O0Js1ikoBa KapTKa aucepTaii

I. 3arasibHi BimOMOCTI

Jep>kaBHHH 00J1iKOBHI HOMep: 0824U001002
Oco006J1uBi TO3HAYKH: BinKpura

JaTa peecrtpamnii: 20-02-2024

Craryc: 3axumeHa

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Yypcos Cepriit OsiekcaHIpOBUAY

2. Serhii Chursov

KBasmigikamis:

InenTudgikarop ORCID ID: 0000-0002-6746-530X
Bupg, pucepranii: nokrop dinocodii
AcnipaHTypa/JIOKTOpPaHTypa: Tak

IIIndp HayKoBOi crieniaIbHOCTI: 132

Ha3Ba HayKoBOIi CIeniaJIbHOCTI: Marepiano3HaBCTBO
lanyss / ralesi 3HaHb. MexaHiyHa iHXKeHepisa
OcBiTHBO-HayKOBa Mporpama 3i CreniaJbHOCTi: MaTepiano3HaBCTBO
JaTa 3axucTy: 20-03-2024

CneniasbHICTB 32 OCBITOO: MaTepiaO3HABCTBO
Micue po6oTu 3400yBayva:

Kop 3a €IPIIOY:

Micue3HaxoaKeHHS:

dopma BaacHOCTI:

Cdepa ynpasiriHHS:

ImenTudikarop ROR: He zacrocoyerbcs




I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT

Iudp cnenianizoBaHoi BYU€HOI pagH (Pa30Boi Cleliali30BaHOI BYEHOI pasu). 4932
IloBHe HaiMeHYBaHHSI IOPHUAHUYHOI OCOOHM: XepCOHCHKUI HALLIOHAIbHUIL TEXHIYHMIA YHIBEPCUTET
Kopg 3a €IPIIOY: 05480298

Micue3HaxoaKeHHS: Bepucnasceke moce, 6yz. 24, XepcoH, 73008, Ykpaina

dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKK YKpaiHu

InenTudikarop ROR:

IV. BimomocTi Ipo niznpueMcTBO, YCTaHOBY, OpraHi3alliio, B sIKi# 0yJ10

BHKOHAHO JHCEPTaIlilo

IloBHEe HaliMEeHYBaHHS IOPUAHYHOL 0COOH: XepCOHCHKUII HAIliOHAIbHUIA TEXHIYHUI YHIBEPCUTET
Kopg 3a €IPIIOY: 05480298

Micuesnaxo,rm(eﬂnﬂ: Bepucnascbke moce, 6yz. 24, XepcoH, 73008, Ykpaina

dopma BracHOCTI: JlepxaBHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

V. BizomocTi npo gucepraniio
MoBga guceprTallii: Vkpaincoka
Koau TemaTHyHHX PyOPHK: 81.09

Tema gucepranii:
1. MexaHi4Hi BJIaCTUBOCTI MaTepiasiB IHEBMATUYHUX MIKH IIPU HAKOMIMYEHH] IOMKOIKEHb

2. Mechanical properties of pneumatic tire materials during accumulation of damage

Pedepar:

1. ¥ nuceprauiiiHiii po60Ti BUKOHAHO aHaJi3 Cy4acHUX CTEHIOBUX METOiB BUIIPOOYyBaHb THEBMATUYHUX IIHNH 3 iX
BIIJIMBOM Ha BJIACTUBOCTI MaTepiay, K pakTOpy OLiHKY KPUTEpIiiB Npalle3faTHOCTI F'yMO-KOpPJHOI KOHCTPYKIi.
OCHOBHi KOHTPOJIbOBaHi MOKa3HUKH Ae(POPMATUBHOCTI THEBMATUYHUX HMIMH B LIIJIOMy Ha Cy4aCHOMY €Tari
BMBYAIOTh 1032 [IOKa3HMKAMU SIKOCTi MaTepiajy MKH MOro CTyIeHsl HAKONIMYEHHS ITOUIKOKEHHS, BUKOPUCTOBYIOUN
HEIPsIMi TapaMeTpH BILUIMBY Ta BiATYKY TaKi K TUCK, T€OMETPis MJIIMU KOHTAKTY, YMOBi IOKa3HUKU 3YCUJLIIS
34EIJIEHHS, KEPOBAHICTD, 10 3aBa’Ka€ OLiHIIi Ta YIOCKOHAJIEHHIO TAKOI BUCOKOTEXHOJIOTIYHOI KOHCTPYKILii IKUMU €
ITHeBMaTU4Hi IKHU. OCOOJIMBY yBaryB IUCEPTaLiliHii poOOTi MPMBEPHYTO 4O MEXaHIYHUX BJIACTUBOCTEN
ryMOOeJIaCTOMEPHOI MaTpHLi, B SIKill cCaMe HaKOMNYYIOTbCS MIOIIKOAKEHHS Pi3HOro BUly. BuB4anucey pesyibratu
CTYIIE€HSI i KOMILJIEKCY MOLIKO)KEeHb MaTepiajiB CTBOPEHUX 6araTopa3oBUMU IO/I0JIAHHSIMU LITYYHUX [1€PEIIKO, B
Pe3yJbTaTi 4Oro BilOyBa€ThCs €pEePO3NOIij HABAHTAXKEHb Y BOJIOKHUCTHX HAllIOBHIOBAYaX TaKUX SIK: METAJIEBUI
KOpZ, TKAaHMHA Ta FPaHulii iX po3noainy. 3Baskadu Ha JaHy OOCTaBUHY, B pOOOTi 3aCTOCOBAHO METOZ, OL[iHKU
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[THEBMATU4YHY MIMHY, 3 60Ky PpakTorpadivyHuX OLiHOK, FEOMETPIi 3/1aMiB SIK BOJIOKHMCTi KOMIIO3UTHI Marepianu
KOTpi CKJIaaloThCsl 3 MATPULi, 10 MiCTUTh 3MIlIHIOBaJIbHI OHOBUMIpPHI esieMeHT! Y GOpMi BOJIOKOH, IPOTY,
HUTKOIOAIOHMX TKAaHMH Ta KPUCTaJliB. BU3HayeHO, 1110 MeXaHiyHi MOIKOPKEHHS IIMH, B IIPOLIeCi eKCITyaTallii
BIJIMBAIOTh HE HA MATPHULIIO, 4 HA apMYIOYi BOJIOKHA, 1[0 NPU3HAYEHI BUKOPUCTOBYBATHU SIK 3CYBHUI MEXaHi3M
raJlbMyBaHHS TPIillMH CAMUMU BOJIOKHAMU Ha MIOBEPXHI 3UENJIEHHSI MaTpULli, 3 apMyIOUMMH HaIlOBHIOBAYaMU JIJIsl
3MIIJHEHHS TOMY IIOBEPXHI PO3IOJiNy Y BOJIOKHUCTUX KOMIIO3ULIITHUX MaTepianax po3rysagaoTh, IK CAMOCTIHHAN
€JIEMEHT CTPYKTYypH. B nepexigHomy 1api GopMyIoThCsl 3B’13KM MK 3MilIHIOBJIBHUMU BOJIOKHAaMU Ta MaTPULEIO,
Kpi3b SIKY IepelaloThCsl MEXaHIuHi Harpy>xeHHs. Bin 6ynoBy faHUX 3B'3KiB 3a/1e’KaThb YMOBU rajlbMyBaHHS TPIllUH
BUKJINKaHUX MEXaHIYHMMU MOIIKOIPKEHHSIMU [P eKCIIyaTallii aBTOMOOI/IbHUX MIKH, TOMY JucepTaliliHe
IOCTiI)KEeHHS 30cepeKeHe Ha 11boMy. B nucepTaliiiHiil poboTi 3alpOIIOHOBAHUI CTEH]I, IKUI IPU3HAYEHUN 17151
