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experts investigate cases of derailment of railway rolling stock, spontaneous
movement of cars from the parking lot, followed by their collision, and other cases.
Upon the occurrence of an RTA, the compliance of the actions of the railway
employees involved with the requirements of regulatory documents, the causal link
and the immediate technical reason for its occurrence is investigated. Experts
carrying out research within the examination regarded various possible
discrepancies that could cause the occurrence of RTA. The inconsistency of the
mass of the cargo with the established weight standards for transportation by rail
is considered by experts, precisely as a possible discrepancy that could
significantly affect the occurrence of the accident. This direction of research
requires detailed consideration from the position of forensic expertise. The article
discusses individual issues of this type of inconsistency. These points are
considered in more detail in a research work devoted to a study of the main
transport characteristics of the goods transported and their packages, with an
assessment of the possibility of their influence on the causal relationship with the
onset of the RTA as part of the railway transport expertise. Each type of faults
(inconsistencies) identified during the carriage of goods by rail is investigated as
part of the implementation of forensic railway transport examinations and requires
the formation of detailed expert approaches. The presented work confirms the
relevance of developing a methodology for assessing the impact of cargo
transportation features on the onset of railway accidents.
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A. A. KysuwuH
HayKOBUI CNiBPOGITHUK

JIbgiecbkull Haykog0o-00C1iOHUl iIHCmumym cyQo8ux ekcriepmu3
Miricmepcmesa rocmuuyii YkpaiHu

AOCNIMXEHHA BNNUBY PI3HULI AIAMETPIB KOMIC KONICHOI NAPU
BAIOHA HA NOI'O CX14 METOAOM KBA3IANHAMIKA

Cmammsi npucesiyeHa 00CIOXeHHIO 8riugy pidHuui diamempie Koslic eazoHa
pyxomozo cknady Ha (oeo cxid. [aHi OocriOxeHHs1 rpoeodusucs mMemodom
keasziduHamiyHUx Oegbopmauili. BcmaHosneHo, w0 3HayHa pisHUys diamempie
Koslic KoricHOI mapu ea2oHa HezamueHO ernnueac Ha OuHamiky, 6e3rnexky pyxy,
3HOC U020 X0008UX YaCMUH.

Knroyoei cnoea: pyxomuli cknad, pisHuuysi Oiamempie Kosic, Memod
KeasiouHaMiKu.

3a ocCTaHHi poKM cnocTepiranacsa 3Ha4yHa KiNbKiCTb BUMNAAKiB cxogy
PYXOMOro cknagy 3 perok BHACNiAOK HECMPABHOCTEN BEPXHLOI ByaoBW Konil,
nagiHHS geTanein Xo4oBMX YaCTWMH Ha KOMilo, HeCnpaBHOCTEW KOMICHMX nap,

608



Po3din 4. Cydosa iHxXeHepHO-mexHiYHa ekcriepmu3a

pyNHYBaHHSA POMMKOBUX MNiALWMMAHMKIB ByKCOBOro By3na, 3namis 60KoBUX pam
Bi3kiB, 06pUBIB aBTO34enNiB, HECNPABHOCTEN ranbMiBHOro obnagHaHHs.

Mopsa 3 AaHUMK BUNAZKaMy TPanmnaTbCA CXOOW PYXOMOro cknagy, siKi
NoOB’s13aHi 3 HE3a40BINbHOK B3AEMOZIEID ENEMEHTIB PyXOMOro CKnaay i 4insHOK
Konii, B pe3ynbTaTti 4oro Moxe BiabyBaTMUCA BKOYYBaHHS KOneca Ha rorioBKy
pewkun nig gieto 6okosux cun [1, 2]. ocnigxeHHs yMOB CXO4Y PYXOMOro cknagy
3 peniok B JaHOMy BMMNaJKy BUMarae aHanisy ckrnagHoro noegHaHHs 6araTbox
YMHHMKIB CUITOBOI B3aEMOZiT pyXoMOro cknagy i Konii.

