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1. KomIr'iotepHa cuctema KOHTPOJIIO ITapaMeTpiB HaTOBOi eMyJIbCii 33 CIIEKTPOM KOMILJIEKCHUX KOoe(illieHTiB
nepepavi
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Pedepar:

1. Inceprauifiny po60Ty IIPUCBSIYE€HO PO3B’SI3aHHIO 337]a4i CTBOPEHHS KOMITIOTEPHOI CUCTEMU KOHTPOJIIO
napamMeTpiB HaTOBOI eMyJIbCii 32 CIIEKTPOM KOMILJIEKCHUX KoeillieHTiB nepenayi 01 inenTudikauii crany
6araTomapoBOro CEPeNOBUILA «Ha(pTa-eMYJIbCiI-BOLA». AKTYyaJIbHICTb JOCJIIIPKEHHS 3yMOBJIEHA IOTPEO0I0
[iABUILEHHS TOYHOCTI 11 OIIepaTUBHOCTI KOHTPOJIIO 6araTOKOMIIOHEHTHUX PifiiH y HadTOra3oBii ranysi, fe npsme
BMMIipIOBaHHS yCKJIaJJHEHE arPECUBHICTIO CEPeNOBUILA, 1apa3UTHUMU NTapaMeTPaMU TPAKTy, OOMEXEHHSIMU
IYcKpeTu3sallii Ta HeiHPOPMaTUBHOIO BOJATUJIbHICTIO CUTHAJIIB. 3aITPONIOHOBAHO MifXif, 32 SIKOTO CTaH CEpeOBUIIA
BU3HAYAETLCS HE Yepes NpsIMe JOCSITHEHHS TOYKM allapaTHOro 6ajlaHCy, a Ha OCHOBI 6araTo4acTOTHOrO aHai3y

eseKTpoi3nIHMX BiAryKiB, u(POBOro MOAEII0OBAHHS Ta HEPOMEPEKEBOT0 [IEPEeTBOPEHHS BUMipIOBabHOI



inpopmauii. O6’ekToM € iHpopMaliiini npouecyu GOPMyBaHHS i1 ONPALIIOBAHHS CIEKTPY €J1eKTPOi3UYHUX BiITyKiB
y cUCTeMi OLiHKY po3iapyBaHHs 6aratodasHoro cepenosuina. [IpegmeTom € Mozesti, METOIU U arOpUTMU
BM3HAUEHHS IapaMeTpiB 6araTomapoBOro CepeioBUIla 3a CIIEKTPAJIbHUMU Bifir'yKaMu KOIJIAHAPHOTO EMHICHOTO
[IepeTBOPIOBAYa, a TAKOXK OLiHIOBAHHS iZleHTU(PIKOBAHOCTI, reHepallig CHHTETUYHUX JAaHUX, HEipoMepeKeBe
IIEPETBOPEHHS Ta allapaTHO-IIPOrpaMHa peaizallisi TpakTy. MeTa — po3po6JIeHHs Ta BOCKOHAJIEHHS
KOMITIOTEPHOI CUCTEMU OLiHKY I1apameTpiB rpaBiTallifHOro po3lapyBaHHsI 32 CIIEKTPOM KOMIIJIEKCHUX
KoedilieHTiB lepefayi KOIJIaHAPHOIO EMHICHOTO IIepeTBOpIoBayva. [IpoaHanizoBaHo (Pi3nKO-XiMiuHi OCHOBU
PO3[IiJIEHHS] CUCTEMU «Ha(pTa-IJIACTOBA BOAA», METOAM BUMIPIOBaHHS TOBLIMHU HA(TOBOI IIJIiBKY, IPUCKOPEHHS
PO3IiseHHs, EMHICHIi METOAU Ta HAasIBHI CUCTEMU MOHITOPUHTY. OOGI'PYHTOBAHO JOLIJIbHICTh 6araTo4acTOTHOTO
iMIIelaHCHOTO 30HIyBaHHS 3 KOIIJIAaHAPHUM €MHICHUM II€PETBOPIOBaYEM [j1s1 6€3[1€PEPBHOIO KOHTPOJIIO TOHKUX
mapiB HaQTH B IPOMUCJIOBUX cenapaTopax. Po3pobiseHo iHpopMaLiiHy MOJesb NiICUCTEMU IIEPBUHHOTO
[IepeTBOPEHHS CUTHAJIIB, IU(POBUI IBIHHMK CUCTEMHU 360py JAaHUX Ta MAaTEMaTHUYHi 1 KOMITIOTEpHi Mozei
GaraTouapoBoro cepefosuila. Lle nano 3aMory JocifyuTy IPoCTip cTaHiB MeTooM MoHTe-KapJio, BUBHAUUTH MeKi
araparHoi iHpOpMaTUBHOCTI BXiTHMX IIOTOKIB, IPOaHasi3yBaTu MaTpuLio 51ko6i, MmaTpuio iHpopmaii Pimepa,
06yMOBJIEHICTb 3a71a4i Ta cHOpMYyBaTU O3HAKM [1J11 06epHeHoi 3a1adi ineHTudikanii. JocimkeHo KOMILTIEKCHI
KoedilienTn nepenadyi, 6MHYy 30HOYBaHHS, RC-HEOHO3HAYHICTD, CIIEKTpH U Hniarpamu Haliksicta Ta
OOI'PYHTOBAaHO HEMPOMeEpPEeKeBUIl Ilepexif, Bif, eseKTpodi3uyHUX BUMipIOBaHb [0 (Pi3MYHUX IapaMeTpiB wapy.
HaykoBi pe3ysipTaTi: Brieplie 3allpOlIOHOBAaHO 6€3p0o3MipHUI KOMIUIEKCHUN KoedillieHT nepezadi sk
iHpopmaliiiHO-BUMipIOBAaZIbHUI MTApaMeTP, 110 BUSHAYAETHCS KOMIIEHCALITHUM METOJOM i3 BUKOPUCTAHHSIM
KOIIJIAHAPHOT'0 €EMHICHOTO0 I1IepeTBOPIOBaya 3 i30/IbOBaHMMU €JIEKTPOJaMu Ta 3abe3reuye Oe3nepepBHe 3UUTyBaHHS
CUTHaJIiB 6€3 IIPSIMOTr0 KOHTAKTy CEHCOpPA 3 arpECUBHUM CepeLloBUIIEM. YI0CKOHAJIEHO METO, ineHTuikarlii
napameTpiB 6aratoazHoro cepeioBuIla Ha OCHOBI MAaTPUYHOI MOJIEJi eJIEKTPUYHUX By3JI0BUX ITOTEHIIiaJliB
KOIJIAHApHOT0 IIePEeTBOPIOBAYa, 110 Aajo 3Mory chopMyBaT CUHTETUYHUI Habip JaHuXx 6e3 PpisnyHoro
€KCIIEPMMEHTY Ta BUKOPUCTATH HOTO 17151 IOIIEpeHbOTO HaBYaHHS Helipomepexi. HabyB ofasnbpioro po3BUTKY

