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MPUMHSATTSA PIIIEHb B CUCTEMAX KEPYBAHHS HA OCHOBI
METO/IB AHAJII3Y JAHUX

B pobomi pozensinymo mexHonoziuHuil npoyec SUpoOOHUYMEA MemAHONy 34 3HUNCeH020 mucky. O6IpYHmMosano
HeobXiOHicmb pOo3poOKU MoOenell 0151 NPOSHO3Y8AHHA ABAPIUHUX CUMYAYill ma KepyeauHs Menio0O0MiHHUKOM.
Haegeoeno ocnosni cknadoei Inoycmpii 4.0. Iloxkazano O0oyinbHicmb SUKOPUCMANHS THMepHemy peyell, Memooie
ananizy 0anux ma yupposux OSIHUKIE 01 Kepy8aHHs npoyecom eupobruymea memanony. Ha ocnosi nassnoi
ingopmayii pozpobaeno bacamoghaxmopmy peepeciiiny Mooenb MmenjiooOMIHHUKA, nepesipeno ii mouHicms ma
adexeamuicmo. Pozenanymo aneopumm 6iobopy eéazomux gaxmopis mexuonoeiunozo npoyecy. Ha ocnosi oepesa
piwens noby0o8ano mooeib NPOSHO3VEAHHA MA OiACHOCMYSAHHS ABAPIUHUX CUmMYyayilli o 6UNYCKY HPOOYKYi.
Buxonano npoepammny peanizayiio pospobienux mooenei.
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IMocTanoBKka npodaemu. OyHKI[IOHYBAHHS TEXHOJOTIYHUX MPOIECIB 3aBXKIU CYIPOBOIKYETCS BiIXUICHHIM
BiJl 3aaHOTO PEXHMMY, IO TIOB’S3aHO 3 BIUIMBOM 0ararboX 3O0BHINIHIX Ta BHYTpilmIHIX QakTtopiB. [lapamerpu
OTOYYIOUOTO CEpElIOBUINA, KOMIIOHEHTH BXiTHOI CHpPOBHHH, CTaH TEXHOJOTIYHOIO OOJIaTHAHHS TOCTIHHO
3MIHIOIOTHCS, 110 BUMArae po3B’si3yBaTH 3a[ady 3HAXO/DKEHHS ONTHMAIbHHUX ITapaMeTpiB KepyBaHHS, a B JESIKHX
BHITAJKaXx 1 MapaMeTpiB caMoTro TPoIIecy.

BimbmricTh MpOMUCIIOBUX BUPOOHHUIITB OPiEHTOBAHI HA OTPUMAaHHS KiHIIEBOI MPOAYKIIii 3 3aJJaHIM PiBHEM SKOCTI.
[Tpu 3MiHI TapaMeTPiB TEXHOJIOTIYHOTO MPOIECY MOXKE MOTIPITyBATHCS AKICTh BUPOOiB, OTpUMaHHs Opaky abo HaBiTh
BUHUKHCHHS aBapidiHUX CUTyamiid. J[isi yHUKHEHHS [IbOTO BUKOPHCTOBYIOTh METOIU IIPOTHO3YBAHHS.

OtpuMaTH Mozeni HPOrHO3YBaHHS Ipolecy abo HOro CKJIaJOBHX MOXHA pi3HMMH criocobamu. B Gararbox
BHIIQJIKAX B amapaTax MpOTIKAIOTh CKIAHI XIMIUHI peaKiiii, SKi Jy>Ke CKIIaJHO OMKCATH aHATITHYHIM HUIIXoM. Kpim
TOTO, HAaBiTh SKII0 MAaTEMAaTUYHA MOJENb amapaTy BiIOMa Yy BHIIIAI AUGEPEHIIHHUX DPIBHAHb UM TEpPEIATHHUX
(GyHKILIH — Bce OfHO napaMeTpu 00’ €KTy 3 4acOoM 3MIHIOIOTBCS, B 3B’SI3Ky 3 BIAKIAJEHHSAM OCary, CTapiHHIM
KaTaji3aropy, 3MiHOIO KOe(illieHTiB TEIIONPOBIIHOCTI Ta MOBEPXHI Teruonepenayi. L{e BuMarae BUKOpHUCTOBYBAaTH
MOTOYHY iH(OpMAIil0o 3 JaTIMKIB 1 3AIHCHIOBATH ineHTHdiKaIito Mojeni OO0 €KTy IIIIXOM OOpOOKH
EKCIIePUMEHTAIbHHUX JAHUX.

3aja4ya 1o0yIOBU MPOTHO3YIOUUX MOJIEJNeH M0 eKCIePUMEHTAIIbHIM JJAHUM aKTyallbHa JUIS IIUPOKOTO KoJa
TEXHOJIOTIYHMX TIporieciB. B poOoTi Oyze HaBeneHO IPOTHO3YBAHHS IapaMeTPiB TEXHOJOTIYHOTO TIPOIECY
BUPOOHHIITBA METAHOITY 33 3HIIKEHOTO THCKY.

