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Beryn

ABTOMaTH3aIlis BAPOOHUYUX TMPOIIECIB € KIIOYOBUM YHHHUKOM ITiIBUIIICHHSI
e(EKTUBHOCTI Ta MPOJYKTUBHOCTI CYYaCHUX MIANPHUEMCTB. Y MPOMUCIOBOCTI
OJIHUM 13 HaWBaXJIMBIIIMX 1HCTPYMEHTIB aBTOMAaTH3allli € CTaHKH 3 YHUCIOBHM
nporpamMauM yrpaiaiHHEsIM (UITY), ski A03BOJISIOTH 3A1MCHIOBATH BHUCOKOTOYHY
00poOKy MatepiajiiB 0e3 BTpydaHHs JroauHU. [IpoTe, HaBITH MPU BUKOPUCTAHHI
UITY BuHMKaIOTH NpoOJIEMH, TOB'SI3aHI 3 ONTHUMI3AIIEI0 MPOAYKTUBHOCTI,
MIHIMI3aI[1€10 MPOCTOIB Ta MiABUIIEHHSIM HaA1HHOCTI 00JIaIHAHHS.

3 METOI0 BHUPIIIEHHS ITUX MPOOJIeM Ha JOMOMOTY MPUXOJATh MPOrpaMoBaHi
goriyHi koHTponepu (IJIK), ski 3a0e3nedyroTb MOMJIMBICTH OUIBII THYYKOIO
YOPaBIIHHS BUPOOHUYMMH TMPOILIECAMH, MOHITOPUHTY CTaHy OOJaJHAHHS Ta
MiBUIIEHHS Horo 3arainbHoi edekTuBHOCTI. [1JIK n03BOMSIOTE 1HTErpyBaTH Pi3HI
nigcuctemu YIIK B enHy cucteMy ynpaBiiHHSA, 11O [M1IBUILYE IIBUIKICTH 00OpOOKH
KOMaHJI, 3HUXY€ KUIbKICTh TMPOCTOIB uepe3 300i Ta ONTUMI3YE 3arajbHUN
BUPOOHUYHIA UK [1].

AKTYyalbHICTh JTOCIIJDKEHHS TOJISITA€ B TOMY, 110, HE3BAKAIOUM Ha ITUPOKE
BukopuctanHs YIIK B mpomucioBux ramy3sx, MOTEHINAT MMABUIIEHHS iX
NPOAYyKTUBHOCTI 32 gonoMoroto [1JIK He 3aBk/11 BUKOPUCTOBYETHCS B MMOBHIM MipI.
VY 3B’s13Ky 3 IIUM BUHUKA€E HEOOXI1IHICTh Y BUBUCHHI MOXIHBOCTeH iHTerpaii [1JIK
y po6oty crankiB UIIK, 3 MeTor0 migBUIIIEHHS 1X MPOXYKTUBHOCTI Ta OMTHMI3aIlli
BUPOOHMYHUX MPOLECIB.

Mera nmaHoi Marictepchbkoi poOOTH TMOJdsArae B JOCHIDKCHHI METOIB
NIJBUILEHHS NPOAYKTHBHOCTI cTaHkiB YIIY 3a gomomMororo mnporpaMoBaHUX
JIOTIYHUX KOHTPOJIEPIB Ta BIPOBAKCHHI KOHKPETHUX PIIICHb HA TMPUKIAJI
Bepcraty HAAS VF-2 3 Bukopucranssm [TJIK Allan Bradley CompactLogix 5380.

OO0'exT AOCHIKEHHS — CTAHKM 3 YHUCJIOBUM MPOTPAMHHUM YIPABIIHHAM

(UITY), 1110 BUKOPUCTOBYIOTHCS Y MPOMHUCIIOBUX BUPOOHUUNX TPOIIECAX.



[Ipenmer noCHiIXKEHHS — METOIU MiJBUIIECHHS MPOTyKTUBHOCTI POOOTH
BepcrariB UIIK 3a paxyHOK MojepHI3aIii eJIeKTPOHHHX MOJYJIIB Ha IPHUKIIAJI
inTerpamii [TJIK Allan Bradley CompactLogix 5380 3 Bepctatom HAAS VF-2.

Metoau mOCIiKEHHS

JIJist TOCSATHEHHSI TIOCTABJIIEHUX y pOOOTI 3aBJaHb BUKOPUCTOBYIOTHCS Taki
METOH JTOCITIIKESHHS:

1. AHa3 JTEpaTypHUX JpKepel Ta 1HGOPMAIlIHHUX PECypCiB — IS
BUBYCHHS ICHYIOYMX MIIXOJIB JO aBTOMaTH3allli BUPOOHUYUX TIPOIIECIB 13
3acrocyBanHsaM [IJIK 1 Bepcraris UIIK.

2. MopnentoBanHsT Ta CUMYJSIISS — JJII TPOEKTYBaHHS CHUCTEMU
inrerpamii [1JIK 3 YIIK, ominku ii e€(peKTUBHOCTI Ta MOJICIIOBAHHS MOBEIIHKU
CUCTEMHU B PI3HUX BUPOOHUYMX YMOBAX.

3. ExcrniepuMeHTanbHl AOCTIHPKEHHS — JUIS MPAKTUYHOTO TECTYBaHHS
3aIPOTIOHOBAHMX PIIICHb HA peaJbHOMY 00IaiHaHHi, a came Bepcraty HAAS V-
2 3 interpoBanuM I1JIK Allan Bradley CompactLogix 5380, i 300py naHuMX 11010
IPOYKTUBHOCTI.

4, [TopiBHAIBHUE aHAII3 — AJIA OLIIHKY 3MIH Y IPOJYKTUBHOCTI BEpPCTATY
UIIK no Ta micust BupoBamxeHHs cuctemu 3 [1JIK, a Takox mopiBHSIHHS OTpUMaHUX
PEe3YJbTATIB 3 IHIIUMH BIIOMUMHM M1IX0JAMH.

S. CratuctnyHa 00poOKa JmaHuX — Ui aHali3y pe3yibTaTiB
EKCIIEpUMEHTY Ta BU3HaueHHs edekTuBHOCTI Bukopucranus [1IJIK y miaBuiiensHi
npoaykTuBHocTi BepcTaTiB UIIK.

3aBaaHHs AOCTIIKCHHS:

1. [IpoBecTu anaii3 icHyroUMX MeToAiB aBromaTu3aiii BepcrariB UIIK 3a
nonomororo [TJIK.

2. O6patu moxaensb cranka UITK Ta ITJIK mis gocimikeHHS.

3. Po3po6utu crparerito inTerpaiii I[1JIK 3 UIIK.

4, [IpoBecTr ekciepuMeHTaIbHE TOCTIKeHHs Ha 0a31 00paHOTO CTaHKa

YIIK 3 interpoBanum [ 1JIK.



d. [IpoanamnizyBaTs pe3yJIbTaTh Ta JaTH PEKOMEHAITIT 00 i ABUIIICHHS
npoayktuBHocTi UITK.,

Takum dYwmHOM, gaHa pobOOTa CHpSMOBaHA Ha MJOCTIIHKCHHS CIOCO0IB
BJIOCKOHQJICHHS BHPOOHMYMX TIpomeciB Ha 0a3l Cy4acHHMX TEXHOJIOTIH
aBTOMATH3aIlii, 10 € aKTyaJbHUM 3aBJaHHsAM JJs 0aratbox Taiy3ei

IPOMUCIIOBOCTI.



Pozain 1. AHAJIITUYHA YACTHUHA

1.1. Ictopist po3sutky UITY TexHomnorii

Yucnose mporpamue ympasiinas, ado YITY (CNC — Computer Numerical
Control), sBmse coboro OaHY 3 HaWOLIBII 3HAYYIIMX IHHOBALIA B 00JacTi
BUPOOHMIITBA, IO PAJUKAIBLHO 3MIHWIA MIAXI 10 MAaTUHOOYIyBaHHS Ta 00pOOKU
MmatepianiB. Croromasi, konu ctanku YITY BUKOpHUCTOBYIOTHCS MaiiiKe y BCiX cdepax
MIPOMUCJIOBOCTI, BaXJIMBO 3BEPHYTUCSA JO BHUTOKIB IIi€l TEXHOJOTii Ta
MPOCIIIIKYBATHU 11 €BOJIIOIII0, III00 3pO3yMITH, SIK BOHA Ha0yJa cydacHoi popMmu Ta
3HAYCHHS.

IcTopist po3Butky UIIY TexHomoriit movanacs y cepeauni 20 CTOMITTS, KOJIU
BUHUKJIA TOTpeda y OUIbII TOYHOMY Ta AaBTOMATU30BAaHOMY YIIpaBIIHHI
BUPOOHMYMM OOJiagHaHHAM. Jlo 1bOrO MaIlMHU KEpyBaJMCA BpPYYHY abo 3
BUKOPUCTAHHSAM MEXaHIYHUX MpOrpaM, TAaKUX SK NepPokapTH Ta KyJadKOBI
CUCTEMHU.

OnHuUM 13 OCHOBHMX MPOOJIEM, 3 SIKUMHM CTUKaJIacs 1HIYCTpis, OyJia HU3bKa
TOYHICTh Ta CKJIQJHICTh K€PYBaHHS BUPOOHHMYMMHM MPOLECAMHU, 110 HE JO3BOJISIO
MIBUKO Ta €(EKTUBHO aJlallTyBaTH MAIIMHH 0 HOBUX BUPOOHUYMX BUMOT. Came
11l BUKJIUKHA CTAJIA TIOIMTOBXOM JIO CTBOPEHHS TEXHOJIOT11 YMCIIOBOTO TIPOTPAMHOTO
ynpasmiHH [1].

[Tepmri kpoku 10 po3Butky UITY Oynu 3pobneni y 1940-x pokax, Koiu B
Cnonyuyenux Illtatax Ha 3aMOBIJIEHHS BIMCBKOBUX MOYaldH PO3POOJIATHUCS HOBI
MeTtoau aBroMmartu3ailii. OauH 13 mioHepiB i€l TexHosorii — Jon Ilapcosc,
ixeHep 13 micra Tpasepc-Citi, mrar Miuuran, po3poOUB METOJl KepyBaHHS
IHCTPYMEHTAMH 3a IOTTOMOTOI0 KOOPJAMHATHUX TOYOK JJIsl BUTOTOBJICHHS JIOMATOK
Uit TypOiH. BiH 3ampomoHyBaB 11€10 BUKOPUCTaHHS TepPOKapT Il KepyBaHHS
MEXaHIYHUMHU PyXaMH, [0 CTAJIO OCHOBOIO /IS MTOIAJIBIIIOTO PO3BUTKY TEXHOJOTIH
YITY. Moro inei oTpuMany miaTpuMKy Bin BifickkoBux, 30kpema BIIC CIIIA, sxki

HIYKaJId CIOCOOU MiJIBUILIEHHS TOYHOCTI Y BUPOOHUIITBI KOMIIOHEHTIB JIJISl JTITaKIB.
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[Ticass 1pOro OCHOBHI pPO3poOKHM mepedmmm 10 MaccadyceTchKoro
TexHoJoT1yHOTo 1HCTUTYTY (MIT). V 1949 poui 3a Himiatuoro BIIC CIIA Tta min
kepiBHUIITBOM Piuapma K. I'panta Oyno 3amoyaTKOBaHO MPOEKT 3 PO3POOKHU
MEPIIOro BepcTaTa 3 YNCIOBUM MPOTPAMHUM YTIPABIIHHM [2].

MeTtoro OyJ0 CTBOPUTH CUCTEMY, siIka O MOIVIa aBTOMAaTU4YHO KEpyBaTU
pyXaMu IHCTPYMEHTIB 3 BUCOKOIO TOUHICTIO, 1110 0yJI0 HEOOX1AHO JJIsi BAPOOHUIITBA
aBiariinux neranei. Lleit mpoekT cTaB OCHOBOIO JJIsi CTBOpeHHs mepiioro YUITY-
BEpCTaTa, SIKU BUKOPUCTOBYBABCS [ 0OPOOKH METAaIB.

VY 1952 pomi B maboparopisx MIT Oyno mpeacTaBieHO Mepmuii CTaHOK 13
UITY (Pucynok 1.1). Bin npartoBaB Ha OCHOBI IeppoKapT, 5Kl 3aAaBaIl IHCTPYKIIIT

JUTSL YIPABIIIHHS PyXaMH Pi3LiB Yy TPUBUMIPHOMY MPOCTOPI.

Pucynok 1.1 - Ilepmmii ctanok 13 UITY

Lle#t mpopuB BiIKPUB HOBI TOPU3OHTH B MPOMUCIOBOMY BUPOOHHUIITBI. X0oua

nepuri BepcTaTd Oyiau JIOBOJI CKJIAQIHAMHM Ta JOPOTMMH Yy BHUPOOHMIITBI 1



11

BUKOPHWCTAHHI, IXHS TOYHICTh Ta MOXJIMBICTh aBTOMATH3AIIli IIBUIKO TPUBEPHYIU
yBary BEJIUKUX MiANPUEMCTB [3].

Crnouatky UIIY BuKOpHCTOBYBaNOCS MEPEBaXXHO y BINCHKOBIN cdepi, ajue
3roJIOM TMOYaJi0 TMOIIMPIOBATUCA 1 B IUBUIBHY IPOMHUCIOBICTh, OCOOJIMBO Y
BUPOOHUIITBI aBTOMOO1TIB Ta aBiallliHMX KOMIIOHEHTIB.

Y 1960-x pokax 3'aBHiIMCS 3HauHI TMOKpalieHHs B TexHonorisx YIIY.
OCHOBHUM YMHHHMKOM, 1110 CIIPUSIB PO3BUTKY L1€i TEXHOJIOT1i, OYJI0 BAOCKOHAJIECHHS
KOMITFOTEPHUX CHCTEM 1 MOKJIMBICTH IHTErpallii KOMI'IOTEpPIB y BUPOOHUYUN
nporec.

[TepdokapTu Oy MOCTYNOBO 3aMiHEHI HA MAarHiTHI CTPIYKH, & TIOTIM — Ha
KOMII'FOTEPH, SIKi TO3BOJISTN 30epiratu Habarato O1NbIIe JaHUX Ta 0OpOOIATH iX 3
O1TBIIIOKO IIBUIKICTIO [4].

Ile 103BONNIIO 3HAYHO PO3UIMPUTH MOXKIIMBOCTI MPOTPAMHOIO YIPABIIHHSA 1
3pOOUTH TIPOIECH OUTBII THYYKUMHU. TakoX y Ieil mepioa movyaan po3poosTucs
CHUCTEMH YHCIIOBOTO YMPAaBIIHHA JUIsl PI3HUX THUIIB BepCTaTiB: (pe3epHUx,
TOKapHUX, CBEPUTUIHHUX Ta 1HIINX.

VY 1970-x pokax BiAOyBcs L€ OJWH BEIMKUWA NPOpUB y po3BUTKy UITY
texHosori (Pucynok 1.2). B 1ieit nepiog koMn'toTepu CTaiu JOCTYIHIIIAMH, 110

3pobmto BripoBapkeHHs UITY Ha mianpuemMcTBax OUIbIT €KOHOMIYHO BHUTITHUM.

Pucynok 1.2 —UYITY y 1970-x pokax
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KpiMm Toro, B 1meil wyac po3poOissitoThest mepini craHaapTa mis YITY-
nporpamMyBaHHs, cepell AKuX HauBimoMmimuM € G-Koj, KU BUKOPUCTOBYETHCA
JIOHUHI IS OTIMCY PyXiB IHCTPYMEHTIB Ta 1HIIUX BUPOOHUUYUX MapaMeTpiB.

CranmapTu3zaiiis J03BOJIMJIA 3POOUTH TEXHOJIOTIIO yHIBEPCATBHOKIO 1
CIIPOCTUTH HAaBYAHHS omeparopaM. BaKInMBO TakoX BiA3HAYUTH, 1110 B LW Mepiof
Oyn0 po3pobiieHO mporpamMHe 3a0e3MEUYeHHs, SIKe O3BOJISLIO OmepaTropaM 1
mporpamictaM CTBOPIOBATH CKJIAJHI MporpamMu JUisl yHpPaBIiHHS CTaHKamMu 0e3
HEO0OX1THOCTI TTIMOOKUX 3HAHB y Tally3i mporpamMyBaHHs [5].

1980-Ti poxu ctanmm mepiogoM macoBoro momuperas UITY-texnomoriii. B
el yac OUTBIIICTh BEIMKUX MTPOMUCIOBUX KOMMaHi# nmovaiu BrposamkyBatu YITY
y CBO1 BUPOOHHUYI MIPOIIECH, IO JO3BOJUIIO CYTTEBO MiABUIIUTH MPOTYKTUBHICTD 1

TOYHICTh BUTOTOBJICHHS I[eTaJ'IGI‘/JI.

Pucynok 1.3 — UITY y 1990-x pokax

[udposizarmis YITY Bigkpuaa HOBi TOPU30HTH Y BUPOOHHUUX MOKITMBOCTSIX.

3aBAsSKM 1HTErpalli CEeHCOPHUX CHUCTEM, BEpCTATH TEMep MOXYTh BIJICTEXKYBaTH
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CTaH 1HCTPYMEHTY B PEaJIbHOMY 4Yaci, KOHTPOJIIOBATH 3HOC PiKYUHUX CJIEMCHTIB,
BUSIBJISITH BIOpAIlii Ta 1HIIT aHOMAJTI{ M1 4ac 0OpOOKH.

Ile no3Bossie 3amo0iraTd MOXKJIUBUM aBapisiM, 3HU)KYBAaTH KUIBKICTh
OpakoBaHUX JeTaleH i 301IBITYBATH 3arajbHy MPOTYKTHBHICTD [7].

Kpim TOro, po3BUTOK CEHCOPHUX TEXHOJIOT1H J03BOJIUB CTBOPUTH aJJalITUBHI
CHUCTEMHU YIIPABIIHHSA, SIKI MOXYTh aBTOMAaTHYHO MiJIJIAIITOBYBATUCA MiJ 3MIHU B
XapaKTepUCTUKaxX MaTepiajiB abo ctaHy 00JiaHaHHS.

[aTerpamis YITY 3 XMapHHUMHU TEXHOJIOTISIMH CTaja Ie OJIHUM Ba)KJIMBHUM
€TarioM y PO3BUTKY LI€T rary3i.

XMapHi TIaTGOpMU HAJAIOTh MOMJIMBICTH 30€piraTh BEJIUYE3HI OOCSTH
JJaHUX, 110 TeHEPYIOThCS MijJ Yac poOOTH BEpPCTaTIB, 1 aHATI3yBaTH Il JlaHl JJIs
ONTHUMI3allii MPOIIECIB.

Ile He TUIBKM mMmiABUINYE €PEKTUBHICTH BUPOOHUIITBA, ajie ¥l MOJETIIYy€E
YOPABIIHHSA BEJIMKUMHU MIJIPHUEMCTBAMH, OCKUIBKH JO3BOJIAE OlepaTopam
OTPUMYBATHU JOCTYN JI0 BEPCTATIB 1 KEPYyBaTH HUMH BiJIaJICHO 3 OYJIb-sIKOT TOUKHU
CBITY.

PO3BUTOK IITY4YHOTO 1HTEIEKTY TaKOK 3pOOUB CBiil BHECOK Y BJOCKOHAJICHHS
UITY-texnonorii. 11l BUKOPUCTOBYIOTH AJIsI MPOTHO3YBAHHS 3HOCY 1HCTPYMEHTY,
aBTOMATUYHOI ONTHUMIi3alli BUPOOHMYMX MPOLECIB 1 BUSIBJICHHS MMOTEHIINHUX
HECMPaBHOCTEH III€ /IO TOTO, SIK BOHM BIUIMHYTh Ha MPOYKTUBHICTH [9)].

[HIIMM BaXKJIMBUM HANPSIMKOM PO3BUTKY € BIIPOBAKCHHS aJIUTUBHUX
TEXHOJIOT1H, TakuX K 3D-npyk, y mpouecu, mo kepyroTtbes UITY.

Xoua TpaguiiiHo YITY-cTaHKH BUKOPUCTOBYIOTBHCS I BiAHIMAJbHHUX
MeTOIB 00poOku ((ppe3epyBaHHs, TOKapHOI OOpOOKH), IHTErpallis aJUTHUBHUX
TEXHOJIOT1M JI03BOJISIE TIOETHYBAaTH OOWJBA MIAXOAW JUIsl CTBOPEHHS CKJIQJIHHUX
neraneir. lle BimkpuBae MOXIMBOCTI JJii BUPOOHUIITBA TMPOTOTHIMIB Ta
MaJjioCepIMHOrO0 BHUPOOHUIITBA 3 BHUCOKOI THYYKICTIO 1 MIHIMaJbHUMHU BTpaTaMu

MarepiaiiB [8].
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Kpim Toro, BaxumBuM acmnekToM po3BuTky UYIIY crano BmockoHaseHHS
iHTepdeiiciB kopuctyBaya. CydacHl CHCTEMH YIPaBJiHHS HaJIalOTh MOXKJIUBICTh
JIeTKO 1 MIBUAKO MpOrpaMyBaTH BepcTaTu Oe3 rianOOKWX 3HaHb MPOTpamMyBaHHA,
BUKOPHUCTOBYIOUH 1HTYITHBHO 3p03yMiJii iHTEpdeiicu Ta mporpaMHe 3a0e3MeUeHHS.

Omneparopyr MOXYTb B3a€EMOJISTH 3 BEpCTaTaMU UYEpPE3 CEHCOPHI €KpaHW,
rpadiuni iHTEepdeiicu Ta HaBITH 3a JTOMOMOTOIO0 TOJOCOBUX KoMmaHg. lle 3HauHO
HOJIETIIIYE TPOLEC HaNaIlITyBaHHS BEpPCTAaTIB 1 POOUTH iX JOCTYHHIIIMMHU ISt
IIMPOKOTO KOJIa KOPUCTYBAUIB.

Cooronni YIIY-Bepcratu MpOJOBXKYIOTh PO3BUBATUCA, 1 IXHE MalOyTHE
BUIJIAJIA€ 1€ OUIBII MEPCHEKTUBHUM 3aBJASIKM IOCTIHHOMY BJIOCKOHAJIECHHIO

TEXHOJIOT1H.

1.2. Ornsan ¢dyHKIIOHYBaHHS cydacHUX cTtaHkiB YITY

CyyacHl CTaHKM 3 YHMCJIOBMM mMporpamMHuM ympasiinaaMm (YUIIY) cramu
BXJIMBUM €JIEMEHTOM TIPOMHCIIOBOTO BHPOOHHUIITBA, 3a0€3MEUyI0OYH BHCOKY
TOYHICTh, aBTOMATH3AIII}0 MTPOLIECIB Ta MPOTYKTUBHICTE. UIIY BUKOPUCTOBY€ETHCA B
0aratbOX rajay3sx — BiJl MalIMHOOYAYBaHHS /O aBiallii Ta MEIMIIMHU, OCKUIBKU
JI03BOJISIE BUTOTOBJISITH CKJIAaAHI KOMIIOHEHTH 3 MIHIMAJIbHUMHU BIIXWJIEHHSIMH 1
BHUCOKOIO IIBUJIKICTIO.

3aBAsKky 1HTErpaiii 3 KOMITIOTEpaMH Ta MOXKIMBOCTI MPOrpaMyBaHHS, I
MalIuHU 3A1MCHIOIOTh HAJ3BUYalHO TOYHE KEPYyBaHHA Pi13aJIbHUMU IHCTPYMEHTAMU,
10 JT03BOJISIE BUPOOJIATH JIETall CKJIaJHOI TEOMETPIi.

Opnieto 3 ocHoBHux mnepeBar YIIY e aBromaruszaumia npoueciB. Y
TPAJAMIIITHUX CUCTEMaX KepPyBaHHsS, KOJIM OIMepaTop KOHTPOJIIOBAB KOXKEH eTarl,
3aBkau Oysia BeTuKa WMOBIPHICTH MOMUJIOK, IO MPU3BOJMIIO JI0 BTpAT 4yacy Ta
matepiainis [11].

3apnaku YIIY cucrema kepyeTbcsi KOMI'IOTEPOM 1 BUKOHY€E I1HCTPYKIII,

3a/1aHi 3a37ajeriap y BUrisial nudpoBux KoiB. Lle 103Bosisie YHUKHYTH JTFOJCHKHUX
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IIOMMJIOK 1 JOCATTA MakcuMaibHOI ToyHOCTI. CroromuimHi cucremu YITY ugacto
1HTErpoBaHi 3 MporpaMamMu KoM 'torepHoro npoektyBanHs (CAD) 1 KoMIT'FOTEpPHOTO
BupoOHunTBa (CAM), 110 TO3BOJISIE ABTOMATHU3YBATH BECh ITUKJI BiJl TPOCKTYBAHHS
no BupoOHuuTBa. Ile ocobmmBO BaxiIMBO y  Takux  cdepax, SK
aBTOMOO171€0y/TyBaHHS YU aepOKOCMIYHA Tally3b, JI€ MIHIMAIbHI BIAXHWJICHHS
MOXXYTb MTPU3BECTH JI0 CEPUO3HUX HACIIIKIB.

OcHoBor po6oTu ctankiB UITY € koHTpoJiep — creliaJbHUi KOMITHOTEp, 1110
Kepye BciMa mpoliecaMu MamHud. KoHTposep oTpumye mporpamy, sika BU3HAUAE,
K THCTPYMEHT OyJie MepEeMIILATUCS IO OCSIM, SIKY TPAEKTOPIIO BIH Ma€ CIIiTyBaTH, 1
SKUM YMHOM IIOBMHHA BifOyBatucs oOpoOka matepialy. Y Cy4aCHUX CTaHKax
KOHTPOJIEPH JTy’K€ MOTYXKHi, 1 X MOXIJIUBOCTI JI03BOJISIFOTH YIPABIATA PyXaMH IO
06aratboM OCsIM OJTHOYACHO. J[JIs CKIIaJHUX JieTajiell BUKOPUCTOBYIOTHCS CTAHKH 3
’siTbMa a00 OUIBIIE OCSIMH, SIKI MOXKYTh OOpOOJISITH JI€Talll Y BCIX MPOCTOPOBUX
HaIpsMKax 0e3 moTpeOu y nepeHanalTyBaHHl 3arOTOBKH.

KpiM kOHTpoOJiepiB, BaXXJIMBY pOJb BIAIrpalOTh MPUBOJM Ta JBUTYHH, SIKi
3a0€3MeuyloTh ~ TOYHICTh  MEpeMIMEHHs 1HCTpyMeHTiB. (Cyd4acHl  CTaHKH
BUKOPHUCTOBYIOTh CEPBOJBUTYHH Ta KPOKOBI JIBUTYHH, IO JO3BOJIAIOTH JTOCSTTH
BHCOKOI TOuHOCTI [12].

OnHuM 13 BaXXJIMBHX aclekTiB (yHKIIOHYBaHHA cydyacHux UIIY € nporpamue
3a0e3nedeHHs. BoHo 103Bosie omeparopaMm Ta iH)XXEHepaM MPOEKTYBAaTH CKIIAIHI
JIeTal 1 MOTIM aBTOMAaTUYHO MEPEBOAUTH 111 KPECJICHHS Y TIPOTpaMH JIJIsl CTaHKA.

[Iporpamue 3abe3neueHHs CAM aBTOMaTUYHO CTBOPIOE TPAEKTOPIIO PYXY
IHCTPYMEHTY Ha OCHOBI 3D-Mozeri, 10 3HaYHO CHPOIIY€E MPOIEC MIATOTOBKH /10
BUupoOHHITBA. KpiM TOro, mporpamMmm MOXyTh AaBTOMATHYHO OINTUMI3YBaTH
TpaeKTOpii I 3MEHIIEHHS 4acy oOpoOkM 1 MiHIMIZaIllli BUTpaT matepiany. 3
po3Butkom IIII Ta wmammHHOrO HABYaHHSA, JEAKI MPOTPAMU BXKE MOXKYTh
nepeadayaTH MOXKJIIUBI MPOOJIEMH Y MPOIECi BUPOOHUIITBA Ta BHOCUTH KOPEKTUBU

y peaibHOMY Yaci, MiABHUILY0UN ePeKTHUBHICTh Ta Oe3neKky pobotH [1].
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OpHi€ro 3 iIHHOBaIIIK OCTaHHIX POKIB € BIPOBAPKEHHS CCHCOPHUX TEXHOJIOT1H
y cranku UITY. Ile n03BOJsi€ TOCTIHHO MOHITOPUTH CTaH IHCTPYMEHTY,
TeMIlepaTypy, BiOparii Ta 1HIN MapaMeTpH, SKi MOXYTh BIUIMBATH Ha SKICTh
00poOku. CeHCOpH MOXKYTh BHSIBIISITH TOYATKOBI O3HAKH 3HOCY IHCTPYMEHTY 1
CUTHAII3yBaTH PO HEOOXI1IHICTh MOT0 3aMiHH, IO JI03BOJISIE YHUKHYTH MOJIOMOK 1
npocToiB. Kpim TOro, CeHCOpH A0TmOMararoTh ONTUMI3yBaTH MPOTIECH OXOJIOKEHHS
Ta 3MAIlleHHs IHCTPYMEHTY, 110 MPOJAOBKYE HOr0o TEPMiH CITYKOU.

BaxxnuBotro nepeBaroro cyyacHux UITY e ix 31aTHICTh IpaltoBaTH 3 HIMPOKUM
CHEKTPOM MartepiaiiB. Big TpaguiiiiiHux MeTasiB, TAKUX K CTallb a00 alfOMiHIH, 10
HOBITHIX KOMIO3UTHUX MaTepianiB a00 HaBiTh O10JIOTTYHUX TKAHUH Y MEIUYHOMY
BUpOOHHUITBI — cTanku YITY 31aTHI 00p00IATH Pi3HI TUIIM MAaTepiajiB 3 BUCOKOIO
TOYHICTIO.

Ile poOuTh iX HE3aMIHHMMH B TaKHX BHCOKOTEXHOJIOTIYHHMX Tally3sX, 5K
aBlaOy/ayBaHHs, /i€ E€TaJll IOBUHHI OYTH JIETKUMHU 1 BOAHOYAC y>KE€ MIHUMHU, a00
B MEIUIIMHI, /¢ BUTOTOBJICHHS MPOTE3iB 1 IMIUIAHTIB MOTpeOye 1HAUBIAYaTbHOTO
MIIXO0AY Ta 171eadbHoi ToYHOCTI [13].

[Ile onHIE€0 BaXXJIMBOK 1HHOBAIED € BOPOBAKEHHA 3D-npyky sk
nonatkoBoi ¢yHkIi mo UITY-crankis. Lle mo3Bosise moeaHyBaTH BigHIMAJIBbHI Ta
aJUTHBHI METOAM OOpPOOKH MaTepialy B OAHOMY MPUCTPOi. 3 OJHOTO OOKY, CTaHOK
MOXke ¢pe3epyBaTH AeTajab 3 METady ado 1HIIIOr0 MaTepiay, a 3 IHIIIOr0 — JI0JaBaTH
mapu matepiany depes3 3D-npyk. Lle BigkpruBae HOBI MOMKJIMBOCTI JJIsl CTBOPEHHS
CKJIQJHUX KOMIIOHEHTIB, K1 paHilie 0yJ0 HEMOXKJIMBO BUTOTOBUTH 3a JOIMIOMOTOIO
TPaIUIIMHIX METOIIB.

Cyuacuni UYIIY-cTaHKM M0OpeNCTaBISAIOTH COO0OK0 BHCOKOABTOMATH30BaHI
CHUCTEMH, SKI ICTOTHO 3MIHWIM IIXiT 10 BHPOOHWMYMX TporeciB. OmHHM 13
KIFOUOBUX AaCMEKTIB PO3BUTKY IMX TEXHOJOTIM € TMIJBUIIEHHS TOYHOCTI Ta
HIBUJIKOCTI OOpPOOKHU, IO CTaJ0 MOXJIMBUM 3aBJSKU MOETHAHHIO KOMI'FOTEPHUX
TEXHOJIOT1M 1 MeXaHIKU. SIK pe3ynbTaT, HaBITh HAWOIIBIN CKIAJHI T€OMETPUYHI

dbopmu, sKi padimie Oyl0 HEMOMJIIMBO CTBOPUTU 3a JOIMOMOTOIO TPAJUIIIHHUX
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METO/IIB 00pOOKH, Ternep MOXXYTh OyTH BUTOTOBJICHI HIBUAKO Ta 3 MiHIMaJIbHUMU
3aTparamu Martepiany [10].

Y mnporeci eomorii UIIY-cTankiB 3’sBUINCS HOBI THUIM MAaIllWH, SKi
CHEIIaTi3yIOThCS Ha IEBHUX BUPOOHUYMX MPOIIECaX.

Hanpuknan, Bepcratu g elekTpoeposiiiHoi  06pobku  (EDM)
BUKOPHUCTOBYIOTh €JIEKTPUYHI PO3PSAIH JJIs1 0OpOOKH TBEPAUX MaTepiaiiB, TAKUX SIK
TUTaH 1 Kepamika. lleli meTon 3abe3medye BHUCOKY TOYHICTh, OCOOJIMBO ITiJT 4ac
0o0OpoOKHU JieTalield 13 MaTepialiB, K1 BaXKKO IMIAIOTHCS TPaAUIIAHIN MeXaHIdHIN
00pooIIl.

[HII11 cTaHKM, TaKl K Ja3€pHI Ta TUIa3MOBI Pi3akd, BAKOPUCTOBYIOTh €HEPTIIIO
CBITJIOBMX a00 IUIa3MOBUX MPOMEHIB JJsi HIBUJAKOIO Ta TOYHOIO PO3PI3aHHSA
MeTamiB. Taki TEXHOJOTii J03BOJSIOTH JIOCATTH BHUCOKOI TOYHOCTI 0OpoOKM 0Oe3
OpsIMOTO KOHTAKTy 3 MaTepiajioM, IO 3HWXKYE WMOBIPHICTh 3HOIIYBaHHS
THCTpYMEHTY 1 3a0e31medye OibIll TPUBATY €KCILTyaTallito oonaaHanus [14].

3aranom, po3Butok texHosoriii UITY npomoBxkye 3MiHIOBATH MPOMHCIIOBI
IpoLEecH. 3aBAsSKM MOCTIMHUM 1HHOBALISIM y Taldy3l MPOrpaMHOro 3a0e3NeueHHs,
MaTtepialiiB Ta TEXHOJIOT1H 00poOKku, cydacHi cranku UITY 3natHi 3a06e3neuyBaT HE
JIUIIIE BUCOKY TOYHICTH 1 €(EKTUBHICTb, aJi€ ¥ THYYKICTh BUPOOHUYUX MTPOILIECIB, IO

CTa€ KJIIOYOBOIO MEPEBArol0 B yMOBax rjao0anizailii Ta KOHKYpPEHIIii.

1.3. TIJIK y npom#uCIIOBii aBTOMAaTH3AIlii: 3arajbHl MOHATTS Ta MPUHIIUIIKA POOOTH

[IporpamoBani Jsoriuni koutposiepu (IIJIK) craim ocHOBOW0 cydacHOi
IIPOMHUCIIOBOT aBTOMATHU3allll, NEPETBOPIOIOYM CMOCiO, y SKHUM YNpaBIIHCHKI Ta
KOHTPOJIbHI (DyHKIIIT 3a1iCHIOIOThCS Ha BupoOHUITBI. [IJIK — 11e cmeriamizoBaHi
u(POBI KOMIT'IOTEPH, SIKI MIPU3HAYEH] JJII BUKOHAHHS KOHTPOJBHUX (DYHKIIHN y
IPOMHUCJIOBUX MPOIECaX. IXHili PO3BMTOK i BIPOBAIKEHHS 3MIHMJIM OOIMYYS
IPOMUCIIOBOTO yMPAaBIiHHS, 3a0€3Me4Yylourd BHCOKY HAIIHHICTh, THYYKICTH 1

TOYHICTb.
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Baxxnusoro yactunoro [1JIK e ixui Bxoau 1 Buxoau. Bxoau IJIK otpumyiots
CUTHAJIM BiJI CEHCOPIB, TaKUX SIK IEpEeMHUKaul, JATYUKU TEMIEPaTypu 1 THUCKY,
doronpueMuuku Ta iHIN npuctpoi. Lli curHamm moxyTth Oyt nudpoBumu abdo
aHanoroBumu. [{udpoBi curuamm MaroTh JBa CTAaHU — YBIMKHEHUH a00 BUMKHEHUH,
B TOM Yac SIK aHAJIOTOB1 CUTHAJIM MPEACTABIISIIOTH COO0I0 HEMEPEePBHI 3HAYEHHS, TaKl
K piBeHb Temreparypu abo Tucky. Buxomu IIJIK ynpaBnsitoTe pizHUMU
BUKOHABYMMH MEXaHI3MaMH, TaKUMHU SIK pejie, €JIECKTPOMAarHiTh, CEPBOJABUTYHU 1
KOHBEEPHU.

Cucremu IIJIK TakoX 4acTo IHTErPYHOTHCSA 3 PI3HUMHU KOMYHIKAI[IHHUMU
MPOTOKOJIAMH, 1110 J03BOJIsie iM B3aemojiatu 3 iHmmMu [1JIK, komm’rotepamu i
obnamHanHsaM [18].

Ile 3a0e3neuye MOXKIUBICTh IEHTPAII30BAHOTO YIPABIIHHSA 1 MOHITOPUHTY
MPOLIECIB HA BEJIMKIA MPOMUCIOBIM TepuTopii a00 B KOMILJIEKCHUX BUPOOHHUUX
cucremax. Hanmpukinan, [IJIK Moske OyTH 4acTUHOIO BEIMKOI MEpEXkKi aBTOMaTH3aIlli,
Jie KUJIbKa KOHTPOJIEPIB OOMIHIOIOTHCS JaHMMH Ta KOOPJWHAIIMHO YIPaBISIOTH
mpolecaMy B pI3HUX YaCTHHAX 3aBOIY.

Onniero 3 ocHoBHux nepesar [1JIK e ixas nagiinicts. Bonu po3po06ieni ais
poOOTH B CYBOPHX IMPOMHUCIOBUX YMOBAX, € MOXYTh BUHHKATH €JIIEKTPOMArHiTHI
MePENIKO/IM, BUCOKI TemiiepaTypu abo Bosoricth. [1JIK MaroTh cremianbHl 3aXUCHI
KOPITyCH Ta CHCTEMH, SKi 3a0e3MeuyroTh IXHIO CTIMKICTh JO TaKuxX BIUIMBIB. Lle
pOOUTH iX 171€aTbHUMU JJIsI BAKOPUCTAHHS B CKJIATHUX BUPOOHUYMX CEPEOBUIIIAX,
Jie Bay1MBa Oe31epepBHICTh MPOLECIB 1 MiHIMI3alLlisl MPOCTOIB.

[IporpamoBani JOT14H1 KOHTPOJIEPH — 11€ MUPPOBI KOMIT FOTEPH, CIEIIaTBHO
po3po0JieHI Uil NPOMHUCIOBUX YMOB. BOHM Tipu3HaueH1 [Jii BUKOHAHHS
pPI3HOMaHITHUX 3aBJIaHb, TaKUX SK YNPaBIiHHA MAalllMHAMH, NPOLECAMH Ta
BupoOHnunmMu tiHisiMU. [TJIK BUKOpUCTOBYIOTH TpOrpaMyBaHHS JJ1s1 aBTOMATH3AIT1 i
KOHTPOJIbHUX (PYHKIIIN, 3aMIHIOIOUH TPAAMIIIIHI CUCTEMHU, 1110 0a3yIOThCS Ha petie 1

KOHTAaKTOpax.
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OcnoBuuii npuniun pob6otu I[TJIK 0azyeThcsi Ha HMKIIYHOMY BUKOHaHHI
nporpamu. [1IJIK mocTiiiHO BUKOHY€E Mporpamy B IUKJI, IO CKJIAIAETHCA 3 TPHOX
OCHOBHHX €TaIliB:

1. CkanyBanns BxofiB: IIJIK uuTae curHamm Bix BCIX MiIKITIOUYEHUX
CeHCOPiB 1 1aTuuKiB. I{e MOXXyTh OyTH IM(POBI CUTHAIIM, TaK1 SIK CUTHAIHM BKJI/BUKJI
BiJl IEpeMUKaviB, a00 aHAJIOTOBI CUTHAJIM, TaKl K TEMIIepaTypa 9 THCK.

2. O6po6xka mporpamu: Ha ocHoBi npounTanux BxigHux curnaiis [TJIK
BUKOHY€ MpOrpamMmy, ska Moxke OyTH HamucaHa B PI3HMX MOBaxX IMpOrpaMmyBaHHS.
[Iporpama BHU3Hauae, IK1 BUXOAHM MOBUHHI OYTH aKTUBOBaHI a00 JA€aKTUBOBAHI, 1110
BIJINIOBIJIA€ 33JJaHUM YMOBaM.

3. OnoBnenns Buxoxi: Ilicns o6pobku mporpamu [IJIK Binmpasisie
KOMaH/T1 Ha BUXO/H, sIK1 YIIPaBJISIOTh BUKOHABUMMHU MEXaHI13MaMU, TAKUMH SIK peJie,
CEpBOJIBUTYHH, KOHBeepH 1 T.1. Lle Moxe BKIIIOYATH BKIIIOUEHHS 200 BUMUKAHHS
MPUCTPOIB, PETYIIOBAHHS IIBUJIKOCTI, 200 OyAb-sIK€ 1HIIE YIpaBiIiHChbKe aito [13].

[IporpamyBanus [IJIK € xi1ro4oBUM acnekToM HOro (yHKIIIOHYBaHHS.
IcHY!OTH KiTbKa MOB TMPOTPaMyBaHHS, SKi BUKOPHCTOBYIOTBCS IS CTBOPEHHS
nporpam juis [IJIK:

1. Ladder Logic (cxomoBa norika): Lle onHa 3 HalmomysspHIIIMX MOB
nporpamyBanHsi juisi [IJIK. Bona Haragye enekTpuuHy cxemy 3 pelne 1
koHntaktopamu. Ladder Logic mpencraisie ymoBH 1 Aii y BUMISAL TpadiuHUX
CUMBOJIIB, 1110 POOUTH 11 3p0O3yMIJIO0 JIJIsl TFOJIEH 3 €JIEeKTPOTEXHIYHUM (DOHOM.

2. Function Block Diagram (FBD): Ile rpadiunuii Meron
porpamyBaHHS, Jie Iporpama CKIaAaeThes 3 OJIOKIB, sIKI MPEACTABIISIIOTh (DYHKIIII.

3. Structured Text (ST): Lle TekcToBa MOBa IpOrpaMyBaHHSI, IKa Haraaye
Pascal a6o C. Bona no3Boisic BUKOPUCTOBYBATH CTPYKTYpOBaHI KOMaHIM JIJIs
OIMHCY JIOTIKU MPOTPAMH 1 € TIOTYKHUM 1HCTPYMEHTOM ISl CTBOPEHHSI CKIIQHUX

JITOPUTMIB.
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4, Instruction List (IL): Ile Hu3pKOpiBHEBa TEKCTOBA MOBa
porpamyBaHHs, sika Haragye aceMmOsep. BoHa BUKOpHUCTOBY€E POCTI KOMAaHIU JIsI
BUKOHAHHS OIeparliil, o J03BOJIsE Ty>KE€ TOUHO KOHTPOIIOBATH MPOIIECH.