I BOKAaCKaJIHUI HellpoMepeKeBUI KOMIIOHEHT: IEPIIMI KacKajl, HaBYEHUI Ha CUHTETUYHUX JIAHUX, BiloOpakae
CIEKTpaJIbHUI BiITYK y IPOCTIP OLIIHOK CTaHy CepeOBULIA, a APYTUil, JOTPEHOBAHUI HA OOMEXKEHNUX HATYPHUX
IAHUX, 3abe3lievye nepexin 1o abCcooTHUX Pi3NYHUX IapaMeTpiB i ckopouye afanTaliiio aaroputmy. Po3BuHeHO
METOJ], KiIbKiCHO{ OLIiHKM iH()OPMaTUBHOCTi BUMipIOBaJIbHOTO IapameTpa Ha OCHOBI pupocTy eHTponii llleHHOHa
17151 BUBHAYEHHSI BJIACHOTO BIIJIMBY KOXKHOTO ITapaMeTpa Ha BUXiAHUI CUTHAJI HE3aJIEXKHO Bif PYHKLIOHATIbHOTO
3B'SI3Ky Ta MDKIIapaMeTPUYHUX B3aeMOJil. [IpakTryHe 3HaYEHHS pe3yJIbTaTiB [10J1ra€e y CTBOPEHHI arapaTHO-
IIPOTrPaMHOTO pillleHHs 1711 aBBTOMATHU30BaHOTO MOHITOPUHTY IIPOCTOPOBOTO PO3IOAiNy 6araTopasHux pifyH,
IIOBENIEHOTO [0 iHKeHEPHOI peaizaliii Ta anropuTMivyHOro 3a6e3rnedyeHHs MiKpOKOHTPOJIEPHUX CUCTEM.
P0o3p0671€HO CTPYKTYPY U TOIOJIOTiI0 BUMiPIOBAJIbHOTO 30H/1a, 3aIIPOTIOHOBAHO TiOpUIHY KOIIJIAHAPHO-CTPYKHEBY
KOHCTPYKIIi10 IEpBUHHOrO NI€peTBOPIOBayYa, sIKka MacuITabye AMHAMIYHUI [liarla30H Npujaly Ta yCyBa€ «CJIilli 30HU»
[IOBEPXHEBUX JAaTYMKiB. CTBOPEHO aJrOPUTMIidHE 3a6€3MeUeHHs BUMipIOBaJIbHOTO TPakTy 1At ARM Cortex-
M/STM32: aBToMaTtu4yHe 6ajlaHCyBaHHS, aJAlITUBHUMN [IOIIYK HYJILOBOTO CTPYMY, CUHXPOHHE [I€TEKTYBaHHS,
KOMITeHcaljio (pa3oBUX 3CyBiB i LnPpoBe HAKOIIMYEHHS CUrHaITy. [IoKa3aHo, o MacmTabyBaHHS HAIPyTu
30yIpKEeHH4, JliHiliHa iHTeprnosLis JudepeHuiNHUX CTPYMiB Ta OBEPCEMILIIHT NiABUILYIOTh PO3iJIbHY 3[JaTHICTh
KaHajly 3a oomexxeHb 12-6iTHux LIATI. CuHTe30BaHO HEMPOMEPEXKEBY MO/ b OOEPHEHOI 3a/1a4i CIIEKTPOCKOIii 114
BOYJJOBAaHUX CACTEM 3 OOMEXEeHUMU pecypcamu. Ha 0CHOBI KoMIIEKCHUX KoedillieHTiB nepeaadyi, Temrneparypu ta
rijpoCcTaTUYHOI BUCOTH CUCTEMA B peayIbHOMY 4aci BU3Havae TOBIIMHU IapiB HATU i eMyJibCii Ta 06uuciioe
KiHETUYHY IIBUJIKICTh PO3IIAPYBaHHS €MYJIbCii. Pe3ynbTaTy MOXKYTb 3aCTOCOBYBATUCS [1J151 KOHTPOJIIO
rPaBiTaL[iiHOTO PO3[iJI€HHS, OLiHIOBaHHS €(PEKTUBHOCTI pEareHTiB, MiABUILEHHS iHPOPMATUBHOCTI BUMipIOBaHb i

