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Pedepar:

1. Inceprauiiina po60Ta IpUCBIY€HA PO3Bs13aHHIO aKTyaJIbHOI HAYKOBO-IIPUKJIAIHOI 3a1a4i po3pobieHHs
MOJ€JIbHO-aJITOPUTMIYHOTO 3a6€3eYeHHs Ta anlapaTHO-TIporpaMHa peasisaii ingpopmaniiiHoi cucreMu
6i0JI0TIYHOI OUMCTKU 117151 BUHECEHHS OOI'PYHTOBAHMX PillleHb W00 3a0€3Me4YeHH Ta MiATPUMaHHS HEOOXigHO]
SIKOCTi OUHMIIEHHS CTIYHUX BOZ,. Y MepUIoMy pO3[iJli BUKJIa[eHO OIJIs], Ta IPOBeIeHO aHali3 CuCTeM 6i0IorivyHO]
OUYNCTKM CTiYHUX BOJ, 5IK 00'eKTa (PYHKLiIOBaHHS allapaTHO-IIPOrpaMHOro KomIulekcy indopmauiitHoi cuctemu CBO,
3aIPONIOHOBAHO MOJIEJIb ii JKUTTEBOTO LUKIY. [IoKasaHo, 10: IPOMUCIIOBI CUCTEMU 6i0JIOTiYHOrO OUMIIEHHS
CTIYHUMX BOJ, SIBJISIIOTb COOOIO CKJIa[IHY, 6araTOKOMIIOHEHTHY Ta 6araTo3B'sa3Hy 6i0TE€XHIUHY CUCTEMY, IJIS

3abe3nedyeHHs 6e3rneKky, HaliiHOCTi Ta e(PeKTUBHOCTI sIKOI HeoOXinHO 31ificHIOBaTY Oe3lepepBHUI KOHTPOJIb CTaHY;



