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DEVELOPMENT OF THE TECHNOLOGY OF CASTING PIPE STEEL GRADES

Modern steel production in metallurgy is dictated by the continuous tightening of requirements
for metal quality. Along with the reduction in the level of harmful impurities (sulfur, phosphorus,
gases, non-ferrous metals), increasing attention is paid to the degree of purity of steel in terms of
non-metallic inclusions (NIM), which affects the anisotropy of properties, the threshold of cold
brittleness, weldability, susceptibility to aging, etc.

Converter production has the greatest potential in the steelmaking sector due to its reliability
and high cost-effectiveness. The development of technologies for the production of oil and gas
pipelines is one of the most promising and sought-after industries in modern metallurgy. Analysis of
the economic situation by leading specialists and scientists has shown that the price of oil and gas
will steadily increase every year. This is due to the constant depletion of existing deposits and high
resource and energy costs for the development of new deposits.

Therefore, the construction of reliable oil and gas pipelines will be the primary task of
metallurgical enterprises that have managed to master modern technologies for smelting pipes of the
4th and 5th generations, which will always be competitive in the market.

The paper reviews global trends in the production of high-strength large-diameter oil and gas
pipelines in European countries, Japan and Ukraine. Conclusions are drawn about the prospects for
the development of technologies in this area for our country.

Using global trends, an analysis of the possibilities of producing steel for oil and gas pipelines
of the fourth and fifth generations at the Mariupol Ilyich Steel Plant (MMKI) was performed, as well
as an analysis of problems that may arise during the smelting of these steels.

Keywords: oxygen-converter production, steel, technological cycle, product range, continuous
casting machine, mold, non-metallic inclusions, slab, quality.
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PO3POBKA ITPOTPAMHOI'O 3ABE3ITEYEHHSI 1JISI ABTOMATHU30BAHOI
CUCTEMU JIMHAMIYHOT' O KEPYBAHHS KOHBEPTEPHOIO IIVIABKOIO

YV cmammi posenanymo npobremu nioguwyeHHs eqoekmueHoCmi KOHEePMePHO20 8UPOOHUYMEA
cmani WAXOM 6NPOGAONCEHHS ABMOMAMU30BAHUX CUCMEM 3 OUHAMIYHUM KepYBAHHAM, WO
IDYHMYIOMbCA  HA  Oe3nepepeHoMy OmpumanHi ma obpobyi ingopmayii npo napamempu
MexXHON02IYHO20 npoyecy.

IIpoananizosano icuyoui nioxoou 00 MAMEMAMUUHOZO MOOENI0BAHHS KOHBEPMEPHUX
npoyecie. Hagedeno modcaueocmi npaxmuyHo2o 3ACMOCY8AHHA CMAMUYHUX MA OUHAMIYHUX
Mooenell, wo BUKOPUCMOBYIOMbCA OJi PO3PAXYHKY WUXMU MaA MAamepianbHo2o 0anancy NadeKu,
ONnUCYIOmb KiHemuKy npoyecie, 30Kpema, WeUOKICmb 3Hegy2leyt08anHs ma 3MiHy memnepamypu.
Ilokazano, wo NOECOHAHHA CMAMUYHUX | OUHAMIYHUX MOOenel 003608€ CMEOPUMU KOMNIEKCHY
cucmemy KepyeamHs, 30ammy 30iUCHIO8AMU ABMOMAMUYHE 8E0eHHA MEXHON02IUHO20 NPOYeC).
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Memoto docniodicenns € po3podoKka npoecpammnoco 3abesneuents, ke NOEOHYe 8 codi hyHKyii
CMamu4Ho20 ma OUHAMIYHO20 PO3PAXYHKY NAPAMempie KOH8epMePHOI NIA8KU, a MAKO0iC 3a0e3neuye
8I3yanizayito MexHoI02IYHUX onepayii ma pooomu KOH8EpMmMepHo20 001A0HAHHSL.