Anaui3 momepennix mocaigkenb. CbOrofHI NMPOTHO3YIOYI MOJENI IIMPOKO BHKOPHCTOBYIOTHCS B 3ajadax
KepyBaHHS, 1arHOCTUKH, ineHTudikauii. [lepeBaxkna OIIbIIICTE IUX MOAEeH OyAyrOTHCS Ha OCHOBI TEXHOJIOTIH
LITYYHOTO IHTEJIEKTY a00 METo1aX MaTeMaTHYHOI CTATUCTUKH.

Haii6isp1oro nommpeHHs IporHo3yodi MoJiesli OTpUMAJIH B TAKUX raly3sX sk OaHKiBCbKa cdepa, CTpaxyBaHHs,
C€KOHOMIKAa MiAMPUEMHHIITBA, MEAWIMHA, IIarHOCTHKA TEXHIYHUX 3aco0iB Ta o0OJaJHAHHS, MPOrHO3YBAaHHS
napaMeTpiB TEXHOJIOTIYHUX npoueciB. B poborax [1,2] 3anmponoHoBaHo pi3HI BUAM MaTeMaTHUHUX MOZEIEH s
MIPOTHO3YBAHHS MPUOYTKOBOCTI aKTUBIB MiAMPUEMCTB, PO3TISTHYTO TETEPOCKEAACTHYHI Ta KOIHTETPOBaHI MPOIIECH.
B poGorti [3] omumcaHuii aaroputM MOOYyJOBH 1 BHKOPHUCTAHHsS MPOTHO3YIOUMX MOJENed Ha TpUKIai 3amadi
BH3HAYEHHS MacaXuponoToky. OcTaHHIM 9acoM Bce OibIlle METO/IIB aHAJI3y JaHUX 3HAXOJUTh CBOE 3aCTOCYBaHHS
B MEAWYHIH IiarHOCTHII TpH 0OpoOIli CTAaTUCTUYHMX JaHWX J>KATTEBUX TIOKA3HUKIB TAIlieHTa, iHQOpMAaIlii,
TpeacTaBiIeHoi B rpadiunomy abo 3BykoBoMy BHIUIANI [4-6]. BukopucTanHs Mojenel MPOTHO3YBAHHS TaKOX
JIO3BOJISIE OI[IHUTH CTaH TEXHIYHOTO 00JaHaHHs, 3pOOUTH BUCHOBKH CTOCOBHO MPOQITAKTUIHOTO UM KaIliTAILHOTO
PEMOHTY, CIIPOTHO3yBaTH MOXKIIUBICTh BUXO/Y 3 JIaay, PO3paxyBaTy ONTHMAJbHI MOKa3HUKU KepyBaHHS [7,8].
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HesBakaroun Ha BiANparbOBaHHWA aJITOPUTM PO3POOKH Ta 3aCTOCYBaHHS MOJEJEH, TOJOBHOIO TPOOJIEMOIO
3QIIMIIAETHCS OTPUMAHHS NTaHWX, BHOIp MiIXOISIIOT CTPYKTypH MOJENi Ta ii iHTerpalis B iCHYIOYi CHCTEMH
KepyBaHHS.

MeTo10 cTaTTi € TiABUIIEHHS €PEKTUBHOCTI MPUHHATTS PIillICHb B CUCTEMI KepyBaHHS BUPOOHUIITBOM METAHOITY
3a 3HIKEHOTO THCKY IIJIIXOM PO3POOKH IMPOTHO3YIOUHX MOJIENeH 3 BUKOPHCTAHHIM METOIB aHATI3Y AaHUX.

Buksiaag ocHOBHOro matepiaJy.

BupoOHHIITBO METaHOIY 3a 3HIDKEHOTO THUCKY € 0araTOCTaliiHMM TpPOIECOM, 1| BUHHUKHCHHS MPOOJIeM Ha
MIEBHOMY €Talli HeTaTHBHO BIUIMHE Ha MOAJbINy POOOTY Ta KiHIEBHIA pe3ynbraT. Ha puc. 1 300paxeHo CTpyKTypHO-
MapaMeTPUYHy CXEMY YCTAHOBOK OTPHMAHHS METAHOIY 3a 3HIKCHOTO THCKY.
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Puc. 1 — CTpyKkTypHO-apaMeTpH4HA CXeMa YCTAHOBOK OTPHMAHHS METAHOJIY:

X1 - xonomnabHuk; C1 — cenapatop; AJl1 — ancopOep; T1 — Tenyioo6minnuk; P1 — peakrop

