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Pedepar:

1. B pucepTaniitHiil pobOTi Ha OCHOBI aHaJIi3y 3aJIE>KHOCTI iHTErpaJbHOIO IIOKA3HUKA O PEOJIOTIYHUX BJIACTUBOCTEN
Bi TemnepaTtypu T 06rpyHTOBaHO METOJIMKY OLIiHKM TeMrepaTypu To o4aTky pyiHyBaHHS BIIOPSIKOBAHOI
CTPYKTYPH SIK KDUTEPI0 TEPMIUHOI CTIMKOCTi 6i0N0IiIMEPHUX CUCTEM Ha OCHOBI KaMe/li KCAaHTaHa, sIKa BU3HAYA€ETbCSI
3a XapaKTePHO 0co6mBicTIO KpuBOi 0(T) 3MiHM iHTErpasbHOrO NOKAa3HMKA Bifl TeMIeparypu. BuBueHo TepmiuHy
CTIMKiCTh HANOL/IBII MOV PEHNX 6IOTIOTIMEPHIX PEareHTiB B CEPEeIOBUIIi OJHOBAJIECHTHUX COJIel. BcTaHOBIEHO, 10
cepej JOCiJKyBaHUX 6i0I0liMepiB HaMBULIUI PiBE€Hb TEPMiYHO] CTIMIKOCTI 3a6e3neuye KaMmelb KCAaHTaHa B

CepenoBulli po3unHiB GOpMiaTHUX CosleN. 3a71€KHO Bifl CTyIeHs MiHepasisaliii if TepMOCTINKICTb MOXe



