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Pedepar:

1. MeToto gucepTaniiHoi pob0oTH € PO3pOOKA TEOPETUYHHUX T0JIOKEHb i MPAaKTUYHUX PillleHb MO0I0 peasi3aliii
€JIEKTPOMEXaHIYHOI CUCTEMU PEryJI0BaHHS KOJIMBaHb Ky30Ba LIBUJIKICHOTO €JIEKTPOIOi3y 3 MEXaHi3MOM HaXUJy
Ky30Ba. O6'€KTOM JOCJIIPKEHHS € NIPOLeC eJIeKTPOMEXaHIYHOTO IEPETBOPEHHS €HEPTii B CUCTeMi HaXxuily Ky30Ba
IIPM raciHHi KOJIMBaHb Ky30Ba. [I[peiMeTOM IOCIIiIKEHD € €JIEKTPOMEXaHiYHa CUCTeMAa PETryJII0BaHHS KOJIMBAaHb
Ky30Ba IIBUJKICHOT'O €JIEKTPOIIOi3/ly 3 HAaXWJIOM Ky30Ba. B gucepranii oTprMaHi HaCTyIIHI HayKOBi pe3ysabTaTy: 1.
Briepie 3an1poNIOHOBAaHO BUKOPHUCTAHHS €JIEKTPOMEXaHIYHOrO aMOPTU3aTOP y CKJIAJi XOJOBOI YaCTUHU
IIBUAJIKICHOTO €JIEKTPOIOI3Ay [IJIs1 CUCTEM HAXUJIy Ky30Ba, 1O JO3BOJIsIE ONHOYACHO BUKOHYBATH (YHKIii HaXUITy

Ky30Ba Ta peKylepalii eHeprii KoJavMBaHb, 3aMiHIOIOUU TPaJuLiliHi MHEBMAaTU4HI amopTu3aropu. bes amoprtusartopa