OCHOBHUMHM €Tanamy IpOLECy €: OXOJIOJPKEHHS Ta OYMINEHHS CHUHTE3-ra3y, HiAirpiBaHHS ra3oBoi cyMmili Ta
npoTikaHHA XiMiyHOI peakuii. OxHI€I0 3 HAHOLIBII BaXJIMBHUX CTalill € MiAirpiBaHHS CyMillli B TEIUIOOOMIHHHMKY,
OCKIJIbKH TIATPUMaHHS 33/IaHOT0 TEMIIEPaTypHOTO PEXXUMY HalpsiMy BIUIMBA€E HA IPOTIKAHHS PEaKLil B HACTYHOMY
arapari. ToMmy IporHO3yBaHHS POOOTH TEIJIOOOMIHHHMKA Ta HOTO BHXOIY JIO3BOJUTH MiJABUIINTH SKICTh KEPYBAHHS
MIPOIIECOM Ta BUPOOHHUIITBOM B IIIJIOMY.

3ayBa)KUMo, IO Y BUPOOHUIITBI METAHOTY TIPUCYTHI BCi PoOJIeMHU PYHKITIOHYBaHHS TEXHOJIOTTYHUX TPOIIECIB,
siKi Oy ommcaHi BuIle. TOMy iHIIOIO 3aa4ei0 BUCTYIIAE MPOTHO3YBAHHS aBapiiiHUX CHUTYyallill, BpaxOBYIOUH
MTOKa3HUKH BCiX cTafii mporecy. Po3poOky Moenei mporHo3yBaHHs aBapiiHUX CUTYAIlil Ta KEpyBaHHS TETUIOBUMH
pexuMamMu Ta mnojanbiry ix iHterpauito B icHytouy ACKTII nponoHyerbcsi BHKOHATH 3TilHO TPHUHLHMIINB
npoMuciioBoi pesomtolii - [nxycrpii 4.0.

YnpasiaiHHs BUPOOHMIITBOM METAHOJIY Ha 0CHOBI mpunnunis Inaycrpii 4.0.

BaxnBumu komnoneHtamu [HaycTpii 4.0 € iHTepHET peueit, aHani3 gaHux Ta nudposi ABiHHUKK. KoxkHa 3 mux
CKJIaJIOBMX BHpIIIy€ YaCTHHHY 33ja4y, a B KOMIUIEKCI BOHHM 3a0e3Me4yloTh IMOBHY aBTOMAaTH3allil0 BUPOOHUIITBA,
NIPOTHO3YBAaHHs IMOKAa3HMKIB IMPOLECY B pEalbHOMY 4Yaci i po3paxyHOK ONTHMaJIbHOTO KepyBaHHS. Po3risiHemo
TIpOIIeC MPUUHATTS pillieHb Ha OcHOBI [HIycTpii 4.0. OinbII AeTaIBHO.

[HTEpHET pedeil — BUKOPHUCTOBYETHCSA IS «CIJIKYBaHHS» CHCTEM, O0’€KTiB, MPHIIANIB MiX co0oro abo 3
JIFOJIMHOI0. SIKIII0 TOBOPUTH MPO BHPOOHUIITBO METAHOIY, TO JOLIIHLHO BUKOPHCTOBYBATH MMPOMHCIOBUN 1HTEPHET
peueii. Ilpomec oOMiHHY i1 30epexkeHHs iH(pOpMAIii TMOYUHAETHCS 3 BCTAHOBICHHX MATYUKIB, KOHTPOJEPIB,
BHKOHABUYMX MEXaHI3MiB JIaHi 3 AKX MepeAar0ThCs Ha Pi3HI MAPO3AUIN IS TTOIATIBIIIOTO iX 00pOOIeHHS Ta BYUACHOTO
pearyBaHHsA. B imeanpHill cuTyarii aBTOMaTH3allis JOCATAE TAaKOrO PIiBHA, MO (QYHKIIS JTIOAUHH IOJIATAE B
KOHTPOJIIOBaHHI KOPEKTHOT pOOOTH MallMH Ta BTPYYaHHI JIMIIE Y BUIIAJIKy aBapiiiHol cuTyauii.

[Ipu peanizauii iHTepHETY pedell B HASBHOCTI ONMHSIOTHCS BEJIMUE3HI MACUBH JIaHUX, 00pOOKa SKUX J103BOJISIE
3MIMCHUTH TOIIYK 3aKOHOMIPHOCTEH Ta MoOyayBaTH MOAENb 00’eKkTy uu mpouecy. Jlo 6a30Bux MeToaiB aHalizy
JITaHUX BIJIHOCSATH aITOPUTMM OCHOBaHI Ha mepeOopi. Y BHMIAIKy CYTTEBOTO 3pOCTaHHS 00’€My JaHuUX 00’eM
004YHnCIIeHb 3POCTAE 10 EKCIIOHEHTI, 110 B 3yMOBJIIO€ BUKOPHCTaHHS CHELiaJIbHUX METOJIIB aHajli3y BEJIMKHX JAHHX
(big data). B pe3ynbTari 00poOKH TaHUX OTPUMYEMO MoJeli 00’ ekTiB. [licis BOro iCHYE MOKIIMBICT «IIOaBaTH»
B MOJIEJTi peaibHi IaHi TEXHOJIOTIYHOTO Mporiecy. Taka MoJieNb Ma€ Ha3By U(PPOBOTO ABIHHKA, 1 JO3BOJISIE TIOBHICTIO
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BIITBOPUTH POOOTY peasbHOro 00’€KTy B PI3HMX HOTo peXuMax, CHPOTHO3YBaTH BHUXIJ 3 Jamy, MOTipIICHHS
XapaKTEePUCTHK, Jac I03aIIaHOBOTO PEMOHTY.

