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CKIHYEHO-EJIEMEHTHE JOCJ/I/ZKEHHSA HAIIPYXXEHO-JE®OPMOBAHOI'O
CTAHY ITPOLHECY NPOPIJIIOBAHHA UWITHAPUYHUX 3ATI'OTOBOK

Ananiz naykosux nyonikayivi 003601ueé UAGUMU, W0 NPodIeMa Ni0BUWEHH AKOCMI GeIUKUX KOBAHOK 8i0N0GI0ANbHO20
NPUSHAYEHHA HUHI He supiueHa noguicmio. Hasaeni mexnonoeiuni npoyecu Ky8anHs elUKUX 3a20MO60K NOJs2arms y depop-
MYBAHHI 3TUMKIE NAOCKUMU a60 Kombinosanumu botikamu. Taxi cnocobu degpopmyeanis He 3a824COU 2apaHmyOnms nPopooKy
aumoi cmpykmypu 3a2omosxu. Mooenioganns 0ano 3mMo2y 6CMAaHO8UMuU, wo NPOPiNoeanHs GUNYKIUMU pAOIyCHUMU OOUKAMU
npuU3800UNMb 00 3MIHU PO3NOOLLY deopMayiil ma Hanpyscenv y Miii 3a20mosKu. Y pe3yavmami nioguwyemocsi pIGHOMIPHICMb
PO3n00iny degpopmayiu, a maKoxc ygichymi epami nioguuyoms pigeHb CMUCKAIOYUX HANPYHCEHb Y YEHMPATbHUX A nepuge-
PIlHUX Wapax 3a20MmosKu.

Kniouogi cnosa: xysanms,; npodinosannsi; eenuxi KOBAHKU, po3noodil oepopmayiil; 2iOpocmamudni HanpyJiCeHHsl, Uny-
Ki OOlKU; NPOPOOKA CIMPYKMYDU.

Puc.: 1. Tabn.: 1. Bién.: 16.

AKTyalIbHICTh TeMH J0CTiTKeHHsA. OIHUM 13 IEPCIEKTUBHIUX HAIPSKIB IMOJITIIICHHS BIIac-
TUBOCTEH KOHCTPYKIIIMHMX MaTepialiB € BUTOTOBJICHHS CTaOUTLHOI APIOHO3EPHUCTOI CTPYKTYPH
IpY BUPOOHUIITBI METAJIONIPOYKIIiT BUCOKOT SIKOCTI. Y JIMTOMY CTaHi IPOMHCIIOBI CIUIaBH CKJIaJla-
I0ThCA 13 3epeH po3MipoM noHaa 100 mxMm. Tpaguiiiitai MmeToan oOpoOKH, Taki K X0moaHa aedop-
Mallisl 3 MOJATIBIIMM PEKPUCTANIZAIMHIM BiJIIaoM, TepMidHa 00poOKa, 3acCHOBaHa Ha (pa3oBUX
MIEPETBOPEHHSIX, 1 TEpPMOMEXaHIuHA 00pOOKa JO3BOJISIOTH MOIPIOHUTH MIKPOCTPYKTYPY J0 PO3-
mipy 3epeH Omm3bko 1-10 mxMm [1; 2]. JlocsirHeHHS 3HAUHKX CTYTICHIB AeopMallii 1a€ MOXKIIMBICTD
3IACHATY TIOIPIOHEHHS 3€pEH MOMIKPUCTATIYHOTO MaTepiary Ha KPUCTAIA MEHIIIOTO PO3MIPY, 1110
CBOEIO YEPror0 YMOKIIMBIIIOE MOAPIOHEHHS 3€peH METAIEBUX MaTepiaiiB aX IO HaHOPO3MIpiB.
Merton inTeHcHBHOI TuTacTuaHoi nedopmartii (IT1)1) momnsirae B 00THCHEHH] 3 OUTBITMMHE CTYTICHSIMHA
nedopmartii Ta BUCOKMX MPUKIIAJIEHUX TUCKIB IIPU TEMIIEpATypax, HIDKYE 3a TEMIIEPATypy PEeKpH-
cramizanti [3; 4]. Pa3om 31 3MiHOIO 3€pEHHOI CTPYKTYPH Ta 3MEHIIICHHSIM PO3MIpPiB 3e€pHa B MeTase-
BUX MaTepiaax BiJI0yBa€ThCs 301IbIICHHS 00’ €MHOI YaCTKH iXHIX TpaHuLib. Lli CTpyKTYypHI 3MiHH
MIpU 3MEHITIeHH]I po3MipiB 3epeH 10 1000 HM cnpusitoTh iCTOTHOMY MOMIIMIIIEHHIO TAKUX MEXaHI4-
HHX BJIACTUBOCTEH, SIK MeXa TEeKy4OCTi, MeXa MIIIHOCTI, ylapHa B’S3KICTh, TBEPICTb. AKTyallb-
HUM € BUTOTOBJICHHS Ta 30€peKEeHHS IP10HO3EPHHUCTOI CTPYKTYPH B «00’ EMHUX) 3arOTOBKAX, PH-
JIATHUX 711 BAPOOHHUIITBA METAJIONIPOIYKIIIT BUCOKOT SIKOCTI.

IlocTanoBKa NpodJjeMu. AKTyaJIbHOIO HAyKOBO-TIPAKTUIHOIO MTPOOJIEMOIO B ITPOIIecax Jie-
(opMyBaHHS BEJIMKHX 3arOTOBOK € BUKOPHCTAHHS oreparlii npodisIloBaHHs 3arOTOBKH Tepest
MOAAIBINON0 i1 00pOOKOI0 THCKOM. Lle M03BOIMTH 3MIHUTH HANpPyKeHO-AehOPMOBAHUI CTaH
MeTajy 3arOoTOBKH, IO, Y CBOIO Yepry, MiJABHIIUTH PIBHOMIPHICTH MPOPOOKH BHYTPIIIHBOI
CTPYKTYPH Ta 1aCTh 3MOTY 3aM00IrTH MOsB1 TpiuH. /{7151 BupimeHHs miei mpo6iemMu HeoOXiTHO
MPOBECTH JOCHTIDKEHHS HAMPY>KEeHO-Ie(hOPMOBAHOTO CTaHY HOBOTO CIOCO0Y MpodiroBaHHS
MUAJTHAPUYHOIT 3arOTOBKY BUITYKJIMMH PaJilyCHUMHU OOWKaMHU.

AHaJI3 OCTaHHIX JoCHiTxKeHb i myOJaikaniii. Metoan KyBaHHS, IPOKATKU 1 IJTIOIIECHHS,
SIK HAOJTBIII TIPOYKTUBHI METOM OOPOOKH THCKOM, € MIAXOASIIMMU N7 BAPOOHUIITBA BEJIH-
KOTrabapuUTHHUX CyO-, MIKPOCTPYKTYpPOBAaHUX 3aroTOBOK. IIpokaTka gae MOXKIUBICTH BUTOTOB-
JICHHS BEJIMKOPO3MIpPHUX 3arOTOBOK: CJII01B, OJIFOMIB, JIUCTIB 1 HIMPOKUX CMYT, HA ICHYIOUHX

© Mapkos O. €., Mycopin A. B., XBamuacekuit A. C., ITanos B. B., Kutnikos P. 10O., Jlucenko A. A., 2021
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MIPOKATHUX CTaHaX. MOXKIIMBICTh BUPOOHUIITBA BEIIMKOPO3MIPHHX 3arOTOBOK 13 yIIbTpaApiOHO-
3€pHHUCTOI0 CTPYKTYPOIO Ha CTAaHJAPTHOMY YCTAaTKyBaHHI B MPOMHUCIIOBUX 00cCArax € KIH4o-
BOIO II€PEBArol0 METOly KyBaHHS 1 MPOKATKH MEpe]] IHIUMH METoJaMi 00pOOKU THCKOM, BH-
KOPUCTOBYBaHHMH JIJISl CTBOPEHHSI HAHOCTPYKTYPOBAHOT METAIOTPOIYKITi1 BHCOKOT SIKOCTI [5].

Bonnowac mmpokomaciitabHe BIPOBaIHKEHHS METOIIB Ie(hOpPMAIliHHOTO CTPYKTYPYBaHHS
METaJiB 1 CIUIaBiB, 1 30KpeMa BYTJICLIEBUX METaNIB, CTPUMYETbCS IEBHUMH (PaKTOpaMu, cepen
SIKUX HAWOJIBII ICTOTHUM € HECyMICHICTh IIBUJKICHUX 1 eopMaIliiHuX peKUMIiB TEXHOJIOTI-
YHUX MPOIECIB. 3BAXKAIOUX Ha II€, OJHIEI0 3 aKTyaJIbHUX MPOoOJIeM, 110 BUPIIIYIOTHCS y HAIll
Yac, € CTBOPEHHS TaKUX METOJIB Ae(OopMaIliifHOrO CTPYKTYpYBaHHS METAJIB 1 CIUIaBiB, 5K 3a
CBOIMHU TEXHOJIOTTUHUMH MapaMeTpamH 1 IPOIyKTHBHICTIO MOXHa Oys10 6 afanTyBaTH 10 Ai0-
4OT0 MPOMHUCIIOBOTO BUPOOHHMIITBA [6].

Bucoki Temnu po3BUTKY BUPOOHHIITBA METAJIONPOAYKIIii BUCOKOT SKOCTI BUMAararoTh po3-
POOKY HOBHX 1 BAOCKOHAJICHHS HAIBHUX CIIOCO0IB BUTOTOBJICHHS 3arOTOBOK 32 PaXyHOK 3aCTO-
cyBaHHs cxeM Aedopmysanus 3 [I1/]. Y mockoHaneHHs IXHPOT0 BUPOOHHIITBA HA TIPOMHUCTIOBUX
HiANPHEMCTBAX 3 METOIO MiABUILEHHS SKOCT1, TOYHOCTI i MPOAYKTUBHOCTI KyBaHHS I1OB’sI3aHE
3 BHUPIMICHHSAM 0araThbOX TEXHOJOTIYHMX 1 OopranizariiiHux 3anad [7; 8]. Benuke 3HaueHHs B
IIbOMY TIPOIIeCi 3100yBa€ CTBOPEHHS METOIUK TOCHIKEHHS po3moaAuTy aedopmartii, 1o Bimir-
paroTh OCHOBHY POJIb Y KEPOBAHOMY BIUIMBI Ha Cy0- 1 MIKPOCTPYKTYPY METAITy NMPH IUIACTHY-
HoMy nedopmyBanHi [9]. CyuacHUI PO3BUTOK KOBAJIBCHKOTO BUPOOHUIITBA CIPSIMOBAHO Ha
BJIOCKOHAJICHHS ICHYIOUMX TEXHOJIOTTYHHUX IIPOLIECIB KyBaHHS 1 pO3p0OOKY HOBHX, SIKi 3a0e311e-
YYIOTh BUTOTOBJICHHSI HE TIJIbKM HEOOX11HOT (hOpMH KOBAHOK, ajie i MPOrHO30BaHUX 11 MEXaHi-
YHUX BiactuBoctei [10].

V CBITOBi paKTHULli 3a0€e3MeUEHHsI 33/1aHOTO PIBHSA MEXaHIYHUX BIACTUBOCTEU MPUUHATO
OIIIHIOBATH KOE(IIIEHTOM YKOBY, 110 TaApaHTYy€E MPOPOOICHHS MeTaly 3a repepizom [11].

Huni po3po6iieno 6e31iu BapiaHTIB KyBaHHS, 1110 BiJJPI3HSAIOTHCS MOCI1IOBHICTIO OTEpaIlii,
cTyneHeM aedopmariii, 3aCTOCYBaHHIM Pi3HOTO BUAY IHCTPYMEHTY H Pi3HUX PEXHUMIB TEpMid-
HO1 00poOKu [12—16].

Buainennst HeqocailXKeHUX YACTHH 3arajibHoOl Mpo0dJieMu. 3MECHITUTH BEJTUYUHY 3aCTii-
HHX 30H MOXKHA 32 PaXyHOK 3aCTOCYBaHHsI I0JJaTKOBUX TEXHOJIOTTYHUX MPUHOMIB: peryIIOBaHHS
MJIACTUYHHUX TIOTOKIB, 3MiHA CITIBBITHOIIEHHS 1 KOH(DIrypariii mioml BiTbHUX 1 KOHTAKTHUX TTOBE-
PXOHB 3arOTOBKH, IO BIUTMBAIOTh HA OIip BUTUCHEHHIO METATY B 30HH BUILHOTO BUTIKaHHS. Tak
3aCTOCYBAHHS TPUIPOMEHEBOTO 3JIUTKA JO3BOJIMJIO BHKIIIOYUTH Opak BaJKiB XOJOAHOI IMpoO-
KaTku, 30u1bmuTH (10 40 %) Micuesi nedopmailii B 0CbOBIii 30H1 KyBaHHS MpH yKoBi Y = 1,5.
OpHaK 3IMTKH 13 TPUIPOMEHEBOIO (POPMOIO MOTIEPEYHOTO Mepepizy 3 Maaumu yrkoBamu (Y = 2,0)
MOXYTb IMPU3BOJUTH J0 HEPIBHOMIPHOTO PO3MOALTY CTyreHs Aedopmarlii 3a nepepizoMm KoBa-
HOK. BripoBapkeHHs TPUITPOMEHEBUX 3IMTKIB YCKIAIHEHO Y 3B 53Ky 3 HEOOX1THICTIO BUTOTOB-
JICHHS BUJIMBHUIIb CTIELIAIbHOI (POPMH, IO TTOB’s3aHE 3 TOAATKOBHMHU BUTPATAMHU M TPYIOMICT-
KicTio0. EpekTHBHMM y IbOMY HarnpsiMi € BAKOPUCTaHHS orepariii mpo¢iItoBaHHs 3ar0TOBOK, 110
MOXITUBO 3a0€3MEeUNTH 32 paXyHOK Ae(OopMyBaHHS paalyCHUMHU BUIYKIMMHU Ooiikamu. Bucoky
PIBHOMIPHICTb po3moiTy nedopMalliid mpu HACTYITHOMY JehOpMyBaHHI i BUTOTOBJICHHI CHIME-
TPUYHOTO MOMIEPEYHOTO Tepepizy 3a0e3evye YOTHPUIIPOMEHEBa 3aroToBKa. J[jist OibIie piBHO-
MIpHOTO PO3NOALTY AeopMariil i BUTOTOBIICHHS YOTHPUIIPOMEHEBOT 3ar0TOBKH MPABUIIBHOT (po-
PMHU JOIITBHO TIPOTATYBAHHS 3/1IHCHIOBATH BUITYKJIUMHU OOMKaMHU.

MeTo10 CTATTI € MOITYK PAIliOHAIBHOI T€OMETPIi BUMYKJIMX PaJlyCHUX OOUKIB 115t podi-
JIOBAHHS IWIIHAPUYHUX 3arOTOBOK Iepes MOJANBIINM iX JAe(opMyBaHHSM HAa OCHOBI Mojie-
JIOBaHHSI METOZIOM CKIHUEHHUX €JIEMEHTIB HaIpy>KeHO-Ae(OPMOBAHOTO CTaHy 3aroToBkH. Jlia-

Ma30H BapifOBaHHS PaJiyciB BUMYKINUX OOMKiB % =0,5; 1,0; 1,5.
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Buxiaax ocHoBHOro marepiaiy. Matepian 3arotoBku — crainb 34XHM; niinbpHICTE MpU

KiMHATHIH Temmeparypi — 7840 kr / m>; momynb FOrra — 2° 10° MlIlIa; koedimient [Tyaccona —
0,3. Crynins medopmarii BapitoBanacs Big 0 mo 0,2, mBuakicts aedopmarii B aiana3zoHi
(2...10)x1073¢™!, mo oxommoe AedopmartiitHuii i MBUAKICHUI PEXUM MPOLECIB AeOpPMyBaHHS.

Binomi 3 miteparypu TeOpETHYHI W €KCIIEpUMEHTANbHI JOCHIHKEHHS T03BOJIMINA BCTAHO-
BUTH, 110 TIpH JAeOpMyBaHHI BUHUKAE BUCOKA HEPIBHOMIPHICTh PO3MOLTY AedopMalii, ae-
(dopMyBaHHS XapaKTEpU3YETbCS BUCOKMMHU E€HEPrOCHJIOBUMH NapameTrpamu ae(opMyBaHHS.
[Ipu nedopmyBaHHI HEOOXIAHO 3a0€3MEUNTH PIBHOMIPHHIA PO3MOIIT Aedopmaliiii BUCOKOTO
PiBHS 32 Iepepi30M 3arOTOBKH 32 paXyHOK YJIOCKOHAJIEHHS MPOIIECy MPOTATYBAHHS Ha OCHOBI
3aCTOCyBaHHS 0OMKIB crierianbHOT (OpMH Ta CHEHIATLHUX PEKUMIB AeOPMYBaHHS.

AmHauni3 niTepaTypH Mokasas, 10 HaiOLIbII eeKTUBHUM iHCTPYMEHTOM JJIS I11/IBUIIEHOTO
MPOPOOJICHHS CTPYKTYPH € 3aCTOCYBaHHSI BUITYKIIUX OOMKIB JIJIs IOTIEPEIHBOTO MPOQ1TFOBaHHS
IWTIHAPUYHOI 3arOTOBKH NEpel OCTATOYHUM KYBaHHSM BHUPI3HUMH a00 TUIOCKUMH OOHKaMH.
Ha nepmomMy erami 1ociiaKyBaBcsl BIUIMB BUITYKIUX paniycHux OoiikiB Ha HJIC 3arotoBkwu.
[TouaTtkoBa Temnepatypa 3arotoBku — 1200° C, remnepatypa inctpymenty — 50° C. TepTs Mmix
3aroTOBKOIO W 1IHCTpyMeHTOM, 3a JleBaHoBUM, npuitmanocs 0,7 (y mepepaxyHKy Ha 3i0emns —
0,35). Cxema nporuiecy npodiTioBaHHS HIITIHAPUYHOT 3arOTOBKY BUITYKIMMH PaJilyCHUMHU OO0¥i-
KaMH MpeJcTaBiieHa Ha puc. 1.

o

Puc. 1. Cxema npoyecy obmuchenHs yuniHOpuyHoi 3a20mosKu
BUNYKIUMU PAOLYCHUMU DOUKAMU

JIist mociKeHHsT BIUTMBY CITIBBiAHOMICHHS po3MipiB iHCTpyMeHnTa Ha HJIC metany 3aro-
TOBKH MPUHHATI TPH BapiaHTH BUIYKJIMX pajiiyCHUX OOHKiB: | — pajiyc IOpiBHIOE MMOJOBUHI
paniyca 3arotoBKH (R =Rsr/2=500mMm); 2 — pamiyc HIOpIBHIOE pajliiyCy 3aroTOBKH
(R = Rsar =1000 mM); 3 — paniyc Oinbire pagiyca 3aroToBKH (R = 1,5Rzar = 1500 mm).

OOTucHEeHHs BUYKIMMHU Ooiikamu 3 pagiycoMm R = Rsar / 2. Tlpu nedopmyBaHHI 3arOTOBKH
3a TaKOKO CXEMOIO 3 KaHTyBaHHAM Ha 90° BimOyBa€eThCs JIOKAITI3allisl MaKCUMaIbHUX Jedopma-
i T pagiyCHUME KpalikaMu BUITyKJIHX 00¥iKiB. L{e mpu3BOIUTH 10 3MEHIIIEHHS 30H YCKIaI-
HeHoi nedopmartii mig gedhopmyrodnm iHCTpyMeHTOM. [Ipu 1iboMy miciast OOTUCKAaHHS 3 YOTH-
pBOX CTOPIH AedopMallii BHHUKAIOTH 1 B CEpeAHii (OChOBIif) 30H1 MOKOBKH. 3aCTIHUMHU 30HAMH
3aJIMIIAIOTHCS AUISTHKH, SIKi HE JeOPMYIOTHCS Ta 3HAXOMSTHCS 1O KyTaX YOTHPHUIIPOMEHEBOT
3arotoBku. HepiBHOMipHICTB NorapudMidaux nedopmarniii cranosmia Ae = 0,73.
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Tabauysa 1 — H/[C npu npomszysauni unykaumu paoiycHuUMu OotuKamu
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Takwuit piBeHb HEPIBHOMIPHOCTI pO3MoaiTy Aedopmaliiii BBakaeTbes npuiHATHUM. Cepe-
JTH1 HaMpy>KE€HHS B OCbOBIH 30H1 3arOTOBKU — CTUCKaI0U1 (Gcpy = —13 MIla), Ha moBepxHi cepe-
JTH1 HanpyXeHHS po3TAry (Gepn = 25 MIla) (tabn. 1, nepmmii psanox). OaHak piBeHb LUX PO3-
TATYIOUMX HANIPYKEHb HE TPU3BEAC 10 YTBOPEHHS TPIIIKH. 3arajgoM OinbIna yacTuHa 00’ emy
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3aroTOBKH IepedyBa€ y cTaHl HEPIBHOMIPHOTO BCceOIYHOTO CTUCKaHHs. Lle miaTBepmKye Timo-
Te3y Mpo Te, O (POopMyBaHHS YBITHYTUX TpaHel y NUJIIHIPUYHIN 3ar0TOBII CIIPHSIE TIOSIBI ITi-
Jropy 3 60Ky 30BHIIIHINA YBITHYTIH MOBEpXHI NPpH JePOpMyBaHHi.

OOTHCHEHHS BUITYKIUMHU Ooiikamu 3 paziycoM R = Raar. [Ipu npodintoBaHHi 3aroToBKH iH-
CTPYMEHTOM 31 30UIbIIEHHM pajJilycoOM HEpIBHOMIpHICTh aedopmarii cranoBuiaa Ae = 0,79
(Tabmn. 1, Apyruii pAaaoK); HaMPYKEHHS B OCbOB1H 30H1 3arOTOBKH — CTUCKaIOU1 (Gepy = —26 MIIa),
Ha MOBEPXHI — po3TArY (Gepn = 20 MIIa). OTpumani pe3ynbTaTH SKICHO CX0K1 Ha nornepeHi. Ta-
KOX JiehopMallii BUHUKAIOTh 1111 BUTTYKJIMMH OOMKaMH, a HeTpo1e(hOPMOBAHUMH 3aTUIIIAIOTHCS
KyTH YOTHPUIIPOMEHEBOI 3aroToBKH. [IpoTe 30ibIeHHs pajiyca BUITYKJIOCTI OOWKIB MPU3BO-
JUTH JI0 HAKOTMYCHHI MAKCUMAJIbHHX JeopMalliid y EeHTPaIbHil (0ChOBii) 30H1 OLTBIIIOT BETH-
yuHM (013BK0 1,0).

BiamoBigHO 10 OTpMMaHUX Pe3ysbTaTiB, OChOBA YaCTHHA 3arOTOBKHU IepeOyBae B OUIBII
JKOPCTKIH CXeM1 Hampy»XEHOTO CTaHy, HDK IIPU BUKOPUCTaHHI BUITYKJIUX OOWKIB 13 pagiycoM
R = Rsar / 2 ipu 0gHAKOBI#M HEPIBHOMIPHOCTI po3noiny Aedopmartii (Tadi. 1, nepmmii psaok).
Kpim Toro, po3noin Hanpy>keHb OUIbII PIBHOMIPHUN Ta B TUJIi 3arOTOBKM BUHUKAIOTh TIepeBa-
YKHO Cepe/IHI HaIpy>KeHHS 31 3HaKoM MiHyc. Lle cBiTunuTh mpo MosBy HEPIBHOMIPHOTO BceOid-
HOTO CTUCKaHHS Mpu (OpMYBaHHI YOTUPHUITPOMEHEBOT 3aroTOBKH. CTPIMKO 3MEHIITHIIACH 32 PO-
3MipaMH 30Ha 3 PO3TATYIOYNMH HATIPYy>KEHHSIMH.

OOTHCcHEHHsT BUYKIUMH OoikaMu 3 paaiycoM R = 1,5Rsar. s 1iel cxemu dhopmyBaHHs
YOTHPUIIPOMEHEBOT 3ar0TOBKH (Ta0u. 1, TpeTid psIoK) HEPIBHOMIPHICTh pO3MOainy Aedop-
mariiii cranoButh Ae = 0,88; cepeaHi Hampy>XeHHsS B OChOBiM 30HI 3arOTOBKM CTHUCKAaIOUl
(0cpu = —31 MIla); cepeani HaMpy>KEeHHs PO3TATY Ha MOBEPXHi (Gcpn = 24 MIIa). ¥V ipomy pasi
nedopmariii po3noaIISIOTECS PIBHOMIPHO 3a Mepepi3zoM 3arotoBku. Lle sk cTocyeTbes 1 Ha-
NpYy>XEHOTO CTaHy, a came, CTHCKar4i Hampy>KeHHs piBHOMIpHI B Tiil 3arotoBku. Hampy-
KEHHS PO3TATY AIIOTh TUTBKH Y KyTaX YOTHPUIIPOMEHEBOT 3aTOTOBKH.

BucnoBkmu. 1. [IpodinoBaHHs BUIYKIMMHU paJilyCHUMHU O0MKaMH 3MIHIOE HAIIPY>KEHO-7Ie-
¢opMOBaHUil CTaH 3arOTOBKM Y MOPIBHIHHI 3 1e(OPMYBaHHIM IUIOCKUMH OOHKaMu. Y pe3yib-
TaTi Takoi cxeMH JiehopMyBaHHS 3MEHIIYIOTHCSI 30HU yCKiIagHeHoi aedopmartii. o minBumiye
PIBHOMIPHICTB iX PO3MOILTY 32 mepepizoM. [Ipu manux pajgiycax OKpyTJIeHHs BUITYKJIUX OOMKIB
MaKCUMaJbH1 feopmariii BAHUKAIOTh Y IIEHTPaIbHIHM (0ChOBIiT) 30H1. 301JIBIIIEH] paJIlyCH CKPY-
TJICHHS OOWKIB MTPU3BOIATH JI0 MiABUIIICHHS PIBHOMIPHOCTI po3moauty AedopMalliii 3a mepepi-
30M. Jleopmaltii HAKOMUYIYIOTHCS BUCOKOTO PiBHS 3 PIBHOMIPHUM iX PO3MOAIIOM.

2. JlocnimpxyBaHa cxema feopMyBaHHs 3a0e3nedye npu npo@iItoBaHHI MOSBY CTUCKAIOUUX
T1IpOCTaTUYHUX Harpy>keHb. LI HanpyXeHHs TakoXk pO3NOAUISIOTHCS piBHOMIpHO. Le moscHro-
€THCS TIIOPOM YBITHYTHX T'paHEeH, sIKi CTPUMYIOTh TUIMH METAITy B ITOTIEPEYHOMY HAIIPSIMKY, a
TaKOX MiABHUIIYIOTh TIIPOCTATHKY Takol cxeMu nedopMmyBaHHs. YacTka pO3TATYIOUMX HAIpy-
YKCHB JTy’KEe MaJia Ta BeJIMUMHA IIMX HATPY>KCHb 3aHU3bKA ISl YTBOPEHHS TPIIIMH Ta PO3PHBIB.

3. EdhexkTrBHOIO reOMETpIEIO € pajiilycH BUITyKJIMX OOHKIB y aianazosi 1,0...1,5 Bix pagiyca
[TIHIPUYHOT 3aTOTOBKH.
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UDC 621.73.019

Oleg Markov, Anton Musorin, Anton Khvashchynskyi,
Volodymyr Panov, Roman Zhytnikov, Anton Lysenko

FINITE ELEMENT STUDY STRESS-STRAIN STATE
DURING PROFILING PROCESS OF CYLINDRICAL WORKPIECES

The priority direction in the development of mechanical engineering is the development of new technological processes
for the manufacture of critical products. This is due to the development and implementation of new high-tech technologies that
improve product quality due to the use of new methods of deformation.

An actual scientific and practical problem in the forging processes of massive forgings is using of workpiece profiling
operation. This will make it possible to obtain of the finer internal structure of the workpiece and to decrease of crack formation.

The analysis of scientific publications has revealed that the problem of quality increasing of the material in the
manufacture has not been completely solved today.

A high uniformity of deformation distribution during subsequent deformation is ensured by a four-beam workpiece. For
a more even distribution of deformations and the manufacture of a four-beam workpiece of the correct shape, it is advisable to
pull it with convex dies.

The research objective is search of a rational geometry of convex radius dies for profiling cylindrical workpieces before
their subsequent deformation based on finite element modeling of the stress-strain state of the workpieces.

Computer simulation of the profiling process with using of the convex radius dies made it possible to establish that forging
with convex diess leads to an increase in the uniformity of the strain distribution. As a result of such a deformation pattern,
hindered deformation zones are reduced. When profiling with dies with a small rounding radius, the maximum deformations
are localized in the central part of the workpiece. Increasing the radius of the rounding leads to an even distribution of
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deformations. The formation of concave edges increases the level of compressive stresses in the central part and periphery of
the workpiece. The investigated deformation scheme ensures the appearance of compressive hydrostatic stresses during
profiling.

Modeling made it possible to establish that profiling with convex radius dies leads to a change in the strain distribution
and stresses in the body of the workpiece. As a result, the uniformity of the strain distribution is increased, as well as the
concave edges increase the level of compressive stresses in the central and peripheral layers of the workpiece. The effective
geometry is the radius of the convex dies in the range of 1.0 ... 1.5 of the radius of the cylindrical workpiece.

Keywords: forging, profiling; large forgings, strain distribution, hydrostatic stresses,; convex strikers; fine structure.
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JOCJAIIXKEHHA METOAY NOBEPXHEBOI'O 3MIIIHEHHS JTETAJIEA
I3 BAKOPUCTAHHSM AJTIOMOTEPMII

Cmamms npucesuena pooomam 3i SMIYHIOBATLHUX MeMOOi8, WO BUKOPUCOBYIOMbCA 8 MawUHo0ydyeanHi. [locnioiceno
TMEXHONOSTYHUTE MEMOO 3MIYHEHHA NOBEPXHI 3 GUKOPUCTNAHHAM ANIOMOMeEPMii Ha 8iOKpumomy nosimpi. Busnaueno memanoe-
pagiunumu 00CAIONCEHHAMU XIMIYHUL CKIIAO NICTIS ANIOMOMEPMIL, MIKpOMEepOicmb noeepxneso2o wapy. Busuena mikpocmpy-
Kmypa memany 3paska. Jociiodceno 3HOCOCmIUKICmb ma iHMeHCUBHICIb 3HOUWEHHS. O0CAIOHUX 3PA3KIE 13 BUKOPUCMAHHIM
Memody wmyynux 6a3. Busnaueno, wjo memoo 0036o01s¢ 30inbuwumu 3nococmitixicms y 1,8-2 pasu, inmencugnicms 3HouieHHs
smenuyemocs 6 1,7-1,9 pasa.

Kniouogi cnosa: nogepxuese 3smiynenns,; anomMomepmis; Mikpomeepoicms, 3HOCOCMILIKICIb, OKCUO XPOMY.

Puc.: 5. Tabn.: 1. Bi6n.: 6.

AKTYaJBbHICTh TeMH H0CTiKeHHs1. JIOBrOBIUHICTB JIETaJICH MAIIIWH € OJTHIEIO 31 CKIIaJOBUX
MOKA3HUKIB SKOCTI BUpOOiB [1]. BukopucTanHs TEXHOJIOTITYHUX METO/IB 3MIIIHEHHS TOBEPXOHB
METaJIeBUX 3arOTOBOK HAOyJI0 OCTAHHBOTO YacCy aKTYaJIbHOCTI B MAIIMHOOYAIBHIN ramysi. Xi-
MiKO-TepMiyHa 00poOKa oeIHYe B 001 XIMIYHUHN Ta TEPMIYHHUIA BIIUB JUIS 3MiHH CKIIALy, CTPY-
KTYPH Ta BJIACTMBOCTEH MMOBEPXHEBOTo HIapy oOpoOoBaHuX Jetaneil. JloCchiKeHHI0 METOIY
MTOBEPXHEBOTO 3MIIIHEHHS JIETANICH 13 BUKOPHUCTAHHSIM aTIOMOTEPMIii Ha BIAKPUTOMY TIOBITpI SIK
OJTHOTO 3 METOJIIB XIMIKO-TEPMIYHOT 0OpOOKH MPUCBSIUEHA HAYKOBa POOOTa.

IlocranoBka mpodsemu. BukopucTanHs TepMiYHUX omepallii motpedye BUKOPHCTAHHS
CreliabHOrO 00JIaJHaHHS, IEPEPUBAHHS TEXHOJIOTIYHOTO MPOIeCy, 110 30UIbIIye TPUBATICTD
BUpOOHMYOTO IUKITy. KpiM TOro, BioMi METOIM 3MIITHIOBAJILHOT OOPOOKM 3 BUKOPUCTAHHIM
ATFOMOTEPMIT SIK OJTHOTO 3 METO/11B XIMIKO-TEPMI4HOT 00pOOKH BUMAararoTh ITPOBEICHHS IPOIIECY
3 BUKOPUCTAHHIM CIIECHIAIbHOTO 00JIagHaHHsI. ToMy po3poOKa METOAy 3MIITHEHHS 3 BUKOPHC-
TaHHSIM TIOMOTEpMii 0€3 BUKOPUCTAHHS CTICIIaIbHOTO 00JIaHAHHS Ma€ BaXKJIMBE 3HAUCHHSI.

AHaJIi3 ocTaHHIX TocaiIKeHb i mydaikauniil. Metonam 3MIIHIOBAIEHOT 00OpOOKH MPUCBSI-
yeHo myo6mikamii [2; 3]. ¥ po0oTi [4] 3ampornoHOBaHO croci® 3MIiITHEHHS! MOBEPXHI MUIIXOM
YTBOPEHHS MIOBEPXHEBOT'O 3MIIIHEHOTO APy 3 €K30TEPMIUHOI CyMIIIi MPOIECOM CaMOIOIIH-
PIOBAHOTO BHCOKOTEMIEpaTypHOro cuHTe3y. CriociO 3MIITHEHHs CTaJIeBHX JIeTajeH, 3amporio-
HOBaHUU aBTOpaMmu [5], mosisirac B HACMYCHHI TTOBEPXHI 0OpOOIIOBAHOI JIeTaal MeTajaMu Ta
KOMITO3UTHUMH MaTepilalaMH 13 3aCTOCYBaHHSIM CIEIIabHOTO 00JIaJHAHHS Yy CEPEIOBUIII ap-
TOHY METOJIOM JIIOMIHOTEpMii. Y pe3ynbTaTi 3011bIIY€EThCS MIKPOTBEPIICTh TOBEPXHEBOTO
I1apy Ta 3HOCOCTIMKICTb.

BunisieHHs HeoC/IiIKeHUX YACTHH 3arajibHOI npoodJemu. Peanizamis TexHOJIOTIT ajto-
MOTEpMii BUMarae HassBHOCTI1 CTICIiaIbHOTO 00JIaIHaHHS Ta JOJIaTKOBUX MaTepiamiB. Hemoci-
JOKEHUM € TIPOIEC allFoMOTepMii Ha BIIKPUTOMY IOBITPI, 30KpeMa HEOOXITHO JOCIHIIUTH TE€X-
HOJIOT1YHI PeXHMHU peaiizallii MeToay, Horo BIUIMB Ha 3HOCOCTIHKICTh BUPOOIB.

IlocTanoBka 3aBaaHHs. MeTor0 poOOTH € JOCTIIKEHHS METOy MOBEPXHEBOTO 3Mill-
HEHHS METaJICBUX 3pa3KiB i3 BUKOPUCTAHHAM JIIOMOTEPMii Ha BIAKPUTOMY MOBITPI.

Buxiaax ocHoBHOro marepiany. Meron amoMoTepmii nependadae OTPUMAHHS OKCHIY
AITIOMIHIIO Ta XpoMy B pe3ysbrari xiMiunoi peakiii 2Al + CroO3 = AlLOs; + 2Cr [5]. Hocni-
JOKEHHSI METOTy TOBEPXHEBOT'0 3MIIIHEHHS METAJIEBUX 3Pa3KiB 3 BUKOPUCTAHHSAM aTIOMOTEpMIi
BUKOHYBAJIOCh Ha JIETaIsIX, BUTOTOBIIEHHUX 13 Kpyrioro mpokaty 3i crani 40XH. [lerans ycra-
HOBJTIOETHCS HA ONPABLI Ta 3aKPIIUIIOETHCS B TPUKYJIAUKOBOMY IMaTPOHI TOKAPHO-TBUHTOPI3-
HOro Bepcrata Mojl. 16K25 Ta oTpuMye o6epTaHHS 3 4acToTor0 63 XB™.

Ha o0po06itoBany MOBEpXHIO HAHOCUTHCS IIap TOBIIMHOKO 0,5-1 MM CyMillli OKCHUTY XPOMY
Cr203, MeTaneBoro nopouky amomiHiio Al Ta 38’ s13yBajbHOI pEYOBHHHU.

Ha enextpon nogaetbcest enekTpuuHuil cTpyM Hanpyroto 12 B. Enexktpon otpumMye no3no-
BXKHIO IIOJauy 31 IBUAKICTIO Ds =2 MM/XB. Y pe3ysbTaTi BUHHKAE JyTa, IO iHILIIOE MPOoIiec
aimroMoTepwmii (puc. 1).

© Tynynos B. 1., Oammyxk C. T'., 2021
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Puc. 1. Peanizayis memooy 3miyneHHs: Memooom anomomepmii

MeranorpadivHi JOCIiKEHHS METAICBUX 3pPa3KiB, 3MIITHEHUX METOJIOM aJIFOMOTEpMii, BUKO-
HYBaJIMCh y 3aBojChKii mabopatopii [IpAT «HoBokpamMaTopchkuii MalIMHOOYAIBHUI 3aBOIY.

XiMIYHMNA CKJIaJ MeTala 3pa3ka BU3HAYABCS 3a JIOTIOMOTOI0 PEHTI'€HO-(IIyOpECIIEeHTHOTO
Ta CIIEKTPAJILHOTO aHai3y. Pe3ynpTaTn aHamizy npeacrasiieHi B Ta0. 1.

Tabnuys 1 — Ximiunuti ckiad memay 3paska nicis aniomomepmii

JocnimkyBana Bwmicr exementis, %
CTpyKTypa C Si Mn P S Cr Ni Cu Al Mo
peHTreHo-(iyopeceHTHUI aHai3
3MilIHCHU 1ap - 15,53 | 0,31 - - 10,94 | 0,54 0,06 6,10 0,19
OCHOBHHI MeTaJl - 0,45 0,63 - - 0,66 1,18 0,12 - 0,05
CHCKTPAJILHUH aHaTi3

OCHOBHUI MeTall 0,48 0,31 0,66 | 0,015 | 0,018 | 0,62 1,27 0,12 | 0,022 | 0,05
40XH 0,36- 0,17- | 0,50- | <0,03 | <0,03 | 0,45- | 1,00- <030 ) i
T'OCT 4543-71 0,44+0.01 0,37 0,80 5 5 0,75 1,40 | =

Pe3ynbratu aHami3iB cBi4aTh MPO HACHYEHHS 3MIIIHEHOTO IIapy 3pa3ka XpOMOM Ta ajio-
MiHIEM TiCIs amoMOTepMii. Y MakpOCTPYKTYpi MeTally 3pa3ka TpillliH, paKOBUH, IO, HEMe-
TaJIEBUX BKIIIOUYCHH Ta IHIINUX ACPEKTIB METATYPTifHOTO XapaKTepy HE BUSBIICHO.

TBepaicTs MaTepiainy, mo Oyna Bu3HaueHa MetogoM Poksena, cranoButs 18HRC.

MiKpOoCTpYyKTypa METaITy 3pa3Ka BUBYAIACS 32 JIOMTOMOTOI0 METAJIOTpadiqHOro MiKpOCKOIa
«Heodot-30» npu 36inpiennsax 50x, 100x, 500x.

J111s BU3HAUYEHHS MIKPOCTPYKTYpHU MeTally 3pa3ok OyB MiJAaHUl TpaBlieHHIO 4%-M po34u-
HOM a30THOI kucnoTu. Ilepernsanom micns TpaBineHHs, npu 30utbmenHi 100X, 13 30BHIIIHBOT
MUAJTIHAPUYHOT TOBEPXHI 3pa3Ka BUSBIICHA 30HA, 1110 BIIPIZHAETHCS ICKPABO CBITJIOI TPaBUMI-
CTIO B ITOPIBHSIHHI 3 OCHOBHUM METAJIOM.

PiBenb mikpoTBepmocTi Bu3HaueHO MikpoTBepaomipom [IMT-3 npu HaBaHTa)keHH1 25 T.
PesynbraTi BUMIpIiB MIKpPOTBEPAOCTI HaBeACHI Ha puc. 2. MIKpOTBEpAICTh JOCHTIKYBaHOTO
MeTajy 1o MePETHHY 3pa3ka HepIBHOMIPHA 1 BI/IMOBIIAE:

- Ha ru6uHi ~ 0,025 MM Big noBepxHi 3paska — 370 + 380 H/mm?;

- gam Ha rauouHy ~ 0,03 = 0,07 MM 3HaYEHHSI MIKPOTBEPIOCTI METaly 3HIKYETHCS JI0
(170 = 200) H/mm?,

- Ha rmouH1 ~ 0,1 + 3,0 MM 1 a1, ax 10 MeTaly CepIIEBUHH, PIBEHh MIKPOTBEPIOCTI 30€-
piraeThcst aHanoriyHuM i cranoBuTh 130 + 150 H/Mm?,

MikpocTpyKTypa MeTainy 3pa3ka (puc. 2) siBjisie co0010 MepiT 1 GepuT Mo Mexax 3epHa,
BeJNIMYHMHA 3epHa ouiHtoeThes 6,0 Homepom mikanu Ne 1 TOCT 5639-82.
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a

Puc. 2. Mikpocmpykxmypa nosepxnegoi 30Hu 3pazxa 3 8i00umxamu 3amipie Mikpomeepoocmi:
a — 36inbuwenns 50x; 6 — 36invwenns 500x

Jlis mociiiKeHHsS 3HOCOCTIHKOCTI ieTaieii, 00poOIeHUX METOI0M alfoMOTEepMii Ha BiK-
pUTOMY TIOBITPI BUKOPUCTOBYBABCS METOJ MTyYHUX 0a3. Meroa mTydHux 0a3 J03BOJISE BU-
3HAYMUTH JIiHIHHE 3HOIICHHS MOBepxHi aetaini. CyTHICTh METOAY IITYyYHHX 0a3 — HAHECEHHs Ha
MOBEPXHIO TEPTS MOTIHOIEHBb MTPaBUIBLHOT (POPMH T10 OCi, pO3TalTIOBAHOT IO HOPMaJTi JI0 TIOBE-
pxHi TepTs [6]. [TormubaeHHs CTBOPIOIOTHCS CHIPATEHUM CBEPIOM.

I'muOuna nmornmubneHHs € mTy4Ho 6a3010 4. Benmnunna A po3paxoByeThes 3a GOpMYIIOr0

h =ﬁcrg[fj, (1)
2 2
7e ¢ — pobounii KyT iHcTpyMenTa (171 ceepana ¢ = 118°).
Bracnigok 3HOMIEHHS JOCHITKYBaHUX 3pa3KiB IMicCIsl HAMpAIIOBAHHS #; JiaMeTp MOrino-
JeHb Oy/ie 3MEHITyBaTUCh, & BIAMOBIAHO Oyje 3MEHIyBAaTHUCh BeWYMHA 0a3u A. 3HOIICHHS
MOBEPXHI pO3paxoOBY€ETHCS 32 (HOPMYIIOIO

A =h—h, @)

BunpoOyBaHHs MpoBOAMIOCH HAa YCTAaTKyBaHHI 32 METOJIMKOIO BUIPOOYBaHb HA MallWHI
TEPTS 32 CXEMOIO «JIUCK-KOJI0/Ka». CIOYaTKy BU3HAYAIOCh IOYaTKOBE 3HAYECHHS JllaMeTpa JIy-
HKH dy 6a3u hy. Jlocmiaanii 3pa30k BUTPOOYBABCs HA 3HOIICHHS B Tapi 3 KOJIOAKOIO MPH 3a]1a-
HOMy HaBaHTaxeHHi G = 1000 H, gacToti o6epranus n = 1400 x8! Ta ymoBax Teprs (cyxe
TepTs). SIK KOHTPTiNO BUKOPUCTOBYBABCS OapXaTHUH HAmMIoK (25 3y6uis Ha 1 cm?). Hammnku
BUTOTOBJISIIOTHCS 3 IHCTPYMEHTaNIbHOI ByrieneBoi ctani Y13 ab6o Y13 A ta 3arapToByroThCs Ha
TBepaicTh He Hk4e 54—58 HRC.

UYepes piBHI MPOMIXKKH Yacy BUMIPIOBAJIUChH TiaMETPHU 3ariulIieHb di Ha pO3paxoByBa-
JTUCh BenMIuHU 0a3 Ai. [ToTiM BU3HAYan0Ch 3HOMIEHHS MOBEPXHI Ai 171 TOOYIOBH TPEHIY
3HOIIIEHHS B Yaci.

3HOCOCTIHUKICTB Js (KM/MM) BU3HAYAETHCS 3a (HOPMYJIIOIO

JZ'Dntl-

=i 3
10004, ©)

Jsi
ne D — piameTp DOCIiAHOTO 3pa3ka, MM;

1 — 4acToTa obepTaHHs, XB™;
t;— 4ac BUMPOOYBaHH, XB.
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[HTEHCUBHICTH 3HOIICHHS Vi € BEIMUYNHOI0, 00EPHEHOIO /10 3HOCOCTIMKOCT1

1
Vi= T “)
Si
3a pe3ynbpTaTaMu €KCIEPUMEHTATBHUX JOCIIKEHb MO0y 10BaHI Irpadiku 3HOIIEHHS, 3HO-
COCTIMKOCTI Ta IHTEHCUBHOCTI 3HOILIEHHS JIOCIIPKYBAaHOTO 3pa3Ka Miclis 3MILIHEHHS Ta 3pa3zka

micist MexaHi9Hoi 00poOku 6e3 3mitHeHHs (puc. 3-5).

3HOWEeHHA 3pasKis

0.4 2

0,35 — //.' —
Ak 1 -
£ 0,25 - 1
-3
% 0.2 .-"/ _____Z:— 1
3 0,15 o —
£ 01 —_

0,05

0 2 4 6 B 10 12 14 16
4ac BUNPOOYEaHHA, X8

Puc. 3. 3nowenns nosepxui 0ocnionux 3paskis:
1 — nicns smiynenns, 2 — 6e3 3MiyHenHs

3HOCOCTIMKICTb 3paskKie

= E—
£ 10 — 2
g 3 / -
g g I N— £
4
2
0
0 2 4 6 8 10 12 14 16
yac BUNpoOyBEaHHA, XB
Puc. 4. 3nococmitikicmb nogepxmi 00C1iOHUX 3PA3KIB:
1 — nicns smiynenns, 2 — 6e3 3MiyHeH s
IHTEHCUMBHICTb 3HOLIEHHA 3pasKis
0,18
0,16 e 2
0,14 /
0,12
0,1 — 1
z 0,08 e —
= 0,06 —
0,04
0,02

0 2 4 ] B 10 12 14 16
yac sHnpolyBaHHA, XB

Puc. 5. Inmencusnicms 3nouwenHss no8epxui 00CIIOHUX 3PA3KIB.
1 — nicns smiynenns, 2 — 6e3 3MiyHenHs
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AHani3 rpadiyHUX 3aJ€KHOCTEH CBITYUTH MPO TE, III0 METOJI AIFOMOTEPMIi 103BOJIsIE 301-
JBITUTH 3HOCOCTINKICTh ¥ 1,8-2 pa3u, IHTEHCUBHICTh 3HOIIEHHS 3MEeHIITyeThes B 1,7-1,9 pasa.

BucHoBKH. Y po0OTi T0CTIKEHO METO/] IOBEPXHEBOT'0 3MILIHEHHS 3 BAKOPUCTAHHSM aJli0-
MOTepMii Ha BIIKpUTOMY TMOBITpi. Pe3yiabpTaTn eKcnepuMeHTaIbHUX JIOCTIKEHb CBIAYaTh PO
T€, 1110 3MILIHEHHS IOBEPXHEBHX IIapiB METOIOM ATIOMOTEPMIi Ha BIIKPUTOMY TOBITPi JO3BOJISIE
OTpUMAaTH 30UTBIIEHHS MIKPOTBEPIOCTI B 2-2,2 pa3a. 3HOCOCTIHKICTh MPH IIOMY 301IbIITYETHCS
B 1,8-2 pasu, iIHTEHCHUBHICTb 3HOIICHHS 3MeHITyeThes B 1,7-1,9 paza. [Ipeacrasieni B poboTi pe-
3yJAbTaTH JOCIIHKEHb MOXKYTh y TONAIBIIOMY BHKOPHCTaHI ISl CTBOPEHHS TEXHOJOTIYHOTO
IpOLIECY BUTOTOBJICHHS JIETaleH 13 BUKOPUCTAHHIM AJIFOMOTEPMil 3aMiCTh TEPMIUHOI Omepartii.
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RESEARCHING OF THE METHOD OF SURFACE STRENGTHENING DETAILS
USING ALUMOTHERMIA

The use of technological methods for strengthening the surfaces of metal workpieces has recently become relevant in the
mechanical engineering industry. Chemical and heat treatment combines chemical and thermal effects to change the
composition, structure and properties of the surface layer of machined parts. The scientific work is devoted to the research of
the method of surface hardening of details with the use of aluminothermy in the open air.

The use of thermal operations requires application of special equipment, interruption of the technological process, which
increases the duration of the production cycle. In addition, the known methods of hardening treatment using aluminothermy as
one of the methods of chemical heat treatment, require a process implementing special equipment and additional materials.
Therefore, the development of a method of hardening using aluminothermy in the open air is an important one.

This article is dedicated to the works on strengthening methods used in mechanical engineering.

Implementation of aluminothermy technology requires special equipment and additional materials. The process of
aluminothermy in the open air is unexplored; in particular, it is necessary to investigate the technological modes of
implementation of the method and its impact on the wear resistance of products.

The aim of the work is to study the method of surface hardening of metal samples using aluminothermy in the open air.

The technological method of surface hardening with the use of aluminothermy in the open air is investigated. The chemical
composition after aluminothermy and microhardness of the surface layer are determined by metallographic studies. The
microstructure of the sample metal is studied. The wear resistance and wear intensity of the prototypes are investigated using
the method of artificial bases.

The method of surface hardening using aluminothermy in the open air is investigated in the work. It is determined that the
method allows to increase the wear resistance by 1.8-2 times while the wear intensity decreases by 1.7-1.9 times.

Keywords: surface hardening; aluminothermy, microhardness; durability; chromium oxide.
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COMPUTER MODELING IN MSC ADAMS/VIEW AS PART
OF A MODERN APPROACH TO THE DESIGN
OF MECHANICAL SYSTEMS OF ROBOTS

The presented paper deals with the use of computer simulation in the design of a robot model with 4 degrees of freedom of
movement. The MSC Adams program is used in the computer simulation, and the use of the Matlab program is also shown.
The robot's mechanism is an open kinematic chain. During kinematic analysis, attention is paid to solving the direct problem
of kinematics in MSC Adams and in Matlab. The result of the solution is the calculated trajectory of the movement of the
selected point of the end effector. The trajectory is shown in graphical form. In Matlab, the magnitude of the position vector of
the effector point is calculated as a function of time at the selected course of angular deflection in individual kinematic pairs
at constant angular velocities in individual joints of the robot.

Keywords: manipulator, simulation; kinematic and dynamic analysis, matrix method.

Fig.: 10. Table: 2. References: 13.

Urgency of the research. The development of computer technology brings to the forefront
the use of computer simulations of models of mechanical objects. This allows us to get a
realistic view of the behavior of the created computer model, which represents a real object
during the simulated motion. We can assess its functionality during the work process and make
interventions in the model in order to improve its properties. The outputs of the quantities during
the simulation obtained in graphical form allow us to assess the behavior of the model in real
time during the work cycle.

Target setting. When working with computer modeling, we work with mathematical models.

A mathematical model is an abstract model that uses mathematical notation to describe the
behavior of a system.

Mathematical models can be classified in several ways, some of which are:

- Linear and nonlinear. If the functions (conditions) and constraints are represented by linear
equations, we denote the model as linear. If at least one of the conditions or constraints is
represented by a nonlinear equation, the model is called nonlinear.

- Deterministic and stochastic. The deterministic model shows the same behavior after
repeating the experiment under the same initial conditions, while in the stochastic model there
is a coincidence, even if the initial conditions are the same.

- Static and dynamic. A static model does not consider an element of time, while a dynamic
model does. Dynamic models are usually represented by recurrent or differential equations.

- Concentrated and decomposed parameters. If the model is homogeneous (in a consistent
state in each part of the system), the parameters are concentrated. If the system is heterogeneous
(different state in different parts of the system), the parameters are distributed. Distributed
parameters are usually represented by partial differential equations [1-7].

Mathematical models can be further divided into two categories. The first is descriptive
models that indicate the relationship between variables at a particular point in time, without
explaining in themselves why this relationship occurs. The second category consists of dynamic
models that describe how the values of variables change over time. These are differential
equations. These models are also called analytical models. We try to solve the system of
equations and find an equilibrium position. The equations show how the value of the variables
changes. We can make this change in discrete time steps or continuously. In both cases, we can
further investigate the behavior of the model defined by the equations in two ways. First, we
can use an exact mathematical analysis of the problem to find a general solution of the equations
or values of the variables for which the behavior of the model has stabilized. Second, we can
use simulation, so we choose the initial values of the variables and determine the further
behavior of the model by numerical calculation [1-7].

© Hroncova D., 2021
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Actual scientific researches and issues analysis. Computer analysis of robot models.
Computer modeling can be divided according to the modeling process to mathematical
modeling and "multibody" modeling. Mathematical modeling describes the whole model and
its behavior using mathematical equations and algorithms. Mathematical equations defining the
motion — equations of motion and equations describing kinematic dependencies between the
individual chain members are used to define the properties of the elements of the solved model.
However, derivation of these equations is time consuming and laborious and therefore this
procedure is only suitable for simple models, for models with a low degree of freedom. Matlab,
Maple, Mathematica are kinds of software used here.

Matlab is an environment that allows doing numerical computations, modeling and simulation.

Maple is a comprehensive computational software that allows analytical calculations, numerical
calculations, graphical display of results and creation of a document describing the workflow.

Mathematica is focused on numerical and matrix tasks in various areas of engineering issues.

In multibody modeling we do not directly describe a mathematical model of the whole
system. By using multibody modeling software, we can model the real elements of the system
by using predefined bodies of respective geometry. There is a number of softwares that have
different hardware and designer skill requirements. Some of them are Matlab/SimMechanics,
Matlab/Simulink, Dynast, MSC Adams.

Matlab/SimMechanics — this Matlab extension was developed to address kinematics and
rigid body dynamics.

Matlab/Simulink — this Matlab module was developed to create and solve dynamic systems
using block diagrams.

Dynast allows simple mathematical calculations and simulations.

MSC Adams uses object-oriented programming environment with graphical output.
Systems are defined directly by geometry of bodies, kinematic bonds, force effects and motion
generators [8-10].

Analysis of existing research and publications. There is a variety of machines and devices
consisting of spatial mechanisms and space-bound mechanical systems. We find them in
material-handling machines as well as in precise mechanics products. They are also parts of
various manipulators and robots. In order for the spatial mechanisms to be introduced more
rapidly into practice and in order to increase their performance we need to replace the old
computational practices that were largely intuitive and suitable for individual cases or small
groups of mechanisms with more general, accurate and easily algorithmizable methods which
are suitable for use with computing. The following chapters of the paper illustrate the matrix
methods of compiling equations of motion. The matrix notation is an optimal approach due to
its compactness, efficiency of applying various transformations and the suitability for using
computers in numerical calculations. Structured mechanics were dealt with in works [1-3],
more recently in [5-7]. Methods of mechanism description are described in works of Denavit
and Hartenberg [4] and others. General methods of dynamic analysis of planar mechanisms are
attributed to authors as Brat [5], Kozlov, Makari¢ev, Timofejev, Jurevi¢ [6], Bejczy, Koplik,
Leu, Haug, Stejskal [7], Valasek [7] and others. In our work, after the introductory theoretical
part we show simple manipulator models compiled in MSC Adams-View.

Article objective. The presented paper shows the solution of kinematic analysis of
mechanisms by classical methods of analytical mechanics matrix method and computer
programs available today. Matrix method from analytical methods of solving mechanisms and
computer programs Matlab and MSC Adams are used. In the kinematic analysis of the model
of the robot, the following parts of the paper show the solution by the matrix method, then the
model is created in the MSC Adams program and the matrix method is shown and its solution
is performed using Matlab.
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The paper is devoted to the created robot model shown in the Fig. 1. From the point of
kinematics, the mechanical structure of the robot represents an open kinematic chain. We
consider 4 degrees of freedom of movement.

The manipulator consists of two arms and an end effector, the arms are mounted on a stand
connected to a solid base. The stand provides the stability in operation. The arms are connected
to each other by a rotating kinematic pair and by another rotating kinematic pair to the stand.
The arms with the end effector rotate in a horizontal plane relative to the fixed stand. The
working tool, which in our case is an end effector with two thumbs to hold the object of
manipulation, is attached by a rotating kinematic pair to the second arm of the robot. The robot
then performs the working motion with the end effector [1-7].

Al

Fig. 1. Mechanical system of the robot

0

Fig. 2. Model of the robot with four degree of freedom

The aim is to describe the movement of the end-effector. We solve the forward kinematics
of the robot [8]. The angle of rotation in kinematic pairs is denoted by angles O1, Oz, O3, O4.
The generalized coordinates determining the instantaneous position of the body are denoted by
q1, 92, g3, q4 (Fig. 1), while for the generalized coordinates we apply qi = O1, Q2 = 62, q3 = O3,
g4 = O4. The drives are mounted in rotating kinematic pairs (Fig. 2) [8].

When solving forward kinematics, we use the matrix method to determine the position of
the effector endpoint. There are several methods for building a kinematic model of a robot. The
most common method is the Denavit-Hartenberg kinematic modeling convention [4].

Fourth order matrices were introduced by J. Denavit and R.S. Hartenberg. Similarly, G.S.
Kalicin solved some problems of planar and spherical mechanisms by matrix calculus. The
possibility of using quaternions or biquaternions in the kinematics of the body was pointed out
by J.Novak [5]. The general methods of analytical solution were dealt with by S.G. Kislicin and
J.F. Moroshkin. In the kinematics of spatial mechanisms, the Czech mechanic V.Brat also
introduced the use of matrix calculus [5].
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For suitability and generality of the use of the matrix method speaks not only the possibility
to contain the spaces of individual members directly in the equations, but also the convenience
of use of a computer with sophisticated methods of numerical solution of systems of equations.
Individual movements that take place at the same time can be described by matrix equations.

Fig. 3. Robot scheme: generalized coordinates q1, q2, q3, q4

We are interested in the position of the selected point of the end effector with respect to the
global coordinate system in which the robot is located. A local coordinate system is associated
with each member. The motion of a point located on a member with a local coordinate system
is then described with respect to the global coordinate system (Fig. 3).

General overview of the system.

We assign a coordinate system 0i, X i, yi, Zi to each member and we assign a generalized
coordinate ; to each joint defined in the axis of rotation.

The axis z; is oriented in the direction of the axis of the (i + 1)-th joint. The axis x; is normal
to the z;.1 and z; and is oriented from joint i to joint i+1. The axis yi complements the rectangular,
right-handed coordinate system.

Each member of the chain is characterized by two dimensions, a common normal distance
a; along a common normal between the axes of the joints 7 and (i-1), and the second dimension
is the angle of rotation a; between these axes in a plane perpendicular to a; (Fig. 4).

Fig. 4. Denavit — Hartenberg convention with parameters 0, d;, ai, ai

Homogeneous transformation matrices contain information about the rotation between two
coordinate systems and information about the distance between their origins. The purpose of
introducing these matrices is to allow a more compact notation of position vectors expressed in
different coordinate systems [1-7].
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The position vector ri.;,m of point M with respect to the system i-1 can be expressed by the

relation:

where:

rim is the position vector of point M with respect to the system 7,

riim=Ti1,; v

(1)

ri-1,;1s the vector of the distance between the origin of the system 1 with respect to the system i-1,
T;.1,;1s the rotation matrix between the system i and i-1.
The homogeneous transformation matrix is expressed by the relation:

where:

Tos=To1 Ti2 T2z T3a

rom = Tos4 ram

Ti1,=T26(0:) Tx(di) Tza(ai) Ta(ai)
We then write the position vector for Fig. 3a):
rom = To1(q1) T12(q2) T23(q3) T34(q4) ram

In our case, the individual transformation matrices will be in the form:

To1=T 2(q1) T z3(L1) T 24(n/2)
T12=T(q2) T 21(L2)
T 23=T 4(q3) T 21(L3)
T 34=T 2(q4) T 21(L4)

Position of point M with respect to the coordinate system O4,X4,y4,24 18
rav=[Ls00 1]".
The following table (Table 1) shows the Denavit-Hartenberg parameters of the model of the

robot (Fig. 3), [11-13]:

Table 1 — Denavit - Hartenberg parameters of the robot

Body (€] di 0 di
1 q1 L] 0 /2
2 q2 0 Lz 0
3 Q3 0 L3 0
4 J4 0 L4 0

2

3)
(4)

)

(6)
(7
(8)
9)

(10)

The homogeneous transformation matrix between body members 4 and ground O is
expressed by the relation in Matlab:

To4a =

[ cos (g4)* (co=({gl) *cos{g2) *cos{g3) - cos{gl)*=in(gZ)*=in(g3)) -

=in{g4) * (co=(gl) *cos(g2) *=in(g3) + cosi{gl)*cos{g3)*=in(g2)),
cos{gd) *{cos(gl) *cos(g2) *sin{g3) + cos(gl)*cos(g3)*=in(g2)) -
sin{g4)* (co=(gl) *cos({g2) *cos(g3d) - cosi{gl)*=sin{gZ)*=in(g3)),
L2*cos({gl) *cos(g2) + L3*cos(gl)*cos{g2)*cos(g3d) - Li3*cos(gl)*=ini{g2)*=ini{g3)]

sini{gl),

[ - co=({g4)*(=in(gl)*=in(g2) *sin({g3) - co=(g2)*co=s(g3)*sinigl)) -

sin{g4)* (co=(g2)*sin{gl) *=in(g3) + cos{g3)*=ini{gl)*=in(g2)),
sin{gd) *(sin(gl)*sin(g2) *=in{g3d) - cos(g2)*cos({g3)*=in(gl)) -
cos{gd) ¥ (co=(g2)*=sin({gl) *=in(g3) + cos({g3)*=sini{gl)*=in(g2)),
L2*cos{g2)*sin(gl) + L3*cos(g2)*cos{g3)*sin(gl) - Li3*sin(gl)*sin{gZ)*=ini{g3)]
cos{gd)* (co=s(g2) *=in(g3) + co=(g3)*=in(g2)) +
=in{gd) ¥ (co=(g2) *co=(g3) - =in(g2)*sin{g3)),

cos{gd) ¥ (co=(g2)*co=z(g3) - =in(g2)*sinig3)) - =in(g4)*(co=(gZ)*=in(g3) +

[

cos{g3) *=in(g2)),
+ L3*cos (g3) *sin{g2)]
[ O, 0, 0,

.
LIS

1]

—-cos(gl),

L1 + L2Z%*=in(g2) + L3*cos(g2) *=in({g3)

Component of the position vector rom is shown after solution in Matlab:

27



Ne 2(24), 2021 TEXHIYHI HAVKU TA TEXHOJIOTI
TECHNICAL SCIENCES AND TECHNOLOGIES

x0M =
L4* (coz{g4)* (co=z(gl) *co=(g2) *cos (g3) - cosi{gl)*=in(g2) *=in(g3)) -

sin (g4} *(co=(gl) *cos(g2) *sin(g3) + co=s(gl)*cos(g3)*=sini{g2))) + L2%cos(gl)*cos(g2) +
L3*cos (gl) *cos (g2) *cos (g3) — L3*cos(gl) *sin(g2) *sin(g3)

yiM =

L2*co=s (g2) *=in(gl) - L4*({cos(g4)*(=in(gl)*=sin({g2)*=in(g3) -

cosz (g2} *cos (g3) *sin(gl)) + =in(gd)*(cos(g2)*=sin(gl) *=in(g3) +

cos (g3) *sin{gl) *sin(g2))) + L3*cos{g2)*cos(g3) *sin(gl) - L3*sin(gl)*sin(g2)*=sin(g3)
z0M =

Ll + LZ*=in(g2) + L4*(cos{g4)*(cos(g2)*=sin{g3) + co=(g3)*=in(g2)) +
sin (g4} *(co=(g2) *cos(g3) - =in(g2)*sin(g3))) + L3*cos(g2)*sin(g3) +
L3*cos (g3) *=in(g2)

=X M(t) of point M

N

Trajectory of point M

t[s]
y0M=y0M(t) of point M 20M=20M(t) of point M
0 __ 08
£ E
07
2 -0.05 B
06
-0.1 05
0 1 2 3 0 2 3
t[s] t[s]
Fig. 5. Trajectory of the point of end-effector and x, y, z position of the point of end-effector
Trajektory of point M yOM=y0OM(x0M)
£
2 0.05
>
oo 04 0.1
02 0 O 4
oM
X XOM [m]
20M=2z0M(x0M) 20M=20M(yOM)
_08 _08
£ E
=07 s 07
o =]
N N
06 06
05 05
02 0 02 04 4 -005
XOM [m] yOM [m]

Fig. 6. Trajectory of the point of end-effector and x, y, z position of the point of end-effector

Kinematic analysis of the model in MSC Adams software.
The next figure (Fig. 7) shows a manipulator model created in the MSC Adams/View.
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MOTION_4

MOTION_3 PART &

BOX_8
monov

MOTION_1

PART_11
BOX_10 PART_12

BOX_11
PART_13
BOX_12
PART_10

Fig. 7. Model of the robot in MSC Adams/View with platforms
and boxes and motions in the joints

A 3D computer model of the manipulator is created in MSC Adams [8; 10]. Modelling
elements and procedures for the creation of bodies and their kinematic bonds were used. After
proposing the model, the functionality is verified and the simulation is started Fig. 8 [10-13].

<

r\“/ R
- < - -
c
Fig. 8. Robot in the motion:
a-d — Robot with platforms and boxes and motions in the joints
The resulting graphs of trajectory of point of the end-effector obtained by the simulation are
displayed in a graphical form with the postprocessor are in the following figures (Fig. 9, a-c).
The representation of the trajectory of the gripper's center of gravity in various views

(Fig. 9, a-c) with defined movement in individual joints in Table 2 is shown below. The
trajectory of the selected end member point is shown in Fig. 9 d) to f).

>
e

a

Trajectory of MARKER_10 y=f{x) Trajectory of MARKER_10 w=flz)
300.0
s —
250.0
200.0
£ =
£ £ 1500
100.0
50.0
2800 A 00 00
00§00 1000 1500 00 2500 an 00 1000 1500 200 2500 2500 2000 4500 1000 400 00 s00
* (mm) x (mm}  (mim)

Fig. 9. Model with MOTION in Joint a)-c) and d) — f) trajectory of the point of end effector
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Fig. 10. Torque M|, M>, M3, Myin the rotation joint

The movement MOTION 1, MOTION 2, MOTION_3 and MOTION 4 in the rotational
joints of the robot is defined using the step function in Table 2.

Table 2 — Motion parameters of the robot

MOTION 1 MOTION 2 MOTION 3 MOTION 4
STEP(time, 0,0, 1,-40d )+ | STEP(time,0,0,1,-110d )+ | STEP(time, 0,0,1,60d )+
STEP(time, 1.1, 0,2, 20d )+ STEP(time, 1.1,0,2,40d )+ | STEP(time, 1.1,0,2,-60d )+
STEP(time, 2,0,3,-20d }+ | STEP(time,2,0,3,-40d )+ | STEP(time,2,0,3,60d )+
STEP(time, 3.1,0,4,20d) | STEP(time, 4.1,0,5,40d) | STEP(time, 3.1,0,4,-60d)

STEP( time , 1.5, 0, 2.5, -90d )

Conclusions. Interactive simulation and visualization allows comfortable simulation of the
model, model modifications and visualization of results. The output graphs enable viewing the
current values of the measured variables in real time during the actual simulation and its
visualization.

Postprocessor is an integral part of the process of computer modeling of a prototype and it
is a comfortable tool for creating, processing, modifying and presenting the results of simulation
in the form of graphs [8; 10]. It is also possible to display the model in the current state and
print the results prepared this way. It is also possible to create a video output of the simulation
in AVI format.

We also calculated the position of the end effector point in the axis x, y, z (Fig. 8) [8-12].
The position of the point of the end-effector in the axis are shown.

MSC Adams works with a 3D model [8; 10]. The advantage is the possibility to simulate
the motion of the prototype model and its control in the program environment and verification
of the functionality in the form of 3D visualization. Based on the results obtained from the
simulation it is possible to build a real model and design the drives. When designing drives for
a mechanical system it is necessary to pay attention to the maximum magnitudes of the forces
when handling various loads and so it is necessary to design the drive with the appropriate
parameters for the specific purpose of use of the manipulator.
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Simulation software is a suitable tool for design, saving time and resources. It is also
suitable for detailed research and investigation of mechanical systems in practice.
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VIIK 531.1:004
I'ponyosa /lapuna
KOMIT'IOTEPHE MOJAEJIOBAHHSA Y MSC ADAMS / VIEW SIK YACTHUHA

CYYACHOI'O HIAXOAY A0 NPOEKTYBAHHA MEXAHIYHUX CUCTEM
POBOTIB

Poszeumox xomn'tomepuux mexnono2ili 6u600umsb Ha NepeoHiti NAaH SUKOPUCTNAHHA KOMN'IOMEPHO20 MOOEN08aAHHS
Mexaniunux 06 ’exmis. Buxioni oani eéenuuun, ompumani 6 epagpiuniii popmi nio uac mooenoganhs, 0036047A10Mb OYiHUMU
1n06e0inKy MOOelli 8 peanbHOMY Yaci npomsa2omM pob0o4o20 YUKTY.

Icnye kinbka memoodie nobyodosu kiHemamuuroi moodeni poboma. Hailbinbw nowupenum memodom € 3200a npo
Kinemamuyne modentoeanns [enasima-Xapmenbepea. I'. C. Kaniyin maxooic supiuysas 3a860anms 015t RAOCKUX i chepuyHux
MEXAHI3MIB 3a O0NOMO20I0 MAMPUYHO20 00YUCIeHHA. Ha Moocaugicms 6UKOpUCMAHHA K8AMEPHIOHI8 abo bOiKeamepHioH08 6
Kinemamuyi mina exazas M. Hoseax. 3azanshi memoodu amanimuunozo piwenns obeoeopiosanucs C. T Kucniyunum ma
A. @. Mopowkinum Y Kinemamuky npocmoposux Mexamizmié UKOpUCMAHHA MAMPULHO20 0OUUCTIEHHS 66168 MAKOIC YeCbKUTL
mexanix B. bpam.

IIpo doyinbricmy i y3a2anbHeHICMb BUKOPUCAHH MAMPULHO20 MENOJY 2060PUMb He MITbKU MONCIUBICIb GKIFOYEHHS
3a30pi6 OKpemux uneHie 6e3nocepeonvbo 6 pieHAHHA, ane i 3pYYHICb GUKOPUCIANHA KOMN'Tomepa 3i CKIaOHUMU Memooamu
yucenvbHo2o piutenHs cucmem pieHsanb. OKpemi pyxu, SKi 301UCHIOIOMbCS OOHOUACHO, MOJNCHA ORUCAMU MAMPUYHUMU
pisHsaHHAMU. Piuienns mampuyHum memooom noKa3ano Ha 3i6panii mooeni poboma 6 npoepami MSC Adams.

Memoto pobomu € eupiwenns npamoi 3adaui xinemamuku 6 Matlab 3 euxopucmannam mampuuno2o memooy i
MoOentogants poboma 3a 0onomozoio MSC Adams View. Pesynomamu piwients o6pobnsiomsbcs epagiuto ¢ 060x npocpamax.
OchosHa mema noasieanra 8 momy, wob ompumamu mpaekmopii Kinyesux mouox egpexmopie poboma sk ¢ Matlab, max i 6
MSC Adams / View.
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3D komn tomepna mooenv maninyismopa cmeopena 6 MSC Adams. Buxopucmano enemenmu mMooento8anis i npoyeoypu
Gopmyeanns min ma ix Kinemamuunux 36’szkie. Ilicnis npockmyeanns MoOeni Nepegipsaemvcs npaye30amHuicmo i
3anycKacmsvcs npoyec MOOen08aAHHA.

MSC Adams npaytoe 3 3D-mo0ennio. Ilepesazoro € MoxiCcAUBICIb MOOENIOBAHHA PYXY MOOENi-NPOMOMUNY i YNpasinus
Helo 8 NPOSPaAMHOMY Cepedosuwyi, a Makoxc nepegipka npayesoamuocmi y euenadi 3D-eizyanizayii. 3a pesyromamamu
MOOENBAHHS MONCHA NOOYAY8amMuU PeanbHy Mooeb i cnpoekmysamu npusoou. Ilpu npoexmyearnti npueoois i MeXaHiuHol
cucmemu HeobXiOHO 36epmamul Y8azy Ha MAKCUMANbHY 6EIUYUNY CUTL NPU pOOOMI 3 PISHUMU BAHMAICAMU, | MOMY HEOOXiOHO
Ppo3pobumu npugoo iz 8i0N0GIOHUMU NAPAMEMPAMU 0I5l KOHKPEMHOT YiNi BUKOPUCIAHHA MAHINYIAMOPA.

Knrouoei cnosa: maninynamop,; MoOent08ants,; KiHeMamuyHuil i OUHAMIYHUL AHATI3; KIHYesull e(peKmop, mpaekmopisi.
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Lubica Mikova
LINEARIZATION OF A NONLINEAR VEHICLE MODEL

The purpose of this article is to create a mathematical model of a vehicle using dynamic equations of motion and
simulation of perturbations acting on a vehicle.

It is assumed that the tire in the car model behaves linearly. Because the vehicle model is nonlinear, the model will
need to be linearized in order to find the transfer function between the angle of rotation of the front wheel and the lateral
position of the vehicle.

For this purpose, simple dynamic models of the car were created, which reflect its lateral and longitudinal dynamics.
These types of models are usually used with a linearized form of mechanical and mathematical equations that are required
when designing controllers, active suspension and other driver assistance systems.

Keywords: linearization, vehicle; nonlinear equations.

Fig.: 1. Reference: 6.

Introduction. Research in vehicle dynamics has been an ongoing study for decades since
the invention of the automobile. Engineers and scientists have sought to fully understand the
dynamic behaviour of vehicles that are subjected to a variety of driving conditions, whether it
be normal daily driving or extreme emergency manoeuvres. These results will be used to
eliminate problems such as ride quality and handling stability to develop innovative designs
that will improve vehicle operation.

The nonlinear vehicle model can be linearized by assuming small deviations from steady
state. The tyre in the vehicle model is assumed to behave linearly. The linear model is valid at
constant longitudinal speed, constant normal tyre load, constant coefficient of road friction and
constant longitudinal tyre slip. It is desirable to linearise the vehicle model in real time in order
to obtain as accurate model of the vehicle behaviour as possible.

A simple vehicle dynamics models that specifically represent its lateral and longitudinal
dynamics have been created for a basic understanding of its dynamic behavior. These types of
models are commonly used with a linearized form of mechanical-mathematical equations,
which are desirable in the design of controllers, active suspension systems, and other driver
assistance systems.

The required complexity of the vehicle model depends on its specific application. For
example, simple models containing only in-plane degrees of freedom are sufficient for
investigating the handling characteristics of a vehicle during its planar motion. For vehicle
stability analysis, two-axle models are used [1-6].

Mathematical model of a two-track vehicle. The two-track vehicle model also includes
the vehicle's wheelbase in the calculation.

X

Fig. 1. Two-track vehicle model with indicated positive directions of coordinate systems

© Mikova L., 2021
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The equations of motion are in the form:

m.ii = F, + Fyfcos f — Fypsinf + Fpy, (1)

m.U = E,. + Fyrsinff + F,r cos B + Fp, (2)

hw:uyaqgnﬁ+wyafamﬁ—drar+%XA@r+Aaﬁcmﬁ)+nh 3)
while:

Fup = Fyrp + Fuy 4)

Fur = By + Fyr (5)

AFy s = Fyrp — Fuy (6)

AF; = Fypr — Fur (7)

For the angles of directional deviations of the wheels defined by global velocities and lateral
forces:

+(d + < si
afr=l/J+,3—tan‘1 4 w(fCOSLD ‘,ismw) (®)
(df siny — 5 Cos 1,0)
+1(d -z
afl=ll)+ﬁ—tan‘1 4 lP(fCOSl/J Vismlp) )
— (df siny + ;cosz/))
» 5/+1/')(—d cosz/)—%sinlp
ay =1 —tan ~ (10)
( d, sin¢+;cosz/))
+ d, + =i
aﬂ:ll)—tan_l Y 1/)( cos¥ “lelnlll) (11)
( d, sint/;—;cosd;)

Fm']' = Cl-ai]- i € (T', l),] € (r;f) (12)
The equations are written for the vehicle coordinate system, but the angles of directional
deviation are defined for the global coordinates. Therefore, a rotation matrix is used:

X] _[cosy —siny]rii
[y] o [sinl,b cosy “v] (13)
Once integrated, the vehicle velocity in global coordinates needed to determine the yaw
angle is obtained. Further integration yields the global position of the vehicle. When plugged
into the equations of motion and simplified for a small wheel angle 3, the equations of motion
take the form:
. y+ l[)df cosy
mu :Furr+Fulr+Furf+Fulf_ZCf lp+ﬁ_f :8+FDu (14)
y + d, cos ) —1d, cos
y wxf w>+26r<¢_y wxr w)

mﬁ=2q<¢+ﬁ—

+ (Furf +Fulf)ﬂ +de

(15)
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. )'/+1,bd cosy
y —d,cosPp\ w
— 2G,d, <¢_Tr>+?(Furr_Fulr+Furf_Fulf) (16)
w2By sin
+W(Cr —Cf) + Mj

Linearisation of the dynamic equation of motion in the vehicle direction. In equation
(14), the nonlinear elements that need to be linearized are found.

Ny = By (17)
. .d
ma = (25 ) 18)

The linearized equation has the form:
mAX = 4Fy + Fayo + AFr + AFyyy + AFy s + AFy 5 + AFp, (19)

Linearisation of the dynamic equation of motion in the direction perpendicular to the
vehicle. The nonlinear terms in equation (15) are:

y—d
Myy = = (T) (20)

y+yd
Nyp = — <—f> 1)

X
Ny3 = (Furf + Fulf)ﬁ (22)
The linearized equation has the form:
4 2C.(ds — d,) Ay
mAY = 2(Fyo + CIA = — CAY + 4C.AY — o fx )AY + AFp, (23)
0 0

Linearization of the dynamic equation of motion for vehicle rotation. The nonlinear
terms in equation (16) are:

Ny1 = dpB(Furs + Fuir) (24)
Y +pd
Nz = — (Tf> (25)
}'/ — l:bdr
=\— 26
Ny3 < ¥ > (26)
The linearized equation has the form:
. 2C.(d; —adr) .
JoAY = 2dp (Feo + C)AB + —————Ay + 2C.(ds — d,) Ay
0
2C.(d;* + d,?) (27

. w
7 By + +7 (A — AFyy + AFyy — AFy)
0
+ AM,,

The resulting linearized equations. The linearized vehicle equations of motion (19), (23)
and (27) are now summarized. The A symbols are omitted for clarity.

mjé:4Fx0+qu0+Furr+Fulr+Furf+Fulf+FDv (28)

35



Ne 2(24), 2021 TEXHIYHI HAVKU TA TEXHOJIOTI
TECHNICAL SCIENCES AND TECHNOLOGIES

2C.(ds —

X

my =

x0 Y= (muo + )> l/) + Fpy (29)
0 0

2C,(dy — dr) . 2C.(df* +d,*)
———y+2C.(df —d - ,

N Xo y C( f T)w X (30)
+ E(Furr — Fur + Furf - Fulf) + Mp.

]zlp = de(Fxo + C)B +

Conclusion. Simulation models are widely used in all industries. Their main goal is to
understand what behaviour can be expected from a real system. The aim of this paper was the
linearization of a two-track vehicle. In most cases, the behavior of dynamic systems is
determined by nonlinear differential equations. Since in this case it is not possible to use the
Laplace transform to express the image transfer, it is necessary to linearize the dynamical
system in question. The essence of linearization of nonlinear dynamical systems is the
assumption that the input and output quantities are varied so that their deviations from the
steady state are sufficiently small, which is valid for this case. This linearized model will be
further applied to the lateral control of a vehicle.
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UDC 004
Jhoouya Mukosa
JIHEAPU3AIIS HEJITHEMHOI MOJEJI TPAHCHHOPTHOI'O 3ACOBY

Jocnidocenna ounamiku aemomobinie mpusaromo iz MOMEHmMy 8UHAX00Y agmomodina. Inscenepu ma 6yeni npacHyau Oe-
MANLHO 3PO3YMIMU OUHAMIYHY NOBEOIHKY MPAHCHOPMHUX 3ACODI8 Y PISHOMAHIMHUX YMOBAX KEPYBAHH, a0 ye 36uuailine ujo-
OeHHe KepyBauHsl, abo eKCMpeManbHi MAHeEPU.

Memoio yiei cmammi € cmeopenHs MamemamuyHoi MoOOeni MPAHCROPMHO20 3ACO0Y 3 BUKOPUCIAHHAM OUHAMIYHUX Di6-
HAHb PYXY MA MOOeN08anHs 30ypers, o Oilomb Ha MPAHCROPMHULL 3aCi0 13 HABKOUWHBO2O cepedoguwya. OcKinbku mMoodensb
MPAHCNOPMHO20 3ACO0Y HeNTHILIHA, O MO20 W00 3HAUMU NEPEOdBALbHY (YHKYIIO MIdIC KYMOM NOBOPONLY NEPEOHbO20 KOAeCd
ma GiYHUM NOJIONHCEHHAM a8MOMOO0INA, HeoOXiOHO 6)Oe NiHeapu3yeamu Mooens.

1[5 nineapuzosana mooenb mpancnopmuozo 3acody 6yoe 000amKo80 3aCmoCO8AHA NPU KEPYBAHHI A8MOMPAHCIOPIMHUM
3ac060M i3 3aHOCOM.

Jna 6a306020 po3yminHa 11020 OUHAMIUHOT NOGEOIHKU OYIU CMEOpeHi nPpocmi OUHAMIUHI MoOeni asmomobina, aKi 6i0o-
bpascaroms 11020 6iYHY ma no300824CHI0 OuHAMIKY. Taxi munu mooeneti 3a36Udail GUKOPUCHIOBYIOMbCS 3 TIHEAPU308AHOI0 (Po-
PMOI0 MEXAHIKO-MAMEeMAMUYHUX PIBHANb, AKI NOMPIOHI 0151 NPOEKIMYBAHHS KOHMPOIEPis, cucmem aKmueHoi niogicku ma i-
wux cucmem 00nomMo2u 800I€si.
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Heninitini pigHsHHs PYXy, AKi ONUCYIOMb PYX MPAHCROPMHO20 3ACO6Y 8 HANPAMKY MPAHCHOPMHO20 3ACO6Y, Y HANPSAMKY,
NnepneHOUKYIAPHOMY MPAHCHOPMHOMY 3ACO0Y, Ma PIBHAHHA PYXY Ni0 Yac NOBOPOMY A6moMobins 6y0ymy NiHeapu306aHi.

Memoto yiei pobomu 6yna aineapusayis 080KONIIHO20 Mpancnopmuo2o 3acoby. Ilogedinka ounamivnux cucmem usHa-
uaemuvcs Henininumu ougepenyianorumu pignanuamu. OCKiibKU 8 YbOMY GUNAOKY HEMOICIUBO GUKOPUCIATU NEPEMBOPEHHS
Jlannaca, neobxiono nineapusyeamu OUHAMiuHy cucmemy, npo axky uoemscs. Cymo aineapusayii HeNIHIUHUX OUHAMIYHUX CUC-
mem noiseae y NPUnyWeHHi, wo 6XioHi ma 6UXioHi 6eludUHU 3MIHIOOMbCS MAK, WO iX 8IOXUNEHHS 810 CMAYIOHAPHO20 CIMAHY
docmamubo Mani, Wo cnpagednuso 0a 0ano2o 6unaoxy. Lla nineapuzosana mooens 6yoe 000amKo80 3acmoco8aHd npu Kepy-
BAHHI MPAHCNOPMHUM 3ACOOOM I3 3AHOCOM.
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TEACHING METHODOLOGY FOR ELECTRO-PNEUMATIC SYSTEMS
MODIFIED BY PANDEMIC SITUATION

The article describes the modification of the established form of the teaching process dedicated to fluid mechanisms and
the control of such mechanisms. It deals with the methodology of preparation and implementation of teaching units in the past
performed as practical exercises. By modifying it, it was possible to provide teaching units in the form of Internet transmission
via the Microsoft application environment so that students could gain practical experience despite the fact that they completed
the teaching in the distance form. In the end, the problems that will need to be solved in the future are outlined, and the trend
that we would like to continue is outlined either.

The article is a publication of methodical character.

Keywords: methodics; training; electro-pneumatics, control; controller; programming; modification.

Fig.: 7. Table: 1. References: 3.

Urgency of the research. The situation caused by the coronavirus pandemic "expelled"
university students from classrooms and laboratories. This natural environment for knowledge
transfer has been replaced by a virtual environment of computer applications enabling distance
learning. However, this form strongly disrupted the possibilities of practical training of our
students. It was necessary to find suitable forms to at least partially preserve the original
possibilities provided by the equipment of our laboratories.

Target setting, actual researches and issues analysis. Such an experiment took place in
the teaching of some subjects focused on automation in combination with pneumatic drives and
electropneumatic control elements. The original concept described [2] had to be replaced by a
modification that would allow remote access to the student in solving the assigned task. We
returned to the methodology, the concept of which was proposed [1], but due to shortcomings
in the technical equipment and in the possibility of testing, it was not implemented. It consisted
of connecting the teaching space (e.g. laboratory) with the student in the form of network

transmission (Fig. 1).

WEB camera

—
i, @
i I —

Training process
: =

Teacher
Feedback

Information
Education

Fig. 1. Model of remote access within education

A continuously modified simulator was available, which was made back in 2018 by our
graduate [3] as a diploma project (Fig. 2).

© Tuleja P., 2021
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Fig. 2. Training stand
A Full HD WEB camera (Ausdom AW615) was purchased from the institute's funds (Fig. 3).

Fig. 3. WEB camera set to capture the workplace

The statement of basic materials. The events on the stand mediated by capturing the
situation with a WEB camera were captured via the licensed Microsoft TEAMs platform.
During the lessons, the students had information approximately as shown in Fig. 4.

Schodza v kandli ,Cvicenie - Tuleja®

ku a videa pre

Schodza v kanali ..Cvicenie - Tuleja”

Lo 2vukpoditata

Zvuk v miestnosti

NepouZivat zvuk

Zrusit Pripojit sa teraz

Fig. 4. Microsoft TEAMs application environment
Despite the imperfections of image transmission caused by the insufficient permeability of
the Internet, students were able to watch what was happening in real time in the area of the training
workplace. As the teaching units implemented in such an arrangement met with a positive
response, we decided to continue the project. We re-arranged the simulator environment and
supplemented it with a suitable description of individual "workplaces" (Table 1).
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Table 1 — Workplaces and their components

Name of workplace

Used components and their manufacturers

The mechanism of three degrees of
freedom

JA20-8-125

Ix CYLINDER SMC CD85N20-100-B + FLOATING JOINT

Ix GRIPPER phd 19012-5-5002
Ix SLIDE SMC MXH10-15

1x SLIDE phd SA047X50 106
I1x CLAMP SMC MXB12-10R

Mechanism (originally) for
SIEMENS S7

JA

Ix CYLINDER SMC CD85N20-100-B + FLOATING JOINT
20-8-125

Ix SMC PRECISION SLIDE MXS16-75AS

Ix SMC VANE ROTARY MOTOR MDSUB20-180S1

I1x SMC EJECTOR

I1x VACUUM SWITCH SMC ZSE1-00-55L

2x CYLINDER HOERBIGER RD 1025/100

Cylinder with continuous piston rod

I1x CYLINDER SMC CP96SDB40-150W

Mechanism with trapezoidal screw

1x SLIDE SMC MGPM25TF-100Z
1x SLIDE phd
1x GRIPPER SMC MHQJ2-16D

BOSCH-Rexroth workplace

2x CYLINDER Rexroth 0822349002 20718 925, H: 50

Mechanism with a suction cup

Ix SMC MY1B16G-100
1x SUCTION CUP SMC

Component separator

ODDELOVAC SUCIASTOK SMC MIV12-12D

Cylinder with brake

COMPAST CYLINDER with BRAKE RDLQB40-100--M9B

N RN R

Traffic light - working with lights

4-farebny ,,semafor™

10.

Lifting mechanism (2 cylinders:
stroke + stopper)

1x mini CYLINDER AiR AURRi (SMC type) CDJ2-16-150
1x CYLINDER SMC CQ2B25-10D

This report (Table 1) is supplemented by the following documents:

1
2.
3.
4
5

Task entry sheet, fig. 5

Description of individual components;

Designation of individual signal elements and assignment of input addresses in the PLC;
Assignment of control elements (selectable) to PLC outputs

Datasheets of a specific actuator or valve;

. ACTUATOR
o 5-A-1

Fig. 5. Schematic representation of the task assignment

The components available on the training table are products from various manufacturers
(SMC, HOERBIGER, MECMAN, Rexroth, phd Inc. etc.). The task of Fig. 5 is realized by a
pair of drives Rexroth 0822349002 20718 925, H: 50 (Fig. 6).
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Fig. 6. BOSCH-Rexroth workplace (point 5 of table 1)

The individual cylinders had to be appropriately named (cylinder 5 — A — 1, cylinder 5 — A
— 2) so that they could be easily and unambiguously identifiable both in the task assignment
process and during the video transmission itself. The same had to be done with the
electropneumatic control elements (valves 1.6 and 1.1 on the valve island 1-V-6).

As part of the solution and with the accompanying commentary of the teacher, according to
the assignment, students had to develop a management program to ensure the functions and
activities of the "workplace".

Since the system SIEMENS LOGO! 0BAG6 in special modification [3] (Fig. 7) is applied as
a managing controller, students can download and install a demo version of the LOGO! Soft
Control programming environment free of charge from the manufacturer's website of this
controller and with the help of the manual and the teacher's explanation will create a solution
program. They upload it to the specified folder in the MS TEAMs environment, from where the
teacher uploads it to the controller unit. The student monitors the behavior of their own program
via video transmission and evaluates its functionality together with the teacher. If necessary,
the teacher provides an explanation of the improper behavior of the program.

Fig. 7. SIEMENS LOGO! controller in special modification

There are also other separate mechanisms controlled via PLC SIEMENS LOGO!:
2° mechanism with gripper and parts magazine

The "Flying Ball" mechanism

4-finger hand mechanism

Mechanism with CD carriers

Mechanism with 3° freedom

Mechanism with magnetic gripper

Table tennis ball "launcher"

Nk
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It is obvious that all modifications in the layout of the training table will be applicable in
the full-time form of teaching directly in the laboratory after the end of the restrictions caused
by the pandemic.

Conclusion. The mentioned modification of the methodical teaching procedure in the
Laboratory of Pneumatic Mechanisms is constantly in the process of construction. In the future
(depending on financial possibilities), we would like to expand this simulator with other models
of workplaces, but also to create a variant training solution with several types of controllers.

Acknowledgements. This article was created thanks to the KEGA project support:
010TUKE-4/2020 Implementation of new knowledge and innovative approaches to the process
of teaching robotics in line with Industry 4 and KEGA project support: 004TUKE-4/2021
Development of innovative teaching materials for learning multi-agent robotics.
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METOAUKA BUBYEHHS EJIEKTPOIIHEBMATUYHUX CUCTEM,
MOJAUPIKOBAHA MTAHAEMIYHOIO CUTYALIECIO

YV emammi npeocmasneno mooughixoseanuii eapianm HasuanbHO20 pobOUO20 MICYsA 3 YPAXYBAHHAM NPOMUENIOEMIUHUX
obmedcenv 6 ymosax nanoemii koponagipychoi ingexyii COVIDI9. Akmyanvuicms po3pobKu IpyHMYEmMbCs HA MOMY, Wo na-
HOemiuna cumyayis danexa 8id 3aseputents. Fmosipno, nonepedy we Kinbka Xeub, y X00i AKUx yeii Rpoekm 6yoe 3adisHuil.

Y cmammi onucana memoouuna npoyedypa supiuiennn «naHOeMiuHO20» 6apianma HABHAILHOLO POOOH020 Micys 3 ene-
KMpONHeeMamuyHUMU KOMNOHEHMAaMU, KUl paniuie 8ice YCniuHo UKOPUCIOBY8ABCA.

Amnaniz ocmanHix 00cniodxceny i nyonikayit nokasas, wo xoua oKpemi UPOOHUKY NHEBMAMUYHUX KOMNOHEHMI8 00Cli-
021CYIOMb Ye NUMAKHA, OCHOBHA Y8a2a NPUOINAEMbCa Oi3Hecy, a He NPpaKmuyHil, OpicHmo8anill Ha cnodicueaya cgepi 3acmo-
cyeamHa. 3a80aHHAM pOOOMIU € He OOCKOHANbHA 0emani3ayisi KOHCMPYKMUBHO20 PIUEHHSA, 4 eCKI3HUL NPOEKM i3 0eMOHCMpa-
yiero iozo moaxcrusocmeil. Ocnogna mema cmammi — Hadamu iHgopmayito npo me, AK 3ade3neyumu Haoymms npaKmuyHux
HABUYOK 6 YMOBAX OUCMAHYINHO20 HABYAHHA.

Onucane mexuiyne piuienHs i MemoouKa npoeedeHHs. NPAKMUYHUX 3aHAMb Y Yill 2any3i 8 yMoeax KapaHmuHHUx oome-
Jicenb Ha0aoymb MemoOUdHe KepieHUYMaE0 0 CMEOPEHHs NOOIOHUX OCBIMHIX YOOCKOHANIEHUX PIUEHb, MUM CAMUM OONOMA-
2aroyu niOGUWUMU SIKICHb NI020MOBKU HOB020 NOKOJIIHHSL IHJICEHePI8 8 YMO8AX MPusaroyoi nanoemii.

TIpeocmasnena 6 pobomi Moougixosarna memoouxa UeHeHH s eleMenmie eneKmponHesMamusHUxX cucmem 6 1abopamopii nte-
BMAMUYHUX MEXAHIZMI8 NOCMILIHO hepedysae 6 cmaodii po3pobku. Y matbymusomy (8 3a1exi#cHocmi 8i0 QiHaHCo8UX MOXdCIUBOCTEL)
CMAasUMbCsL 34 MEmy po3UUpeHHs MOICTUBOCEL Y020 MpeHadlicepa, OONOBHIOIOUU 1020 THUWUMU MOOenAMU pobouux micyb. Takooic
nepeobaueno MoNCIUBICHb CIMEOPEHHS BAPIAHMA HABYATILHO20 PODOU020 MiCYs 3 OeKibKOMA MUNAMU KOHIMPOIIEpIs.

Cmamms € nyonikayicio MemoouyHo2o xapaxmepy.

Kniouosi cnosa: memoouxa; HaguanHs, enekmponHesMamuKa, KOHmpob, KOHKMPOAEP,; NPOSPAMYBANHI; MOOUPIKAYis.
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CREATION OF A 3D MODEL OF ROBOT ACTIVITY ASSEMBLY
IN THE ROBODK ENVIRONMENT

The article describes the creation of a simulation of a robotic training workplace in the RoboDK environment. The
workplace is equipped with a two-arm industrial robot Yaskawa SDA 10F, which is equipped with electric grippers Schunk.
The workplace also includes a system of two jigs, where the robot translates plastic and metal rollers between the jigs. Jigs
can be moved as needed within the robot's workspace. The created simulation fulfills the role of a demonstration program for
training students or workers in industry. The article is a publication of scientific and methodical character.

Keywords: robot; programming; RoboDK; welding fixture.

Fig.: 6. Table: 1. References: 10.

Urgency of the research. Today, industrial robots are widespread around the world. The
IFR ("International Federation of Robotics") estimates the current number of industrial robots
worldwide at 1.64 million. The industrial robotics market is worth $ 13.8 billion [1]. In Fig. 1

shows the number of introduced industrial robots by individual continents until 2019.
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Fig. 1. Annual procurement of industrial robots in the thousands [1]

Target setting. A robot becomes more and more intelligent, better technologically equipped.
Robots are a matter of course in almost every handling and technological task. Developing a
program for humans is getting easier and faster. Each new line of the company is more modern,
more accurate, has a greater load capacity, is easier to program. The interface is more intuitive
and easier to navigate. The most common ways to use of industrial robots are technological op-
erations such as spot welding, arc welding, drilling, spraying, milling, drilling ...), handling tasks
(pick-and-place, folding and unfolding, packaging, palletizing ...). They all are have great preci-
sion and maximum speed. For successful programming of robots and robotic workplaces or their
optimization, it is necessary to control off-line programming methods.

Actual scientific researches and issues analysis. Every customer and operator of a robotic
workplace wants their robot and production to work 100%. Therefore, it strives to achieve the
highest possible speed, the best accuracy, high efficiency. In order to achieve this, it is appropriate
to use a suitable simulation environment, with which it is possible to effectively implement off-
line programming. One of such environments is the RoboDK environment, which has in its
database a wide range of robots from various manufacturers [2]. This allows students to improve
their competencies during their studies so that they are able to use the acquired knowledge in
industrial practice. RoboDK has in its database about 500 types of robots from 50 manufacturers,
which makes it a universal and low-cost simulator for industrial robots and their programming.
The main reason for using this program was its simplicity and intuitive operation. Off-line
programming is relatively easy and fast, which is another advantage when teaching students. The
environment of the program is transparent, easy to navigate and not very demanding on hardware.

© Semjon J., Kocan M., Demko R., 2021
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Research in the field of creating training workplaces is focused primarily on online work
directly at the robotized workplace [3; 4; 5]. Off-line trainings are provided by providers of such
trainings in various ways [6; 7; 8]. At our workplace, teaching is carried out on robots of several
manufacturers according to the information sheets of individual subjects. In the case of training
for technical practice, the training is adapted to their requirements. In order to be able to carry out
off-line training on robots from several manufacturers, it was necessary to choose an off-line
environment that would allow it. Based on the analysis of off-line environments located at the
workplace (Robot Studio, Roboguide, RoboDK), the RoboDK environment was selected.

The research objective. The basic idea of why it was necessary to implement the simulation
in the environment was to show students the steps needed to successfully master the environment.
There are a total of three different workplaces in the robot's workspace. The workplace, which
was selected as a sample, was based on the bachelor's thesis of one of the authors of the article.

General overview of the system. Currently, there is a Motoman / Yaskawa SDA 10F robot
in the robotic workplace, which has two end grippers. The right gripper, two-finger, is used to
grip the outer cylindrical surface. The left gripper, three-finger, is used to grip the inner
cylindrical surface. There are also 3 stations at the workplace where various activities are
carried out as part of student training (Fig. 2). This robot falls into the category of serial, angular,
industrial robots. It is a two-armed robot, with one arm having 7 degrees of freedom. Together,
the robot has 15 degrees of freedom - 14 degrees of freedom thanks to the arms and 1 degree
of freedom due to the carousel, which allows the entire robot structure to rotate around its own
axis. This robot has a high dexterity, while each arm can perform a different task or work
together on the same task. The whole movement takes place on a small floor plan, thanks to
which it is advantageous to use it in a small working space [9; 10].

— - N Y'\\J, ‘v—”l "‘“,
Robot s ] 'I I e
SDA 10F - -
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Fig. 2. Yaskawa Motoman SDA 10F

We can find the robot at the Institute of Automation, Mechatronics, Robotics and Production
Systems - Technical University in Kosice, in the laboratory marked PKS8 / 004. In Table we can
see the basic technical data of the robot.

Table — Basic technical data SDA 10F [10]

Parameter Value
Dimension 505x1354x505 mm
Weight 220 kg
Payload 2x10 kg
Accuracy +/- 0.1 mm
Number of controlled axes 15
Location floor, wall, ceiling
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The mechanical unit of the SDA 10F robot consists of a base, a carousel that can rotate around
the base, two arms and flanges at the end, to which end effectors can be connected. The robot is
powered by a voltage of 400V (using a 230V converter). The task of the robot control system,
designated FS 100 (Fig. 3), on the basis of the information stored in the memory of the control
computer and the information obtained from the internal and external sensors, is to plan the
operation of the robot and decide on the individual steps to be performed so as to avoid any
mechanical damage. The two-storey structure of the control system is used as the control system,
as the robot is equipped with up to 15 drives. This means that the control system is composed of
two dimensionally identical cabinets placed one above the other.

&m‘ﬁ&; S E : oo ‘1

Fig. 3. FS 100 control system

The workplace consists of a work table 560 mm high made of system aluminium profiles
measuring 50x50 mm, a worktop measuring 400x700 mm and two jigs. The jigs have the shape
of the logo of the Technical University in Kosice (shape of the letter T and U) and are made of

stainless steel sheet 1.5 mm thick. The dimensions and shape of the fixtures are shown in Fig. 4.
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Fig. 4. Fixtures in the form of logo TUKE

The task of the robot is to use two electric grippers from the company Schunk EZN 64 and
PG 70 to transfer pipes with dimensions D50x100 mm from one jig to another jig and back.

The process of working in a simulation environment began with selecting a robot from a
database. Subsequently, models of electric grippers were imported from the official website of
Schunk. A 3D model of the work table, a model of individual jigs and fingers for individual
grippers were created in the CAD environment Creo Parametric. The shape of the fingers was
chosen so that they were able to grip and store the workpieces in the appropriate positions.
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The modelled components (table, jigs, grippers, fingers and workpieces) were then imported
into the RoboDK environment. In Fig. 5 shows individual components with dimensions
corresponding to a real workplace.

=P B N
Fig. 5. Workplace in RoboDK environment

The home position of the robot is the starting position for the entire program. In this position,
the robot starts and finishes the task. The robot begins to move from the home position, from
where the right hand, with a three-finger effector, gradually moves to the roller located in the U
— fixture (Fig. 6). Meanwhile, the left hand, with a two-finger effector, moves to the position from
which it takes over the roller (Fig. 6). After the left hand takes over the roller, the right hand is
moved to allow more space for the left hand. Subsequently, the left hand places the roller in the
T - fixture, Fig. 6¢. The left hand moves to the level of the non-acting right hand. Subsequently,
the robot returns to the home position and the program for one roller is terminated. In a similar

way, the transfer of other rollers from one preparation to another and back is performed. Fig. 6
shows some positions when folding the rollers, Fig. 6, d shows collision monitoring.
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Fig. 6. Robot position when transferring rollers
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RoboDK can also monitor collision states in which the robot will not be able to get to the desired
position. In this situation, the entire program stops and a warning is displayed on the screen that the
robot cannot reach the desired position. The RoboDK environment also contains a function where
it generates the entire program according to individual coordinates of points and handling
instructions. This program can be uploaded to a real robot, on which the created program is checked.

