedy 3emiai. TouHICTS i€l MOl KOJIMBAIach 3aJIe)KHO BiJI TepUTOpii 3HIMaHHS. Tak,
HaliMeHIIIa abCoIIOTHA TOXUOKA B TUIaHI CTaHOBWIIA 7,2 M — JIJIsl TePUTOPil ABCTpatii, a Mak-
cUMaJlbHa a0cojroTHA ToxuoOka 12,6 M — s tepuropii [liBHIYHOT AMepuku. MakcumalibHa
abcomoTHaA TOXMOKa 0 BUCOTI JopiBHIOBaNa 9 M juis tepurtopii [liBHiuHOT AMepuky, a MiHi-
MajbHa 5,6 M — st TepuTopii Adpuku. [ reputopii €Bpasii — e 3HaXOaUThCS YKpaiHa,
Taki MoXuOku cTaHOBWIM 8,8 M y miaHi Ta 6,2M 1Mo BUCOTI. Po3/iIbHA 3IaTHICTh Y BEPTUKAIIb-
Hil TUTOIIMHI CTaHOBHMIIA 1 M, a pO3/iIbHA 3/IaTHICTh Y TOPH3OHTAIBHIH muromuHi — 30 M [10].

PizHoBumoM pagionokaniitHoi iHTepdepomeTpii € MeTos1 inTephepomeTpii cTilikux BiaOH-
BauiB 3 BHUKOPHCTAHHSIM paJapiB 3 CHHTE30BAHOIO alepTypor KOCMIYHOTO Oa3yBaHHS
(Permanent Scatterer SAR Interferometry — PSInSAR). V nibomy MeToi Ik TOUKOBI CTilKi BijI-
6uBadi (pointwise permanent scatterers) BAKOPUCTOBYIOTHCS CIIOPY U, Oy IiBIIi, METAIIEB] TIpe-
JIMETH, ITJIOHW, aHTEHH, BIAKPHUTI TipChKi MOpoau (pHC. 2), sIKi MAIOTh BHCOKY BiIOMBHY 3/1aT-
HICTh JI0 pPaTiOXBWJIb 1 CIYI'YIOTh CTIMKMMH BiAOMBauaMHU padioIOKaI[ifHOTO CHUTHAIY
BIIPOJIOBXK CEAHCIB CIIOCTEPEIKEHB, SAKi IMePioIMIHO TOBTOPIOIOTHCS [11].
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Puc. 2. Bioobpadicenns npupoOHux i mexHoeenHUx NOCMItHUX 8i00usayie
y 8uena0i npAMOKYmMHUKIG 1 Ha padiolokayitinomy 3HIMKY

Y pe3ynbraTi BAKOPUCTOBYIOTH Oararo 300paxkeHb, MiHIMyM 20—25 3HIMKIB, IO OXOILIFO-
I0Th Ty CaMy TEPUTOPIIO, IO MMiABHUIIY€E TOUHICTh BU3HAYCHB. [[0XUOKHU B 300paskeHH1 00’ €KTIiB
MICIIEBOCTI 3a PaxyHOK Jii atMocdepu Ta opOiTaabHI TOXUOKH MpakTHIHO ycyHeHi [10]. Bka-
3aHUM METOJIOM JOCSTAETHCS TOUHICTh CTIMKMX B1I0MBaUiB y BEPTUKAIBHIN IUIOMKHI OJIM3BKO
1 M [11], a moxuOKka BU3HAYEHHS BUCOT IHIIUX 00’ €KTIB MICIIEBOCTI 3TiAHO 3 JOCTIHKCHHSIMU,
HaBeJIeHUMH Y Jikepedni [12], cranoButh 14 M. Huni metoauky PSInSAR 3actocoByroTs st
MOHITOPUHTY OCiJIJaHHsI 3eMHOI IOBEPXHI B MiCTaX, 110 I03BOJIsI€ BU3HAYaTH AedopMariii nose-
PXHi 3 TOYHICTIO JTo MisiMeTpiB [11,12].

Binome BUKOpHCTaHHS yrpyIlyBaHHs CYyIyTHUKIB AUCTaHIIHHOTO 30H1yBaHHs 3emii (/133)
(puc. 3).

Puc. 3. Vepynysanusa cynymnuxis /[33: TerraSAR-X i TanDEM-X

Taxk, cymicHe BuKOopucTaHHs cynyTHHKA TerraSAR-X 3 pagapaMu 31 CHHTE30BaHOIO arep-
Typoto, 3amnyiieHoro 15 yepsus 2007 poky, Ta cynytHuka TanDEM-X, 3amymenoro 21 yepBHst
2010 poxy, 703BOJISI€E BAKOHYBATH BUCOKOTOYHY IHTEPPEPOMETPIF0 CAHTUMETPOBOIO TOUHICTIO
— JUIsl BU3HAUEHHsI OC1J]aHb Ta PO3JIOMiB 3eMHOI OBEPXHi Ta 3a0€3MeUNUTH I7100aTbHEe TOKPUTTS
3€MHOI MMOBEPXHI BUCOKOTOYHOIO IMH(PPOBOIO MOJICILTIO pelibedy 3 TOUHICTIO 3a BUCOTOIO HE
meHine 2 M. [IpoctopoBe po3pizHeHHs cTaHOBHIIO Osin3bko 1 M [13; 14].
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¥ 2020 pori 6y10 BUBEJCHO Ha HABKOJIO3eMHY OpOITy CYIyTHUK i3 CHHTE30BAHOIO amllepTy-
poro pamiookartifinoro crocrepeskenns Capella-2 (puc. 4) [15].

Puc. 4. Cynymnux 3 cunme3sosanoio anepmypoio Capella-2 na nasxonosemuiii opoimi

[e#t yHikampHUH MiKpo cymyTHUK Mae Macy 107 kr. Kpim Toro, #ioro 3HiMaibHa araparypa
Mae HaJBHCOKY IMPOCTOPOBY po3AUIbHY 371aTHICTH 50x50 cMm. Ile mocsraeTbest eneKTpOHHUM
VIPaBIiHHSIM aHTEHOIO 3 METOIO 3aTPUMKH €KCITO3UITiT MicIieBoCTi J1o 60 cekyH 1, y TO# Jac K
norepe iHi Bepcii CymyTHUKIB MOTJIM MaTé €KCIIO3UIIIO TOTO JK CaMOro paifoHy MoBepxHi 3emi
Ha TPOTS31 KUTbKOX CEKYH/. 32 paxXyHOK TPHBAJIOl B Yaci BUTPUMKH ITiIBUIIYETHCS TOYHICTH
iHTeprperanii Ta aHamizy naHux. Takuil pekuM 3HIMaHHS HOCUTH Ha3BaHy «IIPOKEKTOP
(Spotlight). Cmyra npomnyckanHs 300pakeHHs 30itbimeHa 10 S00 MI ', y mopiBHSIHHI 3 aHAJIO-
ramu, siki MaroTh oomeskeHHs 1o 300 MI' [15].

Ha puc. 5 moka3ano po3rarryBanHs jtiTakiB B [{enTpi aBiamii Po3yena B Hero-Mekeciti, sike
oTpuMano Bij cymyTtHuka Capella-2. Bungno mitaku Ta iXHi TiHi, SKi pO3KpHUBaIOTh TaKi He3Ha-
YHi JIeTai, K po3Mipu KaOiHH eKilmaxy, IBUTYHH [15].

Puc. 5. Paoionokayiine 300padicenns Llenmpa asiayii Po3syena 6 Hvio-Mexciyi

3 HaBeJICHUX JDKEPEIT CTAE 3PO3YMIINAM, IO AKICTh TEXHOJIOT1] palioIOKAIIMHOTO 3HIMaHHS
HEBIIUHHO TIOKPAIIYETHCS B HATIPSMKY ITiIBUIIICHHST TOYHOCTI Ta PO3JIJIBHOT 3/ITaTHOCTI 300pa-
’KCHBb, SIKi BIJIMTOBITAIOTH HAapa3i TOYHOCTI Ta PO3UTBbHIN 3aTHOCTI, IKi BHCYBAIOTHCSI BAMOTaMH
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IKAO cTocoBHO BeieHHsI €IEKTPOHHOI 0a3u JaHUX MICIIEBOCTI Ta MEPEIIKo] B MeXax BCiel
nepkaBu — paitioHy 1 aepornopty. Taki 0cOOJMBOCTI paTioIOKAIfHOTO 3HIMAHHS, STK MOKJIH-
BiCTH OTpUMaHHS 300pakeHb B YMOBAX, KOJIM 00’ €KTH 3aKPHUTi XMapaMu, TYMaHOM, TUMOBUMU
3aBicaM¥ TOIINO B OyIb-SIKKH Yac JOOM pOoOISATh HOTO BaXKIMBUM iHCTPYMEHTOM MOHITOPUHTY
MICIIEBOCTI Ta MEPEITKOI.

Henomnikom pajioloKamiifHOTO 3HIMAHHS € 3aTiHEHHS 300paKeHb HUKYNAX CIIEMEHTIB Mic-
I[EBOCT1 BUIIUMHU.

KpiM Toro, /Ui BeJeHHS €IEKTPOHHOI 0a3M JIAHWX MICIIEBOCTI Ta MEPEITKO HEOOXiTHO
MaTH i aTpuOyTHBHY iH(popMaIlito mpo Hux [5]. YactuHy Takoi iHpopmarii MOXKHA OTpUMATH
TiTPKM Ha3eMHUMHE 00CTEKEHHSIMH.

Tomy IpomoHy€eTHCS pO3IUTUTH MOHITOPHHT paifoHy 1 aepormopTy Ha /1Bl CKJIQIOBI: IIEPBUHHUIA
Ta BTOpUHHUHA. [[epBUHHUI MOHITOPHHT BECTH 3 BUKOPHCTAHHSM CYITyTHHKOBHX PaioNIOKaIliii-
HUX METOJIIB, sIKi 32a0€3MeUyI0Th BiINOBIHY TOYHICTE 1 PO3ALIBHY 3/IAaTHICTh Ta JOTIOMAratoTh BU-
SIBUTH HeOe3MeUHi JUTSA aBiallifHOro pyxXy 00’€KTH MICIIEBOCTI Ta BTOPUHHHIA, 3 BUKOPUCTAHHIM
HA3eMHUX METO/IiB 00CTEKEHHS — JIJIsl YTOUHEHHS aTpUOYTHBHUX JAHUX TIPO I1i 00’ €KTH.

BucnoBku BignmoBimHo a0 crarrti. Cy4acHI METOJIU CYIMYTHHKOBOTO PaioJIOKAI[ifHOTO
3HIMaHHS JO3BOJISIOTH BU3HAYUTH IJIAHOBE Ta BUCOTHE MOJIOKEHHS 00’ €KTIB MICIIEBOCTI B paii-
OHi aeporropty 1 (TepHUTOpis JIep>KaBh) 3 TOYHICTIO Ta PO3IIILHOO 3JaTHICTIO, sIKa BIAIOBIIA€
BuMoram IKAO 11010 BesieHHS eeKTpOHHOT 0a3u JaHUX MPO MiCIIeBicTh Ta nepemmkou. [Ipo-
MTOHYETHCS BUKOHYBATH TEpIy a3y MOHITOPUHTY 00’ €KTiB MICIIEBOCTI Ha TEPHTOPIT JIep:KaBU
3a JOIOMOTOI0 CYITyTHUKOBOTO paJlioJIOKAIifHOTo 3HIMaHHS, a Ha ApYTii (a3l MOHITOpUHTY
3aTydaTd Ha3eMHe OOCTeXEeHHS — JIUIS YTOYHEHHS aTpuOyTHBHOI iH(opMaIii mo10 00’ €KTIB,
BUSIBJICHUX Ha TepIii ¢asi.
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UDC 528.4
Serhiy Kryachok
MONITORING TERRAIN AND OBSTACLES IN THE AIRPORT AREAS

The urgency of the research. At present, new aviation rules concerning the provision of air navigation information
have been introduced in Ukraine. The rules take into account the legislation of the European Union, Eurocontrol documents,
1CAO Standards on the accuracy, processing and use of aeronautical data, which include data on terrain and obstacles in
the areas of airports.

Target setting. One of the factors influencing the safety of civil aviation is the consideration of obstacles on the routes
in the form of elevations and high-altitude objects. This is evidenced by accidents and catastrophes of aircraft caused by col-
lisions with high-altitude obstacles. Therefore, it is necessary to monitor the ground space in the areas of an airport for the
timely detection of obstacles to the updating of the electronic database on terrain and obstacles.

Actual scientific researches and issues analysis. Recent open access publications on existing methods of collecting geo-
spatial data to determine terrain and obstacles in areas of the airport were reviewed.

Uninvestigated parts of general matters defining. The analysis of the given sources allows to draw a conclusion that
concerning area 1 of the airport which is the territory of the state, the contradictory information on use of this or that method
of definition of a relief of district and obstacles is resulted.

The research objective. The main purpose of the article is to analyze the methods of monitoring spatial information on
terrain and obstacles in area 1 of the airport using space-based radar systems that would meet the requirements of ICAO in
this area for the maintenance of electronic databases of terrain and obstacles.

The statement of basic materials. The quantitative requirements of ICAO for data on terrain and obstacles in area 1 of
the airport are given. The errors of the results of the satellite radar topographic survey (SRTM), which allowed to obtain a
digital model of the Earth's topography, were resolution in the vertical plane 1 m, and in the horizontal plane - 30 m. The
method of Permanent Scatterer SAR Interferometry PSInSAR - interferometry of stable reflectors using radars with synthe-
sized space-based aperture allows to obtain the accuracy of stable reflectors (natural and man-made objects) in the vertical
plane of about 1 m and the error in determining the heights of other objects is 14 m. Currently, the PSInSAR method is used
to monitor the subsidence of the earth's surface in cities, which allows to determine the deformation of the earth's surface to
the nearest millimeter. The grouping of remote sensing satellites TerraSAR-X and TanDEM-X provided global coverage of
the earth's surface with a digital terrain model with an accuracy of at least 2 m in height. The spatial resolution was about 1
m. In 2020, a satellite with a synthesized aperture of the Capella-2 radar survey was launched into Earth orbit. This unique
micro satellite weighs 107 kg. Its camera equipment currently has an ultra-high spatial resolution of 50 x 50 cm.

