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NPOAYKTUBHOCTI BUpobHMUTBA. O6’EKTOM AOCNiAKEHHA € TEXHONOTNYHUIA NPOLEC 3aTBEPAiIHHA CUNIKOHOBOrO Hani-
BbabpumKaTy y HarpiBanbHUX dopmax Ta NpoLec nogadi cunikoHy y popmu. NMpegmeTom JOCNIAKEHHA BUCTYNAOTb
MeTOAM aBTOMATM30BaHOIO KepyBaHHA TEMMNEPATYPHUMM PEXMMAMKN HarpisaabHUX GoOpM i Nogayeto CUNIKOHOBO-
ro Hanispabpwukaty. JocniaKkeHHs npoBoaManca Ha nignpuemctsi TOB «BucokoBOAbTHUI coto3 — P3BA», sake €
OZIHVUM i3 NPOBIAHNX BUPOOHMKIB BUCOKOBO/IbTHOI anapaTypu B YKpaiHi Ta mae baraTopiuyHuii Aocsig y chepi enekr-
POTEXHIYHOro BUPODBHULTBA. Y XO4i BUKOHAHHA pobOTM NpoBeneHO aHani3 iCHYHYOro TEXHOJIOMNYHOro MpoLiecy,
BM3HAYEHO (AKTOPM, WO BMNAMBAIOTb Ha AKICTb 3aTBEPAIHHA CUIKOHY, Ta AOCNIAMKEHO 3aNeXKHICTb TeMnepaTypu
HarpisasibHUX GOpM Bif, TeMNepaTypu HABKOJULWHLOIO CepefoBULa M Yacy pobotn obnagHaHHA. BctaHoBneHo
ONTMMAaJIbHI Ta HOPMATMBHI 3HAYEHHS NoAadi CMNiKoHOBOro HaniBdpabpuKaty, Wo 3abe3nevytoTb cTabinbHICTbL BU-
pPO6HUYOro Npouecy Ta MiHimisauito bpaky.

KnouoBi cnoBa: aBTomaTu3aLif, CUNIKOHOBMI i301aTOpP, GYHKLiOHa/IbHA CXeMa aBTOMaTU3aLlii, NPOMUCIOBUIA KOH-

Tponep, TemnepaTtypa, BUTpaTa, HarpisanbHa Gpopma.

Beryn

Ha 3aminy 3acrapiniuMm KepaMmiyHUM 130-
JSATOpPaM ChOTOIHI BHUKOPHUCTOBYIOTHCS CHTI-
KOHOBI, 5IK1 € MIITHUMH, IPOCTUMH y BUTOTOB-
JICHHI Ta MArOTh MOKPAIIEH! XapaKTePUCTHKH.
3aBASKU CBOM MOJEKYJSpHIN CTPYKTYpi CcH-
JIKOHM 11€aTbHO MIXOATh IS 130JIAIIHHUX
3aB/IaHb Yy TEXHIll CepeAHbOr0 W BHCOKOIO
KJlacy Hampyru. Hampukian, cTpyM BHUTOKY
Ha CHJIIKOHOBHUX 130JIATOpax Mpu 3a0pyIHEHH1
3HAYHO MEHIIWH, HiXK y BUPOOIB 13 dapdopy,
CKJla YU ETHJICH-TIPOMUICHOBOTO Kay4yKy.
Kpim TOro, CHMIIIKOHOBI 130JIATOPH CTilKi 10
npoOoiB HaBiTh 3a YMOB CHJIBHOTO 3a0pyn-
HEHHS.

