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AHOTAIIA
Jleitoyk 1. C [JocnipkeHHsl BIUIMBY IHEPLIMHUX XapaKTEPUCTUK KOJII Ha
MpoLIECH B3aeMOAIT 3 PyXoMHM ckiagoMm. — KpamidikaiiiiHa HaykoBa Ipaus Ha

paBax pyKOMUCY.

HucepTarrist Ha 3700yTTS HAYKOBOTO CTYMEHs KaHAWATa TEXHIYHUX HayK
3a cnemianpHicTI0 05.22.06 — 3amisauuna komis (27 — TpaHCcmopTt). —

VYkpaiHcbkuil nepKaBHUN YHIBEPCUTET 3aI13HUYHOTO TpaHCIoOpTy, Xapkis, 2021.

JucepTariiis mpucBsiueHa JOCHIIKEHHIO BILUIMBY MPUBEICHOI MacHu KOJiii Ha
PIBEHb CHJI B3a€MOJI1 3aJI3HUYHOI KOJIi 1 MacaXXUPChKOTO PYXOMOTO CKJIaay y

BEPTHUKAJIbHIN TUIONIMHI B €KCIUTyaTallIHUX YMOBAX MaricTpaibHUX 3aT13HUIIb.

3mict gucepramii. Y Berymi  OOTpYHTOBAaHO — aKTyalIbHICTh TEMH,
chopMylIbOBaHO METy 1 3adadi JOCHIIHKEHHS, TOKa3aHO 3B’SI30K poOOTH 3
HAyKOBUMHU MIpOrpamMamu, IUIaHaMH 1 TeMaMmH, PO3MVIIHYTO HAayKOBY HOBH3HY,

aKTyaJIbHICTH 1 MPAKTUYHE 3HAUYCHHA OJIep>KaHUX Pe3yJIbTaTIB.

B nepmomy po3agini HaBeneHi pe3yJbTaTH aHANI3y PO3BUTKY Teopii
B3a€EMOJIIT 3aJI3HUYHOT KOJIi 3 pyXOoMHUM ckiaaoM. [IpoBeneHuii aHami3 mokasas,
0 Ha TEMepilHid Yac ICHYE MIHUPOKHA CHEKTP 3aco0iB I MaTeMaTHYHOTO
MOJICJTFOBAHHS TPOIIECIB B3aEMOJIIT 3aII3HUYHOI KOJIii Ta pyxomoro ckiany. Tak,
BUXOJSIYM 13 3aj7ad, IO PO3B’A3yIOTHCS, MOMKJIHWBE BHUKOPHUCTAHHS KOMOiHAIliH
MojeNel, sIKi MOOyqOoBaHI Ha IUIOCKMX pO3PaXyHKOBHX CXE€MaX CTaTUYHOT
piBHOBarm MiK nedopmariiero 00'ekTa Ta CHIIM, IO MPUKIAIEHA 0 HHOTO, a0o
MPOCTOPOBUX CHUCTEM Ha 0a3i pO3paxyHKOBHX CXEM JIWHAMIYHOI pIBHOBaru Ha
ocHOBl mpuHIMny Jlarpamka-n’AmamOepa. Takok oOgHMM 3  BHCHOBKIB
MPOBEICHOTO aHali3y MOXHAa BBaXaTH (aKT TMOCTYIMOBOTO BIAXOMY Bif
BUKOPUCTAHHS B MATEMAaTHYHUX MOJICIIAX PO3PAXyHKOBOT CXEMH 3ai3HMYHO1T KOMii
y BUTJIAI1 OAJIKU Ha CYLUIbHIA MPYXHiA OCHOBI. OCKUIbKH, Ha TYMKY JIOCTaTHBO
BEJIMKOT KUIBKOCTI JOCHIAHUKIB, 1€ JEIIO0 11eali3ye 3ali3HUYHY KOJIII0 Ta Ti

TeXHIYHUN cTaH. B SKOCTI albTEepHATUBU MOKJIMBE BUKOPUCTAHHS MPOCTOPOBUX



MoOJieeH, B AKUX 3aJI3HUYHA KOJIiS PO3MISAAEThCS SIK 0aika, M0 CIUPAEThCA Ha

OKpEM1 OMOPH 3 HEMHIMHUMU NPYKHO-TUCUIIATUBHUMH XapaKTEPUCTUKAMHU.

ToMy B pamkax JaHOrO JOCHIKEHHS Oylno NPUHHATO pIIICHHS
BUKOPUCTOBYBAaTH KOMIUIEKC MAaTeMAaTUYHUX MOJENed MPOCTOPOBOi AMHAMIYHOT
CUCTEMH «EKIMaX-KOoJis», OCHOBU $IKOI Oynu po3poOJieHl JUisi yMOB 3ali3HHULb
He3arajgbHOro KopuctyBaHHs mpod. O.M. JlapeHCbkUM, 3 ypaxXyBaHHSAM
JUCKPETHOCTI MIAPEHKOBOI OCHOBH, a TaKOX HENIHIHHOCTI 11 MpY>KHO-
JUCUTIATUBHUX XapaKTEPUCTHK.

B npyromy po3giai npoBeneHo ajganTaiiio MaTeMaTH4YHOI MoJeil
IPOCTOPOBOT AMHAMIYHOI CHCTeMH «ekKinmax-koinis» mnpod. O.M. JlapeHchkoro
BIAMOBIAHO 1O 3aBAaHb JIaHOTO JOCHIIDKEHHS. Buxoasuum 3 TEpCreKTUB
MiIBUIICHHS IIBUJIKOCTEH MO OKPEeMHMX HaNpsSMKax MAariCTpajlbHUX 3aJli3HUIb
VYkpaiHu, B AKOCTI pO3paxyHKOBUX OJUHHUIb PYXOMOIO CKJIaay B poOoTi oOpaHO
nacaxxupceki enekrponoizgu EJ 675 («Skoda»), HRCS2 («Hyundai Rotemy),
EKpl (ITAO «KBC3»), iK1 eKCITyaTyIOThCSI Ha IUISTHKaX MPUCKOpeHoro pyxy AT

«YKp3ali3HULIS.

