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Pedepar:

1. MeTo10 fycepTauifHOro AOCIiI)KEHHS € PO3POOKa Ta BIIPOBAKEHHSI iHTEJIEKTyaIbHOI CUCTEMU, SIKA
BUKOPUCTOBY€E HEWPOHHI MEpeXKi [17151 aBTOMAaTUYHOTO TPOTHO3YBaHHS 3MiH Y KOHTPOJIbOBAHUX ITapaMeTpax
OypiHHs. Taka cucTema MOsKe 3HaYHO MigBUIIUTY e(PEeKTUBHICTb OYPiHHS, BMEHIINTY PU3UKY aBapiil Ta
OIITMMIi3yBaTU BUTPATH PECYPCIB IIJIIXOM TOYHIIIOrO IPOrHO3yBaHHA TA ONIEPATUBHOIO PearyBaHHs Ha 3MiHU B
npoueci 6ypinHs. V nuceprauiliHiil po60Ti HaBeieHe TEOPETUYHE y3arajJbHEHHS i BUPIIIEHHS aKTyaJlbHOI HAyKOBO-
[IPaKTUYHOI 3a/1a4i CTBOPEHHS HEMPOMEPEXKEBOI CUCTEMU aBTOMATHU3ALLil IDOTHO3YBAaHHS IUHAMIKU

KOHTPOJIbOBaHUX ITapaMeTPiB Mpolecy OypiHHS HadTOra3oBUx CBepAJIOBUH. Lle nependayae po3pooKy METOMIB i