IVHAaMiYHUX BUIIPOOYBaHb THEBMATUYHYX WIVH i 3a0e31edye BU3HAYEHHS B JIAOOPATOPHUX YMOBAX TEPMIHY CIIy>KO1
LIMHY, 3aJI€KHICTb MOr0 Bifj LIBUJKOCTI PyXy AMHAMIYHOIO pajiyca MWHYU Ta LUIAXY IPOUAEHOr0 WNUHOK 10
pPYyVHYBaHHS. BunpobyBanbHUIl CTEH], 03BOJISE BiITBOPIOBATY YMOBU €KCIUIyaTalii IWHY, B TOMY YMCJIi HAaHOiIbII
€KCTPEMaJIbHi 3 TOUKM 30py BEPTUKAJIbHOIO HABAaHTaKEHHS], KyTa 3aHOCY i MBUAKOCTI. 7151 No0y0BY AMHAMIYHUAX
Moiesiell MexaHiYHUX CUCTEM i TiJl BUKOPUCTOBYBABCS METO/, PiBHSHD JlarpaHika, a [ijisi KOMITIOTEPHOTO
MOJeJIIOBaHHS NIPOLieCy rajbMyBaHHs — cepenoBuile 3dStudioMAX. 3anporoHOBaHO TEXHOJIOTII0 MOJIETIOBAHHS
IIPOMIDKHUX CTaHiB Aedopmallii IIMH i iX MOPiBHSAHHS 3 CTyIIeHEM HaKOIIMYEHHs IOLIKOIKEeHb SIK gedopmarlii
IiZISTHOK NIpY MOA0JIaHHI IIepelKo ] Pi3HOI reOMETPii IPM CTEHA,0BUX BUNPOOYBaHHAX. OTPUMAaHO pe3yabTaTu
€KCIIepUMEHTAJIbHUX BUMIPIOBaHb NPY>XHOI Jedopmaliii, MaCUBiB faHuX MO0 KoedilieHTa nemndyBaHHs
aBTOMOOGiNbHUX WKH 175 /70 R13 npu pisHUX TUCKax Ha CIeLiaJIbHOMY CTeHJi, 3 KOpeJIsLielo 3 TEpMiHOM po6OTH, 1110
BiZITBOPIOE ITPOLIECH HAKOIIMYEHHS MEXaHIUHUX [IOILIKOPKEHD NPY MO0JIaHHI JOPOXKHIX ePeLIKO/, CKIaIHOI
reomerTpii; OTpMMaHi JaHi 3aCTOCOBAHO Y HOBOMY METO/Ii OLIIHKY ITPOMIXKHUX CTaHIiB MaTepiany WUH 1040
IIPOTHO3YBaHHS MEXaHIYHUX Ta €KCIUIyaTalilHUX XapaKTePUCTUK. [loKa3aHO KiHeMaTUYHY NTOBEiHKY KoJeca
aBTOMOOIJISl HA IOPO’KHBOMY ITOKPUTTI i3 BUBHAUEHMMU MEXaHIYHMMU MOIIKOPKEHHSIMU i BJIaCTUBOCTSIMU. Takuit
MiAxiz, € albTEPHATUBOIO CYTO TEOPETUYHOMY BU3HAYEHHIO 3MiH BJIACTMBOCTEN MaTepiaiiB 4K peakLii Koseca i
IIMHYU HA PI3HOMaHITHI NEepeIKOAU B Pi3HUX YMOBAaX Pyxy aBTOMOOII i Aiii 30BHIIIHIX gakTopiB. Y po6OTi NpoBeaeHi
TeCTOBI BUIPOOYBAHHSI, CUJIOBI i BibpalliiiHi Ha 6araTOKOOPAUHATHOMY CTE€H/Ii 3 IPOCTOPOBUM PO3TAlllyBaHHIM
IIPUBO/IB 1J1s1 BiITBOPEHHS OpieHTallii Kosieca B HalbiIbll HAGIVDKEHUX [0 JOPOXKHIX yMOB. Bu3HaueHo i3
KOpeJIsLi€elo MOMKOIKyBaHOCTI MaTepiaiiB paiaabHOIO JXOPCTKICTIO Ta KoeillieHTOM MOXUOKY MUH [TPU
pazianbHUX KOJMBAHHSX IJIs1 KOJIECa, IO OOEPTAETHC S, 3aJIeKHO Bifl, IBUAKOCTI IIPOKAYyBaHHS, TUCKY IIOBITPS B
IIVHI Ta pajiaJbHOrO HAaBaHTaXE€HHS BUMIPSIHO BJIACHI YaCcTOTH Bibpaliil, koedilienTu gemndyBaHHs LIMH