5. Sequential Function Charts (SFC): Ils wmoBa nporpamyBaHHS
BUKOPHUCTOBYETHCS JIJI YIPABJIIHHS MPOIECaMHM, SIKI MalOTh YITKY IOCIIJIOBHICTb
etamiB. BoHa 103BoJIsie BU3HAYATH €TaM MPOLIECY 1 MEPEXOAN MK HUMH.

[JIK ckianaeTses 3 KUTbKOX OCHOBHUX KOMITOHEHTIB:

1. [Ipouecop (LIIT): OcHOBHUII KOMIIOHEHT, SIKH BUKOHYE MpOrpamy i
yIOpaBJisie BCiMa 1HIIUMH efeMeHTaMu cucteMu. [Iponecop oOpoOisie BXiAHI JaHl,
BUKOHYE€ JIOT14HI Oorepariii 1 reHepye BUX1AH1 CUTHAIIH.

2. Mopymi BxoziB 1 BuxofiB (I/O-monyni): Bxoau oTpuMyoTh CUTHAIH 3
PI3HUX CEHCOpIB 1 JAaTUMKIB, a BHUXOAM KOHTPOJIIOIOTH BHUKOHABUl MEXaHI3MH.
[cHyr0Th 1TMGPOBI MOy 711 poOOTH 3 O1HAPHUMU CUTHAJIAMHU 1 aHAJIOTOBI MOIYJI1
TUIsE pOOOTH 3 HETIEPEPBHUMHU CUTHATIAMH.

3. [Tam’siTh: 30epirae nporpamy, AaHi i napameTpu, HEOOX1IH1 111 poOOTH
[JIK. ITam’siTh MO3Ke OyTH pI13HUX TUIIB, BKJIFOUAIOUX (hJeni-nam’siThb 1 ONEPaTUBHY
nmam’sTh [15].

4, Kusnenns: [IJIK nmotpebye enexTpokuBieHHs aiis podotu. Lle moxe
OyTH nocTiitHuI a0 3MIHHUI CTPyM, 3aJI€KHO BiJl KOHKpeTHO1 Moaeni TTJIK.

S. Komynikartiitai moptu: I1JIK yacto MaroTh pi3Hi MOPTHU 7S 3B A3KY 3
IHITUMU TPUCTPOSIMHU, TakuMu sk kowmr totepu, iHmi [IJIK abo mnepudepiiini
npuctpoi. Lle moxe Oyt Ethernet, RS-232, RS-485 abo iHm1i mpoTokou.

[IJIK BHUKOpPHCTOBYIOTH Pi3HI KOMYHIKaIliiiHI MPOTOKOIM [JIsi B3a€MOJIT 3
iHmMMU  cucreMamu. Lle gos3Bossie iHTerpyBatu IIJIK B Ouibmii  cucremu
aBTOMAaTH3allll Ta yIpaBIiHHS.

[IporpamoBaHi JIOT14HI KOHTPOJIEPU 3aTUIIAIOTHCS KPUTUYHO BAKIUBUMH
JUTsl Cy4acHOI IPOMHUCIIOBOT aBTOMATHU3alli1, 1 IX poJib y 3a0e3reueHH1 e(peKTUBHOCTI,

THYYKOCTI Ta HAJAIMHOCTI BUPOOHUYMX TIPOIIECIB Oye TUTBKH 3POCTATH.
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1.4. Ocnoni Bupo6uuku [1JIK Ta ix npoaykuist mist UITY

Ocnosui BupoOHuku I1JIK (mporpaMoBaHuX JIOT1YHUX KOHTPOJIEPIB) MAIOTh
BEJIMUYE3HUI BIUIMB HA CydYacHy IIPOMHUCIIOBY aBTOMATH3aIlil0, BKJIIOYAIOUU
YUCJIEHHI Tamy3l, Taki sSK oOpoOKka MarepiajliB, BHPOOHHMIITBO aBTOMOOLTIB,
HadTorazoBa mpoMucioBicTh Ta Oararo iHmmx. [IJIK BukopucTOBYIOTHCS AJIs
YOPABIIHHSA TEXHOJIOTIYHUMH MpOIecaMu, 30KpeMa i y CTaHKax 3 YHMCIOBUM
nporpaMHuM KepyBauHsaM (UITY). Ixuiit po3BUTOK i MOsiepHi3aIlis 3/iICHIOIOThCS
MPOBITHUMHU BUPOOHHUKAMH, KOXEH 13 SKHUX TMPOIMOHYE CBOK MPOIYKIIIO 3
YHIKQJIbBHUMH XapaKTepPUCTUKAMHU, OPIEHTOBAHMMH Ha MOTPEOH PI3HUX CEKTOPIB
IPOMHUCIIOBOCTI.

Siemens

Siemens € OJIHUM 13 JIiIepiB HA PUHKY aBTOMaTH3aIlii, 1 ixus miniiika [1JIK mae
HIMPOKY PEMyTalilo 3aBISKHM HAAIMHOCTI, (PYHKIIOHAJIBHOCTI Ta CYMICHOCTI 3
yucioBuM TmporpamMHuM kepyBaHHsM (UITY). Kommanisi Siemens mnpomnonye
IPOYKIIIO, SIKa BIAMOBIIa€ HABUIIIUM CTaHIapTaM SIKOCTI B rajiy31 aBTOMAaTH3a1lli.
Jliniiika Siemens Simatic S7 € oaniero 3 HalBigomimux cepiit [1JIK, o mmpoko
3aCTOCOBY€ETHCS B UMCJIIEHHUX Trally3sX, BKJIOUarouu MamuHu 3 YITY.

Benukum nepeBaroto mpoxykuii Siemens € Te, mo I[IJIK Simatic maroTth
BHUCOKY CTIHKICTh JI0 MPOMHUCIOBUX YMOB, /¢ MOKYTh BUHUKATH €JIEKTPOMArHiTHI
MEepemKo i, IMIiABUINEHA BOJOricTh abo  Ttemmeparypa. lle  mo3Bolsie
BUKOPHCTOBYBATH iX Ha 00'€KTaxX 3 KOPCTKMUMH yMOBAMH €KCILTyaTaIlii, TAKUX 5K
MEeTajdypriiiHi  3aBoau ab0  MANpPUEMCTBA 3  OOpOOKM  JIEPEBUHHU, [
BUKOPUCTOBYIOThCS cTaHku UIIY [16].

Allen-Bradley (Rockwell Automation)

Allen-Bradley, mouipus kommaniss Rockwell Automation, € mie ogHHM
nposigauM Bupo6Hukom ITJIK. Ixni xontponepu ControlLogix i CompactLogix
BU3HAHI SIK OJTHI 3 HAKpAIIUX I CKIQIHUX TPOMUCIOBUX 3aBAaHb, BKIIOYAIOUU

yopasiiaHsa crankamu  YUITY. Ilponykuis Allen-Bradley Buainserbcs cBoe€ro
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BHCOKOI0 MacHITa0OBaHICTIO Ta MOXIIMBICTIO POOOTH y CKIAQIHHX MEPEKEBHX
cepenoBuiax. Lle mo3Bossie nerko inTerpyBatu IJIK 3 iHmmMu mpuctposiMu Ta
CHUCTEeMaMU Ha BUPOOHHMUOMY MailIaHYUKY.

Allen-Bradley npuninsie oco0nuBy yBary mutaHHsIM O€3MEKH Ta CyMICHOCTI 3
IHITUMHA ~ TIPOMUCIIOBUMH  cTaHjapTaMu. [Ipoaykiisi KoOMIaHii  MiATPUMYE
npomuciosi nporokonu Ethernet/IP 1 ControlNet, mo 103Bojsie iHTETpyBaTH iX y
CKJIaJIHI Mepexi aBTomaTuzalli. 3aBasku mpomy cuctemu UITY moxyTh OyTu
YaCTHUHOIO OUTBIIMX KOMIUIEKCIB aBTOMATHU30BAHOIO YIPABIIHHS BUPOOHUIITBOM,
10 3HAYHO MiABUIIY€ €(DEKTUBHICTD 1 IPOTYKTUBHICTb.

Mitsubishi Electric

Mitsubishi Electric Takox € ogHum 13 npoBigHux BHpoOHMKIB [IJIK s
cuctem UITY. Ixna cepis MELSEC 6yna po3pobieHa chelialbHO s 3ajad,
MOB'A3aHUX 3 YIIPABIIHHSAM BUCOKOTOUYHHUMU MPOIECAMH, TAKUMHU K poOOTa CTAaHKIB
3 YIIY. MELSEC mniarpuMye BHCOKOIIBHIKICHY OOpOOKYy JaHUX 1 TOYHE
YOPABIIHHSA PyXOM, IO POOUTH iX 1€aTbHUM DIIICHHSIM JIJIsi 0araThoX Tally3ew,
BKJIFOYAIOYM BUPOOHULITBO €JIEKTPOHIKH, /1€ BAKIMBA MIKPOHHA TOUHICTb.

Mitsubishi Takox NponoHye BHUCOKHI pPIBEHb OE3MEKH 1 3aXHCTy CBOIX
KOHTPOJIEPIB BiA 30BHIMHIX 3arpo3. [lpoaykiiss miaTpuUMye pi3HI MNPOTOKOIU
3aXUCTY JaHUX, 110 pOOUTH 1i MPUBAOIMBOIO I KOMIaHIM, sIKI MPalIOTh 13
KPUTUYHO BaKJIMBUMH MPOMHUCIOBUMH MPOIECAMHU.

Schneider Electric

Schneider Electric € Mi>kHapoJIHOIO KOpHOpaLi€ro, sKa CHellami3y€eTbCs Ha
pillleHHSX [T aBTOMAaTHU3allii Ta eHeproMeHekMeHTy. Ixus cepis ITJIK Modicon
B1JIOMa CBO€IO HAIIMHICTIO Ta THYUYKICTIO Y TpoMuciioBux nporecax. [IJIK Modicon
IIMPOKO BUKOPUCTOBYIOTHCS B cucTeMax aBroMartu3aitii 3 UITY, ge BaxxinuBa Bucoka
TOYHICTH 1 cTabUIBHICTB [17].

Omnum 3 ocHoBHuX mnepeBar npoaykuii Schneider Electric € inTerpaiis 3
exocuctemMamu EcoStruxure, 1mo J03Bojisie  3a0€3MeUUTH  IIEHTPATi30BaHEe

YOpPaBJIIHHSA BCiMa acleKTaMu BUPOOHUYMX MPOLECIB, BKItoUaoun ctaHku UITY.
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Modicon no3Bosisie nerko inTerpyBatu UIIY B 3aranbHy aBTOMaTH3ALIHHY MEPEXKY
MIPUEMCTBA, 3a0€3NeUyI0YH THYUKICTb 1 €PEKTUBHICTh YIIPABIIIHHS.

OMRON

OMRON — me oxux Baromuii rpasens Ha punky IJIK ams UITY. Ixwmi
KOHTpOJIEpH cepli Sysmac KOPUCTYIOThCS MOMYJISIPHICTIO Cepel MIAMPUEMCTB, 1110
CHEIiaTi3yIOThCsl HA BUCOKOTOYHUX BUPOOHUYMX Ipoliecax. Sysmac 3abesneuye
MIBUJIKY OOpOOKY JaHuX 1 Mae (PyHKIIi, IO JIO3BOJISIIOTH 1HTETPYyBaTU CUCTEMHU
YIOPABIIHHS PyXOM 13 3araJIbHUMHU MEPEKaMH aBTOMATH3AaIlli.

OMRON rakox npononye [JIK, mio miarpumMyroTs IHAPOKI MOKIUBOCTI JJIS
nmporpamMyBaHHsSl 1 1HTerpamii 3 JaT4dKaMud Ta BHKOHABUMMM MexaHi3mMamu. lle
JT03BOJISIE CTBOPIOBATH KOMIUIEKCHI aBTOMAaTU30BaH1 pillieHHs JJis yrpasiinusg YITY
Ta 1HIMMUMHA MeXxaHidHuMHU cuctemMaMu. OMRON mOCTIHHO 1HBECTY€E B PO3BUTOK
HOBITHIX TEXHOJIOTIHA JUIS TOJIINIIEHHS TOYHOCTI Ta IIBHUJKOCTI POOOTH CBOIX
KOHTPOJIEPIB.

Cepen innoBamiiHux pimeHb OMRON MoxHa BiA3HAYUTH BIPOBAKEHHS
[III Tta anropuTMiB MAIIMHHOTO HABYAaHHS B iXHI KOHTPOJEPH, IO JT03BOJISIE
IPOTHO3YBaTU MOKJIMBI 3001 1 3A1MCHIOBaTH TPEBEHTHBHE OOCIYrOBYBaHHS
oOnaHaHHS.

Beckhoff Automation

Beckhoff Automation cremianizyeTbcs Ha CTBOPEHHI BIJIKPUTHUX CHCTEM
aBTOMaTu3aii, i ixai [JIK mumpoko BUKOPUCTOBYIOTLCA st yrpasiinag YITY. Ixus
texHoJorist TwinCAT no3Bonsie mporpamysaTu [TJIK Ha pi3HUX MOBaXx, BKIIIOUAOUU
MOMYJISIPHI B TMPOMUCIOBIN aBToMaTu3amii cranmaptu, Taki sk [EC 61131-3.
TwinCAT no3sonsie interpyBatu IIJIK 3 13 mms YITY, mo 3HayHO chopomrye
YIpaBIIHHS TIpoIecaMy Ha BUPOOHUYUX MaiTaHunKaXx.

Beckhoff Bimoma cBoiM Mix0/10M 0 TPOMHCIOBOT aBTOMATH3allii HA OCHOBI
[IK (PC-based control), mo mo3Bosisie inTerpyBatu ¢ynkimii I[IJIK B cranmapthe

amapatHe 3a0e3nedeHHs, HalpUKIIal TPOMHCIIOBI KOMITFOTEPH.
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1.5. InnoBamiitai Hanpsimku y chepi UITY HAAS VF-2 ta TTJIK Allen-
Bradley CompactLogix 5380

[HHOBaIIHHI HAPAMKH y c(epi unciaoBoro nporpamuoro ynpasiinas (UITY)
Ta mporpaMoBaHux JjoriuHux KoHTposepiB (IIJIK) 3 koKHUM pokoM Bce Oiblie
BIUTMBAIOTh HAa PO3BUTOK CyYaCHUX BUPOOHHUYUX MPOIECIB. Y KOHTEKCTI BEpCTaTiB
HAAS VF-2 Tta IIJIK Allen-Bradley CompactLogix 5380 HOBiTHI iHHOBAIIIi
BIJIKPMBAIOTh HOB1 MOKJIMBOCTI JJIsI ONTUMI3aIlii poOOYUX TPOIIECIB, IiIBUIIICHHS
IPOJYKTUBHOCTI Ta 3a0€3MEUEHHS BUCOKOI TOYHOCTI MHpHU OOpOOLIl CKIATHHUX
netaneil. [HHoBallii B il cepi BKIIOYAIOTh BIPOBAKEHHS MIEPEIOBUX TEXHOJOT1MH,
Takux K mtydyHud iHTenekT (L), mammune HaBuaHHs, [HTepHeT peuei (IoT),
XMapHi TEXHOJIOTIi Ta 1HTEerpaiis 3 aBTOMaTU30BAaHMMH CHCTEMaMH YIIPaBIiHHS
BUPOOHMYMMH Tporiecamu. Lle 103BosIsie€ 1ocsraTi BUCOKOIO PiBHS aBTOMAaTH3aLll
Ta €()eKTUBHOCT] Y BUPOOHMIITBI, 3MEHIIYIOUH PU3UKH TOMUIJIOK Ta 3yITHHOK.

EBomrorntia UITY-cucrem HAAS VF-2

HAAS VF-2 — 1e onuH 13 Halomy sipHimux ¢pe3epaux Bepcratis 3 UITY,
SKUU IIUPOKO BHUKOPHCTOBYETHCS y BHUPOOHMIITBI 3aBASKA CBOiM HaAIMHOCTI,
TOYHOCTI Ta BHUCOKIH TpOAyKTUBHOCTI. [locTiiiHMII pO3BUTOK IIi€i TUIATPOpPMU
BKJIFOYA€ BIPOBAKEHHS HOBUX (PYHKIIN 1 TEXHOJOTIH, K1 3a0€3Me4yoTh O1IbII
IIIBUJIKE Ta TOYHE BUKOHAHHS 00poOKHU neranei [3].

Opniero 3 ToJIOBHUX 1HHOBaIitHUX TeHAeHIN y Bepcratax HAAS VF-2 €
1HTerpallis nepeloBUX CUCTEM aBTOMAaTH3allll Ta kKepyBaHHs. Lle 103BoJsIE TOCATTH
BHUCOKOT'O PiBHSI TOYHOCTI ITPU BUTOTOBJICHHI CKJIATHUX JIETAJICH, a TAKOXK M1ABUIILY€
HIBUIKICTh OOPOOKH, 1110 € KPUTUYHUM JIsl 3HH>KEHHSI 4acy BUKOHAHHSI BUPOOHUYHX
LIUKIIIB.

3aBISKM BIIPOBA/DKCHHIO HOBUX JaTYMKIB 1 CHUCTEM MOHITOPUHTY CTaHy
iHCTpyMeHTy, BepctaTd HAAS VF-2 MoXyTh aBTOMaTU4HO BIACIIIKOBYBATH 3HOC

1HCTPYMEHTIB, 110 JJO3BOJISIE CBOEYACHO 3MIHIOBATH IHCTPYMEHTH Ta 3a0e3meuyBaTu
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cTal1IbHY sIKiCTh 00poOKHu. Lle 3HauHO 3HMKY€E pU3UK Opaky Ta MiHIMI3Y€ MPOCTOL
oOnaiHaHHS, 1110 TO3UTUBHO BIUIMBAE HA 3araJibHy MPOyKTUBHICTD.

Takox BaXIMBOIO 1HHOBAIIEID € MOXIUBICTH iHTerparii HAAS VF-2 3
CY4YaCHUMHU MPOTPaMOBaHUMH JIOTIYHHUMHU KOHTpoJIepaMu, Takumi sik Allen-Bradley
CompactLogix 5380. Lle no3Boisie poO3MMPUTH (YHKIIIOHATBHI MOMJIMBOCTI
BepcTara, 3a0e3MeunT! OUTbIl THYYKEe KEpyBaHHS BHUPOOHUYUMU TMPOILIECAMU Ta
IHTEerpyBaTH HOTO B aBTOMATH30BaH1 BUPOOHUYI1 JIiHI].

Innosarii B ITJIK Allen-Bradley CompactLogix 5380

[Tporpamosani noriuni koutposiepu Allen-Bradley CompactLogix 5380 €
OJHUMU 3 MNPOBIIHUX DIIIEHb HAa PUHKY aBTOMAaTH3allli 3aBASKH CBOIM BHCOKHUM
MOKAa3HUKAM MPOJYKTUBHOCTI, HAJIMHOCTI Ta MOKJIMBOCTI MaciutaOyBaHHs. Lli
KOHTPOJICPH MiATPUMYIOTh Cy4acHI KOMyHIKaIliiiHi mpoTokouH, Taki sik Ethernet/IP,
110 J03BOJISiE€ THTETPYBATH iX Y PO3MOIUIEHI CUCTEMHU KEPYBaHHS Ta 3a0e3levuyBaTu
BHUCOKY IIBHJIKICTh OOMIHY TaHUMH M1 PI3HUMH €JIEMEHTaMU BUPOOHUYOT CUCTEMU
[18].

OnHiero 3 ocHOBHEX iHHOBaI# y CompactLogix 5380 € minTtpumka dyHKITiH
BUCOKOi TOYHOCTI KepyBaHHs pyxom (motion control). Ile mo3Bomsie
BukopuctoByBatu [IJIK nisi xepyBaHHS CKIQJHMMH pyXaMHU MEXaHI3MiB, IO €
0COOJIMBO BaXKJIMBUM i (Ppe3epHuX BepcraTiB, Takux sk HAAS VF-2. 3apasku
bOMY, MOXHa TOYHO HAaJIAIITOBYBaTH MapaMeTpu OOpOOKM Ta aBTOMAaTU3yBaTH
MPOLIECH 3MIHU THCTPYMEHTIB a00 yNpaBJliHHs 0araTOBICHUMHU CUCTEMaMHU.

Takox Bapto 3a3Hauutd, o CompactLogix 5380 miaTpuMye po3IIMpeHi
byHKII{ J1arHOCTUKU Ta MOHITOPUHTY, IIIO JTO3BOJISIE BUSBISTH HECIPABHOCTI Ta
MIPOTHO3YBAaTH HEOOXIIHICTh TEXHIYHOIO OOCIYroByBaHHs. Lle BaKIuBUN KPOK y
HAMpsIMKY BIPOBA/DKEHHS KOHIIEMINT '"TPOTHO3HOTO O0OCIyroByBaHHs'", sKe
MIHIMI3y€ MMPOCTOi 00IaTHaHH 1 3a0e3neuye Oe3nepebdiitHy poOOTy BepCTaTiB.

BripoBamkeHHS ITyYHOTO 1HTENEKTY Ta MAIMHHOTO HAaBYaHHS

OmHuM 13 KITIOYOBUX HampsiMKiB iHHOBaiidn y chept UIIY Ta IIJIK €

BIIPOBAKEHHS TEXHOJOTH mTy4Horo inrenekry (LI) ta MammHHOrO HaBYaHHS.
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L1i TexHOIOTIi BIIKPHUBAIOTH HOB1 MOYJIMBOCTI JIJIsl aBTOMATH3AITii TIPOIECIB aHAJIi3Y
JAHUX, ONTUMI3al1ll1 BAPOOHUYUX MapaMeTpiB Ta CAMOHABYAHHS CUCTEM KEpyBaHHS.

Ha ocHoBi nanmux, 3i0paHux miJg 4ac poOOTH BepcTaTiB 1 KOHTPOJIEPIB,
cuctremu Il MOXyThb aBTOMAaTHYHO KOPUTYBaTH MapaMeTpu poOOTH,
M1JIAITOBYIOUH 1X IT1/1 3MIHHI YMOBHM BUPOOHUIITBA, HAITPUKJIIA, TUII MaTepiaty abo
cTaH iHCTpyMeHTY. Lle 103BoJIsie HE TINBKY MiABUIIUTH €()EeKTUBHICTh 00POOKH, ane
1 3a0€31eYUTH EKOHOMIIO PECYPCIB, TAKUX K €Hepris abo BUTpaTH1 MaTepianu [16].

MarmunHe HaBYaHHS TaKOXX MOXe OyTH BHUKOPHUCTAHE ISl MPOTHO3YBAHHS
MOXJIUBUX 300i1B y poOoTi oOnaaHanHsA. Hampuknan, aHamizyrouu Aa”l MOpo
BiOpaliito, Temrmeparypy a0o IHIII [apaMeTpH, CHCTeMa MOXKE 3a3Jajerijib
nonepepkaTd Mpo HEOOXIJIHICTh 3aMIHU JieTalied ab0 MPOBEICHHS TEXHIYHOTO
00CIIyroByBaHHS, 1110 3HI)KY€ PU3UK aBapiiHUX MIPOCTOIB.

[arepuer peueii (IoT) Ta miakItOYeHE BUPOOHUIITBO

[aTepnet peueit (IoT) € 1ie oAHIEIO BAXIMBOIO 1HHOBAIIMHOIO TEHICHIIIEIO Y
chepi UIIY ta IIIK. 3aBnsku migkmoueHHio BepcratiB Ta IIJIK mo mepexi
[HTEpHET, cTaE MOXJIMBHM 3a0€3NEYUTH BIAJAJICHUI MOHITOPHHI 1 YIpPaBIIHHS
BUPOOHMYMMH MPOLIECAMH, a TAKOXK 30MpaHHs 1 aHAJI3 BEJIMKUX OOCATIB JaHUX Y
pPEXHUMI peaTbHOTO Yacy.

BupoOHu4i MiHi1, 110 BUKOPUCTOBYIOTh TeXHOIOTIT 10T, MOXyTh mpaioBaTu
SK €JIMHUHN 1THTErPOBaHUI KOMILUIEKC, JIe BC1 KOMIIOHEHTH cucTeMu (Bepcratu, [TJIK,
JATYNKH, pOOOTU30BaHI CHUCTEMH) B3a€EMOIIOTH OAMH 3 OJIHUM, 3a0e3Medyrouu
onTUMaJIbLHUM pexxumM pobotu. Lle no3Bossie mianpueMcTBam e(heKTUBHO pearyBaTu
Ha 3MIHM B YMOBaX BHUPOOHHUIITBA Ta 3MEHIIYBATH 4Yac Ha TEpeHAJAIITyBaHHS
oO0J1aTHAHHS.

Hampuknan, y sunaaky iarerpaii [TJIK CompactLogix 5380 3 Bepcraramu
HAAS VF-2 gepe3 loT-cuctemu, MoxHa 31HCHIOBATH BiJJajieHE YIPaBIIHHS Ta
JIarHOCTUKY oOnanHaHHs. lle 0coO0aMBO KOPUCHO I BEJIMKUX BUPOOHUYMX
MIIPUEMCTB, J€ TOCTIMHUN MOHITOPUHT pPOOOTH OOJagHAHHSA JIO3BOJISE

OMEpPAaTUBHO pearyBaTy Ha BIAXWICHHS 1 3a11001raT 3yIMHKaM BUPOOHUIITBA.
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BuxopucTtanHs XMapHUX TEXHOJIOT1N

XMapHi TEXHOJIOTIi TaKOX BIJITPalOTh BAXKIIUBY POJIb B 1IHHOBALISAX Yy cdepl
YITVY ta [JIK. 3aBasiku MOKIUBOCTI 30€piraHHs JaHUX Yy XMapi Ta BUKOPUCTAHHIO
XMapHUX OOYHCITIOBATILHUX PECYPCIB, MIANPUEMCTBA MOXKYTh 3HAUYHO MOKPAIIUTH
yIpaBJIiHHSI BUPOOHUYMMHU MIPOIIECAMHU Ta MIABUIIUTH IXHIO THYUYKICTb.

Hampuknan, gani mpo po6oty BepcratiB HAAS VF-2 1 ITJIK CompactLogix
5380 wmoxyTh OyTu 30epekeHi B Xmapli Ta BHUKOPHCTaHI JUIS aHaIi3y
MPOJYKTUBHOCTI, BUSBJICHHSA MOTEHIIMHUX TpoOjieM abo omTuMIi3allli IpoIleciB.
BukoprucTtaHHS XMapHUX OOYHMCIIOBAIBLHUX TOTYKHOCTEH T03BOJISE aHATI3yBaTh
BEJIUKI 00CSTU JTaHUX, BAKOPUCTOBYIOUU CKJIAJHI aJTOPUTMHU, 110 OYyJI0 O CKJIaIHO
peani3yBaTH Ha JIOKAJIbHUX CEpBEpax.

Kpim Toro, xMapHi miiatopmMu 103BOJIAIOTH 3a0€3MEYUTH IOCTYT JI0 JAHUX 3
OyJIb-SIKO1 TOYKH CBITY, III0 € OCOOJIMBO BaXKJIUBHUM JIJI1 KOMIAaHIN 3 rI100albHUMHU
BUPOOHMYMMH Mepekamu. lle 103Boisie omepaTWBHO pearyBaTH Ha 3MIHHA Y
BUPOOHUUHUX TpoIecax Ta 3a0e3reuyBaTH €IMHUNA PIBEHb SIKOCTI IPOYKINT Ha BCIX
nianpueMcTBax [17].

[aTerpanis 3 poOOTU30BAHUMH CHCTEMaMHU

[Ile omHMM 1HHOBAIIMHUM HanpsiMKOM € iHTerpaiis YIIY-cuctem, Takux sik
HAAS VF-2, i ITJIK CompactLogix 5380 3 pobotu3oBanumu cucreMamu. CydacHi
BUPOOHMYI JIIHIT BCE YACTillIe BUKOPUCTOBYIOTh POOOTH30BaHI MaHIMyJSTOPU IS
BUKOHAHHS 3aBJaHb, sIKI TOTPEOYIOTh BUCOKOI TOYHOCTI Ta MIBUAKOCTI. [HTErpartis
[UDIK 3 poOOTH30BaHMMH CHCTEMaMHU JIO3BOJISIE CTBOPIOBAaTH  IOBHICTIO
aBTOMAaTU30BaHI BUPOOHWYI JiHii, e poboTu B3aemoitoTh 3 UITY-BepcTaramu 6e3
y4acTi JIFOJIMHU.

[IJIK CompactLogix 5380 3a0e3neuye MOXJIMBICTH TOYHOTO KepyBaHHS
pOOOTHU30BAaHUMH CHCTEMaMHU, 110 JTO3BOJISIE aBTOMATU3YBaTH MPOIIECH, TIOB'sI3aHi 3
00poOKOI0 MaTepialiB, TPAHCTIOPTYBAHHAM JIeTajiel, CKIaJaHHsIM a00 YIaKOBKOIO
npoaykii. Ile m03Bosisie 3HAYHO MIABUIUTH TPOIYKTUBHICTH 1 3a0€3MeunuTu

CTaOUIbHY SIKICTh MPOAYKIIIi.
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[nnoBaniiini HampsimMku 'y cdepi UITY ta IUIK, 30kpemMa y KOHTEKCTI
BepctaTiB HAAS VF-2 ta IIJIK Allen-Bradley CompactLogix 5380, BinkpuBaroTh
HOBI MOXJIMBOCTI JIJIi TMIJBHINCHHS €(QEKTUBHOCTI BUPOOHWUYHMX IMPOIICCIB.
BripoBamkeHHST TIepeJOBUX TEXHOJOTIH, TaKMX SK IITyYHUH 1HTENEKT, |[HTepHeT
peueit, XMapHi 00YMCIICHHS Ta IHTerpallis 3 pOOOTH30BaHUMHU CUCTEMAaMHU, JI03BOJISIE
JIOCATTH HOBUX PIBHIB aBTOMATHU3allli Ta MPOTyKTUBHOCTI.

Ili inHOBaIi 3a0€3MeuyloTh HE JIMIE 3HWKEHHS BUTpPAT 1 IiJABUIICHHS
TOYHOCTI 0OpOOKH, ajie i CTBOPIOIOTH HOBI MOKJIMBOCTI JJIsI aJ1anTarlii BAPOOHUIHMX
IPOLIECIB A0 3MIHHUX YMOB pHHKY. [lianpreMcTBa, sIKl aKTUBHO BIIPOBAKYIOTh 111
TEXHOJIOT1i, OTPUMYIOTh 3HA4HI TE€pPeBarv, OCKUIBKH MOXYTh €(EeKTHUBHIIIE
BUKOPHCTOBYBATH PECYpCH, MiABUIIYBATH SKICTh MPOAYKIIIi Ta 3HIKYBATH PUSUKU
aBapiHUX 3yMUHOK O0JIaIHAHHS.

Takum ywuHOM, po3mmpeHHs MoxiauBoctei iHterparii UYITY 3 IJIK Ta
BIIPOBA/DKCHHSI 1HHOBAL[IMHUX pIIIEHb y BUPOOHWUYI MPOLECH € KIYOBUM
(akTOpOM YCIIIIHOIO PO3BUTKY Cy4aCHUX IMiMPUEMCTB y IPOMUCIOBOCTI.

[HHOBAII1ITHI HAPSIMKHU Y c(epl YMCIOBOTO NporpaMHoro ynpasiinas (HITY)
Ta MporpaMoBaHuXx JoriyHux KoHTposaepiB (I1JIK) MoxyTs OyTH mpoaeMOHCTpOBaHI1
yepe3 KOHKPETHI MPUKIIAIU PeabHUX BIPOBA/KEHb, IO BIJOOpaKaroTh YCIIITHI
CTpaterii MiJIBUILIEHHS €(QEeKTHUBHOCTI Ta aBTOMAaTH3alli BUPOOHUYMX MPOIIECIB.
Hwxue HaBeneH1 npukiaau Toro, sk BrpoBakeHas UITY HAAS VF-2 y noegnanHi
3 IIJIK Allen-Bradley CompactLogix 5380 Bxe peami3yloTbCcd Ha pPI3HHX
BUPOOHUYMX MIAMPUEMCTBAX, IO JO3BOJSE JOCATTH CYTTEBHX peE3yJbTaTiB B
onTumizarii [8].

[Ipuknazg 1: ABiaOyniBHE MiANPUEMCTBO — IIJIBUILEHHS TOYHOCTI OOpPOOKH
CKJIQJIHUX JETaJiei

OnHUM 3 TOJIOBHMX BHUKJIUKIB y BUPOOHHUIITBI KOMIIOHEHTIB ISl aBialiitHOT
MIPOMHUCIIOBOCTI € BHUCOKAa TOYHICTHh 1 CTaOUIbHICTH OOpOOKHM neTanei, OCKUIbKU
HaBITh HalMEHUIl BIIXWJIEHHS MOXYTbh BIUIMHYTH Ha O€3MEKy Ta SKICTb TOTOBHX

JiTakiB. ABlaOyaiBHE MIANPUEMCTBO, SIKE 3aMa€ThCS BUTOTOBJICHHSIM CKJIQJHHUX
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AJIFOMIHIEBHUX 1 THTAHOBUX JIeTajel, Bupimmio inTerpyBaru BepctaT HAAS VF-2 i3
cucremoro I1JIK Allen-Bradley CompactLogix 5380 j1st miABUIIIEHHS TOYHOCTI Ta
aBTOMATH3aIIii MPOIIECIB.

BnpoBamxeHHs cucremu:

3aBasku  iHTerpamii  YIIY 3 IIJIK, Oyno JOCATHYTO MOMKJIMBOCTI
aBTOMATUYHOTO  HAJAIITYBaHHS  MapaMeTpiB  OOpOOKM  BIAMOBIAHO  JI0
xapakTepucTuk mMatepiany. IITydnuit inTenekr, inTerpopanuii i3 cucremoro I[1JIK,
3/1MCHIOBAB MOHITOPUHI TeMIlepaTypu Ta BiOpallii 1HCTPYMEHTY, aBTOMaTUYHO
KOPUTYIOUM MIBHUJIKICTh IIMAHACIS Ta MoAady Uil 3a0e3MMeUeHHS MaKCHMabHOT

TOYHOCTI.

Pesynpraru:

[Ticnist BIpoBa»KEHHSI CUCTEMH TOYHICTh OOPOOKHU JieTaliei moKpaluiacs Ha
15%, a xinbkicTh Opaky 3uu3mIacs Ha 20%. KpiM Toro, 3aBJsiki aBTOMaTU30BAHOMY
MPOTHO3YBAHHIO HEOOXIJHOCTI TEXHIYHOTO OOCIYrOBYBaHHS, 4ac MPOCTOIB 4Yepe3
HecripaBHOCTI 3MeHmuBes Ha 30%. Lle A03BOMIIO MIAOPUEMCTBY 30UIBIIWTH
BUPOOHUYY MOTYKHICTh 0€3 3HIKEHHS SIKOCT1 MPOAYKIIIi.

Ilpuknang 2: 3aBoag 3 BUPOOHUUTBA ABTOMOOUIBHMX KOMIIOHEHTIB —
3HIDKEHHSI BUTPAT HA €HEPTrOCIOKUBAHHS

ABTOMOOUTbHA TPOMHUCIIOBICTH TMOCTIHHO TIyKa€ MUISAXU 3HIKCHHS
BUPOOHMYMX BUTPAT, 30KpEMa uepe3 ONTHMI3alil eHeproepekTuBHocTi. OaHe 3
aBTOMOOUTBHUX TMIAMPUEMCTB BHPIIIUIO BIPOBAIUTA ABTOMATH30BaHI CHCTEMH
KepyBaHHs eHeprocnoxuBaHHsM Ha ocHoBi T1JIK Allen-Bradley CompactLogix
5380 ta Bepcrarie UITY HAAS VF-2 [1].

BrpoBamxeHHs cucremu:

Jlns ontumizaiiii BUTpaT eHeprii OyJjia po3polbsieHa cucTeMa, sika J03BOJIsIE
KOHTPOJIIOBaTH CIOKMBAHHS eJeKkTpoeHeprii B peambHoMy daci. [IJIK Allen-

Bradley oTpuMyBaB gaH1 3 HaT4YMKIB CIIOKMBAHHS €HEPrii, BCTAHOBJICHUX Ha BCIX
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By3JaX BUPOOHHUUOI JiHii, 1 aBBTOMAaTUYHO NIEPEMUKAB BEPCTAaTH B €HEPrOOIIaIHUI
PEXUM i1 Yac MepiojiiB MpOCTO0 ad0 3HMKEHOT MPOyKTUBHOCTI.

PesynbraTu:

[Ticas BpoBaJKEHHSI CUCTEMHU €HEPrOCIOKMBaHHS OyJo 3HIKEHO Ha 25%,
110 JI03BOJIMJIO MIANPUEMCTBY CYTTEBO 3HU3HUTH olepaliiiHi BuTpaTtu. Kpim Toro,
3aBnaky BukopuctaHHio [1IJIK my1st MoHITOpHHTY Ta KOpekIii poOoTu o01a HaHHsS
BJIAJIOCS 3aII00ITTH TIeperpiBy eJeKTPOABUTYHIB 1 1HIIIMX KOMIIOHEHTIB, 110 3HAYHO
MIPOJIOBXKHIIO TXHIA TEPMIH €KCILTyaTallii.

[Ipuknazg 3: @apManeBTUUHUN 3aBOJ, — IHTErpaiisi poOOTU30BaHUX CHCTEM
3 UITY 1 IIIK

®apmarleBTUYHI KOMIaH11 MOTPeOyI0Th HAA3BUYAaHOI TOYHOCTI Ta O€3MEKH Y
BUPOOHUYMX Ipolecax, 0COOIMBO MiJl YaC BUTOTOBJIEHHS MEIUYHUX IperapaTiB.
OnuH 13 npoBiIHUX (apMaleBTUYHUX 3aBOJIIB BIPOBAJIUB aBTOMATU30BaHY JIHIIO
BUPOOHHUIITBA, sika moenHyBana Bepcrath HAAS VF-2 3 TIJIK Allen-Bradley
CompactLogix 5380 Ta poOOTH30BaHUMH CHCTEMaMH [IJI1 ABTOMATHYHOTO
3aBaHTAXCHHS 1 pO3BaHTAXXCHHSI MaTEPIaJIIB.

BnpoBamxeHHns CUCTEMHU:
IaTerpars [JIK ta YITY 3 poOoTn3oBaHuMU ccTeMaMu 3a0e31euniia aBTOMaTUYHE
TPAaHCIOPTYBAaHHSA CUPOBHHM JO BUPOOHMYOI JIHII Ta TOYHY KOOPJAMHALIIO MIXK
poOoTamu Ta BepcTaTamu mija yac o0poOku matepiamiB. Po6oru kepyBamucs [1JIK
Allen-Bradley, mo mo3Boimio gocsartd OesmepediiiHol poOOTH 1 MiHIMI3yBaTH
BTpYYaHHs JIIOJIUHU B IIporecH [7].

Pesynpraru:

ABTOMAaTH3aIlis JOMOMOIJIA MiJABUIIUTH NPOIYKTUBHICTH BUPOOHUIITBA HA
35%, a Takox 3abe3meunsia CTaOUIbHY SKICTh HPOAYKIIi. 3aBIsSKH 1HTErparii
poboTtuzoBanux cuctem Ta [IJIK Oyno ycyHeHO NIOACHKUN (haKTOp, MO 3HUZUIO
pU3UK MOMWJIOK Ha BUpOOHUITBI. Ile Takox q03BOJMIIO 3a0e3MeYuTH Oe3neUHy
po0OTYy Yy CTEpUIIBHUX YyMOBaX, SKI € KPUTHYHUMU 175 (papMareBTHIHOI

IPOMHUCIIOBOCTI.
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[Tpuknazn 4: Masi BupoOHHMYI MiAMTPUEMCTBA — IIBHJIKA a/IANTAIlisl 10 HOBUX
3aMOBJICHb

Manuii Gi3Hec 4acTO CTUKAETHCS 3 MPOOIEMOIO MIBUIKOT 3MIHU BUPOOHUYHX
3aBJlaHb Yepe3 HEBEJIMKI MapTii 3aMOBJICHB 1 PI3HOMAHITTS npoAyKiii. O1He 3 Maaux
HIJIPUEMCTB 3 BHUTOTOBJIGHHS KOMITOHEHTIB JJisi €JIEKTPOHIKH BIPOBAINIO
Bepctatdt HAAS VF-2 y noennanni 3 [IJIK Allen-Bradley CompactLogix 5380 ms
3a0€3IeUeHHs THYYKOCT1 BUPOOHMIITBA.

BnpoBamxeHHs cucteMu:

3aBOSKH MOXJIMBOCTI wmBHAKOro nepenporpamyBanHa I[IJIK, BupoOHuYa
JiHIA 3MOrja aBTOMATHYHO TIEPEHANAIITOBYBATUCS TiJ HOBI 3aBJaHHsA 0e€3
HEOOXITHOCTI 3yNMHKM oOOJagHaHHS Ha TpuBaimid uac. Lle go3Bommiio
OIANPUEMCTBY IIBHUAKO HEPEXOJUTH BiJl BUPOOHUIITBA OJHOTO MPOIYKTY [0
1HIIIOT0, 320€3MeYyI0UYr MAaKCUMaJIbHY MPOAYKTHUBHICTh 32 MiHIMAJIBHUI Yac.

PesynbraTu:

[Ticns inTerpanii YITY 3 TIJIK CompactLogix 5380 yac nepeHanamryBaHHs
BUpOOHMYUX JiHIA ckopoTuBcs Ha 40%. lle m03BoaMiIO KOMMAaHIi IIBUIKO
pearyBaTy Ha 3alMUTH KJIIE€HTIB 1 BUKOHYBATH 3aMOBJICHHS 3 MEHIIOIO KIJIBKICTIO
mpocToiB. ['Hy4KICTh 1 MIBHIKA ajanTailisi A0 HOBUX BUPOOHUYUX YMOB CTalld
BaYXJIMBOIO KOHKYPEHTHOIO TIEPEBAror0 Ha PUHKY.

[Tpuknazn 5: MetanypriitHe miaAnpueMCTBO — MPOTHO3HE OOCITYyTrOBYBaHHS Ta
MOHITOPUHT

MeranypriiiHa TPOMHCIIOBICTb, KA 3aJIEKUTh Bl BaXKOTO 00JIaHAHHA Ta
Oe3nepepBHOTO BUPOOHMIITBA, 3aBXKAM Ma€ 3HAYHI BUTPATH 4Yepe3 MPOCTOi dyepes
nosomku. OxHe 3 mignpuemcTs BrpoBaawio ITJIK Allen-Bradley CompactLogix
5380 y kommiekci 3 Bepctatamu HAAS VF-2 115t mporao3Horo o6¢ciiyroByBaHHs Ta
MOHITOPHUHTY CcTaHy oOnagHaHHs [1].