Conclusions. The article describes an example of designing and creating an off-line program
in the RoboDK environment for a robot equipped with two arms. The proposed solution is to
serve as a demonstration program, connected to a real robotized workplace. After explaining the
procedure of creating a program in a simulation environment, a demonstration in real conditions
follows. Subsequently, it is possible to assign individual tasks to students, where the teacher
changes the order of translation of the rollers for individual students. After students have created
their own simulation according to individual assignments, they can try it in a real workplace. At
the same time, it is possible to increase the difficulty of creating a simulation by adding tasks to
students at the other two workplaces, which are located in the robot's workspace.
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VIIK 621.8
AHn Cemvon, Mapmun Kouan, Pacmucnag /[emxo

CTBOPEHHA 3D MOAEJII ®YHKIHIOHYBAHHA
CKJIAJAJIBHOI'O POBOTA B CEPEJOBHIII ROBODK

Ha cvo2o0mi npomuciosi pobomu nowupeni 6 bazamvox eany3sax npomuciosocmi 8 ycoomy cgimi. IFR («Misxcnapoona
Geoepayis pobomomexHikuy) oyiHIOE NOMOYHY KITbKICMb NPOMUCIOBUX poOOMmMIg y 6cbomy ceimi 6 1,64 minviionu pobomis.
Punox npomucnosoi pobomomexuixu napasi cmanosums 6ausvro 13,8 mapo donapis. Pobomu cmaiome éce binvuue po3sune-
HUMU QYHKYIOHATBHO, Kpauje mexHono2iuno ochawjenumu, oinbus naoitinumu. Kooicna noea ainis komnawii, ocnawjena cxkia-
oansHuMu pobomamu € 6inbl CyUaACcHOI0, MOYHIUION, MAE DibULY HABAHMAJICYEANLHY 30AMHICMb, ii 1e2ue npozpamyeamu.

Icnyioui 0ocnioicenns 6 2anysi cmeopenHs pobOMuU308aAHUX HAGUANLHUX pOOOUUX MICYb OPIEHMOBAHT Hacamnepeo Ha OH-
JatiH-pobomy 6e3nocepeorbo Ha pobomu308anomy poboyomy micyi. Tomy ocHO8HA i0es 00CIOHCeHHS NOAAANA 8 TNOMY, 0O
noxazamu cmyoenmam Kpoxu, HeoOXioHi 0 yCiuHo20 0c80€HHA cepedosuuja RoboDK. Ycvozo 6 pobouomy npocmopi po-
boma € mpu piznux pobouux micys. Poboue micye, obpane 6 akocmi 00CAIOHCYBAHO20 3paA3Ka, OVIIO CMEOPEHO HA OCHOGI ba-
Kanagpcvkoi pobomu 00HO20 3 A6Mopie cmammi.

YV pobomi onucano cmeopenns imimayii (hyHKYiOHY8aAHHSI HABUATLHO20 POOOU020 Micys 6 cepedosuyi RoboDK. Poboue
Micye obnaonamne 06opyunum npomuciosum pobomom Yaskawa SDA 10F, sxuil ocHaweHuil eleKmpuyHuUMU 3aX8amamu
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Schunk. Poboue micye maxodic exaouac cucmemy 3 060X pobouux 301, 0e pobom nepekaadac niacmukogi ma memanesi po-
nuku. Poboui 3onu mosicna nepemivgysamu 3a nompebu 8 pobouomy npocmopi poboma. Cmeopene Mo0enogants BUKOHYE POib
O0eMOHCIMPayitinoi npocspamu Ol HA8UAHHA CMYOeHmi6 YU NPAYi6HUKIE 8 npomucnositl eanysi. Ilicia cmeopenHs é1acHoi cu-
MYnayii 8i0n06iOHO 00 THOUBIOYANLHO20 3A0AHHA € MOXNCIUBICMYb ii anpobayii Ha peanvHomy poboyomy micyi. ITiosuwumu
CKIAOHICMb CMBOPEHHS CUMYAAYIT MONCHA 000aBUU 3A80AHHA CIYOEHMAM HA 080X THWUX POOOUUX MICYAX, AKI pO3MAUOBAHT
6 pobouomy npocmopi poboma. Cmamms € nyoniKayicto HayKko80-memoouyHo20 Xapaxkmepy.

Knrouoei cnosa: pobom; npoepamysanust, RoboDK, 36aprosanbrutl KOHOYKmMop.
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DESIGN OF BALL COLLECTING ROBOT

A concept of four-wheeled mobile service robot capable of collecting balls from the Tennis court is proposed in this article.
The robot is capable of manoeuvring on its own in an autonomous way and also it can be operated wirelessly. The robot is
built using the Arduino Uno R3 microcontroller board along with sensors like LiDAR, ultrasound sensor, optical encoders,
infrared sensor, camera for vision system. Sensor fusion can be implemented for localization of the robot while detection of
the tennis ball can be attained by learning based object detection algorithm using OpenCV. A* algorithm is proposed for the
navigation of the robot towards the object. Wireless operation of the robot can be achieved with the Bluetooth technology using
the Android application via a smartphone.

The article is an overview and information.

Keywords: Four-wheeled service robot; sensor fusion, ball-collecting robot; Arduino Uno R3 microcontroller board;
Wireless control using the Bluetooth technology.

Fig.: 2. References: 11.

Urgency of the research. The automation of service activities is gradually expanding into
the field of sports equipment, which allows you to automate routine activities. This article
describes the design of a robot for collecting balls on a tennis court. The main purpose of this
section is to provide information on the recent trends that are involved in the development of a
mobile service robot capable of operating both indoor and outdoor environment. The important
consideration while developing a service robot are the selection of chassis, control of the robot
movement, types of controlling and navigation [3].

Target setting. The article comprises of the different stages involved in the development
of a full-autonomous robot, which are: 1) design of a robot, with its main part description;
2) localization of the robot, which is the most important and difficult task in an autonomous
robot work; 3) finally, detection of object and obstacle, which involves the detection of a tennis
ball which is the object, and other obstacles that hinder the maneuverability of the robot. Also,
a semi-autonomous control of the robot is proposed, which allows control and commands to be
transmitted wirelessly and the robot can operate by the user’s request. A separate application
for the Android platform can be used for sending the navigation commands to the robot using
the Bluetooth technology [2].

Actual scientific researches and issues analysis. The robot’s task is to collect balls from a
tennis court at various occasions thereby saving user’s time and effort. The mode of operation
of the robot can be fully autonomous or semi-autonomous in which it can be controlled by a
smartphone using the Bluetooth Technology. An Android app can be installed on a smartphone
consisting of the buttons for choosing the mode of operation and for navigating the robot in
case it is driven by an operator. The command signals from the smartphone application are
transmitted to the mobile robot. The robot is installed with Bluetooth module which can be used
to receive the control commands and perform the operation. The robot can be used in place of
a human for collecting the balls and thus human’s time and efforts are saved which can be
invested into additional practicing [4].

Analysis of existing research and publications. The description of the existing solutions
will be divided according the main components of the robots.

Chassis

The main consideration of a service robot is its chassis. The chassis is the structural com-
ponent which accommodates a drivetrain and wheels. The chassis can also be referred to as the
skeleton of the robot. It acts as a base for connecting manipulators like arms, object intakes,
blowers, etc. The chassis should be durable, lightweight, cost effective and easily available in
market. A perfect robot chassis can be selected based on the following:

Material — the material of the chassis can be selected based on the robot’s activity. Some of
the materials are wood, 3d-printed plastic, acrylic, metal (steel, aluminium or alloy) or composites.

© Janos R., Murali S., 2021
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Purpose — the prime use of the robot, its working environment, nature of work of the robot
are all need to be considered.

Size — the size depends on the application where the robot will be used and also the
components it will be installed with.

Shape — the chassis shape must accommodate the other components like motors, wheels,
control systems, etc. and so it has to be of good design [5].

Control of Movement

The control of robot movement purely depends upon the type of the robot and its working
environment. For example, a floor cleaning robot has to reach every point of the floor and also
it should not move on the same area repeatedly. While, a surveillance robot has to reach main
areas and gather the information. Some of the wheeled robots follow a different type of kine-
matics called the differential drive system. This drive system is designed in a way that the robot
movement is carried out on the powered individual wheels of the robot. The working of the
differential drive mechanism is as follows:

The system hosts two powered wheels, each on one side of the robot. In case of four-wheel
robots, the two motors on one side are connected in parallel such that the motors on each side
of the robot are driven separately. Straight movement of the robot can be achieved if the motors
on both sides of the robot rotate with same speed and in the same direction. Turning can be
achieved if one side of the wheels spins faster than the other side. The direction of the turn will
be towards the side where wheels rotate at a slower speed. This turning is similar to the normal
turning of an automobile, i.e., in a curved manner. If the direction of rotation of wheels on one
side is opposite to the direction of rotation of the other side wheel, then the robot performs a
turn within its place. This is similar to the rotation of the robot [6].

The differential drive robot poses a complication while moving in a straight line. This is
due to the difference in the rate of turning of the wheels whose drives are independent. Factors
like friction differences in drivetrain, friction differences between the wheel and the surface,
and slight differences in the motor affect the turning of the drive motors at same rate. In order
to achieve this, the motor RPM can be adjusted many times per second which may require
interrupt-based software and assembly language programming. Another way to achieve this is
the use of encoders for determining the accurate position of the wheels.

Classification based on controlling

In general, a robotic movement is constructed on the basic rule consisting of three questions
[2]. They are: (1) Where am I now? (2) Where do I want to go? (3) How do I get there? By find-
ing answers for these questions, the movement of a robot is successfully obtained. For example,
the answer for question “where am [ now?” can be determined with the help of sensors as the
surrounding of a robot will be potentially varying and the sensors help to identify the presence
of obstacles, objects, etc. Coming to the second question “Where do I want to go?”, the answer
depends on the task that is to be performed by the robot - a starting point and an end point can
be used for depicting the movement of the robot from one place to another. And for the final
question “How can I get there?”, the assistance of localized path guidance system and a global
motion planar system are required to reach a target. The robot's path is determined by tracking
points generated from the environment.

The above is the basic ideology for controlling any conventional robot. Apart from this, the
robots based on the control type are classified as semi-automatic, automatic, tele operated,
cloud operated etc.

Navigation

The most important thing for any mobile device is its ability to navigate with respect to its
environment. Robot navigation is the process of determining the own position of the robot and
guide its path towards a specific location. Some robots use a different approach for navigation
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called reactive navigation in which the robot reacts directly to its environment. For example, a
wall follower robot follows the wall and thus moves from one position to another. This is the
same in case of a firefighting robot in which the robot senses the fire using a flame sensor,
navigates itself towards the fire and thus sprays water to put off the fire. Autonomous robots
are capable of navigating on its own by sensing its surroundings and they need no guidance, for
example, the Autonomous Mobile Robot (AMR). Semi-automatic robots, on the other hand,
require guidance for navigating them along a pre-defined path or user’s defined direction. The
Autonomous Guided Vehicle (AGV) is a perfect example for a robot requiring guidance [7].

Article objective. The basic idea of why it was necessary to implement the simulation in
the environment was to show the steps needed to successfully master the environment. There
is a total of three different workplaces in the robot's workspace.

General overview of the system.

The work in this section involves the designing of the robot and the ball-collecting mecha-
nism. The design is performed on CATIA V5 software in a simple way for representation of
the robot. Aluminium is the material of choice for the robot chassis due to its lightweight and
corrosive resistant properties. The robot consists of the chassis part on which it is built. The
special mechanism for collecting the balls from the surface of the tennis court is attached to the
front of the chassis. Once the robot navigates itself near the ball, the ball-collecting mechanism
does its job in retrieving it and stores it in the storage compartment located to the rear part of
the robot. The operation of the mechanism is analogous to the mechanism for the ball shooting
found in a tennis ball machine. It consists of two rolling wheels placed perpendicular to the
ground. The rolling wheels are placed at a distance which will be enough for a tennis ball to
pass through. The wheels are rotated in a direction opposite to each other by electric motors
and whenever the ball gets in contact with the rotating wheels it is forced inwards due to the
instantaneous velocity developed by the rotation of the wheels. This instantaneous velocity is
enough for the ball to reach the storage container where it gets projected in air due to the in-
clined path of its travel.

Storage compartment

Chassis
Ball collecting

mechanism

Fig. 1. Annual procurement of industrial robots in the thousands

Localization of the robot is the initial and the most complex task in achieving the autono-
mous navigation of the robot. The robot has to locate itself in order to perform the path-tracking
and planned navigation in any given surroundings. The mission objective of the robot is made
possible with the localization of the robot in its environment. The position of the robot keeps
changing over time and so does an environment. Therefore, it is crucial for the robot to keep
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track of its movement and its surroundings throughout its workflow. The initial step of the
process is the self-localization of the robot which can be determined with the help of different
types of sensors. These sensors detect the surroundings and the data from these sensors are used
in determining the position of the robot. The robot keeps updating its location in a map when-
ever it manoeuvres on the ground so that the end point of the robot is attained efficiently. Once
the robot positioning is done, the robot can track the object and plans multiple paths to reach
its target and thus the autonomous navigation of the robot is performed [11].

The proposed method of self-localization of the robot can be achieved with the help of
sensors like optical encoders and LiDAR sensor. The positioning of the robot with the use of
optical encoders is called dead-reckoning system. This is an open-loop estimation of the posi-
tion of the robot in which the encoders are available for the control of the motor which in turn
provides the actual angular displacement of the wheels. The distance covered by the robot can
be determined with the help of rotary encoders and is given by,
counts

distance travelled = wheel circumference - —,
(number of counts per revolution)

However, errors may arise due to the surface roughness, mechanical tolerances or wheel
slip which gets incremented with time resulting in poor positioning of the robot. In a way to
overcome the errors in the position of the system, the data from LiDAR sensor can be used
along with the odometry data in a way to improve the localization of the system. The LiDAR
data uses the Time of Flight (ToF) where the emitted light beam from the sensor hits the surface
and is reflected back to the source. As the speed of light is known, the distance of the surface
from the source is obtained.

LIDAR Transceiver Transmitter Oplics

Transmitter d
- Y
/‘ i)
Light source / [ v
Receiver
/,| ISES] d— c'l t = time of flight
Image sensor or [ N S 2 c= Speed of light in al_l’
photodetector d = distance to the object

™ Receiver Optics

Fig. 2. LiDAR principle [1]

Object detection and recognition is a vital task for the robot as it can be helpful in the detec-
tion of the target objects as well as the presence of obstacles on the robot’s path. The use of a
camera will not only help detecting objects, but also provide a vision for the system. The work-
ing is not attained in a single step but it involves a sequence of steps. The robot has to be trained
priorly with the object before it can be put to use. Additional care has to be taken while per-
forming the training of the object to the robot as the image of the object during training is stored
in the robot memory and it has to look for the object in the real-world environment. Improper
training will result in less efficient working of the robot as it will reduce the accuracy of the
object detection. The detection of tennis ball in a real tennis court is one of the challenging
tasks. The hindrances that pose a threat for the detection of the ball in the tennis court are a) the
ball located at a distance from the source will occupy less pixels b) some of the balls will be
located in blind spots and c) finally, there may be objects with similar shape and colour of the
tennis ball in the surroundings [10].

One of the common ways of detecting [8] the tennis ball is the using the algorithms based
on the geometric model of the ball. Some algorithms like Circle Hough Transform and Gradient
Vector based are used for detection of the ball based on its geometry. However, these techniques
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have a drawback — when the ball is located at some distance, it lacks a circular geometric model.
In a way to overcome the drawbacks of the geometry-based approach, learning-based detection
algorithm is proposed in this work. The proposed learning-based algorithm methods comprises
of two steps: a) Region of Interest (ROI) extraction and b) classification. Blob detection algo-
rithm can be used for extracting the region of interest from the camera image and a cascade
classifier based on the Local Binary Pattern (LBP) feature can be used for the classification
process. The object detection problem involves a lot more of computation process and it re-
quires additional microcontroller board with large computation power and memory. For this,
the Nvidia Jetson Nano is preferred to take over the computation process as the Arduino board
is not capable of performing the computations required for this process. OpenCV can be used
for the implementation of the ball detection process [9].

Conclusions. Thus, the design of four-wheeled mobile service robot with the ball collecting
mechanism, which can help the user with picking up balls from the tennis court is proposed.
The different operating modes of the robot are proposed for the effective work of the robot.
Self-localization of the robot can be achieved with the odometry and LiDAR data using sensor
fusion and the object detection is performed by OpenCV platform. The navigation of the robot
is explained with the implementation of the A* algorithm due to its short computation time for
determining the path of travel and also the ability to avoid the obstacles during its manoeuvring
in the tennis court. A semi-autonomous mobile robot is developed and its work is demonstrated
with the help of a smartphone, which can be implemented to the proposed above mobile service
robot for controlling its movement wirelessly. The working range of the robot is within the
sufficient distance, which allows the use of Bluetooth technology to transmit commands to the
robot.
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QUALITY EVALUATION MODEL OF INTERACTIVE
DISTANCE LEARNING COURSE

Currently various models are used for distance learning quality evaluation. The main issues with these models deal with
the amount of time required for implementation and absence of the main factors involved in the distance learning organization
process. Therefore, they cannot be used for quality evaluation of interactive distance learning courses.

The multicriteria model of quality evaluation of the interactive distance learning course (IDLC) is considered. It includes
the following criteria: the quality level of educational materials; the quality level of staffing; the quality level of software and
hardware. An automated system "IDLC Quality Assessment" has been developed, which offers both numerical values and fuzzy
interpretations.

Keywords: distance learning courses; model of course quality evaluation; fuzzy logic.
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Relevance of the research topic. The growing number of distance learning courses and its
suitability to commercialization lead to the urgency of quality evaluation. Usually the criteria
and methods of such evaluation have their own specifics, which significantly differs from the
known methods of assessing the quality of traditional courses in many respects [1].

The task of quality evaluation of training courses in remote education becomes more
important every year. Unfortunately, Ukraine does not yet have state standards and methods for
assessing the quality of distance learning courses. This situation justified the necessity and
importance of criteria and methods development to solve this issue.

The problem formulation. Distance learning was often perceived as an additional element
of the educational services provided by higher education institutions (HEIs). But the current
state of higher education, including the Covid-19 pandemic restrictions, has changed attitudes
towards distance learning, giving it the status of a primary form of educational services. For
now, the quality of educational services has become the main indicator of HEIs activity.

It is possible to solve these actual problems by creating interactive learning systems (interactive
courses) and improving the quality of educational material in existing courses on a regular basis.

Interactive learning course is a system of hardware and software components. It receives
information entered by a user and transmits their answers assisting with some work or task.

Interactive distance learning courses (IDLC) combine a set of lectures, practical classes,
manuals, electronic information, and additional materials. The IDLC structure is aimed to
ensure that students not only memorize information but associate it with life and professional
cases. The main criterion for assessing the course mastering is not the reproduction of
theoretical materials, but the demonstration of the acquired knowledge in practice. Thus, the
issue of IDLC quality evaluation becomes leading in quality maintenance of HEIs services.

Analysis of recent research and publications. The quality of distance learning relates to all
educational processes, results and services provided through information and communication
systems [2]. It can be improved during the process of developing the educational component by
choosing appropriate IT tools for the distance learning process implementation and during the
course presentation using the effectiveness of the virtual learning environment. In quality
evaluation of distance learning, the main attention in the development of distance learning and
training is paid to the educational materials designing [3]. Airina Volungeviciene and Margarita
Tereseviciene [4] proposed the model for educational component programs development based
on factors for assessing the quality of distance learning content. Among the factors determined
by the authors to assess the distance learning quality the expert evaluation is mentioned [5].
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Achieving the learning content quality requires a number of essential activities: regular
student preferences analysis [6], setting learning goals, applying appropriate methods of
learning organization, proper planning of learning outcomes evaluation; applying of appropriate
curriculum; and specific technological means [7].

Currently various models are used for distance learning quality evaluation. Among them are
a neural network model based on an optimization approach [8]; a model based on a fuzzy
analytical hierarchy (FAHP) [9]; a model grounded on the Bayesian formula and Multiple Criteria
Decision Making (MCDM) methods to determine the best course [10]. To estimate the criterion's
importance weights, the Analytical Hierarchy Process Fuzzy (AHPF) method is used [11].
Problems of the distance learning materials quality examination also were considered in [12].

Selection of unexplored parts of the general problem. For distance learning quality evaluation
most researchers considered the courses quality evaluation by students as the most valuable
factor. The literature review shows the dependency of the proposed distance learning courses
quality on a bunch of factors (criteria) [10]. The main issues with proposed models despite
requiring an unreasonable amount of time for implementation is the absence of the main factors
used in the distance learning organization process. Therefore, they cannot be used for IDLC
quality evaluation.

The aim of the work is to create a multi-criteria model for IDLC quality evaluation to
support the quality monitoring of HEI distance learning systems.

Main material. The main regulatory and legal provisions for standardizing the quality of
educational services by HEI in the process of distance learning include:

- Law of Ukraine "On Higher Education" [13];

- Law of Ukraine "On the National Informatization Program" [14];

- Order of Ministry of Education and Science of Ukraine "Regulations on Distance
Learning" [15];

- Order of Ministry of Education and Science of Ukraine "On approval of Amendments
to the Regulation on Distance Learning" [16];

- Order of Ministry of Education and Science of Ukraine "On approval of Requirements to
higher educational institutions and establishments of postgraduate education, scientific, educational
and scientific establishments providing educational services on a distance form of training on
preparation and advanced training of experts on the accredited directions and specialties" [17];

State standards for quality management system:

- DSTU ISO 9000:2015 Quality Management Systems. Fundamentals and Vocabulary [18];

- DSTU EN ISO 9001:2018 Quality Management Systems. Requirements [19].

The level of an interactive distance learning course quality may be considered as a set of
properties reflecting the degree of suitability of specific information about objects and their
relationships to achieve the user's goals in the implementation of certain activities.

IDLC is an information product, therefore to evaluate its quality it is natural to use approaches
for quality evaluation of the information products such as software. In this case, an IDLC is
subject to a number of state standards of Ukraine related to software quality assessment:

- DSTU 2844-94 Software. Software Quality Assurance. Terms and Definitions [20];

- DSTU ISO/IEC 9126-1:2013 Software engineering — Product Quality — Part 1: Quality
model [21];

- DSTU ISO/IEC 25051:2016 Software engineering — Systems and Software Quality
Requirements and Evaluation (SQuaRE) - Requirements for quality of Ready to Use Software
Product (RUSP) and instructions for testing [22].

The following state standards related to software quality assessment are in force in Ukraine:
DSTU 2844-94 [20], DSTU ISO/IEC 25010:2016 Systems and Software Engineering —
Systems And Software Quality Requirements And Evaluation (SQuaRE) — System and
software quality models [23].
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To evaluate the IDLC quality the ISO/IEC 25010 standard [23] quality criteria are used.
Among all quality criteria it is necessary to choose ones that meet the requirements for the
IDLC formation as a software.

For building an IDLC quality model it is necessary to keep in mind:

- quality of educational materials;

- quality of staffing;

- quality of software and hardware support of the distance learning process (Fig. 1).

Quality of an interactive

/ distance learning course

g Ssg A -
' 3 T
m ll . \\\) ..E;) / \/
T, -
Quality of staffing §§ ;g{;—j " a Qualnz_;ft::li:rsaliunal

Quality of software and hardware

Fig. 1. IDLC Quality model

According to international standards, each of the quality categories describes properties as
sets of attributes that can be represented both quantitatively and qualitatively. In the common
case, the IDLC quality evaluation model can be provide as a cortege of functions defined by
the relevant criteria:

Qips = (Qsm, Q1. Qs ), (1)

whereQ;ps 1s the IDLC quality level;

Qs — quality level of educational materials;

Qr — quality level of staffing;

Qs — quality level of software and hardware support of the distance learning process.

The quality level of educational materials is usually represented by sets of attributes. In this
case, each attribute must be matched to a metric to quantify the measure of the attribute.
Therefore, to formalize the model of quality of educational materials, the basics of Set theory
may be used:

Qsy = {HSM AZM’MSM , )
where H;M— characteristics of the educational material quality, i = T,n — the number of
characteristics of the educational material quality;

A?M _ attribute of the educational material quality, j = T,n — the number of attributes of the
educational material quality;

M l_st — quality metrics of educational material.
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In common case, the model of quality of educational materials is presented as:
Qsu = (A", AL, ... AR"), (3)
where AL-S]M — attribute of the educational material quality;

j = 1,n — the number of attributes of the educational material quality.

To evaluate the quality level of educational materials, the evaluation method of the course
content in the educational and methodological academic disciplines support system at the
Chernihiv Polytechnic National University [24] is used. This methodology was developed by
the commission for teaching and methodological support of educational components web
resources to assist in the practical application of quality criteria for its provision in the Moodle
learning management system.

The methodology is intended for evaluation of only those courses that are taught or planned
to be taught at the university in the framework of existing educational programs at all levels of
higher education (Table 1).

Table 1 — Attributes, characteristics, methods of quality of educational material

Attribute of quality of educational material, Metrics of the level of quality of
Ne (AiSIM educational material, (MiS]-M
1. Syllabus 0-5
2. Education program 0-5
3. Recommended resources 0-5
4. Evaluation criteria 0-5
5 Laboratory works, practical classes, seminars and other
) activities provided by the education program 0-20
6. Theoretical materials 0-20
7. Individual tasks provided by the education program 0-5
8. Self-study 0-5
0. Current control 0-15
10. Final control 0-15
Total 0-100

So, for this case, the model of quality of educational materials will look like:
Qsm = (43", A%, ..., AT). 4
The level of quality of the component of staffing of distance learning is determined by a
cortege of functions:

QT = (QEd' QSCJ QM)J (5)

where Qg4 — the level of quality of educational work;

Qs — the level of quality of scientific work;

Qu — the level of quality of methodical work.

To describe the software and hardware components, it is proposed to use the international
standard for quality evaluation of software systems ISO/IEC 25010 [23]. In this case, for the
mathematical description of models, it is proposed to use Set-theoretic Notation or Category
theory approach [25].

Analysis of metrics that meet the criteria/subcriteria of software quality according to
ISO/IEC 25010 shows the following ones are suitable for assessing the IDLC quality [26]:

1. Functional suitability:

1.1 Appropriateness;

1.2 Interoperability.

2. Usability:

2.1 Understandability;

2.2 Learnability.
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The functionality of IDLC shows the compliance of the available information content of the
educational component to the curriculum and the level of interaction of all educational process
participants. Appropriateness is a measure of compliance of software product’s functions with
the defined and predicted needs of users:

N gpp(Content)
N gpp(AllContent)

-1, (6)

Nypp (Content)— the number of elements in the set of information content of the i-th IDLC;

Nypp(Content)— the number of all elements in the set of information content, which are
provided by the curriculum for training students of the i-th IDLC, the function of the availability
of appropriate information elements, which are provided by the relevant curriculum.

Interoperability — the mean displayed the degree a software product provides data exchange
between a teacher and consumers of educational services:

Nin(Content)
QITL = -1,
Nin(AllContent)

QApp =

(7

N, (Content)— the number of elements in the set of information content of the i-th IDLC,
according to which consumers of educational services exchanged data with the teacher;

N (AllContent) — the number of all elements in the set of information content of the i-th
IDLC, which provides the data exchange.

The usefulness of the given information content shows how clear the presented material is
for consumers of educational services and suitable for self-study.

Understandability is the degree to which a software product is user-friendly:

Nyn(Content)
Qun = —2 I, (8)

- Nyn(AllContent)

Ny, (Content) — the number of elements in the set of information content of the i-th IDLC,
which are clear to consumers of educational services;

Ny, (AllContent) — the number of all elements in the set of information content, which are
provided by the curriculum for training students for the i-th IDLC. The number of elements in
the set of clear information content of the distance course is determined by conducting control
testing among consumers of educational services.

Learnability — the degree to which a software product allows self-study on provided content:

Q, = _Ni(Content) 1, 9)

o Ny (AllContent)
N, (Content) — the number of elements in the set of information content of the i-th
discipline of distance learning, which the user may master on his/her own;
N (Content) — the number of all topics of the i-th distance learning discipline.
The level of quality of software and hardware for distance learning is determined by a
cortege of functions:

Qs = (QAppr Qrn QUn,QL ) (10)

The level of staffing quality can be formally described using Set theory and the calculation
of statistical indicators for the educational, scientific and methodological work of the course
instructor.

Based on considered factors the basic equation for an IDLC quality level integrated
indicator calculation is:

Qips = Wsm " Qsm + Wr - Qr + W5~ Qs, (11)
where w; is the weight (significance) of the i-th factor.

59



Ne 2(24), 2021 TEXHIYHI HAVKU TA TEXHOJIOTI
TECHNICAL SCIENCES AND TECHNOLOGIES

When calculating the quantitative indicators are getting normalized. Calculation of the
factors' significance carried out with the Saati method. The disadvantage of the Hierarchy
Analysis method is the large amount of information given by experts. The method is most
suitable for those cases where the main part of the data is based on the preferences of the
decision maker in the process of choosing the best solution from a set of existing alternatives
[27]. The numerical value of the integrated quality indicator of the IDLC system varies from 0
to 1. Based on its numerical value the IDLC can be in one of five states:

— critical quality level, 0 < Q;ps < 0,4;

— lower than the average quality level, 0,4 < Q;ps < 0,55;

— average quality level, 0,55 < Q;ps < 0,7;

— higher than average quality level, 0,7 < Q;ps < 0,85;

— high quality level, 0,85 < Q;ps < 1,0.

Fuzzy model for an interactive distance learning course quality evaluation. The
following IDLC quality evaluation fuzzy model is proposed to speed up the quality monitoring
of the HEIs distance learning system. This approach relies on a multidimensional expert
evaluation.

The fuzzy IDLC quality level Q;ps is evaluated by three group criteria:

Qsm — fuzzy quality level of educational materials;

Qr — fuzzy quality level of staffing;

Qs — fuzzy quality level of distance learning software and hardware.

Each of these criteria is crucial for making a positive or negative decision about the IDLC quality.

At the First stage a linguistic evaluation of the factors influencing the quality of the IDLC
system will be conducted. Table 2 presents the general criteria hierarchy for the three group factors.

Table 2 — Criteria hierarchy for three group factors of IDLC fuzzy quality level (Q;ps)

Aim Criteria Linguistic grade of the quality level
The level of quality | Syllabus low, middle, high
of educational | Education program low, middle, high
materials (Qgy) Recommended resources low, middle, high
Evaluation criteria low, middle, high
Laboratory works, practical classes, seminars and |low, middle, high
other activities provided by the education program
Theoretical materials low, middle, high
Individual tasks provided by the education program | low, middle, high
Self-study low, middle, high
Current control low, middle, high
Final control low, middle, high
The level of quality | Educational work low, middle, high
of staffing (Qr) Scientific work low, middle, high
Methodical work low, middle, high
The level of software | Appropriateness low, middle, high
and hardware quality | Interoperability low, middle, high
component (Q) Understandability low, middle, high
Learnability low, middle, high

At the Second stage, the expert quality evaluation of the IDLC in the context of three criteria
is carried out. Each of the presented criteria has several subs; subcriteria also can have several
levels of subs. It is important to take into account the different effects of subcriteria, i.e. their
weight (significance). To formalize an expert knowledge (fuzziness of a linguistic variable) the
set of membership functions is provided.

For factors influencing the IDLC quality level, the linguistic terms formalization is
performed using a standard three-level fuzzy classifier for all variables, as shown in Table 3.
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Table 3 — Three-level fuzzy classifier

Standard three-level classifier levels Q;ps — term name
Low Qips —1
Middle Qips =2
High Q1ps —3

To construct the set of triangular membership functions, the set of parameters is determined
and the results of classification on intervals are presented in Table 4.

Table 4 — Parameters of triangular membership functions

Parameter
Term
a b c
Low -04 0 04
Middle 0.1 0.5 0.9
High 0.6 1 1.4

Analytically, this can be expressed as a formula (12):

(x_aO, x<a ]

( b,o) —b_a,a<x§b 0
x,a,b,c) =X _
4 = (12)
c—b
0, c<x
or abbreviated:
. X—a c—X
f(x,a,b,c) = max(mln (E,;),O), (13)

where a, ¢ set the points of intersection of the membership function with the abscissa axis;
b — its peak.

The classification of the indicator level based on the standard three-level fuzzy classifier of
triangular type is presented in Table 5.

Table 5 — Classification of the indicator level based
on the standard three-level fuzzy classifier of triangular type

Value range x Membership function '
Low Middle High

0< x<01 1—-25x 0 0

01<x< 04 1—-25x 2.5x-0.25 0

04 < x< 05 0 2.5x-0.25 0

05< x< 06 0 2.25-25x 0

0.6<x< 09 0 2.25-25x 25x-15
09<x< 1 0 0 25x-15

The calculation of expert evaluation is proposed to be performed by the Hierarchy Analysis
method. For each proposed group criterion, a hierarchy of criterion will be developed [27].

According to the calculation results, each IDLC will receive a score in the form of a fuzzy
vector:

QIDS = (QSMJ QT: QS ) (14)
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At the Third stage, after the Hierarchy Analysis assessment, the scores are converted into
linguistic grade, and the decision matrix based on previous scores (Table 6) forms decisions for
the IDLC quality improvement.

Table 6 — An example of an IDLC quality decisions matrix

Linguistic grade of the quality level
Training materials, Qg Staffing, Qr E;)rfcti‘:zvvzrrz,agi IDLC, Q;ps
1 High High High High
2 High High Middle High
3 High High Low High
4 High Middle High High
5 High Middle Middle Middle
6 High Middle Low Middle
7 High Low High Middle
8 High Low Middle Middle
9 High Low Low Low
10 Middle High High Middle
11 Middle High Middle Middle
12 Middle High Low Middle
13 Middle Middle High Middle
14 Middle Middle Middle Middle
15 Middle Middle Low Middle
16 Middle Low High Middle
17 Middle Low Middle Middle
18 Middle Low Low Low
19 Low High High Low
20 Low High Middle Low
21 Low High Low Low
22 Low Middle High Low
23 Low Middle Middle Low
24 Low Middle Low Low
25 Low Low High Low
26 Low Low Middle Low
27 Low Low Low Low

At the Fourth stage, an integrated evaluation is carried out taking into account the main
criteria weights:

Qips = Wsy * Qsm + Wr - Qr +ws - Qs, (15)

where w; — weight (significance) of the i-th factor;

Qsum, O, Qg — fuzzy grades of IDLC quality criteria;

An Automated "IDLC Quality Assessment" system. To implement the IDLC quality
level model, an automated “IDLC Quality Assessment” system in Python has been developed.

The graphical interface is created with Figma online editor and consists of six tabs: "Expert
assessment”, "Factor assessment", "Quality level of training materials", "Quality level of
staffing", "Quality level of distance learning software and hardware", "Level of quality of the
distance learning system".

The "Expert Assessment" tab contains matrices of criteria pairwise comparisons and must
be filled in by experts.

The next step is to calculate the criteria and subcriteria weights. Experts may rank criteria
by moving them lower or higher relative to others.

The "Expert Assessment" and "Factor Assessment" tabs are shown in Fig. 2 and Fig. 3,

respectively.
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Evaluating The Quality Level Of An Interactive Distance Learning Course

Expert evaluation Factor assessment Expert evaluation

Criteria Matrix of pairwise comparisons Criteria Clearly normalized Fuzzy w
w

Quality of educational materials 0,413 Quality of educational materials 0,86 Bucoxa 0,413

12
Quality of staffing 1 0,327 Quality of staffing 074 Cepepna 0,327
1

Software and hardware quality 05 0,260 Software and hardware quality 0,92 Bucoka 0,260
component

component

462

{ Identify ‘ \ Identify }

Fig. 2. "Expert Assessment" tab Fig. 3. "Factor Assessment" tab

After clicking the "Estimate factor" button and selecting the factors, the weights of the
corresponding factors and empty fields for estimating the subfactors "Numeric normalized" and
"Fuzzy", which are filled by the user, display on the screen. After clicking the "Define" button,
next to the numerical value, a fuzzy grade of the IDLC quality level is displayed and decisions
on improving the quality level of the educational component are displayed.

The field with decisions (conclusions and recommendations) is highlighted with color
according to the fuzzy level: green — high, yellow — medium, red — low.

The experiment on IDLC quality level estimation for 10 educational components was
carried out. For example, the "Web Technologies and Web Design" educational component
IDLC quality level was studied. According to the evaluation, the quality level of the traditional
course "Web Technologies and Web Design" for 2019 was equal to 0.54, which corresponds to
an "Average quality level" fuzzy linguistic grade (Fig. 4). According to evaluation results, it
was recommended to increase the quality of calculation and graphic works.

The quality level evaluation of the "Web technologies and web design" IDLC for 2020 is
0.84 and corresponds to the "High quality" fuzzy linguistic grade (Fig. 5). The system
recommends improving the quality of methodical work.

Evaluating The Quality Level Of An Interactive Distance Learning Course

Expert

Evaluating The Quality Level Of An Interactive Distance Learning Course

Expert

Fig. 4. Quality evaluation of "Web

Fig. 5. Quality evaluation of "Web

Technologies and Web Design" IDLC, 2019  Technologies and Web Design" IDLC, 2020

(intermediate level)

(high level)

It's worse to mention that the fuzzy results correspond to a numerical IDNA quality level
value. This leads to the possibility to use a fuzzy quality level evaluation for quick estimations.



Ne 2(24), 2021 TEXHIYHI HAVKU TA TEXHOJIOTI
TECHNICAL SCIENCES AND TECHNOLOGIES

Conclusions. The introduction of IDLC in the distance education system has significantly
improved (30 %) the quality of the educational component "Web Technologies and Web Design",
i.e. the system as a whole. This contributes to better training of higher education applicants and
ensuring the quality of HEIs educational services. The implemented multicriteria model of IDLC
quality evaluation includes the following criteria: the level of quality of educational materials; the
level of staffing quality; the level of quality of software and hardware for distance learning. It is
proposed to use both numerical (clear) and fuzzy interpretations. A comparative analysis of the
differences between clear and fuzzy assessment of the 10 educational components showed that
the fuzzy results correspond to a clear value of the IDLC quality level. Therefore, a fuzzy model
can be used to speed up the educational courses quality monitoring.
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MOJIEJIb OI[IHKA AKOCTI IHTEPAKTUBHOI'O TMUCTAHIIMHOI' O
HABYAJIBHOTI'O KYPCY

3ae0anns oyinKu AKOCMI HABYANLHUX KYPCI8 Y OUCIMAHYINHIL 0C8IMI 3 KOXCHUM POKOM cmae oedani akmyanvhiwum. Ha
Jrcans, 8 Yepaini noku wo 8iocymmui 0epicasHi cmanoapmu i Memoouxu 015 oyinku akocmi oucmanyiunux xypcie. Came momy
Po3pobKa Kpumepiie i Memooux, wo 0036014AMb SUPIUUMU YIO NPOOIEMY, € BAACIUBOI0 MA NOMPIOHOIO 3adayelo.

Ha cvo2o0mi sixkicme nadanux oc8imHIxX NOCaye HA8UAHH CIMALA OCHOBHUM NOKa3Hukom Oisnbnocmi 3BO. Bupiwumu yi
akmyanvui npobremMu MONCIUBO, HA HAW NO2TSO0, CMBOPIOIOYYU THIMEPAKMUGHT CUCMeMU HAGYANHS (IHMepaKmueni Kypcu) ma
pe2yiaApHo niOsUWYIOUU pi6etb AKOCMI HABYANbHO20 Mamepiany 6 yiice icHylouux Kypcax. IIpu yvomy eupiuienns numanns
oyinku axocmi [IHK cmanosumuscs nposionum y 3abesneuenti akocmi ocgimuix nociye 3BO.

Ha oanuii wac ona oyinku axkocmi OucmaHyitino2o HA84AHHA BUKOPUCO8YIOMbCA pisHi Moodeni. Ceped HUX: Helpomepedcesa
MoOenb Ha OCHO8I ONMUMI3AYIIHO20 NIOX00Y, MOOeNb HA OCHO8I HewimKoi ananimuutoi iepapxii (FAHP), moodenv, axa euxopuc-
mosye ¢opmyny baiieca ma bazamoxpumepianohi memoou nputinsimmst piwienv (MCDM) 0nsa eusHauenHss HAIKpaujo2o Kypcy.
s oyinku 6azoeux KoeqhiyicHmis Kpumepiie UKOPUCIOBYEMbCSL MEeMO0 HeuimKo2o npoyecy ananimuunol iepapxii (AHPF).

Tonoenorw npobnemoro € me, Wo y 3anponoHOBAHUX MOOENAX, Wo NOMpPedyIomb HeGUNPAGOaro bazamo yacy 01s ix pea-
J3ayii, He 8PAx08ani Kpumepii, SIKi € RPOSIOHUMU YUHHUKAMU OP2aHi3ayii iHmepakmueHo2o Hasyants. Tomy 60HU He MOJICYmb
BUKOPUCMOBYBAMUCY 0151 OYIHKU AKOCMI iIHMEPAKMUBHUX OUCMAHYIIHUX HABYANLHUX KYPCIE.

Y pobomi posenanyma mynemukpumepiansra Mooens OYiHKu AKOCMI iHMepakmueHo20 OUCIMAaHYIIIHO20 HABYANLHO20 K-
PCy, Wo BKII0YAE Maki Kpumepii: pieHb AKOCMI HABUANLHUX MAMepianis;, pieeHb AKOCMi Ka0po8ozo 3abe3neueHis, pieeHsb
AKOCMi NPOSPAMHO-anapammo2o 3abe3neuenis OUCMAaHYilino20 HAGYaHHA. 3aNponoHo8ana axK 4imka (ducenvha) max i nedi-
mka inmepnpemayii. Pospobnena asmomamuzosana cucmema « Oyinka akocmi [[JJHK».

Topiensnbruil ananiz siominnocmetl yimkoi i Hewimkol OYiHKY NOKA3A8, Wo HeuimKi pe3yibmamu 6i0n08ioaomy YimKomy
sHauennto piens sxocmi [[JHK. Toomo, 0ns npuckopents npogedertsi MOHIMOPUHSY SKOCME OCEIMHIX KYPCi8 MOJNCHA KOPUC-
Mysamucs Hevyimko MOOeLno.

Knrouosi cnosa: cucmema oucmanyitino20 HAg4amnHs; AKiCMb HABYAILHO20 KYPCY, HEUIMKa MOOeNb AKOCHI.
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TECHNOLOGY OF PRIMARY PROJECT INFORMATION PROCESSING
AND RECOGNITION BY ANDROID OPERATING SYSTEM

The paper considers the syntactic model of recognizing the structures of UML-diagrams, defines the main methods and
algorithms for working with images and basic methods of recognizing figures and texts, proposes its own algorithm for analysis
and recognition based on the method of flexible comparison on graphs. The proposed algorithm can be used on any platform.
As a result, a technology for analysis and recognition of primary design information, namely — UML diagrams, was developed.
The proposed technology allows to reduce time and financial costs, increase the speed of modelling and design.

Keywords: shape recognition; UML diagrams; design; design documentation.

Fig.: 4. References: 11.

Urgency of the research. Currently, there are several solutions for recognizing UML
diagrams drawn by hand on paper. They allow speeding up the design and modelling process
without spending time on transferring diagrams from paper to electronic form. However, none of
the known solutions can be used in modern smartphones, particularly with the Android operating
system. The article proposes chart recognition technology that can be used under any platform.

Formulation of the problem. The development of any application, system, service, etc., is
a complex technological process that requires much effort, time and careful preparation.
Planning and design processes are integral steps in product development [1]. This requires
solving such tasks as accelerating the design, dynamic addition of new information, updating
obsolete or deleting incorrect information, reducing time and financial costs without losing
product quality. One way to solve the problem is to create documentation at the stage of origin
of the idea and product analysis.

It is clear that it is easier and faster to draw UML diagrams by hand, but in this case, there
is a problem with their recognition and transfer to the digital version.

Usually, innovations and changes in projects are discussed at retrospectives or project rallies,
where they express ideas and opinions about the implementation of customer needs or improving
the functionality of the product, draw diagrams, charts, notes, etc. It is necessary to make changes
to the existing UML diagrams as soon as possible, or create new ones, adjust the test
documentation to reduce the time of the task. Recognizing and digitalizing text is not a big
problem at the moment, but hand-drawn diagrams are a non-trivial task. Note that none of the
considered systems for recognizing hand-drawn charts can be implemented by the Android
operating system, which increases the time for information processing. Using such systems
requires other tools to create and transfer images.

The analysis of recent research and publications. Recognition of complex diagrams
requires not only the recognition of elementary figures but also the determination of the
relationships between these figures. Most of the available sketch recognition systems are
limited to a specific application or specific forms.

The [2] describes a developed and implemented system for online recognition of drawn
UML diagrams. Input data comes from an electronic board, mouse or tablet for data transfer. A
sophisticated segmentation algorithm groups bar images into symbols, overcoming
inaccuracies in drawing typical of manual input.

In work [3] the use of methods of recognition of the drawn images is covered. Based on the
analysis of corner points and their joints, squares and two types of joints are recognized, which
differ not in the geometric features of the drawn strokes, but in their location relative to each
other. Thus, you can recognize the whole set of figures.

The Tahuti [4] is a two-screen thumbnail recognition environment. The system is based on
a multi-level recognition structure of UML diagrams, which allows to recognize multi-line
images by their geometric properties and to draw images in an accessible manner without any
restrictions.

© Posnuk O. C., Tpynosa O. B., Boitrenko B. I1., 2021
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An application for recognizing complex diagrams drawn by hand online [5] is a system for
recognizing manually displayed complex diagrams, which create a dynamic and intelligent
relationship between the various components of the diagram.

Uninvestigated parts of the general problem. The main problem with these and other
publications is the lack of chart recognition in the Android operating system, which leads to the
need to have the means to create an image and transfer it to another device with chart
recognition. It reduces the speed of analysis, design, increases time and money.

The purpose of the article is to review the technology and develop a system for
recognizing and processing primary design information using the Android operating system to
increase efficiency and speed up design without losing product quality.

The statement of main material. Primary project information is a document formed during
the work on the project and is finally arranged at the final stage. Note that visual modelling is almost
always used alongside textual information. The image allows you to create and maintain a single
image when thinking, i.e. in the process of analysis and design. When drawing a diagram, we use
abstract space, creating arbitrary relationships between objects in a particular system. With linear
text, this is much harder to do. Also, the pictures allow you to concentrate better. With the help of
a diagram, we can focus on a specific problem being worked on, and switching between different
objects takes a fraction of a second. Therefore, you can focus on the details you need at the moment
without worrying that you will lose other details. Charts are also an effective means of exchanging
information during a discussion, which is now an integral part of the documentation.

Today, UML charts are widely used [6]. In general, UML is a unified graphical modelling
language for describing, visualizing, designing, and documenting object-oriented systems.

UML is designed to support the process of software modelling based on an object-oriented
approach, to organize the relationship of conceptual and software concepts, to reflect the
problems of scaling complex systems. UML models are used at all stages of the software life
cycle, from business analysis to system maintenance. Different organizations can apply UML
at their discretion, depending on their problem areas and technologies used and based on
international standards [7; 8].

Syntactic model of structure recognition UML-diagram. If users can create images of
such characters as natural so that the thumbnail recognition system can determine the grammar
definition for each character in the domain language, the grammar that simulates abstract
syntactic languages may have a character relationship.

The syntactic model (grammar) of UML-diagrams will be understood as an ordered five [9]:

(N, T, L, R, Ny), (D
where N — a finite set of auxiliary variables (non-terminal characters);

T — a finite set of graphic symbols of the term;

L — a finite set of predicate labels;

R — a finite set of substitution rules;

Ny € N — the initial character.

The set T of terminal graphic symbols can be represented as a combination of sets:

T=VUFruCrUWr, (2)

V' — a finite set of basic graphic symbols;

Fr—afinite set of figures created based on essential graphic symbols V;

Cr— a finite set of relations between figures and text;

Wr— a finite set of text words associated with text word shapes and relationships.

In the process of recognizing UML-diagrams associated with Fr7, Cr, Wrin the ordered sets
F, C, W, lists of text attributes represented by the ordinal numbers of the corresponding figures,
combining communication lines and word blocks, their type, signatures and spatial coordinates
are stored. Nodes located on the plan Img (x, y) image UML charts. Most of the text attributes
in the form of a report are stored in the source text file.
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Recognition of the image structure of UML-diagrams taking into account the grammar of
its construction to obtain a formalized text description F, C, W is a recursive procedure for
updating the original sentence from terminal symbols ( Fy, Cr, Wr), auxiliary variables with
N and attributes with F, C, W by applying to its current value the rules of substitution R and the
set of predicates L.

(F,C,W,N,Fy,Cr, WT*)t_l.g (F,C,W,N,Fr, Cr,Wr)y. 3)

Note that the substitution rules with R at each step of the recursive UML pattern recognition
procedure determine possible variants of its further structure. For example, the contour of a
figure can be followed by lines of communication with other figures and then - their contours.

Thus, recognizing the structure of the UML-diagrams, based on parsing the correct
construction of the latter (generative method), allows you to divide the input images into
"correct" UML-diagrams and "incorrect” UML-diagrams. While maintaining the appropriate
formalism of structural recognition algorithms, they can, in contrast to discriminant methods,
generate a set of newly formed UML diagrams.

Basic methods and algorithms for working with images. To solve the problem discussed
in this article, it is necessary to find a diagram in the image, namely — the essence and
relationships between them. Recognition problems do not have a universal solution that would
allow you to recognize any objects and inscriptions on them. You can create a general
algorithm, but the cost of creating it will be too high. Typical image is also not very suitable for
analysis. It is necessary to carry out some manipulations and prepare for analysis.

There are methods and algorithms for image recognition in the image, which can be divided
into three groups [6]. The first group is image filtering and preparation. The second group is
the processing of filtering results. Third — decision-making algorithms based on filtering data.
The third group includes methods of recognizing figures and texts.

Basic methods of recognizing figures and texts:

1) the method of flexible comparison on graphs (Elastic graph matching);

2) neural networks;

3) hidden Markov models (CMM, HMM);

4) principal component analysis method;

5) active appearance models (AAM).

Machine learning techniques are most commonly used in large object recognition projects.
Algorithms need to build a model that allows them to analyze the input image and decide which
objects are in the image. The construction of the algorithm is based on the analysis of several
specified features. The classifier needs data sampling and fine-tuning to learn. There are many
classifiers that differ in use and results in solving different problems.

In low-budget projects, the algorithms are much simpler and are based on the analysis of
the main features of the object. This can be a closed-loop, the number of angles and breaks, the
size and position relative to other objects.

There are several tools for image analysis. The most famous are MATLAB Image
Processing Toolbox, OpenCV library and numerous analogues.

Note that in the development of technology was used the method of flexible comparison on
graphs [10].

Recognition technology. The general recognition algorithm is shown in Fig. 1.
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Fig. 1. The general algorithm for recognizing shapes in the image

The main steps of this algorithm are as follows:

1) Obtaining the input image (Fig. 2);

2) Conversion of the image to Gray format;

3) Creation of copies of the image for the distributive analysis of essences of
communications and the text;

4) Initial image blur to remove noise and pass the binarization algorithm;

5) Search for internal contours of figures;

6) Filtering of contours on the maximum and minimum perimeter, and also on the centre
of figures;

7) Increase the size of the contours;

8) The use of the method of filling contours;
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9) Usage of the disjunction negation method for the original image and the clone with
figures to obtain an image containing only the lines of connection;

10) Usage of the Zhang Suen algorithm [11];

11) Search for lines and increase them by vector;

12) Search for intersections between lines. Virtual glueing;

13) Search for the beginnings and ends of lines belonging to the recognized figures;

14) Identification of figures;

15) Identification of lines;

16) Request for handwriting recognition;

17) Formation of chart objects based on the received coordinates;

18) Adding objects to the chart;

19) Generation of the JSON scheme of the created diagram.

End /)

.

Fig. 2. Example of an input image

To effectively recognize the shapes in the image, you need to have separated objects.
Therefore, one of the first tasks is to separate figures and connections. You need to make copies
of the converted image to continue working with them. Also, when working with the image, it
1s necessary to monitor the size of the canvas because the modification and analysis will be
carried out based on information positioning data.

One of the main tasks of developing an algorithm is to unify the analysis of objects in
different images because you can draw a diagram on paper in different ways: by connecting
figures with connections or by not connecting lines. It should also be borne in mind that a person
can indistinctly draw a figure, for example, draw an oval with an open contour. To unify, an
algorithm for glueing all lines by blurring and binarization was created.

To highlight the entities, it was decided to analyze the inner contour of the closed figures in
the image. After all, thinning algorithms for selecting shapes can increase the level of errors
and errors in image analysis. Since at this stage the type of figure is not important, but only its
relative position in the figure and the contour, it is necessary to increase the size of the contours
of the figures to overlap the blurred lines for further work with images.

A discrete exclusive disjunction operation was used to highlight the links for two images:
the main grey image after binarization and the image with enlarged contours of the figures. As
a result, we obtain only the selected lines on the white canvas.
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To analyze the text, fragments of figures on the main grey image are selected. The generated
image is sent to the Azure Visio application for handwriting recognition. As a result, we have
a JSON schema with text and location coordinates.

To identify the figures, we use the method of estimating the convexity of the figure and
vector construction, as well as calculating the angles (points of intersection).

Based on the obtained data, we can create a chart and convert it into a JSON scheme for
further use.

The results of the individual stages of the algorithm are presented in Fig. 3 and 4.

|

Fig. 4. The results of the relations recognition algorithm

Implementation tools. C # programming language, Visual Studio 2019 development
environment, Vuforia augmented reality platform, Azure Computer Vision API character
recognition service, Aspose.Diagram file manipulation framework, Emgu CV were used to
implement the system.

Conclusions. The paper considers and implements the technology of processing and
recognising project information, namely — UML-diagrams, which is based on the method of
flexible comparison of objects. The technology can be used on any platform, including Android,
which will speed up the stages of analysis, planning and design in the development of
information systems, applications, web applications and more.
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VIIK 004.93
Posnux Onexcanop, Tpynosa Onena, Boiimenko Bonooumup

TEXHOJIOI'ISI OBPOBKH TA PO3II3ZHABAHHS NIEPBUHHOI ITIPOCKTHOI
TH®OPMAIIII 3ACOBAMM OINEPAIIIMHOI CHCTEMH ANDROID

Ha cvo200Hi icnyroms Oexinvka piuens ona posniznasannus UML-diacpam, namanvosanux 6io pyku na nanepi. Bonu oa-
H0Mb 3M02Y NPUCKOPUMU RPOYECU NPOEKMYBAHH MA MOOENIOBAHH S, He GUMPAYArYl Ydc HA NEPeHoC dlazpam i3 nanepy 6
eneKmpoHHull 8uenso. Ipome sxcooue 3 piuiens He Modce OYmu 6UKOPUCIIAHO 8 CYHACHUX CMAPMPOHAX, 30Kpemd, 3 onepayiii-
HotO cucmemoro Android. VY cmammi 3anponoHosano mexnonozio posnisHasanHs 0iazpam, AKy MOXCHA 6UKOPUCTAMU Ni0
0y0b-AK010 NIaMgopMmoro.

V ceimi senuxa Kinvkicms npoekmis i3 po3pooKu nPoSPamMHO20 3abe3neyeHHs GUKOHYIOMbCA 3 NePeSUEHHAM NOYAMKO-
6020 0100dicemy | cmpokis. [Ipuuunamu 3pugy cmpoxie ma nepesuterHs. GUMpam Moxcyms Oymu pisHi paxmopu — 6i0 cxkaa-
OHOCmI NPOEKMY, 3MIHU 8 apximekmypi, OizHec-n102iyi 00 Henpoghecitinocmi cneyianicmis. Mooicnugum supiuieHHsIM nPoodIeMu
€ niosuyeHHs ehpekmusHOCmi ma NPUCKOPEHHS NPOEKMYBAHHA 6e3 empamu AKOCMI ma npoOyKmy, OUHAMIuHe OONOBHEHHS
HOG010 IHhopMayier0, OHOGIEHHA 3ACMAaPiNuX ab0 HEKOPEKMHUX OAHUX, CKOPOUEHHs Yaco8uxX i pinancosux eumpam. 3anpono-
HOBAHUIL an2opumm 06poOKU ma po3ni3HABAHHA NEPEUHHOL NPOEKMHOT IHGopMayii 0ae 3Mo2y 3MEHWUMU YACO8] MA PIHAHCOBI
sumpamu, 30i1bwumu WeUOKicnmbs MOOENOE8AHHA MA NPOEKMYBAHHSL.

Humni icHye nekingpka CHCT €M T a JOAAT KiB, [0 BUKOPYCT OBYIOT b T €XHOJIOTIT aHAJI3y T a PO3Mi3HaBaHHA Jiarpam
Ha OCHOBIi 300pa eHb, MPOT € K OJHE i3 BiJOMHUX PillleHb HE MOX € OyT ¥ BUKOPHCT aHO Ha IPHUCT POSX 3 ONepalliiHO0
cuct emoro Android.

Tonosnoro npobnemoro € giocymuicmes areopummis 015t po3Ni3HABAHHA Olazpam, WO MOAICYMb OYMuU 6UKOPUCTAHT Ni0
onepayiiinoto cucmemoio Android.
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Posenanymo cunmaxcuuny mooens posniznasanns cmpykmyp UML-0iacpam, eusnaueno ocHo8Hi Memoou ma aneopummu
pobomu 3 300padCEHHAM Ma OCHOBHI MEMOOU PO3NIZHABAHHA Dieyp | MeKCmig, 3anPONOHOBAHO GLACHUL ANCOPUMM AHALIZY
Mma po3nizHAHHA HA OCHOBI MEeMOOY SHYYKO020 NOPIGHAHMS HA 2pAdax.

Po3pobieHo T exHOJIOTIIO U1 aHAJ3Y T a PO3Mi3HaBaHHS IIEPBUHHOI MPOEKT HOi iHpopMaii, a came — UML-xmiarpam.
3anponoHOBaHUI aJITOPUT M MOXK € OYT U BUKOPHCT aHHUi Ml OyIb-SKO0 AT (OpMOIO.

Knruoei cnosa: posnisnasannus ¢icyp; UML-0iacpamu; npoekmysanis, npoeKmua 0OKyMeHmayisi.
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REQUEST BALANCING METHOD FOR INCREASING THEIR PROCESSING
EFFICIENCY WITH INFORMATION REPLICATION IN A DISTRIBUTED DATA
STORAGE SYSTEM

The article describes a new method of improving efficiency of the systems that deal with storage and providing access of
shared data of many users by utilizing replication. Existing methods of load balancing in data storage systems are described,
namely RR and WRR. A new method of request balancing among multiple data storage nodes is proposed, that is able to adjust
to input request stream intensity in real time and utilize disk space efficiently while doing so.

Keywords: load balancing; data replication; scheduling.

Fig.: 5. Table: 1. References: 7.

Urgency of the research. With increased popularity of remote computing and shared
access to remote data, the overall load on the data storage nodes that contain this data increases
accordingly. As a result, one way of improving the performance of the system as a whole is the
use of additional storage nodes that replicate the data to which shared access is desired. This
allows for distribution of user requests among these storage nodes, effectively increasing the
overall system processing rate. The problem of user request distribution is solved with the help
of a load balancer that employs a particular algorithm [1] in order to perform this distribution.
This article describes one such load balancing algorithm that can be used in systems with
multiple users and multiple date storage nodes.

Target setting. Load balancer acts as a single and main node that is responsible for the
reception of all user requests that arrive into the system and their subsequent distribution among
available data storage nodes, as well as solving the problem of optimal data placement among
these nodes that would result in the maximum request processing intensity by the system. At
the same time, as the amount of user data is substantial, a tradeoff between the total memory
used on the data storage nodes and the resulting request processing intensity must be found.
Efficient data placement among the storage nodes directly impacts the overall performance of
the system. That is why the goal of the load balancing algorithm proposed in this article is
twofold: on the one hand, to provide sufficient rate of user request processing, and on the other
hand, to minimize the total memory used on all data storage nodes.

Analysis of existing research and publications. There is a number of algorithms used
extensively that deal with efficient balancing of load in the system, namely Round Robin [2, 3] and
Weighted Round Robin [4], that are both essentially an improvement of FCFS. There is also some
research that concerns itself with different adaptations of Round Robin that additionally utilize
information about the actual performance of different nodes: one such algorithm is Weighted Least
Connections [5, 6]. Article [7] describes a modified load distribution planning prediction algorithm
that 1s an improvement over Round Robin cyclic planning algorithm.

The Round Robin algorithm at its core uses the notion of a time quota that is constant. The
algorithm allows the current process to run for exactly this time period, and if the process is unable
to finish during this time, then it is placed to the end of the queue. In the constant of a load balancer
the Round Robin algorithm chooses the storage node to assign a request to in a circular fashion and
subsequently, thus each storage node performs an equal amount of work on average.

The Weighted Round Robin algorithm works on the same principal as the Round Robin,
but it also considers the differences between the processed being executed. The processes are
assigned different weights, where a larger weight denotes that this process shall be given a
larger time quota to execute. This introduces the notion of process priority to the system. In the
context of load balancing, the Weighted Round Robin algorithm distributes the requests among
the storage nodes in such a way as to accomplish the same ratio of resulting processed request
count as the ratio of corresponding weight coefficients of the storage nodes.

© bospmuH 1. 1., lopomenko A. 1O., Periga I1. T'., 2021
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Uninvestigated parts of the general problem. Although there exist methods of load
distribution in systems with constant request processing intensity, the approaches to load
distribution for systems where the processing intensity can be varied and adjusted in real time
with accordance to the need are poorly investigated.

Article objective. The objective of the article is to describe a new load balancing algorithm
that is more optimal than known alternatives with regards to delivering a sufficiently high
request processing intensity of the system, while reaching the lowest possible total memory
consumption on all the data storage nodes. A detailed analysis of the performance of this
algorithm compared to similar algorithms is conducted.

General overview of the system. The system that is modelled is comprised of m users
ui..um that generate k requests qi..qx that arrive to the load balancer, which is responsible for
assigning them for processing to one of n data storage nodes si..sn. The general system
architecture is shown in Fig. 1.

blbzg% bl% e o

Load Balancer

.%bz
FEy

Fig. 1. General system architecture

The system stores z projects B={bi..b.} that are shared between users. A project represents
a logical unit of data that the system operates with. Each project is stored on one or more data
storage nodes. Users access these projects by the means of requests Q — each request q; is an
act of accessing a particular project b;j in order to work with it.

User model overview. Each user has a certain set of ¢ projects that the user will work with
P={p1..pc} that is a subset of all projects in the system: P — B. In order to create a more realistic
simulation model each user is assigned one of the following behavior strategy models:

1. Random strategy. The project for request is chosen at random from set P of this user
with equal probability of each project being selected.

2. Averaged sequential strategy. Each user works with each project from P for a particular
time, while maintaining equal pick rate in the long term. A current project pi as well as the
repetition count for this project r are chosen at random. The next r requests from this user will
be to project pi. After r requests new values for p; and r are generated.

3. Favorite project strategy. Each user has a favorite project px that is chosen at random
from projects set P of this user. Project for each request is chosen at random, but with
probability=0.7 the favorite project will be chosen.

4. Two favorite projects strategy. This strategy works the same way as the strategy with
one favorite project, but instead of one there are two favorite projects px and pm, with probability
of either favorite project being selected equal to 0.35.

Data storage node overview. Each data storage node sh stores a particular set of projects
Wi < P that can change over time. Storage node si is capable of processing user request q; if
and only if the project p;j of this request is stored on this node: p; € Wh, and also provided that
this node is not busy processing another request at this time. Each node sh has its own request
processing time Tn.
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In order to measure the total memory consumption of the system on all storage nodes a new
metric g is introduced. This metric is defined as the ratio between the total magnitude sum of
sets Wi, of all storage nodes and the total count of possible projects being stored in the system:

_yn _Wi
g = Zi=1 (z+n)’

Load balancer model overview. As an input the load balancer takes a Poisson stream with
intensity A of requests qi..qx. The responsibilities of the load balancer include the following:

- Temporary storage of incoming requests in an internal queue.

- Selection of node si for the processing of request qi to project pm from internal request
queue. This assumes that node s is free and contains data for project pm: pm € Wh.

- Making decision about replication. The term «replication» here means an act of additional
storing data for project pm on node s, provided that this node did not contain data for this project
prior to replication: pm & Wh.

- Recording and storage of request processing statistics that is further used while making
decisions about replication.

The principal job of the load balancer is to find an optimal placement of projects set B among
data storage nodes S with potential replication in such a fashion as to reach a high enough processing
intensity of requests Q by the system to avoid its overloading, while at the same time minimizing
the total memory consumption on all data storage nodes S, which is directly proportional to the total
sum of powers of sets W of nodes S, and can be measured using metric g.

Proposed load balancer algorithm. In order to temporary store incoming requests an
internal queue is used that works in the following way: new requests are added to the end of the
queue, while search for requests to be assigned to nodes S is done from the start of the queue.
This way, maximum load of available data storage nodes is reached at each moment and also
the maximum waiting time in queue is reduced, because requests with higher waiting time are
located closer to the head of the queue, thus having a higher priority for assignment.

In order to make decision about replication the load balancer analyzes waiting time in queue to
all the projects. The load balancer makes the decision about replication and an additional storage of
project pm on node sy with current project set Wh if the following conditions are satisfied:

- Data storage node sy does not contain data for this project yet: pm €Wh.

- Last v waiting time deltas for project pm are greater than zero (which implies continuous
increase in waiting time in queue).

- The last replication for project pm happened more than v/2 requests to project pmago. This
condition is required to allow the system to react to the last change that happened (that manifests
itself in changes in waiting time) before (maybe) performing subsequent replication.

In order to select node s to replicate project pmto, a subset R of nodes that do not yet contain
data for project pmis constructed: R S: V1; E R: pm & Wiofnoderiand V si €S, si € R: pm €
Wi of node si. If the resulting set is empty (R = @), then subsequent replication of this project is
not possible. Otherwise a node is selected from R: r; € R, that has the least value of metric
worktime, which is calculated using formula (1):

worktime(r;) = (amount of processed requests on node ;) * T;

The worktime metric for a node is defined as the product of the amount of requests processed
on that node and the time 7; it takes to process one request, and is a measure of total work done
on that node. This way, between two nodes with equal worktime, the faster node will have a
higher processed request count, as its T is smaller. Consequently, close values of worktime
signify approximately the same load of nodes. And so when performing a replication, the node
with least worktime value is selected.

77



Ne 2(24), 2021 TEXHIYHI HAVKU TA TEXHOJIOTI
TECHNICAL SCIENCES AND TECHNOLOGIES

If request to project pm arrives into the system for the first time, and so there is no node sh,
project set Wi of which contains project pm, then this project is registered in the system using
the same replication algorithm as described above.

System simulation. In order to determine the efficiency of the proposed load balancing
algorithm, a program for simulating the described system was created using the Rust
programming language. The system has been simulated with the following parameters:

- Total project count z=20;

- User count m=10;

- Data storage nodes count n=7 with their respective request processing times (in
milliseconds) T={31, 41, 71, 95, 121, 131, 262};

- Total request count to simulate k=2048;

- Amount of projects that every user is interested in c=8;

- Amount of waiting time in queue deltas upon which the decision about replication is
made v=6.

In order to define input request stream intensity A, the maximum possible input processing
intensity of the system p is introduced. The maximum possible input processing intensity of the
system is defined as the sum of all individual intensities of all the nodes:

po= il = ?:1%,-

For the simulation the value of input request intensity was set to A=0.85 * n, which means
that the input stream is a Poisson stream with intensity that comprises 85% of the maximum
possible input processing intensity of the system.

Based on the conducted simulation the graphics of waiting time in queue for the whole
system as well as for each project separately are constructed. Requests that led to replication
are denoted with vertical red lines. Graphics for the mentioned above simulation parameters for
waiting time in queue for the whole system as well as for the first project are depicted on figures
2 and 3, respectively.

The resulting value of total memory usage metric for this simulation was g=35/140=0.25.

Waiting times

500
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Fig. 2. Request waiting time in queue for the whole system

Waiting times for project 0

Fig. 3. Request waiting time in queue for the first project

As can be seen from the graphics, at first the waiting times vary significantly and are
substantial, but as the system performs the necessary replication and adjusts to the input
intensity, the values are stabilized and reduced, which implies that the input processing intensity
of the system reaches the input request intensity.
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As can be clearly seen from Fig. 3, the only replication for this project happened exactly
after v=6 subsequent increases of its waiting time in queue. This replication led to a significant
improvement in waiting time at once. It can also be seen that as there were no more v=6
subsequent increases in waiting time for this project, no more replication happened until the
end of the simulation.

Comparison of proposed algorithm with other. In order to estimate the effectiveness of the
proposed load balancer algorithm, it is tested against two other algorithms, namely Round Robin
and Weighted Round Robin. As these two algorithms do not perform any replication and work with
static values of request processing intensity, in order to be able to properly test them against the
proposed algorithm, the simulations for the two algorithms is performed with fixed values of
replication factor, which means that a fixed amount of replication is performed for them prior to the
beginning of the simulation. The replication factor is defined as the amount of replication of the
data for each project in the system as a whole. For example, the replication factor of 2 means that
there are exactly two replication of the data of each project on some two distinct nodes in the system.

The Round Robin algorithm selects the node to assign the next incoming request for a
particular project in a circular queue fashion among the nodes that contain data for this project.
The Weighted Round Robin algorithm works the same way as Round Robin, but instead of
uniform distribution of requests for each project among its data storage nodes, it does so in a
weighted fashion, where the respective weights are the values of request processing intensities
of each of the nodes.

The simulation results for different values of input request intensities for all three
algorithms, as well as for different replication factors for Round Robin and Weighted Round
Robin, are presented in table. The Bal denotes the proposed load balancer algorithm, the RR-2,
RR-3 and WRR-2, WRR-3 denote the Round Robin and Weighted Round Robin algorithms
with replication factors 2 and 3, respectively. For each of the algorithms the simulation is
conducted with different values of input request intensity. In order to evaluate the performance
of the algorithms the following metrics were selected: average waiting time in queue (denoted
as avg time) and total memory consumption ratio (the g metric). As the amount of projects in
the simulation z is equal 20, and the amount of data storage nodes # is equal 7, that means that
the values of g for Round Robin and Weighted Round Robin with different values of replication
factor are known beforehand and are constant.

Table — The simulation results

Av Av Av
=0.25p time,%ns & A=0.5p time,%ns G =0.75p time,%ns g
Bal 8.0 24/140 12.7 28/140 27.5 41/140
RR-2 19.5 40/140 4273.5 40/140 21780.7 40/140
WRR-2 6.6 40/140 56.6 40/140 4947.5 40/140
RR-3 16.6 60/140 2191.8 60/140 39866.0 60/140
WRR-3 4.6 60/140 26.6 60/140 260.9 60/140
A=0.9u =u
Bal 50.3 51/140 442.3 61/140
RR-2 34181.7 40/140 41973.9 40/140
WRR-2 12384.0 40/140 32626.9 40/140
RR-3 39985.3 60/140 50843.5 60/140
WRR-3 6733.8 60/140 14507.2 60/140

As can be seen from the Table 1, for low input request intensity all the algorithms show
approximately the same value of average waiting time in queue, the minimum being reached
with the Weighed Round Robin algorithm with the maximum value of simulated replication
factor of 3. Despite the fact that the proposed algorithm shows slightly worse resulting values
of average waiting time in queue, it does so with almost twice as small replication factor,
compared to other algorithms.
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However, as the input request intensity is increased, the tendency is clear that the proposed
algorithm is able to reach significantly lower values of waiting time in queue, compared to other
algorithms, and it does so resulting in only marginally higher replication factor. As can be seen
from the table, due to the better placement of projects among the data storage nodes, the
proposed algorithm is able to reach a substantially better performance of the system as a whole,
and it does so in dynamically in real time, adjusting to the given input request intensity.

Significant reduction of average request waiting time in queue for the proposed algorithm
compared to others can be explained in the following way. While other algorithms have a fixed
sequence of nodes that they assign incoming requests to, even if they do so considering the
respective processing intensity of the nodes (WRR), the proposed algorithm makes decisions
about assignment in real time based on the current workload of the nodes, which in turn prevents
their excessive overloading as well as reduces their idle time.

In order to further investigate the features of the proposed algorithm, a simulation for it is
performed with the same input parameters, but with two small modification of the base
algorithm:

1. A simpler internal FIFO queue is used;

2. No replication is done.

The resulting waiting time in queue graphics are shown in figures 4 and 5, respectively.
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Fig 4. Waiting time in queue with FIFO type of queue
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Fig 5. Waiting time in queue with no replication done
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As can be seen from Fig. 4, the use of FIFO queue clearly stabilizes the waiting time of
requests in queue, but the value itself continuously rises despite the large amount of replication
that the system does, and the resulting request processing intensity of the system is still not high
enough to process all the incoming requests, and thus the system is overloaded.

As can be seen from Fig. 5, the lack of replication leads to insufficient request processing
intensity of the system, and as a result, the value of waiting time in queue rises continuously.
Two distinct trends in waiting times can also be spotted: peaks values of waiting time, that
correspond to more popular projects, and somewhat lower values, that correspond to less
popular projects.

Conclusions. The article described and investigated a new method of increasing the
efficiency of systems for data storage and processing requests of many users using replication.
For this, a new load balancing algorithm was introduced, that distributes the incoming user
requests among data storage nodes, adjusting to the intensity of the incoming requests in real time
using replication in such a fashion as to reach an optimal disk utilization on data storage nodes.
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A simulation of the described load balancing algorithm was performed, as well as its
efficiency comparison with such of existing balancing algorithms, namely Round Robin and
Weighted Round Robin. The proposed algorithm showed similar performance and used less
disk space compared to other algorithms for low input request intensity, and significantly better
performance for high input request intensity with only marginally higher disk utilization.

The proposed load balancing algorithm can be used in systems with many users for
adjusting to input request intensity in real time in order to provide high efficiency and optimal
disk space usage.

References

1. Comparing Load Balancing Algorithms (n.d.). https://www.jscape.com/blog/load-balancing-
algorithms.

2. Hyytid, E., & Aalto, S. (2016). On Round-Robin routing with FCFS and LCFS scheduling.
Performance Evaluation, 97, 83-103.

3. Ishwari, S.R., & Deepa, G. (2012). A priority based Round Robin CPU scheduling algorithm for
real time systems. International Journal of Innovations in Engineering and Technology (IJIET), 1(3), 11.

4. Wang, W., & Casale, G. (2014). Evaluating Weighted Round Robin load balancing for cloud
web services. Institute of Electrical and Electronics Engineers (IEEE), 393-400.

5. Choi, D., Chung, K.S., & Shon, J. (2010). An improvement on the weighted least-connection
scheduling algorithm for load balancing in web cluster systems. In Grid and distributed computing,
control and automation (pp. 127-134). Springer, Berlin, Heidelberg.

6. Singh, G., & Kaur, K. (2018). An improved weighted least connection scheduling algorithm for
load balancing in web cluster systems. International Research Journal of Engineering and Technology
(IRJET), 5(3), 6.

7. Khryshchenyuk, R.A. (2020). Modified method of load distribution in infocommunication
networks [Master’s thesis] [Khryshchenyuk Roman Andriyovych; Igor Sikorsky Kyiv Polytechnic
Institute].

VIIK 004.657
leop bospwun, Anna Jlopowenko, Ilano Pezioa

CIIOCIb BAJIAHCYBAHHSA 3AIIUTIB U1 HNIJIBUIIEHHA E@EKTUBHOCTI
IX OBPOBKHU HA OCHOBI 1YBJIOBAHHS IHOOPMAIIIT
B PO3HOJIIEHII CUCTEMI 35EPITAHHSI JAHUX

3pocmannsn nonynsiprocmi giodanenux obuucienb ma KOAeKmueHo2o 8i00aneno2o oocmyny 00 iH@opmayii npuzeo0ums
00 3HAYHO20 30iNbUIEHHS HABAHMAIICEHHA HA 8V3IU 30epicanHa 0aHux, wo 3abe3neuyiomsy 36epicanua yiei ingpopmayii. Ak
HACIOOK, 0OHUM 3i cnoCo0ié NOKpaWeHHs NPOOYKMUSHOCT cCUCTNeMU € BUKOPUCTNAHHA 000AMKOBUX 8Y371i6 30epieaHHs OaHUX,
AKI 0yonoroms iHgopmayir, 00 kol eiodysacmuvcs Koaekmuenuil docmyn. Lle 0036onse po3oinumu 3anumu KOpUCcmyeayie
MidC OeKinbkoMa 8y3namu, eekmueno 30i1buyloul 3aeanbHy IHMEHCUBHICMb iX 00poOKU. 3anponoHoeanutl aneopumm
pobomu 6anaHCy8ATLHUKA HABAHMAICEHHS 00360IA€ SUPTUUMU 3A0a4y PO3NOOLIEHHS OAHUX MA 3aNUmMie KOPUCmyeauie Mis
8y31amMu 8 pO3NOOLNeH Il cucmemi 30epicants OaHUX.

3azanvruii 06°em danux KOpucmyeauie Ha 8y31ax 8i00aNeH020 30epicanta OAHUX MA KiNbKICMb 3anumie 00 HUX € 3HAYHUM,
wo npuzeooumv 00 3POCMAHHA HABAHMAdCeHHS Ha cucmemy. Tomy HeoOXIOHO 3HaUmu HOGI Cnocobu nidguweHHs
iHmeHncusHocmi 06poOKU 3anumis cucmemoro, bepyuu 00 y8azu 0OMeHCeHiCb OUCKOBO20 NPOCHOPY.

Hapasi icnytoms pobomu npucesueni ananisy memooie po3nooiieHHs HA8AHMANCEHHA Yy cucmeMi. Y nimepamypi onucami
Maxi Memoou, sKi WUpoKo BUKOPUCMO8YIOmbCs Ha npakmuyi, sk Round Robin ma Weighted Round Robin, sixi 0ozgonsiomp
binbul epekmugHo po3noOLIUmMU HABAHMadCeHHs1 y cucmemi. Taxooic icHyloms pobomu, sKi po32nsioaions YOOCKOHANEHI
sapianmu aneopummy Round Robin, sxi epaxogyioms mexHiuni Xapakxmepucmuxu ma npooyKmusHIiCImb cepeepis, cepeo sKux
maxutl aneopumm, ax Weighted Least Connections.

Xoua ichyloms mMemoou po3snooileHHs HA6AHMANCEHHS 8 CUCEMAX 31 CANOK THMEHCUBHICIIO ONPAYIOBAHHSA 3ANUMIS,
Memoou OnsL cucmem, 6 SKUX IHMEHCUBHICMb ONPAYlOS6AHHA MOJce Oymu 3MiHeHa O RIONAWMY8auHs 00 6XIOHOT
iHMEeHCUBHOCTNI 3aNUMI8 Y PeANbHOMY YACI € MALO OOCAIOHCEHUMU.

Memoro 0ocnioxnceHHs € CMBOPeHHA ONMUMATLHOZ0 Aleopummy pobomu 6anaHcy8anbHuka, uo 6yde sabesnevysamu
HeOOXIOHY IHMEHCUBHICMb ONPAYIOBAHHS 3ANUMIE CUCMEMOTO, | NPU YbOMY 00CA2AMU MIHIMATLHO MONCIUBO20 BUKOPUCTIAHHSL
OUCKOB020 NPOCOPY HA 8V31AX 30epieaHHs OaHUX.

81



Ne 2(24), 2021 TEXHIYHI HAVKU TA TEXHOJIOTI
TECHNICAL SCIENCES AND TECHNOLOGIES

Onucano memoo 6anancy8anHs 3anumie Mixc 0eKkinbkoma 8y3namu 30epicants Oanux, AKull 3abe3neuye nio1aumyeanHs
nio IHMeHCUsHicMb HA0X0OJICeHHs 3anumis y peanvhomy uaci. Ilposedeno cumynayilo pobomu cucmemu ma nOpiGHAHHA 3
icHylouumu arcopummamu 6anancysanns RR ma WRR 3 pisnumu napamempamu, a maKodic anaiiz pooomu cucmemu 3 060mMa
Moougpirayismu 6a306020 an2opummy.

Tlposedeno ananiz ma cumynsyis pobomu 3anponoHO8AHO20 Al2opummy pobomu 6ailaHCy8aALbHUKA HABAHMANCEHHS MA
BUKOHAHO NOPIGHAHHS eQheKMUBHOCNI 11020 POOOMU 3 THUUMU NOWUPEHUMU AI2OPUMMAMU OANAHCY8aHH:. 3anponoHO6aHULL
aneopumm noxasae Oau3bKy 00 THUUX ANeOPUMMIE eheKmueHicms pobomu i GUKOPUCIAG MeHUe OUCKOB020 NPOCMOpPY OJis
HU3bKOI THMEHCUBHOCME NOMOKY BXIOHUX 3aNumis, ma 3HAYHO Kpawyy eghekmugnicmos pobomu 0 6UCOKOL IHMEHCUBHOCTI
6XIOH020 NOMOKY 3 ute Oewo DIILUUUM GUKOPUCIAHHIAM OUCKOBO20 NPOCHODY.

Knrouoei cnosa: banancyeanns Haganmaxicents,; 0yOa068anHs OAHUX, NIAHY8AHHS.
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DATA AUGMENTATION METHOD USING GENERATIVE
ADVERSARIAL NETWORKS

The article discusses a data augmentation method based on generative adversarial networks to improve the accuracy of
image classification by convolutional neural networks. A comparative analysis of the proposed method with classical image
augmentation methods was performed.

Keywords: data augmentation; generative adversarial networks, convolutional neural networks.
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Urgency of the research. One of the most important areas of research and development
of modern computer technologies is the field of machine learning, pattern recognition, and
computer vision. A large number of different data is the basis for building a reliable machine
learning model because it helps to more accurately summarize the information about the
task. At the same time, there are areas where data collection is either impossible or requires
a huge number of resources. For example, in the medical field, patient data is protected by
general data protection regulations, which makes it difficult to collect, store, and use
information. Modern machine learning systems solve this problem using methods of
synthetic data generation. The article considers the development of a method of data
augmentation based on generative adversarial networks.

Target setting. An important step in building an accurate machine learning model is the
collection and annotation of data that will be used to train and test the accuracy of the neural
network. The accuracy and stability of the neural network in real conditions depend on the
amount of data collected. The article proposes a method for improving the accuracy of image
classification by convolutional neural networks based on data augmentation using generative
adversarial networks.

Actual scientific researches and issues analysis. One of the most common ways to
increase the accuracy of classification in a limited dataset is to build and train ensembles of
classifiers. This approach is based on the idea that combining independent classifiers into an
ensemble can compensate for their individual shortcomings through collective voting, thus
providing higher classification accuracy and greater resistance to accidental emissions in the
processed data. Known methods of constructing ensembles of classifiers can be divided into
dependent, which uses the classifiers obtained in the previous stages, to train new, more
advanced classifiers, and independent, in which each classifier of the ensemble is trained
independently of the others [1].

Increasing the size of the training sample due to the transformation of the original training
data is most often used in image recognition problems, so these methods are focused mainly on
image processing. The rotation at a random angle, compression, and stretching vertically and
horizontally, incline, mirror reflection, offset, and many other transformations are used often
when generating images [2].

Algorithms for introducing artificial realistic deformation are proposed in [3], based on
which the initial training dataset of original images was increased and used to train the Viola-
Jones algorithm (algorithm of the AdaBoost family). Using this algorithm, the size of the initial
dataset can be reduced by 10 times (1000 original images instead of 10000) by reducing the
recognition accuracy in the range of 2-4 %.

An algorithm that generates feature values for a synthetic image as independent random
variables in the range between the minimum and maximum values of the corresponding feature
from the input training dataset was described in [4]. This algorithm was used to synthetically
generate the most difficulty recognized samples in iterations of a modified boosting algorithm

© Yaiikoscwkuii O. 1., Bomokuta A. M., Kup'saos A. 1O., Jlyupkwuii I'. M., 2021
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designed to solve the problem of imbalanced dataset. The resulting algorithm provided
recognition accuracy comparable to the AdaBoost algorithm for balanced datasets and
significantly higher accuracy for imbalanced datasets.

In [5], an algorithm for the artificial generation of synthetic data called SMOTE (Synthetic
Minority Over-sampling Technique) was described. For each training sample of the minority
class in the input samples, several nearest neighbors are sought. Then several of them are
randomly selected, and the number of selected samples is determined depending on the required
generation factor (if the sample size needs to be increased by 200 %, select 2 random nearest
neighbors, if 300% - 3 and so on). Next, for each selected neighbor, the vector of distances
between its feature vector and the feature vector of the reference sample is calculated and then
multiplied by a random number in the range from 0 to 1. The obtained vector is summed with
the vector of features of the reference sample. The authors test their algorithm on several test
datasets and note that in most cases, its usage allows achieving better results compared to
traditional generation with repetitions. In their subsequent works, the authors combined
boosting and SMOTE algorithm, which allowed them to achieve even higher results.

Uninvestigated parts of general matters defining. The possibilities of using generative
adversarial networks in the problem of data augmentation remain unconsidered.

The research objective. The aim of the research is to develop a method of data
augmentation using generative competitive networks to improve the accuracy of image
classification by convolutional neural networks.

The statement of basic materials. Generative adversarial networks (GAN) is a machine
learning algorithm that belongs to a family of generative models and is built on a combination of
two neural networks, one of which generates samples and the other tries to distinguish real samples
from generated ones. Such networks were first introduced by Ian Goodfellow in 2014 [6].

In the GAN system (Fig. 1) one of the networks (network G, from Generator, generative
model) generates samples, and the other (network D, from Discriminator, discriminative model)
tries to distinguish correct samples from incorrect ones. Using a set of latent space variables,
the generative network tries to create a new sample by mixing several source samples. The
discriminative network learns to distinguish between real and generated samples, and the results
of the distinction are fed to the input of the generative network so that it can select the best set
of latent parameters, and the discriminative network would no longer be able to distinguish real
samples from generated ones. Thus, the goal of network G is to increase the error rate of
network D, and the goal of network D is to increase the accuracy of recognition.
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Fig. 1. Generative adversarial network architecture
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Discriminative network D, analyzing samples from the original dataset and from samples
generated by the generator, achieves a certain recognition accuracy. The generator G starts with
random combinations of latent space parameters, and after evaluating the obtained samples
from network D, the backpropagation method is used, which allows improving the quality of
generation by adjusting the input set of latent parameters. Gradually, artificial images at the
output of the generative network are becoming more qualitative. Network D is implemented as
a convolutional neural network, while network G unfolds images based on latent parameters.

Generative adversarial network architecture for image augmentation. The
transformation network can be represented as f(x), which is built based on a deep convolutional
neural network [7]. The input image x could be passed to the neural network and transformed into
the output image y through the network y = fw(x). This network is trained by the method of
stochastic gradient descent [8] to minimize the weighted combination of loss functions. The total
loss can be defined as a linear combination of two content reconstruction losses and a style
reconstruction loss, and the weights of the two losses can be modified and adjusted.

The transformation network consists of a generator and a discriminator (Fig. 2), which are
parts of generative adversarial networks. Modeling GANs to generate high-resolution images
is a very unstable process, so choosing the same architecture for both the generator and the
discriminator for different datasets with different resolutions will not lead to the desired result.
That is why the models were trained in such a way that the number of convolutional layers of
the neural network in the generator and the discriminator depends on the resolution of the
images in the dataset. The number of convolutional layers in the generator is calculated as:

nG = logz(h) — 2, (1)
where n¢ — the number of convolutional layers in the generator, # — image height.
The number of convolutional layers in the discriminator is calculated as:

np=nc+ 1 2)
where np — the number of convolutional layers in the discriminator.
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Fig. 2. Generative adversarial network architecture for image augmentation

When the transformation network is trained, it is applied to the training dataset for
augmentation. The generated samples are used together with the original images to train
convolutional neural networks for image classification. In research, a convolutional neural
network with VGG16 architecture is used [9].

85



Ne 2(24), 2021 TEXHIYHI HAVKU TA TEXHOJIOTI
TECHNICAL SCIENCES AND TECHNOLOGIES

Datasets for image augmentation. CIFAR-10 [10] and MNIST [11] datasets were used to
augment and test image classification accuracy.

The CIFAR-10 dataset consists of 60,000 color images (Fig. 3) with a size of 32x32 pixels
with 6,000 images per class. The dataset is divided into samples for training and testing. There
are 50,000 images in the training dataset, and the other 10,000 images are in the test dataset.

The MNIST dataset contains images of handwritten digits (Fig. 4). The MNIST dataset
contains 70,000 handwritten digits. Images are 28x28 pixels in size, which belong to 10
different classes. The training dataset consists of 60,000 images, and the test dataset consists of
10,000 images.

20

Fig. 4. MNIST image samples

Analysis of results. The convolutional neural network used to classify images is trained in
three different configurations. The first configuration uses images from the original dataset
without augmentation. This will give basic results for comparison. In the second configuration,
additional data is generated using existing data augmentation methods (horizontal and vertical
flipping, 90- and -90-degree rotation). This artificial data is added to the original training dataset
used to train convolutional neural networks. In the third configuration, images generated by
generative adversarial networks are added to the original training dataset. When comparing the
results, the same training parameters are used in all experiments. The network is trained for
20,000 iterations with a batch size of 32 images and the stochastic gradient descent optimization
algorithm, resulting in some instability of the results. For this reason, training is repeated 10
times with different random initial coefficients.
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Table 1 — Datasets characteristics

Name Publication date Number of categories Number of samples
MNIST 1998 10 70000
CIFAR-10 2010 10 60000

The recognition accuracy on the CIFAR-10 training set is 0.7081, and the recognition
accuracy on the test set - 0.37. Note that the accuracy on the test set is extremely low compared
to the accuracy on the training set. This is because only 5,000 images are used to optimize the
network with hundreds of thousands of parameters that results in heavily overtraining.

On the other hand, on the MNIST dataset recognition accuracy achieved 0.9989 and 0.9513
on the training and test sets, respectively. The images in MNIST have fewer low-level features
than the images in the CIFAR-10 dataset. This is the reason that a very massive convolutional
neural network, such as VGG, has a high accuracy of classification on test data.

Table 2 — Classification accuracy on the CIFAR-10 dataset

Dataset Training accuracy Validation accuracy
Original images 0.7081 0.3021
Classical augmentation 0.7800 0.2467
GAN-based augmentation 0.7913 0.3700
Table 3 — Classification accuracy on the MNIST dataset

Dataset Training accuracy Validation accuracy
Original images 0.9689 0.8172
Classical augmentation 0.9089 0.2709
GAN-based augmentation 0.9989 0.9513
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Fig. 5. Classification accuracy of the 5000 images from the CIFAR-10
dataset without augmentation
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Fig. 6. Classification accuracy of the 20000 images generated based
on the CIFAR-10 dataset using classical augmentation methods
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Fig. 7. Classification accuracy of the 20000 images generated based
on the CIFAR-10 dataset using GAN-based augmentation
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Fig. 8. Classification accuracy of the 5000 images from the MNIST
dataset without augmentation
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Fig. 9. Classification accuracy of the 20000 images generated based
on the MNIST dataset using classical augmentation methods
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Fig. 10. Classification accuracy of the 20000 images generated based
on the MNIST dataset using GAN-based augmentation

Conclusions. In this paper the method of data augmentation with the use of generative
adversarial networks was proposed, the comparative analysis of classical image augmentation
methods with the offered one was performed.

The advantage of the proposed method is increasing the accuracy of image classification
problems with the use of convolutional neural networks. The classification accuracy of the VGG16
network was increased by 13.41% and 6.79% for the MNIST and CIFAR-10 datasets, respectively.

However, the main disadvantage of the proposed method is increasing the training time of
the convolutional neural network relative to the number of augmented images and the training
time of the generative adversarial network itself.

As part of the further improvements of the data augmentation method to improve the
classification accuracy by convolutional neural networks, I consider it most appropriate to
research the methods of reconstruction based on the input data of multidimensional density
distribution probability of the feature vector. This approach will reduce the dataset size by
reducing the total training time of the model.

89



Ne 2(24), 2021 TEXHIYHI HAVKU TA TEXHOJIOTI
TECHNICAL SCIENCES AND TECHNOLOGIES

It is also necessary to analyze the results of the proposed method on a larger number of
datasets, such as Caltech101, Caltech256, ImageNet, and consider upgrading the architecture
of the generative adversarial network to work with tabular data.
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METOJ] AYTMEHTAIII JAHUX I3 BAKOPUCTAHHAM 'EHEPATUBHUX
3MAT'AJIBHUX MEPEK

Benuxa xinoxicmo pisHOMAHIMHUX OAHUX € OCHOBOIO 011 NOOYO008U HAOIUHOI MOOeNi MAUWUHHO20 HABYAHHS, addice ye 00-
nomazae moyHiule y3azanbHumu iHgopmayiro npo nocmasneny 3aoayy. Boonouac icnytoms 2anysi, oe 30ip 0anux abo Hemo-
orcnueuil, abo nompebye genuuesnoi Kinbkocmi pecypcie. Hanpuknao, y meouuniii eany3i 0ani nayicnmie 3axuiyeHi 3aKoHamu
npo Kou@ioenyiinicms ma npueamuicme iHgopmayii, yepes siKi ix noutyk, 30epicants ma GUKOPUCTNAHHSL BUKIUKAE BENUKI
npobnemu. Cyuacni cucmemu MAWUHHO20 HAGYAHHA GUDIULYIOMb Y10 NPOONIeMy MEMOoOamu 2eHepayii CUHMEemudHUx oanux. y
cmammi po32nAHymo po3pooKy memooy ayemenmayii Oanux Ha 6asi 2eHepamusHUx 3Ma2anbHUX Mepeic.

Baoicausum emanom nob6y0osu mounoi mooeni MAUWUHHO20 HABUAHHS € NOULYK MA AHOMAYIs OAHUX, 5IKI 6Y0ymb 6UKOPU-
CmMogysamucs Osl HA8UAHHA MA MeCmy68ants moyHocmi pobomu neliponnoi mepedxci. Bio xinbkocmi 3i6panux oanux 3aie-
JHCUMb MOYHICb MA CMABITLHICML POOOMU MepediCi 8 peanbHux yMosax. ¥ cmammi npononyemscs Memoo 07 RiO8UlyeHHs!
moyHocmi Knacugikayii 300padcens 320pmMKOSUMU HEUPOHHUMU Mepexrcamu Ha 6a3i ayemenmayii OaHux i3 GUKOPUCHAHHAM
2eHepamuUSHUX 3MA2ATLHUX MEPEIC.

Huni 0obpe onucano ma npoananizosano maxi memoou ayemeHmayii 300pasxcetv, AK N08OPOm HA OeAKUL UNAOKOBULL
KYm, CIMUCHEHHs ma po3MASHEHHs N0 6ePMUKANi il 20pu3oHmani, smiujenis, 0sepraivhe gioobpaicenns. Taxooic naagui po-
bomu, wo po3ensioaoms 6HeCeHHs peanicmuytol degpopmayii 6 300padiceHHs ma eeHepayii HOBUX 6eKMOPI6 03HAK HA 6a3i
O€eKINbKOX CYCIOHIX 3DA3KIE.

Heposenanymumu Ha 0aHuii MOMEHM 3aIUMAIOMbCA MONCIUBOCTI GUKOPUCIIAHHS 2EHEPAMUBHUX 3MASATLHUX MEPENC Y
3a0aui ayemenmayii OaHuXx.

Onucano memoo ayemenmayii 306padicens i3 GUKOPUCMAHHAM 2eHEPAMUEHUX 3MA2ATLHUX Mepedic OJi NiO8UUeHHS MOoY-
HOCmi pobomu 320pMKOBUX HEUPOHHUX Mepedic, NPO8eOeHO NOPIGHANLHUL AHANI3 3aNPONOHOBAH020 MEMOOY 3 KIACUYHUMU
Memooamu ayemenmayii 306padcens. Buodineno ocnosni nepegazu ma Heooniku 3anponoHo8aHo20 mMemooy ayemenmayii oa-
HUX, 6UCYHYMO NIAHU W0O0 NOOATLUUX OOCTIONCEHD.

Knrouoei cnosa: ayemenmayis 0aHux; 2eHEpAmMuGHi 3MA2ANbHI MEPEXCl; 320PMKO8I HEelPOHHI Mepeici.

Puc.: 10. Tabn.: 3. bion.: 11.
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Peter Marcinko, Kristian Semancik

ROBOTIZED WORKPLACE FOR PICK AND PLACE OPERATION
IN SIMULATION PROGRAM ROBOTSTUDIO

The aim of the article is to acquaint the proposal for a robotized workplace to sort the SM072 and SM155 servo motor.
This workplace is designed and programmed in RobotStudio simulation environment. This program is from ABB and serves
for offline programming of industrial robots. The article deals with the complete design of the workplace and parts thereof in
this simulation environment. These are individual parts of the workplace, the creation procedure and the overall design of the
industrial robot workplace. The article is a publication of scientific and methodical character.

Keywords: robotized workplace; pick and place; simulation; SmartComponents; RobotStudio; offline programming.

Fig.: 5. References: 10.

Urgency of the research. For the 21st century, it is characterized by large development of
modern technologies. Industrial robots are associated with the main aspect of automation and
robotization in production processes. Industrial robots are currently the main element of
robotized workplaces. These devices facilitate people work while improving not only the
quality of production, but also the accuracy of technology or manipulation. The concept of a
robotized workplace can imagine production line with elements as a conveyor belt, vibration
tray, etc. But a basic device for creating a workplace is a robot. There are currently many types
of industrial robots of different kinematic structures. We know many kinematic structures, but
the most used are serial and parallel. Both these structures have advantages but also
disadvantages. Robotization progresses and therefore represents a different stage in the
workplaces where the robot needs to be installed e.g., due to monotonous activity. Therefore,
robots are appeared on the market that cooperate with man.

Target setting. The article deals with the simulation environment from ABB - RobotStudio.
The role of research was to design robotized workplace and implement the knowledge in the
simulation software RobotStudio. In the next section, the elements that were used in the
workplace is used in simulation environments are closer. As the work deals with the simulation
environment was also necessary to describe this program. In the last section, a robotized
workplace in the RobotStudio simulation environment has been proposed. This proposal
constituted a selection of station, subsequent insertion of components from the library and
inserting the created components from other sources. We created Layout of this workplace at
the end. In this section, we focused on programming individual parts of the workplace by
SmartComponents and a subsequent demo of the simulation and operation of the workplace.

Actual scientific researches and issues analysis. In the publications [1, 2], the theoretical
displacement of the RobotStudio simulation environment is described.

Using RobotStudio software is performed offline, a robot work program in a short time that
has been achieved online testing reducing the cost and development of technological design.
ARC Program Virtual Appearance in RobotStudio allows to perform a detailed view of the data
sheet that appears and creating weld material inside and eliminate errors. The economic appli-
cation will be completed as needed, depending on the number of costs of pieces over operators,
etc. At the end of the right, the results of the calculation of robotics and costs of a company that
manufactures a welded assembly are shown [2].

The industrial market increases competitive pressure. Higher production efficiency is
needed to reduce costs and increase quality. Allowing the robot programming adding time to
beginning new products today is unacceptable because it turns off on progress to programming
new or modified parts. Testing the risk of production tool and lamps without first reach verifi-
cation and accessibility is no longer possible. Modern production site will verify the manufac-
turer of new parts during the design phase. When programming robots oftline, it can be per-
formed in parallel with the system. By programming the system at the same time as

© Marcinko P., Semancik K., 2021
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manufacturing, the last can start earlier, reducing time to market. Offline programming reduces
systemic risk by visualization and confirmation of solutions and layout before installing a real
robot and creates a higher quality of the part through the creation of a more precise way. Ro-
botStudio is an engineering tool for configuring and programming robots ABB, both real robots
on the floor and virtual robots in the PC. To achieve true offline programming, RobotStudio
uses ABB Virtual robot technology. In this project, it is presented how to create, program and
simulate robotic cells and stations using RobotStudio and to supervise, install, configure and
program Real Robot Controller and make mounting in RobotStudio using two robots and rotary
conveyor. Parts are imported from Solidworks. This project is the simulation of RobotStudio
software and can be performed in the mechatronics lab [3].

This publication is focused on imports of CAD models to create robotic workstations using
offline programming. The principles of the engineering drawing in 2D and 3D creature with a
fixed model needs to be respected. Upon successful creation of 3D model, you need to follow
the import procedure to avoid detection of edges and surfaces used as CAD models. For this
purpose, supporting CAD serves programs that can convert between them a wide range of 3D
models of different formats. Created ABB robot programs in RobotStudio are a comprehensive
series of sequential steps that cannot be accelerated. Creating goals and then paths are the best
way to be used in the offline programming methods. If the correct procedure is reached, the
functional simulation of future work will be easier throughout the entire robotic workstation,
CAD models and integrated peripherals that cooperate with each other. The correct functional
program created by programming offline will allow us to optimize the overall arrangement of
the workplace, improving work efficiency, removing the collision states, etc. The program that
is finally created is more-less usable in real environments using a minimum interference [4].

Uninvestigated parts of general matters defining. Based on the analysis of multiple pub-
lications, it is possible to conclude from an important step itself the addition of 3D objects in
the simulation environment. RobotStudio is designed for offline programming robots from
ABB. They are an important part of the so-called plugins. Plugins provide work e.g., with IRB
360 parallel robot - PowerPac. Another very important part is SmartComponent. Most fre-
quently used are e.g., Sensors (LineSensor, PlaneSensor), Actions (Attacher, Detacher, Source),
Manipulators (LinearMover, Rotator) etc.

The research objective. The article objective is to create a draft robotized workplace for sorting
servo motors. RobotStudio software was used to create workplace simulation. Data from other
resources was imported into the environment, but the main element was used from the library - the
robot IRB 1660ID. To start the final simulation, it is necessary to work with SmartComponents.

The statement of basic materials. Offline programming is a method, which allows not
working directly at the workplace. ABB Software is used for simulations and offline programming,
RobotStudio, enables programming robots on PC in the office without turning off production.

RobotStudio provides tools to increase the profitability of the robotic system by permitting
the tasks such as training, programming and optimization without interfering with production,
providing several benefits:

* risk reduction,

* faster start,

* shorter switching,

« increased productivity.

RobotStudio is built on the management principle using ABB VirtualController, a copy of
the actual software that drives robots in production. As a result, we can create realistic simula-
tions using real robotic programs and configuration files as actually [5]. Fig. 1 shows an ABB
RobotStudio simulation environment interface.
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Fig. 1. Basic workplace with robot IRB 16601D

In this section we will describe the creation of a robotized workplace to sort the SM072 and
SM155 servo motors. We will describe the procedure for introducing individual components,
which the robotized workplace consists of. Furthermore, we focus on Layout workplace and
description of individual components. After inserting a robot from the program library, you
need to select RobotWare version. In this case, 6.11.02 with the IRB 1660ID robot. There are
multiple options to start this program. It depends on what type of workplace will be created.
We used Solution with station and virtual controller. If we would like to create more complex
workplaces, we need to use Empty station option to record a virtual controller into multiple
robots or other mechanisms - linear unit or positioner [6].

Not all components we used to create robotized workplace are stored in the library we can
find in RobotStudio. Some components created by SolidWorks or Creo, model that we have
saved Step. The .step format is best suited for inserting custom components in RobotStudio
simulation environment. Another well-used format is .sat, which also used [7].

The last created component is the vacuum effector we were branded in CAD program Creo.
Will serve to grasp the servomotors using a vacuum. We had to decide between the vacuum and
mechanical effector where we preferred a vacuum effector, therefore, because the mechanical
effector could be damaged when gripping the servo. The unfolded effector can be seen at Fig. 2.

