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PO3ALJ 1. TPUKJIAZTHA MEXAHIKA,
MATEPIAJIO3HABCTBO
TA MAIIIMHOBYJ1IYBAHHASA

VIIK 621.923.42
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Bonooumup Kanvuenxo, Bonooumup Bemniceca, Hamania Cipa, Borooumup Mopouxo

JOCIIKEHHA TMHAMIYHUX XAPAKTEPUCTUK TPOLECY
HJII®dYBAHHA HUJITHAPUYHHUX ITIOBEPXOHbD ITEPUPEPICIO
OPIEHTOBAHOI'O KPYT'A B PEXKUMI SATYIIVIEHHSA HA BEPCTATI B3208 ®4

Axmyanvnicms memu 0ocnioxcenns. Benuxa kinvkicme 0oemaneii y Mawiuno6y0y8anHi, wo Maroms no8epxHi obepmanns,
OMPUMYIOMb OCIMAMOYHY MOYHICIb PO3MIpI8, popmu ma WopcmKicms Ha onepayiax Kkpyano2o winigyeanus. Jlocriodxcenms
napamempie winiyyeants 3i cxpeuwjeHuMU ocamu Kpyea il 0emani 8 pedicumi 3amynients € aKkmyaibHolo 3a0aqero, OCKilibKU
cnpusmume nioguWeHHIo npoOYKMUGHOcmi 00pooKu, mouHocmi upobie i cmitikocmi iHcmpymenmie ma 3abe3neuygamume
BULLY KOHKYPEHMOCHPOMODICHICMb BUPODI8 Y PI3HUX 2ANY3AX MAUUHOOYOY8AHHSL.

Ilocmanogxa npoonemu. Ha onepayisx ocmamounozo winighyganms 6axicano cmeoprosamu ymou i pexcumu, wo sabes-
neuyloms pobomy Kpyaa 8 pexicumi nepegadcHo2o 3amyniieHts abo 4acmko8020 CamMo3amouy8ants, Koau 6i00yeacmucs o020
He3HayHull posmipuuil 3noc. Leii pesicum xapaxmepuszyemocs, 3 00H020 OOKY, niOgUWeHUM 3aMyNnIeHHAM aOpa3uGHUX 3epe i
3ACONIOBAHHAM NOGEPXHI KpYad, d 3 iHUL020 — CpUsc 30epediceHHio opmu Kpyaa Nicis npagku, momy HeoOXioHo npogecmu
OUHAMIUHI QOCTIOJICEHHS, Pe3yTbMAamu AKUX 8paxo8ysami npu noodyoosi mexHoI02iHH020 NPOYeCy Waigy8anHs.

Ananiz ocmannix oocnioscens i nyonikayiit. Haykosoio wikonoro nio xepisnuymeom 00Kmopa mexHiunux Hayx, npoge-
copa B. I. Kanvuenxa 0ocniodceno cnocib kpyeno2o winighyy8anus 8 pedcumi camosamovy8anis 3i CXpeujeHuMu ocamu 0emaii
il 3a20MOBKU A 3ANPONOHOBAHO CNOCOOU NIOBUWEHHS CMIUKOCME AOPA3USHUX KPY2i6 ma MOYHOCHE 00pOOKU.

Buoinenns neoocnioxncenux uacmun 3azanvhoi npoonemu. [ocniodicenHs OUHAMIYHUX XAPAKMEPUCMUK npoyecy
winighyeanns 6 pexcumi 3amynients na gepcmami B3208 @4.

Ilocmanogka 3a80anua. 3abe3neuumu 8UCOKi NOKAZHUKU MOYHOCII PO3MIPIS, HU3bKI WOPCMKICMb Ma X8UIACMICMb 00-
pobrenux nogepxonv npu winigyyeanni @ pesicumi samynienus. Ilpogecmu ounamivnuil po3paxyHox WNUHOETbHO20 8Y31d Md
ecmanogumu oonacmi ioeo be3pe3oHancHoi pobomu, nobyoysamu amniinyoHo ghazoeo-yacmomuy xapakmepucmuxy (ADYX)
i gU3HAUUMU OUHAMIYHY CINIUKICIb CUCTEMU.

Buknao ocnosnozo mamepiany. Po3pisusioms winighy8anus 6 pexcum camo3amouy8auts i NepesalcHo2o 3amynieHHs
iHcmpymenma. Y pescumi camo3amovy8ants 3HOULYBAHHS WNIPYBaATIbHO20 Kpyed Npu3eoounms 00 3MiHU 11020 euxionoi (npa-
BUNLHOL) ceomempuuHoi opmu, wo, y c8oio uepey, iHmencugikye giopayii mexnono2iunoi cucmemu, 3mMeHuleHHs MOYHOCI
Ppo3mipie i ymeopenHs na obpooOniosanux NOGEpxXHAX demaneli XeUACMOCI, MOMY PedCUM CAMO3AMOUYBAHHSA GUKOPUCTIOBY-
€MbCsl NEpPesadicHo HA onepayisax nonepednbo2o winigyeanus. Ha onepayiax ocmamounoeo winighyeanns 6axcano cmeopio-
8aMU YMOBU Ul pedicuM, o 3ab6e3neuyioms podomy Kpyea 8 pedlcuMi nepesasicHo2o 3amynieHHs abo 4acmKo8020 camo3amo-
YY8aMHs, KOIU 3a0e3newyemvcs 020 He3HAUHU PO3MIPHULL 3HOC.

Bucnogxu 6ionogiono oo cmammi. Y pob6omi 0ocniodiceno OUHaMiuHi xapaxmepucmuxu npoyecy waigyyeanHs yuninopu-
YHUX NOBEPXOHb Nepughepicio opicHmosanozo Kpyaa 8 pesicumi samynnenns na eepcmami B3208 @4. IIposedeni oocniodcenns
0aroms 3M02y MIHIMIZY8AMU CUNU PI3aHHs, 6CMaHosumuy obnacmi bespe3onanchoi pobomu eepcmama, 36inbuwumu inmepeany
MidIc npagkamu ma cmitikicms waighy8anvho2o Kpyaa, 3abe3nequmu Guwyi MouHicms ma AKicmv 00poOIeHUX NOBEPXOHb, d
MAaKooic NiOsUWUMU NPOOYKMUBHICIb npoyecy 00pooKiL.

Kniouosi cnosa: xpyene winighysanns; winipysanms nepugepicio opicHmoganoeo kpyaa, wiighy8ants @ pedjicumi 3amyn-
JenHs; ounamivnui pospaxynox; ADYX.

Puc.: 2. Bion.: 8.

AKTya/IBHICTh TeMH JOCTIIKeHHsl. Y BUpoOax MalIMHOOYIyBaHHS IOLIMPEHA BEIHMKA
KUTBKICTh JIeTaeld TUITY BaJIiB Ta OCEH 13 IMTIHAPUYHIMHU TIOBEPXHSIMH, OCTATOYHA TOUHICTD SIKHX
dopmyeTbcss Ha (QIHIMIHUX oOmepalisx Kpymioro nuutidyBaHHS. Bukopuctanas crnocoOy
nuTiyBaHHS 31 CXpELIEHUMHU OCSIMU KpyTa Ta JeTajli Ma€ IepeBark HaJl CrocoOoM HuTipyBaHHS
NpU TapajeNbHUX OCSAX IHCTPYMEHTY Ta JAeTajli, 10 HOJAraroTh y (ikcariii GpopmMoyTBOprOH0doi
JUISHKA  a0pa3WBHOTO 1HCTPYMEHTY, PIBHOMIPHOMY PpO3IOALTY HPHUITYCKYy Ta 3HOCY B3IOBX
npodio kpyra. JlociipreHHs npouecy HuTidyBaHHs B peXKUMI 3aTyIICHHS KpyTa 3 BU3HAUCHHIM
JIMHAMIYHUX ~XapaKTEPUCTUK TIPOLECY € aKTyaJbHUM 3aBOAHHSIM, OCKIUJIBKA CHpPHUSITUME
I1IBUILIECHHIO CTIHKOCTI IHCTPYMEHTY, TOYHOCTI BUPOOIB Ta MPOAYKTUBHOCTI OOPOOKH.

© Kampuenko B. B., Bemxera B. 1., Cipa H. M., Mopouko B. B., 2020
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IMoctanoBka mpoOJjemu. Jlochmiautu mpouec Kpymioro uutidgyBaHHS Ha BepcTaTi
B3208 ®4 opieHTOBaHUM IHCTPYMEHTOM y PEXHMI 3aTYIJICHHS LUTI(QYyBaJbHOIO Kpyra Ta
BU3HAYUTU MpPH I[IbOMY OCHOBHI JMHaMiyHI XapakTepucTuku. IIpoBectn auHAMiIUYHUN
PO3paxyHOK LIMHHJAEIHHOTO By3Jia 1 BCTAHOBUTH 00J7acTi HOro Oe3pe30HaHCHOI poOoTH,
Bu3HaunTH ADUX i popMu KOJIMBAHb CHCTEMHU.

AHaJi3 OCTaHHIX JocaixKeHb i myOaikanii. Y po6oti [1] nociikeHo OCHOBHI TPUYMHH
3aTYIUIEHHS 1 3aCONIOBaHHS NUTI(QYBaJbHUX KpYTiB, L0 MPHU3BOJATH IO BTPATH PLKYUYOi
371aTHOCTI aOPa3uBHOTO 1HCTPYMEHTY, 301IbIIICHHS CUJI pi3aHHs, MOSIBH BiOpaLii.

JI. Xyno6in i M. benoB [2], mpoaHanizyBaBIIM KIHETUKY CTaHy pOOOYMX MTOBEPXOHb KPYTiB
13 TpamuiiiiHuX abpa3sMBHHX MarepiaiiB (eIeKTPOTPOKOPYHAIB 1 KapOidiB KpEeMHIiI0) Mpu
nutihyBaHHI B PEeXUMI 3aTyIUIEHHS BUAUTIIIM TPU MEPioAM POOOTH KPYTiB: CKOJIOBaHHS
BEPIINH, 3aTYIUICHHS 3€PEH Ta NOAJIbIIE 3aCOTIOBAHHS POOOUOT MOBEPXHI.

OTpumary BHILI TMOKAa3HUKHA TOYHOCTI PO3MIpiB, HU3bKI HIOPCTKICTh 1 XBHIIACTICTD
00poONeHNX TOBEpXOHb MOXKHA B Mpoleci poOOTH ULTidyBadbHUX KpPYTiB y pPEKHUMI
3atyruieHHs. PizanbHi Ta gedopmyrodi 3epHa MilIHO YTPUMYIOThCS 3B’ SI3KOI0 B IHCTPYMEHTI, 110
J1a€ MOXKIIUBICTB 30€perT npodisib IHCTpYMEHTa, IKUH (GopMyeThes Tipu mpasii [3].

[Tpu nwridyBaHHI TUITIHAPUYHUX TOBEPXOHB JETallel 13 mapaneIbHUMHU OCSIMHU JeTali Ta
IHCTpyMEHTa 3aflisiHa HE BCS BUCOTA NUTI(yBaJIbHOTO KpyTa, a JHIIE YAaCTHHA, KA JOPIBHIOE
nojavi jgerami Ha o0epr kpyra. BinOyBaeTbcs HEpiBHOMIpHHMH 3HOC IHCTpYMEHTa Ta
MOTIpIIEHHS SIKOCT1 i TOUHOCTI MOBEPXHEBOTO 1apy JeTaii. [[pyuyrMHOI0 1IFOT0 MOTIPIICHHS €
HecTaOlIbHE TONIOXKEHHS (OPMOYTBOPIOIOYOI MIJISTHKM Kpyra. BucoTa 3HOLIEHOI IUISHKH
IHCTpYMEHTa B KOXKHI/ TOYII1 HOro poO04oi MoBepXHi 3aJIeKHUTh BiJl T0Ja4i Ta BACOTH IIPHUITYCKY
[4]. ¥V BKkazaHOMY cIOCO01 3HMIKYETHCS HMPOTYKTUBHICTH OOpOOKM BHACHIJOK 3aiSHOCTI B
nporieci nutiyBaHHs He BCi€l BUCOTH Kpyra, a JIMIIE I HEBEJIMKUX YaCTHUH MPH HEBIZIOMOMY
po3TanryBaHH1 (OPMOYTBOPIOIOYOT AUISTHKH.

Y [5] 3ampomoHOBaHO cmOCI0O Kpymioro ImUTQyBaHHA 3 MO3J0BKHBOIO T0/AYEIO
opieHnToBaHuM Kpyrom. Dikcaris popMOyTBOPIOIOYOT TUISTHKH KPyTa 311HCHIOETHCS 32 PAXyHOK
MOBOPOTY IHCTPYMEHTY Ha KyT BITHOCHO OCi 0OepTaHHs AeTali 1 € 4iTKO BU3HaueHOw. BoHa
po3TaloBaHa Ha OCi MOBOPOTY Kpyra. Aje B Ipolieci 3ioMy MPHUIYCKY KyT HOTO IOBOPOTY
3aNIeKUTH BiJl BEIMYMHU MIPUITYCKA.

Himenbkoro ipmoro Junker po3poGiieHo HOBHIA cIOci0 00pOOKH MITIHAPUYHUX 1 TOPIIEBUX
MIOBEPXOHB, MPH SKOMY KYTH OCI Kpyra i JIeTalli CXpeIlyoThCs MiJ HEBETUKUM KyToM [6; 7].
Bukopucranusi TopreBoi AUISHKY 1HCTPYMEHTY J03BOJISIE 3HAYHO 30UTBIIUTH PO3MIpHU IUISIMHU
KOHTAaKTY 1HCTPYMEHTA 13 3aroTOBKOI0. Unciio 00epTiB 3aroTOBKM BUOUPAETHCS B Psi/ii BUITAIKIB
OUTBIIMM 3a 4MCI0 00epTiB HuTiQyBanbHOTO Kpyra. Jlocsraerbes mopada Ha o0epT OMU3BKO
0,01, a mBuakicTs nutigyBanas — 10 160 m/c.

VY pobori [8] Oymo mpoBeaeHO MOCTIKEHHS JUHAMIYHUX XapaKTepucTuK Bepcrata B3 208
@4 npu uumidyBaHHi nepudepiero OpieHTOBAHOTO Kpyra B peXuMi camo3arodyBaHHs. OTpuMaHi
MOKA3HUKHU CTATUYHOI MMOJATIMBOCTI, MAaKCUMAaIbHOT PE30HAHCHOI aMILTITYIH, KoediieHTa au-
HaMiYHOCTI, PE30HAHCHOT YaCTOTH, MTapaMeTpy KU XapaKTepu3ye BiOPOCTIHKICTh CHCTEMH.

BuaijieHHs1 HeIOCJHiIKeHUX YacTHH 3arajbHoi mnpodiemu. Kpymie nutidysanns
nepudepiero Kpyra 3i CXpelIeHUMH OCSMHU 1HCTPYMEHTa Ta AeTalli Ja€ MOXKJIMBICTh (ikcarrii
(opMOYTBOPIOIOUOT AIITHKU a0pa3uBHOTO IHCTPYMEHTY i 3a0e3nedye piBHOMIpHUMA pO3MOIiT
MPUITYCKY B3I0BX MpOQUII0 Kpyra. 3aBIsKH IIbOMY 3HOC HOTo CTae OLIbIl PIBHOMIPHUM 1
MiIBUIIY€THCS TIPOAYKTUBHICTH 00pOoOKH. [[s 3a0e3neueHHs BUCOKUX TEXHIKO-€KOHOMIYHUX
MOKa3HHUKIB 00POOKM B peXHUMi 3aTYIUICHHSI HEOOX1THO TOCTIAUTH Ta BPaXxOBYyBaTH JUHAMIYHI
XapaKTePUCTUKU CUCTEMHU.
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Mera crarri. Mertoro 1i€i poOOTH € TPOBEACHHS JAWHAMIYHOTO PO3PAXYHKY
IIMUHAEIBHOTO By3na Bepctara B3208 @4 npu nuridpyBaHHI B peXHMi 3aTyIUICHHS,
BCTAHOBIIEHHS 001acTi iioro 6e3pe3oHancHoi podoTy, Bu3HaueHHs ADUX 1 popmMH KOTMBaHb
CHCTEMHU s 3a0€3MeUEeHHS] BUCOKUX MMOKA3HUKIB TOUHOCTI pO3MipiB, HU3BKOI HIOPCTKOCTI Ta
XBHJIICTOCT1 OOpOOICHUX TOBEPXOHb.

Bukaa ocHoBHOro MmarepiaJy. IcHye 1Ba ciocoOu Kpyryioro nutiyBaHHS HUITTHIAPUYHUX
MOBEPXOHB JICTAJICH: Y peXXMMi CaM03aTOUyBaHHA 1 B PEXKUMI 3aTyIUIeHHs Kpyra. Jlocmiaumo
PEKUM 3aTyIUICHHSL.

AOpa3uBHI IHCTpYMEHTH NpH HUTI(QyBaHHI MIATAIOTHCA NEPIOJUYHOMY W IEPMAHEHTHOMY
CHJIOBOMY, TETJIOBOMY 1 (hi3UKO-XIMIYHOMY BIUTUBY, y PE3yJbTaTi SKOTO iXHI poOOYi MOBEpPXHI
3HOIIYIOThCS, 3aTYIUISIOTHCS 1 3aCONIOl0Thes [1; 2].

ITix 3HOLTYBaHHSAM PO3yMiIOTh OCTYIIOBE BIJIIIEHHS YaCTOK poOOYOro MIapy IHCTPYMEHTY,
I110 IPU3BOIUTH IO 3MEHILIEHHS HOTO PO3MIpiB 1 MacH.

[Tpu 3arymnieHH] 3MIHIOIOThCS T€OMETPHYHI MapaMeTpu Horo poOo4oi MOBEpPXHI BHACIIIOK
3HOIITYBaHHS a0pa3UBHUX 3€PEH, 110 MPU3BOAUTD J0 3HWKEHHS PIXKYYOI 3JaTHOCT1 IHCTPYMEHTY.

3HOIIYyBaHHS NUTI(QYBAJIbHUX KPYTiB BiIOyBA€ThCS MEPEBAKHO 32 PAXyHOK: MEXaHIYHOTO
CTHpaHHS BEPIIMH PLKYYHUX KPaoK 3epeH 1 MOSBY Ha HUX MailIaHUYMKIB 3HOCY; BUKPHUIIYBaHHS
(CKOIOBaHHS) 4YaCTOK a0pa3sMBHOTO 3epHa IiJ] €0 CUIOBUX HAaBaHTaXXEeHb a00 (1) LUKIIIYHOTO
YepryBaHH iX; IIBUAKOTO HarpiBaHHs 1 OXOJOKEHHS, 1110 CTBOPIOE TEPMOYIApH; aJre3iiHoro
3HOCY 3€pEH, MOB’I3aHOT0 3 MEPIOIMYHNUM BiAPUBOM HAIUIUIOTO HA HUX METaJly 3arOTOBKH pa-
30M 3 YaCTMHKaMM abpa3uBy W yTBOpEHHSIM Ha 3epHax JIpiOHUX Kparepi; audysiiiHOro 3HO-
IIyBaHHS, 1110 MOJISITa€ B pO3YMHEHH a0pa3UBHUX 3epeH y Marepialii 00po0It0BaHOi 3arOTOBKU
a00 (1) yTBOpeHHS iX XIMIYHMX 3’ €JJHAHb; OKHCJICHHS 3€pPEeH KUCHEM HOBITPS IIPHU BUCOKIiH TeM-
nepaTypi; BUPUBAHHS 31 3B’ 3KU LUIUX 3€PEH.

[T 3aconeHHsIM pO3yMitOTh MPOLIEC IEPEHECEHHsT Ha poOOUy MOBEPXHIO a0pa3UBHOTO IHCTPY-
MEHTY YaCTMHOK IIJIaMy (YaCTMHKH a0pas3uBy, 3B’s3KHU Ta UTI(YBaJIbHOI CTPYKKH) y Tporieci 00-
poOku. OHAK YaCTMHKY 1IJIaMy 3aTHI IPOHUKHYTH ¥ YTPUMATHUCS B MPOCTOPI MK aOpa3uBHUM
3€pHOM 1 B ITOpax Kpyra, a Ha abpa3uBHUX 3epHAaX HAIUIIAE MaTepian 00OpoOIIOBaHOT 3arOTOBKH.

3aTyIuIeHHs 1 3aCOIOBAHHS € OCHOBHOIO NMPUYMHOIO BTPATH PLKYUOi 31aTHOCTI abpa3uB-
HOTO 1HCTPYMEHTY. 3aJIeXHO BiJl MepeBaXkaHHS TOTO YW 1HIIOTO BHJLYy 3HOCY PO3PI3HAIOTH pe-
MM CaMO3aTOYyBaHHS 1 IEPEBaYKHOTO 3aTYIIJICHHS IHCTPYMEHTA. Y peXXHMi CaM03aTOuyBaHHS
nepeBakae MpoIleC CKOJIIOBAaHHS a0pa3uBHUX 3€pEH 1 BUPUBAHHA iX 31 3B’ s13ku. [lpu 1ipomy pi-
’Kyda 371aTHICTh IUTi(DyBaTBbHOTO KpyTa 1 TeIJIOCHIOBA HANPYKEHICTh Mpolecy HuTihyBaHHS 3
YacoM MPAKTUYHO HE 3MIHIOIOTHCS, POTE 3HOUTYBaHHS UTi(DyBaTIbHOTO Kpyra MpU3BOIUTH JI0
3MIHU HOr0 BUXIZAHOT (MPaBHIJIBHOI) TE€OMETPUYHOT (POPMH, 1110, Y CBOIO Yepry, IHTEHCU(IKYE
BiOpallii TEXHOJOT1YHOI CUCTEMH, TPU3BOIUTH J10 301IbIIEHHS MTOXUOOK PO3MIPIB 1 yTBOPEHHS
Ha 00pOOIIOBaHUX MOBEPXHAX AETalel XBUIACTOCTI, TOMY PEKUM CaM0O3aTOUyBaHHS BUKOPH-
CTOBYETbHCSI IEPEBAKHO HA OINEPALIAX MMOMEPEIHBOrO NUTi(yBaHHS.

Ha omeparisix octaroyHoro mutigyBaHHs 0akaHO CTBOPIOBATH YMOBH i peXuM, 1110 3a0e3-
MEYyIOTh poOOTY Kpyra B peKHUMi MEPEBAKHOTO 3aTYIJICHHS a00 YaCTKOBOTO CaM0O3aTOYyBaHHS,
KOJIM 3a0e3MeuyeThesi Horo He3HaYHW po3MipHHIA 3HOC. Llel pekuM XapakTepusyeThesl yTBO-
PEHHAM MaiIaHYMKIB 3HOCY Ha PLKYYMX KpalKaxX 3epeH i3 HAJUMAaHHSAM Ha Ii MaiJaH4YuKH
YaCTUHOK METally 3aroTOBKH. Pixkyd4a 31aTHICTh nuTihyBaqbHOTO Kpyra 31 30UIBIIEHHSM HOTO
HaNpaIlOBaHHs 3MEHIIYEThCS, YHACIIOK YOTO 3pOCTAIOTh TEIUIOCHIIOBA HANPYXKEHICTh MpPO-
11eCy ¥ IHTEeHCUBHICTb BiOpalliif, MOTipIIy€eThCs SKICTh AeTanei. s BiTHOBICHHS pixKydoi 31a-
THOCTI a0pa3MBHUX 3€pPEeH KPYTH MiIAI0Th NepioJUyHii mpaBLi. 3 METOI0 3a0e3MeUeHHs CTa-
JIOCTI PiXKy4oi 37aTHOCTI aOpa3uBHOTO IHCTPYMEHTA 3aCTOCOBYIOTh O€3MEpEPBHY MPABKY.

Bbananc MK CKOJIOBaHHSM 1 BUPUBAHHSM 3€pEH 1 iX 3aTyIUICHHSAM BU3HAYAE€THCS TETLI0CHIIO-
BOIO HAIPY>KEHICTIO Ipoliecy nuTih)yBaHHS 1 MiLIHICHUMH BIACTUBOCTSAMH CaMUX 3€peH 1 3B’ I3KH.
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31 301IbIIEHHSAM pOo0OOYOi IBUIKOCTI KpyTa 1 HOTo TBEPAOCTI 3pOCTAIOTh CepeIH] 3HAYCHHS
CHJI, IO MIPUIIAAAIOTH HA OJJHE 3€PHO, NMPH SKUX MOXKJIMBO PYHHYBaHHS 3epeH a00 BUPUBAHHS
ix 31 3B’s3KM (KpUTHYHE HABAHTAKEHHS). 3 MIABHUIIEHHSIM TBEPIOCTI Kpyra Iporuec Hutigy-
BaHHS 3 MIEPEBAKAIOYMM CaM03aTOYYBAaHHIM MEPEXOUTD Y «3MIMIAaHUI PexXUM, MOTIM — Y pe-
KM 13 TIepeBa)KalouuM 3aTYIUICHHSM, a IPH 00pOoOIli 3ar0TOBOK 13 MJIACTUYHMX 1 B’ A3KHX Ma-
TEepiaJiB CIIOCTEPIraeThCs IHTEHCUBHE 3aCOMOBAaHHS POOOUOT MOBEPXHI IUTI(PYyBAIBHOTO KPyTa.

YuM MeHIIa 3epHHUCTICTh HUTI(YBaTBHOTO Kpyra, TUM BYXKYUM CTa€ Jiama3oH TBEPAOCTI
Kpyra, IpH SKOMY MOXJIMBUHN «3MiIIaHUI» peskuM ioro podotu. ITpu 36ibI1eHH] IHTEHCUBHO-
CTi 3HIMaHHS METaly KpyraMu MaJiol TBEpAOCTI PEKUM MEPEeBAKHOTO 3aTYIUICHHs Kpyra 3Mi-
HIOETHCS 3MIIIAaHUM PEXHUMOM, a TIOTIM IEPEXOAUTh y PEeXUM camo3arouyBaHHs. [Ipu mutidy-
BaHHI 3arOTOBOK 13 IJIACTUYHUX 1 B’SI3KUX MaTepialiB KPyraMyu BUCOKOI TBEPAOCTI, 3MilIaHUI
PEKUM 3MIHIOETBCS PEKUMOM 3aCOIOBAHHS .

[Tpu mutipyBaHHI 3arOTOBOK KpyraMu 3 €JIEKTPOKOPYHIY 1 KapOily KpeMHiI0 MalOTh Miclie
BCl BU/IM 3HOLIYBaHHS, a iXHS MUTOMA Bara MO)KE 3MIHIOBATHCS 3aJISKHO BiJ] yMOB 00pOOKH;
1uTi(hyBaIbHI KPYTH 3 €I600py MPALIOIOTh MEPEBAXKHO B PEKUMI CaM03aTOUyBaHHS.

[HTEHCUBHICTh MEXaHIYHOTO CTHPAHHS 3€PEH 3HAYHOIO MipOI0 BU3HAYAETHCS MILHICTIO 1
TBEPICTIO MaTepiary 0OpoOIIOBaHOI 3arOTOBKH.

[Tpu mumidyBaHHI 3arOTOBOK 13 KOPO3IMHOCTIMKUX 1 KapOMILIHUX CTaJeH 1 CIJIaBiB IHTEHCH-
BHICTb 3aTYIUICHHS a0pa3HMBHUX 3€pPEH y KUJIbKa pa3iB BHILE, HDK MPHU ILTi(yBaHHI 3aTOTOBOK 13
KOHCTPYKIIHUX BYIVICLIEBUX 1 HU3BKOJIETOBAHUX CTAJICH, 10 MOSCHIOETHCS OULIBII BUCOKOIO
MIIIHICTIO 1 TBEPIICTIO IIUX MaTepialliB MPU BUCOKUX TEMIIeparypax.

V 30Hi muTiyBaHHS, SIKA XapaKTEPU3YEThCS HasBHICTIO BUCOKOTEMIIEPATypHOI CHIIOBOT B3a-
emo1ii MDK 1UTi(hyBaJIbHUM KPYT'OM 1 3arOTOBKOIO, aKTUBHUM PiIKMM 1 Ta30BUM CEPEJIOBHIIIEM,
CTBOPIOIOTHCS EPEAYMOBH ISl IPOTIKAHHS XIMIYHUX PEaKIii, 1110 IPU3BOAATE A0 YTBOPCHHS
MPOAYKTIB, SIKi OJOKYIOTH 200 aKTHBI3yIOTh OE3MOCEPEHIO B3aEMO/III0 adpa3uBHOIO 3epHa 1
Mmarepiany 3arotoBku. JudysiiiHe 3HOIIYBaHHS aOpa3uBHUX 3€peH JOMiHYe NpH ILTiyBaHHI
3aroTOBOK 13 XIMIYHO aKTHBHUX MaTepiaiiB, IO YHCIIa SKUX BiTHOCATHCS, 30KpeMa, aTIOMiHI€B1
il TUTAHOBI CIUIaBH.

JI. Xyno6in i M. benoB [2], mpoaHanizyBaBIIM KIHETUKY CTaHy pOOOYMX MTOBEPXOHb KPYTiB
13 TpanuIiiHUX abpa3suBHUX MarepialiiB (€JIEKTPOTPOKOPYHIIB 1 KapOiJliB KPEMHIIO) MPH IILTi-
(byBaHH1 3arOTOBOK 3 KOPO31MHO CTIMKHUX CTajnel, BUALIHIN TPU epioan poOOTH KpyTiB: 1) cko-
JIIOBaHHS BEPIIWH a0pa3sMBHUX 3€peH, PyHHYBaHHS 3€peH 3 YTBOPEHHSAM APIOHUX OCKOJIKIB 1
BUPHBAHHS HEMII[HO 3aKPIIUIEHUX 3€PEH 13 3B’SI3KM B MOYATKOBUH mepio MUTihyBaHHS MiCIIs
MIPaBKH KpyTa; 2) 3aTYIUIEHHS 3€PEeH 13 MOAAIbIINM HAJIUIIAHHAM Ha 1X BEpIIMHA YaCTUHOK Me-
TaJy 3arOTOBKH, PyHHYBaHHS 3epeH 3 YTBOPEHHSAM OCKOJIKIB 1 BUPMBAHHS 3aTyIUICHHX 1 3acMa-
JBIILOBAHUX 3€PEH 31 3B A3KH MiJ] Ji€10 CHIU HUTI(QYBaHHS; IPH LbOMY MOPH KpPyra 4acTKOBO
3aMlOBHIOIOTHCS IIIJIAMOM; 3) MOJANbIIE 3acONIIOBaHHSA poO04yoi MOBEpXHI ILTi(yBaIbHOTO
Kpyra, 110 MOJIsIrae B 3alI0OBHEHHI IIJITAMOM IPOCTOPY MiXK 3epHaMH, Ta IPU3BOIUTH 10 TTOBHOI
BTPATHU KPYTOM PiXY4o0i 31aTHOCTI.

Omnucani BUIIE SBUILA NPH HUTiI(YBaHH] B PSKUMI 3aTYIUICHHS MOXKYTh IPU3BECTH 10 3011b-
IIICHHS CHJT PI3aHHS, TIOSBU BiOpaIliii TEXHOIOTTYHOT CHCTEMH BEpCTaT-TIPUCTOCYBAHHS —IHCTPY-
MEHT-/I€Tallb, 1110, Y CBOIO YEPry, 3HWKY€E NPOAYKTHBHICTH Ta TOUYHICTh 00poOKu. Tomy myxe Ba-
JIMBO TPOBECTH JOCHTIDKEHHS JUHAMIYHUX XapaKTEPUCTHK TEXHONOTIYHOT CHCTEMH Ta
noOymayBatu ADUX.

JIuHaMi4HI MapaMeTpy MIIMHISIFHOTO By3Ja 0e3MmocepeIHbO BIUIMBAIOTh Ha TOYHICTh (O-
pMH 00pO06IeHOT TOBEPXHI, ii IOPCTKICTh, IHTEHCUBHICTB 3HOCY PIKYYOro iHCTpyMeHTY. ToMmy
HEOOXiHO MPOBECTH AWHAMIUYHUHN PO3pPaxyHOK IIMUHIEIBHOTO By3Ja 1 BCTAHOBUTH O0JACTi
fioro 6e3pe3oHancHOi poboTH, BuzHAYUTH ADPUYX 1 GOopMU KOJTHBAHE CHCTEMHU.
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[TouarkoBe nudepeHIiaibHe PIBHAHHS BUMYIICHUX KOJIMBAHb CTEPXKHSA-IUTTUHACIS, 3aIlH-
meThbest y BUrsiai [8].
4 2
EJ-ﬁ+k.9+m0-ﬁ:P,.-sin(a)-t), (1)
oz4 or?
ne EJ—XOpCTKIiCTb CTEepKHs MpH 3ruHi: £ — moayns FOura, MIla; J — MOMEHT iHep1ii, KT * M

9 — monepeuHe nepeMillieHHs CTEPXKHs Ha BIICTaHi Z B MOMEHT 4acy f, MM;

k — xoedilieHT mocTeni;

My — Maca OJJMHUIII JOBXKHHU CTEP)KHS, KT

P, — cuna 30ypenns, H;

® — 9acTOTa BUMYIICHUX KOJIMBAaHb cUCTeMH, [ 1.

I3 yrcnOBUX METOMIB PO3PaXyHKY MPYXKHHUX CHCTEM, SIKi OTMCYIOThCS JTiHIMHUME audepe-
HI[IaTbHUMH PIBHIHHSMH, OJHUM 13 HAaUTIEPCIIEKTUBHININX, TIOPS 13 METOJAOM KIiHIIEBUX €llie-
MEHTIB, € METO/] IOYaTKOBUX MapaMeTpiB y MaTpuuHOMY (opMyitoBaHHI. BiH no3Bossie npu-
BOJIUTH AMHAMI4HI XapaKTEPUCTUKH IIMUHACTHHUX BY3JiB 1 YIIPaBIiHHS AUHAMIYHUM BIUTUBOM
710 PO3PaxXyHKY CKJIQJHOT JIAHIFOTOBOI CUCTEMH 3 6araropa3oBO MOBTOPIOBAHUM IIMKIIOM are-
OpaiuHuX omepariiii, 1o BiAMOBIIAIOTH MEPEXOAY BiJ OJHIET NUISTHKH CUCTEMH JI0 1HIIOL, 1 yC-
ninrHo 3acrocyBatd EOM.

Po3paxyHkoBa MoJiesIb By3Jla PO3IJIAIAETHCS K MPYXKHA CTyMiHUacTa Oajika TOBKUHOIO L
Ha TPYXHOJIEeMI(YIOUUX Oomopax. 3a JornomMoror N pagialbHUX TEPEeTHHIB, BKIIIOUYAIOYU
KpaiiHi, O6anka po3zaineHa Ha (N-1) OUISHOK MOCTIHHOTO MEPETHHY, B OJHOMY 3 SIKUX Jli€ 30y-
proBanbHa cuna Py. [Ipy 1boMy KOXHa i-Ta AUISHKA Ma€ pO3MOAUIEHY Macy Mg; Ta TOCTIHHY
KOPCTKICTh Ha 3THH EJ, a neTaii, 3MOHTOBaHI Ha MIMUHAEII, PO3TIISAAI0ThCS K 30CePEIKEH1
MacH m; Ha MeXi IUISTHOK 13 MOMEHTaMu iHepiii J;. Po3rmsHyTa Monens ckinagaerbes 3 13 mi-
JSTHOK, po3auieHux 14 nepepizamu (puc. 1). s KoxXHOT TUISHKY 331a€ThCs JOBXKUHA L;, cepe-
IHIN niameTp (30BHIIIHINA D; Ta BHYTPIIIHIN d;), po3MOiIeHa Maca my;, JeMIi(ipyBaHHs B Ma-
Tepiani b; Ta 3MiHHA )KOPCTKICTh EJ; .

VY KOXXKHOMY OKpeMOMY Iiepepi3i BpaxoBY€eThCsl OMH ab0 Kibka (hakTopiB, a came:

1) 3MiHa 30BHIIIHBOTO D; 200 BHYTPILIHBOTO d; IIaMETPiB BaJiB, MM;

2) pO3MIIIEHHSI 30CePEKEHOI OTIOPH;

3) 3ocepemkena Macoro m (Kr) Ta MomeHTt iHepiii J (H/m);

4) 3oBHimHIN 30cepemkennit MomeHT (H/M) abo cuna (H).

VY po3paxyHKOBii MOAENI IIMUHAECNS, MIAMUITHUKA PO3TIIAIOTECS K MPYXHO-AeMIdy-
1041 OCHOBH.

[TapameTpu B mouaTkoBOMy Yy Ta KiHIIEBOMY Yy mepepi3ax LIMUHICIS MOXKHA 3B’ S3aTH 32
JONIOMOT 010 TIEPEXiTHUX MAaTPHILIb HOTO JUISHOK 3 ypaxyBaHHIM CUJIM, SIKa Ji€ B i-My Iepepisi
y BHUIJIAI TAKOI'O MAaTPHUYHOTO PIBHSIHHS:

[y I=[4]- [ ]+ [4p, ]- Iy, ] 2
ne [Y N ] [YO] — MaTpPHULI-CTOBIII KOMIUIEKCHUX MapaMeTpiB y N-My 1 /-My nepepizax;

2.
s

[A] — MaTpUIl JOOYTKY BCIX MEPEXiTHUX MATPUILh IS NITITHOK OaKu;
[A Pn ] — MaTpUIl JOOYTKY BCIX MEPEXiTHUX MATPUIIb JUIS TUTSTHOK OAJIKH, PO3TAIIOBAHUX

HiCJIsA n-TO Tepepiszy, B IKOMY MPHUKJIaZeHa cuia P.
Marpuiist 30BHIITHBOT'O HABAHTAXKEHHS [l//n] B n-My Tepepi3i Ma€ BUTIISNA:
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Marpuus [Y, | BK/IHOYA€ TaKi KOMIIEKCHI BETHUMHM:

Vi
piL
M;L? 4)
EJ;
o;°
EJ;

[]=

1€ yi— KOMIUIEKCHA aMIUIITy/la IPOTHHY, M;

¢ — KOMIUIEKCHA aMILIiTy1a KyTa I0BOpoTY, *;

M; — KOMITJIEKCHA aMILTITyJa MOMEHTY cuid, H'Mm;

Qi — KOMIUIEKCHA aMIUTITY/ja ronepeyHoi cuiu, H;

L — noBxuHa MITUHJIENIS, M;

EJ; — 5O0pCTKIiCTh Ha 3TUH i-T0 epepizy potopa, MITa kr - M2,

I[pu BiTOMHX MMOYATKOBUX MapaMeTpax i3 BAKOPUCTAHHIM MEPEXiTHUX MATPUIlb CTEPKHEBUX
KOHCTPYKIII MOYKHA 3HAMTH mapameTpu B OyIb-sikoMy mepepisi. [lepexinHi MaTpuiil JUISTHOK Ta
niepepiziB IIMUHENS, TXHI TapaMeTpH 3aJ1eXKaTh Bl MPUHHATOT pO3paxyHKOBOI MOJIEI IITTHH/IENS.

3a CHJIOBMM 30BHILIHIM BIUIMBOM, SIKUH JIi€ B i-MYy Iepepisi, 3HaXOIATh YaCTOTHI Mepeaa-
TOouHi (yHKLIT BKa3aHUX mapameTpis, Hanpuknag, ADUX y i-my nepepisi mmnunens oyae Bu-
3HA4YaTUCH SIK:

Wy )= 20
. Pn(io) (5)
Wp (iw)=Relw)+i- Im(w). (6)
3Bigcu MmoxHa Bu3HaunTu ADOUYX poropa:
A(a)) = \/R€2 (a)) +Im? (a)) , (g(a)) = arctg M (7)

Re(a))

3a B1IOMUMH IapaMeTpaMu ) Ta (P B Iepepizax MOXKHA JOCIIUTU OCHOBHI ()OPMHU KOJIH-
BaHb IIMUHACIS P PI3HUX YaCTOTaX.

Jlnst po3paxyHKy JUHAMIYHUX XapaKTepUCTHUK LIMUHACIHHOTO By3Jia BUKOPUCTOBYBAIACH
nporpama SPIDWIN, po3po0iena Ha kadeapi aBTOMOOUIBHOTO TPAHCTIOPTY Ta Ialy3eBOro Ma-
IIMHOOYTyBaHHS.

VY pe3ynbTaTi po3paxyHKiB OTpUMaHi AWHAMIYHI XapaKTEPUCTUKH IIMUHACIHHOTO By3Ja, a
caMme Pe30HaHCHI YaCTOTH KOJHMBAaHb IIMHUHJCIBHOTO By3a, napamerpu ADUX (3HaueHHS Be-
KTOpa TMHAMIYHOI MOAATIMBOCTI Y IPSIMOKYTHIHN 1 MOJSPHIN cuCTeMax KOOPIMHAT), a TAKOX
(dbopMH KOJIHMBaHb MPY>KHOT CUCTEMH, HA PE30HAHCHHUX YacTOTax oOepTaHHs mnuHens. JuHa-
MiYHa MOJATIMBICTh BU3HAUYANACS 32 BIIOMOIO (hOPMYIIOIO

Y,
= = (), ®
ne Y1 —mepeMilieHHs CUCTEMH B IIbOMY Tiepepisi 4;
Py — cuna npuknazeHa B boMy Xk mepepisi.
ADYX sBrsie co0010 BiJHOIICHHS NIEPEMIIIIEHHS CHCTEMH B Iepepisi i-My mepepisi 10 CUiy,
MPUKIIAJICHOI B TOMY X Iepepisi, 1 XapaKTepH3y€eThCs BIIMOBITHUMH MTOKa3HUKAMH.
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Puc. 2. AOYX winighysanvroi badbku eepcmama B3208-D3

3rigHo 3 nobynoBaHoo ADYX, orpuMaHi Taki TUHAMIYHI TOKa3HUKH IITHUHIEIBHOTO BY-
37a nutiQyBanbHOT 0abKu:
1) crarnuHa MOAATIUBICTD kene = 0,32 MxM/maH;
2) MakcHMallbHA PE30HAHCHA aMILTITY 1A Amax = 2,3 MKM/naH;
.. . . A
3) KoedillieHT TMHAMIYHOCTI K, = P — 314 =
d
k,. 0,482

4) pezoHaHcHi yacToTH fp; =497,6 ', fp2=495,3 I'n;
5) mapameTp, siKuii xapakTepu3sye BidpocTiiikicTs cuctemu Re! = 1,75mxm/oaH .

4O 2

BucHoBku BigmoBigHo a0 crarri. [IpoBeneHi aWHAMIYHI JOCHIIKEHHS MPOIECY
nutipyBaHHA UMTIHIPUYHUX TOBEPXOHb TepH(depielo OpiEHTOBAHOTO Kpyra B pPEXHUMI
3arymiueHHs Ha Bepcrari B3208 @4 cBimuarte mpo OUHAMIYHY CTIMKICTH CHCTEMH. 3a
pesynabTaramMu noOynoBanoi A®UX i1 oTpuMaHMMH pPO3paxyHKaMH BCTaHOBJIEHO OOJIACTi
0e3pe3oHaHCHOI poOOTH BepCcTaTa Ta iHII MOKa3HUKH TuHAMIYHOCTI. [IpoBeneHi ociiKeHHs
Jal0Th 3MOTY MIHIMI3yBaTU CWJIM pi3aHHs, 3a0€3MeYUTH BUILI TOYHICTh, SKICTH Ta
IPOAYKTUBHICTH OOPOOKH, MiBUIIUTH 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 VZ208 F4 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 afier 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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MPOLEC BAJJAHCYBAHHS IITNTUH/EIB HITI®YBAJILHUX
TA IIBAJAKICHUX ®PE3EPYBAJILHIUX BEPCTATIB
Y IBOX IUIOIMHAX KOPEKIII{

Axkmyanvnicme memu 00cnioNcenna. Y 36 3Ky 3i CIEOpeHHAM HOBUX 8UOI8 Memanoo6pobHO20 YCMAMKY8aHHA ma iH-
WX Mawun, wo 3abezneqyloms 30inbuieHHs NPOOYKMUSHOCMI Npayi, BUHUKAE NPobaemMa YeHmpy8anHs ma OANaHCy8aHHs He-
8PIBHOBAICCHUX MEXHONO0IUHUX CUCEM NPU IXHbOMY GUCOMOGIEHHT Ul PeICUMHIN 3MIHI OUCOAnancie nio wac ekcniyamayii.
Huni ons 6invuwocmi wiighyganohux 6epcmamie ma 6epemamis Oiisk WGUOKICHO20 (hpesepysanist nepedbauaemocs 6anancy-
BAHHA WLIPYBATLHO2O KOLA MA (PPe3ePHO20 THCMPYMEHMY 8 pyuHOMY pedcumi. Hedonikom maxkozo cnocody € HeoOXioHicnb
V 3YNUHYI OONAOHAHHS YU 3MIHI MEXHONO02IYHO20 MA eKCNAYAMAayiliHo20 pexcumie pobomu. Binvu epekmueHum cnocobom €
60Y008a OANAHCYIOUUX NPUCMPOTS Y KIHEMAMUYHY CIPYKIMYDPY WAIQYBANTbHOZ0 YU (hpe3epHo2o epcmama ma npoeeoeH s ba-
JAHCY8ANHS 8 ABIMOMAMUYHOMY PeXHCUMI Ni0 4aAC X00Y MAUUHU.

ITocmanoexa npoonemu. Ilpu peanizayii agmomamuyHo2o 6ANAHCYSBAHHA WNUHOENIE WINIYBATbHUX MA WEUOKICHUX
dpesepysanvrux eepcmamis Ha X00y MAWUHY Y 080X NAOWUHAX KOPeKYli HeoOXIOHA 00po2a, CKIAOHA 8iOPOBUMIPDIOBANbHA
anapamypa, enekmpoHHi 610KU YNpaGniHHA Ma NOPIGHAHHS KOIUBAHb Mawul. [Jo mo2o dic mexHono2is agmomamuino2o oa-
JNAHCY8ANHSA HA XO0Y MAUWUHU 05l KOMNEHCayii MOMEHmMHOI ma OUHAMIYHOI HeBPIBHOBAIICEHOCTNI BUMARAE GUPIUENHS NPO-
Onemu 3HUIICEHHS 3ANUUKOB020 OUCOANAHCY 3 00HOUACHUM NIOBUWEHHAM HAOIUHOCMI NPUBOOa ma iHWUX HPUCMPOIB.

Ananiz ocmannix oocnioscens i nyonixkauii. Y pobomi 6yno posenanymo ocmauni nyonikayii 3 yiei memu, axi npeocma-
671eH0 Y 8iOKpUMOMY OOCHYRI, BKIIOUHO 3 Mepediceto InmepHrem.

Buoinenns nedocnioicenux uacmun 3a2ansnoi npoonemu. 3Hauna 4acmra iCHylOUUx Ha cb0200Hi nioxo0ie wooo 3pie-
HOBANCYBAHHS WINUHOENIS WTIQIYBANbHUX A (hpe3epys8anbHUX 8epCmamia y npoyect eKCniyamayii 6uMazae 3ynuHKU MauluHu
il banancysanis 8 pyuyHomy pedxcumi. Ilpu susnauenni Ha8AHMAdNCEHHS HA WNUHOENb Yepe3 OUCOANanC maKkodic mpeda 8paxy-
samu me, W0 OUHAMIYHI CUIU PI3AHHS (HANPUKAAO, BUKTUKAHI NEPEPUBUACTNUM PEXCUMOM pobomu (hpe3u U 3HOCOM unighy-
BANLHO20 KONA) HACMO BUAGTAIOMBCA 3HAYHO BUle BIOYSHMPOBUX CUT, GUKTUKAHUX OONYCMUMUMU 3ATUUKOBUMU OUCOANAH-
camu. IIpu asmomamuyHoMy 6AnanHCy8anHi WNUHOENIS WI(YBANbHUX MA WEUOKICHUX (Pe3epy8albHUX 8ePCmAamie He0OXiOHO
NPABUILHO 0OUPAMU NOLONHCEHHS NIOWUH KOPEKYIi 6IOHOCHO wihysanvhoco ma ghpeszepysanvroco incmpymenmy. Tomy eu-
3HAueHHs napamempig oucbanancy y 080X NAOWUHAX KOPeKYii ma yMosu agmomamuyHo20 6ananCcy8ants € akmyaibHol0 4ac-
MUHOI0 3a2aNbHOI 3a0ati, WO BUPIULYEMBCA 8 YbOMY OOCTIONCEHH.

Memoro yiei naykosoi pobomiu € hpopmysants MemoOUKU ABMOMAMUYHOLO0 3PIGHOBANCYBAHHS UNUHOETIS WNIQYBATbHUX MA
WBUOKICHUX (hpe3epyBalbHUX 6ePCImAamia y 080X NIOWUHAX KOPEKYIT 3 GUSHAUEHHAM 20108HO20 8eKMOpa OUCOAIAHCY ma npeo-
CMABNIEHHAM 2eOMEMPULHUX (MACOBUX) XAPAKMEPUCTIUK POMOPA Yepe3 eKBIBANeHMHI CKIAd08I ) 080X NIOWUHAX KOPeKYii.

Buxnao ocnoenozo mamepiany. [Ipu 06podyi 3a20mo8ok Ha 8UCOKOMOUHUX WILIHYBATbHUX 8ePCMAMAX MA 8ePCIMAMAX
07151 WBUOKICHO20 (hpe3epyeanHsi BIOXUIEHHS 8I0 2eOMEMPUUHOT MOUHOCII MA AKOCMI 3A0aHOI NOBEPXHI 3HAUHOIO MIPOIO 8l
3HAYAIOMBCS BENUYUHOIO OUCOANAHCY, AKUL GUHUKAE NpU obepmanHi winundens. Bioomo, wo mexnonoeiunuii oucoanrawc € pe-
3YILIMAMOM MAKUX 00 €EKMUBHUX NPUYUH, K PO3DIJICHICMb OCell 3a20MO8KU | WNUHOES, HePIBHOMIpHICMb PO3nodiny mac y
JIOKANbHUX 0OIACMAX 3a20MOBKU, padianbHe OUMMs 3a20Mo6KU ma IHCMpPYMeHmy, pisHa wineHicms mamepiany. Ha cyyacnux
WighyBanbHUX MA (hpe3epHUX 8epCmamax 4acmoma 00epmanHs WNUHOELS, CIAHOBUMb KIIbKA MUCSY 00epnie 3a X6UTUHY,
MOMY KOJICHA 3HOBY 6CMAHOBNEHA 3A20MO8KA 0008 A3K0B0 NOBUHHA OYMU NiOOAHA OANAHCY8ANHIO, NEPEBAJICHO PA30M i3 Na-
MPOHOM, ONPABKOI0 YU YAHSOHK.

Bucnogxu ¢ionogiono 0o cmammi. Y pe3ynomami npogedeHux 00CiioNiceHb 8USHAUEHO HANPAMU 6eKMOPI6 CMAMU4HOT
ma OUHAMIYHOI HEBPIBHOBANCEHOCHI] WNUHOENIE WLTIQHYBATLHUX MA WEUOKICHUX (pe3epys8albHUX epcmamis nicis 6aiancy-
8anHs y 080X naowunax kopekyii. Ilepemiugyrouu niowuny Kopexyii 8300621 oci wnunoens éepcmama 30in6uiyoms abo 3me-
HWYIOMb peakyii 8 ONopax, mum Camum pe2ynoloms KOMREHCAYiliHi 3yCUisl 8i0 KOpe2ylouux Mac, ujo 00360J4€ a8MoMamu-
3y8amu npoyec KOMNeHcayii MOMeHmHOT | OUHAMIYHOI HeBPIBHOBANCEHOCHII.

Knrouosi cnosa: winigyysanns; gpesepysanns; He@pI6HOBANCEHICMb, OANAHCYBAHHSL.

Puc.: 4. bion.: 6.

AKTyaJdbHicTh TeMH. Y 3B’513Ky 31 CTBOPEHHSIM HOBHX BHJIIB METAT000POOHOT0 YCTAaTKY-
BaHHS Ta IHIIMX MAIKH, 10 3a0e3Me4y0Th 30UIbIICHHS TPOLYKTUBHOCTI Mpalli, BAHUKAE MPO-
Onema IeHTpyBaHHS Ta OajlaHCYBaHHS HEBPIBHOBOKEHUX TEXHOJIOTTYHUX CUCTEM IPH iIXHHOMY
BUT'OTOBJICHHI i peXXUMHIH 3MiHI AucOaaHCiB Tij 9ac ekcruryaTarlii. Huai anst O1apIIocTi nuti-
(byBambHUX BEpCTATIiB Ta BEPCTATIB U MIBHJKICHOTO (hpe3epyBaHHs MependadyeHo OanaHcy-
BaHHS ILTi(YBaJIHHOTO Kojia Ta (hpe3epHOro IHCTPYMEHTY B pydHOMY pexkumi. Henomikom Ta-
KOTO Crmoco0y € HEOOXiJHICTh y 3YNHHII OONagHaHHA 4YM 3MiHI TEXHOJIOTIYHOTO Ta
eKCIUTyaTaIlifHOr0 peXUMiB poOoTH. binbil eeKTUBHIM crtoco6oM € BOy10Ba OanaHCyIOUMX
MNPUCTPOIB Y KIHEMATUUHY CTPYKTYpY LUTIQYyBalbHOTO 4YM (hpe3epHOro BepcTaTra Ta MpoBe-
JeHHs1 OaJaHCyBaHHS B aBTOMAaTHYHOMY PEXHMI M1 4ac poOOTH MaIIMHU.

© Kampuenko B. L., ubyms C. /1., Caxro €. 1O., €Epomenko A. M., 2020
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IMocTanoBka npodJaemu. [Ipu peanizarii aBTOMaTUYHOTO OaTaHCyBaHHS MIMWHACIIB LTI~
(dyBambHUX Ta MBUIKICHUX (pe3epyBaIbHUX BEPCTATIB HA X0y MAIIMHH y JABOX IUIOIIMHAX
KOpeKLii HeoOXiHa 1opora, CKJIaJHa BIOpOBUMIpIOBalIbHA araparypa, eIeKTpOHH1 OJ0KH yII-
paBIIiHHS Ta MOPIBHAHHS KOJUBaHb MAIIUH. J[0 TOro >k TEXHOJIOTisI aBTOMAaTUYHOTO OajaHCy-
BaHHS HA XOJy MaIllMHH JJIsi KOMIIEHCAIlii MOMEHTHOI Ta TUHAMIYHOI HEBPIBHOBAKEHOCTI BH-
Marae BHpIIIEHHS MPOOJEMH 3HWKEHHS 3QJUIIKOBOTO JucOallaHCy 3 OJHOYACHUM
MiBUIICHHSIM HAIIHHOCTI MPUBOJIA Ta HITUX MIPUCTPOIB.

AHaJ3 OCTaHHIX J0CTiIKeHb i myOJikaniii. Y po6ori [1] posrisiHyTO Mporiec 6amaHcy-
BaHHS ILTi(yBaTbHOr O KoJia 1utiyyBajibHOro Bepcrara. HaBeneHo 0cOOIMBOCTI HAJIaropKEHHS
Ta eKcIuTyaraiii nutdyBanbHuX BepcraTiB. Y podortax [2; 3] mpoBeneHo A0CTiKEHH poOOTH
py4HOI nutiyBasbHOI MAIIMHHU, A€ BCTAHOBJIECHO, IO MpH IUTi(yBaHHI BUHUKAE JI0IATKOBE
30ibIIeHHS BiOparlii uepe3 yCTaHOBJICHHS HOBOTO JAHMCKA 3 TTOXUOKOI0, Yepe3 Moro HepiBHOMI-
pHE 3HOIIYBaHHS ITiJ1 YaC BUKOHAHHS TEXHOJOTIYHOI onepariii, a TaKO MpH 3aCTOCYBaHHI He-
AKICHUX TUCKIB. [ yCyHeHHs 1MX BiOpaiiii BUKOPUCTOBYIOThCS MACHBHI aBTOOATAHCHPH 3
MojIeTIoBaHHsAM TiporieciB y cepenopuili Solid Works Ta momym Cosmos Motion. Takox Bu-
3HA4YEeHO MOBEIIHKY IIMUHJENS NUTIQyBanbHOI 6a0KH MPU 3MiHI )KOPCTKOCTI OMOP VIS pO3po-
OKM aBTOMATUYHOI cUCTeMU cTabimizaiii BeTWYHHU 3a30pa B T1APOCTATUYHUX MiAMIUITHUKAX
JUISL TIJIBUIIEHHS CTAJOCTI mporecy uutipyBaHHa. Y [4] po3riisiHyTO NMUTAaHHS CTIHKOCTI Ta
3HOCY HLTi(hyBabHOTO KOJIA B MpolLeci ekcruryaranii. IIpeacraBieno TeopeTHyHi Ta eKCrepH-
MEHTAJIbHI JOCIIIKECHHSI CUCTEeMH KOMIIeHcallii BiOpatiil 1y mpOMHCIOBOrO MITi()yBaIBHOTO
obiagHaHHs. Y poOoTi [5] po3risiHyTo mpobiaeMy MOBHOro OallaHCyBaHHSI 0araToyamkoBOro
aOpa3uBHOIO IHCTPYMEHTY, po3po0ieHo rpadiuyHy MoJens npolecy OaraHCyBaHHS.

BujineHns1 HeIOCIiIKeHUX YACTHH 3arajbHol npoodjemMu. 3Ha4Ha YacTKa ICHYIOUUX HA
CHOT'OJIHI MIXOMIB 11010 3PIBHOBAXXYBAHHS IIMHHJENIB NUTIQyBaNbHUX Ta (hpe3epyBaIbHUX
BEPCTaTIB y IpOIleci eKCIUTyaTallii BUMarae 3yliMHKY MalluHU i OanaHCyBaHHS B pyYHOMY pe-
xuMmi. [Tpy BU3HAUeHH1 HABAHTAKEHHS HA INMUHAETb Yepe3 AucOaaHC TaKoXK CIIiJ] BpaXyBaTH
Te, 10 JAWHAMIYHI CHJIM Pi3aHHs (HANPHUKIAJ, BUKIMKaHI MEPEPUBUYACTHM PEKUMOM POOOTH
¢dpe3u uu 3HOCOM TLTi(hyBaTHLHOTO KOJIA) YaCTO BUSBIISIFOTHCS 3HAUHO BHUIIE BIIIEHTPOBUX CHII,
BUKIIMKAHUX JIOMMYCTUMUMH 3IHMIIKOBUMHU JucOanancamu. Ilpum aBTOMaTtHuHOMy OanaHcy-
BaHHI IIMUH/IENIB NUTI(DyBaIbHUX Ta MIBUIKICHUX (pe3epyBaJIbHUX BEpCTATIB HEOOXIHO Mpa-
BUJIbHO OOMPATH TOJIOKEHHS TUIOIIMH KOPEKIii BITHOCHO HulipyBanbHOro Ta (hpesepyBalib-
HOTO IHCTpPYMEHTY. ToMy BU3HAa4YeHHS apaMeTpiB TUcOaNaHCy y IBOX IUIOIIMHAX KOPEKIii Ta
YMOBHU aBTOMAaTUYHOT0 OaJIaHCYBaHHS € aKTYaJIbHOIO YaCTHHOIO 3arajibHOTO 3aBJaHHs, 1110 BU-
pilIyeThCS B IIbOMY JIOCIIHKEHHI.

IMocTanoBka 3aBaanHs (uwiseil crarti). Meroro 1€l HaykoBoi poboTu € hopMyBaHHS Me-
TOJIMKM aBTOMATHYHOT'O 3pIBHOBAXYBAHHS LIMHMHJENIB NUTI(YBaTbHUX 1 IBUAKICHUX (pe3e-
PYBaJIbHHX BEPCTATIB y JIBOX IUIOMIMHAX KOPEKIii 3 BU3HAYEHHSAM T'OJIOBHOTO BEKTOpa Jucha-
JaHCYy Ta TMPEICTABICHHSAM TE€OMETPUYHUX (MAcOBHX) XapaKTEPUCTUK pOTOpa uepes
€KBIBAJICHTHI CKJIAJIOB1 Yy IBOX IUIOIMHAX KOPEKIIi.

Buxkiaan ocHoBHoro martepiany. [Ipu o0po0Oiii 3aroTOBOK Ha BUCOKOTOUHUX ILTi(yBajIb-
HUX BepcTarax i BepcraTax sl IIBUAKICHOTO (pe3epyBaHHS BIIXUICHHS BiJ F€OMETPUYHOL
TOYHOCTI Ta SKOCTI 33/1aHO1 MOBEPXHi 3HAYHOIO MiPOIO BU3HAYAIOTHCSI BEJIMYMHOIO AUCOATIAHCY,
KU BUHUKAE IiJ1 4ac oOepTaHHA MIMUHAETS. BinoMo, 1mo TexHosnoriyHuili aucbanance € pe-
3yJIBTATOM TaKHX 00 €KTUBHUX MPUYMH, SIK pO3OIXKHICTh OCI 3arOTOBKH i OC1 IITTMH I, Hepi-
BHOMIPHICTh PO3MOJILTY MacC y JIOKaTbHUX 001aCTAX 3aTOTOBKH, pajialibHe OUTTS 3arOTOBKH Ta
IHCTpYMEHTY, pi3Ha IIUIbHICTh MaTepiany. Ha cyyacHux nutidyBanbHUX 1 ppe3epHUX BepcTa-
Tax 4acToTa oOepTaHHs IIMHUH/ENS CTAHOBHUTD KiJIbKa TUCSY 00EpPTiB 32 XBUJIMHY, TOMY KOXHA
3HOBY BCTAHOBJIEHA 3ar0TOBKa 00OB’S3KOBO MOBUHHA OyTH MifjaHa OallaHCYBaHHIO, 3/1€011b-
IIOT0 Pa3oM i3 MaTPOHOM, OIIPABKOIO X I[AHTO10.
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Bupimryroun nocraBneHe 3aBJjaHHs Tpeba BpaxyBaTH Te, 110 HEBPIBHOBAXEHICTh 00epTo-
BUX Mac HUTi(yBaTbHUX 1 BUCOKOIIBUIKICHUX (hpe3epHHUX BEPCTATIB BKIIOUAE B ce0e: BepcTa-
THUHM HINUHIETH, TPUMad 1HCTPYMEHTY, IPOMIKHI KOMIIOHEHTH (OTpaBKHM), iHIII JTOJATKOBI
€JIEMEHTH 1HCTPYMEHTY (HaIpUKIIaJA, TBUHTH) 1 BJIacHE caM pi3ajibHUM iHCTpyMeHT. OCHOB-
HUMH NPUYMHAMH JUCOAIaHCY €: TEOMETPHYHA aCUMETPisl BCIX IMepepaxoBaHUX BHUILE KOMIIO-
HEHTIB, TOYHICTb X BUTOTOBJICHHS, @ TAKOXK MMOXUOKHM 1 IOMWIIKU MPH iX ycTaHOBI. HasBHICTH
arcOanaHcy BUKIMKAE K MiHIMYM BiOpallito o0jalHaHHs, SKa 3MEHILY€ CTIHKICTh Pi3aJIbHOTO
1HCTPYMEHTY, a TAKO TOYHICTb 1 SIKICTh MeXaH14HOi 0OpOOKH. J{71s1 3SMEHIIIeHHS BEJTMYMHHU JTUC-
OanaHcy BUPOOHHMKH 3MYIIEHI OOMEXYBaTH 4aCTOTH OOEpTaHHS ILMUHJENIB BEPCTaTiB, a Ta-
KO>XK BUKOPUCTOBYBATH BiAIMOBiHE TEXHOJIOTIYHE OocHameHHs. HeoOxiaHicTh perenbHoro Oa-
JaHCYBaHHS IITUH/IENIB IITi(yBaTbHUX Ta (Ppe3epHUX BEPCTATIB MPU3BOIUTH JI0 TOT'O, 110 Yac,
BUTpaYeHU Ha OalaHCyBaHH:, 0araTopa3oBO IMEPEBUIIY€ Yac HA MEXaHIYHy 00poOKy 3a/1aHoi
noBepxHi. Takox uis 0e3B1IMOBHOI CITy:KOHM pi3ajbHOrO IHCTPYMEHTY HEOoOXiJHO OanaHcy-
BaHHS MIMHUHAETIB IUTi()yBaJIbHOTO Ta BUCOKOIIBUIKICHOTO (hpe3epHOro BEpCTAaTiB Y IBOX ILIO-
muHax kopekuii. Ll mporenypa moBuHHa BUKOHYBATHCS NEPIOIMYHO, OCKUIBKH y TIPOIIeCi BU-
KOPUCTAHHA Pi3JIbHOTO IHCTPYMEHTY MapaMeTpy MEXaH1yHOi 0OPOOKH MOTipIIyIOThCS.

Po3riisiHeMO nporiec aBTOMaTUYHOTO OajlaHCYBaHHS HUTI(QYBaTbHUX IMUHJIEIB i3 ITUPOKUMHU
KOJIaMH (MI>KOIIOPHHUX POTOPIB) Y ABOX IUIOLIMHAX KOPEKIIT /UIsi KOMITEHCAllii TOJIOBHOTO BEKTOpa
0 1 roJIOBHOr0O MOMEHTY M HEBPIBHOBRKEHUX BiUEHTPOBHUX CUJI Oe3MOCepeIHhO Ha XOAY Bepc-
tara. Tak, Ha mmuHAeT / npuctporo (puc. 1, @) (mar. N37851, H/IP) B onopax 2 moca/pkeHa BTy-
JKa 3, 110 3 OJHOTO OOKY yIHUpaeThesi B OypTHUK LINMUHJIENS, a 3 1HIIOro KpinmuThes raiikoro 4. Ha
BTYJILI 3 BCTAHOBJICHUH IUTI(DYBATBHUI KPYT J, 1110 CKIIAQAAETHCA 3 HAO0OPY KPYTiB. 3 TOPIIB BTYJIKH
3, y nBox miommHax (I, II), po3mimieHi KopuryBajibHI MacH, 110 MarOTh MOMIJIMBICTh ITOBEPTATHCS
BIZIHOCHO Oci 00epTOBOro NuTi(YBAILHOTO Kpyra B MPOILECi KOperyBaHHs 1 Kl SIBISIIOTH COO0I0
HaOip kurerp. [IoBOPOT KiJbLIEBHX KOPUTYBAJIbHUX Mac BIJHOCHO 00EpPTOBOro HUTi(YBaIBLHOTO
Kpyra / 3[iCHIOETBCS 3a JOTIOMOTOI0 IOBOPOTHO-TIEpEIaTHOTr0 MexaHizMy. Po3risiHeMo aBorwio-
IIMHHE OajaHCyBaHHS IIMUHIETIB O€3[EHTPOBO-ILTI(QYBaIFHUX BEPCTATIB, 10 MAIOTh KUIHLIEBY
MOPO’KHHUHY, YTBOPEHY BHYTPIIIHBOIO LIMIIHIPUYHOIO TTOBEPXHEIO BTYNKU 4 (puc. 1, 0), Ha sKiit
BCTaHOBJICHUH Ha0ip HUTiI(pyBaTIbHUX KPYTiB 2, 1 CTYNeHb HalOUTbIIOro giameTpa mnuHaesns 5. s
PO3MIILEHHS KEPOBAHOTO OalaHCYI0YOro MPUCTPOI0 0OpaHa KUIbIEBA MOPOKHUHA, TOMY 110 PO3-
TaIlIOBYBaTH KOPUTYBAIbHI €IIEMEHTH 30BHI IIMUHJIENS, Y MICIIX /, 3 yCTaHOBKHU cyXapiB (puc. 1,
0), K 11e 3p00JIEHO y BHIIEONMCAaHOMY TPUCTPOi (puc. 1, @), BUSBUIOCS KOHCTPYKTUBHO HEJIOLTi-
JbHUM. JIJ1s1 yCYHEHHS! HeBPIBHOBa)XCHOCTI LLTi(yBaIbHOrO Kpyra (10 , Ta M ) BCTAHOBJICHO 1BA
MPUCTPOI TS CTATUYHOTO OalaHCyBaHHS, 110 OJJHOMY TIPHCTPOIO B KOXKHIM IuTomuHiI Kopekii I-1 1
II-I1, s1ixi moBepTaIOTHCS MPUBOAOM (HA PUCYHKY HE TIOKa3aHO) B MOJIOXKEHHS KOMITEHCAIlii TeXHO-
JIOT1YHOI HEBPIBHOBAYKEHOCTI.

- spp .

@ Jid

1

fack

a 7]

Puc. 1. Ilpoyec 0sonnowunno2o 6arancysants wnighy8aibH020 WNUHOELA!
a — 080ONIOWUHHE OANAHCYB8AHHA WNig)ysanbHo20 wnunoens 3a nam. N37851, H/[P;
6 — 08onIOWUHHE OANIAHCYBAHHS 30 0ONOMO20I0 080X CIAMUYHUX NPUCMPOI8
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[Tpu 3piBHOBaXXyBaHHI MIMUHAEA IUTIQYBaIBHOIO YM (Ppe3epHOro BepcraTa y ABOX IUIO-
IIMHAX KOpPeKIii rogoBHUH BekTop nucbanancy /., =/, ,11H0ro 3aMiHAI0Th Ha CKIAaJ0BI1 B ILIO-
IIMHAX KOPEKIIii, SIKi JOPIBHIOIOTH Bi/AMOBIIHO:

- - L, = - L
Dcra =Dcr—2; Ders = Der-—2, (1
L L

ne L — BigcTanp Mix omopamu; L4 1 Lg — BificTaHb Bij omop 4 1 B 10 IeHTpa Mac poTopa.

[Tpu BU3HAUEHHI TOJIOBHOT'O BEKTOPa IUCOANAHCY POTOpA BAapTO BpaxyBaTH Te, IO POTOP
nepeOyBae y CTaHi TMHAMIYHOI pIBHOBArd i BilMOB1JIa€ yMOBaM PiBHOCTI HYJIIO CyMH BCiX He-
BPIBHOBAXEHMX CHJI 1 CyMH BCiX MOMEHTIB IIUX CHJI, TOOTO:

Y P=a) m, ri :a)zz,j][ = [ = 0 Lo =0;
S :z[gpf}zm{m}wz ~0,

ne mi, ri, [; — BIATIOBITHO HEBPIBHOBAXKEHA Maca, il eKCLEHTPUCHUTET 1 AUcOanaHc; jJ — rojioB-

)

HUI BeKTOp aucbanaHcy; L; — miede NpuKIaJaHHs i-TOi CHIIH.
3 ypaxyBaHHIM )OPCTKOCTI OIIOp POTOpa CyMy CHII )’ P, MOXHA IIPE/CTaBUTH SIK:
YP=ml,& <6,C 3)

pcm on ~on®

SIkmo ymoBa (3) He BUKOHY€ETHCSI, TO HEOOX1THO MMPOBOIUTH JUHAMIYHE OajlaHCyBaHHS CH-
CTeMH. Y MPAaKTHULl YCYHEHHs BiA3HAUCHHUX JHCcOaaHCiB FTeOMETPUYHI MaCOB1 XapaKTePUCTUKU
IITTUH/ETS MPEACTABIISIOTh Yepe3 eKBIBAICHTHI CKIIAIOB1 Y TUTOIIMHAX Kopekiii / 1 2 3 arJtika-

TamH z; 1 z2 (puc. 2, a). EkBiBaJieHTHa 3aMiHa FOJIOBHOTO BEKTOpa AUCOATIAHCIB D, ABOMA BEK-
TOpamMH D .| 1 Dy y IUIOMIMHAX KOPEKIii / 1 2 cpaBeaInBa, SKIIO cyMa IHX AucOanaHciB 3a-
JMIIAETHCS PIBHOI MEPBICHOMY 3HAYEHHIO BEKTOpa D)., 1 MOMEHT LIUX JUCOAaHCIB BiTHOCHO

TOYKU NPUKIIAJAHHS BEKTOpa D, JIOPIBHIOE HYJIIO:

bcl+bc2=bz; Z1Dei+z2Dex = 0. 4)
_ 10< x Dl Ra(l) 1 o A P(L)
¥ D y\@ _
) - Dbl JR—
A No  PANY T
L U | 1
S [t
Yz 5()2 y v
A I I, Re(lls)
ll,2
2 1 <« ls .
a o

Puc. 2. Bekmopna komnencayis 3smiHH020 Oucoanancy:
@) pO3KNAOAHHS 20]106HO20 BEKMOPA OUCOANAHCI8 Y NAOWUHAX Kopekyii 1 i 2;
0) cxema 63aEMHO20 PO3MAULY8AHHS NIOWUH KOPEKYii i onop

3BiKH, 3 ypaxXyBaHHSIM Opi€HTALlli BEKTOpa D, OJCPKHUMO:

bz; bcz = 4 bz. (5)

4 175

)

bcl:_

Z
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[Tpu BU3HAYEHHI CKIIAIOBHX TOJIOBHOTO BEKTOpA JUCOAIAHCIB B1ICTAaHb JI0 TUTOIIMH KOPEKIIii
BapTO IMiJICTABIIATH 3 ypaxyBaHHAM 3HaKiB. Tak, mpu po3TalryBaHHi IEHTPa MacC MK IUIOLIMHAMHI
KOPEKIIii aruTikara z2 Ma€ HeraTUBHE 3HAUCHHSI, a arvIikaTa z; —no3uTuBHe. To0To z;=[;; z>=-[>1
z1-z2=l1+1=1; >. 3 ypaxyBaHHSM 3HaKa arutikar z; i z2 Bupas (5) Oye MaTH BUTIISL

Da=Lp.; Do="rp.. (6)

1,2 1,2

CknanoBi nucbanancu [y 1 Do y MIIOMIMHAX, NEPIECHAUKYISAPHUX 10 BEKTOpA [,,, 3HA-
JIEeMO, BUXOJITYM 3 PIBHOCTI LIUX CKJIAIOBUX OJMH OJTHOMY 32 MOYJIEM:

bcl = ch = b()

. _ IOZ
3 BUpa3y BILEHTPOBOTO MOMEHTY J,. = ( z,— Zz) D, , OICPXKUMO: DO =T A€ ,=z -z

1,2

[Ticns Buznayenns qucbananciB D¢ 1 De2 y ABOX IDIONIMHAX KOPEKIIil, MEPICHINKYISIPHUX
710 0C1 pOTOpa, MOXHA, BAKOPUCTOBYIOUH MPABUIIO NepepaxyBaHHs AUCOATAHCIB 3 OJHUX IUIO-
IIMH B 1HII, BU3HAYUTH AUCOATAHCH B MICLlI YCTAHOBKHM KOPUT'YBaJIbHUX Mac Ha pOTOPI Ta Ti-
ni0paTu eMHOCTI KOPET'YIOUHX Mac JUis OalaHCyBaHHS.

[Tpu 0Opo61i neTani HeBPIBHOBAKEHUM HUTI(PYBaTbHUM KOJIOM Ha METAJIOpi3ajbHUX BEpC-
TaTax AucOaIaHCH KOPUTYBAIBHUX Mac y miomuHax kopekuii I 1 11 (puc. 2, 6) € 3anexHuM Bifg
CXEM B3a€EMHOT0 PO3TAIlyBaHHS IUIOMIMH KOPEKIIii Ta Orop, i BOHM BU3HAYAIOTHCS 32 BIIOMUMU
3anexxHocTsMU. [Ipu 00poO1i HEBPiBHOBaKEHUM HUTI(PYBAIBHUM KOJIOM Y 111 OPMYINIH 1012~
I0Th MOMEHTH BiJ] ArcOaNaHCy 3aroTOBKH. Tak, sl CXeMH, TToKa3aHoi Ha puc. 2, 6 aucOaniancu
11 /[> y nnomunax kopekuii I i 11 Bu3Havaerbes 3a popmynamu:

- L - / / l,—L)- L L-1
a1 =K ﬂlzz+ﬂw;ﬂ2:ﬂw(g )lﬂ_ALuL( ) 7)

2

JloAaTKOBOIO YMOBOIO JUIsI aBTOMAaTHYHOrO OajJaHCyBaHHS 3a JOMOMOTOI0 PO3pOOJIEHUX
MIPUBOJIIB € HEPIBHICTh:
di<< ‘i(i)l+ Iazj

dt dt
ne Py — BiIIIGHTpOBa CHJIA, CTBOPIOBaHA HEBPIBHOBAXKEHUM poTOpoM; P; 1 P2 — BiAlEHTpPOBi
CHJIM HEBPIBHOBOKEHUX KOPUTYBAIbHUX BaHTaXIB; / — 4ac.

[epemimarouu MIOLUIMHY KOPEKIIil B3I0BX OC1 pOTOpa, 3MEHIIYIOThH (a00 301IbIIYIOTh) pe-
aKIii B onopax. SIKIo KOpuryBajibHi JUCKU 3HAXOAATHCS Ha KOHCOJIBHOMY POTOPI MIX OIO-
pamu (puc. 3, @), TO IpH 3MillIEHH] iX BiJg TOUYKU B 10 TOYKU 4 Ha BEIMUYUHY X peakiii R; B
omnopi B (puc. 3, g) 30inbmyerbes. [Ipu 3MilieHHI KOPUTYBAIBbHUX AUCKIB /, PO3TAIIOBAaHUX HA
KOHCOJ1, BiJf Touku B 1o Touku C (puc. 3, 6) peakiist R; B onopi B (puc. 3, 2) 3meHmyerscs. Y
MOJIOKEHHI X = [, e [ — ruieye npuKIIaieHoi BIALEHTPOBOI CHITU P BiJl TEXHOJIOTIYHOTO JrcOa-
JaHcy nutiyBaJIbHOTO KOJIA, peakiii OyayTh JOPIBHIOBATH HYJIIO, SKIIO CyMa BiIIIEHTPOBUX
CHJI KOPUTYBAJIbHUX JMCKIB IOPIBHIOE Pj.

BukopucTOBYIOUYM BHIIIEHABEACHY METOJHKY, PO3KIAZEMO TOJIOBHUN BEKTOP AUcOalaHCY
poropa Ha ckianoBi. Hexail mmunHmens nutiyBaabHOTO BepcTaTa 3 Macolo 71 Ma€ CTaTUYHY
HEeBpiBHOBaXkeHiCTh D 1 quHamiuHy M. Mix Bektopamu M i D xyT A. Po3TannyBaBiim ckiaio-
BOTO BekTopa M y muromuHax Kopekuii 4 1 B (puc. 4, a) 3ayBaxyemo, mo My = Mp, npudomy:
M=M,(L,+L,)=M,(L,+L,).

®)

>
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Puc. 3. I[lepeminjenns Kopuey8anvbHux mac y30084¢ 0Ci WIig)y8anbH020 WNUHOEA!
a, 6 — cxemu po3mauty8aHHsa KOpULy8albHUx Mac, 8, 2 — 3MiHa peaxyii 6 onopax

Busnaunmo ckinanoi aucbananciB D41 Dp y ionmaax 4 i B. Moaynb BekTopa Dp y 10~
IIMHI KopeKIii Y Bu3HadaeThes 3a GopMyIioro:

D, =%\/M2 +D’z)} -2M-Dlz,|-sin 2 . 9)

AHanorigyao BekTop D4 y TUIOIIHHI A BUSHAYAETHCA 32 POPMYIIOH0:

D, =i\/M2+D2212+2M~Dzl~sinl, (10)
nezy=1Lp z2=-La La+ Lp=1L.

KyToBi KOOpAMHATH BEKTOPIB D41 D p BIIHOCHO BEKTOpa » BHU3HAYAETHCA 32 (OPMYIIOIO:

M
12, :tg/’t—q, 1gp, =tgl+ (11)

z,|cosd Diz|cosA’

Ha puc. 4, 6 nokazane po3rairyBaHHs BEKTOPiB l_)A i l_)B BITHOCHO BEKTOpa M MpH TaKUX
maaux: m =20 kr; D=2 -10°t™M; M =6 - 10* rm?; 1 =30°; Z; = 150 mm; Z2=-100 mm.

H M
P A
g 7s
ML AL
M o
a o

Puc. 4. Cxema pozmawsysanns éekmopie cmamuunoi (a)
i Ounamiunoi (6) nedpieHo8adCEHOCMI NICIs OANAHCYBAHHS

[lepeBipsitoun pe3yinbratu rpadiuyHoi moOynoBu 3a Gopmynow D=D,+Dg, 6auuMo, 1o
BUII[EHABE/ICHA PIBHICTH BUKOHYETHCS.
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OTxe, nporiec GaaHCyBaHHS IUITUH/IENIB BUCOKOTOUHUX NUTI(QYyBaTbHUX BEpCTATIB Ta Be-
pcTaTiB Ui MIBUAKICHOTO (pe3epyBaHHs Yy ABOX IUIOIIMHAX KOPEKIIil € IOCUTh CKIIAHOIO Te-
XHOJIOT1YHOIO OTEpaIli€lo, 1 BiH BiI0YBA€THCSI TAKUM YHHOM, 1100 00epTaHHs HE TPUBOANIO JI0
BUHUKHEHHS] HEKOMIICHCOBAaHMX BiALEHTpoBUX cuil. [Ipu npomy Tpeba BpaxoByBaTu Te, L0
BEJIMYUHH PO3PaXOBAHOI MAaCH KOPUTYIOYOTO BAHTaXY 1 KyTa HOTO MOBOPOTY BUXOJSATH Ip000-
BUMU BelMYMHaMU. OKpYTJIEHHS 3HaUY€Hb MPU3BOIUTH 10 MOSBU 3HAYHOTO 3JIMIIIKOBOTO JTUC-
OanaHcy, 110 3HaYHO 301JIbIIy€E TPUBAIICTH OalaHCYBaJIBHOI Mporenypu. ToMy MeToaMKa, 110
HABOJUTHCA B 11 HAYKOBIH pOOOTI, 103BOJISE MIAIOpaTH KOPETYIOUN Macu Ui OalaHCyBaHHS
IIMUH/ENIB BUICOKOTOUHUX NUTI(QYyBaTbHUX BEPCTATIB Ta BEPCTATIB VIS IIBUAKICHOTO (ppesepy-
BaHHs. JKOpCTKI poTOpH, 10 SAKUX MOXKYTh OyTH BiTHECEHI IIMUHAENI NUTIQyBanbHUX Ta (pe-
3epHHUX BEPCTaTiB, TEOPETUYHO JOMYCKAIOTh MOBHE OaJaHCYyBaHHS MPH NMPUMYCOBOMY IMO€-
HaHHI Ooci 00epTaHHs 3 TOJOBHOIO LEHTPAIBLHOIO BICCIO OOEPTAaHHS, HANPUKIAMA, IUISIXOM
NepEMIIICeHHS KOPUTYIOUUX Mac (Y TOMY YHUCIIi i aBTOMAaTUYHO ), BUJJAJIEHHS KOPUTYIOYOi MacH,
a TaKOX 3a JOIIOMOTOI0 1HIIUX aBTOOATaHCYI0UUX MPUCTPOoiB. OHAK ICHYIOUYI TPUCTPOT MAIOTh
0OMEKEHHS 110 TOYHOCTI, SIKi TIOB’s13aH1, 30KpeMa, 3 TePTSAM 1 AUCKPETHICTIO BIUIUBIB Y MEXaHi-
YHUX 1 T1APaBIIYHUX MPUBOAAX, 110 HE JJO3BOJISIE JOCITTH 3HWKCHHS aMIUTITYI1 KOJMBaHb JI0
piBus 0,1-0,01 mxMm [6].

BucHOBKH BiInoBigHO 10 cTaTTi. Y pe3ysbTari NpOBEJCHUX JOCIIIKEHb BU3HAYCHO Ha-
NPSIMKU BEKTOPIB CTAaTHYHOI Ta AMHAMIYHOI HEBPIBHOBAKEHOCTI IITMHEIIB IITiQYyBATBHUX Ta
IIBUJIKICHUX (ppe3epyBajbHUX BEPCTATIB MIiCIs OalaHCyBaHHS y JBOX IUIOMIMHAX Kopekiii. [le-
PEMIITYIOUH TUIOIIMHY KOPEKIIii B3I0BXK OCl IIMUHJIEINS BepcTaTa 301IbIIYI0Th a00 3MEHITYIOTh
peaktii B Oropax, THM CaMUM PETYJIIOIOTh KOMIICHCALliifHI 3yCHIIIS BiJl KOPET'YIOUHX Mac, IO
JI03BOJISIE€ aBTOMATU3YBATH MPOIeC KOMITEHCAIlll MOMEHTHOT 1 IMHAMIYHOT 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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PO3POBKA TOHKOIIAPOBUX ITIOKPUTTIB HA OCHOBI ®EHIVIORHY IA
3AXUCTY HOBEPXOHD BI/I I'A30- TA I'TIPOABPA3ZUBHOI'O 3HOIIIYBAHHSA

Axmyansnicme memu oocnioycenna. 3asoanns 30inbuients 3Hococmiikocmi oemanell i 8y31i6 mepms 3ymMosieHe
meHOenyielo 00 nioguUueHHs IXHbOI NPOOYKMUBHOCII, a omdice, pOOOUUX HABAHMAIICEHb, WBUOKOCIeEl, meMnepamyp ma
IHWUX napamempie.

ITocmanoexa npoonemu. [ nOKpAweHHs: eKCnIyamayitiHux XapaKkmepucmux 8y3/ie mepms HeoOXiOHO BUKOPUCTOBY-
samu mamepianu, sKi NOEOHYIOMb 000PI ad2e3itiHi ma aHMUPPUKYITHI B1ACMUBOCHI.

Amnaniz ocmannix 0ocnioxcens i nyonikauyii. Biooma snayna Kinekicmo nybnikayii npo mamepiany 3 niO8UeHUMU aH-
MUGPUKYITIHUMU 81ACTNUBOCMAMU MA OKPEMO 3 NIOBUWEHUMU A0LE3TUHUMU 8IACTNUBOCAMU.

Buoinenns nedocniocenux uacmun 3azansnoi npoonemu. Biocymmui eidomocmi npo mamepianu, sxi noeonysanu 6 eu-
COKI adee3iiiHi 61acmueoCcmi ma 2apri AHMUGPUKYILHI 61ACMUBOCTE 8 SIKOCHE NOBEPXOHD, U0 NIOOAIOMbCSL 2430~ MA 2i0poad-
PA3BUBHOMY 3HOULYBAHHIO.

ITocmanoeka 3ae0anns. Memoio pobomu € 0CAiOumu CyKynHicmo a02e3iiHux ma aHmugpuKyitiHux e1acmugocmeit Ma-
mepianieé Ha OCHOBL (PEeHIIOHY.

Buknao ocnoenozo mamepiany. /locniosceno adeesiiny 30amHicnib QeHiniony 00 KIACUYHUX MAMePianie Yacmur MAawuH
ma 1020 3HOCOCMILIKiCMb NpU 2a30- ma 2iopoadpasusHoMy 3Houly8anni. Ll 3anedxicnicmo genununy ma iHMeHcueHOCMi 3Ho-
WYBAHHS 810 KYMY AMaxu a6pasugHo2o Mmamepiany.

Bucnogku 6ionosiono 0o cmammi. Bcmanogneno, wo He3anedicHo 8io pedcumy pobomu Haubinbuie 3HOUY8AHHA NOK-
pummis Ha 0cHo8i eHinony 8i0bysanocs npu Kymax 45-60°, ma nouunarouu 3 Kyma amaxu 6 45° 3MiHI8ABCS MEXAHIZM
3HOWYBAHHA 3 MIKPODI3aHHA HA 6ubUmMms nonimepy nocepeouti docuiodxcysanoeo spaska. Ilpu obox pesxcumax pobomu
NOKPUMMS HA OCHOBI (DeHiNOHY BUABUNUCH OOCUMb CITUKUMU, WO 6KAZYE HA MONCIUBICIb GUKOPUCMAHHA (EHIIOHY AK
NOKpUmms 011 3axXucmy 6i0 2az0adpa3uHO20 3HOULY8aHHA. Ane HeoOXiIOHI nodanbuii 00CTiONCeH s, Wo 6yOymb OinbUL HA-
bnudiceni 00 peanbHux yMo8 eKcniyamayii, 3 ROuyKom HanoeHI08a4is 0 nioguwenHs 3Hococmilikocmi ma adeesitinoi 30a-
MHOCMI NOKPUMMISL HA OCHOBE (DEeHINIOHY.

Knrouosi cnosa: eninon; aoeesis; 3HOULY8AHHS, NOKPUMMS, NOBEPXHSL.

Puc.: 6. Tabn.: 2. bién.: 6.

AKTyaJdbHiCTh TeMH AOCJTi:KeHHA. J[OBroBiUHICTH JaeTayiell 1 By3JiB YCTaTKyBaHHS,
MIOB’S3aHOT0 3 TIEpEpOOKOIO 1 TPAHCTIOPTYBaHHIM aOpa3HMBHUX MaTepiajiB, BUBHAYAETHCS Ha-
camIiepe]l 3HOCOCTIMKICTIO TXHIX poO0YMX MOBEPXOHb. AHaNI3 IOCBiLYy eKCIUTyaTallil MoKasye,
I10 TEPMIH MPALE3JaTHOCTI TAKUX JeTalIei MaIlIuH JTy>Ke MAJIUH 1 MOYKE CTAHOBUTH HaBITh OJIHY
a0 JeKiIbKka poOOYMX 3MiH.

ITocranoBka npodaemu. XKopcTKiCTh peKUMIB EKCIUTyaTallli MalllyH, [0 3yMOBJICHA TEH-
JICHIII€I0 IO TiABUIICHHS IXHBOI POAYKTHBHOCTI, a OTXKE, HABAHTAXKEHbB, IIIBUIKOCTEH, TEMIIC-
partyp Ta IHIIHMX MapamMeTpiB, HOTpedye 30UIbIICHHS 3HOCOCTIMKOCTI AeTanei 1 By3miB TepTs [1].

AHaJIi3 OCTAHHIX J0CTiAKeHb | myOJiKkamii. 3HOIIYBAaHHS € CKJIAJHUM IIPOLIECOM, 3aJle-
KHUM BiJ] IBOX B3a€MOIIOB’SI3aHUX TPyM (akTopiB. 3 0JHOrO OOKY, MPOLEC 3HOIIYBAHHS BH-
3HA4Ya€ThCsl YMOBAMHU poOOTH AeTani abo By3Ja 3 ypaxyBaHHSIM MPHUKIAJICHUX HABAHTAKEHb,
IIBUJIKOCTI MEPEMILIICHHS, arPECUBHOCTI CEPEIOBHUINA i TeMIIepaTypH eKCIUTyaTallii, 3 1HIIOro
00Ky, BiH 3aJIeKUTh TaKOXK BiJl 3/[aTHOCTI METANy MPOTHIIATH JIii HABAaHTAXKEHb, 10 BU3HAYA-
€THCS HOTO XIMIYHUM CKJIAZIOM, TEPMIUHOIO 0OPOOKOI0, CTPYKTYPOIO 1 OTPUMAHUMU B PE3YJlb-
TaTl OO0 MEXaHIYHUMH BIacTUBOCTAMU. [Iporiec 3HOITYBaHHS JeTasneil abo By3iB nepeBa-
’KHO HEOTHO3HAUHUH Ta 3aJIEKUTH BiJ] BEJHKOI KIJTBKOCTI (PakTOpiB. YMOBU pOOOTH O1IIBIIOCTI
neraneit (By3J1iB) BA3HAYAIOTh HASBHICTH 0JIpa3y KUTbKOX BHJIIB 3HOLITYBAaHHS, OJHI 3 SIKUX TPH-
3BOJATH O€3MOCepeIHBO 0 pyHHYBaHHS MTOBEPXHEBOTO 1Iapy, a 1HIII — He BUKIMKAIOTh 0e3110-
CepeIHbOr0 BIIOKPEMITIOBAaHHS YaCTUHKU MaTepiajiy, OJHAK CIPHUSIOTh MPUCKOPEHHIO I[LOTO
nporecy. CucremaTu3ailis yMoB poOOTH, SIKi IPU3BOJISATH 10 3HOIITYBAHHS JI€TAICH, J03BOJIIIIA
kiacu(ikyBaTH pi3HI BUIM 3HOIIYBaHHS 3a TpboMa rpynamu (puc. 1) [2].

I3 mepeniyeHnx BHUIB 3HOIIYBAHHS 1HTEPEC CTAHOBUTH TiJIpO- Ta razoabpa3vBHE 3HO-
LIyBaHHS.

© Kimmmenko A. B., Aricimos B. B., Curap B. 1., 2020
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BHOoH 3HOIIYBAaHHA

| | |

) Koposiitao- TIpu Oil eneKTpHYHOTO
MexaniHe MexXaH{THe CTPYMY
» alpazuBHE . KOP03?ﬁHe
e rinpoadpazueHe POSTPICKYBaHHA
e TimpoeposiiiHe ® OKHCIIIOBAllbHE
e KaBiTamifiHe ® pu dperTiHr-
® YTOMIHHYE KOpPO3il
* mpu ¢perTiHry
e IIpPH 3aigaHHI

Puc. 1. Knacugirayis eudie 3noutyeanis

3HOIIYBaHHS MaTepiajiB Mif TI€0 TBEPAUX YACTOK Y MOTOKAX PiMHU YH Ta3y, HE3BAKAIOUH
Ha pi3HI CTaHU CEPEJJOBHUII, MAIOTh OaraTo CIiIbHOr0. BrijmB abpa3uBHOI YaCTHHKH, sIKa Tepe-
HOCHUTHCS MOBITPSHUM YU P1IMHHUM IIOTOKOM, Ha TIOBEPXHIO TEPTS CYNPOBOIKY€EThCs a00 yaa-
POM 13 HACTYITHUM YTBOPEHHSM JIYHOK, 200 KOB3aHHSM, 110 popMye oapsAnuH. PiBeHb quHa-
MIYHOTO BIUIUBY 1 MaKpopesbed MOBEpXHi TEPTS MEPeayCiM 3alIeKUTh BiJl OpieHTAIll ra30- 4u
ripoabpa3suBHOTO MOTOKY JI0 MOBEPXHI, 400 Tak 3BaHUM KyTOM aTaku (puc. 2) [2].

y
P // -, ff: o;-;q/
A“,/O/ ~ = T — ':J/a

W///ﬁ W//M

Puc. 2. Cxemu 3snowysanns:
a — 2azo0abpazugHozo; 6 — 2i0poabpazusHo2o

AHai3 BiIMOB BY3JIIB 1 ieTalieit 00JIaJHAHHS TTOKA3Ye, [0 HATIHHICTh 1 TOBrOBIYHICTh Ma-
IIMH 1 anapariB 37e0UIBIIOrO JIMITYEThCS HE 3arajibHOI0 MIIHICTIO JIETajei, a 3HOUTYBaHHSIM
HaOLIbII HABAHTAXXEHUX [TOBEPXOHb.

3MilIHEHHS! TIOBEPXOHb 3a3BHYAll OB’ SA3YIOTH 13 MiJBUIICHHAM MIIIHICHUX BJIACTHUBOCTEH
MeTally HOBEPXHEBOro Imapy. bulbIIicTe MeTOIiB 3MIITHEHHS SIK IIOBEPXHEBOT'O 1IApY, TaK 1 BU-
poOy 3arajgoM BHKJIMKAIOTh 301IbIIEHHS B METall KUTBKOCTI Ie(eKTiB KpucTaniqHoi 0y joBu. 31
30UTBIIEHHSIM IIUTBHOCTI Ie(EeKTIB Y KpUCTAIIYHIH I'paTIi IX HepeMilieHHs MiJ] TI€0 3pyIIyIo-
YHUX 3yCHJIb 3arajbMOBY€EThCS, 3pOCTAIOTh HANpPYXEHHs, HEOOX1IH1 U 3CyBaHHS OZHI€l yac-
TUHU KPUCTAaJIa I0JI0 1HIIOT, IO CHPUSE MiBUIIEHHIO TOKa3HUKIB MiITHOCTI [3].

Opnnak 30UTbIIEHHS KUTBKOCTI TUCIIOKAIIIH 1 1e(eKTIB KPUCTATIUYHOI IPATKU MOKE TIPU3BE-
CTH JI0 TIEpeXo/1y B KpUXKUI CTaH Ta HeOe3MeKH BUHUKHEHHS Ta PO3BUTKY TPIIIMH. Takox He-
JIOJTIKOM € BEJIMKa TPYJIOMICTKICTh IIPOIleCcy 3MIITHEHHS Ta BUCOKA BApPTICTh JIESKUX CIIOCOOIB.
Tomy BuHUKae HEOOXITHICTH y MOUIYKY HOBUX MPOTPECUBHUX CIOCOOIB MiJBUIIEHHS 3HOCO-
cTiikocTi. OHUM 13 TaKuX c0co0iB € HAHECEHHS MOTIMEPHHUX MTOKPHUTTIB.

Buaisniennst HeoCiIKeHUX YACTHH 3arajibHOI npoodJemu. [lepcrekTUBHOIO rPYIIOO MO-
JIMEpHUX MaTepiajiB € apoMaTU4HI nmoxiaMiau. HaiGuibnn mikaBuM npecTaBHUKOM apOMaTH-
YHUX MOJIaMifiB € (PEHUIOH.
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Binomo, 1110 ¢eHinion Mae uy1oBi pi3uKo-MexaHi4HI HOKa3HUKH Ta 100pe MPOsIBUB cede sK
aHTU(pUKIiiHMNA MaTepian. ToMy BenuKkuil iHTEpeC CTAaHOBUTH BUKOPUCTAHHS (DEHIIOHY SIK
3aXUCHOTO TIOKPUTTS 3 OCTIIPKEHHSAM HOTO aire3iifHIX BIACTHBOCTEH IO KIIACHYHUX MaTepi-
aJliB MPOTOYHMUX YACTHH MAIlIMH Ta HOro 3HOCOCTIHKOCTI.

IMocTanoBKa 3aBaaHHs. MeTOI0 POOOTH € AOCIHIPKEHHS CYKYITHOCTI aAre3iiHuX Ta aHTH-
(bpUKLIHHUX BIACTUBOCTEH MaTepialiiB Ha OCHOBI (DEHIJIOHY.

Metoaunka gocaigxenb. [loniMepHi MOKPUTTS OTPUMYBAJIH UIIXOM HAaHECEHHS Ha MeTa-
JIeBy MOBEPXHIO PO3YMHY 3 HACTYITHUM BHIIAPOBYBAHHAM PO3YMHHHUKA. SIk cyOcTpar oOpaHo
MeTaJeBl MaTepiaiH, sIKi 3aCTOCOBYIOTh JJIsl OTPUMAHHS 3HOCOCTIHKUX (DYyHKIIOHAJIbHUX TTOBE-
PXOHB. SIK pO3UMHHHUK BUKOPUCTOBYBaIH quMeTmidopmamia (AMDA).

PiBenb aaresii (peH1IIOHOBOrO MOKPUTTS 10 CyOCTpaTy BCTAHOBIIIOBAJIM METOJIOM HEPIBHO-
MIpPHOTO BiJIIapyBaHHs Ha CIELIAIbHO PO3POOJICHINH YCTaHOBII, 110 JI03BOJISIE BU3HAUUTH 3Y-
CHJUIS, SIK€ HEOOX1HO MPUKIIACTU JUIs BiAIIapyBaHHs IUTIBKU MEBHOI IMIMPHHU BiJ METaJIeBOi
MOBEPXHI NPHU MOCTIiHIN MBUIKOCTI BigmapyBaHHs (puc. 3).
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Puc. 3. Cxema ycmanosxu 01 8uznaienms miynocmi
aoeesitino20 3 €OHaHHs NpuU 8IOULAPYBAHHI!
1 — cmanuna; 2 — menzomempuuna banka;, 3 — pyxoma kapemxa, 4 — pykie’s npueooa
Kapemxu,; 5 — nionodcka nokpummsi, 6 — 00CuioxHcysane nokpumms, 7 —3amuckay, 8 —msaea;
9 — menzomempuunuil niocuniosay,; 10— peecmpyrouuii npuiad (Mikpoamnepmemp)

3HOCOCTIMKICTh TMOKPHUTTIB OI[IHIOBAIM B YMOBAaX >KOPCTKOTO Ta30a0pa3sMBHOIO 3HOIIY-
BaHHS MOTOKOM IIiCKy 3 po3mipoM yactok 0,5-0,9 mm mpu mBuakocti 76 M/c 3rimHo 3
I'OCT 23.201-78 Ha BiALEHTPOBOMY IMPHUCKOPIOBAaYl TBEPJAMX YACTOK IiJl PI3HUMH KyTaMH
ataku abpazuBy: 15°, 30°, 45°, 60° i 90°. BingmoBigHO M0 3arampHOMPUIHATOL Kiacudikarii
BU/IIB 3HOIIYBaHHS [4] Taki yMOBH BUIIPOOYyBaHb HaJIeXKATh J0 BHCOKOIIBHIKICHOTO KOHTAK-
THO-TUHAMIYHOTO HaBaHTaXXCHHsI (IIBUAKICTH MIOTOKY YaCTUHOK >60 M/c).

JloCIiPKeHO BIUIMB MPUPOJIU HAIOBHIOBAYa Ta MOAU(IKATOpa Ha 3HOCOCTIHKICTh PO3p0O0-
JICHUX TIOKPHTTIB.

Bukiiaa ocHoBHOTo MaTepiajy. Bizomo, mo (eHiioH Mae HU3bKUI piBEeHB aaresii 10 cra-
neBux cyOcTpariB. ABTOpamMu poOOTH [5] AOCHiKEHO aare3iiHy 31aTHICTh (PEHIIOHY 10 Me-
TaJeBUX CyOCTpaTiB pi3HOI MPHUPOMH, ajlie cepell HUX He Oylio MarepialiB, 3 SIKHX BUTOTOBJIS-
IOTBCSI POTOPH MPOMHCIOBUX LEeHTpUPYr. Tomy mociijpkeHHs anresii 10 LMX MartepialiB
CTaHOBUTH 1HTEpEC.

JInsi BCTaHOBJIGHHS aAre3idHol 37aTHOCTI ()EHIIOHOBOTO MOKPUTTSI BUKOPHCTOBYBAJIHCH
cyoctpatu 3 knacuuaux marepiamis (40X, 08X 18HIT, 12X18H10T Ta ixHi ananoru). Pe3yinb-
TaTH MpeJICTaBIIeH] Ha puc. 4.

SIk MO>KHA TOOAYUTH Ha pUC. 4, pIBEHb aAre31iHOI MIITHOCTI HE € IOCTAaTHIM JJIsl TOT0, 11100
MOKPUTTS 100pe Tpumanocs. Tomy Oyi10 BUpIIIEHO 0OMITHUTH CyOCTpaTH 3rifHo 3 [6].
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a

1 2 3 4
o

Puc. 4. Aocesia peninony 0o knacuunux mamepianie NPOMOYHUX YACMUH MAUUH.!
a — eicmozpama aoee3ilinoi mMiynocmi, 6 — homo 3pasKis;
1—12XI8HIO0T; 2 — 08X18HIT; 3 — AISI 304; 4 — 40X
BcranoBieHo, 1o MakcuMaiabHe 3HOMTYBaHHS (DEHUIOHY, HE3alIeKHO BiJl PKUMY pOOOTH,
Bi/I0YBa€ThCS MIPH KyTi ataku B 45—60°, 1o HeoOXiTHO BPaxOBYBAaTH MpH eKcIuryaraiii. Pe-
3yJIbTaTH JOCTIIKEeHb IPECTaBICHI Ha puc. 5 Ta 6 1 Tabn. 1 Ta 2.
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Puc. 5. Bnaue xyma amaxu abpazugy na eéeaununy snouyeanns (dU), inmencuenicme
snoutysanns (Iv), sionocuy snococmitixicmo (B3) ma nosepxuio noxpumms n = 6000 xe™:
a — epaghix 3anexcnocmeti, 1 —dU(a); 2 — B3(a); 3 — Iv(a);

0 — pomo 3paszxie; 1 —15° 2 —30° 3 —45° 4—60° 5—90°
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Tabmurs 1

3Hococmitikicms noKpummie Ha 0CHOGI (heHiIoHY Npu PI3HUX KYymax amaku adpasugy
npu n = 6000 xe”!

I'yctuHa 3HOoUTYBaHHS . o [HTeHcuBHICTH
KOMIIO3MTA Kyr arakmu, BinHocHa 3HOCOCTIHKICTD SHOIIVBAHHS
Hor? rpagycu r o’ (BimHocHo 12X18H10T) ;I{% Jxcr ’
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
Taomuws 2

3Hococmitikicmbs nOKpummie Ha OCHO8I (PeHINIOHY NPU PIZHUX KYMAaX amaku adpasusgy
npu n = 3000 xe”!

I'yctuna 3HOoUTyBaHHS . o [HTeHcuBHICTH
COMIIO3MTA Kyr araku, BlgHOCHa 3HOCOCTIHKICTh SHOITYBaHHS!
Her? rpagycu r o’ (BimHocHO 12X18H10T) oai /e ’
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
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Puc. 6. Bnaue kyma amaxu abpasugy na eenuduny sHoulyeanus (dU), inmencuenicmo
snoutysanns (Iv), sionocuy smococmitixicmo (B3) ma nosepxuio noxpumms n = 3000 xe™:
a — epaghix 3anexcnocmet,; 1 —dU(a); 2 — B3(a); 3 — Iv(a),

0 — pomo 3paszxie; 1 —15° 2 —30° 3 —45° 4—60° 5—90°
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Takox i1 000X pexUMIB pOOOTH XapaKTepHa 3MiHA MEXaHI3MY 3HOIIYBaHHS MPHU KyTax
ataku 45-90°.

ITpu 060X pexxuMax poOOTH MOKPUTTS HA OCHOBI (DEHIIOHY BHUSIBUIIUCS IOCUTH CTIMKUMH,
II0 BKa3y€e HAa MOXJIMBICTh BUKOPUCTaHHS (PEHUIOHY SIK MMOKPUTTS ISl 3aXUCTY BiJ] ra3zoadpa-
3MBHOT'O 3HOIIYBaHHS.

BucHoBKkHM BiAnoBigHO 10 cTaTTi. BcTaHOBIIEHO, 1110 HE3AIEKHO Bij peXXKUMY POOOTH Haii-
OiIbIlIe 3HOIIYBAaHHS MOKPUTTIB HA OCHOBI (peHIIOHY BifOyBanocs npu KyTtax 45—60°, Ta mo-
YMHAIOYM 3 KyTa aTaku B 45° 3MIHIOBaBCS MEXaHi3M 3HOLITYBAHHS 3 MIKpOpI3aHHS Ha BUOUTTS
noJIiMepy MocepenHi TOCTiKYBaHOTO 3pa3Ka.