aJITOPUTMIB, 10 JO3BOJISIOTh 3 BUCOKOIO TOUHICTIO BUBHAYUTU 3MiHU B TapaMeTpax OypiHHS, 3a6e31euyodn TUM
camuM eeKTUBHICTb i 6e3I1eKy 6ypOBOro IIPOLEeCy, a TaKOXK ONTUMI3allilo BUTPAT i pecypciB. BupimenHs Takoi
3a/laui Mae BaXJIMBE 3HaU€HHS /1151 HAQTOra3oBoi IPOMHUCIIOBOCTI YKpaiHU, OCKIJIBKU J1a€ 3MOTY OITHMMIi3yBaTH
TeXHIKO-€KOHOMIYHi [I0Ka3HUKYU Mpolecy OypiHHS HaTOra3oBUx CBEPAJIOBMH. HaykoBa HOBM3HA JUCEPTALHOI
pO6OTH BU3HAYAETLCS TAKMMU IOJIOKEHHSIMU: BIleplie: 0 PO3p00Ka METOIIB Ta MOJIeJIeH, SIKi JO3BOJISIIOTh €(PEKTUBHO
yCyBaT/ Ta KOMIIEHCYBATH BIUIMB aHOMaJIill y JaHUX IIpoLeCcy OypiHHSA Ha(TOra30BMX CBEPAJIOBUH , IO OCSATAEThCS
IIJISIXOM BUKOPUCTaHHS HEPOHEYiTKUX TEXHOJIOTIH, SKi 3[aTHI ITpaljloBaTH B yMOBaxX HENIOBHOI a00 HEYiTKOI
iHopmallii, a TaKOXX CKJIAHNX HEJIiHINHUX (PYHKLiOHAJIbHUX 3aJIEKHOCTEN; 0 MOOYJ0BA HEMPOHEYITKOI MO eI
OLIiHIOBaHHS BILJIMBY aHOMAJIiH, 1[0 BKJIIOYAE B cebe HeuiTKy IPONyKIiiiHy 6a3y 3HaHb, MEXaHi3M HEYiTKOTO
JIOriYHOTO BUCHOBKY Ta CUCTEMY HaJlalITyBaHHS MOZeJi B (POpMi 3alIpONIOHOBAHOI METOIMKY ONTUMIi3aLlii
HEVPOHHOI MEPeXi 3 BUKOPUCTAHHSIM TPAJiEHTHOTO CIIyCKYy Ta METO[IIiB PETYJIsIpU3allii, 0 J03BOJIsI€ YHUKATU
IIepeHaBYaHHs Ta 3a6e3neuyBaTy ePEeKTUBHY POOOTY MOZEJi B pO3MINPEHOMY NIPOCTOPi OYpPOBUX JAHUX. O
yIOCKOHaJIEHO METOJMKY BUKOPUCTAHHSI BiflcTaHi XaMMiHra 3aMiCTh MYJIbTUILIIKATUBHOI PYHKIiI arperyBaHHs [jis
004MCJIEHHS CTYIIEHIB OBipY, 110 J03BOJIsIE€ Kpallle [IPalloBaTU 3 KiIbKiICHUMU CEHCOPHUMU JaHUMHU. O
yIOCKOHaNIeHO (OpMasIbHi aHAJIITUYHI OLIIHKA aHOMaJIill y JaHUX OypiHHS HATOra30BUX CBEPAJIOBUH; 3arajibHy
MOJeJIb CUCTEMHU YIIPaBJIiHHS [Ipouecamu 6ypinHsa HI'C, sika BUKOPHCTOBYe MaTeMaTH4Hy (popmatisaliiio s Orucy
i ynpaBiiHHs npouecamu 6ypiHHS 3 ypaxyBaHHSIM aHOMAJiH; MozeJi MoOyl0BaHi Ha OCHOBI IMHAMIYHUX CUCTEM,
110 [103BOJIAIOTh (POPMAJIBHO OINKCATU NIPOLECU YIIPABJIiHHSA SIK IPOCTOPOBO-4aCOBY CUCTEMY 3 BiATIOBiTHUMU
KOOpJMHATaMU; aJITOPUTMU YIIPABJIiHHS [TpoLLeCcOM OypiHHS, SIKi BKJII0YAIOTh OL[iHKM CTaHIB IIPOLLECY 3aJI€XKHO Bif|
PEKMMHUX I1apaMeTPiB i piBHIB aHOMAJIiN; MaTeMaTU4YHi MOZEJI, 110 BPaXOBYIOTh BILJIMB aHOMaJIil Ha BUXiIHI
napaMeTpy IIPOLECy. O 3HAWIIN [OAAbIINI PO3BUTOK aJIFTOPUTMU BUSIBJIEHHS aHOMAJIill HA OCHOBI IPaBUJI 3
KoediljieHTaMy BIIEBHEHOCTI, SIKi T03BOJISIIOTh OOPOOJISITU CEHCOPHI IaHi 3 BUCOKOIO TOYHICTIO, 3 BpDAaXyBaHHSIM
Pi3HUX TUIIiB HEBU3HAYEHOCTI, TAKUX SIK HEIIOBHOTA, HE3HAHHSI, PO3MUTICTh, HETOUYHICTb Ta HEOLHO3HAYHICTb, 110
POOUTS iX 6isbll €(PEeKTUBHUM Y [IOPIBHSHHI 3 TPAIULIMHUMU METOIAMU, TAKUMU SIK rayCiBCbKi aJITOPUTMU 260
6iHapHi Ta HeviTKi MpaBuia acoujauii. [IpakTUYHA LiHHICT JOCIIIKEHHS], IO BKJIIOYae PO3POOKY Mozesen
QHAJITUYHOI OL[{HKY aHOMaJiil y JaHMX OyPiHHS Ha(pTOra3oBUX CBEPHJIOBUH, € CYTTEBOIO [I7IS1 ralysi
HadTOorazoBruo00yTKy. OCHOBHI aCIleKTH NMPaKTUYHOI LiHHOCTI [0JIAraloTh y OKPallleHHi TOYHOCT] Ta HaiHOCTi
npolueciB 6ypiHHs. Po3po6iieHi Mozesi J03BOSIOTh ieHTU(iKyBaTh aHOMAJIii B peabHOMY 4aci, 1110 3MEHIIye
PU3UK aBapiiHUX CUTYallill Ta HelepeaodaueHNX 3yMUHOK, MiIBUIIYI0YM 6e3MeKy i epeKTUBHICTb OypOBUX ONepaliiil.
Kpim Toro, onnTumisanis yrpasiiHHS IpoLecoM OypiHHS 3 BUKOPHCTAHHSM 3aIIPOIIOHOBAHUX MOJIEJIel CIIpusie
3HIDKEHHIO BUTPAT HA TEXHIYHE 0OCJIyTOBYBaHHSA i PEMOHT 06J1a/IHAHHS, 3aB/ISIKM CBO€YaCHOMY BUSIBJIEHHIO i
YCYHEHHIO BiIXWJIEHb Y PEXKVMHUX ITapaMeTpax. Y pe3yJsbTaTi, IPOIIOHOBAHE IOCiI’)KEHHS CIIPUSIE MiABUILEHHIO
€KOHOMIYHOi e(peKTHBHOCTI 6YpOBHUX Onepaliiii, SMEHIIEHHIO BUTPAT i PU3UKIB, @ TAKOXK MiJIBUILIEHHIO SIKOCT] i
6e3rexu pobiT y HapTOorazoBUm00yBHiN ranysi. Pesynbratu guceprauifiHOro AOCIIPKEHHS O6yIi BUKOPUCTaHi B
peanbHux ymoBax nignpuemcrsa TOB «HATIPA THXKMHIPVIHT» ny1s ontyuMisalii Ta okpalieHHs IpoLeciB 6ypiHHs
Ha(pTOra3oBMX CBEPJIOBUH, MiABUIIEHHS €(PEKTUBHOCTI POOIT Ta 3HIDKEHHS BUTPAT. TaKOX pe3yJIbTaTU
IycepTauifHoi po60oTH OyJiv BIIPOBAIKEHI B HABYAJIbHUI MTPOLIEC IIPYU BUBYEHHI gucuuIuling «HoBiTHI MeTonu
pOOOTH 3 BEJIMKUMU JAHUMU» CTyA€HTaMU crienianbHOCTi 121 «IHkeHepist nporpamHoro 3abesneyeHHs». PakTu
BIIPOBAPKEHHS MiATBEPIKYIOTbCS BiATIOBITHUMU aKTaMU, IOKa3aHMMH Yy NOJATKaX O AUCepTalilfiHOi poOoTH.
Kitto4oBi cyioBa: aBTOMaTH3allis Ipouecy 6ypiHHS, MaTeMaTU4YHi MOZeli, CHCTeMH MiATPUMKY NIPUMHATTS PillleHb Ha
OCHOBI 3HaHb, €KCIIEPTHI CUCTEMU, METOIM ITPOTHO3YBaHHS, IMIMOVHHE HaBYaHHS, MallMHHE HaBYaHHS, aHOMAJIii B
I QHUX, AITOPUTMU BUSIBJIEHHS aHOMaJlill, 6araTolaposi HEMPOHHI MEPEXi, HEBU3HAUEHICTb, HEUITKICTb,

