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AHOTAILISA

Ky3uwun A.A. Y 1OCKOHaNIEHHS METOIB BU3HAYCHHS OCHOBHHX TUHAMIYHUX TIOKa3-
HUKIB MOTOPBAaroHHOI'O PyXOMOTO CKJady Ha cTajaii mpoekTyBaHHsA. — KBamidikariiina
HAYKOBa Mpalls Ha IpaBax PyKOIHUCY.

JHucepTariiss Ha 3700yTTS HAYKOBOTO CTYIEHs JOKTOpa ¢igocodii 3a cHeriaabHICTIO
213 «3am3HuYHUi TpaHCHopT». — J{HIMPOBCHKUI HALIOHATBHUM YHIBEPCUTET 3a113HUYHOTO
TpaHCIOPTY iMeHi akanemika B. Jlazapsna, {uinpo, 2019.

VY 3B’43Ky 3 BIPOBAXKEHHAM B YKpaiHi Cy4aCHOIO PyXOMOTO CKJIay IIBUIKICTb PyXy
MAaCAKUPCHKUX TMOi3/11B Ha 3aMI3HULSAX YKpaiHM HE3MIHHO 30uIblnyeThes. Ilpu npomy
BAXKJIMBOT'O 3HAYEHHS HA0YBalOTh HAYKOB1 JOCIIKEHHS CTIMKOCTI PyXOMOIO CKJIaay Mpu
Horo pyci Ik B ONpSIMHX, TaK 1 B KPUBOJIHIMHUX JUISHKAX 3aJ13HUYHOI KOJii. BUBUEeHHS
B3a€MOJI1 KOJIii Ta PyXOMOTO CKJIaay B MPOIECI eKCIUTyaTailii T03BOJIUTh BCTAHOBUTU OC-
HOBHI JUHAMI14H1 TOKa3HUKHU 3 METOIO 3a0e3NeYeHHs O€3MeKU PyXYy.

VY poGoTi ocobmBa yBara NpUAUIS€THCA BU3BHAYEHHIO PAMHUX Ta HAIMIPABJISIOUUX CUIT
IIPU PYCl PyXOMOTO CKJIay PEHKOBOIO KOIIEIO, 0 MA€ TONYCTHUME BIIXUIIEHHS Bl HOPM
yTpUMaHHS. 3a 3HAYEHHSIM IIUX CHUJI BCTAHOBJIIOIOTHCS OCHOBHI JIMHAMIYHI MOKA3HUKHU
PYXOMOI'O CKJIaay, Takl SIK KOE(ILUIEHTH BEPTUKAIBHOI Ta TOPU3OHTAIBHOI JUHAMIKUA Y
OYKCOBOMY 1 IIEHTPAJIbBHOMY PECOPHOMY IiJIBIIIIyBaHHI, KOe(IIIEHT 3aracy CTIHKOCTI BiJl
CXOJly KoJieca 3 peiku. B pe3ynbTari 4oro BU3HAYAIOTHCS JIOMYCTUMI MIBUIKOCTI PYXy
PYXOMOTO CKJaay B 3aJIe)KHOCTI BiJ CTaHy PEeMKOBOi KOJii 3 METOI0 3a0e3MeyeHHs
Oe3IeKu pyxy.

HaykoBa HOBM3HA OTpUMaHUX Pe3yJIbTATIB:

- BIEpIIEe 3 BUKOPUCTAHHSAM PO3POOJIEHOI MPOCTOPOBOI MATEMATHUYHOI MOJIENl BaroHa
m3enb-nioizaa JITKp-2 Oynu BcTaHOBJICHI BEIMYMHU HAIMPABISIOUMX CHII, K1 JI03BOJISIOTH
Ha CTaJlil MPOEKTYBaHHSI OLIHUTH CHJIOBUH BIIMB PYyXOMOTO CKJIaly Ha PEUKOBY KOJIiIO;

- BIIEpIIEC IIPOBEICHO IMOPIBHSAHHS JWHAMIYHUX ITOKa3HUKIB au3enb-moizga J(ITKp-2
OTPUMAaHUX 3T1IHO BUMOT HOPMATUBHHUX JOKYMEHTIB, Kl JII0Th Ha YKpaiHi Ta KpaiHax €B-
poneiicekoro Coro3y. [TopiBHSIHHS MPOBEIEHO 3 METOIO rapMOHi3allii BKa3aHUX HOPMAaTHUB-
HUX JIOKyMEHTIB;