3anpononosane npocpamue 3abesneuenHs pozpodnene na 6aszi 2D ma 3D ieposoeco pyutiio
3aeanvnoco npusnavenns Godot Engine, wo maec maxi nepeeazu, 5K 0€3KOUWMOGHICMb,
Kpocniamgopmenicms ma niOMpumMKy pisHUX M08 npozpamyeanus. Illpoepamne 3abesneuenus
cmeopete 3 uxopucmanuim mosu GDScript, 3D-mooenetl, po3pobaenux y cepedosuwi Blender, ma
CKpunmis, SKi ONUCYIOMb NOBEOIHKY OKpemux enemenmis cucmemu. llpoepamne 3abesneyerms
peanizye 6i3yanizayilo OCHOBHUX emanié KOH8EpMEpPHOI NIABKU Mmda KepyBaHHs MeXHON02TYHUM
obnaonannam. Oxpim 6i3yanizayii, npoepama MoO0enoe npoyecu KoHeepmepHoi niasku Ha 0a3i
CMAMU4YHUX Ma OUHAMIYHUX PO3PAXYHKIE.

Poszenanymi mooeni adexeamrno 8i0obpadicaroms peanvHi npoyecu KOHBepMepHOI NIABKU.
Pospobnene npocpamme 3abesneuennss moowce Oymu euxopucmawe AK 0N AGMOMAMUYHO0
KepyBaHHs MEeXHON02IUHUM Npoyecom, maxk i Ol HABYAHHS MA MPEHY8AHHSA NEePCOHAT).
Bnposaodowcenns cucmemu ounamiunozo Kepyeants KOH8EPMEPHOIO NAABKOI0 00360.1UMb NiOGUWUMU
epexmueHicmb KOHBEPMEPHO20 BUPOOHUYMEA, NOKpAWumu AKiCMy cmaii ma 3MeHuumu
cobieapmicmuv npooyKyii.

Knrouoei cnosa: xucnego-koneepmepHuil npoyec, KoMn omepHe MoOent08aHts, 8i3yanizayis,
cmamu4Ha ma OUHAMIYHA MOOENb KOHEEPMEPHOI NIABKU, CUCIEMA ABIMOMAMUYHO20 Pe2YTI08AHHS.

IMoctanoBka mnpo6Jjemu. I[IpoananmizyBaBmm mpoOieMu aBToMaTu3aiii KOHBEPTEPHOTO
BUPOOHUIITBA, MOXHA JIIATH BUCHOBKY, IO Y BITYM3HAHUX KOHBEPTEPHUX ILI€XaX BIJICYTHS BeIUKa
KUIBKICTh €JIEMEHTIB, $KI IIHPOKO BHUKOPHUCTOBYIOTHCS Ha 3aKOPAOHHUX MiANPHUEMCTBAX 1
3IHCHIOIOTh CYTTE€BUM BIUIMB HA MOKAa3HMKHU SKOCTI CTalli, PEeCypco-, €Hepro30epekeHHs Ta
€KOJIOT110.

OpauM 3 HaNOUTBIIMX HENONIKIB € BIJICYTHICTh €(EKTHBHOI aBTOMAaTHU30BAaHOI CHUCTEMH 3
JUHAMIYHUM KEepyBaHHSAM IpPOLECOM BHUIUIABKH CTasi. 3 i JONMOMOrOH MOXYTh OyTH OTpHMMaH1
HaNOIBII TOYHI pe3yNbTaTH, alie BOHA € JIOBOJII CKIIAJHOIO 1 MOTpedye MOCTIHHOTO 1 6e31mepepBHOTO
HAJXO/DKEHHsI JUCKpPETHOI 1H(dopMallii mpo mMmapameTpH CTajerylaBUIbHOT BaHHU. 3HAHHS IUX
napameTpiB J03BOJIMIIO O KOpEryBaTH pO3paxyHKH 110 X0y IJIaBKU 1 TUM CaMHM HaJaBaTW TOYHIII1
KiH1EeB1 pe3ynbTaTd [1]. PoboTa Takoi cuctemMu 6a3yeThecsi Ha TUHAMIYHIN MOJENI, sKa 3a0e3meuye
PO3paxyHOK ITPOrHO30BaHOT Macu PiJIKOT CTaji, IIBUAKOCTI 3HEBYIJICIIOBAHHS, BMICTY BYTJIEIIIO 1]
yac TPOAYBKM 1 JOAYBKH, a TaKOX 3/IHCHIOE KOHTPOJIb TEMIIEpaTypud KOHBEpPTEpYy 1 IMpoIecy
[IJTAKOYTBOPEHHS.