Cama inest nudpoBoro JBiliHNKa HE HOBA: PO3PaxyHKH 1 MaTeMaTH4HI MOJIEII TOTo, sIK OyJie MOBOIUTH ceOe arnapar
a00 00JsagHaHHS SIKOTOCh TEXHOJIOITYHOTO ITPOLIECY BUKOHYBAJIMCS 1 paHillie. AJie JIMIIE B OCTAHHI IECSTUPIYS 3’ SIBUITHCS
JIOCTaTHI 0OYHCITIOBANIBHI MOTY>KHOCTI, SIKi JIO3BOJIIFOTH BUKOHYBATH PO3PAaXyHKH Y PeajIbHOMY 4aci.

[Iomo npoMuCIOBHX 00'€KTIB, TO IX U(POBI IBIHHUKN J03BOJISIIOTH PO3paxyBaTh ONTUMAJIbHI PEKHUMHU POOOTH,
CTaBUTH BipTyaJIbHI €KCIIEPUMEHTH, SIKI B PEAJIbHOCTI MOXKYTh OyTH IOB's13aHi 3 PU3UKOM MOLIKOIUTH 00J1aiHaHHS abo
OTPUMATH MPOAYKLIIO HE3aA0BUIbHOT sIKocTi. [lyist GaraTbox raiysei, (Hanpukian HadrorazoBoi) nudpoBi ABIHHUKY —
€ 06araToo0IIsI0Y0I0 TEXHOJIOTIEI0 BPaXOBYIOUH CKIIAIHICTh, BAPTICTh 1 TeorpadigHe po3TanryBaHHs 00’ €KTIB.

Jmnst Toro mo6 1mupoBUid IBIMHUK BIANOBiaB pealbHOMY MPOTOTUITY BiH Ma€ OyTH ONHCAHWHA SK MOXKHA
touHime. KepyBaHHs BiOyBa€eThCs B pealbHOMY 4Yaci 3 BUKOPUCTAHHAM Moeli udpoBoro AsiiiHuKa. CxemMa TaKoro
KepyBaHHS IIPE/ICTABJICHA Ha PUC 2.

IHTEepHeT peueii Benuki nani XMapHi 00UYUCIICHHS 1 Tyunuii inTenekt
Bci npuctpoi 3'eqnani HasBHICT BeTHUKHX 30epe)keHHs Ta aHai3 Hapuanhs
yepe3 iHTepHeT 00'eMIB TaHHX JIAHUX
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Puc. 2 — KepyBaHHS TeXHOJIOTIYHUMU MpoluecaMu Ha ocHOBI npuHuuniB Iuaycrpii 4.0.

IIpomec BUPOOHHUIITBA METAaHOJY 3a 3HIDKEHOTO THCKY MOXHA ITOBHICTIO aBTOMAaTH3yBaTH BiATOBIIHO O
cknagoBux [HmycTpii 4.0. [To-meprre, HassBHI 3aCO0M BUMIpPIOBAIbHOI TEXHIKH, K1 JO3BOJSIOTH OTPUMATH 3HAYCHHS
TEXHOJIOTIYHOTO Tporiecy B Haci. [lo-apyre, BpaxoByroUHu MOMIpHY PO3MIPHICT IIUX JAaHUX MOYKHA OTPUMATH MOJIETi
00’€KTIB KepyBaHHS, BUKOHATH X MpOrpaMHy peajli3amilo Ta BHKOPUCTOBYBATH Ul PO3PaxXyHKY ONTHMAJILHOTO
KepyBaHHS UM MPOTHO3YBaHHS CTaHy mporecy. Tak sk MM MaeMo Bci HEOOXiJqHI JaHi JJIsl HAIIOro Mpolecy, Aaii
MOXEMO MPUCTYIUTH /10 NOOYAOBH MOJEI.

Po3po6ka MoaeJii NPOrHo03yBaHHA TeMIIEPATYPHOTO PeKAMY

Po3risiHemMo o0y 10By MOJIEN TEINIOBOTO PEXUMY TEIUIOOOMIHHMKA, SIK IM(PPOBOTO IBifHUKA. 3 JiTEpaTypHUX
JOKEpeIT BIJIOMO, 1110 MOYKHA PO3IJISLIaTH TPU YacTHHU HU(pPOBOro nBiiHuKa [9]:

1. @i3uYHUA MPOIYKT B peaTbHOMY HMPOCTOPI.