- pO3p00JIEHO MPOCTOPOBY PO3PAXYHKOBY CXEMY Ta MAaTEMaTUYHY MOJIE€NIb KOJIMBaHb
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BaroHa ausenb-noizaa JAI1Kp-2 3 ypaxyBaHHAM HOTr0 KOHCTPYKTUBHUX OCOOJIMBOCTEH, 1110
JIO3BOJISIE BU3HAYATH MOT0 OCHOBHI JUHAMIYHI MOKA3HUKH Ta X 3aJI€KHOCTI B IIBUIKOCTI
PyXy Ta cTaHy PEeHKOBOI KOJIIi;

- YJIOCKOHAJICHO METOJ BHU3HAUCHHS HANpPAaBJISIIOUOi CHJIM IUISIXOM OJHOYACHOTO
ypaxyBaHHS MOMEPEYHUX CUJI KPUIIA, a TAKOXK KyTa HaXWJIy HAIpaBisiouoi CHIIM J0 Bep-
TUKAJIBHOI OCl, IO J03BOJIsIE HAOIM3UTH MAaTEMAaTUYHY MOJIEINb AU3EIb-TI0i3/1a 10 pealbHUX
YMOB HaBaHTaKCHHSI.

[TpakTruHe 3Ha4YCHHS pO3POOJIEHOT METOIUKH TIOJIATAE B MOXKJIMBOCTI 11 BUKOPUCTAHHS
B CYJIOBIH 3aJ113HUYHO-TPAHCIIOPTHIN €KCIIEPTU31 PU MPOBEACHHI €KCIIEPTHUX JOCIIIKEHb.

Po3pobiiena MaTeMaTuyHa MOJI€NIb KOJIMBAHb BaroHa AU3€Jb-11013/1a J03BOJIIE JOCUTh
JIerKo OyJyBaTH MEXaHI3M 3allI3HUYHO-TPAHCHIOPTHOT MPUTOJU y BHUIIAJIKaAX CXOAY PyXO-
MOTO CKJIaAy 3 peMKOBOI KOJIii.

VYpaxyBaHHs 0COOJIMBOCTEN KOHCTPYKIlli BaroHa ausenb-noizaa JII1Kp-2 B po3po6-
JIeHIA MaTeMaTU4YHIA MOJEINi JI03BOJISiE TAKOX BU3HAYATH OCHOBHI JUHAMIYHI MMOKa3HUKU
0e3MeKu pyXy Ta MAKCUMAJIBHO IOMYCTUMI IIBUAKOCTI PYXYy Ha €Talll MPOEKTYyBaHHS.

OTpuMaHa METOAMKA BIPOBAIKEHA B MPAKTUKY MPOBEACHHS CYIOBHUX 3aJ13HUYHO-
TPAHCTIOPTHUX eKcrepTu3 JIbBIBCbKUM HAYKOBO-AOCIIIHUM 1HCTUTYTOM CYJOBUX €KCIep-
T3 Minictepersa toctuiii Ykpainu (Big 20.03.2019 p.), mig yac peMOHT Ta MOJepHi3alii
pyxomoro ckiaay JIbBIBCBKUM JJOKOMOTHBOPEMOHTHHM 3aBoioM (Bim 12.03.2019 p.) Ta
MIpY BU3HAYEHHI Ha €Tari MPOEKTyBaHHSA ONTUMAJIbHUX MapaMeTpiB MiABIIIYBaHHS HOBUX
THUIIIB pyXoMoro ckiany KprokiBckkum BaronoOyaiBauM 3aBoaoM (Bin 21.03.2019 p.).

Ha miacraBi aHamizy HayKOBUX JOCIHIKEHb IIOJ0 B3a€MOJIl KOJIi Ta PyXOMOTO
CKJIaly, ICHYIOUHMX MOKa3HUKIB O€3MEeKH BiJ CXOMy Kojieca 3 PEHKH, sIKi BUKOPUCTOBY-
IOTHCS TIPU aHAJI31 JMHAMIYHUX XapaKTePUCTHUK PYXOMOTO CKJIaJy, BCTAHOBJICHO, 110 J1a-
HUM MUTAHHAM IPUCBAYCHA 3HAYHA KIJIBKICTh HAYKOBUX PoOIT. OHAK TaKi JOCIIIKEH-
HS 3a3BUYail MOTPeOyIOTh BUKOPUCTAHHS TyK€ CKIAIHUX MoOJeNiel B3aeMOJIl Kojieca Ta
periku. B Toii ke yac MeTO/H, K1 MOKJIAJeHI Y OCHOBY PO3paxyHKIB CHJIOBHX (haKTOPIB B
KOHTAaKT1 KoJieca Ta PeHKU MpHU BIMCYBAaHHI BaroHiB B KPUBOJIIHIMHI JUISHKU KOJIi, € 3a-

