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Ha3sBa po60oTH aHIJIiHCBHKOIO:

Development of the scientific principles of diagnosis of mechanical transport systems on the basis of the analysis
of dynamic oscillation processes of their elements

Pedepar yKpaiHCBKOIO:

O6'exT gocaigkeHHs: JuHaMmiyHi Ta MilJHICTHI IpoLjecu eHepreTUYHOi B3aeMOi, 110 BUHUKAIOTD Y eJIeMEeHTax
MEXaHi4YHOi cucTeMU "pPyXOMUI CKJIaz-KoJlis". MeTa po60TH: JOCTOBIPHO Ta OOIPYHTOBAHO BM3HAYATU
B32€MO3B'SI30K MK TeXHIYHMM CTAaHOM Ta JUHAMIYHMMU IIPOLIECAaMU, IO BigOyBalOThCS B €JIeMEHTaX KOHCTPYKLIH
MEXaHIYHOI CUCTEMHU "PYXOMUH CKJIA-KOJIis"; OLiHUTU €HEPreTUYHY CKIaJO0BY B3a€MOJIii MK 3a3Ha4€HNMU
IIpolLlecaMy Ha IiICTaBi 3HAUHOT0 32 OOCSATOM MaCUBY IAaHUX, BUMIPSHUX MiJ] Yac eKCIulyaTallii, Ta BCTAaHOBUTHU
IapaMeTpH 1J1s1 iHTeJIEKTyaIbHOI CUCTEMU IIPUMHSITTS PillleHb CTOCOBHO BU3HAYEHHS TEXHIYHOTO CTaHY CUCTEMHU Y
peanbHOMY 4Yaci. MeTonu HOCiIKeHHS: - IPU [IPOBEECHHI aHali3y po6OT y HAIMIPSIMKY OLIIHKMA TEXHIYHOTO CTaHy
PEeVKOBUX TPAHCIIOPTHUX 3aCO6iB - METOM, CUCTEMHOI'O aHali3y Ta CUHTe3y iHdopMallii, MeToJ, eKCIIePTHUX OLiHOK,
MeToJ;, PyHKIiOHAIBHOIO aHasi3y; - MaTeMaTuyHe 1 imiTalilfiHe MOJIe/II0BaHHS IMHAMIYHUX XapaKTePUCTUK
JIOKOMOTHUBIB Ta BaroHiB i UMCeJIbHi MeTOAM pillleHHs nudepeHLiIHUX PiBHSIHb, iIHTerpyBaHHS AU epPeHLINHNX
PIBHSIHD; - IIPU €KCIIEPUMEHTAJIbHUX JOCHIIKEHHSIX ~ HATypHi BUIPOOyBaHHS, Qpi3ryHe MOJEIOBaHHS, METOAU
iMiTyBaHHS, IIJIaHYBaHHS €KCIIEPUMEHTY, MaTeMaTU4YHa 00pOOKa pe3ysbTaTiB eKCIIEPUMEHTY. Pe3ysbratu
OOCTiIXeHHs: 1. 3alponoHOBAHO CIIOCIO MOHITOPUHTY POOOYMX HABAaHTAXXEHD, IO HIilOTh Bil pyXOMOTO CKJIaly Ha
KOJIIHHY CTPYKTYpY. PO3po6iennii croci6 3acHOBaHMI Ha BUMipax IPUCKOPEHb PEHOK B BEPTUKAIbHOMY i
rOpPU3OHTAJIbHOMY IIOIIEPEYHOMY HalpsIMKax. 2. Po3pobsieHo ajiropyuTm nornepesHboi 00podKY CUrHaiy, o
BMKOHY€E B aBTOMAaTUYHOMY PE>KHUMi PO30OUTTS 6araTOBUMIpPHOTIO CUTHAJIy Ha CETMEHTH, acOLlifi0BaHi 3 IEBHUMU
KoJIecaMH, Ta He oTpedye 1ogaTKoBoi iHdopMallii Mpo mMBUAKICTE PyXy Ta THUII PyXOMOTO CKJIany. 3alipOIIOHOBAHO
