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Pedepar:

1. AuppeimuH A. C. CucteMa KepyBaHHS eJIeKTPOIIPUBOLOM HaTOBUAOOYBHOI yCTAHOBKYM HA OCHOBI HEHIPOHHOI
mepexi. Pykonuc. [lucepranis Ha 3500yTTsI HAYKOBOT'O CTYIIEHs KaHJWaTa TEXHIYHUX HayK 3a CIeliaIbHICTIO
05.09.03 - esnekTpoTeXHiuHi KOMIIZIEKCH Ta cucTeMud. HanioHanbHuMit yHiBepcuTeT “JIbBiBCbKa NoJliTexHika”, JIbBiB,
2020. IucepTauis cnpsiMOBaHa Ha BUPIIIEHHS aKTyaJbHUX TPO6JIeM HaPTOBUAOOYBHOI IPOMUCIIOBOCTI YKpaiHu -
nifBuIEeHHS e(PEeKTUBHOCTI po60TH HAPTOBUOO0YBHUX YCTAHOBOK Ta BIIPOBA/IKEHHS iHTEJIEKTYaIbHUX TE€XHOJIOTIN
BUJ00yBaHHs HaPTU. B nuceprallii 3anrporloHOBaHO cucTeMy KepyBaHHs po6oToio IITHBY Ha 6a3i mopgudikoBaHoi
HEPOHHOI MepexXi XemiHra. YI0CKOHAJIeHO CIOCi6 NpenCcTaBleHHs JaHUX, OTPUMAHNX Bif 1aBaviB, y pe3yJIbTaTi
YOro CTBOPEHO €AVHMI MiJXiT 00 AiarHOCTUKYU CTaHy CBEPIJIOBUHM HE3aJIeSKHO BiJl MacIITaby 3HATOI [IEPBUHHO]
indopmauii. Po3pobseHo fuHaMiuHy Mozesib eJleKTpoMexaHiyHoi cucremu KepysanHs [IIHBY, sxa € ocHOBoOO
"IHTeJIEKTYaJIbHOI" CUCTEMU KEPYBAHHSA CBEPLJIOBUHOIO, i IKY BUKOPUCTAHO [1J151 BiATBOPEHHS peaJlbHUX NPOLECIB Ta
inenTudixanii crany HapTOBULOOYBHOTO 061afHAHHS. 3allPONIOHOBAHO AJITOPUTM BU3HAYEHHS TOIIYCTUMUX MEX

PeryJIoBaHHS MBUIKOCTI IPUBIIIHOTO ABUTYHA, a TAKOX il ONTUMaJIbHOTO 3HAYEeHHS, 110 3a6e3redye 30ajaHCOBaHUN



peXXuM BifibOpy pifuHU i3 cBepAI0BUHU. Ha OCHOBI pO3p06JI€HMX MaTEMAaTUYHUX MOJieJIell CTBOPEHO ITPOrpaMHe
3a0e3ne4yeHHs Ta 3alIPOIIOHOBAHO CXEMOTEXHIuHi pillleHHs 1J1s 37ilicHeHHs e(peKTUBHOTO OIlepaTUBHOIO KepyBaHHS
po60TOI0 HapTOBUOOYBHOI YCTAHOBKU Ta 3aI106iraHHs BUHMKHEHHIO aBapiiHUX cuTyauiil. Kio4osi cioBa:
IITAHrOBa HA(PTOBUIOOYBHA YCTAaHOBKA, ACUHXPOHHUH €JIEKTPONPUBO]I, MAJIOAE6iTHA CBEPJIOBMHA, HEIIEPEPBHUN
pexXuM pobOTH, IMHAMOTPaMa, PO3Ii3HaBaHHS 00pa3iB, HEIIPOHHA MEPEXKA, MaTEMAaTUYHE MOJIEJIIOBAHHS, CUCTEMa

KEepPyBaHH4.

2. The thesis research is aimed at the solution of a number of topical issues in Ukraine’s oil industry such as raising
the efficiency of oil production units and implementation of intellectual technologies for oil production. The thesis
provides a review of literary sources, which showed that there are currently no automated control systems for oil
production on the basis of intellectual wells in Ukraine. This creates the need for research in the area of
developing new ways to control electric drives of sucker-rod pumping units. One of the main tasks in designing a
control system is to select informative parameters to identify the status of the pumping equipment. The thesis
shows that the most appropriate method of recognizing the state of the well and its equipment is the use of neural
networks. To determine the optimal structure of the neural network, a series of mathematical experiments were
conducted with the real dependencies of the force in the polished rod and the current of the drive motor of the
operating oil production facilities. Based on the comparison of the results of the recognition of experimental
curves, it is concluded that recurrent neural networks, in particular the Hemming network, are most suitable for
the recognition of load curves or time-current curves. The thesis proposes a modification of the Hemming
network, in particular, replacing the first layer of the network with the algorithm of bitwise comparison of data
arrays. This modification has greatly improved the performance of the neural network and increased the
recognition accuracy of the input signal. Based on the proposed modification of the Hemming neural network, an
algorithm for its operation was created. It is shown that bringing an input data set to one standard (binary
representation) enhances the versatility of the recognition system, enabling it to be used in different control
systems where load curves, time-current curves or active power curves are inputs. The mathematical model of the
electromechanical system of the oil production unit developed in the thesis is the basis of an intelligent well
control system used to reproduce real processes and to identify the state of the oil production equipment. For
conducting mathematical experiments in the MATLAB environment, a model of an electromechanical control
system for a sucker-rod pumping unit was created. It is based on high-adequacy mathematical models of
frequency-controlled asynchronous electric drive and sucker-rod pump, mathematical model of the neural
network; a method of calculating the periodic dependencies of the coordinates of the operation mode of an oil
production unit based on solving the boundary value problem. This approach makes it possible to obtain the result
of mathematical modeling with high reliability and minimal-volume calculations in the timeless domain, which is
important for the development of control systems in real time. Based on the created model, a number of
mathematical experiments were carried out, which confirmed the effectiveness of the proposed modification of
the Hamming neural network with respect to the accuracy and speed of recognition of the input arrays of load
curves and time-current curves. The example demonstrates that the developed system of sucker-rod pumping
unit control can quickly in real time adapt to changing wells operation modes. The thesis presents the modelling of
the electromechanical system both in working and emergency modes. To carry out the experimental studies, a
laboratory workbench was created for the electromechanical control system of the sucker-rod pumping unit. The
thesis describes the element base and the software used, outlines the schematics of the developed laboratory
workbench, the algorithm of operation and the sequence of operations performed during the acquisition of
experimental data. On the basis of the experimental results obtained at the laboratory workbench, it is concluded
that the theoretical solutions proposed in the thesis and the application of the developed algorithms are correct.
Key words: sucker-rod pumping unit, asynchronous electric drive, marginal well, uninterrupted operation mode,
dynamogram, pattern recognition, neural network, mathematical modeling, control system.
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