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iMIyJIbCHOTO BIIMBY Ha NIPUMBUGINHY 30HYy HAa(TOBUX CBEPAJIOBUH

2. Information and Measurement System for Parameter Control and Evaluation of the Efficiency of Adaptive
Impulse Impact on the Bottomhole Zone of Oil Wells

Pedepar:

1. lucepTariis npucBs4YeHa MifBUILEHHIO JOCTOBIPHOCTI KOHTPOJIIO Ta TOYHOCTI OLiHIOBaHHS €(PEKTUBHOCTI
aJaNTUBHOTrO iMITyJIbCHOTO BIUIMBY Ha NpUBUGiiiHY 30HY (I13) HaTOBMX CBEPJIOBUH IJISIXOM CTBOPEHHS
indopmauiitHo-BuMipioBasnbHOI cucteMu (IBC) HoBoro rnokosiHHs. ¥ po60Ti 06rpyHTOBaHO Ta peaizoBaHo [BC, mo
3abe3rnevye KOMIIJIEKCHUI KOHTPOJIb [IapaMEeTPiB BILJIMBY, peeCTpalilo peaklii racta Ta aBTOMaTU30BaHe
OLIiHIOBaHHS PE€3yJIbTATIB y peajlbHOMY 4Yaci. Po3pobyieHo MeTonuyHe, MaTeMaTUYHe Ta iHCTpyMEeHTajlbHe
3abe3nedyeHHs, sIke iHTerpye BUMipioBaHHs, 00pOOKy CUTHAJIB i NPUMHSATTS pilieHs. Lle 703B0INIO0 NiABUILNUTH
TOYHICTb 1iarHOCTUKM, MiHIMI3yBaTH Cy0O'€KTUBHICTb €KCIIEPTHUX OLiHOK Ta 3a0€3I1€YNTH BiiTBOPIOBAHICTh
Pe3yJbTaTiB. AKTyaIbHICTh 3yMOBJIEHA BUCHR)KEHHSIM POJIOBUIL i CKJIaIHUMU re0JIOTIYHMMY YMOBaMH, 110 IOTpedye
BIIPOBA/I)KEHHS iHTEJIEKTyaJIbHUX CUCTEM J1J71 ONI€PATUBHOrO KEPYBAHHS TEXHOJIOTIYHMMU MIPOLIECAMU

inTeHcudikauii BUEoO6yTKy. OCHOBHUII 3MiCT poOOTU: VY BCTYI HaBeieHO 3arajibHy XapaKTepUCTUKY JOCIIiIPKEHHS,



