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3a6e3neyeHHs1 e(PEKTUBHOTO riIpoIMHAMIYHOrO Ta TEIJIOBOTO PEKMUMIB 6i0peakTopa Ha OCHOBI 3aryIMGHOTO
NOJIiIPYHKIIOHAJIBHOTO €JIEKTPOMEXaHiYHOTrO MTepeTBOpIoBaya. AKTyabHICTh JOCiIP)KEHHS 3yMOBJIeHa TUM, 10 [
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TeIJ1a), eKOJIOTiYHY (YTUIIi3alisl eKoJIoriyHO Hebe3NeYHuX BiIX0iB, BMEHIIeHHs eMicii MeTaHy B aTMocdepy) Ta
arpoxiMiyHy (OTPMMaHHS BUCOKOSIKICHUX 6i0006puB — girectary. [Ipore, nonpy 3HaYHWI NOTEHIiajl, peaabHa
e(eKTUBHICTb eKcIlTyaTallii iCHyl041x 6i0ra3oBux ycTaHOBOK (BI'Y) 3aymniaeTbcsi 3HaYHO HUKYOIO 32 PO3PaXyHKOBY.
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6ioXiMiUHMI TOTEHLia]l CADOBUHH, CKiJIbKA HEJOCKOHAJIICTh €JIEKTPOTEXHIYHYX Ta TEIJIOTEXHIYHUX CUCTEM
3a0e31e4yeHHs TEXHOJIOTIYHOro IIpouecy. MeTor nucepTaniiiHoi po60TH € MiABUILEHHS €eHepreTUYHOI
eeKTUBHOCTI 6i0ra30BUX YCTAHOBOK Ta iHTeHCcHUiKaljist BuUxoay 6iorasy IUIsIXOM OOIPYHTYBaHHSI IapaMeTpiB Ta
PO3POOKU €JIEKTPOTEXHIYHOTO KOMILIEKCY IJ1s1 IOTOYHOIO MOHITOPHUHTY i 3a0€e311e4eHHs €(PEKTUBHOIO
TriIpOAMHAMIYHOTO Ta TEIJIOBOTO PEXXUMIB 6i0peakTopa Ha OCHOBI 3arIM6HOTO NOJi(YHKLIOHAIBHOTO
€JIEKTPOMEXaHiIYHOr o NepeTBopIoBaya. [lepmnii po3ia MpUCBIYEHO aHali3y Cy4aCHOTO CTaHy Ta pobjemM
PO3BUTKY 6i0ra3oBUX TEXHOJIOTIHN. BcTaHOB/IEHO, 10 €(PEKTUBHICTh KEPYBAaHHS 6i0TEXHOJIOTIYHUM NIPOLIECOM
6e3rocepeiHbO 3aJIEKUTD Bill TOYHOCTI Ta PENPE3EHTAaTUBHOCTI BUMipIOBAJIbHOI iH(popMallii: TeMrepaTypu
cybcTparty, piBHS pH, THCKy rasy, piBHS piavHM, KOHIIEHTpaLlil MeTaHy B 6iorasi. BusisieHo npotupiqus Mix
HEOOXiJIHICTIO TOYHOTO MiATPUMaHHS TeMIlepaTypH (3 TouHicTio fo 0,5-1,0 °C mJis TepModinbHOrO pexxumy) Ta
BiZICYTHICTIO TEXHIUYHUX 3aCO0iB [IJI1 MOHITOPUHIY TEMIIEPATypH B spi peakropa. [IokazaHO NepCleKTUBHICTh
BUKOPUCTAHHS 3aIJIMOHUX MOTi(PYHKIIOHATIBHUX €JIEKTPOMEXAHIUHMX NIEPETBOPIOBAUIB, SIKi IO QHYIOTb (QYHKIIii
IpKepeJia TeIJIoBOoi eHeprii Ta nepeMillyBaHHs. Y IpyromMy po3ziji 3allponoHOBaHa KOHLEM1Iisi T00yA0BU
iHTErpOBAaHOrO €JIEKTPOTEXHIYHOTO KOMILIEKCY, SIKUM 00’eIHy€e QYHKIIii aKTUBHOTO TEPMOMEXAHIYHOTO i MarHiTHOTO