3 Touku 30py GOPMYBAHHS B MIJCUCTEMI «EKINax» MudepeHIInHUX PIBHAHD
JMHAMIYHOI PIBHOBAard MidK IMPUCKOPEHUM PYXOM Ti1 3 Macol0 Ta OOMEKECHHSIMH,
0 HAKJIAJalOThCSd HAa MOXKIHMBICTH IX CYMICHOTO MEpPEeMIIeHHs, 10 OAHIET 3
KITFOUOBUX OCOOJIMBOCTEH IMX THUITIB PYyXOMOTO CKJIay MOYKHA BIIHECTU HASIBHICTh
JBOXCTYNICHEBOTO PECOPHOTO IMiABiNIyBaHHSA. B 3aranpbHOMY BHManKy Ha
enexkrponoiznax EKpl, HRCS2, EJ675 nns raciHHS BepTUKAIBHUX 1 OIYHHX CHII
MEPIINA CTYMiHb PECOPHOTO MIABINIYBAHHS CKJIAJA€THCS 3 TBHHTOBHUX MPYXKHUH 1
TYMOBHUX OJIOKIB, Y IPyrOMYy — MK paMOIO Bi3Ka Ta Ky30BOM BHUKOPHUCTOBYIOTHCS

MTHEBMATUYHI PECOPH.

Sk 6a3oBy, OyJO MPUUHITO CXEMY YOTUPHUBICHOIO €KiMaXka 3 ypaxXyBaHHSIM
KIHETUYHUX Ta CWIOBUX 3B’SI3KIB MK HOTrO €JeMEHTaMH, 30Kpema peakiiil
KOMILIEKTIB MEpPUIOTO Ta APYroro CTYMNEHIB pecopHoro mniasimryBaHHs. Ky3oB i1

YaCTUHU Bi3Ka BBAXKAIOTHCSI TBEPAUMU TUIaMH. BepTukanbHi CUIOB1 i KIHEMaTUYHI
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3B’SI3KM MIJICUCTEM «EKIMaX» 1 «KOJis» MOJaHl 3 ypaxyBaHHSAM OAHOCTOPOHHBOI'O
3B’SI3Ky KoJieca 1 peWiKu, MpY>KHOI W JUCHUNIAaTUBHMX peakuiil komii. Ilpu pyci
EKINMaXy 3 NOCTIMHOI HIBUAKICTIO KUIBKICTh JIHIMHMX 1 KYTOBUX HEpPEMIIlIEHb
HOro eJeMeHTIB JIOPIBHIOE CIMHAALSTH. BpaxoBaHO MOXIMBICTH pyXy MO KOJIi
KOJIC, 0 MaloTh AUCOAIaHC, HEPIBHOMIPHICTH MPOKATY Ta MOB3YHH 1 CTBOPIOIOTH
ylapHl CUJM y CTHKax. Peilku po3risiiaroThCsi K Oalikk, 10 CHUPAIOThCA HA

OKpEM1 OIOpPH, SIK1 MAIOTh TPOCTOPOBI MPYKHO-AUCUIATUBHI BIACTUBOCTI.

Jlnst BpaxyBaHHSI IPUBEACHOI MAacH 3aJII3HUYHOI KOdii OyJ0 pO3TsHyTO il
BUMYIIICH] KOJIMBAHHS TIO JIOBXHHI Yy BIJMOBIIHUNA MOMEHT dYacy TiJ Ji€l0
30BHIIIHBOTO BEPTUKAIBHOTO HABAHTAXKEHHS, IO 3MIHIOETHCSA MO TapMOHIHHOMY
3akoHy:OTpuMane B poOOTiI pimieHHs AU(EPEeHIIHHOTO PIBHSIHHS BEPTUKAIBHHUX
nepeMilieHb peKu, BpaXOBYE HE TUIBKU MPYKHI (T€OMETPUYH1) XapaKTePUCTUKU
MiAPENKOBUX OTIOpP, a TAKOXK 1 Macy 3aJli3HUYHOI KOJIii, sika Oepe yJacTh y MpoIieci

BUMYIIIEHUX KOJIMBaHb MiJI JI€I0 30BHINTHIX HABAHTAXKEHb.

B Tperbomy po3aini po3poOieHi TeOpEeTUYHI MIAXOAW IIOA0 BU3HAYCHHS
NpUBEIEHOI MacH 3alli3HWYHOI KOJii, MaTeMaTWIHWH amapaT Ui TPaKTUIHOI
OIIIHKH BEJIMYMHU i€ XapaKTePUCTHKH, & TaKOX IMPOBEJCHO EKCIICPUMEHTAIbHY
NEepEeBIpKY OTPUMAHUX pe3yNbTaTiB. J{JIs uncimoBoi peanizaliii BIAMOBIIHO 0 3a/1a4
JaHOTO JOCTIDKEHHS OyJio aJanToBaHO MaTeMaTHYHY MOJCIb HampyXeHO-
neOpMOBAHOTO CTaHy 3ali3HUYHOI KOdii, ska Oyma pos3pobnena mpod. .M.

Kypranowm, Ha 0CHOB1 TMHAMIYHOT 3a7]a41 TEOPil MPYKHOCTI.

Onnum 3 0a30BUX €JEMEHTIB B 3alpPONOHOBAHIN MOJENl € BU3HAYCHHS
reoMeTpii MOMUPEHHST HampyXeHb (1 BIAMOBIAHMX aedopMalliil) y MmiBIPOCTOPi
3aJII3HUYHOT KOJi1 Bif /111 30BHINTHHOTO HABAHTAXKEHHSI (KOJIIC PYXOMOTO CKIIaIy).

['eomeTpiss TOMMPEHHS HANPYXEHb OIMHCYETHCS MHOXHUHOIO BEKTOPIB.
JIOBKMHU BEKTOPIB BHU3HAYAIOThCS HA KOXKHOMY YacOBOMY KpOIll JJsi BCIX
MOXJIMBUX HANpsIMKIB MOIIMPEHHsS JedopMarliii, siKi 3aJal0ThCi KyTaMH, IO
OMHUCYIOTh MIBIOpOCTip. BHeceHnit B MaTeMaTHYHY MOJIENIb  BIAMOBITHUI