METOJ], 06UNCJIEHHS] BEPTUKAJIbHUX i TOPU30HTAIbHUX IIEpeMillleHb pefOK, OTPUMAaHUX IUISIXOM iHTeTrpyBaHHSI
IIPUCKOPEHD B IIPSIMOMY i 3BBOPOTHOMY HanpsiMKax (4acy). 3. [IopiBHSIHHS CTaTUCTUYHUX [TapaMeTpiB
IOCJIiI)KYBaHNX BEJIMUMH HAMPY>XEHb i MPUCKOPEHb PENOK IIPU NPOi3[li MAHEBPOBOTO TEIJIOBO3a MTOKA3aJlo, 10
WBUAKICTS B Aiana3oHi 10 ... 40 KM/rof He Mae 3HAUYHOTO BILJIMBY HA CTaTUCTAYHI IapaMeTPU BEJIMYNH KPOMKOBHUX
HaIlpy>KEHb PEHOK SIK IIPY BE€JI€HHI IIOPO>KHBOTO IiBBArOHY TaK i IIPY BE€JIE€HHI 3aBaHTaKeHOro. Ha BinMiHy Bif
HaIpYyXXeHb, BEJIMUMHA IPUCKOPEHb PENKU IIpY ITPOi3zi MaHEBPOBOIO JIOKOMOTHBA JIiHIMHO 3a/1€XKaTh Bifi MIBUIKOCTI
PYXy, IpY4 LbOMY JjaHa TEHAEHIIiSI CIOCTEPIraeThes K y BEPTUKAJIbHOMY, BEJIMYMHA MaxaZ fnocsirae 227 M/c2, Tak i
B TOPU30HTAIbHOMY, BesinynHa maxayY pocsrae 283 m/c2, HarpssMKax. BcTaHOBIeHO KOPeJIsLifiHY 3a/1e5KHICTh MK
KPOMKOBUMMU HAIIPY>KEHHSIMU Ta [IPUCKOPEHHSIMU PeHoK, o pocsrae 0,5 - 0,6. CiekTpasbHUi aHai3y
IIPUCKOPEHb PEIOK BUSBUB HAasIBHICTb 4acTOT B AianazoHi 250 - 600 'y B BepTukanpHOMYy i 300 - 750 I'y B
rOPU30HTAJIbHOMY HalpsIMKax 4. Po3po61eHO KOHLEMIiI0 OLiHKY Ae(EeKTHUX KOJiC 3a/1i3HUYHOTO PyXOMOTO CKJIaZy
3a pe3yJibTaTaMU aHaJi3y 3allKCiB IPUCKOPEHb PEMOK MpH MPOoi3i pyXOMOro Cckiany. Po3po6yieHo KOHLENIio
inenTudikanii fedeKTHNX KOJIiC pyXxOMOro CKJIaJly Ha OCHOBI aHasli3y IPUCKOPEHb PENOK Ta BUSIBJIEHHS
MiABUIIEHVX yIAPHUX HAaBAHTAKEHb. 5. CTBOPEHO MaTeMaTUYHy MOZEJIb CUCTEMU "PYXOMUI CKJIA-KOJIis", IO
BpPaxoBye AUHAMIUHYy CKJIaJJOBY B3a€MO/Iii €JIEMEHTIB CUCTEMHU, XaPaKTEPUCTUKHU 3B'SI3Ky MK HUMHU, a TAKOX
HanpyxeHo-aedOpMOBaHUIl CTaH, 115 ineHTuikallii BUX04y TEXHIYHOIO CTaHy 32 MeXi HOpPMaTUBHO
BCTAHOBJIEHOTO PiBHSL. 6. [IpoaHai3oBaHO BIIJIMB IIBUIKOCTI PyXy T2 OCbOBOTO HAaBAaHTAKE€HHSI Ha BeJINYMHY RMS
[IPUCKOPEHDb perKU. CIIEKTD NIPUCKOPEHHS PEVKY CUJILHO 3aJ1€KUTD Bifj HABAHTA)KEHHS Ha BiCb. BUIHO, 10 I1pH
BHMCOKOMY HaBaHTa)KEHHI Ha BiCb, CIIEKTP BiATYKy peiiku ckiaaae nepesaxHo meHu 500 I'y. 3 iHmoro 60Ky, MeHIe

