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3axuct BinOynerbes «16» rpymas 2021 poxy o 10 roguni Ha 3acinanmi cremiami-
30BaHOi BueHOi pagu /1 20.052.03 B IBaHO-PpaHKIBCBKOMY HAllOHAJIBHOMY TEXHIY-
HOMY yHiBepcuTeTi HadTH 1 Ta3zy 3a azapecoro: 76019, M. IBaHOo-DpaHKIBCEHK,

ByJ. Kapmnarceka, 15

3 aucepTaliero MOXKHa O3HAHOMUTUCH y 010110Ter1 IBaHO-DpaHKIBCHKOTO HAIlio-
HaJILHOT'O TEXHIYHOTO YHiBepcuTeTy HadtH 1 ra3y (76019, M. IBano-PpaHKiBCHK, BYII.

Kapmnarceka, 15)

ABtopedepat posicnanuii «13» nucromana 2021 poky

Buenwuii cekperap crienianizoBaHoi BUEHOT

paju, KaHAUIAT TEXHIYHUX HAYK, IOLEHT I'ymenrok T.B.




3AT'AJIBHA XAPAKTEPUCTHUKA POBOTH

AKTyaabHicTh TeMH. Ha cyyacHOMy eTarti po3BUTKY IIPOMHUCIOBOCTI Oy TiBe-
JBHUX MaTepialliB BEJIMKE 3HAYCHHSI Ma€ 3HUKEHHsI COO1BApTOCTI MPOAYKIIii, 30Kpema
3a PaXyHOK 3HMKCHHS BUTPAT HA PEMOHT i 00CIyroByBaHHS TEXHOJIOTIYHOTO 00JIaI-
HaHHs. [Ipu boMy 3pocTaHHs BUPOOHHUIITBA KepaMidyHUX BHUPOOIB, 30Kpema Oy/liBe-
JILHOT 1IETJIM, KePpaMI4HOI IJIUTKH 1 1H., 00YMOBIIIOE 301IbIIICHHS 00’ €MIB MiATOTOBKHU
CUPOBHUHHU (TJIMHU) HEOOX1AHOT A1 1X BUTOTOBJICHH:. Hacigkom Takoro 30UIbIICHHS
€ 3pOCTar0ye HaBAHTAXKCHHS HA TEXHOJIOTTYHE OOJaHAHHS 3 MIATOTOBKH CUPOBUHH 1
I1JIBHIIICHI BUMOTH 70 HOTO (QyHKIIIOHAIHPHUX MOXJIMBOCTEN. BUKopHucTaHHS HEsKic-
HOT BX1JIHOI CUPOBHHHM MPHU CIPOIIEHOMY MIiIX0/I1 J0 ii monepeaHboi 00poOKu Moxe
OPU3BECTU O BUXOAY 3 JaAy TEXHOJOIYHOro OOJaJHAHHS 1, IK HACIIJIOK, 10 3pOC-
TaHHS BUTPAT OOYMOBJICHHX MPOCTOSIMHU OOJaHAHHS, HOTO PEMOHTOM 1 3HIKEHHSIM
SIKOCT1 BUX1AHOT npoayKiii. OgHI€0 13 OCHOBHUX MPUYUH BUXOY 13 Jlaay 00JiaIHaH-
HSl € BIUIMB HA HHOT'O CUPOBUHU 13 BMICTOM METAJIEBUX BKIIIOUEHb (JaJll MO TEKCTY —
MB), nosiBa sikux OOyMOBJIEHa ICHYIOYOIO TEXHOJIOTI€I0 BUAOOYTKY 1 MIATOTOBKH
TJIMHH.

Icnyroui aBromaTu3oBaHi cuctemu kepyBaHHs (ACK) TexHonoriyHum mpotiie-
COM BUTOTOBJICHHSI KEpaMidYHUX BHPOOIB HE 3a0€3MeUyl0Th B TTOBHIM Mipi BUPIIIIEHHSI
BKa3aHoi npo6yiemMu. L{e 00yMOBIIEHO THM, IO TUTAHHSAM KOHTPOJIO SIKOCTI CHUPOBH-
HU, 30KpeMa MeTo1aM 1 3acobam ineHtudikaiii MB B cupoBuHI 3 aBBTOMAaTUYHUM BH-
3HAUCHHSM 1X KOOpPJMHAT HAa KOHBEEPHIN CTPIUIl, a TaKoX BIUIMBY MB B cupoBuHI
Ha HaaiitHoCTI ekcrutryaTaili ACK He mpualIsiocs: HaJIeKHOI yBard.

B T0ii ke 4ac, 3MeHIIEHHsT KUIBKOCTI BIAMOB OOJIagHAHHS 1, BIAMIOBIAHO, MiJI-
BUILICHHS MOro HaJiMHOCTI, MOXkHaA Aociartu iHTerpaiietro B ACK TexHomoriunum
IPOIIECOM BHTOTOBJICHHS KepamMiuHUX BUPOOiIB cuctemu iaeHtudikanii MB B cupo-
BUHI 1 MIJICUCTEMH 1X BUITYUCHHS.

[Tpo6nemi inenTudikanii MB 1 nigBuienns HaaiitHocTi ACK BUTOTOBIEHHSAM
KepaMIYHUX BUPOOIB Ta YIPaBIiHHSA TEXHOJOTTYHUM MPOLIECOM B ILIIOMY MpPUCBSYE-
Ha 3HAYHa KUIbKICTh POOIT BITYM3HAHMX 1 3apyOikHUX BUueHUX. CyTTeBUI BKJIaj B ii
po3Butok BHecnu JI.I Bomukesuu, b.B. I'nenenko, A.l. I'opoynos, B.C. 30poxoBiuy,
B.A.Kamranos, JI.B. Korin, B.I. Jlyksamenko, A.I.Mensenes, M.A. Hazapos, A.B.
Octpoyx, B.M. Ilonsikos, A.C. IIponikos, JI.JI. Potkom, H.E. CypkoBa, A.A. Uepso-
nuii, b.I. Uepnakos, P.P. Yaynxapi, S. Magdi, H.M. Ye, A. Ziegler i inmii. 30kpema,
PO3po0Ili HOBUX METOIB 1 CHCTEM JI1arHOCTYBaHHS Ta BuiydeHHs MB B cupoBuHi Ha
TEXHOJIOT1YHIN JIiHIT PUCBAYEHI poOO0TH TakuX BueHuX ik A.B. baxipes, JI.M. 3ami-
xoBchkuit, C.I. Manadees, B.1. Cininun, €.A., TapakanoB 1 iH. OgHaKk BOHH € HEIO-
CTaTHIMH JJis 3a0e3nedeHHss eeKTUBHOCTI 1 HamiiHOoCTI pobotn ACK TexHomorid-
HUM IIPOLIECOM BUT'OTOBJIEHHSI KEPaMiYHUX BUPOOIB.

VY 3B’13Ky 3 UM BAOCKOHaJIEHHS yxke icHyrounx ACK mpouecom miaroToBku
CUPOBHMHHM LUISIXOM IHTErpaiii B HUX HigcuctemMu ineHtudikauii MB B cupoBuHi 3
ABTOMATHUYHUM BU3HAYEHHSM iX KOOPAMHAT HAa KOHBEEPHIM CTPIUIll Ta MiJCUCTEMHU
IIOJAJbIIOro BUily4yeHHss MB € akTyanbHOI0 3a1a4€lo.

3B’5130K po00TH 3 HAYKOBUMH NMPOrpamMaMm, IJIaHAMH, TeMaMHu. TemaTuka
JUCEPTAIli]l € YACTUHOIO TUIAHOBUX HAYKOBO-JOCIIIHUX MPOrpam i3 po3BUTKY HadTO-
IPOMHUCIIOBOTO KOMILJIEKCY YKpaiHu 1 6a3yeThCsl HA pe3ysibTaTaX HayKOBO-AOCIITHUX
po0iT «HaykoBi 3acaau 1moOyoBu Ha 0a3i cydacHUX 1HGOPMAIIHHUX TEXHOJOT1H po-
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3MOJJIEHUX CHUCTEM MOHITOPUHTY, KOHTPOJIO, YIpPaBIIHHSA Ta JlarHOCTYBaHHS
00’exTiB HATOra30BOTO KOMILIEKCY YKpaiHm», HOMEp Jep:KaBHOI peecTpaiii B YK-
pHAIHTI Ne018U006957, «Metomonoriuni 3acaau moOyJ0BU CUCTEM YMPABIIHHSA,
JIarHOCTYBaHHSA Ta €HEpPro30epiralouMx CHUCTEM YACTOTHOTO YIPaBJIIHHS €JIEKTpO-
PUBOJIOM JIJisi 00'€KTIB HAPTOTa30BOr0 KOMILIEKCY» HOMEp JEep>KaBHOI peecTpallii B
YxpHAIHTI Ne0112U006551.

Meta po6oTH i 3aBAaHHS A0CJiIKeHb: MeToro po0oTH € 3a0e3MeueHHs Ha-
niHoCTI 1 eexkTuBHOCTI (PpyHKIIoHYBaHHS ACK TEXHOJOTIYHMM MPOILIECOM BUTOTO-
BJICHHS KepaMiYHUX BHPOOIB IIIAXOM IHTErpamii B Hei miacucTteMu iaeHTUdiKamii
MB B cupoBHHi 3 aBTOMAaTHYHUM BU3HAYEHHSAM iX KOOPAMHAT HA KOHBEEPHIN CTpivIli
Ta MJACUCTEMH 1X MOJAIBIIOTO BUITyUYCHHS.

JI71s1 HOCSITHEHHS! TTOCTABJICHOI METH HEOOX1/IHO BUPIIIUTH TaK1 3a/a4i:

— IIPOBECTH aHAJII3 CyYaCHOI'0 CTaHy Ta nepcnektus po3BuTKy ACK npouecom
BUTOTOBJICHHS K€paMi4HMX BUPOOIB 3 peamizaiiero QyHkiii inentudikanii MB B Te-
XHOJIOT14HIA CHPOBUHI HA KOHBEEPHIN CTPIYLLL;

— po3po0UTH TEOPETUYHI MepeyMOBH MeToAy 1aeHTUdiKalii MB B cupoBuHi
Ha KOHBEEPHIM CTPIYIll Ta MPOBECTH HOro JOCIHIKEHHS Ha E€KCIEPUMEHTAIBLHOMY
CTCH]II;

— po3pobutu mijgcuctemy ieHtudikaiii MB B cupoBuH1 Ha KOHBEEPHIM CTpI-
YI[i 3 aBTOMAaTUYHUM BU3HAYCHHSM X KOOpJUHAT, sIK PpyHKIloHANIBbHY ckianoBy ACK
IIPOIIECOM BUT'OTORBJICHHS KEpaMIYHUX BUPOOIB Ta MPOBECTH i1 CTEHOBY ampoallio;

— po3pobutn miacucremy BuiydeHHS MB 3 cupoBuHH, K (yHKIIOHAIBHY
ckiagoBy ACK mpoiiecoM BUTOTOBJICHHS KepaMidHUX BHPOOIB, il aJroputMivHe i
porpaMHe 3a0e3MeUCHHS;

— IIPOBECTHU 1HTETpaLli0 PO3pOOJICHHX MijicucTeM iaeHTudikamii MB 1 ix Buiy-
yeHHs 3 cupoBHHHA B ACK TeXHOIOT1YHUM MPOLIECOM BUTOTOBIICHHS KEpaMiYHUX BH-
po0iB Ta mpoBecTH iX ampobarriro Ha mirodiit ACK.

O0’e€kTOM TOCTIAAKEHHS € TEXHOJIOTTYHUIM POLEC BUTOTOBJICHHS KEPAMIYHUX
BUpPOOIB.

Ipeamerom pocaimkenHsa € ACK TEeXHOJIOTIYHUM MPOLECOM BUTOTOBJICHHS
KepaMIYyHUX BUPOOIB Ta 3ac00M iAeHTH(iKaLli] 1 ButyyeHHss MB 13 cupoBuHH.