KyT HaxXWly Ky30Ba 3MiHIOETbCS B MexXKax Bif -0,45° 1o +0,38°, a 3 10ro 3aCTOCYBaHHSIM Lieii [iara3oH CKOPO4y€eThCs
Ta ckiazgae Bix -0,2° no +0,2°, To6TO BABivi MeHIIe. ElekTpoMexaHiyHuM aMOPTU3aTop 3[aTeH peKkynepysatu 84
BT /rop npu KoJMBaHHSX 3 aMILIITYJ010 5 MM Ta YacToToo 2 ['l1. 2. Briepilie 3anporIoHOBaHO aJIlOPUTM KepyBaHHS
HaxXWJIOM Ky30Ba Ta PEKyIlepalli€lo KOJIMBaHb KAaCKaJHOTO TUITY, aJIFTOPUTM NIEPEKIIOYEHHS PEKHUMIB POOOTU
€JIEKTPOMEXaHIYHOI CUCTEMY PETYIIOBAHHS KOJIVMBAHb LIBUIKICHOTO €JIEKTPOINOI3Y 3 HAXUJIOM Ky30Ba
3anpornoHOBaHO BUKOHYBATH BUMIp KyTa HaXMJly 3a JOIOMOTIOIO JATYMKiB aKCEJIEPOMETPY Ta TiPOCKOIly TUITY
MEMC. Kpim TOr0o, po3p006s1€HO METOIUKY 1711 PO3PaXyHKY KyTiB, 110 3a6€31e4ye BUCOKY TOYHICTb Ta CTabiIbHICTD
BMMIipIOBaHb Y IMHAMIUYHUX YMOBax. 3. Briepiie po3po6yieHO KOHLENTyalbHe [IPYKIIAJIHE PillleHHs 3 peanisalii
6JI0Ky €JIEKTPOHIKU ApaiiBepy KePyBaHHS €JIEKTPOMEXaHIYHOI CUCTEMOIO PETYJIIOBaHHS KOJIMBaHb Ky30Ba
IIBUAKICHOTO €JIEKTPOIIOi3/ly 3 HAXMJIOM Ky30Ba Ta 6JIOKY €JIEKTPOHIKM JAaTYMKY KyTa HaXuJly, [0 BKJIIOYAE
iHTerpauito cy4yacHMX MiKpOKOHTPOJIEPIB /1J11 0OPOOKU CUTHAIB Ta PO3POOKY CIIeLiali30BaHOTO IPOrPaMHOrO
3a6e3reyeHHs], Ke 3a6e3reyye alalTUBHE YIPABJIiHHS €JIeKTPOIIPUBOIOM €JIEKTPOMEXAHIUHOI cucteMu
peryJIoBaHHs KOJMBaHb Ky30Ba IIBUIKICHOTO €JIEKTPOIIOI3y 3 HAXMJIOM Ky30Ba Y PEXKMMI peasIbHOro 4acy.
[IpakTUyHe 3HaUYEHHS OJlepKaHMX PE3YJbTATIB 0JIIrae y HACTYIIHOMY: PO3pO0Ka Ta BIPOBAIKEHHS
€JIEKTPOMEXaHIYHOTO aMOPTU3aTOPa B CUCTEMi Haxuily Ky30Ba IIBMIKICHOTO €JIEKTPOINOi31a NO3BOJIsIE 3HAYHO
[IOKPAIIXTH CTabisbHICTh i KOMOPT Mg yac pyxy. Lle 3abesneyye 6isbll IIJIaBHUI HAaXUJl Ky30Ba, 3MEHLIYIOUX BILJIMB
KOJIMBaHb Ha NacaXUpiB y 2 pasy, 110 0COOIMBO BaKJIMBO 17151 IIBUIKICHUX IOTATIB; iHTErpalis y3arajibHeHO]
iMiTalifHOI MOJEJIi CUCTEMU PETYJIIOBAHHS KOJIMBAaHb Ky30Ba MIBUAKICHOTO €JIEKTPOIIOI3AY 3 HAXUJIOM Ky30Ba y
Ipolec IPOEKTYBAHHS i MOZEII0OBAHHS 3a6e3Ievye TOUHICTb i HAMIHICTh PO3POOKM HOBUX CUCTEM HAXUJTy Ky30Ba;
CTBOPE€HA KOHILIENTYyaJIbHA CXeMa CUCTEMU KEPYBaHHS HaXMUJIOM Ky30Ba Ta peKyIepallii KoJI1BaHb, 0 6a3yeTbCs Ha
BUKOPUCTaHHI MikpokoHTposiepa STM32F407 ta MEMC ripockona MPU-9250, cripusie BIIpOBaJ)KeHHIO
iHHOBaLiHYUX pillleHb Y TPAHCIIOPTHIN iHAyCTpii. Lie BigKprBae MOXKIMBOCTI IJIS IOJAJIBIINX JOCIIAKEHD i
PO3pO6OK Yy cdepi MBUIIKICHUX €JIeKTPOII0i3iB. Pe3ysibTaTul frucepTaliiiHoi po60TH BUKOPHUCTAHO IIPU BUKOHAHHI
HAyKOBOTIO OCJiIPKEeHH 32 TeMoIo: «[TinBuieHHs eHeproeeKTUBHOCTI eJIEKTPOPYXOMOTO CKJIaly 3aJ1i3HUYHOTO
TpaHcnopty» (N2 JIP 0122U201673, 2022 p.), ge 30006yBa4 OyB BUKOHABLEM YaCTUHU po3ainy 2 «EnekTpomMexaHiyHi
amopTusaTopu». PesysnbraTu gucepTauitHoi po6ortu BnposaaxkeHo Ha TOB HBIT « CITIELIEJIEKTPOMAII» (akT mipo
BIIpoBaKkeHHs Bif 05.04.2024 p.), a TaKOXX y HaBYaJIbHOMY IpoLeci Kadpeapu eseKTpUYHOIo TPAHCIIOPTY Ta
Ter1oBo300ynyBaHHsl HTY «XIII» (akT nmpo BrpoBampkeHHs 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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