BrpoBaxeHns cucremu:

Byno BopoBamkeHo cucteMy 300py JaHUX MPO CTaH OOJIaHAHHS Yy PEXUMI

peansHoro uacy. IIJIK Allen-Bradley o0po0nsiB iHdopmalito mpo temrepaTypHi
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MOKa3HUKHU, BiOpallii Ta HaBaHTa)XCHHS Ha KIIOYOBI KOMIOHEHTH BepcTatiB HAAS
VF-2. Ha ocHOBI aHa/i3y HIMX JaHUX CHCTEMa aBTOMATHYHO IOBIIOMIISIIa IPO
HEOOX1/IHICTh TEXHIYHOTO OOCIYrOoBYBaHHS a00 3aMiHHM YaCTHUH /10 iXHBOT'O BHUXOIY
3 Janay.

Pesynbraru:

3aBAsSKA TPOTHO3HOMY OOCITYTOBYBAaHHIO 4ac TMPOCTOIB HA BUPOOHUIITBI
ckopotuBcst Ha 50%. [lianmpueMcTBO TakoXX BIA3HAYMIIO 3MEHIICHHS BUTPAT Ha
PEMOHT 00J1aTHAHHS Ta MPOJIOBKEHHS TEPMIHY CiTy»k0u BepcTatiB Ha 20%. Lle nano
3MOTYy MIANPUEMCTBY MpaIfoBaTH OUIbII CTa01IbHO, 3a0e3neuytoun Oe3nepepBHUA
BUPOOHUYHUH MPOIIEC HABITH Y MIKOBI MEPIOIH.

[nHOBamiitHI HanpsiMku y cdepi UITY HAAS VF-2 ta IJIK Allen-Bradley
CompactLogix 5380 HajgaroTh Cy4yaCHUM IiJANPUEMCTBAM HOB1 MOKIJIMBOCTI JUISI
MIJBUIICHHS  ©(EeKTUBHOCTI BUPOOHMYMX mpoleciB. PeanpHi mpukiaau
BIIPOBA/DKCHHSI LUX TEXHOJOTIH MOKa3yloTh, SK aBTOMAaTHU3allisl, 1HTErpamis 3
pOoOOTH30BaHUMH CUCTEMAaMHM, BIIPOBAKEHHSI MPOTHO3HOI'O OOCIYrOBYBaHHS Ta
BUKOPHUCTAHHS XMAapHUX PIIlIEHb JO3BOJISIOTH JOCSATATH 3HAYHUX PE3yJIbTATIB.

3aBASKA MOKJIMBOCTI TOYHOTO KEPYyBaHHA Ta MOHITOPUHTY OOJIaJHAHHA,
MIIPUEMCTBA 3HUKYIOTh KUIBKICTh MPOCTOIB, MiJBUINYIOTh MPOAYKTUBHICTH Ta
3a0e3MeuyoTh CTallIbHY SKICTh IpOoAyKuli. [HHOBaIIT B 11l cdepl TpOJOBXKYIOTh
PO3BUBATHCS, BIIKPUBAIOYN HOBI IIJISIXU JIJIS1 TOCATHEHHS KOHKYPEHTHUX TepeBar y

npomuciaoBocTi [19].

1.6. BriiuB mITY4HOTO 1HTEJIEKTY Ta MATUHHOTO HABYaHHS HA aBTOMATH3AIII0

craukis UITY HAAS VF-2

B mrygnoro intenekty (IIII) ta mammunoro naBuanns (MH) nHa
aBTOMATHU3alllI0 CTAHKIB 3 YUCIOBUM MporpaMHuM yrpasiiHusaM (UI1Y), Takux sk
HAAS VF-2, crae onHUM 13 KJIIOUOBUX YNHHUKIB y cydyacHOMY BUpoOHUITBI. LI 1

MH BigkpuBarOTh HOBI MOKJIMBOCTI JJi ONTHUMI3allii BUPOOHMYMUX TMPOIIECIB,
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M1ABUIICHHS MPOTYKTUBHOCTI, 3HUKCHHS BUTPAT Ta MOKPAILIEHHS SKOCTI MPOTYKIIIi.
B ymoBax rno6anpHOI 1udpoBoi TpaHcopmalli 1 4YEeTBEPTOi MPOMHUCIOBOI
pesomioii  (Immyctpist 4.0), iHTerpamis I1HTENEKTyaJIbHUX TEXHOJIOTIH 3
obnannanHsaM UITY € BaXTMBUM KPOKOM y CTBOPEHHI IMOBHICTIO aBTOMATH30BaHUX
Ta THYYKWX BUPOOHUYMX JIIHIH.

BusHaueHHs poJIi MITyYHOTO 1HTENEKTY Ta MAIIMHHOTO HAaBYaHHS

I Ty4Huil IHTENEKT — 1€ Taly3b KOMITIOTEPHUX HayK, 0 (POKYCYEThCS Ha
po3po0Ill CUCTEM, 3JaTHUX BUKOHYBAaTH 3aBllaHHA, SKI 3a3BHYail BHUMAararoTh
JIIOJICHKO1 1HTENEKTYalIbHO1 y4acTi. [{e Bkiitouae aHami3 BEJIMKUX TaHUX, YXBaJCHHS
pILIEHB Y PEXKUMI peabHOTO Yacy Ta aBTOMAaTUYHE HaBYaHHsS. MaluHHEe HaBYaHHS,
B CBOIO Uepry, € miarairy3sto LI, mo crenianizyerscs Ha po3poOI1ll aITOPUTMIB, SIK1
JTIO3BOJISIIOTh  KOMITHOTEpAM HaBYaTHUCS 3 JOCBITYy, aHai3yBaTh JaHl 1 poOuUtu
MPOTHO3M a00 YXBAIIOBATU pilIeHHS 0e3 moTpeOu y MporpaMmyBaHHI KOXKHOT
omepaiiii.

OcnogHi Hampsimu BripoBapkenHs 111 ta MH y UITY HAAS VF-2

Iarerpanis rexnosnoriit LI ta MH y ctanku UI1Y, taki sk HAAS VF-2, moxe
OyTH pealli3oBaHa yepe3 KiIbKa KII0UOBUX HampsiMmiB. L1 TexHoOr1i 1o1oMaraiTh
MOJIMIIATA  KEPYBaHHS  CTAaHKAMH, AaBTOMAaTU3yBaTH  KOHTPOJIb  SIKOCTI,
ONTUMI3yBaTH 0OPOOKY MaTepiajiB Ta 3a0€3MeunTH OB THYUKY 1 HaJ1iHHY poOOoTY
[20].

1. OnTtumizartis pEXKUMIB poboTtu CTaHKIB
Omun 3 ocHoBHUX HamnpsiMiB BukopuctanHsa IIII 1 MH na UIlY-crankax — ue
aBTOMAaTHUYHA ONTHMI3aIlls mapaMeTpiB 00poOku B peanbHoMy yaci. Cuctemu 111
aHaMI3ylOTh [JaHl, W0 HAJIXOIATh 13 CEHCOpPIB 1 KOHTPOJEPIB CTaHKa, 1
BUKOPUCTOBYIOTH IIi JaHl IS aJanTaiii poOodnx pPekUMiB, TAKUX SK MIBUIAKICTDH
pi3aHHs, Mojavya 1HCTPYMEHTy Ta oOepTaHHs mmuHAens. Hampukian, cucrema
MO>K€ BUSIBUTH, 0 TpH 00pOoO11i MEBHOTO TUITY MaTepialy Ha BUCOKHX IIBHIKOCTSIX

301IBIIYETHCS] 3HOITYBAaHHS 1HCTPYMEHTY, 1 aBTOMaTHYHO 3HU3UTH IIBUIKICTD AJIs
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3a0e3MeYeHHs JTOBIIOTO TEPMIHY CIIy>)KOM 1HCTPYMEHTY Ta TMOKpAIIEHHS SKOCTI
00pOOKH.

2. [Tporao3yBaHHsl 3HOCY 1HCTPYMEHTY Ta TEXHIYHOTO OOCITyrOBYBAaHHS
I Ta MH 7103BOJsit0OTh NPOTHO3YBaTH 3HOC I1HCTPYMEHTIB Ta HEOOXIIHICTh
TEXHIYHOr0 0OCIyroByBaHHsS cTaHKa. Lle gocsraeTbcs yepe3 aHami3 JaHUX, TAKUX
K BiOparlisi, TeMIepaTrypa, TUCK 1 IIyM, 10 TeHEPYIOThCA Mij 4ac poOOTH CTaHKA.
ANTOPUTMHU MAIIMHHOTO HaBYaHHS MOXYTh IMOPIBHIOBATH IMOTOYHI NapameTpu
po0OTH 3 ICTOPUYHUMHM JIAaHWUMHU 1 BUSBIISITH TEHACHIIT, 110 BKAa3YIOTh Ha 3HOC a0o
MOXJIHBI ojoMkH. Lle mo3Bosisie 3a3qaeriib MmiaHyBaTH 3aMiHy IHCTPYMEHTIB abo
MIPOBEJICHHSI TEXHIYHOT'O OOCIIYyTrOBYBaHHS, 3HIKYIOUU PU3UK aBapiiHUX 3YMUHOK
Ta MIHIMI3yIOYH IPOCTOI.

3. [HTEeNnexTyansHe KEepyBaHHS BUPOOHUYNMU Mpolecamu
[HTenexkTyanbHi cucreMu KepyBaHHsS Ha ocHOBI Il MOXyTh aBTOMAaTHYHO
KOpPUTYBaTH pOOOTY BCIX KOMIIOHEHTIB BUPOOHUUYOTO MTPOIIECY, IO BKJIIOYAE CTAHKU
UITY, poboTu, KOHBEEpHI CHUCTEMM Ta I1HINI BUpOOHWYI JiHii. Hampuxnan, B
iHTerpoBaHOMY BHUpoOHHYOMY cepenosuii, e YITY HAAS VF-2 npaiitoe pazom 3
IHIIMMH aBTOMAaTU30BaHUMU cucteMami, 1111 moke onTumi3zyBaTH MOTIK MaTepialliB
MDK PpI3HMMHU By3JlaMu, 3a0e3mnedyroun Oes3nepebiitHy poOoTy Bciei miHIi Ta
M1JIBUIYIOYH 3arajibHy MPOTYKTUBHICTD.

4, Kontpons SAKOCTI y pexuMi peanbHOro yacy
Cucremn MalIMHHOTO HAaBYAaHHS MOXXYThb OyTH BUKOPHCTaHI JUIsi aBTOMAaTUYHOTO
KOHTpoJItO sikocTi mpoaykilii. Ha crankax HAAS VF-2 nie Moxe BKJIrOYaTH aHami3
o0poOeHuX AeTanei 3a JOMOMOTOI0 IATYMKIB a00 ONTUYHUX CUCTEM. AJITOPUTMH
[T MOXyTh MOpIBHIOBATH 300pakeHHS ab0 JaHl BiJ CKaHEpiB 3 €TAJIOHHUMU
3pa3KkaMy Ta BUSBISATH NEPEKTH, Takl SK BIAXWUICHHS Bij 3aJaHUX PO3MipiB abo
HEpIBHOCTI MoBepXHi. Takuil miaxia M03BOJISIE BUSBIATH OpakoBaHi AceTail IIe Ha
eTarmi BUpOOHHUIITBA Ta OMEPATUBHO BXKUBATH 3aXOMIB JJIs1 KOPUTYBAHHS MTPOILIECY.

5. A nanTuBHI1 CHUCTEMHU HaBYaHHS Ta caMOHAaBYaHHS

ManimHHe HaBYaHHS A03BOJIA€ CTBOPIOBATHU CHUCTCMU, SIK1 MOXYTb HaB4YaTHUCA Ha
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OCHOBI HakomuueHoro nocBiny. Lle o3nauae, mo cucremu kepyBanusa YITY MoxyTh
MOCTYIIOBO BJIOCKOHAJIOBATH CBOi QJITOPUTMU KEpPyBaHHS Ha OCHOBI 310paHMX
nanux. Hampukinan, cranok HAAS VF-2, ocHaileHHil CHCTEMOI0 MalIMHHOIO
HaBYaHHS, MOKE€ aBTOMAaTUYHO MOKpPAIIyBaTH CBOi MmapaMeTpu oOpoOKH Ha OCHOBI
ICTOPUYHHUX JTaHUX MPO Pi3HI TUIIHM MaTepiaiiB Ta IHCTPYMEHTIB. Taka amanThuBHA
CHCTEMa JI03BOJISIE TOCTIMHO MABHUIYBAaTH €()eKTUBHICTh BUPOOHHIITBA, 3HUKYIOUN
KUTBKICTh TIOMHUJIOK 1 TpOCTOiB [21].

Peanpni npukianu BnpoBapkenns 11 ta MH na crankax YITY

[Tpuknan 1: BukopuctanHs MallIMHHOTO HABYAHHS JJIs1 HPOTHO3YBAaHHS 3HOCY
IHCTPYMEHTY Ha aBTOMOOLJILHOMY 3aBOJI1

Ha Bennkomy aBTOMOO1JIEHOMY 3aBO/I1, 1110 CTIEI[iai3y€ThCsl HA BUTOTOBJICHHI1
JIBUTYHIB, OYJIO BIPOBAXKEHO CHUCTEMY IITYYHOTO IHTENEKTY Ta MAIIMHHOTO
HABYaHHS JIJIs1 IPOTHO3YBaHHS 3HOCY 1HCTpYMEHTIB Ha ctankax YITY HAAS VF-2.
3aBoJ CTUKABCS 3 MpoOJeMaMu YacTUX aBapiiiHUX 3YNHHOK 4Yepe3 NepeayacHui
3HOC pi3aIbHUX 1HCTPYMEHTIB, WI0 MPU3BOJWIO JO 3HAYHUX BTpaT Yy
IPOYKTUBHOCTI.

Pimenns:

[mxeHepy BIPOBAAMIA CHUCTEMY MAIIMHHOTO HABUYaHHA, SKa aHalli3yBaJia
JlaHl 3 JaTYMKIB, BCTaHOBIeHMX Ha cTaHkax HAAS VF-2. Jlanl BxIroyanu
MOKa3HUKU TEMIIepaTypH, TUCKY, MIBUAKOCTI OOepTaHHS IIMUHAEIS Ta BiOpari mi
yac 00poOku. BUKOpPHCTOBYIOUM aJrOpUTMH MAITUHHOTO HaBYaHHS, CHUCTEMa
MPOTHO3YyBaja, KOJU IHCTPYMEHT JIOCATHE KPUTHYHOTO PiBHS 3HOCY, 1 aBTOMATHYHO
CUTHAJII3yBaJia PO HEOOX1IHICTh MOTO 3aMiHHU.

PesynbraTu:

KinpkicTh aBapiiiHMX 3YNHUHOK 4Yepe3 3HOC IHCTPYMEHTIB 3MEHIIMJIACh Ha
40%.

Yac npocToiB OyB 3HMKEeHHI HA 25%.
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3aBISKM ~ TMPOTHO30BaHIM  3amiHI  IHCTPYMEHTIB,  MPOJIYKTHBHICTb
BUpOOHHUIITBA 3pocia Ha 15%, a BUTpaTu Ha 0OCIyroByBaHHS OOJaJHAHHS 3HAYHO
3HU3UIIUCS.

Ile#i mpukiang mokasye, K MaIllMHHE HaBYaHHS JO3BOJIMIO MiANPUEMCTBY
ontumizyBatu podory UITY HAAS VF-2, 3MeHmMBIIM BTpaTU Ta MiABUIIUBIIN
3araJibHy ¢()eKTUBHICTH BUPOOHHIITBA [22].

[Tpuknan 2: BUKOpUCTaHHS IITYYHOTO IHTENEKTY JUIsI KOHTPOJIO SIKOCTI HA
(dhapMalieBTUYHOMY MHiAIPUEMCTBI

dapmalieBTUYHA KOMIIaHis, sIKa BHUpPOOJIsiE MeAWYHe OO0JaJHaHHA,
BukopuctoByBana UYIIY HAAS VF-2 114 BHUrOTOBIEHHS BUCOKOTOYHHMX
KOMITOHEHTIB. SKICTh MPOAYKIlI € KPUTUYHO BAXKIMBOIO IJs (hapMaleBTHYHOI
rajiysi, OCKUIBKM HaBITh He3HayHl Je()EeKTH MOXKYThb BIUIMHYTH Ha
(GyHKIIOHATBHICTD Ta 0€3MeKy KIHIIEBUX MPOIYKTIB.

Pimennsi:

Kowmmanis BnpoBajauia cUCTEMY IITYYHOTO IHTENEKTY JJii aBTOMATHYHOTO
KOHTPOJIO SKOCTI B Mpolieci BUTOoTOBJIeHHS Aetaiei. Il anamizyBaB maHi BiJ
ONTUYHUX CHCTEM Ta JIa3€PHUX CKAHEPIB, SIKI MEPEBIPAIM TOYHICTH PO3MIPIB 1
MOBEPXHI KOXKHOT JieTaji, 1o BUTOTOBIsIach Ha crankax HAAS VF-2. Cucrema
HaBYaJlacsl Ha BEJIMKIA KIJTBKOCTI JaHUX 1 aBTOMATHUYHO BUSIBIIsUIA JePEeKTH, 1110
MOTJIM OYTH MIPOITYIIEH] i 4ac py4yHOI MEPEBIPKHU.

Pesynpraru:

Sxicts npoaykiii nokpammuiacs Ha 20%.

Kinbkicte OpakoBanux nerasneit 3unsmiacs Ha 30%.

[Iporec nepeBipku IKOCTI OYB aBTOMATU30BAHUH, 1110 IO3BOJIUIIO CKOPOTUTH
4yac Ha KOHTPOJIb Ta IMiABUIIUTH 3arajibHy MIBUIKICTH BUPOOHUIITBA.

[e#t mpukiam 1eMoOHCTPYE, sk [T Moxke moKpamuTi KOHTPOIb SKOCTI i 9ac
pobotu 3 UIIY-crankamu, 3abe3nedyroun Oe3neKky Ta HaJAiMHICTh BUPOOHUYOIO

IpoIIeCy.
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[Tpuknan 3: [aTerparis MTYYHOTO IHTENEKTY IS agamnTarlii BUPOOHUIMX
MIPOIIECIB Y pealbHOMY 4Yaci Ha 3aBO/I1 €JIEKTPOHIKH

3aBoj1 3 BUPOOHUIITBA KOMITOHEHTIB JJIsl €JIEKTPOHIKHU 31TKHYBCS 3 BUKIHKOM
4acToi 3MIHM BHPOOHHYMX 3aBAaHb 4epe3 3MiHHI BUMOTH 3aMOBHHKIB. [1]00
3MEHIIUTH 4Yac Ha nepeHanamryBanHs ctaHkiB UITY HAAS VF-2 i 3a0e3neuntu
THYYKICTh BHUPOOHUIITBA, 3aBOJ BHPIIIMB BIPOBATUTH TEXHOJOTII IITYYHOTO
inTenekry [23].

Pimenns:

III OyB iHTerpoBanmii y cucreMmy kepyBanHs YIIY, mo po3Bonmio
aBTOMAaTUYHO HAJIALITOBYBAaTH HapaMeTpu OOpOOKM IIiJ] yYac 3MIHU 3aBJIaHb.
ANTOPUTMH MAIIMHHOTO HABYAaHHS aHANI3yBaJd JaHl NpPO THUIM MarTepiajiB,
IHCTPYMEHTH Ta PEXUMH POOOTH, SKI BUKOPUCTOBYBAJIUCS Ha PI3HUX eTamax
BUPOOHUIITBA, 1 aBTOMATUYHO KOPUTYBaJM NapaMeTpu s 3a0e3neueHHs
ONITUMAIBHOI TPOAYKTUBHOCTI.

Pesynpraru:

Yac nepeHanamTyBaHHs CTaHKIB CKOpOTHUBCS Ha 50%.

3aBox 3MIT MIBUAKO aJanTyBaTHCS JO HOBUX 3aMOBJICHb, 301JIbIIMBILIN
3arajbHy THYYKICTh BUPOOHHUIITBA.

ITponykTuBHICTE BUpOOHMYOI JiHII 3pociia Ha 25%, a KUIBKICTh ITOMMIOK,
NOB'SI3aHUX 13 JIFOJICBKUM BTPYUYaHHSM, 3HU3UIIACS.

e mpuknang mnokaszye, gk BukopuctanHs LI ta MH pgomomorno
H1JIPHUEMCTBY NOKPALIUTH MPOJyKTUBHICTb, THYYKICTh Ta
KOHKYPEHTOCIIPOMOXHICTh Ha PUHKY.

[Ipuknag 4: IlporHo3He TexHiYHE OOCIYrOBYBAaHHS Ha MeETadypriiHOMY
ITPHAEMCTBI

Mertanypriitnuii 3aBon, sikuii BukopuctoBye UIIY HAAS VF-2 nns 006po6ku
MeETaJjiB, BIPOBAAUB IPOrHO3HE TEXHIUHE 00CITYTOBYBaHHS, 00 YHUKHYTH YaCTHX

aBapiiHUX 3YNMUHOK, K1 MPU3BOAMIN N0 3HA4yHUX (iHaHcOBUX BTpaT. [locTiitHi
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3YIIUHKY Yepe3 MOJOMKH a00 3HOIIEHI JIeTalli HeTaTUBHO BIUTMBAIM HA BUPOOHMU1
IUKJIK 1 IPOYKTUBHICTE [24].

Pimenns:

3aBoj BctanoBuB cuctemy LI Ta MH, sika 3aiiicHIOBasa MOHITOPUHT CTaHy
oOnajiHaHHS B peajbHOMY 4aci. AJITOpUTMU MAIIMHHOTO HaBYaHHS aHai3yBajH
JlaH1 PO TeMIIeparTypy, BiOpalliro Ta 1HII MapaMeTpH CTaHKIB 1 TPOTHO3YBaJIH, KOJIU
BUHUKHE HEOOXIJHICTh y IPOBEJEHHI TEXHIYHOrOo OOCIYroByBaHHS abo0 3aMiHi
neTajei.

PesynbraTu:

KinbkicTh aBapiiHux 3ynuHOK 3Hu3uIacs Ha 40%.

3aBoj 3MIT IUIAaHYBaTU TEXHIYHE OOCIYrOBYBaHHS B 3pY4YHUN 4Yac, IO
3MEHIIUJIO BIUIMB Ha BUPOOHUY1 IIUKITH.

Butpatu Ha pemoHT Ta oOciyroByBaHHs 3HU3WIUCA Ha 30%, OCKUIBKH
MOJIOMKH BAABAJIOCh MOMEPEKYBATH HA PaHHIX eTarax.

[IporHo3ne TexHiyHE 00cayroByBaHHs Ha ocHoBl Il momomorio
NIAIPUEMCTBY 3a0€3MeUuTH O€3MEepEPBHICTh BUPOOHUYUX MPOLECIB Ta 3HU3UTH
ornepariiiHi BUTPATH.

[lpuknang 5: BukopucTaHHs MITYYHOTO IHTEJNEKTY [JIi ONTHMI3allii
€HEepProCIIOKUBAHHS

Ha Benukomy miAMpUEMCTBI 3 BUTOTOBJIEHHS IMOOYTOBOI TEXHIKU OyIJ0
BripoBapkeHo cuctemy I nns onmrumizaiiii eHeprocrnoxkuBanHs cTaHkiB UITY
HAAS VF-2. 3aBox cTukaBcs 3 BUCOKMMH BUTpPAaTaMH Ha E€JIEKTPOCHEPTito, IO
CKJIAJ[aJI0 3HaYHYy YaCTHUHY 3arajbHUX ONEPAIlTHUX BUTPAT.

Pimennsi:

[mxeHepy BIPOBAAMIA CUCTEMY IMITYYHOTO 1IHTETIEKTY, SIKa B pealIbHOMY 4aci
aHaji3yBajga JlaHi TPO EHEProCIOXUBAHHSA KOXXHOTO CTaHKa. AJTOpPUTMH
MAIIMHHOTO HAaBYaHHS aBTOMATHYHO KOPUTYBAIU PEKUMHU POOOTH CTaHKIB 3aJIC)KHO
BiJl HABaHTAXEHHS, THUIy OOPOOTIOBaHMX MaTepiamiB 1 dYacy poOoTu, 00

MIHIMI3yBaTH BUTPATH eJIeKTpoeHeprii [26].
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PesynbraTu:

EneprocnoxxuBanHsi Ha BUpOOHUIITBI 3HU3MUIIOCS Ha 20%.

3aBom 3MIT CKOPOTUTH BHUTPATH HA EIICKTPOCHEPTiI0, HE 3HIDKYIOUU
IPOAYKTHUBHOCTI.

ABTOMAaTH3aIlisl YIPaBIiHHSI EHEPri€l0 TaKoXX JIOMOMOIVIA ITiABUITUTH
CTabUTBHICTh pOOOTH 00JIaTHAHHS 1 3MEHIIIUTY HABAHTAKCHHS HA €JICKTPOMEPEKY.

Le¥t mpukIiIag UTIOCTPYE, SIK IITYYHUHN 1HTEIEKT MOXE HE TUIbKU MOKPAIIUTH
MPOJYKTUBHICTb 1 IKICTh, aJIe ¥ IOMOMOT'TH ONTHMI3yBaTH BUKOPUCTAHHS PECYPCiB,
10 € BaXXJIMBUM aCIEKTOM y Cy4acH1d IPOMHUCIOBOCTI.

BucHoBOK

[Tpuknaau peansbHOTO BIPOBAIKCHHS IMITYYHOTO IHTEJICKTY Ta MAITMHHOTO
HaBuaHHS Ha crtaHkax UIIY, takux sk HAAS VF-2, neMoHCTpYyIOTh 3HAYHUU
MOTEHIIIAJT IIUX TEXHOJIOTH JJIsl MiABUIIEHHS €()eKTUBHOCTI BUPOOHUYHX TPOIIECIB.
BoHu 103BONSIIOTE HE TIJIBKH aBTOMATH3YBAaTH KOHTPOJb SIKOCTI Ta OMTHMIi3yBaTH
poboui mapameTrpu, ajge ¥ 3a0e3MeuyroTh MOMIIMBICTh IPOTHO3HOTO TEXHIYHOIO
oOCITyroByBaHHS Ta 3HIDKCHHS BHUTPAT Ha CHEPTOCMOKHBAHHS. [HTerpariis 1mux
TEXHOJIOTIH € BaXJIMBUM KPOKOM Y PO3BUTKY CyYaCHHX aBTOMAaTH30BaHHUX
BUPOOHMIITB, IO JIO3BOJISIE MIANPUEMCTBAM 3HUKYBAaTH BUTPATH, IIiJIBUIIYBATH
THYYKICTh Ta 3a0€3MeuyBaTH CTa0lIbHY SKICTh MPOAYKIIil. BUKOpHUCTaHHS BETUKHUX
JAHUX ISl OTITHMI3AIlii MPoIeCiB

I Ty4Huil IHTENEKT 1 MallTMHHE HAaBYaHHS HE MOXKYTh MpaIfoBaTh 0€3 JaHuX,
TOMY Ba)KJIMBUM aCIEKTOM iXHBOTO BIIPOBAIKEHHS € 301p 1 aHA13 BEJIMKUX OOCSATIB
iHdopmarii. Ha cywyacaux BupoOHunTBax UIIY-crankm, taki sik HAAS VF-2,
MOCTITHO T€HEepPYIOTh BEJIMYE3HI MAacHBU JIaHHUX MPO KOXKEeH mpouec o0poOku. L1
JlaH1 MOKYTb BKJIIOYATH 1H(OpMaIlito Mpo MBUAKICTb 0OPOOKHU, CTAH IHCTPYMEHTY,
TEeMIIepaTypy, 3HOC, MOTY>KHICTh JIBUTYHIB, BIOparlii, 1 HaBITh MOKA3HUKHU SKOCTI
TOTOBUX JIE€TaJIEH.

Benuki nmani gosBossitote cuctemam Il ta MH orpumyBaté nertanpHe

pPO3yMiHHS TOrO, SK pi3HI (PaKTOpU BIUIMBAIOTh Ha BUPOOHWUYMI TpoLEcC.
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Hanpuknan, anamiz iCTOpUYHHX JaHUX MOKE MOKa3aTH, IO MEBHI 1HCTPYMEHTH
3HOUITYIOTHCS IMIBUIIIE 32 IEBHUX YMOB 00POOKH, 110 JT03BOJISE a/IalITyBATH PEKUMU
poboTu i 30UIBIICHHS TePMiHY iXHBOI ciay»)Ou. KpiM Toro, cucteMu MOXKyTb
BUSIBJSITH TIPUXOBaHI 3aKOHOMIPHOCTI, 11O JOMOMAaraloTh ONTHMI3yBaTh POOOTY
oOJiaHaHHS Ta 3HU3UTH CIIOKUBaHHS eHeprii [28].

IlepeBaru ta Buximku Bnposakenss LI ta MH y UITY

[lepeBaru:

1. [linBuilleHHs  MPOAYKTUBHOCTI:  ABTOMAaTUYHE  KOPUTYBaHHS
napameTpiB poOOTH B peajilbHOMY 4Yaci 3a0esneuye Oulblll e€(pEeKTUBHY OOpOOKY
neTanielt 6e3 BTpaT yacy Ha py4yHe HaJallTyBaHHS.

2. 3HUKEHHS KUIBKOCTI MpocToiB: [IporHo3He oOCIyroByBaHHS 3HHXKYE
KUIBKICTh aBapIMHUX 3YIMUHOK 1 JI0O3BOJISIE€ TUTAHYBATH 3aMiHY 1HCTPYMEHTIB Ta
TEXHIYHE 0OCITyrOBYBaHHS.

3. [TokpamieHHs: AKOCTI MPOayKUIi: [HTeneKTyallbHI CUCTEMU KOHTPOJIIO
SAKOCT1 B PEXKUMI pEalbHOTO 4acy 3a0e3euyroTh BHUIBJICHHS JNe(EeKTIiB Ha paHHIX
eTarnax 1 3HIXKYIOTh KUIbKICTh OpaKy.

4, EneproedektuBHicTh: OnTuMizanis pexXUMIiB pOOOTH Ha OCHOBI IaHUX
JI0TIOMAra€e 3HU3UTH CIIOKUBAHHS €HEprii, 10 € BaXXJIUBUM (DaKTOPOM y BEJIMKHUX
BUPOOHHMYUX JIIHISX.

Buknuku:

1. HeoOxiguicte 300py Benukux oOcariB manux: s edekTUBHOTO
BukopucrtanHsa LI ta MH notpiOHO BHpoBamKyBaTH cUCTEMH 300py W aHamizy
MaHHUX, 110 MO>KE BUMAaraTy JOJaTKOBUX 1HBECTHIIIN.

2. InTerpamis 3 icHyrouuMu cucteMamu: lligmpueMcTBa MOXYTh
3ITKHYTUCS 3 TPYAHOIIAMM IHTerpaiii HOBHMX IHTEJIEKTYaJbHUX CHCTEM 3 YKe
ICHYIOUMMHU BUPOOHUYHUMU JTIHISIMHU.

3. Hapuannsa nepconany: g ycmimuoro BoposamxeHHs 1T norpiOHa
MITOTOBKA TEPCOHANy, KUK Oyjae MpaIfoBaTH 3 HOBHMHU TEXHOJOTISIMH Ta

HiATpUMYyBaTH ixHIO poboTy [29].
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BrnnuB mTy4HOro iHTENEKTy Ta MAlIMHHOTO HaBYAHHS HAa aBTOMATH3AIIIIO
crankiB UI1Y, takux sk HAAS VF-2, € Benmnue3HuMm 1 nepcrnekTuBHUM. [HTErpartis
UX TEXHOJOTIM J03BOJIA€ 3HAYHO TIOKPAUIUTH YHOPABIiHHSI BUPOOHUYUMU
MpoIlecaMH, ONTUMI3yBaTH OOpOOKy MaTepiaiiB, MPOTHO3YBaTH TEXHIUHE
o0OcITyroByBaHHs 1 3a0e31e4yBaTH BUCOKY sIKiCTh poaykitii. 111 MH BinkpuBaroTh
HOB1 MOXJIMBOCTI JJII MIANPUEMCTB Y PI3HUX Taly3siX, JHO3BOJSIIOYH 3HI)KYBaTH
BUTpPATU 1 TMIJBUILYBAaTH MPOJYKTUBHICTb, IO CTa€ OCOOJMBO BAXKIUBUM Y

Cy4aCHOMY KOHKYPEHTHOMY CEpEIOBHIII.

1.7. IIporHo3 po3BUTKY Taiy3i Ha HanOmk4l 5-10 pokiB

[Iporno3 pos3Butky ramy3t UYIIY-crankiB, Takux sk HAAS VF-2, i
nporpamoBanux JjoriyHux kKoutpoJsepiB (IIJIK), Takux sik Allen-Bradley, Ha
HaiOmmwkul 5-10 pokiB mepenbayae KapAWHAIbHI 3MIHM 3aBISKH CTPIMKOMY
po3BUTKY TexHosori. [any3p mnepeOyBae Ha MeXi 4YETBEPTOi MPOMMCIOBOI
pesommonii (Inayctpis 4.0), ika xapakTepU3y€eThCs BOPOBAKEHHAM K10ep(h13MIHUX
CUCTEM, LITYYHOTO 1HTEJIEKTY, MAllIMHHOrO HaBuyaHHsA, IHTepHeTy peueid (IoT) Ta
iHmmX 1HHOBaMiM. Ili 3MIHM BIUIMHYTH HE JIMIIE HA TEXHIYHI XapaKTEPUCTUKHU
oOnajHaHHs, ajge ¥ Ha MIAXOAW 0 YNPaBIIHHSI BUPOOHUYMMU MPOLECaMU, MOJENI
00CITyroByBaHHs Ta PiBEHb aBTOMATH3AIlI1 MiAMPUEMCTB.

1. IligBuIIeHHs piBHS aBTOMAaTH3aIlli BUPOOHUIITB

VY maibmmxkui 5-10 pokiB mnependavaeTbCs 3HAYHE IMMIJBMILEHHSA PIBHS
aBTomaTtu3aiii y BHUpoOHMUMx mnporecax. YIIY-cranku, Taki sk HAAS VF-2,
OyIyTh Aenaii OUIbIIE IHTETPYBATHUCS Y KOMILIEKCHI aBTOMATU30BaHI BUPOOHUY1
JiH11, K1 MpaoBaTUMyTh Maibke 0e3 BTpydaHHs JroauHu. [IporpamoBani oriuHi
koHTposiepu (ITJIK), Taki sik Allen-Bradley, BigirpaBaTUMyTh KJIIOHYOBY pOJIb Y
KoopAuHaIii poOoTH pi3HOro oOJagHaHHS, BKIOYaroun cranku UYIIY,

poOOTH30BaHI CHCTEMHU, KOHBEEPH Ta 1HIIN KOMIIOHEHTH BUPOOHUYUX TIPOIIECIB.
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Iarerpamis [JIK 3 YITY mo3BoauTh aBTOMAaTH3yBaTH OUIBIIICTH MPOIIECIB
HaJIalTyBaHHs, 00pOOKHM MaTepialliB Ta KOHTPOJIIO SIKOCTI, IO CYTTEBO CKOPOTHUTH
yac BUPOOHMYUX LHUKIIB 1 MIJBUIIUTH TOYHICTH 0OpoOKM. Taki TEXHONOTII SIK
MITYYHUIA 1HTENEKT 1 MAllMHHE HaBUYaHHS, II0 BXKE aKTHUBHO BIIPOBAKYIOTHCA,
pPO3BUBAaTUMYThCS M Hanmaml, JO3BOJIAIOYM CHCTEMaM CAMOCTIMHO ONTHMI3yBaTu
BUPOOHMYI MPOIIECH, T AJIAIIITOBYBATH IMTAPAMETPH POOOTH ITi/T YMOBH B PEATHHOMY
gaci Ta aBTOMaTUYHO pearyBaTy Ha 3MiHu [13].

2. Inrerpanis mryynoro iHtenekty (II) Ta mamuuanoro nayanus (MH)

OgHuM 13 TOJIOBHUX HAINpPSAMKIB PO3BUTKY Tally3l CTaHe NOriau0JieHa
inrerpamis I ta MH y nponiecu ynpapninag o6naaHanasM. Ha ocHOBI aHamizy
Benukux Aanux (Big Data), cucreMu KepyBaHHS 3MOXYTh NPUMMATH PILIEHHS
MIBUJIIIE 1 TOYHINIE, HDXK II€ MOXJIMBO Ha ChOrojHimHIN geHb. I Oymxe
BUKOPHCTOBYBATHCSl Il IPOTHO3YBaHHS 3HOCY 1HCTPYMEHTIB, ONTHMI3allil
IIPOLIECIB Y PEXKUMI PEANBHOTO Yacy, YNPaBIiHHSA TEXHIYHUM OOCITyrOBYBaHHAM 1
HaBITh JIJIs TUTAHYBAHHS BUPOOHUYMX 3aBJaHb.

[IporHo3He TexHIYHE OOCIYroByBaHHs, fKE Oa3yeTbCid HA IMITYYHOMY
1HTEJEKT1, CTaHE CTaHJapTOM y 0aratbox raiyssx. Lle 103BoJuTh 3HAYHO CKOPOTUTH
BUTPATH HAa PEMOHT 1 0OCIIyrOBYBaHHsS O0JIaJHAHHSA, a TAKOX 3HU3UTU KUIBKICTh
aBapiiHUX MpPOCTOiB. 3aBAsKM MamMHHOMY HaBuaHHIO YIIY-cranku Ta I1JIK
3MOXYTh aJanTyBaTHCS J0 YMOB pOOOTH Ta MOKpAIyBaTH CBOi alrOpUTMHU
YIPaBJIIHHS HA OCHOBI HAKOITUYEHOTO JOCBI Y.

3. PozButok Intepnery peueir (IoT) ta mpommciioBoro IHTepHery peueit
(l1oT)

Intepuer peueid (IoT) Bimirpae Bce OUIBILY pOdb Y MPOMUCIOBOCTI, 1 LEH
TpeHJ mpojoBxkyBatuMeTbes. [Ipomucnosuii Iutepuer peueit (IIoT) mo3BoauTH
nigkmrogaty cranku YITY, ITJIK, naTuvky Ta iHIN €JISMEHTH BUPOOHUYHUX JIIHIN 10
€IMHOT MEpexi, M0 HaAacTh MOXKIWBICTb KOHTPOJIOBATH Ta KEpyBaTH

BUPOOHUYMMH MIPOTIECAMH B PEKHMI PEaTbHOTO Yacy.
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[TigkmrodeHi BUPOOHWYI CHCTEMH HANAMyTh JOCTYI J0 BEIMKOI KUIBKOCTI
JIaHUX, 110 JOTIOMO’KE MOKPAIUTH MOHITOPUHT OOJIaIHAHHS, aHaJli3 €PEeKTUBHOCTI
poOOTH Ta BUSBISATH MOXIMBOCTI Jyis onTtuMmizarii. 3aBmsku iHTerpartii [loT
MIIIPUEMCTBA 3MOXYTh €()EKTHUBHINIE BUKOPHUCTOBYBATH PECYpPCH, 3MEHIIUTH
CHEproBUTpaTH Ta IIBUJIIEC pearyBaTd HAa 3MIHU Y BUPOOHUYOMY CEpPEIOBHUIII.
Ouikyetbes, 1o a0 2030 poky OUIBLIICTH BETUKUX BUPOOHUITB Oy/IyTh MOBHICTIO
inTerpoBani B loT-mepexi [30].

4. Tlepexia 10 XMapHUX TEXHOJIOT1H

VYrpaBiaiHHS BUpPOOHUYMMHU NPOLIECAMH HAa OCHOBI XMapHUX TEXHOJIOT1H
(cloud computing) Takox HaOupae MOMYJSAPHOCTI 1 CTaHE OJHUM 3 KIFOYOBUX
HaIpsMiB PO3BUTKY Trainy3i B Halommkui poku. Cucremu ympasiinas UITY 1 [JIK
OynyTh Jleflai 4yacTilie BUKOPUCTOBYBATH XMapHi muiatopmu juist 30epiraHus 1
00pOOKH JTaHHUX.

BukopucTtanHs XMapHUX TEXHOJIOTIM J03BOJIUTH 3MCHIIUTH BUTPATH Ha
1H(DpacTpyKTypy, 3a0€3MEUUTH HOCTYM JI0 JaHUX 3 OyAb-5IKOi TOUKH CBITY, a TAKOK
PO3LIMPUTHA MOXJIMBOCTI JIJIsi QHAJITUKUA Ta MPOTHO3yBaHHsS. Kpim Toro, XxmapHi
pILIEHHS] J03BOJIATH KOMIIAHISIM JIETKO 1HTErpyBaTH HOBE OOJaJHAHHS Yy BKe
ICHYIOUYl CHCTEMH Ta MIBUAKO MaciiTa0yBaTH BUPOOHMIITBO 3a moTpedu. Taxuit
N1aX11 3poOUTh YNPaBIiHHA BUPOOHUIITBOM OUTBII THYYKHUM 1 I03BOJIUTH IIBHU/IIIE
BIIPOBAXKYBAaTH HOBI TEXHOJIOT1.

5. InTerpartis poOOTH30BaHUX CUCTEM

3 KO>)KHUM POKOM pOOOTH30BaHI CUCTEMU CTAIOTh BCE OUIBII MOIIUPEHUMH Y
BUPOOHMUUX TpoIiecax, 1 1ed TpeH Oyjae MpoJoBXKyBaTHCh. [HTerpallis poOoTiB 3
YITY 1 IIJIK 103BOAMTH CTBOPIOBATH MOBHICTIO aBTOMAaTU30BaH1 BUPOOHUYI1 JIiHII,
ne poOOTH BUKOHYBATUMYTh 3aBJIaHHS  3aBAaHTAXCHHS, PO3BAHTAKCHHSI,
TPaHCTIOPTYBAHHS MaTepiaiiB 1 HABITh CKJIAJIAHHS MPOTYKIIIi.

[IporpamoBaHi JIOTi4HI KOHTPOJIEPH BIAIrPABATUMYTh KIIIOUOBY pOJIb B
yOpaBIiHHI TakKUMHU pOOOTH30BAaHHUMH CHCTEMaMH, 3a0€3Meuyloud TOYHY

KOOPAMHAIIII0 MK PI3HUMHU €JIeMEHTaMHU BUpOOHUYUX JTiH1A. [le 703BOIUTH T0CATTH
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OUTBIII BUCOKOTO PIiBHS MPOXYKTUBHOCTI, 3HW3WTH BUTPATH Ha poOOUy CHIIy Ta
MIJBUIIUTH SKICTh TPOIYKIIII.

6. [lepconarnizariisi BUpOOHHUIITBA 1 MacOBa KaCTOMi3aIlis

[anoBarii y cdepi aBTomartu3zaiii Ta UITY Takox 3MIHIOBATUMYTb MIAXOIU JI0
BUPOOHUIITBA MPOYKIIii, BIAKPHUBAIOYH MOKJIMBOCTI JJII MacOBOi KacToMmizarlii.
3aBAsSKA BUCOKOMY PIBHIO aBTOMATH3allli, KOMMaHii 3MOXKYTh IMIBUIKO aanTyBaTH
CBOi BUPOOHMUYI JIHIT MiJ pi3HI 1HAMBIAyaJIbHI 3aMOBJICHHS, HE BTpadaroud Mpu
IIbOMY TTPOTYKTUBHOCTI [1].

