O0Js1ikoBa KapTKa aucepTaii

I. 3arasibHi BimOMOCTI
Jep>kaBHHH 00J1iKOBHI HOMep: 0824U002616
Oco006J1uBi TO3HAYKH: BinKpura

JaTa peecrtpauii: 16-07-2024

Craryc: Haka3 npo Bugady gumnioma

PexBi3utu Hakasy MOH / Haka3y 3aksazmy: N°1791 CT iy 18 Bepecns 2024 poky

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. O3yny AutoH bopucosuy

2. Anton B. Ozulu

KBasidikanis: 141

InenTudikarop ORCHID ID: 000-0001-9524-8006

Bupg, pucepranii: nokrop dinocodii

AcnipaHTypa/JIOKTOpPaHTypa: Tak

IIIndp HayKOBOi cHeniaJIbHOCTI: 141

Ha3Ba HayKOBOIi CIIeIiaIbHOCTI: EjieKTpoeHepreTyKa, eleKTPOTEXHIKA Ta EJIEKTPOMEXaHIKa
lanyss / ranyai 3HaHb. €JIEKTPUYHA iHXKeHepis

OcBiTHBO-HayKOBa IMporpama 3i cneniajabHOCTi: OIl 28989 EnekTpoeHepreTnka, eJ1€KTpOTEXHIKa Ta

€JIEKTPOMeEXaHiKa

Jara 3axHCTy: 28-08-2024

CrneniaJbHICTh 3a OCBITOIO: EleKTpoeHepreTuka, eeKTpOTEXHIKa Ta eJleKTpoMexaHika

Micue po6otu 3a06yBaqa: HanjionanpHui1 TEXHIYHUI YHIBEPCUTET "XapKiBCbKUM NOJITEXHIYHNY IHCTUTYT"
Kopg 3a €IPIIOY: 02071180

Micue3HaxoaKeHHS: By Kupninuosa, 6y1. 2, Xapkis, XapkiBcbkuii p-H., 61002, Ykpaina

dopma ByacHOCTI: Jlepxasna

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHIBEpCUTETCHKUI



I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT

IIudp cnenianizoBaHoi BYEHOI pagH (pa30Boi CleNiaai3oBaHOi BY€HOI pagu): [1d 64.050.163-
6607

IloBHE HaliIMEHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHU# TEXHIYHUI YHiBEpCUTeT "XapKiBChKUii

MOJIITEXHIYHUN IHCTUTYT"

Kopg 3a €IPIIOY: 02071180

Micue3HaxoaKeHHS: ByJ1. Kupninuoga, 6yz. 2, Xapkis, XapKiBcbkuii p-H., 61002, Ykpaina
dopma BiracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHIBepCUTETChKUI

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

BUKOHaHO JHUCEPTALil0

IloBHE HaliIMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHU# TEXHIYHUI YHiBepCUTeT "XapKiBChKUii

MOJIITEXHIYHNN IHCTUTYT"

Kopg 3a €IPIIOY: 02071180

Micue3HaxoaKeHHS: ByJ1. Kupnindoga, 6yz. 2, XapkiB, XapKiBcbkuii p-H., 61002, Ykpaina
dopma BiracHOCTI: /lepxaBHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHiBepCUTETChKUI

V. BimomocTi npo guceprariio
MoBga auceprTallii: Vkpaincoka
Koau TemMaTHYHHUX PYOPHK: 45.29, 45.41, 73.29

Tema gucepranii:
1. E]IeKTpOMeX&Hi‘IHa CUCTEMA PETYJIIOBAHHS KOJIMBAHb KY30Ba LHBI/I,I[KiCHOFO e]IeKTpOI’IOiSILy 3 HaXNJIOM Ky30Ba

2. Electromechanical system of regulation of oscillations of a body of a high-speed electric train with an inclination
of a body

Pedepar:

1. MeToto gucepTaliiHoi pob0TH € PO3pOOKA TEOPETUYHUX MOJIOKEHD i MPAKTUYHUX PillleHb M0I0 peanisarliii
€JIEKTPOMEXaHIYHOI CUCTEMU PETYIIOBAHHS KOJIMBAaHb KY30Ba MIBUIKICHOIO €JIEKTPONOI3AY 3 MEXaHI3MOM HAXUITY
Ky30Ba. O0'€KTOM IOCJIIPKEHHS € IPOLIeC eJIeKTPOMEXaHiYHOrO [IepEeTBOPEHHSI eHeprii B cCUCTeMi HaXuily Ky30Ba
I[IpY raciHHi KOJIMBaHb Ky30Ba. [IpeiMeTOM IOCIIiIKEHD € €JIEKTPOMEXaHiYHa CUCTEMA PETYJIIOBAaHHS KOJIMBAHb

Ky30Ba LIBUJKICHOTO €JIEKTPOIIOi3AY 3 HAXUJIOM Ky30Ba. B gucepranii oTprMaHi HaCTyIHI HayKOBi pe3yabTaTy: 1.



Briepiie 3arrpONIOHOBAHO BUKOPUCTAHHS €JIEKTPOMEXaHIYHOrO aMOPTU3aTOP y CKJIAJli XOJOBOI YaCTUHU
IIBUJIKICHOTO €JIEKTPOIIOi3 My [JIl CUCTEM HaXUJIy Ky30Ba, L0 J03BOJIsIE ONHOYACHO BUKOHYBATH QYHKII HaXuy
Ky30Ba Ta peKyIlepalii eHeprii KoJavMBaHb, 3aMiHIOIOYY TpaJULilHI THEBMATU4HI aMmopTU3aTopu. bes amopTtusartopa
KYT HaxXujy Ky30Ba 3MiHIOETbCSI B MeXax Bif -0,45° 1o +0,38°, a 3 f1oro 3aCTOCyBaHHSM L€l [1iara30H CKOPOYY€EThCS
Ta ckiazgae Bix -0,2° no +0,2°, To6TO BABivi MeHIIe. ElekTpoMexaHiyHu{ aMOPTU3aTop 3aTeH peKkynepysatu 84
BT /rop npu KoJMBaHHSX 3 aMILIITYJ0I0 5 MM Ta YacToToo 2 ['11. 2. Briepilie 3anporIoHOBAaHO aJIlOPUTM KepyBaHHS
HaxXWJIOM Ky30Ba Ta PeKyIlepalli€lo KoJMBaHb KaCKaJHOTO TUITY, aJIFTOPUTM IIEPEK/IIOYEHHS PEKHUMIB POOOTU
€JIEKTPOMEXAaHIYHOI CUCTEMHU PETYJIOBAHHS KOJIMBAHb IBUAKICHOTO €JIEKTPOIOI3y 3 HAXUJIOM Ky30Ba
3arnpornoHOBaHO BUKOHYBATH BUMIp KyTa HaXWJly 3a LOIIOMOTOIO JATUMKIB aKCEJIEPOMETPY Ta FipOCKOIy TUITY
MEMC. Kpim TOTr0o, po3p006s1eHO METOLUKY 1711 PO3PaXyHKY KyTiB, 110 3a6e31e4dye BUCOKY TOUHICTb Ta CTabiIbHICTD
BMMIpIOBaHb Y IMHAMiUYHUX YMOBax. 3. Briepiie po3po6yieHO KOHLENTyalbHEe [IPUKIIaJIHE PillleHHs 3 peasnisalii
0JI0Ky €JIEKTPOHIKU ApaiiBepy KePyBaHHS €JIEKTPOMEXaHIYHOIO CUCTEMOIO PETYJII0BaHHS KOJIMBaHb Ky30Ba
IIBUJIKICHOTO €JIEKTPOIIOi3/ly 3 HaXMJIOM Ky30Ba Ta 6JIOKY €JIEKTPOHIKU JAaT4YMKY KyTa Haxuily, 0 BKIIOYae