2. BipryansHuii IpoayKT B BipTyaabHOMY IPOCTOPI.

3. ani ta indopmaris, ki 00’ € THYIOTh BIpTyaJIbHUH Ta peabHAN 00’ €KT.

B po6oTi mpomnoHy€eThes BapiaHT MOOYJOBH BIipTyalbHOI MOJENI Ha OCHOBI €KCTIEPUMEHTIBHHUX JaHHWX Ta
ro1anblie ii BAKOPUCTAHHS 3 pEATbHUMHU 3HAUYEHHSIMH TTapaMeTpiB TEXHOIOTIYHOTO Tporiecy. O0’€KTOM KepyBaHHI
JUIsl JAHOTO JIOCIIKEHHSI 00paHO TeIUIOOOMiHHMK. Y BHPOOHHWITBI METAHOJY 3a 3HM)KEHOTO THUCKY Ba)XJIMBHM €
HiATPUMAaHHS TeMIIepaTypy CHHTE3-Ta3y Iepe] peakTopoM, TaK SIK 32 HENPaBUIIbHOI TEMIIEpaTypy peaKLis 3a yyacTi
KaTaji3aTropiB Oyzae MpoTikaTH HenpaBMiIbHO. CTPYKTYpHO-IIapaMeTpUUHY CXEMY TEIIOOOMIHHUMKA ISl MiJirpiBy
CHHTE3-ra3y HaBe/IeHO Ha puc. 3.

OOpanuii TEXHOJIOTIYHUI MTPOLIEC CKIAIHUI MO CBOIH (i3MKO-XIMIUHIH NPHUPOAL Ta 3aJIeKUTh Bix OaraTbox sk
BHYTPIIIHIX, TaK 1 30BHILIHIX ()aKTOPiB. 3 4acOM MapaMeTpH TEIUIOOOMIHHHMKA 3MiHIOIOTHCS,, TOMY BUKOPHCTaHHS
aHATITHYHOI MOJENi MOXe He 3a0e3nmeunTd ii aJeKkBaTHICTh. B TakoMy BHITAIKy IOMUIBHO OyJie BHKOPHUCTATH
eMITIpUIHy MoJeib. B po06oTi oOpano perpeciiiHy Mozens. PerpeciiHuii aHami3 J03BOJISIE MIEPEBIPUTH CTATUCTHIHY
3HAYYINICTh TTAPAMETPIB, OMIHUTH aJIEKBATHICTh T TOYHICTH MOJIEI Ta BCTAHOBHUTH XapaKTep i TICHOTY 3B'SI3KY Mixk
JTOCTIKYBaHIUMH SBUIIaMHU.
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Puc. 3 — CTpyKkTypHO-TapaMeTPUYHA cXeMa TeII000MiHHUKA:

Gyn_g, Oun_g, C; — BUTpPATA, TEMIIEPATYPA, MMTOMA TEIUIOEMHICTH CHHTE3-Ta3y BiainoBinHo; Gyn_ay Ovn_a, Ca
—BHUTPATAa, TEMIEPATypPa, MATOMA TEILIOEMHICTH TEILUIOATEHTA BiMNMOBIMHO; Gyui g, Owun_g — BATPATA Ta
TeMIlepaTypa HArpiToro CHHTe3-rasy BiinoBinHO; Gyui_a, Owun_ o — BUTPATa Ta TeMIEPaTypa BiINPaNbOBAHOTO
TenaoareHTa BiANoOBiAHO

Bximaumu dakropamu moaeni O0yio oopaHo:

e BuTtpara TeroBoro areHTa Ha BXO/li B TETUIOOOMIHHUK — KEPYIOYHH BILTHB.
e Temneparypa CUHTE3-ra3y Ha BXoai B TEINIOOOMIHHUK - 30ypeHHS
e TewmrmepaTypa TEIIOBOTO areHTy Ha BXO/li B TETUIOOOMIHHUK - 30ypeHHS.

BuxigHoio BENMYMHOIO MOJENl € pe3ysibTaT KepyBaHHS — TemIepaTypa CHHTE3-rasy Ha BHUXOIl 3
TEIUI00OMIHHUKA.

Po3paxyHku Oyiu BUKOHaHI 3a IOTIOMOr0I0 MaTeMaTHYHOro nakery Mathcad B HacTymHiit TOCTiJOBHOCTI:

1. BximHi pakTopu Moaemi epeBipeHO Ha MYJIbTHKOJIHEAPHICTh, PO3PaXOBaHO MapHi KOSPIIIEHTH KOPENSIii

Ta TOCIIKCHO 3B'130K BXiJHUX (PAKTOPIB MiXK COOOIO Ta 3 BUXiTHOI BEIUIHHOIO.

2. 3HaiineHo koedimieHTH perpecii.

