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3AKOHOMIPHOCTI 3BHOIIYBAHHS KOHTAKTHOI'O ITPOBOAY IIPH
EKCILTYATAIII HA MICBKOMY EJIEKTPOTPAHCHOPTI

Poszenanymo  numanns  3minu  gpopmu

nonepeiHoco

nepepizy  KOHMAKMHO20 — NpPOGOOYy  CUCHEMU

e1eKmponoCmayants Micbkoz2o elekmpompancnopmy. Hasedeno mamemamuyni 3a1e#cHOCMI 3HOCY KOHMAKMHO20
npo6ody. Ompumano Mamemamuyry Mooeib 3HOULYBAHHS KOHMAKMHO20 NPOBOOY, KA GUSHAUAE 1020 3HOULYBAHMHS.
6 MPbOX NPOEKYiax npu GiON0GIOHOMY NPODOIEY 3 YPAXYBAHHAM CMPYMY HABAHMANCEHHS. 3anpononoeana mMooensb
003601UMb  CIMBOPUMYU  8UNPOOYBANbHULL  NPUCMPINl 01 (QI3UYHO20 MOOeN08AHHA OCHOBHUX NAPAMempie
CMPYMO3HIMAHHA 8 CUCIeMi eleKIMPONOCMAYaHHs eleKmpOmpancnopmy.

Knruosi cnosa: konmaxmuuil npogio, ereKmpuyHuil ma MexaHiuuull 3H0C, HANPYlceHO-0epopMO8aHull CmMaH,

Kpumepii aKocmi cmpyMO3HIMAHHAL.

IMocTanoBKka npodJeMu

[pobmema HaIIMHOCTI i €KOHOMIYHOCTI
CTPYMO3HIMaHHSI MICBKOTO €JIEKTPHYHOTO TPAHCIIOPTY
CTala BCE CHIBHIIIE MpPOSBIATHCA 13 3POCTaHHAM
BapToCTi Ta O0OMeXeHp Yycix BumiB pecypciB. lle
noTpedye YIOCKOHAJICHHS KOHCTPYKIII{
CTpyMompuiiMauiB, KOHTAaKTHOI  Mepexi, BUOOpY
MarepiajiB AJs KOHTAKTHOTO HPOBOAY, a TaKOX

MPOBECHHS HAYKOBHX JIOCIiKeHb [1].

AHaJIi3 OCTaHHIX JOCHizKeHb i myOikanii

BcraHoBnieHHST  3aKOHOMIPDHOCTEW  3HOLIYBaHHS
KOB3HMX KOHTAaKTIB Ha TpHUKIAAi map  TepTs
«KOHTaKTHHH TIPOBI — cTpyMmomnpuimaud» Oyio

3IiHCHEeHO, 30KpeMa, B poborax [2,3,4,5], ane BOHU He
BPaxoOBYIOTh B IIOBHIH Mipi JyroyTBOPIOBaJIbHI MIPOLIECH
y BiamoBimHIA mapi TepTs. Ha 0asi BignoBigHHX
piBHSHBD [4] MOXIHMBO OTPHMATH 3aJIe)KHOCTi, SKi
OB’ SI3YI0Th €JIEKTPUYHI, MeXaHiuHi, (i3uKo-XiMi4HI Ta
TPUOOTEXHIYHI XapaKTEPUCTUKU KOHTAKTHOTO MPOBOIY

BITHOCHO bi (o) YMOB eKCILTyaTanii MiCBKOTO
EIIEKTPOTPAHCIIOPTY.
Meta po6oTn
BcranoBuTH OCHOBHI 3aKOHOMIPHOCTI

3HOIYBAHHS KOHTAKTHOI'O MPOBOMY IS MOIAJBIIOTO
¢opMyBaHHS  BHMOr  JI0  amapaTHHX  3aco0iB
JIOCITIJKEHHST POOOTH KOB3HOTO KOHTAKTY «KOHTAKTHHIMA

KIUJIBKICTIO B3a€MO3AJISKHUX (DAKTOPIB — SIK BHYTPIIIHIX
(dpizuko-xiMi4HI BIACTHBOCTI MarepiaiiB Mapu TepTs),
TaK 1 30BHINHIX (IMHAMIYHI HaBaHTa)KCHHS, HASBHICTh
CNIEKTPUYHOTO  CTPYMY B  KOHTakTi, Mapamerpu
30BHIIIHBOTO CepeIOBHINa Ta iH.) [5, 6, 7].