ITpu 060X pexxuMax poOOTH MOKPUTTS HA OCHOBI (DEHIIOHY BHSBUIIUCS IOCUTH CTIMKUMH,
I110 BKa3y€e HAa MOXKJIMBICTh BUKOPUCTaHHS (PEHUIOHY SIK MOKPUTTS ISl 3aXUCTY BiJ] ra3zoadpa-
3MBHOT'O 3HOLITYBaHHS. AJle HEOOXiHI MOAAbIII JOCHIPKEHHS, 110 OyXyTh Oinbl HaOIMKeH1
710 peaibHUX YMOB €KCILTyaTallii, 3 MOITyKOM HallOBHIOBAYIB IS ITiABUIICHHS 3HOCOCTIMKOCTI
Ta aAre31iHOI 3aTHOCTI TOKPUTTS HA OCHOBI (PCHITOHY.
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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 antifriction 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.

Keywords: 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
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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.
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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 - ]

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 1550850 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 bow!

feeder for
component B

800

Hopper for
component A

Pressing station

Work table

1500

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]
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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

Fig. 8. Magazine for components A

The frame of the designed workplace is made of welded steel closed profiles measuring
50x50x3 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 V;D:;OFY
eeder
Pressing
station
Box for
finished Wc;::s::ce

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
a view of a workplace in a RoboDK environment.
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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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AHu Cemtion, Jlrooomup I'puz, Mapmin Kouan, Onexcanop Boponvko
MPOEKTYBAHHSA POBOTU30BAHOI'O CKJIAJJAJIBHOI'O POBOYOI'O MICII S

Axkmyanvnicmes memu 00cnioNcennn. 3aMina pyuHO20 CKIAOAHHS pOOOMU308AHUMU PODOYUMU MICYAMU NIOBUUYYE NPO-
OyKmugHicmes ma sKicms ckiadanna. Onepamop Ha po6omu308aHoMy pobo1oMy Micyi HeoOXiOHUY O KOHMPONIo pO6OYUX
npoyecis, 000a8anHs KOMHOHEHMIE 00 pe3epsyapie ma UIMAHHA 20Mo8uUx demaell i3 8i0no8iono2o konmetinepa. Lle 00360-
JI€ NAPANENbHO GUKOPUCINO8YBAMU ONepamopa 0is IHUWUX 8Udi8 JisIbHOCE Ha upoOHUYIN NiHii. Bapmicme cmeopenns po-
60mu308aH020 pob01020 Micys 8iOHOCHO HEBUCOKA NOPIGHAHO 3i 3pOCMANHAM 8apmocmi aodcvkoi npayi. Lle cmeopioe nepe-
0YMO8U 01 30epedicentst KOHKYPEHMOCNPOMOICHOCMT KOMNAHII.

Ilocmanogxa npoonemu. 3a80anns nonaeae 8 po3pooyi pooouo2o micysa Ol CKIAOAIbHO20 poOOMA 3 GUKOPUCHIAHHAM
docmynnozo poboma SCARA 6i0 komnanii Dobot. Cnpoeckmosane pobomuzogane ckiadanvie poboue micye nicis 6Mposa-
0diceH s Mae niosUWUmMU NRPOOYKMUBHICTNG CKIAOAHHSL.

Ananiz ocmannix oocnioxcens i nyonikauiu. 1liosuwenis npodykmugHocmi 6e3 GUKOPUCMAHHS A8MOMAMU308AHUX AOO
pobomuszosanux cucmem Ha OaHuill 4ac Hemodicauso. Lle npuzgooums 0o nowupenns pobomuzoganux 000amKie Hagimv npu
CKIIAOAHHI NOPIGHAHO NPOCIUX Oemainell, Ki BUNYCKAIOMbCA 8 OeKIIbKOX MOOUDIKAYIAX.

Buoinenns nedocnioyncenux uacmun 3a2anvioi npoonemu. 11iosuwenns akocmi ckiadanbHo20 8UPOOHUYMEA 3 GUKOPU-
CMaHHAM poOOMU308aHUX POOOUUX MiCYb NOMPIOHO He MINbKU 8 KOMNAMIL, W0 30ilICHIOE CKIA0AHHA, alle 0COONUBO 3aMOBHU-
Kamu 8y31i8, wjo sueomosnaiomucs. Lle npuzsooums 0o ckopouenus uacmku a00cbkoi npayi 00 MiHiMymy.

Ilocmanogka 3ae0anns. 3a80anHs noa2an0 y CMEOPeHHi mako2o pobomuz08ano20 pobouo2o micys, ke 003801u10 6
nosbasumu 100Uy 8i0 MOHOMOHHOT npayi. Inwoo Memoro 610 NioBueHH AKOCMI npecy8ants 080X demadnell i, nepui 3a
6ce, niosuwyenns npooykmueHocmi npayi ne menute nixc na 10 %. Boonoyac neobxiono sabesneuumu MiHiManbhy yuacme
onepamopa Ha pobomu3o8aromy pobowomy micyi poboma, wjob 8in mic GUKOHY8amu iHwi Ol Ha CKIAOANbHIT TiHii.

Buknao ocnoenozo mamepiany. [lowupenns 0ocmynuux npomMuciogux pobomis 3 8iOKpUmoio apximexmyporo Mae meH-
OeHYit0 3DOCMAHHA SIK 8 BEIUKUX, MAK | 6 OpiOHUX onepayisx. Lle npu3600ums 00 cmeopeHHs HeGeNUKUX pOOOMUI08AHUX ejle-
MeHmis, AKI MOJICHA BIOHOCHO Nlecko nepebyoysamu i0N08IOHO 00 NOMOUHUX nomped Ha poboyomy micyi. Y cmammi onucana
KOHCMPYKYIsi pOOOMU308AHO20 CKIAOANbHO20 po601020 Micys 3 gukopucmannsam poboma SCARA. Poboue micye npusnauene
ona cknadansa 08ox uacmun «A i By, a yacmuna «A» oonaxoea 0na écix mpbox Kinyesux eupobis. Tunu 3’ conans pospizns-
10MbCs MINbKU 008ACUHOI0 MPLOX po3mipie. Ha pobouomy micyi 3acmocosysascs gibpayitinuii 6ynxep 01 nooaui KOMHOHeH-
mig «A». /[ns nooaui komnonenmia « By 6yno pospobaeno cheyianvuuil npucmpiii nooadi, wjo 00380.15€ 3a8AHMAICYBAMU KOM-
nonenmu «By ecix mpvox Ooedicun. [Qua ckiadanna Komnonenmie 6yna po3pobneHa asmoMamuyHa npecosa CMAaHyis.
Onepamop ycmanosKu pe2yisipHo nepegipse akmugHicmos po6oyozo micys. Heobxiono ecvoeo nuuie 06iui 3a 3miny dodagamu
KOMnoHeHmu 8 GyHKep.

Bucnogxu 6ionogiono 0o cmammi. Y oaniti pobomi noxkazano supiuents eadxcausoi mexuiunoi npoonemu. Pospooneno
DyHKYIOHAN POOOMU308AHO2O CKIAOANBHO20 POHOY020 Micys 3 ukopucmanusam docmynnozo poboma SCARA 6i0 komnauii
Dobot. Cnpoexmogane poboue micye 0o3onse npecysamu 3 munu 8y31is, sKi @IOPi3HAIOMbCA 0OUH 8i0 00HOO0 JulLe 3a2ATlb-
HOW0 008ICUHOI0 00HO20 KoMnoHenma. Po3pobnene pobomuzosane poboue micye 003801u10 30inbuumu npoOyKmMuGHicmy Ha
12 % i ckopomumu npucymuicmes onepamopa 00 MiHiMANbHO MONCTUBO2O DIBHSL.

Kniouosi cnosa: pooom SCARA; npocpamysanns; ckradauus, pobomuszogare poboue 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 software 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.

© Iletep Mapuinko, FOpaii Komrak, 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
% Ir-:):ljinal Speed o
Charakteristics value) Bénominal value) :fucr;;:: :::ﬁ:':g(‘m;::)
50% ] 100% |10% | 50% | 100 %

1. Pose accuracy BB IN N B 30 [ P1-P2-P3-P4-Ps
2. Pose repeatability BB INN B 30 | P1-P2-P3-Pa-Ps
3. Distance accuracy and distance repeatabiity | ] | ] | | N | W 30 P1-P2-P4
4. Distance accuracy OB INN B 30 P2-Pa
5. Distance repeatability OB I NN R 30 P2-P:
6. Position stabilization time M BINN N 3 | P1-P2-P3-Ps-Ps
7. Position overshoot I BNl | 3 | P1-P2-P3-Ps-Ps
8. Drift pose accuracy OB |O0030 B * P
9. Drift pose repeatability O BIOO B * P1
10. Path accuracy A HE If IN | 10 Hok
11. Path repeatability I HI BE 1N | 10 %
12. Cornering round-off error i HE BE 1N | 3 E1-Ex-Es-Es
13. Cornering overshoot mE BN B Al | 3 E1-E2-Es-Es
1. Weaving stroke error OB BB B 3 Ei-E2-E3-Es
15. Path velacity accuracy (Il EBEIVAE Il | 10 *%
16. Path velocity repeatability (Il BE'EE Il | 10 *%
17. Path velocity fluctuation M B INB B 10 *k
18. Minimum posing time M B ION B 3 *kx
19, Static compliance ok 3 P1

* . continuos operation - 8 hours [0 -non-required

** _jinear path E1-E3 and E3-E1 Rl - optional

*¢% _ more information in the standard B -reouied

*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 (20+2) °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.

Ca

X Ps=C -
R\ i P |

G // ! Ci
Ps= Caa it B P2=Cn

ic.
T PPaz S
cr - Cs
Ce

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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The end of the table 2
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
values were plotted.
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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/IMEHTAJII)HI/!I‘/JI METO/ JJIsA HEPEBIPKH BUKOHABYNX
KPUTEPIIB ITPOMUCJIOBUX POBOTIB

Axmyanvnicme memu docniddcenns. lnmepec 0o yvoeo numants 3pocmae. Cmeopuguiu 8ionogione piuieHHs, MOJHCHA
suasumuU nowkooxcenus poboma. Ha ocnosi cmanoapmy 9283 6yna sanpononogana memooonozisi, 32i0HO 3 AKOI0 MOJICHA
eKCHepUMEHMANbHO GUMIPAMU POOOUT XapAKMEePUCMUKY RPOMUCTOBUX POOOMIS.

ITocmanosxa npoonemu. OcHo8HOW Memoio Y110 po3POOUMU MEMOAOL02II0, HA OCHOBI AKOI MOJCHA 6Y10 6 cdhopmyeamu
MemoOono2iuni pekomeHoayii ma 3a 00NOMO2010 YUx pekoMeHOayill GUKOHamu il OYiHumuy eKcnepumMeHmanbti BUMIPIOGAHH.

Ananiz ocmannix oocnioscens i nyénixauiii. Ananis nyonikayiii nokasye, wjo 8 danuil vac cucmemu 300py 0aHux npo poooui
Xapaxmepucmuku npOMUCIO8UX poOOmig dyxce 00poei. Y yux cucmemax 6UKOPUCMO8YEMbCL Memoo 1azepHol inmepghepenyi.

Buoinenns neoocniodcenux uacmun 3a2anvHoi npoonemu. Lls cmamms 30cepeddicena na ananisi peneganmnozo me-
Mooy ma cmeopeHHi GUMIPIOBANbHUX NPUNAOI8 OJisl eKCHePUMEHMATbHUX GUMIPIOBAHD.

Ilocmanogka 3aedanns. Memoio ybo2co docniodicenHs Oyn0 cmeopenns memooonoeii sumipioganns eenuvun. CmeopenHs
npuoamuux 3acodie ma nooanba OYiHKA BUMIPAHUX 8eautut. 30ip OaHux 3a JONOMO2010 hpocpamuozo 3abe3neuenns Matlab
Mae 6ymu 600CKOHANEHUN Y MAUOYMHbLOMY.

Buknao ocnosenozo mamepiany. Ananiz ipynmyemscsa ha cmanoapmi ISO 9283. Ilicna pemenvrnoeo ananizy 6yau cmeo-
peHi MemoouuHi pexomeHOayii ma GUMIpI0BANbHI NPUAOU, MAKT K GUMIPIOBATLHULL KYM.

Bucnogxu 6ionogiono oo cmammi. Ockineku y i00ini € pobom i3 HemoyHOCMAMU 8 NO3UYiI08anHi, 6)10 8upiueHo cnpo-
6ysamu cmeopumu 8i0n08ioHUL incmpymenm, aKuti mie 6u 6inbi 0emaibHO NPoananizyeamu yei poboma ma ompumamu Oaui
npo poboUi XapakmepucmuKu.

Knruoei cnosa: mexaniuna 6ibpayis; MexaHiuHi cucmemu; NOUKOONCEHHS, 8IOPOJIASHOCMUKA.
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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 (Owm)
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 Owm 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 Owm 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 Om 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 (Towm) are identical.

© Iletep Tymnes, bopuc xo66eri, 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 =107 S, - py [N] (1)
where S.ris the effective area of the suction cup [mm?], Fig. 2, p 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
Py
H1 \
- OM
D,
Dy,

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 =107 P [N] (2)
The effective (real) force of the Fgr suction cup is then determined by the relationship
_l g _wiwdp,
Fop =+ Fp = 28 P [\ 3)

The coefficient # is determined according to the real situation of the manipulation accelera-
tions acting from Table:

3 TL"dZ
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Table
Dynamic conditions during suction cup handling [1]
n-F;, =Fp
1073 -7 - d? -
Fu:Tpv Fp=m-(atg)
a=a,+a,+a,
Fy = F,+F, +F,
m-a, m-a,
E=Fy= I Fy:Ft2: F,=F,=F,=m-(a,tg)

y
x/
ta, #0 ta, =ta,=0 o) ta, #0 ta, =ta, =0
u=1 t=4 u<l t=8
ta, #0 ta,and/or+a, # 0 @ ta, #0 ta,and/or+ a, # 0
u<li t=28 u<li t=8

Creating sufficient gripping force on the suction cup means creating perfect contact of the
suction cup with the Om 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
I ~_~— |3
. ® } > ,
occupied Q 1 unoccupied
suction cups 2 suction cup

Fig. 4. Reasons for "vacancy" of the suction cup[1],[5]

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 Owm surface by a suitable mechanism.

atmospheric
compressed vacuum S, air
air ~ ump &7 %7
3/2 valve
~Compressed loy ejector ‘ ’

air

consumed energy

Distance between vacuum sourc
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,=-80kPa Vacuum value: p,=-20 kPa
Diameter of suction cup: 220 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.
i compressed air

- 2/2 valve {sucﬂoh ' 1 2/2 valve (suction

— cup aclavale) = ___cup Qeactivate}
ST I... 5 = ..?'
3 ejector iln!
- = throttle valve
vacuum
I Qmax switch

vacuum rh.-.(—ll-liﬂ
filter = connector

lﬂll—'

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 p,
95Cyo 100% T T
80% | —

63% p, 20%
40% 1
20% 1

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 Owm 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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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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3AJJAYA MAHIITYJISAIIL, PEAJI3BOBAHA
3A JJOIIOMOI'OIO BAKYYMHOI TPUCOCKHA

Axkmyanvnicmy memu 00cnioxncennsn. Y yiii cmammi po3ensiHymo sk mexuiuni, max i eKOHOMIYHI acnekmu KepyeaHHs
CMUCHeHUM NOGIMpAM, AKe € Haubinbul 00pPo2UM 8UOOM eHepzii, WO BUKOPUCHOBYEMbCA Y BUPODHUYOMY ceKmopi. [{yoice 6a-
JHCUBO EKOHOMUMU eHEP2II0 AK MAKY, He BUKTIOYAlOYU | CTUCHEHe NOGIMP3.

Ilocmanogxa npoonemu. Mema cmammi — damu suyepnHe yAGIeHHA NPoO GUPTWEHHS 3a80aHHA OOHOCHOPOHHBO2O 3AXON-
JIeHHS 30 00NOMO2010 8aKyyMy. ¥V pobomi naoano pexomenoayii wooo ix eupiuiens 3 aKyeHmom Ha WLAXU Ol eKOHOMIT oc-
HOBHOI eHep2ii — CMUCHEH020 NOGIMpsi.

Ananiz ocmannix 0ocnioxcens i nyonikayin. Huni yiti chepi npudinaroms 6enuxy yéazy He minibku KOpUCHysadi, Wo 6u-
KOpUCMOBYI0Mb CIUCHeHe NOBIMPSL i 8aKyYM, a i BUPOOHUKU MEXHIKU, W0 npayioloms i3 numu. Lum saiimaromscs npakmuuno
6CI 8K BUPOOHUKY NHEBMAMUYHUX KOMHOHEHMIG.
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Buoinenns nedocniocenux uwacmun 3a2anvhoi npodnemu. Y cmammi ne npudinicmscs y8aza upooHuymsy i 06pooyi
CMUCHEH020 NOBIMPSl, a MINbKU 1020 8UMpami Ha OMPUMAHHs 6akyymy. Taxodic y po3paxyHkax 6Kkazyomuvcs minbKu OCHOBHI
83A€MO038 AI3KU, 3a AKUMU 00CEIOYEHUI KOPUCHYBAY 3HAliOe piulenHs c8O€i npobnemu.

Ilocmanogka 3aedanna. Mema cmammi — npedcmagumu pe3yibmamu 00Caiodcels y Yitl 06nacmi ma 6Kazamu MoNCIU-
60CHI MEXHIYHUX NPOYeoyp O BUPIULEHHS NPOOReMU 3ACMOCYBAHHS 8AKYYMHUX 30X8ANHUX eEeKMOpI8 i3 UKOPUCHIAHHAM
AKMUBHUX 8AKYYMHUX HPUCOCOK.

Buknao ocnosenozo mamepiany. Mamepian, saxkuii cmag ocHogolo cmammi, CKIa0aEMbCsl K i3 3a2anbHUX 3HAHb, WO Mic-
MAMbCS 8 MeXHIUKI 1imepamypi, max i 3 81ACHO20 AHANIZY YACMKOBUX OAHUX, Y3A2ATbHEHUX Y GUCHOBKAX.

Bucnogxu 6ionogiono 0o cmammi. Y sucrnogkax, 3pobneHux y cmammi, Ha0aHo peKomenoayii 0 GUpilueH s KOMNIEKCy
3a60aHb I3 NPOEKMYBAHHS BAKYYMHUX 3AXEANHUX e(PEeKMOpI8 i3 NPUCOCKAMU.

Kniouosi cnosa: maninynayis; maninynayitine 3a60aHHa, CMUCHeHe NOGIMPS; 8AKYYM, NPUCOCKA, NHEBMAMUYHUL TIAHYIOR.
Puc.: 10. Tabn.: 1. bion.: 5.
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®YHKIIOHAJBHE MPU3HAUYEHHS TEXHOJOTTYHOT'O OCHAIIEHHS
JUIS1 JEPEBOOBPOBKH

Axkmyanvhicme memu 00CnIOHCEHHA. 3acMOCYBaANHA CYUACHUX 3aC00i8 MEXHON02IUHO20 OCHAWEHHS 003601€E Ni0BU-
wumu npoOyKmMuHICms npoyecie 0epesoo6pobHo20 8UPOOHUYMEA, MOYHIiCMb | AKicmb depes aHux eupobie ma mebnis. Ta-
KOJHC MEXHONO2IUHE OCHAWEHHSL O0360JIE POSWUPUINU TNEXHOTLOSTUHI MONCIUBOCTT 0epes00OPOOHO20 00IAOHANHSL, THCIMpYMe-
Hmy, 3ab6e3neyumu be3neyHi ymoeu npayi npu mexaniunit 06pooyi OepeguHu.

Ilocmanogxa npoénemu. 1lpu npoekmysanni mexHono2iunux npoyecie 0epeaoodpobHo20 ma mebneso2o 8UpPoOHUYMBA
3a0aua 8ubopy abo NpoeKmy8anHs 3acodi6 MexXHONO2IUHO20 OCHAUWeHHs ICHYE 3a82cou. s o6IpyHmoeanoeo eubopy abo
NPOEKMYBAHHSL 3ACODI8 MEXHONIOLIUHO20 OCHAUCHHS 8 OePEBO0OPOOHOMY BUPOOHUYMEBT BANCIUBE SHAYEHHS MAE AHATI3 (IYHK-
YIOHANILHO2O NPUSHAYEHHSL.

Ananiz docnioxmcens i nyonikayii npucesueno pobomam 3 NUMAaHbL GYHKYIOHATbHOLO AHALIZY MEXHIYHUX Cucmem md
8UOOPY MEXHONOIYHO20 OCHAWEHHSL.

Buoinenns nedocnioncenux uacmun 3azanvhoi npoonemu. ITumannam eubopy ma npoekmyganHs 3acodié mexHono2iu-
HO20 OCHaweHHs1 01 0epesooOpobKU ma Meb1e8020 BUPOOHUYMBA HA CbO20OHI NPUOINEHO MAN0 Y8a2u 8 HAYKOGIl iimepamypi.
Ananiz ma cucmemamuszayis QYHKYil MEXHON0IUHO20 OCHAUWEHHs Ol 0epe800OPOOKU D0360UMb 30IUCHIOBAMU IX OinbIU
00TpyHMOoBarUll 8UOIP MA NPOEKMYBAHHSL.

Memoro cmammi € 8usHauenHs YHKYII MEXHOI02IYHO20 OCHAUWEHHS OJisl 0epeBo0OPOOKU ma Mebae6020 GUPOOHUYMEA
0 Oibiu 0OIPYHMOBAHO20 BUOOPY MA NPOEKMYBAHHSL.

Buknao ocnosnozo mamepiany. Ha ocnogi npunyunie ma nioxo0ié (hyyHKYiOHANbHO20 AHANIZY MEXHIYHUX CUCMEM ) PO-
60omi npedcmagieno Memoouxy GopmynoeaHHs QYHKYIOHATbHO20 NPUSHAYEHHS MEXHOLO2INHO20 OCHAWEHHS OJi 0epesoos-
PoOKU ma mebneoeo supooHuymed. Chopmynibo8ano 0CHOBHI ti OONOMIdNCHI YHKYIT HA NPUKLAOL KOHOYKIMOPA 3 pecyibo8d-
HOI0 MidicOCb08010 8i0cmanHio. Hagedeno npukinad popmynosants yHKYIOHATbHO20 NPUSHAYEHHS RPUCTPOIO OISt MEXAHIYHOT
00pobKU deped’iHOoi 3a20MOo8KL.

Bucnoeku 6ionoeiono 00 cmammi. ¥ po6omi enepuie 3anponoHo8aHO 3a2anbHull nioxXio 00 (QYHKYIOHANLHO20 AHATNIZY
MEXHONO02IUHO20 OCHAWEeHHS Ol 0eped00OPOOKU. BusHaueHo (hyrkyii mexHon02iuH020 OCHAWEHHS A NPOOEMOHCMPOBAHO iX
npuxiadre sacmocyeanns. Ilpedcmaeneri mamepianu MOXCHA UKOpUCMAamu Onsi 0OIPYHMOBAHO20 8UOOPY YU NPOEKMYBAHHSL
3aco06i6 MexHoN02INHO20 OCHAWEHHS Ol 0epedo0OPOOKU ma Mebneg020 8UPOOHUYMEA.

Knrouoei cnosa: mexnonoziune ocHaujeH s, QyHKYIOHAbHE NPUSHAYEHHS, 0epeBooOpodKa,; mebiiese GUPOOHUYMEBO.

Puc.: 3. bion.: 9.

AKTYyaJIbHICTh TE€MH J0CTiTKeHHsI. TeXHOIOriYHEe OCHAIIIEHHS BiIirpae BaXKIUBY POJb Y
mporecax py4Hoi Ta MEXaHIYHOI JAepeBOOOpOOKHU, NeGOopMyBaHHS, CKIAaJaHHs (CKJICIOBAHHS)
€JIEMEHTIB JIepeB’ THUX KOHCTPYKLiH, BUp0OiB 4 MeOIiB. 3aCTOCYBaHHS Cy4acHUX 3ac00iB Te-
XHOJIOT1YHOTO OCHAIIEHHS JI03BOJISIE TiABUIIUTH MPOITyKTUBHICTh MPOIIECIB JePEBOOOPOOHOTO
BUPOOHMIITBA, TOYHICTH 1 SIKICTh MPOAYKIIii, [0 BUTOTOBISAETbCA. KpiM 1bOTO, TEXHOJIOTIYHE
OCHAIIICHHS JI03BOJISIE POIIUPUTH TEXHOJOTIYHI MOXKIIMBOCTI AepeBOOOPOOHOrO 00aHAHHS
Ta MEXaHi130BaHOTO JIEPEBOOOPOOHOTO IHCTPYMEHTY. 3aCTOCYBaHHS 3aTUCKHUX Ta MPUTHCKHUX
€JIEMEHTIB TEXHOJIOTIYHOTO OCHAILEHHS MPU MEXaHiuHill 00poOILli JepeBUHH Ta JepEeBUHHHUX
MarepiaiiB J03BoJIsi€ 3a0e3rmeun T Oe3neuHi yMOBHU Mpalli.

ITocTanoBka npodjaemu. [Ipu npoekTyBaHHI TEXHOJOTTYHUX MPOLIECIB 1€PEBOOOPOOHOTO
Ta MeOJIeBOr0 BUPOOHUIITBA HEOAMIHHO MIOCTAE 3a7a4a BUOOPY a00 MPOEKTYBAaHHS MPOIYKTHB-
HUX, BUCOKOTEXHOJIOTIYHUX 3aC0O0IB TEXHOJIOTIYHOTO OCHAmIeHHs. [Ipu mboMy HEOIMIHHUM €
BpaxyBaHHs €eKOHOMIYHUX Ta (PyHKI[IOHATBHUX KpuTepiiB. ToMy aHai3 pyHKI[IOHATBHOTO MPH-
3HAUEHHS Ma€ BaYKJIMBE 3HAUCHHS JUIs1 OOIPYHTOBaHOTO BUOOPY ab0 MPOEKTYBaHHS 3ac00iB Te-
XHOJIOTIYHOTO OCHAILIEHHS B JIpEBOOOPOOHOMY BUPOOHUIITBI.

AHaJi3 ocTaHHiX JocaifkeHb i myoaikaniii. [TuTanHsM QyHKIIIOHAIBHOTO aHAIIIZY TeX-
HIYHHUX CHCTEM MPHUCBIYEHO JOCTATHIO KUIbKICTh HayKOBUX mpailb [ 1-3]. 30kpema B MOHOTpa-
¢ii b. [TansueBcrkoro [1] B 3aragbHOMY BUIVISAL TPEACTABICHO MOETAIHY TEXHOJOT10 (PyHK-
I[IOHAJILHOTO aHaJli3y TEXHIYHOiI cucteMd. Y poboti [4] po3missHyTo 0COOIMBOCTI
(byHKII0OHATBEHO-BAPTICHOTO MiIX0AY 710 (hOpMYBaHHS CTPYKTYPH TEXHOJIOTIYHOI oreparii, 30-
Kpema — 10 BUOOPY TEXHOJIOT1YHOTO OCHAIEHHS. AHaJIi3 BIUIMBY OCHOBHUX (DaKTOPiB Ha BUOIp
CUCTEMH TEXHOJIOTIYHOTO OCHAIeHHS HaBeAeHOo Y [S]. Ctarts [6] 3araiom € mepiioro cnpoOoro
BUSIBIICHHS Ta CHCTEMaTH3aIlii 0COOIMBOCTEN TEXHOIOTIYHOTO OCHAIICHHS JIJISl IEPEBOOOPOOKH
it MebneBOro BUpOOHUIITBA.

© Carmosn C. I1., Kocmau O. I1., 2020
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BunineHnst Heq0CTiIKEHUX YACTHH 3arajbHoi npooJemu. [IutanHsM BUOOPY Ta MPOEK-
TyBaHHS 3aC001B TEXHOJIOTIYHOT'O OCHAIIEHHS JUIs IpeBOOOPOOKH Ta MeOJIeBOro BUPOOHUIITBA
B HasBHII HAayKOBIiM JiTepaTypi MPUALICHO TyXe Majo yBaru. AHali3 Ta cucTeMaTu3anis QpyH-
KLl TEXHOJIOTIYHOTO OCHAIIECHHS ISl IEpeBOOOPOOKHU TO3BOIUTH 3/1HCHIOBATH iX OUIBII 00-
I'PYHTOBaHUN BUOIp Ta MPOEKTYBAHHSL.

MeTo10 cTATTi € BU3HAYEHHS (PYHKI[I TEXHOJOTIYHOTO OCHAIIEHHS JUIs JepeBOOOPOOKH
Ta Me0JIEBOTO BUPOOHHUIITBA JUTSL OLIBII OOTPYHTOBAHOTO BUOOPY Ta MPOEKTYBAHHS.

Buxkiaa ocHoBHOro Marepiaiy. @yHKI[IOHAIBHUN aHAJI3 CIIPSIMOBAHUI Ha JIETalbHE J10-
CIIIJPKEHHSI TEXHOJIOTTYHUX MPOLIECiB y Oy/b-sKil TexHoOor14HIi cucteMi [ 1-3]. dyHKIiOHATB-
HUH aHaJi3 TEXHOJOTIYHOTO OCHAICHHS /ISl I€PEBOOOPOOKH K TEXHIYHOI CHCTEMH BKIIIOYAE
TaKi OCHOBHI €Taru:

1) 3aranpHe (opMmyntoBaHHS HpoOIEeMH, AT BUPILICHHS AKOI MOTPIOHO TEXHOJOTIUHE
OCHAIIICHHS1, BU3HAYECHHS Ta OIUC MPOLECY, U pealtizallii IKoro HeoOXiaHi 3aC00H TEXHOJIOT'1-
YHOTO OCHAII[CHHS.

2) JlekoMIo3HuLis 3arajbHOI IpoOiIeMH Ha OKpeMi Il Ta (popMyIIOBaHHS OCHOBHHX 1 JOTIO-
MDKHUX (DYHKIIIH TEXHOJIOTTYHOTO OCHAIIEHHSI, 32 IOTIOMOTOFO SIKUX OyTyTh JOCSATHYTI OKPEMI LTI

3) BuzHaueHHS SKICHMX 1 KUIbKICHHX XapaKTEPUCTHK Ta (GOpPMYBaHHS KPUTEPiiB BHOOPY
(Ipo€KTYBaHHS) KOHCTPYKTUBHUX €JIEMEHTIB TEXHOJIOTTYHOTO OCHAILEHHS Ul peaji3allii oc-
HOBHHX 1 TOTIOMIXXHHUX (DYHKITIH.

4) CucremaTH3allisi HUIAXIB JOCATHEHHS METH BUOOPY 200 MPOEKTYBAHHS TEXHOJIOT1UHOTO
OCHAIIICHHS JJIs 1IepeBOOOpOOKH, aHasi3 Ta BUOIp aJbTepHATUBHUX BapiaHTIB.

[lepin Hi>XX TPUCTYHHUTH A0 (PYHKIIOHATIBHOTO aHaMi3y Oy/ab-sAKOi TEXHIYHOI CHCTEMHU HEOO-
X1JTHO YiTKO YCBIIOMJTIOBaTH METY ii CTBOpPEHHS. SIKII[O epe TEXHIYHOI0 CUCTEMOIO HE TOCTa-
BJIeHa a00 He c(opMyJIbOBaHA MeTa ii CTBOPEHHS — (QYHKIIOHAJIbHUN aHaJli3 He Mae ceHcy [1].

He3zanexxHo BiJ] TOT0O, IPOEKTYETHCS TEXHOJIOTIYHE OCHAIIICHHS YM BUOMPAETHCS 3 BXKE ic-
HYI0YOTo, Hacamnepel HeoOXiHO 3AIMCHUTH aHalli3 BUXIAHUX JaHUX. Bix rpyHTOBHOTO 1 BCe-
014HOTO aHaJi3y BUXITHUX JaHUX 0€3MOCEPEIHBO 3aJICKUTh BUKOHAHHS MPUCTPOEM CBOTO (y-
HKI[IOHAJILHOTO MPU3HAYCHHA. Bynb-ski mOMUIKKM a00 HEBM3HAYCHOCTI Y BUXIIHUX JaHHUX
HaifuacTime NpuBOJATH 10 YCKJIAAHEHHS BUOOPY a00 HETOCKOHAIOCTI KOHCTPYKIIT CIIPOEKTO-
BAHOTO TEXHOJIOT1YHOTO OCHAIIICHHS. BENMNKy 4acTHHY BUXIIHUX JaHUX OTPUMYIOTH 13 Kpece-
HUKIB €JIEMEHTIB JIepeB’ IHUX KOHCTPYKLIH, BUPOOIB uM MeOJIiB Ta pO3pOOJICHOIO TEXHOIOT1Y-
HOTO TIPOIIECy IX BUTOTOBJICHHS.

VY 3aranbHOMY BUNAJKY, IpU BUOOPI 200 MPOEKTYBaHHI TEXHOJIOTIYHOTO OCHAIECHHS IS
nepeBooOpoOKu abo MebIeBOro BUpOOHUIITBA HEOOX1THO MaTH HACTYITHI BUXI1/IHI JaHi:

- 00rpyHTOBaHI Ta MAaKCUMaJIbHO KOHKPETH30BaHi 3 HEOOXIJHUMHU UYUCIOBUMH MOKA3HHU-
KaMU BUMOT'H JIO KOHCTPYKIIii, TEXHOJIOTTYHIX MOXKJIMBOCTEH Ta eKCILTyaTalliiHUX XapaKTepH-
CTHK TEXHOJIOTIYHOTO OCHAIEHHS (TOYHICTh, MPOAYKTUBHICTD, EKCIUTyaTalliiiHa HAAIHHICTh Ta
JIOBTOBIYHICTb TOIIO);

- KPECTICHUKH JIepeB’sIHOI KOHCTPYKILii, BUpOOy 4 MeONiB 13 HEOOXIJHUMH TEXHIYHUMHU
BUMOTaMU;

- (parmeHT 200 MOBHHUI TEXHOJOTIYHUI MPOLEC BUTOTOBJIEHHS JETalli, €leMEeHTa Jie-
peB’sIHOT KOHCTPYKLii, BUpoOy uu MeOii, o Jae iHpopMallito mpo MOCTiIOBHICTh 00pOOKH,
MOBEPXHi, K1 Bxke 00poOIeHi Ta 1m1e He 00po0IIeH1, BAMOTH JIO TOYHOCTI 0OpOOKH (CKITaIaHH);

- omepalliiiHui ecki3 Ha orepario, s AKO1 pO3pOOISETHCS TEXHOIOTIYHE OCHALCHHS (1H-
dopmartist mpo cxemy 0a3yBaHHS 1 3aKpIMJICHHS A€PEB’ THOTO BUPOOY);

- omepailiifHa kapra (TEXHOJIOTIYHUH periiaMeHT) Ta €CKi3 omepartii 11 Kol BUOMPAEThCS
a00 po3poOIAEThCA TEXHONOTIUHE OCHALICHHSA, IO Ja€ iH(OpMaliio Mpo MOCHiIOBHICTh Ta
3MICT TepeXOAiB, cXxeMy Oa3yBaHHS 1 3aKpilJICHHS JepeB’sTHOro BUpOOy, IHCTpyMEHT, o0naj-
HaHHS, PSKUMH 00pOOKH, HOPMY Yacy Ha BCTaHOBJICHHS, 3aKPIIUICHHS 1 3HATTS BUPOOY;
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- iH(opMmarist mpo oOCST BUITYCKY J€Tajei, eIeMEeHTIB AepeB’ THOT KOHCTPYKIii, BHpOOY un
MeOIiB;

- TEXHIYHI XapaKTEPUCTHKH TEXHOJOTIYHOTO YCTaTKyBaHHs (EJIEKTPHUYHOTO MEXaHi30Ba-
HOTO IHCTPYMEHTY), Jie OyZie BAKOPUCTAHO TEXHOJIOTIYHE OCHAIIICHHS.

Hagsenenuii nepemnik BUXiAHUX JaHUX U1 pO3POOKH TEXHOJOTTYHOTO OCHAIIECHHS IS Jiepe-
BOOOPOOKH, CKITaJaHHs (CKJICIOBAaHH:) JepeB’ THUX BUPOOIB Ta MeOJIiB HE € BUKIIIOUHO 000B’ 513~
KOBUM Y TOBHOMY 00CsI31. 3aJIe)KHO BiJ] XapakTepy BUPOOHULITBA, 3a/1a4, IS IKUX IPOEKTY€ETHCS
(BUOMpAETHCS) TEXHOIOTIYHE OCHAIIICHHS, HABEJICHUI TIEPEITiK BUXITHUX JTAHUX MOXKE OYTH CKO-
poueHHii a00 PO3MUPEHUI 10 HEOOX1AHOTO i JOCTATHBOTO PiBHS 1H()OPMATUBHOCTI.

HasiBHICTP 1 MOBHOTA BUXITHUX JJAHUX JI03BOJISI€ HA OCHOBI (PYHKIIIOHAIBHOTO aHAIIi3y Ma-
KCUMAaJIbHO TOYHO C(OopMyITIoBaTH (hyHKIIOHAJIbHE MPU3HAYCHHS TEXHOJIOTYHOTO OCHALCHHS
IUIsL 1epeBOOOPOOKH, CKIaJaHHs (CKICIOBaHHS) JIepeB’ THUX BUPOOIB Ta MeOIiB.

JIeKOMITO3HIIis 3araibHOI MPOOIeMHU Ha Psii OKPEMUX Il € HEOOXIJTHUM €TarioM MPAaKTUIHO
Oy/Ib-IKOTO MPOEKTYBAHHS TEXHIYHOTO 00’ exTa. CHOopMyIFOBaTH OKpEMi I1iJTi, SIKi B KOMIUIEKC] BU-
PILIYIOTh HasiBHY IPOOIeMy, BaKJIMBO HacamIiepes] Ui (JopMyITtFOBaHHSI OCHOBHHUX 1 JIOTIOMDKHHX
(YHKITIH TEXHONOTTYHOTO OCHAIIIEHHS, 32 JOTIOMOTOI0 SIKUX OyIyTh JOCSTHYTI OKpeMi IIiTi.

Bynp-sika TexHiYHA cCCTeMa MICTHTh CHCTEMY CITYOOBHUX (YHKIIiH, SIKi BA3HAYAIOTh MPUH-
1 ii QyHKIIOHYBaHHS, 1 KOHCTPYKTHBHO SIBJIsi€ COOOI0 CYKYITHICTh KOHCTPYKTHUBHUX €JI€MEH-
TiB JuIs peamizamii uux QyHkiiii [7].

[TeBHA KOHCTPYKIIisI MOXe peaii3yBaTy JUIIE O1HY (YHKIIIIO, aje Ta cama (QyHKI[iS MOXKe
OyTu peasizoBaHa pPi3HUMH BapiaHTaMU KOHCTPYKIIIi.

Hampuknan, QyHKIis mpuTHCKada — 3a0€3MeUnTH IIJIbHE i Oe3nepepBHE MPUIATaHHS 00po0-
JIFOBAHO] JiepeB’sIHOT 3ar'OTOBKH JI0 YCTAaHOBUHMX €JIEMEHTIB a00 MOBEPXOHB BepcTara (TEXHOIOT Y-
HOT'O OCHAIIIEHHS) MOKE Peaji30ByBaTUCh PI3HUM KOHCTPYKTHBHUM BUKOHaHHsM (puc. 1) [8].

Puc. 1. Illpumuckni mexanizmu:
a — NPUMUCKHA KOOOKA,; 6 — NPUMUCKHUL OQUMAK,
6 — NPUMUCKAY i3 SHYYKUMU NIACMUHAMU, 2 — POIUKOBUU npumuckad,; 1 — poaux;
2 — wumox, 3 — KpoHwmetiH, 4 — 2invsa, 5 — npyscuna; 6 —eauxa; 7 — cmin; 8 —26unm
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BinmoBigHO 10 BUIIIEHABEACHOTO, TPOEKTYBAHHS TEXHOJIOTTYHOTO OCHAIIEHHS MOAUISETHCS
Ha (DyHKIIOHAJIbHE, MIPU SIKOMY (DOPMYETHCSI IPUHIUI HOro (pyHKI[IOHYBaHHS, Ta TEXHIYHE
MIPOEKTYBAHHS, IPU SIKOMY Ha OCHOBI 0OpaHOT0 MPUHLUITY (PYHKIIIOHYBAaHHS CTBOPIOETHCS a00
BUOHMPAETHCS KOHCTPYKIIiSI IPUCTPOIO 200 HOro OKpEMHUX CKIIaJJOBUX €JIEMEHTIB.

BinnoBigHO (pyHKIiOHAJBHA CTPYKTYPA TEXHOJIOTIYHOTO OCHAIEHH [9]:

Sp ({F}, {QD),
ne {F} —MHOXUHHA QyHKIIIH;
{Q} — MHOXMHA BiTHOIIEHb MK (DYHKIIISIMH.
TexHiuHa CTPYKTYypa TEXHOJIOTIYHOIO OCHAIeHH [9]:

S+ ({E}, {R}),
ne {E} — MHOXWHa KOHCTPYKTUBHHUX €JIEMEHTIB;

{R} — MHOXXMHA BITHOILIEHb MIXK €JIEMEHTaMHU.

DyuKYioHaNbHe NPUSHAYEHHS EeXHONIO02IYHO20 OCHAWeHHs — MAKCUMAJIbHO YTOYHEHa 1 ui-
TKO cpopMyIibOBaHa 3a/aua, JUIsl PO3B’A3aHHS SIKOT MPU3HAUCHHUNA TPUCTPIH.

Po3pobka i dpopmysroBaHHsS (PyHKI[IOHATBHOTO MPU3HAYCHHS MPUCTPOIO IPYHTYETHCS HA
aHaJi31 BUXiHO1 iH(opMallii Mpo omneparito TeXHOIOTTYHOTO MPOIIEeCy, VIS K01 MPU3HAUCHHHA
MIPUCTPIiA, Ta YMOB, B IKHX EKCILTyaTyBaTUMETbCS MIPUCTPIH.

dopmymoBaHHS PYHKLIOHATHHOTO MPU3HAYCHHS TEXHOJIOT1YHOT'O OCHAIIICHHS € Ay)Ke Bij-
MOBIIAJIBHUM €TaIrloM Ipoliecy Horo BUOOpPY, MPOEKTYBaHHS a0o ynockoHaneHHs. [Tomuikwy,
JONYIIeH] IpY BUSABJICHHI Ta YTOYHEHH] (D)yHKIIIOHAIBHOTO MPU3HAYEHHSI, IPU3BOJIATH 10 He-
MPaBUILHOTO BUOOPY, CTBOPEHHS HESKICHOI'O TEXHOJIOT1YHOI'O OCHAIIEHHS, 3alBUX BHUTpAT
mpali Npy BUTOTOBJECHHI Ta eKciutyaTauii. ToMy po3po0ui (yHKIIOHATIBHOTO MPHU3HAYCHHS
MPUCTPOIO NMOBUHHI MepeTyBaTy rI1M00OKe BUBYCHHS 3a/1a4, JJIsl PO3B’A3aHHS SKHX MpPH3HAYe-
HUH NPHUCTPiii, 1 TOUHE (HOPMYITIOBAHHS HOr0 (PyHKITIH.

[Tpu popmymmroBaHHI GYHKIIOHATBHOTO MPU3HAUCHHS TEXHOJIOT1YHOT'O OCHAIICHHS IS Jie-
PeBOOOPOOKH HE MOYKHA OOMEKYBAaTUCh 3arajlbHUMHU BUpa3zamu. HeoOxinHo sikomora riuoiie
YTOUYHUTH MPU3HAYEHHS MPUCTPOIO 1 BUPA3UTHU LI yTOUHEHHS KijbKicHO. [ mOuHa dpopmyro-
BaHHS (PYHKILIOHAJIBHOTO MPU3HAYEHHS MICTUTBCS CaMe B YTOYHEHHSIX.

®opmymoBaHHS (PyHKITIOHATIBHOTO MPU3HAYECHHSI TOBUHHE MICTUTH MPUOIM3HO TAKUH 3MICT:

- 3araJibHe MPU3HAYEHHS TEXHOJIOT1YHOT'O OCHAIICHHS,

- OCHOBHI i1 TOTTOMDXKH1 (DyHKIIIT OCHAIIEHHS;

- BUJI 1 KUTBKICTh JIepeB’ sSTHUX BUPOOIB (3arOTOBOK), 5K 13 3aCTOCYBaHHSM IIOT'O TIPUCTPOIO
OJTHOYACHO BUTOTOBIISIOTHCS (0OPOOIISIOTHCS, CKIICIOIOTHCS, CKIAIal0ThCs), IXHI rabapuTH;

- cXeMa BCTaHOBJICHHS 1 3aKpiMJICHHS BUPOOIB (3ar0TOBOK);

- TapaMeTpH TOYHOCTI JIepeB’ THOr0 BUPOOY, SKI MOBUHHI OyTH 3a0e3mneueHi npu Horo BU-
TOTOBJICHHI 13 3aCTOCYBaHHSM IIHOT'O MIPUCTPOIO;

- TIEPETIiK YMOB, B SIKUX MPHUCTPIN Ma€ MpamroBaTu (pexXxuM poOOTH 1 cTaH HABKOJIHUITHHOTO
CEpe/IOBHUILIA);

- BUMOTH JI0 30BHILITHHOTO BUJ1Y, O€31eKH poOOTH, €prOHOMIYHOCTI, PIBHA IIyMYy, Koedii-
€HTY KOPUCHOT Jii TOIIO.

VY 3acanvromy npusnauenHi TEXHOJIOTIYHOTO OCHAIICHHS HABOANUTHLCS KOHKpETHA iH(popMa-
I1is1 PO rajTy3b 3aCTOCYBAaHHS MPUCTPOIO.

Ocnogna ¢ynkyis (OD) TEXHONOTIUHOTO OCHAINECHHS — O3HAaKa (O3HAKM), sIKA BU3HAYAE
HOro CyTHICTh, MPU3HAYEHHS, IS peai3alii sSKoi iCHye mpucTpiil 1 6e3 Kol BiH, K BHUPIO,
BTpayae CBOIO CIIOKUBYY BapTiCTh, KOPUCHICTD.

Tak, HampukIaa, OCHOBHOIO (DYHKIII€I0 KOHAYKTOpa 3 PEryJiboBaHOI0 MDKOCHOBOIO BifC-
TaHHIO (puUC. 2) €: 3a0e3nmeueHHs] He0OXi1AHOT TOYHOCTI po3MidyaHHs ab0 CBEpAIiHHS OTBOPIB Y
3aroTOBII.
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1/ 2
Puc. 2. Konoykmop i3 pe2yib08anor0 MidcoCcb08010 8i0CMAHHIO:
1 — pyuka; 2 — koHOyKmop, 3 — 3a20moeKa

Jonomincna pynkyia (JIP) TeXHOIOTIYHOTO OCHAIEHHS — O3HAKa (03HAKHU), KA JIOTIOB-
HIOE, PO3BUBAE Ta YTOUHIOE HOTO OCHOBHY (yHKIit0. JID MOXKe MPUHIIMIIOBO HE BIUIMBATH HA
fioro O, ane 3abe3neyye MeBHI yMOBH HOTO (DYHKIIOHYBaHHS.

Hanpuknan, tonoMi>kHUMH (QyHKIISIMU 3ralaHOTO KOHJIYKTOpA €:

- 1®1 — 3a0e3meunT HEOOXIHY IIBHIKICTH PO3MiUaHHs ab0 CBEp/UTiHHS OTBOPIB (TPOIy-
KTHUBHICTB);

- 1®;, — 3abe3neunTy 3aaHUH /iana30H PeryioBaHHs MIXKOChOBOI BiJICTaHi;

- JI®3 — 3a0e3meynTH 3aaHi TOKa3HUKW HAIIHHOCTI i JOBrOBIYHOCTI;

- 1d4 — 6e3neuHicTh eKcIuTyaTalii KOHIYKTOopa;

- 1ds — 3abe3neyn T BUMOTH €PrOHOMIYHOCTI;

- 1ds — 3abe3meuntu 3agaHy oOMEXeHY BEJTHMUYMHY BUTpAT HAa BUTOTOBJIEHHsS a0o0 Mpui-
OaHHS KOHAYKTOPA.

®opMysrOBaHHS OCHOBHUX 1 JOMOMDKHHUX (DYHKIIIH TEXHOIOT1YHOTO OCHAILEHHS JUIsl Iepe-
BOOOpPOOKH Ta MeOIEBOr0 BUPOOHMIITBA € JIy’KEe BaXKJIMBUM €TArloM IpU HOro BUOOPI Ta mpoe-
KTyBaHHi. Ha OCHOB1 OCHOBHMX 1 JOMOMDKHUX (QYHKIIiH (OpPMYIIOIOTE KpUTEpii BHOOPY 3aco-
0iB TEXHOJIOTIYHOTO OCHAIIECHHS Cepell HasABHUX. Y TEXHIYHOMY 3aBIaHHI Ha MPOEKTYBaHHS
HOBHMX KOHCTPYKIIIif TEXHOJOTYHOTO OCHAILIEHHS OCHOBHI M JOMOMDKHI (DyHKIII € OCHOBOIO
st hopMyImIOBaHHS 3a/1a4, sSIKi He0OXiTHO KOHCTPYKTOPY BUPIIIUTH HPHU MPOEKTYBAHHI OCHA-
IICHHS. Y MaTepiayiax, siKi MOJAI0ThCA 3a MiJICYMKaMU BUKOHAHHS MPOEKTY, TOBUHHO 000B’ 53~
KOBO BiZJOOpa)XaTHCh, IK KOHCTPYKTHBHO M 1HIIMMHU CIIOCOOaMU 3a0€31eYeHO0 BUKOHAHHS OC-
HOBHHX Ta JOMOMDKHUX (PYHKI[IH TEXHOJIOTTYHOTO OCHAIIEHHS.

OcHOBHI ¥ 1OMTOMDXKHI (PYHKIIIT B TOJANBIIOMY JJOIOBHIOIOTHCS YTOYHEHHSIMH.

[TorpiOHa MPOAYKTUBHICTH BUTOTOBICHHS MPOAYKIIii JOMOBHIOETHCS 1H(POPMAIII€IO ITPO 610 i
KibKicmb Oepeg siHux 6upo0ie (3a20mo6oK), AKI i3 3aCMOCYS8AHHAM Yb0O20 NPUCHPOI0 OOHOYACHO
gueomosnsiromvcs (0opoonsromocs). s iHPOpMAaIlis TaKoK Ba)JIMBa 3 OISy HA BUOIp THUITY
MIPUCTPOIO 3a CTyINEHEM crierianizanii (YHiBepcaIbHUHN, crelniani3oBaHuii abo CrielianbHUi).

Cxemy 6cmanogiieHHs ma napamempu moyHOCmi oepes aHo2o upoody, siKi TOBUHHI OyTH
3a0e3meueHi mpyu HOro BUTOTOBJICHHI 13 3aCTOCYBaHHSAM LIOTO MPUCTPOIO, AOIIBHO BigoOpa-
3UTH y BUIJIAI omepauiifHoro eckiza. Ha eckisi 300paxyeTbes cxema 0a3yBaHHs 3arOTOBKH B
pUCTPOT a00 MPHUCTPOIO HA 3aroTOBIII 3 yCiMa MapamMeTpaMH, sIKi BATPUMYIOTh TPy 0OpoOIIi.
[Tpu MexaniuHil 00poOLIl IEpEeBUHHUX MaTepialiiB Ha ecKi3i 00poOIIOBaHi MOBEPXHI MO3HAYa-
I0ThCSI TIOTOBIIIEHOIO JiHi€r0. el pucyHOK, BiacHe, i € gidomocmsamu npo oepes siHuil 8upio,
Wo 8ueomosasicmvca. 3a HeoOXiTHICTIO PUCYHOK, HA SIKOMY HaBEJCHHUU ONepauiiHuil eckis,
MoyKe OyTH JTOTIOBHEHUH MOSICHEHHSIMHM, KEPIBHUMU MaTepiajaMu 11070 0COOMUBOCTEH 31iiic-
HEHHs1 00pOOKH I1i€1 3aTOTOBKH Ta PEKOMEH/IAIISIMU IIIO/I0 THITY TIPUCTPOIO.
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Ilepenix ymo8, 6 akux npucmpii mae npayoeamu, TIOBUHEH BiJOOpakaTH PEKUM pOOOTH
MPUCTPOIO 1 CTaH HABKOJHUILIHBOTO CEPEOBHUINA, B IKOMY €KCIUTyaTyBaTUMEThCsl IpUCTpiid. Lle
Iy>Xe BaKJIMBa iH(opMallis 3 OrsiAy Ha BUOIp KOHCTPYKLIHHUX MaTepialiiB JJisi BUTOTOBICHHS
JETaJed IPUCTPOIO.

VYTOUHEHHSI 6UMO2 00 306HIUIHBLO20 6UOY, be3neKu pobomu, epeoHOMIYHOCI, PIGHS ULYMY,
Koeghiyienma Kopuchoi 0ii TOIIO € JOAATKOBOIO 1H(GOpMAIIi€to, sika HeoOXiTHA I BHOOPY KOHC-
TPYKTUBHOTO BUKOHAHHS MPUCTPOIO Ta HOTO OKPEMHUX KOHCTPYKTUBHUX €JIIEMEHTIB.

[Tpuknan popmyntoBaHHS (YHKIIOHATBHOTO MTPU3HAUYEHHS MPUCTPOIO:

[Tpuctpiii npu3HaueHWi A 6a3yBaHHS Ta 3aKpIIUICHHS MOIEepeIHbO 00poOIeHoi 3aroTo-
BKH IpH ii 00poO11i Ha ppeszepHomy Bepctari moaeni OCII-1A.

OcunogHi ¢ynkuii (OD):

O®; — 3abe3meynTy TOYHICTH Oa3yBaHHS 3arOTOBKH BiJTHOCHO Pi3aJIbHOTO IHCTPYMEHTY B
mporeci 00poOKU Ha BepCTaTi.

O, — 3a0e3neunTy HAAIMHE 3aTUCKAHHS 3aTOTOBKH.

HonomixHi pynxmii (AD):

JI®; — 3a0e3mevyeHHss HOPMHU 4Yacy Ha BCTAHOBJICHHS 1 3HATTA 0OpoOieHOi 3aroTOBKU
teer= 0,55 XB;

JD:> — 3abe3neuntu 75 % craHgapTH3aIli0 KOHCTPYKIIT TPUCTPOIO;

JA®D3 — 3a0€3MeunTy 331aHy JOBTOBIYHICTb;

J1®4 — 320e31eunTH BeIUYMHY BUTPAT HA POEKTYBAaHHS Ta BUTOTOBJICHHS MPUCTPOIO B Me-
xax 1500 rpy;

JA®s — 3a06e3MeYn T BUMOTH €PrOHOMIYHOCTI Ta O€3MEeKH eKCIUTyaTallii.

3aroToBKOIO € MoMepeHF0 00pobdeHuit Opyc 13 Marepiary 6epesa, I copry 3a TOCT 2695-83,
KUTBKICTh OTHOYACHO OOpOOITIOBAaHHUX 3arOTOBOK — OJTHA. ba3oBi MOBEpXHI 3aTrOTOBKH — 0OpOOIEH1
3 mopctkicTio Rmax 40 Mkm, rabaputHi po3mipu 3arotoBku (Mm) 110%36x40.

ITpu 06poOIIi 3aroTOBKH, 3aKPiIIEHOI B IPUCTPOT, L0 MPOEKTYEThCS, HEOOX1IHO 3a0e31e-
yutH (puc. 3):

- TouHicTb po3MipiB (25 + 0,5) M, (18 £ 0,5) My, (15 £ 0,5)mm, 60112 mm, 14707 My

- IOPCTKICTh 00pOOIIOBaHUX MOBEPXOHb Rmax 40 Mkwm.
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Puc. 3. Onepayitinuii eckiz

[Ipuctpiii ekcruTyaTyeThes B IEpEBOOOPOOHOMY LIeXy 31 IITYYHOIO BEHTUIISILIEIO MTPU TEM-
nepatypi nmoBitps (20 + 10) °C ta BigHoCcHi# Bosnorocti (70 + 5) %. Tepmin excruryarartii npu-
CTpPOIO 2 POKH.
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Ha 30BHIIIHIX TOBEPXHAX JAETaJICH MPHUCTPOIO HE JOMYCKAETHCS HAsIBHICTh TOCTPUX KpaiB
Ta KyTiB U1 3a0e3neueHHs Oe3MeKku MpU CKIIafaHHi ¥ ekcrutyatanii. Ha moBepxHsax meraneit
MPUCTPOIO HE TIOBUHHO OYTH CIiiB KOPO3ii, TPIIMH Ta IHIIMX MEXaHIYHUX MOIIKO/KEHb, K1
MOTIPIIYIOTh MII[HICTh, €KCIUTyaTAIliifH] BIIACTUBOCTI Ta 30BHIIIHIN BUTJISII.

BucHoBku BinoBigHo 10 cratti. [IpaBuibHO i 9iTko chopMyboBaHe GyHKITIOHATbHE PH-
3HAYEHHS TEXHOJIOTIYHOTO OCHAILICHHS TS IePEBOOOPOOKH Ta MEeOJIEBOro BUPOOHUIITBA € 3aIl0-
PYKOIO BUKOHAHHS HUM YCiX MOKJIaICHUX Ha HbOTO (DYHKIIIH 3 HEOOX1THMMHU MOKA3HUKAMH SIKOCTI.

Y po0oTi BriepIiie 3apornoHOBaHO 3aralbHUMN MiIXif 10 (PYHKIIOHATIBHOTO aHaJi3y TEXHOJOT -
YHOI'O OCHAILICHHS /T PyYHOI Ta MEXaHIYHOI JepeBo0OpOoOKH, nedopMyBaHHS, CKIIaJaHHs (CKiIe-
IOBaHHS) €JIEMEHTIB JIEPEB’ IHUX KOHCTPYKIIiH, BUp0OiB Ui MeOiB. 30KpeMa, BU3HAYEHO (PyHKILT
TEXHOJIOTTYHOTO OCHAIIICHHS ISl JePEBOOOPOOKH Ta MEOJICBOro BUPOOHHUIITBA Ta MPOJEMOHCTPO-
BaHO 1X MpHKJIagHe 3acTocyBaHHs. [IpencraBiieni B poOOTI MaTepialii B TOAATBIIOMY MOXYTh OyTH
3aCTOCOBaHI PH PO3pOoOILIi CydaCHUX METOJMK OOIPYHTOBAHOTO BHOOPY Ta MPOEKTYBAaHHS 3aC00iB
TEXHOJIOTTYHOTO OCHAIIEHHS JJIs AePEBOOOPOOKH Ta MeOICBOr0 BUPOOHHIITBA.
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UDC 674.022:621.715
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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Cepeiti Meoyuescokutl

ABTOMATH30BAHI IHOOPMAIINHI CACTEMHU SIK EJJEMEHTH CUCTEMHA
YIIPABJIIHHSA AKICTIO ®PAPMALHEBTUYHOI'O INIAITPUEMCTBA

Axmyansricms memu 00cnioHcenHA. 3 PO3GUMKOM THPOPMAYITIHUX MEXHONOZIL MA HOBUX NPAKMUK MEHEOHCMEHMY 8I00YI0CH
BONUCEHHS | YACMO 3TUMMs Memooie YNpaeIiHHa AKICmio ma inghopmayitinux mexronoeil. Humi dedani 6inbuio2o 3HaueHHs HAOy-
8aI0NIb KOHYENYil, 3aCHOBAHI HA IHMeZPayii cucmem YNpasiiHHa aKicmo ma agmomamuzoeanol inghopmayitinoi cucmemu (AIC).

ITocmanoexa npodnemu. Ha cb0200Hi giocymmiil eOunutl nioxio 00 opearizayii iHhopmayitiHoi RiOMpUMKY npoyecie opeari-
sayii 3acobamu ingopmayitinux cucmem. IIpobnemoro € 6I0CymHicb HA GLTLULOCHE NIONPUEMCING KOMIIEKCHO20 NEOX00Y 00 Ynpags-
JiHHA AKicnio 3 gukopucmanuam sanioosarux AIC. Le snuoicye epexmuericmo sacmocysants AIC i cucmem ynpagiinHs aKicnio
(CYA) 3aeanom. Todanvuioeo po3sumky nompedyroms numarHs idenmudgbikayii npoyecie ma iHghopmayitiHux nomoxis, 3abesne-
UeHHs1 DOCMOBIpHOCHIE ma adeksamrocmi ix nodarHs 0o AIC, oyinku eghexmusrocmi ingpopmayiiino2o 3abesneuenns CY AL

Ananiz ocmannix oocnioxycens i nyénikayii. Y npoyeci docniodcents cneyianizo8anoi HayKoeo-mexHiuHoi 1imepamypu
6ynuU npoaHanizoeami cyuacHi meHoeHyii ma npoonemu 6npoeaddicents inghopmayitinux mexronoeiu y CYA.

Buoinenns nedocniocenux uacmun 3azansnoi npoonemu. Hesupiwienoio npobnemoio € 3abe3neuents AKOCMi 6UKOPU-
cmanna AIC na gapmayesmuunomy nionpuemcmsi, inmeeposanoi 6 CYA nionpuemcmea Ha OCHOBI 8UMO2 MIHCHAPOOHO20
cmanoapmy GMP ma Hacmanosu CT-H MO3 42-4.0:2016 «/likapcoki 3acobu. Hanesicna 8upobHu1a npaxmuxay.

Ilocmanogka 3aedannn. Mema nonsicac 6 cucmemMHoOMy AHANI3i MEMOOUYHUX OCHOB 3abe3nedeHHs AKOCMI, WISAXOM 8Nnpo-
sadcerns ma suxopucmants AIC, cnpamosanoi Ha cmeopeHHs CNpUsSIMaUEUX YMo8 01 NiO8UyeHH s eheKMmuUHOCMI cucmemu
VIPABIIHHA AKICIIO HA NIONPUEMCINEAX (hapmayesmuiHol 2anysi.

Buknao ocnognozo mamepiany. Posznanymo numants no6yoo8u ma 600CKOHANEHHS CUCMeMU YNPAGTIHHA AKICMIO HA
OCHOGI HAAGHUX MEXHONO02IU OISl ABMOMAMU308AHUX BUPOOHUYMS. Busnaueno cmpykmypy xomn tomeproi CYA i mexanizmu it
iHghopmayitinozo 3abesneuenns. Takoo npogedeHo ananiz Memooie inmespayii cneyianizo8anux NPoSPAMHUX cucmem i 3a-
NPONOHOBAHO KOHYenyiio ix inmezpayii 6 cucmemy YnpasniHHA AKICHio.

Bucnosku 6ionogiono 0o cmammi. Ha ocnogi kpumuunoeo ananizy 6y10 8i00KpemieHo Koo HeSUpiueHux npooiemHux
3a0a4, 08 A3aHUX i3 PO3POOKOK), BNPOBAONCEHHAM MA BUKOPUCTNAHHAM ABMOMAMU308AHUX THPOPMAYIUHUX cucmem Ha 6a3i
MIDICHAPOOHUX CIAHOAPMIB, a MAKOIC BUCYHYMA HAYKO8A 2inome3d pe3yibmamugHo20 npo8aodICceH s ma UKOPUCAHHS A8MO-
MAMU308AHUX THGOPMAYITHUX CUCTIEM, THIMEZPOBAHUX Y CUCIEMY YIPABTAHHA AKICIMIO (PapmMayesmuiHo2o nionpuemMcmea.

Knrouosi cnosa: asmomamusayis, eanioayis, eepugpixayis,; ingpopmayitina cucmema, npoEKmy8anHs; aKicnb.

Puc.: 3. Bion.: 10.

AKTYyaJIbHiCTh TeMU JA0CTiAxKeHHA. /)1 TiATBEpKEHHS HEO0OX1THOTO PiBHSI SKOCTI O1Tb-
IIiCTh KOMITaHI BIPOBAKYIOTh CUCTeMY ympaBiiHHA sikicTio (CY ), ocHOBOIO £KOi, SIK Bi-
JIOMO, €: TMPOLIECHUH MiAXif, onuc Oi3HEC-POIECiB, CACTEMHUN aHai3.

VYci 1i 3aBjaHHs B CyYaCHUX YMOBaX IMOBHHHI PEai30BYBaTHCS HA OCHOBI iH(OpMamiiHuX
TEXHOJOTi. PireHHs moaiOHUX 3aBaHh BUMArae 3acTOCyBaHHS BiIMOBIAHUX 1H(GOpMAIIHHO-
AQHATITHYHUX CHCTEM, IO IHTETPYIOTh 3aCOOM YNpaBIIHHS SKICTIO, MEXaHI3MH YIPaBIiHHS
MPOEKTaMU i OaraToacneKTHH aHami3 JaHuX. Tpeba 3a3HAUMTH, 10 B Cy4aCHUX YMOBAX pUH-
KOBOT'O CEpEIOBHIIA OHUM 13 MEPCIEKTUBHUX IIIJISIXIB CTBOPEHHS PEe3yJIbTaTUBHOI aBTOMATH-
3oBaHoi iH(popmartiitnoi cuctemu (AIC), interpoBanoi B CY S, € minecnpsimoBanuii Bubip cTpy-
KTypHHUX eJIeMeHTIB KoH(irypauii cucreMu. Tak, OCTAHHIMU POKaMH PO3BHBAIOTHCS HANPSMHU,
OB’ s3aHi 3 iH(popMalifHUMU cucTeMaMu yrpasiiHHs skicTio (ICY ), inTerpoBanuMu cucre-
MaMH MEHEDKMEHTY, KOMII FOTEPHOIO0 MiATPUMKOIO OLiHKK edekTuBHOCTI CY Sl Ta iH.

ITocTanoBka npodaemu. Hezpaxkaroun Ha BEJIMKY KUIBKICTh POOIT, MPUCBIYCHUX PI3HUM
acreKkTaM 3a0e3edeHHs SKOCTi mporieciB xkutTeBoro ukny (JKL[) AIC, po3poOky MikHApPOI-
HUX 1 BITYU3HSHUX CTaHJAPTIB i cnernudikaniii y ramy3i AIC, HuHI HeMae €JUHOTO MiIX0AY 0
opranizauii iHpopMaIiitHOI MiATPUMKH MPOLECIB opraHizaii 3acobamu iHpopMaritHuX cuc-
teM. Cepiio3Hy TIpoOJIeMy CTAaHOBUTH BiJICYTHICTh Ha OUTBIIOCTI MIAPUEMCTB KOMIUIEKCHOTO
HiAXOTy 10 YIPABIIiHHS SKICTIO 3 BUKOPUCTAaHHIM came BanigoBaHux AIC, mo 3Hnxkye edek-
tuBHIcTh 3acTocyBaHHsa AIC 1 CY S 3aramom. KpiM 1boro, notpeGyroTh MOJalbIIOr0 PO3BUTKY
MUTaHHS 11eHTUdIKaLii TpoIeciB Ta iHhOpMaIlIHHUX MMOTOKIB, 3a0€3MEYCHHSI JOCTOBIPHOCTI Ta
azniekBaTHOCTI ix moganus 10 AIC, omiHkM epeKTUBHOCTI iHpopmaniliHoro 3ade3neuyenus CY 1.

© Menymescekuii C. B., 2020
65



Ne 4(22), 2020 TEXHIYHI HAYKH TA TEXHOJIOI'TI
TECHNICAL SCIENCES AND TECHNOLOGIES

AHaJIi3 0CTaHHIX J0CTiIZKeHb i myOJikanii. YpaBiiHHS SKICTIO € (QYHKIUIEIO YIPaBIiHHS
OpraHi3ami€ro s 3a0e3neueHHs] HeOOX1JTHOTO PiBHS SKOCTI MPOAYKLIT, SIKUH JOCATA€ETHCS 3a pa-
XYHOK BITPOBADKCHHSI CYYaCHUX PE3yJbTaTUBHUX CUCTEM YIIPABIIHHA SKICTIO (hapMalieBTHYHOTO
mignpuemctBa [1; 2], a TakoX KOMILIEKCY IMPOrPECUBHUX METOMIB 1 3aC00IB LIECTIPSIMOBAHOTO
KOHTPOJIIO, CIIPSIMOBAaHMX HE TUIHKM Ha pallioHAIBHY MOOYAOBY ¥ (DYHKIIOHYBaHHS OpraHizariii
BIJIMOBITHO 10 BUMOT YMHHOI HOPMATUBHO-TIPABOBOI 0a3H, a i CIpusie ONTHMI3aIlil aMiHICTpaTh-
BHOT'O YIPaBJIiHHS BCiMa BUpOOHMYMMH (Oi3Hec-) mporiecaMu (apMarieBTHYHOTO BUPOOHHUIITBA.
OCHOBHI METOJIMYHI MiJIXO/M JI0 OLIHKK Pe3YJIbTaTUBHOCTI (DYyHKI[IOHYBaHHS 1HTErPOBAHOI CUC-
TEMH YNpPaBJiHHS Ha (hapMalleBTHYHOMY IiANPUEMCTBI BU3HAYEHO aBTOPOM y poooTi [3].

3araybHi MiAX0AM 10 po3poOku Ta BrpoBakeHHs AIC s onTumiszanii BApOOHHYUX TPO-
IIECiB BUCBITJIIOBAJIMCH Y HAYKOBUX IpaIlsiX BITYM3HAHUX Ta 3aKOPIOHHUX (axiBuiB: [4; 5, 6].
ABTOpamu B po0oTi [ 7] pO3rIIIHYTO MUTAHHS 1010 aKTYaJIbHOCTI BIIPOBA/KEHHS aBTOMATH30-
BaHux CYI B cydyacHiif KOHLIEMIIT SIKOCTI, y3arajJbHEeHi BUMOTH IO CUCTEM aBTOMAaTH30BaHOT'O
nokymeHToobiry CY S ¢apmaneBTHYHOTO MiIpUEMCTBA.

[Toeranuwmii aHani3 iHpOpMaLIHHOT TEXHOJIOT], MPU3HAUEHHH JUTS TPOLIECY OLIHKU SKOCTI
i1 6e31eKH aBTOMaTHU30BAHOT CUCTEMH YIIPABIIiHHS TEXHOJIOTTYHUM IPOLIECOM BUPOOHHIITBA JTi-
KapChKHX 3aC001B pO3IIITHYTO aBTOPOM poOoTH [8].

BuaijieHHs1 HeOCTi/IZKEHMX YaCTHH 3arajbHoi npodJemu. [IpuckopeHe BUKOpUCTaHHS
iHpOpMaLIHUX TEXHOJOrH MOpsA 3 YCBIAOMIIEHHSIM YHIBEpCAJbHOCTI MPHHLUIIB CUCTEM-
HOTO YIPaBIIiHHS MpOIlecCaMu MEHeKepaMH i po3poOHHKaMH iH(GOpMaLiHHUX CUCTEM 3Hai-
IIJIO BiTOOpakeHHs y 30IMKEHHI METO/IIB MEHEPKMEHTY Ta iH(OpMaliiHUX TEXHOJOT1H.

[TigBuienHs pouni iH(opmarii B CydacHHX yMOBax iH(OPMALIHHOIO CYCHiIbCTBA IHTCHCH-
¢ikartis iHpopMalliitHOro 0OMiHy MOPA[ 31 30UIBIIEHHSIM HAYKOEMHOCTI Ta TEXHOJIOT1YHOI CKJIa-
JHOCTI MpoleciB (hpapMalieBTUUHUX MiIPHEMCTB, PO3BUTKY cepTHdiKamii mMpoIyKiii, mOCIyr i
MIPOIIECiB 3yMOBIIOIOTh BUCOKI BUMOTH JI0 sikocTi AIC. 3 BHIIe3a3HauYCHOr0 BUILIMBAE, 110 TIEp-
CIEKTHUBHUM HAMpsiMOM 3a0€3MEeUeHHS SKOCTI IPOIIeCiB Ha MiANIpueMCTBI € po3podka AIC, opie-
HTOBaHMX Ha Iporiec, 1o (QyHKUIOHYI0Th Yy Mexax CY S, a takox po3pobka AIC 3a paxyHok
cragaaptis cepii ISO 9000:2015. Y upoMy BUMa Ky MiIBUILY€ThCs €(PEKTUBHICTH 3aCTOCYBAHHS
AIC 1 CY 4 uepes Ginbl TOuHE BiT0OpakeHHs MPEAMETHOT 001acTi, pallioHabHe BAKOPUCTAHHS
¢axiBuiB y chepi CYS ta inhopmaniiHUX TEXHOJOT1H 1 eKOHOMIT BCiX BU/IB peCcypciB.

[Mopsix 3 yniBepcanbuumu crangaptamMu [SO 9000 BHKOPHCTOBYIOTHCS Taily3eBl CTaHIa-
PTH, sIKi BpaXOBYIOTh crielu(iuHi BUMOTH OKpeMmux ramyseid, takux sk GMP. GMP (Good
Manufacturing Practice) — 11e KOMIUIEKC CTaHIAPTIB JUIsl (papmManeBTUYHOI MpoMHUCIOBOCTI. Lleit
CTaHJAapT MPU3HAYEHO JUIS 3HWKEHHS PU3UKY, 110 ICHY€ Y BUKOPUCTaHHI OyIb-AK01 (apmarie-
BTUYHOI MPOJIYKIIii Ta HE MOXKe OYTH MOBHICTIO YCYHEHUH IIISIXOM IPOBEACHHS ICITUTIB I'OTO-
Bo1 npoxykuii. [Tpuniunu ta npasuna GMP € 060B’s13k0BUMH 15 BCiX KpaiH — wieHiB €C.

IlocTanoBka 3aBaaHHs. MeTa Nonsirae B CHCTEMHOMY aHali3i METOJAWYHUX OCHOB 3a0€3-
MEYEHHS SKOCTI, IUISIXOM BIPOBA/DKEHHs Ta BUKopuctanus AIC, cnpsMoBaHOI HAa CTBOPEHHS
CIPUSATIMBUX YMOB ISl MiJIBUIIEHHS €(DEKTUBHOCTI CUCTEMHU YIPABIIHHA SKICTIO Ha MiANPH-
€MCTBax (papMareBTUYHOT ramysi.

Bukiiag ocHoBHOro marepiajy. Crucrema ynpasiins skictio (CY$) — ue oqHa 3 mijgcucrem
CHCTEMH YIPaBIiHHS Oy/Ib-IKOTO Cy4acHOT'o MiIPHEMCTBA. YTIPaBIIiHHS SKICTIO Y IIUPOKOMY Ce-
HCI pO3yMIETBCS K YIPABIIHHS MPOLIECAMH, CIIPSIMOBAHE Ha 3a0e3MeUeHHs SKOCTI TXHIX pe3ylib-
tariB. Takuii miaxig BiAmoBimae imesM 3aranpHoro ympammiHHS skicTio (Total Quality
Management), CyTHICTb SIKUX TIOJISITA€ B YIIPABITIHHI MIPHEMCTBOM Yepe3 YIPaBIiHHS SKICTIO.

Jlnst po3poOKu ¥ pearizaliii 0OrpyHTOBAaHUX KOHCTPYKTOPCHKO-TEXHOJOTIYHUX PIIICHb 13
3abe3neueHHs! KOCTI MpoayKiii Ha Beix eramax ii XKL HeoOXiaHO MaTH IOJAEHHY aKTyallbHY
iHpopMaliio 3a BCiMa TEXHOJOTIYHUMHU NapameTpamu. [loBuHHa OyTu 3abe3meyeHa MOXKIIH-
BICTh OIEPATUBHOIO aHaJI3y BCiei 310panoi iHdopmariii. Take 3aBJaHHA MOKe OyTH BUpILLICHE
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TIJIBKY 32 HAsIBHOCTI HA MiJIPUEMCTBI IHTETPOBAHOI aBTOMATHU30BaHOI CUCTEMH 300py Ta aHa-
73y iHdopMariii mpo skicth mporiecis 1 npoaykuii Ha Beix eranax ii XKL Ockinbku CY Sl TicHO
MIOB’S3aHA 3 YCIEI0 YIIPaBIIIHCHKOIO iHPPACTPYKTYPOIO MiIPUEMCTBA, s iH()OpMaIiifHOro 3a-
6e3nedyeHHs Tpeda BukopucroByBaTu AIC.

KirouoBum enemenTOM 3a0e3neueHHs IKOCT1 y (papMaleBTUUHIA MPOMUCIOBOCTI 3T1IHO 31
crannaprom GMP e Bamigarris.

AIC € KpUTUYHUM KOMITOHEHTOM BUPOOHUYOT CUCTEMHU (hapMaIleBTUYHOTO BUPOOHHIITBA i
TOMY Ma€ BIJMIOBiIaTH CUCTEeMI 3a0e3MeueHHs SKOCTi Ta OyTH BaIiI0BaHOK. MeToro Bariiarrii
AIC € cTBOpEeHHS JOKYMEHTAJILHOTO TiATBEPHKEHHS BUCOKOTO PiBHS BIIEBHEHOCTI B TOMY, 1110
Oyab-sIKU alNropuT™, MexaHi3m, npoueaypa i ¢pyskuis AIC OyayTb TOCTIIHO PUBOIUTH IO
OYIKyBaHMX pPE3yJIbTaTiB, a TAKOX MiITBEP/PKEHHS TOTO, 11O 115 CHcTeMa po3po0IieHa 3 ypaxy-
BanHsM BuMor EU JlogaTok 11.

Baninaniitni BunpoOyBaHHS J103BOJISIOTh NEPEBIPUTH (PYHKIIOHYBaHHS BHIIPOOOBYBAHOI
CHCTEMH B Iepe0auyBaHIX EKCTPEMAIbHUX YMOBaX i1 eKCIUTyaTallii 3 TuM, 11100 epeKoHaTucs
y 30epexeHH1 kepoBaHOCTi 1€l cuctemu. [lepenbadaerbes, 1110 B pa3i yCHimHoOT Bayigamii cu-
cTeMu a0 MPOIeCy OCTAaHHI 3aJHIIAIOTHCA i KOHTPOJIEM, SIKIIO Hi B CUCTEMY, Hi B IIPOIIEC
HE BHOCATH Oy/Ib-SIKHX 3MiH.

CVY A noBunHa 6a3yBarucs Ha iHpOpMaLiiiHii cHCTeMi, 110 MATPUMYE aBTOMaTU30BaHy 00po-
OKy JaHHX, JOKYMEHTYBaHHS IPOIIEeCiB 3a0e3meueHHs SKocTi Ha Beix ctamisx XKL BupoOy it aBTo-
MaTHU30BAHOr'0 YIPABIIHHS LIUMHU MPOLIECAMH, TAHUMHU Ta JOKyMEHTali€. Y mpomy cenci CYS
CTa€ HEBi €MHOIO YaCTUHOIO IHTETPOBaHOT aBTOMaTH30BaHoi iH(opmartiiiHoi cucremu (IACY).

3acrocyBaHHs 1H(GOPMALIHHUX TEXHOJIOTIH, 110 3a0e3MeuyoTh MOJINIIeHHS 1H(popMarlii-
Horo 3a0e3neuenHs CY S, Bexe 10 MpUCKOPEHHS 1 MiBUIIEHHS SKOCTI MPOIECIB IJIaHYBaHHS,
peaiizallii, KOHTPOJIIO Ta peatizalii KOPUryBaJIbHUX JIiHf, @ TAKOXK JI0 3HWKEHHS BUTPAT 1 KUJIb-
KOCTI BUKOPHCTOBYBaHUX pecypciB [9].

VY mexax 1iei Mozaeni BaockoHaneHHs nporeciB CY S 3nilicHioeTscs yepes ii iHTerpoBany
iH(popMalliliHy TiATPUMKY. Y Ci HeoOXiHI iHpopMaIliiiHi TOTOKH HATXOIATh 1O KOMIIOHEHTIB
CV 4l B noTpiOHMIA yac i B TOBHOMY 00Cs31.

IndopmaniiiHo-ynpaBiiHCbKa CTPYKTYPa aBTOMAaTH30BaHOTO (hapMaIleBTUYHOTO BUPOOHU-
[[TBA, IPEJICTABJIICHA Ha puc. |, 703BOJsE 3a0€3MEUNTH HOro KepoBaHI yMOBH BiJIMOBIAHO 10
BuMor sk crangapty ISO 9001:2015, tak i GMP.

OLAP-cHCTEMH DM-cHcTeMH
OnepatieHmii InTenexTyampumit = KepiBHHIITBO
AHAM JAHUX - AHAMS JaHHX
-~
I A J
PDM-cucrexnt ERP-CHCTEMH » I11aHOBO (iHAHCOBHH -
Vrpagmisua Bigain, Gyxranrepis 'g
AAHHMH ITPO I I é
oo JHpeKTo B
“  MES-cucTeMH PEKTOP 3
BHpPOOHHIITBA, MaHCTep P
JLUTBHHII, TEXHOJOT,
MeXaHIiK
<«» SCADA-CHCTEMH | OmneparopH
BHPOGHHTHX JLTHHHIE
[

Puc. 1. Inghopmayiiino-ynpasnincoka cmpykmypa agmomamu308ano2o ¢apmayesmuinoco
supooruymea sk enemenm CYA
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3rigHo 3 TumoBoio monemto AIC, indopmalis 3 BUpoOHUYOT 30HU HaaXoauTh 10 MES-
CHCTEM, NMPOXOJMUTH CTail0 00pOoOKH, a MOTIM yxe 0O6pobiieHa iHdopmaris HagxoauTh y ERP-
CHCTEMH, 1 J]aJli — Ha piBEeHb BUIIOI0 MeHEKMEHTY mianpuemctsa (OLAP, DM).

Cucremu ynpasiiaas ERP, MES, SCADA npezcraBieHi K CUCTEMH OOJIIKY Ta Oreparu-
BHOTO ONPAIIOBAaHHS JaHUX MPO AKICTh Cy4acCHOT0 aBTOMAaTHU30BaHOTO BUPOOHHUITBA (pHC. 2).

OLAP-cHcTeMa DM-cHcTeMa
OnepaTHeHMIT InTenexTyampEmil = AHaNi3 JaHHX
AHAT3 JaHHX AHAM? JAHUX
-~
i I L 4
< 30epiraHHs JaHHX PO
ERP-cucrema -] P ] s P
SAKICTB
PDM-cucrema I 1
: P IleperBOpeHH JaHHX
Jand ipo MES-cHcTeMa — npo SKICTS
TPOAYELLO I :
- Peecrparlist IepBHHHHX

SCADA-cHCcTEMA L.

JIaHHX TIPO AKICTH

Puc. 2. Cucmemu 061iky ma onepamugno2o onpayr08aHts OAHUX NPo AKiCMb CYUACHO20
aA8MoOMamu308aH020 6UPOOHUYMEA

CV4l crae aBTomMaTn30BaHO0 1HPOpMaLIHHO-KepyoUoto crucreMoro. HoBa TexHomoris ii
CTBOPEHHS 3BOJIUTHCS JI0 HANAIITYBaHHS mporieciB i mapameTpiB AlIC.

Tunosa iHpopmaniiiHa cucTemMa MICTHTb y cO01 Taki KOMIIOHEHTH:
wiatgopma, Ha sIKii (GYHKLIOHYIOTh 1HIIII KOMIIOHEHTH CUCTEMH;

TaHi, 3 SKUMU TpaItoe cuctema (0a3u 1aHuXx);
JOAATKH, 110 Pealli3yIoTh JIOTIKY 1010 POOOTH 3 MPOTPaMHUMHU CHCTEMaMH;
Oi3HeC-IPOLIECH € CIEHAPIIMU poOOTH KOPUCTYBAUIB 13 CUCTEMOIO.

[potsirom XKL mpoaykuii pisHUMEU mporpaMHuUMH cuctemamu miarpuMku KL o6po6is-
€THCS Ta K cama iHpopMallis, aje KOXKHa CUCTeMa oIepye K c(OPMOBAHUMHU 1 3aHECEHUMH B
eJIEKTPOHHY 0a3y JaHUMHU, TaK 1 c(hOPMOBAHOIO HEIO YHIKAIBHOIO 1H(OopMaIi€ro.

Ocob6nuBicTIO KOMIUIEKCHOT iHTerparii komrnoHeHTiB AIC € oprauizaitisi B3aeMOZii pillleHb
HiATPUMKH, CynpoBoy Ta rianyBaHHs KL 13 3acTocyBaHHSIM €JMHOI iHTErpoBaHoi 0a3u na-
HUX Ul BUKOPUCTOBYBAHHX 1H(GOPMAaLIHHUX CUCTEM 13 3aCTOCYBAHHIM MIXXMOYJIbHOT 1HTET-
pauii nporpaMHuX iHTEpQEHciB.

B inTerpoBaniit kommiekcHiit AIC HeoOXiTHO BUIUTSATH TPaH3aKIIIHI cUCTeMH OOIIKy Ta
OIIEpaTUBHOIO ONPAIIOBAHHS JAHUX, KepyBaHHs mpouecamu ta npoekramu (ERP, CRM, MES,
SCADA, PDM ra in.). Lli cucremu 30upatoTh i 00poOISIOTH AaHi MPO SAKICTh, SIKi 3TOJIOM BU-
KOPHCTOBYIOThCS aHanmiThayHUMH cuctemMamu (OLAP, DM 1 in.) (puc. 3).

| CHCTeMH ynpasIiHHs edeKTHBHICTIO nponecis BPM (workflow) |

il

CHCTEMH aHATi3y JaHHX
OLAP, DM

l

CuereMH 0061iKy H onepaTHBHOI 0GPOOKH JaHHX, KEPYBAHHA IIPOLIECAMH,
TIPOEKTaMH, JOKYMeHT006iroM:
ERP, CRM, MES, MRP, SCADA, PDM, LIMS, EDMS, EBRS

Puc. 3. Cmpyxmypa 63aemo0ii komnonenmie ingpopmayiiino-xepyiowoi CYAH
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Jnst GutbmiocTi (hapMaleBTHUHUX KOMIAHIM akTyallbHi Mpo0JieMH 3a0€3MeUeHHS BUITYCKY
MPOJYKIIi1 CTablIbHOI IKOCTI Ta 3HIYKEHHS BiZICOTKA Opaky il 3abe3meueHHs BiAMOBIIHOCTI BH-
POOHMIITBA MIKHAPOAHUM HOpMaM HajlexkHoi BupoOHuyvoi npaktuku GMP. [ndopmaniiina cu-
cTeMa fBJIsi€ COO0I0 MEPEBAXKHO CYKYIHICTh KUIBKOX KOMITOHEHTIB, TOMY IMiJ] iHTErpalli€ro iH-
(dbopMaLiifHUX CUCTEM MPABUIIBHIIIE PO3YMITH IHTETPALIil0 CKIAJI0BUX iX KOMIOHEHTIB [10].

Ha cboroani po3po6ieHo 6e3mid pilieHb y rajry3i aBTomarusaiiii, 0arato 3 sKux € iHTerpo-
BaHUMH CUCTEMaMU YIpaBIiHHs. PO3TIsTHEMO OCHOBHI 3 HUX JOKJIAJIHIIIE.

Ha piBHI BUIIIOTO MEHEKMEHTY MignpueMcTBa noBuHHI npamoBatu OLAP-cucremu (On-
Line Analytic Processing — onepatuBHuii OararoBuMipHHii aHaii3 qanux) i DM-cucremu (Data
Mining — iHTeneKkTyanbHui aHaini3z nauux). OLAP BUKOpUCTOBY€ETHCS aHATITUKAMHU JUTS ILIBU-
K01 0OpOOKH CKIIATHUX 3aUTIB 10 0a3u JaHUX.

TexHomori1 IHTENIEKTYyaTbHOTr0 aHANI3Y JaHUX MOXKYTh OyTH BUKOPHCTaHI1 y MpoIeci J0Ci-
JDKEHHS po0JIeM SKOCTI MPOAYKIIil, MPOIECIB 1 MIATOTOBKU ONTHMAIbHUX PIIICHb.

OcHoOBHE NMpU3HAYECHHS 1I1€] TEXHOJIOT1T — aBTOMATU30BaHUI MOMTYK (DyHKIIIOHAIBHUX 1 JI0-
TYHUX 3aKOHOMIPHOCTEH y 6araToBUMipHOMY CXOBHII[l, BAKOPUCTAHHS BUSBICHUX 3aKOHOMi-
pHOCTEH ISl IPOTHO3YBaHHs (IHTEPIIOJSIII Ta eKCTPAIoIALii) HEOOXiTHUX NaHuX. Metoau
DM noninsioTbest Ha CTATUCTHYHI (IECKPUNTHUBHUN aHaMi3, KOPEISAILIMHUHN 1 perpeciiiHuii aHa-
713, GaKTOpHUH aHaNi3, TUCTIEPCIMHMI aHai3, KOMIOHEHTHHUN aHalli3, TUCKPUMIHAHTHUN aHa-
J1i3, aHai3 YaCOBUX PAIB) 1 KIOepHETHYHI (IUTYYHI HEHPOHHI MEpEeXKi, €BONIOLIHHE Tporpamy-
BaHHS, TCHETUYHI aJITOPUTMHU, aCOI[iaTUBHA ITaM’ SITh, HEUITKa JIOTiKa, IepeBa PillleHb, CHCTEMHU
00pOOKHM EKCIIEPTHUX 3HAHB).

CranpapTu3anis i onuc 6i3HeC-MPOIECiB, a TAKOXK KOPCTKHIA KOHTPOJIb HaJl IX BUKOHAHHAM
3abe3neuyernses 3a gonomororo workflow-texnomnorii. Workflow-cucteMu BUKOPHUCTOBYIOThCS
JUTS aBTOMATHU3AI1i1 BITHOCHO HEBETMKOI HOMEHKIIATYPH TPOLIECIB, HANOLIBIIT KPUTHUYHUX JISI BH-
pobuunTBa. Cucremu ympasininHs 6i3Hec-npouecamu (BPM — Business Process Management) €
posmupenHsm cucreM kinacy Workflow. 3acrocyBanns B opranizanii BPM-cucremu, 1o BUKo-
HY€ 3aBJIaHHs CTaHIapTH3alii Oi3Hec-TpoLeciB, 30ip METPHK, (POPMYBaHHS CBITUEHb KOHTPOJIIO,
JI03BOJIUTH BIPOBAJUTH BUCOKOC(PEKTUBHUN IHCTPYMEHT YIpaBliHHA sKicTi0. Y BPM-cucremax
3aKJaJIeHa KOMIUIEKCHA aBTOMATH3allisl MPOLIECHOrO yrpasiiHHsA. BPM-cuctemu 3ae011b10r0
ABJISIIOTH CO00I0 06a30BUil HAaOIp 3BITIB 3a MOKa3HUKAMH Oi3HEC-TPOLIECIB.

VY miIcyMKy MOXKHA 3ayBa)KUTH, [0 aBTOMATH3aIlisl Oi3HEC-TPOIECIB Ha IMiAMPHEMCTBAX
CHpUsi€ MiABHIIEHHIO €()EeKTUBHOCTI BHPOOHMIITBA, 3POCTAaHHSI KOHKYPEHTOCIIPOMOXKHOCTI
MPOJYKII1 B yMOBaX puHKY. Tak camo HEOOX1qHO 3a3HAYUTH, 110 BAXKJIMBO 3a0€3MIEUUTH TPHU-
WHATHUHN piBeHb HANIMHOCTI Ta BiAMOBOCTIiKOCTI IpomucioBoi AIC. [le moB’s13aH0 3 BUCOKUM
CTYIEHEM HaBaHTAXECHHS 3a JONOMOTOI0 MPU3HAYCHUX I KOPUCTyBaya TpaH3akuiil. Tak, Ha-
MPUKIIAJ, y pa3i BIIMOBH 00JaHAaHH HEOOX1THO MEepPepO3MOAITUTH HABAHTaKEHHS BUPOOHU-
YHUX MOTY>KHOCTEH, BHECTH 3MIHU B TOTOYHUH ONEPAaTUBHO-AETAILHUH TUIaH, IPOBECTH CHHX-
pOHI3aLiI0 3 MJIaHaMH BHUIIUX PIBHIB i€papxii. OnHOYaCHUN 3alyCK JOEKUIBKOX TPaH3aKIii
MOJKE ITPU3BECTH JI0 BIIMOBU CUCTEMH. TOMY BiJIIOBITHO JI0 IPOBEICHOTO aHAJI3y CUCTEM MO-
’KHA CTBEPIPKYBaTH, 110 B poii BUpoOHN4Y0oi AIC HaitbinbIl e(h)eKTUBHUM PIIIEHHSIM € CUCTEMa
3 MOHOJIITHUM SIJIPOM, SIK€ MiHIMi3y€ PU3HKH BUHUKHEHHSI KOJMi31# y mporieci poOoTH.

BucHoBkM BinmoBinHo a0 crarri. [IpoBeaeHo cucTeMHMI aHani3 3aCTOCYBaHHS €IUHOI
AIC nns epextuBHOrO OOMiHY iH(pOpMaLie Mk ycima komnoneHtamu CYSl, 3amisHuUMU B
nporiecax 3a0e3nedeHHs sIKOCTi GpapMaleBTUYHOTO MiIpUeMCTBa. BeTaHOBIEHO, 1110 TEXHO-
norii 00’ €JHAHHS MHOKUHU KOMITOHEHTIB, SIKi crIoNy4aroTbes B etuHy AIC, He TbKH pealtizye
epexTuBHMN 00MiH iH(opMariiero Mix ycima komnoneHTamu CVY S, 3anissHuUME B IIporiecax 3a-
Oe3medueHHs IKOCTi, a i Hajae epeKTUBHUMN croci0 aAeKBaTHOI IEMOHCTpAIlii 34aTHOCTI IMiM-
PHEMCTBA YIPABJIATH SKICTIO TPOIYKIIii. 3a1€KHO BiJl KOHKPETHUX OCOOIMBOCTEMH, OB’ I3aHUX
13 raiy33io, 613Hec-IpoliecaMy Ta piBHEM iX aBTOMAaTH3allii Ha MiANPUEMCTBI, MOKHA 3aIpOIIO-
HyBaTH HalOUTbII Tiaxoxuid kinac AIC ams BupimeHHs] BUPOOHHYUX 3aBIaHb.
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UDC 004.054
Sergii Medushevskiy

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 sofiware 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.

Keywords: automation; validation, verification, information system, design, quality.
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leop loexan

OCOBJIMBOCTI TPOT'PAMHUX PIIIEHb MOJEJIEN JIOTTYHUX JIEPEB
KJIACU®IKAIIIL HA OCHOBI CEJIEKIIII HABOPIB EJIEMEHTAPHUX O3HAK

Axmyansnicme memu 0ocnioxncennan. Huni icnye Oexinoka He3anedxicHux, 3a2anbHux nioxodie (KoHyenyiit) onsa eupiuienHs
DIBHOMUNHUX 3a60aHb Kiacu@ikayii 6 K1acUyHiti NOCIMAHosYi, po3pobieHo HAbIp PIsHUX KOHYenyil, nioxodis, Memodis, Mooenell
ma cxem, iHCIPYMEeHmapiio, SKi OXONI0IOMb 3a2AbHY NPOOIEeMY Meopii WMYYHO20 IHmeeKmy ma iHOOPMAYIIHUX cucmem.
Tpuuomy 6ci yi nidxoou 6 meopii’ po3nisHa8anHs Mams 80 QIKCO8aHI nepesazus i HEOONIKU MA YMEOPIOMb EOUHULL IHCMpPY-
MeHmapiti po38 3Ky NPUKIAOHUX 3a0ay Meopii WmyuHo20 iHmenekmy. Bajcaugor npoonemoio 3anuuacmscs numanHs egexmui-
BHOCMI NPOSPAMHUX CXeM Ma AROPUMMIE CUHMEIY KOHCMPYKYiU depes Kiacughikayii  po3pizi eghekmugHocmi Kpumepiro posea-
ayacenns ixnvoi cmpykmypu. Omoice, yenmpanvhy yeazy 8 ybomy 00caiodicenti 6yde npuodinteHo axmyanvHill Konyenyii oepes
piutens (Oepes knacughikayii), po3enaodacmvcs 3a2anbHa 3a0a4a NPOSPaAmMHOL (AI20pummiuHoi) nooy00su K0iuHUX Oepes po3ni-
3HaganHs (knacughikayii). 06’ ekmom ybo2o 00cnioxicenHsa € noeiuni Oepesa knacuikayii (cmpykmypu JIIK) ixui cyuacui npoepa-
MHi peanizayii. IIpeOmemom 00CHIOHCEH s € AKMYATIbHI MEMOoOU ma an2opummitHi cxemu nooy008u 102iuHux depes Kiacupikayii.

ITocmanoexa npoonemu. OCHOBHI HAAGHI MemMOOU MA ANOPUMMU POOOMU 3 MACUBAMU OUCKPeMHOT IHpopmayii npu
no6yoosi (ynxyii po3niznaganHs (Kiacugixamopie) He 00360/5110Mb QOCASHYMU Hanepeo 3a0aH020 PIGHs. MOYHOCH (eqhex-
mugHocmi) cucmemu Kiacu@ikayii ma pezymogamu ix ckiaonicme y npoyeci no6yoosu. OOHak yeil HeOouiK 6I0CYmHIl y Me-
mooax ma cxemax no6yoosu cucmem po3nizHABAHHS, AKI 6A3VIOMbCA HA KOHYyenyil 102iuHux depes Kiacugikayii (Oepeg pi-
wiens). Cmpykmypa noeiuno2o oOepesa AGIAE Co00I0 38 ’A3aHY MHOJICUHY 210K MaA BV31i6, HpUHOMYy HA 2ILIKax oOepesa
PO3MAUOBYIOMbCA OesiKi MimKU (ampubymu, 3HA4eH s O3HAK), 8i0 AKUX 3anexcumsp yinbosa Gyuxyis (y eunaoxky JIJK — ¢yu-
Kyisi pO3NIZHABAHHSA), A Y BV3I1AX (BEPUIUHAX) 3HAXOOAMbCA 3HAUEHHS QYHKYIT pO3NI3HABAHHA ADO po3wupeHi ampubymu nepe-
x00i8. Tobmo cxema nokpumms Ha84AaNbLHOI BUDIPKU HAOOPOM eleMeHmapHux 03Hax y eunaoxy JI/IK nopooxcye gikcosarny
depesonodiony cmpykmypy oanux (mooens JIIAK), axa 3abe3neuye cmuckanua ma nepemeopenis novamrkosux oanux HB, a
omoice, 0ac 3M02y CYymMmeso ONmuMizyeamu ma 3eKOHOMUmMy anapamui pecypcu cucmemi, 00 moz2o Jc 8 OCHOBL NedHCUMsb EOUHA
MemoOon02isi — ONMUMANLHOI anpokcumayii HaguanbHoi 6UOIPKU HADOPOM eleMenmapHUX 03HAK (ampubymis), AKi 6Xxo0ambs y
oesky cxemy (onepamop), no6y0oeary 6 npoyeci HagUaHHs..

Ananiz ocmannix oocnioxycens i nyonikayiii. Y npeocmagnenomy 0ocniodicenni 6yau posenanymi ocmanni nyonikayii y
8IOKpUMOMY 0ocmyni, IKi NPUCBAYEHi 3a2anbHill memamuyi nioxoois, Memooig, aneopummie ma cxem pos3nizHasanis (mooeneti
Oepeg knacugpikayii — cmpykmyp JIJTK/AIK) ouckpemuux 06 'exmis, 8i0n0GIOHUM NPOSPAMHUM Peani3ayisim 0epes PileHd y
3a0auax po3nisHaA8anHs oOpasie meopii WmyuHo20 iHMeNeKny.

Buoinenns nedocnioxcenux wacmun 3a2anvHoi npoonemu. Modxcnusicms eghekmusHoi ma eKoHOMHOI npoepamHoi (an-
20pUMMIYHOL) cxemu no6y0osu n02iuHo2o depesa kiacugixayii (modeni cmpykmypu JIJK) na ocnosi nowamkosux macusie
HABUAnbHUX 8UOIPOK (Macusie duckpemroi ingpopmayii) eeauxozo 06’emy.

Ilocmanogka 3a60anns. Po3pobka npocmozo ma sKicHO20 NPOSPAMHO20 MEMOOY (An20pummy ma nPoSPamHoi cucmemi)
no6yoosu moodeneti (cmpykmyp) JIIK Ons enukux Macueie novamkosux eUOIpOK WIAXOM CUHME3Y MIHIMATbHUX (opm deped
Knacugixayii ma posnizHagarHs, AKi 3a0e3neuyioms eekmusHy anpoKCUMaito HaguaNbHOI IHGopmayii HAGOPOM PAHIHCOBAHUX
eNleMeHMapHUX 03HAK (Ampudymie) Ha OCHOBI cxeMU PO32ANYHCEHO20 BUOOPY O3HAK Y WUPOKOMY CNeKmPT NPUKIAOHUX 3a0aH.

Buknao ocnoenozo mamepiany. Ilpononycmoca 3a2anvHa Rpocpamna cxema no6yoosu cmpykmyp 102iunux oepes Kia-
cuikayii, axa Ons 3a0aHoi NOYAMKOBOI HABYANLHOI 8UOIPKU GYOVE 0epe8ONOJIOHY cmpyKmypy (Modens Kiacugikayii), saxa
CKAA0AEMuCs 3 HADOPY eleMeHMAPHUX O3HAK, OYIHEHUX HA KOJICHOMY Kpoyi no6yoosu moodeni 3a 0anoro eubipkor. 3anpono-
HOBAHO MemoO ma 20Mo6a NPOSPaAmMHa cucmema no6y008u 102iUHUX Oepes, OCHOBHA i0esl AKO20 NOJAAE 8 ANPOKCUMAYI] HAG-
uanbHOI BUOIPKU 008IILHO2O 00 €My HADOPOM eneMeHmapHux o3Hax. Lleli memoo npu popmysanmi nomounoi eepuunu 102iu-
HO20 Oepesa (8y3na) 3abesnedye GUOLIEHHS HAUOLIbUL THOOPMAMUSHUX (AKICHUX) eNeMEHMAPHUX O3HAK I3 NOYAMKOBO2O
Habopy. Takuil nioxio npu noby0osi pe3yibmyouozo depesa Kiacu@ixayii 0036015€ 3HAUHO CKOPOMUMU PO3MIP Ma CKAAO-
Hicmb 0epesa (3a2anbHy KibKiCmb 2LI0K ma Apycié CMmpyKmypu) nioguwjumu aKicms 1020 HACMYNHO20 AHANI3Y.

Bucnogxu 6ionogiono oo cmammi. Po3poonene ma sanpononosarne 6 pobomi npozpamue 3adeszneyents nobyoogu cmpy-
xkmyp JI/IK (mooeneii depes knacuixayii) 0036015€ UKOPUCHIOBYBATU 11020 OlIA PO36 SA3AHHS WUPOKO2O CREKMPA NPAKMUY-
HUX 3a0a4 pO3Ni3HABAHHA ma Kiacudixayii, a nepcnekmusu noOAIbuUx 00CIIONCeHb MONCYNb NONA2AMU Y CMBOPEHHT 0OMe-
JHceH020 Memody 102iuH020 depesa Kracugikayii (cmpykmyp JIIK), axkuil nonsieae y 68edenti Kpumepiio 3ynuHKU npoyeoypu
nooyoosu 102iuHoe0 depesa 3a IUOUHOI0 CIMPYKMYpPU, ORMUMI3AYii 11020 NPOSPaMHUX peanizayili, @ MAaKodlc eKCnepumMenma-
JILHUX O0CNIONCEHHAX YbO2O MEMOOy HA DINbUL WUPOKE KOL0 NPAKMUYHUX 3a0aY.

Knrouoei cnosa: 3a0aui posniznasanus; oepeea kiacudixayii; noeiune 0epeo; cxema pOo3ni3HABAHHS, aneOPUMM, OUC-
KpemHuil 06 '€km, enemMeHmapha 03HaKd,; po32anydiceHull 8ubip 03HaK.

Puc.: 4. Tabn.: 4. bién.: 31.