CTapUIUMH 1 HE TO3BOJISIOTH OTPUMATH JIOCTOBIPHI pe3yJIbTaTH.
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[IpoBiBIIM TOPIBHSHHS ICHYIOUMX METOIB BH3HAYCHHS CHJI B3a€EMOJII B CHCTEMI
«KOJIECO-peiiKay BCTAHOBJEHO, IO PO30LKHICTH pe3yibTaTiB CcTaHOBUTH 110 300%.
[IpoGnema BuOOpPY €(EKTUBHOTO METOAY YCKIAAHIOEThCS BIJICYTHICTIO JIOCTaTHBOI
KUTBKOCT1 €KCIIEPUMEHTATBHUX JAaHUX.

JIist aHamizy AMHAMIYHUX TTOKa3HUKIB cydacHoro au3enb-noizaa JITKp-2 Gyma pospo-
0JieHa MOT0 MPOCTOPOBA PO3PAaXyHKOBA CXeMa Ta MaTeMaTH4yHa Mojeib. [IpoBeneHo qoc-
JHKSHHS KOJIMBAaHb BaroHa JU3eIb-TI013/1a i 9ac HOTo PyxXy Mo peHKOBIM KOii, Ska Ma€e
HEPIBHOCTI SIK y BEPTUKAJIbHIN, TaK 1 B TOPU30HTAIBHINA IIJIOIIMHI 3T1JTHO HOPMATHUBHUX
JOKYMEHTIB IO YTPUMAaHHIO KOJIii.

[IpoBeneHo anami3 BINIMBY MIBHAKOCTI pyxXy BaroHa amusenb-moizaa JAITIKp-2 ta crany
pEKOBOI KOJIIi Ha BETMYMHY pamMHOi cuiii. YucennbHI 3HaYeHHS paMHOI CHJIM OTPUMAaHI i
qyac pyxy AHM3€eb-N013/1a M0 peHKOBIN KOJIii, sIKa Ma€ BIAMIHHY OL[IHKY YTPUMaHHS Ta HE
MEePEBUIIYIOTh HOPMAaTUBHOTO 3HaYeHHs 36 kH.

JlociPKeHO BIUIMB IIBUIKOCTI PYyXy €KilMay Ha BEJIMYUHY MOMNEPEYHUX CHII
Kpura. BcraHOBIEHO, 110 MPY BU3HAYCHHI HAMPABIIAIOUOl CHIIM HEXTYBAHHSI TTOTICPEYHUMH
CWJIaMH KpHUIla MOXKE MPHU3BECTH 0 XUOHUX PE3YNbTATIB MPU PO3PAXyHKY IMOKA3HUKIB
Oe3MeKH Bij CXOy KoJjieca 3 peHKH.

Y 1ockoHaneHO METOJI BHU3HAUCHHS HAMPABISIOYOl CHIM IUISIXOM OJHOYACHOTO
ypaxyBaHHS Jii ONIEPEYHUX CHJI KPUIIa Ta KyTa HaXWTy HAIIPABJISIOYO] CHIIU JI0 BEPTUKAIILHOT
oci. OTprMaHi YKceIbH1 3HAU€HHS HANpPaBJISIOUO1 CUJIH IiJ Yac pyXy BaroHa Ju3eiib-1oi3a
HIIKp-2 mo pelkoBid KoJiii, sika Ma€ BIIMIHHY OI[IHKY YTPUMAaHHS HE MEPEBUIYIOThH
HOpMaTuBHOTrO 3HaueHHs 81 kH. BcraHoBieHo, 110 mpy BU3HAYEHHI HANPABJISAIOUO0i CHIIN
HEOOXIJTHO KOHTPOJIIOBATU 3a30p MIXK TpeOEHEM Kojieca Ta TOJOBKOK peWkH, 1o 0e3
KOMIT FOTEPHOTO MOJICTIOBaHHS 31ACHUTH BakKko. [IpoBeeHO MOPIBHSIHHS PE3y/IbTaTiB
BH3HAYCHHS HAIIPABJISIIOYO] CHIIA PI3HUMH METOTUKAMH.