Marepianam BIacTHBI HEOTHOPITHICTH CTPYKTYPH
MIOBEPXHEBOIO IIapy 1 KOHHIEHTpALis CKYyIMTYECHHS
nedekTiB Ta JoKamizaiis BHYTPIIIHIX HAIpyXeHb B
HACJiJIOK MEXaHIYHOTO Ta ENeKTPHUYHOro 3Hocy. B
pe3ynbpTaTi BiIOYBA€TBHCA 3HOC IMOBEPXHI KOHTAKTHOTO
MIPOBOAY.

3HW)KEHHS] IHTEHCHBHOCTI 3HOIIYBaHHS MOBHUHHO
3BOJHUTHUCS OO aHITUIAIil KoH]irypamiiHOi eHTporil,
BIIMOBITHO BUMOT JPYroro 3aKOHY TepMorHaMiku [8].

VY mporeci  excrutyartaiii reoMeTpuvHa (popma
KOHTAKTHOTO TIPOBOAY 3MIHIOEThCS 1 SBISE€ COOOFO
CKJIQ/IHY TIOBEPXHIO N-TO MOPSJKY, SKY NMpH (i3HIHOMY
MOJICTIOBaHHI MOXXHA CIIPOCTHUTH 1 MOAATH Yy BHIJISIAI
HIOBEPXOHB JIPYrOro MOPsAKY, IO NEPEXOSATh 3 OJHOTO
BHAYy B IHIOHUA, TOOTO 3HOCY 3i 3MCHIICHHIM
reoMeTpudHHX mapametpis (puc. 1) [9,10,11].

B pamkax BupileHHs 3aBAaHHs 3a0e3MEUYCHHS
SIKICHOTO CTPYMO3HIMaHHS OyB BHKOHAaHMH KOMIUICKC
TOCITIKEHD 3 IHTEHCUBHOCTI 3HOIITYBaHHS
KOHTaKTHOTO TIPOBOJY JJsi MICBKOTO E€JIEKTPUYHOIO
TpaHcriopty. OCHOBHMM  KpHTepieM 3HOCYy Oyio
MIPUIHATO JOIYCTUMUI nepepi3
KOHTaKTHOTO HIPOBOJLY.

MiHIMaJIbHO

[TpumnpartoBaHHs MOBEPXHI KOHTAKTHOTO MPOBOIY

MPOBiI — CTpyMONpHiiMau» 3 ypaXxyBaHHSAIM CTPyMy B MpOIECi IONmepesHboi poOOTH 1  MOAAIBIIOL
HABaHTaXKCHHS. eKCIUTyaTarii KOHTaKTHOI Mepexi MICBKOTO
. €JIEKTPOTPAHCIIOPTY MOKHA PO3TIIAJATH B 3arajJbHOMY
Buk.1aj 0cHOBHOrO MaTepiary BUNAJKy SK Makpopeinbed, a B JIOKAJbHOMY — SK
)

OpukiiiiHa B3a€EMOJIS €IEMEHTIB TPUOOCHCTEMH MiKpOpenbed. Ipuuomy Makpopenbed Oyne

«KOHTAaKTHUI1 MPOBiJl — cTpyMonpHiiMau» sBIse cO60l0 ~ BU3HAYATHUCH CYKYIHICTIO MIKPOPEIbE(IB.

HENIHIHHUA Tpomec, SKUA BU3HAYAETHCA BEIHKOIO
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Puc. 1. 3mMiHa TeOMETPUYHHX ITapaMETPiB MOMIEPEIHOTO
nepepizy KOHTaKTHOTO IIPOBOJTY BiJl HAYaJIbHOTO
(HOBOT0) /10 TPAaHUYHOTO (HETIPUIATHOTO B
eKCIUTyaTarlii)