AHaJii3 OCTaHHIX AocaiaxKeHb i myOJaikanii. HaliBaxxnuimumu napameTpaMu KOHBEPTEPHOI
IUTaBKH € IIBUJKICTh 3HEBYTJICHIOBAHHS 1 BMICT Byriemto. [Ipolec 3HeByTIeOBaHHS POXOIUTD Y
mudysiiaomy pexumi, Ta ipu [C] < 0,15-0,2 % BinOyBaeThcst 3amiHa aOCOPOIIMHOTO IMapy Ha
MOBEPXHI MeTaly, TOOTO PeaKIlisi MepeXoqUTh B CTAAII0 JIIMITYBaHHS MEPEHOCY BYTJICIIO 3 00’ €My
BaHHU J10 TOBEpXHI1 pearyBanHs. [loganbiri 1ocaipkeHHs JO3BOJIMWINA PO3BUTH TEOPIIO 1 JOBECTH, L0
KPUTHYHHIA BMICT BYTJICLIIO 3aJIC)KUTH BiJl TEXHIYHUX MMapaMeTpiB npotuecy [2]. Ha movarky npoayBku
MPU BUCOKIA MACOBIM YaCTIll BYTJICHIO MIBHJKICTH HOTO OKHUCIIEHHS 3aJIC)KUTh BiJ] IHTCHCHBHOCTI
1oJlaui KUCHIO B 30HY peaklii, TOMy IO 3HEBYIJICIIOBAaHHS MEpEeBaXHO NMPOTiKae Ha MiK(a3HUMA
MOBEPXHI B 30HI KOHTAKTy AYTTEBOTO CTPYMEHSI 3 BaHHOK. Y 3B'SI3KY 3 BEJIMKHM OKHCIIOBATBHUM
MOTEHI[IaJIOM B peakIiiiHiii 30HI OJHOYAaCHO OKHCIIIOIOTHCA BCi €JIeMeHTH 4aByHy. llpu npomy
OCHOBHHU TaJbMIBHHI BIUITMB Ha TMPOIEC 3HEBYIJICIIOBAHHS BaHHU UYWHSTH MPOIECH OKUCICHHS
KPEMHIIO 1 MapraHilio, sSiKki MaroTh OUIBII CHJIBHY CIOpiJHEHICTh N0 KucHio. IIpu temmeparypi
posmiaBy 1350-1400 °C moumHaeThcsT IHTEHCHBHE 3HEBYTJICHIOBAHHS KOHBEPTEPHOI BaHHW,
NPUYOMY MaKCHMallbHa MIBHIKICTh OKHMCJICHHS BYTJICLIO JIOCATAE€ThCS B cepeauHi IuiaBku [3].
[pYHTYIOUMCH HAa LUX JOCIIHKEHHAX, OYyJIM 3aMpOlOHOBaHI JBa aJrOPUTMH BU3HAYECHHS MacOBOI
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JI0JT1 BYTJICITIO y BaHHI: 3a OallaHCOM BMICTY ByrJieio He Hmxk4ue 0,6 % [4] Ta 3a pi3HHIIECI0 00'eMHOT
IIITBHOCTI BUIIPOMIHEHHS (haKelny B JIBOX CHEKTPAIbHUX 00JACTSIX IJIi BMICTY BYIJICHIO HUXKYE
0,6 % [2].

Takox icHye iHIIA MOZEINb, SIKa PO3IJISLAAa€ MPOLEC 3HEBYTJICIIOBAHHS SK JBa KIHETUYHI
nepioau [3]. Ilepimmii nepios ONUCYETHCS PIBHAHHAM, BiIOBITHIUM MPOIOPIIHHIN TaHIi. Y apyromy
KIHETUYHOMY TIE€pioJii, 10 HACTA€E 3a YMOBH OJIHAKOBOI KIIBKOCTI MU(Y31MHUX IMOTOKIB BYTJIEITIO 1
KHCHIO, IIBUJKICTb 3HEBYTJICHIOBAHHS ONHCYETHCS PIBHSHHSM, SIKE BIAMOBITAa€ 1HEpIiHHIN iaHIi
nepuoro nopsanaky. [IBUIKICTh 3HEBYTJICHIOBAHHS 3HAXOUTHCS Yepe3 00'€éMHI BUTPATH KHMCHEBOTO
OyTTs 3 ypaxyBaHHSM YHCTOTHM Ta BTpAaT AYTTS Ta MacoBOI YAacTKH BYIJICII0 BaHHM, SKHUU
okucmoerbes 10 CO B MOpOKHUHI KOHBEPTEPA 32 PAXYHOK KHCHIO JTyTTS.