AKTyaJdbHiCTh TeMH JOCTiIKeHHsI. AHAII3YIOUM 3arajibHy MpodiieMy METOIiB, aJrOpUT-
MiB Ta CXeM JEPEeBOIOIIOHUX Moienel Kilach(ikallii Ta po3izHaBaHHs (CTPYKTYp JIOTIYHUX Ta
anroputMiuyHux nepes — JIIK/AJIK) mokHa 3adikcyBaT Opak MOTOUYHUX TOCTIKEHD Y [IbOMY
HarnpsMi — Teopii IepeB pillieHb, 3BayKAal0YM Ha 3MIIIEHHS FOJIOBHOI yBaru B 01K KOHLIEMIIiT HEl-
pomepexeBoro posmizHaBaHHs [1]. HuHI HeMae yHiBepcallbHOTO MiIXOY A0 iX pO3B’s3aHHS,
3alpOMOHOBAHO JIEK1IbKA JOCUTH 3aralIbHUX TEOPil Ta MiAXO/IB, 10 103BOJISIOTH BUPIIIYBaTH
© Iloxan I. ®@., 2020
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Oararo KJ1aciB 3a/1a4, aje ix MPUKIIAJHI 3aCTOCYBaHHS BIAPI3HAIOTHCS IOCUTH BEJIMKOIO UyTIIH-
BICTIO JI0 crienn(iku caMmoi 3a1a4i abo mpeaMeTHOT 001acTi 3acTOCyBaHHs. 3p0O3yMiJIo, 110 3Ha-
YHOIO MipOIO II€ TIOSICHIOETHCSI OCOOJIMBOCTSMHU CAMUX METO/IIB, alITOPUTMIB Ta Mojienelt (CTpy-
kTyp) aepeB knacudikamii (JIAK/A/ZIK), 3HauHUMH TpyJHOIIAMH peati3alifHuX MOMEHTIB
KOHIIETILIi alrOpUTMIYHOrO jAepeBa kiacudikamii (HalBHIOro piBHS aOCTpakiii KOHIEMIii
JIIK), HabopoM >KOPCTKUX MPaBHII Ta 0OMEXEHb LI0J0 MPAKTHYHOI poOOTH 3 TAKUMHU CTPYK-
TypaMH JaHMUX, IpoOJeMaMu 1HCTPYMEHTapilo po3poOKH Ta mpexactaBieHHs [2-4]. OngHak
Tpeba 3ayBaXKUTH, 110 B OUIBIIOCTI BUMAJKIB MPUKIAHE 3aCTOCYBAHHS KOHIEMIII] aepeB pi-
IIeHb, NPEJCTaBJICHHA HaBYaJIbHMX BHOIPOK (MacHBIB TUCKpETHOI iH(opMaIllii) BEITHKOTro
00’eMy y BUIIIAI CTPYKTYp (KOHCTPYKIIiif) IOTIYHUX 200 aNrOpUTMIYHUX JiepeB (IepeB y3ara-
JHHEHUX O03HAK) MA€ CBOi CYTTEBI MEpEBaru 100 MPOCTOr0 Ta €eKOHOMIYHOT'O OMHUCY JTaHHX,
e(eKTUBHUX MEXaHI3MiB MPEACTABIECHHS Ta POOOTH 3 HUMH [5]. BaxkiuBUM cerMeHTOM 00J1acTi
MPAKTUYHHUX 3aCTOCYBaHb KOHLEMIIT JIOTTYHUX A€PEB 3IHUIIAIOTHCS METOIU JEPEB PillieHb (J1e-
peBa kiacuikarii, perpeciiiti gepeBa), SiKi aKTUBHO BUKOPUCTOBYIOThCS SIK JJIS 3a7a4 Teopil
IITYYHOTO 1HTEJIEKTY, 3aCO00M MiATPUMKH MPUHHSITTS PillIeHb, TaK 1 B CyMDKHUX MPAKTUYHUX
rajy3sx eKOHOMIKH, yNpaBiiHHS ToIo [6-12]. HelipomepexeBa KOHIEMIIS pO3Mi3HABAHHS —
HE3BaKAIOUM Ha 3HAUYHI MEepeBaru, Mae, OJHAK, iICTOTHI HENOJIKH, sIKIi OOMEXYIOTh Tany3b ii
3acTocyBaHHA. HeWpoHHI Mepexi IaloThb 3MOTy 3HAaXOAMTH BIAMOBiAHI CyOONTHMAalbHI
PO3B’SI3KH, IO € MPOOJIIEMOIO B 3a7a4ax i3 BUMOTOI0 HA BUCOKY TOYHICTh MOJIENI, 10 OyIy-
€TbCs. 3arajibHa cxema (DyHKIIIOHYBAaHHS 3BOJUTHCS JI0 MPHHLMILY YOPHOI (Cipoi B OKpEeMHX
BUIIA/IKAaX) CKPHUHI, 110 HEIOMYCTUMO 32 YMOBH aHaNi3y MPUUYUHU TPUHHATTS TOTO Y 1HILIOTO
pimeHHs (B yMOBax npaBuia kiacudikaiii). 3Ha4yHi anapaTHi Ta 4acoBi BUTpaTH iH(popMarliii-
HOI CHCTEMH Ha IMpOIleC HaBUaHH MOJIeNIi HE KOMIEHCYIOThCS MIBHJKICTIO (PiHAIBHOT KJIACH-
¢ikamii. OdMexxeHHs1 Ha popMaT BXiTHUX JaHUX, SIKE 3BOJUTHCS IO YMCIOBOI IITKAIH JJIsI Me-
TOJIIB HEpOMepeX, HaKJIaJa€ JOJATKOBE MPUHIIUIIOBE OOMEXEHHS II0JI0 CIEKTPa MOKIMBUX
NPUKIAJIHUX 33/1a4. ToMy CiIil BU3HATH, IO KJac pealbHUX 3a/1a4, AKi MianaJatoTh Ml i 00-
MEXEHHs, TocTaTHbo Benukui [11-31]. Tak, konmenuis aepeB knacudikamii (aepeB pilieHsb)
no30aBJeHa 3HAUHOI YACTHHH HABEJICHUX BUIIE HEJIOJIKIB Ta 103BOJIsI€ €(EKTUBHO MPAIIOBATH
B 3a/1a4ax 13 JaHWMH JOBUIBHUX IIKad (e iH(opMalis 3a1aeTbest y npupoHii ¢popmi). Ha
ChOT'OJIHI aKTyaJIbHUMH € Pi3H1 MiJX01H 10 0Oy I0BH KiIacu(iKaTopiB y BUTIISAAL A€pPEB KIIaCH-
¢ikanii (JIAK), mpuuoMy iHTEpeC 10 METOAIB po3Mi3HaBaHHs, sKi BUKOpHCcTOBYIOTh JI/IK, BU-
KJIMKaHWH NEeBHUMHM KOPUCHUMHU BIIACTHBOCTSMH, SIKHMH BOHHM BOJIOJIIOTH. 3 OJHOTO OOKY,
CKJIAJIHICTh Ki1acy kinacudikaropis y Burisai moaenet JIJIK, 3a Bu3HaueHUX yMOB, HE TIEPEBH-
IIYIOTh CKJIQJHOCTI Kiacy JiHIMHUX (DyHKIIH po3mizHaBaHHs (TpocTimoro 3 Bigomux). Came
3arajlbHUM MHUTAaHHIM MPOrpaMHoi (IrOpUTMIYHOI) MOOYAOBH AepeB Kiacudikallii, CTpyKTyp
JIIK (y po3pi3i npouenypu ix reHepaiiii) i Oye npucBsiueHa 15t pooora.

IMocTanoBka mpo6uaemu. 3agana moyaTrkoBa MHOKUHA M 00’ekTiB (curHaniB) w. [lonart-
KOBO Ha MHOXHHI M 3amaHe po30UTTS R Ha KiHIIEBE YMCIO MiAMHOXUH, kiaciB ;, (i =
1,..m), M = U%, Q,;. Ipunyctimo, mio po3outTss M BH3HAYEHO HEMOBHICTIO. YMOBaMH 3a-
Jadi 3a/1aHa TUTbKH Jiesika iHgopmartist [ mpo kiacu ();, IpUuoMy eJIeMEHTH W 33aJJal0ThCs 3Ha-
YEHHAMH JEAKUX O3HAK Xj, j = 1,...,n, mpu4oMy LeH HaOlp OJHAKOBUH JUIs BCiX 00’€KTiB,
TOOTO OJTHAKOBA PO3MipHICTh 00 €KTiB). JlesKy CkiHUeHO 3HauHy ¢QyHKLIO fr(W), sSiKa 3a1a€e
po30uTTS R, 110 3a/1aHa HA MHOXXHHI 00’€KTiB M, Ta Ja€ Ha BUXOJi HOMep Kiacy I, Oynemo
HaszuBaTH (QyHKIli€I0 po3nizHaBaHHs (DP). 3ayBaxkumo, 10 KOKHUH 00pa3 (kaac) MHOKUHU M
XapaKTepPU3y€eThCs MEBHOIO CHUIBHICTIO JIESKUX BIIACTUBOCTEH (aTpuOyTiB) HOro eneMEeHTIB
(00’€exTiB), a elIeMEHTH 3 pi3HUX 00pa3iB MOYATKOBOTO PO3OUTTS HE MAIOTh L1i€i CIUIBHOCTI. Y
MeXax I[bOT0 JOCHIKEHHS 3arajibHa 3a7ada po3Ii3HaBaHHSI MOJIATAE B TOMY, 100 IS TOB1JIb-
HOT0 00’€KTa W BCTAHOBUTH MOTO HAJICKHICTh IEBHOMY KJ1acy (00pa3y) Ha OCHOBI CXEMH Jie-
peBa posmi3HaBaHHSA. MHOXHHH {); TaKOXK HAa3MBAIOTHCS KOMIIOHEHTaMH PO30MTTS MHOXKHUHHU
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M. CykynHicTh 3Ha4€Hb O3HaK X;j, BusHadae onuc (indopmauiro) I(w) o6’ekra w. Koxna 3
O3HaK MoOXk€ HaOyBaTW 3HAUCHHs 3 PI3HUX MHOXHUH JONYCTUMHX 3HadeHb. Omuc o0’ekra
I(w) = (x;(w), ..., x,(W)) OyneMo Ha3HBA€ThCA CTAHNAPTHHM, AKIIO X;(W) Habapue 3Ha-
YCHHSI JIMIIE 3 MHOKUHH JIONMyCTUMUX 3HA4YeHb. 3a1a4a Kinacudikaiii 31 craHaapTHOO iH(DOpP-
MaIII€I0 MOJIATAE B TOMY, 11100 /Uisi (hikCOBaHOTO 00’ €KTa W Ta Habopy KiaciB {4, ..., {,, 3a J10-
MIOMOT 010 HaBYaIbHOI iH(opMmarii / (4, ..., ;) Ta onucy I (W) po3paxyBaTi 3HaUEHHS ACIKHX
npenukaris P;(w), (w € Q;;i = 1, ..., m). 3agaua posmizHaBanHs 00pasiB Oy/ie 3BOIUTHCS JI0
HaBYaHHsA cucteMu @ oOumciroBatu QyHKUIIO fr(x). TobTo cuctema mMae pearyBatu npu Io-
nadi Ha BXiJ IessKoro curHany (06’exta) x, CUrHaioM fz (x) (pakTHIHNM HOMEPOM KJIAcy Ha-
nexxHocti). OCHOBHOIO iH(OpMaIli€ro pyu HaBYaHHI cucteMu ( € 3Ha4eHHs QyHKUIi fz(Xx) B
JESIKHX TOYKaX N-MIpHOTO MPOCTOPY (PO3MIPHICTIO B KIJIBKICTh 03HAK 00’ €KTIB MHOXKUHU M).
OctanHe 03Hauae, 10 MPU HAaBYaHHI cucTeMH ( 1if moJaroThes mapu CUrHasliB ((xi, fr (xi)).
Ha ocHoBi wi€i indopmanii (anpiopHoi iHpopmarii) cucrema Q Oyaye cxemy oduncieHHs dy-
HKIII1 po3mi3HaBaHHsA. TOOTO CTaBUTHCS 3a/1a4a JOCITIKEHHS Ta PO3POOKH TaKUX METOMIB Ta
MoJiesiel po3Mi3HaBaHHs (BIAMOBIIHUX MPOrpaMHUX pealtizaliit), ki O JaBajid MOXJIUBICTh Yy
nporieci HaBYaHHs MOOYyBaTH, MO MOXJIMBOCTI, TPOCTY JIEPEBOMOAIOHY cXeMy po3mi3Ha-
BanH# (cxemy y Burisaai JIAK a6o AJIK), sika 3a6e3neuye HeoOXiqHY e(EeKTHUBHICTD Ta CKIaJ-
HICTh CUCTEMH PO3ITi3HaBaHH: (.

AHaJ3 oCTaHHIX docCHi:KeHb i myOaikanii. /JoMiHyIOUMMHU TiIX0JAaMU Ha CHOTOIHI B
KOHIIETILIT iepeB pilieHs (aepeB kiacudikarii) € cuctemu Ha ocHOBi meton1iB CART (cripsimo-
BaHUX HA PO3B’S30K 3a7au KJIacHQikallil Ta perpeCMBHOIO aHali3y), a TAKOXK CUCTEMHU Ha OC-
HoB1 cxemu C4.5 Ta ii cyyacHux Moaudikaii (Juist po3B’ 3Ky 3a7a4 po3Mi3HaBaHHS Ta KJIACH-
¢ikanii) Ta ID3 [7]. Cxema ID3 Ga3yeTbcs Ha BUKOPHCTaHHI OOMEXKEHOTO E€HTPOIMIKHOTO
Kputepito — ctpykrypa JIJIK OyayeTrbes AO0TH, MOKH JUTS KOXKHOIT PE3yJIbTyI0UO0i BEpIIUHU (JTH-
CTa JIepeBa) He 3AIHIIATHLCS JIUIIEe 00’ €KTH 0THOTO (DIKCOBAHOTO Kiacy, abo IOKU cama Mpolie-
Iypa po3raiy’KeHHs B JIepeBi, 0 OyAyeThCs, Ja€ 3MEHIIEHHS MOYaTKOBOTO E€HTPOIMIHHOTO
kputepito. Cxema C4.5/C5.0 rpyHTyeThCst Ha BitomMoMy Kputepii Gain-Ratio (HOpMaTUBHUIA
SHTPOIIHHUI KPUTEPiii), IPUIOMY SIK KPUTEPii 3yIUHKU MPOLEAYPHU pO3ratykeHHs (100ya0BU
JiepeBa) BUKOPHCTOBYETHCSI OOMEKEHHS Ha KUIbKICTh 00’ €KTIB JJIS Pe3ybTyI04oi BEpIIMHH
(mucta crpykrypu JIZIK) [8]. Tpeda 3ayBakuTH, 110 mporenypa Bifcikanusa y crpykrypi JIJIK
mpoBoAuUTHCs 3a cxeMoro Error-Based Pruning, sika 6azyeThbcst Ha 3araibHii OMIHIN 3MaTHOCTI
y3arajibHEHHS U151 IPUAHATTS PIIICHHS 111010 BUAAICHHS I'JIOK Ta BEPIIMH KOHCTPYKIIIi 1epeBa
knacudikanii. Cxema CART y cBoiit poGoTi BukopucToBye kputepii JKuHi, mpuuoMy mpore-
nypa BiacikanHi y ctpykrypi JIJIK npoBoautecs 3a cxemoro Cost-Complexity Pruning, a nns
BUIIA/IKy HAsIBHUX MPOITYCKIiB aTprOyTiB BUKOPUCTOBYETHCS 6a30Ba cXeMa CypOraTHUX MPEIH-
KaTiB. /0 Toro x 6a30By i7Ie0 METO/IIB PO3TaTy>KEHOT0 BUOOPY O3HAK (BEpIIHH aJTOPUTMIB) Y
crpykrypi AJIK MOkHa BU3HAYHUTH SIK ONTHUMAJIbHY allpOKCUMAaIliio Jesikoi moyarkoBoi HB Ha-
00pOM paH)KOBAHUX AITOPUTMIB Kinacudikarii (03Hak, aTpuOyTiB 00’ ekra y Bunaaxy JIJIK), To
Ha TepIIMH TUTaH BUXOAUTH IEHTpaJbHE MUTAHHS — 3a7aya BUOOPY €(PEKTUBHOTO KPUTEPIIO
posranyxeHHs (BinOopy BepiuH, aTpuOyTiB, 03HaK AUCKpeTHUX 00 ekTiB s JIJIK Ta anro-
putmiB s AJIK). Lli npuHIHIIOBI 3a7a4i po3rsiIaloTeCs B poboTax [4; 6; 15], ae mopymry-
IOTHCS] TUTAHHS SIKICHOT OLIIHKM OKPEMMX JMCKPETHHUX O3HAK, IX HaOOpiB Ta (piKCOBAHUX CIIO-
Jy4eHb, 110 J03BOJISE€ 3alIPOBAUTH e(PEeKTUBHUI MeXaHi3M peaitizauii po3raiayxeHHs. Binomo,
10 CTPYKTypu Moaeneit aepe knacuikamnii (JIAK/AJIK) xapakTrepusyeTbcsi KOMIIAKTHICTIO, 3
OJTHOTO OOKY, Ta HEPIBHOMIPHICTIO 3alIOBHEHHS (PO3PSIKEHICTIO) APYCiB, 3 IHIIOTO OOKY, B
MOPIBHSAHHI 3 KOHCTPYKLIAMU peryisipHux aepes [3; 13]. Ilpu 1iboMy BaXXJIMBUMHU MUTAHHAMH
3aJIMIIAIOTHCS] TUTAaHHS 301KHOCTI Mpoliecy MoOyA0BU JepeB kiacudikaiii 3a MeTogamMu po3-
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rajfy’KeHoro BUOOpY O3HAK Ta MUTAaHHS BHOOPY KPUTEPiO 3yNMUHKU MPOLIECY CHHTE3Y JIOTid-
HOTO JiepeBa [ 14]. 3ayBakumo, 110 KOHIIETIIT AepeB Kiacudikallii He CynepednTh MOKIUBICTh
SK 03HaKy (BEpILUH CTPYKTYpH) JiepeBa Kiacu(ikallii BAKOPUCTOBYBATH HE TUIbKU OKpeMi at-
puOyTH (03HaKM) 00’ €KTIB 1X CHOMYy4eHHS (171es y3araJbHEHOI 03HAKH, PO3IJIAaach Y poOoTi
[4]) Ta Habopu, aje SKIIO MITH Jalli Ta HE PO3IIISAAATH SK PO3rany>KeHHsS aTpuOyTiB 00’ €KTiB
(03HaKM), a BiIOMpaATH OKPEMi HE3aIEKHI aTOPUTMHU PO3IMi3HABAHHSA, TO HA BUXO/1 OyJie OTpH-
MaHe HoBa cTpykTypa — AJIK (Bumwuii piens JIJIK). Came nporpamuum ctpykrypam JIJIK i
Oyzie mpucBsYeHa 115 podora.

BujineHnsi HeA0CiPKeHNX YACTHH 3arajibHOI MpodaeMu. MOXIUBICTh €PEKTHUBHOI Ta
€KOHOMHOI MPOrpaMHOi (aIrOpUTMIYHOI) CXeMH MOOYJOBU JIOTIYHOTO JiepeBa Kiacudikarii
(mozeni ctpykrypu JIJIK) Ha 0CHOBI MOYAaTKOBHX MAacHBIB HABUAIBHUX BUOIPOK (MAacHBIB JTUC-
KpeTHOI 1H(opMallii) BeTUKOro 06’ eMy MoTpedye IPyHTOBHOI'O BCEOIUHOTO AOCIIIKEHHS.

MeTta podotu. Metoro 1i€i po6oTH € BUBYEHHS 0COOIMBOCTEH reHepallii Ta mpecTaBIeHHs
mpaBWiI, cxeM, Mojenel kracugikaiii B 3aadax po3Mi3HaBaHHS HA OCHOBI CTPYKTYp JepeB
pimens. Po3pobka 3aranbHOT mporpamHoi cxemMu Mmeroay nooOymou JIJIK mist HaBuasbHHX
BUOIPOK BEIMKOro 06’eMy. Pesymbrarom poOOTH € MPOCTUI MPOrpaMHHUNA MEXaHi3M CHHTE3Y
mozenet JIZIK st 3agad kinacugikariii JUCKPeTHUX 00’ €KTIB y JOBUIbHUX IIKAJIaX.

Bukiiang ocHoBHOro marepiaiay. Tpeba 3ayBaxkurtu, mo goBuibHe JIJIK MokHA HOCHTH
MPOCTO MPEACTABUTH y MPOrpaMHOMY (popMaTi y BUIIISIII TaKMX Oa30BUX €I€MEHTIB-MacHBIB:

T[1..MN],SLED[1..MN], UPOD[1.. MN], ne MN — xinbkictb Bepuis JIJIK;

T[1..MN] — macuB, 110 XapakTepu3ye iHPOpMaLiio, sika 3HaX0AUThes y BepinHax JIJIK
(mepenik MiTOK, aTpUOyTiB, BEPILUH CTPYKTYpH JIEPEBa);

SLED[1..MN] — macuB, 10 BKa3y€ Ha MiCIle HACTYNHOI BEpIIMHHU, KA 3HAXOIUTHCS
CIpaBa 1 € HaIAAKOM IIi€l BepmuHu y cTpykTypi JIIK;

UPOD[1..MN] — macuB, 110 XapakTepusye iH(pOpMaIliio Ipo Micle JIIBOro Hamaaka el
BEPILIMHHU.

3ayBakxumo, mo tyT MN < 2N — 1, M — 3aranpHa KUIbKICTB YCiX 00’ €KTiB ITOYaTKOBOI 1H-
¢dopmaunii / (1). BinmiTUMO Takox, 110, KpiM BKa3aHUX MacuBiB, 11 mooyxosu JIJIK y miii po-
rpaMHiil peanizamii BUKOPHCTOBYIOThCS HaOIp TakMX JOMOMIKHUX MacuBiB — PR[1..N],
PR1[1..N], SPR[1..N].

Orxe, nns mporpamuoi modymoBu JIJIK HeoOximHo M * N GailT omepaTHBHOI mam’sTi
(y HaiinpocTimomy BUNaIKy) uid 30epirans nmoyatkoBoi iHpopmaii (1), a Takox 3 * MN *
(6M — 1) 6aiiT — muis 36epiranns macusiB N, SLED, UPOD ta 3N 6aiiT 1y 30epiranHs Macu-
BiB PR, PR1, SRP (3HOBY ke Taku — OalT TUIbKM JUI1 HalIpocTinioro Bunaaky). Ha macrymn-
HOMY €Tali pO3rsSHeMO HAaCTYIHHUI MPUKIIAA Ta Yyepe3 HbOro MPEACTaBUMO 3arajibHy CXeMy
aJITOPUTMY MPOrpaMHoi o0yaoBu ¢ikcoBanoro JIJIK.

Ilpuxnao. Hexait maemo pneske JIJIK, sike Mae (iKCOBaHYy YOTUPHSPYCHY CTPYKTYpPY
(puc. 1), mpuyoMy HaBeJIeHE IEPEBO OJHO3HAYHO BU3HAYAETHCS HACTYITHOIO iH(opmarriero Oa-
30Bux MacuBiB T, SLED ta UPOD — npenctaBieHux y Tabauuniit popmi (tadum. 1).

Tao0mums 1
Ingpopmayitinuii 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
UPOD 2 4 6 0 8 0 10 0 0 0 12 0 0

(e
(e
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13

Puc. 1. 3acanvuuii suenso nowamkogoeo JI/[K

TyT cnin 3ayBaXkuTH, 110 TUIH BCIX MPEJICTaBICHUX MAaCUBI — 11€ MAaCUBU OAMTIB (3p03yMiJo,
110 11 3aISKUTH B iHpopMmalliitHoi eMmHOCTI MiTOK camoro JIJIK, Tumizariii aTpuOyTiB JTOri4HOTO
JiepeBa, MOYaTKOBUX YMOB CaMoi 3aj1adi, THUITy Ta 00’ eMy nmoyatkoBoi iHpopmartii / (1)).

3po3yMiJio, 110 B bOMY IpUKIaal aktuuyHa cTpykTypa orpumanoro JI/IK npencrasis-
€THCS 32 JIONIOMOTOI0 BMICTY TPhOX OCHOBHUX MacHuBiB. OTxe, Maioun chopMoBaHi 1ii TpU Ma-
CHBH, MOYKHA I'pa)idyHO BIATBOPUTH CTPYKTYpY mobyaoBaHoro rnporpamuo JIJIK.

3BakarouM Ha BCE BUIICHABENCHE, 3aIIPOMOHYEMO TaKy aJTOPUTMIUHY peaizallito mody-
nosu JI/IK 3a nanumu nouyarkosoi iHdopmartii I (1).

3acanvna cxema aneopummy nobyodosu JUIK 3a danumu noyamxosoi HB.

Kpoxk 1. Bubip musixy B JIJK, mo He npuBoauTs y KinneBy Bepuuny. UPOD = 1, PR = 0,

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

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

Kpox 3. KI = KI + 1. Slxmio UPOD[KI] = 0, To nepelitu Ha Kpox 7. KII = KI. Sxmo
KII = 1, To nepeiitu Ha Kpox 9.

Kpok 4. Slkmio SLED[KII] > 0, to: (SRP[KI1 + 1] = 0, PAR = KI), B iHIIOMY BHIIAJIKY:

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

Kpox 5. IK2 = KII + 1.

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

Sxmo KII = 0, To nepeittu Ha Kpoxk 5.

Kpox 7. SIxmo KII < TT, to nepeittu Ha Kpok 3.

Kpox 8. IJKL = 0.

Kpoxk 9. SIkmio PR[1] = 0 ta TT = 0, To nepeiitu Ha Kpox 13.

Kpox 10. (Etan o6uucieHHs 3Ha4eHb (QyHKIIIOHATY BaXKJIMBOCTI 03HaK [6; 15]). O6uucnutu
3HaueHHs (DYyHKI[IOHANy IJs BCiX P;, 10 BXOAATH B 00JIACTh HOr0 BH3HAYCHHS Ta 3HAUTH
O3HaKy, sfKa Mae HaiOiIblry 1HQOPMATUBHICTH (AKICTh, BAXIUBICTH). [H(oOpmamis oo
P, .., Pif Ta 1y, «-r» iy 3HAXOUTHCA B MACHBAX PR, SRP BianoBimHoO.

1)
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Kpox 11. Ha ocHoBi Kpoky 10 3anoBHUTH BianoBiaHi 3HaueHHst MacusiB T, SLED, UPOD.

Kpox 12. Ilepeiitu Ha Kpok 2.

Kpok 13. (Eran po3niznaBanus HB 3a no6ynoBanum JIJIK).

Kpox 14.1 =1+1,11 = 1.

Kpok 15. 11 = T[II]. SIxkmo UPOD[II] = 0, o (PASP[I] = I1. Ilepeiitu na Kpox 16).

Slkmto TB[1,11] = 0, to (Il = UPOD[II]. Mepeiitu na Kpox 15). II = UPOD[II] + 1.

Ilepeiitu Ha Kpox 14.

Kpoxk 16. SAxmo I < M, To nepeiitu Ha Kpok 14.

Kpoxk 17. Ounctuty BCi 3MIHHI Ta MACHUBH, 3BUIBHUTHU T1aM ‘SITh.

Kpok 18. 3akinuutu poboty anropurmy (END).

3a3HauMMO, 110 B 3aIIPOIIOHOBAHOMY aJITOPUTMI 3aCIYTOBYIOTh YBaru Taki 4acoBl XapakTe-
PUCTUKHU:

3aranpHuit yac nmoOynoBu pesynsryrouoro JIJIK 3anexuts B 00’ eMy mo4aTkoBoi iHGpOp-
mariii I (1), To6To npu 361IbIIEHH] MOTYKHOCTI MoyaTkoBoi iHGopmauii /(1) yac Ha moOy1oBY
JIJIK € niniitHoro ¢ynkmiero Bin I(1);

3araibHU# Yac NPUUHATTS pillieHb (Ha OCHOBI MPOrpaMHO MOOYI0BAHOI CTPYKTYPH LILOT'O
JIJIK) He nepeBuIllye . IPOCTUX MOPIBHSAHB, J€ N — KUIBKICTh 03HAK Y MOYaTKOBiH iH(opMariii
I(1) (baxTrunuMil yac MpoOXoKEHHs 3a (pikcoBaHUM HUIAXOM Y cTpykTypi JIJIK).

3ayBa)XUMO, 110 SKIIO B HABEICHOMY BHIIE anroputMi Kpok 1() 3aMiHUTH Ha BUKJIUK IIPO-
neaypu reHeparopa punankoBux yucen (PRG) mis Bubopy neskoi 03HaKH, TO el anroputM
Oyzae OyayBaTu MHOXKWMHY BUTIIQJKOBHX JIEPEB PO3Mi3HABAHHS, HAJ SKUMH MOXHa OyJe 3/ikic-
HIOBATH onepailii 3amukanHs (mutanHs B/IK yxe po3risganocs y monepeanix po3aiiax msoro
JOCITIJIKEHHS).

CraHOM Ha CbOTO/IHI BiIOMO OM3BKO TPpbOX JiecsaTKiB roroBux [1C Ta cepenoBu 1yist mo-
Oy/I0BH PI3HHMX THIIIB MOJIeNIel JiepeB Kiacugikauii (aepeB pimiens) y BUrisiai crpykryp JIJIK
(RStudio, RulQuest, DTTL v1.5, RLQTree, DCT v7, Precision Tree System, Edraw, SHAIDS,
Weka, JIACTAH, AYPOH Ta iumi) Ta naume ogaa I1C sika 6a3zyerscs Ha xonmemnmii AJIK
(OPIOH). Veci 1i cuctemu BiJipi3HSAIOTHCS MPUKIIATHOIO CIPSIMOBAHICTIO 3a/a4, 0 PO3B’s3Y-
IOTBCS, METOJJAMU Ta KOHLENTYaIbHUMHU 3acaJaMM, PI3HOMAHITHUM PiBHEM HiATPUMKH, MpH-
yoMmy 0arato 3 HUX 3HaXOJAATh y BUIbHOMY (200 4YacTKOBO BUIBHOMY) JoCTyTi. JIOMiHYIOUHMMH
migxoaaMu € cucteMu Ha ocHOBI MeTo1iB CART (cripsiMmoBaHMX Ha O3B’ 30K 3a1a4 Kiacugi-
Kallii Ta perpecuBHUM aHaii3), a Takox [1C Ha ocHoOBi cxemu C4.5 1a 1i cyyacHux Moaudikaii
(st po3B’sI3Ky 3a/a4 po3mizHaBaHHA Ta Kiacugikanii), ID3. 3ayBaxumo mo IIC, axi 6a3y-
10Thcs Ha anroputMax cxemu C4.5/C5.0 (3a aBropctBoM J. Ross Quinlan) BUKOPHCTOBYIOTH SIK
KpPHUTEPiil YNCTOTH MiAMHOXHH rmoyaTkoBoi HB mapamerp entpomnii. BukoprucroBytoun eHTpo-
MiF0 SIK Mipy YUCTOTH (OJHOPIIHOCTI) KiIaciB (MiAMHOXKUH 1mo4aTkoBoi HB), ki € pe3ynpraTrom
IpoIelypy pO3OUTTS, adropuT™M MOxe 3adikcyBatu (BimiOpatu) Ty o3Haky (arpudyrt), po3-
OUTTS 32 AKOIO Ja€ Ha4KCTIIy (OJJHOPIIHY) MIAMHOXKHUHYU ToyaTkoBO HB (TOOTO NiAMHOXUHY
noyatkoBoi HB 3 nHaiimenmoro entpomiero). Taka cxema B JiTeparypi MO3HAYA€THCS —
information gain (cxeMa miJICHJIeHHs iHpopMallii), IpUIoOMy SKIIO JUIA BiAiOpaHOi O3HAKH X;
BEJIIMYUHA information gain € HyIbOBOIO, TO 1€ (PAaKTUYHO O3HAayYae OE3MEePCIEeKTUBHICTh (He-
MOXKJIUBICTB) po30uTTss HB Ha MiqMHOKWHU — HE IPUBOAUTH JI0 3MEHIIIEHHS KOe(Dilli€eHTY SH-
tpomii. [ligkpecnumo, 1110 MakCUMaJIbHO MOYJIMBE 3HAUCHHSI BEJIMUUHH information gain nopi-
BHIOE BEJIMYMHI EHTPOIi 0 pPO30HTTSH, a Ie, y CBOIO uYepry, O3HAyae, IO SHTPOIMis Micis
MOTOYHOTrO po30uTTs yacTuuu HB Oyzae nopiBHIOBATH HYIIO JUISI IIOBHICTIO YUCTHUX (OJAHOPIN-
HUX) MiIMHOXKUH modatkoBoi HB [17-21].

VY 3B’s3Ky 3 TUM, 10 cTpykTypu JIJIK micist mobynoBu 3a BuOipkaMu pealibHUX JaHUX Be-
JIMKOTO 00’€My MAaroTh 37€OUIBIIOrO CKIAHY Ul aHali3y Ta HEOAHOPIAHY 3a PIBHAMHU (Apy-
CaMM) CTPYKTYpY, TO HPUHIIMIIOBOIO MPOOJIEMOIO 3aJUINAEThCSA MUTAHHSA OpraHizauii mpore-
IDypu ontuMmizaiiii abo o0pisku (pruning) Takux KoHcTpykuii. [1ix cknagnictio crpykrypu JIAK
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pO3yMi€ThCs 3arajibHa KUIbKICTh BEPUIMH KOHCTPYKIII JepeBa (BY3JiB pPO3TalyeHHs), Y Ta-
KOMY BHIIQJIKy 3a3BMYail MaeTbcs Ha yBasi, mo mozaens JIJK mepeBusnauena (is overfitted).
BaxxnuBoro ocobnmuBicTio cxemu C5.0 y miaHi KOpeKIlii CTPYKTypH MOOYJOBaHOTO JIepeBa €
MOJKJIMBICTh BUKOPHCTAaHHS MEXaHI3My — post-pruning, KOJIU BIAKHIAIOTHCS Ti BY3/IH, OOKU
KOHCTPYKIIIi, miaaepeBa, ki Maio (BiAMOBIIHO A0 JESKOTO 331aHOTO KPUTEPiI0) BIUTMBAIOTH HA
pe3yabTaT 3arajgpHoi Kiacugikarii (IomycTuMa OMUIIKA), IPHUYOMY JIOIYCKAEThCS HE JIMIIE
MIPOCTE BiJICIKAaHHS CTPYKTYp JIepeBa, ajie 1 iX MepeHeceHHs B iHITy yacTuHy cTpykTypu JIIAK,
a00 3aMiHy Ha HIY KOHCTPYKIIIIO 3 MEHILIOI0 CTPYKTYPHOIO CKJIAJHICTIO (MEHIIOI pO3rajyxe-
Hocti). Lli cxemu ontumizariii (06pizku) ctpykryp JIAK — subtree raising (migHaTTs mingepesa)
Ta subtree replacement (3amiHa TijyIepeBa) y mMpouenypi pruning BUKOPUCTOBYIOTHCS B C5.0
Ta B He0araTbOX IHIIMX METOJax MOOYAOBH JepeB Kiacuikaiii, mpuuomMy abcomoTHa Ollb-
IIICTh IHIIUX METO/IB Ta cXeM 0a3yeThCs Ha MpoLenypi monepeanboi oopizku crpykrypu JIAK
10 OyAYIOTbCS — pre-pruning, sika Ma€ CyTTE€B1 HEIOJIKH I0JJ0 MOKIJIMBOCTI IPOMYCKY (BiICi-
KaHHS) BOXJIMBUX JIAHUX, SKI BaxXKO BUABUTH. OTXKe, 3BayKal0YM Ha BUILE CKa3aHE, MOJKHA 3a-
¢bikcyBaTu HacTymHi ocobmuBocTi cxemu C5.0 y mnani mooynoBu ctpykryp JIAK.

Bucokwuii piBeHb yHIBEpCATIBHOCTI Ta aJallTUBHOCTI J03BOJISIE pOOOTY 3 HIMPOKHM CHEKT-
POM MPHUKIAIHUX 337124 PI3HOMAHITHUX Tally3ei MPakTHYHOI MisUTbHOCTI (0OMEXEHHS 11010
CTPYKTYypH Ta npupoau noyarkooi HB He HaknanaroTbes).

VYHiBepCcaTbHICTH 100 THITIB TOYaTKOBUX MACHBIB JJAHHUX JIO3BOJISIE MIPAIFOBATH HE TUILKH
3 TUCKPEeTHUMHM BUOIpKaMHU, ajie TAaKOXK 13 MaCHBaMH HOMIHAJIbHUX JaHUX (JI03BOJISIE KOPEKTHY
00poOKy BUMAJIKIB MPOMYIIEHUX JTAHUX).

Opranizartis posraiyxeHHs y cTpykrypi JI/IK 3a mpuHIIUIIOM cenexiii e1eMeHTapHUX 03HaK —
MPUYOMY BPaxOBYIOThCS TUIBKM HAHOLIbII BaxkuBi (1H(OpMaTHBHI) O3HAKH (aTpHOYTH) TUCKPET-
HHX 00’€KTiB, TOOTO TaKi, KI MAlOTh HAHOLIBIINI BIUITMB HA OCTATOYHY KJIACH(IKaIIio.

HesanexHicTs BITHOCHO 00’ €My Ta CTpyKTypH nouaTkoBoi HB — ae MO>KiuBiCTh MpaloBaTu
3 moyatkoBUMH HB K 1110710 HEBETMKOro 00’ €My, TaK 1 3 HAZBEIMKUMU MaCUBAaMH JIAHUX.

Bucoka npocrora Ta HaO4HICTH iHTepIpeTalii podoTu moOynoBaHol MoJelNi (CTPYKTYpH
JIIK), sixa HE BUMarae crieriaaizoBaHOi MaTeMaTHYHOT MiATOTOBKH.

Bucoka edextuBHicTh nodynoBanux mojeneit JIJIK — HaBiTh y MOpIBHSAHHI 3 aHATOT1YUHUMHU
CTpYKTypamu (MoJessiMu) ToOyToBaHUMHU 3a KiacuuyHuMu cxemamu C4.5 ta CART.

[Torpu BHCOKY €(peKTUBHICTh Y MPAKTUYHIN TUIONINHI, HAsSBHICTH SIKICHOI'O MEXaHI3My OIl-
tuMizaii (00pi3ku, post-pruning) nodynosanux crpykryp JIAK cxema C5.0 He no30aBieHa i
MEBHUX CHCTEMHHX HEJOJIKIB, sIKi 000B’I3KOBO OTPIOHO BPaxOBYBATH SIK IPU pealizallii, Tak
1 mpu poOoTi 3 moOynoBanumu mozaessimu JIJIK.

BusHauanpHOIO 0COOMUBICTIO € T, 10 OyAYIOTHCS JepeBa BUCOKOI CTPYKTYPHOT CKIIaTHO-
CTi 3 BEJTMKOIO KUIBKICTIO BEPIIMH, PiBHIB (SpycCi) Ta BUCOKOIO HEOJHOPIAHICTIO MOOY10BaHOT
cTpykTypu. Taka ocobnuBicTs cxemu C5.0 HaKIa1a€ BUCOKI BUMOTH Ha €PEKTHUBHICTH pOOOTH
nporerypu oopizku nodyaoBanoi ctpykrypu JIZIK Ta HeraTuBHO BIUIMBA€E Ha IHTEPIIPETa0Eb-
HICTh — MOXKJIMBICTH JOCTYITHOT'O aHaJi3y MOJIENi Ta IPOCTOTO CIIPHUMHATTS MO0y I0OBaHUX KOH-
CTPYKIIii nepeB Kiacuikarii.

Monens JIJIK, sika mobynoBana Ha ocHOBI cxemu C5.0 Moxke OyTH SIK HETOBU3HAYCHOIO
(overfit), Tak 1 nepeBu3HaUeHOIO (underfit).

VY po6oti mozeni JIJIK, sika moOymoBana Ha ocHOBI cxemu C5.0 MOKITUBI TIEBHI HETOYHOCTI
(mommiikn) kiacugikamii y 383Ky 3 BUKOPHUCTAHHSM JIMIIE MPSMOTO PO30MTTS HAa MiJAMHO-
xuHU (axis-parallel splif).

[TpuanImoBoio ocobmuBicTio cxemu C4.5/C5.0 [24-27] € ii gy»e BHCOKa 4y TJIIMBICTbH 1010
KOPEKIIil y cTpyKTypi Ta 00’ eMy moyatkoBoi HB — mpuuomy HaBiTh ii BiIHOCHO HEBENUKI 3MIHU
MOXYTb MPHUBOAUTH /IO OYKE€ PI3KUX 3MIH CTPYKTYPHOI CKJIAIHOCTI (paJuKalbHOTO 301b-
IICHHS BEpILUH, IPYCiB KOHCTPYKIIi AepeBa kiacudikailii) Ta epeKTUBHOCTI MPOLEIYPH KiH-
neBoi onTuMizarii (00pizku) modynoBanux moneneit JIJAK.
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Monemi JIJIK, sixi moOyaoBani Ha ocHOBI cxemu C5.0, B aOCOMIOTHIN OLIBIIOCTI BUTIAIKIB
BIJIPI3HSIOTHCS BETMKOIO CKIIAIHICTIO, a iX aHaJIi3 MOYKJIMBHH JIMIIE 332 PaXyHOK aBTOMaTHYHOT'O
a00 30BHIIIHBOTO BUAUICHHS MpaBui kiacudikaii koHctpykmii JIAK.

3BHUaiiHoO, 110 MpeacTaBiIeHuMu aaroputmamu, [1C Ta dpeiiMBopkamMu He 0OOMEKYIOTHCS
MporpamMHi peaiizaiii KoHIenis gepeB pimens [28-31]. Tak, B YKTropoAchbKOMY HalliOHAIb-
HOMY YHIBEpCHUTETI Ha OCHOBI IIPEACTaBJICHOI BUILIE B TociikeHHI cxemu noOynosu JIJIK (ce-
nek1ii HabopiB eneMeHTapHUX 03HAK) Oyna Hanucana [1C DeTree, sika 6a3yeTbcst Ha KOHLETITIT
po3raixyXeHoro BHOOpPY O3HAaK Ta J03BOJsi€ TpaifoBaTd 3 HB BenMKoro ta HaaBeluKOro
00’emy (puc. 2). [Ipudaomy Ha moyarkoBoMy etarii npoekTyBanHs [IC craBuimcs Taki 6a30Bi
BHMOTH II[0JI0 3araJIbHOTO (DYHKIIIOHAJIA CHCTEMH.

3HauHa yBara MpUIUISIIACS ONTUMI3aIll anropuTMiB OOYIOBU MOJeNi Kiacudikamii s
JOCSITHEHHSI MaKCUMAJIbHOI IBHUJIKOCTI — SIK TeHepalii, Tak 1 poOOTH camoi moOya0BaHOi MO-
neni JIIK (Runtime speed/Opertion speed).

Bumora Ha sikicHy Ta e(heKTUBHY poOOTH 3 ONEPaTUBHOIO Ta MOCTIHOIO MaM’SITTIO iH(popMa-
LIHOT CUCTEMH Y 3B’S3KY 31 CIIPSIMOBAHICTIO HA MAaCHBH ITOYaTKOBUX JIAHUX BEJIMKOTO 00’ €MY.

[Tpoctuii Ta 3pyuHuii iHTepdeiic A oneparopa, 000B’I3KOBA HASIBHICTH aBTOMATHYHOTO
(3aCHOBAHOI'0 Ha PI3HUX AITOPUTMAX) Ta IHTEPAKTUBHOTO PeXUMY reHeparii mozaeneii JIJIK.

Bumora npoctoro noprysanss roropoi [1C Ha iHIII anapaTHO/IporpaMHi miaTGopMH B Te-
PCIEKTHBI.

BuMora Ha MOXJIMBICTh MOCTIPOLEAYPHOI KOPEKILIi Ta JOHABYaHHS MOOYIOBaHOI CTPYK-
TypH JiepeBa Kiacudikarii.

Bumora Ha MoxxiuBicTh po6oTtn 3 HB Bubipkamu BeTMKOro Ta HaJIBEIUKOTO 00’ eMy.

Eile Model Report Help
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Puc. 2. 3acanvuuii inmepgetic I1C DeTree

BianoBigHO 10 JaHUX BUMOT OYJI0 BUPIMIEHO PO3IUIMTH MPOTPaMHUM MPOJIYKT Ha /1Ba O6a-
30Bi IPO€eKTH (KoMnoHeHTH) — DeTreeBackend ta DeTree, npuaoMy JUist 3py4HOCTI KOMIOHEHT
DeTreeBackend nipencraBnserbcst ak Oexenna, a Delree — sk ¢pontTenn. Y it cxemi I1C
DeTree xomnoneHT DeTreeBackend 3a0e3neuye QpyHKIIOHAT ycix 6a30BUX 00paxyHKiB (ycix
cxeM 00poOKM JaHMX Ta MEHEKEp IaM’sTi) Ta TOJAaTKOBO MICTHTh y co0i Habip KiaciB Ta
ITOPUTMIB HU3BbKOPiBHEBOTO (yHKITIoHaNA. KommoHeHT Delree, y CBOIO Uepry, pealizye mo-
BHUH (DyHKITIOHAT poOOTH 3 00KY KOpHUCTyBaua (1HTepaKkTUB) Ta 3a0e31edye poOboTy JOBIIKOBOT
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Ta CepPBICHOT CITYX)OU. SIKIO pO3IIIsiIaTH pealli3aliifHy cXeMy IporpaMHOro MpOoAyKTY 3 TOr-
nsgy natepuny MVC (Model-View Controller), npoekt dponrenny (DelreeBackend) Bukonye
byHKIiT View Ta BiamoBigae 3a 6a30BUil BB Ta BHUBiJ JaHUX, MPUIOMY KOHTPOJEPOM Y IIiit
peainizariitHiii cxeMi BUCTymnae 6e3mocepeiHbo MPoeKT OekeHy (Delree). 3a oCHOBY 0a30BUX
MOTOKIB JJAHUX y MPOrpaMHOMY MPOJYKTI (hiKcyBasiacsi cxema BBOJY Ta BUBOAY JaHUX i3 (aii-
JB JUIS HE KPUTHYHUX 32 MIBUAKOICTIO TIJISTHOK KONy (IUIsI MAKCHMAIIbHOT €KOHOMI1 OIepaTHB-
Hoi mam’sti). Taka opranizaiisi 0OUMCIIEHB J103BOJISIE TOCTATHBO €(PEKTUBHO PO3AUIATH JIOTIKY
IIPOrPaMHOro 3a0e3MeYeHHs Ha OKPEMI JIOT1UHI MiACHCTEMH (KOMIIOHEHTH).

Sk iHCTpYMeHTapiit po3poOku it komroHeHTa (DeTree) Oyno oOpaHO MOBY Iporpamy-
BaHHS C++ (3 JOAATKOBOIO MOXIIMBICTIO IOPTYBAHHS KOJy), IPUYOMY TaKHii BHOIp 3HAUYHOIO
MIpOIO TIOSICHIOETHCS MOKIIUBICTIO KOMIIUIALIT B HATUBHUHM KO/ Ta MOXKIIMBICTIO pOOOTH 3 HU-
3bKOPIBHEBUMH 33/1a4aMHU, TAKUMU SIK pPOOOTa 3 OMEPaTUBHOIO MaM’SITTIO, (PYHKIIIOHAT BBOJLY
BUBOJY JaHUX. Takox Takuii BUOIp IHCTPYMEHTapil0 pO3pOOKH 03BOJISIE 3a0€3MEUUTH eeK-
TUBHY PO3pOOKY OCHOBHOI JIOTiKM MpOrpamu, a ii 6a30BUi KOA BIJTHOCHO MPOCTO MOXE OyTH
MOPTOBAaHUH Ha Pi3Hi anmapaTHo/mporpamHi cucremu. s komnonenta DeTreeBackend Gyno
o0paHo iHcTpyMeHTapiit C# 3 MeTOI0 MPOCTOTH CTBOPEHHS rpadiuHuX iHTepdeiiciB A miaT-
dopmu Windows (cepenoButie po3podku Microsoft Visual Studio) (puc. 3).

DataTableUtils InputData
+ ReadCSV(string) : DataTable - numSigns : int
+ SaveCSV(DalaTable, string) 3 - importer : DataTableUtils
+ SaveToHtml(DalaTable, string) - dt : DataTable
+ InputData()
- InputData_Load(object, EventArgs)
CONATS - InputData_Resize(object, EventArgs)
- coreProgramName : string - addColumnButton_Click(object, EvenlArgs)
-temporaryCsvName : string - addRowButton_Click(object, EventArgs)
+ Sharedinstance: CoreAPI i et - saveToCsvBution_Click(object, EventArgs)
+ RunBuildTreeProcess(DataTable) : bool - loadFromCsvButton_Click{object, EventArgs)
+ GelTreelmage() : Image - buildTreeButton_Click(object, EventArgs)
+ GetReport() : string - showReponButton_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, MouseEventArgs) - MakeDefaultColumns()
- TreeViewer_Load(object, EventArgs) - InputData_FormClosed(object, FormClosedEventArgs)
- CenterPicture() - GetFileType(string) : int
- treePictureBox_MouseDown(object, MouseEventArgs) - ImportFromCSV(string)
- treePictureBox_MouseMove(object, MouseEventArgs -ImportFromTx{string}
- TreeViewer_Resize(object, EventArgs) - SaveToCSV(string)
- savelmageButton_Click(object, EventArgs) - SaveToTx(string)
- GelEncaderinfo(string) : ImageCodecinfo - SaveToHTML(slring)
ReportView
+ ReportViewer()
- ReporiViewer_Load(object, EventArgs)
- ReponiViewer_Resize(object, EventArgs)
- saveReportButton_Clickiobject, EventArgs)

Puc. 3. UML — cxema opeanizayii komnonenmie DeTree

Frontend Overview (DeTree). BiaMiTUMO, 1110 IPOEKT (PPOHTEHY CKIANAETHCS 3 YOTUPHOX
OCHOBHHX BIKOH (Forms) Ta 1BOX 0a30BUX KJaciB, MpruuoMy (opMu 3a0e3neuyoTh QyHKIIi
KOPHUCTYBALIbKOTO iHTep(eiicy Ta BiioOpaxeHHs pi3HOTUITHOI poOoyoi iHpopmarii B mporeci
nobymoBu ctpykryp JIIK. Cepen ocHOBHUX (hOopM MOKHA BUUTHTH TaKi:

- ®opma MOTOYHOTO CTAaTyCy pOOOTH MPOTrpaMHu.

- ®opma 0a30BOro BBOAY BUBOIM iH(OpMaLii 3a7aul Ta JaHUX IHTEPAKTHBHOTO PEXUMY
renepauii JIJIK.

- ®opma Bizyanizalii 3reHepoBaHoi cTpykTypu mozeni JIJIK ams aBToMaTuyHoro Ta iHTe-
pakTuBHOTO pexkxumy podotu I1C.

- ®opma cepBiCHOI Bizyalizallii IPOMIKHUX MPOIeayp 0OpaxyHKY JaHUX Y Hpolieci moly-
nosu ctpykrypu JIIK.
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OCHOBHUM KOMIIOHEHTOM 0a30BOr0 BBOJY JaHUX 00paHo rpadiunuii enement — DataGrid,
110 JI03BOJISIE€ JOCUTH THYYKO Ta MPOCTO MPALIOBATH 3 JUHAMIYHUMH TaOJIMYHUMU TAaHUMU (Te-
HEpyBaTH Ta KOpEryBaTH TAaOIUIIl Pi3HOT pO3MipHOCTI Ta THUITYy, BUKOHYBATH IMIEPBUHHI ITE€PEBi-
PKH KOPEKTHOCTI BXiTHHX JaHMUX Ta 3a0e3MeuyBaTd €JIeKTPOHHUH MiANUC eIeMEeHTIB Tabiany-
HUX JaHUX YHIK&IbHUMU IUPpOBUMHU ineHTU(iIKaTopamH. JloJaTKOBO Yy CTPYKTYpi
KOMIIOHEHTa 0a30BOro BBOJAY JaHMX Ui 1€l (opMH TOCTYMHUM (DyHKIIIOHAN 3aBaHTAXKCHHS
Ta 30epiraHHs TAaONMYHMX JAaHUX y HaHOUIBII TOmMMpeHHX QopMmarax JaHHUX
(cvs/cur/bin/dat/txt/html), mpudomy 11 (hopMa MICTUTH BEPXHIO MTAHETh IHCTPYMEHTIB Bi/MOBI-
JTHOTO 3aBAaHTAXCHHS/30€peXKEeHHS JaHUX, IHCTPYMEHTH 3MiHU THITY/pO3MipHOCTI TabJIHIIl BXi-
JHUX TAHUX, IHCTPYMEHTH Bi3yaJi3allii pe3yJbTaTiB 00paxyHKiB y TEKCTOBOMY Ta rpadiqHOMY
BUTJISIIL, @ TAKOXK O€3mocepeIHbO IHCTPYMEHT TeHeparlii ctpykrypu JIJIK.

3ayBaxkxumo, 110 ¢opma Bizyanizaiii modynoanoro nepesa (crpykrypu JIJIK) BinoOpaxae
3reHepoBaHe 300payKeHHs 3 BiAPEHICPEHUM JIEPEBOM Kiacudikallii, MpuuoMy AOCTYIHHH (y-
HKI10HAJ, IKUH J03BOJII€ OCHOBHI (DYHKIII1 3MiHH MacIITal0y 300paKeHHs Ta IHCTPYMEHTH 30e-
pekeHHs oro y rpadiuniit popmi (ocHOBHUX rpadiuHuX Gopmarax).

JloAaTKOBO BIKHO 3 Bi3yalli3aTOpOM IpoLecy 0OpaxyHKiB IPOMDKHUX JTaHHUX 3ajadi MoKa-
3y€ MOTOYHUHU JIOT po3paxyHKy AaHux JIJIK Ha cTOpoHI KOMIOHEHTa OEKEeHIy, IPUYOMY IO
¢dyHKuioHana 11i€i popMu MOXKHA BiTHECTH MOXKIIMBICTh 30epEKEHHS OMUCY 0OPaxXyHKIB Yy CH-
CTEMHUH JIoT — (aiin [y HaCcTYNHOI epeBipKH (KOPEKIIii mapaMeTpiB Mojieni) Ta aHamizy. Taxk,
CTPYKTypa KOMIIOHEHTa ()POHTEHY MICTUTh J1Ba 0a30Bi KJacu — OJIUH 3 SIKUX A poOOTH 3
iMnopTom Ta ekcriopToM (aitniB y ¢popmari ganux (CSV, HTML Ta in.), inmmii aius 6e3moce-
PEIHBOTO KEpYBaHHS MPOIIECOM OOUYHUCIICHb Ha CTOpOHI OekeHy. PoOoTta 3 GexeHaoM mpoBo-
IUThCs  Oe3mocepeHbO  3a  JIOMOMOrol  06a3oBoro  kmacy  Process — Gibmiorexu
System.Diagnostics, came 3a MOro JI0OOMOI'0K0 CTBOPIOETHCSI CUCTEMHMM MpoLec, IKUH 3aImyc-
Ka€ KOMITIOHEHT OekeHy 3 Ha0OpOM OCHOBHHMX apryMEHTIB KOMaHIHOTO PSJIKA.

Tak, mepen 3amyckoM mpoliecy moOyJJoBU JiepeBa Kiacuikailii, KOMIOHEHT (POHTEHIY
(bopMye MakeT BXiAHUX JaHUX — IIeW MPOIeC MPOBOJUTHCA 33 JJOMIOMOT0I0 KOHBEPTYBAaHHS Ja-
Hux rpadiunoro enementy DataGrid 3 Tuny DataTable y daitn dopmary CSV, a micist KOHBe-
PTYBaHHS JaHMX Ipolec MoOyI0BH JepeBa Kiacudikaiii Moke 3aBaHTaXHUTU (aiiil Ha CBOIl
CTOPOHI Ta MpOBECTH HEOOXiaHI o0uncieHHs (puc. 4).

DotWritter DeTres
- mHumOMNodes : int - mReportStream | stringsiream
- mMumOfResultLeats: int -mD itter : D L
+ Write(TreeNode*, const char®) - bool =
- WriteRoolDoti TreeNode®, FILE*) | + BuildTree(const DataTable&) - bool

- WriteDol(TreeNode*, FILE*) + SaveGraphimage{const strings, const DataTabled)
+ SaveGraphRepori(const stringé, const DataTabled)
TreeNode + GelReport(} . string

- DeleteRecursiviy(TreeMNode*)

+ Parenl . TreeNode

+ Lefl: TreaMode - GetAllOfType(const TDataTyped, const TSignd) : veclor<size_t>

+ Right : TreaNoda - GelFromFunclionAROMype(cons! TDataType&, const TFunction&. const veclor<size_t=&) : veclor<size_t=
+ Name: siring - d0n(const DataTable&, TDataType) : DataTable

+WPs: vector<double> - ons! DataTabiles, }: bool

+ TreaNode() - CalculateRecursidyiconst DalaTabled. TreeNode®, int)

+ Setkeaylint) - CleanuplLeafs(TreeNode")

+ Signs : veclor=veclor<int=> InputParser CSVReadel

+ Function : vector<int>

- mTokens - veclor<siring>

- mFileName : string

+ DataTabled)

+ MakeDetaul()

+ DalaTable{const veclor=vector<int=>, const veclor<int=)

+ InpulParser(in, char™)
+ Gatirgument{const string&; © string
+ ArgumeniExistsiconst std_sting& option) © bool

-mCharDelimiter : char
+ CSVReader(sld:string, char )
+ ReadDataTable() : veclor<veclor<int>>

Puc. 4. UML — cxema 6exendy DeTree

Backend Overview (DeTreeBackend). Sk y»*e HarojiomryBaioch BUILE, TPOEKT OEKEHTy Ha-
MMCaHUH MOBOIO TTporpamyBanHs C++ Ta sBIIsie COO0I0 KITACUYHUI KOHCOJIBHUHN TOJIATOK, SIKHIA
3abe3neuye 0a30BUH (DYHKIIOHAI yCiX MaTeMaTHYHUX OOpaxyHKIB JaHUX (aJrOpUTMIYHHX
cxeM), 30ip Ta poOoTy 3 iHopmarriero Ha ix ocHOBl. OCHOBHUI KOMYHIKAIIHI iHTepdeiic 13
HEI0 pealli30BaHui, SK BapiaHT — Yepe3 HaOOpH apryMEHTIB KOMaHIHOTO ps/Ka, BiJIINOBIIHO
copMOBaHi aKeTH JaHUX, TaK 1 yepe3 rpadiunuii inrepdeiic popmu GpoHTEHTY.
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Ha cporonni 6exenp ckinagaerses 3 0a3oBux 14 kmacis ta 12 crpykryp nanux. Hampukinan,
kiac InputParser onucye 3arajibHy JIOTIKy poOOTH JUIsl aHAIII3y Ta po30UTTS HAOOPiB BXIAHUX
apryMEeHTIB KOMaHJIHOTO psIJIKa Ha TOKEHH, 1Iei Kiiac 3abe3nedye MOKIMBICTh MIBUIKOI Tepe-
BIpKHM Ta 0OpOOKH BXiHUX MapameTpiB komaHaHoro psjaka [1C, nepeBipku KOPEKTHOCTI IXHIX
3Ha4yeHb. Hanpukian, Ui 3aBaHTaXXEHHS TaHUX O3HAK (aTpuOyTiB), y HA0OpH apryMeHTIB KO-
MaH/IHOT'O PsAJIKa BUKOPUCTOBY€ETHCS CHHTAKCUC BUTTIANY (-f <filename>), ne BiANOBiAHUH KJ1ac
napcepy mnepeBipsi€ HasBHICTb apryMEHTY BXiIHOTO (aiiiry Ta 1a€ MOXKIIMBICTh OTpUMATH 0€3-
MOCEPETHHO 3HAYCHHS IIJISXY.

[Ticnsa eramy oOpoOKuM Ta aHasizy HabOPY BXiTHHX MMapaMeTpiB Ta c(hOpMOBAHHX MAKETIB
JAHUX HACTa€ eTal MEpBUHHOrO 3aBaHTaXXeHHS macuBy nanux HB. OchoBHa cxema iHTep-
¢eiicy kKoMyHIKalii JaHUX MK KOMIIOHEHTaMH (pPOHTEHAY Ta OCKEH]ly MOJISATae yepe3 MocH-
JaHHA a0COJMIOTHUX HUIAXIB (aitniB nanux y ¢opmari CSV (3anexHo Bix HanamtyBanb [1C).
Taka cxema KOMyHiKalii mpu nepeaadi JaHux Mix komrnoHeHTaMu [1C MosiICHIOETHCSI 3HAYHOIO
e(EeKTUBHICTIO, 3pYUHICTIO B MOXJIMBOCTI KOPEKIIii JaHUX Ta IPOCTOTOIO MPOIECY OpraHi3arii.
Jlnst 3aBaHTaXeHHS JaHuX y popmati CSV B KOMIIOHEHTI OekeHay peai3oBaHHM BiIIOBITHUIMA
kinac CSVReader, sixwii 3a0e3medye MOBHUHM (YHKIIIOHAT 33/1a4l 3aBaHTaKEHHsI, 0a30BOI BaJi-
nanii, Kopekuii Ta popMyBaHHs BHYTPIIIHBOTO npeactaBieHHss CSV Tabauib MacuBIB JaHUX.
Hanpuknan, y HallmpocTiloMy BHUINAJAKY — JaHi MPEJICTaBISAIOTHCS 3a JOMOMOTOI0 BHYTPIIII-
Hporo rnceBaoHiMa TDataTable, sixuii, y CBOI0O 4Yepry, ONHCYETbCS BEKTOPOM BEKTOPIB
(std::vector<std::vector<int>>).

[Ticnsa etamy 3aBaHTa)KEHHS, YCIX MPOLEAYP MEPEBIPKH TaHUX Ta iX TpaHcdopmarlii y BHY-
TpimHii ¢popmar I1C, cucrema nepexoauTs 10 Oe3nocepeHbo1 ToOYJ0BU epeBa (CTPYKTYpH
JIIK). Ha erani npoektyBanns I1C, ycio BHYTpILIHIO JIOTIKY TOB’sI3aHY 3 PO3paxyHKaMu Ta
aHaJi30M JaHuX OyJio BUHECeHO B 06a3oBuii kinac Delree, mpuuomy s OOYIOBU IepeBa Kiia-
cudikaiii y CTpyKTypi LIbOI'0 KJIacy BUKOPUCTOBY€ETHCSI OCHOBHUM Meton BuildTree. Ilocnino-
BHICTh KPOKiB MOOYJIOBH CTPYKTYpH JiepeBa kiacudikamii (mogeni JIAK) MoxxHa BU3HAUUTH
TaKUM TOPSIAKOM ii.

[TinroroBumii eran noyaTkoBOro BUOOPY Ta iHiLiasi3alii 6a30BUX MapaMeTpiB Ta HANAIITYBAaHb
I1C min peanii KOHKPETHOT MPUKIIAAHOI 33Ja4i BIIMOBIIHO IO YMOB T'€Hepallii CTPYKTypH (MOJIedi)
JIJIK — kputepiiB po3raiyKeHHs Ta KpUTEPiiB 3yIMHKHU OOy I0BH JiepeBa Kiacudikarii.

[TouaTkoBuii eTan Baifgarlii HabOpiB BXiTHUX JAHUX TOTOYHOI 3a/1a4i (mepeBipka Ha Kope-
KTHICTH pi3HuX TuniB nanux HB ta TB), Bubip Ta nepeBipka Ha KOPEKTHICTH OCHOBHUX PEXKH-
MiB (TTapameTpiB) poOOTH MpOLEAYypHU TeHepallii 1epeBa Kiacudikarii.

Etan 3a0e3nedyeHHs: MepBUHHUX MPOLEAYD 3aIUTY, BUAUICHHS Ta PO3MOILTY ONEpaTUBHOI
nam’sTi CHCTEMH MiJ LeHTpaiabHy BepiinuHy (Root Node), By3iau Ta iepexoau CTPYKTYpH Jie-
peBa kiacudikarii (podora menemkepa nam’sti 11C).

ETan po6oTu pekypcuBHOI poueypu 00paxyHKy Habopy BeTHunH iH(popMaTUBHOCTI (Ba-
#JMBOCTI) arpuOyTiB (03HaK) W (P;), BiINOBIIHO 10 0OpaHOr0 aBTOMAaTHYHO a00 B iIHTEpaKTH-
BHOMY PeXHMi KpUTEpito po3raiyxenns ctpykrypu JIJIK.

Etan renepanii crpykrypu JIJIK (By3miB nepeBa kinacudikarii) BiamoBigHoO 10 3adikcoBa-
HUX KPUTEPIiB po3raayKeHHs Ta 3yMUHKH 100YI0BH JiepeBa Kiacuikarii.

Etan po6oTu nponenypu Biacikanus (ontumizauii crpykrypu JIJIK) mis miHimizatii ctpy-
KTypHUX KOMIIOHEHTIB (BY3J1iB, OJIOKIB) MOOYI0OBaHOTO JiepeBa Kiacudikariii.

Etan ¢inanpHOi nepeBipku OCHOBHUX MapaMeTpiB modyaoBaHoi ctpykrypu JIJIK (Monemi
kiacugikaiii) B aBTOMaTHYHOMY 200 1HTEPAKTUBHOMY PEXHMI 3aJIe)KHO BiJl MOYATKOBUX Ha-
nawmryBansb I1C.

ETan noctmponenypHoro anainizy nodynoBaHoi mozaeni (crpykrypu JIJIK), etan nexomrio-
3MLIi CHHTE30BAHOIO JepeBa Kiacu]ikalii 3 BUAUIEHHSAM Ta 30€peKEeHHAM OKPEMHX MPaBUII
Kiacugikarii.
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3a3Ha4nMO, 1110 TPOLIEAYpa PEKYPCHUBHOTO 0OpaXyHKY BEJTHMYHH iH()OPMATUBHOCTI aTpUOYTIB
6a3yerbcst Ha ocHOBHOMY Metoi CalculateRecursivly, a Bech (hyHKIIOHAT BY3J1iB KOHCTPYKIIii
JIIK mpairtoe Ha ocHOBI 0a30Boi cTpyKTypu By3na nepeBa (Node) TreeNode. Y crnpolieHoMy
BUNAJIKy CTpYKTypa TreeNode cknanaeThbes 31 ciucky iHdopmaniitHoi ominku arpudytis W (P;),
JiTepa’abHOro IMEHI JJ1s1 KOMIIOHeHTa Bizyanizailii ¢pparmenty JIJIK ta yHiKansHOro 1 poBoro
KJII04a, PHYOMY 3aJISKHO BiJl PO3TAIIYBaHHS JaHa CTPYKTypa MICTUTh Habip mocuiaHb Ha Oa-
THKIBCHKU, JIiBUi1 Ta npaBuii By31u (6s1oku) koHCTpyKuii JIJAK (BiAnOBigHI CTPYKTYpH).

@ymnkuito Bizyanizauii nodynoanux crpykryp JIJAK (renepartii 300pakeHb sIK MOBHUX Je-
peB kiacudikarii, Tak 1 IXHIX OKpeMHX KOMIIOHEHTIB) 0yJI0 MOKJIaieHo Ha (hopmaT nanux Dot,
SKUI BXOJUTD Y BIAKPUTHI porpamMuuii nponykT GraphViz (6i6mioTeka 3 BITKpUTUM MPOTpa-
MHHUM KOJIOM), caMe Ha ii OCHOBI OyayeTbcs rpadidHe mpecTaBiIeHHs aepeBa Kiacugikarii
(Bizyamizarii ckaHUX rpad — CXeMHHX MTPEICTABICHb) 1 B 0araTtboX 1HIIMX MOIIOHUX IpoTpa-
MHUX mnpoaykrax. ns moOynoBu ¢aitny y dopmari Dot O6yno po3pobieHo 06a30BH Kiac
DotWritter, ueit knac popMmye TEeKCTOBE IpeAcTaBieHHs (daitny ¢opmary Dot Ta Ha OHOBI pe-
KypCUBHOI IpoLeaypHu 00paxyHKY JTaHHX — 3allOBHIOE Horo iH(opMalii€ro Ha OCHOBI 00Oy 10-
BaHOTO JiepeBa Kiacudikarii.

Ha nactynnomy eramni po6otu I1C — micns 3aBepiieHHs BCiX omnepariii po3paxyHKiB JaHUX,
reHepatii BCiX cTpykryp daiiny gopmarty Dot Ta popMyBaHHS MakKeTiB JaHUX, OA30BUIl Kiac
DeTree 36epirae Bci mo0y0BaHi HAOOPU JaHUX Y MOTOYHY poOouy manky [1C y cenianbHoMy
HaiiMeHyBaHHi (popmari), Ta BUKIMKAE 30BHIIIHIO YTHIIITY (KOMIIOHEHT) IPOTPAMHOT0 TIaKeTa
GraphViz — sxa Ha ocHOBI (aitny hopmaty Dot Oyaye rpadiune (rpad — cxemHe) IpeacTaB-
JIeHHA JiepeBa kiacudikaiii (modynoBanoi Mmoaeni kiacugikarii). Ha HactynHomy kpoui — mi-
CJIsl YCHIIIHOTO BUKOHAHHS BCiX momepenHix eramniB ¢yHkiionyBanus [1C, koMnoHeHT GpoH-
TEH/1y BiJICTEXKY€ MO0 KOPEKTHOTO Yy IJIaHi (fOpMYBaHHS MMAaKETiB JaHUX Ta OE3MOMUIKOBOTO
3aBepILEHHS Mpolecy OCKeHIy Ta MEePEeXOJUTh 10 MpoleaypH (PiHaIbHOTO 3aBaHTAKECHHS Ta
Bi3yaui3allii BCiX pe3yJbTaTiB po3paxyHKiB MOTOYHOT 3a1a4i (Moeni kinacudikarii).

3BepHeMo yBary, 1o [1C DeTree Mmae MOXIIUBICTD 30epekeHHS K TpadiuHOro Ta mapamer-
PHUYHOrO IpeACTaBlIeHHs 00y 10BaHOI Moieni iepeBa Kinacudikanii (crpykrypu JIJIK), Tak i 10-
MOMDKHUX JTaHMX (MIPOMDKHHUX €TalliB) CHMHTE3y KOHCTPYKIIi JepeBa, 10 JI03BOJISE MPOBECTH
eeKTUBHUI aHaNi3 caMoi MPOIeypH CUHTE3Y JepeBa Kiacudikarii (Moaeni) Ta 3HAWTH MOX-
JMB1 BapiaHTu Horo inaneHOI ontuMmizanii (00pi3ku cTpykTypu). OHUM 13 BapiaHTIB aHAIIIZY
noOynoBanoi crpykrypu JIJIK (Mozeni knacudikamii) Mmoxxe 0ytu pexum podotu I1C DeTree —
(step-by-step model decomposition), skl TO3BOJISIE POBECTH MOCTAITHE BUIIJICHHS TPABHI KJ1a-
cudikanii 3 koucrpykuii JIJIK (musxiB y crpykrypi nepeBa knacudikarii abo ¢ikcoBanux T —
OMOPHUX MHOXMH) JUIS TX MOJAIBIIOTO aHajii3y Ta 30epexeHHs. 3po3yMiJio, 10 Takuil miaxin
Oyze akTyalnbHUH JUTd NPUKIAIHUX 3a1ad Kiacudikaiii 3 HB Benrkoro ta HaaBeamkoro o6’ emy
Ta y BUNAJKY BEIUKOI CKIagHOCTI (iHanpHOi Monem kinacudikanii (ctpykrypu JIJIK) micms
eTamy OCTaTOYHOI ONTUMI3allii, MiHiMi3allii (0Opi3KM KOHCTPYKIIIT iepeBa).

Jlnst mepeBipKu OOy I0BAaHOTO MPOTPaMHOr0 3a0e3MeUeHHs] BUKOPUCTOBYBAJIACh BioMa
3aJla4ya Ipo THII JIiCOBOTO MOKpuBY (i1ic — 581012 enementiB macuBy Bubipku). CTpyKTypa
Bubipku (HB Ta TB) micTuTh ciM KJIaciB po30UTTS (TUIIM MOXKJIMBOTO JIICOBOTO TIOKPOBY),
npuyoMy 00°€KT kimacudikaiii mpeacTaBIseThCs K MOCTIIOBHICTh 12 YMCIOBHUX O3HAK Ta
J0JJaTKOBO ABOX OaraTo3Ha4HUX JAWCKPETHUX aTpuOyTiB. 3ayBa)XKMMO IO MOJIOBHUHA MOYAaT-
KOBOTro MacuBy BUOipkH (a came 290 506 00’ exTiB Bimomoi knacudikaiii) BiIBOIMIACH IS
HaBYaHHS CUCTEMH, a IHIIa YaCTHHA JUIs TecTyBaHHs noOynoBanux moaeneit JIAK. 3aranpui
JaHi Ipo 3aja4yy Ta 0e3MmocepeHbO caM MacHB BHOIPKHU JIJIs TEPEBIPKU MOXKHA OTPUMATHU 3
pecypey UCI KDD Archive (http://kdd.ics.uci.edu).
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Kpim Toro, anroputm C4.5 Tta #ioro ineonoriynuii Hamagok C5.0 Oynau CKOMITUIbOBaHI 3a
nornomororo Binkputoro kommiisaropa GCC (st cuctemu Linux) 3 HA0OPOM OJHAKOBHUX Iapa-
METpiB oNTUMI3alii Ta KOMIUIALii 6iHapHOrO KoAy. Sk 6a30Ba onepariiifHa cucTeMa BUKOPUCTO-
ByBanacsi Fedora Linux 23 (RedHat), a nnst emynsiii Ta 3amycky Win32 API (po3pobnenoi [1C
DeTree) npomapok Wine (0ibmioteka libwine). Yci 3amipu yacy IpOBOAWINCH Y CEKyHJAX, a
cucremu odyoBu cTpykryp JIIK Oyiio 3amymieHo Ha ABOX pi3HUX amapaTHUX KOHQIrypamisix:

Configuration Ne 1 — Intel Core I7 7700K / Ram 16 GB;

Configuration Ne 2 — AMD FX8370 / Ram 16 GB.

OCHOBHI pe3yJbTaTH TECTYBaHHs HAaBEACHI B MOPIBHIBHUX TaOMULAX 2-4.

Tabmums 2
Topisuanns cxem nooyoosu JI/IK 3a xinvxicmio nomunox knacugixayii,
KiIbKicmio npasun kiacugikayii, ma wacom nooyoosu JIJIK

3aranbHa KUIBKICTB 3aranbHa KUIBKICTh IIPaBUJI 3aranbHuii yac
noMuJiok — Eryy, % kjaacudikanii — Rty renepauii JIJIK — Ty,
Config. No 1 —34 c.

AJIroput™MivHa cxema

C4.5 7.2 5420 Config. Ne2 — 42 c.
Config. Ne 1 - 186 c.

C5.0 6.3 4845 Config. Ne 2 — 230 c.
DeTree 6.7 5008 Config. Ne 1 -102 c.

Config. Ne2 - 129 c.

3a3Hauumo, 1o HaBeneHi amroputMiudi cxemu C4.5, C5.0 ta [1IC DeTree MoxyTh TeHEpY-
BaTH sIK Kiacugikaropu (HabopH mpaBui kiacudikailii), Tak 1 npame3aaTtHi MoJieli (CTPyKTypH)
JIJIK. B Garateox BUMajKax y 3ajadax aHadi3y JaHUX HAOOpH mpaBui Kiacu}ikaiii € Kpamum
BapiaHTOM 3 TIOTJISI/Ty eKCIepTa 3a PaXyHOK IMPOCTOTH Ta HAOYHOCTI, HiX cTpykTypH JIJIK, arne, 3
iHII0rO OOKY, TaKe MPECTABICHHS JaHUX € MOBUIHLHUM 1 BUMAarae 3Ha4uHo OLIbIIOI OIlepaTUBHOI
nam’sTi. 3a3HaurMo, 110 nodyaoBaHi cxemoro C5.0 Habopu mpasui (Moaens JIJIK) matoTs mo-
MITHO HI)KYY YacTOTy MOMHIIIOK y nopiBHsIHHI 3 C4.5 ta DeTree, mpuuomy MaioTh 0JTHAKOBY TO-
YHICTh TOTOBOI MOJIeNi, ane Habip npaBuia y moeni C5.0 HesHauHo, ane MeHie. BigHocHo yacy
renepauii crpykryp JIAK (ta mpaBun knacudikariii) 3adikcyemo, mo anroputm C4.5 nabararo
MIBUALINIA 32 PaXYHOK MPOCTOTH CXEMH, JOCTATHBOI ONTHUMI3aIlii Ta OOMEXEeHb Ha MPOLEAYPY
¢inanbHOT 00pi3ku (pruning). Tak, BUTparu oneparuBHoi nam’sati cxemu CS5.0 mepeBaxHO 3Ha-
yHO MeHIe, HiK y C4.5 npu noOynosi Habopy npasun (mozeni JIJAK) — Oyno Buxkopucrano
230 MBb, a s C4.5 Butpaueno 4.3 GB, ane ognakoBo Ounbine, Hixk y [IC DeTree — 180 Mb.

Tabmums 3
Topisuauns cxemu 6ycmuney ons areopummy C5.0
JIIK anropurmy Ha0ip nepeuHHMX Ha0ip knacudikaropis
Mepauune JK a- CS5.0 na ocHoBi kjacupikaropis anropurmy | aaropurmy C5.0 Ha ocHOBI
ropurtmy C5.0
OycTHHIY Cs.0 OycTHHIY
6,7 % 3,.8% 6,2 % 3,6 %

3ayBaXxUMo, 1110 3arajibHa cxema npoueaypu 0yctunry B anroputmi C5.0 He € IPpUHIKUIIOBO
CKJIQJIHOTO, IO JI03BOJISIE Peallizalliio MoAiI0HUX METOUK (aJTOPUTMIB Ta CXEM) HaBITh OLTBIIOT
cxnanuocti (egextuBHocTi) 1y [IC DeTree ta C4.5 y BUTIsSAI OKPEMOTO MPOTPAMHOTO KOM-
noHeHTa. [IpoTe MexaHi3M OyCTHUHTY € SKICHUM Ta €()eKTUBHUM JUIs POOOTH B TOPIBHSIHHI 3
iHmuMu noAiouumu [1C noGy10BU JiepeB pillleHb.
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Tab6muns 4
Topisuanns cxem nobyoosu JI/IK 3a ¢ixcosanoro mounicmio, KinbKicmio 8y3i8
ma yacom nobyoosu cmpykmypu JUIK

Aurroputmivna 3aranbHa KUIBKICTB 3aranbHa KUIBKICTB 3aranbHuii yac
cxema nomMuJiok — Eryy, % By3aiB JJIK — Vt,, renepanii JJIK — Ty,
C4.5 Config. No 1 —57 c.
6.8 10167 Config. No2 -43 c.
C5.0 6.8 9201 Config. No 1 —62 c.

Config. Ne2 -5l c.
Config. No 1 — 50 c.
Config. Ne2 —47 c.

DeTree 6.7 1012

[TpunnunoBoto ocobuuBicTio cxemu C5.0 y MOpiBHSAHHI 3 IHIIMMHU TaKUMHU ajITrOpUTMaMH
noOy10BM JiepeB kinacudikauii € HasBHICTh MexaHi3My Oyctunry (booosting). Ilix GycTuHrom
OyZeMOo po3yMiTH 3arajJbHUI METO/I TeHepallil Ta 3aKII0YHOTr0 00’ €THAHHS AEKUIBKOX MO0YI0-
BaHUX KJIACH(IKATOPIB IS MiABUIIEHHS TOYHOCTI Kiacudikamii. 3ayBaxxumo, 1o cxema C5.0
OIATPUMY€E TPSAMUN OYCTHUHT 13 OyIb-SKOIO KUIBKICTIO iTepalliii, mpuyoMy OuIbIIa KiTbKIiCTh
iTepaliii 3a3Bruail MPU3BOANTH JI0 MOAATBIINX MOKPAIIEHb SKOCTI CHHTE30BaHUX Kiacudika-
TOpiB. 3p0O3yMiJIO, 1110 Ha CTBOPEHHS TiOpUAHUX KiIacu(ikaTopiB (Ha OCHOBI ImpolexypHu Oyc-
TUHTY) BUTPAYa€ThCs 3HAYHO OUIBINE Yacy, ajie BUTPAll y JOJATKOBIA TOUHOCTI MOJEINi MOXKe
BUIIPABJATH JOAATKOBI BUTPATH MpOIecOpHOro 4acy. OTxe, mpoueaypy OyCTHUHTY 3aBKIU
CIIiJ] TIPOBOJMTH, KOJMU MOTPiOHA MaKCHMalbHa TOYHICTH (SKICTh) Kiacuikaiii, 0coOIMBO
KOJIM IEPBUHHI KJITacu(piKaTOPH BXKE JAIOTh HETIOTaHy TOYHICTb.

3BepHeMo yBary, mo cxemu C4.5, C5.0 ta DeTree cunresytors mojeni JIJIK 3 ananorigaoro
MIPOTHO3HOIO TOYHICTIO JUTsI 3alPOIIOHOBaHO1 3a1a4i, ane C5.0 mokasye Tpoxu OUIbIINI Yac po-
60T npu MoOyA0BI JepeB Kiacuikaiii mpu Maiike 0JJHAKOBIM KiTbKOCTI ITOMUJIOK HA IMOYAaT-
KOBii BuOOpIi. [IpudoMy OCHOBHI BIZIMIHHOCTI MOJIATAIOTh Y PO3Mipax Ta CTPYKTypax mooy-
JIOBaHUX JiepeB Kiacugikalii i yacy oOYuCiIeHb Mpu MOOYI0BI FOTOBOI MOJENi — CTPYKTypa
nepesa C5.0 momiTHO MeHIIIe, ane BUTpatu yacy C5.0 € mopiBHAHO OUIBIIIL.

3BepHeMo yBary, mo cxema C5.0 Bkimrodae B cebe Kiibka HOBUX (PYyHKIIIT, TAKUX SK 3MIiHHI
BTpAT Ha HEMPaBMWIIbHY KiIacuQiKalliio, o (aKTHYHO J03BOJISIE€ BBOAUTH JI0IaTKOBI THIH I1O-
MUJIOK KJacu]ikamii 3 pi3HOIO0 BapTicTIO (SIKiCTIO Ta 1iHOM0). Y cxemi C4.5 ta [1C DeTree Bci
MIOMMJIKH PO3TJISAAI0THCS SIK PiBHI 3a IIHOIO (SIKICTIO, KIHIIEBUM BIUIMBOM), aJIe y IPUKIIAJHUX
3ajayax Jieski 0coONMBI MOMMIKH Kiacugikarii (pi3HUX TUIIB) MOXKYTh OyTH OLIbII cepho3-
HUMU (BOXXKHUMH), HIXK 1HII (3BUYAHO 3aliexHO Bix crienuiku 3amadi). Tak, anroputm C5.0
JI03BOJISIE BU3HAYUTHU (BpaxyBaTH) OKPEeMY BapTICTh (LiHY BIUIMBY) AJIS KOKHOI IIOMHJIKH (J10-
BUILHOT'O THITY ) MOJIE, 110 OYAYy€ThCs, — SKIIO BUKOPHCTOBYETHCS Lisl OIS (Y CXeMi alropH-
TMY), TO B IbOMY BUIIAJIKy OyayeThes KiaacudikaTopu Ui MiHIMI3allii O4iKyBaHUX BUTPAT Ha
HEeNpaBWIbHY Kiacu]ikallito, a He 3arajlbHO1 YacTOTH MOMIIIOK cTpyKTyp JIIAK, mpudyomy cami
MOMIIKH KJacudikaiii (BUIaJKN ) TAaKOK MOXKYTh MaTH HEOTHAKOBE 3HaYeHHS (1[iHY). Y cxemi
C5.0 nepenbayeHo BiAMOBIAHUN mapameTp (aTpulyT) Baru BUMAAKy (MOMUIIKH Kiacudikariii),
SKUHA KUTBKICHO Ta SIKICHO BU3HAYA€ BAXKJIMBICTh KOKHOT'O TAKOTO BUMAJAKY ((aKTHUHO cxema
C5.0 HamaraeTbCst MiHIMI3yBaTH 3Ba)KE€HY 4aCTOTY OMMUJIOK ITPOTHO3YBAHHS).

binpmiicts cydacHux IIC i KOMIUIEKCIB IHTEIEKTYAIbHOTO aHANI3y JaHUX XapakTepu3y-
IOTBCS Ty’K€ BHCOKOIO YHIBEpCAJIbHICTh y TUIaHI pO3MIpHOCTI Ta cTpykTypu HB — i3 coTHAMMU i
TucsiuaMu aTpuOyTiB (03HaK). [IpuHnmnoBoro ocobnusicTio cxemu C5.0, sixa BiacyTHs B C4.5
ta DeTree (asie Moxke OyTH TOAaTKOBO peaiizoBaHa OKPEMUM MOJyJIeM) € aBTOMAaTHYHE BifCi-
I0BaHHS aTpuOyTiB (03HAK) Mepea Mo0y0BOI0 KiIacH(piKaTopa, sSIKI XapaKTepH3yIOThCs JIUIIIE
HE3HAYHOI Kopensiiero (peneBanTHiCTIO). Jlns HB Benukoro ta HaaBelIWKoOro o0’eMy Taka
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MIOYaTKOBA KOPEKIIis MACUBIB JTAHMX MOYKE MPU3BECTH JI0 3MEHILIEHHS CKJIQJHOCTI Kiacupika-
TOPIB Ta MiJBUIICHHS TOYHOCTI PO3Mi3HABAHHS, 4 TAKOXK YaCTO MOXE CKOPOTHTHU Yac HEOOXi-
HUH 17151 moOy0BU HAOOpiB MpaBUiI Kiacudikallii. 3BepHEMO TaKOX yBary Ha MpoCTOTY y BH-
kopuctanHi cucremu DeTree ta C5.0. Ilporpamumii iHcTpymenT RuleQuest (3 BiakpuTuM
KOJIOM) JI03BOJIsiE€ 3a0€3MeUUTH NPOILeypH YMTaHHS Ta iHTeprpeTanii Kiacu(ikaTopiB cxem
See5/C5.0 (See5 — Biakputa nporpamua peamizaiis anroputmy C5.0 Ha Java). [Ticns Toro sik
knacudikaropu (Mozeni nepeB kinacudikanii) Oynu nodynosani anropurmamu SeeS/C5.0 — us
crcTeMa JI03BOJISIE OTPUMATH JI0 HUX JOCTYM 3 iHIMX He3anexxHux [1C.

BucHoBku BinmoBigHo g0 crarri. OTxe, 3Bakarodyn Ha BCE BUIIICHABEICHE, MOXKHA 3adi-
KCyBaTH Taki IMyHKTH:

B omHomy 3 BapiaHTiB, 3arajibHy CTpYKTYypy AoBiisHOro JIZIK MoxkHa 10cuTh MPOCTO Mpet-
CTaBUTH Y ITPOTpaMHOMY (pOpMaTi y BUIIISAI TPHOX 0A30BUX €JIEMEHTIB (Ha0Opy TPHOX MACHUBIB).
Tpeba 3ayBakutH, 1m0 11 nporpamuoi nodynosu JIJIK neoOxiqHo M * N GaldT oneparuBHOI
nam’sTi (JUIs TpOCTOro BUMAJKY) Ui 30epiraHHsi moyatkoBoi iH(opmanii I(l), a Takox 3 *
MN * (6M — 1) Gaiit — s 30epiranHs TppoxX 0a30BUX MacuBiB Ta 3N GallT myist 30epiraHHs
TPbOX JIOTIOMIKHUX. 3ayBaXXHMMO, 1110 Yac o0y 108U pe3yibrytodoro JIJK 3anexuts Bix 00’ emy
noyatkoBoi iHpopmaii /(1) (e niniiinoro pynkiiero Bix (1)), a yac NpUHHATTA pillIeHb 3a M0-
Oynoanum JI/IK He mepeBHIIy€e N IPOCTUX MOPIBHAHB, 1€ N — KUIBKICTh O3HAK y MOYAaTKOBIH
iHpopmartii 1 (). 3anporoHoBaHUi BHIIE aTOPUTM JI03BOJISIE 3a0e3MeunTr e(heKTUBHUIN Mexa-
Hi3M nporpamuoi no0ynoBH (ikcoBanoro JIJIK 3a Habopom nesikux nmoyarkoBux aaHux (HB).

Ha cporoani Binomo aecsatku I1C moOynoBu pi3HUX THIIB Mojesel nepeB Kiacugikarii
(nepes pimmenp) y Burisai ctpykryp JIAK ra nume ogna [1C, sxa 6a3zyerses Ha konuenii AJIK,
MPUYOMY BCl LI CUCTEMH BIJPI3HAIOTHCS MPUKIIAIHOIO CIPSIMOBAHICTIO 3a/1a4, 110 PO3B’A3Y-
IOTHCS, METOJJAMU Ta KOHLIENITYaIbHUMU 3acaJaMM, PI3HOMAHITHUM PiBHEM HiATPUMKH, TpH-
yoMy 0araTo 3 HUX € y BUIbHOMY (200 4aCTKOBO BUIBHOMY) JOCTYIII.

JIOMiHYIOUYMMH TiAX0JJaMHU METOJIIB Ta CXEM JepeB pillleHb € CUCTEMHU Ha OCHOBI METOJIiB
CART (cnpsiMmoBaHUX Ui pO3B’A3KY 3a/1ayu Kiacu}ikalii Ta perpecuBHOro anamisy), a [1C Ha
ocHOBi cxemu C4.5/C5.0 Ta ixHiX cydacHHX Monudikaliiil/peanizauii (111 po3B’A3Ky 3a1a4
po3mi3HaBaHHA Ta Kiacugikanii) Ta margopmu (HaOOpU aNrOpPUTMIB) MPSIMOTO Ta TPAIEHT-
Horo Oyctunry (6i6miorexku LightGBM ta XGBoost).

VY 3B’513Ky 3 TUM, 1110 CTPYKTYpH JepeB Kiacudikarii micis moOyaoBu 3a BUOIpKaMH pealib-
HUX JJAHUX BEITUKOro 00’€MYy — MarOTh 3/I€OUIBIIOTO CKIAJHY JUIS aHAi3y Ta HEOJHOPIIHY 32
PIBHSIMU (sSIpycaMu) CTPYKTYpPY, TO IPUHIUIIOBOIO MPOOIEMOIO 3aJIMIIIA€THCS TUTAHHS OpraHiza-
il mpoueaypu onTuMizarii abo oOpi3kH (pruning) TakUX KOHCTPYKIi. 3HayHa e(EeKTUBHICTbH
TOT'0 UM 1HIIIOTO ITOPUTMY a00 CXeMH JAepeB KiacHpikarlii 3HAYHOIO MipOIO BU3HAYAEThCS ede-
KTUBHOIO peajizaii€eto (e()eKTUBHICTIO peali30BaHUX aITOPUTMIB) caMe IIbOr0 KOMITIOHEHTA.

[Toripu BHCOKY €(peKTUBHICTh Y MPAKTUYHIN TUIONINHI, HAsBHICTH SIKICHOI'O MEXaHI3My OIl-
TUMi3allii, MiHIMi3a1il o0y 10BaHUX CTPYKTYp AepeB kinacudikamii cxema C5.0 He nmo3z6aBieHa
1 IEBHUX CHCTEMHMX HEJOJIKIB, 5IKi 000B’S3KOBO MOTPIOHO BPaxOBYBATH SIK MpU peajizarlii,
TaK 1 mpu podoti 3 moOynoBanumu moaensmu JIJIK.

I1C DeTree 6a3yeThcst HAa KOHIIETIIT pO3raly>k€HOT0 BUOOPY O3HAK (ITOETAIHOI CeNeKIIii
O3HAK) Ta J03BOJIsI€ mpautoBaT 3 HB pisHOTHIHOI iH(OopMaIlii IHUPOKOTo CeKTpa MpuKiIal-
HuX 3ana4. [Ipyuomy Ha mouarkoBomy erani nmpoektyBaHHs [IC craBuimcs 6a30Bi BUMOTH
1010 3arajbHOTO (DYHKI[IOHANIA CUCTEMH — HAasIBHICTh €()eKTUBHOTO MEHEKepa am’ siTi CH-
CTeMH, CIPSIMOBaHICTh Ha poOOTY 3 MAaCMBaMH JIaHUX BEJTMKOTO Ta HAJBEJIUKOTO 00’ €My, BU-
Mora Ha e()eKTUBHICTh Ta ONITUMI3aIliI0 KOy CHCTEMH, IPOCTOTA iIHTepdeicy oneparopa, Ha-
SBHICTb aBTOMAaTHYHOTO Ta IHTEPAKTUBHOTO pEXHUMIB poOOTH CHCTEMH, BHUMOTa
KpOCTUIaTOPMHOCTI TOTOBOT CHCTEMH, BUMOTA Ha KOPEKIIiIO Ta JOHABYAHHS TOTOBOI MOJIEIN1
knacudikauii (ctpykrypu JIJIK).
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[TocninoBHICTH KpOKIB MOOYAOBU CTPYKTYpH aepeBa knacudikamii (moneni JIAK) y IIC
DeTree MOXHA BU3HAYUTH TAKUM TOPSAKOM JIiii: TOYATKOBHI €Tar BUSHAYEHHS Ta iHiliami3a-
1ii 6a30BUX MapameTpiB, eTar BaliJalii BXiIHUX JaHUX Ta BU3HAYCHHA pexxuMiB podotu I1C,
eran poOOTH 0a30BUX MPOLETYp MEHEKepa maM’sTi, eran (GopMyBaHHS Ta iHPpOpMaLiiHOT
OLIIHKM Ha0OpiB 03HaK (aTpudyTiB), eTan popmyBanHs cTpykTypH JIJIK (By3miB Ta nepexoin),
eran ontuMmizanii Ta miHiMizamii koHcTpykuii JIJIK (pinanpHoT 00pi3ku nepeBa kiacudikarii),
eTarl KiHI[eBOi epeBipKH mapameTpiB noodyaoBanoi moneni kinacudikauii (JIAK), eran ananizy
Ta BUJUICHHS MTPaBUII Kiacudikaiii.

OnnuMm 13 BapiaHTiB aHaizy nodynoBaHoi crpykrypu JIAK (Moneni knacudikarii) Moxe
oytu pexxum podotu I1C DeTree (step-by-step model decomposition), sikuii 103BoJIsIE TIPOBE-
CTH TOETAIHE BUALICHHA NpaBui Kiacudikanii 3 koncrpykuii JIAK mis ix noganeioro gocii-
JDKEHHS Ta 30epeKeHHs, IPUYOMY 3pO3YMLIO, 10 TaKUi miaxia Oyae akTyalbHUM IS IPUK-
nmajHuX 3anad knacudikamii 3 HB Benukoro ta HaaBenukoro 06’eMy Ta y BUIMAAKY BEIUKOI
CKJIaHOCTI (piHanbpHOT Moaeni kinacudikaii (crpykrypu JIZIK) micist eramy ocTaTOYHOT ONTH-
Mizarlii, MiHiMi3aIii (00pi3KK KOHCTPYKIIii AepeBa).
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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 software 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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CHUCTEMA BUSIBJIEHHS ®EVKOBUX HOBUH
3A TOITOMOT'OIO DATA SCIENCE

Axkmyanvhicmbs memu 00cnioxncenun. Benukuii 00 'em ingopmayii, wo cmae mpaduyiinum ons iHpopmayiiinoeo cycni-
bCMBA, CMBOPIOE HOBE BUKIUKU 05 iloocméa. Ha 3aminy npobnemi ckiadno2o 0ocmyny 00 ingopmayii, wo 6yna akmyaivra
PpaHiwe, npuxooums Ho8a npobaema: cmpykmypusayii ma ginempyearns ingopmayii. Ceped 3aeanvro2o nomoky ingopma-
L;iﬁHOZO wymy akmyaibHum cmae NUMAaHHA 6UOKPEMIEeHHA npaedu. y yvomy KOHMeKCMI 8AJICIUBUM NOCMAE NUMAHHS He TUULe
PO3BUMKY KPUMUYHO20 MUCLEHHS, aile Ul PO3POOKU MEXHIUHUX 30C00I8 BUABTIEHHS (DeliKIE.

ITocmanoska npoonemu. L poboma oxycyemucs Ha NOHAMMI pO3POOKU CUCTEMU BUABTIEHHS (DEUKOBUX HOBUH, AHAI3I
icHylOuUX cucmem ma iXHix NPUHYUNI6 pobomu, NPUHYUNIE NO6YO08U IXHIX aneopumMMie ma 0coOUBOCMAX iIX BUKOPUCTNAHH.

Ananiz ocmannix oocnioxycenv ma nyonikayiii. bynu posenanymi ocmanni nyonikayii'y ioxpumomy oocmyni, cmamuc-
MUYHI Oani, 36imu Kopnopayitl.

Buoinenns nedocnioxyceHux wacmun 3a2anvHoi npoonemu. Ananiz paiiny 6yode 6UKOHaAHUL 30 O0NOMO2010 MPbOX Memo-
oie/knacucixamopis i 6e3 euxopucmanns PassiveAgressive knacugikamopa. O6uucients ma 6Uu8eOeHHs pe3yibmamie 6uKo-
HYEMbCSA 30 00NOMO2010 NOOYO08U MAMPUYL NOMUTOK MA PO3PAXYE8AHHS MOYHOCH.

Ilocmanogka 3adaui. OctogHoI0 Memoio pobomu € CMBOPEHHs HA OCHOBI PO32NAHYMUX MAMepianie cucmemy GUAGLEHHs
etikosux HOBUH Ma ocsemu HAbLIbUL MONCIUBOL MOYHOCHI.

Buknao ocnosnozo mamepiany. Obpano 6xioni oani onsa docniodicents, npogedena ix niocomosxa ma ananis. Ilpogedeno
00CTIOHCEHHS, OaHUX 3a 00NOMO2010 Memodis/knacugixamopis Jlocicmuunoi peepecii, Jepesa piwens ma Pandomuozo nicy.
Obuuciena moyHicmo 8UAGLEHHS (DElIKOBUX HOBUH.

Bucnoeku 6i0nosiono 00 cmammi. 3anponoHo8ana cucmema 0036015€ KIACUDIKY8amu HOBUHU K «helikosiy abo «npa-
8ousi» 3 mounicmio 98-99 %.

Kniouosi cnosa: ¢heiix; ¢eiikosa nosuna, npagousa HOBUHA, KIACUDIKAMOop.

Puc.: 6. Tabn. 1. bion.: 10.

AKTYyaJIbHiCTh TeMH J0CTiT:KeHHs. Ha cbOroHi aKTyansHUM € 3aBIaHHS aHAIli3y MpaB-
IUBOCTI iH(opMallii B HOBUHAX, IKUMH 3alIOBHEHI BC1 ICHYI0Y1 KaHAJIM OTPUMaHHs iH(opMarrii.
Ii akTyanbHicTh OB’ s3aHa 3 HEOOX1IHICTIO 3aN00IraHHs MaHIKU Yepe3 OTPUMAaHHS HEJOCTOBI-
pHOi iH(opMmarlii, po3BiHUYBaHHS MCEBAOHAYKOBUX (DAKTIB, [0 MOXYTh 3arPOXKyBaTH KUTTIO
mozeit, 00poTh0a 3 MONITHYHOO MPOTAraHI0k0 Ta 1HIII.

IMocTanoBka npodsemu. Binroni sk TepMmiH «(eiikoBi HOBUHI» TOTPAIUB Y IOBHE BUKO-
pHUCTaHHS Ta CTaB 3arajlbHOBXHUBAHUM y 2016 po11i, MU CTau CBiIKaMH palioHaJIbHOTO MOIIN-
pEHHS HeTlpaBAUBOi iH(pOpMaIlii Ta crocoOiB i mOMUpPEeHHs. Y [IbOMY POIIi TIIs1a4aM i YnTaqam
JIOBEJIOCS] CTUKHYTHUCS 3 (pabIIMBUMH BiICOPOIMKAMH, 1110 OOYJIH MOJIaHi K A1MCHO PaB/IHBi,
OJ0ramMH, HaUCAHUMHU aHOHIMHUMHM «TPOJIIMHY, @ TAKOX CYMHIBHUMH TE€OPISIMH, Yy SIKi IOBi-
puin HaBiTh y binmomy nomi CIIA. Ile me He Kaxy4dH Mpo YUCICHHI MPUKIAIH TOMUIKOBUX
a00 3aBizomMo omanIMBHX MaHuX y 3MI abo BuCTynax BCECBITHBOBIJOMUX MOJITHKIB.

AHaJIi3 ocTaHHIX A0cTiTKeHb i myOJikaniii. JlocmikeHHs i€l mpoOIeMu MPOBOAUIUCS
TaKMMH BUCHUMU Ta opraHizamismu, sk Filip Mishevski [1], data-flair [2] Ta inmi.

BujineHnsi HeToCTiI:KeHUX YACTHH 3arajbHoOi mpodJjemu. Y 1ii crarTi aHami3 Qaiimy
Oy/ne BUKOHAHMN 3a JIOMOMOTOI0 TPbOX METOAIB/KIacH(piKaTopiB 1 0e3 BUKOPUCTAHHS
PassiveAgressive knacugikatopa. OOUKCICHHS Ta BUBEICHHS pPe3yJIbTaTiB BUKOHYEThCSA 3a J0-
MTOMOTOF0 MOOYIOBH MATPHIlh IIOMUJIOK Ta PO3paxyBaHHS TOYHOCTI.

IMocTanoBka 3agayi. Y cTarTi MpoaHaiizoBaHa MiAroToBKa (aiiiy 10 BUSBIECHHS (eiiko-
BUX HOBHH, po00Ta 3 TaHuMu ¢aiiny. PeanizoBaHo aroput™ BUsiBJICHHS (HEHKOBUX HOBHUH.

Bukiiag ocHoBHOro martepiaiay. «DeifkoBa HOBUHA) BU3HAYAETHCS SIK TaKa, IO «IIOBHI-
CTIO CKJIaJieHa 1 cabprKoBaHa Juis 0OOMaHy YMTava, 3 METOIO 301IbIIeHHS TpadiKy 1 MpUOYTKY.
Taxi HOBUHM MOYKHA OXapaKTepU3yBaTH SK eeMeHT iH(popMaliiHoi MicTUdiKaIlil 800 HaBMH-
CHE MOILIMPEHHS HeMpaBAuBUX (DaKTiB B OHJIAMH- Ta TpanuiitHux meaia abo 3MI 3 meToro BBe-
JICHHS CIIOXkKHBaya B oMaHy ab0 oTpuMaHHA (iHAHCOBOI UM MOJITHYHOI BUTOIM» [3].

L1 poGoTa GoKycyeTbess Ha HOHATTI PO3POOKU CUCTEMHU BUSIBJICHHS (PEHKOBUX HOBUH, aHa-
31 ICHYIOUHMX CUCTEM Ta iXHIX MPUHLHUIIB pOOOTH, MPUHIUIIB TOOYIOBH iXHIX aJrOPUTMIB Ta
0COONUBOCTSIX iX BUKOPHUCTAHHSI.

© bazunesuu B. M., TIpubutexo M. 1., 2020
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Jnst nocnipkeH st peHKOBUX HOBMH Ta OTPUMAHHS IKOMOTa TOYHIIIOTO Pe3yNbTaTy MOTPiOHO
MaTH JIOCUTh BENMKUI 00CAT BUXITHUX AaHUX. [IprdoMy unM OLIbIIY KUTBKICTH HOBUH BAACThCS
NPOAHATI3yBaTH, TUM OUIBIIY TOUHICTh PE3yJIbTaTiB MOKHA Oy/ie oTpuMaru. Cepesr YyuManoi Kijib-
KOCTI BapiaHTiB OyB oOpaHuii caift https://www.kaggle.com/, sikuii Hagae MOXXIIMBICTb 3HANTH Oa-
raTo CETIB JaHMX JUIs Maibke OyIb-SIKMX aHATITHYHUX TOTped. Y HaIoMy BHIQIKY OyB 0OpaHMii
naracet «Fake and real news dataset» [4]. Lleit HaOip manux ckiagaerbes i3 qBox (aitniB Fake.csv
Ta True.csv, sIKi MICTATB BiJIIOBIHO Ha0ip (heiiKoBHX Ta HaOip MPaBIMBHX HOBUH. Y JaTaceTi BU-
KOpHCTaHI HOBUHH, 1110 Oynu omyOumikoBai 3 31 6epesns 2015 poky o 19 mororo 2018 poky
ta3 13 ciunsg 2016 poky mo 31 rpynus 2018 poky s ¢aitni Fake.csv Ta True.csv BimoBiaHO.

Jlis 3py4HOCTI MOAANBIIOr0 aHAJI3y TaHUX MOTPIOHO MiArOTYyBaTH (ailsl TAKUM YHHOM:

1. Homaemo neitbnu “fake” ta “true” s daiinis.
3nuBaeMo obuBa (ailnu B OAuH (iHATBHUIM.

[epemimryemo naHi, 1100 OTpUMaTH BUIIAAKOBUI MOPSIOK HOBUH Y (aiii.
[Tpubupaemo xonoHkwu title Ta date, sik Taki, 110 HE HECYTh MIHHOCTI [T TOCIIHKCHHS.
[TepeBonumo TekcT y lowercase.

[TpubupaemMo MyHKTYyaLito.

7. Bupansemo “stopwords” (1ie Taki cJI0Ba, sIKi He JOJaI0Th OCOOIMBOr0 3HAYECHHS PEUEHHIO.
Bonu MoxyTh OyTH G€311eYHO MPOIrHOPOBaHi 0e3 KoM Ui 3MicTy pedeHHs). [licis BUKoHaHHS
JTiiA, OTIMCAaHKX BUIE, (a1 MO>KHA BBKATH TOTOBUM JUIS TIOIAJIBIIIOTO JJOCIDKEHHSI.

[lepm HiX peani3yBaTH alrOpUTM MOIIYKY (peKOBHX HOBHH, IPOBEAEMO IEPBUHHUI aHa-
73 BMICTY JaHUX Y (ailii, ajpke BaXKIMBO PO3YMITH HE JIUIIE 3 SKUM OOCSTOM JIaHUX MU Tpa-
IIIOEMO, a 1 3 IKUMU caMe IaHUMH MU MaeMO CIIPaBy.

BuBenemo y BUIJIs11i CTOBITYACTO]T AlarpaMu KiJIbKICTh (EHKOBUX Ta MPaBANBUX HOBUH. J[iis
IIbOTO BUKOpPUCTAEMO Jieibnu “true” ta “false”, siki Oynu BCTaHOBJIEHI Ha MOYATKy POOOTH 3
¢aitnom. PesynpTat mipaxyHKy npeacTaBiaeHuid Ha puc. 1.

label

fake 23481

true 21417

Hame: text, dtype: intes

AN

<matplotlib.axes, subplots.Axessubplot at ex2b23aasecde>

o 5000 10000 15000 20000
ount

Puc. 1. Pezynbmam eugedenns Kinbkocmi ¢petikogux ma npagousux Ho8uH

Bupaxyemo Tako TOUHY KiJIbKICTh HAHOUIBII BXKMBAaHUX CIIB y (PeHKOBUX Ta MPaBIUBUX
HOBHMHAX 1 BUBEJIEMO PE3YyJIbTAT, SIK OKAa3aHO Ha pUc. 2 Ta 3 BiIMOBIHO.

Temnep Mo)xHa 3pOOUTH TIPHUITYIIIEHHS [IPO OCHOBHY TeMYy HOBHH, 110 TIpeJCTaBJeH] y ¢aiini, a
TaKOX OLIHUTH HAJIIGKHICTB JI0 TIEBHOI reorpadivHoi obnacTi (y HaloMy BUTIAIKY KpaiH!) Ta OIHCY
il TIEBHUX T'PYII HaceIeHHs (Y HAIIOMY BUIIAJIKy MOXKHA IT00AYNTH HaBITh KOHKPETHI MPI3BUILA).