Conclusions. Modern methods of satellite radar can determine the planned and altitude position of objects in the area
of airport 1 (territory of the state) with accuracy and resolution that meets the requirements of ICAO for the maintenance of
an electronic database of terrain and obstacles. It is proposed to perform the first phase of monitoring objects in the country
with the help of satellite radar, and in the second phase of monitoring to involve a ground survey - to clarify the attributive
information about the objects detected in the first phase.

Keywords: airports, ICAO requirements, terrain, obstacles, radar satellite imaging methods.
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BITHOBJIEHHS AEPEB’SIHUX ITPUKPAC ®ACAIIB CTAPOBUHHUX
BYAUHKIB YEPHII'OBA

AKmyanvhicms memu 00cioncenna. 11iosuwenns npooyKmMueHoCmi i PiGHs A8MOMAMuU3ayii npoyecy 6UeOMmoeGIeHH s i
GIOHOGIEeHHS elleMenmie Oepes sHOI apXimeKknypu 3a 00NOMO20I0 CYUACHO20 NPOSPECUBHO20 0ONAOHAHHS € OOHUM 3 eghekmu-
GHUX ULTAXIG GIOPOOCEHHS ICMOPULHUX 06 '€KMi6 Oeped siHOT apXimeKnypu 6 CYyYacHUX YMOGaXx.

Ilocmanogka npoonemu. Heobxionicme izuunoeo 6i0H06IeHHsL 6eUKOT KIlbKOCMI elleMeHmi6 0epes sH020 PizbOieHHs.
Ha Gacadax icmopuuHux 06 '€xmie nompeobye 3ampam pecypcie Sk mamepianeHux, max i moocokux. Tomy pospobka eucoko-
MEXHONOSTUHUX CNOCO0IE BIOHOBICHHS Oepes SIH020 Pi3bOieHHs Ha IcmopuyHUX (hacadax 6ydieeiv, sKi 003601510Mb 30epecmu
yi pecypcu, € aKMyaroHUM 3A60AHHAM 3 NO2TISI0Y 300e3NeUeHHsl UCOKOT eqheKmUBHOCME NPoYecie MexaniuHoi 06pooKu upo6ie
i3 Oepesunu ma mamepianie Ha ii OCHOGI.

AHnaniz oocnioxcensv i nyonikayii. /lepes sni pizoOienns Ha ¢pacadax 6yOuHKie paniuie 8u0moGIsIUCy GPYYUHY MAUCH-
pom. Binvwicmo icHyrouol nimepamypu i 3a3HayeHi 6 Hill peKoMeHOayil HaneHcams 00 pYUHUX Memo0i6 6U20MOBNIeHHSL 0eKOpY
¢hacaois, ane 36adicarouu Ha 6enUKY KilbKICHb NOGMOPIOBAHUX eNleMeHMIE, 6OHU € HeNPOOYKMUGHUMI.

Buoinenna nedocniodycenux wacmun 3a2anvHoi npoonemu. Huni € 3Hayna Kinvkicme npuxiadie i npono3uyiti 6i0H06-
JIeHHsL ye2NAHUX pacadie icmopuunux 6yodieens. Poboma 3 depeg ssnumu gpacadamu 030001eHumu pizoOieHHIM MA€E C80i 0COD-
JUBOCI, SIKI GUCGIMIECHI HE NOBHOIO MIPOIO [ NOMPedyIomb HAOAHHS NPAKMUYHUX PEKOMEHOAYIH 3 YPAXYEAHHM MEXHIUHUX
MOJCTUBOCTEN CYHACHO20 0ONAOHAHHSL.

Memoro cmammi € ananiz 0coOIUE0CMETl BUKOPUCAHHS CYYACHO20 MEXHON02IUHO20 0ONAOHAHHS ONisl BUSOMOGIECHHSL |
GIOHOGNIEHH S efleMenmia 0epes sIHOT apXimeKmypu.

Buknao ocnoenozo mamepiany. PozensiHymo mexHono2ito ueomosients 0epes iHux elemMenmie 0ekopy gacaodieé 6you-
HKi6 3a 00NOMO2010 CYYACHUX CUCMEM A8MOoMamu306ano20 npoekmysauus i eepcmamie 3 YIIK. Ipoananizoeano eéniue na
xapaxkmep 06pobKu 06pobI0eaHUX Mamepianie, GUOY IHCMPYMEHNY | PeXlCUMié 0OPOOKU.

Bucnoexu 6ionogiono 0o cmammi. YV mescax yuacmi y Hekomepyitinomy npoexmi «/lepes’ane mepexcueo Heprizoea»
oyno enepute euxopucmaro eepcmamu 3 YIIK i cyvacwi cucmemu agmomamus08aHo20 npoEKNY8anHs Ons 6I0HOBIEHHs Oe-
peg anoi apximexmypu Yepuiciewunu. Ilpoananizoeano éniue na xapaxkmep obpobku 06poOR0EaHUX MAMeEPIanis, 6udy iH-
cmpymenmy i pesicumie oopooxu.

Knrwuoei cnosa: sepcmam 3 HIIK; pizbOnenns,; depes’sne 00mMoOyoysanus, 0epesoodpodKa; 0epes sHe Mepericuso.

Puc.: 4. Taébn.: 1. Bién.: 10.

AKTyaJbHiCTh TeMH J0CTiKeHHsI. BiTHOBIIEHHS J1epeB’ THUX eJIeMeHTiB (pacaiiB cTapo-
BHHHUX OYJIWHKIB — CKJIQJIHAN TEXHOJIOTTYHUHN TPOIIeC, IKUH BKIIFOYAE CTaJIii €CKi3HOTO TPOo€E-
KTy, HiATOTOBKK BHUPOOHHUIITBA, 0OpOoOKM AepeBHHHU, (iHiIIHI omeparlii, ¢papOyBaHHs, CKia-
JAHHS 1 MOHTaX KOHCTPYKIIiH. [TiIBUIIEHHS MPOyKTUBHOCTI W PiBHS aBTOMATH3AIIi1l TIPOIIeCy
BUTOTOBJICHHSI Ta BITHOBJICHHS €JIEMEHTIB JIEpeB’IHOT apXiTeKTypH 3a JOIOMOT'0I0 CYy4acHOTO
MPOTPECUBHOTO OO0JaHAHHS € OJHUM 3 e(EKTUBHHUX IUISAXIB BIJIPOJUKCHHS 1CTOPHYHHUX
00’€KTiB JIepeB’ sIHOT apXITEeKTypu B Cy4aCHUX YMOBaX.

ITocranoBka nmpo6aemu. YepHITIBIIMHA € OJHUAM 3 HAHOUIBIN iICTOPUYHUX 1 MaIbOBHH-
yuX KyTOouKiB YKpainu. OJiHa 3 MpUKpac HAIIOTO PETiOHY — Iie IepeB’ siHa apXiTeKTypa MpH-
KpalneHa pi3b0JICHHSM 1 iepeB’ SsHUM MepekuBoM. KojkeH Takuit Oy TMHOK Ma€e CBOIO iCTOPIIO
1 3HAYeHHsI B XKHUTTI MiCTa, ajie IepeBO € MPUPOIHUM OyiBETbHUM MaTepialoM 1 HaXKaib 3
JacoM, ITiJ1 JIi€r0 pi3HUX (PaKkTopiB, BTpadae GopMy, KOIip, CTPYKTYpY 1 pyHHYeThCs. B MicTi
Jlie BOJIOHTepChKa iHimiatuBa «JlepeB'sHe MepexuBo UepHiroBa», sika € HEKOMEPHIiHHUM
MPOEKTOM, IO TOKJIMKAHAN 30eperTu JAepeB’ ssHy apXiTeKTypy UepHITiBIIMHH Ta BiIpOIUTH
1r060B Ta moBary moaeit 1o Hei [1]. Jlo mouarky cmiBnpari «/lepeB’ssHoro MepexxuBa» 3 Ka-
(deporo TEXHOJOTIH MammWHOOYyBaHHS Ta JepeBooOpodkn HY «YUepHiriBchbka MomTex-
HiKa» BOJIOHTEPHU BHUPI3alld €JIEMEHTH JIepeB’ THOTO 037100JIeHHs Oy IMHKIB BpyuHYy. I{e xoua i
BI/IMOBITa€ TPAAUIIIsIM JIePEB’ THOTO Pi3bOJIEHHS, alle € Iy)Ke CKJIAHUM 1 TPYJAOMICTKUM MPO-
IIeCoM, a 3BaYKalOUu Ha YUCEIBHICTh i TEOMETPUIHY CKJIAQIHICTh €JIEeMEHTIB, SIKi MOTpeOyBaIn
3aMiHU, TaKWH TiX1/1 3HAYHO 3MEHIITYBaB KiJTbKICTh 00’ €KTIB, IKi MOTJIA OyTH BiIHOBIICHUMU.
3 MeTOI0 3MEHINEHHS KUIBKOCTI PyYHOT Ipalli i i ABUIICHHS MPOYKTHBHOCTI 00pOOKH BUHU-
KJIa i71est BUKOPUCTAHHS CyYaCHUX TEXHOJIOTiH, 30kpema ¢pesepHoro Bepctata 3 UIIK, mis
BITHOBJICHHS iCTOPHYHHX T1aM’ TOK.

© boiiko C. B., IBamienko C. K., €pomenko A. M., 2020
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AHaJi3 ocTaHHIX JocTiKeHb i my0Jikaniii. Huni Mano XTo 3 0cOOIMBOIO peTEeNbHICTIO
BUOMpAE €IEMEHTH JEKOPY Ta Bi3epPYHKH, SIKUMHU MPHKpAIIAOThCs (acaay OyIWHKIB, 3aMUC-
JFOIOYHCH TIPO iXHE Mpu3HaveHHs. OHAK paHilre KOXKEH eJIeMEHT Bi3epyHKa MaB CBOE CMHC-
JIOBE HaBaHTKEHHS 1 CIYKHUB IS 3aXUCTy OyIuHKY. ChOTO/HI, Ha IOTIOMOTY MaicTpam Jie-
JaJIi YacTille TMPUXOJIATh CydacHI TEXHOJIOTIi i MOMIIMBOCTI IMPOMHCIOBOTO BHPOOHHMIITBA,
JIO3BOJISIFOUM OTPUMYBATH IIe/IeBpU U yHIKaJIbHI 3a Kpacoro ¢acaau i OyzoBu. Sk 1 paHimie
JIepeB’sTHI €IIEMEHTH JICKOPY 3’ SIBISIIOTHCS Ha (hacaaax K pe3ysIbTaT KOMITKOI mparl TalaHOBH-
Toro Maiicrpa. YacTo aibTepHAaTHBOIO € BUKOPHCTaHHS TOTOBHX JEKOPATHBHUX €JIEMEHTIB,
OTPUMAaHUX IIPOMHUCIIOBUM CIIOCOO0OM. BHCOKOTOUHE cydyacHe 00IaHaHHS T03BOJISIE OTPUMY-
BaTH YHiKaJbHI BHpoOH. [IpH boMy MOXHA OTPUMYBATH BHPOOHU TOPIBHSIHO MaJloi TOBIIWHH,
SIKi CKJIQIHO OTPHMATH BPYYHY Yepe3 MPUPOIHY KPUXKICTh IEPEBUHH. BibIIiCTh HAsIBHOT JIi-
TepaTypH i 3a3Ha4eHi B Hill peKOMEH/Iallii HaJIe)KaTh 10 PyYHHX METOJIiB BUTOTOBJICHHS IEKOPY
(acaziB, ae BpaXOBYIOUH BEJIUKY KiJIbKICTh TOBTOPIOBAHUX €IIEMEHTIB, BOHH € HE MPOIYKTH-
BHI [2; 3; 4]. Kadenpa TexHosoriii MammHOOYyBaHHS Ta JiepeBooOpooku HY «YepHiriBchka
MOJTITEXHIKa» Mae JIOCBi 00’ eMHOTO (ppe3epyBaHHS BHPOOIB CKIIATHOT (hOPMH, 30KpeMa BHPO-
OHmITBa MeOIeBUX (acaiB 3a JomomMororo cydacaux CAM-cucteM Ha Beperati 3 UITK [11].
[omyk mxeper 1 iCHyIOUMX TEXHOJIOTIH BKa3ye Ha BIJCYTHICTb JIOCTaTHBOI KUTBKOCTI iH(pOp-
Marrii i peKoMeHaIii o0 BUKOPUCTAHHS Cy4acHOTO JIepeBOOOPOOHOTO 00JIaTHAHHS 3 Me-
TOIO BiJTHOBIICHHS Pi3bOJICHHS 1 MepeXKHBa JIepeB’ sTHUX (acadiB OyaiBelb.

BuisieHHs He0CTiIPKEHNX YACTHH 3arajibHoI npoodaemvu. HuHi € 3HaYHA KITBKICTh TPH-
KJIQJIB 1 TIPOTO3HINA BiIHOBJICHHS HEMVITHUX (acajliB icTopudHUX OyiaiBeias. PoGora 3 je-
peB’ssHUMH (acagamMu 037400JIEHUMH Pi3bOJICHHSIM Ma€e CBOi OCOOJMBOCTI, sIKi BUCBITJICH] HE
MOBHOIO MipOI0 1 MOTPeOYIOTh HaJ[aHHS PAaKTUYHIX PEKOMEH/ Al 3 ypaxyBaHHIM TEXHIYHUX
MOYKIIUBOCTEW CYy4acHOTO 00JIaJHaHHS.

MeTor cTaTTi € aHalTi3 0COOIUBOCTEI BUKOPUCTAHHS CY9aCHOTO TEXHOJIOTIYHOTO 001 -
HaHHS JUTSI BATOTOBIICHHS 1 BiJJTHOBJICHHS €JIEMEHTIB JIepeB’ THOT apXiTeKTypH.