BpaxyBaBimu HampyxeHo-IeGopMOBaHUN  CTaH
po0oU0i MOBEpXHI KOHTAKTy PO3TIITHEMO 3MiHY (OpMH
nepepizy KOHTaKTHOTO MPOBOAY KOHTAaKTHOI MEpexi 3
MaTeMaTU4HOI TOYKH 30py. [Jisl IbOTO CIPSIMYEMO BiCh
OY B31OBX HaNpsSMKY pyXy CTPYMOIIpHMada BiTHOCHO
KOHTaKTHOTO TIpoBoay, a OX i OZ y nepreHIuKyIIpHAX
HampsiIMKax Juisi  pyXy CTpyMompuiiMauya B3IOBX
KOHTaKTHOro TnpoBonay. Toxi 3rimHo poGotu [4]
KOOPJMHATH TOYOK ITOBEPXHI KOHTAKTHOTO IIPOBOIY
MOYKHa BU3HAYUTH 32 BUPa3aMHU:

x=f(y,z,c)£{B(Y,z.c); 1)
y=f(xzc,)£{B(Xzc,); 2
z="f(xy,c,)£{B(XY.C,); ()

e fly.z.ey, flxzea) flxy.cs) — dymeaii, mo
XapaKTepU3yIOTh 3HOIIYBaHHA B mepepizax XOY, XOZ,
YOZ, ski BHHHUKAIOTH Yy MpPOILEC TePTsS KOHTAKTHOTO
MPOBO/Y 3 KOHTAKTHOIO BCTABKOIO;

c1, €2, €3 — KOHCTAHTH, fKi 3a1exath Bix GopMu pododoi
TIOBEPXHI KOHTAKTHOTO NTPOBO/LY;

+./B(Y,2,¢) . £4/B(X,2,C,) , £/B(X,Y,C,) -

JeBiaTopHi TeH30pa jgedopMariid, 10
BIZINOBIAIOTH 32 3MiHYy ()OPMH KOHTaKTHOTO HPOBOIY
TIPY B3a€MOJIi 3 KOHTAaKTHOIO BCTABKOIO;

B(,z,c1), B(x,zc2), B(x,y,c3) — QyHKUil nepemilnieHHs
TOYOK po0O0Y0i MOBEpXHI BCTaBKH CTpyMOIpHiiMada

HYaCTUHU

IIPH pyCi y HaIIpsIMKax 3a3Ha4€HUX OCeil KOOpAWHAT.

B pesynbrati npouecy TepTs i 3HOUIYBaHHS IS
BH3HAUEHHs 3MIlICHHS OyAb-sKOi TOYKA 3 BHXIiJTHOI
MOBEPXHi Ha TIOBEPXHI HEOOXITHO MPOBECTH PO3KIAT
mux piBHAHb B psn Teisopa [12] 1 oOmexutucs
MOXITHUMH TEpIIOro IMOPSJIKY, OCKUIBKM TOXiJHi
BHUILIOTO TOPSJIKY HE MalTh CYTTEBOTO BIUIMBY Ha

HaIpyxeHo-1eGopMoBaHuii CTaH KOHTAaKTHOTO
IIPOBOY.

3rizHo pobotu [13] nedopmauito marepiany y
Oynp-sIKi  TOYLl KOHTAKTHOTO MPOBOAY MOXKHA
BH3HAUUTH CKOPOYEHHSIM  OyIb-IKOTO  JIHIHHOTO
eNIeMEeHTa MOBEPXHi, IO IPOXOIMUTH Yepe3 IO TOUKY.
KoopauHatn  eneMeHTa 1O BIJHOIICHHIO  JIO

JOCIIKYBAaHOI TOUKH JOPIBHIOIOTH:
dx = Al; dy = Am; dz = An, (4)

Jie A — MOYaTKOBi pO3MipH KOHTakTHOTO mposoay; I, m,
N — cIpsIMOBYIOYI KOCHHYCH, SKi BiTOOpaXyrOTh YMOBHU
HaBaHTAXXCHHS NPU NPOTIKAHHI BIATIOBITHUX MpOIIECIB
TEpTSL.