3. TlepeBipeHo amekBaTHICTh MOJIEI 3a KpuTepiem dDimepa, aHai3 3aIHIIKiB.

4. Po3paxoBaHO HEB 3Ky MOJIEII.

Tak sk po3paxyHkoBe 3HaueHHs kpurepito @imepa Oinblie 3a TaOIMYHE, TO MOAENb MOXKHA BBaXKaTH
aJICKBaTHOI0 €KCIIEPUMEHTAJILHAM AaHUM. TOYHICTH MOJIEINi, PO3paxoBaHa K CEPEAHBOKBAIPATUYHE BIAXHICHHS
ckimagae — 1,24. BukopucTaHHS perpeciifHOi MoJeli B CHCTEMi KepyBaHHS BUKOHYETHCS NUIAXOM iTepalriiiHoro
JTOCTIJKCHHS 11 BUXO/Y BiJl BXOIY.

Po3po6ka MopeJii nporao3yBanHs 0paKy NpoayKIii

Jli1st mporHO3yBaHHS HACTAHHS aBapiiHUX (HECTIPHUSTIWBUX) CUTYaIliii HA BUPOOHHUIITBI HEOOXiTHO BU3HAYUTH
TIepeITiK X CUTYAIH 3T1THO TEXHOJIOTIYHOTO periaMenTy. Jlo aBapiiiHuX cuTyaiii HABHUIOTO PiBHS BiTHOCSTHCS
HACTYIIHI:

- Konuenrpauist meranoiry Ha Buxoai 3 peakropa Cpcl < 30%;
- 3umwxkeHHs npoaykTuBHOCTI HIbk4Ye 40000 Kr/TOI;
- Piens y cenapatopi Lcl > 80% wmkany;

OCKIIbKY TIPOLIEC XapaKTEPHU3Y€EThCs BEIMKOIO KUIBKICTIO MapaMeTpiB, TO MOCTAa€ aKkTyallbHa 3ajadya BinOopy
3HAYUMHX (PAKTOPIB, sIKi OyAyTh BpaxoBaHi B MOJEII.

JI71st IbOTO BUKOPUCTOBYETHCS AITOPUTM, OnMcaHuii B po6oTi [10] i HaBeneHuii Ha puc 4. OCHOBHUMH €TaraMu
JITAaHOTO AJITOPUTMY €:

OOpoOka MoOYaTKOBMX AaHMX (HaJaHHS Ha3B Ta IIUQPIB 3MIHHMM, NOTOKaM, TEXHOJOTIYHHM araparam;
BH3HAYEHHS MICIS, OJUHHIIb, IMEPIOJUIHOCTI Ta CIOCOOY BHMIPIOBaHHS; MEXI Ta MOXIJIHMBHHA CIIOCIO 3MiHH
TEXHOJIOTIYHOT 3MiHHOT).

Hacrymaum kpokoM HOTPIOHO 3’sICYBAaTH YW HAJICKUTH 3MiHHA JIO MOKA3HHKIB SKOCTi. SIKIO TaK, TO sIKi O3HAKH
TIOpYILIEHHSI, aBapiiiHKI iHTepBaJI, HACIIIKM Ta SIKa IMOBIPHICTH aBapii PH BiIXHMIIEHH] 3MiHHOT BiJI IOIyCTUMOTO Jiara3oHy.

ITicnst TOoro sk CKJIaJCHO MOBHUM TEpENiK aBapiii HA OCTAHHHOMY €Talli MOTPIOHO BU3HAYMTH YH BKJIFOYATH
3MIHHY JUIsl IPOTHO3YBaHHs aBapiHOI cuTyauii.
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Puc. 4 — Anroputm Bindopy 3HaunMuX (aKkTOpiB A MoAeai MPOrHO3YBAHHS
3rigHo 3 UM aNTOpUTMOM Oyia ckiameHa 0a3a 3HaHBb, CTPYKTypa sikoi HaBeaeHa B Tabmmmi 1. Beroro Oymo
posrisiHyTO 29 (akropiB, micist 00poOku — 5 3 sikux OyJIo BifiOpaHo Uit MOJIEII IPOrHO3YBAHHS Ta J{iarHOCTYBaHHS
aBapiiiHUX CUTYyaLliH.
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Taoauust 1 — CTpykTypa 6a3u 3HaHb NPO MapaMeTPH MiATOTOBKH CMHTE3-Ta3y Ta OTPUMAHHSA PeaKuiitHol cymini

Ha3ssa 3minnO1 Burpara Tuck cTUCHEHOTO Temnepatypa Pisers B

CTHCHEHOTO CHHTE3-Ta3y oxonopkeHoro | Burpara Boau .