Meta po6oTu

OCKiIbKM OCHOBHHMM IPOLIECOM Yy HamIii
CXEMI € JIUTTS CHJIIKOHOBUX HamiB(paOpHKaTiB
Ha CTPIJKHAX Y HarpiBajJbHUX (hopMmax, JOIi-
JBHO PO3POOUTH HOBY CHUCTEMY TalMIHTIB 3
KOHTpOJIEM TeMIlepaTypHd Ta CHUTHaJli3alli€lo,
sKa 3aMIHUTH CTapy CHUCTEMY, IO YacTO BU-
XOJUTh 3 JIally Ta HEraTUBHO BIUIMBA€E Ha
AKICTh TPOAYKINi. Takuil MiaxXia J03BOJIUTH
HE JIMILIE MOKPALIUTU SIKICTh KIHLIEBOTO IPO-
IYKTY, a i 3HU3UTH BUTPATH, 3MEHIIUTH KiJTb-
KicTh Opaky. Jlo3yBaHHS CHJIIKOHOBUX HarliB-
¢abpukariB y Hamii cucreMi He € mpobiie-
MO0, OCKUIBKH (POPMH 3aIIOBHIOIOTHCS 10 Ma-
KcUMasbHOTO piBHS. OCHOBHA yBara npuaiis-
€TbCS TEMIEpaTypi Ta yacy, ajpke came Il na-
pamMeTpu € KIIOYOBUMH sl 3a0e3redeHHs
3aTBEPJIIHHS CHJIIKOHOBHX 130JITOPIB y MpO-
11eci HarpiBaHHS.

TexHoJiOrisi BHPOOHMUTBA CHJIIKOHO-
BHX i30/15TOpIB

[Iporiec BUTOTOBIEHHSA Cy4YacHUX 130J1s-
TOpIB Ha OCHOBI CHJIIKOHOBHX MaTepiaiiB
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BKJIFOYAE€ HACTYITHI €Talu: IMepeBipKa BMICTY
€MHOCTI 3 CHJIIKOHOBUM HamiB}aOpukaTom,
3ampaBKa €MHOCTI HamiBpaOpukaTtoMm, BcCTa-
HOBJICHHSI €MHOCTI 3 HamiBpaOpukaToM Ha
pPYyXOMi MiJCTaBKH, 3MIIIyBaHHA Ta BaKyyMy-
BaHHS HamiB(paOpuKaTiB, 3aKpIIJICHHS CTEPXK-
HiB 0Oe3 i30iiAmii HAa HarpiBaibHI Gopmm, 3a-
MyCK YCTAaHOBKM Ta OYIKYBaHHS Ha KiHIEBY
MPOAYKILIIO.

Po3pobka ¢yHKHiOHATBHOI cUcCTeMU
ABTOMATH3ALIl

AHaJI3 TEXHOJIOTIYHOTO MPOIECY BHUTO-
TOBJICHHS CHJIIKOHOBUX 130JIATOpPIiB BHUSBUB,
o OOJIIK Yacy 3aJIUIIAETHCA HEJOCTATHHO
TOYHUM. BUSIBIEHO HU3KY HEJOMIKIB y MOTO-
YHIA cXeMl aBToOMaru3allli, ki MOoTpeOyTh
BUpIIICHHS: TMepeTpuMka abo HeIoTpUMKa
CWJIIKOHY B HarpiBaJlbHUX (opmax; HETOYHE
BUMIPIOBaHHSI TEMIIEpaTypH, IO CIPUUYHHSIE
Opak. Po3po0ieny ¢yHKIIIOHAIEHY CXEMY aB-
tomatuzaiii (PCA) TEXHOIOTIUHOTO MPOLECy
HaBeZieHo Ha puc. 1. Jlana ®CA BkitOuae
3BYKOBY CHUTHaJIi3allil0 MO 3aBEpIIEHHIO MPO-
necy ¢GopMyBaHHS CHIIIKOHOBOTO 130JI5TOPA,
KOHTPOJIb HarpiBy ¢opM i (yHKIIiI0 aBapiii-
Horo BigkmoueHHs. [logada pimkoro cuitiko-
HY pO3MOYUHAETHCS IICHA 3aKpUTTA (GOpM
LUWIIHAPOM, a HarpiBaHHA (POPM aKTHUBYETHCS
JIMIIE TICHs X MOBHOTO 3alIOBHEHHS CHIIIKO-
HOM, IO JOMIOMAara€ 3MEHIIUTH KUIBKICTh
Opaxy.