JIETKOBUX aBTOMOOIiJIiB B 3aJI€;KHOCTI Bif] TUCKY IIOBIiTPsI i 3MiHU >KOPCTKOCTI.

2. In the dissertation, an analysis of modern test bench methods of pneumatic tires with their influence on the
material properties, as factors for evaluating the performance criteria of the rubber-cord structure, was
performed. The main controlled indicators of the deformability of pneumatic tires in general at the modern stage
are studied in addition to indicators of the quality of the tire material, its degree of accumulation of damage, using
indirect parameters of influence and response, such as pressure, geometry of the contact patch, noise indicators,
clutch force, controllability, which hinders the evaluation and improvement of such a high-tech design what are
pneumatic tires. Special attention in the dissertation is drawn to the mechanical properties of the rubber-
elastomer matrix, in which various types of damage accumulate. The results of the degree and complexity of
damage to materials created by multiple overcoming of artificial obstacles were studied, as a result of which
redistribution of loads occurs in fibrous fillers such as: metal cord, fabric and the boundaries of their distribution.
Taking into account this circumstance, the method of evaluation of materials for tension, delamination and
fractures is applied in the work. The pneumatic tire was considered from the point of view of fractographic
evaluations of fracture geometry as fibrous composite materials consisting of a matrix containing reinforcing one-
dimensional elements in the form of wire fibers, filamentous fabrics and crystals. It was determined that
mechanical damage to tires during operation does not affect the matrix, but the reinforcing fibers, which are
intended to be used as a shear mechanism for braking cracks by the fibers themselves on the adhesion surface of



the matrix, with reinforcing fillers to strengthen the volume of the distribution surface in fibrous composite
materials. Consider how an independent element of the structure. In the transition layer, connections are formed
between reinforcing fibers and matrices through which mechanical stresses are transmitted. The conditions for
braking cracks caused by mechanical damage during the operation of automobile tires depend on the structure of
these connections.In the dissertation, a stand is proposed, which is intended for dyamic testing of pneumatic tires
and provides determination in laboratory conditions of the service life of the tire, its dependence on the speed of
movement of the dynamic radius of the tire and the path traveled by the tire before destruction. The test bench
allows you to reproduce the operating conditions of the tire, including the most extreme in terms of vertical load,
skid angle and speed. The method of Lagrange equations was used to build dynamic models of mechanical systems
and bodies, and the SIMULINK environment was used for computer simulation of the braking process. The
technology of modeling intermediate states of tire deformation and their comparison with the degree of
ccumulation of damage as deformation of areas when overcoming obstacles of different geometry during bench
tests is proposed.The results of experimental measurements of the elastic deformation of 175 /70 R13 car tires at
different pressures on a special stand that reproduces the processes of accumulation of mechanical damage when
overcoming road obstacles of complex geometry. The obtained data are used in a new method of
evaluatingintermediate states of tire material for predicting mechanical and operational characteristics. The
kinematic behavior of a car wheel on a road surface with defined mechanical damage and properties in the
Vibrosloy 1 program is shown.This approach is an alternative to a purely theoretical determination of wheel and
tire reactions to various obstacles in different driving conditions and external factors. In the work, test tests
(power and vibration) were carried out on a multiocoordinate stand with a spatial arrangement of drives to
reproduce the orientation ofthe wheel in the closest to road conditions. The radial stiffness and the coefficient of
error of tires during radial oscillations for a rotating wheel, depending on the pumping speed, air pressure in the
tire, radial load and vibration frequencies, the damping coefficients of passenger car tires from air pressure and
stiffness changes were determined. This approach is an alternative to a purely theoretical determination of wheel
and tire reactions to various obstacles in different driving conditions and external factors.
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