Metoau aocaimxenns. J[jisg BUpIilIEHHS MOCTAaBIEHUX B pOOOTI 3a/1a4 BUKOPH-
CTOBYBAJIMCSI OCHOBU TEOPIi: CUCTEM, aBTOMAaTUYHOI'O YNPaBIiHHS, BUMIPIOBAaHb, 1H-
BapI1aHTHOCTI, ITU(POBOr0 OMPAIFOBAHHS CUTHAIIB, €JIEKTPOMArHITHUX KUJI, a TAKOX
METOY TEXHIYHOI J1arHOCTUKH MAaIIuH 1 MexaHi3MiB. [Ipu po3po0Oiii mijacucTeM iaeH-
tudikaiii MB B cupoBuHi Ta iX BUJAJICHHS BUKOPUCTOBYBAJINCH METOJM CUCTEMO- 1
CXEMOTEXHIKH.

HaykoBa HOBH3HA OTPMMAaHUX pPe3yJIbTATIB:

B nucepraniiiniii poOOTI BIieplie:

- Buepue po3podieHo cTpykTypy ACK TEXHOJOrYHUM IMPOLIECOM BUTOTOB-
JIEHHSI KepaMIYHUX BUPOOIB 3 ypaxyBaHHAM Hijcuctemu ineHtudikauii MB 1 aBTo-
MaTHYHUM BU3HAYCHHSIM iX KOOpAWHAT Ta MiJCUCTeMH BuilydeHHS MB, 1o B mopis-
HsiHHI 3 icHyrounMu ACK, 103BONMIO MIJABUIIMUTH 11 HAJAIWHICTh B MPOLIEC EKCILTya-
Talli Ta MONEPEIMTH BUHUKHEHHS aBapiMHUX CUTYallli OB’ sI3aHUX 3 MOTPAIUITHHIM
MB B 0CHOBHI By3J11 TEXHOJIOT1YHOT JIIHIT;

- BIIEpIIE CTBOPEHO PO3PAXyHKOBY MOJEJIb BU3HAYEHHS BEJIMUMHU HaIpyxKe-
HOCT1 €JIEKTPOMArHiTHOI'O TOJI, YTBOPEHOTO 1HAYKTUBHUMHU KOTYIIKAMH CHCTEMHU
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inenTudikarii MB, mo gamo MOXIUBICTH TPOBECTH YHCIIOBE MOJICIIOBAHHS HAIPy-
’KEHOCT1 MAarHiTHOTO IOJsS MpU 3MIHI KOOpJAMHAT IOJ0keHHd MB Ha KOHBEepHIiii
CTp14lil B MPOCTOPI MK KOTYILIKaMH JJI1 MHOKHUHU TUIIOBUX MaTeplajis;

- BIiepuIie po3po0JIeHO alpOKCUMALIHY MOJENb, U0 MOKJIaJeHa B OCHOBY Me-
toay iaeHTudikanii MB, sika onucye iX KOOpAUHATH B CUPOBUHI HA KOHBEEPHIN CTPi-
YI[i BIJHOCHO IOJIOKEHHS TPhOX KOTYIIOK 30Yy/KEHHS, SIKI € eJIeMEHTaMU M1JCUCTe-
MU iaeHTudiKamii MB, 110 1a710 MOXIMBICTE aBTOMATUYHOTO BU3HAYCHHSIM 1X KOOP-
JMHAT 1, SIK HACJIIJIOK, TPUCKOPUTH pOOOTY MijcucTeMu BruiiydeHHs MB Ta migBuiu-
i HagiiHIcTh ACK TeXHONIOTTYHIM IPOIIECOM BUTOTOBIICHHS KEpaMidYHUX BUPOOIB B
IJIOMY.

VY aockonanieHo MeTol (hOpMyBaHHSI €JIEKTPOMATHITHOTO TOJIA HUISIXOM BCTa-
HOBJICHHSI JTOJIATKOBOI KOTYIIIKH 711 JOpMyBaHHS CIPSIMOBAHOI JiarpaMy HaIpaBiie-
HOCTI1 B 30H1 JIOCJII)KYBaHO1 AUISHKYA KOHBEEPHOI CTPIYKU 3 CUPOBUHOIO, 1110 J103BO-
JIUJIO MiJBUILIUTH SIK YYTJIUBICTh CUCTEMHU 1€HTU(]IKALIT 10 TapaMeTpiB eIeKTpoMar-
HITHOTO T0JIsA, TaK 1 BIPOTiAHICTH 11eHTUPiKaLii MB B cupoBuHi.

Hayxkogi pe3yabTaTi po00TH CTAJIH OCHOBOXO /1JIS:

— PO3pOOKK aNropuTMy CyMIiCHOI poOOTH mijacuctemu ineHtudikamii MB Tta
MIJICUCTEMU 1X BUJIYUYEHHS, 110 B MOPIBHSAHHI 3 ICHYIOUUM anroputMom podotu ACK
TEXHOJIOTTYHUM TMPOIIECOM BUTOTOBJIEHHS KEPAMIYHUX BUPOOIB, TO3BOIMIO 30UIbIIHU-
TH 4Yac HaIlpalfoBaHHS CUCTEMHM Ha BIIMOBY Ha 19,7%;

— po3poOku miacucTemu ieHTudikaiii MB B cupoBUHI Ha KOHBEEPHIM CTpIvIli 3
ABTOMATUYHUM BU3HAYEHHSM 1X KOOPJMHAT Ta ii €JIEKTPOMArHiTHOTO OJIOKY, IO J0-
3BOJISIE OTIEPATUBHO BU3HAUWTHU HasiBHICTH MB B cupoBuHi, iioro 06’eM, THI MeTamy
Ta MICLIE3HAXOIKEHHS;

— pO3pOOKK anropuTMmiB poOOTH OJIOKIB OMpPAIOBAaHHS BXIJHUX CUTHAIIB Ta
1 POBOTO XBUIEBOTO (PUIBTPY AJI MIKPOIPOIIECOPHOI OOPOOKM BX1IHUX CHUTHAIIIB,
10 JJO3BOJISIE MPOBOAMTH 1X OOPOOKY B PEKMMI PEajbHOro 4acy 1, THM camMuM, MHij-
BUILIUTHU €PEKTUBHICTH Mpoliecy ineHTtudikaiii MB;

— po3po0ku migcucTeMu BUIydeHHss MB, a Takok anropuTMI4HOTrO 1 porpam-
HOTO i1 3a0e3ne4YeHHsl, SKli J03BOJIAIOTh ONEPATUBHO peaizyBaTH MPOLEC BUITYUYEHHS
MB 06e3 3yn1HKH TEXHOJIOTTYHOTO IPOLECY;

— CTBOPEHHS KOMYHIKaIIHOT CUCTEMH JIJII CYMICHOT poOOTH IMiICUCTEMU 1JICH-
tudikamii MB ta migcucremu ix BHIIy4eHHs, peajli30oBaHOl Ha 0a3l Cy4acHUX arapar-
HO-TIpOrpaMHUX 3aco0iB, fAKi mpaiioTh B ckiaagl ACK TeXHOJOTTYHUM IPOIIECOM
BUTOTOBJICHHSI KEpaMiYHUX BUPOOIB Ta 3a0€3Meuyl0Th HAIIMHUKA 1 e(PEeKTUBHUIA MPO-
1ec 11 eKcruTyararii.

Po3pobneni miacuctemu inentudikamii MB Ta ixX BUIydeHHS MpOWIIUIA TPO-
mucnoBy anpoOaiito Ha jiHii Nel CBII «3aBox [IPOKEPAM» TOB «I'onn Kepawmi-
ka» (akT B 8.06.2021p.) Ta peKOMEHA0BaH1 O BOPOBAKEHHS.

Pesynbrati TEOpETHYHUX 1 EKCTIEPUMEHTAIILHUX JOCIIKEHb BIPOBAHKCHO B
HaBYaJIbHOMY IpOIIECi — B pOOOUHX Mporpamax HaB4aJIbHUX JucUuUIUIiH «IIpomucio-
Bl CUCTEMHU aBTOMATUKW» ()11 piBHA — OakanaBp) Ta «[IpoekTyBaHHS CHUCTEM J1arHO-
CTyBaHHs» ([UIsl pIBHS — MAricTp), SIKi YMTAKOThCA CTyAEHTaM cremiaibHocTi 151
«ABTOMaTH3alllsl Ta KOMIT FOTEPHO-IHTEIPOBaHI TEXHOJIOTI» 3a OCBITHBOI MpOrpa-

Moro  «Komm’roTepu3oBaHi CHUCTEMU YIOPABIIHHS Ta aBTOMAaTuka» (akT Bij
17.04.2021p.).
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Oco0ucruii BHecok 3100yBaya. OCHOBHI NOJIOXKEHHSI Ta pE3yJbTaTH JUCEP-
TaliitHOI poOOTH OTpUMaHI aBTOpOM camocTiiiHo [4,10,16,20,24,25,26]. V pobortax
onmy0JIIKOBaHUX Y CIIBaBTOPCTBI, 3400yBavy HajeKaTh:

— METO/I0JIOT1S BUSIBJIEHHSI METAJIOBKIIIOUEHb B CUPOBUHI HAa KOHBEEPHIN CTpIY-
i [8,9,15,17];

— MeToJ1 iAeHTUdIKaIlil 1 BUJTyYCHHSI METaJIOBKIIOYCHB IMTIJICUCTEMU TEXHOJIOT1-
YHOT'O MPOIIeCy MAroTOBKM cupoBunu [1,3,5,6,11,14];

— po3po0OKa amapaTHOTO 1 MPOrpaMHOIo 3a0e3nedYeHHs MiACUCTEMH 1eHTU]I-
kamii 1 BuiydeHHss ACK TeXHOJIOT14HOTO TpoIlecy BUTOTOBJICHHS KEPaMidYHUX BUPO-
oiB [2,7,13,18,21,22];

— aHami3 JpKepen 1 pakTopis, 10 00YMOBIIOIOTH 3MeHIIeHHs HaaiiHoCcTI ACK
TEXHOJIOTIYHOTO TPOIIECY BUTOTOBJIEHHS KepamiuHux BHUpPOOIB [23], po3poOka
ModBus-monynst i enemeHTiB s inTerpaiii migcucremu igeHTtudikarnii 8 ACK mif-
rOTOBKU cupoBuHU [12, 19].

