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I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT
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IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOM: HauioHanbHuil aepOKOCMiYHMIA yHiBepcuTeT im. M.E.
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IV. BizomocTi nipo nmiznpueMcTBO, yCTaHOBY, OpraHisalliio, B sIKii 0yJ10
BUKOHaHO JHUCEPTALil0
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Kopg 3a €IPIIOY: 02066769

Micue3HaxoaKeHHS: Ykpaina, 61070, m. Xapkis, Bys. Ukasnosa, 17
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ImenTudikarop ROR: He zacrocoyerbcs

V. BimomocTi npo gucepraniio
Moga guceprariii:
Koau TeMaTHYHHUX PYOPHK: 55.42.47.45

Tema guceprauii:

1. [IporHo3yBaHHS XapaKTE€PUCTUK MiAIUIIHUKIB KOYEHHS 3i CTAJIEBUMHU Ta KEPAaMiYHUMU KyJIbKAMU Y CKJIai
OIIOPHUX BY3JIiB POTOPiB ra30TypOiHHUX JBUTYHIB

2. Prediction of characteristics of bearings with steel and ceramic balls in structure of gas-turbine engines shaft
bearings

Pedepar:

1. O6'eKT - paziasbHO-YIIOPHUI KYJIBKOBUII MiAIUITHUK 3 TiJlaMU KOYEHHS 3 HITpUy KPEMHIIo i HifMUITHUKOBO]
CTaJli; MeTa - po3poOKa METOAUK BU3HAYEHHS XapakTePUCTHUK MigIIUIHUKIB KOYEHHS 3 KEpaMiYHUMU TijlaMUu
KOYEHHS Ha OCHOBI (Pi3MYHOr0 MOZEJIIOBAHHS 1 aHAJIi3y rifpOJUHAMIYHNX, TEPMOJMHAMIUYHUX i CUJIIOBUX NIPOLECIB,
110 [103BOJISIOTH IIPOTHO3YBATH MOBEiHKY XapaKTePUCTUK MiJIINITHYKIB y MIUPOKOMY Ziarna3oHi pob0ounx pesKrMiB;
METOJIY -€KCIIePUMMEHTaJIbHI METOAU OCTiIKEHHSI MOMEHTY OIOpPY O6ePTaHHIO MifMUIIHUKA | 1Oro TeMIeparypy;
METOJIY aHAJIITUYHOTO JOCIiIPKEHHS KOJIMBAJIbHUX NPOLIECIB 17151 BUBHAYEHHSI BIUIMBY HE30a71aHCOBAHOCTI poTOpa
HA HAaBAaHTAXE€HHY, IO [li€ Ha MiANITHYK; METOAY PO3B'I3aHHS KOHTAKTHOI 3a/1a4i B3a€MO/Ii TiJl KOUEHHS 1 TOPIKOK

KOYEeHHS MiAIUITHYKIB; METOAU CTaTUCTUYHOI 0OPOOKY 1 perpeciiiHoro aHasizy pe3ysbTaTiB eKCIIEPUMEHTY;