Bukiiax ocHoBHOro marepiamy. Y CTarTi ITiJie MOBa MPO TEXHOJIOTIIO BiJIHOBJICHHS Jie-
PEB’SIHOTO MepeKHBa Ha CTAPOBHHHUX OyJMHKAX MicTa UepHirora 3a JOMOMOTOK CY4acHOTO
nepeBooOpobHoro obnaaHanus. Kadeapa texHonoriit MmammHoOy 1yBaHHs Ta J1epeBOOOpOOKH
HAaIllOHAJIBLHOTO YHIBEpCUTETY «YepHIriBchKa MOMITEXHIKa) cTajla yYaCHUKOM HEKOMEPIIHOTo
poekTy «Jlepes’ssHe MepesknBo UepHirora». HUHI BUTOTOBIICHO €JIEMEHTH JIEKOPY JUTS (acasiiB
TPHOX ICTOPHYHHUX 00’ €KTIB, PO TEXHOJIOTIFO BUTOTOBJICHHS SIKUX 1 11 0COOJIMBOCTI T1ijIe MOBA.

Hait6inbm mommpeHi nepeB’siHi €1eMeHTH, [0 3yCcTpidaroThes Ha dacanax [S], y BiIHOB-
JICHH] SIKAUX HaM JIOBEJIOCh OpaTu y4acThb, I1e:

- Ri030p — OCHOBHHI JIEKOPAaTUBHUI €JIEMEHT, YacTO 3aJa€ TOH BCili KOMMIO3UIIi. 3a BH-
3HAUEHHSM, ITiI30paMH Ha3WBAIOTHCS IMUPOKI KAPHU3H, IO CTBOPIOIOTH Bi3yallbHE PO3MEXKY-
BaHHS MiX OCHOBHOIO YaCTHHOIO 1 ropuireM. Lle mekoparuBHa pizpOiieHa 00IsIMiBKA KapHH3IB,
JIAIITBA 1 T. iH.;

- PYWIHUK — KOPOTKa JIOIKA, MPUKpaIleHa Pi3bOJICHHSM, 10 3aKPUBAE MICIE CTHKY ITi-
n3opy. [IpukparmaBes eneMeHT 3a3BHYaii COHIYHIUMU CUMBOJIaMU. 3a3BHYaii Ha JTUILOBIN Yac-
THHI OY/IMHKY PO3TaIIOBYBAJMCS TPU PYIIHHUKH. [e CHMBOITI3yBaIo pyX COHIIS MO HEOOCXIITY
— CX11, 3€HiT, 3axXiz;

- CAHOpuK — Te OJIMH BapiaHT BIKOHHOTO JIEKOPY, 1€ HEBEJIMKHHA JEKOPATUBHUHA KapHU3,
BiH TaKk caMO MO BCTAHOBIIFOBATHCS i HaJl IBEpUMa, 30KpeMa i y IpUMIIIEeHH], 4acTo Ma€e
TPUKYTHY ab0 cepuuny Gpopmy;

- ninacmpa — IacKuil BEPTUKAIBHUM, IPSIMOKYTHHH Y IUTaHI BUCTYH, HA TOBEPXHI CTiHU,
MOJKEe MaTH K KOHCTPYKTHBHY, TaK i JIeKOpaTUBHY (QYHKIIii, Half9acTime mijsIcTPH BUKOPHUC-
TOBYIOTb SIK JIEKOD JUTSI 03/T00JICHHS 1 pUTMIYHOTO WICHYBAaHHS IIOPOKHBOTO TIa CTiHH, (acay,
JI3BIHUI TOLIO.
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[lepie 3 4oro mo4YMHAETHCS MPOIEC BITHOBJIECHHS — IIe CTajis €CKi3HOro mpoekTy. Ocki-
JBKY JiepeB’siHI eJIeMeHTH (acajly IIaHyeThCs BUTOTOBIISATH 3a JloniomMororo Beperata 3 UIIK,
TO PE3yJIbTaTOM IIHOTO €Taly Mae OyTH BEKTOp, IO CTaHe OCHOBOKO JUIS ITiITOTOBKH KOJIY
VIpaBIsItoUoi mporpamu. IcHye Oe3Jrid JpKepes Jie MOKHA 3HAHWTH TOTOBI BEKTOPHI MaJTFOHKH
MepeXHBa JUISI 3aBaHTAKEHHSI 1 CTIOCOOM CTBOPEHHSI IMTA0IOHIB JIUIsl IEPEHECEHHS X Ha 3aroTo-
BKY B pa3i pyyHOT0 BUTOTOBIIEHHS jeTaieil [5; 6]. Ayne B HaloMy BUOAAKYy WTUMETHCS MPO
KOHKPETHUI MaJTIOHOK MEpeXXHBa 1 Ipo 3a/1auy Horo BiHOBIEHHS (puc. 1).

Jlyis cTBOpEHHST HEOOX1JHOTO BEKTOPY 3 BUKOPHUCTAHHSIM CyYaCHHX CHCTEM aBTOMATU30Ba-
Horo npoektyBanHs (CAIIP) moctatHbo ¢oTorpadii MOmMKOHKEHOTO eIeMEHTY i radapuTHHX
PO3MipiB, SIKi TO3BOJIAIOTH BCTAHOBUTH BiIOBITHUI MacmiTad o0’ ekTy [7; 8]. BekTop Oyaemo
CTBOpIOBATH 3a jonomoroio cucteMu ArtCAM, sika Mae HeoOXiTHUM HaOip IHCTPYMEHTIB IS
BiJITBOPEHHS BTPaYeHO1 YaCTMHU OpHaMeHTY (puc. 1).

ARG ~
e e s e AP A O]

Puc. 1. [lowxooocenuti enemenm i 6i0meopeHuti 6eKmMopHULl MAallOHOK
30 00NOMO2010 THCMPYMEHmi6 cumempii

IcHye KimbKa crioco0iB CTBOPEHHSI BEKTOPY:

- TepIwid, HAUIMBUAMUHN, 1€ (YHKI[iS aBTOMAaTHYHOTO (OPMYBAHHS BEKTOPY Ha OCHOBI
pPacTpoOBOro MAIIIOHKY 3 BUKOPUCTAHHSM OCHOBHOTO KOJILOPY, aJI€ BPaXOBYIOUH MOIIKOKEHHS
1 BIICYTHICTh YaCTUHU OPHAMEHTY IIe# crocid He € eeKTUBHUM Yy I[LOMY BUIIAJIKY;

- JIpyTHii, HAHECEHHS KPUBUX HA MEKi OpHAMEHTY 1 KOTIFOBaHHS 3a JJOTIOMOTOIO IHCTPYMEHTIB
CHMeTpil JUTS BIATBOPEHHS TIOIIKOKeHOT yacTHHU. Leit croci y 1iboMy BUTIAIKY JO3BOJISE BiT-
BOPHUTH BTpPayCHi eJIEMEHTH, BAKOPHCTOBYIOUN CHMETPHUHI €JIEMEHTH, 1110 30epermcs (puc. 2).

CTBOpeHMi BEKTOp Mae OyTH 3aMKHEHHI, HE MaTH PO3PHBIB, IO € 00OB’SI3KOBOIO YMOBOIO
HOT0 TOAAJTBIIIOTO BUKOPHUCTAHHS JIJISI ITiITOTOBKY YIIPaBJISTIOY0l IiporpaMu Jiist Beperara 3 UITK.

B npoekrax, 1o mpeacTaBlieHi B CTaTTi, BEKTOPU OyJIM CTBOPEHI OUiLIBHUKOM HPOEKTY «/le-
peB’siHe MepexkuBo UepHirora» CraHiciaBoM [BalilieHKOM Ha OCHOBI OOMipIOBaHHSI €JIEMEHTIB
(acanis, sKi MOTpedyBaIH 3aMiHU.

Hactymuuit etam — 11e miroToBKa BUPOOHUIITBA, KU BKIIFOYa€ BHOiIp MaTepialy 3aroro-
BKH, BUPOOHUIITBO 3arOTOBOK HEOOXIJTHMX pO3MipiB, MporpaMyBaHHsl 0OpoOKH Ha BepcTaTi 3
YIIK. ¥ 6inbmmocTi peKOMeHaIii CTOCOBHO BUOOPY Marepialy JJisi BAPOOHHIITBA €JIEMEHTIB
(dacany OyaiBensb HAEThCS PO XBOWHI MOPOJIA (SIK OLTBIN CTiHKi O aTMOC(EpHUX BIUIHMBIB, 3a
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paxyHOK HasBHOCTI cMouH) [S; 9]. Jlo IHITUX BEMOT CJIiJl TAKOXK BiTHECTH BIJICYTHICTH Jte(hek-
TiB, IO YCKJIQIHIOIOTH POOOTY a0 ICYIOTh BHPIO; HA/UTUIIKOBY BOJIOTY, iHAKINE MPHU BHCH-
XaHHI JepeBUHA KOJIOOUTHCS 1 TPICKAE€ThCs. AJie B HAIIIOMY BHITQJKY HAEThCS PO aBTOMATH-
3alil0 BUPOOHHITBA i 0OpOoOKY 3a JOMOMOroro (pe3, yacToTa O0OEpTaHHS SKHX CSraTUMe
15000-18000 xB™! i HastBHICTH cMOJIM XBOMHMX HOPiJ cTana GaKTOpoM, IO YCKIAHIOE TIPOIIEC
00pobxu. OOpobka 3aiiicHIoeThCs Ha BeperaTi 3 UIIK 1 Tomy BucOKa TBEpIiCTh AepeBUHH (Y0,
rpad, siceH 1 T. iH.) — 11e Oinblie nepepara, HiXK HEJOIK. A MiIBUIIIUTH CTIHKICTh JI0 aTMOcde-
PHUX 1 010JIOTIYHUX BILIMBIB MOXKHA 32 JIOTIOMOT OO 3aco0iB ¢iHimmHoi 00pooku. [lopoau nepe-
BHUHU TaKOX Pi3HATHCS 32 MEXaHIYHUMH Ta TEXHOJOTTYHUMHE BIACTHBOCTSIMH. OJTHIEIO 3 TOJIO-
BHHX BJIACTHBOCTEH JIEPEBUHH € ii MIITHICTh. TeXHOJIOTIUHI if MeXaHI9HI BJIaCTUBOCTI JCPEBUHU
TaKOX MOB's13aH1 Mixk co0oro [9]. ITix yac BUpOOHUIITBA €JIEMEHTIB Pi3bOJICHHS TS acaiiB MU
BHKOPHUCTOBYBAJIM Pi3HI MOPOAM JIepeBHHH (pHC. 2).

Puc. 2. Buecomoseneni enemenmu 0eped siH020 Mepercusa:

a — enemenmu niozopy, mamepian 0yo (m. Yepnieis, eyn. 3enena, 6yo. 15); 6 — enemenmu ninsicmp,
mamepian 0y6 (m. Yepnicis, yn. 3enena, 6y0. 15); 6 — canopuk, mamepian 0y6 (m. Yepmicis,
eyn Ycnencoka, 6y0. 34); 2 — enemenmu niozopy, mamepian cocua (m. Yepnizie, 6yn. ¥Ycnencoka,
0y0. 34); 0, e — enemenmu pywiruxa, mamepian cocra (c. Cmapuii binoye, Yepniziecoxuti pation)
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Puc. 2, apxyw 2

OOpoOka JepeB’sTHMX €JIeMEHTIB BijOyBaack Ha (pesepHoMy Bepcrati 3 UIIK Vector
1210F, sxum obnannana nmaboparopist kadeapu. Bepcrat mo3Bomsie BukonyBatu 3D dpesepy-
BaHHS, TpaBilOBaHHS, 00pOOKY MO KOHTYPY.

AHanizyout npoiec MexanigyHoi 00poOku 3a fornomororo Beperaty 3 UIIK moxxHa 3poOuth
BHCHOBKH, ITI0 COCHA JIOCHUTh CMOJIHCTA, JIOOpe 0OpOOIIIETHCS pi3alIbHAM THCTPYMEHTOM TIPH
HEBHCOKIH Bostorocti. CocHA € JOCTYITHUM 1 JIOCHTD MTOIIAPSHUM BHJIOM JCPEBUHU, 3 SIKOI BH-
TOTOBJISIFOTH MeOJTi, aJle BHACIIJOK MEXaHIYHUX YITKO)KEHb, Ha IIOBEPXHI MOXYTh YTBOPHTHCS
BM’SITHHH, OCKIJIbKM BOHA HAJICXKHUTH JIO M’ SIKUX TIOpija. HassBHICTH BUCOKOTO BMICTY CMOJIU BH-
KIIUKAE HAJWITAHHS Ha Pi3aJIbHUX KPOMKaX IHCTPYMEHTY i 3a0UBaHHS CTPYIKKO-BiJIBITHUX Ka-
HABOK CMOJIOIO, SIK pe3yJIbTaT IiJl 4ac 0OpOOKH BiTUyBaeThesl MiJIBUIIEHA BiOpallis B 30Hi pi-
3aHHSI, TTOSIBA CKOJIIB 1 301IBIIIEHHS IMIOPCTKOCTI 00POOICHOT TOBEPXHI.

J1y0, Ha BiIMiHY BiJl COCHH, HaJ[3BHYAHO MiIHa 1 TBEp/Ia IMOpoja, TOMY ITiJ1 9ac Horo 00-
pOOKHM pi3abHUM IHCTPYMEHT IIBU/IIIE BTPAYa€ CTIUKICTP 1 BITOYBAETHCS 3HOITYBAHHS Pi3ajib-
HUX KPOMOK, III0 CYITPOBOIKYEThCS TOSIBOIO IIIyMY i BiOpaitii. ToBIIHA 3aroTOBOK KOJIUBAJIACh
BiJ 25 10 35 MM 3aI€KHO BiJI BUy €JIEMEHTA, III0 BUTOTOBIISIETHCS.