3poOuBIIHM LIeH aHai3 Ta PO3YMilOUYH BMICT (ailily, MOKHA MEPEXOIUTH 10 CTBOPEHHS ajl-
TOPUTMY MOIIYKY (PEHKOBUX HOBHUH.
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[Tporiec MoaenOBaHHS CKIIANAETHCS 3 BEKTOPU3aLlli KOPIYCY, 10 30epiraeTbcs y CTOBIIII
«text», motim 3actocyBanHs TF-IDF (frequency-inverse document frequency) i, Haperiri, aji-
ropuTMy Kiacudikaiii MaImMHHOTO HaBYaHHA [5].
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Puc. 2. Pe3ynomam sugedenns kinokocmi Hati-  Puc. 3. Pe3ynomam eusedentst KitbKocmi Hati-
OiIbUL BAHCUBAHUX CTLIB Y (PELIKOBUX HOBUHAX OiIbUL BIHCUBAHUX CILI6 ) NPABOUBUX HOBUHAX

[Tporiec MoaenOBaHHS CKIIAIAETHCS 3 BEKTOPU3alLlli KOPIYCY, 110 30epiraeTbcs y CTOBIIII
«text», motim 3acrocyBanHs TF-IDF (frequency-inverse document frequency) i, Haperiri, aji-
ropuTMy Kiacudikaiii MaImMHHOTO HaBYaHHA [5].

YV KOHTEKCTI 11i€i CTaTTi MU BUJUILEMO TPU METOIM/KIacu(PiKaTOpH BUSBJICHHS, a caMme:

1. JloricTuyna perpecis.

Jlorictuuna perpecist abo (anrn. Logistic regression) — 11e¢ CTaTUCTUYHA MOJIENb, O] BUKO-
PHUCTOBY€ETHCS ISl MPOrHO3YBaHHS MMOBIPHOCTI BUHUKHEHHS JESIKO1 TOI1 HMIIAXOM HOro Io-
PIBHSHHS 3 JIOTICTUYHOI KpHUBOIO. LIst perpecis Buae BiANOBiAb y BUIIISAII MIMOBIpHOCTI GiHap-
Hoi moii (1 a6o 0) [6].

OcHoBHa ifiest JIOTICTUYHOI perpecii MoJIsrae B TOMY, IO MPOCTIP BUXITHUX 3HAYEHb MOXKE
OyTH pO3/ALIEHHH JIIHIHHOIO IpaHuUIIelo (TOOTO MPSIMOI0) Ha JIB1 BIANOBIIHUX KiacaM obmacTi [7].

2. JlepeBo pillieHb.

JlepeBo pimeHb — kiacuikarop, MoOyJOBaHUI Ha OCHOBI BHUPIIIAJBHUX MPABUI BUIY
«SKILO, TO», YIIOPSIKOBAHUX Y JI€PEBONOIIOHY 1€papXiuyHy CTPYKTYPY.

B ocHOBi poOoTH iepeBa pilieHb JIEKHUTh POLEC PEKYPCUBHOTO PO3OUTTS BUX1THOT 031Ul
00’€KTIB Ha MiAMHOXXUHH, acOIiOBaHI 3 MONEPEAHbO 33laHUMH KjlacaMH. Po30UTTs mpoBo-
JUTHCS 32 TOMTOMOT'OI0 BUPIIIAIIHUX MTPABUJI, B SIKMX 3JIIHCHIOETHCS TIEpeBipKa 3HaUeHb aTpH-
OyTiB 3a 3aJ1JaHOI0 YMOBOIO. SIK HaBUaIbHUIN HAOIp JaHUX BUKOPUCTOBYETHCS O€3714 criocTepe-
KEHb, TS SIKUX MTOTIEPETHRO 3a/1aHa MiTKa Kiacy [8].

3. PannoMHuUM(BUITaIKOBHIA) JIiC.

BumankoBuii mic — oguH 13 HAWOUTBII MPUTOIOMIIUTHBUX AITOPUTMIB MAIIMHHOTO HAaB-
yaHHs1, npugyManuii Jleo bpeiimanom 1 Anens Karnep me B Munynomy cromitti. Bin giiinos
710 HaC y «IE€pBO3IaHHOMY BHUIJISI» 1 € OTHUM 13 HeOararboxX yHIBEpCaJIbHUX aITOPUTMIB. Y Hi-
BEpCaJIbHICTh MOJIATaE, O-TepIle, B TOMY, 10 BiH XOPOIINKA y 6araTboX 3aBJaHHSX, O-APYTE,
B TOMY, 1110 € BUIIAJKOBI Jica JIsl BUPIIICHHS 3aBJlaHb Kiacudikailii, perpecii, Kiiactepu3ariii,
MOIITYKY aHOMaJIiH, cenekuii o3Hak i T. iH. [9].

[Tobymyemo confusion matrix (MaTpHIli MOMIJIOK) MOJIENEH Ui KOKHOTO 13 3a3HAYEHUX
Buie MmeroiB/knacudikaropis [10]. Ha puc. 4 300paxena marpuis moMuiok ais Jlorictuanoi
perpecii, Ha puc. 5 — s JlepeBa pilieHs Ta Ha puc. 6 — PangomHoro icy.
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Confusion matnx Canfusion matrix

4000

Fabe Fake

3000

- 2000

1000

o

Puc. 4. Mampuysa nomunok Puc. 5. Mampuysa nomunok
(Jlocicmuuna peepecis) (epeso piwens)

Confusion matrix
Fake
3000

2000

1
el 1000

Puc. 6. Mampuysa nomunox (Panoomnuii nic)

BucHoBKkHM BinnoBiaHo 10 craTTi. 111 3pydHOCTI OTJIsATy, 3p0OMMO MOPIBHSIBHY TaOJIHUIIIO
OTPUMAaHUX PE3yJbTATiB TOYHOCTI. Pe3ynpTar y BUrIIsAAl MOJKHA TOOauuTH B Ta0I. 1.

Ta6mums 1
TlopisHanns pe3yibmamis 00YUCIeHH MOYHOCMI 3d PIZHUMU MEemOoOamu
Ha3sa meTony OTtpumana To4HiCTD, %
Jlorictiuna perpecis 98,98
JlepeBo pinreHp 99,64
Pangomawnii nic 99,28

OTxe, MOKeMO 3pOOUTH BUCHOBOK, IO Pe3yJIbTaT BUBICHHS (DEHKOBHX HOBHH 3a JIOTIO-
Mororo kinacudikaropa Jlepesa pilieHs 1aB HAHOUIBIINI pe3ybTar.
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UDC 323.266:004.9
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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FOnis Tkau
KOHHENTYAJIbHA MO/IEJIb BE3IIEKH KIBEPITIPOCTOPY

Axkmyanvhicmos memu docnioxncens. [lepoicashi inopmayiiini pecypcu ti 3acodu 30TUCHEHHS eLeKMPOHHUX MEPEHCEBUX
mpan3akyili (cepgepu, Mapuipymu3amopu, cepéepu GUIYHeH020 OOCHYNY, KAHAU 38 3Ky, onepayitini cucmemu, 6asu 0aHux i
dooamku) nompibHo 3axuwamu 0coonU8o HAOIHO I AKICHO: YIHA KOJICHO20 «3IAMY» 3AXUCMY WBUOKO NIOBUWEMbCA | yell
picm O6yoe mpusamu 8 HAUOAUNCLOMY MALIOYIMHBOM).

ITocmanoska npoonemu. 3abesneuenns inghopmayitinoi 6esnexu mepeosic i cucmem o0OpooKU € NPiopUMenmHUM 3a80AHHAM
07151 KePIBHUYMBA OEPIHCABU, OCKINbKU 8i0 30epedcerHs KOHPIOeHYIlIHOCMI, YiNiCHOCMI il OOCIYNHOCIE OePHCABHUX IHPOPpMa-
YItIHUX pecypcis 6a2amo 6 oMy 3a1exHCums AKICMb ma OnepamueHicnb NPULHAMNA CIMPAMe2iYHUX pilueHb ma eqhekmusHicmy
ixuwoi peanizayii.

Ananiz ocmannix oocnioscens i nyonikayii. Hessadicaiouu Ha nocmitiHo 3p0cmarody KinbKicmv nyOonikayitl, NpUcesayeHux it-
Gopmayiviniti 6esneyi, npobnema 3abe3neueHHs be3neKu 8 Kibepnpocmopi, 0CoOnUB0 0epiHCcasU, 3ATUUAENTLCS HEBUPTUEHOTO.

Buoinenns nedocnioxcenux uacmun 3a2anvnoi npoonemu. Huni 6 pobomax imuusHaHux ma 3aKopOOHHUX YUEHUX He-
00CcmamHbo y8azu NPUOiNAEMbCs po3pobyi cucmem ma mooenell kibepoesnexku 0epircasu.

Ilocmanogka 3aedanns. Memoro cmammi € no6y0oga KoHyenmyanbHoi Mooenb be3neKku 8 medcax Kibepnpocmopy, uwjo
onuue ckiadosi HayionanvHoi Kibepbe3neku ma 003601UMb GCIMAHOBUMU CUTY 38 A3KY MidiC GIONOGIOHUMU iT CKIAO0BUMU,
MAKOXC BUSHAYUMU PIBEHb Kibepbe3neKu.

Buknao ocnosnozo mamepiany. 3 suxopucmanusm oiazgpam Eiinepa-Benna spadiuno npedcmasiero Kibepnpocmip deporcasu
Ma HA OCHOBI MEOPIT MHOXMCUH 3aNPONOHOBAHO OUIbLU CHIPO2ULE ONUC MOOEL. Y 3a2anbHOMY 8U2IA0I KOHYENMYaIbHA MOOETb Oe3neKu
KIbepnpocmopy (hopmyemobcsi HA OCHOBI MPbOX KOMNOHEHMI: 0cobu, sKa oopobnse ingopmayiio, 60100i€ Hero abo 30iicHIOE it
3AXUC, HOPMAMUBHO-NPABOGI AKMU, SKI 3a0e3ne4yomb IPUOUYHUL 3aXUCT THOOpMayil; IHGOpMayitiHi pecypcu, y AKUX CKOHYEH-
MPOBAHO THPOPMAYIIO, WO NOMPEDYE 3aXUCMY, | 8 MENCAX SKUX PYHKYIOHYIOMb 3ac00U 3axucmy iHopmayii.

Bucnogxu 6ionogiono 0o cmammi. Y cmammi no6yoosana KoHyenmyanbHa mooens be3nexu 0epicasgu, o onucye ckia-
008i Kibepbesnexu deparcasu ma 00360A€ 6CMAHOBUMU CUTLY 38 A3KY Midic 8ION0GIOHUMU iT CKIAO0BUMU, 4 MAKOIC BUSHAYUMU
pisens kibepbe3nexu.

Knrouoei cnosa: xibepnpocmip; koHyenmyanvha mooens, ingpopmayitina besnexa deporcasu, besneka inghopmayii.

Puc.: 6. Tabn.: 2. bion.: 14.

AKTyaJabHiCTh TeMH J0CTizKeHHsA. BukopucTtanns kibepnpocTopy JAep>KaBH SK TI00alb-
HO1 myOIiuHOT Mepexi 03Havae st 3ac00iB Oe3Mekn 00’ €KTIB 3aXHUCTy HE TIJBKH pi3Ke 3011b-
IICHHS KIJIbKOCTI 30BHIIIHIX KOPUCTYBAYiB 1 pO3MaiTIiCTh TUITIB KOMYHIKAIliHHUX 3B’ S3KiB, aje
1 CriBiCHYBaHHS 3 HOBUMH MEPEXKEeBUMH i iH(popManiifHUMu TexHosorisiMu. Tomy iHpopma-
LiHI pecypcu i 3aco0U 3/1ICHEHHS eIEKTPOHHUX MEPEKEBUX TpaH3aKIIii (cepBepu, Mapupy-
TU3aTOPH, CEPBEPHU BIIIyUEHOTO JOCTYIY, KaHAJIM 3B 53Ky, ONEpaliiiHi cuctemMu, 6a3u JaHHX 1
JOAATKN) TMOTPIOHO 3aXHIATH OCOOJMBO HAMIMHO 1 SKICHO: IiHA KOKHOTO «3JIaMy» 3aXHUCTY
IIBUJIKO pocTe i 1ei pict Oye TpuBaTu B HAKOIMKIOMY MaiilOyTHBOMY.

Tpeba 3a3HaunTH, 1110 32CO0H 371aMy MEpeX 1 po3KpagaHHs iH(OopMaIlil pO3BUBAIOTHCS TaK
caMo LIBUJIKO, SIK 1 BC1 BACOKOTEXHOJIOT1YHI KOMIT FOTEpHI raiy3i. Y X yMoBax 3a0e3rnedyeHHs
iHpopManiiiHoi 6e3meku KibeprnpocTopy € MPIOPUTETHUM 3aBJAHHIM JJIsl KEPIBHULITBA JAEp-
aBH, OCKLITBKU BiJl 30epekeHHs KOH(DIIEHITIHOCTI, MUTICHOCTI i JOCTYIHOCTI JepKaBHUX 1H-
(dbopMalliiHUX pecypciB 6araTo B 4OMY 3aJI€KUTh SIKICTh Ta ONMEPATUBHICTH MIPUIHATTS CTpaTe-
TYHUX pillieHb 1 e(heKTUBHICTD iXHBOT peaisarlii.

ITocTanoBKka npodsemMu. 3acobu 3mamMmy Mepex 1 po3KpagaHHs iHpopmallii po3BUBAIOTHCS
TaK caMo IIBHJIKO, K 1 BCl BHCOKOTEXHOJIOT1YHI KOMIT FOTepHI Taiy3i. Y HUX yMoBax 3abe3me-
4yeHHs iH(popMaliifHOT Oe3MeKn Mepex 1 CUCTeM 00pOOKH € MPIOPUTETHUM 3aBAAHHAM /IS Ke-
PIBHHUIITBA JIEp’KaBU, OCKITBKHU BiJl 30€pekeHHs KOH(DIIEHIIIHHOCTI, MUTICHOCTI i TIOCTYMTHOCTI
Jep>KaBHUX 1HPOpMaLiHHUX pecypciB 6arato B YoMy 3aJI€XKHUTh SAKICTh Ta ONIEPAaTUBHICTh MPUi-
HATTS CTPATETriuHMUX PIillleHb 1 €PeKTUBHICTh IXHBOI peaizallii.

AHaJI3 OCTaHHIX AOCJHiIKeHb Ta myOJikaniii. 3HauHUN BHECOK Yy PO3BUTOK Teopi'l' Ta
IIPaKTUKU H06yz[0131/1 K16epnpOCTopy i1 3a0e3neueHHs Horo 3aXUCTy 3arajioM 3pOOUIIH TPOBIIHI
3aKOpJOHHI Ta BITUYM3HSHI HayKoBIli, Taki sk K. Anekcannep, K. lemuak, JIi Ixanr, I1. Jom-
oposcekuid, JI. XKanueBcki, M. Kaerni, A. KnimOypr, ®@. Kpamep, [x. Jlinman, [[x. Has-
Mmou., I'. Partpeii, C. Crapp, . Hlengon, O. Anamos, C. bonaapenko, B. bypsdok, B. byty-
30B, C. I'matiok, O. Jlosrans, /I. lyoos, O. Knumuayk, O. Kopuenko, O. Mannziok, O. MaH-
xaii, B.Ilanuenko, B.Ilerpos, B. ITwmumuyk, O. Iloriii, M. [Ipucsokaiok, B. @ypares,
B. Xopormixko, I. Xpaban Ta iHmIi.
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BujineHnsi HeT0CTiIZKEHNX YACTHH 3arajibHoi npodaemu. HuHi B poOoTax BITUM3HSIHUX
Ta 3aKOPJOHHUX YUYEHHX HEIOCTATHHO YBArH NMPHUAUIIETHCSI BUBYEHHIO ITUTAHHS CTPYKTYpPHU Ta
CKJIaJIOBUX KiOepmpocTopy, a TaKoX Mpoliecy 3ade3nedeHHs oro 6e3neku.

Mera cratTi. MeToro cTarTi € moOyoBa KOHIIETITYaJIbHOI MOJIeb Oe3MeKH B MexKax Kibep-
MIPOCTOPY, IO OMHIIE CKIAI0BI HAIIOHAIBLHOI KibepOe3rneku Ta J03BOJUTh BCTAHOBUTH CHITY
3B 513Ky MK BIJIIOBIIHUMH 11 CKJIaJIOBUMH, @ TAaKOX BU3HAUYUTH PiBEHb KiOepOe3mneku.

Buxiiag ocHoBHOro marepianty. ¥ npoekti Konnenuii indopmaniitnoi 6esnexu Ykpainu [3],
3a3Ha4yeHo, 110 iHpopMariiiHa Oe3reKa — 1€ CTaH 3aXUILIEHOCT] KUTTEBO BAXKIMBUX 1HTEPECIB JITO-
JIMHU Ta TPOMAJIIHIHA, CYCIILUILCTBA 1 Iep>KaBH, TIPH SIKOMY 3alI00ITa€ThCs 3aBJIaHH KON Yepes
HETIOBHOTY, HECBOEYACHICTD 1 HEIOCTOBIPHICTH MOIIMPIOBAHOI 1H(POpMALLii, MOPYILIEHHS IIUTICHOCTI
Ta JIOCTYIHOCTI iH(OopMallii, HeCaHKIIIOHOBaHUH 00ir iH(opMallii 3 0OMEKEHUM JTOCTYIIOM, a Ta-
KO uepe3 HeraTUBHUH 1H(OPMAIifHO-TICUXOJIOTTYHUI BIUIMB Ta YMUCHE CIIPHYMHEHHS HEraTHB-
HHX HaCJIJIKIB 3aCTOCYBaHHS 1H()OpPMAIIHHUX TEXHOJIOTIH.

Otxe, inpopmayivina 6e3nexa doepicasu — 11e KOMIUIEKC 3aX0iB A€pPKaBHUMHU OpraHaMu
BIaau B iH(opMariiiHii cdepi 13 3ano0iraHHs MOpymeHHs HiTICHOCTI, KOH(IISHIIHHOCTI Ta
JIOCTYIHOCTI 1H(opMaIlii, ToOTo xibepbe3nexa depicasuy — CUCTEMA 3aX0JIIB ICP>KaBHHUMH Op-
raHaMu BJagy B KiOeprpocTopi, COpSIMOBAaHHUX Ha 3a0€3MEUEHHs CTaHy 3aXUIIEHOCTI JIepKaB-
HUX 1HPOPMAIITHUX PecypciB.

BuoxpemitioroTs Tpu piBHI 3a0e3meueHHs iHpopmaliiftHoi 6e3neKu:

- piBeHb 0coOH (popMyBaHHS paLiOHATBHOTO, KPUTHYHOTO MUCJICHHS HA OCHOBI IPUHIIN-
iB cBOOO M BUOODY);

- CyCHiIbHUH piBeHb ((opMyBaHHS SIKICHOrO iH(OpPMAIIITHO-aHATITUYHOTO MPOCTOPY,
TUTIOpalTi3M, OaraToKaHAJBHICTh OTPUMaHHs iH(OpMallii, He3anexHi noTyxHi 3MI, ski Hae-
JKaTh BITYM3HIHUM BJIACHUKAM);

- JepxaBHHUH piBeHb (iHopMalliiiHo-aHamiTHYHE 3a0€3MeUeHHs TiSUIBHOCTI JIepyKaBHUX
oprasiB, iHpopMariiiHe 3a0e3MeYeHHs BHYTPIIIHBOI 1 30BHIIIHBOI MOJITUKA HA MDKIEpKaB-
HOMY piBHIi, CHCTeMa 3aXUCTy 1HPOpMAaLii 3 0OMEKEHUM JOCTYIIOM, MPOTHIis PABOMOPYILIEH-
HAM B iHQOpMaLiiiHiil chepi, KoMIT I0OTEpPHUM 37104MHaM) [4].

Ha mizcraBi paninie BUKIaACHOTO C(OPMYIIOEMO MiIXOIH 10 peati3allii 3aXUCHUX 3aX0-
IIiB 10710 3a0e3neueHHs 0e3meku iHpopMallii B KiGepmpocTopi, 10 Ha ChOTOHI Ma€ BUTIIS
TphOXeTarHoi moaeni (puc. 1).

Puc. 1. Tppboxemanna mooens peanizayii 3axuchux 3axo0ie
wooo 3abe3neuenns besnexku iHgopmayii 8 Kibepnpocmopi
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OpnHak HasBHICTh BIIOMMX IMIJXO/IB JI0 peaizallii 3aXUCHUX 3aX0/1iB HE BUPIIIYE B TIOBHOMY
00cs31 mpoOemu 31. Lle moB’s13aHO 3 BiICYTHICTIO KOHIENITYaJIbHUX MOJIEIICH 3aXUCTY, pO3poOKa
AKMX Ha eranax peanizauii C3I 103BoMUTh BIPOBaHKYBaTH BUIICHABEACH] 3aXHCHI 3aX0/IH.

Ha puc. 2-3 HaBeieHO BapiaHTH KOHIENITyaJIbHUX MOJIENEH Ik 0cO0H, TakK 1 iH(opMaIiitHux
pecypciB, siKi po3pobIeHi 3 ypaxyBaHHSIM BXKe ICHYIOUMX Ha ChOTO/HI Mojeneit [2].

- I -
ﬁ ﬁ
Puc. 2. Konyenmyanvna moodenv 6esnexu ocoou

== = =
=

Puc. 3. Konyenmyanvna mooenv 6esnexu ingpopmayiinux pecypcis




TEXHIYHI HAYKH TA TEXHOJIOI'TI Ne 4(22), 2020
TECHNICAL SCIENCES AND TECHNOLOGIES

BaxximBuM 3 noruisiy 6e3neku AepikaBu € il HopMaTUBHO-IIpaBoBe 3abe3nedeHHs. [Ipomo-
HY€EMO CXEMaTHYHE MPE/ICTaBICHHS KOHLIENTYaIbHOI MO/IeNl HOPMaTUBHO-TIPaBOBO1 Oe3MeKn
nepxkasu (puc. 4).

[TpoananizyBaBIM KOHLENTYalbHI Mojelni (puc. 2—4) MoXHa IITH BUCHOBKY, 1[0 OCHO-
BOIO iX € iHpopmanig. OTxe, MOKHA CTBEPPKYBATH, 110 IPU OyAb-SIKOMY PO3TJIsili MUTAHb Ke-
pyBaHHs OyAb-SIKOIO TiSUTbHICTIO IIEHTpaJIbHE Miclie 1ociiae iHdopMmartis.

Puc. 4. Konyenmyanosrna mooens HOpMamueHo-npasosoi beznexu 0epicasu

3rigno i3 3akoHoM Ykpainu «Ilpo iHdopmartito» iHpopmartist — Oyb-sKi BiIOMOCTI Ta/abo
JlaHi, SIKi MOXKYTb OyTH 30epekeHi Ha MaTepialibHUX HOCIsX a00 Bi0Opa)xKeHi B €IEKTPOHHOMY
BUTIIA [6] iHQOpMaITist TIyMauuThCS SIK TOB1IOMJICHHS PO I10Ch, JOBEACHHS JI0 BiZloMa Y0-
roCh; BIJOMOCTI ITPO HABKOJIMIIHIN CBIT, IPOIIECH, 5IKI B HbOMY BiOyBarOThCs, PO MOJii, CH-
Tyarlii, YuI0Ch JiSUTbHICTb.

Indopmaniiini pecypcu B 3akoni Ykpainu «IIpo HamioHansHy nporpaMy iHpopMaTH3ariin»
[7] BU3HAYAIOTHCS K CYKYITHICTh JJOKYMEHTIB B iH(popMariiiHux cucremax (6i0moTekax, apxi-
Bax, OaHKax JaHUX TOIIO).

VY Posnopsxensi [Ipo cxBanenns Crparerii po3BUTKY iH(OpPMAIIHHOTO CyCHiIbCTBA B
VYxpaini iHpopMmaliiiiHi pecypcr 03HAYalOThCS K CUCTeMaTh3oBaHa iH(opmairist abo 3HaHHS,
10 MalOTh LIHHICTH Yy MEBHIN MpeaMeTHINH 06JacTi i MOXKYTh OyTH BUKOPUCTAHI JIIOAUHOIO Y
CBOIH JISTILHOCTI IS TOCSTHEHHS TIEBHOT MeTH [8].

[Tix iHpopMaLiHHIM pecypcoM po3yMieMO CYKYHHICTh iH(opMariii Ta ii HoOciiB, iHpopMa-
LIHHUX TEXHOJIOT1H Ta iHpopMauiiHoi iHppacTpykTypu. IHdopMarliiiHi pecypcu MOXyTh OyTH
MOJIUJIEH] Ha JIB1 IPYNHU: Jiep>KaBHi iH(popMaIiifHi pecypcH Ta HeAep:kaBHi iH(popMaIliiiHi pecy-
pcu. HenepskaBHi iHpopmariiitHi pecypcH, OpieHTOBaHI Ha MEPECIYHOTO KOpUCTyBava. Y CBOIi
pOOOTI MU 30CepeaMMO yBary Ha 3aXHCTI JAep>KaBHUX 1H(OPMAIIHUX pecypcCiB.

OTxe, nep:xaBHUH iH(pOPMALIHHUIN pecypc € YaCTHHOIO iH(HOPMAIIITHUX PECypCiB 3arajioM.
JeprxaBHi iHPOpMAIliiiHI pecypcH — 1€ pe3yibTaTh 1HTENEKTyalbHOI Ta TPAKTHYHOI AisUTBHO-
cTi, o cpopmMoBaHi B yCix cepax KUTTETISITHHOCTI JTIOAUHH, CYCITUILCTBA 1 AepKaBH, 3adik-
COBaHI i CHCTEeMaTH30BaHI1 Ha BIJMOBIJHUX MaTEpiaIbHUX HOCIAX 1H(OpMAIIiT IK OKpeMi I0KY-
MEHTH 1 MacHBM JOKYMEHTIB, OaHKM 1 0a3M JaHUX Ta 3HaHb, yCi BHJIM apXiBiB 1 0i10mioTeK,
My3eiiHi pouau, iHpopmarliitHi pecypcu, ki 00poOISIOTHCS Ta IEPEIAIOTHCS B iHPOpMAIiHHIX
CUCTEeMax JepKaBHOTrO 1/ab0 3arabHOTO MPU3HAYEHHS, 1HII PECYPCH, IO MICTSThH JaHi, BiJ0-
MOCTI Ta 3HaHHS, SKi € 00’€KTOM IpaBa BIACHOCTI JepKaBH HE3aJIEKHO BiJ (popMu BIAaCHOCTI
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Ha yac iX CTBOPEHHS 1 MAIOTh CIIOKUBYY I[IHHICTh, @ TAKOXK TaKi, [0 MPU3HAYEH] U1 PO3BUTKY
1 3JI0BOJICHHS TIOTPeO TPOMaJIsiH, CyCIIbCTBA, JIEP’KAaBU Ta MiJIATAIOTh 3aXUCTY BiIMOBIIHO
JI0O BU3HAYCHOI ITOIITUKK OC3IEeKH i YMHHOI'0 3aKOHOIaBCTBA [ 14].

Jlo nepxaBHUX iHPOPMALIHHIX peCypCiB BUCYBAIOTHCS BUMOTH IIIOJI0 aKTYAJIBHOCTI Ta J10-
CTOBIPHOCTI HaBEJCHUX y HUX JaHUX; BUUEPITHOI IOBHOTHU iH(POPMALIHHUX JKEPET; KOMIAKT-
HOCTI BUKJIaJly; OTNEpaTHBHOCTI momyky. [lepxaBHi iH(opMaliifiHi pecypcu MaioTh THIIOBY
CTPYKTYpY: 00OB’SI3KOBY — OCHOBHY YacTUHY 1 BUX1JIHI JaHi; (paKyIbTaTUBHY — JIOB1IKOBO-0i-
Omiorpadiuamii anapat i JoAaTkoBy iH(opMmariito [5].

Ockinvku nio cycnitbHUM pignem iH@opmayitiHoi be3neku po3ymiemscs opmyeanHs saKic-
HO20 THHOPMAYTUHO-AHANTIMUYHO20 NPOCMOPY, ICHYBAHHS HE3ANIeHCHUX NOMYICHUX GIIMYUZHSL-
Hux 3MI, mo 6 cykynnocmi Konyenmyanvha mooens 6e3neku ocobu ma inghopmayiinux pecyp-
cie asiamume co6oi modenv bezneku cycnitbemea (puc. 5). JIas HAOUHOTO TPEICTABICHHS
1iei Moieni Mu BUKopucTanu giarpamu Eiinepa-Benna.

Besneka cycminbcTBa

Puc. 5. Konyenmyanvna mooenv 6e3nexu cycniibcmea

3 orsy Ha BKe 310paHuii 1 MpoaHaIi30BaHUi (aKTUUHHUNA MaTepiai 00 KOHIIENTyalbHUX
MoJienield O0e3neKu MOOYIAYEMO KOHYEeNnmyaibHy MOOelb Oe3neKu 0epiHcasu 8 Mexcax Kibepnpo-
cmopy. MeToto i ToOyZI0BH € OCHIKEHHS KiOepIpoCcTopy Aep:KaBu, BU3HAYCHHS MOTO CKITa10-
BUX 1 B3a€EMO3B’s13KiB MK HIMHU Ta OKPECIICHHS HAMPSMiB MOKPAIICHHS HOTO (DYHKIIIOHYBaHHSI.

3anpononosana Hamu mooenv € KOHYenmyaubHOW, OCKLIbKU it NPUMAMAHHI XapaKmepu-
CIMUKU, 81ACMUGI MOOENAM MAaKo20 8udy, 30Kpemd, CKIA0AemvCsl 3 HU3KU 63AEMON08 SI3AHUX NO-
HAMb, WO BUKOPUCMOBYIOMbCA Ol ONUCY KiDepnpocmopy 0epicasi, NOEOHYE KOHYENnyito Kopu-
cmyeaya i po3poOHUKa MOOeli, 8KII0UAE 8 ABHOMY BUOI JIOZIKY, 0OMENHCEHHS, YMOBU ICHY8AHMHSL.
Dopmanizo8anuti ONUC MOOei OAE MONCIUBICIb BUOKPEMUMU YMOBU (YHKYIOHYBAHHS 00 €Kma,
BUBHAYEHI XapaKmepoM 83a€MOOTT Midic 00 €EKMOM i 11020 OMOUEHHM, A MAKOHC MIdHC eleMeHmaMU
00 ’ekma Kepy8anHs 06 €EKMoM ma 8UHAYUEHHS CKIA0Y KePOBAHUX 3MIHHUX 00 ‘ekma.

3 mornsany 3abe3neueHHs: O€3MeKH B KiOEpIpocTopi, BIAMOBIAHY KOHIENTYAIbHY MOJIENb
MO>KHA TIpeIcTaBuTH aiarpamamu Eitnepa-Benna (puc. 6).

Po3rnsiHeMo Ha OCHOBI T€Opii MHOXHH OUIBII CTPOTUii OMUC TaKOT MOJENI.

Jlo (hopMyBaHHS MHOXKHHU €JIEMEHTIB MOJIeNTi Oe3MeKH JIepikaBH B Mekax Kideprpocropy (K;)
HEOOX1/THO 3aTyYUTH SKCIIEPTIB 13 MHOKUHU E = {U;Ll Ej} ={E,E,,...,E,}, E; c E(j=1,n),
1 — KUIbKICTb €KCIEPTIB, E; — excrieptn y cdepi kibepoesnexn. Li excrieptn hopmyroTh BiIOBi aHi
MHO>KHHH.

Mmuosxuna 6esneku ocodu: 0 = {UM™, 0.} = {04,0,,...,0,,}, 0, €Ok =1,m), m —
KUTBKICTh €JIEMEHTIB, 110 XapaKTepH3yI0Th MHOXUHY, 0; — chopMOBaHi ekcriepTamu y cdepi
KiOepOe3neKkn XapaKTepPUCTHUKU E€JIEMEHTIB MHOKUHHU (MOXXYTh ONHCYBaTHCh SK TEKCTOBHM
MOB1IOMJICHHSIM, TaK 1 MPEJICTABIIATUCH Y BUIIIAI KUIbKICHUX ITOKa3HUKIB).
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KIBEPITPOCTIP
JEPXXABH

Besneka \\
iHppacTpyKTypH |

/ bBesneka
épCOHAILHUX JAAHUX

Besnexa
inpopmariiianx
\ pecypcis

Besnexa
JiepiKaBH

Besnexa ocobu

Besneka
CyCIHIJIECTBA|

Puc. 6. Konyenmyanvna mooenv 6e3nexu 0epicasu 8 mexcax Kibepnpocmopy

MmuoxuHa 6e3neku iHpopmariitHux pecypcis: [P = {Uf;l IPl} = {IPl,IPZ, ...,IPp}, IP, €
IP(l =1,p), p — KiIbKiCTb eJeMeHTIiB, IO XapaKTepHu3yloTh MHOXHUHY, [P, — cdopmoBaHi
ekcriepramu y chepi KibepOe3nekn XapaKTepUCTUKHN eJIEMEHTIB MHOXXHHHU (MOXKYTh OIUCYBAaTHCh
SIK TEKCTOBMM TIOBIJIOMJICHHSIM, TaK 1 TIPEICTABISITUCH Y BUTJISII KUTBKICHUX TIOKA3HUKIB).

MHOXHHA HOPMAaTHBHO-TIPaBOBOI Oesrneku: NB = {U]Zc=1 NBf} = {NB,,NB,, ...,NB,},
NBf € NB(f = 1,z), z — KilIbKiCTh €JIEMEHTIB, IO XapaKTepU3ylOThb MHOKHHY, NB; —
copmoBaHi ekcriepramMu y cdepi KiOepOe3neKkd XapaKTepUCTHKH €JIEMEHTIB MHOXHHU
(MOXyTh ONUCYBATHCh SIK TEKCTOBUM IIOBIJIOMJICHHSIM, TaK 1 MPEACTABISATUCH y BUTIISIL
KUTbKICHHX TTOKa3HUKIB).

Taxox, 3riHO 3 pUC. 6, MAEMO TPH TIEPEPi3H MO JBI MHOKUHH. SIK HACiIOK, yTBOPIOIOTHCS
MAMHOKHHH, a CaMe:

- Gesrieka nepcoHanbuux nanux: BP = (O NNB) = {bp/bp € O A bp € NB};

- Besmieka indopmariitaoi crpykrypu: Bl = (IP N NB) = {bi|bi € IP A bi € NB};

- Gesmieka cycminserBa: BS = (0 N IP) = {bs|bs € O A bs € IP}.

[TinMHOXKMHA O€3MeKu MepCOHaTbHUX HaHux: BP = {Ui=1 BPh} = {BPl,BPZ, ...,BPg},
BP, € PB(h =1,g), g — KiIbKIiCTh €IeMEHTIB, [0 XapaKTepu3yloTh MHOKUHY, NB), — cop-
MOBaHi ekcrepTaMu y cdepi KidepOe3nekn XapaKTepUCTUKH €IEMEHTIB MHOXHHHU (MOXKYTb
OIMHCYBATHUCH K TEKCTOBUM TOBIJIOMJICHHSIM, TaK 1 IPEICTABISITUCH Y BUTIISAI KITbKICHUX TI0-
Ka3HUKIB).

[TinMHOKMHA Oe3MeKku  cycrinbeTBa: BS = {UJ"-"=1 BSj} = {BS;,BS;, ...,SBy}, BS; <
BS(j = 1,w), W — KiJIbKiCTh €IeMEHTIB, IO XapaKTepU3yIOTh MHOXKHHY, BS; — chopmosani
ekcriepramu y chepi KibepOe3nekn XapaKTepUCTUKN eTIEMEHTIB MHOXXHHHU (MOXKYTh OIUCYBAaTHCh
SIK TEKCTOBHMM TIOBIJIOMJICHHSIM, TaK 1 IPEICTABISITUCH Y BUTJISAI KUTbKICHIX ITOKA3HHUKIB).

[Tinmuoxkuna Oesneku iH(pacTpykTypu: Bl = {UZ=1 Blf} = {BIl,BIZ, ...,qu}, BI, ©
BI(u=1,q), q — KiIbKiCTh €JIEMEHTIB, 0 XapaKTEPU3yIOTh MHOKHUHY, Bly — cdopmopani
ekcriepramu y chepi KibepOe3nekn XapaKTepUCTUKHN eTIEMEHTIB MHOXHHHU (MOXKYTh OIUCYBAaTHCh
SIK TEKCTOBMM TIOBIJIOMJICHHSIM, TaK 1 TIPEICTABISITUCH Y BUTJISAI KUTBKICHUX TIOKAQ3HUKIB).
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VY pesynbrat nepepizy Tppox MHOXHH O, I[P, NB MU OTpUMaeEMO MHOXXHHY €JIEMEHTIB
KibepOe3neKu JepxKaBu:

D=(OnIPNNB)={dj|dj€e OAd; €IPAd;ENB:j=1,x:x=a+b+c}, (1)
JIe X — KUIBKICTB €JIEMEHTIB MHOKHHHM D, @, b, C — KIJIbKICTh €JIEMEHTIB KOKHOI 3 MHOKHHH O,
[P, NBf BiANOBIIHO, 1110 MOTPANKJIK 10 Tiepepisy D.

®opmyBaHHs HallloHANbHOT KibepOe3neku T BinOyBaeThCs SIK 00’ €JHAHHS CKJIAZIOBUX €J1e-
MEHTIB, 1110 BXOJATH J0 Mojenei Oe3nekn ocodu, iHGopMaliifHUX pecypciB Ta HOPMATUBHO-
NIPaBOBOi Oe3MEeKH

(T=(OUIPUNB) =
={tilt;eONt;€IPAt; ENB:i=1,y:y=m+p+z—g—q—w+x}):

0, 0, .. O
T=|1p, IP, .. IP, | )
NB; NB, ... NB;

OCKIiNbKU KUTBKICTh €JIEMEHTIB KOXKHOT1 3 iaMHoxuHu O, [P, NB Muoxxunu T Moxe OyTu
pi3HOIO, TO B LBOMY BHIAJAKy Tpebda MONMOBHUTH PSIKA A0 HAHOLIBIIOT PO3MIPHOCTI
BIJIMOBITHOO KUIBKICTIO, HAPUKJIIA/I, OJTUHUILb.

O1iHKY I[IHHOCTI KO’KHOTO eJIeMeHTa 3a3HaUeHO1 BUIIIE MHOKUHI MOKHA ITPOBECTH 32 Me-
toaukoro Caati. [{ng poro HeoOXiAHO PO3TISAHYTH CKIHYCHY MHOXHHY €JIEMEHTIB aJlbTep-
natuB D = {d,d, ...d,}. [lopiBHsTH N0BiNbHI 1Ba exeMeHTH dg Ta dj Ha OPEIMET BCTAHOB-
JeHHs (akTy, SKH 3 €JIEMEHTIB INepeBakae HaJ IHIIMM Ta B CKUIbKM pPa3iB, a MOTIM
BU3HAYUTH [IEpPEBaru eJIEMEHTIB BUKOPUCTOBYIOUH IIKATy BiTHOCHOT BaXKJIMBOCTI 00’ €KTIB 32

Caari (Tabm. 1) [10].

Taomums 1
Llkana eionocnoi eaxcaugocmi 06 ’ekmie 3a Caami
BusnaueHns Cryninb BasKIHBOCTI
00’ €KTH piBHOLIHHI 1
0JIMH 00’ €KT JIeTI0 epeBaXka€ Ha I iHIIMM 3
oJiMH 00’ €KT Kpae 3a iHmmi 5
0JIMH 00’ €KT 3HAYHO Kpalle 3a iHmmi 7
0JtMH 00’ €KT aOCONIIOTHO Kpalyi 9
MIPOMIiXkHI CY/DKEHHS PO 00’ €KTH 2,4,6,8

Excnepru 3a mkanoro (Tabi. 1) 341iCHIOIOTE MOMApHI MOPIBHAHHSA. Y pe3yibTaTi OTpuMa-

€MO MaTpuLo A = ||ai i ||(mxm) , KOKHUM €JIEMEHT SIKOT @;; ABJISIE CO0O00 OIIHKY BiJHOCHOT I1e-

peBaru 00’ekta d; mopiBHsAHO 3 enemeHToM dy, (k,s = 1,x:x = a + b + ¢).
[Tpunyctumo, mo (Wy, ..., Wy, ) — HaOlp iICTUHHUX BIJHOCHHUX LIHHOCTEH KOXKHOTO 3 eeMe-

HTIB MHOXHHU D. YV BUNAIKy, AKIIO BIANOBIII €KCHEPTIB (a;; = W—‘) Y3rOJUKYIOThCS, TO CIIpa-
J

BIKYIOTBCS TaKi BIIACTUBOCTI.

Bracmusicme 1. a;; = 1, a;=— mna Beix ,j = 1, m, TOOTO SKIIO €1EMEHT dg KpalIUii 32
’ a ..
Jt

dy y a > 1 pa3, To ToJi IiHHICTh 00’ €KTa d}, CTAHOBUTH 1/ 1IHHOCTI 00’ €KTa d.

Wy Wy
Bracmusicmy 2. 'Y BUnIafKy MOBHOT Y3rOJKEHOCTI A = | -+ | =m
Wm Wm
Bekrop (W, ..., Wp,)T € BIacHuM BEKTOPOM Matpuiii A, a m € BIACHUM YHCIIOM IIi€i MaTPHIIi.

Jlani o0YrcIuMO BITHOCHI IHHOCTI €IEMEHTIB, JUIS IKUX A,y (1€ M — HaliO1IbIIe BIAacHE
grcno MaTpuili A). O1xke, 9uM OIKYe Ay, 45, TUM Kpallle Y3TOKEHUMHU MK COOO0I0 € BiIMOBII1
eKCTepTiB. [HAeKC y3romKeHOoCTi

Jp = Tmex, 3)

m-—1
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3HaueHH J,, TIOPIBHIOKOTH 3 ETAJIOHHUMH J, (Tabi. 2) [10].
Tabmums 2
Emanonni 3navenns nokasnuka y32004ceHocmi
3A/1eHCHO 810 KibKOCMI 00 €KMi8, U0 NOPIGHIOIOMbCS

Kirericms | 4 5 6 7 8 9 |10 | 11 | 12| 13| 14| 15
00°’ckmie
J. 0,58 [ 09 [ 1,12 1,24 [ 1,32 | 1,41 | 1,45 | 1,49 | 1,51 | 1,54 [ 1,56 | 1,57 | 1,59

Slxmo J, < 0,1],, TO pe3yabTaTh ONUTYBAHHS EKCIIEPTIB 3a0BLIbHI.
OOuucieHHs MOKa3HUKA BiTHOCHOI I[IHHOCTI €JIEMEHTIB 3MIMCHIOETHCS JIs1 KOKHOTO PSIKa
Matpuii A 3a popmymoro:

S TS N (@)
I Vai-Qim T

OcTaHHIM KPOKOM € aHaji3 eKCIepTaMyu OTPHUMAaHUX Pe3yJIbTaTiB Ta NPUUHATTS PillICHb.

BaxnuBuM e1eMEeHTOM i HaIloi MOl € BCTAHOBJICHHS CHJIM 3B’S3Ky MIX BIAIOBIf-
HUMH MHOKMHAMH Ta IXHIMH €JIEMEHTaMH Ta POTHO3YBaHHS MOKJIMBHX BIUIMBIB Ha KibepOes3-
neKy Jepxasu. [t boro HeoOXiIHO po3paxyBaTH KOe(IIIEHT KOPEALii Ta modyayBaTu pe-
rpeciiiHe piBHSIHHSL

JIiHiiHuA KOE(ILIENT MAapHOi KOPENALIT Ty, JAOCIIHKYE IILIBHICTD 3B’ 3Ky MK ABHILL, 110
BUBYaKOThCA (—1 <71, < 1):

Wi

DY) _ TE-JE

= . 5
’ oy J&2-5-67-7) ®

Koeghiyienm rxopenayii mae Taki gnacmugocmi:

1) BiH mpuiimae 3Ha4eHHS Ha Biapi3ky [—1; 1], To6t0 —1 < r < 1. Yum Gmmkue || 1o 1,
TUM TiCHIIIe KOPEJSALIHHNAN 3B’ I30K.

2) mpu |r| = 1 xopensuiiinuii 38’130k crae GpyHKIioHANEHEM. [IpH 1IbOMY BCi criocTepe-
KyBaH1 3HAUCHHS JI)KaTh Ha OJHIH JiHI.

3) mpu r = 0 KopensiitHMiA 3B’ 30K BIZCYTHIH Ta JIiHIsA perpecii nmapagenbHa oci X.

[Tpu > 0 (b1 > 0) kopensIiiHUN 3B’ 30K Ha3UBAEThCS npamum, a ipu r < 0 (b1 < 0) kope-
TSIAHUHN 3B’ 130K HA3UBAETHCS 360pOMHUM. Y PE3YIbTaTI OTPUMAEMO MATPUITIO0 KOS(illi€HTIB
MapHOI KOpemsIii:

Tx

1 r

y1 Tyz e T'yk
ry 1 71 o Ty
R = rzy rkz 1 b er : (6)
Thy Tkr Tk .. 1

Ll MaTpuLs € CHMETPUYHOIO, TOOTO Koe(illieHTH KOpeALii MK pe3yIbTYI0U0I0 3MIHHOIO
Y — besnekoio Oepoicasu Ta HaKTOPHOKO O3HAKOIO X; — enemenmu nepepisy D piBHI MK cO000
(ryj =Tjy, j = 1, k), koedirienTn Kopemsii Mixk i-M Ta j-M hakTopamu Tex pisHi (1 i = Tiis
i=1L1k,j=1k).

Sxmmo 3HaYeHHS KoedillieHTa mapHoi Kopemsiii Mixk ¢akTopaMu HaOMMKEHE IO OJUHUIL,
TO 1€ CBITYUTH MPO TICHUH 3B’ 30K MK HUMHU. Y IIbOMY BUIAJIKy OJUH i3 (JaKTOPiB HEOOX1THO
BUJIYYHMTH 3 PO3IIIALY, TOOTO HE BpaxOBYBATH ITiJl yac mMoOyJOBM PiBHAHHS perpecii (6akaHO
3aJMIIUTH (aKTOP, KU € BarOMIIIUM 3 MOTJISAY eKCIepTiB a00 TOH, 110 CHIIbHIIIE KOPEIIoe
3 pE3yJIBTYIOUYOI0 3MIHHOIO V).

Ockinbku Ha Oe3reKy JiepykaBH BIUIMBAIOTH 0arato (hakTopiB, TO B IbOMY BHUIAJKy MAaeMO
CIpaBy 3 MHOXXHHHOIO (0araro(hakTOpHOIO) JIHIIHOI MOJEIUTIO (PErpeci€ro), M0 OMUCYE B3aEM-
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HHUH 3B’130K MDK 3aJI€KHOIO 3MIHHOIO Y (Oe3neka Oepoicasu) ma pakmopamus X1, X, .. ., Xy, (ene-
Mmenmu nepepizy D) 1 5Ky MOXKHA MTOJATH y TAKOMY BUTIIAIL: Y = f (X1, X5, X3... X, €), A€ Y — 30~
JexHa (pe3yIbTyro4a) 3MIHHA; x;, (j = 1,m) — HE3aIEKHI 3MIHHI; € — CTOXaCTUYHA CKJIaI0Ba.
Amnanitnyaa gopma wiei Moaeni Moke OyTH Pi3HOIO 3aJIeKHO BijJ CyTHOCTI 3B’ s13KiB. Haii-
OuTbII momupeHa popMa 3aJIeKHOCTI — JiHilHHA: Y = by + by -X; + e;, ne by — BUIbHUH YIIeH, SKUi
BM3HAYa€ 3HAYECHHS Y; 32 YyMOBH, KOJIM 3HA4Y€HHs (aKTOPiB JOPIBHIOIOTH HyneBi; Xx;; (i =
1,n,j = 1,m) — 3nauenns X;-ro Gpakropy npu i-My crnocrepexenti; b; (j = 1, m) — reopern-
4Hi KoedilieHTH perpecii (4acTkoBi KoedilieHTH) abo mapaMeTpu TEOPETUUHOI perpecii, sKi

XapaKTEPU3YIOTh PEAKIiio 3aneKHoi 3MiHHOi y; (I = 1,m) Ha 3MiHy KOXHOro dakropy X; (j =

1,m); & — BUnMaaKoBU 30y JHUK MPH i-My CIIOCTEPEKEHHI.
JU1st 01HO3HAYHOTrO BU3HAYEHHS IAPAMETPIiB b; Mozl HEOOXiaHO, 00 BUKOHYBAJIach He-
piBHICTb N = M + 1, 1€ n — YHUCIIO CIIOCTEPEKEHD; 7 — YUCIO0 (PAKTOPIB Y MOJIEII.

V BEKTOPHO-MATpUUHil HOpMi TEOpeTHUHY MOJIEb MOKHA TTofaTh Tak: ¥ = X - A + &, ne
yl 1 x11 an xl] ann xlm bO 81
yZ 1 x21 wen xzj nen me b1 82
? — X — en ea en e e e /i) — . 8_) — . .
yi I’ 1 x5 oo X5 o Xim [ b; |’ & ™
yn 1 xnl T xnj b xnm bm S‘n_

[HImmuMu Gpopmamu 3a51eKHOCTI MOKYTh OyTH:

1) Y = by + by X — niniiina;

2) Y = byXP1 — crenenna;

3)Y = by - bf — nokxasuuxosa;

4)Y = by + % — rinepOosiuHa Ta iHIIi, e by, b; — HEBIOMI MapaMeTpu MOJIEII.

HeBaxko mepekoHaTHCh, 110 HaBeJIeH] HEeNMiHIWHI (OopMHU 3aJIe)KHOCTI 32 JIOTIOMOT'OI0 eJie-
MEHTAapHHUX MEPETBOPEHb IPUBOAATHCS 10 JIHIMHUX.

3ayeasicumo, wo midic paKmopHuMu 0O3HAKAMU MOJICE BUHUKHYMU AGULYe MYTbIMUKOIIHed-
PpHOCmi, TOOTO BUCOKA 3aJIEKHICTh (KOPETbOBAaHICTh) Pi3HUX (DAaKTOPIB.

JUst BUSIBJIEHHS MYJIbTUKOJIIHEAPHOCTI MOJKHA BUKOpPUCTAaTH KpuTepii (anroputm) Peppapa-
I'noGepa. Leit anropuT™ Mae Tpu BUAM CTATUCTUYHHUX KPUTEPIiB, 3TITHO 3 SIKUMHU HEPEBIPAETHCS
MYJIBTUKOJIIHEAPHICTh YChOTO MACUBY HE3AICIKHUX 3MIHHUX (> — «X1»-KBaJIpaT); KOXKHOI He3alle-
’KHOT 3MIHHOI 3 PEITO0 3MIHHUX (F-KpUTepiil); KOKHOT Mapy HE3aISKHUX 3MIHHUX (f-KpUTepii).

3a HassBHOCTI MYJIbTHKOJIIHEAPHOCTI (PaKTOPIB MOIIIHLHO 3BEPHYTH yBary i Ha crerudika-
iro Mmozeni. [Homi 3amiHa ofHi€T GYHKIT iHIOIO, HE CynepednTh iHQopMaIlii, J03BOJISE yCy-
HYTH MYJIbTHKOJIIHEAPHICTb.

VY BuUMaaKy Mojenei i3 BEIMKOIO KiJIbKICTIO (PaKTOpiB, KOJIM HE BAAETHCS MO30YTUCS MYJIb-
TUKOJIIHEAPHOCTI, MapaMeTpu MO/IeNli OLIHIOIOTh HE METO/I0M HallMEHIIIUX KBaApaTiB, a METO-
JIOM TOJIOBHMX KOMITOHEHT.

Ockinbku (pakTOpHI O3HAKHU, K1 BKIIOYAIOTHCS B MOJIENb, MOXKYTh OYTH B PI3HUX OJAWHUIISX
BHUMIPIOBaHHS, TO HEOOXIIHO MPOBOJUTH cmandapmuzayiro (Hopmanizayiio) 3minnux. Eneme-
HTH CTaH/JIapTU30BAaHUX BEKTOPIB PO3PaxyeMo 3a GOpMYIIOI0:

* Xk —yk (8)

Xir = W,

JIe 1 — YUCJIO CTIOCTEPEIKEHD, M — YUCIIO He3ale)KHUX 3MIHHUX, [ = 1,n, k=1, m, X}, — cepenus

apudmeTnyHa k-i He3aneKHOI 3MIHHOI, O X, —Aucnepcis k-1 He3aJIeKHOT 3MIHHOI.
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[lepin HiXK BU3HAYUTH ICTHHHI 3HAYEHHS MTapaMeTpiB, MU MOXXEMO BU3HAUUTH PIBEHb Halli-
OHalbHOT  KiOepOe3mekw, a came, SKIIO OTPUMaHe 3HAYCHHA  Pe3yJbTYIOYOi
v = f(X1,X2,X3,,..., X ,€) TIepeOyBae B Mexax Bix 0 mo 1, unm Omkye 10 1, TuM piBeHb 0€3-
neku Buie. [Ipu mbomy Oyaemo BBaxatH, mo 0-0,3 piBeHb 0e3neku nenpuuinamuuii; 0,3-0,7 —
Huzoxuit; 0,7-1 — docmamnmuiil.

IcTuHHI OIIHKK MTapaMeTpiB MOJIEI1 BUZHAYAIOTHCS 32 (OpMYyTIaMu:

b, = b x (;—Y) b, = b} X ("—Y) by = b3 X ("—Y) b, = b x (ﬂ);
X1 B \0x, N _ \0x3 _ Oxn
by =T — by Xy — byXy — bsXs+... +bpX,.

OO00B’I3KOBUM € TIepeBipKa MHOKWHHOI JTIHIHHOI MOJIEN HA TOYHICTh (SKICTh). 3arajabHy
SIKICTh PIBHSHHSI perpecii OLHIOITh Yepe3 PO3paxyHOK xoegdhiyicnma oemepminayii.

KoedimienT nerepmiHaliii nmokasye, sika yacTUHA 3MiHU 3aJI€KHOI 3MIHHOT 3yMOBJICHA 3Mi-
HoIo HezasexkHoro dakropy (0 < R? < 1). Yum 6amkde R? 10 1, TUM Kpalie piBHAHHS perpecii
HabmKae (ampoKCHMY€) EKCIIEpMMEHTANBHI aHi. Y BUNaAKy napHoi perpecii R = r2, ner —
koedimienT xopensuii. KoedinienT nerepminarii o0uncitoeTses 3a popMyIioro:

RZ — S @i-9)? —1_ Z?:l(yi_y)z' (10)
I (vi—y)? i i—y)?

Cepeons noxubka anpokcumayii — CepeHe BITHOCHE BIIXUICHHS PO3PaXyHKOBUX 3HAUEHb

BiJl (DaKTUYHUX:

)

A=13 |yy;y| - 100%. (11)

[ToGynoBane piBHAHHS perpecii BBAXXA€THCS 3aI0BUTbHUM, SIKIIO 3HAYCHHS A HE IepeBH-
urye 10-12 %.

Yum suwyiti NOKA3HUK Oemepminayii abo yum meHua cepeots noXubKka anpoxcumayii, mum
Kpauge nooy0o8ana mooeib Onucye GUXioHi Oaui.

O1iHKa 3Ha4YyIIOCTI BChOTO PIBHAHHS perpecii 3arajiom 3iiCHIOETHCS 3a JOTIOMOT 010 F-KpH-
tepito Dimepa. F-kpurepiit Dimepa nossirae B ToMy, 1110 TPOBOAUTHCA MepeBipKa rimoresun Hy
PO CTATUCTHYHY 3HAYYIIICTh PIBHSHHS perpecii. s Iboro BUKOHY€EThCSI MOPIBHAHHS (PaKTH-
YHOTO Fyayr Ta TAOIMYHOTO (KPUTUYHOTO) Fiy6, 3HaUeHb F-kputepis dimepa. Fy,., BU3Ha4a-
€ThbCs 32 HOPMYIIOIO:

Z@i—mz

2
Txy n-m-—1
F, = n__ = . 12
daxr @i-y? 1-13, m ’ (12)
n-m-1

7ie N — KUIBKICTh OAMHUIb CYKYITHOCTI, M — KUIBKICTh MTApaMeTpiB MpH 3MIHHUX (VIS JTiHIHHOT
perpecii m = 1). Jlns HeniHiiiHOT perpecii 3aMicTh 7;3, BAKOPUCTOBYIOTH R?.

Fa61 — MaKCUMaJIbHO MOXJIMBE 3HAYCHHS KPUTEPIIO MM BIUIMBOM BMIIAJKOBUX (DakTOpiB
IIpU CTYyNEHsX BUTbHOCTI ki = m, k, = n-m-1 Ta piBHI 3Ha4yIIOCTi . PiBeHb 3HaUymIoCTI O —
HMOBIPHICTDh BIIKMHYTH IPAaBUJIBHY TIMIOTE3Y 32 YMOBH, L0 BOHA € MpaBWIbHA. 3a3BHYail a
HagaroTh 3HaueHHs 0,05 abo 0,01. Ile o3Hauae, mo y 5 a6o 1 % BUMaKiB MU MOKEMO TTOMH-
authcs, a'y 95 a6o 99 % Bunazkis (piBeHb JOBIpH) Hallli BACHOBKU OyayTh MPaBHUJILHUMHU.

SIKO Frasn<Fapagr, TO TinoTe3a Hy BIAXUIISETHCS Ta BUSHAETHCSA CTATMCTHYHA 3HAYMMICTD
Ta HaJ(IHHICTh PIBHSIHHA perpecii.

SIKIO Fra6,>Fgaxr, TO TiNOTE3a Hy HE BIAXWIIAETHCS Ta BU3HAETHCS CTATUCTHYHA HE3HAYM-
MICTh Ta HEHAJIIHICTh PIBHAHHS perpecii.

JU71st OLIIHKM CTAaTUCTHYHOI 3HAYYIIOCTI KOe]IlieHTIB JIHIHHOI perpecii Ta JiHiiiHoro koedirrie-
HTa MTApHOI KOPEJIALLi 7, 3aCTOCOBYIOTH TaKOXK /-KpUTEpiii CThIONEHTA Ta PO3PaXOBYIOTh TOBIPYi
IHTEpBaJIM KOYKHOT'O 3 TIOKa3HUKIB. f-KpuTepiii CThIOAEHTA MOJIATAE y TOMY, III0 BUCYBAETHCS TilO-
Te3a Hy 1po BUIMAAKOBY IPUPO/LY MOKA3HUKIB, TOOTO IPO HE3HAYHE iX BIIXMIICHHS B HyJH0. Dak-
THYHE 3HAYEHHS KPHTEPIS Lgyacr VI KOEDILIIEHTIB perpecii Ta KoedilieHTa KOPEISLL 7, po3paxo-
BYETHCS IIUISIXOM CIIIBCTABJICHHS IXHIX 3HAYEHb 13 BEIMUMHOIO CTAaHIAPTHOI MOXUOKH:
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by . _ b1, _ Txy
tbo - s tbl T tr T m . (13)
b by Txy

CrannapTHi TOXHOKH OOUHCITIOETHCS 3a POpMyIIamMu:

532
a2 . _ |2Gi-90? Exi® _ /1_r9?y
i—x M, _\[ n-2 nY(x;-x)%’ My = n-2" (14)

[NopiBHIOIOUM (haKTHYHE Ta TAOIUYHE 3HAYECHHS JUIS /~KpUTEPis pOOIISTh BiAMOBIIHI BUCHOBKH.

tma6: — MAKCUMAaJIbHO MOYKJIMBE 3HAYCHHS KPUTEPIs ITiJ] BIULTMBOM BUNIAJAKOBUX (aKTOPIB A
k = n-2 cTyneHiB BUIBHOCTI Ta piBHI 3HAUYILIOCTI Q.

SIKIO Era6n<tgaxr, TO TinOTE3a Hy) BIAXUISAETHCA (TOOTO KOEDILIEHTH PIBHAHHSA PErpecii Ta
KOe(ILIEHT KOPEALIi 7y, HE BUIAIKOBO BiMiHHI BiJl HyJs Ta CGOPMOBaHI i/l BILIMBOM CHC-
TEMaTUYHO JIF0Y0T0 (HaKToOpy X).

SIKIO tra6n>tpakrs TO TiMOTE3a Hy HE BIAXMISAETHCS T BU3HAETHCSA BUIAKOBA NPHUPOJIa
GopmyBanns by, by Ta 1y,

Hoeipui inmepsanu

JloBipui iHTepBaIM BU3HAYAIOTh MEX1, B IKUX JIeKaTh TOUHI 3HAUEHHS BU3HAUCHHUX TIOKA3-
HUKIB, 13 33J]JaHUM CTYII€HEM JOCTOBIPHOCTI.

Jlnst po3paxyHKy TOBIpYHX IHTEpBAIIB JJIs HapaMeTpiB b, Ta b, piBHAHHA JiHIIHOI perpecii
BU3HAYAIOTh T'PAaHUYHY MOXUOKY AUI KOXKHOTO IMOKa3HUKA!

Abo = Cragn Mmp,; Abl = Cragn mp,. (15)

tmaga — 1€ TAONWYHE 3HAUEHHS t-KpuTepito CThIoEHTa 11t K = N — 2 CTYyNEHIB BUIBHOCTI
Ta 33JJaHOTO PIBHS 3HAYYIIOCTI &.

Toni noBipdi iHTEpBAIH OOYUCITIOIOTHCS:

Vb, = by Apys Vb, = by + 4p,. (16)

SIKIIO B MEX1 JOBIPUOTO IHTEPBAILY MOTpAIUIsie HyIb (TOOTO HUXKHS TPaHHLS BiJ €MHA, a
BEpXHS — J0AaTHA), TO TapaMeTp, 10 OLIHIOETHCS, TPUHMAETHCS 3 HYJIb.

BucHoBku BianmoBiano 1o crarti. OTKe, y 3aralbHOMY BHUTJISAI KOHIIENITYaIbHA MOJIEIb
0e3neku KideprnpocTopy GopMy€eThes Ha OCHOBI TPhOX KOMITOHEHTIB: 0coba, sika 00po0IIsie iH-
(dhopMaitito, BOJOi€ HEIO a00 3MIMCHIOE 11 3aXUCT; HOPMAMUBHO-NPABOBI AKMU, SIK1 3a0e31medy-
I0Th IOPUUYHUH 3aXUCT iHbOopMalii; inpopmayitini pecypcu, y SKUX CKOHIICHTPOBAHO iH(OP-
Marlito, o noTpedye 3aXUCTy 1 B MekKax AKUX (PyHKIIOHYIOTh 3acO0H 3aXUCTy iHpOopMaii.
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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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Amnopiii Poeosenxo

JOCIIIKEHHA OBYUCJ/IIOBAYIB ITPUCKOPEHOI'O OBYUCJIEHHA JAHUX
3BLIBIIEHOI PO3PSTHOCTI HA OCHOBI OJTHOBUMIPHOT'O KACKAJY
KOHCTPYKTUBHUX MO/ YJIIB

Axmyanvnicms memu 0ocnioxncenns. [locniodcenis oduuciiosayie 064ucienHs 0anux 30invieHoi pospsaonocmi ma epa-
Xy8anHus 6nIU8y mMemooig ix onucy, npu peanizayii 6 o6azuci IIJIIC, dozeonums 30ineuumu weuokicms o6podku oanux ma
epexmusniwe suxopucmamu pecypcu IUIIC.

Ilocmanogxa npoonemu. [Ipuckopenns npoyecy oouucienis 0anux 30inbuieHoi po3paoHocmi 6ucysac 000amKo8i 6UMou
00 peanizayii enemenmie 064UCTIOBANLHUX CUCMEM MA OOUUCTIOBATLHUX CUCTNEM 3A2ATIOM.

Ananiz ocmannix oocnioscens i nyonixayiii. Lllsuoxicme obuucnens oanux 30inbiuenoi po3paoHOCmi, sKi BUKOPUCHIOBYIOMbCS
6 bazuci 1IVIIC, 3anexcamsb 6i0 Memodis ix onucy, ane yi Memoou makodic 6NIUEaI0Mb HA ANAPAMHT BUMPATNU.

Buoinenns nedocnioxcenux uacmun 3azanvhoi npoonemu. Biocymni meopemuuni ii excnepumeHmansHi 00CIiONCeH
06uucniogayis 36invuieHol po3paonocmi 0nsa obyUcIeHb onepayill 3a MOOYIeM HA OCHOBI OOHOBUMIPHUX KACKAOI8 KOHCMPYK-
musHux mooynig y baszuci IIJIIC.

Ilocmanogka 3aedanns. Memoro pobomu € onuc ma 00Cuiodicents 0OUUCTIOBAYI8 CKIAOHUX Onepayili 3a Mooynem HAo
Odanumu 36inbuenoi pospsonocmi 6 basuci 1IJ1IC.

Buknao ocnoenozo mamepiany. Obuucniosaui cknaonux onepayiii 3a Mooynem 30inbuieHoi po3psaoHocmi onucami me-
MOOOM PYHKYIOHANLHO20 ORUCY 3 OONOMO20I0 cmaHoapmHux onepamopie VHDL ma memooom cmpyKmypHo2o onucy y
8U2NA0I 0OHOBUMIPHO20 KACKAOY KOHCMPYKMUBHUX MOOYNI8. 3ANeACHOCMI WeUOKOOIi ma anapamuux umpam io pospso-
HOCmi 8U3HAYEHT eKCNePUMEHMANbHUM WIIAXOM, 3 YPAXY8aAHHAM SHYmMpiuHboi 6y008u Konkpemnoeo cimeticmea IIJIIC ons
KOJICHO20 3 MEMOOi8 ONUCY.

Bucnoeku 6ionogiono 0o cmammi. Buxopucmarts memoody QyHKYiOHATbHO20 ONUCY MUNOSUMU THCIPY MEHMATbHUMU
sacobamu 6 6azuci IIJIIC ne dac 3mo2y epaxysamu 0cobau8ocmi ancopummis 06podKu 0aHux 8eluKoi po3paoHocmi, wo npu-
600UMb 00 HAOIUUIKOBOCHI] ) ANAPAMHUX 8UMPAmMax. 3anponoHOBaHUI Memoo CMPYKMypPHO20 ONUCY 3 BUKOPUCIAHHAM 00-
HOBUMIPHO20 KACKAOY KOHCIMPYKMUSHUX MOOYII8 MOBOIO ONUCY anapamypu, 0eMOHCMPYE Kpauwji pe3yibmamu ma 0ae 3Mo2y
binviu eHyuKo nioxooumu 0o euxkopucmanus anapamuux pecypcie 11J11C.

3menwenna anapamuux umpam Ha peanizayiio 3aco6ié obuucients 0anux 36inbenoi po3paOHOCI 8 Medcax KOHKpe-
mmoi IIVIIC, 3a paxyHok usinbHenHs 000AMKOBUX pecypcie 0ae 3mMo2y 30inbluumu po3psaoHicms 0aHux, wo 06podaiomsca,
6e3 000amKogux gUMpam Ha 3aminy anapamHo2o 3a06e3neueHHs npu 3a2aabHoOMY 30inbueH i RPOOYKMUSHOCII 0OUUCTIOBATb-
HO20 enemenma abo cucmemu.

Knrouoei cnosa: oonosumipruii kackao kowcmpykmugrux mooyuie, IVIIC; apupmemuuni onepayii 3a mooyrem, VHDL;
@yHKYiOHANbHUIL Onuc,; 6A2amopo3PaOHi OaHI, KOMOIHAYITIHA 102IKA.

Puc.: 10. Tabx.: 2. Bion.: 6.

AKTYyaJbHicTh TeMH AocTizkeHHs. Omneparlii 3a 3MIHHUM MOYJIEM € OJTHUMU 3 HAaHO1IIbIIT
MOIIUPEHUX apu(PMETHUHUX OMepalliid, sKi BUMaraloTh IPOBEACHHS 00UHCIICHb Ha/l JAHUMU 3
BEJIMKOIO PO3PSHICTIO, OCKUIBKM OCHOBHUMHU TaTy3IMHU 1X BUKOPUCTAHHS € CUCTEMHU IU(PPOBOL
00poOKM cUrHaNiB, KpUNTOrpadiuyHi CHCTEMH, BIIMOBOCTIIKI CHCTEMH, CIIeliali30BaHi 004YuC-
JII0Badi, 110 MOOYA0BaH1 Ha OCHOBI anapaTty MOJIYJISIPHUX OOYHMCIICHb.

IMocTanoBka npodsaemMu. OCHOBHOIO 3 TOJIOBHUX BUMOT, 1110 BUCYBAIOTHCS 10 TAKUX MPH-
CTpOIiB, € 301IbIICHHS IBUKOIIT TPU MOMIPHUX anapaTHUX BUTpaTax. OJHUM i3 HANpsAMiB Mif-
BUIIEHHS MIBUJIKOAI1 6araTopo3psIHOT0 0OYUCITIOBAIBHOTO IPUCTPOIO € BUKOPUCTAHHS TIPUC-
KOpPEHUX METOJIB Ta JIrOPUTMIB OOUYMCIEHHS. A Tpu peamizamii X OOYMCIIOBATbHUX
npuctpoiB y 6a3zuci [IJIIC mBuakonis Oyae 3aiexaTH TaKOX 1 BiJ] METOJY OIIHUCY.

Merton onucy o6umcoBagbHOro npuctporo B 6asuci [IJIIC, kpiM mBUAKOIIT, CYTTEBO BILTH-
Bae€ 1 Ha anapaTHi BUTpaTu. HaBiTh mpu myske rapHuX pe3yibTatax poOOTH MPHUCTPOIO 3a KpHUTe-
pieM MIBUAKOIT, BUTPATH HA anapaTHy peai3alliio MOXYTh BUSIBUTUCH HEIOITYCTUMHUMH.

AHaJi3 ocTaHHiX Aocaizkensb i myOaikanii. Y monepeaHix podoTax AeTaqbHO PO3IIIsiaa-
€THCS METOJ] ONTUCY OOYHMCITIOBAIBHUX €JIEMEHTIB OIepalliii JoAaBaHHs 32 MOJIyJIEeM Ha OCHOBI
OJTHOBHMIPHOT'0 KacKaay KOHCTPYKTUBHUX MOAYMIB [ 1; 2], sxuii moOynoBaHMii Ha OCHOBI KOHC-
TpykTuBHOTO MOy [3]. Ha ocHOBI onepartii 1ogaBaHHs 3a MOJyJieM OyJIM 3alporOHOBaHi
pearizanii HIIKUX CKIAJHIIINX apu()METHUHUX ONeparliif 3a MOJyJIeM, TaKUX SIK MHOKCHHS Ta
IITHECEHHS JI0 CTereHs [4].

© Porogenxko A. 1., 2020
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Panirre mpoBeeHi TOCITiHKEHHSI CyMaTOpiB 32 MOAYJIEM JEMOHCTPYIOTh JOCTaTHIO IIBUAKO-
JIi¥0 TIPY HEBEJIMKHX allapaTHUX BUTpaTax y 00UMCIIOBAIbHUX IPUCTPOSIX, TOOYJOBaHNX HA OCHOBI
OZTHOBUMIPHHX KacKa/iB KOHCTPYKTUBHUX MOAYJIB [5]. Jl1s OmiHKM eeKTUBHOCTI MPUCTPOIB, SK1
O0YMCITIOIOTH OUIBII CKIIAHI OMeparii 3a MOIysieM, HEOOXiJTHO MPOBECTH JIOCIIKEHHS BIUTUBY
30UIBLICHHST PO3PSAHOCTI MIPUCTPOIO HA MIBUAKOIIIO 3 YPaXyBaHHAM allapaTHUX BUTPAT.

BunineHHs HeTOCHiIKEHNX YACTHH 3arajibHoi Mpodsemu. BifcyTHi TeopeTnyHi i ekcriepu-
MEHTaJIbHI JJOCTIDKEHHSI 00UMCITIOBaYiB 301LIBIIEHOT PO3PSAIHOCTI U1 OOUKMCIIEHb orepartiii 3a Mo-
TyJieM Ha OCHOBI OJTHOBUMIPHHX KacKaJiB KOHCTPYKTHBHUX Moty:iB y Oasuci [TJIIC.

MeTta po6oTu. MeToro poOOTH € TOCHIKEHHS arapaTHUX BUTPAT Ta MIBUIKOIT 00UMCITIO-
BaJBHUX MPUCTPOIB, SIKi CKIAJAIOTHCS 13 CyMaTOPiB HA OCHOBI OJJHOBUMIPHUX KacKaJiB KOHC-
TPYKTUBHUX MOJYJIIB MU 30UTBIICHHI PO3PSAHOCTI JAaHHUX 110 OOpOONIAIOTHCA. A TaKOX MOpi-
BHSIHHS OTpPUMaHUX pe3yJbTaTiB 13 pe3yibTaTaMH JOCTIUKEHHS MPUCTPOIB, OMUCAHUX
MeTO0JI0M (YHKITIOHaTBHOTO onucy MoBoro VHDL.

Buxkiaa ocHOBHOro Matepiany. Y pojii 0OYHCIIOBATIBHUX HMPUCTPOIB IS TOCTIIKEHHS
o0paHi MpUCTPiil MHOKEHHS 32 MOJIyJIEM Ta MIPUCTPIN MiIBEACHHS 10 CTETICHS 3a MOIyJIeM, SIKi
OyayIOThCS HAa OCHOBI CyMaTopiB.

Tumnosa peanizarisi 00unCIIIOBayiB Mepeadayae BUKOPUCTAHHA METOAY (YHKILIOHAIBHOTO
orucy MoBoto VHDL Ta Ga3yeThcsi HA OCHOBI CTaHIApPTHUX ONEPaTopiB Li€l MOBH [6].

Hanpuknan, nmpuctpiii MHOKEHHS 32 MOJIYJIEM OIUCYETHCA 3a JIOMOMOT0I0 O1IHAPHOTO OIe-
paTropa MHOXEHHs Ta oreparopy mod:

AmB <= std _logic_vector(unsigned(A) * unsigned(B));

R <=std logic_vector(unsigned(AmB) mod unsigned(P)).

Tyt AmB — e npoMibKHUI CUTHAJI MHOYKEHHSI IBOX OTEpaH]liB, PO3PSAAHICT SKUX JIOPiB-
HIO€ TIOJIBOEHIH PO3PSAHOCTI OMEpaHITy.

Onwuc curHaniB Ma€e TakKui BUTIISA:

signal A,P,B,R : std logic vector(N - 1 downto 0);

signal AmB : std_logic vector(N*2 - 1 downto 0);

Jlnst 3aBaHTaXEHHS BX1THUX JJAHUX Ta peecTpalii pe3ynbraTy Oyia 3aporoHOBaHA CTPYK-
Typa o0uucIioBaya, 110 HaBeJIeHa Ha puc. 1.

IHTepchenc FSL
] X
din 116 1'16 dout
Y

CnpouweHmii NnpucTpin
3aBaHTaAXEeHHS onepaHiis

Yi6 +16 +Io’ f,16
a ‘,b vp r
PericTtp A Perictp B PericTtp P Perictp R
A
l"-‘l B rP ¥ R
Y Y Y

Bnok MHOXEeHHS1 32 MoayneM

Puc. 1. Cmpyxmypa npucmporo MHOMCEHH: 34 MOOYJIeM, KA ONUCAHA MemOoOOoM
@yHryionanbro2o onucy mosow VHDL
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Kpim 610Ka MHOKEHHS, JOCTIAHUNA TPUCTPIN CKIaJAETHCS 31 CIPOILIEHOTO MPUCTPOIO 3a-
BaHTA)XEHHS, SIKUH 3a0e3meuye y3romkeHHs 3 inTepdeiricom FSL, Ta perictpiB BBOAY/BUBOLY.
AJroput™M PpOOOTH CHPOILEHOrO0 MPHUCTPOI0 3aBAHTAXKEHHS OMNEPAH[IB MpPEJICTaBICHUM

Ha puc. 2.
Moyamox

Y
| =]
v rst
state <= road
Y
p_num<=0
! Y
ey I
eps{cp_num) il 16 Y Y
TaxK T
‘state = calc? Y X
Tes G
78K i
N0/
Y
sl <=vrite

¥ pnum <=0
Qnum <= +
@_num+ 1

| sake <= raad

Puc. 2. Cxema anzopummy pobomu cnpoujeHo2o npucmporo 3a8aHmMaiceHHs Onepanoie

JInist JOCIiPKEHHS! MHOXKEHHSI Ha OCHOBI OJIHOBHUMIPHOT'O KaCKaJly KOHCTPYKTUBHUX MOJIY-
7iB moOyI0BaHa aHAJIOTIYHA CXeMa, aJie OIeparlis JoJaBaHHs 32 MOAyJeM Oy/ie BUKOHYBAaTHUCh
OKpeMHM 0araTopo3psIHUM CyMaTopoM 3a MojyneM. Lle no3Bossie peanizyBaTu aJrOPUTM
MHO>KEHHS, 1110 3aIPOIIOHOBAaHMI Ha puc. 3.
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Y

res<=0

v

nbit<=n-1

-

Y

res<= (res + res)nod P

|
raK @ Hi
Y
res <= (res+A) mod P

Puc. 3. Cxema aneopummy pobomu 610Ky MHOMCEHHS
Ha OCHOBI 0OHOBUMIPHO20 KACKAOY KOHCMPYKMUBHUX MOOYi6

3 ypaxyBaHHSM OCOOJIMBOCTEH aIropuTMy Ta iHTepdency cyMaTopa 3anpornoHOBaHa CTPYK-
Typa IPUCTPOIO MHOKEHHS 32 MOJTyJIeM, sIKa IIpe/ICTaBlIeHa Ha puC. 4, 3 IKOT0 BUJIHO, 110 1HTEP-
¢eiicHa yacTuHA IPUCTPOIO BiMOBIIAE iHTEpPECHIN YacTuHi 3 mepiioro aociiay (puc. 1). Ta-
KM YMHOM, 11 BIJTUBOM Ha 3arajibHy KUTbKICTb PECYpCiB MOXKHA B ITOJJATIBIIIOMY 3HEXTYBATH.
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Puc. 4. Cmpyxmypa npucmpoio MHOMCEHHS
Ha OCHOBI 0OHOBUMIPHO20 KACKAOY KOHCMPYKMUBHUX MOOYi6
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Jlocitiay MpOBOAMIIMCH 13 BXITHUMH JaHUMH 3 po3psiaHicTio Bia 16 mo 1024. Pesynpratn
eKCIIEpUMEHTAIbHUX O0UMCIIeHb HaBesleH] B Ta0u. 1 Ta 2, a TakoXK MPOLTIOCTPOBAHI Y BUIJISL
¢byHKLil, 300paXkeHi Ha puc. 5 Ta 6.

Taomums 1
Pesynomamu excnepumenmis i3 npucmpoem MHONCEHHS 3a MOOYIEM, AKUU ONUCAHULL
Memooom YyHKYIOHANbHO2O0 onucy Moo VHDL

PospsajanicTs Kinbkicts LUT KiasbkicTts Slice 3arpumka, 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

Taomums 2
Pesynomamu excnepumenmis iz npucmpoem MHONCEHHS 3a MOOYIEM, KU ONUCAHULL
MemoOOM HA OCHOBI OOHOBUMIPHO20 KACKAOY KOHCMPYKMUBHUX MOOYIG

PospsaanicTs Kinbkicts LUT KiasbkicTts Slice 3arpumka, 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

Tabnuyni f1aHi A7 NEpIIOro onucy 3 BUKOpUCTaHHAM ornepatopiB VHDL HaBezeHi muie
st po3psaiB g0 96. Ionanpiie 301IbIIEHHST PO3PSIIHOCTI BXIHUX JaHUX OOMEXYBaJoCh pe-
cypcamu [IJIIC, 1m0 BUKOpUCTOBYBajach y J0CHigax, 1 HECIIPOMOXKHICTIO IHCTPYMEHTIB CHH-
Te3y BUKOHATH IMIUIEMEHTAI[IIO TTPOEKTY.

JUnist MOPIBHSIHHS PE3yJbTaTIB MPH PO3PSAHOCTI IOHAA 96 3 pe3yabTaTaMu METOLy (DyHKIIi-
oHaibHOTO onrcy MoBoto VHDL Oyna nobynoBana anamiTiuHa (QyHKIIis, 10 OTpUMaHa 3a J10-
MIOMOTOI0 METO/ly HaMEHIINX KBaJpaTiB, TOMY I[0 OTPUMAaHHS MPAaKTUYHUX 3HAYEHb OOMe-
KHUIOCh MOXKJIMBICTIO anapaTypu.

7.0E+6 4.0E+5 -, : ;
6.0E46 f(x) =5.99x22 + 10.1&( .84.60 ” 35E45 v KKM fé:(iz‘l.ou.z‘lx«z-# 4792x -16520
R?=1.00 *
SOES svHDL— %1 i f(x) = 0.02xA2 + 7.64x - 19.86
4.0E46 - e R Lt b
S 30e6 A g i i
: pre & 15E46
2.0E+6 - ¢TIV KEmM ? 10Es
10E+46 —a#* 2 () = 12.76x + 69.32 5.0E+4 | | .
ST ot S A P N e il P | YT e (RN QP CPT LT, bk deid

0 128 256 384 512 640 768 896 1024115 0 128 256 384 512 640 763 896 10241152

PoapagHicte PospagHicTe

Puc. 5. 3anescnicmo xinoxkocmi LUT
8i0 po3psOHOCMI
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OcCkibKM CTaHIAPTHUH orepaTop mifHeceHHs 10 creneHs MoBoio VHDL He miaTpumye
poboTy i3 cuTHaJIaMH, peaii3allis Ii€l oneparii BAKOHAHA Ha OCHOBI Omepallii MHOKEHHS 32

QIrOPUTMOM, HaBEJACHUM Ha pUC. 7.

[ ]

Puc. 7. Cxema ancopummy nionecents 00 cmenemnio 3a 3SMiHHUM MOOYieM

3 ypaxyBaHHSM OCOOJHMBOCTEH aJrOpUTMY 3allpONOHOBAHA CTPYKTypa MPHUCTPOIO MiHE-
CEHHsI JI0 CTEIIEHIO 3a MOAYJIEM, sKa IpeACTaBleHa Ha puc. 8.
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Jlociiay MPOBOAMIIMCH 13 BXITHUMH JaHUMH 3 po3psiaHicTio Bia 16 mo 1024. Pesynpratn
EKCTIIEpUMEHTAIbHUX 00YUCIICHb MIPOLTIOCTPOBAHI Y BUTIAAl QyHKIIiH Ha puc. 9 Ta 10.

7.0E46 - 1.4E49
6.0E+6 | f(X) = 6.05x*2 + 8.21x + 87.70 ,* —
R*=1.00 . f(x) = 1.08 x*3.00
K v KKM
S.0E+6 -4 VHDL ¢ 1.0E+9 R%= 1.00
,
,
4.0E46 - - £ 8.0E48
5 , g f(x) = 21.2x*2 - 322.0x + 36173
3 3.0E+6f 1 $ 6.0E+8 | R=10
' = +« VHDL
2.0E46 - o2 Y S 3 4.0E+8 |
L% f(x) = 19.57x + 14.71
1.0E+6 T " *=1.00 T 2.0E+8 -
P 4l -
0.0E+0 M ey 0.0E+0 O TEL. Ll S
0 128 256 384 512 640 768 896 10241152 0 128 256 384 512 640 768 896 10241157
PospagHicts PoapapHicTe
Puc. 9. 3anescnicmo xinokocmi LUT Puc. 10. 3anexcnicms sampumxu
8i0 po3psOHOCMI 8i0 po3psOHOCMI

BucHoBKH BiInoBigHo A0 cratTi. BianoBigHo 10 OTpUMaHUX pe3ysbTaTiB y peajizamisx
000x omnepariiif MeToJ1oM (yHKIIOHAIBHOTO onucy MoBoto VHDL, 3arpumka Ha 004MCIIeHHS pe-
3yJIbTaTy Ma€ MEHII 3HAUeHHS B Aiana3oHi Big 8 10 96 po3psiB, HIK IPH BUKOPUCTAHHI METO/TY
CTPYKTYPHOT'O OITUCY HA OCHOBI OJTHOBUMIPHOI'O KacKaay KOHCTPYKTHBHUX MoayiiB. Lle mosic-
HIOETHCSI BHKOPHUCTaHHSM Yy TIEpeBaKHIN O1BITIOCTI KOMOIHAIIIHOT JIOT1KM Ha BiIMIHY BiJ] OJTHO-
BHUMIpHOTO KacKaJly KOHCTPYKTUBHHX MOJIYJIIB, y SIKOMY IE€pEBa)Kae MOCIIiJOBHA JIOTIKa.

3riiHO 3 pe3yJIbTaTaMH €KCIIEPUMEHTY MOYKHA KOHCTATyBaTH, 110 peajti3allis 00UMCIIIOBayviB
BEJIMKOT PO3PSITHOCTI CTAHJAPTHUMH 3aC00aMU € Hee(heKTHBHOIO y 3B 53Ky 3 HAUIMIIKOBICTIO
armapaTHUX BUTpaT. BojHOUAC BENMKOIO MEpeBarol0 BUKOPUCTAHHS CyMaTropa Ha OCHOBI OJHO-
BHUMIPHOTO KacKaJly KOHCTPYKTUBHUX MOJYJIIB sIK OCHOBH JUIsl OJI0OKa ITiTHECEHHS 70 CTEIEHs 3a
MOJIyJIeM € Te, IO JUIsl peatizalii OJO0KIB BEJMKOI PO3PSIHOCTI BUTPAYAETHCS CYTTEBO MEHIIE
pecypciB. Hanpuknan, peanizauis MetogoM (yHkuioHansHoro onucy MmoBoro VHDL Ha po3psia-
HOCTi MoHa 96 3aiiMae KUIBbKICTh pecypciB, SIKy HE MOXKYTh HaJaTH HaBiTh HAMOUIbIII eK3eMII-
nsipu cimerictBy [IJIIC Spartan6. Ipu nipomy peasmizaiiis 3 BAKOPUCTaHHSAM CyMaropa 3a MOJIy-
nem Ha ocHoB1 KKM nae 3mory peanizyBarit 010K po3psiiHicTIO Outbliie Hixk 1024.
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UDC 004.62
Andrii Rohovenko

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.

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.
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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.
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AHAJII3 THOOPMAIIMHOI CACTEMHY NIITPUMKH OCBITHBOI'O ITPOLIECY
3A IOMIOMOTI'OXO TEXHOJIOI'TI IoT

Axmyanvnicme memu oocnioxncenns. Ilumanns suxopucmanmnsa mexuonozii 1oT 6 oceimi € akmyanvrum, ocodaugo 6 ne-
PI00 OucmanyitiHo2o HaBUAaHHSL.

Ilocmanogxa npoonemu. Binvuwicms ukiaoayie ne ModIcyms ROCMIHO 00CAIONHCY8amu i ynpaesiamu npoyecamu Hae-
uanHs 3000y8auie uUWOi 0CGIMU @ PEANbHOMY Yaci, WO NO2AHO BNAUBAE HA AKICb OCGIMU 3A2ANIOM.

Ananiz ocmannix oocnioxycens ma nyonikayiii. 5ynu pozensanymi ocmanni nyonikayii' y 6iokpumomy 00cmyni, 8 aKux Ucai-
mueno cgpepu suxopucmanns mexnonoeii loT. Taxooic pozersinymo natinonyspriui npukinaou suxopucmanns loT 6 oceimi.

Buoinenns nedocniodcenux wacmun 3azansnoi npoonemu. Yoockonanenns cucmemi npogeoeHHs 3aHAms i3 Memoro
NoKpaujeHHs 0C8imHb020 NPoYecy 8 Nepioo OUCMAHYIIHO20 HABYAHHS, 3a OONOMO2010 GIOCEdICeHHs 8i08i0Y8aAHHS MA KOHYe-
Hmpayii ysazu Ha nexyii 3000y8auie euuyoi ocgimil.

Ilocmanogka 3ae0anns. Ilpoananizyeamu, six loT ennusac na axicmo ocgimnvoco npoyecy. Onucamu cucmemy, 3a 00-
NOMO2010 AIKOI MOJICHA noae2uumu pobomy uKIadawi, a came 0onOMazamiy KOHMpOIO8aAmu 6i08I0y8aHiCMb 3aHAMYb 1 8U-
3HAUAmMU 3aYIKAGIEHICMb NPeOMemMOoM, Wo HAOAT OONOMOICe 00 EKMUBHO OYIHUMU 3000Y8aUI8 8UM0T 0CITU.

Buknao ocnoenozo mamepiany. I[Ipoananizosano, axi icnytome mexronoeii IoT 6 ocgimi. Onucano cucmemy, 3a 00NOMo-
2010 AKOI MOJICHA BIOCMeEdICYBAmMU NPUCYMHICMb 3000)8aUi6 HA NAPI, A MAKOJIC KOHMPOTIOBAMU iXHIO Y8azy U GUIHAYAMU 3a-
YiKaeneHicmy npeoMemoMm y peanrbHOMy Yaci.

Bucnoeku 6i0nogiono 0o cmammi. 3anpononoganuil y cmammi aHaniz 003601uns CMeopumu iIHpopmayiiny cucmemy
nIOMpUMKU 0C8IMHBLO20 npoyecy 3a donomoeoto mexronoeii 1oT, wo 6 malibymuvomy 003801UMb NOACULUMU OPSAHIZAYTUHY
pobomy 8uKIAOA4A i NIUHE HA 3A2ANbHY AKICIb OYIHIOBAHHSA CTYOEHMA.

Kniouosi cnoea: 1oT; 3axnadu uwoi oceimu, MOHIMOPpUHS, eleKMPOHHUIL JHCYPHAT, PO3NI3HABAHNA 00pa3zie;, oucma-
yitiHe HABYUAHHSL.

Puc.: 1. bion.: 7.

AKTyaJIbHiCTh TeMHU AocTimkeHHsl. [0T mMBUAKO PO3BUBAETHCS 1 CTAE NEAall aKTyalbHi-
11010 TeMOI0. IcHye Ge31id 03HaK, 110 CBiauath rpo Te, mo loT Oyne 3miHtoBaTH OaraTo raimyseH,
BKJTIIOYAIOYM 3aKJIa/I BUIIO1 OCBITH. BpaxoByroum, 110 BUKJIaAa4 y Mepioj AUCTAHIIIHOTO HaB-
YaHHS HE MOYK€ MTOCTIHHO JOCHIHKYBATH U YIIPABIIATH HABYATLHUMHU MPOIIECAMH, 32 T ATPUMKH
IoT 3akmaau BUIIOT OCBITH MOXKYTb IIOKPAIILYBaTH pe3yJIbTaTH HABYAHHS, yIOCKOHAIIOIOYH OIle-
paiiiHy e(peKTUBHICTh Ta OTPUMYIOUH PO3YMIHHS AiSJIBHOCTI CTYIEHTIB y peaibHoMYy uaci. Te-
xHouorist [oT normomorke KapAMHATBHO 3MIHUTH CHOCIO pOOOTH YHIBEPCHTETIB Ta MOKPAIIUTH
piBEeHb HABYAHHS CTYJICHTIB 13 0araTboX AMCIMIUIIH Ta Ha Oy/1b-IKOMY OCBITHBOMY PiBHI.

IMocTanoBka npodaemu. denomen Iurepuery peueit (IoT) cboroani Bimirpae BaxXIUBY
poib y 6arathox cdepax [1]. I3 KOKHUM POKOM KiIBKICTh MPUCTPOIB, sIKI MU MOTJIH O PO3TIIs-
JaTy sIK eeMeHTH [HTepHeTy peueil, 3pocTae. [HTepHeT pedeid MoXKHa PO3yMITH SIK BEJTUKY Me-
PEXY 3 PI3HUMH IMiIKITIOYCHUMH THITAMU 00’ €KTIiB, 3JaTHUX B3a€MOJIIATH Mk COOO0 Ta OOMi-
HIOBATHC 1H(OPMaIIi€l0, He3aJIeXKHO BiJl TOTO, UM HAJIS)KATh BOHU A0 o/Hi€Tl rpynu. CTBOpeHHS
MEpEexKi, 0 CKIAIAETHCS 3 TIPUCTPOIB, SKI B3aEMOMIIOTH MixK 0000, HAJTa€ MOXKIIMBICTH KOPH-
CTyBaueBi OUTBII €EKTUBHO YNPABIATH BCIMa MiJKIIOUYCHUMHU HPUCTPOSIMU. [HTEpHET peueit
JI03BOJISIE BiJJIAJIEHO KOHTPOJIIOBATH 00’ €KTH Yepe3 iICHYI0Ul MepexeBi iHPpacTpyKTypH, CTBO-
PIOIOYH MOXJIUBICTH JUIS TONANBIIOT Oe31ocepeIHbOI IHTerparlii (pi3MYHOro CBITY B KOMII IOTe-
pHI CHUCTEMH, IO MPU3BOJIUTH JI0 MiABHUINCHHS €)EKTUBHOCTI, TOYHOCTI Ta CKOHOMIYHOI BH-
rogu. loT NOMOBHIOETBCS NAaTUYMKAMHU Ta aKTyaTopaMu, IO poOuTh #oro kiGepdizumuHOIO
CHCTEMOI0, sIKa BKIIIOYA€ TaKi TEXHOJIOTI, IK PO3yMHI MEpexki, po3yMHi Oy TMHKH, IHTEIEeKTya-
JBHUH TPAHCIIOPT, PO3YMHI MICTa, a TAKOK PO3YMHY OCBITY [2].

OcCBiTHI# CeKTOp 3aBX/U CIpUiiMaB HOB1 pO3pOOKHU B ranys3i iHpopMaIitHIX TEXHOJIOT1i
Ta KOMyHiKaliid. TepMiH «OCBiTa» B CydacHy €moxy He OOMEXY€EThCS JIMIIE MiAPyIYHUKAMHU,
aJie 1 CToCy€eThCsl MUGPOBOrO CEPeJOBHINA 3HAHb Ta iH(GopMaIlii. BIIMB TeXHOIOT1H MOMIT-
HUH y pi3HUX acleKTaxX HaBYaHHS: Bij 30UIbLICHHS ydyacTi 37100yBaviB BHIOi OCBITH B HaB-

YarpHOMY TpoIieci uepe3 HU(pPOBUl KOHTEHT O CTBOPEHHS MEPCOHAII30BAHOIO KOHTEHTY
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IUISL IOKPAILEHHS PO3YMiHHS Ta pe3yiabTaTiB yuHiB. OJHUM 13 HAHMOTYKHIIINX aCMEKTIB Te-
xHojorii € [0T. 3rigHo 3 gocniKeHHsIM, TpOoBeAeHNM KomnaHiero Juniper Research [3], 3a-
rajnpHa KifgbKicTh loT-mpucTpoiB Ta gatunkiB nepeBUuTh 50 mipa 1o 2022 p., HOPIBHIHO 3
ouinkamu 21 mapay 2018 p. [3].

KirouoBoro mpo6aeMoro € akTyallbHICTh B3a€MO3B 513Ky [HTepHETY peueil Ta 3akiajliB BH-
moi ocBiti. OCHOBHE 3aBJaHHS CTaTTi — MOKA3aTH CIIOCOOM, SIK TOJIETIUTH OCBITHIHM mporiec
BHKJIaJjaduaM 3a JOormoMoror TexHousorii 10T, a Takox OUIbII SKICHO OI[IHIOBATH YCHIIIHICTh
CTYZACHTIB 3 ypaXxyBaHHs;M BiJIBilyBaHb 3aHATh 1 BUBUCHHS MaTepialy, SKUW HAIA€TbCsl BUKIIA-
JayaMH Ha Tapax, B yMOBax JMCTAHLIHHOIO HaBYaHHS.

AHaJIi3 ocTaHHIX A0cTiTKeHb i myOJikaniii. JlocmikeHHs i€l mpodIeMu TPOBOAUIUCS
TaKUMH BITYM3HSHHMH Ta 3aKOpPJIOHHUMH BueHuUMH, sk Jack Marquez, Suja P Mathews,
Alexander Garcia Davalos [4] Ta iH.

BujineHnsi HeTOCTiIZKEHNX YACTHH 3arajbHOI NpodeMu. VY 1l CTaTTi MPOaHai30BaHO
CHCTEMY, 3a JOIIOMOTOI0 SIKOT MOYKHA ITi/IBUIIMTH SKICTh MPOBEJCHHS 3aHATTS BUKIIAJa4eM, a
TaKOX MOKPAIUTH OpraHi3allif0 OCBITHBOTO MPOIIECY 3arajioM. 3a JOMOMOIOK 3alpPOIIOHOBA-
HOI CUCTeMH BHUKJIaJa4u 3MOKe BIICTE)KYBATH BiJBIyBaHHS 3aHATH Ta 3aI[IKaBJICHICTh MTpeaMe-
TOM 3/100yBauaMH B PEKUMIi peallbHOTO Yacy B yMOBaX JUCTAHIITHOrO HABYaHHSL.

IlocTanoBka 3aBAaHHs. Y CTAaTTi MPOAHANI30BaHO BIUIMB [HTEpHETY peueil Ha OCBITHIO
0i3Hec-MOJIeNb Ta EKOCUCTEMY OCBITH, HaBelleH1 npukiaau 3anyyeHns loT B 3akianax ocBITH.
Bucaitieno cnocobu mokpamieHHs SKOCTi OCBITH 3a JJoroMororo TexHosnorii loT, BpaxoByroun
MoTIepeIHI TOCTiKEeHHS 171sl BU3HadeHHsI BIUTUBY loT Ha ocBiTHIi nporec. BusHaueHo, sik Mo-
JKHA MOKPAIIUTHA OCBITHIM Mpoliec NMCTAHLIHHOIO HAaBYAaHHS 32 JIOTIOMOTOI0 BEJCHHS EJICKT-
POHHOTO XypHaIly 3 KPUTEPisIMHU, SIKI JOMOMAaraioTh BU3HAYUTH MIPUCYTHICT 1 3aI[IKaBJICHICTh
CTYACHTIB KOHKPETHHM IMPEIMETOM.

Buxkiaaa ocHoBHOro marepiajy. Brums [oT Ha ocBiTHIO Oi3HEC-MO/€Ib MOXKHA MPEICTa-
BUTH Y TPHOX BHMipax: IpOTrpamMu, MOJIeNIb HAaBYaHHS Ta 3allikaBlieHi CTOpoHH (puc. 1).

Moaenb
H3BYaHHA

Puc. 1. Tpusumipnuii énnus loT na modens oceimu

Jlo BUMipy IporpaM Hajie:KaTh: PO3YMHI Ta MiJKIIOYEHI KIacu, pO3yMHHUI KaMIyc, aBTO-
MaTH30BaHa CUCTEMA B1JIBITyBaHOCTI, CHCTEMH VISl IHKJIFO3UBHOI OCBITH, MOHITOPUHT OXOPOHH
3JI0pOB’Sl CTYJICHTIB, IEPCOHATI30BAHE HABYAHHS Ta 1H.

Creifikxonaepu: 3100yBadi BUIIOI OCBITH, BUKJIafadi Ta OAThKH.

Mozens HaBYaHHS: CHUIbHE HAaBYaHHS, BIpTyaIbHUN IHCTPYKTOP, aAaNTUBHE HABUAHHS Ta
3MillIaHe HaBYaHHSI.
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OckiTbKU pO3yMHE HaBYaHHS CTOCY€ETHCS ITPEIMETIB, HABYaJIbHUX KaOiHETiB, BOHU OB’ 3aH1
3 TexHoNorisAMH. TpagumiiHMi TiaXia 10 HaBYaHHS 3aKIHYMBCS PO3YMHOIO CHUCTEMOIO OCBITH,
HaBYaJIbHA CUCTEMa 3aMiHIOEThCs MeTo1oM «chalk-talky» HOBUMM TEXHOIOTTYHUMH IPUCTPOSIMHU
(Finger Touch, Pen Based, Teaching Pointer Tomio). V BHIINX HaBYAILHUX 3aKJIaJaxX CTYJICHTH
noTpeOyIOTh CepeIOBHUINA, 1€ BOHM MaTUMYTh PI3HOMAaHITHICTh 3HaHb, HABYAIBHHH MPOCTIp, MO-
AIJIMBOCTI JJIs1 IOCTIJDKEHB, 10CTYHICTh [HTepHeTy B maboparopii. [oT cTBoproe aganToBany 00-
JacTh HaBYaHHs, 1100 TOTOMOTTH iM OOMIHIOBATHCS 3HAHHSIMHU OJTHE 3 OIHUM.

ExcrnepTH 3 0CBITH OLIIHIOIOTH PO3YMHE HaBYaHHS K CAMOOCBITY, 100 3a0XOTUTHU TUX, XTO
HABYA€THCS, MPAIIOBATH HE TUIBKHU 3 MiApyYHUKaMH. Lle MOTHUBY€ y4HIB 0 CaMOCTIHHOI 10Ci-
THUIBKOT poOoTH 6e3 odimiitHux aHamorosux eramniB HaB4aHHs. B [oT maGopatopis B3aemo/ie
3 00’ €KTaMu, 1aTYNKaMU, TPOMYCKHOIO 3AaTHICTIO JAHUX Ta 3’ €JHY€ KOMIIOHEHT 13 XMapHUMH
OOYHMCIIEHHSMHY, 1€ PUIIBU/IIY€E HaBYaHHS. Ternep yuHi MOXYTh BiCTEXKYBaTH Ta CIIOCTEPi-
raTy 3a CBOIMHU €KCIIEPUMEHTAIBHUMH JIISIMH B PEKUMI peallbHOTO 4acy, BUKOPUCTOBYIOUH 1H-
TEJIEKTyalIbHI TEXHOJIOT1UHI MPUCTPOI MOHITOPHUHTY, TOOTO BHYTPIIIHIO KamMepy, iHTEIeKTya-
JHHUM TOJIOCOBUIM KOHTpOJIEp, MPUCTPOI BIJCTEKEHHS, NaTYUKU BijncTexkeHHs Bluetooth,
PO3YMHHI TOJAMHHUK CHOBIIEHHS. PO3yMHI HaBYaibHI CEPENOBUINA MPOKIATAIOTH MUIAX 0
ajanTauii yuHiB 10 CIpUHHATTS iHPOpMalii Ta il 00poOku sk nnudpoBux GopMaTiB HaBUAHHS.

Po3ymumii knac — 1ie Mmiciie HaBYaHHS, BUKIAJIAHHS Ta OI[IHIOBAHHS, SIKE B1IOYBAa€ThCS B
IHTENeKTyalbHOMY cepefoBuIli. Po3yMHuUIl Ki1ac poOUTh cCUCTEMY HaBYaHHS BHUKJIAIAHHSIM
MPOCTIIIO0, 3a0e3Medyloun Kpalle yMNpaBiliHHSA KiacoM. Bukiamadi Ta CTYJEHTH MOXYTb
3HATH, 1110 € METOIO HaBYAaHHS HA TEXHOJIOT1YHIN OCHOBI B CUCTEMI PO3YMHOTO yIIPaBIIiHHS KJla-
coM. Buureni 31iiCHIOIOTH Iil BIAMOBIAHO 10 yCIiXy y4uHiB. BoHM mpuiiMaioTh MOXIINBI pi-
IICHHS 100 MOJIMIICHHS SKOCT1 BUIIOi OCBITH. PO3yMHI TE€XHOJIOT1YHi IHCTPYMEHTH, HANpH-
KJaJ, JOKyMEHTaJlbHAa Kamepa, IHTEpaKTUBHA JIOUIKA, IHTEPAKTUBHUI IMPOEKTOP, MPOCTHIMA
MPOEKTOP, I(poBa KaMepa Ta TpadiuHi MIAHIIETH BUKOPUCTOBYIOTHCS B PO3YMHOMY KJIaci.
Konueniss po3yMHOI Ki1acHOi KIMHAaTH CTOCYETbCS JPOTOBOrO Ta O€3ApOTOBOrO HOCIs,
OB’ SI3aHUX 13 TEXHOJIOTI€EH0 [5].

HaBenemo nesiki nmpukinanu Bukopuctanus [oT B ocBiTi.

B onmHOMY 3 mOCIHIKEHh BUKOPUCTOBYBABCS METOJ] BiICTEXKEHHS ouei. JlocmiguBiim 1ei
METO/I, BUSIBIJIM BIUIMB HOCISl HA YATAHHS 1 BU3HAYMIIH, IO CTYACHTH, K1 YUTAIOTH LITFOCTPO-
BaHUI TEKCT Ha marmepi, Kpaiie oOpoOIsSIOTh 1 pO3yMIiIOTh TEKCT, HDK CTYACHTH, SIKI YUTAIOTh
TaKWii caMUi TEKCT Ha KOoMIT toTepi [6].

VY [7] BUKOPUCTOBYBaBCS pO3yMHHI OpaciieT Ta CEHCOpPHA MeperKa /ISl BUSIBICHHS €MOIII i
THIBY.

IaTepHeT pedeit MoXe BUSBUTHUCS KOPUCHUM JJIsI YUHIB 3 00MEKEHIUMHU MOXIIMBOCTSAMH. Y UH1
3 IOPYUIEHHSIMH CITyXy MOXKYTh BUKOPUCTOBYBATH CUCTEMY MIAKIIOYEHUX PYKaBUYOK 1 IUIAHIIET
IS TIEPEKIIaay 3 MOBH JKECTIB B YCHE MOBJICHHS, IEPETBOPEHHS 3BYKY B IIMCHbMOBY MOBY. BHko-
PHCTaHHS IPUCTPOIB 1 cUCTeM [HTepHETY pedeil € KOHCTPYKTHBHUM CITIOCOOOM HaJIaHHS OCBITHBOT
JIOTIOMOTH YYHSAM 3 OOMEKEHUMHU MOKIMBOCTAMH. OCOOIMBO II€ MOJIETIIye pOOOTY BUKJIAIa4iB
31 CTyJICHTaMH 3 0OMEXEHUMH MOXIIMBOCTSIMHU B YMOBaX JAMCTAHIIIHHOTO HaBYaHHSI.

Jlnst BIAMIHHOTO criocoOy IIBUAKO BUMTHUCS, a TAKOXK JUIS KPAILIOro 3aCBOEHHS iH(popMallii,
OyB po3pobnenuit mpuctpiii ScanMarker. 3a 70moMoror HHOro 3400yBadi MOXKYTh IIBUJIKO
CKaHyBaTH peJlarOBaHHUH TEKCT 3 KHUT, TarepiB Ta IHIIUX JOKYMEHTIB MPsAMO B TenedoH, MiaH-
et yu koM 'torep. IloTim et TekeT MokHa repeBecTH Oiibie Hixk Ha 40 MOB.