As we created this effector ourselves, it was necessary to create a Tool in RobotStudio. We
will create a coordinate system (Frame) at the end, and a tool. The tool created has both its
advantages and disadvantages. If the imported effector from the library should be used, all these
data are already included, but the library do not contain the necessary end effector, therefore
the possibility of creating one is chosen [8].

evel - Snap Mode
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Fig. 2. Tool

The vacuum effector variant to be modelled, required this programming using SmartCom-
ponent. After adding, click Design and in the Inputs, you need to create a signal that we call
Di_attach. Fig. 3 shows the creation of this signal. Creating is often quite demanding and com-
prehensive, which causes difficulties if the workplace has several mechanisms.

If we create a signal on each SmartComponents needed, these components need to be
connected. Fig. 3 shows the basic design controller. Components must be connected with each

other to receive and send data, as in the actual workplace.

Design  Comp Prop- and Bindings Signals and Connections
Properties |+ |
Inputs  [~]
Di_Attach (0) Add I/0 Signals ? *
Type of Signal Number of Signals
Digitalinput ~ [] Auto-reset 1 —
Signal Base Name
|On_Asach 2 = 1 =
Signal Value
0 > 0.0( s
Display name (English) Description (English)
[] Hadden [] Read-only
[[] Show as command in context menu
Cancel
Dusngn] Comp Prop and Bindings Signals and C ns
Properties [+ |
Inputs [+
] - % Attacher
Di_Attach (0) %  LineSensor Progartan
Start (10.00 0 mﬁ: 00] mm) it
S YT Flange (TCP_Efektor_T
End (10.00 0,00 74.00) mm) - T
Radius (1.00 mm) Mount (False)
SensedPart () Offset (0,00 0,00 0.00] mm)
SensedPoint [[U.FIO 0.00 0.00] mm) Orientation ([0.00 0,00 0.00] deg)
v HO Sgemia 1O Signals
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Froperbes A
Operator (NOT) R -
Deelay (0.0 3) Frogerties
1D Signals Chad ()}
- Inputh (0) = Qutput (1) KeepPosition (True)
InputB (0) -~ 'O Signals
Execute (0) » Executed (0)

Fig. 3. Design of SmartComponents for Tool
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After creating a tool design, must add additional workplace components as well as each section
to create SmartComponents. To determine the stops of servomotors, you need to add 2 sensors to
the end of the conveyor. We will save these sensors horizontally. The bottom sensor will detect the
SMO072 servomotor and the upper SM155 — servo motor. We will create a new SmartComponent,
where we will add Linesensor twice in the Compose section. Describe Linesensor inf and
Linesensor_sup. We must save them correctly after adding them. If we have this step done, we add
other necessary components in the SmartComponent in the Compose [9].

The last step for the proper operation of this workplace is the connection of the programmed
sections in StationLogic we find in the Simulation section. Before starting, we will add signals
that we connect between them. This link is shown in Fig. 4.

Design Compose Properies and Birdings  Signals and Connections

Inputs ||
.ﬂ SC_Conveyor
Fropadin
1 Sigraly L
Craste_sarva_mas (0) Dio_sanaod_sup (0)
Croata_sarva_velbs (0] DO_sensee_inf (1§ =
[ Contoller_Pick_Place
1/ Sigrais - (£{5C_Efekior_Tool 2
‘e Di_sansar_inf DO_Comveyor Froyeries
Di_senscr_Swp D0 _velkesann 110 Sgras
DO_sarve_male
[_ARach (i}

Fig. 4. Design in StationLogic

At this last point, we created a path to sort and transfer the servomotors that will be stored
in templates. We will create four Workobjects first. We will create Targets in each
Workobject. Wo_pick serves to lift the servomotors. Wo_place male is used to locate the
SMO072 and Wo_place velke serving serves to save the SM155 servo motor. The last Wobj0
serves as a home position. Fig. 5 shows these created Workobjects and Targets with the
resulting simulation [10].

# L8 Pame & Procecures
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S main (entry poing
i a'.) Pal_Pack_male
e Mowe) Tasget_30_2
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F WatTime |
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s Move) Tagel_30
= Movel Tagel_20
§ WatTine 1
— Movel Taeged 20
=+ Mowel Taged_30
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=+ Move) Target_60_male
=+ Movel Ofs(Taiget_50_ma
=+ Movel Ofs(Torget_50_ma
=+ Movel Target_60_male
b Move) HOME &
& u", Path_Place_velke
=t Mowe) Tamgel_60_velke
=+ Movel O[T arget_50_wel
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== Movel Ofs(Taget_50_wel - 2

Shom messages fom Al messages - Tuma ity
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Fig. 5. Workstation with created Paths and Targets
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Conclusions. The aim of this article was to create robotized workplace in simulation
environment RobotStudio for pick and place operation. A primary element of the workplace is
the IRB 1660 ID with a virtual controller. Other parts were created in SolidWorks or Creo. It was
necessary to create a custom vacuum effector with which the objects were transferred. This was
the servomotors in this case. After the workplace is created, it was necessary to use functions for
importing objects, creating Paths, Targets and the main goal was to work with SmartComponents.
With this tool, various sensors and signals have been created thanks to which the resulting
cooperation of robot, tool and conveyor was possible. This knowledge can be used in technical
practice, but also in education process. In the future, it would be necessary to create a real
workplace for pick and place operation and created RAPID code to upload into the ABB robot.
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VIIK 004.9:519.876.2
Ilemep Mapyinko, Kpicmian Cemanuux

POBOTHU30BAHE POBOYE MICIIE JJISI OEPAIII BUBOPY I PO3SMIIIIEHHA
B ITPOI'PAMI MOJEJTIOBAHHS ROBOTSTUDIO

Tlpomucnosi pobomu nos'azamni 3 0CHOBHUM acnekmom asmomamu3zayii ma pobomusayii 6upodbHUYUX npoyecie i 6 danuil
4ac € OCHOGHUM eNleMeHMOoM POOOMuU306aHux podbouux micys. Bonu nonecutyroms pobomy nioodeti, 3aminiolouy ix Ha MOHOMOH-
HUX onepayiax, NoKpawyoms He MilbKu AKICMb NpoOyKYii, ane i moyHiCmb MeXHON02itl a60 MAHINyIAYil.

Ha ocnosi ananizy 6azamvox nyonikayii 3p061eHo 8UCHOBOK NPO HAOBANCIUBICIb onepayii 3aeanmadicents 3D-06 ekmig
¥ cepedosuuye MOOeTOBANHS.

Memoto cmammi € cmeopenHs npoexnty pobomu306ano2o pobo4o2o Micys sl COpPMy8aHHs cepgomomopie. [lna mooe-
JI08AKHS POOOU020 Micysi YN0 BUKOPUCMAHO npocpamie 3abe3neyenns RobotStudio. /lani 3 inwux pecypcis O6yau imnopmogani
6 cepedosuiye, ane OCHOBHUL elleMeHm 0y6 gukopucmanuil 3 6ioniomexu - pooom IRB 16601D 3 éipmyansHum KoOHMpOIEPOM.
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Y pobomi npedcmasneno npoexm pobomuzoeanozo pobouoco Micys, CMEOpeHull 8 cepedosuli MOoOem08aHHs
RobotStudio. [Ipoexmysanns sxnouac 6 cebe sudip cmanyiil, OOANLULY BCIMABKY KOMROHEHMIE 3 OiOniomexk ma 6CmagKy cmeo-
PeHux Komnounenmie 3 inwux oxcepeir. Cmeopeno maxem po6omuzo0eanozo pobouozo micys. [pedocmasneno npoepamyeants
OKpemux enemenmie poboyoeo micys sa oonomozoio SmartComponents ma nooanvuia 0emMoHCmpayis MoOento8anHs pobomu
PO60mMU308aHO20 POOOHO20 MicYA.

3a donomoeoro SmartComponents 6ynu cmeopeni pisHi OamuuKyu ma CUSHAAU, 3A805KU YOMY CIALA MONCTUBOIO 83AEMOOIS
poboma, incmpymenma ma Kougeepa. Inwi vacmunu 6ynu cmeopeni ¢ SolidWorks abo Creo. 3anpononosani ¢ pobomi ioei ma
OMPUMAHT 3HAHHS MOJICHA BUKOPUCTIOBYBAMU Y MEXHIYHIL NPaKmuyi, a maxkodic y HaguanbHOMy npoyeci. Y matibymuvomy
nepeobauaempcsi Cmeopumu peaibte poboue micye 01 onepayiti 6ubopy ma posmiwgents i cmeopumu ko0 RAPID ons 3asan-
maoicents @ cepedosuuye ABB.

Cmammsi € nyoniKayiero HayKoso-memoouuHo20 Xapakmepy.
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Marek Vagas, Alena Galajdova
INDUSTRIAL VISION SYSTEM FOR OBJECT DETECTION

The article aimed to experimentally verify and detect the coordinates of a given reference object, which will be
manipulated by an industrial robotic arm, type SCARA. It was necessary to identify and locate individual objects at the
automated workplace using the OMRON F150-3 visual inspection system during the process. Therefore, the ultimate goal of
the assigned task is to reliably grasp the detected reference object and move on to the next technological operation. In the
future, it would be appropriate to ensure reliable lighting conditions to guarantee the continuity of the automated process.

The article is a publication of scientific and methodical character.

Keywords: vision system; OMRON F150-3; light condition; automation; SCARA robot; calibration.

Fig.: 9. References: 11.

The urgency of the research. Trends in the field of unconventional technologies and their use
in multidisciplinary production and automation, in general, are currently directed mainly to the area
of advanced sensing and evaluation of parameters of objects participating in these production
processes. Therefore, equipping automated production facilities with unconventional technologies
is no longer satisfied with the classic use of standard sensor components, mostly part of the robotic
arm. Instead, it focuses on the field of materials engineering in the form of advanced 3D vision
systems, which allow the use of built-in complex chains of recognition of object characteristics.

Target setting. The existing classical approaches and techniques of selecting the processing
of some essential properties of objects are no longer sufficient for the new requirements
imposed by both end-users and the requirements of the technological engineering itself.
Therefore, the 3D camera sensor as the leading representative of the vision system is currently
an essential element of the production plant’s equipment to expand its peripheral capabilities
and capabilities in the context of Industry 4.0. In addition, these systems (for industrial image
processing) monitor entire processes, optimize them and thus enable error prediction, faster
sequences of robotic arm movements with consistent quality.

Actual scientific researches and issues analysis. Currently, ongoing research and
development in this area are focused on determining the parameters of a 3D model based on at
least two image signal sensors (cameras). It is possible to compile the necessary process data
of the scanned object subsequently. A 3D vision system must be incremental in the sense that
its elementary process components (tasks) are possible to extend to include new descriptions to
represent the model and extract unique features from the images of the scene [1]. In addition,
in all technological processes, there is often a situation of irregular arrangement of objects. It is
not possible to use a fixed program of the production site and the network layout of system
pallets. We can determine the reliability of this inspection by the devices parameters selection
such as camera, lens, lighting, P.C., and appropriate software use. The application of machine
vision is constantly increasing today, and in practice, we apply it in various application areas
[2]. In such (and similar) cases, it is suitable for determining the properties of objects stored,
e.g., use a CCD camera on the palette. A typical industrial CCD camera captures and transmits
the captured image via a standard camera bus, such as, e.g., Camera Link or IEEE 1394 to a
connected P.C. or into image processing systems, which then evaluate these images to obtain
helpful information. We concluded that careful analysis of the operation is the most critical
issue for getting good results in any process [3]. In addition, intelligent cameras now simplify
material engineering even more, as image analysis takes place directly in the camera. Their core
is usually a processor that runs a complete set of algorithms needed for vision.

Moreover, these devices must be for immediate and straightforward installation and
communication. The main idea is to easily and quickly install these intelligent cameras using the
lowest possible connecting cables and building the camera as a modular structure. These features
allow optimizing both the cost of the camera and the time and costs for installing the system [4].

© Vagas M., Galajdova A., 2021
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Analysis of existing research and publications. Introduction of an affordable vision
system to inspect and implement a systematic approach to managing technological processes.
Application of total control (TQM) of each product we realize on the example of manipulation
of a selected object from an automated workplace.

Article objective. The purpose of the article is to present this solution as a suitable
affordable one, which will serve as a starting point based on the well-known RS232C
communication protocol. We currently use it for data processing, acquisition of the scanned
image, and subsequent calculations with the help of a powerful computer. Furthermore, we
prepare this verified technical set for its future deployment in an actual automated workplace
with the participation of a robotic arm of the SCARA type.

General overview of the system. The implementation of experimental activities is an effort
to detect the center of gravity of a selected object of an automated workplace with a SCARA
robot. Part of these activities is the implementation of measurements, and the aim is to
determine the coordinates of the center of gravity of the reference object (®15x10) (Fig.1).

Fig. 1. Reference object for CoG determination
The starting point of the experiments is the realization of a measuring workplace, which
will serve for a solid and reliable (structural) mounting of two 2D camera systems, which is
very important for the course of experimental measurements. Furthermore, it should be borne
in mind that there is a demand for flexibility and convenient adjustment of the lenses of camera
systems to different spatial layouts during the experiment process. Variants for capturing a
reference object by two 2D camera systems shows Fig.2.

e

c
Fig. 2. Measurement layout by two 2D camera system:
a — Side by side; b — Under some value of the angle,; ¢ — Rectangular

The reason is the sensing of the reference object at the automated workplace from different
angles. Following this, we use the modular aluminum construction profiles (50x50mm) to
realize the measuring structure. Design “a” is not sufficiently satisfactory because the camera
system will not detect the Z-coordinate of the reference object. The embodiment indicated as
“b” represents the rotation of both camera systems at a certain angle. This solution enables the
detection of the Z-coordinate using a suitable configuration of individual parts concerning the
principles of triangulation calculation [5]. The best right and final solution is the third variant,
which allows the measurement of the Z-coordinate by measuring the “depth” of the reference
object. In this way, we achieve complete information about the 3D characteristic. It is possible

to extract the “x” and “y” coordinates of the reference object at the automated workplace from
the vertically stored camera system. The third coordinate, “z” (height of the reference object),
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can be determined using a horizontal camera system. The resulting experimental set-up
comprises a platform (3) on which we place the reference object. We realize the object’s
placement as the intersection of the field of view from 2D camera systems’ lenses (see Fig. 3).

—— = A1

1. 2. 3
Fig. 3. Measuring set-up
The measuring station includes an LCD panel (2) and a control programming console (3). As
a vision system, we use the OMRON F150-3 type [6]. This system belongs to the so-called
compact vision systems, consisting of two parts - an image information processing unit
(independent from the P.C.) and an externally connected CCD camera, or several CCD cameras.
Image information is processed and evaluated in an external pc, outside the CCD cameras. The
unit’s architecture is usually similar to an industrial or embedded P.C. built on a powerful
processor. The key and critical point of any vision system are the specific parameters of the
cameras used (Fig. 4). Precisely, three issues. The resolution, field of view, and lens focal length.

Fig. 4. Camera F150-S1 with 35mm CCTV lens

The resolution of the F150-3 camera system is 512 (H) x 484 (V), and the camera itself is
659 (H) x 494 (V). The focal length of the lenses in the mounted lens is 35 mm. The range of
the image depends on the intelligent light source (if the fit is attached to the camera), the
distance between the measured object and the camera, or an intermediate piece (the additional
intermediate link between the camera itself and the camera itself lens) [7]. In our case, no other
light source or middle element was used. The set-up of the vision system is focused on the
interconnection supported by the use of available communication protocols and interfaces so
that reliable communication between the control system of the robotic arm and the vision
system is achieved. Existing communication interfaces are created based on the connectivity
and the topology as Ethernet, RS232, RS485, RS422, CAN-bus, and PROFIBUS [8]. From the
software point of view, for a robotic arm, it is necessary consisting of libraries together with
reliable functions for the communication (with the vision system) inside their control system.
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Fig. 5. Camera F150-S1 with 35mm CCTV lens

The interconnection between the control system of the robotic arm and the vision system
can be seen in Fig. 5. The next logical step consists of the vision system calibration. Its purpose
is to determine internal, external parameters and the values of the mathematical model for the
lens distortion (due to their impact). Using the calibration process, we determine the precise
position selection of the entities from the pictures. This process is followed by the
transformation between relationships of the robotic arm coordinate system and the vision
system. As part of the measurement chain, the camera system needs to define its internal and
external parameters to obtain input data (x, y, z) [9]. For this purpose, it is necessary to calibrate
the camera system. In this article, we have dealt with the one-dimensional calibration method
of objects. For these objects, we do not know the properties of the points or the distances
between them. To use this method of calibration points lying in the plane, we need to ensure
stable parameters of these points. Using a very accurate digital meter (digital multimeter), the
coordinates (in mm) were verified for calibration point No. 1: [x = 30.000, y = 20.000], for
calibration point No. 2 the coordinates (in mm): [x = 15.000, y = 15.000]. Since the
magnification scale is the same in both the ,,x* and ,,y* axes, two points are sufficient for
calibration (Fig. 6).

Fig. 6. Calibration of the vertical part (CCD camera 1) of the vision system OMRON F150-3

Calibration of the horizontal part (CCD camera 2) of the vision system we realize by an
analogous procedure. Still, in this case, we are only interested in the “z” - the new (at the given
set of the camera coordinate system) (Fig. 7).
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Fig. 7. Calibration of the horizontal part (CCD camera 2)
of the vision system OMRON F150-3

The “Density Averaging” function (based on the differences in the brightness of the image
units) we use to determine whether the reference object (whose center of gravity coordinates
we want to identify) is at all on the measurement scene. In this measurement, the density of
each pixel is evaluated based on its brightness. (Values from 0 to 255, the so-called grayscale.)
We then calculate the total average for the search region. A measurement is made based on the
estimated value—the average optical density of the area without the measured object. Detection
of the sensed object gives us qualitative information about errors from the measurement by the
vision system [10]. The failed measure led us to the returning of the initial recalibration. An
identification of coordinate axes ,,x* and ,,y* for the sensed object is the next step (by using the
gravity and area function). Next to fundamental step consists of calculation the area of the
perceived object that is viewed from the top. The sensed object is evaluated by white pixels
(mainly, according to the light source), and the other area is black Fig. 8.

Fig. 8. Determination of “x”" and “y” coordinates

The next step consists of ,,z-axis determination, the shape, depth, and high of the sensed object
(see Fig. 9). Sub-activities of this step also consist of a post-processing process applied to the
captured picture from the vision system, and we successfully implement the edge position function
at this process. We can characterize this function as the ability to detect the edges of the sensed
object, assuming that there is sufficient contrast between the object and the environment. We can
evaluate (in the appropriate direction) the edges of a sensed object by applying this process. The
aim is the simultaneous usage of the functions “light to dark™ (if it is the sensed object dark and
background bright) or “dark to light” (if it is the sensed object bright and background dark).
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Fig. 9. Determination of “z” coordinate

Finally, the last step consists of determining coordinates of the center of gravity of the
sensed object, which we choose by a simple mathematical operation [X, y, z/2] — because the
center of the gravity is determined at the middle of the center, the sensed object. Information
obtained by this principle is then transferred into the computer via the RS232C serial interface
for their advanced processing (coordinates transformation from external coordinate system to
the coordinates of robotic arm control system) [11]. Sub-activities of this step are followed by
coordinate information transmitted directly to the control system of the robotic arm.

Conclusions. We can state that a major influence on the captured results has the light
conditions (light uniformity) or vertical camera system distance from the sensed object. This
research aimed to design a reachable and fully functional vision system based on two standard
CCD camera usage. Specifically, our solution is focused on the R.S. 232C communication
interface as an interconnection standard between two sites (vision system and robotic system).
What is more, such obtained results at the moment are well prepared for their further and deeper
processing during the next phase of development.
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VIIK 681.51:006.91
Mapex Baeaw, Anena I'anatioosa
CUCTEMA NPOMUCJIOBOI'O BAYEHHA J1J1s1 BUSIBJIEHHSA OB'EKTIB

Tenoenyii ¢ obracmi HempaouyitiHux MexHoA02il ma ix UKOPUCMAHHA 6 6a2amonpopiitbHOMy 8UPOOHUYMEE Ma asmo-
Mamu3ayii 6 OaHUll Yac HANpPasieHi 8 OCHOBHOMY HA I0eHmu@ikayio ma oyiHKy napamempie 00'ekmis, wo 6epyms yuacms y
supobruuux npoyecax. Cyuache oCHAWEHHs ABMOMAMUZ0BAHUX NPOMUCTOBUX 00'€KMi8 HeMPAOUYIIHUMU MEXHON02IAMU Po-
KYCYEMbCA HA 2any3i iHocenepii mamepiania y 6ueniaoi nepedosux cucmem mpuguUMipHo2o 30py, AKi 003601A10Mb BUKOPUCTO-
gyéamu 66y006aHi CKIAOHT IAHYIOHNCKY PO3NI3HABAHHA XAPAKMEPUCTUK 00 'ekma.

Cmamms cnpamoeana Ha eKCnepuMeHmanbHy NepesipKy i 6USHA4eH s KOOPOUHAM 3A0aHO20 emalOHHO20 00 '€EKMA, AKUM
ynpasismume npomucnoguil pooom-maninyassmop muny SCARA. ¥V npoyeci pobomu neobxiono Oyno idenmugixysamu i 10-
Kanizyeamu oxkpemi 06'€Kmu HA A8MOMAMU30BAHOMY POOOUOMY Micyi 34 OONOMO2O0IO CUCHEMU BI3YATbHO20 KOHMPOIIO
OMRON F150-3. Tomy xinyesa mema nocmaeieHo20 3a60aHHs - HAOIIHO I0eHMU@IKysamu eUsAIeHUll emAaloOHHULL 00 ekm i
nepeimu 00 HACMYNHOI MexHon02iuHol onepayii.

Tlokazano, wo 0CHOGHULL GNIUE HA OMPUMAHT pe3yTbmamu I0eHmigikayii 00'ekmig 30TUCHIOIOMb YMOBU 0C8ImIeHH s (Di6-
HOMIPHICIb 0CIMAEHHA) A60 8I0CMAHb CUCeMU 8ePIMUKATLHOL Kamepu i0 usasieHo2o 00 'ckmy. Pesynvmamu 0ocnioxcennsa
OYIU CNPAMOBAHI HA CMBOPEHHA DOCHYNHOL | NOBHICMIO QYHKYIOHATbHOT cuCmeMU MEXHIYHO20 30pY, 3ACHOBANOI HA 6UKOPU-
cmanni 06ox cmanoapmuux kamep CCD i 3acmocysanni komyHikayitinozo inmepgeticy RS232C ax cmandapmy 83aemooii
Mide 08oma 0b'ekmamu (cucmema mexuiuHo2o 30py i pobomusosana cucmema). Ompumani Ha OaHULl MOMEHM pe3yibmamu
aoanmosani 071 NOOAILUL020, OLIbUL 2TIUOOK020 ONPAYIOBAHHS HA HACMYRHOMY emani po3pooku. 30kpema, 0oyinbHo 3abe3ne-
yumu Haoitini yMOBU OCEIMAeHH, W00 capanmysamu Ge3nepepericnb A8MOMAMU308aH020 NPOYecy.

Onybnikosana cmamms NPeoCcmasisie uUOPaHi KPoKu Osi OMPUMAHHSL OGHUX eMAllOHHO20 00'ekma (30Kpema, yeHmpy
6azu) 3 akyenmom Ha eupodonuka cucmem kamep OMRON. [Ipeocmaenena cmamms Haoae Oinbw OemanvHe YS8IeHHs NPO
cucmemy po3nisHABAHHA Ma KANIOPY8AHHA 300PANCEHH, SIKE YACMO HeOOCMAMHbO NOBHO ONUCYEMbCS 8 NOCIOHUKAX NOCMA-
YANbHUKIE.

Cmamms € nyOnikayiero HayKo80-mMemoOutHO20 XapaxKmepy.

Knruoei cnosa: cucmema 30py; OMRON F150-3; cman ceimna, asmomamuzayisa; Pooom SCARA; kaniopysanns.
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METOIUKA AHAJI3Y CTPYKTYPHUX 3PYHIEHDb KEPOBAHOI'O OB’€KTA,
INPEACTABJIEHUX MOAEJIVIIO MIDKPIBHEBOI'O PYXY HOI'O OJAUHULIb

Y pobomi cghopmynvosano memoouxy ananizy cmpykmypHux 3pyuieHb Keposanozo 06 €Kma, 0OUHUYI K020 3a3HAI0Mb
MidcpigHegUl pyxX w000 03HAKU, UMIPIOBANOI Y HUX 6 KAl gi0HOueHb, KoHyenmyanbHumMu 0CHO8AMU MEMOOUKU € nepeoy-
MOBU 3aCMOCY8aHHs 6ANAHC08020 Memody, opma modeni 6arancy ma Kpumepii cucmemamu3sayii NOKA3HUKI6, yepe3 ki 301l
CHIOBAMUMEMbCA AHANI3. AbmepHamusHull xapakxmep pyxy, 1io2o 30a1aHco8anicms, CMiliKicmy 00 'ekma ma 36adxceHull xa-
paxkmep SUMIDIOBAHHA 3iCMABNIOBAHUX GEAUYUH 0OYMOGIIOIOMb 3ACMOCY8AHHA 6 AHANIZI MOOeNi MidXCpigHego2o OAanancy.
Topsaodok cknadauns mooeni ma cghopmynibo8ari Ha it OCHOBI NOKAZHUKU, AKUMU OYIHIOIOMbCA HACTIOKU KEPYIOU020 GNIUBY HA
06°exm, 8U3HAYAIOMb NOCAIO0GHICIb | 3MICT emanie aHaniy.

Knruoei cnosa: ananiz; moodenv 6anancy,; keposanuii 06 €km,; KOHYEeNnmMyaibHi OCHOGU, MIJCPIGHe8ULl pyX, NepeoyMosu;
cucmema NOKA3HUKIB, CMPYKMYPHI 3PV UIEHHAL.

Tabn.: 1. Puc.: 2. bion.: 10.

AKTYaJBHICTh TeMH JOCJiIKeHHs. Y 3a7adax OIIHIOBaHHS €()EKTHBHOCTI YIPaBIIIHHS
00’€eKTaMu, 1110 3a3HAIOTh CTPYKTYPHI 3pYIICHHS Yepe3 30BHIIIHINM BIUIUB, aKTyaJIbHUM € BHOIp
METOJTy Ta CTBOPEHHS BIAIOBITHOI CXeMHU aHaTi3y. SIKIIO 00’ €KT MPeICTaBICHUNA OTHOPITHOIO
O3HAKOIO Ta MAa€ CTAJMH CKJIaj OIMHMIb, K 3a3HAIOTh MDKPIBHEBUH pyX 1y SKUX ISl O3HAKa
BHUMIPIOETHCS B IIKAJI1 BITHOIICHB JI0 Ta IMICIIS 30BHIITHHOTO BIUTMBY, TO JJIS1 O3B’ sI3aHHS 10110~
HUX 3a/1a4 MO’KHA 3aCTOCYBaTH OAJaHCOBUI METO/1 aHai3Yy, B3SBILHU 32 OCHOBY MOJEIb MIKPIB-
HeBoro OanaHcy. BoHa € yHIBepcanbHOI JUIsl YIPABIIHCHKUX 33724 OyIb-SKOTO Tally3€BOTO
cnpsimyBaHHs. Tak, B iHpopmaniitaux cucremax (IC) oxHiero 3 HAWBXXKIMBILINX 3a1a4 yIpaB-
JIHHS € TABUINEHHS eeKTUBHOCTI BUKOpUCTaHHS pecypciB IC 3a Takumu kputepisimu eheKTh-
BHOCTI, SIK 4ac 1 HOTYHICTb, 0c00HBO, KoiH IC BUTIISAIA€E K CYKYITHICTh €I€MEHTIB TEXHOJIOT1-
YyHOro npusHaueHHs. [Ipu oMy TexHOIIOTis MOXke OyTH BU3HAUEHA K IPOIeC MePETBOPEHHS
BUXIJIHUX MIPOIYKTIB (MaTepialiB, CHpOBUHH) B TIOTPiOHI 3 BAKOPUCTAHHSAM MIEBHOTO HAbOpy 1H-
CTPYMEHTIB, 00JIaTHAHHS Ta IHIIUX PECYPCIB: MaTepiaIbHUX, IHTEICKTYIbHIX, (JIHAHCOBHX |8,
c. 20-34]. 3po3ymiJio, 10 BiACYTHICTh 00 HECTATOK OY/Ib-SIKOTO pecypcy 3aTpumye abo poOHUTh
HEMOJKJIMBUM BHKOHAHHS €Talry a00 BChOTO IMPOIIECY B IUJIOMY. Y TOM K€ Yac HaJUIMIIKOBI pe-
CYpCH 3HIKYIOTh HOr0o e(peKTUBHICTh. Y 3B’SI3KY 3 UM NpH (hOPMYBaHHS TEXHOJIOTIi YacTO BU-
HUKAIOTh 1 TOBUHHI PO3B’A3yBaTHUCS ONITUMI3AIIiTHI 3a1a4i [2, ¢. 356-366; 3], 30kpeMa 3 BUKOpH-
CTaHHSIM ONTUMI3aLiHHOT MOJIENi MIKPIBHEBOTO OajlaHCy, CTBOPEHHSI SIKOi € OJTHUM 3 aKTyaTbHUX
3aBJJaHb MOJIAJIBLIOTO JOCIHI/HKEHHS Ta Ma€ BUKOHYBATHCSI HA OCHOBI IIPEJCTABICHOT METOIUKH.

ITocranoBka npodJeMu. B icHyrounx MeToJMKax OLIHKU CTPYKTYpHHX 3pyIIEHb 00’ €KTa,
SK KJIFOUOBHUH, (PaKTOp MepecyBaHHs OMHUIIL 00’ €KTa 3 OJJHOTO PIBHS O3HAKHU HA 1HIIHMK HE Bpa-
XOByeThcs. Ha et uac aBTopaMu BUKJIa/IeHI OKpeMi aclieKTH METOJMKH iX BUMIpIOBaHHS, ajie B
[UTICHOMY BUTJISII BOHA JAETHCS caMe B 111l poOoTi. J[jst 1IbOoro pe3ybTaTH CTPYKTYPHUX 3PY-
IIEHb MAIOTh PO3IJIIATHUCS SK BTPATH a00 MOMOBHEHHS 00’ €KTa 1I0JI0 03HAKH, BUMIPIOBAHOI Y
HOTO OMHMIIb, 1 BU3HAYATHUCS SIK 3BYKEH1 (arperoBaHi) MOKa3HUKH MIKPIBHEBOTO OajaHCy.

AHaJIi3 0CTaHHIX Joc/iTKeHb i myOsikamiii. [{iTicHe ysSBICHHS METOIUKHU aHAII3Y CTPY-
KTYPHHUX 3pYLIEHb KEPOBAHOTO 00’ €KTA CTa€ MOKIIUBUM 3aBASIKU C(HOPMYJILOBAHUM paHille i
CKJIaJIOBUM: MOJIEJI1 MIKPIBHEBOTO OaJIaHCy, CHHTE30BaHOI Ta 3apOBaKEHOI B arperarHiii ¢o-
pmi [10, c. 8-11]; cucremi moka3HUKIB MI>KpPIBHEBOTO OaslaHCy, C()OPMOBAHUX 33 KPUTEPIIMHU
kiacudikaiii MXKpIBHEBOTO PYXY «CTYIIHb arperyBaHHs, «MEXI PyXy», «03HaKH pyxy» [10,
c. 12] Ta BiAMOBIAHO 10 3arajibHUX MpaBHII iX oOuucieHHs [4-7]. ArperoBani HoKa3HUKH Oaja-
HCY BU3HAYaIOThCS Yepe3 3HaUCHHSI PIBHEBOI UMCEIBHOCTI OJIMHUIb 00’ €KTa Ta yepe3 3HaYCHHS
BUMIPIOBAHOT y HUX O3HAKH. AHAJIOTOM MOJIeJli MIXKpPIBHEBOT0 OalaHCy € MOJEIbh MKranys3e-
BOro Oamancy, 3anponoHoBaHa B.B. JleonteeBumM [1, c. 8-18].

BujineHHns HeoCTiIKeHUX YACTHH 3araJibHOI mpo0JieMu. Lle — KoHIeNTyanbHI OCHOBH
3aMpoBaKEHHSI METOANKH aHaJli3y CTPYKTYpPHHUX 3pYIIEHb KEPOBAHOTO 00’ €KTA.

© Jly6srin O. b., I'yp’es B. 1., ®@ipcosa I. B., 2021
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IlocTanoBka 3aBaaHHs (MeTa ctaTTi). ChopMyIOBaTH METOAUKY aHATI3Y CTPYKTYPHHUX
3pylIeHb KEPOBAHOTO 00’ €KTa, a MOCIIOBHICTD 1 3MICT €TaliB aHali3y OOIPYHTYBaTH BiAIO-
BiTHUMU II€PEIyMOBAMH 3aCTOCYBAaHHS 0aJIaHCOBOTO METOJy ¥ OCOOJIMBOCTSMHU CKJIaJaHHS
MIXKpIBHEBOTO OasiaHcCy.

BuxkJiiag ocHoBHOro marepiaiy. KonuentyaJibHUMU OCHOBaMHU CTBOPIOBAHOT METOJIUKH €
nepeyMOBH 3aCTOCYBaHHS 0alaHCOBOTO METO/1Y B aHaNi31 CTPYKTYPHHX 3pyLIEHb KEPOBAHOTO
00’ekTa, popma Mozeni OamaHCy Ta KpUTEPii CUCTEMaTH3aIll1 TOKA3HHUKIB, Yepe3 sKi 31HCHIO-
BaTUMETHCS aHAI3.

®opmyITtOBaHHS MTEPEIYMOB 3aCTOCYBaHHS 0alaHCOBOTO METOJY TIOB’S13aHO 3 MPEIMETOM
1 METOIO JTOCIIJKCHHS.

banancoBuii MeTOT — 11€ METO/I, B SIKOMY 31CTaBJISIOTHCSI CHCTEMHU B3a€EMOIIOB’ I3aHUX TI0-
Ka3HHUKIB, 1110 BPIBHOBAXXYIOTh OJIHA 1HIITY, HAIPUKIIAJ: PECYPCH Ta iX BUKOPUCTAHHS, BUPOO-
HUIITBO 1 CITOKUBAHHSI, TPOIIIOBI JJOXOAM 1 BUTPATH, aKTUBH Ta MMACHBH, BUPOOHMIITBO 1 PO3IIO-
I TOIIO, - UUISXOM CKIIAJaHHS Takux OanaHciB (OallaHCOBMX MOJENEH), SIK HaTypalbHi
(MatepianbHi), BapTicHI (TPOIIOBI), TPYIOBI, TATy3€Bi Ta MikTamy3eBi [9, c. 354].

SIKI1I0 IPEIMETOM JIOCIIPKEHHS CTal0Th CTPYKTYPHI 3pYIIIEHHS KEPOBAHOTO 00’ €KTa, Ipe/I-
CTaBJICHOTO OJTHOPITHOIO 03HAKOIO, TTOKJIAJICHOI0 B OCHOBY I'PYITYBaHHS HOTO OJMHHUIIL B k-pi-
BHEBII [ITKaJI1 BiTHOIIIEHh Ta BUMIPIOBAHOIO Y HUX JI0 (CTaH «70») Ta MICHs (CTaH «ITiCIs») 30-
BHIIIIHHOTO BILTUBY, TO 3ICTAaBIIOBAHNUMHU € TIOKA3HUKH, SIKUMH XapaKTEPU3y€EThCSI MI>KPIBHEBUI
PYX OJMHHUILB IILOTO 00’ €KTa MPH HOTO MEPEeX0/ii 31 CTaAHy «JI0» Y CTaH «IICIIs», a MOJEIb, 1110
JI03BOJISIE TX BU3HAUYATH, — 1€ MOJENIb MibKpiBHEBOTO Oanancy [10, c. 8-21].

OCKiIBbKH pe3ybTaTOM CTPYKTYpPHHX 3pYyILEeHb 00’ €KTa €, B TIEpIILy Yepry, ABa MPOTUIICKH]
HOTO CTaHM, MOB’sA3aH1 MK COO0I0 MIKPIBHEBUM PYXOM HOTO OJIMHUIIb, K «BITOUTKOM» KEPY-
1040r0 BIUIMBY, TO i Mepina nepeayMoBa 3aCTOCYBaHHS TaHOI MOJIEN — e  albmepHamueHul
xapaxmep pyxy oOuHuyb 00’ ’ekma, MPEICTaBICHUX 3HAYCHHSAMH 7 TX YUCEILHOCTI. 3 OJJHOTO
00Ky, 11€ OIMHUIII, 1110 3a3HAIOTh «MIKPIBHEBE MIEPECYBAaHH» — MK PIBHEM i Y CTaHi «I0» Ta
piBHeM j y ctaHi «micis»y (i £, i=1,2, ...,k j=1,2, ..., k). 3 inmoro 00Ky, 11¢ OJWHHUII 3
KaTeropii «piBHEBa HepyXoMicTby (i =j). B Toil jxe yac, 00uABI rpyny OAMHHUIL MOKHA TAaKOX
MPEACTaBUTH aTbTEPHATUBHUMH KaTETOPISIMHU PYXY: MEPIITY — MOIITUBIITN Ha OJTUHUIIL, «BHOYJI
3 piBHA [ Ha PIBEHb j» Ta «IpUOYIIi Ha PIBEHB j 3 PIBHSA i»; APYTY — MOAUTUBIIN Ha OAMHUII, IO
HE TIepeNIIUIN 3 PIBHSA i» U «I110 3aJHUILWINCS Ha PiBHI j». 3HAUEHHS 71;; YUCEIBHOCTI MIKpIBHE-
BUX IIepecyBaHb (PIBHEBOi HEPYXOMOCTI) € BUXITHUMHU JaHUMH IS CKJIaJaHHs OanaHcy, a s
ix Bu3Ha4YeHHs ((opMyBaHHs) 3aIIpOIIOHOBaHa okpema mporeaypa [10, c. 7-8]. B ocHoBy mipo-
[IelypH TIOKJIaICHO CTPYKTYPHE TPYyIyBaHHA B 000X cTaHaX 00’€KTa 3 YTBOPEHHSM I10 k TPYII.

Jlpyra nepenyMoBa — e «306anrancosanicms pyxy». llpeacraBieHa y BUTIISIII TOTOXHOCTEH

NB = NH ;
NBB. = NHH.; (1)
NBH. = NHB.J
NH = N35 (2)

BOHA O3HAYa€ PIBHICTh CYKYIMTHUX 3HAYEHb IPYMOBOI YUCEILHOCTI HACTYMTHUX OJWHUIIb 00’ €KTA!
1010 iX MepecyBaHHs (30alaHCOBAHICTh MEePECyBaHHS — CHCTeMa TOTOXHOCTeH (1)) — BUOymmx
(«B») 3 0y nb-sikoro piBHS 03HaKu Ta puoOynux («I1») Ha Oyab-sKuii piBEHh O3HAKH, B TOMY YHCIT
nporpecuBHO («BB.» 1 «ITH.» — BuOymi Ha OyIb-SKUil BUILIMI piBEHB 1 MpUOYi 3 Oy 1b-SIKOTO HU-
JK4oro piBHs) 1 perpecuBHO («BH.» 1 «I1B.» — BUOy1 Ha OyIb-SIKUH HWKYMHA PIBEHB 1 MPUOYIIi 3
Oy/Ib-sIKOTO BUIIIOTO PiBHS ); IIO/I0 iX HEPYXOMOCTI (30aJIaHCOBaHICTh HEPYXOMOCTI — TOTOXKHICTh
(2)) — tux, mo He nepeinuu («H») 3 Oyap-sKOTO PiBHS, 1 TUX, 10 3anuImmIncs («3») Ha Oyab-
sskoMy piBHI. OTOTOXKHEH1 BEJTMUYMHN BU3HAYAIOTHCS 3BUMAMHUM JI0JIABaHHSM (Ti, IO JIIBOPYY —
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«T10 i», a Ti, IO TTPABOPYY — «TI0 j») PIBHEBHX 3HAYCHB YUCEIILHOCTI OJIMHUIIb 00’ €KTA 3 BIIMOBI-
JHUX KaTeropiit pyxy: Nsi, NBis., NBin., Nui (INBi = NBie. + NBin.) 1 N1yj, Ntuj, Niiej, N3j (N = Ny +
Nris,). OctanHi, y CBOIO uepry, 00UHCIIOIOTHCS JOAABAHHSIM IIEBHUX 3HAUEHb 71, BIIMOBIIHO 10
J» Ta «110 i». Humu, 10 TOrOo K, MOSICHIOETHCS 1 pIBHEBA CTPYKTYpa 00 €KTa y CTaHAX «JI0» 1 «ITi-
cis»: Nijp = Ngi + Nui 1 Nji = Nij + N3j BIATIOBIIHO.

Tpers nmepemymoBa — «cmitikicms 00 ’€kma» — 0O3Ha4a€ HE3MIHHY 3arajibHy YHCEIbHICTh
HOTO OMHUIE B 000X cTaHax — N, 10 MOKHA MOSICHUTH TIEPECYBAHHIM 1 HEPYXOMICTIO OJTH-
HUIIb 00’ €KTa, PEACTABICHUX, 3 OJHOT'0 OOKY, B KATETOPIisX PyXy «BUOYII» Ta «HE MEPEUIILTI
3 OyIb-SIKOTO PiBHS O3HAKH, a 3 1HIIIOTO OOKY, B KATETOPISIX PYXY «IPUOYII» Ta «3aTHIIAIUCS)
Ha Oyab-IKuii(-oMy) piBeHb(-Hi) O3HAKH:

N:NB+NHENH+N3, (3)
abo
N = Ngg + Npy. + Ny = Ny, + Npgg, + N3. “4)
J1o TOro  JaHa yMOBa MOSICHIOETHCS PIBHEBOIO CTPYKTYPOIO 00 €KTa Y CTaHAX «JI0» 1 «ITICIISD):
N = %% Nio = Xjoy N (5)

[ITo6 orpumatu ToToxkHOCTI (1)-(5), HOCTaTHRO CKiIacTu OanaHc B mpocTiit ¢hopwmi [10, c. 7,
239-275]. Bukonanns ToroxHocTel (1) i (2) mepeBipseThCS MO «HYJIBOBUX» 3HAUEHHSX Pi3-
HUII X JTIBOT Ta MpaBoi YaCTUH B PE3yJIbTATUBHIN YacTHHI OaslaHCy.

3 orsiy Ha MeTy JOCHTIJDKeHHS, a 1€ — OI[IHKA HACTIJKIB 1 €(eKTHBHOCTI KEpYyIHOUOro
BIUTMBY Ha 00’ €KT 11010 O3HAKH, BUMIPIOBAHOI Y HOTO OJIMHUIIb, Ti K caMi OJTUHHMII 00’ €KTa, 1110
NPEJICTABIISIOTH HOTO Y CTaHI «ITiCJIsh» B TOPIBHSAHHI 31 CTAHOM «JI0%» SIK CKJIaIOB1 3 aJIbTEPHATUBHUX
KaTeropiv pyxy, ycl pa3oM MarOTh OyTH NIPECTaBIIeH] CYKyITHUM 3HaYCHHSM O3HAKH, BUMIpPIOBa-
HOI y KO’KHOT 3 HUX Ha TOMY YM iHIIIOMY PiBHi, OKPEMO y CTaHaX «I0» 1 «ITiCIIsD».

OTxe, 4eTBepTa MEPEAYMOBA — 1€ 36ANCEHULL XAPAKMED GUMIPIOBAHHS 3ICMABIIOBAHUX Ge-
auyun. Yepes 3BaXKeHi CKIIaI0B1 OalaHCy, B AKMX BaraMu 110 BiIHOIIEHHIO J0 PIBHEBUX 3HAYECHb
o3Haku /; (y cTaHi «10») 1/ (y CTiHI «IICIs») € 3HAUEHHS #1;; YUCEIBHOCTI MDKPIBHEBOT'O TIEpe-
CyBaHHS (piBHEBOI HEPYXOMOCTI), 31HICHIOETHCS OLlIHKA CTPYKTYPHU Ta CTPYKTYpPHHUX 3pYLICHb
00’ekTa. [1]010 HaCTIIKIB KEPYIOUOTO BIUIMBY, BOHA MA€ IPYHTYBATHCS HA KAHOHIYHHUX (popMax
OanaHcy, chOpMyJIbOBaHUX SIK aOCOFOTHE CalbI0 MIXKPIBHEBOTO TIEpeCyBaHHS:

LHij - LBij = nUl] —nl-jll- = nl](l] - ll'),i 7‘—'].,

AL;; = 6
3] L3]'_LHi=0f l=], ()
(i) _ _ _ .

AL, = Lugp — Lpj = niply — npjly = (ip — 1) 3 (7)

AL(;J» = anj - LBip = npjlj - nipli’ (8)

Bupasu (6)-(8) xapakrepusytots BTpatu (A < 0) ado momoBHeHHs (A > 0) 00’€KkTa, K1 BH-
HUKAIOTh Yepe3 MIKPIBHEBE NIEPECYBaHHS HOTO OAMHUIIL: MK ITApOI0 PIBHIB i Ta j (BUpa3 (6))
— PI3HUIICIO CYKYITHUX 3HaUY€Hb 03HAKU, BUMIPIOBAHO1 Y #2;; OJUHHIIb HA [IUX PIBHSAX, SIK Y MIPH-
OyJIMX Ha PiBEHbB j 3 PIBHSA { B IOPIBHSAHHI 3 BUOYJIMMH 3 PIBHS i HA PIBEHb j; HA PiBHI p (BUpa3
(7)) abo mo3a HuM (BUpa3s (8)) y oro B3aeMoii 3 piBHIMHM i Ta j — PE3yJIbTATOM MI>KPIBHEBOTO
3aMilICeHHS OJUHHIIb, BUOYIUX 3 PIBHA p, OMMHULIIMH, IPUOYITUMH HA HHOTO, KOJIM O3HAKa BU-
MIPIOETBCA Y HUX Ha PiBHI p (Y Ny 1 Ny OMMHKIE) 200 11032 HUM (Y 7Myj 1 M, OJMHMIE), HA
piBHSX j ¥ i BignoBigHO (p =1, 2, ..., k).

CykynmHUM pe3yJbTaTOM MIDKPIBHEBOTO MEPECyBaHHS OAMHHIL 00’€KTa € HOro 3aralibHi
BTpaTu abo nomnoBHeHHs — AL. ChopmyrnbpoBaHi yepe3 kaHOHI4HI Gopmu (6)-(8), siK y3araib-
HEHE CIBBIIHOIIEHHS OallaHCy, BOHM JAal0Th YSBJICHHS MPO HACIIJIKH KEPyIOUYOro BIUIMBY Ha
00’€KT, IOSCHIOBAaHI MIDKPIBHEBUM PYXOM HOT0 OJMHUIIb:
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X (- li)| -

AL = ! 9)
(AR U l)|l¢]

AL =T (Samipl,, — Zhoampl )1y (10)

AL =¥54 (Z?:lnpj lj|j¢p — X li|i¢p)- (11)

Came 4epe3 OCTaHHIO MepeayMOBY i 00yMOBIICHHI BUOIp arperatHoi (opMu MOJIET MIKpi-
BHEBOTO OanaHcCy, sKa, Ha BIIAMIHY Bia mpocToi pOpMHU, YMOXKIIMBIIIOE BH3HAYECHHS BETUUUHH
BTpar (IIOMOBHEHHsT) 00’ €KTA, MOSICHEHHS BHECKY B HUX KOYKHOI CKJIaJIOBOi MI>KPIBHEBOTO Tepe-
CYBaHHs, B TOMY YHCII 3 O0KY IPOTPECUBHO- Ta PETPECUBHO-PYXOMUX OJUHUIL 00’ €KTa. I'0BO-
pSTYM TIPO OCTaHHI, SIK PO OYIKYBaHI Ta HE OYIKYBaHI CKJIAJIOBI pyXy, Yepe3 MOPIBHIHHS 1X PO3-
Mipy 3’SBIS€TbCS MOXIIUBICTH OLIHIOBAaTH €(EKTHUBHICTh KEPYIOUOro BIUIMBY Ha 00 €KT,
perymnroBatu ioro Brpatamu (monoBHeHHsM) [ 10, c. 209-227], a HeoOXiaH1 IS ITHOTO 3HAYCHHS
abCONIIOTHOTO CAlb/I0 CYKYIHUX MEPECyBaHb 3a HanpsaMoM (AL, , ALy, AL, /5 1 ALy /) Bu3HA-
Yal0ThCS B PE3yJIbTATUBHIN YaCTHHI OajlaHCy, pa30M 3 3aralIbHUM calib10 00’ekTa (puc. 1).

I (1) Leii(Ly) k() - KB3APaT — CEIa70EL Damancy:
LU — .l - pisHesi: 1) B piEHEENY sHaueHHAx 03HawH — Ly, L, Lui,
1(l) ML Lt Ak Ly, Ly;; ©) B mosa piEHEEHRX SHaYeHHAX
2 (f_:l M| Ln”'(sz) ..{'I.L ij = = e OSHAKH — L{l':'h I.n{_.:.._ LH{LIIH.: Ln{[:,.___ L{,-;
- .-'.1 = ”:jij jl:i — I :| I kE. -E‘F}Wf:i—u,.ﬂur,LH.__,.E.“;.LH,.E.H..,Lu.,,.{.q;
k(L) Ml Mt - sazameri: Lo; L.
III-i nﬂa.n;pam' cul:a,:l;c:-m Eana.ﬂm IV-ii keagpanT — «hanancy — abCOMOTHE CATEIO:
- pisnesi: 4) B PIEHSEHK SHagenHex osHary — Ly, Ly, -oberTa AL =1, - Ly =Ly - L
Ly, Lz, Lyy: ©) £ mosa pIEASEHK SHATSHHAT 0SHARH — - NMEPECVEaNHA:
Livo- Legy: Lendgy- Lendjy- Lo a) masyerprd — ALy = Lo - Lo, ALy = L - Loa;
- ZPVHOSI L. Loy Lo, Loy L, L, L, L E] HAESTOTIH — ﬂLH,..-;,= L - Ly, AL BT Lo - Lo
- sazameni: L Li. - pepyvxomocmi Ly- Ly =10

Puc. 1. Mooenv misxcpisnegozo banawncy, azpecamua ¢hopma (cnpoujere 300padcernts,)

JloknaznHo arperaTHa ¢opma Mojeni posrisaanacs panime [10, c. 8-21], Tomy 1 po3y-
MIHHSI i1 MOKJTUBOCTEH 11010 peatizailii MeTH TOCTIKEHHS 00MEKHUMOCS TIEPEITIKOM 3TaJlaHuX
CKJIQJIOBUX OalaHCy Ta pe3yIbTaTHBHOI HOTo YacTUHHU («0allaHC ), pO3TAIIOBAHUX B YOTUPHOX
KBaJJpaHTax BiAMOBITHOT O0agaHCOBO-pO3paxyHKoOBOi Tabmwuil. CHHTE3YI0UN MOJEIb, CIIIJT PO-
3yMITH, 1110 B3a€EMO3B’SI3KM CKJIAJJOBUX OaJIaHCY Ta CHOCIO iX 00YMCICHHS MOSICHIOIOTHCS Yepes
MaTPUYHHUI TPUHITUT TOAaHHS 1Mi€l Tabymii: [-if kBaapaHT — MaTpulsd BUXITHUX JaHUX Oasa-
HCY (1), 5IKi B JOOYTKY 3 piBHEBUMH 3HAUEHHSMHU O3HAKH /; 1 /; IPEICTABISIFOTh 1;; OIUHUIL
00’eKTa CyKyMHUMH i1 3Ha4eHHsIMHU (arperatamu) Lp; (j # i), Lui (j = i) 1 Ly (i #)), L3 (i =)
BignoBigHo; II-if i III-if kBagpaHTH MICTATH PIBHEBI CKIIAA0BI OalaHCy, 3BasKeHI 3HAUEHHS KO-
JKHOT 3 SIKAX B BIIMOBIIHMX KOMipKaxX TaOJHWI[l BU3HAYAIOTHCS JIOJABAaHHSM IEBHUX 3HAY€HBb
arperartiB (B pAIKax i y CTOBILIAX, «I10 i» Ta «110 j»); [V-ii kBagpaHT — «0aaHc» — MpeACTaBIIsie
PI3HUII BIAMOBIIHUX TPYMOBUX 3HAYCHBb CKJIAJOBHX OAJaHCY 3 aJbTEPHATUBHHUX KaTETOPIH
pyxy, 3 II-ro i 3 IlI-ro kBaxpaHTiB.

AHaJ3 CTPYKTYpH Ta CTPYKTYPHHUX 3pYIIEHb 00’ €KTa il OIliHKa e()eKTUBHOCTI yIIpaBIiHHS
HUM Mae 3/1IHCHIOBaTHCS HAa OCHOBI IIOKAa3HUKIB MXKpiBHEBOT0 Oanancy. Hezanexxno Bix popmu
MoJeJIi, IPOCTOi ab0 arperaTHoi, BiAMOBIAHI TOKa3HUKH OaTaHCy GOPMYIIOIOTECS 38 € IMHIMH
NPUHIMIAMHE. [X IpeIcTaBIe o y BUTIISI HiNiCHOT CHCTEMH i IOKJIAHO PO3IIIAHYTO B OKPEMUX
iX BUIOBHUX KaTeropisix, ChOpPMOBAHUX 32 KPUTEPIEM «IIPU3HAYEHHS»: «PIBHEBOI CTPYKTypHU
00’ekTa, 11 3MiHM Ta KoopauHatii» [10, c. 22-34], «cTpyKTypH, IHTEHCHBHOCTI Ta KOOPIUHALI]
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pyxy omuamIb 00’ektan [10, c. 35-88], «OamaHCOBI TMOKa3HWKW TEPECYBaHHS OJIMHUIID
00’extay [10, c. 89-208]. [ToBHOTA aHamNi3y (OLIHKH) 3AJIEKUTH BiJl TOTO, HACKUIBKH BCEOITHO
B KOXHIW Takii KaTreropii MOKa3HUKIB 3aCTOCOBaHI CrocoOm ix oOumciieHHs («abComoTHIY,
«BIJIHOCHI» Ta «CEPEeIHI» MOKAa3HUKH), a TAKOK BPAaXxOBaHI BCl MOXKJIMBI KOHCTPYKIIii 3iCTaB-
JIEHHS MK 00010 cKiIaioBux Oamancy. Cami 1o cobi, ocTaHHI € a0COTIOTHUMH MOKa3HUKAMU
MDKpiBHEBOTO pyXy. Byaydi 3rpyrnoBaHuMy BiZIIOBIZHO 0 BUIOBUX KaTEropiii Mi>KpiBHEBOTO
pyXy, BOHU BiIOMBAarOTh WOTO CHCTEMAaTH3AIlll0 Ha MOKA3HHUKH, CHOPMYJIbOBaHI Yyepe3 HUX B
HACTYITHHUX BUIOBUX KOHCTPYKIIISIX: 32 KPUTEPIEM «O3HAKHU PYXY» — HOKa3HUKH «MiKPIBHEBOTO
nepecyBaHH» («BHOYTTS 3 PiBHsI» Ta «MPUOYTTS HA PIBEHBY), B T.4. KIPOTPECUBHOTOY 1 «pe-
IPECHUBHOTO», 1 «pIBHEBOI HEPYXOMOCTI» («HE MEPEexXoay 3 PIBHI» Ta «3AJTUIICHHS Ha PIBHI»);
3a KPUTEPIEM «CTYITIHBb arperyBaHHs pyXy» — «IapHi», «9aCTUHHI» Ta «94aCTKOB1» MOKA3HUKH;
3a KPUTEPIEM «MEX1 pyXy» — «PIBHEBI», «PYIOBI» Ta «3arajbHi» MOKa3HUKH.

OTxe, B €THOCTI IPEACTABICHUX KOHLENTYAIbHUX OCHOB 3aCTOCYBaHHS 0aJlaHCOBOTO Me-
TOJly METOJIMKY aHaJli3y CTPYKTYPHHUX 3pYIIEHb KEPOBAHOTO 00’ €KTa MOXHa 300pa3UTH y BU-
TJIS1T1 HACTYITHOI CTPYKTYPHO-JIOT1YHOI CXeMHU (puc. 2).

i — 08%eKT |
! CrpyErypa MezpEresmt pyx Crpygrypa !
! ¥ CTAHI«ZO%  4-# OJHHHITE 00 €KTa L | ¥ CTAHIGIHCIAN !
| =0) (p) G=1) |
i
e e o |
T Mepeavmosn e i};;;_ﬂ;;a]ﬁsv___ ______ T
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Po3sristaeMo nesiki 0coOJIMBOCTI CXEMH 1 11 CKIIAIOBUX.

YerBepra nepeyMoBa KOHLETITYaIbHO MOEIHYE BC1 €Tay aHai3y, 1 pH CKJIaJaHHi Oaa-
HCOBOT MOJieNi, 1 pu (OpMyBaHHI CHCTEMH NOKa3HHUKIB MiXkpiBHEBOro pyxy (6anancy). Iloc-
JJOBHICTB 1 3MICT OKPEMHUX €TariB 00yMOBJICHI TIOPSJIKOM CKJIaJlaHHs 0ajlaHCy Ta BUKOPHC-
TaHHs HOTO Pe3yJIbTATIB AJIS TOCITHEHHS METH aHaJli3y.

Oco06nuBicTIO arperaTHOi popMu MOJEII € 1i BapiaTUBHICTH IIOJ0 CIIOCOOIB OOUYHMCIICHHS
OJTHOMMEHHHMX OaJlaHCOBUX MOKA3HUKIB 3 TOI UM I1HIIOI X BUIOBOI KaTeropii. 3 ogHOTO OOKY,
1€ TIOACHIOETHCS IBOMA MOMJIMBUMH CXEMaMH MIKPIBHEBOTO 3aMillleHHs (MK MMapoio piBHIB
a6o B Tpiazi piBHIB: popmu (9) 1 (10)-(11)) i, stk HacHigOK, Tpu HOPMYITIOBaHH]I PIBHEBHX I10-
Ka3HUKIB — aJIbTEPHATUBHUMH CIIOCOOAMH BUMIPIOBaHHS O3HAKH: «4epe3 MepecyBaHHs 3 piBHS
i» abo «uepe3 mepecyBaHHs Ha piBeHb j» (BiamosiaHO 10 Gopmu (9)) [10, c. 96-101]; «na omo-
pHOMY piBHI» (BiamoBiaHO 10 Gopmu (10)) abo «1mo3a omopHOTO piBHS (BIAMOBIAHO A0 OpMH
(11)) [10, c. 89-95]. 3 irmoro 60Ky, BUOIp Ti€l 4M iHIIOT CXeMHU TIepeCcyBaHHS OAMHHIIL 00’ €KTa
3a HampsMOM, a00 «HaB3JOTiH» (MPOTPECHUBHE Ta PErpecuBHE), a00 «HA3ycTpiu» (IIPOrpecH-
BHO-pErpecuBHe Ta perpecuBHo-nporpecusue) [10, c. 90], o0yMmoBitoe B naHiit kareropii Mix-
piBHEBOTO pyXy BiAnoBiaHi ¢popmu GanancoBux nokasHukis [10, c. §9-208].

[Ile omHa, KOHCTPYKTUBHA, OCOOJUBICTh arperaTHoi (popMu MOJE MoJIsArae B TOMY, 1110 B I-
III-y xBampaHTax OalaHCOBO-PO3PaXyHKOBOI TaOJUIIl, KPIM CKJIAJ0BUX OajaHCy, MOXHA BHU3HA-
YaTy 3HAYCHHS W 1HIMX (CKJIaJIEHUX) MTOKA3HUKIB, HAITPHUKIIAJ, a0COIOTHOTO CANIbI0 MIKpIBHE-
BOTO TiepecyBaHHs (6), K 1€ MOKa3aHo Ha puc. | BAHOCHUM ¢parMeHToM I-ro KBaapaHTy, moiiie-
HOT'O Ha KJIACTEPU OJIHAKOBOTO po3Mipy [2x2]. KoxkeH kiactep CKIIaaeThesi 3 KOMIpOK TabmuIl,
MOEHAHUX BIJTIOBITHUMH PIBHAMM i 1 j. Po3noBcromkeHHs 1iporo npuniuny Ha [1-i 1 111-it kBan-
PaHTH J1a€ MOXKJIMBICTh BU3HAYAaTH O€3MOCepeTHbO B JaHii TaOMHIll 3HaUeHHSI aOCOJIOTHOTO Ca-
JBJI0 3 PI3HUM piBHEM cucTeMartu3allii pyxy. Uepes Takuii KilacTepHUI IPUHIUIT YTBOPEHHS Oaa-
HCOBOT MOJIEJTI BIAETHCS IMOETHATH B OJTHIHM TaOIMIII MaiiKe BCl TOKa3HUKH MIKPIBHEBOTO OaJIaHCY,
SIKI MAIOTh MI>K COOOI0 3aKOHOMIpHI 3B’sI3KH. Taka MoJielb, Xo4a 1 CKIIaiHa JJIsl CIIPUHHATTS, aJle €
3pYYHOIO 151 YSBJICHHS MEXaHI3My OOYMCIICHHS IIMX ITOKA3HUKIB ¥ iX B3a€MO3B’s13KiB, 0COOJIHBO,
Y BUIJIAJI €JICKTPOHHOI TaOJINIIl, CTBOPEHOI, HANpuKJIIaa, B peaakropi Microsoft Excel [10, c. 276-
283].

SIK «Tpaltroe» JaHa MeTOMKa, IPOJAEMOHCTPOBAHO B Ta0JI. |1 Ha MPHKIIaJi BU3HAYCHHS KO-
edimienTa eeKTUBHOCTI yIPaBIiHHSA 00’ €KTOM.

Tabauys 1 — Oyintoeanus epexmusrnocmi ynpaegnints 06 ekmom (uepes (6)-(8))

Ne 3/m IMoka3HuK (BHI)
AOCOJIOTHE caJIbI0 MiKPiBHEBOT0 NepecyBaHHSI 32 HAPSIMOM (PiBHEBE, YACTKOBE):
a. | 0. a. | 0.
qepe3 epecyBaHHs 3 PiBHS § 4yepe3 nepecyBaHHs Ha PiBEHb j
) = . AL | =
AL‘B-|i=1,k—1 AL | = Zl AL | ZJ 1AL B-J|j=1,k—1
Zk AL iH. j= wjlj=2% k AL
j=i+1BLij i=j+18Lij
L B p-piBHEBHX 3HAYCHHAX O3HAKH B 11034 p-piBHEBHUX 3HAYCHHSIX O3HAKU
ALy = Alyr = ALy = AL<zz:>5 =
Z AL AL (U>| Yk AL 1P ALP)
JEPHIEED | 1<p<k l p+1 j<p1sp<k JEPHITR i 1<p<ic l PTG | p1<p<k
P=1ap4L) (ij) p=1p1(P) p- 1 (p)
s IaLl SPoIALY SPIALY SPoIALY
j>p,1<psk i>p,1<p<k j>p,1<p=<k i>p,1<ps<k
ADCOJIIOTHE CaJILJI0 MizKpiBHEBOTI0 NepecyBaHHs (TPYIIOBE, qaCTKOBe):
MIPOTPECUBHOTO HAB3IIOTIH () perpecuBHOro HaB30TriH (0)
. k . k
2 IS8 ALy, Lp=1 ALP% {2 ALy, Lp=1 ALP%
ALs =4, . abo ALx =14, ©|ALe. =gl ., @00 ALe =4_. .
B. Zj=2 ALH] B. p=1 AL(p)% H, Zj:l ALB] H. Zp=1 AL<p>B
KoedimieHT epeKTHBHOCTI ypaBJIiHHA 00’ €KTOM 11010 HE OYiKYBAHOT'O MIEPECYBAHHS:
3 perpecuBHOTO (BTPATH) MIPOTPECHUBHOTO (TIONOBHEHHS)
Kecpi = (ALu.: ALs. Keq)g = |ALs.: ALn.
‘B E H 1 H E
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Po3paxynku mpoBeieHO uepe3 aOCOMOTHE CalTbI0 MIXKPIBHEBOTO IIEPECYBaHH, HA PI3HHUX €Ta-
nax aHaJli3y IpeCTaBICHE B PI3HUX KATETOPIsSIX PyXy: Ha MEPIIOMY eTari — MapHUMH PiBHEBUMHU
MOKa3HUKAMH CalbJI0, SIK KaHOHIYHI popmu GanaHcy (6)-(8); Ha qpyromy erarii — piBHEBUMH Yac-
TKOBUMH MOKa3HUKaMH canba0 (Ne 1); Ha TpeThOMy eTarli — IpyIloBUMH YaCTKOBUMH MTOKa3HHUKAMHU
canpa0 (Ne 2). Ha yeTBeproMy erarti aHasli3y BU3HAYAIOTHCS IIyKaHi 3HauUeHHs KoedirieHTa eek-
tuBHOCTI (Ne 3). Toil sxe camuii pe3ysbTaT MOKHA OTPHMATH 1 Yepe3 CKIIaI0Bl MiXKpiBHEBOTO Oa-
JIaHCY, TIPEJICTABIICHI B aHAJIOTIYHUX KATETOPISX MEPECYBAHHS — «BUOYTTS 1 «IIPUOYTTS», B3ATHX
OKpeMo, i 00uKcIIeHi uepe3 BimoBiHi arperatu Lg;; 1 L (puc. 1 1 puc. 2).

BucHoBkH. 3anpornoHoBaHa METOIMKA J1a€ IUTICHE YSBJICHHS PO acleKTH 3aCTOCYyBaHHs Oa-
JIAHCOBOTO METOJy B JOCHI/HKEHHI CTPYKTYPHHX 3pYIIEHh KEPOBAHOTO 00’ €KTA Yepe3 CKIIAIaHHS
MDKpiBHEBOTO Oanancy. Harriienuii Ha BceO14Hy OIIHKY CTPYKTYPHHUX 3PYIIICHb, TAKHA OaJIaHC 1a€e
MOYKJIMBICTB MTOSICHUTH 3MIHY CTPYKTYpH 00’ €KTa Uepe3 XapaKTEPUCTHUKU MIKPIBHEBOTO PyXy HOTO
onuHUIB. CHOopMyITpOBaH1 BIAMOBIIHO 0 KPUTEPIiB CUCTEMAaTH3AIlii pyXy sIK CKJIaI0B1 OaTaHCOBOI
MOIEIi Ta 3ICTaBIeHI MiX COO0I0 32 BCIMa MOXJIIMBUMH (pOpMaMH MOPIBHSAHHS, BOHH CTAIOTh KITIO-
YOBHM (PAaKTOPOM aHANI3y CTPYKTYPHHX 3pYIIEHb B CUCTEMi NOKA3HHUKIB MIXKPIHEBOIO OallaHCy.
Uepes BU3HAUEHHI [TEPElyMOBHU 3aCTOCYBAHHS OATTaHCOBOTO METO/Ty BJIAJIOCS 3aIIPOIIOHYBATH TaKy
CXEeMy aHali3y, sKa i J03BOJIsIE TIOBHOIO MIpOIO peaizyBaTH MOMIJIMBOCTI MOJIEIN MIKPIBHEBOTO
OayaHCy B OLIHII CTPYKTYPHHUX 3pYIIEeHb 00’€kTa. Taka MOJENb € KOPUCHOIO ISl OI[IHFOBAHHS
YIPaBIIHCHKUX PIIICHb B OpraHizallii mpoIeciB 3 JaHUMHU B 1HGOPMAIIMHUX cucTeMax (010 yII-
paBITiHHSA 1X MIBHIKOIIEI0 Ta PECYPCHUMH BUTpaTaMu), B BUOOPI CIIOCOOIB 1 IpUOMIB 3a0e3re-
YEHHS EKCIUTyaTalliitHOl HaIIHHOCTI TEXHIYHHUX MPUCTPOIB TOIIIO.
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Alexander Dubyagin, Volodymyr Guryev, Irina Firsova

METHODOLOGY ANALYSIS OF STRUCTURAL SHIFTS
IN THE CONTROLLED OBJECT, PRESENTED THROUGH
THE MODEL OF INTER-LEVEL MOVEMENT OF ITS UNITS

The quantitative assessment of the structural shifts of a managed entity, the units of which undergo inter-level movement
with respect to an attribute measured in the relationship scale, is relevant to the management objectives of any sectoral area
and requires the creation of a holistic methodology and analysis scheme.

In existing valuation techniques, as a key factor, the movement of units of an object from one level of trait to another is
not taken into account, and therefore the results of structural shifts, as a consequence of the controlling influence on the object,
should be considered in the context of the inter-level movement of its units and be determined as weighted motion indicators.

The previously suggested indicators are determined by the value of the number of inter-level movements of the units and
the level of the attribute measured in them before and after the control. Being formulated in different categories of motion, they
are presented in the form of a system that became possible by the previously synthesized inter-level balance model.

Conceptual bases for implementing a method for analyzing structural shifts of a managed object.

Formulate a method for analyzing the structural shifis of a managed object, and substantiate the sequence and content of
the stages of analysis with the appropriate prerequisites for the application of the balance method and the features of
composing the inter-level balance.

The conceptual bases of the methodology created are the prerequisites for applying the balance method in the analysis of
the structural shifts of the managed object, the form of the balance model and the criteria for the systematization of indicators
through which the analysis will be carried out. The alternative nature of the inter-level movement of the object units, the
balance of the movement, the stability of the object, and the weighted nature of the measurement of the comparative values
determine the application of the inter-level balance model to quantify the subject of study. The order of drawing up the balance
model and the indicators formulated on its basis, which evaluate the effects of the management impact on the object, determine
the sequence and content of the stages of analysis.

The proposed methodology gives a holistic view of the aspects of applying the balance method in the study of structural
shifts of a managed object such as focus, justification, opportunities and prospects.

Keywords: analysis; balance model; managed object;, conceptual foundations; inter-level movement; prerequisites;
system of indicators; structural shifts.
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Anacmacia Kocapesa, Ilasno Pecioa

3ACIB JIJIsI BIOMETPUYHOI ABTEHTU®IKAILIII HA OCHOBI
HNOBEIIHKOBHUX OCOBJIMBOCTEN KOPUCTYBAYA

YV pobomi nasedeno pezynomamu 0ocniodcenns ichylouux memooie nosedinkogoi biomempii, a came biomempii 3a 0coo-
AUeOCmMAMU Kopucmyeaua npu Habopi mexcmy. Taxoxc y pobomi onucano ma nPOAHAII308aHO GLACHUL MEMOO agmeHmupi-
Kayii kopucmyeaua 3a 1020 OUHAMIKOI0 HAMUCKAHHA KAAGiw. 3anpononoeano pospobrenull agmopamu memoo, ONUCAHUll y
cmammi, Ik NPOSPamMHULl 000amoK 071 NPOBEOEHHs. PI3HOMAHIMHUX 00CTIOCEHb PO3NIZHABAHHS 0COOUCmMOCmI 3a iT N0GediH-
KOBUMU OCOONUBOCISAMU.

Knrouogi cnosa: 6iomempis, asmenmuixayisi, noseoiHKosi 0cobIU80Cmi; OUHAMIKA HAMUCKANHSL KIAGIUL, HEUPOHHI MEPedICL.

Puc.: 9. bion.: 9.

IMocranoBka npoo6aeMu. PO3BUTOK TEXHOJIOTIH CBITY JTI03BOJISIE JIFOISIM OTOYUTH cebe MOOi-
JHHUMH JieBaiicaMi, sIKi TO€IHYIOTh Y c001 6arato GpyHKIIiH, OHIEIO 3 IKUX € 30epiraHHs Iepco-
HAJIbHUX JTAHUX KOpUCTYBayiB. ToMy TOCHTh 3HAUYIIUM [TUTAHHSM € 3a0e31eUeHHs HeIOTOPKaH-
HOCTI IIUX JAHUX aHl XakepaMu, aHi 3I0BMHCHUKaMu. TOoMy Ha JOJATOK, a 1HOZI Ha 3aMiHy
napoJtiB npuidnuia 6iomerpuyHa aBTeHTHdIKaMis. Ha cborogHi HaOUTBIIT PO3MOBCIOIKEHUMHI
METOJIaMH € PO3Mi3HaBaHHS KOPUCTYBAYiB 3a BIIOMTKOM MaJbIlsl a0 32 reoMeTpiero o0Imaysl.
AJe i Taki IepCoOHaAIbHI OCOOJIMBOCTI JIFOJIMHU MOKIIHMBO OTPHITFOAHUTH. TOMY TOCIIHDKSHHS Ha
TeMy MOBEIIHKOBOI Oi0MeTpii € Ay>ke HeOOX1THUMH, a/pKe TaKi METOAM aBTeHTH]IKaLlii He MOoT-
peOyI0Th BiJl KOPUCTYBaya JOAATKOBUX 3YCHIIb Ta MOXYTh JIOTIOBHIOBATH CUCTEMY O€3IMEKH.

AHaJi3 ocTaHHIX gocaiTkenb. JlocmiKkeHHs, 0 OyAyTh pO3TIISAIATUCS i, TIOB’ s3aH1
MIDXK CO00I0 CTIUTBHOIO TEMOIO PO3ITi3HABAHHS KOPUCTYBava, CIUPAIOYUCh Ha HOTO 0OCOOIMBOCTI
i1 yac ApyKy TEKCTY Ha BIpTyalbHil KiaBiaTypi cMapTdony. Cucrema Biipi3Hs€e KOPUCTYBaya
BiJI 3JIOBMHCHHKA HE 332 TUM, 1[0 BiH JPYKYE, a 32 THM, SIK BiH JIPYKYE.

Cam MeTon po3Mi3HaBaHHS KOPUCTYBaya 3a JMHAMIKOIO HOTO JAPYKY MOJUIAETHCS HA JB1
IpyIH, a caMe TPyIy CTaTUYHOTO PO3Mi3HABaHHS Ta IPyMy JUHAMIYHOTO po3mi3HaBaHHs. CTa-
TUYHE PO3Mi3HABaHHs 0a3yeThCs Ha aBTEHTHU(IKAIi KOpUCTYBaya ITiJ1 Yac BBEIEHHS CTATUYHUX
TEKCTOBHMX PSIKIB, HAIPHUKJIAJ, JOTIHY Ta mapoiro. JlmHamiuyHe po3mi3HaBaHHS 0a3yeThCcs Ha
0COOJMBOCTSX JPYKYBAaHHS PsiJIKa TEKCTY, IO € HEBIJOMUM JIJIsl KOPUCTYBaya J0 NOYaTKy Ha-
0opy TEKCTy.

OpnHiero 3 poOiT, mo OyayTh po3risiIaTics, € cTaTTa aBTopcTBa Mattiaca TposiHa Ta @pe-
Hka OptMaepa [1], y sAKiii BOHU TOE€THAN METOAM PO3II3HABAHHS JIFOJWHHM 3a 11 TTOBEIIHKO-
BUMH OCOOJIMBOCTSAMHU TIiJ 4ac APYKY TEKCTY Ta 3a OYEPKOM OCOOMCTOCTI, 110 OYJI0 iMIIeMe-
HTOBaHO Yy cMmapTdoHH. bylo mpoBeneHo OBa €KCHEPUMEHTH [Js 30MpaHHS JaHUX Ta iX
NOJAJIBIIOrO aHamizy. s mpoBeeHHs eKCIIEPUMEHTY BUKOPUCTOBYBAJIMCH MPUCTPOI HA OIe-
pariifHiit cuctemi Android, 13 BUKOPUCTaHHIM SIKMX 0yJIO HEOOXiTHO BBOJUTH MapoJii abo He-
BEJIMKI peueHHs 3 IBOX CIIiB Ta Ounbiie. 1Jisi mepIioro eKcrepuMeHTy OyIio 3aiIyueHo BiciMHa-
JIIATH BOJIOHTEPIB, SIKI MaJId BBECTH T€ CaMe PEUCHHS JECATh pa3iB. Y IPYyromMy eKCIepHUMEHTI
OyJ10 320X0YEHO IIIe IICTHAIATh YYaCHUKIB, SIKI MaJld BBECTH MApOJIb BiciM pa3ziB. Sk Kiiacu-
¢ikaTOp aBTOpU BUKOPUCTOBYBAJIM TaKl TEXHOJIOTII, IK IEPEBO MPUHHATTS pillieHb [2], 6araro-
mraposuii mepcentpod (MLP) [3] ta Bayes Net [4].

Mertoto apyroi cTatTi [5], Ha Ky CIIUPAETHCSA 1€ TOCTIKEHHS, € TOCTIHKCHHS MAX0IY,
1o OyB po3poOIeHHIA aBTOpaMH, 1110 3aCHOBAaHHM Ha aBTeHTHU(IKaIlii KOPUCTyBaya 3a 0COOIH-
BOCTSIMH HMOTO APYKY Ha BIPTyalibHIA KiaBiaTypi cMapTdony. Lls peamizalis moaiiaseTscs Ha
nBi ¢asu: dasza aBreHTH]IKAI] KOpUCTYBaya Ta (ha3za BUKOPUCTAHHS JTOJATKY KOPHCTYBaueM.
[Tepmmii eTan BaJiye OCOOMCTICTh KOPUCTYBaya 3aBMISKH IMAPOJIIO Ta HOTO O10METPUYHOT 1H-
¢dopmanii. Ha npyromy erari, o € macuBHUM, BXKe i 4ac KOPUCTYBaHHA JOJATKY, Jii JIto-
JIMHU BIACTEXKYIOTHCS 111 YaCc HaOWpaHHS TEKCTY B MOJAX JJIA BBOAY. Lleit 1omaTok mocTiiHO
nparioe y pOHOBOMY PEKUMI JUIst TOCTIHHOT aBTeHTH(DiKaLlli KOpUCTYyBaya.

© Kocapesa A. C., Perina I1. T'., 2021

114



TEXHIYHI HAYKU TA TEXHOJIOT T Ne 2(24), 2021
TECHNICAL SCIENCES AND TECHNOLOGIES

Jyst mpoBeieHHs eKCepuMeHTy Oyio HaOpaHo 40 BOJIOHTEPIB, K KOPUCTYBAJIUCS 101aT-
KOM IPOTSTOM TPhOX THXKHIB, YBECH 1IeH 4ac HaKoMu4uyBaiacs 6a3a JaHUX PO KOKHOTO 3 yda-
CHHKIB. YCboro OyIo 3afisiHO AecATh cMapTQoHiB Ha 0a3i onepauiiinoi cuctemu Android. Ha
NEepUIOMY eTalli 10/1aTKa BBOJUBCS MAPOJIb MiH-KOJ 13 YOTHPHOX CUMBOJIIB (BCHOTO OyJI0 BUKO-
puctano 20 pi3HUX MiH-KOAIB), HA IPYTOMY €Talli BBOAUTHCS pedeHHs 10 53 ciiB. I3 3i0panux
JIAHUX BIITYYa€ThCS 1HPOPMAILIis TTPO T€, IK KOPUCTYBAY APYKYE TEKCT, IK HATUCKAE Ha KJIaBIIIi
BIpTyaJIbHOI KJIaBlaTypH, CKUTBKH Yacy Ha 1€ BUTpavae Ta iHme. K kiracudikatopu BUKOPHUC-
TOBYBAJIUCH JiepeBa pimeHsb [2], Bayes Net [4].

Tperst cratTs [6] onucye aHami3 TUHAMIKM HAaTUCKaHHS KJIABIII BIpTyalbHOI KJIaBiaTypu
cMapTQOHY, BAKOPHCTOBYIOUH JABOETAIHY CXEMY — PEECTpallisl Ta aBTeHTU(IKaIlis. ABTOPH BH-
KOPUCTOBYBAJIH J[BA THITH MAPOJIiB (MIIH-KO Ta 0araTOCUMBOJIBHH 11apoJib). [ 0JI0BHOIO METOIO
IIOTO 3aCTOCYHKY € PO3Mi3HABAaHHS MOJI HAaTUCKaHHS KJIaBiIl, OOYMCICHHS Yacy 3aTPUMKH
MDK B3a€EMOJIISIMH 3 eKpaHOM. J[7s1 ekcriepuMeHTy Oyio oOpano 20 BOJIOHTEPIB ISl HAKOIH-
YeHHS JIaHUX, KOKEH 3 SKHX MaB HaOpaTH BiIOMHI HOMY Maposib OBAAISTH pa3iB Ui eTamy
peectpauii Ta mie 10 pasiB 1y eTamy aBTeHTH(IKAII.

ABTOpHM BUKOPHCTOBYBAJIM JIBa KJIacH(]iKaTOpU: €BKJII0BA BiJicTaHb [7] Ta Bincranb Maxana-
HoOica [8], oOuaBa 3 HU3LKUMU BUMOTaMH JI0 00poOkH. BOHM TakoX BUKOPHUCTOBYBAJIM HEUPOH-
Huit 6aratomrapoBuii eprentpoH (FF-MLP) mepexi [9] mist minBUIieHHs épeKTUBHOCTI TIXOTY.

AHaI3YyI04H MiIX0IA OCTaHHIX JAOCIIKEHb, MOXHA IIUTH BUCHOBKY, IO aBTOPH CTaTeH
00MEKyBaTUCh JIMIIE JEKITBKOMAa METO/IaMH pO3Ii3HaBaHH 0COOM 3a 11 TOBEAIHKOBUMH 0CO-
OIMBOCTSAMU Ta HE epedavyaloTh MacIITa0yBaHHS CBO€T CUCTEMH B MAalOyTHHOMY, 1110 3HAYHO
3MEHIIYE IIAHCH IPOTPaMHU Ha PO3BUTOK Y SIKOCTI HE3aJIKHOTO JIOJIATKY UM €JIeMEHTa CUCTEMH
3axucTy. Yum Oinblle METOJIB PO3Mi3HABAHHS O0COOM 3a 1i MOBEIIHKOBUMHU OCOOJIMBOCTSIMH
OyJie IMIZIEMEHTOBAHO B CHUCTEMY, TUM OUIBIIY KUTbKICTh IEPCOHAILHUX MapKepiB Oy1e MOX-
JIUBO BiJICTEKYBaTH.

®opmyaroBaHHs wiseil. OciIbKE METOIU PO3ITi3HABAaHHS KOPUCTYBaya 3a HOro MOBEIIHKO-
BUMH OCOOJIMBOCTSIMH € MAJIO JOCHI/PKEHOIO CPeporo AisIbHOCTI B O10METpHUHii ayTeHTUdiKa-
111, TO SIK OIHY 13 LiJIed MO>KHA BUALTUTH CTBOPEHHS BJIACHOTO METOY PO3ITi3HABAHHS KOPUCTY-
Baya, HOT0 aHaJIi3 Ta MOPIBHSHHSA 3 ICHYIOUMMH PIIICHHAMH. TakoX, 1100 MOJIIIIITUTH CUTYAIIF0
y CBITI HayKH y cdepi TOBEIIHKOBOI 010METpii, METOIO € TOIIMPEHHSI HAITUCAHOTO METOY, Ha-
JaHHS MOTO Y BIAKPUTHHA JOCTYI. By/ie mpoBeaeHO Oriisa BUKOPUCTAHUX 3ac00IB PO3POOKH Ta
peasizarii, a TaKOX MPOAEMOHCTPOBAHO PE3YJIbTaTH POOOTH IOJATKY, Pe3yIbTaTh poOOTH HEH-
POHHOI Mepexi Ta rpadiky, 0 JeMOHCTPYIOTh MpaIe3JaTHICTh CTBOPEHOT'0 3aCTOCYHKY.

BukJjiag ocHoBHOro Mmartepiaiy. Sk Bxke OyJio 3a3Ha4€HO paHille, y il CTaTTi pO3TITHYTO
B)KE€ ICHYIOU1 METOIM PO3II3HABAHHS JIIOIMHU 32 ii TOBEAIHKOBUMH OCOOJIMBOCTSMH Ta MIPOTIO-
HY€ BJIACHUW METO]I TIOBEAIHKOBOI O10MeTpruYHOI ayTeHTH iK1, SKui Oyje po3TIITHYTO Y Jia-
HOMY po3/iii. ['0IOBHOIO METOIO CTBOPEHHS IIOTO JIOJATKA € HaJIaHHS WOT0 y BIIKPUTHH J10C-
TyH JJIsl TOTO, 100 HAYKOBIII Ta PO3POOHHKH, 110 3alliKaBJICHI B TEMi MOBEAIHKOBOI OioMeTpii
Moryii O Ge3neperKoIHO BUKOPUCTOBYBAaTH ab0 yJOCKOHAIIOBATH CTBOpeHe pimeHHs. CTBo-
peHa mporpama € HeoOX1HOIO Ta YHIKAJIBHOI0, a/pKe KOMIaHii, 0 BUKOPUCTOBYIOThH 3aCO0H
MOBEIIHKOBOI 010METpii, HEe MOMHMPIOIOTh BUKOPUCTAHI aJITOPUTMH, 00 1€ CTaBUTh i 3arpo3y
0e3MeKy TaHUX IXHIX KIIEHTIB Ta KOPUCTYBAviB.

CyTTIO pO3pOOICHOTO 3aCTOCYHKY € pO3ITi3HABAHHS KOPUCTYBaya 3a HOTo MOBEIHKOBUMU
0COOJIMBOCTSIMH, TAKUMH SIK OCOOJIMBOCTI HaOOPy TEKCTy Ha BIpTyaslbHIN KiaBiaTypi cMapT-
¢oHy Ta 0cOOIMBOCTI B3aeMOIi 31 cMapT(OHOM Iij] Yac KOPUCTYBaHHS HUM. Po3pobneHuii
JIOIaTOK 3/ITaTHUW PO3ITi3HABATH KYT HaXwmiIy cMapThOHY 0 KOKHOI 3 oceit X, Y Ta Z (po3pa-
XOBYETHCSI KyT Opi€HTaIii cMapTHOHY Y MPOCTOPI BIIHOCHO OJMHUYHOTO BEKTOPA KOXHOI 3
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oceit). Ili mani 30uparoThCsl i 9ac BBOAY KOPUCTYBayeM JIOTIHY Ta IMApOJIIO Ta BiJIPaBIIsi-
IOTHCSl Ha CepBEP IMICIsI HATHCKAaHHI Ha KHOIIKY, SIKIIO JIOT1H Ta MapoJib € JO0CTOBIpHUMH (BBa-
KA€ETHCS, 110 KOPUCTYBAY BXKE € 3apEECTPOBAHUM B CUCTEMI Ta OMY BiZIOMi JIOTiH Ta MapoJib).
OTtpumani JaHi pO3MOAUISIOTHCS 32 TAKUMHU KPUTEPISIMU:

- 4yac BBEJICHHS JIOTiHY;

- 4ac BBEJICHHS MapOJTIO;

- gac BiJ| IOYATKY 3aIlIOBHEHHS MOJIIB JIJIsl BXOLY /IO HATHCKAHHS HAa KHOTIKY aBTOPH3aIlii;

- IBUJIKICTh BBEICHHS JIOTIHY (OOUMCITIOETHCS SIK KUTBKICTh BBEICHUX CUMBOJIIB 32 CEKYHITY );

- IIBU/IKICTH BBEACHHSI TAPOJTIO (OOUHCITIOETHCS SIK KUTBKICTh BBEJICHUX CUMBOJIIB 32 CEKYH]TY);

- KUTBKICTh HATUCKAaHb KHOMIKH backspace i 4ac BBeIeHHS JIOTiHY;

- KIJTbKICTh HATHUCKaHb KHOMKHU backspace mi yac BBEEHHS MapoJIio;

- MAKCUMaJIbHUM Ta MIHIMQJIBHHUI KYT BiTHOCHO OCi X;

- MAKCUMaJIbHUM Ta MIHIMQJIBHHUI KYT BiTHOCHO OC1 Y;

- MAaKCHMaJIbHUH Ta MiHIMAITbHUHN KyT BIIHOCHO OCi Z.

OTtpumanuii cTek 1aHuX (GOPMY€ETHCS B 00 €KTI, SIKUI 3a34aJIeT1b BBAKAETHCS «IOCTOBIp-
HUM», TOOTO 32 OTPUMAHMMU JaHMMHU BijJ KOpUCTyBaua Hajaii OyJe HaTpEeHOBaHA HEHpPOHHA
Mepexa. OTpumaHni 1aHi 30epiraroThes y (aiii THITY json 3 MITKO0 Accept IpHu BUBO/I1 PE3YJIIb-
tatiB. YacTuHa, cpopMOBaHa 3a TaHUMH KOPHUCTyBaya, 300pakeHa Ha puc. 1.

{
input: {
LoginEnter: 5.321,
PasswordEnter: 2.492,

LoginPasswordEnter: 8.544,
LoginSymbPerSec: 2.78260869565217,
PasswordSymbPerSec: 6.38977635782748,
LoginBackSpace: @,

PasswordBackSpace: 0,

AlphaMin: -106,18572508418643,

AlphaMax: @,

BettaMin: @,

BettaMax: 33.46849725385817,
GammaMin: -3.09186804880998,
GammaMax: 16.7154775595426

¥
output: { Accept: 1 }

Puc. 1. Cihopmosanuii cmex oanux 3a pe3yiomamamu 6600y KOPUCMYBAUd.

YacTtuHa input € JaHUMH, 32 IKUMH TPEHYEThCS HEHPOHHA MEpeka, a yaCTHHa output gae
HEHWPOHHIN MepeXKi BiIMOBIIb HA MUTAHHS, YH II€ IIHCHO KOPUCTYBad ab0 BCE K TaKM CaMO3Ba-
Hellb, III0 HAMaraeThCsl BUJATH ceOe 3a 3apeecTpoBany oco0y. [ToBimomienHs Accept o3Hauae,
1110 KOPUCTYBau OyB YCIIIIIHO aBTOPU30BAaHUN. AJITOPUTM PO3pOOJIEHOT TporpaMu, a came 4a-
CTUHH TPEHYBAaHHS HEHPOHHOI MEpeXi Ha po3Mi3HaBaHHSI 0coOU 3a i TOBEIIHKOBHMH OCOOJIH-
BOCTSIMH, 300pakeHO Ha puc. 2, a.

Ha puc. 2, 6 300pakeHO aroOpuTM 3aITyCKy B)KE€ HATPEHOBAHOI HEHPOHHOT MEpexi, TOOTO
AJTOPHUTM PO3ITi3HABAHHS 0COOM 3a OT0 MOBEIIHKOBUMHU OCOOJIMBOCTSIMH, 32 IKUMU OyJa Tpe-
HOBaHa HelpoHHa Mepexka. i anropuTMu myxe CX0Xli, ajge OMUCYIOTh pi3HI (DyHKIIT: train Ta
run, 3aJeKHO BiJl HATUCHYTOI KHONKH y rpadiyHOMY iHTep(eici.
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==

Bianpapienus BBeleHNX

JAaHHX Ha CCpBCp

v

HIndpysamnms

OTPHMAHHOTO T1ApOJIHO

v

3amie 310panHUX JaHHX ¥

paiin json

v

I'enepaitist XHOHIX JIaHHX

Ha OCHORI O IPHMaHHX

JTaHux

v

Sanmc 3ICHCPOBAHHX

JaHHX 710 daitmy json

v

3anyck TpeHYBaHHs

HefpOHHOI Mepeski Ha

OCHOBI OT pPHMaHOTO

(hailiy json

a)

Cr D
==

Hi,ll IPABJICHHS BBEICHHX

JaHHX Ha cCpBep

v

¢ pysanis

OTPHMAHHOTO IapoJIHy

v

Otpumani 1ani

BLIIPAB/ICHH] Y Hel[poHHY

MEpeKyY

Heiiponna mepeska
po3Ii3Haia KopHeTyBada?

IMosimoMenns [Tosiomiuens

LIPO HeBAAUY PO yeIIix

P

0]

Puc. 2. Aneopumm po3pobnenoi cucmemu posnisHasauHs 3a NO8EOIHK080I0 DioMempicio:
a — aneopumm mpeHy8anHs HetupoOHHOI Mepedxci, 6 — aneopumm 3anycKy HeupoHHOi Mepeici

Po3pobnena nporpama € KIIi€HT-CEpPBEPHUM JOJATKOM JUIsl MOOUIBHUX TUIATPOPM, a came
Android Ta 10S, 1o poOuTh HOro yHIBEpCATBHUM ISl OUTBINOI KITBKOCTI CMapT(OHIB HA pH-
HKy. KpocimatdopmeHnicTs 00yMoBIIeHa PO3POOKOIO KIIEHTHOI YAaCTHHU MTPOrPaMH 32 JOMOMO-
roro QpeiimBopky MoBu JavaScript — React Native. CepBepHa 4acThHA MPOEKTY po3poldIieHa
3aBJSIKM MPOTpaMHii miatdopmi node.js.

OcHOBOIO pO3pO0JICHOTO MPOEKTY € HEHpoHHA Mepeska Brain.js. Came 11e# iHCTpyMEHT aHa-
Ji3y€e OTpUMaHi JIaHi, PO3MOIUIAIOUN 1X Ha JB1 Kareropii — Accept i Reject, a Takoxk BUKOHYE
pO3Mi3HaBaHHA 0COOM 32 OTPUMAHUMHM JaHUMHU, (POPMYIOUH BIAMOBIAb 3anUTy KiieHTa. CTpy-
KTypHa cXeMa po3p0o0JIEHOTO 3aCTOCYHKY 300paXkeHa Ha puc. 3.
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CLIENT

class KeyActivity se——

| | Sto)

Y
s IRy v | ks

x: -1.34178y: 0.83903z: 0.08171 TimeCounter

Login form
| | KeyPressed

function
GetNeuralNetworkAnswer()
L swp

RUN NEURAL NETWORK

on click:

Data

Gyroscope

L

DataPack
LoginEmerﬂmel PassEnterTime I

LoginPassEnterTime ] LoginBackSpace |

LoginSymbPerSec | AlphaMin | BettaMin
PassSymPerSec | AlphaMax | BettaMax

|

Json over HTTPS

&

SERVER

Train
Login |€—GetEncrypredData-
GetDataPack

GenFalseDataPack

Reply

PassBackSpace

GammaMin

{Tmnt
Run
NN Ri GetDataPack

Puc. 3. Cmpykmypua cxema po3pobieno2o KiieHm-cepeepHo2o 000amKy

VY pe3ynbraTi poOOTH MOXIJIMBO OTPUMATH JIBI BIAMOBII, a came Accept i Reject. Pesyinb-
TaT 000X BUMIAKIB 300pakeHi Ha puc. 4. Takox puc. 4 imocTpye rpadidHy CKIaJ0BY YaCTHHU
KJIIEHTA, a caMe JIB1 KHOTIKH, SIKi B1IITOB1IAIOTh 32 TPEHYBaHH: HEHPOHHOT Mepexi Ta 11 3aIycKy
BIJIMOBITHO. € IBa OKPEMUX TEKCTOBUX ITOJISI JJISI BBOAY IMApPOJTIO Ta JIOTiHY. TakoX Ha eKpaHi
NPUCYTHI 3HAYEHHS KYTiB HaXUJITy CMapT(OHY BITHOCHO KOXKHOT 3 oceil koopauHart (X, Y 1 Z).
L1 3HaYeHHs IPE/ICTAaBIICH] B pajliaHaXx.

Login form Login form

%: -0.51431y: 0.47583z: 0.03816 x: 2.83919y: -0.06669z: 0.20258
ACCEPTIN! REJECT...

RUN NEURAL NETWORK RUN NEURAL NETWORK

Puc. 4. I'paghiunuii inmepgetic krienma 3 08oma eapiaHmamu
8I0N06I0I cucmemu 3a1eHCHO 8i0 OMPUMAHUX OAHUX
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Byno npoBeneHo Aekisibka €KCIIEPUMEHTIB y pO3pOOJICHI mporpami, mo0 OMIHUTH TOKa3-
HUKH TOMUJIOK NIEPIIOTO Ta IPYroro POy, JOUUIbHICTh BAKOPUCTAHHS BEIHKOI KiJIbKOCTI Tpe-
HYBaJIbHHX JIAaHUX, 3QJIC)KHICTh Yacy, 110 BUTPAYA€THCS HAa TPEHYBaHHS, Ta IMOBIPHOCTI TIOXH-
OKM 3aJIe)KHO BiJ KIJIBKOCTI TPEHYBAJIBHUX JaHUX. Pe3ynbTaTH IUX €KCIepUMEHTIB OyIyTh
MIPEICTABIICH] HIDKYE.

JIist IepIIoro eKCrepruMeHTy OyJi0 BUPIIIEHO MOPIBHIOBATH BIATYKH CUCTEMH Ha Pi3HY Ki-
JBKICTh BX1AHUX JaHuX. HelipoHHa Meperka BiJIMOBiIa€ HA OTPUMAHUM MMaKeT TaHUX JJIS 3aIy-
cKy (yHKIIi, pe3ynpTaTi 4oro 3adikcoBaHi Ta BioOpaskeHl y BUTIIAAL rpadikiB 3a€KHOCTI
“MoBipHOCTEH BiamoBiai Accept Ta Binmosini Reject. Biamosiai cucteMu 3 KITBKICTIO TPEHY-
BajbHUX JaHuX A0 100 BXomkeHb Oy JOCUTH TOUIUPEHI, Ta HE JaBAJIM YiTKOI BIAMOBIII, ae
nounHarouu 3 500 BXO/KEeHb Ta Jalli, CUCTeMa moBouia cede aenani kparie. Ha puc. 5 300pa-
KeHl rpaiky, Ha SKUX CHCTeMa CIIOYaTKy Maja BiJICIITH pealbHuX KOpHCTyBauiB (puc. 5, a),
a TIOTIM HamMaraTucs po3Mi3HaTH 3JIOBMUCHUKIB (pHC. 5, 0).

0,16 I
N, 0,16
'I-‘~

0,14 - 0,14
0,12 . 012 |
0,10 0,10 ~

0,08

Accept
(=}
=S
8
Accept

0,86 0,88 0,90 0,92 0,94 0,96 0,98 1,00 0,86 0,38 0,90 0,92 0,94 0,96 0,98 1,00
Reject Reject

Puc. 5. Pezynomamu excnepumenmy na 1000 6xo0xiceHn:
a — po3ni3zHasanHs Kopucmysaua, 6 — YHUKHEHHS CaMO36aAHYsL

3BHuaiiHO, YMM OiNbllle BXO/DKEHb HA TPEHYBaHHS HEHpoHHOI Mepexi (iTepariif), THM
Kpalle BOHA IOBOJIUTH ce0e B pealbHOMY BUKOPUCTAHHI. JlJI1 HACTYITHOTO €KCIIEPUMEHTY OYJI0
BukopucTtano 3500 BXiIHUX JaHUX SK 7S TPEHYBaHHS HEHPOHHOI Mepexi, Tak i 1y 11 3amy-
cKy. L1 pe3ynpTatu Oynu HaONMMkKeH1 J0 1AeanbHUX. bUIbIIICTh BXOKEHb HAa (QYHKIIT 3a11yCKy
HaOJMKAIOTHCS 10 OJUHHII — MAKCUMAaJIbHOI HMOBIPHOCTI 1O3BOJIY YM BIATOPTHEHHS. Pe3yb-
TaTH 1OTO EKCTIEPUMEHTY 300pakeHi Ha puc. 6.
0,16 0,16

0,14

Accept
=
o
8

Accept

0,00 0,00
0,86 0,88 0,90 0,92 0,94 0,96 0,98 1,00 0,86 0,38 0,90 0,92 0,94 0,96 0,98 1,00
Reject Reject

Puc. 6. Pezynomamu excnepumenmy na 3500 6xo0xcens.
a — PO3NI3HABAHHI KOPUCIYBAUA, 6 — YHUKHEHHS CAMO36AHYs.

3a oTpuMaHuMH TaHUMH Oyio chopmoBaHo rpadiku, 300pakeHi Ha puc. 7, 8 Ta 9. A came
rpadik 3a1eXHOCTI KMOBIPHOCTI MOXUOKH BIAMOBII HEHPOHHOT MEPEXkKi BiJl KUTBKOCTI JaHUX
TSl TpEHYBaHHs, rpadik 3aJIeKHOCTI Yacy TPeHYBaHHSI HEUPOHHOI MEPEXi BiJl KITBKOCTI JaHUX
JUIs TPeHyBaHHs Ta Tpadik, 0 UTFOCTPYE 3aJeKHOCTI Yacy TPEHYBaHHS BiJl HMOBIPHOCTI IO-
XUOKH Ha OCHOBI KUTBKOCTI JJAHUX JIJI TPEHYBaHHS BiJIITOBITHO.
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Puc. 7. I'paghix 3anesxcnocmi umosiprocmi noxudxu 8i0 Kitbkocmi 0aHux 0Jisi mpeHy8aHHs
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Puc. 8. I'paghix 3anesxcrnocmi wacy mperysanHs HeUpoOHHOI Mepexci
610 KilbKOCMi OaHUX OJisl MPEeHYB8aAHH s
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3 oTpUMaHUX JIaHUX MOKHA 3pOOUTH BUCHOBOK, IO KUTBKICTh BXOKeHb Bix 2000 mo 2500
€ ONTHUMAJIPHOI0, 00 BUKOPUCTOBYE CEPEIHIO KIJTLKICTh PECYPCIB KOMIT FOTEpA, 3aiiMae B cepe-
THBOMY 9 CeKyHJ Ha TPEHYBaHHS Ta HaJIaHHs BIMOBI/I. 3BUYAHO, HMOBIPHICTh IMTOXHOKHU HE
€ 171eanbHOI0, alle YMM MEHIIE el TOKa3HUK, TUM OUTbIIe Yacy BUTPAYAETHCS HA TPEHYBaHHS
HEeHpoHHOT Mepexi. 3rifHo 3 rpadikamu Ha puc. 7, 8, 9 MaKCUMAaIbHUIA JOMYCTUMUN TOKAa3HUK
iimoBipHOCTI MoxuOkH € 2000 BXOKECHb.

BucHoBku. VY 11iii po6oTi OyJI0 BUCBITICHO MPOOJIEMY HEAOCTATHHOI TOCIIHKEHOCTI TEMH
po3mi3HaBaHHA 0Ci0 3a TXHIMU IMOBEIIHKOBUMH OCOOIUBOCTSIMU, Ta HAAAHO PILICHHS K MyOTi-
Karlisi KOAYy 1€l CUCTEMH Y BIIKPUTOMY JOCTYTIi, IO JJA€ MOYKJIMBICTD JUTSI IHIIIMX HAYKOBITIB Ta
PO3pOOHHMKIB, sIKi 3alliKaBJICHI B 11 TEM1, BAKOPHUCTOBYBATH PO3POOJICHHI TOTATOK Y BIACHUX
JIOCJTI THUIIBKUX IIUISIX, @ TAKOK MTPOJIOBKYBATH PO3POOKY 3 TOAaBAHHSM IHITUX METO/IIB MTOBE-
JIHKOBO1 O10MeTpii Ta MOJIMIIICHHS aJITOPUTMY HaBYaHHS HEMPOHHOT Mepexi. bymu po3risayTi
3aco0u peaizarlii po3po0JIeHOTO A0JaTKY, CTEK BUKOPUCTAHUX TEXHOJIOT1H, TaKi Ik MOBa PO-
rpaMmyBaHHs, GpelMBOPK I pO3pOOICHHS KpOCIUIaTHOPMEHHUX MOOITFHUX JOJATKIB, MPO-
rpaMHe 3a0e3neueHHs sl TiATPUMaHHS BIACHOTO CepBepY, 3aci0 TpeHYBaHHS Ta 3aTyCKy HE-
pPOHHUX Mepex Ta iHme. Po3pobneHa mporpama Oyia JeTanbHO MPOAHATI30BaHA, MPO IO
CBIJTYaTh HAJIaH1 PE3YJIbTATH MPOBEICHUX CKCIIEPUMEHTIB. 3alIPOMIOHOBAHUIN JTOJIATOK JEMOH-
CTpPY€ JOCUTh HETOTaHi pe3yibTaTH, CIIMPAIOYUCh Ha OTpUMaHi rpadiku pe3ynbTaTiB, 110 CBi-
JTYUTH PO HEOOX1THICTh MPOTOBKEHHS PO3POOKH i T0JjaBaHHS Ta 1HIIMX MOBEIIHKOBUX METO-
JIiB 010METPUYHOI ayTeHTH(IKAITI].