BIUJIMBY Ha CYOCTpAT Ta PO3IIOZiNIEHOr0 iHTeJIeKTyaIbHOIO MOHITOpUHTY. [IpencraBieHi Mmarepiany o po3pooiii Ta
IOCJIiIKEeHHIO 3arJIMOHOr0 Mo yHKI[iOHATBHOTO eJIEKTPOMEXaHIYHOr o IIepeTBOPIoBaya 3 PO3MINPEHUMU
(YHKLiSIMU MOHITOPUHTY /1J151 610T€XHOJIOTIYHUX cUcTeM. [IpeficTaBiieHi pe3yibTaTi MOIEJIIOBaHHS Ta aHali3y
€JIEKTPOMArHiTHUX i €JIEKTPOMEXaHiYHUX MPOLECIB 3arJIMOHOTO MOi(pYHKIIOHATBHOTO €JIEKTPOMEXaHIYHOTO
[I€PETBOPIOBAYA 3 BUKOPHUCTAHHSIM YIOCKOHAJIEHOI MAaTEMATUYHOI MOJEJI, B SIKili HABAHTAKyBaJIbHO-
0X0JIOIPKyBaloue cepeioBulle (CyoCcTpar) npencrapiieHo sik eslemeHT [IEMIT i BKiIoueHO y po3paxyHKOBY 06J1aCThb 3
ypaxyBaHHSAM B MOZEJIi BEKTOpA I'YCTHMHU IOJIIpU3aliii i BEKTOpa HaMarHiveHocTi cepeposuina. [IpencrasieHi
Pe3yJIbTaTU PO3POOKU allapaTHO-IIPOrPAMHOT0 KOMILIEKCY KepyBaHHS Ta 300Py JAHUX 3 00€PTOBUX YaCTUH
3arnu6Horo [TEMIT Ta pe3ysnbraty JocliIKeHHsS 00epTOBOro TpaHcdopmaTopa IJ1s1 6e3KOHTAKTHOTO [epeiaBaHHs
eHeprii B cucTeMi MOHITOPUHTY TEXHOJIOTTYHUX IIapaMeTpiB i3 akcialbHUM po3MillleHHSIM 0OMOTOK. TpeTiit po3pin
IIPUCBSIYE€HO HAYKOBOMY OOI'PYHTYBAHHIO T PO3POOJIEHHIO IIPUCTPOIO AJ1s1 aBTOMATUYHOTO KOHTPOJIIO [1apaMETPiB
aHaepo6HOro 6poxiHHs. 3IilicCHEHO MaTeMaTuYHe MOZEJIIOBAaHHS IiIpOINHAMIUYHUX MTPOLECIB Y CUCTEMI
PO3IMJIeHHS IPOMUBHOI PiMHU Ta OuyuIeHHs ceHcopiB. OOrPyHTOBaHI PeXXUMU POOOTHU €JIeKTPOIIPUBO/IB
IIPUCTPOIO 7151 aBTOMATUYHOI O KOHTPOJIIO IapaMeTpiB aHaepOOHOro OpOJiHHS Ta TEXHIYHI pillleHHs 3
3a6e3reyeHHs] BUOYX03axXUIIEHOCTI eJ1eKTPOOOIaJHAHHS €JIeKTPOTEXHIYHOTO KOMILTIEKCY. Y YeTBEPTOMY PO3/ii
MICTSTBCS PE3YJIbTATH €KCIIEPUMEHTAJILHUAX JOCIII)KEHb OCHOBHUX BY3JIiB €JIEKTPOTEXHIYHOTO KOMILJIEKCY
MOHITOPUHTY Ta PEryJI0BaHHS PEXXUMY POOOTH 6i0ra30BOro peakTopa BiflIOBiAHO 4O IpOrpaMu Ta METOIUKU
IIPOBEIEHHS KOMIJIEKCHUX €KCIIEPUMEHTAJIbHUX JOCiIKeHb. [IpeficTaBe i pe3yIbTaTy OLiHKYU y3rOJKEHOCT
pPOOOTH CUCTEMU ABTOMATUYHOI'O OUMILEHHS CEHCOPIB Ta €JIeKTPOMEXAHIYHOTO EPETBOPIOBAYA, HAIITHOCTI Ta
TOYHOCTI CUCTEMU JUCTAaHLIMHOIO MOHITOPYHTY I1apaMeTpiB, aHali3y eHepreTUYHOI Ta EKOHOMIYHOI e(DeKTHBHOCTI

