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JIbgiscoKUll HAYKOBO-00CTIOHULL THCIMUMYM CYOO8UX eKCHepmU3
Minicmepcmea rocmuyii' Yxpainu

AOC/IIKEHHSI CXOAY BAI'OHIB
YV CYJIOBIH 3AJNI3HUYHO-TPAHCIIOPTHIA EKCIIEPTH3I

YV oaniu cmammi nposedeno ananiz 6uKOHaHHs HEOOXIOHOI Ma OOCMAMHbLOI YMOBU 6KO-
YYEaHHs KONleCa KOMCHOI Napu HA 207I06KY PeliKu, AKI GUKOPUCTO8YIOMbCS NPU RPOGEOeHHT CYOO-

8UX 3m7i3HuwHo-mpchnopmHux eKcnepmus.

Ha po3BaHTa)keHHs Kojieca KOJICHOT Mapu pyXOMOT0 CKIaay BIUIMBAIOTH Oa-
rato (pakTopiB, OCHOBHUMH 3 SIKHUX €: HECHPABHOCTI €IEMEHTIB BEPXHBOI Oy10BU
KOJIil, €JIEMEHTIB XOMOBHX YacTHH PYXOMOTO CKJIaly, a TaKOXX MO3IOBXKHI CHIIH,
SIKI BHHUKAIOTB B TIOT3/11 TIPU CIY>)KOOBOMY UM €KCTPEHOMY raJibMyBaHHi [1].

JloCBil BHKOHAHHS CYJOBHMX 3aTi3HWYHO-TPAHCIIOPTHHUX EKCIIEPTH3 BHUIIAM-
KiB CXOZiB 3 peHOK PyXOMOTro CKJIaly IPH BKOUYBaHHI Ipe0eHs Kojieca Ha TONOBKY
pEWKH 1TOKa3aB, 110 TIepepaxoBaHi BUILE YAHHUKH 10T, SIK MPABUJIO, B CYKYITHOC-
Ti, aJIe BeIMYMHA IX BIUIMBY B PO3BaHTaXXCHHI KOJIeca, 110 BKOUYEThCS, pi3Ha. Bpa-
XYBaHHS IBOTO € BYKJIMBUM IIPH BUPIMIEHHI OCHOBHOI 3a/1a4i eKCIIEPTHU3H — PO3-
KPHUTTS MEXaHI3MYy 3aJIi3HHYHO-TPAHCIIOPTHOI TPUTOAIH.

3ycTpivaloThCsl BUNIAJKH, KON PO3BAHTAXKEHHS KOJIeca, L0 BKOYYETHCS HA
TOJIOBKY pEiKH, BiOyBaeTbCcs NPH Iii TUIBKH OXHOTO i3 (akropiB. Hampukas,
SKIIO TP CXO/Ii 3 PeHOK MOi3]1 3HAXOANBCSA B PO3TATHYTOMY CTaHi, a HECIIPAaBHOCTI
€JIEMEHTIB XO/I0OBHX YaCTHH PYXOMOTO CKJIaay Oy BiACYTHI, TO IPUYHHAMH PO3-
BaHTa)XCHHSI KOJIeca, 110 BKOTWJIOCS Ha TOJIOBKY PEiKHM, CTaln HECIIpaBHOCTI ele-
MEHTIB BEPXHBOI Oy10BH KO

HepiBHOCTI peHKOBHX HHUTOK € JPKEpelTaMd BUMYIICHUX KOJIMBAaHb Hajpe-
COpHOI OyZOBH PyXOMOTO CKJIaZy, Ki B KIHIIEBOMY BUIAIKY IPUBOASATH 10 BUHHK-
HEHHs AMHAMIYHMX HaBaHTAXXEHb HAa HOTro eEeMEHTH 1 3aii3HW4HYy Koiiro. Ilpu
LOMY /ISl BU3HAYEHHSI BKA3aHUX IMHAMIYHMX HABAaHTAXEHb BHKOPHCTOBYETHCS
cucTeMa AuQepeHIialbHuX PiBHSIHB. JlaHa cucTeMa OmHCye pyX HaJpecopHOi Oy-
JIOBH PyXOMOTO CKJIaJly TIO IIepeKocaM IiT Ai€r0 MPHUKIaJeHUX 10 Hel cui (puc. 1).

Jlnsa cxomy BaroHa 3 peiiok HeoOXiJHe BUKOHAHHS JIBOX YMOB — HEOOXiTHOT
Ta JIOCTATHBOI.