nepesumysatu 200 °C. JloBeneHo, 0 B pe3yabTaTi B3aeMoii popmiaTHUX cosiell i Kame i KcaHTaHa BifOyBa€eThCs
YTBOPEHHSI Ta MepepOo3IOIijl BOOHEBUX 3B'5I3KiB MiX Ci/IJII0 i 6i0TI0/1iMEpOM, a TAKOXX YTBOPEHHSI [10JIiIMEPHUX
acoujaTiB Ta HOBUX BUJB 3B'S13Ky — MDKMOJIEKYJISIDHUX i BHYTPIIIHbO-MOJIEKYJISIPHUX, SIKi CIPUSIIOTH IiIBUILIEHHIO
TEPMIYHOI CTIMKOCTI i peoJIOriYHUX BIACTUBOCTEN KaMe/li KCaHTaHa. BCTaHOBJIEHO, IO MIPY CIIIJIBHOMY
3aCTOCYBaHHI (popmiaTy Kaslito i HaTpilo CIOCTEPIraeTbCs CUHEPreTUYHE MiTBUIIEHHS TEPMOCTIMKOCTI Kame i
KcaHTaHa. [locliIpKeHo BILIMB COJlel MypalrHOi KUCJIOTU Ha TEPMOCTINKICTh peareHTiB-cTabinizaTopiB Ha OCHOBI
Kpoxmalio Ta edipis neson03u. ITokasaHo, 110 KapOOKCUMETUJIKPOXMaJlb Y HAaNOiIbILIIlN Mipi BiANlOBizae BUMoOram
IIO BUCOKOTEMIIepaTypHOTO peareHTa-crabisizaropa 6ionosyiMmepHux cucTeM Ha OCHOBI ¢popMiaTiB Kasito Ta HaTpiio
i MO>Ke 3acTocoByBaTHCs 1o Temrepatypu 175 °C. Ha nifcrasi mocipkeHb po3po0JieHO peLenTypy 6ionosiMepHoi
cucremu biokap-T® 1151 6ypiHHS CBEpJIOBMH B yMOBaX BUCOKUX IIJIACTOBUX TUCKIB i TEMIIEPATYP, sIKA I'PYHTYETHCS
HAa 3[JaTHOCTi BUCOKOPO3YMHHUX (POPMIaTHUX COJIel MiABUILYyBaTA TEPMIYHY CTiIMKICTb MTOJliCaXapUAHUX PEAreHTiB i
3abe3nevyBaTy IyCTUHY IPOMUBAJIbHOI PifuHu Ha piBHI 1700 Kr/M?3. Bu3Hau€HO, IO [Py CHiJIbBHOMY 3aCTOCYBaHHI
¢dopmiarTiB Kailo Ta HATPilO BiOyBa€ThCS CUHEPreTUYHe MifCUIeHHs CIibHOi iHribyiovoi aii ioHiB Ko Ta Nao.
JJoxazaHo, 1o TeMIlepaTypa He [0cabJIoe iHribyouy Aito cosei-iHribiTopis Ha rauHUCTI nopoau. IlokasaHo, 1o
aHIOHM OpraHiYHUX COJIEN BarOMO IepPeBaXKalOTh HEOPraHiuHi aHIOH!U 3a BIUIMBOM Ha CTiMKIiCTb IJIMHUCTUX IIOPig,.
Lle 3HauHO mizBULIyE iX posb B IIpoliecax iHribyBaHHs Ta 3a6e3redye repeBaru OpraHivHux CoJiel Hajl
TpaguLitHUMU HEOPTraHiYHUMU iHTibiTOpamMu. BcTaHOB/IEHO, 1110 32 BIIJIMBOM HA [VIMHUCTI OpoAY GionosiMepHi
CHACTEMU Ha OCHOBI (popMiaTiB Kalilo i HATPilo 6JIM3bKi 10 CUCTEM Ha BYIJIEBOJHEBil OCHOBI i MOXXYTb
BHMKOPHCTOBYBATHCS Y CKJIQHUX FiPHUYOT€OJIOTiYHNX yMOBax. [TokasaHo, mo ¢popmiaTy HATPilo i Kasio
3a0€e31e4y0Th HU3bKi TPUOOMETPUYHI BJIAaCTUBOCTI 6ionosimepHoi cucremu biokap-T®, siki HabmmXa0ThCs 10
PiBHS cCTEM Ha BYIJIEBOJHEBIIN OCHOBI 6€3 3aCTOCYBaHHSI CIleljalbHMX MAaCTUIIbHUX 4,00aBOK. JoCIiIKeHO
PEOJIOTiuHI i CTPYKTypHO-MexaHiyHi Bi1acTuBOCTi 6iononimepHoi cuctemu biokap-T® 3aseskHO Bif KOHIEHTpAaLil
KCaHTaHOBOI KaMe[li, Kpoxmastio Ta ¢popmiaTy Kasito pu Temneparypax 25 - 170 °C, a Takox ¢inpTpaniiizi
BJIACTUBOCTI i MPOHUKHICTb cpopMOBaHOi PinbTpalifiHOI KipKu 3aJIeXXHO Bifl KOHILIEHTpaLliil peareHTiB, 3MiH1
TeMIIEpaTyp, IepPemajly TUCKY Ta IPOHUKHOCTI KepamiuyHoro ¢inbrpa. Ha 0CHOBI AOCHIIKEHb IOOYA0BAHO
perpeciiHi 3ay1€3KHOCTI B KJIaCi MMOJIiHOMIaIbHUX MOZEJIEN IPYTrOro MOPALKY 11 TOKa3HUKIB PEOJIOTIYHMX,
CTPYKTYpPHO-MEXaHIYHUX i PinbTpaliiHuX BIaCTUBOCTEH, SIKi € iHpopMaliliHuM 3abe3redeHHsIM 3a1a4i BUbopy
OoNnTUMasbHOi peuentypu cucreMu Biokap-T® 115 KOHKPETHUX FipHAYOre0JI0TiYHUX YMOB OypiHHS CBEPAJIOBUHU.
[TpoBeneHo mpoMuciIoBi BUnpo6yBaHHs 6ionosimepHoi cuctemu Biokap-T® Ha cBepasioBuHax 43
CemupenkiBcbkoro I'KP i 11 Onedipiscekoro 610Ky CemupenkiBebkoro 'KP, skumu nifTBepkKeHO BUCOKY TEPMIuHy
CTIMIKiCTh CUCTEMU Ta AOCTOBIPHICTS ii BU3HAYEHHSI 32 METOAMKOIO, PO3POOJIEHOI0 B JUCEPTaLiliHiil po6OTi.
BcTaHOBJIEHO TpUBaly CTabiIbHICTh TEXHOJIOTIYHMX [TaPAaMETPiB, iHriOylouy Ail0 Ha IJIMHUCTI IOPOAU Ta BUCOKY
AKICTb PO3KPUTTS IIPOAYKTUBHYX FOPU3OHTIB B yMOBax TeMmiiepatyp g0 170 °C. JocmigKeHHs MU Ha KepHax
BCTaHOBJIEHO, 1110 6ionosiiMmepHa cucrema biokap-T® 3ab6e3nedye miHimanbHe 3a0pyiHEHHS IJ1aCTiB, e(peKTHBHE
BHMKOPHCTaHHSI KMCJIOTHUX OOPOOOK i 3a SIKICTIO IEPBUHHOIO PO3KPUTTSI € €KOJIOTIYHOIO aJIbTEPHATHBOIO
IIPOMHUBAJIPHUM CUCTEMaM Ha BYIJIeBOJHEBIi1 OCHOBI. [TokazaHo, 1o 6ionosimepHa cucrema biokap-T® Bonogie
BHICOKOIO CTIilKiCTIO 10 (hePMEHTATUBHOTO PO3KJIAJJaHHS Ta CTabiIbHICTIO TEXHOJIOTIYHUX BJIACTUBOCTEN IPH ii

TPUBAJIOMY 30€piraHHi [11 IOBTOPHOTO BUKOPUCTAHHS Ha HACTYIIHUX CBEP/JIOBUHAX.