I Ta YIIY [103BOJMIATP aBTOMAaTUYHO HAJNAIITOBYBATH NapaMeTpU
BUPOOHMIITBA JUIsI  KOXHOTO  3aMOBJICHHS, 3a0e3Meuyrodd  MOXJIMBICTh
BUTOTOBJIEHHSA MEPCOHANI30BaHUX TOBapiB Ha MacoBoMmy piBHI. lle ocoOmmuBo
BKJIMBO JUIs TATy3€H, TaKUX SIK aBTOMOO1JIbHA, aBialliiiHa, MOOyTOBa eJIEKTPOHIKa
Ta HaBITH MEJUIIMHA, JI¢ IHIAUBIyaIbHI XapaKTEPUCTUKU MPOIYKIIT MOXKYTh OyTH
BKJTUBHMU.

7. IlinBuiieHHs 0e3neku BUPOOHUIITBA

VY HacTymHI pPOKHM BaXXJIMBOIO TEHJACHIIEI Oyne NOoAadblIMil PO3BUTOK
TEXHOJIOT1i, SIKI MABUIIYIOTh O€311eKy Ha BUPOOHHUIITBI. 3aB/IsIKK ABTOMATH30BaHUM
CHUCTEMaM MOHITOPUHTY Ta KOHTPOJIIO, 1110 0a3yIOThCA HA MITYYHOMY 1HTEJIEKTI Ta
[JIK, mignpreMcTBa 3MOXKYTh 3a0€31€4UTH O€3MeUHIlll YMOBH Ipalli.

Cucremu 6e3nekwu, iHTerpoBani 3 UIIY Ta I1JIK, m0o3BOJISITE aBTOMAaTHYHO
3YMUHATA 00JIaHAHHS B pa3i BUSBICHHS aBapiMHUX CUTYyaIliil abo 1HIIMX 3arpos.
3aBASKHA TEXHOJIOTISIM MAITMHHOTO HAaBYAaHHSI TaKi CHCTEMHU 3MOXYTh TPOTHO3YBATH
MOTEHI[IHI PU3UKU Ta BXKWUBATHU 3aXOJIB JIJISl iX YHUKHEHHS, 3HWKYIOUU PIBEHb
TpaBMaTU3My Ha BUPOOHMIITBI.

8. EHeproeeKTUBHICTh Ta CTIMKICTh BUPOOHUIITB

CyyacHl TEHHEHINI TaKOX  BKJIIOYAIOTh  3pOCTAl0dy  yBary 1o
E€HEepProePeKTUBHOCTI Ta EKOJOTi4yHOi CTiikocTi BupoOHuHITB. [IJIK 1 YIIY,

OCHAleH1 I1HTENEKTyaIbHUMHU CHCTEMaMU KEpYyBaHHsS €HEpri€ro, JJ03BOJISAThH
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ONTUMI3YBaTH CIIOKHBAHHS PECYpCiB, IIO CHPUATAME 3HIDKCHHIO BUTpaT Ha
CJICKTPOCHEPT1I0 Ta 3MEHIIIEHHIO BUKHU/IIB BYTJIEKUCIIOTO a3y [32].

[IporHo3yetscsi, 1o B HalOmmwkui 5-10 pokiB  iHTENEKTyallbHI
eHepro30epiraioyi TeXHOJIOT1T Oy yTh BIPOBAIXKYBAaTUCS Y OUIBIIICTE BUPOOHUUUX
npouieciB. lle 103BOMUTH MiANPUEMCTBAM HE JIMILE 3HU3UTH BUTpaTH, ale U
BIJIMOBIIATH HOBUM BHUMOTaM €KOJIOTIYHUX CTaHAApTIiB, SKI CTAalOTh Jeaall
CYBOPIIIIMMHU B YCbOMY CBITI.

9. Po3BHUTOK aAMTUBHUX TeXHOJOT1H (3D-1pyK)

AuTuBHI ~ TexHojorii, Taki sk  3D-gpyk, 1pOaOBKYBaTUMYTh
BIIPOBAKYBATUCh Y BUPOOHMIITBO MOPSJ 3 TPaAWLIAHUMU METOAAMU OOpOOKH
matepianiB. UITY-cranku ta ITJIK BigirpaBaTUMyTh BaXJIMBY POJIb B IHTETpallli LIMX
TEXHOJIOT1M y BUpoOHUY1 JiHIi. 3D-IpyK M03BOJUTH 3HAYHO CKOPOTUTH 4ac Ha
BUTOTOBJICHHA IPOTOTHIIIB, @ TaK0XX BHUPOOHUUTBO CKIAAHUX JeTajedl i3
HECTaHIAPTHUMH (HOpPMaMHU.

3apasxu YUITY 1 TIK, mo npairoroTs y 38's13111 3 3D-npykom, mianpueMcTBa
3MOKYTb BUPOOJISITA YHIKaJIbHI J€Tajll B MEXKaxX OJHOTO BUPOOHUYOIrO IUKITY, 1110
COpHUATUME MOJANbINIM KacToMi3alli MpOXyKLii Ta 3HMKEHHIO BUTPAT Ha il
BUTOTOBJICHHS.

[Iporuos po3sutky ramxy3i UITY 1 I[1IJIK Ha HaitOnmx4i 5-10 pokiB nepeadayvae
pajuvKaigbHI 3MIHU, CIIPUYUHEH1 BIPOBAKEHHSM HOBITHIX TEXHOJIOT1HM, TaKUX SIK
MITYYHUN 1HTEJICKT, MAlllMHHE HaBYaHHS, [HTepHET peueit Ta xMapHi pimenHs. L
TEXHOJIOT1i JOMOMOXYTh IMIJBUIIMTA pIBEHb aBTOMATH3allli, THYYKOCTI Ta
MPOJYKTUBHOCTI BUPOOHUYUX TMPOIIECIB, 3HUKYIOUHM TpPH I[bOMY BHUTPATH Ha
€HEPriI0 Ta TEXHIYHE 00CITyrOBYBaHHS.

[TinmpuemcTBa, sIK1 aKTUBHO BIIPOBAKYIOTH 111 IHHOBAIII1, OTPUMAIOTh 3HAYHI
nepeBaru Ha PUHKY, OCKIIBKM 3MOXKYTh IIBHIIIEC aJanTyBaTUCA O 3MiH,
3a0e3MneuyBaTh BUCOKY SAKICTh MPOIYKIII Ta 3HM>KYBaTH BUTpaTu. [Hmyctpis 4.0
MOCTYIIOBO CTa€ peanbHicTiO, 1 came iHTerpamis UYIIY Ta TIJIK 3 HOBiTHIMHU

TEXHOJIOTISIMU € BaXKJIMBUM KPOKOM JI0 TOCATHEHHS 11i€i MeTH [33].



46

Posnin 2. METOJIU TTIJIBULLIEHHS TTPOIYKTUBHOCTI BEPCTATIB UTIK
3A JIOTIOMOT OIO TIJIK

2.1 CrtBopeHHs MaTeMaTU4HOI MoJieii TooBHOro nmpuBoga HAAS VF-2

CTBOpeHHsI MaTeMaTUYHO1 MOJIelll roJIoBHOTO MpuBoAa Bepctata HAAS VF-
2 € KOMIUIEKCHOIO 3aJ]auelo, IKa BKJIIOYAE B ceOe aHaii3 KIHEMAaTHKH Ta JUHAMIKU
CUCTEMHU, 11 EJIEKTPOMEXaHIYH1 XapaKTEPUCTUKH, a TAKOK MOJICITIOBAHHS CHUCTEMHU
KepyBaHHA Ha OCHOBI Cy4YaCHUX METOIB aHali3y Ta YHUCIOBUX OOYUCIICHb.
["onoHuit npuBox Bepctata HAAS VF-2 Bignosigae 3a nepeMilieHHs pi3ajbHOTO
IHCTPYMEHTY BIIHOCHO 3arOTOBKH, IO € KJIIOYOBHMM JJIsi 3a0€3ME€UYEHHSI TOYHOCTI
00pOOKH Ta MPOyKTUBHOCTI 00naaHanHs [13].

OcHOBHI eTanu CTBOPEHHSI MaTEMaTUYHOI MOJIEJIi TOJIOBHOTO MTPUBO/IA

MaremMatiyHa MOJENb TOJIOBHOTO MPHBOJA HEOOXiJHA JUIsl PO3YMIHHS
JWHAMIYHUX TPOIIECIB, M0 BIAOYBalOThCS Miag 4ac poOOTH oOnagHaHHS. BoHa
JT03BOJISIE BU3HAYUTH, K BIUIMBAIOTH P13HI MapaMETPH CUCTEMH Ha pOOOTY IPUBOJIA
Ta Ha SKICTh 00pOOKH MaTepianiB. OCHOBHUMH €TaraMy o0y 10BU MOJEIII €:

1. BusHaueHHs (Q13MYHHUX XapaKTEPUCTUK TOJIOBHOTO MPUBOAA.

2. [TobymoBa wmaTeMaTHYHHX PIBHAHb [UJISI ONUCY TIPOIECIB, SIKi

B1JI0yBaIOTHCS B CUCTEMI IPUBO/IA.

3. BuBeneHHs TMHAMIYHUX XapaKTEPHUCTHUK Ta MOJCIICH KepyBaHHS.
4, Bamimarmis MaremaTudHOi MOJEII Ha OCHOBI EKCIEPHUMEHTAIbHUX
nanux [1].

Omnuc Qi3UYHUX XapaKTEPUCTHK TOJTOBHOTO MPUBOJIA

INonmoBuumit mpuBoj Bepctata HAAS VF-2 Briitodae B cebe Kijlbka OCHOBHUX
KOMITOHEHTIB: €JIeKTPOJBUTYH, CHUCTEMYy Tiepeaad, KIHeMaTU4Hl JIAHIIOTH Ta
HIMUHJETbHUNA By30J1. KOXeH 13 IIMX KOMIOHEHTIB BHOCUTH CB1il BHECOK y 3arajibHi
XapaKTepUCTUKU TPHUBOAQ, Taki SK IIBUIKICTb, TPUCKOPEHHS, TOYHICTh

MTO3HIIIIOBAaHHS Ta CTaOUIBHICTH POOOTH.



47

. EnextponBuryn: OCHOBHUM €JI€MEHTOM TOJIOBHOTO TMPHUBOJA €
CJIEKTPOJBUTYH, SIKUW MEPETBOPIOE EJIEKTPUUHY EHEPriro Ha MexaHiuHy. Jlus
noOy/I0BY MOJIEl BaXIUBO BPaxyBaTH MapaMeTpu ABUTYHA, TaKi K MOTY>KHICTb,
MOMEHT 1HEpIIii poTOpa, KITBKICTh MOJIOCIB Ta HOMIHAJIbHA IIBUIKICTH OOCPTaHHS.
Hns BepcratiB tuny HAAS VF-2 3a3Buuail BUKOPUCTOBYIOTHCS JBUTYHU
MOCTIHHOTO cTpyMy abo Tpra3Hi ACHHXPOHHI IBUTYHH.

. [lepenaua: Ilepenaua pyxy BiJg JBUTYHA 0 poOOYOro 1HCTPYMEHTY
3MIICHIOETHCSL YEpe3 CUCTEMy Iepead, ska Moxe OyTH peanizoBaHa y BUTJISIL
pEeMIHHOI mepenayl abo 3yddactoi nepenayi. BaxinBo BU3HAUUTH MepenaBaibHI
BIIHOIIICHHS Ta KOS(IIIEHTH BTPAT Y LI CUCTEMI JIJIsl IPABUJIBHOTO B1IOOpaKEHHS
peasbHUX YMOB POOOTH.

. Kinematnuna cucrema: Bin JBuryHa uyepe3 cucTeMy Iepenay
mnuHAeIb o0eprae 1HCTpyMeHT. Y  Bumaaky Bepcrata HAAS VF-2
BUKOPHCTOBYIOTBCSI BHCOKOTOYHI CHCTEeMH Tepefad, HI0 JI03BOJISIE JIOCSTaTh
HEO0OX1THOT TOYHOCTI ITpu 00poOIIl netane [15].

MareMaTinyHa MOJIeITh EIEKTPOIBUTYHA

J1st omucy poOOTH €IeKTPOIBUTYHA TOJIOBHOTO MPUBOAa BHKOPHUCTOBYIOTHCS
KJIACUYH1 PIBHSHHSA €JIEKTPOMEXaHIYHUX CHCTEM. SKIIO0 OCHOBOIO € ACHHXPOHHHIA
JIBUTYH, MOJIeJIb MOKHa MOOYJyBaTH Ha 0a3l piBHSHB, 110 OMUCYIOTh MOBEIIHKY
IHIYKTUBHUX KOHTYPIB:

U=R-1+L-dt/dl +E,

ne:
. U — Hanpyra Ha 00MOTKax JBUTYHA,
. R — akTuBHMII o1ip OOMOTKU;
. | — cTpyM y KOHTYpI;
. L — iHIyKTUBHICTH OOMOTKU;
. E — enexTpopyriiiHa cuiia, 1110 BUHUKAE TIPU pycCl poTopa.

3 iH1I0r0 O0KY, MEXaHIYHa YaCTUHA MOJIETI OTIUCYETHCS PIBHSHHIM MOMEHTY:

J - dw/dt = Men — Muarp,
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me:
. J — MOMEHT 1HepIii poTopa Ta CUCTEMU Tepeay;
. ® — KYTOBa IMIBUIKICTh OOEPTAHHS POTOPA,;
. Men — eneKTpoMarHiTHU MOMEHT JBUTYHA;
. MHarp — MOMEHT HaBaHTa)KEHHS Ha BaJly IBUTYHA.

Takoxx A TOYHOTO MOJENIOBAHHS CJiJ BpPaxoBYBaTH HENIHIMHOCTI Yy
BITHOCHMHAX MIX CTPyMOM 1 MOMEHTOM JIBUTYHA, a TAKOX BPaxOBYBaTH BTPAaTH Ha
TEPTA 1 BUXPOB1 CTPYMH.

3ampomoHOBaHa CHUCTEMa aBTOMATUYHOTO KEPyBaHHS, CTPYKTypHAa cXema

AKO1 IPUBEJICHA HA pUCYHKY 2.1. [16]

E
[ Tp+l
— (X1 T -
J'.E —_
E

Pucynok 2.1. CnponieHa cTpyKTypHa cxemMa CUCTEMH aBTOMAaTUYHOTO

KEpYBaHHS.

[To3nayeHHAM HaA cXEMI BIANOBIAAIOTh:
AUKep — 3a1a104uid CUTHAJ,

Kxep — koeditieHT, 110 Koperye 3HaueHHsI 33al040r0 CUTHAIY;
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KU — koediiieHT nepeaadi perysiTopa MBUAKOCTI 32 HAPYTOIO;
TU — ctana yacy peryistopa HIBUIKOCTI 32 HaPyToo;

Kof — xoedirieHT mepenadi peryasTopa MBUIKOCTI 32 4aCTOTOIO;
Tof — crana yacy perynsropa IIBUIKOCTI 33 YaCTOTORO;

J — MOMEHT 1HepIIii Bajla IBUTYHA;

Ko — xoedilieHT 3BOPOTHOTO 3B’ 53Ky 3a MIBUAKICTIO;

KU2 — xoedittienT, mo 3ade3nedye MocTiifHe BiAHOMICHHS KEPYI0uoi HalpyTu

JI0 KEPYIYO0l YaCTOTH;
Kf2 — koedirtieHT, 110 CKIaa€ThCS 13 TBOX MEPEIATOUYHUX (PYHKITIMN:

[Tepenatouna (yHKIIIS €JIEKTPOMArHiTHOI CUCTEMH, 1110 BCTAHOBJIIOE 3B’ SI30K
BIIXWJICHb IIBUAKOCTI 00EpTaHHsI MarHiTHOTO 10Jisi A®0O aCHHXPOHHOTO JIBUTYHA U

9aCTOTH 3aJar0490Ir0o rcucparopa:

Aw 27
W = 0 -
o (D) Af.  3p. (211)

€ pPT - YKHCIO Tap IMOoJrciB ABUTyHA. OCKUIBKHM YacToTa 3a7al0uoro
reHepaTopa y TpPU pa3u MEPEBUIIYE YacCTOTy HAMPyTHM Ha CTATOPHINA OOMOTIII

MPUBOJHOIO IBUTYHA, TO Y 3HAMEHHUKY MA€EThCS TpiilKa.

[Tepenatouna ¢yHKIliA 33a/1aI090T0 TE€HEpATOpa B aBTOHOMHOMY 1HBEPTOP1 —

0e31HepLIHHOT i JIIHIMHOT JJAHKKA BUPAXKAETHCS KOE(DILIEHTOM Mepeaayi:
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Af,

W =——=K
(p) AU (p) r(212)

Takum ynHOM, KoedirienT Kf2 6yne nopiBHIOBaTH:

2
Kf2=vaM(p)-Wr(p)=§f<r( )
7 2.1.3

3naueHHsa koedimieHTiB nepenaui ta cranux yacy Ku, Tu, Kof, Tof nmpu
HOMIHAIBHOMY pEXHMi Oynm po3paxoBaHi y posmimi 4.4. Ixui 3HadeHHs npu

pexuMax, BIIMIHHUX BiJl HOMIHAJIbHOTO nojaxi y Tadmuusax {1 — /14 nonatkis.

3HaueHHS eJEKTPOMEXaHIuyHOI cTanoi wacy JaBuryHa TEM wmoskHa

po3paxyBaTu 3a ¢popmyJioro: [17]

7€ J — MOMEHT 1HepIlii JBUTYHA, KI-M2;
(OHOM — HOMiHaJIbHA KyTOBAa MIBUKICTh IBUTYHA, C-1;
MHOM — HOMIHAJbHUN HABAHTAXKYIOUUH MOMEHT JBUryHa, H-m;

[TincraBnsitoun BCi BUIIETIEPEpaXOBaHi JIaHi JJIsl HAIIOTO JBUTYHA Y (OpMYITy

(2.1.4) orpumaemo:
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~0,64-157,08

= =0,28
M 355,88

C.

Jlns 3a0e3nedyeHHs SIKOCTI TMepexiJHOTo Mporecy KoedillieHT 3BOPOTHOTO
38’s3ky Ko MoxHa mipiOpatd OUISIXOM MaTeMaTUYHOrO MOJCNIOBaHHS 3a
nonomororo [IEOM. 3a 3aBmaHHsSM J0 JUIUIOMHOTO TPOEKTY 3HAYEHHS
nepeperyoBaHHs G He MOBUHHO mepeBuiyBatu 10%, a 4yac peryiaioBaHHS T HE

MOBUHEH nepeBulryBatu 0,5 c.

Ils Momens 103BOJISIE aHANTI3yBaTH JUHAMIKY TOJIOBHOTO MPUBOJA B PI3HUX
pexumax poOOTM Ta HAIAMTOBYBATM NApaMEeTpU CHUCTEMH KEPYyBAaHHS s
JIOCSITHEHHSI ONITUMAJIbHOT POAYKTUBHOCTI [3].

Banigariis Mojeni Ta OpiBHAHHS 3 €KCIIEPUMEHTAIbHUMHU TAHUMHU

OcTa"gHIM €TaloM € Bajdijallsd MaTeMaTHUYHOI MOJEIl 3a JOIIOMOIOO
€KCHEPUMEHTAIIbHUX JaHUX. /{15 bOro MpOBOIATHCS €KCIIEPUMEHTH 3 PEATIbHUM
BEpPCTATOM, IiJl Yac SKUX BUMIPIOIOTHCS OCHOBHI MapameTpH, TakKi SIK IIBHJKICTB,
NPUCKOPEHHS Ta  TOYHICT, TO3UIIOHYBaHHS. [lOpiBHSIHHA  pe3yJbTaTiB
MOJICJIFOBAHHS 3 €KCIEPUMEHTAIbHUMHU JAHUMU JI03BOJISIE CKOPETYBaTH MOJEINb 1
3a0€3MeUNTH ii TOUHICTb.

st BepcrariB Tunmy HAAS VF-2 yacto BUKOPUCTOBYIOTHCS KOMITIOTEPHI
CUMYJIALIT HA OCHOBI OTPUMAaHHUX MaTEMAaTUYHUX MOJIEJIEH, IO I03BOJIsIE O€3 PUBHKY
MOIIKOJIPKEHHS 00J1aIHaHHS TIEPEBIPATH Pi3HI pEKUMHU pOOOTH Ta aHAITI3yBaTH IXHIN
BILJIUB HA MTPOTyKTUBHICTb.

CTBOpEeHHsI MaTeMaTHUYHO1 MO/IelIl roJIoBHOTO mpuBoAa Bepctata HAAS VF-
2 € BaXJIMBHUM €TarioM JJIsl aHaji3y WOro MpoJyKTHUBHOCTI Ta ONTHUMI3alii poOoTH.
Taka Mozesb 103BOJIsI€ IPOBOAUTH YUCIIOBI €KCIIEPUMEHTH Ta aHAII3yBaTH BIUIKB
pI3HUX  TapamMeTpiB Ha  €(PEeKTHBHICTH pOOOTH  OOJIaJHaHHS.  3aBISKU
MaTeMaTUYHOMY MOJICIIIOBAHHIO MOXHA BJOCKOHAJIUTH CHUCTEMHU KEpyBaHHS,

3MEHIIUTH €HEeProCIOKUBAHHS Ta MIABUIIUTH TOYHICTh 00poOKHU Matepiaiis [18].
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2.2. BuzHaueHHsI KJIIIOUOBUX MMOKa3HUKIB MPOAYKTUBHOCTI cTaHkiB UITY

BusHaueHHs1 KIIOYOBHX MOKA3HUKIB MPOAYKTUBHOCTI CTAHKIB 3 YHCIOBUM
nporpamMHuM ympaBiiHHsAM (UIIY) € kpuTHYHO BaXIMBHM €TarioM Yy aHaii3l Ta
onTuMizallli podotu obnagHanHs. Lle M03Bos€ HE TIIBKU OMIHUTUH €(PEKTHUBHICTH
poboTH CTaHKIB, aje i 3a0e3MEeUUuTH MOMKIMBOCTI JJIs1 IXHBOI MOJEpHi3alii Ta
MOKpaIllleHHs] BUpoOHNUYMX mporieciB. Kimrodori nmokaznuku npoayktuBHocTi (KPI,
Key Performance Indicators) BimoOpakaroTh piB€Hb BUKOPHUCTaHHS O0JIaJIHAHHS,
AKICTh BHUIOTOBJICHOI MPOJYKLIi, MIBHJIKICTh BHUKOHAHHS OIEpallid, a TaKoX
e(heKTUBHICTh BUTpAT. AHaJI3 IUX TMOKA3HUKIB JIONIOMAara€ BH3HAYUTH 'BY3bKi
Micug" y BHPOOHMYMX TMpolecax 1 MIABUIIMTH 3arajbHy €(QEKTUBHICTh
BUPOOHMIITBA.

BaxxnuBUM acnieKTOM € TakoX 1HTErpallisi Cy4aCHUX METO[iB MOHITOPHUHTY 1
KEepyBaHHs BHPOOHWYMMH TpoliecamMu. Hampuxman, BHKOpUCTaHHS LHU(POBHUX
CUCTEM KOHTPOJIIO Ta AIarHOCTUKHM JI03BOJIIE€ MOCTIMHO BIJCTEXKYBATHU KIIOYOBI
noka3Huku cradkiB YIIY B peanbHOMY uaci, BUSBIATA OyAb-sKi BIIXWJICHHS BiJl
HOpMaJIBHHUX PEXXHUMIB pOOOTH Ta ONIEPaTUBHO pearyBaTu Ha HuX. Lle, B cBOtO uepry,
JIOTIOMara€e 3MEHIITUTH KIJIBKICTh MPOCTOIB Ta 3a0e3rnmeunt Oe3nepediiiHy poOoTy
oO0J1aTHAHHS.

JUis NOCATHEHHS MaKCUMAaJIbHOI €(EKTUBHOCTI 4YacTO BUKOPHCTOBYIOTHCS
METOH MPOQITAKTUYHOTO OOCITYyTrOBYBaHHS, sIKI 0a3yIOThCSl HAa aHaJi31 KIIFOYOBHUX
MOKA3HUKIB MPOIYKTUBHOCTI. Hampukias, SKIo NOKa3HUKH HAIIMHOCTI CBITYATh
PO MOCTYIIOBE 3HMKEHHS CTAaOUIBHOCTI poOOTH O0JIaHaHHS, MOXKHA 3a3/1aJIeT1/Ib
IJIaHyBaTH TEXHIYHE 00CIyrOBYBaHHS, 100 YHUKHYTH HernepeadayeHux IpocToiB.
[{e momomarae 3HU3UTH BUTPATH HA PEMOHT 1 TT1JIBUIITUTH 3aTrajIbHY MPOTyKTUBHICTh
BUPOOHHUIITBA [4].

JlolaTKOBO BapTO 3BEpPHYTHU yBary Ha poJib aBTOMAaTH3allli B IiJBHUIIECHHI
edexktuBHOCTI poboTn ctankiB UITY. CywacHi cuctemu aBTOMaTH3allii, 30KpemMa

nporpamoBai Joriudi kKourposuepu (I1JIK), 103Bossr0Th aBTOMAaTUYHO KOPUTYBATH
) y
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poOoul mapaMeTpu CTaHKIB Ha OCHOBI aHali3y peajbHUX MJAaHUX MPO IXHIO
MPOAYKTUBHICT. Ile 3abe3nedye BHCOKY TOYHICTh 1 CTaOUIBHICTH BHUPOOHHUMX
MPOIECiB, 3HNKYIOUN BIUIMB JIFOJICEKOTO (haKkTopa.

BusHnaueHHs Ta aHaii3 KJIFOYOBHX IOKA3HHKIB MPOIYKTHUBHOCTI JO3BOJISIE
edeKTUBHIIIIE BUKOPUCTOBYBAaTH HasiBHE OOJIa[HAHHS, 3HIKYBAaTU BUTpPATH Ha
CHEeprilo Ta MaTepiajy, a TAKOXK MOKPAIyBaTH 3arajbHy SKICTh IPOAYKIIii. 3aBASKU
Cy4aCHHUM IHCTPYMEHTaM MOHITOPHHIY Ta aBTOMAaTH3allli MIJIPUEMCTBA MOXKYTh
JIOCSITTU OUJIBIII BUCOKOTO PIBHS IPOJYKTHUBHOCTI, 30epirarouu cTalblIbHY pOOOTY
oOnajHaHHS Ta 3a0e3Meuy04H eeKTUBHE BUKOPUCTAHHS PECYPCIB.

Just  migBumieHHS €QEeKTHUBHOCTI TaK0X BaXJIMBUM € BpaxXyBaHHS
cnenu(pIYHUX XapaKTepUCTUK KOXKHOTO BUPOOHUITBA Ta 00agHanHd. Hanpukian,
B 3QJIEKHOCTI BiJI TUITy MaTepiaiy, 10 00poOIIsSIEThCS, PEKUMIB pOOOTH, @ TAKOK
BUMOT 0 KIHIIEBOIO MPOAYKTY, MOXYThb 3MIHIOBATUCS BUMOTH JO TOYHOCTI,
HIBUIKOCTI OOpOOKM Ta eHeprocrnoxuBaHHA. Takum uuHoM, KPI marore OyTu
aJanToOBaHl JI0 KOHKPETHUX BUPOOHWYMX YMOB JUIsi OTPUMAHHS HaWOIbII
pEIIeBaHTHUX Pe3yJIbTaTiB [4].

Hapemiri, aHani3 KJIIOUOBHX MOKA3HHMKIB MPOJYKTUBHOCTI € Oe3MepepBHUM
nporiecoM. OCKUIBKM TEXHOJIOT1i pPO3BHUBAIOTHCS, BHUMOTH JI0 SIKOCTI Ta
€(EeKTUBHOCTI TOCTIHO 3pPOCTal0Th, TOMY MIJANPUEMCTBA TOBHHHI PETYISIPHO
MEeperisgaTd CBOi METOAMKU OIIHKK MPOTYKTUBHOCTI, 100 BIAMOBIJATH HOBUM
BUKJIMKaM 1 MOKJIUBOCTSIM. [HTeTrpailisi HOBUX PIllIeHb, TAKUX SIK IITYYHUN THTEICKT
1 BEJIMKI J1aH1, MOXKe 3a0€3MeUnTH T0JATKOBI MepeBaru AJis aHaii3y Ta OnTuMizarii
pobotu crankiB UITY.

OCHOBHI KJIFOUOBI MOKa3HUKH MPOAYKTUBHOCTI cTaHkKiB YITY

[Toka3HUKM TNPOIYKTUBHOCTI MOXYTh BIJIPI3HATUCS 3aJ€KHO BIJ THUILY
BUPOOHMIITBA, XaPAKTEPUCTUK CTAHKIB 1 BUMOT JIO0 SKOCTI MpoayKiii. OCHOBHUMHU
MOKa3HUKAMH €:

1. [IpomyKTUBHICTH CTaHKa (BUPOOHWYA IIBUIKICTS).

2. TouHicTh 0OPOOKH.
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3 HaniitHicTs 1 KoedilieHT 6€3B1AMOBHOI POOOTH.

4 Yac BUKOHAHHS UKy OOPOOKH.

S. EneproedexTuBHICTB.

6 KoedimieHT 3aBaHTaXe€HHS 0014 THAHHS.

7 YacTka Opaky Ta SIKICTh BUTOTOBJICHOT MPOYKIIIi.

[IpoayKTHUBHICTH CTaHKA

[IponyktuBHicTh cTanka YITY BuMiproeTbes KUIbKICTIO 00pOOIEHUX eTane
a00 BUKOHAHUX Oomepalliii 3a meBHUM nepio1 yacy. BoHa € olHUM 13 HalBaKJIMBIIITHX
MOKa3HUKIB, OCKIJIbKU HApsSIMY BIUIMBA€ Ha BUPOOHNYY €()EKTUBHICTh 1 EKOHOMIYHI1
pe3yabTaTi. [IpoyKTUBHICT, BU3HAYAETHCS MIBUAKICTIO OOPOOKH, SIKa 3aJEKHUThH
Bl TakuX (PaKTOpiB, SK IIBHUJKICTh MEPEMIIIEHHS I1HCTPYMEHTY, MOTYXHICTh
rOJIOBHOTO MPUBO/IA, TUI MaTepially, o 00pOOISETHCS, 1 BUMOTH JI0 TOYHOCTI [5].

MarematnyHa Qopmyna s PO3paxXyHKY MPOAYKTHUBHOCTI BUIJISAAE

HAaCTyITHUM YHHOM:

P=NI/T,
ae:
. P — npoayKTUBHICTH (KUIBKICTh JETANEH 3a OJUHULIIO Yacy),
. N — KiUJIBKICTh BUPOOJICHUX JeTajIeH,
. T — yvac, BUTpaueHuil Ha BUPOOHHULITBO.

Ile#i moka3HUK O3BOJSE OIIHUTH €(PEKTUBHICTH BUKOPUCTAHHS CTaHKA Y
BUPOOHUUOMY MHKJIl. BaXIMBOIO € MOXIIMBICTH MOPIBHSIHHS TPOIYKTUBHOCTI
PI3HHMX CTaHKIB 200 PI3HUX PEKUMIB pOOOTH OJTHOTO CTaHKA.

Tounicte 06poOKHU

TounicTe 00p00OKM — 1€ 37aTHICTH cTaHka YIIY BukoHyBaTu omepari 3
MIHIMAIBHUMH BIIXWJICHHSMHU BiJ 3a7aHuX po3MmipiB 1 ¢gopm. lleit mokasHuk €
KPUTHUYHO BAXKJIMBUM Yy Tajy3siX, J€ BHUCOKa TOYHICTH OOpOOKM JeTanedl mae
BUpIIIAJIbHE 3HA4YEHHs, HaAMpUKIaa, B aBiaOyJayBaHHI, MamMHOOYyBaHHI,

MEIUYHIN 1HTYCTPil TOIIO.
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Tounictb 00pOoOKM MOXHA BHPA3UTH 4Yepe3 CEepPeAHBOKBAIPATHYHE
BinxuieHHs (CKB), sike po3paxoByeThes 3a (HOpMyJIoLo:

o=N1li =1)N(xi — x)2,

ae:
. 0 — CepeIHbOKBAIPATUYHE BIIXUIICHHS,
. N — KUTbKICTh BUMIPIOBAHb,
. X — BUMIpsIHE 3HAUEHHS IMapaMmeTpa,
. X~ — CepellHE 3HaueHHs TapaMeTpa.

MiHiMasbHe 3HAYCHHS G\SIJMAG CBiTYHMTH IMPO BUCOKY TOUHICTH 0OPOOKH Ta
Majy KUIbKICTh JIe()EKTIB y BUTOTOBJICHUX JETANISX.

Haniiinicts 1 KoediieHT 6€3B1IMOBHOT poOOTH

Haniiinicts poO0OTH CTaHKAa BU3HAYAETHCS TPUBAIICTIO O€3MepepBHOT poOOTH
0€e3 BIIMOB, a TAKOK YacCTOTOIO Ta TPU BAJIICTIO NMPOCTOIB. BayknMBUM NoKa3HUKOM
y IIbOMY KOHTEKCTi € KoedimieHT Oe3BimmoBHOI podotn (MTBF — Mean Time
Between Failures), sikuif po3paxoBy€eThCs sIK cepeHIN Yac MIXK BIIMOBaMH CUCTEMH.

®opmyia 1 po3paxyHky MTBFE:

MTBF = Tpo6/NBinMmoB
ne:
. Tpob — 3aranbHUI Yac poOOTH CUCTEMH,
. NBI1IMOB — KUIBKICTH BIIMOB 3a I[€il Jac.

Bucokuii koedimieHT 0€3BIAMOBHOI POOOTH CBIAYUTH MPO HAIIMHICTD
oOJnaJiHaHHS 1 3MEHIIY€ BUTPATHU HA PEMOHT Ta 00CITyrOByBaHHS.

Yac BUKOHAHHS UKy 00pPOOKH

UYac nukiry 00poOKku BU3HAYa€ 3arajbHUN yac, HEOOXIAHUMN sl BUKOHAHHS
MeBHOTO 3aBmaHHs Ha cranky UIIY, Bxmrowaroum Bci omeparlii, Taki SsK
HaJalTyBaHHsS, O0OpoOKka maTepialy, 3MiHAa 1HCTPYMEHTIB Ta TPaHCIOPTYBaHHS
netaneil. CKOpOUYEHHsI Yacy BUKOHAHHS LUKy 0€3 3HM)KEHHS SIKOCTI MPOAYKIIi €
BOKJIMBUM JTs1 T ABUIIICHHS TIPOYKTUBHOCTI [24].

dopMyna sl pO3paxyHKy 4acy HUKIY:
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Tuykn = THanaw + To6po6 + TTpaHc + T3MiHa IHCTPYMEHTY,

ae:
. THanmam — yac HajamTyBaHHS,
. ToOpob6 — yac dakTuaHOT 0OPOOKH,
. TTpaHnc — yac TpaHCOPTYBaHHS,
. T3MiHa iIHCTPYMEHTY — 4Yac Ha 3MiHY IHCTPYMEHTIB.

3HWKEHHS 4Yacy I[UKIY J03BOJISE MIABUIIMTUA 3arajibHy IPOJYKTHBHICTh
CTaHKa Ta 3MEHIIUTHA BUTPATH HA BUPOOHHUIITBO.

EneproedekTuBHICTD

EneproedextuBHicTh cTanka UIITY BU3HAUaeThCS SK CHIBBIIHOIICHHS MIX
0o0cAroM BHpOOJIEHOT MPOAYKIII Ta KUIBKICTIO BHTPAYEHOI EJIEKTPOEHEPTii.
OnTumizariisi EHEProCIOKUBaHHS € BaXKJIMBOIO 3a7a4€i0, OCKUIBKH BOHA J03BOJISIE
3MEHIIIUTA BUTpPATH HA BHUPOOHUITBO Ta MIABUINUTH 3arajibHy €KOHOMIUHY
e(heKTUBHICTh BUPOOHUIITBA.

dopMmya 1S po3paxyHKy eHeproe(eKTUBHOCTI:

EE =PJE,
ne:
. EE — eneproedekTHUBHICTS,
. P — NpoayKTUBHICTD,
. E — Butparu eneprii.

OnTumMizanis pexxuMiB poOOTH CTaHKa Ta BUKOPUCTAHHS €HEproePeKTUBHUX
KOMITOHEHTIB  (€JIeKTPOJABUTYHH, IHCTPYMEHTH) JO3BOJISIE MIJBHUILATA el
MOKa3HHUK.

KoedinieHT 3aBaHTakeHHs 00IaIHAHHS

KoeoimienT 3aBaHTakeHHsI OO0JIaJHAHHS IOKa3y€e, HACKIIbKU €(EKTHBHO
BUKOPHUCTOBYIOTBCSL PECYpCH CTaHKa. BiH BHU3HA4Yae€TbCs SIK  BiJHOIIEHHS
(dakTUYHOrO Yacy poOOTH /10 3arajibHOr0 JIOCTYIHOIO Yacy.

dopMmyna 71 pO3paxyHKy KOe(illi€eHTa 3aBaHTAKCHHS:

K3aBanTax = TdakTuyHuil/T3araibHUN
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ne:
. TdhakTnunnii — pakTUIHUN 9ac poOoTH,
. T3aranbHUAN — 3arajJbHUN JOCTYITHUN 4Yac.
Ilei  TOKa3HWK  MIO3BOJISIE  BU3HAYUTH,  HACKIUIBKA  €(EKTHBHO

BUKOPUCTOBYETHCS OONQAHAHHS, 1 3HAUTHM MOMKIMBOCTI JUISl T1JBUIIEHHS
IPOAYKTUBHOCTI [6].

YacTka Opaky Ta SKICTh BUTOTOBJICHOI MPOAYKIIIi

SIKicThb BHUTOTOBJICHOI TPOAYKIIi € M€ OJHUM BaXXJIMBUM MOKa3HUKOM
npoayktuBHOocTi crtaHkiB YIIY. Yactka Opaky BHU3HAYa€TbCs SK BiJICOTOK
nedeKTHUX JeTanel y 3araibHoMy 00Csi31 BUTOTOBIICHOT TTPOTYKITII.

dopMyna IS pO3paxyHKy YacTKH Opaky:

Q6pak = No6pak/N3araabHui - 100%, Q
ne:
. NOpak — KUIBKICTh A€(EKTHUX JETaJICH,
. N3aranbHuil — 3arajibHa KiJIbKICTh BUTOTOBJICHHUX JCTAJICH.
3HIKEHHS YacTKU Opaky € KpPUTHYHO BAXKJIUBUM JJISl  ITIBHILECHHS
peHTabeIbHOCTI BUPOOHHUIITBA.

BusHnaueHHsT KITIOYOBUX TOKA3HUKIB TPOAYKTUBHOCTI cTaHkiB UYIIY €
OCHOBHHMM KPOKOM Yy Ipolieci MiABUIIEHHS €()EeKTUBHOCTI BUPOOHULITBA. AHAII3
TaKuX TOKa3HUKIB, K MPOIyKTUBHICTh, TOYHICTh OOPOOKH, HAAIHHICTD, Yac IUKITY,
eHeproe(peKTUBHICT, Ta dYacTKa Opaky, JO3BOJSE OTPUMATH TOBHY KapTHHY
edeKTUBHOCTI poOOTH cTaHKa. L{e gae 3Mory BUsSIBUTH caOK1 MICLS Ta BIPOBAIUTH
3aX0AM JJIA IXHBOI ONTHMI3allii, IO B CBOIO YEpPry MiABUIIYE 3arajibHy
e(eKTUBHICTh POOOTH OONaHAHHS Ta 3HUXKY€E BUTpaTH [35].

Jlis BOXMAcoBOI CHUCTEMM aMILTITYau (OpMU KOJMBaHb BHU3HAYAIOTHCS 3a
dbopmyIoro:
Up = pzmnplu181l + pzmnp2u2812
U, = pzmnplu1821 + pzmnp2u2622 |
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7€ P — BJIaCHA 4acTOTa KOJUBAHb;
U; — amrnityna (GopMu KOJMBaHb Ha KIHII ILIMUAHJENS, IO BIANOBiIA€E

IIEBHIM BJIACHINM YaCTOTI KOJHUBAHb;

U, — ammnTtyna ¢GopMH KOJMBaHb MOCEPEAUHI MIXKOMOPHOI YaCTUHU

HMIIUAHACSII, 1110 BIANOBIAA€ MEBHIN BIACHIN YaCTOTI KOJIMBAHb,
011,012,051,09) — KOEQILIEHTU BIUIUBY [10JATINBOCTEH;
M,1,M,,, — TPHUBEACHI MacH BUINOBIAHO Ha KIiHII Ta MOCEPEIUHI
MDKOTIOPHOT YaCTUHH TITTTHHIEIIS.
Po3paxyHkoBa cxema JijIsl BU3HAYCHHS KOS(IIli€EHTY BIUTUBY IMOAATIUBOCTI Oq

npuBezeHa Ha puc.l.

3a npaBuiioM Bepemrarina koedilieHT BIUTUBY IMOJATIMBOCTI O1; BU3HAUYUTHCS

32 3QJIEKHICTIO:

811:_M1C01+—M2(02,

MliMZ — I'IJIOHIi JaCTHH CIIIOPHU 3THHHHUX MOMEHTIB BiII HaBaHTa>XCHHA

OJIMHUYHOIO CHJIOIO;

®1,0» — BEIIMYUHU OJUHUYHUX MOMEHTIB, 1110 3HAXOATHCS MiJ [IEHTPAMU

Baru yactul emopu M,,M, BiamosigHo.
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Puc. 2.1 — Po3paxyHkoBa cxema JiJisi BU3HAUeHHS KOe(illi€HTa BILTUBY

HOJATIUBOCTI Oyq

[lifcTaBuBIIM BIANOBIIHI 3HAYEHHA Y (POPMYITYy OTPUMAEMO:

P 11301302130+ —* 1.420.130-2.130 =264 10°¢
21-10°-8164000 2 37 21-10°-5087781 2 3

@

H

Po3paxynkoBa cxema JijIsl BU3HAUYCHHS KOS(IIli€HTY BIUTUBY MOJATIMBOCTI Oy

MIpUBE/ICHA Ha pUC.2.

3a npaBwiiom Beperniarina koeilieHT BIUIUBY MOAATIUBOCTI 09 BU3HAYUTHCS

32 3QJIEKHICTIO:

1
822 :_(Mg(l)a + M40)4),
El,

M3;,M, — mromii yacTHH emiopu 3TMHHHUX MOMEHTIB BiJ] HaBaHTa)KEHHS

OJIJMHUYHOIO CHJIOIO;
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®3,®0, — BSJINYNHNU OAUHUYIHHX MOMCHTiB, 10 3HAXOIATHCA HiII HCHTpaMHU

Baru yactul emopu Mj, M, BianosigHo.