He MeHIIT BayK)TMBHM ITOKAa3HHKOM BHKOPUCTOBYBAHOI JIJIS pi3bOJICHHS JIEPEBUHH € 1i BOJIO-
ricte. BoHa He moBuHHa niepeBuIyBaTH 12 %. ToMy JUIsl BATOTOBJICHHS JIepeB’ STHOTO (acaj-
HOTO JICKOpY IMOTPiOHO OOMpPATH HE BOJIOTI 3aTOTOBKH, a Ti, IO MPOUIILIIA €TaIl MPHPOJIHOI Cy-
KA. AJIbTEPHATUBHUIN BapiaHT — MpUI0ATH MHJIOMaTepianl KaMepHOT (aBTOKJIABHOT) CYIIIKH.
OCKIIbKM B TaKOMY JIEPEBi BOJIOTH Mail)ke HEe 3aJIUIINAE€ThCs, BOHO HE TPICKAEThCS, HE KOJO-
OUTHCS, TAKOXK HE OOITHCS MOJANIBIIIOT0 3BOJIOMKCHHS.
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JI)1st BATOTORJICHHS JIEPEB’ SIHUX €JIEMEHTIB (pacary BUKOPHCTOBYBAIACh KiHIIEBA CITipaibHa
(dpe3a 3 BUKAJIOM CTPYKKH Bropy, JiaMeTp ¢ppe3n 96 MM, KITbKICTh pi3aIbHUX KPOMOK Z = 2.
Jliist 0OpoOKH O1MIBIIT TOCTPUX KYTIB, K1 3aIMINATUCH Ticiis Gpe3u 06 MM, OyJI0 BUKOPHCTAHO
TaKO’K KIHIEBY CHipalbHy (pe3y 3 BiABEJICHHSIM CTPY>KKU Bropy, Jliamerp ¢ppesu 03 MM, Kilb-
KIiCTh pi3aJIbHUX KPOMOK Z = 2.

[lizroroBKa ynpaBisilouuX Mporpam s 0OpoOKH HEOOXITHHX €JIEMEHTIB Ha BepcTaTi 3
UIIK BukOHYBaJIach 3a JOMOMOTOI0 IporpamHoro 3adesmnedeHds ArtCAM. TpaekTopito 0Opo-
Oxu (puc. 3) YMOBHO MO>KHA ITOJILTUTH HA JIB1 YACTHHMU: TIepIlia — 30Ha KOHTYPHOT 00poOKH, siKa
BH3HAYA€E MEXI JIeTalli; Ipyra — 30Ha BHYTPIITHKOI 0OPOOKH, YaCTHHA MaTepiary o Mpru3Ha-
YeHa /ISl BUJIaJICHHSI.

Tlepemuuxu

N
I

>,
AN

a

Bona konmypmnoi 06pobku

Puc. 3. I[liocomoska ynpasnsaouux npoepam.
a — 6eKmop oepes sIH020 ejleMeHmy; 6 — mpacKkmopis nepemiuyeHHs iHCmpymeHmy
(Cuniil — W8UOKI nepemiwyeHns, Yep8oHull — poooui xoou)

3ajexHo BiJl BUJY 30HU OOMPAEThCS HAJIe)KHA CTPATETis 1 peXKUMU MeXaHIuHOI 0OpOOKH.
Jliist 3amo0iraHHs IMOMIKOKEHB 00pOOIFOBAHOTO €JIEMEHTY ITiJT 9aC OCTAaHHBOTO MPOXOTY, 110
30BHIIIHBOMY KOHTYPY IependayeHi creniajibHi NepeMHUKH, sIKi yTPUMYIOTh JIeTallb IiJ] Jac
BUX011y ppe3n. KiIbKICTh 1 po3MipH MepeMUIOK 3aJIe)KaTh BiJl pO3MIpIB elleMeHTa i MaTepiary
3aroToBKH. J[71s1 00poOKM BHYTPIIIHBOT 30HH OyJla BUKOpHCTaHa cTparerist «2D Bubipkay, a s
KOHTYpHOI 00po0OKH — cTpateris «O0poOka mo mpoditro» (puc. 4).

BpaxoBytoun TOBIIMHY 3aroToBKH 28 MM, KOHTYpHA i BHYTpilIHS 00poOKa MPOBOIHIICH
3a KUJTbKa MpoX0o/iB. | TMOWHA pi3aHHS 3a OJMH IPOXiJT CTAHOBHUIIA: JIJIS IOy 3-4 MM, JJII COCHU
5-6 mMm. HeoOxiaHO BpaxoByBaTH, 1110 Ha BUOIp peKUMIB pi3aHHs, IpH 0OpoOIli OJHOTO MaTe-
piaxy OJJHEM 1 THM e iHCTPYMEHTOM, BIUTHBA€E O0arato (pakTopiB, OCHOBHHUM 3 SIKHX € YKOPCT-
KiCTh CHCTEMH BEPCTAT-NPHCTPIA-IHCTPYMEHT-/I€Tallb, 0XOJIO/DKEHHS, CTpaTeris 00poOKH, TIIH-
OwHa pi3aHHS 32 MPOXIiJI TOIIO.

[1ix yac ¢ppe3epyBaHHsI peKOMEHAYETbCS 00UpaTh TaKy cTpaTerito 00poOKH, sika 3abe3re-
yye Oe3lepepBHE 3HIMAHHS Marepialry i3 cTaOlIbHUM HaBaHTAXCHHSIM Ha iHCTpyMeHT. J[is
OTPUMaHHS JOIYCTUMOI IIOPCTKOCTI MOBEPXHi, KPOK MK IMpoxojaMu (pe3u TOBUHEH OyTH
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MeHIIM JiameTpa ¢pesn. [1ig uac 06poOku qpiOHUX eIeMEeHTIB JeKOopy HEOOXiHO 3MEHIIIUTH
MBUKICTB pi3aHHS, MO0 IMOMIEPEIUTH MOSBY CKOJIIB 1 OIKOKEHHS. PexoMerartii moo pe-
KUMiB 0OpOOKHU MpU BUTOTOBJIEHHI IEPEB’ THUX €JIEMEHTIB JIeKOpY HaBeeHo B Tabmuii 1.

2D Buibopxa ? 0 x

BLIEpaHHEIE BEKTOPLT
o ~

rny6uHa pesaHns

HaqansHas rnyfiHa:

ds

Iepenix

. X Il MHCTPYMEHT
iHcmpymenmie

CNUCOK MHCTPYMEHT?

End Mill & mm
rﬂ End Mill 3 mm

[NobasuTb YaanuTte

m End Mill 3 mm
l Tun

Mill 6 mm

Iapamempu
nepemMuyoK

Peorcumu
00pobKu

ATI:I.-‘ILLIIIH& 6.5
O ! ,_"'Tun 2D nepeMbIYkn ¥
Hanpasnexne pesanna: v )

® racp O crewenme

a 0

Puc. 4. Bubip cmpamezii 00pooxu:
a — napamempu cmpame?zii «2D subipka»; 6 — napamempu cmpamezii
«Obpobra no npoginio»

Tabmmms 1
Peoicumu 06pobxu éuxkopucmani npu 6ucomosienni 0epes sHux elemMeHmie 0eKopy

O6pob.oBannii | Bug BUKOHYBaHHX Hacrora Tonaua
P . A 1y Tun ¢pesn o0epTiB, XY, Mpumitka
MaTepian pooiT 1
XB MM/ceK
®pe3sa cripalibHa, 3ycTpiuHe ¢ppesepy-
KoHnTypHa 00poOka. |  ABO3axojHa: 15000- BaHHS, IMMOMHA 32 TPo-
Jlepeso Bubipka d=3 mm, 18000 25-40 Xin He Oinblie giameTpy
d=6 mm, (pesn

BucHoBKH BiIOBITHO 10 cTATTi. Y MeXax ydacTi B HeKOMepIlitHOMY TIpoekTi «Jlepen’siHe
MepexuBo YepHiroay Oyio Brepiine Bukopuctano Bepcraru 3 UIK i cydacHi cucteMu aBToMa-
TU30BAHOTO MPOEKTYBAHHS JJISl BiTHOBIICHHS JIEpeB’ THOI apXiTeKTypy YepHITiBIIUHY.

[IpoananizoBaHO eTary BUPOOHUIITBA JepeB’THUX €JIEMEHTIB JeKopy (acasiB OymaiBenb 3
BUKOPHUCTAHHSIM Cy4acHOTo oOaHanHs. [1iIBUIIIEHHS TPOYKTUBHOCTI 1 piBHS aBTOMaTH3AIli1
MPOIIeCy BUTOTOBJICHHS 1 BITHOBIICHHS €JIEMEHTIB JIEPEB’STHOT apXiTEKTYypH 3a JIOTIOMOTOIO CY-
YaCHOT'O MPOTPECUBHOTO O0JIAAHAHHS € OJHUM 3 €()eKTUBHUX IUISIXiB BiIPOKEHHS 1CTOPHY-
HUX 00’ €KTIB JIepeB’THOT apXiTEKTypH B CyJaCHUX yMOBaX.

AHani3zyroun mporec MexanigHoi 00poOku 3a nomomororo Bepctata 3 UITK moxHa 3podutn
BHCHOBKH, ITI0 COCHA JIOCHUTH CMOJIHCTA, JIOOpe 0OpOOIIIETHCS pi3alIbHAM THCTPYMEHTOM TIpH
HEBHCOKIH Bostorocti. CocHA € JOCTYITHUM 1 JIOCHTD MTOIIAPSHUM BHJIOM JCPEBUHU, 3 SIKOI BH-
TOTOBJISIFOTH MeOJTi, ajie BHACIIOK MEXaHIYHUX YIIIKOJKEeHb, Ha TOBEPXHI MOXKYTh YTBOPUTHUCS
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BM’SITUHH, OCKIJIbKH BOHA HAJISKUTH JI0 M’ SIKHX Mopia. HasBHICTH BUCOKOTO BMICTY CMOJIU BH-
KIIMKa€e HAIMITAHHS Ha pi3aIbHUX KPOMKaX IHCTPYMEHTY i 3a0MBaHHS CTPYKKO-BiIBITHHX Ka-
HABOK CMOJIOIO, SIK Pe3yJIbTAT, I Yac 0OpOOKHM BiTUyBa€ThCs ITiIBHINEHA BiOparlis B 30Hi pi-
3aHHS, TIOSIBA CKOJIB 1 30UTBIIIEHHS MMOPCTKOCTI 00pOOICHOT TOBEPXHI.

J1y0, Ha BiMiHY BiJ] COCHH, HaJ[3BHYAHO MiIHA 1 TBEp/Ia IMOpoja, TOMY ITiJI 9ac Horo 00-
pOOKH pi3aibHUM IHCTPYMEHT IIBUJIIE BTpaydae CTIHKICTH 1 BiIOyBa€ThCSI 3HOIIYBaHHS pi3alib-
HUX KPOMOK, 1[0 CYITPOBOJIKYETHCS MOSIBOIO IIyMYy 1 BiOpartii.
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RESTORATION OF WOODEN DECORATIONS OF FACADES OF ANCIENT
BUILDINGS IN CHERNIHIV

Urgency of the research. Increasing the productivity and level of automation of the process of manufacturing and
restoration of elements of wooden architecture with the help of modern advanced equipment is one of the effective ways to
revive the historic objects of wooden architecture in modern conditions.

Target setting. The need to physically restore a large number of wooden carvings on the facades of historic buildings
requires resources, both material and human. Therefore, the development of high-tech methods of restoring wood carvings on
the historic facades of buildings, which save these resources is an urgent task in terms of ensuring high efficiency of machining
of wood products and materials based on it.

Actual scientific researches and issues analysis. Wooden carvings on the facades of houses used to be made by hand by
a craftsman. Most of the existing literature and the recommendations given in it concern manual methods of manufacturing of
a decor of facades, but considering a large number of repeating elements, they are not productive.

Uninvestigated parts of general matters defining. Currently, there are a significant number of examples and proposals
for the restoration of brick facades of historic buildings. Working with wooden facades decorated with carvings has its own
features, which are not fully covered and require practical recommendations, taking into account the technical capabilities of
modern equipment.

The research objective of this article is to analyse the features of the use of modern technological equipment for
manufacturing. and restoration of elements of wooden architecture.

The statement of basic materials. The technology of production of wooden elements of decor of facades of houses by
means of modern systems of the automated designing and CNC machines is considered. The influence on the nature of
processing of processed materials, type of tool and processing modes is analysed.

Conclusions. As part of the participation in the non-profit project "Wooden Lace of Chernihiv" for the first time used
CNC machines and modern computer-aided design systems to restore the wooden architecture of Chernihiv region. The
influence on the nature of processing of processed materials, type of tool and processing modes is analysed.

Keywords: CNC machine; carving; wooden architecture;, woodworking; wooden lace.

Fig.: 4. Table: 1. References: 10.
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Onena boiixo

INEPCHHEKTUBU BUKOPUCTAHHSA T'EOIH®OPMALIMHUX TEXHOJIOT'TA
B AEPOIIOPTAX YKPAIHU JJIA AAMIHICTPATUBHO-T'OCIIOJAPCBKOI'O
YIIPABJIIHHSA

AxmyanvHicmb memu 00cniddnceHHA. OcmanHiMU POKAMU 8 AepONOPMax ceimy akmueHo 6NPO8AONCYIOMbC XMAPHI me-
XHON02II 300pY, onpayloeanta ma 6izyanizayii 2eonpocmoposux OaHUX: 1dazepHe ma aioapHe ckanyeauus, inmeepayia BIM/GIS
MoOenell, 3aCmMOCYS8AHHS WIYYHO20 [HMeNeKmY, MeXHON02 GIPMYaNlbHOI Ma OONOBHEHOT PeanlbHOCHI, YUPPOBUX OGIIHUKIE
ma «po3ymHux micmy. J{ns Yxpainu, ska akmugno iide no uLisaxy yugposizayii ma npoaodicents CYyHacHUxX 2eoiHghopmayiti-
HUX mexHonoeill y bazamoox chpepax OisibHOCMI, pO3POOKA HOBUX MemoOie ma Nioxo0ie Olisi AOMIHICMPAMUGHO-20Cno0ap-
CbK020 YNPAGIIHHS AepONnOpMOSUMI KOMNIEKCAMIU € AKMYATbHUM A NePCnekmueHUM HaANpaMOM.

Ilocmanoexka npoonemu. Y yoomy 00CHIONCEHHT PO3LASHYIMO MONCIUBOCHE CYYACHUX 2€0THGOPMAYIUHUX MA XMAPHUX
MexHONo2I | NepCneKmueU X GUKOPUCIAHHS ONsL AOMIHICMPAMUBHO-20CN00APCLKO20 YNPAGIIHHS MePUMOpPIE0 aeponopmy.
Hocnioocennsn nos’sazano 3 peanizayiero Jlepocasnoi yine06oi npospamu po3sumxy aeponopmie Ha nepioo 0o 2023 poky ma
Asiayitinol mpancnopmuoi cmpamezii Yxpainu 0o 2030 poky, mMemoio aKux € po3eumox agiayiinoi eanysi 6 Ykpaiui, npuse-
OenHsa iHppacmpykmypu aeponopmis 00 eumoz €eponeticokoeo Coro3y. Taxo eenuxuii 6nau6 Ha QOPMYBAHHI 2e0NPOCmo-
Ppoeux oanux aeponopmie mae 3axon Yrpainu «lIpo nayionaneHy ingppacmpyxmypy eeonpocmoposux oanux» ma Konconioo-
eana Konyenyis enposaoacennss BIM ¢ Yxpaini.