2. In this dissertation, based on the analysis of the dependence of the integral index o of the rheological properties
on the temperature T, the methodology for estimating the destruction onset temperature of the ordered polymer
structure To as a criterion for the thermal stability of biopolymer systems based on xanthan gum, which is
determined by the characteristic feature of the curve o(T) of the change of the integral index on the temperature,
was substantiated. The thermal stability of the most common biopolymer agents in the environment of monovalent
salts was investigated. It was found that among the studied biopolymers, the highest level of thermal stability is
provided by xanthan gum in the environment of formate salts. Depending on the mineralization, its thermal
stability can exceed 200 °C. It was proved that the interaction of formate salts and xanthan gum results in the
formation and redistribution of hydrogen bonds between the salt and the biopolymer, as well as the formation of
new types of bonds - intermolecular and intramolecular, and polymeric associates, which contribute to the



increase in thermal stability and rheological properties of xanthan gum. It was established that the combined use
of potassium and sodium formate results in a synergistic increase in the thermal stability of xanthan gum. The
effect of formic acid salts on the thermal stability of stabilizing agents based on starch and cellulose esters was
studied. It was shown that carboxymethyl starch meets the requirements for a high-temperature stabilizer agent
for drilling muds based on potassium and sodium formate to the greatest extent and can be used up to a
temperature of 175 °C. Based on the conducted research, a formulation of the Biocar-TF biopolymer system for
drilling wells under high formation pressures and temperatures was developed. It is based on the ability of formate
salts to increase the thermal stability of polysaccharide agents, and due to their high solubility, to obtain a mud
density of 1700 kg/m?. It was determined that the combined use of potassium and sodium formates synergistically
enhances the joint inhibitory effect of Ko and Nao ions. It was proved that temperature does not weaken the
inhibitory effect of salts on clay rocks. It was found that organic salt anions significantly outweigh inorganic anions
in terms of their effect on the stability of clay rocks, which significantly increases their role in the inhibition
processes and provides advantages of organic salts over traditional inorganic salt inhibitors. It was established that
biopolymer systems based on potassium and sodium formate are similar to hydrocarbon-based drilling fluids in
terms of their effect on clay rocks and can be used in the most difficult mining and geological conditions. It was
established that sodium and potassium formates, especially their combined use, provide flushing systems with
extremely low tribometric properties. It was shown that, potassium and sodium formate provide low tribometric
properties of the Biocar-TF system, which are close to the level of oil-based systems without the use of special
lubricant additives. Rheological properties and gel strengths of the Biocar-TF biopolymer system depending on the
concentrations of xanthan gum, starch, and potassium formate at temperatures of 25 - 170 °C, as well as the
filtration properties and permeability of the formed mud cake depending on the concentrations of agents,
temperature changes, pressure drop, and permeability of the ceramic filter were studied. Based on the research,
regression dependencies in the class of second-order polynomial models were constructed for rheological, gel
strengths, and filtration properties, which provide information for the task of selecting the optimal formulation of
the Biocar-TF system for specific mining and geological drilling conditions. Industrial tests of the Biocar-TF system
at wells 43 of Semyrenkivske GCF and 11 of Olefirivske block of Semyrenkivske GCF were conducted. Tests
confirmed the high thermal stability of the Biocar-TF system and the reliability of its determination using the
methodology developed in this dissertation. Long-term stability of technological parameters, inhibitory effect on
clay rocks and high quality of initial exposure of productive horizons under temperatures up to 170 °C were
established. Studies on cores was established that the Biocar-TF biopolymer system ensures minimal formation
damage, allows for effective acid stimulation of the formation and is an environmentally friendly alternative to oil-
based muds weighted with barite in terms of the quality of initial exposure of productive horizons. The high
resistance to enzymatic decomposition and stability of technological properties of the Biocar-TF biopolymer
system during its long-term storage for further use in subsequent wells were shown.
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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:

CeKTOop HayKH:. YHiBEPCUTETCHKUI

VIII. 3aKkJIr04Hi BiZoMOCTi



Biacue IlpisBume Im'st [To-6aThKOBI Konppar Onexcanpp PomaHOBHY

TOJIOBH paju

Biacue IpizBume Im's Ilo-6aThKOBI Konppar Onexkcanzp Pomanosnd

TOJIOBYIOYOrO Ha 3acCimaHHi

BigmoBizansHMiA 32 NiATOTOBKY Komo6 Hazap Pomanosud

00JIiIKOBHX JOKYMEHTIB

PeecTpartop YkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiJIIOBiZaJIbHUM 3a peE:CTpaI.lilO HayKOBO'l' Opuenko TersiHa AHaTOJIiBHA

OisiILHOCTI