Amnpobanis pe3yabTaTiB AociigkeHb. OCHOBHI pe3yJbTaTH JUCEPTaLiHOI
poboTu nonosinanucs 1 ooropoproaniuca Ha [V BeeykpaiHCbkiil HAyKOBO-IIPAKTUYHI
KOH(pepeH11i MOJIOANX YYEHHUX 1 CTYJeHTIB «|HpopMaliiiHi TEXHOJOr1i B OCBITI, TEX-
HIlI Ta IPOMUCIOBOCTY, [BaHO-DpankiBebk. — 2019; V, VI MixxHapoiHiil MiKBY31B-
CBhKIiH 1IKOJI1 ceMiHapi «MeTtoau 1 3aco0u J1arHOCTUKH B TeXHilll Ta couiymi (Mi3]1)»,
IBano-®pankiBcbk. - 2015 ta 2018 poku; IV MixHapoaHiii HayKOBO-IIPaKTHYHIN
koH(pepeniii «Summer InfoCom 2017», Kui. — 2017; OPEN CONFERENCE
SYSTEMS, INNOVATIVE IDEAS IN SCIENCE 2017, Banja Luka, Bosnia and
Herzegovina. — 2017; BceykpaiHChKiii HayKOBO-TIPaKTHYHIN KOH(EpeHIii MoIoaux
BueHUX «TAK»: TenekomyHikailii, aBToMaTHKa, KOMIT IOTEPHO-IHTETPOBAaHI TEXHOJIO-
rii», [okpoBebk. — 2016; VI, VIII MixnapoaHiii HayKOBO-T€XHIUHIA KOH(pEpeHii i
Buctall «CydacHi IpuiIaay, MaTeplaiy 1 TEXHOJIOT1I AJI1 HEPYHHIBHOIO KOHTPOJIIO 1
TEXHIYHOI 11arHOCTUKHA MaITHHOOYIIBHOTO 1 Ha()TOra30MpOMHUCIOBOTO 00JIaTHAHHS»,
IBano-®pankiBcbk. — 2011 ta 2014 poxu; II MixnapoaHiii HaykoBiid KOH(pepeHIi
«BumiproBaHHsI, KOHTPOJIb Ta JIarHOCTUKA B TEXHIYHUX CHUCTeMax», BiHHUISL. —
2013; VI BceykpaiHCcbKili HayKOBO-NPaKTHYHIM KoHpepeHuii «Cy4acHl TeHJAEHLi
PO3BUTKY 1H(POpPMAIIHHUX TEXHOJIOT1H B HayIll, OCBITI Ta €KOHOMII1», JIyraHchbk. -
2012p., VI MixxnapoaHiii HAQyKOBO-TIPaKTUYHIM KOH(EPEHI[lT MOJIOANX YUCHHX, aCTi-
paHTiB, cTyneHTiB «CyuacHa iHdopmarlliiiHa YKpaina: iHpopmaTuka, eKOHOMIKa, (Di-
nocodis», Jlyrancek. — 2012p., VII HamionanpHiit HAyKoBO-TeXHIUHIN KOHpEpeHIIii 1
BucTaBil «HepyiiHIBHUI KOHTPOJIb Ta TEXHIUHA JiarHOoCcTUKaY, Kui. — 2012.

Ilyoaikanii. 3a pesynapTaTamMu IOCTIKEHb, K1 BUKIAACHI B IUCEPTAaIlii, OIy-
OsikoBaHO 26 HAYKOBHUX TIpallb, C€pell HUX: 4 CTAaTTl Y HAYKOBUX (paXOBHUX BUIAAHHSIX
VYkpainu Ta 4 cTarTi y NepioJlMYHUX HAyKOBUX BUAAHHIX 1HIIMX AepkaB (13 HUX 4 y
BUJAHHSX, [0 BXOJATH O HAYKOMETpU4HOi 0a3u nanux Scopus i Index Copernicus);
17 y 30ipHHKax mpamp 1 Te3ax BITUYM3HAHMX Ta MDKHAPOIHUX KOoH(pepeHmii; 1 mo-
BHUU MAaTEHT HA BUHAXI].

Crpykrypa i obcar aucepramii. JlucepTraiiiina podoTa CKIAJAETHCA 13 BCTY-
ny, 5 po3aUIiB 3 BUCHOBKAMU J0 KOXXHOTO 3 HUX, 3arajJbHUX BUCHOBKIB, CIIUCKY BH-
KOPHUCTAHOI JIiTepaTypu Ta aojatkiB. Po6ora micTtuth 214 c. 3arambHOro oo0csry, 3
sakux 172 c. ocHOBHOTO 3MicTy, 112 pucynkis, 12 tabmuiib, ciucok 6i6miorpadiaHux
nocuiansk 13 117 mxepen ta qogatku Ha 42 ¢. 3MICT AMcepTallii BioOpaxkae pe3yib-
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TaTHu JOCATHCHHA MCTHU Ta BI/IpiH_IeHHH OCHOBHHUX 3aBJaHb, PC3YJIbTAaTU TCOPCTUYHUX
Ta CKCIICPUMCHTAJIbHHUX I[OCJ'IiI[)KeHB.

OCHOBHUM 3MICT POEOTH

Y Beryni 0O0rpyHTOBaHO aKTyalbHICTh TEMH AMCEpTallii, BU3HAYEHO METY Ta
3a/1ayl AUCEepTalIMHUX JOCTIHKeHb, CPOPMYIHOBAHO HAYKOBY HOBH3HY Ta MpaKTHUY-
HY IIHHICTh OTPUMAHUX PE3yJbTaTiB, HaJlaHO 1H(GOpPMAIIIO0 TIPO iX BIPOBAIKECHHS,
ampo0artito, myoiKaIii Ta CTpyKTypy aucepTaiiitHoi poboTHu.

Y nepmomy po3aiji npoeacHuii anam3 cydacHnx ACK TeXHOJOTiYHHM
IPOIIECOM IMATOTOBKM CHPOBWHHU TOKa3aB, IO MigcucTeMaM igeHtudikamii MB B
ctpykrypli ACK He mpuauisieTbCcsi TOCTaTHBOI yBaru y 3B’SI3Ky 3 UMM y OLIBLIOCTI
ACK Bkazan1 miacucremu BiacyTHI. [Ipu npoMy BuitydeHHs MB 31ilcHIOETBCS IUIS-
XOM BCTAHOBJICHHS €JIEKTPOMArHiTy abo €JIeKTPOMArHiTy 31 CTPIYKOBUM PO3BaHTa-
*KeHHsAM BuiyueHux MB. B pesynbrari BicOTOK BuiydyeHUX MB 10BOJII HU3BKHHM 1
BUMAarae py4Horo BTpy4YaHHs ONEpaTopiB, a BUIyYeHHs KoIbropoBux MB B3arani He
3I1HCHIOETHCS.

Amnani3 mxepen notpamisaas MB B cupoBuHy (ruHy) Ta iX BIUIMB HA TEXHO-
JIOTIYHHUM MPOIEC BUTOTOBJICHHS KepaMidyHUX BUPOOIB MOKa3aB, 110 HasBHICT MB y
CUPOBHHI MPU3BOAUTH [0 MPUIIBUIIIEHOTO 3HOCY TEXHOJOTIYHOTO OOJaJHAHHS,
aBapiiHUX CHUTYyalllii Ta BIJIMOB TEXHOJOTiYHOTO oOnagHaHHs. Hacmimkom boro e
3HAYHI YacOBI Ta BUPOOHWYI 3aTPUMKH 1 MPOCTOI TaK, SIK moTparuisiiast MB B Oyab
KWW 13 BY3JIIB OOJIaIHAHHS BHMArae BiJl IEPCOHANY 3YNMHHKH BCI€i TEXHOJIOT14HOT
JiHI{, BU3HAYECHHS MICISI MOr0 MOTPAIUISIHHS, MOJANbINOL JIKBIAIIl HACIIAKIB Ta
3MIHCHEHHS OBTOPHOTO MycKy TexHojoriunoi jiHii 1 ACK. Bka3ane 00ymMoBIto€e sk
HU3bKY eexTuBHICTh podoTn ACK, Tak i sSIKicTh BUXITHOI IPOAYKIIT HACTIIKOM 4O-
ro € 3Ha4yH1 (DIHAHCOBUX BTPATH.

[IpoBeaenuii anani3 ICHyrOUMX METOJIB 1 cucTeM 1aeHTudikanii MB nokasas,
0 B OLIBIIOCTI BUMNAJAKIB BOHM HE 3a0€3MeuyroTh BUABICHHS MB y BUpoOHHYMX
yMoBax. 30Kpema, BIJICYTHSI MOXKJIMBICTh 3A1MCHIOBATU JIoKai3aliro MB BinHOCHO
KOHBEEPHOI CTPIUKH, a TAKOK BU3HAYATH 1X rabapuTHI po3Mmipu. bBuibmiicTs po3ris-
HYTHX CHCTEM 1AeHTHdIKAIll T03BOJSIOTh MPOBOAUTH JHUIIEHb OJHO30HHUWA KOHT-
poJsib HassBHOCTI MB, 110 He Ja€ MOXJIMBOCTI TOYHOI 1X Jokamizamii. [HI cucrtemu
X04a 1 MalTh OUTBIITY KIJIBKICTh 30H (/10 TPHOX), MPOTE y HUX BIJICYTHI TaKi Ba)KJIMBI
dynkii, gk mudpoa 06poOKa CUTHATY, HAPOLIEHHS KIIBKOCTI1 30H 1 1H..

Opnum 13 MeToaiB iHTeHCHIKAIllT BUpOOHUIITBA € (HOPCYBAHHS PEKUMIB TEX-
HOJIOT1YHUX TPOIIECIB, IO BEAE 3a COO0I0 HEOOXITHICTH MIABUIIECHHS HAIIHHOCTI 5K
TexHonoriunoro o6naanannsa, Tak ACK B nimomy. CTOCOBHO TEXHOJIOTIYHOTO MPO-
LIECY BUI'OTOBJICHHS KEpaMIYHUX BUPOOIB, SIK IOKa3aB IMPOBEAEHUMN aHAIII3, e HEMO-
MJIMBO 3pOOUTH Yepe3 BiACYTHICTh €)EKTUBHOI CUCTEMU BUsABICHHS MB B cupoBuHi.
B Ttoii e yac, BupillIeHHs] BKa3aHO1 3aJ1ayul MO>Ke IPYHTYBATHUCS HA €(EeKTUBHOMY Me-
Toal 1 cuctemMi iieHTUdikanii MB Ta cuctemi ix BUAAIEHHS, SIKI MOKYTh OyTH IHTET-
poBani B TuNoBy ACK TE€XHOJIOT14HOT0 MPOIECY BUTOTOBJICHHS KEpaMIYHUX BUPOOiB,
110 JTIO3BOJIUTH MIABUIIUTH 11 HAAIHHICTH 1 €)EKTUBHICTh €KCILTyaTallii.

Ha migcraBi mpoBeneHOro aHaildy Cy4acHOTO CTaHy mpoosiemu chopmyiboBa-
HO METY 1 3aBJIaHHs JUCEPTallIHOI pOOOTH.
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B apyromy po3aisii npoBeAaeHO TOCHIIKEHHS B3a€MO3B’SI3KIB €JIEMEHTIB TEX-
HOJIOTIYHOTO TPOIIECY MiATOTOBKM CHPOBHHH, a TaKOXX PO3POOJICHO CTPYKTYpHY 1
(yHKLIOHAIBHY CXEMU MIJCUCTEMHU 1eHTUdIKAalllT Ta BuiIyyeHHs MB.

3 METOI OLIHKMA BaroBUX 1 rabapuTHUX MOKa3HUKIB MB, siki 00yMOBIIOIOTH
BUOIp MeToAy iX ieHTHdIKallli Ta BU3HAYAIOTh BUMOTH JI0 CHUCTEMH 1AeHTU]IKaLil
MB, OyB mpoBejeHUN X CTaTUCTUYHUN aHai3. 3a pe3yiabTaTaMu OOpPOOKH JaHUX
OyJI0 OTpUMaHO ricrorpamy po3snojainy MB 3a BaroBumu 1 rabapuTHUMH TTOKa3HUKA-
MU, SIKMH TOKa3aB, [0 OCHOBHY Macy cTaHoBJsATH MB 3 raGaputHum posmipom 20-
50MmM 1 Baroto 2-15 rpam, npu 1ibomy 8% MB cTaHOBISTH KOJIBOPOB1 METAIIH.