HaBaHTAKEHHS Ha BiCb, CIIEKTP BifryKy nepeBaxHo nepesuiiye 500 I'u. Lle cBifuuTh PO B3a€EMO3B'SI30K



IVHAMIYHOTO BiAryKy peiKu 3i BUAKICTIO 110i37]a Ta OCbOBUM HAaBAaHTAXXEHHSIM Ta OOTPYHTOBYE MOJKJIMBICTb OLiHKI
IVAHAMIYHOI CUJIM PYyXOMOTO CKJIaly LIJISIXOM BUMIPIOBaHHS IPUCKOPEHDb PelKU. 7. OLiHEHUI B Pe3yJIbTaTi
MOJ€JIIOBaHHS TMHAaMIYHMI BIIJIMB OCOOJIMBO BAHTAKHUX BaroHiB Ha KOJIi10 IOTpedye po3pOoOKU HU3KU TEXHIUYHUX
pillleHb OO iX BAIOCKOHAJIEHHS, OyJI0 PO3PO6JIEHO HU3KA TEXHIYHUX PillleHb, HA SIKi CIiJIbHO 3 Y4€CbKAMMU Ta
CJIOBALIbKMMU KOJIETaMU IIOJIAHO JEKiibKa [ATEHTIB HA BUHAXOAY Ta KOPUCHI MOZEJIi. A TaKOXK 3aIIPOIIOHOBAHO
HaIpsIMKKU BIOCKOHAJIEHHS Bi3Ka TPaMBaMHOIO BaroHy Ta OOIPYHTOBAHO BUKOPHCTaHHS KOJIiCHOI I1apy 3
He3aJIeXKHUM O0epTaHHs IpebeHs K METOJ1a NOJIIMNIIEeHHS AUHAMIYHNX XapaKTEPUCTUK BaroHiB Ta IOKOMOTUBIB [IpU

[IPOXOKEHHS KPUBUX AJISTHOK KOJIil.

Pedepar aHIJIiHCBKOIO:

Object of research - Dynamic and strong-strength processes of energy interaction arising in elements of the
mechanical system "rolling stock-track". The purpose of the work is to reliably and reasonably determine the
relationship between the technical state and the dynamic processes occurring in the elements of structures of the
mechanical system "rolling stock-wheel"; evaluate the energy component of the interaction between these
processes on the basis of a significant amount of data stored during operation, and set parameters for an
intelligent decision-making system for determining the technical state of the system in real time. Research
methods: - during the analysis of the work in the direction of assessing the technical condition of rail vehicles - the
method of system analysis and synthesis of information, the method of expert assessments, the method of
functional analysis; - mathematical and simulation modeling of dynamic characteristics of locomotives and cars
and numerical methods for solving differential equations, integration of differential equations; - in experimental
studies - in-person tests, physical simulation, simulation methods, experiment planning, mathematical processing
of experimental results. Results of research: 1. The method of monitoring workloads acting on the rolling stock on
the track structure is proposed. The developed method is based on measurements of acceleration of rails in
vertical and horizontal transverse directions. 2. An algorithm of pre-processing of a signal, which performs in an
automatic mode of splitting a multidimensional signal into segments, is associated with certain wheels, and does
not require additional information on speed and type of rolling stock. The method of calculating vertical and
horizontal displacements of rails obtained by integrating accelerations in forward and reverse directions (time) is
proposed. 3. Comparison of statistical parameters of the studied values ??of stresses and accelerations of rails
during the passage of a shunting locomotive showed that the speed in the range of 10 ... 40 km / h does not have a
significant effect on the statistical parameters of the values ??of eddy tension rails, both when driving an empty
gondola and when driving loaded . In contrast to the stresses, the magnitude of the acceleration of the rail when
driving the maneuvering locomotive linearly depends on the speed of movement, with this trend observed as in the
vertical, the magna max reaches 227 m / s2, and in the horizontal, the magnaY reaches 283 m / s2, directions.
Correlation dependence between edge stresses and accelerations of rails, which reaches 0.5 - 0.6, is established.
Spectral analysis of acceleration rails revealed the presence of frequencies in the range 250 - 600 Hz in the vertical
and 300 - 750 Hz in horizontal directions. 4. The concept of estimation of defective wheels of the railway rolling
stock was developed based on the results of analysis of records of acceleration of rails while driving a rolling stock.
The concept of identification of defective wheels of rolling stock on the basis of analysis of acceleration of rails and
detection of increased shock loads has been developed. 5. A mathematical model of the system "rolling stock-
track" is created, taking into account the dynamic component of the interaction of the elements of the system, the
characteristics of the connection between them, as well as the stress-strain state, to identify the output of the
technical state beyond the normative set level. 6. The influence of speed and axial load on the magnitude of RMS
acceleration of the rail is analyzed. The acceleration range of the rail depends heavily on the axle load. It can be
seen that with a high axle load, the response range of the rail is preferably less than 500 Hz. On the other hand,
with less load on the axle, the response spectrum generally exceeds 500 Hz. This indicates the interconnection of
the dynamic response of the rail with the speed of the train and the axial load and justifies the possibility of
assessing the dynamic force of the rolling stock by measuring the acceleration of the rail. 7. The dynamical impact
of special freight wagons on the track as a result of modeling requires the development of a number of technical