[Tporpamy HE0OXiTHO PO3BUBATH SIK TIATGOPMY ISl TECTYBAaHHS PI3HOMAHITHUX METOJIIB
MOBEIIHKOBOI O10METpii, /I aHATI3yBaHHs CIPOO 3JIOBMHCHHUKIB BIATBOPHUTH BiOMI HOMY
0COOJIMBOCTI KOpUCTyBaya. Takoxk, CJIij] IMIUIEMEHTYBATH pealibHy 0a3y AaHuX JJis 30epiraHHs
JAHUX IS KOXKHOTO 13 3apeeCTPOBAHUX KOPUCTYBAUIiB.
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Anastasia Kosareva, Pavlo Rehida

TOOL FOR BIOMETRIC AUTHENTICATION BASED
ON USER BEHAVIORAL FEATURES

Biometric authentication is one of the most common ways to identify a person. However, the topic of behavioral biometrics
is almost unstudied, and those authentication methods can significantly increase the level of security of personal data, but it is
still not implemented in modern devices due to lack of an existing researches and scientific works.

It is a very important issue to ensure the integrity of personal data by hackers or attackers, so password recognition is being
supplemented by biometric authentication. Today, the most common methods are to recognize users by fingerprint or facial
geometry. But even such personal characteristics can be made public. Therefore, research on behavioral biometrics is essential,
as such authentication methods do not require additional effort from the user and can complement the security system.

There are currently such behavioral biometrics methods that use keyboard typing dynamics, keystroke type strength,
typing speed, and other criteria studied in described papers by authors such as Abdulaziz Ali Alzubaidi, Yugal Kalita, Troyan
and Ortmeyer, and others.

Since the methods of user recognition by its behavioral characteristics are not studied enough in the field of biometric
authentication, one of the goals is to create authors’ own method of user recognition, analysis and comparison with existing solutions.

The aim of the paper is to create a platform for analyzing various methods of behavior authentication and its spreading
through open source policy. This will help researchers and scientists to conduct their own experiments and improve the level
of protection by behavioral biometrics methods.

The created method of user recognizing by their behavioral features is described, namely by means of dynamics of
keystrokes, speed of typing, angle of inclination of a smartphone during its use. The neural network, which is trained for
personality recognition, responds to the generated data packet to run the function, the results of which are recorded and
displayed in the form of graphs of the probabilities of the Accept response and the Reject response.

The system of user recognition by their behavioral features, which is provided in open source, is developed, the created
program is analyzed and results of its work in the form of graphs are provided. It was concluded that the maximum allowable
error rate is 2000 data occurrences.

Keywords: biometrics; authentication; behavioral characteristics, keystroke dynamics; neural networks.
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CIIOCOBU MYJbTUKAHAJIBHOI MAPHIPY]:I/BAHIi
B MEPEKAX HAJJIMIIKOBOI'O JIE BPYINHA

Y emammi posenanymo cnocobu bazamouinaxogoi (MynemuKaHanrbHoi) mapupymuzayii 8 Mepescax, no6y008aHux Ha OCHOGI
mononozii Haonuwkoeozo de bpyiina. Ha ocnosi icHyouux aneopummie mapupymu3ayii 3anponoHo8aHo psio nioxoois, wo noeo-
HYIOMb NPUHYUNU CIMAHOAPMHUX A20pUmMmie mapupymusayii 6 mepedici 0e bBpyiina ma enacmusocmsx énache mononoaii. s
KOJICHO2O NiOX00Y HAOAHI MeopemudHUll ONUC ma NPUKIA0 GNPOBAONCEHHS 3 2pAiUHUM 300padicenHsm npunyuny pooomu. Ha
OCHOBI pO3pOONIEHUX pilieHb BUKOHAHO AHATI3 3aNPONOHOBAHUX CNOCODI8 HA NpeoMem nepesaz ma HedoiKie, WEUOKOCMI ma 3a-
CMocoeanocmi. I3 ypaxy8anHsam GUCHOBKIB, OKPECIEHO HANPAMKU OJist MAUOYMHIX MeopemuyHUX ma RPaAKMuyHUx 00CIIONCEHD.

Knruoei cnosa: mepeorci 0e bpyiina; banancysanna mpagiky, mapupymusayis, mononozis, pag.

Puc.: 6. Tabn.: 2. bion.: 4.

AKTYaJbHICTh TeMH A0cTiTxeHHss. CTaHOM Ha ChOTO/IHI MEPEKEB] TEXHOJIOTI € OCHOBOIO
IHTEepHET-KOMYHIKalliil y BcboMy CBITi. OCTaHHIMU JECATHIITTAMH KUJIbKICTh KOPUCTYBAUiB IJ10-
OanbpHOT Mepe:ki 301IbIIMIIacs B reoMeTpHuHii mporpecii. Kpim Toro, Mmepexi akTHBHO BUKOPH-
CTOBYIOTBCS 1 JUII BHYTPIIIHBOTO KOPUCTYBAHHS JEPKABHUMHU Ta MPUBATHUMHU KOMITaHISIMU B
pi3HHX KpaiHax. Po3aMip Mepex ctae aenani OUIbIINM, KUTBKICTh TpadiKy 3a paxyHOK HECTPUM-
HOTO PO3BHUTKY MOTY>KHOCTEH KOMIT FOTEPHUX IMPOIIECOPIB TaKOXK MIBUIKO 3pocTae. Lle mopo-
JOKy€ Tpo0IeMy MapIIpyTH3allli TaHuX y 3HaYHO 30UTBIIEHUX MEpexax Ta OallaHCyBaHHS Tpa-
GbiKy y HUX TaKMM YHHOM, 1100 YHUKHYTH TIEPEBaHTAXECHD BY3JIiB Ta 3B’ SI3KIB.

Tomnomorist HagMIIKOBOTO J1e bpyiiHa — MOBOJII MepCIeKTHBHA Ta JOOpE AO0CIIHKEHA TOMOJI0-
Tist UIsT KOMIT FOTEPHOI MEPEexi, 0 AEMOHCTPYE OJHOYACHO M0OpY HAIIHHICTh Ta BiIIMOBOCTIH-
KICTh, @ TAKOXK TIEPEKOHJIMBO T'apHI TOMOJIOTIYHI XapakTepucTUKU. OIHIEIO 13 KIIFOYOBUX 0COOIH-
BOCTEH I1i€1 CTPYKTYpHOI OpraHizallii € HasiBHICTb IPOCTUX Ta HAAIMHUX MiIXO0/IB MapIIpyTH3arlii,
1110 0a3yrOTHCs HA BIACTHBOCTSIX TOIOJIOTII 1 32 paXyHOK I[bOTO JEMOHCTPYIOTh Kpallli IIBUJIKICHI
XapakTepucTHKU. [IpoTe y HasiBHUX pillieHs € 1 psi HenomikiB. Hacammnepen yci po3riisiHyTi paHiiie
crocoou 3a0e3MeuyroTh 3HAXOHKEHHS JIMIIE OJHOTO MApIIPYTy MK BY3JIaMU BiANIPABICHHS Ta
NpU3HAYEHHS, 1110 POOUTH HEMOXUIMBUM iX 3aCTOCYBaHHS Ul MapaliesibHOl Iepenadl JaHuX 10
KUTBKOM KaHaaM ofipa3y. TakoK HEpO3IJITHY TUM 3aJIMIIAI0THCS TUTaHHS MOITYKY ONTUMATbHUX
MapIIpyTiB, MTUTAHHS BPaxXyBaHHS 3aBaHTAKEHOCTI MEPEXi, a TAKOXK TMTUTAHHS a/IallTaIlii BXKe Hasl-
BHUX QJITOPUTMIB 3 METOIO 30€pEKEHHS IXHIX KIIFOYOBHX TIEpEBar.

HapoOxwu, 1mo cTBopeHi B OAIOHOMY AOCTIHKEHH1, MOXHA OyJ10 O BUKOPUCTATH IS TTO/1a-
JBIIOTO PO3BUTKY MOOYAOB KOMIT IOTEPHUX MEPEX Ha OCHOBI CTEKY TOMOJIOT] HAJTUIIIKOBOTO
ne bpyitHa Ta 3anpornoHOBaHUX CIIOCOOIB MapHIpyTH3aLii y Hill, B TOMY YHMCI1 IPOEKTYBAHHS
MepeX Ha OCHOBI MEPCHEKTUBHOI TEXHOJIOT1] MporpaMHO-KoH(pirypoBanux mepex (SDN).

ITocranoBka npo6semu. Tonosnorist HaaIMIIKOBOTO e bpyiiHa € HaiifHOIO Ta MIBHIKOIO
JUISL KOMIT FOTEPHUX MEPEeXk, O/IHAK ICHY€ HEOOX1THICTh B pO3p0o01Ii Crioco0y MapIipyTHU3allii, SKuit
O BpaxOBYBaB IIBUAKY 3MiHY cTaHy Mepexi. Kpim Toro, ajs 1i€i Tonosorii He iCHy€ BJIaCHHX
AITOPUTMIB MYJIbTHKAaHAJILHOT MapIIPyTU3allii, TOMY iX po3po0Ka € aKTyaIbHOIO TIPOOIEMOIO.

AHaJi3 ocTaHHIX gocaixxeHsb i mydaikanii. Tonosmoris HaammmkoBoro e bpyiina 3ara-
J0oM 100pe BUBUEHA Ta OMMCaHa B 0araThoX HayKOBUX MmyoOumikarisx [1; 3]. 3 myOumikarii Bigomi
00p1 XapaKTEPUCTUKH IIi€] TOMOIOTIi, BIAMOBOCTIMKICTh. OIHAK, SIK 3a3HAYATIOCS TPH TOCTa-
HOBIII 3a7a4l, A7 Hel HeMae po3poOJIeHUX CIIOCO01B MapIIpyTH3AILIi.

HuHi He icHy€e A0CHiKEHb, sIKi O TPOBOAMIH ONUC HOBUX PO3POOJICHUX CIIOCOOIB MYJIBTH-
KaHAJIbHOI MapupyTH3auii Tpadiky UIsi MEpexi 3 TOIMOJIOTIEI HAUIMIIKOBOro e bpyiina ta
MPOJIEMOHCTPYBaIH O Pe3yabTaTH IXHROTO MPAKTUIHOTO BUKOPUCTAHHS.

Bujinenns HeqocailzkeHUX YACTHH 3arajibHOI npodaemu. HegocmipkeHi 9acTHHU O -
caHo1 MpoOJIEeMHU 3BOJATHCS JI0 BIJICYTHOCTI CITOCO0IB MyJIbTHKAHAIBHOI MapuIpyTH3aiii, po3-
pOoOJIEHHX CTeIiaTbHO JUTSl TOTIOJIOT1T HaIITUIIIKOBOTO /ie bpyitHa. B Toit uac sik cama Tormosoris
BHUBYCHA i 0Ope omucaHa, OamaHCyBaHHS TpadiKy B Hii, HOTO MOKJIUBICTh Ta MIEPCIICKTUBHU €
HEIOCHIIHKEHNM.

© T'onuapenko O. O., Yepenarenko O. B., 2021
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Jlo Toro X, He3BaXKalouu Ha Te, 10 PO3pOOJICHI aITOPUTMHU MapIIPyTHU3AIIi1, IS TOMOIOT]
HEOOXiJTHO BUKOHATH TXHIM MOPIBHAIBHUINA aHaNi3 A1 BUOOPY OIHOTO a00 KUIBKOX 3 HUX JUIs
MOAAJIBINOT pO3p00OKH crioco0y OataHncyBaHHs TpadiKy B Mepexi HaITMITKOBOTO Ae bpyiiHa Ta
BIIPOBA/KEHHSI CTBOPEHOT'O PIllICHHS.

Meta nocaigxennsi. MeTa 1i€i cTaTTi — BA3BHAYNTH, YU € MOXKIIMBOIO Ta MPAKTUIHO O0TPy-
HTOBaHOIO PO3pO0Ka Ta BIPOBAPKEHHS CIOCOOY MYJIbTHKAHAJIBHOI MapIIpyTH3alii creria-
JBHO ISl TOMOJIOTI HaJUIMIIKOBOTO Ae bpyiiHa. [{ns gocsrHeHHs metu OyayTh 3aCTOCOBaH1
TEOPETUYHI JOCITIKEHHSI MOXIIMBUX PillIeHb TA MPAKTUYHI €KCTIEPUMEHTH 3 IEMOHCTPAIIEIO 1
aHaJII30M Pe3yJIbTaTiB.

Buxusiag ocHoBHoro marepianay. Tomonoris HammmkoBoro e bpyitna (Excess de Brujin
topology, EDB), Takox Biioma sk KBa3iKBaHTOBA, — I1€ Jic bpyiH-moA10Ha TOMOIOT1s1, CHHTE3 SKOi
0a3yeTbCs Ha OIepallisx MOPO3PSAHOTO 3CYBY, a Ul HyMepallii By3J1iB 3aCTOCOBY€EThCS Ha UTHII-
KoBe OiHapHe mpezcTaBieHHs (redundant binary representation, RBR) a6o iHmmit HaaimkoBuit
(excess) koa. et koJ1 BIAPI3HAETHCS BijI 3BUYAHOr0 O1HAPHOTO HASBHICTIO B adasiTi dpu -1,
10 MMO3HAYAETHCSI CUMBOJIOM T, 1 JIETKO MOXKe OyTH TIPEICTABICHUNA Y 3BUYAHOMY JIBINKOBOMY
NPUCTPOI Yepe3 BUKOPUCTAHHS 3HAKOPO3PSITHOTO MO3UIIHHO-3IMIIIKOBOT0 KOyBaHH [1].

Ha puc. 1 npencraBieHo TOMOIOTIIO0 HATUIIKOBOTO J1e bpyiiHa panry 2, a Takox — JiepeBa

MapuipyTu3auii 1 Hei [2].
(=) () )
OO OO OGO

Puc. 1. Haonuwxkosuii oe bpyuin 2 paney 3 oepesamu

KirrouoBuMu 0cOOIMBOCTAMH I11€1 TOMOJIOTIT € BUCOKHUH NOTEHIIIaI JJIsI BIIMOBOCTINKOCTI
Ta MPOCTOTAa MAPUIPyTHU3AIil MPH JOCUTh HEMOTAaHUX TOMOJOTIYHMX XapaKTepUCTHKax [3].
HasiBHICTh ambTepHATHBHUX MPEJCTABJICHB 1 AEPEB, Y CBOIO UEPry, JO3BOJISE 3a0€3MEUUTH
BiIMOBOCTIHKICTb IpH nepenadi faHux [4]. Po3ristHyTHME € TUTaHHS peajtizanii Tomojorii y
BUTJIAJII KOMYTOBaHOI MEpEXKi, a TAKOXK 3a0e31MeueHHs] BUCOKOI BIIMOBOCTIHKOCTI SIK Ha PiBHI
o0unciIeHb, Tak 1 Ha piBHI nepenadi gaHux. Lle poOuTh ii rapHUM KaHIUIATOM K (HI3UUHY
TOTIOJIOTI0 CUCTEMHU.

AHaJ3yr04# 0COOJIMBOCTI MPEIMETHOI 00J1acTi Ta 0OpaHi PillIeHHsI, MOYKHA 3arajioM BHU/II-
JUTH PSiJ] TUTAHb.

[To-niepiire, 0JTHIEIO 13 KIIFOYOBHUX MPOOJIEM TaKOi METPUKH, K Tpadik Mepexi € Horo 3MiH-
HicTb. [lepir HiXk cucTeMi BIacTbcs 00paxyBaTu MOTOYHY 3aBaHTaKEHICTh Ta MOOYAyBaTH OIl-
TUMaJIbHI MapIIPyTH — CTaH MEPEX1 BJKe 3MIHUTHC. L[e cTaBUTh BUCOKI BUMOTH JI0 aITOPUTMIB
MapIIpyTU3allii B KOHTEKCTI MBUAKOIL. 3 1HIIOT0 00Ky, Taka METPHUKA, SIK AUCTAHIIIS B XOMax
€ OUTBIII CTATUYHOIO, & TOMY KOHIICHTPAIIisl Ha 1[I METPHIIl € ATbTEPHATUBOIO Tpadik-aganTu-
BHOMY aJITOPUTMY, XOU II€ 1 IKOAUTAME (PaKTHUYHII MIBUAKOCTI epeaadi.

[To-gpyre, niist Mepex THITY Ha[UIUIIKOBOTrO e bpyiiHa He iCHye BIaCHHUX alrOpuUTMiB My-
JbTUKAHATBHOT MapupyTH3aiii. Lle cTaBuTh B npiopuTeT 3a1a4y po3poOKH TaKUX aJTOPUTMIB.
[Tpuyomy mpu po3poOITi BApTO 3BEpTATH YBary Ha BXKe HasBHI OJJHOKaHAIbHI alTOPUTMH, OCKIi-
JBKUA BOHU € JJOCUTH MPOCTUMH, IIBUAKUMH Ta BIAMOBOCTIHKUMHU. SIK HACHIIOK, MyJIbTUKAaHA-
JbHE PIIIeHHS, M0 0a3yeThCs HA TAaKWX aJrOpUTMaXx, MOTEHIIMHO MOKe 3a0€3MMeUnTH Kparli
XapaKTePUCTHKH, HI’K YHIBEpCAIbHUI aJITOpUTM.
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Tako>x AJ11 HAOYHOCTI TIOPIBHSHHS aJITOPUTMIB HEOOX1THO 3a34aJI€Ti b BU3HAYUTHCH 13 TIPUK-
nanom. Ha puc. 2 306pa>1<eH1/H71 rpad nepemayi JaHuX, Ha sSIKOMY Oy 1€ TIPOBOAUTHCH TIOPIBHSIHHS.

o o)
& %

Puc. 2. I} paqblk nepeoayi 0aHux

Hexait mxepenom S € By3zon 1T. Byznom npusnauensst D — 00. HeoOxinHo BUKOHATH miepe-
Javy MaHuX, cTBOpUBIIHM k kaHamiB nepenadi. [Ipu npomy 6axano (aie He 000B’3K0BO), 100
BOHM MaJIM MiHIMaJbHY JIOBXKHHY y Barax Ta XoIlax, a TaKOX He rnepeTuHanuck. [Ipoanamnizy-
BaBIIHU CTPYKTYPY MEPEKi Ta KJIaCHUUYH1 aITOPUTMU OJJHOKAHAJIbHOT MapIIpyTH3allii, MOXKHA OJ1-
pasy 3ampoIioHyBaTH SK MIHIMYM 4 TIPOCTUX MIA0JOHHUX PIMIEHHS, IO MOXKYTh OYTH MO€THA-
HUMH MIK COOOIO JIJIsI TOCSITHEHHS Oa)KaHUX XapaKTEPUCTHK.

Haiinpocrinie 1BokaHa/IbHe pillieHHs. [1est 1Tboro anropuTMy IyKe mpocTa i 0a3yeThes Ha
cTaHjapTHii MapmpyTtusaiii ne bpyiina. Bona peanisyerbcs uepe3 BCTaBICHHS PO3PAIIB MPH3-
Ha4yeHHs B Ko Jpkepena. [lpu 1iboMy Hampsim 3CyBY € 3a37alieriib JeTepMiHOBaHUM. AJITOPUT-
MOM TapaHTYEThCS, IO BY30JI TPU3HAYCHHS Oy/Ie TOCSITHYTHM PiBHO 3a R xomiB.

Jloriunum po3BUTKOM II€T 1711 € BUKOHAHHA 3CyBY B ABOX HampsMkax. Lle maiike He yckia-
JHUTH CaM aJrOPUTM 1 MaJIO BIUIMHE Ha IIBUAKOIIO, IPOTE JO3BOJIUTH IEpeJaBaTH JaHi yepes
Mepexy opa3y JBOMa KaHaJaMH piBHOT JOBKUHH. Ha puc. 3 mpoirrocTpoBaHO BIIMIHHICTE MiX
CTaHJAPTHOI0 MAapHIPYTU3ALIEI0 1 3aIPONIOHOBAHOIO (SIK MPUKIIAN sl AeMOHCTparlii iei B3sara
CKJIQ/IHIIIA Mepexka panry S). [IpaBa yactuHa puc. 3 mokasye, sk BiOyBa€eThCs Mmepeaada JaHux
y 3a1aHOMy TIpukiIaai Mepexi. [{udpu Han gyramu — Baru MapIipyTiB.

Basic algorithm (shift to one direction)

01170 W 11701 W) 1701T W TOLTT I 01TTO [ 1TTOT 413
Bichannel algorithm (shift to both direction) e °

Shlftleft‘ 11701 ‘ 1TO1T ‘ TO1TT ‘ OlTI'O’

011T0 iTToT e

it dgnt @ TO11T ‘ 07011 ‘ TOTO1 ‘ o0 O

Puc. 3. Ilpuxnao 0soxananbHo2o ancopummy

SIK BHITHO 13 TIPUKIIALY, IEH aIrOPUTM € ONITHMAIBHUAM 32 IOBKWHOIO y XOMaxX, OJHAaK Bar
MapuIpyTiB € Pi3HUMH. AHAJIOTIYHO, TIPOOJIEMOIO € Te, IO TAaKKX MapUIPYyTiB yChOTO JIUIIE 2,
10 B YHCTOMY BUTIJISI/II HE 1a€ BITMOBOCTIHKOCTI.
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Pimenns nepeB Mmapupyru3saiii. [1est iboro anroputmy 6a3yeThcsi HA BAKOPUCTAHHI Jie-
peB MapuipyTH3alii. ¥ KO)KHOMY JIepeBi MICTATbCS OOMJIBI BEpIIMHU — 1 DKEPETIO, 1 IpU3Ha-
YEeHHS — IPUYOMY iX po3TalryBaHHs € pi3HUM. Lle 703BoIsiE rapaHTOBAaHO OTPUMATH IO OTHOMY
MapIIpyTy 3 KOKHOTO JIEpPEBa, IPHUOMY HE3aJIEeKHICTh MapIIPYTiB rapaHTYETHCS CAMUM IPHH-
[IUIIOM JE€KOMITO3HIIII.

Ha puc. 4 HaBeneHO MpUHIMI POOOTH Takoro anroputmy. Lludpu 6inst crpinok — Baru
MapHIpyTiB.

ﬁ 7 2 21 14 11
2 5 2, 8 %,
N 7 7
6 3 10 3
— o N 05

AEEDED EEHEEE

Puc. 4. Ilpuxnao areopummy oepes

SIK BUITHO 13 TIPUKJIaTy, TIEPEBarol0 AIFOPUTMY € ITOBHA i TapaHTOBaHA HE3AJICKHICTh LIS~
xiB. HemomnikoM — BIICYTHICTh ypIBHOBaXEHHS SIK 32 BaraMH, TaK 1 3a XoraMu. BigMoBoCTiiKiCTh
ITOPUTMY HEBENIMKa i 3a0e3neuyeThCsl BUKIIOYHO BiIKUIAHHIM HETIPOXIAHUX MapIIPYTiB.

Pimnenns nepeBa Bin mkepeda. Lleii anroputm 6a3yeThcst Ha Takii 171€i: Mo sK o0y myBaTH
JIEPEBO B[ JUKEPEIa, 3HAXOI4M BCl MOKIIMBI MiHIMaIbH1 MappyTu? Lle poOUThCS TaKMM YHHOM:

1. bepetbcs yeprosa BepiriHa T. Ha mowatky T = S. Jly1s1 He1 BUBHa4aroThCs HaIaAKu. AJl-
TOPUTM TOM CaMUH, 110 1 MPU CHHTE31 TOMOJOTi: BUKOHYIOTHCS BCi MOKJIMBI 3CYBH 31 BCiMa
MO>KJIMBUMU BCTaBKaMH. Bu3HavaeTbcs Bara KOXHOTO IIISAXY: IO Baru MonepeaHboro muisxy
J0J1a€Thes Bara pedpa rpada.

2. 31 3HalICHNX HAIAJKIB BUAAISIOTHCS Ti BEPUIUHU, IO BXKE JOCITHYTI OUTBII JIETKUM
MapIIpyToM. SIKIIO K BEpIIMHA-HAIIAI0K y)Ke Oyia JOCATHYTa, ajle MapuIpyT JI0 Hei He € OM-
TUMaJIbHUM — «IIOTaHa» TUIKa BUAAISETHCS 3 IepeBa K HeMepCcrneKTUBHA. SIKIIO0 171 Hel Bxke
Oyiu mpopaxoBaHi HALTAKU — BOHU NIEPEHOCATHCS B L0 TUIKY 3 MOMPABKOIO Bar MapIIpyTiB.

3. BUKOHYIOTBCSI JJOJIaTKOBI omepallii BiJcifoBaHHA. Tak, SKIIO ITYKaHUMU € MapIIPyTH,
JIOBXKMHA SIKUX MEHIIIE NEBHOI BEIMYMHU — BUKOHYETHCS MEPEBIpKa KOKHOI TUJIKU Ha TIEpEBU-
IICHHST OOMEXEHHS. SIKII0 NTyKaHWMH € BUKJIFOYHO MiHIMaJIbHI MapIIpyTH J0 JKepena, TO BiJl-
KHAJAI0ThCS BC1 MapIIPYTH, SIKI BXKE € JOBIIMMM, HIX MiHIMaNbHI. SIKIIO MIyKaHUMU € K MiHi-
MaJbHUX MapIIPYyTiB, TO BIICIFOBAaHHS BUKOHYETHCS TICIIS 3HAXO/KEHHSI OCTAHHBOTO 3 HHX.

4. ANrOpUTM MOBTOPIOETHCS A HamaakiB. [Ipu npoMy mpiopuTeT BapToO Ha/aBaTH TUM i3
HUX, 1110 HAOJIMKAIOTh JI0 KOy IPU3HAYEHHS, — [1€ 3MEHIIIUTh KIJTbKICTh HEOOXITHUX O0YHMCIICHb.
AHamnoriyHo, cepe iHIIUX HAPSIMiB IPIOPUTET BApTO BiAJABATH TUM, SIKI MalOTh MEHIIy Bary.

3aranom, 1€l aNropuTM KJIACHUYHUMN, TPOTE€ B KOHTEKCTI TomoJorii ne bpyiiHa BiH aemo
3MiHIO€eThCs. [lo-niepiiie, HeMae HEOOXiTHOCTI IIOPa3y 3BEPTATHUCH A0 CTPYKTYPH MEPEXi: BOHA
MOJKE «BIJI0YIOBYBaTHChHY 3a paxXyHOK 3CyBiB 0€3 3aliBUX 3BepTaHb 10 maM sTi. [lo-mpyre, 3Ha-
I0YM KOJM MOTOYHOI BEPLIMHH Ta MPU3HAYCHHS, MOXKHA 3aBXK/IU PO3PAXyBaTH, K «IaJEKO» LIS
BEpIIMHA 3HAXOAUTHCS Bi LM, IO 1a€ MOXKIIMBICTh BUKOHYBATH MOOY/IOBY JIepeBa HE MOBHi-
CTIO, & JIMIIIE B HAMOUIBII IEPCTICKTUBHUX HAIMPSMKaX.

Ha puc. 5 moka3aHo npukiaa poOOTH aIrOpuTMy.
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_ Layer 1/1T map
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Puc. 5. Ilpuxnao aneopummy Ha ocrosi depesa 8i0 dxcepena

[TepeBaramu Takoro MiaXoay € ONTHMAIBHICTH Bar Ta BUCOKA BIJIMOBOCTIHKICTh: SKIIIO BE-
pIIMHA HE MOXKe OYTH JTOCATHYTa MEBHUM HIISXOM, TO 11€ MOKHA BpaxyBaTH 1 3HAWTH MiHIMa-
JTBHUIM 00Xi]I 32 JOMTOMOTOIO IIBOTO K aJTOPUTMY .

KBasikBanToBuii aaroput™. Lleii anropurm 0a3zyeTscst Ha Tak 3BaHiil KBa31KBaHTOBIM Ma-
pupyTu3arii. BiH BUKOpHCTOBY€E BEpIIMHHM 3 OTHAKOBUMH YHCEIbHUMH HOMEPAMH U Pi3HUMH
KOJIaMH JIJIsl CTBOPEHHS BiApa3y KIJIbKOX MOTOKIB MK OOUYHCITIOBAIbHUMH By3JlaMU (2 HE MK
MapuIpyTH3aToOpamu).

Jlns mpukinaay Hexail BinOyBaeThes epegada JaHux Mixk By3namiu 1 ta -1. Ha puc. 6 noka-
3aHO, K 11e Oyae BinOyBaTuch. CrioyaTky AJsl KOKHOTO MPOIiecopa 3HaXOAAThCS albTepPHATH-
BHI npeacTasieHHss Homepa B RBR. [ToTiM Mik HUMH OpraHi3oBy€TbCs Mepeaada JaHUX «TO-
YKa-TOYKa» OYyJb-IKHUM 13 METOMIB. Y TMPHUKIAAl BUKOPUCTAHO CTAHIAPTHY MapIIPyTH3AIIIO
4yepe3 3CyB JiBOPYY.

Puc. 6. Keazixeanmosa 6acamokananibha Mapupymu3ayis
Lleit MeTox CKJIaJHO HA3BaTH MOBHOIO MipOI0 OararokaHaJIbHUM, OCKUIBKU BiH Jy’K€ CHIBHO
3aB’s3aHHUI HA YKCIIO MPE/ICTABICHb KOXKHOTO KOHKPETHOTO By3ia. [IpoTe nmpu kombiHarii Horo i3
THIIIMMY METO/IaMH BiH MO>KE 3HAYHO MOKPALTUTH K KaHAITBHICTh TaK 1 BIZIMOBOCTIHKICTb.
Pe3yabTaTu. Tabmuis 1 UTFOCTpy€e XapaKTEPUCTUKHU 3alPOTIOHOBAHMX ITiIXO/TIB.
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Tabauysa 1 — Xapaxmepucmuku nioxoois

Mapuipytuzaiis JlBoKanab it Hepesa . Aepeso KgasikBaHTOBa
3CyB MapIpyTH3amii BiJI JuKepena
KinbkicTh KaHaIB 2 3 k -
CkJ1aHiCTh JIy’Ke TIpocTa npocra cepenHs JIy’Ke TpocTa
3arpumka JIy’K€ HU3bKa HU3bKa JIy’K€ BHCOKa cepenHs
JonaTkoBi moTpeOH B mam’sti st nepesa, st | [y anbrepHa-
Bar, JUIs Yepry, Ta | TUBHHX Hpea-
Hi Jns nepes iH. CTaBJICHb
BixMOBOCTIHKICTE Hi Husbka Bucoka -
JloBXKHHa MapuUIPyTiB y XOHax MinimizoBaHi, aine
MOXYTb HE OyTH
PiBHuit R - MiHIMAJIbHUMH -
Bara mapupyTiB 3a Tpagdikom IrHOpYye€THCH IrHOpYye€THCH MiniMaJIbHUH IrHopyeThCst
["apaHTisl HE3aJIKHOCTI MAPIIPYTIB Hi Tax Tax Hi

VY Tabu. 2 HaBeAeHI AaHi 71 KOHKpeTHOro npukiaay. Hexait mo mepexi Binx By3na 1T (00-
yucoBabHUN By301 1) 10 By3na 00 (obuucmroBanbamii By3om () nepenaerses 3000 makeTiB
nanux. [Tpu mboMy MapmpyTH3allisi BiIOyBa€eThCS Bl JpKepena, a epeaada BUKOHYEThCS Me-
TOJOM BIpTyaabHOT KOMYyTaIlii KaHajiB. Bara koxxHoi ayru rpada BU3Ha4a€e 9uCIo MOTOKIB J1a-
HUX, 10 BXKE 3aiiMarOTh 11eH 3B’5A30K + 1, a yac mepenadi | makeTy CTaHOBHUTH | MKC.

[I{oo yacy BUKOHAHHS aJlFOPUTMY, TO HeXai ornepailist mopo3psaHoro 3cyBy y RBR 3aii-
Mae 1 MKc, omepariisi mepeBipku — 4 Mkc, apudmeTnyHi omeparlii — 2 MKC, 3BEpPTaHHS 0
mam’sTi — 10 MKc.

Tabnuys 2 — Excnepumenmanvhi 0ami

IToka3Huk ABoKanaiLHui Hlepesa Jlepeso six KBasikBanTOBa
3CcyB MapiIpyTu3aiii| Jpkepena
XapakTepuCTHKH nepenayi
KinpKicTh He3aJIe)KHUX KaHAJIB 2 3 2 2
Cepenns Bara nepeadi 11 21 7.5 11/8.5*
OuikyBaHuii yac nepeadi [MKc] 16500 21000 11250 16500/12750
Haiiripiuii yac nepeaadi [MKc] 22500 33000 12000 22500/15000
XapakTepHCTHKH aJITrOPUTMY

3cyBu 4 9 48 3
ApubmeTnyHi aii 0 0 39 0
[TopiBHIHHS 0 0 217 0
Yuranp 0 9 47 2
3anmciB 4 9 61 3
3aranpHa 3aTpUMKa MapIIpyTH3aMii [MKC] 44 189 2134 53
BuxopucTtanss mam’sTi 4 37 135 7

* - ISl KBa3iKBAaHTOBOT'O alITOPUTMY IEPIIE YHCIO BKA3y€e HA XapaKTCPUCTHUKHU 32 YMOBH, 1[0 KBa3iKBAHTO-
BICTB pealli3yeThCs 4epe3 CTaHAapTHUH 3B’ 130K TOMOOTIi (Tipmuii BapiadT). J[pyre uncio — grcra KBa3ikBaHTO-
BICTb i3 Iepenadero JaHUX 103a TOTOJIOTiEr0 (Kpamui BapianT, Bara 1).

BucHoBok. Y crarti Oynu po3pobieHi criocodu 6araTokaHaIbHOI MapIIpyTH3AaIlii, 110 3a-
CHOBaHI Ha CIIEIiaJII30BaHUX OJTHOKAHAJIILHUX aJTOpPUTMaxX MapIIpyTu3allii i BAKOPHUCTOBYIOTh
BJIACTUBOCTI rpada TOIMoJIOTii HaITTUIITKOBOTO Jie bpyiiHa. 3a paxyHOK IIOTO JOCATHYTI OEsKi
nepeBaru:

- CIocoOu MpaIro0Th MIBUIKO 1, IK HACIIA0K, CTaH MEPEXi 3 MEHIIOK HMOBIPHICTIO BCTH-
T'HE 3MIHUTHCS, TOKH HAYTh PO3PaXyHKH;

- CIocoOu CyMICHI 31 CTaHIAPTHOIO MApIIPYTHU3AIIEIO 1 MOKYTh BUKOPHUCTOBYBATH 11 BiIa-
CTHUBOCTI JUIsi 00X0/1y BiJIMOB;

- CIOCOOHM MOXYTb OyTH CyMillIeH] MK COOOFO JITsI TIOMIIMIIICHHS TUX Y1 1HIITNX BIIACTUBOCTEH.
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BTiMm, MOKHA BHIIINTH 1 I€SKI HEIOJIKH:

- JIMILE OJIMH aJITOPUTM BpaxoBye Tpadik;

- BIJCYTHIN MEXaHI3M IMOIIYKYy KpalluX MapuipyTiB;

- 3arajom cia0bka BiZIMOBOCTIHKICTb.

Baprto okpemo 3a3HaumTH, 110 3aMPOMOHOBAHI CMIOCOOM MapIHIpyTH3aIlii HE € KIHIICBUMU
BapianTtamu. lle nuie aganTaiis Bxke HasSBHUX PIillICHb 10 HOBOI 3a/1a4i 3 METOI0 30epeKeHHS
KJIFOUOBHX TIepeBar Ta OLIbII MOBHOTO BUKOPUCTAHHS 0COOIMBOCTEH Tomosnorii. [lepenbaua-
€THCS, 110 PO3TISHYTI MIAXOIM CTaHYTh 0A3MCOM JUIS pO3POOKH HIBHIKUX Ta e(EKTUBHUX Me-
TOJIIB MYJIbTHKaHAJIBHOT MapIIPyTH3AIlil B Mepekax HaJUIHIITKOBOTO e bpyiiHa.

VY nux cdepax mIaHyrThCS Taki JTOCIIIKSHHS, a caMe TIOIIYK TaKUX MOETHAHb 0a3UCHUX
croco0iB 1 Moaudikariid, ki 6 MpaIoBaM MBUIIIE, HIXK 3MIHIOETHCS CTaH MEPEXKi, JaBaiu
NPUIHATHI Pe3yJIbTaTH MO MIBUIKOCTI Mepenadi Ta MaKCUMMAaJIbHO TOBHO BHKOPHCTOBYBAIU
BJIACTUBOCTI BIIMOBOCTIHKOCTI, 3aKJIa/ICH] B Il aJITOPUTMHU (SIKI BUHUKAIOTh BiJl aHAJOTIYHUX
OJTHOKAHAJIBbHUX PIIICHB).
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Oleksandr Honcharenko, Oleksii Cherevatenko

METHODS OF MULTI-CHANNEL ROUTING
IN EXCESS DE BRUIJN NETWORKS

In recent decades, the number of users of the global network has increased exponentially, the size of networks is growing rapidly
as well as the amount of traffic. This raises the problem of routing data in significantly larger networks and balancing traffic in them
in such a way as to avoid overloading nodes and links. The excess de Bruijn topology demonstrates both good reliability and fault
tolerance, as well as convincingly good topological characteristics. In this regard, the question of implementing a suitable algorithm
for a given topology and developing a multi-channel routing method for balancing traffic is relevant.
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The excess de Bruijn topology is reliable and fast for computer networks, but there is a need to develop a multi-channel routing
method that takes into account the rapid changes in a state of a network. In addition, there are no proprietary multichannel routing
algorithms for this topology, so their development is an urgent problem.

The excess de Bruijn topology is generally well studied and described in a number of scientific publications. However, there are
no developed multi-channel routing methods for it. Currently, there are no studies that would describe new developed ways of
balancing traffic for a network with the excess de Bruijn topology and would demonstrate the results of their practical use.

The unexplored parts of the described problem are reduced to the lack of multi-channel routing methods developed specifically
for the excess de Bruijn topology. While the topology itselfis studied and well described, the balancing of traffic in it, its capabilities
and prospects are unexplored.

The purpose of this article is to determine whether it is possible and practically justified to develop and implement a multi-
channel routing method specifically for the excess de Bruijn topology.

Developed methods of multichannel routing, based on specialized single-channel routing algorithms and using the properties of
the graph of the excess de Bruijn topology.

The results show that the developed methods have both advantages and disadvantages. Operating faster than the state of
the network is changing, and being compatible with standard routing, they generally show poor fault tolerance and lack a
mechanism to find better routes. Further development in the chosen direction is planned.

Kniouogi cnosa: de Bruijn networks; traffic optimization; routing; topology; graph.

Fig.: 6. Table: 2. References: 4.
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METO/I IPUCKOPEHHS BUKOHAHHSA 3A/IAY HENPOHHUX MEPEX
HA TETEPOT'EHHUX CUCTEMAX CPU-GPU

Y emammi posenanymo numanna euxopucmanns cemepozennux cucmem CPU-GPU ons npuckopenns eupiuienns 3a0ad,
106 A3aHUX i3 HABYAHHAM HEUPOHHUX Mepedxc. J0CTi0HCEeHO OCHOBHI apXimeKmypHi 6i00MOCMI, 3ACMOCO8AHI 8 KiHYesill apXi-
mexmypi eemepocennoi cucmemu. Po3pobneno memoo na ocHosi Ninitinoi pespecii 015 po3nodiny 3adaui Midxe npoyecopom ma
gideonpuckopiosayem. Ha ocrosi memooy, npogeoeni exchepumenmansHi 00CniodicenHs Ha 3aznavenux cucmemax. Ha ocnosi
OmMpUMAanux pe3ynomamie 6y8 nposeoeHul aHali3 Ha OCHOGI BUBHAYEHUX KOeDIYICHMIE NPUCKOPEHHSL.

Knrwuogi cnoga: cemepozenni cucmemu,; Heuponui mepedici; mawunne naguanns, CPU; GPU.

Puc.: 5. Tabn.: 3. bi6n.: 11.

AKTyalIbHicTh TeMU Aociimxkenns. Chepa qocTiKeHb, 0 CTOCYIOTHCS TeTePOTeHHUX
o0unceHb, HUHI HEIOCTAaTHRO PO3BUHEHI. Hampukiaza, y MalmmHHOMY HaBUYaHHI BEJTMYE3HI 3y-
CHIUISI CIIPSIMOBYIOTBCSI Ha CTBOPEHHS OUTbII €(PEeKTUBHUX aJTOPUTMIB Ta OTPUMAHHS OLIbIIOT
MPOTYKTUBHOCTI TpadiuHUX MPOIIECOPIB, 0 MPU3BOAUTH 10 OOMEKEHHS BUKOPUCTAHHS I[€H-
TPaJBHOTO MpOLEcopa JIMIIE A0 TaKuX 3a1ad 3 oocayroByBanHs OC, sk, HaIPUKIIAJ, IJIaHy-
BaHHs. He3Bakaroum Ha 11€, OLIBIIICTh CYNIEPKOMIT FOTEPIB 1 BETUKHUX LIEHTPIB 00pPOOKH TaHUX
BUKOPUCTOBYIOTh CUCTEMH, 110 MarOTh sIK IeHTpaibHi npouecopu (CPU), Tak i rpadiuni npo-
necopu (GPU) [1]. 3aransHi o6umcienHs Ha rpadiunomy mporecopi (GPGPU) Biakpumm ko-
puctyBaudam [IK nopory miist ekcriepuMeHTIB Ta poOOTH HaJl TPOEKTAMH, SIKi 3a7Ty4aroTh rpadi-
YHI TIPOIIECOPH IS Mepeaadi TPYAOMICTKUX 3a1a4. [[Ba mpukiaau 610J110TeK, SKi JO3BOJISIIOTH
e pooutu — CUDA Ta OpenCL [2; 11].

[Ile omHIM MOMEHTOM, SIKWI HEOOX1THO BpaxyBaTH, € OCTaHHI MMOJIii Ha pUHKY ITPOIIECOPIB,
ne 4-s171epHi LeHTPaIbHI MPOLECOPH CTAIM CTAaHAAPTHUMU MPUOIU3HO yepe3 15 pokiB Bif BU-
X0y JBOSIICPHHX MPOIIECOPIB HA PUHOK, a IICHTPaIbHI MPOIIECOPH HA PIBHI MIANPUEMCTB 200
cepBepiB MaroTh 10 64 saep, Mo J0CsATae PeKOMEHI0BAaHOI TEOPETUYHOI MEXI apXiTeKTypu
SMP. 1le, y cBOIO Uepry, CTBOPIOE T0JATKOBI EKOHOMIYHO €(PEeKTUBHI CITOCOOM OTPUMaHHS T10-
TY>KHOCTI Tpo1iecopa.

Taxosx 3pocTae MONMUT Ha BUKOPUCTAHHSA HEHPOHHUX MEPEX y 6araTboX MPakKTHUHUX ce-
pax, OCKUIbKU 0araTo BEJIMKHX KOMIIaHil po3pOoOIsSIOTh IHTEIEKTYalbHI CUCTEMH, SIKI MPALIO-
10Th Oe3nocepeHbo 3 pimeHHsMu Big Data. [e moB’s13aH0 13 3a710BOJIEHHSAM JIBOX HaWBaXKJIH-
BIIIIMX BUMOT /10 €PEKTUBHOT'O BUKOPUCTAHHS HEHPOHHUX MEPEIK: AKOCT1 JaHUX Ta 301IbIIICHHS
00YHCITIOBAIBHOI MOTY)KHOCTI. Y CITIX y BUKOPUCTaHHI HEHPOHHUX MEPEX OCTAHHIM JCCITH-
TTTAM OoTpuMaB Ha3By «Penecancy. Llelt ycmix mie OGinbliie MHOXHUTBCS IIUPOKOIO JOCTYIIHI-
CTIO JICHICBUX Ta €(DEKTUBHUX MPOIECOPIB, rpadiyHUX MPOIECOPIB TA PIIICHD 3 BIIKPUTUM KO-
JIOM JUTst O€3MOoCcCepeIHBOT B3aEMOJIIT 3 HUMH.

IocTanoBka nmpo6aemu. HeiipoHnHi Mepexi sk croci® 3HANTH PIlIeHHS MPAKTUYHHUX TTPO-
0J1eM 3 KO’)KHUM JTHEM Ha0yBalOTh BCE OUIBIIOTO MOUIHUPEHHS. Y 3B 3Ky 3 UM, BUHUKAE ITOITHUT
Ha BUCOKOIIPOTYKTHBHI KOMIT FOTEPHI CUCTEMH.

AHaJIi3 oCcTaHHIX JocainxKeHb i myOaikaniii. baraTo mocmikeHb OMUCYIOTh, SIK MPAITO-
BaTHU 3 Tpa)iYHUMH MTPOIIECOPAMHU, SIKI HAWKPAIIll TPAKTUKH iX BAKOPUCTAHHS, SIK CTBOPUTH Tie-
PErJISIHY T aJrOpUTMH LEHTPAIBLHOTO Tpoliecopa s podoTH Ha rpadivyHuxX mporecopax [5].
[Iponiecopu Takox A0BOJI 100pe BuBUeHI. OMHAK, K 3a3HAYANIOCs paHillie, TeTePOTeHHI CHC-
TEMH HE HACTIJIbKU PETeNbHO JOCHIKEHI, € KIJTbKA CTaTell mpo Te, K 3 HUMU MPaIfoBaTH, OJ1-
HaK JIOCKOHAJBLHOTO PO3YMIHHS Y IIH raay3i HeMae.

CrartTi, 110 CTOCYIOTHCS TETEPOT€HHUX CUCTEM, JTAIOTh MEPCIIEKTUBHI pe3ynbTaTi [1; 2; 4].
I'ereporenni cuctemu CPU-GPU xo4a 1 HeocTaTHRO BUBYCHI, aJIe MOKa3ajH, 1110 TPUCKOPIO-
I0Th 331241, [TOB’A3aHi 3 MAIIMHHUM HaBYaHHSM, 00pOOKOI0 300pakeHb Ta 3aJjauaMH BEJTUKUX
naaux [1; 2].

© PycinoB B. B., UepeBarenko O. B., [Tyctosit JI. M., ITyctosit O. M., 2021
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Buainenns HegoCaiIzKeHUX YACTHH 3arajbHoi npoodJjemu. Python — monymnsipaa MmoBa rpo-
rpaMyBaHHs, 1 4acTUHA 11 CIIaBU MOXOIUTH BiJ Oi0NIOTEK MAITMHHOTO HABYAHHS, TAKUX SIK
Tensorflow, Scikit Ta iH. BibimicTh Takux 610J10TEK ONITUMI3YIOTh CBOE HABAaHTA)KEHHS Ha Tpa-
¢iunomy npouecopi; Tensorflow poOuTh KpoK Jaji 1 3HaXOIUTh CIIOCOOU Kpallle MpalioBaTH Ha
TPU (Ten3opunomy 6Jo1i 00poOkn). Takuit miaxia € OUIbIl OOTPYHTOBAHUM Y XMAapHUX PIllIeH-
Hiax PaaS, siki 3a3Bu4ail HaJarOTh KiHIEBMM KOPUCTyBayaM BHCOKOMNPOJIYKTUBHHNA rpadiuHuii
MIPOIIECOP Ta HU3BKOMPOAYKTHUBHI MTPOIIecOpr ab0 BIpTyaTi3yrOTh MOTYKHUHN MPOIIECOp Y KUTbKa
BipTyaJbHUX MPOLECcOpiB. BUIBIIICTD 1HIMX pillIeHb, BKIIIOYAIOUYH BiIacHe pinteHHs PaaS, mo 3a-
0e3MevyIoTh JOCTYII IO BUCOKOMTPOAYKTHBHHUX MTPOIIECOPIB Ta rpadiyHUX MPOIECOPIB, 3a3BHUal
HE OTPUMYIOTh BUTOJIM BiJ ITbOT0 00’ €qHaHHS [3].

Merta pociigkeHHsi. Mera 11i€i CTaTTi — BU3HAYUTH, YU JOLULJIFHO BUKOPUCTOBYBATH reTe-
POTEHHI CUCTEMH JJIsl BUPILICHHS 3a/1a4 HEUPOHHUX Mepex. [l jocsrHeHHs 1€l metu Oye
MIPOBEICHO Hallp EKCIIEPUMEHTIB, K1 TepeadavaroTh XPOHOMETPaXK KOXKHOI IMi/13a/1a4i Ta Ha
OCHOBI 1IbOTO BU3HAYAIOTh HIBUIKICTE POOOTH KOXKHOT CUCTEMHU.

Buxiaax ocHoBHoro marepiaiy. [lepin Hixk 3armuOroBaTCs B Tpo0sIemMy, TOTPiOHO OTpH-
MaTH PO3yMIHHS MPO OOJaJHAHHS, 3 KM MPOBOIUTHCS POOOTa. YCi €KCIIEPUMEHTH MPOBO-
IAThCs Ha rpadigaux mporecopax NVidia. ApxiTekTypHO rpadiuHi mpoIecopu T0CUTh CHIIBHO
BIJIPI3HSIOTHCS BiJl IIEHTPAJIbHUX IMPOIECOpPiB. Y TOH Yac sIK 3BHYANHI KIEHTU 30CEPEKY-
IOTHCS Ha TIPOCTUX TMOKa3HUKAX — MaM’SIT1, YaCTOTI MaM’sATi, YaCTOTI1 MpoIecopa, mpodecitHux
KJIIEHTIB OLIbINE HIKaBUTh, [0 CAME BXOAMTH JI0 TaKUX NPUCTPOiB. s MpHUKIaLy Bi3bMEMO
TU102, 110 BUKOPUCTOBYETHCS B OCHOBHUX Ipadiuaux nporecopax RTX 2080Ti ta mpodeciii-
Hux ananorax Quadro RTX 6000. LI Moiesib BAKOPUCTOBY€ETHCS SIK IPUKIIA[], OCKUTBKH KOXKHA
CydacHa MOJeJb TpadigHOTro MpoIecopa MOXOAUTh caMme Bija nboro au3aiHy. TU102 miapo3mi-
Js€ThCs Ha 6 KitacTepiB 00poOku rpadiku, 36 KinacTepiB 00poOKH TEKCTYp 1 72 TOTOKOBHUX MY-
apTunpornecopiB (SM). Koxxern SM cknanaetsest 3 64 ssmep CUDA, 8 Tenzop-suep, peectpo-
Boro (aitry 256 Kb, 4 oqunnns Texctypu Ta 96 Kb cninbnoi nam'sti. Kpim Toro, koxxHe s1po
Mae goctytn 10 6144 K6 kemry L2. 1lo6 momgatu ckiaagHOCTI i€l KOHCTPYKITi, ssapa SM moi-
JSIFOTHCS 3aJISKHO BiJl IXHBOTO BUKOPUCTAHHSA, TOMY 3aMIiCTh TOT0, 100 OmMcaTH iX K siapa
CUDA, 61y1b111 TOpeYHUM CITOCOOOM iX BU3HAYCHHS € T€, IKUH THI JAHUX BOHU OOYUCITIOIOTh.
€ 64 snpa FP32 1 64 simpa INT32. Tomy GPU € nyxe crieriani3oBaHUM IPUCTPOEM, SIKUI BU-
KOPUCTOBYE aniapaTHE MPUCKOPEHHS [6].

3 oy Ha apxiTekrypy, NVidia cTBopuiia crienianizoBaHe MporpaMHe pillieHHs IS 0C-
Tymy 10 moTeHIiany rpadigdoro npoiecopa mia HazBoro CUDA (Compute Unified Device
Architecture). CUDA no3Bossie po3poOHHKaM BUKOpPHCTOBYBaTH rpadiuni npouecopu NVidia
st 3anad GPGPU. [Tnardopma CUDA Hagae mocTyT 10 HaOOpy IHCTPYKITi, KOMaH/I Ta IHCTPY-
MEHTIB MapajeabHOro MpOrpaMmyBaHHs Ul YCHIIIHOI PO3pOOKH Ta 3aImycKy OOYMCIIIOBATBHUX
anep. O6uncIIoBaNIbHE SIIPO — 1€ PyTHHA, CKJIaZieHa JJIs alapaTHUX MPUCKOPIOBAUiB, B HAILIOMY
BUNaaKy — rpadiuyaux mporecopiB. CUDA mmpoko BUKOPUCTOBYETHCS B Pi3HHX 0i0iioTeKax,
xoua oimiitHo enuarMHU TiaTpumyBaauMu MoBamu € C 1 C ++ [10; 11].

CUDA (Compute Unified Device Architecture) — mmaTdopma mapaneibHOro 00UnCIeHHS
ta API po3pobnena kommaniero Nvidia. Bona mo3Bosisie po3poOHUKaM BUKOPHUCTOBYBATH Bi-
neokaptu Nvidia st 3aransaux odunciens. [Inarpopma CUDA Hamae po3poOHHUKY MpsSMUiA
JOCTYT J0 CUCTEMH KOMaH/ BiJICOKAPTHU Ta €JIEMEHTIB MapajeabHOro 00UUCIeHHS, A BUKO-
HaHHS 00YHCITIOBANILHUX s1ep (compute kernel).

OO6umncnoBaIbHE AIPO — OCHOBHA p0O0OYa OJUHUIIS, 32 JOTIOMOTOFO SIKOT PO3POOHUK OIHUCYE
anroput™. Takuii TepMiH BUKOpUCTOBY€EThCs He nutne it GPU, Takox BiH BUKOPUCTOBYETHCS
st FPGA, TPU, DSP. Jlns CUDA, napagurma mporpamyBaHHs JyKe OJTM3bKO IHTETpOBaHa 3
BEKTOPHUMH OOUYHMCICHHSIMH, 32 OCHOBY B3SITO NPHITYIICHHS, [0 BUKIUK S7pa BUKOHYETHCS
OJIHOYACHO B HU3IIl HE3AICKHHUX €JIEMEHTaX, 110 J03BOJISE Mapaeli3M Ha piBHI qaHux. [Ipote
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TaKOX ICHYIOTh aTOMapHi omepaiiii, skl MOKyTb OyTH BUKOPHCTaHI ISl CHHXPOHI3aIil M)XK eJie-
MeHTaMu. KoeH BUKIIMK OTpuMye iHAeKcH, At 1 abo Oinblie po3MipHOCTEH, 3a T0TIOMOT 00
SKUX 3IACHIOETHCS aipecallis 1aHux, abo Oydepusartis.

Apxitektypa GPU BizHocuthes 1o knacy SIMD, ToOTO Ha KOXHE BUIIIE3railaHe aapo HaJl-
CHJIAIOTHCS JIaHi, HaJl SKHMH 32 OJIMH TaKT BUKOHYETHCS OJTHA OTieparlis. SIk mpuKia mpornoHy-
etwes ornstnyTH TU102, sxuit nexuth B ocHOBI mainstream GPU RTX 2080Ti Ta B mpodecio-
HaapHOMY GPU Quadro RTX 6000. Bin cknamaetbes 3 6 kiractepiB rpadiqHOTO POLIECIHTY,
36 kmacTepiB IpoOIECiHTY TeKCTyp Ta 72 Streaming Multiprocessors (SM). SM cknagaetses 3
64 CUDA saep, 8 TeHcopHUX sifep, 256 kimobalT ¢aiiny perictpy, 4 Texture Units, 96 kino-
OaiiT cribHOT mam’ati. Kpim 1poro, xoxHe sipo Mae goctyn 1o 6144 xinobait L2 xemry. Ha
puc. 1 € 300pakeHHS apXITEKTYpH.

L o e o o e o o e o o o e o o e e - R

Puc. 1. Apximexmypa GPU TU102

VY Mexax reTeporeHHoOl CUCTEMHU, BiJleoKapTa MiJKI0YeHa 10 MaTEPUHCHKOI IJIaTH 3a J10-
nomoroto iHTepdeiicy PCle, yepes sxuii BeneTbcs 0OMiH JaHUMHU MiX CIIJIBHOIO MaM’STTIO
cucteMu Ta maM’ATTio Bimeokaptu. CPU B Takux cucremax MaroTh TUT apxiTekTypu SMP. 3Ba-
*Karouu Ha Te, mo SMP cuctemu xo4a i MOXKHa MacIITadyBaTh HECKIHUEHHO, aJie y XO/Ii Mac-
mTaOyBaHHSI MOXKHA OTpPUMATH €(PEeKT rmepeHacuyeHHs, 1o Oyje 3aBaKaTh MPUPOCTY ePEeKTH-
BHOCTI Ha MI3HIX eTamax MacmTabyBaHHS.

JIyist mpoBeIeHHsT €KCIIEPUMEHTIB 13 3a3HaY€HUMHU CUCTEMaMHM TOTPIOHE MPOCTe PillleHHS
rianyBaHHs. [Ipocrime kaxxyuu, HaM MOTPiIOHO PO3NOAUIUTH poOOTY MK LIEHTPAIBHUM TPO-
1ecopoM i rpadivHuM mporecopoM. Marouu crpaBy 13 cuctemoro CPU-GPU, neobxigHe po3y-
MiHHSI, 1[I0 Yac BUKOHAHHA Ha TpadiuHOMY mpoiecopi He MokHa nepeadauntu. [lepmr Hix Mu
MIPOBEIEMO E€KCIIEPUMEHTH, HaM MOTPIOHO BUMIPSITH, CKIJIBKHA Yacy MOTPIOHO IEHTPAIbHOMY
npoliecopy Ta rpadiyHOMy IpoIecopy, 1100 BUKOHATH 3a/1a4y, 1 TOOAUNTH, CKIJIBKH Yacy MoT-
piOHO I BIANPABKHU JaHUX Ha3aj 13 TpadiaHOrO mporecopa.

Cama 3agaua BKIIIOYA€E AESKi KPOKH, SIKi poOUTh MOJIeNIb HEMPOHHOI Mepexi MijJ 4ac HaB-
yaHHs. LI kpoku — HOpMaJTi3allis, 3BaKyBaHHs, aKTHUBAIIisl.

Hopmanizattis — e GpyHKIis, sika MiIX0AUTh 7S TOYaTKOBUX 3HAYCHB JI0 3araJIbHOI IITKAaJIH,
B Hamomy Bumajky, Bix 0 qo 1. Ha BiamiHy Bia mporeaypu HopMaiizamii 0a3u JaHux, pi3Hi
HEHPOHHI Mepexi, po3pobieHi UIs IHIIUX ClieHapiiB, OyAyTh BUKOPUCTOBYBATH Pi3HI METOAU
HOpMaJTi3aIlii, 3aJIe’HO BiJ BX1THUX JaHUX.

3Ba)KyBaHHS — I1€ TPOLIEC 3aCTOCYBAHHSI ITapaMeTpa Baru J0 BXIJHUX JaHUX IIJISIXOM MHO-
»keHHs. Bara — 11e koediiieHT, AK1il MOCTIMHO 3MIHIOETHCS B HEUPOHHUX MEpPeKax IIij] yac Ha-
BYaHHs. BiH BU3Ha4ae, sik 0COOJIMBICTh BY37a, SIKY IIPEJCTABIISE 115 Bara, BIUIMBA€E Ha OakKaHUN
pe3ynbTar.
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AKTHBAIlISI BAKOPUCTOBYE CHEIiadbHy (QYHKITIIO aKTUBAIIl1, IKa BU3HAYA€ BUX1THI AaHi. Ic-
Hye Oararo pizHuX (QyHKI[IH akTUBaIii, JUIs LHOTO BUTIAAKY MU OyJ1IeMO BUKOPUCTOBYBATH (y-
HKIIi10 TinepOoIiYHOl TOTHYHOI, BU3HAYEHY HACTYITHOIO (hOPMYJIOHO:

(e*—e™)
f(x) = tanh(x) = ey (1)

BukopucToByrourn BUMIpIOBaHHS 4acy, MU CTBOPIOEMO TIPOCTY PErpeciiiHy MOJEIb i3 BU-
KOPHCTAHHSM METOJly HAWMEHIITNX KBaIpaTiB.

Oco06iBuii 1HTEpEC TYT MpeacTaBisie hopMysa epeKTHBHOCTI TapaneabHOi 0OpOOKH Ha reTe-
pOreHHii cucreMi, sika 6epe 3a OCHOBY METOJ JIiHiIHOT perpecii. IMnepudHuii miaxia 10 BCTaHOB-
neHHs GOopMYIH 130€()EKTUBHOCTI BU3HAYAE MOMIJIUBICTh JIOCATHEHHSI HEOOX1AHOT e(h)eKTHBHOCTI
napajenbHUX OOYHCITIOBATBHUX CUCTEM. Taka MOXKIIMBICTb HAJIA€THCS 32 PAXYHOK BapitOBaHHS I1a-
pamerpamu n i N. Ha 0CHOBI Takoro BapitOBaHHS MOHA JIOCSTTH JIIHIHHOTO HApOITyBaHHS PO-
JTYKTUBHOCTI ITpH 301TbIIEHH] pO3MIpHOCTI 3a/1a4i. Lle 03Havae, 110 mpu BUKOHAHHI 00U CITIOBANIb-
HUX TPOIIECIB MOKHA 3a3/1aJI€Ti/Ib BU3HAYaTH HEOOXiaHY e(PEeKTUBHICTH 1X peasizariii.

Taki cucremu, B SIKMX €PEKTUBHICTh BUPIIICHHS 3aBJaHHS MOXE 3aaBaTHCS 3a30aJIerib 1
MOCTIHHO MATPUMYBATUCS, HA3UBAIOTh 130€(DeKTUBHUMH CHCTEMAaMH.

Jlnst o04McIeHb MU BUKOPUCTOBYEMO IPUHIIHII JIIHIHHOI perpecii A1t Toro, Mmoo po3mnoi-
JIUTH PO3MIPHICTH 3a71a4 MK rpadivHUM MPOIIECOPOM 1 IIEHTPATILHUM MPOIIECOPOM.

Jliniiina perpecis € MOAEIUTIO 3aJIe)KHOCTI 3MIHHOI BiJl OJIHI€T 200 AEKITHKOX IHIIUX 3MiH-
HUX 200 (haKkTOpIB 13 JHINHOIO (QYHKITIEIO 3aJI€KHOCTI.

VYsBimMo, 1110 HaM 33/1aHuil HaObOp 13 TouoK. MeToro JIiHIHHOI perpecii € mouryk JiHii, ska
HaWKpaIlyM YUHOM BIIOBIA€ IIMM TOYKAM. 3arajibHe PIBHSHHS JUIsI IPSMOI:

f(x) =mx +b, )
JIe M — HaXWJI JIiHii, a b — fioro y-3pymenHs. TakuM YuHOM, PIlIeHHS JIIHIHHOI perpecii BU3Ha-
4ae 3HAUEHHS JJIs M 1 b, Tak 110 f(Xx) HaOIMKAETHCS IKOMOTa OJFKYE 0 V.

3-moMIXK JEKIIbKOX JIIHIM HeoOX1JHO BU3HAYUTH, KA caMe HaWOUIbIIe miaxoauTh. 1{e Mo-
Ha 3p0OUTH, BU3HAYUBIIU (YHKIIO BTpaT. DyHKIIisI BTpAT € MipoOI0 KUTBKOCTI MOMMJIOK, SIKi
JiHIMHA perpecis poOuThs Ha HAOOpi 1aHuX. XoYa € pi3Hi PYHKITIT BTpaT, BC1 BOHU OOYHCIIIOIOThH
BIZICTaHb MIX Iepe10aueHIM 3HaYeHHSM ) 1 HOro (PaKTUYHUM 3HAUYEHHSM. 3 JOOMOroo (QyH-
KI[IOHAJILHOT'O TIO3HAYEHHS MOKHA BUIIJTUTH TUCTAHIIIIO TOMUJIKA MK (PaKTUYHUMHU 1 IPOTHO-
30BaHUMHU 3HAYCHHSIMHU.

[Tpu 301nbIIEHHA] KUTBKOCTI BUMIPIB Ta 3MIHHUX MTOCTAHOBKA 3aBJIaHHSI 3JIUIIAETHCS TIEIO
caMoIo0, y IBOX, TPhOX a00 OB KITBKOCTI BUMIipiB. 3aCTOCOBY€EThCS (DYHKIIiSI BTpAT, rpadik
SKOT BUTJISIIAE SK TiTepyaria, e, SK 1 paHilie, MeTO0 € 3HAaUTH HaWHWKYY YaCTUHY ITi€T Jari,
HaliMeHIIIe 3HaueHHs 00’ €KTUBHO, sIKe (DYHKIIisI BTPAT MOXKE MPUUMATH, 3aJIEXKHO BiJ BUOOPY
napameTpiB 1 HAOOpy aHUX.

Bu3HaueHHs 3HaYeHHS 1€ TOYKH MH 1 pOOMMO 3a JOMOMOTOI MOIIMPEHOTO MiAXOAY —
METOy HaiMEHIINX KBaJpaTiB, SIKUH BHUPINIYE IO 33Jady aHATITUYHO. Y HAIIOMY BHIAJIKY
HasIBHI JIMIIIE J]Ba BUMIPH Ta, BIAMOBIIHO, 1Bl 3MiHHI y (pyHKIIiT, TOMY OOYHCIIEHHS IO METOY
MOXXYTb OyTH BUKOHAHI BPY4HY.

Yac BUKOHAHHS 3aBJIaHHSI POTHO3YETHCS 3a JOMOMOTOI0 iH(pOpMAILIii PO paHille BUKOHaHI
3aBJIaHHs TOTO X THUIY. Ha OCHOBI 3aITpoItOHOBAaHOT MOJIENI, pO3pOOJICHHI TUTaHYBABHHK 3a/1a4,
SIKMIA TPAIio€, BAKOPUCTOBYE BUILCOMUCAHUM MTPUHIHI 130€(DEKTUBHOCTI, 11100 CIIOYaTKy OTpHU-
MaTy pe3ysbTar, 3MO/ICITbOBAHUH 13 YK€ BUKOHAHUX 337124 JIJIsl IPOTHO3YBAaHHS Yacy BUKOHAHHS
HOBUX 3aj1a4. [I1anyBaIbHUK aHAJI3y€e PO3MIpH IaHUX Ta BUKOHAHHS 3a]1a4, 4ac yCiX MONepeIHiX
3a]1a4 MEBHOTO THITY Ta BUKOPUCTOBYE JIIHIMHY PErpecito JUisi BA3HAYCHHS KOPEIIAIlii MiXK HUMH.

3a 10moMOroI0 IeTepMiHOBAHOT MOJIEII KOPEIALii MOJKHA Mepei0aunTh yac BUKOHAHHS 3a-
Jla4l TOTO K TUITY 3 BUKOPUCTAHHIM PO3MIpY ii JaHUX sIK BX1THOTO TTapaMmeTpa.
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[Teprmm KpOKOM € OYATKOBHUM PO3IOALT 32 TAaKOK (HOPMYJIIOHO:

ngu = Vl{gpu * N, (3)

ne N — po3mip 3aaaui, a Wepy — 00uncitoBanbHa Bara. i BU3HauU€HHS 00YHCITIOBANIbHOT Baru
BUKOPUCTOBYETHCS Taka hopmya:
_ _ topu
ngu - tgpu"‘ tcpu s (4)
ne tgpu — YaC BUKOHAHHS HA TpadiuHOMY MPOLECOPI, tepu — YAC BUKOHAHHS Ha IEHTPATLHOMY
npouecopi, a Wepy — 00unCIIIOBalIbHA Bara rpadiqHoro mporecopa.

JInst KifbKICHOI OLIHKY HMPUCKOPEHb MU BBOAMMO J1BA KOe(ilieHTH: KOE(IIliEHT IPUCKO-
PEHHS BIITHOCHO IIEHTPAJILHOTO MIpoIiecopa Ta Koe(ilieHT MPUCKOPEHHS BITHOCHO TpadiqHOTrO
npoIecopa — OCKIJIbKM MU JIOCIIPKYEMO TeTepPOreHHY CUCTEMY, LICHTPaTbHUM Ta rpadidyHui
MIPOIIECOPH TIPAITIOIOTh To-pi3HOMY. {151 po3paxyHKy KoedirieHTa MPUCKOPEHHS BiJIHOCHO
[EHTPAJILHOTO MPOIIecOpa MU BUKOPUCTOBYEMO TaKy (OpMyITy:

Ty+Ts
KPQ = gTh ! (5)

ne Ty — yac 3aBepuIeHHs 3a/1a4i Ha rpadgiuHoMy mpouecopi, Ts — yac BiANpaBiIeHHsS JaHUX 13
rpagiqHOTO Impolecopa Ha LEHTPAIbHUH mporecop, a Th — yac BUKOHAHHA 33/1a4l Ha TeTepo-
TeHHII cucTeMi.

Jlnst oGuncieHHs KoedilieHTa IpUCKOPEHHs Ha Tpadi4yHOMY IPOIecOpi MU BUKOPUCTOBY-
€MO TaKy GpopMyITy:

Tc
Kpg = E, (6)
ne Tc — yac BUKOHaHHA 3a[a4i Ha EHTPaJIbHOMY Tpouecopi, a Th — yac BUKOHaHHS 33734l Ha
TeTEpOreHHIN CUCTEMI.

[I1o6 oTpumaTH 1i pe3ynbTaTH, mporpama 3amyckaiack 100-1000 pa3is, 3a1exXHO Bif TOTO,
HACKUIbKH pi3HUMHU Oyiu pe3ynbTaT. KiHiesi pesynbratu — 11e B cepeaabomy 100-1000 Bu-
MipIOBaHb 4acy, 3p00JICHUX MiJ] YaC BUKOHAHHS.

Ak yxe 3a3Ha4aIOCs, METOIO IIi€] CTATTI € 3’ICyBaTH, UM 11€ MOXKJIMBO 1 HACKUIBKH 100pe
BOHA IPALIIO€ 1A 3a/1a4 HEHPOHHOI MEpexki, a HAUOMYJISIPHIIIOI MOBOIO JJIs IHXKEHEpii JaHuX
Ta MalmuHHOTO HaBuaHHA € Python. Numba st Python — e 6i6moTeka, sika Hajgae T10CTy 10
JIT-komminsTopa, skuit Moxe KomminoBatu ko1 Python B oOuncmoBanbaux sapax [11].

PesyabTraTu. TecTyBaHHS IPOBOAUTHCS HA TAKUX KOMIT FOTEPHUX CUCTEMAaX:

1.AMD Ryzen 9 3900X 12 snep, 24 noroku, 3.8 GHz 6a3oBa wacrota, 4.1 GHz po3irnana
yactota, RTX 2060, 16GB RAM, uuncer X570.

2.AMD Ryzen 5 2400G 4 siapa, 8 motoki, 3.6 GHz 6a3oBa yacrora, 3.8 GHz po3irnana
yactota, GTX 1060-3 GB, 16 GB RAM, uuncer A320.

3.AMD Athlon 760K 4 sinpa, 4 motoku, 3.8 GHz 6a3oBa wacrota, 4.1 GHz po3irnana gac-
tota, GTS 450, 4 GB RAM, uyuncer X89.

4.Intel Core 15-7200U 2 sanpa, 4 motoku, 2.5 GHz 6a30Ba vactora, 3.1 GHz po3irHana ya-
crorta, Geforce 940MX, 8 GB RAM, uuncer KBU.

5.Intel Xeon E5-2630 2 sapa, 2 notokw, 2.3 GHz 6a30Ba vacrora, 2.8 GHz po3irnana ga-
crora, Tesla K80, 8 GB RAM, uuncer C604.

Ha nactynnux rpadikax (puc. 2-4) noka3zaHo yac BUKOHaHHS Ha rpadiuHOMy Iporiecopi Ta
[EHTPATLHOMY MPOIIECOPI, & TAKOXK YacC BIAMPABKHU JAaHUX 13 TpadiuHOTO Mporecopa a0 IeHT-
pajbHOTO TIpoIecopa.
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Puc. 4. Yac 6ionpasxu oanux 3 GPU na CPU

HactynHuii Kpok — B3 TH MOJIETIb perpecii Ta 3HaTH 3Ha4eHHS U1 Ngpy Ta Nepu, 00UHCIICHE
Ha MUHYJIOMY Kpolli. TaKuM YMHOM MU OTPUMY€EMO HOBY Iapy MPOTHO31B Yacy, 3a IOIIOMOT0I0
SAKUX pobumMo HoBHH posmnonii. Ileit kpok moBToproeThes 10 paziB, mo0 oTpumaTH OLIBII
«cTpaBeTMBHIY po3noaut. [licas po3noaiTy OTpUMyeMO HACTYITHI PE3yIbTaTH:

Tabauys 1 — Po3nooin pooomu mioe GPU ma CPU

Po3mip GPU CPU
1 2 3
R9 3900X + RTX 2060
5000000 2098724 2901276
10000000 4302225 5697775
25000000 10783998 14216002
50000000 21500424 28499576

136



TEXHIYHI HAYKU TA TEXHOJIOT T Ne 2(24), 2021
TECHNICAL SCIENCES AND TECHNOLOGIES

3akigueHHs Taoi. 1

1 | 2 | 3
R5 2400G + GTX 1060-3GB
5000000 1897180 3102820
10000000 3319339 6680661
25000000 9503751 15496249
50000000 18664993 31335007
15 7200U + Geforce 940MX
5000000 1708896 3291104
10000000 3308685 6691315
25000000 7836838 17163162
50000000 15244193 34755807
Xeon E5-2630(2C) + Tesla K80
5000000 2112889 2887111
10000000 6198501 3801499
25000000 16353979 8646021
50000000 33230526 16769474
Athlon X4 760k + GTS 450
5000000 3301774 1698226
10000000 6930421 3069579
25000000 17943324 7056676
50000000 36351454 13648546

Tabauysa 2 — Koegiyiecum npuckopenus na epaghiunomy npoyecopi

Cucrema 5000000 1000000 25000000 5000000
R9 3900X + RTX 2060 1.73 2.01 2.18 2.36
R5 2400G + GTX 1060-3GB 1.8 2.14 2.59 2.77
15-7200U + Geforce 940MX 2.94 3.66 4.06 4.39
Athlon X4 760k + GTS 450 1.16 1.25 1.25 1.26
Xeon E5-2630 (2C) + Tesla K80 1.11 2.82 2.71 3.01
Tabnuys 3 — Koeghiyienm npuckopenus Ha yenmpaibHOMy npoyecopi
Cucrema 5000000 1000000 25000000 5000000
R9 3900X + RTX 2060 1.12 1.39 1.58 1.73
R5 2400G + GTX 1060-3GB 0.96 1.1 1.43 1.55
15-7200U + Geforce 940MX 0.99 1.51 1.66 1.81
Athlon X4 760k + GTS 450 3.17 3.28 3.43 3.48
Xeon E5-2630 (2C) + Tesla K80 1.59 1.72 2.61 2.81
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Puc. 5. Koeghiyienmu npuckopenns na cemepozennitl cucmemi
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BucHoBoOK. Y CTaTTi BUBYAIMCH MOXJIMBOCTI JIJISl IPUCKOPEHHSI HEUPOMEPEIKEBHX 132~
Jlad, TAKUX SIK HOpMauTi3allisi, 3BaKyBaHHS Ta aKTUBAIlisl, BAKOPHUCTOBYIOYH KOMOIHOBaHUH 00-
YHCIIOBAIBHUN MOTEHIIAT EHTPAIBHOTO Ta rpadiYHOTrO MPOLECOpiB, 110 MPALIOIOTH Mapae-
JbHO. Pe3ynbpTatu mokasyroTh, M0 TeTEPOreHHHM MiaxXia epeKTUBHUN y 3aJa4ax HEMpPOHHOI
Mepexi. 3aCTOCyBaHHS LHOTO MiAXO0Ly 3HAYHO CKOPOTHIIO 3arajbHUi 4ac BUKOHAHHS.

3 pe3yabpTaTiB MU MOXEMO 3pOOHUTH BUCHOBOK, III0 IPOTpaMa BUKOPUCTOBYE MEPEeBark HO-
BHX IIPOIIECOPIB 1 MPUCKOPEHHS MPOAYKTUBHOCTI TpadigHOr0 mporecopa B miama3oHi Bix 1,11
10 4,39, a TakoK MPUCKOPEHHS MPOTYKTUBHOCTI IEHTPAIBLHOTO MPOIecopa B Jiana3oHi BiJl
0,96 1o 3,48 moka3yroTh, 110 B O1IBIIOCTI BUMAKIB IPOAYKTUBHICTH LIEHTPAJIHHOTO MPOIECOPa
MO>Ke OyTH TIOKpaIIeHa, SKIIO B IIEH ke YaC BUKOPUCTOBYEThCS TpadiuyHuil mporiecop.

VY AeskuX MporoHax MigXiJ 3 BUKOPHCTAHHSM JIMIIC IIEHTPAJIBHOTO MPOIlecopa MOoKa3ye
Kpali pe3yibTaTH, OCKIJIbKH KOS(IIEHT 1HOI OMyCKaeThes Hikue 1 1 qocsrae 0,96, onHak y
OLTBIIOCTI €KCTIEPUMEHTIB IIOTO HE BiOyBaeThes. e Moxe OyTu moB’si3aHe 3 TUM, rpadid-
HOMY IIpOIECOPY MOTPiOHA MEeBHA KIJBKICTh Yacy, 100 BIAMPaBUTH Ha3aja A0 Mpolecopa BCi
oOuncneni aaui. [lepenava nanux cama mo co6i 3aiimae 40-60 % vacy. I'padiku nMokazyroTh,
10 HaBITh OJIHE YHCIIO 3 TUIABAIOUOI0 KOMOKO MOXE 3aiHATH A0 6 MUTICEKyHH ISl 0OpOOKHU
rpadgigHUM ITPOILIECOPOM Yepe3 CHHXPOHHHUM XapakTep apXiTeKTypH rpadiqHoro mporecopa.
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UDC 004.42
Volodymyr Rusinov, Oleksii Cherevatenko, Leonid Pustovit, Oleksandr Pustovit

METHOD OF ACCELERATION OF NEURAL NETWORK TASKS
ON HETEROGENEOUS CPU-GPU SYSTEMS

Research areas related to heterogeneous computing are currently underdeveloped. In machine learning, huge efforts are
directed towards creating more efficient algorithms and getting more performance from GPUs. There is also a growing demand
for the use of neural networks in many practical areas, since many large companies are developing intelligent systems that
work directly with Big Data solutions. General purpose of GPU computing hands GPUs time-consuming tasks, however there
is limited research on the capabilities of heterogeneous systems.

Neural networks as a way to find solutions to practical problems are becoming more widespread every day. In this regard,
there is a demand for high-performance computer systems.

Articles dealing with heterogeneous systems provide promising results. Heterogeneous CPU-GPU systems, although not
well understood, have been shown to speed up tasks associated with image processing and big data tasks.

Most modern machine learning articles and libraries perform tasks on CPUs or GPUs, however, heterogeneous systems
have not been sufficiently investigated for possibilities in machine learning tasks.

The aim of the study is to develop an algorithm for scheduling a problem for a heterogeneous system and to carry out a
comparative analysis of the results on the use of homogeneous systems.

An algorithm for scheduling a problem for a heterogeneous system based on a linear regression model is described, the
problem which is modeled is shown and a comparative analysis of the results of various heterogeneous systems is carried out.

The results show that the heterogeneous approach is effective in neural network tasks. From the results we can conclude
that the program takes advantage of new processors and GPU performance acceleration in the range of 1.11 to 4.39, as well
as CPU performance acceleration in the range of 0.96 to 3.48 show that in most cases, CPU performance can be improved if
the GPU is used at the same time.

Keywords: heterogeneous systems, neural networks; machine learning; CPU; GPU.

Fig.: 5. Table: 3. References: 11.

139



Ne 2(24), 2021 TEXHIYHI HAVKU TA TEXHOJIOTI
TECHNICAL SCIENCES AND TECHNOLOGIES

PycinoB Bosogumup Bonoaumuposuu — crynent, Hamionansauii TexHiganit yHiBepcuteT Ykpainu «KuiBcbkuid
noJiTeXHiYHM# iHCTUTYT iMeHi Iropst Cikopebkoro» (mpoct. Ilepemorn, 37, m. Kuis, 03056, Ykpaina).

Rusinov Volodymyr — Student, National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute
(37 Pobedy Av., 03056 Kyiv, Ukraine).

E-mail: volodymyr.r.v@ukr.net

ORCID: https://orcid.org/0000-0002-4362-0248

YepeBatenko OJekciii BosognmupoBuy — crynent, Hanionansauii TexHIYHIN yHiBepcuTeT Ykpainu «KuiBcbkuit
HoMiTeXHIYHUH iHCTUTYT iMeHi Iropst Cikopebkoroy» (mpoctr. [lepemoru, 37, m. Kuis, 03056, Ykpaina).
Cherevatenko Oleksii — Student, National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic
Institute” (37 Pobedy Av., 03056 Kyiv, Ukraine).

E-mail: chereva@ukr.net

ORCID: https://orcid.org/0000-0001-9686-0555

IycroBit Jleonin MuxaiinoBuu — crynent, KuiBchkuili HaunionanbHuil yHiBepcuteT imeni Tapaca IlleBuenka
(Byn. Bonogumupceska, 64/13, m. Kuis, 01601, Ykpaina).

Pustovit Leonid — Student, Department of General Physics, Taras Shevchenko National University of Kyiv (64/13,
Volodymyrska Street, City of Kyiv, Ukraine, 01601).

E-mail: Irerednawl@gmail.com

ORCID: https://orcid.org/0000-0002-4606-1971

IycroBit Onexcanap MuxaiiioBuu — cryaent, KuiBcbkuil HanionanbHuii yHiBepcureT imeni Tapaca LlleBuenka
(64/13 Volodymyrska Str., 01601 Kyiv, Ukraine).

Pustovit Oleksandr — Student, Taras Shevchenko National University of Kyiv (64/13 Volodymyrska Str., 01601
Kyiv, Ukraine).

E-mail: PuSaMy1998@gmail.com

ORCID: https://orcid.org/0000-0001-6659-4786

tL}

Pycinos B., UepeBatenxo O., ITycrosit JI., [TyctoBiT O. MeTox npHUCKOPEHHS BUKOHAHHS 3a1ad HSHPOHHUX MEpeXk Ha TeTePOreHHHX CHCTe-
max CPU-GPU. Texuiuni nayxu ma mexnonozii. 2021. Ne 2(24). C. 131-140.

140



TEXHIYHI HAYKU TA TEXHOJIOT T Ne 2(24), 2021
TECHNICAL SCIENCES AND TECHNOLOGIES

VIIK 004.42:303.724.32
DOI: 10.25140/2411-5363-2021-2(24)-141-150

Cepeiii Touunin, Baoum Pubin

KPOCIILTAT®OPMHA KOMIT'IOTEPHA ITPOT'PAMA JIJI51 HPOCTOI'O
PEI'PECIMHOI'O AHAJII3Y JAHHUX

3a oonomozor mosu npocpamyeanns Java pospobnena KpocniamgopmMHa Komn 1omepHa npozpama O RPOCmMozo pezpe-
CIlIH020 aHani3zy OaHux, aKa npu QyHKYIOHY8aHHI BUKOPUCMOBYE Pi3Hi MoOeni peepecii. Bona mae epagiunuil inmepeiic kopu-
cmyeaya i 3acmocogye Oisl AHANI3y MeMOoO HalMeHwux keaopamis. IIpu ybomy 01a usHaUeHHA napamempis peepeciinoi mo-
oeni i3 cucmemu JHIHUX PIBHAHb, AKI POPMYIOMbCA npu 06pOOYI CIMAMUCIUYHUX OAHUX, 8UKOpUCMO8Yembes memoo I aycca.
Po3spobnenuii dooamoxk 05 oyinKu AKOCMI MOOeNi po3paxo8ye cepeonio NOMUIKY anpokcumayii ma koegiyienm oemepminayii
abo indexc demepminayii, a 05 oyiHKu it 3nauywocmi oduucnioc paxmuune i kpumuune 3navenns F-xpumepiio @iwepa. Ipu
PO3PAXYHKY KpUmMuuno20 3Havenus F-xpumepiio @iwepa npoepama sukopucmogye Qynkyito 6ema-po3nooiny.

Kntouogi cnosa: pecpecis; ananiz Oanux, memoo HaUMeHWUux K8aopamis.

Puc.: 8. Bién.: 10.

AKTYaJIbHICTh TUMM JOCJTIIZKeHHsl. Y HaIll yac CreIiajaizoBaHi KOMII IOTEpHI MporpaMu
IIMPOKO 3aCTOCOBYIOTHCS JIJISl AHAJI3y CTATUCTUYHUX JTaHUX.

Perpeciitnuii anasi3 € OXHUM 13 HalOLIBII MOMKMPEHUX CTATUCTUYHUX METO/IB. Perpeciiiuuii
aHaITi3 MIpOo3aUIEThCS Ha OMHOGaKTOpHUH (TTpocTHii) Ta 6ararodakropuuii. OcoOIMBOCTI TIPO-
BEJICHHS IIPOCTOTO PErPeCciiiHOro aHaji3y CTaTUCTUYHUX JaHUX HaBeleHI B podorax [1-4].

[Tpu mboMy po3poOKa KOMIT FOTEPHHUX MPOTPaM JIJIsl IPOCTOTO PETPECIMHOTO aHAITI3Y TaHUX,
K1 M1J1 9ac aHaji3y BUKOPUCTOBYIOTh Pi3HI MOJIEIN perpecii, € akTyalbHUM 3aBaIHHSM.

IlocTanoBka npodsjemu. Perpeciiinuii anai3 31¢0UTBIIOT0 BUKOHYETHCS 3@ JOIMOMOTOIO
CreniaJIbHUX KOMEPIIMHUX KOMIT IOTEPHHUX MPOrpam, AKi MatoTh rpadiunmii inTepgeiic kopuc-
tyBaua (Graphical User Interface - GUI). Ognak 111 mporpamMu B 6araTb0X BHMaJKaX >KOPCTKO
MpHB’sI3aHi 10 IEBHOI MI1aT(HOPMHU.

Bognouac npu npoBeneHH1 perpeciiHoro aHaizy Iy BHOOPY ONTHUMAaIBHOTO PIBHSHHS Pe-
rpecii BU3HAYaIOTh HOT0 SKICTh Ta 3HAUYIIICTS [3; 4].

[Tpu oMy po3poOka kpocriarGopmMHUX KoMmI toTepHuX nporpam i3 GUI, sxi mpu npoc-
TOMY perpeciiiHoMy aHaji3i JaHMX BUKOPUCTOBYIOTh Pi3HI MOJIENIi perpecii, a TAaKoX OL[iHIOIOTh
iXHIO SIKICTh Ta 3HAYYIIICTh, € aKTyaIbHOIO TIPOOIIEMOTO.

AHaJi3 ocTaHHIX Aocaiqxkens i mydaikaniii. Bigmoigxo mo [3], mpocta perpecis siBsie
c000t10 MOJIeNb, /I CEPETHE 3HAYCHHS Y 3aJ1€KHOT (1110 MOSICHIOETHCS ) 3MIHHOI ¥ PO3IIISAAETHCS
sk (pyHKIIis OHI€T He3aIeKHOT (TI0SCHI0I0U01) 3MiHHOT X, TOOTO 11e MOJIeNb (PIBHIHHS), 110 Ma€
BUTIISI;

Y, = f(x). (1)
[Tpu mpocTomy perpeciitHoMy aHaji3i MepeBa)KHO BUKOPUCTOBYIOTh TaKi MOJIENIl perpecii:
Y,=Cp+Cpo X, 2)
Y, =Cp+C;- X+Cy- X2 +..+C, - X", 3)
Yr=C0+C]'li’lX, (4)
Yr:CO'Xcla (5)
Y, =Cy-et1 Y, (6)
ne Cy, C;, Cy, ..., C, — IOCTIIHI KO€(ILIEHTH, n — CTYHiHb MOJIHOMA.

Bupasu (2)-(6) onucyroTs JiHiiHY, TOJIHOMIANBHY, JOrapu(pMiuHy, CTATEUHY Ta €KCIIOHE-
HTHY PErpecito BiAMOBIIHO.

s BusHauenus C,, C;, C,, ..., C, MOKHa BUKOPUCTOBYBAaTH METOJ HAMMEHIINX KBaJ-
patiB (MHK) [3; 4]. Onmuc MHK 13 npukiagamMu KOMITFOTEPHHUX MPOTPaM, K1 HOTO peaizyloTh,
HaBezeHo B [5-7].

© Touwmniu C. [1., Pu6in B. O., 2021
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OMiHKY SIKOCT1 PiBHSIHHS perpecii 31MCHIOITh 3a TOOMOT010 KoedillieHTa AeTepMiHarii
(immekcy merepMiHarii mpu n > 1) R’ Ta cepeHbOI MOMUIIKY ampokcumanii ME [3; 4]. Bin-
noBiAHO 10 [3; 4] ans mpocToi perpecii iX BU3HAYAIOTh 32 JOTIOMOTOI0 BUPA3iB:

R =]-£! (7)
S
ME:iiQ 100 ( %), (8)
mi— Y;

e Y, — eKCIIepUMEHTAJIbHI 3HAUEHHS Y IpH X;, Y,; — 3HaueHHs yukuii (1) npu X,, ¥ — cepe-
aHe o Y;, Yo, ..., Y,
SkicTh Mozeni perpecii 3pocrae, SKIIO 3HauYeHHA R°mparHe 10 1. Y Toil yac 3Ha4YeHHS
ME <7 % TakoX CBITYUTH TIPO 3aI0BUTbHUM BHOIp MOAECII 10 BUXIAHUX JaHUX [3].
Tum yacom, Ui OI[IHKK 3HAYYIIIOCTI MOJIETI perpecii Ui JaHuX 3 m Tap YUCell, 31CTaBIIsI-

10Th (pakTryHe 3HaueHHs F-kpurepito Dimepa F 1 KpuTHUHE F, JUIs 33/1aHOTO PiBHS 3HAUYILO-

cTl a . SIkmo F Oinbiie F,, MOJIENb perpecii BU3HAETHCS 3HAUYIIOO JIJIS I[bOTO PIBHS 3HAYU-

MOCTI, 1HaK1Ie — He 3Havymoro. Paktuunuii F-kpurepiit Bu3HauaroTh y Takuii cnocio6 [3]:
R®  m—k-1I

i-r7)

Benuuuna £ B (9) Xapakrepu3ye 4HCIIO CTYIEHIB CBOOOIN f; IS PaKTOPHOT CyMH KBaj-

F =

©)

partiB, a (m—k — 1)- 4MCIIO CTYNEHIB CBOOOAM f, JUIA 3aJIMIIKOBOI CyMH KBajpartis [3].
Kputnuni 3naueHHs F-kputepito MOKHA po3paxyBaTH 3a JOTOMOTOI0 HEMOBHOI (yHKIIIi
OeTa-po3noainy, mo Mae Burisg [8; 9]:

I Foa-i h—1
I =—— |t I~
«(a.b) B(a,b);[t (1—eydr, (10)
ne Bipizok 0 < x < 1, Ha AKOMY BU3HAYAETHCS [, (a,b), a, b — apaMeTpH,
I
Bla,b)=[1“ (1-e) . (11)
0

[Tpy IbOMy KpUTHYHE 3HAYCHHS F,, , IV PiBHS 3HAYMUMOCTI o , IPH f; Ta f,, MOXKHA 3HAUTH
3a I0OMOroro Bupasy [9]:

(f;f f;j I-a, (12)
€ x Ma€ 3HAYCHHA.
woJife (13)
S+ fiFy

Bigznaunmo Takox, 1110 y HaIll 9ac OJHI€I0 3 HAUOIIBII MOMYJIIPHUX MOB ITPOrpaMyBaHHS
€ Java. Bona kpocrmatdopmia i mae API, sikuii 103B0JIsSIE CTBOPIOBATH POTPAMU AJISt CTaTUC-
TUYHOT 00pOOKM JTaHMX 13 rpadiyHUM IHTEephericoM KOPUCTYBaYa.

OcrtanHiM yacoM Ha MOBI porpaMmyBaHHs Java po3pobaena nporpama ST Regression [10]
s perpeciiinoro anamizy 3 GUI. Llei mogaTox st OIIHKHM SKOCT1 MOJIEII pO3paxoBYe cepe-
JTHIO TIOMUJIKY alpoOKCUMAIlil Ta KoedillieHT AeTepMiHaiii ado iHIeKC AeTepMiHaIlii, a s Olli-
HKH 11 3Ha4ymocTi 00uuciIoe (hakTUIHE 1 KpUTHYHE 3Ha4eHHS F-kputepito Dimepa.
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BunijieHHsi HexoCHiIXKeHMX YACTHH 3arajbHoi nmpodjemu. [Iporpama ST Regression
Mae CyTTeBe OOMexeHHs. BoHa MOXe BUKOHYBATH JIUIIIE MOJIHOMIATLHUN aHATI3 JaHUX.

IlocTanoBKka 3aBaanHsl. Y 1iif po6oTi Oyiia mocTaBiieHa 3aja4a po3poOKH 3a I0MTOMOTOI0
MOBH IIpOrpamMmyBaHHs Java KpocIuiaT(OpMHOTO 10/1aTKa JAJIsl IPOCTOTO PErpeciiHoro aHaizy
nanux 3 GUI, skuii npu QyHKIIOHYBaHHI BUKOPHCTOBYE pi3HI Mojeni perpecii. Kpim toro,
IpeCTaBisie pe3yabTaT poOOTH B rpadiyHOMY Ta TAOJUYHOMY BUTJISL, @ TAKOXK OI[IHIOE K-
ICTh 1 3HAYMMICTh PIBHSHHS perpecii.

BukJjaa ocHoBHOro martepiasy. s pimeHHs mocraBieHoi 3aiadi OyB cTBopeHuit Java-
nomatok DS Regression i3 rpadgiuyaum inTepdericoMm KoprcTyBaya.

Ha mouarky po6oTu 13 mporpamoro BuOupanacs HeoOXiHa MOJIETh perpecii AJia aHajizy
nanux. Bubip 3aificHoBaBCs pHu BKJItOUeHHI BianmoBigHoro mpamnopis GUI, Ha3Ba sikoro 30i-
rajacsi 3 HeoOXiTHUM piBHSIHHAM perpecii. [ToTim 3a momomororo meHto «Filey BuximHi maHi
JUTSL aHAUTI3y 3aBaHTAXKYBAIUCS 3 *.csv (aiiiiB 1 3anoBHIOBAIA TabHIio «Datay.

3a HeoOXIHOCTI MPH HATUCKAaHHI Ha KHOMKY «Input» psiaku Tabmumi «Datay morium 3anoB-
HIOBAaTHCS 200 JTIOTIOBHIOBATHCS JAaHUMH IO X Ta Y, SIKi MOMEPEIHBO PO3MIIIATUCS B MOJISIX
BBONY «X» 1 «Y or PV» (monst BBozy «X» Ta «Y or PV) BUKOPHUCTOBYBAJIUCS 1 IPH MIPOTHO3Y-
BaHHI 3HA4YCHb Y, JJIS BIATIOBIAHMX apTyMEHTIB X , SIKi BBOJMIIUCS KOPUCTYBaueM).

Psnox, 1o BUIIISABCS, MOXHA OyJI0 BUIATHTH 32 AoromMororo kHonku «Cut Rowy». KHorka
«Clear» 3acTocoByBayacs JJisi BUIAJICHHS BCIX PANKIB Y TaOJIHUISIX A0aTKA. Y TOM Yac CIHUCOK,
10 PO3KPUBAETHCSI, TO3BOJISIB YCTAHOBUTH CTYIIHB 7 JIJIsl TIOJIIHOMIAIBHOT MoJieni perpecii (3)
y Mexax Bix 1 1o 6.

Amnaniz ganux nporpamoro DS Regression 3aiiicHioBaBcs 3a gonomoroto MHK. Ilpu po3-
paxyHkax piBHAHHA (3)-(6) monepeaHbO MPUBOIUIUCS 10 JTIHIHHOTO BUTIISAY. 3HAUYECHHS KOE-
¢imienTiB Cy, C;, a TAKOX IpU HEOOXIAHOCTI 1 C;, ..., C, , 3HAXOAUIIHUCA 13 CUCTEMH JIIHIHHUX

PIBHSHB, SIK1 hopMyBaJCs TIpu 00poOIIl TaHUX, 3a JOMIOMOTO0 MeToay [ aycca.

Jlist omiHkM stkocTi Mozeni perpecii gogarok DS Regression BU3HauaB CEepeHIO TTOMIIIKY
arnpokcuMariii Ta koedirieHT nerepminanii (iHaeKC AeTepMiHalii 1 piBHsHHSA (3) pu 7 > 1),
a JuId OLIHKM 3HAYYIIOCTI MOJIENIi BUKOPHCTOBYBAaB KpUTHUYHE 3HaueHHs F-kpurepito Pimepa
npu ¢ =0,05.

3amyck 00poOKH 1aHUX 3/11HCHIOBABCS IPU HaTHUCKaHHI Ha KHONKY «Calculatey. [Ipu npomy
nporpama Jisi oOpaHoro piBHSIHHS perpecii po3paxoByBasia koeiieHTa f;, f>, Cy, C;, IpU
HEoOXigHOCTI C,, ..., C, , CEPEIHIO IOMUIIKY allpOKCUMAIlii, a TAKOX 1HJEKC AeTepMiHallii abo
koedimieHT nerepminartii, ix 3HaueHHs 3’ ABsIMCS B TaOHIsix «Values fmy, «Coefficients Cyy,
a Takox noJisix BBoay «ME, %» 1 «R” 2y, BiAmoBiaHO.

Taxox nporpama Juis apryMeHTy X, IO YBOJMB KOPHCTYBad, BU3HaYajla MPOrHO30BaHy
BennuuHy PV mozerni, sika 1ikaBuiia KOpUCTyBaa, 1 momimrana ii B mosie BBoay «Y or PVy.

KpiMm Toro, ans mopeni perpecii, IO BHKOPUCTOBYBajacs mpu OOpoOIl IaHWX, MpH
a = 0,05 po3paxoByBanucs Ta 3iCTaBISUIMCS (DaKTHUHE 1 KpUTHYHE 3HaYeHHS F-kpurepito Di-
nrepa. Pe3ynbrar 1poro 3ictaBieHHs 3’ BisIBCS B 1ol BBOy «F ? Foos». Y Tolt yac 3HaueHHS
Y, Ta 3aJIUIIKIB perpecii, ikl BU3HAYAIUCS TTPOTPaMOIO JIJIs BCIX X 3 BUXIJHOTO HA0OPY TaHHX,

po3mimanucs B tabmumi «Data», a BUXiHI JaHi O Y 1 po3paxoBaHa MO HHUX 3aJIe)KHICTh
Y, = f(X ) BimoOpaxkanucs B rpadiyHOMY BUTJISAI Ha MAHEN OAaTKa.

KopucryBau nporpamu 3a nonomororo MeHio «File» MaB MOXIUBICT 30epertu 3HaYeHHs
napameTpiB perpeciiiHoi moaeni y ¢ainax dopmary *.csv. BogHodac 3a 10moMoror MeHIO
«Tuning» mpu HEOOXITHOCTI HACTPOIOBAIKCS 00JaCTh BiIOOpakeHHs Tpadika, a Ipu BUKOPH-
cranHi MeHto «Help» Oyna moctymHa iHGOpMaIlis MPo CTBOPEHUHN JTOJATOK Ta OCOOTUBOCTIX
1oro poGoTH.

Hamu OGyno mpoBeneHne TectyBaHHs noaatka DS Regression 1 mOpiBHSHHS pe3yibTaTiB
fioro po6oTH 3 pe3ynbTaTaMu MoOyA0BU perpecii TabnmyauM npouecopom LibreOffice Calc
npu o0poOIli THX cCaMUX HAOOPIB JaHMX.
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Jlst rectyBanHus nogatka DS Regression Oyia qomatkoBo po3pobiiena Java-nporpama, 1mo
reHepyBaJia BUTIAJKOBI 3HAUCHHS 3aJIeKHOI 3MIHHOT Y JUTsl AUCKPETHUX 3HAYCHBb HE3aJICKHOI
3MIHHOT X , siKi 3MiHIOBanucs B iHTepBanti Bix 0,1 mo 1,1 13 kpokom 0,1, 1 30epirana ix daitmax
dopmaty *.csv.

[Ipu oMy naHi Mo ¥ ¢GopMyBaJMCs B IIUKJI1 32 JOTIOMOTOI0 BUPA3iB:

Y, =cp+c¢;- X; +0.5- Math.random() , (14)
Y, = (co +¢ -lnXl»)- (0.95 +0.1- Math.random()), (15)
Y, =¢ ~Xl~cl -(0.95 +0.1- Math.mndom()), (16)
Y, =¢p e ~(0. 95+0.1 -Math.random()) s (17)

N€ Math.random() — peajti3allisi FeHepaTopa BUIIQAKOBUX YMCell Ha MOBI IporpaMyBaHHs Java, ¢,
¢; — OCTiNH1 Koe(ilieHTH, sIKi Oynu piBHI 1 12, BIIMOBIIHO.

®opmyna (14) BUKOpUCTOBYBaJacs MpHU IeHepallii 3HaueHb Y 13 METOI0 TeCTyBaHHS IPO-
rpaMH MPHU aHaTi31 JaHWX HA OCHOBI JIHIMHOI Ta MOJIHOMIANBHOI Mojem perpecii, hopmynu
(15)-(17) — norapumiyHoOi, craTeuHOi 1 EKCIOHEHTHOT, BiIOB1THO.

Hapuc. 1, 3, 5, 7 3006paxxeHi BikHa po3po0JICHOTO 0JaTKa TIPH POOOTI B TECTOBOMY PEXHMI
IpY aHali3l JaHUX HA OCHOBI CTATEYHO{, MOJIHOMIANbHOI, €KCIIOHEHTHOI Ta JIorapu(MigyHOi
MOJIeJIi perpecii, BiIMOBITHO.

Ha puc. 2, 4, 6, 8 300paxxena moOynosa 3a nonomoroto LibreOffice Calc crareunoi, momi-
HOMIaJIbHOT, eKCITOHEHTHOT Ta JJorapu(MidHOI perpecii BiAMOBIIHO.