B pesynbrari mpouecy TepTs BiaOyBaeThCs
3MilieHHs Uy, Uy, U; eJeMeHTa, TOOTO 3HOC KOHTAKTHOTO
NpoBOAY, B3IOBX ocel koopauHat OX, OY, OZ, sike
MOYKHa BU3HAYUTH 32 BUPa3aMHU:

y2| X2
J| Jfy.2)dz fdy
u —%dy+%dz+yl = =
tooy 0z Vi(y.z.c) )
5
y2[ x2
OO |§ AL Y
=—m+—An+ 25 ;
oy oz Vi(y.z.c)
[| ] f(x 2)dz [ax
o, = Py Pp 4wl =
boox o o Jf(xz.c,) ©
6
[1 ] f(x,2)dz Jdx
LY AP '
OX 0z Jf(x,z,c)
X2| Y2
j If(y,x)dy dx
u, = Py Py 4 2Ly =
27 ox oy JF(xz,c,) 0
o j j f (y,x)dy |dx
=— Al +—Am+ =2 ;

OX oy Jf(xz.c,)

B cucremi piBasHb (5) — (7) 3HOC KOHTAKTHOTO
MIPOBOJTY IO OCAX X, Y, Z BU3HAYAIOTHCS 3 BHPA3iB 3TiIHO
po6otu [10]:
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9o, +6T”+ay“+x:0

oXx oy oz

oo, Or, Ot
L+ —2+—24y=0, (8)

oy ox oz

0o, Or, Or,
tp—=24+—247=0

oz 0oX

I Oy, 0Oy, 0; — HOpPMaJIbHI HAIIPY>KCHHS B3JIOBXK
ocel KOOpJIUHAT;
Txys Tzx, Tyz — JOTHYHI HAIPY>KCHHS.
KinpkicTh TOTTIMHYTOI €IeKTPUYHOI Ta MEXaHI9HO1
€Heprii B poleci TepTs BUNIIAaTHME TaKUM YHHOM

A= gFL+KIUt, o)

JIe (1 — MEXaHIYHUHN KOCQIIIEHT TepTs;
F — MexaHiuHe HaBaHTa)KCHHS;
L — npo0ir;
k — koedilieHT MpOMOPIIHHOCTI, SKUil 3a1eKUTh
BiJl €TCKTPUIHUX MTApaMeTPiB MaTepialiB TepTs;
| — cTpyM HaBaHTa)KeHHS,
U — Hampyra KOHTaKTHOT Mepexi;
t — wdac mpoTikaHHI CTPyMy B KOHTAaKTi
«KOHTaKTHHUH IMPOBIiJ - CTPYMONPUHMa®.

KinbkicTh eHeprii B KOHTaKTi «KOHTaKTHUH MPOBiJ -
CTpyMOMNpUHMAad» 3aJeKUTH Bijl IHTCHCUBHOCTI €HEprii,
10 TiABOAWUTHCS Ta PO3CIIOETHCA. SIKIO IHTCHCUBHICTD
MiZBEICHOTO TOTOKY EJIEKTPUYHOI Ta MeEXaHI4HOT
eHepril moxaTy 4yepes MOXiJAHY BiJ| MOTJIMHYTOI eHeprii
3a 9acoM {, TO OTpEMaEMO NOTYKHICTb TEPTS:

dA

G = MRV KU, (10)

ne V — MBHIKICTH PYXY.

Sxmo Bpaxysatu Bupas (10), 3amimenns Uy, U, U;
B370BXK oceil koopauHatr OX, OV, OZ wmoxHa
oTpUMaTH MOJIENIb  3HOIIYBAHHS
KOHTaKTHOTO TPOBOJY:

MaTeéMaTU4iHYy

y2| 22

j j f(y,2)dz |dy

uﬁ(ﬂF +kluj(aLm+aLn]/l+y1 z ; (11)
V. \oy oz f(y,z,c)
x2| x2
[| ] f(x2)dz fdx
_ xiLx1 . (12)

U= Jf(x2,0)

x2| y2

j jf(y,x)dz dx

X1 y1

u, :(yF +kluj[al'l +8Lmj/1+ (13)
vV \ax oy

3mimenHs U, (12) Bu3Hayae KOOPAMHATH TOYOK
mpu 3MiImeHHI Uy, U; KOHTAKTHOTO TPOBOAY B3TOBXK
oceii koopauHat OX ta OZ.