[Tonepenniit mocBin moaepHizamii ACK npomecoM miAroToBKM CUPOBUHU TIO-
Ka3aB, 110 3aCTOCYBaHHS

TIJIBKA M1JCUCTEMH MAarHiT- Bymcep
CHPORHHH
HOTO BWIJIy4eHHs Oe3 cucre- Hizcacreva izenTnixamii
MU iI[eHTI/ICI)iKaI_[i'l' MB, HC @ IMigcHcTeMa BHIYVIeHHSA
Jla€ OYiKyBaHOTO 3MEHIIICHHS I ——> MmN J
MB y cHpOBHHI a TaKOX 3Y- . iz 352
Q I (@)

MOBJIIOE 3HA4yHI €Hepro3ar- -
patu. s yCyHEHHs BKa3sa-
Hux Henomikie ACK Oyna
JIOTIOBHEHA  MiJCHCTEMaMu
imeHTudikamii 1 BUITYyYCHHS
MB, mo po3MimeHi B 30HI
poOOTH KOHBEEPHOI CTPIUKU
Ne2. (puc. 1). Oxpim 1BOTO
nependaveHa byHKIis
YIPABIIHHS €JIEKTPONPUBOIOM KOHBEEPHOi CTpiuku Ne2 n03BoJISIE 3M1MCHUTH IO-
BTOPHHI KOHTPOJIb HasIBHOCTI MB y cHpOBHHI Ta IPOBECTH MOBTOPHE IX BUITyYEHHS.
@OyHKIIOHAJTIbHA CXeMa MiJicucTeM iAeHTudiKalli 1 BunydeHHss MB HaBenena
Ha puc. 2. Ilincucrema igentudikaiii 3ade3neuye BusBieHHs MB, BU3HaueHHS iX
rabapuTiB Ta THUILY
MCTally MB (‘lOp- 3aranbHO 33aBOMACHEA

) . - : : CHCTEeMa KepyVEaHHA
- ITigcucTeMa 10eHTHQIKANT ITigcHcTeMa BHITVIEHHS o F
HHAH qu KOHBOPO QJ : KOHESE€PHOI CTPMHKOH

Buit). broxk BOA [ medBus | LTI
3abe3reuye  peai-
3aI(it0  po3poObJIeHO-
ro METOAy 1JACHTH-
dikarmii MB.
[Tincucrema

BUJIyUYEHHS  3JI1HC-
HIOE€ BUJIyYCHHS BH-
saeHnx MB 1 ix
PO3BaHTAKEHHHI.

Bunyuenus MB
3ilicHIoeThCs g~ PUC. 2 - DyHKIIOHATBHA CXeMa MIICUCTEM 1IeHTHIKAILT 1

xoM akTuBamii 6mo-  BuiydenHs MB: BOJI — 6ok 06po6ku nanux; BY — 6ok
Ky enexrpoMarniris.  yIpasminns; EJ] — enexrpoasuryn; MII — Mexanizm noso-

MexaHizm MII poTy.

Puc. 1 — CxeMa TeXHOJIOT1YHOI0 MPOIECy M1Ar0TO-
BKU CUPOBHUHH 13 JJOIOBHEHUMH TM1JCUCTEMAMU
inerTudikamii i BuryueHus MB.

ACK
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31MCHIOE paJialIbHUI TOBOPOT OJIOKY €JIEKTPOMArHiTiB M1 30HaMH BUiTydeHHss MB
1 30HOIO iX CKUJaHHA y KoHTeitHep Ne 2. EnextponpuBogom MII cinyxuth peBepcus-
Huit EJ[ 3 uepB’stunuM penykropom. Po6oToro mijicucreMu BUiydeHHs kepye bBY.

3B'130K MIXK MiJICKCTEMaMH 1AeHTU(IKAIll Ta BIIyYeHHsS Bi0OyBaeTbCsa yepes
nporokon ModBus RTU. BY orpumye Bix miacuctemu ineHTudikauii iHGopmarito
npo HasBHICTH MB, Tun roro merany, rabaputHi po3Mipu Ta MICII€ PO3TalTyBaHHSI
Ha KOoHBeepHIN cTpiuli. Ethernet-komynikaris miacucteM i3 ACK (puc. 2) 3a6e3mne-
qye 1X 1HTerpaIiio a TakoX MOXJIUBICTh ynpaBiainHas EJl mpuBoay KOHBEEpHOT CTpiy-
ku Ne2 njist 3q1iicHeHHs ii 3yIIMHKH, PEBEPCY YU CHOBUIHLHEHHS pyXy. PeBepc mo3Bo-
Jsi€ 3M1ACHUTH BUTy4deHHs y KoHTerHep Ne 1 MB 3 ko1p0poBUX MeTaliB, K1 17I€HTH-
(bIKYIOTBHCS MIICUCTEMOIO, ajieé He MOXYTh OyTH BHIIIYY€HI, OCKUTBKH HE BOJIOHIIOTH
Mar”iTHUMU BJIACTUBOCTAMU. OKpIM LBOI0, peBepc KOHBEEPHOI cTpiuku Ne2 3 croBi-
JHHEHUM PYXOM JI03BOJISIE MATBEpAUTH (DakT BuirydeHHS MB miisixom moBTOpHOTO
PYXy CHPOBHMHHU B3/I0BX 30HH POOOTH MIJCUCTEMH 1CHTH(IKALII].

biroxk BEM miag-

CHUCTCMH BHUITYUCHHA ) ModBus | . Cucre!.ﬂa

MB (puc.3) micturs 4 L "| enmndikani

He3AMEKHHIX EM By e e |
(EMI-EM4). BY 3niii- | o
CHIOE BUOIpKOBE BKIIO- _ | Pesspemmi |
4eHHs OfHOrO abo je- | BEM | — |
KUTBKOX €JIGKTpOMarHi- | E:"I EM E3M Ej‘ﬂ :_ Mn — Aan | N2 :
TiB B 3amexsocti Big {———t—L—i 7 Crosimuemay |
MICISI  pO3TaIlyBaHHS EQ |« ]
MB i iioro raGapwuris. || 3ymamma aiis |
OkpiM LLOTrO, TaKUi 1 |

Puc. 3 - CtpykrypHa cxema nicucteMu BuiaydyeHHs MB:
EM — enextpomaruit; BEM — 6110k en1eKTpoMarHiTis;

OiX1J1 J103BOJISIE KOPO-
TKOYacHE  BMHUKaHHS

€JIEKTPOMAarHITIiB Ha :
JeKTP . MII — mexaHn13m nosopory; EJI — enexkrpoasuryH; bY —
IIIKOBY IIOTYXHICTb. Lle . .
osok ynpasninss; 11 — gaBay nosunionysanss; 10 —
N03BOJIAE BUJIy4YaTH

. : IyJbT OIlepaTropa
BaXki 1 rabaputHi MB, Y patop

a TaKoXX HAKpUTI 3HAYHUM
IIAPOM CHUPOBHHH, IO CTAHO- ACK
BJISATH 3 Hewo onHe uiie. [lo- |
Janblie TEepPeKIIOYeHHs Ha
HOTY>KHICTb YTPUMYyBaHHS
JI03BOJISIE yTPUMYBATH BUITY-
yeHl1 13 cupoBuHu MB Ha ma-
rHitonposoai EM 3 miHIMa- — @

JIbHUMH 3aTpaTaMu CJIICKTPO- Koweeep || Koweeep .| Mmume || dopmysay || Astomar

Ma1 MNe2 ;
eHeprii. Jlisi KOHTpOIIIO mMoO- il nopisK

Migcucremn

lnenTudpikalii |BunyyeHHs

JIOKCHHA MII ciyxatsb AaBadl — pyc, 4 — CrpykTypHa cxema iHTerpauii mjacucre-
HII, sk CHPALLOBYIOTE Y 30HI MU ineHTudikanii i Bunydenas MB 8 ACK
BWJIYYCHHS 1 30HI CKUJAHHS

MB.
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B pesynbrari orpuMana 3aranbHa cTpykTypHa cxeMa ACK (puc. 4) npouecy
BUTOTOBJICHHSI KEPAMIYHUX BUPOOIB 3 IHTErPALI€r0 B HET MIJCUCTEM 11eHTU(DIKALIT Ta
BunyuyeHHs MB. InTerpanis 4acTOTHOTO €J1eKTPONPUBOAY ISl KOHBEEPHOI CTPIYKH
J03BOJISIE 31MCHIOBATH 11 TJIaBHI MyCKH 1 3yNUHKH, O€3KOHTAKTHUN peBepc 1 CIOBI-
JbHEHUN PyX KOHBEEPHOI CTPIYKH, a TAKOX MPOBOJIUTH MOHITOPUHI OCHOBHUX €HEp-
TeTUYHUX [TapAMETPIB EIEKTPONPUBOLY KOHBEEPHOI CTPIUKH.

B TpeTrboMy po3aiJi pO3IIISIHYTO TEOPETUYHI MEPEAYMOBHU PO3POOKH METOLY
inenTudikarnii MB y HemarniTHoMy cepeoBHIIL.

Buxoasun 3 npoBegeHoro B po3. 1 anamizy meroniB ineHtudikamii MB Oymo
OOTPYHTOBAHO BUOIP €JIEKTPOMATHITHOTO METOY JUIsl BUPIIIEHHS TIOCTABIICHOI B PO-
60T1i 3a7a4i. BpaxoBytouu, 1110 iCHYr041 MOJIeJi B3a€MO/Ii1 €JIEeKTPOMATrHITHOTO TOJS 3
MB € noBoni CkIaaHUMU 1 HAJUIMIIKOBUMH, OyJia po3po0iieHa CIpoIIeHa MOJIENb
B3a€MO/IIi 13 30epekeHHsIM (DI3UYHOI CyTI, sSIKa MPEACTABICHA Yy BUIIISAL €1EKTPUYHOI
Mojiedti 3 TpanchopMaTopHUM 3B’ 3KOM (prc.S). B Takiit Momemni KOXeH 1HTyKTHBHHAMA
KOHTYp € TPAEKTOPIEI0 MPOXOIKEHHSI CUTHAy uepe3 neBHe cepenosuiie (MB, riu-
Ha, mnoBiTps). KoediuieHt 3aty-

XaHHS CHUTHAIY IO TEBHIN Tpaek- R 2H,

TOpii BH3HAYAETHCH BiAMOBIIHUMHU L

pesuctopamu B koii Ry, Ry, ...R;. gm Kq=n2/n; n2§
COiBBIJHOIIEHHST MIX KUIBKICTIO — R

BUTKiB OOMOTOK n;, Ny, ...n; BU- o g” — % § DH2
3Ha4Ya€ CyMapHHUH BIUTMB BIJIOBI- ° Ko=ndng )
JTHOT TPAEKTOPIi MMPOXOKEHHS CH- 30ymxk. ———L_ === Mpuiim.
THaJly Ha PE3YJbTYKOUUW y IIPHU- ?_”w R, ni”;

iManpHiil koTyuii. I[lpu manomy
po3Mipi MB BIANOBIAHO 3MEHIIY-
€ThCS KUIBKICTH BHUTKIB OOMOTKH,
sAKa MOJIEIIOE€ MarHiTHi JiHIi, M0 OpoxoJaTh 4yepe3 e MB. MarHiTHi BIacTHBOCTI
BIJIMOBIHOTO CEPEAOBUIIA BU3HAYAIOTHCS CITIBBIIHOLIEHHSIMU BUTKIB Ny/Nj, YU Ny/N3.
st MB 3 mifi, ajifoMiHiIO 1€ CIiBBIAHOMICHHS ny/n; < 1, mist pepoMarHiTHUX cruia-
BIB Ny/n3 > 1, a 171 MOBITPS - ng/n; =1.

TakuM YWHOM, OIIIHIOIOYM HAIpPY>KEHICTh MAarHiTHOTO MOJIs MIiCIs B3aeMOJIIi
HOTO 13 OCTIKYBAaHUM CEPEIOBHUIIIEM MOXKXEMO BUSBUTH JUISHKH 3allOBHEHI MaTepi-
aJIOM 13 BI/IMIHHUMH MarHiTHUMH 1 J1€IEKTPUYHUMH BIACTUBOCTSIMHU.

JIyisi mepeBipKU MOKIIMBOCTI BU3HAYCHHS €JIEKTPOIPOBITHUX METAJIB, TaKUX
K CTallb, AIFOMIHIN, MiZb OyJIO pO3pOOJIEHO MOCIIIHY YCTAaHOBKY, sIKA Jajia MOKJIIHU-
BICTb BU3HAUUTHU KOCPIIIEHT 3aTyXaHHS €JEKTPOMArHiTHOI XBHIII 1 ii XBUJIEBE YUCIIO.
IIpu oMy B SIKOCT1 CUTHally BUCTyIae enekrpopyiuiitHa cwia (EPC) npuitmanbHO1
KOTYIIKH. BCcTaHOBIEHO, M0 B 3aJIEKHOCTI BiI MAaTHITHUX Ta €IEKTPUYHUX BIIACTH-
BoCcTeil Marepiany MB micis B3aeMopii 3 €JIEKTPOMAarHiTHUM IOJIEM HaIpy>KEHICTh
MarHiTHOTO MOJIsl 3MiHIOE (Pa3y 1 BITHOIIEHHS aMILTITY/I, 10 CIYTye J1arHOCTUYHOIO
03HAKOI0 MMpH NoIIyKy MB B eTeKTpUYHO HEMPOBITHOMY CEPEIOBHIIII.

