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Pedepar:

1. Inceprauis NpucCBsiY€Ha BUPILIEHHIO aKTyaJIbHOI HAyKOBO-IOCIAHULILKOI Ta HAYKOBO-IIPAKTUYHOI 3a/a4i, sIKa
noJisirae po3po0bJIeHHI y By3JIiB TePTsI CTPiYKOBO-KOJIOKOBUX rajibM 6ypoBoi j1ebifKu. 3a pesyibTaTamMmu
TEOPETUYHUX I €KCIIEPUMEHTAJIBHUX JOCIIIJKEHB i3 32CTOCYBaHHSIM 06araTOKpUTEPialbHOrO METOAY ONITUMI30BaHO
KOHCTPYKTUBHI Ta €KCIIyaTalliliHi TapaMeTpH By3JliB TEPTH i OBELEHO €(PEKTUBHICTD KAMEPHOIO HAHOPIIMHHOTO
OXOJIOIKEHHS IIKiBa CTPiYKOBO-KOJIOJKOBOTO rajbma 6ypoBoi Ie6iiKy IIpy eJIeKTPOTepMOMeXaHiuHii PppUKLiiHii
B3aeMOJii B €eIMHOMY JIMHAMiYHOMY i TersioBomy 1oJii. CHopMysIbOBaHO eHepreTUdHI IPUHLUIY IIepeodiry
IIPOLIECIB, SIBULL, T €(EKTIB Y MEXaHIYHUX, €JIEKTPUYHHUX, TEIJIOBUX, XIMIYHUX Ta €JIEKTPOMAarHiTHUX NOJISIX
¢dpukuiiiHOi B3aeMopii map TepTs raJbMiBHUX MPUCTPOIB. 3 ypaxyBaHHSIM Pe3yJIbTaTiB TEOPETUYHUX JOCIiIKEHD

CTOCOBHO iepapXiuYHUX €HepPreTUYHUX PiBHIB y TPUOOCIIPSIKEHHSIX 3allpOIIOHOBAaHO Kilacudikalliio, sika 00’eJHye BCi