iHTerpauito cydyacHMX MiKpOKOHTPOJIEPIB /1J11 0OPOOKU CUTHAIB Ta PO3POOKY CIIeliali3oBaHOTO IPOrPaMHOro
3abe3neyeHHs], Ke 3a6e3reuye alalTUBHE YIIPABJIiHHS €JIeKTPOIPUBOIOM €JIeKTPOMEXAHIUHOI cucteMu
PETYJIIOBaHHS KOJIMBaHb Ky30Ba MIBUAKICHOTO €JIEKTPOIIOI3ly 3 HAXMUJIOM Ky30Ba y PEKMMi peasibHOrO 4acy.
[TpakTUyHe 3HaUYEHHS OJlepKaHUX Pe3yJbTaTiB 0JIIrae Y HACTYIIHOMY: PO3pO0OKa Ta BIPOBAKEHHS
€JIEKTPOMEXaHIYHOrO aMOPTU3aTOPa B CUCTEMI HaxWily Ky30Ba IIBMUIKICHOTO €JIEKTPOIOi3Aa JO3BOJIsIE 3HAUHO
MIOKPAIIXTHU CTa6iNBHICTb i KOMPOPT mif yac pyxy. Lle 3abesnedye 6iyblll JIaBHUI HAXWJI KY30Ba, 3MEHIIYIOUM BILJIMB
KOJIMBaHb Ha NacaXupiB y 2 pasy, 110 0COOIMBO BasKJIMBO [JIs IIBUIKICHUX IOTATIB; iHTErpalis y3arajibHeHo]
iMiTaliHOI MOJEJIi CUCTEMU PETYJIIOBAHHS KOJIMBAaHb Ky30Ba MIBUIKICHOIO €JIEKTPOIIOi3Ly 3 HAXUJIOM Ky30Ba y
Ipolec IPOEKTYBAHHS i MOZEII0OBAHHS 3a6e3euye TOUHICTb i HAMIHICTb PO3POOKM HOBUX CUCTEM HAXUJTy Ky30Ba;
CTBOPEHA KOHIIEITyalbHa CXeMa CUCTEeMU KepyBaHHS HaXWJIOM Ky30Ba Ta peKyIiepallii KoJuBaHb, 10 6a3yeThCs Ha
BUKOpPUCTaHHI MikpokoHTposepa STM32F407 ra MEMC ripockona MPU-9250, cripusie BpoBaJKeHHIO
iHHOBaLIIHYX pillleHb Y TPAHCIIOPTHIN iHAycCTpii. Lle BigKprBae MOKIUBOCTI IJI OJAJIBLIINX JOCIIAKEHD i
PO3pO6OK y cdepi MBUIKICHUX €JIeKTPOIIOi3iB. Pe3ysibTaT IrucepTaliiiHoi po60TH BUKOPHUCTAHO IIPU BUKOHAHHI
HayKOBOTO OCJiIPKeHHs 3a TeMolo: «[TinBuieHHs eHeproedeKTUBHOCTI eJIEKTPOPYXOMOTO CKJIaly 3aJi3HUYHOTO
TpaHcnopTy» (N2 JIP 0122U201673, 2022 p.), ge 3006yBay OyB BUKOHABLEM YaCTUHU po3ainy 2 «EnekTpomexaHiuHi
amopTu3aropu». PesysbraTu guceprauiiiHoi po6otu BrposazpkeHo Ha TOB HBII «CTIELEJIEKTPOMAII» (akT po
BrpoBamyKkeHHs Bin 05.04.2024 p.), a TaKOX y HAaBYaIbHOMY IIpoLeci Kadpenpu eseKTpUIHOr0 TPAHCIIOPTY Ta
Ter1oBo300ynyBaHHsl HTY «XIII» (akT nmpo BripoBagykeHHs Bif 29.04.2024 p.)