3 BHIIEHABEICHOTO BHUTIKAE, MO Taly3b BUKOPHUCTAHHS MAaTEMaTHYHOTO MOJICIIOBAHHS B
aBTOMAaTH3allli KOHBEPTEPHOTO BUPOOHUIITBA € JOCTATHHO BUBUYEHOW. ICHYIOTH MOAEi, sIKi 3/aTHI
MpopaxyBaTH HAmepea Ti YW 1HIN [MapameTpH, sIKi CKIAgHO, a00 HaBiTh HEMOMKJIMBO BH3HAYUTH
IUIAXOM MpPSMHUX 3aMipiB a00 0e3 NpUIMHEHHS BUPOOHHUYOro mporecy. OKpiM JOCHiIKEHHS
IMHAMIYHUX MOJIeNeH, BiTOyBa€TbCs OCTI/DKEHHS, BUBYEHHS 1 BHKOPHCTAHHS HAa MPAKTHII
CTAaTHYHHUX MOJEIeH. Ix CYTHICTb MOJISITa€ B TOMY, 11100 3HANUTH BUTPATHU MaTepialiB, siIKi HEOOX1THI
JUIS. BUTUIABKU CTaJll 3a/1aHOi KUIBKOCTI, XIMIYHOTO CKJIaay 1 TeMIIepaTyp, TPUBAJICTh IUIABKH 1
MPOIYKTUBHICTh arperary. 3a3Buuail po3paxyHKH IJIaBKU BiOYBaIOThCSI B IEBHUU MOCIIIOBHOCTI.
CriouaTKy BHM3HAYarOTh IMapaMeTpu IUIaBKH, sAKi Tpeba oTpuMard B KiHII NpoayBku. IloTim
OO0YHCITIOIOTh BUTPATH JIOMY, OKHCIIEHHS JOMIIIOK METajeBOi IIMXTH, KIIBKICTh 1 CKIIaJ LUIAKY.
BaxmBuM mapameTpoM ISl po3paxyHKy € BUTpatu AyTTs. Ilicis HpOTO 3a3BHYail pO3paxoBYIOTh
BUXI1J PIAKOI CTali mepe] pO3KUCIEHHSIM 1 CKJIalaloTh MaTepianbHuil O6anaHc miuaBku. HactynHum
€TaroM € PO3paxyHOK TEIIOBOTO OallaHCY 1 TeMIepaTypH MeTajy, HOTO PO3KUCIEHHS 1 XIMIYHOTO
CKJIaly, a TaKOXK BUTpATH Marepially Ha BCIO IJIABKY 1 BUXiJ MPOAYKTIB IJIABKHU. 3aKITIOYHUM €
BU3HAYCHHS THTOMOI IHTEHCHBHOCTI MPOAYBKH, TOBTOTPHBAJIOCTI IUIABKHM 1 MPOAYKTUBHOCTI
arperaty [5]. B cykymHocTi M cOOOIO0 JAMHAMiuHa 1 CTaTWUYHA MOJENl CTAHOBIATH 3aMKHYTY
CUCTEMY, KA TEOPETUIHO MOTJIa O KepyBaTH TEXHOJOTIYHUM MIPOLIECOM CaMOCTIITHO, O€3 BTpyUaHHS
JIFOAMHU.

Metow poboTH € po3poOka TporpamMHOro 3abe3medeHHs, IO peayli3ye CTaTUYHUN Ta
JUHAMIYHUNA pO3paxyHKH IapaMeTpiB KOHBEPTEPHOI IUIABKH, a TAKOXK Bi3yali3allito TEXHOJIOTTYHUX
orepailiif Ta poOOTH TEXHOJIOTIYHOTO OOJIaHAHHS.

OcHoBHHUIT MaTepian pgocaigxenHsi. [lporpama Bizyamizauii KHCHEBO-KOHBEPTEPHOIO
nporiecy (puc. 1) po3pobisena Ha 6a3i irpoBoro pyrito 3araiabHoro npusHaueHHs Godot Engine Ta
0a3yeTbcs Ha CTaTHUUHIN Ta AMHAMIYHIA MOJIENSIX KOHBEPTEpHOI IIaBKU. Baromoro nepeBaroro wiei
maaThopMu € Te, M0 BOHA € OE3KOIITOBHOIO, CEOTO JOCTYMHOI uisi KOoxkHOro. CepenoBuiie
po3poOku Moxe mparroBatd  Ha Linux, OSX, Windows Ta iHIIMX omepariiiHUX CHUCTeMax Ta
excrioptyBatu mnpoektd Ha IIK, koHcomi, mMoOuUIbHI Ta BeO-mmaTdopmu. CKPUOTIHT y LBOMY
cepeloBHILI BiTOYBAEThCS 3a JOMOMOroto BOyaoBaHoi MoBu GDScript, cHHTakcuC K01 Ma€e CHiIbHI
eneMenTH 3 Python. Jleski Bepcii Godot miaTpumytoTs MoBH nporpamyBanHs C, C# ta C++, dki €
JI0BOJII TIOIYJISPHUMHU B rajly31 IPOMUCIOBOI aBTOMATH3aIli1.

