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Pedepar:

1. Inceprariis Ha 30OOYTTSI HAYKOBOTO CTyIEHs KaHWIaTa TEXHIYHUX HayK 3a creuianpHicTio 05.11.13 - npunany i
METO/I KOHTPOJIIO Ta BUSHAYEHHSI CKJIaly P€YOBUH. — [IBaHO-OpaHKiBCbKUI HALliOHAIbHNAY TEXHIYHUI YHiBEpCUTET
Ha(Tu i razy, M. IBano-@paHkiscbk, 2021. [IpoaHasnizoBaHO NepeBaru i HeJOJMIKU METOiB fiarHocTyBaHHs [TIA 3
CAY Ta 06rpyHTOBaHa MOKJIMBICTb BUKOPUCTAHHS METO/IB ifeHTHdiKallii 06'€eKTiB, 2 TAaKOXK Cy4aCHUX
iHopmaniitHUX TEXHOJIOTIi O0A0 06POOKY BiOPOAKyCTUYHUX ITPOLECIB /1S BUPIIIeHHS [IOCTaBIeHUX B pOOOTI
3a1a4. Po3pobJieHi TeopeTUyHi 3acaid METOy AiarHOCTyBaHHs TexHiyHoro ctany CAY I'TK-25i 3a ix posrinHHuMU
xapakrepucrtvukaMu. [1pyu ubomy TexHiqyHuii crad CAY I'TIA BU3Ha4aeThCA 3a 3MiHOIO IO, SIKa yTBOPEHA
[epeXifHOK XapaKTEPUCTUKOIO i € IarHOCTMYHOIO O3HAKOI0, 3MiHa SIKOi XapaKTepu3sye 3MiHy TexHi4HOoro crany I'TIA

. [l Bu3Ha4YeHHs TexHiyHoro ctany ['TK-25i 3anpornoHOBaHO BUKOPUCTATH [IBOIIAPOBI iepapXiuHi HeMPOHHI



MEpEeXi IPSIMOTO MOUIMPEHHS, 110 TPEHYIOTHCS 3a aJITOPUTMOM 3BOPOTHOTO MOMUPEHHS MOXUOKH, & MOJIETIOBAaHHS
«1eeKTHOTO» Ta KHOMIHAJIbHOTO» CTaHiB IIPOBOJIUTH HA OCHOBI OTPUMAaHUX Pe3yJbTaTiB BUMIPIOBaHHS i 00poOKU
XapaKTEePUCTUK aKyCTUYHUX IIPOLECIB, SIKi reHepyioThes ['TIA B npoueci exciutyarauii. JJocaifmkeHi craTucTuyHi
XapaKTePUCTUKMU aKyCTUYHUX npoueciB ['TK-25i Ta BU3Ha4YeHi AiarHoCTUYHI 03HAKH, SIKi MOXYTb OyTH MOKJIaZleHi B
OCHOBY METOZIB KOHTPOJIIO MOT0 TEXHIYHOTO CTaHy. 3a pe3ybTaTaMU €KCIIEPUMEHTAILHUX AOCHIIKEHDb
PO3po06JIeHi: METO, ITapaMeTPUYHOI AiarHOCTUKYU TexHiuHoro crany ['TK-25i, mo 6a3yeTbcs Ha BUBHAUEHHI
HaMOi/IbIINX 3Ha4€Hb NYMCKPUMiHAHTHUX QYHKLiH fociigkysaHoro 'TK-251 AJ1s1 KOKHOTO 3 10r0 TeXHIYHUX CTaHiB
3a 16 TEXHOJIOTIYHUMU TapaMETPaMU; METO/I, 1iarHOCTUYHOIO O3HAKOIO SIKOTO € BeJIMYMHA HOPMU BEeUBJIET-
CKJIaZIOBOi JeTasizalii 'saToro nopsanky D5, oTpumaHa IUIsIXoM 06pOOKY aKyCTUYHUX IIPOLIECIB CYIIPOBOIKYIOUNX
poboty I'TK-25i; mTyyHa HelipoHHa MepeXKa, sIKa MIPOoIlsa HaBYaHHs Ha eKCIIEPUMEHTAIbHUX JAHUX, Pe3yJbTaTu
SIKOTO JO3BOJISIOTh YiTKO PO3PI3HUTHU [1BA CTAHU «HE33[0BLIBHUNY Ta «<HOMiHaJIBbHUIY. PO3ryIsiHYTa IpoLenypa
BM3HAYEHHS IIOKa3HUKA F'OTOBHOCTI HA OCHOBI CTATUCTUYHUX JIaHUX 110 BitmoBax CAY I'TK-25i Ta po3paxoBaHe 110ro
3HaueHHs I1r = 0.93, mo ninTeeprkye epeKTUBHICTb PO3pobieHoro MeTony niarHoctyBaHHs CAY I'TK-25i. Kintouosi
CJIOBA: METOJU IiarHOCTYBaHHS, JIiarHOCTAYHA O3HAKa, TEXHIYHUI CTaH, pO3riHHA XapaKTePUCTHUKA,
exkcriepuMenTanbHi gasi, I'TIA, CAY, mTy4Hi HEMPOHHI MEpEXKi, BEMBIET-TIEPETBOPEHHS, AUCKPUMIHAHTHUI aHAJII3,