[Tig wac qUCTAHIIITHOTO HABYaHHS Y BUKJIAJadiB 3’ SIBUJIOCS JOJATKOBE HaBaHTaKeHHs. Lle
MIOB’S13aHO 30KpeMa 3 TUM, 110 HEOOX1IHO MOCTIMHO KOHTPOIIOBATH MPHUCYTHICTH 1 yBary cry-
JEeHTIB Ha JeKiii. Koy ekuis npoXoauTh, Ay>Ke BaKKO MPOBOJUTH 3aHATTS 1 BIICTEXKYBATH,
XTO 31 CTy/IEHTIB nepe0yBae Ha mapi BECh Yac, a XTO TUIbKU YaCTHHY 3aHATTS, OCKUIBKH CUTYya-
Iisl 3 MPUCYTHICTIO MOKE 3MIHIOBATUCS B OyJIb-IKMI MOMEHT. 3 ypaxyBaHHIM I[bOI'O MOXHAa
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CTBOPHUTHU CUCTEMY, SIKa JIOTIOMOXKE KOHTPOJIIOBATU MPHUCYTHICTH cTyneHTa. [1i1 mpuCyTHICTIO
3100yBavya po3yMi€ThCs BiIBIIyBaHHS 3aHATTS BiJl IOYATKY MapH 1 0 KiHIls, 6€3 BiABOJIKAHb.
Takosx Ba)KTMBOIO 03HAKOIO SIKICTIO HABYAHHS € 3aI[iKaBIIEHICTh CTYACHTA i/ 9ac 3aHsTTA. 3a-
[[IKaBJICHICTh MOXHA MEPEBIPUTH 32 JONOMOT 00 KOHIIEHTpaIlii yBaru 3700yBaya Ha MOHITOPI.
Ile Oyne BU3HAUATHUCS 3a JOMOMOIOI0 PO3Mi3HABaHHS 00pasiB, a came (ikCyBaTH MIMIKY Ta
eMOLIIHMIA CTaH CTyJeHTa IiJl Jac 3aHATTs. Kamepa ikcye monoxxeHHs Tia, MiMIKy, a TAKOX
MIOJIOKEHHSI 0YeH 1 B MOAAJIBIIOMY MOPIBHIOE JaHi 3 TOYaTKOBOIO KapTUHKOIO 3 YPaxyBaHHIM
MO>KJIMBOI TIOXUOKH.

[Ticnsa 3akiHyeHHs napu OyJe CTBOPEHO JKypHal, B IKOMY Oy/ie BiAMIY€HO, CKUIBKU Yacy
3100yBay OyB MPUCYTHIN Ha Mapi 1 IKKI piBeHb 3aIIKaBICHOCTI 10 IPEIMETA, a CaMe, K 4acTo
3100yBay BiJBOJIiKaBCs BiJ mapu. Takox MoxHa (ikcyBaTH, sIK 3MiHIOBAaBCS €MOIIMHUN CTaH
CTYZEHTA MPOTATOM 3aHATTSL.

BucHoBKH BiInmoBiTHO 10 cTaTTi. Y mporieci HanMcaHHs CTarTi OyJI0 MPOAHATI30BaHO ICHY-
104l TexHoJjorii [oT, siki BUKOPHCTOBYBAJIMCS B OCBITI, @ TAKOX BU3HAYEHO, SIK BOHH BIUTMHYJIH Ha
SKICTh OCBITHBOTO Ipolecy 3arajoM. IIpoanamizyBamu iHpopMalliiiHy cHCTEMY yIOCKOHAJICHHS
OCBITHBOT'O TIPOIIECY, 32 IONOMOT'0I0 BU3HAYEHHSI TPUCYTHOCTI CTYJICHTIB Ha Mapi, a TAKOXX BU3HA-
YeHH$ 3al[IKaBJIEHOCTI PEIMETOM Yepe3 pO3Mi3HABAHHS MIMIKH 1 TOJIOXKEHHS 00Myus 3100yBaya.
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ANALYSIS OF THE INFORMATION SYSTEM TO SUPPORT
OF 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 IoT 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
facilitate 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 support of 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: IoT, higher education; monitoring; e-journal; pattern recognition; distance learning.
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FOpin Kynakos, /[mumpo Kopenxo
IH KUHIPUHI" TPA®IKY B DCN 3 PO3TI'AJTIYKEHOIO TOITIOJIOT'IERO

Axmyanvnicme memu oocnioyncenna. Cyuacni DCN maiome 8enuxy po3amipHicmy i i0pi3HAIOMbCA Pi3HOMAHIMHICMIO
061a0Hanus, niokoueHo2o 00 Hux. Yepes ye cmae 0ocums CKIAOHO YNPAGIAMU YuM MUROM Mepedic, a came, OPKeCmposKoI0
mpaiky. LL[o6 supiwumu yi npodremu GUKOPUCMO8YIONb MEXHON02I0 NPOSPAMHO-KOHGIZyposanux mepedic. Takodc 0OHUM
i3 Memo0ig gupiuients yux npobiem € UKOPUCINAHHS PI3HUX TMONON02II N06Y 008U Mepedic, aodice BUKOPUCIAHHS CKIAOHUX
Monono2itl He 3a8cOU PpayionanvHo. Y cmammi po3ensinymo mpu 0OCHO8HI MONOA02I TIOKANLHUX Mepedc ma Memoo opKech-
POBKU MPApiKy 8 HuX.

Ilocmanogexa npoonemu. OcogHum HeOONIKOM Memo0ig, AKI 6y 00CaiOdiCceHi 8 OCMAHHIX NYONIKaYisAxX, € me, Wo mMapui-
pymu OPMYHOMbCsL KOMHCHUM BY3NOM MePeXC 6e3 YPAaxy8aHHs 6dice CHopmMosanux wisaxie iHwumu gysiamu. Le npuzeooums 0o
HOBMOPHO20 POPMYBAHHS OKPEMUX OLIAHOK YoHce ChOPMOBAHUX uliaxie. Payionanshe sukopucmanms pisHux mononoeitl nioguuye
ehekmusHICMb BUKOPUCTAHHS KAHALIE 36 SI3KY | 3MEHULYE CKILAOHICHIb OPKECIMPOBKU MPAGhiKy | MEXHIUHO20 CYNPO8OOY MePeXCi.

Ananiz ocmannix docnioscens i nyonikauiii. Ha yeil uac 0o6pe onucano yeHmpanizosamne GopmyeanHs Oe3niui wisxie
Ha 0cHogl 6azamoxonitnol mapupymusayii 6 SDN. Byno 3anpononosano moougikosaruii cnocib gopmysanns 6esniv wiiaxie,
WO XapaKmepusyemvcs MEHULOK MUMHACOBOIO CKIAOHICTNIO 8 NOPIGHAHHI 3 BI0OMUMU CROCOOAMU POPMYBAHHS Oe3NTHi ULIAXIS.
Taxooic 6y6 po3pobneruil MOOUDIKO8aHULl CROCIO 6a2amoKONIHOI Mapwpymu3sayii, AKULl 3a PaxyHoK 00Ky 0coonueocmi op-
eanizayii SDN, 30Kkpema 3a paxyHOK HAABHOCTE 8 MePEdiCi YeHMPATbHO20 KOHMPOLEPA, 00360JAE€ CKOPOMUMU YAC (POPMYSAHHS
6e3niui mapupymie 00cCmyny 00 MeperiCcesux pecypcis.

Buoinenns nedocniodcenux uacmun 3a2anvioi npoonemu. He posensmymumu Ha cmo200Hi 3anumaiomscsa eapianmu
PAYIOHATLHO20 BUKOPUCMAHHA PISHUX MONONO2I 0151 NIOBUIEHHS ePEeKMUBHOCMT BUKOPUCHAHHS KAHANIS 36 SI3KY | 3MeH-
WeHHsL CKIAOHOCHE OPKeCMpPOBKY MPAiKy il MEXHIYHO20 CYNPOBOOY MEPEXCi.

Ilocmanogka 3a80anus. 3a80aHHAM € ONUC MPLOX OCHOBHUX MONONO2IT MA PO321A0 MEMody 6azamoKoaiuHOI Mapuipy-
musayii' i opkecmposku mpapiky 8 HUX 3 ypaxyearxam ocoonueocmeti i nepesae SDN.

Buxnao ocnoenozo mamepiany. Onucani mononoeii moscme 0epeso, noO8itina po3uiupena 3ipka ma noositine Kinvye. Pozens-
HYMOo Memoo 6azamoxoniiHoi mapupymusayii' | opkecmpoéku mpaixy 6 Hux 3 ypaxysauusm ocoonusocmeil i nepegae SDN.

Bucnogxu 6ionogiono 0o cmammi. Buxonano ananiz pezyiomamie ma Hamiveni éapianmu MaiioymHix 0ocniodcets.

Knrouosi cnosa: noxanvhi mepedci; opkecmposka mpagixy; SDN; DCN.

Puc.: 3. Tabn.: 10. bion.: 13.

AKTyaJdbHiCTh TeMH JAOCTIIZKeHH . [3 KOXXHIM pOKOM Jefalli 3pocTae norpeda B 0Ouuc-
JOBANBHIN MOTYXKHOCTI Ta 00Cs131 iHPOpMaIIii i OLTBII AKTYaTbHUM CTa€ 3aBIAHHS 11 IBUIIICHHS
epexTuBHOCTI MepexeBux HeHTpiB JaHux (DCN). Cyyacni DCN MaioTh BeMKY pO3MIpHICTD 1
BIJIPI3HAIOTHCS PI3HOMAHITHICTIO 00NaIHAHHS, IMiIKIIOYSHOro 10 HUX. Yepes 1e cTae JOCUTh
CKJIaJIHO YIIPABIISATH TAKUM THIIOM MEPEXK, a came, OpKkecTpoBKoo Tpadiky. 1106 BupimuTH 111
npobJeMH BUKOPUCTOBYIOTh TEXHOJIOTIIO MporpamHo-koHpirypoBanux mepexx (SDN) [1-3].
Takox OJHUM 13 METOIB BUPIIICHHS [TUX MPOOJIEM € BUKOPUCTAHHS Pi3HUX TOMOJIOTiH mody-
JIOBH MEpexXK. AJlKE BHKOPUCTAHHS CKIIQJIHUX TOMOJIOTIH (HAIIPHUKIIA, 3MillIaHa) HE 3aBXKIH pa-
1ioHaabHO. OCKUIBbKHM HabaraTo 3py4Hille B MAJICHbKUX KOMITaHiIX BUKOPUCTOBYBATH MPOCTi
Tomoorii (IKHa, 3ipKa, KUIbIE 1 T. 1H.), Ki 3HAYHO MPOCTilIe 00CITyroBYBaTH i OpKeCTpyBaTH
B HUX Tpadik. Y BEIMKHX ke KOPIOpPaLisixX JOUITFHO BUKOPUCTOBYBATH OUIBII CKIAHI MOOY-
JIOBU MEpeXi Il pO3MEXYBaHHS JIOCTYIIB, X04a HUMHU JIOCUTh CKJIQJHO YHPABIATH 1 UIA iX
MiATPUMKH MOTPiOEH BEIHKUH MTAT TEXHIYHUX CTICIaiCTIB.

IMocTanoBka npodiemu. OCHOBHUM HEJIOJIKOM METO/IB, K1 OYyJIH JOCIIIKEH1 B OCTaHHIX
nyOiKaniix, € Te, o MapHpyTH GOPMYIOTHCS KOKHUM BY3JIOM Mepexi 0e3 ypaxyBaHHs BKe
cOpMOBaHUX NUISIXIB IHIIMMHU By3JdaMHu. Lle mpu3BOAUTE 10 MOBTOPHOTO (pOpPMYyBaHHS OKpe-
MUX JUTSTHOK YK€ c(hOpMOBaHUX IUIAXiB. PariionanbHe BUKOPUCTaHHS PI3HUX TOMOJIOTIH Imiji-
BUIIY€ e(DEKTUBHICTh BUKOPHCTAHHS KaHAJIIB 3B’ 53Ky 1 3MEHIITY€ CKIIaJJHICTh OPKECTPOBKH Tpa-
¢biky ¥ TEXHIYHOTO CYIPOBOIY MEPEXi.

AHaJni3 ocTaHHiX AocaiKeHb i myOJikaniii. LlentpanizoBane ¢popMyBaHHs Oe31iul HUIAXIB
Ha OCHOBI OaraTtokodiiHoi MapmpyTuzamii B SDN 103B0JIsIE CKOPOTUTH Yac KOHCTPYIOBAHHS
Tpadika i miIBUIIUTH SKICTh Horo obcmyroByBanHs (QoS) [6], ogHak Bimomi metoau (Gopmy-
BaHHs 0e3J1i4i IMUIAXiB MAIOTh BUCOKY THMYACOBY CKIIaAHICTh [7]. V 3B’s13Ky 3 1tuM y po6oTi «The
method of plurality generation of disjoint paths using horizontal exclusive scheduling» [8] 3ampo-
MOHOBaHO MOAM(iKOBaHUH c1ioci0 hopmMyBaHHS O€311Y IIJISIXIB, 1110 XapaKTEPU3Y€ETHCS MEHILIOO
© Kopenko /1. B., Kymakos 1O. O., 2020
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TUMYACOBOIO CKJIQIHICTIO B TOPIBHSHHI 3 BiIOMUMU crioco0aMu (popmyBaHHs Oe371iui NUTIXiB. Y
po6oti «SDN Orchestration for Next Generation Inter-Networking» [9] 3anpomoHoBano Mou-
¢ikoBanuii coci® GaraTokomiifHO MapIIpyTH3aLlii, AKUi 32 paXyHOK 00Ky 0COOIMBOCTI Opra-
Hizaii SDN, 30kpema 3a paxyHOK HasiBHOCTI B MepeXki IIEHTPAIILHOIO KOHTpOJepa, J03BOJISE
CKOPOTHTH yac (hopMyBaHHs 0€37114i MapLIpyTiB AOCTYITY IO MEPEKEBUX PECYPCIB.

BuaisnieHns1 HegoCTiI2KeHMX YACTHH 3arajbHOI mpodJemu. He po3risiHyTuMu Ha CbOro-
JH1 3aJTMIIAI0THCS BapiaHTH PaIliOHATHFHOTO0 BUKOPUCTAHHS PI3HUX TOMOJIOTIH JIS T BUIIICHHS
e(EeKTUBHOCTI BUKOPUCTAHHS KaHAJIB 3B 3Ky Ta 3MEHIICHHS CKJIaJHOCTI OPKECTPOBKH Tpa-
¢biky ¥ TEXHIYHOTO CYIPOBOIY MEPEXi.

Meta cTarTi. MeTOI0 JOCIIPKEHHS € PO3IJISLT TPhOX OCHOBHHUX TOMOJOTI{ JJOKAJIbHUX Me-
PEX 1 po3riIsa crocody GaraToKoIIHHOT MapIIpyTH3allii i OpKeCTPOBKHU TpadiKy B HUX 3 ypa-
XyBaHHSIM ocoOnmBoctei 1 mepear SDN [10-13].

Bukaan ocHOBHOro marepiaiy.

Fat Tree. Y xoMmyTOBaHilf MaTpPHIll — TOMOJIOTiT Mepexi, B AKii BUKOPUCTOBYIOTHCSI KOMY-
TaTOPH, — FOJIOBHA METa — MIJKIIOYUTH BEIUKY KUIBKICTh KIHIIEBHX TOYOK (TporecopiB abo
cepBepiB) 3a IOTIOMOTOI0 KOMYTATOPiB, 1110 MAIOTh JIUIIIE 0OMEXEHY KUIbKICTh MOpTiB. PO3yMHO
MOEAHYIOUM TePEeMHKaNIbHI €1eMEHTH Ta (POPMYIOUM TOMOJIOTiI0, Mepeka MOXe 3’ €JHyBaTH
3HAYHY KUTBKICTh KIHIIEBUX TOYOK (puc. 1).
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Puc. 1. Tononozcia Fat Tree

Mepexi Fat-Tree (puc. 1) Oynu 3anpornonoBani Yapas3zom Jleitzepconom 3 MIT B 1985
pori. Taka Mepexa € 1epeBoM 1 IpoIecopH MiAKIIOUEH] 10 HIKHBOTO piBHA. BiaMinHOIO 0CO-
OJMBICTIO TOBCTOr'O JIEpeBa € Te, IO A OyIb-KOTO KOMYTaTOpa KUIbKICTh MOCHJIaHb, 110
HAyTh BHHU3 JI0 OTO CIIaJKOEMIIIB, TOPIBHIOE KIJIBKOCTI OCHIIaHb, 110 WIYTh 0 Horo 6aThKiB
Ha BEPXHbOMY piBHI. TOMY MOCHIAaHHS CTalOTh «OUIBII TOBCTUMMU» 110 BEPUIMHM JepeBa, 1 y
nepeMuKada B KOPeHi JiepeBa € OIbIIICTh OCKIIaHb y TIOPIBHAHHI 3 Oy/Ib-IKHM 1HILIUM IIepe-
MHUKA4€eM II1]] HUM.

L1 ycTraHOBKa OCOOJIMBO KOPHCHA I MEPEX Ha KPUCTAII 1 € JICIEBOIO Ta €PEKTUBHOIO /IS
BUKOPHUCTaHHs B cynepkoMil otepax. OQHaK Ui KOPIOPAaTUBHUX MEPEXK, 1110 3’ €AHYIOTh Cep-
BEpU, BUKOPUCTOBYIOTbCS CTaHJAPTHI (TOTOBi) KOMYTaTOpPH, SIKI MaiOTh (DiKCOBaHY KUIBKICTb
noptiB. OTKe, KOHCTPYKIIis, JIe KUIbKICTh OPTIB BapilOETHCS BiJ KOMyTaTopa 0 KOMYyTaTopa,
HE Jy’e 3py4Ha y BUKopucTaHHi. Tomy OyiM 3amporioHOBaHi albTepHATHBHI TOMOJIOT 1, SIKi MO-
KyTh €()EKTMBHO BUKOPHCTOBYBATH ICHYIOUl KOMYTaTOpH 3 (DiKCOBAHOIO KiJBbKICTIO MOPTIB.

TomnoJioris «noaBiliHa po3mmMpeHa 3ipkay». Y Mepexax, 110 BAKOPUCTOBYIOTb TOMOJIOTIIO
«3ipKa», MEpeKEeBUN HOCIH 3’ €IHY€ LIEHTPAIBHUN KOHLIEHTPATOP 13 KOXKHUM MPHUCTPOEM, M-
KIIIOYEHUM /10 Mepexi. Di3nyHUIi BUTIISA] TOMOOTIT «3ipKa» Haraaye paaiajibHi CIHI, SIKi BU-
XOAATH 13 IIEHTPY KoJsieca. Y il TOMOJIOTii BUKOPUCTOBYETHCS YIPABIIIHHS 3 LIEHTPAIBHOI TO-
YKH, a 3B 30K MK NPHUCTPOSMH, MiJKIIOUEHUMH J0 MEpPEexKi, 3A1HCHIOETHCS 32 JOTIOMOIOI0
JBOTOYKOBHX JIiHIN MK KO)KHUM HPUCTPOEM 1 IIEHTPATHHUM KaHAJIOM a00 KOHIIEHTPATOPOM.
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VYBech MepexxeBHid Tpadik y 3ipKOnoaiOHIN TOMOIOrii MPOXOAUTE yepe3 KoHieHTparop. Cro-
YaTKy JaHi HaJICWJIAIOTHCS 10 KOHIEHTPATOPa, a MOTIM KOHILEHTPATOp MEepenpaBise iX mpu-
CTPOIO BIJIMOBIIHO JI0 a/IpECH, 110 MICTUTHCS B IaHUX.

AJie SIKIIo IpocTa 3ipKono/ji0Ha TOMOJIOTis HE MOYKe TIOKPUTH HMOBIPHY 00JIaCTh MEPEXi, TO
il MO’KHA PO3UIMPHUTH IIJISIXOM BUKOPUCTAHHS MDKMEPEKEBUX MPUCTPOIB, KI HE JAIOTh MPOSB-
nsaTAcs eeKTy arTeHroallii. Pe3ynbpTyroua TOMONOTIS Ha3MBAETHCS TOMOJIOTIEID «PO3IIUpPEHA
3ipka» (puc. 2). st Toro mo6 3ipKomnoaioHa TOMONOris MOrjia epeKTUBHO BUKOPHCTOBYBATHUCS
y BenuKii OyniBii, i HEOOXiTHO PO3MIMUPUTH. 32 paxXyHOK 30UIbIICHHS JOBKUHH KaOelliB ropu-
30HTAJILHOI KaOETbHOT CUCTEMH 11e pOOUTH HE MOYKHA, OCKUTBKY HE MOJKHA ITEPEBHIIYBATH PEKO-
MEH/I0OBaHY MAaKCUMaJIbHY JIOBKHHY Ka0et0. 3aMiCTh IbOT'0 MOYKHA BUKOPUCTOBYBATH MEPEKEBI
MPUCTPOi, SKI MEPEHIKOPKAIOTh JAerpajanii curnany. I1lo6 curHanmm Mormm posmi3HaBaTUCS
NPUAMAIOYUMHU TTPUCTPOSIMHU, BUKOPUCTOBYIOTHCS TIOBTOPIOBAY], 5IKi OepyTh OCIAONEHUI CHT-
HaJI, OYUIIAIOTh HOTO, TOCUITIOIOTH 1 BIATIPABIISIOTH Jalli IO MEPeXkKi. 3a JOIOMOTr0r0 TIOBTOPIOBA-
4iB MOKHA 30UTBIINTH BiJICTaHb, Ha Ky MOXKE csraTu Mepexa. [loBroproBaui npamoTh y TaH-
JIeMi 3 MEPEXEBUMH HOCISIMU 1, OTKE, HAJISKATh 110 (Pi3MuHOro piBHs eTanoHHoi Moeni OSI.

¥io ¥il ¥iz

Fis Vi7 Vig

Puc. 2. Tononozis «noosiiina pozwupena 3ipka»

JlocuTth yacTo Juig 3anoOiraHHs BiMOB y pOOOTI Mepexi I0Jal0Th APYTrHid, AyOaror0unii
KOMYTaTOp, KU 3MOKe MIPUIHATH Ha cebe YacTHHY HaBaHTXEHHsS Mepexi (puc. 2).

Tomnoaoris «noaBiiiHe Kibue». Y KUTbIli, HAa BIIMIHY BiJl iHITUX TOIOJIOT1H (31pKa, MIWHA),
HE BUKOPUCTOBY€ETHCSI KOHKYPEHTHHM METO ] HaCUIaHHs JaHuX. KoM’ 1oTep y Mepexi oTpu-
MYE€ JaHi BiJ] TOTIEPEIHBOT0 B CIMCKY a/IpecaTiB 1 MepeHarpasisie ixX aaii, SKII0 BOHU apeco-
BaHi He Hlomy. CIMCOK ajipecaTiB reHEepYEThCSI KOMIT IOTEPOM, III0 € TEHEPaTOPOM MapKepa.
MepexxeBuil MOTYJIb T€HEpy€e MapKepHUI CUTHAII, SIKUi 3a3BUYail CTaHOBUTH 2-10 6aiT, 11100
YHHUKHYTH 3aracaHHs, i iepejiae Horo HacTymHii cuctemi. Hactynna cucrema, mpuitHsBIIN CHU-
T'HaJI, HE aHaJi3ye ioro, a mpocTo nepenae aani. Lle Tak 3Banuil HynboBHIA LUK (puc. 3).

Tomosnoris «noaBiiiHe Kible» (puc. 3) moOyaoBaHa Ha IBOX Kulblsx. [leprie kinbiie — oc-
HOBHMI LUIAX JJIS nepeaayl ganux. [lpyre — pesepBHUIMA NUIX, M0 AyOIr0€ OCHOBHUHN. SIKIITO
nepie Kutblle QyHKI[IOHYE HOPMAIILHO, TO JIaH1 ePeAa0ThCsl TUTLKH 110 HhOMY. SIKIIO KiTbIe
BUXOJIUTB 13 JIaJly, BOHO 00’ €IHY€EThCS 3 APYTHM 1 Mepexka MpoJIoBXKYye QyHKIIOHYBaTH. JlaHi
IIPU LILOMY 3a MEPUINM KiJIbIIEM MEPEaloThCsl B OJJHOMY HaNpsMKY, a 110 IpPyroMy — y 3BOPOT-
HoMy. [Ipuxianom Mmoxe nocayxxutu Mepexa FDDI.
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Puc. 3. Tononocis «noosiiine Kinvyey

Jlnst popMyBaHHS MapIIPyTiB Mepeayi MaKkeTiB y po3TISHYTUX TOIOJIOTIAX OyJeMO BUKO-
pHUCTOBYBaTH MO (iKOBaHUH anroputm [13].

IIpuknaagu popmyBaHHA TA0ANIB 0araTokoJiiiHOI MapmpyTu3anii. Po3risHemo npu-
KJaau popMyBaHHS TaOIUIb MapLIpyTH3aLii A1s epenadi iHgopmarii Bij By3na V7 10 By3ia
V14 DCN po3risiHyTUX BUIIE TOMOJIOTIH.

VY poborti «Orchestration of traffic in network data centers based on technology Software-
Defined Networking» [13] HaBeaena nmociioBHICTb (hOpMyBaHHS TaOIUIb MAPILIPYTIB 15 TO-
nosorii Fat Tree. Ane upomy npukiaai noOyayeMo TabIHIl MapIIPYTiB A TOMOJIOTiH Mmo-
IBiitHa po3mIupeHa 3ipka i mojsiiiHe kinble (Tadm. 1).

Taomums 1
3aseanmadsicents Kananie 0ns MoONoJo2ii NOOBIIHA PO3ULUPEHA 3IPKA
Ll LZ L3 L4 LS L6 L7 L8 L9 LlO Lll L12
Kanan ViV | VY, [V, [ VLY, | VY, [ Ve | BV, [ WV [ ViVe [ ViV, [ ViV [ VeV,
Hapanraxenns | 0,1 0,2 0,7 0,5 0,6 10,6 0,2 0,4 0,3 02 104 |01

IHocainoBHicTh GopMyBaHHs Ta0IMIb MAPLIPYTIB.
®opmyeTbes MHOXKHHA By3IiB W, = {V5}, cyMiKHUX 3 By3710M V4.
dopmyeTbes TabnuLg MapIpyTiB A5 By3na Vs (Tabdi. 2).
Tabmums 2
Tabnuys mapwpymis ons ey3na Vs

Tabmurs Bysma Ve
BY301 METpHKa HaBaHTa)KCHHS
ajpecar CYMDKHUHI UIIXY nuixy go Vi,
Vig Via M4 0,1

j=1

®opmyeTbest MHOKHHA By3iB W, = {V3, V5 }, mo npuMukaoTs 10 By3na Vs.
KoedimienT HaBanTaxkenus kanany L, = (Vs, ;) nopisatoe d, = 0,2.

d,> Ds, Toni D; =d, =0,2.

dopmyBaHHs TabIUIl MapuIpyTiB 10 By3na V, (tabum. 3).
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Tabmums 3
Tabnuys mapwpymis ons eysna V,
Tabmmrs Bysma V,
BY30J1 METPHUKa HaBaHTAXXCHHA
aapecar CYMIKHUHI LHUISIXY nusixy 710 Vs
V14 VS Mi,14 0’2
KoedoimienT HaBanTaxkenus kanany L; = (Vs, V;) nopisatoe d; = 0,7.
d;> D,, Toni D; =d; =0,7.
®opmyBaHHs TaOIUII MapIIpyTiB 10 By3ia V; (Tabdm. 4).
Tab6muns 4

Tabnuys mapwpymis ons eysna V,

Tabmmrs By3ma V;
By30I1 METpHKa HaBaHTA)KCHHS
azpecar CYMDKHUI HUIAXY nusxy 1o Vs
Via V3 M4 0.2

j=2.
dopmyeTbest MHOXKHHA By3iiB Wa ={V3,V,, Vs }, mo npumukaiots 10 By3na V.
[Noxi6HuM yrHOM, c(hOPMYBABIIN MAPLIPYTH 0 1HIIUX BY3JIB, SIK PE3yJIbTaT, MU OTPUMAEMO
TaOJIMIII0 MApLIPYTIB VIS By3na V3, uepes sSIKuii MU OTPUMAEMO J0CTY 10 By3na V; (tabm. 5).
Tabmums 5
Tabruys mapwpymis ons 8ysna Vs

Tabmmrs Bysna Vs
BY3on : " METpUKa NUIAXY Path load up to V;
azapecat CYMDKHUHI
V14 Vl Mi,14 0’3
V14 V2 Mi,14 0’6

Ha migcrasi BuIie3a3HaueHUX TaOIUIb MapUIpyTU3alii iHpopMallis nepeaaeThes BiJ By3a
V, no By3na V4 3 minimansHuM 3HaueHHsIM D, = 0,3 y Takiii mocmigoBuocti V, —> V3 —> V, —>
V,—> V,—> Vs—> V,, (Tabm. 6).

Tabmuis 6

3asanmaoicenns kananie s Monono2ii noositine Kiibye
Ll LZ L3 L4 LS L6 L7 L8 L9 LlO Lll L12
Kanan VigVo | VoVig [ VoVy | ViV | VigVig [ ViaVa | Vi3 Vip [ ViV [ VBV, | VLV, | ViV, [ VRV,
Hapanraxennus |0,1 0,2 0,7 103 0,6 0,5 0,5 0,5 0,6 |02 104 0,1

IHocainoBHicTh GopMyBaHHs Ta0IUIb MAPLIPYTIB.
®opmyeTbest MHOXKHMHA By3iB Wy = {Vg}, cyMibKHUX 3 By3710M V4.
dopmyeTbes TabnIMLA MapUIpyTiB 1 By3na Vg (Tabdm. 7).
Tabmurs 7
Tabnuys mapwpymis ons 8y3na Vy

Tabmus Bysma Vg
BY301 METpHUKa HaBaHTa)KCHHS
agpecar CyMDKHUHI HUIIXY nurixy go Vi,
Via Via M4 0.1

j=1

®opmyeTbest MHOXKHHA By3iiB W, = {V3, V4 }, 1m0 npuMukaoTs 10 By3na V.
KoedirienT HaBanTaxkeHHs kanany L, = (Vy, V;¢) nopiBatoe d, = 0,2.

d,> Do, Toni D; =d, =0,2.
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dopmyBaHHs TabIUII MapIpyTiB 10 By3na Vi, (Tabm. 8).

Tabmums 8
Tabnuys mapwpymis ons eysna Vi,
Tabmms By3na Vi
BY30J1 METPHUKa HaBaHTAXXCHHA
agpecar CYyMDKHUHI HUIIXY nuixy 1o Vg
V14 V9 Mi,14 0’7

KoedoimienT HaBanTaxkenus kanany L; =(Vy, V;) nopiBatoe d;=0,7.

ds;> D4y, Tomi D; =d5 =0,7.

®opmyBaHHs TaOIUII MapuIpyTiB 110 By3ia V, (Tabdm. 9).
Tabmurs 9

Tabnuys mapwpymis ons eysna V,

Ta6mus Bysna
BY301 METpHKa HaBaHTa)KCHHS
ajpecar CYMDKHUHI HUIAXY Xy g0 Vg
Via Vio M4 0,3

j=2.
®opmyeTbes MHOXKHHA By3iB Wy = {V,, V;4 }, mo npuMukaioTs 10 By3na Vi,.
[Moni6HuM yrHOM, c(HOPMYBABIIN MAPLIPYTH JI0 1HIIUX BY3JIB, SIK PE3yJIbTaT, MU OTPHMAEMO
TaOJIMIII0 MAapLIPYTIB U1 By3na V,, uepe3 K1l MU OTpUMaEMO J0cTyn 1o By3na V; (tabm. 10).
Tabmums 10
Tabnuys mapwpymis ons 8ysna V,

Tabmmrs Bysna V,
BY3OI - " MeTpHKa Path load up to V;,
azpecat CyMDKHUHI HUISIXY
V14 Vl Mi,14 0’4
V14 V12 Mi,14 0’5

Ha migcrasi BuIie3a3HaueHUX TaOIUIb MapUIpyTU3alii iHpopMallis nepeaaeTbes BiJ By3ia
V, no By3na V;, 3 miHimManeHuM 3HadeHHsM D; = 0,4 y Takiit mocnigoBHocti V,—> V,—>
Vi—=>V,—> Vig—> Vog—> Vy,.

SIKIIO HaBaHTaXKEHHS Ha 3B’ S130K 00paHOr0 MapUIpyTy 3pOCTae, Horo Tabiuisg MapIpyTiB
3MiHIO€ThCs. Lle mpu3BoauTh 10 pekoHpiryparii 3a1aHOT0 HUTSXY.

[Tpouienypa opKeCTpOBKH pyXy OULIBII TOKITAIHO OomHcaHa B cTaTTi «Orchestration of traffic
in network data centers based on technology Software-Defined Networking»[13]. BukopuctoByrouun
Horo, MOXHa OCUTH JIETKO OPKECTPYBATH Tpadik JUIs pi3HUX TOIOJIOTIH MEepexi.

BucHoBKkM BiAnoBigHO 10 cTaTTi. Y po0OTI peai3oBaHO JIBi MEPEKEBI TOMOJIOTI{ Ta BU-
KOpUCTaHUN MeTo]1 OpKkecTpoBKH Tpadiky B DCN, sikuii, BpaxoByI04YM 0COOJIMBOCTI OpraHi3artii
SDN, no3Boisie CKOPOTUTH Yac (hopMyBaHHsSI HAOOpy MapIIPYyTiB JIOCTYILY 0 MEPEKEBUX pe-
CYpPCIB Ta CIIPOCTUTH MPOLEAYPY 3MIHA MapUIPyTy.

JlaHi Tormomorii 3a JOMOMOr o0 LOT0 MeToAy [ 13] J03BOJSIFOTH MPAKTUYHO BUKITFOYUTH 3aTPH-
MKy a00 BTpaTy MakKeTiB y Mpoleci nepeHanpanieHss Tpadiky. Boanodyac uynmM Ouiblie NUIAXiB
(OpMYETHCSI B TOTOJIOTISIX, TUM MEHIIIOIO Oy/ie HMOBIPHICTh 3aTPUMKHU 200 BTPATH MAKETIB.

L1i Tonomorii mobpe MmiaXoAsITh Al MalluX Ta cepenHix odiciB. [ BUKOPUCTaHHS HA Be-
JMKUX MiANPUEMCTBAX 111 TOTOJIOTIi MOBUHHI OyTH PO3IIMPEHI Ta pO3raiayxeHi. MoXINBOIO
TEMOIO HACTYITHHUX JOCIIIKEHb € PO3po0Ka METOLy OPKECTPOBKH Tpadiky B OLIBIINX TOMOJIO-
risix. Takox 1iKaBOIO TeMOIo OyJi0 6 HaBUYaHHs Ta PO3MIIIEHHS B IEBHUX By3J1aX HEUPOMEPExKi,
sika O BiJIMOBiaNa 3a aHaIIi3 MepeaHnX 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-
formation 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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CIIOCOBU CHUHTE3Y TONOJOTTYHUX OPTAHI3AIIIA
HA OCHOBI KOJOBHX NIEPETBOPEHbD JIE BPYHHA

Axkmyanvnicmos memu 0ocnioyncenun. Ha cb0200ni maki mononoeiuni opeanizayii, sk depesa (tree), swcupri oepesa (fat
tree), 3D-mesh, 6D-tor, DragonFly suxopucmogyromucs sk cnocib mepedicegoi opeanizayii 6 yenmpax oo6pobxu danux. Yci yi
MONONO2IT Malomv 8i0MOBOCMILKI 61ACIUBOCTI BHACTIOOK HAABHOCHI OeKiIbKOX aNbMEPHAMUGHUX WISAXI8 MaAPUPYyMU3ayii.
Tomy akmyanvHolo € 3a0aua po3pobKu HOBUX MONON02IH, AKi 6y0yms mamu 6a2amo 30a1AHCOBAHUX MaApwpymia (one cost
path). OOHum i3 Kpawux eapianmie 015t 0CAIONCEHb NOKPAUEHHS. MONoo2il depesa € KombiHayisa 3 epapamu de Bpyiina 6
PI3HUX cuCmeMax YucieHHs, Wo 00360.15€ 8apiiogamu Cmynenem @epuitt, oiamempom ma KintbKicmio anbmepHamugHux wisaxie
ona mapwpymuzayii. Y cmammi npononyemucs 6UKOpUCmamu Hoguti Cnocio, akuil 0038015€ OMPUMAMU 3a0aHi Xapakmepuc-
MUKU npu 06’ €OHAHHI MONON02IT HA OCHO8I Depes 3 2paghom Ha OCHO8I KOO08UX nepemaopeHs de bpyiiua.

Ilocmanogxa npobnemu. Ilpu cmgopenti UCOKONPOOYKMUBHUX OOUUCTIOBATILHUX CUCEM B8ANCIUBOIO € 3A64ACHA PO3-
pobka ix mononociunux opeanizayii, aKa 003601A€ 4ACHO nepeddayumu XapaKmepucmuKky CUCIeMu.

Ananiz ocmannix docnioxycens i nyonikayii. Ha yeii yac icHye nuska pobim, npucesienux monono2isim, o 3acHO8AHI Ha No-
cnioogrnocmi Oe bpytina. Icnye demanvhuti 021510 cunmesy 2I6pUOHUX MONOL02I Ha 0cHosE 2paghie Oe bpytina ma 2inepky6ba.

Buoinenns neoocniodcenux uacmun 3a2anvnoi npoonemu. He pozenanymoio na yeii uac 3anumacmsvcs MOACIUGICMD
BUKOPUCTNANHS 2IOPUOHUX MONOIO2TI HA OCHO8T 0eOpPYUHIBCHKUX NOCTIO0BHOCEN MA PI3HUX MUNIE 0epes.

Ilocmanogka 3a80anuan. 3asoannamu € po3pobka cnocoby cunmesy HOBUX MONOL02I HA OCHOBT Oepes i 0eOPYUHIBCHKUX
nocnioogHocmeti ma GHANI3y XapaKmepucmux CUHmMe308aHUX MONONO2IUHUX OP2aHi3ayitl ONiA PI3HUX PiGHIE 8BIOMOBOCMILIKOCHII.

Buknao ocnoenozo mamepiany. Onucano cunmes n’samu mononoeiti Ha 0CHoBi depes i 0eOPYUHIBCHLKUX NOCTIO0BHOCTEI.
IIposedero nopiensanvHull ananiz yCix CUHME308AHUX MONONOZIH.

Bucnogxu 6ionosiono 0o cmammi. Buxonano ananisz xapaxmepucmux, 8uoineno 0CHOGHI nepegazu ma HeooniKu 3anpo-
NOHOBAHUX MONONOIUHUX CIPYKIYP, BUCYHYIMO NPONO3UYii W00 iX NOKpaujeHHs.

Knrouosi cnosa: epag de bpyiina, mononoeis; 6i0Mo80Ccmitikicmb.

Puc.: 13. Tabn.: 9. bion.: 13.

AKTyaJbHicTh TeMHu qocaix:kenHsi. Ha choroani nepea (tree) Ta xupHi nepesa (fat tree)
IIMPOKO BUKOPUCTOBYIOTHCS SIK CIIOCIO MepekeBoi opranizaiii B ieHTpax o0pooku qanux. Ta-
KOXX B CyYaCHHX CYNEPKOMII FOTepax BUKOPUCTOBYIOTHCS TaKi TOTIOJIOTIYHI opraHi3ariii, ik 3D-
mesh [1], DragonFly [2], 6D-tor [3]. Bci mi Tonosorii MatoTh BiIMOBOCTIHKI BIIACTUBOCTI BHa-
CIIIJIOK HAsBHOCTI JIEKUIBKOX alIbTEPHATUBHUX IUIAXIB MaplIpyTu3aiii. ToMy akTyalbHOIO €
3ajaya po3poOKH HOBUX TOTOJIOTIH, sIKi OyAyTh MaTH 6arato 30aJaHCOBaHMX MapIIPYTiB (one
cost patch) [4]. Onaum 13 BapiaHTIiB [J1s JOCIIDKEHB MTOKPAIIEHHS TOIOJIOTIT JiepeBa € KoMOi-
Harlis 3 rpadamu ae bpyiiHa B pi3HUX cucTeMax YHcIeHHA. BUKOpUCTaHHS Pi3HUX CHCTEM YH-
CIICHHS JI03BOJISIE BapilOBAaTH CTYNEHEM BEPIIMH, A1aMETPOM Ta KUIBKICTIO albTEpPHATUBHHUX
HUIAXIB JUI MApIIPYTHU3aIlil. Y CTaTTi MPONOHYETHCS BUKOPUCTATH HOBHM CIIOCIO, SIKMI J03BO-
JIsi€ OTPUMATH 33JaHi XapaKTEPUCTHKH MPH 00’ €THAHHI TOTIOJIOTiH Ha OCHOBI AepeB 13 rpadom
Ha OCHOBI1 KOJIOBUX IepeTBOpeHb ne bpyiina.

ITocranoBka npodaemu. [Ipy CTBOpEeHHI BUCOKOIIPOIYKTUBHOI OOUMCIIOBAIBHOI CUCTEMH
Ba)XJIMBOIO YACTHHOIO pOOOTH € po3poOKa TOmoJIoriyHoi oprasizarii. Lleit Kpok 103BosIsi€ BYaCHO
nepeadaunTy XapaKTepPUCTUKN CHCTEMHU, HE BUKOHYIOUH ITOBHOI MOJIENI CUCTEMH, IO JIO3BOJISIE
MPaBUIILHO MiAiOpaTy 00NaAHAHHS Ta PO3POOUTH AITOPUTMH MapIipyTu3anii. Sk Bizomo, 6ib-
IIiCTh KJIACTEPiB BUKOPUCTOBYE IIEHTPAJIbHI IIPOLIECOPU Pa30M i3 AeKiJbKoMa rpadiuyHuMU Ipu-
CKOpIOBaYaMH JJIsl PO3B’sI3aHHS OOUMCITIOBAIBHIX 3a/1a4. 3a3Bu4aii 3HauHa yactuHa JiHii PCI
express BXe BUKOPUCTOBY€ETHCS, 1 TOMY BaXKJIMBO MEPEIYACHO KUTbKICTh 3B SI3KIB VIl KOXKHOT'O
BY3J1a, 1110 OyJie BIUIMBATH Ha Yepry MOBIJOMIICHb, siKa Oy/ie yTBOPIOBATUCS.

AHaJIi3 ocTaHHIX J0CTiTKeHb i myOaikamniii. Ha nieit gac icHye Hu3Ka poOiT, MPUCBIYCHUX
TOTIOJIOTISIM, III0 3aCHOBAaHi Ha mociigoBHOCTI e bpyiina [5-7]. IcHye aeTanbHuil orisin CUH-
Te3y riOpuaHUX TOHOJOTiH Ha ocHOBI rpadiB ne bpyiina Ta rimepky6a. Takox 1ikaBo 3a3Ha-
YUTH, 10 30UIBIIYETHCS KUTBKICTh HAYKOBUX CTaTe, sIKi BUKOPUCTOBYIOTh Ipadu ne bpyitHa
s cunate3y JIHK i reromis [8].

© Pycinos B. B., Isanimes b. B., AnTontok A. 1., Bonokurta A. M., JIymekuii I'. M., 2020
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BujineHns HeTOCTiIKEHUX YACTHH 3arajbHol npo6jaemMu. OIHIEI0 3 MOMUPEHUX MO~
¢ikariii repeBa € TOBCTE I€PEBO, MOKA3HUKH SIKOTO JI03BOJISIIOTH BUKOHYBAaTH MaclITa0yBaHHs
BIIMOBOCTIMKHX TomoJjorii. [Ipore paniie He OyJ0 pO3TISHYTO MOXIJIHBICTH BUKOPHCTAHHS
riOpHIHUX TOIOJIOTiM Ha OCHOBI 1eOpYHHIBCHKUX MOCIIOBHOCTEH Ta Pi3HUX TUIIIB JIEPEB.

Meta crarTi. MeTor0 H0CIiPKEHHS € po3poOKa crioco0y CHHTE3a HOBHX TOMOJIOTH Ha Oc-
HOBI JIepeB 1 AeOpyHHIBCHKUX MOCIIOBHOCTEH, Ta aHAJI3y XapaKTePUCTUK CUHTE30BAHUX TO-
MOJIOTIYHUX OpraHi3alii A pi3HUX PiBHIB BiAMOBOCTIHKOCTI.

Bukiag ocHOBHOro martepiajy. BijbIIicTh TOMONOTIH, SIKi 3aCTOCOBYIOTHCSI B CyIIEp-
KOMII I0Tepax, HacTpaB/ii MalOTh KOPEHI 3 MPOCTUX TOMOJIOT1YHUX OpraHi3alliid, HalmpuKial pe-
mritku (mesh). O1ke, 3MIHCHUTH MTepexia BiJ MPOCTHX 10 CKIaJIHUX TOMOJIOTIH MOXKHA JIeKiTb-
KOMa [UIIXaMHU:

lepapxiunuii migxia. Ha ocHOBI Kiactepa, SIKMH MICTUTh HEBEIHMKY KiJIBKICTh MOEIHAHUX
MiX c00010 BY3IiB, (OPMYETHCS i€papXidHa TOMOJIOTs, B SIKii 3B’ I3KM MIX KJIaCTEPaMU TaKOXK
BIJIMOBIJAIOTH OJJTHOMY 33JaHOMY MPABUITY.

JlekapToBuii 10OYTOK TOmoiOrii. Jl03Bosle OTpUMATH HOBI TOIOJIOTII 3 MOETHAHHSAM BJla-
CTUBOCTEH 000X MOYATKOBHX TOIOJIOTIH [5].

OO0’ eHaHHS TOTIOJIOTIH. 32 TOMOMOTO0 JJOJATKOBUX 3B’ sI3KiB MOYKHA 30€perTH mepeBaru Jie-
SIKO1 TOTIOJIOTIT Ta PO3MIMPHTH 11 (hyHKIIIOHA Yepe3 3B’ sI3KH, 110 MPUTAMAHHI 1HIIIH TOMOJIOT].

JIo OCHOBHUX MOKa3HUKIB TOMOJIOTIM OyAeMO BITHOCHTH KUIbKICTh N BY3JIIB TOMOJOTI],
cryninb S Tonosnorii, niametp D Tomonorii, cepenniit niamerp D Tomoiorii, TomnosoriyHuii Tpa-
¢ik Q, Bapricts C.

Sk mouaTkoBi 6a30Bi JOCIIDKYBaH1 TOMOJIOT1YHI OpraHi3alii BUKOPUCTaHi JiepeBa Ta rpadu 1e
Bpyiina. PosrisiHemo 3Buuaiine 6iHapHe fepeBo. MaciuTaOyBaHHs TaKoi TOIOJIOTI] 3/A1CHIOETHCS
HACTYITHUM YMHOM: € KOPEHEeBa BEpILIMHA, HA HACTYITHOMY KpOIli 10 Hei JJ0aroThCs /1Bl HOBI Bep-
IIMHH, SIKI Ha3UBAIOTHCS sipycoM. Ha KoKHOMY Kpolli MacIiTaOyBaHHs 10 OCTaHHBOTO SIPYCY, J10
KOYKHOT 3 BEpILIUH JOJA€ThCS IO /1Bl BEPLIMHH, YTBOPIOIOYM HOBHH sipyc (puc. 1, Tabm. 1).

Puc. 1. Tononozis 6inapue oepeso

Tao6mums 1
Xapaxmepucmuku 0iHapHo20 0epesa Ha F-0M) Kpoyi
IMapamerp KiabkicTs Bep- . . .
(r — pan) - Cryninb Hiamerp Hina
PiBHsiHHA 3pocTy 2-1 3 2*(r-1) 3*@-1D)* *2*(r-1)

[Ipote B nepeBa 3anuInaioTbCs MpoodIeMy, siki HOTpeOyroTh BUpimeHHs. Hanpuknan, mBuake
3pOCTaHHS JiaMeTpy Ta TornoioriyHoro Tpadiky. OnHUM i3 BapiaHTIB BUPILIEHHS L€l mpobiiemMu
€ 3yNMHKa MacIITa0yBaHHS JIepeBa 3 OJJHOYACHUM JIOJaBaHHIM HOBHX 3B’S3KIB, 1110 peali30BaHO
B TOIOJIOT1i TOBCTOrO JiepeBa. [HIMiA BapiaHT, sIKMIA PO3TIISLAAETHCS B LIl poOOTi, — LIe CUHTE3Y-
BaHH T10pUIHOT TOTIOJIOTi HA OCHOBI JiepeBa Ta 1eOpYHHIBCHKUX 3B’ SA3KIB.

Posrnsinemo rpa¢ ne bpyiiHa, sSskuii CTBOPIOETHCS 3a IOTIOMOT0I0 3CyBiB BiiBo. [Ipu ¢op-
MYBaHHI HOBOT ITOCIIIJIOBHOCTI, cTapiia nHudpa BUTHCKAETHCS (3HUKAE), MOJIOIIA U ppa micis
3cyBy oTpumye 3HadeHHs 0 abo 1. OTpumaHi TaKUM YHHOM BY3IIM MalOTh 3B’S30K 13 BY3JIOM,
BiJl HOMepa sIKoro 3po0ieHo 3cyB. Hanpukian, BisbMeMo (Tabi. 2) e HaBeAeHO pOpMyBaHHS
MOCTII0OBHOCTI /1e bpyitHa /U1 TpU3HAYHUX YHCE.
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Taomums 2
Tabnuys gpopmysanns 0eOPyUHIBCLKUX NOCAI008HOCHEL
000 001 010 011
001 | 000 010 | 011 100 | 101 110 | 111
100 101 110 111
000 | 001 010 | 011 100 | 101 110 | 111

Taxkum 4MHOM yTBOPIOETHCS MOCHIAOBHICTH Ae bpyitHa. [lns macmtabyBanHs rpada, 1oaa-
€THCS 111€ OJIUH PO3PAL, 110 30UIbIITY€E KUTBKICTh By3iiB y/Biui. [loTpiOHO 3a3HaunTH, 1110 rpad
MO>KHA ITOBTOPHO BUKOPUCTATH JUI HACTYITHUX KPOKiB MaciTaOyBaHHs. [Ipu 1iboMy noTpiOHO
npoayOmroBaT rpad ABa pa3u i JOJaTH HOBI 3B’SI3KH, TOMY IIIO B pasi 30UTbIIEHHS KiUTBKOCTI
pO3psmiB, NeOpyHHIBCHKI 3CyBH OyIyTh T€HEpPYBaTH HOBI 3HAUEHHSI, SIKI PO3IIUPSAIOTH MOMEpe-
IHIN eTan MaciutadyBaHHs (puc. 2, Tadm. 3).

Puc. 2. Tononozis de bpyiina

Ta6muus 3
Xapaxmepucmuku mononoaii de bpyiina na r-nomy kpoyi
IMapamerp . . .
(r — panr) K-cTb Bepmmn Cryninb Hiamerp Hina
PiBHsiHHA 3pocTy 2 4 r 4*2"*r

Cunre3s Tonouorii. [lepmia 3anpononoBana Tonosoris: Kinacrepu 3 ABilikoBUX 1epeB, 1110
iepapxiuHo 00’eaHaHi 32 npuHIMNoM Jie bpyiina. [TponoryeThCs B3TH ABIMKOBE IEPEBO 5K
KJjactep (TpyIy By3imiB) Ta 00’ €JHATH 3 IHITUMH KJIAaCTEPaMH 32 JIOTIKOI0, 10 OMUCYEThCA Ae0-
PYHHIBCBKUMH 3CyBaMH.

Po3rnsinemMo 6ibI AeTaNIbHO, K (POPMYIOTHCS 3B’SI3KM Ha OCHOBI 1€0pYHHIBCHKHX 3CYBIB,
Ha MpUKIal aBilkoBoro uucna. Jist ¢opMmyBaHHS 3B’SI3Ky MOTPIOHO 3pOOUTH 3CyB umcia A
BIIIBO, Ta Ha MicIi ocTaHHbOi Iudpu 3anucatu 0 ado 1. Takum yuHOM, POPMYIOTHCS 1B
3B’SI3KH, MIPHU LOMY cTapiia nugpa, SKka 3aJIUIIa€ThCs 11032 PO3PSIIHOIO CITKOI, BUIITOBXY-
€TbCS 1 HE BpaxoBYeThCsA. UUCIIO A MOXHA MPEJCTaBUTH B TAKOMY BUTJIISL:

A=a*2+ai *25 + . +a *2+a.

JUis yTBOpEeHHsI 3B'sI3KiB, HEOOX1THO 3pOOUTH 3CYB BIIiBO, TAKMM YHHOM YTBOPIOETHCS

qHUCIIOo As:

As=ai *2i+ain *2" + . +ay*2+E,
ne E — npuiimae nBa 3nayenHs 01 1.
Orxe, uncna 3 IKUMH Oy7ie BCTAaHOBJICHUH 3B’ 30K Aso 1 Asi OIMCYIOTBCS TAKUMHU (POpMyJTIaMu:
Aso=ai1 * 2" +ai ¥ 2" + . +ag*2+0.
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Asi=ai ¥ 2t aip * 27 + L tap* 2+ 1.
Bapro 3a3naunTy, 1110 icHye /1Ba uncna Bo Ta Bi, ki MaTUMYTh 3B'S130K 3 UHCIIOM A:
Bo=0*2'+a*2" +.. . +ay*2+ay;
Bi=1*2+a*2"+. ... +a*2+a.
Pozristaemo npukitan ais 4 knactepis (TpyIn), e KOKEH KiacTep € OiHapHUM JIepeBoM 3 7
BepmrHaMu (puc. 3, Tabm. 4).

Ne 4(22), 2020

Puc. 3. Knacmepu i3 ositikosux depes, wo iepapxiuno 06 eonani 3a npunyunom /Jebpyiina

Tab6muus 4
Xapaxmepucmuku Kniacmepia 08illKosux depes, ujo iepapxiuHo
00 ’ednani 3a npunyunom oe bpyiina

K cJTIIi’BBy3 Hiamerp Cryninb i?g;i:;)ﬂ Hina TOH:I';I:;:[CHHH 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

HacrynHa 3anmpononoBana Tomosorisi: /ABilikoBe 1epeBo 3 TOPU30HTATLHUMH J1e0pVii-
HiBCbKHMU 3B’si3kamMu. Ha KO)KHOMY FOpH30HTAILHOMY SIpYCi JiepeBa (OpMyIOThCs 3B’ SI3KU
MDX By3JIJaMH Ha OCHOBI A€OpyHHIBCHKHX 3CYBiB.

OTxe, Ha KOKHOMY HAaCTYITHOMY KpOIli MaciTaOyBaHHS JI0 IepeBa JoaeThest 2 -1 BepIInH,
I10 TaKOX JOPIBHIOE KUTBKOCTI BepinH y rpadi ne bpyiina Ha r po3psinamu. Takum unHOM, MU
MO’KEMO 3aCTOCYBATH NeOpyHHIBCHKI 3CYBH Ha KOXXHOMY SIpyCi JiepeBa, JUisl MOJIMIIeHHs 0a30-
BUX XapaKTEpUCTHK aepeBa. [Ipu boMy peKkoMeH/yeMO BUKOPHCTOBYBATH MO/IBIHY HyMepa-
110, 100 OpPraHiyHO MOEIHATH MOIIYK MO JAEpeBy ¥ MapuipyTusamiio 3a 1e bpyitHom. fpyc
BU3HAYA€ETHCS 3a JOMOMOIOI0 HOMepa By3na B JepeBi. llpumycTumo, 1o Hac IiKaBUTh, Ha
SAKOMY ApYCl 3HaXOUTHCSI BY30JI P, JAJIs LIbOTO 3HaX0AuMO 3HaueHHs |log2(p)| = m, sike Bifmo-
BiJJaTUME sIpycCy, Ha SKOMY 3HaXOJIUTHCS BEPUIMHA. 3HAIOUM 11€ 3HAYCHHS, MO)KHA BU3HAUUTH
yci 3B’s13KM MK BEpIIMHAMH Ha sIpyci Bxke 3 Hymepaiieto e bpyiina. Takum 4MHOM, By30]1 Ma€e
MOJBIHHUI HOMED, 10 MUIIEThCS Yepe3 kpanky. Hanpuknan, 3.7, ne 3 — 11e piBeHb aepeBa, a
7 —Homep y Tonojorii e bpyitna (puc. 4, Tabax. 5).
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Puc. 4. Jlsitikoge 0epego 3 copuzonmanbHumu 0eOpyuHI8CoKUMU 38 A3KAMU

Tabmums 5
XapaKmepucmuKu 08I1IK08020 Oepeea 3 2OpU3ORmMaJlbHumMu 0€6py1/7Hl.6CbKMMM 36 SA3KAMU

K cJTIIi’BBy3 Hiamerp Cryninb i?g;i:gl Hina TOH:;:;ZHHH 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 Tomosnoris: ABilikoBi 1epeBa, OB’ sA3aHi Mixk c00010 TPiliKOBUMHU

AeOpyiiHiBcbKkUMU 3B’ s3kaMu. Kinactepu GpopMyroTbes Ha OCHOBI JIepeB Ha 00paHOMY KpOITi
MaciuTabyBaHHs Ta 00’ €IHYIOTbCA 3a JJOMOMOT' 010 TPiKOBUX 3CyBiB Je bpyiiHa.

Lleit crmoci® CXOXUi 10 MEPLIOro PO3MIIIHYTOTO, MPOTe TPiKoBI NeOpyHHIBCHKI 3CYBH
IO MO-1HIIOMY (GOpPMYIOThCS. SIK 1 B mepioMy npuKiai, K Kiactep o0paHo OiHapHE JepeBo
3 7 BepmmHaMu. [1ng popmyBaHHS 3B’ 43Ky HOTPiOHO 3pOOHMTH 3CYB uKcia A BIiBO, Ta Ha MICITi
momnosmoi nugpu 3anucaru 0 ta 1 1 2. Takum 4uHOM (POPMYIOTHCS J1Ba 3B’SI3KHU, MIPU LIbOMY
crapiua nugpa, sKa 3aIUIIAETHCS 11032 PO3PSAHOIO CITKOIO, BULIITOBXYETHCS 1 HE BPaXOBY€ETHCHL.
Cxoxwii coci6 i3 BUKOPUCTAHHIM Ha UTMIIKOBOTO KOJTYBAaHHS ONMUCAHO B myoOdikarii [9-13].
Otxe, icHye uncio A:

A=a;*3 +a; *3" 4+ ... +a; *3+a,,
ne a —1udpa Bix 0 10 2, i — KUTBKICTh PO3PSAIB B UMCHTI A.
Cdopmyemo 3B’513KH 32 IONIOMOT'0I0 3CYBY BiIiBO. [1iciist 3cyBy 4ncIia, OTpUMY€EMO YUCIO AS:
As=ai1 * 3 +a* 3+ ag*3+e,
ne e — HaOyBae 3HaueHHs 0, 1 abo 2.
3aNeXHO Bijl 3HAYCHHS €, OTPUMYEMO 3 PI3HMX YHMCIIA, 3 SKUMU OyJe yTBOPEHI 3B’ A3KH.
AmnanoriyHo 70 ¢opMyBaHHS 3B’S3KiB JUI MEPIIOi TOMOJIOTi, icCHYI0Th 3 uncna Bo, Bi, Ba, sxi
(bopMyIOTh 3B’SI30K 3 A, ONHUIIEMO 3arajbHOI0 (pOpMyYIIOr0 A BCIX TPHOX BUMAAKIB 17 Bi, B
skoMy € HaOyne 3HaueHHs 0, 1, 2 (puc. 5, Tabmn. 6):
Bi=e*3 +a*3"+ ... +a*3+a.
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Puc. 5. /lgitikosi 0epesa, nog’sazami mixc co6010 mpiikogumu 0eOpyuHi6CoKUMU 38 "SI3KAMU

Tabmums 6
Xapaxmepucmuku nepuioi 3anponoHo8anoi monoaozii
gf:;il; Hiamerp Cryninb i?g;i:;)ﬂ Hina TOH::::;ZHHH 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

YerBepra 3amporoHoBaHa Tomnojoris: lekapToBuii 100yTOK JBiiiKOBOro jepeBa Ta
rpada ne bpyiina 3 ABiiikoBMMH 3B’ SI3KAMU.

OcoOIUBICTIO IEKapTOBOTO JOOYTKY K CIIOCOOY CHHTE3y HOBOI TOMOJIOTIYHOI OpraHizarii
€ T€, 110 BIJOMO, SIKUM YHHOM 3pOCTAIOTh MOKAa3HUKHU, a00 SKa 3aJICKHICTh ICHY€E MK PaHTOM
(eramoM MaciTabyBaHHs) TOIOJIOTIT Ta MOKAa3HUKAaMH. TakuM YMHOM, MOKHA aHATITUYHO Tie-
pendaynTH AKi XapaKTepUCTUKU MaTHME OTPHMAaHa TOIOJIOTiS Ha Oy/Ib-IKOMY 3 €TalliB Maclll-
Ta0yBaHHS. 3 IILOT'O BUILIMBAE 1HINA OCOOIMBICTH, SKIIO TOMOJIOTiS A Ta Tomojoris B MaioTh
CTaJly CTYIiHb, TO YTBOpeHa Tornojoris C TakoX MaTUMeE CTaly CTYMiHb Ha OyIb-IKOMY 3 KpO-
KiB. Y pe3yJnbTari, yTBOPEHA TOIOJIOTIsI Ha OCHOBI A Ta B Moe MaTH mokpamieHi xapakTepuc-
THKH, 30€piralouu BiZIMOBOCTIMKI BIIACTUBOCTI, SIKi HAC LIKABJIATh. A came, 30epeKeHHs 10CTa-
THBO HEBEJIMKOTO CTYNEHs B iHTepBaii Bix 4 10 6 Ta 3MEHLICHHS JiaMeTpa 3a PaxyHOK
CTBOpEHHS JOJATKOBHX 3B’sI3KiB (pHcC. 6, Tabm. 7).
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Puc. 6. /lgitixosi depesa nomrnodceni na epag doe bpyiina 3 0sitikosumu 36 ’a3xamu

Tabmurs 7
Xapaxmepucmuku 0ekapmogo2o 000ymxy 08ilikogoco depesa
ma epagha de bpyiina 3 0sitikosumu 36’ a3xamu

g;::il; Hiamerp Cryninb i?g;i:gl Hina TOH:;:‘;::CHHH 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, 110 B JAaHOMY CIOCOO0i CTYMiHb JiepeBa Ha KOXXHOMY Kpolli MaciTaOyBaHHs
MEHIIIe Ha OJIMH, HIX CcTymiHb Tpada ne bpyiina.

IT’sita 3ampornionoBana Tomosorisi: TpilikoBe JiepeBo 3 TPilikoBUMH 1e0pYiiHIBCbKHMHU
3B’A3KAMH HA KOKHOMY SIpYCi iepeBa.

[Tigxix aHamOriYHUN O BUKOPUCTAHOTO Y JAPYTid TOIMOJIOTI], aie 3aMicTh BINKOBUX J1€0-
PYHHIBCBKUX 3B’S3KiB, 3aCTOCOBaHI TPIHKOBI JepOyHIBCHKI 3B’ s13kU. OCKIJIBKH JEpEBO Tpiid-
KOBE, TO Ha KO’KHOMY sipyci Oyze 3'-1 BepiinH. Takox HE0OX11HO BUKOPUCTOBYBATH came Tpiii-
KOB1 J1eOpyHHIBCBKI 3B’SI3KM JUIs 3a0e3MedeHHs 3B’SI3KiB BEPUIMH Ha spyci. 3a CXOXKHUM [0
Apyroi TOMOJOrii MPUHIMIIOM, BY30J P, 3HaXOAUTHMEThCS Ha spyci [log3(p)| = m. [Totim s
3m BepIIMH BCTAHOBIIOIOThCA TPIHKOBI AeOpyHHIBChKI 3B’ s13KH (pHcC. 7, Tabu. 8).

Puc. 7. Tpitikoge depeso 3 mpitikogumu 0eOPYUHIBCOKUMU 38 "SA3KAMU
Ha KOMCHOMY ApYCi Oepesa
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Tabauus 8
Xapaxmepucmuku mpitikogo2o oepesa 3 mpiluKosumu 0eOpYIUHIBCOKUMU 368 SI3KAMU

K-ctb By3aiB | Jliamerp | Cryminbs | Cepepniii giamerp | Iina | Tonosaoriunnii Tpadik 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 aiarpaMu TOMOJIOTIYHUX XapaKTEPUCTUK 3aJE€KHO
BiJl KIJIbKOCTI BepIInH. TOMoorii, ki po3TisHyTi BUILE, TOKa3aHi Ha Tpadikax y BiAIOBIJHOMY
dopmari:

Knacrepu 3 nBiiikoBHUX A€peB, 10 iepapXxiyHO 00’ €IHAHI 3a MPUHIUIIOM e bpyiiHa.

1. Binary Tree Clusters with Hierarchical Binary DeBrujin.

JIBiiikoBe IepeBO 3 TOPU3OHTAILHUME JeOpYHHIBCHKUMH 3B’ SI3KaMH.

2. Binary Tree with horizontal Debrujin connections.

JIBiiiKOBI JiepeBa, MOB’s13aH1 MiX CO0010 TPIHKOBUMU A€OPyHHIBCHKHUMH 3B’ SI3KaMHU.

3. Binary Tree Clusters with Hierarchical Ternary Debrujin.

JlexapToBHii 100YTOK JBIMKOBOTO AepeBa Ta rpady ae bpyiiHa 3 [BiikOBUMHU 3B’ sI3KaMHU.

4. Cartesian Product of Binary Tree and Binary Debrujin.

TpiiikoBe epeBo 3 TPIKOBUMU JIeOpYHHIBCBKMMU 3B’ I3KaMH Ha KO)KHOMY 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 —— 5. Ternary Tree with horizontal
1 ternary Debrujin connections
0
0 2000 4000 6000 8000

Puc. 8. I'pagix pocmy cmynens cucmemu 3a1e24CHO 6i0 KilbKOCHI 8Y3/1i6
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Average Diameter Psal
3. Binary Tree Clusters with
Hierarchical Ternary Debrujin

4. Cartesian Product of Binary
Tree and Binary Debrujin

—— 5. Ternary Tree with horizontal
ternary Debrujin connections
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2000 4000 6000 8000

Puc. 10. I'paghix pocmy cepednvoeo diamempa cucmemu 3a1eHCHO 8i0 KLIbKOCMI 8Y3/1i6

Topological Traffic
Panl
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
) Tree and Binary Debrujin
1 —— 5. Ternary Tree with horizontal
0 ternary Debrujin connections

0 2000 4000 6000 8000

Puc. 11. I'paghix pocmy mononoeiuno2o mpaghixy cucmemu 3a1exHCHO 8i0 KilbKOCHI 8Y31i8
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Cost Psnl
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
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0 2000 4000 6000 8000
Puc. 12. I'paghix pocmy yinu cucmemu 3a1e24CHO 8i0 KilbKOCHI 8Y3/1i8
SD Panl
120
100 Hierarchical Ternary Debrujin /
30 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 napamempa SD cucmemu 3a1excHo 6i0 KitbKOCmi 8y3/1i6
3 rpadikiB MOXHA MOOAYUTH, SIK TOIIOJIOTIYHI XapaKTEPUCTHKH MPEICTABICHUX OpraHi3a-

I[i{ 3MIHIOIOTHCS 3 POCTOM KiJIbKOCTI BepIuH. [TokaxkeMo aHamiTH4IHi GOpMYIH IS IPUPOCTY
napamMeTpiB 3aJIeKHO BiJ KpPOKY MaciitadbyBaHHs (Ta0m. 9).

Tabmurs 9
Tabnuys pocmy monoio2iuHUX XapaKmepucmuk 3a1eiCHo 8i0 KPOKY MaAcuimady8anHs.
K-cTb Bepmnn Cryninb Hiamerp 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-1 6 1+2R 6(1+2R)

BucHoBKH BiamoBigHo 10 crarti. Y po0OoTi OY10 PO3IIAHYTO I1’ATh TOIMOJOTIYHUX Opra-
M y

Hi3aliil Ta iX XapaKTepUCTUKU. Y XOAl pO3pOOKH CIOCO0Yy CHHTE3y HOBHX TOIMOJIOTiH Oyio
BCTaHOBJICHO 3aJISKHICTh 3pOCTaHHSA JllameTpa BiJ oOpaHoro criocoOy. ITokazaHo, mo ams ie-
papXxiyHOTrO MiAXOMY, B IKOMY SIK KJIaCT€p BUKOPHUCTOBYETHCS JIEPEBO, A 3B’SI3KM BCTAHOBIIIO-
IOTBCS 32 JIOTIOMOT'0I0 J1IeOpYHHIBCHKUX 3CYBIB, JiaMeTp 3pOCTa€ BJBIYi MOBUIbHIIIE B MOPIB-
HSIHHI 3 JIEPEBOM 13 JTOJJATKOBUMU 3B’s3KaMHU. TakoXk yCl TOMOJOrii HApOIIyIOTh KiTbKIiCTh
BY3JiB, SK CTYIiHb OCHOBH CUCTEMH KOJIyBaHHs IOCIIJOBHOCTI Jie bpyiina.

[lepeBaramu gaHoro MiAXOMY €, MO-TIepIIe, JiHIHHUHN npupict SD-napamerpa. Lle cBinunTth

PO T€, 10 OMH 13 MOKA3HHUKIB 3aJHMIIAE€THCS CTAIMM MPOTATOM YCiX KPOKIB MacIITaOyBaHHS,
B IIbOMY BHITIAJIKY 1I€ MOKa3HUK cTyrneHs. Crana CTyIiHb JO3BOJISIE 3a3aJeriab nepeadayaTu,
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sKa MakCHMaJbHa KiJIbKICTh 3B’s3KiB Oyze Ha Oyab-sIKOMY KpOIlli, 1 Iepe10ayuTH BUTPATH Ha
MepexeBe 00aiHaHHs. TakoX CyTT€BO 3MEHIIMBCS MOKA3HUK JliaMeTpa JUTsl PO3TIISIHYTUX TO-
TIOJIOTiH, Yy TIOPIBHSHHI 3 IEPEBOM.

IcHYIOTB A€sKi HEIOMIKH, a caMe MOKa3HUK TOMOJIOTrYHOro Tpadiky Mae 3HaYeHHS Oiiblie
HIXK 1, IO CTBEpIXKY€E PO MOXKIMBE YTBOPEHHS «3aTOPiB» MaKeTiB Ha By3iax. MOXXJIMBUM Ba-
plaHTOM TOKpaIleHHs MOKAa3HUKIB € BUKOPUCTAaHHA MOAN(DIKOBAHUX JIepEB, TOOTO MO€THAHHS
OJTHOYACHO TPHOX 1 OLIBIIIE 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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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]
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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 13/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-
RXT1HS 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 \-”P/\b
standard equipment and the variability of the computer con- L
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 thl
K

Fig. 2. FB-003 Classic [3]

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 IIYAMA. However, it also includes a more massive HP s
260 W10 computer. It uses a Canon 250D digital camera and i A
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. 3. Topfotobudka FTI [4]

145



Ne 4(22), 2020 TEXHIYHI HAYKH TA TEXHOJIOI'TI
TECHNICAL SCIENCES AND TECHNOLOGIES

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

7 4

Lo~ o Guad USB Ports
a2

- . 10/100 BaseT
= — Ethernet Socket
DS Display Connector or
Micra SD Card Slot - -
{on underside) sur.
@h: ..

L4

5V Micro USB° HDMI Parz/ 4-pole 3.5mm jack
[stereo audio & composite video]

CSlI 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(d, picture_size[1])

# Ulozenie fotky

def take_picture(self, filename="/mp/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]

147



Ne 4(22), 2020 TEXHIYHI HAYKH TA TEXHOJIOI'TI
TECHNICAL SCIENCES AND TECHNOLOGIES

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 pmslm'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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VIIK 004.382.7
Hampux Llapea, /hwan Llumwuxk, FOpaii [lagyk
PEAJIIBAIISL ®OTOKABIHU HA IIJIAT®OPMI RASPBERRY PI

Axmyanvnicme memu 00cnioxncenna. Y Hawl 4ac 8UKOPUCIAHHA HEOOPO2UX OOHOWIAMHUX KOMN I0omepia, MaKux 5K
Raspberry Pi, 6i06ysacmucs ne auute 8 0CGIMHIX ma X00i-npoeKmax, aie maxodic i y npoMUCI080CMi ma KOMePYitiHux npooy-
kmax. Came momy HAO38UNAUHO BAACIUBO DOCTIOUMU MOJICTUBOCIT BUKOPUCTNAHHS MAKUX HEOOPO2UX CUCTHEM.

ITocmanoeka npoéonemu. Memoro docriodxcenns 6y8 ananis iCHyIOUUX pllterb ma po3pobka deutesuiol homoxkabinu, axa
3a napamempamu Oyna 6 nopieHAHHA abo Kpawa 3a Komepyilni piuients, ane 3 Habazamo oeuiesuie.

Ananiz oocnioscens i nyonixkauii. IIpu po3podyi nawoeo piwienna ma nio2omoeyi yici cmammi Mu 8paxyeanu K nOmo-
yni doicepena - nybrikayii ma cmammi, wo CMOCYIOMbCsL CYUACHO20 CIMAHY PO3GUMKY (POMOKAGIHU, MAK i ICHYIOYE PilUeHHs,
O0OCMYNHI HA PUHKY.

Buoinenns neoocnioxncenux wacmun 3a2anbHoi npoonemu. Huniy cmeopenomy piwenni ons pomoxkabin He 30iicHio-
€MbCsl OPYK, d MAKONHC ABMOMATMUYHO He HAOCUNAIOMbC OMPUMaHi homoepadhii Ha enekmporny nowmy uu 6 xmapy. Lle 6yoe
6NPOBAOIHCEHO HA HACIMYNHOMY emani po3pooKuU.

ITocmanoeka 3ae0annsn. Mema yiei cmammi — NOACHUMU, SK MU MONCEMO PO3POOUMU OPULTHATbHY (homoKabiny 3a do-
nomoeoro niamghopmu Raspberry Pi.

Buknao ocnosnozo mamepiany. /[[nia supiwennus nocmaenenoi 3a0aui Mu GUKOPUCMOBYEAU HeOOPO2Ull OOHONAAMHULL
Mmixpoxomn tomep Raspberry Pi, ma 015 po3pobku pomoxabinu noedHanu tio2o 3 pomokameporo. s kepysarms 6yno po3po-
61eno npoepamy 6 cepedosuwi Python, saxa € 00HI€N 3 HAUNOWUPEHIWUX MO8 NPOSPAMYBAHHS | 3HAXOOUNb 3ACMOCYBAHHS 6
Ppi3HUX cghepax.

Bucnoeku 6ionogiono 0o cmammi. Buxopucmosyiouu Raspberry Pi ma ¢pomoxamepy, 6y1n0 po3po6neno nosHopyHKyio-
HAbHY POMOKAOIHY, AKY NOPIBHAHO 3 KOMEPYIUHUMU NPOOYKMAMY, I AKA MAE 3HAUHO HUICHY 6aPMICHIb.

Knrouosi cnosa: Raspberry Pi (RPi); Python; ¢homokabina.
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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

© Mapek Baram, SIpocnas Cemuncriuii, 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 camera2.

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, y’, /] from
obtained picture followed equation is applied:
m=PXM. (2)
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[1,0]. 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, ¢ 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><[1,O]><[R RC] (5)
0o 1
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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xp3T _plT
yp3T _pZT
x,p,3T _pflT (8)
y'p 3T _p 2T

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.

b, W 465
Image ap, Y
n‘oceiin Hardware ™ Hardware | Control system
I SRS Interface Interface of robotic arm
module e
Confirmation data
and other information
o | Z e b
C R
.—
Y ¢ Y n
:— ’
X C X R

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.
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maxoau 10 ObPOBKH 306PA’KEHb CUCTEMM 3D KAMEP
HA ABTOMATHU30BAHUX POBOYUX MICIAX

Axkmyanvnicme memu 0ocnioxncennan. Basicnueum € posenao moscnusocmeti 3acmocysanns cucmemu 3D-kamep na ag-
MOMAMU308aHUX poOOYUX Micyax. Y moti dice yac mu xouemo onucamu npunyunu 06podxu 2D i 3D 306padicets.

Ilocmanogxa npoonemu. Mema cmammi — po3pobumu incmpyKyii Wooo npaguibHux nioxodie 0o cucmemu 06poOKU
306pasicelb, AKaA Modice OYMuU 3acmocosana Ha agMoMamu308aHux pooouUx Micysx.

Ananiz ocmannix oocnioxcens i nyénikayii. Ha cooeooni e ¢ besniy innosayitinux i 3pyunux piwens onsa 3D- i 2D-
kamep. IIpome uepe3 ixnio 6ucoky yiny icnye HeoOXioHicmb peanizysamu gueioHe piwenns, sike mModice Oymu 0oCmynHum ons
ManenbKux KOMRAaHiil.

Buoinenns nedocnioxycenux uacmun 3azanvnoi npoonemu. Bupobuuxk, saxuil 3aimacmocs cucmemoio 06pobku 306pa-
JiCeHb | MAWUHHO20 30Dy, 3a38udail Hadac dopoze ma (04esuUoHo) 3aKpume piuieHHs 015 00pooKU 300padicerb 6e3 6YOb-AKUX
kopuzyeans. Tomy esadicacmo 3a Heobxione docnioumu ye NUMaHHs.

Ilocmanogka 3ae0anns. Mema cmammi — 3anponouysamu 0ocmynue 3a yinoio piuiennsa na 6asi 0eox I133-xamep, ske
6y0e 8npoBadICeHO HA ABMOMAMUI0BAHOMY POOOHOMY MicYi.

Buknao ocnosnozo mamepiany. /[ns peanizayii 6invus 0ewie8o2o piwients 00YinbHo Mamu i0nogioHUL NPUKAAO PilueHH s
00pobKU 300padicert i 300py OaHUX HA OCHOBI Pe2yt8aHHs NPOYeC).

Bucnogku 6ionogiono 0o cmammi. B onyonikosaniii cmammi npeocmagneno 0ocmynue 3a YiHoio piluenHs, saKe Mo-
JICHA 3ACMOCY8AMU HA AGIMOMAMUZ08AHOMY pObOUOMY Micyi. Y npedcmagaeniti cmammi 6inbu 0emanbHo po32A0armucs
O0esaKi piweHHs 0118 00pOOKU 300padcerb, Wo CIMOCYIOMbCs 3aXONIEHHA Yilb08020 00'€Kma, AKi He 4acmo i He OCMAMHbLO
onucamni 6UpoOHUKAMU.

Knrouosi cnosa: mawunnuil 3ip; pomoanapam,; agmomamuzogane poboue micye.
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BITPOEHEPTETUYHUI KOMILIEKC JJI] 3APSJI’KEHHA
AKYMYJIITOPHUX BATAPEN

Axkmyanvnicme memu oocnioxncenns. OOHuM i3 HANPAMIE CYHACHUX CEIMOGUX cpameeiii € PO38UMOK GIOHOBI08ANOI
enepeemuxu. Lle ocobnueo axmyanvHo Ona mux pecionis, 0e Hemae 0ocmyny 00 Cy4acHux eHepeocucmem, abo Osi eKOHOMIK,
WO PO36UBAIOMBCS, 31 3POCAIOUUMU eHePeeMUYHUMU nompebamu. AHani3 00CAZHEHb CYUACHOT eHepeemuKy NOKA3YE, wjo Oe-
YEHMPANi308aHI eHEPLOCUCEMU 3 BUKOPUCTIAHHAM OXHCEPETl PO30CEPEONCEHOT 2eHePayii MOXCYymb 6ymu HA036UHAUHO NpU-
6ymKo06010 cheporo 05t Kanimanio8kiadeHb, SKUO € MOMCIUBICHIb POSMIWLYEAMU Ddicepena ceHepayii enepeii noonusy cnoicu-
eauis. 3azeuuaii sumpamu na nepeoayy enepeii caearomo 30 % 6i0 apmocmi ii 6upobnenHs.

Ilocmanogxa npobnemu. IIpobremoio yiei pobomu € numanHa KOMHOHYBAHHA MA CMPYKMYPU GIMpoeHepeemuyHo2o
KOMNIIEKCY Ol 3aPAONCEHHS AKYMYIAMOPHUX 6amapeil. Icuyroui memoouku O1s NPOEKMYBAHHA CUCTEMU eNeKMpPOnoCma-
UAHHS 8IOOWIEHUX CHONCUBAYIE NEPEBAICHO PO3LTAOAIMb AK AILIMEPHAMUBY YEHMPATIZ08AHOMY e1EeKMPONOCNAUAHHIO eleK-
MPONOCMAYAHHA 34 PAXYHOK 2eHepayii elekmpoeHepaii Ha 6a3i 8IOHOBNIOBANbHUX 0dcepell eHepeil, ma He NPUOLIeHo docmam-
HbO y8azu 8 KOHmMeKkcmi 000amKo8oi ix (hYHKYiOHANIbHOCHL.

Ananiz ocmannix oocnioxcens i nyonikayii. Y nonepeonix 00caiodcenHax agmopu 00IpyHmMogyoms HeobXioHicms 8npo-
8A0ICEHHS ABMOHOMHUX Odicepell eHepzii Ha ba3i 6i0Ho6NI08aNOI enepeemury. Midxc mum, 3-nOMidiC iHWUX ddicepen 8iOH0BIO-
8aHOT eHepeemuKl BUOLTAIOMb BIMPOEHEPEMUKY, WO MAE NEGHI Nepesazu sIK 34 pe3yIbmamami MeopemuyHux 00CaiONCe by,
max i 3 00Ceidy NPAKMUYHUX BNPOBAONCEHD. JOCTIONCEHHS OO0 NEPEPAXOBAHUX HAYKOBO-NPAKIMUUHUX MEMAMUK NPOJ08-
JHCYIOMbCA MA HAOYBAIONG HOBUX CEHCIB, BPAXOBYIOUU ACHEKMU CYHACHO20 PO3GUMKY HAYKU MA MEXHIKU.

Buoinenns nedocnioxycenux uacmun 3a2anvioi npodnemu. Taxum wuHom, akmyaibHOIO HAYKOBO-NPAKMUYHOIO 340a4er0
€ PO3POOKA CIMPYKMYPU BiMPOEHEPeMUUHO20 KOMNAEKCY OISl 3APAONCEHHS AKYMYIAMOPHUX bamapeil npu HeMONCIUBOCHII
ni0 '€OHAHHA 00 YEeHMPANI308AHO20 e1eKMPONOCNAYAHHSL.

Ilocmanoeka 3a80anns. AKmyanbHo0O HAYKOBO-NPAKMUYHOIO 3a0aUel0 € po3podKa CMpyKmypu 8impoeHepeemuyHo20o
KOMNIEKCY 01 3aPA0ACEHHS AKYMYIAMOPHUX bamapeti 8 YMOBAX HEMOICIUBOCHI Ni0 '€OHAHNS 00 YeHMPANi308aHO20 eleK-
MpPONOCMAYAHHA.

Buknao ocnosenozo mamepiany. /{na 3abe3nevenns 6e3nepepsHOCmi eneKmponocmaiatts 8 YMo8ax peanbHux oomedicensb
Ha 3anacu Nanued, HAs6Hi 6 PO3NOPAONCEHHI MO0 YU THUWIO20 A8MOHOMHO20 00 €KMA, NPONOHYEMbCSA GUKOPUCIO8Y8AMU
8i0H08I08AHI Ddicepena enepaii, AKi € 3a8cou i 6cioou Ul ceped AKUX udinaioms gimpoenepeemuxy. Tomy, 36adcarouu Ha ne-
PEPAxo6aHi acnekmu KOMROHYB8AHHS 8IMPOCHEPLEMUYHUX KOMNIEKCIB, PO3POONIEHHS CUCTNEMU KEPYBAHHS MAE 3a Menty 3a0e3-
newumu Cnodicudayie cmabiibHoI0 HANPY20l0 NOCMILIHOL YACMOMU He3AaNedNCHO 8i0 3MiHU napamempig y 6yO0b-AKill 1aHyi cu-
cmemu ma 3apsAodCceHHs aKyMyIamopHux bamapeil.

Bucnogxu 6ionogiono 0o cmammi. O61pynmogano HeoOXiOHicmb 8npoBaddICeHHs. 8 CIMPYKMYpy AGMOHOMHOI cucmemu
eNIeKMPONOCMANHS HA 6a31 BIMPOeHePeemUIH020 KOMNIEKCY NAHKU Ol 3apAONHCEHHS aKYMYIAMOPHUX bamapeil. 3anponoHo-
6AHO CMPYKMYPY IMPOCHEPLEMUYHO20 KOMNIEKCY Ol 3APAONCEHHS AKYMYIAMOPHUX Damapeti 8 yMo8ax HEMONCIUBOCHI
ni0 '€OHaHHA 00 YEeHMPATI308AHO20 e1eKMPONOCNAYAHHSL.

Knrouosi cnosa: posocepeddicena zenepayis, impoenepeemutHuli KOMniexe, enepeemuyre 00NAOHAHHA, eNeKmpono-
CMAYaHHsL, AKYMYISAMOPU.

Puc.: 1. Bion.: 12.

AKTYyaJIbHiCTh TEMH J0CTiTKeHHs1. PO3BUTOK BiIHOBIIOBAHOI €HEPTrEeTUKHU € OJTHUM 13 Ha-
NpsIMiB Cy4acHHUX CBITOBHX cTparteriil. st perioHiB 6e3 AoCTyIy 10 Cy4acHUX €HEpProCUcTeM
a00 eKOHOMIK 31 3pOCTal0YMMH €HEPreTUYHUMH MTOTpedamMHu 11e 0COOIUBO aKTYaJIbHO. JleueHt-
pajti3oBaHi CHEPrOCHCTCMH 3 BHKOPHCTAHHAM JDKEPEl PO30CEPE/KCHOI TeHepallii MOXyTh
6yTH HaJ3BUYAITHO HpHGyTKOBOIo C(bepom IUISL KamiTaJOBKIIAAEHb, SKIIO € MOXKJIMBOCTI PO3-
MIIIYBaTH JpKepesa reHeparii eneprii modnmsy croxkuBauiB. Ha 11e Bkaszye aHami3 10CATHEHb
Cy4acCHOI EHEPIeTHUKHU.

ITocTanoBka npodaemu. Ctparerii po3BUTKY Cy4acHOI CBITOBOI €HEPreTUKU CHPSIMOBaHI
Ha CKOpPOYEHHS BiJCOTKa CIIOXWBAaHHS CBITOBHX 3amaciB TPAAWIIIHHMX BUAIB MalWBa, IO
OB’ S3aHO 3 TIOCTIHUM ITiIBUIIEHHS 1iH Ha eHeproHocii. OHUM 13 HaNpsAMiB Cy4acHUX CBITO-
BUX CTpATerii € pO3BUTOK BiJJHOBIIOBAHOI €HEPTreTHKH [1].

Jlnst 3a0e3nedeHHs] eHepreTHYHOT He3aJIeKHOCTI IepKaBH, 1110 He BOJIOJIIOTH JOCTaTHHOIO
PECYPCHO-CHPOBUHHOIO 023010, aKTUBHO BIPOBAPKYIOTh HOBITHI TEXHOJIOTII B €HEPreTUUHIM
raimysi. 3-MoMiK TaKuX HacaMIepel € PO3BUTOK BiTHOBIIOBAHUX JpKepen eHeprii. Takum uu-
HOM, Y MaiilOyTHbOMY, 3 IIPOrHO3aMH €KCIIEPTiB, YACTKA «3€JIEHOI» eHeprii y CBITOBOMY BUPO-
OHMIITB1 €IEKTPOCHEPTIi Ma€e TEHCHIIIIO A0 MOCTIHHOTO 3POCTaHHS.

© boiiko C. M., I'opomniit O. M., Kacatkina 1. B., lomynapesa f. C., Bepmmasxk JI. B., 2020
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BigHoBmIOBaHA e€HepreTHKa JO3BOJISIE OPraHi3yBaTH CaMOJOCTaTHE i JIEIEHTpajli30BaHe
SHEepPronocTayaHHs 1 MiIBUIIKATH LIHHICTh MICIIEBUX pecypciB 0e3 3aIexHOCTI BiJ] IMIIOPTY abo
HEOOXIJJTHOCTI CTBOPEHHSI IOPOTUX eHepromepesx. Lle 0cobauBoO akTyallbHO AJIs1 TUX PEriOHiB,
7ie HEMA€ JIOCTYIY 0 Cy4aCHUX €HEProcUcTeM, abo JUIs €eKOHOMIK, 110 PO3BUBAIOTHCS, 31 3pO-
CTalOYMMH €HEPreTHYHUMHM MoTpedamu. 3acTOCYBaHHS aBTOHOMHHX JICLIEHTPali30BaHUX CH-
CTEM eJIEKTPOIIoCcTauaHHsl Ha0yBa€e BaKJIMBOI'O 3HAUECHHS.

AHai3 10CATHeHb Cy4acHOT €HEePreTHKH MOKa3ye, U0 ACIEeHTPaTi30BaHi eHEPrOCUCTEMH 3
BUKOPUCTaHHSAM JUKEPENl pO30CepeKEHOI reHepalii MoXyTh OyTH HaJ3BHUYAilHO MpUOYTKO-
BOIO C(heporo Ui KalliTaIOBKIACHb, SAKIIO € MOXKJIMBICTh PO3MIIyBaTH pKepesa reHepaii
eHeprii modau3y crnoXkuBadiB. 3a3BHUail BUTpaTH Ha mepenavy eHeprii csarawotsb 30 % Bix Bap-
ToCTi 11 BUpoOneHHs [1].

[cHy104i METOAMKY JUTsl IPOEKTYBAHHS CHCTEMH EJIEKTPOIIOCTaYaHHs BiIAJICHUX CIIOKHBAYiB
B OCHOBHOMY PO3IJISIIAIOTh SIK aJIbTEPHATHBY IIEHTPATI30BAHOMY €JIEKTPOIOCTA4YaHHIO, ENIEKTPO-
MIOCTAYaHHS 32 paXyHOK T'eHepallii eneKTpoeHeprii Ha 0a3i BiIHOBIIOBAILHUX KEPEIL.

JlocBia GoifoBuX Aiif Ha TepuTOpii YKpaiHW MOKasye, IO BiiCHKOBIH aBiarllii, 30kpema 0Oe3-
MJIOTHIN, HEOOXiJJHA IIMPOKa MEpeka Cy4aCHUX aepoApoMiB. MK THUM, 3a CIPHUSHHS CHUIIOBUX
CTPYKTYp YKpaiHH, BiIOYBa€eThCS BiIPOHKEHHS JepKaBHOI Mayioi Ta Oe3minoTHOI aBiamii. Mana
aBiallisg Ma€e TaKOXX MEPCIEKTUBY SIK O13HEC-TIPOEKT. MK TUM, aKIIEHTYIOUH yBary Ha O€3MiIOTHIN
aBiallii, CITi/1 3a3HaYUTH, 1110 I[iJIa KOTOPTa MOJIENICH BUKOPHUCTOBYE IS TOJIBOTIB EJIEKTPOIBUTYHH,
1110, SIK HACIIJIOK, CIIOHYKA€E 110 BI/IpiH_IeHHH npo0JIeMHU 3aps/KEHHS aKyMYJIATOpPHHUX Oarapeii 6e3-
MTOTHUX HOBIT’pHHHX cyzeH. Yci 1i ¢axkropu CHPHUSIOTH 3BEPHCHHIO yBArM HA MEPEKY aepo-
apomiB. OmHEM 3i 3HAYYIUX THTaHb Y LBOMY acIeKTl € eIeKTPOIOCTaYaHHsI aepOAPOMIB, IO
PO3TaIIOBaHi 1HOJI BiAAIEHO BiJl LIEHTPAII30BAaHUX CHCTEM €JIEKTPOIIOCTAHHS Y, BPAXOBYIOUH
YMOBH €KCIUTyaTallii Ta Jokarlii, moTpeOyroTh JOAATKOBUX JDKEpPEN eNeKTpoXUBIeHHS [ 1-3].

AHani3 ocTtaHHIX AocjaimKeHb i myOuikamiii. Y monepeaHix IOCHIDKEHHSAX aBTOPH
OOTpyHTOBYIOTh HEOOX1IHICTh BIIPOBAKEHHS aBTOHOMHHUX JDKEpeIl eHeprii Ha 06a3i BiHOBIIIO-
BaHO1 eHepreTuku. Mix TUM, 3 MOCepe]] IHIINX HKEPENT BiTHOBIIOBAHOI CHEPTETUKH, BUILISA-
I0Th BITPOGHEPTETHKY, 110 MA€ NIEBHI EPEBAry SK 3a pe3yIbTaTaMH TEOPETUUYHUX JTOCIiKEHb,
TakK 1 3 IOCBy IPAaKTHYHUX BIPOBaKEHb [ 1-3].

PesynbraTi HOCHIIKEHHS 1100 3aCTOCYBAaHHS HAKOMMYYyBadiB B aBTOHOMHMX CHCTEMax
eJIEKTPOIOCTauaHHs. Ha 0a3l BiJHOBIIOBAHUX JDKEpenaMu BimoOpakeHo B poOortax b. Jly-
kytiHa, H. FOxno, B. ['magkeBuy Ta iHmux HaykosiiB [1-8].

Kpim Toro, siK y CBIiTi, Tak i B YKpaiHi Ha0yJ0 pO3BUTKY MPOBAKEHHS B pi3HI ChepH enek-
TpudikoBaHOro TpaHcmnoptry. ToMy AOCHIPKEHHS HAyKOBIIB Y I[bOMY HampsMi BKa3ylOTh Ha
JOLITBHICTH BCTAHOBJICHHSI 3apSIHUX CTaHI[iN Ha 0a3i BiAHOBIIOBAHMUX JDKEPEN €Heprii, Mo €
aKTyaJbHHUM, Ta PO3LIMPIOE CIEKT iX BCTAHOBJICHHS, MONPH BiIJAJICHICTh BiJ IIEHTpalli30Ba-
HOro enekTponoctadanus [9]. Jlo Toro x J0CHiHKEHHS 00 NepepaxoBaHUX HAyKOBO-TIPAK-
TUYHUX TEMaTHK MPOJOBXKYIOTHCS Ta HAOyBalOTh HOBHX CEHCIB, BPaXOBYIOUHM ACMEKTH Cydac-
HOT'O PO3BUTKY HAyKH Ta TEXHIKH.

Buainenns Hepoc/IiKeHNX YaCTHH 3arajbHOI MPodJeMH. AKTYaJIbHOIO HAyKOBO-IIPaKTHU4-
HOIO 33/1a4€el0 € PO3pOOKa CTPYKTYPH BITPOCHEPI€TUUHOTO KOMIUIEKCY JUTSl 3apsKEHHS aKyMYJIsi-
TOpHUX Oarapeil y pa3i HeMOKJIMBOCTI ITi/1’ €/IHAHHS J10 IIEHTPATI30BaHOTO €JIEKTPOIIOCTaYaHHSI.

Merta crarTi. ['010BHOIO METOIO 11i€1 POOOTH € PO3pOOKa CTPYKTYPH BITPOSHEPTETHUHOTO
KOMIUICKCY JUIS 3aps/DKEHHS aKyMYJISITOpHUX Oatapeit.

Buxkiaaa ocHoBHOro Martepiajiay. O0’€KTH aBTOHOMHOT'O €Hepro3ade3neueHHs! BiAIrpaloTh
BAXIIMBY POJIb y Pi3HUX Taly3aX (TPaHCHOPTHiH, BificbKOBIiH, TypucTHuHi Ta inmux). Ix enex-
TpOnocTauyaHHs Mae OyTH HAAIMHUM Ta BiMOBIATH pexXUMaM poOOTH eNeKTponpuiimMayis. 3
MeTOoI0 3a0e3MedeHHs! 0e3MepepBHOCTI X eIEKTPOINOCTaYaHHS B yMOBAX pealbHUX OOMEKEHb
Ha 3aracy MajnBa, HasiBHI B PO3MOPSKEHHI TOTO YM 1HIIOTO aBTOHOMHOTO 00’ €KTa, MpOIIo-
HY€ThCsI BAKOPHCTOBYBATH BiIHOBIIIOBaHI JPKEpesa eHeprii, AKki € 3aBxau 1 Bcroau. Cepen HUX
BUJIUISAIOTH BITpOeHEpreTuky [8-12].
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[Ipote BuKOpucTaHHs BiTpoeHepreTuuHux komiuiekciB (BEK), sk ocHoBHOro mxepena
eJIEKTPUYHOI €Heprii IpU aBTOHOMHOMY €JIEKTPONOCTa4aHHI OoTpedye 000B’I3KOBOTO HAKO-
MUYEHHS eNEeKTPUYHOT eHeprii.

SIk HaKONU4YyBadi €HEeprii B Cy4acHMX aBTOHOMHHUX CHUCTEMax €JIEeKTPOIIOCTAYaHHs Iepe-
Ba)XHO 3aCTOCOBYIOTH XiMiuHi akyMyJsTopH. Llei Tun Hakonmu4yBadiB Ma€ CBOi HEJIOJIKH, TaKi
SIK HEBUCOKUH KOoe(illieHT KOPUCHOI i1, 00MeKEeHe YMCI0 UKIIIB 3apsia-po3psi, HE3AaTHICTh
IIBUJIKOTO pearyBaHHs, MPOOJIeMaTUYHICTh YTHIII3aLli TOIIO, TOMY BUHUKA€E HEOOXITHICTD iX
3aMiHU Ha OUIBII MPOrPECUBHI CyYacHi aHAIOTH XIMIYHUX aKyMyJISTOpIB [4].

ABTOHOMHE €JIEKTPOIIOCTAYaHHS € aKTYaJIbHOIO TEMOIO SIK Y CBITI, Tak 1 B YkpaiHi. [ns
3a0e3MneueHHs! SKICHOTO MOBHOI[IHHOTO €NEKTPOINOCTaYaHHs MAJIONOTYKHHUX 00’ €KTIB Bij aB-
TOHOMHHMX CHUCTEM eJeKkTporoctadanHs Ha 0a3i BEK BaximuBuM € BupilieHHS npoOiieMu
BITYM3HSIHMUX Ta 3aKOPJOHHUX YUEHHMX BKA3yIOTh Ha TOM (aKT, 10 CHUCTEMH HAKOMHMYCHHS
SHEeprii € BaXKJIMBOIO CKJIAJJIOBOI0 CUCTEMH aBTOHOMHOT'O elleKTpornocTayanHs Ha 6a3i BEK.

JI7st BITpOBOT €HEpreTUYHOi YCTAaHOBKH BUKOPHCTOBYIOTh ACHHXPOHHI Ta CHHXPOHHI reHepa-
TOPH PI3HUX THIIB Ta KOH}Irypariii. Yci BOHM MalOTh CBOI IIepeBaru Ta HeAOIKH. BupimansHuMu
B MMTaHHI BUOOPY IeHEpaTopa € yMOBH BUKOPUCTAHHS BITPOBOi ycTaHOBKH. HeobOxiaHo minibpaTu
eNIeKTPUYHHUM TeHepaTop, KU MaKCUMaJIbHO BilMoBiae posramryBanHio BEK [3].

3a pe3ynbpTaTaMu aHaji3y MOKHA 3pOOMTH BUCHOBOK IIPO TE, 1[0 aCHHXPOHHMI T€HEpaTop
y Aiana3oHi notyxHocTi 5 + 100 kBT npubin3Ho B miBTOpa pasa JETHIni 3a CAHXPOHHUHN Te-
HEpaTop, a TAKOXK Mae MeHII1 rabaputu [4].

3riHo 3 pe3yJsbTaTiaMy aHali3y MOXKHA 3pOOMTH BUCHOBOK IIPO T€, 110 BapTiCTh KOMYTa-
LIHOT arapaTypH Ta IHIIUX €JIEMEHTIB CHCTEMH aCHHXPOHHOT'O 'eHepaTopa MEHIIa 3a BapTiCTh
aHAJIOT1YHUX CKJIAJIOBHX CHHXPOHHOTO reneparopa [5].

VY reHepatopHOMY PEXHMI ACHHXPOHHA MallliHa 3 KOPOTKO3aMKHEHUM POTOPOM 3aCTOCO-
BYETBHCS PIJIKO Yepe3 HasIBHICTh 30BHIIIHBOI KPYTOCTIAHOT XapaKTEPUCTUKHU 1 HEIOCKOHAIOCTI
KOHJIEHCATOPHOTO 30y/KEHHs. AJle BOAHOYAC 3aCTOCYBAaHHS aCHHXPOHHOT MAIlIMHU B T€HEpa-
TOPHOMY pEeXUMi Mae Oe3repeyHi nepeBaru nepe CHHXpOHHUMU I'eHeparopamu [6], a came:
MPOCTOTA 1 HAAIMHICTh KOHCTPYKIIii; MaJli Maca Ta rabapuTu; HU3bKa BapTiCTh; POCTOTA MOH-
TaXXy Ta 00CIIyrOBYBaHHSI.

Tomy, 3Bakaroun Ha nepepaxoBaHi acriekTu komnonyBanHs BEK, po3poGienns cucremu
KEepyBaHHS Mae€ 3a METy 3a0€3ME€UYUTH CHOXKHBAUiB CTAOLILHOIO HAMIPYTOIO MOCTIHHOT 4acTOTH
HE3aJIeKHO BiJ 3MIHU MMapaMeTpiB y OyAb-sAKiil JIaHI CUCTEMHU. Y TMpOoLeCi BUPIMIEHHS [[bOTO
MUTaHHA OyJI0 3°5ICOBaHO, IO CHCTEMa KepyBaHHS, SKa MPAIIOE 3a CIIELiaIbHO CTBOPEHUM 3a-
KOHOM KEpyBaHHS, 3/aTHa 3a0e3MeYUTH MOCTiMHI BHXiAHI eHepretuuHi napamerpu BEK.
CrpyxtypHa cxema BEK i3 cucremoro kepyBaHHs npejicTaBieHa Ha puc. 1 [9].

3a ymoBu HopManbsHOI pobotu BEK BinOyBaeThest enextponocrayanus M Ta 3apsn AKB.
SIK110 BUHUKAE aBapiiiHa CUTYyallisl, 3a JOMOMOT 010 KepoBaHOT0 komyTaTopa K2 BiakioyaeTbes
Mepexka M Big renepatopa Al, a 3a momomororo komyTaropa K3 migkirodaeThcsi HaBaHTa-
xenHsa 10 AKDB gepes inBeprop 1. 3apsuvkanns AKB yepe3 komytarop K1 BinOyBaerbes 10TH,
0K aBToMaTW4yHui 3apsanuil npuctpii A3Il Binkmounts AKDB Bim renepatopa uepes
HEBIAMOBIHICTh TApaMETPiB CTPYMy a0 HANpyTH.

[Tix yac obepTaHHs BITPOBOI'O KoOJieca Ta Bajla TeéHEpaTopa MIKPOKOHTPOJIEp aHaJi3y€e Be-
JUYMHY CUTHAJIB, IO HAAXOIATh 0 HBOTO, Ta pOOMTH BHCHOBOK IIOAO BEIMYMHH 33JaHOL
Hanpyru Juis O6J0KiB CUMHCTOpIB. JIOKHM €MHICTh J0IaTKOBHX KOHJEHCATOPIB O3BOJISIE pery-
JIIOBATH BEJIMYMHY BUXITHOI YaCTOTH Ta HANPYyTH, Il MapaMETPH PETryJIIOI0ThCS OaTapeero po-
00unX KOHJEHCATOpiB. SIKIIO KepyBaHHS €MHICTIO HE Ja€ pe3yibTary, TOOTO 4acTroTra Ta
Harpyra IpoJOBXKYIOTh 3pOCTaTH, TO 33/1aHa HANPYTa MOJAETHCS Ha APYTY IPYIy CUMUCTOPIB,
AKI MIIKTI0YaTh OalacTHE HAaBAaHTAXKEHHS JUIs PETYJIIOBaHHS BUX1IHOI HalIpyry Ta 4YacTOTH.
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Puc. 1. Cmpyxmypua cxema 8impoenekmpomexniyHo20 KOMHIEKCY Ha 6a3i ACUHXPOHHO20
eenepamopa : BK — éimpoge koneco; AI'— acunxponuuii cenepamop 3 KOpOMKO3aMKHEHUM
pomopom; B3K — bamapes 36yoxcyiouux konoencamopis, EMI" — enexkmpomaznimue 2anbmo;
JHwm — 0asau nanpyau, JICI1, 2, n — oasaui cmpymy, o1 konmponio 3apsaoy AKb,; /[HI, 2,

n — oasauyi Hanpyau, 015 koumpoto 3apady AKB; 4 — oasau wacmomu obepmie BK;
Ym — oasau wacmomu nanpyeu mepedxci; A3I11, 2 — agmomamuuni 3apsaoHi npucmpoi;
AKFB1, 2, n, AKb CK— axymynamopui bamapei; I — ineepmop, B/[K — 6amapes dooamxosux
konoencamopig, bH — 6anacmue nasanmaxcenns; CK — cucmema xepysanns;

KI1-K3 — keposani komymamopu, M — nokanvua mepedxrca, T — mpancghopmamop

[lepenOavaeTbcs 37iiCHIOBATH aBTOMAaTWYHE KEPYBaHHA €MHICHUM CTPYMOM Yy JBa
npuiioMu. 3aCTOCYBaHHS KOXKHOT'O 3 HUX 3aJISKUTh BiJl IIIBUKOCTI 00epTaHHs BITPOBOT'O KoJjeca.

CrtpykTypa BITPOEIEKTPOTEXHIYHOTO KOMIUIEKCY Ma€ MOXJIMBICTh, 32 HEOOXIITHOCTI,
IpaloBaTy Ha Mepexy. [Ipuyomy 3a gomoMororo kepoBaHoro komyratopa K2 € MoxiuBicTh
i1’ €IHAaHHS BITPOENEKTPOTEXHIYHOT0 KOMIUIEKCY SIK HAIpsMYy 10 MEpexi, Tak 1 uepe3 iHBep-
Top. KOHTpOJIb €HepreTHYHNX MapaMeTpiB 3reHepOBAHOT EEKTPUYHOT eHeprii y TouI mix’ €1-
HaHHS 10 MepexXi BU3Ha4YaeThes naBayamu Hanpyru JIHM Ta yacrotu J{Um, siKi nepenaroTh iH-
dopmarliro 10 CUCTEMHU KepyBaHHs BITpoeleKTpoTexHigyHOro komriekcy CK.