Ananiz ocmannix 0ocnioycens i nyonikayiii. Y po6omi oynu npoananizoeani ma yzaeanoheHi nyorikayii, uo npucesiueHi
Memooam OMpPUMAHHSL 2e0NPOCMOPO8UX OAHUX, BNPOBAONHCEHHS 2 OTHPOPMAYIUHUX MEeXHON02ill, MeXHON02Il 8ipMYalbHOl, 00-
NOGHEeHOT MA 3MIWAHOL PeanbHOCMI, WLMYYHO20 IHMeNeKmy ma KOHYenyil «po3yMHO20 Micmay Ons AOMIHICMPAMUBHO-20CHO-
0apcvK020 YNPAaGIiHHA aeponopmami.

Buoinenns neoocniodcenux uacmun 3a2anvHoi npooaemu. Ananiz ocmanuix 00Ciioxcens [ nyONiKayiti NOKA3ae, uo Nu-
MAHHA NePCneKmue npoBaA0}CeHHs 2e0iH(OPMAYIHUX MeXHON02ill ONA AOMIHICMPAMUEH0-20CN00aPCbKO20 YNPABIIHHA aK-
mueamu aeponopmie Ykpainu nompebye 000amko6020 OOCIIONCCHHS, OCKINbKU Yi NUMAHHSL OYHCe ANCIUBL MA AKMYATbHI,
6pAX08YIOUU CMPIMKE 3DOCMAHHS YUDPOoGi3ayii CYCnilbCmed, HABKOIUULHLO20 CepedosUULa MA IHPPACMPYKMYPHUX 00 'eKmis.

ITocmanoeka 3a80anna. Memoio ybo2o 00CNIONCEHHSL € AHANIZ MONCIUBOCHIEN MA NEPCNEKIMUE BNPOBAONCEHHSL CYYUACHUX
MexHoN02ltl ONpayr08anHsa ma 6i3yanizayii 2eonpocmoposux OaHux 01 AOMIHICMPAMUEHO-20CNO0APCHKO20 YNPABIIHHA Mepu-
mopielo aeponopmy ma po3pooKa KOHYenmyanrbHol Mooeni. 3a60aHHAM OOCTIONHCeHHS € AHANI3 MemoOi6 OMPUMAHHS 2e0Npo-
CMoposuUx 0aHux mepumopii aeponopmy, 3acnocy8ants 6 aeponopmax 2eoiHGoOpMayiliHux cucmem, MmexHoN02ill Wmy4Ho2o
iHmenexny, 6ipmyanbHol, OONOBHEHOT Ma 3MIULAHOT pealbHOCmI, IHmepHemy peyell, Yupposux 0GIlIHUKIE, peanizayii KOHyenyil
«PO3YMHe MICnoy, Mowo.

Buknao ocnosnozo mamepiany. I’ eonpocmopogi 0ani cmeopioromuca 6 yugpositl popmi 3 GUKOPUCMAHHAM CYUACHUX THGO-
PMAyIiHUX Ma XMApHUX MeXHONO02il, SIKi NPONOHYIOMb WUPOKULL CREKMP 00NAOHAHHS, NPOSPAMHO20 306e3neyeHHs, Memooie |
MexXHON02ltl pobomu 3 2e0NPOCHOPOBOI0 THHOPMAYIEN. 3 KONCHUM POKOM 3 SGNSIOMbCS 6Ce HOGI MEeXHONO02T, SKI 3HAX00AMb 3a-
CMOCYBAHHSL 8 AOMIHICIMPAMUGHO-20CHO0APCHKOMY YIPABIIHHI AepONOPMIS: XMAPHI Memoou OmpUMants OaHux, 2eoiHgopma-
Yl cucmemu, mexHON02il WNYYHO20 IHMeNeKNy, GIPMYANbHOL peanvHOCmi, iHmepHemy peyell, yudposi OilIHUKY, «PO3YMHI
micmay mowo. Boana inmeepayis ma euxopucmanmsi HAAGHUX MONCIUSOCMETN U000 300py, 30epieaHHs, ONPayloeanHs ma ei3ya-
J3ayii 2e0NpOCMOpoBUX OAHUX AepONOPmIiE 3abe3neyumn ix eqoekmueHe YNPasiiHHs ma eKOHOMIYHE 3POCIAHHSL.

BucHnoeku 6ionogiono 00 cmammi. 3a pezynomamamu npoeedeH020 AHALi3y MONCIUGOCEU BUKOPUCAHHS 8 AepOnop-
Max mexHon02ill 8ipmyanvbHol, OONOBHEHOT MA 3MIULAHOT PeANbHOCMI, WIMYYHO20 [HMeNeKmY, YUPPosux OIliHUKIE Ma KOHYe-
nYii «PO3YMHUX MICMY, 6YIL0 PO3POOIEHO KOHYENNYAlbHY MOOeb NePCNeKMUG GUKOPUCMAHHSL 2 0NPOCMOPOSUX OQHUX MepPU-
mopii aeponopmy 0ns UPIuLeHHA NUMAHL AOMIHICMPAMUEHO0-20CNO0APCHKO20 YUPAGIIHHS MAUHOBUM KOMNIEKCOM.

Knwuoei croea: zeonpocmoposi oani; eeoingpopmayitini cucmemu (GIS); 6yoisenvni ingopmayiini mooeni (BIM);
BIM/GIS inmeepayis; nazeprue ma 1i0apHe CKAHYBAHHS, WMYYHUL [HMENeKNm, GipNYyalbHA PeaibHICMb, «PO3YMHE MICIOY,
aeponopmu; inghpacmpykmypa 2eonpocmoposux oanux (II7]).

Puc.: 3. bion.: 29.

AKTyaJIbHICTh TeMH AocaikeHHs. OCTaHHIMH pOKaMH B aeporopTax CBITY aKTHBHO
BIIPOBAKYIOTHCS XMapHI TEXHOJIOTII 300py, ONMpaIlfOBaHHS Ta Bi3yalli3allil TeonpoCTOPOBHX
JTAHWX: JIA3epHE Ta JiJapHe cKkaHyBaHHS, iHTerpaiis BIM/GIS moneneit, 3acrocyBanHs mryd-
HOTO IHTEJIEKTY, TEXHOJIOT1H BipTyanabHOI Ta JJOMOBHEHOI pealbHOCTI, IN(POBUX IBIHHUKIB Ta
«PO3YMHHX MICTY.

Jns Ykpainu, sika akTHBHO ¥jIe IIUISIXOM IUQPOBi3allii Ta BIPOBaPKEHHS Cy9aCHHUX I'eOiH-
(dbopmariifHuX TeXHOJIOTiH y 6aratbox cdepax JAisUIbHOCTI, po3poOKa HOBUX METO/IIB Ta IiJX0-
B JIJISL IMiHICTPATHBHO-TOCTIOIAPCHKOTO YIIPABIiHHS aePOITOPTOBUMH KOMITJICKCAMH € aKTy-
TPHUM Ta NEPCIIEKTUBHUM HAIIPSIMOM.

ITocTanoBKa npodjieMu. Y 1[bOMY JTOCIIPKEHHI PO3TIISIHYTO MOXJIMBOCTI CyYacHHX Teoi-
HpoOpMamIHHUX Ta XMapHUX TEXHOJIOTIH 1 MEPCICKTUBU X BUKOPHCTAHHS JIUISA aIMIHICTpaTH-
BHO-TOCIIOJIAPCHKOTO YIIPABIIIHHS TEPUTOPIEIO aePOIIOPTY.

© botiko O. JI., 2020
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JlocmipkeHHs OB s13aHo 3 peaizalieto JlepkaBHOT HIJTLOBOT MPOrpaMy PO3BUTKY aeporio-
priB Ha iepioa g0 2023 poky [ 1] Ta ABiariiiHoi TpaHcOpTHOT cTparerii Ykpainu 10 2030 poky
[2], MeTOrO SIKHX € pO3BUTOK aBialliitHOl raimy3i B YKpaiHi, MpuBeaeHHS iHQPaCTPyKTypH aepo-
mopTiB 10 BUMor €Bpomneiicbkoro Coro3y. Takoxk BeIuKHii BIUTHB HA POpPMYBaHHS T€OIPOCTO-
POBHUX JaHUX aepornopTiB Mae 3akoH Ykpainu «lIpo HamioHanbHy iHPPACTPYKTYypy reompoc-
TopoBuX Jnanux», npubHaTHH 13.04.2020 poky [3] Ta KoncommoBana Korrmeniis
BripoBapkeHHs BIM B YkpaiHni [4].

AHaJIi3 0CTAaHHIX J0CTIIKeHb Ta My0JTikamiii. ['eonpocTopoBi 1aHi CTBOPIOIOTHCS B I (}-
poBiif popMi 3 BUKOPUCTAHHSIM CydacHHMX 1H(OpMAaIiiiHUX Ta XMapHUX TEXHOJOTIH, sKi mpo-
MMOHYIOTh IIMPOKUH CIIEKTp 0O0JIaIHAHHS, MPOTPAMHOTO 3a0e3eYCHHSI, METOIIB 1 TEXHOJIOTIH
po0OTH 3 TEOTPOCTOPOBOIO 1HPOPMAITIEIO. 3 KOKHUM POKOM 3’ SBISIOTHCS BCE HOBI TEXHOJIIOTI,
SKi 3HAXOJATh 3aCTOCYBaHHS B aJMiHICTPATHBHO-TOCIIOMAPCHKOMY VIIPABIIiHHI aepOIOPTIB:
XMapHi METO/IM OTPUMAHHS JJaHUX, Fe0iH(OpMaIliifHi CHCTEMHU, TEXHOJIOTI] IITYYHOTO 1HTeIe-
KTy, BIpTyaJIbHOT peajbHOCTI, IHTEepHETY pedeid, U PoBi IBIHHUKH, PO3YMHI MiCTa) TOIIIO.

Haykogii Oaratbox KpaiH JOCITIJKYIOTh IUTAHHS BIPOBAHKEHHS reoiH(opMaIiitHux rex-
HOJIOTii B a¢pOTMIOPTOBHUX KOMILIEKCAX, IXHI MOMIIMBOCTI 00 e()eKTHBHOTO YIIPABIIiHHS, pe-
KOHCTPYKIIii Ta MOJIepHi3aIlii.

VY crarri [5] po3risHyTi uTaHHS BIipoBaKeHHS GIS Ta HaKOTWYEHHS TOCTOBIPHUX aTpH-
OyTHBHHX JTaHHX a€pONOPTY, CTBOPEHHS MPOCTOPOBHUX 0a3 JaHUX, BUKOPHUCTAHHS JaHUX JUIS
YIIpaBITiHHS TOKPUTTSIM aepoIpoMy, TUTAHYBaHHI Ta MMPOEKTYBAaHHI aepOITOPTY.

[TuTannsM inTerpanii Ta ooMiny nanumu Mix GIS aeponopriB Ta GIS nepxaBHOTO areHT-
CTBa, €(PEeKTUBHOCTI iX BUKOPHUCTAHHS IIPUCBSIUEHA Iparis [6].

[IpoGeMy TeXHONOTIH BipTyasbHOI, JOMOBHEHOI Ta 3MIIIaHOT PeabHOCTI PO3TJIIHYTO B
mparti [7].

Konneniro Ta peasizailis TEXHOJIOTIT «pO3yMHOT0 MiCTay JTOCIIXKEHO B PALSX BITUA3HS-
HUX Ta 3aKOPJIOHHMX HayKoBIB [8; 9; 10].

[TuTaHHSIM TPAKTUYHOTO BIPOBA/DKEHHS TeoiH(popMaIiiifHuX TEXHOJIOTIH B aeporoprax
CBITY, X (YHKIIISIM Ta MOXKJIMBOCTSIM, TIPUCBSUEHI CTATTi B )XypHaIi ArcReview 3a matepia-
nmamu kommadii Esri https://www.esri-cis.ru/news/arcreview.

["'eompocTopoBi AaHi TepHUTOPIi Ta 00 €KTIB aepOIOPTY € OCHOBOIO TeoiH()OpMAIITHIX CHC-
TEM Ta TeXHOJIOT 1X OMpaIfoBaHHsI, 1 BiI IX TOYHOCTI, JOCTOBIPHOCTI, aKTyaJIbHOCTI Ta SIKOCTI
3aJICKUTH TPABWIIBHICTE PUAHATTS YIIPABIIHCHKUX pilleHb. Ha 1ieit mepio] icHye BEeJTMKHUil BH-
Oip TeXHOJOTiH 300py Ta BUKOPUCTAHHS JIAaHUX, SIKI aKTMBHO BIPOBAKYIOThCS B Tomorpado-
reojie3nuHii, kaprorpadiuniit, OyxiBeIbHIA, KaJIaCTPOBIH Taxy3i, rary3i MpoCTOPOBOTO TUIAHY-
BaHHS TOmIO. Y cTarTi [11] maeTses po3mmpeHuii orisii METOAIB 300py T€OMPOCTOPOBUX JTAHUX
BiJIIIOBITHO JTO HOPMATUBHUX JIOKYMEHTIB, SIKI pETJIaMeHTYIOTh IIPOBEICHHS TOITOrpadivyHmX 3Hi-
MaHb B YKpaiHi. L{i MeTo 11 TOBHOIO MipOIO MiIXOITh ISl 300pY r€0pOCTOPOBUX JaHUX TEPU-
TOPIi aepOITOPTY LIS TIOAATBINOT0 BUKOPUCTAHHS B YIIPABIiHHI MAHHOBUMH KOMITJIEKCAMH.

