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NUMERICAL SIMULATION OF AIR POLLUTION IN CASE OF
UNPLANNED AMMONIA RELEASE

Purpose. Development fast calculating model which takes into account the meteorological parameters and
buildings which are situated near the source of toxic chemical emission. Methodology. The developed model
is based on the equation for potential flow and equation of pollutant dispersion. Equation of potential flow is used
to compute wind pattern among buildings. To solve equation for potential flow Samarskii implicit difference scheme
is used. The implicit change — triangle difference scheme is used to solve equation of mass transfer. Numerical
integration is carried out using the rectangular difference grid. Method of porosity technique («markers method»)
is used to create the form of comprehensive computational region. Emission of ammonia is modeled using Delta
function for point source. Findings. Developed 2D numerical model belongs to the class of «diagnostic models».
This model takes into account the main physical factors affecting the process of dispersion of pollutants in the
atmosphere. The model takes into account the influence of buildings on pollutant dispersion. On the basis of the
developed numerical models a computational experiment was carried out to estimate the level of toxic chemical
pollution in the case of unplanned ammonia release at ammonia pump station. Originality. Developed numerical
model allows to calculate the 2D wind pattern among buildings and pollutant dispersion in the case unplanned
ammonia release. Model allows to perform fast calculations of the atmosphere pollution.
Practical value. The model can be used when developing the PLAS (Emergency Response Plan).

Keywords: air pollution; unplanned release; toxic chemical; numerical modeling

object. Prediction of contaminated zones and
detection of Dangerous Level of Contamination

The ammonia pipeline Toliatti-Odessa was g the basis of this document. Therefore, the actual
built in the late 70s—early 80s specifically for the  tagk is to estimate the level of contamination

transportation of the main products of the Toliatti working areas of the pump station in the case
nitrogen plant for export. The end point of ammo-  of ynplanned ammonia release.

nia pipeline is Odessa Port. There are several
pumping stations along the route of this pipeline Review of literature sources
(Fig. 1). These pump stations support the correct
pressure in ammonia pipeline. From the point view
of industrial safety these pump stations are
the chemically dangerous objects [4, 6, 15].
According to the Law of Ukraine for high-risk
objects, a PLAS (Emergency Response Plan) doc-
ument should be developed for such industrial

Introduction

To solve the problem of chemical contamina-
tion zones formation in the case of unplanned am-
monia emissions analytical models are widely
used. For example, Berland model was used to
predict air pollution in the case of ammonia pipe
rupture [6]:

doi 10.15802/STP2017/104142 © L. V. Amelina, M. M. Biliaiev 2017



ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayxka Ta nporpec Tpancropty. BicHuk J[HIIpOneTpoBCbKOro
HAI[IOHAJIBHOTO YHIBEPCHTETY 3aIi3HUYHOr0 Tpancnopty, 2017, Ne 3 (69)

EKOJIOI'A1 HA TPAHCITIOPTI

1-m

0, (zH )(7j z)"

C =
2(2+n —m)kl«/nk0x3
ool yz ) ulzlm—n (ZZ+n—m +H2+n—m)
p X
4kyx k(2+n-m)x
2+n-m
I, |20z,

24n-m (2+n—m)2k1x

0O, — emission rate; H — height of emission
source; ko, ki, m — empirical constants; / — Bessel
function; C-concentration.

Another approach for assessing the zones of
chemical contamination is the application of the
Gaussian plume model [2, 3, 10-14]. The use of the
analytical models or Gaussian models allow to cal-
culate quickly zones of chemical contamination.
On the other hand, these models have significant
lacks because they cannot be used when we model
toxic chemical dispersion among buildings. For
this purpose, it is necessary to use numerical
models [1, 8, 9] which are based on Fluid Dynam-
ics equations. In Ukraine, there is a certain deficit
of such models [8, 9]. Worthy of note that the
application Navier—Stokes equations for this
purpose demands using of very fine computational
grid and much computational time.

Purpose

The purpose of this paper is to develop
a numerical model for computing the chemical
contamination of air on the territory of the
ammonia pump station for unplanned ammonia
release (accidental release or terror act).

Fig. 1. GOOGLE’s image of Ammonia Pump Station:
1 — pump station

Mathematical formulation

To simulate the pollutant dispersion in the
atmosphere 2D transport model is used [5, 7]

oC ouC ovC a( ac]
—t—+—+0C=—| pu,— |+
ot oy ox ox

Oox
a(u@—f}ZQ(Z)S(X—xi)ﬁ(y—yf)a (1)

+_
Oy

where C 1s mean concentration; u, v are the wind
velocity components; G is the parameter taking into
account the process of pollutant chemical decay or
washout; p=(p, py ) are the diffusion coefficients;
Q is intensity of point source emission; 6(r - ri) are
Dirak delta function; .= (x;, y;) are the coordinates
of the point source .

To simulate the wind flow in the case of the
buildings at the territory of Pump Station the 2D
model of potential flow is used [7]

o’pP &*pP
—_—t =

0,
o ot

2

where P is the potential of velocity.
The wind velocity components are calculated as
follows:

_oP

oP
U=—o01 b, v=—.
ox

oy

Boundary conditions for modeling equations
are discussed in [5, 7].

Numerical model

The computation of wind pattern and pollutant
dispersion is carried out on rectangular grid. To
create the form of buildings we use porosity tech-
nique or so called «markers method» [1, 7].
Markers are used to separate the computational
cells where flow takes place from the cells which
correspond to buildings.

Main features of the finite difference schemes
which we use for the numerical integration of
modeling equations are shown below.

To solve equation (1) we use change — triangle
difference scheme [1, 7]. The time dependent
derivative in Eq. (1) is approximated as follows:
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oC C;H e
R
At the first step convective derivatives are
represented in the following way:
ouC _ou'C Lo C
Ox Ox o

8VC:6v+C+8v_C.
y oy
:u—|u|’ V+:v+|v|;
2 2

where u+:u+|u|; u

v
Sl

At the second step the convective derivatives
are approximated as follows:

v

+ + n+l _ + ~ntl
ou C Uiy Cij U;; G

i-1,j _ y+ i+l
ox Ax =L
_ - n+l - n+l
Ou C Ui Gy —u; Gy -
ox Ax o ’
I + Ot
NV'C Vi VG .
Y A =5
Y )
ovC _ Vi11Gijn = VG _ -
~ =L, )

oy Ay

The second order derivatives are approximated
as follows:

El [M a_c]zpl G, =G GG
ox|* Ox x A * Ax*
=M= Cn+1 + M Cn+1
of  oC). . Gm-G" __ G -G _
| My, |FHy 2 Py 2
v\ oy Ay Ay
— - n+l n+l
—MyyC * +M;yC -,
In these expressions

are the dif-

xx° xx? o »w

+ - 7+ - + - + -
L,L,L,L,M M M, M
ference operators. Using these expressions, the
difference scheme for the transport equation can be

written as follows:

Cin;.l B Cfnj + i+l — i+l + i+l
—+LC T +LCT+LC +
At

— i+l n+l _
+L,C" +o (=
:M;CCMI +M;xcn+l +M:-Vcn+l +M;ycn+1

Solution of the transport equation in finite —
difference form is split in four steps on the time
step of integration df:

— at the first step (k:% ) the difference
equation is:

n+k n
Cij+ _Cz‘j 1

7L+kL+k gk:
A7 +2XC+yC + ~Cp

4
_ l(M+ Cn+k M—Cn M+ Cn+k M— Cn) (3)
- 4 xx M, + w + »w

— at the second step (k:n-q-%; c:n+%):the

difference equation is
Ck

—Cf.
ij__~iJ +1(L; Ck +L_Ck)+gC,-k- =
At 2 a4

Lo N - e
=Z(MMC1‘ + M C+ M, C"+M;,C) (4)

~ at the third step (k=n+>-

i c=n+%) the

expression (4) is used;
— at the fourth step (k=n+1; c:n+%) the

expression (3) is used.

At the fifth step (at this step the influence of the
source of pollutant emission is taken into account)
the following approximation is used:

5n+1 5n N "
Ci,j —Ci,j :ZQz(t )5
At “AxAy

Function ¢; is equal to zero in all cells accept
the cells where source of emission is situated.

This difference scheme is implicit and
absolutely steady but the unknown concentration C
is calculated using the explicit formulae at each
step (so called «method of running calculationy).
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To solve equation (2) we transform it to the
«evolution type»

oP _ o*P o°pP
+

811 o’ oy
where m is *fictitious’ time.

7 3

For n — o the solution of equation (3) tends to

the solution of equation (2).

To solve equation (3) A. A. Samarskii’s
change-triangle difference scheme is used. Accord-
ing to this scheme the solution of equation (3) is
split into two steps:

— at the first step the difference equation is

+1/2 +1/2 +1/2
BB B Bﬂ/ —By B szﬂm =it
0,5A7n A A N
n+1/2 n+1/2
N P +P -
2 9
Ay
— at the second step the difference equation is
n-+1 n+1/2 n+l n+1 n+1/2 n+1/2 n+1 7+l
Ft)',j _E,j B+1] 131/ _B,j RI] F:_]+l Ej +
0,5An Ax? A A
n+1/2 n+1/2
N P +P -
> .
Ay

From these expressions the unknown value P;;
is determined using the explicit formulae at each
step of splitting («method of running calculationy).
The calculation is completed if the condition

n+l1 n
‘QJ_EJﬁg

is fulfilled (where ¢ is a small number, n is the
number of iteration). The components of velocity
vector are calculated on the sides of computational
cell as follows

L by
u, ;= ,
/ Ax
BBy
v, = n
4

Calculation of velocity components on the sides
of computational cell allows to develop the
conservative numerical scheme for pollutant
dispersion.

For coding of difference formulae, we used
FORTRAN language.

Findings

Developed numerical model and code were
used to compute ammonia concentrations at the
territory of ammonia pump station in the case of
unplanned release (Fig.2). It was supposed that
release takes place near building with ammonia
pumps (Fig. 3, 4). Sketch of computational region
is shown in Figure 4. Figures 5, 6 show modeling
results for ammonia emission. Emission rate is
0=17 kg/s and was chosen from literature [6].

Fig. 4. Sketch of computational region
(ammonia pump station): 7, 2 — buildings with ammonia
pumps, 3, 4, 5 — industrial buildings on the territory of station;
6 — receptor position; 7 — position of ammonia release
at the territory of pump station
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Fig. 5. Computed ammonia concentration, /=250 s
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Fig. 6. Ammonia concentration at receptor
spot (position No. 6, Fig. 4)

As we can see from Fig. 5 plume of toxic
chemical quickly covers all the territory of
ammonia pump station. To estimate the danger of
such unplanned release we computed the ammonia
concentration near one building at the territory of
this station. Receptor position (position of person)
is shown in Fig.4. Dynamics of ammonia concen-
tration at this spot is shown in Fig.6. It is clear that
the people affected will die at the territory in the
case of this unplanned release because the ammo-
nia concentration exceeds Level of Concern which
is 20 mg/m’.

Worthy of note that computational time was 5
sec. It allows to use the developed model for pre-
diction of air pollution during PLAS development.

Originality and practical value

A 2D numerical model has been developed to
compute contamination zones among buildings
during the accidental emission of a hazardous
substance. The presented 2D numerical model is
based on the application of the fundamental
equations of aerodynamics and mass transfer.

The peculiarity of the developed model is the
use of standard meteorological information and
quick calculation.

Conclusions

Numerical 2D numerical model for estimating
the level of atmospheric air pollution during the
emergency emission of hazardous substances is
proposed. Proposed numerical model allows to
predict level of pollution of atmospheric air among
buildings. The solution of the aerodynamic
problem is based on the numerical integration of
the equation for the velocity potential. To predict
the air pollution, the equation of mass transfer is
used. The mass transfer equation takes into account
the convective and diffusive transport of pollutants
in atmosphere, taking into account buildings
situated near the source of emission. Emission of a
dangerous substance is simulated by a point
source, which is modeled using Dirac’s delta func-
tion.

Further improvement of the model should be
carried out in the direction of creating a 3D
numerical model that takes into account the forma-
tion of vortices in the air flow.
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YUCEJIBHE MOJIEJIIOBAHHS 3ABPYIHEHHS ITOBITPSA B PA3I
PAIITOBOI'O BUKHUAY AMIAKY

Merta. JlociimkeHHs clpsiIMOBaHe Ha po3poOKy MOJIeli MIBUAKOTO OO4YHCIIEHHS, siIKa BpaxoByBaja O METeopoJIo-
TiYHi apameTpu Ta OyniBii, KOTpi 3HAXOJATHCS MOOIN3Y JpKepesa TOKCHYHOro BUKUAy. Mertoamka. Pozpobiena
MOJIeTIb 3aCHOBaHA Ha PIBHSIHHI JUIA HOTEHIIHHOTO IOTOKY Ta PIBHSHHI PO3CiIOBaHHS 3a0pyAHIOIOYNX PEYOBHH.
PiBHSIHHS MMOTEHNIHHOTO MOTOKY BHKOPHUCTOBYETHCS JJIsI OOYHMCICHHS MOAENI BITPY MK OyIiBISIMH, a Ui BUPi-
IIICHHS PIBHSAHHS MMOTEHIIIHOI Tedii — HesiBHA pi3HHUIEBa cxema Camapcrkoro. HessBHa morepeMiHHO-TPUKYTHA Pi3-
HHILIEBa CXEMa 3aCTOCOBYETBCS ISl BUPILICHHS PIBHAHHSA MacoliepeHocy. UncenbHe iHTerpyBaHHs 30IHCHIOETHCS 3a
JOTIOMOTOI0 NPSIMOKYTHOI PI3HUIIEBOI CITKH. MeTox MapKyBaHHS («METOJI MapKepiB») BKUBAETHCS JUISl CTBOPCHHS
(hopMu BeIMKOi po3paxyHKOBOI obyacTi. Bukua amMiaky MOJIENIOETHCS 3 BUKOPUCTaHHAM JlenpTa QyHKIIT s TOY-
KoBoro mxepena. PesyabraTtu. Po3pobnena nBomipHa ducenbHa MOJENb BiTHOCHUTHCA 10 KIIACy «TiarHOCTHYHI
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mojeni». Lls Mozesp Mae Ha yBa3i ocHOBHI (hi3n4HI ()aKTOPH, 1IO BILUIMBAIOTH HA MPOLEC PO3CIFOBAHHSI 320y THIOK0-
YHUX pedoBUH B aTMocdepi. Moenb BpaxoBye BIUIMB Oy/iBellb Ha pO3CiIOBaHHS 3a0py/IHIOIOYHX peuoBuH. Ha ocHo-
Bl pPO3pOOJECHUX YHCEIBHUX Mojesell OyB MpPOBENEHHH OOYMCIIOBAIBHUNA EKCIIEPHUMEHT [UIS OIiHKH PiBHSI
TOKCHYHOI'O XIMIYHOro 3a0pyJHEHHs B pa3l panToBOrO BUKWJAY aMiaky Ha amiauHiii HacoCHIW craHuii.
HaykoBa HoBu3Ha. Po3po0OsieHa aBTOpamH 4ucelbHA MOJIENb I03BOJISIE PO3paxyBaTH JIBOMIPHY MOJENb BIiTpY
cepen OyaiBenb Ta po3CilOBaHHS 3a0pPY/HIOIOYHMX PEUOBHH Y Pa3i panToBOro BUKUAY aMiaky. Mopenb J03BoJIsiE BU-
KOHYBATH IIBHUJIKI pPO3paxyHKH 3a0pyaHeHHs atMoc(epu. [IpakTuuna 3HauuMicTh. MoJ1elIb MOXKIIMBO BUKOPHCTO-
ByBaTH npu po3poodui [IJIACa (tutan nikBiganii aBapiiiHIX cUTYyaIlii).
Kiowosi croea: 3a0pyaHEHHS TOBITPs; pANITOBUI BUKH/T; TOKCHYHI XiMIYHI PEYOBHHH; YUCEIHLHE MOJICITFOBAHHS
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YUCITEHHOE MOAEJIUPOBAHUE 3AT'PA3HEHUA BO3/1YXA B
CJIYYAE BHE3AITHOI'O BBIBPOCA AMMHAKA

Heasn. MccnenoBanue HanpaBiIeHO Ha pa3pabOTKy OBICTPOW pacyeTHOW MOJEIH, KOTOpas y4uThiBaja O MeTeo-
pOJIOTHYECKUE TapaMeTphl U 37aHHs, PaclojoKeHHbIe BOJIM3M MCTOYHHMKA TOKCHYECKOTO XMMHUYECKOTO BBIOpOCa.
Metoauka. PazpaboranHas Mosenb OCHOBaHA Ha YpaBHEHUH JUIS MIOTEHIMAIBHOTO MOTOKA M YPaBHEHUH JUCIIEp-
CHUM 3arpsA3HAIONINX BEIIECTB. YPaBHEHHE MOTEHIUAIBHOIO MOTOKA UCHOAB3YETCs Ul BBIYMCICHHUS MOJEIU BETpa
MEXIy 3IaHUSAMH, a ISl peIICHHs YpaBHEHUS MOTEHIINATFHOTO TeUSHHSI — HesIBHAsI pa3HOCTHAs cxeMa CaMapcKoro.
HesBHasi nmonepeMeHHO-TpEYrojbHasi pa3HOCTHAsl cXeMa MPUMEHSETCS IS PELICHMs] YpPaBHEHUS MaccoIllepeHoca.
UuciieHHOE MHTErPUPOBAHME OCYIIECTBISIETCS C TMOMOIIBIO MPSAMOYrOJIbHOM pa3HOCTHOM ceTku. Meron
MapKHpPOBKH («METOA MapKepoB») UCIONb3yeTcad s co3maHuss (opMel Oombmioi pacdeTHoil o0xacTu.
OMHucCHsT aMMHaka MOJACIHMPYeTCsl ¢ ucmonb3oBaHueM JlembTa (GyHKOMHM AN TOYEYHOTO HMCTOYHHKA.
PesyabTaTsl. Pa3paborannas nByMepHAs YHCICHHAS MOJETh OTHOCHTCS K KJIACCY «IHATHOCTHYECKHUE MOJEIH».
Ota MOJ€JIb UMECT B BUAY OCHOBHBIC q)nfmqecxne (baKTopr, BJIMAIONINE HA MPOLECC paCCCUBaHUA 3arpsA3HAIOUINX
BellecTB B arMocdepe. Mozienb y4uThIBAaeT BIMSHHUE 3aHUK Ha JMCIEPCHIO 3arpsi3HAIONIMX BellecTB. Ha ocHoBe
pa3pa60TaHHb1x YHUCJIICHHBIX Moneneﬁ 6])1.]'[ IIPOBCACH BBIYHCIIUTEIILHBIN OKCIICPUMECHT J1JI1 OUCHKH YPOBHA TOKCHUYEC-
CKOTO XMMHUYECKOTO 3arps3HEHUs] B Cllyyae BHE3alHOIO BBIOpOca aMMHaKka Ha aMMHAaYHOM HACOCHOW CTaHIHH.
Hay'—IHaﬂ HOBH3HA. Pa3pa60TaHHa51 aBTOpaMU YUCJICHHas MOJCIIb MO3BOJISIET pACCHUTATh ABYMEPHYIO MOJCIIb BETPA MEKIAY
3OAaHUAMU U JUCTIEPCHUIO 3arPA3HAIOIINX BEIIECTB B CIIyya€ BHE3AIIHOT'O BBI6pOC3 aMMHaKa. MO,HCJ'IL [I03BOJISIET BBIIMOIHATE ObI-
CTpBIE pacueThl 3arps3HeHus atMmocgepsl. IlpakTuyeckas 3HAYUMOCTh. Mozenb MOXXHO NMPUMEHATH mpu paszpadotke [IJIACa
(T1aH TMKBUAIAY ABAPUHHBIX CUTYAIH).

Knouesvie crosa: 3arpsA3HCHUE BO3ayXa, BHE3AITHEIN BI)I6]I)OC; TOKCHUYHBIC XUMHUYECCKHUE BCUIECCTBA, YUCJIICHHOE MOAC/INPOBA-
HHUC
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IHPOI'HO3 3AT'PABHEHUA ATMOC®EPHOI'O BO3IYXA
BBIBPOCAMMUW ABTOTPAHCIIOPTA C YYETOM XUMHUUYECKOMH
TPAHC®OPMAILIMU BPEJIHBIX BEIIECTB

Hean. Hayunas paboTa npeamnonaraeT pa3padoTky 3D-4rCICHHBIX MOJIENICH, KOTOPBIC MO3BOJISAT PACCUUTHIBATH
MpoIiecC 3arps3HeHMs aTMOC(HEPHOTO BO3yXa BEIOpOCAMH aBTOTPAHCIIOPTA C YYETOM XUMHYCCKON TpaHchopMarim
BPCIHBIX BEIIECTB. Takke HEOOXOJMMO PAcCMOTPETh CO3JaHUC YMCIICHHBIX MOJENCH, KOTOpPhIC IaBaiid ObI
BO3MOXKHOCTh IIPOTHO3HPOBATh YPOBEHB 3arpsi3HEHHS aTMOC(EPHOTO BO3IyXa B YCIOBUSX TOPOJCKOW 3aCTPOMKH.
Metoauka. [ pelmmeHHs 3amadud IO OIIGHKE YPOBHS 3arps3HEHHs aTMOC(EepHOro BO3AyXa BBIOpOCcaMHU
aBTOTPAHCIIOPTA 3a/IeHiCTBOBAHBI yPaBHEHUS adpPOAWHAMIKH M Maccoreperoca. [ pemenns auddepeHuanrsHbIX
YpaBHEHHH a’pOAMHAMHUKHA W MacCOIEPEeHOCa HCHOJB3YIOTCS KOHEYHO-PA3HOCTHBIE METONBl. [l YuciieHHOTO
WHTETPUPOBAHMS ypaBHEHUS MOTEHIIHMAA CKOPOCTH MPUMEHSACTCS METOJ YCIOBHOW ammpoKCHMAaruu. Y paBHEHHE
JUTS TIOTEHIIMAaIa CKOPOCTH, 3allMCAaHHOE B Pa3HOCTHOM BHJE, Pa3[eiseTCs Ha J[BAa YpaBHEHUS, MPUYEM Ha KaXKIOM
miare pasZesieHus] HEM3BeCTHOE 3HaYeHHE MOTEeHIMala CKOPOCTH OIpEAeNsIeTcs Mo SBHOM cxeme Oeryuiero cuera,
IpY 3TOM caMa pa3HOCTHAas CXeMa — HesBHas. J[Isd 4YMCIEHHOrO MHTEIPUPOBAHUS YPABHEHMS PacCEUBaHUS
BBIOPOCOB B aTtMocdepe MPUMEHSCTCA HEsBHAs IMOICPESMEHHO-TPEYrojbHass Pa3HOCTHAs CXeMa PacCIICIUICHUS.
BreIOpockl  OT aBTOTpacChl MOJCITUPYIOTCS CEpPHCH TOYCYHBIX HMCTOYHHKOB 3aJaHHOW HMHTCHCHBHOCTH.
PazpaboTanHble 4YHCICHHBIE MOJCITH COCTABIIAIOT OCHOBY CO3JAaHHOTO TaKeTa TMPUKIATHBIX IPOTPaMM.
PesynbTaThl. ABTOpaMu co3naHbl 3D-dnciieHHBIE MOJENTH, KOTOpPhIE OTHOCATCS K Kiaccy «diagnostic modelsy.
JlaHHBIC MOZETHN YYHTHIBAIOT OCHOBHEIC (H3MUYECKUE (DAKTOPHI, BIHMSIONINEC Ha TPOLECC PACCEHBAHUS BPEIHBIX
BeIIeCTB B atMocepe MpH BBIOpPOCaX OT aBTOTPAHCIOPTAa C YYETOM XHUMHYECKOW TpaHC(HOPMALWU BPEIHBIX
BemecTB. Ha OCHOBE TOCTPOCHHBIX YWCIIEHHBIX MOJENEH NpPOBENCH BBIYMCIUTEIBHBIA SKCICPUMEHT IO OIICHKE
YPOBHS 3arpsI3HEHUS BO3AYIIHON cperpl Ha yaune. HayyHnas HoBu3Ha. Pa3paboTaHsl YncIeHHBIE MOJETH, KOTOPHIE
MO3BOJIIOT paccuuTarh 3D a’poauHaMUKy BETPOBOTO IIOTOKA B YCIOBHSX TOPOJCKOW 3aCTPOMKH ¥ IIPOLIECC
MaccomepeHoca BBIOPOCOB OT aBTOTPAcChl. Mojenu MO3BOJSIOT YYHUTHIBATE XHMHUYECKYIO TpaHC(HOpPMAIIHIO
BBIOPOCOB B aTMoc(depe. BBIMOTHEHBI pacyeThl MO OMPEACIICHHIO 30HbI 3arpsi3HCHUs, KOTOpast (GOPMHUPYETCS BO3JIC
3/1aHU, PACMOJIOKEHHBIX BIOJL aBTOMaructpanu. IpakTudeckasi 3HAYMMOCTB. PaccMoTpensl 3¢ (eKTHBHBIC
YHCJICHHBIE MOJIENIU, KOTOPbIE MOTYT OBITh NMPHUMEHEHBI MpU pa3paboTke MEPOIPUATHH MO OXpaHe OKPYXKaIoIIeH
CpeIIBl MPH 3KCILTyaTallid aBTOMOOHMIBHOTO TPAaHCIOPTa B Topoje. PaspaboTaHHBIE MOJIENU MO3BOJISIOT OIICHUTH
pa3Mepsl, GopMy U HHTCHCUBHOCTB 30HBI 3arpsI3HCHUS BO3JIC aBTOMAaruCTpaliy.

Kniouesvie cnosa: 3arps3HeHHE aTMOC(EpBI, ABTOTPAHCIOPT; YHUCICHHOE MOJCIHPOBAHUC, XHUMHYCCKAs
TpaHchopMaIyst BPEIHBIX BEIICCTB

K€ TEOPETHUYECKUX METOJIOB OILEHKU BIHSHUS aB-
TOTPAHCIIOPTa Ha 3arpsi3HEHHe BO3AYIIHON Cpesl
B ropogax (puc. 1) [1-3, 6, 8-10]. [Ipumenenue

BBenenue

I/ISBCCTHO, YTO aBTOTPAHCIIOPT ABJIACTCA KPYII-

HEHIIMM MCTOYHHUKOM 3arpsi3HeHHs aTMOCc(hepHOTO
Bo3ayxa. Kpome »3toro, B Mupe HaOmromaercs
CTpEeMUTENIbHASl TEHJCHIUS POCTa KOJIMYECTBA aB-
TOMOOMIIEH B pa3iaWYHBIX cTpaHax. [lo 3Toi mpu-
YHHE 3HAYUTENFHO YCHIIWICS MHTEpEC K pa3padoT-

TaKUX METOJIOB MMEET ONpeAeNICHHOE NMpEeuMyIIe-
CTBO IepeA METoJOM (PU3NYECKOr0 MOJEIHPOBa-
HUSI, KOTOpBIA TpeOyeT OONBIINX MaTepUaIbHBIX
3aTpaT ¥ BpEMEHU Ha OpPraHU3alUI0 U MPOBEIECHUE
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IKCIIEPUMEHTA, KaK B JIA0OPATOPHBIX, TaK U B MIPH-
POIHBIX YCIOBHUSIX.

IIpu ucnosnb30BaHUM METOJa MaTEMAaTHYECKOTO
MOJCIHUPOBaHUS Hamboiee YacTo MPUMEHSIIOTCS
SMIIUPUYECKUE M aHanuTuueckue wmojenu [1].
JlaHHBIE MOJIENM TO3BOJSAIOT OINEPATUBHO TMOMY-
YaTh JAHHBIE O BO3MOXKHOM YPOBHE 3arpsSi3HCHHUS
atMocepHoro Bo3ayxa. OmHAKO, CyIIECTBEHHBIM
UX HEIOCTaTKOM SIBJISIETCS TO, YTO OHM MpHU MOJY-
YEHHUU TPOTHO3HBIX OLIEHOK HE YUMTHIBAIOT HaJIM-
yue 3JaHuH.

Puc. 1. BeiOpocsl 0T aBTOTpaHCcCHOpTa

Fig. 1. Emissions from motor vehicles

B 9710 cBsI3u HaOJIrOJaeTCs MOBBIIIEHHBIA HH-
Tepec K CO3JaHUI0 YHMCIEHHBIX MOJENEH s uc-
CJIeTOBaHUS TPOIIECCOB 3arps3HEHUsT aTMoc(epHo-
ro BO3yXa BEIOPOCAMH aBTOTPAHCIIOPTA, KOTOPHIC
yuuTHIBAIM OBl Bce daktopsl [1, 2]. Cnenyer mon-
YepKHYTh, YTO B YKpawHE HAOII0JaeTCs OTrpaHU-
YEeHHOE KOJMYECTBO HAYYHBIX pa3pabOTOK B JaH-
HOM HampaBlICHUN.

Hean

Lemnpro manHO#t pabOTHI siBNsieTcst co3nanue 3D
CFD wmomene#t mist mporHo3a YpOoBHS 3arpsi3HEHUS
atMoc(epHOTO BO3JIyXa BBIOpOCAMH OT aBTO-
TpPaHCIIOpTa B YCIOBUAX 3acTpoiiku. CTaBHUTCS 3a-
Jada Co3JaHUs MOJENEH, KOTOPBIE TO3BOJISLTA OB
YYHUTHIBATh XUMUYECKYIO TPaHC(HOPMAIHIO BHIOPO-
CoB B aTMocdepe.

MeTtoauka

s pemieHus 3agady 1O IPOTHO3Y YPOBHS 3a-
Tps3HEHHUST aTMOC(EPHOTO BO3AyXa B YCIOBHAX
3aCTPOMKHM BBIOpOCAMM aBTOTPAHCHOPTa OyAyT
UCIIONIL30BaThCsl  (DyHIAMEHTAIbHBIE YPaBHEHHUS
a’poMHAMHUKN U MaccomnepeHoca. s ducieHHo-

T'O HUHTCTPUPOBAHUA MOJACIMPYHOIINUX ypaBHCHI/Iﬁ
6YILYT MNPUMCHATHCSA KOHCYHO-PA3HOCTHBIC MCTO-
JbI.

MaTtemaTHuyeckasi MoJeJb

Mooenv aspoounamuxu. Tak Kak cTaBUTCS 3a-
Jada pa3pabOTKH MaTeMaTWYecKOW MOJEeNd s
MPOTHO3a YPOBHA 3arps3HEHUs aTMOCGHEpPHOro
BO3/lyXa B YCJIOBUSAX 3aCTPOHKH, TO ISl PEIICHUS
TaKol 3a/1la4i HEOOXOAMMO ONPEENUTh MOJIe CKO-
pPOCTH BETPOBOTO TOTOKA IMPH HAJMYWU 3IaHHU.
s pemenust 3Tod 3a1a4u OyJIeM MPUMEHSITh MO-
JIeJTb 0€3BUXPEBOTO TEUSHUS HICATBHOMN KUIKOCTH

[5]:

2 2 2
8¢+6@+8@
ox? E}yz 0z>

IJie @ — MOTEHIHAT CKOPOCTH.

=0, (1)

KoMIoHeHTsI BEKTOpa CKOPOCTH BO3AYIIHOTO
MOTOKA OIPEAEIICTCS TAKUMH COOTHOIICHUSIMU:

'Y

w= 6_(p . 2)
Ox oy

Oz

ITocTanoBKa rpaHUYHBIX YCIOBUN AJIsI JAHHOTO
ypaBHEHHUsl paccMmarpuBaeTca B pabortax [1, 5].
OtmeTnM, uTO penieHue ypaBHeHus (1) ocymiecTs-
JISIETCSI B YCIIOBUSX 3aCTPOMKH.

KoMmnoHeHTsl BEKTOpa CKOPOCTH BO3LYLIHOTO
MOTOKa, OMpE/eNIeHHbIE TOCIe PEUICHHS a’pOJn-
HAMHUYECKON 3a/laud, WCIIONB3YIOTCS Janee s
pelIeHusl 3ajJaud MaccollepeHOCa BpEAHBIX Be-
11ecTB (BBIOPOCHI OT aBTOTPAHCIIOPTa) Ha yJIUIaX.

Mooenv macconepernoca. Kak H3BECTHO, BHI-
Opochl OT aBTOTPAHCIOPTAa COJEPKAT OOJIBIIOS
KOJIMYECTBO BpeOHbIX BemiecTB. [lox nedicTBueM
COJTHEYHOTO CBETa MEXIy OPTaHHMYECKUMH Bellle-
CTBaMH, MOCTYIAOIIUMHI C OTPabOTaHHBIMU ra3a-
MU aBTOTPAHCIIOPTa M OKCHAAMH a30Ta, HuAaeT ¢o-
TOXUMHUYECKAs peakius U oOpaszyeTcs TaK Ha3bl-
BaeMbIii (poroxumuueckuii cMor. OCHOBHBIMU pe-
aKIMSIMU TIPY 3TOM sBIsiroTCs [9, 10]:

NO,+h,—L>NO+0, 3)
0+0,-0,, 4)
NO +0,—4 5 NO, + 0, . (5)
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B nacrosimeid pabote Mbl OrpaHHYHMCS pac-
CMOTpPEHHEM IIpolecca MEepeHoca XUMHYECKOTO
IpPEBpANICHUs] OKUCH a30Ta M JBYOKHCH a30Ta B
aTMocdepe Ha ynuie. BeIOOp ToIbKO 3THX 3arpsi3-
HSIOLIMX BEIICCTB CBSI3aH TAaKXKE C TEM, YTO VIS
pacdera XUMHUYIECKOH TpaHchopMaIuu BEIOPOCOB B
atMocepy HEOOXOIUMO 3HATh CKOPOCTH XUMHUYE-
CKHX peakuuid. B nmutepaType cymiecTByeT ompe-
JeTHHHAs WH(OpPMAaIs OTHOCHUTEIBHO 3TOTO Ia-
paMerpa JiIsl yKa3aHHbIX BEIIECTB.

Pemenne 3agaun 0 MporHo3e 3arpsi3HEHUs at-
MOC(EpHOro BO3/1yXa BBIOPOCAMH OT aBTOTPAHC-
nopra OyaeT OCyHIeCTBIATHCS B JBa dTama. Ha
IIEpBOM ITar€e pPCHICHUA 6yIlCT MOACINPOBATH
npolecc MepeHoca yKa3aHHBIX BELIECTB B aTMO-
cdepe ¢ yderoMm paccemBanus o3oHa. Ha stom sra-
TI€ UCTIONB3YIOTCS CIEAYIONINE YPABHEHHS:

oNO] | ou[NO| .\ ov[NO| . ow[NO] _

ot Ox oy oz
0, O[NO] & O[NO] & 0O[NO]
—ax(ux . )+ay(uy S )+az(uz . )+

+ Onod(x = X0)8(y — ¥4)8(z — z5), (6)
ANO,] , ou[ NO, | . ov[NO, | . ow[NO, ] _

HSFOIIIETO d(x—xy),
3(y—y,),0(z—z,) — nempra-Qpynxuus Jlupaxa, c
MOMOIIBI0 KOTOPOM MoOJenupyercss BBIOpOC 3a-
TPSI3HUTEIIS.

OMuccHsl 3arps3HSIONIMX BEIIECTB OT AaBTO-
TPAHCIIOPTa MOJIEIIUPYETCsl Cepreii TOYCUHBIX HC-
TOYHHKOB, 3alaHHOI HHTEHCUBHOCTU Oy, Oyp, U

BCIICCTBA,

PacmoI0KEeHHBIX BAOJIb MarucTpally.
ITocTaHoBKa TIpaHUYHBIX M HAYaJbHBIX YCIO-
BUI A7l ypaBHEHHsI MaccoIlepeHOca PacCMOTpPEeHa
B paborax [1, 5].
Ha Bxoze B pacueTHy10 001acTh 3a4a10TCs Clie-
JIyIoUIye 3HaueHus! mapamerpos [1, 7]:

z ’ z "
ol el
1 1

Hx:ko”a “x:uya

IJIe 4; — CKOPOCTh BETpa Ha BBICOTE Z; (MPUHU-
maerca z, ~10m); k =0,2; k,=0,1; p=0,16;
m~1.

Ha BTOpOM 3Tare perieHus 3aaaqu Maccorepe-
HOCa OCYIIECTBJISICTCS PacyeT XMMHUYECKOM TpaHC-
(dbopmanuu BemecTs B aTMocdepe ¢ HCIONIb30Ba-
HHEM Takux 3aBucumMocteit [8—10]:

ot 0 0 0 d|NO
’ 4 : anoj__, [NO[0,]+J[NO,]:  (9)
0 o|NO 0 0| NO. 0 o|NO
za(ux [axz])Jra(uy [5)/ 2])"'5(“2 [622])+ d[NOZ]
T:kl[NO][Q]—J[NOZ]; (10)
+Opno,8(x = X0)8(y = ¥0)8(z = 29), (7) d[0,]
7 =—k [NO][03]+J[N02]. (11)
8[03]+8u[03]+6v[03]+8w[03]_i( 8[03])+
ot Ox oy oz oOx Ha Ox Pemenne naHHBIX YpaBHEHHH NMPOBOAMTCS Me-
ToZOM Difirepa.
X B ( 6[ 03])+ 2 ( 6[ 03]) - W3BectHO, IZ.TS/ B1,16poc6 NO, ;OOCTaBJ'IHeT BEIlU-
oy H, —8y o U, —az . 4nHy nopsaka 5 % ot BeiOpoca ), @ OCTalbHAas

rae Oy, — UHTEHCHBHOCTb BblOpoca NO 0T aBTO-

mobueii, Oy, — HHTEHCHBHOCTH BbOpoca NO,

OT aBTOMOOWJICH; 1, V W— KOMITOHCHTHI BEKTOpa
CKOPOCTH BeTpa; = (W, 1, 1, ) — KOOQHUIHEHTBI

atMocepHoil TypOyneHTHOH muddysun; x,,),

Z, — KOOpAMHATBI HCTOYHUKA BbIOpOCAa 3arpss-

yacTh BbIOpoca, mopsaka 95 %, — 3To BEIOpOC
NO . [Ins pacuera mpouecca XUMHUYECKOH TpaHC-
dbopmanmu B paboTe MPHUHATO, YTO CKOPOCTH XH-

MUYECKUX peaKkiuil cocraBisger: J =0,0045s"",
k, =0,00039 ppb~'s" .
s dhopMupoBaHUS BHIIA pacUYeTHOW 00JIaCTH

ucronb3yroTest Mapkepsl [1, 2]. C noMmouiso Map-
KEpOB B JUCKPETHOM MOJENHN 33JaeTCs IOJI0KEHUE
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aBTOMarucTpaid, HHTEHCUBHOCTb BBIOPOCOB OT
aBTOMOOWJIEH W TIOJIOKEHHE 3/IaHWI B pacueTHOH
obmacTu. DTO MO3BOJIAET 0YCHB OBICTPO (HOPMHEPO-
BaTh «TCOMETPHUIO» pacdyeTHOW 00aacTH, T.e. TOo-
JIOKEHHUE 3IaHMH, UX (OpMy, MOJOKEHUE aBTOMa-
TUCTpaJieil u T. 1.

Meton pemenus. s pemenns nuddepenim-
aNbHBIX YpaBHEHWH a’pOJMHAMHKU M Maccolepe-
HOCa HCIOJB3YIOTCS KOHEYHO-Pa3HOCTHBIE METO-
nel. Tak, mpy 9UCIIEHHOM WHTETPHPOBAHUHU YPaB-
HEeHMs, Ul TOTEHIMaja CKOPOCTH IMPUMEHSAETCS
METOJ YCIOBHOHM ammpokcuMauuu [4] YpaBHeHHE
JUTSI IOTEHIIMANIA CKOPOCTH 3aIlMCHIBACTCS B BUE:

oP _o’P 0°P O°P
—= + +
om ' ot o

, (12)

371eCh 1 — PUKTHBHOE BPEMSL.

[Ipu n— o pemenune ypaBHenus (12) Oymer
CTPEMUTBCSI K «yCTAHOBIIEHHIO», T.€. K PEIICHHUIO
ypaBHeHus (1).

Pa3zHOCTHBIE ypaBHEHMs U1 YHCIEHHOTO pe-
nrenus (12) Ha kaxaoM qpoOHOM Iiare paciierie-
HUS UMEIOT BUJ [4]:

n+% n+%
—F i +h .k
2

Wt
ik~ Bk _

i,j.k i,J,s
At

Ax

n+—

n+l1 n+l
_ Pi+1,j,k — Pi:j,k +
- Ax?

| —

n+l1
Pz',/,k —

At

Rav)

o)

n+l

n+l1 Pn+l
i i,j.k

ijok | | Zik4 B

AZZ

n+l1
B,jﬂ,k -

Ay2

Ha kaxxiom mrare paciueruieHus pacdeT Heu3-
BECTHOW BEJIMYHMHBI MOTEHIMATA CKOPOCTH HJIET 1O
SIBHOM (popMyJie — METOAy OeTyIero cuera.

ITepen HavajaOM YKCICHHOTO MHTEIPUPOBAHUS
ypaBHeHus (4) 3amaercs moJie MOTEHIMala CKOPO-
CTH [l «HAYAILHOT0» MOMEHTa (DUKTHBHOTO
BpeMeHH. [Iporecc pacuera Mot IOTEHIHANA

CKOpPOCTU 3aKAHYMUBACTCA IIPU BBIIIOJIHCHUU YCJIO-
BUA:

‘PnJrl _ pn

i)k i,ﬁk‘ <g,

n+l
Bk

e — HOBOC HpI/I6J'II/DKCHI/IC BCJIIMYHHBI I10-

TEHIIHAJIa CKOPOCTH; P.”]. ¢ — TpenpIyllee 3Hayde-

1

HUC BCJIMYMUHLBI MMOTCHIHAJTIAa CKOPOCTHU; € — MaAJIOC
HHCIIO.

ITocme pacdue€Ta IoJid NOTCHIMalla CKOPOCTHU
OCYHICCTBIIACTCA paCcdCT KOMIIOHCHT BCKTOpPa CKO-
POCTH BO3AYHIHOTO MOTOKA HA I'PaHAX Pa3HOCTHBIX
AYECCK I10 3aBUCHMOCTIAM:

Pi,j,k B Pi—l,j,k
Pl',j,k B Plljfl,k
' 3%
_ B,j,k B Pi,j,k—l
ik Az '

[locne pemrenus 3amadu adpoAWHAMUKUA — OII-
peneneHus TOJsl CKOPOCTH BO3IYIIHOTO MOTOKA
pemaeTcsi 3aga4a MaccolepeHoca 3arps3HAIONIINX
BEIIECTB OT aBTOMAaructpamu. s YUCIEeHHOTro
WHTETpUpOBaHUS ypaBHeHUH (6)—(8) ucmonb3yercs
MOTIEPEMEHHO-TPEYTOIbHAS pa3HOCTHAs cxema [,
5]. TlocTpoenue 3ToM Pa3HOCTHOM CXEMBI OCYIIIE-
CTBIISICTCS MYTEM PACILEIUICHUS PELIeHUs! UCXO[-
HOTO ypaBHEHHs Maccoreperoca (6)—(8) Ha mo-
CIIEZIOBATEILHOCTD PAa3HOCTHBIX YpaBHEHHH Oolee
NPOCTOH CTPYKTYpBI, M3 KOTOPBIX HEWU3BECTHOE
3HaueHHE KOHIIEHTPAIUW TPUMECH OIPEIesieTCs
METOJIOM OETYIIEro cueTa.

Pe3syabTaTthl

Hwxe npencraBieHsl pe3ybTaThl PEIICHUS 3a-
Jla9d TI0 OIIEHKE YPOBHS 3arpsA3HEHUsi aTMocdep-
HOTO BO31yXa BONM3M NBYX 37aHuil. Psmgom co
3IaHUSIMU TJIAHUPYETCS CTPOUTENHCTBO aBTOMATH-
ctpanu (puc. 2). Kak BuaHO U3 pHC. 2 aBTOMarucT-
panp ormbaer mepBoe 3maHue (TO3UIHsA 1), KOTO-
poe umeer [-o0pasnyro ¢opmy. MHTEHCHBHOCTH
SMHUCCHH OT aBTOMAaruCTpald 3a/aeTcsi C IOMO-
mpio nenbra-pyHkmun Jupaka, T. €. HabopoM To-
YEUHBIX HCTOYHUKOB SMHCCHH, PACIOIOKECHHBIX
no Ttpacce aBToMmaructpanud. CraBuiace 3agada
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OLIEHKHM pPa3MepoB, (JOpMBI 30HBI 3arpsi3HEHUS BO3-
Jie aBTOMarucTpau.

¥

| e e e |

s e [ e |

| e (i s [ o [ s [ s [ e |

Puc. 2. PacueTnas cxema:
1 —3n1aHus, 2 — aBTOMarucTpaib

Fig. 2. Sketch of computational region:
1 —buildings, 2 — highway

Ha puc. 3 mnokasana 30Ha 3arpsi3HEHUs Ha
ypoBHe z = 3 M. Y3 3TOr0o pucyHka XOpouio BUJIHO,
YTO IIEPBOE 3[1aHUE IOJHOCTHIO NOMNAJAET B 30HY
BIIUSIHUSL ABTOMArucrpanud. Mexay 3HaHusMHU
¢dopMupyeTcs TOA30HA C OONBIIUM TPAIUEHTOM
KOHIIEHTPAUH [IPUMECH.

B.245E+83

LRz

O
C> 2

coordinate x

8.588E+81
8.786E+B1

B.343E+83

Puc. 3. 3ona 3arpsasuenus ( NO, ) Bozne 31aHUi
(ypoBeHs z =3 M)

Fig. 3. Pollution area ( NO, ) near buildings
(level z=3 m)

OTMeTHM, YTO Ha pellieHue 3a1auu NoTpedoBa-
J10¢h 0K0JI0 10 ¢ KOMITBIOTEPHOTO BPEMEHHU.

Hayqﬂaﬂ HOBHU3HA U NMPaKTHYECKas
3HAYUMOCTDH

Cosmansl 3D yuciaeHHBIE MOJENH, ITO3BOJISIO-
HIMe PacCUUTHIBATh (POPMUpPOBAHUE 30H 3arpsizHe-
HUH B yCIIOBUSIX 3aCTPOMKH MTPU SMUCCHH BPEIHBIX
BEIIECTB OT ABTOTPAHCIIOPTa C YYETOM XHMHUYe-
CKO#i TpaHchopMaluu 3THX BBIOPOCOB B aTmocde-
py. [IpencraBnennsie 3D 4dncieHHBIE MOAETH OC-
HOBaHBI Ha MMPUMEHEHUH (YHIAMEHTAJIBHBIX ypaB-
HEHHH adpOJIMHAMUKH M MacCOTIepeHoca.

OcobeHHOCThIO pa3pabOTaHHBIX MoOJENei sB-
JSIETCSl UCITOJIb30BaHUE CTAHIAPTHOM MeTeoposio-
TUYECKON WHpOpManuu, OBICTPOTAa B TONYUYCHUH
pacyeTHBIX JaHHBIX M YA0OCTBO aHalW3a MONY-
YaeMBbIX PE3yJIbTAaTOB IPOTHO3a.

BoIBOaBI

Ilpennoxenst uuciaeHasie 3D momenm mms
OIICHKH YPOBHS 3arps3HEHHs aTMoc(epHOro BO3-
JlyXa BBIOpOCaMH OT aBTOTpaHcHopTa. YuciieHHbIe
MOJIEH TIPEAIONaraloT MPOrHO3UPOBAHNE YPOBHS
3arpsi3HEHUs aTMOC(EpPHOro BO3ayXa B YCIOBHUSAX
3aCTPONKHU C yUYETOM XUMHUYECKOH TpaHchopmanun
BBIOPOCOB B atMocdepe. Pemenue asponnnamude-
CKOM 3aJaud MO OIpPEACNECHUI0 TOJS CKOPOCTH
BO3/YIITHOTO TIOTOKA, MPY HAJIWYUM 3TaHUH, OCHO-
BEIBaeTCA Ha YHCIEHHOM HHTETPUPOBAHUM ypaB-
HEHUs ISl TIOTeHIuana ckopoctu. IIpornos ypos-
Hs 3arps3HEHUS] aTMOC(EPHOTO BO3yXa OCYIIECT-
BIIsieTCsT Ha 0a3e ypaBHEHHI MaccorepeHoca, 3a-
MTHCaHHBIX TUTS Ka)KI0TO KOHKPETHOTO
3arps3HSIONIero BemiecTBa. IIpuMeHseMbie ypas-
HEHHS MacCOIIEPEHOCa YUYUTHIBAIOT KOHBEKTHBHBIN
n auddy3noHHBIA TIEPEHOC 3arpsS3HAIONINX Be-
IIECTB B aTMOC(epe ¢ yU4eTOM 3acTpoiKH. BriOpo-
Chl OT aBTOTPACCHl MOJAEIUPYIOTCS cepueil Touey-
HBIX MCTOYHHUKOB, KOTOPBIE 3aJIAI0TCS C MIOMOIIBIO
nenbra-pyaknun [upaka. [IpeanoxeHHbie MOaSIN
JTAIOT BO3MOXKHOCTH OIEPATUBHO TOJYYUTh MH-
(hopmaruio 00 ypoBHE 3arpsi3HEHUS aTMOC(HEPHOTO
BO3/[yXa B pailOHax, Iie MPOXOJIT aBTOMAarucrpa-
.