BbokoBa cuna npuTUCHEHHs rpebHs koneca OO0 pevikn Anst Habiraro4oi
KOMICHOI Napu Bi3ka B NPAMIN AiNsHuj Konii BU3HavaeTbes 3a hopmynoto [1]:

Ng = Ng; + Ngp + Ngz + Npy + Ngs, (1)

ae Ngq — 6okoBa cuna nNpUTUCHEHHs rpebHsi konicHoi napu go poboyoi
rpaHi perku npu HasiBHOCTI pisHWUi giameTpiB i konic, kH; Ng, — 6okoBa cuna
NPUTUCHEHHS Npu aii pamHoi cunu, kH; Ng3 — GokoBa cuna, sika BUHWKaE B
KPMBMX [LiNsHKaxX KONii Mpu HasiBHOCTI BiACTynmiB y nnaHi (puxToBOK), KH;
Ng,4 — 6okoBa cuna, sika BUHWUKaE NpW HAasiBHOCTI KyTa HabiraHHsi KomnicHOT napw,
kH; Ng5 — 6okoBa cuna, sika BUHUKaE Npu ranbMyBaHHi noisaa, kH.

3 dhopmynu (1) BUAHO, LLO 3HAYHE MPUTUCHEHHS KOoreca pyxoMoro cknagy
0O TOMOBKN perkn B NpAMiA AingHui konil moxe ©6yTn BMKNUKaHe TakuMu
HEeCnpaBHOCTAMW XOAOBUX YACTUH BAroHIB SIK: 3HAYHOK Pi3HULE AdiameTpiB
Konic KOniCHOI Napu BHACNiAOK iIHTEHCMBHOIO 3HOCY MOBEPXHi KOYEHHS Korneca
KOMiCHOI Mapw; HenaparnenbHICTIO 0Cel KOMiCHMUX Nap Bi3ka; pisHMLED rpebeHiB
Ha OJHiIN KonicHi napi GinbLie 4ONYCTMMOI; 3HOCOM M'SAITHUKIB, MM ATHUKIB Ta
iH. [3].

Mig yac pyxy konicHOi napu B NpAMIN AiNAHLI 3ani3HWYHOI KONl HasBHICTb
Pi3HUL giaMeTpiB KOMiC NPUBOAMTL 4O TOro, WO BiCb, BiAHOCHO SKOI LIEHTP Mac
KOMICHOI Mapu BUKOHYE KONMMBAarbHUI PyX, 3MILLYETHCA NapanenbHO OCi PENKOBOT
konii Ha BenmumHy A < 0,58 B HanpsmKy peikui, No siKi KOTUTLCS KOMeco 3
MEHLLUM JiaMeTpOM.

BenuuuHa 3miweHHs A Bu3HavaeTbcs 3a BUpa3om [2]:

A=2"2 2)

4n

rae Dy, D,— 6inbLunii i MeHLWWiA AiaMeTp Konic KomMicHOT napw BiaNoBiaHo, MM;
N — KOHYCHICTb NOBEPXHi KOYEHHS Koneca.

3anexHo Big pisHuui diameTpie (D; — D,), BenuumHa 3mieHHs A moxe
BUAIBUTUCS MEHLLIOID, PiBHOI YmM BinbLuoto nonosuHu 3asopy 0,56 B peiikosii
KOnil.
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Migctasuewn y Bupas (2) A = 0,56, otpumaemo copmyny (3). 3a i
[OMOMOrO MOXHa BU3HaYMTW pisHuLto diameTpis konic [Dy — D], npu sikii
rpebiHb koneca 3 MeHWWM [iameTpoM Mg 4Yac BCbOrO 4acy pPyxy BXe
npuTUCKaeTbCst 4o poboyoi rpaHi pewkn [1, 2]:

[Dy —D,] =26n=2[S- (T +q, +4q,+2)]n. (3

ae S — wmpwuHa konii, Mm; T — Hacagka komnicHOT napu, MM; g4, 4, - TOBLUUHA
nepworo i gpyroro rpebeHs BignoBigHO, MM; 2(' — MOTOBLUEHHSI rpebeHs;
7 — KOHYCHICTb Koneca.