Jyist BUMipIOBaHHSI TEMIIEPAaTypH BUKOPH-
croByetbesi aaBau HAO040202 Big ¢ipmu
OMNIPORT 20. Ileit maBau mae Taki TeX-
HIYHI XapakTtepucTuku: PoOounit miamasoH:
—40...190°C. Temneparypa kxanany 1: T(°C),
IBux = 4-20MA yHi}pikoBaHUN CUTHAJL.

Jns  BUMIpIOBaHHS TOAadl  PIIKOTO
CHJIIKOHY BUKOpPHCTaHO BUTpaToMip RPmagM.

Memodu ma npunadu KoHmposo akocmi, 2026, Ne 1(56)
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Pucynok 2 — Mojejib aBTOMaTH30BaHOI CHCTEMH PeryJIl0BaHHsS TeMIlepaTypu
HarpiBaJabHuX Gopm

BumMiproBaHHsl BUTpaToMipa HE 3aJeKaThb Bif
HIUIBHOCTI, B’SI3KOCT1, TEMIEpaTypH, TUCKY Ta
eJIeKTponpoBigHOCTI piguan. [lpuctpiii He
Ma€ PyXOMHUX YaCTUH Y BUMIPIOBAJIbHINA TpY-
01, 110 BUKJIFOYAE BTPATH HANpyru. Bix 3abe3-
nevyye HU3bKI BUMOTH JI0 MPSAMUX TPyO 10 1
HIiCJII TPUCTPOIO Ta IMIIXOAWUTH JJIsl BHUMIpIO-
BaHHS CYCIIEH31M.

Jlis kepyBaHHS TIpOIiecOM Oynio 0OpaHo
nporpamMoBaHuii Jioriuauii kouTpojep (ITJIK)
¢ipmu Mikpon MIK-51. Ha nuupoBiit naneni
KOHTpOJiepa pO3TalloBaHi 3aco0u omnepaTHB-
HOTO YIMPaBIIIHHS, SIK1 I03BOJISIIOTH 3MIHIOBATH
PEKUMH POOOTH, BCTAHOBIIIOBATH MapaMeTpH,
KepyBaTH BHKOHAHHSIM MPOTPaMH, BPYUHY
YIPaBJIATH MPUCTPOSIMHU, KOHTPOJIFOBATU CUT-
HaJIM Ta 11€HTU(]IKYBATH TOMMIIKH.

Jlns aBTOMatM3auii mporecy KepyBaHHS
TAPaBIIYHUM IPUBOJOM OYJIO BUKOPUCTAHO
qacTOTHHI TneperBoproBau  Altivar ATV-
58PU29N4 Big kommnanii Schneider Electric.

Po3paxyHok Ta MOeJIIOBAHHS CUCTEMH
aBTOMATH30BAHOI'0 PeryJIl0BaHHS
B pesynbrati gociigy Ta BUMIpIOBaHHS
Oy/lo OTpUMaHO KpHMBY 3MIHM TeMIIEpaTypH
HarpiBagbHUX Qopm. Ilin yac aktuBanii npo-
Iecy Iojavi CHJIIKOHY B ()OpPMHU MPOTITOM
1400 c Oyno 3ammcaHo JaHi MPO TeMIlepaTyp-
Hi 3MiHM KO0XHI 10 c¢. 3a MeTomOM JOTHYHOI
OTPUMAHO HACTYNHUM BUIJISA (QyHKLI mepe-
Jlayi HarpiBajJbHOI (OPMHU:
W(s) = —t .1 (1)
390s +1
Y cepenosumnii Matlab Simulink 6ymo
no0yJ0BaHO MOJENb aBTOMAaTHU30BaHOI CH-

166

cremu perymoBanHs (ACP) mHarpiBanpHHX
¢dbopM (puc. 2). Byno npoBeaeHO OoNTUMI3aIiO
HanamryBaab 11/l perymstopa i oTpuMaHo
MepexigHy XapaKTepUCTHKY CHUCTEMH puc. 3.
[Ipn npomy namamryBanusa IIIJ] perymsTopa
HactynHi: Kp = 662.6, Ki = 0.0031, Kn = 64.
[Ipn mpoBeneHHI aHANI3y MEPEXiAHOTO TPO-
1ecy Hamu OyJ0 OTPMMAaHO TakKi MOKa3HUKH
SKOCTI: ycraneHa nmoxuoka 3.88%, mepepery-
moBaHHs 0%, dac perymoBanHa 750c, konu-
BaJIbHICTH 0.

