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Pedepar:

1. MeTa mocifpkeHHs IoJIIrae y 3HWKeHi co6iBapTOCTi KUCHEBO-KOHBEPTEPHOI CTaJli, 10 € HACIiAKOM MiJBUILEHHS
YaCTKM METaJIO0PYyXTy 3a PaXyHOK MijBrIIeHHS cTyneHd gonamoBaHHsa CO 1o CO2 B NOPOKHMHI KOHBEPTEPA,
LIJIIXOM ONTUMAJIbHOTO KEPYBAaHHA MapaMETPAMU IyTTHOBOTO PEKMMY 3 BUKOPUCTAHHAM MOZEIbHO-
IIPOTHO3YI0YOr0 KEPYBaHHS. Y IMCEPTaliliHiii pO6O0Ti BOCKOHAJIEHO MaTEMATUYHY MOJENb yTThOBOTO PEKUMY
KACHEBO-KOHBEPTEPHOI I171aBKH, 32 PAXyHOK BPaxXyBaHHS BIJIMBY iHTEHCUBHOCTI JyTTS Ha IPOLEC
3HEBYIJIELJOBAaHHS BaHHU, 110 JO3BOJIWIIO MiABUIIUTYA TOYHICTD Ta AKiCTh KEPYBaHHS JYTTSIM B yMOBaX 3MiHU
BUTPATU KMCHIO IIiJ] YaC MPOZYBKH, yBiBIIM 3a[IPONIOHOBAHY MOJIEJIb 6€3I10CEPEHBO [0 KOHTYPY KEPYBaHHS

rapaMeTpaMy NyTTbOBOTO peXuMy. Brieplie CHHTEe30BaHO ONITUMAJIbHY CUCTEMY KEPYBaHHS IIapaMeTpamu



IOyTTEBOTO PEKMMY KMCHEBO-KOHBEPTEPHOI IJIaBKU 332 IPUHLIUIIOM 3BOPOTHOTO 3B’513KY Ha 6a3i MOJIe€JIbHO-
[IPOTHO3YI0YOr0 KEPYyBaHHS [IPY BUKOPUCTAHHI JIiHIHHO-KBaJpaTUYHOro QYHKIIOHAIY, SIKa JO3BOJIMIIA OGHOYACHO
KEepyBaTH iHTEHCUBHICTIO AYTTS Ta MI0JIOKEHHSIM (PypMU IIpU IPOrPaMHil 3MiHi 3aBaHHs Ha BUTPATy KUCHIO Ta
BMicTy CO2, a TaKOX NiIBULIUTHU SKiCTb KEPYBAHHS Ta €HEPro30epesKeHHs IPU IJIaBLi, 32 PAaXyHOK 30i/IbIIE€HHS
crynens ponanoBaHHsg CO no CO2, mo € HACiAKOM MigBUINEHHS YaCTKU MeTano6pyxTy. [loganpmuii pO3BUTOK
OTPUMAaJIO BUKOPUCTAHHS 3aMKHYTUX CUCTEM KepyBaHHs cTeneHeM ponantoBaHHsa CO go CO2Z mIsXoM CUHTE3Y
MOJ€JIbHO-TIPOTHO3YI0YOr0 PETYJISITOPA 3 YPaXyBaHHSIM TEXHOJIOTIUHAX OOMEXKEHb MIBUAKOCTI IepeMillleHHS
PETyJI0I0UMX OPTraHiB, IO T03BOJINJIO MiIBUIINUTY SKiCTh KEPYBaHHS [TPOLLECOM IIPU HASIBHOCTI OOME>KEHbD.
3anponoHoBaHe PillleHHS JO3BOJIS€E MiABULIUTH SIKiCTb KEPYBAHHS [TPOLIECOM B YMOBAX TEXHOJIOTIYHUX OOMEXKEHb.
HasBHi cuctemy aBTOMaTUYHOrO KEPYBaHHS HE 3a[JOBOJIbHAIOTH B [IOBHIN Mipi BUMOTraM, 1[0 BUCYBAIOTLCS 10 SIKOCTI
po6OTH CUCTEMU ITPY IPOrPAMHOMY KE€PYBaHHI TapaMeTpaMU PeXUMy OyTTs Ta cTabdisizauii 30ypeHs. [TopiBHSIbHE
IOCJIiIPKEHHS POOOTH MOJI€JIbHO-ITPOTHO3YI0YOTO PETYISATOPA Ta KOMOIHOBAaHOI cucTeMu peryioBanHs 3 [T1]1-
PerysiTopamMu 1oKasajo, 0 OTPUMaHi NepexifiHi MpoLecyu CUCTEMY aBTOMATUYHOTO PETYJIIOBAHHS PEXKUAMY IyTTS
KMCHEBO-KOHBEPTEPHOI IJIABKU 3 MOZEJILHO-TIPOTHO3YI0YOIO PErYJIATOPa aBTOMATUYHOTIO PETYJIIOBaHHS
3a6esneunsu ISE 17151 KOHTYPY BUTpATU KUCHIO — 5577 Ta BMicTy CO2 y KOHBEPTEPHUX rasax — 43; MaKCUMaJlbHe
IvHaMivHe BimxuseHHs BMicTy CO2 y KOHBepTepHUX razax ckiano 0,95%. 3acTocyBaHHS MOJIE€JIbHO-
[IPOTHO3YI0YOr0 PEryJISTOPA LO3BOJIUIIO ITOKPAILMTY SIKiCTh PETYJIIOBaHHS [IJI1 KOHTYPY BUTPATU KUCHIO ¥ 1,63 pasu;
MaKkcuMasbHe JrHamiyHe BiaxuneHHs BmicTy CO2 y KOHBEpTEPHHUX razax 6yJ1o 3HUKEeHO Ha 16,5% y MOpiBHSIHHI 3