Y BURagKy, sSKLWO pisHus aiameTpis konic (D4 — D, ) € meHwoto [D1 - D,], To
koneco konicHoi mapu He npuTuckaeTbest Ao penkn i Npp = 0. Axwo
x (D — Dy) > [D1 - D,], To koneco Gyae nputvckatucs go pobouoi rpai
peviku i3 cunoto Niq .

Cuny NgiMOXHa BU3HAYMTW ABOMA METOAaMU: METOAOM KBasiCTaTUYHUX
aedopmauivi i MeTogom KBasigmMHamiku (iHBEPCUMBHOCTI pyxy).

3a nepwum meTtopgom cuna Ni; BU3Ha4aeTbCA 3a BUpasom [1]:

_ ((D1—D—[D1—D2])2Uyn
B ™ an(kyn+20, [(0)2-h"¢" ctgy,])’

(4)

ae Uy— MOAYfb NPY>XHOCTI NiAPENKOBOI OCHOBM MO BIiAHOLIEHHIO [0
FOPM30HTaNbHOro 3ruHy, KH; y;— KyT MiX niHieto aii cunu Ny i Bicclo Z;
¢''— BigcraHb Mix Biccto Z i niHiamu gii cun N; i Nycosy, (ame. puc. 1-2),
kH;=h' + z;, h' — BigcTaHb Big UEHTPY Mac NONepeYHoro nepepisy rosfioBKM
pevikn [0 UEHTPY KPYYEeHHs penku, M; Z;— BiACTaHb BiO LEHTpPY Mac
MOMEPEYHOro nepepisy roroBKU Perkn OO TOYKM nmpuknageHHs cunu Ny, m;
1 — KoediLieHT.

3a meTogom kBasigmHamiku cuna Ngq BU3Ha4aeTbCs 3a BUPa3oM:

_ 2M93(D,—Dy—[D1—Dal)  2Mgh,

NB]. - S*Dl S ’ (5)

ne M — maca niopecopHoro BaHTaxy, sika Npunagae Ha ofHy KoricHy napy,
k2; S*— BincTaHb MiXK Kpyramu KOYEeHHs Kormic, MM.
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Puc.1. Cnnu, siki nepegaloTbCa Bif PENKU Ha KOMiCHI mapw (peakuii)

3a ponomoroto hopmynu (5) npoBegeMo SOCHIIKEHHST BENUYMHN BOKOBOI
curm NgAna Takux  napameTpiB  BaroHa: M,=  5,75-10%e,
M, = 22,25-10%e, S*= 1,6 M, g = 9,8 m/c?, U, =20m/c?, hy=0, D;=918 mm,
D,=916 mm.

=X

Puc. 2. Cunn, aki nepefaroTbCst Ha periky Bif koreca KonicHoi napu
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Mpu ubomy pisHuusa piameTpie konic (D, — D) 6yne 3miHoBaTucs Big 2 oo
5 Mm.

Po3paxyHOK BUKOHAaeMO [ANA MOPOXHLOrO Ta 3aBaHTaAXEHOro CTaHy
BaroHa. OTpumaHi pesynbTaT HaBegemo Ha puc 1.
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Puc. 3. 3anexHictb cunu Ng4 Bia pisHuui giameTpis konic Dy - D,

Ak BUAHO 3 pucyHKy 3 cuna Ngq 3Ha4HoO 3pocTae i3 36inbLUEHHSIM Pi3HULI B
AdiameTpax Kornic konicHoi napu BaroHa. [1ns 3aBaHTaXxeHOro BaroHa gaHa cuna
30iNbLUYETHLCA IHTEHCUBHILLE B NOPIBHSIHHI 3 NOPOXHIM. Lle nos’sisaHo 3 TnM, WO
cuna Ngq NpsIMO MPOMOPLIHO 3aneXuTb Bif Macu BaHTaxy, sika npunagae Ha
konicHy napy. OgHak sik Ans NOPOXHBLOro, TakK i AN 3aBaHTaXXEHOro BaroHa picTt
OOKOBOI CMNN Ma€e HeraTMBHWIA BNVB.