[anbHeiliiee coOBEpUICHCTBOBAaHUE MoOAeNeH
ClieqyeT TPOBOJUTh B HANPABICHUH CO3JAHUS
YUCJIICHHON MOJEINH, YYMUTHIBAIONIECH 00pa3oBaHIHe
BHUXpEHl B BO3AYLIHOM MOTOKE.
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IHPOI'HO3 3ABPY/IHEHHA ATMOC®EPHOI'O TIOBITPA BUKUJIAMUA
ABTOTPAHCIIOPTY 3 YPAXYBAHHSM XIMIUHOI
TPAHC®OPMAIII IKIAJUBUX PEUOBUH

Meta. HaykoBa pobota nepenbadae po3pooky 3D uucenbHUX MOJENeH, siKi T03BOJISTh PO3PAXOBYBATH MPOLIEC
3a0pyIHEHHsI aTMOC()EPHOTO IMOBITPS BUKWAAMH aBTOTPAHCIOPTY 3 YpaxyBaHHSIM XiMiyHOT TpaHcopMarii mKija-
JMBHX peYOBUH. Takox HEOOXIHO PO3TIITHYTH CTBOPEHHS YMCEIBHUX MOJENEH, SKi JaBainy 6 MOXIIMBICT IPOTHO-
3yBaTH piBeHb 3a0pyHEHHS aTMocdepHoro TIOBITPS B yMOBax MiCBKOT 3a0yZ0BH.
Metoauka. J{ist BUpineHHs 3a/1a4i 10 OIIHII PiBHS 3a0pyAHEHHS! aTMOC(HEPHOT0 MOBITPSI BUKUAAMH aBTOTPAHCIIO-
PTY BHKOPHCTOBYIOTHCS PIBHSHHS aepOAMHAMIKM Ta MacomepeHocy. i BupimieHHS TUQepeHIiaTbHuX pPiBHIHB
aepoJMHAMIKHM Ta MacOIEPEHOCY 3afisHi KiHIEBO-Pi3HHUIIEBI MeTOMH. I YHCETHHOTO iHTETPYBAaHHS PIBHSIHHS I10-
TEHLiaTy MIBUIKOCTI 3aCTOCOBYETHCS METOJ YMOBHOI anpokcuMaii. PIBHSAHHS 1 NOTEHLIany MBHIKOCTI, 3aIy-
CaHe B PI3HMIICBOMY BHTJISI, PO3IUIAIOTECS Ha [1BA PiBHSHHSI, IPUYOMY Ha KOKHOMY KpOIIi PO3HIICHHS HEBigoMe
3HAYCHHS MOTEHI[IJTy IBUIKOCTI BU3HAYAETHCS 3a SBHOIO CXEMOIO O1KYYOro paxyHKy, IIPH IIbOMY cama Pi3HHIIEBa
cxeMa — HesiBHa. /{715 9rcenpHOro iHTerpyBaHHS PIBHSHHS PO3CIIOBaHHS BHKHIIB B aTMOC(Epi 3aCTOCOBY€ETHCS He-
sIBHA TOTIEPEMIHHO-TPUKYTHA Pi3HHIIEBA CXEMa PO3LICIUICHHs. BUKHUIM Bij aBTOTpacu MOJENIOIOTHCS CEpieto Tod-

doi 10.15802/stp2017/104549 © H. H. Bensies, E. C. CnaBunckas, P. B. Kupuuenko, 2017

20



ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayxka Ta nporpec Tpancropty. BicHuk J[HIponeTpoBcbKoro
HAI[IOHAJIBHOTO YHIBEPCHUTETY 3aIi3HUYHOr0 Tpancmopty, 2017, Ne 3 (69)

EKOJIOI's1 HA TPAHCIIOPTI

KOBHX JDKEpEIN 33/1aH0i IHTeHCHBHOCTI. Po3po0ieHi urcenbHI MOl CKIIalaloTh OCHOBY CTBOPEHOT'O MakeTa IpH-
KJIagHuX nporpam. PesyabsTtaTn. ABTopamu ctBopeni 3D umcenbHi Mozelni, sIKi BiiHOCATBCS 110 Kiacy «diagnostic
models». Jlani Mozeni BpaxoByIOTh OCHOBHI (hi3n4Hi (hakTOpH, 10 BINTUBAIOTH HA MPOLIEC PO3CIIOBAHHS IIKIUIMBUX
pevoBUH B aTMOcdepi IpH BUKHUIAX Bil aBTOTPAHCIIOPTY 3 YpaxyBaHHIM XiMigHOI TpaHC(OpMAIlii IIKi[UIMBUX pe-
yoBuH. Ha 0CHOBI MOOyIOBaHHUX YHCETHHUX MOJEIEH MIPOBEACHO OOUHCITIOBAIBHIN SKCIIEPHUMEHT IO OILIHII PiBHSA
3a0pyAHEHHS MOBITPSHOTO cepenoBHIIa Ha Bynuni. HaykoBa HoBH3HA. Po3po0iieHO "nceNnbHI MO, SKi J03BO-
JSAI0TH po3paxyBaTé 3D aepoamHamiKy BITPOBOTO IOTOKY B yMOBaX MiChKOI 3a0yZOBH Ta MPOIIEC MacOIEPEHOCY
BUKHIB BiJl aBTOTpacu. Mozeni JO3BOJISIOTh BPaxOBYBaTH XiMiuHy TpaHchopMalliro BUKHIIB B atMochepi. Buko-
HAaHO PO3paxyHKH M0 BU3HAYEHHIO 30HU 3a0pyAHEHHs, sika GopMyeThes Oinst OyIiBesb, pO3TalIOBAaHUX B3IOBXK aB-
tomarictpaini. [IpakTuuna 3HauuMicTh. Po3risiHyTo edexTHBHI YnceIbHI MOAEINI, SIKi MOXYTh OyTH 3aCTOCOBaHI
pu po3poOIli 3aX0/IiB 13 OXOPOHU HABKOJIMIIIHBOTO CEPEAOBHINA MPH CKCIUTyaTallii aBTOMOOIIBHOTO TPaHCIIOPTY
B MicTi. Po3po6ieHi Mozieni 103BOISIOTh OLIHUTH PO3MipH, POpMy Ta IHTCHCUBHICTh 30HU 3a0py/IHEHHS Oijs aBTO-
MaricTpaii.

Kniouosi cnosa: 3a0pyaHeHHs aTMOC(EpH; aBTOTPAHCIIOPT; YMCEIbHE MOJCIIOBAHHS, XiMidyHa TpaHChopMaIlis
IIKIJUIMBUX PEYOBUH
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PREDICTION OF ATMOSPHERIC AIR POLLUTION BY EMISSIONS
OF MOTOR TRANSPORT TAKING INTO ACCOUNT THE CHEMICAL
TRANSFORMATION OF HARMFUL SUBSTANCES

Purpose. Development of 3D numerical models, which allow us to calculate air pollution process from road
transport emissions based on chemical transformation of pollutants. Creating numerical models, which would give
the opportunity to predict the level of air pollution in urban areas. Methodology. To address the evaluation of the air
pollution problem of emissions of vehicles the equations of aerodynamics and mass transfer were used. In order to
solve differential equations of aerodynamics and mass transfer the finite difference methods are used. For the
numerical integration of the equation for the velocity potential the method of conditional approximation was
applied. The equation for the velocity potential written in difference form, is being split into two equations, and at
each step of splitting the unknown value of the potential speed is determined by the explicit scheme of running
account and the difference scheme itself is implicit. For the numerical integration of the equation of dispersion of
emissions in the atmosphere is used implicit alternating-triangular difference splitting scheme. Emissions from the
road are simulated by a series of point sources of a given intensity. The developed numerical models are the basis of
established software package. Findings. There were developed 3D numerical models, which belong to the class
«diagnostic models». These models take into account the main physical factors affecting the process of dispersion of
pollutants in the atmosphere when emissions from road transport taking into account the chemical transformation of
pollutants. On the basis of the constructed numerical models a computational experiment to assess the level of air
pollution in the street was carried out. Originality. Numerical models that allow you to calculate the 3D
aerodynamic of wind flow in urban areas and the process of mass transfer of emissions from the road were
developed. The models make it possible to account the chemical transformation of emissions in the atmosphere.
There were preformed the calculations to determine the contamination zone that formed near the buildings along the
motorway. Practical value. There were considered efficient numerical models that can be used in the development
of environmental protection measures in the operation of road transport in the city. The developed models allow us
to estimate the size, shape and intensity of the contamination zone near the motorway.

Keywords: air pollution; vehicles; numerical modeling; chemical transformation of pollutants
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OLIIHKA PIBHA BIAITIOBITHOCTI NTOKOMOTHUBOPEMOHTHOI'O
BUPOBHHULTBA

Mera. IlepeBipku Ta 0OCTS)KEHHS TEXHIYHOTO PiBHS JOKOMOTHBOPEMOHTHHX BHPOOHHWITB 3alli3HUIL MPOBO-
JSIThCS TIPECTABHUKAMH KEpiBHOro ckiany JlemaprameHTy Ta Ciy»KOH JIOKOMOTHBHOTO I'OCIIOJApCTBa, PEBi30pCh-
KOTO amapaTy, eKCIIEpTHUMH TpyllaMH B paMKax aTecTallii BUpoOHHIITBA. BusBieHi mopymeHHs QiKCyloTbCsS y BU-
TJISI/IL JITHTBICTUYHUX €KCIIEPTHUX TBEPDKEHb, sIKI HE JI03BOJISIOTH OLIIHIOBATH iX 3HAYMMICTh Ta €(pEeKTHBHO BU3HA-
YaTH MPIOPUTETHICTH yCyHEHHS. ToMy METOI0 HayKOBO1 poOOTH € po3poOKa METOIUKHM OLIHKU BiAMOBITHOCTI JIOKO-
MOTHBOPEMOHTHOI'O BHPOOHHMLITBA BHMOTaM HOPMATHBHOI JOKyMEHTalii 3 BH3HAUYEHHSM IIOKa3HUKAa piBHS
BianosinHocti. Meroauka. [Ipu ¢opmanizauii JIHIBICTHYHUX TBEP/XKEHb MPO BIANOBIIHICTH PEMOHTHOTO BHUPOO-
HHIITBA BPaxOBY€EThCS BIUTUB PsIly YMHHHKIB, 3HAYMMICTh SIKHX BU3HAYaJach IIUIIXOM €KCIEPTHOT OLIHKH, (hopMati-
30BaHUMH MOJIEIISIMH PO3BUTKY TOAIN NpH OOy I0BI Ta aHAI31 «JiepeBa BiIMOBY. J{ist 00YHCIIeHHS TOKa3HUKa PiB-
HS BIJITIOBITHOCTI IPOTIOHYETHCS 3aCTOCYBAHHS IOTPIHHOI aTUTHBHOI 3rOpTKH 3 KoedinieHtamu BaromocTi. Jlocmi-
JOKEHHSI B3a€MO3B’SI3Ky IHTETPAJIbHOTO ITOKa3HHMKa 3 BUTPAaTaMHU Ha yTPUMaHHS JIOKOMOTHBIB IIPOBOIMIIOCH METO/Ia-
MH perpeciifHoro anamizy. Pe3yjabTaTH. AHami3 pe3ynbTaTiB TEpPEeBIpOK Ta OOCTEKEHb TEXHIYHOTO pPIiBHI
JIOKOMOTHBOPEMOHTHHX BHPOOHHITB TIOKa3aB CXOXY CTPYKTYPY SKCIICPTHUX TBEPIDKCHb HEBINIOBIIHOCTEH, IIO
JTO3BOJIFIO TPENICTABUTH iX Y BUTIAAL BeKTopa. IIpy mepeTBOpeHHI OaraToKpUTepiaabHOI 3a1adi B OMHOKPUTEpialb-
Hy OyB 3aCTOCOBaHMH HaWOUIBII 00’ €KTUBHUN METOA 3BaKeHOI cyMu. OOUYHMCIIeH] MOKa3HUKH BiIIIOBITHOCTI 3a pe-
3yJbTaTaMH OOCTE)KEHHS PAY JTOKOMOTHBOPEMOHTHHX BHPOOHHMILTB. Y pe3yibTaTi KOpesmiiHO-perpeciiiHoro
aHaJi3y JTOBEICHO BIUIMB IOKAa3HHWKA BiAIIOBIAHOCTI PEMOHTHOTO BHPOOHHWIITBA HA TEPEBUTPATH AJIS YTPUMaHHS
nokomotuBiB. HaykoBa HoBH3Ha. Po3po0iieHa MeToIMKa OI[IHKH BiJIIOBIIHOCTI TEXHIYHOTO PiBHS JIOKOMOTHUBOPE-
MOHTHOTO BUPOOHMIITBA Ha OCHOBI JIIHTBICTUYHUX €KCIIEPTHUX TBEP/PKEHB 13 YPaxyBaHHSIM BIUIMBY BUJLy BUSBICHOT
HEBIJIOBIHOCTI, TUIy TEXHOJIOTIYHOTO MPOILIECY, BUIY By3Ja JJOKOMOTHBA Ta BUy KOMIOHEHTY TEXHIYHOTO PiBHS
BUpOoOHHUIITBA. OTPUMAaHO B3a€MO3B’SI30K PiBHS BiAMOBIJHOCTI PEMOHTHOIO BUPOOHHUIITBA Ta BUTPAT Ha YTPUMAaHHS
nokoMoTuBiB. [IpakTHYHA 3HAYMMICTB. 3aCTOCYBAaHHS PO3POOJICHOT METOIMKHN JTO3BOJIUTH PEabHO OLIIHUTH 3Ha-
YUMICTh BHSBIICHUX HEBiNMOBITHOCTEH, BIIOPAIKYBATH YCYHCHHS HEBIAMOBIAHOCTEN 3TiAHO MPIOPUTETHOCTI Ta Mij-
BUIMINTH ¢()EeKTUBHICTh KaNiTaJOBKIAJCHb Y PEMOHTHE BUPOOHHUITBO. OTpHMaHi perpeciiiHi piBHSIHHS TO3BOJATH
HOPMYBATH IIOKa3HUK BiNOBIIHOCTI Ta MPOTHO3yBaTH NEPEBUTPATH HA YTPUMAHHS JIOKOMOTHUBIB 32 pe3yJIbTaTaMH
00CTe)XEeHHSI PEMOHTHUX BUPOOHHUIITB.

Knrouogi crnosa: NTOKOMOTMBOPEMOHTHE BHPOOHHIITBO; JIOKOMOTHB; PiBEHb; MOKA3HUK; BIJIOBIJIHICTB; BY30J;
TEXHOJIOTTYHHUI MPOIIEC; EKCIIePT; 3HAYUMICTh

BUPOOHMIITBO, 1[0 YCKJIAJHIOE X OJJHO3HAYHY OIli-

Beryn

[Ipu peMOHTI JTOKOMOTHBIB SKICTh BHKOHAHHX
pOOIT ICTOTHO 3aNEXUTH BiJ psxy (akTopiB, IO
BH3HAYAIOTLCS OpTraHi3allifHO-TEXHIYHUM piBHEM
BupoOHuITBa. Lli pakTOpy po3pi3HSAIOTHCS 3a CBO-
€10 TIPUPOJIOI0 i CTYIEHEM BIUIMBY Ha PEMOHTHE

HKy abo0 BumiptoBaHHs [2, 3, 17]. Ilpu BuzHaueHHI
TEXHOJIOTIYHUX MOJKJIMBOCTEH PEMOHTHOTO BHPO-
OHUIITBA iICHY€ HEOOXITHICTD OIIHKH iX (haKTHIHO-
ro piBHs. JlOCHiKEHHS CKIIQI0BUX OpraHi3alliitHo-
TEXHIYHOTO PiBHS JIOKOMOTHBOPEMOHTHUX BUPOO-
aunTB (JIPB) ykpaiHCBKMX 3alli3HHIG ITOKA3aio,
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0 BOHHW MAIOTh i€papXiuHy CTPYKTypy. Ha Hik-
HBOMY PIBHI HaMOUTBIINK BIUTUB CTAHOBJATH (ak-
TOpU: «OOJIQJIHAHHS Ta IHCTPYMEHTY», «IIEPCOHAI,
«BUPOOHWYE CEepeOBUIIEY, «BUMIPIOBAHHSD», «Te€-
XHOJIOTiYHA JOKyMeHTarlis» [1, 5, 14]. PiBeHs Bin-
MOBIJIHOCTI TEXHOJIOTIYHUX IIPOIIECIB BHUMOraM
KOHCTPYKTOPCHKOI Ta TEXHOJIOTIYHOI JOKyMEHTa-
Mii Ha TPOMUCIIOBHX ITiIMPUEMCTBAX IOBIHI dac
BU3HAYABCS B pPaMKax KOHTPOJIIO TEXHOJOTIYHOT
JUCUUIUTiHN BUupoOHuNTBa [7, 9]. KinbkicHy owiH-
Ky MOpYIIEHb OTPUMYBAJIM K BiHOIICHHS YHCIIA
TEXHOJIOTTYHUX MPOIECIB 3 BIIXWJICHHIMH JI0 3a-
TaJILHOT KUTBKOCTI TEXHOJIOTIYHHMX mporeciB. Ta-
KHH THIX1 XapaKTepu3yeThCsl HU3BKOIO iH(popma-
THBHICTIO 1 HE MOYXE€ BpPaxOBYBaTH pi3Hy 3HAUH-
MICTh TexHoJoriuHux npouecie JIPB, pisHy kpu-
TUYHICTb BY3JiB JIOKOMOTHBIB. Y HaHWil dac
y CBITOBIM TPakTHIlI Ha eTamax po3poOKH, HO-
OTparoBaHHs a00 TOJMIIIIIEHHS MPOIECiB HIMPOKO
BUKOPHCTOBYETBCS ~ METOJ  «aHalizy  BHUIIB
1 HACIIJKIB MOTEHI[IHUX HEBIAMOBIAHOCTEH MpPO-
mecy» (Process Failure Mode and Effects Analysis,
PFMEA) [10, 11, 13]. Moro meTolo € mominmeHHs
MPOIeCY Ha OCHOBI aHaNi3y HOro MOTEHIHMX
HEBIITOBITHOCTEH 3 KiTBKICHUM aHAaJi30M HACKTiI-
KiB 1 IpUYUH HEBiamoBigHocTel. OnHaK, IpU PO3-
paxyHKy MpIOPUTETHOTO YHCIA PU3UKY MPOIECY
MOPSIT 3 BAXUIMBICTIO HACTIJAKIB MOPYIICHHS Bpa-
XOBYIOTBCSl ~ CKJIa[OBi BHHHUKHEHHSI (4acTOTH)
1 IMOBIpHOCTI BUSIBIICHHSA MOPYLICHHS MpoOIecy 3a
MTOPSIKOBOIO (PAaHTOBOO) MIKAJIO. 3aCTOCYBaHHS
TaKOTO MiIX0Xy MPH OIIHII MOPYIIEHb TEXHOJOTI-
yHux nporiecis JIPB Moxke mpusBecT 10 CIIOTBO-
pEHHsI pe3yJbTATiB, HENPABUIEHUX BHCHOBKIB
1 KOPUTYBaILHUX JTIH.

Merta

Meroro poboTH € po3poOKa METOIUKH OLIHKU
PIBHS BiAIIOBITHOCTI JIOKOMOTHBOPEMOHTHOTO BH-
POOHHIITBA BUMOTaM HOPMAaTHUBHOI JTOKYMEHTAIIii Ta
OOIpyHTYBaHHS BIUIUBY PiBHS BiJNOBIJHOCTI Ha BH-
TpaTH, SKi MOB’sI3aHi 3 YTPUMAHHSIM JJOKOMOTHUBIB.

MeTtoanka

[pu mpoBenenni obcrexxenus JIPB B pamkax
Horo arecrarlii Ha TpPaBO NPOBEICHHS PEMOHTIB
JIOKOMOTHBIB, BUSBJIEHHS HEBIAMOBIIHOCTEHN 3/1M-
CHIOETBCSI eKcIepTHOW Tpymoro [8]. Hesigmosin-
HOCTI ()OPMYITIOIOTECS 1 PEECTPYIOTHCSA Y BUTIISIL
EKCIIEPTHUX TBEPIDKEHb THUILY: «yCTaHOBKA IS

MEePEBIPKA OOMOTOK SIKOPIB E€IEKTPUYHUX MAIIHH
Ha 3aMHKaHHs B HEMpalie3aaTHOMY CTaHi», «oImpe-
COBYBaHHSI CUCTEMHU OXOJIOJKCHHSI TU3EMsl MPOBO-
IuThCs 0e3 minirpiBy Bogw» i T. a. [lpupoano, mo
pi3HI HEBIIITOBITHOCTI PEMOHTHOTO BHPOOHHIITBA
HE MOXYTh 3IIHCHIOBATH OJHAKOBUN BIUIMB Ha
AKICTh ~ PEMOHTY. 3  ypaxyBaHHSIM  pHU3HK-
OpPIEHTOBAHOTO MiAXOAY, HEBIAMOBITHOCTI ¥ peMo-
HTI BY3JiB, 5IKi OOYMOBJIIOIOTh O€3MEKYy pyXy, Ma-
I0Th OUIBII CYTTEBE 3HAUCHHS, HIXK HEBIAMOBITHO-
CTi y PEMOHTI BY3JiB JOIIOMIXKHUX abo pe3epBoBa-
HUX cucTeM [6]. AHaii3 pe3ysbTaTiB 00CTEKEHHS
JIPB ykpaiHCBKUX 3aMi3HULE 32 15 poKiB 103BOJIMB
BUSIBUTH, 1[0 BCi €KCIIEPTHI TBEPIKEHHS HEBiIO-
BIIHOCTEH PEMOHTHOTO BHPOOHMIITBA MAalOTh CXO-
Ky CTPYKTYPY 1 MOXKYTh OyTH HpeACTaBJIeH] y BU-
TSI BEKTOpa!

X =(x,%,,%), (1)

Jie X, — BUJ BUSBJIEHOI HEBIANOBITHOCTI; X, — BUJ
By3Jla, IPU PEMOHTI SKOTO BUSBIICHA HEBIIIMOBIM-
HICTh; X; — THUI TEXHOJOIIYHOrO IpOLeCy, Mpu

BHKOHAHHI KOO BHSABJIEHO HEBIAIOBIAHICTb.

1 oTpuMaHHS KibKiCHUX OILIHOK CKIIAZOBUX
HEBIIMTOBITHOCTEH HEOOXiTHO 3aCTOCOBYBAaTH Me-
TOJH, SIKi MOTJIM O BPaxOBYBaTH BIUIMB IIMX CKJa-
JIOBHX Ha KIHIICBHI Pe3yJIbTaT JisSUIBHOCTI.

Amnaniz cknamoBux (1) g03BoIIsIE CTBEPIKYBa-
TH, 1[0 X, € BU3HAYAJIbHOI CKJIAJ0BOI0, OCKIIbKU

00yMOBIIIO€ BUJ] HEBIAMOBIAHOCTI. 3a yac iCHyBaH-
Hs npouenypu arectarii JIPB excnepramu OyB
cthopmoBaHH 0OMEKEHHUN TIEPEITiK HEBiIITOBITHO-
creit BupoOHunTBa. s JIPB, mo € BupoOHHUMMU
migpo3ainamu [TAT «YkpaiHchka 3ami3HUISY, He-
BIJIITOBITHOCT] PO3MIISAIOTHECS 3a YOTHPMa KOMIIO-
HEHTAMHU: «OOJIQJIHAHHS Ta THCTPYMEHT», «IIEePCO-
HaJ», «BHPOOHUYE CEPEIOBHINEY», «IOKYMEHTa-
Iis», Koe(DImieHT BaroMoCTi SKUX OOYHCITIOBABCS
3a TaHUMHU [5]. Y 3aJIe)KHOCTI BiJl CTYIICHS BIUTUBY
Ha TEXHOJOTIYHUH MPOIEC HEBIAMOBITHOCTI KOX-
HOTO KOMIIOHEHTY BHIULUTUCH B TPU TPYIH: Bif
THX, IO 3A1HCHIOIOTH, MIHIMAJIbHUM HEraTUBHUN
BIUIMB (BUKJIMKAIOTh HE3HAUHI MOPYIICHHS TEXHO-
JIOTIYHOTO TPOIECY) 0 HEBIAMOBIAHOCTEH 3 Mak-
CHMaJIbHUM HETaTHBHUM BIUTUBOM (HEBHKOHAHHS
TEXHOJIOTIUHOTro mponecy). Koxnili rpym Hein-
MOBIIHOCTEH EKCIEPTHUM MUISXOM TPU3HAYABCS
MOKa3HUK BIUIMBY HAa TEXHOJIOTIYHUI TMpolec
(tabm. 1).
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Ilin wac oOcTexeHHS BUPOOHHUIITBA OIlIHKA
3MIACHIOETHCS TI0 KOXKHIM PEeMOHTHIM MO3HUIIIT 3T
HO 3 TEXHOJIOTIYHOK) TOCIIJJOBHICTIO BHKOHAHHS
poOiT. Uepe3 peMOHTHI MO3WIIi MPOXOIATH Pi3Hi
BY3JIM 1 JeTal, IO MOPi3HOMY BIUIMBAIOTH Ha II0-
Ka3HUKHU OE3MEKH Ta Mpalre3laTHOCTI JIOKOMOTHBA.
Ile HEoOXigHO BpaxOBYBAaTH NPH OIiHIII PiBHS HE-
BiITOBiTHOCTEH. JIJIT OMIHKK aJbTepHATUB 32 BEK-
TOPHHM KPHUTEPIEM 3aCTOCOBYIOTHCS IMEPETBOPCH-

Hf, IO TEPEeBOASATh OaraTOKpHUTEpiHy 3amady
B OJJHOKpHTEpianbHy. [CHy€e psi MigXo.iB mepeBo-
Iy BEKTOPHOI'O KPHUTEpil0 B CKamsApHUN Bup [12,
15]. OpgHak HaWOINBIN TMOIIMPEHUM 1 TPOCTUM
€ MeToj| 3BaXeHol cymu. Moro 3acTocyBamms s
BUPILICHHS TIOCTABJICHOTO 3aBJIaHHS MOXeE 3a0e3-
MeYUTH OLIbIly 00’ €KTUBHICTh BiTHOCHO IHIIHX
METO/IB 3 KOMITCHCYIOUUM €(EKTOM.

Tabnuns 1

Po3nonin HeBiAmoBiqHOCTEl T0KOMOTHBOPEMOHTHOTO BUPOOHMIITBA 32 KOMIIOHEHTAMU
Ta CTyNeHeM BILUIMBY Ha TeXHOJIOTiYHMI nmpouec

Table 1

Distribution of discrepancies in locomotive repair production by components and degree
of influence on the technological process

XapakTepuCcTHKa HEBIAMOBITHOCTI /
KOC(biIIiCHT IOKa3HUK BIJINBY Ha TEXHOJIOTTYHHN Tponec
Komnonent .
BaroMocCT1 . i
BUPOOHHUIITBA KOMIOHEHTA BukonaHHs TeXHONOrIYHOro | BHKOHAHHA TEXHOJIOITY- HeBuxonanHns Tex-
IIpouecCy 3 HESHAYHUMHU HOTr'o MpouecCy 3 CYTTEBU- HOJIOTIYHOTO npoune-
nopymenssmu / 0,05 MU nopyuieHssmu / 0,2 cy /0,75
JokymeHrTarttis [IpencraBnena He B moB- (BiacyTHicTh Ha pobodomy| BincyTHicTh Ha BH-
(HOpMATHBHA, KOHC- 0.15 HOMY 00cs3i. 3acrapina, MicIi POOHHUIITBI
TPYKTOPCHKa, TEXHO- ’ noTpeOye OHOBIICHHS YN
JIOTiYHA) HEpEriny
[MopymeHHs: TepMiHIB HesinnosiaHicts THIy | BincyTHicTh HE0O-
TEXHOJIOTIYHOTO 00Ciy- | OOJaJHaHHS Ta IHCTPY- [XiJHOTO OOJIaJHAHHS
O6naHaHHs TOBYBaHHS 06na,uHa}H¥m. MEHTY BUMOTaM TEXHOJIO-|  HH IHCTPYMEHTY
. 0,33 Iopyiienus TepMmiHiB riunux npouecis. Hesia-
Ta IHCTPYMCHT MOBIPKH 4YM KaJliOpYBaHHS | HOBIAHICTH CTaHy 00Ja-
IHCTPYMEHTY HaHHSA Ta IHCTPYMEHTY
BHMOTaM
Hesnauni HeBinmoBimHo- | HeBigmoBigHicTh BUp0O- | BigcyTHicTh HEOO-
BupoGuuye 0.25 CT1 BUpOOHHYOT0 Cepeio- | HUYMX MPUMIILEHb BUMO- | XiTHUX BUPOOHUYNX
cepeJIoBHIIEe ’ BUILA raM TEXHOJIOTTYHOTO Npo- NPUMIILIEHb
necy
[Mopywenns TepminiB i |He3nauni HeBinnosignoc-| HenocraTHs kinb-
IUTaHIB TEXHIYHOTO HA- | Tl MO KUIBKOCTI UM KBaJIli- | KICTh IEPCOHATY Ta
[Tepconan 0,27 BYaHHS Ta KOHTPOJIIO ¢ikauii nepconany HEBIIIOBIAHICTh
3HaHb kBasTidikarii
[HTerpanbHa OIIHKA PEMOHTHHX TO3WIIA PO3- ge A, — IOKAa3HHK, IO XapaKTepH3ye CTYIiHb

PaxXOBYETHCA K

4 p
R= ZYkZ}\‘ixi > ()
k=1 =l

BIUIMBY HEBIJIOBIIHOCTI HA TEXHOJOTIYHHIA IPO-
IIeC PEMOHTY; X; — KOe(]illi€eHT BaroMOCTi TEXHO-

JIOTIYHKX TPOIECIB PEMOHTY, NMPU SKHX JOMyCKa-
FOTBCSI HEBIIMTOBITHOCTI; P — KUIBKICTh HEBiATIOBI-

JHOCTEH, 1o OyJIn TOTyIIeHI Ha PEMOHTHIH TO3H-
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1ii 32 NIEBHUM KOMIIOHEHTOM; Y, — KOe(illieHT Ba-

rOMOCTI KOMIIOHEHTa PEMOHTHOT'O BUPOOHHMIITBA.

KoedimienTrt BaroMocTi TEXHOJOTIYHHUX IPO-
[EeCiB PEMOHTY BHM3HAYAINCh 3 ypaxyBaHHSIM iX
MMOKa3HHKIB 3HAYUMOCTI, OTpUMaHuX y [4].

[Ticns oTpuMaHHS iHTErpajIbHUX OLIHOK HEBiJ-
MOBITHOCTE PEMOHTHUX TMO3UIliK (2), BUHUKAE
HEOOXITHICTh X arperyBaHHs, ajie¢ BXKe 3 ypaxy-
BaHHSIM 3HAYUMOCTI Pi3HHUX BY3I]iB, IO PEMOHTY-
FOThCSI.

OIiHKY 3HAYUMOCTI BY3JIiB JJOKOMOTHBIB JIOITi-
JBHO 3IIHCHIOBATM 3 TOYKH 30py PHU3HK-
OpIEHTOBAHOTO MiJXOJy, BIAMOBIJHO 0 3HAYUMO-
CTi iX BiAMOB B ekcruryaramii. OCKUTBKM Ii JaHi
3ajIeaTh Bill OCOONMBOCTEH KOHCTPYKIli BY3IIIB
JIOKOMOTHBIB 1 Psily 30BHIIIHIX (aKTOPiB, iX OLiH-
Ka B 3arallbHOMY BHIJISI HeKopekTHa. Jlns aaHol
pOOOTH BUKOPHCTOBYBAIMCS Pe3yJIbTATH EKCIIEPT-
HOT0 paH)XyBaHHS BY3JIiB TEIUIOBO3IB Ta €JICKTPO-
BO3iB 0a30BHX cepili ykpalHCBKMX 3aii3HHLB [6].
BukopuCTOBYIOUM JTaHi paH)KyBaHHS BY3JiB JIOKO-
MOTHUBIB, BaroBi KOeQillieHTH iX 3HAYUMOCTI BH-
3Havanmcs 3a npasuwioM dimodepHa [16].

3 ormany Ha oOpaHWi crocid ckanmspu3arii
KpuTepiiB (2), oO0uucieni Baroi kKoeirieHTH TI0-
Ka3HMKIB 3arajbHUN PIBEHb HEBIAMOBIAHOCTI BHU-
pPOOHUIITBA 3 PEMOHTY JIOKOMOTHBIB HaOyJe BH-
TSIy TIOTPiAHOT aIUTUBHOT 3TOPTKH:

n m )4
K=Y 0,2 7, D ks ?3)
k=1 i=l

J=1

Ae o; — Koe(iLieHT BaroMOCTi 3HAYUMOCTI BY3/1a

JIOKOMOTHBA, TIPU PEMOHTI SKOTO JOIMYCKAEThCS
HEBIIMOBIIHICTD.

OTpuMaHUil TMOKa3HUK MOXKE 3MIHIOBAaTHUCS B
Mexkax Big 0 mo 1. Omxe, [ BU3HAYEHHS TIOKa3-
HUKa BiJNOBIAHOCTI PEMOHTHOTO BHPOOHHWITBA
MO’KHA BUKOPHCTOBYBAaTH BHPA3:

n m )4
K, =1-K,=1-> o, > v, > hx. (4
k=1 i=l

J=1

BusHaueHuil Moka3HHMK XapaKTepu3ye 3arajib-
HUH piBeHb BiAMIOBIAHOCTI PEMOHTHOTO BUPOOHHMII-
TBa, MPUYOMY, YUM BHIIE HOr0 3HAYCHHS, THUM
BUIIIE CTYIIHb BiJIOBIIHOCTI.

Pe3yabTaTn

3a po3po0JICHOI METOAUKOK IPOBOAUIACH
ouinka piBHS BignosigHocti JIPB ykpaiHchkux
3alli3HALG. AHANI3 pe3yJbTaTiB OLIHKKA (Tabm. 2)
MOKa3ye, IO OOCTEXEHI BUPOOHHUIITBA PI3HATHCS
3a piBHEM BIJIMOBIJHOCTI, & KOMILICKCHHH IOKa3-
HUK K, nexuts y mexax 0,6...0,87. BincyTHicTb

CYTT€BHX BiZIMIHHOCTEH 3HaueHb K. BHPOOHUIITB

3 PEMOHTY TEILJIOBO3IB Ta EJICKTPOBO3IB MOSCHIO-
€ThCS IHIUBIMYaTBFHUM ITiIXOJIOM TIPY BH3HAYEHHI
KOC(ILIEHTIB BAaroMOCTI 3HAYMMOCTI O ; BY3JIB

PI3HHUX JOKOMOTHBIB.

VY rtenepimHiii yac ctaH PeMOHTHOTO BUPOOHU-
[ITBA € OCHOBHUM YMHHUKOM, 10 OOYMOBJIIOE Ha-
JAHICTh JIOKOMOTHBIB B €KCIUTyaTaii, TOMy Tif-
TBEPUKCHHS aIeKBATHOCTI OTPUMAHOTO Koediltie-
HTY HEBIAMOBIZHOCTI PEMOHTHOTO BHPOOHHWITBA
MOJKJIMBE 32 PaxyHOK BH3HAYCHHS HOTO 3B’S3KY 3
TEXHIYHUM CTaHOM JIOKOMOTHBIB.

B ymMoBax BUKOpHCTaHHS HEJOCKOHAIUX (OpM
peectpaiiii BiIMOB Ta TOLIKOJXCHb JIOKOMOTHUBIB,
HEMOXKIIMBOCTI BIACTE)KCHHS 301MBIICHHS 00CATY
pOOIT IIpH MJIAHOBUX BUIAX PEMOHTY Yepe3 HU3b-
KM TEXHIYHHMIA CTaH JIOKOMOTHBIB HaWOLIbII
00’€KTUBHUM TOKa3HUKOM, IIO BimoOpakae craH
JIOKOMOTHBIB, € BUTPATH HA IX YTPUMAaHHSI.

3BaXkarouu Ha pIi3HUH TEPMIiH eKCIUTyaTamii Ta
TEXHIYHUH CTaH JIOKOMOTHBIB Di3HHX Cepid, BH-
TPaTU TPHUBOJMINCS y BUINIA MUTOMOTO ITOKa3-
HHKa (koedilieHTy nepeBuTpar Sy ):

St =< (5)

ne S — IUIaHOBI BUTPATH HAa YTPUMAHHS JOKOMO-
THBA Ha PIK, THC. TPH.; S; — (AKTUYHI BUTPATH Ha
YTPUMAaHHS JIOKOMOTHBA Ha PiK, TUC. TPH.

Ha ocHoBi mounst kopensuii BucyBasnacs rimnore-
3a, IO XapakTep 3B’A3Ky MK 3HayeHHsAMH K, Ta
S| Mae eKCIoHEeHLiaIbHul xapakrep (puc. 1).

[licna BU3HA4YEHHS MapaMeTpiB perpecii MeTo-
JIOM HaWMEHIMX KBaJpaTiB, OyiH OTPUMaHi pe-
TpeciitHi Momeni I BUPOOHUIITB 3 PEMOHTY TeIl-
JI0BO3iB (6) Ta enekTpoBo3iB (7):

Sp="7,11-¢ "5 (6)

Spp =3,87 -7 (7)
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Tabnums 2
3HaYeHHS MOKA3HUKA PiBHA BiINMOBITHOCTI JIOKOMOTHBOPEMOHTHHX
BHPOOHHMITB YKPATHChKHX 3AJIi3HUIb
Table 2
Compliance level figure of locomotive repair
production at Ukrainian railways
Tokasuuk pisns BiznosizHocti K JIoKOMOTHBOPEMOHTHE BUPOOHHUIITBO
BHPOOHHIITBA 3 PEMOHTY 1 2 4 5 6 7 8 9 10
TEIJIOBO31B 0,61 | 0,64 | 0,67 | 0,7 | 0,71 | 0,77 | 0,79 | 0,83 | 0,84 | 0,86
€JIEKTPOBO3iB 0,6 | 0,62 | 0,66 | 0,68 | 0,71 | 0,73 | 0,79 | 0,81 | 0,82 | 0,87

CrarucTryHa 3HAYUMICTh PIBHSHB IepeBipeHa
3a JIONOMOTO0 KoedillieHTa JIeTepMiHallil Ta Kpu-
tepito dimepa. Koedirientn nerepminariii ckiamm
3ravenHs 0,79 ta 0,73 BignoBimHo. ToOTO piBHSH-
Hs perpecii moscHo0OTh 79 % Ta 73 % Bapiarii
KoeilieHTy MepeBUTpaT Ha yYTPUMAaHHS JIOKOMO-
TUBIB Bapialli€ero Koe]imieHTy BiIMOBIAHOCTI BH-
poOHHUIITBA.

e Bkazye Ha BHCOKY TOYHICTH Migbopy piB-
HSIHB perpecii Ta 100pe y3ro/uKyeThes 3 TUMH (a-
KTaMH, IO TNPUYUHAMHU BiJIMOB JIOKOMOTHBIB B
ekcrutyatariii B 60 — 70 % BUMaukiB € HEBiOBII-
HOCTI PEMOHTHHUX BUPOOHUIITB.

OtpuMaHi 3HA4YEeHHS KOE]IIiEHTIB €IacTUYHO-
CTI BKa3ylTh, 110 30UIbIICHHS KoedillieHTa Bimo-

BITHOCTI peMOHTHOTO BUpOOHHUIITBA Ha 1 %, Tpu-
3Bese 710 3MeHIIeHHs BuTpar Ha 1,88 % Ha yTpu-
MaHHS TemIoBO3iB Ta Ha 1,35 % Ha yTpuMaHHS
enexTpoBo3iB. 1l{o miaATBepIKYy€E aneKBaTHICTh 00-
paHOi METOAMKH OI[IHKU PIBHS BIIMOBITHOCTI JIO-
KOMOTHBOPEMOHTHOTO BUPOOHUIITBA.

3 BHUKOpPHCTaHHSAM F-KpHUTEpito BCTaHOBIICHO,
0 OTpHMaHi PIBHSHHSA perpecii € CTaTHCTUYHO
snaunmumu  (F' =32,38, F° =20,36, F ,5,=5.32,
F'> Fra6un, F® > F,).

OTpumMaHi pe3yiabTaTH TOBOIATH, IO KOediIri-
€HT BIAMOBIJHOCTI PEMOHTHOTO BHUPOOHHUIITBA
3MIACHIOE 3HAYHHI BILTUB HA MEPEBUTPATH HA TEX-
HiYHE YTPUMAaHHS JIOKOMOTHBIB, 110 XapaKTEepPH3ye
X TeXHIYHUH CTaH.
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Puc. 1. BusHaueHHs XapakTepy 3B’ 513Ky MiX KoedilieHTaMi PEMOHTHOTO BUPOOHUIITBA!
1 — enexTpoBO3iB; 2 — TEIUIOBO3iB

Fig. 1. Determination the bond character between the coefficients of repair production:
1 — electric locomotives; 2 — diesel locomotives
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HaykoBa HOBHU3HA Ta NPAKTHYHA
3HAYUMICTh

Po3pobiiena Meronuka OIIHKH BiAOBITHOCTI
TEXHIYHOTO PiBHS JOKOMOTHBOPEMOHTHOTO BHPO-
OHUIITBA HAa OCHOBI JIIHTBICTHYHUX €EKCIIEPTHUX
TBEP/KEHb, 3 YPaxyBaHHSM BIUIMBY BUIY BHUSBJIC-
HUX HEBIAMOBIAHOCTEH, THITy TEXHOJIOTIYHOTO
MPOLIECY, BUAY By3ja JIOKOMOTHBA Ta BHIY KOM-
MOHEHTa TEXHIYHOTO PiBHS BUPOOHHIITBA.

3acrocyBaHHSI pO3pO0JICHOT METOJIUKU JI03BO-
JIUTh PEAbHO OIIHIOBATH 3HAYUMICTH BHSIBICHHX
HEBIJINIOBITHOCTEH, BIOPSIKYBAaTH YCYHEHHS HE-
BiJIOBITHOCTEHN 3TiJTHO iX MPIOPUTETHOCTI Ta Mij-
BHIIUTH €(EKTUBHICTh KalliTaJOBKIAJICHb Y PEMO-
HTHE BUPOOHUIITBO. OTpUMaHi perpeciiiHi piBHSIH-
HS JIO3BOJISITh HOPMYBATHU MMOKA3HUK BIAMOBITHOCTI

Ta NPOrHO3YBAaTH MEPEBUTPATH HA YTPUMAHHS JIO-
KOMOTHBIB 3a pe3yJibTaTaMU OOCTEIKEHHS PEMOHT-
HUX BUPOOHUIITB.

BucnoBxku

VY pesynbTari mpoBeaeHoi podoTu Oyia 3ampo-
MMOHOBaHA METOJIMKA OI[IHKU BIAMOBIIHOCTI peMo-
HTHOTO BHPOOHHMIITBA TOKOMOTHBIB BUMOTaM HOp-
MAaTHBHOI JOKyMEHTarlil, sika 0a3yeThcsl HA BUKO-
PUCTaHHI KOMIUIEKCHOTO MMOKa3HWKA PIiBHS BiAIO-
BIJTHOCTI y BUIJISLII NOTPIHHOI aJMTUBHOI 3TOPTKH
3 TppoMa KkoedimieHTamu BaromocTi. Kope-
JISIAHO-perpeciiHuil  aHasi3 KOMIUICKCHHX I10-
Ka3HHUKIB PEMOHTHUX BHPOOHUIITB Ta MEPEBUTPAT
Ha YTPUMAaHHS JIOKOMOTHBIB MiJATBEPIKYE aJCK-
BaTHICTh 3aIPOIIOHOBAHOTO ITiTXOTY.
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OIEHKA YPOBHSA COOTBETCTBUA TOKOMOTHUBOPEMOHTHOI'O
IMPON3BOJACTBA

Heas. [IpoBepkn n 00Cien0BaHUSI TEXHUYECKOTO YPOBHS JJOKOMOTHBOPEMOHTHBIX MPOU3BOJCTB JKEIE3HbIX J0-
pOr MPOBOAATCS MIPEACTABUTEIAMH PYKOBOJSILETO cOCTaBa JlemapraMeHTa u CiyObl JIOKOMOTHBHOTO XO3SIHCTBA,
PEBU3OPCKOIO armapara, SKCOEPpTHBIMU I'pyliiaMyu B paMKax aTTeCTalliu MpPOU3BOJCTBA. BrisBieHHbIe HapyHmeHus
(UKCHPYIOTCS B BUJIE JIMHI'BUCTHYECKUX IKCIEPTHBIX YTBEP)KACHHUH, KOTOPBIE HE MO3BOJISIOT OLEHUBATh UX 3HAYHU-
MOCTh ¥ 3Q(PEKTHBHO ONPEAEIATh MPUOPUTETHOCTh ycTpaHeHus. 1103ToMy 11eIbi0 HayuyHOH paboThI SBJISIETCS pa3-
paboTKa METOJMKH OLIEHKH COOTBETCTBHUS JIOKOMOTHBOPEMOHTHOTO ITPOM3BOACTBA TpeOOBaHUSIM HOPMATHBHOM J10-
KyMEHTaIlH C OIpe/AeIeHNeM ToKa3aTels ypoBHs cooTBeTcTBHs. Metoamuka. [Ipu gopmanuszanuu IuHrBHCTHYE-
CKUX YTBEP)KJCHUI O HECOOTBETCTBHM PEMOHTHOTO IPOW3BOJICTBA YUMTHIBACTCS BIMSHUE psifia (aKTOpPOB, 3HAUH-
MOCTb KOTOPBIX OTPEENsUIach IyTeM SKCIIEPTHOH OIEHKH, (HOPMATN30BaHHBIMH MOJICTISIMU Pa3BUTHS COOBITHH NpH
MIOCTPOCHHH W aHAIN3E «JIepeBa OTKa30B». JIJIsl BBIYMCICHHS [TOKA3aTeNs] YPOBHS COOTBETCTBHUS MpEAIaraeTcs pH-
MEHEHHE TPOHHOM aJZIUTUBHOM CBEPTKH C Kod(hHLIMeHTaMu BecOMOCTH. VccienoBanue B3auMOCBSI3H MHTETPaib-
HOTO TIOKa3aTelnsl C pacXofaMH Ha COAEp)KaHWE JIOKOMOTHBOB IIPOBOJMIOCH METOJAMH KOPPEISIIMOHHO-
pEerpeccuoHHOro aHanu3a. Pe3yiabTaThl. AHAIU3 PE3yIbTaTOB MIPOBEPOK M OOCIEAOBAHMI TEXHUYECKOTO YPOBHS
JIOKOMOTUBOPEMOHTHBIX MPOU3BOJACTB IIOKA3aJl CXOXKYH CTPYKTYpPY 3KCIEPTHBIX YTBEPKICHUM HECOOTBETCTBUH,
YTO MO3BOJIMJIO TIPEJICTABUTh MX B BHJE BekTopa. [Ipu npeoOpa3zoBaHMN MHOTOKPUTEPHAIBHON 3aa4kl B OJHOKPH-
TepUaNIbHYI0 OBbUI NPUMEHEH HauOosiee OOBEKTHBHBIN METO/ B3BEIICHHOW CyMMbl. PaccuMTaHbl [TOKa3aTely COOT-
BETCTBUSI 110 pe3yJbTaTaM 00CIeI0OBaHUs psijia JOKOMOTHBOPEMOHTHBIX IPOM3BOICTB. B pesynbTare KOppemnsiunoH-
HO-PErPECCHOHHOI0 aHalN3a J0Ka3aHO BIMSHUE MOKa3aTesl COOTBETCTBHSA PEMOHTHOTO IPOU3BOCTBA Ha Iepepac-
XOJ ISl cosiepkaHus JJokoMoTHBOB. Hayunasi HoBu3Ha. Pa3paborana MeTo/MKa OLIEHKH COOTBETCTBHS TEXHHYE-
CKOTO ypOBHS JIOKOMOTHBOPEMOHTHOTO ITPOM3BOJICTBA HA OCHOBE JIMHTBUCTHYECKHX HKCIEPTHBIX yTBEPXKICHHI
C Y4ETOM BJIMSHHMS BUJIA BBISIBJICHHOTO HECOOTBETCTBHS, THUIIA TEXHOJIOTHYECKOTO MPOIIecca, BUIA Y371 JOKOMOTHBA
M BUJIa KOMIIOHEHTa TEXHUYECKOTO ypoBHs mpomn3BoicTBa. IlpakTuyeckasi 3HauuMocTh. [Ipnmenenne paspabo-
TaHHOW METOAMKH IO3BOJIUT PEAbHO OLIEHUTh 3HAYMMOCTH BBIIBICHHBIX HECOOTBETCTBUH, YHOPSJOYUTh yCTpaHe-
HHE HECOOTBETCTBUII COTJIACHO NPHOPUTETHOCTH U TOBBICUTH 3(P(PEKTUBHOCTH KAMUTAIOBIOKEHUH B PEMOHTHOE
MPOU3BOACTBO. [lomydeHHBIE pErpecCHOHHBIE YPABHEHHUS IO3BOJIAT HOPMHUPOBATh [I0KA3aTENb COOTBETCTBHSA U IIPO-
THO3MPOBATh II€PEPacxo/l Ha COAepakKaHUe IOKOMOTHBOB II0 pe3yJbTaTaM 00C/Ie0BaHU PEMOHTHBIX IPOU3BO/ICTB.

Kniouegvie cnoéa: NOKOMOTHBOPEMOHTHOE NPOU3BOJCTBO; JOKOMOTHB; YPOBEHb; MOKa3aTellb;, COOTBETCTBHUE;
y3€IT; TEXHOJIOTUYECKUH MPOLECC; 3KCIEPT; 3HAUNMOCTh
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CONFORMANCE RATING FOR LOCOMOTIVE REPAIR
PRODUCTIONS

Purpose. Inspection and observation of the technical level of rail locomotive repair productions are conducted
by the management team of the Department and the Locomotive division, audit sectors, expert groups within the
production certification procedure. The faults revealed are fixed as linguistic expert reports which cannot assess
their significance and identify priorities in terms of elimination. The paper aimed the development of methods for
the conformance rating for locomotive repair production to legal requirements with conformance level determina-
tion. Methodology. Formalization of linguistic reports on the locomotive repair facility conformance takes into ac-
count the influence of a whole number of factors, their significance being determined by the expert assessment, for-
malized models of events when designing and analyzing the fault tree. In order to calculate the conformance, index
the triple additive convolution with the weight coefficient is proposed. Investigation into interrelation between the
integral index and the locomotive maintenance costs was conducted by methods of the correlation and regression
analysis. Findings. The analysis of results of inspection and observation of the technical level of locomotive repair
productions demonstrated a similar structure of expert reports on faults, which made it possible to present them as
a vector. While transforming a multi-criterion problem into a single-criterion one of the most objective method, the
weighted sum method, was applied. The conformance indices were calculated according to the results of observa-
tions on several locomotive repair productions. The correlation and regression analysis proved the influence of the
conformance index of locomotive repair productions on locomotive maintenance overconsumption.
Originality. The conformance rating methods for a technical level of locomotive repair productions based on lin-
guistic expert reports which consider type of the fault detected, type of the technological process, type of the loco-
motive unit and type of the technical level of production have been designed. Practical value. Implementation of
the methods designed will help undertake assessment of the faults detected, eliminate them according to the priority
and invest more effectively in locomotive repair productions. The regressive equations obtained allow standardizing
the conformance index and forecasting possible locomotive maintenance overconsumption by the results of inspec-
tion at repair productions.

Keywords: locomotive repair production; locomotive; level; index; conformance; unit; technological process,
expert, significance

REFERENCES

1.  Bodnar, B. Y. (2002). Modelirovaniye tekhnologiy remonta tekhnicheskikh obektov. Vestnik natsionalnogo
transportnogo universiteta i Transportnoy akademii Ukrainy, 6, 10-14.