DS_Regression E] @|E|

File  Tuning Help

REGRESSION EQUATICONS FOR PROCESSING STATISTICS

Tp= CpxCL Te= Cp+ X+ CoX¥ 4. +opx” O
Ty = CDexp{Cj_X]' O Ty = CE|+ CllnX O Ty = CD +Cq % O
Graph ¥, = £ (¥) X YorPy  F ? Foos ME, % RA2
1,5 1,11 P=1,240 |38472:5,12 2,096 0,99976512
Input “ Cut Row “ Clear n (1 « Calculate
Data Yalues fry
L i E Vi | Y || m fi
1| 0,0 | 0010 | 0,010 | o000 1 1
i 2 | 020 o040 | 0,089 | o001 2 a
3| 030 |[Qose | o029 | 0003 Coefficients Cr,
0.5 4 040 | 0,138 | 0,159 -0,001) n Ch
3 0,50 | 0,241 | 0,249 -0,008| 0 |1,0048582082319455
& 0,60 | 0,360 | 0,360 0,000{ 1 | 2,011431459410966
7 | 0,70 | o492 | 0400 | 0,008
o g | 0E0 |o646 | 0641 | 0,005
0 0,2 0.4 0.6 0.8 1 12 9 090 |01 | 0,812 -0,022
% 10 100 | L0Z7 | 1,005 0,022
11 1,10 | L247 | 1,217 0,030

Puc. 1. Bixno npoepamu DS Regression nio uac ananizy 0aHux
HA OCHOB8I cmame4Hoi Mooeni peepecii
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a|l B |c| o | E | F | G H I | ] |
1 |41 4
2 |62 oM L5
3 | 03 0086
4 | 04 0,158
5 | 45 241
" | 06 036 "r'g: 1 HMERE20523195 X2 1143148041097
E | 07 0498 1 RE= (0997661171117 17
& | 48 0646
9 | B9 79l
S L T T 1 =
1| 11 1,247
1z | .5
13
14 ]
13 |
16
_17 i
_18 | i 1,2
19
20 | :
2l

Puc. 2. Ilob6yoosa cmameunoi peepecii 3a donomozoio LibreOlffice Calc

DS_Regression

File  Turing Help
REGRESSION EQUATIONS FOR PROCESSING STATISTICS
e=cxf1 g Te= Cp+ CpX + CpXZ 4.+ opx”
Ty = Cpexp(CyX) [ e = Cy+Cylnx O Te=Cp+ €% [
Graph ¥, = £ (X) X YorPY  F 7 Fops  ME % R2
‘ 1,11 | Fy=2,496 |115,94>5,15| 1,578 | 0,00433131 ‘
4 i 1
[ Inpuit ” Cut Row ” Clear l n |6 v || Calculate |
Data Yalues fo
o il % pél Tri [Yi-Yri| W T
3 1| 010 | 1,442 | 1,441 | oo01f 1 &
- . 2 | 020 | 169 | 1,706 | 0,010 2 4
3| 030 | 1,917 | 1,882 | 0,035 Coefficients Cr,
4 | 040 | 1,954 | 2006 | 0,052 n Cp
2 5 | 050 | 2172 | 2,148 | 0,024| 0 | 1,155327273969951
6 | 080 | 2,358 | 2,351 | 0,007| 1 |2,2673499156038745
7 | 070 | 2,649 | 2,616 | 0,033) 2 |11,500340998213043
. 8 | 080 | 2,799 | 2,897 | -0,098) 3 | -65,B462022366366
0 02 04 06 08 1 12 9 | 090 | 3,225 | 3,130 | 0,005 4 | 139,8557695017791
X 10| 1,00 | 3,246 | 3,288 | -0,042 5 -119,06636540695608
11| 1,10 | 3466 | 3493 | 0,007 & | 36,42156073600301

Puc. 3. Bixno npoepamu DS Regression nio uac ananizy 0aHux
HA OCHOBI NONTHOMIAIbHOT MOOei peepecii
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s B |c| b | E F | G | H | I | ] |
1| 1 1,442
2z | 12 1686 4
T3 | 03 1,917
4 | 14 1954
5 | 15 2,172
"6 | 06 2,356 3
7 | 17 2,649
& | 18 2,799
9 |08 32w
1| 1 3246 =
11 | 1,1 346R
_tz |
15 1 ¥r= 364216 X5 - 110,066 X5 + 130,856 X* - £3,8462 ¥* + 11,5003 X2 + 2,26735 ¥
_14 | + 110533
_15 | R2 = (4,934 33 13 11147508
16
17 0
% i {,2 4 .6 {8 1 1,2
_20 |
_t |

DS_Regression

File Tuning Help
REGRESSION EQUATIONS FOR PROCESSING STATISTICS
7= o xC1 Vo= O CX 4 CoXo 4o xt O
r ] O r 0 1 2 - n
Ty = CDEXD(C:LX} T = CD+ CllnX | T = CD + C:LX O
Graph Yo = £ (¥) ¥ YorPY  F 7 Foos ME, % R~2
10 ‘ 1,11 | Fv=0,163 | 396535,12 | 3,026 |D,99??3501 ‘
[ Input " Cut Rowr ” Clear l n |1 v || Calculate |
Data Yalues f
7.5 . .
i % Ty Tri | Vi m T
1| 010 | 1,235 | 1,220 0,015 1 1
4 2 | 0,20 | 1,482 | 1,490 | -0,008| 2 9
5
3| 0,30 | 1,898 | 1,819 | 0,079 Coefficients C,
4 | 040 | 2,16 | 2221 | 0081 o G
55 =] 050 | 2602 | 2,712 -0,104| 0 | 0,999636668833691
a] 0,60 | 3,398 | 3,311 0,087 1 | 1,9959351281765156
7 0,70 | 3,914 | 4,042 -0,128
o g | 0,80 | 5009 | 4935 0,164
0,0 02 0.4 0,6 08 1,0 12 9 0,50 | 5,793 | 6,026 -0,273
bis 10 | 1,00 | 7,471 | 7,357 0,114
11 | 1,10 | 9,189 | 8,982 0,207

Puc. 5. Bikno npoepamu DS Regression nio uac ananizy 0anux
HAa OCHOBI eKCNOHEeHMHOT Modeni pezspecii
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| B |c| o | E | F | & H I | ] |
1 | 01 1,23 10
2 | 02 1482
3 | 4,3 1,888
I 04 216 Y£=D,QQQESEEBBBSSEBQ expl 1,99508515176516 X ]
"5 | 05 2608 75 R2 = (1297 73LHI/ 342426
6 | 06 3,398
7 | 07 3914
8 | 08 5099
9 |09 5753 g
o | 1 AT >
i1 | 1,1 9,189
_12 |
_13 | 25
14 | ’
_15 |
_16 |
_17 ] 0
18 i 0,2 o4 06 0,8 1 1,2
_19 |
N !
_2

Puc. 6. Ilobyoosa excnonenmuoi peepecii 3a donomozorw LibreOffice Calc

DS_Regression

File Tuning Help
BEGEESSION EQUATICHNS FOR PROCESSING STATISTICS
7, = . xC1 Y= Ot CX 4 CoXotantox™ [
r=Cy 0 r=Cg+ Cq 5 ceat Oy
T = Cpexplc X)) O T = Cgt €1 10X Te=Cgt C X [
Graph Y, = f (%) ¥ YorPY  F 7 Foos  ME % RA2
2 ‘ 1,11 | Py=1,202 |10?6>5,12 | 767,007 |DJ991?DEDEI‘
. [ Input ” Cut Riow ” Clear l n |1 v|| Calculate |
1
Data Yalues frp
o i Ey pe] Vi | Wi | M T
L ]
1| oo |-3292 | 2102 | -oo040) 1 1
- 5 | nzo |-4,79 | -1,872 | oo7e| 2 g
1
3 | 030 |-4,072 |-,008 | o027 Coefficients Cp
) 4 | 040 |-0546 | 0551 | 0,008 4 c,
s | 050 |00 | 0125 | 0075 0 |1,1096004944027264
4 6 | og0 |-0,003 | 0,221 | -0.224| 1 |1,9045910188540147
7 | 070 | 0473 | 0514 | 0041
» 8 | 0g0 |ogs4 | o7 | 0,115
0 02 04 06 08 1 1,2 9 | 000 | 1,289 | 0,993 | 0,296
X 0| 1,00 | 1,176 | 1,194 | -0,018
11| 1,10 | 1,333 | 1,375 | -0,042

Puc. 7. Bixno npoepamu DS Regression nio uac ananizy 0aHux
HA OCHOBI 102apuhmiuHoi Mooei peepecii
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a| B |c] F | G | H | I | ] |
1 | 81 3,232
2 | B2 1,796
& | 83 1092 « o
4 | 0.4 0546 ¥r=1904E0101085402 InfX) + 1,19360840440273 ok
"5 |05 0051 Rz = {1 301 HI5(H02821004 s
& | 06 D003 K
7 | 7 0473 K
_& | &8 {654 i 0,2 04~ 0.6 0.8 1 1,2
9 |89 1209 . P
10 1 1,176 = - ’
1| 1.1 1,333 /*
12 | %
13 | ’
! /
16 | ’ *
17
18 | 4
_19 |
o0 | !
21

Puc. 8. [lobyoosa nocapugpmiunoi peepecii 3a donomoezoro LibreOffice Calc

Sk 3’sicyBasiocst B pe3yJIbTaTi TeCTyBaHHS IMPOTPaMU, Ma€ MiCII€ 3aJ0BLIbHA 3r0/1a PE3ylb-
TaTiB aHaNi3y TUX caMHX HaOopiB AaHux noxatkoM DS Regression i TabinyHUM IpOIIECOPOM
LibreOffice Calc nmpu BUKOpUCTaHHI OJTHAKOBUX MOJIENEH perpecii.

BucHoBku. Takum unHOM, y i po6oTi OyB po3pobienuii kpocrutarhopmuuii Java-noaa-
tok DS Regression ajis mpocToro perpeciitHoro aHaiily JaHHUX, SKUH TIpU QYHKIIOHYBaHHI
BUKOPHUCTOBYE pi3Hi Mojeni perpecii. Kommn’torepHa nporpama mMae rpadiunuii inrepdeiic Ko-
pucTyBaua.

VY mporieci aHamizy AaHUX BOHA BUKOPHCTOBYE METOJ HaliMeHIIMX KBaapaTiB. Kpim Toro,
MPEACTABISIE PE3yIbTAaTH aHai3y B rpadiyHOMY Ta TAaOJMYHOMY BHTJIA, @ TAKOK BH3HAYAE
napamMeTpH, SIKi HeOOXiHI JJIsi OIIHKHM SKOCTI Ta 3HAYYLIOCT1 PIBHSHHS perpecii: koegiieHT
nerepmiHaiii abo 1HIeKC AeTepMiHallii, CepeTHI0O TOMIIIKY alpoKcuMaIlii, pakTuyHe 1 KpUTH-
yHe 3Ha4eHHs F-kpurepito Pimepa.

Hanani mepen6adaerbest MoaepHizyBaTtu gogaTtok DS Regression, 30kpema, Ipu mpoBe-
JICHHI aHaJi3y AaHuX 3a0€3MeYUTH MOXKIUBICTh NOPIBHAHHS (paKTHUHOTO 3HaueHHs F-xpure-
PIIO 1 KpUTUYHOTO MPHU PI3HUX PIBHAX 3HAYYIIOCTI.
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UDC 004.42: 303.724.32
Sergei Tochilin, Vadim Rybin

CROSS-PLATFORM COMPUTER SOFTWARE
FOR SIMPLE REGRESSION DATA ANALYSIS

Currently, specialized computer programs are widely used to analyze statistical data. At the same time, development of
computer programs for regression data analysis is an urgent task.

Regression analysis is usually performed using special commercial computer programs that have a graphical user inter-
face (GUI) and in many cases are rigidly tied to a specific platform.

Currently, one of the most popular programming languages is Java. It is a cross-platform and has an API that is freely
distributed and allows to create programs for statistical processing of experimental data with a graphical user interface.

Recently, a cross-platform program ST Regression for regression analysis with GUI has been developed in the Java
programming language.

The ST Regression program has a significant limitation. It can only perform polynomial data analysis.

The task is to develop a Java GUI application for simple regression data analysis that uses different regression models to
function. In addition, it presents the results of work in graphical and tabular form, and also assesses the quality and significance
of the regression equation.

The features of functioning and the graphical user interface of a Java application that solves the problem are described.
Examples of its use are given.

Using the Java programming language, a cross-platform computer program for simple regression analysis of data, which
uses various regression models in operation has been developed. It has a graphical user interface and uses the least squares
method for analysis. At the same time, the Gaussian method is used to determine the parameters of the regression model from
a system of linear equations that are formed during processing of statistical data. The developed application for assessing the
quality of the model calculates the average approximation error and the coefficient of determination or the index of determi-
nation, and to assess its significance calculates the actual and critical values of the Fischer F-criterion. When calculating the
critical value of Fischer's F-criterion, the program uses the beta distribution function.

Keywords: regression; data analysis; least squares method.

Fig.: 8. References: 10.
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Onvea Mosuaniox, Muxona I omensa

BILJIUB TUCKY HA IUTOMY IMPOAYKTUBHICTH YVJIbTPA®LIBTPALIIMHUX
HEJIOJO3HUX MEMBPAH

Y pobomi npedcmasneno pospobrenuii asmopamu HOUI Yenon03HuUll yiompadirtempayiinuti mamepian, epexmugnicmo
K020 Oyna 008edeHa nio 4ac ouuweHHs 800u 6i0 2ymamis. Busueno éniug nocmitino2o mucky Ha npoOyKmueHicms HOBUX
MembpaHn nio yac ginompyeans oucmuavoganoi 6oou. 3a mucky 0,2—1,0 MIla docriosceno mpu eapianmu Komnosuyii mem-
opan. I1o6y0osano exchepumenmansHi 3a1elcHOCmi WEUOKOCIT MPAHCMEMOPAHHO20 NOMOKY BI0 3a2anbHO20 Yacy Pinempy-
eanns. Ompumarno mamemamuyni mooeni, adekeamuicms AKUX niomeepooicerno. Bcmanosneno, wo numoma npooyKkmueHicms
CYMMEBO 3a1excump 6i0 KOMRO3uYii MemOpanu i snavenns mucky. Maxcumaneny npodykmuenicme 235 om’/(m?-200) na cma-
oMy pedsicumi pobomu docaenymo npu eeaununi mucky 1 Mlla.

Kniouogi cnosa: yenionosna memopana, Oucmuibo8ana 6004, yiompapiitempayis;, muck, ycaoka, npooyKmueHicmo.

Puc.: 1. Tabn. 2. bion.: 17.

AKTYaJIbHICTh TeMH JTOCTIT:KeHHs. Y BChOMY CBIT1 yIbTpaduIbTpallis 3HAXOUTh eaati Oi-
JIbLIIE 3aCTOCYBAaHHS SIK METOJ OUHMILCHHS /I OTPUMaHHS MUTHOI Ta TEXHIYHOI BOJM, 1 HUHI LIeH
METO]I B)KE HE BUKIIMKAE CYMHIBIB IIOI0 CBO€T €(PEKTUBHOCTI i KOHKYPEHTOCHPOMOKHOCTI [ 1-7].

KitouoBum enemeHTOM Oyb-51KO1 yibTpadiibTpaliiiHoi CHCTEMHU OYHILEHHS BOAH € MEM-
OpaHHi amapartu, ToMy BiJ BHOOpY TUIy MeMOpaH, KOHCTPYKLii MeMOpaHHUX MOMYJIB 1 pe-
KUMY 1X poOOTH OyJie 3alie)aT ycImiX poOOTH BCi€l yCTaHOBKH.

OTxe, MONIYK HOBUX, OUTBII JIEMIEBUX 1 €PEKTUBHUX MaTepialliB Il yIbTpadiIbTpaIliiHuX
MeMOpaH Ta croco0iB 1X BUTOTOBJICHHS € HA ChOTOAHI aKTyaIbHOIO 3amadeto [1; 6].

IlocTanoBka npo6Jemu. YibrpadiibTpaliiiai MeMOpaHu, K 1 MiKpoiIbTpaliiHi, oaep-
JKyBaH1 3 TIOJIIMEPIB PI3HUMHU METOaMH, MAlOTh KBa31piBHOBAXXHY CTPYKTYPY, KA € TEPMOJIH-
HaMiYHO HECTIWKOIO Ha HaJMOJEKYJSPHOMY i MaKpOCKOIIYHOMY piBHSX Oopraisaiii, aje 3a
NEBHUX YMOB 30epiranHsi MeMOpaH BOHA MPAKTUYHO HE 3MIHIOEThCS TpuBanuid yac. OnHak y
poboyoMy cTaHi, KoM MeMOpaHU MiAJaI0ThCs BIUIMBY JTOCUTh BUCOKHUX TUCKIB (Y BUIAJIKY Oi-
JBIIOCTI yIbTpadinpTpaiiHux MeMOpaH 3a TUCKIB, 1110 nepeBuIyoTh 0,5 MlIla), mporec yib-
TpadiIbTpalii CyIpOBOKYETHCS €PEKTOM «yCaIKW» MeMOpaH, y pe3ysbTarTi sIKOro iX MpOHU-
KHICTB 3HWKY€EThCS [8; 9].

BaxxnuBumu 3aBIaHHsIMEU TIPH pO3pOOIII Ta eKCIUTyaTallii MeMOpaHHHUX yiIbTpadiIbTpaliiii-
HUX YCTAaHOBOK €: TPOTHO3yBaHHS 3HWKEHHS MPOTYKTHBHOCTI MEMOPAH 13 IJIMHOM Yacy 1 BH-
O1p ONTUMAJILHUX TTAPAMETPIB pOOOTH IS 3a0€3MeUeHHS MaKCUMaIbHOT TIPOYKTHBHOCTI.

[Ipote 30ir TeOpeTHYHUX 1 EKCIIEPUMEHTAIBHUX JaHUX MO0 MPOHUKHOCTI MeMOpaH y
NpPaKTULl yIbTpadiabTpalii €, CKopilie, BAHATKOM, Hi’K MPaBUJIOM, OCKIJIBKU XapaKTEpHUIl B
OCHOBHOMY JIsl yIbTpadinbTpallii po3uMHHHUKIB a00 JOCUTH PO30aBIEHUX PO3UMHIB HU3BKO-
MOJIEKYJISIpHUX peuoBHH. OfHAK 1 B IbOMY HAMIMPOCTIIIOMY BUIAJIKYy MOXKE CIOCTEpIiraTucs
3HAaYHE BIAXUIJICHHS, 1110 00YMOBJICHE YIIUTbHEHHAM (YCaIKOI0) CTPYKTYpH MEMOpaHU (sSIKe TUM
O1JIbIIIe, YUM BHUIIIE 3aCTOCOBYBAHHM THCK) 1 B3a€EMO/II€I0 PO3UMHHUKA 3 MaTepiaioM MeMOpaHu
[10—13]. Takux ycKIaJHEHh MOKHA 3HAYHOIO MIPOIO YHUKHYTH B PE3yJIbTaTi Mia0opy BiAmo-
BIIHMX MeMOpaH 1 yMOB ix ekcruryaTartii [ 14].

AHaJi3 ocTaHHiX AocaikeHb i myoJikanii. Hunai Bimomo monazn 100 pisHMX MarTepiamis,
3 IKUX BUTOTOBJISIIOTHCS MeMOpanu [2]. ABTopamu [15] OyB po3po0sieHni HOBUH TIETIOI03HUI
MaTepiai, TpU3HAYCHUN JJI 3aCTOCYBaHHS B yJIbTpadUIbTpAllIiHUX YCTAaHOBKAX, CIIOCIO BUTO-
TOBJICHHSI SIKOT'O € TIPUHIIMIIOBO BiIMIHHUM BiJl BITOMHUX CITIOCOOIB BUTOTOBJICHHS YIbTpadisib-
TpauiiHux MemOpaH. EdekTuBHICTE HOBOTO MaTepiaiy Oyia JociiKeHa i JoBeaeHa B pobo-
tax [1; 15; 16] Ha ounIeHHI BoAM Bix ryMaTiB. JloCmiyKeHHS OKa3aJIH, IO i CENEKTUBHICTb,
1 IPOYKTHBHICTh HOBUX MEMOpaH CYTTEBO 3aJE€XKHUTh BiJl TUCKY PO3UMHY, IO MOJAETHCSA HA
(binbTpyBaHHS.

© Moguantok O. M., 'omens M. [1., 2021
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BucgitjieHHs1 HelOCJIIIZKEHUX YACTHH 3arajbHoi npodJjemu. Ha epextuBHicTh pobOTH
MeMOpaH BIUITMBAE HE JIMIIE TUCK SIK PYIIiHA cujia Oy/Ib-IKOro 6apoMeMOPaHHOTO MPOIIECY, a
1 3a0pyIHEHICTh MOp MEMOpaHHU MOJIEKYJIaMHU 3aTPpUMYBaHOi peuoBHHU. Kpim Toro, mif aieio
TUCKY Bi10yBa€eThCs 1 3MiHa CTPYKTYpH (ycaaka) memOpanu. He ciin 3a0yBartu i mpo B3aemo-
Ji10 pO3YMHHUKA 3 MaTepiajioM MmemOpanu [14].

3Bakarouu Ha BUINlE3a3HAYEHE, a TAKOK HAa HEMOJKIIMBICTh MOMIUPHUTH JOCBII 1HITUX JTOC-
JITHUKIB Yepe3 MPUHITAIIOBO BIIMIHHI CITOCIO BUTOTOBJICHHS 1 KOMITO3HIIIIO, & 3HAYUTh, 1 YMOBH
(dbopMyBaHHS CTPYKTYPH HOBUX MeMOpaH Ta iXHIO TOBEAIHKY ITi/1 9ac eKCIuryaTallii, HeoOXiaHo
BUBYMTHU BIUIMB TUCKY HA MPOAYKTUBHICTH LIETIONIO3HUX MeMOpaH npu (igbTpyBaHHI YHCTOTO
PO3UMHHHKA (IUCTUIHOBAHOI BOJM), IO JO3BOJIMUTH OI[IHUTHU CTYIIHb 3MIHU CTPYKTYPH CaMoi
MeMOpaHH i1 1I€F0 TUCKY W y TTOIaTBIIIOMY 3a0€31eUNTH ONITUMAaJIbHI TapaMeTpu pOOOTH YJITb-
TpadIbTPaIIiHOT YCTAaHOBKH.

VY pobori [6] Oyio AOCTIHKEHO BILUIUB 3MIHHOTO po0OOYOro THUCKY B aiamasoni Bix 0,2 mo
1,0 MIla y mociiIoBHUX MHUKJIaX HaBAaHTAKEHHS-PO3BAHTAXKEHHS Ha IIBUIKICTH TPAHCMEMO-
PaHHOTO MOTOKY HOBHX IENIOJO3HUX YIbTpadiabTpamifHux MeMOpaH miJ yac GpinbTpyBaHHS
JTUCTUIBOBaHOI BoAM. byno mpoBeneHo Tpu BunpoOyBaHHSA, KOXKHE 3 SIKUX BIAPI3HSAIOCH MaK-
cuManbHuUM 3HadeHHsM Tucky (0,6; 0,8; 1,0 MIIa). ¥ Mexxax K0XHOTO BHMpPOOYyBaHHS 0yIi0
MPOBEJICHO TPU IIUKJIM HAaBaHTA)XEHHS-PO3BaHTaKEeHHA. THCK CIOYaTKy MOCTYNOBO 30UIbIIY-
Bay (TIPSIMUE X1J1), @ TICHS JOCATHEHHS MaKCUMAaJIbHOTO 3HAUYCHHSI TUCKY 3HWKYBAJIH (3BOPO-
THUH Xix). JlochimkeHi Hearon03H1 MeMOpaHu BUSBIIIUCS B’ SI3KOCIACTUYHUMU, a edopmartii
iXHBOI CTPYKTYpH Mij Ji€I0 pOOOYOTr0 TUCKY — MEPEBAXKHO HE3BOPOTHUMH (IIPO IO CBITUUIH
OTpPHUMaHI TETJIi TiCTepe3ucy, YTBOPEHI KPUBUMH HAaBAaHTAKCHHS-PO3BAHTAXKEHHS), Y PE3Yib-
TaTi YOro 3HMKYyBaJIacs MPOHUKHICTh MeMOpaH. HaifOubIl CyTTeBU BIUTUB POOOYOTO THUCKY
Ha TMPOAYKTHBHICT MeMOpaH 3adiKCOBAaHO MJII MAKCUMAJIbHHMX WOTO 3HAa4eHb. 3a THUCKY
1,0 MIla Ha TpeThOMY ITMKJII HABAHTAKECHHSI IBUJIKICTh TPAHCMEMOPAHHOTO IMMOTOKY 3HUKYBa-
nacs Ha 56,7 % BiJ IIBUAKOCTI HAa MEPUIOMY LUKJII 32 TAKOT'O K 3HAUCHHS TUCKY.

Heo0xigHO TakoX TOCTIAUTH BIUIMB MOCTIHOTO THCKY Ha MPOAYKTUBHICTH MEMOpPaH THUX
caMMX KOMITIO3HIIA.

IlocTanoBka 3aBaaHHs. MeTa poOOTH — BUBYCHHS BIIUBY MOCTIHHOTO THUCKY Ha MTPOTYK-
THUBHICTh HOBHX IIETIOJIO3HUX YJIbTpadUIbTpalliiHUX MEMOpaH mij yac GiabTpyBaHHS TUCTH-
JLOBAHO1 BOJIU B PEKUMI «Cross-flow» JIJ1s1 MOKITUBOCTI BUOOPY ONTUMAJILHUX ITapaMeTPiB PO-
60TH ynbTpadimbTpalliiiHol yCTaHOBKHU 3 TPAaH3UTHUM IOTOKOM.

BukJaaa ocHoBHOro marepiany. /lns gocnimpkeHnHss Oyau BUTOTOBIIEHI Ja0opaTopHi 3pa-
3ku MeMOpaH Macoro 80 r/m’ 3a Meromukoro [15]. Jsl BUTOTOBJIEHHS BHUKOPUCTOBYBAIM
XBOWHY BHOUICHY CyJb(haTHy 1emtosio3y Mmapku Xb-5, rinpodobizyrouy cymim LPM-1.7/2 abo
LPMS (mami LPM-1.7/2 1 LPMS), Butpata sikoi ctanoBuia 5 a6o 10 % Big aGCoIOTHO CyXOTo
BOJIOKHA 11eJ110J103H (a.c.B.). LPMS Biapi3HsA€TbCS THM, IO BUKOPUCTOBYBaHUM MOAM(IKATOP
MiJ] 9ac MPUTOTYBaHHS KJICK ONAEThCS PO3UMHEHUM B ETUIIOBOMY CHHUPTI. Y BHITAJIKY
LPM-1.7/2 monudikarop nomaeTbcs y yucTomy BUTisai. KoHIIEHTpallis HentoI03HOoi CyCcIieH-
311, 3 sIKOT BUTOTOBJISUIM MeMOpaHu, ctaHoBuia 4 %, ctyninb MauBa macu — 90 °IIP. Byno no-
CIDKEHO TpHW BapiaHTH Kommo3uilii memOpan: Ne 1 (memrono3a + LPM-1.7/2 3 BuTpartoro
10 %); Ne 2 (nemtonoza + LPMS 3 Butpatoro 10 %); Ne 3 (nemtonoza + LPMS 3 Butpatoro 5 %).

Y po0OTi BUKOPHUCTOBYBABCS METOJI MPOHUKHOCTI, IO € HAI3BUYAWHO TIPOCTHUM 1 MOJIATAE
y BUMIpIOBaHHI TOTOKY BOJIU uepe3 MeMOpaHy, 3aJ1€KHO BiJl IPUKIIAJACHOTO TUCKY. 3a IeSKOT0
MiHIMaJIbHOTO THCKY HaWOUIBIIII TOPH CTAIOTh MPOHUKHUMH, Y TOH Yac SK MOPU MEHIIOTO pO3-
MIpy III€ 3aJIMIIAI0THECA HEMPOHUKHUMH. BenmnunHa MiHIMQJIBHOTO THCKY 3aJIeKHUTh 3/1€01Tb-
IIOTO BiJ THITY JOCIIKyBaHOT MEMOpaHH i po3mipy ii op [17].
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MinimManbHUI poOOYHIA THCK, 3@ SIKOTO JTOCHIPKEHI MEMOpPaHH CTalOTh MPOHUKHUMH, CTa-
HoBuB 0,2 MIla. JlochimkeHHs] MPOBOIMIN HAa YCTAHOBLI 3 TPAH3UTHUM IOTOKOM 32 TOCTiii-
HOTO poboyoro Tucky (Bix 0,2 mo 1,0 Mlla, 3 kpoxom 0,2 MIla) i Temnepatypu 17 °C. OinbT-
pyBanus TpuBaiio Big 110 go 140 xB, 1o Buxoay Ha ctanuii pexxuM podotu. Yepes koxHi 10 xB
dbikcyBanm 06’ eM niepmiaty. J{Jis BCiX 3HAYEHBb THCKY MTOOYI0BAHO 3aJICKHOCTI MIBUIAKOCTI Tpa-
HCMEMOPaHHOTO TTOTOKY ¥, M° / (M?°T0T), BiJl 3aranbHOT0 yacy (GinsTpyBaHHs, XB (puc. 1). AHa-
113 pe3yabTaTiB PUIBTpyBaHHS HaBEeACHO y Ta0I. 1.

Tabnuya 1 — Bnaue mucky Ha weuoKicms mpaHCMemMOpanHo2o NOmMoKy

3HIKCHHS .
BapianT ITouaTrkoBa IIpoayKTUBHICTE | IPOIYKTHB- TponyxusHicTs 3aranbie
... | Trck, . . Ha CTAJIOMY | 3HIDKCHHS MPOJLY-
KOMIOSHILT | o Hp30,£[y;(TI/IBHICTB§ glepezs 10 xa, , HOCTI J— KTHBHOCTI (Bi
MeMOpaHu (M°/(m*Tom))-10* | (M*/(M* To1)) 10 I{epe3%10 XB (v¥(m2ron)) 10| owarosof), %
0,2 2,9 2,7 6,9 1,6 44,8
0,4 7,9 4,0 494 2,5 68,4
1 0,6 11,9 8,7 26,9 3,6 69,7
0,8 11,2 7,6 32,1 3,6 67,9
1,0 16,2 12,0 25,9 4,0 75,3
0,2 13,0 6,1 53,1 2,9 77,7
0,4 17,3 9,8 43,4 4,0 76,9
2 0,6 69,3 36,5 47,3 24,6 64,5
0,8 52,0 40,1 22,9 11,6 77,7
1,0 81,2 64,3 20,8 23,5 70,2
0,2 7,9 52 34,2 2,7 65,8
0,4 20,8 10,3 50,5 4,7 77,4
3 0,6 25,6 13,4 47,7 5,8 77,3
0,8 16,1 9,8 39,1 4,7 70,8
1,0 93,2 68,2 26,8 5,8 93,8

[TomiTHO, 1110 3a JOCIIKEHNUX 3HaYe€Hb POO0OYOro TUCKY JIJIi MEMOpPAH yCIX KOMITO3HIIIH 13
YacoM CIIOCTEPIra€ThCs 3HKEHHS IIBUAKOCTI TPAHCMEMOPAHHOTO TIOTOKY. Y MepIIoMy mepi-
ol iapTparii Bii0OyBa€ThCs HAUOLTBII IHTEHCUBHE 3HWKEHHS IIBHIKOCTI. fIMOBipHo, caMe B
el TOYaTKOBUH MEPioJ MiJ] €0 TUCKY CYTTEBO 3MIHIOETHCSA CTPYKTYPa MEMOpPAHH 1 3MEHIITY-
€ThCS 11 MOPUCTICTh. Y ApyroMy mepiofii GpiabTparii 3HUKEHHS IBUIKOCTI TPAHCMEMOPAHHOTO
MOTOKY YIOBUIBHIOETBCS, MICISI YOTO CHOCTEPIraeThesl CTaluil mepedir mpouecy ¢inbrparii
(Tperiii epio), KOJM MBHUAKICTh TPAHCMEMOPAHHOTO MOTOKY IMTPAKTUYHO HE 3MIHIOETHCS.

Binomo, o memntomno3a, sika CKJIagae OCHOBY JTOCIIKEHIX MEMOpaH, € KariisspHO-TIOpHUC-
TUM MatepiaigoM. [Topu caMux BOJIOKOH € MMEPBHHHOO CKIIQJOBOIO 3arajbHOI IIOPUCTOI CTPYK-
TYpH 1IeN0J03HuX MeMOpaH. Crioci e BUTOTOBJIEHHS AOCIHIHKEHUX MEMOPaH (3 BOJIOKHUCTOI
cycnensii nursixoM GiabTparlii Ha ciTiii) GopMye BTOPUHHY IMIOPUCTY CTPYKTYPY MEMOpaHH — 3a
pPaxyHOK BUTBHOT'O MTPOCTOPY MK BOJIOKHAMH IIEIFOJIO3U Ta IHIIUMH CKJIAJOBUMH KOMITO3HIIi1
MeMOpanu. CaMe Ha 110 BTOPHHHY CTPYKTYPY 1 CIpsIMOBaHa HacaMIiepes Mist TUCKY. BiacTanp
MK BOJIOKHAMH CKOPOUYETHCS, CTPYKTypa MEMOpaHH YIIUILHIOETHCS, 3arajbHa MOPUCTICTh, a
BIJIMOBIJTHO 1 11 TPOHUKHICTh, 3HIKYETHCSI.

Sx BunmHO 3 TaOu. 1, HaliMEHII 3HAYSHHSI 3araJIbHOTO 3HWKEHHS POAYKTUBHOCTI CIIOCTE-
piraroTbcs st MEMOpaH 13 BapiaHTOM KOMITO3HIIIT 1 3a BCIX JOCIIKEHUX 3HAYCHb TUCKY (i-
ApTpyBaHHs. [ 1MX 3pa3KiB 3a(hikCOBAHO 1 HaliMeHII aOCOMIOTHI 3HAYSHHS POyKTHBHOCTI
(y Bcix mepionax (iIbTpyBaHH).
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HaiiGinp1i abcoroTHI 3HaUY€HHS TPOIYKTUBHOCTI TOCSATHYTO TSI 3pa3KiB 3 KOMITO3HITIEIO
21 3. [leBHO, camMe BOHM MarOTh HAaHO1IbITY TOPUCTICTh. Tak, 3a Tucky 1 MIla modatkoBa mpo-
JQYKTUBHICTB JUIS ITUX KOMMo3wuiii ctanoButh 0,812 Ta 0,932 M3/(M2'I‘O,Z[), a TMicTs BUXOIY Ha
cramuii pexxum — 0,235 Ta 0,058 m*/(M?ro/) BinnoBigHo. MakcuManbHe 3araibHe NaiHHs Ipo-
nyktuBHOCTI (Ha 93,8 %) Oyrno 3adikcoBane ais MemOpaH kommo3wuiii 3 3a Tucky 1 MIla.

36inbmenHs podovoro tucky 3 0,2 mo 1,0 MIla npu3BoguTs 10 301JIbIIEHHS TPOTYKTUBHO-
CTi 3a CTAJIOTO PeXXUMY poOoTH MeMOpanu kommno3uilii 1 y 2,5 pasa, kommosuiii 2 —y 8,1 pa3a,
koMmrmo3uii 3 —y 2,1 pasa.

ATpoKCHMAIliI0 eKCIIEPUMEHTAIBHUX 3aJI€KHOCTEH BUKOHAHO 3 JOMTOMOT 010 (hyHKIT «JIi-
His Tperna» nporpamu MS Excel 2010. V pe3ynbrari 0ys0 oTpruMaHO 0JHO(AKTOPHI MaTemMa-
TAYHI MOJIENI JJIs1 BCIX JOCIIKEHUX KOMITO3UIIIM HOBHUX IIETIOJIO3HUX MEMOpaH Ta 3Ha4eHb
THUCKY. Y Cl MOJIEIIi € TIOJIIHOMIaTbHUMHU (DYHKITISIMHU, TI10 aJIeKBATHO OMUCYIOTh 3aJICKHOCTI ITH-
TOMOT MPOAYKTUBHOCTI BiJ] 3araJIbHOTO Yacy mporiecy yabTpadinpTparrii (tTadmuis 2). CTymninb
anpPOKCUMYIOYOTr0 MoTiHOMa Bif 3 110 6.

Tabnuys 2 — Pe3ynomamu anpoxcumayii

Bapianrt JocToBipHicTh
w | THCK,
KOMMO3HIILii MaTeMaTHYHA MOJeNb anpoKcuMamii,
MiIla
MeMOpaHu (R?)
0,2 y = -2E-06x3 + 0,0006x? - 0,0472x +2,9419 1,0000
y =3E-10x° - 9E-08x> + 1E-05x* - 0,001x* + 0,0358x%> - 0,6479x +
0,4 +7.9025 0,9932
y = 1E-10x% - 5E-08x> + 7E-06x* - 0,0005x> + 0,0209x> -
! 0,6 -0,4869x + 11,912 0,9993
y= -1E-10x°® + 4E-08x° - 4E-06x* + 8E-05x> + 0,0087x? -
0.8 -0,4823x + 11,24 0,9913
1,0 y =3E-07x* - 9E-05x> + 0,0102x> - 0,5285x + 16,187 0,999
y = 1E-10x° - 5E-08x> + 1E-05x* - 0,0009x> + 0,0426x? -
0,2 -0,9902x + 12,912 0,9927
y = 3B-10x° - 1E-07%° + 2E-05x* - 0,0012x + 0,0486x -
0.4 S 1L1127x + 17,276 0,9973
y = 1E-09x% - 4E-07x> + 7E-05x* - 0,0056x> + 0,2402x> -
2 0,6 -5,1244x + 69,171 0,9972
y =-3B-11x° + 9E-09x° + 1E-07x* - 0,0002x> + 0,0283x -
0.8 - 1,5406x + 52,161 0,9981
y = 6E-11x° - 3E-08x> + 7E-06x* - 0,0008x> + 0,0503x? -
1,0 -2,1052x + 81,202 0,9995
y = 1E-10x% - 5E-08x> + 7E-06x* - 0,0005x> + 0,0203x> -
0.2 -0,4179x + 7,9245 0,997
y = 2E-10x% - 8E-08x> + 1E-05x* - 0,001x* + 0,0432x> -
0.4 -0,9731x + 16,058 0,9979
3 y = 9E-10x° - 3E-07x> + SE-05x* - 0,0034x3 + 0,1136x? -
0.6 -1,775x + 20,517 0,9653
y = 5E-10x% - 2E-07x> + 3E-05x* - 0,0025x> + 0,0955x%> -
0.8 - 1,901x + 25,504 0,9962
1,0 y = 1E-08x> - 3E-06x* + 0,0001x> + 0,0294x2 — 3,1254x + 94,034 0,9971

BucHoBku. TakuM 4MHOM, 3MiHA CTPYKTYPHU IENIOJIO3HUX YIbTpaduUIbTpaliiHUX MeMOpaH,
110 BiI0YBA€ETHCS MM TI€F0 TTOCTIHHOTO THCKY, CYTTEBO 3aJICKHUTh Bl KOMITO3HUITIT MEMOpaHH 1 BiJl
3HA4YEeHHs poO0UYOro THCKY. MakcuMalbH1 3HAYCHHS IPOTyKTUBHOCTI TICIISl BUXO/TY Ha CTAJIMH pe-
XKHUM poOOTH OYJIO JOCATHYTO Uit MeMOpaH, 110 riipododizoBani cyminmo LPMS, 3 Butpatoro
10 %. IlIBuakicTh TpaHCMEMOPAaHHOTO TMOTOKY JJIsi HHUX 3MiHIOBajdacs B Jiana3oHi BiJ
0,029 m*/(m?-rox) 3a Trcky 0,2 MITa 0 0,235 m*/(M?-rox) 3a Tucky 1,0 MITa.
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UDC [66.067.123.3+66.067.17-986/66.083.3]
Olga Movchaniuk, Mykola Gomelya

EFFECT OF PRESSURE ON SPECIFIC PERFORMANCE
OF ULTRAFILTRATION CELLULOSE MEMBRANES

The efficiency of any ultrafiltration plant, so widely used today for water purification around the world, largely depends
on the type of membranes and the mode of their operation.

Polymeric ultrafiltration membranes are exposed to high pressures during operation, as a result of which their
permeability is reduced. In addition, the solvent interacts with the membrane material. The operation of the membranes is
investigated to predict the decrease in membrane performance during operation and to ensure maximum performance.

The authors developed a new cellulosic ultrafiltration material, the effectiveness of which was previously proven during
the purification of water from humates. Studies have shown that both the selectivity and performance of new membranes depend
significantly on the operating pressure.

The efficiency of the membranes is affected not only by the pressure and shrinkage of the membrane under the action of
pressure, but also by the contamination of the membrane pores with molecules of the retained substance. Therefore, there is a
need to study the effect of pressure on the performance of cellulose membranes when filtering pure solvent, which will assess
the degree of change in the structure of the membrane under pressure and further ensure optimal parameters of the
ultrafiltration unit.

The aim of the work is to study the effect of pressure on the performance of new membranes during the filtration of distilled
water to be able to select the optimal parameters of the ultrafiltration unit with transit flow.

Three variants of the composition of cellulose membranes weighing 80 g / m2 were manufactured and investigated.
Coniferous bleached sulphate cellulose and a hydrophobic mixture were used to make the membranes.

The study was performed at a constant operating pressure (from 0.2 to 1.0 MPa, in increments of 0.2 MPa). Filtering
continued until steady state. Based on the obtained results, experimental dependences of the transmembrane flow rate on the
total filtration time were constructed.
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1t is established that there is a decrease in the rate of transmembrane flow over time. There are three periods of operation
of the membranes: the largest and slowest reduction of speed, as well as a constant period of operation, when the speed does
not change.

Approximation of experimental dependences is performed. Adequate mathematical models of the dependence of the
specific productivity on the total ultrafiltration time are obtained.

Therefore, the change in the specific productivity of the ultrafiltration process, which occurs under the action of constant
pressure, significantly depends on the composition of the membrane and the value of the working pressure. The maximum
productivity (0.235 m3 / (m? - h)) after entering the steady state operation was achieved at a pressure of 1 MPa for membranes,
during the manufacture of which the consumption of the hydrophobic mixture LPMS was 10%.

Keywords: cellulose membrane; distilled water; ultrafiltration; pressure; shrinking; structure; specific productivity.

Fig.: 1. Table: 2. References: 17.
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HAKYBAJIbHUM ITATIIP I3 HAITIBOABPUKATIB
OBI'OPTOK KAYAHIB KYKYPY /31

Bugueno mooicnugicme suxopucmanns nanigghabpuxamis, ompumanux iz 0620pmox Kauais KyKypyosu 0is 6Ueomos-
JIeHHs1 naKys8anbHux 6udie nanepy. Ilokazano 3anexncuicmos Qiopuniogants 6010KOH i3 0620pmoK 6i0 cmynens ix oenieHigi-
rayii. [Ipoananizoeano gpaxyitinuii ckiad macu nicas posmentosanns. Ilokazano, wjo HampouHo-co0osi nanisghabpukamu
i3 062opmok 3a nesucoxux eumpam peazenmié 10 ma 14 % 6 00. Na:0 ma nempueanozo uacy obpobku 15 ma 30 xe i
memnepamypu 100 °C ma 160 °C xapaxmepu3yromvcs ucOKUMU NANEPOMEOPHUMU 81ACMUBOCMAMU. 38adcaloyu HA 00C-
mynHicme 0620pmMoK KyKypyo3u, ieeKicmbp ix denieHipixayii ma ucoxi NOKAZHUKU MIYHOCMI, GOHU MOJICYMb YCRIUHO GU-
KOpUCMOo8y8amucs ik yeroi0306MIiCHOT CUpOBUHU 0151 BULOMOGIEHHA nanepy 00620pmK08020, 015l NAKYBAHHS MEKCMUTbHUX
mamepianis, 013 06KIAOUHOK 30UUMIE.

Knrouosi cnosa: o62opmku,; nanisgpabpuxamu, Giopumnosants; nanip 062opmKoeull; 0ist NAKY8aHHs, 0OKIAOUHOK 30UUMIS.

Puc.: 7. Tabn.: 2. Bién.: 20.

AKTYaJbHICTh TeMHU A0CTiIKeHHsA. OHUM 13 HAOUIBIII KOHKYPEHTHUX CEKTOPIB CBITO-
BOI €KOHOMIKH, 1[0 PO3BHBAETHCS AUHAMIYHO 1 CTaOUIBbHO, € MaKyBajibHa 1HIycTpis. L{pomy
CIIpHsi€ TIepeayCiM po3/IpiOHa TOPTIBIIA, a cCaMe PO3BUTOK IHTEPHET-TOPTIBIII, 110 € MOTHUBATO-
POM 3pOCTaHHS MOMHUTY Ha TapONaKyBaJbHI MaTepiaiH.

3 ornsiy Ha MOTpeOU ChOTOJICHHS, TTANIepOBa YITAaKOBKA MTOBUHHA OyTH €KOJIOTIYHOI0, 0e3-
NICYHOIO JUISI HABKOJIMIIHBOTO CEPEIOBHUIIA 1 3a7J0BOJILHATH HOBI IOTPEOH CIIOKMBayda. Y aKo-
BKa B KOPHABIPYCHHM MEpioj BiAIrpae BHHATKOBE 3HAYCHHS SIK 3aXHCHHM, CTCPUIBHUHN 1
Oap’epHuii MaTepiai, o0 B MaiOyTHROMY 30epeke CBOE JOMiHYIOUE 3HAUCHHSI.

IlocranoBka npodaemu. 3a nanumu komnanii IndexBox, yxxe 2018 porii 06’emMu crioxu-
BaHHS NaKyBaJbHOIO Manepy y cBiTi ctanoBwin 22,9 mipz gon. CIIA, mo Ha 7,2 % Ounbue,
HDK y monepeaapomy porri [1].

V¥ 2020 ta 2021 pokax maHaemisi KOpoOHaBipycy 1€ CHIIbHIIIE KaTali3yBala TeHIEHIIT po-
3BUTKY IIEJII0JI03HO-TIANIEPOBOI IPOMHUCIIOBOCTI B CTOPOHY BHUIYCKY Iariepy Ta KapTOHY s
ymakoBKH. L{e 4iTKO MpociiKOBY€EThCS Ha eperpodiibOBaHUX MiIPUEMCTBAX 13 BUITYCKY Ma-
nepy s mucbma Ta Apyky [2]. [lpukiagom Takox € aBcTpiiickka ¢adpuka Brusk, ae 3amicts
ra3eTHOro Inarepy IUIaHyEeThCSI BUITYCK MaKyJIaTypHOI'O KapToHy [3].

HuHi1 0CHOBHOIO CHPOBHHOIO JIJIS MIITPUEMCTB, 1110 BUPOOJISIOTH MMaKyBaIbHI BUH TaTlepy Ta
KapToOHY € Makynatypa. HeoOXitHO 3ayBakuTH, 110 B X0/ MEpepoOSICHHS MaKyJIaTypH CepeHs
JIOB)KMHA BOJIOKHA 1 3/1aTHICTh JIO YTBOPEHHS MI>KBOJIOKOHHHX 3B’SI3KIB TIOCTYTIOBO 3MEHIITYEThCH.
TakuMm 4MHOM, SIKICTB TOTOBOT'O MPOAYKTY OyJe 3HmKyBatuca. KpiM Toro, neski Buau namepy i
KapTOHY 13 CaMOro MOYaTKy He MPHJIATHI 10 TOBTOPHOro nepepodieHHs. J1Jis mokparieHHs mnare-
POTBOPHHUX BJIACTUBOCTEH BTOPMHHUX BOJIOKOH € 3aKOHOMipHA HEOOXITHICTh OTPUMAaHHS 1 10/1a-
BaHHS y Macy MEPBUHHOTO BOJIOKHA [4]. 3Ba)kalouu HA 3arajibHOCBITOBI TEHCHIIT 11010 0OMe-
YKEHHsI BUKOPUCTaHHS JEPEBUHU K CHPOBUHH 3 METOIO 3aXUCTY HAaBKOJIUIIIHBOTO CEPEOBHIIIA, 1€
3MYIITy€ TIPOMHCIIOBICTh 3HAXOIUTH aJIbTEPHATHBHI HEJIEPEBHI Kepena [5; 6].

AHAJI3 OCTaHHIX JocTiMKeHb i mybJikaniii. Bnpomosx ocTaHHIX JECATH POKIB 3arajiom
CIIOCTEPITaeThCS TEHCHITS IO CTay CHOYKMBAHHS MariepoBOi MPOIYKITi [7]. 3aBISKH MOTYX-
HOMY PO3BHUTKY ITU(POBHX TEXHOJIOTIA MOTPEOH B IEFOIO31 1 Manepi MOCTIHHO 3HIKYIOTHCA.
e mosICHIOETHCS 3MEHILICHHSAM BUKOPUCTAHHSI PI3HUX BUIIB MOJIrpadiyHOro namepy, 0cCo0IMBO
ra3eTHOro, OCKUIBKM OCHOBHUMHM HOCISIMH 1H(OpMAIIii CTafOTh €JIEKTPOHHI BUAAHHS 1 BOHH 3aMi-
HIOIOTH APYKOBaHY MPOIYKIIi10, KHUTH, Ta3eTu KypHaiu [7]. [lepion manaemii Big3HauYMBCA CyT-
TEBUM BIUIMBOM TaKOX Ha 3HM)KEHHS CIIOXKHMBAaHHS O()CETHOr0, MUCAILHOTO Marepy uyepes OH-
JaiiH poOoTH o¢iciB, HABUYAHHS CTYICHTIB Ta MKOJIApiB. BomHouac Big3HauyaeThcs CTiiike
3pOCTaHHs MarnepoBoi Ta KAPTOHHOI YIakoBkH [2; 7]. Taka TeHaeHIIis MpUTaMaHHA BITYM3HIHUM
HiANpUEMCTBAM, aJie MOrUOJIeHA 111e MPodieMaMy HU3bKO1 SIKOCTI BTOPCUPOBUHH Ta ii HasiBHO-
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cTi. Sk Bim3Hauae rososa acoriarii «Ykpllamipy, TpaauiiiiHo 3 pOKy B PiK CIIOCTEPITaEThC Jie-
¢biuT BropuHHUX pecypciB [8]. 3a omiHKaMu CHemiamicTiB, moTpeda B MaKyIaTypi csArae 10 ofl-
HOT'O MUTbHOHA TOHH, 3 AKUX MPHOIU3HO T’ ATy YaCTHHY PUXOIUTHLCS IMIopTyBatu [8; 9].

Croctepiraerbes, M0 OCHOBHOIO MPUYMHOI0 TAaKOTO CTaHY € HU3BKUU PiBEHH 300pY BTO-
PYHHOI CHPOBHHH, 1i COPTYBaHHS Ta pereHeparii. B ymoBax manmemii pi3ko CKOpOTHIIaCs 3a-
TOTIBJISI MaKyJaTypu SIK B YKpaiHi, Tak i B €Bporii, 110 IpU3BEJIO 10 ii HecTadi Ta MOJOPOXK-
yaHHs [8; 9]. OqHUM 31 IUIAX1B BUPIIMICHHS CAPOBUHHOI 0a3| /U1 BUPOOHUIITBA Tarlepy MOXKE
OyTH niepepoOIeHHS HeACPEBHUX OTHOPIYHUX POCIHH Y BUTIISAI OOTOPTOK KauaHiB KYKYpyA3H,
pimaky, coi 3 OTpUMaHHSIM MEPBUHHOTO BOJIOKHA. PaHimie B 6arathox poboTax 0yJio HAyKOBO
OOI'PYHTOBAHO JOIUIBHICTh IXHHOI'O BUKOPUCTAHHS JUIsI OTPUMAHHS SKICHUX BOJIOKHHCTUX Ha-
niBdadbpukaris [5; 6; 10-14].

MeTta aoc/iixKeHHs CTATTi NOJATra€ B ¢EeKTUBHOMY 3aCTOCYBAaHHI BOJIOKHUCTHX HalliB-
(dhabpukariB, OTPUMAHUX €KOJIOTTYHO YHCTHM HaTPOHHO-COJIOBHM CITOCOOOM 13 0OTOPTOK Kava-
HiB KyKYpY/3H JUIsl BATOTOBJICHHS NTAaKyBaJIbHUX BUIB Iarepy.

Buxian ocHoBHoro martepiagy. Ha Buxin 1 ¢pi3uko-MexaHiuHI MOKa3HUKH HammiBhaOpuka-
TiB BIUIMBA€ XIMIYHUHN CKJIaJ] Ta MOpQoaoriuHa 0y/10Ba CUPOBUHH.

Binomo, 1o BostokHUCTI HamiBhaOpuKaTh, OTPUMaHi 3 HEJEPEBHUX BU/IIB, BIIPI3HIAIOTHCS
BiJl IepeBHUX HamiB(aOpUKaTiB PI3HOMAHITTSAM aHATOMIYHUX €JIeMEHTIB. Jlo HUX BiIHOCSTH
MPO3EHXUMHI (JTyO’siHI BOJIOKHA) Ta MapeHXUMHI KIITHHHU, CYJIMHHU, KIITUHU emigepmicy. Ila-
NEpOTBOPHI BIACTUBOCTI TaKUX HamiB(haOpuKaTiB OyayTh 3ajIe)KaTH BiJ CIIIBBITHOILICHHS aHAa-
TOMIYHUX €JIEMEHTIB, a TAKOX BiJI CITIOCOOY BapiHHS Ta CTyNEHs iX mpoBaproBaHHs [15].

Y po6oTi MpOBEAEHO MIKPOCKOITIYHE JOCTiIKEHHS BOJTOKHUCTUX HamiBdaodpukaTis (BHD),
OTPUMaHUX HAaTPOHHO-COJOBHM CIIOCOOOM y XOi BapiHHA 3a Temneparypu 160 °C 3 BuTpa-
TaMH akTUBHOTO TyTy 14 % B oa. NaxO Bij Macu a0c. cyX. CHPOBHHU 3 IPOCOUYBaHHIM 15 XB
1 TPUBAJIICTIO BapiHHA 3a KiHIIEBO1 Temneparypu 30 XB.

VY xozi mpoBeAeHHS! MIKPOCKOIIIYHOTO AOCHIKeHHsT oTpuManux BH® Bukopucrano pos-
YUH XJIOP-IIUHK-HO (peakTuB Xepuoepra) s 3a0apBieHHS BOJOKOH, SKHUH TOTYBaJIM 3T1IHO
crangapty [15]. Ha BonmokHa, siKi 3HaXOAATHCS HA MPEAMETHOMY CKJIi, HAHOCWIM 2-3 Kparuii
PO3YMH XJIOP-IIMHK-HOy, peTeNbHO MepeMillyBaiu 1 HaKpUBaJIU MOKpiBeIbHUM ckioM. Han-
JIMIIOK PO3YUHY BUAASUIN QiIbTpyBadbHUM narepoM. [licist BucyryBanHs 3pa3oK MOMIIIAIH
Ha CTOJIUK MiKpockorma 1 poounu ¢oto. OTpumaHi pe3yIbTaTH HaBEACHO Ha pucC. 1.

Puc. 1. Domo docnioscens 3pasxie BH® nio mikpockonom:
1 — n1y6’sane 8010KHO MOBCMOCMIHHEe MA MOHKOCMIHHe, 2 — YleHUK nopucma cyouna,
3 — kaimunu enioepmicy,; 4 — npomeHesa NAPEeHXUMHA KIIMUHA;
5 — bouxosuoHa napenxumna Kiimuna

Ha puc. 1 BuaHO y0’siH1 0BT BOJIOKHA, HAassBHI TOBCTOCTIHHI Ta YaCTKOBO TOHKOCTIHHI,
K1 MalOTh TPOXH 3/IePEB’SHUII CTIHKW, TOHKUW KaHAJI, TMONMEPEYH] 3PYIIEHHS 1 TTOB3I0BKHIO
IIOPCTKICTh, KIHI[I BOJIOKHA 3a0KPYTJICHI i 4acTO PO3BOEH] BIJIOMOAIOHO, a MICIIs PO3MEITIO-
BaHHs KIHI[I MAIOTh BUIJIS KICTOYKHU. SIK BUIHO 13 puc. 1, 1y0’siHI BOJOKHA 100pe AemirHigi-
KoBaHi. TexHiuyHMA HaniBpaOpUKaT MICTUTh 3HAUYHY KIJIBbKICTh MAPEHXUMHHUX KJIITHH, IIepeBa-
KHO CYJIUH Y BUIJISAZI TOHKOCTIHHUX KIIITHH 3 OKPYIJIMMHU KpasiMH, NMEPEBAXKHO ENINTHYHOI,
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00uKoMoi0HOT Ta BUAOBKEHOI hopmHu, siki y 2—10 paziB mmpii 3a BojokHa [15]. 3a manux
YMOB BapiHHS cyiuHU 30epirnucs. s OAHOPIYHUX XapaKTEePHO HASBHICTH CHIPaIbHUX CYIUH
3 OBAJIBHUMH a00 KPYIJIMMHU [TOpaMHU, sIKi pO3TallIOBYIOTHCS Ha Bciii moBepxHi [11-15]. Emite-
JianpHi KITUHE a00 KIIITHHM enifiepMicy BUAHO Y (GopMi IBOCTOPOHHIX MHJIOUYOK 31 CIabOBU-
paxxeHoro MUIbYaTicTI0. BoHM BIIpi3HAIOTHCS 3a hopmMoro Ta po3mipoM. Kiituau emigepmicy,
B OCHOBHOMY, BTPAyYarOThCS i Yac BapiHH:A, ajie y JaHOMY BUITaJIKy BOHHU 100pe AeMrHi(iKko-
BaHI Ta 30eperaucs y Maci, 1[0 pa3oM 13 CyAuHaMU MiIBUILY€E BUXia HaniBpabpukary. 3Baxa-
I0YM HAa HASABHICTh Y Maci 3HaYHOI KIIBKOCTI Cy/IMH Ta MApEeHXUMHUX KJIITHH, MO>KHA Tependa-
YUTH BUCOKI COpOIIiiHI BIacTUBOCTI Martepiany [6; 15].

Jljis XapakTepUCTUKHU BOJIOKOH JIOCIHIIKYBalU (PpakuiifHUN CKIaJ OTPUMaHUX BOJIOKHUC-
TUX HamiB(haOpHUKaTiB 13 BUKOpUCTaHHM npwiany KasHi. BusHaueHHs 1OBKWHM BOJIOKHA TTPO-
BOJWIIH JJISI MacH, OTPUMAHOI Y MPOIeCci BapiHHS CIYKH 0OTOPTOK HATPOHHO-COJIOBHUM CIIOCO-
00M, 3a KiHI1eBOi Temreparypu BapinHs 160 °C tpuBaiicTio 15 XB, 32 BUTpAT aKTUBHOTO JIYTY
14 % B ox. NaxO Bix macu abc. CyX. CHPOBHHH, Yy BUMAAKY 0€3 POIeCy MPOCOYCHHS s Ta-
nepy Ta 3 IPOCOYEHHSM JUIsl HamiBpaOpukartiB. JlaHi, OTpUMaHHI y TpoLeci TOCTIIKEHb IS
JOB’KMHHU BOJIOKHA, HAaBEICHO Ha puC. 2.

2 0-1,64 Do >

] 0-0,82 !

0-0,61 L >

0-0.41 I,

0-0.2 I e

0 10 20 30 40 50
Bwmict BosiokHa, % Bijl 3arajJbHOTO BMiCTY BOJIOKOH

HOB)KI/IHa BOJIOKHA.

Puc. 2. @paxyitinuil cknao 3paskie Hanishabpuxamie iz 0020pmox, OmpuMaHux
3a memnepamypu 160 °C, mpueanicmio 15 xs, 3a eumpam akmugnozo ayey 14 % 6 00. NaO:
1 — 3 npocouysanunsam (BH®), 2 — 6e3 npocouysanus (nanip)

I3 miarpamu (puc. 2) po3moaiTy BOJIOKOH 3a JOBXHUHOI MOKHA MOOAYUTH, 110 BOJIOKHA B
Maci pO3MOUIEHI 3a IOBKHHOIO TAKMM YUHOM: OUTblITy yacTHHY(61u3bK0 38 %), y BHO 3aii-
MaroTh BOJOKHA 3aBIOBKKH 0,20 MM. 3i 301IbIIEHHSIM JOBKHHU BOJIOKHA IX KUIBKICTh 3MEH-
IIY€ThCS, HAPUKIIA: BoJIoKHA noxuHO0 0,41, 0,61, 0,82 MM — BXKE CTaHOBISATH OJHM3BKO
15,6; 7,4 Ta 4,3 % BignoBinHo. OgHAK Tpeba 3ayBaXUTH HASIBHICTH y Maci JOCTAaTHHO JTOBTHX
BOJIOKOH JOBXHHOIO 1,02—1,23 MM — 2—1 % 1 HaBiTh Omm3bKo0 0,15 % Bix 3aranbHOTO BMICTY
BOJIOKOH TaKHX, 1110 MAalOTh TOBXKUHY BHIIE 3a 1,44 MM. J[J1s1 TOpiBHSHHS, Y manepi 31 CTyneHeM
mirBa 55 °IIP na 4 % Oinbire BoJIOKOH J0BXHHOI0 0,20 MM. 31 301IbIIIEHHSAM JTOBXUHH BOJIO-
KHa TX KUTBKICTh 3aKOHOMIPHO 3MEHIITY€THCS.

AHani3ylou OTpUMaHi JaHi MOXHa 3pOOUTH BUCHOBOK, 110 3pa3Ku MAIOTh MOJiIUCIIEpCHE
PO3MOAiIEHHS BOJIOKOH, 0COOJIMBO B 00JIaCTI KOPOTKUX. Y XOJi po3MeoBaHHs HamiB(padpu-
KaTiB YTBOPIOETHCS 3HAYHA YacTWHA JAPIOHMUX BOJOKOH 32 PaxXyHOK MPEBATIOBAHHS INPOLECY
YKOPOUYEHHS BOJIOKOH Haja (iOpuiaroBaHHsIM. [laHa 3aKOHOMIPHICTh MOSCHIOETHCS 0COOIUBOC-
TAMH 3aJIATaHHs (1OPUII, 111 TOCTAaTHRO TOCTPUM KYTOM Y CTIHII KJIITHUH OOTOPTOK, IO CYTTEBO
YTPYIHIOE MPOLIEC PO3ILTICHHS Ha OKpeMi (iopuin.

Jns dpakuiiinoro ckiuany 3pa3kiB BHO® ta nanepy xapakTepHa 0JHaKOBa 3aKOHOMIpPHICTb
y po3nozini. Taki po3mipu 1 GppakuiiHUI CKIIaJ BOJIOKOH € XapaKTePHUMU ISl HEJIEPEBHUX
BUJIIB POCIIMHHOI CHPOBWHU, TOMY IOCTAa€ MUTaHHS €()EKTUBHOCTI CaMOCTIHHOTO BHUKOPHC-
TaHHs HarmiB()aOpUKaTIB 13 00TOPTOK JIsl BUPOOHUIITBA TAIlepy Ta B KOMITO3MITIT 3 IHIIUMHU Ha-
niBpadbpukatamu [6; 15].
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Hactynmuum etariom poGoTH OyJ10 BUTOTOBJICHHS MTaKyBaJIbHUX BUJIIB MIAaNiepy Ha OCHOBI Ha-
niB(habpuKaTiB, OTPUMAHUX HATPOHHO-COJOBUM CIIOCOOOM 13 OOTOPTOK KYKYpPYI3H.

BurortoiieHHs1 00ropTKOBOIr0 nanepy. Marouu J0CBi po3MeTtoBaHHS HariBpaOpUKaTiB
3 METOI0 BU3HAYEHHS IMOKA3HUKIB iXHBbOT MIIIHOCTI, IIeW MPOIEeC BeIM TaKUM YUHOM, 1100 He
JIOTTYCTUTH CYTTEBOTO YKOPOYYBaHHS BOJIOKOH [5]. Tomy mutst oTpumanHs 1ab0paTOpHUX Bij-
JMBOK Tanepy BUKopHucToByBanu Bojori BH®, sxi otpumysanu micns aenirHigikarii. Tooto
BOJIOKHA OyJu 100pe HaOPSAKIMMH Yy BOM1, M IKUMH, TUTACTHYHUMH, 110 MIOKPAITyBaIO BHYTpi-
mHe ¢GiOpHITIOBaHHS, a BiANOBIIHO, BiOYyI0oCS 30UIbIICHHS MUTOMOI MOBEPXHI BOJIOKHA. Bi-
JIOMO, TIT0 11T Yac HaOpsSIKaHHS BOJIOKOH KOT€311HI CUJTM BCEPEAMHI BOJIOKOH MOCTA0IIOI0THCS,
po3puxieHHs (iOPUI MONErIIy€EThCs 1 30LIBITY€ETHCS THYUYKICTh caMUX BOJIOKOH. ITin gac me-
XaHIYHOI /i1 Ha BOJIOKHA B1IOYBA€THCS 1HIMBIAyadbHE po3puxieHHs (iOpmit. OgHOYacHO Ha
noBepxHi (piOpUI YTBOPIOETHCS HATIT 13 LENIONO3HUX MOJIEKYJ, IpiOHUX KpUCTATITIB, (iOpH-
JIOK, 33 PaXyHOK SIKMX 30UTbITY€E€ThCS 3arajibHa MOBEPXHS, BUBUIBHIETHCS BEIMKA KUIBKICTh aK-
TUBHUX T1APOKCUIIBHUX TPYII JUIsl YTBOPEHHS MIXKBOJIOKOHHUX 3B’s13KiB. PO3MentoBaHHS KOX-
HOTO HamiBpabpukaTy Benu okpeMo y BPA.

OnHak noTpiOHO 3ayBaXXHTH, K 1€ OYJI0 BCTAHOBIICHO paHillle, 110 BOJIOKHA OOTOPTOK 371a-
THI JI0 YKOpPOYEHHS 4yepe3 Koce po3ramnryBaHHs (GiOpun y crinmi kimituH [5; 11-15]. BH® i3
o0roptok, orpumani 3a Temnepatypu 100 °C 3 Butparamu akT. n1yry 10 ta 14 % B og. NaxO Bifg
Macu abc. CyX. CHPOBHHH HEPIBHOMIPHO (iOpHITIOBATKCS — TTOPS 13 10Ope po3poOIeHUMH BO-
JIOKHaMH B Maci MiCTHIIHMCS Maixke He (QiOpuiboBaHi 1 ieska KUIbKICTh Api0’a3Kky. CepenHiii
CTyMiHb MIMBa cTaHOBUB 017151 4550 °IIIP. 3oBHIIMIHIN BUTIISI 3pa3KiB TOKAa3aHO Ha pHC. 3.

Puc. 3. 3o6uniwmniii suenio 3paszkie 6010KHUCMUX Hanigphabpukamie
i3 0020pMOK KA4aHie KyKypyo3u

VY pe3ynbTati BapiHHA 00TOpTOK 3a BUIOi Temmneparypu 160 °C 3 BUuTpatamMu aKTUBHOTO
ayry 10 Ta 14 % B oa. Na;O oTpuMaHo BOJIOKHUCTI HamiBdaOpukaTu n00pe aenirHiikoBaHi,
TOMY TIiJ] YaC pO3MENIOBaHHS Maca Oysa OLIbII OTHOPITHOIO Ta Ao0pe (hidpunroBaHOw. Buro-
TOBJICHHS B1IJTMBOK Ha JIA-1 BigOyBasocs 6€3 CKpydyBaHHsI JINCTA B MPOIIEC] CYIITIHHSI, 1 BOHU
JIETKO 3HIMAIUCS.

Ha nucroBinmuBHOMY anapati BiIJIMBAJIU 11O TPH 3pa3KH CTPOTro HEOOX1AHOT MacH, CyIIHIIH,
3BakyBaid. [licis KOHAUIIFOBAHHS iX MiJAaBad BUMPOOYBAHHSAM JIJIsl BUSHAUCHHS MMOKA3HH-
KiB MirtHOCTi. OTprUMaHi BiJIJTABKU 3 HEBUOLICHOI MAaCH MaJIi CBOEPITHHI MEpraMeHTHUN BHU-
. Komip 3pa3kiB BiJl CBITJIO )KOBTOTO JI0 TEMHO YKOBTOTO 3a0apBJICHHS 3 IPUEMHHUM, JI€Ib
BiJTYyTHUM 3aIIaXOM KYKypY/I3H.

OOropTKoBi BUIH NMaNepPy PEKOMEHIYETHCSI BUTOTOBJISITH 3 BUKOPUCTAHHSM Pi3HUX BOJIO-
KHUCTHX HariBhaOpHKaTiB, Kl Oy lyTh MaTH BIATIOBIAHE 3aCTOCYBAHHS 3aJI€KHO B1JI MOKA3HU-
KiB MirtHOCTI. [y Ginbiocti mapok nanepy (B, O1, Oz, 1, E, XX) ocHOBHUMEU TTOKa3HUKAMU €
pPO3pHBHA JIOBXHWHA Ta CTYIIHb MpokJietoBaHHs [16]. [loka3HUKH MIITHOCTI OTPUMAaHHX 3pPa3KiB
HaBEJICHO Ha puc. 4.

Ax BUIHO 13 HmiarpamMu, BUKOpPUCTaHHS HamiB(paOpuKaTiB, OTPUMaHUX 3a TEMIIEpATypH
100 °C 3 Butparamu aktuBHOrO JIyry 10 % B 0a. NaxO € masio npuaaTHUM AJi1 BUTOTOBJICHHS
00ropTKOBOTO Tarepy i3-3a HU3bKUX 3HAYCHb PO3PUBHOI JOBKHHU. [IJ1s MiABHUILEHHS TaHOTO
MOKa3HHWKA HEOOX1HO JOCATTH TNIMOIIOI AeTirHi(iKaIlii CHpOBUHH, IO O3BOJIUTH MiABUIIUTH
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THYYKICTh OKPEMHUX BOJIOKOH, a OTXKE, 1 TOKPAIIUTH IXHIO 3/IaTHICTH 10 (iOpHITFOBaHHS B X0/
po3MmentoBaHHs. ToMy 3a Takoi caMoi TeMIlepaTypH 1 MiABUIIEHUX BUTPAT aKTUBHOTO JYTY 10
14 % Ta 3017bII€HOT TpUBAJIOCTI BapiHHA BiAnoBigHO 30 Ta 45 XB OTpUMaH1 3pa3Ku Hamnepy
JOCATAIOTh TTOKa3HUKIB PO3PUBHOI JJOBXKUHM, K1 BIIMOBIJAIOTE HOPMAM CTaHAAPTY AJII MapOK
4000 02, O1, /] Ta E. Kpami moka3HHKH pO3PUBHOI J10B-
JKUHU JOCSATHYTO Yy BUIAAKy BUKopucTaHHs BH®,
oTpuMaHux 3a Temreparypu 160 °C 3 BuTpaTamu
aktuBHOro Jyry 10 ta 14 % B oa. NazO i six BUAHO
13 larpamu, iXHi 3HaYEHHS JTOCUTh OJIN3BKI MIXK CO-
60t10. Lle mosicHIOETbCS THM, 110 HamiBpaOpHKaTH 3

2500
2000 ———gu——-0—
1500 MEHIITUM BMICTOM 3aJIUIIKOBOTO JITHIHY OUIBIII
1000 €JIACTHYHI 32 paXyHOK KpaIoro HabyxaHHs, JieTmie
nianaoThes (HiOPUITIOBAaHHIO 3 YTBOPEHHSM MEH-
2 101 KUTBKOCTI Api0’si3Ky. B3aemHe posrarryBaHHS
0

JOBTUX 1 KOPOTKHUX BOJIOKOH MiJl 4ac (GopMyBaHHS

10/100  14/100 10/160 14/160 o iy
. JUCTa TIOKPAIY€E OJHOPIAHICTh CTPYKTYpH 1 HOTO
; Elﬁfg‘;gfg’i‘;o‘;‘;’pﬁu? IIPOCBIT, ninpnmye MIUIBHICTD 1 SiMK.HYTiCT.I), o
Temneparypa sapinus, °C MO3UTUBHO BiOOpaKAEThCS HA OTO MIITHOCTI. Bin-
MOBIJTHO J0 OTPHUMaHUX 3aKOHOMIPHOCTEH, pO3pH-
BHA JIOBXKMHA JIMCTAa OOTOPTKOBOTO Mamepy 3ajie-
JKUTh BiJI BHYTPIITHHOTO (iOPHITIOBAaHHS BOJIOKHA
Ta KUIBKOCTI JpiOHOI (hpakiii, ika yTBOPIOETHCS B

X011 pO3MEITIOBaHHS.

[Toka3HUK Onopy MPOJIABIIOBAHHIO JJIs1 00rop-
TKOBOTO Mamnepy Macoro 80 /M 3a1eKHO Bijl IKOCTi
HamiBpaOpukaTy 3HaX0IUThCs B Mexax 55—-185 kIla.

Bigomo, mio 1ieit Buj manepy Moke BUTOTOBJISITHCS TIPOKIJICEHNUM 1 0€3 TPOKJICIOBaHHs. Xa-
PaKTepHOIO OCOOJIMBICTIO BUKOPUCTaHHA HamiB(paOpUKaTiB, OTPUMAHUX 13 HEJIEPEBHUX BUJIIB
JUIsl BATOTOBJICHHS Tarepy, € iX BUCOKHUI CTyMiHb caMoIipokiietoBaHHsl. Lle 3a0e3neuyeThcs Ha-
SIBHICTIO B Macl 3Ha4YHOI KIJIBKOCTI IeMIIIENII0I03 3a OJHOYACHOI 30JIBHOCTI, IO HE BHUMHUBA-
€ThCS, Ta aICOPOIIITHOT 3AaTHOCTI BOJIOKOH [6]. Bu3HaueHHsI CTyIeHs MPOKJICIOBaHHS 00TOpT-
KOBOTO Marepy NpoBOJWINA IITPUXOBUM MeTozioM [17].

CyTb IOTO METO/1Y TOJISITAE B TOMY, 110 3Pa30K Manepy KJIajau Ha CKIIO IiJl paMKy MpHIIaTy
pelichenepa. Peiicdenep 3amoBHIOBAIM YOPHIIIOM 1 TUIABHO OITYCKaH Ha 3pa3ok mamepy. [o-
TiM TOPU30HTAJILHUM PYXOM KapeTKH 110 paMIli MPOBOIUIIN IITPUXH ITiJ1 KyToM 45° 1 3anuiranu
JUISE BUCUXaHHS Ha 2 ToA. 3a pe3yibTaT MPHUIMaTd MaKCHUMallbHY IIUPUHY YOPHUIHHOTO
mTpuxa, 6€3 Horo po3rIMBaHHS Ta KU HE TIEPEXOAMB Ha 3BOPOTHY CTOPOHY 3paska. Y pe-
3ynbTaTi OyJno OTpUMaHO 3Ha4eHHs B Mexax 0,6—1 MM, 110 LiJIKOM 3aJJ0BOJIbHSIE BUMOTH JI0
IIHOTO BHJTy Tanepy 0e3 0IaTKOBUX TEXHOJIOTTYHHX JiH.

Manip s NaKyBaHHS TEKCTMILHUX MaTepiaiB i BUPOOiB BUTOTOBJIEHO Macoo 1 m?
(83 £3,5) r 13 HamiB(aOpuKaTiB, OTPUMAHUX 13 0OTOPTOK KadyaHIB KyKYPY/I3H 3a PI3HUX PEKH-
MmiB BapinHs: 3a Temnepatypu 100 °C 14 % B oa. NaxO Ta 3a Temmneparypu 160 °C 3 BuTpaTtamu
aktuBHOro yry 10 ta 14 % B ox. Na2O 3 npocodyBaHHsAM Ta 6€3 MPOCOYYBaHHS CIYKH 1 BapiH-
HSIM 3a KiH1eBoi TeMmepatypu 15 ta 30 xB. Y pe3ysbTaTi HETPUBAIOro BapiHHSI OTPUMAHO Ha-
niBpaOdpHUKaTH Pi3HOT AKOCTI 3 SIKUX BUTOTOBJIISIIN JIAOOPATOPHI 3pa3Ku marepy.

JUist OTpUMaHHS BiJUIMBOK Manepy, BUKOPUCTOBYBAIM BOJIOT1 HamiBhaOpukaTH, siKi po3-
MmemtoBanu y BPA no nocsraenns 50-55 °IIP. ¥ BuroroBneHux 3paskax, Micias KOHIUIIIO-
BaHHsI, BU3HAYAIU PO3PHUBHE 3YCHUJUIS, OIMIp MPOJABIIOBAHHIO Ta CTYMiHb MPOKJICIOBAHHS
HITPUXOBUM METOJOM.

3500

PO'ipl IBHA JOBXIHA, M
el L5 T

3

M-s NPOCOYVEaHHs, €apinHa 15 xe;
— ez npocouyeants, eapinna 30 xe;
— 3 npocouyeannam 15 xe, eapinna 15 xe;
— 3 npocouyeanHam 15 xe, eapinna 30 xe

Puc. 4 — IloxkazHBEK po3pHBHOL JOBKHHH
00TOPTKOBOT0 DANEPY
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45 VYci 3pa3ku BUTOTOBIICHO TPUPOIHOTO KOJIBOPY:
BiJ{ CBITJIO KOBTOI0 JIO0 TEMHO KOBTOTO.
[Tanip xapakTepus3yeThcsi NPy KHUMH, €JacTHY-

3 HUMH TOOTO Je(opMaIlifHUMHU BIACTUBOCTSMH J10

25 = = ™ - neBHoOi Mipu. [ledopmartiiiHi BIaCTHBOCTI IPOSBIIS-

20 I0ThCS TTi/1 9ac A1l Ha MaTepian 30BHIIHIX CUIL, Y pe-
15 3yJbTaTI SIKUX 3MIHIOETbCS (hopma abo Horo 00’ eM.
10 [licng npunuHeHHS Aii CHMIIM, 3pa30K BiAHOBIIIOE
5 CBOIO MOYaTKoOBY (popmy. Taka 3aKOHOMIPHICTh HaM-
0

OunbIlle XapaKTepusye MaKyBalbHI BHIU IMarepy.

147100 107160 14/160 ToMy MexaHIYHA BIIACTUBICTh TArepy JUIS ITaKy-
Butparn aktneHoro nyry, % ..

il e, o] BaHHs TEKCTUJIBHHUX MaTepialliB HacaMIepe | BU3Ha-

Pospusne sycumna, H
s

Temneparypa Bapinns, °C Ya€TbCA PO3PUBHUM 3YCHUILIAM.
-_ be3 NPOCOYVEAHHA, EAPIHHA 15 xe; HHH IbOro BI/II[y HaHepy peKOMeHI[OBaHO pO3pI/I‘
B - 63 npocouyeanna, eapinna 30 xe; BHE 3ycwiuid He MeHie 25,5 H, sike nerko pocsra-

— 2 npocovyeanHam 13 xe, eapinna 15 xe;

i _ €TbCS BCIMa BUKOPHCTaHMMH HamiBpaOpuKaTamu,
— 3 npocoyyeannam 15 xe, eapinna 30 xe

KpIM OTpUMaHuX 0€3 MpPOCOYEHHS TPHUBAIICTIO Ba-
piansa 15 xB (puc. 5.) [18]. Lle mosicHIOETHCS TTOPiB-
HSTHO BUCOKHM CTYIIEHEM MJIMBa J100pe aemiraidiko-
BaHOI MacH, IO CYMpPOBO/DKYETHCS MiABUIIEHUM (HIOpMIIIOBAaHHAM BOJOKOH Ta BIATIOBIIHO
YTBOPEHHSM JIOAATKOBOI KUTHKOCTI BOJHEBUX 3B’SI3KIB, K1 HAaJAIOTh MIITHOCTI Tamnepy. 3pa3Ku
narnepy MaJid OJHOPIIHY CTPYKTYPY Ta BUCOKY IIIJIbHICTb.

Opnak nis nanepy, sSskuii 0yjio oTpuMaHo 3 HariBhaOpukaTiB 6€3 TPOCOYCHHS 1 BAPIHHIM
aume 15 xB, XapakTepHa HU3bKa MeXaHIuHA MIIHICTh. Y XOJ1 PO3MEIIOBaHHS TakKi BOJIOKHA
YacTilie miagaBaInucs «pyoOlli», 4epe3 BUCOKHI BMICT y HUX JIITHIHY, IO HAJAaBajIoO M KOPCT-
KOCTI, 3HIKYBAJIO IXHIO IUTACTUYHICTh Ta CYIPOBOKYBAIOCS HAsIBHICTIO y 3pa3Kax ramnepy Ko-
POTKUX HEPO3POOIEHUX BKIIIOUEHD. IX e(peKTHBHE BUKOPUCTAHHS MOKe OYTH, Y BUNAIKY BU-
TOTOBJICHHSI, HANPUKJIAJ, KapTOHY, /¢ HOPMYETbCS MOKAa3HHK >KOPCTKOCTI, abo OTpuMaHi
HariBhaOpUKaTH BUKOPUCTOBYBATH /ISl BATOTOBJICHHS MMarepy y KoMmrno3utlii i3 inmmmu BHO.

[Toka3HHK OMOPY MPOAABIIOBAHHIO MATepy s MaKyBaHHS TEKCTHJILHUX MaTepiajiB 3Ha-
xonuthbes B Mexkax 80—200 klla, mo MOBHICTIO 3a70BOJIbHSIE PEKOMEHIOBaHI MEXi 3HAYEHb
[18]. I{oto cTymeHs MpOKJICIOBaHHSA Mamnepy, TO MOKHA CTBEP/IXKYBATH, 1110 BOJIOKHHUCTI HaIli-
B(paOpukaTu 3 OOrOPTOK HAMOUIBIN MiIXOMATH JJII BUTOTOBJIEHHS NaHUX BHJIB Tarepy, 6e3
JI0JJATKOBOTO BBEJICHHS MiHEPaJIbHUX HAITOBHIOBAUiB, 32 paXyHOK CaMOIPOKJICIOBaHHS.

Jlist manepy aJisi 00KJIAJMHOK 30IIMTIB MEeXaHIYHA MIIHICTh Y BUTJISIII PO3PUBHOI JIOB-
YKUHU B CEpPEIHbOMY 32 JIBOMA HaNpsIMKaMH € OCHOBHUM MOKa3HUKOM. BisjoMo, 1110 MOKa3HUKH
MIIIHOCT1 B MAIllIMHHOMY HaIlpsIMKY ()OpMYBaHHSI JIUCTA 3aBKJIU MEepEeBaXaloTh HaJ MOKa3HU-
KaMu y nonepedHomy Hanpamky [18]. Lle mosicHIoeThCs HalpaBIeHUM pO3TalllyBaHHSIM JTOBTUX
BOJIOKOH B3JIOBX PYXY CITKH 1 pIBHOMIPHUM HEPEIUIETCHHSM JOBIHX 1 KOPOTKUX BOJIOKOH MiX
co0010. Y pe3ynbTaTi OTPUMYEThCS JUCT O€3 MPOCBITIB, ogHOpiAHMIA. OTHAK MPAKTUIHE BUKO-
pUCTaHHS manepy A OOKJIaJAWHOK MOTpedye MOCTaTHbO BUCOKHX 3HAY€Hb PO3PUBHOI JOB-
KUHM B MOTIEPEUHOMY HANPSAMKY TakoxX. Lle mocsraerbess BUKOPUCTaHHAM HamiBpaOpHKaTiB,
SK1 3[1aTHI YTBOPIOBATH MillHI MiI>KBOJIOKOHHI1 3B’SI3KH 32 HEBUCOKOTO CTYIECHS MJIUBA. Y KOM-
MO3UIII] MMarnepy BUKOPUCTOBYBAJIM HariBpaOpHUKaTH Pi3HOTO CTYIICHs AenirHidikarii: cimabdo-
neniraigikopani 3a Temnepatypu 100 °C ta HaniBpaOpuKaTH y BUTIISAI IIETFOIO03H IT1IBHIIIE-
HOTO BHUXOJYy 3a MakKcUMaibHOI Temmeparypu BapiHHs 160 °C. Bci wamiBdabpuxaTh
po3memntoBan y BPA no nocsraenns 3055 °LIP. INamip 13 HaniBaOpukariB, OTpuMaHUX 3a
temriepatypu 100 °C MiCTHB BEJIUKY KUIBKICTh Hepo3po6neHHx BOJIOKOH, 1110 HEraTUBHO BILIH-
BaJI0 Ha MPaBWJIbHE BU3HAUCHHS CTYIICHS MJIMBA 1, BIAMOBITHO, HA TIOKa3HUKU MIIHOCTI. Sk
BUJIHO 13 pUC. 6 MOKa3HUKIB PO3PUBHOI TOBXXUHHU, SIKi 3a/I0BOJIBHAIOTH 3HAYCHHS CTAHAAPTY IS

Prc. 5 — [Toka3zHEK POZpPHEHOIO 3YCH/LIA MANIEPY
/1A NAKYBAHHSA TeKCTHIBHHX MaTepiajiie
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Mapku B, Oysio JOCSATHYTO y BHITAKy 3aCTOCYBaHHS 4000
HamiBpaOdpHUKaTiB, OTPUMAHUX 32 MAKCUMAJIBHOI TEM-
nepatypu Bapinasa 160 °C. Kpaiii 3Ha4eHHS OTpUMaHO
JUIS TIariepy, B KOMIO3HMILII SIKOTO BHUKOPHUCTOBYBAJIH

BH® 3 HU3bKUM BMICTOM JIITHIHY.

PL R R —— -3
. . . . . & TTTTTTT mb
Sk BUIHO 13 1arpam 4 — 6, MexaHiuH1 MOKA3HUKU Mi- 2000 B/B
ITHOCTI OOrOpTKOBOTO Marepy, manepy s HaKyBaHHS A6
TEKCTHJILHUX MaTepialiB Ta Ui OOKJIQIMHOK 30IIUTIB 3a- -
JIeKaTh BiJl CTyNeHs naenirHidikarii HamiBhaOpuKaris,
SK1 BUKOPUCTOBYBAJIU JUIs1 X BUTOTOBJNEHHS. [IpoTe BoHn ik
BCl OTpUMaHi 3 POCIMHHUX BIJIXOMIB Y BUIJISII OOTOPTOK 0

10/100  14/100 10/160  14/160
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KavaHIB KyKypy/A3H 3a HU3bKUX BUTPAT aKTUBHOIO JIYTY

Ta MIHIMQJILHOI TPUBAJIOCTI BapiHHS, 110 pOOUTH IpHUBa- Burtpati akTusHoro nyry, %
6 . 6 . Bl MacH aoc. Cy.‘{. CIIPOB[]HII !/
JINBUMMU 1X 3aCTOCYBAHHS Y BUPOOHUIITBI MAKYBAJIbHUX TemmepaTypa sapises, °C

BUJIIB MAriepy 3 eKOHOMIYHOTO MOTJISIAY.

Huni BitoMo 0araro BigxXoiB 371aKOBUX Ta 0000BUX
KYJIBTYD, SIKi 3apEKOMEHIYBaIN cede K IETI0I030BMi-
CHA CHPOBHHA 3 BUCOKHMHU IATIEPOTBOPHUMH BIIACTHBO-
ctsivu [19; 20]. Tomy iHTEpec BUKIIMKAE MTOETHAHHS BO-
JIOKHUCTHX HariBpaOpuKaTiB, OTPUMaHUX 13 PIZHUX
BUJIIB HEJEPEBHOI CUPOBUHH 3 METOIO JOCSTHEHHS He-
OOX1JHMX CMOKMBYUX BJIIACTUBOCTEH mamepy. A TakoK THYUYKICTh MTEPEXOy 3 OJHIET CHPOBUHHU
Ha iH1IYy 0€3 CyTTEBOTO BIUIMBY Ha TEXHOJIOTIYHUHN MPOIIEC OTPUMAHHS TOTOBOI TPOYKIIIi.

Tomy moanbIii TOCTiHKEHHS MPOBEJICHO 3 BUTOTOBJICHHIM Pi3HUX BH/IIB MMaIepy, y KOM-
NOo3MLI{ SKUX BUKOPUCTOBYBAJIU HamiB(haOpuKaTH, OTpUMaHi 31 cTedel pinaky Ta coi, siKi pa-
Hillle BUBYAJIKCS Ta OyJU pEeKOMEH/I0BaH1 SIK JPKEPEo Ie0I030BMICHOI cupoBuHU [20].

[Ticna BapiHHA CIYKHM pilaky Ta coi HATPOHHO-COZAOBUM CIIOCOOOM 3a BUTPAT aKTUBHOTO
ayry 6 % B ox. Na;O ta remniepatypu 160 °C, 3 mpocouyBaHHsM 15 XB Ta BapiHHAM 32 KiHIIEBO1
temriepatypu 30 XB OTpuMaHO HamiBhaOpUKaTH 32 BUX0JIOM Ta BMICTOM 3aJIUIITKOBOTO JIITHIHY
y BUTJISII HaImiBIEM01031. [I0Ka3HUKH SIKOCTI, OTpUMaHuX HamiB(paOpuKkaTiB 31 cTeben pinaky
Ta col, HaBeJEeHO B Ta0. 1.

s npocouyeanHd, eapiiia 15 xe;
- npocouyeantd, eapiia 30 xe;
— 3 npocoyveanHam 15 xe, eapinna 15 xe;
— 3 npocouyveanHam 15 xe, eapinna 30 xe

Puc. 6 — IlokazHAK pO3PHEHOI JOB:KHHH
oanepy s 00KJIATHHOK

Tabauys 1 — Ioxkaznuku sskocmi Hanieghabpuxamis 3i cmeben pinaky ma coi

Onip Omip MinHicTh Ha 3JI0M Hif
<o . . o, | Po3puBHa
CupoBuna | Buxin, % | Jliruin, % MIPOAABIIOBAHHIO, | PO3MPAHHIO, | Yac OaraTopa3zoBHX
JIOBXKHUHA, M .
klla mMH MIEPErUHIB, K.ILIIL.
Pimak 79,4 17,8 2550 185 315 5
Cos 83,2 19,3 1900 105 250 3

Sk BUIHO 13 JaHuX Tabi. 1, 3a (i3UKO-MeXaHIYHUMH MTOKa3HUKaMH HariBpaOpHukaT i3 coi
MAaIOTh JCII0 HIKY1 3HAYCHHS 33 BUIIOTO BUXOAY. Taki JaHi MO)KHA TOSCHUTH THM, 10 32 OJI-
HAaKOBHMX YMOB BapiHHs cTeba coi MeHIe AeniraidikyBaancs, 4aCTKOBO uyepe3 OUIbIINN BMi-
CTy JITHIHY y BUXIJHIA CUpPOBHHI. SIK pe3yJbTat, BOJOKHA Bax4ie (GiOpUITIOIOTHCS, O1IbIIIE YKO-
POYYIOTHCS 1 B IEPEBAXKHO € KOPOTIIMMH B TIOPIBHIHHI 3 pirtakom [20].

Jlist BurotoByienHs nanepy BH®, orpumani 31 creben pinaky Ta coi, pO3METIOBAIA OKPEMO
1o nocsirHeHHs 45 °LIP y BPA, BinmuBanu 3pasku 13 100 % BMicTOM BiAIIOBITHUX BOJIOKOH Ta
BU3HAYAIH MMOKAa3HUK PO3PUBHOTO 3YCHIUISA 1 PO3paxOBYBAIA 3HAUEHHS PO3PUBHOI TOBXKHUHU.
Jlani BUKOPHCTOBYBAJIM iX Y KOMITO3UIIi1 3 HamiBpaOpukaTaMu, OTPUMAHUMU 3 00TOPTOK KYKY-
PYI3U B pI3HOMY CITiBBiIHOILICHHI.

VY xommno3unii nanepy BukopuctoByBaiin BH®, otpumani 3 00ropTok HaTpOHHO-COJIOBUM
croco0oM 13 BuTpaTamu akTUBHOTO Jyry 10 % B oa. NaxO, 6e3 mpocodyBaHHS Ta 3 IPOCOUY-
BaHHsM 15 1 30 XB Ta BapiHHsM 3a KiHlleBoi Temneparypu 160 °C Bopogosx 15 ta 30 xB. Ko-
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JKE€H BOJIOKHHUCTUH MaTtepiai po3mentoBaiu okpeMo a0 45-50 °IIIP y BPA i Burotosiisiiu 3pa-
3kd 13 100 % BMICTOM BOJIOKOH OOTOPTOK BIJITOBITHOT MacH JJisi KOKHOTO BHY TMarmepy Ta
BH3HAUYAIM NMOKAa3HUK PO3PUBHOTO 3yCUJLIA 1 PO3pAaXOBYBAIM 3HAUEHHS PO3PUBHOT TIOBKHUHH.
Kommo3uttito nanepy Ckjafaid CTPOTrO i3 BIAMOBITHUMH MacOBHMH YacTKaMHU KOXKHOTO
BUTy HamiBhadpukaTy (Tab. 2). 3pa3ku 06ropTKOBOrO Manepy BUTOTOBIIN Macoo 1m? 80 T,
nanepy [JIsl IaKyBaHHs TeKCTHILHUX MaTepiajiB —Macoro 1 M? 85 I Ta mamepy Jis 0OKIaTHHOK
30mmMTiB — Macoro 1 M? 83 1. Bei Buju manepy BUTOTOBIISINM HATYPAIbHOTO KOJHOPY BOJOKHA.

Tabnuya 2 — Iloxkaznuku axocmi nanepy 0620pmro6020, 015 NAKYBAHHS MEKCMUTbHUX
mamepianie ma oOKNIAOUHOK 30UUMi8, 8u20moegieHux y komnosuyii BH®, ompumanux
i3 0620pMOK KYKYpYyO3U, pinaxky ma coi 8 pisHux cni68iOHOUIEeHHSX

T . . [Toxa3HUKH MIITHOCTI mamnepy
ITepion PHBAIICTE BAPIHHI JUTS TIaKy BaHHSI IUTSL OOKIJTAMHOK
oy 3a TeMIepaTypu 00ropTKOBOTO . .
migiiomy 160 °C. x5 TEKCTUILHUX MaTepianin 30IIIUTIB
Bix 80 g0 3a BUTPAT éK vE P P Ormip npoaasio- P
160 °C (xB) P . yry 03pHBHA 03pUBHE sammio, kla 03pUBHA
10 % JIOBXXUHA, M sycuis, H JIOBXXUHA, M
(peKOMEHI0BaHO)
Kommnosuuist 100 % BH® i3 obroprok
0 15 2810 25,2 160 2890
30 3050 28,7 170 3130
15 15 3320 32,5 185 3290
15 30 3800 36,2 190 3860
Kommnosuuist 100 % BH® i3 pinaky
15 | 30 | 2510 | 26,2 | 155 | 2460
Komnosutis 100 % BH® i3 coi
15 | 30 | 1840 | 19,4 | 90 | 1910
Kommnosutiss BH® i3 obroprok: BH® i3 pimaky — 75 : 25
0 15 3340 31,7 185 3350
30 3850 33,3 189 3740
15 15 4150 39,8 196 4220
15 30 4770 424 205 4650
Kommozuuist BH® i3 o6roprok: BH® i3 pinmaky — 50 : 50
0 15 3180 30,9 183 3350
30 3750 32,5 187 3760
15 15 3950 35,3 191 3920
15 30 4560 37,8 197 4480
Kommozuuist BH® i3 o6roprok: BH® i3 coi — 50 : 50
0 15 3050 28,7 117 3150
0 30 3450 31,3 121 3340
5 15 3670 35,6 132 3690
5 30 4100 39,3 155 4050
2000 — O,
2200 - Oy; 1; E; He Menme 2300
TOCT 2900 - K; 25,5 120 Jutst Mapku B
3000 —B

Sk BUAHO 13 JaHux Tabi. 2, Bukopuctanas BH® i3 pinaky B kijbkocTi 25 % y KOMIo3uii
13 BH® 3 00roprok Bij 3arajbHOi YaCTKH JT03BOJISIE IMABUITYBATH TTOKA3HUKH MIITHOCTI B 11O-
piBusHHI 31 100 % 3paskamu mamnepy i3 o6roprok Ha 16-21 %. Tpeba 3ayBaKUTH, 110 MOKA3-
HUKH TIOKPAIYIOThCS B psiny BuKoprcTaHHS BH® i3 00ropToK 3 MiBUIIEHUM CTYTICHEM TIPO-
BapIOBAaHHS, 32 PaXyHOK KpallluX ManepoTBOPHUX BIACTUBOCTEH.

VY Bumajky 30UIbIIEHHS B KOMIIO3HIII] anepy 4acTKHU HamiBIEN003H 13 pinaky 10 50 %,
CIIOCTEPITa€ThCS MMiIBUIIICHHS MOKa3HUKIB nutie Ha 12—17 %. ToOTo 31 30UIbIICHHSM YacTKU
pinakoBux BH® y xommno3utii nanepy e Ha 25 % MOKa3HUKH MIIHOCTI 3HIKYIOTbCS MPHO-
JIU3HO Ha 4 % y MOPIBHAHHI 3 TONEPEAHIMH.
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Moo nabopaTopHuX 3pa3KiB mamnepy, y KoMno3uuii skoro Bukopucrano BH® i3 coi 50 % Ta
50 % BH® 13 06ropToK, TO B MOPIBHIHHI 3 BUX1THUMHU HariBdaOpukatamu i3 0OrOpTOK 3HAYEHHS
PO3PHUBHOT JJOBXKHMHHU Ta PO3PUBHOTO 3yCHILIS MificuiieHo mpuon3Ho Ha 8—10 %. Ane, skio nopi-
BHIOBATH 13 TAKUM CaMHM CIIBBIJJHOIICHHSIM y BHIIQ/IKy 3aCTOCYBaHH: y Komito3uilii manepy BH®
13 pinaxy, To MOKa3HUKU MIITHOCTI y BUIAJIKY 3actocyBaHHs BH® i3 coi x4l Ha 4-7 %.

Taky 3aKOHOMIPHICTh YaCTKOBO MOYKHA MOSCHUTH TUM, 110 HamiB(paOpuKaTH i3 coi B mpo-
11eci BapiHHA ciadiie AenirHiQikyBagrcs, HiXK pilaKy B pe3yJbTaTi OTpUMaHO Macy, fKa Tipiie
nignaBanacs (idpuaroBaHHO. Yepes 3HaUHy KUIBKICTH JITHIHY Y BOJIOKHAX COl YTBOPIOETHCS
000JI0HKa HaBKOJIO HUX, IO OJIOKYE TiIPOKCUIIBHI TPYIH 1 pOOUTH X BaKKOIOCTYITHUMH IS
MIPOCOYYBaHHS BOJIOO, IO 3HIKYE BHYTpimHe (idpumoBanHs. Lle mpu3BOAUTH 10 3HIKCHHS
MDKMOJICKYJISIPHUX 3B’SI3KiB, IO MOCTA0JII0€ MIIHICTD JucTa. [{e miaTBepmKyeTbes oTpuma-
HUMH MikpodoTorpadismu (puc. 7).

Puc. 7. 306pasicenns eonoxon nanepy nio Mikpockonom, ompumaro2o 3 BH® obzopmox
Kauawis KyKypyosu ma coi'y cniegionowenni 50:50 (a); 3 BH® o0b2opmok kxauanie KyKypyo3u
ma pinaky y cniggionoutenti 50:50 (6); BH®, 3 0620pmok kayauis KyKypyo3u
3a memnepamypu eapinns 160 °C

Ha puc. 7, a BunHO 10BT1 (h10J€TOBO-POKEBOTO KOJIHOPY PI3HUX BIATIHKIB BOJIOKHA 0OTOP-
TOK Ta BOJIOKHA COi 3a0apBIICH] Y KOBT1 i KOPUUHIOBATI KOJIBOPHU 3AJICIKHO BiJ] KOHIIEHTpAIlii B
HUX JIirHiny [15].

Ha puc. 7, 6 mokazano KOMIO3HMILIIIO Manepy i3 BMICTOM BOJIOKOH PiMaKy, 3BIJKM MOXHA
3pOoOUTH BUCHOBOK, 110 BOHHU MAlOTh CBITJIO XOBTE 3a0apBiieHHs. Take 3a0apBieHHs XapaKTe-
pHO a5 HaniB(paOpUKATIB 13 HUXKYMM BMICTOM JIITHIHY, HIXK Y BOJIOKOH COi.

I3 HaBeneHoi imocTpartii puc. 7, ¢ BUAHO, 110 BostokHa BH®, otpuManux 3 06ropTok micis
BapiHHS JIOBT1, IMIaJKi, 100pe AemirHiikoBaHi, M0 MiATBEPAKY€ETHCS POKEBUM 3a0apBICHHSIM.
[Topsin BUAHO HEBENMKI BKpaIJICHHS )KOBTO-KOPUYHEBUX BIJITIHKIB 3/IepEB’ SHUIUX KIIITHUH €ITi-
JEPMICy, XapaKTePHUX JJIs1 OTHOPIYHHX.

VY xoxi po3mentoBaHHs ci1abo aemirHi(ikoBaHi BOJOKHA pilaKy Ta COi MiIIar0ThCs YKOPO-
YEHHIO, 110 TPU3BOIUTD JI0 30UTBIIEHHS KUTLKOCTI ApiOHOT (pakiii y maci. OHak MOXHA TIPU-
MyCTUTH, 110 BOHU BCE XK JICTTIIE TiIAal0ThCS 30BHIITHHLOMY (DiOpHITFOBAaHHIO, HI’K BOJIOKHA 00TO-
PTOK, SIKi, SIK BIJOMO, XapaKTEePU3YIOThCs PO3MIIIEHHIM (iOpuiI y KIITUHHIN CTIHIN i KyTOM
710 OCi, 10 YTPYJHIOE X po3po0IeHHs HaBiTh B yMOBax n00poi aenirHidikamii. [Tig yac popmy-
BaHHS 1 CYIIIHHS 3pa3ka 3 BUKOPHCTaHHSAM Pi3HUX HamiB()aOpUKaTIB MiIBUILY€ETHCS IUIBHICTD
YIaKOBKH JIOBI'UX 1 KOPOTKUX BOJIOKOH, IO TIOKPAIILY€E OKa3HUK PO3PUBHOI IOBKHHU.

BucnoBku. Ha ocHOBI ITpoBeIeHUX JOCTiIKEHb MTOKa3aHo, 110 HamiBpadpukaTu i3 o0rop-
TOK KauaHiB KYKypyA31, OTpUMaH1 HAaTPOHHO-COJJOBUM CIIOCOOOM, MOKYTh OyTH CAMOCTIHHOIO
CHPOBHUHOIO JIJIs1 BUTOTOBJICHHSI TTaKyBaJIbHUX BHUIB Tarnepy. [lokazaHo nerkicte aenirxidika-
11ii 0OTOPTOK y MOPIBHSHHI 31 cTe0IamMu pinaky Ta coi. BuBueHo eeKTUBHICTh BUKOPUCTAHHS
HariBhaOpHUKaTIB 13 0OTOPTOK Y KOMITO3HIIIT 3 IHIIMMH HEIEPEBHUMH BOJIOKHAMHU y TEXHOJIOT11
BUTOTOBJICHHSI OOTOPTKOBOTO Tanepy, narnepy Ui aKyBaHHS IPOMHCIOBUX TOBApiB Ta IS
OOKJIaIMHOK 30IINTIB.
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UDC 676.274
Romaniia Cheropkina, Anna Denysenko, Irina Deykun, Irina Trembus
PACKING PAPER FROM SEMI-FINISHED PRODUCTS OF CORN COBS

During the pandemic, the pulp and paper industry is in some uncertainty. First of all, it is due to the sharp decline in
demand for offset, newsprint and, stationery due to the transition to work, online learning. On the other hand, there is an
increase in the use of paper packaging due to the active growth of electronic sales and delivery services for goods and food.

1t is traditionally believed that packaging paper is made from secondary resources. It is necessary to note the factors of
organization and efficiency of the waste paper collection system, which, at this stage, are not sufficiently regulated, which
reduces the possibility of procurement of these raw materials. Also, these materials have limited possibilities of using: losing
their paper-forming properties, the complexity of morphological and chemical properties of the mass, which are difficult to
control. Therefore, an adequate alternative to fibers may be the production and use of semi-finished products from non-wood
species, in the form of rapeseed, soybeans, corn waste for the manufacture of packaging paper.

Ecologically clean natron-soda method from the wrappers of corn cobs at the consumption of active alkali 10 and 14 %
in units. Na20, with pre-impregnation of the chaff for 15 min and without impregnation and cooking for 15 and 30 min at
100°C and 160°C, obtained semi-finished products, which were used for the manufacture of wrapping paper, for packaging
textiles, notebook covers. The study shows the quality of grinding of semi-finished products from corn cob wrappers from the
degree of delignification. The characteristics of the fractional composition of the mass are given. The polydispersity of the fiber
distribution is shown, especially in the short range. This pattern is explained by the peculiarity of the occurrence of fibrils, at
an acute angle, in the cell walls, which partially complicates the fibrillation process. A feature of obtaining paper from such
raw materials can be considered a high degree of self-sizing. It is ensured by presenting the mass of a significant amount of
hemicelluloses with simultaneous non-leaching ash and adsorption capacity of the fibers.