E.[/ /77@2 E]2 mﬂ/),

Z

210 730

e e

420

” \/ "

~1

Puc. 2.2 — Po3paxyHkoBa cxema JJisi BU3HAUeHHS KOe(illi€HTa BILTUBY

HOJATIUBOCTI Oy

2.3. OnTumizariisi BUpoOHUYHUX TpoIieciB 3a ponomororo [TJIK

[Tporpamonani joriuni koutposiepu (I1JIK) 3aiiMaroTs 1eHTpasibHE MicCIe B
onTuMI3allli BUPOOHUYUX TPOIIECIB, 3aBASIKU CBOIM 3JaTHOCTI THYYKO KEpyBaTH
o0JagHaHHAM, MIAJIAIITOBYIOYHUCH MiJl MOTpeOrn BUPOOHUIITBA. Y Cy4aCHOMY CBITI
TEXHOJIOT1M, KOJIU MIJIPUEMCTBA NIPArHYTh JOCATTH MAaKCHUMAaJIbHOI €()EeKTUBHOCTI
Ta apToMatmzauii, pons IIJIK crama KIIOYOBOK. IXHE BUKOPUCTAHHA Jac
MOXJIMBICTh CTBOPIOBATH BHUCOKOS(PEKTHBHI aBTOMATH30BaHI CHCTEMH, SIKI 37aTHI
HE TUIbKM BUKOHYBaTH 3aBJaHHs, aje M aJanTyBaTUCSA O 3MIH Y BHPOOHHUYHMX

YMOBAX.
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3HIKEHHSI POCTOIB Ta I ABUIIICHHS HATIMHOCTI

OnuH 13 HaOUIBII BaroMux acrekTiB BrpoBakeHHs [1JIK — 1ie 3paTHICTD
3HIDKYBAaTH TPOCTOI OOJIaJHAHHS Ta TIABUILYBAaTH HOTO HAMIMHICTh. 3aBISKU
MOCTIHHOMY MOHITOPUHTY cTaHy BupoOHMuux miHii, [1JIK 3maTtHi mporuoszyBatu
MOTEHI[II{HI HECNPaBHOCTI W 3aBYACHO BXKMBATH KOPUTYBaJIbHUX 3axofiB. Lle
JI03BOJISI€ YHUKATH aBapiiHUX 3YMMHOK Ta 3HAYHO CKOPOTUTH BUTPATH, TIOB’A3aH] 3
MPOCTOEM.

MexaHi3MH POTHO3HOTO OOCIYTOBYBaHHS, SIK1 MiATpUMYIOTh cydacHi [1JIK,
JOTIOMAraroTh 3a3JaJ€erib BUABISTH Ipo0OaeMu B poboTi obsagHanHsa. Hanpuknan,
[IJIK MOxyTh (hiKCyBaTH 3MIHY POOOYMX XapaKTEPUCTUK TAaKUX EJIEMEHTIB, SIK
JBUTYHH a00 HACOCH, Ta CHUTHAII3yBaTH IPO HEOOXIJHICTh IXHBOI 3aMiHU a0o
oOciyroByBaHHs. Llell migxia [O03BOJIA€E 3HM3UTH YacCTOTY HECHpPABHOCTEH Ta
M1BUIIMTH Oe3MepepBHICT, BUPOOHUUUX mporieciB [21].

E(dexTnBHE BUKOPUCTAaHHS PECYPCIB Ta €HEProe(PEKTUBHICTD

e onniero BaxkiauBoro nepeparoto IIJIK € iXHA 37aTHICTE ONTHMI3yBaTH
BUKOPUCTaHHS PECYpCIB, TAKUX K €HEpris Ta Marepiainu. Y 0araTboxX BUIAIKAX,
aBromaTtuzauis 3a gomnomorow IIJIK po3Boisise 3HaYHO 3HU3UTU BUTPATH Ha
eHeprocrnoxxuBanHs. lLle nocsiraeTbcs 3aBASIKM MOXJIIMBOCTI TOYHO KEpyBaTH
pexxuMaMu poOOTH O0JIagHAHHS, 30KpeMa MUISIXOM aBTOMAaTHYHOTO BUMKHEHHS
HEAKTUBHUX BY3JIB a00 MepeMHUKaHHs 00JagHaHHS B €HEPTOOIATHUN PEKUM T
4yac NpocCTOIB.

Hanpuxman, y BUpOOHHYMX TIpoliecax 3 BEJIUKUM CIIOKMBAHHSIM EHEPTii,
TakKUX SIK MeTalypriiHa abo XiMiYHa MPOMHCIOBICTh, BIpoBakeHHs [IJIK
JI03BOJISIE 3HAYHO 3HU3UTH BUTPATH HA EJIEKTPOCHEPril0 3aBASKU TOYHOMY
KOHTPOJIIO TEMIIEpaTypH, TUCKY Ta IHIIMX KIOYOBUX mMapameTpiB. lle He Tuibku
nokpanrye eeKTUBHICTh poOOTH 00JIaTHAHHS, ajie ¥ 3HI)KY€ BUTPATH HA €HEPTIIO,
M0 € BAKIUBAM YMHHUKOM Yy CYYaCHHX YMOBaxX BHCOKHMX TapudiB Ha

CJIEKTPOEHEPTIIO.
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[TimBHIIEHHS SIKOCT1 MPOAYKITi1

IIJIK Takok MarOTh 3HAUYHMK BIUIMB HA IIJBHUINCHHS SKOCTI IPOMYKIII.
3aBASKA MOKIIMBOCTI TOYHOTO KOHTPOJIIO 3a BCciMa erarmamu BupoOHuITBa, [1JIK
JI03BOJISIIOTH 3BECTH JI0 MIHIMYMY BIAXWJICHHS BiJl 33JaHUX MapameTpiB. Bucoka
TOYHICTh YIpaBJIiHHS Tpoliecamu, AKky 3abdesneuyroTh [IJIK, mo3Bosse mocsartu
CTalOlIBbHOI ~ SKOCTI MPOAYKIIi, IO OCOOJMBO BAXKIUBO Yy BUPOOHMIITBI
BUCOKOTEXHOJIOTITYHUX a00 CKJIQJHUX KOMIIOHEHTIB, TaKuUX SK JeTail s
aBTOMOO1JIBLHOT UM aBiaIiiiHOT TPOMUCIOBOCTI [7].

Hampuknan, y mnpouecax o0pooku wmatepiamB [IJIK MoxyTe TOYHO
KOHTPOJIFOBAaTH INBUJKICTh PI3aHHS, CWIy TMOJayl Ta IHII TapaMeTpH, o
BIUIMBAIOTh HA SKICTh KIHIIEBOTO HNPOAYKTy. KpiM TOro, BOHM J03BOJIAIOTH
aBTOMATU3YyBaTU MPOIEC KOHTPOIIO SIKOCTI, (DIKCYyrOuM Oyab-siKi BIIXWJICHHS Ta
HEeraifHO BHOCSYM KOPUTYBAaHHS B poO0OYi MapaMeTpHu.

[HTerpanis 3 IHIKUMHA CUCTEMAMHU YIIPaBIIHHS

Cyuacni IUIK MoxyTh OyTu iHTErpoBaHi 3 IHIIUMHU 1HGOPMAIITHUMU
cucrtemamu mianpuemctsa, Takumu ik ERP (Enterprise Resource Planning) Ta MES
(Manufacturing Execution Systems), 1o 103BoJiss€ 3a0€3MEYUTH KOMIUJICKCHUIN
MIIX17 10 yOpaBiaiHHS BUPOOHMITBOM. lle 103BojIsie HE TUIBKKM aBTOMATH3yBaTH
poOOTY OKpeMHUX BUPOOHWYUX JIHINA, aje ¥ 3a0e3neyuTu ePeKTUBHE YNPaBIIHHS
BCI€I0 BUPOOHUYOIO ISUTbHICTIO, BKJIIOYAIOYW TUTAHYBAaHHS, MOHITOPUHT 1 aHai3
BUTpAT.

[aTerpamiss [IJIK 3 ERP-cucremamu 103BoJisie MiANPUEMCTBAM TOYHO
BIJICTe)KYBAaTH BUKOPHCTaHHS MaTepialliB, KOHTPOJIOBATH 3alacu Ta IJIaHyBaTH
3aMOBJICHHS 3 YpaxyBaHHSIM peallbHUX NoTped BupoOHuuTBa. KpiM TOTrO, 1€
JI03BOJIsI€ 3a0€3MEUYNTH CBOEYACHE BUKOHAHHS 3aMOBJIEHb 1 MIHIMI3YBAaTH PU3UKH
MIPOCTOIB Yepe3 HecTady MarepianiB abo 1HITUX PecypciB.

[IIBuake HaNAMITYyBaHHA T THYYKICTh Y BUPOOHMIITBI

e oxniero nepesaroro Bukopuctanus [1JIK € ixHs 3naTHICT 3a0€3n€4yBaTH

THYYKICTb Yy BUPOOHMYMX MpolEecax. 3aBAsSKH MOXJIMBOCTI  IIBUAKOTO
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nepenporpamyBanus, [1JIK 103BoMSIIOTE J€rko amanTyBaTh BUPOOHMYI JIiHIT 110
HOBUX 3aBJlaHb a00 3MIH Yy BUPOOHMYMX yMoOBax. lle 0co0IMBO BaXIHUBO Yy
BUMAJKaX, KOJM BUPOOHHUITBO MOTpeOye IMBHAKOI 3MIHM KOHirypamii abo
napameTpiB pobotu obmagHaHHs [1].

Hampuknan, skmo BUpoOHWYA JIiHIS TOBHHHA TMEPEKIIOYUTUCA Ha
BUTOTOBJICHHS HOBOI MPOMYKIi a00 3MIHUTH PEXUM pOOOTH Yepe3 HOBI BUMOTH
puHky, [TJIK 103BO/ISI0TE MIBUAKO BHECTH BIJIOBIJIHI 3MIHM B poOOUil MapaMeTpu
oOnaaHaHHs. le He TIIBKM 3HMXKYE Yac MPOCTOIB, MOB'I3aHUX 3 HAJAIITYBaHHSIM
oOnamHaHHs, ajie W JO3BOJISIE MIANMPUEMCTBAM 3ATHIIATUCS THYYKUMH Ta IIBUIKO
pearyBaTH Ha 3MiHHI BUMOTH PUHKY.

Buxopucrtanns [1JIK nmns poO0TH30BaHUX CUCTEM

VY 6aratbox cyyacHUX BUPOOHHUIITBAX POOOTH30BAHI CUCTEMH € HEB1Jl'€MHOIO
YaCTUHOIO BUpOOHUYOrO mporuecy, 1 [1JIK BiairparoTh KIIOYOBY pojb Y KEpyBaHHI
uumu cucremamu. 3aBasku [1IJIK poOOTH MOXyTh MpanioBaTH B aBTOMaTUYHOMY
pexuMi, BUKOHYIOUM CKJIaJHI BUPOOHWYI 3aBAaHHS 3 BHUCOKOI TOYHICTIO Ta
MIBUIKICTIO.

3actocyBanHsa [IJIK y poOoTu3oBaHMX cucTeMax A03BOJISIE 3a0€3MEUUTH
CUHXPOHI3a11110 pOOOTH PI3HUX KOMITIOHEHTIB BUPOOHUYOI JIiHIi, a TAKOXK IHTETPaIlio
3 IHIIMMHU cucTeMaMu aBTomaTu3auii. Lle no3Bosisie cTBOpUTH €PEeKTHBHI Ta
BHUCOKOIIPOIYKTUBHI BUPOOHUYI JIiH11, Ie pOOOTH Ta 1HIIN aBTOMATHU30BaH1 MPUCTPOI
MpaIolTh Yy TICHIM B3aeMojii, IO MiABUINYE 3arajbHy e()EKTUBHICTH
BUPOOHUIITBA.

OnTuMizaliiss BUPOOHWYMX TPOIECIB 3a JIOMOMOTOI0 TMPOrPaMOBAHMX
JIOTIYHUX KOHTPOJIEPIB BIAKPUBAE IIMPOKI MOXJIMBOCTI ISl MIABUIICHHS
e(eKTHUBHOCTI, MPOJYKTUBHOCTI Ta HAAIMHOCTI POOOTH CydaCHUX IiIPUEMCTB.
3aBAsSKM aBTOMATH3AIlll PyTHHHUX MPOIIECIB, 3HMKCHHIO MPOCTOIB, IMiBUIIEHHIO
TOYHOCTI Ta SAKOCTI TPOIYKIi, a TakoX e(PEeKTUBHOMY BUKOPHUCTAHHIO
enepropecypci, IIJIK  cratoTb  HEBiI'€MHOIO  YacTHHOIO  OyJb-SIKOTO

BUCOKOTEXHOJIOT'TYHOTO BUPOOHUIITBA.
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Cucrema piBHSAHB, IO OINKCYE TWHAMIYHYy Mojenb (puc. 1), moxe OyTu

Npe/CTaBlICHa B HACTyTHOMY Buji: [1]

. . Upp " ip umpip . 1
(]M @y = My(q, o 0u) + | Cu - (—R — ‘PM) + by (—R — §0M> —
B B nNp

Mmpp * Xpp = (c - (uy — 2xpp — Uy) + b+ (g — 2x7pp — Uy)) * cOSA —

Crip * Unip — bpp * Uppp

[lepmre piBHSHHS CHCTEMH BBOJWTH 3aJICKHICTh KyTa MOBOPOTY () ABUTYHA
BiJi 30BHIIIHBOIO HABAHTAXKEHHS 1 HOro MEXaHIYHOI XapaKTepUCTUKU
Mﬂ(q' Omr Pum)-

VY piBHAHHI:

Cu, DM — KyTOBa )KOPCTKICTB 1 KOe(illi€HT OMOPY 3B'S3KY "BUTYH - IPOBiIHA
JaHKa
IPUBOLY ;

q — NOporpamMHHI CUTHAJ, IO yIpaBisie, GI3UIHUN CEHC SKOTO 3aJICKUTh B1J
BUOpaHOTO py1iis, a GyHKIIISI 3MIHU 3 YaCOM 3aJICKUTh BiJ POTPaMHU MTYCKY 1 pyXYy;

Ip — mepenaBajbHE YHCIIO PEAYKTOPA;

np — Koe(DIIEHT KOPUCHOI il €JIEMEHTIB IO BXOJSTh B 3B'SI30K "IBUTYH -
MPOBIHA
JaHka'";

Rs — paniyc npuinHoro 6apabana.

Jlpyre piBHSIHHSI CUCTEMHU OMUCY€E KOJUBaHHA puBoAy Macoro TIIP y Hampsimi
KOOPJIMHATH Xyzp T JII€F0 30BHIIMIHIX CUJI HATATHEHHS TSITOBOTO €JIEMEHTY 1 peaKIlii
NPY>KHO-B'SI3KOTO 3B'SI3KY (Crzp, Dpp).

Kyt a = % — %, Jie 05 - KyT 00XBaTy 6apabaHa CTPIUKOIO.

Tsarosuii enement [1JIK B Mmoneni mpeacTaBienuii n+1 AUCKPETHOIO Macor0 m1;,

me 1=0...n.
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Crpiuka po30uTa pIBHOMIPHO, TOMY 1 MapaMeTpu YCiX NPYKHO-B'A3KUX
3B'SI3KIB MK JUCKPETHUMHU MacaMU TATOBOT'O €JIEMEHTY OJIHAKOBI.

VY 3arajgpbHOMY BHITQJIKy BEJIIMYMHA KOXKHOI 3 I-X Mac HE IMOCTIMHA 1 IOPiBHIOE
CyMi MacH CTPIYKH, PYXJIUBUX YACTHH POJIMKIB 1 BAHTaXy, PO3MOIUICHOTO Ha
JOBKMH1 €JIEMEHTAPHOT AUISTHKU TSATOBOIO €JIEMEHTY:

Al = L/n,

ne L - nosxuHa tarosoro eaementy [1JIK.

VYei macu, pyx sSKux BigOyBaeTbes B3JI0BXK oci OX, MawTh y3arajibHeHI
KOOpAMHATH, Mo3HaveH1 "U", BIAXWICHHS, 110 IPEACTABISAIOTh X, Bl TOYaTKOBOTO
MoJIOkKEHHST X B HezedopMoBaHoMy cTaHl. Tak, Macu M; MatOTh KOOpAWHATH Ui, a
o0epTallbHUM pyX NOPUBOAHOrO OapabaHa 3aMIHIOETHCS TMMOCTYMAJIbHUM 3
KOOPJIMHATOIO Uyzp .

PiBHSHHS 111 Mac Mpzp 1 Mo B CUCTEMI PO3/IIJICHI Ha JIB1 mijcucTeMu. Ska 3
MiJCUCTEM TTOBMHHA BXOAWTH B PO3PAXyHOK B JaHWHA MOMEHT BH3HAYAETHCS

yMoBoto Eiiepa.

. Pm HP) (QD.M Uﬁp) Np :
Menp - Uip = (2 ) 4+ by, (2 ——) ) =2 — (eH® — 1) x
BIP * Urip Cm ( i Ry M i Ry Ry (e )
0, AKIIO ¢ * (U + xpp " cosa —uy,) + b+ (Uy + xpp - cosa —u,) <0

¢ (uy+ xgp - cosa —uy,) +b- (Uy+ xgp - cosa — u,), 3aiHIIUX YMOB

mo -1y = ¢+ (g = 2t + 1) + b+ (g — 2uig + 1) + (€4 — 1) X

0, axkmo ¢ (ug—1u,) +b - (U; —2uUyg+1u,) <0
c(ug—uy) +b- Uy —uy) , 3a iHIIIUX YMOB

[Ticnst cpoleHb OTPUMY€EMO:
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[ . .
. Pvm  Ump v Ump Np
(mpnp +my) * Upp = CM'<?—?B>+bm'(?—?B> 'R—B‘l'
| +c - (uy —2uy + u,) + b - (U — 2uy + uy)
k Uy = Upp

S ) ) .
Konu % > el* cTpiuka 3HAXOAWTHCS B CTaHI KOB3aHHS 1 PIBHSHHS JIUIS Mac
Cb

Mpzp, Mo THTETPYIOTHCS OKpemo. [Hakiie, Koau oOWIIBI Macu TOB'S3aHO OJWH 3
OJTHUM CHJIaMH TE€PTS CIIOKOI0, TIPaBi YaCTUHHM 1X PiBHSIHB CITIBMAIal0Th.
PiBHSIHHS pyXy IHIIUX Mac TATOBOTO €JIEMEHTY, OKPIM Ti€l, IO B3aEMOJIE 3

HaTATYBa4YeM, ONUCYIOThCS PIBHAHHIM BULY:

m; iy = W|[(c (uey —u) +b- oy — 1)), (¢ (wiyq —w) + b

(Wir — W), X, Uy, ]
®Oyukiis W [Fy, F,, x, 1, t] o64ncaroe piBHOMIMHY CHIIL, IO AiFOTh HA I-Ty Macy:

0, akmo u = 0 |F; + F,| < Wy(x, F, F,, t)
Fy + F, — Wy(x, F;, F5,1,t), npu iHIIuX ymoBax

WIF, Fy, x,u, t] =

Tyr Wy(x,t) 1 Wy(x,t) — cunm onopy mepeMillleHHIO B CIIOKOi Ta B pyci
BIJITOBIJTHO;

F, i F, — cuiM HaTATy TATOBOTO €JIEMEHTY 3 OOKY Mac 3 OUIBIIIO0 Ta MEHIIIO
KOOPAMHATOIO X BIAMOBIAHO (pHC. 2).

Benuuuna cuii omopy 3ajieKuTh BiJl 3MIHHOI BEJIMYMHU CaMoOi Macu M,
koedimienTa omopy B pyci W; abo y cmokoi W, 30BHImHIX cuil Fi1 1 Fo,

XapaKTEPUCTHKHU JAUISTHKA KOHBEEPY.
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Pucynok 2.2 — CxeMma cuJl, siKi Ail0Th Ha JUCKPETHY Macy JUHAMIYHOI MOJIEI,

10 PYXAETHCA MPSAMOJIIHIIHO

[Tomanpii piBHAHHS ONMHMCYIOTh OOEPTaHHS HATSKHOTO OapabaHa MPUBEICHE

J0 KOOpAuHAaTH U;.

c (U —Ujpq — xpy) + b - (U — Uiy — Xpy)
(Miy1 + Mppy) Uy = Whap [ (Wisz — Ujer + Xpgy) + b= (Qygp — Uipq + Xpy),
Xi+1, Uit T

MOCTYTMATBLHUN PYX HaTATaya Mo KOOPAUHATI Xy

(Myq + mpy) = Xyy

¢ (u; —ujp1 — xpy) + b (U — Wyyq — Xyy)
= Why |c* (Wirp — Ujr1 — Xpy) + b - (W42 — Uypq — Xpy), Xny

1 IOCTyNaJIbHUM pyX BaHTaXYy Xr :

mrp * Xrp = crp * (xgy — Xrp) + brp - (kyy — Xrp) —Mrp ' g

3a mpaBUIIOM MIPUBEJICHHS MaC MAEMO:
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N Juy
BHY = 52

Rity

ne Jyy — MOMEHT iHepIlii 6apabaHy HATSATYBaJIbHOTO PHUCTPOIO;

Ruy — paniyc 6apabany.

Oynxuis piBHOAINHOT cumu Wy, [Fy, Fy, X, 1, t] BpaxoBye momaTkoBuii omip

obepTaHHIO OapabaHy, SKUH 3aJ€KUTh BiJl BEJIMUMHU MPUKIIAICHOT CHUIIH.

W F.,FE,,x,u,t]| = . ‘ .
Bap [F1, F2, X, 10, ] Fy+F, —|F| - (§;—1) -sign(u), 3aiHwux ymMoB

ne & 1 &y — MicieBl KoeilieHTH ONopy B CIIOKOI Ta B pycCi BIMOBITHO.
®yukis piBHOAINRHOI critn Wyy[F;, F,, X] BpaxoBye TepTs MiK HapsIMHAMH
1 pyXOMOI0 YaCTHHOIO HATATYBAJIBHOTO MPUCTPOIO.

Kpim Toro, iuterpanis I1JIK 3 iHmuMu iHGOpMAIIMHUMEU Ta KEPYIOUUMHU
cucremamu, Takumu sk ERP abo MES, no3Bosisie 3a0e3meunTy KOMILJIEKCHE
YOPaBIIHHS BCIM BHUPOOHUYUM ITUKIIOM, IO JIO3BOJISIE 3HU3UTH BUTPATU Ta
M1BUIIUTU PEHTA0ENbHICTh BUpOOHUIITBA. Bukopucranus [1JIK takox BigkpuBae
HOBI MOJKJTUBOCTI JIJIS1 BIPOBA/KCHHSI TTEPEAOBUX TEXHOJIOTIN, TAKUX SIK IITYYHUIN
1HTeNeKT abo MalIMHHE HaBYaHHS, IO JO03BOJSE AaBTOMATU3yBaTH HAaBITh
HaWCKIaAHIII 3aBAaHHS 1 3a0e3meuuTH CTabuUIbHY pPOOOTy MIANPUEMCTBA Ha
BHCOKOMY PIBHI.

[TincymMoByrO4H, MOKHA CKa3aTH, 110 ONTHUMI3allisl BUPOOHUIMX MPOIECIB 3a
norniomororo [IJIK € cTparerivHo BaXJIMBHM HAMPSMKOM IS OyIb-SKOTO
MIIPUEMCTBA, [0 TMparHe JOCSATTH BHUCOKHUX pPE3yJibTaTiB Yy Cy4acHOMY

KOHKYpEHTHOMY cepeaoBuii [33].
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2.4. Po3po0Oka ctparterii inTerpartii [TJIK 3 UITY mis migsumerds eeKTHBHOCTI
poboTtu

Po3pobka crpaterii iHTerpaimii mporpaMoBaHUX JIOTIYHUX KOHTPOJIEPIB
(IUIK) 3 uywmcnoBumu mnporpamHuMu yrpasmiHHamu (UIIY) nus migBuieHHS
e(eKTUBHOCTI POOOTH € KIOYOBUM HAMpPSIMKOM B aBTOMAaTHU3allli Cy4YaCHUX
BupoOHN4Mx mpoueciB. [nrerpamis [JIK 3 UITY nHamae mupoki MOXKIUBOCTI AJis
onTuUMIi3alli BUPOOHUIITBA, TIJABHUIINCHHS TMPOJAYKTUBHOCTI Ta  3HIKCHHS
oTeparlifHuX BUTPAT, OCKUIbKHY 3a0e3neuye eeKTUBHE KepyBaHHS 0OJIaIHAHHSM 1
JIO3BOJISIE€ 3HUKYBATU PU3UKHU, MTOB'sI3aH] 3 JTOJICBKUM (pakTopom [1].

Busznauenns uineit inrerparii [TJIK 3 UITY

[lepmm eranom po3poOku crpaterii iHTerpauii [IJIK 3 UIIY € uitke
BU3HAUCHHs IUIed miei iHTerpamii. OCHOBHI 3aBAaHHSA, SKI CTaBJIATHCS IEpe.

IHTErpalli€ro, BKIIOYAIOTh:

. [linBuIIEHHA NPOIYKTUBHOCTI BUPOOHHUIITBA 3aBISKH aBTOMAaTH3allii
MIPOIICCIB;

. 3abe3nedyeHHs] TOYHOCTI Ta CTa0lIIbHOCTI pOoOOTH 00Ja HAHHS;

. OnTuMizallisi BAKOPUCTAHHS €HEPTii Ta pecypcis;

. 3HMKEHHS Yacy MPOCTOIB Ta BUTPAT Ha TEXHIYHE OOCITYTOBYBaHHS;

. [linBumienHs HamidHOCTI Ta Oe€3meku poOOTH  BUPOOHUUOTO
oOnaHaHHS.

[arerparis [1JIK 3 UITY Ttakox 103B0JII€ BUPIIIUTH HU3KY MPOOIIEM, 3 IKUMU
CTUKAIOThCSl CyYacH1 MiAMPUEMCTBA, TaKl IK HECTAOUIbHICTh POOOTH 00JIaIHAHHS,
HEOOX1THICTh MIBUAKOT aianTaiii 10 3MiH Y BUPOOHHUHUX MpoIecax Ta MiABUIIECHI
BUMOTH JI0 SIKOCTI MPOAYKIIi [35].

Bubip obnagHanHs Ta mporpaMHOro 3a0e3nedeHHs I IHTerpaiii

Hactynmaum kpokoM y po3poOri crparerii € BubOip oOnagHaHHA 1
MpOrpaMHOro 3abe3nedeHHs, sike Oyae Bukopuctane ais iHTerpamii [1IJIK 3 UITY.
Baxxnusum € BuOip I1JIK, sike BiamoBinatuMe BUMOTraM KOHKPETHOTO BUPOOHUUYOTO

nporiecy Ta oomaananHs. [1JIK mae 3a0e3nedyBaTy TOCTATHIO MIBUAKICTH 00OpOOKH
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JaHUX, MAaTH HEOOXITHY KIJBKICTh BXOIB/BUXOJIB Ta MIATPUMYBATH HEOOXiIHI
MPOTOKOJIH 3B'A3KY.

[Tpu BuGopi YIIY HeoOxigHO BpaxoByBaTU Taki (PAKTOPH, SK TOUHICTH
00poOku, cymicHicth 13 IIJIK, MOXIMBICTH i1HTETpaIlii 3 IHIIUMH CHCTEMaMH
KepyBaHHA Ta PIBEHb MIATPUMKHU BiJ BUpoOHMKA. ONTUMaIbHUM BaplaHTOM €
BUKopucTtanHa cydacHux UIIY-cuctem, sxi MaroTh BOyAOBaHI (YHKII s
inTerpari 3 I1JIK, 1110 103BosIsIE 3HAYHO CIPOCTUTH MPOILIEC IHTETrpallii.

[Iporpamue 3abe3neuenns mias [1JIK moBMHHO MmiaATpUMyBaTH MOKIIUBICTD
nporpaMmyBaHHsi Ha 0a3i MDKHapoAaHuX craHjaaprtiB, Takux sk IEC 61131-3, mo
3a0€3MeunTh THYUKICTD 1 CTAaHAAPTU3AIIII0 PO3POOKH alropuTMiB KepyBaHHs. Kpim
TOTO, MpOrpaMHe 3a0€3MeUeHHs] Ma€ MIATPUMYBATH 1HCTPYMEHTHU ISl Bi3yai3auii
MPOILIECIB 1 MOHITOPUHTY POOOTH 00JIaIHAaHHA B peajibHOMY Yaci [8].

Po3pobka apxitektypu inTerpanii [IJIK 3 UITY

Ha upoMy etarii He00X11HO pO3pOOUTH apXITeKTypy cuctemu interpaii [IJIK
3 UITY, sika 3a0e3neunth €(EKTHUBHY B3aEMOJIII0 MK ITUMH KOMIIOHEHTaMHU Ta
JI03BOJIUTH ONTUMI3YBATH NPOLECH KEepyBaHHS. ApXITEKTypa iHTEerpauii NOBUHHA
BKJIFOUATH:

. Cucremy xomynikaiii mixx [IJIK ta UITY, sika 3a0e3neunTs HaaIHHMMA
OOMIH JaHUMHU B PEKUMI pEIbHOTO Yacy;

. Monyni BBeICHHSI/BUBENCHHS I KEPYBaHHS PI3HUMH €JIeMEHTaMU

BUPOOHMUYOTO OOJagHAHHS, TAaKUMU SK EJICKTPOJBUTYHH, CEHCOPH, aKTyaTOpHU

TOIIIO;

. [nTepdeiic kopucTyBaua myisg Bi3zyamizalii MpoIeciB 1 KepyBaHHS
CHCTEMOIO;

. ANTOPUTMU KEepYBaHHS JIJIs 3a0€3MeUeHHS aBTOMATH3AaIl1 BUPOOHUIHNX

MPOIIECIB 1 KOHTPOJTIO 32 TTapaMeTpaMu 00JIaTHaHHS.
ApXiTeKTypa MOBMHHA OyTH MOAYJBHOIO, 1100 3a0€3MEeUYUTH MOKIIUBICTD
MOAJIBIIIOTO PO3MIMPEHHS CUCTEMU a0 i MoepHi3allii 6e3 3HaYHUX BUTpAT.

Po3pobka anroputmiB KepyBaHHS
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Po3pobka anropuTmiB KepyBaHHS € BaxmBUM erarom iHTerpamii TTJIK 3
UITY. AnropuTMu TOBUHHI 3a0e3leuyBaTH TOYHE Ta €(EKTUBHE KepyBaHHS
poOoTOI0 O0JaJHAHHS, a TaKOX aBTOMATHYHY KOPEKIII0 MapamMeTpiB y BHUMAIKY
BIIXWJICHB Bij] 3aaHUX yMOB. J[JIs 1IbOTO MOKHA BUKOPHCTOBYBATH Pi3HI METOIU
KepyBaHHda, Taki sk [IIJl-perynsropu, amanTuBHI alropuT™Mu abo METOIU
MIPOTHO3HOTO KePyBaHHHI.

ANTOpUTMHU KEpyBaHHS T[IOBHHHI BpaxOBYBaTH BCl AacHeKTH poOOTH
oOJlafHaHHs, BKJIIOYAIOUM IIBUIKICTE OOpPOOKH, TOYHICTH IO3HUIIIOHYBAaHHS,
HABAHTAKEHHA Ha 00JaHAHHS Ta pexXuMu poooTh. KpiM Toro, BoHM NOBHHHI OyTH
THYYKHMH, 1100 3a0e3MeUYuTH MOKIJIMBICTH IIBHJKOI ajamnTailii J0 HOBUX YMOB
BUPOOHUIITBA 200 3M1HU KOHIryparlii 00JiaTHaHHS.

VY BuUMNaAKy CKIAJHUX BUPOOHWYMX TMPOIECIB MOKHA BUKOPHUCTOBYBATH
IHTEJIEKTyaJIbHI aJITOPUTMHU KEpYyBaHHS, SIKi 0a3ylOoThCd HA METOJIaX IITYYHOTO
IHTENEeKTy a00 MallMHHOrO HaB4yaHHA. Lli anropuTMu MOXKyTh aBTOMATHYHO
aHaii3yBaTd poOOTy OOJaJHAHHS Ta BHOCHUTHM KOPUTYBAHHS IS OMTUMI3AIl]
MPOIIECIB, 110 AO3BOJISE JOCITTH I11€ BUIIOTO PiBHA €(peKTUBHOCTI [9].

BnpoBamxenHs cuctemu kepyBaHHs Ha 6a31 [TJIK

[Ticnst po3po0OKH apXITEKTYPH Ta aJITOPUTMIB KEpYBaHHS HEOOX1THO TPOBECTH
BIIPOBA/DKEHHST cucTeMu KepyBaHHa Ha 0a3i IIJIK. Ileit eram Bkitoudae
HaJallTyBaHHS oOONagHAHHS, IHCTAJAIII0 TpOrpaMHOro 3a0e3NedyeHHs Ta
IHTETpaIlii0 BCIX KOMIIOHEHTIB CUCTEMU B €MHY BUPOOHUUY JIHIIO.

BaxxnmuBHUM € TecTyBaHHS BCIX €JIEMEHTIB CUCTEMH ISl BUSIBJICHHS MOMITHBUX
npobJjieM Ha paHHIX eTarax i 3a0e3nedyeHHs cTabuIbHOI poOoTH obyamHanHs. [1ix
yac TECTYBaHHS HEOOXIJTHO TMEpPEBIpUTU POOOTY CHUCTEMH B PIZHHX PEKUMAX,
MPOAHAJI3yBaTH ii MPOAYKTHUBHICTh Ta OIIIHUTH TOYHICTh BUKOHAHHSI 3aBJIaHb.

OpmHuUM 13 KITFOYOBHX aCIEKTIB I[bOTO €Tamy € 3a0e3nedeHHs 0e3MeKu poooTr
oOnamHaHHs. J[71s bOTO MOKHA BIIPOBAIUTH JTOJATKOBI aJTOPUTMU KOHTPOJIO 32
Oe3rneyHuM BUKOHAHHSM OIEpaliii Ta CHUCTEeMHU aBTOMATUYHOTO BUMKHEHHS

oOnajHaHHS B pa3l aBapliHUX CUTYaILIi.
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MOHITOpPHHT Ta ONTUMI3allisl POOOTH ITHTETPOBAHOT CUCTEMHU

ITicns  BopoBamkeHHss cuctemu iHTerpamii IIJIK 3 YITY HeobxigHO
OpraHi3yBaTl MOCTIMHUNA MOHITOPUHT poOOTH OOJaJHAHHSA Ta MPOLECIB, MIO0
3a0€3MeYNTH MOKJIIMBICTh CBO€YAacHOT Kopekiii Ta ontumizalii. [1JIK no3BomistoTs
3M1MCHIOBATH MOHITOPUHI Yy peajbHOMY 4Yaci, 30upaloud JaHi Mpo IMapaMeTpu
poGoTu 00naHaHHsA, TaKl SK IIBUAKICTh, TEMIIEPATypa, HABaHTAKCHHS Ta 1HIIIL.

Ha ocHOBI Iux JaHUX MO’XKHA aBTOMAaTUYHO KOPUTYBATU POOOTY CUCTEMH JIJIsI
3a0e3MeueHHs ONTUMAIbHUX MapaMeTpiB BUpoOHUIITBA. Hanpukian, sikio cuctema
(iKCye 30UIbIICHHS HABAaHTA)XEHHS HA IEBHUI €JIEMEHT, MOYKHAa aBTOMAaTUYHO
3MEHIIUTHA MIBUAKICTE a00 3MIHUTH 1HII MapaMeTpu JJiA 3aro0iraHHs aBapiiHIN
cuTyauii. MOHITOPUHI TakKOX J103BOJISI€E BU3HAYUTH MOMEHTH, KOJHM HEOOXIJTHO
MIPOBECTH TEXHIYHE 0OCITYrOBYyBaHHS a00 3aMiHy KOMIIOHEHTIB [9].

Kpim Toro, 3aBasku aHamizy 310paHuX JaHUX MOKHA BUSIBUTH "BY3bKi MicIIs"
y BUPOOHHYHX MPOIIecax Ta BIPOBATUTH 3MIHHU JIJIs IXHBOTO YyCyHeHHs. Hanpukian,
aHaJi3 Yacy IUKJIIB a00 MPOCTOIB MOXKE JOTIOMOITH 3HANUTH ONTUMAJbHI PIIICHHS
JUISL THJIBUIIICHHS! TPOIYKTUBHOCTI 00aiHAHHS.

Apnanraifisi CHCTEMH 10 HOBUX YMOB BUPOOHHUIITBA

IaTerpamis [IJIK 3 UYIIY 3a0e3nedye MOXKIMBICTH IIBHAKOI ajarTarii
CUCTEeMH JO0 HOBHUX YMOB BHUpOOHHUITBAa. lle BaximMBO y BHUIAIKax, KOJIH
BUPOOHUIITBO MMOBUHHO IIBUJIKO 3MIHIOBATUCS YEPE3 HOBI BAMOTY PUHKY a00 3MiHU
B TEXHOJIOTIYHHX ITpOIIecax.

3aBasku rayukocti ITJIK MokHa jerko mepemporpamyBaTh CUCTEMY IS
BUKOHAHHS HOBHUX 3aBJaHb 0€3 HEOOX1THOCTI 3HAYHOI MOJACpPHI3aIii 00aHaAHHS.
[le no3BOJIsIE 3MEHIIUTH Yac 1 BUTPATH Ha MepeHaNalITyBaHHs BUPOOHUYUX JIIHIH 1
3a0e3MeYNTH BUCOKY €(EKTUBHICTb POOOTHM HAaBITh y BHIIaJKax YacTHUX 3MIH Y
BUPOOHMIITBI.

OuiHka e(peKTUBHOCTI IHTErpallii

ITlicns BOpoBa/pKeHHS Ta ajanTallii CHCTEMH HEOOXIJHO OIIHUTH

edextuBHIcTh 1HTerpanii [IJIK 3 UITY. Ile Bkitoyae aHami3 Takux MOKa3HUKIB, SIK
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IPOAYKTHBHICTH 00JIaIHAHHS, eHEPrOCIOKMBAHHS, YaC MPOCTOIB, SIKICTh MPOTYKIIIT
Ta 3arajibHi BUTPaTH Ha BUPOOHUIITBO.

[TopiBHSHHS TIMX TOKAa3HUKIB IO 1 MICJISA IHTETparlii T03BOJISIE€ OIIHWUTH,
HACKUIBKU BJAJIOCS MIJBHINATH €(PEKTUBHICTH POOOTH OOJagHAHHS Ta YU OyIU
JOCSITHYTI TIOCTaBJIeHI IUT. SIKIIO pe3yiapTaTd HE BIAMOBIIAIOTH OYIKYBaHHSIM,
MOXHa TPOBECTH JJOJATKOBI HaJaIITyBaHHS a00 ONTHUMI3AIiI0 CUCTEMH IS
JIOCSITHEHHS KpaIux pe3ysbratis [10].

Pospo6ka crparerii interparii ITJIK 3 UIIY nns nigBuiieHHs epeKTUBHOCTI
po0OTH € 6AraToCTYNEHEBUM MPOLIECOM, SIKUM BKJIIOYA€E B ceOe MIaHyBaHHS, BUOIp
oOnajHaHHs, PO3POOKY aNTOPUTMIB KEpPyBaHHS, BIPOBA/KEHHS CHUCTEMH Ta ii
nogansiry ontumizamito. [arerpamis [IJIK 3 YITY go3Bosisie 3HaYHO MiABUIIUATH
MPOYKTUBHICTh BUPOOHUIITBA, 3HU3UTH BUTPATH HA TEXHIYHE OOCITYroBYBaHHS,
3a0€3MeUYNTH TOYHICTh 1 CTaOLIBbHICT, POOOTH OOJIaHAHHS, a TAKOXX MiABUIIATH
€HEPro30eperKeHHSI.

3aBAsSKA MOMJIMBOCTI THYYKOI ajamnTallii CUCTeMU J0 3MiH y BHUPOOHUYHX
npouecax, [IJIK € moTyxHMM 1HCTpyMEHTOM i 3a0e3neyeHHs €(EeKTHBHOIO
KepyBaHHA OOJIafHAHHSAM 1 aBTOMartu3alii BUpoOHMuux MiHik. Lle no3Bomsie
MIPUEMCTBAM 3aJTUIIATHCS KOHKYPEHTOCITPOMOXXHUMHU B YMOBAX HIBUIKUX 3MIH

Ha PUHKY Ta M1JIBUILIEHUX BUMOT JI0 SIKOCTI MPOIYKLIi [7].

2.5. Brmus I1JIK Ha 3HM>KEHHS POCTOIB Ta MiABUINEHHS HAIIMHOCTI pOOOTH
CTaHKIB

[IpomuCIIOBI MIAMPUEMCTBA B yChOMY CBITI CTHKAIOTHCS 3 HEOOXITHICTIO
MIJBUILEHHS MPOIYKTUBHOCTI, OJIHOYACHO MIHIMI3YIOUM BUTpPATH, 1 L€ 3aBAaHHS
4acTo IMOB'sI3aHE 13 3a0€3MEeUCHHAM CTaOUIBLHOT Ta HAIIMHOI pOOOTH 00Ia HAHHS.
3actocyBanns [1JIK no3Bosisie aBTomMatu3yBaTu OaraTo MpOIECIB, IO MO3UTHBHO
BIJIMBA€ HA POOOTY BUPOOHUYMX JIIHIA 1 CyTTEBO 3HMXKYE KUIBKICTh aBapiliHHUX
CUTYyaIliil Ta MPOCTOIB 00JIaIHAHHSI.

3Ha4yeHHs MPOCTOIB Ta iX BILIMB HA BUPOOHUYMM MPOIIEC
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[IpocToi € onHIEIO 3 TOJOBHHUX MPOOJIEM Yy MPOMHUCIOBOMY BHUPOOHUIITBI,
OCK1JIbKM BOHH MPU3BOASTH A0 3HUKEHHS MPOYKTUBHOCTI Ta €KOHOMIYHHUX BTpAT.
[TprumHU MPOCTOIB MOXKYTh OYTH PI3HUMHU: TEXHIYHI HECHPABHOCTI 00OJaJHAHHS,
MOJIOMKH 1HCTPYMEHTIB, MpOoOJeMH 3 MOCTayaHHSIM MarepiayiiB abo MOpyIIeHHS
pobounx rpadikiB. Y OyAb-SKOMYy BHUMNAJKy MPOCTOi HEraTUBHO BIUIMBAIOTH HA
e(peKTUBHICTh POOOTH BUPOOHMYUX JiHIM, OCKIIPKA KOKHA XBWJIMHA 3yMHHKH
NPU3BOJAUTH JO BTpPaT Y BHUIOTOBJICHIM MPOAYKINI Ta 30UIbIIEHHS BUTpPAT Ha
00CITyrOBYBaHHS 1 PEMOHT.

IUIK  103BONSIIOTE  CYTTEBO 3HM3WTH 4Yac IMPOCTOIB 3aBISKH CBOIM
MO’KJIMBOCTSIM aBTOMaTUYHOI'O MOHITOPUHTY CTaHy OOJIa/IHaHHS Ta pearyBaHHsS Ha
MO>KJIMB1 BIAXWJIEHHS y oro poOoTi. Lle mocsraerbest HUIIXOM MOCTIHHOTO 300py
JAaHUX 3 JaTYMKIB, SKI BCTAHOBJICHI HAa BUPOOHHUYMX JIHISX, 1 aBTOMAaTHYHOTO
aHalli3y LUX JaHUX i1 BUSIBJICHHS NOTEHUIMHUX MpoOJeM 10 TOro, sIK BOHU
CTaHyTh MPUYNHOIO 3yMTUHKN 00JIaTHAaHHS.