[Tin’eqHaHHS BITPOENEKTPOTEXHIYHOIO KOMIUIEKCY HAmNpsMy I0 MEpexi Moxe OyTu
JMIIE, SIKIIO0 BUKOHYIOTHCS YMOBHU Y3TO/KEHHS EHEpreTHUHUX IapaMmeTpiB IeHepOBaHOI
SHeprii Ta Mepexi:

U,=U,
fo=1,"

ne Ug, fc — HanpyTra Ta 4acToTa 3HEprepoBaHoi eneKTpu4Hoi eHeprii, Un, fn — Hampyra Ta ya-
CTOTa EJIEKTPUYHOI EHEPrii B Mepexi.

[Tix’eqHaHHS BITPOENEKTPOTEXHIYHOTO KOMIUIEKCY 710 MEpEeXi, Y pa3i HEeBIIMOBIIHOCTI iXHiX
CHePreTUYHUX MapaMeTpiB, MOXKIIMBE Yepe3 KepoBaHH TpaHC(HopMaTOp Ta KepOBaHUI IHBEPTOP.

Mix THM, 3aIIPONIOHOBAaHA CXeMa BITPOETIEKTPOTEXHIYHOT'O KOMIUIEKCY HacaMIepe nepe-
0avae y CBOil CTPYKTYpi KOMILUIEKC JJIS 3apsi/KEHHS aKyMYJISTOpHUX OaTapeil. J{o ioro ckmany
BXOJATH 3apsaauuil npuctpiit A3I11, maBaui ctpymy JAC1-[ACn ta naBaui mHanpyru JJH1-{Hn,
JUIsL KOHTPOJTIO CTaHy 3apsly aKkyMyJIITOpHUX Oatapeii Ta akymyinstopHi 6atapei AKB1-AKbn.

PoGota Takoi cucteMu BiTPOENEKTPOTEXHIYHOTO KOMIUIEKCY MOXKe OyTH OIHcaHa MaTemMa-
TUYHOIO MOJIEIUTIO:

159



Ne 4(22), 2020 TEXHIYHI HAYKH TA TEXHOJIOI'TI
TECHNICAL SCIENCES AND TECHNOLOGIES

fz:Rn-i_z ak6
0, =0,

ne Pg, Q¢ — akTUBHI i peaKTUBHI HOTy)KHOCTl reHepauu JDKepe eHeprii BignoBiiHO; Py, On —
aKTUBHA U peakTHBHA HOTy)KHOCTl JIOKAJIbHOI MEpeXi BITPOENEKTPOTEXHIYHOIO KOMIUIEKCY;
Puxs — aKTUBHI IOTYKHOCT1 aKyMYJISITOPIB.

BitpoenekTpoTexHiYHUN KOMIUIEKC (QYHKI[IOHYE TAKUM YMHOM: BU3HAYAETHCS TEpIIOYep-
roea (pyHKIiOHaTbHA HEOOXITHICTh KOMIUIEKCY, 1110 BiJOOpakaeTbcs B KOMIIOHYBaHHI 00naj-
HAHHSM 13 B1IIOBITHUMH €HEPreTUYHUMHU XaPAKTEPUCTHUKAMH.

VY pa3i nepmodeproBoro npu3HadeHHs BEK sik aBTOHOMHOro 4# J0AaTKOBOTO JiKepera
eJIEKTPUYHOI €Heprii, KOMIUIEKC MEepPIIOYEeProBO KUBUTH €HEProol’€KTH, 10 MiA €IHAHI 110
HBOTO. 3apsHKEHHS aKyMYJISTOPHUX OaTtapeil BifOyBaeThCs TUIIIE 32 YMOBH HAJUIMIIKY 3TeHE-
POBaHOI €EKTPUYHOT EHeprii.

V pasi nepuoueprosoro npusHayeHHst BEK sk BiTpo3apsiHOi cTaHIil, mepioyeproBo Biioy-
BA€THCS 3apsIDKEHHS aKyMyJIITOPHUX OaTapeid, a Ha/UTHIIOK 3reHepOBaHOI eJIEKTPUYHOI eHeprii €
MOXJIHBICT HaKoMUuuTH 110 akymyisitopa AKB CK, uu mig’eqHaTi KOpUCHE HaBaHTAKEHHS.

Monynbaicte koHCTpykHii BEK no3Boisie B KOpoTkuii TepMiH HOro 3MOHTYBaTH Ta
HayamryBaTH. [I[puaomy 3alexHo BiJl 3aBJlaHb, sKi cTaBiaThes nepea BEK, HUM € MOXKITUBICTD
HOro BUKOPUCTOBYBATH SIK IOPTATUBHUM, TaK 1 CTallioHapHUM. Takuii BITpOEIEKTPOTEXHIUHUI
KOMILIEKC OyJie 0COOIMBO aKTyalbHUM JJISl €JIEKTPONOCTauyaHHs aepoIpoMiB, IIO PO3TaIIO-
BaHi, 110 BiJJAJICHO BiJ IICHTPATI30BAaHUX CHCTEM EJEKTPOIIOCTAHHS YH, BPAXOBYIOUHM YMOBHU
eKCIUTyaTallii Ta JoKallii, moTpe0yioTh JOAATKOBUX JHKEPEN EIEKTPOKHUBIICHHS, Ta MOJIbOBUX
KOPOTKOYAacHUX 0a3 1J1si 00CIyroByBaHHs O€3MIIOTHUX JIITAIHUX araparis.

BucHoBku BignmoBigHo a0 crtarTti. 1. OOrpyHTOBaHO HEOOXIAHICTH BIPOBAKEHHS B
CTPYKTYpY aBTOHOMHOI CHCTEMHM E€JIEKTPOIIOCTAHHS Ha 0a3l BITPOCHEPreTHYHOI0 KOMILIEKCY
TIAHKU JJIs 3apsay aKyMyJISTOPHUX OaTape.

2. 3ampornoHOBaHO CTPYKTYPY BITPOCHEPTETUIHOTO KOMIUICKCY TSI 3apsIPKEHHS aKyMYyJIsi-
TOpHUX OaTapeil B yMOBaxX HEMOXJIMBOCTI i1’ €JHAHHS JI0 IIEHTPaJi30BaHOTO €JIEKTPOIIOCTa-
YaHHSI, Y TOMY YHUCIIi aepOJpOMiB.

Cnncoxk BUKOPHCTAHUX JIZKepeJI

1. Crorniit b. C. Cranuii po3BUTOK €HEPreTHKH Ta iHTEJICKTyalbHl eHepreTuyHi cucreMu. Ilpayi
ITnemumymy enexmpoounamixu HAH Yxpainu. Cneyianvnui sunyck. Kuis, 2010. C. 6-10.

2. World Energy Outlook —2019, OECD/IEA, Paris.

3. EHepreruuna ctpateris Ykpaiau Ha niepion 10 2035 p. Minicmepcmeo enepeemuxu ma 8yeinb-
Hoi npomuciosocmi Yxpainu. URL: http://mpe.kmu.gov.ua.

4. Sinchuk O. M., Boiko S. M., Karamanyts F. 1., Kozakevych I. A., Baranovska M. L., Yalova A. M.
Aspects of the problem of applying distributed energy in iron ore enterprises electricity supple systems.
Warsaw, Poland: ISIENCT, 2018.

5. [Hexnapaniiiauil naTeHT Ha xKopucHy monenb Ne 84633, Vkpaina, H02P9/00. Cucrema kepy-
BaHHS AaCHHXPOHHUM T'CHEPaToOpoOM Yy CKJIaJi BiTpoeieKTpoTexHiyHoro komriekcy / O. M. CiHuyk,
. A. Muxaitnuaenko, C. M. boiiko, M. A. Illep6ak / IlarerroBnacank: KpemeHuynbpkuii HalliOHAb-
HUll yHiBepcuteT iMeHi Muxaiina Octporpaacekoro; 3assi. Neu201305538 Big 29.04.2013, omy6ur.
25.10.2013. bron. Ne20, 2013 p.

6. [exnapanuiiiauii maTeHT Ha KoprcHY Moaenb Ne 86426, Ykpaina, FO3D 9/00. Crioci6 kepyBaHHs
BITPOENIEKTPOTEXHIYHUM KOMILIEKCOM 3 aCHHXpOHHUM rereparopom / O. M. Cinuyk, C. M. Botiko / I1a-
TEHTOBIAacHUK: KpeMeHuylbKuii HallioHABHIH YHiBepcuTeT iMeHi Muxaiiina OcTporpaacbKoro; 3assi.
Neu201309324 Bix 25.07.2013, omy6u. 25.12.2013. Bron. Ne24, 2013 p.

7. Jlexniok I1. /1., KoBanbuyk O. A., Kymuk B. B. Oco6nuBocTi poO0TH BiTHOBIIOBaHHX JDKEpET eHe-
Prii B IOKATBHIN €IEKTPUYHIN cucteMi. Bionosmosana enepeemuxa XXI cmonimms : X11 Mixxnapon, Hayk.-
npakt. koHd. Kpum, 2011. C. 42-46.

8. Yulong P., Cavagnino A., Vaschetto S., Feng C., Tenconi A. Flywheel energy storage systems
for power systems application. International Conference on Clean Electrical Power (ICCEP), Santa
Margherita Ligure, Italy, 27-29 June 2017. Pp. 492-501.

9

160



TEXHIYHI HAYKH TA TEXHOJIOI'TI Ne 4(22), 2020
TECHNICAL SCIENCES AND TECHNOLOGIES

9. European Smart Grids Technology Platform. Vision and Strategy for Europe’s Electricity Net-
works of the Future. Luxembourg: Office for Official Publications of the European Communities, 2006.

10. Unated States Air Force. Air Force Basic Doctrine, Organization, and Command. Air Force
Doctrine Document 1.14 October 2011.

11. Vick Alan J. Air Base Attacks and Defensive Counters Historical Lessons and Future Chal-
lenges [Research Report] /Alan J. Vick. — RAND Corporation, Santa Monica, Calif., 2015.

12. Ypoku BifiHum Ha Cxopi: aBianiiina kommnoHenta. Ypoku ATO: aBiamiiiHa kKoMmoHeHTa /
“Hapoana apmis” Berepanun.UA”. 2016. URL: http://veterano.com.ua/vijna/na-zakhysti-ukrainy/4696-
uroki-vijni-na-skhodi-aviatsijna-komponenta.

References

1. Stohniy, B. S. (2010). Stalyy rozvytok enerhetyky ta intelektualni enerhetychni systemy [Sus-
tainable energy development and intelligent energy systems]. Pratsi Instytutu elektrodynamiky NAN
Ukrayiny — Proceedings of the Institute of Electrodynamics of the National Academy of Sciences of
Ukraine, special issue, pp. 6—10.

2. World Energy Outlook —2019, OECD/IEA, Paris.

3. Ministry of Energy and Coal Industry of Ukraine [Ministerstvo enerhetyky ta vuhilnoi promys-
lovosti Ukrainy]. (n.d.). Enerhetychna stratehiia Ukrainy na period do 2035 r. [Energy strategy of
Ukraine for the period up to 2035]. http://mpe.kmu.gov.ua.

4. Sinchuk, O. M., Boiko, S. M., Karamanyts, F. 1., Kozakevych, I. A., Baranovska, M. L.,
Yalova, A. M. (2018). Aspects of the problem of applying distributed energy in iron ore enterprises
electricity supple systems. ISIENCT.

5. Sinchuk, O. M., Mykhaylychenko, D. A., Boyko, S. M., Shcherbak, M. A. (2013). Systema
keruvannia asynkhronnym heneratorom u skladi vitroelektrotekhnichnoho kompleksu [Control system
of an asynchronous generator as a part of a wind-electric complex]. (Deklaratsiynyi patent na korysnu
model Ne 84633, Ukraina, H02P9/00).

6. Sinchuk, O. M., Boyko, S. M. (2013). Sposib keruvannya vitroelektrotekhnichnym kompleksom z
asynkhronnym heneratorom [Method of control of wind power complex with asynchronous generator].
(Deklaratsiynyi patent na korysnu model Ne 86426, Ukraina, FO3D 9/00).

7. Lezhnyuk, P. D., Kovalchuk, O. A., Kulyk, V. V. (2011). Osoblyvosti roboty vidnovlyuvanykh
dzherel enerhiyi v lokal'niy elektrychniy systemi [Features of renewable energy sources in the local
electrical system]. Vidnovilyuvana enerhetyka XXI stolittya: XII mizhnarod. nauk.—prakt. konf. — Renew-
able energy of the XXI century: XII International. scientific-practical conf. (pp. 42—46).

8. Yulong, P., Cavagnino, A., Vaschetto, S., Feng, C., Tenconi, A. (27-29 June 2017). Flywheel
energy storage systems for power systems application. International Conference on Clean Electrical
Power (ICCEP) (pp. 492-501). Santa Margherita Ligure.

9. European Smart Grids Technology Platform. Vision and Strategy for Europe’s Electricity
Networks of the Future (2006). Office for Official Publications of the European Communities.

10. Unated States Air Force. Air Force Basic Doctrine, Organization, and Command. Air Force
Doctrine Document 1. 14 October 2011.

11. Vick Alan J. (2015). Air Base Attacks and Defensive Counters Historical Lessons and Future
Challenges [Research Report]. RAND Corporation.

12. “Narodna armiia” Veterany.UA” [“People's Army” Veterans.UA”]. (2016). Uroky viiny na
Skhodi: aviatsiina komponenta. Uroky ATO: aviatsiina komponenta [Lessons from the war in the East:
the aviation component. Lessons of anti-terrorist operation: aviation component]. http://veterano.com.ua/
vijna/na-zakhysti-ukrainy/4696-uroki-vijni-na-skhodi-aviatsijna-komponenta.

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.

Fig.: 1. References: 12.
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AHAJII3 ITPOLECIB Y KOJIAX I3 IEPETBOPIOBAYAMH TPUDA3ZHOI
HAIIPYI'U B IOCTIMHY 3 AIBAHAJAUATU30HHUM
PEI'YJIIOBAHHSAM HAIIPYI'H

Axkmyanvnicme memu 00cnioxHceHHA. V 38 A3KY 3 WUPOKUM GUKOPUCIIAHHAM HANIGNPOBIOHUKOBUX KOMYMAmMopie y eie-
KMPUYHUX KONAX CYYACHUX Nepemeopiosayis napamempia enekmpoenepeii 3HauHo YCKIaOHIOIOMbCs 3a0adi aHanizy enekmpo-
MmaenimHuux npoyecis. Hauibinouti ycknaonenHs GUHUKAIOMb Npu He0OXIOHOCMI MOOeTIO8AHHS Y CINALEHUX | nepexiOHUx npoyecie
Y PO32anyJHCeHUX KONax 3MIHHOI CIPYKMYpU, Y 1aHKAX 13 peakmuHUMU eleMeHmamil AK0i 8UHUKAIOMb CUHYCOIOHI, NOCMIIIHI
ma IMRYIbCHI Hanpy2u.

Ilocmanogxa npoonemu. Mamemamuuna mooens nepemsopiosaua modice 6ymu nobyo0o8ana 3 UKOPUCMAHHAM MemOoOy
bazamonapamempuyHux MOOYIIYUX QYHKYIN Y HANPAMKY PO3POOKU HOBUX MAMEMAMUUHUX MOOenell eNeKMPOMASHINHUX
npoyecie y Koiax 3 HanieNPOGIOHUKOBUMU KOMYMAMOPAMU Ma IAHKAMU CUHYCOIOHUX, NOCMILIHUX MA IMRYIbCHUX CINPYMIS.

Ananiz ocmannix oocnioxcens i nyonikayiii. ¥ nyonixayisx M. Maxapenxa, B. Cenvka, M. FOpuenka, A.A. Il]epou ma
THWUX 84eHUX OYII0 PO3POOIEHO MemOO DA2AMONAPAMEMPULHUX QYHKYIL, AKULL CRPOWYE OYIHKY eleKMPOMACHIMHUX NPOYeCia
¥ eneKmpuyHUX KOIAX CUHYCOIOHO20 CIPYMY 3 HANIBNPOBIOHUKOBUMU KOMYMAMOPAMU.

Buoinenns nedocnioxncenux uacmun 3azansnoi npoonemu. Bunuxia neobxionicms po3gumky 6azamonapamempuyHux
MemoOdy Ot aHAni3y NepexioHux npoyecie y en1eKmpuiHux Koiax 3 1aHKaMu He MintbKu CUHyCOIOH020, ane Ul NOCMIliHO20 ma
IMAYIbCHO20 CMPYMIB, HeOOXIOHUX Ons peanizayii enekmpomMexaHiuHux i po3paoHO-IMNYIbCHUX MEXHONO2TI.

Ilocmanosxa 3aédannsn. CmeopeHHs MamemMamuyHoi Mooeni Ol AHANI3Y eleKMpPOMACHIMHUX NPOYeci8 y HaniBNPoBiOHUKO-
60MY NepemBoprOBati 3 6A2AMO30HHUM Pe2yTIO8AHHAM SUXIOHOT HANpy2u NPU NIOKTKOUEHHT (Ya3HUX HANPYS MEPENCT HCUBTIEHHS.

Buknao ocnoenozo mamepiany. Y cmammi npogedeHo anaiiz enekmpomMasHimHux npoyecie 8 eneKmpuyHux Koiax i3 Ha-
nienpogionukosumu komymamopamu. Cmeopeno mamemamuyiny mMooeis Ol aHalizy eneKmpoMazHimHux npoyecie y Hanien-
POBIOHUKOBUX NEepemBOPIO8aAtax i3 WUPOMHO-IMIYIbCHUM Pe2yIO8AHHAM 8UXIOHOI HANPY2U.

Bucnogxu 6ionosiono 0o cmammi. Po3pooneno nogy mamemamuuny mooeis 015 AHANI3Y el1eKMPOMAZHIMHUX NPOYecie
¥ eNeKmpUYHUX KONax HanienpogioHUKo8UX Nepemeoprosatie MoOYIAYiiHO20 MUny 3 6a2amokaHanbHUM 30HHUM UKOPUCTAH-
HAM QhasHUx Hanpye mpupasroi Mepesrci sHcusneHHs 6e3 ypaxyeaHHs 6mpam eieKmpoeHepeii y Komymamopax.

Kniouosi cnosa: enexmpomaznimui npoyecu, 6uxiona Hanpyea, cmpym.

Puc.: 5. bion.: 9.

AKTyaJdbHiCTh TeMM JOCTIKeHHs. Y 3B 3Ky 3 IIUPOKUM BUKOPUCTAHHAM HaIliBIIPOBiJI-
HUKOBHMX KOMYTaTOPIB y €IEKTPHUUHUX KOJaX Cy4YaCHHUX MEPETBOPIOBAYIB MTApaMETPiB EIEKTPO-
eHeprii 3HAYHO YCKJIAJHIOIOThCA 3ajjadyi aHami3y eJNeKTPOMAarHiTHUX mporueciB. Haitbimbmri
YCKJIaJIHEHHS! BUHUKAIOTh IIPU HEOOX1THOCTI MOJIETIIOBAaHHS YCTAJICHHUX 1 MEPEXiAHUX MPOLECIB
y PO3raly;KeHUX KoJjlaX 3MIHHOI CTPYKTYpH, Yy JIaHKaxX 13 pEaKTUBHUMU €JIEMEHTaMH SIKOi BU-
HUKAIOTh CUHYCOI/IHI, TIOCTiiHI Ta iMITyJIbCHI HanpyTH [1].

ITocTanoBKka npodjeMu. MaTemMaTuyHa MOJIEIb NIEPETBOPIOBAaYa MOKe OyTH 100y 10BaHa
3 BUKOPHCTaHHIM METOJy OararonapaMeTpuuHuX MOy TFOI0UHX. byHKLIN Y HaIpAMKY po3po-
OKM HOBHUX MaTeMaTHYHUX MOJEJeH eJIeKTpOMaFHlTHI/IX npouecus y KoJax i3 HaHIBHpOBl,Z[HI/I-
KOBUMH KOMYTaTOpaMH Ta JJAHKAMH CUHYCOIIHUX, IIOCTIMHUX Ta IMITYJIbCHUX CTpyMiB [2; 3].

AHaJti3 ocTaHHIX T0C/TIi/IzKeHb Ta myOJaikamiid. Y mpari [4; 5 | BUKOHAHO aHaITi3 TPAH3UCTOP-
HHUX TIEPETBOPIOBAUIB Ta MPOBEJICHO JOCTIPKEHHS CHEPreTHYHMX MTOKA3HUKIB €JIEMEHTIB Ta CUC-
TEMH eJIeKTpOoIpruBoaa 3arasioM. OJJHUM 13 HAMKpaIKuX Coco0iB BUMUKAHHS THPHCTOPIB Y HHU3b-
KOBOJILTHOMY IMITYJIbCHOMY €JIEKTPOIPHBO/II € CIOCIO MapaienbHO-€eMHICHOT KOMYTallii CHIIOBOT'O
THUPHUCTOpPA NEPETBOPIOBAYA MOCTIHHOI HanpyTu. [Ipu 1ipomy kpaitie 00xoauTHcs 6e3 101aTKOBOTO
JDKepesa eHeprii, ke BUKOPUCTOBYIOTh B OKPEMHUX BHIAIKAX JUIS MiA3aPSIIKH KOMYTYIOYOro KOH-
JIeHCaTOpa, OCKUTHKH IIPH aBTOHOMHOMY JDKEpEi KHUBJICHHS (aKyMYJIATOpPHiM O6aTapei) noaTkose
JDKEpesio eHeprii 3HKYe ePEeKTHBHICTb pOOOTH IMITYJILCHOTO €IEeKTpOnpuBoAa. Y [6] mpoBeneHo
aHaJti3 TupUcTopHuX Ta Tpansucropaux HIIII cuctemMu enekTporpuBo/a, OHAK VIS PO3PAXYHKY
1ux HITIT KopucTyroThCS JOCTAaTHRO CKIAAHUMU CUCTEMAaMH PIBHSHb.

VY po6oTi [5] po3risiHyTO METOJT CTPYKTYPHOT'O CHHTE3y Ha OCHOBI Ipady 3minu crany (I'3C)
Ta METOJ CTPYKTYPHOT'O CHHTE3Y HamiBIpoBiqHUKOBHUX meperBoproBayiB (HIIIT) Ha ocHOBI ro-
noBHoi Tonosnoriuxoi Matpuii (I'TM). BukopucTanHs uX METOIB CUHTE3Y JJO3BOJISIE OTPUMATH
MOBHUI Habip CXeMHHUX pileHb pizHuX Bimomux kiaciB HIIII, a y peskux Bumaakax BHSABUTH
HOBI1 cxemH. Po3po0iieHi METoin J0BECHO 10 MPAaKTHYHUX METOAMK Ha OaraTboX MpHUKIAax
reHepallii HaImBIPOBIIHUKOBUX CXEM Pi3HOTO (PYHKIIOHATBHOTO PU3HAUYCHHSL.

© Muxatinenko B. B., Uynsk FO. M., bauunacekuii B. 1., 2020
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[Tpu miaroroBui ctaTTi OyJn po3rIAHYTI MyOikarii [ 7; 8], mpucBsiueHi mpobiemMam aHami3y
€JIEKTPOMArHiTHUX MPOIECIB y HAMIBIPOBIIHUKOBUX NEPETBOPIOBAYAX.

Bujinennsi HeA0CTiIPKEeHNX YACTHH 3arajibHoi MpodaemMu. Bunukia HeoOXiIHICTh PO3-
BUTKY OararornapamMeTpuyHUX METOIB JJIs aHaJi3y MEePEXiHUX MPOLECIB y eNEKTPUIHHUX KO-
Jax 13 JIJAHKaMH He TiTbKA CHHYCO1IHOTO0, aJie i MOCTIMHOTO Ta IMIYJILCHOTO CTPYMiB, HEOOXi-
HUX JUIS pealtizalii eJeKTPOMEXaHIYHUX 1 PO3pSAAHO-IMIYIBCHUX TexHoiorid. Ilpu 1mpomy
BAXUINBO OyJIO BU3HAYUTH OCOOIMBOCTI MiAKIIOYCHHS €NEKTPUYHUX KU 13 HAIiBOPOBIAHUKO-
BUMH KOMYyTaTopaMu 110 (ha3HOi Ta JIIHIHHOI Hanpyr Tpuga3zHOi Mepexki eIeKTPOKUBIICHHS.

IMocTanoBka 3aBaanHs. CTBOPEHHSI MaTeMaTUYHOT MOJETI JUIsS aHAJIi3y eNeKTPOMarHiT-
HUX IPOIIECIB y HAIIBIPOBIAHUKOBOMY I1€PETBOPIOBAYi 3 0araTO30HHUM PETyJIOBAHHSIM BHXi-
JHOT HANPYTH MPH MiAKIIOYeHH] (Pa3HUX HAPYT MEPEXi KUBJICHHS.

Buxkaaa ocHoBHOro martepiajy. TeHaeHIliT IEpeTBOPEHHS eNEKTPUIHOT €Heprii, a TaKOX
YCIIXH Yy PO3BUTKY HAIIBIPOBITHUKOBOI TEXHIKM JO3BOJIIIOTH BUKOPUCTOBYBATH B
NEPETBOPIOBATBHUX YCTAaHOBKAX JIAHKY BUCOKOI YACTOTH 3 YaCTOTOIO MEPEKITIOUEHHS BEHTUIIIB
3HaYHO OUIBLIOI BiJl YacTOTH 3MIHHOI Hampyrd HpOMHCIoBOI Mepexi. Y poOorax [1-6]
MoKa3aHa JOIIbHICTh BUKOPUCTAHHS CTPYKTYp neperBoproBadiB yactotu (ITH) 3 omHOKpaT-
HOIO0 MOJYJISIIIEI0 TPU TOOYIOBI CHCTEM BTOPUHHOTO €IEKTPONOCTAYaHHS U KOMIUIEKCIB
JIarHOCTUKY €JIEKTPOMEXaHIYHUX MPHUCTPOIB 13 pI3HOMAHITHUM BHJIOM BXiJHOI eHeprii. ¥ miit
POOOTI MPOBOAUTHCS aHANI3 ACHEKTY BUKOPHUCTAHHA Ti€l )k cTpykTypu IIY sk aHKKU BHCOKOI
YaCTOTH, IO CTOCYETHCS MOOYIOBH i aHaJi3y MEPETBOPIOBAYIB Il KOMIUIEKCIB 13 ITUPOTHO-
iMnynscHUM perymoBanHaM (IIP) manpyru.

CrpykTypHa cxema nepeTBoproBaya nmokasana Ha puc. 1. Ha miit cxemi no3nauyeni: CMA,
CMB, CMC — cunosi moaynsatopu (CM) dazuux nampyr 4, B i C Bianosigno, BB — Bucoko-
yacToTHUH BUnpsamistd, H — nHaBantaxkenHs. CykynHicte CM, MiIKIIOUEHUX 10 €HePreTHUHO1
Mepexi mapaienabHo 13’ €THaHUX 110 BUXO/Y MOCIII0BHO, SIBJISIE€ COOOIO JIAHKY BUCOKOI YaCTOTH
MepEeTBOPIOBAYA.

%l(i’t)/, CMA uZM(i’t)‘ |
p
y uy (1, 1) li ()
o | CMB <
C o S~ugy(t)

Jol
(1 |
Qf—oi CMC ‘_12( : \ ™~ u2(t)

Puc. 1. Cmpyxmypna cxema nepemsoprosaua

Ha ctpykrypHiii cxemi CM nokasaiit Ha puc. 2 no3Haueni: IBH — inBepTop Bunpsimienoi
Hanpyru, TV — y3romkyBanbHuii Tpancopmarop, n — Homep IBH.

Taxkum unHOM, KOkeH CM Mae y cBoemy ckiani N IBH, ne N — 1ie uncio inBepTopis.

CTBOpEeHHSI MaTeMaTUYHOT MOJIENIi IepeTBOpIOBaya rnependayae po3pooKy MaTeMaTUIHOTO
3a0e3MeueHHsI, CIIPOMOKHOTO MPOBECTH aHaJi3 HOro eJIeKTPOMAarHiTHUX MPOLECIB BiTHOCHO
SHEeprii, fika TeHEePYEThCs, 3 YPaxXyBaHHIM XapaKTepy HABAHTAXKEHHS, €HEprii, sKa CHOXHBa-
€THCS, a TAKOXK €HEprii, IKa MEePETBOPIOETHCSA B OKPEMUX JIAHKAaX 1 OKPEMHUMH €JIeMEHTaMU Tie-
peTBOpIOBaya.
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Puc. 2. Cmpyxmypua cxema cunogozo mooynsmopa

IIpu cxiagaHHi MareMaTHMYHOI MOJETl MEpeTBOpIOBaYa BUKOPUCTAEMO  METOA
OararonmapaMeTpUuHUX MoOAymoouux QyHKuid [1], skuii nepexbauvae ToOINEpeHE
NPEJCTAaBICHHS aJTOPUTMIYHOTO DIBHSHHS IepeTBopioBada. [Ipum 1poMy mnpuitMeMo Takxi
MPUITYILEHHS: BX1/IHA Mepeka CUMETPUYHA 1 11 BHYTPILIHIH OIip JOPIBHIOE HYIIIO, TPAH3UCTOPH
1 mionu IBH mpencTaBnisioThes i1€albHUMU KITIOUYaMH, TpaHCc(OpMaTOpu HE MalOTh BTpAT, a
HABaHTAXEHHsI IEPETBOPIOBAYA MAE AKTUBHO-1HAYKTUBHUHN XapakTep.

Taka cTpykTypa [03BOJIsIE peanizyBaTH OaraToKaHaJbHUM CIOCIO TMEepeTBOPEHHS
napamMeTpiB eJIeKTPOMArHiTHOI eHeprii Mepexi, mpu askomy B CM 31iHCHIOETBCS po3rairy>KeHa
MOJYJISIIiSl MUTTEBUX 3HAYECHb MONEPETHBO BUMIPSIMIICHUX (azHUX HANpyT u;(i,t), 4aCTOTH M1,
Tpuda3HOi Mepexi BIMOBITHUMH MOJTyTIOIOYUMH BIUIUBAMH (0lp,t), HACTOTH M.

VY npomy Bunajaky Ha Buxoi koxHoro 3 IBH ¢hopmyersest npomoaynsoBana Hampyra

u2M(p)i)t): kT'u1(i>t)'¢(i>t)'\|/(apat) > (1)
nei=1,2,3—nomepu a3 mepexi; kr — koediuieHT Tpanchopmanii Tpanchopmatopa; p = 1,
2,3, -+, n— HOMEPH 30H PETyJIOBaHHS; ¢ (I, ¢) — PyHKIIT MPIMOKYTHOT'O CiHYyCa, CIiBIAAa0ul

3a yacoMm 3 (pasHuMHU Hanpyramu; u;(i,f) — MUTTEB1 3HaYEHHS BX1IHOT HAIIPyTH.
@OyHKIIT IPSIMOKYTHOT'O CiHYCa IOJAIOTHCS SIK

AU (i-1)27
@(i,t) =sign< sin| wt 0 ()
a MUTTEBI 3HAUCHHSI BX1HOT HAIIPyTy MEePeXi MPECTaBIICHI Y BUIIISIL
—1)2
u,(i,t)y=U,, sin(a)lt—%j, 3)

ae Ujm — aMIUIiTYAHE 3HaYeHHS (pa3HOI HANpYTH.
ExBiBasIeHTHI MOy II0OI0Y]1 BIIMBH MOJIAI0THCSI BUPA30M

y(ap,t) :%Zsign[sin(coztiocp(t)—(p)] , (4)

1e op(f) — KyTH yIpaBIliHHS, 32 paXyHOK 3MiHU kX 3a0e3neuyerbest LHIP Buxignoi Hanpyru
NIEPEeTBOPIOBAYA; ¢ — IMOYATKOBA (ha3a eKBIBAJICHTHUX MOJYJIIOIOUMX BILIUBIB.

V nepeTBoproBadi 3a6e31edyeThcs MOYEProBa 3MiHa KyTiB KepyBaHHs B fiana3zoHi Big 0°
mo 90°. V (opmyBaHHI Hanmpyru KOXHOi 30HM KEpPyBaHHS 3ajisHi TpH iHBEPTOPH, SKi
I1IKJIF0YEH] 10 BIAMOBIAHUX (a3 Mepexi )KUBJICHHS. Y MOBHU 3MiHM KYTiB KEpYBaHHS Y OKPEMUX
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30HaX MOJAKTHCS Yy HACTYITHOMY BHIIIsiL: 0,,(f)=0, sikiio t<% 5 (=T, stxmo t>%,

a inakme o,(0)=71(p,N;Y), ne 7, (p,N=12,r) — GyHKILs, IO 3a1a€ 3aKOH 3MIHH 0p(1), sKa 3aiIe-
KHUTb BiJl HOMepa 30HU P 1 iX KijbKocTi N = 12.

Buxinna neperBoproBaua Uy (t ) BHU3HAYAETHCS BUPA30M

12

(1) = 2 S GOMEOW( M0 5)

T P=1 i=1
ne v(t)— QyHKIIsS NPSIMOKYTHOTO CiHyca, sika 30iraeThCsi 32 4acOM 3 MOJOXKEHHSM BHX1IHOI
HANpYTH y , (1) JaHKM BUCOKOI 4aCTOTH NEPETBOPIOBAYA.

o) =sign(u, (1)). (6)

Jlnst aHani3y BEXiZHOI HANIPYTH HEPETBOPIOBAYA B (5) MO3HAYMMO u, (i,1)p(c,1) =‘u1 (i,t)‘ i,

BpaxoBytoun (3) i (4), a Takox Te, o B (6) Y(p,H)U) =‘l//(ap,t)
[ —1)2
U, sin[oalt —%j

3 HaBeJeHOro piBHAHHA (7) BUAHO, 110 BUX1/IHA HAIIPyra IepeTBOpIOBaya J0CITHE MAKCH-
MaJIbHOT'O 3Ha4€HHs 33 YMOBH, 1110 ¢ ,(¢) = 0 . ¥ LIbOMY BUIAJKy YaCTOTa I1yJbCallii BUX1IHOT

, MAeEMO

1 12 3

U, (t)zﬁpzl Z

i=1

Zsign[sin(o&zti(ocP/Z)—(p)]D. (7)

HaNpyIru o, = 6w, a BUPa3 s Ug (t ) MAaTHM€ BUIJISA

i—1)2
ljlm Sln[(’olt_mj *

3

1123

”d(t):k_zz

T P=1 i=l

(8)

CtpyM HaBaHTaXEHHS 3HAWJEMO, K peakiiito RL—1aHiiora Ha Ait0 Hanpyru v(r) (6). dns

BOro JuQepeHIiagbHe PIBHAHHSA, CKJIAZCHE IS BUX1AHOTO KOHTYPY, MPEACTABUMO 5K
u,(t) R
D(t,y) = —2 - =y, )
’ L L
i€ Yo — BU3HAYAETHCS 3 MOYATKOBUX YMOB; R 1 L — BIANOBIAHO aKTUBHUH OMIp 1 IHAYKTUBHICTD
HaBaHTAXKCHHSL.

Pimenns piBHsHHS (9) BITHOCHO CTPYMY HaBaHTAXXEHHS BU3HAYMMO YHCIOBUM METOJIOM SIK
i, (t) =rkfixed(»,0,k,s,D), (10)

7ie: y — BEKTOp MOYaTKOBUX yMOB; 0, k — 4acoBHii iHTepBai pillieHb; § — KUIbKICTh TOYOK Ha
4acOBOMY 1HTEpBaJIi pillleHb; D — BeKTOp QyHKIIsA AU(EpEeHIIIHHIX PIBHIHB .

ExgiBanienTH1 QyHKi (4) 1 (6), IKI MAIOTh OAMHUYHY aMILTITY Ly, MOKHA PO3IJISIATH SIK (PYHKIIIT,
1110 BU3HAYAIOTh 3aJIKHICTh BXIHOTO CTPYMY BiJl BUXIZHOTO CTPYMY, SIKHI ITOKa3aHUM Y BUTIIS Pi-
1eHHs piBHsHHSA (9) criBBigHOIIEHHsM (10). J{11s1 Bu3HAUCHHS CTPyMY i2(f) BACOKOYACTOTHOT'O BUTIPSI-
misya HeoOxi1HO (10) po3aimuty Ha (6). SIkio B GyHKIIIT IepeTBOPEHHS € Hy OB pIBEHB OIEpaLIito
JICHHS HA IOBHOMY Tepioii icHyBaHHs (8) BUKOHATH HEMOXJIMBO. Lle mpr3BoaMTh 10 HEOOXiAHOCTI
3HAXOPKEHHS CTPYyMY Tepe]l BUCOKOYACTOTHIM BUIIPSIMIITUEM Ha IHTEpBasIaX HEHYJIbOBOIO 3HAUCHHSI,
3 TIOCJTi Ty FOUMM TIPUTIACOBYBAHHSM PE3YNbTATiB OKPEMHX MifpaxyHKiB. OnHak nojaHHs (6) GyHKIi€r0
OZIMHUYHOI aMIUTITY IH JI03BOJISIE BH3HAUUTH CTPYM i2() iepemHoxeHHsM (10) Ha (6) 1, TUM camuM,
CIIPOCTHUTH TIPOLIEC MiAPAXYHKIB, TPEACTABIISIOUH PE3yIbTaTH HA IOBHOMY iHTepBai icHyBaHH (7) 1
(10). TakuM YMHOM, BXiJHUI CTPYM BUCOKOYACTOTHOT'O BUTIPSIMIISTYA Ma€ BUTJISA:

L(0) =1, (OV). (1)
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Jlnst BU3HAUEHHS BXIHUX CTPYMIB iHBEpPTOPIB i—X (pa3 Al KOXKHOI p—i 30HH peryatoBaHHS
BpaxyeMmo, 110 i2(f) MpOTiKae B 3arajJbHOMY KOHTYpi Bcix CM, yTBOpEHOMY IOCIIIOBHO 3’ €HA-
HUMHU BTOPMHHUMH OOMOTKaMH y3Tr0/LKYBAIBHUX TpaHC(OPMATOpIB 1 MPUIMEMO JI0 yBark ajiro-
putmiuHe piBHSHHS (5) 1 Te, o (2), (4) 1 (6) € GyHKUIAMUA OTUHHYHOI aMILTITY/TH.

[Tpu npoMy B 3aranbHOMY BUIJISII

il (n,i,t) — lz(t)\v((;kpat)(l)(lat) ) (12)

YacoBi nmiarpamu CTpyMy HaBaHTA)XCHHS B KOOpPJMHATaX BUXIJHOI HAmNpyrud MepeTBO-
proBaya JJIsl IBaHAALATU30HHOIO PEryJIIOBaHHs, IPEJICTaBlIeH] Ha pHC. 3.

e (t)’B g (t)?f‘&%gzﬂ ()
622 e e, U, 1) 0 04
Oi 0 | —E.Hﬁ

3

Puc. 3. Hacosi diacpamu cmpymy i Hanpyeu Ha8AHMAaNCeHHs
Jlnst BUBHAYEHHS CTPYMIB i—X (ha3 Mepeki BUKOHAEMO CYMYBaHHS BX1JTHUX CTPYMiB 1HBEp-
TOpIB BCIX 30H PEryJIOBaHHA B KOXKHIH 3 i—H (a3i. BpaxoByrouu piBHaHHs (12) 3aranbHuii Bu-
pa3 aist cTpyMiB i—X (a3 Mepexi MoJaMo sIK

i,(5,0)=1i,(Li,0)+i,(2,i,0)+i,3,5,0) +.. . +i(12,3,), (13)

ne: i (L,i,t)s i,(2,0,0) > i(3yist) s §(AL1), ..., (12,1,1)— Bximmi crpymu inBepTopiB i—X (a3 ms
MepIIOi, APYrOl, TPETHOI, YETBEPTOI TA ABAHAALATOI 30H PETYIIOBAHHS
Yacosi giarpamu BXiIHUX CTPYyMiB i—X (ha3 eHEepreTHYHOT Mepexki B KOOpAWHATAX HAIMpYT,
noOymoBani 3a (13) ns ABaHAIIATH30HHOTO PETYIIOBAHHS, IPEACTABICH] Ha puC. 4.
u(it).BY i (i0),A L i (1)
S 0. ult) o~ 0,04,
=311 0 i(2,1) <"~ 0,02 u(2,1) \_/‘ t,C
0 : N?QQIO’OZ| _>/—\0’04| -
Sl 20 4deme=< Gt ~___— ~Ui.c
311 - ’
T, N N .
3114 0,331 [Coee———=~ 0,020 ~__ _— 0,04" ¢ ¢

Puc. 4. Yacosi diacpamu 6xionux cmpymis i—x ¢haz mepesici 8 KOopouHamax hazHux Hanpye

Jlnst Toro o6 3HalTH aMILTITYAHI 3HaYeHHs CTPYMIB yepe3 cuiioi Tpansuctopu IBH, no-
CTaTHbO IIPOAHATI3YBATH CTPYMHU |, (n,i,) HEPBUHHUX OOMOTOK Y3Ir0[KyBaJbHUX TpaHchopMa-

TOPIB, 5IKi 3HAXOJATHCS B KOJIaX MPOTIKAHHS CTPYMIB Uepe3 CHIIOBI TPAH3UCTOPH.

BucHoBku BinmoBigHo 10 crarri. [linTBepKEeHO MOUUIBHICTE BUKOPUCTAHHS TIPOrpaM-
Horo nakera MATHCAD i anani3y eneKTpoMarHiTHUX MPOLECiB Ta ONTUMI3allii mapameT-
PiB HaIliBIIPOBIAHUKOBUX MEPETBOPIOBaYiB. Takuil miaXia J03BOJISE 3MEHIIIMTH HECTa0IbHICTh
PESKUMIB Y TEXHOJIOTIYHOMY HAaBaHTa)KEHHI Ta PEXKHUMIB CIOXKHBAHHS €JIEKTPOCHEPTrii Bl Me-
PEXi eNEeKTPOKHUBICHHS.

Po3pobneHo HOBY MaTeMaTUYHY MOJIEIb YCTAICHUX 1 IEPEXiJHUX MPOIIECIB Y €IEKTPUUHUX
KOJIaX HamiBIPOBIIHUKOBUX IEPETBOPIOBAYIB MOAYJIAIIIHOIO TUILY 3 OaraTOKaHAJILHUM 30H-
HUM BHUKOPHUCTaHHAM (a3HUX Hampyr TpudaszHOi Mepexi KUBJICHHs 0e3 ypaxyBaHHS BTpat
eJIEKTPOCHEPTii y KOMyTaTopax Ha IMepIIOMY eTali MOJENIOBaHHS Ui CIPOLICHHS po-
3paxyHKIB 1 IIBUKOT OLIHKY BIUIUBY ITapaMeTPiB HABAaHTAXKEHHS HA XapaKTEPUCTUKU PEryJIbo-
BAaHUX BUXIJIHUX CUHYCOiJHHX 1 IIOCTIHHUX HAMpPYT.
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Taxuii miaxia 3abe3neuye MBUIKE BU3HAYEHHS aJTOPUTMIB YIPABIiHHSI KOMYTaTOpaMu
IpU MiAKIIOYEHH] HAMIBIPOBIAHUKOBUX MEPETBOPIOBAUIB 0 (ha3HUX HAIPYT MEpexi KUB-
JICHHA Ta MiJBUILEHHS SKOCTI 3HAKOMOCTIHHUX HANpyT Mpu 0araTO30HHOMY peryJlOBaHHI BU-
xinHoi Hanpyru. [lpu nopiBHAHHI 3 MaTEMaTUYHUMHU MOJICJISIMU HaBeIeHUMH Y [4-6] moxubOka
PO3paxyHKIB ckianana He Outbiie Hixk —5 % + +3 %, 110 103BOJIsI€ TOBOPUTH, IO LIEH METOA
miaxoauTh Jutst mBuako1 ouinku HIIII ta pexxumis iioro poOoTH.
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Viadyslav Mykhailenko, Julia Chunyak, Vladyslav 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
future 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 PLC). 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.

o Wil _ 8
[ S A L ;
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
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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
A 12
| o 1

4 Lt IJ‘.’J' a8 Al ﬁ': e

Fig. 2. Hardware simulator with toggle switches, momentary buttons, LEDs and buzzer

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.

2

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.

TEE Y

s

Fig. 7. Solenoid 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
P L

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. 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.
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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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VIIK 004.4
Mixan Kenemen, Ana Jlicycosa, An Jlieyc, Braouciae Makcum

JTOJATKOBI MOJIYJI JJISI HABYAJIBHUX CTEH/IB HA OCHOBI
MMPOTPAMOBAHUX JIOTTYHUX KOHTPOJIEPIB

Axmyanvhicmo memu docnioycenusn. llpospamosani n102iuni KOHMpPoOLEPU — ye NPUCmMpoi, ki HeoOXioui 01 noOy008u
cucmem Kepy8aHHs, NepesaicHo 01 RPOMUCIOBUX 3acmocysanb. Tomy 00Kk1adaomvcs 3ycuiis Ons iIHMeHCUBHO20 PO3BUMKY
3HAHb | HABUYOK Y Yill 2aY3I.

Ilocmanogxa npoonemu. Li cmenou po3podneni ona naguanvhux yineil. [lpoepamosani konmponepu UKOPUCIOBYIONbCA
paszom i3 oamuuxkamu ma GUKOHAgUUMU MexaHizmamu. Mema nonsieac y npogedenHi mpemniney 3 pobomu 3 damuuxamu ma
BUKOHAGUUMU MEXAHIZMAMU 07151 CMBOPEHHS. 3A8ePUEH020 NPOEKNY, NOOIOHO20 MOMY, AKUL NOMPIOeH Yy NPOMUCTO8OCMI.

Amnaniz ocmannix docnioxncens i nyonikauin. Hasuanohuii cmeno 0036015€ 3p0dumu anapamte MoOemo8an s CUCTEMU
VIPAGIHHA, alle MAKOIC 8AdCIUBO 3ACMOCO8Y8AMU 1020 PA30M 3 THUUMU peanbHuMuy yacmunamu. Haoseuuaiino neodxionuil
NpakmuyHuil 00C8i0 CHIIbHO20 BUKOPUCHIANHS 6CIX KOMNOHEeHMIB. [lesKi eqhekmu, Ki HEMONHCIUBO 3MOOEIO8AMU 8IPMYATbHO,
Marome 6ymu po3apooneHi cnmyoeHmamu-mexampouiKamu.

Buoinenns nedocniosycenux uacmun 3azanvHoi npoonemu. [lumanns mepesicesoi cmpykmypu npoepamo8anux 102i4HUx
KOHmMpOnepis, Mepedic 0amuuKie ma BUKOHABUUX MEXAHI3MI8 He 00CTIONCeHT, MOMY HA YboMy Oyde 30cepeddicere HACmynHe
00CONCEHHS.
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Ilocmanogka 3ae0anns. OchogHa mema noisi2ac y CMopeHHi KOMIAKMHO20 NPUCTPOIO 3 PEeATbHUMU MOOENAMU GUKO-
HABYUX MeXaHi3MI8 ma 0amuuKie 05l HAGYAHHs POOOMI 3 NPOSPAMOBAHUM NOIYHUM KOHMPONEPOM MAUOYMHIX PO3DPOOHUKIE
dooamkis. Taxi peanvhi 06’ekmu, 51K GUKOHAGYL MEXAHIZMU MA OAMYUKU, MAIOMb 6a2amo e1acmusocmeli ma epexmis, sKi
mpeba nepegipumu excnepumeHmanvho. lcnyiome npobnemu i3 WiyMoMm y CUSHANAX, 2icIepe3ucom, MepmeumM 30Hamu, Hacu-
ueHHAM, Topmom, epexmamu depopmayii, echexmamu mepms, meniogumu egpekmamu mowo. Bniug yux epexmie Ha cu-
cmemu Kepy8aHHsl MOACHA OOCIOUMU 3a OONOMO2010 eKCNePUMEHMANLHUX POOIm.

Buknao ocnosnozo mamepiany. Hawi mpenysanvui cmenou micmame einoti DIN-petiku 015 00o0amxogux mooynie, sKi
ModicHa dyaice ecko ma weuoko ecmanogumu. Cucmema DIN-petiok uacmo ukopucmosgyemucs i @ BPOMUCIOBUX CINENANCAX.
Kooicen oooamxosuii moOdyns mae enacHuil 26UHMOBULL po3 €M Ot NIOKIIOUEHHsL 00 0Xcepena JCUBNeHHs ma NiOKNI0UeHHs 00
Nnpoepamos8anux 102i4HUx KOHMpoepis.

Bucnogxu 6ionogiono oo cmammi. 1 ono6nuil 8Hecok nouseac @ MoOMy, Wo CMyOeHmu O3HAUOMIAMbCA HA NPAKMUYi 3
peanvHumMu cucmemam 3 npoSpamMo8anuMy I02IYHUMU KOHMPONepamu, 3 OAMYUKamu ma 6UKOHA8UUMU Mexanizmamu. Yci
meopemuyti 3HAHH MOJICHA eKCHEPUMEHMANLHO NePegipumu Ha YUXx CMEeHOAX, OCHAWEHUX 000AMKOBUMU MOOYIAMU 3 0am-
YUKaMU ma 6UKOHAGUUMU MEXAHIZMAMU.

Knrouogi cnosa: npozpamosanuii 102iunuti KOHMponep; KepysaHHs, anapamme 3a0e3neyeHHs; OamuuK, UKOHAGY MEeXaHi3MU.
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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

‘_Hagnet b

Hall effect
sensor

Perm anent

U4
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
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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.
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Fig. 3. Measured result from displacement  Fig. 4. Measured result from displacement

measurement using the sensor SS495A4
for all measurement configuration Ul, U2,
U3 and U4
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Fig. 5. Hysteresis analysis for displacement
measurement using the sensor SS495A4
for all measurement configuration Ul, U2,
U3 and U4

measurement using the sensor SS49E
for all measurement configuration Ul, U2,
U3 and U4

554950
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voltage (V)

Measured sensor output
voltage (V)

5 3 7 8 9 10
Measured position (mm)

Fig. 6. Hysteresis analysis for displacement
measurement using the sensor SS49E
for all measurement configuration Ul, U2,
U3 and U4

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
measurement using the sensor SS495A4
for measurement configuration U4

Fig. 8. Regression analysis for displacement
measurement using the sensor SS49E
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 5Smm to 30mm. Therefore, the sensor SS49E has a
bit larger measurement range (fig. 7 and 8).
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Fig. 9. Polynomial fitting for displacement
measurement using the sensor SS495A4
for measurement configuration U4

Fig. 10. Polynomial fitting for displacement
measurement using the sensor SS49E
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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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 Fig. 14. Cumulated standard deviations
for sensor SS495A4 for measurement for sensor SS49E for measurement
configuration U4 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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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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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 3SMIIIIEHHA
3 BUKOPUCTAHHSAM JATYUKIB XOJIJIA

Axkmyanvhicms memu 00cidiceHHA. ICHYE KiNbKa NPUHYUNIG BUMIDIOBAHHS 3MiwenHsL. [lamuux Ha ochosi egpexmy Xonna
€ 00HuMm i3 nux. Jlamuux Xonna mae Kineka nepesae i icHye HeoOXioHicmb usHauumu 8iON0GIOHI NPUHYUNU 3ACHOCYBAHHSL.

ITocmanoeka npobnemu. Bubpari damyuku nepemiwgents Ha 0cHosi eghexny Xonna € HeOOpo2UMU, WO € KOPUCHUM OA
pisHux 3acmocyeans. Mema nonsaeac y usHa1wenHi NPUHYUNI6 ma no8ediHKU NPy GUKOPUCMANHT YUX 0amHuUKi@ Y Pi3HUX PEHCUMAX.

Ananiz ocmannix docnioncens i nyonixayiii. Jamuuxu Xonna npayoioms na epexmi, Ko MAZHIMHA Mampuysi NiUA€E
Ha BUXIOHY Hanpyey yux 0amuuxie. Bunuxae npobnema 3 6uU3HAYEHHAM 8IONOGIOHOI KOHMI2ypayii po3smawly8anHs yux oam-
yukis. Le 3anesicums 8i0 nonaprocmi i inmencusHocmi MacHimuo2o macugy. Kpiv moeo, 6asxcnugum 0 ybo2o 3acmocy8anus
€ po3minyents 0amuuxa.

Buoinenns nedocniorycenux wacmun 3a2anvhoi npoonemu. Ocrogna npobiema nouaeae y GUPAdICeHHI Xapakmepucmuxu
nepemeopenHs, AKA 3a1edcums 8i0 NOCMINIHO20 MAZHIMY, BUKOPUCIAN020 8 AKOCMI ddicepena 015 MazHimuoi mampuyi. Hemae
HIAKUX Npagu i pekomeHoayitl i3 GUKOPUCMANHA YuX OamuuKie ax oamuuxa smiwjenns. Ilumannus maxoosic y Hadiinocmi yux
0amuuKie i MiHIMaNbHIl KilbKOCMI UMIpI08ans O 3a6e3neuents MiHIMATbHOT HeMOYHOCMI GUMIPIOBAHDL | cMAbiNIbHOCH
BUMIPIOBAHUX OaHUX. Bumiplosannsa yumu 0amuukamu Ha enuKux 8i0CMaHaX He O0CLIONCeHT, MOMY HACMYNHe 00CTIONCEHHS
6y0e 30cepeddicere Ha Yux NUMAaHHIX.

Ilocmanoska 3adanna. Memoio € ompumanHs KOPUcHo20 00C8idy ma peKxomenoayiti wWooo GUKOPUCIMANHS YUX OamMYUKIG.
Kinvka oamuukie maxooic maroms eghekm gicmepesucy, wo maxkoxic € npobnemoro, i ye napasummuii eghekm npu GUMIPIOBAHHSIX.

Buxnao ocnosnozo mamepiany. /locniosceno eghexm Xoana 3a koediyicumom euxionoi Hanpyau. Omoice, ye aHaio2osi
oamuuKu 3 peaxkyiero Hanpyeu Ha 3MilyeHHs.

Bucnoexu. Bubpani 0ocniodiceni damuuxu Maroms iOMiHHI 61aCMUBOCHI 0151 BUMIPIOGanHA smiujeHHs. Bonu nomenyitino
nioxo0samu 015 Oydice YYMAUB020 i MOUHO20 SUMIPIOBAHMNS 3MILYEHHSL.

Kniouosi cnosa: epexm Xonna, smivyenst;, GUMIPIOBAHHSL, MASHIMHA PEUimKa, OAmyuKu.

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 PI
controller. Matlab / Simulink software is used for simulation.

Actual scientific researches and issues analysis. The PI 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 PI 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
functionality 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.

* r f =5
A ( ) D
0 Mk Bo Mz

Fig. 1. Model of DC motor

The DC motor model is characterized by the following relationships:
Electrical part of DC motor:

Rig(t) + LD = 1, (1) — kyw(t)

and the transfer function:

14(5) _ 1
Ua(s)—kpy2(s)  R+Ls
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Table
Parameters of simulation
Uy motor armature voltage
ia current
up feedback voltage
R resistance
inductance
] 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:
My (t) = kpia(t);
Mg(s) _ )
lats) 0
dw (t) i
J =5~ + Bw(t) = Mg(t) — Mz(1);
2(s) _ 1
My (s)-Mz(s)  Js+B’
up(t) = kyw(t);
Up(s) _
as M
M_Z (s)
U_A(s) i LA (s) 1 Qfs)
( ; ) L-s+R o J-s+B
‘ Qfs)
km |«

Fig. 2. Mathematical model of DC motor

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.
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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 + L+ Kys = KpstKitRas

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 S3+(28K)wos2+(1+28k)wis+kwd’
i ﬁ N
kp-s+ ki : 1 "
g otk W e [ ek =
N 7

Fig. 4. Closed-loop control system
By simplifying the block scheme, we get the final transfer function of control system:
G(S) — . kmkps+kmx*K; .
Ljs3+(LB+R])s2+(RB+kmZ+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:

% kw3L]
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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.

o 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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Fig. 7. Speed of DC motor at constant load
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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
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.

54 56
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Fig. 10. V Control deviation of closed-loop control system at square load
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Fig. 11. Control deviation of closed-loop control system at square load

10| "

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”.
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Jlobiya Mixosa
PO3POBKA PET'YJIATOPA IJIsI IBUT'YHA MNOCTIMHOI'O CTPYMY

Axmyanvnicmy memu docnioncenns. /leueynu nocmiiinozco cmpymy (JIIC) € Oysice adxciugumu 6 cyuacHomy ceimi,
momy ix po3pobyi ma aupobHuymey npudinicmsvcs genuxa yeaza. Bonu suxopucmogyromoca mam, de icHye nompeba pecynio-
8AHHS WBUOKOCMI 8 WUPOKOMY OIlanazoHi abo npucymui 8adicki yMosu 3anycky. Bonu 6iopisusiomsca npocmomoio KkepyeanHs
ma 8ucoKolo HaoditiHicmio.

Ilocmanogxa npobnemu. Cmamms npucesiuena ananizy 08u2yHa nocmitino2o Cmpymy 3 aKyeHmom Ha pecyio8aHHs Weu-
oKocmi 3 BUKOPUCMAHHAM nponopyilino-inmezpanvrozo (111)-pecyiamopa. [isa mooenosanis UKOPUCMOBYEMbCS NPOSPAMHE
sabesneuenns Matlab/Simulink.

Ananiz ocmannix oocnioxycens i nyonixauiii. I111-pecynamop € 00HuM 3 HabinbU NOWUPEHUX KOMOIHOBAHUX Pe2YNIAMOPI8
ma mae yHigepcanvhe 3acmocy8anis. B cucmemi ynpagninna 3i 360pomuum 36'a3Kom 6iH ycysac nocmitine 8iOXuients pecy-
08aHHA i nokpawye cmabineHicmy. Bin xapakmepusyemuvcs mum, wo 8 nouamkosuli MomeHm 30ypeHHs nepesaicac Gnius
NPoONOpYIHo20 pecyiamopa, a Nomim - iHmezpanbHO2O.

Buoinenns neoocnioscenux uacmun 3azansnoi npoonemu. He 0o kinya oocniodcenum € numanus po3pooxu I1I-
pezynamopa 3 ypaxyeauHamM napamempis peanbHo20 08U2yHd.

Ilocmanogka 3agdanns. OcHosHo0 Memoro 6y10 Cmeopumu cucmemy YRpaguinHa 08UyHOM HOCMIIHO20 CMPYMY 3a 00-
nomozoto I1l-pecynamopa. 3anpononosana cucmema ynpagiinHa pecyiioe WeUOKIiCmb 08USYHA 3 HYIbOBUM GIOXUNEHHAM NO
VAPABITHHIO.

Buknao ocnosnozo mamepiany. 3anpononogano mamemamuuty mMooens, Wo 003801AE NPOBOOUMU MOOENIOBAHHSA MA
ananiz cucmemu ynpasninua JJI1C na ocnosi I1l-pecynamopa. Hagedeno pesynbmamu mooeniogants 0 pisHux munia 30ypens
6 npozpamuomy komniexci Matlab/Simulink.

Bucnoexu. Cmeopeno mamemamuyny mooens, AKa € 0CHOB0I0 051 Mooenioganus cucmemu ynpasninua JI1C na ocnosi
II-pezynsmopa 6 komn tomepromy cepedosuwi Matlab/Simulink. Ha ocrosi 0ocmynnux napamempis udparo2o 08ueyHa no-
cmitino2o cmpymy 6yn0 npomMoOento8aHo pobomy cucmemu YRpagiiHHa CMoco8Ho cmabinizayii weuokocmi. B nodanvuomy
naanyemucs pospobxa I11-pecynamopa ma 1io2o MoOent08anHs 3 Pi3HUMU XAPAKMEPUCIIUKAMU HABAHMAICCHHSL.

Knrouosi cnosa: dsucyn nocmiiino2o cmpymy, weuoKicms, mamemamuina moodens, Matlab/Simulink.

Puc.: 12. Tabx.: 1. bion.: 10.

Mikova Lubica —doc. Ing., PhD., Faculty of Mechanical Engineering, Technical University of Kosice (Letna 9, 04200
Kosice, Slovakia).

E-mail: lubica.mikova@tuke.sk

Scopus Author ID: 55259674100

Mikova, L. (2020). Controller design for DC motor. Technical sciences and technologies, 4(22), pp. 183-189.

189



Ne 4(22), 2020 TEXHIYHI HAYKH TA TEXHOJIOI'TI
TECHNICAL SCIENCES AND TECHNOLOGIES

UDC 612.86:62-55
DOI: 10.25140/2411-5363-2020-4(22)-190-197

Robert Rakay, Alena Galajdova

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 (SpOz), 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.

© PoGept Pakaii, Onena ['anaiimosa, 2020
190



TEXHIYHI HAYKH TA TEXHOJIOI'TI Ne 4(22), 2020
TECHNICAL SCIENCES AND TECHNOLOGIES

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. IoT 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 [oT 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

M

100 KB

> Distance

100m o 10k

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 IoT
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 [5, 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 I2C / 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.
i

//
[ Cloud T

o m

\ MCU
7/

Raspberry Pi \
1D modul ‘ deiice Sensors
Raspberry Pi / e \ "
Camaera \\ e

User interface

( Wearable

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 t0 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.

Acknowledgement. This work has been supported by the Slovak Grant VEGA 1/0330/19 -
Vyskum a navrh algoritmov a systémov pre fuziu roznorodych dat v multisenzorovych archi-
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Pobepm Paxaii, Onena Ianatioosa

KOHIEIIIA MOHITOPUHTY ®I310JIOTTYHUX ®YHKIIIA
3A TOITIOMOT'OI0O HOCUMUX CEHCOPIB

Axmyanvnicme memu oocnioncenns. Cyuacni menoenyii asmomamu3ayii OpieHMOBAHI HA 8NPOBAOICEHHS HOBUX MeX-
HONI02I1l 8 NOBCAKOEHHE JHCUMMIA T100€l, He3aNeANCHO 8I0 Moo, 300posi 6oHu U Hi. Humni Monimopune 3a2anvHo2o cmamy 300-
po8's cmag npocmiwum 3a80aKu po3pooyi iHMeneKmyanrbHux nepeHOCHUX NPUCMPOIB.

Ilocmanogxa npoénemu. Ileperocui npucmpoi nosunni 6ymu desneyHuMu, 3pyuHuUMU, Oyice NecKUMU i Mamu HeHas a3-
aueul ouzaiin. Hosimui mexnonoziumi pivienis 6 oonacmi MikpokoHmponepis, ceHcopie ma 38 3Ky 3abe3neuyloms 3HauHi ne-
pesazu 3 mouKu 30py 6e30pomogo2o MOHIMOPUH2Y Pi3HUX NAPAMempIs.

Ananiz ocmannix oocnioxycens i nyonikayii. Ilpu niocomosyi cmammi 6yau npoananizoéami pizni 3a2anbHOOOCHYNHI
nybnikayii, 008iI0HUKOBI Mamepiany ma excnepumeHmanvii piwienns. Pezynomamu inuux exchepumenmie makooic 6yau 8UKo-
pucmani 0nia cmeopenHs 6a3u 3HAHb NO Yiti memi 00CiOHCeHH.

Buoinenns nedocniosicenux uacmun 3a2anbhoi npoonemu. Icnye 6e31iy mexHono2itl 015 BUMIPHOBAHHS PI3HUX Di3iono-
2IYHUX napamempig i 363Ky, AKi Npaywms OHIAlH | oratiH 610 pisHux eupooruKie. OOniel cmammi HedOCMamubo O ix
onucy ma aHanisy.
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Ilocmanogka 3aedauns. Y yiii cmammi 6yiu npoananizoeani KOHCMpYKmMueHi 0coonueocmi ma KoHyenyii nepeHocHux
cucmem Monimopuney. Pezynomamu cmammi € 0CH08010 0151 NOOANbULOT PO3POOKU THMESPOBAHO20 CKIAOHO20 NePEeHOCHO20
nPUCMPOIO 13 cUCmeMoro idenmuikayii.

Buknao ocnosnozo mamepiany. Cman 1i00unu nompioHo npo8ooumu MOHIMopuHz 05l Mo2o, Woo Mamu MOACIUBICTG
nepedbauumu maudymHi inghexyii abo 3anobiemu nowuperHo X6opobu. Bukopucmarts KOMIAKMHUX pileHsb 015t MOHIMOPU-
HEY 300p08's, MaKkux Ak 0am4uKu, MiKpOKOHmMpoiepu 3 66y008aHUMU KOMYHIKAYIHUMU MEXHON02IAMU 3abe3neuye 2apHy oc-
HO8Y O/1s BUPIULEHHS AKUX 3A80aHb K MOHIMOPUHE (DI3I0102IHHO20 CMAHY THOOUHU.

Bucnogxu 6ionogiono 0o cmammi. Y 3anpononosaniti cmammi po32na0aiomscs 0coonueocmi, ki HeoOXioHo 8paxogy-
eamu npu NPOEKNYB8AHHI NEPEHOCHO20 NPUCTPOIO. 3ANPONOHOBAHA CUCIEMA MOJCe HAOAMU KOPUCHY THPOpMayito npo 300~
o8’ Kopucmysaua, memoio po3pobku 6yno 3Haimu HaubiNbW deuiede pileHHs Olsl YHIBEPCUMEMCbKo20 cepe0osuiyd.

Knrouosi cnosa: agmomamuzoeanuil MOHIMopuHe, ceHcop, isionoeiuni napamempu.
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JImumpo 3axapuenxo, Cepeiti Cmenenko

OI'JISIJ] TA OBITPYHTYBAHHS BUBOPY HAKOIIMYYBAYIB EJIEKTPOEHEPTIi
JJIAA POBOTHU EJIEKTPOEHEPTETUYHUX OB’EKTIB

Axkmyanvnicms memu 0ocnioncenns. JJocniodcenns HaKoONU4y8ayie enekmpoenepzii 01s pobomu enekmpoeHepeemuiHux
006 €xmis, Xapakmepucmuxk ma ix 6paxyeants npu 6uOOPi muny HaKoNuwy8aia oas 06 '€kma 003601UMb ONMUMIZYeamu po-
bomu cucmemu 3a2a10M.

Iocmanoexa npoonemu. Haykogo-mexHiunuil po36umox ma eKoio2iune Cmanosuiye 8UCy8ae OLIbLL HCOPCHIKI BUMOSU
00 eLeKMPOEHEPLEMUHUX CUCTIEMU.

Ananiz ocmannix docnioxcens i nyonikayiti. Pozensinymo kiacu@ikayiio ma 0CHOBHI XapaKmepucmuKky HaseHux HaKo-
nuuyeauie enekmpoenepeii, ixui 0CHO8HI nepegazu ma HeOONIKU.

Buoinenns neoocnioxncenux uacmun 3azansnoi npoonemu. OcHosHOI0 nPoOIEeMOI0 3aCMOCYBANHS HOBUX MUNIE HAKONU-
Yyeauie eneKmpoenepeii € GiOCYMHICMb iX MACOBO20 NOWUPEHHSL HA PUHKY eLeKIMPOCHEPLeMUUHUX 00 €KMIs.

Ilocmanoeka 3agoanus. Memoro pobomu € po3pobKa MemooOuKy U3HAUEHHS ONMUMATLHO20 MUNY MA MOOeli yHigep-
CANbHORO HAKONUYYBAYA elleKmpoenepeli i ananis 1io2o nepesaz ma HeoOoiKia.

Buknao ocnoenozo mamepiany. Ilposedenuii ananis iCHylouux munie HaKONU4Y8ayie eiekmpoenepeii ma ixwix xapaxme-
pucmux. 3anpononosana memoou, Axka 6azyemsvcs Ha NOPIGHANHI GAPMOCT OOUHUYI EMHOCTI, 06 €EMHOI EMHOCTI, eKOoN02iY-
HO20 enaugy ma cmpoky excnayamayii. Ilpoananizosami ocnogni 6iOMiHHOCHI KOJHCHO20 MUNYy HAKONUYY8a4a eneKmpoenepeii,
ixHi nepesacu ma HeOONIKU.

Bucnogxu ¢ionogiono 0o cmammi. 3anpononosana memoouxa 6a3yemvcsa Ha NOPIGHANHI 8apMOCMi 0OOUHUYT EMHOCII,
00 €MHOI EMHOCTI, eKON02IYH020 6NAUBY MaA CIMPOKY ekchiyamayii. IIpoananizoeami ocHOBHI GiIOMIHHOCI KOJICHO20 MUny
HAKONUYy8aya eneKmpoenepeii, ixui nepesazu ma HeOOMKu. 3 UKOPUCHIAHHAM 3ANPOROHOBAHOT MEMOOUKU 3POONEHO ONIMU-
ManbHUl GUOIp HAKONUYYBAUA eneKmpoenepeii 0iisl elekmpoeHepeemutHux 06’ ekmia.

Kniouogi cnosa: naxonuuyeay enexkmpoenepeii; akymynsmopHa 6amapes,; 1imii-ioHHUll GKyMYIsmop, C8UHYe80-KUCILO-
MHULL AKYMYIAMOP, HIKeNb-KAOMIEBUL aKyMYIamop, 6apmicmsb 00UHUYT EMHOCHII.

Tabn.: 7. Puc.: 2. bi6n.:29.

AKTyaJdbHiCTh TeMH JAOCTIZKeHHA. 3 PO3BUTKOM JIFOJCTBO Je/1ali OlIbIIe BIOCKOHAIIOE
eJIEKTPOCHEPTeTUYHI 00’ €KTH, pOOIIAUH iX OUIBII O€3MEeYHUMH, EKOHOMIYHO BUT1JTHUMH Ta, 110
HaMroJyIoBHiIIE, €KOJIOTrYHO YUCTUMHU. HakonndyBadi eeKTpoeHeprii € He3aMiHHOIO YaCTUHOIO
OLIBIIOCTI €JIEKTPOCHEPTETUYHUX 00’ €KTIB 1 MPAaBWIIBHUX iX MiA0ip Ta BCTAHOBIICHHS € 3aI10-
PYKOIO BUKOHAHHS BCIX CyYaCHHUX BHMOT.

IMocTanoBka npodsemMu. TexHIUHUI PO3BUTOK HAKOMMMYYBAYIB €JIEKTPOEHEPrii 301IbIINB
4yeM eJIeKTpoeHeprii € akymysstopHa Oarapest (AKDB). Bona BcTaHOBIIOETBCS B cCHCTEMax CO-
HSYHUX EJIEKTPOCTAHIIis, BITPOBUX €JIEKTPOCTAHIIIH, eIeKTpOMOOLIiB, 6e3mepe0iitHOro KUB-
nenHs Ttomo. 3aBusiku AKDB Bpaerbcs crabuni3yBaTH BHUXIJHY Hampyry, OTPUMYBATH
€KOJIOT1YHO YHCTY €JIEKTPOEHEPrito B O3BITPsAHI TOAWHU i TOJMHU 3 MAJIOI0 COHSYHOIO aKTH-
BHICTIO, PYXaTUCh €JIEKTpOMOOLITI0. 3HauHUH crieKTp BUAIB 1 xapakTepuctuk AKb poOuts mpo-
1ec ix mabopy A0 BIAMOBITHOTO €IEKTPOCHEPTETUIHOT0 00’ EKTY BiAMOBIIaTbHUM 3aBJIaHHSIM.
Ha puc. 1 300paxkeHO el1eKTpOEeHEPreTUYHY CUCTEMY 13 BUKOPUCTAaHHSIM COHSYHOI eHeprii Ta
IpoLecy neperBopeHHs ii B eniekrpuuny 3 AKD.

AHaJi3 ocTaHHIX aocaikeHb i myduaikaniii. OctaHHIMH poKaMHU ITpoIecaM aHalizy, ol-
TUMAJIBHOTO 1100y, 00CIyrOByBaHHs, EKCIUTyaTallii Ta BAOCKOHANEHHIO [27-29] npucBsiueHa
BEJIMKA KUIBbKICTh SIK YKPAaiHCBKUX, TaK 1 3apyOKHUX MyOiKaliif. AHali3 MpoOBOAUTHCS 371€0i-
JBIIOTO TEOPETHYHO, 1HKOJIM eKciepuMeHTanbHo. KokHa HacTynHa myosikailis OyayeTscs Ha
CTaJIOMy JOCBiJIi MOMNEpEeaHIX HayKOBUX JIOCIIKEHb Ta iX pe3ynbTaTiB. HaykoBO-TeXHIYHHMN
mporpec y JaHiil ramysi € A0BOJI 3HAYHUM, & BUMOTH PI3HOMAHITHUX €JIEKTPOCHEPTETUYHHIX
KOMIIJIEKCIB Ta €KOJIOTIYHI CTaHAapTH AeAali 3pOCTaloTh. BiMOBIIHO /10 3a3HAUEHOr0 € HEOO-
X1IHICTh TOOYTOBH HOBOT'O JOCITIDKEHHS Ha TOCIIAHIN 0a31 monepeaHuKiB. Y poooTi [27] mpo-
BOAUTHCS oriisi Ta o0rpyHTyBanHs AKD miis 06’ exra. Ls pobota onybiikoBana y 2017 p. i Ha
ChOT'OJIHI BTPaTHJIa YACTUHY aKTyallbHOCT] Yepe3 PO3BUTOK TEXHOJIOTIH, IIiH Ta MOMUPEHHS THX
yn iHomx AKDB Ha cBiTOBOMY pHHKY. AJie 111 poO0Ta € HalOUIBII 3MICTOBHOIO Ta OOIPYHTOBA-

HOIO, IPABUIIBHO CPOPMYIILOBAHOIO JJIsi OCHOBU HAIIOi POOOTH.
© 3axapuenko /l. C., Crenenxo C. A., 2020
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Puc. 1. Enexmpoenepeemuuna cucmema

BujineHns1 HeTOCTiIZKeHNX YACTHH 3arajibHoi npodJjemu. HaykoBo-TexHIUHUI porpec
y CTBOPEHHI HOBUX THIIIB Ta BAOCKOHAIEHH] icHytounX AKDB 3/1iliCHIOE iICTOTHHI BIJIUB Ha €J1e-
KTpOEHEepreTu4Hi 00’ €KTH 3arajioM. ICHyBaHHS Bce JTaBHO pO3pOOJIEHUX Ta JOBEICHUX JO JIO-
TYHOrO KiHISI BAOCKOHAJIEHHS MOJIENI iCHYIOTh Ta € KOHKYPEHTOCIIPOMOKHUMH 3aBJSIKH 1X
MOIIMPEHHIO Ta HU3bKii co0iBapTOCTi, a00 3aBISKH 1X BY3bKOCHEIIaTi30BaHUX OCOOIUBOCTEH.
3nebinbioro MopaibHo crapi THM AKB MaroTh BUHATKOBO HU3bKY BAapTICTh Ha Cy4aCHOMY
PUHKY HAaKOMHUYYBayiB elleKTpoeHeprii. Tomy Oinbln HOBI, Cy4acHi Ta €KOJOTi4HI MOJeNi Ta
tunu AKB He € KOHKYPEHTOCIIPOMOKHUMH. 1X TJIMOOKO JOCHIIKYBaTH Ha CHOTOHIIIHIM 1eHb
HEMAa€ CEHCY IO MPUYMHI HU3bKOI BIPOBAKEHOCTI Ta TPAHWUYHO HU3BKOTO MOIIHUPEHHS. AJe
3a TAKUMH TUIIAaMU €(DEKTUBHE 1 €KOJIOTIYHE MailOyTHE.

IMocTanoBKa 3aBaaHHA. MeTOI0 pOOOTH € OIJIsi ICHYIOUHX THITIB HAKOIMUYYBayiB €JICKT-
HUX EJIEKTPOCHEPTeTUYHUX 00’ €KTIB PO3POOUTH METOAUKY BHOOPY HAMOLIbII ONTUMAIEHOTO
TUIYy HAaKOTIMYyBaya eJIeKTPOEHEPrii.

Bukian ocHOBHOro marepiaiy.

AKBD Bipi3HAIOTECS TAKUMU OCHOBHHUMHU ITapaMeTpaMu:

. EMHICTB aKyMyJIsTOpA.

. 30BHIIIHI PO3MIpH.

. TepmiH ekcrimyarariii.

. KilbKicTh IIUKITIB TIepe3apsiiK.

. Hianma3oH pobouux TeMmeparyp.

. [Tapamerpu camopo3spsny.

. [IpucyTHICTh IPHUCKOPEHOT 3apSAIKH.
. Hanpyra oxniei cexuii.

. ExornoriuHi B1acTUBOCTI.

CyuacHi AKB BUKOHYIOTBCS SIK OJMH 200 ACKUIbKa 00’ €JHAHKUX Y CHUTBHOMY KOPITYCi eje-
MEHTIB. Y 3aJIe)KHOCTI BiJ] TUILY, €IEKTPOJIIT MOXKe OyTH y BUTIIAIL PiAMHY 200 remo. 3 orsiLy
Ha THI €NEKTPOJIITY HEOOXiIHO 3aCTOCOBYBATH Pi3HI PEKUMH OOCITYrOBYBaHHS, 3apsAIKH Ta
BCTaHOBJICHHS aKyMYJIATOPY.

O 00 IO\ DN W=
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Jlo Haii6inpm nomupennx AKD HanexaTs Taki THIIU:

1. CBHHIIEBO-KUCIIOTHI.

2. Hikenb-MeTan-riipuaHi.

3. Hikenb-kaaMieBi.

4. JliTiii-ioHHI.

5. Jlitiii-3anizo-docdari.

6. JliTifi-oniMepHi.

V 3anexnocri Big tuiny AKb Bijipi3HSA€TbCS iX BapTICTh, EMHICTD, TEMIIEPATYPHUIN PEKUM
po6OTH, pOo3MipH, KUTbKICTh HUKIIB nepe3apsaakd Tommo. AKD BUKOHYIOTBCS SIK OJJUH €1€MEHT
a00 KiJlbKa eNeMEHTIB, MiJKIIYCHUX MapaienbHo uu nochigoBHo. Jleski Bumu AKB maroth
€JIEMEHTH YTIPABIIIHHS JUIs1 320€311€UeHHS KOHTPOJIIO PEXKUMY 3apsay/ po3psiny 1 3abe3rnedeHHs
3aXHCTy MPH eKCIUTyaTarii.

CaunueBo-kucioTHi AKb (Lead-Acid batteries). Lleit Tun AKbB € HaitOinbin momupe-
HUM Ha PUHKY HAKOITMYyBayiB €JICKTPOCHEPTii. Y 3a1eKHOCTI BiJl THILY €JIEKTPOJIITY CBUHIIEBO-
kucnotHi AKB MoxxHa moninutu Ha: 1) 3 piIHUM €IEKTPOTITOM; 2) 3 TeIeBUM EICKTPOIITOM
(tumtu AGM ta GEL). IIpunuun po6otu AKB ganoro tuiy 3acHOBaHHMiA Ha €JIEKTPOXIMIUHUX
peaKIisiX CBUHIIO 1 JIOKCUAY CBUHILIIO y pO3UUHI cipuaHoi kucinoTu. CBuneBo-kucioTHi AKD
tuny GEL ta AGM 3aBasku BiJICYTHICTb PIJIKOTO €IEKTPOJITY y CBOEMY CKJIaJli € OLIbII 3py-
YHUMH Y BUKOPUCTaHHI Ta HaAiiHUMH [7]. ¥ Tabia. 1 HaBeeHO MOPIBHIHHS JSSIKUX ITapaMeTpiB
cBuHIeBO-KuciIoTHUX AKD.

Ta0mums 1
lopisusanns ceunyego-kuciomuux AKb
. Pecypc po- 3oBHIIHI .
Hazga GXI.{;:;TB’ Han}gyra, ootu, po3mipu/Bara Ba1; TII:TL’

A p, 3apsamis* | JIXIIXB, mm, kT 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 12 19110 347><117673><168 5970
LogicPower LPM-GL (GEL) [4] 65 12 13900 350><21 3659 %185 4799
VENTURA GPL 1270 (AGM) [5] 70 12 12550 260><212698><229 4771
Merlion MLB-12-65 (AGM) [6] 65 12 11820 350><21(?75><179 3805

IlepeBaramu cBuHLEBO-kuciIoTHUX AKD €:

1. Huzbkuit camopo3psia.

2. Bucoka KUIbKICTb IIUKIIIB 3apsiLy/po3psy.

3. Hu3bka BapTiCTh Ta BUCOKA MOLIUPEHICTb.

4. BincyTHICTD «e(eKTy mam’ sTi».

Henomnikamu cBunIieBo-kucinotaux AKD e:

1. Hu3pka nuTOMa €MHICTb.

2. I'muGoxuit po3psia MPU3BOAUTH O CKOPOUYCHHS YUCIIA ITUKIIIB 3apsiay/po3psLy.

3. TokcnuHi peyoBunu y cknagai AKB.

4. HeoOXigHiCTh JOTPUMaHHS BUMOT JI0 BcTaHOBJEHHs Ta nepee3enHs AKD 3 pigkum tu-
IIOM €JIEKTPOJIITY.

Ha Bigminy Bix tunmy GEL, Tun AGM mae y cBoeMy CKJ1afii BCTaBKH 3 a0COpOYI0UO0i CKII0-
TKaHWHH, 5IKi 3B’ 13yI0Th enekTpoiiT. AKB maHoro tumy mMaroTh OB BUCOKY CTPYMH IIPH 3a-
PsAAi/po3psi, MEHIIY BapTICTh 1 HIKYI BUMOTH JI0 HAIIPYTH Y MIPOIIEC 3apsiay.
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Buxonsuu 3 nanux, HaBeaeHux y Tadn. 1 BumgHo, mo okpim mo AKb tuny (AGM) matothb
MeHIy Bapticth y nopiBasiHHI 3 AKB tuny (GEL) Ta menmuii pecype pobotu. Knacuuni AKb
13 PLAKMM €JIeKTPOJIITOM MalOTh 3HAUYHO HIKYY BapTICTh MPH BIACYTHOCTI BIAMIHHOCTEH y 1H-
KX napaMmerpax. Taka 3anexHicTh crnocrepiraerbes 1 Ha npaktuui. JJominyrounmu € AKD 3
PLAKUM €JIEKTPOIITOM.

s Bukopucranus AKB y enekrpoeHepreTndyHux 00’€KTax HEOOXIHUM € BCTAaHOBJICHHS
koHTpoJepa. CunieBo-kucnoti AKb He MaloTh y CBOEMY CKJ1a/ii KOHTPOJIEPY, OTKe, HEOOXi-
JIHO 3aCTOCOBYBATH 30BHIILIHI KOHTPOJIEPH 3apsily. 3a TUIIOM PO3JUISIOTH KOHTPOJIEPH 3apsTy
Ha: 1) mmpoTHO-iMIynbcHOI Moayswii (LLHIM); 2) i3 BiACTeKEHHSIM TOYKH MaKCUMAIBHOI TT0-
TyxkHocTi (Maximum Power Point Tracking, MPPT).

Kontponepu tuny IIIM MaroTe MeHITy BapTiCTh 1 MEHIY €()EeKTUBHICTb y MOPIBHSAHHI 1
MPPT. ToMy 3 METOIO 3MEHIIIEHHS BApTOCTI IIbOT'0 TUITY KOHTPOJIEPiB, 3aIPOIIOHOBAHUH IJIaH
BIIMOBH Bi1Jl BAKOPUCTaHHS Y iXHbOMY CKJaJli Mikponpoiecopis, [TJIIC Ta ananoroBo-mugpo-
BUX IEPETBOPIOBAYIB, IUISIXOM 3aMiIlIeHHS IXHIX (DyHKIII{ aHAIOTOBUMHU By3i1aMu [26].

SIk moka3ye cuTyallisg Ha pUHKY HaKOIM4YyBayiB eJleKTpoeHeprii, cBuHIeBo-kucaoTHi AKD
MalOTh HalO1IbIIe MOIMPEHHs Ta cepy 3acTocyBaHHs. BOHM BiAPI3HAIOTHCS OCTYIHICTIO,
PO3MOBCIOPKEHICTIO Ta HEBUCOKOIO BAPTICTIO.

Hikean-kaamieBi AKB (NiCd batteries). Hikenb-kanmieBi AKb oTpumanu mmpoke mo-
IIMPEHHS K HAKOMUYyBay eJIeKTpoeHeprii npubau3Ho B movatky 50-x pp. XX cr. Haiibinb-
IIOr0 3aCTOCYBAaHHS OTPUMAIM Y TOPTaTUBHOMY oOnagHaHHI npu noummpeHHi 1o 50 %. Llei
tun AKDB npaiitoe 3aBsiku €l1eKTpOXiMIuHIN peakiii rijpoKCH Iy HIKEJI0, BOAU Ta KaaMilo.

[TepeBaramu Hikenb-kaamieBux AKD €:

. Hu3pka BapTicTh.

. 3HaYHa KUIBKICTh LIUKJIIIB 3apsy/po3psdy.

. Bucoka cTifiKicTh 10 TEeMIepaTypHUX 3MiH.

. Manuii BHyTpiIIHii omip.

. Bucoka mBuAKiCTh 3apsiiKH.

. BiicyTHICTh HETaTHBHUX HACIIJIKIB «TJIMOOKOT0» PO3PSIY.

. MoxuBicTh BUKOpHCTOBYBaTH Ta niepeBo3utu AKD 6e3 crieriaibHuX BUMOT.

Henonikamu Hikens-kagmieBux AKB e:

1. Hu3bka eKooriuHiICTh (KaJAMiid BiIHOCHTHCS 10 BACOKOTOKCHYHUX €JIEMEHTIB).

2. Hu3pka nUTOMa €EMHICTb.

3. HasBHicTb «edekTy mam’sTix».

4. Bucokuii camopo3psia.

Hanrmit Tum AKbB cepen ycix iHIIUX €IUHUH, 110 Ma€ HAWKpally Biagady MaKCHUMAalbHOL
€MHOCTI, Ma€ 3Ha4YKy KUIbKICTh LIUKJIIIB 3aps1y/po3psay Ipu NepioJUIHOMY BMHCHOMY TIIH0O0-
KoMy po3psni. OnuH eneMeHT Mae Hanpyry 1.2 B, 110 HmwK4e HIK Yy CBUHIIEBO-KUCIIOTHIX - 2
B. V 1abn. 2 HaBeneHO NOPiBHIAHHSA apameTpiB Hikenb-kaamieBux AKB.

~N NN R W

Tab6mums 2
Topisuanns nikenv-kaomiesux AKD
. 30BHIIIHI po3- .
Hasga €XI.{;(C)TB’ Hampyra, B Pecys;: I:IO?];): ", Mipu/Bara BapTIISTB’

8 P, 3api JIxIIxB, MM, KT P
Panasonik (P301) [8] 0.6 3.6 1000 53><gz><11 163
Camelion  (T-107) 49%23%20
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 koHTpoOMNEp 3apsAny Ui Hikenb-kaaMieBux AKD 3anponoHoBaHO BUKOPUCTaHHS aIropu-
™™y 3 HeuiTkoi joriku (Fuzzy Logic) [24]. Y pe3ynbTaTi o4iKyeThCs MiJBUIIEHHS KiTBKOCTI
IUKITIB 3apsaay/po3psaay 1o 3000 Ta KK/ HakonudyBaya eleKTpoeHeprii.

Hikeas-metan-rinpuani AKBb (NiMh battery). Hikenb-metan-rinpunni AKb otpumanu
IIMPOKE MOIIKUPEHHS K HAKOIMYYyBau eJeKTpoeHeprii npubausHo B movarky 80-x pp. XX cT.
VY nopiBHsHHI 3 Hikenb-KaamieBuMu AKB maroTe Ounblny miiibHiCTH eHeprii. Karox manmx
AKD BukoHaHuii 3 rijpuay Metany. Y Tabi. 3 HaBeJEHO MOPIBHSAHHS HMapaMeTpiB HiKeIb-Me-
tan-rigpuaanx AKB.

[TepeBaramu Hikenb-metan-rigpuaaux AKD e:

1. Binbima nmutoma eMHicTh (710 30 %).

2. Menua Bara.

3. MeHm1a CXUIbHICTD 0 «e(eKTy mam’siTix».

4. binba exonoriyna 6e3MevYHiCThb.

Henonikamu Hikenp-metan-rigpuaaux AKD e:

1. MeH1m1a KUTbKICTh IUKIIB 3apsy/po3psiay.

2. Bumia BapTicTh.

3. Menumwii, y nopiBasHHI 3 NiCd, TemnepaTypHuii 1iana3oH.

4. Menua cuna cTpymy.

5. HenomyctumicTh riamOOKUX pO3PSIiB.

6. Bucokuii camopospsiz.

Tabmums 3
TopisHuanns nikenvo-meman-2iopuonux AKb
€MHICTB, Pecype po- 30BI.HLHH1 pos- Bapricts,
Hasga A-ton Hanpyra, B 6otH, Mipu/Bara i
p, 3apsmis* | JIXIIIxB, mwm, kT P
VB-Power NI-MH [21] A 72 210 1303 1jx15 1163
Dinogy NiMH [22] 1.6 79 600+ 17%x32%100 400
’ ’ 0,72
Traxxas NiMH [23] 3 54 590 11134;?19 l044

Jlitili-ionni AKB (Li-ion batteries). Jlitiii-ionni AKb oTpumany mupoke momupeHHs K
HAKOMUYyBay eNeKTpoeHeprii npubnmuszno B noyatky 90-x pp. XX cr. HaiiGinbmmm BUpoOHH-
koM AKB nanoro tuny € komnanig Sony. Konctpyxkuist cyuacuux mitiii-ionnux AKB nepen6a-
Yyae BUKOPUCTAHHS KOHTPOJIEpiB, a0 Tak 3BaHUX «smart-Mikpocxem». BoHM TaroTh MOXKIIH-
BICTh KEpyBaTH 3apsAJHUM HPUCTPOEM Jisi Oe3nmedHoro M e(eKTUBHOrO MpoLecy
3apsiaku/po3psaaxu. s mitiii-ionnux AKB Takox Oyio 3anponoHOBaHO BUKOPHCTAHHS KOHT-
poliepy 3apsay/po3psiiy 3 BUKOPUCTAHHSIM TEXHOJIOT1T HeuiTKoi Joriku [24]. 3a pe3yapTaTamMu
MO/ICJIFOBAHHS Ta €KCIIEPUMEHTIB, TaK CUCTEMY J103BoJIsie 3MeHIINTH Yac 3apsiuku AKDB na 20-
23 %. Y Tabn. 4 HaBeieHO NMOPiBHAHHS napamMeTpiB diTid-ionHux AKB.

[lepeBaramu nitili-ionHux AKb e:

1. Bucoka nuTomMa €eMHICTb.

2. Mana Bara Ta rabapTHHI pO3MipH.

3. Husbkuit camopo3ps.

4. Benuka KUIbKICTb IIUKIIIB 3apsiLy/po3psy.

Henomnikamu nitifi-ionaux AKD e:

1. Bucoka BapTicTh.

2. Manwii nianazoH pobo4nx TemmepaTyp.

3. Cnanaxo-, BuUOyxoHeOe3MeuHiICTh.
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Tabmuns 4
lopisnsnns nimit-ionnux AKB
. Pecypc po- 30BHIIIHI PO3- .
Hasga €XI.{;§TB’ Hanpyra, B ootH, Mipu/Bara BapTIISTB’
8 p, 3apsmis* | JIxIIxB, MM, KT P
BMS Eco Battery [11] 832 24 3000+ 1200><266000><640 143013
LPLTO[12] 80 43 2700+ 360X‘1%gx 1701 90763
Soluna 4K PACK [13] 20 43 3200 436><65360><200 69741
EYE]EKENDER LI-ION 100 12 2470 2202821;23 1 10200

Jlitili-3anizo-pocharni AKB (LiFePO4 batteries). Jlitiii-3anizo-pocparai AKb orpu-
MaJld IIUPOKE MOIMIMPEHHS K HAKONMHUYyBau eJIeKTpoeHeprii npubau3Ho Ha noyatky XXI cT.
Sk xaton y upomy THii AKB BuKopucTOByeThCs miTiii-3ami30-hocdar. ¥V Tabn. 5 HaBeneHO

MOPIBHSAHHS JISSIKUX MapaMeTpiB miTiid-3anizo-pocparuux AKB.
[lepeBaramu nitiii-3anizo-pocparuux AKD e:

. binpinit pecypc po6oTu.
. CrabinbpHa Hampyra po3psy.
. Hamipyra oaniei komipku 3.2 B.

. binbinit mikoBUi cTpyM.
. XiMi4Ha 1 TepMiuHa CTaOUIBHICTB.

1
2
3
4. BiIbII eKOI0r 4HI.
5
6
7

. CriiikicTh 0 HU3bKHX TemmepatTyp (10 -30°C).

Henonikamu mitiii-3anizo-pocparaux AKB e:

1. HasBHICTD «edekTy mam’sTix.
2. Bucoka BapTicTb.
3. HeoOXiaHIiCTh TOYHO TOTPUMYBATHCh YMOB 3apsiy/po3psiay.

Tabmums 5
Topisuanuns nimiu-3anizo-gpocpamnux AKB
. Pecypc po- 30BHIIIHI PO3- .
Hassa €XI.{1CTB, Han]gyra, Sorr, Mipw/sara Bapricts,

ron p, 3apsmis* | JIxIIxB, MM, KT pH
LUXEON HT12.8-50AH 257%x200x132
LIFEPO [15] 50 12 3700+ 75 9999
][El\éfREXCEED EP48100 100 48 4000+ 483><14737><450 63169
CHALLENGER 12-100 [17] 100 12 2900 450X1222%X170 13508

Jlitiii-monimepui AKB (Li-pol). lanuii Tunn AKB 5 ynockonanenum Li-ion AKB. Sk enex-
TPOJIIT BUKOPUCTOBY€ETHCS TBEPAMIA MOTIMEp. 3HANILIIM HAOLIBIIOr0 MOIUpPEHHS y ApiOHii ene-
KTpOHiLi (MOOUIBHI Tenedonu, nudpoBa TeXHiKa), HOPTATUBHOMY €JIEKTPOIHCTPYMEHTI Ta eJIeK-
TpOMOOLIAX. Y Tabi1. 6 HaBeICHO MOPIBHIHHS JASSKUX MapaMeTpiB JiTik-noniMepHux AKb.

[lepeBaramu nitiii-nonimepaux AKBD e:

1. Huzbkuit camopo3psia.

2. Benuka 1mibHICTh €HEPrii.

3. MOXIUBICTh MaTH TOBIIMHY BiJ 1 MM.

4. MoXJHBICTh MAaTH THYUYKY (opMy.
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Henonikamu nitiit-nonimepuux AKBD e:
1. HeBenukuii cTpym po3psay.
2. HeBenuka cTiiiKicTh 70 Temmiepatyp Hik4de 3a -20 °C.

Tabmums 6
Lopieusanns nimiti-nonimeprux AKB
Pecypc 30BHIIHI PO3- .
HazBa E€wmuicts, A'Ton| Hampyra, B pobotu, Mipn/Bara Bal; Tl}(lm”
p, 3apsamiB* JxIIxB, MM, KT P
Dinogy Li-Pol [18] 1 2.2 4300 196>;7l3><50 6500
34109125 DBK [19] 6 37 2300+ 100;1)250><3 399
663480SP Shida [20] 1.5 3.7 i 80><03(3);<6,2 402

IopiBusinasa nocaimxenux TuniB AKB. /s Bubopy onTUManbHOrO €KOHOMIYHOTO pi-
IICHHS HEOOX1HUM € BU3HAa4YeHHs BapTocTi oguHuLli eMHOCTI AKB K0o)kHOTro 3 THIIB, BUpake-

HOtO0 Yy Br-rogunax. Jlis 1iporo HeoOXiHO cKopucTaTUCh Gpopmyioro (1):
X
Z= U (D)

ne X —Baprictb AKDB, rpH;

C — emuicts AKDB, A-Tox;

Z — Baprictb oaunui emHocti AKB, rpu/(BT - ron);

U — nampyra, B.

Jnst koxxHoro triry AKB HeoOXiaHO o0paty BapiaHT, SIKMA Ma€ HaliMEHIITy BapTiCTh OJJUHUIII
eMHOCTI. Pe3ynbTaT po3paxyHKy Ta nopiBHsHb 00panux BapianTiB AKb 3aneceHi 1o Tabm. 7.

Tabmuusg 7
Pesynomamu pospaxynxy
Ne Hazpa AKb Tun AKB |Z, rpu/(Brron) X, rpH C, Aron 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];:g)GER 12- LiFePO4 11,26 13508 100 12
8 34109125 DBK Li-pol 17,97 399 6 3,7

3 orysay Ha HaBeseHi B Ta0Jl. 7 pe3ynbTaTH PO3paxyHKy MOXKHA JIHTH BUCHOBKY, 1110 Haii-
JETIEBIINM € CBUHIIEBO-KUCIOTHUH Tl AKD 3 pigkum enexTpomiTom. Horo BapTicTh Ha 46 %
MeHIIa 3a Haionmwkyoro 1o nopiBusaHHs Tuny AKDB, a came cBunneBo-kucinorHoro 3 GEL ene-
KTpoiiToM. Taki iHOBI pe3yIbTaTH Ha CbOTOHIIIHIN AeHb MOXKIIMBI 3aB/ISKH MOIIUPEHOCTI Ta
IIPOCTOTI BUTOTOBJIEHHS. Tako pe3ysibTaTH pO3paxyHKy HaBe/eHl Ha ricTorpamMi Ha puc. 2.
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EPb/SLA mGEL ®mAGM mNiCd mNiMH m®:Li-ion ®=LiFePO4 mLi-pol

Puc. 2. Pezynomamu po3paxyuky

SIK110 3BEepHYTH yBary Ha BiJHOIICHHS 30BHIIIHIX rabaputHux po3mipiB AKb ta ix macu
JI0 EMHOCTI, BUPAXXEHOI y BT'T0O/1, TO Ha CHOTO/HIIIHIN JEHb Y JAHOMY IapaMeTpi crocTepira-
€TbCS MPUOJIM3HA PIBHICTH 3aBJSIKM PO3BUTKY TeXHOJOTiH BUpoOHuNTBa ycix THmiBe AKb Ha
ocHoBi JliTito.

BaxuimBum napamerpom AKDB Takox € fioro pecypc. 3riiHO 3 OIUCOM Ta PO3TJISIOM KOXK-
Horo 3 TumiB AKb yci Thnm MoxxyTh 3a0€3Me4UTH T0CUTh 3HAYHUNA TepMiH BUKOpUCTaHHs. Lleit
TEepMiH 3HaxXoauThcsd B Mexax 10-15 pokis. HaiiOinpmoro TepMiHy BHKOPHUCTAHHS MOXHA
orpumaru Big NiCd AKB. Ceunuesi AKb Tpumarots neit napamerp Ha piBHi 12 pokis. s
OTpHUMaHHs MOBHOTo TepMiny Bukopuctanus AKD i BiicyTHOCTI HOT0 3HM)KEHHSI KPUTHYHO Ba-
JKJIMBO BUTPUMYBATH yci yMoBH ekciutyaTanii AKDB, Taki sik TemnepaTypHuil pexxum, TTHOUHA
pO3psy/3apsiny, CTpyM 3apsiay, YMOBH 30epiranHs, TpaHCIIOPTYBaHHs, 00CITyTrOBYBaHHS TOLIO.
Koxxen Tun AKb mae cBoi cenndiudi ymMoBHU i BUOip ONTUMAIBHOIO THUITY TAaKOXX MOBHHEH
3aJIe’KaTH BiJl MOXKJIMBOCTI TOBHOIO MipOIO BUTPUMYBATH 11l BAMOTH €KCILTyaTarlii.

BucnoBku BignosiaHo a0 crarri. [lepmuit AKB 3’sBuBcs npubmusso 140 pokiB Tomy i
BIIEBHEHO 3aBOJIOJIIB yCiMa aCMEKTH JIOACHKOTO KUTTS. 3apa3 Iy’Ke CKIAIHO YSBUTH CBIT 0e3
Hakonu4yBadyiB enekTpuyHoi eHeprii. AKB 3acTocoByroThes CKpi3b, BiJf HAWMEHIIOTO /10 Hail-
OLIBIIOTO: JTiXTapi, MOOLIbHI Tene(OHH, IUTAHIIETH, HOYTOYKH, IyJIbTH AUCTAHIIMHOTO Kepy-
BaHHS, PE3EPBHI JPKEpesa KUBJICHHS, HOBITHI €KOJIOTIYHI €JeKTPOCTaHIIii, €KOJIOTIYHO YUCT1
TUIU TPAHCIIOPTY, KOCMIYHA Tajly3b TOILIO. 3 KOKHUM POKOM JIFOJJMHA CHOXHUBAIO Jieaani Oi-
JIbIIE eNEKTPUYHOI eHepril 1 AeAani OLIbIIMiA 11 BIICOTOK CIIOKUBAETHCS caMe 3 HAaKOITUYyBayiB
enekrpoeneprii. Tomy mpouecu BupoOuuirea AKbB, ix ekcrutyaranii Ta yTumizaliii MoBUHHI 3
KO>KHUM POKOM IOKpAIIlyBaTHCh, @ pO3BUTOK HOBITHIX TuMiB AKDB He cTosATH Ha MicIIi.

Skmo Opatu 10 yBaru He TUIbKH BapTicTh oguHuil eMHocti AKB, a i Gananc nepeBar/He-
nomikiB kKoxkHoro 3 TumiB AKDB 1 yMoBH iX BUKOpUCTaHHS, TO HAUOUIBII ONTUMAIBHUM 1 TIEepC-
NEKTUBHUM y MaiiOyTHboMy € Li-ion Tunn AKD i ymoBu ix Bukopucranus. Jlanunii Tun AKB nae
MO>KJIMBICTh BUKOPUCTOBYBATHU Horo npotsaroM 10-15 poki, Mae 30anancoBany BapTiCTh OJIH-
HUIl €EMHOCTI, BUpaXeHol y BTrox, Benuky Hampyry ojiHi€l KOMipKH, BUCOKY 00’ €MHICTh y
BimHOMmEHHs 10 06’ emy AKD Ta #ioro Macu, HU3bKUI CaMOPO3psI/I Ta IMUPOKI YMOBHU EKCILTya-
tarii. 3 koxxHUM pokoM nomrpeHHst AKb naHoro tumy 3pocTae, BapTiCTh 3HWKYEThCS, ITapa-
METpH Ta XapaKTEPUCTUKHU BIOCKOHATIOIOTHCS. Y MEPCIEKTUBI ONTHMAIBHICTh TaHOT'O BUOOPY
oyzae 3poctaru. [lepcnekTuBHUME € po3poOku nitTieBuX AKDB iHIMX TUMIB, aje Ha ChOTOIHI
iXHIM rOJIOBHUM HEJIOJIIKOM € BUCOKa BapTiCTh Ta MaJia MOMINUPEHICTh.
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Tlomoyni docniddcenHs BUKOHYIOMBCIL 8 MEANCAX 0ePAHCOI00IHCEMHOI HAYKOBO-O0CTIOHOT PO-
oomu monooux euenux Ne 0120U101554 «Aemonomni enekmpoenepeemudti cucmemu 3 6UCo-
K010 eghekmusHicmio, NOKpAWEeHUMU MACO2A0APUMHUMUY XAPAKMEPUCTNIUKAMU MA NIOSULYEHOTO
HAOIUHICMIO 01 CReYiaIbHUX 3ACTNOCYBAHb Y.
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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.
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OJIEP)KAHHA IEJIOJIO3M I3 MINEHUYHOI COJIOMH
Y IBOCTYHNEHEBIA CUCTEMI .
OITOBA KHUCJIOTA - IIEPOKCHU/I BOAHIO - BOJA - ETUWJIOBUU CITUPT

Axkmyanvnicme memu 00cnioxyncenna. 3anyuents 6MOPUHHOT CUPOBUHU Y 8UTADT 8I0X00i8 CINbCLKO20 20cnodapcmea ma
PO3POOIEHHS HOBUX eKOJIO2IUHO 6e3neyHUX Cnocobi6 OenicHiQikayii pociuHHOT cupogunu Ons supiuieHHs npooiem 3a6pyOHeHHs
HABKONUUHBO2O CepedosULYd.

ITocmanoexa npobnemu. Haseni memoou OenieHigixayii pociuHHOL CuposUuHU 3 BUKOPUCIAHHAM OKUCHUKA — NEPOKCUOY
B00HIO 0aIONIL 3MO2Y OMPUMANIU B0IOKHUCIUTL HANIBHAOPUKAM 13 BUCOKUM BUXOOOM, ajle 3 NOKa3HUKamu miynocmi Ha 15-30 %
HUMICYUMU 8 NOPIBHAHHI 3 OIOKHUCTUMU HANIBAOPUKAmMAamu, 00epIHCAHUM 8apUibHUMU posuuramu npu pH > 7. Tomy neo0Xxi-
OHO BOOCKOHAIIO8AMU HASBHT CROCOOU OelieHIDiKayil NUEHUYHOT CONOMU NEPOKCUAOM BOOHIO 8 CepedosUwyi OYmMoBoi KUCIOMU.

Ananiz ocmannix docnioxcens. 5yno oemanvno posenanymo ocmanui 8imuusHAHI ma 3aKopOOHHI ny6nikayii, wo € y
BIOKPUMOMY 0OCMYNI, WOOO OKUCHO-OP2AHOCONbEEHNHUX CROCODI8 OeNicHIPiayil poCTUHHOT CUPOBUHU 3 BUKOPUCMAHHAM Ne-
POKCOKUCIOM ma CRUPMIS.

Buoinenns nedocnioxncenux wacmun 3azanvhoi npoonemu. [Jocniodcents mexHonoeii OKUCHO-0peaHoCONb8eHMHOI Oelie-
Highikayii pOCIUHHOT CUPOBUHU 3 BUKOPUCIIAHHAM CRUPIMY Y CKIIAOI 8APUTLHO20 POSHUHY MA BUSHAYEHHS ONMUMATLHUX 3HAYEHb
MEXHONOCIYHUX napamempie (memnepamypu i mpugaiocmi) npoyecy 00epHCAHHsL CONOM SIHUX 60IOKHUCIUX HANIBPABPpUKAmMIE.

Ilocmanosxa 3a80anus. J{ocniodcentss mexHONOINHUX NAPAMEMPI8 00EPIHCAHHS CONOM SHOL YeTIoNOo3U 8 CUCIEeME OYmMOoBa Ku-
CIOMA — NePOKCUO B0OHIO — B00A-EMUIOBULL CRUPM OIS 30LTbULEHHS (DIBUKO-MEXAHTUHUX NOKAZHUKIG | BUXOOY Yib0B020 NPOOYKNIY.