KoedilieHTH BIIEBHEHOCTI.

2. The aim of the dissertation research is to develop and implement an intelligent system that uses neural
networks to automatically predict changes in controlled drilling parameters. Such a system can significantly
increase drilling efficiency, reduce the risk of accidents, and optimize resource consumption through more
accurate predictions and promt responses to changes in the drilling process. The thesis presents a theoretical
generalization and solution of an actual scientific and practical problem of creating a neural network system for



automating the prediction of the dynamics of the control parameters of the process of drilling oil and gas wells.
This involves the development of methods and algorithms that allow anticipation of changes in drilling parameters
with high accuracy, thereby ensuring the efficiency and safety of the drilling process, as well as optimizing costs
and resources. Solving this problem is important for the oil and gas industry of Ukraine, as it makes it possible to
optimize the technical and economic indicators of the oil and gas well drilling process. The scientific novelty of the
dissertation is determined by the following points, that describe what was achieved for the first time and what was
improved: o the development of methods and models that allow to effectively eliminate and compensate for the
impact of anomalies in the data of the oil and gas well drilling process, which is achieved through the use of
neurofuzzy technologies that can work in conditions of incomplete or fuzzy information, as well as complex
nonlinear functional dependencies; o the construction of a neuro-fuzzy model for assessing the impact of
anomalies, which includes a fuzzy product knowledge base, mechanism of fuzzy logical conclusion and a model
tuning system in the form of the proposed neural network optimization methodology using gradient descent and
regularization methods, which avoids overtraining and ensures efficient operation of the model in the extended
drilling data space. o improved the methodology of using the Hamming distance instead of the multiplicative
aggregation function for calculating confidence levels, which allows better work with quantitative sensor data. o
improved the formal analytical evaluation of anomalies in oil and gas well drilling data; a general model of the
drilling oil and gas wells process control system that uses mathematical formalization to describe and control
drilling processes with regard to anomalies; models based on dynamic systems that allow to formally describe
control processes as a spatio-temporal system with appropriate coordinates; algorithms for controlling the drilling
process, including estimates of process states depending on operating parameters and levels of anomalies;
mathematical models that take into account the influence of anomalies on the initial parameters of the process. o
further development of the anomaly detection algorithms based on rules with confidence factors that allow
processing sensor data with high accuracy, taking into account various types of uncertainty, such as
incompleteness, ignorance, blur, imprecision and ambiguity, which makes them more effective than traditional
methods such as Gaussian algorithms or binary and fuzzy association rules. The practical value of the study, which
includes the development of models for analytical evaluation of anomalies in oil and gas drilling data, is significant
for the oil and gas industry. The main aspects of practical value are to improve the accuracy and reliability of
drilling processes. As a result, the proposed research contributes to increasing the economic efficiency of drilling
operations, reducing costs and risks, as well as improving the quality and safety of operations in the oil and gas
industry. The results of the dissertation research were used in the real conditions of LLC “NADRA ENGINEERING”
to optimize and improve the processes of drilling of oil and gas wells, increase work efficiency and reduce costs.
Also, the results of the dissertation research were implemented in the educational process during the study of the
discipline “Modern Methods of Working with Big Data” by students within the specialty 121 “Software Engineering”.
The facts of implementation are confirmed by relevant documentation shown in the appendices of the
dissertation. Keywords: automation of the drilling process, mathematical models, knowledge-based decision
support systems, expert systems, forecasting methods, deep learning, machine learning, anomalies in data,
anomaly detection algorithms, multilayer neural networks, uncertainty, fuzziness, confidence coefficients.
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JoparkoBa indopmamuist:

IloBHe HalIMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHuii TexHiuHuil yHiBepcuTeT "JIHIinmpoBchka

MoJIiTEXHIKA"
Kopg 3a €IPIIOY: 02070743

MicueSHaxo,q)KeHHﬂ: npocnekt JImutpa SIBopHULBKOTrO, 6y, 19, IHinpo, JHinposcbkuil p-H., 49005, Ykpaina



dopma BiracHOCTI: JlepxasHa
Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

Baacwue IlpizBume Im's Ilo-6aTbKOBI:
1. Konosasnenko Irop Bonogumuposuy

2. Thor V. Konovalenko

KBasigikanis: x.r.u., mou,, 05.11.13
Inentudikarop ORCID ID: He zacrocoyerbcs
JonaTkoBa iHdopmalist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0COOH: TepHOMiNbCHKUI Hal[iOHAILHUI TEXHIYHMI YHIBEPCUTET iMEHi

IBaHa [lymos

Kopg 3a € IPIIOY: 05408102

Micue3HaxoaKeHHS: ByJI. Pychbka, 6yz. 56, TepHomninb, TepHomNinbCbKUil p-H., 46001, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

PeuenseHTu

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. bopuH Bacunb CrenaHoBuY

2. Boryn Vasyl S

KBasigikanis: . . u., gor., 05.13.07
InenTudikarop ORCID ID: He 3acrocosyerbcs
JoparkoBa iHdpopmamnist:

IloBHE HaliIMEHYBaHHS IOPUAHNYHOI 0COOH: [BaHO-DpaHKIBCHKMIA HALLIOHAIBHUI TEXHIYHUIA YHIBEPCUTET

Ha(TH i razy

Kopg, 3a €IPIIOY: 02070855

Micue3HaxoaKeHHS: By Kapnarcbka, 6yz. 15, IBano-®pankischbk, 76019, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKu YKpaiHu

InenTudikarop ROR:

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. llaBpancbku Muxanno BacunboBuy

2. Mykhailo V. Shavranskij

KBasigikanis: k. t. u., gouenr, 05.11.13



I,T.LeHTI/I(l)iKaTop ORCID ID: 0000-0001-6636-1069
JoparkoBa iHdpopmamnist:

IloBHe HaliMEeHYBaHHSI IOPHUAUYHOI 0COOH: [BaHO-DpaHKiBCHKMIA HALIOHAJIBHUI TEXHIYHUI YHIBEPCUTET

Ha(TH i razy

Kopg 3a €IPIIOY: 02070855

Micue3HaxoaKeHHS: By Kapnarcbka, 6y, 15, IBano-®pankischbk, 76019, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKy YKpaiHu

Inentudikarop ROR:

VIII. 3aKkJII04Hi BiZoMOCTi

Biacue IlpisBume Im's ITo-6aTbKOBI TopGiftuyk Muxaiisnio IBaHOBIY
TOJIOBH pajgu

Bnacue IIpizBume Im's [1o-6aTbKOBI Top6iitayk Muxaitsio [BaHOBMY
rOJIOBYIOYOTO Ha 3aciJaHHi

BignoBigasibHuUI 3a MiATOTOBKY ITpourok Bonopumup BacumboBud

00JIIKOBHX JJOKYMEHTIB

Peectparop VYkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIOBiZasIbHUM 3a peeCTpallil0o HAayKOBOIi IOpyenko TeTsaHa AHaToiiBHA

OisIIBHOCTI