2. Bodnar, B. Y., & Kapitsa, M. 1. (2012). Obhruntuvannia kryteriiu efektyvnosti funktsionuvannia remontnoho
pidrozdilu depo promyslovoho pidpryiemstva. Abstracts of the 72 International Scientific & Practical
Conference “The problems and prospects of railway transport development”, Dnepropetrovsk, April 19-20,
2012. (pp. 12). Dnipropetrovsk: Dnipropetrovsk National University of Railway Transport named after
Academician V. Lazaryan

3. Bodnar, B. E., Kapitza, M. L., & Korenyuk, R. A. (2012). Structural-functional analysis of rolling stock repair
of industrial enterprises. Bulletin of Dnipropetrovsk National University of Railway Transport named after
Academician V. Lazaryan, 42, 70-73.

4.  Datsun, Y. M. (2016). Determination of the degree of influence of repair processes on serviceability of units of
the traction rolling stock. FEastern-European Journal of Enterprise Technologies, 1 (7) (79), 56-61.
doi: 10.15587/1729-4061.2016.59878

5. Datsun, Y. M. (2016). Research of the elements of the organizational-technical level of locomotive repair
productions based on cognitive maps. Collected scientific works of Ukrainian State University of Railway
Transport, 160, 105-111.

6. Datsun, Y. M. (2015). Otsinka parametriv vidmov vuzliv lokomotyviv pry vyznachenni yikh systemy
tekhnichnoho obsluhovuvannia ta remontu. Abstracts of the 77 International Conference «The development of

doi 10.15802/stp2017/103937 © 10. M. anyn, 2017

30



ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayxka Ta nporpec Tpancropty. BicHuk J[HIpOneTpoBcbKOro
HAI[IOHAJIBHOTO YHIBEPCHTETY 3aJIi3HUYHOr0 Tpancmopty, 2017, Ne 3 (69)

EKCIUIYATANIA TA PEMOHT 3ACOBIB TPAHCIIOPTY

research and innovation in transporty, Kharkiv, April 21-23, 2015. (pp. 69). Kharkiv: Ukrainian State
University of Railway Transport.

7.  Fartyshev, Y. M., Kuznetsov, M. M., Gauttsel, A. K., & Yazykov, V. Y. (2015). Control of technological
discipline as a condition for the stability of the production process. Interexpo Geo-Siberia, 3,214-218.

8. Ukrzaliznytsia. (2007). Polozhennia z atestatsii pidpryiemstv z obsluhovuvannia ta remontu tiahovoho
rukhomoho skladu TsT-0162. Kyiv: Ukrzaliznytsia.

9. Rekomendatsii. Kontrol tekhnologicheskoy distsipliny. Obshchiye polozheniya. R 50-609-48-88. (1989).
Gorky: Gorky branch of the Institute for normalization in mechanical engineering.

10. Mitreva, E., Nikolov, E., Nikolova, B., Taskov, N., & Dimitrov, N. (2016). Methodology for Optimizations of
Business Processes in Macedonian Railways — Transport in the Republic of Macedonia. Mediterranean
Journal of Social Sciences, 7(3 S1), 394-402. doi: 10.5901/mjss.2016.v7n3s1p394

11. Mikosa, W., & Ferreira, J. (2007). Knowledge Sharing and Reuse in Potential Failure Mode and Effects
Analysis in the Manufacturing and Assembly Processes (PFMEA) Domain. In G. Loureiro, & R. Curran
(eds.), Complex Systems Concurrent Engineering (pp. 461-468). London: Springer. doi: 10.1007/978-1-84628-
976-7 51

12. Branke, J., Deb, K., Miettinen, K., & Slowinski, R. (2008). Multiobjective Optimization: Interactive and
Evolutionary Approaches. Berlin: Springer.

13. Rachieru, N., Belu, N., & Anghel, D. (2013). Improvement of Process Failure Mode and Effects Analysis
using Fuzzy Logic. Applied Mechanics and Materials, 371, 822-826.
doi: 10.4028/www.scientific.net/amm.371.822

14. Stadkowski A. (Ed.). (2017). Rail Transport — Systems Approach. In Studies in Systems, Decision and Control
(Vol. 87). Cham: Springer International Publishing AG. doi 10.1007/978-3-319-51502-1

15. Stadler, W. (1988). Multicriteria optimization in engineering and in the sciences. New York: Plenum Press.

16. Fishburn, P. C. (1970). Utility Theory for Decision Making. New York: Wiley.

17. Zhang, H. (2014). Research on the Measurement of Enterprise Technological Innovation Capability Model
based on Information Axiom. International Journal of Multimedia and Ubiquitous Engineering, 9(7), 319-332.
doi: 10.14257/ijmue.2014.9.7.27

Cmamms pexomenoosana 0o nyoaikayii o0.m.n., npog. B. I. Ilyzupom (Vrpaina); 0.m.n., npog.
b. €. boonapowm (Yrpaina)

Haniituia no penkonerii: 16.02.2017
[Ipuitadara no apyky: 18.05.2017

doi 10.15802/stp2017/103937 © 10. M. anyn, 2017

31



ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayxa ta nporpec tTpaucnopty. Bicuuk [{HIIpomneTpoBChKOTO
HAIlIOHAJILHOTO YHIBEPCHUTETY 3alli3HMYHOTO TpaHcmnopty, 2017, Ne 3 (69)

EKCIUIYATALILA TA PEMOHT 3ACOBIB TPAHCIIOPTY

YK 625.032.5:531.311:629.423.1

A. 9. KY3ULIUH"
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BU3HAYEHHS PAMHOI CHUJIA EJJEKTPOBO3A BJI80 IIPU PYCI
HA KPUBUX JIVIAHKAX KOJIII

Mera. Ilpu pyci TOKOMOTHBIB Ha KPUBHX AUISHKAX 3aJi3HUYHOI KOJIii BUHHKAIOTH IONEPEYHI TOPH30HTAIBHI
CHIIH, SKi MPHU3BOAATH IO MPUTHCHEHHS I'peOeHs KOJICHOI Mapw J0 TOJIOBKH PEWKH. BHKOPHCTOBYIOUHM iCHYIOUY
METOJIUKY PO3paxyHKy OOKOBOI CHIIM, HEOOXIHO pO3pOOHMTH METOJ BM3HAYEHHS PaMHOI CHIIM, LIO JIi€ HAa Bi3OK 31
CTOPOHM Ky30Ba CEKIii JIOKOMOTHBA. Takok MOTpiOHO BCTAHOBUTH OCHOBHI IapaMeTpH, sIKi MalOTh BIUIMB Ha BEJHU-
YHHY PaMHOI CHJIM. 3MIHIOIOYH 1Ii apaMeTpH, o0y 1yBaTH 3aJI€KHOCTI CHJIM BiJ] 4acy pyXy €JEeKTpOBO3a 10 BiAIO-
BifHIN KpuBiii. MeTtoauka. [IpeacraBuMo eneKkTpoBO3 SIK OaraToMacoBy MEXaHIYHY CHCTEMY 3 CEMH TULI: Ky30Ba,
JIBOX paM Bi3KiB Ta YOTHPHOX KOJICHHUX map. J{ist BU3Ha4eHHs: OOKOBOI CHJIM, sIKa JIi€ B/l KOJICHOI Mapu Ha peuky,
MOTPiOHO BUPIMHTH AudepeHialbHI PIBHAHHS PyXy JJOKOMOTHBHOTO Bi3Ka IO KPUBUM MaJIOro pajiyca. 3a JIomo-
MOTOI0 PiBHSHB KIHETOCTATHKH JIJIs KOJIICHOI Mapy Bi3Ka IMEepPEeUTH A0 BU3HAYCHHS PaMHOI CHITH, sKa Ji€ Ha Bi30K 3i
CTOPOHHM Ky30Ba CEKLil JOKOMOTHBA. Y po3paxyHKax MpUiIMarOThCs HOMiHAJIbHI T€OMETPHYHI Ta MacoBi ITapaMeTpH
BY3IIiB 1 JeTaneil enekrpoBo3a. Pamiyc kpuBoi, ToBXHHA MepexigHoi KPUBOi, TOBKHHA KPYTrOBOI KPHUBOi, TIO3OBXK-
Hill yXuI1 peiiKkoBOi Koumii Ta iHII MmapaMeTpu MpUHMArOThCA CTaIuMHU BennduHaMmy. PesyabTaTn. OTprMani pospa-
XYHKOBI 3Ha4CHHS BEJIMYMHH paMHOI crun enexTpoBo3a BJI80, sika mie Ha Bi30K 31 CTOPOHH Ky30Ba CEKIlii JOKOMO-
TuBa. Ha OCHOBI OTpUMaHUX pe3y IbTaTiB OyJin MOOYI0BaHI 3aJIC)KHOCTI PAMHOI CHIIH BiJl 4acy pyXy €IeKTPOBO3a 10
BIJIMIOBIHIM KpWBIA MpH 3MiHI MIBUAKOCTI PyXy Ta BIiAMOBIAHOMY IMiJBHIICHHI 30BHIIIHBOT PEHKOBOI HUTKH.
HaykoBa HoBu3Ha. Ha 0oCHOBI iCHYI04OT METOAMKH PO3paxyHKy OOKOBOI CHJIM PO3pOOJIEHHH METOJ BU3HAUYCHHS
paMHOi cuiH, siKa JIi€ Ha Bi30K 31 CTOPOHM Ky30Ba cekuii JJokomoTrBa. [IpakTHYHa 3HAYMMICTh. Y IOCKOHAJICHHS
METOJly BH3HA4YEHHs PaMHOI CHJIM Mi/IBUIIy€ TOYHICTh PO3PaxyHKIB MM aHaji3l Oe3mekn pyxy Ta IpH MpOBEICHHI
CYZIOBHX 3aJII3HUYHO-TPAHCIIOPTHUX EKCIIEPTH3.

Kniouosi crosa: pamHa cuia; KOJICHA Iapa; €JIeKTPOBO3; PEHKOBa KOJIisl; KpyroBa KpHBa; IEpeXiHa KpHBa;
Bi30K; ITiJBUIICHHS 30BHIIIHLOI PEHKH

Ky30Ba y TUIOIIWHI, SKa MMapaleinbHa IUIOMUHI pei-
KOBOT KOJIii, a camMe MOXJIUBICTh IOIEPEYHOTO
3MILIEHHS LEHTPY paMu i MOBOPOTY paMH BiIHOC-
HO 11h0T0 1eHTpy. KoicHi mapu Bi3ka Crony4eHi 3
paMo0  TPY)XKHHUMH  [IApPHIPHO-TIOBIIKOBHUMH
3B’s13kamu. JlaHi 3B’SI3KH TO3BOJISAIOTH MO30BKHIM
OCSIM KOJIICHUX Tap 3/1HCHIOBATH HE3aJICKHI, OJTUH
Bil OJHOTO MaJji, IMOCTYIAIbHI IEepeMIMeHHS i
MaJli TIOBOPOTH BiTHOCHO paMM Bi3Ka B IUIOINHUHI,
sKa HapaJiesbHa IJIOMKHI peHKoBOI KOuTii.

Haii6inpIn moBHE TpaKkTyBaHHS MOHATTS PAMHOT
CHJIM BUKJIameHO B poborax M. @. Bepiro [6],
O. II. EpmikoBa [8], M. A. Yepuumena [12] i
I’ M. Maxynsana [13]. Buknagemo cyTh Lux
TpPaKTyBaHb, BUKOPHUCTOBYIOUH €MHI TO3HAUYEHHS.

TpakryBanns O. I1. Epmikosa.

«Cuity, KOTOPYIO HaJI0 MPUIOKUTh K pame JUIst
MIPEOIOJICHUsT JICUCTBUSL CHJI TPEHHUS HEHaOeraro-

Beryn

B3aemogis koiii Ta pyXxoMmMoro ckiaay 3aji3-
HUIb € OJIHIEIO 3 HAMBAXJIMBIMIUX MPOOIEM 3ajIi3-
HU4HOTO TpaHcnopTy [1—4]. lpu pyci J0KOMOTH-
BiB 10 KPUBUX JAUISHKAX 3ai3HHYHOI KOJIii BUHU-
KalOTh IMONEePeYHi TOPU3OHTAIBHI CWIH, SKi TpH-
3BOJISITH JIO MPUTHUCHEHHS rpeOeHst KOJICHOI mapu
Ito TosioBKHU peiiku. [Tpu niboMy BifOyBaeThbes 3HOC
peiiku 1 rpeGeHs KOJTiCHOT mapy JIOKOMOTHBA.

O6’€KTOM [aHOTO MOCTIKEHHS € IBOBICHHIA
Bi3oK enektpoBo3a BJIS0. J/[BoBicHHI Bi30K eJek-
TPOBO3a, MIO EKCIUTyaTyeThbCsSs Ha 3ali3HHIIX
VYkpaian, mae xopctky pamy [10]. Ky3oB cekmii
€JICKTPOBO3a OIMPAETLCS HA paMH BIi3KiB 3aBISKU
KOJIMCKOBOMY  Mi/BIIYBaHHIO, a MO3IOBXKHIiH
3B’A30K Ky30Ba 3 paMOIO Bi3Ka 3IHCHIOEThCS Yepes3
KyJbOBY omopy. Llum 3a0e3neuyeTbess MOXKIUBICTh

peamizauii Manux 3MilIeHb paMu Bi3Ka BiZHOCHO

KX KOJec, Ha3blBalOT pamHoil cunoi V). Cumy
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Yp MO>XHO Pa3JIOKUTh Ha IBe OOKOBBIC CHUIBI: JCH-

CTBYIOIYK0 HA HApYXKHBIM peIbC U BHYTPECHHMM
pebey.

TpakryBanas M. @. Bepiro.

«bOKOBBIE CHIIBI, BOCIIPUHUMAEMBIE KOJECaMHU
OJHOM KOJIECHOM Maphl, IEPealoTcs paMe Telexk-
k. PaBHOMEHCTBYIONIYI0 OOKOBBIX CHII, BOCIPH-
HUMaeMbIX KOJecaMu OJHOW KOJIECHOHM IMaphl, Ha-
3pIBAlOT paMHOM cujoil. B 3aBucuMoctu OT Ha-
MpaBJeHUs MONEPEYHON CUbl, NEHUCTBYIOUIEH IO
IIOBEPXHOCTH KaTaHMs KOJIeca MO PEJIbCy, BBI3BAH-
Has HMX B3aUMHBIM IIPOCKAJL3BIBAHUECM, pPaMHAs

cuma ¥, =Y, +F wm Y =Y, —F/».

p
TpakryBanns I'. M. IllaxyHsiHOA.
«PaMHOI cuioi Yp HA3bIBACTCsl TOIEpEeYHas

cuJia, IepeaBacMasi paMoi 3KHIIaka yepe3 KoJiec-
HYIO I1apy Ha penbe (B TOM YHCIIE U CHJIa MHEPLUH,
pa3BuBaeMasi caMoil KojiecHO# mapoii). OHa paBHa
pasHOCTH OOKOBBIX CHIJI, TIepelaBacMbIX OJHOH M
TOM XK€ OChI0 Ha HAPYXKHYIO U BHYTPEHHIOIO PEJlb-
COBBIC HUTW.

TpakryBanus M. A. Uepauiesa.

«Ilpu ABWXKEHHMHU SKHIIAXKEH B MPSIMBIX Y4acT-
Kax IIyTH BO3HUKAIOT OOKOBBIE CHUJIbI, CBSI3aHHBIE C
BUJISHUEM MOJBWXKHOTO cocTtaBa. CuHibl, JeucT-
BYIOILIME Ha KYy30B, MEPEIAIOTCsl Yepe3 pamy IKu-
[Ia)kKa Ha KOJIECHBbIE Mapbl. DTH CHUJIbl Ha3bIBAIOTCS
PaMHBIMUY.

o 3 crocyeTbCsl TpPaKTyBaHHS MOHSTTS
«paMHa cujia», TO B IPUBEACHUX BHIIE PoOOTax €
JIesiKi PO301XKHOCTI.

V poborax [6, 12—14] 6okoBa cuna Y, posris-
JAETBCS K (DYHKI[iSl HAMPABISAIOYOi CHIIM 1 TOTIe-
pedHoi CwiIM TepTs KOB3aHHA. [HIIMMU cloBamy,
0oKoBa cwiia — e anrebpaiuna cyma cun Y i Y/
OJTHOTO 1 TOTO X KoJieca. Ko KoJicHa mapa 3Ha-
XOIMTECS TIOTIEpEly IICHTPY IMOBOPOTY Bi3Ka, TO
UL KoJleca, SIKe PYXaeThCsl MO 30BHIIIHIN peii
KpHBOi, 0OKOBa CHIIa BU3HAYAETHCS BUpazoM [13]:

_ !
Y, =Y-F. (1)
Jna komeca, sike pyXaeThCcsl MO BHYTPILIHIHN

peiiili KpuBOi, 0OKOBA CHJIa BU3HAYAETHCS BUPA30M
[13]:

F'. @)

B T

¥

PizHuIst OOKOBUX CHII, IO MEPENAIOTHCSA OJHI-

€10 1 TI€I0 K KOJIICHOIO Mapor0 Ha 30BHIIIHI 1 BHYT-
pilIHI peWiKu KOoJjii, KiIbKICHO ITOpPIBHIOE pPaMHil
cuni Y. Jina BUmajKy, KOMM KOJliCHA Mapa 3HaX0-

IATHCS TIOTIEpEeAy IICHTPY MOBOPOTY Bi3Ka, 3TiIHO
(1) 1(2) maemo [13]:
— 4 —

YG.H_YG.B_Y_ZE_Yp (3)

Y pobori [8] pamMHa cuila PO3MIIATAETHCS SIK
(YHKIIiS HApaBJISIOY0]l CHIIA 1 TIONEPEYHHX 10 OCi
KOJIii CHJI TepTs KoB3aHHsA. JlaHi CHIIM BUHHKAIOTH
Ha 30BHIMIHIK 1 BHYTpIlIHIA pelkax. SKkimo
KOJIICHA TIapa 3HAXOAUThCS TOMepeny IeHTpa Io-
BOPOTY Bi3Ka, paMHa CHJIa JJOPIBHIOE:

Y,=Y-2F 0

bokoBa x cuna po3risgaeTscs K (QyHKIis
pamHoi cwn. 3rigHo [8] OokoBa cuia, sika Jii€ Ha
30BHIITHIO peiKy KOJIii, TOPiBHIOE:

Yo=Y, ~F). 5)

bokoBa cuna, sika i€ Ha BHYTPIIIHIO pEHKY
KoJii, Oy/le BU3HAYATHUCS 32 BUPA3OM:
’
Y., =F,. ©)

.B = r
3rimHo 3 [8] pi3HUI OOKOBHX CHII JOPIBHIOE:

Yoo ~Yo, =Y, = F/=F/=Y,~2F/. (1)

ITpu 1boMy cyma 60KOBHX CHJI JIOPiBHIOE:
Y6.H+Y6.B:Yp_F;,+F;~,:Yp‘ (8)

TakvM 4MHOM, paMHa CHJia, BU3HAUCHA OJTHUM i
THM K€ aHaTITAIHUM BupaszoM (3) i (4), B omHOMY
BUTIAJIKY TPAKTYETHCS K Pi3HUIT O0KOBHX cui (3),
a B IpyroMy BHIAJKy — sIK cymMa O0KOBUX cHI (8).
[NopiBusuHs BUpasiB (3) i (7) mpu3BOANUTE 10 BHC-
HOBKY, IIO TOHSTTS «pPi3HHL OOKOBUX CHI» B
OJTHOMY 3 BUTIAJIKiB TPAKTYEThCS HETIPABUIBHO.

Ha oCHOBI BHIIEBUKIIQJICHUX TCOPETUYHHX IO-
JIO’KEHb OYJIM 3aIpOTIOHOBaHI MPAKTHIHI (HOPMYITH

AJIs1 BU3BHAYCHHA PaAMHUX CUJT Yp .

3rigHo 3 [8] pamMHa cuiia, siKa Ji€ Ha Meplly 3a

HampsIMKOM pYyXy KOJICHY TMapy eJleKTpPoBO3a
BJI80, BU3Haua€eThCs BUPA30OM:
2
v h
Y, =25+25| ——2g|. 9
> 7 5% )
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3rigHo [6] paMHa cHia BUBHAYAETHCS BUPA30M:

2
v. h
Y =7.5+28-| ——=2g |, 10
b Z 5% (10)

JIe L — HIBHAKICTh PyXy UEHTPY Mac eKimnaxa (1o-
i3ma), M/c; R — paniyc kpuBoi, M; A, — IiJABUIIEH-
Hs 30BHIIIHBOT PEHKH, M; S — BiZICTaHb MiX OCSAMHU
CHUMETpii TONEPEeYHHX IMepepi3iB perok perKoBOi
KoJIii, M; g — MPUCKOPEHHS BIJILHOTO MaJiHHS.

>k .
[Ipu upomy BHpaz | ———g | y 3aJi3HAYHO-
R S
TPaHCIIOPTHIH JiTepaTypi HA3UBaIOTh HETIOTAILICHUM
HONEPEeYHUM MPUCKOPEHHSM 1 I03HAYAI0Th d, . -
3rigHo [6, 15] Bupas (10) pekoMeHIy€eThCS BU-
KOPHCTOBYBATH JUIsl @, B Mexkax Bif —0,5 m/c” 0
+0,7 m/c’, a srimao [8, 12] Bupas (9) pexomeH-
Iy€ThCsl BUKOPHCTOBYBATH JUI a,, B MEXax BiJ
-0,5 m/c? mo +0,1 m/c?.
Ilpy mpoMy y BKa3zaHHX MeXax a, MOXKe

MIpUIMaTH 1 HYJTbOB1 3HAYCHHS.
2

. V) N
[IpupiBHsABIIN BHpa3 ?—Eg 0 HyJI,

3HAMAEMO IBHAKICTE L', NpPH SKIH MOIepedHe
HPUCKOPEHHS MOBHICTIO noramaerses (a,, =0):

(an

Y BumajKy, KOJH MiABUIICHHS 30BHIIIHBOI PEii-
KU J0piBHIOE HyIO (/, =0), IBUIKICTH L TaKoXK
Oyne nopiBHroBatu Hymo. lle BiamoBimae crany
CITOKOIO eKinaxy. [IpoTe i B CTaHi CIIOKOIO eKimaxy
3rigno (9) Maemo:

Y, =25xkH,
a 3rigHo (10)
Y, =7,5xH.

Ha wmiii mormsim, y cTaHi CHOKOIO EKiMmaxy
(v=0,h,=0) pamMHa cuila IOBHHHA JOPIBHIOBATH

HYJTIO.
Merta

BukopucTOBYIOUM iCHYIOUY METOAMKY po3pa-
XYHKY OOKOBO1 CHJIHM, PO3POOUTH METOJ BU3HAYEH-

HSl PAMHOT CHJIH, sIKa JIi€ Ha Bi30K 31 CTOPOHU KY30-
Ba CEKIIii JIOKOMOTHBA.

MeTtoanka

THocmanosxa 3a0aui. O0’€KTOM JOCHIIKEHHS €
TUTIOBHIA JIBOBICHMI Bi30K enekTpoBoza BJISO,
SIKMH pyXaeThCsl 31 BCTAHOBJICHOIO MIBHIKICTIO HA
KPUBIH AUIAHII KOJIIT 3 BIAMOBIAHUM MiABUILEHHSIM
30BHIIIHBOI pelikoBoi HUTKH. HeoOXigHo Bu3HAUM-
TH Ta MPOAHATI3yBaTH BEIHUYUHY PAMHOI CUITH, SIKa
BHHHKAE TIPU PyCi JOKOMOTHBHOTO Bi3Ka.

Poss’sz0x 3a0aui. Sk BimOMO, €IEKTPOBO3
MIPEJICTABIIIE COOOI0 0araTOMacoBy MEXaHIYHY CH-
cteMmy. Bynemo paxyBar, IO BKa3aHa CHCTEMa
CKJIaJIA€ThCS 13 CEMH Till: Ky30Ba, JBOX PaM Bi3KiB
Ta YOTHUPHOX KOJIICHUX Tap.

CratnuHi a00 AWHAMIYHI CHJIH, SIKl JIIOTH Ha
Ky30B €JICKTPOBO3a, IIePEAat0ThCs Ha PaMU Bi3KiB.
3 paMu Bi3KiB JjaHi CHJIM MEPearoThcsl Ha KOJCHI
napu, a 3 KOJICHUX Hap Ha PeHKH KOJIil.

[lepenaya BkazaHWX CHJI BiJl Ky30Ba Ha paMu
Bi3KiB BiJIOYBa€ThCS Y TOYKAX 1X B3aeMOJIi 3aBJsi-
KH KOJHMCKOBOMY IIiJIBIlITYBaHHIO. Y KOJIUCKOBOMY
MiIBINTYBaHHI BUHUKAIOTH CHJIH, SIKI HIiIOTH 5K Y
BEPTUKAIBHIN, TaK i B TOPU3OHTANBHIHM IUIOIIUHI.
I[Ipy 1ubOMy B TOPH3OHTANIBHIM TUIONIMHI CHJIA
JIIOTH B3JIOBXK 1 TIOTIEPEK PEHKOBOI KOTii.

Js 3HaXOJDKEHHS aHANITHIHUX BHUpPa3iB, 3a
JTIOTIOMOTOK0 SIKUX BU3HAYaIOThCsl BEPTUKAIBHI Ta
TOPU30HTAbHI HABAHTAXXEHHS HA paMy Bi3Ka, MO-
TpiOHO  CKOpPHUCTATHICS TPUHOWIIOM | 'epMmaHa-
Eitnepa—/lanambepa 1 NPUHIMIIOM 3BiIIBHEHHS
TBEPJOro TiNa Bij 3B’s3KiB. [Ipu bOMY KOIHCKOBE
MiABINIYBaHHS HEOOXiTHO 3aMiHHUTH BipTyabHOIO
KYJILOBOIO OTIOPOI0, 30epirarouu BCci HOTO XapakTe-
PUCTHKH.

3rifiHO 3 MUMH MPHUHITUIIAMEU PYyX KOXKHOTO Tija
MEXaHIYHOI cucTeMU (JOPMATEHO TPHBOIUTHCS IO
CTaHy piBHOBaru (o 3azadi craTuku). /s mporo
KOXKHE TIJI0 MEXaHIYHOI CUCTEMH 3BIIBHAETHCS Bin
3B’SI3KIB, a X i 3aMIiHIOEThCS peakimisiMu. Ilotim
0 Tila TPHUKIAJAIOThCS BCi JIiFOYI HAa HBOTO
30BHIIIHI ciH i cwd iHepmii. [Ticns nporo ckia-
JTAIOTHCS PIBHSHHS PIBHOBArd CTATHKH, BUPIIICHHS
SIKMX 1 JIO3BOJIUTh BU3HAYUTH HEBIJIOMI peakilii.

Jlyis BUpilIeHHsS] TOCTaBJICHOI 3a/1a4i MOTPiIOHO
MOCJTiTOBHO PO3MJISTHYTH:

1) cwm, sKi AIFOTH HA Bi30K 31 CTOPOHU Ky30Ba
CeKIIiT JIOKOMOTHBA,;
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2) aKTHBHI CHJIM 1 CUJIM 1HEpIil TIOKOMOTHBHOTO
Bi3Ka;

3) cwy, SKi TiFOTh HA JOKOMOTHUBHHU Bi30K 31
CTOPOHHU PEUKOBOT KOJIIT;

4) po3paxyHKOBY CXeMy Bi3Ka — JIsl BU3HAUCH-
Hs JTi{ CHJIM Ha KOJIICHY Tapy.

[Ipu po3paxyHKy cuil, sIKi JAilOTH Ha Bi30K 3i
CTOPOHH Ky30Ba CEKIIii IOKOMOTHBA, OCHOBHA YBa-
ra MPUIIIAach BU3HAYCHHIO aKTHBHHUX CHII, Bil-
IIEHTPOBOI CHJIM 1HEPIIii, MOMEHTY CHJI iHepIIii Bix
KyTOBOTO TIPUCKOPEHHS, TMOIEPEYHHUX Ta BEPTH-
KabHUX CHJI, SIKi TepearoTbcs Ha Ky30B Bif
BIIITOBITHUX Bi3KiB, MOMEHTIB Tap CHJI BiJIHOCHO
ocel X, z, Z, .

AKTHBHUMH CHWJIaMH, SIKi [JiFOTh Ha Ky30B
CeKIii, SBIAIOTHCSA CUJa Bark Ky3oBa P i cuia
Ty cekii O . 3Hatoun cuy O, MOXKHA BU3HAYH-

TH BEJIHYUHY TO3JI0BXKHBOT CHIIM, SIKA BHHUKAE Yy
aBTO3Yenl CeKIil:

O=00U-:0,=0-j,

JIe j — KUIBKICTh CEKIIil JIOKOMOTHUBA.

(12)

Biamentposa cuia, sika 1i€ B KpyTroBiii KpuBii
paniycoM P, € BEIMYMHOIO IOCTIIHOIO 1 IOpiB-
2

HIO€!

F® =P -v'g-p,. (13)

VY mepexiagHiii KpuBiiH MOIyNb BITIEHTPOBOI
CHJIM iHepUii 3MiHHUH 1 BU3HA4Ya€ThCS 3a GopMy-
J010:

F' =K, -P.-v/g-p,, (14)

Je g — MPHUCKOPEHHs BUNbHOTO manainus; K, — Ko-
eQilieHT, KU BpaxoBye 30UTBLICHHS KPUBU3HH
nepexigHol KpUBOi; L — MIBUAKICTH PyXYy.

[Ipu pyci nokoMoTHBa B HepexiAHili KpUBiH 3
MOCTIHHOIO MIBUIKICTIO HA KY30B CEKIIil Ji€ TaKokK
MOMEHT CHUI 1HEpIIil BiJf KyTOBOT'O MIPUCKOPECHHS.

BennunHa 1HOro MOMEHTY BH3HAYa€ThCS 3a
(dhopmyIorO:

i%sz'JzK’Uz/q, (15)

ne K, — xoedimient, sikuil BpaxoBy€e BHI KPHBOI;

J.x — MOMEHT iHepIii Macu Ky30Ba CeKIIii

BIJTHOCHO OCl z; ¢ — IIapaMeTp HepexiIHOI KPUBOI.
AKTHUBHI CWJIH 1 CHJIM 1HEpITii, K1 IIOTh Ha Ky-

30B CEKIlil, MMOKa3aHi Ha PO3PAXyHKOBUX CXEMax
(puc. 1-3).

D A Ay A D
B B
Fyo s F*6_cosal ij Fyi
2 (DA TN & i X
13X 03 /My Pysiny O_ MmHZK;‘u 0, sl AN
Q. Pesina ¥ & i Q

z

u
Puc. 1. IIpoexkii crvi Ha TUTOIIUHY X)

Fig. 1. Projections of forces on the plane xy

|
| P, sing 'C:x__ . I I, o
i [Fe _iL — 0 _sina C.‘ Q4cosy
| ey
LCOSY ; | = —_— 1%
QqC SiE _E--_} __;[”—k;;"r_mqpn?f_o -‘:n, O - r
)

N

: ¢ ApOBIE onop WV
W | pien B \
"m P, cos. B Y e

I " aoumma Koall |y
ot . 3

pry aab!

Puc. 2. IIpoexkmii cril Ha TIONIHHY XZ

Fig. 2. Projections of forces on the plane xz

5 o s
- M tMP(
h.l. P.\ cosu _fij _,T_.

pa
L, T rosd | ot
JIKOBO1 K | L
[IAOLIIHA Pe 1

Puc. 3. IIpoekirii cui Ha IIONIHHY Yz
Fig. 3. Projections of forces on the plane yz

Ha pospaxyHkoBux cxemax iHIekc 1
BiJITIOBiJIa€ MEPIIOMY Bi3Ky, a iHAEKC 2 — Apyromy
BI3KY.
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Peakiisimu 3B’SI3KiB € HACTYIHI CHUJIM i MOMEH-
TH:

W — cuna TATH OJHOTO Bi3Ka, sSiKa MpUHHATA
OJIHAKOBOIO JUIS1 BCIX BI3KIB CEKIIT JIOKOMOTHBA;

F, i F, —nonepeuni cuiy, 0 TepearThes

Ha Ky30B BiJ BIITIOBITHUX Bi3KiB;

F, i F,, — BepTHKaJIbHI CHJIH, IO NEPEIaI0Th-
s Ha Ky30B BiJ| BIIMOBITHHUX Bi3KiB;

M, i M,, — MmoMeHTH Hap CHII BiJHOCHO OCI X,
IO MepearoThcsl Ha Ky30B BiJl BiINIOBITHUX Bi3KiB,
y po3paxyHkax npuitasito M =M , =M _;

M,iM,

Z 1 z,, Ni0YMX HA Ky30B BiJl BIAIOBIAHUX Bi3KiB.

— MOMEHTH TIap CHJI BiTHOCHO Oocei

Jlns BU3HAYCHHS paHille BKa3aHUX MapameTpiB
CKIIATAEThCS TICTh PIBHSIHL KIHETOCTATHKH JUIS

Ky30Ba:
Y F, =0,
O -0, +2W -Fy =0,
D> F,=0,
(0 +0)y=
D> F.=0,
Fy+F, - P -F a=0,
> M, =0,
—2M, +(0,+Q,)vh, —Ach =0,
> M, =0,
~(Fa=F)B+(Q=0,)h, — Rxh =0,

> M, =0,

F +F,+Ag

(16)

M21+M22_(Q1_Q2)YA+(F Fz)B+MHH_O-

VY pesynbTari po3B’S3Ky CHCTEeMH piBHsHB (16)
OynH OTpUMaHi HACTYIIHI Pe3yJIbTaTH:

W=%(Q+P,<x), (17)

M, =%[Qy(2j—1)ha—AKh:|, (18)

Fﬂ:% —Q%+P( —% j+ F”6 , (19)
Fﬂ:% Q%+P( )+ F“6 , (20)
0
F,= E Yl 2j— l—— —e
21; =X @n
F _Q 2'—1+£ +eha +M‘I:H+
Y L G Y Al DY
(22)

+
2B
VY CTpyKTypi peaKTHBHUX CHJI 3BEPHEMO yBary

Ha cwm F; i F,, AKi BUHUKAIOTh y BipTyanbHiii

KyJIOBIH OTOpi MpH Tepepadi CTaTHYHHX 1 Ju-
HaMiYHUX CHJI BiJl Ky30Ba €JEKTPOBO3a Ha pamy
Bi3Kka. [Ipu ipboMy BKa3aHi CHIIM JiIOTh Y TOTIEped-
HOMY JI0 OCi KOJIil HanpsMKy. Sk 3a3Ha4yaioch BU-
11e, 31 CTOPOHM Ky30Ba Ha paMmy Bi3Ka MepeaaoTh-

cst e 1 BeprukanbHi cumu F, 1 F,. Ilpore, Ha

z1

IYMKY DIy aBTOpiB, caMme 10 TOPH30HTAJIbHUX

cun F, i F,, sxi nirote y momepeqHoMy Jo oci

yl
KOJIii HampsMKY,
cHuIIay.

Taxum 9MHOM, TOPU3OHTAIBHY CHITY, SKa Ji€ 31
CTOPOHH Ky30Ba €JIEKTPOBO3a B IOMEPEYHOMY JIO
oci Komii HampsMi, IO MepegaeThCsl Yepe3 BipTy-
aNbHy KyJbOBY OIOpY Ha paMy Bi3Ka, HaWOOLib-
HIIIIE 1 HA3BaTH PAMHOIO CHJIOKO.

34CTOCOBAHO TIIOHATTA «pPaMHa

Pamuy cuny F,|, sKa [ic y BipTyaabHHX KyJlb-

yl»
OBHX OITOpax, CIIiJ] PO3IJISIIATH K PIBHOJIOUY pa-
MHUX CHJIL, SIKi JIFOTh Ha KOJIICHI TapH Bi3KiB.

IIpu po3paxyHKy aKTHBHUX CHJI 1 CHJI 1HEpIli
JIOKOMOTHBHOTO Bi3Ka OCHOBHA yBara NpUALIsIIACH
BU3HAUEHHIO BiJIICHTPOBOI CHJIM iHepuii Bi3Ka,
TOJIOBHOTO BEKTOpa i TOJOBHOTO MOMEHTY CHII
iHepIii y BITHOCHUX MepeMilIeHHSX.

Cunu iHepii Bi3Ka MmokasaHi Ha puc. 4, 1o 3a-
no3uyeHuit 3 [7].
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i

Puc. 4. Cwnu inepuii Bi3ka
Fig. 4. Inertia forces of the bogie

Cunu iHepii BiIHOCHOTO PyXy BH3HAYaJHCh 3
ypaxyBaHHSM TOTO, IO JIOKOMOTHBHHUH Bi30K He
SBIIIETBCSL KOPCTKO 3aKpiluUIeHMM 00’€KTOM, a
CKIIATIAETHCS HE MEHIIE K 13 TPHOX TiJI, SIKi MalOTh
MaJli OCTYMaJIbHI 1 TOBOPOTHI NepeMillleHHs Bif-
HOCHO ofuH oaHOTro. LluMu Timamu € pama Bi3Ka i
nBa KosicHo-MoTopHi 010kn (KMB).

3araJpHUMHA IS BCIX TUI Bi3Ka € ABa BIIHOCHI
PYXH: MOBOPOT Bi3Ka B IUIOLIMHI X) HABKOJIO OCi z
y TNEepexifHNX KPUBHX 3 KyTOBHM IIPHCKOPEHHIM
v/ g 1 MOBOPOT Bi3Ka B Il )K€ IUIOMIMHI 3 KYTO-
BHM IPHCKOPEHHAM A HABKOJNO OCi, fKa IPOXO-
IWTH 4epe3 TOuKy B, 1 mapanenbHa oci z. Koxen
KOJIICHO-MOTOPHHI OJIOK 3IiHCHIOE i€ A0AaTKO-
BHI IOBOPOT BIiTHOCHO paMH Bi3Ka 3 KyTOBHMH
TIPUCKOPEHHAMH O, i O, BiIMOBiHO.

Cunu iHepuii paMu Bi3Ka Micis NPUBEIEHHS iX
10 neHTpy O XapakTepH3yIOThCs TOJIOBHIM BEKTO-
pom F" ironosnum Mmomentom M " :

HH PP o
=220, 23)
g
.o 02
M =g | %, K, ! (24)

ne B, — cuna Baru pamu Bi3ka; n — HOMep Bi3Ka B

cekiii; / — mojoBHHA 0a3u BI3Ka; sz — MOMEHT

iHepIil Macu paMH Bi3Ka BiITHOCHO OCi Z.
Cun iHepuii mepegHbOro KOJiCHO-MOTOPHOTO
010Ky, ITiCIIsl IPUBEACHHS X [0 TOUKH B, Xapak-
b

TEPU3YIOThCS TOJIOBHUM BeKTOpoM F™ 1 ronoBHUM

MOMeHTOM M ™ :

2 2
+ K12, (25)
q

v 2 P 2
M™=J, |8 +%, —K, 2 |+ K, 5 1d> (26)
q g q

ne P, — cuia Bard KOJiCHO-MOTOPHOTO OJIOKY;
J_5 — MOMEHT iHeplii MacH KOJiCHO-MOTOPHOI'O

0JIOKY BiTHOCHO OCi, SIKa MPOXOJUTH Yepe3 TOUKY
B, mapajienbHO Oci z.

Cunu  iHepmii 3aJHBOTO KOJICHO-MOTOPHOTO
OJI0Ky, IiCIIsl IPUBEAEHHS iX 10 TOYKH B, Xapak-
b

TEpU3YIOTHCS TOJIOBHUM BeKTOpoM £, 1 romios-

HUM MOMeHTOM M )" :

FZMH _ix ,
g
. .o 02 .o U2
x| —d| &, +h, — K, — |+2Ik, — K,]— (27)
q q
. .. U2 P ..
MY =J 5| 8, +A, —K,— [-2-%I\, +
q g
P 2
+K, 25 1d 2 (28)
g q

Je A, — KyToBe IPUCKOPEHHS Bi3Ka; d — BiJCTaHb
BiJl IEHTPY Mac KOJiCHO-MOTOPHOTO OJIOKY 10 TIO-

3MOBXHBOI ~ OCl  KOJNICHOI  mapwu; d, i

0, — KyTOBI IPHUCKOPEHHSA KOJICHO-MOTOPHHUX
0710KIB BIANOBiTHO; J ,, — MOMEHT iHeplii Macu

KOJIICHO-MOTOPHOT0 OJI0KY BiZHOCHO OCi, SIKa Mpo-
XOJUTD Yepe3 TOUKy B, MapajeibHo OcCi z.

[Ipu po3paxyHKy cuil, sIKi IifOTh Ha JIOKOMOTH-
BHHUI Bi30K 31 CTOPOHHM PEMKOBOi KOJIii, OCHOBHA
yBara npuaisuIacs BU3HAYSHHIO HOPMaJIbHUX pea-
KIIii pefiok Ha BI30K, CHJI B TOUIlI KOHTaKTy rpede-
HS Habiraro4oro Koseca 3 peHKoro, JOTHYHHUX CHI
KpUIa B TOYKAX KOHTAKTY 3 peHKaMu MOBEPXHO-
CTEU KOYEHH KoJeca.

BusHaueHHs cuil KpuIla B KOHTaKTHHUX TOYKax
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«KOJeco-pelikay HalOUIbII YacTo MPOBOIATH 3a
metomukamu C. M. Kymenko [9] i XK. Kankepa
[16]

Y mux MeTOAMKax CHJIM KpUIla BBaXKAIOTHCS
NPONOPLUIHHUMHU BENUYMHAM BiATOBIIHUX KPHIIB.
Bennunna kpuma Uil KOKHO{ KOHTaKTHOI TOYKH
BU3HAYAETHCS SIK BIIHOLICHHS IIBUIKOCTI TPYXK-
HOT'O TIPOCKOB3YBaHHsS KOHTAaKTHOI TOYKH KoJeca
0 MIBUAKOCTI pyXy Bi3ka. J[ns momampmmx po-
3paxyHKiB TOTpPiOHI (popmynn, sKi BH3HAYAIOTH
MPOEKIIii IIBUJIKOCTEH KOHTAKTHHUX TOYOK KOJIIC
JIOKOMOTHBHOI'O Bi3Ka IIpU BIHCYBaHHI SIKOTO B
KpuBYy Majoro paniyca. CKIamoBi IHX IIBHIKO-
cTeilt HaBeeHl Ha puc. 5 [5, 7].

Puc. 5. IIBUAKOCTI KOHTAKTHUX TOYOK KOJIIC Bi3Ka

Fig. 5. Speeds of contact points of bogie wheels

3rigHo 3 metoaukor C. M. Kynenko, npoekiii
TOJOBHUX BEKTOPIB CHJI Kpuoa Juig KOXKHOI
KOJIICHOT TapH B TOMEPEYHOMY IO OCi KOJii Ha-
IPSMKY BU3HA4YalOThCS:

— JUIA IepeIHBOI KOJIICHOT MapH:

yK1=2k* (N—AN’) k+81+£ (29)
— s 33THBOT KOJIICHOT MapH:
« . , [ A
y2=2k (N+AN) k+82—g +21; (30)

ne k' — xoe(illieHT KpHIa I OJHHUYIHOTO BEp-
TUKAJIBHOTO HABaHTKEHHS Ha KOJIECO.

Monyni HOpMaJbHUX peakuiil y AaHid MeTo-
JIATII TIPOTIOHY€ETHCS BU3HAYATH 32 (POPMYITaMH:

N, =N-AN'+AN", 31)

N;,=N+AN'"£AN", (32)
ne N — BepTHKaJlbHE HABaHTAXKCHHS, SKE OJI-
HAKOBe [JIg BCIX KoJyic Bi3ka; AN’ 1 AN" — mo-
MpaBKH, SKi BPaxXxOBYIOTh BIUIMB HAa BEPTHUKAIILHE
HaBaHTaKEHHA MOMEHTIB M, , M, .

Ianexcu 1, 2, 3, 4 BianoBigal0Th HOMEPaM TOUOK
KOHTaKTy «KOJIECO-pEiKa» Ha pO3paxyHKOBIl cxeMi
Bi3Ka puc. 4.

[Ipu BU3HAaYeHHI OOKOBOI CWJIM B TOYIli KOH-
TakTy TpeOeHs 3 pelKolo OyaeMo pO3TIsaaTH Ou-
(depeHIianbHi  PIBHAHHS PyXy JIOKOMOTHBHOTO
Bi3Ka IO KpUBid Majoro pazaiycy. Po3paxyHkoBa
cxeMa Bi3Ka MpeJIcTaBIeHa Ha puc. 6.

PiBHSHHA KIHETOCTATHKHU JUIS Bi3Ka MarOTh BU-
TSI

DY F.=0; F.+Fy+G-f=0;  (33)

D F,=0; F, +Fy-G=0; (34)
> M, =0;

M_+M5-G-[1-5-(8, - f)]=0, (35)

ne F, F, - MpOeKIii Ha OCi X 1 y TOJOBHOTO
BEKTOpa aKTHBHUX CWJ 1 cWi iHepmii Bi3ka; F,

F},— TIPOEKIIii Ha Ti % OCi FOJIOBHOTO BEKTOPA CHJI

Kpuna Bi3ka; M_ , M’ — ronoBHUIl MOMEHT aKTH-

T 2
BHUX CHJI Ta CHJI 1HEpIlii Bi3ka 1 TOJIOBHUI MOMEHT
CHJI KpUna Bi3ka; G — MPOEKIis Ha IUIONIHHY XY
HOPMAaJILHOT peakIlii peku Ha rpeOiHb Kojieca; [ —
KoeQillieHT TepTs TpeOHS 3 PEelKOoI MPHUBEACHUIH
JIO TUTOIITMHU X}

Puc. 6. PozpaxyHKoBa cxema JIOKOMOTHBHOTO Bi3Ka

Fig. 6. The calculation model of the locomotive bogie
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3 piBasHHA (34) BU3HAYaeThCcs OOKOBa cHia
MIPUTHUCHEHHS TPeOHS Ha peliKy, sika JOPiBHIOE IO
MOJIYJI0 peakuii peiiku G :

G:Dl‘j;—i-Dg‘S]+D3'82+D4‘7"+D5‘81+
+D6~82 + Dy A+ Dy -8, + Dy 8, + Dy, (36)

ne D,..D,

d, — y3arajbHEeHI KOOPIHHATU PyXy Bi3Ka BiIHOC-

koedimienTn mominoma; A, 9§,

HO CHUCTeMH BiAmiKy O,x,y, .
Jns 3HAXOMKEHHS 3aKOHIB 3MIHH y3arajibHe-
HHUX KOOpJAMHAT A, d, 1 6, HEOOXIAHO MPOBECTH

PO3paxXyHOK CHCTEMHU TPhOX Au(epeHIliaTbHUX
PIBHSIHB:

A Dt Ay -8+ Ay S, + Ay A+ A5+
+ A Oy + Ay A+ Ay 8+ Ay -8, =4+ A4, - t; (37)
B -A+B,-8,+By-5,+B,-A+B -5 +
+B, -8, + B, A+ By, +B,-8,=B,, + B, -t; (38)
C-h+Cyd,+Cy -0, +C, - A+Cy-5, +
+Cy -8, +C, A+ Cy -8, +C,-8,=Cy +C,, -1, (39)

ne 4..4,, B.B,, C.C,—-

HaBeJeHI B Ta0u. 2.2, 2.3, 2.4 BianosigHo [5, 7].
Jnst 3HAXO/DKEHHS paMHOI CHIIM, SIKa [i€ Ha
BiCh KOJIICHOT IApH Y KPUBIH TUISHII KOJIii, CKOpU-
CTaeEMOCSl PO3PaXyHKOBOIO CXEMOIO JBOX KOJiCHO-
MOTOpPHHUX OJIOKIB Bi3Ka enekTpoBo3a (puc. 7).

KoeQilieHTH, sKi

Puc. 7. Po3paxynkoBa cxema aBox KMB Bizka

Fig. 7. The calculation model of two wheel-motor
blocks of the bogie

Jlns 3HaxXO/DKEHHS PaMHOI CHIM HEOOXiJTHO
CKJIACTH CHCTEMY DPIiBHSHB KIHETOCTATHKH IS TIe-
penHbol KoJicHOT mapu Bizka. JlaHa cucrema Oye
MaTH BHTJISI;

ZFX=0;
GG (T +T)=0;
ZFy:0;
n—G+F + K" =0,

D> My, =0;

MY =M ~G-s-(f=8,)~(T~T,)-s, =0,

(40)

me F,, — pamHa cuna, sAKa Ji€ Ha MEpUIy KOMICHY

napy,
MOBIAKOBUX 3B’A3Kax;

T, 1 T, — MO3OOBXHI CHJIM B IIapHIpHO-

S; — TOJOBUHA BIJCTaHi
MIX IIEHTpaMu OYKC OJIHI€T KOJIICHOT MapH.

3 apyroro piBHSHHSA cuctemu (40) BU3HAYAETH-
Csl paMHa CHJIa, SIKa TOPIBHIOE:

R,=G-F5-F". (41)

3HaXOMKEHHS paMHOi CWIM Ui JIpyroi
KOJIICHOT TMapu TNPOBOAMTHCS aHAIOTIYHHM METO-
JTOM.

Cmig  Big3HAYWTH, K  3a3Ha4a€e  J.T.H.
E. M. Coxoun [11], 1uis BUKOHAHHS CYJIOBOI 3aJIi3-
HUYHO-TPAHCIIOPTHOI EKCIIEPTU3M TpPH CXODKEH1
PYXOMOTO CKJIaay 3 peioK HeoOXiTHO 3aJaBaTHCS
BUXITHUMHU JaHMUMH 3 KOHKPETHOTO MICIs CXO-
JOKeHHS. BUXiTHUMH NaHUMH TIPH [BOMY SIBIIS-
IOTHCS: TITaH 1 TPodisb KOIil, TUIT peiiok, XxapakKTe-
pUCTHKA KPUBOI, IO sIKil BiIOYBaJIOCS CXOJKCHHS
(pamiyc, mOBXHHA, MiABHIICHHS 30BHILIHBOI peii-
KW, HasSBHICTh TEPEXiTHUX KPHUBHUX), TECXHITHHIMA
CTaH eJIEMEHTIB BepXHbOi OyZ0BHU KoJIii (OOKOBHIA 1
BEPTUKANBHUI 3HOC PEWKOBMX HHMTOK), HECIpPaB-
HOCTiI XOJIOBHX YAaCTHH PYyXOMOTO CKJIany (3HOC
rpebeHiB, 3HOC MOBEPXHI KOYEHHS KOJICHUX Iap).
OTxe, Marouu KOHKPETHE Miclle CXOJDKEHHS Ta
BUKOPHCTOBYIOUW BHIIE HABEACHY METOIUKY, MO-
JKHA BU3HAYUTH paMHY CHJIY Ha OCI KOJICHOI Iapu
€JIeKTPOBO3a.