KOHZIeHCaTopi

CHUHTE3-ra3zy CHUHTE3-rasy
InenTudikarop Ferl Pcrl Ter2 FBl Lel
Peecrpartist mOTOKY CT1 CT1 Cr2 Bl Cl
Peectpariis TK1 TK1 X1 IIIT X1
HOIEpPEIHHOTO arapary
Peectpariis X1 X1 Cl X1 AJll
HACTYIIHOTO arapary
Micue crioctepexennst | TpyGonposin TpyGonposin Tpy6omnposin | Tpy6omposin Cl
OnuHUI BUMIipIOBaHHS KI/TOJ MlIla C KI/TOJ % IIKaJIHA
Crioci6 BUMiprOBaHHS ABT ABT ABT ABT ABT
ITepioanaHicTh Henepepsno Henepepsno Henepepsno Henepepsuo | HemnepepsHo
Homyctumi rpanumi 7200-36000 5-9 30-40 7200-36000 40-80
IToxa3HuK sIKOCTI Hi Hi Tax Hi Hi
INokasnuku sikocti, mo | Temneparypa Temneparypa Temneparypa | Temmnepatypa -
OB’ s13aHi 31 3MiHHOIO CHHTE3-Ta3y B CHHTE3-Ta3y B CHHTE3-Ta3y CUHTE3-Ta3y B

XOJIOAWJIBHUK | XOJIOAWIBHUKY Cr3 XOJIOOUIIBHUK
y X1 X1 y X1
3MiHHa-IPUYMHA aBapii Tax Tax Tax Taxk Tax
Hacunigku nopyureHHs Tx1>40C Tx1>40C Ter3>40C Tx1>40C IMoTpamnsiHas
BOJIU B
TpyOOTIPOBiz

ImoBipHiCTE 60% 55% 95% 90% 90%
MOPYIICHHS
BKH}OL'IGHH}I 3MIHHOI JI0 ) N N i N
MO/IEJTi IPOTHO3YBaHHS

Bracninok 06poOku 6a3u 3HaHb, OCHOBHHUMH (paKTOpPaMu, 110 MArOTh OYTH BKJIIOYEHI 1O MOJIEJI TPOTHO3YBaHHS
aBapiifHUX cuTyaliii 0OpaHoO HACTYIHI:
1. Butpara Ta KOHIEHTpALlis HArPITOi Ta30BOI CyMIllli Ha BUXO/I1 3 PEaKToOpy.
2. Bwutpara ra3oBoi cyMilli Mix IapaMy KaTajiizaTopa B peakTopi.

3. KoHueHrpais neHrakapOOHLTy B ra3oBiil cymii.

4. Booricte CUHTE3-Ta3y MiCIs cernapaTopa.
5. Temmneparypa 0X0JOKEHOTO CHHTE3-Ta3y;
ITicns Bimbopy ¢akTopiB I aBapiftHUX CUTYaIlili HAWBHIOTO PiBHSI 3a 0a3010 3HAHb BH3HAYAEMO BCi MOYKITUBI

TUIKW IepeBa Ta BiAMOBIAHI pimeHHsA. Hibkye HaBelIeHO CTBOpPEHE NEPEBO PIllIeHb IS MPOTHO3YBAaHHS aBapiiHUX
cUTyaliil npolecy BUPOOHHUIITBA METAHOMY 32 3HUIKEHOT'O THUCKY.
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3MeHWHTH BUTPaTY
peakuiiHoT cymiwwi
PC2 Ha Bxogi B
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& cenapatopi > 80 %

wKanu
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CKOHAEHcoBaHoi BOAKU
B3 Ha Buxoai 3
cenapartopa

Mepepaty B uex
niAroToBKM BOAM
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SHUKEHHA
TemnepaTypy BOAM
B1

36inbWwunTH BUTPATY
soau B1 Ha Bxoai B
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3MeHwWuTH BUTPaTY
cuHTes-rasy C'1 Ha
BXOAj B XONIOAN/BHUK
X1

Nepepatu Ha
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MifArOTOBKM CUHTES-
rasy SMEHLUTH TUCK

CUHTe3-rasy

Puc. 5 — JlepeBo pinieHsb 1J1s1 IPOrHO3YBaHHSA aBapiliHUX cuTyauii

®DaKkTHYHO, OTPUMAHE JICPEBO € rpahidYHOI0 CTPYKTYPOIO BEpOAThHOT (CMUCIOBOT) MOJICITi MipKyBaHb CKCIIepPTa
IIi 9ac BUPIiMIEHHS pobJeM, TOB'13aHIX 3 BUHUKHEHHSIM aBapifHuX cuTyarliil. Lle MepexeBa CTpyKTypa, y By31ax
SIKOT 3HAXOASTHCS MOYKIIMBI BiIXUJICHHS 00'€KTa KEPYBAHHS BiI HOPMAJIBLHOTO pexuMy podotn. OTpuMaHe IepeBo
BHUKOPHUCTOBYIOTB ISl PO3B’sI3aHHsI 3a]1a4 IPOTHO3YBaHH Ta AiarHOCTYBaHHSL.