p03anYHKOBI/II\/II MOAYJlb, JO3BOJISI€ BU3HAYATH IIPHUBCACHY 10 TOYKHM KOHTAKTY 3
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KOJECOM MAacH PEMKOMIMNalbHOI PEIITKU Ta MiJINaTbHOI OCHOBM B HACTYIIHIM
MOCJIITOBHOCTI: BIJ CHJIM, NMPUKIAAEHOI 0 PEHKH, MOMIMPIOIOTHCS AedopMarii i
MICHS JAEKUIBKOX YacOBHX KpPOKIB MOJENIOBAaHHS MEpPENaloThcs Bl MIZOMBH (1
YacTKOBO BiJl OOKOBHMX IMOBEpPXOHb) IIMaNW 10 OanacTy; MOJajblle MOLIUPEHHS
nedopmariii  popmye po3paxyHKOBI cdepu, KOXKHA 3 SAKUX € TMPOCTIP MIK
MOYaTKaMHM 1 KIHIIMU BEKTOPIB HA MOTOYHOMY KpPOIIl pO3pPaxyHKY 3 ypaxyBaHHSIM
oOMeXeHb TpaHULAMH 00’€kTy; (ikcyeTbcsi Maca (IOBHA) 1 BEpTUKAJIbHA
nedopmallisi KOXKHOTO €JIeMEHTY, sIKUi Oepe ydacTb y B3aeMOJli; BU3HAYAETHCS
mpUBEJeHa Maca KOXHOI cpepu, 3 TOUKOI MPUBEACHHS A0 i1 BEPTUKAIBHOI OCI;
BU3HAYAETHCS NMPUBEJEHA Maca apy J0 TOYKU KOHTAKTY KoJjieca 1 perKu
Bapiroroun BUXITHUMU JaHUMH (B mepury 4epry, (i3uko-MeXaHIYHUMHU
XapaKTepUCTUKaMHU MiJUINANbHOI OCHOBM) OyJiM NPOBEJCHI PO3pPaxyHKH, sKi
JO3BOJIMJIM BCTAHOBUTH, WLIO Ui YMOB MAriCTpajJbHUX 3aJI3HUILb BEJIUYMHA

MPUBEICHOT MacH 3allI3HUYHOT KOJIi1 3HaX0AUThes B Mexkax 11+15 kH

Jlns  OWIHKM aJIeKBaTHOCTI PO3pOO0JIEHOT MaTeMaTUyHOi Mozeni Oyio
IPOBEJICHO CKCIECPUMECHTAIBHI pOOOTH TI0 BHMIPIOBAaHHIO BEPTUKAIBHHX
IPUCKOPEHb B €JEMEHTaX 3aJI3HHYHOI KOJii Ha MIFOYUX JUISTHKaX perioHajabHOi
¢binii «lliBmenna 3amizHumsg». akKTUIHUN CTaH KOJii Ha AUISHKAX MPOBEICHHSI
eKCTIICPUMEHTY 3HAXOJIUBCSA Yy BIAMOBIAHOCTI 10 BUMOTr IlpaBunm TexHIYHOT
eKCIUTyarTamii 3aii3Huib YKpainu. TexHIYHI XapaKTepUCTUKH (TUM PEHoK,
CKpIIUIeHb, OalacTHOTO MIapy Ta iH.), Oydu ONM3BKUMHU J0 BHUXITHUX JTaHHUX

OKPEMHX BapiaHTIB MPOBEJCHUX PaHIIIE TEOPETUIHUX PO3PAXYHKIB.

BumiproBaHHS IPUCKOPEHDb B €IEMEHTAX 3aTI3HUYHOI KOJIii MPOBOIMUIIOCS 32
normomororo ADXL345 — MiHIaTIOpHOTO aKCEIEePOMETPY 3 BUCOKOIO PO3AUIEHOIO
3MIaTHICTIO 1 Jialla30HOM BUMIpIOBaHHS 10 + 16g. Moaynp 37aTHUN BUMIpIOBATH
CTaTHMYHI TPHUCKOPCHHS, BHUKJIMKAHI TpaBiTalli€lo, a TaKoX JUHAMIYHI
MPUCKOPEHHS, BUKIMKaHE pyxoM abo ynapamu. Jlisi HaAcTpoiiku, oOpoOKu Ta

peecTpallli JaHuX Ha 0asi akcenepomeTpa OyJI0 po3po0JIeHO MPUCTPIH 3



BUKOpHUCTaHHAM MIKpokoHTpoJsiepa AVR ATmega328P. 3anuc nanux npoBoaAUBCS

Ha KapTy nam'ati microSD..

B oOpanomy miist criocTepexeHb mepepisl Kol 3a IOMOMOTOK MarHity Ha
MIJOIBY KOXHOT PEMKOBOT HUTKMU OyJIO BCTAHOBJIEHO MO OJHOMY MpUCTpo0. B
SKOCT1 JDKEpesia KOJUMBaHb OyJI0 BUKOPUCTAHO JIWHAMIYHUN CTa0uIi3aTop KOJii
JICII-C4, TexHIYHI MOXJHMBOCTI SIKOTO, Jadd 3MOTY MOJEIIOBATH 30BHIIIHE
JMHAMIYHE TI0i3HE HaBaHTAXEHHS. BuMIpIOBaHHA MNPOBOAWINCH CEPISIMU Y
BIJIMOBIIHOCTI /10 poOOYMX 4YACTOT KOJMBaHL CTadUI3aTOpa, IO a0 3MOTY
OTpPUMATH JIOCTaTHIM OOCAT BUXITHMX JAHUX IS TMOOYIOBH aKceaeporpam. 3
NOJAJIBIIUM  BH3HAUEHHSIM  CHEKTPAJIbHUX  XapaKTepPUCTHUK, a  TaKOX

CKCTPCMAJIbHHUX 3HAYCHHA IIPUCKOPCHDb B CIICMCHTAX 3aJ113HUYHOT KOJII.

MareMaTUu4YHUun arapaTr 110 BU3HAYCHHIO HpI/IBe,ZIeHOI MacH 3aJ13HUYHOT KOIil
B J'Ia60paTOpHI/IX YMOBax JO3BOJIMB OCTATOYHO BHU3HAYUTU MO0 BCIWYHNHY,

BUXOOAYH 3 OTPUMAHHUX NAHUX GKCHGPI/IMeHTiB.

Po301KHICT MDK  ©KCIEpUMEHTAIBHUMU Ta OTPUMAHUMH  paHiIIe
TCOPETHYHUMHU 3HAUCHHSMHU BEIMYMHHU TPHUBEACHOI MacH 3aJi3HUYHOI KOl

cknanae 10 8%, 10 CBITYUTH PO aICKBATHICTh 3aIIPOITIOHOBAHOI MOJIEIII.