PesyabTaTtn

OCKibKM CXOIKEHHS €JIeKTpOBO3a 3 PpeHOK
MoXKe BinOyTHCS y BXiJHIN mepeximHiil, Kpyrosii
Ta BUXIOHIM mepexigHii KpuBid, TO NPOBEAEMO
PO3paxyHOK PaMHOI CHJIM Ul KOXKHOI KOHKPETHOI
KPHBOi y BiATIOBITHUIA MOMEHT dacy.
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Buxingni nani ans pospaxyHky: P, =527 xH;
x =0,028 pax; P.=204 xH; u, =0,007 m;

[=1,5 m; v=10™/c; Ah, =0,15m;
p=300m; L =100M; ©, =0,01Mm.

Bxinna nepexinna kpua: L=50m, v=10m/c

3HaI04M JOBXKHUHY TEPeXiHOT KpUBOI Ta MIBH/I-
KICTh PYXY €JIEKTPOBO3a, MOKHA 3HAMTH Yac HOro
CIiAyBaHHS TIO BIATIOBIMHIA KpUBIiH, SIKHH B IaHO-
My BHMajaKy cknanae t, =0..5¢.

BukoHaeMo po3paxyHOK ISl €J€KTpOBO3a MpH
YMOBi, II0 BiH MpOCIiAyBaB BiA MOYaTKy daHOI
KpuBoi £, =2,5¢.

BukonaBmM po3paxyHOK 3a JIOINOMOIOK IPO-
rpamu Maple, Oynu oTpuMaHi Taki pe3yabTaTH:

G, =24,7109kH,
Fy =29,2944xH,
F™ =0,0636 xH .
Pamna cua Ha oci mmepioi KoricHoi mapu
F,=—4,647xH .

BukoHaeMo aHaAOTIYHUI pO3paxyHOK ISt KPY-
rosoi kpusoi. IIpu npomy mnpuiimemMo, L0 €neK-
TpoBo3 BJI80 mpocminyBaB Bijg mMmodYaTKy JaHOl
KpuBoOi £, =5¢C.

G, =57,247H,
F} =65,999 kH,
F™ =0,0000056 kH

PamMHa cuiia Ha oci mepIoi KoJIicHOT mapu
F,=-8752kH.
[Mapamerpu BuximHOi mepexigHOi KpWBii aHa-

JIOTIYHI TTapaMeTpaM BUXiTHOI IepexiqHoi KPHUBii.
[Tpu npomy OyJin OTpUMaHi Taki pe3yIbTaTH:

G, =30,065kH ,
Fl =35,5285kH,

F™ =-0,06361xH .

Pamua cuna Ha oci nepioi KoJicHOI mapu:

F,, =-5,3996 kH .

J1ist 6i7bII TOYHOTO PO3YMIHHS Ta MMOBHOTH J0-
CIIIJDKEHHSI TIPOBEIEMO PO3PaxyHOK 3a BHIIE HaBe-
JICHOI0 METOJUKOIO ISl Pi3HUX MIBHIKOCTEH Ta
MiIBUIIEHb 30BHIMIHBOI peiikoBoi HUTKH. [lpm
pOMY OyZEeMO BBaXKaTH, IO 3a30p, SKUH BHHUKAE
MiX poOOUYOI0 TPaHHIO pelKH Ta rpedeHeM Koeca
npu pyci Mo KpuBiid, OyJe 3MiHIOBAaTHCS B Jiara-
30HI Y,...u,. Ha OCHOBI OTpHMaHMX pe3yIbTaTiB

Oynu oTpuMaHi 3aJIe)KHOCTI PaMHOI CHIITM IepIIoi
KoJicHOI Tmapu enektpoBo3a BJISO Bixg wacy pyxy
Mo BIAMOBIAHIA KpuBid. JlaHi 3aJeXHOCTI mpen-
cTaBiieHi Ha puc. 8—11.

F.

1p>

kH

8 I 1

6

Puc. 8. I'padhik 3miHn pamuoi cumu F | B 3anexHOCTI Bin

1p
4acy pyxy Jiokomotusa rpu ¥V =10 m/c :
1— Ahy=50Mm; 2— Al =100Mv; 3 — Al =150 Mmm
Fig. 8. Graph of behaviour of frame force F,, depending

on the movement time of the locomotive at
V =10 m/sec :

1— Ay =50mm; ; 2 — Ahy =100 mm; ; 3~ Ak, =150 mm

0

-2

Fo,

®

kH

Puc. 9. I'padix 3minu pamuoi cun £, B 3aJI€XKHOCTI

BiJ "acy pyxy JJOKOMOTHBA Iipu V =5 m/c, Aly =150 Mm

Fig. 9. Graph of behaviour of frame force F{,

depending on the movement time of the locomotive at
V' =5 m/sec, A, =150 mm
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F_.h

1p?

kH

o
.

0 2 4 6 8 10 12 !

Puc. 10. I'padix 3minu pamHoi cumu F{, B 3aJI€KHOCTI

BiX yacy pyxy JokoMoTHBa Ipu V =15 w/c, A, =150 MM

Fig. 10. Graph of behaviour of frame force £,

depending on the movement time of locomotive at
V' =15m/sec, Ak, =150 mm

- W

0 2 a 6 & 10 L

Puc. 11. I'pacix 3mMinu pamMuOi cunmm F|, B 3aJ1€XKHOCTI

Bijl yacy pyxy JJokoMoTuBa rpu ¥ =20w/c, Al =150 mm

Fig. 11. Graph of behaviour of frame force F,

depending on the movement time of the locomotive at
V' =20 m/sec, A, =150 mm

3a OTpUMaHUMU PE3yJIbTaTaMH MOKHA 3pOOUTH
HACTYIHUH BHCHOBOK.
V crani cnokoro exinaxy (v =0, s, =0) pamHa

cwia opiBHIOE Hy0. [Ipu pyci elnekTpoBo3a — 1o
KpUBIH NiNSHIN KOJil Oy/ne BUHUKATH paMHa CHIIA,
ska Oyne 3ajekath Bim Oaratbox (akTopiB, OC-
HOBHUMH 3 SKHX €. PajiyCc KpHBOi, IIBHIKICTb Ta
MiABHUIIICHHS 30BHIIIHBOT PEUKOBOI HUTKH.

3 puc. 811 BuAHO, MmO TIpH 3MEHIICHHI
paniycy BiANOBiAHOT KpWBOi, paMHa cuia Oyje
3pocTaTu.

3 puc. 8. BUJIHO, IO MPH MOCTiHHINA MIBHIKOCTI,
13 30UTBIICHHSAM ITiBUIICHHS 30BHIIIHBOI PEHKO-
BOI HHUTKH, [T paMHOI CHJIH OyJe OLIBIIO0 Ha To-
JIOBKY BHYTpIIIHBOT peiiku. [{uM 1 mosicHroeTbes 11
BiJ’€MHE 3HaUYCHHS.

3 puc. 9—11 BuaHO, O TpU CTAJIOMY 3HAYECHHI
MiJBUINCHHS 30BHIIIHBOT PEWKOBOT HHUTKH, 13
301IBLICHHSM MBUAKOCTI €IEKTPOBO3a, i paMHOI
CIJIM Ha TOJIOBKY 30BHIIIHBOI peliku Oyzae Oinb-
I010.

HaykoBa HOBM3HA Ta NPAKTUYHA
3HAYMMICTB

Ha ocHOBI iCHYIOYOi METOIWKH pO3pPaxyHKY
0O0KOBOT CHJIM PO3POOJIEHUH METOA BH3HAUCHHS
paMHOI CWIIH, SIKa JIi€ Ha Bi30K 31 CTOPOHH Ky30Ba
CeKI[i1 JIOKOMOTHBA. YIOCKOHAJICHHS METOAY BH-
3HAYCHHS DPAaMHOI CWJIM MiJBUIIYE TOYHICTH PO-
3paxyHKIB IIpH aHaji3i 0e3neKu pyxy Ta IpH Mpo-
BEJICHHI CYIOBHX 3aJi3HUYHO-TPAHCIIOPTHUX €K-
CIIEpTH3.

BucHoBku

1. Byno po3po0ieHo MeTo BU3HAYCHHS paM-
HOI CWIM, SKa Jli€ Ha BIi30K 31 CTOPOHU Ky30Ba
CEKIIi1 TOKOMOTHBA.

2. Ha ocnoBi po3pobneHoro meroay Oyiu OT-
pHMaHi po3paxyHKOBI 3HAYECHHsS PaMHOI CHIIH, SIKa
Jlie Ha BI3OK 31 CTOPOHH Ky30Ba CEKIIil JOKOMOTH-
Ba.

3. OrpumaHi pe3yiabTaTh OYyJIM BHKOPHUCTaHI

171t OOY/I0BU 3AJIKHOCTEH pamHOi cuin Fy » BI

gacy pyxy eJNEeKTpOBO3a IO BIMMOBIAHIN KpuBiit
Opyd 3MiHI IOBUAKOCTI pPyXy Ta BiAMOBITHOMY
MiBUINCHH] 30BHIIHBOT PEHKOBOI HUTKHU.

4. HanpsiMkamMy TOAAJBIINX JOCTIIKECHb € BU-
3HAYeHHS OOKOBOI CHIIM NMPHUTHUCHEHHS Kojeca JIo
peliku Ha TpSAMUX Ta KPHUBHX JUISHKAX 3alli3-
HUYHOI KOJIT ISl IBUJKICHOTO PYXOMOTO CKJIAY.
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A. 5. KY3BIIIMH"

" IbBoBckuit HUU CyneOHBIX dKCTIepTH3, yiI. JlumnHckoro, 54, JIbBoB, Ykpauna, 79024,
teit. +38 (032) 231 76 13, ten. +38 (032) 231 70 61, 2. moura kuzyshyn1993@gmail.com, ORCID 0000-0002-3012-5395

OIIPEJEJIEHUE PAMHOM CHJIBI DJIEKTPOBO3A BJISO ITPHU
ABUKXEHHNHU HA KPUBBIX YHACTKAX ITYTH

Heas. [Ipu nBrmKEHHN JTOKOMOTHBOB Ha KPHBBIX YYaCTKaX JKEJIE3HOAOPOXKHOTO IMYTH BO3HHKAIOT MONEPEYHBIE
TOPH30HTANIHBIE CHIIBI, KOTOPbIE NPHBOIAT K NPIKATHIO TPeOHS KOJECHOW Mapbl K TOJOBKE peibca. Vcmonbiys
CYIIECTBYIOIIYI0 METOAUKY pacdeTra OOKOBOM CHIIBI, HEOOXOUMO Pa3paboTaTh METO[ ONpeeNeHHs PAMHOM CHIIBI,
JEHCTBYIOIIEH Ha TENEXKY CO CTOPOHBI Ky30Ba CEKIIMU JIOKOMOTHBA. Takke HyKHO yCTaHOBUTH OCHOBHBIE Hapa-
METpbI, KOTOpbIE BIMAIOT Ha BEJIMYMHY PAaMHOU CHJIBL. VI3MEHSS 3TH mapaMeTphl, IIOCTPOUTH 3aBHCUMOCTH PaMHOM
CHJIBI OT BPEMEHH JIBIDKEHUS 3JIEKTPOBO3a 110 COOTBETCTBYIOIIEH KprBoil. MeToanka. [IpencTaBuM 351eKTpoBO3 Kak
MHOTOMAaCCOBYIO MEXaHHYECKYIO0 CHCTEMY W3 CeMH Tell: Ky30Ba, JABYX paM TEJIe)KEK M YEThIPeX KOJECHBIX Map.
Jnist onpeneneHust GOKOBOM CHIIBI, KOTOpasi JEWCTBYET OT KOJIECHOW IMaphl HA PeJibC, HYXKHO PEIIUTh TU(depeHim-
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aNbHBIE YPaBHEHMs IBIKEHUS JTOKOMOTHUBHOM TENEXKKH MO KPHUBBIM Majoro paauyca. C NOMOIIBIO YpaBHEHUI
KHHETOCTATUKU ATl KOJIECHOU Maphbl TEIEKKU MEPEUTH K ONPEAEICHUI0 PAMHON CHJIBI, JEUCTBYIOLIEH Ha TENEXKKY
CO CTOPOHBI Ky30Ba CEKLIUU JIOKOMOTHBA. B pacuerax NpUHUMAIOTCS HOMUHAIBHBIE T€OMETPUYECKHE U MACCOBBIE
rapaMmeTpsl y3JI0B U JeTallel 3JeKTpoBo3a. Paanyc KpuBOH, [UIMHA NEPEXOIHON KpUBOM, JJIMHA KPYTrOBOM KPHUBOM,
MIPOJOTBHBIA YKIIOH pENbCOBOTO IYyTH W JAPYTHWe IapaMeTpbl NPUHUMAIOTCS ITOCTOSHHBIMU BEIHIMHAMH.
PesyasTatsl. [lonydeHsl pacueTHbIC 3HAUCHUS BEIMYWHBI PaMHOHM CHUTBI AnekTpoBo3a BJI80, koTopast meicTByeT
Ha TEJISKKY CO CTOPOHBI Ky30Ba CEKLHH JOKOMOTHBA. Ha OCHOBE 3THMX NaHHBIX OBUIM NMOCTPOCHBI 3aBUCHMOCTH
paMHONH cCwIBl OT BPEMEHHM [BI)KEHHMS DJIEKTPOBO3a II0 COOTBETCTBYIOIEH KpPUBOM TNIpM H3MEHEHHUU
CKOPOCTH JBIKCHUS u COOTBETCTBYIOIIEM MOBBIIIEHHH BHEIITHEN peIbCOBOM HUTH.
Hayuynas HoBu3Ha. Ha ocHOBe cymiecTByIoIIeil MeTOAUKY pacueTa OOKOBOM CHIBI pa3paboTaH METOJ ompenese-
HUS  paMHOHW  CWJbl, JeWCTByIOIlell Ha  TENeXKYy €O CTOPOHBI  Ky30Ba  CEKIHMM  JIOKOMOTHBA.
IIpakTnyeckass 3HauMMOCTh. COBEPIICHCTBOBAHUE METOJA OIPENCNICHUs] PaMHON CHJIBI MOBBIIIAET TOYHOCTH
pacdeToB Ipy aHaIHM3e 0E30MAaCHOCTH ABIKEHUS M IIPU NPOBEACHUH CyJIeOHBIX KEJIEe3HOI0POKHO-TPAHCIIOPTHBIX
9KCIEPTHU3.

Kniouegvie cnosa: paMHas cuia; KoJecHas Iapa; 3JI€KTPOBO3; PEJIbCOBBIN ITyTh; KPYroBas KpHBasi; epexoqHas
KpUBasi; TEJIEKKA; BO3BBIIICHUS HAPYXKHOTO peiibca

A.Y.KUZYSHYN"

"Lviv Research Institute of Forensic Examination, Lypynskyi St., 54, Lviv, Ukraine, 79024,
tel.+38 (032) 231 76 13, tel.+38 (032) 231 70 61, e-mail kuzyshyn1993@gmail.com, ORCID 0000-0002-3012-5395

DETERMINATION OF FRAME FORCE FOR ELECTRIC LOCOMOTIVE
VL80 WHEN MOVING IN THE CURVED TRACK SECTIONS

Purpose. When locomotives move in curved sections of the railway track, horizontal forces arise, which lead to
pressing the ridge of the wheel pair to the railway track. The article is aimed to develop a method for determining
the frame force acting on the bogie from the side of body of the locomotive section using the current methodology
of calculating the lateral force. It is also aimed to determine the basic parameters that influence the value of the
frame force. It is necessary to construct the dependencies of the frame force on the travel time of electric locomotive
in the corresponding curve changing these parameters. Methodology. As is known, the electric locomotive is
a multimass mechanical system. We will assume that this system consists of seven bodies: a body, two frames of
carriages and four wheel sets. To determine the lateral force acting on the rail from the wheelset one need to solve
differential equations of motion of locomotive bogie in curves of small radius. Using the equations of kinetostatics
for wheelset one should come to determining the frame force acting on the car bogie from the side of body of the
locomotive section. The nominal geometric and mass parameters of parts and components of electric locomotive are
taken in the calculations. The curve radius, the length of transition curve, the length of circular curve, the longitudi-
nal slope of railway track and other parameters are fixed values. Findings. There were obtained calculated values of
the frame force of electric locomotive VL80 acting on the bogie from the side of body of the locomotive section.
Based on the obtained results there were built the dependencies of frame force on the travel time of electric locomo-
tive on the corresponding curve when changing the speed and corresponding elevation of the outer rail.
Originality. On the basis of the existing methodology for calculating the lateral force it was developed the method
for determining the frame force acting on the car bogie from the side of body of the locomotive section.
Practical value. Improving the method for determining the frame force improves the accuracy of calculations when
analyzing the traffic safety and when conducting the forensic rail-transport examinations.

Keywords: frame force; wheel set; electric locomotive; railway track; circular curve; transition curve; bogie;
elevation of outer rail
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MOJIEJIJMPOBAHUE IMMPOLIECCOB HAKOILIEHUS
BAT'OHOB JIUIS1 PEHIEHUS 3AJIAY OIIEPATUBHOI'O
IJIAHUPOBAHMHS B YCJIOBUSIX HEOIPEJEJIEHHOCTH
NCXOJHON NTHOOPMALINU

Henn. B crathe mpemmnonaraeTcs pacCMOTPETh CO3[aHHE METOAWYECKOH OCHOBBI MOJCIHPOBAHUS MPOIIECCOB
HAKOIUIEHHs] BArOHOB MPH PEIICHUHU 3a/1a4 OIIEPATUBHOTO TUIAHUPOBAHUS B YCIIOBHUAX HEOIPEAEIEHHOCTH UCXOIHON
uHopMauK JUIS  OIEHKH YCTOWYMBOCTH MPUHITOTO IUIAHOBOTO CIEHAPUST M pacyera COMYTCTBYHOIIMX
TEXHOJIOTHUECKUX PUCKOB. MeToauka. PereHue uccieyemMoit 3a1a4u OCHOBAHO Ha UCIOJIb30BAHUM OOIIEHAYYHBIX
MOJIXOJIOB, alfapara TEOPUH BEPOSITHOCTEH U TEOPUU HEUYETKHX MHOXECTB. J[JIs TOCTHIKEHHUS MOCTABICHHOU IIENN
CHCTEMATHU3MPOBAHBI (DaKTOPHI, BIHUSIOIINE HA SHTPOITHIO OINIEPATHBHBIX TUIAHOB. Y CTAHOBJIEHO, YTO MPH TUIAHHPO-
BaHWH 3KCIUTYaTAIIHOHHOM paboOTHI KEIE3HOMOPOKHBIX CTAHITHH, YIACTKOB U y3JI0B HanboJee 3HAUUMBIMH (haKTo-
pamMu, 00yCIOBIMBAIOIIAMH HEOTPEIEICHHOCTE UCXOIHONW MH(POPMAINH, SBISIOTCS: a) BHEIIHHE YCIOBHSA 110 OT-
HOIIICHHIO K PAcCMaTPUBAEMOMY SKEJIE3HOIOPOKHOMY MOJIUTOHY, BBIpAKaeMble HEOTPEICICHHOCTBIO MOMEHTOB
BPEMEHH MMOCTYIICHHSI BAarOHOB; 0) BHEIIHUE TPYIHO UICHTHOHUIUPYEMBbIE e (yHKIIMOHUPOBAHHUS APYTHX yda-
CTHHKOB JIOTHCTHYECKOM HenH (IPEXk/Ie BCETO KIMEHTOB), BRIPAKAEMBIC HEOTIPEICICHHOCTHI0 MOMCHTOB BPEMEHH
3aBepIIEHUs] TPYy30BBIX oOmepaiuii ¢ BaroHamu. JlaHHble (aKTOpBl NPEITIOKEHO  YUYUTHIBATH  [PHU
ABTOMATU3UPOBAHHOM IUIAHUPOBAHUH MOCPEACTBOM CTATHCTHUECKOTO aHaIM3a — YCTAHOBJIEHHS M HCCIIEAOBAHUS
OCTaTKOB BpEMEHH (OMIMOOK MPOTHO3UPOBaHUs). B pe3yibraTe MpeioNKeHbl aHATMTHYECKHE 3aBUCHUMOCTH IS
PalMOHAIBHOTO TPEACTAaBICHHs (YHKIMHA MJIOTHOCTH BEPOSTHOCTH PACIpPEACTICHHUs OCTATKOB BPEMEHU B BHJIE
TOYECUYHBIX, KyCOUHO-3a/JaHHBIX M HEMPEPHIBHBIX aHAIUTHYECKUX Mojeneil. Jlanee mpeacrasieHsl pa3paboTaHHBIE
MO HAKOIUICHWs BaroHOB, TPHUMEHEHHE KOTOPBIX 3aBHCHT OT HICHTHQHUIIMPOBAHHBIX  COCTOSHHUM
MPOTHO3UPYEMOTO BXOJIAIIETO MOTOKA BaroHOB B CHCTEMY HakoIUIeHHsA. Kpome TOro, TOCTEAHsAS TPeIIoKeHHasT
MOJIENb SIBISIETCA OOMIMM CITydaeM MOJIENH TIPOIECCOB HAKOIUIEHHS C MPOM3BOJIBHBIM YPOBHEM TOCTOBEPHOCTH
HCXO/IHO# HH(OPMAIHK TIPH JTF000# CTPYKTYpe BXOISIIETO MOTOKA BAarOHOB. B 3akiroucHue Tpe/iioKeHa METOIHKA
OIICHKH pPE3yJbTAaTOB MOJCIMPOBAHUS HAKOIUICHHWS BaroOHOB [UIS ONTHMH3AIMK TEPEBO30YHOTO MpoIecca
B 3aBHCHMOCTH OT BBIOPaHHOTO KpHTepHs. Pe3yabTarhl. PaspaboTaHHas METOMMKAa MOJCIMPOBAHHS IPOIECCOB
HAKOIUIEHHsI BATOHOB Halllla OTPAKEHUE B CO3JaBaEMbIX C yYacTHEM aBTOpa U BHEIPAEMBIX Ha Bemopycckoit xe-
ne3not mopore Ha 6aze MAC ITYP T'Tl (urdopManuoHHO-aHATUTHYECKAs CHCTEMA TOICPKKU YIPABICHYCCKUX
pelIeHuil Al TPY30BBIX IEPEBO30K) AMHAMUYECKMX Mojeasx. OHM MpeaHa3sHaueHbl A 00eCreueHUs
OMEPATHBHOIO IUIAHMUPOBAHMS [EPEBO30YHOrO MPOIECCa HA OCHOBE METOJOB, MO3BOJIIONINX OIEHUBATH
TexHOJoruueckre pucku. Hayunass HoBu3HA. VIHHOBAlMOHHAs COCTaBJsONIas paboThl  O0OYCIIOBICHA
pacuiMpeHdueM CYIIECTBYIOIIMX MOJIE/ICil HAKOIUIEHWS BarOHOB JUIs CIYYaeB HEOMPEJIEICHHOCTH HUCXOJIHOU
uHpopManmu. TakuM 0Opa3oM, CYIIECTBOBABIIME paHee JICTEPMHHHUPOBAHHBIE MOJENH SBISIOTCA YaCTHBIMU
CITyJasiMH TIpeUTOXKEeHHOU. Takke, B OTIIMYHE OT CYIIECTBYIOIIMX, METOINKA TIO3BOJIIET KOMIUIEKCHO YYHUTHIBATH
BIIMSIHAE CIIyYaWHBIX TMPOIECCOB. 3a CYET 3TOTO MOTYT JOMOJHHUTENBHO OIEHMBATHLCS TEXHOJOTHMYECKHE PUCKH
M OIEPATHUBHO OCYIICCTBISITHCS HEOOXOMUMBIC PETYIMPOBOYHBIC MEPOTIPUSTHS. B 11e110M, MONTydYeHHbIe TP MOJIe-
JMPOBAHUK TIPEAJIAraeMbIM CIIOCOOOM PE3yJIBTAThl IMO3BOJSIIOT IOBBICHTH Ka4eCTBO BBIXOJHBIX PEIICHHUI
B CHCTEME CMEHHO-CYTOYHOTO M TEKYIIETrO TUIAHUPOBAHMS SKCILTYaTaAHOHHON PaGOTHI, YBEIHUIHUB JOCTOBEPHOCTD
ONepaTHBHBIX IIaHOB. IIpakTHYeckasi 3HAYUMOCTh. Ha CerogHsmiHUN [€Hb CYIIECTBYET OJarompusTHas
BO3MOKHOCTh HUCIIOJIb30BaHUS MPEI0KEHHON METOMUKU MOJICIIMPOBAHKS B CYIIECTBYIOIIUX Ha )KEIE€3HOI0POKHOM
TPAHCIIOPTE CHUCTEMAX aBTOMATH3MPOBAHHOIO OINEPATUBHOIO IUIAHUPOBAHUS 3KCIUTyaTAllMOHHON paboThl, B TOM
YKCJIE JUTS ONTHMU3AIMU MECTHBIX BATOHOIIOTOKOB M PEIICHHS Psiia aKTyaIbHBIX 33/1a4 M0e3[000pa30BaHusl.

Kntouesvle cnoea: onepaTMBHOE IUIAHUPOBAHHE; HEONPEACICHHOCTh HH(OPMAIWH, HAKOIJICHHE BaroHOB;
MO/ICTUPOBAHKE; TEXHOJIOTUUECKUE PUCKH; ABTOMATH3AIINS
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BBenenune

KauecTBO (QyHKIMOHMpPOBaHHUS TPAHCHOPTHOM
OTpacii 3aBUCUT OT HUCIOJB3yEMBIX U BHeEZIpse-
MBIX WHHOBAIlU{, HAYYHOE OOECIIEeYeHHE KOTOPBIX
HaIpaBJIeHO KaK Ha IMPOILECC CO3JaHMs, TaK W Ha
CHIDKEHHE PECYPCOEMKOCTH WX BHEAPEHHS M CO-
MIPOBOXKICHHUSI.

CoBpeMeHHbBIE HHPOPMAITMOHHBIC TEXHOJIOTHH,
MIpUMEHSIEMBIE Ha JKEJIe3HOJOPOKHOM TPaHCIIOPTE,
CO371aJI1 BUPTYAJIbHYIO Cpely, AIMHAMUYHO U aJleK-
BaTHO OTOOpaXaIOUIYI0 MEPEeBO30YHBINA MPOIIECC.
Hanuuue momoOHOW MHTErpUpPOBaHHOW 0a3bl JaH-
HBIX IO3BOJISIET HAa €€ OCHOBE pa3padarhiBaTh M
pealn30BBIBATh  aJTOPUTMBI  MTPOTHO3UPOBAHUS
MIEPEBO30YHOTO Ipollecca Ha HEAOCTYITHOM paHee
YpOBHE, BKJIFOYasi MOJICIH peaabHOTrO BpeMeHH |1,
12].

[InaaupoBanne, kak (QYHKIHS MEHEIKMEHTa,
OmpesensieT MPorpaMMy pPeryJIupOBOYHBIX IEHCT-
BUIl B paCYETHOM HMHTEPBAJE BPEMEHU B COBOKYII-
HOCTH C yCTaHAaBJIMBAEMbIMH METOJIAMHU U CPEACT-
BaMu peanm3anun. OnepaTHBHOE TUTAHWPOBAaHUE
SIBJISIETCSI Ba)KHOM COCTaBIIAIONIEH 3KCIUTyaTalu-
OHHOHM JEATEIhHOCTH, OT KayecTBa KOTOPOTO Ha-
MPSIMYIO 3aBHCHUT KaK peannu3amnus JOJITOCPOYHBIX
TUTAHOB U TPOTPaMM, TaK M YPOBEHb HMCIIOJHEHUS
TEKyIIUX TPOU3BOACTBEHHBIX IpoueccoB [5, 8§,
12]. Iloka3zaTenu orepaTUBHOTO IIaHA YCTaHABIIH-
BalOTCS Ha OCHOBE NPOTHO3MPOBAHHA IHWHAMHYE-
CKHX MPOLECCOB, NMapaMeTpsl KOTOPBIX OMperemns-
IOTCS B TOM YHCIIE JPYTUMH YYaCTHHUKAMU JIOTH-
CTHYECKOM IEeNH, YTO SBJISAETCA MCTOYHHKOM He-
OTIPEIETICHHOCTH HCXOIHOM uHpOpMaIIVH,
CHI)KaeT JOCTOBEPHOCTh MONYYaeMbIX Ppe3yJbTa-
TOB M YCJIOXHSET MPOLEcC IUTAaHUPOBAaHUS Ha HMX
OCHOBE.

[Iporeccsl, cBsi3aHHBIE C HAKOIUJIEHHEM Baro-
HOB, IIUPOKO PACIPOCTPaHEHBl B CTAHIIMOHHON
TEXHOJIOTUA W SBJSIOTCS THUIIMYHBIM TIPEIMETOM
ONepaTHBHOTO IUIaHUpOBaHus. WX Hamuume o0y-
CJIOBJICHO IByMSI OCHOBHBIMU (DaKTOPaMH:

— HEOOXOIUMOCTBIO KOHCOJUAAINN BaroHOIO-
TOKa Uil 00ecTieYeHns] YCTAaHOBJICHHBIX 3HAYCHUH
MAacChl ¥ JITHHBI JKEJIe3HOJOPOIKHBIX COCTABOB;

— MIPUCYTCTBHEM B TEXHOJOTHH ONepaIuii, Ha-
Yajqo BBIMOJIHEHUS KOTOPBIX YCTaHABJIMBAETCS
pacnucaHueM.

B ycnoBusix HeonpeneIeHHOCTH UCXOIHON HH-
(opMari aBTOMaTH3NPOBAHHOE MOAEITHUPOBAHHE

Mporecca HaKOIUIEHUSI BaroHOB TpPeOyeT BepoAT-
HOCTHOU OIICHKH JJisi Habopa BO3MOXKHBIX CIICHA-
pueB ero peanuzanuu. [Ipu 3TOM B cucteMe mMojie-
JUPOBAHUS JOJDKHA YYHUTHIBATHCS HE TOJBKO DH-
TPOIUSL MCXOMHOW WHGOpPMAIWH, HO M TOYHOCTD
MOJIEIIN, KOTOpasi ONpeAeIsIeT MPOABHUKCHIE Baro-
HOIIOTOKA B TEXHOJIOTUYECKOH IIETIH.

[IpumenseMble B cTaThe MOAXOMABI MpexycMat-
pUBAIOT KOMIUIEKCHOE peIIeHHe I0CTaBICHHOM
3aJa4i B 0003HAUYCHHBIX YCIOBUSX.

Mean

enbto paboThI SBJISETCSA CO3JaHUE METOHYC-
CKOMl OCHOBBI MOJEJIMPOBaHMS IPOLIECCOB HAKOI-
JIEHUS! BATOHOB NPU PELICHUU 337a4 ONEPaTUBHOIO
MJAHUPOBAHMUSI B YCIOBUSX HEOMNPEIECICHHOCTH
MUCXOAHON WH(pOpMAIMK JJISl OLICHKH YCTOWYHBO-
CTU MPHUHATOrO IUIAHOBOIO CLIEHAPUS U pacyeTa
TEXHOJIOTUYECKUX PUCKOB.

MeTtoanka

Pe3ynpraroM HeOmpeneNeHHOCTH HCXOAHOMN
UHQOpPMAIIMM B CHUCTEMax IUIAHMUPOBAHHS TPAHC-
MOPTHBIX IPOLIECCOB SBJISIETCS] HEONPENEIEHHOCTh
BBIXOJHOU MHopManuu. Takum oOpazom, Jrodoe
3alUIaHUPOBAHHOE COOBITHE B MPUBEACHHBIX YCJIO-
BUSIX MOJKHO paccMaTpUBaTh, KaK COBEPILAEMOE C
OTpeIeTICHHON BEPOSATHOCTHIO WM HMeEIoIee Be-
POSITHOCTHBIE MapaMeTphl (KOJIMYECTBEHHBIE, Ka-
YeCTBEHHbIE, BpeMeHHbIE W ap.). Hns ommcanus
TaKHUX TPOLIECCOB B CTaThe HCIOIB30BAaH CIEIHa-
JM3UPOBAHHBIN ammapar TEOPUH BEPOSTHOCTEH M
TEOPUH HEYETKUX MHOXECTB, IMO3BOJIIOIIUA O1I-
HOBPEMEHHO OLICHUBaTh YPOBEHb AOCTOBEPHOCTH
IIJIAHOBBIX peHIeHI/Iﬁ 1 Co34aBaThb aACKBATHBIC 3a-
JaHHBIM YCJIOBHUSIM MOJIENI HAKOIJICHHUS BarOHOB.

HeompeneneHHOCTh HMCXOAHOW HWH(POPMAITAH
MOKHO BBIPA3UTh 4YE€PE3 DHTPONUIO [, KOTOpaAs
NPUMEHUTENFHO K 3a/1aue MCCIeJOBAaHMs 3aBUCHT
oT:

— YCTOHYMBOCTH MEPEBO30YHOTO MPOIIecca, OIl-
penensieMoil COOTBETCTBUEM 3KCILTyaTallMOHHON
Harpy3kM pa3BUTHIO HH(PACTPYKTYpsl U HMEIO-
LIMMCSI IEPEBO30YHBIM pecypcam;

— HaOJII0JIaeMOCTH TEPEBO30YHOTO IMpoIlecca,
KOTOpasi 3aBUCHUT OT I'PYMIIbl (HaKTOPOB: yAAIEHHO-
CTH OIIEpaliy BO BPEMEHU OT MOMEHTa IPUHATHS
pemieHust (MJIaHUPOBAHMA); YJIAIEHHOCTH OIepa-
OUH B TEXHOJOTMYECKOH Lenu (KOoJIM4ecTBa Ipo-
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ME)XYTOUHBIX OTIepalnii); yAaJeHHOCTH OINEepaluu
B IpocTpaHcTBe ((pakTopa paccTOSHUS U MPUCYT-
CTBHS Pa3IMYHOTO poJa aIMHUHHCTPATHBHBIX Ipa-
HUI); TOJHOTHI M JOCTYITHOCTH BO3ICHWCTBUS Ha
yIpaBIsieMylo cucTeMy (aJAMHHUCTPATHBHOTO U
OMEepaTUBHOE TOJYUHEHUS, YIaJCHHOCTH, BIIa-
JlebIla, COOCTBEHHUKA);

— YIOpaBIsIEMOCTH TEPEBO30YHOTO MpoIlecca,
Kak (yHKIMKA HaONIOaeMOCTH U MapaMeTpoB
YIPaBIISIIOLINX PECYPCOB;

— KOOPAMHUPYEMOCTH MEPEBO30YHOTO MPOIIec-
ca, OOYCIIOBICHHOW YPOBHEM COIIACOBAHHOCTH
B3aMMOJICHCTBUS OpraHU3aLMK >KEIe3HOI0POKHO-
TO TPaHCIOPTa MEXIy co00i, MapTHEpaMH U KIIH-
EHTaMH.

O1eHKy UCTOYHHKOB SHTPOIMH MH(OpMannu B
CHUCTEME OIEPaTUBHOTO IUTAHUPOBAaHUS MOXKHO
MPOBECTH Ha OCHOBE TIPEACTABICHHBIX HIDKE
TPYII YCIOBUIA U ()aKTOPOB, BIUSIOMINX HA Olepa-
TUBHBII TPOTHO3 MPOJBM)KEHHS i-TO BaroHa IO
TEXHOJIOTHYECKOW I[N HAa pPAcUYeTHOM >KeIe3HO-
JIOPOKHOM TTOJTHTOHE (Y9IacTKe, y3IIe, CTAHIIHH):

1-5 epynna:

— HOpPMAaTHBHOE BpeMsi 00pabOTKH B KaIOH
MOJICUCTEME;

— cnoco0 HWCMOJNB30BaHMs TPOU3BOICTBEHHBIX
peCcypcoB, 0O0eCIeUHBAIOIIUX O00pabOTKYy W TIPO-
JIBUKEHHE BarOHOIIOTOKA;

— KOJMYECTBEHHbIE XapaKTEPUCTUKH U CTPYK-
Typa 00pabaTbiBaéMOro BaroHOMOTOKA (IKCILTya-
TaIMOHHAs Harpy3Ka);

YCTaHOBJICHHOE pPACIHCAaHUE BBITIOTHEHHS
BBIJICJICHHBIX OTepalHii;

2-s epynna:

— HEOTPEIeTIeHHOCTh BPEMEHH IMOCTYIUICHUS
BaroHOB Ha PAacUeTHBIH MTOJIUTOH;
HEONPEACTICHHOCT, BPEMEHHU 3aBEpIICHUS
BEITIOTHEHUS TPY30BBIX OIEpaIlHii C BATOHAMH.

YcnoBus U (QaxkTophl MEPBOH TIPYMITBI UMEIOT
NpUPOAY KOHCTAaHT WJIM HAmNpsIMYyIO 3aBUCSIT OT

YIpaBIeHHS u(t), WIH WX BO3ACHUCTBHE KOPpEK-

TUpyeTcsl ynpasieHneM. To ecTh Mo pe3yJbTaTam
MOJEIUPOBAHUS BO3MOKHO 3aIUIaHUPOBATh H3Me-
HEHHE KOJIMYECTBA M CIIOCOOOB MPUMEHEHHS IPO-
W3BOJICTBEHHBIX PECYPCOB, MPOU3BECTH KOPPEKTHU-
POBKY paclucCaHHs BBIJEJICHHBIX ONEpalui C Le-
JIBIO JOCTIIKEHUS HEOOXOIMMBIX TTapaMEeTPOB 3KC-
IyataqoHHoi pabotel. [Ipu 3ToM Bo3aeiicTBUE
CiIy4aiiHbIX ()aKTOPOB HHUBEIHPYETCS BO3MOXKHO-

CTBIO KOMIUIEKCHON IOATOTOBKM IPEBEHTUBHBIX
TEXHUYECKUX U TEXHOJOTMYECKHUX MEp, MAaKCH-
MaJIbHBIM YPOBHEM HaONI0IaeMOCTH M yTpaBiisie-
MOCTH HEPEBO30YHOTO Ipoliecca Ha PacyeTHOM
MOJIUTOHE B CPaBHEHWH C JPYTHMMH OOBEKTaMH,
HaXOSIIUMUCS 32 TpefesaMi pacyeTHOTO IOJH-
TOHA.

YcnoBus U GpakTOpsl BTOPOH TPYNITHI UMEIOT B
cBOEH OCHOBE (yHIaMEHTAIbHYIO HEONpe/IeieH-
HOCTB:!

— BpeMs MOCTYIUIEHWS BaroHa Ha pacyeTHBIN
MOJIMTOH B OOIIEM BHUJAE 3aBHCUT OT BHEIIHETO
ynpasiieHHs (B TOM YHCJie OT ACUCTBUI HHOCTPaH-
HBIX >KEJIE3HOAOPOKHBIX aIMUHUCTpAlil, orepa-
TOPOB MOJBUYKHOIO COCTaBa, IEPEBO3YUKOB, I'Py-
300TIIpaBUTENEH); SHTPONHUH B CHCTEME BBIMOJIHE-
HUS TPY30BBIX ONEpallMid C BarOHaMH B aJpec
CTaHITUH PacdeTHOTO ITOJIMTOHA; CIIYIaiHBIX COOBI-
TUH (BO3HUKAIOIIMX HEUCTIPABHOCTEH MOJBHKHOTO
COCTaBa, HEPErIAMEHTUPOBAHHBIX 3aJEPKEK, Or-
paHWYEHU W 3alpemieHuid, YeIoBeuecKoro (ak-
TOpa B CHCTEME yIIPABIICHNUSA);

— BpeMs 3aBEpILEHUs BBIIOJIHEHHS C BarOHOM
TPY30BBIX oOmepanuii (BKIOYas MecTa OOIIero
MOJTE30BaHMs, HO B MEHBIIIEH CTENIEHH) 3aBUCHT OT
yIpaBlieHHs, Lejed, 3aJad u KpurepueB 3P Qek-
TUBHOCTH pPabOTHl KIHMEHTa, YTO CIOCOOCTBYET
CHIDKEHHUIO ypPOBHS HAOIIOIaeMOCTH W YIIpaBiisie-
MOCTH HCCIIEAYEMBIX MPOLIECCOB.

XapakTep M3MEHEHHsI HEONpEeAeNeHHOCTH CO-
CTOSIHUSI MIEPEBO30YHOIO Mpoliecca MpU PELICHUU
3a1a4 ONEePaTUBHOTO TJIAHMPOBAHHUA B OOIIEM BH-
Jie MOXXHO NpeAcTaBUTh rpadudecku (puc. 1). s
PACUYETHOIO KEJIE3HOJOPOKHOTO MOJUTOHA UCTOY-
HUKH SHTPOIUU UCXOAHOU AJI IUTAHUPOBAHUS UH-
(dopmManui YKPYITHEHHO MOXKHO TIPEJICTaBUTH B
BUJIE COBOKYITHOCTH BCEX BHEIIHUX IO OTHOIIE-
HUIO K PaCYETHOMY MOJUTOHY (DaKTOPOB M OCHOB-
HOT'O BHYTpPEHHEro (akropa — CIIOKHOTO YIpaB-
JIEHYECKOTO B3aWMOJEHCTBUS KEJIe3HOM NOoporu U
KJIIMEHTOB B IIPOLIECCE BBIINOJHEHUSI MOTPY3KH U
BBI'PY3KH, YTO 3aTPyAHSIET JOCTOBEPHOE INPOTHO-
3MpOBaHNE BPEMEHHM OCBOOOXKIEHHUS BaroHOB IIO-
cJie 3aBEpIICHHUSI TPY30BbIX ONEpaluil.

doi 10.15802/stp2017/104593

© O. A. Tepemenxko, 2017

47



ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayxka Ta nporpec Tpancropty. BicHuk J[HIIpOneTpoBCbKOro
HAI[IOHAJIBHOTO YHIBEPCHTETY 3aIi3HUYHOr0 Tpancnopty, 2017, Ne 3 (69)

EKCIUTYATANIA TA PEMOHT 3ACOBIB TPAHCIIOPTY

Hm_'p —>

,tw(f) — Pacuenmorit notucon o !UJ y

Puc. 1. I3aMeHeHne 3HTPONHH NTEPEBO30YHOTO Mpoliecca
IpY PEUICHUH 3a/1a4 OIIEPAaTUBHOI'O INIAHUPOBAHUS

Fig. 1. Change in the entropy of the transportation proc-
ess at solving the tasks of operational planning

IlepeBo3ouHbIil IIpOLECC HA JKEIE3HOLOPOXK-
HOM TPAHCIIOPTE MOAYUHSETCS] 3aKOHAM CJIOKHBIX
cuctem [6, 7, 14]. Jlaxe B yCIOBUAX MpeIOCTaBIe-
HUSI TOCTOBEPHBIX UCXOJHBIX JAHHBIX Ha MPAKTHKE
OKAa3bIBACTCS HEBO3MOXKHBIM DPETYJSIPHOE TOYHOE
[IPOTHO3UPOBAaHUE  COCTOSIHUH  [IE€PEBO30YHOTO
Ipolecca U3-3a pe3yJIbTHPYIOIIEro BIUSHUS MHO-
JKECTBA MAJIO3HAYUMBIX M CIy4YalHBIX (haKTOPOB,
HE Halle[IINX 110 OObEKTUBHBIM IPUYMHAM OTpa-
KeHus B anroputMmax mogemu [9, 10, 17]. Ilpum
ONEepaTUBHOM IUIAHUPOBAHUU AJIS OJHOBPEMEHHO-
ro y4era HEONpeAeIeHHOCTU UCXOAHOM uH(popMa-
MM W KadecTBa pabOThI TPOTHO3HOW MOJEIH
IpeyaraeTcd  HCIHOJb30BaTh  CTAaTUCTHUECKYIO
omenky [11, 12, 18], ocHOBaHHYIO Ha (YHKIHSIX
IUIOTHOCTH PACHpPEAEICHUsI BEPOSTHOCTH OCTaTKOB
BpeMeHH (OIMOOK TNPOTHO3UPOBAHUA), KOTOPHIE
OTIPENeIIAIOTCSl CPaBHEHHEM pEe3yJIbTaTOB oOllepa-
TUBHOT'O IIPOTHO3a MOMEHTOB BPEMEHH NPHUOBITHS

H
(477)
MOMEHTOB BPEMEHH 3aBEpIICHHs BBIIIOJIHEHUS C

F
( ”) ¢ (ak-
TUYECKH HCTIOJTHEHHBIMH 3HAYCHUSIMH.

OyHKIMS TIOTHOCTH PaclpeeiIeHus] OCTaTKOB

BaroHOB Ha TEXHUYECKYIO CTAHIHUIO [

ouri

BaroHaMH IPY30BBIX OMepauuii f;

ouri

BpEMEHH f,

Ouu( ”), B 3aBUCHMOCTH OT HaJIM4Hs

pesepBa MPOIMYCKHONW CIOCOOHOCTH Ha TIPHUMBI-
KAOIEM KEJIE3HOJOPOKHOM ydacTKe (HacCHIIICH-
HOCTHU TpaduKa IBMKEHUS MOE3/I0B), MOXKET OBITh
aInmpOKCUMUPOBAaHA HEMPEPBIBHOW (PYHKITHEH —
MPH HU3KOM W CPEAHEM YPOBHE HCIIOJIb30BaHUS
MPOIMYCKHOH CIOCOOHOCTH, KYCOYHO-33JJaHHOH —
[P BHICOKOM YPOBHE HCIIOIb30BAHUS IIPOIY CKHOM
CIIOCOOHOCTH C OOJIBIION JOJEH MACCAXKUPCKUX U
JIPYTHX MPUOPUTETHBIX MOE3/I0B HA rpaduke, JTUC-
KPETHOW TOUEYHOW — MPH TMOJHOM HMCIOJIb30BAHUH

MIPOITYCKHON CITOCOOHOCTH ¢ OOJBIION JoJieit mac-
COXUPCKUX U JPYTUX MPHOPUTETHBIX MOE3]0B Ha
rpaduxe (puc. 2). Jaunslii ¢pakt 00ycioBieH cre-
NEHBI0 BO3MOXXHOCTH PETYJIHMPOBAHUS IT0€3JHBIM
JMCIETYEPOM HOPMATUBHOTO Tpaduka JBIKECHUS B
3aBUCHMMOCTH OT YPOBHS €ro HAaCBIIICHHOCTH.

AHanornuHo, BUA (QyHKOMHU f,

F
om,( ) 00ycnoB-
JIeH YPOBHEM 3arpy3Kd M CTCICHBIO COONIONCHUS
BBITIOJTHCHHA YCTAHOBJICHHOI'O pacliMCaHus B OO~

CHUCTCMC BBIIIOJHCHUS I'PY30BbIX Ol'[epa].[HfI.

P

Ay

{r,,,m,'/___ :r,.p_,:/’ :r,,p,-r}/’_..
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Puc. 2. OcHoBHbIE BUIBI QYHKIUH TTIOTHOCTH
pacIpeneneHus OCTaTKOB BPEMEHN
(ommOOK MTPOTHO3UPOBAHNS)

{ri p,,}//

Fig. 2. Main types of density function of time residues
distribution (predictive errors)

HauOonee cnoxHbIM cilyyaeM sIBISCTCS aHAIU-
TUYECKOE  MpEeJCTaBIeHHE  KyCOYHO-3aJaHHBIX
(GYHKUMI IUIOTHOCTH paclpenesieHHsl OCTaTKOB

BPEMCHH foml( H) Oml(At )

st mpakTHdeckoil peanM3anuu Ipouecca Mo-
JEeTUPOBAaHUSl YaCTH KyCOYHO-33JaHHON (YHKLUH
IUIOTHOCTH paclpeieneHusl OCTaTKOB BPEMEHU
BBIOMPAIOTCS MOCIICAOBATEIILHO B MOPsAKE YObIBa-
HUS COOTBETCTBYIOIIMX 4YacTsM BEPOATHOCTEH, a
o0Iiee KOIMYECTBO HCIOIB3YeMBIX YacTed 71,
ompenesseTcs UCXoAs U3 TpeOOBaHUS K yCTaHOB-

JICHHOH TOYHOCTH PACYETOB €,

My +0

2]

Jj=1 -0
() (r)
Soug (A1)

GyHKIMS for:m(Atfi) VTN Oml(At )

raTeabHBIN napameTp, HC HpCBBIH.IaIOH.[I/II\/'I II0 BC-
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Ilpu ycraHoBieHUU ISl MPAKTUUYECKUX IIeJIeH
KOHEUYHBIX TPaHHUI] KyCOYHO-3aJaHHBIX (YHKIUH
TUIOTHOCTH pacIpesielIeHUs BEPOSTHOCTH OCTaTKOB
MOJCIUPOBAaHUs €€ MpaBas U JieBas T'PaHULbl yC-
TaHaBJIMBAIOTCS UCXOJS U3 PAaBEHCTBA MHTEIPAJIOB
OoTOpachIBaeMBIX YacTed OT YCTaHOBJIEHHOHW Ipa-
HULBI A0 COOTBETCTBYIOIIEH MOJOXKUTEIBLHON MM
OTpHUIATENTFHON OECKOHEYHOCTH, a TPAHHIIBI MEX-
Iy COCEJIHUMH YacTsMH TakuxX (QyHKIHH yCTaHaB-
JUBAIOTCS HAa OCHOBE pEIIeHUs HHTErpajJbHOro
YpaBHEHUS:

At“(r)

(M) d Ay = j

+00
fl'l(l‘)
ouj
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0mg+l

(A)dAe®. (2)

HopmupoBka KycouHO-3aaHHON  (pyHKUIMH
IUIOTHOCTH paclpesielieHNus BEPOSTHOCTEN, KaKaas
yacTh  KOTOpOM  ompepereHa B IpaHUIAX

(Atfi(r)_,Atfi“)*) , JI0 €IUHUIBI CYMMapHO# IIoIma-

¥ MHTETPaJoOB YacTel MPOMU3BOAMTCS 3a CUET TO-
MPaBKHU Ha KOAPPUIIHEHT:

1 1
nr) _
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(r) 1

IIpn HecoOmoneHuu ycnosus k., <1
ey

pacuetsl ¢ npuMeHeHreM (opmyn (1-3) moBTopsi-
IOTCSI 1O BBITIOJIHEHUSI TAHHOTO YCIIOBHS, KOTOPOE
JIOJDKHO OBITh JTOCTHUTHYTO 32 CYET YMEHBIICHHUS

BCJIUUUHBI &

M

YMHOXCHHUEM Ha HOHpaBOIIHLIP'I

k03¢ pUIIHEeHT, HE MPEBHILAIOIINI W .
K3 ( _SM)
Kax pesynbraT, 11 Kene3HOIOPOKHBIX CTaH-
LU, YYaCTKOB U y3JIOB B AWHAMHYECKUX MOJEISX
MePEeBO30YHOTO Tporiecca [3, 6, 7], yIUTHIBAIONTHX
HEONpEeAeTICHHOCTh HCXOAHOW HH(OpManuu, Ie-
PEBO30YHBIN IpOLECC IS i-TO0 BaroHa MpeiaraeT-
Csl TPEJCTaBIATh B BUAE Habopa BapHaHTOB BO3-
MOXXHBIX II€NE€H TEXHOJIOIMYECKUX ONEepalui ¢
nepeMeHHbIMU napaMerpamu [2, 4, 13, 16]. Ilpu
3TOM BEPOSTHOCThH Peaji3alliy Il i-TO0 BaroHa j-
Ol TEeXHOJIOTHUYECKOH IenH (WM BapHaldH Iapa-
METPOB TEXHOJIOTHUECKOH LIeTN) OnpeenseTcs:

L\

n
Jr(to<.j+l b )

Poy = j fom,( )dAf x
TPy [ adg ()
[, [t )
x ]pouu ( )dAzrz s ( )
M[ +(tc t)
1
rae T HOPMHUPOBOYHAS TMONpPAaBKa, CBS-
~ Psi

3aHHasl C TPUBEACHUEM IS MPAKTHYCCKHUX Ierneit
OeckoHEUHON 00JacTH ompeaeyeHus (QYHKIIHA

fom(At ), ﬂ)ml(At ) K KOHEYHOMY IPOMEXKYTKY;
Mz ],
HHE, COOTBETCTBEHHO, OIIMOKM MOJEIMPOBAHHSA

BpPEMEHH TPUOBITHS i-TO BaroHa Ha TEXHUYECKYIO
CTaHIUIO U BPEMEHU 3aBEPILICHUS C HUM I'PY30BbIX

M [Az;] — MaTeMaTHYECKOE OXKH[a-

it
OIEPAMH; Lo > Loy

— MOMCHTBI BPEMECHHU, COOT-
BCTCTBYIOLIUEC OCOOBIM COCTOSIHUSIM JAUHaAMH4YC-
CKOH MOJIEeIIH NEpPEBO30YHOTO IMpoHecca B nmoACuc-

TeMe pacyeTa MmapaMmeTpoB OOpabOTKH BaroHOIIO-

TOKa Ha TEXHUYECKOM CTaHIIUH I10 HpI/I6LITI/II/I tock 5

. MOMEHTHI BPEMEHHU, COOTBETCTBYIOIIUE
OCOOBIM COCTOSIHUSM JHHAMHYECKON MOJEIU IIe-
PEBO30YHOTO TpOIlecca B MOACUCTEME MOJCITHPO-
BaHHS 00paOOTKM BAaroHOIIOTOKA ITOCIIE BBHITIOIHE-
HUS TPY30BBIX ONEPALMH.