BpaxoByroun 3aMKHEHUH XapakTep JIHIM MarHiTHOrO IMOJs, BOHO MOXe OyTH
BU3HAUYeHEe B Oy/b-sKii TOUIll IPOCTOPY MK KOTyiikamu. Haibinbpina ryctiuHa JiHii
Mar”iTHOro mnoJjisi Oyjae Ha TOPISX KOTYIIKH. TOMy NpUMMallbHy KOTYIIKY MO>KHA
BCTAHOBUTHU Ha TOPILI Oy/b sIKOT 3 KOTYIIOK 30y/pkeHHs. [Ipu nboMy curnan B mpuii-

Puc. 5 - Enextpuuna Moiesib B3a€MO/Iii
HEOJHOPITHOTO CEPEIOBUIIA
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MaJIbHIM KOTYHIIl Hece B co01 iHdopmanio mpo HasBHe MB Mix koTymkamu 30y-
JOKEHHS 1 IPUIMaJIbHOKO KOTYUIKOIO.

Byno po3pobiieHo mMaTeMaTUuHy MOJIENb, sIKa JA03BOJISIE BUZHAUYUTH 1HIYKIIIIO
Mar”iTHOTO MOJIsi CACTEMH JBOX KOTYIIOK. CIpolleHe MOJIEII0BaHHs CyMapHOIo Ma-
THITHOTO ToJiA 0e3 BpaxyBaHHs ()a30BUX 3CYBIB, SIKUMU Ha HU3bKUX YacTOTaX HEXTY-
€MO, IIPOBOJAMJIOCH 13 BUKOPHUCTAHHSAM TPETHbOi KOTYIIKH, LEHTP AKOi 3HAXOAWUTH B
NeBHIN Toulll mpoctopy. B miit Tourn
Oysi0 copMOBAHO IHAYKIIIO TIOJS 3a  wam
JIOTIOMOTOI0 JIBOX KOTYWIOK 31 CTpy- o -
MOM, sika Oyze 30y/I>KyBaTl BTOPUHHE
1oJie, MPOTOPIIIHE MarHiTHUM BJlac-
TUBOCTSAM JUISSHKU (pucC.0), sIK1 3aiie-
XaTh B1J po3Mipy MB 1 BiiactuBocTei
foro wmartepiaiy. PesynbTat BuMI-
proBanHs 3anexHocti EPC s pi3Hux
po3MipiB MB 1 Mar"iTHuX BJIacTHUBOC-
Tell iX MarepiamiB HaBemeHo Ha  Puc. 6 — I'padik posnoaidy nirounx 3Ha-

puc. 7. YeHb HAMPYXKEHOCTI MArHITHOTO TOJISI B
Tak, sx rpadiuni pe3ynbraTd IUIOLIMHI CHCTEMH KOTYIIOK /= f(x,y) npn
MOJICIIOBAaHHSI MalOTh XapaKTepHUU HasiBHOCTI Mozen MB

BUTJISIT] 3aJIe)KHOCTI  HAIPYKEHOCTI
Mar”iTHOTO TOJIS BiJl KOOPAMHATH TOJIOKEHHS JIiHIT 13 CTPyMOM B IUTOIIHMHI, IEPIICH-
TUKYJSIpHIN 10 Hel, To ayig oTpuManHs 3aiexkHocTi EPC npuiiMaibHOT KOTYIIKH Bij
nosioxkeHHsIM MB 0y110 BUKOPUCTaHO anpOKCUMAIIIHY 3aJIeKHICTh BUITY:
Y
Ua :K'— (1) 195EM

2 2
y +x Uk2 ]
mV

ne K — y3aFaJIBHeHI/II\(JI 150801 /‘/‘)ﬂx\
Koe(iIieHT MPOMOPIIIHOCTI; / \//f
y — xoeQiumieHt momo- // /‘%
rauean S— P

KEHHSI KOTYIIOK B3JIOBXK iX

oci; x — mosoxxenns MB Bix- ,,fs{(tr/vrf""# ?%m‘.

HOCHO 0Ci KOTYHIOK (pHC. 8) ez LT TENY Lkl
OTpuMaHHs TPOCTOPO-

BOi 1H(opmauii npo mnoJo-

kendss MB 3nificHIOBaI0CEH 13 ssean

1.T0EMN

1 3 5 7 9 1 @31 1 19 N |\ X [N 2 AN T[T X F B U 3 8 0 @

BUKOPHUCTAHHSAM TapajeKCHO- X, mm
ro mMerony. IIpy HpOMY MeTo- 1,2,3 —3ami30 1 4,5 — KOJILOPOBUM METaJ PI3HUX
Jl OJHOYACHO TIPOBOJUTHCS PO3MIPIB,

BuMiproBanHs EPC  mBoMma Puc. 7 — I'padixk 3anexnocti EPC npuiima-
KOTYIIKAMH Ha Pi3HHX 4acTo-  JIPHOI KOTYIIKH BiJ IIOJI0XKCHHS, PO3MIPIB 1 Mate-
TaxX Ui KOXKHOI 3 map KOTy- piary MB Uk; = f(x)

mok. IIpy nupomy mapu Kory-

IIOK 3MiIlleHl B TpocTopi Ha (ikcoBaHy BenuuHy (puc.8). [lapa xorymok 1,3 1 1,5
YTBOPIOIOTH JIBl HE3AJICKHI JUIAHKU 30Yy/KEHHS, a KOTYIWKH 2,4 € npUiiMalbHUMU,
AK1 B LIUIOMY YTBOPIOIOTH Bl CUCTEMHU BUMIPIOBAJILHUX KOTYIIOK (puc. 8). Bennunna
d € BIJICTAaHHIO M)XK CEpPeHIMU TOYKAMHU OCEH KOTYIIOK. 3 BUKOPUCTAHHSM PO3PO0-



10

JeHoi cucteMu npoBoawiiocss BuMiproBanHsa EPC Ha 1BoX mpuilManbHUX KOTYIIKaX,
AK1 TIPALIOIOTh HA PI3HUX YaCTOTaX, a TAKOXK iX MaTeMaTU4YHE MOJeItoBaHHI. OTpu-
MaH1 pe3yJIbTaTH HaBeIeHO Ha puc.9.

s Ttoro, mo6 ckopuctatuca (1) HeoOxigHO BigHATH ckianoBy EPC, mio
YTBOPEHA KOTYUIKOIO 30y KEHHS 3 4K 5 1 siKa He Hece 1HPOopMaLIiio PO JOCIIIKYyBa-
HYy QUISTHKY (puc. 9 kpusi 1,3).

|

U2
le[l_" T T T T T
X
<>
| L0
MB |
1/
| 'l
| 1x10
\ V I X
} i< ¢ 54107
2 «d 4
I ——
3 ! 5 BiAcTaHb, MM
1,3 - anpokcuMOBaH1 3Ha4eHHS, 2,4 — BUMIPsHI
3HAYCHHS
Puc. 8 — Cxema po3rauryBaHHs Puc. 9 — I'padix 3anexnocti EPC npuiimanbaux
KOTYIIIOK KOTYIIOK BiJ nmojoxkeHuss MB, U, = f(x)

Takum unHOM, 71 ojlHOTO MB, sike 3HaX0nUThCS Ha (piKCOBaHIM Biajaasi Bij-
HOCHO OCCH NpHHMalbHUX KOTYIIIOK HPOBOJUTHLCSA 1aBa BuMiproBaHHs EPC y npwu-
nmanpHuX Kotymikax 2 1 4. Ile mae MOXIMBICTh pO3B’S3aTH CUCTEMY PIBHSIHB (2)

Y

U,=K- %)
y +(d-x) . )

Bracnijiok Oau3bKOCTI MmapamMeTpiB KOTYHIOK JBOX BHUMIPIOBAJIBHUX CHUCTEM,
koepimieHTn K y HMX NpPakTUYHO PiBHI 1 3aJIe’KaTh BiJ MAar”HiTHUX BJIACTHBOCTEH
MB. KoedirieHT y BU3HaYa€eThCs B Ipolieci KaniOpyBaHHs I KOXKHOT 13 KOTYIIOK.

Bupasusimm 3 nepmoro piBHsHHS cucteMu (2) koedimient K 1 migcraBuBIm
fioro B Ipyre piBHSHHS OTPUMAEMO

2 2
y tx Y
U,=\U,, : 3
2 1 y y2 n (d . x)z ( )
[Tepenuiemo
U 2 + 2

Ual _y2+(d_x)2
G-d+Gd* +2Gy* -G y* —y?

G-1 ) (5)
OtpuMaemo BHpa3 sl TONIYKY MOJIOKeHHS MB, ske 3HaXxoaWThcs Ha JiHIT
MDK CepeIHIMH TOUYKaMHU OCeH KOTYIIOK 30y IKEHHSI

5

X, X, =
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G-d++Gd* —y*(G-1)

G-1 ) (6)
3 IBOX pe3yJIbTaTiB BUOHUPAIOTHCS JOJATHIN 1 MEHIIIMM 3a BiJICTaHb d.
Takum yuHOM, Marouu KoedimieHT y 1 koedimieHT BigHomeHHss EPC Ha nBox
NPUHMabHUX KOTYIIIKaX, OTPEMYEMO KOOPJIMHATY MOJI0keHHS MB.
B yeTBepTOMY po3aiai po3pobieno miacuctemy iaeHtudikamii MB B cupoBuHi
Ha KOHBEEPHIH CTpiulll Ha 6a3i 3aIPOIIOHOBAHOTO METOTY.
IIpu moOymoBI miACHCTEMH

XXy =

inentudikauii MB 6yno pospo6- I
JeHO HacTymHi (YyHKIIOHAIBHI | A1 1 l
Osioku: 010k BuMiproBaHHs EPC I ™ v |
npuiiMaipHol KoTymku Al i | Ank
610K (hOPMYBaHHS CHTHANY 30Y- | o | |
JUKEHHS 1 OOpOOKHM BHUMIPSIHOI K ! > HaeH% % Fik I
EPC AAIl B sxuii BXOAUTH OJIOK l !
Al. CrpyktypHa cxema OJIOKY ] :
Al HaBenena Ha puc.10. CLK ADC RESET ADC
Bxinnnit curxan cgopmo- Puc. 10 - CtpykTypHa cxema OJ0Ky

BAHUU MTPUUMAJIBHOK KOTYIIKOIO
K mocrymae Ha BXigHUW TiACH-
JIOBAY a 3rofoM Ha (GUIbTp, KU TapaHTy€e BUAUICHHS Ti€l YaCTUHU CIEKTPY CUTHA-
1y, sika Moxe Oytu onpaupoBaHa ALIIL. Jam curnan nmoctynae Ha Bxig AL, skwuii
TaKTY€eThCs 30BHIMHIM cuHxpocurHanoM clk ADC. JluckpeTu3oBaHUM CUTHAJ 3rop-
TA€ETHCA 13 JBOMA KBaJIpaTypHUMHU JIHUCKPETHHUMH CUTHAJIAMH, IO HAIXOJATh 330BHI
BiJl TeHeparopa. Ha aBox Bxo-
Jax CyMaropiB 3I1HCHIOETHCS ey -
1HTETpyBaHHS JTUCKPETHUX —— G [#/]
3HAYEHb CUTHAIY BIIPOJOBK D_RST
kanapy. [loxampoBa CHHXpPOHI- .
3amisa 3O1ACHIOETHCS 3a JIOII0- |
mororo curaany RESET ADC. | = J

| Hc

!

|

!