B uyerBepTOMy po3aiji HaBEIEHO pe3yiabTaTH, MPOBEACHUX YHUCIOBUMHU
METOAaMH, JOCHIPKEHb 10 BH3HAYEHHIO PIBHSA BEPTUKAIBHUX CHUJI B3a€EMOJIIT
3ami3HMYHOi Komii Ta enekrpomoizmiB EKpl, HRCS2 Tta EJ 675. 3 wmetom
BCTAQHOBJICHHS BIUIMBY NPHUBEACHOI MacH 3aJi3HUYHOI KOJii HA BETUYUHY CHUI Y
BEPTUKANBHIA IJIOMIMHI BUXIMHI JaHi Oyno po30MTO Ha 1Bl Tpymu. CIHHOIO
BIIMIHHICTIO TIPOBEACHHS pPO3PAXyHKIB [ BapiaHTiB mepmoi rpymu  (y
MOPIBHAHHI 3 Jpyrow) Oyio BIAKIIOYCHHS BiAMOBIIHUX OOYHCITIOBATBHUX
MOYJIIB JUISi BU3HAUCHHS MPHUBEACHOT MAacH 3ai3HUYHOI Kourii. Bcei iHmm BuXigHI
JaH1 OyJid MOBHICTIO 1IGHTUYHUMHU. B pe3ynbpTaTi NpoBeIeHUX PO3paxXyHKIB Oylu
OTpUMAaH1 BEJIMYMHU BEPTUKAIBHUX CHJ B3a€EMOJII sl OOpaHUX PYXOMHUX
OIMHUIL B Aiana3oHi mBuakoctei Big 100 mo 160 km/ron., sik 13 ypaxyBaHHSIM

MPUBEAEHOI MacH 3aI3HUYHOI KOJI1i, TaK 1 0e3 Hel.



[IpoBeneHi po3paxyHKU IMOKa3ajau, IO MPUBEACHA Maca 3aJi3HUYHOT KOJii
YUHE BIUIMB HA BEJIIMYMHY BEPTHKAJbHUX CHJI B3a€EMOJIII 3 PYXOMHUM CKJIAJOM.
BcranoBieHo 3araiibHe 3MEHIIEHHS BEJIMUMHHM LUX CWJI JUIsl BCIX OOpaHUX THUITIB
enekTponoi3aiB. MiHiManbHe (y OPOLIEHTHOMY BiAHOLIEHH1) 3MEHLICHHS IS
BCHOTO Jliala30Hy MBHIKOCTeH 3adikcoBane s enekrpornoizga HRCS2 (4-12%),
makcumanbHe — s Expl (7-17%). [lpu mBuakocti pyxy 140 km/roj piBeHb
BepTUKAIBHUX cuil g enekrponoizaie EJ675, HRCS2, EKpl 3HmkyeTbes

BiamoBiguo Ha 13, 11 ta 15%.

Kiro4oBi c10Ba: 3an1i3HMYHA KOJisl, IPUBEAECHA Maca, MiNaabHa OCHOBA,
JTUISHKY TIPUCKOPEHOTO PyXy, MaTeMaTUYHA MOJIEIIb B3a€MO/IT 3aJII3HUYHOT KOJTIT 1

PYXOMOTo cKjaay, 6e3neka pyxy noizaiB

ABSTRACT

Investigation of the influence of track inertial characteristics on the
processes of interaction with rolling stock. - Qualifying scientific work on the

rights of the manuscript.

The dissertation on competition of a scientific degree of the candidate of
technical sciences on a specialty 05.22.06 - a railway track (27 - transport). -

Ukrainian State University of Railway Transport, Kharkiv, 2020.

The dissertation is devoted to the research of the influence of the reduced
mass of the track on the level of forces of interaction of the railway track and
passenger rolling stock in the vertical plane in the operating conditions of the main

railways.

The content of the dissertation. The introduction substantiates the
relevance of the topic, formulates the purpose and objectives of the study, shows
the relationship of work with scientific programs, plans and topics, considers the

scientific novelty, relevance and practical significance of the results.



The first Chapter presents the results of the analysis of the development of
the theory of interaction of the railway track with rolling stock. The analysis
showed that at present there is a wide range of tools for mathematical modeling of
the interaction of the railway track and rolling stock. Thus, based on the problems
to be solved, it is possible to use combinations of models based on flat calculation
schemes of static equilibrium between the deformation of the object and the force
applied to it, or spatial systems based on calculation schemes of dynamic
equilibrium based on the Lagrange principle. -d'Alembert. Also, one of the
conclusions of the analysis can be considered the fact of gradual departure from the
use in mathematical models of the calculation scheme of the railway track in the
form of a beam on a solid elastic basis. Because, according to a large number of
researchers, this somewhat idealizes the railway track and its technical condition.
Alternatively, it is possible to use spatial models in which the railway track is
considered as a beam resting on individual supports with nonlinear elastic-

dissipative characteristics.

Therefore, in the framework of this study it was decided to use a set of
mathematical models of the spatial dynamic system “crew-track"”, the basics of
which were developed for the conditions of non-public railways prof. O. Darensky,
taking into account the discreteness of the subrail base, as well as the nonlinearity

of its elastic-dissipative characteristics.

In the second Chapter the adaptation of the mathematical model of the
spatial dynamic system "crew-track" of prof. O. Darensky in accordance with the
objectives of this study. Based on the prospects of increasing speeds in certain
directions of the main railways of Ukraine, as electric units of rolling stock in the
work selected passenger electric trains EJ 675 ("Skoda"), HRCS2 (“Hyundai
Rotem"), EKrl (PJSC "KVSZ"), which are operated on sections of accelerated
traffic of JSC "Ukrzaliznytsia".

From the point of view of formation in the "crew" subsystem of differential

equations of dynamic equilibrium between accelerated motion of bodies with mass
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and restrictions imposed on the possibility of their joint movement, one of the key
features of these types of rolling stock is the presence of two-stage spring
suspension. In the general case, on electric trains EKpl, HRCS2, EJ675 the first
stage of spring suspension consists of coil springs and rubber blocks for damping
of vertical and lateral forces, in the second - pneumatic springs are used between

the frame of the cart and the body.

As a basic, the scheme of the four-axle crew was adopted, taking into
account the kinetic and force connections between its elements, in particular the
reactions of the sets of the first and second stages of the spring suspension. The
body and parts of the cart are considered solids. The vertical force and kinematic
connections of the "crew™ and "track™ subsystems are presented taking into account
the one-way connection of the wheel and the rail, the elastic and dissipative
reactions of the track. When the crew moves at a constant speed, the number of
linear and angular movements of its elements is equal to seventeen. The possibility
of movement on the track of wheels that have imbalance, uneven rolling and
sliders and create impact forces at the joints is taken into account. Rails are
considered as beams resting on separate supports which have spatial elastic-
dissipative properties.

To take into account the reduced mass of the railway track, its forced
oscillations in length at the appropriate time under the action of external vertical
load, which varies according to the harmonic law, were considered: as well as the
mass of the railway track, which participates in the process of forced oscillations

under the action of external loads.

In the third Chapter the theoretical approaches on definition of the resulted
weight of a railway track, the mathematical device for a practical estimation of size
of this characteristic are developed, and also the experimental check of the
received results is carried out. For numerical implementation in accordance with

the objectives of this study was adapted mathematical model of the stress-strain



state of the railway track, which was developed by prof. D. Kurgan, based on the

dynamic problem of the theory of elasticity.