KOMOGIHOBaHOIO CUCTEMOIO peryioBaHHs 3 [11]I-perynsaTopamu.

2. The purpose of the study is to reduce the cost of oxygen-converter steel, which is a consequence of the increase
in the share of scrap metal due to the increase in the degree of post-burning of CO to CO2 in the converter cavity,
by optimal control of the parameters of the duty mode using model predictive control. In the dissertation, the
mathematical model of the blowing mode of basic oxygen furnace process was improved, taking into account the
influence of the intensity of blasting on the process of decarburization of the bath, which made it possible to
increase the accuracy and quality of blasting control in the conditions of changes in the oxygen consumption
during purging. For the first time, an optimal control system for the parameters of blowing mode during basic
oxygen furnace process was synthesized based on the principle of feedback with model-predictive control using a
linear-quadratic functional, which allowed simultaneous control of the blowing intensity and the position of the
lance, as well as to improve the quality of control and energy saving during melting, due to the increase in the
degree of post-burning of CO to CO2, which is a consequence of the increase in the proportion of scrap metal.
Further development was achieved by the use of closed control systems for the degree of post-burning of CO to
CO2, through the synthesis of a model predictive controller taking into account the technological saturation of the
speed of movement of regulatory bodies, which allowed to improve the quality of process control in the presence
of saturation. The existing automatic control systems do not fully satisfy the requirements for the quality of the
system's operation during software control of the parameters of the blowing mode and stabilization of
disturbances. A comparative study of the operation of the model predictive controller and the combined regulation
system with PID controller showed that the obtained transient processes of the system of automatic control of the
blowing mode of the basic oxygen furnace from the model predictive controller provided ISE for the circuit of
oxygen consumption - 5577 and the content of CO2 - 43; the maximum dynamic deviation of the CO2 content in
converted gases was 0.95%. The use of a model predictive control made it possible to improve the quality of
control for the oxygen consumption by 1.63 times; the maximum dynamic deviation of CO2 content was reduced
by 16.5% in comparison with the combined control system with PID controller.
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