HAICKJIQ[HIMMM | HalIMEHII BUBYEHUM 3 TOYKH 30py PO3POOKU MOJI€JIbHO-AJITOPUTMIYHOTO 3a0€3I1€4€HHS Ta
anmapaTHO-TIPOTpaMHoOi peasizanii iHbopMaIiliHOI cucTemMu 6i0JIOTIYHOI OYMCTKY Ta MiATPUMKYU ITPUUHSTTS pillleHb
€JIEMEHTOM € 6i0peakTop; Cy4acHi MiIX0y 1O MOHITOPUHIY Ta aHajli3y CTaHy B aHaJli30BaHil IpeMETHiN ranysi
BHKOPHUCTOBYIOTbCS HelOCTaTHLO. C(POPMYJIBOBAHO BUMOTH 10 CTPYKTYPH Ta (PYHKLIOHYBaHHS CUCTEMU
MOHITOPUHTY IIpU 6i0JIOTiYHOMY OYHIIEHHI CTIYHUX BOA. OOGIPYHTOBAHO HEOOXiIHICTb CIIiJIBHOTO PO3IJISLY
diznyHMUX Ta 6i0XiMIUHUX [IPOLECIB OYMIEHHS CTIYHUX BOJ, 3 METOI0 PO3POOKHU y3arajbHEHOI MaTeMaTUYHOI MoAei
SIK OCHOBHU NOOYJOBY KOMITIOTEPHOI MO/I€JIi HEBUMIPIOBaHMX 6€3M10CEPEHBO NPOLIECIB Ta CUHTE3Y
aBTOMAaTM30BaHOI iHGOpMAaliliHOI CUCTEMU 151 IIUPOKOTO Kiacy KOHCTPYKLii 6iopeakTopiB. Y gpyromy po3zimi
11o0yJ0BaHO MaTeMaTUYHY MOJIeJlb CTPYKTYPHUX 3B'sI3KiB Ta B3aEMHOTO BIJIMBY OCHOBHUX [1apaMeTpiB IIPOLieCy
6i0JI0rYHOTO OUYUIIEHHS CTIYHUX BOJL, JKUTTELisITIBHOCTI aHaepOOHOro 6i0LleHO3Y, TEXHIUHMX Ta TEXHOJIOTTYHUX
0CO6IMBOCTEN OpraHisallii IpoLecy OYUIEHHS Ta KOHCTPYKTMBHUX pillleHb BUKOPUCTOBYBAHOTO 00JIaiHAHHS, 110
IO3BOJISIE BULIIMTU KOHTPOJIbOBAHI 03HAKH, IO 3aCTOCOBYIOTHCS IJIs1 aHAJi3y y3araJlbHEHOTO CTaHy CUCTEMU
6i0JI0TIYHOI OUMCTKM CTiYHUX BO. PO3p06ieHO y3arajbHEHy MaTeMaTU4HY MOJIeJlb IIPOLIECY OUYMILeHHS CTIYHUX
BOJ, B 6i0peakTopi, sika IMOoB's13ye CUCTEMOTEXHIYHi, (i3nyHi Ta 6i0XiMiuHI IIpOLIECH, BpaxOBYe iXHill B3a€MHUI BILJIUB.
Y3arasbHeHa MaTeMaTU4YHa MOJIeJIb BKJII0YAa€ KOHCTPYKTUBHI NapaMeTpy 6i0peakTopa JiMile Ha PiBHi BUBHAYEHHS
[IOYaTKOBUX Ta FPAHUYHUX YMOB, IO I03BOJINJIO BUKOPUCTOBYBATH ii 1715 GiJIbIIOCTI KOHCTPYKIIiil aHaepOOHUX
6iopeakTopiB, a 006JIiK BIJIMBY Pi3HOPigHUX (PaKTOPiB Ha NPOLLEC OUUILEHHS J03BOJIMIIO [IPOBECTH BUOIp Ta aHaIi3
IapaMeTpiB, 3HauyLUX [1J11 BU3HAYEHHSI criocTepexxyBaHoro crany CBO. B TpeTboMy po3zisi po3po6sieHo
aZropuTMivyHe 3a6€3M1eYeHHs YMCEJIbHOTO PO3B'SI3Ky y3arajbHeHoi mogesti CBO 1715 KOMITIOTEPHOTO MOJEJII0OBaHHS
CBO, gxe Hafiano MOXKJIMBICTh PO3PaxOBYBAaTU 3HAYEHHS JiarHOCTUYHUX O3HAK Y Pi3HUX TUIAX CTaHIB CUCTEMU.