One of the basic elements in the proposed model is to determine the
geometry of stress propagation (and corresponding deformations) in the half-space

of the railway track from the action of external loads (rolling stock wheels).

The stress propagation geometry is described by a set of vectors. The lengths
of the vectors are determined at each time step for all possible directions of strain
propagation, which are given by the angles describing the half-space. The
corresponding calculation module included in the mathematical model allows to
determine the mass of the rail sleeper lattice and the sleeper base brought to the
point of contact with the wheel in the following sequence: deformations propagate
from the force applied to the rail and after several time steps ) sleepers to the
ballast; the further propagation of deformations forms the calculation spheres, each
of which is the space between the beginnings and ends of the vectors in the current
calculation step, taking into account the constraints of the object boundaries; the
mass (full) and vertical deformation of each element participating in interaction is
fixed; the reduced mass of each sphere is determined, with the point of reduction to
its vertical axis; the reduced mass of the layer to the point of contact of the wheel

and the rail is determined

Varying the initial data (first of all, physical and mechanical characteristics
of the sleeper base) calculations were performed, which allowed to establish that
for the conditions of the main railways the value of the reduced mass of the railway
track is within 11 + 15 kN.

To assess the adequacy of the developed mathematical model, experimental
work was carried out to measure the vertical accelerations in the elements of the
railway track in the existing sections of the regional branch of the Southern
Railway. The actual condition of the track at the sites of the experiment was in
accordance with the requirements of the Rules of technical operation of the

railways of Ukraine. Technical characteristics (type of rails, fasteners, ballast layer,
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etc.) were close to the initial data of some variants of previously performed

theoretical calculations.

Measurement of accelerations in the elements of the railway track was
performed using ADXL345 - a miniature accelerometer with high resolution and
measuring range up to £ 16g. The module is able to measure static accelerations
caused by gravity, as well as dynamic accelerations caused by motion or shock. A
device using the AVR ATmega328P microcontroller was developed for setting up,
processing and recording data on the basis of the accelerometer. Data was recorded

on a microSD memory card.

In the selected cross-section of the track with a magnet on the sole of each
rail thread was installed one device. As a source of oscillations, a dynamic track
stabilizer DSP-C4 was used, the technical capabilities of which made it possible to
model the external dynamic train load. The measurements were performed in series
in accordance with the operating oscillation frequencies of the stabilizer, which
allowed to obtain a sufficient amount of initial data for the construction of
accelerograms. with subsequent determination of spectral characteristics, as well as

extreme values of accelerations in the elements of the railway track.

Mathematical apparatus for determining the reduced mass of the railway
track in the laboratory allowed to finally determine this value, based on the

obtained experimental data.

The discrepancy between the experimental and previously obtained
theoretical values of the value of the reduced mass of the railway track is up to 8%,

which indicates the adequacy of the proposed model.

The fourth section presents the results of numerical methods of research to
determine the level of vertical forces of the railway and electric trains EKrl,
HRCS2 and EJ 675. In order to establish the influence of the reduced mass of the
railway on the magnitude of forces in the vertical plane The only difference
between the calculations for the options of the first group (compared to the second)
was the disabling of the relevant computing modules to determine the reduced
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mass of the railway track. All other initial data were completely identical. As a
result of the calculations, the values of vertical interaction forces for the selected
moving units in the speed range from 100 to 160 km / h were obtained, both taking

into account the reduced mass of the railway track and without it.

The calculations showed that the reduced mass of the railway track has an
effect on the magnitude of the vertical forces of interaction with the rolling stock.
The general reduction of the magnitude of these forces for all selected types of
electric trains is established. The minimum (in percentage) reduction for the whole
speed range was recorded for the electric train HRCS2 (4-12%), the maximum -
for Ekrl (7-17%). At a speed of 140 km / h, the level of vertical forces for electric
trains EJ675, HRCS2, EKrl decreases by 13, 11 and 15%, respectively.

Keywords: railway track, reduced mass, underburden base, sections of
accelerated traffic, mathematical model of interaction of railway track and rolling

stock, train safety
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BCTVII

Axkmyanonicmos memu. BzaeMoito 3a7113HUYHOT KOJ1i Ta pyXOMOTO CKJIaay
MOKHA PO3IJIAIATU AK CYKYNHICTh (PI3MUYHMX NPOLECIB, SKI BUHUKAIOTH IiJ 4ac
pyXy Moi3/iB (BaroHiB, JOKOMOTHBIB) MO PEMKOBUX KOMisX 3adi3Hullb. Came wi
npoiiecu 0araro B 4oMy OOYMOBIIIOIOTH MPUUHATTS BIANOBITHUX OpraHizailiiiHo-
TEXHIYHUX pIlIEHb Ha eTanax MpPOEKTyBaHHSA, OYIBHMIITBA, €KCIUIyaTallli Ta
PEKOHCTPYKIIT 3ali3HUYHMUX JiHIA 1 Oe3mocepeHbO BIUIMBAIOTH HA OJMH 3
OCHOBHUX MOKa3HUKIB POOOTH 3aJII3HUYHOTO TPAHCTIOPTY — O€3MEKy PyXy.

JluHamMi4HMI XapakTep BIUIMBY PYXOMOI'O CKJIaay Ha KOJIi0, OCOOIMBOCTI ii
npodit0 1 [IaHy, TeMIepaTypHi BIUIMBH HABKOJUIIHBOTO MPUPOJIHOTO
Cepe/IoBUIla, HEOJHOPITHICTh (PI3MKO-MEXaHIYHUX XapaKTePUCTHK MaTepialis,
KOJIMBAJIBHI TIPOIIECH, 1110 BUHUKAIOTH ITiJ] Yac pyXy eKilmakei, — Bce 11e CBIIUUTH
PO CKJIQIHICTB MPOIECIB B3aEMOJIT 3alII3HUYHOT KOJIi 1 pyXoMoro ckiagy. Tomy
IpyU BUBYCHHI IILOTO IHUTAHHS 3aBXIM BHUHHUKAE€ HEOOXIIHICT, y BHUPIIIECHHI
OaratoakTopHUX 3a7a4 3 BEJIIMKOI KUIBKICTIO HeBimoMuXx. KpiM Toro, HeoOXiTHO
BpaxoBYyBaTH, 10 (aKTOPH BIUIMBY Ha MPOIIECH B3a€EMOJII € 3MIHHUMH Yy dYaci i
IIPOCTOPI.

