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Pedepar/anoTanis:

1. Pobota npucasueHa nifiBuileHHI0 e(PeKTUBHOCTI Ta SIKOCTi aBTOMaTU30BaHOI'O KEPYBaHHS MIPOLIECOM KUITSITiHHS
CyCJla B CYCJIOBapUJIbHOMY alrapari i3 30BHIIIHIM HarpiBauem LUISIXOM PO3PO0JIEHHS I OOI'PYHTYBAaHHS MOJIE€JILHO-
OPi€HTOBAHOIO MiAXOLYy 10 CUHTE3Yy iepapxiyHOi CUCTEMU KEPYBAHHS 3 IiICUCTEMOIO MiATPUMKHU IIPUNHSTTS
pileHs. Y nepiiomMy po3zisi IpoaHali3oBaHO IIPOLEC KUITSITIHHS CycJla B CyCJIOBapUIbHOMY arapari i3 30BHIlIHIM
HarpiBayem Ta OOIPYHTOBAHO AOLIIBbHICTb iepapXidyHOi CTPYKTYPU CUCTEMU KEPYBAHHS, Y SIKill HYDKHIN piBeHb
3abe3nedyye aBTOMaTUYHE PEryJI0BaHHS TEXHOJIOTIYHUX 3MiHHUX, a BEPXHill — pOpMye peKOMEHallii orepaTtopy
11010 3MiHM yCTaBOK. Y Ipyromy po3ziii po3po6seHO KOMIJIEKCHY HeJliHiHY JUHAMIuHy MOJeJIb [IPOLeCY
KUITSITIHHS CyCJla Ha OCHOBI 3aKOHIB 30€pe>XeHHsI MacU Ta eHeprii, rgpaBiuyH1X 3aJ1€XKHOCTEeN, TEPMOAUHAMIYHUX
CIIiBBiJHOLIEHb Ta PiBHSIHD TEIJIONEpeadi. Y TPETbOMY PO3[iji po3po6JeHO CUCTEMY HIDKHBOTO PiBHSI KEPYBAaHHS 3
KOHTYpPaMHU PEryJI0BaHHS UUPKYJISLIAHOI BUTPATH, 3aMacy TUCKY, BUTPATH APy Ta IIBUIKOCTI BUIIAPOBYBAHHS;