BU3HA4YEHO 00'€KT, IpeIMeT, MeTy Ta 33[1a4i poOOTU. Y NepIIOMY PO3iji MpoaHanizoBaHO IPUYMHYU 3HMKEHHS
IIPOIYKTUBHOCTI CBEPIJIOBYH (KOJbMAaTAllisl, 3MiHa IPOHUKHOCTI, CKiHO(akTop). [IpoBefieHO MOPiBHSAHHS METOIB
inTeHcudikauii (xXiMivyHUX, riIpoAMHAMIYHUX, IMITYJIbCHO-XBUJIBOBUX) Ta OOI'PYHTOBAHO HEOOXiIHICTb CTBOPEHHS
IBC pJ1s1 noeHaHHS PYHKLiM KOHTPOJIIO I aHali3y. Y Ipyromy po3fiji yIOCKOHa/IEHO MaTeMAaTUIHY MOZEJb
€JIEKTPUYHOTO iMITIeJaHCY 6araTornapaMeTpUyHOTO I1'€30€JIeKTPUIHOrO AaTYMKa. MOJieib BDaXOBYE AUHAMIKY
THCKY, iIMIIyJIbCHI HaBaHTa>XEHHS1, KOJIMBAJIbHI IIPOLiecH Ta JecTabdinizyoui ynHHUKY [13, 1m0 nifgBuInye TOYHICTD
BM3HAUY€HHS iHPOPMATHMBHUX [TapaMeTPiB peakuii r1acTa. ¥ TpeTboMy POo3ii po3po06seHO aIrOPUTMU
aBTOMAaTH30BAHOTO OL[iHIOBaHHS e(eKTUBHOCTI BILJIMBY HA OCHOBiI OOPOOKY CUTHAJIIB AaTYMKa. PeanizoBaHo miaxisn
IO BUiJIEHHSI YaCOBUX, EHEPTeTUYHUX i CIIeKTpaJbHUX O3HAK AMHAMIYHOI peakiii nyiacta. O6rpyHTOBaHO
dyHKUioHaNBbHY CTPYKTYPY IBC, sika iHTerpye nigcucremu BUMipIOBaHHS Ta KEPYBaHHS. Y YETBEPTOMY PO3/isi
HaBEJIEHO pPe3yJbTaTU €KCIIepUMEHTAIbHUX BUIIPOOYBaHb IBC. [JoBeeHO BUCOKY TOYHICTh BUMipIOBaHb Ta
MOJKJIMBICTb BUSHAYEHHS PaLliOHATIbHUX PEKUMIB BIUIMBY 114 ITiBULIEHHS IIPOAYKTUBHOCTI CBEPJIOBYH.
PesynbTaT peKOMEHI0BAHO JJj1s1 BIPOBAIKEHHS Ha MiATIpUeMCTBax HaTOra3oBoi rajysi Ta B OCBiTHil ITpolLiec.
HaykoBa HOBU3Ha: Brieple po3B’si3aHO 33/1a4y KOHTPOJIIO Ta OLiHIOBaHHS €(PEeKTUBHOCTI aJalITUBHOTO iMITyJIbCHOTO
BIUJIMBY Ha OCHOBIi KoMIJIeKCHOi IBC, mo 3a6e3nedye 1OCTOBipHY iHTepIIpeTalio peakiiii niacrta. Y4oCKOHaIeHO
MaTeMaTU4Hy MOJeJib IMIIeJaHCY IT€30€JIeKTPUYHOTrO NaTYMKa, SKa, Ha BiIMiHY Bif] iCHYIOUMX, BpDAaXOBY€E I1apaMeTpHu
aJanTUBHOI [Iii Ta AMHAMIUHI XapaKTepUCTUKU CEPENIOBUINE, 1110 MiABUIY€E TOYHICTh BUAiNEHHS iIHPOPMATUBHUX
03HaK. 3allpOIIOHOBAHO MiJXif, 0 aBTOMAaTU30BAHOTO OLiHIOBAaHHS €(EeKTUBHOCTI BIIJIMBY HA OCHOBI CYKyITHOCTI
CIIEKTPaJIbHO-€HEePreTUYHMX IapaMeTpiB, 0 3MEHIIy€E BIUIUB JIIOICHKOro (hakTopa Ta IIOKpallye OO PyHTOBAHICTh
IiarHOCTUYHUX pilleHb. [licTany mogasnpiioro po3BUTKY METOAM OLIIHIOBAaHHS CTaHy [13 3aBISIKM BCTAaHOBJIEHHIO
B32€MO3B’3Ky MDK JJMHAMiYHOIO peaklli€lo M1acTa Ta pe3yJIbTaTUBHICTIO BilHOBJIEHHS [1€0iTy CBEPJIOBUHU.
[TpakTryHe 3HaUYeHHS: PO3pO6I€HO METOAUYHE Ta aJTOPUTMiYHE 3a6e31e4eHHs AJ1s1 00’'€KTUBHOTO IIPUMHSITTS
pilieHs OA0 PeXUMIB BiIlHOBJIEHHS PONYKTUBHOCTI CBEepjI0BUH. CTBOPEHO ITpOrpamMHe 3a6e3nedeHHs IJ1s
MOJeJIIOBaHHS €JIEKTPUYHOrO iMIIeJaHCy JaTuMKa 3 ypaxyBaHHSIM peayIbHUX YMOB eKcIyaTalii. Po3pobyieHo
KOHCTPYKIIil0 6araTornapaMmeTpUyHOro I1'e30€JIeKTPUYHOrO JAT4YMKA, 0 PO3LIMPIOE CKIak KOHTPOIbOBAHUX
napamertpis I13. Cteopeno uinicHy IBC, 0 noeiHye BUMipIOBaHHS, aHaIi3 Ta POPMYBAHHS IiarHOCTUYHUX PillEHb Y
peasibHOMY 4Yaci. PeaysibTaTi MOXKyTb OyTH BUKOPHCTaHi CePBICHUMU KOMIIaHISIMU IIif1 4ac IpoBeJieHHs pobiT 3
iHTeHcudikauii NpUIINBY Ta MOHITOPUHIY CTaHy CBEPAJI0BUH. OCHOBHI MTOJIOKEHHSI BIIPOBAIKEHO B HABYaJIbHUI