PesynbTaTy, OTpMMaHi B XO[li MOZIE€JIIOBaHHS, OyJIM BUKOPUCTAaHI IIpY pO3po01ii aIrOpUTMIB aHali3y
reHEePai30BaHOIO CTaHy 3a0pyJHEHb 3 TPUBAJIMM TEPMIHOM CJIYy>KO6M. 3alIPOIIOHOBAHO aJTOPUTMU aHAJi3y
y3araspHeHoro ctany CBO, sKi f03BOININ NPpUMMATH pillleHHS PO Npale3faTHICTb CUCTEMU 3 YPaxyBaHHSIM
CTyIleHsI ferpafalii 6iomacy Ta NpyUYmMH iHri6yBaHHS MiKpOOPTaHi3MiB 3a 0OMEXXEHUM HaOOPOM [IiarHOCTUYHUX
03HaK, ONITUMAaJIbHUX 3 TOYKM 30PY BapTOCTi Ta iH(POPMaTUBHOCTI IepeBipoK. Po3pobiieHi anropurmu 6yau
NIOKJIaJIeHi B OCHOBY MOJIyJIsl aHaJli3y BUMIPIOBAHOI B IIpoleci po60oTH iHdopmallii B cucTeMi AUCIIETYEPCHKOTO
KepyBaHHs IPolecoM 6i0JIOriYHOi OUYMCTKU CTIYHUX BOJI, @ TAKOXK BUKOPUCTaHI Ha CTalii IPOEKTYBaHHS CUCTEMU
OUYMCTKHU [1J151 peastizallii HeoOXiAHUX BY3JliB yCTAHOBKU KOHTPOJIbHO-BUMIPIOBAJIbHOI allapaTypH, 10 3a0e311e4nio
KepOBaHiCTb 6iopeakTopa Mpu CUHTE3i aBTOMATHU30BaHOiI iHpopMaliitHoi cuctemu. Po3po6eHi anroputmu
PO3paxyHKy HeclrioctepexxyBaHux napametpiB CBO nokasyioTs ix edekTuBHiCTb. Uepe3 HefOCKOHAICThb iCHYI0UNX
mogeseit CBO (MporHo3yBaHHS, KEPYBaHHsI Ta OIIEPATUBHUX METOJiB KOHTPOJII0), 6araTo BiANOBIGHUX XapaKTepPHUX
[IapaMeTpiB He BPaXOBYIOTbCS 200 33JAI0ThCS1 AOBUIBHO. € MaJlo pO3pPO0JIEHMMH, 6€3CUCTEMHUMU a0, B3arasi
BiICYTHIMU MeXaHi3MH, 110 AAI0Th MOXJIUBICTb ifeHTH(]iKyBaTH BiANoBigHI 3HaueHHS Koe(illieHTiB B peasbHOMY
yaci, 0 3HMXYye NPOINYKTUBHICTD BiITIOBITHUX cucTeM. Tak B 4eTBEPTOMY pO31ijii 6ys10 po3po6sIeHO arnapaTHO-
IIporpaMHy peasisallilo aBTOMaTU30BaHOI iH(popmalliiiHoi cuctemu 6i0J10TiYHOI OYMCTKU CTIYHUX BOJ, 11O JISIJIO B
OCHOBY IIPOBEEHHS PO3PaxyHKiB PO3NO/IiNly KOHIIEHTpallii 3a6pyIHEHD 3 YpaxyBaHHSIM 3MiHU TEXHIYHUX
IapaMeTpiB, [TOB'SA3aHUX 3 XXUTTERISVIbHICTIO 6i0Macy Ta BIUIMBY HECIIPABHOCTEN TEXHIYHUX HiICUCTEM OYMCHUX
CIlopyz, Ha 6ioximiuHi npouiecu. OTpUMaHi pe3yJbTaTH Halajld 3MOTY Gi/IbIll JeTaJbHO Ta KOMIIJIEKCHO
IIPOTHO3YBATU Ta aBTOMATU3yBaTH TEXHOJIOTiUHI IIPOLIECU OUYMILEHHS CTIYHUX BOA. PO3p006yieHO j1a60paTOpHYy
YCTaHOBKY JIJI1 BU3HAYEHHS 3QJ/1i30BMiCHOTO KOAryJISIHTY Ha OCHOBi (POTOKaJIOPMMETPUYHOIO aHAai3y, M0
CKJIQZIA€THCS 3 HETIPO30POi MPOTOYHOI KIOBETH, Y€PE3 SKY 3 MOCTINHOI MIBUIKICTIO IIPOIYCKAETHCS NOCIiIKyBaHa