JJis IpakTHYHOTO BUKOPUCTAHHS 3/IIHCHEHO MPOTPaMHy peai3allito IepeBa pillieHb, Y BUIISI HA00py MpaBUII
«IKMIO - TO». [Iporpamue 3a0e3neueHHsT BUKOPHUCTOBYETHLCS K €JIEMEHT CHCTEMH BHIIOTO PiBHS BITHOCHO i1CHYIOYO1

BucnoBku. B po0oTi 1moka3aHo akTyaJbHICTh PO3POOKHM HPOTHO3YIOUHMX MOJIENIe Ta X BUKOPHUCTAHHS IS
TEXHOJIOTTYHOTO IPOLIECY BUTOTOBJICHHS METAHOJY 32 3HIDKEHOTO THCKY. HaBeneHo Micie X Mozeliel B KOHIETILiT
Iamyctpii 4.0. Ha ocHOBI cTaTHCTHYHMX JaHWX IOOYAOBAaHO pErpeciiiHy MOAeNh TEIUIOOOMIHHUKA, SIKa TO3BOJISE
pO3paxoByBaTH 3HAYEHHS TEMIIEPAaTypU CHHTE3 rasy, B 3aJIe)KHOCTI BiJl BUTpPATH TEIUIOBOro areHty. I1oOymoBaHO
JIepeBO pillleHb I IPOTHO3YBaHHS aBapiHMX cUTyanid Ha BHpOOHHMLTBI. BukoHaHo mporpamHy peaiizaiito
OTPUMaHUX MOJENEH.
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Dmytro Kovaliuk, Ruslan Osipa, Victoria Kondratova

DECISION MAKING IN CONTROL SYSTEMS BASED ON DATA ANALYSIS

Technological processes are always accompanied by deviations from the set mode, which is due to the influence of
many external and internal factors. The environmental parameters, the components of input raw materials, and the
condition of technological equipment are constantly changing, which requires solving the problem of finding the
optimal control parameters and, in some cases, the parameters of the process itself.

Most industries are focused on obtaining the final product with a given level of quality. Changes in parameters of the
technological process may deteriorate the quality of production and cause defects or even emergency situations. To
prevent this, forecasting methods are used.

The task of constructing predictive models based on experimental data is relevant for a wide range of technological
processes. Today, predictive models are widely used in management, diagnosis and identification. The vast majority
of these models are based on artificial intelligence technologies or methods of mathematical statistics.

The most widespread forecasting models find application in areas such as banking, insurance, business economics,

medicine, diagnostics of technical components and equipment, and forecasting the parameters of technological
processes.

Despite the well-developed algorithm for model development and application, the main problem that remains is to
acquire data, select an appropriate model structure, and integrate the model into existing control systems.

The paper will predict the parameters of the technological process of methanol production under reduced pressure.

The production of methanol under reduced pressure is a multi-stage process, and the emergence of problems at some
stage will adversely affect further work and the end result.

Note that there are all problems related to the performance of technological processes in the production of methanol,

which are described above. Therefore, another task is to forecast emergencies, taking into account the indicators of
all stages in the process. The development of models for forecasting emergencies and controlling thermal regimes
and their further integration into the existing automatic process control system is proposed to be performed according
to the principles of industrial revolution — Industry 4.0.
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Important components of Industry 4.0 are the Internet of Things, data analysis, and digital duplicates. Each of these
components solves a partial problem and, collectively, they provide full automation of production, forecasting of real-
time process indicators, and calculation of optimal control.

The process of methanol production under reduced pressure can be fully automated in accordance with the
components of Industry 4.0. First, there is instrumentation that allows the values of technological process to be
obtained over time. Second, given a moderate size of these data, one can obtain models of control objects, perform
their software implementation, and use them to calculate optimal control or predict the state of the process.

The paper proposes a variant of constructing a virtual model based on experimental data and its further use with
actual values of process parameters.

A regression model was chosen to develop a model for predicting the temperature regime. Regression analysis allows
checking the statistical significance of the parameters, assessing the adequacy and accuracy of the model, and
establishing the nature and closeness of the relationship between the studied phenomena.

1t is also important to predict the occurrence of emergency (adverse) situations at the workplace. For this purpose, it
is necessary to determine a list of these situations according to the technological regulations and develop a model for
forecasting emergencies. There are various forms of presenting a model for forecasting emergencies. A decision tree
is one of them. It will be developed for the production of methanol.

The resulting tree is a graphical structure of the verbal (semantic) model relying on the expert's reasoning in solving
problems related to emergencies. This is a network structure, whose nodes indicate potential deviations of the control
object from the normal mode of operation. The resulting tree is used to solve forecasting and diagnosing problems.
For practical use, the decision tree is implemented in software as an "if - then" set of rules. The software is used as
an element of a higher-level system in relation to the existing automatic process control system.

Keywords: methanol production, data analysis, digital twin, regression model, decision tree.
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