Jlo omHoro 3 Takmx (aKTOpiB MOKHA BIJHECTH caMe IHEPIIHI
XapaKTEPUCTUKH 3II3HUYHOI KOJIi1, 30KpeMa BeJIMYuHY ii MacH, sika Oepe yJacTpb y
B3a€EMOJIIi 3 PYXOMHUM CKJIaJIOM B TOYIllI KOHTaKTy 3 KoJjiecoM (TIpHBEJeHa Maca
3aMi3HUYHOI KoJjiii). baratopiuni mociimKeHHS MPOBIAHUX BYCHHUX JIO3BOJIUIH
PO3pOOHTH TCOPETHUHI Ta €KCIIEPUMEHTAIBHI ITIIXOAH 11010 BU3HAYCHHS PO ITi€1
XapaKTepUCTUKH Ha TIpoliecu (popMyBaHHS HAMPYKEHOTO CTaHy 3aJII3HUYHOT KOJTii.
Ane oTpuMaHi pe3ynabTaTH, B CBOIM MEpEBaKHIA OUIBIIOCTI, HE B TMOBHIA Mipi
BI/IMMOBITAIOTh CyYaCHMM yMOBaM EKCIUIyaTallli Ha MaricTpajJbHHX 3aJi3HHIIX
VYkpainu, 0co0MMBO MPUIMAIOYH 10 YBArv NEPCIICKTUBY ITiIBUIIIEHHS IIBUIKOCTEH
pPyxy.

BrnpoBamkeHHsT B eKCIUTyaTallilfd HOBUX THIIIB PYyXOMOTO CKJIaiy,
MarepiajiiB Ta KOHCTPYKIINA 3aJII3HUYHOT KOJIT 1, HacaMmmepe, 3a0e3neUeHHs Ipu
IbOMY HEOOXI1JHOTO piBHS O€3MEKH PyXy — BCE 1€ CTBOPIOE 00’ €KTUBHI
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MepeayMOBU IIOJI0 MPOJOBKEHHS JOCHIKEHb JI1 PO3LUIMPEHHS YSBJIEHb L1010
BIUIMBY MPUBEIEHOT MAacu 3aJi3HUYHOI KOJIi Ha CHJIOBI MOKa3HUKHM B3a€EMOJII 3
pyxomMuM ckiaaoM. ToMy AOCHIKEHHs BIUIMBY 1HEPUIMHUX XapaKTEPUCTUK KOl
Ha MPOIECH B3aEMOJIT 3 PYXOMHM CKJIQJOM € aKTyalbHUM HAyKOBO-TEXHIYHUM
3aBJAHHIM Ha JaHOMY €Talll PO3BUTKY BITUM3HSAHOI 3aJ1I3HUYHOI Taly3l.

36’30k pobomu 3 HaAyKOGUMU RPOZPAMAMU, NIAHAMU, HMHEMAMU.
HucepTariiliny poOOTy BUKOHAHO BIAMOBITHO O TOJOBHUX HAIPSMKIB PO3BUTKY
3aJII3HUYHOTO TPAHCIOPTY, sKl chopmynboBaHi B HalioHanbHI TpaHCIOPTHIM
ctpaterii Ykpainu Ha niepiof 10 2030 poky (cxBajeHo po3nopsipkeHHsiM KaGinery
MinictpiB Ykpainu Big 30.05.2018 Ne 430-p.). O6panuii HanpsIMOK JOCIIIIKEHb
MOB’sI3aHUN 3 JIEP)KOIOJKETHOI TEeMaTHUKOW Kadenpu «3aiai3HUYHA KOJIIS 1
TPAHCIIOPTHI CHOPYIW» YKPATHCHKOrO JAEP>KaBHOTO YHIBEPCUTETY 3aJi3HUYHOTO
TPAHCIOPTY, 30KpeMa 3 HayKoBO-AocligHOl pobotoro «TeopeTnuni Ta
EKCIIEpUMEHTAIbHI JTOCHIDKEHHSI BIUIMBY €JIEKTPOKOPO3IMHOTO 1 HampyXeHO-
ne(OPMOBAHOTO CTaHy 3aJI3HUYHUX CIIOPYHA 1 KOJIH Ha 1X HAIIHHICTH 1 0e3meKy
pyxy» (Homep nepxkaBHoi peectparttii NeJ[P 0113U001031), a Takox 3 1HIIUMU, B
SKUX 37100yBa4y OyB BUKOHABIIEM 1 aBTOPOM OKPEMHX PO3JIUIIB y 3BiTaX:
«TeopeTnuHi MOCTITKEHHS MOXJIMBOCTI €KCIUTyaTallii MPYy>KHOTO IMPOMDKHOTO
petikoBoro ckpirmienHss Ttuny KIIII-5 ykpaiHcbkoro BHUpOOHHWIITBA  IpH
MBUAKOCTIX pyxy Ounbine 160 km/rom» (Ne JIP 01207U103523), ««AHamiTHYHUN
OTJIsi[i OpraHi3allifHO-TEXHIYHUX 3aXOdIB TMPU BIPOBAHKCHHI TEPCIEKTUBHHUX
€JIEMEHTIB BepXHbO1 OymoBu komiim» (Ne JIP 0121U109192).

Mera i 3agaui jgociigkeHHs. Merow aucepramiiiHOi  poOOTH €
BCTAHOBJICHHSl BIUIMBY TMPUBEACHOI Macu KOJIi Ha BEJIWYMHY CHJI B3a€EMOJIIT
3aI3HMYHOI  KOJii 1 pPYyXOMOTO CKIaJy Yy BEpPTUKAIbHIA TIJIOMHWHI B
EKCIUTyaTalifHIX YMOBAaX MaricTpajbHUX 3allI3HUIIb, IO TMepeadavyac po3B’ s3aHHS
HACTYIHHX 3a/1a4:

- TpoaHaII3yBaTH ICHYIOYl MOJEIl Ui BHU3HAUCHHS CHJI — B3aeMOJIT

3aJII3HUYHOT KOJIIi Ta pyXOMOT'0 CKJIaay JJIsl PI3HUX YMOB €KCIUTyaTarlii;
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- BHECTH 3MiHM B TIPOCTOPOBY MATEMATHYHY MOJENIbh JWHAMIYHOT CHCTEMHU
«EKIMaXxK-KOoJIish» 3 ypaxyBaHHSAIM OCOOJMBOCTEN KOHCTPYKIIIT TACaKUPCHKOTO
PYXOMOTO CKJIaly MAaricTpalbHUX 3aJli3HUIb Ta BHUMYIICHUX KOJWBAaHb
3QII3HUYHOT KOJIi Yy BepPTUKAIbHIA IUIOMIMHI TiJ JI€0 30BHIMIHIX
HABaHTAXCHb;

- TMPOBECTHM TEOPETHUYHY OI[HKY Ta EKCIEePUMEHTAIbHY BepHu(iKallio
BEJIMYMHM TPUBEACHOT MacH 3ajli3HMYHOI KOJIIi B yMOBaX MariCTpajbHUX
3aJI13HHUIb;

- JOCTIIUTH YUCETHPHIUMH METOJIaMU CHIIM B3a€EMOJIii PyXOMOTO CKIaTy i
KOJII1 y BEpTUKAJIbHIN MJIOMIKHI 11 YMOB MariCTpajlbHUX 3aJ113HUIIb.