VYBech MpoekT sBIsie coloro cykynHicThb 3D mopenei, po3poOieHMX B mporpami Juist
MonemtoBaHHs Blender, Ta migkimoueHNX 10 HUX CKPUIITIB, SKi MIPEICTABICHI OKPEMUMH KJTaCaAMHU.
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Pucynok 1 — I'ojoBHE BiKHO IporpaMu

Po3pobnennii nmpoext Hanmcanuit Ha GDScript. Lle HalOiMbII 3py4YHa MOBA IS HAITUCAHHS
ckpunTiB. CKpUIITYBaHHS BiAOyBAa€ThCS 3a PaxXyHOK MIAKIIOYEHHS CKPUITY O MEBHOIO 00’€KTa
npoekTy. CaM POEKT Mae CTPYKTYpy By3JiB abo Tak 3BaHux Node. B mpoexTi € ronoBauil By301, a
BCl 1HII NPUEAHYIOThCA 10 HHOro. Yum Opkye By30J1 3HAXOAUTHCS A0 T'OJOBHOTO, TUM OlbIie
JOCTYITY BiH Ma€ JI0 iHIMX By3JiB. TOOTO BiH Ma€ TOCTYT Ta MOXKE KEPYBATH TUTBKH 3aJICKHIAMH BiJT
HBOTO By3JaMH. Jleski By3/IM MOKYTh BUCTYNaTH B poii cuieH. ClieHa — 1ie By30d1, SIKuil Moxe OyTu
3aJIe)KHUM a00 TIpaIfoBaTH OKPEMO BiJ iHIMX. HaWronoBHIMMIA By30J1 MOKHA BBaXKaTH CIEHOIO.
By3on ysBisie co6010 Habip eeMeHTIB 13 eBHoi 610:110Teku. B po3pobieHoMy npoeKTi BUKOpUCTaHi
Taki enemMeHTH, sk KinematicBody2D, RigidBody2D Ta StaticBody2D. 3anexaumu Big HUX € Sprite,
CollisionShape2D Ta CollisionPolygon2D. Ilepmi HeoOXinHi i onucy (i3MYHUX BIACTUBOCTEH
00’eKTa, a JApyri — MOro 30BHINIHBOTO BUMIIALY Ta (opmu. KokeH 3 IMX eleMeHTIB Mae 0e3niu
BJIACTUBOCTEH, 3MIHIOIOUH SIKI 32 JOTIOMOTOKO CKPHMTIB MOKHA OTpPHUMATH Oa)XaHWUW pe3yJbTar.
Hanpuxmnan, B mporpami Ha 0a3i CKpUIITIB peanti30BaHO aHIMAII0 PyXy KOHBEpPTEpY, GypMH, COBKY
JUIS TIO/1adi CKpaly, CTajh KOBIIA Ta PyXOMOTro ckiamy. HuMm MokHa KepyBaTH 3a JOIOMOTOIO
KJIaBiaTypu KOMII I0Tepa.

OxkpiM Bi3yallbHOI YaCTHHU TPOEKT MICTUTh MOJENb PO3PAXyHKY Ta CHMYJIAIIi KHUCHEBO-
KoHBepTepHOi TutaBku. Lleit 6ok OyB peanizoBaHMi SIK OKpema CIIeHa, a MOTIM BOYAOBaHHNA 10
OCHOBHO1. BiH CKagaeThCs 31 CTAaTUYHOTO Ta JUHAMIYHOTO PO3PaxXyHKIB KOHBEPTEPHOI IIJIABKH Ta
CUMYJIALIT TJIAaBKK Ha 1X OCHOBI (puc. 2). Pe3ynbraTi po3paxyHKiB BiIOOpa)KyIOThbCs HA MaHENIX 3
TaOJINIIIMU.
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)

