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Pedepar:

1. lnceprauito NPpUCBSIYEHO YAOCKOHAJIIEHHIO TEXHOJIOT OUUILEHHS CBEPJIOBUH Bill IIJIAMY 3 METOIO IIiBUILEHHS
edeKTUBHOCTI MPOMUBAHHS CBEPAJIOBUH. []715 peasisallii MocTaBjIeHuX 3aBAaHb ITPOaHaJi30BaHO OCOOIMBOCTI
IIPOMVBAHHS CKEPOBAHUX CBEPIJIOBUH i BUJIiJIEHO OCHOBHI BiIMiHHOCTI ITOPiBHSIHO i3 IPOMUBAHHSIM BEPTUKAJIBHUX
CBEPAJIOBUH. PO3IIIHYTO NPUYMHYU Hee(EKTUBHOTO OUUIEHHS CTOBOYpa CBEPAJIOBUHY i YUHHUKY, 1[0 MOXYThb
BIUIMBATHU Ha Le. [IpoaHani3oBaHO MOXJIMBICTb 3aCTOCYBAHHS iMITyJIbCHUX TEXHOJIOTIN B ITpoLieci OypiHHSL.
BcraHoB/IEHO, 1O 3aCTOCYBAaHHS IMITYJILCHOI T€Uil IPOMUBAJILHOI PiAMHY [TO3UTUBHO BILJINBAE HA IIPOLEC
PYVHYBaHHS TipCbKOi IOPOAM i e(peKTUBHE il TPaHCIIOPTYBAHHS HA J€HHY MOBEPXHIO. 3’1COBAHO, 110 HANOIIbII
[OIIMPEHNMHU YCKIIAAHEHHSIMU IIPOLIeCY IPOMUBAHHS € OOBATIOBAHHS Ta OCUIIAHHS CTIHOK CBEPAJIOBUHY, 11O