36inbLueHHs cunun Ny, npusBoauTb 4o pocty 6okoBoi cunu N. Y noegHaHHi
i3 po3BaHTaXXEHHAM Koreca Lie MoXe NPU3BeCcTy A0 MOro BKOYYBaHHS Ha rONOBKY
pevikv i, IK Hacmnigok, 4O CXo4y BaroHa pPyXomoro ckragy. Takox 36inbLueHHs
OOKOBOI CUNMM BUKNUKaE MiABULLLEHUA 3HOC pelikn, rpebeHs komeca, sike
npuTucKaeTbcs. B TO MW XKe 4ac Ha MNOBEPXHi KOYEHHs Opyroro Koreca
YTBOPIOETLCS NPOKaT HENpaBuIbHOI hopmu.

Omxe, 30inblUeHHS Pi3HULI AiamMeTpiB KOMiC HEraTMBHO MO3HAYaETLCA Ha
OVHaMilui pyxomoro cknagy, a Takox 6esneui pyxy. Tomy BaxnuBum
3aBAaHHAM € 3abe3neyveHHst YTpUMaHHS KOJiC KOMiCHOT napu i3 HanMeHLLOo
pisHuueto Ti giameTpis.
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MCCNEOQOBAHUE BITUAHNA PASHOCTU OUAMETPOB KONEC
KOJIECHOU NAPbI BATOHA HA EIFO CXo METOOOM
KBASUAWHAMUKHU

A. 5. KyanwuH

B cratbe o0OTMeuaeTcs, 4TO T[OpPU3OHTANbHblE MNOMEPEYHble  CUIbl,
BO3HUKalLIMe B npouecce npwkatusi rpebHen konec k paboyen rpaHu pernbca,
npy OnpeAeneHHbIX YCIOBUSX MOryT OKa3aTbCsl BeCbMa 3HauuTernbHbIMU. 3TU
cunbl B COYETaHMM C pPas3rpy3kol Koreca, BbI3BAHHOW TreOMEeTPUYECKUMHN
OTKINOHEHUSIMW BEPXHEro CTPOEHUS MyTW B NfiaHe 1 npodune, MoryT NpuBecTu K
BKaTbIBAHMIO KOrleca KONeCHOW napbl Ha TFOMOBKY penbca W, Kak Creacteue, K
cxopy BaroHa noABWKHOIO COcTaBa.

Takoe npwxkaTue Koneca K rorioBke penbca Ha NpsMOM y4acTKe MyTWu, MOXeT
BO3HVKHYTb NPU CriegyoLwmnx HEMCNpaBHOCTAX XOA0BbIX YacTel BaroHOB:

— He MapannenbHOCTb OCEN KOMECHbIX Map TENEXKWU, Bbl3BaAHHbLIX pasHULEN
6a3 OOKOBbIX paM, U3HOCOM OYKCOBbIX NPOEMOB;

— pasHuuen rpebHeri Ha OJHOW KorecHon nape 6onblie [onyCcTUMOMN,
M3HOCOM MATHUKOB, NOANATHUKOB;

— 3HAYMTENbHOW pasHuUUEN OuamMeTpPoB KOMEC KONeCHOW napbl, Bbi3BaHHOWM
WHTEHCMBHbBIM U3HOCOM MOBEPXHOCTU KaTaHWsi OOHOrO U3 HUX 1 Ap.

B pnaHHOM cTaTbe BbLIMOMHEHO UCCMeAoBaHWEe BNUAHMS pasHULbl JUamMeTpoB
KOnec KOMeCHOW napbl Ha BenuYuMHYy OOKOBOW CuMbl ANA  NOPOXHEro W
3arpy>XeHHOro COCTOSIHUS BaroHa.