O0’ekT mociiIzKeHb — MPOIIECH B3a€MO/IIT 3aTI3HUYHOT KOJIIT Ta PyXOMOTO
CKJIaJly B YMOBax MariCTpaJibHUX 3aJ113HUILb.

Ipeamer aociigkeHb — BIUIMB NPHUBEACHOI MacH 3ajli3HMYHOI KOJII Ha
CHJIM B3a€EMOJIII PyXOMOTro CKJIaAy 1 KoOJiii y BEepPTHUKAJIbHIN TUIONIMHI B YMOBax
MaricTpajibHUX 3aT13HULD.

Metonn nociaimkedb. B po0OOTI BUKOPUCTAHO KOMIUIEKCHHM METO/T
nociipKkeHb. [Ipyu MpoBeleHHI aHANITHYHHX PO3PaxyHKiB OyJI0 3acTOCOBAHO
3arajIbHONIPUUHATI METOJHM PO3PAXYHKIB 3aI3HUYHOI KOJII HAa MIIMHICT 1
CTIHKICTh, TEOPETHYHOI Ta OyaiBEIbHOI MEXaHIKH, a TAaKOXX OCHOBHI IOJOKCHHS
Teopii npyxHOCTI. EKCiepuMeHTalbHI METOIU MICTSATh BUMIPIOBAHHS TIPUCKOPEHD
upoBUMHU aKkcelepoMeTpaMu Ha 0a3i MIKpOKOHTposepiB. OOpoOka maHuX Ta
PO3paxyHKH BHKOHYBAJIHUCH 13 3aCTOCyBaHHAIM mporpam Microsoft Excel, Mathcad
Ta Matlab.

HaykoBa HOBU3HA OTPUMAHMX Pe3yJbTATIB MOJATAE B HACTYITHOMY:

1. Bnepmie BenMuMHA MPUBEACHOI MacH 3alli3HUYHOI KOJIIi BHU3HA4Y€Ha 3
ypaxyBaHHSM TEOMETpii TOIMIMPEHHS HANpPyXeHb (BIAMOBIMHUX JUHAMIYHUX
nedopmMaliif) y miBIPOCTOPI 3aTi3HMYHOI KOJIi, KUK 3alydeHUH 10 B3aeMOIIi 3
PYXOMUM CKJIAJIOM.

2. YIIOCKOHAJICHO MaTeMaTHYHY MOJelbh 10 BHU3HAYCHHIO CHJI B3a€MOJIl

PYXOMOT0 CKJIaAy 1 3aJI3HUYHOT KOJIi HA TUCKPETHIN MiAPEHKOBIA OCHOBI 3
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HETIHIMHUMU TPY>KHO-TUCUTIATUBHUMH XapaKTEPUCTUKAMH 32 PaXyHOK BBEJICHHS
B MOJIEJIb IHEPLIMHUX XapaKTEPUCTUK KOJIIi.

3. JIONOBHEHO TEOPETHUYHI MIIXOAM MO BHU3HAYEHHIO MPHUBEIECHUX Mac
OanacTHOro Imapy, 3€MJISSHOIO MOJOTHA 1 3aJlI3HMYHOI KOJIi B IUIOMY, WIO
J03BOJIMJIO BPaxXyBaTH BIUIUB OKPEMHUX KOHCTPYKTHBHUX MapaMETpiB 3aTI3HUYHOT
KOJ1i Ta MIBUJIKOCTEN PyXy Ha ii IpUBEJIEHY Macy.

IpakTHyHa 3HAYUMICTH OTPUMAHUX Ppe3yJbTaTiB TmoOIsITae B
HACTYITHOMY:

- OoTpuMaHi B poOOTI pe3yabTaTH CTBOPIOIOTH MEPEAYMOBHU [JISl OI[IHKH
MOJKJTUBOCTI ITiJIBUIIIEHHS IIBUIKOCTEH HA JIIOYUX JUTBHHIISIX TPUCKOPEHOTO PYXY
AT «Yxp3ami3HuIsy, a TaKoXk JO3BOJSIIOTH OUTBIIT TOYHO BU3HAYATH HANPYKCHUM
CTaH 3aJi3HUYHOT KOJIi1, 30KpeMa MpHU BBEJICHHI B €KCIUTyaTallil0 Ha MaricTpaabHUX
3aNBHUIAX YKPAaTHU HOBUX THUIIIB PyXOMOTO CKJIaay Ta KOHCTPYKIIIHM KOJIii

- pe3yJbTaTu JOCHIIKEHHST BUKOPUCTOBYIOTHCS B HaBYAJIBLHOMY IIpOILIECi
VYKpaiHCBKOTO  JI€pKABHOTO  YHIBEPCUTETY 3aI3HUYHOTO TPAHCIIOPTY TIPH
miATOTOBIN (haxiBIiB OCBITHROTO PIBHS «MaricTp» creriaibHocTi 273
«3ani3HUYHUN TPAHCIOPT» 3a OCBITHHOI IPOTpaMoI0 «3alli3HWYHI CIIOPYIU Ta
KOJIIHiHE TOCTIOIapCTBOY.

[IpakTiyHe  BOPOBADKCHHS ~ pE3yJbTATIiB  JHUCEpPTAIiiHOI  poOOTH
HiATBEPKYETHCS BIAMOBTHUMHU aKTaMH, K1 HaJlaHO B JJOJaTKax J0 JHUCEpTaIllii.