IIPU3BOJUTH 10 YTBOPEHHS [OaTKOBUX YACTMHOK TipChKOi MOPOH Ta iX NOTPaIISIHHS Y IPOMUBAJIbHY PiAUHY,



YCKJIA[HIOIOYY NIPOLIEC OYMIIEHHS CBEPAJIOBUH Bif yiamy. [IpoaHasnizoBaHO 3aCTOCYBaHHSA Pi3HUX TUIIIB
MIPOMUBAJIbHUX PigyH 1715 DiABULIEHHS CTiMKOCTi CTIHOK CBEPIJIOBUHU CEPe[, IKUX HalIePCIIEKTUBHIIINMU
BBKAIOThCS CUJIIKATHI iHri60BaHi OypoBi po3urHU. PO3IJISIHYTO MaTEMaTUYHY MOJI€JIb ITPOLIECY BUHOCY IIJIaMy 3i
CBEPJJIOBMHY Ha OCHOBI KJIACUYHUX PE3YJIbTATIiB Tedii [Tya3eiss, a Tako>X MOZEJb, 1[0 ONUCY€E 30yPEHHS 30HU Y
KiJIbLIeBOMY ITPOCTOPi CBEP/AJIOBMHY BHACJIIIOK Jii pe30HAHCHUX Ta Nepeipe30HaHCHUX edeKTiB. Ha ocHOBI
IIPUHLIUITY HE3aJIeXHOCTI PyXiB po3p0o06yieHO MaTeMaTU4Hy MOJeJib KOJIUBAJIbHUX Bibpalliil y BodasHOMY
cepenoBUlli Tevii IPOMUBAIbHOIL PiIMHY i3 BUOYPEHOIO ITIOPOOI0 B3[IOBX OCi CTOBOYypa CBEPAJIOBUHU. [1s
BYMKOHAHHSI PO3PAXYHKIB 3TiJHO 3 IPOBEIEHMMU aHAJIITUYHUMU JOCIIIKEHHSIMH CKJIAZEeHO IPOrpaMy y CepenoBULLIi
JavaScript, sika mae 3Mory JOC/iIUTH 3MiHU BJIACHOTO Bi6po3MilieHHs BO(A3HOro cepeoBUIa Bif yacy. 3
BUKOPUMCTAHHSIM [IPOrpamMu JOCJIIIPKEHO BILIMB KOHLIEHTpaLlii J1aMy Ta Bifgasi Bifl IpKepesia iMITysIbCiB Ha 4aCTOTy
Ta aMIUITyy MyJIbCalliil Y pe3yJbTaTi YOro BCTAHOBJIEHO, 11O 3i 301/IbIIEHHSIM Biiiajli 4acTOTa MyJIbCcalliil
3MEHILIYETHCS B rinepoosliyHii 3a71eXKHOCTI BHACTIIOK X 3aTyxaHHs. 306i/bllIeHHS KOHLIEHTpaLlii m1amy B
IIPOMUBAJIbHIN pifyHi 3MeHIIye aMILIiTyy mysibcaniil. Ha 0CHOBI oJsioxkeHb Teopii ofiOHOCTI i po3MipHOCTe s
MOJI€JIIOBaHHSI NIPOLeCy IPOMUBAHHS CBEPIJIOBUH B J1aOOPAaTOPHUX YMOBAaX CKOHCTPYHOBAHO €KCIIEPUMEHTAJIbHY
yCTaHOBKY. [100y0BaHO IJIaHU €KCIIEPUMEHTIB /11 6araTo(pakTOPHOI OL[iHKM BIUIMBY N€PEJIiY€HUX BUILEC YAHHUKIB
Ha TPaHCIOPTYBaHHS 1IJIaMy B KiJIbLIEBOMY IIPOCTOPi HAa OCHOBI MeTOiB Tarydi Ta JaTUHCHKUX KBaJpaTiB. 3
BUKOPUCTAHHSAM JIaDOPAaTOPHOI yCTAaHOBKY NPOBEJEHO JNOCIiIPKEHHS 1151 BU3HAYEHHS 3HAYyLOCTi BIJIMBY
napaMeTpiB i ix fiarna3oHy 3MiHM Ha 00’eM HIJIaMy, 1O OCiB Ha HYJKHIN CTiHII CTOBOYpa CBEPJIOBUHU: BUTPATU
IIPOMHUBAJIbHOI PilHY; €KCLIEHTPUCUTETY OYPUJIbHOI KOJIOHH Yy CBEPJJIOBUHI; IIJIACTUYHOI B'SI3KOCTI; liameTpa
YaCTUHOK TipCcbhKoi MOPOY; YaCTOTU IyJibcalliil; 06epTaHHs OypUIIbHOI KOJIOHH; [1I0B3/I0BKHBOTO PyXy OYpUIbHOI
KOJIOHU. 3a pe3yJsbTaTaMU €KCIIEPUMEHTAIbHUX JOCIiIPKeHb BUifIeHO (aKTOPH i3 HalOiIbIIOI0 B3AEMO3AJIEXKHICTIO
MiX c006010, a caMme: 4acToTa MyJIbCcallili, BUTpaTa MPOMHUBAJIbHOI PilMHU i J1IacTUYHA B'SI3KiCTh. JJOCTiIKeHO
eeKTUBHICTb 3aCTOCYBaHHS ITyJIbCYIOYO]i Tedii Ha BUHOCHY 3[JaTHICTh IPOMUBAJILHOI PiJMHYU 110 TOPU30HTAJIbHIN
IinsiHL CTOBOypa CBEPAJIOBUHU. BCTaHOBIIEHO, 1110 3aCTOCYBaHHS IyJbcallill epeKTUBHO 3MEHIIye 00’eM OCiZlaHHs
ripCcbKOi IOPOAY B KiJIbLIEBOMY II€PEPIi3i IPY HEBEJIMKUX 3HAYEHHAX BEJIMYMHU BUTPATU PifrHU. CTBOPEHHA
nysabcauii yactoroo 10-20 ' 3MeHIIye 06'eM LIJIaMy B KiIbLIleBOMY ITPOCTOPI, 110 OCIB y/IBidi 3a MiHIMaZIbHUX
3HauYeHb BUTPATHU PifuHU. PO3p06sIeHO KOHCTPYKILil0 BUGIIHOIO IyJIbCATOPa TUCKY [JIs1 CTBOPEHHS ITyJIbCYI0YO]
Teyvii mpomuBasnpHOi piguHM. [IpUCTpiil BCTAHOBIIOETHCS Y KOMIIOHOBKY HU3Y OYPUJIbHOI KOJIOHU, CTBOPIOIOYU TaKUM
YMHOM IyJIbCallii TUCKY PiJMHU Ha BUOOi CBEP/IJIOBUHY i3 MOXKJIMBICTIO MOMUPEHHS 1O KiJIbLIEBOMY IIPOCTOPY.
KoHcTpyK1ist IPpUCTPOIO 1ae 3MOTy PETYJII0BATH IBUAKICTb 06EPTAHHS POTOPA CHUJIOBOTO GJIOKY Y TEXHOJIOTIYHO
OOIPYHTOBAaHUX MEXax J71s1 3a0e3l1e4eHHs YaCTOTHYX ITapaMeTpiB iMIysbCiB TUCKY B Mexkax (11:15) I'y, [l
NiABUILEHHS CTIMKOCTI CTIHOK CBEPAJIOBUHU Ta 3al106iraHHs yTBOPEHHIO JOAATKOBUX YaCTUHOK ripChbKOi IOPOAM i ix
NOTPAIUISIHHIO B IPOMUBAJIbHY PilHY PO3PO6JIEHO 6E3rIMHUCTUI 6ionosiMep-CuiKaTHA OYpOBUI PO3YNH,
0a30Ba pelLenTypa SIKOro 3axulleHa nareHToMm YKkpaiHnyu. Ha ocHOBi 6a30B0i peljenTypu i aHasizy reosoro-TexHivHUX
yYMOB OypiHHSI IPOBEIEHO Nifbip peLenTypu 6i0nosiMep-cuIikKaTHOro 6ypoBOro po3unHy 1 OypiHHS iHTepBaLy
410-1550 M cBepaJioBuHU ['pabuHChKa 9.