MonyyeHHble pe3ynbTaTbl MO3BONMWMAM CAenaTb BbIBOA, YTO YBENMYEHUE
pasHuLbl OMaMETPOB KOMEC KOMECHOM napbl 3arpy)EHHOro BaroHa MOABMKHOMO
cocTaBa NpMBOAUT K Boree MHTEHCMBHOMY pOCTy BOKOBOW CUrbl, MO CPABHEHWUIO C
NMOPOXXHUM. OTO BbI3BAHO JIMHENHOW 3aBUCUMOCTBLHO GOKOBOW CUMbl OT Macchl
BaroHa NOABMXXHOIO cocTaBa.

OpHako Kak Ans NopoXHEro, Tak U ANs 3arpy)keHHOro BaroHa pocT 3HaYeHus
OOKOBOW CUIbl UMEET HeraTuBHoe BnusHMe. B coveTaHun ¢ pasrpys3kon koneca
3TO yBENUYMBAET BEPOSITHOCTb BKATbIBAHUSI KONlEeCca KOMECHOW Mapbl Ha roroBKy
penbca. Takke yBenuyeHue OeWCTBUS OOKOBOW CUIMbl OT KOMECHOW napbl Ha
penbc Bbi3blBA€T MOBbLIWEHHLIN W3HOC penbca, rpebHsA korneca, KoTopoe
npwxkumaeTcs. B To e BpemMss Ha MNOBEPXHOCTU KavyeHWUsi [Apyroro Koreca
obpasyeTcsa npokaT HenpasBubHOW POPMBI.
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MoaTomy BaxHbIM SBRsieTcs obecneyeHne yaepxaHus Konec KonecHom napbl
C HaMMEHbLUEN pasHULEN e€ aAnamMeTpoB.

Knrouyeenie cnoea: nogBuMxHOM COCTaB, pasHMLa AMaMeTpoB Konec, MeToq
KBa3WANHAMUKN.

INVESTIGATION THE INFLUENCE DIFFERENCE OF THE WAGON’S
WHEELS DIAMETERS ON ITS DERAILMENT BY QUASI-DYNAMICS
METHOD

A. Kuzyshyn
B

In the article the author notes that the horizontal forces arising in the process
of pressing the wheel flanges to the working edge of the rail, under certain
conditions can be very significant. These forces, in combination with the wheel
unloading, caused by the geometric deviation of the track in the plan and profile,
can lead to rolling the wheel of the wheelset onto the rail head and, as a
consequence, to the stock derailment.

Such pressing of the wheel to the rail head in the straight part of the track can
occur when faults in the running gears of the wagons: non-parallelism of the axles
of the wheel pairs of the bogie frame by the difference in the bases of the side
frames, wear of the guide axle-box openings; the difference of the flanges on one
wheel pair is more than permissible, wear of the body and bogie bolster center
plates, step bearing; a significant difference in the diameters of the wheels of the
wheelset caused by the intense wear of the rolling surface of one of them, etc.

The article deals with the investigation of the influence of the wheels’
diameters difference of the wheelset on the amount of lateral force for the empty
and loaded state of the rolling stock wagon.

The results obtained made it possible to conclude that an increase in the
wheels’ diameters difference of the wheelset of a loaded wagon of rolling stock
leads to more intensive growth of the lateral force, as compared with the exhaust.
This is caused by the linear dependence of the lateral force on the mass of the
wagon of the rolling stock.

However, for both the empty and the loaded wagon, the increase in the lateral
force value has a negative effect. In conjunction with the unloading of the wheel it
increases the probability of rolling in the wheel of the wheelset on the rail head.
Also, an increase in the action of the lateral force from the wheelset on the rail,
causes increased wear of the rail, the wheel flange, which is pressed. At the same
time, rolling surfaces of an irregular shape are formed on the surface of the other
wheel.

Therefore, it is important to ensure the maintenance of the wheels of a wheel
pair with the smallest difference in its diameters.

Key words: rolling stock, diameter difference of wheels, quasi-dynamics
method.
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