AHanmiTHIHHHN BUpa3 HEOOXiTHOI yMOBH BKOYYBaHHS IpeOCHS Kojieca Ha To-
JIOBKY pelku Mae BUrysif [2]:
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Kpuminanicmuxa i cyoosa excnepmusa. Bun. 62.
P, < Pr (1)

ne A2 — QakTHYHE HAaBaHTAXKEHHS Ha KOJeco; ' — HaBaHTaXXEHHS Ha KOJECO, PH
SIKOMY PO3IIOYHMHAETHCA IIPOLEC BKOYYBAHHS.

HapanTa)xeHHsI Ha KOJIECO, IIPU IKOMY PO3IIOYUHAETHCS IPOLIEC BKOUYBAHHS
BHU3HAYAETHCS 32 BUPA30OM:

Chy + Vo7 — Gl
=210 T

Dy + by 7

ge € =(A +FR) — cTaTMYHe HABAHTAXXEHHS HA BiCh KOJICHOI mapu; s BijcTaHb
BiJl TOUKH MPUKIAJaHHSA CHIM £ JI0 CepeAHBOro KoJa KOUEHHS JPYroro Kojeca;
r — pagiyc Koneca; & — Bara KOJICHOI IIapH; — BiZICTAHb MiXK KOJaMH KOUEHHS
Komic; b1 +b: — BiAcTaHp MiX TOUYKaMu OpuKiIagaHua cwi £ Ta F; Yo — pamna
cuna [3].

Puc. 1. Po3paxyHkoBa cxema CHIOBOI B3a€MOJIIT KOJIIT Ta pyXOMOTO CKJIay HpH IPOXO-
JOKEHHI TIepeKocy

B mpomeci pyxy mo HepiBHOCTSAX Komii HaBaHTaXXEHHS £ 1 £ 3MIHIOIOTHCA
BiJl JIESKOro MiHIMaIbHOTO (IPH PO3BAaHTAXXKEHHI) J0 JESKOr0 MaKCHMAaJIbHOTO
(TIpu mepeBaHTa)KeHH1) 3HaueHb. [Ipy IbOMY, SIKIIIO HABaHTAXEHHS i, sike mpura-
Jla€ Ha OfIHE KOJIECO, A0CATAE MiHIMAJIBHOTO 3HAYEHHS Pimin ~, TO HABAHTA)KCHHS %
SKe JIi€ Ha Ipyre KOJIECO, B TO 1 )K€ Yac OCSATHE MAaKCHMAIIbHOTO 3HAYCHHS Pamax -,

Bennunsu P, i P,.3HaxoAsThCs BIAOBIAHO:
Py =Foqy- Ay (3)
B=Ft+an (4)
ne 821 — posBaHTaKEHHS Kojleca | IpU HasABHOCTI IIEPEKOCY B PEMKOBIii KOIii.

Pamna cuna BH3HAYaeThCA 3a CI)OpMyJ'IOIOZ
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Po30in 4. Cyodosa indicenepHo-mexmHiuna ekcnepmusa

Yp =M [(%—:_—fg)+n(c?— &3 - &')] (5)

Ha (puc. 2) mokakxeMo BHITaZOK BUKOHAHHS HEOOXiJHOI YMOBH BKOYYBaHHS
KOJIeca Ha TOJIOBKY PEHKH.

BukoHaHHS HE0OXiIHOI yMOBH BKOUYBaHHS HE 000B’A3KOBO MPU3BOIUTH 110
CXOZ1y PYyXOMOI'O CKJIaJly, OCKIIBKH KOJIICHA [apa MOXKE [OYaTH PyX B 3BOPOTHOMY
HaNpsIMKY HEe BKOTHBIIKCH Ha MIOBEPXHIO KOYCHHS peiiku. ToMy HeoOXiTHO mepe-
BIPUTH BUKOHAHHS TOCTaTHHOI YMOBH BKOYYBaHHS IpeOCHS KoJieca KOJTICHOT mapu
Ha TOJIOBKY peiku (puc. 3).
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Puc. 3. IlepeBipka JocTaTHHOI yMOBU BKOUYBAHHS KOJI€Ca HA OJIOBKY PEHKH

JI1 11h0or0 HEOOXiTHO:
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Kpuminanicmuxa i cyoosa excnepmusa. Bun. 62.

