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Pedepar:

1. Inceprarnifina po60Ta IPUCBIYEHA OOCIIKEHHIO KOHCTPYKTMBHUX Ta PEXXUMHUX [TapaMeTpiB cenapauiiiHoro
0671aHaHHS, 110 MIPALIOE TIif Ai€l0 BilIeHTPOBUX CUJI TA BUKOPHUCTOBYETHCS [1JIs1 PO3ZiNeHHS 6araTOKOMIIOHEHTHUX
CyMilllell IpY YMOBI 3HIKEHHSI €HepreTUYHMX BUTPAT Ha [IpoBeLieHHs poLecy. O0'€KTOM [OCIIIIPKEHHS € IIPOLieCu
cemnapauii y LMIiHIPOKOHIYHUX TiIpOLMKIOHHUX anapartax Mpy po3fisieHHi 6araTOKOMIIOHEHTHUX CyMilllei.

[IpegMeTOM IOCIIIIKEHD € KOHCTPYKTUBHI Ta riipogrHaMiYHi mapaMeTpy UMIHAPOKOHIYHUX TigPOLMKIOHHUX



anapartis. B guceprariiiiHiii poboTi BupilieHa HayKOBO-TNIpaKTUYHA 3a7iaya MiABUIIEHHS €(PEKTUBHOCTI TEXHOJIOTI]
[iAroTOBKYU Ha(TH 3 OTPUMAHHSIM JIETKUX BYTJI€BOIHIB y BUIJISIAAL CYIIyTHBOTO a3y, HOTO MiIrOTOBKA 10 TPAHCIIOPTY
IIJISIXOM 3aCTOCYBaHHS e(eKTUBHUX IIPUCTPOIB [1J1s1 IPOBELIEHHs IPOLieciB cenapaliii 6ararodpasHux CUCTEM Ta
CTBOPEHHS 3arajlbHUX METOMiB PO3PaxyHKY CeapalifHMX arnapariB Ha OCHOBI CTPYKTYPHOT'O aHaJli3y
riipoAHaMiK1 3aKpy4Y€eHUX IMOTOKIB, CUCTeMaTU3allisl Ta TEOPETUYHE OO PYHTYBaHHS pEKOMEH ALl Mmoo ix
KOHCTPYIOBaHHSI, pO3pOOKa Ha iX OCHOBI e()eKTUBHUX Ta TEXHOJIOTIYHUX anapaTiB Ta ix BIIPOBAI)KEHHs B
IIPOMUCJIOBUX YCTAHOBKAX PO3[iJI€HHSI HEOOHOPIJHUX CUCTEM. ByJjlo BCTaHOBJIEHO, 1O B JAHUI Yac icHyI04i
criocobu gerasaliii Ta 3HeBogHeHHs Had Ty Nepe6adaloTb BUKOPUCTAHHS METATIOMICTKUX, TPOMI3IIKUX CIIOPY], sIKi
NOoTpebyIOTh 3HAYHUX MaTepialbHUX | eHepreTuYHuX BUTpat. Crioci6 rifpouikjioHyBaHHS HAaTU [IPU BEJIUKUX
IIBUJIKOCTSX 3 OJHOYACHUM 3HUKEHHSIM THUCKY B LIEHTPIi 3aKPYTKU IIOTOKY J03BOJIsIE IIEPENATH 1110 €HEPTilo
MOJIEKYyJIaM ra3y, pO3UMHEHUM Y Ha(Ti, JIETKUM BYTJIEBOIHSIM i 3HU3UTH ii B'I3KiCTb. 3a3HA4€HO, WO IJIs1
inTeHcugikauii mpouecis MiAroToBKU HaTU HAOIIbII TIEPCIIEKTUBHUM € METOJ], Peajli30BaHMI1 B MaIOrabapuTHUX
BHCOKOIIPOAYKTUBHUX alaparax — [ipolyKJIOHaX, 1110 XapaKTepU3yIOTbCsl MEHIIMMU MaTepiaJlbHUMU i
€HepreTMYHMMU BUTpaTaMu. ICHyIOUi cernapaTtopi 3 riipOLMKJIOHHUMU IOJIiBKAMU B CUJTY iX KOHCTPYKTUBHUX
HEJIOPOOOK, BUKJIMKAHMX HEJOCTATHHOIO BUBYEHICTIO TiApOAMHAMIKY MTPOLeCy BUiZIeHH ra3y i Bogu 3 HabTy miz
Ili€lo BiILIEHTPOBUX CUJI, He 320€3I1e4yIOTh BCiX [lepeBar yHiBepCcaJbHUX 3aJIEXKHOCTE! 715 BUBHAUEHHS
eeKTUBHOCTI POOOTH TiJPOLMKIOHY CTOCOBHO IPOLIECy Jerasallii i 3HeBOJHEHHs Ta BU/iIeHHs 6YPOBUX LJIaMiB
YCKJIA[HIOE PO3PaxyHKH i BIIPOBAIKEHHS LMX [IPOCTUX 38 KOHCTPYKLI€IO i HAZIMHKX B €KCIIyaTallii araparis.
[IpoBeneHO CTPYKTYPHUM aHasli3 rifpogHaMiKi HECY4YOTO CepefoBUILA Y UMIiHIPOKOHIYHOMY IiIPOLMKIIOHI.
3aIpoIIOHOBAaHO JEKOMITO3MLIMHUH MiAXiM 10 pO3paxyHKy CTPYKTYPHU IIOTOKIB y TiIpO LUKJIOHHOMY anapari Ta
IIPeJCTaBJIEHO YHiBEpPCaIbHY TiipOJIMHAMIYHY MO/ZIEJb, PO3PO0JIEHY Ha OCHOBI 3a3Ha4YeHoOro niaxony. HaseneHo
MIPUKJIaJ, pO3PaxyHKy NapaMeTpiB TipoAMHAMIKU TiAPOLMKIIOHY Ta HaBEJEHO MOPiBHIHHS i3 eKCIIEPUMEHTATILHUMU
JaHuMu. [IpoaHanizoBaHO 3aKOHOMIPHOCTI IPOLECIB cenapalii, o 3A4iMCHIOITHCS Y LUMTIHIPOKOHIYHUX
riIpoLMKIOHaX. BUKIaieHo MaTeEMAaTUYHY MOZEJb BiILlEHTPOBOI cenapaii oJigucrepCHUuX CepenoBulLL.
[IpencrasieHi pe3ysbTaTu TEOPETUYHOTO T €EKCIIEPMMEHTAJILHOTO AOCIIIPKEHHS AUHAMIKY PyXy YaCTUHOK Y
TypOYyJIEHTHOMY 3aKpy4€HOMY IOTOLi. B mpolieci ekcriepruMeHTalIbHUX JOCTiIPKeHb BUKOPUCTOBYBAJIMCS BidyaslbHi
METOJY CIIOCTEPE>KEHHS 32 [IOBEAiHKOI CUCTEMMU B TiIPOLIMKIIOH], BU3HAYaIMCs TiIpOAUHAMIUHI apameTpu
METOJlaMU iHCTPYMEHTA/IbHOIO BUMIipIOBaHHS. ['padiuHe NofaHHs Ta CTaTUCTUYHUI aHaJIi3 pe3yJbTaTiB
IOCTIiIKEHDb TPOBOJUIINCS 3 BUKOPUCTAHHSIM METOIUK MAaTEMATUYHOI CTAaTUCTUKU Ta NPUKIALHOTO TPOTPaMHOTO
3abe3nedyeHHs. TeopeTHYHO OOIPYHTOBaHI Ta CPOPMYJIbOBaHI peKOMeHALl 040 KOHCTPYIOBaHHS
LMJIIHAPOKOHIYHUX ripoLuKIoHiB. O6I'PYHTOBAHI TUIOPO3MipHY Ta HaBeeHi KOHCTPYKTUBHI IapamMeTpu