solutions for their improvement, a number of technical solutions were developed, which, together with Czech and
Slovak colleagues, provided several patents for inventions and utility models. The directions of the improvement of
the trolley carriage were also proposed, and the use of wheel pairs with independent comb rotation as a method of
improving the dynamic characteristics of wagons and locomotives during the passage of the curves of the track
areas was substantiated.
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IIpuunnn, yepe3s aki HTII He Gysi0 cTBOpeHO:

OTpuMaHi pe3yJIbTaTH: [ToinueHHs IKOCTi IPOAYKLi

l'asy3p 3aCTOCYBaHHSI: TPaHCIOPT

PeecTpaiifiHuii HOMep KapTKH T€XHOJIOT1i:

Omnuc HTII: Pospo6sieHo KOHLEMNL|0 OLiHKY 1e)EKTHUX KOJIC 3ai3HUYHOTO PYXOMOTO CKJIafly 3a pE3yJIbTaTaMu
aHaJli3y 3anuciB IPUCKOPEHD PEMOK NIPU MPOi3zi pyxoMoro ckiany. Po3po6aeHo anroputm nonepesHboi 06pooku
OTPMMAaHUX 3aMKUCIiB IPUCKOPEHD PENOK, SIKUI1 He TOTpebye AaHUX PO IWBUAKICTb PyXy Ta TUIl PyXOMOTO CKJIaLy.
P03po6s1eHO aNTOpyUTM CTaTUCTUYHOI OOGPOOKU 3aMUCiB MPUCKOPEHD PEVKY /1J1s1 BUSIBIEHHS IedEeKTHUX KOJIiC.
Po3pob6seHo koHnenu;ito ineHtudikanii JeeKTHUX KoJlic pyXOMOro CKIajly Ha OCHOBI aHaJli3y IPUCKOPEHb PENOK
Ta BUSIBJIEHHS MiJIBULIEHHUX YIAPHMUX HAaBAaHTaXeHb. [IpOBEIEHO OrJIsi, CUCTEM MOHITOPUHTY PYXOMOTO CKJaay,
PO3pO6JIEHO aJIrOPUTM 0OPOOKU NaHuX. PO3pobieHo MaTeMaTidHa MOIeN b O/I0 BCTAHOBJIEHHS (DaKTOPiB, Ta ix
BIIJIMBY Ha BEJIMYUHY IPUCKOPEHDb PEMKHU Ta y3roIpKEHICTh KOJIMBaHb 3 HANIPYKeHO-Ie(pOpPMOBaHUM CTaHOM PeUKHU.
BusiBieHO Ta OGI'PYHTOBAHO HU3KY [iarHOCTUYHMX I1APAMETPIiB Ha OCHOBI CIIEKTPaJIbHOTO aHasizy. BusBieHo
(dakropy, sIKi Hal6iIbII BIIJIMBAIOTh HA BEJIMYMHY [IPUCKOPEHb peiKU. PO3p06IeHO HU3KY TEXHIUHUX pillleHb
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