Pucynoxk 2 — Bizyasizaiiisi TEXHOJIOTIYHUX Omeparliii KOHBEPTEPHOI IJIaBKH:
a) — 3aBaHTa)XEHHS CKpaIly; 0) — 3aBaHTaXCHHS CUIIKMX MaTepiajiB; B) — 3aJIMBAaHHs YaBYHY;
') — PO3PaxyHOK CTAaTHYHOI MOJIEIII; /1) — MPOIIEC TUIABKH; €) — 3JIMB YaBYHY;
) — 37TUB IIJTAKY; 3) — 3aBEPLICHHS TUIaBKU
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Bcboro npoekt Hajivye 22 CKpUIITH, SKi peaizyloTh:

— TOBEAIHKY BHUTPAaTHUX OYHKEpiB: 3MiHY TOJOXEHHS 3aciiHKU OyHKepy, 3alOBHEHHS
IIMXTOBUMH MaTepiajlaMy B MEBHUX MEXaxX, KOHTPOJb PIBHIO Ta KUIBKOCTI MaTepiayly, BUCUIIaHHS
[IMXTOBUX MaTepialiB 3 OyHKepY;

— TOBEAIHKY MPOMDKHOTO OyHKepa: MiJpaxyHOK KUIBKOCTI TOTO YH iHIIOTO IIUXTOBOTO
Marepiaiy, [0 3aBaHTaXYy€EThCS B OYHKEP, Ta iX 3arajibHOI KiJIbKOCTI;

— TIOBEIIHKY BaroBoro OyHKepa: MiJApaxyHOK KUIBKOCTI TOTO YW IHIIOTO IIHXTOBOTO
Marepiaiy, 10 3aBaHTaXY€EThCs B OyHKep, Ta iX 3arajibHOI KIJIBKOCTI, peakilis Ha MOTPAIUITHHS a0o
BHCHUIIaHHS MaTepiany 3 OyHKepa;

—  TIOBENIHKY CTaJIb KOBIIIA: 3JIMBAHHS CTaJi JI0 KOHBEPTEPA, IEPEMIIIIEHHS CTallb KOBIIIA;

— TIOBENIHKY KHMCHEBOTO KOHBEpTEpa: aHIMaIlisl 3JMBY CTali Ta NUIAKY B KIHI[ IJIABKH,
PO3paxyHOK KyTa IOBOPOTY KOHBEPTOPA 3a BHYTPIIIHIMU KOOPJHMHATAMH Ta aHIMallisl IOBOPOTY;

— TOBENIHKY eNeKTPOBiOpaliiiHiX >KUBUIBHUKIB: 3aBaHHS MPOJYBHOCTI Ta MEPEBEICHHS
3HA4YEHHS MPOJTYKTHUBHOCTI y BILIMB Ha €JIEKTPOBIOpaIiitH1I )KUBUIIHHHK;

—  TIOBEAIHKY KMCHEBOI ()ypMH: PO3paXyHOK Ta 3MiHa i1 MOJI0KEHHS;

— TOBEAIHKY COBKY 31 CKpamoM: (opMyBaHHS CKpally, MEpEeMIillleHHS COBKY, aHiMallis
3aCUIIaHHA CKpaIly 10 KOHBepTepa;

—  TOBEAIHKY PyXOMOI'O CKJaJy: aHIMallll0 3aMiHU KOBIIIa HA COBOK Ta HaBIAaKH, KEpyBaHHs
IIJTAKOBO30M Ta CTaJIEBO30M;

— TOBEJIHKY IUIAKOBO3a: HAIIOBHEHHS IIUIAKOBO3a LIJIAKOM, BiJCIIIKOBYBaHHS I'OTOBHOCTI
[IJIAKOBO3a JI0 3JIMBY IIIJIAKY;

— TOBEAIHKY CTajeBO3a: HAIOBHEHHS CTaJeBO3a CTAJUIIO, BiACIIJAKOBYBaHHS T'OTOBHOCTI
CTaJIeBO3a JI0 3JIMBY CTaJi;

—  HaJaHHA N11Ka30K JUI1 HOKPOKOBOTO BUKOHAHHS TE€XHOJIOT1] TIABKHU;

— TIPUCBOEHHS MapaMeTpaM YaByHY 3HA4Y€Hb 3a 3aMOBUYYBaHHSAM a0o0 3HaueHb, sKi Oynu
BBEJICHI KOPUCTYBauEM;

— TIPUCBOEHHS OCHOBHOCTI IIUIAKy 3HAYEHHS 32 3aMOBUYBAHHSM a00 3HAYCHHS, BBEIEHOTO
KOPUCTYBa4yeM;