Po3pobka nporpamuoro 3a6e3neyeHHst

[Tporpamue 3abe3neueHHs A KepyBaH-
HS TEXHOJIOTiYHMM mporecoM Ha 0a3i IIJIK
¢ipmu MIK-51 pospobneno y cepenoBuiii
Anbda 1 HaBeneHo Ha puc. 4. Ilporpamumii
naker penakrop FBD-nmporpam AJIB®A mpu-
3HAYeHUH ISl TIPOTpaMyBaHHS MOBOIO (DyHK-
L[IOHAJBHUX OJIOKIB MIKPOIIPOLIECOPHUX KOH-
TponepiB cepiit MIK-51 1 MIK-52 BupoGHuI-
tBa mianpuemctBa «MIKPOJI». Cucrema
MporpaMyBaHHSl peajli3oBaHa BIANOBIAHO 10
BUMOT cTaHAapTy MixHaponHoi Enekrporex-
HiyHoi Kowmicii (MEK) IEC 1131-3 i1 npusHa-
YeHa JUIsl PO3pOOKU MPHUKIATHOTO MPOrpaM-
HOTO 3a0e3IedYeHHsl Al KepyBaHHS TEXHOJIO-
TYHUMH TIpOLIECAaMM, II0 BUKOHYIOTHCS Ha
porpaMoBaHKuX KOHTpojepax [1].

Bizyamizaiito TEXHOJOTIYHOTO MPOLECy
po3pobneHo Ha 0asi mporpamHOro 3adesme-
gennss Visual Intellect (puc. 5). SCADA
Visual Intellect” namae mmpokuii HaOip iH-
CTPYMEHTIB JUISl TIarHOCTUKU CTaHy CHCTEMH,
00poOKu 300iB, BHECEHHS 3MiH J0 0a3u TaHUX
Ta iHTepdeiiciB 63 3ynuHKU poOOTH.

Memodu ma npunadu KoHmposo akocmi, 2026, Ne 1(56)
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Pucynok 3 — IlepexiiHa xapaKTepuCTHKA CHCTEMH PeryJIl0BaHHs TeMIepaTypu
HarpiBajnbHHUX (popm

DSETIR) T™M_PRG(ST) 1

DSET(8Y)

Pucynok 4 — IIporpamue 3a6e3neyeHHs1 AJ1 KePyBaHHS T€XHOJOTiYHUM MPOLECOM

TexHiuHI XapaKTepUCTUKU Ta (QYHKII:
SAnapo cuctemu € 0araToOmOTOKOBUM, IO
3abe3neuye eQEeKTUBHUN PO3MOALT PECypcCiB
MK TMapajleIbHUMH 3aBAaHHsIMH. [ligTpuMka
MIKPOIIPOIIECOPHUX TPHUCTPOIB BHPOOHUIITBA
«MIKPOJI», a TakoX MOKJIHBICTH IIIKIIO-
YEeHHSI CTOPOHHBOTO OOJIaIHAHHS, 1[0 BUKOPH-
ctoBye npoTokod ModBus RTU. MoxnuBicTh
peamizamii po3MOAUICHUX KITIEHT-CEPBEPHUX
apxitektyp. Y  nmuctpubytus  SCADA
CUCTEMH BXOJMTH 3HAYHA KIJIbKICTH TOTOBHX

mabloHiB  JUIs  ONUCY  amapatHoi  Ta
MPOrpaMHOi YacCTUHU CHCTEMH KepyBaHHS.
Jns mpuctpoiB  BupoOumiTBa «MIKPOJI2
nepenbavyeHi craHAapTHi  (¢aim-madaoHy,
SIKI aBTOMATHYHO OMHCYIOTh iX BHYTPIIIHIO
cTpykrypy. KopucryBau nwume immoprye
noTpiOHM 1absoH y JoriyHy 0Oa3zy Ta
MIPUB’sA3y€ HOTO JI0 TEXHOJIOTTYHUX 3MIHHUX.
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Asmomamu3sayisa npoyecy 8upobHUYmMed ...