1. Busnauuty BenmuuuHy £ i HaHeCcTH Ha rpadik npsamy & = const (puc. 2).

2. Tlobynysatu 3anexHicte £ = A} (puc. 2). [Ipy MakcuManbHOMY pPO3BaH-
Ta)XCHHI A1 BH3HAYUTH BEIMYUHY Pimin ) 3a(iKCYyBaTH MOMEHTH 4acy fi i
fz, B Akl fi = ; BU3HAUYUTH MPOMDKOK 4acy Af=1fz~I; TIPOTATOM SKOTO

B<h,
3. BBakaru HaBaHTaXEHHs Ha kojeca A 1% B mpoMiKKy yacy AL TOCTIHHUM i
piBHEM £ =05 Py + ), R =G —F (6 — Bara BaroHa, sika IpHIaa€e Ha

OJIHY KOJIiCHY Tapy).
4. BUKOPHUCTOBYIOYH IOCTATHIO YMOBY, BH3HAYHTH 4Yac I~ KU HEOOXimHUI
JUIA BKOYYBAaHHS TPeOCHS Koyieca Ha MOBEPXHIO KOYEHHS TOJIOBKHM PEHKH

(puc. 3).
Jliis BU3Ha4YeHHs yacy t° HeoOXigHO moOyayBaTu rpadik QyHKIIIi:
20-f N
z=— [t - (1-e7¥)]
& (6)
net —yac;! — MOJOBUHA BiICTaHI MK KpyraMu KOUCHHS KOJIiC.

[opiBusBuM BenmuuHn AF 1 t°) MOKXHAa 3pOOMTH BHCHOBOK, IO SKIIO
Af =t TO MOCTAaTHA yMOBa CXOJAY 3 PEHOK BUKOHYETHCS, a SKIIO &f < f” TO joc-
TaTHS YMOBa CXOZY BaroHa 3 peilok He BUKOHYETbCS.
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HMCCJIEJJOBAHUE CXOJIA BATOHOB B CYJIEBHOM
JKEJIE3HOJOPOKHO-TPAHCIIOPTHOM 3KCIEPTU3E

A. 5. Ky3pimmsH
0. B. I:xxyc

HepoBHOCTH PeNbCOBBIX HUTEH SIBIAIOTCS MCTOYHHUKAMH BBIHYXKICHHBIX KOJIeOaHMI Ha-
JIPECCOPHOT0 CTPOCHUS MOABMKHOTO COCTaBa, YTO B KOHEYHOM MTOT€ NPHUBOJAT K BOSHUKHOBE-
HUIO AMHAMUYECKUX HAarpy30K Ha €ro JIEMEHTHI U JKeJIe3HOAOPOXKHBIN MyTh. Ecnu auHamunyec-
Kasl Harpy3Ka OKa3bIBaeTCs MEHBIIE YeM CTaTHYECKast, TO IPOUCXOIMT pasrpy3Ka HCCIIETyeMOro
9JIEMEHTa, a eCJIH 00JIbIIe — Meperpys3ka 3Toro 3JIeMeHTa.

[Ipy nBWOKEHWM SKUMaka 10 IUIABHBIM CHHXPOHHBIM HEPOBHOCTSIM, JIOMHHHpYOLIEE
BIMSHHUE Ha pasrpy3Ky Kojeca OCYIIECTBIIAIOT MOANPHITMBAHUE U TaJONHPOBAHUE, A TP JIBU-
JKEHUH T10 TUIAaBHBIM HECUHXPOHHBIM HEPOBHOCTSIM — OOKOBOE KauyaHHE B COBOKYITHOCTH C 00-
KOBBIM BBIHOCOM KYy30Ba.

[Ipu 3TOM AJIst OTIpeesIeHUs yKa3aHHBIX AMHAMUYECKUX HArpy30K HCIOJIB3yeTCs CHCTE-
Ma audepeHInanbHbIX ypaBHeHUi. JlaHHas cucTeMa ONUCHIBAET JIBIKEHHE HAIPECCOPHOTO
CTpPOEHHMSI TIO/IBUIKHOTO COCTABa 110 MEPeKocaM IoJ] ICHCTBUEM MPUIIOKEHHBIX K HEH CHIL.
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Po30in 4. Cyodosa indicenepHo-mexmHiuna ekcnepmusa

OrmnpezeneHne BIHSHUS BBICOTHI IEPEKOCa Ha MCIIOJHEHNE YCIOBHI BKaThIBAHHS KoJieca
Ha TOJIOBKY peJjibca IMO3BOJISET MPUOIU3UTHCS K PEIICHUI0 001Iel 3a1a4n Cy1eOHOMN XKeNe3HOI0-
POXXHO-TPAHCTIOPTHOM SKCIIEPTU3HI.