PO3po6JIeHO 32CO6U HETTPSIMOTO OLIHIOBAHHS KJIIOYOBUX TEXHOJIOTIYHUX 3MiHHUX, 30KPEMa MBUAKOCTI



BUIIAPOBYBaHHSL. Y Y€TBEPTOMY PO37isli PO3PO6JIEHO CYNEPBI30PHY MiACUCTEMY MiATPUMKYN IIPUIHSTTS PillIEHb.
3anporoHOBaHO METOAMKY HEYITKOTO OLiHIOBaHHS CTaHY TEIJIOOOMIiHY Ta METOIUKY MOIIYKY TEXHOJIOTIYHO
IOLIbHUX YCTABOK JJIs1 PI3HMX CTaHiB TENJI000MiHy. 3alIpOIIOHOBAHO AJITOPUTM BUSIBJIEHHS NOJii NOJaBaHHS
XMEJIIO Ta IIPaBuJjla 3aXUCHOIO KOPUTYBaHHS YCTaBOK. PO3p061eHO 610K IPUMHATTS PillleHb, SIKUH NIpUMae
pillleHHs o0 AOUIMBHOCTI FeHEPYBaHHS CTPYKTYPOBaHOI peKoMeHalii. HaykoBa HOBU3HA pOOOTU MOJIIrae 'y
TOMY, 1110 3alIpOIIOHOBAHO CTPYKTYPY Ta METOAUKY CHHTE3Y iepapxiuyHoi cucTeMu KepyBaHHS IIPOLLECOM KUIT'SITIHHS
IIMBHOTO CyCJia B CYCJIOBApUJIbHOMY arapari i3 30BHIIIHIM HarpiBaueM. 3arpornoHoBaHa CUCTeMA 3abe3revye
cTabinizalio MBUAKOCTI BUITAPOBYBaHHS i GOPMYBaHHS TEXHOJIOTIYHO JOLbHUX PEKOMEHAALIN 1[040 3MiHU
YCTaBOK KOHTYPiB HMKHBOTO PiBHSI HA OCHOBI OLiHIOBaHHS CTaHy IIPOLIECY Ta KOHTPOJIIO JONYCTUMHUX YMOB OTO
nepe6iry. Lle cTBOpIO€e NepeyMoBH J1 CTabibHOro GOPMYyBaHHS TEXHOJIOTIYHUX BJIACTUBOCTEN CyCJla Ta CIIpUsE
iJIBUIIEHHIO eHeproedeKTUBHOCTI POLEeCy i 3SMEHLIEHHIO 3aJIeXKHOCTI KepyBaHHSI Bifl Cy0'€KTUBHOTO JOCBiLy
oneparopa. B po6oTi HabyJ10 MOAANBIIOrO PO3BUTKY MaTeMaTU4YHE MOJIE/IIOBAHHS IIPOLIECY KUITSITIHHS [TMBHOTO
cycJia. 3arporoHOBaHa MOjieslb 00'€JHY€ B €IUHIl CTPYKTYPi CycI0BapyIbHUI anlapaT, TPYOHU [IPOCTIp
30BHILIHBOTO HarpiBaya, NapoBUil IPOCTIp HarpiBaya, TpyoONpoBOAY i IMHAMIKY BUKOHAaBUMX MeXaHi3MiB. le
3abe3nevyye CTPYKTypOBaHy OCHOBY IJIs1 CUHTE3Yy CUCTEMU KEPYBAHHS HUKHBOT'O PiBHS, 3aCO0iB OLIiHIOBAHHS CTaHY
IIpoLleCy KUITATIHHA Ta MOUIYKY TEXHOJIOTIYHO OLIbHUX YCTABOK [1JI1 KOHTYPIiB HYPKHBOT'O PiBHS KEPYBaHHSI.
YI0CKOHa/IEHO METOIMKY OLiHIOBAaHHS CTaHy NPOLECY KUITSITIHHS TMBHOTO CYCJIa, SIKA TI0€JIHY€ HENPsIMe
OLIiHIOBaHHSI KJIIOYOBUX TEXHOJIOTIYHUX 3MiHHUX, HEUiTKE BU3HAYEHHS CTaHy TEIMJIOOOMIHY Ta BUSBJIEHHS MOAii