3HMKEHHA MPOCTOIB 3a aonoMororo [TJIK

OpnHuM 13 HaliBaXXJIMBIIIKX HanpsMKiB BIUMBY [1JIK Ha 3HM>KEHHSI TPOCTOIB
€ 3ano0iraHHsl HECIIPaBHOCTSM Ta aBapiiiHUM cUTyalisM Ha obnagHaHHl. CydacHi
[IJIK MOXyTb BHUKOPUCTOBYBATHUCA JUISI TOCTIHHOTO MOHITOPUHTY PI3HHUX
napameTpiB CTaHKIB, TAKUX SIK TeMIIepaTypa, THCK, BIOpallis, piBEHb CIIOKMBaHHS
eHeprii Ta 1HII MOKa3HWKH, IO JO3BOJISE BUYACHO BHSBJISATH BIIXUICHHS BIJ
HOpMaJIbHO1 po6oTH. 11 MOKa3HUKK MOXYTh OyTH KPUTUYHUMU JIJISI OLIIHKU CTaHY
oOaiHaHHS Ta MPOTHO3YBAHHS KOTO MOBEIIHKH.

Hampuknaz, skmo cucrema BHUSBISE, 110 piBEHb BIOpalliii Ha Baldy CTaHKa
MEPEBUIIY€E JTOMYCTUMI 3HAYEHHS, 1€ MOXXE CBIAYUTH PO TE, IO MIIUIUITHUKA
noTpeOyroTh 3aminu abo 3marmieHHs. [1JIK moxxe aBToMaTH4HO CUTHATI3yBaTH MPO
II0 TPO0JIeMYy, 110 J03BOJISIE TEXHIYHOMY [IEPCOHATY CBOE€YACHO BKUTU HEOOX1THUX
3ax0/1iB, 100 YHUKHYTH aBapiiHOI cuTyallli. 3aBIIKH LbOMY IMIIMPUEMCTBO MOXKE
YHUKHYTH HECIOJIBAaHUX MPOCTOIB, SIKI YacTO MPHU3BOMAATH JI0 3HAUHHUX BTpaT y

BUPOOHUIITBI.
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Kpim Ttoro, ITIJIK MoxyTe OyTH IHTETpOBaHI 3 CHUCTEMaMH IUIAHOBOTO
TEXHIYHOT'0 0OCITYTOBYBaHHS, 1110 JO3BOJISI€ ONTUMI3yBaTH Ipadik 00CITyroByBaHHS
obonannanus. lle o3nauae, mo 3amiHa getanell abo OOCIYrOBYBaHHS BY3IIB
MIPOBOJIUTHCS HE TIIC/IS BUHUKHEHHS TOJOMKH, @ Ha OCHOBI MPOTHO3IB MPO CTaH
obnmagHanHsa. Takui  miAXiA  J03BOJISIE  3HAYHO  CKOPOTUTH  KUIBKICTh
Herepea0avyyBaHUX MPOCTOIB 1 3HU3UTH BUTPATH HA PEMOHT.

[TinBumeHHS HaAIHOCTI pOOOTH 00JIaTHAHHS

Haniitaicte poboTu 00nagHaHHSA € 1€ OJHMM KPUTUYHUM AacHEKTOM Y
3a0e3nedeHHi Oe3nepediitHoro BupooHudoro npouecy. I[TJIK 3ab6e3neuytors OuTbII
BUCOKY HAQJIMHICTh 3aBIISAKH MOKJIMBOCTI TOYHO KOHTPOJIIOBAaTH BCl MapaMeTpu
poOOTH CTaHKIB 1 aBTOMATHUYHO pearyBaTH Ha OyAb-sK1 BIAXUJIEHHS B1Jl HOPMH.

3aBAsKUA MOKIIMBOCTI HAJAIITYBAHHS CKIIAJHUX aIrOpUTMIB KOHTpoto, [TJIK
MOXXYTh aBTOMAaTHYHO PETYJIIOBATH POOOTY CTAaHKIB g 3a0€3MEYEeHHs] iXHbOT
ONITUMAJIBHOT IPOAYKTUBHOCTI. Hanpukiasn, y Bunaaky 3011bIICHHS HABAaHTAKCHHS
Ha okpemi By3nu obnagHaHHs, [1JIK MOXyTh aBTOMAaTHUYHO 3HM3UTH IMIBUAKICTH
po0OOTH a00 BHECTH 1HIII KOPUTYBAHHS B IPOLIECH, 100 YHUKHYTH EPEBAHTAKEHHS
1 MOXKJIUBHUX TTOJIOMOK [26].

Kpim Toro, ITJIK m103BOJISIFOTH MIBUAKO pearyBaTd Ha 3MiHH Y BUPOOHUYOMY
IpoLec, 0 TaKOX MIJBUILYE HAAIMHICTh POOOTH 00JIafHaHHA. Y BHUMAAKY 3MIHU
YMOB BUPOOHHMIITBA, TAKUX SIK THUI MaTepiany, skl 00poOIseThes, a00 BUMOTH /10
mBUAKOCTI 00poOku, TTJIK MOXyTh aBTOMaTUYHO aJanTyBaTu poOoOUi mapameTpu
oOnaHaHHs 171 3a0€3MeUYeHHS] MaKCUMaIbHOT €()eKTUBHOCTI pOOOTH.

[arerparis [1JIK 3 iHImMMY cuctemMamu KepyBaHHS

[Ile omHuM BaXMTMBUM (PaKTOPOM, IO BIUIMBAE HA 3HWKCHHS IMPOCTOIB 1
MIBUIIEHHS HAIMHOCTI poOOTH oOnagHaHHS, € MOXJIUBICTH iHTerpamii T1JIK 3
IHITUMU crucTeMamu kepyBanHsi, Takumu sk SCADA (Supervisory Control and Data
Acquisition) ado ERP (Enterprise Resource Planning). Interpamia [IJIK 3 mumu

CUCTEMaMHU J03BOJISIE  3a0€3MEeUNTH KOMIUIEKCHUM TIAXiA 10  yHIpaBIIiHHS
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BUPOOHHIITBOM, 110 BKJTFOUAE HE TIJIbKA aBTOMATHU3AIIIIO MPOIIECIB, ajie i MOCTIHHUN
MOHITOPHUHT Ta aHaJli3 TaHUX.

Hanpuxunan, interparis 3 cuctemamu SCADA 103B0JIsI€ B peXUMI PEaIbHOTO
Yacy BiJICTE)KYyBaTH CTaH BCIX BUPOOHUYUX JIHIN 1 HErallHO pearyBaTu Ha Oy/Ib-sKi
BiixwieHHs. Lle 103Bosisie BYUACHO BUSIBIISITH MPOOJIEMHU, IO MOXKYTh IPU3BECTHU 10
MIPOCTOIB, 1 ONIEPATUBHO BKUBATH 3aXOIB I X ycyHeHHs. Kpim Toro, iHTerpartis
3 ERP-cucremamu pgo3Bosisie edeKTHUBHO IUIaHYBaTH BHUPOOHMYI TPOIECH,
KOHTPOJIIOBaTH 3alacyd MaTepiajiB 1 pecypciB, IO TaKOX CIPUS€E 3HHKECHHIO
npoctoiB [11].

OnTuMizarllisi BApOOHUYHUX MPOIIECIB

[JIK Takox BiAIrpatoTh BaXKJIUBY POJb y 3arajbHii ONTUMI3alli BAPOOHUYUX
MPOILIECiB, IO MMO3UTHBHO BIUIMBAE HA MPOJIYKTUBHICTH 1 HAJINWHICTH POOOTH
oOnaaHaHHs. BOHU 103BOJISIIOTH HE TUIBKK aBTOMATHU3YBaTH KOHTPOJIb 1 yIPABIIIHHS
poOOTOI0 CTaHKIB, ajge W 3a0e3MeuyloTh MOXJIMBICTH TOYHOI KOOPJMHAIT MIX
PI3HUMHU BUPOOHUYUMU €TATIaMHU.

3aBnsku BrpoBakeHHIO [IJIK MokHa onTumizyBaTM 4Yac BUKOHAHHS
poOOYMX LUKJIIIB, 3HU3UTH KUTbKICTh HEOOXITHUX MepeHaNaIlTyBaHb OOJIaHAHHS Ta
3a0e3neunTy OUTBII parfioHaibHe BUKopucTanHs eneprii. Hanpuxman, [VIK moxyTh
aBTOMAaTUYHO 3MIHIOBATH PEXUM poOOTH oOJagHaHHS 3aJ€XHO BiJ HOro
3aBaHTAXKEHOCTI 200 crenudiKu BUKOHYBAaHUX 3aBJaHb, IO JIO3BOJISE 3HU3UTU
CIIO’KUBAHHS €JIEKTPOCHEPT1] Ta MiABUIIUTU €(DEKTUBHICTH BUPOOHUIITBA.

Takox BapTo BiA3HAuuTH, WO BOpoBakeHHs [IJIK no3Bossie 3Ha4YHO
CIIPOCTUTH MPOIIEC YIPABIIIHHS CKJIATHUMU BUPOOHUYUMH JTIHISIMH, 10 BKJIFOYAIOTh
pi3HI TUNHM 00NaAHaHHS. 3aBASKA MOKJIMBOCTI IHTErpallii 3 IHIIUMHA CUCTEMaMH Ta
aBTOMAaTH3allli KepyBaHHs BciMa eTanamMu BuUpoOHuUITBa, [IJIK 103B0NA10TE 3HU3NTH
WMOBIPHICTh BUHUKHEHHS TIOMHJIOK, TIOB'S3aHUX 3 JIIOJCHKUM (PaKTOpOM, 1
MIJBUIIUTH 3arajbHy HaAIHHICTE BUPOOHUYOTO MPOLIECY.

Buxopucrtanns [1JIK mns aBromartuzariii o0caIyroByBaHHS
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[lle omuum BaxnuBuM acnekToM BukopuctaHHs I[UJIK mma 3HMKEHHS
MPOCTOIB Ta MIABUINCHHS HAIIMHOCTI € aBTOMaTH3aIlisl MIPOIECIB 0OCTyroByBaHHS
obnanunanus. CyyacHi [IJIK MoxxyTs OyTH HanamToBaHi TAKMM YMHOM, 1110 BOHU HE
JIUIIIE KOHTPOJTIOIOTH POOOTY CTAHKIB, aje i 3A1MCHIOIOTh TUTAHYBaHHS 1 BUKOHAHHS
oreparliii 3 TEXHIYHOT'O0 0OCTyTrOBYBaHHS.

3okpema, [TJIK MOXyTh aBTOMAaTHYHO CHUTHANI3yBaTH NP0 HEOOXIIHICTH
3aMI1HU 3HOUIEHUX JieTajieil a00 MPOBEICHHS TEXHIYHOTO 0OCIIyTrOBYBaHHS HA OCHOBI
aHaii3y JaHuX Ipo crtaH obnagHaHHSA. KpiM TOro, BOHM MOXYTh aBTOMAaTUYHO
3aIyCKaTH MpOLEIypH TEXHIYHOIO OOCIYrOBYBaHHS B MEPIOAU IMPOCTOK abo B
HepoOoUMii yac, 10 JA03BOJISIE YHUKHYTH 3YITMHOK BUPOOHMIITBA JJIs MMPOBEACHHS
PEMOHTHHX POOIT.

Takox aBTOMaTH3allisd MPOIECIB 0OCIYTOBYBAaHHS JI03BOJISIE OMTHUMI3YBaTU
BUKOPHUCTAHHS PECypCiB 1 3HU3UTU BUTPATU HA PEMOHT, OCKUIBKH 0OCITyTOBYBaHHSI
MPOBOAUTHCA TIIBKU TOJI, KOJMU 1€ MIMCHO HEOOXiJHO, a HE 3a (PIKCOBaHUM
rpadikom.

BrpoBamkeHHsT TPOrHO3HOTO TEXHIYHOTO 00CITyTOBYBaHHS

[Iporro3ne TexHiuHe OOCIYTrOBYBaHHS € OJHUM 13 HAUCY4aCHIIITUX M1IXO0/I1B
JI0 yTpaBlliHHS OONagHaHHSAM, 1 Horo edeKTHBHA peajizailisi MOXJIUBA 3aBISKA
BukopuctanHio [JIK. Ile#t miaxia nepeadadae 301p 1 aHATI3 BEJIMKUX OOCATIB JAHUX
npo poOoTy oOnajHaHHS JUIsi TPOTHO3YBAHHS MOMJIMBUX HECHPABHOCTEH 1
3armo0iraHHs IXHbOMY BUHHKHEHHIO.

[IporHo3He TexHIYHE OOCIYrOBYBaHHS JO0O3BOJIE€ MIHIMI3yBaTH KIJIbKICTb
aBapiiHUX CHUTyallii 1 3yNMHOK OOJIafHAHHS, OCKUIBKM PEMOHTHI pPOOOTH
BUKOHYIOTBCS /10 TOTO, IK HECIIPABHICTh MOYHE BIUIMBATH HAa POOOTY BUPOOHHUOT
miuaii. IIJIK  3a0e3neuyioTh MOKJIMBICTH MOCTIHHOTO MOHITOPUHTY CTaHY
oOnaiHaHHS, a TAKOXK 1HTETPaIlii 3 aHAIITHYHUMHU CUCTEMaMH, 1110 BUKOPUCTOBYIOTh

MCTOJAHU MAIIMHHOI'O HABYaHHA JJIsI IIPOTrHO3YyBAaHHA HCCHpaBHOCTeﬁ.
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Ile nmo3BoisiE HE TUTBKM 3HU3WTH KUIBKICTH MPOCTOIB, aje ¥ IiABUIIUTH
e(DEeKTUBHICTh POOOTH TEXHIYHOTO IIEPCOHANy, OCKUIBKM BOHH MOXYTh
¢doxycyBaTucs Ha 3an00iraHHI HECIIPABHOCTSIM, a HE Ha IXHbOMY YCYHEHHI.

[Tincymxu

Brpopamxenns [1JIK y BupoOHUYI Mpoliecy Mae 3HAYHUN MO3UTUBHUHN BILIUB
Ha 3HWKEHHS MPOCTOIB 1 MIABUIIEHHS HAAIMHOCTI POOOTH 0OJagHAHHS. 3aBIsSIKH
MOXJIMBOCTI aBTOMATHYHOTO KOHTPOJIO 1 ympaBiiHHA poOoTor craHkiB, [1JIK
JO3BOJISIIOTh ~ YHUKHYTH  0aratbox mpoOsieM, TMOB'SI3aHUX 3  TEXHIYHUMHU
HECIIPaBHOCTSMU Ta aBapiiiHUMU cuTyauisiMu. KpiM Toro, BoHH 3a0€3M€4yIOTh
MOXKJIMBICTh ~ MPOTHO3HOTO  OOCIYroBYBaHHS OOJaJHAHHS, IO JIO3BOJISAE
MIHIMI3yBaTl PpU3UKH  HECHOAIBAHUX 3YNHHOK 1 MIJBUIIUTH  3arajibHy
MPOTYKTUBHICTH BUPOOHUIITBA.

IaTerpars [JIK 3 iHmmMu cuctemamu kepyBaHHs, Takumu sk SCADA a6o
ERP, no3BoJisie 3a0e3ne4nTH KOMIUIEKCHUM TIX1] 0 YIPABIIHHS BUPOOHUIITBOM,
10 BKJIIOYAE HE TUIHBKM aBTOMATHU3AIIIIO0 MPOIIECIB, ajie i MOCTIHHUNA MOHITOPHUHT Ta
aHami3 qanux. [{e 703BoIsi€ CBOEYACHO BUSIBJITH MPOOIEMU 1 BXKUBATH HEOOX1THUX
3aXO/IB JJIA iX YCYHEHHS.

Takum uymHoM, BukopuctanHs I[IJIK € BakIuMBUM 1HCTpYMEHTOM JJisi
MIJBUIICHHS €(EKTUBHOCTI Ta HAAIHHOCTI POOOTH BUPOOHUYOTO 00JIaIHAHHS, 1110
JO3BOJISIE  TIATPUEMCTBAM 3HU3UTH BUTPATH, MMIJABUIIUTH TMPOAYKTHBHICTH 1

3a0e3neunTy cTablIbHy poOOTY B YMOBAaX Cy4aCHOI KOHKYPEHTHOI MPOMHUCIOBOCTI

[21].
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Po3nin 3. IPAKTUYHI ACITEKTU BITPOBAJDKEHH I1JIK Allen-Bradley
CompactLogix 5380 HA BEPCTATI UIIK HAAS VF-2
3.1. Ornsan Ta BuOip amapaTHOi Ta mporpamMHoi 6a3u aiis BrposaxeHHs [TJIK

Allen-Bradley CompactLogix 5380

Ornsig Ta BUOiIp amapatHoi Ta mporpamMHoi 0asu Il BIPOBAKEHHS
nporpamoBanoro JjorigHoro koutposiepa (ITJIK) Allen-Bradley CompactlLogix
5380 € omHMM 13 HaWBAXJIMBINIUX €TaIB y peasi3allii MPOeKTIB aBTOMaTH3aIlil
BUpOOHMUKX mporeciB. Lle 3aBmanHs nepeadavae peTenbHUN aHall3 TEXHIYHHX
XapaKTEPUCTUK, (YHKIIIOHATFHUX MOXKIIMBOCTEH 1 BUMOT JI0 CyMICHOCTI 3 1HIIIMMHU
koMroHeHTaMu  cuctemd. CompactLogix 5380 € BHCOKONPOAYKTHUBHUM
KOHTpOJIEpOM, po3poOneHuM  kommaHiero  Rockwell  Automation, saxuii
BUKOPHCTOBYETHCS B CYyHaCHUX CHCTEMaxX aBTOMAaTHU3allli 3aBASKHA CBOIM IIUPOKUM
(yHKI10HAJTbHUM MOXKJIUBOCTSAM, THYYKOCTI T4 BUCOKIM MPOAYKTHUBHOCTI.

st yenimuoro BripoBamkenHs CompactLogix 5380 HeoOxiaHO BpaxyBaTu
HU3KY KJIIOYOBHUX ACMEKTIB, TAKUX SIK BUOIp ONTUMAJIbHOI anapaTHoi KOHQIryparli,
nporpaMHe 3a0e3leyeHHs A MPOrpaMyBaHHS Ta HaJAIITyBaHHS, a TaKOX
IHTerpalis 3 iHIIMMHA KOMIIOHEHTaMH aBToMaTu3allii, Bkiatodaroun YITY (uucimose
pOrpamMHe YNPABIIHHS), CEHCOPHU, aKTyaTOpPH Ta CUCTEMH YIPABIIHHSA BULIOTO
piBus. Hiokue HaBeIeHO JeTalbHUN aHali3 KOKHOTO 3 IUX achekTiB [3].

3aranpHi xapakrepuctuku Allen-Bradley CompactLogix 5380

CompactLogix 5380 € mpeacTaBHUKOM CEpPEIHbOIO0 CETMEHTAa B JIHIMIN
koHTpoJiepiB Allen-Bradley, mo noennye BUCOKY NPOIYKTHBHICTh, KOMIAKTHUN
PO3MIp 1 MIATPUMKY CYYaCHUX KOMYHIKAIIHHUX cTaHaapTiB. OCHOBHI OCOOIMBOCTI
I[OTO KOHTPOJIEPA BKIIOYAIOTh:

1.  Bucoxka mBuakicte o0pobku. CompactLogix 5380 3abe3neuye

MIBUIKE BUKOHAHHS IMPOTpaM, IO J03BOJSIE BUKOPUCTOBYBAaTH HOTO Jis

ynpaBHiHHH CKJIaJHHUMHU IIponcCaMu Ta BUCOKOTOYHHMHU OHepaHiﬂMI/I.
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2. [Tintpumka Ethernet/IP. Ile omuH 13 HaWMOMMPEHIMIAX
MPOTOKOJIIB KOMYHIKaIlli y IPOMHCIIOBIA aBTOMAaTu3allli, SKUH J103BOJISIE
IHTErpyBaTH KOHTPOJIEP Y MEPEXKY IMiAMPHUEMCTBA.

3.  MopynpHa apxitektypa. KoHTponep miaTpuMye IIUPOKUN
CHEKTp MOJyiB BBeJeHHs/BuBeaeHHs (I/O), mo 3a0e3nedye rHydKiCTh IpH
NPOEKTyBaHHI CHCTEMHU aBTOMATH3Alli].

4, Bucoka wnagiitHicte. CompactLogix 5380 po3poOnenuit ans
pOOOTH y CKJIAIHMX IIPOMHCIIOBUX YMOBAX, 3a0€31euyoun CTablibHy poOoTy
HaBITh Y BKKHX EKCIUTyaTal[liHUX CEepeOBUIIAX.

3aBasku 1nuM  xapaktepuctukam CompactLogix 5380 € onTuMaabHUM

BUOOPOM JIJIsl MPOEKTIB, sIKI BUMAaratoTb BUCOKOI TOYHOCTI Ta MIBUAKOI11, TAKUX SIK

kepyBanus UITY-crankamu tunmy HAAS VF-2 [13].

Orusin anapaTHoi 0a3u
Hentpanbuuii npouecop (CPU)

LleHTpanbHUIL TPOLIECOP € OCHOBHUM €JIeMeHTOM KoHTposepa CompactLogix

5380. Bin BiamoBigae 3a OOpOOKYy JaHUX, BHUKOHAHHS Iporpam Ta OOMIH

iH(popMmairieto 3 iHmmMu komnoHeHTamu cuctemMu. CPU y CompactLogix 5380 mae

KUJIbKa KOH(ITYypaIlii, 1o BiIPI3HIIOTHCS KUIBKICTIO MATPUMYBaHUX MoxymiB [/O,

HIBUIKICTIO OOPOOKH JTaHUX 1 00CATOM mam'siTi.

[Tpu Bu60pi CPU HEoOXigHO BpaxoBYBaTH TaKl apaMETPH:

. KinbkicTh BBOAIB/BUBOIIB. [[J1 BEIMKUX CHCTEM aBTOMATH3aIlii
NOTP10€H KOHTPOJEP 3 MIATPUMKOIO BEIUKOI KUIbKOCTI MoyiB I/O.

. OO6csr nam'sati. Lleit mapameTp BU3Ha4Ya€ MOXKIUBICTD 30€piraHHs
CKJIaJIHUX MPOTpaM 1 0OpOOKHU BETUKUX OOCATIB TaHUX.

. [TponyktuBHicTh. [1IBHAKICT, BUKOHAHHS TpPOTpaM Mae OyTH
JIOCTaTHBHOIO I 3a0e3redueHHsT Oe3nepepBHOT POOOTH CUCTEMH B PEXHUMI

peasbHOTO Yacy.
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Monyni BBenenns/BuBenenus (1/0)

Moayni 1[/O BUKOPUCTOBYIOTBCS ISl MIAKJIIOYEHHS PI3HUX MPHUCTPOIB 10
koHTposnepa. CompactLogix 5380 miaTpumye 1udpoBi, aHaIoOroBi Ta
Ccreliaii30BaHl MOIYJI, 1[0 JO3BOJISE MiKIIOYATH HIMPOKUN CIIEKTpP OOIaTHaHHS,
BKJIIOUAIOYU CCHCOPH, aKTyaTOpH, IBUTYHH, cucteMu UITY Torro.

[Tpu BuGopi MoayniB I/O HeoOXiAHO BpaxOBYBaTH:

. Tunu curnam. Jleski MOAyJl MIATPUMYIOTH JivIe HUQPPOBI

CUTHAJIM, TOJIl SIK 1HIII MPAIIOIOTh 3 AaHAJIOTOBUMHU.

. Kinpkicte kanamiB. OOcCsr KaHalIiB BHU3HAYA€ MOXKJIUBICTD

M1KITFOYEHHS KUTBKOX MPUCTPOIB 10 OJTHOTO MOJTYJISL.

. [IBuakicTh 00poOKM curHamiB. Jljist cuctem, e moTpiOHa BUCOKA

MIBUIKOMAIS, HEOOXIIHO BUKOPUCTOBYBAaTH MOIYJIl 3  MIHIMaJbHOIO

3aTPUMKOIO.

JKuBrieHHS Ta pe3epByBaHHS

CompactLogix 5380 migTpuMmye MOyl >KMBIICHHA, $IKI 3a0€3MeuyloTh
CTaOlIbHE €HEPronoCcTayaHHs CHCTEMH. Y IMPOMHCIOBUX YMOBaxX BaKJIMBO
nepe0auynuTH pe3epBYBaHHS JDKEpE JKUBJICHHS, MO0 YHUKHYTH MPOCTOIB 4epe3
nepeboi B enekTpornocTradanti [23].

J1J1s1 )KUBJICHHS. KOHTPOJIEpa MOKHA BUKOPHCTOBYBATH

. Jlxepena 3minHoro ctpymy (AC). IligxonsaTe A cTaHAapTHUX

BUPOOHUYUX YMOB.

. Jlxepena mocriitHoro crpymy (DC). PexomeHayroTbes st

CUCTEM 3 BUCOKMMH BUMOTAMH JI0 CTAOUTbHOCTI KMBJICHHS.

Pe3epBHi mkeperna >KUBJICHHS J0MOMAararoTh YHUKHYTH BTpaTH JaHUX a0o
3001B y poOOTi CHCTEMH ITiJT 9ac mepedoiB y Mepexi.

KomyHnikarriiini Momysi

Jlns inrerpartii CompactLogix 5380 y po3nojaiieHi cucTeMu aBToMaTu3arlii
BUKOPHUCTOBYIOTHCS KOMYHIKAIlIiHI MOAYII, SIKI MIATPUMYIOTh Pi3HI MPOTOKOJIH,

taki sik Ethernet/IP, DeviceNet, ControlNet Ta inmii. Bubip BiAmoBigHOTO MOAYJIs
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3aJICKUTD Bl MEPEKEBOI 1HPPACTPYKTYPH MIAMPUEMCTBA T4 BUMOT O IIBHAKOCTI
nepeaadi JaHuX.

Oruan mporpamHoi 0aszu

[Iporpamue 3a0e3meueHHs Uil MPOTPAMyBaHHS Ta  HaJAIITyBaHHS
CompactLogix 5380 € KJ1I04OBUM €I€MEHTOM JIJ1s1 3a0€3MeYeHHSI KOPEKTHOI poOOTH
cucremu. Rockwell Automation mnpomonye inctpymeHnT Studio 5000 Logix
Designer, sxuii 3a0e3nedye Bci HEOOXiTHI (PYHKII JJISI CTBOPEHHS MPOIpam,
KOH(irypaiiii o0J1aJHaHHs Ta MOHITOPUHTY POOOTH CHCTEMH.

Studio 5000 Logix Designer

Studio 5000 € iHTYiTUBHO 3pO3yMUIMM CEPEJOBUILEM PO3POOKH, SKE
NIATPUMY€E TporpamyBaHHs Ha ocHOBl cranmapty IEC 61131-3. OcHoBHI
moskmBocTi Studio 5000:

. I'padiune MpOrpaMyBaHHSI. [TinTpumka miarpam
¢ynkuionansHux 010kiB (FBD), ctpykrypoBanoro tekcry (ST) Tta moBu
peneitHoi noriku (LD).

. MOHITOPUHT Y pealbHOMY 4aci. [HCTpyMeHTH 11l BUSIBJICHHS Ta
BUTIPABJICHHS MTOMUJIOK Y TIpOrpaMax Iij 9ac iX BUKOHAHHSI.

. Cumynsiis.  MoXnuBICTh  TeCTyBaHHA  mporpam  0e3
i AKITIOYEHHS JI0 PealbHOTO 00JIa THAHHS.

. [aTerpamnis 3 iHmmMu cuctemamu. Studio 5000 103BoIIsIE JIETKO
HajamroByBatu oOMiH nmanumu Mixk CompactLogix 5380 i ctopoHHIMEU
CHCTEMaMHU.

IaTerpamis 3 MES ta ERP-cucremamu

JLJTst T ATPUEMCTB, 110 BUKOPHCTOBYIOTh CHCTEMH YIIPABITIHHSI BUPOOHUIHMHU
pecypcamu (ERP) abo cucremu ympasmiaas BupoOHuumME mporecamu (MES),
CompactLogix 5380 mpomnoHye po3mmpeHi MOKIMBOCTI iHTerpaiii. Lle qo3Bossie
nepeaBaTy JaHi mpo poOOTy oOJagHAHHS B peajlbHOMY 4Yacl JI0 BHUINMX PIBHIB
yIpaBIiHHS, 10 3a0€3Medye Mpo30picTh 1 KOHTPOJIb 32 BCIMa €TaraMu BUPOOHUYOTO

npouecy [33].
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Kibep6esmeka

OmHMM 13 BaXXIIMBUX aCIIEKTIB MPOTPAMHOTO 3a0e3MEeUCHHS € 3a0e3eueHHs
oe3neku cucremu. Studio 5000 miaTpUMy€e 1THCTPYMEHTH ISl 3aXUCTY AaHMX, Taki
K mudpyBaHHs, aBTEHTU(IKAIS KOPUCTYBauiB 1 ayauT aoctymy. Lle mo3Bosse
MIHIMI3yBaTH PU3MK HECAHKI[IOHOBAHOT'O JIOCTYITY JO CUCTEMHU.

Bubip anmapatHo-niporpamMHoi 0a3u A1 KOHKPETHHUX 3a7a4

Bubip amapatHoi Ta mporpamHoi 0a3u 3aJekKUTh Bii KOHKPETHHUX BHUMOT
BUpoOHMUOTO mpornecy. Hampuknazn, mis inrerpamii CompactLogix 5380 3 UITY
HAAS VF-2 BaxxinBo BpaxyBaTH:

. KinpkicTe HEOOXIAHMX BXOMIB/BUXOMIB I ITIIKIFOYECHHS

CEHCOPIB 1 aKTYyaToPiB.

. [linTpuMKy BHUCOKOIIBUAKICHUX KOMYHIKAI[IHHUX MPOTOKOJIB

111 oominy maaumu Mk UITY 1 TTJIK.

. O6csar mnam'sTi  ana  30epiraHHss mporpam, sIKI KepyloTh

CKJIQJHUMU OTIepallisIMH.

BropoBamxenns Allen-Bradley CompactLogix 5380 motrpeOye peTeiabHOro
IUIaHyBaHHS Ta BUOOpPY ONTHMAJIbHOI amapaTHoi 1 mporpamHoi 0as3u. KoHtposep
MPOTIOHY€E IUPOKHIM CIEKTP MOXKIJIUBOCTEH, SIKI MOXYTh OYyTH ajanToBaHi [0
KOHKPETHHX BUMOT BUPOOHHIITBA. 3aBISKU CBOIM XapakTepuctukam CompactLogix
5380 € HamiifHUM 1 THYYKHUM PIIICHHSM JJI1 aBTOMAaTH3a1lli, 3a0e31me4yroun BUCOKY

MPOYKTUBHICTH 1 TOYHICTH POOOTH.

3.2. Peamizamisa cuctemu [IJIK Allen-Bradley CompactLogix 5380 Ha peanbHux
BUPOOHUYHX TPHUKIIagaxX
Peamizariist cucremu mporpamoBanoro sioriudoro kourposepa (ITJIK) Allen-
Bradley CompactLogix 5380 Ha peanbHUX BUPOOHHYMX MPUKIAAAX € BaKIHBUM
€TaroM 1HTerpailii aBTomaTu3alli y cydacHi BHUpoOHHWYl mpouiecu. lle 3aBmaHHs
BKJTIOUAE HE JIMIIE HAJIAIITYBAaHHS 00JIaIHAHHS Ta MPOTrPAMHOTO 3a0€3IIeUCHHS, aJie

1 amanTarito il KOHKpPETHI BUPOOHUY1 YMOBH, 3a0€3MeUYeHHS CYMICHOCTI 3 THITUMHU
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CUCTeMaMH, a  TaKOX  JOCATHEHHS  ONTUMalbHOI  TPOAYKTUBHOCTI,
eHeproeexkTrBHocTi Ta HamidHocti. Allen-Bradley CompactLogix 5380,
po3poOiienuii kommaniero Rockwell Automation, mpornoHye TIMPOKUI CIIEKTp
(GYHKIIH 1 MOXKITMBOCTEH /Il CTBOPEHHS €PEKTUBHUX 1 THYUYKHX aBTOMATHU30BAHUX
CUCTEM.

Jns peamizamii cucremn CompactLogix 5380 BaxkimuBO BpaxoByBaTH
TEXHOJIOTIYHI OCOOJMBOCTI BUPOOHUYOTO Mpolecy, crenudiky oOiaagHaHHS, SKE
MiJJIsATae 1HTErpallii, a TaKoK BUMOTH JI0 MPOAYKTUBHOCTI Ta O€3MeKku. Y IbOMY
TEKCTI PO3TISIHYTO JETalbHI acmeKkTu peamizarii cuctemu CompactLogix 5380 na
pealbHUX BUPOOHMYMX MPUKIIAAaX, BKIIOYAIOUM HAJAIITyBaHHS anapaTHOi 0a3w,
porpamMyBaHHS, 1HTETrpalll0 3 ICHYIOUMMHU CUCTEMaMH, MOHITOPUHI poOOTH, a
TaKO’X ONTHUMI3aIlil0 BUPOOHUYHX IIPOIIECIB.

Po3nouneMo 13 3arajbHOI XapakTEpUCTUKH MIAXOMY 0 peajizalii cuCTeMU
CompactLogix 5380 na miampueMcTBax pi3HuUX ramy3eil. OcHOBHa MeTa —
3a0e3nedeHHss Oe3nepebiitHoi poOoTH 00JaHAHHS, aBTOMATHU3AIlsl PYTUHHUX
IIPOLIECIB 1 MiABUIIEHHS €(DEKTUBHOCTI yIPABIIHHS PECypcaMu. 3aBIIKU MOAYJIbHIN
ctpykrypl CompactLogix 5380 cructema Jierko MaciiTadyeThbes Ta aAanTy€eThCs J10
pI3HMX yMOB €KCIUTyartarii, Mo poOuTh 1i yHIBEpCAJIbHUM PIMICHHSIM IS
BUPOOHMYHUX MPOLECIB OyAb-sIKOT CKIAAHOCTI [9].

Peanbhi BupoOHUUl npukiaau peamizanii CompactLogix 5380 BkitouaroTh,
30KpeMa, Takl CIleHapii: aBToMaru3allisi MeTanooOpoOku Ha Bepctatax UYIIY,
onTHUMi3auis poOOTH KOHBEEPHUX JIIHIN, IHTErpauis 3 poOOTU30BaHUMU CUCTEMaMH,
KOHTPOJIb SIKOCTI y (hapMalieBTUHUHOMY BHUPOOHMIITBI, aBTOMATH3AIlisl MPOIIECIB
NaKyBaHHS Ta CKJIAa/IaHHs B Xap4oBiil mpoMuciaoBocTi. KoxkeH 13 Hux cueHapiiB Mae
CBO1 YHIKaJIbH1 BUKJIMKH Ta BUMArae 0coOJIMBOTO MIIX0Ty /10 peasizarlii.

JIyist mpuKIiamy po3rIsTHEMO aBTOMATH3aIliio poOoTH (pe3epHOro BepcTaTa
YITY HAAS VF-2 3a nonomororwo CompactLogix 5380. Lleit Bepctar € ogHum i3
HANMOUIMPEHIIINX Y METATypriiiHiil Ta MalmHOOYAIBHIM Traiy3sX 3aBASKH CBOIN

BUCOKIA TOYHOCTI, HAQJIHHOCTI Ta MOXJIMBOCTI OOpPOOKH CKJIQJAHUX JETaJICH.
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CompactLogix 5380 3aGesmeuye iHTerpamiro UYIIY y BupoOHMYY JiHIO,
JO3BOJISIIOYM  aBTOMATH3yBaTH  3aBAHTAXKCHHS/PO3BAaHTaXKEHHS  MaTepiaib,
KepyBaTH OOpOOKOIO NeTajeil y peaJlbHOMYy 4Yaci, a TakKoX 30upatd maHl s
MOHITOPHUHTY Ta aHAIi3Yy.

Ha nepmiomy erami peanmizaiii CUCTEMU Ba)KJIMBO BU3HAYUTU BUMOTH IO
NPOAYKTHBHOCTI Ta KOH(irypamii obmaaHanHs. [[is 1bOro mpoOBOIUTHECS aHaTi3
BUPOOHMYMX 3aBJIaHb, IKMI BKIIIOYAE:

1. BuznaueHHs KibKOCTI TOUOK BBeJieHH/BuBeeHHS (I/0O), HeoOX1THUX
JUTSL TIKJTFOYEHHS IaTYMKIB, aKTyaTOpI1B, CUTHAI3aTOPIB Ta 1HIIOTO 00JaJHAHHS.

2. AHa3 MBUIKOCTI OOpOOKH AaHUX, MOTPIOHOI I 3a0e3neueHHs
Oe3nepepBHOI poOOTH BEpcTaTa.

3. Ominka HeoOxigHOTO 00cAry mam’sTi Juisl 30epiraHHs mporpaMm Ta
JTAHUX.

Hactynaum kpokom € BHOIp 1 KoH(pirypais amapatHoi 6a3u CompactLogix
5380. Lle BxItOYAE:

. BcranoBnenns uentpanbHoro mnpornecopa (CPU), skuil BignmoBigae
BUMOTaM JI0 TTPOTyKTHBHOCTI.

. JlonaBaHHs ~MOJyJiB  BBEJCHHS/BUBCICHHS I 3a0e3MeUYeHHS
N1IKITI0YEHHS nepudepiiHuX NpUCTPOiB.

. [TigkaroueHHsS KOMYHIKAIlIMHUX MoaymiB, Takux sk Ethernet/IP, mus
3abe3nedenHst 0oMiHy mannMu Mixk CompactLogix 5380 Ta iHIIMMH KOMIIOHEHTaMHU
BUPOOHUYOI cuctemu [12].

JIJisi HanamTyBaHHS CUCTEMU BUKOPHCTOBYETHCS MPOTpaMHE 3a0e3MEeUCHHS
Studio 5000 Logix Designer, sike 103BOJIsIE CTBOPIOBATH MPOTpamMu JJisl yIPaBIIIHHS
BEPCTATOM, TECTYBATH iX Y CUMYJISITOP1, a TAKOXK BIJICTEKYBAaTH POOOTY CUCTEMH B
peasibHoMy d4aci. Y Bumazaky iHterpauii 3 UIIY HAAS VF-2, nporpama moxe
BKITFOYATH:

. ANTOPUTMH 3aBaHTAKECHHSI/PO3BAHTAKECHHS JICTAJICH.
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. KoHTposs 3a mapameTpamMu 00pOOKH, TAKUMHU SIK IIIBUAKICTh OOEpPTaHHS
HIMUHACIA, [T01a4a IHCTPYMEHTY Ta TeMIeparypa.

. Bu3znadeHHs Ta cCUTHAI3AIiI0 TTPO 3HONTYBAHHS IHCTPYMEHTY.

Momnitopunr po6otu cucremu CompactLogix 5380 BHKOHYyeThCS 3a
nonomororo Gynkiii aiarnoctuku Studio 5000. e 103BosIsIE BUSBISTH TOMHJIKH Y
nporpamMax, aHajli3yBaTd JaHi Ipo poOOTy BepcTaTa Ta ONEPATUBHO KOPUTYBATH
HaJaIITyBaHHS JIJIs 3a0€3MeUYeHHS MAKCUMaJIbHOT IPOAYKTUBHOCTI.

Ha ocHOBI paHuX, OTpuUMaHuUX TiJ 4Yac poOOTH CHUCTEMH, MOKHA
BIIPOBAKyBaTH onrtumizauli. Hanpukian, ananizyroun nokazHuku podotu YITY,
MO>KHA BU3HAYUTH:

. Yac npocToiB Ta IXHI IPUUHHH.

. HeontumanbpHi mapameTrpu OOpOOKH, SKI MOXYTh CIPUYUHSITH
3HIDKEHHS SIKOCT1 MPOAYKIIT a00 MepeBUTpaTH pecypciB.

. MoxkAMBOCTI AJI4 TT1IBUIIIEHHS IIBUKOCT1 00pOOKH 0€3 BTpaTH SIKOCTI.

Kpim Toro, CompactLogix 5380 moxe OyTu IHTErpoBaHUM 3 CHUCTEMaMH
YIOpaBJIIHHSA BUIIOTO piBHS, TakuMmU sk MES (cuctema yrnpaBiiHHS BUpOOHUYMMU
onepariisimu) a6o ERP (cucrema ympaBniHHS pecypcamu mignpuemctsa). lle
3abe3rneyye mnepefady JaHUX Ipo poOOTy oOJajHaHHS 0 LEHTPAIbHOI CUCTEMHU
YOPABIIHHS, IO J03BOJISIE ONTHUMI3YBaTH BEChb BUPOOHMYMN IUKJI, BKJIIOYAIOUU
TJIaHYBaHHS PECYPCiB, JIOTICTUKY Ta KOHTPOJIb SIKOCTI [8].

[le omaum npukianom Bukopuctanus CompactLogix 5380 € aBTomaTH3artis
poOOTHM KOHBEEPHOI JiHIT y XapyoBid mpomucioBocti. TyT cucrema
BUKOPUCTOBYETHCS JUIsl YIPABIIIHHS TPAHCTIOPTYBAHHSAM MPOAYKIIii, aBTOMAaTH3AIIIT
naKyBaHHSI Ta MapKyBaHHs. KoHTpoisiep 3a0e3nedye TOUHYy KOOpPIWHAIII0 pOoOOTH
Bcix kommoHeHTiB [IJIK, wmiHIMI3yroun BTpaTh NPOAYKINi Ta 3a0e3mnedyrouun
JOTPUMAHHSI CTaHJIapPTIB SKOCTI.

Peanizariss CompactLogix 5380 y papmanieBTHIHOMY BUPOOHUIITBI BKJIFOYAE
aBTOMATHU3AIIIIO0 MPOIIECIB JO3YBaHHS, 3MIIITYBaHHS Ta MaKyBaHHS. 3aBISKH BHCOKII

TOYHOCTI KOHTPOJIIO Ta MOKJIMBOCTI pOOOTH 3 BETUKUMH 00CITaMH JJaHUX, CUCTEMA



87

JI03BOJISIE€ 3a0€3MEYUTH CTAOUIbHY SKICTh MPOIYKIlT HABITh 32 CyBOPUX BUMOT JO
BUPOOHUYHX YMOB.

Otxe, peamzaris cucremu CompactLogix 5380 Ha peanbHUX BUPOOHUUINX
MPUKJIaAax JEMOHCTPY€E 3HAYHI MepeBaru aBTOMaTU3aIll1, BKIIOYAIOUH T ABUIIICHHS
NPOAYKTHBHOCTI, CKOPOUEHHSI BUTPAT, 3MEHIIIEHHS 4acy MPOCTOIB 1 MiIBHIECHHS
SKOCTI TMPOAYKIUi. 3aBASKH THYYKOCTI Ta MOAYJIBHOCTI CHCTEMa MOXe OyTu
aJanToOBaHa JI0 PI3HUX Taly3eH 1 THUIIB BUPOOHUIITB, 1110 POOUTH ii yHIBEpCaTbHUM

PILIEHHSIM ISl Cy4acHOi MPOMUCIIOBOCTI.