Opnnaxko, Kak ObUTO CKa3aHO paHee, BHIOIHEHHE HEOOXOANMOTO YCIOBHUS BKATHIBAHHS HE
00513aTeIbHO MPUBOIHUT K CXO/1Y MOJIBHKHOIO COCTaBa, MOCKOJIbKY KOJIECHAsI [Tapa MOXKET HavaTh
IBIKEHHE B 0OpaTHOM HAIPaBIICHHH, HE BKATHBIINCH Ha IIOBEPXHOCTh KaueHHs penbca. [1091o-
My HEOOXOAHWMO TPOBEPUTH BBIIOJIHEHHE JAOCTATOYHOIO YCJIOBHUS BKATHIBAaHHS I'PeOHs Kojeca
KOJIECHOI1 TTapbl Ha TOJIOBKY PEIbCa.

C UCIoNb30BaHHEM HEOOXOJMMOr0 U JIOCTATOYHOTO YCIOBUI BKAaThIBAHHS KOJieca Ha Iro-
JIOBKY peibCa MOXKHO YCTAHOBHTD JMAITa30HBI CKOPOCTEH, IPH KOTOPBIX MOKET MPOU3O0MTH CXO1
MOJIBH)KHOTO COCTaBa C PENIbCOB MPU HAIMYHUH MEPEKOCa PEIbCOBBIX HUTEH OMpPEACICHHOM Be-
mauHBL. Takke MOKHO TMOJYYHUTH 3HAYEHHE CKOPOCTH ABIDKCHHS MOE3/1a, NPH KOTOPOil mpo-
HCXOAUT OOJIbIIIE BCErO pa3rpy3ka Kojieca BaroHa B KPHBOM YYacTKe ITyTH C HMEIOLIUMCS TIepe-
KOCOM.

TMosry4eHHbIe 3aBUCHMOCTH MOT'YT OBITh HCIIOJIB30BAHBI JIsI YCTAHOBIICHHUsI OE30I1aCHOTO
HHTEPBaJa CKOPOCTEH JBIKCHHS MMOE30B HA yYacTKaX MyTH C IMEPEKOCAMU OIPEIEIICHHON Be-
JIMYMHBI ¥ TIPU IPOBEACHUHU CYICOHBIX XKEIC3HOJOPOKHO-TPAHCIIOPTHBIX IKCIIEPTH3.

INVESTIGATION OF DERAILMENT OF WAGONS IN FORENSIC
RAILWAY-TRANSPORT EXPERTISE

A. Kuzyshyn
0. Dzhus

The unevenness of the rail threads are the source of the forced vibrations of the
superstructure of the rolling stock, which ultimately lead to the emergence of dynamic loads on
its elements and the railway track. If the dynamic load is less than static, then the element under
test is unloaded, and if more there is the overload of this element.

When moving the crew through smooth synchronous roughness, the dominant effect on
the discharge of the wheel is by bouncing and galloping. When moving along smooth non-
synchronous unevenness, lateral swinging in conjunction with the lateral removal of the body.

In addition, the system of differential equations is used to determine these dynamic loads.
This system describes the movement of the super-bearing structure of the rolling stock on the
oblique setting under the action of the forces applied to it.

Establishing the influence of the height of the inclination in accordance with the
conditions of rolling the wheel on the head of the rail allows you to approach the solution of the
general task of the forensic railroad transport expertise.

However, as has been said before, the fulfillment of the necessary rolling conditions does
not necessarily result in the derailment of the rolling stock, since the wheel pair can start to move
in the opposite direction without slipping onto the surface of the rolling of the rail. Therefore, it
is necessary to check the fulfillment of the sufficient condition for rolling the wheel rim of the
wheel pair onto the rail head.

With the use of the necessary and sufficient condition for rolling the wheel on the rail
head, it is possible to set ranges of speeds at which the rolling stock from the rails may occur if
there is a distortion of the rail threads of a certain value. It is also possible to obtain the value of
the speed of the train, at which the most is the unloading of the wheel of the car in the curve
section of the path with the existing bias.

The obtained dependencies can be used to establish a safe interval of speeds of trains on
sections of the road with distortions of a certain magnitude and in conducting forensic railway-
transport expertise.
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