Oco0ble  COCTOSTHUS IHWHAMUYECKOM MOJIENH
MEPEBO30YHOTO TPoIlecca B MOJICHCTEMAaX MOJIENN-
poBaHUs OOpa0OTKM BAaroOHOMOTOKAa HA TEXHUYE-
CKOH CTaHIMM MO MPUOBITHH W BHITOIHCHUS TPY-
30BBIX OMEpaIuil ONpeAeNsoTCs, KaK yCTaHOBJICH-
HbIC MOMEHTHI BPEMEHH: NPHOBITHS TOE310B, OT-
MPaBJICHUS TOE3/I0B, M0JIa4 BaroHOB K I'PY30BBIM
(poHTaM WM HA BHICTABOYHEIE ITyTH, YOOPOK Ba-
TOHOB Ha CTAHIIMIO C TPY30BBIX (DPOHTOB WIIM BHI-

CTaBOYHBIX ITyTEH.

Pe3yabTatnl

Takum 06pa3zom, Ipu MOJEINPOBAHUH MIPOLIEC-
COB HAKOIUICHWs BaroHOB Ha cocTaB [&, 9, 12] wmm
B OXHMJaHUH TOCIenyroued oopadoTku ydyeT He-
OTIpeACTIEHHOCTH UCXOIHOM WH(pOPMAIH TPE/Io-
JlaraeT yCOBEPIICHCTBOBAaHUE OOIIEHPUHATOW MO-
Jlenyd HakoIuleHHusa (puc. 3) 3a cueT NpPUMEHEHUs
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MaTeMaTH4YeCKOTo armapara TeOpUU BEpOSITHOCTEH
1 HECUYCTKUX MHOXCCTB.

’ 0+
L semm— . L S Sl

»

T 7 7 7 7 7 7 A T,

Puc. 3. Mopens HaKOTUTEHUS] BATOHOB B YCIIOBHSAX
HAIAYHS JOCTOBEPHOH HCXOAHOM HH(pOpManu

Fig. 3. Model of cars accumulation in conditions
of reliable initial information availability

IIpencrasnennyo Moxens (puc. 3) mpemiara-
eTcs HCIOJb30BaTh NPH HAJMYUHM JIOCTOBEPHOM
WHGOpPMAIH O BPEMEHHU MOCTYIUICHUS U TPOJIOII-
KUTEIBHOCTH 00pabOTKM BaroHoB. [l mpuBe-
JIEHHBIX YCJIOBUI XapakTEPHO IPUMEHEHHE IIOCTO-
STHHOTO PACIMCaHusl B MPEABLIYIINX TEXHOJIOTHYE-
CKHX IEMNSIX MO OTHOIIEHHIO K MPOTHO3UPYEMOMY
nporneccy u (WIM) UCHOJIb30BaHHE KOPOTKOTO TO-
pu30HTa MporHo3a (B mpeaenax OnukauIiero rme-
pHOJa TeKyIIero TUIaHupOoBaHus Ha 3—6 1).

BTtopoii BapranT moxenu (puc. 4) mpemiaraer-
CA MCIIOJIL30BaTh IPH MOCTYIIJICHUH BAaroHOB B Ha-
KOIUICGHHE TI0 TIOCTOSIHHOMY paclHcaHuio (yCToi-
YUBBEIM HUTKaM Tpaduka), HO IpU BEPOSITHOCTHOM
pacrpeqeNieHly MOCTYIUICHUH I-T'0 BaroHa B HaKoO-
IUICHUE 110 33JIaHHBIM MOMEHTaM pacrnucanus. Ta-
KH€ YCJIOBHUS XapaKTEePHBI MPHU MMOCTYIUIEHUH Baro-
HOB Ha CTaHIUIO C YYacTKOB ¢ OOJIBIION roJeit
YCTOWYHMBBIX HUTOK TpauKa JBIKEHUS IOC310B
WA TIPYA BBICOKOM ypPOBHE WCIIOIB30BAHHS TPOITY-
CKHOHM CTHOCOOHOCTH IMAaCCaXUPCKUMHU U IPYTUMHU
IIPUOPUTETHBIMU MTOE3TAMU.

rulf) | Bapuanm 2

n —ia: P

« o« |

" r| f
LRl
|
-|

n

Puc. 4. Mopens HaKOTUTEHUS] BATOHOB B YCIIOBHSAX
HEOIIPEIeIIEHHOCTH NCXOMHOW NHPOPMALIUH TIPH
MTOCTYTIJICHWH BaroHOB 110 TIOCTOSHHOMY PAaCIUCAHUIO

Fig. 4. Model of cars accumulation in conditions
of initial information uncertainty under entry of cars
accordingly to a permanent schedule

B Mopenu HakomyieHWs BaroHOB B YCJIOBHUSX
HEONPEAEICHHOCTH HCXOTHOH WH(POpPMAaLUH INpH
MOCTYIUIEHUH BAarOHOB II0 IOCTOSIHHOMY paclHca-
HUIO (puc. 4) IpUOBITHE i-TO BaroHa IUIAHUPYETCS

OTHOBPEMEHHO 0 HECKOJIBKUM HHUTKaM (TEXHOJIO-
THYECKUM IICTISIM) C OTPEICIICHHON BEPOSITHOCTHIO
I Kaxaou. To ecTh KaXa0W HUTKE (TEXHOJOTH-
YEeCKOU IIeTIH) COOTBETCTBYET HEKOTOPOE HEYETKOE
MHOKECTBO {r; / p;i}, COCTOSIIEE U3 BArOHOB C CO-
MMOCTABJICHHBIMUA BEPOSITHOCTSMH WX BKIIFOUCHUS
(TIOCTYTUIEHUS TIO HUTKE).

Tpertwnii ipennaraemplii BapuanT (puc. 5) sSBIS-
eTcsi OOOOIICHHBIM TPEACTABICHUEM MpoIecca
HAaKOIUICHUS! BarOHOB M €T0 BO3MO>KHO MPHUMEHATH
BO BCEX OCTAIBHBIX CIIydasx (KOT/a IMOCTYIUICHUE
BaroHOB OITMCHIBAETCS HEMPEPHIBHEIMU HWIH KY-
COYHO-33JlaHHBIMU (pyHKIMsAMU). [lepBeIii U BTO-
poOii BapWaHTHI SBISIOTCS YACTHBIMU CITyYasMHU
TPEThEr0 BapuWaHTa M HCHOJB3YIOTCS KaK yIpo-
IIEHHBIC MOJICIIH.

ndt) Bapuanm 3

PO 12w -m[7))

Puc. 5. Mozenb HakoIJIEHYs] BATOHOB B YCJIOBUSIX
HEOIIPEICIIEHHOCTH NCXOIHOW HHPOPMAaITUI
B OOIIIEM BHE

Fig. 5. Model of cars accumulation of initial information
uncertainty in general

IIpn MonenupoBaHUU NPOLECCOB HAKOILIEHUS
BArOHOB II0 TPETbEMY BapUAHTY MAaTEMaTUYECKOE
OXKHMIAaHME  4YKCIa  HAKONMBIIMXCA  BAarOHOB

rM
M, Zrl. B JJI000H MOMEHT BpEMEHH ! TIpej-
i=1

CTaBISICTCA KaK CyMMa HHTETPajoB TUIOTHOCTH
BEPOSITHOCTH TIOCTYIUICHHS BCEX YUYHTHIBAEMBIX B
MOJIEJIM BarOHOB B TpaHULaX (—oo, f).

PesynbTarom aHanm3a MPOrHO3HOW MOJIENHU Ha-
KOIJICHUSI BaroHoB (puC. 6) SBISIETCS KOPPEKTH-

POBKA HMTOK PacIUCaHHs {tscjk} 3a CYET BO3MOXK-

HOCTH CO3/IaHUS BApUAHTOB {tfc’/k} .

BapuanTHOCTP IpeAcTaBlieHa  CIIEAYIOIIMMHU
albTepHATHBAMHU:

— 1pu 00paboTKe BaroHOMOTOKA IO TOCTOSH-
HOMY pAacHHMCaHHIO BapuaHThl rpaduka OLCHUBA-
I0TCSI C 1I€IbI0 BO3MOXKHOI'O €0 U3MEHEHHUS B J10JI-
TOCPOYHOW TepCrIeKTUBe (110 OTHOILEHHIO K IIe-
PHOAY ONEPATUBHOIO TJIAHUPOBAHUA);

— B cllyyae CBOOOJHOIO WM JUCIIETYEPCKOIO
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pacHcaHus pPacCMaTPUBAIOTCS [IBE BO3MOJKHBIC
aTbTePHATHBBI:

1) dbopmupoBaHMEe HHTOK pACHHCAaHHSI B MO-
MEHTHl BPEMEHH HauboJjee BEpOSTHOTO HAaKOILIe-
HUSl BaroHOB 1O TEXHOJIOTMYECKOM HOPMBI HIIU
TEXHUYECKOTO OTpaHU4YEHHs] (COOTBETCTBYET HHT-

Bl
Ke ., Ha puc. 6) — NPUMEHSETCS IS pacuca-

HUM, OO0eCHeUUBAIONIMX OOIIYI0 ONTUMH3AIUIO
HCIIOJIb30BAHUS TIPOU3BOJICTBEHHBIX PECYPCOB;

2) dopMHpoBaHWE HUTOK pACIHACAHUI B MO-
MEHTBl BPEMCHU HAKOIUICHUS BAaroHOB JI0 TEXHO-
JIOTUYECKON HOPMBI (TEXHUYECKOTO OTPAHUYCHHUS)
C 3aJIaHHBIM YPOBHEM JIOCTOBEPHOCTH (COOTBETCT-

BYET HHUTKE tff/k Ha puc. 6) — MpUMEHsAeTCs s
pacmucanuii, korjma Hanbosee BaXHBIM (HaKTOPOM
SIBIISIETCS TIOJTHOE MCTIONB30BaHKUE TATOBBIX pecyp-
COB WJIM CYIIECTBYET HEOOXOAUMOCTH 0OpabOTKU

(oTnpaBneHus) KOHTPOIUPYEMBIX BaroHOB IO 3a-
JTAHHOW HUTKE.

n (1)

S I T /

Puc. 6. Pa3paboTka BapuaHTOB paclrCaHUs
Ha OCHOBE IPEUI0KEHHON IPOTHO3HOM MOJENN
HAKOIIJICHUS BAaroHOB

Fig. 6. Schedule options development on the base of the
proposed forecast model of cars accumulation

Hayqﬂaﬂ HOBHU3HA U MPaKTHYECKasA
3HAYUMOCTDH

Haydnas HOBH3Ha pabOTHI COCTOWT B pacIId-
PEHUU CYIIECTBYIOIIMX MOJEJIEH HAKOIJIEHUS Ba-
TOHOB ISl CIy4aeB HEOIPEIeIeHHOCTH UCXOIHON
nHpopMmarmu. B oTiimume ot paspaboTOK IPYTHUX
aBTopoB [4, 8, 9, 11, 14, 15], npemnaraemas Mo-
JIeNTb TIOJyYeHa aHAJIMTUYECKU Ha OCHOBE (yHIa-
MEHTAIFHBIX 3aKOHOMEPHOCTEW 0e3 MpHBIeUYeHUS
SMIUPUKHA. TakuMm 00pa3oM, 3HAYMTENbHAS YacTb
pa3pabOTaHHBIX paHee JICTCPMUHHPOBAHHBIX WU

CTOXACTHYCCKHX MOJCIICH SBIAIOTCA YaCTHBIMU
CITy4asiMU MPEI0KEHHOM.

ITonyuyeHHble pU MOJECIUPOBAHUU IIpeasarae-
MBIM CIIOCOOOM PE3yJIbTaThl TIO3BOJISIOT MMOBBICUTh
Ka4eCTBO BBIXOJHBIX PEIICHUN B CHCTEME CMEHHO-
CyTOYHOTO U TEKYIIETO TUTAHUPOBAHUS IKCILTyaTa-
[IMOHHOHM paboThI, YBEIWYHB JOCTOBEPHOCThH OIIe-
pPATHUBHBIX IJIAHOB.

IIpakTrueckass 3HAUUMOCTh PaOOTHI 3aKIIFOYA-
€TCS B BO3MOKHOCTH HCIOJB30BaHUS MPEIOKECH-
HOIl METOJUKHU MOJCIHUPOBAHUS B CYILECTBYIOLIUX
Ha JKEJIEe3HOJOPOKHOM TPAHCIIOPTE CHCTEMaxX aB-
TOMATU3UPOBAHHOTO OMNEPATUBHOIO IUIAHUPOBA-
HUS DKCILTYaTal[MOHHOW pabOThl, B TOM YHUCIIE IS
ONTUMU3ALUM MECTHBIX BAaroHOMOTOKOB W pellie-
HUS psa aKTYambHBIX 337124 M0e31000pa30BaHusL.

PazpaboranHast MeToqUKa MOAECITUPOBAHUS
MPOIECCOB HAKOIUIEHHWS] BaroHOB Hallla OTpake-
HUE B CO3J]aBaeMbIX C yYacTHEM aBTOpa W BHe-
IpsieMbIx Ha benmopycckoil xkenme3Hol mopore Ha
6aze MAC IIYP TI'Tl aguHaMudecKHMX MOIEIAX,
MIpeHA3HAYCHHBIX 11 00eCIIeUeHHUsT OIepaTHBHO-
ro IUIAHUPOBAHUS IMEPEBO30YHOr0 Ipolecca Ha
OCHOBE METOJOB, IMO3BOJSIOMIMX OIICHWBATH TEX-
HOJIOTUYECKUE PUCKH.

BriBoa

Pazpaborana mMeToauka MOCTPOSHUS MPOTHO3-
HBIX MOJEJIEH HAKOIUICHHs BAaroHOB B IIpoOLiECCE
MOJIETUPOBAHUSl  OKCIUTyaTallMOHHOW  paboTEHI.
B meronuke uaeHTH(PUIIMPOBAaHBI BO3MOXHBIC Xa-
PAKTEPUCTUKU BXOJSIIET0 BaroHONOTOKa U B CO-
OTBETCTBUU C HUMU NPEIACTABICHBI aJallTUPOBaH-
HBIE CMOCOOBI AHAJIHTHYECKOTO MOAEIHPOBAHUS
MPOLIECCOB HAKOIJIEHUS BarOHOB JI0 TEXHUYECKOTO
OTPaHUYECHMS] WIM TEXHOJIOIMYECKOM HOPMBI,
a TaKKe B OXKUIAHUH OTEPAINH, BHIIOTHIEMOU 110
pacnucaHuio. B oTiMume OT CyHIECTBYIOIIUX,
METOJMKA TMO3BOJIET KOMIUIEKCHO YYHUTHIBAThH
BIIUSIHUE CIy4YailHBIX TPOIIECCOB. 3a CYET 3TOTO
MOTYT JOTOJHUTEIBHO OILEHUBATHCS TEXHOJIOTH-
YECKUE PUCKU M ONEPATUBHO OCYIIECTBIATHCA
HEOOXOAVMEBIE DPETyIUPOBOYHBIE MEPOIPHUSITHA.
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MOJAEJIOBAHHSA ITPOLHECIB HAKOIIMYEHHSA BAI'OHIB JIJISA
BUPIIIEHHA 3ABIAHb OITIEPATUBHOI'O IIVTAHYBAHHSA
B YMOBAX HEBU3HAYEHOCTI BUXITHOI IH®OPMAIII

Merta. ¥V crarTi nepeadadaeTbes pO3TITHYTH PO3POOKY METOAWYHOT OCHOBU MOJEIIOBAHHS IPOIECIB HAKOIIH-
YeHHs BaroHiB IpPW BUPIMICHHI 3a7ad ONEPAaTUBHOIO IUIAaHYBAaHHS B YMOBAaX HEBH3HAYCHOCTI BHUXiAHOI iH(opmarrii
JUTS OLIHKU CTIHKOCTI MPUITHATOTO IUIAHOBOTO CIIEHAPII0 Ta PO3PaxyHKY CYIyTHIX TEXHOJIOTIYHHX pH3HKiB. MeTo-
JAuKa. PireHHs HOCTiIKyBaHOTO 3aBAAHHS 3aCHOBAaHE Ha BUKOPHCTAHHI 3aralbHOHAYKOBHX MIIXOIB, arapary Teo-
pii fiMOBipHOCTE# Ta Teopii HEUITKMX MHOXHH. J[JIsl JOCATHEHHS MOCTABJICHOI METH CHCTEMATH30BaHO YMHHHKH, IO
BIUIMBAIOTh Ha SHTPOIIIIO ONEpaTHBHUX IUIaHiB. BeTaHOBIEHO, IO NIPH TIaHYBaHHI €KCIUTyaTaniiHol poboTH 3aii3-
HUYHMX CTAHIIH, IUISHOK 1 By3J1iB HalHO1LIbII 3HAYUMMHUMH (DAKTOpaMH, SIKi 3yMOBIIIOIOTh HEBU3HAUEHICTh BUXiJHOT
iHpopMarlii, €: a) 30BHIIIHI yMOBH CTOCOBHO PO3IVIIHYTOTO 3aJi3HWYHOTO IOJIrOHY, [0 BUPAXKalOThCsl HEBU3HAYE-
HICTIO MOMEHTIB 4acy HaJXOJDKEHHS BaroHiB; 0) 30BHIIIHI BaXKO ieHTH(]IKOBaHI Wil (QYHKIIOHYBaHHS 1HIIMX
YYaCHHUKIB JIOTICTUYHOTI'O JaHIfora (Iepil 3a Bce KIIIEHTIB), 10 BUPA)KAIOTHCS HEBU3HAYEHICTIO MOMEHTIB 4acy 3a-
BEpIICHHs BaHTAXKHMX Oomepanii 3 BaroHaMu. [laHi (hakTopH 3alIpoOIOHOBAHO BPaxOBYBAaTH IPH aBTOMAaTH30BaHOMY
TUTAaHYyBaHHI 32 JOTIOMOTOI0 CTAaTUCTUYHOTO aHAJi3y — BCTAHOBJICHHS 1 JOCIIKEHHS 3aJIMIIKIB Yacy (TIOMUIIOK TpPO-
THO3YBaHHA). B pe3ynbTati 3aponoHoBaHi aHAITHYHI 3aIeKHOCTI TSI pamioHaIbHOTO YSABICHHS (DYHKINH MIITEHO-
CTi IMOBIPHOCTI PO3MOALTY 3aIMIIKIB Yacy Y BUTJISAI TOYKOBHX, KyCKOBO-3aIaHUX Ta Oe3lepepBHUX aHATITHIHUX
Mmozeneit. ami npenctaBieHi po3po0iieHi MOIeTl HAaKOIMYCHHS BaroHiB,3aCTOCYBAHHS SIKUX 3aJICKHUThH BiJ 1ICHTH-
(hikoBaHMX CTaHIB MPOrHO30BAHOTO BXiJHOTO MOTOKY BaroHiB y CHCTeMy HakonmdeHHA. KpiMm Toro, ocTaHHs 3ampo-
TIOHOBaHa MOJIENb € 3arajlbHUM BHIIAJIKOM MOJIEJNI MPOIECiB HAKOMTMYEHHS 3 JOBUIBHUM PiBHEM JIOCTOBIPHOCTI IO-
nepenHboi iHpopMaii npu Oy/b-sKiii CTPYKTYpi BXiZHOTO NMOTOKY BaroHiB. Ha 3aBepiuieHHs 3anporoHOBaHa METO-
JIUKA OLIHKY PE3YJIbTaTiB MOJICIIFOBAHHS HAKOTIMYCHHS BAaroHIB JJIs1 ONTUMI3Allil MePEeBI3HOrO MPOIECy B 3aJICKHOC-
Ti Bil obpanHoro kputepiro. PesyabTaTn. Po3pobneHa meronuka MOJEIIOBaHHS IPOLECIB HAKOIMMYCHHS BAaroHIiB
3HalnuIa BifoOpa)KeHHs B CTBOPIOBAHMX 32 y4YacTIO aBTOpa Ta BIPOBA/LKyBaHMX Ha binopychkiil 3ami3HuIi Ha 06asi
IAC ITVYP BII nunamivanx Monensax. Bonu npusHadeHi as 3a0e3MeUeHHS OIEPaTUBHOTO IIAHYBaHHS MIEPEBi3HOTO
MpoIleCy Ha OCHOBI METOZIB, IO JO3BOJISIOTH OIIIHIOBATH TEXHOJOTiuHI pu3nku. HaykoBa HoBu3Ha. [HHOBaIiitHA
CKJIazioBa poOOTH 0OYMOBIIEHa PO3IIMPEHHIM ICHYIOUMX MOJIETeH HaKOIMYECHHS BaroHiB JUIsS BUMAJIKIB HEBH3HAUE-
HOCTI BUXigHOT iH(opMalii. Takum YMHOM, ICHYIOUI paHille AeTepMIHOBaHI MO € OKPEMHUMH BUIIaJKaMU 3aIpo-
MOHOBaHOI. TakoX, Ha BIAMIHY Bil ICHYIOUMX, METOAMKA J03BOJIAE€ KOMIUIEKCHO BPAXOBYBAaTH BIUIMB BHIIAJKOBHX
mporieciB. 3a paxyHOK IIbOTO MOXYTh JOAATKOBO OIIIHFOBATHCS TEXHOJOTIUHI PU3HUKH Ta ONEPATHBHO 3IiIICHIOBATH-
cs1 HeOOXiIHI PeryJItoBalIbHI 3aX0A1. B 1i1oMy, OTpUMaHi IpH MOJIENIOBaHH] IIPOIIOHOBAHUM CIIOCOOOM PE3yJIbTaTH
JIO3BOJISIFOTH MiJBUIIUTH SIKICTh BUXIIHUX PIllIEHb Y CUCTEMI 3MIHHO-I000BOTO Ta MOTOYHOI'O TUIAHYBaHHS CKCILIya-
TaliiHoi poOOTH, 30UIBIIUBILY JOCTOBIpHICTH oneparuBHUX IuiaHiB. [IpakTnyna 3HaynMmicTs. Ha chorouiniHii
JIeHb ICHY€ CIPHSTINBA MOXJIMBICTh BUKOPUCTaHHS 3allPOIIOHOBAHOT METOAMKH MOJICITIOBAHHS B ICHYIOUMX Ha 3ali-
3HUYHOMY TPAHCIOPTI CUCTEMax aBTOMAaTH30BAHOTO OIEPATHBHOIO IUIAHYyBAaHHs €KCIUTyaTaliiiHol poboTu, B TOMy
YHCIT 7T ONTHMI3allil MiCIIEBUX BarOHOIIOTOKIB Ta PIIEHHS Psly aKTyaJlbHHUX 3aBAaHb M1013/10yTBOPCHHSI.

Knrouosi croea: onepaTuBHE TUIaHYBaHHs, HEBU3HAYCHICTh iH(OpMAIIil; HAKOIIMYCHHS BaroHIiB; MOJICIIOBAHHS,
TEXHOJIOTIYHI PU3UKH; aBTOMATH3aLlis
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SIMULATION OF CARS ACCUMULATION PROCESSES
FOR SOLVING TASKS OF OPERATIONAL PLANNING IN
CONDITIONS OF INITIAL INFORMATION UNCERTAINTY

Purpose. The article highlights development of the methodological basis for simulation the processes of cars ac-
cumulation in solving operational planning problems under conditions of initial information uncertainty for assess-
ing the sustainability of the adopted planning scenario and calculating the associated technological risks.
Methodology. The solution of the problem under investigation is based on the use of general scientific approaches,
the apparatus of probability theory and the theory of fuzzy sets. To achieve this purpose, the factors influencing the
entropy of operational plans are systematized. It is established that when planning the operational work of railway
stations, sections and nodes, the most significant factors that cause uncertainty in the initial information are: a) ex-
ternal conditions with respect to the railway ground in question, expressed by the uncertainty of the timing of cars
arrivals; b) external, hard-to-identify goals for the functioning of other participants in the logistics chain (primarily
customers), expressed by the uncertainty of the completion of car loading time. These factors are suggested to be
taken into account in automated planning through statistical analysis — determination and study of the remaining
time (prediction errors). As a result, analytical dependencies are proposed for rational representation of the probabil-
ity density functions of the remained time distribution in the form of point, piecewise-defined and continuous ana-
Iytic models. Further the work presents the developed models of cars accumulation, the application of which de-
pends on the identified states of the predicted incoming car flow to the accumulation system. In addition, the last
proposed model is a general case of the accumulation process model with an arbitrary level of reliability of the ini-
tial information for any structure of the incoming flow of cars. In conclusion, a technique for estimating the results
of simulation the cars accumulation was proposed to optimize the transportation process, depending on the chosen
criterion. Findings. The developed methodology of simulation of cars accumulation process was reflected in the
dynamic models created with the participation of the author and implemented at the Belarusian Railways on the ba-
sis of IAS SMD CT. They are designed to provide operational planning of the transportation process on the basis of
methods that allow assessing technological risks. Originality. The innovative component of the work is based on
the expansion of existing car accumulation models for cases of uncertainty of the initial information. Thus, the ear-
lier deterministic models are particular cases of the proposed model. Also, unlike existing ones, the technique allows
to take into account the influence of random processes in a complex manner. Due to this, technological risks can be
further assessed and the necessary regulatory measures can be implemented promptly. In general, the results ob-
tained by modeling the proposed method allow to improve the quality of output solutions in the system of shift and
daily operational planning, increasing the reliability of operational plans. Practical value. To date, there is a favor-
able opportunity to use the proposed methodology of simulation in the automated operational planning systems ex-
isting in the railway transport, including the optimization of local railways and the solution of a number of urgent
tasks when making up the trains.

Keywords: operational planning; uncertainty of information; car accumulation; simulation; technological risks;
automation
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SELECTION OF RATIONAL PARAMETERS OF THE NOMINAL MODE
ELECTRIC TRAINS WITH ASYNCHRONOUS TRACTION DRIVE

Purpose. Parameters of the nominal mode are related to the most important performance indicators of traction
means, therefore, the problems of choosing their optimal values always inevitably arise when forming technical re-
quirements for a new rolling stock. The paper describes the features of solving the above-mentioned problems for
electric trains with an asynchronous traction drive in the case of two-zone and three-zone frequency control of pow-
er. Methodology. Power of nominal mode of the rolling stock should be chosen in such a way that it would be pos-
sible to realize a predetermined travel time along in the section or the movement speed. On that basis, and also tak-
ing into account the fact that the important operational characteristics of electric trains include the acceleration value
during the start-up and acceleration at the design speed, we will formulate the problem of determining the nominal
power. In the task for a given range of traction, it is necessary to find such a value of the nominal mode power and
the corresponding force value to ensure the ability to carry out transportations with the given level of average speed
with minimal energy consumption for traction. At the same time, it is necessary to fulfill the
following conditions: a) the speed of the electric train on the section does not exceed the established limits;
b) it is possible to realize the given values of accelerations. A more detailed consideration of the problem shows that
in real conditions, when the starting acceleration and the mass of the train are given, the problem of determining
electric train power is practically reduced to determining the optimal value of the nominal mode speed.
Findings. The task of choosing the optimal values of the nominal mode speed is solved by determining the electric
power consumption with the variation of the possible values of starting speed. Therefore, only those values that
ensure the implementation of the given starting and residual accelerations should be taken into account. The work
shows that the traction force value increases with the design speed increase and other equal conditions, if the starting
speed is increased. Originality. Authors developed the methodology for determining the optimal values of the nom-
inal mode parameters of electric trains with an asynchronous traction drive, with two-zone and three-zone
frequency power regulation. Practical value. The above mentioned methodology can be the basis when forming
technical requirements for new rolling stock for Ukraine’s railways.

Keywords: electric train; starting and residual acceleration; starting speed; motion equation; traction
characteristic; power regulation zone; specific force

determining their optimal values always inevitably

Introduction

Parameters of the nominal mode are related to
the most important performance indicators of the
electric rolling stock. Therefore, the problems of

arise when forming technical requirements for a
new rolling stock. For the railways of Ukraine,
these tasks are currently particularly relevant in
connection with the need to renovate morally and
physically obsolete locomotive fleet in conditions
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of acute shortage of funds, when it is especially
important to avoid the acquisition of inefficient
equipment.

Determining the parameters of the nominal
mode (traction force, speed of movement and pow-
er) of traction means is the main objective of the
so-called traction supply problems. Review of the
papers on this topic is given in [1, 5, 6]. There one
can find the ways of solving such problems with
regard to freight and passenger electric locomo-
tives, mainly with a collector traction drive.

Purpose

In the case of electric trains, the tasks of deter-
mining the parameters of nominal mode were con-
sidered in a smaller volume and only with refer-
ence to the collector traction drive [3, 4, 9]. In this
article, the features of these traction supply prob-
lems for electric trains with an asynchronous trac-
tion drive are described.

Methodology

The nominal mode power should be selected in
such a way that it would be possible to realize the
predetermined travel time along the section (or
movement speed). With such a «blurred» statement
of the problem, its solution contains many variants,
and when determining the rules for selecting the
best ones the work [6] proposes to apply the fol-
lowing indicators for a comparative evaluation of
the variants:

— specific power consumption for train traction;

— excess capacity of the required locomotive
fleet;

— the mean value of the traction multiplicity re-
quired for transportations.

Last two indicators make sense for freight and
passenger traffic, as the weight (composition) of
trains varies widely.

In the case of electric trains only the first of the
above-mentioned indicators is used: electricity
consumption, since in the general case, when the
specific power is distributed along the length of the
train, i.e. which accounts for 1 ton of train weight,
it does not depend on train composition. For elec-
tric trains, where the traction motors are located in
the end cars, the maximum train weight should be
taken into account.

Based on the above and taking into account that
the acceleration value during starting period (ac-
celeration) as and acceleration at the design speed
a, (residual acceleration) refers to the important
operational characteristics, the problem of deter-
mining the nominal power of the electric train is
formulated as follows: for the given traction poly-
gon, it is necessary to find such a value of the nom-
inal mode power and corresponding traction value,
so that it would be possible to carry out transporta-
tions with a given level of average speed with min-
imum electricity consumption for traction and the
following conditions would be met:

— the speed of the train movement in the section
does not have to exceed the established limits;

— it is possible to realize the given values of ac-
celeration at start (as) and the residual one (a;).

A more detailed consideration of the problem
shows that in real conditions, when the starting
acceleration and the train weight are given, the task
of traction supply of electric trains practically re-
duces to determining the optimal value of the nom-
inal mode speed.

To be convinced of the validity of the forego-
ing, let us determine the factors defining the nomi-
nal mode power.

The traction force in N, required to realize the
given acceleration a, is determined on the basis of
the equation of the train motion used for traction
calculations [2, 12] as

F.()=W,(v)+1000m(+7v)a, N, Q8

where F,(v) — tangential traction force (on the rim
of the driving wheels) of the motor cars, N; W, (v)

— total movement resistance, N; m — train weight,
t; 14y — inertia coefficient of the rotating masses

of the train; a — acceleration, m/s’.
Given that the train movement resistance
W,.(v)=9,81mw,(v), 2)

where w, (v) — specific total resistance to train

movement, N/kN.
Taking into account (2), we transform (1) to the
form

Fk(v)=9,81m[wk(v)+102(1+}/)a]. 3)

When measuring the movement speed in
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(km/h) the nominal mode power is defined as

N, =0,2778-107F, v

kn"n>

kW, 4

where F,, — tangential traction force related to one

traction motor, N; the index «n» — means the value
of the parameter corresponding to the nominal
mode.

Substitution of (3) into (4) gives

N, =2,725-10"m[w,(v,) +102(1+ p)a, |v,.  (5)
Expression (5) shows that the power of nominal
mode at the given values m, a,, (1+y) and

w,(v), dependencies is definitely determined by

the value of the optimal mode speed, and thus the
problem of choosing the optimal parameters of
nominal mode of electric trains reduces to the
choice of the movement speed in the nominal pow-
er mode from the condition of minimizing the elec-
tricity consumption for traction of trains.

To solve the problem, one can use the method
proposed in [6]. Its implementation is carried out
by successively solving the following tasks:

— determination of control parameters of the
train movement equation;

— optimization of train traffic control for mini-
mal electric power consumption;

— determination of the nominal mode speed,
corresponding to the minimum power consumption
when implementing the given travel time.

To solve the last two of the problems posed
above, it is possible to apply the approaches used
in solving similar problems for passenger electric
locomotives [1, 5, 11]. Therefore, we will dwell
only on the problem of determining the control
parameters of the motion equation.

Traction calculations are based on the integra-
tion of the motion equation (6).

vdy

g=§[M—W0(V)—i(S)], (6)

where & — is dimensional coefficient, the value of

which depends on the accepted units of measure-
ment of physical quantities; # — control parameter;
w,(v) — basic specific net train resistance; i — the

value of the longitudinal path gradient, which is a

function of the pathi(s).
The value w, (v) is determined as

w/ (v) in traction mode;
w,(v) = . - (7)
w, (v) in the run-out (idling) mode.

The dependences w',(v) and w, (v) are de-

termined by the corresponding dependences ob-
tained on the basis of the experimental data [7, 8,
10].

The control parameter depends on the operation
mode of the electric train: u >0 corresponds to the
traction mode; u<0 — to the braking mode;
u = 0 to the run-out mode.

Let us consider the traction drive with a smooth
control of the traction power. Then, in the power
calculation the control parameters that satisfy the
following conditions are adopted:

— traction mode 0 <u < 7,((\/) ;
— breaking mode E(v) <u<0,

where Tk(v) u E(v) — limiting traction and brak-
ing characteristics respectively, referred to 1 kN of
the train weight.

Let us consider the problem of calculating de-
pendencies f,(v) for the two most frequently en-
countered methods of 3-zone (Fig. 1, a) and 2-zone
(Fig. 1, b) frequency control of the asynchronous
traction drive power for electric trains.

In the case of 3-zone regulation, there is a pos-
sibility:

—in the zone 1 (0<v<v,) — acceleration with
the given starting traction force;

—in zone 2 (v, <v<v,) — the realization of the
constant traction power;

— in zone 3 (v, <v<v,) — the traction power
control is inversely proportional to the movement
speed.

In the acceleration zone (0<v<v,), the start-
ing traction force of thrust in specific units (3)

fis ) =[w,(v) +102(1+ p)a,]. (8)
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Fig. 1. The limiting traction characteristics of the electric trains, HRCS2 series:

a — the Hyundai-Rotem Company and b — EJ675 of SKODA Vagonka .

In zone 2 (v, <v<v,)
Ns :Nub

V=V

Since N, =Fj v, and N, = F, v then

v
Fyany = Fis (€))
A%
Taking into account (8)
- v
fk(ab)(v)=[Wk(vs)+102(1+;/)as]7s. (10)

In the 3" regulation zone (v, <v<v,) the ul-
timate traction power

Nbc :Na v_a‘
v
Since
v
Ny =FipeyV O Fypoy =N, v_2 (11)

But since N, =F, v

ka’a>

where F,, — is the val-

ue F . at v=v,, then

2
1%

Fk(bc) =F, 5_2 (12)

From the (9) we have the following

F}fa = st i’
Vo
that is why
Ay
F}c(bc) :st j}za . (13)

. %
We designate k, =—*, then v, =v_k, and
vC

vvk

Frevey = Fis Svcz “.

(14)

where v, — constructional speed of the train, km/h.
Taking into account the specific quantities, we
obtain

A%

k
. (15
: (15)

S0y M) =[w, (v)) +102(1+ y)a, ]

Let us consider the case of two-zone regulation
using booster modes, i.e. when the implementation
of loading modes providing for the realization of
traction forces exceeding the values corresponding
to the nominal mode is provided. This mode of
operation is used, for example, on the Skoda elec-
tric train. In this case, the traction characteristic
corresponds to that shown in the Fig. 1, b.
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Let us introduce the designations

F, N,
kp=— ky=—=, 16
TRy (16)
where N, — is the maximal traction force, at

v=y,.
The limiting traction characteristic for the ac-
celeration section is determined by the expression

(8), and Tk(ab)(v) — according to the formula (10).

Nominal traction force

F,
Fp=-k (17)
k,
The value of the nominal mode speed is ob-
. . . F,
tained on the basis of the relation —‘=Lv‘,
n F}C}’lv}’l
taking into account the expressions (16).
k
v, =Ly, (18)
kN
Findings

The task of choosing the optimal values of the
nominal mode speed v, is solved by determining
the electric power consumption with the variation
of the possible values of the starting speed v,

therefore one should take into account only those
its values that ensure the implementation of the

sy

km/h o
a,=0.11 m/s*

80

20 a,=0,09 m-'ri'.
a,=0,07 m/s*
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a,=0,05 m/s’
50| @,=0,03 m/s

40
30
20
10

a,,

0,7 0.8 09 1.0 L1 m/s*

0
0 01 02 03 0405 06

a

given starting a, and residuala, accelerations at
the selected control method.

As it can be seen from the Fig. 1a and Fig. 1b,
the value of traction force at the design speed, oth-
er things being equal, increases with increasing
starting speed. Therefore, in order to exclude vari-
ants that do not match the conditions of the prob-
lem solution, it is necessary to determine the min-
imal values v, corresponding to the given starting
and residual accelerations.

Since the traction force at the design speed:

— from the one side

— k
Fr ) = [, () 410201+ 7)a, 7

c

— and from the other side
F,0)=[w (v)+102(1+p)a, ].

Neglecting the dependence of w, on v, , we ob-
tain
: w,(v.)+102(1+y)a
v;mnzi[ k( c) ( }/) r](lg)
k, [Wk (v,)+102(1 + ;/)as]

For the case of two zone regulation in the pre-
sented expression it should be taken
k,=1, (v, =v,).

In the calculations one should take only the

min

values v, 2 v,

. Dependencies v™ (a,) for dif-

ferent values a, are shown in the Fig. 2.

v,
km/h
100
90
80
70
60
50
40
30
20
10

a,=0,11 m/s*
a,=0.09 m/s*
a,=0,07 m/s’,
a,=0,05 m/s’y
a,=0,03 m/s’

0
0 01 02 03 0405 06 07
b

0.8 09 1,0 1.1 ms

Fig. 2. The family of dependencies of the minimum starting speed on the starting acceleration with the variation of
values of residual acceleration and design speed is: @ — 160 km/h and 5 — 200 km/h
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The value of the starting acceleration at the
given train weight determines the tractive effort,
and hence the use of the «wheel-rail» contact
capabilities to realize the traction creepage. In
order to exclude from consideration, the variants,
when the traction force cannot be reliably realized
according to the adhesion conditions, it is
expedient to set the maximum permissible values
of the starting acceleration according to the
adhesion conditions, i.e. corresponding to the spec-
ified design coefficient of adhesion.

Estimated adhesive force

F,,(»)=9,81-10'm, y,(v), N (20)

where m, — adhesive weight (weight of power

cars), t; y, (v) —estimated coefficient of adhesion.
Specific value of the adhesion force

Ty o) @)

v)=10°
Fua)=10" 22y (),

The necessary acceleration value is obtained
from the well-known law of locomotive traction
[2], according to which for the reliable operation of

a wheel-rail vehicle, it is necessary to fulfill the
condition

FAGEI MO}

Based on the expression (8) and (21) we obtain

3 M) B
10 v, (V)= w,(v)
_ m
102(1+y)

= (22)

Dy
where w,(v)=w,(v) upon the condition that the
electric train moves at the section, i.e. i=0 %o.

Obviously, only values a, <a,,. can be taken
into account.
The dependences a,, (v) for the variants of the

concentrated and distributed traction are shown in
the Fig. 3. They are considered for these electric
trains of HRCS2 series by Hyundai-Rotem Com-
pany«and EJ675 of «<SKODA Vagonkay». The cal-
culations were performed with the initial data giv-
en in the Table 1.

Table 1

Initial data for calculating the dependencies of the minimum permissible starting acceleration using the con-
ditions of adhesion on the speed of motiona,, (v).

o Dependence of the
Weight, t ];?eeninsfrttﬁecﬁ)i% Dependence of the ad- total spgciﬁc move}-1
Electric train range . ing masses of the helslion cozfﬁcient on mersl;::Stj:C(epo)n; ©
adhesive, T rain, 147 the speed (V) > Wi
m,. ’
1 2 3 4 5 6
vy, (v)=0,09+ w,(v)=1,375+
HRCS2
+0,0178v +
(distributed traction) 438 640 L5 L 26 ;OL78v
24+0,74v +0,000097v*
EJ675 \Vk(v)=0,155+ Wo(V):()386+
(concentrated 172 456 1.08 L 42 +0,0093v +
tracrion) 15+0,95v 10,00029v2

Notations. ' The value of weight is presented with the maximum loading of cars by passengers.

* Total specific movement resistance is determined on condition of movement at the section.
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B
m/s’
0.9

0.8

,
0 20 40 60 80 100 120 140 160 180 km/h
Fig. 3. Dependencies a,, (v) for the variants of the

distributed (curve 1) and concentrated (curve 2) traction

Originality and Practical Value

Originality consists in developing a methodol-
ogy for determining the optimum values for the
parameters of the nominal mode of electric trains
with asynchronous traction drive, with two-zone
and three-zone frequency regulation of power.

The resulted methodology can serve as a basis
at formation of technical requirements for a new
rolling stock for railways of Ukraine.

Conclusions

The materials presented in the article provide
for the implementation of traction calculations (in
terms of plotting the motion curves), in solving
problems, selecting parameters for the nominal
mode of electric trains with asynchronous traction
drive.
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BUBIP PALIIOHAJIBHUX ITAPAMETPIB HOMIHAJIBHOI'O PEXKUMY
EJIEKTPOIIOI3/IIB 13 ACUHXPOHHUM TSII'OBUM IIPUBOJIOM

Merta. [lapameTpy HOMIHAJBHOTO PEXHMMY BITHOCATHCS [0 HAWBAXJIMBIINX CKCIUTyaTalliiHUX IOKa3HUKIB
TSATOBUX 3ac00iB, TOMY 3a1a4i BUOOpPY X oNTHMaJbHUX 3HA4YEHb 3aB)KAM HEMHUHYYE BUHUKAIOTH PU (GOpMyBaHHI TeX-
HIYHIX BHMOT Ha HOBHH pyXOMHH cKian. Y poOOTi HEOOXimTHO BHKIACTH OCOONMBOCTI PINICHHS 3a3HAUYCHHUX
3a1a4 JUI eNEeKTPOIOI3/iB i3 ACHHXPOHHMUM TSTOBHM HPHBOJIOM TIPH JBO3OHHOMY Ta TPHU30HHOMY YaCTOTHOMY
peryiroBaHHI MOTYKHOCTi. MeToanka. [1oTyXHICTh HOMIHAJIBHOTO PEXUMY €JIEKTPOPYXOMOTO CKIIaay TIOBHHHA OyTH
oOpaHa TakuM 9MHOM, 100 3a0e3nedyBaiacsi MOXKIMBICTD peaizamii 3aaHoro 9acy XOAy IO IUISHIN a00 IMIBHIKOCTI
pyxy. Buxons4u i3 poro, a Takoxx BpaxoBYIOUH, IO 10 BAKJIMBHUX €KCIUIyaTalllifHUX XapaKTEPUCTHK EIEKTPOIOI31iB
BIZIHOCHTBCSI BEJIMYMHA PUCKOPEHHS B MEPIOJ MyCKy i MPUCKOPEHHSI MPU KOHCTPYKIIHHIN MIBUAKOCTI, CHOPMYITOE-
MO 33/1a4y BU3HAUCHHS] HOMIHAIBHOT MOTYXHOCTI. B 3a/aui [u1s 3a1aHOT0 TIOJIIroHa TSArM HEOOXiHO 3HAWTH Take 3Ha-
YEeHHS MOTY>KHOCTI HOMIHaJILHOTO pexuMy i BI/INIOBi/IHE i 3HAYEHHS CUITH TATH,
mo6 3abe3redyBaiacss MOXKJIMBICTh 3IHCHIOBATH IEPEBE3EHHS i3 33JaHUM DPIBHEM CEpeAHbOI IIBHIKOCTI PyXY IpH
MiHIMaJIbHIH BUTpaTi enekTpoeneprii Ha Try. [Ipu npoMy HeoOXinHO, 100 BUKOHYBAJIMCS YMOBH: &) MIBUKICTH PyXY
eJICKTPOIIOi3/la Ha AUISHII HE TEPEeBHIIye BCTAHOBJIEHHX OOMEXeHb; 0) 3a0e3reduyeTbcs MOXIIMBICTH pearizaiii
33/IaHAX 3HA4YEHb IPHCKOPEHb. bBinbIl AeTanbHWN pO3IJIAN NMHUTaHHS MOKasye, IO B PEabHUX YMOBAX, KOJIK
3a7aHi MyCKOBE NPHCKOPEHHS W Maca II0i34a, 3ajada BH3HAYCHHS IIOTYXHOCTI €JEKTPOIOi3Aa MpPaKTUIHO
3BOJIUTHCS JI0 BU3HAYCHHS ONITHMAJIBHOTO 3HAYCHHS IIBU/IKOCTI HOMIiHQJILHOTO pEeKIMY.
Pe3yabTaTu. 3amaga BHOOpY ONTHMATIBHUX 3HAUYEHD MIBUIKOCTI HOMIHAJIBHOTO PEXKUMY BUPIIIYETHCS MIIIXOM BH3HA-
YEeHHs BUTPATH €JICKTPOCHEPTil MpH Bapiallil MOXKIIMBUX 3HAYEHb ITyCKOBOI IIBHAKOCTI, TOMY B PO3pPaxyHKH CIIiJ MpH-
WMaté TiBKM Ti 11 3HAYCHHS, SIKI 3a0€3MEUyIOTh pealizallifo 3aJaHuX IYCKOBOTO N 3aJMIIKOBOTO IPHUCKOPEHB.
Y po0oTi MoKa3aHo, 0 BEJIMYMHA CHJIM TATU NPU 30UIbIIEHH] KOHCTPYKIIHHOT IIBUIKOCTI M 1HIIMX PIBHUX YMOBax
3pocTae, SKUIO 30UIbLIYBAaTH IyCKOBY WIBHIKICTh. HaykoBa HOBM3HA. ABTOpamMu po3poOJieHa METOIHMKa JUis
BU3HAYCHHS ONTHMAJIBHUX 3HA4Y€Hb MapaMeTPiB HOMIHAJIFHOTO PEXUMY EJIEKTPONOI3MiB 13 ACHHXPOHHHUM
TSTOBUM  TIPUBOJOM, TpH  JBO3OHHOMY Ta  TPWU30HHOMY  YacTOTHOMY  PETYJIIOBaHHI  IOTY>KHOCTI.
IMpakTHuna 3HaunmicTs. HaBenena metonmka Moxke OyTH OCHOBOIO NMpH (OPMYBaHHI TEXHIYHMX BUMOT HA HOBHI
PYXOMHUIA CKJIa]| JUIsl 3aUTi3HUIL Y KpaiHH.