Buknao ocnoenozo mamepiany. Jlocniodxceno 06ocmyneneguii cnocid o0epicaniis conoM sSHoi yenonosu i3 ciuky nuieHu-
unoi conomu. Ha nepuiiti cmaoii Oenienighikayis npogoounacs 6 cepedosuuyi oymosa KUCIoma-nepoKcuo 600HI0-600a NpU 8li-
mpamax nepokcudy 6oouio 50 % 6i0 macu abconiommno cyxoi cuposunu (a.c.c.). Ha opyziii cmadii éapinna 0o eapuivHo2o
po3uuny dooasanu 40 06 ’emnux % emunogo2o cnupmy Ha 3aminy maxoi Jc Kinbkocmi 8i0npaybo8aHo20 8aPUILHO20 PO3HUHY
nicas nepwoi cmaoii. Busnaueno emicm 0cHO8HUX KOMNOHEHMIB Y BUXIOHIL pOCTUHHI cupo8uHi. Busyeno enaue ymos oenie-
Highikayii, a came memnepamypu ma mpueaiocmi 6apiHHA HA BUXIO BOTOKHUCHIO20 HANIBHAOPUKAMY, 6MICI ) HbOMY 3ATULLI-
K08020 JicHIHY, 8Micm Yeniono3u ma nokasHuku miynocmi. Ilokasano, wo spocmants memnepamypu Ha neputiti cmaoii npo-
yecy 6i0 50 do 70 °C, na opyziii cmadii 6io 80 0o 100 °C i mpusanocmi 0o6pobxu pocaunnoi cuposunu 6io 60 do 120 xe ma 6io
60 00 180 xs, 6i0n0gioHo do cmaditl npoyecy OenicHiikayii, npuz00ums 00 3meHuteH s 6uxody Ha 7,9-18,9 %, emicmy 3anu-
wk06020 nicHiny Ha 4,27-9,11 %, npu ybomy emicm yenrono3u y 60J0KHUCMOMY Hanigégabpukami spocmae Ha 10,1-15,8 %.
Jocnioorceno, wo NOKAZHUKYU MEXAHIYHOT MIYHOCTE 00EPHCAHUX BONOKHUCTUX HANIGghabpukamis 3i 30UIbIUEHHAM MmeMnepa-
Mypu ma mpusanocmi 06pooKu 8UXIOHOT cupoguHu 3pocmarome. Po3paxosano pieuanns pezpecii 01 KoXCHOI cmadii 8apinns,
SAKI A0eK8amHo ONUCYIOMb eKCHePUMEHMANbHI OaHi 1 MOJCYMb OYMuU BUKOPUCTAHT SIK MAMEMAMUYHA MOOeNb npoyecy oelie-
HIGhIKaYIT NUEHUYHOT CONOMU NEPOKCUIOM BOOHIO 8 cepedosuwyi oymosoi Kkuciomu. Memooom bazamoxpumepianoHoi onmu-
Mizayii ymoeg OenieHihikayii BUSHAYEHO ONMUMATIbHI 3HAYEHHS MEXHONO0IYHUX NAPAMEMPIE NPOYeCy 8APIHHA NULEHUYHOL CO-
aomu.  3anpononosana JnicHiH-8yenes00na Oiazpama Oenicnighikayii pocaunHoOl cuposunu. Bushaueno pso, 6 axutl
PO3MAUOBYIOMbCS 30 eEKMUBHICHIIO PI3HI Chocobu OenieHighikayii nueHuuHol conomu.

Bucnoeku 6i0nogiono 0o cmammi. Po3po6ieHo mexnonoeito 00epiCanHs CONLOM SIHUX 80IOKHUCIUX HANIhabpukamie
6 cucmemi «oymosa KUCioma — nepokcuod 800HI0 — 800a — emunoguii cnupmpy. Pospaxoearo pisuanns pezpecii, ujo adexgamno
ONUCYIOMb eKCNePUMEHMANbHI OaHi | MOJICYMb OYMuU GUKOPUCIAHT AK MAMEMAMUYHA MOOeNb 00CTIONCeH020 Chocoby o0ep-
JHCAHHA CONIOM AHO20 BOIOKHUCTO20 Hanieghabpukamy. BcmanoeneHo onmumanvHi mexHon02iuHi napamempu, sKi 3abe3neyy-
H0Mb 00EPIHCAHHS KIHYEB020 NPOOYKMY 3 BUCOKUMU NOKA3HUKAMU akocmi. HaseOdeHo nicHin-8yenegoony diazpamy OenicHipika-
yii' cmeben nuieHU4HOT conomMu PiHUMU CROCOOAMU BAPTHHAL.

Kniouosi cnoea: nuenuuna conoma, oymosa KUCioma; nepoKcuo 600HIO;, emuilo8uil Cnupm, OerieHi(ikayis; 6uxio 6010~
KHUCIMO20 HANIBpadpuxamy,; 6Micm 3anuK08020 JieHIHY, 8MICIM YeNt0N03U, PIGHAHHS pespecii; Onmumizayis.

Puc.: 6. bion.: 15.

AKTyaJdbHiCTh TeMM AoCTiTKeHHs. [[ociikeHHs B Taly31 MaKpOMOJIEKYJISIPHUX MaTepi-
aJliB CTBOPIOIOTh HAYKOBY OCHOBY JIJIsl PalliOHAJIbHOTO BUKOPUCTAHHS BiJJHOBJIIOBAJIBHOI POC-
JMHHOT CUPOBUHU. bepyun 10 yBaru JOBrocTpokoBe Iiio0ajibHe eKOHOMIYHE 3pOCTaHHSA 1 Te,
1110 MOTIUT Ha KapTOHHO-TIANIEPOBY MPOAYKLiO y CBITI Oyze B cepenHboMy 3poctatu Ha 1,1 %
10 2030 poky, 11e BUMarae 30UIbIIeHHS 00CATIB BUPOOHUIITBA 110103 [ 1].

OCHOBHOIO CHPOBHHOIO Ul BAPOOHHUIITBA BOJOKHUCTUX HamiBpabpukaris (BH®D) y cBiti
3aJIMIIAETHCS IEPEeBUHA XBOWHUX 1 JIMCTSHUX Hopin. s KpaiH, B SKMX 3amacH BUIBHOT Jepe-
BHUHU OOMEXEH1, aKTyaJIbHOIO MPOOJIEMOIO 3aJTUINAETHCS MOITYK HOBUX albTEPHATUBHUX JKe-
peNl BOJIOKHUCTOI CHPOBHHHM JJIsl OTPeO Ieono3Ho-nanepoBoi mpomucioBocti (LIIIIT) [2].

© Tpembyc 1. B., Cemenenxo H. B., 2020
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Taxum KepenoM Moxxke OyTH HeJepeBHa POCIMHHA CHPOBHHA, 30KpeMa 0COOJIMBY yBary J0cC-
JIHUKIB IPUBEPTAIOTH CTE0JIA 31aKOBUX KyJIbTYp. OCHOBHOIO IIEPEBArol0 TAKO1 CUPOBUHM € ii
IIOpiYHa BiIHOBIIOBAHICTH 1 OUIBII HU3bKA BapTICTh Y MOPIBHAHHI 3 JEpEBUHOIO [3].

ITocranoBka npodJemMu. [CHy04i TEXHOJIOTT OTPUMAHHS LIEJIIOJIO3N 3 JIPEBUHU Ta HE/IEPEB-
HOI POCIIMHHOI CHPOBMHH € €HEPrO€MHI i €KOJIOTTYHO ILIKIIMBI Yepe3 BUKOPUCTAHHS CIIONYK Ci-
PKH Ta XJI0py. BuMoru 10 ra30BUX BUKUIB 1 CTIYHMX BOJI IPOMHUCIIOBHX MiANPUEMCTB 3MYILYIOTh
BUKOPHCTOBYBATH OLIBII €KOJIOTIYHO Oe3reuHi crocodu aeniraidikanii pociIuHHOI cupoBUHH. J{0
YUClia TAKUX CHOCOOIB HaJIeXaTh OPraHOCOJIBBEHTHI CIIOCOOH, HacaMIlepesi OKHCHO-OPTraHOCOJIb-
BEHTHA JIeNIITHI(IKaLlisl POCIMHHOI CHPOBUHU B CEPEIOBHUIIII «OLTOBA KUCIOTA — IIEPOKCU BOIHIO
— BOJIa — ETWJIOBHMI CIIMPT». [ 0JI0OBHOIO TIepeBaroo Takoi JenmirHigikamii € Hu3bKa Temiieparypa
BapiHHA 1 MPOIIEC HE BUMArae 3aCTOCYBaHHs BUCOKOTO TUCKY [4]. BUKOopHUCTaHHS OHOPIYHUX PO-
CJIMH SIK CAPOBHHH JJTs1 BAPOOHUIITBA LIENTI0I03H IaCTh 3MOT'Y 3HAYHO PO3LUIMPUTH CUPOBUHHY 0a3y
LIEJTFOJIO3HO-TIATepoBOi ramy3i Ykpainu [5]. B ymoBax YkpaiHu Takor0 CHPOBHHOIO MOXYTb OyTH
BIZIXOJIM CUTLCHKOTO TOCIIOIAPCTBA, HacaMIlepel, MIICHHYHa cojioMa. ToMy icHye HeoOXiTHICTh
MOJAIBIIOTO YIOCKOHAJICHHSI TEXHOJIOT 11 OIepKaHHsI COJIOM ' IHUX BOJIOKHUCTHUX HariB(aOpuKariB
y CHCTEMI «OIITOBA KHCIIOTa — HEPOKCH]] BOJIHIO — BOZIA — €TUIIOBHIA CITUPT».

AHaJji3 ocTaHHIX H0c/iTKeHb i myOJikaniii. HuHI mepcreKTMBHUME € OKUCHIOBATBbHI Me-
TOJM JeNrHi(piKaii poCIMHHOI CUPOBHHU TEPOKCHIOM BOJHIO B KHUCIOMY CepelIoBHILi [5-6].
[lepokcua BOIHIO € M’SIKUM OKMCHHKOM 1 PO3IJISIIAETHCS K OAMH 13 HAOUIbII MPUHHATHHX 3
€KOJIOT1YHOr0 MOTJISAY peareHT JUis mpoiecy AenirHidikauii [7]. Bin yTBopioe 3 opraniuHuMu
KHCJIOTaMH MIEPOKCOOITOBY M IIEPOKCOMYPAILUHY KUCIIOTH, SIKi XapaKTEPU3YIOThCSl BUCOKOIO Jie-
JIrHi(piKy04Y0I0 aKTUBHICTIO 1 TEHEPYIOTHCS B POLIEC] BapiHHA. BUKOpUCTaHHS OpraHiuHUX I1e-
POKCOKHCIIOT 32 ix KoHUeHTpauii 4-10 % 103BoJIsie MPOBOIUTH JIENITHI(IKAIII0 POCTUHHOI CH-
poBUHHM 3a arMocgepHoro Tucky i remneparypu 10 100 °C ta CKOPOTUTH BUTPATH CBIXKOi BOJIU
[8-10]. BukoprcTaHHsi MEPOKCOKUCIOT HE MPU3BOAUTH O JECTPYKLIl BHCOKOMOJEKYIISIPHOT
CKJIaJIOBOI POCIIMHHOI CHPOBHHH, LEI0I03a MA€ BUCOKE 3HAUEHHS MOKa3HUKa OLI0CTI, 110 J10-
3BOJISIE BUKOPHCTOBYBATH ii B KOMIIO3UIIi1 ariepy Ta KapToHy 0e3 3aCTOCYBaHHsI 101aTKOBO] CTa-
nii BUOUTIOBaHHS, Mepeadadyae MOXKIMBICTh YTHITI3yBaTH T€MILIETIONIO3H POCIMHHOI CUPOBUHH 1
BUJIUTATH PEAKIIIMHO3IATHUH JIITHIH, KW JIETKO TIEpepOoOsS€ThCs B LIHHI XiMi4HI IPOIyKTH [9].

BujineHHnsi HeOCHiIKEHUX YACTHH 3arajibHOI nMpoodaeMu. TeXHOIOTis BapiHHS JIUCTS-
HUX 1 XBOMHUX MOPiA AEPEBUHU B IBOCTYIICHEB1H CHCTEMi OLITOBA KMCIIOTA — IIEPOKCU/] BOIHIO
— BOJIa — €THJIOBUN CIIUPT JOCUTH IIMPOKO MPEACTaBICHA B JIITEpaTypi, HA BIAMIHY BiJ OTpHU-
MaHHs BH® i3 BiAXOIB CLIBCHKOTO rOCIOAApCTBA, 30KpeMa 31 cTeOel MIIEHUYHOT COJIOMHU.
BincyTHi BU3HaueH1 ONTUMalIbHI TEXHOJIOTYHI HapaMeTpu (TemIeparypu Ta TPUBaJOCTI Ba-
piHHS) Tpoliecy JenirHigikariii.

ITocTanoBKa 3aBAaHHA. MeTOI0 pOOOTH € AOCIHIPKEHHS IPOIIECy OJIepKaHHS BOJIOKHHUC-
TUX HamiBpaOpUKaTiB 31 cTeOesN MIIEHUYHOT COJIOMU BapUIIBHUM PO3UMHOM OLTOBOT KUCIOTH —
MEPOKCHTY BOIHIO — BOJU — €TUIIOBOTO CIIUPTY.

JInst qOCSATHEHHS BKa3aHOI METHU ITOCTABJICHO TaKl 3aBJaHHS:

— BH3HAYUTH XIMIYHHHI CKJIaJ CIYKHU MIIEHUYHOI COJIOMHU;

— JOCHIJITH BIUIMB OCHOBHHX (DaKTOpIB Mpoliecy AemirHidikaiii Ha BIACTUBOCTI KiHIe-
BOT'O MPOJYKTY;

— MPOBECTH MATEMATHYHY o6p061<y CKCTIEPUMEHTAIbHUX JAHUX Ha OCHOBI OZIEp>)KaHUX Pi-
BHSIHb perpecii 311HCHUTH ONTUMI3aLlI0 ITApaMeTpPiB OAEPKaHHS COJIOM SHO LIETI0NI03H;

— HaBECTH JIITHIH — BYTJICBOJHY Jiarpamy.

ExcnepnMeHTa/IbHA YaCTHHA

Jlist IPOBEICHHS JOCHIKEHb 3 OTPUMAaHHSIM coyioMm’stHuX BH® 1emo103u BUKOPUCTaHO
Bncymeﬂl Ha TOBITpi cTeOa MIIEHUYHOT COIOMHU (Trltlcum vulgare). [Tiennyny comomy cop-
TyBaJIU BIJI JIUCTS Ta KOJIOCCS. HO,Z[plGHIOBaHI/I 10 po3MipiB 15-20 mm Ta 30epirai B eKCUKaTOpi
JUISL T ITPUMAHHS TOCTIHHOT BOJIOTOCTI Ta XIMIYHOT'O CKJIaay. XIMIYHUN CKJIaJ CTeOes MieH -
9HOI coJioMu OyJI0 BUKOHAHO 3TiAHO 31 cTaHAapTHUME Metoaukamu TAPPI [11].
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[Iporiec OKMCHO-OPTaHOCOIBBEHTHOI'O BapiHHS LEITI0I031 POBOAMIIN Y J1Bi cTafii. OKHcHe
BapiHHA CIYKM COJIOMH Ha MepiIiil crafii 371iCHIOBAIM BapWJIbHUM PO3YMHOM, SIKMWA MICTHB
JBOJSIHY OLTOBY KHCJIOTY Ta Boay 3a cmiBBignomenHss CH3COOH : H20 — 75:25 06’ emuux %,
3 0JlaBaHHSM Tiepokcuay BoaHio 50 % Big Macu a.c.c., 3a koHuentpauii HO2 — 50 %. Hum
PO3UYMHOM MPOBOMIIM TEPIILy CTAJiI0 BapiHHS COJIOMH 3a Pi3HOI TpUBAJIOCTI, a came Bija 60 10
120 xB, 3a Temneparypu Big 50 mo 70 °C, rizpomonynb Bapinus ctanoBuB 10:1. Ha npyriii
crafii mpoBoawu Bioip 40 % BiANpanboBaHOTO BAPHILHOTO PO3UMHY 1 JJOAABAIIH 10 PO3UUHY
BIJNOBIIHY KibKicTh eTuioBoro cnupty (C2HsOH). Tpusanicts Bapinus craHoBMIIA Big 60 10
180 xB, Temnepatypa 80—100 °C. ITouaTok BapiHHs (piKCyBaIu 3 MOMEHTY JIOCATHEHHS 3a/1aHO1
temnepatypu. Ilicns 3akiHueHHsT 0OpOOKM, BOJOKHUCTHM HamiBpaOpHKaT BiJIOKpEMIIIOBAIN
BiJl pO3YMHY, IPOMUBAIH MPOTOYHOIO BOJOIO /10 HEMTpalbHUX 3HAaYeHb pH MpOMUBHUX BOJ,
3HEBOJIHIOBAIM Ta BUCYIIyBaiH A0 Bojorocti 6—8 %. [nst onepxkanoro BH® Bu3Hauanm Taxi
MOKAa3HUKH SIKOCTI: BUX1J], BMICT 3aJIMIIKOBOrO JITHIHY, BMICT LIETIOIO3H Ta (PI3UKO-MEXaH14H1
XapaKTePUCTHKH BIJMOBIIHO 0 CTAHIAPTHUX METOAUK [12].

Jlnist oTpUMaHHS MaTEeMAaTUYHUX 3aJIe)KHOCTEN MOKA3HUKIB SKOCTI OKUCHO-OPTraHOCOJIbBEH-
THUX cojioM’stHuX BH® Big iX OCHOBHHX TEXHOJIOTIYHHMX IapaMeTpiB K MaTeMaTHYHUI Me-
TOJy MJIaHyBaHHs OyJ10 BUKOpUCTaHO noBHUM (akTopHUit ekcriepumenT ([IDE) [13]. Lleit me-
TOJI  IIHPOKO  3aCTOCOBYEThCS Ul  MOOYJOBH  €KCHEPUMEHTAIbHO-CTaTUCTUYHHUX
MaTeMaTUYHUX MOJeNIel sl 00’ €KTa TUITY TEXHOJIOTiS — BIACTUBICTh. SIK MaTeMaTu4Hy MO-
7ie7b 00paHo MOJIIHOM JIPYTOro MopsAKy. MaTeMaTiiHa MO/IENb IPOLIECy BapiHHS COJIOM SIHUX
OKHCHO-OpranoconbBeHTHUX BH® st xokHoi dyHKUIT Y; y BUMIISII piBHSAHB perpecii s
JIBOX TEPEMIHHUX MA€ TaKUi BUTIISL

Y, = by +b,x, b, x, +b,x x,+b, x>+ b, x (1

ne Y MOKa3HUK SIKOCTI COJIOM’THOI'O BOJIOKHUCTOTO HamiB(adpukary;

bo, b, by, b3, bs, bs — kKoediIEHTH MaTEMaTHIHOT MO/JIETI;

X11 X2 — 3HaYeHHA (AKTOPIB y KOJOBaHii (opmi.

3minHuME pyHKIissME (Y;) Oyli0 BU3HAYEHO TaKi MOKa3HUKH SKOCTI OKHCHO-OPTaHOCOJIb-
BEHTHHX COJIOM’SIHUX BOJIOKHUCTHX HariB(aOpukaTis:

Y1 — Buxiz BoJOKHUCTOTO HamiBadpukary, % BiJg Macu aldcC. CyX. CHPOBUHU;

Y> — BMICT 3aJIMIIIKOBOTO JITHIHY, %0;

Y3 — BmicT nemnronosu, %;

Y4— KUNBKICTh MOJBIHHUX MEPETHUHIB, K.ILII;

Ys— omip nponasitoBanHto, klla;

Y6— po3puBHa NOBKHHA, M.

Jlnst mepeBipKH OJTHOPIAHOCTI JOCTPOKOBUX JMCIIEPCid BUKOPUCTOBYBau kputepiit Kox-
peHa. 3HauyIicTh KOe(ii€HTIB 0/IePKaHOI eKCIIEPUMEHTAIbHO-CTATUCTUYHOT MOJIeNi IepeBi-
psuin 3a gonomororo kputepito CteiofienTa. [lepeBipKy afeKBaTHOCTI OJIepKaHUX MaTeMaTHy-
HUX MOJIeJIell BUKOHYBAIIU 3 ypaxyBaHHsAM Kpurepito Pimepa [13].

JUist IOIIyKY ONTUMAlIbHUX 3HAUY€Hb ITapaMeTpiB MPOBEICHHS TEXHOJIOTIYHUX MPOLECIB, 5K
BIJIOMO, ICHYIOTH pi3HI Meroau onrtumizamii. OgHUM i3 HAKOLIBII TOMIMPEHUX CIIOCO0IB
PO3B’s13aHHA 33aJa4il ONTUMI3allii TapaMeTpiB TEXHOJIOTTYHUX MPOLECIB 3a ACKIJIbKOMA IMOKa3HU-
KaMH SIKOCTI € 00’ €/IHaHHSI KPUTEPIiB (IIOKA3HUKIB SKOCTI) 3 BAKOPUCTAHHSAM y3arajJbHEeHOi (yH-
Kuii 6axanocti Xappiarrona D. Ipu 11 moOy0Bi HaTypaiibHI 3HaY€HHS OKPEMHX IOKa3HHKIB
akocTi (Y;) meperBoprooTh y 0e3po3MipHy mikaimy O6axanocti d B iHTepBani 3minu Big 0 o 1.
binpIie uncensHe 3HAYEHHS OI[IHKY Ha IIKaJIl BiIMOB11a€ OUbIIiN 0akaHOCTI — BiJT y»Ke MOTaHO
(d =0,00-0,20) o oyxe noodpe (d = 0,80-1,00) [13]. ['pacdiuni 3anexHOCTI y3araabHEHOT PyHK-
1ii 6axxanocti D, sk cepeiHe reoMeTpUYHE OKpeMUX OaskaHocTel d, Ha IITOLMHI TEXHOIOT TUHUX
¢baxTopiB X1 — X2 MOKa3yIOTh y3TrOJLKEHHS MDK yciMa MOKa3HUKaMH AKocTi (Y;) 1 Outbll onTH-
MaJIbHUMU BBaXKAIOThCS YMOBH, 3a SIKUX (DYHKI[is] 0a’KaHOCTI Ma€ MaKCUMaJIbHE 3HAUCHHSI.
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Bukiaa ocHoBHOro Marepiany. Sk BUXiTHY POCIMHHY CHPOBHHY BUKOPHCTOBYBAJIM CTeE-
0J1a MIIEHNYHOT COJIOMH, SIK1 MaJIM TaKUi XIMIUHUM cKI1ad, % BiJ MacH a.c.c.: meiono3a — 44,3;
nirHiH — 16,5; menro3anu — 26,7; cmonu xupu Bocku (CXKB) — 5,2; pozuunHicTs y Boai — 10,1;
po3uuHHICcTh y 1 % po3zunni NaOH — 38,4; 301a — 6,6.

JInsi BU3HA4YEHHS BIUIMBY TEMIIEpaTypu 1 TPUBAJIOCTI OOpPOOKM Ha MOKa3HUKHU SKOCTI CO-
som’ssHoro BH® nipoBouiiu nepiry cTajito BapiHHS MEPOLTOBOIO KUCIOTOIO, sIKa YTBOPIOBA-
Jacs B Ipolieci BapiHHs (KOHIEHTpallis MepouToBoi KUCIOTH He Oinbiie 6,4 %) [14]. Pesynb-
TaTH MPOBEACHUX JTOCITIKEHb HaBEACHO Ha puc. 1, a, 6, 6.

18

16

%
%

14

12

BiJI MAGH 2.6.C.

Bixin BHO Bin maci a.c.c.,

] 20 40 60 80 100 120 o 20 10 50 80 100 120
Tpusanicts Bapinus, X8 TpHBAmCTs BapiHHA, XB

a 9]

Bwmict yemonozs Bijy MacH ac.o, %

o 20 a0 60 80 100 120
Tpueanicts BapiHa, X8

6

Puc. 1. 3anescnicmo 6uxooy (a), emicmy 3a1umxo8020 aieHiny (6) ma emicmy yenonosu (8)
conom’snux BH® 6i0 mpusanocmi npoyecy 8apinHsa NUEHUYHOT COLOMU NePOYMOBOH0 KUCIO-
moto 3a pisnux memnepamyp: -4- 50 °C; -m- 60 °C; -A- 70 °C

3pOCTaHHS TEXHOJIOTIYHUX MapaMeTpiB MPU3BOAUTH JI0 3HIKCHHSI TAKOT'O IMOKa3HHUKA KO-
CT1 TEXHIYHOI IENIOJIO3H, K BUxia (puc. 1, @), M0 mMoB’s3aH0 3 TPUCKOPEHHSIM MPOIIECy JIe-
CTPYKIIi JITHIHY 32 paxyHOK KHMCJIOTHOTO PO3IIEIUICHHS O-€TEPHUX 3B’SI3KIB JITHIHY 3 YTBO-
pPEHHSM TPOMDKHUX OeH3MIBbHUX KapOokaTioHIB [4]. LluM mosicHIOe€ThCS 1 OLIBII JieTKa
nemnirHiikaiis HeJepeBHOI POCIMHHOI CUPOBHHH, B SIKi YacTKa HEHUKIIUYHUX CTPYKTYp O-
apWIBHOTO €Tepy, L0 BiAMOBIAAIOTH 3a IECTPYKIIIIO JITHIHY, Maibke BABiUl OiIbIla, HIXK Y JIiT-
HiH1 XBOHHMX mopia. [Ipu nboMy opraniyHUi pO3UMHHUK, K CIAOKHil HyKi1eo]is, 6JI0Kye aK-
THBHI IIEHTPH JIICHIHY ¥ MIepemKkopKae mpoiecy Woro konaeHcaiii. [leporrroBa geniraidikaris
MIIIEHUYHOT COJIOMU CYMPOBO/KYETHCS YaCTKOBUM PYWHYBAHHSM TOJICAXapUIiB, IO TaKOX
MPU3BOANTH JI0 3HIDKCHHSI BUXOY TEXHIYHOI IIENTF0JI03H Ta 30UIBIICHHIO B Hill BMICTY IIEIIO-
no3u (puc. 1, ).
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AHAaJIOT14yHi 3aJIeKHOCTI CIIOCTEPIraloThCs Ha puc. 1, 6, a caMe BMICT 3JIMIIKOBOrO JITHIHY
B cosioM’ssHoMy BH® Bij1 3MiHM TeXHOJIOTIYHUX TapameTpiB. ExcriepuMeHTanbHi T0CTIKEHHS
MoKa3aJii, 10 OCHOBHA KUJIbKICTh JITHIHY BUAANA€eThes 3a nepiui 60-90 xB nenirnidikanii mie-
HUYHOI COJIOMH Ha MEpIii cTajii B CHCTEMI OLITOBA KUCIIOTA — IEPOKCU BOJHIO — Boja. Bmict
LIEJIIOJIO3H B OZIEP’)KaHOMY BOJIOKHHCTOMY HamiBgabpukari (puc. 1, g) 30UIbIIyeThCS 32 paxy-
HOK IIepex0/ly Y BapUIbHUN PO3YMH PO3YMHHOI BYIJI€BOJHOI YACTUHU POCIUHHOI CUPOBUHU.

3actrocyBaHHS MEPLIOT CTaAll BapiHHI TPU3BOAUTH JI0 TOTO, L0 MPOLIEC AeirHi(ikarii mpoxo-
JIMTH Y IOCUTh CIIPUATIMBUX YMOBaX Ta Ma€ ABOCTOPOHHIH Xapakrep: (parMeHTarist JirHidy 3 mo-
JAJbIIOI0 OKUCHOIO IECTPYKIIEIO HOTO JIITHIHY Ta MEePEeBEACHHSIM HOro /10 BApUIILHOTO PO3UYHHY.

VY npucyTHOCTI HEPOKCHTy BOJHIO IHTEHCH(IKYETHCS peaKiiisi OKMCICHHS JITHIHY, 1110 J10-
3BOJISIE OTPUMATH MPOAYKT 13 BUCOKMM BMICTOM Meitono3u (10 69 %). [1pu upomy B oTpuma-
HOMY MPOJYKTi 30€piraeThcs JO0CTaTHHO 3HAYHA KUIBKICTh MeMILIETIOIIO03.

Jlnis opep kaHHS MAaTeMAaTUYHUX MOJENEH, 1[0 OMUCYIOTh 3aJICKHICTh TOKa3HUKIB SIKOCTI
OKHCHO-OPT'aHOCOJIbBEHTHUX cosioM’ssHUX BH® Bif TeXHOIOTIYHHUX MapaMeTpiB Hepioi craii
Bapinns BukopuctoBysaiu [IME Tumy 22, Sk pakTopH X;, 110 BILIMBAIOTH HA OKA3HUKHU AKOCTI
BH®, Oynu BuOpani Temneparypa x| Ta TPUBAIICTb MPOLIECY X2.

CratucTU4HOI0 00POOKOI0 EKCIIEPUMEHTATBHUX JAHUX PO3PAaXOBAHO TaKi PIBHSHHS perpe-
cii (B kooBaHii (opMmi), 110 aIEKBATHO OMHUCYIOTh 3aJIe)KHOCTI BUX1IHUX 3MIHHUX BiJl OCHOB-
HUX O0OpaHUX TEXHOJOTIYHUX YNHHHUKIB:

Buxin BonokHucroro HamiBgpadpukary, %

Y1=70,667 —10,817x1 — 7,2667x2 — 2,325x1x2 — 4,05x1% + 2,5x2°.

Bwmicr 3anumikoBoro mirainy, %

Y2=4,6889 —2,1x1 — 2,1667x2 + 0,375x1x2 + 0,86667x1% + 1,1667x°.

Bwmict nenronosu, %

Y3= 62,033 +5,7x1 + 2,8667x2 + 0,675x1x2 + 3,1x1° — 1, 1x2°,

AHaui3 HaBeJIeHUX PIBHSIHB perpecii Ajsi BUXO/Ay, BMICTY 3QJIMIIKOBOTO JIICHIHY CBiYUTH,
10 OCHOBHI (paKTOpU BapiHHA X11 X2 MAlOTh Bi eMHUH 3HaK. Tomy 30UIbIICHHS TeMIepaTypH
(x1) Ta TpuBanocti mporecy AenirHidikamii (x2) MIPU3BOAUTH 0 3MEHIICHHS BKa3aHUX BHIIE
MoKa3HUKIB sikocTi BH®. [[ns 3HaueHHS BMICTY HEIOI03H OCHOBHI ()aKTOpU BapiHHS X1 1 X2,
MaloTh JIOJIATHUH 3HAK, 10 CBIAYUTH PO 301UTBIIEHHS BMICTY IIEJIFOJIO3H 3 IMiIBUIIICHHS TEM-
nepaTypH Ta TpuBasiocTi BapiHHs. [lepeBaxxarounii BIUIMB Ha MOKA3HUKH SKOCTI KiHIIEBOT'O ITPO-
IyKTy Ma€ TeMIlepaTypa BapiHHS.

Otpumani piBHSHHS perpecii OyJu BUKOPUCTaHI JUIs BUSHAYCHHS ONTUMAJIbHUX 3HAUYEHBb
napamMeTpiB MPOBEJCHHS MepIloi cTaail BapiHHs. SIK OoNTHUManbHA TOYKA Xiopr, BA3HAUYEHO TaKi
3HA4YeHHS X;, IPU SKUX 3HAUYEHHS Y; HalKpalle 3aJ0BOJbHAIOTH KOMIIPOMICHIHM obnacti. 3Ha-
YyeHHs (PaKTOPIB X1 1 X2 B ONTUMAJIbHINA TOYI[l JOPIBHIOIOTH: Y HATYPAIbHUX OAMHUIIX X1 (TEM-
nepatypa Bapints) = 70 °C, x2 (tpuBaiticts Bapinusg) = 90 xs.

[Toxa3uukwu sikocti cosnom’stHux BH®, siki po3paxoBaHi 3a JOIOMOT0I0 0OJIepKAHUX PIBHAHB
perpecii, B TOYIlI ONTUMYyMY MalOTh TakKi 3HaYeHHsI: BUXiJ — 65,7 %; BMICT 3aJIUIIKOBOIO JIiT-
HiHYy — 6,0 %; BMICT 1emton03u — 67,6 %.

Metonom GaraToKpuTepiaibHOI ONTUMI3aL] 3 BUKOPUCTAaHHAM (yHKIIT 6axkaHocTi Xap-
pinrrona D qis1 3HaliieHUX piBHSAHB perpecii Y1 — Y3 BU3HaueHO KOMIIPOMICHY 00JIacTh IPOBe-
JICHHSI TIepIIoi cTafil BapiHHS MIIEHUYHOI COJIOMH 3aJICKHO BiJl OCHOBHUX TE€XHOJIOTTYHHUX TIa-
pameTpiB (x;), IKy HaBeJeHO Ha puc. 2 (006JacTh po3TalioBaHa Ha MIOHIHHI X1 — X2).
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Puc. 2. Komnpomicua obracms nposedenns nepuioi cmaoii 6apinHs NULEHUYHOL COTOMU:
1 — 6uxio BH®, %, 2 — emicm 3a1umko8020 aicHiny, %, 3 — emicm yenionosu, %

Jlpyry cTajaito BapiHHS MPOBOJMIIM 3 JOAABAHHSAM JI0 BapUIBHOTO po3unHy 40 M eTuiio-
BOTO CIIUPTY Ha 3aMiHy Takoi K€ KUIBKOCTI BIAMPAIbOBAHOTO BAPHIBHOIO PO3UMHY. Pe3ynb-
TaTH BIUIMBY TPUBAJIOCTI i TEMIIEpATypH Ipoliecy AeirHidikamnii Ha SKicTh OAepPKaHOr0 BOJIO-
KHUCTOTO HamiBpaOpuKaTy HaBeJCHO Ha puc. 3, a, 0, 6.
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Puc. 3. 3anescnicmo 6uxooy (a), emicmy 3a1umxo8020 aieHiny (6) ma emicmy yenonosu (8)
v conom ’sinux BH® 6i0 mpusanocmi npoyecy 8apinus 6 cucmemi
CH;C(0O)O-OH : C:Hs0H : H>0 3a piznux memnepamyp. - A- 80 °C; -m- 90 °C; -¢- 100 °C
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Sk BUIHO 3 rpadidHUX 3aJICKHOCTEH pUC. 3, @ 31 3pOCTaHHIM TEMIIEpaTypu Ta TPUBAJIOCTI
BapiHHA, BHXiJ] COJIOM STHOTO BOJIOKHHUCTOrO HamiB(aOpukary 3MeHIryetbcs Ha 7,9—18,9 %.
BwmicT 3anumkoBoro JiirHiny (puc. 3, 6) 3meHuyersest Ha 4,27-9,11 %, BMICT 1emnton03u 3011b-
mryerbest Ha 10,1-15,8 % (puc. 3, ), SIKII0 MOPIBHIOBATH 3 MIEPIIOIO CTAAI€I0 BapiHHA. Y MOPiB-
HSIHHI 3 IEPOITOBUM BapiHHsM, Buxig BH® 3a nocnimkenoro ciocoOy aemnirHigikarii OuTbImii
Ha 5,3 %, Mpu bOMY BMICT 3aJIMILIKOBOTO JIITHIHY Maibke ofHakoBHi. Lle cBiTunTh 1po 1€, 110
BBEJICHHS €THJIOBOT'O CIMPTY ITiJIBUIIY€ IIBUIKICTH Ta BUOIPKOBICTH Mpoliecy aemirHigikarii ci-
YKH MIIEHUYHOI COJIOMH MEPOLTOBOIO KUCIIOTOO, IKa YTBOPIOETHCS B TIPOLIEC] BapiHHSL.

ExcniepumeHTasnbHi AOCHIIKEHHS TIOKa3ay, 10 Mpolec AeirHiikaiii ciuku COJIOMHU B
cucremi CH3C(O)O-OH : CoHsOH : H>O npununsierses micas 90—120 xB BapiHHS 3a Temrie-
parypu (90+2) °C. [lonanpliie npoOBXKEHHS BapiHHSA MPU3BOAUTH JI0 JECTPYKLIi ByriaeBOHE-
BHUX KOMIIOHEHTIB POCIIMHHOI CUPOBHHH, a CaMe 3a Maii’Ke OJIHAKOBOT'O BMICTY 3aJIMILIKOBOI'O
JITHIHY, BiJOyBa€ThCS 3HIKEHHS BUXOy Ha 4—6 %.

Jis nocnimkeHHs (P13MKO-MEXaHIUHUX XapaKTEPUCTUK OAEP)KaHOi 1eIt0I031 OyJI0 BUTO-
TOBJIEHO 1A0OPATOPHi BiIMBKY Macoto 75 r/m?[12]. Pe3ynbpTaTu IpoBeieHNX A0CTiKEHb Ha-
BeJIeHO Ha puc. 4, a, 0, 6.
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Puc. 4. Ioxasznuxu miyHocmi 00epiHcaHux OKUCHO-0P2aAHOCOIbEEHIMHUX COLOM SIHUX
B0JIOKHUCMUX Hanisghabpuxamis. po3pusHa 008icuHa (a); onip npooasitodantio (0);
KLIbKICMb NOOBIUHUX Nepe2unis (8)
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I3 HaBeneHux Ha puc. 4 JaHUX BUAHO, IO 31 30UIBIIEHHSM TPUBAJIOCTI MPOIECY BapiHHA,
¢i3uKo-MexaHiuH1 MoKa3HuKU onepxkanux BH® 3pocTatoTh, 110 MOSCHIOETHCS KpalUMH Ta-
NEPOTBIPHUMH BJIACTUBOCTSMH COJIOM SIHOT LIEJIFOJIO3H 332 PaXYHOK YTBOPEHHS TOJaTKOBUX BO-
JTHEBUX 3B’ S3KIB MIXK IMOJIicaxapyuaMu 1 BACOKHM BMICTOM B HUX T€MIIENIONIO3, SIKi CIIPHUSIOThH
MOKPAIEHHIO MEXaHIYHOT MIIIHOCTI.

Binomo [15], mo ¢i3uko-MexaHiuHi MOKa3HUKHA OPraHOCOJIBBEHTHOI IIET0I03H TaKOXK 3a-
nexath Big pH BapuinbHuX po3unHiB. Tak, MOKa3HUKM MILHOCTI BOJIOKHHCTUX HamiBhabpuka-
TiB, OJIEpP’KAaHUX B KHCIIOMY CEpPEIOBHIL, K MPABHUJIO, HUXKY1, 32 aHAJIOT14HI oKa3Huku BHO
OJIepKaHUX Yy JIy’)KHOMY ceperoBuiili. OcobIMBO 11 CTOCY€EThCSI PO3PUBHOI JIOBKUHH, HA 3HA-
YEHHs SIKOTO BIUIMBAE BMICT reminemntono3 y BH®, crpykrypa oxepxxanux BH®, BnactuBocTi
MOBEPXHI BOJIOKOH. 3 €KCIIEPUMEHTAIBHUX JAaHUX BUIHO, 110 COJIOM’sIHA IIeJT0JI03a, O/IepKaHa
JOCHIPKEHUM CIIOCOO0M, 332 TOKA3HUKOM PO3PUBHOI TOBXHHH HAOIMKAETHCS IO BIAMOBITHUX
MOKa3HUKIB IEJII0JI03H, OJeP KaHuX MpHU JTy>kHOMY pH.

CratucTH4HOI0 00pOOKOI0 EKCIEPUMEHTAIBHUX JaHUX PO3PAXOBAHO HACTYIHI PIBHAHHS
perpecii (B kooBaHiii ¢opMi), IO aJEKBATHO OMUCYIOTh 3AJIKHOCTI BUXIJHUX 3MIHHUX BiJ
OCHOBHMX OOpaHMX TEXHOJIOTTYHMX YNHHUKIB!

Buxin BonokHucroro HamiBgpadpukary, %

Y1=59,433 - 5,7167x1 — 2,6833x2 + 0,675x1x2 — 3,45x1% + 0,45x2%.

Bwmicr 3anumnikoBoro miriny, %

Y= 0,78889 — 0,58167x1 — 0,45333x2 + 0,2925x1x2 + 0,33167x1% + 0,07667x>”.

Bwmict nenronosu, %

Y3= 75,767 + 3,4383x1 + 4,4217x2 — 0,73x1x2 — 2,595x1% + 0,335x2°.

MinHicTh Ha 3J1aM MiJ1 4ac 6araropa3oBUX MEpEruHiB

Y= 112,22 +36,667x1 + 14,167x2 + 5x1x2 — 18,333x12 + 4,1667x27.
Omnip nponasiroBanHio, Klla

Ys=397,72 + 84,067x1 + 46,85x2 — 25,4x1x2 — 42,733x1” — 8,6833x”.
Po3puBHa noBkHHA, M

Yo=4172,2 +1778,3x1 + 951,67x2 + 60x1x2 + 1351,7x1% + 424,67x2>.

Otpumani piBHSHHS perpecii OyJu BUKOPUCTaHI JUIs BUSHAYCHHS ONTHUMAJIbHUX 3HAUYEHb
napameTpiB MpOBEIEHHs Mpouecy Aedirnigikamnii. B skocTi onTUManbHOI TOUKH Xiopr, BU3HA-
YeHi Taki 3HAYEeHHS X;, IPU SKUX 3HAYCHHA Y; HalKpalle 3aJOBOJIbHAIOTH KOMIIPOMICHi# 06ma-
cTi. 3HaueHHs (aKTOPIB X11 X2 B ONTUMAJIBHIN TOYIIl JOPIBHIOIOTH: B HATYpaJIbHUX OJAWHUIISX
x1 (Temmnieparypa Bapints) = 100 °C, x (TpuBanicts Bapinus) = 100 XBuiuH.

[Toxa3uukwu sikocti cosnom’stHux BH®, siki po3paxoBaHi 3a JOIOMOTr0I0 0JIepKaHUX PIBHAHB
perpecii, B TOYIll ONTUMYyMY MalOTh TakKi 3HaYeHHsI: BUXiT — 55,7 %; BMICT 3aJIUIIKOBOIO JIiT-
Hiny — 1,05 %; BMicT nemtono3u — 79,6 %; MillHICTh Ha 371aM TiJ] Yac 6araTopa3oBUX MEPETUHIB
— 635 u.a.m.; omip nmpoaasnoBanHio — 428,7 klla; po3pusHa noBxuHa — 7900 M.

Mertonom GaraTokpuTepiaibHOT ONTUMI3ALT 3 BAKOPUCTAaHHAM (yHKIIT Oakanocti XapiH-
rroHa D ans po3paxoBaHuX piBHSIHB perpecii Y1 — Ys BU3HaY€HO KOMIIPOMICHY 00JIaCTh IpO-
BEJICHHS BapiHHS MIIEHUYHO! COJIOMH 3aJISKHO BiJl OCHOBHHUX TEXHOJIOTTYHUX MapameTpiB (X;),
Ky HaBEJEHO Ha pHUC. S.
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Puc. 5. Komnpomicna obracms npogedents 6apiHHs NUEHUYHOI COLOMU 8 CUCMEMI
CH3C(0)O-OH: C2HsOH : H>O: 1 — suxio BH®, %, 2 — emicm 3a1uuko8020 picHiny, %,
3 — emicm yemonosu, %. 4- miynicmov Ha 31aM ni0 Yac 6a2amopazoeux nepecuHia;

5 — onip npooasniosannio; 6 — po3pusHa 008HCUHA

Jlnst MOpiBHSHHS €EKTUBHOCTI PI3HUX CIIOCOOIB AeNirHi(ikalii ClYKH MIIEHUYHOT COJIOMH
Ha puc. 6 HaBeIEHO Jiarpamy, sika XapakTepU3ye 3aJIe)KHICTh BMICTY BUXOJY OJIEPKAHOTO BO-
JIOKHUCTOTO HamiBpaOpuKaTy BiJi BMICTY B HbOMY 3aJIMIIKOBOTO JITHIHY.
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Puc. 6. 3anesxcnicmo 6uxody BH®D i3 cmeben nuieHuuHoi cOIoMU, 00EPACAHUX PIZHUMU
cnocobamu OenieHiikayii 810 6Micmy 3anIUUKOB020 NICHIHY:
- 0- CH3;COs3H : C:HsOH : H:O; -+- ASAE [16]; -*- MILOX [16];
-o- [IOK + xamanizamop [16]; -0- [IOK [16]; - A- H-Cy [16]; -¢- Na [16].

Jlinis «ineansHOi AemirHigikamii» (puc. 6) xapakTepuzye MaKCUMalIbHUNA BMICT IOJicaxa-
PHIIB POCIMHHOI CHPOBHUHH JUIS TIEBHOT'O BMICTY 3aJIMIIIKOBOTO JIIFHIHY Y BOJIOKHUCTOMY HaIli-
B(habpukaTi. Tomy unM Onmokue JiHIA KOHKPETHOrO Mpolecy Aeniraidikarii 1o JiHil «igeanb-
HOT JemirHiikamii» A IeBHOr0 3aJUIIKOBOTO JIIrHIHY, THM Oubinuil Buxigq BH® 3a paxyHok
30epeKeHHs, HacamIiepe 1 moicaxapuIiB (IEF0I03H 1 TeMIIETIOIO3H).

I3 miarpamu (puc. 6) MoKHa 3pOOUTH BUCHOBOK IO T€, 110 32 HAOIMKEHHSIM JI0 «i1eaTbHO1
niHii genirHigikaii», To0TO 3a 30UIbIIEHHIM eEKTUBHOCTI OICPKaHHS 13 cTe0e MIIeHUYHOT
TaHHs B HacTynHii nocaigoBHocTi: Na — H-Cy — ITIOK — ITIOK+xkaranizatop — MILOX — ASAE
— CH3C(0O)O-0OH : C;Hs0H : H20.

BucHoBKM BiAmoBigHO [0 cTaTTi. Ynepiie HayKoBO OOIPYHTOBAHO TEXHOJIOTIIO OTpH-
MaHHs BUOUJICHOI LIEJIOI03H 13 MIIEHUYHOI coioMu y aBocTymnenesiit cucremi CH3C(O)O-OH
: C2HsOH : H20. Otpumano conom’siauii BH® 3 Buxonom Bix 78,4 mo 55,2 %, BMicTOM 3ai1H-
mrkoBoro JirHiny Bix 11,2 10 0,93 % Tta BmicToM nentonosu Binx 59,6 mo 79,3 %.
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3a pe3ysbTaTaMu KOMITIEKCHUX JIOCHIDKEHb BU3HAUEHO, 1110 JOCTIHDKEHUM CIIOCOO0M BapiHHS
CIYKM MILIEHUYHOI COJIOMH MOXKHA OJIEP’KaTH IEJI0JIO3Y 3 HACTYMHUMH MOKa3HUKAMM MILHOCTI:
pospuBHa foxuHa Bix 3040 mo 8050 M, omip nmpoaaBioBaHHIO Bix 92,8 mo 463,9 klla, MinHICTh
Ha 371aM i yac 6aratopa3oBux neperuHis Bif 450 10 640 u.m.n. Taki HOKa3HUKU MILHOCTI JI03BO-
JSTIOTh Y TIOAQJIBILIOMY ITPOBECTHU JOCIIIPKEHHS 3 METOIO OZIepKaHHS MMaKyBaJIbHUX BUJIB Harepy,
B KOMIIO3HI1ii IKOTO Oy/TyTh BUKOPHCTaHI OIep»kKaHi COJIOM siHI BOJIOKHUCTI HamiB(paOpHKaTH.

Po3paxoBaHo piBHAHHS perpecii, ki aJJleKBaTHO OMUCYIOTh €KCIIEPUMEHTAIbHI JaHi i Mo-
KyTbh OyTH BUKOPHUCTaHHI SIK MAaTEMaTUYHA MOZEIb AOCIIPKEHOro Crioco0y BapiHHA. MeToioMm
OaraTokpuTepiaJbHOI ONTHUMI3aLlli BU3HAYEHO ONTHUMAaJIbHI YMOBH MPOLECY U MOKA3HUKHU SKO-
CT1 COJIOM SIHOT LIEJIONIO3H B TOUI[ ONTHMYMY.

ITokazano, 1110 3aCTOCYBaHHS JaHOT TEXHOJIOTIT JO3BOJII€ OTPUMATH LENIIOTI03Y 3 BUXOJIOM
OibIMM Ha 5,3 % y MOpIBHAHHI 3 EITI0I03010, OTPUMAHOIO NIEPOLITOBUM BapiHHM (32 OJIHA-
KOBOT'O CTyIeHs jenirHigikanii Buxiy neporroBoro BH® cranosuts 50,4 %).

3anporoHOBaHO JITHIH BYTJIEBOAHY Aiarpamy. [TokazaHo po3TairyBaHHs pO3IJISSHYTHX CIIO-
co0iB aenirHigikarii MIEeHNYHOT COJOMH 3a 30UIbIIEHHAM e()EeKTUBHOCTI BUJAJICHHS JITHIHY
13 cTe0es MIIEHUYHOI COJIOMH, SIKI pO3MOAUIAOThCcA y HacTynHui psi: Na — H-Cy — I[TOK —
ITOK + karanizarop — MILOX — ASAE — CH3C(O)O-OH : C;HsOH : H20,.
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UDC 676.18

Irina Trembus, Nina Semenenko
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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IMOJIBOBI IHHKEHEPHO-T'EOJIOTTYHI BUIIYKYBAHHA
A Y AIBHUITBO JECATUIIOBEPXOBUX KUTJIOBUX BY/IUHKIB
HA BYJIMII HE3AJIEZKHOCTI B MICTI YEPHIT'OBI

Axmyanvnicme memu oocnioxncenns. bes indcenepro-eceonociunux 00cniodcerd (BUULYKY8AHb) HA OIIAHKAX, 8i08eOEHUX
nio 6ydienuymeo Oydigens i cnopyo, 6y0ieHUYMEO He NOBUHHO noyuHamucs. Tomy maxi 00CTiOANCEHHS 3a8ACOU AKMYANHI.

Ilocmanogxa npoénemu. Maiisice eca mepumopis micma Yepuicosa i Yepniziecokoi obracmi ékpuma wemeepmuHHUMU
BIOKNAOAMU, SIKI MAIOMb PI3HY MOGUIUHY U ITMOLOSTUHUTE CKNIAO, WO 88AIHCAEMBCS HE2AMUBHUM PAKMOPOM NPU 36€0€HHI PIZHUX
6yoisenvrux 00 ckmis. Yepes ye na kodxicHomy 0ydigenbHomy MauoanyuKy (niowi) nompioHo 0emanbHo 8UEUAMU 1020 2e0N0-
2iyHi i 2iopoceonoiuni ymosu.

Ananiz ocmannix oocnioxcens i nyonixayiii. bynu posenanymi ocmanui nyonikayii' y iokpumomy 0ocmyni.

Buoinennsa nedocnioncenux uacmun 3azanwvhoi npoonemu. /s Yepriziswjunu 3a2anibHoi0 CKIAOHOK HeAOCMAmMHbO
BUPIULEHOIO NPOOIEMOIO € KAPMUHA NOWUPEHHS, MOBWUHU MA JIMONO2IA YeMBEPMUHHUX BIOKIA0EHDb.

Ilocmanogxa 3a80anua. Jlocniodcents 2eonoiunoi 6y008u i 2iopo2eono2iunux ymo OiAHKY ni0 OYOiGHUYMEO MPbOX
decamunogepxosux srcumiogux Oyounkie na eynuyi Hezanexcnocmi 6 micmi Qeprieoai.

Buxnao ocnoenozo mamepiany. 3a 2eomop@onocicio 00CaioHCy8ana OLAHKA 3HAX00UmMbcs Ha epHiciecbko-I 0pOOHAHCHKIL
MOpPEeHHO-3aHOPOGIU PiGHUHI Ha NPUBOOOPO30inbHill yacmuni pik Cmpudicna ma binoyca. 32i0Ho 3 meKMoHIYHUM PATiOHY8AHHAM
60HA BIOHOCUMBCS 00 NPUOCLOBOI 30HU NIGHIUHO-3aXiOHOT uacmuHu JJHinposcwbko-/loneybkoi 3anadunu. Y eeonoeiunux pospizax
3a pe3yibmamamu onpaylo8anHs mamepianie OYpiHHA i CMAmuyHo20 30H0Y8aHHs audineno 11 indwcenepro-2e0n02iunux enemen-
mig (II'E). I'eonociunuii pospiz 0o enubunu 20 m ckradenuti CyNacHUMU MeXHOLEHHUMU, BEPXHLO- | CepeOHbOYemMBEPIMUHHUMU
gioknaoamu. 1iopoceonoziuni ymogu OUAHKY GU3HAYEH] TPYHMOBUMU 800aMU DE3HANIPHO20 MUNY, SKI 3HAXOOAMbCA HA 2IUOUHT
3-3,5 m. 3azanom oinsnxa eionocumscs 0o Il kameeopii 3a cknaoHicmio iHdceHepHO-2e0N02IHHUX YMOB.

Bucnogxu 6ionosiono 0o cmammi. 3a pe3yrbmamamu UKOHAHUX GUULYKYB8AHbL BCIAHOGIEHO, WO MOBWA TPYHMIG HA
Oinanyi € HeoOHOPiOHOI0, WO nidmeepodicyembes sudinennam y niii 11 inscenepno-zeonoziunux enemenmis. [pynmu ITE 2, 4-6
€ NPOCiOHUMU NPU 0OaMKO6UX HaGanmadicentax. [pynmoei 600u neazpecushi 0o 6Cix Mapok 6emonie, yeMenmis i apmantypu
3a1i300eMOHHUX KOHCIMPYKYILL.

Kniouosi cnoea: 8ioknaou, rpyHmu,; 20pu3oHmu, [HICEHEPHO-2e0N02IUHI eleMeHmuU;, c8epON0GUHA, CMamuiHe 30HOY-
6AHHS, [PYHMOBI BOOU.

Puc.: 5. Tabn.: 1. bién.: 10.

AKTYyaJIbHiCTh TEMH J0CTiTKeHHs. be3 1HKEeHEPHO-TEONOTIYHUX JAOCHTIKEHb (BUIITYKY-
BaHb) Ha AUISTHKAX, BIIBEACHUX i1 Oy IIBHUIITBO OyiBeb i ciopya, OyAiBHUIITBO HE TOBUHHO
nounHaTucs. ToMy Taki TOCHiKEHHS 3aBK/IU aKTyalbHi.

ITocTanoBka npodjemu. Maitxxe Bcst Tepurtopis micta YepHirosa i UepHiriBcbkoi obnacti
BKpUTa YETBEPTUHHUMH BiIKJIAaJaMH, SIKi MalOTh Pi3HY TOBIIUHY W JITONOTIYHUN CKJIA, IO
BBAYKAETHCSl HETaTUBHUM (DAaKTOPOM IIpH 3BE/ICHHI pi3HUX Oy/iBenbHUX 00’ €kTiB. Uepes 1e Ha
KOKHOMY OyJliBETbHOMY MaiIaH4YHKy (TUIOIII) MOTPiOHO AE€TaahbHO BUBYATH HOTO T€OJIOTIUHI
¥ T1IpOT€0JIOriYHI YMOBH.

AHaJi3 ocTaHHiX aocaizkenb i myOaikanii. BukonaBmm anaiiz JiTepaTypHUX JKepen
3a IUM HanmpsMoM, OyJI0O BCTaHOBJIEHO, 110 MyOuiKallii, 0 cTOCyBaIUCs OE3MOCepeIHbO A0C-
JKYBaHOTO Oy/iBEIbHOIO MaliJaHYMKa BIJICYTHI. B OKpeMux cTarTsax MicTUThCS iH(OpMaIlis
po penbed TEPUTOPIi, KIIMATUYHI JaHi Ta piBHI IPYHTOBHX Bof [1].

BujineHnsi HeOCTiIXKEHUX YACTHH 3arajbHol npoodaemu. [lyis YUepHIriBIIMHU 3araiib-
HOIO CKJIaTHOIO HEI0OCTaTHHO BUPILICHOIO MPOOJIEMOIO € KAPpTHHA MOMIUPEHHS, TOBIIMHY Ta JIi-
TOJIOT'iSl YeTBEPTHUHHUX BiIAKJIAJICHb.

IMocTanoBka 3aBaaHHs. J{ociiKeHHS T'€0JIOT1YHOT OyI0BH # T1IpOre0JIOTYHUX YMOB -
JSTHKU T OyAIBHUIITBO TPHOX JAECATUIIOBEPXOBHUX JKUTIOBHX OyIWHKIB Ha BynmIl Hezamex-
HOCTI B MicTi YepHIrosi.

Bukiiag ocHoBHOro martepiany. Jlocnipkena quisiHKa po3TalloBaHa B MiBHIYHIA YacTUHI
MmicTta YepHirosa B Mikpopaiioni Macanu mix Byuisimu Hezanexnocti Ta KpacHOCITBCBKOTO.
[H)XeHepHO-Te0NIOTIYHI BUITYKYBaHHSI BUKOHAHI TOBAPUCTBOM 3 OOMEKYBaJIbHOIO BiJIOBiIa-

neHIcTIO (TOB) «YepwniriBOyapo3sigyBanas» y rpyani 2017 poky.
© IBanmmmH B. A., Byraii B. I'., Kopzauenko M. M., 2020
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VY upomy paiioni y 2008 pori Oynu nMpoBeeHi 1HKEHEPHO-T€0JIOT1YH] BUITYKYBAaHHS IS
OOIpyHTYBaHHsI MPOEKTY OYAIBHHUIITBA KBApPTATy 0AaraTOKBapTUPHHX JKUTIOBUX OYIMHKIB Ha
NaJbOBUX (PyHAaMEHTax, sKi Oyyiu BpaxoBaHi npu pociimkeHHsax 2017 poky. YacTuHa 3 HUX
omyb6iikoBaHa [1].

B ananoriyHux iHXeHEpHO-Te0JIOTTYHUX YMOBaX NOOIU3Y JOCIIIKYBAHOI AUITHKY 3HAXO-
JSThCS OHOTIOBEPXOBI CIIOPYIM PUHKY, CYIIEpMapKeTy, CTaHIIl TEXHIYHOTO0 00CIyrOBYBaHHS
(CTO) ta npuarni Oynunku macuBy «Hosa IlogyciBkay,110 moOyaoBaHi Ha CTpIYKOBUX (yH-
JaMeHTax. Yci i criopyau Oyiu o0CcTexeHl, 3a pe3ylbTaTraMu 4oro nedopmanii HaadyHame-
HTHHUX KOHCTPYKLIH He OyJI0 BCTAHOBIICHO.

Indopmaris npo ckiaa, o0CSITU Ta METOJUKY BUKOHAHUX POOIT JA€ThCS B TAOIUILL.

Tabmuis
Cknao, obcseu ma memoouka pooim
N Buau pobir O.III/IHI/IIII Kiaekicrs Mertoauka BUKOHAHHMX POOIT
3/m BHMIPIOBAHHA T./M.IL.
[Tomp0Bi poboTH
1 | BypiHHS cBEpITOBHH Crioci6 OypiHHS —MeXaHIYHHH
mT./M 3/60 Ta YAApHO-KOHTaKTHUI

2 | CratuuHe 30HIyBaHHS mMT./M 6/20 [2]

3 |bypians mypdis mT./M 1/5 [2]

4 | Bigbip MOHOITIB IIT. 20 [3]

JlabopartopHi poboTi

5 | Mexi TeKyJOCTi Ta KOHCHCTEHITS 3pa3Ku 39 [4]

6  |llispHICTB IPYHTIB 3pasKu 72 [4]

7 |I'paHylOMETpHUYHHUNA CKIIAL 3pasKu 2 [5]

8 | Kommpeciiiai BumpoOyBaHHS 3pasKu 12 [6]

9 | Bu3sHa4yeHHs COPOTHUBY 3pi3y 3pasKu 12 [6]

10 | AHani3 IpyHTOBHX BOJ poou 3 [7]

3a reoMopdOJIOTiYHUMH O3HAKaMHU JAIISTHKA poOIT po3ramioBaHa Ha YepHiriBcbko-I'opoa-
HSHCBHKI MOpPEHHO-3aHJIPOBiN piBHUHI. Penbed MiASHKM MOJOro piBHUHHUHN 13 HAXWIOM Ha
cXiJl 1 aOCONIOTHUMH BiAMITKaMH moBepxHi 3emii Bix 143,7 mo 144,2 m. Kiimar y paiioni mo-
MipHui, Bosoruil. CepenHsi ciyHeBa TeMmepaTypa cTaHOBUTh — 6-7 °C, a MakcHMaibHa —
33-36 °C. cuiroBuii nmokpus gocsirae 30-40 cM, a rmubuHA MpoMep3aHHs TPYHTY —a0 1,5 M.
JITOM MiHIMaJbHA Temrneparypa ckianae +19-+20 °C, makcumanpsna — +37-+39 °C. Cyma piu-
Hux omnafiB gocsrae 500-600 mm, 70 % sikuxX BUMAIae B TEIUT MicsIll poKy. BunapoByBaHHS 3
MOBepXHi 3eMii focsrae 520 MM 3a pik.

3a TeKTOHIYHUM pallOHYBaHHSAM TEPUTOPIS AOCIIPKEHb BITHOCUTHCS IO IPHOCHOBOIT 30HU
MiBHIYHO-3aXiHOT yacTHH [[HINTpOBCHKO-/[OHEIBKOT 3amaqiHHH.

ImxenepHo-reonoriyda OynoBa AUISHKY TpyHTYeThesl Ha pospizax I-I' i II-II' (puc. 1, 2)
MPEJCTAaBICHUX 1HKEHEPHO-TeooriYHuMU enemenTamu 1-11 (puc. 3), siki BUJiIeH] 3a pe3yJib-
TaTamMu OypiHHS CBEPAJIOBUH 3 BpaxXyBaHHSM JaHUX Ja0OpaTOpPHUX JOCiIKeHb (puc. 4), cra-
TUYHOTO 30HAYyBaHHS (pUC. 5) Ta BUIIYKYBaHb MUHYJIUX POKiB. PO3KpUTI mOpoau 3aisraroTh
MOXUJIO-TOPU3OHTAIIBHO.
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Puc. 5. liaecpama cmamuunozo 3010y8ants 8 mouyi Ne 1

V reosnoriuHiit Oy10Bi AUIAHKY 0 po3BigaHoi A0 rimbunu 20 M 6epyTh yyacTh Cy4acHi TeX-
HOT'€HHI BiIKIa1 ToBIIMHOIO 10 0,3 M, siki mpencTaBieHi HacunmHuMu rpyHTamu (ITE 1) Hepis-
HOMIPHOT IITBHOCTI 3 BMICTOM OYZIBEJIbHOTO CMITTSI; BEPXHbOUETBEPTUHHUMH €0JI0BO-IEITIOBI-
aneauMu  cymickamu (ITE 2) (BepctBa II),ta mumyBarumm mickamu (IT'E 3) (BepctBa III)
MPUYOPHOMOPCHKOTO TOPU30HTY; EMIOBIAIBHUMH IpyHTaMH AadiHiBcbkoro ropuzonry (II'E
4),(I'E 4a) (Bepcta 1V); eonopemoBiansuumu rpyntamu 0y3skoro ropuszonty (IFE 5) (Bepcta
V); enoBianbHUMH BiAKIaaamMu npuitynbkoro ropu3onty (IFE 6) (Bepcta VI); cepeanboueTse-
PTUHHUMHU MOpeHHHMH ¢uoBiorsaiansauMu cyriuakamu (ITE 7) (BepcrBa VII) aHinpoBcb-
KOTO TOPU30HTY M SIKOIIJIACTHYHOI Ta TeKy4orutactuuHoi koncucrenuii (IFE 8 ta 8a) (BepctBa
VIII); cynickamu mnactuaaumu (IIE 9) ta Texyunmu (ITE 9a) (BepctBa 1X); 03epHO-15010BH-
koBuMHU Bakkumu cyrimakamu (IFE 10) (BepcrBa X),rimunamu Heoreny (IT'E 11) (Bepctsa XI).

BuninenHs iHXeHEpHO-T€OIOTYHUX €JIEMEHTIB IPOBEICHO 3TriiHO 3 [8; 9] Ta mepeBipeHo Ha
MiJICTaBI OLIHKK MPOCTOPOBOI 3MIHHOCTI MEX Ta YMCJIA TUTACTHYHOCTI, CTYTICHS BOJIOTOCTI 1 KOe-
(iIieHTIB MITBHOCTI, MEXaHIYHUX BIACTHBOCTEH, KOTpi Oy/nM BU3HAUEHI B JJaboparopii, Bpaxo-
BYIOUi pe3yJIbTaTH paHillle BUKOHAHUX 1H)KEHEPHO-TEOJIOTTYHUX POOIT Ha MPUIIETIINX AUISTHKAX.

Bunineni iHXeHepHO-TE€OIOTI4HI €JIEMEHTH BiIOBIIAI0TH JTITOJOTIYHUM T'OPU30HTaM.

Ipynuru ITE 2,4-6 MOXYTh NPOCIAaTH NPH I0JaTKOBUX HABAHTAKEHHIX. BOHM mommpeni
Ha BCiH JoCmiKyBaHii Momi.
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BuBueHi rigposioriyHi yMOBH JUISHKU CBiJJYaTh IPO HASBHICTh TYT IPYHTOBHX BOJ Oe3Ha-
nipHoro tuny Ha riubuHax 3,0-3,5 m. JlisHKa MO>Ke MiATOIUTIOBATUCS TIPH 3HAYHUX aTMOche-
PHUX OmNa/ax, CHIFOTAHEHH1, KOJIM BOJIa MOXKE MITHIATHUCS 10 TTUOUHY 1,4 M, BUTOKAX 13 TiApO-
KOMYHIKalliii. BoloynopHuMu ropu3oHTaMu, Ha SKUX (OPMYETbCS «BEPXOBOJKA», € IPYHTH
ITE 4,6,7. IToTik rpyHTOBHX BOJI HAIIPABJICHUH 3 MIBHIYHOTO 3aX0/1y Ha MiBASHHUM CXiJ. 3r1IHO
3 [10] Ta mociOHMKA A0 HBOTO BOJIA JUIS BCIX MapoOK OETOHIB, IIEMEHTIB 1 apMaTypH 3aii300e-
TOHHHX KOHCTPYKIIiii HearpecuBHa. THII IPyHTOBUX BOJ I'iipokapOOHATHUIT KanbiieBuit. Foro
3MIHM MOJKJIMBI 32 paxyHOK BHTOKIB 13 KaHami3auii. [Ipo 1e cBiqunuTh 0XpuCTO-pkaBe 3a0apB-
nenns rpyHTiB II'E 2,3 1 npakTuka OyIiBHUIITBA CyCIHIX CHOPY/, [I€ 3aIPOEKTOBAHO APCHAK,
KU PEKOMEHIY€ETHCS 1 Ha JOCIIPKEHIN AIISHIII.

[Tig yac 3a0ynoBu, acanbTyBaHHS AUISHKU CYTTEBO 3MEHLIMTHCS MPUPOIHE BHUIIAPOBY-
BaHHS, AKe CKiIagaeThes 0nm3bko 520 mm. Uepes 11e 3pocTe BOJIOTICTh, 110 MPU3BEE A0 IiIBU-
IICHHS PiBHS IPYHTOBHX BOJ], 3yMOBUTH 3MiHYy KOHCHUCTEHIII TIMHUCTUX TPYHTIB, 3HU3UTH iX
MEXaHI4HI BIaCTHBOCTI, TOYHYTHCS MPOCITHI MPOIIECH.

3a knacuikaiero [3] mpoBeAeHO OLIHIOBaHHS KaTeropiii CKJIAAHOCTI IH)KEHEPHO-Te0JI0T1-
YHUX YMOB JUISHKY BUIIYKYBaHb. 3T1HO 3 UM OLIHIOBAHHSM 32 T€OMOPQOIOriYHUMH O3HAa-
KaMH JUISHKA BigHeceHa 1o | kareropii ckiragHoCTi, 3a reooriynoro 6yaoBoto 1o 111 kareropii,
3a riApOreoIorivHUMH yMoBaMu 10 | kaTeropii, 3a HasABHICTIO Cy4yacHHUX ()i3UKO-TeOJIOTTUHUX
nporecis 1o II kareropii, 3a HasBHICTIO cienndiyHux rpyHTiB 10 Il kareropii.

3arajoM JoclipKeHa Tuioma BigHOCUThCs 10 I kareropii 3a CKIagHICTIO 1H)KEHEPHO-TEO-
JIOT1YHUX YMOB.

BucHoBKkH BignoBinHo a0 crarTi. Pe3ynbraTé BUKOHAHUX JTOCTIIKEHb CBiAYaTh MPO TE,
110 TOBIIIA PO3KPUTHUX I'PYHTIB HEOAHOPIHA B pO3pi3i Ta HA IUIOLII.

1. Ipynuru ITE -2,4-6 nipociini Ipu 101aTKOBUX HABAHTAXKEHHSIX.

2. IpyHTOBi BO/H, sIKi BCTAHOBJEH] HA TIMOKMHI 3-3,5 M IPH PSCHUX OMajax i TAHEHHI CHIry
MOXXYTb HIAHIATHCS 0 THOuHM 1,4 M.

3. JlinsiHKa MiATOIUTIOBaHA, TOMY MOTPIOHO MependayuTH BOIOBIABEICHHS Ta T'iIpOi30Jis-
10 (yHJAMEHTIB Ta MiJBAJIMH, PETYIIOBAHHS MIOBEPXHEBOTO CTOKY.

4. Boma 10 BCix Mapok OETOHIB, IEMEHTIB 1 apMaTypu 3a11300€TOHHMX KOHCTPYKIIIH Hear-
pecuBHa.
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UDC 624.057(477.51)
Volodymyr Ivanyshyn, 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 II 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.

Fig.: 5. References: 10.
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Cepeiii Kpauox
MOHITOPHUHT MICHHEBOCTI TA BUCOTHUX NEPEIIKO/L
Y PAMOHAX AEPOIIOPTY

Axmyanvnicme memu oocnioncennsn. Ha cbo200mi 6 Yrpaini 6sedeno nosi agiayilini npaguna, sSKi cmocyromscs o6ciny-
208y8anHs aepoHagieayitinoio inghopmayiero. Ilpasuna epaxosyroms 3akonodascmeo €gponeticokozo Corosy, dokymenmu €6-
poxonmponio, Cmandapmu ICAO cmocogno mounocmi, onpayo8ants ma UKOPUCMAHHs AepoHasieayitinux OAHUX, CK1aoo-
BUMU AKUX € OAHI NPo Micyegicmy i nepeukoou 8 pationax aeponopmis.

Ilocmanogxa npoonemu. OOnum i3 YUHHUKIE, WO BNIUBAIOMb HA Oe3neKy NONbOMIE YUBINbHOI asiayil, € 8paxysanis ne-
PEWKO0 HA MPAcax nepesbomia y euisioi nioguweHs pervedy ma eucomuux 06 ‘ckmis. Ilpo ye ceiouams asapii ma kamacm-
POodu nOSIMPAHUX CYOeH, CHPUYUHEHT 3IMKHEHHAM 13 GUCOMHUMU nepewkodamu. Tomy HeoOXiOHO npo8ooumu MOHIMOPUHS
HA3eMHO20 NPOCMOPY 8 PAllOHAX Aeponopmy Ol COEUACHO20 BUABNEHHS NePeKo0 Ol akmyanizayii enekmporHoi 6asu oa-
HUX 000 MiCYe8oCmi ma nepeuKoo.

Ananiz ocmannix docnioxcens i nyonikayii. bynu posensanymi ocmanni nyonikayii' y 6ioKpumomy 0ocmyni, sKi HpUcesyeHi
ICHYIOYUM MEMOOAM 36UPAHHSL 2e0NPOCMOPOBUX OAHUX OO0 BUSHAYEHHS PENbEDY MICYEBOCHIE A NEPEUKOO Y PATIOHAX AEPONOPITY.

Buoinenns neoocnioxycenux wacmun 3az2anshoi npoonemu. Ananis nagedenux odcepen 003805€ 3p0OUMU BUCHOBOK, U0
CMOCOBHO paiiony 1 aeponopmy, AKUM € mepumopis 0epicasll, HageoeHda CynepeyiIusa iHhopmMayis oo UKOPUCTIAHHS MO20
YU THUL020 MEMOOY BUSHAYEHHS PENbEQY MICYe80Cmi Ma NEPeuKoo.

Mema cmammi. I 0106100 Memoo cmammi € anaiiz Memooie MOHIMOPUH2Y NPOCMOPosol iHGopmayii uodo micyesocmi
ma nepewkoo y patioti 1 aeponopmy 3 6UKOPUCMAHHAM PAOIOIOKAYITIHUX CUCTEM KOCMIUH020 0a3y8aHHs, Ki 6 3a00801bHANU
sumozu IKAO 6 yvomy pationi w000 edents eneKmpoHHOi 6a3 0aHUX npo Micyegicms ma nepeuKoou.

Buknao ocnosnozo mamepiany. Hageoeno xinvkichi eumozu IKAO wjooo danux npo micyesicmos ma nepeuikoou 8 patioui
1 aeponopmy. Posensanymo noxubku pe3ynomamie Cynymuko802o paodionokayitinoeo monozpagpiunoeo suimants (Shuttle
radar topographic mission (SRTM), axe 0o3gonuu ompumamu yu@posy moodenv pervedy 3emni. Iloxubku ons mepumopii
€spaszii — de 3naxooumucsa Yrpaina, cknadanu 8,8 m'y nnani ma 6,2 no eucomi ma manu po30inbHy 30amMHiCMb Y 6ePMUKANbHIL
naowuni 1 m, a'y copuzonmansriu niowuri — 30 m. Memoo Permanent Scatterer SAR Interferometry PSInSAR) — inmepghepo-
Mempii cmilikux 8i06U8aui6 i3 BUKOPUCMAHHAM PAJIONIOKAMOPIE i3 CUHME308AHOI0 ANEPMYPOIO KOCMIuH020 OA3Y8AaHHS 00360~
JII€ OMPUMAMU MOYHICMb CIMIUKUX 8I00UBAUI8 (NPUPOOHUX A MEXHO2EHHUX 00 €KMI8) ) GepMuKanbHill niowjuni o1uzeko 1 m
ma noxubxa usHayeHHs sUcom iHwux o6 ekmig micyesocmi cknadae 14 m. Huni memoouxy PSInSAR 3acmocogyioms ons
MOHIMOPUHEY OCIOAHHS 3eMHOT NOBEPXHI 8 MICMAX, WO 0036018€ BUSHAUAMU OeopMayii 3eMHOI NOBEPXHI 3 MOUHICHIO 00
minimempis. Yepynyeauns cynymuuxie [33: TerraSAR-X i TanDEM-X 3a6e3neuuno enobanvie nOKpumms 3eMHOI n08epxHi
Yupposoio Modeto penvedy 3 MOYHICMIO 30 BUCOMOIO He MeHule Hide 2 M. TIpocmopoge pospisHenHs cmanoguio onusvko 1
M. ¥V 2020 poyi 6yno susedeno na Hagkonozemuy opoimy Cynymuux i3 CUHMe308aHoI0 anepmypolo padionoKayitino2o 3HIMAHHSA
Capella-2. I]eii ynixanonuii mikpo cynymuuk mae macy 107 xe. Hozo snimansna anapamypa mae napasi Hadsucoxy npocmo-
posy po3dinvy 30amuicme 50%50 cm.

Bucnogxu 6ionogiono 0o cmammi. Cyuachi memoou cynymHuko8020 paodionokayitinozo 3HiMaHHA 003680A10Mb GU3HA-
UM NIaHOBe Ma BUCOMHE NONOJICEHHS 06 €Kmie Micyesocmi 6 pationi aeponopmy 1 (mepumopis depoicasu) 3 mounicmio ma
po30inbHoIo 30amuicmio, saKka gionosioac eumozam IKAO wjo0o eedenns enekmponnoi 6azu danux npo micyegicmo ma nepeu-
Koou. IIpononyemucs 6ukoryeamu neputy ¢azy MOHIMopuHay 06 €Kmie MicyyeoCmi Ha Mepumopii 0eprcasu 3a 00NOMO200
CYNYMHUKOB020 PAJIONOKAYILIHO20 3HIMAHHA, A HA OpYeill (ha3i MOHIMOPUH2Y 3AyHamu Ha3eMHe 0OCeNCeHHs — Ol YmoY-
HeHHs ampubymusHol iHghopmayii Wodo 06 €xmie, BUABIEHUX HA hepulitl Pasi.

Kniouosi cnosa: aeponopmu, sumozu IKAO; micyesicms, nepewtkoou; padionokayitini cynymnuKogi mMemoou 3HiMaHHs..

Tabn.: 1. Puc.: 5. bién.: 15.

AKTyaJbHicTh TeMU J0cigxenns. Huni B Ykpaini BBeIeHO HOBI aBialliiiHi mpaBuia, sKi
CTOCYIOTBhCSI 00CITyTrOBYBaHHS aepoHaBirauiiHo ingopmariero [1]. IIpaBuia BpaxoByIoTh 3a-
KOHOZaBCcTB €Bpomneiicbkoro Coro3y, fokyMeHTH €BpokoHTpoito, Crangaptiu ICAO (MixHa-
poIHOI opraHizailii UBIIBHOI aBiallii) CTOCOBHO TOYHOCTI, IUIICHOCTI, OMPAIIOBAHHS Ta BUKO-
pHUCTaHHS aepOoHaBIrallifHUX, CKIAJIOBUMHU SKUX € JaHl CTOCOBHO MICIIEBOCTI Ta MEPELIKOJ Y
paifoHax aepoIopTiB.

IMocTanoBka mpo6jemMu. OJHUM 13 YUHHUKIB O€3ME€KH MOJIHOTIB IIUBLUIBHOI aBiallii € Bpa-
XyBaHHS Ha Tpacax NepesboTiB MiABUIIICHb penbedy Ta BUCOTHUX 00’ ekTiB. Tak, 9 rpyaus 2007
poky mobnusy aepornopty Kynsau (Ykpaina) pozouscs mitak Beechcraft King Air C90B. [pu-
YMHOIO KaTacTpo(u cTayio 31TKHEHHS CIPAaBHOIO JIiTaka 3 BUCOTHOIO MEPELIKOJI00, a B MOJa-
JBIIOMY — 13 3eMHOI0 MoBepxHero. [lacaxkupu Ta uieHH exinaxy 3aruHyiu [2]. 24 Oepe3Hs
2015 poky mitak A320 aBiakommnanii Germanwings, 1o JieTiB Mapupytom bapcenona — [lro-
ccenbaop¢, 3a3HaB aBapii B pailoHI BKpail BaXKKOJIOCTYITHOTO ripchkoro MacuBy Tpya-EBesie
B Anbnax Bepxuworo IIpoBancy (®panuis) [3].

© Kpsaok C. /1., 2020
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3 1 ciuns 2020 poky B Ykpaini Habpaiu YMHHOCTI HOB1 OyniBenbHi HOpMu [4]. Lleit HOp-
MaTHUBHHUHA JIOKYMEHT 3aCTOCOBYIOTH JJIsl IPOEKTYBaHHS Ta OyIIBHUITBA BUCOTHUX >KUTIOBUX
ciopya BUCOTO 10 100 M BKIIIOYHO Ta rpOMaJICBKUX Oy/iBesb BUCOTOO 10 150 M BKIIFOYHO
Ta € JJO3BUIbHUM HOPMAaTHUBHUM JOKYMEHTOM JUIsi BUCOTHOT'O OyiBHUIITBA.

VY Takux ymMoBaxX HEOOXiJHO MPOBOAUTH MOHITOPUHT HA3€MHOTO MPOCTOPY B pailoHax ae-
POIOPTY AJIsE CBOEYACHOTO BUSBIICHHS MIEPEIIKO Ta aKTyani3allii eneKTpoHHOT 0a3u JaHUX CTO-
COBHO MICIIEBOCTI Ta MEPEIIKO Y palloHax aepornopty [5].

AHaJi3 ocTaHHix aocaizkens i myoaikaniid. Y noxymenti [6] ICAO naBeaeno metoau
BU3HAYCHHSA pelbedy MICIIEBOCTI Ta MEPELIKol y OMMKHIX palioHax aepornopty. Jlo HUX Haje-
KaTh Ha3e€MHI Ie0/Ie3MUHI METOIU: MPsIMi KYTOBI 3aCiUKH, MPOKIAIaHHS TEOJOJMITHUX XOJIIB,
TPUKYTHHKIB TPIaHTyJIALI] — 17151 BU3HAYECHHS [IJIAHOBOTO MOJIOKEHHS MEPEIIKO/]; TeOMETPUYHE
Ta TPUTOHOMETPUYHE HiBEIIOBAHHS — JUII BU3HAYEHHS BUCOT TOYOK MiCLIEBOCTI Ta MEPELIKO/I.
3acTOCOBYETHCSI TAKOXK HazeMHE (OTOrpaMMETpUUHE 3HIMaHHA Ta aepodoroszHiMaHHs. Kpim
TOro, 100yBaTH HEOOXIAHY 1H(POPMALIiI0O MOXKHA 3 ICHYIOUMX TOMOrpadidHUX KapT MICIEBOCTI
y macmrabax: 1:2500, 1:5000, 1:10000. Kaprorpadiunuii MaTepian HOBUHEH KOPUTYBATUCH 1
MePiOIMIHO OHOBJIOBATHUCH.

VY nocnimpkenHi [7] pekomenmoBaHo BHUKOHYyBaTH TexHojorito IFSAR (Interferometry
Syntheticaperture radar) pagionokaniiHuUX iHTEpHEPOMETPHUUHUX CHUCTEM 13 CHHTE30BAHOIO
arnepTyporo MOBITPSIHOTO 0a3zyBaHHS JJISl CTBOPEHHs LU(POBOI MOJIENI MICIEBOCTI Ta Ha3eM-
HOT0 3HIMaHHA — JUIs1 BUSIBJICHHS IIEPELIKO/1 y PailoHi 1 aepornopTy, IKUM € TepUTOPIs IeP’KaBH.
SIk HOCIT 3HIMaAJIBHOI anmapaTypy BUKOPUCTOBYIOThCS JIiTaku abo remikontepu. CTOCOBHO 3a-
CTOCYBaHHS paIi0JIOKAIITHUX 3HIMAJIbHUX CUCTEM KOCMIYHOTO 0a3yBaHHS Ha 4ac MPOBEIACHHS
JOCITIDKEHHS He OyJI0 BUSIBJICHO TOCTOBipHOT iH(opMarii y BIAKpUTHX Jukepenax [7].

VY poborti [8] neTanpHO BUKJIAAECHO iH(OPMALI0O CTOCOBHO BIIOMHX METOJIIB 30MpaHHs
reonpoCTOPOBHUX JaHUX. Y pailoHi 1 maHi mpo MEepeImKoay HaJaloThCs 100 MEPEIIKo 3a-
BBUIIKH Ounbmie 100 M Hag moBepxHEro 3emii [5; 9].

BujineHHsi HeIOCTiIKEHUX YACTHH 3arajbHoOI MpodjaeMu. AHali3 HaBeIEHUX JKEPeT
JI03BOJISIE 3pOOMTH BUCHOBOK, IIJ0 CTOCOBHO paiioHy | aepomnopry, IKUM € TEpUTOpis IepKaBH,
HaBE/ICHO CylepewsnBa iH(popMallis 111010 BUKOPUCTAHHS TOTO YU 1HIIIOI'O METO/Y BU3HAYCHHS
penbedy MICIIEBOCTI Ta MEPEIIKOI.

Merta crarTi. ['0I0BHOIO METOIO CTATTI € aHAI13 METO/1iB MOHITOPUHTY TPOCTOPOBOI iH(DOP-
Malrtii 110/10 MiCII€BOCTI Ta MEPEIKO Y paiioHi | aeponopTy 3 BUKOPUCTAHHIM PaIl0JIOKAIIHUX
CUCTEeM KOCMIYHOro 0azyBaHHS, siki 0 3a10BonbHsHM BuMoru IKAO B paiioni 1 aeporiopty.

Bukaa ocHoBHOro martepiaJgy. 3riHo 3 HopmMaTuBHUM J10KyMeHToM IKAO [5] kinbkicHi
BHMOTH CTOCOBHO JIaHMX IIPO MICLIEBICTh Ta MEPEUIKOIU B paiioHi 1 aepornopTy MaloTh Xapak-
TEPUCTUKH, HaBEZICHI B TaOIHILII.

Taomums
Kinvkicni gumoau w000 danux npo micyesicmoe ma nepeukoou 6 patioui 1
. [Toxubka Po3ninpHa 31aTHICT [Toxubka .
InTepBan mix nocramu .y " . Josipua

) X V BEpTHKAIbHIN y BEpTHKAIbHIN y TOPU3OHTANBHIA |, " . % .

(ISt MaHWX PO MICIIEBICTB) . . . HWMOBIPHICTh
TUTOLIMHI TUTOLIMHI TUTOLIMHI
3cayru (90 m 30m 1M 50m 90 %
Ay

Ipumimxa. Tlepio OHOBICHHS TaHUX — 332 HEOOX1HOCTI.

ITig micueBicTIO pO3yMilOTh «HOBEPXHIO 3eMJll 3 TAKMMH NMPUPOJHUMH €IEMEHTaMH, 5K
ropH, ropOou, XpeOTH, TOTUHU, BOJM, BIYHUH JIiJI, CHIT, 32 BUKITIOYCHHSIM MEePEIKo [5].

[epemkogamu BBaXKAaOTHCS BC1 HEpYXoMi (TIOCTiHHI 200 TUMYACOBI) 1 pyXxoMi 00’ €KTH abo
YacTUHA iX, [110: PO3TALIOBaHi B 30Hi, SIKa MPU3HAYEHA JJIsl PyXy MOBITPSIHUX CYyJIeH IO TIOBEp-
XHi; 200 MIIHIMAIOTHCS HAJl BUBHAYEHOIO MMOBEPXHEIO, 1110 IPU3HAUEHA /7S 3a0e3MeYeHHS 0€3-
MIEKH MOBITPSHUX CYJICH B MOJIbOTI; a00 nepeOyBaroTh 32 MeKaMH LIUX BU3HAYEHUX TTOBEPXOHb
1 pO3LIHIOIOTHCS, K TaKi, 110 HeOe3MeuHi I MOBITPsIHOT HaBiramii [5; 9].
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Kopucrtyrounch nanumMu TabauIll 1m0/10 TOYHOCTI Ta PO3JALIBHOI 31aTHOCTI, MOXKHA BUKO-
HATH MiAOIp METOIB 3HIMAHHS MICIIEBOCTI Ta MEPEIIKol y paiioni 1 aepomopry.

Huni panionokartiiii 3HIMaHHS BUKOHYIOTb 13 HOCIiB 32 JJOMIOMOT'OI0 paii0JIOKAIIITHUX CUC-
TEM 13 CHHTE30BaHO0 aneptyporo (Synthetic Aperture Radar) 3 BukopuCTaHHSIM METOAY 1HTEp-
dbepomerpii, o 103BOJSE OTPUMATH JJaHi PO penbed MiCLIEBOCTI HA BEUKUX TepUTOpisx. [e-
peBaramMu pajioNoKaIifHOro 3HIMAHHS € MOXKIIUBICTh OTPUMAHHS 300paKeHb B YMOBAX, KOJIH
00’ €EKTH 3aKpHUTI XMapaMu, TYMaHOM, TMMOBHUMHU 3aBiCaMH TOIIO Ta B Oy b-saKuii 4ac qo6u [8].

Tak, Oys10 BUKOHaHE pajioyioKalliiiHe Tonorpadiyae 3HiIMaHHs OUIBIIOT YACTUHU TEPUTOPIT
3€MHOI KyJIi, 32 BUHSATKOM CaMHX MMBHIYHHUX, HAHOUIBII MIBJACHHUX IIUPOT, & TAKOK OKEaHIB

(puc. 1) [10].

-Bg
=B Eel-lx] =10 = -1+ -0 o =) (1= By 180 l-tc] 180

varo @l 1 = ol LONGITUDE waren o]+ oS
Puc. 1. Cxema noxpumms 3nimannsim SRTM nosepxmi 3emni (nosnauenns: Land 0-1-2-3-4;
Water 0-1-2-3-4 cnogiwaioms npo KilbKicms 3HIMAHb OLIAHOK 3eMHOI 4l 60OHOI NOBGEPXHI)

3uimanHs TpuBano 11 guiB y moromy 2000 p. Ta 3acToCOBYBaslach CHEIliaibHA pajapHa
cucTema, sika 6a3zyBaniach Ha KOCMiYHOMY KopaOmi Space Shuttle. /[Boma pamgionokariitHumMu
ceracopamu SIR-C(Space borne Imaging Radar) i X-SAR (Synthetic Aperture Radar) - pana-
pamu i3 CHHTE30BaHOKO allepPTYPOI0 KOCMIYHOTrO 0a3yBaHHS, SIKi MPAIIOIOTh Yy Jianma3oHax pa-
nioxBuib 15-7,5 cMm (C) ta 7,5-3,8 cm (X) [10], Oyno 3i0pano monasn 12 TepabaidiT naHuX Ipo
penbed 3emmi. Micis gictana Ha3By CYMyTHHUKOBOTO PadiojoOKaIiifHOro TonorpadiqHoro 3Hi-
manHs (Shuttle radar topographic mission (SRTM)) V nincymky Oyna oTpumana mudpoBa Mo-
nenb penbedy 3emii. TouHICTb i€l MOJIeNi KOJMBAaIach 3alie)KHO Bl TepUTOpii 3HIMaHHS. Tak,
HaliMeHI1a abCoJIF0THA TTOXMOKA B TUIaHI CTAaHOBWIA 7,2 M — JJis TepuTopii ABCTpaitii, a Mak-
cuMaibHa abcomoTHa noxubka 12,6 M — misa teputopii IliBHiuHOT AMepuku. MakcumanbHa
abcomoTHa MoXuOKa 1Mo BUCOTI JAopiBHIOBana 9 M juis tepuropii [liBHIYHOT AMepuky, a MiHi-
ManbHa 5,6 M — 15 Teputopii Adpuxu. ns tepuropii €Bpasii — ae 3HaXOAUTHCS YKpaiHa,
TakKi moxuOku cTaHOBWIH 8,8 M y TUIaHi Ta 6,2M 10 BUCOTI. Po3ijbHA 34aTHICTh Y BEPTHUKATIb-
Hil TUTOLMHI cTaHOBMIIA | M, a pO3JIIbHA 37]aTHICTh Y TOPU30OHTANbHIN TutomuHi — 30 M [10].

PizHoBugOM pagionokauiitHoi iHTepdepomeTpii € Mmero iHTepdepomMeTpii CTIHKUX BiIOH-
BayiB 3 BUKOPUCTaHHSIM paZapiB 3 CHUHTE30BAHOIO aANEPTYpPOI0 KOCMIYHOrO OazyBaHHSA
(Permanent Scatterer SAR Interferometry — PSInSAR). ¥ upomy MeTo1i Ik TOYKOBI CTiHKi Bif-
ouBayi (pointwise permanent scatterers) BUKOPUCTOBYIOThCS CIIOPYIU, Oy IiBIl, METAIEB] IIpe-
JIMETH, TJIOHU, aHTEHH, BIAKPUTI T1pChKi mopoau (puc. 2), ki MalOTh BUCOKY BiZIOMBHY 3/1aT-
HICTh JI0 PATIOXBWJIb 1 CIYTyIOTh CTIMKMMM BiAOMBauaMu paioiOKaIifHOIO CHTHAITY
BIIPOJIOBXK CEAHCIB CIIOCTEPEIKEHb, AKI MEPIOAUYHO MOBTOPIOIOTHCS [11].
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Puc. 2. Bioobpasicenns npupoorux i mexHo2eHHUx noCmitiHux 8ioousayis
¥V 8U20i NPAMOKYMHUKIE | Ha padionoKkayiiHoMy 3HIMKY

VY pe3ynbTaTi BUKOPUCTOBYIOTH 0aratro 300paxenb, MiHIMyM 20—25 3HIMKIB, 110 OXOILTIO-
I0Th Ty CaMy TE€PHUTOPIIO, IO MiABUIIYE TOUHICTh BU3HAYCHb. [10X1OKHU B 300paskeHH1 00’ €KTIB
MICIIEBOCTI 32 paxyHOK Jiii aTMocdepu Ta opOiTalbHI MOXUOKH MpakTU4HO ycyHeHi [10]. Bka-
3aHUM METOJIOM JIOCSTAETHCS TOYHICTD CTIMKHMX BiI0OMBaUiB y BEPTUKAIBHIN IUIOMKHI OIHU3BKO
1 M [11], a mnoxnbKka BU3HAYEHHS BUCOT IHIIMX 00’€KTIB MICIIEBOCTI 3T1iHO 3 JOCTIPKCHHIMU,
HaBeJeHUMH y Jkepeni [12], cranoButh 14 M. Huni metoauky PSInSAR 3acrocoBytoth amst
MOHITOPUHTY OCiJIaHH: 3eMHOI TOBEPXHI B MiCTaX, L0 JI03BOJIsI€ BU3HAYaTH AedopMariii mose-
PXHIi 3 TOYHICTIO 710 MiniMeTpiB [11,12].

Binome BUKOpHCTaHHS yrpyyBaHHS CyIyTHUKIB JUCTaHIIMHOr0 30H1yBaHHs 3emii (/133)
(puc. 3).

Puc. 3. Yepynysanuns cynymuuxise /133: TerraSAR-X i TanDEM-X

Tak, cymicHe Bukopuctans cynytHuka TerraSAR-X 3 pamapamu 31 CHHTE30BaHOIO arep-
Typolo, 3anyieHoro 15 uepsus 2007 poky, Ta cynytHuka TanDEM-X, 3anymenoro 21 yepBHs
2010 poky, 103BOJIsi€E BUKOHYBATH BUCOKOTOUHY 1HTEP(PEPOMETPIiI0 CAHTUMETPOBOIO TOUHICTIO
— JUIsl BU3HAUEHHS OCIJ]aHb Ta PO3JIOMiB 3eMHOI TOBEPXHI Ta 3a0€3MeUnTH I100aIbHE TOKPUTTS
36MHOI IOBEPXHI BUCOKOTOUHOIO IIU(PPOBOIO MOJEILIIO peibedy 3 TOUHICTIO 3a BUCOTOIO HE
meHire 2 M. [IpoctopoBe po3pizHeHHs cTaHOBHIIO OJu3bko 1 M [13; 14].
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V¥ 2020 pori 6yi10 BUBEJICHO Ha HABKOJIO3EMHY OpOITYy CYIyTHHUK 13 CHHTE30BaHOIO aIlepTy-
poro pagionokariitHoro criocrepexxenns Capella-2 (puc. 4) [15].

Puc. 4. Cynymnuk 3 cunmesosanoro anepmypoio Capella-2 na nagxonozemuiii opoimi

Leit ynikanpHuil Mikpo cynmyTHUK Mae Macy 107 kr. Kpim Toro, iioro 3HimanbpHa anaparypa
Mae HaJBUCOKY MPOCTOPOBY pO3AiIbHY 31aTHICTH S0x50 cM. Lle mocsaraerbes eneKTpOHHUM
YIPaBIIHHAM aHTEHOIO 3 METOIO 3aTPUMKH €KCIIO3M1LIT MiciieBocTi 10 60 CeKyH]I, y TOH yac sk
nomepeHi BepcCii CymyTHUKIB MOTJIM MaTH €KCIIO3UIIII0 TOTO K CaMOT0 paiioHy MOBEpXHI 3eMITi
Ha MPOTA31 KUJIBKOX CEKyHJI. 3a paXyHOK TPHUBAJIOI B 4aci BUTPUMKH IiJBHIY€ETHCS TOUHICTb
iHTepnpeTalii Ta aHajily AaHUX. Takuil peXUM 3HIMAHHS HOCUTHh Ha3BaHY «IIPOXKEKTOP»
(Spotlight). Cmyra npomyckanns 300paxenss 30utbniena 10 500 MI'n, y nmopiBHsSHHI 3 aHAIIO-
ramu, siki MaroTh oomexxeHHs 10 300 MI' [15].

Ha puc. 5 nokaszano po3ramryBanHs nitakiB B LlenTpi aBiamii Posyena B Hero-Mekciti, sike
orpumMano Bix cynytHuka Capella-2. BugHo mitaku Ta iXHi TiHi, IKi pO3KpUBalOTh TaKi HE3HA-
YHI JieTai, 5K po3Mipu kKaOiHu eKinaxy, ABUryHu [15].

Puc. 5. Padionoxayitine 300paicenns Llenmpa asiayii Pozyena ¢ Hoto-Mexciyi

3 HaBEJCHUX JDKEPET CTAE 3pO3yMUTHM, IO SKICTh TEXHOJIOT1] PaiioIOKAIlIHHOTO 3HIMaHHS
HEBIUHHO MOKPAILye€THCS B HANPSAMKY MiJIBUIIIEHHS TOYHOCTI Ta PO3JUIBHOI 34aTHOCTI 300pa-
JKEHb, SIK1 BIIIOBIIAI0Th Hapa3i TOYHOCTI Ta pO3/AiIbHIN 34aTHOCTI, SIKI BUCYBAaIOThCS BAMOTaMH
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IKAO cTocoBHO BelleHHsI €JIeKTPOHHOI 0a3M JaHUX MICLEBOCTI Ta MEPELIKO B MEXax BCi€i
nepxaBu — paiiony 1 aeponopty. Taki 0cOOIMBOCTI palioNIOKAIIHHOTO 3HIMAHHS, SIK MOXJIU-
BICTh OTPUMAaHHs 300pa’keHb B yMOBaX, KOJIM 00’ €KTH 3aKPUTI XMapaMu, TYMaHOM, JTUMOBUMH
3aBicaMu TOLIO B OyIb-SIKMI Yac 700 poOIsATh HOro BaXKJIMBUM 1HCTPYMEHTOM MOHITOPUHTY
MICIIEBOCTI Ta MEPEIKO/.

Henonikom panionokaiiiHOTro 3HIMaHHS € 3aTIHEHHS 300pa)KeHb HUKYUX €JIEMEHTIB Mic-
[[EBOCT1 BUIIIMMH.

Kpim Toro, /i BeleHHs eNeKTPOHHOI 0a3u JaHUX MICLIEBOCTI Ta MEPEUIKOJl HEOOXiJHO
MaTH 1 aTpubyTHBHY iH(opMarito mpo Hux [5]. YacTuHy Takoi iHdopmarlii MOKHA OTpUMATH
TIJIBKH HA36MHUMH O0OCTEKEHHSIMH.

Tomy nponoHyeTbcst pO3IUTUTH MOHITOPUHT paiioHy 1 aepornopTy Ha ABi CKJIAI0B1: EPBUHHUN
Ta BTOpUHHUH. [IepBUHHUIT MOHITOPUHT BECTH 3 BUKOPHCTAHHSM CYITyTHHKOBHX PaJiOJIOKaIlii-
HUX METO/IIB, 5IKi 3a0€3Me4yI0Th BIMOBIIHY TOYHICTH 1 PO3AUTLHY 3[aTHICTh T IOTIOMAararoTh BH-
SBUTHU HEOE3MeUHl /Ul aBiallitHOro pyXy 00’ €KTH MICLIEBOCTI Ta BTOPHHHHMA, 3 BUKOPUCTAHHAM
Ha3eMHHX METOJIIB OOCTEKEHHS — JIs1 YTOUHEHHS aTpUOYTHBHUX JTAHUX TIPO L1l 00’ €KTH.

BucHoBku BignmoBigHo a0 crarri. CydacHi METOIM CYIyTHUKOBOTO PaJiojIOKaLiHHOIO
3HIMaHHS JO3BOJISIOTh BU3HAYUTH IJIAHOBE Ta BUCOTHE MOJIOXKEHHS 00’ €KTIB MICIICBOCTI B paii-
OHi aeponopTy | (TepHUTOpist Iep>KaBH) 3 TOYHICTIO Ta PO3AUTLHOIO 3JATHICTIO, SIKa BiJIIOBiIa€
Bumoram IKAO 11010 BeieHHs eeKTPOHHOT 0a31 JaHUX MPO MiCLIEBICTh Ta mepemkou. [Ipo-
MOHYETHCSI BAKOHYBATH TepIy (pa3y MOHITOPUHTY 00’ €KTIB MiCLIEBOCTI Ha TEPUTOPII JeprKaBH
3a JOIOMOTOI0 CYIIyTHHKOBOT'O PajiiojIOKaliifHOro 3HIMaHH, a Ha JApYTrii (a3l MOHITOPUHTY
3aJy4yaTd Ha3eMHE OOCTEXKEHHS — JJIsl yTOUHEHHS aTpuOyTUBHOI iH(pOopMarii o0 00’ eKTiB,
BUSIBJICHHX Ha TepIii (as3i.
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UDC 528.4
Serhiy Kryachok
MONITORING OF TERRAIN AND HIGH-ALTITUDE OBSTACLES
IN 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,
ICAO 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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Cepeiu botiiko, Cmanicnae lsawenko, Anopiu €pouienko

BIZIHOBJIEHHA JEPEB’SIHUX [IPUKPAC ®ACAJIIB CTAPOBUHHUX
BYJIUHKIB YEPHIT'OBA

Axmyanvnicme memu 0ocnioxncennn. 11iosuwyenns npooyKmusHocmi i pigHsa agmomamusayii npoyecy ueomogients i
BIOHOBICHHSL eNleMeHMI8 0epes AHOT apXimeKmypu 3a O0ONOMO20H CYHACHO20 NPOSPECUBHO20 OONAOHAHHS € OOHUM 3 eheKmiu-
BHUX ULTAXIB BIOPOOJICEHHS ICMOPUUHUX 00 '€KMIE Oeped sIHOI apXimeKmypu 8 CyHaCHUX YMOBAX.

ITocmanoexa npoonemu. Heobxionicmo Qizutno20 8I0HOGIEHHS BEIUKOT KITbKOCI elleMeHmi6 depes sIH020 pizbOieHHs
Ha ¢acadax icmopuuHux 06 ’€kmie nompebye 3ampam pecypcie Sk MamepianbHux, max i moocvkux. Tomy pospobka eucoko-
MEXHON02IYHUX CROCOOI6 BIOHOBIEHHS 0epes THO20 Pi3bONeHHsl HA ICMOpUYHUX ghacadax 6ydieelv, sIKi 00360s0Mb 30epeemu
Yi pecypcu, € aKmyanbHUM 3a80AHHAM 3 RO2IAY 3a0e3neueH s 8UCOKOI edheKmuUsHOCMI npoyecis MexaHiuHoi 0opobku eupobie
i3 Oepegunu ma mamepianié Ha ii OCHOGI.

Ananiz oocnioxcens i nyonikauin. /lepes ani pizoonenns na pacadax 6yOUHKI@ pariuie 8UOMOBIANUCH BDYUHY MAUCH-
pom. Binvwicmu icnyrouoi nimepamypu i 3a3naveni 8 Hiti pexomenoayii Hanexdcams 00 PyUHUX Memooié GUCOMOGIEHHS 0eKOpY
Gacadis, ane 36axcarouu Ha 8eIUKY KLIbKICHb NOBMOPIOBAHUX eLEMEHMIB, OHU € HENPOOYKMUSHUMU.

Buoinenns nedocniorycenux uacmun 3azansnoi npoonemu. Huni e 3nauna Kinvkicms npuxiadig i npono3uyiil 8i0Ho6-
JleHHA ye2AHuxX acadie icmopuunux Oyodisens. Poboma 3 depeg’sHumu ghacadamu 030001enumu pizbOIeHHAM MA€E C80i 0COO-
AUBOC, AKI BUCGIMIEH] He NOBHOIO MIPOIO | NOMPedYIOMb HAOAHHS NPAKMUYHUX PEKOMEHOAYill 3 YPaxy8anHAM MeXHIYHUX
MOACTUBOCMET CYUACHO20 OONAOHAHHSL.

Memotro cmammi € ananiz ocodonugocmeti GUKOPUCMAHHA CYHACHO20 MEXHONORTUHO20 00NAOHAHMHS OISl UOMOBNECHH |
8i0HOGNCHHS efleMenmie 0eped AHOI apXimeKmypu.

Buxnao ocnosnozo mamepiany. Posenanymo mexnonoeito aueomosnents depeg ssHux enemenmis dexopy ghacadie 6you-
HKi8 3 00NOMO20I0 CYYACHUX CUCMEM A8MOMamu308ano20 npockmysanns i eepcmamis 3 YIIK. IIpoananizosano éniug na
Xapaxkmep 06pobxu 06pobaosanux Mmamepianie, 8udy iHCmMpyMeHmy il pedcumie 0opooKu.

Bucnogxu 6ionogiono oo cmammi. Y medicax yuacmi y Hekomepyiiinomy npoekmi «/{epes’ane mepedicuso Yephizosay
6yn10 énepuie sukopucmarno gepcmamu 3 YIIK i cyuacui cucmemu agmomamuszo8ano20 npoeKmy8anis Ol i0HOGNeHH: Oe-
pea’amoi apximexmypu Yepniciewunu. Ilpoananizosarno énius na xapakmep o6podku 06pobrtosanux mamepianie, euoy iu-
cmpymenmy i pedcumia 06pooxu.

Kniouosi cnosa: sepcmam 3 UIIK; pizebnenns; depes’sne 0omobyoysants,; 0epeaoobpodka; oepes siHe Mepedrtcuso.

Puc.: 4. Tabn.: 1. bién.: 10.

AKTyaJabHiCTh TEMM J0CJTiTKeHHs. BiTHOBIEHHS 1epeB’sHUX €IeMEHTIB (acaiB cTapo-
BUHHUX OYJMHKIB — CKJIaTHUI TEXHOJIOTTYHUNA MPOIIEC, IKUN BKIIIOYAE CTAJil €CKI3HOTO MPO€E-
KTy, MATOTOBKM BHUPOOHHIITBA, OOpOOKM AepeBHHH, (piHimHI omepauii, ¢papOyBaHHS, CKia-
JaHHS 1| MOHTaX KOHCTPYKLIN. [1i1BUIIEHHS IPOLYKTUBHOCTI i PiBHS aBTOMAaTHU3AIli] MPoLeCy
BUT'OTOBJICHHSI Ta BITHOBJICHHS €JIEMEHTIB J€pPEB’AHOI apXiTEKTYpH 3a JOINOMOr'OI0 CYy4acHOTO
IPOrPECUBHOTO OOJaJHAHHA € OJHUM 3 €(EeKTUBHUX MLUIIXIB BIAPODKEHHS 1CTOPUYHHUX
00’€KTIB JiepeB’ sIHOT apXITEeKTypU B Cy4aCHUX yMOBaXx.