= !! Root : ] %
EM| Burorosnesma caninoncen | o
=i & 3
LS
g
1
1
I 4
M} { G~} 1
Pucynok 5 — Bizyanizaunisi TexHoJIOTiYHOT O nIpouecy
BucHoBxu BYACHO BHOCHUTH HEOOXiHI KOPEKTHBHU Y

Y po6oTi Oyn0 MPOBEICHO JOCIIHKESHHS
Ta pO3pOoOKYy aBTOMAaTHU30BAaHOI CHUCTEMHU Ke-
pyBaHHSI TIPOILIECY BUTOTOBJICHHS CHIIIKOHO-
BUX 13omsTopiB. bByma 3milicHeHa neTanbHa
OIlIHKA TEIUIOBOTO OanaHcy Ha 00'€KTi, MOOY-
JoBaHa mMareMatnuHa mojaens ACP Temmepa-
Typu HarpiBajpHuUX (GopM, BUOpaHI ONTHMa-
abH1 HanamtyBanHs [11J] perynsaropa. Ctpyk-
Typa po3po0JeHOi CHUCTeMH aBTOMAaTH3aIlli
Mae JIBOPIBHEBY OpraHi3aililo, II0 J103BOJISE
3/1liCHIOBaTH O€3MepepBHUIM KOHTPOJb 3a
CTaHOM TEXHOJIOTIYHOTO MpOIECy, a TaKOX

mporec perymoBaHHsa. OnepaTtopy HaTaeThCs
MOJKITUBICTB 3pYYHOTO BiJIOOpaKEHHS Pe3ylib-
TaTiB POOOTH CHUCTEMH, CTBOPEHHS 3BITIB,
3/1IlICHEHHS KePYIOUMX BIUIMBIB Ha MapaMeTpu
MpoIIECy.

IMopsixku
BincytHi.

Konduikr inTepecis
BincytHiid.
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Abstract. In this paper, the technological process of silicone insulator production was studied and improved in or-
der to improve the quality of finished products by precisely controlling the holding time, temperature conditions
and consumption of silicone semi-finished product. The relevance of the work is due to the need to reduce the
number of production scrap and increase the efficiency of technological equipment in the manufacture of high-
voltage insulators. The main attention is paid to the process of curing silicone semi-finished products in heating
molds fixed on rods, as well as the process of metered silicone feed into molds. It is these stages that have a deci-
sive impact on the physical and mechanical characteristics of finished products, their reliability and compliance
with technical requirements. Insufficient temperature control or inaccuracy in material feed can lead to product
defects, overconsumption of raw materials and a decrease in production productivity. The object of the study is
the technological process of curing silicone semi-finished products in heating molds and the process of feeding
silicone into molds. The subject of the study is methods of automated control of temperature regimes of heating
molds and supply of silicone semi-finished product. The research was conducted at the enterprise LLC "High-
voltage Union - RZVA", which is one of the leading manufacturers of high-voltage equipment in Ukraine and has
many years of experience in the field of electrical engineering production. In the course of the work, an analysis of
the existing technological process was carried out, factors affecting the quality of silicone curing were identified,
and the dependence of the temperature of heating molds on the ambient temperature and equipment operating
time was studied. Optimal and regulatory values of the supply of silicone semi-finished product were established,
which ensure the stability of the production process and minimize defects.

Keywords: automation, silicone insulator, functional automation diagram, programmable logical controller, tem-
perature, flow rate, heating mold, mathematical model.
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