Kniouosi cnosa: enexkTpomnoi3m; IyCKOBE i 3ajMINKOBE IPUCKOPEHHS; ITyCKOBA INBHUJIKICTh, PIBHSHHSA PYXY;
TSTOBA XapaKTEPHUCTHKA; 30HA PETYJIIOBAHHS MOTY)KHOCTI; TUTOMA CHJIa
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EJIEKTPUYHHUIA TPAHCITOPT

Henb. Ilapamerpsl HOMHHAJIBHOTO PEXHMa OTHOCATCS K BAXHEHIIMM 3KCIUTyaTallMOHHBIM IIOKA3aTEIsIM
TSATOBBIX CPEACTB, MO3TOMY 3aJadd BbIOOpa HMX ONTHUMAJbHBIX 3HAYECHWIl BCErna HEM30EKHO BO3HUKAIOT IIPU
(hopMHpPOBAaHNH TEXHUYECKUX TpeOOBaHMI Ha HOBBIM MOJBIKHOM cocTaB. B pabore HEOOXOAMMO M3IOKHUTH OCOOEHHO-
CTH PCIICHUA YKa3aHHBIX 3a/iad I 3JICKTPONOC30B C ACHUHXPOHHBIM TATOBBIM MPUBOJAOM TIpHU ABYX30HHOM
U TPEX30HHOM YacTOTHOM PETYJIMPOBAHMM MOIIHOCTH. MeToauka. MOIIHOCTE HOMHHAJIBHOTO PeXHUMa 3JIEKTPOIOA-
BIDKHOI'O COCTaBa JIOJDKHA OBITh BBIOpaHa TakuM 00pa3oM, 4ToObI 00ecieurBaIach BOZMOXKHOCTb Pealn3aly 3a1aHHOTO
BPEMEHH X0/1a [0 YJacTKy WJIM CKOPOCTH JBIKeHHs. IcX0zs U3 3TOr0, a TaKKe YUUTBIBAsL, UTO K BaXKHBIM JKCILTyaTalH-
OHHBIM XapaKTEePUCTHKaM JIEKTPONOE3[J0B OTHOCUTCS BENUUUHA YCKOPEHUsI B MEPUOJ IyCKa U YCKOPEHUs MPU KOHCT-
PYKIMOHHOM CKOPOCTH, c(HOpMYIIHPYEM 33/1ady ONpe/iesieHHs HOMHHAIBHOM MOITHOCTH. B 3amaue 11t 3a1aHHOTO 10JH-
TOHA TATH HE0OX0IMMO HaWTH TaKoe 3HaYECHNE MOIITHOCTH HOMUHAJIBHOTO pexnma
U COOTBETCTBYIOIIEE €W 3HAYCHHE CHJIBI TSITH, YTOOBI OOECHEeYMBATIACh BO3MOXKHOCTH OCYIIECTBIATH IIEPEBO3KH
C 33/IlaHHBIM YPOBHEM CpeHEl CKOPOCTH JIBIKEHNMS TIPH MUHUMAJIBHBIX 3aTpaTax dJeKTPO3HEpPru Ha Try. IIpn stom
HEOOXOAMMO YTOOBI BHITIOJIHSINCH YCIIOBUSL: @) CKOPOCTh JBIKCHUS 3JIEKTPOIOE3/[a Ha YIacTKE HE MPEBBIIIACT YCTAHOB-
JICHHBIX OTpaHW4eHHH; 0) obecrieurBaeTCst BOSMOKHOCTD pean3aliy 3aIaHHBIX 3HaYeHHH yckopeHuid. bonee neramsaoe
paccMOTpeHHne  BONpOCa  MOKa3blBacT, UYTO B  pEaIbHBIX  YCIOBHAX, KOTJa  33JaH0  ITyCKOBOE
YCKOpEHHE U Macca I10€3/1a, 33[a4a OIPEAEJICHUs MOIIHOCTU 3JIEKTPOINOe3a MPAKTHIECKU CBOJUTCS K OIPEAEIICHHIO
ONTUMAJIBHOTO 3HAUEHUS CKOPOCTH HOMHHAIBHOTO pekuma. PedynbTarhl. 3amaua BbIOOpa ONTHUMAIBHBIX 3HA4YEHUI
CKOPOCTH HOMUHAJIBHOIO peXHMa pelaeTcs MyTeM OIpeesICHUs pacXo/ia 3JAeKTPOIHEPTUH IPH BapUallii BO3MOXKHBIX
3HAYEHHH ITyCKOBOM CKOPOCTH, II09TOMY B pacuer CJeayeT MPHHUMATh TOJIBKO T€ €€ 3HAUCHHs, KOTOpbIe 00eCIIeUMBaIOT
pean3alyio 3aJaHHBIX ITyCKOBOTO M OCTaTOYHOI0 yCKOpeHWH. B paboTe mokaszaHo, 4To BEJIMYMHA CHIIBI TATH NPH YBe-
JMYEHUH KOHCTPYKIMOHHOHW CKOPOCTH ¥ TIPOYMX PABHBIX YCIIOBUSIX BO3PACTAET, €CIIM YBEINYUBATD ITyCKOBYIO CKOPOCTb.
Hayunast HoBU3Ha. ABTOpaMu pa3paboTaHa METOJHKA I ONpPENETICHHS ONTUMAIIbHBIX 3HAUCHHUI MapaMeTpoB HOMH-
HAJIBHOTO PEXXMMa 3JICKTPONOE3I0B C ACHHXPOHHBIM TATOBBIM MPHBOAOM, IPH ABYX30HHOM M TPEX30HHOM YAaCTOTHOM
peryiupoBanuu MotnHocTH. IIpakTHyeckas 3HauuMocTh. [IprBeieHHAsT METOANKA MOKET CITYKUTh OCHOBOM TIpH (op-
MHPOBaHUH TEXHIYECKUX TPEOOBaHMI Ha HOBBIN MTOJBIKHON COCTAB IS XKEJIE3HBIX JOPOT YKpauHbI.

Kniouesvie cnosa: »neKTporioe3n; IyCKOBOE M OCTATOYHOE YCKOPEHWE; IIyCKOBas CKOPOCTb; ypaBHEHHE
JBIKEHMS; TATOBAsi XapaKTEPUCTHUKA; 30HA PETYJIMPOBAHUS MOIIHOCTH; yJElbHas Cuiia
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PACUYET MATHUTHBIX XAPAKTEPUCTHUK TIATOBOI'O
SJIEKTPOJIBUTATEJISI C TOMOIIBIO YCOBEPIIEHCTBOBAHHOMN
YHUBEPCAJIBHON MATHUTHOM XAPAKTEPUCTUKHU

Heab. B nccnenoBanuu npeamnosaraercst pa3paboraTh METOJMKY pacdeTa MarHUTHBIX XapaKTePHCTHK HEKOM-
MIEHCUPOBAHHBIX TATOBBIX anekrpoasurareneit (TI) npu mo60ii crenenn ocnabdiaeHust Bo30ykaeHus Ha Oase arl-
MIPOKCHMHPYIOIIET0 BBIPAKEHHS JUIs YCOBEPIICHCTBOBAHHOW YHUBEPCAILHON MarHUTHOM XapakTtepuctuku (YMX).
Heo0xoauMo Take OCYHIECTBUTH aHAJIHM3 BHIPAKEHUH ISl yCOBEPIICHCTBOBAaHHOW YMX C IeNbl0 HaXOXJICHUS
BBIPaKECHUS], HAaNOOJIEe MOJHO YAOBICTBOPSIOIIETO TPEOOBAHMAM pa3pabOTKH METOANKH OINPEAEIECHHUS WHIyKTHB-
HBIX mapameTpoB TO/l. Mertoauka. /[ mOCTpoeHHsT XapaKTEPUCTHK IO YCOBEPIIeHCTBOBaHHOW YMX HeoOxomu-
MO UIS KaXI0# cTeneHrn ocnalieHuss Bo30YKICHUS ONpenenuTh K0d()(GUINEHT HACHIIEHUI. JTO BO3MOXKHO OCY-
IIECTBUTh TOJBKO AHAJIUTHYECKH. [ YIPOIIEHMS aHAIUTHYECKOTO HAXOXKAEHHsA KOd(p(UIMEHTa HACBHILECHUS
MPEATIoKEH METOJl, OCHOBAaHHBIN Ha PEIICHUM CHCTEMbI U3 ABYX YPaBHEHHH, OJHMM M3 KOTOPBIX SIBIAETCS cama
YMX, a BTOpbIM — ypaBHEHHE MPSIMOM, YIIOBOH KOIPQPUIMEHT KOTOPOW MPONOPLUOHATIEH KOI(DDHIMEHTY HAChI-
meHus. [lonyyaromyecs: B pe3ysibTaTe pacyeToB 3HaUeHUs! KOA(QHUIUCHTA HACHIILICHNUS TSI CTeTeHel BO30YKICHUS
B <1 no cyru sBnsitorcst koadduienramu GpopmMbl MArHUTHOM XapakTepucTuku. UToObl H30aBUTHCS OT HEOOXO/IHU-
MOCTH Ka)K[Iblil pa3 IpH pacueTe XapaKTepUCTUK ONperessiTh Koo OUIMEHTH annpoKCUMAalUH, MpeyioxkeHa Gpopma
YCOBEpIICHCTBOBaHHOM YMX, y KOTOPO# poJib apryMeHTa BBIIONHSAET MarHuToABIKymas cuia (MJIC) odMoTku
B030y>K1eHus. Pe3yabTaThl. JloKa3aHo, 4TO ¢ TOMOLIBIO YCOBEPIICHCTBOBAaHHOW YMX BO3MOXKEH pacdeT XapakTe-
PHCTHK HeKoMIeHCcHupoBaHHBIX T/ 1u1st moObIX creneHelt ocnabiaeHust Bo30ysxaenust. TouHocTh pacueTa npu = 1
HE OTIIMYAETCA OT TaKOBOH mpH pacdere mo YMX, npemnoxkernoit npod. M. 1. Haxonkuaeim. Takas ke TOUHOCTH
COXpaHseTCs TPH CTENCHAX BO30YXXIEHHS, OTIMYHBIX OT eanHUIEL. HayuyHass HoBu3Ha. [Ipemioxkena aHanmuTnyde-
CKasi METOJMKA pacdeTa MarHUTHBIX (CKOPOCTHBIX) XapaKTEPHCTUK HEKOMIIEHCHPOBaHHBIX T/l ams mroboit crere-
HHU ocnabienns Bo30yXICHUS ¢ IOMOIIBI0 ycoBepmeHcTBOBaHHOH YMX. Takke mpemioskeHa aHATUTHYECKasT Me-
TOIMKA oTpeneneHus K03 duIenTa HachIEeHHs [UTs YCOBEPIICHCTBOBaHHON Y MX mpu 11t000# cTerneHu ociadire-
HUS B030yxaeHus. biaronmapst BBeneHuto B kadectBe aprymeHta MJIC oOMOTKHM BO3OYXKICHUS OTMaaaeT
HEOOXOAMMOCTh B  omlpenesieHMd KO3()(UIMEHTOB anmpoKCHManuk Uil Kaxkaoro KoHkperHoro TO/I.
IIpakTHyeckast 3HaUMMOCTb. Pa3paboTanHasi METOIMKA [TO3BOJISIET TPOU3BOAUTH PACYEThl MArHUTHBIX XapaKTepH-
CTHK HeKoMIeHcHpoBaHHEIX TOJl muist mo0Ooit crenieHn ocnabienns Bo30yxaenus. Ha ee 6ase Bo3moxkHa pa3pabot-
Ka METOJIMKH ONpe/IeeHHs] HHIYKTUBHBIX mapamerpoB TOJl, ncrosp3yroniel B Ka4ecTBEe UCXOIHBIX JaHHBIX KOd(]-
(unyeHT HACBIIEHHS MAIIHHBI.

Kniouesvie cnosa: yHuBepcanbHas MarHUTHAs XapaKTEPHCTUKA; alMpPOKCUMAIUs; TSITOBBIN 3JIEKTPOJBUTATEND;
MarHUTHBIE XapaKTEPUCTUKU

B mpexacrasieHHbIX paboTax anmmpOKCUMAIIHS
BBenenune MAarHUTHBIX XapPaKTEPUCTHUK BBIUMCISICTCS BhIpa-
JKEeHHeM ¢ oaHoW mepemenHod B Buae MJIC 00-
MOTKH BO30YXIEHHUS WU TOKAa OOMOTKH BO30YXK-
nenus. TeM He MeHee, HECMOTPS Ha BCIO MPOCTOTY
TaKOro IOJX0Ja, OH OKa3bIBACTCS HENPUMECHUM
JUTSE. HEKOMITGHCUpOBaHHBIX TOJl B ciydae, eciu
aIlpOKCUMHUPYIONIEEe  BBIPAKECHHE HEOOXOIUMO

HCIIOIL30BAThL IS PEXXHUMa OCIA0JIEHHS BO30YXK-
JIEC aKTYAJIbHBIMHU CTAHOBATCA PA3JIMYHBIC METO/bI & p Y

HUsI OTJMYHOTO OT TOTO, MPU KOTOPOM BBIMOJ-
anmpoOKCUMAIIMM MarHUTHBIX XapakTepucTHk [1, 2, ae 0 Oro T TOTo, HpH KOTOPO 0
5,13, 18-22] HSUIACh amIpoKCUMaLus. OTO MPOUCXOAUT H3-3a
b b .

PaGoune XapakTepUCTHKH TITOBBIX JJIEKTPO-
neurarenei (TD/]) u ux moBeneHUE NPU TEPEXO-
HBIX MpOIEecCax OMPENESIOTCd UX MarHUTHBIMU
xapaktepuctukamu [14]. Kpome Toro, Gmaromaps
IIMPOKOMY HCToNb30BaHni0 DBM mpu pacuerax,
NPOEKTUPOBAaHUK W MozenupoBanuu TIJ[ Bce 6o-
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TOTO, YTO B HEKOMIICHCHPOBAaHHBIX TJOJ] cmibHOE
BJIUSIHUE HA OCHOBHOM MAarHUTHBIA MOTOK OKa3bl-
BaeT peakuus skops [4, 8, 10, 16]. B takom ciyuae
HeoOXO[MMa METOJIMKA, TIO3BOJISIONIA yYeCTh
pa3MarHu4yuBarollee JEHCTBUE PEaKUU IKOpS IPU
armpOKCUMAITU OCHOBHOTO MAarHUTHOTO ITOTOKA.
OTtM TpeOOBaHHUSM TIOJHOCTHIO COOTBETCTBYET
METOJIHMKa, OmHcaHHas B padote [3]. JanHas mMero-
JUKa JJIs ONpENeNIeHHUsT OCHOBHOTO MAarHMUTHOTO
MOTOKa TpeOyeT HaM4Ms XapaKTePUCTUKUA Hamar-

nnauBannst @, (F,), T.e. 3aBUCHMOCTH OCHOBHOTO

MarautHoro nmotroka ot M/IC o6MoTku BO30yXkie-
HUA F,, omnpeneneHHOM Ha XonocToM xoxay. Kak

MPaBHUIIO, 3Ta XapaKTEPHCTHKAa HE IPUBOIUTCS
B CIIpaBOYHOM JuTepaType. B 3TOM ciydae oueHb
YIOOHBIM TSI alllIPOKCUMAIIIH MarHUTHBIX Xapak-
TEPHUCTUK SBISIETCS HCIIONIb30BaHUE KOd((UITHESH-
Ta Hacelmenus k, u YMX [1].

B pabote [7] BBINOJHEH aHaIW3 BO3MOXKHOCTH
omnpeneeHus MarHUTHOW XapakTtepucTuku TI/J] ¢
Y4eTOM pa3MarHWYHMBAIOIIEro ACWCTBUSA pPEaKLHU
SIKOpSI C MCIIOJIb30BAHUEM JIOCTOMHCTBA METOJUK,
onucaHHbIX B [3] u [1, 14, 16].

ean

Henbto manHO# paboTHl sIBIsiETCS pa3padoTKa
METOJUKH aHAJIUTHYECKOI0 pacdeTa MarHUTHBIX
XapaKTEPUCTHK HEKOMITEHCHPOBaHHBIX T mpu
JI000H cTeneHu ociabaeHus BO30YKIeHUs Ha 0ase
AlIIPOKCUMUPYIOLIEro BblpaxkeHus naust  YMX.
A Takxe, NMPOBEICHUE aHAIU3a BBIPAXKEHUU IS
ycoBeplieHcTBoBaHHON YMX c 11e/bl0 Haxox/e-
HUS BBIpaXEHHUS, HauOoliee TIOJIHO YIOBIETBO-

d)"‘f(g“)z% 0.316

1

L(B+O,316)arctg(pziawg (B+0,316)) -

psIroIIero TpeOOBaHUAM IS Pa3pabOTKH METOIUKH
ompeAeneHus] UHAYKTUBHBIX mapameTpoB TO/I.

MeTtoauka

Kak Obuto ykaszano B [7], mporecc pa3paboTku
METOAMKU IJIsl ONpeNesIeHHs] UHIYKTUBHBIX Iapa-
MeTpoB 1o YMX paszfeneH Ha IATh [IyHKTOB, Ye-
ThIpe U3 KOTOPBIX OBLIM ommcaHbl B [7]. B nanHoU
paboTe paccCMOTPHUM IIATHIN NMyHKT «Onpedenenue
Ha 0aze AnnPOKCUMUDPYIOW,EZ0 GHIPANCEHUA O0/1A
YMX ynueepcanvuvix ¢hopmyn 0aa unoyxmue-
HBIX RAPAMEMPOE MAULUHDLY.

1 coxpaHeHUs] CMBICIOBON CTPYKTYpHI CTa-
TBU COXPAaHHM HyMEpalHIO IyHKTOB pa3paboOTKH
METOAMKH, NPUHATYIO B [7]. Tak Kak OCBEIICHHE
BCETO ITyHKTa 5 BBEIXOIUT 32 00bEM OJHOU CTAaThH,
pazo0beM ero Ha JIBa MOAITYHKTA:

5.1. pacuer XapakTEPUCTUK HEKOMIIEHCHUPO-
BaHHBIX 1D/l ¢ OMOIBIO yCOBEPIICHCTBOBAHHOM
YMX;

5.2. onpexnerneHue  YHHBEPCAIBHBIX  (QOPMYI
IUIl MHOYKTUBHBIX IapaMeTpoOB HEKOMIIEHCHPO-
BaHHBIX TO/I.

B nannoii pabote Oyner paccMOTpeH NOAMYHKT
«Onpedenenue na d6aze annpoKCUMUPYIOULE20 Gbl-
padicenun ona YMX ynueepcanvnvix popmyn ons
UHOYKMUGHBIX NAPAMEMPOE MAUIUHDBLY), 2 UIMEHHO:

5.1. pacuem xapaxmepucmux HeKOMHEHCUPO-
eéannvix T3/ ¢ nomowpto ycosepuiencmeosan-
Hou YMX.

B pabote [7] Obul0 MONyYeHO aNMPOKCUMHU-
pytouiee BblpaxkeHue a1 YMX npUMEHHUTETbHO
K HEKOMIICHCHPOBaHHEIM 1O/, 0HO nMeeT BU/I:

0’316([3—0,316)arctg(p2i~awg (B-0.316)) -

1+0,007744(687, (B +0,316))’ (1)

+ p3iaBWg,

— —In
~3,342i,

roe O i ¥ i, — OCHOBHOM MarHUTHBIN ITOTOK M TOK

SKOpSI MAIIMHBI B OTHOCUTEIBbHBIX €JUHULAX; P,
Py»> D3 — KOOOOUIUEHTHI aNlpOKCUMALUU; W, —

YHCIO BUTKOB OOMOTKU BO30YXKICHHS MAIUHBI,
JJIsL KOTOpOI>'I BBITTIOJIHACTCA MOCTPOCHHUE MArHuT-
HOM XapaKTepHCTHKH; [3 — CTeNeHb OCIa0ICHHS

BO30YKICHUS.

1+0,007744(687, (B —0,316))’

OCHOBHBIC IPUHITUIBI TOCTPOCHUSI MATHUTHBIX
XapaKTEPUCTUK IO YCOBEPIIEHCTBOBAaHHOM YMX
HE OTJIMYAIOTCS OT TeX, KOTOPhIE ONMCAHBI B JINTE-
paType 1o NMPOEKTHPOBAHUIO TATOBBIX BJIEKTpHUYE-
ckux mamuH [14, 16]. To ectp ana onpeneneHus
peabHBIX XapaKTePUCTHK MAIIWHBI HEOOXOIUMO
OTIPENIeNINTh MAacCIITa0Bbl JJIsi MarHUTHOTO TOTOKA
u MJIC (toka). OgHako, €CTh CyIIECTBCHHBIE pa3-
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MY B CIIOCO0axX MOCTPOEHUs! peajbHbIX Xapak-
TEPUCTHK. Pa3nmuuusi 3aKiIr04aroTcs B TOM, 4TO JIJIs
KaXJI0W CTENEeHH ociabiieHus BO30yKIeHUsI HE0O-
XOAMMO OIpENeNuTh cBOM MacmrTadbl. Taxke,
B Cllydae MPOCKTUPOBAHUS HOBOW MAIUHBI, YCO-
BEpIICHCTBOBaHHYIO YMX s 0cinabiieHHOTO
BO30Y)KACHHS HEBO3MOXXHO 3apaHee H300pas3uTh
rpaguuecky, Kak 3To chaenaHo aiast P=1. Dro

MIPOUCXOANUT M3-32 TOTO, YTO 3HAUEHHs CTENeHei
ocnabnenust Bo30y>KAEHUS, B TOM YHCJIE U MUHU-
MaJbHBIE, OINPEAEIAIOTCS B IIPOLECCe pacdera
MIPOEKTUPYEMOM MamMHbL. [103TOMY €JUHCTBEHHO
BO3MOXXHBIM CIIOCOOOM TIOCTPOEHHS XapaKTepH-
CTUK IO YCOBEpPIIEHCTBOBAaHHOM YMX sBisieTcs
AHAJIUTUYECKUI.

YroObl MPOBEPUTH aJEKBATHOCTH BBIPAXKEHUS
(1) He0OX0IMMO BHITIOJHUTE MOCTPOCHUE MAarHHT-
HBIX XapaKTEePUCTHUK JHOOOTO HEKOMIIEHCHPOBAaH-
Horo TOJl nnst pa3nuyHBIX CTENCHEH OCIIa0JICHUs
BO30yxIeHus. B kauecTBe mpumepa paccMOTpHM
neurarenn Hb-406 u PT-51/1.

Koadduuuentsr annpoxcumanmu ans HB-406
p, =—0,6226134558, p, =—0,1368988514,

p; =0,0029770886 .

Jns ymoOcTtBa pemieHust cuctemsl (4) MOKHO
BOCIOJIB30BAThCSA OHUM W3 TPHKIIATHBIX MaTeMa-
TUYECKUX IAaKETOB IPOTPaMMHOTO OOecreyeHus,
Hanpumep, MathCAD.

Koopaunatel Touku mnepeceueHuss YMX u

IIKH pns Hb-406 mpu B=1, &)dq (i;)=0,883 u

i, =0,631 sBiAOTCA TakXkKe M MacIITabaMu AT

MarHuTHOTO TOTOKa U Toka. OmpenenuB MacIira-
OB, MOXHO paccuuTaTh MarHUTHBIE XapaKTepH-
CTHKH B aOCONIIOTHBIX enuHunax [14, 16].
OT/enbHO CIEAyeT PacCMOTPETh pacueT Mar-
HUTHBIX XapaKTEPHUCTUK JJISI OCIA0JIEHHOTO ITOJIS.
3mech ciaemyeT oOpaTUTh BHUMAaHWE M Ha BUI YCO-

KoadhdurmenT nacemmenus mist Hb-406, coot-
BETCTBYIOIIMN HOMHHAIBHOMY YacCOBOMY PEXHMY,
k,=2,1. On onpenenen npu P =1. AHaIUTHYECKU

onpeneuM TOUYKy Ha YMX, COOTBETCTBYIOIIYIO
JIaHHOMY Kk, KaK TOYKy IepeceueHus: NpsMou, yr-

2

70BOH K0A(p(PULUEHT KOTOPOH MPONOPLUOHANEH K,

u camoit YMX. HazoBeMm Takyo NpsiMyro npsmoti
rkoappuyuenma nacoviyenus (IIKH). Onpenenuts
yriosoii koaddunuent [TKH mMoxHO, 3Has yrioBoi
KO3(p(PHUIIMEHT TPSAMON, COOTBETCTBYIOIICH Mar-
HUTHOMY HaNpsDKEHHIO BO3IYIIHOTO 3a30pa. Ypas-
HEHUE TPSIMON MArHUTHOTO HATPSDKEHHS BO3MYII-
HOTO 3a30pa COTJIacHO [5] UMeeT BU/I;
= - 0,426

Ca) =125

)

C MOMOINBI0 MaTeMAaTHYECKHX Mpeodpa3oBa-
HUW HAXOIUM, 9TO yIIoBo# koaddhunuent [TIKH

0,426

— = 3
0,145k, G)

Hanee Touka nepeceuenust YMX u I1IKH onpe-
JieNIgeTcsl aHaJUTHYECKH, MYTEeM peIIeHUs COOT-
BETCTBYIOILICH CHUCTEMBI M3 [BYX YPaBHEHHI:

1 - 1 -
“ :% m(B+0,316)arctg(pzzaw,,([3+0,316))—0’316(3—0,316)arctg(pzzawg([3—0,316))—
~ 2
1+0,007744(68, (B+0,316 .
B 1 _In + ( lj(B"‘ ))2 + pii Bw,; 4)
—3,342i, | 1+0,007744(68i, (B—0,316))
- 0,426 -
D, =——mi,.
a 0,145kHl“

BEpIIEHCTBOBaHHOW YMX miisi 0CIa0eHHOro BO3-
OyXIeHUs, U Ha M3MEHEHHUS TIPH dTOM Koddduru-
€HTa HAaChIlEHUs. Buj ycoBepLIEHCTBOBaAaHHOU
YMX npu paznudHBIX CTETEHSX OCIa0JIeHUs BO3-
Oy>XIeHHUsSI, COOTBETCTBYIONIUX CTEIECHSIM OCa0-
nenust Bo30yxnenuss HB-406, mokazan Ha puc. 1.
Ha sToM %e pucyHke yka3aHbl TOUKH IIepecedeHus
YMXullIKH gna B=1 u =0,36.

Kak BupHo m3 puc. 1, oTHOmIEHHE OTPE3KOB

ac

ac

, Tpu B=1 He PaBHO OTHOIEHMID ——
ab a'b

npu =0,36, 3T0 CBI3aHHO C TEM, YTO B Ka4eCTBE
apryMeHTa B BBIpaXeHHH (1) TIPHHAT TOK SKOPS.
YroObl HE BHOCUTH MyTaHUIy B OOBSICHEHUS, OT-
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HomieHne abcmmcce Touek mepeceueHus [IKH
n YMX 1npu Jr00bIX CTeneHsAX ociabieHust Bo30y-
JKACHUS B AajibHEHIIeM OyZeT COXpaHSTb Ha3Ba-
HUE «KO3((PUIMEHT HACHILEHUS», XOTS, CTPOro
TOBOPSI, OHO TAKOBBIM HE siBiAeTcsl. O4eBUAHO, YTO
K03(p(PUIIMEHT HACBIIICHUS MO0 Mepe YMEHBIICHHS
B pacrer. B manHOM city4ae ObLIM TOJIy4YCHBI Ta-

K¥e 3HAYCHHSI K03 PUITeHTa HACHITIICHUS:

— mnpu $=0,75 k, =2,366;

— mnpu f=0,55 k, =2,537;

— mnpu f=0,43 k, =2,85;

— mnpu f=0,36 k, =3,285.

3areM Ui TOJyY9eHHBIX KO3()HUIIMEHTOB Ha-
CBHINICHUS TI0 CHUCTeME ypaBHeHUH (4) ompenerns-
IOTCSI MacIITaObI U CTPOATCA MAarHUTHBIC XapaKTe-
PUCTHKH JyTs OcliadyieHHoro nods [14, 16].

Xotenoch OBl OTMETHUTH, YTO, HECMOTPS Ha yTe-
pro ¢usnveckoro 3HadeHusi koddduimeHTa Hacwl-
merns npu <1, a umenHno u3 otHomenus MJIC

OOMOTKHM BO30Y>KA€HHS K MaJCHHIO MarHUTHOTO
HaNpsDKEHUS. B BO3AYIIHOM 3a30p€, OH IOJIHOCTBIO
COOTBETCTBYET CBOEMY OIpEAEIeHHIO KaK Kodddu-
IIUEHT OPMBI MATHUTHOH XapaKTePUCTUKH [ 14].
MarnutHsle xapaktepuctukun Hb-406 B aGco-
JIOTHBIX €UHHIIAX PUBEACHBI Ha pUC. 2.
CrjiomHBIME JTUHMAMH Ha PUC. 2 TIOKa3aHBI
MarHUTHBIX XapaKTEPUCTHKH, TIIOJNyYCHHbIE W3
CKOPOCTHBIX XapakTepUCTUK [15], MyHKTUPHBIMH
JUHUSMH — TIOJIyYE€HHBIE 110 YCOBEPILIEHCTBOBAH-
HOl YMX. Hekoropoe pacxokIeHHE XapaKTepH-
ctuk mpu B=0,55 u B=0,43 oOycnoBieHo He-

TOYHBIM OIpefesieHHeM Kod(pQHULUUeHTa HachIIIe-
HUS B 9TUX pexkuMax (HeTtouHocTh [ITP).

Takum »xe 00pa3oM BHITONHEHO TOCTPOEHHE
xapakrepuctuk ais asurarenst PT-51]1. Koaddu-
[UEHTHI aNmpoKCUMaIiu, paccuutaHHble s (1)
npu B=1: p, =—0,5979980411,
p, =-0,0876789819, p, =0,0023917489. 3awme-
TUM, YTO KOX(PQHUIMEHTHl AalMpOKCHMAaIH pac-
CUMTHIBAIOTCS TpHu 3 =1 HE3aBUCHMO OT TOTO, Ka-
KO pexUM BO30YKIEHUS SBISIETCS HOMUHAIBHBIM
JUIS. TAaHHOW MalluHbl. 3HAYCHUS KO3 QHUIMEHTA
HACBIIICHUS TIPU Pa3JIMYHBIX CTEMCHSIX Ociadie-
HUS BO30YKIISHUS:

- 1pu B=0,925 k,=2,61;

— 1pu $=0,532 k,=3,113;

— npu =032 k,=4,232.

MaranTHbele XapaKTEPUCTUKA B aOCOIOTHBIX
enquHUNax s asurarens PT-51J1 moctpoeHsl Ha
puc. 3.

Kak BumHO, BM3yanm3anus B TpoIecce pacde-
TOB 110 BBIpakeHHIO (1) MMeeT XOpPOITyI0 HarJIsI-
HOCTh, TaK KaK MOCTPOCHUE BENETCS B 3aBUCHUMO-
CTH OT TOKa SIKOpPsI, KOTOPBIA OCTaeTCs] HEU3MEH-
HBIM TIpH ociabiieHnn Bo30yxaeHus. OmHaKo, Kak
BHJIHO W3 MPUMEPOB PACUECTOB XAPAKTCPUCTHUK IO
BeIpakeHHI0 (1), A7l KaKIOH KOHKPETHOW Mallu-
HBbI HEOOXOIMMO OIpeneisiTh KOX(PPUIMECHTHI all-
npokcumanuu. Takol MOJAX0J HENpUeMIIeM s
WH)XCHEPHOHN MPaKTHKH, TaK KaK JaKe MPH Hallu-
YUH COBPEMEHHBIX MPUKIAIHBIX MaTeMaTHYECKHIX
MPOTPAaMMHBIX TIAKETOB HaXOXKIeHWE KodhQuIu-
SHTOB AaIMPOKCUMAIIMN 3aHWMAeT BEChMa JJIH-
TenpHOE BpeMs. OcOOEHHO CHUIIBHO 3TO MPOSBISIET-
Csl TIPH MPOCKTHPOBAHUHU TATOBBIX AIEKTPHUIECKUX
MaIITiH, KOTJIa BO BPEMS pacuera MpUXOIUTCs He-
CKOJIBKO pa3 YTOUHATH MapaMeTpbl MamuHbl. Cie-
JIoBaTeIbHO, BhIpaxkeHHI0 (1) HEoOXOoAMMO MpH-
JaTh Takyio (GopMy, IpH KOTOPOH OTITamaeT Heoo-
XOJTUMOCTh B OMNpPEACICHUA KOI(PQPUIIMSHTOB ari-
MPOKCUMAITUN  OTHENBHO IS KaXAOW TATOBOM
9JIEKTpUUECKON MaiuHbl. J[Jig peuieHust 3Toi 3a-
Jla4d TIOJXOAUT (pOopMa BBIPAXKECHUS YCOBEPIICHCT-
BOBaHHON YMX, B KOTOpOI1 B KAU€CTBE apryMeHTa
BeicTymmaeT MJIC 0OMOTKH BO3OYKICHHUS.

B pab6ore [7] nmoka3aHo, 4TO UCXOAHYIO (Op-
MyJly JJIsl YCOBEpLICHCTBOBaHHONW YMX, KoTopas
aBisieTcs (pyHKIUEH OBYyX NEepEeMEHHBIX, MOMXHO
MIPUBECTH K (QYHKIMH OIHOH mepemeHHou. Mcxon-
Has ¢GopMysia i yCOBEPIICHCTBOBaHHOW YMX
B a0COJIFOTHBIX EMHUIIAX UMEET BH/I

Cqu (F;’Fa*q ) = LI*[anrCtg(szz ) -

2F,
1 1+ p2F;
—Farct F)- In 22 |+ p.F,(5
1 g(pZ 1) 2p2 1+p§F12 p3 8 ( )
rie F,=F,—F,u F,=F,+F,; F, — MJIC 06-

¥
MotkH Bo3Oyxkaenus; F,, — MJIC obMoTkH sKOps,

JIeficTBYyIOMIas B MIpe/eNiaX PacyeTHOTO OJTIOCHOTO
JIEJICHNSI.

[IpuMeHrM MeTOIBl MPHUBEICHUS BBIPAKEHHUS
(5) x QyHKIUM OTHOW TEPEMEHHOMN, ONMHCAHHBIC
B [7]. IlpuHuMas Bo BHUMaHHUE, YTO BUJ MOITYYEH-
HOTO BBIPOKEHHS B OTHOCHUTEIBHBIX €IWHHIIAX
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AHAJIOTUYEH BUAY BBIPpAXXCHHUA B a6COH}OTHBIX, 10-

JIYYUM BBIpAXKCHUC JIA YCOBepHIeHCTBOBaHHOﬁ

q)dq (FB) = p]
2-0,316

{ 1+ p (£, (B+0,316))
In

YMX ¢ MIC oOMOTKH BO3OYXKICHHS B KaUeCTBE
apryMeHra:

[(B+o,316)arctg(p2153 (B+0.316))—(B-0.316)arctg( p,F, (B-0.316)) -

+ psFB, (6)

2'1’2153

rae I:“B — MJIC o6moTKH BO30YXIIEHUS B OTHOCH-

TENBHBIX EAMHULIAX.
KoadduiueHTsl anmpoKkcHMaIuu Jisi BhIpae-
HUA (6) wumerorT 3HaueHus p, =0,6431392636,

P, =5,4546969368, p,=0,1075124679 wu saBns-

IOTCS €IUHBIMU JUISS BCEX THIIOB HEKOMIICHCHUPO-
BaHHBIX TATOBBIX JJIEKTPOIBUTATEIEH.

31ech CTOMT OTMETHTh, YTO €CJIM B KayeCTBE
apryMenra mo ocu abcuucc otknaapBaercs MJIC
0OMOTKHU BO30YXJICHUS, TO H300paKEHHE CeMeH-
CTBa XapaKTepHUCTUK (MarHUTHBIX HMJIH CKOPOCT-
HBIX) JUIs pa3HbIX CTENeHeH ocialieHus: Bo30yx-
JICHHS SIBJSIETCS 3aTPYAHUTENBHBIM. DTO MPOUCXO-
IUT W3-332 TOTO, YTO HEBO3MOXKHO, KaK B CIIyJae C
TOKOM SIKOPSI, IJISI OJTHOTO M TOTO €& 3HAYCHHS
MJC ompenenuTs HECKOIbKO 3HAYCHUN MarHHUT-
HOT'0 IMOTOKA.

UTo0bl IPEOI0IeTh 3TO 3aTPYAHCHHE B METO-
JIUKY TIOCTPOCHHUS MAarHUTHBIX XapPaKTEPUCTHK IO
BEIpaxkeHnto (6) BBeneHO pomymieHue, yro MJIC
0OMOTKHM BO30YKJIEHHSI HE MU3MEHSAETCS TP U3Me-
HEeHNH [}, TO €CThb OHa MPOMOPIUOHAILHA TOKY

AKOp4, a He BO30ykIeHus. B ocTanbHOM MeToauKa
pacuera XapakTepUCTHK 0 BhIpakeHHIo (6) aHa-
JIOTUYHA TOW, KOTOpas Oblja pacCMOTPEHA IS BBI-
paxenus (1).

BrImomHUM TTOCTpOEHNE MAarHWTHBIX XapaKTe-
PUCTHK IO BBIpaXeHHIO (6) ISl TATOBBIX JBHTaTe-
neit Hb-406 u PT-51/1. 3nauenus koapuuueHTon
HACBIICHHUS OBUIM ONpEJCNICHbl B MPEIbIIYIIEM
pacuere. Ha puc. 4 u 5 nokasaHbl MarHuTHbIE Xa-
pakrepuctuku g Hb-406 u PT-51]1 cooTBerct-
BEHHO.

Kak BuaHO U3 puc. 4 u 5 TOUHOCTH pacyeTa 1o
BBEIpOKEHHIO (6) Takas ke, KaK W 0 BEIPAKEHHUIO

1+ p2 (£, (B-0,316))

(1). Onnrako, BeIpakeHue (6), B OTIMYHE OT BBIpa-
sxenust (1), MoxeT OBITh TPUMEHEHO ISl BCEX THU-
OB HEKOMHEHCUPOBaHHbIX T3]l MOCTOSHHOIO
Toka 0e3 ompenencHUsT KOIPHUIINESHTOB AaIIPOK-
CUMAIIMH JIJTs1 KaXI0M MallTUHbBI B OTACIBLHOCTH.
OdeBHIHO, YTOOBI IMOJYYUTh MATHUTHBIC Xa-
PaKTEpUCTUKU B (PYHKIMU TOKa SKOPS HEOOXOAH-
Mo mnomydeHHylo MJIC o0MoTKH BO30YXKICHUS
pa3JeInTh Ha KOJINYECTBO €€ BUTKOB W, .

Hayuynasi HOBU3HA M IpaKTHYecKasi
3HAYUMOCTh

B BolpaxkeHuH A YCOBEPILIEHCTBOBAHHOMN
YMX ymamoch H30aBUTECSA OT HEOOXOIUMOCTH
nepecyera KOA(PQHUIIMSHTOB ammpOKCHUMALUN JIJIs
KOKJIO0M KOHKPETHOW MAaIIMHBL. JTO CTajJo BO3-
MOXKHBIM OIlarojapsi 3aMeHe TOKa B KadecTBe ap-
rymenTa Ha M/IC oO6moTKkM BO30OykaeHus. Takum
00pa3oM, OSIBHJIaCh BO3MOXXHOCTh M30aBUTHCS OT
BIUSHUSI KOHCTPYKTUBHBIX OCOOEHHOCTEH KOH-
KpETHO# MaIluHbEI (2 UIMEHHO, BIHSHUE KOJIUYECT-
Ba BUTKOB OOMOTKM BO30YXXJCHHsI) HA pE3yJbTaT
onpezaeneHus Ko3((OUIMESHTOB alPOKCUMAIIHH.

BoIBOaBI

BroimonHen — aHanmu3  anmpoKCHMHpYIOLIEH
¢yHKUMHM ycoBeplIeHCTBOBaHHOH YMX mis pas-
JUYHBIX aprymeHToB. Ha 06a3e ycoBepuIeHCTBO-
BaHHOW YMX c aprymentom B Buzae MJIC o6mot-
KA BO30YXIEHHS BO3MOXKHO BBIIIOJHHUTH pacyer
MarHATHBIX (CKOPOCTHBIX) XapaKTepUCTHK 0e3 He-
00XOIMMOCTH OMpenensITh KOIPPUITMEHTHI arl-
MIPOKCHMAIH JJI Ka)KJOro THUIA HEKOMIIEHCHPO-
BaHHBIX TOJI B OTIEIBHOCTH.
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Fig. 1. Type of improved of universal magnetic characteristic at various degrees
of attenuation of excitation of NB-406
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Puc. 2. MarautHbie xapakTepuctiuki Hb-406, moctpoeHHbIe 1Mo BhipaxeHuro (1)
Fig. 2. Magnetic characteristics of NB-406, constructed according to the expression (1)
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Fig. 3. The magnetic characteristics of RT-51D, constructed according to the expression (1)
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PO3PAXYHOK MATI'HITHUX XAPAKTEPUCTHK TsT'OBOI'O
EJIEKTPOABUI'YHA 3A JOITIOMOI'OIO BAJOCKOHAJIEHOI
YHIBEPCAJIbHOI MATHITHOI XAPAKTEPUCTHUKH

Mera. Y pocrimkeHHI mepen0adaeTbess po3poOHTH METOAMKY PO3PaxXyHKY MAarHITHHX XapaKTEPUCTUK HEKOM-
neHcoBaHuX TAroBux enekrponsuryHiB (TE) mist Oyap-skoro crymeHs ocnabieHHs 30ymkeHHS Ha 0a3i arpokcu-
MYIOUHX BHpPa3iB U BIOCKOHAJIECHOI YHiBepcabHOI MarHiTHOI xapaktepucTiku (YMX). HeoO6xigHo Tako mpoBe-
CTH aHaJli3 BHpa3iB A1 BAOCKOHaneHOT YMX i3 METOr 3HaXO/PKEHHS BHpA3y, 110 HAWOUIBII MOBHO 3a0BOJIBHSIE
BUMOTaM pO3pOOKH METOJMKH BU3HAUEHHs iHAYKTHBHUX napamerpiB TE/l. Meronuxka. [[is noOyaoBu xapakTepu-
CTHK 32 BIOCKOHaJeHOI0 YMX HeoOXiZHO Uit KOXKHOTO CTYyIEHs ocliablieHHs: 30yKeHHsSI BU3HAUUTH KOe(DilieHT
HacuueHHs. Lle MOXJIMBO 3iHCHUTH TUIBKY aHATITHYHO. [IJIs1 CIIPOILEHHS aHAIITHYHOTO 3HaX0/KEHHs KoedinieHTa
HACHYEHHS 3aIIPOITIOHOBAHMN METO/], 3aCHOBAHUH Ha PIlLIEHHI CUCTEMHU 3 ABOX PIBHSIHb, OJHUM i3 SIKUX € cama Y MX,
a IPYr'MM — PIBHSHHS NPSAMOI, KyTOBHH Koe(illieHT sIKoi MponopuiiiHnii koedilieHTy HacuueHHs. 3Ha4YeHHs Koedi-
I[i€HTa HACHYCHHS, OTPUMAaHi B pe3yJIbTaTi pO3paxXyHKIB JJIS Pi3HUX CTYIIEHIB 30ymkeHHs 3 < 1, 1o cyTi € koedimie-
HTam# (opMHU MarHiTHOT xapaktepucThku. [1{o6 mo30yTHcs Big HE0OXiTHOCTI KOKHOTO pa3y IpH pO3paxyHKy Xapa-
KTEePHUCTUK BU3HAYaTH Koe(illieHTH ampoKcHMaIlii, 3anpornoHoBaHa (opMa BrockoHaneHo0 YMX, B sKiit poib ap-
TYMEHTY BUKOHY€ MarHiTopymiiHa cuna (MPC) oomoTku 30ymkenns. PesyabTaTu. JloBeaeHo, mo 3a JOIOMOTO0
BIOCKOHAJICHOT YMX MOXIIMBUI pO3paxyHOK XapaKTepHUCTHK HekomreHcoBaHuUX TEJ] mis Oynp-sKMX CTYIEHiB
ocnabienns 30ymkeHHs. TouHiCTs po3paxyHKy mpu B = 1 He Bigpi3HAETHCS BiJ TaKoi IpU po3paxyHKy mo YMX,
3arponionoBaHiii mpog. M. JI. Haxonkinum. Taka sx TOUHICTH 30epiraeTbcs NpU CTYNEHIX 30y/DKEHHS, BIIMIHHUX
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Big onuuuui. HaykoBa HoBM3HA. 3anporoHOBaHa aHAJITHYHA METOAMKA PO3paxyHKY MAarHiTHUX (LIBHIKICHHX)
XapaKTePUCTUK HekoMIieHcoBaHUX TEJ] i Oyap-SKOro CTyneHs ociaabieHHs 30yDKSHHS 3a JOMOMOTOK BIOCKO-
HasteHoT YMX. Takox 3ampornoHOBaHa aHAIITHYHA METOMMKA BU3HAYCHHs Koe(illieHTa HACHYEHHS BIOCKOHAJICHOT
YMX mns Oyap-skoro cTymeHst ocnabieHHs 30y/DKeHHS. 3aBIsSKH BBEACHHIO B AKOCTi aprymerTy MPC oOMoTkH
30yKeHHS BiAmagae HEOOXiOHICTh y BH3HAUYECHHI KOe(]ii€HTIB ampokcuMariii Uit KOXHOTO KoHKperHoro TEJL.
IIpakTHyHa 3HayuMicTb. Po3pobieHa Meronuka 103BOJS€ NPOBOAUTH PO3PaxXyHKH MArHITHHUX XapaKTEPHUCTHK
HexommneHcoBanux TEJ] st Oyap-axoro crymens ocnabnenHs 30ymkeHns. Ha 11 6a3i MmoxmBa po3pobka METOIUKI
BU3HAUCHHS IHAYKTHBHUX napamerpiB TEJ], BUKOPUCTOBYIOUM B SIKOCTI BUXIJAHUX JTaHUX KOGQIIIEHT HACHUYCHHS
MalIiHH.

Kmiouosi cnosa: yHiBepcaibHa MarHiTHa XapaKTEPHCTHKA; allPOKCHUMAIlisl,; TATOBUI €JICKTPOJBUIYH, MarHiTHI
XapaKTEePUCTUKU

A.Y.DRUBETSKYI"

"Dep. «Electric Rolling Stock of Railways», Dnipropetrovsk National University of Railway Transport named
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CALCULATION OF MAGNETIC CHARACTERISTICS OF TRACTION
ELECTRIC ENGINE USING THE IMPROVED UNIVERSAL MAGNETIC
CHARACTERISTICS

Purpose. The article is aimed to develop a technique for calculating the magnetic characteristics of uncompen-
sated traction electric motors (TEM) at any degree of attenuation of excitation based on the approximating expres-
sion for improved universal magnetic characteristics (UMC). It is also necessary to conduct an analysis of expres-
sions for improved UMC with the aim of finding an expression that most fully satisfies the requirements for devel-
oping a technique for determining the inductive parameters of TEM. Methodology. It is necessary to determine the
saturation coefficient for each degree of attenuation of the excitation for building the characteristics with the im-
proved UMC. This can only be done analytically. To simplify the analytical finding of the saturation coefficient, the
method based on solving a system of two equations is proposed, one of which is UMC itself, and the second one is a
straight line whose angular coefficient is proportional to the saturation coefficient. Resulting values of the saturation
coefficient for the excitation degrees B < 1 are essentially the coefficients of the shape of the magnetic characteristic.
To get rid of the need to determine the coefficients of approximation each time in the calculation of characteristics
a form of improved UMC is proposed, in which the magnetomotive force (MMF) of the excitation winding serves as
the argument's role. Findings. Using the improved UMC it is possible to calculate the characteristics of uncompen-
sated TEMs for any degree of attenuation of excitation. The accuracy of the calculation at S =1 does not differ

from that in the calculation for UMC, proposed by Prof. M. D. Nakhodkin. The same accuracy is preserved at exci-
tation degrees that are different from unity. Originality. An analytical technique for calculating the magnetic
(speed) characteristics of uncompensated TEM for any degree of attenuation with the help of an improved UMC is
proposed. The analytical technique for determining the saturation coefficient for an improved UMC at any degree of
attenuation of excitation is also proposed. Due to the introduction of an excitation winding as an argument, there is
no need to determine the approximation coefficients for each specific TEM. Practical value. The developed
methodology let calculate magnetic characteristics of uncompensated REMs for any degree of attenuation of excita-
tion. On the basis of this technique, it is possible to develop a technique for determining the inductive parameters of
the TEM, using the saturation coefficient of the machine as initial data.
Keywords: universal magnetic characteristic; approximation; traction motor; magnetic characteristics
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CUCTEMA ABTOMATHU30BAHOI'O BUBOPY HIBUJAKICHOI'O
PEXUMY PYXY 3ACOBIB EJIEKTPOTPAHCIIOPTY 3 METOIO
SMEHIIEHHS BUTPAT EJEKTPOEHEPIII

Merta. JlocnimkeHHs ependoadae po3poOKy CHCTEMH aBTOMATH30BaHOTO BHOOPY ONTHMAIBHHUX PEXHUMIB pyXy Ta
aBTOMATHYHOTO KOHTPOJIIO BUTPAT €IEKTPOCHEPTIl 3aC00aMH eIEKTPOTPAHCIOPTY 3 METOI0 3a0e3MeUeHHs MiHIMab-
HO MOJJIMBHX BUTpaT eHeprii. Meroauka. Y sIKOCTI METOIWKH 3aCTOCOBYIOThCS: 1) MaTeMaTHYHE MOJETIOBaHHS
PEXKHMIB PyXy 3aCO0iB HA3eMHOTO €IEKTPHYHOTO TPAHCIOPTY; 2) MOPIBHIHHA Pe3yJIbTAaTiB MOJCTIOBAHHS 3 TaHUMHU
CTaTHCTUYHUX CIIOCTEPEkEHb; 3) a TAKOXX PO3POOKA CHCTEMH aBTOMATH30BAHOTO BUOOPY PEXKHUMIB PYXY €IEKTPOTpa-
HCIIOPTY 3 MiHIMaJIbHO MOKIIMBUMH 3aTpaTaMH €JIeKTPOSHEpPril B yMOBaX BUKOHaHHsI rpadika Ta JOTpUMaHHs oOMe-
KEHb, PErJaMeHTOBAaHHMX NpaBWIaMH pyXy. Pe3ysbraTn. ABTOpaMu ojiepkaHa MaTeMaTH4YHA 3aJISKHICTh BUTPAT
eJIEKTPOCHEPT il MiANPUEMCTBAMH €JIEKTPOTPAHCHIOPTY Bil PEXKHUMIB PyXY Ta CEPeHbOMICSYHOI TEMIIEPaTypy HaBKO-
JIMIIHBOTO cepenoBuIa. Po3po0seHO MPOSKT CUCTEMH aBTOMAaTH30BaHOTO BHOOPY IIBHIKICHOTO PEXHMY PyXy Ta
aBTOMATH30BAHOIO KOHTPOJIIO BUTpAT €JIEKTPOCHEprii TPAaHCIOPTHUMH 3aco0aMM Yy BHIJISAAL  JIOKaJIBHOI
KOMIT FOTEpHOT Mepexi, Ipalodoi CyMiCHO 3 Ail0Y0I0 CHCTEMOIO CYIyTHHKOBOI Hapirauii. HaykoBa HoBu3Ha. Po-
3pobieHa MaTeMaTHYHAa MOJENb PO3pPaxyHKy KPUBHX PYXy Ta BHTPAT €JIEKTPOCHEPTrii TpaHCIOPTHUM 3aco00M, sSKa
BPAaXOBY€E XapaKTEPUCTHUKH TATOBOTO JIBUTYHA Ta CHCTEMH KEPYBaHH:, 3MiHY Macy IPH ITOCA/ALI Ta BUCA/III MacaXH-
PiB, YKJIOHU Ta paliyCH KPUBUX MULIXY PYXy, OOMEXCHHS, [0 HAKIIAJAIOTHCS TOPOKHIMH 3HAKAMH, Ta 1HII YHHHU-
Ku. BcTaHOBIIEHA 3a/I€KHICTh BUTPAT €IEKTPOEHEPTii MiIpHEMCTBAMHU EIICKTPOTPAHCIIOPTY BiJl CepeTHbOMICSIHOT
TEMIIepaTypy HaBKOJHMIIHBOTO cepenoBumia. [Ipakruuna 3HauynmicTb. CTBOpeHa MaTeMaTHYHA MOENb CHPOIIYE
PO3paxyHKU TUHAMIKMA PYXy Ta BUTPAT CJICKTPOCHEPTrii TPAHCIIOPTHUMHE 3aC00aMu IpH iX eKkciutyartailii. Bona mosxe
3HAMTH BUKOPHUCTAHHS MiJl Yac pO3pOOKH TEXHOJOTIYHUX KapT MapLIPYTiB, MPOEKTYBaHHI Ta MOJEPHi3allii TAroBUX
Mepex, po3poOIli 3aco0iB eHepro30epekeHHs.. ABTOMAaTH30BaHA CHCTEMa BHOOPY IIBHIKICHOTO PEXKUMY PyXy IOJIe-
rurye poOoTy BOJisSl TPAHCIIOPTHOTO 3ac00Y, J03BOJISIE 3MEHIINTH 3aTPATH EJIEKTPOSHEPrii, a TAaKOXK 3a0e3euye aB-
TOMaTH30BaHUK OOJIIK BUTpAT eNleKTpoeHeprii. BcTaHoBeHa 3aexHICTh BUTpAT €JNEKTPOEHepril Bill TeMieparypu
HaBKOJIMIIIHBOTO CEPEIOBUIIA MOXKE OyTH BUKOPHCTaHA JJIs BIOCKOHAJICHHS METO/AIB HOPMYBAHHS pOOOTH MiJIpH-
€MCTB €JIEKTPOTPAHCIIOPTY. B pe3ysbTaTi BUKOHAHHUX JOCHTIPKEHb JOBEJCHA MOXKINBICTh 3MEHIIIEHHS BUTPAT €JIEKT-
poeneprii Ha 10—45 % npu 1O0TpUMaHHI panioHAIBHUX PEXHUMIB pyxy. OnepKaHO aBTOPCHKE CBIJIONTBO HA BHHAXIiX
CHCTEMH aBTOMATH30BaHOTO BHOOPY MIBUIKICHOTO PEXUMY PYXY 3aCO0IB MiCHKOTO €JIEKTPHYHOTO TPAHCIIOPTY.