aKyCTUYHUHU IIpoLiec, CUCTEeMA JiaTHOCTYBaHHSL.

2. Thesis for the degree of candidate of technical sciences in specialty 05.11.13 - devices and methods for
monitoring and determining the composition of substances. - IvanoFrankivsk National Technical University of Oil
and Gas, Ivano-Frankivsk, 2021. The advantages and disadvantages of methods for diagnosing a gas pumping unit
with an automatic control system are analyzed, the absence of a systematic approach to their development is
established and the possibility of using methods for identifying objects, as well as modern information
technologies for processing vibroacoustic processes when modernizing existing and developing new diagnostic
methods for a gas pumping unit with an automatic management. The theoretical foundations of the method for
diagnosing the technical state of the GTK-25-1 automatic control system and by their acceleration characteristics
have been developed. In this case, the technical state of the automatic control system of the gas pumping unit is
determined by the change in the area formed by the transient characteristic and is a diagnostic feature that
characterizes the change in the technical state of the gas pumping unit. To determine the technical state of GTK-
25-1, it is proposed to use two-layer hierarchical neural networks of feedforward propagation, training according
to the error backpropagation algorithm, and modeling the "defective" and "nominal" states based on the obtained
measurement results and processing the characteristics of acoustic processes generated by the gas pumping unit
in during operation. Methodological, technical and software support has been developed for conducting
experimental studies, taking into account the peculiarities and operating conditions of the GTK-25-i, the selection
and installation of additional sensors of technological parameters is justified, an acoustic monitoring system of its
state and a complex software package for monitoring the state of the GTK-25-1 have been done. The statistical
characteristics of the acoustic processes of GTK-25-1 certain diagnostic features that can be used as the basis for
methods for monitoring its technical condition have been investigated. Based on the results of experimental
studies, the following have been developed: a method for parametric diagnostics of the technical state of GTK -25-
I, based on the determination of the highest values of the discriminant functions of the GTK-25-1 under study and
for each of its technical states for 16 technological parameters; method, the diagnostic feature of which is the value
of the norm of the wavelet component of the fifth order detailing D5, obtained by processing the acoustic
processes accompanying the operation of the GTK-25-I; an artificial neural network that was trained on
experimental data, the results of which make it possible to clearly distinguish between two states "unsatisfactory”
and "nominal". The procedure for determining the readiness indicator on the basis of statistical data on failures of
the GTK-25-i automatic control system is considered and its value Ri = 0.93 is calculated, which confirms the
effectiveness of the developed method for diagnosing the GTK-25-i automatic control system. Key words:
diagnostic methods, diagnostic feature, technical condition, acceleration characteristic, experimental data, gas
pumping unit, automatic control system, artificial neural networks, wavelet transformations, discriminant analysis,

acoustic process, diagnostics system.
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