i pOLMKJIOHHOTO O6JIaHAaHHS, 3a3HaU€Ha HEOOXiTHICTh BUKOPUCTAaHHS 6aTapeHUX KOMIIOHOBOK MiJIK/II0UE€HHS
rifpouukiIoHiB. HamaHi pekoMeHjanii mom0 BIpOBaIKEHHS LOCIiI)KEHOI KOHCTPYKLil y IPOMUCIIOB] TEXHOJIOTIYHI
cxemu. [Ipu y3arasibHeHi TEOPETUYHUX Ta €eKCIIEPUMEHTAILHUX OCIIiIKEeHb 3alIPOIIOHOBaHE TEXHOJIOTIUHE
o0J1aHaHHS 1J1s1 3aXUCTY HaBKOJIMIIHBOTO CEPEOBUIIA Bifl 3a0pyIHEHHS IIJIACTOBUMU BOJIaMH, SIKE 3abe3Ieuye
r1nboKe OYMILEHHS IPOMUCIIOBUX CTIYHUX BOJ, O HOPM 10, epeBuiytoTs Bumoru I'IK. OTprumaHi npomMucioBi
BOJY MOJKHA TIOBHO BUKOPHCTOBYBaTH Ha IIPOMUCJIAX Y CUCTEMaX MiJTPUMKH IIJIACTOBOrO THUCKY. Po3pobiieHa
TEXHOJIOTiYHA YCTAaHOBKMU [1JIs1 BUJTyY€HHS 3 HaTH PO3UMHEHUX ra3iB TepMOXiMiuHUM MeTonoM. KitouoBi cioBa:
rigpogrHamika, cernaparop, cenapatis, riipoLyKIOHYBaHHS, LilTiHIPOKOHIYHU rigpOLMKIIOH, cTabinisanis HadTHy,
[iArTOTOBKA ra3y A0 TPAaHCIIOPTYBAHHS Ta IEPEPOOKHU, OYMCTKA IJIACTOBUX BOJI, €EHEProedeKTUBHICTb, OYMCTKA
Ha(pTOYTPUMYIOUMX CTIYHUX BOJI, iHTeHCUiKallis