npouec YATY ns miarotosky (paxisLis 3 Npuiano0yTyBaHHs Ta aBTOMaTU3allii.

2. The dissertation is dedicated to solving a significant scientific and applied problem: increasing the reliability of
parameter control and the accuracy of evaluating the efficiency of adaptive pulse treatment in the near-wellbore
zone (NWZ) of oil wells by developing a new-generation information-measuring system (IMS). The research
substantiates and implements an IMS that provides comprehensive control of pulse treatment parameters,
registration of the formation's response, and automated efficiency assessment in near real-time. Methodological,
mathematical, and instrumental frameworks were developed to integrate measurement, signal processing, and
diagnostic decision-making. The system reduces dependence on expert judgment and ensures the reproducibility
of results. Relevance. The study is driven by the need to enhance hydrocarbon recovery in depleted fields and
complex geological conditions, requiring modern IMS for operational control and adaptive process management.
Main Content of the Work: The Introduction outlines the general characteristics of the study, its relevance,
scientific novelty, practical significance, and the formulated goals and objectives. Chapter 1 analyzes the causes of
declining oil well productivity, such as pore clogging, technological fluid impact, and increased skin factor. A
comparative analysis of stimulation methods (chemical, hydrodynamic, pulse-wave) is performed. The necessity of
creating an IMS that combines control, analysis, and evaluation functions is justified. Chapter 2 improves the
mathematical model of the electrical impedance of a multiparametric piezoelectric sensor. The model accounts for
pulse load parameters, pressure dynamics, oscillatory processes, and destabilizing factors. This enhancement
increases the accuracy of identifying informative parameters of the formation's response, specifically resonant and
energy characteristics. Chapter 3 develops methods and algorithms for the automated evaluation of adaptive pulse
treatment efficiency. A systematic approach is implemented to extract temporal, energetic, and spectral features



of the dynamic response. A functional model of the IMS is established, integrating measurement, signal processing,
and control subsystems. Chapter 4 presents experimental results and testing of the developed IMS. It is
established that the system provides high measurement accuracy and allows for determining rational treatment
modes to increase well productivity. The results demonstrate the feasibility of implementing these methods in oil
production monitoring and control systems. Scientific Novelty: For the first time, the scientific task of controlling
and evaluating the efficiency of adaptive pulse treatment was solved through the development of a comprehensive
IMS that ensures reliable interpretation of formation response. The mathematical model of the electrical
impedance of a multiparametric piezoelectric sensor was improved. Unlike existing models, it accounts for
adaptive pulse action parameters and environmental destabilizing factors, enhancing the accuracy of signal feature
extraction. A new approach to automated efficiency evaluation was proposed, based on processing signals from
the piezoelectric sensor using a set of informative parameters. This minimizes expert subjectivity and improves the
validity of diagnostic decisions. Methods for assessing the NWZ state were further developed by establishing the
relationship between the dynamic response parameters and the effectiveness of well productivity restoration.
Practical Significance: Methodological and algorithmic software was developed for automated efficiency
evaluation, improving decision-making regarding well productivity recovery modes. A mathematical model and
software were created to determine the sensor's impedance, adequately describing the measurement conversion
process under pulse loads. A multiparametric piezoelectric sensor was designed to register informative
parameters, expanding the range of monitored NWZ characteristics. The integrated IMS was developed,
combining measurement, signal analysis, and diagnostic decision-making into a single automated cycle.
Implementation: The results are suitable for oil and gas enterprises and service companies. The core findings have
been integrated into the curriculum of Cherkasy State Technological University (CDTU) for courses on

instrumentation and information-measuring systems.
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