Po3B’si3yroun cucremy piBasHb (11) — (13) s
BU3HAYCHWX IIOYATKOBUX YMOB Ta BPaxOBYIOUH
TEOMETPII0 BHXITHOTO CTaHy KOHTAKTHOTO IIPOBOY,
MOJKHa 3HaWTH 3MimIeHHsS Uy, Uz, a MOTIM YTBOPEHHMH
mepepi3 KOHTAKTHOTO TPOBOAY TPH BigNOBITHOMY
mpobiry  Ta  eKCIUTyaTaliHUX  HaBaHTAXCHHIX
pyxomoro cknany. ['padiuna 3anexHicTh IpencTaBieHa
Ha puc. 2 umocTpye Bumie3asHauene, ge L, b, h —
JOBXXKMHA, IIMPHHA, BHCOTA KOHTAKTHOTO IPOBOIY
BIiJIIOBIHO:

F(y,%.¢5)

Puc. 2. ®opma nepepily KOHTaKTHOT'O TIPOBOY 3
ypaxyBaHHSIM CTPyMY HaBaHTa)XEHHs NP Npooirax:
a) 350 Tuc. km; 6) 650 THC. KM.
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Bucnosxu

1. OTprMaHa MareMaTudHa MOJENb 3HOUIYBaHHS
KOHTAaKTHOTO TIPOBOAY B TPhOX mpoekisx (11-13). mo
3abe3neqye MOJKJIHBICTh BH3HAYATH mepepis3
KOHTaKTHOTO MPOBOJAY MpH BIANOBITHOMY HpoOIry
PYXOMOTO CKJaly MiCBKOTO €JIEeKTPOTPaHCIOPTY 3
ypaxyBaHHIM CTPyMY HaBaHTa)KCHHS.

2. 3a 10TIOMOT00 MaTeMaTUYHOI MOJIEII MOKJIUBO
BU3HAYWTH Ta OTPUMAaTH CWJIOBI, KIHEMAaTHYHI,
JUHAMIYHI, €HEpreTHYHI Ta TEOMETPHYHI MapaMeTpH,
HEOOXigHI A TPOEKTYBAaHHSI KOHTAKTHOI Mepexi i
CTpyMONpuiiMadiB 1 MOXYTh OyTH MOCHI/DKEHI Ha
CIETiaJIbHAX TIPHCTPOSIX.
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THE REGULARITIES OF WEAR OF A CONTACT WIRE DURING OPERATION ON THE CITY
ELECTRIC TRANSPORT
V. Daleka, V. Scurikhin, D. Lychov
0O.M. Beketov National University of Urban Economy in Kharkiv, Ukraine

The problem of reliability and efficiency of current collection of urban electric transport has become
increasingly apparent with the increase in the cost and limitations of all types of resources. This requires improving
the design of current collectors, contact network, selection of materials for the contact wire, as well as research.
The materials of the inherent heterogeneity of the structure of the surface layer and the concentration of clusters of
defects and the localization of internal stress as a consequence of the mechanical and electrical wear. As a result,
the surface of the contact wire is worn. In the framework of the challenge of ensuring quality of current collection
was made complex research of intensity of wear of the contact wire for electrical transport. The main wear criterion
was the minimum allowable cross-section of the contact wire.

This article describes the features of the influence of physical processes occurring in the friction pair
"contact wire-current collector” taking into account the influence of factors such as mechanical load, mileage,
speed, current flow time for urban electric transport. Equations are presented that describe the process of
displacement along the axes that is, the wear of the contact wire using the method of decomposition of the function
into an infinite sum of power functions (Taylor series), the theory of friction and wear, the theory of physical and
chemical processes. On the basis of the corresponding equations obtained dependences that relate electrical,
mechanical, physico-chemical and tribological characteristics of the contact wire relative to the operating
conditions of urban electric transport. A mathematical model of the wear dynamics of the contact wire is obtained,
which determines its wear, that is, a section is formed during operation, taking into account the influence of factors
such as mechanical load, mileage, speed, time of flow of current in the friction pair "contact wire — current
collector". It is shown that the use of the proposed model will create a test device for physical modeling of the main
parameters of the current collector of the electric power supply system of electric transport.

Keywords: contact wire, electrical and mechanical wear, stress-strain state, current removal quality
criteria.
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