piguHa, a TakoxK 610Ky 0OpOoOKM Ta 36epiraHHs iH(popmaliii.

2. The dissertation is devoted to the solution of the current scientific and applied problem of developing model-
algorithmic support and hardware-software implementation of the information system of biological treatment for
making informed decisions about ensuring and maintaining the required quality of wastewater treatment. In the
first chapter, an overview and analysis of biological wastewater treatment systems as an object of operation of the
hardware and software complex of the BTS information system is presented, and a model of its life cycle is
proposed. It is shown that: industrial systems of biological wastewater treatment represent a complex, multi-



component and multi-connected biotechnical system, to ensure safety, reliability and efficiency it is necessary to
carry out continuous monitoring of the condition; the most complex and least studied element from the point of
view of the development of model-algorithmic support and hardware-software implementation of the information
system of biological purification and decision-making support is the bioreactor; modern approaches to monitoring
and analysis of the state in the analyzed subject area are insufficiently used. The requirements for the structure
and functioning of the monitoring system for biological wastewater treatment have been formulated. The need for
joint consideration of the physical and biochemical processes of wastewater treatment in order to develop a
generalized mathematical model as a basis for building a computer model of unmeasurable processes and
synthesizing an automated information system for a wide class of bioreactor structures is substantiated. In the
second chapter, a mathematical model of structural connections and mutual influence of the main parameters of
the process of biological wastewater treatment, life activity of anaerobic biocenosis, technical and technological
features of the organization of the treatment process and constructive solutions of the used equipment is
constructed. This makes it possible to identify controlled features that are used to analyze the general state of the
biological water treatment system. A generalized mathematical model of the process of wastewater treatment in a
bioreactor has been developed, which connects system technical, physical and biochemical processes, taking into
account their mutual influence. The generalized mathematical model includes the design parameters of the
bioreactor only at the level of determining the initial and boundary conditions, which made it possible to use it for
most designs of anaerobic bioreactors, and accounting for the influence of various factors on the purification
process allowed for the selection and analysis of parameters significant for determining the observed state of BTS.
In the third section, the algorithmic support for the numerical solution of the generalized BTS model for computer
simulation of BTS was built, which made it possible to calculate the values of diagnostic signs in different types of
system states. The results obtained during the simulation were used in the development of algorithms for the
analysis of the generalized state of pollution with long service life. Algorithms for the analysis of the generalized
state of the SBO were proposed, which made it possible to make decisions about the efficiency of the system
taking into account the degree of biomass degradation and the reasons for the inhibition of microorganisms based
on a limited set of diagnostic signs that are optimal from the point of view of the cost and informativeness of the
checks. The developed algorithms were the basis of the module for the analysis of the information measured
during operation in the dispatching control system of the biological wastewater treatment process and were also
used at the stage of the design of the treatment system to implement the necessary nodes of the installation of
control and measuring equipment, which ensured the controllability of the bioreactor during the synthesis of an
automated information system. Thus, in the fourth chapter, the hardware and software implementation of the
automated information system of biological water treatment was developed, which is the basis for calculating the
concentration distribution due to changes in technical parameters related to the vital activity of biomass and the
impact of malfunctions of technical subsystems of treatment plants on biochemical processes. The obtained
results could predict and automate technological processes of wastewater treatment in more detail and
comprehensively. A laboratory setup for the determination of iron-containing coagulant based on
photocalorimetric analysis was developed, consisting of an opaque flow cuvette through which the tested liquid is
passed at a constant speed, as well as an information processing and storage unit.
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Micue3HaxoaKeHHS: ByJs1. CobopHa, 6yx. 11, PiBHe, PiBHeHChKui1 p-H., 33028, Ykpaina
dopma ByacHOCTI: [lepxkasna

Cdepa ynpaBriHHS: MiHicTepCcTBO OCBITH | HayKK YKpaiHu

InenTudikarop ROR:

VII. BizomocTi npo odiniiHHX ONIOHEHTIB Ta PEIeH3€HTiB

OdiuiiiHi OTIOHEHTH



BiacHe IIpizBuie Im'sa I1o-6aThKOBI:
1. JIntBuHEHKO Bosogumup IBanoBuY

2. Volodymyr Lytvynenko
KBasidikamis: 1. 1. n., npodecop, 05.13.23
Imentudikarop ORCID ID: He zacrocoyerbcs

JoparkoBa iHpopMmamwist: ;https://publons.com/researcher/3157074 /volodymyr-lytvynenko/
https:/ /www.scopus.com /authid /detail.uri?origin=resultslist&authorld=57189099973&zon
https:/ /scholar.google.com.ua/citations?hl=uk&user=V5DZIzZUAAAAJ