BukopucroByroun komm’rorepHe cepenopuiiie Maplel8 ta maremarnuni Mmojeni Oyito
PO3pO0OIICHO TIporpaMHe 3a0e3MeUeHHs, SKe Ja€ 3MOT'Y BpaXxOBYBaTH T€OMETPHUHI MMapaMeTpu
PENKOBOT KOJIIi Ta PyXOMOTO CKJIaJy MPH BU3HAYEHHI OCHOBHHUX JMHAMIYHUX MOKA3HUKIB
pyxoMoro ckiany. [IpoBeneHo OIiHKY Ta MOPIBHSHHS AWHAMIYHUX TMOKAa3HUKIB BaroHa

auzenb-noizaa AIIKp-2 orpumanux 3riiHo BUMOT HOPMaTUBHUX JOKYMEHTIB, K1 A1lOTh Ha



VYkpaini Ta kpainax €sporneiicskoro Coro3y.

BceraHOBNEHO MakCMMalbHO JIOMYCTHMI IIBUJKOCTI PYyXYy BaroHa JIU3elb-TOi3/1a
JITKp-2 B 3aneXHOCTI BiJ] MJIABHUX BIIXWUJICHb PEHKOBOI KOJIi, a TAaKOX ii MEpeKociB Ha
nosxuHi 10 20 M. [Ipu npoMy cTaH peHKoBOT KOJIii pO3TisiAaBcs AK: BIAMIHHHMA, JOOpUH,
3aJI0BUTbHUN, HE3aJ0BUIbHUN. J[OCHIIKEHO MaKCUMAaJIbHO JIOMYCTUMY IIBUAKICTh PYXY
BaroHa auseinb-noizaa JAI1Kp-2 npu 3a1aHiii ropu30HTalbHIN HEPIBHOCTI PEHKOBOT KOTIi.

[Ipu mopiBHSAHHI €KCIIEPUMEHTAIBLHOTO Ta TEOPETUYHOTO 3HAYEHb PaMHOI CHIIM Ta
KoeilieHTa 3anmacy CTIMKOCTI BiJl CXOAY KoJjeca 3 peKH Ha MepIIii KoJiCcHIN mapi BaroHa
JU3eNb-TI013/1a TIPU MBUJIKOCTI Horo pyxy 30 m/c crocTepiraerbes iX MpakTUYHE CITiBIIa-
JIHHS, 1110 TOBOPUTH MPO aJIEKBATHICTh MATEMAaTUYHOI MOJIEIIl Ta MPOBEJICHUX PO3PaXyHKIB,
OCKIJTBKH PO301KHOCTI pe3ybTaTiB CTAaHOBIATE 7,2% Ta 6% BiIOBIIHO.

KinrodoBi ciioBa: koisicHa mapa, MaTeMaTH4YHa MOJI€NIb, paMHa Ta HalpaBisioua
CUJIY, TUHAMIYHI MOKa3HUKH, KPUTEPIi O€3MeKu pyxy, PyXOMHil CKIal, peiikoBa KOJIisl.
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ABSTRACT

Kuzyshyn A.Ya. The methods improvement for determining the main dynamic pa-
rameters of motor-vehicle rolling stock at the design stage. — Qualifying scientific work on
the rights of the manuscript.

Thesis for Ph.D. degree in specialty 273 “Railway Transport”. — Dniprovsk National
University of Railway Transport named after Academician V. Lazaryan, Dnipro, 2019.

Due to the introduction of modern rolling stock in Ukraine, the speed of passenger
trains on the railways of Ukraine increases considerably. At the same time, scientific stud-
ies of the stability of rolling stock during its movement, both on the straight and on the
curvilinear sections of railway track become important. The study of the interaction of
track and rolling stock in the course of operation will allow to establish the main dynamic
parameters in order to improve safety traffic.

In the work, special attention is paid to determining frame and guiding forces while
rolling stock movement on rail track with tolerance deviation from the maintenance rules.
According to the values of these forces, the most important dynamic parameters of rolling
stock are determined, such as the coefficients of vertical and horizontal dynamics in the
axlebox and central spring suspensions, the coefficient of stability against wheel derail-
ment. As a result, the admissible speeds of rolling stock are determined, depending on the
technical condition of rail track, with the purpose of ensuring safety traffic.

Scientific novelty of the obtained results:

— for the first time, with the use of the developed spatial mathematical model of a car
of diesel train DPKr-2, the guiding force values have been determined that allow to esti-
mate the force influence of rolling stock on railway track at the design stage;

— for the first time, the comparison of dynamic parameters of diesel-train DPKr-2 has
been conducted according to the requirements of normative documents, which are valid in
Ukraine and the European Union countries. The comparison is carried out with the aim of
harmonizing these normative documents;

— the spatial analysis scheme and the mathematical model for the calculation of

DPKr-2 diesel train car oscillation have been developed with the consideration of its de-
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sign features, which allows to determine its main dynamic parameters and their depend-
ence on the speed of train car movement and railway track condition;

— the method of determining the guiding force is improved by simultaneous consider-
ation of transverse forces of the creep, as well as the inclination angle of the guiding force
to the vertical axis, which allows to approximate the mathematical model of the diesel
train to real conditions of loading.

