O6srikoBa KapTKa auceprauii (OKI)

Indp cneopazn: 1d 26.002.09
Bigxpura
Bug mucepranii: 08

Hepxasnuit o6ikoBHi Homep: 0823U100159

Jara peecrpanii: 20-03-2023

1. BizomocrTi nmpo 3m06yBaua

IIIB (yxp.): Mapisiu Opiit Iroposuy

ITIB (amrs.): Mariiash Yurii [horovych

llIndp cneniansHoCTi, 3a AKO0I0 Bigdysca 3axmer: 151

Hata zaxucry: 15-03-2023

Ha 3p06yTTa HaykoBoro crynens: Jlokrop dinocodii (a.¢in)

CnenjianbricTs 3a 0CBiTOIO! ABTOMATH3ALliS TA KOMITIOTEPHO-IHTETPOBAHI TEXHOJMOTTI

2. Bimomocri mpo ycraHoBY, oprasisaiio, y BYeHii pazi skoi BizbyBcs 3axucr
Haaea opranisanii: Hauionansuuii rexuivnumii yuisepcutet Yrpainu "Kuiscokuit nosirexnivnmit incTuTyT iMesi Irops
Cikopcekoro”

HNignopaarosanicrs: MiHicrepcrso ocBiTH | HayKu Ykpainu

Kop €IPTIOY: 02070921

Aznpeca: npocnexr [lepemorwu, 6yn. 37, m. Kuis, 03056, Ykpaina

Tenedon: 380442367989

Tenedon: 380442044862

Tenedon: +38 (044) 204-82-82

E-mail: mail@kpi.ua

WWW: https://kpi.ua/

Inme: kpi.ua

3. BizomocTi mpo opraHizariiio, e BUKOHYBasacs (TOTyBaJIacs) AUCepTalis
Haasa opranisanii: Hauionanbnuit Texsiunmit ynisepcurer Ykpainu "Kuiscbkuit nonitexHiynmiit inctuTyT imeni [rops
Cikopcekoro”

Higmopsaaxosanicrs: MidicrepeTso ocsitn i Hayku Ykpainu

Kop € IPIIOY: 02070921

Apnpeca: npocnekr I[lepemory, 6yz. 37, M. Kuis, 03056, Ykpaina

Tenedon: 380442367989

Tenedon: 380442044862

Tenedon: +38 (044) 204-82-82

E-mail: mail@kpi.ua

WWW: https://kpi.ua/

Inme: kpi.ua



4. Bimomocrti mpo opranizauiro, ze npanoe 3706yBayu

Hasea opranizanii: Hauionansuuit TexHivHuiH yHiBepcHTeT YKpainu "KUiBChKUI MONITEXHIYHMIH iHCTUTYT iMeni [rops

Cikopcekoro"
NizgnopaaxosaxicTs: MiHiCTEpCTBO OCBITH | HAYKM YKpainu

Kog €IPTIOY: 02070921

Appeca: npocnekt Ilepemory, 6ya. 37, M. Kuis, 03056, Ykpaina

Tenedon: 380442367989
Tenedon: 380442044862
Tenegon: +38 (044) 204-82-82
E-mail: mail@kpi.ua

WWW: https://kpi.ua/

Iamre: kpi.ua
5. Hayxoni KepiBHPlKH Ta KOHCYJIbTaHTH

Haykogi KepiBHUKH

Crenanenp Onexkcanap BacunsoBuy (x. T. 1., mor, 05.13.07)

6. O¢inifini onoHEHTH Ta peneH3eHTH
Ogiuitini omoneHTH

Cipneupkuit Bikrop MuxaitnoBuy (K. T. H., gol., 05.13.07)
Caconux Auppiit [lerposny (1. T. H., npogecop, 01.05.02)

PeuenseHTH

Bynke Onexcannp Cepriitosuy (. T. 1., 05.13.07)
Spowyk Jionmuna Jlem'sHisHa (K.T.H., Ao, 05.13.07)

7. IlimcyMKu JOC/IiAKeHHSs Ta KiJIbKiCHI ITIOKa3HHKH

Mincymrn nocnipzxenns: 40 - HoBe BUPILICHHS aKTYalbHOTO

HAYKOBOTO 3aBJaHHS
KinbpkicTs cropiHok: 161
Kinexicte mopartkis: 10
Inoctpanii: 63
Tabauui: 9

Cxemm:

Bukopucrani nepmomkepena: 80

8. Inpexc YK TemaTHyHHX pyopux HTI

Inpexc VIK: 681.5.09, 658.012.011.56:658.512, 681.5
Temarnyni py6puxn: 50.43.19, 50.47

KinekicTs my6ikanii: 17

KinpkicTs mareHTiB:

Bnposamyxenns pesyisbtaris poborm: 1

Mosga norymenTa: YKpaiHChbka

3B'A30K 3 HayKOBHMH Temamu: 0120U102168 0120U001750



9. Tema Ta pedepar gucepranii

Tema (Yxp.)

MozenbHO-TIpOrHO3yI04E aBTOMATHYHE KEPYBaHHSI PEXMMOM AYTTS KMCHEBOTO KOHBEPTEPA 3 CHEProe(eKTHBHUM BACBOEHHSM
Tensia
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Model-Predictive Automatic Control of the Blowing Mode of an Oxygen Converter With Energy-Efficient heat Absorption

Pedepar (yxp.)