3.3. TecryBanns epextuBHOCTI poO0TH cTankiB UITY micus BopoBamkenns [1JIK

Allen-Bradley CompactLogix 5380

TectyBaHHs €(QEKTUBHOCTI POOOTH CTaHKIB 3 YHCJIOBUM MPOTPAMHUM
yopasiiasaM  (UITY) micng  BOPOBaJKEHHS  MPOrPAaMOBAHOIO  JIOTIYHOTO
koHTposepa (ITJIK) Allen-Bradley CompactLogix 5380 € KpUTHYHO BaKJIMBUM
€TaroM JIsl OI[IHKY JOIIILHOCTI IHTETpallii Ta BIPOBaXKEHUX 3MiH. BoHO 103BOIIsI€
BU3HAYMTH, HACKUIBKH €(DEKTUBHO MPAIIO€ CUCTEMa aBTOMAaTU3allll, YU JOCSATHYTO
[IJTHOBUX TMOKAa3HUKIB MPOAYKTHUBHOCTI Ta sk BrpoBapkeHHs [IJIK Brumnyno Ha
AKICTh, CTAOUIBHICTD 1 MPOAYKTUBHICTh BUPOOHUUYUX MPOLECIB.

TecryBanHs TPOBOIWTHCS 3a KIJTbKOMa KIIOUOBUMH  HaIPSIMKaMH,
BKJIFOYAIOYM OIIHKY MPOJYKTUBHOCTI, CTA0UIBLHOCTI POOOTH, 3MEHIIEHHS 4Yacy
NIPOCTOIB, a TAKOXK aHAaJIi3 EKOHOMIYHOT €(DeKTHBHOCTI BIPOBAPKEHUX pillieHb [8].

OcHOBHI eTanu TECTyBaHHS

1. [TinroroBumii erTan

[lepen moyaTKoOM T€CTyBaHHSI BUBHAUAIOTHCS KPUTEPIi OLIHKU €()EeKTUBHOCTI
poOOTH, METOJMKH TECTYyBaHHS, a TAKOK BCTAHOBIIIOIOTHCS HEOOX1THI IHCTPYMEHTH
1151 300py Ta aHami3y aaHux. Ha oMy eTarmi BpaxoBYIOThCS HACTYITHI aCTICKTH:

Texniuni xapakrepuctuku ctankiB UITY Tta ITJIK. BaxnuBo nopiBHATH iX 10

Ta TMICTS THTEerparii.
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[{imp0B1 MOKAa3HUKK. BU3HAYAIOTHCSA METPUKH, SIKI TUIAHYETHCS MOKPAIIUTH,
HAIPUKJIAJ, YaC BUKOHAHHS BUPOOHUYMX ITUKIIIB, €HEPrOCIOKUBAHHS, KUIBKICTh
Opaky TOIIIO.

[actpymentn  MoniTopunry. [ligkimioyeHHs A1arHOCTUYHMX — MOJIYJIB
CompactLogix 5380, ceHcopiB Ta cucteM 300py JaHUX IS aHAIIZy POOOTH
oOaHaHHSI.

2. TectyBaHHS Ha MPOYKTUBHICTh

[IpoAyKTHUBHICTh CHUCTEMU BUMIPIOETHCS IUIIXOM TOPIBHSHHS KUIBKOCTI
BUKOHAHUX BUPOOHUYMX ONEpaliii Ha OJUHMIIO0 Yacy M0 1 MiCJisl BOPOBAIKCHHS
CompactLogix 5380. {151 115010 00MparoThCs HACTYITHI MTOKA3HHUKU:

[IBuaKICT, BUKOHAHHS pOOOYMX UKIIB. BUMIpIoeThCs yac, HEOOX1THUM J71st
BUKOHAHHS OIepallii, Takux sik 00pooka aeranei Ha Bepctati UITY HAAS VF-2.

KinbkicTh mpocToiB. OLIHIOETHCS YaCcTOTA 1 TPUBAIICTD 3YITUHOK O01aTHAHHS
yepe3 TEXHIYHI HECHPaBHOCTI, HEOOXIJHICTh IEpeHaJaliTyBaHHsI a00 3aMiHy
IHCTPYMEHTY.

Cral1npHICTh BUKOHAHHS MporpaM. AHaM3yIOTbCA AaHl MPO 3aTPUMKHU Y
BUKOHAHHI MPOrPaMHUX KOMaH/I, [0 MOKE CBITYUTH PO HEAOCTATHIO MIBUAKOIIO
cucremu [25].

[Ipuknan:

Ha Bepcrari HAAS VF-2, o6mamnanomy CompactLogix 5380, micns
1HTerpallii BAAJIOCS CKOPOTUTH Yac BUKOHAHHS CTaHAApPTHOI orepariii oOpoOku
MeTany 3 12 XBUIMH 10 9 XBWIMH 3aBISKH ONTHMI3aIlii aJTOPUTMIB KEpYyBaHHS
moJa4ero IHCTPYMEHTY.

3. TecTyBaHHSI TOUHOCTI OOPOOKH

JIJist OLIIHKYM SIKOCT1 TMPOIYKIIIi MPOBOJUTHCS TECTYBAHHS TOYHOCTI OOPOOKH
netaned, surotopineHnx Ha UYIIY-cranky 3 iHTerpoBanum ITJIK CompactLogix

5380. OCHOBHUMH MMOKA3HUKAMU €
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Binxunennss Big reoMeTpudyHHX po3MipiB. [IpoBoauTbcs BUMiprOBaHHS
BUTOTOBJICHUX JI€Talel 3a JIOMOMOrOI0 KOOPAMHATHO-BUMIPIOBAIIBHUX MAIIIUH
(KBM).

[ToBepxHeBa SIKICTh. AHATI3YIOTHCS MOKA3HUKHU IOPCTKOCTI MOBEPXHI MicCIs
00pOOKH.

CrabinbHicTh poOoTH. BusHauaeThcs, un 30epiraeTbes IKICTh BUTOTOBICHHS
JieTane mpoTsIroM TPUBAIMX BUPOOHUYUX ITUKIIIB.

[Tpuknan:

[Ticnsa BopoBamkenHs CompactLogix 5380 BiAXUIIEHHS Y po3Mipax JeTaneu
Branocs 3MeHmuTy 3 £0.1 MM 10 £0.05 MM 3aBasSKH O1IBIIT TOUHOMY KEpYyBaHHIO
pyxamu ocent UITY.

4. AHali3 3HWKEHHS Yacy MPOCTOiB

Onniero 3 ocHOBHUX I11i1eH BrpoBaxeHHs: CompactLogix 5380 € minimizarris
POCTOiIB 00JIafHaHHs. TecTyBaHHS BKIIIOYAE:

AHani3 [OpUYMH MPOCTOIB: TMOJIOMKH, II€pEHAJallTyBaHHs, 3HOLIECHHS
1HCTPYMEHTIB.

Momnitopunr curnanis Bia [UIK, gxi iHhopmyroTs po cTaH o01aHAHHS.

BuxopucTtanHsi mporHo3HOro TEXHIYHOTO 0OCIYyroBYBaHHS, 3aCHOBAHOTO Ha
JaHUX TIPO CTaH KOMITOHEHTIB BepcTaTa [15].

[Tpuxnan:

Ha metanooOpobnomy migmpuemcTBi 3a gomomororo CompactLogix 5380
BJIAJIOCSl 3HU3UTH TPUBAIICTh MPOCTOiB Ha 20%, OCKUIBKA CUCTEMa aBTOMAaTUYHO
CUTHAJII3yBaJIa MMPO 3HOIICHHS IHCTPYMEHTIB, JO3BOJISIFOYM BYACHO iX 3aMIHIOBATH.

5. OuiHKa eKOHOMIYHOI €(h)eKTUBHOCTI

[licns  3aBeplIeHHs TEXHIYHOTO TECTYBaHHS MPOBOJIUTHCA  aHANI3
€KOHOMIYHHX MOKA3HHUKIB, BKIIOYAIOUH:

EneproedexktuBHICTh. BHMIPIOETBCS KUIBKICTh CHOXKHUTOI €HEprii Ha

OJIMHUIIIO BUTOTOBJICHOT MPOAYKIIIi.
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3HIKEHHSI BUTPAT Ha 00CITyroBYBaHHS. BU3HAYarOThCS BUTPATH HA PEMOHT 1
3aMiHy Jetaneit o i micus interpaiii CompactLogix 5380.

[linBuIIeHHS TPOAYKTUBHOCTI. AHAJI3YEThCSA EKOHOMIYHA BHUTOJIA BIJ
30UTBITIEHHS KUTBKOCTI BUTOTOBJICHHX JCTAJICH.

[Tpuknan:

[Ticas inTerpanii CompactLogix 5380 Ha BHpOOHUYIH JiHIT MiATPUEMCTBO
3HM3WJIO CIOKUBaHHS eliekTpoeHeprii Ha 15% 3aBasku onTumizaiii poOOTH
JIBUTYHIB 1 HACOCIB.

Pe3ynbTaTn TecTyBaHHS

[TokpamenHs mnpoaykTuBHOCTI. Ha OGaraTtboxX miampueMcTBaxX I1HTErparfis
CompactLogix 5380 m103BoJisie CKOPOTUTH Yac BUKOHAHHS BUPOOHUYMX IUKIIIB Ha
15-30% 3aBasiku aBTOMATH3AIllT Ta ONTHMI3alli] IIPOLIECIB.

[TinBUILIEHHS SIKOCTI TPOYKIIii. 3aBISKH TOYHOMY KEPYBaHHIO 1 MOHITOPUHTY
AKICTh BUTOTOBJICHUX JETajleil MOKPAILYyEThCSA, a KUIbKICTh OpaKy 3HM)KYEThCS Ha
20-40%.

MiHimizaniss nOpocToiB. BhpoBajkeHHS TPOrHO3HOTO O0OCITYyrOBYBaHHS
JOTIOMAara€e YHUKaTH aBapiMHUX 3yMUHOK 1 CKOPOTHTH 3arajlbHAN Yac MPOCTOIB Ha
20-50%.

Exonomiuna edektuBHicTh. [HBecTuuii y BnpoBamkeHHs CompactLogix
5380 OKymOBYIOTBCS 3a PAaXyHOK 3HIDKCHHS BUTpAT Ha EHEPrilo, PEeMOHT Ta
M1BUIIEHHS TTPOIyKTUBHOCTI MPOTAroM 1-3 pokiB [34].

TectyBanHs edekTuBHOCTI podoTH ctankiB UITY micnsa BopoBamkenns [TJIK
Allen-Bradley CompactLogix 5380 neMoHCTpy€ 3HAYHMI MOTEHIIANT i€l CHCTEMHU
JUISL TIOKpAIEHHS BUPOOHUUYUX MpoIeciB. BOHO 103Bosisie BUSBUTH ClIa0K1 MiCIs,
OIIIHUTH JIOCSATHYTI PE3yJbTaTH 1 BU3HAYMTH, UM BIJNOBIJa€ CHUCTEMa 3aJaHUM
M. KoMrnekcHuit miaxig 10 TeCTyBaHHs 3a0e31euye MaKCUMallbHY MPO30PICTh
1 Ja€ 3MOTy MiANPUEMCTBAM MPUUMATH OOIPYHTOBAHI PIIIEHHS HI0J0 MOAAIBIIOL

MOJICpHi3aIlii Ta BIOCKOHAJICHHS aBTOMAaTH3aIlii.
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3.4. AHamii3 oTpUMaHMUX pe3yIbTaTiB: MOPIBHAHHSA A0 Ta michs iHTerparii [IJIK
Allen-Bradley CompactLogix 5380

AHaJi3 OTpUMaHUX PE3yNbTaTIB MiCIs IHTErpallii MPOrpaMOBaHOTr0 JOTTYHOTO
xkoutposepa (IIJIK) Allen-Bradley CompactLogix 5380 € ki1to4oBUM eTarmom is
BU3HAUEHHS €(PEKTUBHOCTI BOPOBA/KEHUX 3MIH Yy BUPOOHHUUX mporecax. Bin
BKJIIOYA€ OINIHKY 3MIH y NIPOJYKTHBHOCTI, SIKOCTI, HQJIMHOCTI Ta €KOHOMIYHHMX
MOKa3HUKax poOOTH O0OJNaJHaHHS, IO JIO3BOJISIE YITKO BHUSABUTH IE€peBaru
aBTOMATHU3aIll{ Ta BIOCKOHAJICHHS TEXHOJIOTTYHOTO ITUKITY. [TopiBHSHHS 10 Ta Tics
BrpoBapkeHHss CompactLogix 5380 0OasyeTbes Ha peTeabHOMY 300pi JaHUX,
aHali3l KIIOYOBHX ITOKAa3HUKIB Ta OLIHII BIUIMBY BIPOBAJKEHUX pIIIEHb Ha
3arajibHy e(eKTUBHICTh BUPOOHMIITBA.

Jlo inTerpamii CompactLogix 5380 OinbHIICTP BUPOOHHUYHMX IMPOICCIB
XapaKTEepU3yBaIUCs OOMEKEHOI THYYKICTIO, BUCOKMM pIBHEM PY4YHOI Mpari, a
TaK0>X 4YaCTUMU MIPOCTOSIMU Y€PE3 MOJIOMKHU, 3HOC IHCTPYMEHTIB a00 HENPaBUIbHY
poboTy o0nagHaHHA. Y TaKMX yYMOBax CHUCTEMHU aBTOMAaTH3allii OyJIu HEI0CTaTHbhO
IHTETPOBAHUMH, IO CTBOPIOBAJIO TEPEIIKOAM MJSl TOCSTHEHHS ONTHMAaIbHUX
MOKa3HUKIB MPOAYKTUBHOCTI Ta sikocti. Ilicns imTerparmii CompactLogix 5380
CIOCTEpIraliCs 3HA4HI TMOJIMIICHHS, AKI MOXHAa YMOBHO PO3AUIMTH Ha KUIbKa
OCHOBHHUX KaTeropii: MpOAyKTUBHICTh, SKICTh OOpPOOKH, HAIIMHICTh CHCTEMH,
E€KOHOMIYHA €EKTUBHICTh Ta €HEProe(PEKTUBHICTH [3].

[linBumeHHS NOPOAYKTUBHOCTI € OJHUM 13 TOJIOBHUX JIOCSTHEHB
BrpoBa/pkeHHs: CompactLogix 5380. 3aBasiku BUKOPUCTAHHIO  CyYacHHX
aIrOpUTMIB aBTOMartu3alii Ta Bucokoi mBuakonii IIJIK Bpamocs cyTTeBO
CKOPOTHUTH YaC BUKOHAHHS BUPOOHMUMX IIUKITiB. Hanmpukian, Ha MeTanooOpoOHOMY
Bepctati HAAS VF-2 vac BUKOHaHHS CTaHAapTHOI omeparlii o0poOKku aeranei
3MeHImuBces 3 12 10 9 xBunuH. Lle Oyno nocsSrHyTo 3a paxyHOK aBTOMaTu3allii
3aBaHTAKCHHS Ta PO3BAHTAXKEHHS MaTepiaiiB, OMTHMI3allii Moa4il IHCTPYMEHTY Ta

TOYHOTO YIIPABIIHHS MapaMeTpaMu 0OpOOKH.
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SIxicTe 00poOKM TakoXk 3HAYHO Mokpamuiacs. [lo inrerpanii CompactLogix
5380 BigXuieHHS B po3Mipax AeTalleld 4acTo NePEeBUIIYBaJIU JOIMYCTUMI 3HAUCHHS,
110 MPU3BOUIIO IO BUCOKOTO piBHs Opaky. [Ticis BnpoBamkenus [JIK Bigxunenus
smeHmmucs 3 £0.1 MM 10 £0.05 MM 3aBISKM TOYHOMY KOHTPOJTIO pyxiB oceit UITY,
a TaKO aBTOMAaTHUYHOMY KOPHUT'YBaHHIO MapaMeTpiB OOpOOKH 3ajIeKHO BiJ 3MiH Y
XapaKTepUCTHKAX MaTepialiB uu iIHCTpyMeHTIB. [loBepxHeBa sIKiCTh eTajei TaKoX
MOKpalIuiacs, 0 CTAJI0 Pe3yJIbTaTOM CTa0IILHOTO TOTPUMAHHS TEXHOJIOTTUHUX
napameTpiB [5].

Haniiinicte poOOTHM CHUCTEMM 3HAYyHO 3pociia TICHS  BIPOBAIKEHHS
CompactLogix 5380. o iuTerpaiii 4acti 3ynuHKH OOJaAHAHHS CIPUYHHSIIUCS
MOJIOMKaMH, HEMPAaBUIFHUM HANAIITYBAaHHAM a00 HEBYACHHM OOCIYrOBYBaHHSM.
3aBASKM BHUKOPUCTAHHIO (PYHKIIH MOHITOPUHTY Ta MPOTHO3ZHOTO TEXHIYHOTO
oOciyroByBaHHs, siki 3a0e3neuye CompactLogix 5380, Branocst 3HU3UTH KIJTBKICTh
aBapiiinux mpoctoiB Ha 30%. IIJIK 30upae mani mpo cTaH I1HCTPYMEHTIB,
TEeMIIepaTypHI PEKUMH Ta 1HII apaMeTpu 0OJaHAHHS, 1110 J03BOJISIE CBOEYACHO
IJIaHyBaTH OOCITYyTrOBYBaHHS 1 3aMiHY J€Tajei.

Exonomiuna edektuBHicTh iHTerpamii  CompactLogix 5380 crana
OUYEBMJIHOIO 3aBJSKH 3HUKEHHIO BUTPAT HA €HEPTil0, PEMOHT Ta 00CIyTrOBYBaHHS
obnagHanHs. OnTuMizailisi poOOTH JABUTYHIB 1 HACOCIB JO3BOJWJIA 3MEHIIUTH
€HeprocrnoXXuBaHHs Ha 15%, a MPOrHO3HE TEXHIYHE OOCIyrOBYyBaHHS JOMOMOIIIO
YHUKHYTHU 3HAUHUX BUTPAT Ha YCYHEHHs aBapiid. BupoOHUY1 MiAIPUEMCTBA TaKOXK
B1/I3HAYMJIU 3HWKEHHSI KIJTbKOCT1 Opaky Ha 20%, 1110 10JaTKOBO 3MEHIITUIIO BUTPATH
Ha CUPOBHUHY Ta ITIOBTOPHY OOpPOOKY.

EneproedexTuBHICTh CTama 1€ OJHUM BAKIMBUM acCIEKTOM IOKPAIlCHb.
3aBAsSKM BUKOPUCTaHHIO iHTeNekTyanbHux anroputmiB CompactLogix 5380
BJIAJIOCS 3HAYHO 3HU3UTHU CIIOKUBAHHS €JIEKTPOSHEPTIi HA OJIMHUITIO BUTOTOBJICHOT
npoaykii. Cucrema aBTOMaTHYHO MEPEXOIUTh Y €HEPTOOMIAAHII PEKUM TIiJT Jac
OpocToiB  ab0 HEMOBHOTO HABAaHTAXKEHHS, [0 JO3BOJISIE  MIANPHEMCTBY

e(EeKTUBHIIIE BUKOPUCTOBYBATH PECYPCH.
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[MopiBustHHS 110 1 micis iHTerpanii CompactLogix 5380 Takoxx AeMOHCTpYye
3HAYHI MepeBaru y THy4YKOCTI BUPOOHHYMX TporieciB. PaHimie nepeHanamryBaHHs
CHCTEM 3aiiMalio TPUBAJIMK Yac, OCOOJIMBO y BUMAAKaX MEPEXoay Ha HOBI THUIH
npoxaykii. Ilicns BmpoBamxenns CompactLogix 5380 wac mepeHamamTyBaHHA
3MmeHmuBcs Ha 40% 3aBISKU MOKIIMBOCTI MIBUAKOTO niepenporpamyBanss [1JIK ta
ajanTariii CHCTeMH JJ0 HOBUX 3aBJ/IaHb.

AHaJli3 OTpUMaHUX PE3YJIbTATIB 103BOJISIE 3pOOUTH BUCHOBOK, 1110 1HTETpaIlis
CompactLogix 5380 cyrreBo miaBumiIa €()eKTUBHICTb BUPOOHUYUX MPOIIECIB.
3aBASKM aBTOMATHU3aIlli BJAIOCS CKOPOTUTH Yac BUKOHAHHS 3aBJaHb, MOKPAIIUTH
SKICTh MPOAYKIIii, MIHIMI3yBaTH MPOCTO1 T4 3HU3UTH BUTPATH HA 0OCITyTrOBYBaHHS.
OTpumani JaHi CBiIYaTh MPO 3HAYHUN EKOHOMIYHUN €(EeKT BiJ BIPOBAIKECHHSI
CompactLogix 5380, sikuii OKyHNOBYETHCSI 32 PaXyHOK 3MEHIIICHHS OIepariiiHux

BUTpAT Ta MiABUIICHHS TPOAYKTUBHOCTI [35].

BucHoBkH

VY maricTepchkiit pob0oTi TPOBEACHO KOMIUIEKCHE JOCIIIKSHHS IT1IBUIIICHHS
MPOIYKTUBHOCTI poboTH crankiB UITY Ha OCHOBI BIPOBAHKEHHS MPOTPAMOBAHUX
noriuaux koutpoiepiB (IJIK), 3oxpema Allen-Bradley CompactLogix 5380.
OTpumaHi pe3ynbTaTd MiATBEPAWIN €(PEKTUBHICTH 1HTErpallii CydyacHHUX pIIICHb
aBTOMaTH3alli sl TOKpAalleHHs poO0OTH OO0JaJHaHHS B YMOBAaX Cy4acHOIO
BUPOOHUIITBA.

OCHOBH1 BUCHOBKH:

1. Ananmiz texnosorii UITY ta aBromartuzaiii. IlpoBemeHo anamis
icropuyHoro po3Butky UIIY-texHosoriii Ta iX poidi y cydacHiii MpPOMHCIOBOCTI.
Hocnimxeno ¢pyHkiionyBanHs cydacHux crankiB UIIY, takux sk HAAS VF-2, ta
BU3HAYCHO KJIFOUOBI TEXHOJIOT1UHI BUKJIUKH, SIKI MOKHA BUPIIIUTH 32 JOTIOMOTOIO

BrpoBakeHHs [TJIK.
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2. Bublp ontumanbHOi amapatHo-mporpamHoi 0asu. Ha  ocHoBi
TEeXHIYHOTO aHa3y oO0rpyHToBano BuOip Allen-Bradley CompactLogix 5380 sk
[UJIK, 3matHOrOo 3a0€3MEeYuTH BHCOKHUW PIBEHb MPOAYKTHBHOCTI, THYYKOCTI Ta
cymicHocti 3 UITY HAAS VF-2. OOpano HeoOXigHy KOH(}Irypaiiro MOIYIIB
BBCJICHHS/BUBEICHHS, KOMYHIKAIlIMHIX MOJYJIIB 1 MPOrpaMHOTO 3a0e3eueHHs.

3. Imrerpamis IUIK y Bupobuuui mporecu. Po3pobneHo cTparerito
inTerpanii CompactLogix 5380 3 UIIY, sika BkIJOYae ONTUMI3ALII0 yHPaBIIHHS
napamMeTpamMu oOpoOKH, 3MEHIIEHHS MPOCTOIB, aBTOMATHU3AI[il0 HAJIAIITYBaHHS Ta
MOHITOPUHT CTaHy 00JIaJHaHHS.

4, OnTumizariisi BupoOHuuux npoiecis. Brnposamkenns [1JIK no3Bommio
ONTUMI3yBaTU PoOOYl IUKIIM, CKOPOTUTU YaC BUKOHAHHS 3aBlIaHb, MOKPAIIUTH
AKICTh OOpOOKHM Ta TIJBHIIUTH CTAaOUIBHICTH POOOTH oOJagHaHHS. 30KpeMa,
3apsiku iHTerpaiii CompactLogix 5380 Branocst 3MEHITUTH Yac 0OpOOKH JieTasneit
Ha 20% Ta CKOPOTUTH KUIBKICTH Opaky Ha 25%.

S. MOHITOPUHT 1 TPOTHO3HE 00CIIyroByBaHHs. Bukopuctanus (QyHKIIiH
MoHiTopuHry [IJIK 3a0e3neumsno cBO€yacHE BUSIBICHHS HECHPaBHOCTEH 1
MPOTHO3YBaHHS HEOOX1AHOCTI 00CyroByBaHHs. Lle 103BONIIO 3HUZUTH KIJTBKICTh
aBapiitHux npoctoiB Ha 30% Ta 3a0e3neunTu CTabiIbHICTh POOOTH CUCTEMH.

6. EneproedextuBHicTh. OnTumizaiis pexumiB podotu crankiB UITY Tta
BUKOPHCTAHHS aJITOPUTMIB €HEPTro30epeKeHHSI TO3BOIMIIA 3MEHIIIUTH CIIOKUBAHHS
enekTpoeneprii Ha 15%.

1. ExoHomiuna edekTuBHICTb. AHaI3 pe3ynbTaTiB TOKa3aB, 10
BripoBapkeHHs: CompactLogix 5380 mae BUCOKUN €KOHOMIYHUHN e€()EKT 3a paXyHOK
MiIBUIEHHS TPOAYKTUBHOCTI, 3HIKCHHS BUTpaT Ha OOCIYroByBaHHS Ta
eHeprocnoxxuBadHs. OKyMHICTh MPOEKTY CTAHOBHUTH BiJl OJHOTO JO TPHOX POKIB
3aJIeKHO BiJ] OOCSATIB BUPOOHMIITBA.

8. [Iporno3 po3Butky ranysi. IlpoBeneHo aHami3  MEPCHEKTHB
aBromaTu3ailii BUpOOHUITB 13 BukopuctanusMm YITY ta IIJIK. Busnaueno, mio

IHTEerpalis IITY4YHOTO IHTENEKTY, |HTepHETy pedeil Ta XMapHUX TEXHOJIOT1H
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BIJIKPUBAE HOBI MOKJIMBOCTI JJIs M1ABUILIEHHS €(DEKTUBHOCTI BAPOOHUYHUX MPOIIECIB
y HanOmmx4l 5-10 pokis.

OtpuMaHi pe3ynbTaTd MiATBEPIXKYIOTh, 110 BrpoBamkeHHs [1JIK Allen-
Bradley CompactLogix 5380 € edexTuBHUM pilICHHSIM I TABUIICHHS
MPOJYKTUBHOCTI Ta HaAiitHOCTI pobotu ctankiB YITY. IlpakTtuyHi pekoMeHaanii,
pO3pO0ICH] Y MeXaxX IOCHTIKEHHS, MOXKYTh OyTH BUKOPHCTaHI JIJIi MOJCpPHi3aIlii

BUPOOHUIITB Y PI3HUX Tally3sX MPOMHUCIOBOCTI.
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ANALYTICAL PART
1.1. The history of the development of CNC technologies

Numerical program control, or CNC (Computer Numerical Control), is one of
the most significant innovations in the field of production, which radically changed
the approach to mechanical engineering and material processing. Today, when CNC
machines are used in almost every industry, it is important to go back to the origins
of this technology and trace its evolution to understand how it acquired its modern
form and meaning.

The history of the development of CNC technologies began in the middle of
the 20th century, when there was a need for more accurate and automated control of
production equipment. Prior to this, machines were controlled manually or using
mechanical programs such as punch cards and cam systems.

One of the main problems faced by the industry was the low accuracy and
complexity of the management of production processes, which did not allow to
quickly and efficiently adapt machines to new production requirements. It was these
challenges that became the impetus for the creation of numerical software control
technology [1].

The first steps towards the development of CNC were made in the 1940s,
when new automation methods began to be developed in the United States by order
of the military. One of the pioneers of this technology is John Parsons, an engineer
from Traverse City, Michigan, who developed a method of controlling tools using
coordinate points to make turbine blades. He proposed the idea of using punched
cards to control mechanical movements, which became the basis for the further
development of CNC technologies. His ideas received support from the military,
particularly the US Air Force, which was looking for ways to increase precision in
the production of aircraft components.

After that, the main developments were transferred to the Massachusetts
Institute of Technology (MIT). In 1949, at the initiative of the US Air Force and
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under the leadership of Richard K. The grant was used to launch a project to develop
the first machine tool with numerical software control [2].

The goal was to create a system that could automatically control tool
movements with high precision, which was necessary for the production of aircraft
parts. This project became the basis for the creation of the first CNC machine, which
was used for metal processing.

In 1952, the first CNC machine was introduced at MIT laboratories (Figure
1.1). He worked on the basis of punched cards, which set instructions for controlling

the movements of incisors in three-dimensional space.

Figure 1.1 - The first CNC machine

This breakthrough opened up new horizons in industrial production. Although
the first machines were quite complex and expensive to manufacture and use, their
accuracy and the possibility of automation quickly attracted the attention of large

enterprises [3].
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At first, CNC was used mainly in the military sphere, but later it began to
spread to civilian industry, especially in the production of cars and aircraft
components.

The 1960s saw significant improvements in CNC technology. The main factor
contributing to the development of this technology was the improvement of
computer systems and the possibility of integrating computers into the production
process.

Punched cards were gradually replaced by magnetic tapes, and then by
computers, which allowed storing much more data and processing it at a higher
speed [4].

This made it possible to significantly expand the possibilities of program
management and make processes more flexible. Numerical control systems for
various types of machines: milling, turning, drilling and others began to be
developed during this period.

In the 1970s, there was another major breakthrough in the development of
CNC technology (Figure 1.2). During this period, computers became more
accessible, which made the introduction of CNC at enterprises more economically

profitable.

Figure 1.2 — CNC in the 1970s
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In addition, the first standards for CNC programming were developed at this
time, the most famous of which is G-code, which is still used today to describe tool
movements and other manufacturing parameters.

Standardization made it possible to make the technology universal and
simplify the training of operators. It is also important to note that during this period,
software was developed that allowed operators and programmers to create complex
programs for machine control without the need for deep programming knowledge
[5].

The 1980s became a period of mass distribution of CNC technologies. At this
time, most large industrial companies began to introduce CNC into their production
processes, which allowed to significantly increase the productivity and accuracy of

manufacturing parts.

Figure 1.3 — CNC in the 1990s

CNC digitalization has opened up new horizons in production capabilities.

Thanks to the integration of sensor systems, machine tools can now monitor the



104

condition of the tool in real time, monitor the wear of cutting elements, detect
vibrations and other anomalies during processing.

This allows you to prevent possible accidents, reduce the number of defective
parts and increase overall productivity [7].

In addition, the development of sensor technologies has made it possible to
create adaptive control systems that can automatically adjust to changes in the
characteristics of materials or the state of equipment.

The integration of CNC with cloud technologies has become another
important stage in the development of this industry.

Cloud platforms provide an opportunity to store huge amounts of data
generated during the operation of machines and analyze this data to optimize
processes.

This not only increases production efficiency, but also makes it easier to
manage large enterprises, as it allows operators to access and control machines
remotely from anywhere in the world.

The development of artificial intelligence has also contributed to the
improvement of CNC technologies. Al is used to predict tool wear, automatically
optimize production processes, and detect potential faults before they affect
productivity [9].

Another important area of development is the introduction of additive
technologies, such as 3D printing, into CNC-controlled processes.

Although CNC machines are traditionally used for subtractive machining
(milling, turning), the integration of additive technologies allows combining both
approaches to create complex parts. This opens up possibilities for the production of
prototypes and small-scale production with high flexibility and minimal loss of
materials [8].

In addition, an important aspect of CNC development was the improvement

of user interfaces. Modern control systems make it possible to easily and quickly
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program machines without deep programming knowledge, using intuitive interfaces
and software.

Operators can interact with machines through touch screens, graphical
interfaces and even voice commands. This greatly facilitates the process of setting
up the machines and makes them more accessible to a wide range of users.

Today, CNC machines continue to evolve, and their future looks even more

promising thanks to the continuous improvement of technology.

1.2. Overview of the operation of modern CNC machines

Modern numerically controlled (CNC) machines have become an important
element of industrial production, providing high precision, process automation and
productivity. CNC is used in many industries - from mechanical engineering to
aviation and medicine, as it allows the manufacture of complex components with
minimal deviations and high speed.

Thanks to the integration with computers and the possibility of programming,
these machines carry out extremely precise control of the cutting tools, which allows
the production of parts of complex geometry.

One of the main advantages of CNC is process automation. In traditional
control systems, when the operator controlled each stage, there was always a high
probability of errors, which led to the loss of time and materials [11].

Thanks to CNC, the system is controlled by a computer and executes
instructions given in advance in the form of digital codes. This allows you to avoid
human errors and achieve maximum accuracy. Today's CNC systems are often
integrated with computer-aided design (CAD) and computer-aided manufacturing
(CAM) programs, allowing the entire cycle from design to production to be
automated. This is especially important in areas such as the automotive or aerospace

industries, where minimal deviations can lead to serious consequences.
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The basis of the operation of CNC machines is the controller - a special
computer that controls all machine processes. The controller receives a program that
determines how the tool will move along the axes, what trajectory it should follow,
and how the material should be processed. In modern machines, the controllers are
very powerful, and their capabilities allow you to control movements along many
axes at the same time. For complex parts, machines with five or more axes are used,
which can process parts in all spatial directions without the need to readjust the
workpiece.

In addition to controllers, drives and motors play an important role, which
ensure the accuracy of tool movement. Modern machines use servomotors and
stepper motors, which allow to achieve high accuracy [12].

One of the important aspects of the functioning of modern CNCs is software.
It allows operators and engineers to design complex parts and then automatically
translate those drawings into machine tools.

CAM software automatically creates a tool path based on a 3D model, which
greatly simplifies the process of preparation for production. In addition, programs
can automatically optimize trajectories to reduce processing time and minimize
material consumption. With the development of Al and machine learning, some
programs can already predict possible problems in the production process and make
corrections in real time, increasing the efficiency and safety of work [1].

One of the innovations of recent years is the introduction of sensor
technologies in CNC machines. This allows you to constantly monitor the condition
of the tool, temperature, vibrations and other parameters that can affect the quality
of processing. Sensors can detect the initial signs of tool wear and signal the need to
replace it, which allows you to avoid breakdowns and downtime. In addition, the
sensors help to optimize the cooling and lubrication processes of the tool, which
extends its service life.

An important advantage of modern CNCs is their ability to work with a wide

range of materials. From traditional metals such as steel or aluminum, to the latest
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composite materials or even biological tissues in medical production, CNC machines
are capable of processing different types of materials with high precision.

This makes them indispensable in such high-tech industries as aircraft
construction, where parts must be light and at the same time very strong, or in
medicine, where the manufacture of prostheses and implants requires an individual
approach and perfect accuracy [13].

Another important innovation is the introduction of 3D printing as an
additional function to CNC machines. This allows you to combine subtractive and
additive methods of material processing in one device. On the one hand, the machine
can mill a part from metal or other material, and on the other hand, it can add layers
of material through 3D printing. This opens up new possibilities for the creation of
complex components that were previously impossible to manufacture using
traditional methods.

Modern CNC machines are highly automated systems that have significantly
changed the approach to production processes. One of the key aspects of the
development of these technologies is the increase in accuracy and speed of
processing, which has become possible thanks to the combination of computer
technology and mechanics. As a result, even the most complex geometric shapes,
which were previously impossible to create using traditional processing methods,
can now be produced quickly and with minimal material costs [10].

In the process of evolution of CNC machines, new types of machines appeared
that specialize in certain production processes.

For example, electrical discharge machining (EDM) machines use electrical
discharges to machine hard materials such as titanium and ceramics. This method
provides high precision, especially when machining parts from materials that are
difficult to machine with traditional machining.

Other machines, such as laser and plasma cutters, use the energy of light or
plasma beams to cut metals quickly and accurately. Such technologies make it

possible to achieve high accuracy of processing without direct contact with the
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material, which reduces the probability of tool wear and ensures longer operation of
the equipment [14].

In general, the development of CNC technologies continues to change
industrial processes. Thanks to constant innovations in the field of software,
materials and processing technologies, modern CNC machines are able to provide
not only high precision and efficiency, but also flexibility of production processes,

which becomes a key advantage in the conditions of globalization and competition.

1.3. PLC in industrial automation: general concepts and principles of operation

Programmable Logic Controllers (PLCs) have become the foundation of
modern industrial automation, transforming the way management and control
functions are performed in manufacturing. PLCs are specialized digital computers
designed to perform control functions in industrial processes. Their development
and implementation changed the face of industrial control, providing high reliability,
flexibility and accuracy.

An important part of PLCs are their inputs and outputs. PLC inputs receive
signals from sensors such as switches, temperature and pressure Sensors,
photoreceptors and other devices. These signals can be digital or analog. Digital
signals have two states, on or off, while analog signals are continuous values, such
as temperature or pressure levels. PLC outputs control various actuators such as
relays, electromagnets, servo motors and conveyors.

PLC systems are also often integrated with various communication protocols,
which allows them to interact with other PLCs, computers, and equipment [18].

This provides the possibility of centralized management and monitoring of
processes in a large industrial area or in complex production systems. For example,
a PLC can be part of a large automation network, where several controllers exchange

data and coordinately control processes in different parts of the plant.
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One of the main advantages of PLCs is their reliability. They are designed to
operate in harsh industrial environments where electromagnetic interference, high
temperatures or humidity may occur. PLCs have special protective cases and
systems that ensure their resistance to such influences. This makes them ideal for
use in complex production environments where process continuity and minimizing
downtime are important.

Programmable logic controllers are digital computers specially designed for
industrial conditions. They are designed to perform a variety of tasks such as
controlling machines, processes and production lines. PLCs use programming to
automate control functions, replacing traditional systems based on relays and
contactors.

The basic principle of PLC operation is based on the cyclic execution of the
program. The PLC constantly executes the program in a cycle consisting of three
main stages:

4, Scan inputs: PLC reads signals from all connected sensors and sensors.
These can be digital signals, such as on/off signals from switches, or analog signals,
such as temperature or pressure.

5. Program processing: Based on the input signals read, the PLC executes
a program that can be written in various programming languages. The program
determines which outputs should be activated or deactivated according to the given
conditions.

6. Update outputs: After processing the program, the PLC sends
commands to outputs that control actuators such as relays, servo motors, conveyors,
etc. This may include turning devices on or off, speed control, or any other
management action [13].

Programming a PLC is a key aspect of its operation. There are several
programming languages used to create programs for PLCs:

6. Ladder Logic: This is one of the most popular programming languages

for PLCs. It resembles an electrical circuit with relays and contactors. Ladder Logic
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presents conditions and actions in the form of graphical symbols, making it
understandable for people with an electrical background.

7. Function Block Diagram (FBD): This is a graphical programming
method where the program is made up of blocks that represent functions.

8. Structured Text (ST): It is a text-based programming language that
resembles Pascal or C. It allows the use of structured commands to describe program
logic and is a powerful tool for creating complex algorithms.

9. Instruction List (IL): This is a low-level text-based programming
language that resembles assembly language. It uses simple commands to perform
operations, which allows very precise control of processes.

10.  Sequential Function Charts (SFC): This programming language is used
to manage processes that have a clear sequence of steps. It allows you to determine
the stages of the process and the transitions between them.

PLC consists of several main components:

6. Processor (CPU): The main component that executes the program and
controls all other elements of the system. The processor processes input data,
performs logical operations and generates output signals.

7. Input and output modules (I1/0 modules): Inputs receive signals from
various sensors and sensors, and outputs control actuators. There are digital modules
for working with binary signals and analog modules for working with continuous
signals.

8. Memory: Stores the program, data and parameters necessary for the
operation of the PLC. Memory can be of different types, including flash memory
and RAM [15].

9. Feeding: PLC needs power supply to work. It can be direct current or
alternating current, depending on the specific model of the PLC.

10. Communication ports: PLCs often have various ports to communicate
with other devices such as computers, other PLCs, or peripherals. It can be Ethernet,
RS-232, RS-485 or other protocols.
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PLCs use different communication protocols to interact with other systems.
This allows the PLC to be integrated into larger automation and control systems.

Programmable logic controllers remain critical to modern industrial
automation, and their role in ensuring the efficiency, flexibility and reliability of

manufacturing processes will only grow.

1.4. The main manufacturers of PLCs and their products for CNC

The major manufacturers of PLCs (Programmable Logic Controllers) have a
huge impact on modern industrial automation, including numerous industries such
as material processing, automotive manufacturing, oil and gas, and many others.
PLCs are used to control technological processes, in particular, in machines with
numerical program control (CNC). Their development and modernization are
carried out by leading manufacturers, each of which offers its products with unique
characteristics, oriented to the needs of various industrial sectors.

Siemens

Siemens is one of the leaders in the automation market, and their line of PLCs
has a wide reputation for reliability, functionality and CNC compatibility. Siemens
offers products that meet the highest quality standards in the field of automation.
The Siemens Simatic S7 line is one of the most famous series of PLCs, widely used
in numerous industries, including CNC machines.

A big advantage of Siemens products is that Simatic PLCs are highly resistant
to industrial conditions where electromagnetic interference, high humidity or
temperature may occur. This allows them to be used at facilities with harsh operating
conditions, such as metallurgical plants or wood processing enterprises, where CNC
machines are used [16].

Allen-Bradley (Rockwell Automation)

Allen-Bradley, a subsidiary of Rockwell Automation, is another leading PLC

manufacturer. Their ControlLogix and CompactLogix controllers are recognized as
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some of the best for complex industrial tasks, including CNC machine control.
Allen-Bradley products stand out for their high scalability and ability to work in
complex network environments. This allows the PLC to be easily integrated with
other devices and systems on the production floor.

Allen-Bradley pays special attention to issues of safety and compatibility with
other industry standards. The company's products support Ethernet/IP and
ControlNet industrial protocols, which allows them to be integrated into complex
automation networks. Thanks to this, CNC systems can be part of larger complexes
of automated production management, which significantly increases efficiency and
productivity.

Mitsubishi Electric

Mitsubishi Electric is also one of the leading manufacturers of PLCs for CNC
systems. Their MELSEC series has been developed specifically for tasks related to
the control of high-precision processes, such as the operation of CNC machines.
MELSEC supports high-speed data processing and precise motion control, making
them an ideal solution for many industries, including electronics manufacturing,
where micron precision is important.

Mitsubishi also offers a high level of security and protection of its controllers
from external threats. The product supports various data protection protocols, which
makes it attractive for companies working with critical industrial processes.

Schneider Electric

Schneider Electric is an international corporation specializing in solutions for
automation and energy management. Their Modicon series of PLCs are known for
their reliability and flexibility in industrial processes. Modicon PLCs are widely
used in CNC automation systems, where high accuracy and stability are important
[17].

One of the main advantages of Schneider Electric products is integration with
EcoStruxure ecosystems, which allows for centralized management of all aspects of

production processes, including CNC machines. Modicon allows you to easily
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integrate the CNC into the general automation network of the enterprise, providing
flexibility and efficiency of management.

OMRON

OMRON is another significant player in the CNC PLC market. Their Sysmac
series controllers are popular among companies specializing in high-precision
manufacturing processes. Sysmac provides fast data processing and features to
integrate motion control systems with common automation networks.

OMRON also offers PLCs that support extensive programming and
integration with sensors and actuators. This allows you to create complex automated
solutions for control of CNC and other mechanical systems. OMRON constantly
invests in the development of the latest technologies to improve the accuracy and
speed of its controllers.

Among OMRON's innovative solutions, we can mention the implementation
of Al and machine learning algorithms in their controllers, which allows predicting
possible failures and performing preventive equipment maintenance.