Kniouosi crosa: MiCbKHMH €JIEKTPUYHUI TPAHCIIOPT; €HEPro30epeXeHHs; MUTOMI BUTPATH €JIEKTPOCHEPTii; HOp-
MYBaHHS; MOJEITIOBaHHS pyXy; pexnmu pyxy; CAN mepexa

Beryn Ka3yloTb, 110 B 2015 poui mignpueMcTBa eIeKTpo-
TPaHCIIOPTY 32 BUKOPUCTAaHY EJEKTPOCHEPTio
orpumyBanu 12-15 % npulytky, a B 2017 poui im
JIOBEIETHCSl BUTPAuaTH Ha OIJIATy EJeKTPOEHEPrii
75 % npuOyTKy (3 ypaxyBaHHSM ICHYIOUHX PO3ITi-
HOK OIUJIaTH 3a MPOI31H, JepKaBHUX CyOBeHIIi Ta
JOTarlii 3 MicieBUX OropkeTiB). OCHOBHA YacTHHA
BUTpAT EJIEKTPOCHEPTii MpUManae Ha eNeKTPUIHY

B ymoBax YkpaiHu, K0oIM BapTiCTh €IIEKTpOe-
Heprii CyTTEBO 30LIBLIYETHCS, EHEPro30eperKeHHS
CTa€ OJHIEI0 3 OCHOBHUX MpoOJeM, SKa BH3HAYAE
KOHKYPEHTHY 3aTHICTh IiIPUEMCTB, X MOJATb-
me QyHkiionyBanHs. Lle BIAHOCHTBCS 1 0 MiCh-
KOI'0 €JIeKTPUYHOIrO TpaHCopTy. Po3paxyHku mo-
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EJIEKTPMYHUIA TPAHCIIOPT

Tsary. CyTTeBe 3MEHIICHHS LUX BHTPAT MOXIIMBE
npu BUOOpI palliOHANBHUX PEXHUMIB PyXy TpaHC-
MMOPTHHUX 3aCc00iB. 3aJIeKHO BiJf yMOB KOHKPETHOTO
MapuipyTy eKoHoMis Moxke cknazatu Big 10 % mo
45 %.

OpHak, 1i€o mpoOJIeMOr0 MPakTHYHO HE 3a-
WMaroTecs. Y TpaMBasx i Tposei0ycax BifCyTHI
JMYAIBHUKA BUTpAT €NEKTPOEHeprii, Mo He CcIo-
HyKa€ BOJIiB OOMpaTH €KOHOMHI PEKUMH PYXY,
TOMY BOJIii HE 3HAE, B TKOMY PEXHMiI HOMY BHKO-
HYyBaTH pyX, 00 BUTPATH eHeprii OyIu MiHIMaTb-
Hi. OOMIK eneKTpoeHeprii BeaeTbes TiNBKH 3a IMOo-
Ka3HHKaMHU JIYMJIBHMAKIB Ha BXOJaxX JEMo Ta Ha
TATOBHX TMiACTaHIIIAX, TOMY JUIA IiIIMPHEMCTBA B
[iJIOMY BUKOHATH aHajli3 HAIPSIMKIB BUTpPAT eJeK-
TPOEHEPTii B MOBHIH Mipi HEMOXKITHBO.

MeTtoauka

Buxigni maHi onmepkaHi B pe3ynbTari aHami3y
o(imifHMX CTATUCTUYHUX NaHUX POOOTH MigNpH-
€MCTB eJIEKTpoTpaHcnopty Ykpaiuu [5, 6] i mona-
TKOBHX JTaHHX IPO BUTPATH €JIEKTPOCHEPTii JBOMA
TpaMBallHMUMHU 1 JBOMa TPOJCHOYCHHMH JEmo 3a
2013-2015 poku. Po3paxyHku BHTpaT eJIEKTpOe-
Heprii TpoBeeHI BIAMOBIAHO 10O peKOMeHAAIlii
nokymenTiB [1, 10, 13] y cepeaHix Belu4YMHAX BU-
TpaT eneKTpoeHeprii Ha 1kM mpoOdiry TpaHcmopT-
Horo 3aco0y (kBr-rom/km) [6] Ta y BenmuuuHi mu-
TOMHX BHUTpPAT €JIEKTPOCHEPrii Ha OJMHHMIIO TPaH-
crioptaoi podotu (Bt rog/t km 6pyrro) [1]. Ocki-
JbKH HasBHI JaHI HE JO3BOJISIIOTH BHUKOHYBaTH
aHalli3 3aJIeKHOCTI BUTPAT BiJl PEKUMY PYyXy, TO
BUKOPUCTOBYBAJIM MaTeMaTHYHE MOJICIIOBAHHS
PEKHUMIB PyXy TPAHCIIOPTHUX 3aCO0IB Ha BYJIHIISIX
MicT. Pe3ynpTaTé BUKOHAaHOTO aHaNi3y BUKOPHCTA-
JH TIPH PO3pOOIi MPOEKTy aBTOMAaTH30BaHOI CHC-
TEeMH BHOOpPY IIBUIKICHOTO PEXUMY PYXY 3aco0iB
MICBKOTO eJIeKTpoTpaHcnopty. Po3pobka 3xilicHe-
Ha Ha OCHOBI OTPMMAHOIO NATEHTy Ha BHHAXIJ
[15], 3 ypaxyBaHHSM iCHYIOYOI i BIIPOBAKEHOI B
psiai MicT YKpaiHU CUCTEMH JHUCIIETYEPCHKOro Ke-
PYBaHHS pyXOM TPaHCIIOPTHHUX 3ac00iB 3 BUKOPHUC-
tanHsM GPS TpekepiB Ta cucremu 3B’A3Ky B pe-
xumi GSM/GPRS. Takoxx BuKOHaHO aHaji3 iH(O-
pMarriiiHoro 3a0e3ledyeHHs BOMis Ta po3polieHa
cucTeMa aBTOMAaTH30BaHOI'O BUOOPY HUM €KOHOM-
HUX PEXHMIB pyXy, B yMOBaX BHKOHAHHS Tpadika
Ta JOTPUMaHHA OOMEXEHb, AKi perjaMeHTOBaHi
MpaBUIaMH PYXY.

Pe3yabTaTn

1. Ananiz eumpam enexmpoenepzii mpancnop-
MHUMU NIONPUEMCIMBAMU 32I0HO 00 CMAMUCIUY-
HUX OaHUX

B enexTpoTpaHcnopTi OCHOBHA [JOJsI BUTpaT
CJIEKTPOCHEPrii MpHUMagae Ha PyX TPAHCIOPTHUX
3aco0iB. IIpoTe, omHO3HAYHOT BiIITOBII HA T€, CKi-
JIBKY €JIEKTPOCHEPTil BUTPAYaEThCS Ha PyX, HEMAE.
B tpamBasix Ta TponeiiOycax BiACyTHi 3acoOu BU-
MIpIOBaHHS BHUTpAT elleKTpoeHeprii. Jloramiitamit
XapakTep MICBKOTO €JIEKTPOTPAHCIIOPTY HE CIIOHY-
Ka€ KEPIBHUIITBO MiAMPUEMCTB JI0 JeTai3allii Ha-
NpSMKIB BHTpAT 1 eHepro30epekeHHs, aKe Po3-
PaxyHKH 3a eJeKTPOCHEPTiI0 3IIHCHIOETBCSA HeE i3
KOIITiB MiIIPUEMCTB.

Ha caiiti «KuiBchkuii TpamBaiiauii popym» [5]
€ OpIEHTOBHI JaHi BHUTpAT EJIEKTPOCHEpril s
Tponeitdyca — 3,3 kBT'rom, a mms TpamBas —
3,2 kBt-rox Ha KioMeTp IUIIXy. binbi Touni nani
MICTATECS B «METOOUUECKUX YKa3aHUSIX IO Iula-
HUPOBAHUIO, YUETY Pacxojla 3JEKTPHUUECKOH 3Hep-
THU TPaMBalHBIM U TPOJUICHOYCHBIM TPaHCIIOPTOM
U PEeKOMEHIAIMY TI0 SKOHOMHH 3JICKTPOIHEPTHI)
[6]. Tak, mampukmam, aus Tposeibyca 3iY 682,
MUTOMI BUTpaTH CcKjiIagaioth 150 Br-rom/T kM
OpyTTO, TOOTO IpU Maci Tapu Tposeldyca piBHii
10,05 T i po3MimienHi B fioro camoni 91 macaxupa
BUTpATH eJIeKTpoeHeprii Ha 1 KM HUIsXy CKiajaa-
10Th 2,46 kBT ro/kM. KpiMm 116010, 3riiHO 10 Me-
TOJUKH PO3pPaxyHKY, IOTPiOHO BpaxyBaTH BUTPATH
Ha BJIACHI TOTPeOH y TPAaHCIOPTHOMY 3ac00i pa3oM
3 BUTpaTaMu Ha HarpiBaHHS CAJIOHY, SIKI 3aJIe)KaTh
BiJl CEepeIHLOPIYHOI TeMIepaTypH, Ta BUTpaTH, 3y-
MOBJICHI TOBILMHOIO CHIrOBOTO MOKPHUBY Ta HaXH-
JIOM JISHOK 1uisixy. Jlo BUTpaT HanexaTb TaKkOX
BUTpATH ENIEKTPOSHEPTii Ha CaMHX MiJIPHEMCTBAX
€JIEKTPOTPAHCIIOPTY, a caMe. y Jero, TSAroBUX Mil-
CTaHIIifAX, HAa TATOBiA Mepexi [5].

Sk BUXIJHI JaHI A1 PO3PaxyHKY BHKOPHCTO-
BYBAJIUCS PE3YJIbTaTH OOJIIKY POOOTH €JIEKTPOTpa-
HeropTy [6] Ta momaTkoBi gaHi odiliftHOrO 3BiTY
1010 HIOMICSYHHUX CyMapHHUX BUTPAT eJeKTPOCHe-
prii 4OTUPHOX MiJANPHUEMCTB ENEKTPOTPAHCIIOPTY
oxHoro Mmicra 3a 2013-2015 poku, a came: ABOX
TpaMBailHUX 1 ABOX TPOJeHOyCcHMX aero. Sk omiH-
Ky e(eKTUBHOCTI pOOOTH MiJNPHEMCTB PO3Paxy-
BaJlM MUTOMI BHUTpaTu enekTpoeHeprii. [Ipuuomy,
BHUKOPHUCTAHO /IBa MIOKA3HUKH, a came: cepelHi BU-
TpaTH eJeKTpoeHeprii Ha 1 KM mpobiry TpaHcmop-
THOTO 32c00y (KBT°T0/I/KM) T2 MUTOMI BUTpATH.
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[TouaTkoBuil aHasi3 BUKOHAHO 32 TOKa3HIUKaMH
CepeiHiX BUTpAT eleKTpoeHeprii Ha 1 kM mpoOiry,
OCKinmpKH B mkepeni [6] 06’em poboTH TpaHCIOPT-
HUX MIIPUEMCTB YKpaiHW TOMAETHCA K CyMap-

HUK TpoOir. Pe3ymbTaTét 0OpOOKM CTaTUCTHYHHX
JaHWX BUTpaAT eJeKTpoeHeprii Ha 1 kM mpoliry
TIpeACTaBIICHI Ha puC. 1.
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. CepemHLOMICSTYHI BUTPATH EICKTPOSHEPTii Ha 1 KM mpoOiry TpaHCIIOPTHOTO 3ac00y

Fig. 1. Average monthly power consumption for 1 km of vehicle run

AHani3 nokasye 30UTBIIICHHS CEpeqHIX BUTpAT
CJICKTPOCHEPTii B 3UMOBI1 MICSIIi, KOJU BMUKAETHCS
00irpiB canony. /{7 BCTaHOBIIGHHS 3aJI€KHOCTI
BEeIIMYMHU BUTPAT €IIEKTPOEHeprii, 00yMOBIECHOT
3MiHAMH TeMIIepaTypy, BUKOPUCTAIN JiaHi METeo-
POJIOTIYHHX CIIOCTEPEKEHb, a caMe 3HA4YeHHS ce-
PEIHBOMICSYHOI  TEMIIEpaTypy HaBKOJUIIHBOTO
cepenosuina no micry [12, 14]. I'padik 3anexHOC-
Ti BUTpAT €JIEKTPOCHEPrii Biji TeMrepaTrypu mnpei-
CTaBJIeHO Ha puc. 2. Po3paxyHok kKoedillieHTiB pe-
rpeciiHoi Mojeni TOKa3aB, M0 MiX BEIUYHHOIO
BUTpAT €HEPTii 1 TEMIIepaTyporo iCHYE 3aJIeXKHICTh,
sIKa OTHCYEThCS TAKMM PiBHSIHHIM perpecii:

W (t)=0,0019t> ~0,111t +4,295, (1)

nie t — cepeiHbOMICSYHA TEMITEpaTypa MOBITPA.
KoedimienT nerepminarii perpeciitnoi mopeni
RZ, akuit nopiBHioe R? = 0,982, Bka3ye Ha ii agex-
BaTHIiCTh. Bin o3Hauae, 1m0 98,2 % Bapiariii BuTpat
€JIEKTPOCHEPTil TMOSICHIOIOTHCSI 3MIHOIO TeMIepa-
TypH, 1 nuie 1,8 % BUKIMKAHO iHIIMMH, HEBPAXO-
BaHUMM YMHHUKaMH. Taka 3aJeXHICTb OTpHUMaHa
Briepiie. HamiiHICTE pe3ynbTaTiB  PO3paxyHKY
MiTBEP/UKYETbCT  00’€eMOM  BUOIpKH, a came:
oOnikoM moaeHHoi pobotu 400 TpaHCTIOPTHHX

3aco0iB Ha MpoTs3i 3-X POKIB eKcIuTyaTallii, Ta Be-
JINYMHOIO KoeillieHTa IeTepMiHallii.
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Puc. 2. I'padik 3a1eKHOCTI MUTOMUX BUTPAT EIEKTPOe-
Heprii Bil TeMIepaTypH HaBKOJIUIIHBOTO
CepenoBHINa

Fig. 2. A dependency graph of the unit cost of electricity
on the ambient temperature

Jliist 3MEHIIIEHHST BTPAT eIeKTPOeHeprii Ha TiJli-
IpiB caJlOHy HEOOXiJHO MOKPAILIWUTH HOTO TerIoi-
30JIALII0 Ta 3a0€3MEeYUTH SIKICHY BEHTHJISLIIO.
[IpoBeaeHi MOCTIIPKEHHS 1 MPUAHATTI 3aX0JH, SIK
nokaszaHo B po6oti [18], mo3Bonmim orpumaru ce-
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PEAHBOPIYHY EKOHOMIIO BHUTpAT €Heprii Ha oma-
JICHHS Ta BEHTWIALIIO TpaMBato 110 64 %.
3ae’)KHICTh BUTPAT €IEKTPOSHEPTii Bia TemIre-
paTypu BHUKOPHCTOBYETHCA I 4Yac PO3pPaxyHKiB
HOPMATUBIB BUTpAT EJIEKTPOCHEPrii MiINpUEMCT-
BaMH €JEKTPUYHOTO TPAHCIOPTY. 3TiAHO A0 METO-
UKW PO3PaxyHKIB BHKOPHUCTOBYETHCS Koe(]imieHT
BILUIMBY Temmneparypu x; = 0,005 npu niniiniii 3a-
nexnocti [10]. Oneprkana 3anexHicts (1) € kBau-
paTU4YHOO, 1 3MiHa TeMmrmepaTypHu OUTBII CYTTEBO
BIUIMBA€ HA BUTPATH ejekTpoeHeprii. Lo 3amex-
HICTB CJiJi BUKOPHCTOBYBATH TiJl 4ac BUKOHAHHS
PO3paxyHKiB HOPM BUTpAT €JICKTPOEHEPTTi.

Jnst po3paxyHKy pO3NOAUTY HUTOMHUX BUTpAT
CIIEKTPOCHEPrii, M0 TNPUMAJAl0Th Ha OJWHHIIO
TpaHcnopTHOi pobotu (y Bt rog/T-km O6pyTTO) BH-
3HAUWJIM CEPEIHE piYyHE 3HAUYEHHS NUTOMHUX BH-
Tpart, sike gopisHioe 179,78 BT rom/T kM.

Butpatu enexrpoeneprii (auB. puc. 3) Haii-
MEHIII B Tepioj] BiJl TpaBHS IO BEPECEHb MICSAIIb.
Y meit wac HarpiB caJOHy BiTIMKHYTHHA, TOOTO
CJIEKTPOCHEPTisl BUKOPUCTOBYETHCS TIJIBKH Ha PyX
TpaHcmopTHOro 3aco0y. CepesHi 3HAYCHHS IHTO-
MUX BHTpaT 3a Lel I[epiox  CKIanaroTh
144,96 Brrom/T-kM. Buxomsuu 3 mpumyIIeHHS,
IO BUTPATH HA PYX MPOTATOM POKY NMPAKTHYHO HE
3MIHIOIOTBCS, BH3HAYEHO, [0 HA HArpiB CaJIOHY
BuTpavaetbes 19,37 % Bciel cnoxuroi enexkrpoe-
Heprii.

JonmatkoBi pe3ynbTaTe OONIKY BUTpPAT €NEKT-
pOeHeprii Ha BIacHI MOTPeOH, IKi BUKOHAHI TITbKA
3a 2015 pik, okasaiu, 110 JEMo Ta IHII Miapo3.1Ii-
T eJIEKTPOTPAHCIIOPTY Ha BIACHI MOTpeOU BUTpa-
4aroTh 4,6 % Bif BCi€l eIeKTpoeHepTii.

KpiM nux Benmn4mH HEOOXiIHO BpaxyBaTH BU-
TpaTH B TATOBIHM Mepexi. 3a HasIBHUMHU JaHUMU 1€
3pOOUTH HEMOJKIIMBO, OCKIJIBKH PO3PaxyHOK IIpoO-
BOJUTHCA 32 3arajJbHUMH IMOKa3HUKaMHU JJIS1 BCHOTO
nignpuemMcTBa. TOMy il OI[IHKH IIMX BUTPAT CKO-
pucTanucss HOpMamMu craHzpapty [3], 3rigHo a0
SKOr0 HOMiHalbHA Hampyra Ha CcTpyMonpuiimadyi
TpamBaro (Tposieiidyca) mopieHioe 550 B, npu Be-
JUYUHI Hampyrd Ha WIMHAX TITOBOT TiJCTaHIIT
600 B. Otxe, crmag Hampyru B TATOBIH Mepexi
cTa”HoBUTH 8,33 %. Cnax Harpyru B MPOLIEHTHOMY
BIJIHOIIICHHI CITIBIIAa€ 3 BEJIUYMHOIO BTPAT €JICKT-
poeHeprii. Y pe3ynbraTi aHaiizy oAep)KaHO PO3-
MOJIN BHUTPAT eNIEKTPOCHEpril 3a HampsMKaMu,
SIKUI IPUBEJICHO Ha Jiarpami puc. 4.
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Puc. 3. 3MiHa TUTOMIX BHTPATH €NEKTPOCHEPTIi Ha PyX
TpaHCHOPTHUX 3ac00iB 32 2013-2015 y Bt rom/T kM

Fig. 3. Change of the specific power consumption for
vehicular traffic for 2013-2015 in W-h/t-km
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B emextpornpuromi T3

B Ha omaneHHA CaloHy

ITutomi BuTpaTH enekTpoeHeprii, Br*rom/T*xm

7,48
14,98
B Ha BracHi TOTpeOH €m0
34,83 B B TaroBiit Mmepexi
B enexrporpuBomi T3
¥ Ha omaneHHs caloHy
122,50
6-b

Puc. 4. Po3mosin BUTpaTH eIeKTpOeHeprii
MiATPHEMCTBAMH €JIEKTPOTPAHCIIOPTY:
a — PO3IIOJILT BUTPAT B MPOIEHTAX, 6 — BUTPATH
y Bt ron/T km

Fig. 4. Distribution of electric power consumption of
electric transport enterprises:
a — cost distribution percentage, b — costs in W h/t km
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EJIEKTPMYHUIA TPAHCIIOPT

Sk BUmHO 3 miarpamu puC. 4, OCHOBHa IOJIS
BuTpaT — 68,14 % npunagae Ha poOOTY €IEKTPOII-
puBomy (muB. pwuc.4,a). Iluromi BUTpatu
€JIEKTPOCHEeprii Ha pyx TPaHCHOPTHHX 3ac00iB
(nuB. puc. 4, 6) cknagatots 122,50 Bt/m-xm. Cy-
MapHi 3HAuUeHHS BUTpPAT EJIEKTPOeHeprii Ha
BBOJAX  TPAHCIIOPTHOTO  3aco0y  CKJIQJAIOTh
157,33 Bt ron/T kM.

Jnst mopiBHSHHS B TaOy. | BKa3aHi BEIWYUHU
MUTOMHUX BHTpAT €JIEKTPOCHEprii Ha eIeKTPUIHY
TATY PI3HUMHU THUTIAMHU pyxoMmoro ckiamy. Lli Bemn-
YMHU NPUHHATI K OCHOBHA HOPMAaTHBHA XapaKTe-
PHUCTHKA, 110 BUKOPHCTOBYETHCS MiJl Yac po3pOOKU
IHAMBIyaIbHUX HOPM BUTpAT enekTpoeHeprii [10]
3 BpaxyBaHHAM EKCIUTyaTalliiHOI IIBUAKOCTI Tpa-
MBato Ve = 15km/ron i Tponeiibyca Ve =
16 km/ron.

Tabmums 1

InauBinyanbHi HOpMH NUTOMMX BUTPAT eJleKTpoe-
Heprii 3aco0aMu eJ1eKTPOTPAHCIIOPTY

Table 1

Individual rules of specific electric power
consumption by electric vehicles

[TuTomi BUTpaTH eNEKTPOCHEPTii Ha OJUHHULIIO TPAHCIIOPT-
Hoi pobotu, BT ron/T kKM OpyTTO

TpamBaiiHuii Baron Tponeiibyc
Tun Burpatu Tun Burpatu
71-605 86 3iY-682 150
/IM-68 86 3iV-682
PB3-6M 97 18.150 kBt 168
T-3 108 3iY-683 142
T-4CY 112 14-TP 140
T-3M 88
71-608K 100

OpnepskaHi JaHi 3HaXOIATHCA B MEXax IpHUBe-
JICHUX 3Ha4YeHb. BOHM Bi1100OpaXkalOTh TUILKU Cepe-
JIHI BUTpPATH €JEKTPOCHEPrii, He3aJIekKHO BiJ BUIY
TpaHCIOpTHOTO 3aco0y (TpamBail 4u Tpojeidyc)
Ta oro tumy. IcHylo4a cucrema o6JiKy, Ipu Bia-
CYTHOCTI JIYMJIBHUKIB €JIEKTpOEHeprii Ha TpaHc-
NOPTHUX 3aco0ax, He JO3BOJISE PO3MOAUIUTH BU-
TpaTu 3a TUIOM TPaHCIOPTHOro 3acoOy. binbme
TOTO, BOHA HE JI03BOJISIE TAKOXK PO3IUINTH 1 BUTpa-
TH PI3HHX MiJIPUEMCTB, SIKi 31HCHIOIOTH IepeBe-
3€HHS NACAKUPIB B OJHOMY MicTi. Y Takil cutya-

i TPaKTUIHO HEMOYKIIUBO PO3POOIIATH eheKTHBHI
MipH, 110 CIIPSIMOBaHi Ha eHepro30epeKeHHSI.

2. Pezynomamu 0ocniodicenb eumpam enexm-
poenepeii 6i0 pexcumis pyxy

OCKinbKH OCHOBHA JO0JISI EJEeKTPOCHeprii Bu-
Tpa4daeTbCsl Ha PyX TPaHCIOPTHHX 3aco0iB, TO B
po0OTi JOCHTIKyBaIH 3aJ€KHICTh BHTPAT BiJ pe-
KUMYy pyxy. JocnmigkeHHS BIUIMBY iHIWBiAyallb-
HOTO CTHJIIO BOZIHHS HA CIIOKMBAHHS €HEpTii TATH
Ha 3aJi3HUYHUX JiHIAX BUKOHAHO 3a JIOIIOMOIOO
MaTeMaTryHoi Mozenmi [19]. lns BHKOHAaHHS TOC-
JKeHb BIUTUBY PEXKUMIB BEJCHHS 3ac00iB MiCh-
KOTO €JIEKTPUYHOTO TPAHCIOPTY Ha BUTPATH €IICK-
TpoeHeprii po3podiieHa MaTeMaTHYHa MOJIENb.
OcHoBoro Mojeni € piBHsHHS pyxy [11, 16, 17].
MaremaTruHa MOZEb J03BOJISIE BPaxOBYBATH Lli-
JHM{ psil YMHHUKIB, IO BIUIMBAIOTH HA PYX TpPaHC-
OpTHOTO 3aco0y, a came: poboTa ABHUTYHA i HOTO
TSATOBI XapakTEPUCTUKH, BTPATH EJIEKTPOEHEPrii
B KOJIaX JKMBJICHHS Ta KepyBaHHS, BTPATH €HEpTii
Ha TOJOJAHHS CHJI ONOpY, XapaKTep MapupyTy
pyXy Ta iH. Y MareMaTu4Hiii MOJeli iHTerpyBaHHs
PIBHSHHS pyXy 3IIMCHIOETBCS 32  METOAOM
Pynre-Kyrra 4 nopsaky [8]. Mozaesnb po3pobiieHa
B [IPOTPaAMHOMY CEpEIOBHIIII €NEKTPOHHOI TaOIuUIIi
Excel i mpencrasiena na puc. 5.

3rigHo 10 MaTeMaTU4HOI MOJIEJ 3aa€ThCs Ma-
ca TpaHCIOpTHOro 3aco0y (M, Kr) 3 ypaxyBaHHIM
HAIlOBHEHHS CaJIOHY. BiIIOBiIHO /10 KPOKY IHTET-
pyBaHHsI h BBOJSITBCS XapaKTEPUCTHKH MapIIPYTY:
muisax pyxy (Sm, Mm); BelMuMHA YXHIY IUISTHKH
nUsixy (o) Ta mpuBeneHi KoedilieHTH pajiyciB
kpuBuX (0r). BigMidaroThes TOUKM Ha HUIAXY (SM),
Iie JiI0Th 0OMEXEeHHS IIBHKOCTIi, pO3MIIIeHI CBIT-
nodopu Ta JOpOXKHI 3HAKU. Y Mozemi (GopMmynu
po3paxyHKy koedimieHTiB inTerpyBanns K1, k2, k3,
k4 BriIO4alOTh piBHAHHS PyXy [8], B sIKi BXOISTH
3HaueHHs1 a00 (HOpMyNH pO3paxyHKY CHI OIOpY,
(dhopMyIu anpokcUMallii MEXaHIYHHX 1 eJIEKTPOME-
XaHIYHUX XapaKTEepUCTUK JBHUTYHA, IMEpeJaTovHe
YHUCIIO TPaHCMICii TpaHCTopTHOTO 3aco0y. Xapak-
TEPUCTHKH TATOBOTO JIBUTYHA JJIsl KOKHOTO PEXKH-
My perymtoBanns mpu 100, 53 %-Homy 1 T.1. ocia-
OJIeHHI MarHiTHOro moyst (QUB. puc. S5) BBeIEHI
B Pi3HI PAOKH €JEKTPOHHOI TaOIULi 32 MOPSIKOM
ix 3minu. Bemumuuna ctpymy I, 4 po3paxoByeThCs
BIJNIOBIZTHO IO €JIEKTPOMEXaHIYHOT XapaKTepUCTHU-
KU JIBUTYHA.
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EJIEKTPUYHUI TPAHCIIOPT
Sm,m| mkr| ata, |v,mic| k1 | k2 | k3 | k4 |v,kmirop| t,c I,A |P,BTrog
[ycK 1,20 437 1.0 270
Myck 50 18450 ] 120 |0,8824 06452 06955 05586 432 1.8 270 34
[yck 5.0 18450 1] 189 | 08824 06452 06955 05586 6,73 25 270 51
[ycK 7.0 18450 0 257 | 05607 0488% 04967 04441 927 29 270 80
[yck 3.0 18450 1] 307 |04105 03808 02829 03579 11,05 33 270 g4
[ycK 9.0 18450 0 345 | 03438 03264 02273 03115 1243 36 270 107
[yck 10,0 18450 1] 378 | 02054 02935 02940 02824 13,61 39 270 118
[ycK 11,0 18450 1] 407 | 02787 02693 02702 02612 14 66 41 270 129
100%| 12,0 18450 1] 4324 | 06316 047383 048658 04604 15,64 44 359 140
100%] 13,0 18450 1] 485 | 04966 04004 04046 03872 1745 4 G 356 152
100% 14,0 | 18450 ] 526 (03187 02782 02800 02723 15,95 48 323 162
100%| 15,0 18450 1] 555 |02214 02027 02031 01933 19,97 50 288 171
100% 16,0 | 18450 ] 575 (01723 01616 01618 01525 20,71 5.1 259 178
100%| 17,0 18450 1] 592 | 01436 01367 013658 01352 21,30 53 235 185
53%| 18,0 18450 0 605 | 02598 02353 02377 02120 21,79 55 315 192
53%| 19,0 18450 1] 529 |02217 02126 02143 01926 22,64 56 334 200

Puc. 5. MaTtemaTtndHa MOJETb PO3PAaXyHKY KPHBHX PYXy TPAHCIIOPTHHX 3ac00iB

Fig. 5. Mathematical model of calculation for traffic curves of vehicles

MogenoBaHHS PyXy TpPaHCIIOPTHOTO 3aco0y
3MIHCHIOETHCS NIJISIXOM MOKPOKOBOI'O iHTErpyBaH-
HS piBHAHB pyxy. s 1mporo po3paxyHKoOBi (op-
MyJId €NeKTPOHHOI TaOIHIll KOITIOITH BIIPOIOBK
nuisixy. [Ipu 3MmiH pesxxumy peryntoBaHHs (1J1s pe-
OCTaTHUX CHCTEM pErylIOBaHHS 3MiHH MO3UIIil
KOHTpOJIepa), MOCIiJOBHO MIEPEXOAATh 10 BiIIOBi-
JTHOT'O PsIIKa €JICKTPOHHOT Ta0JIHII.

OCHOBHOIO MPOOJIEMOI0 peaizallii MaTeMaTHy-
HO1 Mozeni Oylio BIIOCKOHAJEHHS METOJIB po3pa-
XYHKY KpuBHX pyxy. CrpaBa B TOMy, 10 iCHYIOYI
METOJM TAroBUX po3paxyHkiB [11, 17] mo3Boms-
I0Th TPOBOJIUTH PO3PAXyYHKH TiIBKH MO yCepeaHe-

HBOI /IS TPOJOBXKEHHSI PyXy B peXuMi BHOIrY,
TaKUM YHHOM, 100 TaJbMyBaHHS HOTO 3MiMCHIO-
BaJjocid TMpH MIBUAKOCTI TPUONM3HO  PiBHIN
15 xm/ron. Y pexumi TATH TPONEHOYC pyXaeThCs
Ha Bigcradi 150 M 1 3 yacoM mocsra€e MIBHAKOCTI
50 km/ron. Ilomanmpmmii #ioro pyx BimOyBaeThCs
B pexuMi BHOITY 0€3 CIIO)KMBAaHHS EIEKTPUIHOT
eneprii. [lpu TakoMy pexumi pyxy Tposeiodyc
CTOKHMBAE CTPYM 3 EIIEKTPUYHOI MEpEKi TiJIBKH Ha
NpOT#A3i Yacy po3rony (auB. puc. 6, 6).
AHAJIOTIYHO BHUKOHAHO MOJETIOBAHHSA PyXy Ha
il Ke TUISHII NDISIXY MPH PeKUMI MaKCHMaTbHOT
MIBUKOCTI 1 IpUOYTTi TpoJeiidyca Ha 3yIMMHOYHUN

HUX «ITUTOMUX» BEIMYWHAX, IO BiIHECEHI IO «Ba- IyHKT 3a MiHIMAIbHUN Tiepiox dacy (IuB.
T'¥» TPAHCIOPTHOTO 3ac00y i He J03BOJIAIOTH Bpa-  pHC. 6, 6).
XOBYBaTH 3MiHY XapakTepy pyxy IpH 3MiHI Macu I[Ipy 1bBOMY CHOXKHMBAaHHA CTPyMy (AMB.

TpaHcopTHOTO 3aco0y. KpiMm mporo icHyrodi piB-
HSTHHS PyXy pO3paxoBaHi Ha rpadoaHaliTHYHE iH-
TErpyBaHHsI PiBHSHbB 1 HE JI03BOJISIFOTh, BUKOPUCTA-
TH KOMIT FoTepHe inTerpyBanns [11].

JInst BCTAaHOBIIGHHS 3aJI©KHOCTI BUTpAT €JIEKT-
poeHeprii BiJi peXuMy pyXy BHKOHAHO MOJIEIIO-
BaHHs pyxy Tpoueiibyca 31Y-682 npu HasBHOCTI
B Horo canoni 91 macaxupa i pyci Ha TOpHU30HTa-
JIBHINA AUIsHIN 1O0BXUHOK 600 M.

PesynpTar MoONENIOBaHHS B pEXKUMAX PyXy
«EKOHOMHOMY» 1 <«IIBHIKOMY» TPHBEICHO Ha
puc. 6.

B «exoHOMHOMY» pexxumi pyxy (IuB. puc. 6, a)
TpONeHOyC pO3raHse€ThCs 10 IIBHAKOCTI JOCTAT-

puc. 6,2) 3OifCHIOETBCA MPOTITOM BCHOTO Yacy
PYXy, TOOTO 10 MOMEHTY, KOJIM TOYHWHAETHCS Ta-
TpMyBaHHA, a came 3a 120 M mo 3ymuHkH. llpu
bOMY, BEJIMYWHA CTPYMY, MEPEBaKHY OUIBIIICTH
yacy, 3HaXOJUThCs B Mexkax Bix 160 mo 200 A.
Ockinbku mij yac pyxy Tpoieiibyca Tparis-
IOTHCSI BUMAJAKH, KOJIM BOJIIN MOBHHEH 3MEHIIUTH
LIBUKICTH /7151 BUKOHAHHSI O€3[IeYHUX YMOB PYXY,
abo Tpu TOsBI HeMepen0aueHNX TIePEeITKo ] Ha Ma-
pHIpyTi, O0yJI0 BUKOHAHO MOZEIIOBAHHS TaKHUX CH-
tyauiii. Ha puc. 7, 6 npuBenenuii rpadix 3MiHH
MIBUJIKOCTI PyXy B pe3yJbTaTi BUMYIIEHOTO Tallb-
MyBaHHS, a Ha puc. 7, 0 rpadik 3MiHK BEIUYNHH

CTpyMy.
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Puc. 6. PesynbTaT MOIEMIOBaHHS PyXY TPAHCIIOPTHOTO 3ac00y:
a Ta 6 — B peXKUMI «eKOHOMHHI»; 6 Ta 0 — B PEIKUMI «IIIBUIKHUI»;
a Ta 6 — 3MiHa IBUAKOCTI BIIPOJOBXK IIUIAXY PYXY; 6 Ta 2 — 3MiHA BEJIMYUHU CTPYyMY

Fig. 6. Results of simulation of vehicle movement:
a and c — in the «economical» mode; b and d — in the «fast» mode;
a and b — speed change during travel; ¢ and d — change in the current value

WemgricTs, mwirog LsugxicTe, kmirog
0 60

50 >,

S0 WM

40 M 40 .

. == Nl f" N A
: 4

W/ A

10 10

) v 3
0 0
0 50 100 150 200 250 300 350 400 450 500 550 600 0 50 100 150 200 250 300 350 400 450 500 550 600
Linsx, w LWnsx, m
a-a 6-b
800 ot P il
500 500 i
400 n 400 'r% A '
300 ‘t h ’\ 300 ;ﬁ h ‘a "
200 H ™~ 200f”w \"'hu T“\ w\
o\ i ll JI \ \l
0 ot
0 S0 100 150 200 250 300 350 400 450 500 550 600 0 50 100 150 200 250 300 350 400 450 500 550 600
LUnsx, M Lnsx, M
6—C e—d
Puc. 7. PesynbTat MOJCIIOBaHHS PYXY B PI3HOMAHITHUX PEXKHMAX:
a, 8 — IPOMIKHOMY; 6, 0 — 3 IEPEIIKO/I0I0;
a, 6 — 3MiHa MIBUJIKOCTI BIPOJOBXK LULIXY PYXY; 6, 2 — 3MiHa BETHYMHHU CTPYMY
Fig. 7. Results of movement simulation in different modes:
a, ¢ — «intermediatex; b, e — «obstacle;
a, b — speed change during travel; ¢, d — change in the current value
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Takox po3TISIHYTO TpeTiit MPOMIXKHAN BapiaHT,
KOJIM pyX MiZ CTPYMOM HPOJIOBXKY€EThCs A0 220 M,
1 TagpbMyBaHHS PO3MOYMHAETHCA 31 MIBHIKOCTI
30 km/ron. BimmoBimHi rpadiku pyxy Ta 3MiHH
CTpyMy TipuBejieHI Ha puc. 7. [IpomixxHUN pexum
3a0e3rneyye CKOPOUEHHS Yacy pyxy MiK 3yNHHOY-
HUMHU TIyHKTaMH TpH TIOMIPHOMY CITOKHBaHHI
CJIEKTPUYHOT eHeprii.

Pe3ynbraTn MOZIENIOBaHHS, a caMe: Jac pyxy Ta
BUTPATH €JICKTPOSHEPTii TPaHCIIOPTHUM 3ac000M y
PO3MIISIHYTUX PEXUMaX PyXy MPHUBEJCHI B Ta0JI. 2.

[IpuBeneni B Tabm. 2 pgaHi MOKa3ylOTh, IO
eKCIUTyaTalliifHa MBUAKICTh B YCIX peXHUMaX pyxy
MEPEBUIIYE BCTAHOBIIEHY TpadikoM BeIHYHHY
16 xm/rox [10, 11], mpu MakCHMAIbHO MOKIIHBO-
My 4Yacy CTOSIHKM Ha 3yMUHOYHOMY TyHKTI (Bix 10
1o 45 ¢).

Taommus 2

Pesynprary anamizy pexxuMiB pyxy 3aco0iB €JIeKTPOTPAHCIIOPTY
(minsgHKa TOpU3OHTANIBHA, AoBXHHA 600 M)

Table 2

Results of the analysis of electric vehicles motion modes
(horizontal section, length 600 m)

Pexxum pyxy
[Tokaznuk - - = =
CKOHOMHHH TIPOMUKHUHN MIBUAKUA 3 IEPEUIKOA0I0
0,77 0,96 . 1,72
3arpatu enekTpoeHeprii, KBt -roj (100 %) (125 %) 1,41 (191 %) (223 %)
4 . 78 60 54 64
i
ac npoizny, ¢ (142 %) (111 %) (100 %) (118 %)
CepeaHst NIBUAKICTh HA JUISHIN, KM/TOJ 28,1 36 40 33,7
Yac cTOSHKM Ha 3yNuHI, C 45 45 45 45
Excrutyarariiina miBHIKiCTh, KM/TOJT 17,56 20,57 21,81 19,81
CepeHi BUTpaTH eJIEKTPOEHEPTi, 1,28 1,60 2,35 2,87
kBT ron/km (100 %) (125 %) (183 %) 224 %
[TuToMi BUTpaTH eNeKTpOeHEPTii,
78,73 98,16 144,17 175,87
Br-roa/T kM

[Mutomi BuTpaTH eneKTpoeHeprii B PO3TIsSHY-
THX peXHMax pyXy CYTTEBO Biapi3HstoThcs. Haii-
MEHIIII BUTPATH NpPU €KOHOMHOMY PEXHMIi CKIia-
natoth 78,73 BT rO7/T KM, 10 MEHIIE BiJ IIPHUBE-
JeHUX B Ta0ia. 1 3HAUeHb JUIA LBOTO K TUIY TPaH-
criopTHOro 3aco0y. Butparm enexrpoeneprii mpu
«UIBHJIKOMY» PEKUMI pyXy B TOPIiBHSHHI J0 «EKO-
HOMHOTO» 30ibIlIcHI Maibke B 2 paszu (Ha 191 %).
SIKIIO 32 OCHOBY B3SITH PEXHUM PYXY «IIBHIKUII,
TO TIpH BHOOPI EKOHOMHOT'O PEXHUMY PyXy MUTOMI
BTPATH EJEKTPOCHEPTii 3MEHIIYIOThCS HA BEITUYH-

HY :
_ Pwu—Pe
P

AP 100 % =45 %,

ne Puwi, Pe — nmuToMi BUTpPaTH B PEKHMAX «IIBHJI-
KU Ta «eKOHOMHHK» BiIIOBIIHO.

Lls BenmnmumHA € MaKCUMAaJIbHO MOXKIIHBOIO €KO-
HOMIEID €HEPropecypcis. Alle B peajbHiil MpaKTH-
i Jli€ psJ YMHHYKIB, SKi BIUTMBAIOTh HA TPAHCTIOP-
THi 3aCO0H 1 JOCATHYTH TaKOi €KOHOMil HEMOKJIH-
B0. ToMy, 3 ypaxyBaHHSIM YHMHHHMKIB, B35Ta pealib-
Ha BEJIMYMHA CKOHOMII, sika jopiBHioe 10 %. s
BIIPOBA/IXKEHHS 3aXO/iB €HEpro30epekeHHs Ha IIi-
JIIPUEMCTBAX E€IEKTPOTPAHCIIOPTY CIIiA po3po0Is-
TH TEXHOJIOT1YHI KapTH MapIIpyTiB, B SKUX BKa3y-
€TBCA PEXKUMU PYyXy Ha OKPEMHUX JiIAHKaX [7].
Jliis po3poOKH TaKMX TEXHOJOTIYHUX KapT MOXKHA
BUKOPHCTOBYBAaTH 3alPOIIOHOBAHY MaTeMaTHYHY
MOJICJIb.
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AJje ciin 3ayBakWTH, IO MaTeMaTWdHa MO-
JIeNb JIENIo crpolineHa. B Hill 3amicTh 18 mosuiiit
perymnioBaHHs, K B TpojehOyci 31Y-682, posris-
JA€THCS TUTBKY 6 MO3ULIH.

MaremaTyHa MoOzENb po3poOiieHa AJs AuC-
KPETHOI CUCTeMH KepyBaHHS. Y pasi BUKOPUCTaH-
HS EJIEKTPOHHHUX CHCTEM pETYJIIOBaHHS Herepe-
PBHOI Aii, 10 Mozeni MOTPiOHO BBECTH MapaMeTpu
peryJioBaHHA, MPH SIKMX 3MIiHIOIOTHCS MeXaHiuHi
Ta eJIeKTPOMEXaHIUHI XapaKTePUCTHKH JIBUTYHA.

3. Po3pobka cucmemu asmomamu3o8anoco u-
O0py WBUOKICHO20 pedicuMy pyXy 3aco0ié eiekm-
pompancnopmy 3 Memow 3MeHUleHHA Gumpam
elekmpoenepeii

PoGota Boxisi HA3eMHOTO MiCHKOTO €JIEKTPOT-
paHCIIOPTY Ha MapIIPYTi JOCUTH HANpYXKEHa 1 BH-
Marae BiJ] HbOTO HaJI3BHUaiiHOi yBaru. Bogiit 30-
00B’s13aHMI BUKOHYBaTH Tpadik pyxy MpH JOTPH-
MaHHI YCiX TpaBWJI JIOPOKHBOTO PYXy B JOCHUTH
CKIaaHil T0opoxHiil curyarii. Momy 1gacTo noBo-
IUTHCSI BUKOHYBAaTH HEBIACTUBI HWomy (yHKIIIT,
TaKi, HaPUKIa, siK 30ip omaru 3a npoiza. Towmy,
B YMOBaX CKJIAJIHOI JOPOXHBOI CUTYAIl 3MIHCHUTH
BHOIp peXUMy PyXy 3 MiHIMadbHHUMH BUTpaTaMu
CJICKTPOCHEPrii HOMYy JOCUTH Ba)KKO, aJKE IMpaK-
THKH BHOOPY EKOHOMHHUX PEXHMIB pyXy BiH He
Mae.

g peamizarii eKOHOMHUX PEXXHUMIB pyXy HOT-
piOHa cucrema, sika O MpopaxoByBaia BapiaHTH
MOXITBOTO IPOJIOBXKEHHS PyXy 1 3a0e3medyBaina
noTpiOHOIO iHOpMarieto Bofis. Lleit Bubip motpi-
OHO 37iIiCHIOBAaTH B yMOBaX JOTPUMYBaHHS rpadi-
Ka pyXy, IPaBui pyxy 1 BCiX 0OMeKeHb Ha JIISHII
HUTSIXY.

CucreMn aBTOMATH30BaHOTO BEICHHS TpaHC-
MOPTHUX 3aCO0IB MHPOKO BIPOBAIKYIOTHCS B Me-
TporoniTeHi, Ha 3ami3Humi. llpoTte, y Mickkomy
eNeKTPOTPAHCHOPTI  po3poOKa TaKHX CHCTEM
MOB’s13aHa 3 PSJIOM TPYIHOIIIIB, a came:

— BU3HAYEHHSAM MICIs PO3MIIICHHS TPAHCIIOP-
THOTO 3aco0y Ha MapuipyTi B KOXKE€H MOTOYHHUH
MOMEHT PYXY;

— TMOCTIHHOIO 3MIHOIO KUJIBKOCTI Maca)XXHpiB BiJ
3YNMHKU A0 3yNHUHKH, 10 MPHU3BOAMUTH A0 3MiHH
MacH TPaHCIOPTHOro 3aco0y (Maiixe B 2 pasu) Ta
XapakTepy Horo pyxys;

— CKJIQJIHICTIO MapupyTy pyxy (IUISHKH 3 pi3-
HUM yXHJIOM, 3 IOBOPOTaMH, IIEPEXPECTIMH, 3 PO-
3MIIICHHSIM CBITIO(OPIB Y370BXK MapuipyTy, 00-
MEKYBaJIbHI JOPOXKHI 3HAKH);

— BUHHUKHEHHSM Herepen0adyBaHUX MOIiH, 110
BIUIMBAIOTh HA PyX TPAHCIOPTHOTO 3aco0y, fKi
MOTPIOHO BPaxOBYBAaTH B CKIIQJHIA TOPOXKHINA 00-
CTaHOBLI.