ITocTanoBka npodaeMu. YepHIriBmuHa € OJJHUM 3 HAHOUIBII iICTOPUYHUX 1 MAIOBHU-
yuxX KyTOukiB YKpainu. OJHa 3 MpUKpac HAIIOr0 PErioHy — IIe AepeB’siHa apXiTeKTypa mpH-
KpalleHa pi3bOJeHHM 1 iIepeB’ sHUM MepexuBoM. KoxkeH Takuil Oy AMHOK Ma€ CBOIO iCTOPii0
1 3HAUYEHHS B )KUTTI MICTa, aje JEpeBO € MPUPOJHUM OyIiBEIbHUM MaTepiajioM 1 HaxKajb 3
qyacoMm, Mij Ji€ro pi3HuX (paxTopis, BTpayae popmy, Komip, CTPYKTypy 1 pyiiHyeThes. B micTi
Jlie BOJIOHTEpChKa iHiliatuBa «Jlepes'sHe MepexxuBo UepHIroBay», sika € HEKOMEpPLIHHUM
MIPOEKTOM, 1110 MOKIMKAHUI 30epertu epeB’ssHy apXiTekTypy UepHIriBImIMHHU Ta BiAPOAUTH
mo60B Ta nosary sroaen 1o Hei [1]. o movarky cmiBnparii «/lepeB’sHOro MepexuBay» 3 Ka-
benporo TexHOJOTH MamMHOOYIyBaHHS Ta JaepeBooOpodkn HY «YepHiriBcbka mosiTex-
HiKa» BOJIOHTEPH BUPI3AIM €IIEMEHTH JepeB’STHOrO 03/00JeHHs OyauHKIB BpyuHy. Lle xoua
i BIANOBiIa€ TPAIMIIisAM IEPEB’SHOTO Pi3bOJICHHS, alle € JyKe CKIAAHUM 1 TPYJIOMiCTKHM
MIPOIIECOM, a 3BAKAIOUM Ha YUCENbHICTh 1 TEOMETPUYHY CKIIAJHICTh €IeMEHTIB, 5Kl MOTpedy-
BaJIM 3aMiHU, TAKUH MiX1J1 3HAYHO 3MEHIITYBaB KiJbKICTh 00’ €KTiB, IKi MOTJIU OyTH BiJIHOB-
JICHUMH. 3 METOI0 3MEHIIEHHs KUTbKOCTI PyYHOI Ipalli 1 MiABUIEHHS MPOLyKTUBHOCTI 00po-
OKM BUHUKJIA 1Jiess BUKOPUCTAHHS CYyYaCHUX TEXHOJIOTiH, 30KpemMa (ppe3epHoro Bepcrara 3
UIIK, ans BIAHOBIIGHHS iICTOPUYHHX T1aM’ ITOK.

© boiiko C. B., Isamenko C. K., €pomerxo A. M., 2020
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AHaJi3 ocTaHHIX AocaiTKeHb i myOaikaniil. Huni Mano XTo 3 0COOIMBOIO PETETBHICTIO
BUOHpAE eJIEMEHTH JCKOPY Ta Bi3€pYyHKH, SKHUMHU MPUKpAIIAOThCS Gacaau OyAUHKIB, 3aMHUC-
JIIOIOYKCH MPO iXHE npu3HadeHHA. OHaK paHille KOXKEH eJIEMEHT Bi3epyHKa MaB CBOE CMHC-
JIOBE HABAHTAXKEHHS 1 CIIY>KUB Ul 3aXucTy OynuHKy. ChOrojHi, Ha JOIOMOry MaicTpam Je-
Jaji YacTille MPUXOAATh Cy4YacHI TEXHOJIOTIi 1 MOXKIMBOCTI MPOMHCIOBOIO BHUPOOHHUIITBA,
JI03BOJISIFOUM OTPUMYBATH IIEIEBPH U yHIKalbHI 3a Kpacoro (acaau i OymoBu. Sk 1 panimie
JIepeB’siHI €IIEMEHTH JAEKOPY 3’ SBISIOTHCS Ha (pacaiax K pe3ysbTaT KOIITKOI mpalli TaJaHOBH-
Toro Maiicrpa. Hacto agbTepHATUBOIO € BUKOPHCTAHHS T'OTOBHMX JICKOPATUBHUX €JIEMEHTIB,
OTPUMAaHUX IPOMHUCIIOBUM CrIocO00M. BrucokoToune cyuyacHe oOnagHaHHs JO3BOJISIE OTPUMY-
BaTH yHiKaJbHI BUpoOH. [Ipy IbOMy MOXKHa OTpUMYBAaTH BUPOOU MOPIBHIHO MaJIOi TOBILMHH,
SK1 CKJIAJJHO OTPUMATH BPYUHY 4Yepe3 MPUPOJHY KPUXKICTh JepeBUHU. BublIicTh HasBHOT Jii-
TepaTypH i 3a3HaueHi B Hili peKOMEHIallii HaJIeKaTh JI0 pyYHUX METO/IIB BUTOTOBIICHHS IEKOPY
¢acanis, ane BpaxOBYIOUH BEIHUKY KiJIbKICTh TOBTOPIOBAHUX €JIEMEHTIB, BOHU € HE IPOIYKTH-
BHI [2; 3; 4]. Kadenpa texHosoriii MmamuHoOytyBanHs Ta aepeBooopodku HY «UepHiriBcbka
MOJIITEXHIKa» Ma€ A0CBiA 00’ eMHOTro (hpe3epyBaHHsI BUPOOIB CKIaIHOI (POPMH, 30KpeMa BUPO-
OHuITBa MebneBux ¢acaniB 3a momomororo cydacuux CAM-cuctem Ha Beperati 3 UIIK [11].
[Momryk mpxepen 1 iICHyIOUHMX TEXHOJIOT1H BKa3ye Ha BIACYTHICTh JOCTAaTHBOI KUIBKOCTI iH(OP-
Marlii 1 peKoMeH il I0JJ0 BUKOPUCTAHHS Cy4acHOI0 JAepeBOOOPOOHOro 0bIaHaHHS 3 Me-
TOIO BIJIHOBJICHHS Pi3bOJICHHS 1 MEpexuBa JiepeB’ THUX (acaiB Oy1iBeib.

BujineHns He0CIiI:KeHNX YACTHH 3arajabHOI npodaemu. HuHi € 3HaYHa KUTBKICTh MPHU-
KJIaJ(iB 1 MPOMO3ULiI BiJIHOBJIEHHS LEriIsHUX (acadiB icropuuyHux OyxiBens. Pobora 3 ne-
peB’ssHuMu (dacagaMu 03100JICHUMH Pi3bOJICHHSIM Mae CBOi OCOOIHMBOCTI, SIKi BUCBITJICHI HE
MIOBHOIO MipOIO 1 MOTPEOYIOTh HAJaHHS MPAKTUYHUX PEKOMEHAlliN 3 ypaxyBaHHIM TEXHIYHUX
MO>KJIMBOCTEH Cy4acHOTO 00JalHaHHS.

MeTto10 cTaTTi € aHani3 0coOJIMBOCTEN BUKOPUCTAHHS CyYaCHOTO TEXHOJIOTTYHOro 00aj-
HaHHS JJI11 BUTOTOBJICHHS 1 BIIHOBJICHHS €JIEMEHTIB JIEPEB’ SIHOI apXiTEKTyPH.

Bukiaag ocHOBHOro marepiajy. Y cTarTi mijie MOBa Mpo TEXHOJIOTiI0 BiJHOBICHHS Jie-
PEB’SHOrO MepeKuBa Ha CTApOBHMHHUX OyAMHKaxX Micta YepHiroa 3a JOMOMOIOI0 Cy4acHOI'O
nepeBooOpoOHoro obmagHanus. Kadenpa texuonoriii MmammHoOy1yBaHHsS Ta J1€peBOOOPOOKH
HAaIlIOHAJIBHOTO YHIBEpCUTETY «YepHIriBChKa MOMITEXHIKA» CTajla YYaCHUKOM HEKOMEPIUHHOrO
npoekty «/lepeB’sine mepesxuBo UepHiroBa». HuHi BUTOTOBIIEHO €J1eMEHTH JIeKOpY [uis (acaiB
TPbOX ICTOPUYHMUX 00’ €KTIB, IPO TEXHOJIOT1I0 BUTOTOBIICHHS SKHUX 1 11 0COOIMBOCTI Mijie MOBA.

Haii0inp1 mommupeHi 1epeB’siHl eJIeMEeHTH, 110 3ycTpivatoThes Ha (acanax [5], y BiAHOB-
JICHHI SIKMX HaM JI0BEJIOCh OpaTH y4acTh, Lie:

- ni030p — OCHOBHUI NEKOPATUBHUIA €JIEMEHT, YacTO 33Ja€ TOH BCiii KOMMO3MIIii. 3a BH-
3HA4YEeHHSM, MiJ30paMH Ha3UBAIOTHCS IIMPOKI KAPHHU3H, 110 CTBOPIOIOTH Bi3yaJbHE PO3MEXKY-
BaHHS MK OCHOBHOIO YacTHHOIO 1 ropuieM. Lle nexkoparuBHa pi3p0i1eHa 00sIMiBKa KapHHU3IB,
JIMIITBA 1 T. 1H.;

- PYWHUK — KOPOTKa JIOIIKa, PUKpalleHa pi3bOJICHHAM, 1110 3aKPUBA€ MICIe CTUKY Ii-
n3opy. [IpukpaniaBcst eneMeHT 3a3BUUail COHTYHUMH CUMBOJIaMH. 3a3BUYail Ha JIMIIbOBIN Yac-
TUHI OyZIMHKY PO3TAIIOBYBAIMCS TPU PYIIHUKU. Lle CHMBOIII3yBaJIO pyX COHIIS IO HEOOCXHITY
— CXIJI, 3€HIT, 3aX1]I;

- CaHOpuK — 11e OJIMH BapiaHT BIKOHHOIO JIEKOPY, 11€ HEBEIMKHUI JEKOPAaTUBHUI KapHU3,
BiH TaK caMO MOK€ BCTAHOBJIIOBATHUCS 1 HaJ JBEpUMa, 30KpeMa i y MPUMILIEHHI, YacTO Ma€
TPUKYTHY a00 cepuuny dopmy;

- ninacmpa — WIACKUN BEPTUKAIbHUHN, IPIMOKYTHHUH y TUIaHI BUCTYII, HA TIOBEPXHI CTIHH,
MOJK€ MaTH SIK KOHCTPYKTHBHY, TaK 1 J€KOpaTUBHY (YHKIIIi, HallyacTime MijsiCTPY BUKOPHUC-
TOBYIOTb SIK IGKOD JJIs1 0300JICHHS 1 pUTMIYHOTO WICHYBaHHS IIOPOKHBOTO TJIa CTiHH, (acamy,
J3BIHUII TOILO.
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[leprie 3 4oro NOYMHAETHCSA MPOLEC BITHOBJICHHS — II€ CTajisl €CKi3HOro MmpoekTy. Ocki-
JILKYU JIepeB’siHI eleMeHTH (pacaiy IUIaHy€eThCsl BATOTOBIISITH 3a Jloromororo Beperara 3 UIIK,
TO PE3yJbTaTOM IIHOTO €Talmy Mae OyTH BEKTOp, L0 CTaHE OCHOBOIO IJISl MiJITOTOBKH KOIY
yHpaBisiiouoi nporpamu. IcHye 6e3iiy Jpkepen e MOXKHa 3HaWTH TOTOB1 BEKTOPHI MAJFOHKH
MepexHBa [yl 3aBaHTaKEHHS 1 CIOCOOM CTBOPEHHS 1a0I0HIB 7S IEPEHECeHHS iX Ha 3aroTo-
BKY B pa3i pyyHOro BUTOTOBJICHHS JeTanei [5; 6]. Ane B HAalIOMy BHUIAAKy HTHUMETHCS MPO
KOHKPETHHUI MaJIOHOK MEpEeXHBa 1 Mpo 3a/1a4y Horo BigHoBIEHHS (puc. 1).

Jlnist CTBOpEHHSI HEOOX1AHOTO BEKTOPY 3 BUKOPHCTAHHSIM CyYaCHHX CHCTEM aBTOMAaTHU30Ba-
Horo npoektyBanHs (CAIIP) nocratHpo oTorpadii momkopKeHOro elneMeHTy i rabapuTHUX
PO3MIpIB, SIKi TO3BOJISIOTH BCTAHOBUTH BIAMOBIIHUI MaciiTad 0o0’ekry [7; 8]. Bektop 6yaemo
CTBOpIOBATH 3a jonomoroio cuctemu ArtCAM, ska Mae HeOOX1AHUN HAOIp IHCTPYMEHTIB IS
BIITBOPEHHS BTPAYCHOT YaCTHHU OpHaMEHTY (puc. 1).

Puc. 1. Ilowkooocenuii enemenm i il0MmeopeHUli 6eKMOPHULL MATIOHOK
3a 00ONOMO2010 IHCIPYMEeHmMi6 cumempii

IcHye kinbKka criocoOiB CTBOPEHHS BEKTOPY:

- TMepIIni, HAWIIBUIMINMN, 1€ (YHKIisS aBTOMAaTHYHOTO (pOPMyBaHHS BEKTOPY HAa OCHOBI
pPacTpOBOro MAIIOHKY 3 BUKOPUCTAaHHAM OCHOBHOTO KOJILOPY, aJie BPAXOBYIOUH IMOIIKOPKEHHS
1 BIICYTHICTh YaCTUHU OPHAMEHTY IIeH criociO He € epeKTUBHUM Y I[bOMY BUIIAIKY;

- JIpyr'uid, HAHECEHHs KPUBUX HAa MEX1 OPHAMEHTY 1 KOTIIFOBaHHS 3a I0ITIOMOTOI0 IHCTPYMEHTIB
CHMETpIT [T BIATBOPEHHS MOIIKOKeHOT yacTuHu. Leit croci y 1iboMy BUTIAIKY AO3BOJISE BiAT-
BOPHTH BTPaueHi €JI€MEHTH, BUKOPHCTOBYIOUM CUMETPUYHI €IeMEHTH, 1110 30eperimcs (puc. 2).

CTBOpeHuil BeKTOp Mae OyTH 3aMKHEHHIA, HE MaTH PO3PUBIB, 1110 € 0OOB’SI3KOBOIO YMOBOIO
HOro MoIaJIbIIOr0 BUKOPUCTAHHS IS ITIATOTOBKY YIIpaBiIsito4oi mporpamu uig seperata 3 UITK.

VY nmpoexTax, 1110 NpeICTaBIeH] B CTAaTTi, BEKTOPH OyJIM CTBOPEHI OYLJIBHUKOM MPOEKTY «/Jle-
peB’siHe MepexuBo UepniroBa» CraniciaBoM [BallieHKOM Ha OCHOBI OOMIpIOBaHHS €JIEMEHTIB
¢acanis, siki morpeOyBaiy 3aMiHH.

HactynHuii eram — 11e miaroToBka BI/IpO6HI/II_ITBa KU BKJIIOUae BUOIp MaTepiany 3aroro-
BKH, BUPOOHUIITBO 3arOTOBOK HEOOX1THUX PO3MIpIB, TpOrpaMyBaHHs 00poOku Ha BepcTaTi 3
YIIK. ¥V Ounpmiocti pekoMeHaaliii CTOCOBHO BUOOPY MaTeplaJIy U1 BUPOOHMIITBA €JIEMEHTIB
¢acany OyaiBenb WAEThCS MPO XBOMHI MOPoan (SIK OLIBII CTIHKI 10 aTMOC(EPHHUX BIUIMBIB, 32
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paxyHOK HasBHOCTi cMoun) [5; 9]. [lo iHIIMX BUMOT CIIiJ] TAKOXK BiTHECTH BIICYTHICTH Jie(heK-
TiB, 10 YCKJIQJHIOIOTh POOOTY ab0 NCYIOTh BUPIO; HAJJIMIIKOBY BOJIOTY, 1HAKIIE NMPH BHCH-
XaHHI JIpeBUHA JKOJIOOUTHCS 1 TPICKAETHCS. AJle B HAIIOMY BUIAJIKY WIETHCS PO aBTOMATH-
3alil0 BUPOOHMIITBA i OOpOOKY 3a JIOMOMOroro ¢pe3, 4yacToTa OOEpTaHHS SKHX CSAraTUMe
15000-18000 xB™! i HastBHICTH CMOJIM XBOMHMX HOPi cTana GakTopoM, IO YCKIAJHIOE IPOLEC
00poOku. O0pobOKa 3ailicHIoeThCs Ha Beperarti 3 UIIK i ToMy BHCOKa TBepiCTh JepeBUHH (YO0,
rpad, sceH i T. iH.) — 11e OlIblIe nepeBara, HiXK HEJOMIK. A MiJIBUIIUTH CTIHKICTh O aTMOche-
pHUX 1 610JIOTTYHUX BILTUBIB MOKHA 32 IOTIOMOT 00 3ac00iB (inimHoi 06poOku. [lopoau nepe-
BUHU TaKOX PI3HATHCS 32 MEXaHIYHUMHM Ta TEXHOJIOTTYHUMHU BIACTUBOCTAMU. ONIHIEIO 3 TOJIO-
BHUX BIIACTUBOCTEH JIEPEBUHM € ii MIIIHICTh. TeXHONIOT1YHI i MEXaHI4HI BJIaCTUBOCTI JCPEBUHU
TaKOX IMOB's3aH1 Mk c00010 [9]. [1ig yac BuUpoOHUIITBA eIeMEHTIB pi3bOIeHHS Tsl (hacamiB MU
BUKOPUCTOBYBAJIM Pi3HI MOPOJU IEPEBUHU (pHC. 2).

Puc. 2. Bueomoseneni enemenmu 0epes ’ssH020 Mepercusa.:

a — enemenmu niozopy, mamepian 0yo (m. Yepnieis, ayn. 3enena, 6yo. 15); 6 — enemenmu ninacmp,
mamepian 0y6 (m. YepHicis, yn. 3enena, 6yo. 15); 6 — canopux, mamepian 0y6 (m. YepHieis,
ey Ycnencoka, 0y0. 34); e — enemenmu niozopy, mamepian cocua (m. Yepnizie, eyn. Ycnencoia,
0v0. 34); 0, e — enemenmu pywiHuxa, mamepian cocna (c. Cmapuii binoyc, Yepniziecokuii patiot)

241



Ne 4(22), 2020 TEXHIYHI HAYKH TA TEXHOJIOI'TI
TECHNICAL SCIENCES AND TECHNOLOGIES

Puc. 2, apxyw 2

OOpobka nepeB’siHUX ejeMeHTIB BifOyBanach Ha (pesepHoMy Bepctarti 3 UIIK Vector
1210F, sxum obnamgnana naboparopist kadenpu. Bepcrar go3Bonsie BukonyBatu 3D ¢pesepy-
BaHHS, TPaBilOBaHHs, 0OpOOKY IO KOHTYpY.

AHanizyous npolec MexanigHoi 00poOku 3a nornomororo Bepcraty 3 UITK moxkHa 3po0utn
BHUCHOBKH, 1110 COCHA JOCHTb CMOJIHCTA, J0Ope 0OpOOIIAETHCS Pi3aIbHUM 1HCTPYMEHTOM IpH
HEBUCOKI Bosorocti. CoCHa € IOCTYIHUM 1 JOCUThH MOUTUPEHUM BHJIOM JICPEBUHH, 3 KO BU-
TOTOBJISAIOTH MEOJI1, aJie BHACHIIOK MEXaHIYHUX YIIKO/PKEHb, HA TOBEPXHI MOXKYTh YTBOPUTHCS
BM SITHHHU, OCKUIBKM BOHA HAJICKHUTH 10 M’ IKUX TopiJ. HasBHICTh BUCOKOTO BMICTY CMOJIU BH-
KJIMKAa€ HAJIMIAHHS Ha PI3aIbHUX KPOMKaX 1HCTPYMEHTY i 3a0MBaHHS CTPYKKO-BIJBIHUX Ka-
HABOK CMOJIOIO, SIK pe3yJIbTaT Mij yac 0OpoOKH BiquyBaeThCs IMiJBHUINEHA BiOpalis B 30Hi pi-
3aHHS, T0SIBA CKOJIB 1 3011bIIEHHS IIOPCTKOCTI 0OpOOIEHOT TOBEPXHI.

[y0, Ha BiMiHYy BiJl COCHH, HaJJ3BHYaifHO MiI[HA 1 TBEpAA MOPOJa, TOMY i 4ac Horo 00-
POOKH pi3aibHUNA IHCTPYMEHT IIBH/IIIE BTPAYa€ CTIMKICTH 1 BiZJOYyBA€THCS 3HOLTYBAHHS Pi3aib-
HUX KPOMOK, 1110 CYTIPOBOIKY€THCS OSABOIO IIyMy 1 BiOpaiii. ToBIIMHA 3ar0TOBOK KOJIMBAJIach
BiZ 25 110 35 MM 3aI€XHO BiJl BUAY €JIEMEHTA, 110 BUTOTOBJISIETHCS.

He MeHII Ba)JIMBUM MOKa3HUKOM BUKOPUCTOBYBAHOI JUIsl Pi3b0JICHHS JEPEBUHH € ii BOJIO-
rictb. Bona He noBunHa nepesuityBat 12 %. ToMy A BUTOTOBIICHHS AepeB’ sHOTO dacaj-
HOTO JIEKOpY MOTPiIOHO 0OMpaTH HE BOJIOT] 3arOTOBKH, a Ti, [0 MPOMIILIM €Tal MPUPOIHOI Cy-
IIKU. AJBTEPHATUBHUI BapiaHT — MpUAOaTH MHUIOMaTepianl KaMepHOl (aBTOKJIABHOT) CYIIKH.
OCKUJIbKM B TaKOMY JIEPEB1 BOJIOTM Maibke HE 3aJIMILAETHCS, BOHO HE TPICKAETHCS, HE JKOJIO-
OUTBHCS, TAKOXK HE 0OITHCS MOJAIBIIOr0 3BOJI0KCHHSI.
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JJ1s BUTOTOBJICHHS JIepeB’ STHUX €JIeMEHTIB (hacaly BUKOPUCTOBYBAJIACh KiHIIEBA CITipajbHA
¢bpe3a 3 BUKUIOM CTPYKKH Bropy, fiamerp (pe3u 96 MM, KUIbKICTh Pi3aIbHUX KPOMOK Z = 2.
Jliist 06poOKHM OUIBIT TOCTPUX KYTIB, SIKI 3aJIUINAIMCH MICIst Gpe3n o6 MM, OyJI0 BUKOPUCTAHO
TaKOX KIHLEBY CIipalibHy (pe3y 3 BiJBEIECHHIM CTPY>KKH Bropy, AiamMmerp ¢ppe3u o3 MM, Killb-
KICTh pi3aJIbHUX KPOMOK Z = 2.

[TizroroBka ympaBisiouuX Mporpam Juis 0OpoOKM HEOoOXiTHMX €IEeMEHTIB Ha BepcTaTi 3
UIIK BUKOHYBaNACh 3a OMOMOToI0 iporpamHoro 3abesneueHdss ArtCAM. Tpaektopito oOpo-
Ok (puc. 3) yMOBHO MO>KHA ITOAUTUTH HA JB1 YACTHHMU: TIepIlIa — 30Ha KOHTYPHOT 00pOOKH, siKa
BU3HAYa€ MEXI1 JieTali; Apyra — 30Ha BHYTPIIHBOI 0OpOOKH, YacTHHA MaTepiay 110 MpU3Ha-
YeHa JJIsl BUJIAJICHHS.

Tepemuuxu

L
I

o,
AN

A
NaN Ai&u

3ona konmyproi 06pobku

Puc. 3. ITiocomoska ynpaeisouux npocpam:
a — 6eKmop 0epes 'sIH020 eleMeHmy, 0 — MPAEKMOopisi nepemMiujeHHs IHCMPYMeHmy
(CuHiti — wWeUOKI nepemiujerts, 4epeorull — poboui xoou)

3anexHO BiJl BUJy 30HH OOMPAEThCS HAJIGKHA CTPATErisl 1 PeKUMU MeXaHI4HOI 0OpOOKH.
Jliis 3an06iranHs MOIIKOKEHb 0OpOOITIOBAHOTO €IEMEHTY IiJl 4aC OCTaHHBOT'O MPOXOY, IO
30BHIIIHBOMY KOHTYPY NependayeHi creniajabHi NepeMHUKH, sIKi yTPUMYIOTh JIeTallb IiJ] Yac
Buxofay ¢pe3u. KibKicTh 1 po3Mipu MepeMUYOK 3aJIeKaTh BiJl pO3MIpIB elIeMeHTa 1 MaTepiay
3aroToBKU. J{i1st 00poOKM BHYTPILIHBOI 30HH OyJia BUKOpUCTaHa cTparteris «2D Bubipkay, a 1uis
KOHTYpHOT 00po0Ku — cTpateris «O06poOka o mpodino» (puc. 4).

BpaxoByroun TOBIIMHY 3arOTOBKU 28 MM, KOHTYpHA 1 BHYTpIlIHs 00poOKa MPOBOANIHCH
3a KiJTbKa MpoxXoiB. [ TnOuHa pi3aHHs 3a OJMH MPOXiJ CTAHOBWIIA: IS 1yOy 3-4 MM, Uit COCHU
5-6 MM. Heo0xigHO BpaxoByBaTH, 1110 HAa BUOIp PEXKHUMIB pi3aHHs, PH 00poOIIi OTHOTO MaTe-
pilasly OJJHMM 1 TUM e iHCTpYMEHTOM, BIUIMBAE 6arato (pakTopiB, OCHOBHUM 3 SIKHX € )KOPCT-
KiCTh CUCTEMH BEPCTAT-IIPUCTPIH-IHCTPYMEHT-ETaJIb, OXOJIOIKEHHsI, CTpaTeris 00poOKH, TIIH-
OuHa pi3aHHA 32 MPOXiJ] TOLIO.

[Tix yac ¢pe3epyBaHHsT pEKOMEHIYETbCS OOUpATH TaKy CTpaTerito oOpoOKH, sika 3abe3rme-
qyye Oe3rnepepBHE 3HIMAaHHS MaTepialy i3 cTaOUTbHHUM HABAaHTA)XXEHHSM Ha 1HCTpYMeHT. J[ns
OTPUMAaHHS JOMYCTHUMOI IIOPCTKOCTI MOBEPXHi, KPOK MK Mpoxogamu (ppe3u moBuHEH OyTH
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MeHIIuM Jiamerpa ¢pesu. I1ix yac 06poOku 1piOHUX eNeMEeHTIB AeKOPY HEOOX11HO 3MEHILIUTH
HIBUJIKICTh Pi3aHHs, 00 MOMEePEANTH MOSBY CKOJIIB 1 MOIIKOKEHHs. Pexomenaanii mopao pe-
JKUMIB 0OpOOKH IIPY BUTOTOBJICHHI JAEPEB’ SIHUX €JIEMEHTIB K0Py HaBeJeHO B Tabmuii 1.

2D EuiGopra ? 30X

@ BoifpasHee BekTopsl *
N

Fnybuka pesaHns

HasajizHa:

Iil

Ilepenix

. . BilA MHCTOYMEHT
IHCMPYMEHMIB

Mill 6 mm

‘b HANPREASHIE pesadns: | MomyT.

J! e Tapamempu
nepemMutox

Jeobamvre
End Hill 2 mm

Tun

Dnar
. HaKNoHHOE BREIBHUE
Peorcumu
00poOKU

TEPERET I

Puc. 4. Bubip cmpamezii 00pobku:
a — napamempu cmpameeii «2D subipkay,; 6 — napamempu cmpamezii
«0bpobka no npoghintoy

Tabnurs 1
Pesrcumu 06pobru suxopucmani npu 8u20mo8ienti 0epes ssHuxX e1emeHmis 0eKopy

O6pooaoBanuii | Bun BUKOHYBaHUX Hacrora Tonaua
P . A Hy Tun ¢ppe3n odepTiB, XY, Mpumirka
Martepian pooit 1
XB MM/CeK
®pe3sa cripanpHa, 3yctpiune dpesepy-
Kontypna o6pobka. | aBo3axojHa: 15000- BaHHSI, TTIMONHA 3a TIPO-
Hepeso Bubipka d=3 mm, 18000 25-40 Xix He OibIIe giamMeTpy
d=6 mm, bpesn

BucHoBKH BiAMOBIiTHO 10 cTATTi. Y Mekax y4acTi B HEKOMEpLIHHOMY MPOEKTI «JlepeB’siHe
MepexxnBo YepHirosa» 0yo Brepuie Bukoprcrano Bepcraru 3 UIIK i cyuacHi cuctemu aBroma-
THU30BAHOIO MPOEKTYBAHHS JJIs BITHOBJICHHS JIepeB’ THOT apXITeKTypu YepHITiBIIHHH.

[IpoananizoBaHo eTany BUPOOHULTBA JIEPEB’ SIHUX €JIEMEHTIB JeKopy ¢acamiB OyiBelnb 3
BUKOPUCTaHHSM Cy4acHOro oosaaHanHs. [1iABUIIIeHHS TPOIyKTUBHOCTI 1 piBHS aBTOMaTH3aLlii
IIPOIeCy BUTOTOBJICHHS 1 BiZIHOBJICHHS €JIEMEHTIB JepeB’ sIHOT apXIiTEKTypH 3a JOIOMOTOIO0 CY-
YaCHOT'O MPOTPECUBHOrO OOJIAAHAHHS € OJHUM 3 €()eKTUBHUX IUISAXIB BIAPOPKEHHS 1CTOPHY-
HUX 00’ €KTIB JIepeB’THOI apXITEeKTypH B Cy4aCHUX YMOBaX.

AHanizyoun mpolec MexaHigHoi 00po0ku 3a qormomororo Bepcrara 3 UITK moxHa 3poOutn
BHUCHOBKH, 1110 COCHA JOCHTb CMOJIHCTA, J00pe 0OpOOIIA€THCS Pi3aIbHUM 1HCTPYMEHTOM IpH
HEBUCOKI Bosiorocti. CoCHa € IOCTYIHUM 1 JOCUTh MOUTUPEHUM BHJIOM JICPEBUHH, 3 KO BU-
TOTOBJISAIOTH MEOJI1, aJie BHACHIIOK MEXaHIYHUX YIIKO/PKEHB, HA TOBEPXHI MOXKYTh YTBOPUTHCS
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BM STHHH, OCKLJTBKYA BOHA HAJICKUTH JI0 M’ SIKUX Topia. HasBHICT BUCOKOTO BMICTY CMOJIHM BU-
KJIMKAa€ HAJHUIAHHS Ha Pi3aJIbHUX KPOMKaX IHCTPYMEHTY 1 3a0MBaHHS CTPY>KKO-BiABIIHUX Ka-
HABOK CMOJIOIO, SIK PE3yJIbTAT, IiJl Yac 0OpOOKHU BiTUyBA€THCS IMiJBHUILIEHA BiOpallis B 30HI pi-
3aHHSI, TTOSIBA CKOJIIB 1 301IBIIIEHHS IIIOPCTKOCTI 0OPOOIIEHOT TOBEPXHI.

Jly6, Ha BiIMiHY BiJ] COCHH, HAJ3BUYAITHO MIIIHA 1 TBEpa MOPOAa, TOMY IIiJl yac Horo o0-
POOKH pi3aibHUNA IHCTPYMEHT IIBH/IIIE BTPAYa€ CTIHKICTH 1 BiJOyBa€THCS 3HOLTYBAHHS Pi3aib-
HUX KPOMOK, 110 CYTIPOBO/IXKY€ETHCS ITOSIBOIO IIyMY 1 BiOpartii.
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1(11), pp. 159-167.

245



Ne 4(22), 2020 TEXHIYHI HAYKH TA TEXHOJIOI'TI
TECHNICAL SCIENCES AND TECHNOLOGIES
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Sergiy Boyko, Stanislav Ivashchenko, Andriy Yeroshenko
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.
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Onena Boiixo

HEPCHEKTHBH BUKOPUCTAHHA TEOIH®OPMAIIIMHUX TEXHOJIOT'TA
B AEPOIIOPTAX YKPAIHU JJIA AAIMIHICTPATUBHO-T'OCIIOJAPCBKOI'O
YIIPABJIIHHA

Axmyanvnicme memu 0ocnioncenna. OcmanHimMu poKkamu 8 aeponopmax ceimy akmugHo GNpoeaoANCyIomMvbCsa XMaApHi me-
XHORO2IT 300pY, ONPAYI8AHHS MA i3 ANI3AYil 2e0NPOCMOPOBUX OAHUX: Jla3epHe Ma Ni0apHe cKanysanHs, inmezpayis BIM/GIS
Mooenell, 3aCmMOoCY8ar s WMY4YHO20 THMENEKMY, MeXHONO02Il 8ipmyanbHOI Ma OONOBHEHOI peanbHOCHI, YUPPOBUX OBITIHUKIE
ma «po3ymHux micmy. /it Ykpainu, axa akmugHo iioe no wiiaxy yupposizayii ma 6npo8ao’CceHHs CyuacHux 2eoiH@opmayiti-
HUX MeXHON02il y 6azambox cghepax OisabHOCHI, PO3POOKA HOBUX Menodié ma nioxooig Olid AOMIHICMPAMUBHO-20CNO0ap-
CbK020 YNPABNIHHA AepOnopmMoBUMU KOMNAEKCAMU € AKMYANbHUM MA NEPCHEeKMUSHUM HANPIMOM.

ITocmanoska npoonemu. Y ybomy 00CHONHCEHHI POSNAHYIMO MONCIUBOC CYHACHUX 2e0IHPOPMAYIIHUX MA XMAPHUX
MexHON02Il | nepcnekmusu ix GUKOPUCMAHHA O AOMIHICIPAMUBHO-20CNO0APCHKO20 YNPAGIIHHA MEPUMOopIcio aeponopmy.
Jlocniodcenns nog’sazamo 3 peanizayicio [epoicagnoi yinbogoi npocpamu po3gumky aeponopmie na nepioo oo 2023 poxy ma
Asiayitinoi mpancnopmnoi cmpameeii Yxpainu 0o 2030 poky, memoio aKux € po3gumox asiayitinoi eany3i 6 Ykpaini, npuge-
OenHs ingpacmpykmypu aeponopmie 00 sumoz €sponeiicvkozo Cor3zy. Takodc seauxuli 6nius Ha POPMYBaAHHI 2e0NPOCHIO-
posux danux aeponopmie mae 3axon Ykpainu «IIpo Hayionanehy inghppacmpykmypy eeonpocmoposux oanuxy ma Konconioo-
eana Konyenyis enposadoicenns BIM ¢ Ykpaini.

Ananiz ocmannix docnioxncens i nyonikauyiii. Y pobomi 6ynu npoananizogami ma y3azanvHeni nyonikayii, o npucesueHi
MEmoOam OmMpUMAHHS 2e0NPOCHOPOBUX OAHUX, BNPOBAONCEHHS 2€0THHOPMAYIIHUX MEXHONO02IH, MEXHON02IM 8iPMYANbHOT, 00-
nogHenoi ma 3MiuaHoi peanbHOCmi, WMy4HO20 iHmeneKmy ma KOHYenyii «po3ymMHo20 Micmay Ons aOMIHICMPamueHo-20Cno-
0apcbK020 YNPpasiHHs aeponopmamu.

Buoinenns neoocnioycenux uacmun 3azansnoi npodnemu. Ananiz ocmanmix 0ocniodcens i nyonikayii nokasas, wo nu-
MAHHSA NEPCIEKMUB BNPOBAONCEHHS 2e0IHPOPMAYIUHUX MEXHONO02I 0N AOMIHICIMPAMUBHO-20CHOOAPCHKO20 YNPAGIIHHA aK-
musamu aeponopmie Yxpainu nompebye 0o0amko8020 00CHIONCeHHS, OCKINbKU Yi NUMAHHA OYICce BAXCTUBT MA AKMYANbHI,
8PAX08YIOUU CIPIMKE 3DOCMANHI YUPPOBI3ayil CyCcninbemea, HaBKOTUUHBLOLO CepedosUa Ma IHPPACMPYKIMYPHUX 00 €KMIE.

Ilocmanogka 3agdannsn. Memoio yb0o2o 00CHiONCENHS € AHANI3 MOACTUBOCTEN MA NEPCREKMUE BNPOBAOICEHHS CYHACHUX
MexHoN02il ONpaylo8ants ma Gizyanizayii 2eonpocmopogux OaHux 01 AOMIHICMPAMUBHO-20CNO0APCLKO20 YNPAGIIHHA Mepu-
mopiero aeponopmy ma po3pooKa KOHYenmyanbHoi Mooeni. 3a80aHHAM OOCTIONCEHHS € AHANI3 MemOo0ié OMPUMAHS 2€0npO-
CMOpOoBUX OAHUX MepPUmMOpii aeponopmy, 3acmocy8ants 8 aeponopmax zeomd)opzwauzunux cucmem, mexHonN02il WMYy4HO20
iHmenexmy, 8ipnyanvHol, OONOBHEHOT Ma 3MIUAHOT peanbHOCHIL, iHmepHemy peyel, Yu@posux 08ilIHUKIG, peanizayii KoHyenyii
«pO3yMHe MiCMOoy, Mowo.

Buxnao ocrnoenozo mamepiany. I'eonpocmoposi 0ani cmeopoomucs 8 yughposiil popmi 3 BUKOPUCMAHHAM CYHACHUX THDO-
PMAYIiHUX Ma XMApHUX MexXHoNO02i, SKI NPONOHYIOMb WUPOKUL CREKMp 00NAOHAHHS, NPOSPAMHO20 3a0e3neyeHHs, Memoois i
MeXHON02Il pobomu 3 260NPOCMOPOBOIO THPOPMAYIEID. 3 KONCHUM POKOM 3 AGIAIOMbCS 8CE HOBI MEXHON02H, KI 3HAX00AMb 3a-
CMOCYBAHHS 8 AOMIHICIPAMUBHO-20CNO0APCOKOMY YAPAGIIHHI AepOnopmie.: XMApHi Memoou OmpuUManHs OaHux, 2eoiHgopma-
YitiHI cucmemu, mexHON0IT WmyyHo20 IHMeNeKny, GIPMYAIbHOI PeanrbHOCH, IHmMepHemy peyell, Yupposi OBIIHUKY, «PO3YMHI
micmay mowo. Boana inmeepayia ma sukopucmants HAAGHUX MOJICTUBOCHEN w000 300Dy, 30epieants, Onpayloeants ma 6i3ya-
3aYii 2e0npOCMOPOBUX OAHUX AEPONOPMIE 3a0e3neyunsv ix epekmusHe YNpagiiHHs ma eKOHOMIYHE 3DOCIAHHA.

Bucnogxu 6ionosiono oo cmammi. 3a pe3ynomamamu npogedeHo20 aHalizy MOICIUGOCHEN GUKOPUCIAHHSA 8 AepOnop-
Max mexuonoeitl gipmyanbHoi, 0ONOBHEHOT MA 3MIUAHOT PeabHOCI, WIMYYHO2O THMENEKNY, YUuPposux O8IliHUKIE Mma KOHYe-
nyii «po3ymMHux micmy, 6y10 po3podIeHo KOHYenmyanbhy Mooens Nepcnekmue BUKOPUCIAHHS 2e0NPOCOPOBUX OaHUX mepu-
mopii aeponopmy 015 UPIUIEHHA NUMAHL AOMIHICIMPAMUBHO-20CNO0APCHKO20 YRPABIIHHA MAIHOBUM KOMNIIEKCOM.

Knrouosi cnosa: ceonpocmoposi Oami; ceoinpopmayitini cucmemu (GIS); 6yodigenvhi ingopmayivini modeni (BIM);
BIM/GIS inmezpayis,; naszeprne ma nioapHe CKAHYBAHHS, WNYYHUL IHMELeKM, GIPMYAIbHA PeAlbHICIb, «PO3YMHE MICIOY,
aeponopmu, ingpacmpykmypa ceonpocmopogux oarnux (II/]).

Puc.: 3. Bion.: 29.

AKTyaJabHicTh TeMH J0caifxeHHsl. OCTaHHIMH pOKaMM B aepoONOpTax CBITY aKTUBHO
BIIPOBA/KYIOTHCS XMapHi TEXHOJIOr1l 300py, OMpaIlOBaHHS Ta Bi3yaii3allil reornpocTOPOBUX
JIAHUX: JIA3epHE Ta JiJjapHe CKaHyBaHHS, iHTerpauis BIM/GIS moneneii, 3acrocyBaHHs mTyd-
HOTO 1HTEJIEKTY, TEXHOJIOT1H BipTyaJbHOI Ta JOMOBHEHOI peaibHOCTI, IM(POBUX IBIHHUKIB Ta
«PO3YMHHX MICT».

Jnst Ykpainy, sika akTUBHO e HMUIAXOM HU(poBi3alii Ta BIPOBAHKEHHS Cy4aCHUX T'€01H-
dbopmaniifHuX TEXHOJIOTIH y 6aratbox cdepax AisIbHOCTI, po3poOKa HOBUX METO/IIB Ta IiJIX0-
TiB JUIS aIMIHICTPATHBHO-TOCIIOIAPCHKOTO YIPABIiHHS a€pOIIOPTOBUMHU KOMIUIEKCAMU € aKTy-
JIbHUM Ta NEPCHEKTUBHUM HAIPSMOM.

IMocTanoBKa npodsieMu. Y bOMY JOCIIIPKEHH] PO3TISTHYTO MOXKIIMBOCTI Cy4acHHUX Ieoi-
H(pOpMaLIfHUX Ta XMAPHUX TEXHOJIOTIH 1 HEPCHEKTHBH iX BUKOPUCTAHHSA JJIs aAMIiHICTpaTH-
BHO-TOCHOJIAPCHKOTO YIPABIIHHS TEPUTOPIEIO aCPOTIOPTY.

© boiiko O. JL, 2020
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JlociipkeHHs TIOB’ s13aHo 3 peanizallieto Jlep>kaBHOI LIJILOBOI MPOrpaMH PO3BUTKY aepoIio-
pTiB Ha nepioa 10 2023 poky [1] Ta ABiamiiiHoi TpaHcnopTHOI cTpaterii Ykpainu 10 2030 poky
[2], MeTOrO SIKMX € PO3BUTOK aBialiifHOl rairy3i B YKpaiHi, puBeACHHS iHPPaCTPyKTypH aepo-
MOPTiB 10 BUMOT €Bporneiicbkoro Coro3y. Takoxk BeTUKU BILUTUB Ha (POPMYBaHHS T'€OMPOCTO-
POBHX TaHUX aepomnopTiB Mae 3akoH Ykpainu «IIpo HamioHanbHy iHGpPaCTPyKTypy reormpoc-
TopoBUX jgaHux», npuiiHatuidi 13.04.2020 poky [3] ta KoncomimoBana Kormemnis
BripoBapkeHHs BIM B Ykpaini [4].

AHaJIi3 ocTaHHIX JoCHizKeHb Ta my0Jikamiii. ['eompocTopoBi JaHi CTBOPIOIOTHCS B UG-
POBIii (opMi 3 BUKOPUCTAHHAM Cy4acHUX 1H(QOPMAIIHHUX Ta XMapHUX TEXHOJIOT1H, sIKi Mpo-
MOHYIOTh IIMUPOKUI CIIEKTp 00JaJHAHHS, MPOTPAMHOTO 3a0e3MEYCHHS, METO/IIB 1 TEXHOJIOTIH
po0OTH 3 TEOIPOCTOPOBOIO iH(OPMAILIi€I0. 3 KOKHUM POKOM 3’ SBIISFOTHCS BCE HOB1 TEXHOJIOT1,
AKI 3HaXOJATh 3aCTOCYBaHHS B aJMIHICTPaTUBHO-TOCIOAAPCHKOMY YIPAaBIIiHHI aepONOpPTiB:
XMapHi METO/IM OTPUMAHHS JJAHUX, Fe0iH(pOpMaIiiHI CUCTEMH, TEXHOJIOT] IITYYHOr O iHTee-
KTy, BIPTYaJIbHOI peasibHOCT1, IHTEpPHETY pedeid, Hu(poBi ABIHHUKH, «PO3YMHI MICTa» TOLIO.

Haykogiii 6aratbox KpaiH JOCHIDKYIOTh TUTAHHs BIPOBAHKEHHS reoiH(popMariiitHux Tex-
HOJIOTi} B aepOMOPTOBUX KOMILJIEKCAX, IXHI MOMJIMBOCTI 1010 €()EKTUBHOIO yIpaBIIiHHS, pe-
KOHCTPYKIIIi Ta MOepHi3allii.

VY crarti [5] po3rasHyTi nuTaHHg BopoBakeHHs GIS Ta HakOomMuYeHHs JOCTOBIPHUX aTpH-
OyTMBHHX JTaHMX a€pOIOPTY, CTBOPEHHS MPOCTOPOBHUX 0a3 JaHUX, BUKOPUCTAHHS JaHUX JUIS
yIpaBIiHHSA HOKPUTTAM aepoIpoMy, TNIAHYBAaHHI Ta IPOEKTYBAHHI aepONOPTY.

[MutanusaMm inTerpauii Ta oOMiny ganumu Mix GIS aeponopris Ta GIS nepxaBHOro areHT-
CTBa, €()eKTUBHOCTI IX BUKOPUCTAHHS MPUCBSYEHA mpartis [6].

[Ipobnemy TexHOJOTIH BipTyalbHOI, JOMOBHEHOI Ta 3MIlIAHOI PEaTbHOCTI PO3TISHYTO B
mpari [7].

Konuernuiro Ta peanizaiiis TEXHOIOT1T «pO3yMHOI'0 MiCTa» JOCIIIKEHO B MPALAX BITUYM3HS-
HUX Ta 3aKOPJOHHUX HAayKoOBIIB [§; 9; 10].

[TuTaHHAM MPAKTUYHOTO BIIPOBAPKEHHS reoiH(opMaIifHMX TEXHOJOTiH B aeporoprax
CBITY, iX (YHKLISM Ta MOXJIMBOCTSM, NPUCBSYEH] cTaTTi B >kypHam ArcReview 3a marepia-
namu komnasii Esri https://www.esri-cis.ru/news/arcreview.

I"'eonpocTopoBi AaHi TepUTOpii Ta 00’ €KTIB a€PONOPTY € OCHOBOIO reOiH(POPMAIIHUX cHC-
TEM Ta TEXHOJIOT1H iX OmpalfoBaHHs, 1 BiJ iX TOYHOCTI, JOCTOBIPHOCTI, aKTyaJIbHOCTI Ta SKOCT1
3aJIeKHUTh MPaBWIBHICTh IPUUHATTS YIPAaBIIHCHKUX pilleHb. Ha 1ieii mepio]] icHy€e BeTMKHA BU-
Oip TexHOJOrii 300py Ta BUKOPUCTAHHS JAHMX, SKI aKTMBHO BIIPOBA/DKYIOThCSA B TOmorpado-
reo/ie3nyHii, KapTorpadiuniid, Oy/iBebHiN, KaAacTPOBil raiay3i, rajgy3i IPOCTOPOBOro ILIAHY-
BaHHs Towlo. Y crarTi [11] gaerbest po3mupeHuii orisig MEeToAiB 300py reornpoCTOPOBUX JTAHUX
BIJITIOBI/IHO /10 HOPMATUBHUX JIOKYMEHTIB, SIKI PErJIaMEHTYIOTh IPOBEACHHS TONOT padiuyHuX 3Hi-
MaHb B YKpaiHi. L{i MeTo/ 1 MOBHOO MipO0 MiIXOAATh JUIsi 300py reonpoCcCTOPOBUX AAHUX TEPH-
TOpi1 aeponopTy ISl HOJATIBIION0 BUKOPUCTAHHS B YIIPABIiHHI MAlHOBUMH KOMILJICKCAMH.

BujineHHs1 HeTOCTiIZKEHNX YACTHH 3arajbHol mpodjaeMu. AHali3 OCTaHHIX TOCIiKEeHb
1 myOutikanii mokasas, 1110 MUTaHHS MEPCIIEKTUB BIPOBAKEHHS I'e0iH(pOpMALifHUX TEXHOJIO-
il 4715 aAMiHICTPaTHBHO-TOCHIOJAPCHKOTO YIPaBIiHHSA aKTUBAaMU aepONOPTiB YKpaiHu moTpe-
Oye J0JaTKOBOTO JOCIIKEHHS, OCKUIBKH 11 TUTAHHS JyKe BaXIMBI Ta aKTyallbHi, BPaxOBY-
I0YM CTpIMKE 3pOCTaHHS LU(pOBi3allii CyCHUIbCTBA, HABKOJMIIHHOIO CEpEIOBMINA Ta
1HPPACTPYKTYPHHUX 00’ €KTIB.

IlocTanoBka 3aBaaHHs (MeTa cTaTTi). MeTOIO JAaHOTO MOCTIIKEHHS € aHaJi3 MOXKIIUBO-
CTel Ta NepCHEeKTHB BIPOBAKEHHS CyYaCHUX TEXHOJOT1H OIpaiioBaHHs Ta Bi3yasi3alii reo-
MIPOCTOPOBUX JAHUX JJIS IMiHICTPATUBHO-TOCIIOIAPCHKOTO YIIPABIIIHHS TEPUTOPIEIO aepOIIo-
PTY Ta po3poOKa KOHLIENTYaIbHOT MOJIENI.
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3aBaHHAM JOCIIPKEHHS € aHaji3 METOIB OTPUMAaHHS T'€ONPOCTOPOBUX JAHUX TEPUTOPIT
aeporopTy, 3aCTOCYBaHHs B aepONOPTax reoiHPOpMaIiiHIUX CHUCTEM, TEXHOJIOTIH MITY4YHOrO
IHTENIeKTY, BIpTYyalbHOI, IOTIOBHEHOT Ta 3MIIlIaHOi PeabHOCTI, IHTEPHETY pede, HUPPOBUX
IBIMHMKIB, peanizalii KOHLIENT «pO3yMHE MiCTO», TOIIO.

Bukiag ocHOBHOro Martepiajy. AepornopToBUil KOMIUIEKC - 1HQpacTpyKTypHHUIl 00’ €KT,
SIKUI MICTUTh CYKYITHICTh OyJiBeIb, CIOPYI, 3JIITHO-TIOCAIKOBUX CMYT, MPOi3/liB, TPAHCIOPT-
HUX 32C001B, IHKEHEPHUX KOMYHIKAIIii Ta 1HIIHUX 00’ €KTIB, MPU3HAYCHHX ISt OOCITyTOBYBaHHS
MacakMpiB Ta BAaHTAXKY. AEpPONOPTH MAIOTh MPHUMIILIEHHS A7 30epiranHs i 00CIyroByBaHHS
JTaKiB, TUCTIETUYEPChKi BEXi, aHTapu Ta TEPMIHAIHU, IEPOHHU, MOCTU HAJ PYILKHUMH JTOPIXK-
KaMU, [IEHTPH KePyBaHHS MOBITPSIHUM PYXOM, PECTOPaHH 1 CAJIOHH, CIY>KOM €KCTpeHOi J101o-
Moru, Toro [12].

Jl1is anMiHICTPaTHBHO-TOCIIOIAPCHKOTO YIIPABIIHHS aepONOPTOM, Bi3yalisailii Horo akTu-
BiB, PO3pO0OKH reoiH(POPMAIITHIX CHCTEM, MPOrpaM PEKOHCTPYKIIiI Ta MPOCTOPOBOTO PO3BHU-
TKY TEPHUTOPil HEOOX1THO MaTH aKTyalibHi TeorpocTopoBi AaHi. CroroaHilIHS 1UppPOBa peBo-
JIOILIS 1a€ MOXKITUBICTh OTPUMYBATH, OOpOOJISATH Ta Bi3yalli3yBaTH BeJNHKI 00’ €MH JaHUX.

I'eonpocTopoBi AaHi CTBOPIOIOTHCS B LU(POBiii (hOpMi 3 BUKOPUCTAHHIM Cy4acHUX 1H(DO-
pMaliifHUX Ta XMapHUX TEXHOJIOT1H, K1 MIPONOHYIOTh LIUPOKHUH CIEKTp 00IaJHAHHS, IPOTpa-
MHOTI'0 3a0€3I1eYCHHS, METO/IIB 1 TEXHOJIOTIH 11T poOOTH 3 T€OMPOCTOPOBOIO iH(POPMAITi€rO.

[TpoananizyBaBiu Kinacugikalio cydyacCHUX METOJIB OTPUMAaHHS €ONPOCTOPOBUX JAAHUX
[11], BUALTEMO OCHOBHI, SIKi JOLLTFHO BUKOPUCTOBYBATH IS 300PY aHUX HA TEPUTOPIi aepo-
nopty. [Ipu BuGOpi TexHOJOTii HEOOXiTHO BpaXxOBYBaTH IUIONIY aepoOMOpTy, HEOOXiTHY TOU-
HICTh OTPMMAHMX JIAHUX JUISl BUPIIICHHS ITOCTABJICHUX 3a/1a4, IHTCHCUBHICTH pOOOTH aeporio-
PTY, 3aBaHTAKEHICTh 3JITHO-TIOCAIKOBUX CMYT, HAsSBHICTh iHPOpMAIITHIX Mojeneill 00’ €KTiB
ta cropya tomo [13]. CporomHi OCHOBHUMH METOJIaMU OTPUMAaHHS T€OMPOCTOPOBUX JAHUX
TEPUTOPIT aepOTIOPTY €:

- CYIIyTHHKOBI cucTemu mo3uiiionyBanHs GNSS, 1110 103BONSIOTH BU3HAYUTH T€OMPOCTO-
POB1 KOOPJIMHATH 3 MUTIMETPOBOIO TOYHICTIO;

- TaxeOMETPUYHE 3HIMAaHHS, HIBEIIOBAHHS TIOBEPXHI, B PE3YJIbTATI IKOTO OTPUMYEMO Jie-
TaJdbHUH IJIaH TEPUTOPIi;

- nucraHiiiHe 30HAYyBaHHA 3emii ([133), ske MpOBOIUTHCS ILISXOM CYIMYTHHKOBOI 310-
MKH, aep0odOTO3HOMKH, 3HOMKH 3 Oe3mMiIoTHHX JiTanbHux anapatis (BILJIA) 3 Bukopuctanusm
PI3HOTO THIY KaMep Ta CEHCOPIB, Kl JIal0Th MOXIIUBICTh OTPUMYBATH 3HIMKH BHCOKOI pO3-
ITbHOI 31aTHOCTI (10 30 cM IIpH CYMYTHUKOBIN 3HOMIT, 10 5-6 ¢M mpu 3HOMII 3 JliTaka, 10 2-
3 cM mipu 3itomii 3 BITJTA);

- JIa3epHe Ta JiJapHe CKaHyBaHHs, sKe MOKe OyTH Ha3eMHe a0o MOBITPSHE, 1 PE3yJIbTaTOM
SKOT'O € XMapa TOYOK;

- reopajapHe 3HIMaHHS.

OcTaHHIMH POKaMH IIHPOKO BIIPOBAIKYETHCS TEXHOJIOT1s 1HGOPMAIIHHOTO MOICTIOBAHHS
oyaisens (BIM), sika monsirae B moOy10BI TPUBUMIPHOT BIpTYaIbHOI MOJIENI B IUPPOBOMY BHU-
IS, SIKa Hece B co01 MOBHY iH(opMalliro mpo MailOyTHiHM 00’ €KT; Ta iHTErparis inpopmarriii-
Horo moxentoBanHs (BIM) B reoindopmartiiini cuctemu (GIS). V Garathox kpaiHax 1e €
000B’S3KOBOI0 YMOBOIO CYYaCHOTO INPOEKTYBaHHS 1H(PPACTPYKTypHUX 00’€kTiB. IHTerparis
nanux BIM 1 GIS po3muproe MOKIMBOCTI pOOOTH 3 T€ONPOCTOPOBUMH LIUMH 00’ €KTIB Ta CIIO-
pyZ, NiABHILY€E €(PEeKTUBHICTh BCHOTO KUTTEBOTO IIUKITY TA YIPABIIHHS Ha €Taril eKCIUTyaTartii.
ITepeBaru BIM 1 GIS inTerpauii HacTUIBKH CYTTEBI, 110 Taki MOTY>KHI KOMITIaHii 10 po3pooiii
reoindopmariiitHoro mporpamMHoro 3adesneueHns, sk Esri 1 Autodesk, mpairoroTs HajJ MOKpa-
IICHHSIM iHTepanepalenbHOCTI TporpamMHoro 3abde3nedenns st BIM 1 GIS [14].

Ockinbku orupyBaHHs CTalla HEBiJl' EMHOIO YACTHHOIO MOBCSKACHHOTO XKUTTSI, 301p TaHUX
MPUBIB IO HAKOITMYEHHS BETMYE3HUX OOCATIB JaHUX, SKI MOXKHA BUKOPUCTOBYBATH B PI3HUX
npukiIagHux obnactsx [15]. Benuke 3HaueHHS B ONpalfoBaHHI Ta Bi3yami3allii reonpocTopo-
BHX JIaHUX MAIOTh:
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- mporpamHe 3a0e3MmeueHHs, M0 J1a€ MOXJIMBICTh IMIBUAKO Ta SIKICHO ONMpPAllbOBYBaTH Be-
JIUKI MACUBH JIaHUX, CTBOPIOBATH OPTO(OTOILIAHU 3 TPUB’ I3KOIO 10 MICIIEBOCTI, Oy TyBaTH BH-
cokosikicHl nudposi mozaeni micuesocti (LIMM), uudposi moaeni pensedy (LIMP), cTtBopro-
Batu 3D Mozeni 00’ €KTiB;

- reoindopmariitai cucremu (GIS), siki Marou¥ NOTY>KHUI aHATIITUYHUH anapar 1al0Th MO-
JIMBICTh CTPYKTYPYBaHHS, MOJICTIOBAHHS, aHAIII3Y Ta Bi3yali3allii reonpocTopoBoi iHhopMa-
1ii, o 30epiraeTbes B 0a3i JaHUX.

HoBuMH TeXHOJIOT1SIMH, 1110 OCTAaHHIMH POKaMH ITOYMHAIOTH BIIPOBA/KYBATHUCh B a€POIIOP-
Tax CBITY i 3aiiMalOTh BaXJIMBE MicIe B IIU(PpOBOMY reoiH(opMaliifHoMy IpocTopi Ta poboTi
3 re0JIaHUMHU, € XMapHI TEXHOJIOTI{ OMpaIfOBaHHS Ta Bi3yallizallii reonpoCTOPOBUX JaHUX:

- IUTYYHWH IHTEJEKT, SKUH BUKOPUCTOBYETHCS MTPHU NPUNHHATTI pilliIeHh B yMOBaX HEBU3HA-
YeHOCTI, aHAIITHUIll, PO3Mi3HABAaHHI TEKCTOBOI Ta rpadiyHoi iH(opMaIlii, MAIIMHHOMY HaB-
YaHHI, pOOOTOTEXHIIlI, TOIIIO;

- texuHonorii BipryanbHoi (VR), nonoBuenoi (AR) ta 3mimanoi peansHocti (MR), siki BH-
KOPUCTOBYIOTBCSI JUIsl CTBOPEHHS T'€OBi3yallizalliii Ta HaJlal0Th MOXKIIMBOCTI Ipe3eHTalii reo-
IIPOCTOPOBUX JAHUX;

- TEeXHOJIOTii MU(POBUX ABIHHUKIB, sKi 32a0€31MeuyroTh 30ip Ta 00POOKY BEIMKUX MACHUBIB
JaHuX 3 0araThboX JPKEpel i € maaTdopMoro IJis MPEICTaBICHHs aKTUBIB, a reorpadivyHa Ta
Hereorpadiuna iHpopMarlis Ta JOKyMEHTH 30epiraloThbCsi Ta OHOBIIIOIOTHCS B PEIKUMI1 OH-JIAHH;

- peanizalis KOHIEMII{ «pO3yMHE MiCTO», SIKa TOBHICTIO 3aCHOBAaHA Ha MTOCTIHHOMY MOTOLII
BEJIMUYE3HUX 00CATIB IaHUX, OICP’KYBaHHX 3a JOTIOMOT0I0 BEJIMKOT KIIBKOCT1 JaTYHUKIB, PO3IIO-
JJICHUX 110 BCbOMY MICTY.

LImyunuii inmenexm — 1€ BXKe HE MEPCIEKTUBA HAOIMKIOT0 Maii0yTHROro a abCOMOTHA
peanbHICTh chorogeHHs. OCTaHHIM YacoM 6araTo yBaru npuIuIS€ThCs T€OIPOCTOPOBOMY IITY-
YHOMY IHTEJCKTY, sIKUii Ha3uBaloTh GeoAl Ta BUKOPHCTOBYEThCA 3 TeorpadiuHoro iHpopma-
LIHHOI0 CUCTEMOIO JUIS T€ONPOCTOPOBOrO aHaNi3y 1 CTBOPEHHS MPOTHO31B HA OCHOBI MPUIHS-
THX pilIeHs [16].

[ITyyHuii iHTEIEKT 3MIHIOE HAIIe JKUTTS KOXKEH JCHB: TpaHc(opMallis pododoro cepeso-
BHII[A, PO3yMHA iHbpacTpyKTYpa, CHPOLICHHIT MACIOPTHUI KOHTPOIb B a€PONOPTaX, 6e3mijo-
TH1 aBTO 1 CMapT-JOJAAaTKU — TEXHOJIOT] CTaJIM 3BUYHOI0 YaCTUHOIO peajbHOCTI. B aeporoprax
kpain €C 3 2019 poky Bke BcTaHOBIIOIOTH cucteMu iBorderCtrl st aBTOMaTHYHOT epeBipKU
MacakupiB 3a pe3yibTaTaMu aHali3y MiMiki. HOBY TEXHOIIOTiI0 BIPOBAIMIIH B JIEIKUX aepo-
noptax Yropiunu, Jlatsii ta I'perii.

3HAaYHMI BIUIMB IITYYHOTO 1HTEJNEKTY MOJSArae He B MOJIMIIEHHI TIIbKU aJTOPUTMIB Ma-
LIMHHOIO HABYAaHHS, TAKMX K INIMOOKEe HAaBYAHHS 1 IOCHIICHE HAaBUAHHS, a TAKOXK B KOMO1HAI[I1
Intepuery peueit (IoT), Benukux JaHux, XMapHUX OOYMCIIEHB, IPOrPAMHOTO 3a0€3MEUEHHS 3
BIJIKPUTUM BUX1THUM KOJIOM, IIPUCKOPEHHA I'paidHOro mnpouecopa, i podotorexHika. Lli rex-
HOJIOTi1 CHUIPHO CHPUSIOTH peai3alii JIOACHKOro CIPUMHATTS, Mi3HAHHA 1 Jii Ha BUCOKOMY
PiBHI HIISAXOM NPOHUKHEHHS IITYYHOTO 1HTEJIEKTY B MOBCSAKICHHE XKUTTA. Y I'€ONpOCTOPOBiit
1HAyCTpil OUIKyeThCs, 0 HacTynHe nokoiHHg GIS-nporpam Oyzae TiCHO MOB'sI3aHE 3 TEXHO-
JIOTI€10 IITYYHOTO 1HTENEKTY, 00 MPUCTPOi MOTJIM PO3MI3HABATH PEaIbHUM CBIT 1 CAMOCTIHHO
BHM3HAYATH CBIH TutaH fiit [16, 17].

Texnonoeis sipmyanvroi peanvhocmi (VR) niependayae CTBOPEHHS TEXHIYHUMH 3aco0aMu
BIpTYaJIbHOTO CBITY, SIKHH KOPUCTYyBa4eM CIIPUHMAETHCS Yepe3 31p Ta CIyX, 110 3a0e3MmeuyeThes
BIJINIOBITHUM arnapaTtHuM 3abesnedeHHsM. CTBOpeHMI BipTyalbHUI CBIT MOBMHEH MaKCHMa-
JIHO BIAMNOBIAATH pealbHOMY, TOOTO BHIJISA MPEAMETIB, B3aEMO/IIS 13 HUMH Ta 1X MOBEAIHKA
IIPH B3a€MO/Iii MOBUHHI MAaKCUMAIBHO HaraayBaTH (pi3uky peaiabHoro cBiTy. OCHOBHOIO mepe-
Baror BIPTyaJbHOI PEATbHOCTI Ta BIPTYaJIIbHOTO CBITY 3arajioM € Te, 0 KOPUCTYBau MOXKeE
poOUTH Te, 110 BiH (DI3UIHO HE MOKE 3pOOUTH B peaTbHOMY CBITi, HATPHUKIIA, TPOXOIUTH KPi3b
CTIHM Ta MPEIMETH, JITaTH, 3MIHIOBATH BIpTYyaJbHUN CBIT IiJl CBOI oTpedu [7].
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Texnonoeisi 0onoguenoi peanvnocmi (AR) nependayae B 10/1aBaHHI IITYyYHUX (BipTyalib-
HUX) €JIEMEHTIB y I0JIe CIPUHHATTA (30pY) JIFOJUHH, IO O3BOJISIE JOMOBHUTH iH(POPMALiIO
PO OTOYEHHS IITYYHOIO, SIKY JIFOJJMHA MOKE HE MaTH MOXKJIMBOCTI OTpUMATH caMocCTiiHo. Jlo-
MOBHEHA PEAJIbHICTh — PO3IIKMPEHA BEPCisl PealbHOCTI, B sKiM mpsmi abo HempsMi criocTepe-
KEHHS peasibHUX (PI3MYHUX KOPUCTYBAUiB IMiJICHIIIOIOTHCS HAKIAJCHUMU KOMIT FOTEPHUMH 30-
Opa’keHHSIMH uepe3 ysIBICHHS KOPUCTyBaya PO PEIbHUM CBIT, TUM CaMHUM MTOCUJIIOIOYH CBOE
MOTOYHE CIPUUHATTS AilicHocTi. Ha BiAMIHY BiJ] BIpTyaJlbHOI PEeaibHOCTI, sIKa BUMArae, oo
KOpHUCTYBa4 rnepe0yBaB y LIJIKOBUTO BIpTyaJbHOMY CepeIOBHILI, JOTOBHEHA (pO3IIMpEHa) pe-
aJIbHICTh BUKOPUCTOBYE ICHYIOUE CEpEJOBUINE 1 MPOCTO HAKIAJA€ JI01aTKOBY BIpTyallbHY iH-
¢dopmariro. OCKUIBKH BIpTyallbHI Ta peaibHi CBITU TapPMOHINHO CIIBICHYIOTh, KOPUCTYBAaui J10-
MOBHEHOI peabHOCTI BUIPOOOBYIOTh Ta JOCTIKYIOTh HOBMW Ta MOKPAIIEHUH MPUPOTHHIMA
CBIT, JIe BipTyasbHa iH(pOpMaIlisi BAKOPUCTOBY€ETHCS SIK IHCTPYMEHT HaJlaHHS JOIOMOTH B I10-
BCSAK/ICHHIN JISUTBHOCTI KOpUCTYyBayiB [7].

Texnonoeis 3miwanoi peanvrocmi (MR), Ha BiaMiHy BiJ BipTyanbHOi VR Ta nonmoBHeHOT
AR peanbHOCTEH, Tepe1dayae B3a€MOJIII0 BIPTYyalbHOT0 00’ €KTa 3 pealbHUM. TOOTO SIKIIO KO-
pHUCTyBau y BHUIAJKY 3 JOIOBHEHOIO PEAJIbHICTIO MOXKE JIMIIE CHOCTEPIraTH 3a BIPTyaJIIbHUM
00’€KTOM, TO TEXHOJIOTiS 3MIIIAHOT PeaJbHOCTI Meperdayae opratizamito B3aeMo1ii KOPUCTY-
Baya i3 BIpTyaJbHUMHU 00’ €KTaMH, IHTETPOBAaHUMH B peasibHUi cBiT. [y opranizariii Takoi B3a-
eMo/Iii HeoOX1/THI 3HAYHI OOYHCITIOBATIBHI TOTYKHOCTI, ajie 3HaYHO OLJIbIII, HIXK JUIS TOTIOBHE-
HOT peanbHOCTI [7].

Texnonorii VR, AR, MR € yncro BipTyanbHUMU 1 pO3paxoBaHi Ha poOOTY 3 OJHUM OIepa-
TOPOM JIJIs1 OJTHOT'O MPHUCTPOIO, A 1HII KOPUCTYBaul MOXKYTh OpaTH yyacTh Y B3a€MOJii, JIUIIE
SKILO BOHU CHHXPOHI30BaHI Ta BUKOPUCTOBYIOTH BINOBIIHI IpUCTpoi. TOOTO 0IMH KOPHUCTY-
Bay HE 3aBXKJHM Ma€ 3MOry OauuTH Te, 110 0aunTh IHIIUI KopucTyBau. [ peanizarii mux me-
TOJIiB HEOOX11HO BUKOPUCTOBYBATH Bi/IMOBI/IHE aniapaTHe 3a0e3Me4eHHs: II0JIOMH BIpTyaJIbHOT
pearbHOCTI, OKYJISIPH JIOTIOBHEHOI PeajbHOCTI, pyKaBHIlI BIPTYalbHOI PEANbHOCTI TAa 3HAYHY
KUTBKICTh 1HIIUX CHEIialli30BaHUX 3aC00iB (TaKUX K TAKTUJIbHI PYKaBHIIl 31 3BOPOTHIM 3B’ s3-
KoM To1110) [7].

B aeponoptax TexHojOrii BipTyajabHOI, JOMOBHEHOI Ta 3MIIIAHOI PEaTbHOCTI peai3oBy-
IOTBCSI IPU pO3pOOLIl Ta BIPOBAPKEHH] TPEHIHTOBUX CHUCTEM JIJIsl MUIOTIB Ta aBiaJuCIeTYepiB
[18], nns 3abe3meueHHs moabOTIB [19], mist miaBUIeHHS KOMGOPTY MAcaKUPIB Mij Yac Imo-
JTHOTY Ta OPIEHTYBaHHS B CKIAHHUX cXxeMax aeponopTiB [20], mist po6OTH mepcoHany aeporio-
pty [21], Tomo. Ha puc. 1 npencrasiieHi 3pa3ku BAKOPUCTAHHS TEXHOJIOT1H BIpTYyanbHOI Ta J0-
MIOBHEHOI peajibHOCTI B aepONOPTaX.

Puc. 1. 3pasku suxopucmanus mexnonoeii 6ipmyanbHoi ma 00N08HEHOI peaibHOCmi.
1 — 6u0 expany mpenasxicepa, cyeHa 3 NMAxamu Ha 3MIMHO-NOCAOKOBIL CMY3i;
2 — UKOPUCMANHA OKYIAPIE 00NOBHEHOI pealbHOCMI 0I5l AHALI3Y cCumyayii 8 aeponopmy

Lughposuii 0sitinux — e MUdpoBa TPUBUMIPHA KOIIisSl PEATHbHOTO CePEeIOBUIIA, HATTPUKIIAT
MicTa, OyaiBIIl, aePONOPTY, B SIKii BC1 JOCTYIHI F€OPOCTOPOBI JIaH1 PECTaBICHI B 00'€KTHO-
OpiEHTOBaHOMY BUTJISAI 3 reoiH(opMalliiiHoro npus’s3koro. LndpoBuii 1BIHUK IpeacTaBise
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3aranbHe cepepoBuie Aanux (Common Data Environment, ckopoueno — CDE), sike 3a6e3me-
gye 30ip 1 00poOKy BEIMKUX MACHUBIB JaHUX 13 OaraThox JpKepel: JaHi iHpopMaiiiHol Moaeni
oynieens (BIM); GIS-gani; nasi, o 30MparoThCs B PeXUMI pealibHOro yacy, 30Kpema i3 CeH-
COpIB 1 JaTYMKIB, BIJOMOCTI PO 3MIHH y MPOEKTaX PEKOHCTPYKIIil, MPO IHIUACHTH, a TAKOXK
¢inancoBa iHdopmMarliis Ta ToKyMeHTalis NpoekTiB. ToOTo 11e enuHa nudposa miardopma, B
SKIH MpescTaBlIeH] BCl aKTHBH, a reorpadiyna ta Hereorpadiyna iHpopMarlis i JOKyMEHTH 110
HUM 30€piraroThCs 1 MOCTIMHO OHOBIIOIOTHCS [22].

OCKUIBbKU aepONOPTH CTAIOTh OLIBLI 3aBAHTAXKEHUMHU, HEOOXITHICTh Y MOKPAILIEHOMY YIIPaB-
JIHHI X aKTHUBAaMM Ma€ BUPIIIAIBHE 3HAUYCHHS IS ONTUMI3allii Oe3MeKH, 3aXUcTy, e(heKTUBHOCT1
YIPaBJIiHHS Ta 3py4HOCTI acaxupiB. Ludposi ABIHHUKM BKe AiIOTh a00 TECTYIOThCS B OaraTrbox
aepornioprax city: ['onkonry, bpasuinii, B’ernamy, CIIA, Kanamu, ABctpanii, ['omnangii Ta iH-
IIMX KpaiH, OTPUMYIOTh IIO3UTUBHI BIATYKH Ta JIONIOMaraioTh ONTUMi3yBaTu poOOTY Ta EKOHOMUTH
pecypeu. Tak, 3a rmornepeHiMH OLIHKAaMH, 3aB/SIKH BUKOPUCTAHHIO II(POBOro JIBiHHUKA AMCTe-
paamcbkuii aeporopT Cximxoun 3Moxe 3aomaanuTe 5-10 % KomTiB Ha eTari 00CTyroByBaHHS 1 €KC-
rutyaTanii akTuBiB 1 10-20 % — Ha po€eKTax PeKOHCTPYKIIii Ta pO3BUTKY [22].

Ha puc. 2 npencraBieHo npukiaa BifoOpakeHHsS TaHUX MPO OPEHJ0BaHI MPUMILIECHHS B
cepenoBuili CDE mudpooro aBiitHika AMcTepaaMcbkoro aepornopty Cxinxod, B SKOMY Bi-
no0pakeHo nmoeAHaHHs npejactasieHoro B GIS «iHTenekTyanbHOro» miany OyIiBii 3 «HeiHTe-
nexktyansHuMu» BIM Monensimu Tiei x Oynisii [22].

L

oo

Puc. 2. Bioobpasicenns yugpposoeo ositinuxa aeponopmy Cxinxon y cepedosuuji CDE
Jlxepeno: 3a marepianamu craTTi «Digital Twin Helps Airport Optimize Operations» [22].

«Po3zymne micmoy (Smart City) — e epekTuBHa iHTErparis GpisuuHuX, LH(HPOBUX 1 TIOACH-
KHUX CHCTEM B IITYYHOMY CEPEOBHUIIII, €IMHA CHCTEMA, B K OpraHiyHO B3a€MOIIOB'sI3aH1 Mi-
CbKI KOMYHIKaIlii, iHpOpMaLiiHI TEeXHOIOri mepeaayi JAaHUX Ta MPUCTPOI IHTEpHET pedei
(IOT). Konuernisi «po3yMHOI0 MiCTa» Ay’Ke HIBHIKO PO3BUBAETHCS B YCHOMY CBiTi, OCKUIBKU
BOHA 3a0e3Medye BCEOCsHKHE IU(POBE cepeioBHUIIE, SKe MIABUINYE €EeKTUBHICTD 1 Oe3meKy
MICBKUX CHUCTEM 1 CIIPUsI€ 3aTyYCHHIO TPOMAISIH B pO3BUTOK MicT. LIs KOHLIemIIis 3acCHOBaHa Ha
BUKOPHUCTAHHI T€OMPOCTOPOBUX JAHUX MICHKOI 3a0y/I0OBH, IPUPOTHOTO CepeAOBHUINA, 1HPpa-
CTPYKTYPHHUX 00’ €KTiB, MICBKHX CIIy>K0, TOIIO. Y CIIIITHA peai3allis MPOEKTY «PO3YMHE MIiCTO»
BHUMAarae po3poOKu U(ppPOBOi CUCTEMH, SIKa MOXKE YIPABIIATH i Bi3yalli3yBaTH I'€0NpPOCTOPOBI
JaHl y 3py4HOMY JUISl KOpHCTyBaua cepeoBuili [23].

Po3ymHe BUKOpHCTaHHS HasBHUX JAaHUX BUMArae iHTerpamii 3 TPUBUMIPHUMHU KapTamH
MICT, JJIsl IKUX OCHOBHUMH JKEPEIaMU € XMapu TOYOK, OTPUMaHI 3a JJOIIOMOTOI0 JIa3€pHOr0
ckaHyBaHHS a0o0 (oTorpammerpii [24; 25].
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3aBISKM BIPOBA/KEHHIO Ie0iH(OpPMAIIfHUX Ta XMapHUX TEXHOJIOT1H, HEHPOHHUX MEPEK,
IITYYHOTO IHTEJIEKTY Ta IHIIMX TEXHOJIOTiH, aepONOPTH € i7ieaTbHUMHU 00’ €KTaMH Ul peai3a-
1ii Ta TeCTyBaHHS TEXHOJIOT1] «PO3yMHOT'0 MiCTa», OCKUIbKHM B HUX MPUCYTHI BC1 €JIEMEHTH Mi-
cra: OyaiBii, Mpoi3au, KOMyHiKarlii, Tomo [26; 27; 28]. B aepornoprax Be 3BUYHUMH CTAIOTh
eJIEKTPOHHA peecTpallisi, BiICTeXKeHHs Oaraxy, TepMiHanbHuil Wi-Fi, moBinomieHHs npo 3a-
TPUMKY peiiciB, nudpoBi mocanouHi TaioHu Ta Oarato iHmoro. [HTenexTyanbHi GyHKLii 6e3-
MIEKU PO3POOIIAIOTHCS 1 BIPOBAKYIOTHCS B a8PONOPTAX 110 BCbOMY CBITY, 1 1€ TIIBKH TOYaTOK
BIIPOBA/KEHHS KOHIEMIII] IHTEIIEKTyaJIbHUX MICT B aBialiiiHoMy cektopi [29].

BucHOBKM BinoBiAHO 10 cTaTTi. 32 pe3yabTaTaMy MPOBEICHOTO aHANI3Y MOXKIMBOCTEH
BUKOPHCTaHHS B a€pOIOPTaX TEXHOJIOTIH BIpTyaabHOI, TOTIOBHEHOT Ta 3MIIIAHOI pealbHOCTEH,
IITYYHOTO 1HTEJIEKTY, HN(POBUX IBIHHHUKIB Ta KOHIEMII «pO3yMHUX MiCT» pO3po0IeHO KOH-
LENTyaJIbHy MOJIEIIb MIEPCIIEKTUB BUKOPUCTAHHS I€ONPOCTOPOBUX JaHUX TEPUTOPIi aepornopTy
JUIsL BUPILICHHS MMUTaHb aMiHICTPaTUBHO-TOCIIOAAPCHKOTO YIPaBIiHHS MafHOBUM KOMILIEK-
coM (puc. 3).

TaxeomeTpruune Tucraniiise
GNSS cnocrepesxeHHS 3HIMaHHS, .
. 30HOYBaHHA 3€EMJI1
HI1BCJIFOBAHHA

_________________________________________

~

I'eoindgopmauniiina cucrema aaminicr-
PATHBHO-TOCNIOJAPCHKOIO yIpPaB-
JIIHHS 2¢PONOPTOM

BIM/GIS
<:> iHTerpauis gaHux

(]
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1
1
1
1
1
1
1
1
1
1

(S ——

_________________________________________

HauionanbHa iH- /\
$pacTpyxTypa u
reonpocTopoBHX Ja-

HHUX
I Ty4ynnii inte-
Ba3za reonpocTopoBux faHHX excr
Ja

BipTyansHa peanbHICTh
JlormoBHEHA peanbHICTh Hudposi aBifHUKH «Po3ymHE MicTO»
3MmimaHa peaibHICTh

Puc. 3. Konyenmyanvna mooenb nepcnekmue 8UKOPUCMAHHA 2e0NpOCmMOpOBUX OAHUX
mepumopii aeponopmy 05l AOMIHICMPAMUBHO-20CNO0APCLKO20 YNPABTIHHS
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Bnama iHTerpariisi Ta BUKOPUCTaHHS HAsSBHUX MOXJIHMBOCTEH I10/10 300py, 30epiraHHS,
OIpallOBaHHS Ta Bizyalli3allii TeONPOCTOPOBHUX JAHUX a€PONOPTIB 3a0€3MEUHTh iX ePEeKTUBHE
yIpaBIiHHA Ta EKOHOMIYHE 3POCTaHHS.

Cnncoxk BUKOPUCTAHUX JIZKepeJt

1. /[lepkaBHa LiIbOBA Mporpama po3BUTKY aeporopTiB Ha mepiof a0 2023 poky : 3aTB. po3opsi-
mkenHsM Kabinery MinictpiB Ykpainu Bin 24.02.2016 Ne 126. URL: https://zakon.rada.gov.ua/laws/
show/126-2016-%D0%BF#Tex.

2. Ilpo cxBanenns HamionaneHOi TpaHCHOpTHOI cTpaTerii Ykpainu Ha repioa 10 2030 poky : 3aTB.
posnopsipkenusim ~ Kabinery  MinictpiB Ykpaimm  Big  30.05.2018  Ne430-p. URL:
https://zakon.rada.gov.ua/laws/show/430-2018-%D1%80#Text.

3. Tlpo HamioHanmbHYy iH(PPACTPYKTYpPY T'€OMPOCTOPOBHX JaHUX : 3akoH Ykpainu Bin 13.04.2020
Ne 554-1X. URL: https://zakon.rada.gov.ua/laws/show/554-20#Text.

4. KoncominoBana Konuenis BIIPOBAKCHHS BIM B VYkpaiHi. URL:
https://docs.google.com/document/d/1_LIxOqkX02qlYWo50Li21rbDbKUBhI1VjMIuSQFt3RrA/edit?
tbclid=IwAR1wGSD _iVSyWpdSzzbzWY2Z89XTvxdYZGPrrqzwkwqC r8gTKOehEXhITY.

5. Mehrdad Honarmand, Mohammad Beiranvand, Sina Bashash, Ali Ghaderi (2017) An overview
of the location of airports using geographic information system (DOI: 10,14455/ISEC.res.2017.6). URL:
https://www.isec-society.org/ISEC_PRESS/ISEC 09/pdf/AAE-29.pdf.

6. Randall J. Murphy, Ramzi K. Bannura. Integrating Airport Geographic Information System
(GIS) Data with Public Agency GIS / National Academies of Sciences, Engineering, and Medicine.
2014, Washington, DC: The National Academies Press. URL: https://doi.org/10.17226/22288.

7. KanboBcbkuit A. A., Cauenko A. O., Kouan B. B., Kapauka A. @ BipryansHe npoctopose Bi-
NOOpaKeHHSI TMHAMIYHKX TpaiuHuX 00’ €KTIB. Ynpaesninus npoekmamu ma po3eumox supoOHuYmea.
2018. Ne 3(67). C. 100-116.

8. Amnapienko A. O. KoHuenmisi «po3yMHOro MicTa»: YTOUHEHHS KJIFOUOBUX MOHATh Y KOHTEKCTI
3a0e3MeveHHs PO3BUTKY BEIUKOT'O MYHIIUITATLBHOTO YTBOPEHHS. Acnexmu nyoniunoeo npaenints. 2018,
T. 6, Ne 8. C. 24-34. DOI: 10.15421/151843.

9. Crpoes II. B., Pemerhukos C. b. «YMHBII TOpom» Kak HOBBIM 3Tall TOPOJCKOTO Pa3BHTHSL.
URL.: https://doi.org/10.17073/2072-1633-2017-3-207-214.

10. Wenwen Li, Michael Batty, Michael F. Goodchild Real-time GIS for smart cities. International
Journal of Geographical Information Science. 2020. Vol. 34, Issue 2. Pp.311-324. URL:
https://www.tandfonline.com/doi/full/10.1080/13658816.2019.1673397.

11. Kapmiacekwuii FO. O., Jlazapenko-I'eBens H. FO. MeTtomu 30upaHHs Te0npoCTOPOBUX TaHUX JITIS
tororpadiunoro kaprorpadysanas URL: https://gki.com.ua/ua/metodi-zbirannja-geoprostorovih-
danih-dlja-topografichnogo-kartografuvannja.

12. boiiko O. JL., JIsmenko /1. O., 'op6 O. 1. Po3poOka korIienTyamsHoi Moiei 300py TeompocTo-
POBHUX JTaHUX PETiIOHAJIBHUX aepOIOPTIB METOAAMH JIA3epHOTO CKaHyBaHHs it ctBopeHHs ['IC. Mic-
mooyoysanns ma mepumopianvre nianysauns. Kuis, 2019. Bum. 69. C. 60-71.

13. Kpstaok C. JI. Tomorpado-reosie3udne 3a0e3MeUeHHs aepOnopTiB. Texuiuni HayKu ma mexHo-
noeii. 2018. Ne 1(11). C. 239-251.

14. Boiko O., Lyashenko D., Prusov D. Conceptual fundamentals of airport BIM /GIS spatial data
integration received by laser scan. Technical sciences and technologies. 2019. Ne 4(18). Pp. 238-246.

15. Eiman Al Nuaimi, Hind Al Neyadi, Nader Mohamed, Jameela Al-Jaroodi. Applications of big
data to smart cities. Journal of Internet Services and Applications. 2015. URL:
https://www.researchgate.net/publication/284196317 Applications of big data to smart cities.

16. Chou Tien-Yin, Kotzinos Dimitris, Kim Kyoung-Sook, Antonides Ashley, Hadland Anneley,
Artificial Intelligence in Geoinformatics DWG. URL: https:/www.ogc.org/projects/ groups/geoaidwag.

17. Panytawuii O. E. KpumMinanbHa BiAmoBigainpHicTh mTygHoro intenekry. URL: http://ippi.org.ua/
sites/default/files/17 1.pdf.

18. T'opOynos A. I1. TpernHroBas cucteMa JONOJIHEHHON PealIbHOCTH sl aBUaaucneTyepos. [Ipu-
knaonas ingpopmamuxa. 2014. Ne 5(53). C. 81-88.

19. Alvaro Ibafiez Augmented reality for working in airport control centres. URL:
https://blog.ferrovial.com/en/2018/05/augmented-reality-airport-control-centres/.

20. Emerging Technologies in the Aviation Industry. URL: https://www.axiscades.com/ emerging-
technologies-in-the-aviation-industry.html.

254



TEXHIYHI HAYKH TA TEXHOJIOI'TI Ne 4(22), 2020
TECHNICAL SCIENCES AND TECHNOLOGIES

21. Nacho Palou Augmented reality glasses to aid airport ground staff. URL:
https://blog.ferrovial.com/en/2018/02/augmented-reality-and-airports/.

22. By Jim Baumann Digital Twin Helps Airport Optimize Operations. URL:
https://www.esri.com/content/dam/esrisites/en-us/newsroom/arcuser/arcuser-fall-2019.pdf.

23. Isam Shahrour Use of GIS in Smart City Projects. URL: https://www.gim-international.com/
content/article/use-of-gis-in-smart-city-projects.

24. Mathias Lemmens Point Clouds and Smart Cities. URL: https://www.gim-
international.com/content/article/point-clouds-and-smart-cities-2.

25. Michael  Batty_  Big  data, smart  cities and city  planning. URL:
https://journals.sagepub.com/doi/full/10.1177/2043820613513390.

26. Albert E. Dotson, Elise Holtzman Gerson How Miami Can Go From Smart Airport to Smart
City. URL: https://www.lexology.com/library/detail.aspx?g=4dd3ca07-45af-42f1-b5fb-16af82717cc2.

27. By Taskin Dirsehan Mapping Smart Mobility Technologies at Istanbul New Airport
Using the Customer Journey. URL: https://www.researchgate.net/publication/336784763
Mapping_Smart obility Technologies at Istanbul New Airport Using the Customer Joure.

28. John Walton (2018). Technology shaping the airports of the future. Australian Aviation. URL:
https://australianaviation.com.au/2018/12/technology-shaping-the-airports-of-the-future/.

29. Smart Airports. URL: https://www.burnsmcd.com/services/aviation/smart-airports#:~:text=
A%20stroll%20through%?20an%?20airport,implementations%20in%20the%20aviation%20sector.

References

1. Derzhavna tsilova prohrama rozvytku aeroportiv na period do 2023 roku [State target program
for the development of airports for the period up to 2023]. (February 24, 2016).
https://zakon.rada.gov.ua/laws/show/126-2016-%D0%BF#Tex.

2. Pro skhvalennya Natsionalnoi transportnoi stratehii Ukrainy na period do 2030 roku [On
approval of the National Transport Strategy of Ukraine for the period up to 2030]. (May 30, 2018).
https://zakon.rada.gov.ua/laws/show/430-2018-%D1%80#Text.

3. Pro natsionalnu infrastrukturu heoprostorovykh danykh [About the national infrastructure of
geospatial data]. Law of Ukraine Ne 554-IX (April 13, 2020), https://zakon.rada.gov.ua/laws/show/554-
20#Text.

4. Konsolidovana Kontseptsiia vprovadzhennia BIM v Ukraini [Consolidated Concept
of VIM implementation in Ukraine]. (2020). https://docs.google.com/document/d/
1 LIxOgkX02qlYWo50Li2 IrbDbKUBhK1VjMIuSQFt3RrA/edit?fbclid=IwAR1wGS5D_iVSyWpdSz
zbzWY2Z89XTvxdYZGPrrqzwkwqC r8gTKOehEXhIIY.

5. Mehrdad Honarmand, Mohammad Beiranvand, Sina Bashash, Ali Ghaderi. (2017). An
overview of the location of airports using geographic information system. https://www.isec-
society.org/ISEC_PRESS/ ISEC_09/pdf/AAE-29.pdf.

6. Randall, J. Murphy, Ramzi K. Bannura. (2014). Integrating Airport Geographic Information
System (GIS) Data with Public Agency GIS. https://doi.org/10.17226/22288.

7. Kanovskyy, A. A., Sachenko, A. O., Kochan, V. V., Karachka, A. F. (2018). Virtualne
prostorove vidobrazhennia dynamichnykh hrafichnykh obyektiv [Virtual spatial representation of
dynamic graphic objects]. Upravilinnya proektamy ta rozvytok vyrobnytstva — Project management and
production development, 3(67), pp. 100—116.

8. Andriienko, A. O. (2018). Kontseptsiia «rozumnoho mista»: utochnennia kliuchovykh poniat u
konteksti zabezpechennia rozvytku velykoho munitsypalnoho utvorennia [The concept of «smart city»:
clarification of key concepts in the context of ensuring the development of a large municipality]. Aspekty
publichnoho pravlinnya — Aspects of public governance, 6(8), pp. 24-34. DOI: 10.15421/151843.

9. Stroev, P. V., Reshetnykov, S. B. (2017). «Umnyy horody» kak novyy etap horodskoho razvytyya
[«Smart City» as a new stage of urban development]. https://doi.org10.17073/2072-1633-2017-3-207-214.

10. Wenwen, Li, Michael, Batty, Michael, F. Goodchild. (2019). Real-time GIS for smart cities.
https://www.tandfonline.com/doi/full/10.1080/13658816.2019.1673397.

11. Karpinskyi, Yu. O., Lazarenko-Hevel, N. Yu. (2018). Metody zbyrannia heoprostorovykh danykh
dlia topohrafichnoho kartohrafuvanma [Methods of collecting geospatial data for topographic mapping].
https://gki.com.ua/ua/metodi-zbirannja-geoprostorovih-danih-dlja-topografichnogo-kartografuvannja.

255



Ne 4(22), 2020 TEXHIYHI HAYKH TA TEXHOJIOI'TI
TECHNICAL SCIENCES AND TECHNOLOGIES

12. Boiko, O. L., Lyashenko, D. O., Horb, O. 1. (2019). Rozrobka kontseptualnoi modeli zboru
heoprostoroykh danykh rehionalnykh aeroportiv metodamy lazernoho skanuvannia dlia stvorennia GIS
[Development of a conceptual model for collecting geospatial data of regional airports by laser scanning
methods for GIS creation]. Mistobuduvannia ta terytorialne planuvannia — Urban planning and spatial
planning, 69, pp. 60-71.

13. Kryachok, S. D. (2018). Topohrafo-heodezychne zabezpechennya aeroportiv [ Topographic and
geodetic support of airports]. Tekhnichni nauky ta tekhnolohiyi — Technical sciences and technologies,
1(11), pp. 239-251.

14. Boiko, O., Lyashenko, D., Prusov, D. (2019). Conceptual fundamentals of airport BIM /GIS
spatial data integration received by laser scan. Technical sciences and technologies, 4(18), pp. 238-246.

15. Eiman Al Nuaimi, Hind Al Neyadi, Nader Mohamed and Jameela Al-Jaroodi. (2015).
Applications of big data to smart cities. Journal of Internet Services and Applications.
https://www.researchgate.net/ publication/284196317 Applications of big data to smart cities.

16. Chou Tien-Yin, Kotzinos Dimitris, Kim Kyoung-Sook, Antonides Ashley, Hadland Anneley.
(n.d.). Artificial Intelligence in Geoinformatics DWG. https:/www.ogc.org/projects/groups/geoaidwg.

17. Radutnyy, O. E. (2017). Kryminalna vidpovidalnist shtuchnoho intelektu [Criminal liability of
artificial intelligence]. http://ippi.org.ua/sites/default/files/17 1.pdf.

18. Gorbunov, A. P. (2014). Treningovaya sistema dopolnennoy real'nosti dlya aviadispetcherov,
[Augmented reality training system for air traffic controllers]. Prikladnaia informatika — Applied
Informatics, 5(53), pp. 81-88.

19. Alvaro Ibafez. (2018). Augmented reality for working in airport control centres.
https://blog.ferrovial.com/en/2018/05/augmented-reality-airport-control-centres.

20. Emerging Technologies in the Aviation Industry. https:/www.axiscades.com/emerging-
technologies-in-the-aviation-industry.html.

21. Nacho Palou. (2018). Agmented reality glasses to aid airport ground  staff.
https://blog.ferrovial.com/en/2018/ 02/augmented-reality-and-airports.

22. By Jim Baumann. (2019). Digital Twin Helps Airport Optimize Operations.
https://www.esri.com/content/ dam/esrisites/en-us/newsroom/arcuser/arcuser-fall-2019.pdf.

23. Isam Shahrour. (2018). Use of GIS in Smart City Projects. https://www.gim-international.com/
content/article/use-of-gis-in-smart-city-projects.

24. Mathias Lemmens. (2018). Point Clouds and Smart Cities. https://www.gim-international.com/
content/article/point-clouds-and-smart-cities-2.

25. Michael Batty. (2013). Big data, smart cities and city planning. https://journals.sagepub.com/
doi/full/10.1177/2043820613513390.

26. Albert, E. Dotson, Elise Holtzman Gerson. (2019). How miami can go from smart airort to smart
city. https://www.lexology.com/library/detail.aspx?g=4dd3ca07-45af-42f1-b5tb-16af82717cc2.

27. By Taskin Dirsehan. (2019). Mapping Smart Mobility Technologies at Istanbul New Airport
Using the Customer Journey. https://www.researchgate.net/publication/336784763
Mapping_Smart Mobility Technologies at Istanbul New Airport Using the Customer Journey.

28. John Walton. (2018). Technology shaping the airports of the future. Australian Aviation.
https://australianaviation.com.au/2018/12/technology-shaping-the-airports-of-the-future.

29. Smart Airports. (n.d.). https://www.burnsmed.com/services/aviation/smartairports#:~:text=
A%20stroll%20through%?20an%?20airport,implementations%20in%20the%20aviation%20sector.

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 Datay» and «Consolidated Concept of VIM Implementation
in Ukrainey» 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 «smarty 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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CBITJIIA TAM’SITI BAJIATHOT'O YYEHOI'O
JIMTBUHOBA BITAJIISI BACUJIBOBUYA

2 rpyans 2020 poky BUNOBHIOETbCS 80 POKIB 3 THA
HApOJDKEHHS BHJIATHOTO YKPaiHCHKOTO BYEHOT'O B Ta-
Ty31 iHOopMaIitHUX TEXHOJIOTH, MporpaMHOro 3ade3-
IIEYEHHs Ta IMITarliHOro MojeiroBaHHs JIMTBHHOBA
Biranis BacunsoBuda. Yce Woro xuttst OyJio HarmoB-
HEHO CITY)KIHHSM Hayti Ta OocBiTi. Jl0 OCTaHHBOTO JTHS
BiH 3aJIMIIABCS BEIMKUM ONTHMICTOM 1 €HTY31aCTOM,
HEBTOMHUM JIOCJIIHUKOM 1 €KCIIEpUMEHTAaTOPOM. Xa-
paxkTepHOI0 pucoro AisipHOCTI B. B. JIuTBHHOBa 3aB-
&au OyJlo MO€JHAHHS BUCOKOTO HAYKOBOT'O PIiBHS BU-
KOHYBaHUX JIOCII/DKEHB 13 IOBEJCHHIM PE3yJIbTaTIB JI0
X MPaKTUYHOTO BTiJICHHS.

Biraniii BacunboBuy Maiike Bce ®KHUTTS MPOMPALIIO-
BaB y HamionanpHiit akagemii Hayk Ykpainu, OyB oa-
HUM 13 IPOBIIHUX YUYEHUX-KiOEPHETUKIB, BII3HAYECHUI
Tpboma JleprkaBHuME mpeMisiMu. [1i fioro kepiBHUIITBOM Oyiia po3pobieHa cuctema imiTamin-
Horo mozemoBanHsa AJICIM Ta indopmariiiHo-po3paxyHKOBa cUCTeMA JUIs BiiCbKOBO-MOPCh-
koro ¢uoty «tOniTep», BUKOHaHI MacIITaOHI IPOEKTH 3 pO3POOKHU MTPOrPaMHOT0 3a0€3MEUCHHS
Jutg aBlamiiiaux koMmmanii Detlta Airlines ta MAY. Pa3zom i3 konektusoM HarioHansHOT aka-
neMii HayK YKpaiHu BiH OpaB ydacTb y po3poOLli HOBITHIX YCTaHOBOK €JIEKTPOHHO-IIPOMEHE-
BOTO 3BapIOBAaHHS, sIKI HUHI BUKOPUCTOBYIOThCS B Kopriopatisx Boeing (CLLA), AirBus (bpu-
taHis, OpaHiis), a TAKOXK y pi3HUX KpaiHax, 3okpema Snownii, Kurai ta [nnaii.

Sk mpohecop, JOKTOp TEXHIYHHUX HayK, Bitaniit BacuinboBud 1meapo AiuBest CBOIMH 3HaH-
HSIMH Ta JIOCBIIOM 31 CTYJCHTaMH, MpaIlolouu B pi3Hi poku B HallioHaIpbHOMY TEXHIYHOMY
yHiBepcuTeTi «KuiBchkuil monitexHiyHUi 1HCTUTYT iMeHi Iropst Cikopcbkoroy», HamioHans-
HOMY aBiallifHOMY YHIBEPCHUTETI, & OCTaHHI POKH CBOT'O KHTTS, KEPYIOUH Kadeaporo mporpam-
Hoi imkeHepii HanioHanbHOTO YHIBepcuTeTy «YepHIriBChbKa MOMITEXHIKaY.

[Topsin 3 BUKOHAHHSM I'PYHTOBHUX HAyKOBUX JOCTikeHb JIuTBuHOB B. B. 3aBxk1u BiB ak-
TUBHY HayKOBO-OpraHizaliitHy po0oty. BiH OyB uieHOM peKoJerii 1BOX HayKOBUX KYPHAJIB,
B TOMY 4MCII i KypHay «TexHI4HI HAyKH Ta TEXHOJIOTIi», YWICHOM JIBOX CIIeIiaJli30BaHHUX pajl
13 3aXHMCTy JOKTOPCHKUX Ta KaHAUAATCHKUX TUCEPTaLil, aKaJIeMIKOM Ta rojIoBOI0 YepHIriBch-
KOTO ocepesiKy AKasieMil TEXHOJIOTIYHUX HayK YKpaiHu. 3a Horo iHiliaTUBY movaja MpoBOIU-
THCh MiJKHapo/IHa HAyKOBO-TIPAaKTHYHA KOH(epeHLis «MaTteMaTuyHe Ta iMiTaliiiHe MOAENIo-
BaHHS CHCTEM», sIKa CTaja aBTOPUTETHUM HayKOBHUM 3aXOJI0M He TiIbKH B YKpaiHi, ane i 3a ii
MexxaMmu. 3a Oarato pokiB HeBTOMHOI mpami mpodecop B. B. JINTBHHOB CTBOPHB HayKOBY
IIKOJTY, BUXOBAB TPHOX JIOKTOPIB HayK Ta 14 KaHAMIATIB HAyK, a pe3yJbTaTH HOro HayKOBHUX
JOCIIDKEHB 1 MPUKIIAIHUX po3po0oK BioOpaxeHi B 12 MoHorpadisx, 3 AekIapaTUBHHX IaTe-
HTax 1 61u3pK0 200 HAyKOBUX IMparsx.

[Tam’aTh PO BUAATHOI'O BUCHOTO, BUMTEIS TA TOBAPHUIIA 3aBXKIM 3AIUIIUTHCS B CEPIX
HOro BASYHUX YYHIB Ta KOJIET.
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OCHOBHI BUMOI' 1O O®OPMJIEHHA TA ITIOJAYI PYKOIIUCIB
HAYKOBHUX CTATEH IO HAYKOBOT'O ) KYPHAJTY
«TEXHIYHI HAYKH TA TEXHOJIOI'1i»

IIlanoBHI fonucyBayi!

Jlis  momaHHA CTaTTi HEOOXiHO CMOYAaTKy HaJicliaTh Ha eJICKTPOHHY afpecy
tst.technical.sj@gmail.com Bamry ctaTTio, perieH3ito Ta A0BiIKY Ipo aBTopa (iB) AJis momnepe-
THBOTO PO3TIISAY PeAAKLIHHOIO KOJeTiero )XKypHaly « TexHiuHI HayKu Ta TEXHOJIOT1I».

[Ticng oTpuMaHHS NO3UTUBHOTO BIATYKY NMPOXaHHS CIUIATUTH BapTiCTh MyOumikamii 1 Biam-
PaBUTH BECh MAKET JOKYMEHTIB.

Jns myOmikamii crarTi y )kypHaii « TexHiuHl HayKd Ta TEXHOJOT» HEe0OX1aHO B 000B’sI3-
KOBOMY MOPSIJIKY TO/IaTH:

— eJICKTPOHHUHN BapiaHT CTaTTi, 0(OpMIICHOT 3a 3pa3KoM;

— peleH3ilo Ha CTaTTIO 32 MIAMMCOM JOKTOpa HaykK;

— JIOBIJIKY TIPO aBTOPIB;

— KBUTaHILIO (CKaHOBaHY) MPO CIUIATy BapTOCTI MyOIiKalii HayKoBOi CTaTTi.

Ony0nikyBaHHsSI HAYKOBUX cTaTel y )kypHali « TexHiuHl HayKH Ta TEXHOJOT» € IIaTHUM.
Bapricte my6mikariii 1 cTOpiHKM HAyYKOBOI CTaTTi CTAHOBUTH 55 rpH (IIpoxaHHs 000B’SI3KOBO
YTOUHIOBATH BapTiCTh myOikaiii). Omara niaTBepKy€eTbCsS KBUTAHIIELO.

YMOBH ITYBJIIKALTI, BHMOI'H II[OJ10 O®OPMJIEHHA CTATEH, PEKBI3SUTH
OIlVIATH TA OCTAHHI HOMEPH HAYKOBOI'O KYPHAJ1Y «TEXHIYHI HAYKH
TA TEXHOJIOI'II» POSMIIIIEHO HA CAHTI HAITIOHA/IbHOI'O YHIBEPCUTETY
«YEPHITIBCbKA IIOJTITEXHIKA»:
http://tst.stu.cn.ua/

KonTakTHa indopmanis.

Marepianu HeoOXigHO HajacuiuaTu Ha azapecy: 14035, m. Yepniris, Byin. llleBuenka, 95,
Kopit. 1, k. 242 (HayKOBO-JJOCIIiTHA YaCTHUHA).

Konraktna oco6a: Kopmuio Ipuna MukonaiBHa.

Ten. po6.: (0462) 66-51-15

Ten. m06.: (093) 592-78-12

E-mail: tst.technical.sj@gmail.com

BinnosinaabHicTh 32 MaTepiajin, HaBe/leHi y CTATTi, Hece aBTOP.
HenpaBniibHO 0(popMIIeHI ABTOPOM CTATTSHA TA CYNPOBi/IHI JOKYMEHTH,
10 He BiAMOBiIaI0Th 3a3HAYEHUM BUMOI'aM, PO3IJIAJATHCA He OyAyTh.

Peodaxyis pozensdae naoxooicenusn nyoaikayii ma cynpogionux 0oKymenmis (peyensii,

008i0KU NPO a8mMopie mowo) K 3200y donucysada (ig) oo nepedadi asmopcbKo20 npasa
HA UKOPUCTAHHS MEOPY (MUPAXICY8AHHS, PO3NOBCIOONCEHHS MOUYO).
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HAYKOBE BUJJAHHA

TEXHIYHI HAYKH TA TEXHOJIOI'TI

HAYKOBHH KYPHAJI
Ne 4(22)

BiamosigansHMiA 32 BHITYCK C. II. Camon
Penakrop 0. C. CmenoBa
Komm’torepHe ckagaHHs Ta BEpCTaHHS T. M. Konot

[Migmucano mo apyky 29.12.2020. dopmar 60x84/8. YM. npyk. apk. — 30,23.
Tupax 100 np. 3amosnenns Ne 541/20.

Pepakuilino-sunaBauunii Binain HanionansHoro yHiBepeuteTy «UepHiriBcbka MOJITEXHIKa»
14035, Ykpaina, M. YepHiris, Bys. LlleBuenka, 95.
CBi10LTBO PO BHECEHHS Cy0’€KTa BUAABHUUOI CIIPAaBU
10 Jlep»aBHOTO peecTpy BUAABLIIB, BATOTOBIIIOBAYIB 1 PO3IOBCIOIKYBaviB
BuaBHUYOI npoaykuii cepist JJK Ne 7128 Big 18.08.2020 p.