Ta MEPCIEKTUB BIIPOBAIPKEHHA eJIeKTpOTeXHi‘{HOFO KOMIIJIEKCY.

2. The dissertation is devoted to the development of an electrotechnical complex for current monitoring and
ensuring effective hydrodynamic and thermal regimes of a bioreactor based on a submersible multifunctional
electromechanical converter. The relevance of the research is due to the fact that for the agro-industrial complex
of Ukraine, which generates significant volumes of organic waste, the technology of anaerobic digestion is an
unalternative way of rational environmental management. It allows solving a triple problem: energy (obtaining
biogas for electricity and heat production), environmental (disposal of environmentally hazardous waste, reduction
of methane emissions into the atmosphere) and agrochemical (obtaining high-quality biofertilizers - digestate.
However, despite the significant potential, the real efficiency of the operation of existing biogas plants (BGU)
remains significantly lower than the calculated one. Analysis of the operation of industrial bioreactors shows that
the limiting factor in productivity is not so much the biochemical potential of the raw material, but the
imperfection of electrical and thermal systems for ensuring the technological process. The purpose of the
dissertation is to increase the energy efficiency of biogas plants and intensify the biogas yield by substantiating the
parameters and developing an electrical complex for current monitoring and ensuring effective hydrodynamic and



thermal regimes of the bioreactor based on a submersible multifunctional electromechanical converter. The first
section is devoted to the analysis of the current state and problems of the development of biogas technologies. It
was established that the efficiency of biotechnological process control directly depends on the accuracy and
representativeness of the measurement information: substrate temperature, pH level, gas pressure, liquid level,
methane concentration in biogas. A contradiction was revealed between the need for accurate temperature
maintenance (with an accuracy of up to 0.5-1.0 °C for the thermophilic mode) and the lack of technical means for
monitoring the temperature in the reactor core. The prospects of using submersible multifunctional
electromechanical converters that combine the functions of a heat energy source and mixing are shown. The
second chapter presents a concept for the development of an integrated electrical engineering system that
combines the functions of active thermomechanical and magnetic influence on the substrate with distributed
intelligent monitoring. The paper presents materials on the development and research of a submersible
multifunctional electromechanical transducer with advanced monitoring functions for biotechnological systems.
The results of modeling and analysis of electromagnetic and electromechanical processes in a buried
multifunctional electromechanical transducer are presented using an improved mathematical model, in which the
loading and cooling medium (substrate) is represented as an element of the EMT and included in the
computational domain, taking into account the polarization density vector and the magnetization vector of the
medium in the model. The results of the development of a hardware-software complex for control and data
acquisition from the rotating parts of a submersible PEMT are presented, along with the results of research on a
rotary transformer for contactless energy transfer in a process parameter monitoring system with axially arranged
windings. The third chapter is devoted to the scientific justification and development of a device for automatic
control of anaerobic fermentation parameters. Mathematical modeling of hydrodynamic processes in the system
of wash liquid spraying and sensor cleaning has been performed. The operating modes of the electric drives of the
device for automatic control of anaerobic fermentation parameters and technical solutions to ensure the
explosion-proof protection of the electrical equipment of the electrical complex are substantiated. The fourth
section contains the results of experimental research on the main nodes of the electrotechnical complex for
monitoring and regulating the operating mode of a biogas reactor in accordance with the program and
methodology for conducting comprehensive experimental research. The results of the assessment of the
consistency of the operation of the automatic cleaning system of sensors and the electromechanical converter, the
reliability and accuracy of the remote monitoring system of parameters, the analysis of energy and economic
efficiency and the prospects for the implementation of the electrical complex are presented.
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Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

VIII. 3aKkJII04Hi BiZmoMOCTi

BaacHe IlpizBuie Im's [10-6aTbKOBI Karnyn Bikrop Bonosumuposny

TOJIOBH pajgu

Bnacue IlpizBuie Im's [10-6aTbKOBI Karuryn Bikrop Bosopumuposid

rOJIOBYIOYOTO Ha 3acCiiaHHi

BigmoBizansHMIL 32 HiATOTOBKY Bospuyk Cepriit Bacunbosiy

00JIIKOBHX JOKYMEHTIB

Peecrpa'rop Opuenko TersiHa AHaToJIiBHA



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

JisiIbHOCTI