OOrpyHTOBaHICTh i JOCTOBIPpHICTH HAYKOBHUX I0JI0)K€Hb, BUCHOBKIB i
pexomMeHaaniii. Bci HaykoBi IIOJOKEGHHS, BHCHOBKHM 1 pPEKOMEHJAIi, sSKi
chopMmynbOBaHI B JHCepTalii, € B JOCTaTHIM Mipi OOTpYHTOBAaHUMHU 1
JOCTOBIPHUMH, IO OOYMOBJEHO KOPEKTHICTIO TIOCTAaHOBKM W PO3B’A3aHHS
MOCTaBICHUX 3amad. JIOCTOBIpHICTh HAyKOBUX pE3yJbTaTiB OO0yMOBIJICHA
BUKOPUCTAaHHSAM  HQAIMHUX  HE3aJeKHUX  METOJIB  TCOPETUYHUX  Ta
EKCIIEPUMEHTATBHUX JOCTIPKeHb, B TOMY YHCJI1 OCHOBHHX TIIOJIO)K€Hb TEOpii
NPYKHOCTI, OyAiBENbHOI Ta TEOPETHUYHOI MEXaHIKU, METOIB PO3PaAXyHKY

3aTI3HUYHOT KOJI1i Ha MIMHICTh Ta CTIMKICTh, IO MIATBEPKYETHCS Y3TOKEHICTIO
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MDK COOOI0 TEOPETUYHUX Ta €KCIEPUMEHTATbHUX JTAHUX JIOCTIIKEHb, a TaKOX 3
pe3yabTaTaMy HIIUX JTOCTITHUKIB 3a [IUMU MUTaHHIMU.

Oco0ucrtnii BHecok 3100yBa4ya. OCHOBHI TEOPETHYHI Ta €KCIIEPUMEHTAIIbH1
pe3yiabTaTh OTPUMAaH1 aBTOPOM CaMOCTIHHO (KpUTHUYHHUI aHali3 JIITepaTypHUX Ta
IHITUX JDKEpesl 3a TEMAaTHKOK JOCHIIKEHHs, €KCIEpPUMEHTaIbHI pPOOOTH TIO
BU3HAYEHHIO MPUBEACHOT MacH 3aJI3HUYHOT KOJIii, ajjanTailisi IpoCTOPOBOT MOJIei
JUHAMIYHOT CHUCTEMH  «CKIMaX-KOJis» 3 ypaxyBaHHSAM KOHCTPYKTHBHUX
0COOMBOCTEH MAaCaXKUPCHKOTO PYyXOMOTO CKJIAAy MAariCTpajibHUX 3alli3HHIb Ta
IHEPIIMHUX  XapaKTePUCTUK 3aTI3HUYHOI KOJIl, JOCHIIKEHHS YHUCIOBUMU
METOJIaMH PIBHS BEPTHKAIBHUX CHJI B3a€MOJIl 3aI3HUYHOI KOJIii Ta PyXOMOTO
CKJIay), a TakKoX Yy cmiBaBTOpcTBl. OcoOuCTHII BHECOK aBTOpa y CILUIbHI
nyOikaiii BigoOpaxkeHuil y mepeiiky ony0iKoBaHUX POOIT.

Amnpodauisi pe3yabTaTiB aucepranii. OCHOBHI MOJOXEHHS 1 pe3yJbTaTH
JTUCEPTAlIMHUX JOCTIDKEHb JIOMOBINATUCh 1 OTpPUMAIM CXBaJeHHS Ha 5
MDKHapOJHUX HAyKOBO-T€XHIYHUX KoHbepeHuisx: VI MikHapoaHili HayKoBO-
TexHIYHIA KoHbepeHiii «[IpobieMu HamAIHHOCTI Ta JTOBTOBIYHOCTI 1HXEHEPHUX
criopys Ta OyniBelb Ha 3alli3HUYHOMY TpaHcmopTi» (M. XapkiB, 19-21 kBiTHA
2017 p.), VII MixnapoaHiii HaykoBO-TexHIuHIM KoHpepeHii «IIpobmemu
HAJIHHOCTI Ta JOBFOBIYHOCTI 1HXXEHEPHUX CHOPY 1 OyaiBeNlb Ha 3aJli3HUYHOMY
TPAHCTIOPTI», 10 TpucBsiueHa 110-piudro 31 AHS HAPOIKEHHS 3aCITy>KEHOTO Jisda
HayKW 1 TeXHIKM YKpainu 1.T.H., mpodecopa Anreneiika B.I. (m. Xapkis, 14-16
muctomana 2018 p.), ma 80-i MixHapoaHINT HAYKOBO-TEXHIUHIN KOH(EpEHIIil
«Po3BUTOK HAyKOBOi Ta IHHOBAIIMHOT JISUTRHOCTI HA TpaHCIOPTI» (M. Xapkis, 24-
26 xBitHa 2018 p.), 78-ii MixHapogHIA HAYKOBO-TEXHIYHIA KOH(EPEHIIil
«Po3BUTOK HayKOBOI Ta IHHOBAI[IIHOT AISUTBHOCTI HAa TPAHCTIOPTi». (M. XapkiB, 26-
28 xoBtHs 2016 p)., 79-it MixHapomHIii HAyKOBO-TIPAKTHYHIN KoH(pepeHIii
«IIpobmemMn Ta MEPCHEKTUBH PO3BUTKY 3aJi3HMYHOTO TpaHcmopTy» (M. JHImpo,
16-17 tpaBusg 2019 p.).

Juceprarriiina podota B TOBHOMY 00Cs31 JOMOBIajach Ta 00rOBOPIOBAIACH

Ha 3acimanHi kadenpu «3aai3HUYHA KOJIis 1 TPaHCTIOPTHI criopyam» (M. XapkiB, 23
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muctonaga 2020 p.) Ta MDKBY3IBCBKOMY CEMIHApl YKpaiHCBKOTO JEp>KaBHOTO
VHIBEPCUTETY  3aJI3HUYHOTO  TPAHCIOPTY  IWIOJMO  ampodalllii  pe3yJbTariB
nucepTaniiaux gociimkens (18 mrororo 2021 p.)

IIyoaikanmii. OCcCHOBHI HAayKOBI pe3yJbTaTh JUCEpTaliiiHOI  poboTH
onyOikoBaHO y 12 HayKOBUX Mpallsix, 3 AKUX: 3 CTaTTl y BUAAHHAX I1HIIMX JEPKaB,
K1 BXOJATh 110 Opranizaiii eKOHOMIYHOTO CIIBPOOITHHIITBA Ta €BpPONEHCHKOTO
COI03Y, 3 SIKUX 2 — IHJIEKCYIOThCS B MDKHApPOAHIN HaykoMeTpuuHiil 0a3i Scopus; 4
CTaTTl y BUJIAHHAX, 110 BXOAATH JI0 Mepesiky (paxoBUX BUAaHb YKpaiHU Ta S Ipallb
anpoOaIliitHOro XapaxkTepy.

Crpykrypa aucepramii. Jlucepraiiisa ckiaga€eThes 13 BCTYIY, 4 pO3/1iB, OCHOBHUX
BHUCHOBKIB, CIUCKY BUKOPUCTaHUX Jukepen 13 138 HaliMeHyBaHb Ha 14 cTOpiHKaX, MICTUTh

153 cTOpiHOK OCHOBHOTO TEKCTY, 45 pUCYHKIB, 15 Tabnuip, 3 mogaTka.
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