2. The dissertation is devoted to the study of design and operating parameters of separation equipment operating
under the action of centrifugal forces and used for the separation of multicomponent mixtures, provided that the
energy costs of the process are reduced. The object of research is the separation processes in cylindrical-conical
hydrocyclone devices for the separation of multicomponent mixtures. The subject of research is the structural and
hydrodynamic parameters of cylindrical-conical hydrocyclone devices. The dissertation solves the scientific and
practical problem of increasing the efficiency of oil treatment technology with the production of light
hydrocarbons in the form of associated gas, its preparation for transportation by using effective devices for the



separation of multiphase systems and the creation of general methods for calculating separation devices based on
structural analysis of the hydrodynamics of swirling flows, systematization and theoretical substantiation of
recommendations for their design, development of effective and technologically advanced separation devices on
their basis. It was found that currently existing methods of oil degassing and dehydration involve the use of metal-
intensive, bulky structures that require significant material and energy costs. The method of oil hydrocyclonation
at high speeds with a simultaneous decrease in pressure in the center of the flow swirl allows transferring this
energy to gas molecules dissolved in oil, light hydrocarbons and reducing its viscosity. It is noted that for the
intensification of oil treatment processes, the most promising method is implemented in small-sized high-
performance devices - hydrocyclones, characterized by lower material and energy costs. Existing separators with
hydrocyclone heads, due to their design flaws caused by insufficient study of the hydrodynamics of the process of
gas and water separation from oil under the action of centrifugal forces, do not provide all the advantages of
universal dependencies for determining the efficiency of the hydrocyclone in relation to the process of degassing
and dehydration and separation of drilling cuttings, which complicates the calculation and implementation of
these simple in design and reliable in operation devices. A structural analysis of the hydrodynamics of the carrier
medium in a cylindrical-conical hydrocyclone is carried out. A decomposition approach to the calculation of the
flow structure in a hydrocyclone apparatus is proposed and a universal hydrodynamic model developed on the
basis of this approach is presented. An example of calculating the hydrodynamic parameters of a hydrocyclone is
given and compared with experimental data. The regularities of separation processes carried out in cylindrical-
conical hydrocyclones are analyzed. A mathematical model of centrifugal separation of polydisperse media is
presented. The results of theoretical and experimental study of the dynamics of particle motion in a turbulent
swirling flow are presented. In the course of experimental studies, visual methods were used to observe the
behavior of the system in the hydrocyclone, and hydrodynamic parameters were determined by instrumental
measurement methods. The graphical presentation and statistical analysis of the research results were carried out
using the methods of mathematical statistics and applied software. Recommendations for the design of cylindrical-
conical hydrocyclones were theoretically substantiated and formulated. The standard sizes and design parameters
of hydrocyclone equipment are substantiated, the necessity of using battery arrangements for connecting
hydrocyclones is indicated. Recommendations for the implementation of the studied design in industrial
technological schemes are given. In summarizing theoretical and experimental studies, technological equipment
for protecting the environment from formation water pollution is proposed, which provides deep treatment of
industrial wastewater to standards that exceed the requirements. The resulting industrial water can be fully
utilized in the field in reservoir pressure maintenance systems. A technological unit for the extraction of dissolved
gases from oil by the thermochemical method has been developed. Keywords: hydrodynamics, separator,
separation, hydrocyclone, cylindrical hydrocyclone, oil stabilization, gas preparation for transportation and
processing, produced water treatment, energy efficiency, oil-containing wastewater treatment, intensification

Jep>kaBHHH peecTpaliiiHuii Homep [IiP:

IIpiopuTeTHHH HanIpsSIM PO3BHTKY HayKH i TEXHIKHU: OyHnamMeHTasbHI HAYKOBI HOCIIIPKEHHS 3 HANGLIbII
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1. Manoiino €Brenis BosionuMmupiBHa