HOBHU3HA - BIeplie 0yJI0 IPOBENEHO YTOUHEHHS KPUTEPialbHUX 3aJIEXKHOCTEN, pO3PO06IeHUX I TPATULIIMHNX
MiJIIAHUKIB 31 CTAJIEBUMMU TiIaMU KOYEHHS, 10 JO3BOJIMJIO TPOTHO3YBATU BTPATU MOTY>KHOCTI B MiJMIUITHNUKAX
KOYEHHS 3 KepaMiUHMMMU TijlaMU KOU€HHS! i iX BIJIUB Ha TEIJIOBUI CTaH OIOP ra3oTypOiHHUX JBUTYHIB I1pU
CTPYMMHHOMY 3MallleHHi Ta 3MalleHH] MTOBITPSAHO-MAaCJISHOIO CYMIIIIIIO, BIIEPILIE [I0KA3aHO, 110 Yepe3 3HAYHUM
BHECOK Y 3arajibHi BTpaTy MOTY>KHOCTI TiZpaBilidyHOi CK/Ia[0BOi B [TOPIBHAHHI 3 MiAIMITHUKAMMU 31 CTAJIEBUMU TijlaMU
KOYEHHS MepeBary MifMUITHUKIB 3 KepaMiYHUMU TilaMU KOYEHHS, 00YMOBJIEHI 3MEHIIEHHSM BIIUBY BifjlleHTPOBUX
CHWJI Ha KOHTaKTHI Hallpy>K€HHS i 3MEHIIEHHSIM BTPAT Ha TEPTS B 30HAaX KOHTAKTY, CTAlOTh IOMITHMMHU TiJIbKU [IpU
3HAYEHHSX MBUAKICHOTrO napametpa dn 6inbie 3a 3 MJIH. MM-00 /XB., 3alIPOITIOHOBAHO HOBUM PO3PaxyHKOBO-
€KCIIepUMEHTAJIbHUI METO/I, BUSHAYEHHS BEJIMUUHU [IiI040i HAa ONOPU BiALIEHTPOBOI CHUJIU, BUKJIMKAHOI
HEBPIBHOBKEHICTIO pOTOPA, pafliaJibHUM IIPOMDKKOM Yy IiAUNHUKAX i fedopMaliiero KyJIbKU I NOPDKKY KOYEHHS
IIifl HABAHTKEHHSIM, METOJ], J03BOJISIE BUSHAYUTHU CUJIM, IO [Iil0Th HA OIIOPU POTOPA, 32 JOMOMOTIOIO Pe3yJIbTaTiB
BUMIPY aMILIITyAY KOJIMBaHb POTOPA; PE3YJIbTATY - OTPUMAaHI KpUTEPiayIbHi 3a71€KHOCTI /1151 BU3HAYEHHS BTPAT
MIOTYKHOCTI IIPY CTPYMMHHOMY 3MallleHHi Ta 3MallleHHi MOBITPSAHO-MAaCJISHOIO CYMIlIIIIO, OKPECJIEHI YMOBH
e(eKTUBHOTO BUKOPUCTAHHSI Tri6pUAHUX MiAMUIITHUKIB Ta BIIJIUB BJIACTMBOCTEN KepaMiky ; rajnysb - aBiabyyBaHHS

Ta pakeToOyIyBaHHS.

2. The Object is the radial-thrust bearings with balls from nitride of silicon and bearing steel; The aim is -
obtainment of techniques for definition of characteristics of ball bearings with ceramic balls on the basis of
physical modeling and the analysis of hydrodynamic, thermodynamic and power processes which allow to predict
behavior of characteristics of bearings in a wide range of operating modes; methods - experimental methods of
research of the moment of resistance to rotation of the bearing and its temperatures, methods of analytical
research of oscillatory processes for definition of influence of imbalance of a rotor on loading which affects the
bearing, methods of the solution of a contact problem of interaction of balls and the races of bearings, methods of
statistical processing and the regression analysis of results of experiment; novelty - improvement of the criterion
expressions developed for traditional bearings with steel balls which allowed to predict power loss in ball bearings
with ceramic balls and their influence on a thermal condition of support of gas-turbine engines rotors at oil-jet
and oil-mist lubrication for the first time was carried out, for the first time is shown that because of considerable a
contribution to the general power loss of a hydraulic component in comparison with bearings with steel balls of
advantage of bearings with ceramic balls caused by reduction of influence of centrifugal forces on contact stresses
and reduction of losses on a friction in a zone of contact, become appreciable only at speeds of more than 3 million
DN, the new experiment-calculated method of determination of value of the centrifugal force operating on
support caused by an unbalance of a rotor is offered, a radial gap in bearings and deformation of a ball and a
bearing race under loading, the method allows to define the forces operating on support of a rotor using results of
measurement of amplitude of fluctuation of a rotor; results - were received criterion expressions for definition of
power loss at oil-jet and oil-mist lubrication, conditions of an effective use of hybrid bearings and influence of
properties of ceramics are outlined; industry - aircraft industry and rocket production.
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ImenTudikarop ORCID ID: He zactocoyerbcs
JoparkoBa iHdopmamist:

TloBHe HaliMeHYBaHHS IOPHIHUYHOI 0COOH:
Kopg 3a €IPIIOY:

Micue3Haxoa KeHHS:

dopma BiracHocTi:

Cdepa ynpasiiHHS:

InenTudikarop ROR: He zacrocosyerscs

Peuensentu

VIII. 3ak1104Hi BiZoMOCTI
Baache IlpizBuiie Im's ITo-6aTbKOBI
TOJIOBH pagu

BiiacHe IIpizBuie Im'sa ITo-6aTbKOBi
TOJIOBYIOYOTO Ha 3acCiaHHi
BignoBigasbHUI 3a MiATOTOBKY

00JIiIKOBHX JOKYMEHTIB

PeecTpaTtop

KepiBHuK Bigginy YKpIHTEI, mo €
BiZNOBiZaJIbHUM 32 peecTpallilo HayKOBOIi

OisIJIBHOCTI

IonmaToB AHaToJiit IBaHOBUY

IonmaToB AHaTtoJtii IBaHOBUY

IOpuenko T.A.