The practical significance of the developed methodology lies in the possibility of its
use in forensic railway-transport expertise in conducting expert investigations.

A mathematical model of oscillations of the car of diesel-train has been developed
which makes it quite easy to build a train accident mechanism in cases of rolling stock de-
railment from a track.

Taking into account the design features of the diesel-train car DPKr-2 in the devel-
oped mathematical model also allows to determine the main dynamic indicators of traffic
safety and the maximum allowable speeds at the design stage.

The resulting technique has been introduced into the practice of conducting forensic
railway-transport expertise of the Lviv Scientific Research Institute of Forensic Science of
the Ministry of Justice of Ukraine (from 20.03.2019), while repairing and modernizing
rolling stock of the Lviv Locomotive Repair Plant (from 12.03.2019), determining, at the
design stage, the optimal parameters for suspending new types of rolling stock of the
Kryukiv Railway Car Building Works (from 21.03.2019).

Based on the analysis of scientific research on the interaction of the track and rolling
stock, the existing safety indicators from the derailment of the wheel from the rail, which
are used in the analysis of the dynamic characteristics of rolling stock, it has been estab-
lished that a significant number of scientific papers are devoted to this issue. However,
such studies usually require the use of very complex models of wheel and rail interaction.
At the same time, the methods that form the basis for calculations of the force factors aris-
ing at the contact of the wheel and rail when performance of car on a curve are outdated
and do not allow to obtain reliable results.

Having compared the existing methods of determining interaction forces of the

“wheel-rail” system, it was found out that the difference in results is up to 300%. The
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problem of choosing an effective method is aggravated by the lack of sufficient number of
experimental data.

To analyze the dynamic parameters of modern diesel train DPKr-2, its spatial analy-
sis scheme and the mathematical model were developed. The study of diesel train car os-
cillation during its movement along railway track was carried out, where the track had un-
evenness both in the vertical and horizontal plane in accordance with the normative docu-
ments on track maintenance.

The analysis of the influence of car velocity of diesel train DPKr-2 and the state of
railway track on the magnitude of frame force was carried out. The numerical values of
frame force obtained during diesel train movement along railway track with excellent as-
sessment of maintenance do not exceed regulatory value of 36 kN.

The influence of train speed on the value of transverse forces of the creep is investi-
gated. It is established that neglecting transverse forces in determining the directing force
can lead to false results while calculating safety parameters against wheel derailment.

The method of determining the directing force is improved by simultaneous account-
ing the action of transverse forces of the creep and the angle of inclination of the directing
force to the vertical axis. The received numerical values of the directing force during die-
sel train DPKr-2 car movement along railway track with excellent assessment of mainte-
nance do not exceed normative value of 81 kN. It has been established that while deter-
mining the directing force it is necessary to control the gap between the wheel flange and
the rail head, which is difficult to perform without computer simulation. The comparison
of the results of guiding force determination with different methods was carried out.

Using computer environment Maplel8 and mathematical models, software has been
developed that allows to account geometric parameters of railway track and rolling stock
when determining basic dynamic parameters of rolling stock. The evaluation and compari-
son of dynamic parameters of a car of diesel train DPKr-2 were conducted in accordance
with the requirements of regulatory documents in force in Ukraine and in the countries of
the European Union.

The maximum permissible speeds of a car of diesel train DPKr-2 have been estab-

lished, depending on the smooth deviations of railway track, as well as its obliquity in the
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length to 20 m. In this case, the condition of railway track was considered as: excellent,
good, satisfactory, unsatisfactory. The maximum tolerance of the speed of diesel train-
DPKTr-2 car with the given horizontal unevenness of railway track has been investigated.

When comparing the experimental and theoretical values of frame force and the coef-
ficient of stability against wheel derailment on the first wheel pair of the diesel train car at
its speed of 30 m /s, their practical coincidence is observed, which indicates the adequacy
of the mathematical model and conducted calculations, as the difference in results is 7.2%
and 6% respectively.

Key words: wheel pair, mathematical model, frame and directing forces, dynamic pa-

rameters, traffic safety criteria, rolling stock, railway track.