IIpOLIeCH, a caMe: iIHTEHCHBHICTD i pO3IIOZiN TeIOBUX IIOTOKIB, BUAU TEIJIO0OMIHY, TIOTEHLiau, CTPYMHU
OMUBAIOYOTro CepeioBULIa, TPaJieHTH, TeMIU Ilepebiry npoueciB. Ha 0cHOBI TernyioBoi Mofeii nap TepTs CTPiYKOBO-
KOJIOJJKOBOTO TajlbMa PO3PO6JIEHO METOZ, OL[iHKM TEIJIOBOr0 6ajlaHCy CKJIAJEHOrO KiBa 3 MOBITPSIHO-
HAHOPIIMHHOIO CUCTEMOIO 0XOJIOIKEHHS. [Ipy IIbOMY BpaxOBaHO BILJIMB NOJBIHUX €JIEKTPUYHUX 11APiB, SIKi
BUHUKAIOTh HA TPAHULISX (Pa3 i CYMPOBOIKYIOTCS aICOPOLiHUMY i TUy3iliHMMU NIPOLIECaMHu, IO CYyTTEBO
HigCcnio0Th Tp60ePeKT. 3MOIeIbOBAHO HAHOPIAMHHE OXO0JIOKEHHS CKJIAIEHOrO 1IKiBa B JIabOPaTOPHUX
CTEHJIOBUX YMOBax. 3a pe3yJbTaTaMu JOCJIiIP)KEHb YCTAHOBJIEHO PEXXUMHU OOTiKaHHS HAHOPiAMHOIO CTIHOK KaMepH,
sIKi 3aJ1€>KaThb Bifl €HEPrOHABaHTAXXEHOCTI Map TEPTS rajibMa i peXXUMY raJibMyBaHHSL. Y CTaHOBJIEHO, IO
IHTEHCHUBHICTD i CXeMU LMPKYJIALil HAHOPIIVHYU B KaMePi 3yMOBJIEHI HEOTHOPIAHICTIO NOJIiB MBUIKOCTI Ta
posmoginy o6’eMHOI Temniepatypu. Big Hux 3anexaTb CuIM BHYTPIIIHBOTO TEPTS, IUBUIKICTh KOHBEKTUBHOIO
nepeMilleHHs HAaHOYACTUHOK i 3arajibHi CUJIY iHepLii IOTOKY, SIKi BiANOBiAaI0Th NOr0 TYpPOYJIEHTHOMY PEXUMY 32
PeiinosibcoM. [JoBeZieHO, 110 3a HasSBHOCTI iIHT@HCHMBHOTI'O TEIJIO00MiHY i nndy3ii BUHUKAIOTh TEIIOBUH i
IVy3ifiHUY [TOrpaHUYHU apy. Y IeplioMy TeMIIepaTypa 3MEHIIYETbCS Y HAIPSIMKY Bifl CTIHKM KaMepu 10
BHYTPIIIHBOTO NOTOKY. Y AN(y3iliHOMY IOTPaHMYHOMY HIapi 3MiHIOETHCSI KOHLIEHTPALlisl TapOPiANHHOI CyMilli.
YcTaHOBJIEHO, 0 AMHAMIYHUI, TEMJIOBUH i [Uy3ifHAN IOrPAHUYHI ApK MPOCTATAIOTLCS y PafiaIbHOMY
HaMpsIMKY. 3aCTOCOBAaHO HOBUM MiIXif y AOCTiIKeHHi e(peKTUBHOCTI HAHOPIIMHHOTO OXOJIOIKEHHS 0001y IIKiBa.
Horo YMOBHO IepepisaMu AN Ha I'STh OiJISHOK y HaIlIPSMKY Bifl 3aleMJIEHOTO Kpalo [10 BiIbHOTO. JJOCiIKeHHs
IoKasajy, 1o y NepuomMy nepepisi Mae Micue ogHO(pa3H1Il KOHBEKTUBHUM TEIJIOOOMIH HAHOPIIMHU 3
MaKpO/IiJIIHKaM1 BHYTPIIIHbOI IOBEPXHi 00601y, SIKi XapaKTepU3yIOThCS TEIJIOBOIO i rigpoJuHAMIUHOIO
crabinizauieto. Y Apyriii 30Hi TOYNHAETHCS KUIIHHS HAHOPIAWHMY, Y TPETiil CIIOCTepiraeThCsi 104aTOK iHTEHCUBHOTO
HaHOIIaPOYTBOPEHHS, YHACJIIJIOK YOro €(PEeKTUBHICTb TEIJIOBifadi CTPIMKO 3pocTae. Y YETBEPTil 30HI 3MMKAIOTHCS
IIPUCTIHKOBI IBOQa3Hi apy, pexXuM pyxy HaHOINIApOBOi CyMmilli 6yIb6aKOBUIA. Y KilbLIeBOMY MOTOLIi IT'SITOI 30HU
PYyXaeTbCsl IeperpiTuil nap, TyT BiOyBaeThCs IOCIiOBHA 3MiHA PEXXUMIB Teuil Bifi 6y1b0aIIKOBOT0 10 AUCIIEPCHO-
KiJIbLI€BOTO, iIHTEHCUBHICTb TeIIoBigaaui 3poctae. [Ipyu KoMOiHyBaHH] TEIJIOHOCIIB y Kamepi CK1afileHOro
raJlbMOBOTO LIKiBa JOCATHYTO 3HVD>KEHHSI €eHEPrOHAaBaHTAXXEHOCTI 10ro 0601y Ha 21%, a TaKOX IOBEPXHEBUX i
IJIMOVMHHYX TEMIIEPATyPHUX TPa/li€HTiB, 10 MIOBHICTIO BUKJII0YA€ MOXKJIMBICTb BUHMKHEHHS MipKOTPIlIMH Ha
noBepxHi TepTs. O0OOGIPYHTOBAHO BUOIp THUITY HAHOYACTUHOK 3 ypaxyBaHHAM iX (i3sMKO-XiMiYHUX BJIACTUBOCTEI.
YcTaHoBJI€HO, 10 1J1s1 OCSITHEHHSI MaKCUMAaJIbHOTO €(PEKTY OXOJIOIKEHHS KoeillieHT TeIonpOoBiIHOCTI
HAHOYACTMHOK Mae OYTH 3HAUHO GiJIbIIMM, HiXX MaTepiany 0601y IIKiBa Ta CTiHOK KamepHu. [TokpaieHo OCHOBHi
eKCIUIyaTaliliHi mapaMeTpu nap TepTs rajbpma: AuHamivHoro koedinienta tepts Ha 16%, raTbMOBOro MOMEHTY Ha
15%. JJOBroBiyHiCTh METANONOJiIMEPHUX T1aP TEPTS CTPIYKOBO-KOJIOIKOBOTO rajbma 3pocia Ha 25-30%, BesudunHa
3HOCY (PPUKLIMHYX HAKJIaOK 3MEHIMacs Ha 12-14%. [JocaimkeHo nepebir KpeKiHr-npoLecy y mapax pobodnx
[OBEPXOHb (DPUKLIMHNX HAKJIAAOK [IPX BUCOKMX TEMIIEPATYPAX, IO 3HAYHO [IEPEBUILYIOTh TOMYCTAMY.
YCTaHOBIIEHO, 110 HA iIHTEHCUBHICTb KPEKIHI-TIPOLIECY BIVIMBAIOTh TEMIIEPATYPa, MUTOMI HaBaHTaKEHHS,
KoeilieHT B3aEMHOT0 IEPEKPUTTS], IPUCYTHICTh iIHEPTHUX ra3iB Ta XiMiyHi BIaCTUBOCTi KOMIIOHEHTIB
IIOBEPXHEBOTO L1apy MoJiMepHOi HaKIaAKU. 3alIpOIIOHOBAHO TPUOOEIEKTPUYHU METO ] Ti60PY METasIiB 1J1sl ap
TEPTS raJibMa Ha OCHOBI 3Ha4eHb iX TpMOOEPC, a TakoX 3 ypaXyBaHHSIM €JIEKTPOHHUX BIACTUBOCTEN i