Mera pocrmimxenHs nonsrae y sHukeHi COBGIBAPTOCTI KMCHEBO-KOHBEPTEPHOI CTami, MO € HACHIZKOM IIiiBULIEHHS YacTKM
METANOGPYXTY 33 PaXyHOK MiABMIIEHHs CTyneHs nonanioBaHs CO fo CO2 B NOPOXHMHI KOHBEPTEPA, IUIAXOM ONTUMATLHOTO
KEPYBAHHS [ApameTpaMy JIYTTHOBOTO PEXMMY 3 BHKODMCTAHHAM MOJIEJIbHO-IIPOrHO3YIOMOr0 KepyBaHHsS. Y [AucepTaiiiHiii
poGOTi BIOCKOHAJNEHO MATEMaTHYHYy MOZENb MYTThOBOrO PEXUMY KMCHEBO-KOHBEPTEDHOI TIABKHM, 33 PaxyHOK BpaxyBaHHs
BIUIMBY IHTEHCMBHOCTI [yTTsl Ha NPOLEC 3HEBYIJIELIOBAHHS BaHHM, WO JO3BOJIMIO IABUILMTY TOYHICTb Ta AKICTh KepYBAHHS
AYTTAM B yMOBaX 3MIHM BUTPATH KMCHIO Mifi 4aC MPOAYBKH, YBIBIIM 3anpONIOHOBAHY MOJENb GE3NOCEpPe/IHbO 70 KOHTYPY
KCpYyBaHHA apaMeTpaMH IyTTbOBOTO PEXKUMY. Briepiie CHHTE30BaHO ONTUMANbHY CHCTEMY KEDYBaHHS [1APAMETPAMM JyTTEBOTO
PEXMMY KHCHEBO-KOHBEPTEPHOI IIABKY 32 NMPUHIUITOM 3BOPOTHOTO 3B3KY Ha 6asi MOJIE/bHO-TIPOrHO3YIONOT0 KEPYBaHHS MpH
BUKODMCTaHHI JIHIHO-KBaZpaTHyHOro GyHKIiOHANY, sKa J[03BOJIMJIA ONHOYACHO KEPYBATH IHTEHCHBHICTIO AyTTS Ta
TIONOXEHHAM (YyPMM NPY NpOrpaMHilt 3MiHi 3aBJaHHsA Ha BUTPATy KMCHIO Ta BMicTy CO2, a TaKOX MiABMIUTH AKICTh KepyBaHHA
Ta eHepros3éepexeHHs MpU I1aBLl, 32 PAXyHOK 36UIbWEHHS cTyNeHs gonamosanas CO mo CO2, mo € HACHIAKOM [igBueHHs
4aCTKM MeTano6pyxry. [Toganbmuii pO3BUTOK OTPUMAJIO BUKOPHCTAHHS 3aMKHYTHX CHCTEM KEPYBaHHs CTEMEeHEeM NONaloBaHHs
CO pmo CO2 msxoM CHHTE3y MOME/bHO-IPOTHO3YIOHOIO PETYJAATOPA 3 YPaXyBAHHSAM TEXHOIOTIYHHX OGMEKEHb MIBMLKOCT
MEPEMIliCHHs PETYIOI0YMX OpraHis, 1O JO3BOMMIO MiABUIINTH SKiCTh KepyBaHHA TIPOLECOM NPY HASBHOCTI OBGMEXEHS.
3anponoHosaHe pilleHHs [03BOJsE MIABUIWMTH SKICTH KEPYBAHHS NPOLECOM B YMOBAX TEXHOJIOTIYHWX ODOMekeHb. Haaswi
CHCTEMHM aBTOMATHYHOTO KEPYBAHHS HE 3a[OBOJIBHAIOTE B MOBHi Mipi BMMOraM, 1[0 BUCYBAIOTLCS IO AKOCTI pO6OTH cUCTEMM
1IP1 [IPOTPAMHOMY KePYBAHHI Iapamerpamyl Pexumy [yTTs Ta crabinisauil 36ypens. [TopiBHsUIbHE AOCIIIKeHHS POBOTH
MOZETILHO-TIPOTHO3YIOYOr0 PEery/sTopa Ta KoMGIHOBaHOI cMCTeMH perymioBants 3 [M1]-pery/isTopamyu nokasano, 10 OTpUMaHi
nepexigHi MPOLECH CHCTEMH ABTOMATHYHOIO DErYJIOBAHHS DPEXUMY AYTTS KHCHEBO-KOHBEPTEPHOI MIABKM 3 MOKE/bHO-
TIPOTHO3YIOYOTO PETYNATOPa aBTOMATHYHOTO peryJioBatHs 3abeaneunsn ISE fi711 KOHTYpY BUTpaTH KHCHIO — 5577 Ta BMicTy CO2
Yy KOHBEPTEPHHX rasax - 43; MaxkcumaibHe AuHamiyHe BinxuneHss Bmicry CO2 y KOHBepTepHHX rasax ckaano 0,95%.
3acrocyBaHHS MOLEJILHO-IIPOTHOBYIOUOTO PETYIIATOPA J03BOJIMIIO IOKPAIMTH AKICTh PETYIIORAHHS /171l KOHTYPY BUTPATH KUCHIO
y 1,63 pasu; MakcumaibHe AvHaMiyHe Bijxu/ieHHs BmicTy CO2 y KOHBEPTEPHHMX rasax Gy/o 3HIDKEHO Ha 16,5% Yy nopiBHAHHI 3
KOMGIHOBaHOIO CHCTEMOIO perysioeanHs 3 [TIJl-perynsTopamu.

Pedepar (anra.)

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 COZ, 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
163 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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