—  pO3paxyHOK CTaTMYHOI MOJIei;

—  PO3paxyHOK KIHIIEBOI TEMIIEpaTypH CTajll B 3aJIEKHOCTI B1Jl BMICTY BYIJIELIIO;

—  TEHepallilo CTYIEeHsl BUJAIECHHS IIKIUIMBUX JOMILIOK Y KiHIIl TPOJTYBKU B 3aJI€KHOCTI B1J
BMICTY BYTJIELIIO;

— TeHepallilo BMICTY OKCHIB 3aii3a B LUIAKy B 3aJI€)KHOCTI Bil BMICTY BYIJIELO B KiHIII
MIPOTYBKH;

—  TEeHepallilo CKJIaJy HeMeTaJIeBUX MaTepiaiB AJis pO3paxyHKIB KUIBKOCTI Ta CKJIa Ty IIJIaKy;

—  OKHCIICHHsI BYTJIEI[I0, MapTaHIlio, KpeMHito, pocdopy, cipku;

—  pO3paxyHOK aTOMapHOi KOHIIEHTpalii ByTJelo B MeTaJl;

—  BUBEJECHHS Pe3yJbTaTiB YCiX PO3PAXYHKIB y TaOJIHLII.

Y mporpami neperdaueHo MPUCBOEHHS BUXIJHIM ITapaMeTpaM pO3paxyHKy 3HaUeHb, BBEICHUX
KOPUCTYBa4eM, SIKIIO porpama Mpawkoe sIK YaCTHHA TMHAMIYHOI CUCTEMH KepyBaHHs IJIaBKOI0, 200
3HA4YEHb 332 3aMOBUYBAHHSIM, SKIIIO TPOTpaMa BUKOPHCTOBYETHCS SIK CUMYJISITOP JJIsl HABUAHHS.

BuxigHumu JaHUMU 17151 MOJIITIOBAHHS € MapaMeTpu XIMIYHOTO CKJIay YaBYHY Ta MapaMmeTpu
cTaJl, siki HeoOXi1HO oTpuMatu. [lapameTpu oMy 3a3BHUYail HEB1JIOMI MiJT Yac peaibHOI IUIaBKH, ajie
BOHU BapilOIOTLCA B IEBHUX MeXaxX. [ pyHTYIOUMCh Ha [[bOMY, CKJIaJl JIOMY F€HEPYEThCS BUITAIKOBUM
9HHOM. PO3paxoByIOThCS BUTPATH JIOMY 3 KOPEKIII€I0 32 0XOJIOKYBATBHOIO 37aTHICTIO OKATHIIIB Ta
TEeMIepaTypu MeTally. 3a BU3HAUEHUMH BHTpPAaTaMHU JIOMY 3HAaxXOIATbCS BUTPATH 4YaByHY. 3a
OTPUMAHHMMH JIAaHUMH BH3HAYAETHCS 3arAJIbHUI BMICT €JIEMEHTIB Y METANOMUXTIi. J{ani 3HaxoauThest

81



Hayka Ta BUpOGHHUIITBO

2025 p. Bun. 29
Meranypris

3aJIMIIKOBUM BMICT IOMIIIOK Y METali B KiHIII TPOoAyBKU. KiIbKICTh JOMIIIOK, SIKi BUIAISIOTHCS i1
4ac TPOYyBKH, 3HAXOIUTHCS SIK PI3HHUI MDK 1X BHXIJHUM 1 3aJTUIIKOBUM BMICTOM TIICJIS TTPOTYBKH.
Li nani HEOOXiAHI U1 PO3paxXyHKY KUIBKOCTI KHCHIO, sika HEOOXiaHa /i okucieHHsA. Ha mpomy
CTaTUYHUHN PO3paxyHOK 3aBEPIIY€ETHCS.

HactynauMm etamnom € JUHaMIYHUNA pO3PaxyHOK, SIKUH 0a3yeThCsl HAa pO3paxyHKaX CTATUYHOTO.
Bin monsrae y Bu3HaYeHHI 1HTEHCHMBHOCTI BUAAQJICHHS BYIJICHIO Ta 1HIIMX JOMIIIOK 3aJICKHO BiJ
3MiHH Yacy MpoayBKHU. B mporpami nepenbavena 3miHa BUTpAT AYTTs, IO TO3BOJISIE TOCIITUTH 3MIiHY
HIBUAKOCTI, 3 IKOIO BUJIAISIETCS €IIEMEHT.