BunijieHHs1 He10CJTi/IZKEHHX YACTHH 3arajJbHOT MpodaeMu. AHaJTi3 OCTaHHIX JOCIIKEHb
1 ryOJTiKaIliil mokasas, IO MATAHHS MEPCIIEKTHB BIPOBAHKCHHS re0iH(POPMAIITHIX TEXHOJI0-
Ti# U1 aIMiHICTPaTUBHO-TOCIIOJAPCHKOTO YIIPaBIIiHHS aKTUBAMH aepONOPTiB YKpaiHu MOTpe-
Oy€e J0aTKOBOTO JTOCIiPKEHHSI, OCKIJIBKY I1i MUTAHHS Ty’Ke BaXXIIUBI Ta aKTyallbHi, BPaxOBY-
IOYM CTpIMKE 3poCTaHHS LU(pOBi3allii CyCHUILCTBA, HABKOJIMIIHHOIO CEPEIOBHINA Ta
iH(ppaCTPYyKTYpHUX 00’ €KTIB.

IlocTanoBka 3aBHaHHA (MeTa cTaTTi). MeTOIO JAaHOTO MOCITIHKEHHS € aHaJi3 MOXKIUBO-
CTel Ta MePCIEeKTHB BIPOBAKCHHS CyUYaCHUX TEXHOJIOTIH OMpaIfoBaHHs Ta Bi3yai3allii reo-
MPOCTOPOBUX JAHUX JJIS aIMIHICTPATUBHO-TOCIIOIAPCHKOTO YIPABIIiHHS TEPUTOPIEIO aepoIio-
PTY Ta po3poOKa KOHIIENTYIBHOT MOJIEII.
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3aBTaHHSIM JIOCIDKCHHS € aHalli3 METOJIB OTPUMAaHHS Te€OMPOCTOPOBUX JAHUX TEPUTOPIT
aepoIopTy, 3aCTOCYBAHHS B aepoNOpTax reoiH(GOpMAMIHHUX CUCTEM, TEXHOJIOTIH IITY4IHOTO
IHTEJIeKTY, BIpTYaJabHOI, IOTIOBHEHOT Ta 3MIIIaHOI PeabHOCTI, IHTEPHETY peueH, MUPPOBHX
JBIHHUKIB, peaizallii KOHIIEIIii «po3yMHE MiCTOY, TOIIO.

Bukiiaag ocHoBHOro Marepiajay. AepoIIOpTOBHI KOMILIEKC - IHPPACTPYKTYPHUM 00’ €KT,
SIKMH MICTUTh CYKYIHICTh OYiBellb, CIIOPY, 3JIiTHO-IIOCAAKOBUX CMYT, IIPOI3/IiB, TPAHCIIOPT-
HMX 3ac001B, IHXKEHEPHUX KOMYHIKAIIili Ta IHIMKX 00’ €KTiB, IPU3HAYEHUX IS 0OCIIYTOBYBaHHS
MacaKUPiB Ta BaHTaXy. AepOIOPTH MAIOTh MPUMIIICHHS i 30epiranHs i 0O0CIyroByBaHHS
JITaKiB, MUCIETUYEPCHKI BEXi, aHTapyd Ta TEPMiHAIN, IEPOHN, MOCTH HaJ PYILKHAMH JOPIK-
KaMU, IIEHTPH KePYBaHHS MMOBITPSHUAM PYXOM, PECTOPaHH i CAIOHH, CITY)KOM €KCTPEHOI JI0TI0-
MorH, Toto [12].

JIst aIMiHICTPAaTHBHO-TOCIIOIAPCHKOTO YIIPABIiHHS aeporopTOM, Bizyaurizallii HOro akTh-
BiB, PO3pOOKH reoiH(pOpPMAIITHIX CHCTEM, IPOTpaM PEKOHCTPYKIIT Ta IPOCTOPOBOTO PO3BH-
TKY TEPUTOPil HEOOXITHO MATH aKTyalIbHI reonpocTopoBi AaHi. ChOroaHiHS mubpoBa peBo-
JIFOITIST JTa€ MOSKJIMBICTD OTPUMYBATH, 0OpOOIISITH Ta Bi3yasi3yBaTu BeJMKi 00’ €MHU JaHUX.

['eonpocTopoBi 1aHi CTBOPIOIOTHCS B UG POBiit (opMi 3 BUKOPUCTAHHIM Cy4acHHUX 1H(pO-
pPMaIiiHUX Ta XMapHUX TEXHOJIOT1H, SIKi IPOTIOHYIOTh IIMPOKUH CIIEKTP 00JIaIHAHHS, TPOrpa-
MHOTI'0 3a0€e3MeYeHH s, METOMIB 1 TEXHOJIOTIH 1711 poOOTH 3 T€OIIPOCTOPOBOIO 1H(POPMALIIEIO.

[TpoananizyBaBim KiIacu(piKaIilo Cy9acCHUX METOJIIB OTPUMAaHHS T€OIPOCTOPOBHX JIAHUX
[11], BHIITIMO OCHOBHI, SIKi JOIIJIBHO BAKOPHCTOBYBATH IS 300py JaHUX HA TEPUTOPIT aepo-
mopty. [Ipu BOOPI TeXHOJIOTIT HEOOXiTHO BpaxOBYBATH ILIOIIY aepOIOPTY, HEOOXIIHY TOY-
HICTh OTPUMaHUX JAHWX JIJISl BUPIMICHHS ITOCTABJICHUX 3a/1a4, iIHTEHCUBHICTH POOOTH aeporio-
PTY, 3aBaHTAXKEHICThH 3JIITHO-IIOCAIKOBUX CMYT, HasBHICTE 1H(pOpMaIiiHUX Mojielieil 00’ €KTiB
ta cropy Tomo [13]. ChoroaHi OCHOBHUMHU METOJIaMU OTPUMAHHS T€OMPOCTOPOBHUX JAHUX
TEPUTOPIT aePOTIOPTY €:

- CYNYTHHKOBI cucteMu no3uiiionyBanHs GNSS, 1m0 103BOJSIOTH BU3HAYUTH TEOMPOCTO-
POBI KOOPAWHATH 3 MIJTIMETPOBOIO TOUHICTIO;

- TaXxeoMeTpHUHE 3HIMAHHS, HiBEJIOBAHHS MTOBEPXHI, B PE3yJIbTaTi IKOTO OTPUMYEMO Jie-
TaJBHUH IIJIaH TEPUTOPIT;

- nuctaHIiitHe 30HMyBaHHS 3eMi (J[33), sike MPOBOIUTHCS IIIAXOM CYIyTHHUKOBOI 3i0-
MKH, a¢pOPOTO3HOMKH, 3HOMKH 3 Oe3MIOTHHX JliTanbHuX armapatiB (BI1JIA) 3 BukopucTaHHsIM
PI3HOTO THUIy KaMep Ta CEHCOPIB, SKi JAFOTh MOXIJIMBICTh OTPHMYBATH 3HIMKH BHCOKOI po3-
JTBHOI 31aTHOCTI (JTo 30 ¢M TIpH CYITYTHUKOBIH 3HOMITI, IO 5-6 ¢M TIpH 3WOMIIi 3 JriTaka, J0 2-
3 cm npu 3iomiti 3 BIUJTA);

- Jla3epHe Ta JiiJjapHe CKaHyBaHH:I, SKe MOKe OyTH Ha3eMHe abo MOBITpsHE, 1 Pe3yIbTaTOM
SIKOTO € XMapa TOYOK;

- reopajapHe 3HIMaHHS.

OcTaHHIMH POKaMH IIHPOKO BIPOBAIKYETHCS TEXHOJIOTiS iH(OPMAIIIIfHOTO MOJICITFOBAHHS
oynisens (BIM), sika mossirae B o0y 10BI TPHBUMIPHOT BipTYaIbHOI MOJIEI B IIU(PPOBOMY BH-
IS, SIKa Hece B co0i MOBHY iH(OpMAIIifo Mpo MaiOyTHIM 00’ €KT; Ta iHTerparis iHGopMaIrii-
Horo mojemoBanHsa (BIM) B reoingopmartiiini cuctemu (GIS). ¥V GaraThox KkpaiHax Iie €
000B’SI3KOBOIO YMOBOIO CYYacHOTO NMPOEKTYBaHHS 1HOpacTpyKTypHUX 00’€KTiB. [HTErparis
nmaaux BIM i GIS po3muproe MOKIMBOCTI poOOTH 3 TEONMPOCTOPOBUMU ITUMH 00’ €KTIB Ta CIIO-
pYya, miABUIIYE e(EeKTUBHICTh BCHOTO KHUTTEBOTO IIUKITY Ta YIPABIiHHS Ha €Tarli eKCIUTyaTariii.
[lepeBaru BIM i GIS inTerpamii HacTibKH CYTTEBI, IO Taki MOTYKHI KOMIIaHil 10 po3poOii
reoiHpopmaniifHoro nporpamHoro 3ade3nedyenns, sk Esri 1 Autodesk, mpamroroTs Ha mokpa-
LICHHSIM iHTepanepalenbHOCTI IporpamMHoro 3adesnedenns s BIM i GIS [14].

OckinbKu O pyBaHHS CTala HEBIJI' EMHOIO YaCTHHOIO MOBCSKICHHOTO KUTTS, 30ip TaHUX
MIPHUBIB IO HAKOITMYEHHS BETMYE3HUX OOCATIB JJAHWX, SIKi MOKHA BUKOPUCTOBYBATH B Pi3HUX
MpHUKIaIHAX o0nacTsax [15]. Bennke 3HaueHHS B ONMpAaIlfOBaHHI Ta Bi3yasi3ailii reompocTopo-
BUX JIAaHUX MAfOTh:
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- mporpamHe 3a0e3nedeHHs], M0 JTa€ MOKJIMBICTD MIBHKO Ta SIKICHO OMpPaIrbOBYBaTH Be-
JIMKi MacUBH JJAHUX, CTBOPIOBATH OPTO(OTOTIAHH 3 TIPUB’ I3KOIO JI0 MIiCIIEBOCTI, OyIyBaTH BH-
cokosKicHI mudposi Mmojeni MicrieBocti (LIMM), mudposi moaerni pensedy (LIMP), cTBopro-
Batu 3D Mozeni 00’ €KTiB;

- reoin¢opmariitai cuctemu (GIS), siki Maroun MOTYKHUI aHATITUYHUN arlapar JaroTh MO-
JKJIUBICTh CTPYKTYpPYBaHHSI, MOJICIIIOBAaHHS, aHAIII3y Ta Bizyauisallii reonpocTopoBoi iHpopma-
1ii, 1o 30epiraeThest B 0a3i JaHUX.

HoBuMu TeXHOJIOTISIMHU, 1[0 OCTAHHIMH POKaMH ITOYNHAIOTH BIIPOBAPKYBATUCH B a€POTIOP-
Tax CBITY 1 3aiiMarOTh BAYKJIMBE MicIle B IIU(PPOBOMY reoiHPpOpMaIlifHOMy TpOCTOpi Ta poOOTI
3 Ie0JIaHUMH, € XMapHi TEXHOJIOTI1 OIpaIfoBaHHs Ta Bi3yasi3allii reonmpoCcTOPOBUX JIAHUX:

- INTYYHUH 1HTEJIEKT, SKUH BUKOPUCTOBYETHCS IPY PUHHSATTI PillleHh B yMOBaX HEBH3HA-
YEHOCTI, aHAIITHIl, PO3IMi3HABaHHI TEKCTOBOI Ta rpadivHoi iH(popMaIlii, MAIMHHHOMY HaB-
YaHHi, pOOOTOTEXHIlIli, TOIIO;

- Ttexuoorii BipryansHoi (VR), nonoBuenoi (AR) ta 3mimranoi peansuocti (MR), ski Bu-
KOPHUCTOBYIOThCSI JUIsi CTBOPEHHS T€OBIi3yalTizalliii Ta HaJlal0Th MOXKIIMBOCTI Mpe3eHTallii reo-
MPOCTOPOBUX JIAHUX;

- TexHOoJOrii MU POBUX ABIMHUKIB, SKi 3a0€3IeUyI0Th 30ip Ta 00pOOKY BEIMKHUX MAaCHBIB
IaHuX 3 0araThbox IUKepell i € mIatGopMoro IJId IpEeACTaBICHHS aKTHBIB, a reorpadiuba Ta
Hereorpadivna iHGopMarlis Ta JOKYMEHTH 30€piratoTbesi Ta OHOBITIOIOTHCS B PEXKHMI OH-JIAlH;

- pearizariis KOHIEMIIiT «pO3yMHE MiCTOY, SIKa ITOBHICTIO 3aCHOBAaHA Ha MIOCTIHHOMY MTOTOITI
BEJIMUE3HUX 00CSITIB JTaHUX, OJICPKYBAaHUX 3a JIOTIOMOTOIO BEJIMKO1 KiIBKOCTI JaTYHKIB, PO3IIO-
NIJIEHUX 10 BCHOMY MICTY.

LImyynuii inmenexm — 11e BXK€ HE TEPCIEKTHBA HAHOIMXIOTO MaliOyTHROTO a abCOIIOTHA
peabHICTh cboroieHHs. OcTaHHIM YacoM 0arato yBar IpuIiI€ThCS TEOMPOCTOPOBOMY IIITY-
YHOMY IHTEJICKTY, Kl HazuBatoTh GeoAl Ta BUKOPUCTOBYEThCS 3 TeorpadiuHoro iHpopMma-
Li{HOIO CHCTEMOIO ISl TEOIIPOCTOPOBOTO aHANi3y 1 CTBOPEHHS MIPOrHO3iB HA OCHOBI MPUKHS-
THX pilens [16].

HITy4ynuii iHTEIEKT 3MIHIOE HAIIlE YKUTTS KOXKEH AeHb: TpaHcdopmMalis podouoro cepemo-
BHIIA, pO3YMHA 1HPPACTPYKTYPA, CIPOIIEHNAN TaCIIOPTHUI KOHTPOJIb B aepoIopTax, Oe3IiIo-
THi aBTO 1 CMapT-I0JaTKH — TEXHOJIOTII CTaJIM 3BUYHOIO YaCTHHOIO peallbHOCTI. B aepomoprax
kpaig €C 3 2019 poky Bke BCTaHOBIIOIOTE cucTeMu iBorderCtrl st aBToMaTHUHOT IEPEBIpKU
MacakMpiB 3a pe3yJIbTaTaMyu aHaIi3y MiMiKH. HOBY TEXHOJIOTiIO BIIPOBAJIMIIH B JISIKHX aepo-
nmoprax Yroprwad, Jlatsii Ta I 'perrii.