Te10(i3sNYHUX XapaKTEPUCTHUK. Lle 103B0JIsIE CTBOPIOBATY AP TEPTS C BUCOKUM TPUOOE(PEKTOM.

2. The dissertation is devoted to the actual research and scientific — practical problem of development of friction
units for tape -block brakes of drilling draw works. According to the results of theoretical and experimental
studies using the multicriteria method, the design and operational parameters of friction units are optimized and
the efficiency of chamber nanofluid cooling of the pulley-belt brake pulley of the drilling draw works with
electrothermomechanical frictional interaction in a single dynamic and thermal field is proved. The energy
principles of the processes, phenomena and effects in mechanical, electric, thermal, chemical and electromagnetic
fields of frictional interaction of friction pairs of brake devices are formulated. Taking into account the results of
theoretical research on hierarchical energy levels in tribocouples, a classification is proposed that combines all
processes, namely: intensity and distribution of heat fluxes, types of heat transfer, potentials, currents of the
washing medium, gradients, rates of processes. Based on the thermal model of the friction pairs of the tape -block



brake, a method for estimating the thermal balance of a folded pulley with an air-nanofluid cooling system has
been developed. This takes into account the influence of double electric layers that occur at the phase boundaries
and are accompanied by adsorption and diffusion processes that significantly enhance the triboeffect. The
nanofluid cooling of the folded pulley in laboratory bench conditions is modeled. According to the research results,
the modes of nanofluid flow around the chamber walls have been established, which depend on the energy load of
the brake friction pairs and the braking mode. It was found that the intensity and patterns of nanofluid circulation
in the chamber are due to the inhomogeneity of the velocity fields and the volume temperature distribution. The
forces of internal friction, the speed of convective movement of nanoparticles and the total forces of inertia of the
flow, which correspond to its turbulent Reynolds regime, depend on them. It is proved that in the presence of
intensive heat exchange and diffusion there are thermal and diffusion boundary layers. In the thermal boundary
layers, the temperature decreases in the direction from the chamber wall to the internal flow. The concentration
of the vapor-liquid mixture changes in the diffusion boundary layer. It is established that the dynamic, thermal and
diffusion boundary layers extend in the radial direction. A new approach has been applied in the study of the
efficiency of nanofluid cooling of the pulley rim. It was conventionally divided into five sections in the direction
from the pinched edge to the free. Studies have shown that in the first section there is a single-phase convective
heat exchange of the nanofluid with macroparticles of the inner surface of the rim, which are characterized by
thermal and hydrodynamic stabilization. In the second zone, the boiling of the nanofluid begins, in the third there
is the beginning of intense nanovaporization, as a result of which the heat transfer efficiency increases rapidly. In
the fourth zone, the near-wall two-phase layers close, the mode of motion of the nanovalue mixture is bubble. In
the annular flow of the fifth zone, superheated steam moves, there is a consistent change of flow regimes from
bubble to disperse-ring, the intensity of heat transfer increases. When combining the coolants in the chamber of
the folded brake pulley, the energy load of its rim is reduced by 21%, as well as surface and depth temperature
gradients, which completely eliminates the possibility of microcracks on the friction surface. The choice of
nanoparticle type taking into account their physical and chemical properties is substantiated. It is established that
in order to achieve the maximum cooling effect, the thermal conductivity of nanoparticles must be much higher
than the material of the rim of the pulley and the walls of the chamber. The basic operational parameters of brake
friction pairs have been improved: dynamic friction coefficient by 16%, brake torque by 15%. Durability of metal-
polymer friction pairs of tape-pad brake increased by 25-30%, the amount of wear of friction pads decreased by
12-14%. The cracking process in the layers of working surfaces of friction linings at high temperatures that
significantly exceed the allowable has been studied. It is established that the intensity of the cracking process is
influenced by temperature, specific loads, mutual overlap coefficient, presence of inert gases and chemical
properties of the components of the surface layer of the polymer lining. A triboelectric method for the selection of
metals for brake friction pairs based on the valuesof their triboEMF, as well as taking into account the electronic
properties and thermophysical characteristics, is proposed. This allows you to create friction pairs with a high
triboeffect.
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