Beckhoff Automation

Beckhoff Automation specializes in creating open automation systems, and
their PLCs are widely used for CNC control. Their TwinCAT technology allows
PLC programming in a variety of languages, including popular industrial automation
standards such as IEC 61131-3. TwinCAT allows for the integration of PLCs with
CNC software, which greatly simplifies process management on production sites.

Beckhoff is known for its approach to industrial automation based on PC (PC-
based control), which allows the integration of PLC functions into standard

hardware, such as industrial computers.

1.5. Innovative directions in the field of HAAS VF-2 CNC and Allen-Bradley
CompactLogix 5380 PLC
Innovative directions in the field of numerical control (CNC) and

programmable logic controllers (PLC) influence the development of modern
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production processes more and more every year. In the context of the HAAS VF-2
machines and the Allen-Bradley CompactLogix 5380 PLC, the latest innovations
open up new opportunities to optimize work processes, increase productivity and
ensure high precision in the processing of complex parts. Innovations in this area
include the introduction of advanced technologies such as artificial intelligence (Al),
machine learning, the Internet of Things (1oT), cloud technologies and integration
with automated manufacturing process control systems. This allows you to achieve
a high level of automation and efficiency in production, reducing the risk of errors
and stoppages.

Evolution of HAAS VF-2 CNC systems

The HAAS VF-2 is one of the most popular CNC milling machines widely
used in manufacturing due to its reliability, precision and high performance. The
constant development of this platform includes the introduction of new functions
and technologies that ensure faster and more accurate processing of parts [3].

One of the main innovative trends in HAAS VF-2 machines is the integration
of advanced automation and control systems. This allows to achieve a high level of
accuracy in the manufacture of complex parts, and also increases the speed of
processing, which is critical for reducing the time of execution of production cycles.

Thanks to the introduction of new sensors and tool condition monitoring
systems, HAAS VF-2 machines can automatically monitor tool wear, which allows
for timely tool changes and ensures stable machining quality. This significantly
reduces the risk of defects and minimizes equipment downtime, which positively
affects overall productivity.

Also an important innovation is the ability to integrate HAAS VF-2 with
modern programmable logic controllers, such as Allen-Bradley CompactLogix
5380. This allows you to expand the functionality of the machine, provide more
flexible control of production processes and integrate it into automated production
lines.

Innovations in the Allen-Bradley CompactLogix 5380 PLC
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Allen-Bradley CompactLogix 5380 programmable logic controllers are
among the leading solutions in the automation market due to their high performance,
reliability and scalability. These controllers support modern communication
protocols such as Ethernet/IP, which allows you to integrate them into distributed
control systems and provide high-speed data exchange between various elements of
the production system [18].

One of the main innovations in the CompactLogix 5380 is the support for
high-precision motion control functions. This allows the use of a PLC to control
complex machine movements, which is especially important for milling machines
such as the HAAS VF-2. Thanks to this, it is possible to precisely adjust the
processing parameters and automate the processes of changing tools or controlling
multi-axis systems.

It is also worth noting that the CompactLogix 5380 supports advanced
diagnostic and monitoring functions, which allows you to detect faults and predict
the need for maintenance. This is an important step in the direction of implementing
the concept of "predictive maintenance", which minimizes equipment downtime and
ensures uninterrupted operation of machines.

Implementation of artificial intelligence and machine learning

One of the key areas of innovation in the field of CNC and PLC is the
introduction of artificial intelligence (Al) and machine learning technologies. These
technologies open new opportunities for automation of data analysis processes,
optimization of production parameters and self-learning of control systems.

Based on the data collected during the operation of the machines and
controllers, Al systems can automatically adjust the operating parameters to adapt
them to changing production conditions, such as the type of material or the condition
of the tool. This allows not only to increase processing efficiency, but also to save
resources, such as energy or consumables [16].

Machine learning can also be used to predict possible equipment failures. For

example, by analyzing data on vibration, temperature or other parameters, the
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system can warn in advance about the need to replace parts or carry out maintenance,
which reduces the risk of emergency downtime.

Internet of Things (IoT) and connected manufacturing

The Internet of Things (IoT) is another important innovation trend in CNC
and PLC. Thanks to the connection of machines and PLCs to the Internet, it becomes
possible to provide remote monitoring and management of production processes, as
well as the collection and analysis of large volumes of data in real time.

Production lines using 10T technologies can work as a single integrated
complex, where all system components (machines, PLCs, sensors, robotic systems)
interact with each other, ensuring optimal operation. This allows enterprises to
effectively respond to changes in production conditions and reduce the time for
reconfiguration of equipment.

For example, in the case of integration of CompactLogix 5380 PLCs with
HAAS VF-2 machines through IoT systems, remote control and diagnostics of the
equipment can be carried out. This is especially useful for large manufacturing
enterprises, where constant monitoring of equipment operation allows prompt
response to deviations and prevention of production stoppages.

Use of cloud technologies

Cloud technologies also play an important role in innovation in CNC and
PLC. Thanks to the ability to store data in the cloud and use cloud computing
resources, enterprises can significantly improve the management of production
processes and increase their flexibility.

For example, performance data from HAAS VF-2 machines and
CompactLogix 5380 PLCs can be stored in the cloud and used to analyze
performance, identify potential problems, or optimize processes. The use of cloud
computing power allows analyzing large volumes of data using complex algorithms,
which would be difficult to implement on local servers.

In addition, cloud platforms allow access to data from anywhere in the world,

which is especially important for companies with global production networks. This
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makes it possible to quickly respond to changes in production processes and ensure
a uniform level of product quality at all enterprises [17].

Integration with robotic systems

Another innovative direction is the integration of CNC systems, such as the
HAAS VF-2, and the CompactLogix 5380 PLC with robotic systems. Modern
production lines increasingly use robotic manipulators to perform tasks that require
high precision and speed. The integration of PLCs with robotic systems allows for
the creation of fully automated production lines where robots interact with CNC
machines without human intervention.

The CompactLogix 5380 PLC provides the possibility of precise control of
robotic systems, which allows you to automate processes related to material
handling, transportation of parts, assembly or packaging of products. This allows
you to significantly increase productivity and ensure stable product quality.

Innovative directions in the field of CNC and PLC, in particular in the context
of HAAS VF-2 machines and Allen-Bradley CompactLogix 5380 PLC, open up new
opportunities for increasing the efficiency of production processes. The introduction
of advanced technologies such as artificial intelligence, the Internet of Things, cloud
computing and integration with robotic systems allows for new levels of automation
and productivity.

These innovations not only reduce costs and increase processing accuracy, but
also create new opportunities for adapting production processes to changing market
conditions. Businesses that actively implement these technologies receive
significant benefits, as they can use resources more efficiently, improve product
quality, and reduce the risk of equipment downtime.

Thus, expanding the possibilities of CNC integration with PLC and
introducing innovative solutions into production processes is a key factor in the
successful development of modern enterprises in industry.

Innovative directions in the field of Numerical Control (CNC) and

Programmable Logic Controllers (PLC) can be demonstrated through concrete
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examples of real implementations that reflect successful strategies for improving
efficiency and automating production processes. Below are examples of how the
implementation of the HAAS VF-2 CNC in combination with the Allen-Bradley
CompactLogix 5380 PLC is already implemented at various manufacturing
enterprises, which allows achieving significant results in optimization [8].

Example 1: Aircraft manufacturing enterprise — increasing the accuracy of
processing complex parts

One of the main challenges in the production of components for the aviation
industry is the high precision and stability of the machining of parts, since even the
smallest deviations can affect the safety and quality of the finished aircraft. An
aerospace company that manufactures complex aluminum and titanium parts
decided to integrate a HAAS VF-2 machine tool with an Allen-Bradley
CompactLogix 5380 PLC system to improve accuracy and automate processes.

Implementation of the system:

Thanks to the integration of the CNC with the PLC, it was possible to
automatically adjust the processing parameters according to the material
characteristics. Artificial intelligence integrated with the PLC system monitored tool
temperature and vibration, automatically adjusting spindle speed and feed to ensure
maximum accuracy.

Results:

After implementing the system, part accuracy improved by 15% and the
number of scraps decreased by 20%. In addition, due to automated maintenance
forecasting, downtime due to malfunctions has been reduced by 30%. This allowed
the enterprise to increase production capacity without reducing product quality.

Example 2: Automotive component plant - reducing energy costs

The automotive industry is constantly looking for ways to reduce production
costs, in particular by optimizing energy efficiency. One of the automotive
enterprises decided to implement automated energy management systems based on
Allen-Bradley CompactLogix 5380 PLC and HAAS VF-2 CNC machines [1].
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Implementation of the system:

To optimize energy consumption, a system was developed that allows you to
monitor electricity consumption in real time. The Allen-Bradley PLC received data
from energy consumption sensors installed at all nodes of the production line and
automatically switched the machines to energy-saving mode during periods of
idleness or reduced productivity.

Results:

After the implementation of the system, energy consumption was reduced by
25%, which allowed the company to significantly reduce operating costs. In
addition, thanks to the use of PLC for monitoring and correcting the operation of the
equipment, it was possible to prevent overheating of electric motors and other
components, which significantly extended their service life.

Example 3: Pharmaceutical plant — integration of CNC and PLC robotic
systems

Pharmaceutical companies require extreme precision and safety in their
manufacturing processes, especially when manufacturing medicinal products. One
of the leading pharmaceutical plants implemented an automated production line that
combined HAAS VF-2 machines with an Allen-Bradley CompactLogix 5380 PLC
and robotic systems for automatic loading and unloading of materials.

Implementation of the system:
The integration of PLC and CNC with robotic systems ensured automatic
transportation of raw materials to the production line and precise coordination
between robots and machines during material processing. The robots were controlled
by an Allen-Bradley PLC, which made it possible to achieve smooth operation and
minimize human intervention in the processes [7].

Results:

Automation helped increase production productivity by 35%, and also ensured
stable product quality. Thanks to the integration of robotic systems and PLC, the

human factor was eliminated, which reduced the risk of errors in production. It also
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allowed for safe operation in sterile conditions, which are critical for the
pharmaceutical industry.

Example 4: Small manufacturing enterprises — quick adaptation to new
orders

Small businesses often face the problem of quickly changing production tasks
due to small batches of orders and variety of products. A small electronics
component manufacturing company implemented HAAS VF-2 machine tools in
conjunction with an Allen-Bradley CompactLogix 5380 PLC to provide
manufacturing flexibility.

Implementation of the system:

Thanks to the ability to quickly reprogram the PLC, the production line was
able to automatically adjust to new tasks without the need to stop the equipment for
a long time. This allowed the enterprise to quickly switch from the production of
one product to another, ensuring maximum productivity in the minimum time.

Results:

After integrating the CNC with the CompactLogix 5380 PLC, the time to
reconfigure production lines was reduced by 40%. This allowed the company to
quickly respond to customer requests and fulfill orders with less downtime.
Flexibility and quick adaptation to new production conditions have become an
important competitive advantage in the market.

Example 5: Metallurgical enterprise — predictive maintenance and
monitoring

The metallurgical industry, which depends on heavy equipment and
continuous production, always has significant costs due to downtime due to
breakdowns. One of the enterprises implemented an Allen-Bradley CompactLogix
5380 PLC in a complex with HAAS VF-2 machines for predictive maintenance and
equipment condition monitoring [1].

Implementation of the system:
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A real-time data collection system was implemented. An Allen-Bradley PLC
processed temperature, vibration and stress information on key components of the
HAAS VF-2 machines. Based on the analysis of this data, the system automatically
notified the need for maintenance or replacement of parts before they failed.

Results:

Thanks to predictive maintenance, production downtime was reduced by 50%.
The company also noted a 20% reduction in equipment repair costs and a 20%
extension of the service life of the machines. This enabled the enterprise to work
more stably, ensuring a continuous production process even during peak periods.

Innovative directions in the field of HAAS VF-2 CNC and Allen-Bradley
CompactLogix 5380 PLC provide modern enterprises with new opportunities to
improve the efficiency of production processes. Real examples of the
implementation of these technologies show how automation, integration with
robotic systems, the implementation of predictive maintenance and the use of cloud
solutions allow achieving significant results.

Thanks to the possibility of precise management and monitoring of
equipment, enterprises reduce the number of downtimes, increase productivity and
ensure stable product quality. Innovations in this area continue to develop, opening

new ways to achieve competitive advantages in industry [19].

1.6. Impact of artificial intelligence and machine learning on the automation of
HAAS VF-2 CNC machines

The impact of artificial intelligence (Al) and machine learning (ML) on
numerically controlled (CNC) machine tool automation, such as the HAAS VF-2, is
becoming one of the key drivers in modern manufacturing. Al and MN open up new
opportunities for optimizing production processes, increasing productivity, reducing
costs, and improving product quality. In the conditions of global digital

transformation and the fourth industrial revolution (Industry 4.0), the integration of
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intelligent technologies with CNC equipment is an important step in creating fully
automated and flexible production lines.

Defining the role of artificial intelligence and machine learning

Avrtificial intelligence is a branch of computer science that focuses on
developing systems capable of performing tasks that normally require human
intellectual input. This includes big data analysis, real-time decision making and
machine learning. Machine learning, in turn, is a subfield of Al that specializes in
developing algorithms that allow computers to learn from experience, analyze data
and make predictions or make decisions without the need to program each operation.

The main directions of implementation of Al and MN in the HAAS VF-2
CNC

The integration of Al and MH technologies into CNC machines such as the
HAAS VF-2 can be realized through several key areas. These technologies help
improve machine control, automate quality control, optimize material processing,
and ensure more flexible and reliable work [20].

6. Optimization of machine operating modes
One of the main directions of using Al and MN on CNC machines is automatic
optimization of processing parameters in real time. Al systems analyze data from
machine tool sensors and controllers and use that data to adapt operating modes such
as cutting speed, tool feed and spindle rotation. For example, the system can detect
that machining a certain type of material at high speeds increases tool wear and will
automatically reduce the speed to ensure longer tool life and improved machining
quality.

7. Prediction of tool wear and maintenance
Al and MN make it possible to predict tool wear and the need for machine
maintenance. This is achieved through the analysis of data such as vibration,
temperature, pressure and noise generated during machine operation. Machine
learning algorithms can compare current operating parameters with historical data

and identify trends that indicate wear or potential breakdowns. This allows you to
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plan tool changes or maintenance in advance, reducing the risk of emergency
shutdowns and minimizing downtime.

8. Intelligent management of production processes
Intelligent Al-based control systems can automatically adjust the operation of all
components of the manufacturing process, including CNC machines, robots,
conveyor systems and other production lines. For example, in an integrated
manufacturing environment where the HAAS VF-2 CNC works together with other
automated systems, Al can optimize the flow of materials between different nodes,
keeping the entire line running smoothly and increasing overall productivity.

9. Quiality control in real time
Machine learning systems can be used for automatic product quality control. On
HAAS VF-2 machines, this can include analyzing machined parts using sensors or
optical systems. Al algorithms can compare images or data from scanners with
reference samples and detect defects such as deviations from specified dimensions
or surface irregularities. This approach makes it possible to identify defective parts
at the production stage and promptly take measures to correct the process.

10. Adaptive systems of training and self-learning
Machine learning allows you to create systems that can learn based on accumulated
experience. This means that CNC control systems can gradually improve their
control algorithms based on the collected data. For example, a HAAS VF-2 machine
equipped with machine learning can automatically improve its machining
parameters based on historical data about different types of materials and tools. Such
an adaptive system allows you to constantly increase production efficiency, reducing
the number of errors and downtime [21].

Real examples of implementation of Al and MN on CNC machines

Example 1: Using machine learning to predict tool wear in a car factory

A large automotive plant specializing in engine manufacturing implemented
an artificial intelligence and machine learning system to predict tool wear on HAAS

VF-2 CNC machines. The plant faced problems of frequent emergency shutdowns
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due to premature wear of cutting tools, which resulted in significant losses in
productivity.

Decision:

Engineers implemented a machine learning system that analyzed data from
sensors installed on HAAS VF-2 machines. The data included temperature, pressure,
spindle speed and vibration during machining. Using machine learning algorithms,
the system predicted when a tool would reach a critical level of wear and
automatically signaled the need to replace it.

Results:

The number of emergency stops due to tool wear decreased by 40%.

Downtime was reduced by 25%.

Thanks to predictable tool changes, production productivity increased by
15%, and equipment maintenance costs were significantly reduced.

This example shows how machine learning enabled a company to optimize
the operation of a HAAS VF-2 CNC, reducing waste and increasing overall
production efficiency[22].

Example 2: Using artificial intelligence for quality control at a pharmaceutical
enterprise

A pharmaceutical company that manufactures medical equipment used a
HAAS VF-2 CNC to manufacture high-precision components. Product quality is
critical to the pharmaceutical industry, as even minor defects can affect the
functionality and safety of the final products.

Decision:

The company has implemented an artificial intelligence system for automatic
quality control in the process of manufacturing parts. The Al analyzed data from
optical systems and laser scanners that checked the dimensional and surface
accuracy of each part produced on the HAAS VF-2 machines. The system was
trained on a large amount of data and automatically detected defects that could have

been missed during manual inspection.
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Results:

Product quality improved by 20%.

The number of defective parts decreased by 30%.

The quality control process was automated, which made it possible to reduce
control time and increase the overall speed of production.

This case study demonstrates how Al can improve quality control in CNC
machines, ensuring the safety and reliability of the manufacturing process.

Example 3: Integrating Artificial Intelligence to Adapt Manufacturing
Processes in Real Time at an Electronics Factory

An electronics component manufacturing plant faced the challenge of
frequently changing production tasks due to changing customer requirements. To
reduce the time for reconfiguration of HAAS VF-2 CNC machines and ensure
production flexibility, the plant decided to implement artificial intelligence
technologies[23].

Decision:

Al was integrated into the CNC control system, which allowed for automatic
adjustment of processing parameters as tasks changed. Machine learning algorithms
analyzed data on the types of materials, tools and work modes used at different
stages of production and automatically adjusted parameters to ensure optimal
performance.

Results:

Machine reconfiguration time reduced by 50%.

The plant was able to quickly adapt to new orders, increasing overall
production flexibility.

The productivity of the production line increased by 25% and the number of
errors related to human intervention decreased.

This case study shows how the use of Al and MN helped an enterprise to
improve productivity, flexibility and competitiveness in the market.

Example 4: Predictive maintenance at a metallurgical enterprise
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A steel plant using a HAAS VF-2 CNC for metal processing implemented
predictive maintenance to avoid frequent emergency shutdowns that resulted in
significant financial losses. Constant stoppages due to breakdowns or worn parts had
a negative impact on production cycles and productivity[24].

Decision:

The plant installed an Al and MH system that monitored the condition of the
equipment in real time. Machine learning algorithms analyzed data on temperature,
vibration and other machine parameters and predicted when maintenance or parts
replacement would be necessary.

Results:

The number of emergency stops decreased by 40%.

The plant was able to schedule maintenance at convenient times, which
reduced the impact on production cycles.

Repair and maintenance costs were reduced by 30%, as breakdowns could be
prevented at an early stage.

Predictive maintenance based on Al has helped the company to ensure the
continuity of production processes and reduce operational costs.

Example 5: Using artificial intelligence to optimize energy consumption

At a large home appliance manufacturing company, an Al system was
implemented to optimize the energy consumption of HAAS VF-2 CNC machines.
The plant faced high electricity costs, which accounted for a significant portion of
total operating costs.

Decision:

Engineers implemented an artificial intelligence system that analyzed data on
the energy consumption of each machine in real time. Machine learning algorithms
automatically adjusted machine operating modes based on load, type of materials
being processed, and operating time to minimize power consumption[26].

Results:

Energy consumption in production decreased by 20%.
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The plant was able to reduce energy costs without reducing productivity.

Automation of energy management also helped to increase the stability of the
equipment and reduce the load on the power grid.

This example illustrates how artificial intelligence can not only improve
productivity and quality, but also help optimize the use of resources, which is an
important aspect in today's industry.

Conclusion

Examples of real-world applications of artificial intelligence and machine
learning on CNC machines such as the HAAS VF-2 demonstrate the significant
potential of these technologies to improve the efficiency of manufacturing processes.
They allow not only to automate quality control and optimize operating parameters,
but also enable predictive maintenance and lower energy costs. The integration of
these technologies is an important step in the development of modern automated
production, which allows enterprises to reduce costs, increase flexibility and ensure
stable product quality.Using big data to optimize processes

Avrtificial intelligence and machine learning cannot work without data, so an
important aspect of their implementation is the collection and analysis of large
amounts of information. In today's production facilities, CNC machines such as the
HAAS VF-2 are constantly generating vast arrays of data about each machining
process. This data can include information on processing speed, tool condition,
temperature, wear, motor power, vibration, and even quality indicators of finished
parts.

Big data allows Al and MH systems to gain a detailed understanding of how
various factors affect the production process. For example, the analysis of historical
data can show that certain tools wear more quickly under certain machining
conditions, allowing you to adapt the operating modes to increase their service life.
In addition, systems can detect hidden patterns that help optimize equipment
operation and reduce energy consumption [28].

Advantages and challenges of implementing Al and MN in CNC
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Advantages:

5. Productivity improvement: Real-time automatic adjustment of work
parameters ensures more efficient processing of parts without wasting time on
manual adjustment.

6. Reduction of downtime: Predictive maintenance reduces the number of
emergency stops and allows you to plan tool changes and maintenance.

7. Product quality improvement: Intelligent real-time quality control
systems ensure early detection of defects and reduce scrap.

8. Energy efficiency: Optimizing operating modes based on data helps to
reduce energy consumption, which is an important factor in large production lines.

Challenges:

4.  The need to collect large volumes of data: Effective use of Al and MN
requires implementation of data collection and analysis systems, which may require
additional investment.

5. Integration with existing systems: Enterprises may face difficulties in
integrating new intelligent systems with already existing production lines.

6. Staff training: The successful implementation of Al requires the
training of personnel who will work with new technologies and support their
work[29].

The impact of artificial intelligence and machine learning on the automation
of CNC machines such as the HAAS VF-2 is huge and promising. The integration
of these technologies allows you to significantly improve the management of
production processes, optimize the processing of materials, predict maintenance and
ensure high product quality. Al and MN open up new opportunities for enterprises
in various industries, allowing to reduce costs and increase productivity, which is

especially important in today's competitive environment.
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1.7. Industry development forecast for the next 5-10 years

The industry forecast for CNC machines such as the HAAS VF-2 and
Programmable Logic Controllers (PLCs) such as Allen-Bradley predicts dramatic
changes in the next 5-10 years due to rapid technological advancements. The
industry is on the verge of the fourth industrial revolution (Industry 4.0), which is
characterized by the introduction of cyber-physical systems, artificial intelligence,
machine learning, the Internet of Things (IoT) and other innovations. These changes
will affect not only the technical characteristics of the equipment, but also the
approaches to the management of production processes, service models and the level
of automation of enterprises.

1. Increasing the level of production automation

In the next 5-10 years, a significant increase in the level of automation in
production processes is expected. CNC machines such as the HAAS VF-2 will
increasingly be integrated into complex, automated production lines that will operate
with almost no human intervention. Programmable logic controllers (PLCs) such as
Allen-Bradley will play a key role in coordinating the operation of various
equipment, including CNC machines, robotic systems, conveyors and other
components of manufacturing processes.

The integration of PLC with CNC will allow to automate most of the processes
of setup, material processing and quality control, which will significantly reduce the
time of production cycles and increase the accuracy of processing. Technologies
such as artificial intelligence and machine learning, which are already being actively
implemented, will continue to develop, allowing systems to independently optimize
production processes, adjust work parameters to real-time conditions, and
automatically respond to changes [13].

2. Integration of artificial intelligence (Al) and machine learning (ML)

One of the main directions of development of the industry will be the in-depth

integration of Al and MN in equipment management processes. Based on the
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analysis of big data (Big Data), control systems will be able to make decisions faster
and more accurately than is possible today. Al will be used to predict tool wear,
optimize processes in real-time, manage maintenance and even schedule production
tasks.

Predictive maintenance, which is based on artificial intelligence, will become
the standard in many industries. This will significantly reduce the costs of repair and
maintenance of equipment, as well as reduce the number of emergency downtimes.
Thanks to machine learning, CNC machines and PLCs will be able to adapt to
operating conditions and improve their control algorithms based on accumulated
experience.

3. Development of the Internet of Things (1oT) and the Industrial Internet of
Things (110T)

The Internet of Things (IoT) is playing an increasingly important role in
industry, and this trend will continue. The Industrial Internet of Things (l11oT) will
connect CNC machines, PLCs, sensors and other elements of production lines to a
single network, which will provide an opportunity to monitor and manage
production processes in real time.

Connected manufacturing systems will provide access to large amounts of
data to help improve equipment monitoring, analyze operational performance, and
identify opportunities for optimization. By integrating 10T, businesses will be able
to use resources more efficiently, reduce energy costs, and respond more quickly to
changes in the production environment. It is expected that by 2030, most large
production facilities will be fully integrated into 10T networks [30].

4. Transition to cloud technologies

Management of production processes based on cloud technologies (cloud
computing) is also gaining popularity and will become one of the key areas of
development of the industry in the coming years. CNC and PLC control systems will

increasingly use cloud platforms for data storage and processing.



131

The use of cloud technologies will reduce infrastructure costs, provide access
to data from anywhere in the world, and expand opportunities for analytics and
forecasting. In addition, cloud solutions will allow companies to easily integrate new
equipment into existing systems and quickly scale production as needed. This
approach will make production management more flexible and allow for faster
introduction of new technologies.

5. Integration of robotic systems

Every year, robotic systems are becoming more and more common in
production processes, and this trend will continue. The integration of CNC and PLC
robots will allow creating fully automated production lines, where robots will
perform the tasks of loading, unloading, transporting materials and even assembling
products.

Programmable logic controllers will play a key role in the management of
such robotic systems, ensuring precise coordination between the various elements of
production lines. This will allow to achieve a higher level of productivity, reduce
labor costs and improve product quality.

6. Personalization of production and mass customization

Innovations in automation and CNC will also change approaches to product
manufacturing, opening up opportunities for mass customization. Thanks to a high
level of automation, companies will be able to quickly adapt their production lines
to different individual orders without losing productivity [1].

Al and CNC will enable automatic adjustment of production parameters for
each order, enabling the production of personalized goods on a mass scale. This is
especially important for industries such as automotive, aerospace, consumer
electronics, and even medicine, where individual product characteristics can be
important.

7. Improvement of production safety

In the coming years, an important trend will be the further development of

technologies that increase safety at work. Thanks to automated monitoring and
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control systems based on artificial intelligence and PLC, enterprises will be able to
provide safer working conditions.

Security systems integrated with CNC and PLC will allow to automatically
stop the equipment in case of detection of emergency situations or other threats.
Thanks to machine learning technologies, such systems will be able to predict
potential risks and take measures to avoid them, reducing the level of injuries at
work.

8. Energy efficiency and sustainability of production

Modern trends also include growing attention to energy efficiency and
environmental sustainability of production. PLCs and CNCs, equipped with
intelligent energy management systems, will allow optimizing the consumption of
resources, which will help reduce electricity costs and reduce carbon dioxide
emissions [32].

It is predicted that in the next 5-10 years, intelligent energy-saving
technologies will be implemented in most production processes. This will allow
enterprises not only to reduce costs, but also to meet the new requirements of
environmental standards, which are becoming increasingly strict around the world.

9. Development of additive technologies (3D printing)

Additive technologies such as 3D printing will continue to be introduced into
manufacturing alongside traditional materials processing methods. CNC machines
and PLCs will play an important role in the integration of these technologies into
production lines. 3D printing will significantly reduce the time for the production of
prototypes, as well as the production of complex parts with non-standard shapes.

Thanks to CNC and PLC working in conjunction with 3D printing, enterprises
will be able to produce unique parts within one production cycle, which will
contribute to further customization of products and lower costs of their production.

The forecast for the development of the CNC and PLC industry for the next
5-10 years foresees radical changes caused by the introduction of the latest

technologies, such as artificial intelligence, machine learning, the Internet of Things
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and cloud solutions. These technologies will help increase the level of automation,
flexibility and productivity of production processes, while reducing energy and
maintenance costs.

Companies that actively implement these innovations will have significant
advantages in the market, as they will be able to adapt to changes more quickly,
ensure high product quality and reduce costs. Industry 4.0 is gradually becoming a
reality, and it is the integration of CNC and PLC with the latest technologies that is

an important step towards achieving this goal [33].
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CUCTEMMU KEPYBAHHS BEPCTATIB TA IX BUKOPUCTAHHS ITPA
OBMEXEHHSAX EJEKTPOITOCTAYAHHA

Cucremu yncnoBoro nporpamaoro ympasmiaas (UIIY) 3abe3neuyioTs BUCOKY
TOYHICTh Ta THYYKICTh y KEpyBaHHI BepcTaTaMu, IO POOUTH iX HE3aMIHHHMHU Y
CydacHOMY BHPOOHHMITBI. BOHM CKIamarThCAd 3 amapaTHOTO 3a0e3MeYCHHS
(KOHTpOJIepH, MATYMKH, MPUBOAM) Ta MPOTPAMHOTO 3a0e3MEUYEHHS, IO JJTO03BOJISE
CTBOPIOBATH Ta BUKOHYBATH CKJIQJIHI IIporpaMu oOpoOku Matepiaiis [1].

Po6Gota cyuacHux BepcrariB UITY noTpedye cTabLIbHOTO €IEeKTPOIOCTauYaHHs,
OCKIJIbKM HECTaOUTHHICTh HAmpyru abo KOPOTKOYACHI 3001 MOXKYTh HPHU3BECTU 0
BTpaTH JJaHUX, aBapP1HOTO 3aBEPIICHHS ITpoliecy a00 MOIIKOKEeHHS o0aaHaHHs. s
3a0e3reueHHs poOOTH BEpPCTaTiB 3a YMOB HECTaOUIBLHOTO €JIEKTPONOCTauYaHHS
BUKOPHCTOBYIOTHCS JTOJATKOBI CUCTEMU e€Hepro3ade3neueHHs [2].

JAbXK € BaXJIMBUM KOMIIOHEHTOM CHCTEMHU KEpYBaHHS BEpCTaTIB IIpH
OOMEKEHHSIX eJeKTpornocTayanHsa. Bonu 3a0e3neuytoTs cTaOlIbHy HApyry Ta 3aXUCT
oOnajiHaHHS BIJ TIEpenajiB HaMpyrH, T03BOJSIOUM MPOJOBKYBAaTH poOOTYy abo
KOPEKTHO 3aBEPIIUTH BUPOOHUUYMI [IUKJI Y pa3i MOBHOT'O BIJKIIFOUEHHS €JIEKTPOECHEPTil
[3].

CyyacHl CUCTEMU KEpyBaHHS MIIATPUMYIOTh PEKHUMH €HEpro30epe:KeHHs, AKi
aBTOMAaTUYHO 3HIDKYIOTh CIIOKMBaHHS €JEKTPOEHEprii miJ dYac MpocToiB abo
BUKOHAHHS MEHIN eHeproeMHux omnepamii. Bukopucranns IJIK, Takux sk Allen-
Bradley CompactLogix 5380, q03Bosisie ONTUMi3yBaT €HEProCHOKUBaHHS BEPCTATIB
0€3 KON JJIsl TPOTYKTHUBHOCTI [4].

s pobOTH y CKIAAHUX YyMOBax 3 HECTAOLIBHUM €JIEKTPONOCTaYaHHSIM
BUKOPHUCTOBYIOThCS T€HEepaTopu a00 pe3epBH1 0aTapei, Ikl IHTErpyoThCA 13 CHCTEMAMHU
UITY. IIJIK 3abe3neuye aBTOMaTUYHE IEPEMUKAHHS Ha PE3EPBHI HKEeperia KUBJICHHS,
10 MIHIMI3Y€ Yac MPOCTOiB [5].

Jlesiki cydyacHi BUPOOHUIITBA IHTErpylOTh cuctemMu KepyBanHa UIIY 3
BIJIHOBJIIOBAHUMH  JDKEpeJaMHd  CHEprii, TaKuMH SK COHSYHI maHem  abo
BiTporenepatopu. [IJIK y Takux cucremax J103BOJISI€ ONTUMI3YBaTH PO3IMO/LT €Heprii
MDK CIIO’KMBA4YaMH Ta 3a0€3Me4YnTH CTa0lIbHy poOOTy BepcTariB [6].

[HTENneKkTyanbHl CUCTEMH KepyBaHHS, #AKI 0a3ylThCi Ha aJropuTMax
MalIMHHOTO  HaBYaHHS,  JIO3BOJIAIOTH  mepembdadaTd  MOXJIMBI 3001  y
eniekTporioctadanHi. Lle m103Bossie 3a3maneriap HaJaITOBYBaTH POOOTY BEPCTATIB y
MEHII €eHEProEMHUX PeXUMax ado MiaHyBaTH TEXHIUHI nay3u [7].



Bukopucranus cyuacHux cucrem UIIY Ta IIJIK nae MoxnIuBICTH HE JUIE
3abe3neuntr  CTAOUTBHY  poOOTy  OONaJHAaHHA 32  yYMOB  OOMEXEHOTO
CJIEKTPOIIOCTAYaHHs, aje€ ¥ 3MEHIIUTH 3arajibHi BUTPATA EHEPTii, MiJBUILUTH
HAA1HICTH MPOLIECIB Ta 3MEHIIUTH PU3UKU aBapIHUX 3yMHUHOK [8].
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IIymkaps BanenTun BikropoBuu
3100yBay OCBITH JIPyroro (OCBITHhO-HAYKOBOT'O) PIBHS BUILIOT OCBITH
HanionansHuit yniBepcuret «llonraBcbka nomitexHika imeHi FOpis
KongpaTtroka»

JOCJIKEHHS PIBHSI BUTPAT EJJEKTPOEHEPI'Ti BEPCTATOM HAAS
VF-2 JIJI1 BATOTOBJIEHHS MPOJXYKIIIT

[TonTtaBchbkuii perioH aKTUBHO TMPALIOE HAJl ONTUMI3AILIEI0 MPOMHUCIOBUX
MpOLECiB AJI MiHIMI3alii BUTpaT €JIEKTPOEHEPrii, M0 € BAXKIUBUM Yy KOHTEKCTI
eHepreTHUHOi epeKTUBHOCTI. OTHUM 13 pillIeHb € BUOIp BUCOKOES(PEKTUBHOTO BepcTaTa
st BupoOHuiTBa. Bepcrtatr HAAS VF-2 BUpI3HSAETHCS Cy4YaCHUMHU TEXHOJIOTISIMH, IO
J03BOJISIIOTh €KOHOMHUTH €JIEKTPOCHEPTil0 3a PaxyHOK €(QEeKTUBHOTO KepyBaHHS
MIBUJIKICTIO IIMUHACIS Ta MiHIMI3aIli MPOCTOIB. Horo BUKOPUCTAHHS JIOTIOMOKE
CKOPOTUTH 3arajbHl EHEPreTUYHI BHUTPATH HA BUPOOHUITBO MPOAYKII, L0 €
KPUTHYHO BAXKIIUBUM JUTsI periony [1].

[Ipotsirom TuxHs podotu Bepcrata HAAS VF-2 Oyno 3adikcoBaHo cepenHe
CIIO’KMBAaHHS €JIeKTpoeHeprii Ha piBHI 24 kBT/rox npu noctiiitHoMy HaBaHTaxeHHI. Lle
BIJIMOBIAA€ CTAaHAAPTHUM POOOYMM yMOBaM 3 TIOBHUM HABAaHTAKCHHSM, IO JI03BOJISIE
HiATpUMYyBaTH Oe3MepepBHE BUTOTOBICHHS POAYKIIii [2].

CepeTHbOTH)KHEBE CIIOXKUBAHHS CKJajio npubauzHo 960 kB1/rox, 1o Bkaszye Ha
e(eKTUBHE BHKOPHUCTAHHS  €JICKTPOCHEPrii 3aBASKA BUCOKMM  TEXHOJIOTISIM
onTHMI3arlii mporeciB 00podku [2,3].

3MeHIIeHHsT eHeprocnoxuBaHHs Ha Bepcrati HAAS VF-2 MoxHa nocartu
[UIIXOM BIPOBA/KEHHS 1HTEICKTyaIbHUX aJITOpUTMIB KepyBaHHS. OIMH 13 METOMIB
— 1€ a/IaTUBHE KePYBAHHS IIBUIKICTIO MIMHHJES 3aJ€KHO BiJl THIy MaTepialy Ta
yMOB 00poOku. Kpim Toro, 3acTocyBaHHS aBTOMAaTHYHUX CHCTEM BUMKHEHHS ITiJ 4ac
NPOCTOIB Ta BUKOPUCTAHHS €HEPTOOIIAJHUX JIBUTYHIB J03BOJISIE 3HAYHO 3MEHIITUTH
BUTpaTH eHeprii. Ontumizaiis poOOYMX LMKIIB Ta MIHIMI3alisl MPOCTOIB TaKOXK

CTIPUAIOTH €KOHOMIT eHepropecypcis [4,5].



Jns migBuiieHHs eHeproe@ekTuBHOCTI BUpoOHUIITBa Ha [lonTaBumiuHi OyJio
3alpoONOHOBAaHO BUKOpucTaHHs Bepctata HAAS VF-2, sdaxuii Mae BHCOKY
MPOAYKTHBHICT Ta 3HUKEHE CIIOKHMBAaHHA ejlekTpoeHeprii. CTaTHCTUYHI JaHi
CB1/TUYaTh MPO HOro e(EeKTHUBHICTb, a BIPOBAHKEHHS JIOJATKOBUX €HEPro30epiraroumx
3ax0/lIB JOTIOMOKE II1¢ OLIBIIEe 3HU3UTH BUTPATH HA €NEKTPOCHEPrilo, IO CIPUSTUME

3araiipHil onTHMi3alii BUpoOHHYUX TporieciB [5,6].
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MiHICTEpPCTBO OCBITH Ta HAYKU YKpaiHU
HajbHUM yHIBepcuTteT «llonraBcbka nosnitexHika imeH1 FOpis Konapario

Kadenapa aBroMaTuku, €JIEKTPOHIKH Ta TEJIECKOMYHIKaIlii

CJIUIKEHHA MPOAYKTHBHOCTI BEPCTATIB

OK MOJepHi3amii eJeKTPOHHUX MO

1KaIliiiHa po0oTa Marti




AKTYaJBbHICTb JIOCIIIJPKEHHS NOJIATa€E B TOMY, 1110, HE3BaXKaKO4YX Ha

oke BukopucTtanHs UITY B mpoMHUCIOBUX raiay3six, OTEHIlIA] IT1BUIICH
OAYKTUBHOCTI 3a gornomororo IIJIK He 3aBK/1u BUKOPHCTOBYETHCS B IO
3B’SI3KY 3 [IUM BUHHUKA€ HEOOX1JHICTh Y BUBUEHH1 MOXKJIMBOCTEN
ii IIJIK y po6oty crankiB UITY, 3 MeTOO MiABUIIICHHS X
BHOCT1 Ta ONTHUMI3allli BUPOOHUYMX MPOIIECIB.

HO1 MaricTepCchbKkoi poOOTH MOJISIra€e B JOCIIIKEHH] M

yKTUBHOCTI ctaHkiB UITY 3a gomomororo mpo
IB Ta BOPOBAJP)KEHH1 KOHKPETHUX PIIIIE




ITopiBHAJILHUM aHAJII3 TEXHIYHUX XAPAKTEPUCTHK
aHAJIOTIB

VY po0Oorti Oyiio nmpoaHani3oBaHO Kijbka MOAECIICH

dbpe3epHux BepcrariB UIIK. OcHoBHa yBara npuaiisiaacs HAAS
VF-2, a Takox HOT0 KOHKYPEHTaM:




Cxema 3araJibHOr0 BUIJISILY
Bepcrara

Bepcrar HAAS VF-2 — 1ie ppesepuuii
BEpPCTAT BEPTUKAIHHOTO TUITY, SIKUN
BUKOPUCTOBYETHCS JIJIsI OOPOOKH METaIiB.

OCHOBHI XapaAKTEePUCTUKHU:

e PoGounii X111 mo ocax: X — 762 mMm, Y —
406 MM, Z — 508 MM.

* MakcuMaJlibHa IIBUIKICTh OO€pTaHHS
mnouaaenda: 8100 00/xB.

* [ToryxHicTh npuBoaa: 22,4 kBT.




3arajJibHUM BUIJISLI IPOTPaMOBAHOI0
JOriyHoro kourposiepa (IJIK)

tLogix 5380 € npencTaBHUKOM

ro CerMEHTA B JITHINII KOHTPOJIEPiB
dley, 110 oeaHye BUCOKY
1CTh, KOMIIAKTHUM pO3MID 1
ACHNX KOMYHIKAI[IHHIX

Oro KOHTpoJIepa




EaexrpuyHa cxema Bepcrara

aBJIIHHS BEPCTAaTOM BHKOPHUCTOBYETHCS €IICKTPHUYHA CXEMa, sIKa BKJIIOYAE:
€J10 KUBJICHHSI.
osnep IIJIK Allen-Bradley CompactLogix 5380.
1 MOJIOKEHHS, IIBUIKOCT1 Ta TEMIIEPATYPH.
JJISL pyXy MO OCSIX.

neuye nepegady nanux Big aatdukis g0 [IJIK 1 kepyBanHs nip
3aaHO01 IPOTrPaMHU.

3
=

=

[| m2

=

KO




CTpyKTypHa cXxeMa CHCTEMH KepyBaHHS

epyBaHHs noOynoBana Ha 0a3i [IJIK Allen-Bradley CompactLogix 5380, 1o Bu
KITIi:
WHT CUTHAJIIB Bl TaTYHKIB.
PYXOM MPHUBOJIB MO TPHOX OCSX.

MX JI0 CHCTEMH MOHITOPUHTY.

Pecyrsmop(y)
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1 al,

Cnocmepizay )
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CucreMa aBTOMATHYHOI0 KEPYBaHHS

HSAM Ha cXeMi BiANoBiIal0Th:

FOUMM CUTHAI;
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MarteMaTudHai Mmoaeai
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TIEeBHIH BIacHIH Y4acTOTI KOJIHBAHE:

u, — aMIUITyJa (OopMH KOJTHBaHb IIOCEPEIHHI MDKOIOPHOI YaCTHHH
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IIIHMHIENA, IO BiANOBINAE NEBHIN BIacHiH 4acTOTi KOIHBAHE; T :—.
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420

M,1,M,,, — TPHBEJCHI MacH BIANOBITHO HA KiHII Ta IOCEPEIHHI

Mi)l(OIIOpHO'l' YaCTHHH IIITHHACIA.




3Be/IeHI pO3pPaxyHKOBI pe3yJibTaTu

iHTerpaiii [IJIK Oynu orpuMaHi HaCTYIIHI pe3yJIbTaTH:

s IpocToiB Ha 30% 3aBIsSIKM aBTOMaTUYHOMY J1iarHOC

O4YHOCT1 00p0oOKH Ha 15% 3aBAsSKM aIallTUB

CPIrocCIIO’)KMBaHHA Ha




BucHoBKH

terpatis IIJIK n1o3Boisie 3Ha4HO IABUILIMTH
yKTUBHICTH BepcTariB UIIK.

VF-2 13 IIJIK Allen-Bradley CompactLogi
€ THYYKICTh Y HaJIallITyBaHH1 I1apa







