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Pedepar/anoTanis:

1. AktyanbHicTh Temu. YV nucepTauii gocigkeHo HenpsiMi HarpiBaui HadTH 3 BOZSHOIO BAHHOIO, SIKi 03BOJISIOThH
piBHOMIpHO Ta 6€31e4YHO po3irpiBaTu NPOAYKT, YHUKAIOUY JIOKAJIbHUX NIeperpiiB Tpy6. [IpoTe BinCyTHICTD
aJleKBATHOI JliHEapM30BaHOI MATEMATUYHOI MOJEII, sIKa 6 BpaxoByBaJja CKIaJHY IAHAMIKY Ta BUCOKY TEILJIOBY
iHepLifHICTh TaKMX 06'€KTIB, NEPELIKO/IKAa€ CTBOPEHHIO e(PEKTUBHUX CUCTEM aBTOMATUYHOTro KepyBaHHs (CAK)
IIpOLIeCOM HarpiBy. MeTa 4OCiIyKeHHs — CTBOPEHHS MaTeMaTU4YHOI MoZeJii HarpiBaya HaQTU 3 BOASHOIO GaHEIO SIK
00'eKTa aBTOMaTUYHOI O KEPYBaHHs Ta CUHTe3 Ha ii ocHOBi iHHOBawiHOi CAK. OCHOBHI pe3ybTaTy: Y IepIIoMy
PO37ii Ha OCHOBI aHasi3y HAYKOBUX IPKepeJl OOIPYHTOBAHO HEOOXiAHICTh BpaxyBaHHS JUHAMIYHUX BJIACTUBOCTEN

HEIIPSIMOTO HarpiBHUKA [1Jis ONTUMIi3allii cucTeM KepyBaHHS Ta €eKOHOMIi anuBa 6e3 KaliTaJbHUX BTPy4YaHb y



KOHCTPYKIilo anaparta. Y Apyromy po3ziii po3po6jeH0 MaTeMaTUYHy MOJIeJIb HarpiBaya Ha OCHOBI
nvdepeHLiaTbHUX PiBHSIHB TelIoBoro 6anaHcy. llnsxom poskiany B psg Teiisopa B 0KoJi po6040i TOYKH
3[1ifICHEHO Nepexif, 1o JliHeapr30BaHOi MOZEJI, 1110 J03BOJIMIIO OTPUMATH Habip nepenaBanbHUX QYHKIIN i
no6ylyBaTH CTPYKTYpPHY CXEMY 00'€KTa. Y TPETbOMY PO3[iJii JOCIiIKEHO NUHAMIUHI BJIaCTUBOCTi 006'eKTa Ta
BUSIBJIEHO BUCOKMH (BOCBMUI) IOPSIOK MaTeMAaTUYHOI Mofieii. [IJ1s1 CIpOIIeHHs CUHTEe3y 3aCTOCOBAaHO METO/]
PenyKLii Ha OCHOBi CUHTYJISIDHUX 4ncesl ['€HKeIs, 10 JO3BOJIUIIO 3HU3UTH MOPSIOK MOJIIHOMIB 10 2-T0 Ta 3-TO 3
IIOXMOKOIO allpoKcUMallii, ka He nepesuiye 3,5%. Y 4eTBepTOMY pO3[ijli CHHT€30BaHO YOTUPHU BapiaHTH CAK:
OJIHOKOHTYPHY, KaCKaJIHO-3B'sI3aHy, CTPYKTYPHO-TIIapaMeTPUYHY Ta iHBapiaHTHy. [I0Ka3aHO, 1110 OJHOKOHTYPHA
crcTeMa Jla€ HeIPUNHATHUIL Yac perysoBaHHs (4200 c), a kackagHa IPU3BOIUTE 10 IiepeperyaioBaHHs 33,7%.
Harikpalii nokasHUKY JOCATHYTO B iHBapiaHTHI cucTeMmi (Yac perysoBaHHs 58,5 C [Ipy BiACYyTHOCTI
IepeperyJsoBaHHs), OCHOBOIO SIKOi € IBOKaHAJIbHUAY KOMIIEHCATOP 30ypeHb (3MiHU TeMIIEPaTypu Ta BUTpaTH HapTU
Ha Bxopi). ®izuyHa peasizallis KOMIIeHCAaTOpa Y BUIJIALI MPPOBOTO KOPEKTOpa YCIIiMHO NPOTeCTOBaHAa Ha 6asi
MikponpouecopHoro KoHTpoJsiepa Modicon M172 y cepenoBui EcoStruxure Machine Expert - HVAC. Haykosa
HOBM3HA: Briepiuie: CHHTE30BaHO CTPYKTYPHY CXE€MY HarpiBaya Ha OCHOBI JIiHEapM30BaHOi MOJI€JIi; PO3PO6JIEHO
iHBapiaHTHY CUCTEMY 3 IBOKAHAJIbLHUM KOMIIEHCATOPOM; 3alIPONIOHOBAHO KOMOIHOBaHUI METOJ, HAJIAaUITyBaHHS
[11/T1[1-perynaTopis, 1o OENHY€E METOJ, S-IIJIOLIMHY 3 TI0JaJbIIO0 MiHiMi3alli€lo y3araJlbHEHOro KBaipaTUYHOTO
KpuTepilo sikocTi. HabyB ofasiboro po3BUTKY: METO]L, CUHTE3Y IM(POBUX KOMIIEHCATOPIB 30BHIlIHIX 30ypeHb 32
PaxyHOK BUKOPUCTaHHS aJITOPUTMIB pelyKLii nepefaBaabHuxX QyHKLiNA MmeTogamu ['eHkess ta niow,. [Ty6sikanii:
OCHOBHI HayKOBi pe3yJbTaTu OIy6JiKOBaHO y 15 mparsx, 30Kpema: 2 CTaTTi y BUgaHHsx 6a3 Scopus/Web of
Science, 6 craTeil y paxoBUX BUJAHHSIX YKpaiHy, 7 my6sikauiil y maTepiasax KoH@epeHuiil. Kitodosi cyosa:
aBTOMaTH3allisl, MaTeMaTUYHa MOJeJib, aBTOMATH3Aallisl HarpiBaJpHUX aniapaTiB, CUCTEMa aBTOMAaTUYHOTO
KEepyBaHHS, CUHTEe3 CUCTEMU KepyBaHH, llepefaBajabHa (YyHKIis, IepexifHuil mpouec, ineHTudikaris o6’ekra
KEPYBaHH$, KEPYBaHHS TEMIIEPATYPHUM PEXMMOM, allpOKCUMALlisl, peAyKLis MOJeli, ONTUMI3allisl, KOMIIEeHC callis