3HauHUH BIUIMB IITYYHOTO 1HTEJIEKTY MOJSATa€ HE B MOJIMIIEHHI TUIBKU aTOPUTMIB Ma-
IIMHHOTO HABYaHHS, TAKUX K TJTHOOKE HaBYaHHS 1 MOCHJICHE HABYaHHS, a TAKOXK B KOMOIHAIIiT
Intepuety peueil (IoT), BenukuxX AaHUX, XMapHUX OOUYUCIIEHB, IPOTPAMHOI0 3a0€31I€YEHHS 3
BIJIKPUTUM BUXIJTHUM KOJIOM, IPUCKOPEHHS I'padiqHOTo mpolecopa, i podotorexHika. L1i Tex-
HOJIOTi1 CHIJIFHO CHPUSIIOTH peai3alii JIOACHKOro CIpUNHATTS, Mi3HAHHS 1 Jil Ha BUCOKOMY
PiBHI IIIJITXOM IMPOHUKHEHHSI MITYYHOTO IHTEIEKTY B MOBCSIKICHHE )XKHTTS. Y TeOIMPOCTOPOBIi
IHIYCTpil OUIKYETHCS, IO HACTyIHE MOoKoMiHHS GIS-porpaM Oyze TicHO TOB'sI3aHe 3 TEXHO-
JIOTI€XO MTYYHOTO IHTEJICKTY, MO0 MPUCTPOI MOTIIN PO3Ii3HABATH peabHUMA CBIT 1 CAMOCTIIHO
BH3HAYATH CBIil TUTaH fiit [16, 17].

Texnonoeis sipmyanvrnol peanonocmi (VR) nependavyae CTBOPSHHS TEXHIYHAMH 3acO0aMHU
BIpTYaJILHOTO CBITY, SIKAI KOPUCTYBA4YeM CIIPUHMAETHCS Yepe3 3ip Ta CIyX, 10 3a0e3MeuyeThCs
BIJIIOBITHUM amnapaTHUM 3abe3nedyeHHssM. CTBOpeHMI BipTyallbHUH CBIT MOBHHEH MaKcHUMa-
JHHO BIMOBIJIATH pealbHOMY, TOOTO BHUIJISJI IPEIMETIB, B3a€MOJIIs 13 HUMU Ta 1X MOBEIIHKA
IIpU B3a€MO/1ii HOBUHHI MaKCUMaJIbHO HarajayBaTh (pi3UKy peansbHOro cBity. OCHOBHOIO mepe-
Barolo BIPTyaJIbHOT PEalIbHOCTI Ta BIPTYyaJbHOTO CBITY 3arajioM € Te, 10 KOPUCTYBad MOXE
poOHUTH Te, 110 BiH Qi3WIHO HE MOXKE 3POOUTH B pealTbHOMY CBIiTi, HAIPUKJIIAJI, IPOXOIATH KPi3h
CTIHM Ta IPeJIMETH, JIITaTH, 3MIHIOBATH BIpTYAIBHHIA CBIT IiJ] CBOI TOTpeOH [7].
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Texnonoeis oonoguenoi peanvnocmi (AR) nependavae B J107aBaHHI MITyYHUX (BipTyalib-
HUX) €JIEMEHTIB Yy T0JIe CIPUUHATTS (30py) JFOIUHH, IO JTO3BOJISE JOMOBHUTH 1H(OPMAIIIIO
PO OTOYCHHS MTYYHOIO, SIKY JIFOJIMHA MOXKe He MaTH MOJIMBOCTI OTPHUMATH caMocCTiiHo. J{o-
MMOBHEHA PEalbHICTh — PO3IIHpPEHa BEPCisl pealbHOCTI, B SKill TpsiMi 200 HEmpsiMi criocTepe-
JKCHHSI pealIbHUX (PI3UYHUX KOPUCTYBAUIB ITiICHITIOIOTHCS HAKJIAJICHUMH KOMITFOTEPHUMH 30-
OpakeHHSIMU Yepe3 ysBIECHHs KOPHCTyBaya PO pealbHUAN CBIT, TAM CaMHM MTOCHIIOIOYH CBOE
MOTOYHE CHPUUHATTS AilicHocTi. Ha BifMiHy Bif BipTyalilbHOI pealbHOCTI, sIka BUMArae, moo
KOpHCTYBad repeOyBaB y MIJIKOBUTO BipTyaJIbHOMY CEPEeIOBHIIII, JOMTOBHEHA (PO3IIUPEHA) pe-
AJIBHICTh BUKOPUCTOBYE iCHYIOUE CepeZOBUIIE 1 MPOCTO HAKIAAAE JOJATKOBY BIpTyallbHY iH-
¢dopmartiro. OCKUTEKH BipTyaibHi Ta peajibHi CBITH TApMOHIHHO CITIBICHYIOTh, KOPHCTYBaYi J0-
MOBHEHOT pealibHOCTI BHIIPOOOBYIOTH Ta JIOCII/KYIOTh HOBHM Ta MOKpAIICHUH MPUPOTHUMA
CBIT, Ji¢ BipTyaJbHa iH(pOpMAIliss BHKOPUCTOBYETHCS K IHCTPYMEHT HaJIaHHS JIOTIOMOTH B TI0-
BCSIKJACHHIN ISTTFHOCTI KOPUCTYBayiB [7].

Texnonoeis smiwanoi peanvrocmi (MR), Ha BinmMiHy Bia BipryansHoi VR Ta momoBHEHOT
AR peanbHOCTeI, TIEpei0auae B3aEMOJIIIO BIpTyaIbHOTO 00’ €KTa 3 peaibHUM. T00TO SIKIIO KO-
PUCTYBad y BHITQJIKYy 3 JOIOBHEHOIO PEAThHICTIO MOJKE JIMINE CIIOCTEPIraTH 3a BipTyaIbHHM
00’€KTOM, TO TEXHOJIOTiS 3MIIIIaHOT PeaJbHOCTI Mependadae opraHizallito B3aeMo1ii KOpUCTY-
Bayva i3 BIpTyaJIbHUMH 00’ €KTaMH, IHTETPOBAaHUMH B pealbHUM CBIT. J[J1s opranizaiii Takoi B3a-
€MO/IiT HeoOXiHI 3HaYHI 0OYHCTIOBATBHI MOTYKHOCTI, ajie 3HAYHO OLBIIN, HIXK JUIS IOTIOBHE-
HOT peanbHOCTI [7].

Texnonorii VR, AR, MR € uucto BipTyaasHUMU 1 po3paxoBaHi Ha poOOTY 3 OJIHUM OTiepa-
TOPOM JUISL OJTHOTO TIPUCTPOIO, a 1HIIN KOPHUCTYBadi MOXKYTh OpaTH y4acTh y B3a€MOJII1, JIUIIE
SIKIIIO BOHU CHHXPOHI30BaH1 Ta BAKOPUCTOBYIOThH BiINOBIIHI pUcTpoi. ToOTO 01MH KOPUCTY-
Bay HE 3aBXKIM Ma€ 3MOTY OAYHTH Te, 0 OAYUTh 1HIIMM KoprcTyBad. Jist peamizarii mux me-
TOJIiB HE0OX1/IHO BUKOPUCTOBYBATH BiJIIIOBI/IHE anlapaTHe 3a0€3MeUYeHHs: 0JIOMH BipTyalbHOL
PEANTBHOCTI, OKYJISIPH JIOTIOBHEHOI PealIbHOCTI, PYKaBHIl BIpTyaabHOI pealbHOCTI Ta 3HAYHY
KUIBKICTh 1HINKX CHeMialli3oBaHuX 3ac00iB (TaKUX SIK TAaKTUJIbHI PyKaBHII 31 3BOPOTHIM 3B’ 513-
KoM ToI1110) [ 7].

B aepomoprax TexHOJOTIi BipTyaJIbHOI, JOMOBHEHOI Ta 3MIMIaHOI pealbHOCTI peaizoBy-
IOThCSI TIPHA PO3pOOITi Ta BIPOBA/KEHHI TPESHIHTOBUX CHUCTEM JIUIS IMIJIOTIB Ta aBiauCcIeTIePiB
[18], mns 3a0e3neueHHs MoabOTIB [19], st migBUIeHHST KOMGOPTY MacaXUpiB Mij Yac Mmo-
JHOTY Ta OPIEHTYBaHHS B CKJIQJIHHUX cXeMax aeporoptiB [20], a1 poOOTH NIepcoHATY aeporio-
pTy [21], Tommo. Ha puc. 1 npeacrapneHi 3pa3ku BUKOPUCTAHHS TEXHOJIOT1H BipTyalbHOI Ta J0-
MMOBHEHOT peasTbHOCTI B a€pONOPTaX.

Puc. 1. 3pasxu euxopucmanus mexuono2ii 8ipmyanvHoi ma 00NO08HEHOT pealbHOCHI:
1 — 6u0 expamny mpenagicepa, cyena 3 NMaxamu Ha 31IMHO-NOCAOKOGT cMY 31,
2 — GUKOpUCMAHHSL OKVIAPIE O0ONOGHEHOT peaibHOCMI OJ1sL aHAli3y cumyayii 6 aeponopmy

Hugposuii ositinux — 11e TUPPOBA TPHBUMIPHA KOIIisS peaTbHOTO CEPeIOBHINA, HAIPUKIIAT
MicTa, OyiBIIi, aepOTMOPTY, B sIKiif BCl JOCTYIHI F€OIPOCTOPOBI JIaHi MIPeICTaBIeHi B 00'€KTHO-
OpIEHTOBAHOMY BHTIJISII 3 TeoiH(pOpMaIliitHOO MpuB’ si3Kkor0. [{udpoBuii MBIMHAK MpecTaBIIsAEe
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3aranbHe cepeponuine ganux (Common Data Environment, ckopouero — CDE), sike 3a06e3me-
qye 30ip 1 00poOKY BEeJTMKHAX MAacHBIB JaHUX i3 OaraTthoX JpKepelr: JaHi iHpopMariiinol Moei
oyaisens (BIM); GIS-mani; naHi, o 30MparoThesl B peXKUMi peallbHOTO Yacy, 30KpeMa i3 CeH-
COpIB 1 JIaTYMKIB, BIIOMOCTI IIPO 3MiHU Y IMPOEKTaX PEKOHCTPYKIIii, IPO 1HIIMICHTH, a TAKOXK
¢inancoBa iHdopMmarisi Ta TOKyMeHTallisl mpoekTiB. ToOTO 11e enuHa mudposa mwiarpopma, B
SIKi¥l TIpeJICTaBJIeHI BCi aKTHBH, a reorpadidna ta Hereorpadiuna iHpopmarlis i JOKYMEHTH 110
HUM 30epiraroThes i MOCTIHHO OHOBIIOIOTHCS [22].

OCKITBKH aepOITOPTH CTAOTh OLTBIN 3aBaHTAKEHUMH, HEOOXITHICTD Y TTOKpAIEHOMY YITpaB-
JiHHI X aKTUBaMU Mae BHUpIlajbHE 3HAUSHHsI JUIs ONTHMIi3allii Oe3MeKH, 3aXUCTy, eeKTUBHOCTI
VIIPaBIIIHHS Ta 3pyYHOCTI TacaxupiB. [ {udpoBi ABIHHUKHN BXKe JIFOTh a00 TECTYIOThCS B 0arathox
aepornoptax cBity: ['onkonry, bpasuinii, B’etnamy, CIIIA, Kanagu, ABcrpanii, ['onmanaii Ta iH-
IIAX KpaiH, OTPAMYIOTh IO3UTHBHI BiITYKH Ta IOTIOMAraroTh ONTHMi3yBaTh poOOTY Ta eKOHOMHTH
pecypcu. Tak, 3a momepeHiMHU OIIHKAMH, 3aBJIIKA BUKOPUCTAHHIO ITU(POBOTO JIBiiHUKA AMCTe-
pramchkwii aeporropt CXimmxoJ1 3Moxke 3a0maauT S-10 % KormTiB Ha eTarri 00CITyroByBaHHS 1 €KC-
mryarartii aktuBiB i 10-20 % — Ha Ipo€ekTax peKOHCTPYKIIii Ta po3BUTKY [22].

Ha pwc. 2 mipencraBieHO TPHKIIA) BiJOOpaKEHHS JTAHUX MPO OPEHIOBaHI MPUMIITICHHS B
cepenosuii CDE nudposoro asiitHuka AMcrepaaMcbkoro aeponopTy CXimxoil, B SKOMY Bi-
T00paskeHo Mo€eTHAaHHS TpecTaBieHoro B GIS «iHTenekTyanbHOTOY IIaHy OYiBII 3 «HEIHTe-

nextyansHUMIY» BIM Monensmu tiei x Oynisii [22].

Puc. 2. Bioobpaoicenns yugposozo ositinuxa aeponopmy Cxinxon y cepedosuwi CDE

JIxepeno: 3a Mmatepianamu ctarti «Digital Twin Helps Airport Optimize Operations» [22].

«Posymne micmoy (Smart City) — ie epexTuBHA iHTErpallis Gi3UIHUX, TUPPOBUX 1 TOACH-
KHX CHCTEM B IITYYHOMY CEPEJIOBHII, €TMHA CHCTEMA, B SKi OpraHiyHO B3a€MOIIOB'SI3aH] Mi-
ChKI KOMYyHiKaIlii, iHpopMaIliiiHi TeXHOJIOrii mepejaydi JaHUX Ta IPUCTPOi IHTEpHET pedei
(IOT). KoHmerist «po3yMHOTO MicTa» Jy’Ke IIBHIKO PO3BUBAETHCSA B YCHOMY CBITi, OCKIIBKA
BOHA 3a0e3Meuye BceocsnkHe IMU(poBe cepeoBHUIIE, sIKe MiABUINYE eeKTUBHICTh 1 Oe3meKy
MICBKHX CHCTEM i CIIPHUSIE 3aTy9IESHHIO TPOMAJISTH B PO3BUTOK MicCT. s KOHIIEIIIisS 3acHOBaHa Ha
BUKOPHUCTaHHI T'€ONPOCTOPOBHUX JaHUX MIChKOI 3a0yI0BH, IPUPOJHOTO CepeoBuUIna, iHdpa-
CTPYKTYPHHUX 00’ €KTIB, MiCBKUX CIIyKO, TOIO. Y CITIIITHA peati3allisi IPOEKTY «PO3yMHE MICTOY
BUMarae po3poOKu nu(ppoBOI CHCTEMH, SKa MOXE YIPABISTH U Bi3yalli3yBaTH Te0lpoCTOPOBI
JaHl y 3pyYHOMY JIUTS KOpHCTyBava cepenoBuii [23].