From the semi-finished products obtained at high reagent consumption and temperature of 160°C, the strength of
wrapping paper grades B, O1, Oz, [I, E, )X, for packaging textiles and paper for notebook covers of grades A, b, B is easily
achieved. Possibilities of using non-wood semi-finished products from rapeseed soybean in composition with semi-finished
products from wrappers to obtain packaging types of paper are shown.

Keywords: cob wrappers, delignification, fibrous semi-finished products; fibrillation; wrapping paper.
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PO3ALJI IV. EJIEKTPOEHEPI'ETUKA,
EJIEKTPOTEXHIKA TA EJIEKTPOMEXAHIKA
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Baoum Booynos, leop Hixmapyk, Anamoniu [Ipucmyna

MOAEJIIOBAHHA HEITIOBHO®A3ZHUX PEKUMIB POBOTH EJIEKTPUYHUX
MEPEK HAIIPYT'OIO 110 KB 3 HEJIIHIMHAMHJ EJJEMEHTAMHA

Y pobomi oocnidoiceno ymosu sunuknenns ghepopezonancrux npoyecie 6 enekmpuinux mepesicax Hanpyeoio 110 kB wins-
Xom mooeniosanna y cxemomexuiynomy naxemi Matlab Simulink. 3anpononosana 6 pobomi modens 0o36onse docaioxrcysamu
YMO8U BUHUKHEHHS (hepOPEe3OHAHCHUX NepeHanpye 6 eleKmpuyHux mepescax nanpyzoio 110 kB ma, na ocnosi ompumanux
O0aHUX po3pobismu 3ax00u, HANPAGAEeHi HA YCYHEHHs! NPUYUH A MIHIMI3ayilo HACTIOKI6 (hepope3oHanchux nepenanpye.

Kntouoei cnoea: nepenanpyau; gpepopesonarc; mamemamuine MOOEn08AHHS, eleKMPUUHI MePedxCi; HeNIHItIHA IHOYKIMUBHICTb.

Puc.: 4. Tabn.: 2. bion.: 12.

AKTyaJIbHICTh TeMH J0CTiTKeHHs1. Ha cydyacHOMY eTari po3BUTKY €HEPTeTUKH y MPOEK-
THIN Ta JOCIHITHUIBKINA MPAKTHUIll Ty’KE YacTo MOCTA€E 3a7a4a MiBUIICHHS TOYHOCTI pO3paxy-
HKY aBapiiHUX pexHuMiB poOOTH Ta nepeHanpyr. [loctaBieHi 3anaui MOXyTh OyTH BHpIIICHI
3a paxyHOK PETEIIbHOTO BUBUECHHS OCHOBHHX (JAaKTOPIB, SIKi BIUIMBAIOTh HA PEKUM POOOTH JIi-
HIN eJIeKTporiepeaBaHHs. 3a3HauCHI MOJIOKEHHS BKa3yIOTh Ha HEOOX1THICTh YOCKOHAICHHS
MaTEeMAaTHYHUX MOJICTICH €JIEMEHTIB €ICKTPUUYHUX MEPEK Ta AIITOPUTMIB PO3PaXyHKY PEKUMIB
13 BUKOPUCTaHHSM TS 1X peai3allii 00urCIOBaIbHOI TEXHIKH.

OpHiero 3 MpUYUH BUHUKHEHHS HEOE3MEeUHUX pexuMiB € pepope3onancHi sisuia. depope-
30HAHC — CKJIA/IHE HeNiHIHHE eNeKTPUYHE SBUIIE, SKE € JTy)Ke HeOe3MeUYHUM JUIs eNeKTPOTeX-
HIYHOT0 O0JIaJIHAHHS, OCKUTBKU MPU3BOJUTD 10 BUHUKHEHHS K IIEPEHAIIPYT, TaK 1 HAJICTPYMiB.
[TutaHHsIM, OB’ SI3aHUM 13 AOCTIDKEHHSAM (Depope30HaHCHUX SIBUIIL SIK Y Mepekax 3 130J1b0Ba-
HOIO, TaK 1 3 MIyX03a3eMJICHOIO HEHTPAJLTIO IPUCBSYEHA BEJIMKA KiJIbKicTh poOiT [1-3]. He3Ba-
KAIOUW Ha TPUBAJI TOCIKEHHS, (PepOpe30HaHCHI SBUINA 3AIMIIAI0THCS MOTaHO MPOTHO30Ba-
HUMH, OCKITbKA BUHUKHEHHS (€pPOPE30HAHCY 3aJICKUTH BiJ 0arathbox (hakTOpiB, SKi BAKKO
MiIIAI0ThCS aHai3y 1 cuctemaru3artii [ 1-3].

L1s mpoGiiema akTyanbHa 1 HMHI, OCKIJIBKH KUTBKICTh aBapiil uepe3 pepope3oHaHCHI SBUIIIA,
SIK TIOKa3ye MPaKTHKA, HE CKOPOUYEThCS. 3a JAHUMH €HEPTOCHUCTEM, BiJCOTOK IMOIIKOKCHb
tpanchopmatopiB Hanpyru (TH), moB’si3aHux 13 pepope3oHaHCHUMH SIBUIIIAMH, TOCUTh BHCO-
KUH 1 3pocTae 31 3011b1eHHsaM kinacy Hanpyru: 110 kB — 7 %, 220 kB — 18 %, 330 kB — 27 %,
500 kB — 33 % [2]. Orxe 3011bIIEHHS TOYHOCTI pO3PaXyHKIB IIPH MOJIENIIOBAaHHI (hepope3oHa-
HCHUX MEPEHAIPYT € aKTyaJIbHOIO 3a/1a4€lo.

IlocranoBka npo6aemu. HasBHICTE HENMHINHOT 1HAYKTUBHOCTI B TIOEJHAHHI 3 €MHICTIO
MPU3BOIUTS J10 HEOE3MEKH BUHUKHEHHS (DepOPE30HAHCHHUX SIBUII] B €JICKTPUIHHUX Mepekax [4].
Hacwnuenns ocepas TH mpu3BoauTh 10 TOTO, 110 HOTO 1HAYKTHBHICTH 3MIHIOEThCS. Depopeso-
HAHCHI SIBHINA XapaKTePU3YIOThCS CTPUOKOIIOIIOHNM MEPEX0JIOM 13 PEKUMY CHIILHOTO HACH-
YeHHs ocepas (pepoMarHiTHOI iHIYKTHUBHOCTI B CTaOKO HaCHUEHHUH pexxuM abo HaBmaku. [Ipu
[[bOMY BUHUKAIOTh CTPUOKU HANPYTH 1 CTPYMY B HEJiHIMHINA iHAYKTUBHOCTI. SIKII0 00MOTKa
KOTYIIIKK HE pO3paxoBaHa Ha poOOTYy B PEXKHMMI CUIILHOTO HACUUEHHS, TO MEPEHAIPYTH 1 TIPO-
TIKaHHS 4epe3 OOMOTKY CTPYMIB, IO MEPEBUIIYIOTh TPAHUYHO JOMYCTUMUN CTPYM, MOXYTh
NPU3BECTH JI0 TEIUIOBOTO PYyHHYBaHHS 1305151111 0OMOTKH i MKBUTKOBUX 3aMHUKaHb [5-6].

OpHi€ro 3 OCHOBHUX NMPUYMH BUHUKHEHHS (Pepope30HaHCy € HEemOBHO(A3HE BKIIFOUCHHS
CHUJIOBUX TpaHC(HOPMATOPiB, SKI MAaIOTh MICIE MPU MIEPETOPaHHI IMIABKUX BCTABOK BHCOKOBO-
JBTHUX 3ar1001KHUKIB B 0/1HIN a00 1BOX (hazax, HeMOBHO(AZHUX KOMYTALIAX PO3’€IHYBaUYaMH
a00 BUMHUKa4YaM#, 00pUBax MPOBO/IIB MOBITPSHUX JIIHIH TOIIO. SIK TITbKH (pepope30HaHC 3’ IBH-
BCs, CUCTeMa Oyjie TpalffoBaTH Mpu Gepope3oHaHcl T0TH, IMOKH JHKepeo Oyie 31aTHe 3a0e3-
nevyBaT HeOOXiJHY €HEprito Ui MiATPUMKH LbOTO SBUIIIA.

© bonynos B. M., [ixtapyxk L. B., I[Ipucryna A. JI., 2021
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AHaJIi3 oCTaHHIX J0CTiKeHb i myOJikaniii. B icHyrounx gocnimkeHHX (hepope30HaHCIB
y BUCOKOBOJIFTHHX MEpeXkax MPOBOIUTHCS TUIBKU SKICHUN aHanmi3 ¢pepope3oHaHcHuX cxeMm. Ki-
JBKICHA OIlIHKA MOJKJIMBOCTI BUHUKHEHHS ()epOpE30HAHCHHX SIBUII, MPOBEJCHA 32 BIIOMUMU
METOJIMKAMU, B JICSIKUX BHUITAJIKaX HE A€ MPUHHATHI HA IPAKTUII pe3ynbTatu [4].

3a KOPZOHOM aKTyaIbHICTh TOCIIPKEHHSI TPOOJIEM MTOIIKOHKCHHS 00JIaTHAHHS B €JICKTPH-
YHUX Mepexax depe3 (pepope3oHaHCHI SBUINA MiATBEPIKY€ETHCS JOCHIKEHHSIMH, TpOBeie-
aumu B CIIA, Kanani, ®panmii, Himeuunni: Denoel H., Debraux L., Kegel R., Heuck K.,
Janssens N., Soudack AC, Ferraci P. [1-3].

B enextpuunux mepexax 110 kB cocrepiranucst BUnmaaKku monkopKeHHs TpancdopmaTo-
piB Hampyry Npu HETMOBHO(A3HUX BKIIOUEHUX JUITHOK MEpEXi 3 MOBITPSIHUMHU JIIHISIMU €JIeK-
TpollepelaBaHHs Ta HEHaBaHTA)KEHUM CHJIOBUM TpaHcopMmaTopoM. AMILIITYAA MepeHanpyr
npu 3a3Ha4eHuX mnpoiiecax Moxe csaratu (3+6)Ud. [lani nepeHanpyru € HalOUIbIT HeOe3med-
HUMH 3 YCIX BUJIB IIEPEHANPYT, K1 MOXKYTh BUHHKATH B JIIFOYMX BUCOKOBOJIBTHHX MEPEKaAX.
TpuBanicTs 1UX MEepeHANPYT CHIBBUMIpHA 3 4acOM Jii Ha 130110 pobodoi HarpyrH [4].

OnuH 3 BUNAAKIB PepOPE30HAHCHUX SBHUII TPH HEMOBHO(A3HUX PEKUMaX pOOOTH MEpexKi
onucanuii B. A. Typaesum 1 I1. I'. MamommnacekuM. Y [7] Oyio 3adikcoBaHO 3CyB HETpai y
cusoBoro Tparncdopmaropa 110/10 kB, mparrorogoro 3 i301p0BaHO0 HEHTpaiLIi0. [[71s BiTHO-
BJICHHSI HOPMAJILHOTO PIBHS HAMpyr# OyJI0 MPUHHATO PIIEHHS MPO TEPEeBEACHHS >KUBICHHS
Ha IHIY JIHI0. 3 €0 METOI0 CHJIOBHM TpaHc(opmaTop OyB MepeBeIcHNI Ha XOJIOCTHH X1 1
BIJITIOBITHO /10 JIIF0YO0i IHCTPYKLIi 3 IepEMHUKaHHA B IEKTPUYHHUX YCTaHOBKaX [8-9] Oyio npo-
BEJICHO BKJIFOYCHHS 3a3eMJIIOI0YOr0 po3’eaHyBada HeuTpani. [Ipu 1mboMy MiK KOHTaKTaMHu
po3’emHyBava BUHUKIIA JyTa, sika Oyia moramieHa BuMuKadaMu. OTJISIIOM JTiHIT BCTAHOBIICHO,
10 Ha OJIHIH 13 METaJIEBUX OTIOP CTAIOCS PYWHYBAHHS BCIX CKIISTHUX 130JIITOPIB TIPJISTHIM.

VY po6orti [9] HaBeaeHO aHai3 (PaKTUUHOI CXEMH, B AKiH iCHYBaB (pepOpe30HAHCHHIA PEKUM
1 BigOysocst momkoKkeHHs Tpancpopmaropa Hanpyru. Ha T1JT 110 kB Bunukio wecriiike K3
MK ¢azamu. 3axucToM Oynu BiIKIIOUYEHI BUMUKAYl MO KIHIX JiHIA. Y pe3ynbrati K3 Oymno
IIOIIIKO/KEHO HEIKICHE KOHTAKTHE 3’ €aHanHs 1 micis AIIB BuMuKad BKIIFOYMB JIiHIIO B HEIOB-
Ho(azHomy pexxumi. Tomy cunoBuii Tpancopmarop Ha miacTaHLii, HEHTpasb IKOro He Oyna
3a3eMJIeHa Yepe3 PeKUM PEJIeHHOro 3aXKCTy, 3aUIIUBCS MIKIIOYEHUM J0 HAIIPYTH 1BOX ¢as3.

BujineHHns HeI0CTiIKeHNX YACTHH 3arajibHoi npoodsemu. [IpoBeneHuii aHai3 ocTaHHIX
JIOCJTIJDKEHB 1 My OJTiKaIlii mokas3as, 1o mpobiemMa BUHUKHEHHS PepOope30HaHCHUX IepEHAIpyT
€ aKTyaJIbHOIO JUIS EJIEKTPUYHUX MEPEeX Pi3HUX Ki1aciB Hanpyru. OCKUIbKY B OLIBIIOCTI BUTIA-
JIKIB MTPOOJIEMH BUHUKAIOTh Y JIIOUMX EJICKTPUIHUX MEPEKax yHACHIIOK aBapiid, HEeMae MOXK-
JUBOCTI IPOBOJUTH €KCIIEPUMEHTAIbHI JOCHIHKEHHS 3 BUBUCHHS ()epOPE30HAHCHUX MEpeHa-
npyr Oe3mocepeqHbO Ha AiF0YUX 00’€KTax. Y TaKMX BUIMAJKAX JOIIJIBHUM € TPOBEICHHS
MaTEeMAaTHYHOTO MOJICTIOBAHHS MPOIIECY BUHUKHEHHS ()epOPE30HAHCHUX TIEPEHAIPYT Ta J0C-
JHKEHHST YMOB X MPOTIKAHHS B €JIEKTPUYHUX MEPEKax Pi3HUX KJIACIB HAMPYTH.

Merta nocjigmeHHs (CTaTTi) JOCTI/PKEHHS YMOB BHHHKHEHHS Ta MPOTiKaHHS (epope3o-
HAHCHUX MEPEeHanpyT 3a JJOMOMOI0I0 CXEMOTEXHIYHOTO TAaKeTa MAaTEMAaTUYHOT'O MOICIIFOBAaHHS
Matlab Simulink.

Buxaan ocHoBHoro marepiany. s hepope3oHaHCHUX MPOIIECiB MOKHA BUJIIJTUTH TaKi
0COOJIMBOCTI:

1) MOXHBICT, BUHUKHEHHS (Pepope30HaHCy BU3HAYAETHCS MTapaMeTpamMu JTiHIMHUX eJleMe-
HTIB, 1110 BXOAATH Y KOHTYD (1HIYKTUBHOCTI, aKTUBHI OIIOPH, EMHOCTI), XapaKTepOM HeJTiHIHHOT
3aJIe)KHOCT1 MMOTOKO3YETIJICHHS! B 0OMOTKAX, IOYaTKOBUMH YMOBAaMH, a TAK0XK 3HAUEHHSM IIPU-
KJIaJICHOI HAIIPYyTH;

2) pepope3oHaHC CYyNPOBOIKYETHCA 3HAYHUMH CTIIOTBOPEHHAMH (POPMHU HAINPYyTH Ha elie-
MEHTaXx KoJa i CTpyMiB y HUX;
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3) Ha XapakTep MPOIECIiB Y CKIAJHUX KOJIaX MOXKYTh BIUIMBATH €JICKTPOMArHITHI 3B’ SI3KH
MiX eleMeHTaMH, CTBOPIOBaHI, HAITPHUKJIA, HASIBHICTIO CIIUIBHOT JUIs BCIX TPbOX (pa3 MarHiTHOI
cucTeMu TpaHchopMaTopiB.

Po3rnsiHemMo cxemy, mpesicTaBieHy Ha puc. 1, B Kiif MOKJIMBEe BUHUKHEHHS (hepope3oHaH-
CHUX TEepEHaIpyr Mpu HECUMETPUYHUX BiKIIOUEHHAX (a3. J[kepero >KuBIEeHHs (CHUCTEMA)
NPURHATO HECKIHUECHHO MOTYXHUM MOPIBHIHO 3 TpaHchopmaTtopoMm. [Ipu ckinaganHi po3paxy-
HKOBOI CXEMH 3aMIIICHHS BPaXOBYEThCS, IO CXEMH, B SIKMX BHHHKA€E (hepOpPE30HAHC, BITHO-
CATHCS 710 HENMIHIMHMUX K1, OCKUJIBKY B HUX MIPUCYTHI HENIHIAHI iHIYKTUBHOCTI MarHiTONPOBO-
niB TpaHchopmaTopiB. BBakaroum, 1m0 HENIHIMHICT, HasBHA JIMINE Yy CXEMi 3aMilICHHS
TpaHchopMmaTopa, 10 pelITi CXeMH MOXHA TIOBHOIO MipOIO 3aCTOCOBYBAaTH METOJIU IEPETBO-
PEHHS JIIHIMHUX €JICKTPUIHHUX K1,
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Puc. 1. Cxema 3amiwenns ons enexkmpuunoi mepedxci 110 kB
07151 OOCNIOAHCEHHSL NPOYECi8 8 HENOBHOPDAZHOMY DeHCUMI
Jlnst nocmiJkeHHsT (pepope30HaHCHUX MPOIIECIB Y MAKeTi CXEeMOTEXHIYHOTO MOJICTIOBAHHS
Matlab Simulink Gyno 3i6pano cxemy 3amimeHHs1 Mepexi Hanpyrowo 110 kB, npencraBieny
Ha puc. 1. Ha cxemi mokasaHi eMHOCTI IpOBO/IB BigHOCHO 3eMiIi C3, miciie po3puBy il BiImo-
BijiHI MixkdazHi emHOcTI CM®. Mogenb, ctBopeHa B Matlab Simulink, HaBenena Ha puc. 2.

]

—»
Soore!

powergui A am
. [ :

cYg

]

Yoc fa

Three-Phase
Transformer
(Two Windings)

vy
in1 i g Vab '_.QY. %‘b%:

n abe — e c.

com A
A com a A ap— " Iabe — | —8|C _% E—gg :
1 B :mb In2 Emb B a N ol
b Three-Phase
c c C 0 g
clp— ® ._[T—.D_D & c Transformer
Three-Phase Source Three-Phase BreakerT | o hree-Phase Breaker2 o 2T Rzce (Three Windings)

Subsystemt V-1 Measurement

Series RLC Branch %

e
Vriitage Measurement

L 1 Seose

Puc. 2. Mooenv Matlab Simulink ons 0ocniosxcenns gpepopezonancHux npoyecis

CTBOpeHa MOZIENb CKIIAIAETHCS 3 [PKEperIa )HUBJICHHS HEOOMEKEHOT MOTYKHOCTI HAlPYTOl0
110 kB, nositpsnoi ninii (ITJI) enextponepenaui Hanpyroto 110 kB, cunoBoro Tpancgopma-
topa mapku TPJIH-63000/110 Ta BumiproBasibHOTO TpanchopmaTtopa Hanpyru HKD-110.
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I1JI manpyroro 110 kB BukoHana nposogom Mapku AC-240 3 mapamerpamu d = 21,6 Mm?
ta o= 0,121 OM/kM 3 po3mitieHHsAM npoBoAiB y TpUKyTHUK [10]. [Tapamerpu cunoBoro TpaH-
chopmatopa 3riguo 3 [11]: Us.H./Un.H. = 115/10,5 kB, Sut = 63 kBA, Uk = 10,5 %.

VY mepexax 110 kB i1 BuIIe 3acTOCOBYIOThCSI KacKaaHi TpaHchopmaTopu Harpyru. Koxen
TH cknagaeThbcs 3 ASKUTBKOX MOAYIIB (KackaaiB) HOMiHaIBHOW Hanpyror 110 kB. Taka koH-
cTpykuist npuitasTa y tpaguiinaux TH tumy HK®: HK®-220 cknagaeTbes 3 ABOX KacKamiB
no 110 kB, HK®-330 - 3 Tppox.

OCHOBHI XapaKTEPUCTUKU TpaHCHOPMATOPIB HANPYTH, 3aCTOCOBYBAHHX Y Mepexax
110 xB, naBeneHni B [12]. [lo3nauenns tumiB TpaHchOpMaTOPiB po3UTH(YPOBYIOTHCS HACTYITHUM
ynHoM: H — Hanpyru (tpanchopmarop); K — kackaguuii; @ — dpaphopoBa mokpuIika.

Tabnuysa 1 — Xapakmepucmuxu mpancgopmamopa nanpyeu muny HKD-110

. HominanbHa NOTYXHICTb y MaxkcumanbHa
Tun tpancdopma- Howminanena Hanpyra, kB 1aci Tousoer. BA HOTYKHICTS
ropa BH HH 02 | 05 1,0 | 3,0 | obmorku BH, BA
HK®-110-58 110/v/3 0,1/V3 - 400 600 1200 | 2000

[Ipu ckmaganHi po3paxyHKOBOI CXeMH 3aMileHHs TissHKH Mepexi 110 kB 13 moBiTpsiHOIO
JIHIEI0 eNeKTpoNepeaBaHHs Ta HEHABAHTAXKEHUM CHIIOBUM TpaHCPOpMaTOpoM OyIio mpuiiH-
ATO TaKi MPUITYIIICHHS:

1) )KMBNICHHS TUISHKU €JIEKTPHUYHOI CXEMHU MOJIENIOEThCS TPU(Da3HUM JKEpEenoM 3MiHHOT
HaIPyTd HECKIHYCHHOT MOTY>KHOCTI;

2) pO3MOiICH] aKTUBHI OMOPH, 1HIYKTUBHOCTI, EMHOCTI TIOBITPSIHUX JIIHIA €JIEeKTpoTepe-
JTaBaHHS BBAXKAIOTHCS JIIHIMHUMH €JI€MEHTaMH 1 PO3TIISAAI0THCS K 30CepeIKEeHI TapaMeTpH;

3) BukopuctoByeThCs [1-moibHa cxema 3aMillieHHsI TOBITPSTHOI JIiHIT eJIEKTpOTepe1aBaHHs;

4) He BpaxOBYIOTHCS BTPATH Ha TiCTEPE3UC 1 BUXPOBI CTPYMH B MarHiTONPOBOIaX CHIIOBUX
TpaHchopmaTopis;

5) IHIXYKTUBHOCTI PO3CIIOBaHHS CHJIOBHX TPaHC(OPMATOPIB BBAXKAIOTHCS JIIHIHHUMHU.

Posnonineni mapameTpu enekTpooOaagHaHHS CTAHIIIN 1 MiICTaHIIi (aKTHUBHI OTIOPH, THITY-
KTUBHOCTI, EMHOCTI) IPUUMAIOTHCS 30CEPEIKEHUMU BUXOMSUU 3 TOTO, IO X MPOTSHKHICTD B
MOPIBHSHHI 3 IOBKWHOIO XBWJII MPOMUCIIOBOI HAIPYTH Ha KUIbKA MOPAKIB MeHIe. [{is minii
€JIEKTPOIEPEaBaHHs TaKe MPUITYIICHHS TaK0XK BUKOPUCTAHO, OCKIIBKH y (hepOpe30OHaHCHUX
cxemax, 10 PO3TIISIAI0THCS, JOBKUHA JiHil He mepeBuirye 30 KM.

3a 1omoMoror po3pobaeHoi Moiei OyJI0 OTPUMaHO OCIMIIOTPaMU HaIpyT y (a3ax Ta Heil-
TpaJi CHJIOBOTO TpaHc(opmaTopa npu HenmoBHO(a3zHOMY BKIItOUeHHI. Ha pucynkax 3 Ta 4 Ha-
BEJICHI OCHWJIOTpaMM Hampyr y Qaszax CHIOBOTrO TpaHchopmaTopa Hpu HemoBHO(Da3HOMY
BKJTIOYCHHI JIJIS1 BUITAJIKy MAaKCUMAIIbHOI KPATHOCTI MTEpEHATpyT.
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Puc. 3. Ocyunocpamu nanpye y ghazax cunosoeo mpauncgopmamopa npu HenosHoGa3sHomy
exatouenni (momenm xkomymayii 0,05 c; doeacuna npueonarnoi JIEII — 10 km)
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Puc. 4. Ociinorpama Hanpyrv B HSMT pasti CHIIOBOTO T paHC(opMaT Opa NpH HETIOBHO( a3HOMY
BKMOUeHHI (MoMeHT komyT atii 0,05 ¢; morxk uHa npueaHanoi JIETT — 10 k)

3 ocrutorpaM 6a4rMo, 110 MPU HEMOBHO(A3HOMY BKIIFOUSHHI BHHUKAIOTh 3HA4YHI (hepope30Ha-
HCHI TIEpEHAITPyTH Ha MOIIKOKEeHIH (asi, mo nocsraroTsh ~7Ud Ha ocHOBHIM yacToTi. Ha HeliTpai
IpH LFOMY BUHHKAE 3MIHHA HAMpyTa, 110 1 CBIUUTH MPO SBUILE 3CYyBY HEUTpasi CHIIOBOTO TPaHC-
q)opMaTopa Leit pexxum moxke Oytu Hebesneunwii st OITH Ha nmommkompkeniit ¢asi, i ams OIMH y
HEUTpaJIi CUIOBOTO TpaHC(bOpMaTOpa SKUI 000B’I3KOBO BCTAHOBIIIOETHCS npu i PO33eMJICHHI.

Takox 3a 10MTOMOro10 MOAEi 6yno JOCIIIKEHO 3aJISKHICTh KPaTHOCTI (pepope30HaHCHUX
MIEPEHAIPYT BiJ] TOBXUHH JIiHIT Ta BiJ (a3 B MOMEHT BKIIFOUEHHS. Pe3ynbTaTi MoenoBaHHS
HaBeJneHl B Ta0u. 2.

Tabnuys 2 — Pe3ynomamu M00eno8anHs 3a1e#CHOCMI KpamHOCmi ¢pepope30HanCHUX
nepenanpye 6i0 ¢asu 6 MOMeHM BKNIOUEeHHs Mda 008HCUHU NIHIT

®a3a HanpyTu B JloBxxuHa JiHii, KM
MOMEHT KOoMyTauii, ° 1 2 5 10 20 30 50 70 130 180
0° 1,5Ug | 2,5Uy | 42U | 42Uy | 4,5U4 | 4,5Up | 4Ugy | 3,7Ug | 3Ug -
30° 1,5Ug | 2,5Uy | 5,2Uq | 5,5Ug | 55Uy | SUg | 3,8U4 | 3,4Ug | 3,4Ug | 3,8U4
60° 1,4Uq | 3,6Uy | 6,4Up | 6Ugy | 59U | 5,2Ug | 3,6Uy | 3,8Ug | 3,5Ug | 3,8Ug
90° 2Up | 45Uy | 5,5Uy | 7,2Ug | 6,1U4 | 5,2Uq | 42Uy | 4,3U4 | 3,6Up | 1,5U4

J1is MOBXKWHMU JTiHii, Ie CTIOCTEPIraeThCsl MaKCUMAalIbHA KPaTHICTh (hepOpe30HAHCHUX Tepe-
Harpyr, Oyino moOy0BaHO 3aJIeKHICTh KPATHOCTI Bia (pa3u B MOMEHT BKJIFOUCHHS, SIKa HaBe-
JIeHa Ha puc. 5.
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° 72
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0 20 40 60 80 100 120 140 160 ¢. 2pad

Puc. 5 3anescnicme kxpamunocmi nepenanpye 6io ghazu 6 MOMeHmM 6KIIOYUEHHS.
(momenm xomymayii 0,05 ¢, doeacuna npueonarnoi JIEII — 10 km)
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3 pe3ynbTaTiB MOJICTIOBAHHS BUILTHBAE, 1110 MPU PI3HUX (a3ax HAPYTd B MOMEHT KOMYTaIlii
Ta pi3HIN JOBXKHHI JiHI{ ICHY€ 1CTOTHA BIIMIHHICTB Y XapakTepi nepediry nepexiHux Mmporecis i
Hebe3meuHi pepope30HaHCHI SBUIIA BUHUKAIOTh HE TIPU BCIX 3HaYCHHSX (a3u komyTailii. [Ipoana-
J3yBaBIIN PE3yJILTATH MOXHA CKa3aTH, 1110 00J1aCcTh ICHYBaHHS TIEpEHAIPYT, TIOB’I3aHUX 13 epo-
PE30HAHCOM, BHU3HAYAETHCA JOBKUHAMH JiHi1 Bif 1 10 180 kM, mpuyomy HaitHeOe3neuHin nepe-
HamNpyrd BUHUKAIOTH TIPHU JIOBKWHAX JIiHIN enekTpornepenaBanHs Bin 5 mo 30 kM. KpartHicth
MepeHanpyT MpU Takii JOBXKHHI JIiHIT Moxe csiratu 7Ug. Taki 3HaueHHs He JIUIIe MOXKYTh [TPU3Be-
cTu 110 nomkopkeHHs TH, ane € Hebe3neuyHnMH 1 U1st CUIIOBOTO TpaHc(opmaropa.

BucHoBkmu. VY 11iii po6oTi Oys0 MpoaHati30BaHO OCHOBHI MPUYMHU BUHUKHEHHS (epope-
30HAHCHHUX TIEPEHANpPYT B CJIEKTPUYHUX MEPEXKax Pi3HUX KJIAciB Hampyru. Y pe3yibTari aHa-
713y BHUSBIIEHO, L0 MPOOIeMa 3aXUCTY BiJl (hepOpe30HAaHCHUX MEPEHAIPYT € TIOCUTh aKTyallb-
HOI0. APTryMEHTOBAaHO JAOIUIBHICT MPOBENEHHS JOCHIIKEHb MpPOIECiB BUHUKHEHHS
(depope3oHaHCHUX MEPeHAINPyT MUITXOM MaTeMaTHYHOTO MOJETIOBAHHS, OCKIIBKH BHHHK-
HEHHS (hepOpe30HAHCHUX MEPEHAMNPYT Y II0UNX eJEKTPHYHUX Meperkax IMOB’A3aHO 3 BUIIA KO-
BUMH Ta HEKOHTPOJIbOBAaHUMU TPOLIECAMH.

VY 1iif pob0Ti y CXeMOTEXHIYHOMY IMaKeTi MozemoBanHs Matlab Simulink 6yno po3po6-
JICHO MOJIENb, KA JIO3BOJIIE MOJIETIOBATH (DepOpe30HAHCHI MEPEHANpPYTH B NEKTPUYHUX Me-
pexxax 110 kB. 3a mornomororo cTBOpeHoi Moeni 0yJ10 AOCHIHKEHO YTBOPEHHS (pepope3oHaH-
cHHUX mepeHanpyr y mepexi 110 kB npu HenmoBHO(da3HUX pekuMax 3a pi3HUX JOBXKHUH JIiHII.
3riJIHO 3 pe3yibTaTaMu MOJICTIOBaHHS, TIEPEHANPYTH B MEPEXKI cAraroTh (2+6)Ud.

Takox, 32 JOMOMOTOI0 OTPUMAHOI MOJIEIi, JOCTIIKEHO 3aJIeKHICTh KPaTHOCTI (hepope3o-
HAHCHUX TIepEHAIPYT BiJl JOBXHUHU JIiHiI Ta BiJ a3y B MOMEHT BKiItoueHHs. [IpoananizyBaBim
pe3yabTaTi MOXKHA CKa3aTH, 110 00J1acTh ICHYBaHHS HEOE3MEUHUX MEPEHANPYT, KPATHICTIO 710
7Ud, moB’si3aHUX 3 Pepope30HAHCOM, BU3HAYAETHCS JOBKUHAMU JIiHii Bix 1 1o 180 kM, mpu-
YoMy HaifHeOe3NeyHilli nepeHanpyri BUHUKAIOTh MIPH TOBXKWHAX JIiHIH eleKTporepe aBaHHs
Bix 5 mo 30 kM.

VY noganemmx podoTax Moxke OyTH MOXKe OyTH JTOCIHIKEeHA 3aJIeKHICTh KPaTHOCTI depo-
PE30HAHCHUX TEePEHAIPyYT BiJl THITY IPOBO/IB Ta ONOP, a TakoXk Bix radaputis I1J1.
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UDC 621.311
Vadim Bodunov, Thor Dihtyaruk, Anatoliy Prystupa

SIMULATION OF INCOMPLETE OPERATING MODES
OF 110 KV ELECTRICAL NETWORKS WITH NONLINEAR ELEMENTS

In electric circuits with a series or parallel connection of a nonlinear inductor and a capacitive element with a change in
voltage or current of the power supply, the phenomenon of ferroresonance is observed. Ferroresonance is a complex nonlinear
electrical phenomenon, the problem of protection against which still remains unresolved.

In this paper, the main causes of ferroresonant overvoltages in electrical networks of different voltage classes were
analyzed. The analysis revealed that the problem of protection against ferroresonant overvoltages is quite relevant.

The amplitude of overvoltages in these processes can be (2 + 6) Uf. These overvoltages are the most dangerous of all their
types that can be in existing high-voltage networks. The main cause of ferroresonance in voltage transformers is switching in
idle mode and incomplete phase modes of operation of the electrical network. In this paper, the conditions of ferroresonance
processes in 110 kV electric networks are carefully investigated and a model created in the circuit design package Matlab
Simulink is proposed.
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With the help ofthe created model the formation of ferroresonant overvoltages in the 110 kVnetwork at incomplete phase regimes
at different line lengths was investigated. According to the simulation results, the overvoltages in the network reach (2 + 6) Uf.

The dependence of the multiplicity of ferroresonant overvoltages on the line length and on the phase at the moment of
inclusion is investigated too. The area of existence of dangerous overvoltages, with a multiplicity up to 6Uf, connected with
ferroresonance, is determined by the lengths of the power transmission line with a voltage of 110 kV. The most dangerous
overvoltages occur at lengths of power lines from 5 to 70 km.

Keywords: overvoltages, ferroresonance; mathematical modeling; electrical networks; nonlinear inductance; voltage
transformers.

Fig.: 4. Table: 2. References: 9.

BoayHoB Bajum MuKkoJiaiioBuy — KaHIUIAT TEXHIYHUX HAYK, JOLEHT, JOLEHT KadeapH eIeKTPUYHOI iHKeHepii Ta
iH(popMaIiifHO-BUMIpIOBATBHIX TEXHOJOTIH, HamionansHuii yHiBepcureT « UepHiriBcbka nomirexuikay (Byi. IlleBue-
HKa, 95, M. Yepniris, 14035, Ykpaina).

Bodunov Vadim — PhD in Technical Science, Associate Professor, Associate Professor of Electrical Engineering and
Information and Measuring Technologies Department, Chernihiv Polytechnic National University (95 Shevchenka
Str., 14035 Chernihiv, Ukraine).

E-mail: vad1979@ukr.net

ORCID: https://orcid.org/0000-0003-2882-5787

ResearcherID: G-4672-2014

SCOPUS Author ID: 16201956400

HixTapyk Irop BiraniiioBny — kaHauaatr TeXHIYHUX HayK, JOLCHT, JOLEHT KaQeIpH eINeKTPUYHOI IHKeHepil Ta iH-
(hopMamiifHO-BUMIpIOBAIBHUX TeXHOJOTiH, Harnionansauii yHiBepcurer «YepHiriBepka nomitexnikay (Byi. Illesue-
HKa, 95, M. Uepniris, 14035, Ykpaina).

Dihtyaruk Thor — PhD in Technical Science, Associate Professor, Associate Professor of Electrical Engineering and
Information and Measuring Technologies Department, Chernihiv Polytechnic National University (95 Shevchenka
Str., 14035 Chernihiv, Ukraine).

E-mail: dihtyaruk.ihor@gmail.com

ORCID: https://orcid.org/0000-0002-6565-6356

ResearcherID: M-8276-2016

SCOPUS Author ID: 56251972400

IIpucryna Anarouniii JIeoHinoBH4 — KaHIUIAT TEXHIYHUX HAYK, JOLCHT, 3aBilyBad Kadepu eNeKTPUIHOT iHKeHepil
Ta iHpopMauiiiHO-BUMIpIOBaIbHUX TexHouoriH, Harionansuuit ynisepcuter «epHiriscbka nosnitexnikay (Bya. Hle-
BueHKa, 95, M. YUepniris, 14035, Ykpaina).

Prystupa Anatoliy — PhD in Technical Science, Associate Professor, Head of Electrical Engineering and Information
and Measuring Technologies Department, Chernihiv Polytechnic National University (95 Shevchenka Str., 14035
Chernihiv, Ukraine).

E-mail: a.l.prystupa@gmail.com

ORCID: https://orcid.org/0000-0001-9412-2698

ResearcherID: F-5507-2014

SCOPUS Author ID: 57190807222

Bonynos B., [ixtapyk L., [Ipuctyna A. MozaemoBaHHs HETOBHO(A3HUX PEXKUMIB POOOTH eNSKTPHIHUX Mepex Hanpyroio 110 kB 3 Hemimiii-
HUMU eneMeHTaMu. Texniuni nayku ma mexuonozii. 2021. Ne 2(24). C. 171-178.

178


mailto:vad1979@ukr.net
mailto:a.l.prystupa@gmail.com
https://orcid.org/0000-0001-9412-2698
https://www.scopus.com/authid/detail.uri?authorId=57190807222

TEXHIYHI HAYKU TA TEXHOJIOT T Ne 2(24), 2021
TECHNICAL SCIENCES AND TECHNOLOGIES

UDC 004.4
DOI: 10.25140/2411-5363-2021-2(24)-179-187

Tatiana Kelemenova, Ivana Kolarikova, Ondrej Benedik
CALIBRATION OF OPTICAL DISPLACEMENT SENSOR SYSTEM

The optical displacement sensor was selected for accurate length measurement. The aim of this article is to determine the
mathematical measurement model for displacement measurement using an assembled measuring chain by calibration. The
uncertainty balance for the assembled measuring chain is determined in the next part of this article.

Keywords: uncertainty of measurement, displacement, error, gauge, reliability.

Fig.: 10. References: 19.

Urgency of the research. In technical and scientific practice, displacement sensors are of-
ten used to measure the displacement of moving parts of equipment. Few authors will solve the
problem of measurement uncertainty in their applications at the same time. The measurement
uncertainty declares the extent to which it is possible to believe the data obtained from the
displacement measurement process using the displacement sensor. It often happens that the
measurement result has a great measurement uncertainty and thus the measurement is devalued.
Therefore, it is necessary to perform an analysis of measurement uncertainty before the actual
implementation of the sensor in the target application. The solution is intended for the field of
displacement measurement in mechatronic products, where displacement information with high
measurement uncertainty can cause product malfunction.

Target setting. Measuring lengths and displacements is one of the most common variables.
A large group of sensors measures length by direct contact with a moving object such as a
potentiometric sensor, a linear variable differential transformer sensor, a linear encoder sensor,
a magnetostrictive sensor, etc. Another group is contactless sensors such as capacitive sensor,
inductive sensor, ultrasonic sensor, optical sensor, etc. [1-8].

An optical sensor using the principle of triangulation was chosen to measure the distance.
It is a low-cost sensor with an analogue output in the form of voltage up to 5V. According to
the data sheet, this sensor has a nonlinear static characteristic. Since it is an optical sensor, this
characteristic depends on the color and quality of the reflecting surface of the sensor. The static
characteristics of the evaluated sensor will therefore be determined experimentally. The manu-
facturer of the selected tested sensor does not state the measurement uncertainty or any other
form of expression of the maximum measurement error. In this case, experimental verification
is the only way to determine the measurement uncertainty.

Analysis of existing research and publications. There are a number of different methods
for calibrating displacement sensors. Each calibration method provides a degree of calibration
uncertainty and requires certain equipment costs and the actual implementation of the calibra-
tion process [1-6].

The development of semi-autonomous metrological devices, capable of calibrating variety
of linear displacement sensors has been done, such as Linear Variable Differential Transformers
(LVDT), string potentiometers, laser displacement sensors and other. Data acquisition equip-
ment that could be used for measuring objects of various shapes and sizes are already available;
however, devices specifically tailored for the calibration of displacement sensors are not cur-
rently offered [7].

A new in situ absolute calibration method for a displacement sensor is proposed, and a
calibration system is developed. This new method is capable of determining not only the
linearity error but also the mean sensitivity (inclination of linear calibration line) on the base of
the wavelength. The new measurement system consists of a compact laser interferometer and a
previously developed in situ calibration system. The laser interferometer is used only to
determine the necessary displacement shift quantity with an integer multiple of half
wavelengths of the laser light source [8].

© Kelemenova T., Kolarikova I., Benedik O., 2021
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Displacement measuring sensors play an essential role in all aspects of dimensional
metrology. They can be used for direct displacement measurements but more often they are part
of a measurement system. In order to achieve traceable measurements that can be related to the
meter, these sensors must be calibrated against a reference standard that is more noise- and
error-free than the sensor under test [9].

The measurement uncertainty and linearity of a bundle fibre-optic displacement sensor were
studied on a wide range of displacements using experimental and simulation approaches [10].

The mentioned methodology does not address the complex methodology of evaluation of
measurement uncertainties.

Article objective. The aim of the article is to experimentally test the selected sensor and at
the same time to solve the problem of measurement errors and measurement uncertainty. The
aim is to determine the transformation static characteristic and on its basis it is possible to create
a calibration characteristic. It is also possible to determine histograms from the set of
measurements to determine the law of probability of distribution of measured values. From the
calibration characteristic, a mathematical model is then created to determine the displacement
from the measured values of the output electrical voltage of the sensor. The resulting uncertainty
of the displacement measurement can then be determined.

General overview of the system. The evaluated sensor consists of an infrared LED and a
photosensitive detector. The infrared beam is aimed at the measured object at a certain angle,
which impinges on the surface of the measured object and is reflected from it back to the surface
of the photodetector. The point of impact of the infrared beam depends on the distance of the
measured object, which results from the principle of triangulation (fig. 1). The output of the
sensor is then an analogue voltage, which corresponds to the distance of the detected object.
The range of the sensor is up to 300 mm, while at shorter distances it is possible to expect
ambiguous behaviour of the sensor. Wavelength of the infrared light emitted is (870 £+ 70) nm.
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Fig. 1. Triangulation principle of optical distance sensor
The measuring chain was assembled on a sliding mechanism of a linear metroscope, a
reflecting surface was placed on a stationary base of the metroscope and the sensor moved on

a linear guide of the metroscope. The relative distance between the sensor and the reflecting
surface was set using length gauge blocks.
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Fig. 2. Measurement chain for distance measurement

The systematic errors and uncertainties of the scale blocks are summarized in the graph (fig. 3).
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Fig. 3. Systematic errors and uncertainty of the used set of length gauge blocks

Twenty-five distance values set by gauge blocks were selected in the entire range of the
sensor. For each such value, ten measurements were performed under unchanged measurement
conditions, and the graph shows the mean value of the measured measurements, which is
displayed as a point in the graph (fig. 4). It can be seen from the graph that the voltage values
have a breaking point for a distance value of 30 mm. The whole range of experimentally
determined points is quite complicated. Therefore, a strategy was chosen in which the
experimental data were approximated by two functions with a switching point of 30 mm (fig. 4).
Polynomial functions were used to approximate both parts of the experimental data. For distance
measurement, such a course is disadvantageous because two different values of distance
correspond to one value of electrical voltage. This ambiguity can be a problem when processing
the measured values. From a practical point of view, it is therefore more advantageous to
implement the measuring chain so that only the measuring area from the value of 30 mm is used
for the measurement.

The stable properties and good repeatability of the measurement are also indicated by the
displayed sequence of measured values (Fig. 5), which deviate only minimally from the mean
value of the measured samples. These measured values (Fig. 6) were measured 100 times for 4
selected values of the distance of the reflecting surface from the sensor.

Furthermore, it is possible to evaluate the combined uncertainties for measuring the output
voltage of the sensor (Fig. 6), while the maximum value of this uncertainty is 0.0054V [11-18].
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A digital multimeter was used to measure the electrical voltage, for which the manufacturer
shows the maximum permissible error of the meter:

Z o npior = i(0.002% _of _readvalue+0.0005% of range) (1)

If the maximum measured value and the measuring range are considered, then the maximum
permissible error of measuring the voltage with a multimeter is Z _,_,,.,,, =+0.00011V .

mq
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The measured data sets were tested by normality tests, the results of which show that it is
possible to reject the hypothesis that the set of measured values follows the normal law of
distribution. Distribution of values in displayed histograms Fig. 7 is relatively unstable and thus
an approximation by uniform distribution will be used in terms of measurement and evaluation
of measurement uncertainties. Thus, the same probability of any deviation in the range of
measured values will be assumed. For the purpose of evaluating the measurement, no
information is available on the distribution of the probability of occurrence of deviations and
therefore there is no reason to prefer certain deviations. In the following, a uniform rectangular
distribution of the measured values will be considered.

The optimal number of class intervals for histogram formation (Fig. 7) can be obtained by
re-applying Scott's relation [19]:

R 1
Ky = ﬁ M3 2

where Rr - range of the set of values; s - standard deviation; ny - number of measured values.
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Fig. 7. Histograms of the frequency of measured values at the sensor output

Assuming a uniform rectangular law of distribution of measured values, at the level of
significance of 0.95 when considering the coefficient of expansion, then the standard
uncertainty determined by method B is equal to:

— M = 3

Ugpior N 0.0000641V (3)

Sampling standard deviations were used to determine the standard uncertainties determined by

Method A. The combined uncertainty was evaluated by combining the standard uncertainties

determined by Method A and Method B. The expanded uncertainty is affected by one component

of the uncertainty for which a uniform distribution is considered. A coefficient of expansion of 1.65

(0.95) was therefore used to provide a confidence level of approximately 95%. Standard

measurement uncertainty was determined in accordance with EA-4/02. The maximum expanded

uncertainty is at a distance of 85 mm of the sensor from the reflecting surface. At this point, the
expanded uncertainty of the measured voltage value at the sensor output becomes 0.0094 V.
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From the measured range of the sensor, a working area (Fig. 9) was selected that can be
used to determine the displacement of the measured object (40 to 70 mm): When choosing this
area, the expanded uncertainties of measuring the output electrical voltage of the sensor were
taken into account (2.65992; 1.67227V), the steepness of the dependence (ie the local sensitivity
of the sensor), the residual deviations from the regression mathematical model and the influence

of the optical properties of the sensor and the environment on the function of the sensor.
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Fig. 9. Calibration characteristic of the selected area from the sensor range

The calibration characteristic (Fig. 9) of this selected working area was approximated by a
regression mathematical model in the form of a second degree polynomial. The determination
index of this mathematical model (0.9999) confirms the suitability of the selected model.

Based on regression analysis, a second degree polynomial in the form of:

y=a+b-x+c-x’ @)

then it is possible to determine a matrix of estimates of the parameters of the regression
dependence model:

176.35511
a=(474)" 47t =| -84.39384 (5)
12.45803
The covariance matrix of the vector of model parameter estimates has the form:
U,=6*(4"4)" ©6)
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where the selective residual variance has the value: 6% =0.017909253 V.

After substituting it is possible to obtain a covariance matrix:
6.07710 —-5.70027 1.30614
U,=|-5.70027 537278 —1.23663 (7)
1.30614 —1.23663 0.28592

The elements in the diagonal of the covariance matrix are the squares of the standard
uncertainties of the model parameters (regression coefficients):

u_ . =-5.70027mm*/V

a=176.35511mm u, =2.46518mm
b =-84.39384mm/V u; =2.31793mm/V u; , =-1.23663mm’/V’
¢=12.45803mm/V> u; =0.53471mm/V? u;, =1.30614mm*/V?

To determine the uncertainty of measuring x, it is necessary to apply the law of uncertainty
propagation [17] to the model ( y = a +bx +cx’):
potom neistota vystupnej veli¢iny v obecnom tvare je:

2 _ 2 2.2 4.2 X 2,2 . ) 2 3
uy = (g +x7up +x7u;)+(b+2x-0)" uy +2-(x-u,; +X7u; .+ XUy ) ()

wherein the output variable y in this case of the calibration characteristic will be the measured
distance of the sensor from the reflecting surface. It is possible to substitute the values of the
output electrical voltage of the sensor for the input value x. From these values, it is then possible
to determine the uncertainty determined by method A of the measured distance values.

It is then possible to determine the combined uncertainties (Fig. 10) for measuring the
displacement with the sensor. If the sensor is used in a range of values (from 40 mm to 65 mm),
the combined uncertainty value will be below 0.16 mm.

0.18

0.16 -
0.14 -

0.12 4
0.1 1
0.08 -
0.06 -
0.04 -
0.02 -
0 - T T T ‘ T T
40 45 50 55 60 65 70

Measured distance of the sensor from the reflecting surface
(mm)

Combined displacement
measurement uncertainties (mm)

Fig. 10. Combined uncertainties for sensor displacement measurement

Conclusions. Experimental analysis of the tested sensor showed that the built measuring
chain with this sensor has a combined measurement uncertainty of at most 0.16 mm. Tests of
repeatability of measurement and subsequent graphical histograms showed that the probability
of distribution of measured values is governed by the uniform law of distribution of values. In
this paper, a mathematical model of the calibration characteristic was also obtained from the
experimental data, which can be used to determine the displacement value from the values of
the measured output electrical voltage of the sensor. This mathematical model has a practical
use, because we can implement it directly into the computer system for data processing and, in
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addition, we have measurement uncertainty. The resulting measurement uncertainty can be
further improved by selecting another meter to measure the output voltage at the sensor output.
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VIIK 004.4
Temsna Kenemenosa, leana Konapixosa, Onopetl beneoux
KAJIIBPYBAHHSA CUCTEMH OIITUYHOI'O JATYUUKA IIEPEMIIIEHHSA

VY T exHiuHI{ 1 HAYKOBIi MPAKT MLl AT YK NEPEMIILICHHS YaCT O BUKOPHCT OBYIOT bCS [T BUMIPIOBAHHS 3MIILICHHST PYXOMHUX
YaCT MH O0aHAHHS. 1X MO Ha BHKOPHCT OBYBAT H IS TIPSMUX BUMIipIOBAHb 3MIILIEHHSI, aJle JACT illle BOHU € YaCT MHOKO CHCT EMH
BAMiproBaHHs. HeBM3HaUeHICT b BUMIPIOBAaHHS BU3HAYA€ CT YHiHb JIOCT OBIPHOCT 1 JAHUX, IO OT PHMaHi B IPOIieci BUMIPIOBAHHS 3
BHKOPYCT aHHSIM JIAT YMKa. BHACIIOK BEJMKOT IOXMOKH Pe3yibT aT BUMIPIOBAHHS 3HELIHIOET bes. ToMy HeOOXiTHO BHKOHAT U aHAJI3
HEBU3HAYEHOCT 1 BUMIPIOBaHHA 10 (haKT MYHOTO BIPOBAIK €HHA JaT YMKA B LJTHOBHI 1oAaT oK. OT X e, po3B'si3yBaHa 3a7aya MpH3-
HaveHa JiBt 00JIACT 1 BUMIPIOBAHHS 3MIIIICHHS B MEXaT POHHIX BHPOOaX, 1e iHGopMalis mpo 3MilIeH s 3 BUCOKOIO HEBU3HAUCHICT O
BUMIpIOBAHHS HEZIOIYCT UMa.

Jlist BUMiproBaHHs BiICT aHi OyB 0OpaHMil ONT MYHKI AT YHK, KW BUKOPHCT OBYE TPHHIIMII T PIaHIYBIH] T 8 Ma€ HeMHIHHY
CT aT W4HY XapakT epucT uKy. OCKIIbKY L€ ONT WYHUI JIAT YUK, HOTO XapaKT ePHCT MKA 3aJIK UT b BiJ KOJIbOPY 1 SIKOCT 1 MOBEPXH,
SIKY KOHT POJIOE IaT UK.

Mer 010 CT aT T i € EKCIICPUMEHT aJlbHa MEePEBipKa OIT WMHOTO JIAT YKKA 3MIIICHHS 1 OJJHOYACHO BUPIIICHHS TPOOJIEMH OXHOKH
BUMIPIOBaHHS 1 HEBU3HAYCHOCT 1 BUMIPIOBAHHs1. 3aBIaHHS POOOT U MOMSTalo B T OMY, II00 BU3HAYHT U CT aT WYHY XapaKT EPHCT UKy
TIepeT BOPEHHSI CHTHAJY, 1 3 Hel CT BOPUT U KAJMOPYBaJIbHY XapaKT epHCT HKy. BisHadeHo rict orpaMu 3 BUOIPKY BUMIPIOBAHb U BH-
3HAYCHHSI 3aKOHY PO3IIOIily HMOBIPHOCT 1 BUMIPSTHIX 3HaueHb. Ha OCcHOBI KamOpyBasbHOT XapaKT €pHCT UKH CT BOPEHO MaT eMaT U-
YHY MOJIE/Ib 111 BUSHAUEHHS 3MIILIIEHHS 110 BUMIPSIHAM 3HAUEHHM BHXI/IHOT €/IeKT PUYHOT HAIIPYTH 1T YMKa. BU3HAUEHO pesyibT yrouy
HEBHM3HAYCHICT b BUMIPIOBAHHS 3MILIIEHHS. Y CT aT T 1 He JJOCII/DK YBaBCs BIUIMB T EMIIEPAT YPH HABKOJMIIIHBOTO CEPEIOBHIIA Ha pe-
3y/I6T 4T BUMIPIOBAHHS, @ T aKOK He IOCIIDK YBABCS BIUIMB KOJILOPY KOHT POJEOBAHOI ITOBEPXHI BESIBIICHOTO 00'€KT Y, 3MIIICHHS SIKOTO
BAMIPIOET besi. EQeKT 3MiHHM HaXHITy MOBEPXHI BISIBIICHOTO 00'€KT Y, 1110 BiIOMBA€ MPOMIHb JIAT YMKA, T aKOXK He JOCIiDK yBaBes. On-
T MYHAN AT YUK 3MIIeHHs OYB 0OpaHHii Iyl T OYHOTO BUMIPIOBAHHS JOBXK MHU.

ExcrieprMeHT anbHAN aHai3 T €CT OBAHOTO JIAT YHKA T0KA3aB, 10 TOOYIOBAHUI BIMipIOBAJIGHMI JIAHITOT 3 M JIAT YNKOM Ma€
CyMapHy TTOXHOKY BIUMipIoBaHb He Oinbinie 0,16 M. TecT 1 OBT OPIOBAHOCT 1 BUMIPIOBAHb 1 MOAAJIBIIHX rpaiHIX TiCT Orpam IoKa-
3aJH, 110 MOBIPHICT b PO3IIOIiTy BUMIPSIHUX 3HAUCHB MMiATIOPSIIKOBYET bCS €IMHOMY 32 KOHY PO3IOJIiTY 3HaYeHb. MaT eMaT HuHa Mo-
JIeTb KaJliOpyBaJIbHOT XapaKT epUCT UKH T aKOXK Oyia OT pUMaHa 3 eKCIIePUMEHT aJlbHHX JaHHX, sIKi MOXK YT b OyT M BUKOPHCT aHi Uil
BI3HAYCHHS BEJIMYIHI 3MIIIICHHS 31 3HAUeHb BUMIPSTHOT BUXIJTHOT €IeKT pUUHOI Hanpyry at unka. OT puMaHa MaT eMatT M9Ha MOJENb
Mae MPaKT W4HE 3aCT OCYBAHHS, OCKUILKY MOX € OYyT M peaizoBaHa 0e3nocepeIHbO B KOMITIOT €pHii CHCT eMi 0OpOOKH JaHHX 3 BiO-
MOIO HEBH3HAUCHICT 10 BUMIPIOBAHHSL. Pe3ynbT yIody OXMOKY BUMIPIOBAHHS MOXK Ha JI0/IAT KOBO TOJIIIIHT ¥, BUOPABILHX HIIINN BUMI-
proBadY JULI BU3HAYCHHSI BHXI/IHOT HATIPYTH HA BHIXOAI AT YMKA.

Knrouoei cnosa: HegusraueHicmv UMIPIOBAHHSL, NepeMileHHsl, NOXUOKA, Kamiop, HaAOIHICMb.
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MONITORING OF THE ELECTRIC MOTOR PARAMETERS

The presented paper describes the creation of a monitoring system based on the IoT platform, designed to monitor the
parameters of an electric motor. Based on the obtained data, the operator is informed about the current state of the electric
motor and can intervene in time so that it is not suddenly damaged or destroyed. In the next phase of the research, a model of
predictive maintenance will be processed based on the obtained data. As a result, the operator will not have to estimate the
condition of the electric motor, but the system itself will suggest appropriate measures. Such a system will find application in
practice, but also in the teaching process, as the preparation of graduates for the modern monitoring systems, which are
increasingly used in practice, will be improved. The presented paper is a scientific and methodological publication.

Keywords: monitoring; Internet of Things, Cloud, Arduino,; Predictive maintenance,; Electric motor.

Fig.: 13. References: 17.

Urgency of the research. Monitoring is an activity in which the monitored values are
necessary for the process of evaluating the state of a certain system. Monitored values are
determined based on the environment or system, which is monitored. Monitoring is used in many
sectors, such as the environment (pollution of air or watercourses), industry (chemical,
engineering) and many others. The obtained and subsequently evaluated data can signal the
occurrence of potential or existing problems, or predict the future state of the monitored system.
Such a solution could save considerable financial costs, which are caused by unexpected failures
of the system and subsequent downtime, or elimination of the consequences of its failure.

Target setting. The aim of the research was to create a low-cost monitoring loT device that
would be able to monitor the electric motor for a long time. Based on the obtained data, it would
be possible to build a model of predictive maintenance of the electric motor and thus prevent
its unexpected failure.

Actual scientific researches and issues analysis. Monitoring systems are used mainly in
large industrial companies and help to save a lot of money by being able to detect equipment
failure in time, thus avoiding unplanned downtime or complete destruction of the equipment
[1]. Professional monitoring systems include, for example, WEG Motor Scan [2] or Smart
Condition Monitoring [3]. These monitoring devices are based on IoT and their principle of
operation is very similar. The devices send real-time recorded data on the status of the
monitored object to the cloud, where the user can monitor the current and previous state of the
monitored object. Professional monitoring devices also include a predictive maintenance
algorithm, i.e. they can analyze and recognize abnormal operating conditions and, based on
this, predict the life of the monitored system. It is possible to define critical values and set
alarms that trigger an alert and signal the need to check the device. The collected data are subject
to detailed diagnostics and analysis. The result is recommendations for performing maintenance
and taking specific measures. The system will provide staff with a detailed description of errors,
the cause of their occurrence and a proposal on how to proceed in eliminating the fault. This
issue is discussed in publications [4], [5], [6] and [7].

Uninvestigated parts of general matters defining. Existing professional solutions are
cost-effective, and this can be an obstacle to setting them into practice. The present article aims
to contribute to the development of affordable [oT monitoring systems.

The research objective. Based on the results of this research, the creation of a model of
predictive maintenance of industrial equipment will be addressed in its next phase. Another
goal is to contribute to the teaching of modern monitoring systems and thus prepare students
for the current requirements of industries.

The statement of basic materials. The solution was focused on monitoring the parameters
of the electric motor, specifically on measuring rotor vibrations and stator temperature.

© Sarga P., Krempasky A., 2021
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Fig. 1 shows the construction of the electric motor and its individual parts. The basic
elements are the stator and the rotor. Part of the stator is the winding, the temperature of which
was monitored. There is a shaft on the rotor, which is mounted in bearings at both ends and its
vibrations are monitored during operation. These could indicate a rotor or bearing failure [8].

Alr Gap

Slator

Fig. 1. Electric motor [8]

By monitoring the vibrations and winding temperature, it is possible to prevent the most
common failures of the electric motor in time, which include:

e Bearing failures - are among the most common, accounting for almost 40% of all
failures of induction machines. These defects immediately create a series of shock vibrations
as the moving part of the bearing passes over the defect surface. These frequencies are unique
for each bearing size and rotational speed. Bearing failures are most often caused by incorrect
lubrication, improper mechanical loading, incorrect bearing assembly and the like. These faults
can affect all the parts of which the bearings are composed [8].

e Stator winding faults - most often due to overheating or design errors that cause a short
circuit. These faults cause an electrical imbalance on the individual stator coils [8].

e Rotor failures - are caused mainly by shaft deflection. Failure of the rotor can cause
mechanical damage to the entire electric motor [8].

As part of the research, a monitoring system was designed that is not costly. The monitoring
system built on the IoT platform was connected to the cloud, where the measured data were
collected and subsequently evaluated [9], [10] and [11].

An ESP32 microprocessor (Fig. 2) was used to monitor the parameters of the electric motor
in conjunction with sensors suitable for this solution.

Fig. 2. ESP32 DevKit [12]

The vibration sensor module based on the vibration sensor SW-420 and comparator LM393
is used to detect vibrations. The threshold can adjust using an on-board potentiometer. The
sensor module contains two LEDs - Power and status LEDs. The Power LED indicates the
power supply to the sensor. The status LED lights up when the sensor detects vibrations. During
no vibration, the sensor provides logic LOW and when the vibration is detected, the sensor
provides logic HIGH [13].
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Potenciometer Power LED

= VCC
=> GND
=> Digital Output

Senzor vibracii

SW-420 <=

o )

LM393  Status LED
Fig. 3. Vibration sensor SW-420 [13]

A DS18B20 digital sensor was used to measure the temperature. The sensor is manufactured
in several versions. In this case, a waterproof variant was chosen (Fig. 4), in which the sensor
is sealed in a stainless-steel rod. Such a solution was used to ensure the reliable operation of the
sensor even in adverse working conditions. [14]

==
Fig. 4. Temperature sensor DS18B20 [14]

Fig. 5 shows a proposed circuit diagram of the individual components needed to monitor
the condition of the electric motor. The SW-420 vibration sensor contains 3 wires: power supply
(VCC), ground (GND) and data (DO). The sensor is connected to the power supply by the red
wire, to the ground by the black wire and by the brown wire to the pin 22 on the ESP32 board.

The DS18B20 temperature sensor is also connected using three wires, the first is the power
supply, the second the ground and the third the data. The red wire is connected to the power pin,
the black wire to the ground, and the yellow wire is connected to data pin 15 on the ESP32
microcontroller. The power supply and data pin of the sensor must be interconnected by a resistor.

The sensors are powered via ESP32 via the VCC and GND pins, which are connected to
the power board.

SW-420

Fig. 5. Equipment connection design

Fig. 6 shows the actual connection of the sensors and ESP32 according to the diagram
of Fig. 5.
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Fig. 6. Real connection

The Arduino IDE was chosen as the software environment for creating the driver, as this
software is compatible with almost all Arduino modules, including the ESP32. This software is
used to write, compile, and upload code to devices. The software is freely available for common
operating systems such as Linux, Windows and MAC. The Arduino IDE supports C and C ++. [16]

An example of the created code is shown in Fig.7.

37 |int EP =22;

38 |void setup (void)

saEg

40 Serial.begin(115200); //Nastavenie rychlosti serial monitora
41 WiFi.mode (WIFI_ST2);

42 ThingSpeak.begin(client); f/ Inicializacia ThingSpeak

43

44 f/Senzor wibricii

45 pinMode (EP, INPUT):

46 sensor.begin(});

47 |}

48 |void loop{void)

496 {

50 if (WiFi.status() != WL_CCNNECTED)
518

52 Serial.print ("Pripajanie k S5ID: ");:
53 Serial.println (SECRET_SSID);

54 while (WiFi.status() != WL CONNECTED)
558 {

5& WiFi.begin (ssid, pass):

57 Serial.print ("."};

58 delay (5000) ;

59 }

&0 Serial.println("\nConnected."};
€l }

&z // senzor vibracii

€3 long measurement =TP _inic():

&4 delay (0},

&5 Serial.princ("Vibrdcie: ");

L1 Serial.println(measurenent);

&7

€z

89 ffsenzor teploty

70 sensor.regquestlemperatures ()7

T1 while (!sensor.isConversionComplete(}); // Cakanie kym je senzor pripraveny
T2 Serial.princ("Teplota ¥ °C: "):

73 Serial.println(sensor.getTempl ()}
T4

75 delay (0);

Fig. 7. Sample of code in Arduino IDE

The ThingSpeak product from MathWorks, the creator of the Matlab and Simulink
environment, was used as the cloud platform, thus ensuring mutual support of ThingSpeak and
Matlab [15]. Using Matlab code, a graphical representation of the measured data was created
in the ThingSpeak environment. The data is stored in channels, each of which can contain up
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to 8 fields. An example of a created channel with realized temperature measurement can be

seen in Fig. 8. In the next phase of the research, the connection of Matlab and ThingSpeak will

be advantageously used in the creation of a predictive model in the Matlab environment.
Monitorovanie elektromotora

Channel ID: 1336048

Author: akrempasky8
Access: Public

Private View Public View Channel Settings Sharing #

B Add Visualizations

B Export recent data

Channel Stats

Created: 13.days.agq
Lastentry: aboublTheursase
Entries: 141

Field 1 Chart 2O £ %

Temperature

Add Widgets

5
17:20 17:45 18:00 18158 18:30

Fig. 8. Channel of electric motor monitoring in ThingSpeak

After creating and testing the functionality of the monitoring system, its practical testing
was realised. A single-phase electric motor with a power of 15W and a maximum speed of 2780
rpm was used. It was powered from a 230V network with a frequency of 5S0Hz. The electric
motor was firmly attached to a wooden base with a sheet metal strap, backed with a rubber pad
to minimize vibration. Subsequently, the sensors were mounted to record the most accurate
values. The temperature sensor was installed directly on the stator winding and the vibration
sensor using a screw on the outer cover in which the rotor housing is located. The mounting of
the electric motor and the location of the sensors are shown in Fig. 9.

Fig. 9. Mounting of electric motor and sensors
In Fig. 10 is an example of measured vibrations.
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Field 2 Chart B o & %
Vibrations
10k
2
et
E sk
=
Ok
17:30 17:45 18:00 18:15 18230
Cﬂi

ThingSpeak com

Fig. 10 Measured vibrations in ThingSpeak

After confirming the functionality of the system and finding out the limit values of
temperature and vibration, which were still considered standard, the notification part was created
in the ThingSpeak environment. This section serves as a warning when limit values are measured.
An example of the code is shown in Fig. 11. When the critical value is reached, the operator will
be notified via email, but it is possible to adapt the system to notification using other platforms.

L1 ThingSpeak™  channels~ | Apps - | Support-
MATLAB Code

1% 1D kandla 7z ktorého si Eitané ddaje o teplote
2| channelID = 1336048;
3

4 ¥APT key pre odasielanie upozorneni

5 alertApikKey = 'TAKJQEGCVRHQLISWI4HB4® 3

5|

rissum Adresa pre odoslanie upozornenia

@ alerturl="https://api.thingspeak.com/alerts/send";

Q‘Gptiﬂnﬂ = weboptions(“HeaderFields”, ["ThingSpeak-Alerts-API-Key", alertApiKey ]):
10|

11| % Nazov predmetu v emailovom upozorneni

12| alertSubject = sprintf("Teplota elektromotora”);

13|

14| % Citanie poslednych dat

15| TemperatureData = thingSpeakRead(channelID, 'NumDays',3@, 'Fields',1);
15;

'\f‘% Kontrola a zadefinovanie poslednych preéitanych dat

18 lastValue = TemperatureData(end);

19/ if (lastValue > 100)

20/ alertBody = ' Vysckd teplota elektromotora ';

21| elseif (lastValue < 108)

2 alertBody = ' Optimdlna teplota elektromotora ';

23 end

2¢ % PoFiadavka na odoslanie emailu

25| try

16 webwrite(alertUrl , “"body", alertBody, "subject", alertSubject, options);
27 catch someException

28| fprintf("Failed to send alert: %s\n", someException.message);

29| end

Fig. 11. Created Matlab code in ThingSpeak
The resulting monitoring environment in ThingSpeak is shown in Fig. 12.

Commereial Use  How to Buy

CIThingSpeak™  channels - | Apps - Support-

Field 1 Chart o s x Field 2 Chart =0 s x

Temperature Vibrations

Lo
E £
i i
” RN [ wa
- Thirg Soma o

T L
Tt

Wysoka teplata Zp s x Optimsina tplot 20 s x

Fig. 12. The resulting monitoring environment in ThingSpeak
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Fig. 13. Testing of the electric motor monitoring system

Conclusions. In the last phase, the overall testing of the resulting IoT monitoring system was
realised (Fig. 13). Long-term trouble-free operation of the electric motor was monitored and
subsequently, the fault states of the electric motor were simulated and monitored. The tests
confirmed the full functionality of the monitoring system, including the notification part. In the next
phase of the research, long-term data collection will be implemented, with several modes of
operation of the electric motor, including various fault conditions. The obtained data will be used
for the creation of a model of predictive maintenance in the Matlab environment. The result will be
a fully functional and autonomous low-cost monitoring system that can be used in practice [17].
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VIIK 621.313.33
Ilampix llapea, Anopit Kpemnacoxuii
MOHITOPHUHI TAPAMETPIB EJIEKTPOJABUI'YHA

Monimopune - ye Oisibricmy, npu aKitl giocmedicysani 3HavenHs HeoOXioHi 0 npoyecy oyinku cmary neeroi cucmemu. Om-
puMaHi ma 32000M ONpaybOBaHi OAHi MOICYMb CUSHANIZYBANMU NPO GUHUKHEHHS, NOMEHYIHUX abo iCHYIouUX npobiem abo nepedba-
uamu mMavOymHiti cman cucmemu, wo Konmpomocmucsl. Taxe piwenns modice 3a0uadumu 3HauHi QiHAHCO8] BUMPaAMuU, AKI Cnpudu-
HeHi HecnoOi8aHuMU 3005MU.

Cucmemu MOHIMOPUHZY 3ACMOCOBYIOMbCS NEPEBANCHO Y BENUKUX NPOMUCTOBUX KOMnaHisax. [Ipogeciiini cucmemu MoHimo-
puney 3acnosani na 10T, i ix npunyun pobomu dysice cxoorcuti. Ipogpecitini npucmpoi MOHIMoOpUH2y MaKodic KNIOYAIOMs AN2OPUMM
NPO2HO3HO20 00CTY208Y8aHHA. IcHyI04i npoghecititi pilienHs € eKOHOMIYHO HegUSIOHUMU, T Ye MOdice CIami NepeuKooor 0 ix
3acmocysanns Ha npaxmuyi. Lla cmamms mae na memi enecmu 6K1a0 y po3eumox 0ocmynuux cucmem monimopuney loT.

Memoro docniocents 6yno cmeopents Hedopo2o2o npucmpoio 10T 0ns MOHImMOpUHeY, AKULE 3MOHCe MPUBANULL HAC KOHMPOTIO-
samu enekmpooeuyH. Ha ocrosi ompumanux danux nepeobaueno nodyoysamu mooeins npoQIIaKmuyHo2o 06CLy208Y6aAHH s elleK-
MPOOBULYTIOBAYA, MUM CAMUM 3aN00i2mu 11020 HeOYIKY8AHOMY 6Ux00y 3 1ady. Inuia yinb - HAGUAHHS CNYOEHMI@ CYYACHUM CUCHIe-
MAM MOHIMOPUHRY, 20MYIOUU X 00 ICHYIOUUX BUMO2 ATV 3I.

B pobomi sanpononosana nosnicmio ghynxyionanvra neoopoza cucmema monimopunzy loT, sixa nonepedoicac onepamopa npo
00CsACHeNH s KpUMUYHUX 3HAYeHb O0NA eNeKmpoosuzyHa. 30iticheHo nogne mecnyeants cucmemu monimopuney loT. Tecmu niomeep-
ounu noeHy QhyHKYIOHATLHICb CUCTHEMU MOHITMOPUHZ).

Ha ocHosi pe3ynomamie yb020 00CTIONHCEHHS HA HACMYRHOMY emani 6yoe 6npo6adlceHo 00820CmpoKosuil 36ip oanux. Ompu-
MaHi Oaui 6yOymb 6UKOPUCMAHI O CMEOPEHHsl MO0l NPOZHO3ZHO20 00CTY208Y8aHHS NPOMUCIO8020 ODIAOHAHHS 8 Cepedosuuli
Matlab. B pesynomami nepobauaemvcs ompumamu nOGHICMIO QYHKYIOHANbHY | A8MOHOMHY HEO0PO2Y CUCIeEMY MOHIMOPUHRY, SKY
MOJICHA 6YOe BUKOPUCIIOBY8AMU HA NPAKMUYI.

Tlpeocmasnena 6 cmammi inghopmayis Mae HAYKOBO-MeMOOUYHUL XapaKmep.

Knrouogi cnoga: monimopunz; inmepnem peueti; xmapa, Apoyino, inmenexmyansHe 06Cy208Y8aHHs; eNeKMPUHUL MOMOP.

Fig.: 13. References: 17.
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PROPOSAL OF AUTOMATED SYSTEM FOR PRESENTATION PURPOSES

The main goal of the article is to design a model of an automated system, which will be used for presentation purposes at
the Department of Automation and Human Machine Interactions at the Technical university of KoSice. In terms of adequate
focus of the presentation, the equipment used in industrial practice was used for designed model. The theoretical part contains
an overview of the technologies used for the design of equipment, selection of components and their use in design. The next
part contains an explanation of the software part of the work and the electrical interconnection of the equipment used. The last
part is devoted to the design of a model of an automated device in a CAD system.

The article presents the results of scientific-methodological research.

Keywords: automated model; proposal; presentation; PLC.

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

Urgency of the research. Automation is a multidisciplinary field that requires specialized
study. The Department of Automation and Human Machine Interactions of the Faculty of
Mechanical Engineering of the Technical University in KoSice provides such education in its
study program called Industrial Automation. For the purpose of a better idea of the study
program to the public, it is appropriate to create an exhibit that would present the practical
content of the study in an engaging way. During the study, students of the Department of
Industrial Automation will gain deeper knowledge in such areas as the means of automatic
control or operation of automated equipment, their methods of design and implementation. This
field of study also offers knowledge of PLC, HMI and industrial communication programming,
basics of Python programming, the ability to apply artificial intelligence for control, gaining
skills in the implementation of mechanical, pneumatic or other automated systems or practical
use of automation solutions in practice using modern technologies.

Target setting. The main goal of this work is to design a comprehensive model that will
serve for an adequate presentation of the Department of Automation and Human machine
interactions for various presentation purposes such as Open day, etc.

The proposed system should document the orientation and content of vocational education
at this department. The department is a specialized workplace of the Faculty of Mechanical
Engineering of the Technical University in KoSice with a focus on industrial automation and
communication. The department deals with the teaching of subjects that focus on technical
cybernetics, automation, and control, means of automatic control, industrial communication
and the use of artificial intelligence.

Actual scientific research and issues analysis. An important aspect of teaching in the field
of industrial automation at the Department of Automation and Human machine interactions lies
in the contribution of new knowledge to students, not only on a theoretical basis, but mostly on
a practical basis. Students have the opportunity to try the acquired theoretical knowledge in
practice using many available modern technologies [1-3].

Industrial automation is visible in almost every production process, and it is difficult to find
a production line in industry that is not at least partially automated. It is used in almost every
production plant. Various robots and software are used to replace human labor [8-10]. Technical
progress in this area brings constant innovations. The dominant feature today is the extensive
digitization of production and the use of industrial communications [3-6]. The subject of
industrial automation is the application of automatic control means that contribute to the
development of technology. Control and computer technology, regulating elements, pneumatic
and hydraulic action variables or various sensors are used. The control of industrial equipment
1s most often provided by an industrial computer PLC (Programmable Logic Controller) [10].

Uninvestigated parts of general matters defining. Automation is a very wide field of
study. It includes various specializations and orientation such as electrotechnical knowledge,
different programming languages to networking skills etc. The following study may focus on
multiple networked devices and other control programs.

© Rakay R., 2021
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The research objective. The objective of the article is to propose a model of an automated
system that consists of devices that are currently used in the field of industrial automation. Since
students of Industrial automation field know the means of automatic control and based on the
acquired knowledge, among other things, can program automatic control in a software environment
(TTA Portal) using PLC, logically offered the opportunity to demonstrate this knowledge on a
suitable exhibit. From the point of view of the technical solution, a suitable size for transport, clear
arrangement and safe operation is required. An equally important factor is the requirement to design
such a device that will attract and inspire the audience for further study during the presentation.

To achieve this goal it is necessary:

- Use knowledge from selected areas that this department deals with.

- Interpret this knowledge in the design of the model.

- By combining this knowledge and interpreting it into a given model, to capture the main
idea, which is to bring the content of the study and the possibilities of application in practice as
close as possible to the visitors.

The statement of basic materials. The system that is modelled is controlled by and
industrial controller, a PLC. A PLC is a robust industrial computer that does not have a
keyboard or mouse like a regular desktop PC. It is designed for industrial applications. The
control program is prepared in the programming environment using a PC [3; 6].

In addition to control, the PLC can also record or monitor data. An example is monitoring
the operating temperature or generating alarms for possible machine faults. Thanks to these
features, the PLC is a very flexible device. Its robust construction ensures operability in various
working conditions such as excessive noise, temperature or a change in mains voltage [7].

The PLC receives information via input devices and sensors that are connected to the device
inputs. Then this information is stored in this device as bits. The information taken from the
PLC device is processed on the basis of a pre-prepared control program and triggers the required
output of the device [7; 9].

HMI panels are used for monitoring and control of processes in industrial automation. It is
an interface between man and machine. Process representation is provided by a graphical touch
screen and function keys. These screens can be used for all compact machines and plants that
are monitored and controlled locally. The use of these panels in almost every operation that
requires it allows for 32 configuration languages and five online languages. Sets of Asian and
Cyrillic characters are also included.

The PLC and the HMI must be able to communicate with each other, ie they must be
compatible. They can communicate via industrial networks. We can imagine them as a home
network with multiple computers or other devices. Common protocols for communication
between PLC and HMI are Profibus, Modbus and Ethernet / IP [7; 8].
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Fig. 1. PLC and HMI panel
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Selection of solution variant.

Based on the variant approach, several principal variants of the solution were proposed, which
would meet the specified requirements. All the proposals had to meet perhaps the most important
idea of this task, which is to use automation, its means and knowledge gained from the study to
design a device that will interest all participants in the presentation. In SOLIDWORKS, using
industrial components, three basic models of automated equipment have been designed. These
proposals, which are the basic principle, are described in more detail below.

1. The first variant of automated equipment - equipment for mixing and sorting components
by color

Fig. 2. First variant- color sorting machine

This automated device design is designed to mix and sort components by color. The task of
this device is to mix three different colored components in the required ratio into a container
(gray). Subsequently, the mixture of components can be poured into any container or into a
sorting mechanism by means of a guide pipe, where the mixture of components is sorted
according to color. The device would be controlled by a PLC.

Equipment elements:

* containers (yellow, blue and green) - serve as containers for components,

* container (gray) - used to capture the mixture,

* hopper (red) - hopper of the sorting mechanism of the mixture of components,

* containers (yellow, blue and green) - containers for capturing sorted components,

» guide pipes for components,

* capacitive sensors for tanks - detecting the number of components in tanks,

* PLC - industrial computer for device control.

2. The second variant of automated equipment - a line for the production of keychains

This automated device design is designed for the production of keychains. The device is
designed for the production of a given component from three parts. Pneumatic elements could
provide movement of the individual functional parts, by means of which the individual parts of
the product would be lifted and carried. The movement of the individual components of the
product from point A to point B on the conveyor belt could be ensured by electric motors.
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Fig. 3. Second variant - keychains production line

Equipment elements:

» containers for individual parts of the product,

* pneumatic elements,

* conveyor belts.

The control of the whole device would be provided by an industrial computer. The
movement of the individual functional parts would be largely ensured by pneumatic elements.
Therefore, a compressor to generate compressed air is required for the operation of the device.

3. The third variant of the automated device - an interactive automaton

The third design of the automated device is designed and intended for entertainment
purposes. The device would use industrial components for control. The controller may include
an entertainment game program that will be controlled and displayed by the HMI panel.

Equipment elements:

* PLC - industrial computer,

* HMI screen,

* Rewards bin

* Buttons to turn the device off and on.

The device design consists of an HMI panel located in the upper left part of the device and
a PLC control element located in the lower right part of the device. The game would be
displayed and controlled on HMI panels. The buttons (green and red) are designed to turn the
whole machine on and off. Next to the device there is a magazine (white), in which there would
be a kind of reward for a great result in the game. There is a device information table on the
device in the upper right corner.

Fig. 4. Third variant- Interactive automatic system
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After considering all aspects of the task and all the proposed solutions, we decided that the
design of the third variant (interactive automaton) will be the most appropriate choice for the
task, for the following reasons:

- Although all design variants are based on industrial components, the third proposal differs
from the previous two in their use. It is this difference that we would like to attract viewers. At
various presentation events focused on this area, we often come across facilities that are very
similar. In most cases, spectators will encounter various manipulators or other industrial
equipment to present this area. Since mostly young people come to the Open Day and our goal
is to attract them, that is why we have chosen the third variant of the proposal as a solution.
This device will not only entertain viewers, but will also introduce them to the world of
automation from a different perspective.

- This device ensures direct contact of the spectator with the device, where after playing an
entertaining game on this device, the spectator receives a material reward after reaching the set
goal. In particular, the possibility for the viewer to have direct contact with the equipment and
the possibility of obtaining a material reward should contribute to the viewers' interest in the
equipment. The presentation would thus have a more entertaining and personal character than
classic presentations.

- Other aspects that were taken into account when selecting the equipment were the size of
the equipment, the need for additional equipment (compressor, etc.) and the need for a source
of input energy for the equipment. The size of this device is suitable for easy carrying and for
its functionality it is necessary to have only access to a source of electricity.

Comparison of specifics and needs of design variants of automated equipment:

- electricity demand: For all designs, the equipment needs to be connected to the mains for
operation.

- need for compressed air: Only in the second variant of the design of an automated device
is compressed air required for its operation. This implies the need for a source of compressed
air - a compressor.

- contact of spectators with the device: The first and second variants of the design are
intended exclusively for presentation. This means that only an authorized person can operate
and control the device. In the third design, the device is controlled by the viewer, and so he
himself comes into not only optical, but also direct contact with the device.

- Size is an important aspect in terms of carrying the device. The advantage of the third
variant is its compactness and small dimensions. Compared to this device, the device of the first
variant is too high and the device of the second variant is too wide.

Table 1 — Comparison and evaluation of proposed variants

Criteria Variants of automatic device
Variant no.1 Variant no.2 Variant no.3

The need for electrical connections yes yes yes
The need for compressed air no yes no

The need for additional equipment no yes no
Contact of spectators with the device no no yes
Device size High Wide Optimal
Overall rating 2. 3. 1.

In total the third variant provide the most suitable basis as solution, but it has to be added

that an additional device is proposed. This part will release a reward for the user.
In the following section variations for release device are discussed.

1. Mechanism for pens
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Equipment elements: stepper motor, jig, tank, inductive sensors.

The stepper motor ensures the rotary movement of the jig. It contains grooves into which the
pens from the magazine fall. The electric motor always rotates the jig to a position so that the tongue
groove on the jig is in the correct position under the magazine. The tongues fall out of the groove
by gravity after rotation. Inductive sensors are built into the walls of the tank. They are located in
three different height positions, in the highest part of the container, in its center and the lowest part.

They will scan the current status of whether the tray is full, half empty or empty.
2. Container mechanism for dispensing boxes of candies

Fig. 5. Automatic pen magazine

Stepper Motor

Rotational part

Hole for boxes
Fig. 6. Automatic magazine for boxes

Equipment elements: stepper motor, jig, tank, inductive sensors.

By means of a stepping motor, the movement of the preparation is ensured, in which there
is an opening for a box with candies. The box falls into the hole of the preparation and after it
is turned to the next position, the box falls out of the opening of the preparation by gravity.
Inductive sensors are built into the walls of the tank in three different height positions, namely
in the highest, middle and lowest part of the tank. They will scan the current status of whether
the tray is full, half empty or empty.

3. Container mechanism for shirts
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Container with shirt

Container

Stepper Motor

Rotational part

Fig. 7. Automatic magazine for shirt release

Equipment elements: stepper motor, jig, tank, inductive sensors.

After considering all aspects as size, weight, complexity and price of the three proposed
variants of the interactive device for the interactive vending machine, the second design of the
device was chosen (automated container for dispensing boxes of candies) as the most suitable
solution for presentational purposes.

The final solution is represented on the following scheme, with the main parts.

HMI

Stepper Stepper
Sensors P LC Driver Motor

Fig. 1. System scheme

The control program was created in the TIA Portal programming environment. The main parts
of the control program include memory variables to save temporary values and to control the
ongoing ,.,game “, timer to define the time limit of the game and program parts for the stepper motor.

The visualization of the interactive game was created also in the TIA Portal. The game
window includes a time bar, the actual question, question number, buttons to select an answer.
Also, a starting and result window are created. The following figures show a window with the
ongoing game on the HMI panel.
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SIEMENS SIMATIC HMI

Ked' odstrihnem trojuholniku dva rohy,
kol'’ko rohov mu este ostane?

Fig. 9. HMI panel with ongoing game

The final design of the proposed system is shown on the following figure where the control
parts are included in the main device and the automated magazine is also showed as the addition
to it. As an addition to the proposed system a signaling industrial beacon is added to indicate
the actual status of magazine.

Fig. 10. Interactive automatic device for presentation purposes

Conclusions. The article described a proposal of automated device for presentation purpose
for the Department of Automation a Human Machine Interactions. The proposal is based on the
curriculum of the study program. The goal was to create such a system that can be transported
to various location while allows to introduce the content of the field of automation in an
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interactive way. During proposal 3 variants were created and evaluated, which, with their
functionality, would adequately present the content of the department's education. The chosen
variant works as a interactive quiz system, which rewards the user if a sufficient number of
questions are answered correctly. The interactive machine also offers the possibility of
expanding it with other functionalities. The device can be supplemented with a program of a
new game or another magazine, which would be used to issue another prize in kind when
winning. The interactive automat also offers the possibility of expanding the signaling of
current device states.
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and design of algorithms and systems to fuse heterogeneous data in multisensor architectures
and KEGA 044TUKE-4/202 1- Remote access to laboratory exercises for industrial automation.

References

1. WHAT IS INDUSTRIAL AUTOMATION. [Electronic resource]. — Access to the resource:
https://www.surecontrols.com/what-is-industrial-automation/

2. Sarga, P., Galajdova, A., Inovacia transportného systému experimentéalnej linky,2020 On
Automatizacia a riadenie v teorii a praxi. ARTEP 2020(14), pp.1-4.

3. KATEDRA AUTOMATIZACIE A KOMUNIKACNYCH ROZHRANI{. INFORMACIE O
KATEDRE. [Electronic resource]. — Access to the resource: http://www.sjf.tuke.sk/kaakr/.

4. What is Industrial Automation/Types of Industrial Automation [Electronic resource]. — Access
to the resource: https://www.electricaltechnology.org/2015/09/what-is-industrial-automation.html.

5. Concept systems. What is Industrial Automation & Types of Industrial Automation. [Electronic
resource]. — Access to the resource: https://conceptsystemsinc.com/what-is-industrial-automation-
types-of-industrial-automation/.

6. Kelemen, M. and Sinc¢ak, P.J., Programmable logic controller training stands for educational
purposes. 2020. Technical Sciences and Technologies. 21(3), p.274-280.

7. Vaga$, M., Seminsky, J., Selected aspects and specifics of the robotic arm programming at
automated workplaces 2020. Technical Sciences and Technologies. 21(3), p.203-208

8. Marcinko, P., Kos¢ak, J. Experimental method for verification of performance criteria of the
industrial robots,2020. Technical Sciences and Technologies, 22(4), pp. 42-47

9. Vagas, M., Seminsky, J., Dzongov, M., The example of vision system deployment to the
automated workplace, 2020, Interdisciplinarity in Theory and Practice : Journal for Presentation of
Interdisciplinary Approaches in Various Fields, 21, pp.53-57

10. Vagas, M., Galajdova, A.,Simsik, D., I0-link field parameterization for data collection based
on RFID technology, 2020, Cybernetics & Informatics (K&I) : 30th International Conference. IEEE
Society on Social Implications of Technology pp. 1-6 .

VIIK 004.5
Pobepm Paxkaii

IMPONO3UIISA ABTOMATH30BAHOI CUCTEMHA
JJISI IPE3SEHTAIIMHUX IIJIEA

Asmomamuzayis - ye bazamonpoghinena 2anyswv, Axa umazac cneyianizoéanozo eusuenns. Kageopa asmomamuxu ma
83a€mo0ii mawun i mawun gaxyrememy mawunodyoyeanns Texuiunoeo ynisepcumemy Kowuye 3abesneuye maxy ocgimy. 3
Memolo Kpaujo2o YAGNEHHA NPO HAGUANLHY NPOZPAMY O 2POMAOCLKOCMI OOYINbHO CMEopumu npesenmayiio, aka 6 yikago
npeocmasnana npakmudHUl 3Micm Hag4aHHs.

Baoicausum acnexmom suxiadanms 6 2any3i npOMUCIo8oi asmomamuzayii € 000a8aHHs HOBUX 3HAHL CIYOEHMAaM Hd NPAK-
MUYHIL OCHO8I. JJOMIHYIOU0I0 PUCOIO CbO2OOHI € OYUPPOSBKA MA SUKOPUCIIANHA NPOMUCTIOBUX KOMYHIKayill. Buxkopucmosy-
HOMbCL KOHMPOILHO-00UUCTIOBAILHI MEXHON02IT, pe2ytotoul eleMenmuy, NHeGMAmuyHi ma 2iopasniuni pywii abo pizui dam-
YUKU. YNpasninus npomMuciosum 061a0HaHHAM Hauuacmiuie 3a0e3neuye npoMucio8uil Komn romep.

['onoBHOIO MeT or0 11i€T poOOT 1 € po3podKa MozeNi, sika Oye CAyryBaT M LUBIMHU NPE3EHT allii, T aKuMHU sIK JleHb BIIKpUT UX
JBepel T omm1o. 3ampoNoHOBAaHA CHCT €Ma MOBHHHA JOKYMEHT YBaT M CIPSIMOBAHICT b T @ 3MICT NPOQeCifHO-T eXHIYHOI OCBIT H.
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3anponoHOBaHO MOJEIH aBT OMAT H30BAHOI CUCT €MH, IO CKJIAJAET bCS 3 IIPHUCT POIB, AKi B JaAHUI Yac BUKOPHCT OBY-
0T bCs B Tally3i MPOMHUCIIOBOT aBT OMAT M3aLil JIFOMHO-Ma IIMHHUX B3a€MOiil. MeT 010 OyJIo CT BOPHT M CHUCT €My, SIKY MO-
K Ha T PAHCTIOPT YBAT M B Pi3Hi MICIIsl i OJIHOYACHO 3MIMCHIOBAT U iHT epaKT MBHY IPE3CHT allifo 3MICT y HABYaHHsI B raysi
aBT OMaT u3amii. 3 T OUKM 30py T €XHIYHOTO PIlIeHHS, CHCT eMa Ma€ HeoOXiaHi rabapuT Hi pO3MIpH A T paHCIOPT YBaHHS,
ONT UMaJILHOTO PO3T alllyBaHHA T a Oe3nedHoi exciuryaT auii. He MeHmn Baxk MBMM (akT opoM € BpaxyBaHHs BUMOTH CIIPO-
eKT yBaT U T aKuil OPHUCT piif, AKUU MiJ Yac Mpe3eHT alii 3ajdyduT b i HAJAMXHE ayAWT Opil0 Ha TOJajbllle BUBYCHHS. Bymi
CT BOpEHI 3 BapiaHT M CHCT €MH, SIKi 32 CBO€IO ()yHKI[IOHAJBHICT 10 a/IeKBaT HO BiOOpa’k aloT b 3MICT OCBIT U KadeapH.
Bubpanuii 3 T ppOX BapiaHT iB MPALOE AK iHT €PAKT UBHA CHCT €Ma OLHIOBAHHS, SKa 320XO4YyE KOPHCT yBaua, SKIIO BiH
TIPaBUJIEHO BIJITIOBIB HA JIOCT aT HIO KUIBKICT b ITUT aHb. [CHy€e MO JMBICT b PO3IIMPEHHS CUTHAJI3aMii PO MOT OYHI CT aHU
aBT OMaT M30BaHOI CUCT EMH.

Y ecmammi npeocmasneno pesynomamu Hayko80-memoOUsHO20 O0CTIONHCEHHS.
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3ACTOCYBAHHA TJIIIOYOI'O PO3PALY B TEXHOJIOI'IAX
BUI'OTOBJIEHHA ®IBPOBETOHY (OI'VISIA)

Posensinymo ocobnusocmi 6y006u ma 0CHOGHI RpoOIeMU OMPUMAHHS NEPCHEKMUBHO20 8UOY KOMNOZUYIHUX 0)0i6eIbHUX
mamepianie — oucnepcilino-apmosanux bemonis (pibpobemonis), wo cxradaromucs 3 6y0ieenbHOT Mampuyi ma apmyoyux
sonokoH. [Ipoananizoeano pezynomamu 8i00MUX Ha OAHULL Hac OOCTIONCEHb NO 3ACMOCYBAHHIO NAA3MU MILII0U020 PO3PAOY Ol
06po06KU N0BEPXOHb APMYIOUUX BONOKOH 3 HEOP2AHIUHUX MA NONIMEPHUX Mamepianie 3 Memoio niosuwjenns ix adeesii 0o mam-
puuHo20 mamepiany. Ananiz odcepen ceiouumy, wjo MOOUPDIKAYIs NOBEPXOHL BOLOKOH NULIIOUUM PO3PAOOM CYMIMEBO NIOBULYYE
MIYHICb 34enieHHs 80JI0KOH i3 6YO0I8eIbHUM MAMEPIANoM i € NEPCNeKMUBHUM MEXHOL02IUHUM HANPAMKOM. Busnaueno, wo
0bMedHceHicmb 3aCmMOCO8aAHUX CNOCO0IB | pedcuMis niasmosoi oOpoOKU 80JIOKOH pOOUMb OOYIILHUM NOOAIbULE NPOBEOEHHS
docnidoicenn. [Ipeocmasnena ¢ cmammi inghopmayis mae 0211006Ull Xapaxkmep.

Knrouosi cnosa: ¢iopobemon; Oydieenvra mampuysi; apmyloui 80I0KHA, MATOYUL O3PSO, MOOUQDIKAYIS NOBEPXOHD, A0E3IA.

Puc.: 8. Tabn.: 3. bi6n.: 28.

Beryn. Tairounii po3psan Hu3bkux Ta cepeaHix Tickis 0,1...100 xI[1a BUKOpUCTOBYIOTH ISt
0e3rmocepeTHHOr0 BIUIMBY Ha 00poOIfOBaHn MaTepial [1], 1yt oTpuMaHHs eIeKTPOHHUX [2]
Ta CBITJIOBUX My4KiB [3].

VY nmpomucioBocti Tmirounii po3psa npu tuckax 0,1...1000 Ila 3acToCOBYIOTH ISl HaHe-
CCHHS MOKPHUTTIB KATOJAHUM PO3NWICHHM [4, 5], TpaBIeHHsI KPEMHIIO ITpU BUPOOHHIITBI MiK-
POCJEKTPOHHKUX TpUJIaiB [6], XiIMiKO-TepMidHOT 00p0oOKH BUp0oOiB [7]. Y MammHOOY TyBaHHI
TIIOUUH po3psan npu THcKax razy 1...10 kIla 3HaifmoB nmomupeHHs B npouecax AuQy3iiHOro
3BapIOBaHHsI Ta MassHHS MeTamB [§; 9].

AKTyaJIbHiCTh TeMH Aoc/igxeHHs. HOBUM NepcreKTUBHUM HalpsSMKOM 3aCTOCYBaHHS
HU3BKOTEMIIEPATYPHOI TUIa3MHU TIIIOYOTO PO3psALy € MoaudiKallis BIACTUBOCTEH MaTepiaiB,
30KpeMa, pi3HOMaHITHUX BOJIOKOH, TUTIBOK, pyJIoHHUX MatepiaiiB [10]. O6pobka mia3moit 1o-
3BOJISIE 3MIHIOBATH TIOBEPXHEB1 BJIACTUBOCTI MaTepialliB, HE 3MIHIOIOUH iX 00'€MHUX XapakKTe-
puctuk [11; 12]. 3’sBis€THCS MOKIMBICTH OTPUMYBATH MaTEPiaiy 13 MPUHIIMIIOBO HOBUMH (i-
3UKO-XIMIYHUMH 1 (PI3UKO-MEXaHIYHUMHU XapaKTeprucTrukamMu. KoMIIEKCHUI BIUIUB TTa3MOBUX
TEXHOJIOT1} Ha TeKCTWIIbHI MaTepiany [ 13] 3abe3nedye iM MUPOKi MePCIIeKTUBU BIIPOBAKEHHS
y JIETKiil IPOMHUCIIOBOCTI.

OcTtaHHIM 9acoM 3/iIICHIOIOThCS CTIPOOH 3aCTOCYBAHHS IJIA3MOBUX MPOIECIB Y Oy/IiBeb-
Hil ramy3i [14] aK IepcneKTHBHOTO KOHCTPYKIIHHOTO Ta TEXHOJIOTTYHOTO HAMPSMKY.

IMocTanoBka npo6iaemu. OnHIEIO 3 BaXJIMBUX 3a/lad Cy4acHOI'O MaTepiallo3HABCTBA €
CTBOpCHHS €()EeKTUBHUX MATEpIiajiB i3 MABUIICHUMH €KCIUTyaTalliiHUMU BIaCTUBOCTSIMU. [e-
PCHEKTUBHUM BHJIOM TaKUX MaTepiajiiB € KOMIIO3UTH, IO SBISAIOTH 0000 rerepodasHi cuc-
TeMH, TOOYI0OBaH1 3 IBOX 200 O1IbIIIE KOMIOHEHTIB (MATPHUIIl Ta apMYIOYHX €JIEMEHTIB) 13 UiT-
KOI0O MEXEH po3auTy Mik HuMUA. KoMmmoswuiiliHi Marepiand BOJOAIIOTh KOMILIEKCOM
BJIACTUBOCTEH, 110 BIAPI3HAIOTH 1X BIJ TPATUIIHHUX KOHCTPYKIIHHUX MaTepiaiiB, i B CyKyI-
HOCTI BiIKpUBAIOTh MOJIMBOCTI JJIs1 BAOCKOHAJICHHS SIK KOHCTPYKIIiM Pi3HOTO MpH3HAUYEHHS,
TaK 1 TEXHOJIOTTYHUX mporieciB [15; 16]. Oxpemuii Kac KOMITO3UTIB MPEACTABISIOTH AUCTIEP-
ciitno-apmoBaHi 6eronu (pidpoderonn) [17]. ducnepciiine apMyBaHHS 31HCHIOETHCS] BOJIOK-
Hamu (¢pi6pamu), piIBHOMIPHO PO3MOAUICHUMH 110 00’ eMy OyiBebHOT MaTpuili. J{Jist 1iporo 3a-
CTOCOBYIOTh Pi3HI BUIM METAJIEBUX Ta HEMETAIEBUX BOJIOKOH (puc. 1).

© bomotos I'. I1., [Ipuduteko 1. O., 'anees T. P., Kopzauenko M. M., IOmenko C. M., 2021
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Puc. 1. Buympiwns cmpykmypa giopobemony

OnHi€r0 3 TOIOBHUX YMOB OTPHUMAaHHS SIKICHUX AUCHEPCIHO-apMOBaHUX OCTOHIB € BUCOKA
azre3is apMyrO4YuX BOJIOKOH /10 OymiBeapHOI MaTpuill. OfHAK, BIACTUBOCTI MTPAKTUYHO YCiX BO-
JOKHUCTHX MaTepiaiiB HE 3aI0BOJILHSIOTH JaH1il BUMO31, a iX 34erieHHs 13 OyIiBEIbHUM KOM-
MTO3UTOM 371€01TBIIIOT0 00YMOBITIOEThCS cuamu TepTs [ 17]. Lle Bu3Hauae HOMEHKIIAaTypy 3acTO-
COBaHUX aPMYIOUMX BOJIOKOH 1 TEXHOJIOT'110 BUTOTOBJICHHS, BJIACTUBOCTI i rayry3i 3aCTOCYBaHHS
apMOBaHMX HUMH MarepiaiB.

[Tpu apmyBaHH1 O€TOHY apMyIOdi BOJIOKHA IIEPEMIITYIOThCs 200 13 CyX010 Oy/1iBEIbHOIO CY-
MIIIIIITIO /IO JTOJIaBaHHS BOAM, a00 0€310CepeTHbO I0AI0THCS Y TOTOBY Oy/IiBEIBHY CyMiIll, 3MO-
4yeHy Bojo0. bararo gocnigaukis [18; 19] 3ayBaxyroTh, 10 HEAOCTATHS aare3is BOJOKOH 10
Oy/1iBeIbHOTO KOMITO3HUTY B IIUX YMOBaX CYTTE€BO BIUIMBAE Ha MIITHICHI XapaKTEPUCTUKH OTPH-
MYBaHUX BUPOOIB.

MeTtoniB miABUIIICHHS aare3ii BOJOKHUCTUX apMYIOYHX MarepialiiB 10 IEMEHTHOI MaTPHIT
nopiBHAHO Majo. Hail0inpm mommupeHi ximMiuHi cnocodu nomnepenHboi 00poOKH BOJIOKOH, Ce-
pen SIKUX BiIOMHH CTIOCIO HAHECEHHS Ha BOJIOKHO MOJIIMEPHHUX TMTOKPUTTIB HA OCHOBI €MTOKCHU]I-
HOI cMoii 200 eMOKCHUIHOI CMOMH 1 eMeHTy [17], BBeieHHS y CKJIaJa BOJIOKHA TIOBEPXHEBO-
AKTUBHHMX PEYOBUH [ 14].

OcTaHHIMH pOKaMu pO3pOOTICHUH 1 MOYNHAE TPOMHCIIOBO 3aCTOCOBYBATUCH CITOCIO MOMIH-
dbikarii apMyrunx BOJIOKOH Y (piOpoOeToHaX HU3BKOTEMIIEPATyPHOIO TIa3MOI0 TIIIFOYOTO PO3-
psaay [20]. Iloka3zaHo, 1110 BIUIMB HU3BKOTEMIIEPATYpHOI IUIa3MU HA BOJOKHHUCTI MaTepianu €
OJTHUM 3 HarOUIbII e(PEeKTUBHUX CITOCOOIB 3MIHM BJIACTUBOCTEH iXHIX TTOBEPXHEBUX IIIaPiB.

MeTo10 po60TH € aHAII3 BIIOMHX Ha JAHUH Yac pe3ynbTaTiB I0CTIIKEHb 00 0COOINBO-
CTEH Ta TEXHOJIOTTYHUX MOXIMBOCTEH MMIIBUINCHHS aATe31HUX BIACTHBOCTEH apMYIOUHX BO-
JIOKOH J10 OyniBeNbHOTO MaTepiany 00poOKO0 IX TIa3MOI0 TIFOYOTO PO3PSTY.