2. The thesis is devoted to the improvement of the technology for cleaning wells from cuttings in order to increase
the efficiency of well flushing. To accomplish these tasks, the peculiarities of directional well flushing are analyzed
and the main differences compared to vertical well flushing are highlighted. The reasons for ineffective wellbore
cleaning and factors that may affect it are considered. The possibility of using pulse technologies in the drilling
process is analyzed. It is established that the use of pulsed flow of drilling fluid has a positive effect on the process
of rock destruction and its efficient transportation to the bottom surface. It has been found that the most common
complications of the flushing process are the collapse and caving of well walls, which leads to the formation of
additional rock particles and their ingress into the drilling fluid, complicating the process of cleaning wells from
cuttings. The thesis analyzes the use of different types of drilling fluids to increase the stability of well walls,
among which silicate inhibited drilling fluids are considered the most promising. A mathematical model of the
process of cuttings removal from a well based on the classical results of Poiseuille flow is considered, as well as a
model describing the perturbation of the zone in the annular space of the well due to the action of resonant and



pre-resonant effects. Based on the principle of independence of motions, a mathematical model of oscillatory
vibrations in the two-phase medium of the flow of drilling fluid with drilled rock along the axis of the wellbore was
developed. To perform calculations in accordance with the analytical studies, a JavaScript program was developed
to study changes in the natural vibration displacement of the two-phase medium over time. The program was used
to study the effect of cuttings concentration and distance from the pulse source on the frequency and amplitude
of pulsations. As a result it was found that with increasing distance, the pulse frequency decreases in a hyperbolic
dependence due to their attenuation. Increasing the concentration of cuttingss in the drilling liquid reduces the
amplitude of pulsations. Based on the provisions of the theory of similarity and dimensions, an experimental setup
was designed to model the process of well flushing in laboratory conditions. Experimental plans for multifactorial
assessment of the influence of the above factors on the transportation of cuttigs in the annular space based on the
Taguchi and Latin squares methods were developed. Using a laboratory setup, a study was conducted to determine
the significance of the influence of parameters and their range of change on the volume of cuttings deposited on
the bottom wall of the wellbore: flow rate of driling fluid; eccentricity of the drill string in the well; plastic viscosity;
rock particle diameter; pulsation frequency; drill string rotation; longitudinal movement of the drill string. Based
on the results of experimental studies, the factors with the highest interdependence were identified, namely:
pulsation frequency, drilling fluid flow rate, and plastic viscosity. The effectiveness of the use of pulsating flow on
the carrying capacity of the drilling fluid along the horizontal section of the wellbore is investigated. It is
established that the use of pulsations effectively reduces the volume of rock sedimentation in the annular section
at small values of the fluid flow rate. The creation of pulsations with a frequency of 10-20 Hz reduces the volume of
settled cuttings in the annular space by half at minimum fluid flow rates. The design of a downhole pressure
pulsator was developed to create a pulsating flow of drilling fluid. The device is installed in the bottom of the drill
string, thus creating fluid pressure pulsations at the bottom of the well with the possibility of propagation through
the annular space. The design of the device allows to adjust the rotor speed of the power unit within
technologically reasonable limits to ensure the frequency parameters of pressure pulses within (11:15) Hz. To
increase the stability of the well walls and prevent the formation of additional rock particles and their ingress into
the drilling fluid, a clay-free biopolymer-silicate drilling fluid was developed, the basic recipe of which is protected
by a Ukrainian patent. Based on the basic formulation and analysis of geological and technical conditions of
drilling, the selection of the biopolymer-silicate drilling fluid formulation for drilling the interval 410-1550 m of the
Hrabynska 9 well was carried out.
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