BuMiproBaHHs EPC npuiiMaibHOT KOTYILKH

| Ccos

A1  Re

CtpykTypHa cxema OJIOKY
AAl, skuii 3a0e3medye CHUH-
XpOHi3amio podotu Omoky Al
HaBeJeHa Ha puc.11. Puc. 11 - CtpykrypHa cxema 610Ky GOpMyBaHHS

JBa Onoku AAl, siki mpa-  cprmany 36ymkeHHs i 06po6Ku BuMipsHoi EPC
IOIOTh HAa PI3HUX 4YacTOTax,

pa3oM 3 CUCTEMaMHu BUMIPIOBaJIbHUX KOTYIIOK (PHUC.8) yTBOPIOIOTH MMIJICUCTEMY 1]1€H-
tudikauii MB (puc. 12).

JIBOXYaCTOTHHI CHTHAN T03BOJISIE YCYHYTH BIUIMB MarHiTHOTO TOJISI CYCiIHIX
KOTYIIOK 30y/pKeHHs. ToMy JiJIst KOXKHOT 13 CUCTEM BUMIPIOBAIBHUX KOTYIIIOK BHKO-
PUCTOBY€ETHCS BJIaCHA yacToTa curHaiy (f;, f>). JBox4yacToTHe 30yIKEHHS BHUMAarae
BUKOpucTaTu KOTymky Kj; (puc. 12) ogHouacHo ans GpopmyBaHHS K CUTHAIY 30Yy-
JOKeHHS f; Tak f,. CurHasi, 1o mocTyIae Ha 0 KOTYIIKY GopMy€eThCcsi CymaTopoMm, Ha
BXI1J] IKOTO TIOCTYMAIOTh JIBa CUTHAIIM BiJ] OJIOKY f; 1 Big Os1oKy f>. EPC mpuitmansHuX

CLK ADC

RSTADC
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KOTYIIOK OIpPAaibOBYIOTHCS BIAMOBIAHUMH OJOKaMH OKPEMO BIAHOCHO 4acTOTH 30y-
TKEHHS.
Po3pobniennii  npuHLMDN

dbopmyBaHHsSI 0araTo4acTOTHOTO é@i Kt
CUTHAJIy peajii30BaHO JJIsl IIECTH
CUCTEM BUMIPIOBAIbHUX  _cik A TS Y
KOTymIok. B 3angexHOCTi Big —— f, / \ f,
IOJIOKEHHS OfHiel i3 KOTYIIOK ,’ fs 2\ J
30yJUKEHHSI CUCTEMHM BOHA MOXKE K’ K
npuiiMaTH ydacTb y TeHeparlii

OJTHOYACHO J0 YOTUPBOX @ K'sz K21 C;

HE3aJIE)KHUX CUTHAJIIB :
30y IKEHHS. Puc. 12 — CtpykTypHa cxema miaKIiO4eHHs
AHaJOriyHo, OJHa IIPHN- JJis IBOX TPAEKTOPIU

MajbHa KOTyLIKa MOXe (opmy-
BaTU JI0 ABOX BUXIJHHUX CUTHAIIB, 10 POPMYIOTh cyMapHuil curHan. CymapHuil cur-
HaJl MOCTYIa€e Ha JIBa BUMIPIOBaJIbHI OJIOKM, KOXKEH 3 SKUX 3JIMCHIOE BUIIJICHHS 13
CYMapHOIr'0 CUTHaJly BM3HAYEHOI CIEKTPAIbHOI CKJIAI0BOI, 110 BU3HAYAETHCA YaCTO-
TOIO0 CUTHAJTy BIJIMOBIAHOT KOTYIIKH 30y IKEHHS.

brok dopmyBanHs curnany 30ympkeHHs 1 00pooku Bumipsinoi EPC peanizoBa-
HO 3a nonomMororo ARM mikpokonTposiepa moaeni STM32F100. BoynoBanuii 1BoX-
kananpHui [{AIl gaB MOXIMBICTH peanizyBaTH MPOCTHH alIrOpuTt™M (POpPMYBaHHS
KBaIpAaTypHUX CUTHAIIIB KOTYIIKH 30y KEHHS.

brox BumiptoBannas EPC npuiiManbHOi KOTYIIKA MICTUTh TOTMEPEIHIN MiICH-
JIOBa4 CUTHANY KOTYIIKH, aHanmoroBuil ¢pimeTp, ALl ADS1256 i mikpokoHTposep
STM32F100 nns BUKOHAHHS MaTEMaTUYHHUX OINEpaliid 13 JUCKPETH30BAHUM CHUTHA-
JIOM.

3HaueHHs KOMIUIEKCHUX OLIHOK Re 1 Im (puc. 11) nis K0XKHOI 13 4acTOT CHC-
TEMU OTPUMYIOThCS OokaMu AAT1 1 3UUTYIOTBCS TOJIOBHUM MIKPOKOHTPOJIEPOM I
cUCTeMHU 1ieHTHdiKaliil. 3 OTpUMAHOro HA0OPY KOMIUIEKCHUX OLIHOK BU3HAYAIOTHCA
napameTpu BEKTOPIB I KOKHOI 13 4acToT R, ¢, .

m(fj)

R, =Re(f,f +1m(f, . ¢, = arctan ;e f, (7)

I{i 3HaYeHHS TOBXHWHH 1 KyTa BEKTOpa KOXKHOI 13 JIOCiKYBaHOI YaCTOTH ycCe-
PEAHIOETHCS JIsl 3HAXOKEHHS YCTAJICHOTO PIBHS CUTHAITY. Y CEpeTHEHHS MPOXOIUTh
13 BUKOPHUCTAHHSIM aBTOPETPECiitHOrO GibTpa BUILY

Yi=pPX +(1_p)'yi—17
7€ p - 3TJIQKyI0Ya KOHCTAHTA.

1
3HayeHHs KOHCTAHTH BU3HAYAETHCS (hopMyIoo p=e 7,
ne fd - 4acToTa IOHOBJIEHHS BX1IHUX JIaHUX X,, T- 4aC yCEPEAHEHHH.

AHAIIOTIYHO 3IUIa/UKYIOTBCA TOTOYHI 3HauYeHHs RO.4 ., ¢0.4,; nis ycyHeHHs
BUITQJIKOBHX 3aBaJl i3 4acoM ycepennenus T = 0.4c.

3a KOMIUIEKCHUMH OI[IHKaMU yCEpeIHEHHUX MapaMeTpiB BEKTOPIB BU3HAYAETh-
Csl y3araJIbHeHUI OLIHOYHUI KOE(ILIEHT 3T1THO (OPMYIH



13
Ua,, =(R0.4,,~R10,,)+q-[p0.4,, 910,

1€ ¢ - Y3TOJKYIOUni KoedilieHT BIUIUBY (Da3u CUTHATY.

: (8)

B nanomy Bumanky, amIoniTyau i gasu cUrHaTy OAAlOThCS IS OTPUMAaHHS
kKoe(irieHTa, SKuii BpaxoBye MPOBiHI 1 MarHiTHI BiIacTuBOCTI MB.

[Ipu BUMIprOBaHHI 3MiHU CUTHAJTY TI0 PI3HUX YacTOTaX 30y PKCHHS BUOUPAETH-
cs Ta, 3MiHA B sAKiM HalOIbIma. s Hel BU3HAYA€ThCS MaKCUMAaJIbHE 3HAYCHHS TaKOl
3MiHM. SIK TIIBKK HApOCTaHHs 3HaueHHs Ua,; NPUTIMHSETHCS YU 3MEHILY€ThCS, TIPO-

BOJIUTHLCS MOJIAJIBIIE ONPAIIOBAHHS MPUUHATOTO CUTHATY.
Marouu npuBeeHe Mo aMIUTITYy/1 3HaueHHs Ua ;4 AT TIOTOYHOTO BUMIpIOBaH-

HS i Ta Juig BUOpaHOi 4acTOTH 30y/IKEHHSI j IIYKA€ThCS KOe(ILI€HT BITHOLICHHS IO

BiJIMTOBITHUX YaCTOTaX 30y/HKCHHS
Ua,,

Ua,, 9)

3a uuM Koe(ilieHTOM IIyKaeThes nonoxkeHus MB. 3 Meroro nokpaiieHss }i-
JBTpALlli CUTHAITY Y MIKPOKOHTPOJEPI BUKOPUCTAHO alTOPUTM HU(PPOBUX XBUIEBUX
GbiIbTPIB.

Y m’sitomy po3aijii HaBOIUTHCS PO3pOOKa 1 1HTErparlis miacucTeM iaeHTUI-
kaiii Ta BuirydeHHss MB B ctpykTypy ACK mnporiecom miaroToBKu CUPOBUHHU.

Posrnsimaerbest po3pobiieHe anapaTHe, KOMyHIKAIlIiiHE 1 aJirOpUTMidHEe 3a0€3-
neyeHHs. OcHoBy BY (puc. 2) mincucremu Bunyuenns MB ckianae kontpoinep ¢ip-
mu Siemens cepii S7-1200 CPU 1214, skuii 3a6e3nedye peanizalfito aJropuTMy BH-
ayuyenHs: MB 3 cupoBunu. J[J11 onepaTUBHOTO KOHTPOJIIO 1 KEPYBAHHS 3a MPOIECOM
imentudikanii Ta BurydenHs MB nepen6audena nanens onepatopa KTP700.

Anroput™m pobotu mifcucremMu BuiaydeHHS MB mepenbauae oOpoOKy maHUX
BIJl MIACUCTEMHU 1IeHTU(]IKaLIl, TPUIAHATTS PIIICHHS PO BKIOYEHHS HEOOX1AHOI Ki-
apkocTi EM B 3anexHocTi Bij rabaputiB MB, 3niiicHeHHs (pu HEOOX1HOCTI) IMO-
BTOPHOT'O KOHTPOJIIO HasBHOCTI MB Ta mpoBeIeHHS aBTOMAaTUYHOTO PO3BAHTAKCHHS
BunydyeHoro MB. OkpiMm 1boro, aaroputm nependadae BkioueHHs EM Ha mikoBy
MOTYKHICTB /11 30UIbIICHHS MiAiiManbHOl cuau. Y BuUnaAky iaeHTudikamii MB ko-
JHOPOBOTO METANly ajJrOPUTM 3A1MCHIOE YIIPaBJIiHHSA PEBEPCOM KOHBEEPHOI CTPIUKH
it BuitydeHHs MB. Anroputm peanizoBanuit y cepenosuii TIA-Portal v15 pis po-
3pooku SCADA-cuctemu 1 mporpamHoro 3adesneuenns kourpoiepa CPU 1214.

ITpu peanizarmii metony imentudikamii MB y ckimani miacucremu igeHTrudikamii
OyJI0 BUKOpHCTaHO mporpamue 3abesneueHds Keil uVision 5, mo mo3Bonwmio peai-
3yBaTU aJlfOPUTM MeToAay iaeHtudikaiii MB Ha 6a3i mikpokoHTposepa STM32F100.

3 MeTor0 3a0e3neyeHHss 0OMiHY JaHUX MK MijcucTeMaMu ieHTudikamii 1 BU-
ny4yerHs MB BukopucTtano nporokou nepeaadi nanux ModBus RTU. [l itoro pea-
mizauii OyJio po3poOJIEHO KapTy PEricTpiB 0 SAKUX 3BEPTAETHCS MiJICHCTEMA BUIIY-
yeHHss MB. 3HadeHHsI BEMYWHU, IO 3aHOCUTHCS B PETICTP, XapaKTEPHU3YE PO3MIp
MB, gxuii cnpy4UHHUB 3MIHY 1HTEHCMBHOCTI BUMIPSHOrO curHaiy. B perictpax 30e-
pIraroThCsl JaHl MPO HASBHICTH 1 rabapuTHI po3MipHu, TN MeTary MB Ta udac #oro
inenTudikarii. B 3anexxnocti Big po3minieHHss MB koHBeepHa cTpiuka JIIUTHCS Ha 8
YMOBHHUX 30H, SIK1 CITIBBIIHOCSITHCS 13 PEeTicTpaMH JaHUX Mpo ineHTudikorane MB.