Buknan ocHoBHOro Marepiajy. Y OUIBIIOCTI BIIOMUX POOIT pO3IVISAE€THCS BIUTMB HU3BKO-
TEeMITEpaTypHOI IUIa3MH Ha MOJIMEPHi, CHHTeTHYHI, TPUPOIHi BosokHa. [TokazaHo, 1110 B3aeMois
TJ1a3MH HETIOTIMEPU3YIOUHX Ta3iB 13 OJIMEPHUM MaTePiajioM sIBJIsi€ COOOO TIPOIIEC TPABIECHHS,
B OCHOBI SIKOTO JIS)KaTh XIMI4HI peakiiii Ha rpaHuIli ABoX (a3 — TBEpAOI Ta ra30mnoaioHoi.

[Tna3moxiMidHEe TpaBJICHHS € OararoCTaIitHIM ITPOIIECOM, OCHOBHUMH €TaramH sKoro € [21]:

a) BUIIAPOBYBaHHSI IOBEPXHEBUX JIOMIIIIKIB;

0) BuasieHHs a/icOpOOBaHUX IIIapPiB;

B) (pi3uUHE TPaBJICHHS MOBEPXHi;

T') XIMIYHI peaKIlii Ha TOBEPXHI.
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Jlyst aHamizy BIUIMBY IJIa3MOBOI 0OOpOOKH Ha BIAacTUBOCTI (iOpoOeToHa pO3poOIIeHI METO-
UKW BU3HAYCHHS MIITHOCTI 34€TUICHHS] MOAM(IKOBAHOTO BOJIOKHUCTOTO MaTepiaiy i3 Oy/iBe-
JHHUM KOMIIO3MTOM. Y METOIMKaxX IependauaroThesi HOBI cxeMu (hopmyBaHHS (iOpoOETOHIB
BiJl BUJly BOJIOKHHCTOTO Marepiaiy [22], HaBeieHi Ha puc. 2:

2

r2

a o
Puc. 2. Cxemu ¢hopmysannsn 00Cnioxicysanux mampuys:
a) 1 — gpibpobemon; 2 — 6o10KHA;
0) 1, 3 — yemenmuuii Kamins, 2 — MKAHUHA 3 BONTOKHUCIMO20 MaAmepiay

Jlst Moaudikariii MmaTepialiiB 3aCTOCOBYBATH TIIOUUIN O3PS 3MIHHOTO CTPYMY TIPH TUCKY
ra3y y poOouiit kamepi 150 Ila, cunoro crpymy 200 MA, 110 BiANOBiJaJI0 TYCTHHI CTPYyMY
1,5 MA/cM?, Ta wacy 06pobku 15...90 ¢ [22].

VY mux ymoBax oOpoOJIOBaHUIN MaTepiall pO3TallOBYBaBCA MIXK €JIEKTPOJaMHU PO3PsLY 1
roro monudikaris 3aiiicHIOBaIach 00MOapIyBaHHSM MTOBEPXHI €JIEKTPOHAMH TITa3MHU TTO3UTH-
BHOTO CTOBIIA PO3PSTY, IO MAIOTh TEIJIOBY MIBUAKICTb.

BusnaveHo, o OJHUM i3 BaXKJIMBUX aCIEKTIB [UIa3MOBOT'O TPABJICHHSA € CTPYKTypHa 3MiHa
MIOBEPXHEBOTO IIapy BOJOKOH. BiIbIIICTh aBTOPIB, SIKi pO3TISAAIM L€ MUTAHHS, 3a3HAYAI0Th
3MiHYy pebedy MOBEpXHi, IO CKIAJAETHCS Y YTBOPEHHI HA Hill Pi3HUX 32 PO3TALIyBaHHAIM Ta
PO3MipOM TOp, CKOJIB, KpaTepiB. AKTHUBAIIIS MMOJIMEPHUX BOJIOKOH MOKE OyTH 3yMOBJICHA OKH-
CJICHHSIM 1XHBOT MOBEPXH1, YTBOPCHHSIM BITLHUX PAIUKAIIIB ITi]T TI€F0 aKTUBHUX YaCTHHOK TLJIa-
3MH TIIIOYOTO po3psaay [23].

Ha 3MiHy BIacTMBOCTEW BOJIOKHUCTHUX MaTepiajiB OKa3yloTh BIUIMB 1 MapaMeTpu 00poOKu
HU3BKOTEMIIEPAaTYPHOIO TUIa3MOI0: TIPUPO/Ia TUIA3MOYTBOPIOIOYOTO Ta3y, Yyac Ta IHNTEHCHBHICTh
00poOku [24].

Anre3iifHi XapaKTepUCTUKH BOJIOKOH IIOA0 OY/1IBEIBHOTO KOMITO3UTY 3HAYHOIO MipOIO BH-
3HAYAIOTHCS IXHIMU T1APOPITLHUMHU BIACTUBOCTSMH, 110 IKUX BIAHOCSTH BOJIONOTIMHAHHS BO-
JIOKOH Ta 3MOYYBaHICTh 1X ITOBEPXHI.

VY poGori [22] nociiKeHO BIUIMB Ha BOJOIMOTIMHAHHS apMYIOUMX BOJIOKOH (hiOpoOeToHiB
gacy 00poOKH HU3BKOTEMIIEPATYPHOIO IJIa3MOI0 TIII0YOro po3psay. JJocmimkeHHo mianaBa-
JMCh K XIMiuHi (TTOJIIMEpH1), TaK 1 HATypaJlbHI BOJIOKHA.

3aJIeKHICTh BOJOIOTJIMHAHHS XIMIYHUX BOJIOKOH BiJl 4acy OOpOOKHM TIIOYHM PO3PSIIOM
HaBeneHa y Tabm. 1 ta Ha puc. 3 [22].
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Tabauys 1 — 3mina 6000no2nuHanHs MOOUPDIKOBAHUX NOJIMEPHUX BOJIOKOH
3a1edHcHO 810 uacy oopooxu miitouum pospsoom [22]

Yac 006poOKkH TIirouuM Bogonornunanss, %
pO3psIOM, C CKIJIOBOJIOKHO Asbect ITomedip TTomamizn Tpuanerar

0 16 12 58 52 91

15 25 12 61 59 119

30 30 12 63 67 92

45 33 12 64 74 90

60 24 12 70 68 74

75 21 12 78 64 51

90 19 12 72 61 44

AmHauni3 pe3ynbTaTiB, HaBeJleHUX y Ta0. 1, CBIAYUTH, 1110 00poOKa TIAIF0UUM PO3PSAAOM 31T1H-
CHIOE TIEBHUH BIUTMB HA XapaKTEPUCTUKHU BOJIOTIOTIIMHAHHS BOJIOKOH, OJTHAaK I€H BIUIUB CyTTEBO
3aJIeKUTH BiJT (PI3UKO-XIMIYHUX BIIACTHBOCTEH MaTepiaay BOJOKOH.

3
w 120 )
o
5
T 100
=
5
e 80
Q
o 60
o
40 .
/‘—_\—4
20 5
0
0 15 30 45 60 75 90

Yac 06pobKu, ¢

Puc. 3. 3mina 6ooonoenunanus moou@pixoearux 60J10KoH
3anexcHo 6i0 yacy oopobxku maitouum pospsoom [22]:
1 — nonieghipne 6010kHO; 2 — noniamione 8010KHO,
3 — mpuayemamue 8010KHO; 4 — CKIOBONIOKHO, 5 — azbecmoee 8010KHO

I'padiku, HaBeeHI Ha puC. 3, MOKa3yI0Th, 1110 BILUTUB Yacy 00pOOKH BOJIOKOH TIIIOUYHUM PO-
3pSAZI0M Ha XapaKTEPUCTUKHU iX BOJOTOTIIMHAHHS TAKOXK CYTTEBO 3aJICKUTH BiJl BIACTUBOCTEH 1
CTPYKTYPH BOJIOKOH, IIPHUOMY IIsl 3aJISKHICTh HOCUTh eKCTpeMabHuii xapakrep. [Ipu TpuBa-
J0cTi 00poOKHU po3psaoM 110 45...60 ¢ BomonorauHaHHs OUTBIIOCTI MaTepiaiiB 3pocTae (0co-
OJIMBO 11€ TTOMITHO /ISl CKJISTHUX BOJIOKOH ). [Tomasnbiiie 301abI1eHHS 9acy 0OpoOKH MPHU3BOAUTH
JIO TIOT1PIIICHHS BOIONOTIMHAHHSA. [{e mOsICHIOI0Th 3MIHOIO KPUCTAIIYHOT CTPYKTYPH MOBEPXHI
MarepialiB, a TAKOXK «OTUIABICHHSMY» BOJIOKOH Ipu 00poodi ix Oinbie Hixk 45...60 ¢ [19].

Moaudikaris TIIOYUM pO3PAIOM HATYPaTbHUX BOJIOKOH (XJIOIOK, JIbOH, CyMiIll BOJIOKOH
PI3HOTO CKJIaAy) TaKOX CYHNPOBOIKYETHCS MOSIBOIO €KCTPEMYMY Ha KPUBii BOJIOTIOTIIMHAHHS,
npuuoMy epeKTUBHICTh 00poOKH B IboMy BUNAaKy pocsrae 250...300 % (puc. 4).
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Puc. 4. 3mina so0onoenunanhs MoOUpiko8aHUx HAMypPaILHUX B0JIOKOH
3a1e2cHo 810 uacy oopooxku miitouum pospsoom [22]:
1 — xnonok 6id6in.; 2 — xnonok; 3 — smiwani (noaieghip 76 %, xnonox 24 %); 3 — amiwiani
(nonieghip 47 %, xnonok 53 %), 5 — smiwani (nonieghip 77 %, xnonox 23 %), 6 — 1vou

30iIbIIEHHS BOJOTIOTIIMHAHHS Y BUIIAAKY HATYpaJbHUX BOJIOKOH IMOSICHIOKOTH 3MIHOIO pe-
abeda moBepXHi BOJIOKOH Yy BUIJISIII TPABJICHHS Ta HAKOIIMUYCHHS MTOBEPXHEBUX 3apsiiB [25].

[HII010 BaXKJIMBOIO XapaKTEPUCTUKOIO BOJIOKOH, 10 3a0€3Medye 5K iX riapodiibHI BIaCTH-
BOCTI, TaK 1 aAre3ito, € 3MOYyBaHICTh, TOOTO MOKA3HUK B3a€MO/Iii BOJOKOH 13 HABKOJIHIIIHHOIO
pinkoro ¢azoro. 3BUUaiiHO 3MOYYBaHICTh BU3HAYAIOTh BEIMUYNHOIO KPailOBOTO KyTa HAHECEHO1
Ha MMOBEPXHIO Kparuli BOJH.

B poGotax [26, 27] BuU3HaYeHA 3aJICKHICTH IILOTO MOKA3HUKA BiJl peKUMIB 0OpOOKHU MJIst
Pi3HUX BUIB BOJIOKOH. 30KpeMa, B 3aJI€KHOCTI B/l 4acy 0OpOOKH TIII0UMM pO3pPAI0M HaTypa-
JHHUX BOJIOKOH (XJIOTIOK, JTbOH) BiH 301bInyeThes 3 0,344 mo 0,512, nist TpuameTaTHoro BOJIo-
kHa 30imbiryeThest Big 0,2 go 0,95, ans nomiedipHoro Bookna — Bix 0,1 10 0,7.

I'padiku, HaBeneHI HA pUC. 5, CBITYATH MPO CYTTEBUI BILUTUB OOPOOKH BOJIOKOH ITJIa3MOIO TITi-
F04OT0 PO3pSAIY Ha XapaKTEPUCTUKH iX 3MOUYBaHOCTI. [IpakTHYHO [U1s1 BCIX JOCIIKYBaHUX MaTe-
piaitiB (KpiM CKJIOBOJIOKHA) 3MOUYYBaHICTh JIOCATAE 3a/I0BUILHUX 3HAYEHB ITPH Yaci 00pOOKH po3psi-
noMm j10 15 ¢. YV pobotax [18; 26] Bu3Ha4YeHO, 1110 3pOCTaHH 3MOYYBAHOCTI CKJIAAETHCS Y 3MiH1
MIKpOpenbe]y MOBEPXHI BOJIOKOH B PE3yJIbTaTI X TPAaBJICHHS, IO CIIPHSIE YTBOPSHHIO HA TIOBEPXHI
MiKkporop, MikpoTpinwH. KpiM Toro, y nporeci 00poOKH TIiF0YUM PO3pSIOM TieTeKTPUYHUX Ma-
TepiatiB, IKUMH € OUTBIIIICTh BOJIOKOH, Ha iX TIOBEPXHI YTBOPIOETHCS MMOBEPXHEBUN 3apsi. Hass-
HICTh TMOTEHIIATY Y MOBEPXHEBIN IUIa3Mi 1 CTBOPEHOTO HUM EJIEKTPHUYHOTO TOJIST TAKOXK MOXKE
BIUTMBATH HAa MbK(a3Hi mapaMeTpu 3riHo 3 3akoHoM FOHra [28].

[TigBumeHHs riApodiIbHUX BIACTUBOCTEH BOJOKOH Y MpoLeci 0OpoOKU TIIIOYUM pO3psi-
JIOM CITpHsI€, TAKOXK ITIIBUIIICHHIO TXHIX aJIM€31MHNX XapaKTepUCTUK. Y po0oTi [22] mociiKeHa
3aJISKHICTh MIITHOCTI 34ETJICHHS BOJIOKOH Ta TKaHeH 10 OyAiBeTbHOro KOMIO3MTY Bif Mapa-
METPIB PEKHUMY iX 0OPOOKH TIIFOUYUM PO3PSIIOM.
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Puc. 5. 3mina smouysanocmi mMooughixoeanux 60J10K0H
3anexcHo 8i0 yacy oopobku maitouum pospsaoom [22]:

1 — cknogonokHo, 2 — azbecmoge 80710KHO; 3 — nolieghipHe 8010KHO;
4 — noniamione 8010KHO; 5 — mpuayemamue 60J0KHO

JlocnmipkeHHs 3pa3KiB Ha MIIHICTh 3UEIUICHHS BOJOKHHMCTHX MaTepialiB i3 OyaiBeIbHUM

KaMEeHEM MPOBOAMIIA Ha po3puBHii Mamuui PT-250. [Ipukmanu kpireHHs 3pa3KiB MOKa3aHi
Ha puc. 6 [22].

Puc. 6. Kpinnenns 3paskie npu éunpody8auHax 3 6010KHUCIUMU MAMEPIaLamu:
a — KpinjieHHsl 80JIOKOH, O — KpIinieHHs mKaHel 3 80JJOKHUCIMUX Mamepiania;
1, 2, 3 — kpinnenus po3pusHoi mawiunu, 4 — 8010KHa, 3aghopmosani 8 6ydigenbHUll Mamepia

Busnauanu 3ycuiuis, IpuKIIajeHe Ui PO3pUBY 2-X YaCTHH 3pa3Ka Mo MOBEPXHI TKaHi 3 BO-
JIOKHUCTOTO MaTtepiairy, ado Jisi BACMUKYBaHHS BOJIOKOH 13 Oy/1IBEJIbHOI MaTPHIII.

JlochimkeHHs: aare3ii MpOBOIWIIHN JJIsi BOJIOKOH 1 TKaHEH 13 TUX caMHuX MaTepialiB, IO i
OTIMCaH1 BHIIE TOCIIKEHHS T1ApoIbHIX BIACTUBOCTEH. K OyAiBeIbHY MaTPHINIO 3aCTOCO-
ByBasu noptiaanainemMeHT M500 ta OyniBenbHUH Tinc Mapku 6.

Pesynbratu mnazmoxiMiuHOT Moau(ikalii MOBEpXHI BOJIOKOH CBiYaTh MPO MiABUIIECHHS
1X aKTHBAIIFHUX BIACTHUBOCTEH, 110 TO3UTUBHO BINIMBAE HA MIMHICTD 1X 3YeIUIEHHS 13 OETOH-
HHUM KaMEHEM.

PesynbraTi BUNpoOyBaHb MILHOCTI 3Y€IUIEHHS MOJIU(IKOBAaHUX BOJOKOH 13 IIEMEHTHHM
KaMEHEM 3aJIeKHO BiJ] Yacy 0OpOOKH TIIIOUYUM pO3psI0OM, HaBeIeH1 B Tab1. 2 Ta Ha puc. 7 [22].
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Tabauys 2 — Miynicms 3uennenHs MOOUPDIKOBAHUX BONOKOH 13 YeMeHMHUM KameHem [22]

MirngicTs 3uennenus, MIla
Bupn Bonokna Yac 06pobku, ¢
0 15 30 45 60 75 90
CxJastHi 0,024 0,028 0,037 0,053 0,044 0,041 0,034
A30ecToBI 0,085 0,085 0,085 0,085 0,085 0,085 0,085
[oniedipHi 0,145 0,158 0,175 0,188 0,176 0,163 0,154
ITomamiaHi 0,158 0,167 0,186 0,195 0,187 0,174 0,164
TpuaneratHi 0,198 0,226 0,214 0,184 0,162 0,146 0,112
XJmonkoBi 0,051 0,067 0,083 0,09 0,087 0,076 0,065
JIbHsHI 0,052 0,065 0.08 0,095 0,093 0,075 0,054

[Ipu 3acTocyBaHHI y poJIi MATPUYHOTO MaTepially SK MOPTJIAHIIIEMEHTY, TaK 1 OyIiBelb-
HOTO TITICY 3aJIKHOCTI aAre3ii MatoTh OJHAKOBHH XapakKTep.

0,20

0,15

0,05 -:—_//—\\_‘5
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Yac 06pobku, c

Puc. 7. 3mina miynocmi 3uenyieHHs HeOpeaHiuHUX ma NoJIMEPHUX BOJIOKOH
3 YeMeHMHUM KaMeHeM 3ATIeHCHO 810 uacy 0opooku muitouum po3psoom [22]:
1 — noniamione onokno, 2 — nonieipne 6010kHO, 3 — mpuayemamme 0J10KHO,
4 — asbecmose 80N0KHO, 5 — CKILOBONOKHO

Hageneni nani cBiyath, mo o0poOKa TIII0YUM pO3pPsI0M OBEPXHEBUX IIAPIB MPAKTHYHO
yCiX BHIB BOJIOKOH ITiJIBHIIY€ MIITHICTD iX 3UEIUICHHS 13 IEMEHTHOI MaTpuiiero. Haitbinpm
MOMITHUH BIUTMB IMOBEPXHEBOT MOAMGIKAIlIT CIIOCTEPITa€ThCs Ul CKISTHUX Ta HATypadbHUX BO-
JIOKOH — BinnoBinHo, 10 100 Ta 80 %. BogHowac 11s mosiMepHUX BOJIOKOH MIIHICTh 3YETIICHHS
3 IIEMEHTHUM KaMeHeM 3pociia juiie Ha 30 %, a juist a30eCTOBUX — 3aJIMIINIIACH HA TIOTepe/I-
HbOMY piBHI.

Ak 1 TigpodiapHI BIACTUBOCTI, 3aJIKHICTh aAre3ii BOJIOKOH Bijl 4acy OOpOOKH TIit0ounM
PO3PAIOM TAKOK Ma€e EKCTpeMalIbHUI XapakTep. HalfBHIIli MOKa3HUKYU MIITHOCTI 34ETIJICHHS BO-
JIOKOH SIK 3 IIEMEHTHUM, TaK T1IICOBUM KaMEHEM CTIOCTEpIraloThcs pu vaci 0opooku 30...45 ¢,
I3 301bIIEHHAM Yacy 0OpOoOKH aare3iiHi XapaKTepUCTUKU 3HUKYIOThCS.

Bonnouac, sx BU3Ha4YeHO y po0OoTi [22], MeTO BU3HAYEHHS aare3ii BOJOKOH IIJISAXOM iX
BUCMHKYBaHHS 3 OyAiBeIbHOI MaTpHULl HE TO3BOJISIE B JOCTATHINA Mipil OLIIHUTH €(EKTUBHICT
00pOOKH TIIIOYUM PO3PSAOM BHACIIOK pyHHYBaHHS BOJIOKOH /IO iX BUCMUKYBaHHs. ToMy 1y1st
OUTBII PETETBHOTO AOCIIIKEHHS BIUIMBY MOAM(DIKaLlii MOBEPXHI BOJIOKOH TIIIOUUM PO3PSIOM
Ha iX aAre3iiiHl BIACTUBOCTI 10 OyAIBETLHOTO MaTepiany K MOJEILHOIO MaTepiaay 3amporo-
HOBAHO 3aCTOCOBYBATH TKaHi 3 MOJIMEPHHUX Ta HATypaJIIbHUX BOJOKOH. CXema po3TallyBaHHs
TKaHUX MaTepiaiiB MPH JOCHTIHKEHHI aare3ii nmokasana Ha puc. 6. O0poOka TkaHEe# MPOBOIU-
Jach TIIIIOYUM PO3PSAIOM 3MIHHOTO CTPYMY Ha HaBeJICHUX BUILE PEKUMAX.
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OTpumaHni pe3yabTaTH JOCTIHKEHB 3JIEKHOCTI MIITHOCTI 3YETUICHHS MOAU(IKOBAHUX TJIi-
I0YMM PO3PSI0M TKaHEH 10 IEMEHTHOTO KaMEeHIo HaBeseHi y Ta0u. 3 Ta Ha puc. § [22].

Tabauys 3 — Miynicme 3uenienns mxaneu, MoOOUikosanux miitouum pospsoom [22]

MinnicTs 3uennenns, MIla
Bun tkaHi Yac 06poOKkH, ¢
0 15 30 45 60 75 90
Cxusani 0 0,091 0,112 0,122 0,114 0,107 0,083
A306ecToBi 0,173 0,173 0,173 0,173 0,173 0,173 0,173
HomniedipHi 0,178 0,195 0,214 0,225 0,198 0,182 0,17
TTomamigui 0,21 0,229 0,242 0,248 0,237 0,32 0,237
TpuaneraThi 0,337 0,345 0,334 0,32 0,277 0.235 0,196
BasoBusani 0,275 0,293 0,31 0,327 0,290 0,265 0,235
JIbHsHI 0,317 0,335 0,38 0,42 0,363 0,33 0,3
0,40 4
R
= 030 + e
u e
T R
T 02% + a S I
E 0,20 1 ‘___..-u-"""d—' i e ot \...‘_Z
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Yac 06pobku, c

Puc. 8. 3mina miynocmi 3uennenns mkameii 3 HEOPeaAHiYHUX MA NOJIMEPHUX B0NOKOH
3 YeMEeHMHUM KAMEHEM 3AeNCHO 610 uacy 0opooxu maitouum pospsoom [22]:
1 — noniamione 8on10kHO, 2 — mpiayemamue 80J10KHO, 3 — a30ecmoge 8010KHO;
4 — noaieghipne 8010KHO, 5 — CKI0BOJIOKHO

AHaJi3 HaBeJICHUX PE3yNbTaTIB CBIAYUTH, 110 1 B IUX YMOBAX CIIOCTEPIra€ThCsS I IBUILICHHS
MIITHOCTI 34eIUIeHHS] MOIM(DIKOBAHUX TIIOYMM PO3PSIOM TKaHeH 10 OyIiBEIbHOT MaTPHIIi, TTPH-
YOMY 3aJISKHICTh MIITHOCTI Bil 4acy oOpOOKH pO3psSA0M Ma€e TaKWid CaMHi eKCTpeMaabHUHN Xa-
pakrep, K 1 mpu 00poOI1i BosIokoH. BomHOUAC BIIHOCHI TOKA3HUKH MIITHOCTI Y IJaHOMY BUIIQJIKy
HIKYE, HIXK aHAJIOTT9HI TOKa3HUKHU /7151 MOITU(DIKOBAaHUX BOJIOKOH. Tak, MaKCUMaJIbHE 3pOCTaHHS
MIITHOCTI 34EIUICHHS TKaHe! J0 IIEeMEHTHOTO KaMEHIO He mepeBUIIIO0 23...25 % (nms CKIIHUX,
noJriepipHUX Ta MOJIiaMiTHUX TKaHel). MeHI e(eKTUBHOIO € 00poOKa TIIFOYUM PO3PSA0M TKa-
Hell 3 HaTypaJbHUX BOJOKOH (0aBOBHA, JIbOH), € MIABHUIICHHS MIITHOCTI 3YEIJICHHS CKJIAJo
mentie 20 %. AHaJOTivyHi, ajie JeII0 BUIl TOKa3HUKH OTPUMaHI NP AOCTIKEHH] aAre31iHIX
BJIACTUBOCTEH TKaHeW J0 Marpuii 3 OyniBesnbHOro rincy [22]. ¥V Beix BUNAIKaX MaKCUMaJbHE
3HAYECHHS are3ii oCATaeThCs IPpH Yaci 00poOku Titounm pospsiaom 30...45 c.

BucHoBkH. AHami3 JiTepaTypHUX JKEPEN CBIAYUTD, 110 3aCTOCYBAHHS IJIa3MH TII0YOTO
po3psny st 06poOku GhiOPOBOIOKOH JA03BOJISAE MIABUIIMTH iX aAre3iifHl BIACTHBOCTI, 110, Y
CBOIO Yepry, PU3BOAMTS JI0 MOKPALCHHS (DI3UKO-MEXaHIYHUX BIacTUBOCTEH (iOpoOeTony.
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HasBHi mocmimkeHHs akTUBaIlli TOBEPXOHb MarepianiB ¢hi10pOBOIOKOH 3/iHiCHEH] iX OomOba-
PAYBaHHSAM €JIEKTPOHAMH IUIa3MH TIIIOYOTO PO3PsIY 3MIHHOTO CTPYMY, SIKi BHACIIJOK HE3HAU-
HOT MacH 3/1aTH1 3M1MCHIOBaTH OOMEKCHHUH BIUIMB HAa TOBEPXHIO. JIOIIIBHO MPOBEJICHHS aHAJIO-
TYHUX JOCHIDKEHb 13 Moauikalielo MmoBepXxoHb (PiIOPOBOJIOKOH 10HAMHU Ta3y B PO3psiji
MOCTIHHOTO CTPYMY.
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Gennady Bolotov, Irina Pribytko, Tymur Ganieiev,
Mykola Korzachenko, Svitlana Yushchenko

APPLICATION OF GLOW DISCHARGE IN FIBER CONCRETE
MANUFACTURING TECHNOLOGIES (REVIEW)

Due to its high energy and technological properties, the glow discharge of low and medium pressures is widely used in
various industries as a heat source and as a tool for materials processing.

A new promising area of application of glow discharge plasma is the modification of material surfaces with the provision
of specific properties. This area is currently being actively studied in order to apply the glow discharge to improve the
performance of a number of building materials.
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Promising building material is dispersion-reinforced concrete (fibroconcrete), consisting of a building matrix and
reinforced fibers distributed in it. Achieving the required performance characteristics of fiberglass can be achieved only when
all its components work together, which requires high adhesion of the fibers to the matrix.

The aim of the article is to analyze the results of currently known studies of modification of fibroetone fibers by a glow
discharge in order to increase their adhesive properties and determine the direction of further research.

Presentation of the main material. The methods and results of researches of influence of processing by a glowing discharge
on surface properties of reinforcing fibers which provide their adhesion to a building material and increase of durability of
coupling between them are considered and analyzed.

The analysis testifies to the efficiency and prospects of using a glow discharge to influence the adhesion characteristics
of reinforcing fibers of fibroconcrete. However, the significant limitation of the applied treatment regimes makes it expedient
to conduct further research.

Keywords: fiber concrete; building matrix; reinforcing fibers; glow discharge; surface modification; adhesion.
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CTBOPEHHSA I'EOJIE3MYHOI OCHOBH JJ151 BIITHOBJEHHS MEXK
3EMEJIBHUX JIJIAHOK CYITYTHUKOBUMU METOJAMMU

Buxonano xinekicnuii ananiz cucmem pegepenynux cmanyiti 3a kopoonom i 8 Ykpaini. Bukonano aunaniz pesyiomamis
no6ydosu  2e00e3uyHoi  OCHOGU 0N  3a0e3NeYeHHs  GCIMAHOGIEHHS  MeJC MA  3HIMAHHA — 3eMeNbHOl  OLISIHKU
TIAT «Yxpmamnagpmay 6 m. Kpemenuyk Ilonmagcwvroi obracmi. Bcmanogneno, wo pecionansbui ocobausocmi semaekopucny-
8aHb NPOMUCTIOBUX NIONPUEMCING 3YMOGTIOIOMb BUDID cucmeM KOOpOUHAm, 8 SIKi mpancgopmyoms obyucieni Koopounamu
MOYOK 3HIMANLHOI OCHOBU Mma Medicosux 3nakie. Cmamms € nyonikayicio HayKo8o-MemoouiHo20 Xapaxmepy.

Kniouogi cnosa: ceooezuuna ocnoea, [epoicasna ceooezuuna mepesica; pegpepenyna Cmanyis,; 8i0HO61EHHs MedC.

Puc.: 1. Tabn.: 2. bi6n.: 16.

AKTyaJbHICTH TeMH aociimkeHHs. Pepopma y chepi Tomorpado-reone3sndynoi aismpbHO-
CTi ¥ HalliOHAJIBHOTO KapTorpadyBaHHA cripsiMoBaHa [ 1] Ha BAOCKOHAJICHHS Ta BIIOPSIKYBaHHS
BIJIMOBITHOI JISUTHHOCTI ¥ mepeadavyae CTBOPEHHS CremianbHOl iHPpacTpyKTypH ist 300py i
BUKOPUCTAHHS T'€ONPOCTOPOBUX AaHUX. DopMyBaHHS 1HPPACTPYKTYPH TE€ONPOCTOPOBUX Ja-
HUX PETJIAMEHTYETHCS BIATOBIAHUM 3aKOHOM YKpainu [2]. ¥V 3B 53Ky 13 ITUM BCE OUIBIIOI aK-
TyallbHOCTI HaOyBa€ 3aBAaHHs 3a0e3MeveHHs HEOOX1THOI TOYHOCTI BUKOHAHHS T'€OJIE3MYHUX
BHUMIPIOBaHb CYITyTHUKOBUMH METOJIaMU IiJ 4ac CTBOPEHHS Ie0/Ie3MYHOI OCHOBH i 3a0e3-
MIEUEHHS SIKOCTI M TOCTOBIPHOCTI T€ONPOCTOPOBUX JaHHX.

IlocTanoBka mpodJaeMu. Y mporieci po3BUTKY TOMOTpado-reo1e3MIHOI TISITBHOCTI B YK-
paiHi 3 KOXKHUM POKOM IIOCTal0Th HOBI 3aBJIaHHS, K1 TOTPEOYIOTh HIBUIKOTO Ta IPAaBUIHHOTO
BUPIIIEHHS 13 3aCTOCYBaHHIM HOBUX TEXHOJIOTIH 1 3acC001B BUMIpIOBaHb, OCOOIMBO, CYITyTHH-
KoBUX. Tak, TMMuacoBi 0a30Bi CTaHIii, IO JOHEIaBHA Oy OCHOBOIO BIAHOCHOTO METOIY
GNSS-cnoctepexenb, 3aMIHIOIOTHCS TIEPMAaHEHTHUMHU pe(PEPEHTHUMH CTaHIISIMH, KOOPIH-
HATH SIKUX PETENIbHO BU3HAYAIOTh, YTOUHIOIOTH Ta MPOBOAATH MOHITOPHHT [3]. 3 MOSBOIO pe-
(depeHITHUX CTaHIIIN CTaJl0 MOXKJIMBUM OTPUMYBATH CAHTUMETPOBUU PiBEHb TOYHOCTI BHU3Ha-
YEHHS KOOPIMHAT 0e3MOoCcCepeIHbO il YaC BUMIpPIOBaHb, 110 MPU3BEIIO O CIPOIICHHS MPOIECY
OTIPAIIOBAHHS PE3YJIbTATIB CIIOCTEPEHKEHD Ta CYTTEBOTO CKOPOUEHHS Yacy Ha MOro BUKOHAHHS
[4]. BogHouac, mpoOIeMHUMH 3JIMIIAIOTHCS IUTAHHS BUOOPY KOHKPETHUX 3aC001B BUMipIO-
BaHb Ta METOAMK X BUKOHAHHS 3aJIKHO BiJI 0COOJIMBOCTEH 00’ €KTa BUKOHAHHS POOIT Ta He-
00X1HOT TOYHOCTI BU3HAUEHHS KOOPAMHAT.

AHaJIi3 0CTaHHIX JocaiIzKeHb i myOJsikamiii. [luTanHsM, TOB’ I3aHUM 13 BUKOHAHHS CYITyT-
HHUKOBHUX CIIOCTEPEKEHb, 3rynieHHsIM GNSS-mepesx npucBsueHo nociimpkenns C. B. lockiy [5],
C.T. Casuyka [4], K. P. Tpersika [6], A. Kenyeres [7], M. Seitz [8], K. Szafranek [9] Ta iHIHX.

BuaijieHHs1 HeAoCiAKeHUX YACTHH 3arajbHoi npoodaemu. He po3kputumu y moBHIil
MIpi 3aJTUIIAI0THCS MUTAHHS 3aCTOCYBAaHHS peepEeHIIHUX CTaHIlIN I BCTAaHOBJICHHS (BITHOB-
JICHHS1) MEX 3eMJICKOPUCTYBAaHb MPOMHUCIIOBUX MIAMIPHUEMCTB.

Merta crarTi. BukoHaTH KiJIbKICHHH aHaMI3 cucTeM pedepeHITHUX CTaHIlIi 32 KOPAOHOM 1
B YKpaiHi, JOCIIIUTH perioHagbHi 0COOIMBOCTI CTBOPEHHS 3HIMAIBLHOI T€0JIC3UYHOT MEPEXKY
13 BUKOPUCTAHHIM pedepEeHITHUX CTaHIIK ISl BCTAHOBJICHHS (BITHOBJICHHS) MEX 3€MEIbHUX
TUTSTHOK MIPOMUCITIOBUX MiAPUEMCTB.

BuxJiax ocHOBHOT0 MaTepiajy. 3 TOUKH 30py T€OAC3UUHUX MEPEK PO3MIIIICHHS HA TEPH-
TOpii KpaiHM MEBHOI KUTBKOCTI pehepeHIIHNX CTaHIIiN € 3TyIIeHHSM MepeKi MOCTIHHO JTII0UnX
(mepmaHeHTHHX) cTaHIii JlepxaBHo1 reoaesnunoi Mmepexi (JII'M) ans 3a0e3rneueHHs MOKITH-
BOCTI BU3HAUYEHHS KOOPAMHAT CAHTUMETPOBOI TOYHOCTI OyAb-SKOT TOUKH 3€MHOI IMOBEpPXHI 13
3acTocyBaHHAM cynyTHHKOBUX RTK TexHomoriii B peabHOMY 4Yaci, Ta ONEepaTUBHOCTI BUKO-
HaHHA poOiT. CepenHs BiACTaHb M 0a30BUMHU pedepeHiHuMHU cTaHIissMu GNSS-mepexi cra-
HOBUTH 70 kM [5]. Pe3ynbTatu KUIBKICHOTO aHAMI3y CHCTeM pedepeHIHUX CTAHIN ACSKUX
kpain LlenTpanbnoi Ta CxigHoi €Bporu HaBeqeHO B Tal0. 1.

© Apramonos B. B., Bacunenko M. I'., Mixno I1. b., Kapwmii B. O., 2021
218



TEXHIYHI HAYKU TA TEXHOJIOT T Ne 2(24), 2021
TECHNICAL SCIENCES AND TECHNOLOGIES

Tabauysa 1 — Kinekicnuti ananiz cucmem peghepenynux cmanyii Kpain €sponu

uina | o[ S PRI Copo i, (PP s
€sponu KpaiHu, km> [3: 5: 10, 11] p pedepeHIHuX CTaHITii pe (begeHTHO'l' CTaEmi, KM
Ilonbuia 312658 94 1 n Ha 3326 xm? 58
HimeyunHa 357021 98 1 i Ha 3643 km? 60
Yexis 78866 26 1 m na 3033 km? 55
PymyHist 237500 58 1 m na 4095 km? 64
Vropuiina 93030 32 1 m na 2907 xm? 54
JlaTBis 64589 19 1 i Ha 3399 km? 58
CroBayyuHa 48845 34 1 o Ha 1437 xm? 38
Vkpaina 603549 200 1 mna 3018 km? 55

VY cepennpoMy, panaiyc «oOCIyroByBaHHS» OAHIET pedepeHIHOl CTaHIi y HaBEICHHUX
(Tabm. 1) kpainax €BpoOnu CTAaHOBUTH 55 KM.

PisnomipaicTs [10; 11] Ta migpHICTh TOKPUTTS TEPUTOPIN KpaiH €Bponu pedepeHITHUMU
cranuisMu (tabn. 1) 3abe3nedye HEOOXiHY TOUHICTh BUKOHAHHS Pi3HUX BUIIB IeOJIe3UNIHUX
poOiIT y Oy Ib-AKiii YaCTHHI TEPUTOPIi BiAMOBIIHOT Kpainu [12].

Biamosigno g0 1. 3.9 «IHCTpyKIii PO BCTAaHOBJICHHS (BIAHOBIICHHS ) MEXK 3€MEIIbHUX -
JISHOK B HaTypi (Ha MICIIEBOCTI) Ta 1X 3aKpIMUICHHS MEKOBUMU 3HaAKaMu» [13], Mexi 3emMenb-
HOT IUISIHKY MiAJATA0Th TPUB’ 311 10 MyHKTIB JepkaBHoi reoge3nynoi mepexi (JII'M) Ta
MicIIeBOi Teoe3nynoi mepexi. [Ipu mboMy poOoTH 13 3emiieycTporo MaroTh [14] BUKOHYBa-
tucs B cucremi koopauHat YCK-2000 abo micieBiii cucteMi KOOpIUHAT, SIKa OJHO3HAYHO
noB’a3aHa 3 Y CK-2000.

Ocob6nuBocti BUkoHaHHs cynmyTHHKOBHX RTK cnoctepesxens /Ui BcTaHOBICHHS a0o Bij-
HOBJICHHSI M@K 3€MEJIbHUX JIISTHOK JOCIHIKYBAIUCS Ha pukiaani modyaosu y 2016 porii 3Hi-
MaJIbHOI T€0/Ie3UYHOT OCHOBH JUIsI 3a0€3MeUCHHS BCTAHOBJICHHS MEX Ta 3HIMAHHS 3€MENIbHOT
ninsaku [TAT «YkprarHadTay mmomero 175,65 ra mis ekcrutyaraiiii Ta 00CIyroByBaHHs Oy-
JiBelsb Ta cropy HadronepepoOHoro 3aBoay B M. Kpemenuyk IlonraBcekoi 06acTi.

BpaxoBytoun perionanbHi oco0auBocTi M. KpeMeHuyka, 3a pe3yiabTaTaMu CYITyTHUKOBHX
CIIOCTEPEKEHb METPUYHY 1H(POPMAIIIIO0 MO0 MICIEMONOKEHHS TOYOK 3HIMAIBLHOT OCHOBH Ta
TBEPJUX KOHTYPIB MICIIEBOCTI OTPUMAHO B TPHOX CUCTEMAaX KOOPUHAT:

- MicueBiii cuctemi koopaunar [lontaBcekoi o6macti (MCK-53), o o1HO3HAYHO 3B’ s13aHA
3 Jlep>kaBHOTO Teoe3nuHOI0 pedepeHiiHoro cucteMmoro koopauHaTt Y CK-2000;

- cucteMi koopauHat 1963 poky, 4 3ona (CK-63), B sakiit 1o 2017 poxy BiBcs [lep:xkaBHuii
3eMEJIbHUI KaIacTp;

- Mic1ieBiif cucteMi koopauHat M. Kpemenuyka, B sikiit 10 2020 poky BiBcst MicTOOy 1iBHUI
KaJIacTp I[bOTO MicCTa.

CrniocrepexeHHs BUKOHYBaJIHCh Bi 0a30Boi cranmii «KREM» (mynkty M3628P0100 Yk-
PaiHCHKOT MOCTIHHO JIIF0901 MEpeXki rI00aTbHUX HaBITAIHHUX CYyTyTHUKOBUX CITOCTEPEIKEHb ),
posramoBanoi B M. Kpemenuyk. Koopaunaru wi€ei ctaHIii BU3HaYeHO 3 CepeAHbOKBApaTHY-
Hoto noxu6Okoro (CKII) micenonoskerHs BigHocHO myHKTIB JII'M Vkpainu: B mani — 0,005 wm,
no Bucoti — 0,02 m. Craniis obnagHana nBoxvyactotHuM npuitmadem GPS HiPer (L1, L2). s
OTPUMAaHHS KOOPIHMHAT CAaHTHMMETPOBOI TOYHOCTI MOJbOBI pOOOTH MPOBEJICHO B KiHEMAaTHY-
HOMY pexumi crioctepekersb B peanbHoMy vaci (RTK) 13 3actocyBannsim GPS-mepexi y Bu-
U]l 3aMKHEHOI TeoMeTpuyHOi irypu.

CrniocTepexeHHsI OCIiA0BHO MPOBOAMIINCS Ha BUX1THUX ITYHKTaX MiChKOI Fe0Ie3UYHOT Me-
PEXi 3TyLIeHHS, JOAATKOBO 3aKPIIJICHUX TOYKAX I€0JIe3UYHOI OCHOBHU, TBEPAUX KOHTYpaxX Mi-
creBocTti. KinneBuit KoHTposib BUKOHaHO Ha yHKTax [II'M (puc. 1): 1-ro knacy — I'pagussbk,
[MaBnum, barau; 2-ro knacy — OmensHuk, Octanii, Kenebepasucekuii, PokutHe-/loHiBKa.
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Puc. 1. Cxema npué azku GNSS-cnocmepediceny 0o nynxkmis J[I'M

[Tix yac BUKOHAHHS TOMOTPado-TeOAE3MIHUX POOIT TOTPUMAHO HOPMATUBHI BuMoru [15; 16],
30KpeMa, 1010 PUB’A3KKU MEPEXi He MEHIII SIK 10 TPhOX BUXiTHUX MyHKTIB J{I'M Ta oOMexeHHs
MaKCUMaJIbHUX JIOBXKHUH BEKTOPIB 32 BUKOpUCTaHHs 1BoxyacTOTHUX GNSS-npuiimauis (50 km).

OOpoOKy pe3ysbTaTiB MOJBOBHX CHOCTEPEKEHb Ta TPAHC(OPMYBAHHS KOOPAMHAT y CHCTEMHU
MCK-53 ta CK-63 BukoHano 3a noromororo rporpamu Magnet Office Tools. O6uncneno CKIT mi-
CIICTIONIOYKEHHS TOYOK IO IC3UIHOT 3HIMAJIbHOT OCHOBH BIZTHOCHO HAWOMVOKUKX MyHKTIB JII'M Ta mi-
CBKOI T'€0/Ie3NYHOI MEePEXKi 3ryIieHHs. J[71s1 BpIBHOBaKEHHS pe3yJIbTaTiB CIIOCTEPEKEHB 3aCTOCOBAHO
croci0 HaltMEHIIMX KBaJIPaTiB, 1110 3a0€31eye aBTOMATUYHE BUKITFOUCHHSI TPYOHX IMTOXHOOK.

[ToxnOKM BU3HAYEHHS MICIETIONI0KEHHS TOYOK T'€0JIe3UYHO1 3HIMAJILHOT OCHOBH B PI3HUX
cucTeMax KOOpJIWHAT HaBe/eHI B Ta0uI. 2.
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Tabauys 2 — Ioxubku u3HauerHs MICYENOoN0NHCEHHS MOYOK 2e00€3UUHOI 3HIMATbHOT OCHOBU

CucreMu KOOpIUHAT
Hassa Touxu MCK-53 CK-63 MCK M. Kpemenuyk
CKII y masi, M CKII 0| ckms IJ1aHi, M CKII MO KT B IJIaHl, M CKII o
BHCOTI, M BHCOTI, M BHCOTI, M
1 2 3 4 5 6 7
Tarkai 2 0,035 0,026 0,055 0,022 0,055 0,022
tarka 7081 6 0,027 0,023 0,042 0,020 0,043 0,020
pp 1042 3 0,037 0,033 0,058 0,028 0,059 0,028
pp 11166 0,040 0,038 0,064 0,032 0,064 0,032
ppll1241 0,032 0,030 0,050 0,026 0,051 0,026
pp 1158 6 0,042 0,041 0,067 0,035 0,067 0,035
pp 1168 6 0,043 0,048 0,069 0,041 0,069 0,041
pp 1169 2 0,056 0,056 0,089 0,047 0,089 0,047
pp 11745 0,043 0,049 0,068 0,041 0,068 0,041
pp 11756 0,038 0,039 0,060 0,033 0,060 0,033
pp 1189 6 0,041 0,035 0,065 0,030 0,065 0,030
pp 1546 2 0,052 0,056 0,083 0,047 0,084 0,047
pp 4215 12 0,038 0,033 0,059 0,028 0,060 0,028
pp 4540 6 0,029 0,024 0,045 0,020 0,046 0,020
pp 14224 6 0,039 0,034 0,061 0,029 0,061 0,029
pp 15263 11 0,046 0,039 0,072 0,033 0,073 0,033
pp 154215 0,052 0,049 0,082 0,042 0,082 0,042
pp 155104 0,039 0,040 0,063 0,034 0,063 0,034
pp 95137zbut 2 0,033 0,031 0,052 0,027 0,052 0,027
pp 95162zag 6 0,036 0,035 0,057 0,030 0,058 0,030
pp 95163 1 0,038 0,039 0,060 0,033 0,061 0,033
pp 95164 6 0,027 0,026 0,043 0,022 0,043 0,022
pp 95175a zag 4 0,029 0,025 0,046 0,021 0,046 0,021
pp 95181a 16 0,062 0,052 0,098 0,044 0,099 0,044
pp 951841 4 0,036 0,028 0,058 0,024 0,058 0,024
pp 9518513 0,032 0,027 0,050 0,023 0,051 0,023
pp 951861 1 0,036 0,034 0,057 0,029 0,057 0,029
pp 951871 6 0,041 0,044 0,065 0,038 0,065 0,038
pp 951881 2 0,050 0,056 0,080 0,048 0,080 0,048
pp mar6809 2 0,030 0,029 0,048 0,025 0,048 0,025
pp mar7090 3 0,037 0,032 0,059 0,027 0,059 0,027
pp mar 6 0,030 0,029 0,048 0,025 0,048 0,025
pptt6 0,030 0,025 0,048 0,021 0,048 0,021
sknl 0,048 0,051 0,077 0,043 0,077 0,043
skn?2 0,052 0,051 0,082 0,043 0,083 0,043
skn3 0,048 0,048 0,076 0,041 0,077 0,041
skn4 0,054 0,056 0,086 0,048 0,087 0,048
skn5 0,037 0,036 0,058 0,031 0,059 0,031
skn6 0,036 0,038 0,058 0,032 0,058 0,032
skn?7 0,037 0,036 0,059 0,031 0,060 0,031
skn 8 0,041 0,043 0,065 0,036 0,066 0,036
skn9 0,035 0,036 0,055 0,031 0,056 0,031
skn 10 0,052 0,051 0,083 0,043 0,083 0,043
sknll 0,058 0,056 0,091 0,047 0,092 0,047
skn 12 0,042 0,043 0,066 0,037 0,066 0,037
skn 13 0,030 0,029 0,047 0,024 0,048 0,024
tl 1 0,049 0,052 0,078 0,044 0,078 0,044
t2 4 0,035 0,035 0,056 0,030 0,056 0,030
t3 1 0,036 0,036 0,057 0,031 0,057 0,031
t4 6 0,032 0,032 0,051 0,027 0,051 0,027
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[TponoBxeHHs Tad1. 2
1 2 3 4 5 6 7
t54 0,032 0,032 0,051 0,027 0,052 0,027
t6 5 0,042 0,048 0,067 0,041 0,067 0,041
t7 4 0,031 0,030 0,050 0,025 0,050 0,025
t8 2 0,040 0,033 0,063 0,028 0,063 0,028
t9 2 0,032 0,027 0,051 0,023 0,051 0,023
t103 0,030 0,028 0,048 0,024 0,048 0,024
t111 0,028 0,028 0,044 0,024 0,045 0,024
t12 8 0,032 0,033 0,050 0,028 0,051 0,028
t13 1 0,026 0,028 0,041 0,024 0,041 0,024
t14 1 0,027 0,029 0,043 0,024 0,044 0,024
t151 0,032 0,040 0,051 0,034 0,052 0,034
t16 6 0,046 0,051 0,074 0,044 0,074 0,044
t17 2 0,031 0,031 0,048 0,026 0,049 0,026
t182 0,030 0,024 0,047 0,021 0,047 0,021
t19 4 0,036 0,028 0,057 0,024 0,057 0,024
t20 4 0,054 0,046 0,085 0,039 0,085 0,039
215 0,044 0,040 0,070 0,034 0,071 0,034
122 3 0,029 0,028 0,045 0,024 0,046 0,024
23 1 0,030 0,027 0,047 0,023 0,047 0,023
t24 6 0,026 0,022 0,041 0,019 0,041 0,019
256 0,031 0,026 0,050 0,022 0,050 0,022
26 1 0,035 0,028 0,056 0,023 0,056 0,023
t27 5 0,037 0,030 0,059 0,025 0,059 0,025
28 4 0,032 0,028 0,051 0,024 0,051 0,024
129 3 0,046 0,045 0,073 0,038 0,074 0,038
ttr cex 6 0,031 0,029 0,049 0,024 0,050 0,024
ss5 2 0,027 0,024 0,042 0,020 0,043 0,020
$s6 1 0,033 0,029 0,052 0,024 0,052 0,024
ss7 3 0,034 0,030 0,054 0,026 0,054 0,026
ss8 3 0,033 0,029 0,053 0,025 0,053 0,025
ss9 1 0,032 0,027 0,050 0,023 0,050 0,023
ss10 1 0,032 0,026 0,051 0,022 0,051 0,022
ssll1 0,044 0,033 0,070 0,028 0,070 0,028
ss12 3 0,032 0,026 0,050 0,022 0,051 0,022
ss152 0,028 0,025 0,044 0,021 0,044 0,021
ss16 2 0,035 0,036 0,056 0,031 0,056 0,031
ss17 3 0,040 0,040 0,064 0,034 0,065 0,034
ss18 2 0,032 0,026 0,051 0,022 0,052 0,022
ss19 3 0,026 0,023 0,041 0,019 0,041 0,019
$s20 1 0,028 0,026 0,044 0,022 0,045 0,022
ss21 2 0,028 0,025 0,044 0,022 0,044 0,022
ss22 3 0,028 0,025 0,044 0,022 0,044 0,022
ss23 2 0,027 0,027 0,043 0,023 0,044 0,023
ss24 1 0,025 0,027 0,040 0,023 0,040 0,023
ss25'1 0,031 0,030 0,049 0,026 0,050 0,026
$s26 2 0,030 0,027 0,047 0,023 0,047 0,023
ss27 1 0,034 0,030 0,055 0,025 0,055 0,025
$s28 3 0,030 0,028 0,048 0,024 0,048 0,024
ss29 3 0,031 0,029 0,049 0,024 0,050 0,024
ss11 0,037 0,036 0,058 0,031 0,058 0,031
ss23 0,029 0,028 0,046 0,024 0,047 0,024
ss33 0,038 0,037 0,060 0,031 0,060 0,031
ss41 0,030 0,028 0,047 0,024 0,047 0,024
ss 133 0,032 0,027 0,051 0,023 0,052 0,023
ss 141 0,034 0,030 0,054 0,025 0,054 0,025
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Ax BugHO 3 Tabm. 2, Haibubme (cepen orpumanux) 3HadeHHss CKII Touku reome3mvHoi
ocHOBH (T. pp 95181a 16) BimHOCHO myHKTIB JII'M He nepeButrye 0,1 M:

- y micteBiit cuctemi koopauHat [lTonraBcbkoi oonacti (MCK-53) — 0,062 m;

-y CK-63 - 0,098 m;

- y cuctemi koopauHat M. Kpemenuyka — 0,099 m.

Cepen 105 To4oK 3HIMAIBHOI T€0/IE3NIHOT OCHOBH TIOXMOKA JIMIIIE OHIET TOUKH HaOJIMKa-
erbest 70 0,1 M.

Cepennst 3 CKII ycix TOYOK 3HIMAJIBHOT I€0/Ie3MYHOI OCHOBH, OOUMCIICHUX Y PI3HUX CHUCTE-
MaX KOOpJIUHAT, CTAHOBUTH:

- MCK-53: y mnani — 0,036 M, 3a Bucotoro — 0,034 Mm;

- CK-63: y mani — 0,057 m, 3a Bucotoro — 0,029 m;

- MCK m. Kpemenuyk: y mnani — 0,058 M, 3a Bucotoro — 0,029 m;

Pozxomxennst CKI1 Bu3HaueHHST MiCIIETIONOKEHHS Ti€l caMOi TOUKH, OOUMCICHUX Y PI3HUX
CUCTeMax KoopauHar, y miani cranoBisTh 0,015-0,037 m, 3a Bucotoro — 0,003—0,009 wm.

Takum unHOM, 3aCTOCYBaHHS CYNYTHHUKOBUX criocTepekeHb y pexxuMi RTK Ha tepuropii
MIPOMUCIIOBUX MMiIPUEMCTB J03BOJISIE OTIEPATHBHO 1 SKICHO CTBOPIOBATH T'€0JIE3UYHY OCHOBY
TaKOi TOYHOCTI, 1110 3a0€3MeYUTh MOXUOKY BCTAaHOBJICHHS MEKOBUX 3HAKIB BITHOCHO HaWOJIH-
JKYHMX TIYHKTIB J€P’KaBHOI T€0I€3UUHOT MEPEXK1, T€0/IC3NIHIX MEPEXK 3TYIICHHS HE OlIbIIe HIXK
0,1 m. Taka moxubka BiAmoBigae HOpMaMm [HCTPyKIIii MPO BCTAHOBJICHHS (BIIHOBICHHS) MEX
3eMeNIbHUX JIUISTHOK B HAaTypi (Ha MICIIEBOCTI) Ta iX 3aKpiIlJICHHs MEKOBUMH 3HaKamu [13].

BucnoBku. ba3osi pedepennni cranuii B kpainax LlenTpansHoi Ta CxigHoi €Bponu cTBO-
PEHI TaKUM YHHOM, 11100 3a0€3MeYnTH MaKCUMAIILHO MOXKITUBHI JOCTYII IO AAHUX 3 X CTAHIIHA
y OyIb-sKii Tourll kKpaiHnu. OcCoOIMBO BaYKIIMBOIO MOYIJIMBICTh TAKOTO JOCTYIY € Y POMHUCIOBO
PO3BUHEHHUX pEerioHax Ui CTBOPEHHs Te0Ae3UYHOI 3HIMAIbHOT OCHOBH 3 METOIO BCTAHOBJICHHS
a00 BITHOBJICHHSI ME&X 3eMEIbHUX JIIJITHOK MTPOMHUCIIOBUX TTIPUEMCTB 3 HE0O0X1THOO TOUHICTIO.

BcranoBneHo, 1mo perioHaabHi 0COOIMBOCTI 3€MIJIEKOPHUCTYBaHb NMPOMHUCIOBHX MiANPH-
€MCTB OOYMOBJIIOIOTh BUOIp CHCTEM KOOPIMHAT, B SIKi TPaHC(HOPMYIOTh 00UHCIICHI KOOPAUHATH
TOYOK Ie0fIe3UYHOI 3HIMAIbHOT OCHOBHU Ta MEKOBHX 3HAKIB.

3acTOCYBaHHS €IMHOI CUCTEMH KOOpIUHAT /715 3a0€3MeYeHHs] BUKOHAHHSA YCiX BUIB 3€M-
JICBIOPSAIHUX Ta KaJJaCTPOBUX POOIT CIIPOCTUTD, BIOPSAJIKYE Ta CKOPOTUTH TEPMIHU BUKOHAHHS
torniorpado-reo/Ie3NIHNX poOdIT Ha MICIICBOMY PiBHI.
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UDC 528
Volodymyr Artamonov, Maryna Vasylenko, Pavlo Mikhno, Vladyslav Karyi

CREATION OF A GEODETIC BASIS FOR RESTORING
THE BOUNDARIES OF LAND PLOTS BY SATELLITE METHODS

The analysis of systems of reference stations abroad and in Ukraine, as well as analysis of regional peculiarities of
creating a surveying geodetic network using reference stations to establish (restore) boundaries of land plots of industrial
enterprises is the objective of research.

Reference stations allow to determine the coordinates of any point of the earth's surface with the use of RTK technology
in real time and provide operativeness of geodetic works.

The quantitative analysis of the systems of reference stations of some countries of Central and Eastern Europe has been
performed. On average, the radius of action of one reference station in Europe is 55 km.

The maintenance of necessary accuracy of satellite observations during the creation of a control will provide sufficient
quality and reliability of geospatial data.

The analysis of the results of the construction of a control to secure the restoration of boundaries and surveying the land
plot of «Ukrtatnaftay» with an area of 175,65 hectares for operation and service of buildings and structures of the oil refinery
in city of Kremenchuk of Poltava region has been performed.

For the possibility of maintaining land, town-planning cadaster and geodetic support of land management works in
Kremenchuk, metric information on the location of survey points and solid contours of the area was obtained by satellite
observations in three coordinate systems: MSK-53, SK-63 and local coordinate system of Kremenchuk.

Average quadratic errors of all 105 points of the surveying control do not exceed 0.1 m. The difference of average
quadratic errors definition of the location of one and the same point calculated in various coordinate systems in the plan are
0.015-0.037 m, in height — 0.003-0.009 m.

It has been established that the regional features of land use of industrial enterprises determine the choice of coordinate
systems, which transform the calculated coordinates of the points of the surveying base and boundary signs. The article is a
publication of a scientific and methodical character.

Keywords: control; State geodetic network; reference station, restoration of boundaries.
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YNHHUKH YTBOPEHHS MYJIbJI OCITAHHS 3EMHOI IOBEPXHI
Y PAUOHAX ITIIJIBEMHUX I''PHUYUX BUPOBOK

Y emammi npedcmasneno pezynemamu 2eonoeiunux ma 2eo0e3uyHux 00CAioNHCeHb Waxmuux noaie pyonuxa «Kanyuy
Kanyw-I'onuncvroeo pooosuwa. Hasederno peynomamu po3spaxyHkie MaKkCUMAnbHOI MUOUHU MYTbOU OCIOAHHS 3A1eHCHO 10
Koeghiyicnma 3anacy miynocmi yinukie ma npunaugy piounu y waxmu. 30iCHEHO aHani3 6NIUGY 3aNOBHEHHS WAXM HACUYe-
HUMU CONAHUMU PO3CONAMU HA PYUHYBAHHA YINUKIG. Beruyunu paxmuunux ocioans 3eMHOI NOBEPXHI WAXMHUX NOIE PYOHUKA
«Kanywy, euznaueni Memooom 6UCOKOMOUHO20 2e0MEMPUUHO20 HIGENIOBAHHS, HA CbO200HI He NepesUYIONb MAKCUMATLHUX
8enUUUH, OMPUMAHUX HA OCHOBI 2€01020-MEeXAHIUHUX PO3DAXYHKIE.

Knrouoei cnosa: oeghopmayis 3emuoi noeepxri; 2ipHuyi 6upooOKU,; OYIiHKA 2AUOUHU MYTbOU 3PYULEHD.

Puc.: 1. Tabn.: 2. bion.: 14.

AKTYyaJbHiCTh TEMH J0CTiI:KeHHsI. YTIPOJIOBXK OCTaHHIX JECATHIIITH PO3BUTOK TOCHOIAP-
CHKOT'0 KOMIUIEKCY YKpaiHU BiTOYBA€THCS 32 YMOB ITOCTIHHOTO HAPOIILYBaHHS TEXHOICHHO] Jie-
cTabii3alii reoIoriYHOro cepeoBHUINa. SIK HaCIiI0K, CIOCTEPIraeMo MoalbIle 301TbIICHHS Ki-
JBKOCTI KPHU30BHX SIBHI] B EKOJOTIYHMX CHCTEMaX, 30KpeMa aKTHBI3allil0 HEOEe3MeYHUX
ex3oreHHux reosyoriyaux npouecis (EI'TI) mpaktudno Ha Beiit TepuTopii Kpainu. 3amydeHHs Te-
puTopii i3 po3ButkoM mpupoaaux EI'Tl y chepy rocmogapchkoi MissbHOCTI PU3BOIUTH IO 3MiH
HABKOJIMIIHBOTO CEPEOBHILA, SKI CYNPOBOLKYIOThCS TEXHOI'€HHHM IMOCHJICHHSIM MPUPOIAHUX
EI'TIL: mopymieHHs piBHOBAru MopoJHMUX MAacHBIB IMPH BUAO00YTKY KOPUCHHUX KOTAIHH, 3a0y/10Ba
CXWJIIB, BUPYOKa JIiCIB TOIIO. Y ce 1€ CIPUUMHHIIO 3apOPKEHHS HOBHX SIBUILL, K1 paHillle He CIIo-
CTEPITAINUCH y PUPOAL — OCITAaHHS 3€MHOI IMOBEPXHI HaJ TIPHUYUMH BUPOOKAMHU, TEXHOTEHHE
HiATOTUIEHHS 3HAUHUX TEPUTOPIN MiJ BIUTMBOM TiJPOTEXHIYHOrO OyIIBHHUIITBA UM 30UIBILICHHS
IUIOI 3pOIIYBabHUX 3eMenb. PO3BUTOK Ta aKTHBi3allisi 3CYBHOIO MPOLIECY BUKIMKAE PYHHY-
BaHHJA Ta Aedopmallii 6araTboX MPOMHUCIOBUX, IHKEHEPHHX, )KUTIOBUX Ta TPOMA/ICEKUX CIIOPY.
HenocraTHiit 3a octaHH1 poku piBeHb (piHaHCYBaHHS poOiT 3 MoHITOpUHTY EI'TI cTaB ocHOBHOIO
NPUYMHOIO 3HAYHOTO 3MEHIIEHHS 00CATIB MOJBOBUX POOIT, CKOPOUEHHS KUIBKOCTI CTalllOHAPIB
Ta CMOCTEPEIKEHb HA HUX 1, IK HACTII0K, HU3bKUI PIBEHb JOCTOBIPHOCTI HasiBHOT iH(opMarrii.

IMocTanoBKa mpoOjaemMu. BruiB Ha JOBKULIA MiA3eMHUX CMOCO0IB BHIOOYyBaHHS KOpPHUC-
HUX KOIAJWH PI3HOIJIAHOBUH: 1€ 1 BIUTUB Ha JiTochepy, 3a0pyiHeHHs Tiapocdepu Ta aTMOC-
¢epu. Y npoueci BUA00yBaHHS KOPUCHHUX KOMAJIUH MMOPYIIYETHCS CTPYKTYPa MOP1, 11O CIIPHSIE
IHTEHCUBHOMY BHBITPIOBaHHIO, PO3BUTKY TPIIIMHYBATOCTI, MOPYIIEHHIO TPaBITAIlIMHOI PIBHO-
Baru, 3MiHi TiiporeosoriyHux ymoB. Kap’epu 3MiHIOIOTh IPUPOIHI (i3UUHI MTOJIS Ta JIAHAIIA-
(GTH MICIIEBOCTI, YTBOPIOIOUM aHTpororeHHi Janamadtu. [1ig gac mig3zemMHoro Bugo0yBaHHS
KOPUCHHUX KOTAJIMH BiJOyBAa€ThCS OCIAAaHHS TOBEPXHI 3€MJli, II0 CTAHOBUTH 3arpo3y uis
00’€KTIB, pO3TAIIOBAHUX Y 30HI MYJbIX OCIAaHHS, 1 HABITh JIOJCEKOMY KHUTTIO. [IpudnHOIO
BUHUKHEHHS [TPOBANIIB 36MHOT MIOBEPXHI HAa TEPUTOPII pyIHUKIB € Mi3eMH1 00BaH, sIKi BUHH-
KJIM BHACIIIJIOK MiITOTUICHHS TPYHTOBUMH BOJAMH T1J36MHHUX TPHUYHX OB pyAHUKIB. CBO-
€YacHe pearyBaHHS Ha BUHUKHEHHs MOAIOHMX TEXHOTEHHUX pyHHYBaHb 3€MHOI TOBEPXHI I0-
TpeOye MepioAMYHOTO BEJEHHS iXHBOI'O MOHITOPHHTY, a caMe€ BH3HAueHHs nedopmariiii ta
ocigasb [1]. ITix MOHITOPHUHIOM, 3a3BUYal, PO3YMIIOTh CIIOCTEPEKEHHS 32 HABKOJIMIIHIM ce-
PEIOBUIIEM, IIIO CTAHOBHUTH IMHAMIYHY CUCTEMY, TOOTO CUCTEMY, SIKA TIOCTIMHO 3MIHIOETHCS, 3
METOO 11 KOHTPOJIIO, BUBYCHHSI 1 IPOTHO3Y.

AHaJi3 ocTaHHIX JoCaiTKeHb i nmybdaikaniii. BusnaueHHns moka3sHukiB aedopmariii Ha 1i-
JISTHII TiJ1 BIUIMBOM BIAKPUTOTO Kap’€py BUMAara€ 3aCTOCYBaHHS BUCOKOTOUHHUX T€0JIE3UYHUX
METO/IIB 1 3ac001B BUMIPIOBaHb [2], 1100 3a0e3meunTH MBUAKE pearyBaHHs Ha HeOe3neky. Yu-
CJICHHI JTOCTIPKEHHS MTPOBEJICHO HAYKOBISIMHU 3 METOIO BCTAHOBJICHHS HeOe3IeK Jist Oy 1iBeh
Ta CIOPY/[, CIPUYMHEHUX BUA00YBAHHSIM KOPUCHUX KOMAJIMH.

© TI'epa O. B., I'punimak M. f., Topom JI. 1., 2021
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3 ypaxyBaHHSIM Pi3HOMaHITHOCTI Ta HEBU3HAYEHOCTI (haKTOPIB, IO BUKIUKAIOThH MOIIKO-
JoKeHHs OyaiBii, A. MannHOBChKA 3alpONOHYBaJIa METOJ HEUITKOI apryMeHTaIlii I OLIHK!
BEJIMYMHM HIKIITTMBOTO BIUIMBY TipHUYHX poOiT Ha Oyxisii [3].

VY nomnepenHix aocnimpkeHHsIX A. ManuHoBchKoi Ta P. XeliMaHOBCHKOT BHUKOPHUCTAHO Me-
tonu aHanizy ['IC nns owiHKM pyHHIBHOTO BIUIMBY MiJ36MHOTO BUAOOYTKY Ha OyiBii B
ITonwmai Ta Pocii [4].

VY pobotax [5; 6] mpeacTaBiIeH1 MIPUHIIAIIA TOYHOTO BU3HAYCHHS TPUBUMIPHUX MTEPEMIIIEHb
3 BUKOpHUCTaHHAM TexHosorii GNSS. Pe3ynbTaTi 10CTiKEHb MOKa3yIOTh, 10 B KOXKHIN CKJIa-
JIOBil (paKTHYHUX KOOPAMHAT KOHTPOJIHOBAHUX TOYOK MOXKHA TOCATHYTH TOYHOCTI 2-3 MM, a
BeJIMYMH 3CyBiB — 3-4 MM. I1]o cTocyeThcs Benmukux 00’ ekTiB, To TexHouoriss GNSS mae nepe-
Bary, MOPIBHSHO 13 KJIACHYHUMH JOCIIKEHHSIMH, Y IIBUIAKOCTI BAKOHAHHS CTIOCTEPEKEHb, 110
MIPOSIBIISIETHCST EKOHOMIEI0 (DIHAHCOBUX 3aTpar.

VY po6oTi [7] 3anponoOHOBaHO METOAMKY Ta 1H(POPMAIIHY TEXHOJIOTII0 PO3PAXYHKY 3pY-
IeHb 1 1edopMarliif 3eMHOT MOBEPXHI HA BETUKUX IUIOMIAX, SiKa 0a3y€eThCs HA CITKOBINA MoJeni
Ta BpaxoBYye reoyorito nopif. Ilpukian BUKOPUCTaHHS JaHOI METOJIMKU PO3IIISIHYTHI Ha Tepu-
topito 11-tu maxt y Jlonenpko-MakiiBcbkoMy perioHi Jlon0acy i3 cyMapHOIO IJIOLIEIO [aXT-
HuX moniB 140,5 km?.

MeTta cTaTTi — BU3HAUCHHS T€OMETPUYHHX [TapaMeTPIB MYyJIbIU OCIJaHHS 36MHOT TOBEPXHI
HaJl LIAXTHUMH ITOJIIMH JJIs1 CBOEYACHOTO ONOBIIIEHHSI PO HEOE3MEeKy Ta 3alpOBa/IXKCHHSI Bi-
NIIOBIIHUX 3aXO/IB.

BukJjaa ocHoBHOro marepiajy. HaiiGinbin sickpaBoio UTIOCTpAIi€I0 POIIECIB 3pYIIEHB 1
IPOBAJIiB MOXYTh CIY>KUTH KamiiHi pyanuku Kamym-I'oJTMHCEKOTO po/loBHINa KalliiHUX CO-
neit. BunoOyTok coumi TyT 31HCHIOBAIM 3 He3armaM ATHUX 4YaciB 0 1912 poky HUIIXOM BHITY-
TOBYBaHHs 3 HACTYITHUM BUIIAPOBYBAHHSAM PO3COIY.

CxeMa posTaimryBaHHS IIAXTHHUX TMOJIB pyaHuka «Kamymn HaBeneHna Ha puc. 1. Pynauk
CKJIaJAa€ThCS 3 YOTUPHOX BUI00YyBHUX NOMiB: I1iBHIUHE cunbBiHiTOBE, [liBHIUHE 1 LleHTpanbHe
KaiHiTOBI Ta XOTHHCHKE CHUIIbBIHITOBE.

Puc. 1. Oz2na0o06a kapma Kanyw-I onuncokoeo pooosuwa
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Ha Tepuropii I[liBHIYHOTO CHJIBBIHITOBOTO TOJIS IIIJTUKHA 3pYyHHOBAHI, B PE3yJbTaTi 4OTO
yTBOpUIIacsS MyJb/Jia ociiaHHs 3 o3epoM. [liBHiuHe i LleHTpanbHe KaiHITOBI 1OJIs 3aIIOBHEHI Ha-
CHYCHUMH PO3COJIaMH, 110 3MEHIITYE€ HaBAaHTAXEHHS Ha I[IJIMKU 1 MIJBUILYE TXHIO CTIMKICTB.
XOTHHCBHKE TOJIe BIIOKPEMJICHE BiJ] IHIIUX JBOMA TiIPOi30ISILIHHUME epeMudkamu. Bupoo-
JICHUH TIPOCTIpP 3aTUIIAETHCS CYXHM.

VY 1970-1980-11 poku HaJ TIpHUYUMHU BUPOOKaMU YTBOPHUBCS PsiJl IPOBAJIIB 3¢MHOI IIOBEP-
xH1 (HaiOuTpINi — Ha [TiBHIYHOMY KaiHITOBOMY T10J11). I3 30HM IpoBaiTy BiJiceIEHO MEIITKAHIIIB
40 6yauukiB. Ha TepuTopii MIaxTHUX MOJIB MPOAOBXKYIOTHCS AedopMallii MOBEpXHi, 10 BU-
KJIMKa€e 0OTPYHTOBaHY CTypOOBaHICTh IpoMaicbkocTi. OCHOBHI 3aKOHOMIPHOCTI Aedopmartiit
3eMHOI TOBEPXHI HAJl COJSTHUMHU IIIaXTaMH BHCBITIIEHO y poboTax [8; 9].

JIyst MATPUMKH TIPHUYOTO MAacHBY B CTa01IBHOMY CTaH1 BHIOOYTOK COJIEH 3/1HCHIOBABCS
KaMEpHOIO CUCTEMOI0, 3aJIMIIAI0uu ONOpHi 1inuku. Jedopmartii 3eMHOT MOBEpXHI HAJ| IIAXT-
HUMH TTOJISIMHU 3yMOBJICHI IBOMa IPUYMHAMU: OCITaHHIM MIKKaMEpPHUX IUIHKIB TTi]T Baroro 3a-
JSIral0vyoi BUILE TOBIII MOPiJ 1 PO3BUTKOM COJITHOTO KapCTy.

VY ripHu4iii reoMexaHi MUIMKA PO3TIBIIAI0THCS SIK CTOBIM a00 CTIHM HEOOMEKEHO1 JT0B-
JKUHU, K1 IPUHMalOTh Ha cebe Bary 3aysraodux Buile nopia. CTIHKICTh IUIHKIB 3JICKUTH BiJl
MIIIHOCTI COJTi, SIKa BU3HAYAETHCS OMOPOM OJJHOOCHOMY CTUCKAHHIO Gcr.

MinHicTh 1iIMKa BU3HAYAIOTH 32 Gpopmymoro [10]:

o=0_ xKIxK2, (1)
cm
le & — Omip pyau OXHOOCHOMY CTHCKaHH!0, T/M%, K11 K2 — koediuientn popmu.
cm

3anpornionoBadi [11] emnipuyni Gpopmyu 1715 BUSHAYCHHS BKa3aHUX KOE(IIIEHTIB:

1
Kl= =, K2=1,44. (2)

(0,45+0,55% )
a

VY naBenenux ¢opmynax h — BucoTa, a — mUpUHA IUIKMKA 32 BUKIIOYEHHSIM 30HHU TPIIIU-
HyBatocTi. g ¢popmyia nae 1ocTaTHbO TOUHI Pe3yJIbTaTH MIPH BEIUYMHI BiJHOLICHHS h/a Bix
0,3 no 4,0.

Hanpuxnan, npu h/a=3, xoediuient K1=0,47, & =0, 7o'cm

CriiiKicTh IUIMKIB BU3HAYAIOTH KOS(DIIIEHTOM 3amacy MIIHOCTI N, KW € BITHOIICHHIM
MILHOCTI IIIJIMKA IO HaBaHTaXECHHS:

n:SHxixny, 3)
Sy
ne SH — IIoIla CTOBIA BUIIE3AIATal0YMX Ha LMK MOpia, Sii — IJIola Uijiuka, Y — 00’eMHa
Bara 3ajsiralouymx BHIE 1nopia, H — rmubuna Big moBepXHi 3eMIIi 10 TOKPiBJIi BUPOOKH.
Jlst BumaaKy HeoOMEKEHOI TTOCIIIOBHOCTI MIDKKAMEPHHX IIJTUKIB 1 KaMep HEOOMEKEHO1
JOBJKHUHU, 3aIac CTIMKOCTI TEOMEXaHIYHOT CHCTEMHU N BU3HAYAETHCS 32 (HOPMYJIOIO:
1
(a—1)’/ h?
yxH(A+a)+y, xh, ’

n=o,( 4)

. . . . 2
JIe Gcr — 3arac MIITHOCTI MOpiJ HiTMKa Ha ogHoocHe ctuckanHs, 3000 /M7, (a - 1) — mmpuHa
IIJTUKIB 32 BUHSTKOM 30HHU BITUBY BUOYXOBUX pOOIT, M, h — BUCOTa MI’KKaMEpHOTO ITiITHKA, Y —
MUTOMA Bara MOKPUBAIOUMX TIOpiz, 2,6 T/M>, Yo — IUTOMa Bara CONEHOCHUX Topin, 2,2 T/M°,
H — mmbuna po3po0ku 10 MOKPIBIIi TUIacTa, M, A —IIIMPUHA KaMEPH, M. Y PO3PaxXyHKOBHX (o-
pMynax MIMPHUHA LIJUKIB 3MEHIIeHA Ha 1 M, 10 BpaXxoBY€ HASABHICTh TPIIIMH, YTBOPEHUX ITi[
4ac MpOBEICHHS BHOYXIB.
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Hedopmariii mimukiB 3anexarb BiJ koedimienrta 3amacy [10]. [Ipu 3amaci MilTHOCTI HUTMKIB
OinbIie 2,5 B OCTaHHIX ITiJT 1i€10 HAaBAaHTA)XXCHHS BUHUKAIOTh MPY>KHI Aedopmaliii, iKi BUKIUKa-
I0Th TIepeOyIOBY CTPYKTYpH cojiei. BHacmimok 1poro moponaa yuiiabHIOEThCS, 11 MIITHICTD 301-
JbIIy€eThes 1 nedopmarii 3racarorb. Mi>kkaMepHUH UMK HE pyHHY€ETBCS, a IEPEXOAUTh y HO-
BUI CTilikuil ctaH. CTiiKiCTh 30epiraeTbCcsi HEOOMEXKEHHI Yac, OHAK YHACIIIOK TUTACTUYHUX
BJIACTUBOCTEH COJIEH MPOXOUTH BIKOBE MOBLIBHE OCITaHHS IIJTUKIB 1 CXO/PKEHHS CTIHOK Kamep.
TepMmiH ocCiTaHHS BU3HAYAE€THCS IEKITbKOMA CTOJIITTSMH.

Ha xaniifHuX 1 COJSIHUX PyAHUKAX, SIKI IPOEKTYBAU i BiAIPAI[bOBYBAJIH Y IPYTil MOJOBUHI
XX CcTOMTTSA, 3amac MIITHOCTI ITIJTUKIB TIEPEBAKHO OUTBIIHMA 2,5. 3aBISKH TOCTaTHHOMY 3aracy
MIITHOCT1 Ha IEPEBaXKH1H MO IIAXTHHUX MOJIIB He(opMallii MIMKIB HE AOCATAIOTh KPUTHIHHUX
3Ha4YeHb. Y aedopMyBaHHI MDKKaMEpHUX IUIMKIB 13 3amacoM MimHocTi Bix 1,4 mo 2,5 (3kopc-
TKO-TUTACTHYHHX ) BUIUISIOTH TPU CTaJii: IOYAaTKOBY, aKTUBHY 1 3racarody.

AxtHBHa cTafis aedopmariii MOYNHAETHCS MICIsA TOTO, SIK OCIJaHHS JOCSTa€ BEIWYHUHU
2-3 % Bix Bucotu ninukiB. Llinuku crioyatky HaOyBatoTh 60YKOIOAIOHOT opMHU, a TOTIM MO-
KyTh OOBaJUTHUCS CIIOHTaHHO. Po37aBieH] MUIMKK 3aITOBHIOIOTH KaMEPH 1 Ticist Toro aedop-
Marlii TipHU40r0 MacHUBYy MOCTYIIOBO 3racaroTh. MacHB MOKPUBAIOYHX IOPIJT OCIIa€, YTBOPIO-
€ThCSI MyJIbJa 3pylieHHs. [Ipu BUCOKOMY piBHI IPYHTOBHX BOJl Y MYJIbJl YTBOPIOETHCS 03€PO.

[Tpu 3amaci mirtHOCTI MeHIe 1,4 MibkKKaMepHi IIUTMKHU BITHOCATH JI0 MIOATINBHUX, K1 30epi-
raloTh CBOIO HECYUY 3aTHICTh JIUIIIE HA KOPOTKUN TepMiH. JledopMmaltist MIMKUKIB 3aKIHIYETHCS
iX pylHYBaHHSM, [IPU LBOMY PYHHYETHCA 1 3aXHMCHA CTEJIMHA.

BaxnuBuiil BIJTMB Ha CTIMKICTh BUPOOOK MArOTh TiApOreosoriyai yMoBHU. Po3pi3HsIOTE Ha-
CTYIHI BUAX (pi3MUHOTO BIUIMBY PiJMHU HA HAPYXXEHUH CTaH ripHUYOro Macusy (Tabdm. 1). 3ne-
O1IBIIOTO BCI 111 BIUIMBY MPOSBIISIOTHCS OJHOYACHO.

Tabnuys 1 — Inocenepro-eeonociuni npoyecu, 00yMos8ieHi 6NIUBOM PIOUHU

IIpouecu, 00yMOBJ€eHi BILIUBOM PiTHHU

Jiroui cuiam .
B o0aacTi BomoHacHYeHHs Y nokpuBaw4ux Bo0ynopax
lNapocratnunwmii | Jedopmartii, 00yMOBIECHI 3MiHOIO TUCKY TIOK- | 3arajibHe MiIHATTS (OIMyCKaHHs) MIOKPUBa-
THCK pHUBAIOYHNX MOPIJT 10401 TOBIII
3Baxkyrounit Jedopmariii, 00yMoBIIeHi 3MiHOIO TYCTHHH pi- | ITigHATTS (94U omycKaHHs), 00yMOBIICHE
BILIKB JIUHH, 1[0 HACUYY€ 0OBOJTHCHY MOPOIY 3MEHIIICHHSIM F€OCTATUYHOTO TUCKY

Cydosis, 3pocranss GiIbTpaniiHoOTo 0O1opy,
I'panient Hanopy | dinbTpaniinuii onip abo KoabMaTanis Ta Gijb-
TpauiiiHe yIiTbHECHHS

YTBOPCHHﬂ KaBCPH, pO3MHUBAHHA HAa KOH-
TaKTi 3 IMMPOHUKIIMBUMHU MTOPOJAaMHU

MoeKYISIDHO PosxunHIoOUa 1is pinuHu, HabyxaHHs abo yca- Po3moxkaHHS orojyieHoI MOBEPXHi,
yIp JIKa y pe3yJbTaTi 3MiH IIOBEpPXHEBOI'O HATATY Ha | HaOyXaHHs a0 ycaJka, BTpaTa CTIHKOCTI
TIOBEPXHEBI CHIIN . . o
MeXI1 TBepJoi Ta pinkoi da3 BUPOOOK

Benmuunna ocimanHs 3eMHOI OBEPXHI MPH 3amaci MIITHOCTI MEHIIe 2,5 3alie)KUTh Bl Koe-
¢iieHTy BUIy4YEeHHSI KOPUCHOI KOTIAJIMHU 1 BUCOTH BUPOOICHOTO IPOCTOPY. 3a JaHUMHU HATYp-
HUX BUMIPIiB, OCIJaHHS 36MHOT TOBEPXHI 3aBXKI MEHIIIE 32 TIEPEMIIIICHHS ITOKPIBJIi TJIacTa BHA-
CJIITOK 3aBHCaHHS 3aJIATal0uMX BUIIE Topia Ta ixHporo pospuxienHs. [1. K. IMapkymmn [12] na
OCHOBI HaTypHHUX CHOCTEPEkKEHDb NIPONOHYE BU3HAYATH MAKCUMaJIbHE KIHIEBE OCIJJaHHSA MOBE-
PXHi M 3a popmynoro:

y = hxIIxK , 5)

n

ne h — Bucota Kamep, I/ — cTymniHb maApoOJeHHS TIPHUYOT0 MacuBy, K; — Koe(illieHT BUITY-
YEeHHS KOPUCHOI KOMAJIMHU, 7 — KOSQIIIEHT 3amacy MIIHOCTI IUIUKIB.
Crymisp miapoOJeHHs BU3HAYAIOTh 13 HOpMYI:
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11 = (IT1 x [12) % 0,5;
Dl D2, (6)

M=08——;[12=08x————
(H,, —0,12) (H,, —0,12)

ne D1, D2 — po3mipu BUpOOJIEHOTO TTpOCTOpY (MamiHHs 1 mpoctaranHs), Hep — cepenus riu-
OMHa BiJl 3eMHOI MOBEPXHIi J0 MOKPiBIi Kamep. Y Bumnazaky, skmo 11, i [12>1, ix npuitmarots
PIBHUMU OJIMHUIII.

[TpoBeneni po3paxynku ais pyaHuka «Kamymnny qamu HactynHi pesynbsTartu [13] (po3paxy-
HOK ITPOBECHO 0€3 ypaxyBaHHs TBEpAOi 3aKIa ki, pakTUYHA MaKCUMallbHA MITMOMHA MYJIbAN
2,5 M, Tabm. 2):

Tabnuysa 2 — Oyinka enubunu Myais0 3pyuleHHs Ha0 8UO0OYSHUMU NOILMU

BunobysHe none MakcuMasbHe OCITaHHs, M
TliBHIYHE CHIIBBIHITOBE 5,1%
TliBHiYHE KalHITOBE 9,1
IleHTpasbHE KaiHITOBE 7,1
XOTHHCEKE CHIIBBIHITOBE 7,4

Ha ocHoBI 6araTos1iTHBOTO CBITOBOTO JAOCBIAY CIEMIaIiCTAMH 3 TIPHUYOI T€OMEXaHIKH CO-
JSTHUX IIaXT BCTAHOBJICHO, 110, HE3AIEIKHO BiJl 3aTOIJICHHS HACHYCHUMHU PO3COJIAMH, OMTOPHI
[IJTUKH 3 9aCOM PYHHYIOThCS [S]. 'eonoriudi BIaCTUBOCTI cojield 00YMOBITIOIOTh BTpaTy HUMHU
MIITHOCTI ITiJl HABAaHTAXXCHHSIM, TIPH 3aMOYyBaHHI Ta 3 4acoM. J[oBroTepMiHOBa MIIHICTh 3pa3-
KiB KaM’SIHOT COJIl CTaHOBUTH MpuOiu3Ho 60 % BiJ OMOPY CTUCKAHHIO MPHU HIBUAKOMY HaBaH-
TaXEHH1. Y 3BOJIOXKEHHX 3Pa3KiB KaM’sIHOI COJIi IOBrOTEPMiHOBA MIIHICTh MEHILIA TIPUOIU3HO
yABIYi, IPH TOMY MBUAKICT Aehopmariiii 301Ib11y€eThest y 3-4 pasu.

[Tpu HaBaHTaXXKEHHSX Y 3pa3Kax KaMm siHOI COJi MPOSIBIIIOTHCS iedopmallii cTabilIbHOTo KO-
B3aHHs. Konu HaBanTaxkeHHs focsirae 55 % Bix onopy ogHoocHOMY cTrckaHHio (14-15 MIla),
KoB3aHHs 4epe3 160 ni0 nmepexoauts y nporpecyroue. Hanpuknan, npu 3aModyBaHHI 3pa3KiB
KaiHiToBO1 mopoau y Hacuuenomy NaCl poscouti Bosoricts gocsirae 1-5 %, npu ToMmy MIIHICTh
sMmeHIryetbes 3 40 o 7,4 MIla. [1pu 3amouyBaHH1 3pa3KiB CHIIBBIHITY 1 KaiHITY B HAICHYCHOMY
BIZTHOCHO JI0 KaJIiHOI pyIi pO34MHI BOJIOTICTh 3pa3KiB 30unbmiacs 10 4,5 %, npu ToMmy omip
CTHUCKAHHIO 3MEHIIYETHCS Y YOTUPH pa3H [ 14]. ToMy Hecyua 37aTHICTh IIIMKIB Y COJSHUX II1a-
XTaX BU3HAYAETHCS TEPMIHOM iXHBOI ciy>k0n. OcTaHHii BU3Ha4YaeThes 3a popmysoro [10]:

_ (n—1)* (1 a)
T =0.317 % 10~ [ ] = a) (7)
Je n — Koe(illieHT 3amnacy MiIfHOCTI, 0.1 0 — KoeqnuleHTH, K1 3aJ1eKaTh BiJ 3a1acy MiIlHOCTI:
a=0.716 + &15 (8)
5= (78 + M) £ 1075, 9)

Opi€eHTOBHO, TIpH 3amaci MiITHOCTI 2,5 TepMiH ciy»O0u 1iMMKiB cTaHOBUTH 100 pokiB.

Himuku maxti «Kamymm marots pisHui KoedimieHT MintHOCTI. CTapi BUPOOKH, 1€ MUPHUHA
I[IJTMKIB CTAHOBUTH BCHOTO 4 M, MaloTh Koe(ilieHT 3anacy MeHie 2,5. JIUISHKY 3 TAKUMU I1i-
JUKaMH € AyKe HeOe3rneuHuMu. JUTSHKY, K1 BiIpOOJISIN B IPYTii TOJIOBUHI JBAISATOTO CTO-
JITTA, MAIOTh KoeilieHT 3anacy Oinblie 3a 2,5 13a pe3yabTaTaMH pO3paxyHKiB MOXKYTh CTOSITH
1€ KUIbKA JECATHIIITD.

BucHoBKkH.

1. HaBemeHmii KOPOTKHUH OTJIsi] 3aKOHOMIPHOCTEH Jieopmartii TIpHUYIOTO MacHBY HaJI TTi13eM-
HUMH BUpoOkamu. [lokazaHo, 110 MOKJIMBICTh YTBOPEHHS 1 IWHAMIKa JeopMaItiii 3aexaTh BiJl
KoediieHTy 3anacy MilHoCTI HiHKiB. [Ipu 3HadeHH1 KoedirienTa 3amacy OubIe 2,5 MiTuKy 30e-

231



Ne 2(24), 2021 TEXHIYHI HAVKU TA TEXHOJIOTI
TECHNICAL SCIENCES AND TECHNOLOGIES

piTaroTh CTIMKICTh AeCATHITTAMU. B iHTEepBasi 3HaueHb koedimieHTy 3anacy 1,4-2,5 miauku moc-
TYNOBO PYHHYIOTBCS, Ha 3eMHIl TOBEPXHI YTBOPIOIOTHCS MyJIbau 3pyliieHHs. [Ipu koeditienTi 3a-
nacy MeHine 1,4 MKy pyHHYIOTBCS 111 9ac IPOBEACHHS T1PHUYO00YBHUX POOIT.

2. 1lpunnuB y miaxTH MpicHOT BOJM MPHU3BOIUTH 10 MiApi3aHHS OCHOBM LUIMKIB 1 BTpaTu
iXHBOT CTIMKOCTI, III0 CYITPOBOKYETHCSI MACOBUM OOPYIICHHSIM IMOKpHBarovoi ToBImi. [IpoBanu
3eMHOI IOBEPXH1 HaJl TIpHUYMMH BUPOOKaMHU HE TTOB’s13aHi 31 COJISTHUM KapCTOM, a € HACIIIJIKOM
0OBaJICHHS TIOKPIBJIi TIPHUYUX BUPOOOK, 30KpeMa JTyTOBEHb.

3. 3aroruieHHs BUPOOOK HACHYEHUM PO3COJIOM 30UIbIIY€ CTIMKICTh MiA3EMHUX BUPOOOK 32
paxyHOK ApxiMen0oBUX CHJI 3BaXyBaHHS. OHAK ITPH 3aMOYYBaHHI COJIEH TXHS MIITHICTh 3MEH-
HIYETHCS, TOMY 3 YaCOM LIIJIMKH BTPAYalOTh CTIMKICTh. TepMiH CTIMKOCTI 3aJIeXKHTh BiJl Koedi-
IIIEHTY 3aracy.

4. I'nmubuHa MynbaM 3pyIICHHS HaJ TIPHUYMMU BUPOOKaMHM 3aJICKUTh BiJl KOSQIIIEHTY BU-
Jy4eHHsI KOPUCHOT KOTIAJIMHH 1 BiJl CTYIICHSI 3alIOBHEHHS BUPOOOK CyXuM MaTepiaiioM. [Ipu He-
IIIMOOKOMY 3aJIsiTaHHI PIBHS IPYHTOBHX BOJ[ Y MYJIb/Ii 3pYIIEHHS YTBOPIOIOTHCS 03€pa.

5. Ha ocHOBI apXiBHUX JIaHWX HaBEJICHA XapaKTEPUCTHUKA CTaHy TIPHUYMX BHPOOOK Y 30HAX
BIUIMBY BUI0OYBHHUX 1oJiB pyaHuka «Kamymm. [Toka3aHo, 1110 MpakTUYHO HA BCiX BUIOOYBHUX
MOJIIX KOeiIlieHT 3amacy MEHIIUH 3a 2,5, 10 00yMOBIIIOE MPOCiTaHHS 36MHOI IOBEPXHI Ha Te-
puropii Bcix mouiB. [Ipu boMy BHACHIZOK PI3HOMaHITHOCTI TapaMeTpiB LUIKKIB 1 Kamep redo-
pMartii HocATh HEPIBHOMIPHUH XapakTep — BiJl PATOBUX MPOBAJIIB JI0 IJIABHOTO MPOCIIaHHS.

6. J1s1 BincminkoByBaHHS (DaKTHYHOT AMHAMIKH YTBOPEHHS MYJIbJI OCITaHHS HAJl IIAXTHUMU
MOJISIMHU HAMTIEBIIIIMMU € METOM T€0AC3UYHUX CIIOCTEPEKEHB, 30KpEMa MEPIoInYHE (3 4acTo-
To10 X04a 0 1 cepist/pik) BUKOHAHHS T€OMETPUYHOTO HiBEJIIOBAHHS ICHYIOUHX PEMIEPHUX JIIHIH.
VY pe3ynbTaTi TAaKOTO MOHITOPUHTY MOYKHA 3a(piKCyBaTH 3MiHU MIBUIKOCTI OCITaHh TOYOK 3€M-
HOI MOBEPXHI Ta BCTAHOBUTH MICISl MOXIJIMBOTO YTBOPEHHS MPOBAJIiB.

7. Ilpu BU3HAYEHH1 OC1/1aHb 3€MHOI TIOBEPXH1 METOJIOM HiBETIOBAHHSI PerepiB Mpo(uUTbHUX JIi-
Hiif TOTPIOHO BUPIIIYBAaTH CKJIA/IHI aHAJIITUKO-CTATUCTUYHI 3aBJaHHsI, TaKi K BU3HAYECHHS OIIOP-
HOT'O BUXIJTHOTO periepa Ta BUSBJICHHS TIOMHJIOK Y BIZIOMOCTSIX CIIOCTEPEKEHh MUHYJIHX POKIB.

8. BenmnumHu pakTHYHUX OCITaHb 36MHOI TTOBEPXHI B MEXaX JOCIIKYBAaHUX IIAXTHHUX T10-
JI1B HE BUXOJSTH 32 MEXK1 PO3paXOBaHUX I€0JIOT0O-MEXaHIYHUM METOJIOM 3HAU€Hb.
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UDC 528.422
Oksana Gera, Mykola Hrynishak, Lyubov Dorosh

FACTORS OF THE SUBSIDENCE TROUGH FORMATION
OVER THE UNDERGROUND MINE WORKINGS

The mine method of potassium salts deposits developing is usually accompanied by the formation of great underground
cavities, which causes gradual or sudden subsidence of the earth's surface over the minefields. These processes can cause
significant damage to both land resources (formation of siltation and even salt lakes because of subsidence of the earth's
surface) and buildings located in the zone of influence of the subsidence trough. Chasms are especially dangerous, as they
pose a direct threat to the lives and health of people habituated in the insecure areas.

Analysis of the factors of the landslides formation over the mine workings confirmed that the subsidence of the earth's
surface is a consequence of the collapse of the mine workings roof, and is not directly related to the salt karst. While flooding
workings with saturated brine, the stability of underground workings increases due to the Archimedes’ weighing forces, and
the stability period depends on the safety factor.

The dependence of the depth of the trough over the mine workings on the coefficient of mineral extraction and on the
degree of the workings filling with dry material was revealed. The lake formation in the trough shifts occurs in case of shallow
groundwater level.

The article presents the results of geological and surveying investigation of the minefields of the Kalush mine (Kalush-
Golynsk salt deposit). The results of calculations of the maximum depth of the subsidence trough depending both, on the safety
factor of the pillars and the inflow of liquid into the mine, are presented. The analysis of influence of mines filling with saturated
salt brines on destruction of pillars is conducted. Based on the archival data, the condition characteristic of extractive fields
of the mine "Kalush" is described. It appeared that in almost all mining fields the safety factor is less than 2.5, which causes
earth's surface subsidence above all the fields.

The values of the actual subsidence of the earth's surface of the mine fields of the Kalush mine, determined by the method
of high-precision geometric leveling, currently do not exceed the maximum values obtained on the basis of geological and
mechanical calculations.

Keywords: deformation of the earth's surface; mine workings, estimation of a shift trough depth.

Fig.: 1. Tables: 2. References. 14.
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Bonooumup lsanuwun, Bikmop Byeau, Muxona Kopszauenko

IH’ KEHEPHO-I'EOJIOT'TYHI BUIIYKYBAHHA
A bBY AIBHALTBO BAI'ATOIIOBEPXOBHUX BY/IMHKIB 1, 2
HA BYJI. XABUHCBKOI'O, 2A B MICTI YEPHIT"OBI

Y ecmammi nposedeno docnioscenns yvemseepmunnux 6ioknadie na mepumopii Yepnicosa nio 6ydienuymeo 6azamonose-
pxogux Oyounxis 1, 2 na eyn. Kabuncvkoeo, 2a. 3a ceomopgonociunumu o3naxamu 00Cniodcena OAHKA 3HAXOOUMbCS HA
Yepuiciecoko-I 0OpoOHAHCHKITE MOPEHHO-3aHOPOBIll PIGHUHI, 30 MEXHON02IYHUM PALIOHYBAHHAM — 6 NIBHIYHO-3AXIOHII YacCmMuHI
Hninposcvko-/loneybroi 3anadunu, nokpuma mogcmum wapom ocadosux nopio. Inceneprno-zeonociuna 6yoosa ii suguerna 0o
enubunu 20 m. B inogcenepno-eeonoeiunux pospizax eudineno 16 indcenepno-eeonociunux enemenmie ma 13 eepcms. Pospiz
CKa0eHUll CYYaACHUMU, BEPXHBbO- | CEPEOHbOYEMBEPMUHHUMU 8I0KNA0AMU. Y 8CIANHOBNIEHUX 2€0102IUHUX YMO8AX HAUOOYiNb-
HIWUL nATbLOBUI YHOAMEHM.

Knrouosi cnosa: oinanka, ipyHmu; 6UULYKY8aHH S, THICEHEPHO-2C0N02IYHI eleMeHmIL,; 8epCMBa, 30HOYBAHHSL, CBePONIOBUHA, 600a.

Puc.: 5. Tabn.: 1. bién.: 10.

AKTYya/IbHiCTh TeMH JAoc/iqxkeHHs. Ha AiIsHKaX, Ha SKUX MPOEKTYETHCS OYIBHUIITBO
Oyab-KHX 00’€KTiB, 000B’3KOBO IOBUHHI MPOBOAUTHUCS TOIBOBI i 1a00paTOpHi 1HKEHEPHO-
TeO0JIOT1UHI JoCiKeHHs. Bin iX pe3yapTaTiB 1 BACHOBKIB 3aJICKUTh CTIAKICTh 1 O€3MEUHICTb.
Tomy Taki AOCHIHKEHHS 3aBX/IU aKTyaJIbHI.

IlocTanoBka npodJeMu. /leTanpHe BUBUCHHS YSTBEPTHHHUX BIIKIAIB Ha Teputopii Ye-
pHiroBa mij Oy1iBHUIITBO O6aratonoBepxoBux OynuHKiB 1, 2 Ha Bys. XKabuHcwkoro, 2a.

AHaJi3 ocTaHHIX AocaiKeHb i myOJikaniii. Omy0OikoBaHi MaTepiaiiv 3a pe3yabTaTaMu
1HXKEHEPHO-TEOJIOTIYHNX BHINYKyBaHb Ha I AUISHIN BiACyTHI. B apxiBax 3HaX0auUThCS
«TexHnueckoe 3aKa0yeHre 00 HHKEHEPHO-T€0JIOTMYECKUX U3BICKAHUAX ISl CTPOUTENbCTBA 9
9T. XKUJIOTO JOMa CO BCTPOCHHO-TIPUCTPOCHHBIM MarasuHoM «IIpoaroBapb» U MOMENIEHUEM
nomoytpasieHus Nel0 FO3XK]] no yin. )Kabunckoro B 1. Uepaurose. YKPTUMHTU3, 1989 r.»
[1]; «Texauyeckoe 3aKiI0OUYeHUE 00 MHKEHEPHO-TEOJIOTHUECKUX U3BICKAHUSX IS CTPOUTENb-
ctBa 212 xB. )uioro goma 1-3, 4-6, marazuna «IIpoarosape» u TermonyHkra Ne 9 B r. Uep-
Hurose 1o yi. XKabunckoro. YKPTUMHTHU3, 1990 r.» [2]; « Texaudeckoe 3aKar04eHne 00 UH-
KEHEPHO-TEOJIOTUYECKUX HU3bICKAHUSAX JI CTPOUTEIHCTBA KOMILJIEKCA 3JaHUNA TaMOXHH B
r. Yepnurose 1o yi. XKabunckoro. Yepauroscrpoitnzsickanus. 1993 r.» [3].

[Ticnsg mux TEXHIYHUX BUCHOBKIB MHHYJIO JBAAIATH POKIB 1 BUHUKIIA MOTpeda JEeTaIbHO
JOCITIIUTH KOHKPETHY NUIAHKY. Taki BunmykyBaHHs Oyiu npoBezaeHi y 2014 pori. Pesynbratu
iX BUKJIaIalOThCS y HAIIINA CTaTTI.

Bujinenns HemxocCiIsKeHHMX YACTHH 3arajibHOI mpodJemMu. HeBUPIIEHOIO YaCTHHOIO
npoOemu Oyiia BiICYyTHICTh PE3yJIbTaTiB AETATbHOTO BUBUEHHS PO3TIOBCIOPKCHHS Y€TBEPTHUH-
HUX BIJKJIa/IiB Ha TOCIIIXKYBaHI AUISHII, 1X JIITOJIOT1YHOTO CKJIa1y, TTTHOMHHU 3aJIATaHHS TTOPIJT
1 TPYHTOBHX BOJI.

ITocTanoBka 3aBaaHHs. L{11b0BUM 3aBIaHHAM POOIT OyJI0 BUBUCHHS 1H)KEHEPHO-T'€0JIOT1-
YHUX YMOB JUISTHKH M1 Oy IIBHUIITBO 0araTonoBEPXOBUX KUTIOBUX OYyIMHKIB.

Buxkiax ocHOBHOTo MaTepiajy. [HKeHepHO-Te0I0TYHI BUIIYKYBAaHHS Ha JUISHIII BiJBeIe-
Hi i OyIIBHUIITBO OaraTornoBepxoBuX OyauHKIB 1, 2 Ha By:. JKaOuHcekoro, 2a B MicTi Yep-
HIrOBI BUKOHaHI TOBApHCTBOM 3 OOMEXKEHOIO BiIMOBINAIbHICTIO «UepHIriBOyapo3BiLyBaHH
3TiHO 3 JOTOBOPOM 3 TOBAPHUCTBOM 3 OOMEKEHOIO BIIMOBITAIBbHICTIO « KUTIO0YACEPBIC).

L{i1b0BUM IPU3HAYEHHSAM BUKOHAHHUX POOIT OyJ10 BUBUCHHS 1H)KEHEPHO-T'€OJIOTTYHIX YMOB
JUISTHKY 111 Oy TIBHUIITBO ACCATUIIOBEPXOBUX KUTIIOBUX OYIHUHKIB.

Cxuan, 06’eMu Ta METOIMKA BUKOHAHHUX POOIT HaBEJCHI B TAOJIHIII.

3a reoMopdOIOTIYHIMHU 03HAKAMU JIOCTIKEHA IUITHKA 3HaXOAUuThCs Ha YepHiriBcbko-1 o-
POIHSIHCHKINT MOpPEHHO-3aHpOBiH piBHMHI. Penbed ii BiTHOCHO piBHMHHHM, Mae abCOMIOTHI
BIIMITKY TTOBepXHi 3emii +140,22 — +141,3 m.