30ypeHb, IporpaMmHe 3abe3neyeHHs, iMiTallifiHe MOie/II0BaHHSI.

2. Relevance of the topic. The dissertation investigates indirect water-bath oil heaters, which allow for the uniform
and safe heating of the product, avoiding localized overheating of the pipes. However, the lack of an adequate
linearized mathematical model that accounts for the complex dynamics and high thermal inertia of such objects
hinders the creation of effective automatic control systems (ACS) for the heating process. Aim of the study is the
creation of a mathematical model of a water-bath oil heater as an object of automatic control, and the synthesis of
an innovative ACS based on it. Main results: In the first chapter, based on the analysis of scientific literature, the
necessity of taking into account the dynamic properties of the indirect heater is substantiated in order to optimize
control systems and save fuel without major structural modifications to the apparatus. In the second chapter, a
mathematical model of the heater is developed based on the differential equations of heat balance. By means of a
Taylor series expansion in the vicinity of the operating point, a transition to a linearized model was executed,
which made it possible to obtain a set of transfer functions and build a block diagram of the object. In the third
chapter, the dynamic properties of the object were investigated, revealing a high (eighth) order of the
mathematical model. To simplify the synthesis, a reduction method based on Hankel singular values was applied,
which allowed for the reduction of the polynomial order to the 2nd and 3rd degrees, with an approximation error
not exceeding 3.5%. In the fourth chapter, four variants of ACS were synthesized: single-loop, cascade-coupled,
structural-parametric, and invariant. It is shown that the single-loop system yields an unacceptable settling time
(4200 s), and the cascade system leads to an overshoot of 33.7%. The best performance was achieved in the
invariant system (settling time of 58.5 s with zero overshoot), which is based on a two-channel disturbance
compensator (for changes in the inlet oil temperature and flow rate). The physical implementation of the
compensator as a digital corrector was successfully tested using a Modicon M172 microprocessor controller in the
EcoStruxure Machine Expert — HVAC environment. Scientific novelty: For the first time: a block diagram of the
heater based on a linearized model was synthesized; an invariant system with a two-channel compensator was
developed; a combined method for tuning PI/PD controllers was proposed, which integrates the s-plane method
with subsequent minimization of the generalized quadratic performance criterion. Further developed: the method



of synthesizing digital compensators for external disturbances through the use of transfer function reduction
algorithms based on Hankel and area methods. Publications: The main scientific results are published in 15 works,
including: 2 articles in Scopus/Web of Science indexed journals, 6 articles in professional journals of Ukraine, and 7
publications in conference proceedings. Keywords: automation, mathematical model, automation of heating
equipment, automatic control system, control system synthesis, transfer function, transient process, control
object identification, temperature control, approximation, model reduction, optimization, disturbance

compensation, software, simulation modeling.
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Ha(TH i razy

Kopg 3a €IPIIOY: 02070855

Micue3Haxoa KeHHS: sy/. Kapnarchka, IBano-®pankischbk, 76019, Ykpaina
dopma BiracHoCTI:

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

VIII. 3aKkJII04Hi BiZOMOCTi

BnacHe IlpizBuie Im's [10-6aTbKOBI [llexera Bacuib IBaHOBIY
TOJIOBH pajgu

Biacue IpizBume Im's I1o-6aTbKOBI [llexera Bacusb IBaHOBMY
rOJIOBYIOYOTO Ha 3acCiflaHHi

BiznoBigassHHI 3a MiATOTOBKY Bacunenuyk Muxaisio 3eHOBiIOBUY
00JIiIKOBUX JOKYMEHTIB

Peec'rpa'rop Opuenko TersiHa AHaTOJIiBHA



KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaIBHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

JisiIbHOCTI