Po3pooka BEM Bunyuennss MB (puc. 3) nepenbauana po3paxynok EM Buxo-

Glz,i =
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JS194 13 PO3MIpIB KOHBEEPHOT CTPIUKH 1 YMOB pOOOTH MiJICUCTEMH BUIy4YeHHS. B pe-
3ylbTaTi 3AIHCHEHHX PO3PaxXyHKIB 1 MOJENIOBAHHA B MPOTPaAaMHOMY CEpEIOBUIII
FEMM 4.2, suznaueno ckiagq bEM 3 4 Hezanexnux EM, niameTp KOXKHOTO 13 SIKUX
cTaHOBUTH 150MM, a MakcuMalibHa MifiiManibHa cuia Ha Topui EM Fi = 965H.

[aTerpanis miacucteM iaeHTUdIKaLli 1 BUITydeHHs B cTpykTypy ACK BukoHaHa
3 BUKOpUCTaHHSIM KoMyHikallli Ethernet 1 mepeadavae migkIt0O4eHHS YaCTOTHOTO €Jie-
KTPONPUBOY ISl KOHBEEPHOI CTPIUKH, @ TAKOK BHECEHHS 3MiH B IIPOTpaMHE 1 aJiro-
putMiuHe 3a0e3nedenHs ACK 3 meroro peanizaitii GyHKIIH MiicUCTeM 11eHTUdIKaIi
1 BuIyuyeHHs MB Ta kepyBaHHS 4aCTOTHUM €JIEKTPOIPHUBOIOM.

Posrnsimaeteest  mabopa-
TOpHAa YCTaHOBKA Yy BUTJIAII
TUTSTHKA KOHBEEPHOI JTiHi1, 00-
JIAIHAHOI €JIECKTPUYHUM IIPUBO-
JOM, IO JIO3BOJIAE IMITYBaTH
pyx MB B noTo11i cupoBUHU Ha
KOHBEEPHINA  CTpIUlll  B3JIOBXK
CUCTEeMH KOTYyIIOK (puc. 13). Ha
YCTaHOBIIl OyJiM OTpUMAaHi 3Ha-
YeHHS OCHOBHHUX IapaMeTpiB
poboTH miacucTeMH 1aeHTU]I-
karii MB. B pe3ynbTaTi npose-
JeHUX J1abopaTOpHUX  JOCII-
JoKeHb 0yI1o BusBIIeHO 89,8% MB Bij iX 3araibHO1 KUTBKOCTI

[TpoBenena anpoobartiis migcucremu ineHTudikarii MB na minii Nel CBIT «3aBoj
[TPOKEPAM» TOB «I'ong Kepamika» miarBepawmna ii epexTuBHicTh. B pesynbrati
BJIAJIOCHh 3MEHIIUTH Yac MPOCTOI0 TEXHOJIOTIYHOTO O0JIaHAHHS BHACIOK MOTpar-
nstHEsE MB B cepeanboMy Ha 8.9 TOA. MPOTATOM KaJleHAAPHOTO MiCSIIS.

Puc. 13 — ®oto nabopaTopHOi yCTAaHOBKU

BUCHOBKHA

VY nucepranii NoJaHO HOBE pIIEHHS HAYKOBO-TEXHIYHOI 3a/1ayl B rajly3i aBToO-
MaTu3allii TEXHOJIOTTYHUX IPOIECIB BUTOTOBJCHHS KepaMi4YHUX BHPOOIB, SIKE TMOJIS-
rae B po3po0iii mijacucremu iaeHTudikamii MB B cHpoBHHI 3 aBTOMAaTHYHUM BHU3HA-
YEHHSM 1X KOOpJWHAT Ha KOHBEEPHIN CTpIdIl 1 mijcucTeMu BuiydeHHs MB 3 moja-
aeioro iHTerpaiii mux mjacucteM B ACK mporiecoM maroToBKM CUPOBUHU IS BU-
TOTOBJICHHSI KEpaMIYHUX BUPOOIB, 110 crpusie 3a0€3NeUCHHIO HAAIMHOCTI 1 e(heKTHUB-
HocTi QynkiionyBanHss ACK. [Ipu nboMy OTprMaHO HACTYIIHI OCHOBHI PE3YJIbTATH:

— mnpoananizoBano ACK TeXHOJIOTIYHUM MPOIIECOM MiATOTOBKH CHPOBUHU
JUI BUTOTOBJICHHSI K€paMiuHUX BUPOOiB, MeToau 1 3aco0u igeHtudikamii MB y cu-
POBHHI Ha KOHBEEPHIM CTpIYIl Ta OOTPYHTOBAHO MEPCHEKTHUBHICTH BUKOPUCTAHHS
ACK, ocHalleHUX miicucTeMamu iieHTudikaiii 1 BuiydeHHss MB, 1o Bumarae teo-
pETUYHOro OOIPYHTYBaHHS MeTony iaeHTu(ikamis MB Tta po3poOku nmiacucTteMu JIis
Horo peanizarlii;

— IIPOBEJICHO JOCHIIKEHHS B3a€MO3B’3KIB €JIEMEHTIB TEXHOJOTTYHOTO MpoIie-
Cy MIJATOTOBKUA CUPOBUHH, & TAKOK PO3POOJIEHO CTPYKTYPHY 1 PYHKIIIOHATIbHY CXEMHU
nijgcucTeMu ineHTudikarii Ta BuaydeHsass MB. Po3rnsayTo npuHmun poOoTH mijacuc-
TeM Ta BUMOTH JIO X OCHOBHUX O0JIOKIB. PO3p00JIEeHO CTPYKTYpHY cXeMy iHTerparii
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migcuctemu inenTudikanii i Burydeadass MB B ACK mporiecoM miiroTOBKM CUPOBHHH
U BUTOTOBJICHHSI KEpaMiYHUX BUPOOIB;

— po3po0JIEHO TEOPETUYHI MEepeayMOBH MeToay iaeHTu(dikaimii MB B cupoBuHi
Ha KOHBEEPHIM CcTpiylll Ha 0a3l €JIeKTPOMArHITHOIO METO1y Ta (DI3UYHY MOJEINb B3a-
€MOJII1 €JIEKTPOMArHiTHOTO noJist 3 MB, po3ramoBaHuMU B Ai€IEKTPUIHOMY CEpeIO-
BHUIIl, HA OCHOBI K01 OYyJIO po3poOJIEHO JOCHIIHY YCTaHOBKY 1 MPOBEICHO JIOCIHi-
JUKeHHS BIUIMBY MB 13 pi3HUMHU rabapuTHUMU PO3MipaMH, MAarHITHUMU Ta €JIEKTPH-
YHUMU BJIACTUBOCTAMHU. 3a pe3yibTaTaMH JOCIIKEHb BCTAHOBJICHA 3aJIEKHICTh BiI-
HocHO1 3MiHM amIutiTyau EPC B npuiiManpHii KOTYIIII Bij nojioxkeHHs MB Mix ko-
TymKamMu 30y/>KeHHS (J1arHOCTUYHA O3HAKA);

— po3pobiieHo mijncucreMy inentudikaiii MB B cupoBuH1 Ha KOHBEEpHIiH CTpi-
91l 3 aBTOMAaTUYHUM BU3HAYEHHSM 1X KOOPAMHAT, SIK (DYHKI[IOHATHHOI CKIIATOBOI
ACK mnporecoM miarotroBku cupoBuHH. [100y10BaHi CTPYKTYpHI 1 MPUHIUIIOBI CXe-
MU OJI0KIB JUIst JOPMYBAHHS 1 CHHXPOHHOTO BUMIPIOBAaHHS aMIUTITYAH €IEKTPOMarHi-
THOTO TIOJIA HA PI3HUX YacTOTaX OJHOYACHO MHOKHHOIO CHCTEM KOTYIIIOK, IO JaJI0
MOJIMBICTh BUBHAYUTH T0JIOKEHHSI MB BITHOCHO 0C1 KOHBEEPHOT CTPIUKHU.

Po3pobineno niacucrteMy BunydeHHs MB 3 cupoBuHH, ii allrOpUTMIYHE 1 IPO-
rpamHe 3a0e3MeueHHs] Ha OCHOB1 KOHTposiepa Simatic S7-1200;

— TIPOBEJIEHO iHTerpaIio miacucteMu i1eHTudikaiii MB B cupoBuHI 1 ITiJICHC-
temu BuitydeHHs: MB B ACK TeXHOJIOTYHUM MPOLIECOM MiATOTOBKK CUPOBUHU IILJISI-
XOM PO3pOOKH amapaTHOTO, KOMYHIKAI[IHHOTO 1 aJlrTOpUTMIYHOTO 3a0e3nedeHHs. [H-
Terpaiist macucTeM iaeHTudIKaIli 1 BruurydeHHs B cTpykTypy ACK BuKoHaHA 3 BUKO-
puctanHsM komyHikamii Ethernet 1 mepen6avae miaKIIOYEHHS YACTOTHOTO €JIEKTPO-
PUBOY /I KOHBEEPHOT CTPIUKH, & TAKOXK BHECEHHS 3MIH B MPOTPAMHE 1 aJTOPUT-
miuHe 3a0e3meuenHs ACK 3 metoro peamizamii QyHKII BKa3aHUX MIACUCTEM Ta Ke-
pyBaHHS YaCTOTHUM €JIEKTPOTIPUBOJIOM.

BunpoOyBanns mincuctemu inentudikamii MB Ha nabopatopHiil ycTaHOBII Yy
BUTJISIII NUISSHKA KOHBEEPHOI JiHII 3 €JIEKTPONPUBOIAOM J03BOJUIO BUSBUTH 89,8%
MB Bij iX 3arajibHOi KUIBKOCTI, a MpOBEICHa anpoodarllis miacucTeMu iaeHTUdiKaii
MB na ninii Nel CBII «3aBog [TIPOKEPAM» TOB «I'ong Kepamika» miarBepawia ii
e(DEeKTHBHICTb. [1 BIIPOBA/KEHHS J03BOJIUTH 3MEHIIUTH Yac MPOCTO TEXHONOTTYHO-
ro o0yiaiHaHHs BHACIIAOK noTparisinag MB B cepennbomy Ha 8.9 ron mpoTsrom ka-
JCHAAPHOTO MICHIISL.
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Jlesuyvkuit 1.T. ABTOMATH30BaHA CHCTEMAa KePyBaHHSl MPOLIECOM IIiAro-
TOBKHW CHPOBHMHM /IJIsi BATOTOBJICHHS KepaMidYHUX BUPOOIB i3 miICHCTEMOIO i/IeH-
TH(dikamii Ta BUIyYeHHS MeTajleBUX BKJIKW4YeHb. — KBanidikauniiina nHaykoBa
npamns Ha NpaBax pyKoIucy.

Huceprartiiss Ha 3700yTTS HAyKOBOT'O CTYIIEHS KaHAMIAaTa TEXHIYHUX HayK 3a
cremianbHicTIO  05.13.07 — ABTOMaTH3amiss TpOIECiB KepyBaHHA. — IBaHO-
@®paHKIBCbKUU HAIlIOHAJBHUM TEXHIYHUM yHIBepcUTeT HadpTu 1 rasy, IBaHo-
®paHkKiBChK, 2021.

B poGoTi mpoananizoBani aBToMatn3oBani cuctemu kepyBanas (ACK) TexHo-
JIOTIYHUM TIPOIIECOM MiATOTOBKM CUPOBHHHM JJISI BUTOTOBJICEHHS KepaMidyHUX BUPOOIB,
METO/H 1 3aco0u 11eHTudikaIii MmeTaaeBux BkIoYeHs (MB) y cupoBrHI Ha KOHBeEp-
Hiil cTpiulil Ta oOrpyHTOBaHa nepcnekTuBHICTh BUKopucTanHs ACK, ocHaieHux mi-
AcucTeMamu iaeHTudikarii 1 BuurydeHHss MB, 110 BuMarae TeopeTudyHOTO OOTPYHTY-
BaHHS MeToAy 11eHTudikaiss MB Ta po3po0Oku MmijicucTeMu Il HOro peai3aiiii.