BUCHOBKHA

PeanizoBani B mporpami Mojiesi aieKBaTHO Bi0OpakatoTh MPOIECH, 1110 MPOTIKAIOTh y BaHHI
KOHBepTepa. MoJieii T03BOJISIFOTh 3IHCHUTH PO3PaxXyHOK IIUXTH HA IJIABKY, O€3MEPEPBHO MO XOAY
MPOAYBKU 3/IHCHIOBATH KOHTPOJb 1 PEryJIOBaHHS HAHOLIBII BAXIIMBUX TapamMeTpiB MeTaly 3a
JIOTIOMOTOF0  yTIPABIiHHSA KHCHEBOIO (DypMOr0, BH3HAYATH IIBUAKOCTI 3HEBYTJICHIOBAHHS, 3MiHU
TEMIIepaTypH i OKHCIICHHS 3aJ1i3a BAHHHU.

Po3pobiene mporpaMue 3a0€3MeUYCHHS MOKE BUKOPHCTOBYBATHCS B CUCTEMI aBTOMATHYHOTO
KepyBaHHSI KOHBEPTEPHOIO IIJIABKOIO, IO JO3BOJUTH 30UIBIINTH TOYHICTh YIPABIIHHSI, ITiIBUIIUTH
SKICTh BHILJIABJICHOT CTaJIi Ta EKOHOMIYHICTh TIpoliecy. Takoxk mporpama Moke OyTH 3aCTOCOBaHa B
SIKOCTI TPEHYBAJIbHOI Ta / 00 HaBYAIIbHOT JIIs1 00CITYTOBYIOUOT0 MEPCOHAY, TEXHOJIOTIB Ta (paxiBIiiB
3 aBTOMaTH3aIlii.
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Cherevko O., Shcherbakov S.

SOFTWARE DEVELOPMENT FOR AN AUTOMATED DYNAMIC CONTROL
SYSTEM FOR CONVERTER MELTING

The article considers the problems of increasing the efficiency of converter steel production by
implementing automated systems with dynamic control, based on continuous receipt and processing
of information about the parameters of the technological process.

Existing approaches to mathematical modeling of converter processes are analyzed. The
possibilities of practical application of static and dynamic models used to calculate the charge and
material balance of the melt, describing the kinetics of processes, in particular, the rate of
decarburization and temperature change, are presented. It is shown that the combination of static
and dynamic models allows creating a complex control system capable of automatically controlling
the technological process.

The purpose of the research is to develop software that combines the functions of static and
dynamic calculation of converter melting parameters, as well as provide visualization of
technological operations and the operation of converter equipment.

The proposed software is developed on the basis of the 2D and 3D general-purpose game
engine Godot Engine, which has such advantages as free, cross-platform and support for various
programming languages. The software is created using the GDScript language, 3D models developed
in the Blender environment, and scripts that describe the behavior of individual system elements. The
software implements visualization of the main stages of converter smelting and control of
technological equipment. In addition to visualization, the program models converter smelting
processes based on static and dynamic calculations.

The considered models adequately reflect the real processes of converter smelting. The
developed software can be used both for automatic control of the technological process and for
education and training of personnel. The implementation of a dynamic control system for converter
smelting will increase the efficiency of converter production, improve the quality of steel and reduce
the cost of production.

Keywords: oxygen converter process, computer modeling, visualization, static and dynamic
model of converter smelting, automatic control system.
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I'puropenxo B.Y., 3a6on0THiit O.M.

HIABUIIEHHSA ’)KOPCTKOCTI TA MIIIHOCTI I BABE3ITEYEHHSA 3BAPIOBAHOCTI
XOJIOJHOI'HYTHUX LIBEJIEPIB

Lllsenepu supobnsitoms nO MEXHONO2IAM 2apA40i NPOKAMKU 3 K8AOPAMHOL YU NPAMOKYMHOL
3a20MOBKU MAK [ NO MEXHOJI02Ti XOI0OOH020 32UHAHHSA cMy2U abo TUCmA.

Manosyaneyesi cmani, wo 3acmoco8yromvca npu GUPOOHUYME]  2apAYEKAMAHUX Ui8elepis
0aoms MONCIUBICMb 36APIOGAHHS, dJle He Malomb 8Ucokoi miynocmi. Tomy nocmae numanms 3
NIOBUYEHHAM NOKA3HUKIE MIYHOCMI Memana weenepis.
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