Po3ymMHe BHKOpHCTAaHHS HasBHUX JaHUX BHMArae iHTerpailii 3 TPUBUMIPHUMHU KapTamu
MICT, JIUISl IKHX OCHOBHUMH JDKEpEIaMu € XMapu TOYOK, OTPUMaHi 3a JIOTMIOMOTOO JIa3€pHOTO
cKaHyBaHHS a0o (hoTorpammerpii [24; 25].
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3aBISIKM BIPOBAHKEHHIO I'e0iH(QOpMAITIHIX Ta XMapHUX TEXHOJIOTiH, HEHPOHHHUX MEpEX,
IMTYYHOTO iHTEJIEKTY Ta IHIMUX TEXHOJIOT1H, aepOTIOPTH € i7icalTbHUMHU 00’ €KTaMH TS peajtiza-
Iii Ta TeCTyBaHHS TEXHOJIOTIT «PO3YMHOTO MicTa», OCKIJIBKH B HUX MIPUCYTHI BCi €IEMEHTH Mi-
cTa: OyAiBIIi, mpoi3au, KoMyHikailii, Tommo [26; 27; 28]. B aepomnoprax Bxe 3BUYHUMH CTAIOTh
€JIEKTPOHHA peecTpallisi, BIICTe)KeHHsI Oaraxy, TepMiHanbHuil Wi-Fi, moBitoMIeHHS TIpo 3a-
TPUMKY peiciB, U POBI MOCATOUHI TaJIOHU Ta OaraTo iHIIoro. [HTenekTyanbHi QyHKIIT 6e3-
MIEKU PO3POOIISIOTHCS 1 BHPOBAIKYIOTHCS B a8POIIOPTAX 110 BCbOMY CBITY, 1 1€ TIJIBKH TOYATOK
BIIPOBA/XKEHHS KOHIICTIIIT iHTeNIEKTyaTbHUX MICT B aBialliiHoMy cextopi [29].

BucHoBKHM BiMOBiIHO 10 cTaTTi. 32 pe3ybTaTaMy IPOBEJICHOTO aHAJI3Yy MOXKIMBOCTEH
BHKOPHCTAHHS B a€pOTIOPTaX TEXHOJIOTIH BIpTyaIbHOI, IONOBHEHOT Ta 3MIIIAHOI PeaTbHOCTEH,
MTYYHOTO IHTEJICKTY, MU(PPOBHUX JABIHHUKIB Ta KOHIEHIIIT «PO3YMHHX MICT» PO3pOOJICHO KOH-
HEeNTyaIbHY MOJIEITb TIEPCIIEKTHB BUKOPUCTAHHS T€OMPOCTOPOBUX JaHUX TEPUTOPIi aepoIiopTy
JUTSL BUPIIIICHHS TIATAaHb aJIMiHiCTPaTUBHO-TOCTIOAPCHKOTO YIIPABIiHHSI MAafHOBHM KOMITJICK-
coM (puc. 3).

MeToau OTPUMAaHHS reoNnpoCcTOPOBUX JAHUX TEPUTOPIl aeponopTy

,_____-
Nmmm———

TaxeomeTpuyHe Jlnctanuifine
GNSS cnocrepexenHs 3HIMaHHS, .
. 30HAyBaHHS 3eMJI1
HiBEJIFOBaHHSA

___________________________________________

I'eoindopmauiiina cucrema aaminicT-
PATHBHO-TOCHOJAPCHKOTO YIPaB-

: BIM/GIS
JIIHHSI 2epONopPTOM

iHTerpauisi AaHuX

l

(Y ——

o PRd

HauionasbHa iH- //\
¢pacTpykTypa
reonpocToOpoBHUX Aa- \_/

HHUX

I Ty4Huii inTe-
JIEKT

i

Ba3za reonpocTopoBHX I1aHHUX

~_

Cy4acHi TeXHOJIOTIT onpaOBaHHs Ta BizyaJlizalii reonpocTopoBHUX JaHUX

BipryanpHa peanbHiCTh
JlomoBHEHa peasbHICTh Ludposi aBiHNKHA «Po3ymHe micTo»
3MilllaHa peanbHiCTh

Puc. 3. Konyenmyanvna mooenb nepcnexmue 6UKOPUCMAHHSL 2e0NpOCmoposuUx OaHux
mepumopii aeponopmy O0Jisi AOMIHICMPAMUBHO-20CNOOAPCHLKO20 YNPAGITHHS
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Brana inTerpariss Ta BUKOPUCTaHHS HAsSBHUX MOXJIMBOCTEH MOS0 300py, 30epiraHHs,
OIIPAITIOBAHHS Ta Bi3yasi3allii reompoCcTOPOBHX JAHUX aepOIOPTIB 3a0e3MMeUnTh X ePeKTUBHE
yYIpaBJIiHHS Ta EKOHOMIYHE 3pOCTaHHS.
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UDC 528.48:69
Olena Boiko

PROSPECTS FOR USING GEOINFORMATION TECHNOLOGIES IN UKRAIN AIRPORTS
FOR ADMINISTRATIVE AND ECONOMIC MANAGEMENT

The urgency of the research. In recent years, world's airports are actively implementing cloud technologies for collecting,
processing and visualizing geospatial data: laser and lidar scanning, integration of BIM / GIS models, the use of artificial
intelligence, virtual and augmented reality technologies, digital duplicates and «smarty cities. For Ukraine, which is actively
following the path of digitalization and implementation of modern geographic information technologies in many areas of ac-
tivity, the development of new methods and approaches for administrative and economic management of airport complexes is
a relevant and promising area.
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Target settings. This study examines the possibilities of modern geographic information and cloud technologies and pro-
spects for their use for administrative and economic management of an airport. The study is related to the implementation of
the State Target Program for Airport Development until 2023 and the Aviation Transport Strategy of Ukraine until 2030, which
aims to develop the aviation industry in Ukraine, bringing airport infrastructure to the requirements of the European Union.
The Law of Ukraine «On the National Infrastructure of Geospatial Data» and « Consolidated Concept of VIM Implementation
in Ukraine» has a great influence on the formation of geospatial data of airports.

Actual scientific researches and issues analysis. The paper analyzes and summarizes publications on methods of obtain-
ing geospatial data, implementation of geographic information technologies, virtual, augmented and mixed reality technolo-
gies, artificial intelligence and the concept of «smart» city for administrative and economic management of airports.

Uninvestigated parts of general matters defining. Analysis of recent research and publications has shown that the pro-
spects for the introduction of geographic information technology for administrative and economic asset management of Ukrain-
ian airports need further research, as these issues are very important and relevant, given the rapid growth of digital society,
environment and infrastructure.

The research objective. The purpose of this study is to analyze the possibilities and prospects for the introduction of
modern technologies for processing and visualization of geospatial data for administrative and economic management of the
airport and the development of a conceptual model. The task of the research is to analyze the methods of obtaining geospatial
data of the airport, the use of geographic information systems in airports, artificial intelligence technologies, virtual, aug-
mented and mixed reality, the Internet of Things, digital duplicates, implementation of the concept of «smarty city, etc.

The statement of basic materials. Geospatial data is created digitally using modern information and cloud technologies
that offer a wide range of equipment, software, methods and technologies for working with geospatial information. Every year,
new technologies that are used in the administrative and economic management of airports appear: cloud data acquisition
methods, geographic information systems, artificial intelligence technologies, virtual reality, the Internet of Things, digital
counterparts, «smarty cities, and more. Successful integration and use of existing capabilities for the collection, storage, pro-
cessing and visualization of geospatial data of airports will ensure their effective management and economic growth.

Conclusions. Based on the analysis of the possibilities of using virtual, augmented and mixed reality technologies, artifi-
cial intelligence, digital duplicates and the concept of «smarty cities in airports, a conceptual model of prospects for using
geospatial data of the airport to address administrative and economic management of the property complex was developed.

Keywords: geospatial data, geographic information systems (GIS), building information models (BIM), BIM / GIS integration,
laser and lidar scanning, artificial intelligence, virtual reality, «smarty city, airports, geospatial data infrastructure (SDI).

Fig.: 3. References:29.
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CBITJIIH HAM’SITI BUJATHOI'O YYEHOI'O
JINTBUHOBA BITAJIISI BACUJIBOBUYA

2 rpynus 2020 poxy BUTIOBHIOETHCS 80 POKIB 3 JHS
HapO/KeHHsI BUJIATHOTO YKPaiHCHKOTO BYEHOTO B Ta-
y3i iHpOpMaIITHIX TEXHOJIOTIH, IPOTpaMHOro 3a0e3-
MeYeHHsI Ta iMiTariitHoro mojemtoBanHs JIuTBHHOBa
Bitaniss BacunmeoBuya. Yce ioro Tt OyJIo HAloB-
HEHO CIIyKIHHSIM HayIli Ta ocBiTi. J[0 OCTaHHBOTO JHS
BiH 3aJIUIIABCS BEJUKHM ONTHMICTOM 1 €HTY3iacTOM,
HEBTOMHHM JIOCITITHUKOM 1 €KCIIEpUMEHTATOpOM. Xa-
pakTepHOI pHcoro JisutbHOCTI B. B. JIuTBHHOBA 3aB-
*1u Oyllo MO€HAHHS BUCOKOTO HAYKOBOTO PiBHS BH-
KOHYBaHUX JIOCITIJIKCHB 13 JIOBEACHHIM Pe3yJIbTaTiB J0
iX MPaKTHYHOTO BTiJICHHS.

Biraniit BacumsoBud Maiiske Bee JKUTTS ITPOITPaIIio-
BaB y HamionanpHiit akagemii Hayk Ykpainu, OyB o1-
HUM 13 MPOBITHAX YUECHUX-KiIOCPHETHKIB, BiI3HAYCHHIA
TpboMa JlepkaBHUMH TpeMisimu. [1iz oro kepiBHULITBOM OyJia po3po0ieHa cucteMa iMiTariiii-
Horo mojemoBanHs AJICIM Ta iHpopMaIlifHO-po3paxyHKOBa CHCTEMA JIJIS BIHCHKOBO-MOPCh-
koro ¢uoty «fOmitep», BUKOHaHI MacIITabHI MPOEKTH 3 PO3POOKHU TPOrPaMHOTO 3a0€3MeUeHHS
utg aBianiiiaux kommadii Detlta Airlines ta MAY. Pa3om i3 konektusoM HanionansHoT aka-
nemii HayK YKpaiHu BiH OpaB ydacTh y po3poOlli HOBITHIX YCTaHOBOK €JIEKTPOHHO-IIPOMEHE-
BOT'O 3BapIOBAaHHS, SKi HUHI BHKOPUCTOBYIOThCS B Kopriopartlisix Boeing (CIIIA), AirBus (bpu-
TaHis,, @paHIlis), a TAKOX y pi3HUX KpaiHax, 3okpeMa Snonii, Kutai ta Inmii.

Sx mpodecop, JOKTOp TEXHIYHUX HayK, Bitaiit BacuisoBUY 1mie1po TUTABCS CBOIMU 3HAH-
HSIMH Ta JIOCBIJIOM 31 CTy/JE€HTaMH, Mpaloouu B pi3Hi poku B HalioHaabHOMY TE€XHIYHOMY
yHiBepcuTeTi «KuiBchkuii momiTexHiuamid iHCTHTYT iMeHi Iropss Cikopchkoro», Hamionanb-
HOMY aBiaIlifHOMY YHIBEPCHUTETI, a OCTAaHHI POKH CBOTO JKUTTS, KEpyrOUH Kadeaporo mporpam-
HOT imkeHepii HarionaapHOTO yHIBepenuTeTy «UepHiriBehbka MOJITEXHIKAY.

[Topsin 3 BUKOHAHHSM IPYHTOBHHX HAayKOBHX JOCiikeHb JIuTBuHOB B. B. 3aBxu BiB ak-
TUBHY HayKOBO-OpraHi3ariiny poooty. Bin OyB WwieHOM peaKoJieTii JBOX HAyKOBUX )KYPHAIIIB,
B TOMY 4ucCIi i )KypHaly « TexHiuHI HayKH Ta TEXHOJIOTII», WICHOM JIBOX CIIeIialli30BaHUX paj
13 3aXHCTy JOKTOPCHKUX Ta KaHIUAATCHKHUX JMCEpTAIliii, akaJIeMiKOM Ta TOJIOBOXO UepHIriBch-
KOro ocepesiky AkasieMil TEXHOJIOTTUHUX HayK YKpaiHu. 3a ioro iHiliaTBY MoYajia MpoBOIU-
THCh MiXKHapO/THA HayKOBO-TIPaKTHYHA KOH(pepeHIlis «MaTeMaTHdHe Ta iMiTaIliifHe MOIEITIO-
BaHHS CUCTEMY, sIKa cTajla aBTOPUTETHUM HAyKOBUM 3aX0JI0M He TUIbKM B YKpaiHi, asie # 3a il
Mexamu. 3a 6arato pokiB HeBTOMHOI mparli mpodecop B. B. JINTBHHOB CTBOpPHB HAyKOBY
IIKOJTy, BUXOBaB TPhOX JOKTOPIiB HAayK Ta 14 KaHIAMIATiB HAyK, a pe3y/IbTaTH HOTO HayKOBHX
JOCTIDKEHB 1 MPUKIIAIHUX pOo3p00OK BiToOpaxeHi B 12 MoHOTrpadisx, 3 IeKIapaTHBHHX ITaTe-
HTax 1 6;m3pK0 200 HAYKOBHX MpAIIsX.

[Tam’aTH TIPO BHIATHOTO BYEHOTO, BUUTENS Ta TOBAPHINA 3aBXKIH 3TUIIATHCS B CEPINSIX
HOT0 BJITYHUX YUHIB Ta KOJICT.
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