© IpanumuH B. A., byraii B. I'., Kop3auenko M. M., 2021
235



Ne 2(24), 2021

TEXHIYHI HAYKU TA TEXHOJIOTIi

TECHNICAL SCIENCES AND TECHNOLOGIES

Tabnuysa — Cxknao, obcsieu ma memoouxa pooim

H‘T’;‘ Buau pooir On. Bum. | KiabkicTh wr./m.n. | MeToanka BUKOHAHUX POOiT
[ospOBi pOOOTH
1 Bypinns cBepioBUH — 3/60 Crnoci6 OypinHs —MexaHitiHm‘/i
Ta yIapHO-KOHTAKTHHUH
2 CraTuuHe 30HAyBaHHS IIT. 6/20 [4]
3 BinOupanus npo0 HemopyuieHoi - 5 [4]
CTPYKTYpH
JlabopaTopHi poboTH
1 IIpupoiHa BOJIOTICTh 3pasku 39 [5]
2 KoncucTeHtist 3pasku 72 [5]
3 IiapHICTH 3pasku 2 [6]
4 I'paHyJIOMETPUIHMIA CKIIa] 3pa3Ku 12 [7]
5 Omip 3pi3y 3pasku 12 [7]
6 Komnpeciiiai BuipoOyBaHHs mpobdu 3 [8]

Jo i i yac BUIIyKyBaHb BOHA OyJia BiTbHA BijT 3a0yn0BH. [TiBHIYHA MeKa TUISTHKHY TiJICUTTaHa
Ha BUcoTy 1,5-2,0 M, a B MiBJICHHIH YaCTHHI IPOPUTA KaHAaBA IS CKUJAHHS TOBEPXHEBUX BOJI.

3a TEeKTOHIYHUM pallOHYBaHHSM JUISIHKA 3HAXOJUTHCS B MIBHIYHO-3aX11HINA YacTuHil J{Hin-
POBCBKO-J{0OHELBKOT 3amaluHH, MOKPUTAa TOBCTUM ILIAPOM OCaIOBHX MOPIJI.

ImxeHepHO-Teomoriyaa Oy0Ba ii BUB4YeHa 10 riuouHu 20 M. BoHa rpyHTYy€eThCS Ha Ha po-
spizax [-I' i II-II' (puc. 1, 2) mpencraBieHUX IHXEHEPHO-TEOJOTTYHUMH eleMeHTamu 1-14
(puc. 3), sKi BUIIEH] 32 pe3ysbTaTaMu OYpiHHS CBEP/JIOBHH 3 BpaXyBaHHSM JaHUX J1ab0paTo-
PHUX JOCHIKEeHb (puc. 4), CTATUYHOTO 30HAYBaHHS (pHC. 5) Ta BUIIYKYBaHb MUHYJIUX POKIB.

Po3zkpurti mopo

141

AU 3AJIATar0Th MOXHUJIO-TOPU30HTAJIBHO.
x i I

Puc. 1. I'eonoziunuii pospiz I-1
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Puc. 4. I[Ipuxnao nacnopmy nabopamoprux 00CiodHcenb — UNPOOYEAHHS TPYHIMY
MEMOOOM KOMNPECIUHO20 CIMUCK)

VY po3pizax CBEpIJIOBHHH 1 Ha JlarpamMax CTaTHYHOTO 30HAYBaHHS JI0 PO3BiAaHOI TTMOMHH
OepyTh y4acTh BepxXHbOUEeTBEPTHHHI emroBianbHi (elll), eomoBo-memoianbai (vdlll) Ta cepen-
HbOYETBEPTHHHI 03epHO-J1b010BUKOBI (1gIl), MmopenHi (gll), ¢pmoBiormsauiansHi (fII) Biakmagy,
MOKPHUTI CYy4YaCHUMH BiJIKJIQJICHHSMH — I'PYHTOBO-POCIMHHUM I11apoMm (elV) ta HacunmauMu 1py-
aramu (tIV). [pyHTH 3a/1raloTh NOXUJIO-TOPU30HTAILHO. [HOI cepe/l HUX TPAIIAIOTHCS JIH3H.

B imKeHEpHO-TEONMOTIYHNX PO3pi3ax CBEPAJOBHH BHUICHO 16 iH)KEHEPHO-TEOJIOTTYHMX
enemenTiB (II'E) Ta 13 Bepcr (puc. 1, 2). Bonn MaioTh Taky JITOJIOTIYHY XapaKTEPUCTHKY Ta
BIJTHOCHUI BIK.

CyuacHi BiaK/Ja/iIeHHS:

BepcrtBa I — (IT'E 1). Hacunuuii rpysTt (tIV). ToBmmaa 10 1,9 M.

Bepctsa II — (ITE 2). Ipynroso-pocnunnuii map (eIV). Tosumna 0,1-0,2 m.
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Puc. 5. Ilpuxnao epagika cmamuunoeo 30H0Y8aAHHS

BepxHboUeTBepTHHHI €0./10-/1e/II0BiaJIbHI BiIK/JIa11 NPUYOPHOMOPCHKOI0 TOPU30HTY
— vdIIIpc.

Bepcrsa 11l — (ITE 3). Cymicok necononiOHuiA, HEMPOCIIHHUM, TEKYUHid, )KOBTO-CIpHH, TOB-
a0 0,4-2,7 M.

ITE 3a. Cymicok siecomomiOHuii, HEMPOCITHHUMA, TEKYUIHA, )KOBTO-CIpHii, TOBITUHOIO 10 1,2 M.

Bepctea IV — (IT'E 4). [Ticok npiOGHO3epHUCTHH, CepeHbO-LIUIbHU, )KOBTO-CIpUi, TOBIIH-
HOIO 10 1 M.

ITE 5. ITicok npiOHO3EpHUCTUH, IIUTBHUHN, )KOBTO-CIPHiA, TOBUIMHOIO 10 1,1 M.

BepxHboueTBepTHHHI €0J10Bi Biakaaau nadiniBcbkoro ropusonty — ellldf.

Bepctea V — (IT'E 6). CyriauHOK JerKui, HalliBTBEPUii, CIpO-KOPHUUHEBHUI, T'yMyCOBaHHIA,
toBmuHOKO 0,4-1,0 M.

ITE 6a. cyrnnHOK JIETKM, M’ SIKOTUTACTHHHUM Ta TEKY4YOIUIACTUYHUH, CIpO-KOPUYHEBUH,
rymycoBanuii, Topumnaow 0,5-1,0 m.

239



Ne 2(24), 2021 TEXHIYHI HAVKU TA TEXHOJIOTI
TECHNICAL SCIENCES AND TECHNOLOGIES

BepxHboueTBepTHHHI €0J10-1€/I0BiajIbHI Biakjaaau 0y3bkoro ropusonty — vdIlIbg.

BepcrBa VI — (IT'E 7). CyrnuHOK JerKuid, M’ IKOTUTAaCTHYHHUM Ta TYTOIJIAaCTUYHHM, JIECOTIO-
T1OHUH, )KOBTO-CIpHi Ta SICHO-CIpUH, TOBIIMHOKO 1,2-3,6 M.

BepxHboueTBepTHHHI €0J10Bi BiAK/IaAu NPUIylbKOro ropu3onty — elllpl.

Bepcrea VII - (IT'E 8). CyrnmuHOK 1eTKui, M’ IKOTUTACTHYHHH Ta TYTOTUIACTUYHUM, TATYBaTHIA,
JIECONOIOHUH, CIPO-KOPHUYHEBHUH Ta 3€JIEHYBaTO-CIpHiA, TyMycoBaHu#, TOBIIMHOWO 0,6-1,5 M.

CepenHbo4eTBePTHHHI HAIMOPEHHI 03epPHO-JILOAOBMKOBI BiIK/JIaaH IHINPOBCHKOIO
Biky Iglldn.

Bepctea VIII — (ITE 9). CyrnuMHOK BaXXKUil, HaiBTBEpAM Ta TYTOIUIACTHYHUH, KOBTO-
cipuii Ta sicHo-cipuii, ToBnHOW0 1,0-1,6 M (JH1Ie y po3pi3i cBepATOBUHU 46).

Bepctea IX — (ITE 10). CyrnuHOK JIETKHii, TyroIuIacTHYHUH, )KOBTO-CIPHIA Ta SICHO-CIPHIA,
TOBIIMHOIO 710 0,8 M (JTHIIIe y po3pi3i CBEPAIOBUHH 46).

CepennboyeTBepTHHHI MOPEHHI Biikjaaau JHIiNPoBcbKoro Biky gllidn.

Bepcra X — (ITE 11). CyrnmuHok MOpeHUH, MIAHUCTUNA, TYTOIUIACTUYHUH, KOBTO-CIpUH
Ta )KOBTO-Oypuil, 3 TpaBieM KpUCTATIYHUX Mopia 10 2%, ToBUMHO0 1,8-2,8 M.

CepeaHbo4eTBEPTUHHI MiIMOPEHHI 03€PHO-JIbOJOBUKOBI BIIK/JIaAH AHINPOBCHLKOIO
Biky — Iglldn.

Bepctea XI — (ITE 12). Cymnicok nmutyBaTuif, INIaCTUYHUMA, )KOBTO-CIPHIA Ta OpaH)XeBO-Ci-
puii, ToBuuHoWO 1,4-3.4 M.

CepennboyeTBepTHHHI (MIIOBiOrIANIAIBHI BiAKIagu JHINPoBCcbKOro Biky — fIldn.

Bepctea XII — (IT'E 13). Cynicok milaHUCTUH, TUIACTHYHUH, )KOBTO-CipUil Ta KOBTO-0Y-
puii, ToBmHOKO 1,5-5,2 M.

Bepcrpa XIII — (ITE 14). Ilicox nmuityBaTHii, MaJlOBOJIOTHH, )KOBTO-CIpHM, TOBITUHOIO 10
0,7-1,5 m.

Pe3ynbratu po3usieHyBaHHS T€0JOTIYHOTO PO3Pi3y MOCHTIKEHOI NUISTHKY BiIOoOpakeH1 Ha
JiarpamMax CTaTUYHOTO 30HyBaHHS, JITOJOTIYHUX KOJOHKAX CBEPJJIOBUH Ta Ha 1HXKEHEPHO-
reoJIOTIYHHUX po3pizax (puc. 1-6).

®i3u4HI BIACTHUBOCTI IPYHTIB y Ja00paTOpii BUBYAIUCS Ha MOHOJITaX Ta Mpolax mopyue-
HOI CTPYKTYPH, Y MIOJHOBUX YMOBaX METOJIOM CTATUYHOTO 30HTyBaHHSI.

Buninenns imxeHepHo-reonorigaux enemeHTiB (II'E) mpoBeneno 3rigHo [9] Ta mepeBipeHO
Yyepes aHalli3 MpOCTOPOBOI 3MIHHM MPUPOTHOI BOJIOTOCTI, MEXK MIACTUYHOCTI Ta YUCIIA IJIACTH-
YHOCTI, KO€(III€HTIB MUIBHOCTI, MEXaHIYHUX BJIACTUBOCTEH.

Tosmra rpyHTiB A0 TOuHN 15-20 MeTpiB po3usieHOBaHa Ha 16 1HKEHEPHO-TEOIOTTYHUX eIe-
MEHTIB, 1110 3HAYHO TIEPEBUIIY€ aKTUBHY 30HY B3aeMO/Iii pyHIaMEHTIB OyiBesb 3 iX OCHOBaMHU.

Buaineni iHkeHepHO-TEOJIOT1YHI €IEMEHTH HE BiJIMOBIIAI0Th T€0JIOTO-TITOJIOTIYHUM BEpPC-
TBaM BI1OKJIaIEHb.

[pyHTOBI BOaM Ha AiISAHI 3aAraoTh rauOoko. Ha nouarky kBitHs 2012 poky ix piBeHb
nocsaraB OM3bKO 25 M, aje Ipu MbOMY MOXIHBE ()OPMYBaHHSI THMYACOBUX TOPH3OHTIB BOJIU
— «BEPXOBOJKNY.

®i3uK0-MeXaHI4HI BIACTUBOCTI IPYHTIB BU3HAYAJKCS 3 BPaXyBaHHIM MOXKIUBUX (TaKHX
JUTSL SIKUX € JIaHl JUIS IPOTHO3YBAHHSI) 3MIiH T€OJIOTIYHOTO CepefoBHINa. Taki 3MiHH MOXYTh
B11I0yBaTUCS TIPH MTOAAIBIIOMY OCBOEHHI IJITHKH, 30UTBIIIEHHI TEXHOTCHHOTO HaBaHTAXKCHHS
Ha CepeIOBHUIIIE.

BucHoskwu.

1. 3rixno 3 knacudikariero JIBH A.2.1-1-2008 [10] 3a ckIaaHICTIO 1HXEHEPHO-TEOJIOT14-
HUX YMOB JIIJITHKA BUIITYKYBaHb BiJIHECEHA:

- 32 reoMOPQOTOTIYHIUMH O3HAKaMHu 110 | kareropii;

- 3a reosioriyHoI0 OyaoBoto 110 11 kareropii;

- 3a T1IpOreoIoTiYyHMMHU yMOBaMH Jio | kareropif;

- 32 HasBHICTIO crierudiuHuX IpyHTIB 10 Il KaTeropii;

- 32 HasBHICTIO (pi3uKo-reosoriyaux mnpouecis 1o II kareropii.
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3aranmom gociimpkeHa niissHka BimHocuthes 1o I kareropii ckmannocti (JIBH B.2.1-10).

Po3kpura ToBIIa IpyHTIB (OCHOBA OY/IiBEIb, 1110 MPOEKTYBAIUCS ) HEOJHOPIIHA.

Ipyuru ITE 3, 6a-8, sKi npeacTaBieHi IECOBUMU CYMICKaMH 1 CyTJIMHKAaMU, i NEPiOANYHO
3HaXOJMIIUCS B 3aMOUYEHOMY CTaHi, He € npocigauMu. Jlecosi rpyntu II'E-6 — npocinni. Cyma-
pHE TIPOCiTaHHS TPYHTIB BiJI BIIACHOI Baru Py 3aMOYyBaHHI CTAHOBHJIO OJIM3BKO 3,4 CM.

VY BCTaHOBJIEHUX TE€OJIOTIYHUX YMOBAX HANOIUIBHIIINNA MabOBUN (DYHIaMEHT.

Yepes Te, 10 BUBYEHA JUISTHKA € aKyMYJISITOPOM ITOBEPXHEBHUX CTIYHHX BOJ, Yepe3 3aBH-
IIEHHS [Opora BOJOCTIYHOI TpyOU B paiioHi Bok3ansHoi miomti, npu ii 3a0y10B1 peKOMEH Y-
BAJIOCS 0OJIAIITYBATH TPAH3UTHE IPOXOXKEHHS CTOKIB.

VY Bumanky 3MiHU TabapuTiB OY/IIBIII y IUIaHI 200 3MIHU 11 TEXHIYHUX XapaKTEPUCTUK 3MICT
IH)KEHEPHO-TEOJIOTTYHIX BHCHOBKIB TMOBHHEH OyTH yYTOYHEHHWH y BIAMOBIIHOCTI 31 3MIHOIO
yYMOB OY/IIBHHUIITBA.

Yepe3 MOXKIUBICTh BUHUKHEHHS «BEPXOBOJIKM» NOTpiOHI 3axomu mependaveni JIBH
B.1.1-5, 30kpema 3abe3neunTy HaJilHY 130JIALII0 BOJOHECYYHX KOMYHIKalild Ta rnependa-
YUTH BiJBEACHHS aTMOC(EpHUX ONaIiB 3 1axy OyIiBelb, TPOTyapiB, 3aachaibTOBaHUX ILIO-
[IaJI0K 3a MeX1 00’ €KTa.
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UDC 624 057 (477.51)
Ivanyshyn Volodymyr, Buhay Viktor, Korzachenko Mykola

ENGINEERING AND GEOPHYSICAL SURVEYS FOR THE CONSTRUCTION
OF THE HIGH-RISE APARTMENT BUILDINGS 1, 2
ON ZHABINSKY STREET 2A IN CHERNIHIV

On the sections where the construction of any objects are being designed, both field and laboratory exploratory surveys
must be studied. Stability and safety depend on their results and conclusions. For this reason, such studies are always relevant.

The detailed study of the quaternary deposits on the territory of Chernihiv for the construction of the high-rise apartment
buildings 1, 2 on Zhabinsky street 2a.

There are no published materials about the results of engineering and geological surveys on this section. There are "The
technical opinion concerning the engineering and geological surveys for the construction of the 9th floor of an apartment
building with the built in-attached a "convenience" store and the house management placement Nel0 ofthe South-west railway
station on Zhabinsky Street in Chernihiv. The Ukrainian state university of engineering research, 1989"; "The technical opinion
concerning the engineering and geological surveys for the construction of 212 sq. m. the apartment buildings 1-3, 4-6, a
"convenience" store and heat exchangers Ne9 in Chernihiv on Zhabinsky Street, The Ukrainian state university of engineering
research, 1990"; "The technical opinion concerning the engineering and geological surveys for the construction a complex of
buildings custom house in Chernihiv on Zhabinsky Street. Chernihiv construction surveys, 1993" in the archives.

Twenty years have passed after these technical opinions and there was a need to study a particular section in detail. Such
surveys have been conducted in 2014. The paper presents findings of a study on this issue.

The unsolved part of the problem was the absence of results for more detailed study of the spreading of quaternary sedi-
ments in the study area, their lithology, the depth of bedding of rocks and groundwater.

The purpose of the article was to study the engineering and geological conditions of the section for the construction ofa
high-rise apartment buildings.
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According to the geomorphological grounds, the section is located on the Chernihiv-Gorodnyansk moraine-outwash plain,
through the technological regionalisation - to the north-western part of the Dniprovsko-Donetska cavity, covered with a thick
layer of sedimentary rocks. The engineering and geological buildings have been studied to a depth of 20 m. In the engineering
and geological sections both 16 engineering and geological elements and 13 layers are identified. The section is composed by
the modern, upper and medium sized quaternary sediments. The ground water lies at a depth about of 25 metres.

The studied area is generally applied to the II category of complexity.

The revealed thickness of the soil (the foundation of the designed buildings) is heterogeneous. The soils of EGE (engineer-
ing geological element) 3, 6a - 8, which are represented by the loess sandy loam and the loams, and periodically were soaked
in water, are non-sedimentary. The loess soils of EGE-6 are sedimentary.

Because of the possibility of "upgrade water", it is necessary to ensure reliable isolation of the water-carrying communi-
cations and foresee the withdraw of atmospheric precipitations from the roofs of buildings, the sidewalks and the asphalt
grounds. The pile foundation is the most appropriate in the established geological conditions.

Keywords: area (section), soils; surveys; engineering and geological elements, layers,; sounding, the well; water.
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IMPOEKTYBAHHSA CUCTEM KUTTE3ABE3IIEYEHHA
KUTJIOBOI'O KOMIIVIEKCY

Y po6omi npoananizosano sacmocyséanns BIM-mexnono2iil y uacmumi npoeKmy8ants CUCIEM HCUMME3AOe3NeueHHsl Jcu-
MN06020 KOMNIEKCY 8 NPOSPAMHOMY npodykmi Renga. Pospobneno arcopumm nposedenHs asmompacy8ants CUcmemu ond-
JIeHHA ma cucmem 8000NOCMAYAHHA MaA 80008i06edeHHA. Busnaueno nepesazu ma HeOoniku UKOPUCAHHA NPUKIAOHUX 0I0-
Jiomek 06pan02o nPocpamMHo2o nPoOyKmy ma npogecitinux 6ioriomex 061AOHAHHS 8i0 8UPOOHUKIE MA NPOOEMOHCPOBAHO
ix npakmuune UKOPUCMAHHA OJ1A NOOYOO0BU THIHCEHEPHUX MEPEHC MUNOBO20 NOBEPX). 3anponoHo8aHuii Memoo 00360JIA€ 3HA-
YHO CKOPOMUMU HYAC NPOEKMYBAHHS MPYOONPOGIOHUX cuUcCmeM, NIO20MOEKU OOKYMEHMAYii ma 6HeCeHHI Kopuay8ans npu pos-
pobyi npoekmy.

Knrouoei cnosa: npoexmysanms, cucmemu sHcumme3ade3nederts; CUcmema ONaieHH s, iHICEHEPHT Mepedicl, MexHOI02l
iHGhopMayilino20 MOOen0B8ANHS.

Puc.: 6. Bion.: 10.

AKTYyaJbHICTh TeMH A0CTiTKeHHs1. [TiqBUIIEHHS SKOCTI BUKOHAHHS OYIIBETbHUX TIPOEK-
TiB 3aBX/M € TOCTPUM MUTAHHAM Il IPOEKTHUX OpraHizamii. YpaxyBaHHS HOPM IPOEKTY-
BaHHsI, TEXHOJIOTIYHOCTI Ta MPUBAOJIMBOCTI I MalOYTHIX BIIACHHUKIB MTOPOKY€E HEOOX1THICTh
NOCTIHOTO BHECEHHSI KOpETryBaHb IPU po3poOili MpoekTy. OHAK BHECEHHS KOPETYBaHb y BXKe
ICHYIOUY YaCTUHY TIPOEKTY CTA€ MOTCHIIHOI MTPUYMHOIO 3HUKEHHS SIKOCTI.

IMocTanoBka nmpodaemu. Ha mpakTuili BUSBICHHS IPOPaxyHKIB yXKe Ha eTarli OyiBHUII-
TBa 3HAYHO YIOBUIbHIOE BUKOHAHHS MOHT)XHHUX POOIT Ta MPU3BOAUTH A0 301IBIICHHS BapTO-
cTi OyaiBHHMLTBA. Hail011b11 OmupeHuMu € po0aeMu 3 HakJIaJaHHIM pPi3HOMaHITHUX Tpac Ta
MOBITPOTIPOBO/IIB HA €JIEMEHTH OTOPOKYBAIbHUX KOHCTPYKITIH.

AHaJi3 ocTaHHIX Aoc/TiTKeHb i myOaikaniii. BpaxyBaHHS BCiX aclIeKTiB IPOBEICHOTO KO-
peryBaHHs MOKJIMBE JIMIIE MPU KOMIUIEKCHOMY IMPOEKTYBaHHI BCiX CUCTEM B OHOMY Nporpa-
MHOMY IaKeTi Ta 3 OJJHOYaCHUM J0CTynoM mpoekTaHTiB [1]. IlogiOHa opraHizaris mpoekTy-
BaHHs BXKE MIATPUMYEThCA Oararbma mporpamHuMHu mpomykramu: Autodesk, Revit, Renga,
Tekla, Catia. AHaini3 ocTanHiX myOJiKaliil BKa3ye Ha IepCHEKTHBHICTh 3aCTOCYBAaHHS B MIPOE-
KTYBaHHI TPOAYKTIB 13 MIATPUMKOIO TEXHOJOTIH iH(popMaiiitHoro mojaentoBanHs (BIM-
TeXHOJOriH) [2]. 3a gaHMMK OMUTYBaHHs, IpoBeAeHOro cepen crenianicTiB y CIIA, 79 % ko-
pYCTyBayiB BKa3ylOTh Ha MOJIMIIEHHS SIKOCTI MPOEKTIB, BUKOHAHUX 13 BUKOpHCTaHHIM BIM-
TEXHOJIOT1H, 30KpeMa 3a PaxyHOK 3MEHIIEHHs 3anuTiB Ha iHpopmarito (RFI) ta 3meHmeHHs
npo0JeM KooparuHalii Ha Mictsax [3].

Bujinenns HeqOCHiIKEHUX YACTHH 3arajbHoi mpodJemu. J{ocBia 3actocyBanHs BIM-
TEXHOJIOT1 y BITYM3HSAHOMY OYIBHHIITBI BXKE JOCHTHh BarOMHM, ajie¢ HE B YaCTHHI MPOEKTY-
BaHHS CHUCTEM XKUTTe3a0e3nedeHHs. /s npukiamy, MOXKINBICTh TPACYBaHHS CUCTEM BOJIOMO-
CTayaHHS B IIMPOKO PO3MOBCIOPKEHOMY IIPOTPaMHOMY MPOAYKTi Renga 3’siBuiacs iuie Ha-
npukiaii 2018 poky [4].

MeTo10 CTATTi € JOCIIIPKEHHS! CyYacHUX MOXIIMBOCTEH IMpOrpaMHOro mpoaykry Renga
IIPU MIPOEKTYBAHHI CUCTEM KUTT€3a0€3MECUCHHS Ha MPUKIIA/Il KUTIOBOTO KOMILIEKCY Mpisi-1 y
micTi YepHirosi.

Buxaax ocHoBHOoro martepiany. JKutnosuii komruiekc Mpisi-1 o6pano came depe3 HE00-
X1/IHICTh BHECEHHS JI0 ICHYIOUOTO MTPOEKTY MACH 3MiH, TOYMHAIOYH BiJl €IEMEHTIB 30BHIIIIHHOTO
037100JIEHHS Ta 3aKIHYYIOYH CIPSDKEHHSM 3 y)Ke ICHyro4uoro Oyaisiero (puc. 1) [5].

®opmyBaHHS BXIJTHUX JaHUX, HEOOXITHUX JUISI IPOEKTYBAHHS, Y MPOrPaMHOMY HPOAYKTI
Renga npoBoaunm 3a mMatepiaiamu caity 3a0y0oBHUKA. ByIBIII KOMIUIEKCY 11€ MOHOJIITHO-
KapKacHa OyiBJIs 31 CTPIUKOBUM (DYHIaMEHTOM, CTIHM BUKOHAHI 13 CUJIIKaTHOI IIETJIN Ta yTel-
JieH1 miHomoicTUpoioM (puc. 2). [lepekpuTTs BUKOHAHO 3a11300€TOHHUMH TIJTUTAMHU TOBIIU-
HO0 220 MM. BHyTpimHi neperopoaxu 3 razo6erony ToBmuHO0 100 MM.

© T'anee T. P., bap6amr M. 1., bomotos I'. I1., Bomotos M. I'., 2021
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Puc. 1. 3acanvrnuii uenso scumuosozo komniexcy Mpis-1 ma vioeo sizyanizayis [5]

JI>xepelioM TUTHOTO BOJOIOCTaYaHHSI KOMIUIEKCY € iCHyro4a MichbKa Mepeska. Marictpa-
JBHI TPyOOIIPOBOIM MPOKJIAJEH] B MiABaIbHOMY MpuMilieHHI. [1iqkitoueHHs ClIo’KUBaviB BU-
KOHAHE CTalleBUMHU BojorazonpoBiganmu Tpyodamu 3a JICTY 8936:2019. Binein modyToBux
CTIYHUX BOJI B/l CAHITAPHO-TEXHIYHHUX MPUJIAIIB 3IHCHIOETHCS B ICHYIOUY KaHAJI3aIliiHy Me-
pexy. Mepexi moOyToBO1 KaHasi3allii BUKOHAHI 13 moiMepHUX TpyO 1 (pacoHHMX YacTHH 3a
JACTY b B.2.5-32:2007. IlpuMiIneHHs1 ONAIIOIOTHCS Bl 1HAMBITYadbHOI CUCTEMHU OIAJICHHS.
VY npumMiiieHHsAx nependadeHa MPUILTMBHO-BUTS)KHA BEHTHIISITIS.

Puc. 2. JKumnosuii xomnnexc y npoyeci 6yoienuymaa [6]

Ha ocHOBiI oTprMaHHX NaHUX MPO KOMIUIEKC MPOBENU MOOYI0BY apXiTEKTypHOI YaCTHHH
mozeni (puc. 3). Peamizariss BIM-TtexHosmoriii B 00paHOMy TPOTrpaMHOMY IaKeTi 1HTYITHBHO
3po3ymina, a opopmIIeHHST poOOYOro MPOCTOPY HABITH ACKETUYHE, 110 € PE3YJIBTaTOM BIANIO1
KOHIIETIIII1 TONIEPETHHOTO BCTAHOBJICHHSI OCHOBHHX MapaMeTpiB MPOeKTyBaHHs. ToOTO a1 CTi-
HOBHUX KOHCTPYKIIIM MOMEPEeIHBO 3aJaBAIMCA TOBIIMHA Ta MaTepial KOKHOTO IIapy, BHI Ta
KOJIip 03100JIeHHS. Y MpoIieci MOJIeTIOBaHH] Taka KOHIICTIIis 3a0e31edye BIIEBHEHICTh Ta 3Ha-
YHY eKOHOMiIo Jacy. KpiM Toro, ogHoOYacHO 30MpaeThbes iHPOpMALis sl CTBOPEHHS KOLITO-
PHCHOI JJOKyMEHTAITi.
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Puc. 3. Mooenwv sxcumnosozo komniexcy, no6yooeamna 6 npocpamuomy npooykmi Renga

[ToOynoBy iHXXEHEPHUX MEPEK MIPOBEIEMO ISl TUTIOBOTO MOBEPXY (puC. 4, a) 1 MOYHEMO 3
CHUCTEMHU OTaJIeHHs. BiJIMOBITHO /10 MPOEKTY KOXKHA KBAPTUPA Ma€ 1HIUBIyabHE OMAJICHHS Ta
oOnasiHaHa TBOKOHTYPHUM Ta30BUM KOTJIOM. BHKOHY€EMO TONIepeIHE HANAIITYBAHHS TPaBUI
MPOKJIaaHHs TpyOonpoBoIiB onasieHHs. [[pu3HavaeMo marepiai TpyOOIpPOBOIIB, MEepetik da-
COHHUX €JICMEHTIB Ta JiaMeTpH TPYO, 110 MOXYTh BUKOPHUCTOBYBaTHCA. BcTaHOBIIOEMO BijIC-
TaHi BiJ CTIH Ta IUIUT NEPEKPUTTS 10 TPyOONpoBOIiB. J{iIsl JaHOTO MPOEKTY 0OpaHO MOJIIPO-
nisgeHoBl TpyOu [7] 30BHImHIM giaMeTpoM 20 MM 3 TPOKJIQJaHHIM TO TiAPOI30JIAIii IIUT
MEPEKPUTTS B IIapi MOHOJIITHOT OETOHHOT HAJIMBHOT MiAJIOTH. ABTOTpacyBaHHS TPyOOIIPOBOIY
OTIAJICHHS PO3TJITHEMO Ha MPUKIIAJl KyTOBOI KBApTUPH TUIIOBOTO MOBEPXY (puC. 4, 0).

Po3paxyBaBiim TemaoBi BTpaTH KyTOBOT KBapTHPH [ 8] MPUATILTN 10 BUCHOBKY PO JOCTAT-
HICTh BCTAHOBJICHHS CTAJICBUX PaiaTOPiB OMAJICHHS TUITY 22 3 O1YHUM IT1IKIFOYCHHSIM JTI0BKH-
Hoto 1500 MM it kyxHi, 800 MM i1t 6ankony Ta 900 MM anst KiMHatu. Bucoty paaiaropis
JUIsl OATKOHY Ta KyXHI 3 €CTeTUYHUX MIpKyBaHb 3MeHIIIN 10 300 Mmm. CxeMy MmiAKITIOYEHHS
pamiatopiB oOpanu 1BOTpyOHY (puc. 5).

Ha Bigminy Bix moOynoBH apXiTEKTYpHOT YaCTHHH MPOEKTY MOOY0Ba CUCTEMHU OTAJICHHS
B IIPOrpaMHOMY NPOAYKTi Renga He € iHTYITHBHO 3p03yMinior0. OcobauBO NpoOIeMaTHYHNM €
po6oTa 3 MpUB’I3KaMH MPU peAaryBaHHl TPUBUMIPHOI CUCTEMH TPYOOIIPOBO/IIB.

3a aHaNOTIYHUM aJITOPUTMOM IMIPOBEJICHO aBTOTPACYBAHHS MEPEK BOAOIMOCTAUYAHHS Ta BO-
noBiaBeneHHs (puc. 6). XoloaHe BOIONOCTauYaHHs [IEHTpati3oBane. By3on 00Ky po3rario-
BaHO B TEXHIYHIH Hilli BaHHOI KiMHATH. CIIO)KMBavYaMu XOJIOHOT BOJM JUISI PO3PaXyHKY Jia-
MeTpiB TpyO BOJOMOCTaYaHHS Ta BOAOBIABEACHHS OOpaHO IT’ATh CAaHITAPHHUX MPHIIAIIB.

Jlo He3HAYHMX HEIOJIKIB TP MPOSKTYBAaHHI CHCTEM BOAOIIOCTaYaHHS MOKHA BITHECTH 00-
MexeHy 010J110TeKy Mojenei o0MaHaHHs Ta MMOMWIKK B iX mapamerpax. OOuaBa HEAOMIKH
MIOCTYTIOBO HIBEJIOIOTHCS MOABOIO Mpodeciiinux 6i0mioTex 001agHaHHA Bil BUPOOHHKIB [9;
10]. Tomy 3a yMOBHU MOCTIHHOTO MOHITOPUHTY 010J110TEK PO3TISHYTHI MPOTrpaMHUMN MPOAYKT
y’K€ MOK€ BUKOPUCTOBYBATHUCS JJIsl IKICHOTO TIPOEKTYBAHHS CHCTEM KHTT€3a0€3ICUCHHS.
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Puc. 5. Cxema npoknadanns cucmemu onaneHus
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Puc. 6. Cxema npoxnadanus cucmemu 6000n0CMa4ants ma 60008i08€0eHHS

BucnoBku. [lepexin Ha mporpamMHi TpoayKTH 3 miATpUMKOr BIM-TexHomoT1i 1iiiCHO Ha-
Jla€ IJTMHA s epeBar IPOSKTHUM oprasizamisiv. OCHOBHUMH 3 SKHX € YHUKHEHHS TIOMIJIOK
MIpH MPOKJIAJaHHI Ta peJaryBaHHl TpyOONPOBIIHUX CHUCTEM, CKOPOUCHHS 4acy MPOEKTYBAHHS
Ta MIATOTOBKU JOKyMEHTAIlil. 3HaUHUI MOMUT Ha TEXHOJOTr1] iHpOpMaLiifHOTO MOAETIOBAHHS
3a KOPJIOHOM Ta aKTUBHUI PO3BUTOK BiJIOBITHOTO MPOTrPAMHOTO 3a0€3MEUEHHS € TIOIITOBXOM
1 1711 HAaBYATBHUX 3aKJIaJlIB U aKTUBHIIIOTO MEPEXOAY Ha MiIrOTOBKY MPOQiIbHUX CHeIiai-
CTiB 31 3HaHHSIM BIM-TeXHOIIOT1iA.
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UDC 697
Timur Hanieiev, Marina Barbash, Gennady Bolotov, Maksym Bolotov
DESIGN OF LIFE SUPPORT SYSTEMS FOR THE HOUSING COMPLEX

Urgency of the research. Improving the quality of construction projects is a topical issue for design organizations. Taking
into account design norms makes it necessary to make adjustments to an already existing part of the project, which becomes a
potential cause of a decrease in quality.

Target setting. Identification of miscalculations during the construction phase significantly slows down the
implementation of installation work and leads to an increase in the cost of construction. Most often these are problems with
the imposition of various routes and air ducts on the elements of the enclosing structures.

Actual scientific researches and issues analysis. According to a survey conducted among specialists in the United States,
79% of users indicate an improvement in the quality of projects completed using BIM technologies by reducing requests for
information (RFI) and reducing coordination problems on the ground.
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Uninvestigated parts of general matters defining. The experience of using BIM technologies in domestic construction is
quite significant, but not in terms of designing life support systems. The ability to design water supply systems in the Renga
software product appeared only at the end of 2018.

The research objective The purpose of this article is to analyze the modern capabilities of the Renga software product in
the design of life support systems using the example of a residential complex in the city of Chernigov.

The statement of basic materials. The construction of the architectural part of the model has been carried out. An
algorithm for autorouting the heating system after calculating heat losses for a corner apartment of a typical floor is proposed.
Water supply and sewerage networks have been designed. The advantages and disadvantages of using the applied libraries of
the selected software product are determined and their practical use for building engineering networks of a typical floor is
demonstrated.

Conclusions. The transition to software products with support for BIM technologies brings advantages to design
organizations: avoidance of errors when laying and editing piping systems, reducing design time and preparing documentation.
The demand and active development of the corresponding software is an impetus for educational institutions for an active
transition to training specialists with knowledge of BIM technologies.

Keywords: design; life support systems; heating system, engineering networks; information modeling technologies.
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OCOBJIMBOCTI ONAHYBAHHSI TEOJE3UMYHUX TUCHHUIJIIH
B YMOBAX JUCTAHIIMHOI'O HABYAHHA

Y po6oT 1 pO3MITHYT O MET OJIMYHI TiIXO/IH JIO JUCT AHIIIHHOTO BHBYCHHS CT YACHT aMH Ie0Ie3MHIX quctmrniH. [TiakpecieHo,
1110 32 JIUCT aHIIHHIX YMOB HaJaHHS OCBIT HIX IIOCJIYT CT YICHT aM 3/IICHIOET bCsl 3 BUKOPUCT aHHAM CydaCHHX 1H( OpMaIifHuX i KO-
MyHIKaLiitHiX T exHosoriid. OcoOmBo1 yBaru ot pedye BUKOHAHHS J1]a00paT OPHKX POOIT , B SIKMX 32CT OCOBYIOT bCS TCOAE3MYHI TIPU-
71411, — BUBYCHESI TIpaBUJI IOTBILY 32 MPWJIAIaMH, 3IHCHEHHS X IepeBipOK 1 FOCT yBaHb, MiATOT OBKA MPMJA/IIB [0 TOJHOBUX CIIOCT €-
PEX CHb, OT PUMaHHS HABHKIB BUMIPIOBAHL BEPT MKAJBHUX I TOPU3OHT ajbHUX KYT iB, HATIPSAMKIB, BIZICT aHeil T omo. Mer ofauyHi
TIZXO/H 10 ONIAHYBAHHS I'€0IC3NYHHX IUCLIAILTH NOT PeOYIOT b YIOCKOHAJICHHS T @ BCEOIYHOTO JOCIIIK CHHSL.

Cmamms € nyOnikayiero HayKo80-memooutHo20 XapaxKmepy.

Knrouogi cnoga: ceooesis,; kapmozcpais,; pomospammempis; 2eode3uyti npunadu,; Oucmanyiline Haguanus, naamegpopma
Moodle; mviomop.

Puc.: 1. Bi6n.: 10.

AKTYyaJBHICTh TEMH JOCTiTZKeHHsI. Y TIEpioJ1 3a1IPOBaPKEHOTO KapaHTHHY 3 METOIO 3ar10-
OiraHHs TOMIMPEHHIO Ha TepHUTOpii YKpaiHu rocTpoi pecmiparopHoi xsopodbu COVID-19,
cnpuunHeHoi kopoHaBipycoM SARS-CoV-2, y KpemeHuyllbkOMy HalliOHaJIbHOMY yHIBEpCH-
teTi imeH1 Muxaiina Octporpaacekoro (KpHY), sk 1 B iHIIUX 3aKIagax BUIO1 OCBITH, OCBITHIN
IpoIieC NMEePEeBOIMIN Ha TUCTAHIIHHY (OpMY HaBYaHHS.

JIMCIUTIIIIHY TE€OJIE3MYHOTO CTIPSMYBAHHS JUIsI TIIATOTOBKY OaKaJIaBpiB 3a OCBITHBHOIO IPO-
rpamoto 193 «I'eonesist Ta 3emieycTpiil» BIANOBITHO O HABYAIBHOTO IJIAHY BHKJIAJAIOThCS
BIIPOJIOBX YOTUPHOX KYpCIB, TOYMHAIOYN 3 MEPIIOr0. BUTbIIICTh T€0Ne3nYHUX AUCITUILIIH €
000B’3KOBUMH JWCIUILTIHAMHU, IO BITHOCATHCS 70 LUKIY TUCHMILIIH npodeciiHoi miaroro-
BKU. 30KkpeMa, 1ie nucnuriing: «leonesis», «Kaprorpadis», «Maremarnuna oOpoOka reose-
3UYHUX BUMIpPiB, OCHOBU METPOJIOTii Ta cTaHiapTHu3amii», «Bumia reopesis», «CymyTHHKOBa
reoze3isny, «DoTorpaMmmeTpis Ta TUCTAHIIIHE 30HIyBaHH». HagaHHSI OCBITHIX MOCTYT CTYyJIe-
HTaM JI0 MOMEHTY TIEPEXO/y Ha 3MilllaHe HaBUAHHS YK€ YaCTKOBO 3/IHCHIOBATIOCS 3 BUKOPHUC-
TaHHIM Cy4YacHHUX 1H(OpMaIiiHUX 1 KOMYHIKAI[IHHUX TEXHOJIOT1M. AJie B yMOBaX JUCTAHITIN-
HOTO HAaBYaHHS METOIUYHI MiJAXOAM IO MiATOTOBKH CHEIIANICTIB 3 Te0Ne3ii Ta 3eMIICyCTPOIO
MaJi 3a3HaTH [EBHUX 3MiH.

IMocTanoBka nmpodiaemu. OcoOMUBICT, ONMAHYBAHHS TE€OIE3MYHUX JUCHIUIUTIH TOJSATAE B
3aCTOCYBaHHI Ha JJa0OPATOPHUX 3aHATTAX F€OAC3NYHUX MPUIAAIB — JUIsl BABUECHHS IIPABUII J0-
ISy 3@ HUMHM, 3[1HCHEHHS NEPEBIPOK 1 IOCTYBaHb, MiJATOTOBKH MPUIIALIB 10 MOIHOBUX CIIOC-
TEepEKEeHb, OTPUMAHHS HaBHKIB BUMIPIOBaHb BEPTHKAIBHUX 1 TOPU30HTAIBHUX KYTiB, HAPSM-
KiB, BijgcTaHed Tomio. ToMy migxoau 10 OMaHyBaHHS caMe LUX JAUCHMIUIIH Yy Mepion
JTUCTaHIIMHOTO HaBYaHHS MOTPEOYIOTh YIOCKOHAJICHHS Ta BCEOIYHOTO TOCTiHKCHHS.

AHaJi3 OCTaHHIX JOCTi:KeHb i myOaikaniii. 3a nanumu [ 1] BUSHaHHS TEPMIHY «IHCTaH-
1iifHa OCBITa» BIIOYI0Ch y 1982 p., KoM TepMiH «KOPECTIOHICHTChKE» OYyJI0 3aMIHEHO Ha «JTH-
cTaHLiliHe» B Ha3Bli MixkHapoaHoi koH(epeHuii 3 aucranmiinoi ocsitu (International Confer-
ence of Distance Education) y Bankygsepi, Kanani, Ta 3romom y Ha3Bi Mixkaaponnoi Panu 3
kopecnonaeHTchkoi ocBiTH (International Council for Correspondence Education — ICCE), sika
3MIHWJIA TTONIEPEeIHIO Ha3By Ha MixkHaponHy Pany 3 auctaniiiinoi ocsitu (International Coun-
cil for Distance Education — ICDE). ABtopu mnpatti [2] po3misgaroTh TEXHOJOT1T po3poOKH 1~
CTaHIIMHOTO KypCY, HABOAATH MPUKJIAIA TPOBEACHHS JIITHIX MK, KypCiB MiIBUIIEHHS KBaJi-
¢ikamii. PoGora [3] mnpucBsideHa BHUBYCHHIO 3aKOPJAOHHOTO JOCBiy 3ampOBa/KEHHS
JTUCTaHIIMHOTO HaBYaHHS B YHIBepcuTeTaX. JlOCTiIKEHHS TTOKa3alIu, 0 JJIs 3/IIHCHEHHS TUC-
TAHI[IIHOT OCBITH Cy4YacHi YHIBEPCUTETH MOTPeOyIOTh TEXHIYHOI MiITPUMKHU MPOBITHUX KOM-
naHii 1 ¢pipm y ramysi [T-texnonoriii. ABTopu MmoHOTrpadii [4] 3a3Ha4ar0Th, 10 MPOIIEC IUIAHY-
BaHHs OCBITH Ta il MpakTUYHA peaii3alis B YMOBaX KpU3W BHUMAararoThb HE JIMIIE TBOPYOTO

© Hlenxocbka I. M., Jlamko C. I1., Kozaps B. 1., 'amsuenxo H. I1., 2021
251



Ne 2(24), 2021 TEXHIYHI HAVKU TA TEXHOJIOTI
TECHNICAL SCIENCES AND TECHNOLOGIES

X0y, aJie 1 MPUHHATTS CEpHO3HUX OpraHi3aliitHUX 3aX0/liB, 1 HE JIUIIEC HAa PIBHI CAaMUX HaB-
YJaJbHUX 3akiIadiB. Jxepeno [S] po3kpuBae 3MiCT AiSUTBHOCTI THIOTOPA IUCTAHI[IHHOTO Ta 3Mi-
[IAHOTO HaBYaHHS Ha 0a3i Cy4acHOTO CTaHy PO3BHUTKY OCBITH y CBIiTi. KOMyHIKaTHBHOMY TIpO-
CTOpPY B3a€MOIl MK yUHSIMH Ta YYUTENISIMH y JUCTAHLINHIN (opMi HaBUYaHHS NPUCBIYCHI
nparii [6; 7]. 3a TBep/PKEHHSIM aBTOpa Tparll [8] 3MimaHui miaxig 10 HaBYAHHS € OAHIEIO 3
HaOIBII aKTyaJbHUX OCBITHIX TEXHOJIOTiH ChOTOIEHHS, OCKUIBKH J03BOJISIE CKOPHCTATHCS
THYYKICTIO 1 3pYYHICTIO JUCTAHIIIMHOTO KypCy Ta IepeBaraMu TPaauIliiHOTO KJIacy.

HenocratHbo po3KpUTUM Yy HAyKOBIH JiTepaTypi 3ajJUIIAEThCS MUTAHHS BUBYCHHS TeOe-
3UYHUX OUCLUIUIIH ITiI 9ac JUCTAHIIMHOrO HaBYaHH.

Meta nociigaKeHHs: MPOAHANI3yBaTH METOAWYHI MiIXOIU 10 AUCTAHIIMHOTO BUBYCHHS
CTY/JICHTaMH T€0/IC3UYHUX JTUCIHILIIH Ha Kadeapi reonesii, 3eMJIeBIOPSIKYBaHHS Ta KaAacTpy
KpemeHuy1pkoro HalioHaJIbHOTO YHIBEpCUTETY iMeH1 Muxaiina OcTporpaachkoro.

Buxiaax ocHoBHoro marepianay. Binmosimno no I[lonoxenus «IIpo mucraHIiifHe HaB-
yaHHs» (3arBepmkeHe HakazoM MOH Bix 25.04.2013 p. Ne 466/2013) nix aucraHmiiiHuM Ha-
BYAHHSIM PO3YMIIOTh 1HIMBIyali30BaHMM Mpoliec HaOyTTs 3HaHb, YMiHb, HABUYOK 1 CIIOCOOIB
Mi3HABABHOT isSTIHHOCTI JTFOMUHU, KU BiIOYBa€THCs 31€01TBIIOTO 32 OMIOCEPEIKOBAHOI B3a€-
Moii BiJTAJICHUX OJIMH BiJI OTHOTO YYaCHUKIB HABYAJILHOTO MPOIIECY Y CIEIlialli30BaHOMY Ce-
penoBuii, sike QYHKIIIOHY€E Ha 0a3i CydacHUX MCUXOJIOTO-TIEaroTiyHNX Ta iH()OopMaIiiHO-KO-
MYHIKaIIHTHUX TEXHOJIOT1M.

[TpoBinHe Micie y CUCTeMi JUCTAHIIIIHOI OCBITH BiJIBEJICHO BHKIJIA/auy, SIKUW BUCTYIIAE B
pouti ThroTopa. BukonanHs mpodeciiiHuX 3aBIaHb ThIOTOpA Nependadae peatizaiio Takux dy-
HK1I# [5; 9; 10]:

— KOHCYJIFTaHTa — BUSIBISIETHCS B 1HPOpPMYBaHH1, HQJIaHH] CTYICHTaM mopaj, iHhopMaIlii-
Hill TATPUMIII IPOIECY HABYAHHS,

— MEHeJDKepa — peasi3yeThCsl B KEPIBHUIITBI Ta MOTHBAIIIT CTYACHTIB, KOHCYJIBTAIISIX 1 KO-
MYHIKAI[iSX 3 HAMH,

— (bacurmiTatopa — BUpaKa€ThCS B HAJIArO/PKEHHI Ta MATPUMaHH1 iHQOPMAIITHUX 3B’ 3KIB
1 B3a€EMOJIii MIJK CTYIGHTAMH Ta IHIIMMHU YYaCHUKAMH CUCTEMH OCBITH, Y BPETYJIIOBaHHI Pi3HUX
npoOemM, po3B’sa3aHHI KOH(ITIKTIB, aganTallii cayxadiB 10 HOBUX (opM HaBYaHHS.

3-moMiX TmepeBar AUCTAHIIHHOT OCBITH IIOA0 BUBYCHHS T'€OIC3UYHHUX AUCIUILIIH BapTO
3a3HAYUTH:

— cBoOoy BHOOpY Hacy i MiCIlsl HAaBUAHHS;

— IHTEPaKTUBHICTh CTyAeHTa (MOro MOCTIWHWN, aKTUBHUN KOHTAKT 3 BHKJIQJa4eM Yy XOIi
HaBYAJILHOTO IPOIECY Y Oylb-sIKOMY MOOUTBHOMY J0NATKY, Hanpukian y Viber, Telegram a6o
€JICKTPOHHOIO TOIITOI);

— MOJIMBICTH Oprasi3amii CliJbHUX KOHCYJBTALIN Y X0/I BUKOHAHHS KypCOBOi, MPaKTUY-
HOT pOoOOTH 3a JOTIOMOTOI0 CHHXPOHHHUX MEPEKEBUX TEXHOJIOTIH (HampUKIIaI, Ha miaTrgopMax
Zoom, Messenger Facebook);

— 3a0e3mnedeHHsl OBHOTO 00caTy JKepel iH(opmMarlii 3 Kypcy, 110 BUBYAETHCS, 33 JJOTIOMO-
rOI0 Pi3HMX 3ac001B nepeaavi Ta noganHs iHpopmaii (Hanpuknan, Google /luck).

SAx HOCI# 1HDOpMaIii Ta 3aci0 11 qocTaBku po3rsgacThes [HTepHeT. [lepenaua TeopeTny-
HUX MaTepiaiiB CTyJeHTaM 3IHCHIOETbCS Y BUIVISII €NIEKTPOHHUX HAaBYAIbHUX MOCIOHHKIB; Bi-
JICOJICKITif; IHTEpHET-ceMiHapiB (30KpeMa, 3aBaHTAKEHHS Ta IMITOPT CYITyTHUKOBUX JJAaHUX, 00-
poOsieHHsT KOCMIYHHMX 3HIMKIB mporpamoro MultiSpec, ILWIS); po3pobneHux BuKIanauemMm
MIPE3CHTAIlI; CIOHYKaHHS CTYICHTIB 10 CAMOCTIHHOI poOOTH, X CaMOBIOCKOHAJICHHS.

3 iHmoro OOKy, JUCTAHIIIITHE HABYAHHS I11]1 YaC BUBUCHHS T'€0/IC3MYHUX JUCIUILTIH HE JIa€
MOJKJTUBOCTI CTY/ICHTaM KOMYHIKYBATH B ayAUTOPii 3 yciMa OAHOTPYITHUKAMH Ta JIOCBIAYCHUMH
BUKIIaJ[a49aMH, a BUKIIaJa4qy — 3 [UIbOBOIO ayJUTOPIEIO IMiJT Yac JEeKIii 4 JabopaTopHUX pooiT
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3a 6e31ocepeTHLOT0 BUKOPHUCTAHHSI TEXHIYHOTO JJabopaTopHOro o0iaiHaHHsI, 6€3M1JI0THOTO Ji-
TanpHOTO amapary, GPS-npuiiMada, eJIeKTpOHHOTO TEXEOMETpa TOIIO; HE A€ MOXKIUBOCTI Bi-
JIe0 CIIOCTEPEKEHHS 1] 9ac OHJIalH-TECTyBaHHs a00 3714l ICUTY; MOTPeOy€e TEXHIYHOTO OCHA-
IeHHs (TIepcoHaIbHUIM KoMl 10Tep, cMapTdoH) Ta Internet 3’ ennanns y notpiOxuit yac. Kpim
TOTO, cepell poOIeM BUBYCHHS Teoie31i Tpebda BUIITUTH HEMOXKIIUBICTD SIKICHOTO BUKOHAHHS,
OLIIHIOBAaHHS Ta KEPIBHULITBA KYPCOBUM IIPOEKTOM.

Jli1st oTTaHyBaHHS CTYICHTaMHU Te0/IC3MYHUX TUCIHUIUTIH BUKJIaa9aMu, 33 SKHMH 3aKpiIyIeHi
K 00OB’SI3KOBI, TaKk 1 BUOIPKOBI TUCHHMIUIIHM, pO3pOOIEHO €IeKTPOHHI HaBUAIbHI KypCH, B
OCBITHIN TIpoliec 3aiy4aeTbesi BipTyanbHuii oCcBiTHINA mpocTip KpeMeHuyIpkoro HaiioHa b-
HOTO YHiBepCUTeTy iMeHi Muxaitna OcTporpaichkoro Ta CUCTEMA OIIHKU SKOCTI HaBYaHHS 1
TECTYBaHHS 3HaHb CTYJIEHTIB Ha TiargopMi JOWCTaHIiiHOrO HaB4yaHHsI Moodle
(http://w.w.w.krnu.org ) (puc. 1).
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HaBuansHuii MaTepial MOJAETHCS CTYIEHTAM Y BHUIIISAI €EKTPOHHUX KOHCIEKTIB JICKIIii,
MYJBTUMEAIMHUX TTPE3CHTAIlIN JICKIIId, METOAMYHUX PEKOMEH/IAI 0 MPaKTUYHUX 1 Jabopa-
TOPHHX POOIT, KypCOBUX MPOEKTIB, BiZieo MarepiaiiB Tomo. Po3pobieni marepianu ponomara-
I0Th 3a0€3MEeYNTH 3aKPITUICHHs] BUBYCHOTO JICKI[IHHOTO Marepiaiy, IMAroTyBaTH BIIMOBIII Ha
KOHTPOJIbHI TUTAHHS, MIITOTYBATUCS JI0 3AJIIKOBOTO YU €K3aMEHaLlIHHOTO TeCTy, (popMyBaTH y
CTY/ICHTIB BMiHHS Ta BiNOBIIHI MpodeciitHi HaBuuku. HaBuanbHM MaTepiall re0e3NIHNUX JTH-
CIIUILTIH MOUISETHCS IEKTOPAMH Ha JACKiTbKa 3MiCTOBHUX MOYIIB.

[IpakTruHi 3aBIaHHS BUKOHYIOTHCS CTYICHTaMH 1HIMUBIAYyaJbHO Ta Mepen0dadaroTh 3BIT 3a
OTPUMaHHI pe3ybTaTy poOOTH Y BUIVISII PO3paxXyHKiB, KPECIEHb, SIKi IEPECHIIAIOTHCS CTYACH-
TaMU BUKJIAJa4y B €JICKTPOHHOMY BHUIJISII, @ MIC/ISA 3aKiHYCHHS KapaHTUHY 37aF0ThCSI BHKJIA-
Jady B ManepoBOMY BUIIsAL. TepMiHM BUKOHAHHS 3aBIaHHS 3a3HAYAIOTHCS B 3aBaHHI.

BukonanHs mabopaTopHUX poOIT 3 T€0Ie3MIHIX HAaBYAJIbHUX AUCITUILTIH, JIe HE 3a/Ii5H1 Te-
OJIC3UYHI MPUJIATU, B YMOBAX TUCTAHIIITHOTO HABYAHHS PEANi3yETHCS 3 BUKOPUCTAHHIM IPO-
rpaMHOTO 3a0€3TEUeHHS, SIKE € Y BITbHOMY JOCTYII, HAPUKJIIA, IT1]1 9ac BUBYCHHS Kypcy «Do-
TOrpaMMeTpisi Ta NUCTaHLIWHE 30HAYBaHHS» — mporpam MultiSpec, QGIS. JlaGoparopsi
poOoTH 3 Teose3ii Ta HaBYAIbHA MTPAKTHKA TIEPEHOCWIIHCS HA MICBHUH Yac — I X BUKOHAHHS
3 BUKOPHCTAHHSM T'€0/Ie3UTHOTO OO HAHHS.
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CamocriitHa po0O0Ta CTyJEHTIB BUKOHYETHCS 32 TAKUMHU BHJIaMH POOIT: ONpaIlfOBaHHS JICK-
[IHHOTO Marepiaiy, MiAroTOBKa 10 JTAOOpAaTOPHUX, MPAKTUYHUX, KOHTPOJIBHUX POOIT, BUKO-
HaHHS PO3PaxyHKOBO-TpadiuHUX 1 KypCOBUX pOOIT, KypCOBUX IPOEKTIB, HATUCAHHA pedepaTis,
CTBOPEHHS IIPE3EHTAIlii.

OO00B’I3KOBOO CKJIAJIOBOIO TMCTAHITIHOTO HABYAHHS, SIK 1 OUHOTO, € CHCTEMA TIPOMIKHOTO Ta
IT1ICyMKOBOTO KOHTPOJTIO JUTSI OIIIHFOBAHHSI PIBHS 3HAHB 32 MIPOUICHUM MaTepiajioM 3 TeOIE3NIHUX
JUCIATUTIH IUIIXOM OHyTaliH-TecTyBaHHs. Came mardopma Moodle 103Borsie BUKITaa4qy OIiHIO-
BaTW HaBUAJIbHI JIOCATHEHHS CTYJICHTIB Ha OCHOBI TECTYBAHHS SIK 32 3MiCTOBHMU MOJYJISIMH, TaK 1
MiICYMKOBOTO KOHTPOJIO. Pe3ynbTaTti TeCTOBOTO OIIHIOBaHHSI HABYAJIBHUX JIOCSTHEHB CTYICHTIB
3aHOCATHCS 10 EIEKTPOHHOTO KypHATY 3 KOKHOI AucHuILTiHA. CTYJIeHTH, B CBOIO Yepry, MarOTh
BCl MOJKJIMBOCT1 CaMOCTIMHO OTpuMYyBatH 3 margopmu Moodle HaBuambHO-METONUYHI MaTepiain
JI0 BIZMOBIHUX T€OIC3MYHUX KypCiB, KpUTepii Ta (hopmar OIiHIOBaHHS.

BucHoBkH. Y nucTaHIifHOMY HaBYaHHI BIJICYTHI NIPABHJIbHI PIIIEHHS Ta 1ICaTbHUMN ajro-
pHUTM ioro peanizauii. [010BHUM € Te, 1110 jk0/HA MIaTdopMa JUIsd HaBdaHHS online He MoXe 3a-
MIHUTH >KUBE CITUIKYBaHHS Mi>K BUKJIQIa4eM 1 CTyIeHTaMu. ToMy il 9ac BUBYCHHS T€OIC3UIHIX
JUMCIUIUTIH JUCTaHLIHHY (OpMY HaBYaHHS MOXKHA PO3IIISAATH JIMIIE SIK JIOTIOBHEHHSI 70 CTaIlio-
HApHOTO HaBYaHHSI, 3/IaTHE MiJABHUIIMTH HOTO €()EeKTHBHICTh Ta OJHOYACHO IOJICTIIUTH CaMO-
CTiifHE OTpaIfOBaHHS TEOPETUYHOTO MaTepialy TeOIe3UUHUX TUCIUTLIIH, 1 THM CaMUM TMTPUCKO-
PHTH TIPOIIEC BUBUCHHS JAUCIMIUTIH T€OIE3UIHOTO CITPSIMYBaHHSI Ta MEPEBIPKY 3HAHB CTYJCHTIB.

CnuCcOK BUKOPUCTAHUX JIZKepet

1. ITunaesa T. B., Jlamaamu M. TeopeTndHi aclieKTH MOHSTTS «IMCTaHLiHA OCBiTa». EXOHOMIUHUL
pozeumox i cnadowuna Cemena Kyzneys: mezu 0onogioeti MidcHapoOOHOT HAYKOBO-NPAKMUYHOI KOHe-
penyii, 31 TpaBast — 01 gepBHsa 2018 p. XapKiBCbKUiT HaIllIOHATHHUN €KOHOMIYHUHN YHIBEPCUTET IMEHI
Cemena Kysmems. C.324-327. URL: http://www.skced.hneu.edu.ua/files/tez_konferencii_simon_
kuznets 6 06 18.pdf#page=326.

2. buxos B. 0., Kyxapenko B. M., Cuporenko H. I., Pubanko O. B., boraukos 0. M. Texnomnoris
CTBOpEHHS TUCTAHIIIMHOTO Kypcy : HaBd. mocib. / mig pen. B. 0. buxosa, B. M. Kyxapenka. Kuis : Mi-
neniym, 2008. 324 c.

3. AnieB X. M. 3apyOikHUH [OCBiA yNpOBaKeHHs AUCTAHIIHHOTO HaBYaHHS B YHiBEPCHUTETaX.
Hayxkosi 3anucku Beposmncvrozo depoicasnoeo nedazoziunozo ynisepcumemy. Cepis: Iledazoeiuni nayku.
2017. Bum. 3. C. 11-17. URL: https://pedagogy.bdpu.org/wp-content/uploads/2018/01/3-1.pdf.

4. Kyxapenko B. M., Kyxapenko B. B. Exctpene aucraniiiine HaBuaHHS B YKpaiHi : MOHOTpadis.
XapkiB : Micbka apykaphsi, 2020. 409 c.

5. Kyxapenko B. M. ThroTOp AUCTAHIIIHOTO Ta 3MIlIAHOTO HaBYAHHS : HaB4. moci0. Kuis : Mine-
Hiy™, 2019. 307 c.

6. Oprasxizariisi cepeIoBHINA TUCTAHIIIITHOTO HABUYAHHS B CEPEIHIX 3arajJbHOOCBITHIX HaBYAIBHUX
3aknajaax : nocionuk / Hayk. pea. FO. M. boraukos. Kuis : [lenaroriuna qymka, 2012. 160 c.

7. ducraHuiiiHe HaBUYaHHS: BUKJIHMKH, pe3yJbTaTH Ta nepcnektuBu. [lopanuuk. 3 gocBigy poboTtn
ocBiTsaH micta KueBa: HaBd.-meTo. moci6. / ymopsia. L. I1. Boporaukosa, H. B. YaiikoBcbka. Kuis : Kuis.
yH-T iM. b. ['piruenka, 2020. 456 c.

8. danyeera A. €. 3mimaHe HaBYaHHS SK TEXHOJIOTisA 3MiH 1 Tpanchopmartii. Hapoona oceima.
2017. Bum. 2. C. 4-9. URL: https://www.narodnaosvita.kiev.ua/?page id=4544.

9. bpoBapcrka O. A. Ponb ThroTOpCTBa y opraHizaiii ocBiTHbOTO iporiecy BH3 B ymoBax cydacHoro
iH(opMaIliitHoro CycminbCcTBa: MepeBaru Ta npolieMu. 36ipHUK HAYKO8UX npayb XMeibHUYbKO2O iH-
cmumymy coyianvhux mexuonoziu Yuisepcumemy «VYxpainay. 2018. Ne 1. C.16-19. URL:
http://nbuv.gov.ua/UJRN/Znpkhist 2018 1 5.

10. Hopur, D. A. OcoOeHHOCTH COIHaTbHOH KOMMYHHKALMM B JUCTAHIIMOHHOM OOpa3oBaHUH
B3pOCIbIX. Egpasutickoe Hayurnoe obvedunerue. 2019. No 11(57). C. 473—-476. URL: https://esa-confer-
ence.ru/wp-content/uploads/files/pdf/Dorsh-Ekaterina-Arkadevna.pdf.

254



TEXHIYHI HAYKU TA TEXHOJIOT T Ne 2(24), 2021
TECHNICAL SCIENCES AND TECHNOLOGIES

References

1. Pylaieva, T. V., & Lamaashy, M. (2018). Teoretychni aspekty poniattia «dystantsiina osvita»
[Theoretical aspects of the concept of «Distance Education»]. In Ekonomichnyi rozvytok i spad-
shchyna Semena Kuznetsia: Mizhnarodna naukovo-praktychna konferentsiia — Economic
development and legacy of Semyon Kuznets: abstracts of reports of the international scientific-
practical conference (p. 324-327). http://www.skced.hneu.edu.ua/files/tez_konferencii_simon_ kuz-
nets 6 06 18.pdf#page=326.

2. Bykov, V. Yu., Kukharenko (Eds.), V. M., Syrotenko, N. H., Rybalko, O. V., & Bohachkov, Yu.
M. (2008). Tekhnolohiia stvorennia dystantsiinoho kursu [Technology of creating a distance course].
Milenium.

3. Aliiev, Kh. M. (2017). Zarubizhnyi dosvid uprovadzhennia dystantsiinoho navchannia v univer-
sytetakh [Foreign experience in implementing distance learning in universities]. Naukovi zapysky Ber-
dianskoho derzhavnoho pedahohichnoho universytetu. Seriia: Pedahohichni nauky — Scientific notes of
Berdyansk State Pedagogical University. Series: Pedagogical sciences, 3, 1-17. https://peda-
gogy.bdpu.org/wp-content/uploads/2018/01/3-1.pdf.

4. Kukharenko, V. M., & Kukharenko, V. V. (2020). Ekstrene dystantsiine navchannia v Ukraini
[Emergency distance learning in Ukraine]. Miska drukarnia.

5. Kukharenko, V. M. (2019). Tiutor dystantsiinoho ta zmishanoho navchannia [Distance and
blended learning tutor]. Milenium.

6. Bohachkov, Yu. M. (Ed.). (2012). Orhanizatsiia seredovyshcha dystantsiinoho navchannia v
serednikh zahalnoosvitnikh navchalnykh zakladakh [Organization of distance learning environments in
secondary general educational institutions]. Pedahohichna dumka.

7. Vorotnykova, I. P., & Chaikovska, N. V. (Comps.). (2020). Dystantsiine navchannia: vyklyky,
rezultaty ta perspektyvy. Poradnyk. Z dosvidu roboty osvitian mista Kyieva [Distance learning:
challenges, results and prospects. Adviser. From the experience of educators of the city of Kyiv]. Ky-
ivskyi universytet imeni Borysa Hrinchenka.

8. Fandieieva, A. Ye. (2017). Zmishane navchannia yak tekhnolohiia zmin i transformatsii [Blended
learning as a technology of change and transformation]. Narodna osvita — Public education, 2, 4-9.
https://www.narodnaosvita.kiev.ua/?page id=4544.

9. Brovarska, O. A. (2018). Rol tiutorstva u orhanizatsii osvitnoho protsesu VNZ v umovakh
suchasnoho informatsiinoho suspilstva: perevahy ta problemy [The role of tutoring in the organization
of the educational process of universities in the modern information society: advantages and problems].
Zbirnyk naukovykh prats Khmelnytskoho instytutu sotsialnykh tekhnolohii Universytetu « Ukrainay —
Collection of scientific works of the Khmelnytsky Institute of Social Technologies of the University
"Ukraine", 15(1), p. 16—19. http://nbuv.gov.ua/UJRN/Znpkhist 2018 1 5.

10. Dorsh, E. A. (2019). Osobennosti sotcialnoi kommunikatcii v distantcionnom obrazovanii
vzroslykh [Features of social communication in distance education of adults]. Evraziiskoe nauchnoe
obedinenie — Eurasian Scientific Association, 11(57), p. 473—476. https://esa-conference.ru/wp-con-
tent/uploads/files/pdf/Dorsh-Ekaterina-Arkadevna.pdf.

UDC 528:378
Inna Shelkovska, Serhii Lashko, Valentyn Kozar, Nadiia Halchenko

FEATURES OF MASTERING GEODETIC DISCIPLINES
IN DISTANCE LEARNING

Introduction of distance learning during a pandemic caused by coronary SARS-COV-2 is a preventive measure in higher
education institutions. In Kremenchuk Mykhailo Ostrohradskyi National University educational services in conditions of dis-
tance learning is provided to students using modern information and communication technologies. Particular attention require
the laboratory works, in which geodetic instruments are used, — studying the rules of care for the instruments, conducting their
inspections and configuring them, preparing the instruments to field observations, obtaining measurement skills of vertical
and horizontal angles, directions, distances, etc. Methodological approaches to mastering geodetic disciplines require an im-
provement and comprehensive study. The analysis of recent research and publications showed that the problems of mastering
geodetic disciplines by students during distance learning are not yet resolved. The purpose of the study is to analyze methodo-
logical approaches to distance learning of geodetic disciplines by students at the Department of Geodesy, Land Management
and Cadastre of Kremenchuk Mykhailo Ostrohradskyi National University. The leading place for communication with students
in the system of distance education is conducted by the teacher, who acts as a tutor.
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The basic advantages and disadvantages of distance education while studying geodetic disciplines were investigated.
Advantages include freedom to select time and place of study, interactivity of the student (his permanent, active contact with
the teacher during the educational process in any mobile application), the possibility of organizing the joint consultations to
perform course project and practical works by using synchronous network technologies; providing a student with a full amount
of information sources on discipline. Disadvantages are the lack of opportunity to communicate with a teacher and classmates
in the classroom, the lack of opportunities for laboratory works on geodetic disciplines using geodetic instruments, the impos-
sibility of qualitative implementation, evaluation and management of the course project, etc.

The paper describes the possibilities of Virtual educational space of Kremenchuk Mykhailo Ostrohradskyi National Uni-
versity and the system of assessing quality of education and testing students' knowledge via the Moodle distance learning
platform. It was concluded that the distance learning can only be considered as an addition to stationary one and capable to
increase its efficiency and at the same time facilitate the independent mastering of the theoretical material of geodetic disci-
plines, thereby accelerate the studying process of the geodesic disciplines and checking students' knowledge.

The article is a publication of scientific and methodical character.

Keywords: geodesy, cartography; photogrammetry; geodetic instruments; distance learning; Moodle platform; tutor.
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FEOJAE3MYHUN I JUCTAHIIHUA MOHITOPUHT 3EMEJIb, BLIBEJIEHUX
1] COHSTYHI EJJEKTPOCTAHIIIT

Poszenanymo cyyacnuii cman semnexopucnysans 00 '€kmis, wo 30ilUCHIONMb OISILHICIb Y 2aY3i COHAYHOI eHepeemuKy,
SAK CKIA0080i YacmuHu PUHKY elekmpoeHepeii Ha pe2ioHANbHOMY pieHi. 3a ymouHeHuMu OanumMu NPOaHanizo8aHo po3nooin
3eMenbHUX OLIAHOK Of0UUX COHAYHUX eleKmPOCmanyill 3a Kinbkicmio ma niowamu é mexcax Kiposoepaocwvroi obnacmi. Oyi-
Herno 3a 14 kpumepismu 6umozu w000 HAOAHHSA Y KOPUCMYBAHHS 3eMENbHUX OLIAHOK OJisl BCMAHOBNCHHS COHAUYHUX eeKmpPOC-
manyii. Bionogionicme iosedenux 3emenv 6UMo2am OJisi po3MIujeHHs NIONPUEMCING ATbMEPHAMUBHOI eHepeemuKy niomeaep-
Odxcena. [{na oyinku kpumepiie sukopucmani oani oucmanyitinozo 3ondyeanns 3emni. Taxkodc npoananizosano naseHicmv Ha
mepumopii Kiposoepadcvkoi obracmi nynxkmis [leporcagnoi eeo0e3uynoi mepedci 01 6CMAHOGIEeHHS HA MICYe80Cmi MediC 3e-
MenvHUX Oinanox. Ompumani pe3yibmamuy OYiHKY NPUOAMHOCII 3eMellb MOXCYMb Oymu GUKOPUCTNAHT Ol NIO8UUeHHA NpU-
sabausocmi cekmopy conaunoi enepeemuxu Kipogoepadcwvxoi obnacmi.

Knrwwuoei cnosa: zemnexopucmyganns,; eeo0e3utHull MOHIMopuHe; 2e00e3udHull nyHKm, OUCMAaHyiuHull MOHIMopuHe; oyi-
HKA NpUOamHocmi 3emeib.

Puc.: 3. bion.: 10.

AKTYyaJBHICTh TeMH J0CTiTKeHHs. [[iITpUMyI0YH 3araibHOCBITOBI TPEHAM 301IbIICHHS
YaCTKU BiJIHOBIIOBAJIBHUX JIKEPEIN eHepril y BUPOOHHUIITBI €IEKTPOSHEPrii Ta Marouy BUTiTHE
reorpacdiuHe po3ranryBaHHs, YKpaiHa, 1 KipoBorpaacbka 001acTh 30KpeMa, XapakTepPU3yIThCS
3HAYHUM TTOTEHITIAJIOM Il CTBOPEHHSI eHeproeeKTUBHOI eKOHOMIKU. Pa3zom 3 Tum, BiACYT-
HICTh JOCTOBIPHOI iH(pOpMAIIii MO0 PO3MOALTY 3eMeb MM 00’ €KTaMH, 110 3A1MCHIOIOTH Jisi-
JBHICTh B Tay3i COHSYHOI €HEPreTHKH, CYTTEBO YCKIIAJHIOE OIIHKY €()eKTUBHOCTI BIIPOBa-
JOKEHHSI HOBITHIX TPOEKTIB y Mexax KipoBorpaacbkoi obnacti, B TOMy 4HCIi i NUTaHb
palioHaJIBLHOTO 3eMJICKOPUCTYBaHHS. TOMy HarajJbHHUM € TIPOBEICHHS 3a PI3HUMH TEXHOJIOT1-
SIMH MOHITOPHHTY 3€MeJlb, BIIBEICHUX 1171 00’ €KTHU COHSIYHOI CHEPTeTHKH.

IlocTanoBka npodaemMu. BcraHoBieH 0COOTMBOCTI BUKOPUCTAHHS 3€MeJTb COHSYHOI eHe-
PTeTHKH Ha PETiOHAJILHOMY piBHI, BUOIp KpUTEPIiB Ta OLIIHKA MPUAATHOCTI 3eMEIbHUX JUISTHOK
i pO3MILIEHHS Ha3eMHUX (POTOENEKTPUYHUX YCTAaHOBOK CIYT'YBaTUMYTh 0a30BOI0 iH(opMa-
€0 ISl IPUMHATTS YIPABIIHCHKHUX PIllIeHb II0/I0 PalliOHATBHOTO BUKOPUCTAHHS 3€MENIbHUX
pecypciB. MeTonooriYHO OCHOBOIO I1i€1 pOOOTH € METOIU TOPIBHSHDB, aHATI3Y Ta y3arajib-
HEHHS MTOTNEePEIHIX JOCTIDKEHB Y cdepi 3eMIIeyCTPOIO0, KaJacTpy Ta EHEPTeTUKH.

AHaIi3 ocTaHHiX Hoc/iIKeHb i myOsaikamiii. 3 po3BUTKOM B YKpaiHi albTEepHATUBHOI
E€HEPreTHKU MPIOPUTETHUMH € 3arajibHe OI[IHIOBaHHS EHEProe()eKTUBHOCTI MPOMHUCIOBHUX
PETiOHIB, CUIBCHKOTO 1 JKUTIOBOTO TocnofapeTsa [ 1], 6ararokpurepianbhaa (00’ €1HaHA) OIliHKA
BKE HasBHOI iH(opMalii Mpo COHSYHY padiamilo Ta HHU3KY reorpadidHux 1 coliajbHO-
€KOHOMIUHUX (HaKTOpiB (YXWUIU pelbedy, BUKOPUCTAHHS 3€MEINb, PO3MIPH MICT, PO3MOIILI
HaceJieHHs, ONMU3BKICTh CTBOPEHHUX EJEKTPOMEpEeX TOmo) [2], a TaKoK CKIAJaHHS KapT
MPHUIATHOCTI 3eMeNb Uil (POTOCTEKTPUUHUX EIEKTPOCTAHIIN 3a KOCMIYHHMH 3HIMKaMHU 3
BHCOKOIO PO3JIIIILHOIO 3aTHICTIO. BuOip iHIUKATOPIB AJIsl OLIHKH 1 MOHITOPUHTY €HEPreTUIHO
npuBabmuBUX NaHAmadTiB onucanuii y po6oTi [3]. 3a OCHOBY mpuiiHATAa KOHIENTyaJlbHA
ctpykrypa moHiTopunry DPSIR (driving force — pressure — state — impact — response), 110
onepye HabopoM 6a30BuX MOHATE. Driving force (pymriiitHa cuia, CTUMYJISIIS ) — AHTPOTIOTEHHA
TISIIBHICTD, SIKa 3IIACHIOE HABAaHTAKEHHs (pressure) Ha HAaBKOJIHUIIHE CEpENIOBHINE, IO
MPU3BOIUTHL 70 3MiH B Horo crasi (state). Y cBoro uepry, mi 3MiHu (impact) BIUTMBAIOTh Ha
HABKOJIMIITHE CEPEOBHINE, 1 BUHUKAE HEOOXIAHICTh pearyBaHHsS (response) Ha 3MiHHU, 3
PO3pPOOKOI0 KOMILJIEKCY 3aXO/I1B 1010 HOpMaJIi3alii CUTyallii.

[ToniOHa ominka Tepurtopiit y cepenouii I'IC npoenena y IliBHiuHi# [Tanii — ctocoBHO
BIUIMBY IMPaBOBUX OOMEKeHb Ha OyIIBHULTBO HOBMX HAa3eMHHMX COHSYHHUX YCTaHOBOK [4].
CucreMa TiATPUMKH MPUAHATTS PIlICHb AJIs BUOOPY ONTHUMAIBHUX 3€MENbHHUX JUISHOK ITiJ
po3MileHHs: (OTOSNEKTPUYHUX EICKTPOCTaHIlIi onucana y mpari [5]. Llg cucrema BpaxoBye
SK KJIIMaTUYHO-TeorpadivHi, TaK 1 eKoJOoriuH1 (aKTOpPH.
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BunijieHHsi HenocC/JiKeHUX YACTHH 3arajibHoi mpo6JjemMu. MOHITOPUHT 3€Mellb, IO
BIJIBEJICHI ITJI COHSYHI €JIEKTPOCTaHIlli, mOTpeOy€e HAIOBHEHHs 0a3u T€OMPOCTOPOBUX JTaHUX
MOHITOPHHTY, 1 Ma€ BPaXOBYBAaTH OCHOBHI BUMOTH KOMILJIEKCY MIKHAPOAHUX CTaHAAPTIB cepii
ISO 19100 «I'eorpacdiuna iHbopMaTHKa/TeoMaTHKay [6]. YTiM, OUIBIIICTE PEANTbHUX DPIlllEHb
NpUIIMa€ETHCS HA OCHOBI HETIOBHOT iHopMartii. [le Bumarae po3poOku karanoriB 00’ €KTiB s
MOHITOPHHTY 1 ITOCIIIOBHOCTI MPoIiecy 300py 3HAYCHb (XapaKTEPUCTHK), TOYHMHAIOYH 3 JAHUX
MOTIEPEIHIX CITIOCTEPEIKEHD [7].

[TuTaHHA MOHITOPUHTY 3€Mejb, BIABEICHUX il COHSIYHI €NEKTPOCTaHIlii, HEeIOCTaTHHO
BHCBITJICHI B JIITEPATypHUX JKepelax. A caMe Taki JOCITIKEHHS CIPUITHMYTh CTBOPECHHIO
HAIMOBHEHO1 0a3W TeompOCTOPOBUX JaHUX, siKa OyJie KOPUCHOIO MijJ Yac BHOOPY HaMOLIBII
ONTUMAIBFHOTO PO3MIIIIEHHS HOBUX 00’ €KTIB COHSYHOT EHEPTETHUKH.

MeTo10 po60TH € TOCITIIKEHHS 36MIIEKOPHUCTYBAaHb aIbTEPHATUBHOT €HEPTEeTUKHU B CEKTOPI
constyHux enekrpocranmiii (CEC) Ha perioHalbHOMY PiBHI IUISIXOM OILIIHKY MPUIATHOCTI BiJI-
BEJICHHUX 3€MeJIb JIJIS IiJIeH COHSYHOI €HePTeTUKH.

Bukusaa ocHoBHOro Mmarepiaiy. BinnosinHo 1o 3akoHy Ykpainu «IIpo 3emii eHepreTuku
Ta TPaBOBUN PEKHUM CIICIIaIbHUX 30H eHepreTHYHHX 00’ekTiBy» (Ne 2480-VI, penakiiis Bij
01.01.2019 p.) mo 3eMenb EHEProreHEPyKUUX MIAMPUEMCTB ATBTEPHATUBHOI EHEPTETHKU
BITHOCSTHCS 3€MEINIbHI JUISHKY, HaJaHi JUIsi PO3MIIlleHHs, OyIiBHMIITBA Ta EKCILTyaTarlii
00’€KTIB 3 BUPOOHMIITBA €JEKTPUYHOI Ta TEIIOBOI €HEPrii — MaJIUX T1APOCIIEKTPOCTAHIIIH,
BITPOEJICKTPOCTAHIIIN, €JIEKTPOCTAHIN 3 BUKOPUCTAHHSM EHEPTii COHIl, TreoTepMajbHUX
€JICKTPOCTAHIlIA, OIOCNeKTPOCTAHIII Ta EIEeKTPOCTAHII 3 BUKOPUCTAHHSA  IHIIHX
BIJIHOBITIOBAJIBHUX JDKEpEN OTpPUMaHHS ellekTpoeHeprii. 3a manmmu [8] Ha Teputopii
KipoBorpascekoi 001acTi CIOCTEpIraeThCsi HEPIBHOMIPHICTD CIIOKMBAHHS €JIEKTPOCHEPTii K
3a TpyIMaMH CIIOKUBAYiB, TaK 1 B pO3pi3i aAMIHICTPaTUBHUX paiioHiB. Hall01ib11 eHeproeMHUMU
€ KponmuBuunskwii (26,1 %), HoBoykpaiucekuii (10,5 %) i T'onoBaniBcwrkuii (10,1 %) paiionu.

VY KipoBorpaacekiii obmacti, ik 1 B YKpaiHi 3arajioMm, iCHyIOTh CIPHUSTINBI YMOBH IS
PO3BHUTKY COHSYHOI CHEPreTHKH. 3arajbHa Inioma KipoBorpaacbkoi 00JacTi CTaHOBUTH
2458,8 Tuc. ra, mo cranoButh 4,07 % Bix Tepurtopii Ykpainu. KipoBorpaaceka ob6mactb
BXOAUTH 10 [IpuAHIIPOBCHKOTO EKOHOMIYHOTO paiiOHy Ta 3a CTPYKTYpOIO EKOHOMIKH €
IHIyCTpiaJIbHO-arpapHoi0. Po3momin 3emenp 007acTi 3a MUIBOBUM TNPU3HAYEHHSM TaKHi:
ciabchkorocnonapehki 3emiti — 2032,2 tuc. ra, abo 82,65 %; icu Ta 1HII JICOBKPHUTI TIIOMI —
189,1 Tuc. ra, abo 7,69 %; 3a0ymoani 3emii — 89,6 Tuc. ra, abo 3,64 %; 3emiti BogHOTro (hoHIY
— 76,9 tuc. ra, abo 3,13 %; Bigkpuri 3a6onoueni 3emii — 10,6 tuc. ra, a6o 0,43 %; Bimkpuri
3emiii 6€3 POCITUHHOTO MOKPUBY a00 3 He3HAYHUM POCIMHHUM MOKpuBOM — 13,2 THc. ra, abo
0,54 %; iami 3emn — 47,2 tuc. ra, ado 1,92 % (puc. 1).

82,6 %

ml E2 =3 B4 O5 S6 o7

Puc. 1. Cmpyxmypa 3emenvnozo ¢ondy Kiposoepaocvroi obnacmi:
1 — cinbcbkoeocnooapcevki 3emni; 2 — nicoskpumi naowi, 3 —3a06y008aHi 3emii;
4 — 3emni 600H020 GhoHOY,; 5 — 6IOKpUmMi 3a007104eHi 3eMli;
6 — 6iokpumi 3emi Oe3 poCIUHHO20 NOKPUBY; 7 — IHWLI 3eMli
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Hitoui CEC (51 00’€KT COHSIYHOI €HEpreTUKH) pOo3MilleHi Ha TepuTopii 17 agMiHicTpa-
TUBHO-TEPUTOPIATILHUX yTBOPEHb 00iacTi (gaHi moao I'omoBaniBchkoro, KommaniiBcekoro,
Ony(piiBcbKOro Ta YCTHHIBCHKOTO palioHaX TOKH IO BiacyTH1). Po3momin miiasHOK,
BiJIBEJICHUX 1] 00’ €KTH COHSIYHOT CHEPTETUKH, € HEPIBHOMIpHHUM (pHC. 2).
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Puc. 2. Po3nooin semenvrux oinanox nio CEC y po3pisi paiionie Kipogoepadcvkoi obnacmi:
a — 3a KiivKicmio i 6 — 3a niowero

Ockinbku B YKpaiHi BIACYTHI 3aTBEp/UKEHI 3aKOHOIABCTBOM BUMOTH Ta METOAMKH ILIOAO
PO3MIIIIEHHS COHSIYHHMX €JIEKTPOCTAHIIIN, Y il poOOTI CIMpaivcs Ha BUMOTH, 3alIPOTIOHOBAaH1
B JIITepaTypHHUX JDKepesax, 30kpeMa, B pobotax [2; 9; 10]. BaxxnuBuMu € TBEpIKEHHS, 110
ONTUMAaJIbHE PO3MIIIEHHS 00’ €KTIB BUPOOHHUIITBA COHSYHOI €HEpPrii MaKCHUMAaJIbHO 301MIbIIIye
BUPOOJICHHS €NEKTPOCHEPTii MpU MiHIMAIbHUX BHTpaTax, 3MEHILIY€E BIUIMB HA HABKOJIMIIHE
MPUPOJIHE CEPEAOBHUIIE TOILIO.

VY mexax KipoBorpaacekoi o6macTi HaiO1IbIIa KUTBKICTh 3€MEBHUX AUISHOK BiJIBEJCHA
s OynieauntBa CEC y Hooykpaincekomy, KipoBorpaacekoMmy (3 M. KponmuBHUIIBKHH) 1
JlonuHchKOMY paiioHax — BianoBiaHo 13, 6 1 5 AiNsSHOK.

[Tnomi 3eMenbHUX NUISHOK, BIIBEACHUX ISl 00’€KTH COHSYHOI €HEPTreTHUKH, y PO3pi3i
paiioniB obmacti konuBaroThes Bif 0,568 ra (3HamsHCHKUI paiion) mo 59,57 ra (JlonuHchkwii
paiion). Okpim J[omMHCHKOTO, 10 paiioHiB 3 Benukumu miomamu 3emenb CEC cmin BimHecTH
Hosoyxkpaincekuit (45,151 ra), Binemancekuit (43,741 ra) i aiiBoponiBcekuii (43,078 ra)
paiionn. Halimenmmmu tomamu  3emens CEC  xapakrtepu3ytoTbesi  3HaM SIHCHKHIA,
Jo6poBennukiBerkuii (2,805 ra) i HoBoapxanrenbebkuii (3,442 ra) paiioHu.

OCKUIbKM CTBOPEHHS IUTAHOBOI 3HIMAJabHOI MEpEXi Ha MICIEBOMY piBHI (Imia dYac
BCTAHOBJIEHHS HAa MICIIEBOCTI MEX 3€MENIbHUX MUISHOK, BiABEIEHHUX IIiJ 00 €KTH COHSYHOL
E€HEPTeTHUKH) Ta KaJacTPOBE 3HIMAHHS KOHTYPIB AUISTHOK BUKOHYETHCS BiJl MyHKTIB JIEPKABHOT
reone3nyHoi Mepexi (AI'M), mpoaHanizoBaHO 3a0e3MeueHICTh TePUTOpii 00JacTi MyHKTaMH
JAI'M. 3a naaumu reonoptany JI'M (https://dgm.gki.com.ua) BusiBieHo: myHkTiB 1 kiacy — 37;
2 kmacy — 267; 3 xnacy — 403; 4 knacy — 120. 3abe3neueHicTs TepuTopii 001acTi MyHKTaMH
JAI'M € nepiBHOMIpHOIO. HaiimeHIie reone3nyHuX MYyHKTIB 3aKjIaJeHO y BimbliaHchKOMYy
paiioni (22), a Haiibinbie — B OnexkcanapiBcbkoMy paiioHi (147).
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3a manumu kommanii SmartEko (https://smarteco.biz.ua/blog/korysno-znaty/yaka-ploshha-
potribna-dlya-sonyachnoyi-elektrostancziyi/) ansi BCTaHOBIEHHSI COHSYHOI €JIEKTPOCTAHIIIT
noTyxHicTio 10 kBT 3anexHO BiJf METOMy MOHTYBaHHS COHSYHUX MOMYJIB HEOOXigHA Taka
[LIOIIA 3€EMENBHOT TUITHKHU:

— msa naxoBoi ckatHoi CEC — 75 m%;

— nns gaxoBoi CEC mpu ycTaHOBII Ha TIOCKHA nax — 125 M

— 1715 GOTOENEKTPUYHOT COHAYHOT €IeKTPOCTAHIlIT Ha CTATUYHUX HA3€MHUX KOHCTPYKIISAX
—Bix 170 mo 190 m%;

— ns CEC, siki BUKOPHUCTOBYIOTH OJTHOBICHI TpekepHi cuctemu, — Bix 230 M2,

dakTryHa IUIOIA 3eMelbHUX AiIsHOK, BiaBeaeHux mig CEC, xommuBaethes Big 0,008 ra
(m. 3nam’staka) 10 30,940 ra (c. [aryno-Kam’ssaka HoBroponkiBcbKoro paiiony), 3a HEpiBHOMI-
PHOTO PO3MOALTY 3eMEJIbHUX JUISHOK SIK 32 KUIBKICTIO, TaK 1 3a IUIOMIEIO.

OI1iHKY IPHUIAaTHOCTI 3eMENbHUX JUISTHOK, IO HaJaH1 B KOPUCTYBaHHS JIJIsi BCTAHOBJICHHS
COHSIYHUX EJICKTPOCTaHIlI{, BUKOHAHO 3a 14 xputepismu [2; 9; 10]: 1) moctaTHs KiTbKICTh
coHsyHoi pamianii (MiHiMmyM 900 kBT-Ton/M?); 2) yXUI 3eMHOT OBepXHi (He Ginbine 16°) Ta
eKCIO3ULliss CXWIiB (MIBIECHHO-OPIEHTOBAaHA [UIA MICIEBOCTI 3 KPYTHUMH CXHJIAMH);
3) 6musbkicTh 1o JiHIM enekTponepenad (JIEIT 3 wampyroro > 35kB y pamiyci 600 m);
4) 6nmu3bKicTh 10 mianpueMmcts (< 3500 m); 5) OMU3bKICTh 10 HACeNeHUX MyHKTIB (< 2500 m);
6) OU3BKICTH 10 TOPOXKHBOT Mepexi (< 500 m); 7) Temneparypa noiTps y numnHi (1540 °C);
8) BiACYTHICTH CyMiXKHOI O6araromoBepxoBoi 3a0ynoBu (> 100 m); 9) OGMU3BKICT 10 JKUTIOBUX
pationiB (> 500 m); 10) BiCyTHICTB JIiCiB, BOAOWM, Oy/IiBeIb, 3a00JI04EHUX 3eMellb, 3ar1an; 11)
JUISHKHA 3 TIEPEeBaXKHO HM3BKOIO 1 CEPEeTHBOI0 TPaB’SHUCTOIO POCIMHHICTIO, BUCHAKEHI Ta
JIerpaoBaHl 3eMITl, 3aKpHUTI CMITTE3BAJIMING, KaMm’ SHUCTI 3emuti; 12) BIJICYTHICTH CTaTycy
3eMeNb IMPHPOIHO-3AMOBIAHOTO  (POHAY, 3€Melb 1CTOPHKO-KYJIBTYpPHOTO IpU3HAYCHHS,
13) BiACYTHICTh CTarycy 3eMellb OOOpOHHM (BIMCHKOBI YacCTHHH, YCTAaHOBH, BIHCHKOBO-
HaBYaJIbHI 3aKJIaaM, MiANpUeMcTBa 1 opranizamii 30poitHnux Cun Ykpainu); 14) Bigcrane 10
6eperosoi miHii (> 1000 m).

Ha TepuTopii nocnipkyBaHUX paiioOHIB PiIBEHb COHSYHOTO ONPOMIHIOBAaHHS CTaHOBHTD BiJl
1170 mo 1220 kBt Tom/™M?, BifmoBinHO 10 KapTu mo6anpHO1 COHAYHOT pajtialiii Ta MoTeHIiamy
COHSYHOI eJIeKTpoeHeprii B YKpaiHi Ui TOPU30HTAIBHO BCTAHOBJICHHUX (POTOEIEKTPHUUHUX
MOJYJIIB, CTBOPEHUX MiAPO3IIJIOM BiTHOBIIOBAIBHOI €HEPreTUKH [HCTUTYTY €HEPreTHKH Ta
tpancnopty CrinpHoro HaykoBoro 1entpy €C (https://re.jrc.ec.europa.eu). OTxe, KUIBKICTD
consyHoi pamiamii B KipoBorpaacekiii 00acTi MOXKHAa BBa)XXKaTH JOCTATHBOKO  JIJIS
po3ramryBanHss CEC Ha gociimKyBaHUX 3eMeTbHUX JUISTHKAX.

YcranoBka (OTOENEKTPUYHUX MOIYNIB Ha KPYTUX CXUJIaX MOXE MPU3BECTH A0 Mpodiem,
NIOB’SI3aHUX 3 €PO3i€I0 1 CTIHKICTIO PyHIaMEHTY, a TaKOX 10 30UIbLICHHS BAPTOCTI CUCTEMH.
VYci 3eMenbHI OiIsSHKY, Ha sikux po3mimieHi CEC, xapakTepu3yroThCsl pPIBHUHHOIO TTOBEPXHEIO 3
YXWJIOM MeHIne 16°, a ToMy HiAXOAATh AJs pO3TalllyBaHHS 00’ €KTiB COHSYHOI €HEPreTHUKH.

TemmepaTtypa MOBITPs BIUTMBAE HA MTPOYKTUBHICTh COHSIYHOT €JIEKTPOCTAHIIII Ta HA TIEP10/]
ii excruryaramii. [{ns teputopii obnacTti el mokasHUK 3HaxonuThes B Mexax 15—40 °C, mo
niaTBepmkyeThes Mereoposoriyuaumu qanumu ['TC PVSIS (https://re.jrc.ec.europa.eu).

3eMenbHI AUISTHKY, PO3TaIIOBaHi OIrKYe JI0 AOPIr, MiHIMI3YIOTh BIUIMB Ha HABKOJIMIIHE Ce-
penoBwuIle, OB’ I3aHMH 13 OyIIBHUIITBOM HOBHX JIOPIT, @ TAKOXX € €KOHOMIYHO BUTITHUMH. 3a
nanuMu IlyGniunoi kamacTpoBoi KapTH, KapTu enekTpomepexk KipoBorpaacekoi obmacti
(http://kiroe.com.ua:8088/) Ta mopramy Open StreetMap (https://www.openstreetmap.org) Bci
JOCIIKYBaH1 3eMeJbHI JUISHKA PO3TaIlOBaHI MOOMU3y JiHINA elneKTpornepeaad i OMu3bKo 10
palioHIB 3 BUCOKUM IIOMTMTOM Ha €JICKTPOCHEPTito (MICT, cijt, mianpueMcTB). [lo0nu3y Bcix 3e-
MenpHuX ninsaok HassHi JIEIT 10 kB ta 35 xB.
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BbararomoBepxosi OyiBii npu3BoaaTh a0 3ariHeHHs CEC y nmeBHUi nmpomixkok vacy. Tomy
BIZICYTHICTh 0araTonoBepxoBoi 3a0yI0BU MOPSAT i3 AOCHIHKYBAaHUMHU 3€MEITbHUMHU IITISTHKAMA
MO3UTUBHO BIUIMBA€ Ha NMPOMYKTUBHICTH MOOYAOBAHMX COHAYHUX eleKTpocTanmiil. Lmsxom
BisyanpHOro nemupyBaHHs O6a3oBoro mapy «Optodoromnanm» I[lyOmiyHoi KamacTpoBoi
KapTy BUSBIICHO, IO JOCIIHKYBaHI 3eMebHI JUTHKA BUIBHI Bij JIiCIB, BOJOWM, OY/iBEIb,
oomit (puc. 3). Jlume Ha oxHid AinaHII B OnekcaHapiicbkoMy paiioHI HasBHI 3aJUIIKA
3pyHHOBAaHUX CHOPYJ TOCIOAAPChKOTO ABOpY. Takok BcTaHoBieHO, mo Teputopii CEC He
HaJIeXaTh J0 HalllOHAJIBHUX 1 perioHaJIbHUX MPUPOAHUX MAPKiB, MICILb KYIbTYPHOI CIIa IINHH
Ta apXeOoJIOTTYHHUX MTaM ATOK.

IHopMania

IHhopmauia npo 4inaHky

KapacTpoeui HoMep:
3520385900:02:000:0558
TuN BRAacHoCTi: KOMyHansHa BNacHicTb

LlinboBe Npu3HaveHHa: 14.01 [ing
po3MileHHA, BYDIBHUUTEE, excrayaTaull
Ta 06CNYTOBYBAHHA GYRisens | cnopya
0B'EKTIE EHEProreHepyounx .
NIANPHEMCTE, YCTAHOB | opranisauii Ana
PO3MILEHHR, BYAIBHULTEA, excrnyaTaul
Ta 06CNyroByBaHHA GyAisens i cnopya
0B EKTIE EHEPTOTEHEPYHM A
NigNPUEMCTE, YCTEHOB | 0praxisauii

Mnowa: 24.1485 ra

Puc. 3. [Ipuxnao oyinku kpumepito, wo ionogioae
34 HAABHICMb YU IOCYMHICMb 1iCi8, 8000UM, 0)0igenb, 3a00104eHUX 3eMelb

Ockinbku OyniBauLTBO CEC 3a00pOHEHE Ha 3eMiIIX 0OOPOHH, TO B pOOOTI JOCIIIKYBaBCs 1
el KpUTEpid MO0 BUMOI PpO3TAIlyBaHHsS OO €KTIB COHSYHOI eHepreTuku. llepeBipka Ha
HasBHICTh BIMCHKOBUX YaCTUH Ta 00 €KTIB 30epexeHHS O30pO€HHS, 3aXUCTy HACENICHHS,
rOCIIOAAPCHKUX 00’ €KTIB MOKa3aja, 0 Taki 00’€KTH B Mexkax 3eMenbHuX AutssHok CEC BiacyTHi.

Biacrans monan 1000 M Bix 6eperoroi niHii moxke BpsaTyBaTH CEC Bia MoOmKomkeHb y pasi
cTuxiitHoro ymxa. Kpim Toro, BapTiCTh 3eMENbHUX AIISHOK Y MPUOEPEKHUX pallOHAX € 3a3BH-
yail BUIOI0, a TOMY OyIiIBHHIITBO 00’ €KTIB COHSYHOI €HEPreTHKH MOOIM3y OeperoBoi JiHii
Moxe OyTH HepeHTabenbHHM. Cepel JOCHIHKYBaHUX 3E€MENbHUX JUISHOK BHSBICHO JIMIIE
OJIHY, sIKa po3TamoBaHa Ha BifcTtadi 50 m Bix piuku (p. Cunung y ¢. Benuki Tposiau bnarosi-
LIEHCHKOTO PAioOHY).

BucHoBku. Bu3Hauaroun miciie aasTepHaTHBHOT CHEPTETUKH B 3araJIbHIM CUCTEMI BUPOOHU-
LITBA €JIEeKTpOoeHeprii, OyJia BCTaHOBJIEHA BIIEBHEHA TEH/IEHIIIS 3pOCTAaHHS IO TUISHOK, Ha/la-
HUX Y KOPUCTYBaHHS JJIsl pO3MIIICHHS 00’ €KTiB CEKTOPY COHSIUHOI eHepreTuku y KipoBorpace-
Kiif obmacti. ['eorpadiune MOMOKEHHST PETiOHy € OAHUM 3 TOJIOBHHX (hakTopiB (popMyBaHHS
MOTEHI Ay JJIs PO3BUTKY COHSYHOI eHepreTuku. Ha cydacHoMy eTarmi Tuiomii 3eMenb i JTito-
yumu CEC cranomsates 0,68 % Bix 3emMenb IPOMHUCIOBOCTI, TPAHCHIOPTY, 3B 3Ky, CHEPIeTHKH,
0o0oponu Ta iHmoro npusHadeHHs ta 0,02 % Bix o Beiei 06macTi. 3a JaHUMHU TTPOBEACHOTO
aHaji3y BiAnoBiAHOCTI po3minieHHs HazeMHUX CEC Bu3HauenuM Bumoram (14 xputepiiB) 3emii
KipoBorpancbkoi o6acTi (B Mekax HaJaHHUX 1] 00’ €KTH COHSIYHOT CHEPTETUKH ) € TIPUJATHUMHU
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ISl BCTAHOBJICHHS COHSYHUX EIEKTPOCTAHIIH. 3aCTOCYBaHHS KOMITJIEKCHUX METOJIIB 1 TEXHOJO-
T'iif 1711 MOHITOPHHTY 3€MeJb, 1110 BiZIBECHI MiJl 00 €KTHU COHSYHOI eHePreTUKN Ha OCHOBI BUKO-
PHCTaHHS JaHUX IHKCHEPHO-TEOJIC3MYHNX BHIIYKYBaHb Ta JAHUX TUCTAHIIIHOTO 30HyBaHHSI
3emuti (/133), 103BOIUTH OTPUMYBATH MOBHY 1H(OPMALIIIO JUIs OLIHKY MPUIATHOCTI WX JUISHOK.
BpaxoByroun mocTiliHe 3pOCTaHHs PO3IIIBHOI 31aTHOCTI KOCMIYHUX 3HIMKIB, 3 3araJibHOI TEH-
JICHIIT 10 3HIKEHHS 1X BapToCTi, 3aco0u [I33 MaloTh CTaTH OCHOBHHUM JUKEpEIoM iHpopmarlii
MY peaizallii MOHITOPHHTY 3eMellb COHSTYHO1 eHepreTuku. ChopMyap0BaHi Ta OOTPYHTOBaHI B
POOOTI MOJOKEHHSI MOXKHA BUKOPHUCTATH U BUOOPY MEPCHEKTUBHUX 3€MENbHUX JUTSTHOK ITi[
pO3MiIIeHHSI 00’ €KTIB COHSIYHOT CHEPTeTUKH Ha PETIOHAILHOMY PiBHI.
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UDC 528.4+528.88
Serhii Lashko, Inna Shelkovska, Pavlo Mikhno, Valentyn Kozar

GEODETIC AND REMOTE MONITORING OF LANDS ALLOTTED
UNDER SOLAR POWER PLANTS

The current state of land use of facilities operating in solar energy industry, which is an integral part of the electricity
market at the regional level, is reviewed. According to the revised data, the distribution of land plots of existing solar power
plants by number and area within the Kirovograd region is analyzed, relevant cartograms are presented.

The assessment of compliance of land plots of solar energy with technical requirements was carried out according to 14
criteria: sufficient amount of solar radiation; optimal slope of the earth's surface and slopes exposition; proximity to power
lines, proximity to enterprises; proximity to settlements; proximity to the road network; air temperature in July; absence of
adjacent multistory buildings; proximity to residential areas, lack of forests, reservoirs, buildings, waterlogged lands,
floodplains, the presence of areas with predominantly low and medium grass vegetation, exhausted and degraded lands, closed
landfills, rocky lands, absence of the status of lands of natural reserve fund lands and lands of historical and cultural purpose;
absence of the status of defense lands; distance to coastline. The suitability of already allocated lands for the placement of
alternative energy companies is confirmed via research. For criteria evaluation the data of remote sensing of the Earth is used.

The presence of points of the State geodetic network for establishing the boundaries of land plots in the territory of the
Kirovograd region are analyzed. Calculated the area of lands allotted under solar power plants. The results of land affinity
assessment can be used to increase the attractiveness of the solar energy sector of the Kirovograd region.

Keywords: land use; geodetic monitoring; geodetic point; remote monitoring; assessment of land suitability.
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