2. The purpose of the dissertation is the development of theoretical provisions and practical solutions for the
implementation of an electromechanical system for regulating body vibrations of a high-speed electric train with a
body tilting mechanism. The object of research is the process of electromechanical conversion of energy in the
system of tilting the body during damping of vibrations of the body. The subject of research is an
electromechanical system for regulating body vibrations of a high-speed electric train with a body tilt. Scientific
novelty of the results: 1. For the first time, the use of an electromechanical shock absorber as part of the chassis of
a high-speed electric train for body tilting systems is proposed, which allows simultaneously performing the
functions of body tilting and vibration energy recovery, replacing traditional pneumatic shock absorbers. Without
a shock absorber, the angle of inclination of the body varies from -0.45° to +0.38°, and with its use, this range is
reduced to -0.2° to +0.2°, that is, half as much. The electromechanical shock absorber is able to recover 84 W /h
during oscillations with an amplitude of 5 mm and a frequency of 2 Hz. 2. For the first time, an algorithm for
controlling body inclination and recuperation of cascade-type oscillations, an algorithm for switching modes of
operation of the electromechanical system for regulating oscillations of a high-speed electric train with an
inclination of the body is proposed for the first time. It is proposed to measure the inclination angle using MEMS-
type accelerometer and gyroscope sensors. In addition, a technique for calculating angles has been developed,
which ensures high accuracy and stability of measurements in dynamic conditions. 3. For the first time, a
conceptual application solution has been developed for the implementation of the driver electronics unit for



controlling the electromechanical body vibration control system of a high-speed electric train with body
inclination and the tilt angle sensor electronics unit, which includes the integration of modern microcontrollers
for signal processing and the development of specialized software that provides adaptive control of the electric
drive of the electromechanical control system oscillations of the body of a high-speed electric train with body
inclination in real time. The practical significance of the results obtained is as follows: the development and
implementation of an electromechanical shock absorber in the tilting system of the body of a high-speed electric
train allows to significantly improve stability and comfort during movement. This ensures a smoother body tilt,
reducing the impact of vibrations on passengers by 2 times, which is especially important for high-speed trains;
the integration of the generalized simulation model of the body oscillation regulation system of the high-speed
electric train with body inclination into the design and modeling process ensures the accuracy and reliability of
the development of new body inclination systems; a conceptual diagram of the body tilt control system and
vibration recovery based on the use of the STM32F407 microcontroller and MPU-9250 MEMS gyroscope was
created, which contributes to the implementation of innovative solutions in the transport industry. This opens up
opportunities for further research and development in the field of high-speed electric trains. The results of the
dissertation work were implemented in the Research and Production Enterprise LLC SPE "SPETSELEKTROMASH"
from 04.05.2024, as well as in the educational process of the Department of Electric Transport and Locomotive
Construction of NTU "KhPI" from 04.29.2024.
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ITloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOHM: HaujoHanbHuMil TEXHIYHMIA YHiBEpCUTET "XapKiBChKUIA

MOJITEXHIYHUNA IHCTUTYT"

Kopg 3a €IPIIOY: 02071180

Micue3HaxoaKeHHS: Bys. Kupninuosa, 6y1. 2, Xapkis, XapkiBcbkuii p-H., 61002, Ykpaina
dopma ByacHOCTI: [lepxasna

Cdepa ynpaBitiHHS: MiHictepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHIBEpCUTETCHKUI

VIII. 3aKkJII04Hi BiZoOMOCTi



BaacHe IlpizBumie Im's ITo-6aTbKOBI Cepepna Onekcauzp I'puropiiioBny
TOJIOBH pajgu

BiiacHe IIpisBuie Im'sa ITo-6aTbKOBI Cepepna Onekcanzp I'puropiiioBny
rOJIOBYIOYOrO Ha 3acCimaHHi

BignoBigasbHuUI 3a MiATOTOBKY Osyny AHTOH Bopucosuy

00JIiIKOBHX JOKYMEHTIB

PeecTpartop YkpIHTEI

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

OisIIBHOCTI