3MEHIIEHHs BIJIMBY [Iapa3UTHUX [TapaMeTPiB Ta 3aBajl.

2. The dissertation addresses the scientific and applied problem of developing a computer system for monitoring
oil emulsion parameters by the spectrum of complex transfer coefficients to identify the state of a multilayer
“oil-emulsion-water” medium. Its relevance is determined by the need to improve the accuracy and timeliness of
monitoring multicomponent liquids in oil and gas equipment, where direct measurement is complicated by



aggressive media, parasitic parameters, and sampling limitations. The proposed approach identifies the medium
state not by directly reaching a hardware balance point, but through multifrequency analysis of electrophysical
responses, digital modelling, and neural-network transformation of measurement information. The object is the
information processes of forming and processing electrophysical responses in a system for assessing multiphase-
medium stratification. The subject includes models, methods, and algorithms for determining multilayer-medium
parameters from spectral responses of a coplanar capacitive transducer, identifiability assessment, synthetic data
generation, two-stage neural-network transformation, and hardware-software implementation. The aim is to
develop and improve a computer system for assessing stratification parameters using the spectrum of complex
transfer coefficients of a coplanar capacitive transducer with insulated electrodes. The dissertation analyzes the
“oil-formation water” separation system, oil film thickness measurement, separation acceleration, capacitive
methods, and existing monitoring systems. The feasibility of multifrequency impedance probing with a coplanar
capacitive transducer is substantiated for continuous monitoring of thin oil layers in industrial separators. An
information model of the primary signal-conversion subsystem, a digital twin of data acquisition, and
mathematical and computer models of the multilayer medium are developed. This enabled a Monte Carlo study of
the state space, determination of hardware informativeness limits, analysis of the Jacobian and Fisher information
matrices, and feature formation for the inverse identification problem. The work also examines complex transfer
coefficients, probing depth, RC ambiguity, spectra, Nyquist plots, and the transition to physical layer parameters.
For the first time, a dimensionless complex transfer coefficient is proposed as an information-measurement
parameter determined by a compensation method using a coplanar capacitive transducer with insulated
electrodes, enabling continuous signal acquisition without direct sensor contact with the medium. The method for
identifying multiphase-medium parameters is improved using a matrix model of electrical nodal potentials of a
coplanar transducer, which enabled the generation of a synthetic dataset without a physical experiment and
preliminary training of the primary neural network. A two-stage neural-network component is further developed:
the first stage, trained on synthetic data, maps the spectral electrophysical response into medium-state estimates,
while the second stage, fine-tuned on limited real-world data, provides the transition to absolute physical
parameters and reduces adaptation to a specific physical object. A method for quantitative assessment of
measurement-parameter informativeness based on Shannon entropy increase is further developed, allowing the
individual influence of each parameter on the output signal to be determined regardless of functional relationship
and interparameter interactions. The practical significance lies in creating a hardware-software solution for
automated monitoring of multiphase-liquid distribution, brought to engineering implementation and algorithmic
support for microcontroller systems. The hardware structure and measuring-probe topology are developed; a
hybrid coplanar-rod design of the primary transducer is proposed to scale the instrument’s dynamic range and
eliminate the “blind zones” typical of surface sensors. Algorithmic support for the measurement path is developed
for ARM Cortex-M/STM32 microcontrollers and includes automatic balancing, adaptive zero-current search,
synchronous detection, phase-shift compensation, and digital signal accumulation. Excitation-voltage scaling,
linear interpolation of differential currents, and oversampling provide high resolution under the limitations of
standard 12-bit DACs. A neural-network model for the inverse spectroscopy problem is synthesized for embedded
systems with limited computational resources. Based on complex transfer coefficients, medium temperature, and
hydrostatic liquid height, the system determines the thicknesses of oil and emulsion layers in real time and
calculates the kinetic rate of emulsion stratification. The results can be used for automated monitoring of
gravitational separation, evaluation of reagent efficiency, increased measurement informativeness, and reduced

influence of parasitic parameters and industrial noise.
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