IO0JIaBaHHs XMeJI0. 3allpONIOHOBaHa MeTOAMKa 3abe3neyye iHpopMaliliHy OCHOBY [1JIsl MiATPUMAaHHS 3a1aHO1
IIBUJIKOCTI BUIIAPOBYBAHHS Ta CyNepBi30pHOT0 (OPMYBaHHS CTPYKTYPOBAaHUX PEKOMEHALIN 1010 3MiHM YCTaBOK
KOHTYPiB HY>KHBOTO PiBHS, 1110 CIIPUSIE MiABUILIEHHIO CTA0iIbHOCTI Ta SIKOCTi KEPYBaHHS NIPOLI€COM KUITSATiHHS
cycia. Y poboTi 3alIpONIOHOBAHO METOJMKY BU3HAYEHHS TEXHOJIOTIYHO JOLIIbHUX YCTABOK KOHTYPIiB HY>KHBOTO
PiBHS KepyBaHHS J1s1 Pi3HUX CTaHIB TEIJIO0OMIHY, Ki 3a6€31e4yI0Th MifTPUMaHHS 3a1aHOI LIBUIKOCTI
BUIIaDOBYBaHH$, 30€peKEHHS JTOIyCTUMUX YMOB IIEPEOITy NPOLeCy Ta 3MEHIIEHHS HEIOLiIIbHAX €HEPrOBUTPAT.
[IpakTUyHe 3HaUYE€HHS OTPMMAHUX PE3YJIbTATIB N1OJISITAa€ Y TOMY, 10 PO3PO6JIEHA KOMILJIEKCHA HEJliHIMHA JUHAMIiYHa
MOJIeJIb TIPOLIeCy KUITSITIHHS MMBHOTO CyCJla B CyCJIOBAPUJIBHOMY arlaparti i3 30BHilIHIM HarpiBauem Moxe 0yTu
BHUKOPHMCTaHa JJ1s1 iMiTallilHOro MOJle/II0OBaHHS1, CUHTE3y Ta BUOODPY aJITOPUTMIB KepyBaHHS, FeHepyBaHHS
iMmiTanifiHux HabOPiB JaHUX, AOCIIIPKEHHS TEXHOJIOTIYHUX 30YPEeHb, IOMYKY TEXHOJIOTIYHO NOLIbHUX YCTaBOK Ta
TeCTYBaHHSI CUCTEMU KEPYBaHHS 1epe/ ii BIpOBaJ)KEHHSIM Ha pealbHOMY 00’eKTi. Po3po6eHnuil cnocrepirad
IIBUAKOCTI BUIIAPOBYBaHHS MOXKe OYTU BUKOPUCTAHUI Y HOBUX i HASIBHUX CUCTEMAax K€PYBaHHS, 3a HAasSIBHOCTI
HeOOXiJIHUX BUMIipIOBaHb, 11 NOKPAllleHHs CTPaTeTii KepyBaHHS [IPOLLECOM KUITSITIHHS CycJla. 3alpollOHOBaHi
AJITOPUTMU IIOIIYKY JONYCTUMUX PEKUMIB i TEXHOJIOTIYHO JOLIIbHUX YCTAaBOK MOXYTb OyTH afjaliTOBaHi JJ1s1 iHIUX
TEMJIOBUX 00'€KTIB 3 UUPKYJISALIMHUM KOHTYPOM IIiCJIsl yTOYHEHHSI TEXHOJIOTTYHUX OOMEKEHb i KPUTEPIiiB
ONTUMAJIbHOCTI. PO3p061eHNnI1 610K BUSBIIEHHS MO OJaBaHHS XMEJII0 MOXKe OyTH BUKOPUCTAHUI Y CUCTEMax
KEPYBaHHS CyCJIOBapUJIbHAM allapaToM i3 30BHIIIHIM HarpiBauem [1jis1 CBO€4aCHOTO BUSIBJIEHHS TifIpaBJiuHOroO
30ypeHHs1. PO3po6sieHnii 6JI0K IPUIHATTS pillleHb MiICUCTEMU MiATPUMKHU IIPUIHSTTS PillleHb MOXXe OyTU
aJanToBaHMM AJ1s1 IHIINX TEXHOJIOTTYHUX IIPOLECIB, Y SIKMX IIOTPiOHE cynepBizopHe GOpMyBaHHS PEKOMEHAALiil Ha