2. Yevheniia Manoilo

KBasigikamis: x.r.u., nor,

InenTudikarop ORCHID ID: 0000-0002-6538-0580
JonaTkoBa iHdopmaris:

IloBHE HalIMEHYBaHHS IOPUAHYHOL 0CO0H: HanioHanbHUi TEXHIYHUI YHiBEpCUTET "XapKiBChKUiA

MOJIITEXHIYHUN IHCTUTYT"

Koz 3a €JIPIIOY: 02071180



Micue3HaxoaKeHHS: By Kupninyosa, 6y1. 2, Xapkis, XapkiBcbkuii p-H., 61002, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKy YKpaiHu

InenTudikarop ROR:

CeKTOop HayKH:. YHiBEPCUTETCHKUIL

VII. BizomocTi npo odiniiHHX ONIOHEHTIB Ta PELeH3€HTiB
OdiuiiiHi OTIOHEHTH
Baacwue IlpizBumie Im's Ilo-6aTbKOBI:

1. Mangpuk Oner Mukosianosmuy

2. Oleg M. Mandryk

KBasigikanis: x. 1. u., npodecop

InenTudikarop ORCHID ID: 0000-0002-2689-7165
JoparkoBa iHdpopmamuist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0C00H: IBanO-PpaHKiBChKUII HAI[IOHATBLHUI TEXHIYHMIA YHIBEPCUTET

HaTH i razy

Kopg 3a €IPIIOY: 02070855

Micue3HaxoaKeHHS: ByJ1. Kapnartceka, 6ya. 15, IBano-®pasnkiBebk, 76019, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHiBepCUTETChKUI

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. IBaHueHKO AHHa BosogumMupiBHa

2. Anna V. Ivanchenko

KBasigikanis: 1. 1. u., mou.

InenTudikarop ORCHID ID: 0000-0002-1404-7278

JoparkoBa inHdpopmamuist:

IloBHe HaliMEeHYBaHHS IOPHUAHUYHOI 0COOM: [IHINPOBCHKMIL JePKABHMUIA TEXHIYHMI YHIBEpCUTET
Kopg 3a €IPIIOY: 02070737

Micue3HaxoaKeHHS: ByJI. JHinpoO6y#iBchKa, Oyx. 2, Kam'siHebke, 51918, Ykpaina

dopma BracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:



CeKTop HayKH: YHIBEpCUTETCHKUI

Penensentu

BsacHe IIpizBuie Im'sa I1o-6aThKOBI:

1. bineupkuit Enyapn Bosogumuposud

2. Eduard V. Biletskyi

KBasigikamis: n.1.1., npodecop

InenTudikarop ORCHID ID: 0000-0001-8280-8449
JoparkoBa indopmamnist:

IloBHE HaliIMeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHU# TEXHIYHMI YHiBEpCUTET "XapKiBChKUit

MOJIITEXHIYHUN IHCTUTYT"

Kopg 3a €IPIIOY: 02071180

MicueBHaxo,ereHHﬂ: ByJ1. Kupnindoga, 6yz. 2, XapkiB, XapKiBcbkuii p-H., 61002, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

CeKTOop HayKH: YHIBEpPCUTETCHKUI

Baacwue IlpizBumie Im's Ilo-6aTbKOBI:
1. Ilitak InHa BayecsnaBiBHa

2. Inna V. Pitak

KBasigikamis: x.r.u., gou,

InenTudikarop ORCHID ID: 0000-0002-5073-2942
JoparkoBa indopmamist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHUi TEXHIYHMI YHiBEpCUTET "XapKiBChKUit

MOJITEXHIYHUN IHCTUTYT"

Kopg 3a €IPIIOY: 02071180

Micuesnaxomxeunﬂ: ByJ1. Kupnn4osa, 6yz. 2, Xapkis, XapKiBCcbKuil p-H., 61002, YkpaiHa
dopma BracHOCTI: JlepxasHa

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHiBEepCUTETChKUI

VIII. 3aKkJII04Hi BiZoMOCTi

Biacue IlpizBuie Im's I1o-6aTbKOBI Heirnin Myciit AGpamoBuy

TOJIOBH paju



Biacue IpizBume Im's [10-6aTbKOBI Hewtnin Myciit AGpamoBny

TOJIOBYIOYOTO Ha 3acCiiaHHi

BignoBigasibHUMH 3a HiATOTOBKY Cerid XycceitH

00JIiKOBUX JOKYMEHTIB

PeecTpartop YkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIIIOBiZaJIbHUM 32 peECTpallilo HAayKOBOIi IOpuenko TeTsHa AHaTosiiBHA

OisSIIBHOCTI