IToBHe HaliMeHYBaHHSI IOPHUAHUYHOI OCOOHM: XepCOHCHKMI HALLIOHAIbHIIA TEXHIYHMIA YHIBEPCUTET
Kopg 3a €IPIIOY: 05480298

Micue3HaxoaKeHHS: Bepucnasceke moce, 6yz. 24, XepcoH, 73008, Ykpaina

dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBriHHS: MiHicTepCTBO OCBITH i HayKy YKpaiHu

Inentudikarop ROR:

Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. binymax IOpiit IroposBuy

2. Yuriy I. Bilushchak

KBasigikamnis: . . u., 01.05.02

InenTudikarop ORCID ID: 0000-0002-3559-4457
JoparkoBa iHdpopmamnist:

IToBHE HaﬁMeHyBaHHH IOPUAHNYHOI OCOOH: [HCTUTYT NPUKJIANHVX IPOGIIEM MEXAHIKM | MATEMATHUKHY iM.
A.C.lligcrpuraya HAH Ykpainu

Kopg 3a €IPIIOY: 03434430

Micue3Haxoo KeHHSI: , JIbpiB, 79060, YkpaiHa
dopma BiracHoCTI:

Cdepa ynpasiiHHS:

InenTudikarop ROR: He zacrocosyerscs

PeuenseHntu

BiacHe IlIpi3Buie Im'sa Ilo-6aTbKOBI:

1. Bomba AHzpiii spociaBoBUY

2. Andriy J. Bomba

KBasigikanis: 1.1, npodecop, 01.05.02
Imentudikarop ORCID ID: 0000-0001-5528-4192

JopaTrkoBa iHdpopmamnist:



IloBHe HaliMEeHYBaHHS IOPHUAHUYHOI 0COOM: HauioHanbHMIl YHIBEPCUTET BOLHOTO FOCIIOAAPCTBA Ta

IIPUPOIOKOPUCTYBAHHS

Kopg 3a €IPIIOY: 02071116

Micue3HaxoaKeHHS: ByJ1. CobopHa, 6yz. 11, PiBHe, PiBHeHchKuil p-H., 33028, YkpaiHa
dopma BracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

Baacue IlpizBumie Im's I1o-6aTbKOBI:

1. Maprtuniok [letpo Mukosnanosud

2. Petro Martyniuk

KBasigikanis: 1. 1. n., npodecop, 01.05.02
Inentudikarop ORCID ID: 0000-0002-2750-2508
JoparkoBa indopmamnist:

IloBHe HaliMEeHYBaHHSI IOPHUAHUYHOI 0COOM: HauioHanbHMIl yHIBEPCUTET BOLHOTO FOCIIOAAPCTBA Ta

IIPUPOIOKOPUCTYBAHHS

Kopg 3a €IPIIOY: 02071116

Micue3HaxoaKeHHS: ByJ1. CobopHa, 6yn. 11, PiBHe, PiBHeHchKuUil p-H., 33028, YkpaiHna
dopma BracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZoOMOCTi

BnacHe IlpizBuime Im's [10-6aTbKOBI Typ6an FOpiit BacunboBuy
rOJIOBH paau

Biacue IpizBume Im's I1o-6aThKOBI Typ6an FOpiii BacunboBuy
TOJIOBYIOYOTO Ha 3acCiiaHHi

BiagmoBizasibHUM 32 MiATOTOBKY Bonpapesa TetsHa 'puropisHa

00JIiKOBUX JOKYMEHTIB

Peectpartop YkpIHTEI

KepiBHuk Bigginy YKpIHTEI, mpo €
BiZIIIOBiZaJIbHUM 32 peECTpallilo HAayKOBOIi IOpuenko TeTsHa AHaTtosiiBHA

OisSIIBHOCTI