OCHOBI OL}iHIOBaHHS CTaHy 00'€KTa, TEXHOJIOTTYHMX OOMEXKEHb 1 TpaBUJl IPUIHSTTS PillleHb.

2. The dissertation focuses on enhancing the efficiency and quality of automated control of the wort boiling
process in a wort kettle with an external heater by developing and substantiating a model-oriented approach to
the synthesis of a hierarchical control system with a decision support subsystem. The first chapter analyzes the
wort boiling process. The expediency of a hierarchical control system structure is substantiated, in which the
lower level provides automatic control of the main technological variables. The upper one provides the operator
with recommendations for changing setpoints. The second chapter develops a comprehensive nonlinear dynamic
model of the wort boiling process based on the laws of conservation of mass and energy, hydraulic relationships,
thermodynamic relationships, and heat transfer equations. The third chapter develops a lower-level control
system with control loops for circulation flow rate, pressure margin, steam flow rate, and evaporation rate; it also
provides means for indirectly estimating key technological variables, particularly the evaporation rate. The fourth



chapter develops the supervisory decision support subsystem. A method for fuzzy assessment of the heat-
exchange state is proposed, along with a method for searching for technologically appropriate setpoints for
different heat-exchange states. An algorithm for detecting the hop-addition event is also proposed, along with
protective setpoint correction rules. A decision-making block is developed to determine whether it is appropriate
to generate a structured recommendation. The scientific novelty of the work lies in the proposed hierarchical
structure and synthesis method for a control system for the wort boiling process in a wort kettle with an external
heater. The proposed system stabilizes the evaporation rate. It provides technologically appropriate
recommendations for adjusting the setpoints of lower-level control loops, based on assessments of the process
state and monitoring of permissible operating conditions. Such features of the proposed system establish
prerequisites for the stable formation of the technological properties of wort and contribute to increasing the
process's energy efficiency and reducing the dependence of control on the operator's subjective experience. The
mathematical modeling of the wort boiling process in a wort kettle with an external heater has been further
developed by creating a comprehensive nonlinear dynamic model. The proposed model combines the wort kettle,
the external heater's tube space, the heater's steam space, the pipelines, and actuator dynamics into a unified
structure. The model provides a structured basis for the synthesis of the lower-level control system, means for
assessing the state of the boiling process, and searching for technologically appropriate setpoints for the lower-
level control loops. The method for assessing the state of the wort boiling process has been improved by
combining indirect estimation of key technological variables, fuzzy assessment of the heat-exchange state, and
detection of the hop-addition event. The proposed method provides an informational basis for maintaining the
specified evaporation rate and for supervisory generation of structured recommendations to change the setpoints
of lower-level control loops, thereby improving the stability and quality of wort boiling control. The work proposes
a method to determine technologically appropriate setpoints for lower-level control loops for different heat-
exchange states, necessary to maintain the specified evaporation rate, preserve permissible process conditions,
and reduce unnecessary energy consumption. The practical significance of the obtained results is that the
developed comprehensive nonlinear dynamic model of the wort boiling process can be used for simulation
modeling, synthesis and selection of control algorithms, generation of simulation datasets, investigation of
technological disturbances, search for technologically appropriate setpoints, and testing of the control system
before its commissioning on a real object. The developed evaporation rate observer can be used in new and
existing control systems, provided the necessary measurements are available, to improve the control strategy for
the wort boiling process. The proposed algorithms for searching for feasible modes and technologically
appropriate setpoints can be adapted to other thermal objects with a circulation loop after the technological
constraints and optimality criteria are refined. The developed hop-addition event detection block can promptly
detect hydraulic disturbances. The developed decision-making block of the decision support subsystem can be
adapted to other technological processes that require supervisory generation of recommendations based on
assessment of the process state, technological constraints, and decision-making rules.
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KBasigikanis: . . u., gor., 05.13.07

InenTudikarop ORCID ID: 0009-0007-8076-1369

JoparkoBa iHdpopmamnist:

TloBHe HaiMEeHYBaHHS IOPHIHYHOI 0COOM: HanjioHanbHMI yHIBEPCUTET XapYOBUX TEXHOJIOTII
Kopg 3a €IPIIOY: 02070938

MiCILCSHaXOA)KeHHH: ByJI. Bosmogumupceka, Kuis, 01601, Ykpaina

dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH i HAyKu YKpaiHu

InenTudikarop ROR:

Baacwue IlpizBumie Im'a Ilo-6aTbKOBI:
1. Cigneupkuii BikTrop MuxannoBuy

2. Viktor M. Sidletskyi

KBasigikanis: . r. u., gor., 05.13.07

InenTudgikarop ORCID ID: 0000-0003-2606-3651

JoparkoBa iHdpopmamuist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHU# yHIBEPCUTET XapYOBUX TEXHOJIOTIi
Kopg 3a €IPIIOY: 02070938

Micue3HaxoaKeHHS: ByJI. Bonmogumupceka, Kuis, 01601, Ykpaina

dopma BracHOCTI: JlepxaBHa

Coepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZOMOCTi
Biacue Ipizsumie Im'st [To-6aTbKOBI Bamora Cepriit Mukonaitosud

TOJIOBH pajgu



Biacue IpizBume Im'st Ilo-6aThKOBI Bamora Cepriii Mukonaiiosuy

TOJIOBYIOYOTO Ha 3acCiiaHHi

BignoBigasibHUMH 3a HiATOTOBKY MesnpHuK Haramis
00JIiKOBUX JOKYMEHTIB

Peec'rpa'rop Opuenko TersiHa AHaToJIiBHA

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 32 peEeCTpallilo HAayKOBOIi IOpuenko TeTsHa AHatosiiBHA

OisSIIBHOCTI