Po3po6ieni ¢pyHkiioHaIbHA cXeMa TiJACUCTeM 1eHTudikaiii 1 Buryuyenas MB
3 OMHUCOM 11 CKJIaJIOBUX Ta CTPYKTypHa cxeMa iHTerpaiii Bkazanux migcucreM B ACK
IPOLIECOM MIJATOTOBKHU CUPOBUHHU.

[IpoBeneHo TeopeTnyHe OOTPYHTYBAHHS Ta PO3pOOJICHO METOA ifeHTU]IKaril
MB nuisaxom popmyBaHHS €I1€KTPOMArHiTHOTO TOJIS 1 BCTAHOBJIEHHS JOJAATKOBOI KO-
TYIIKA A7 OPMYBaHHs CIIPSIMOBAHOI JllarpaMy HAmpaBICHOCTI B 30HI JOCTIIKYyBa-
HOT IUISTHKY KOHBEEPHOI CTPIYKU 3 CHPOBUHOIO.

Ha ocHOBI 3anporoHoBaHOro MeToAy po3po0seHi (PyHKIIOHATbHI OJIOKU MijI-
cucremu ineHTudikauii MB - 6mokx BumiptoBanus EPC mpuiimManbHOI KOTYIIKH Ta
6510k popmyBaHHs curHay 30ypKkeHHs 1 00poOku BuMipsiHoi EPC, a Takox CTpyk-
TypHa cxema mijacucreMu iaeHTudikamii MB Ta onrcano npuHIum ix poOoTH.

Po3po6rieno Ha 0a3i koHTposepa Simatic S7-1200 niacucremy Buinyuendss MB
3 CHPOBUHH, 1i AITOPUTMIYHE 1 IPOrpaMHe 3a0€31EUECHHS.

[TpoBemeHo po3poOKy 1 IHTErpaIliro IMiJICHCTEMHU 1ICHTU(IKALIl Ta BUITYUYCHHS
MB B ctpykrypy ACK mpoliecomM miAroTOBKM CHUPOBHUHHU, SIKa BKIIIOYala pO3pOOKY
anapaTHOro, KOMYHIKalIMHOIO 1 alrOPUTMIYHOIO 3a0e3MeUeHHs. 3 METO 3ade3re-
YeHHs OOMIHY JaHHUX MDK IiJicHcTeMaMH 11eHThdiIKalii 1 BuaydeHHs MB, mepenba-
YeHO BUKOPUCTaHHS MpoToKody nepenadi nannx ModBus RTU. [lns onepaTtuBHOTO
KOHTPOJIIO 1 yIPaBIiHHS nependavyena nanens oneparopa KTP700.

[IpoBenena ampoOaris migcuctemu iaentudikamnii MB Ha po3poOneniit 1abo-
pPaTOpHIN YCTAaHOBII y BUTJISL TIISSHKH KOHBEEPHOI JIiHIT 00JaIHAHOT €JIEKTPUIHUM
npuBogoM, a Takok Ha JiHii Nel CBII «3aBog [IPOKEPAM» TOB «I'onn Kepawmi-
Ka», sika TIATBepAuIa ii e(EeKTUBHICTb.
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AHHOTAITUS

Jesuykuiu HU.T. ABTOMAaTU3UPOBAHHAS CUCTEMa YIPABJIEHHUS IPOLECCOM
NMOATrOTOBKH CBHIPbS JJIs1 MPOM3BOACTBA KePaMHUYECKHUX M3/eJIHil ¢ MOACHUCTEeMOH
HACHTH(PUKANNH U U3BJIeYeHUS MeTAUINYeCKUX BKIYeHuil. — Kpanndukanm-
OHHBIW HAYYHBII TPy HA MPaBax PYKOMHUCH.

Juccepranys Ha COMCKaHUE CTENEHU KaHAUAAaTa TEXHUYECKUX HayK MO CIIELH-
anpHOCcTH  05.13.07 — ABTOMaTM3amusi NpPOLECCOB ympasieHus. — VBaHo-
OpaHKOBCKUI HAIIMOHATBHBIN TEXHUYECKHM yHuUBepcuteT Hedptn u rasza, VBaHo-
®paHkoBCK, 2021 rog.

B paborte npoanHanu3MpoBaHbl aBTOMATU3UPOBAHHBIE CHUCTEMBI YIPaBICHUS
(ACY) TeXHOJIOrMYECKMM IPOLECCOM MOJATOTOBKHU CBIPBS AJII M3TOTOBJICHMS Kepa-
MUYECKUX W3JENUN, METOAbl U CPEJICTBA MACHTUPHUKALUYA METALTUYECKUX BKIIOYE-
Huii (MB) B cbIpbe Ha KOHBEMEpHOH JIEHTE U 00OCHOBAaHA MEPCIEKTUBHOCTh HCIIOJNb-
3oBanuss ACY, OCHAaIllEeHHBIX MOJACHCTEMaMHU WICHTH(PHUKAMU U Hu3BIeueHus MB,
4TO TpeOyeT TEOPETUIECKOTO 000CHOBaHMS MeTo1a uaeHTuukanuu MB u pazpabdo-
TKH TOJICUCTEMBI IJI €T0 pEATU3ALIHH.

Pa3paboTanbl (pyHKIMOHANbHASA CXeMa MOJCUCTEM HACHTHU(PUKALMHU U U3BIIE-
yeHus: MB ¢ onucaHneM ee COCTaBISIOIIMX U CTPYKTypHas CXeMa MHTErpaluu yKa-
3aHHBIX nojcucteM B ACY mpoiieccoMm NOoArOTOBKH ChIPbSL.

[IpoBeneHo Teopernyeckoe 0OOCHOBaHUE M pa3pabOTaH METOJ MACHTU(PUKA-
i MB nytem ¢opMupoBaHus 371EKTPOMArHUTHOTO TIOJISL U YCTAHOBKHU JOMOJTHUTE-
JTBHON KaTyHIKU JUIsl GOPMUPOBAHUS UAarpaMMbl HAIIPABJIEHHOCTH B 30HE HCCIenye-
MOT'O Y4aCTKa KOHBEMEPHOU JIEHTHI C ChIPhEM.

Ha ocHoBe mnpemioxkeHHOro Meroja pa3padoTaHbl (DYHKIMOHAJIbHBIE OJIOKH
nojacucteMmsl uaeHtTugukauuu MB — 6ok m3mepenns 2/[C npueMHON KaTyIIKU H
0JIOK (popMHpOBaHUS CUTHAJA BO30YXAeHUS U 00padoTku n3mepennoin DJ[C, a Tak-
KE CTPYKTypHasi cxema MOJCUCTEMbI uaeHTudukauuu MB u onucaH mpuHUUI UX
paboTHI.

Pa3zpaboTana Ha 6aze koHTposuiepa Simatic S7-1200 moacucTemMa U3BICYCHUS
MB u3 chipbs, e aNropuTMHUECKOE U IPOrpaMMHOE 0OeCIIeUeHHE.

[IpoBenena pazpaboTka U MHTErpalys MOACUCTEMbI UACHTU(PUKALIMKI U U3BIIE-
yeHuss MB B ctpykrypy ACY mpoueccoM NOArOTOBKHM ChIPbs, BKIKOYAIOIIAs pa3pa-
OOTKy anmapaTHOro, KOMMYHHUKAIIMOHHOTO U aJTOPUTMUYECKOT0 0OecTieueHusl.

C uenbio obecrieueHuss 0OOMEHa JIaHHBIX MEXAY MOACUCTEMaMu HUJECHTU(dUKA-
M1 ¥ u3BiedeHuss MB npeaycMOTpeHO UCIIOIb30BaHUE MPOTOKOJIA MEpeadu JaH-
HeIX ModBus RTU. [Ins onmepaTWBHOTO KOHTPOJIS W YMIPABICHUS MPEIyCMOTpPEHA
nanenb oneparopa KTP700.

[IpoBenena anpobarust noacucremsl uaeHTudukanuu MB Ha pa3zpaboranHoi
71a00paTOpPHOI YCTAaHOBKE B BUJIE yYacTKa KOHBEHEPHOU JTMHUN 000pYIOBAaHHOMU dJie-
KTpuueckuM npuBoaoM, a Takxke Ha auHuu Nel COII «3aBog ITPOKEPAM» OOO
«l"onn Kepamukay, noarsepausiias ee 3h(HEeKTUBHOCTb.

KitoueBble coBa: aBTOMAaTU3UPOBAHHAS CUCTEMA YIPABJICHUS, aITOPUTM, pac-
YeTHas MOJEJNb, YHCIOBOE MOJEIHPOBAHUE, METOJA HICHTHU(UKALWHU, MOJCHUCTEMA
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UICHTU(DUKAIIMA U U3BJICUCHUS, CHCTEMa MAarHUTHBIX KaTYIIEK, JIEKTPOMArHUTHBIN
OJI0K, METAJUIMYECKOE BKIIOYEHHE, IPOrpaMMHOE 00ecTieueHHE, ChIPhE.

ABSTRACT

Levytskyi I1.T. An automated control system for the preparation of raw
materials for the production of ceramic products with a subsystem for
identifying and extracting metal inclusions. - Qualifying scientific work as a
manuscript.

Dissertation for the degree of candidate of technical sciences in specialty
05.13.07 - Automation of control processes. - Ivano-Frankivsk National Technical
University of Oil and Gas, Ivano-Frankivsk, 2021.

The paper analyzes automated control systems (ACS) for the technological
process of preparing raw materials for the manufacture of ceramic products, methods
and means of identifying metal inclusions (MI) in raw materials on a conveyor belt,
and substantiates the prospects of using an ACS equipped with subsystems for identi-
fying and extracting MI, which requires theoretical justification and the development
of a subsystem for its implementation.

A functional diagram of subsystems for identification and extraction of MI
with a description of its components and a structural diagram of the integration of
these subsystems into an ACS for the process of raw material preparation have been
developed.

A theoretical substantiation has been carried out and a method has been devel-
oped for identifying MI by forming an electromagnetic field and installing an addi-
tional coil to form a directional radiation pattern in the area of the investigated sec-
tion of a conveyor belt with raw materials.

On the basis of the proposed method, functional blocks of the subsystem for
identifying MI have been developed - a unit for measuring the electromagnetic force
of the receiving coil and a unit for generating an excitation signal and processing the
measured electromagnetic force, as well as a block diagram of the subsystem for
identifying MI and the principle of their operation.

A subsystem for extracting MI from raw materials, its algorithmic and software
has been developed on the basis of the Simatic S7-1200 controller. The subsystem
allows the extraction of ferrous MI by selectively switching on electromagnets, de-
pending on the location and dimensions of the detected MI. The subsystem operation
algorithm assumes automatic unloading of the extracted MI.

The development and integration of a subsystem for identification and extrac-
tion of MI into the structure of an ACS for the preparation of raw materials, which
included the development of hardware, communication and algorithmic support, was
carried out. In order to ensure the exchange of data between the subsystems for the
identification and extraction of MI, the use of the ModBus RTU data transfer proto-
col is provided. For operational monitoring and control, the KTP700 operator panel is
provided.

The subsystem of identification of MI was tested on the developed laboratory
installation in the form of a section of the conveyor line equipped with an electric
drive, as well as on line No. 1 of the SVP "Plant PROKERAM" LLC "Gold
Ceramics", which confirmed its effectiveness.

Key words: automated control system, algorithm, computational model,
numerical modeling, identification method, identification and extraction subsystem,
magnetic coil system, electromagnetic unit, metal inclusion, software, raw materials.
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