3 ypaxyBaHHSIM LUX OCOOJMBOCTEH pyXy Hasze-
MHOTO €JICKTPOTpPAHCIOpTy Oyna po3poldiicHa
«CucreMa aBTOMaTH30BAaHOTO BHOOPY IMIBUAKICHO-
IO PEXHMY PYXY MICBKOTO €JIEeKTPOTPaHCIOPTY
3 METOI0 €KOHOMII enekTpoeHeprii». Ha po3pobie-
Hy CHCTEMY OJIep>KaHO TMaTeHT Ha BHHaxia. OcHO-
BOI0O (DYHKIIIOHYBaHHS CHCTeMH € OOpTOBHHU
KOMIT'IOTep TPaHCHOPTHOTO 3acoly, sIKMi po3pa-
XOBY€ MOXKIIUBI PEXUMH PyXy, 00Mpae oNTHMallb-
HUH 1 MiAKa3ye BOII0, SKOTO PEXUMY PYXY MOTpi-
O0HO noTpumyBaTHCh. Brok-cxema aBTOMaTH30Ba-
HO1 CHCTEMHU MpHUBEICHA Ha pUC. 8.
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Puc. 8. Cuctema aBTOMaTH30BaHOTO BUOOPY HIBUKIC-
HOTO PEKUMY PYXy Ha3€MHOT'O €JIeKTPUYHOIO TPAHCIIO-
PTHOTO 3ac00y 3 METOIO €KOHOMIi eleKTpOoeHeprii

Fig. 8. Computer-aided selection of speed mode of
traffic of the ground electric vehicles in order to save
the electricity

Cucrtema aBTOMaTH30BaHOIO BHOODPY IIBHAKIC-
HOTO pexuMy pyxy (mamB. puc. 8, m. 1), MicTHTB
BCTaHOBJICHHI HAa KOKHOMY TPaHCIIOPTHOMY 3aco-
01 1 GopToBwmii KOMIT'tOTEp 2, 0 SKOTO MiIKII0Ye-
HO Onok mam’sati 3. Y 650k mam’sTi 3 3aHECEeHO:
3.1 — rpadik pyxy; 3.2 — TEXHOJIOTiYHA KapTa Ma-
pupyty; 3.3 — nudpoBaHa kaprta micta (Mapupy-
Ty); 3.4 — mporpaMa po3paxyHKy ONTHMalbHOTO
pexumy pyxy. CHcTema Mpaiioe HACTYIHHM YH-
HOM: Tpekep 8 cynytHukoBoi Hagiramii (GPS,
I''IOHACC) Bu3Havae KOOpOUHATY Ta LIBHIKICTDH
TPaHCIOPTHOTO 3aco0y. biok BUMIipIOBaHHS MIBU-
JIKOCTI Ta UIISAXY BiJ 3yMUHKH 4 YTOYHSE MOKa3M
Tpekepa. Lli mani moctymaioTe B KOMI'IOTEp 2,
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SIKUH TIOPiBHIOE 1X 3 TpadikoM pyxy (TeXHOIOTid-
HOIO KapTOW MapuipyTy). Y pa3i BUSBICHHS Bil-
XHWJICHHS KOMIT IOTEp TPOPAXOBYE PEXUM PYyXy 10
HACTYITHOI 3yIIMHKH, a B pa3i HEOOXIAHOCTI — 1 70
KIiHLS MapIupyTy, 1 IoJa€ MOBiAOMIIEHHS PO PO3-
paxoBaHWU PEXWUM PyXy BOJIII0 B 3BYKOBiH abo
Bi3yasbHiN (Gopmi. Bonili Mae MOXKIHBICTh JOTPH-
MYBAaTHUCSI PEKOMEHIOBAHOTO PEKUMY pyxy abo
caMocCTiiiHO #oro obupartu. KpiMm mporo, cucrema
MICTUTH OJIOK 5 BUMIPIOBANBHUX MPHUIIAIIB CTPYMY
1 HampyTu; a TakoX ONOK 6 peectparlii KiTBKOCTI
nacaxxupiB; OJOK 7 — JNaTYUK 3aKPUTTS JBEpeEH;
610k 9 — GpopMyBaHHS CUTHAIIB, AKi EpeNaAIOTHCS
Ha JUCIETYEPChKUil MyHKT; 0ok — 10 mpuitomo-
nepenatunk GSM/GPRS; 6ok 11 —rapHitypa Bo-
Jist; 0710K 12 — qucInIei.

3anporoHOBaHa ~ aBTOMAaTH30BaHAa  CHUCTEMa
BCTaHOBITIOETHCS Ha OOPTY TPAHCIIOPTHOTO 3ac00Y,
Bona KOHTpOIIOE peKUM PyXy BiMOBITHO A0 TEX-
HOJIOTIYHOI KapTH MapmpyTy. Y pa3i BUSIBICHHS
BIIXIJICHHS PEXUMY PYXY BiI PEKOMEHIIOBAHOTO
crcTeMa Jja€ TMOBIJOMIICHHSI BOIIO i aBTOMATHYHO

MIPOPaxoOBy€e MOKJIMBI BapiaHTH MPOAOBKEHHS Py-
Xy JI0 HACTYIHOI 3yIIMHKH. 3 MOKJIMBUX BapiaHTiB
BHOMPAETHCS PEXMM, SIKMM BigmoBimae rpadiky,
MIPH MiHIMAIBHO MOKJIUBUX 3aTpaTAX eIeKTpHU-
Hoi eHeprii. K110 10 nmepIoi 3ymMHKH CKOperyBa-
TH BiJCTaBaHHS BiJ rpadika pyxXy HEMOXKIIHBO,
cuUcTeMa IPOAOBXKYE PO3PAXYHKH [0 IEKIIbKOX
HACTYIHUX 3YMTUHOK TaKUM YWHOM, 1100 70 KiHIle-
BOT 3yNWHKHU NpUOYTH TOYHO y BU3HAYEHUH Tpadi-
KOM MOMEHT 4acy.

Cucrema Takox 3abe3nedye nepegady Ha JIUc-
MEeTYSPChKUI MyHKT AaHUX NP0 BUKOHAHUHN PyX
1 BUTpAaTH €JIEKTPUYHOI eHeprii Ta iHm AaHi, AKi
MOTPIOHI TSI KOHTPOIIO POOOTH TPaHCIOPTHOTO
3aco0y Ha MapUIPYTi.

s peamizamii cUCTEeMH aBTOMaTH30BaHOT'O
BHOOPY MIBHAKICHOTO PEXHMY PyXy 3alpOIOHO-
BaHO MPOoeKT JoKanbHOT CAN Mepexi TpaHCTOpT-
Horo 3aco0y. CAN mepexa Moxe OyTu o0y 0Ba-
Ha 3a iepapXi€lo SK «3arajibHa IUHAY, 0 MoKa3a-
HO Ha puc. 9.

. . E
Indopmaniit Momitop Hﬁg;:;%a boprosuit
He TabIo BOJIiSt HaM'STE KOMII'TOTep
Tepmi I T [T ] CAN muHa | Tepwmi
Hatop — — —h — Hatop
I 1 1
Jaruuku M
CTpyMmy, Kacosuit Baniga GPS (65 ?RS/
HanpyTH, amapar Topu HaBiratop SB' 30K
MIBUJIKOCTI,
KiJIBKOCTI
HacaXupiB
s

Puc. 9. Cxema cucTeMu aBTOMaTH30BaHOTO BHOOPY MIBHAKICHOTO PEXUMY PYXY, HOOy/10BaHa
Ha OCHOBI JIOKaJIbHOT MEPE3Ki TPAHCIIOPTHOTO 3aC00y

Fig. 9. Scheme of the automated selection system of speed mode of motion based on local network
of electric vehicle

CucreMa CTBOPIOETHCS CAaMOCTIHHO, 200 fK JI0-
MOBHEHHSI JI0 ICHYIOYOI MepeKi TpaHCIIOPTHOTO
3aco0y. Taki kKoM’ FOTepHI Mepex i BCTAaHOBIIOIOTh
Ha TPAaHCIOPTHHX 3aco0ax sIKk aBTOMOOUIbHY eJeK-
TPOHIKY, 1 BOHA € OCHOBOIO CHCTEMH J[IarHOCTHKH,
KepyBaHHS OOJIaJJHAHHIM TPAHCIIOPTHOTO 3aco0y
Ta JUCIETYEPCHKOTO KepyBaHHS pyxom [4, 20].
Kowmm’rotep um 6esmocepenabo Tpekep GPS mepe-
nae iHpOpMalliiiHi MakeTH, sSK MpaBWiIo, 3 Tepio-
nom 10 ¢ (abo npu mpoizai 50 M). YV mi makeru

BKJIFOYAIOTH JaHi PO apaMeTpH CIIOKUTOI eJIeKT-
poeHeprii. 3 MeTO0 3MeHIIIEHHs 00CsTiB iHpopMa-
ii aHi Ipo BUKOPUCTAHY €JIEKTPOSHEPTiI0 MOXKHA
nepeaaBaTy yepe3 Oibli iHTEpBaIM Yacy, HalpH-
KJIaJ1 Ha 3yIMHOYHHX YHKTaX, a00 10 3aKiHYEHHIO
npoi3ry MapmpyToM. 3 MeTOK 3a0e3ledeHHs
NPUKHATTS 3aXONiB EHEPro30epexeHHs, IMOKa3u
JATYKKIB CTPYMYy Ta HANpyrd Ha BBOJAAX TPaHCIIO-
pPTHOTO 3ac00y MOKHA 3aIlCyBaTH B €HEProHe3a-
JISKHY TaM’siITb OOpPTOBOrO KOMIT'IOTepa HOPSII
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3 iH(OpPMAIIIEI0 TIPO PEKUM PYXY, STKa BUKOPUCTO-
BYETBCS MiJ Yac aHajii3y TPaHCHOPTHUX MOIiH Ha
MapmIpyTi pyxy. 3ammuc MOXe TPOBOTATHCS K-
4yHO (MpU 3arajbHiil JOBKHHI OJHOTO 3aIKCy I0-
psnky 1 rom). Jlis BOpoBa/KEHHs 3alpOIIOHOBA-
HOI CHCTEMHU TOTPIOHO BHKOHATH JOPOOKY Ipo-
rpaMHOTO 3a0e3MedYeHHS KOMII IoTepa TPaHCIIOpPT-
HOro 3aco0y Ta JUCIETYEPCHKOrO ICHTPY.
OpneprkaHa TakUM YHHOM iH(OpMaLlisl IPO eHepro-
CIOKMBAHHS MMOBMHHA OyTH BHKOpHCTaHA Tpu ¢i-
HAHCOBHX PO3PaxyHKax, KOIHU B OJHOMY MICII TIe-
PEBI3HUKAMH € JICKUIbKA IiIMPUEMCTB CICKTPOT-
pancnopty. Kpim 11p0ro, BoHa MOke OyTH BHKOPH-
CTaHa IIiJ dYac pO3pOOKH 3axXOIiB E€Hepro-
30epeKeHHS.

HaykxoBa HOBU3HA Ta NPaAKTUYHA
3HAYUMICTh

BcraHoBIIEHO CTOXAacCTHYHY 3aJ€KHICTh MK
BEJIMYMHOIO BUTPAT €HEPTii MiAMPUEMCTBAMH elie-
KTPOTPAHCIIOPTY 1 TEMIIEPaTypol0 HABKOJIHUIITHHOTO
CEepeIOBHIa, KA ONMUCYEThCS KBAAPATUYHUM PiB-
HsHHAM perpecii (1), y mpotuBary mpuiHATOI B
HOpMaTHUBHHX JokyMmeHTax [1, 10] miniitnoi 3ane-
JKHOCTI. AJIEKBaTHICTh perpeciiHoi Momemi MmiAT-
Bep/UKeHa 3HaYHUM 00’€MOM BUOIPKH Ta 3HaYeH-
HsM koedimienta nerepminanii R? = 0,982. Peko-
MEH/IYEThCSI BAKOPUCTOBYBATH IO 3aJISKHICTB MTPH
BIOCKOHAJICHHI METO/1iB HOPMYBaHHSI BUTpAT elie-
KTpPOEHEPTii Ha MiCbKOMY €IeKTPOTPAHCIIOPTI.

Po3pobnena maTemMaTnyHa MOZIEIh JAWHAMIKA
3ac00iB €JEeKTPOTPAHCIIOPTY, KA, Ha BIJMIHY BiJ
BIJOMUX METOJIIB TSTOBUX PO3paxyHKiB, mae Oi-
JBIIIY TOYHICTH, JI03BOJISIE BUKOHYBATH PO3PaxyH-
KU 3 ypaxyBaHHSAM XapaKTEPHCTHK TATOBOTO JIBH-
T'yHa Ta CUCTEMH KepyBaHHS, 3MiHU MacH IIPH T10-
CaJilli Ta BUCAJII MACaXUPIB, YKIOHIB Ta PajiycCiB
KPHUBUX KOJii pyXy, OOMeXeHb, 110 HAKIaJal0ThCS
JOPO>KHIMH 3HaKaMH, Ta 1HIIMX YMHHUKIB.

Ha ocHogi Bukopucranas CAN mepexi TpaH-
CIOPTHOTO 3ac00y pO3pO0JIeHUH MPOEKT CHUCTEMHU
AaBTOMAaTH30BaHOTO BUOOPY IIBHIKICHOTO PEKHMY,
SIKUI JI03BOJIsiE 00paTH ONTHMAaJIbHHUN 3a 3arpaTa-
MU EIIEKTPOCHEPTil PeXUM pyxXy, 3 ypaxyBaHHIM
MICIIE3HaXOIKEeHHS Ta MIBUAKOCTI TPAHCIIOPTHOTO
3aco0y B KOXEH MOMEHT yacy, [Ip1 YMOBi AOTpH-
MaHHS BCTAaHOBJICHOT'O rpadika pyxy.

[IpakTH4Ha 3HAYMMICTH CTBOPEHOT MaTeMaTHY-
HOI MoOJeni moyisirae y CIpOIIEeHHI 1 30iIbIIeHH]

TOYHOCTI PO3PaxyHKIiB PEXHMIB pyxXy 1 BUTpaT
eJIEKTPOCHEPrii TpaHCIOPTHUMH 3acobamu. Peko-
MEHAYEThCS i BHUKOPUCTAHHS T 9ac pPO3pPOOKH
TEXHOJIOTIYHUX KapT MapIIpyTiB, MPOEKTYBaHHI
1 MOJIepHi3allil TATOBUX MEPEX Ta y PO3poOIl 3a-
co0iB eHepro30epekeHHs.
3amponoHOoBaHa AaBTOMAaTH30BaHA CHCTEMa

BUOOPY WIBHIKICHOTO PEKUMY pPYXY IMOJETIIye
po0OTYy BOiS TPaHCIOPTHOrO 3aco0y, JT03BOJISIE
3MEHIIIUTH 3aTpaTH EIEKTPOCHEPrii, a TaKoX 3a-
Oe3nedye aBTOMaTH30BaHHUA 00IK BUTPAT €JIEKTPO-
eHeprii.

VY pesynbTaTi BUKOHaHUX JOCHTIHKEHb J0BEe-
HA MOXITUBICTh 3MCHIIICHHSI BUTPAT EICKTPOCHEP-
rii Ha 10 % — 45 % npu goTprMaHHi pamioHaTbHUX
PEXUMIB PyXYy.

OpepxaHoO aBTOPCHKE CBINONTBO Ha BHHAXI
CHUCTEMH aBTOMAaTH30BaHOTO BHOOPY IIBHIKICHOTO
PEKUMY pYXy 3ac0o0iB MICBKOTO E€IEKTPHYHOTO

TPaHCIIOPTY.

BucHoBku

1. OtpuMaHO perpeciiiHy 3aJIe)KHICTh BHUTPAT
€JIEKTPOCHEPTii MiANPHEMCTBAMH EIEKTPOTPAHC-
MIOPTY BiJ CEPEeTHBROMICAYHOI TEMITEPATypH HABKO-
JIMIIHBOTO CEPEIOBUINA, KA CYTTEBO BiJIPI3HAETH-
sl BiJl peKOMEH/IOBaHOI B HOPMAaTHBHIN JOKyMEH-
Tamii.

2. IlokazaHo, mo icHyrO4a crcTteMa OOIiKy elre-
KTpOEHeprii Ha MICBKOMY €JIEKTPOTPAHCIIOPTI Mae
CYTTEBI HEJONIKH 1 He JT03BOJsiE e(PEeKTHBHO pO3-
pOOIATH Ta BIPOBA/DKYBATH 3aX0/AU €Hepro3oepe-
JKCHHSI.

3. Po3pobiiena matemaTHuHA MOJICIL JTUHAMIKH
3ac00iB €JIEKTPOTPAHCIIOPTY, SIKA BPaXxOBY€ BILIHB
Py YMHHUKIB Ta 3a0e3mneuye Oiiblly TOYHICTB,
Hi)K BiJJOMi METOJIU TATOBUX PO3PaXyHKIB.

4.Tloka3zaHo, 0 BUOIp ONTHMAaIbHUX PEXUMIB
MOXe€ TPUBECTH 0 3HIKCHHS EHeprosarpar Ha
10-45% .

5. Po3po0iniena cuctemMa aBTOMaTH30BaHOTO BU-
0opy MIBHIKICHOTO PEKMMY TpPaMBarO Ta TPOJIEH-
Oyca JI03BOJIsIE 3MEHIITUTH 3aTPaTh €IEKTPOCHEPTil
Ta aBTOMAaTH3yBaTH OONIK BHTPAT EIEKTPOEHEpTil
3aco0amMi Ha3eMHOT'O EJIEKTPUYHOTO TPAaHCIOPTY,
10 € OCHOBOIO MEPCIIEKTUBHUX PO3POOOK 1 MPHUIH-
ATTS JOJATKOBUX TPAKTHYHHX PillleHb, CIPSMOBa-
HUX Ha €Hepro30epeKeHHsI.
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CUCTEMA ABTOMATHU3UPOBAHHOI'O BBIBOPA
CKOPOCTHOI'O PEXKXUMA JIBUKEHUA CPEJICTB
IJIEKTPOTPAHCIIOPTA C HEJIBIO YMEHBIIEHUSA PACXOJA
IJIEKTPOOHEPI'MHN

Henn. Hccneposanue mpennoiaractT pa3pabOTKy CHCTEMbl aBTOMATH3UPOBAHHOTO BBIOOPA ONTHMAIBHBIX
PEXUMOB JBMKCHHS U aBTOMATUYECKOTO KOHTPOJS pacxoia dJIEKTPOIHEPTHH CPENCTBAMU JJIEKTPOTPAHCIOPTa ¢
LIEJIbI0 00eCICUeHIsI MUHUMAITLHO BO3MOJKHBIX 3aTpat sHeprud. MeToanka. B kauecTBe METOIMKH UCTIONB3YIOTCS:
1) mareMaTHYeCKOE€ MOJETMPOBAHHUE PEKHUMOB ABHXKEHHUS CPEICTB HA3€MHOIO BIIEKTPHUYECKOTO TPAaHCIOPTa;
2) cpaBHEHHE PE3YJILTATOB MOEIMPOBAHUS C JAHHBIMU CTATUCTHYECKUX HalOmromeHuii; 3) pa3paboTKa CHCTEMBI
aBTOMATH3UPOBAHHOTO BHIOOpA PEKUMOB ABMIKECHHUS AJIEKTPOTPAHCIOPTA C MUHUMAIBLHO BO3MOXKHBIMH 3aTpaTaMu
AIEKTPOIHEPTHH B YCIOBHUAX BBHITIOTHEHHUS rpaduKka U cOOTIONCHUS OTpaHUICHUH, perJaMeHTHPOBAHHBIX MIPaBHIa-
MU IBIKeHUs. Pe3ysabTaTsl. ABTOpaMu MOJMYYeHAa MaTeMaTHYeCKasi 3aBUCUMOCTD PacXoa AJIEKTPOIHEPTHH TIpe.l-
MPUATHSAME JJIEKTPOTPAHCIIOPTa OT PEKMMOB IBHKCHUS M CPEIHEMECSIYHOUW TeMIepaTyphl OKPY)KAOILIeH Cpeibl.
PaspabotaH  mpOEKT CHCTEMBI  aBTOMATHU3WPOBAHHOTO  BHIOOpa  CKOPOCTHOTO  PEXHUMa  JIBIKCHUS
U aBTOMATHU3WPOBAHHOTO KOHTPOJS pacxoja JJIEKTPOIHEPTHH TPAHCHOPTHBIMH CPEACTBAMH B BHIE JIOKATBHON
KOMIBIOTEPHOH ceTH, paboTaromeil COBMECTHO C MJCHUCTBYIOHNICH CHCTEMOI CITyTHHKOBOW HABUTAIlUH.
Hayunas HoBu3Ha. Pa3paboTana maTematndyeckass MOJIeTb pacueTa KPUBBIX JBMKCHUS M PACX0a dIEKTPOIHEPTUH
TPAHCTIOPTHBIM CPEJCTBOM, VUUTHIBAIONIAST XapaKTEPUCTHKU TATOBOTO JIBUTATeNii M CHUCTEMBl YIpPaBIICHUS,
W3MEHEHHE MAacChl TMpH TMOCAJAKE M BBICAJKE MACCAKHUPOB, YKIOHBI M PAJANYChl KPUBBIX IyTH JBIKEHUS,
OTpaHWYCHUs, HAKIAJbIBa€Mble JOPOXKHBIMU 3HAKaMH, U Apyrue (hakTopbl. YCTaHOBIEHA 3aBHCHMOCThH Pacxoja
SJIEKTPOIHEPTHH TPEINPUSITHSIME JIEKTPOTPAHCIIOPTA OT CPEAHEMECSYHOW TeMIepaTyphbl OKpYKaoIeH cpeibl.
[pakruyeckasi 3HaunMocTh. Co3JaHHAs MaTeMaTHYeCKas MOJENb YIPOIIAaeT PACUeThl JUHAMHUKHU JBIDKCHHS
U Pacxoia 3IIEKTPOIHEPTUH TPAHCIIOPTHBIMH CPEICTBAMHU IPH MX JKcIUTyaTarmuu. OHa MOKET HaWTH MPUMEHEHUE
mpu pa3padOTKe TEXHOJIOTHYECKUX KapT MapHIpyTOB, NPOCKTUPOBAHWH W MOJCPHH3ALNHU TITOBBIX CETEH,
pa3paboTke cpeicTB dHeprocOepekeHrs. ABTOMAaTH3UPOBaHHAs CHCTEMa BEIOOpa CKOPOCTHOTO peKUMa TBHYKCHUS
obrerdaeT paboTy BOAMTENS TPAHCIIOPTHOTO CPEACTBA, IMO3BOISET YMEHBIIUTE 3aTPAThl 3JCKTPOIHEPTHH, a TAKKE
oOecrieyMBacT aBTOMATH3HPOBAHHBIA YYeT pPAacXOJOB JJICKTPOIHEPTHH. YCTAHOBIICHHAS 3aBHCHMOCTH pacxoja
SJIEKTPOIHEPTHH OT TEMIEPATYpPhl OKPYKAIOIIEH Cpeabl MOXKET OBITh HCIONb30BaHA JJISi COBEPIICHCTBOBAHHUS
METOJIOB HOPMHPOBaHUs PabOTHl MPEANPHUATHI IIEKTPOTpaHCHOpTa. B pe3ynbTaTe BBITIOJHEHHBIX HUCCIIEIOBAHUI
JIOKa3aHa BO3MOKHOCTh YMEHBIICHHS 3aTpar 3eKkTpo’Hepruu Ha 10-45 % mnpu coOmoeHHn paruoHaIbHBIX
PEKUMOB JBIDKEHHsI. [10Jy4eHO aBTOPCKOE CBHUCTEILCTBO HAa H300PETEHHE CUCTEMbI ABTOMATH3HPOBAHHOTO
BBIOOPA CKOPOCTHOTO PEXHMMa JIBUKEHHSI CPEACTB TOPOICKOTO DIEKTPUIECKOTO TPAHCTIOPTA.

Kniouegvle cnosa: TOPOACKON DIEKTPUUYECKUI TPaHCIOPT; dHEprocOepekeHue; yAEIbHBIH PacXxoi 3JEKTPO-
SHEPTUU; HOPMUPOBAHUE; MOJICIUPOBAHKE JBUKEHUS; pexUMbl ABMkeHus, CAN ceTh
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SYSTEM FOR AUTOMATIC SELECTION OF THE SPEED RATE OF
ELECTRIC VEHICLES FOR REDUCING THE POWER CONSUMPTION

Purpose. The work is aimed to design a system for automatic selection of the optimal traffic modes and auto-
matic monitoring of the electric energy consumption by electric transport. This automatic system should provide for
the minimum energy expenses. Methodology. Current methodologies: 1) mathematical modeling of traffic modes of
ground electric vehicles; 2) comparison of modelling results with the statistical monitoring; 3) system development
for automatic choice of traffic modes of electric transport with minimal electrical energy consumptions taking into
account the given route schedules and the limitations imposed by the general traffic rules. Findings. The authors
obtained a mathematical dependency of the energy consumption by electric transport enterprises on the monthly
averaged environment temperature was obtained. A system which allows for an automatic selection of the speed
limit and provides automatic monitoring of the electrical energy consumption by electric vehicles was proposed in
the form of local network, which works together with existing GPS system. Originality. A mathematical model for
calculating the motion curves and energy consumption of electric vehicles has been developed. This model takes
into account the characteristic values of the motor engine and the steering system, the change of the mass when
loading or unloading passengers, the slopes and radii of the roads, the limitations given by the general traffic rules,
and other factors. The dependency of the energy consumption on the averaged monthly environment temperature for
public electric transport companies has been calculated. Practical value. The developed mathematical model sim-
plifies the calculations of the traffic dynamics and energy consumption. It can be used for calculating the routing
maps, for design and upgrade of the power networks, for development of the electricity saving measures. The sys-
tem simplifies the work of the vehicle driver and allows reducing the energy consumption, also provides for an au-
tomatic energy cost monitoring. The calculated dependency of the energy consumption on the environment tempera-
ture may be used for an improvement of methods which regulate the work of the public electric transport companies.
It has been proved that there is a possibility for reducing electrical energy consumption by 10% to 45% using the
efficient motion regimes. Author’s certificate was obtained for the invention of the system for an automatic selection
of the velocity regime for a public electric transport vehicle.

Keywords: public electric transport; energy saving; specific energy consumption; standardization; motion model-
ing; traffic modeling; traffic regimes; CAN network
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MATEMATHUYHA MOJEJIb VIS BUSHAYEHHSA IIOKA3ZHUKIB
TATOBO-TPAHCIIOPTHUX 3ACOBIB

Meta. B HaykoBiii cTaTTi HEOOXiHO BUPIIIUTH HACTYIHI 33/1a4i: 1) yTOYHEHHs MaTeMaTU4YHOI MOJe JUIsl BU-
3HAYEHHS TATOBO-IUHAMIYHKX, ITaJIMBHO-€KOHOMIYHHMX Ta €KOJOITYHMX MOKAa3HUKIB MOOUIBHUX €HEPreTHYHUX 3a-
co0iB; 2) po3poOKy METOJMKHM TEOPETUYHHUX JIOCITIPKEHb CHCTEMH aBTOMATHYHOI'O PETYJIIOBAHHS, CTaTHYHHUX Ta
JVHAMIYHUX XapaKTEPUCTUK aBTOTPAKTOPHOTO JAW3EJs 3 ra30TypOIHHUM HaUTyBOM Ta MOOITBHOTO SHEPreTUYHOTO
3aco0y. Meroamka. Y poOOTi AOCHKYIOTECS pPoOOYI TpOLECH aBTOTPAHCHIOPTHHX 3ac00iB Ta MalIMHHO-
TPAKTOPHUX arperaTiB IUIIXOM MaTeMaTHYHOTO MOJEJIIOBAHHS Ta PO3POOKH BIAIIOBIJTHHMX aJTrOPUTMIB i Mporpam
JUISL PO3PAaxyHKIB IIMX TPOLECIB B YMOBaX pealibHOI ekcrutyaraii. [y TeopeTHIHnX OCTiKeHb po3pobiieHa crc-
TeMa piBHSHB, sIKA ONHCY€ HENiHIHHY MaTeMaTH4YHy MOJIEJIb CHCTEMH aBTOMAaTHYHOTO PEryJIIOBaHHS YacTOTH 00ep-
TaHHS aBTOTPAKTOPHOTOo aAu3elnsd. OKpiM JuepeHIiHHUX PIBHAHB IIEPIIOro Ta APYroro MOpsaKy, B MATEMaTHIHOMY
MO/ICTIOBaHHI POOOYHX IPOLIECIB TATOBO-TPAHCIIOPTHHUX 3aCO0IB BUKOPUCTAHI PIBHSIHHSA, SIKi ONMUCYIOTH €KCIIepUMe-
HTaJbHI XapaKTEePUCTUKH aBTOMATHYHOTO PETYJSITOpa, MAJMBHOIO HAacoca BHCOKOTO THUCKY, TypOOKoMmmpecopa
i Jau3ens, a TaKoXX MEXaHIuHI BTpaTH JIBUIYHa Ta 30BHILIHE HABaHTAKCHHS CHEPreTHYHOIo 3aco0y.
PesyabraTu. Po3pobiiena MaTremMaTniHa MOJENb Ja€ MOXKJIMBICTh BU3HAYUTH €(DEKTHBHICTH HOBUX KOHCTPYKTHB-
HHX, eKCIUTyaTal[lfHuX Ta TEXHOJIOT1YHHMX BIPOBAPKEHb, a TAKOX PI3ZHHX 3aXOMIB IIOJO MOKpPAIIEHHS MaJHBHO-
€KOHOMIYHMX Ta E€KOJIOTIYHHMX ITOKa3HHWKIB aBTOTPAHCHOPTHHUX 3ac0o0iB Ta MAIIMHHO-TPAKTOPHHUX arperariB B €Kc-
uyataniiaux ymoBax. HaykoBa HoBH3Ha. Brepie po3pobieHa mareMaTHyHa Mojeib «TpakToprcT—MamlnHHO-
TPaKTOpHUH arperar—opora (Iose)», sika J03BOJIsIE IPOBOJIUTHU JIOCIIPKEHHSI TPAKTOPHUX TPAHCIIOPTHUX arperatis
3a 13Z0BUM IIMKJIIOM i3 YpaxyBaHHSIM IIPOLECY BHUPYIICHHS, PO3TOHY Ta CTAJOr0 PyXy MOOIIBHOTO €HEPreTHIHOTO
3aco0y 3 MepeKMoYeHHIM iepeaad. [IpakTuyHa 3HaYuMicTh. B yMoBax 3aTskHOI €KOHOMIYHOI KpHU3H, IIPU BiACY-
THOCTI HEOOXiTHOTO 00JIaTHAHHS, TIPHIIAIIB Ta TATUBHO-MACTIIIEHUX MaTepiajiB, HOPIBHUIBHI JOCHTIHKEHHS MOOi-
JBHUX CHEePreTHYHHX 3aC00iB MOKHA MPOBECTH 3aBISKH PO3POOICHNM MATEMATHIHHM MOJEISM i3 BiATIOBIAHUMHU
aNTOPUTMaMH Ta MPOTpaMaMHu, SIKi JOBEACHI A0 MPaKTUYHOTO BUKOpHCTaHHA. Ha 11i KoM foTepHi nporpamu Ykpai-
HCBKUH 1HCTUTYT IHTEJEKTyaJbHOI BIACHOCTI BHAB CBIOITBA MPO PEECTPAIlil0 aBTOPCHKOTro mpaBa 3a Ne 49285,
Ne 49286 ta Ne 49287 Bin 22 tpaBust 2013 poky.

Kniouosi cnosa: MoOiNbHI eHEepreTHYHI 3aCO0H; MaTeMaTHIHI MOJIEIi; alTOPUTMH Ta POTPaMH; CTATUYHI i TsI-
TOBO-TUHAMIYHI XapaKTEPHUCTHKH, IajJMBHA €KOHOMIYHICTh, TOKCHYHICTB, aBTOTPAHCIIOPTHI 3aco0W; MAaIIMHHO-
TPaKTOPHI arperaTu

Hi. [lpn 3HIWKEHHI BUTpaTH MalbHOTO TITOBO-
Beryn TPAHCIOPTHUMHU 3aC00aMHU 3MEHIIYIOTHCS BUKHIH
HIKIJTMBUX PEYOBHH B aTMOC(epy, IO MOKpaIIye
eKOJIOTIUHy cuTyalito B nepxasi. IligBumieHHs
€KOHOMIYHOCTI MOOITBPHUX €HEePreTUYHHX 3ac00iB
— BaXJIMBE 3aBJAHHSI [0 CKOHOMIi IaJMUBHO-
SHEepreTHYHHX pecypciB Ykpainu. OmHuM 3 Ha-

[TpoGiiemn ekOHOMIi MATMBHO-MACTHIBHUX Ma-
TepialiB Ta 3aXHCTy JOBKUUISA BiJ 3a0pyaHEHHS
TOKCHYHUMH TPOIYKTaMH 3TOPSHHS MalTbHOTO aB-
TOTPAKTOPHHUX JBHUI'YHIB CHOTOIHI JyK€ aKTyallb-
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MIPSIMIB 3HMKCHHS S€KCINTyaTaliifHOl BUTPATH Tajlh-
HOT'O JIBUTYHAaMH aBTOTPAKTOPHUX 3aco0iB 1 Ma-
HIMHHO-TPAKTOPHUX arperaTiB € onTuUMi3allis cuc-
TEMHU AaBTOMATHYHOTO PETyJIOBAHHS IIBUIKOCTI
B 3aJIC)KHOCTI BiJl YMOBH POOOTH MOOIUTEHUX C€HEp-
TeTUYHUX 3aCO0iB.

Jlnst mpoBeNeHHS JOCTIDKEHb CTaTUYHHX, Ts-
TOBO-AMHAMIYHUX, NAJMBHO-€KOHOMIYHUX Ta €KO-
JIOTIYHUX TIOKA3HUKIB MOOIUIBHUX EHEePreTHYHUX
3ac00iB HaMH 3alpONOHOBaHA HeEJiHiHA MaTeMa-
THYHA MOJIENb 3 PO3pPOOJIEHHMHU AITOPUTMAMH Ta
MpOrpaMamH.

Mera i 3apaui

MeToro poOOTH € BHUPIIICHHS aKTyalnbHOI MPo-
OyleMu TIANMBHOI EKOHOMIYHOCTI 1 3HIDKEHHS
JTUMOYTBOPEHHS aBTOTPAHCIIOPTHUX 3ac00iB (AT3)
1 MaImMHHO-TpakTOpHUX arperaTiB (MTA) mmsxom
MPaBHJILHOTO BHUOOPY CIHOCOOY  PETYJIIOBAHHS
IIBUIKOCTI U3€Ns 1 B 3aJIE)KHOCTI BiJl YMOB P0o0O-
TH MOOUTBHO-eHepreTHIHOTro 3aco0y (ME3).

Jns nmocsrHeHHS i€l MeTH HEoOXimHO OyIio
pO3pOOUTH MaTeMaTH4YHI MOJENi, aJITOPUTMH 1
MPOrpamMu Ui PO3PaxXyHKOBUX JOCHTIJKEHb CTaTh-
YHUX, TATOBO-IWHAMIYHUX, TEXHIKO-€KOHOMIYHHX
Ta eKOJIOTIYHMX MMoka3HuKiB ME3 B ekcruryarartiii-
HUX YMOBaX.

PesyabTaTtn

ITokpareHHss MaJTuBHOI €KOHOMIYHOCTI aBTO-
TPaKTOPHUX JBUTYHIB BHYTPIIIHBOTO 3TOPSHHS
(AB3) — BaxkmuBa 3amaya EKOHOMIil IaJIMBHO-
eHepreTHyHNX pecypciB. OTHUM 3 HANpPSAMKIB
3HIDKEHHSI eKCIUTyaTalliifHoi BuTparn maimsa /B3
MOOUIPHUX €HEPreTUYHUX MAINH BBAXKAETHCS OI-
THUMIi3allisg CUCTEeMH aBTOMATHYHOTO PETyIJIOBaHHS
MIBUIKOCTI B 3aJI€KHOCTI BiJf YMOB POOOTH aBTO-
TPAHCIOPTHUX 3ac00iB UM MAaIIMHHO-TPAKTOPHHX
arperaris [4, 14, 16—-18].

[IpaBuibHu#t BUOIp cmocoOy peryaroBaHHS
IIBUKOCTI JU3ENsl B 3aJICXKHOCTI BiJl yMOB POOOTH
ABTOMOOLISL YU MAIIMHHO-TPAKTOPHOT'O arperary
JIO3BOJIUTH TOKPAIUTH iX TSITOBO-AMHAMIYHI, Ia-
JINBO-CKOHOMIYHI Ta TOKCHYHI XapaKTEPUCTUKH.

Jdns  JOoCHipKeHHS ~ CTaTUYHUX,  TSTOBO-
MUHAMIYHUX, TEXHIKO-€KOHOMIYHHUX Ta €KOJOTid-
HUX TIOKa3HUKIB MOOUTBHUX €HEPTeTHIHUX 3ac00iB
(ME3) Hamu po3po0JieHO TpH MaTeMaTHYHI MOJIeNi

Ta aNTOPUTMH 1 MPOTpaMu IS PO3PaXyHKIB IHX
MOKa3HHUKIB.

[lepma mMaTemMaTHyHa MOJENb CHCTEMH aBTO-
MatugHoro perymoBanHa dactotu (CAPY) obGep-
TaHHS TA3ENS 3 Ta30TypOiHHUM HAIIyBOM pO3p00-
JieHa Juis oOyIOBY 1 aHANi3y MIBHUAKICHUX Xapak-
TEPUCTHK MAJIWBHOIO HACOCYy BHCOKOIO THCKY
(ITHBT) i CAPY guzens [11], npyra — mis po3pa-
XYHKIB quHaMiuHuX xapaktepuctuk CAPY nuzens
[12], Tpets monenb «Bogmiit (TpakTopuct) — ME3 —
nopora (Tiose)» gae 3MOTy IPOBOJUTH JOCIHI[KESH-
HSl CHCTEMH aBTOMATHYHOTO PETYJIIOBaHHS JU3EIiB
3 ypaxyBaHHSM IMPOLECIB PYLIAHHS, PO3TOHY 1 py-
Xy MOOIUTEHOTO €HEPTeTUYHOTO 3ac00y 3 MEPEKITIo-
YeHHSAM Tiepenad 1o izgoBomy mukiy [3, 10, 13].

Jiist MaTeMaTu4HOro MOJICNIOBaHHS TPOIECIB
PYLIaHHS, PO3TOHY Ta CTaJOr0 PyXy MOOIIBHOTO
SHEePTeTUYHOTO0 3ac00y, po3podiieHa HyHKIIOHATh-
Ha OJIOK-CXeMa, sIKa CKIIAJIA€ThCsl 3 TPHOX OJIOKIB:
BOJIiM (TPaKTOPHCT); TATOBO-TPAHCHOPTHUH 3aciO;
nopora (mone). Y mepmioMmy OJomi — Bomii (Tpak-
TOPHCT) — BU3HAYAETHCS pekuM pyxy ME3 Ta ke-
pyloda Jis omepaTropa TSITrOBO-TPaHCIOPTHOIO 3a-
co0y. Jpyruii 070K — TATOBHI TPaHCIIOPTHUH 3a-
Ci0 — CKJIaNIa€ThCS 3 I1'ATH JIAHOK, SIKI OIMHCYIOTHCS
BIJIIOBIIHUMHU PIBHSHHSAMH, & CaMe: YHiBepcallb-
HUH pPEeryisarop 4acToTH OOepTaHHs KOJIHYATOTO
BaJIa JIBUI'YHA; NaJMBHUN HAacOC BHCOKOI'O THCKY;
JU3eb; TPAHCMICIs, sika 00’ €aHy€e B cO01 34eIIICH-
Hs, KopoOky mepenau (KII), romoBHy 1 KiHLEBY
nepenavi; X00BY YaCTHHY TPaKTOpa Ta MPUYINTHOT
MamuHu. Y TpeThoMy OJori — gopora (Imone) —
BU3HAYAETHCS TIOKPUTTS JOPOTH Ta Horo cral, ¢i-
3WKO-MEXaHIYHi BIACTHBOCTI IPYHTY Ta OMIp PyXy
TATOBO-TPAHCIIOPTHOTO 3aco0y B 3aJICKHOCTI Bif
HaBaHTAXKEHHSI 1 PEXKUMY PYXY.

Omneparop TATOBO-TPAHCIIOPTHOTO 3aco0y Iie
Ha menanb ynpaeiiHHS perymstopom [ITHBT, Ha
MeAalib YIPaBIiHHSA 3YCIJICHHSIM 1 Ha BaXib Ie-
pemukanHs nepeaad KII y 3anexHocTi Bif morou-
HOTI'O 3HAYEHHS YacTOTH OOepTaHHs Baja I3,
Bajla 34CIUICHHS 1 [IOTOYHOI'O 3HAYCHHSA 4acy BU-
KOHaHHS po00YOro MpoIiecy.

Y MOMEHT BKJIFOUEHHS TPaKTOPUCTOM (BOIIEM)
Bumoi nepepadi (t=t,, +At, ) 4dacTora obep-

nep
TaHHS KOJIHYATOrO Baja Ju3eis OiIblla 4acTOTH
00epTaHHs BEJICHOTO BaJly 34CIUICHHS, 1 MPHU I[hO-
My 34YCIUICHHsS TOYMHAE BKIIOYATHCSA IUIABHO 3a
3aJIE€)KHICTIO:
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- At

_ noy nep
0] A (

34

Je @ — TIOJOXKEHHSI TeAali YNpaBIiHHS 34erlieH-
HSIM, SIKE€ XapaKTepU3YeThCsl OE3pO3MipHUM mapa-
METPOM, 110 3MIHIOEThCS y Mexax Bix 0 go 1; ¢ —

MMOTOYHC 3HAYUCHHA Yacy, t — IIOYAaTKOBEC 3Ha-

nou

4eHHS 4acy, Af,,, — 4ac MEPeKII0YCHHS mepesadi

KII; At,,
3YCIIJICHHAM, TOOTO Yac MOBHOTO BKJIIOYEHHS 34Ye-
TUICHHSL.

[MonoxeHHsT Temani 34YCIUICHHS TMpPH  JBOX
KpaiHiX TIOJOXKEHHSIX BH3HAYAETHCA 32 YMOBH
¢ =0, Mo BiAMOBiAa€ MOBHICTIO PO3BEIACHUM JHC-

— gac poOOYOro Xoay MmeAali yrpaBiHHS

KaM 3YeTUIeHHS, KPyTHHH MOMEHT IPH IbOMY He
nepenaeThes; @ =1 — BiJIMOBiIa€ MOBHICTIO 3BeJie-
HUM JUCKaM 3YEIJICHHS, IPH LIbOMY MOMEHT TepTA
34YETUICHHS] MaKCUMAaJIbHUM.

Cucrema piBHSIHB, SKa ONUCYE HENIHIHHY Ma-
tematnuny moaens CAPY musens 3 typOoHammy-
BOM, Ma€ I’ATh NU(EpPEHUIHHNX PiBHSAHb, 3 SKUX
YOTHUPH — TEPIIOTO MOPAIKY 1 OJHE — APYTOTO TIO-
PSKY, a TakoX anredpaiuHi piBHSHHS, SIKi OIUCY-
I0Th CTaTUYHI XapaKTepUCTUKU OHU3eNs 1 Horo ar-
peratu. YacTrHa anreOpaiyHuX PiBHSIHB SBISETHCS
AHATITUYHAMH 3JICKHOCTSIMH MK ITapaMeTpamH,
a yacTWHA — OMHUCY€ ONHUTHI XapaKTEepUCTUKU pe-
rynstopa, [THBT, typbokommpecopa i nBUTYHa,
SIKI alfpOKCHUMOBAHI METOJIaMHU HaWMEHIIHUX KBaIl-
pariB moJiHOMaMu JApYroi 1 TpeThoi cremneHi [1, 6,
8,9, 15].

MaremaTtryHa MOJeNb JUIS PO3PaxyHKIB JWHA-
MIYHHUX XapaKTepUCTUK IU3eNs 3 YHiBEpCAIbHUM
PETYISTOPOM OIUCYETHCS CUCTEMOIO DPiBHSHB. Pi-
BHSIHHS PYXY N3N SK IWHAMIYHOI JJaHKW TpUBe-
neHo mo Buay Kol i MokHa 3amucatu:

dny 30
dt =i,

X|:Mi (qupx)_MM(n())_M (n()a

)] @

ne I, — MOMeHT iHepuii IBHI'YHa; 7, — 4YacTOTa
o0epTaHHsA KOJIIHYaCTOro Bally ABUTYHa; M, — iH-

JAUKATOPHUU KPYTHUHU MOMCHT, qu — IUKJIOBa II0-
JAada HajlbHOTO, p, — THCK HAAyBHOI'O HOBiTpﬂ;

M ,, — MOMEHT MeXaHIYHUX 3aTpat; M,, - MOMEHT

30BHIIIHBOTO HaBaHTaXeHHS; H,, — KoopauHaTta

3a/1aTYMKA HABAHTAXECHHS.
InpvkaTOpHUN KPYTHUH MOMEHT JU3€Is OIU-
CY€TbCS PIBHSHHSIM:

m =2y, 3)
T
Jae H, — Huxua TeIioTa 3ropsHHS MalbHOIO; [ —
KUIBKICTh ITWTHIAPIB, T — TaKTHICTh U3,
n=3,14; n, — ingukaTopHuit KKJI nuszens.
KpyTHHIT MOMEHT IBUTYHa BU3HAYAETHCS 5K

M,=M,-M,. “4)

MoMeHT MexaHiuHMX 3aTpaT M, BH3HAYa€Thb-
Cs1 €KCIIEPUMEHTAIBHO 1 ONMUCYETHCS PiBHAHHAM:

MM ul + awZ nd b (5)

ae a,,, a,, — NOCTilHI KoedilleHTH; n, — 4acTo-

Ml
Ta o0epTaHHA KOJIHYACTOTO Baya JTU3EI.
MOMEHT 30BHINIHBOTO HaBaHTAXEHHS M,

MIPH CTCHJI0OBOMY JOCII/KCHHI JBUTYHA OIUCYETh-
Csl PIBHSHHSM:

MH H81H ( HeZH ) (6)

a TIpu pyci MOOITEHOTO €HEPTeTHYHOTO 3ac00y:
_ 2
MHG_( H6’1+a 2+n())HH(f’

ne a a,,, — nocTiitHi KoedinieHTn; H

He — KO-

nel ? ne2

OpJIMHATA 337]aTYMKa HABAHTAXKCHHS.
PiBHsSIHHS TUHAMIYHOT PIBHOBarM poTopa Typ-
OOKOMITpecopa OMUCYETHCS B TAKOMY BHTJISIIII:

dn,. 30
_ = X
dt =,
><|:]‘4m Gem’Lma’ mK’KE) (G LKa’ mkinka ):|
®)
ne M, , M, — KpyTHI MOMEHTH TypOiHU 1 KOMII-

pecopa BiITOBITHO;

30G,,L, M, K,
Mm — 2om manm ; (9)
Tcnnll('
L
M, = 30G,L, (10)
TcannKa
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ne L,, —aniabatnyna poGoTa pPO3MIMPEHHS OJHO-
rO KT BIINpalboBaHuX rasis y TypOini, Jx/xr; L,
— anmiabaTyHa poOOTa CTUCKYBaHHA | KT MOBITps B
xommpecopi, JLx/kr; n, — KK typ6inn; K, —
HONpaBOYHUM KoedillieHT; n,, — uyacToTa o0ep-
TaHHA Basa TypOokoMnpecopa; /,, — MOMEHT iHe-
puii Typ6okomnpecopa; (,, — BHUTpara Bimmpa-
IIbOBAHUX Ia3iB uepe3 TypOiny; G, — mojayda MoBi-

Tps Kommpecopom; T, — aaiabatmunuii KKJI

KOMIIpecopa.

PiBHsIHHSI AMHAMIYHOI piBHOBar“ My(QTH 4yT-
JMBOTO €JIEMEHTa PEryJsTopa 3aluCyeThbcs B Ta-
KOMY BHTJISI:

d’z dz

mp-3;~+up;;+1@(zgw,z):1;(mnz),

(11

me m,, v, — NOpUBeACHI 10 MydTH peryusropa

P
Maca i Koe(illi€eHTH TePTS PeryisTopa.
Hinrpumyroua cuna perynsitopa F, = F, (nH ,Z )

OTHCYETHCS PIBHIHHSIM:

P =(au1+au2~2)-n2

"

(12)

ne a,,a, — MOCTIiNHI KOe(DIli€EHTH anpoKCUMAIIil;

n, — dactoTa obepranHs KynauHoro Bany [THBT;

H

Z — KoopIuHarta My(QTH peryisropa.
Bignosmoroua cuma E; =E; ijlZ) 3aje-

JKUTH BiJl TIOTIEpeHBOI JedopMarlii MpyKUHU pe-
TyJIATOpa 1 KOOpAMHATH My(PTH peryisTopa i po3-
PaxoBYETHCS B 3aJIE)KHOCTI BiJl iHTEpBaly HIBHIKi-
CHOT XapaKTePHUCTHKH, Y MEKaxX SKOT0 HAXOIUTHCS
My Ta peryisaropa.

PiBasinns nukiosoi nogadi [THBT omucyerses
PIBHSIHHSIM, SIKE€ alpOKCHMOBaHE 3a EKCIEpUMEH-
TaJIbHAMH 3AJIC)KHOCTSAMHU:

q=b +b,-n, +b,-h +b,-n +

+by-h>+b,n, -h,

(13)

ae b,,...,b, — nocriiiHi koe(ili€eHTH anpOKCHUMAIlii;
h, — ocboBa KoopauHata fgo3aropis [IHBT.

JluMHICT (ONTHYHA WIUIBHICTH) BiANpalboBa-
HUX Tra3iB BUBHAYAETHCS SIK

N_bkloc-kbk_2 , (14)
o+b,
o= G, , (15)
zO(;n
Gn = 60n0i1¢UHQ1¢ ’ (16)
ne b,, b,, b, — xoedillieHTH ampOKCHUMAIIii;

G, — BUTpaTa MOBITPSA; O — KOC(ILIEHT JIUIIKY
noBiTpsi; {, — KUIBKICTb MOBITPS TEOPETUYHO He-

OGXiZ[HOl"O IJIs TIOBHOT'O 3rOpsIHHS 1 kr TaJIbHOT'O;

Gn — HOroAvHHAa BUTpATa MAaJIbHOIO, lu — YHCJIO

OUIHAPIB qu3enst; U, — nepegaBaibHe YHUCIIO.

MacoBuii BUKHJ Caxi 3 BiJIpallbOBAaHUMH T'a-
3aMH pO3paxoBYEThCs 3a popmyioro [5]:
b-G, 13600-G,

G =a-N*|1- ,
3600- G,

(17

n

ne a, b —mocriiiHi koedilieHTH; p, — OIUIBHICTD
MOBITPSL.

Kpytauit MoMeHT aBuryHa M, aKuii nepeTBo-

e
PIOETBCSA B TPaHCMICIi 1 mepemaeTbest Oe3mocepe/-
HBO Ha OCI BEIy4YUX KOJIC €HEPreTUYHOro 3aco0y
BU3HAYAETHCS SIK

M. =M,-U (18)

mp.ixg, nmﬂ >

ne M, — Bemyuwii MOMEHT Bin IBUryHa, M, —

KpYTHUM MOMEHT JBUTYHa; U

mp.ig

— 3arajJibH¢ II1c-

pelaBabHe YUCIIO TPAHCMICIT Ha iy, -i BKIIIOYEHIH

nepefavi KOpoOku mepenad; m,, — MEXaHIYHUHA

KKJI Tparcmicii ME3.

BusHaueHHS MOMEHTY 30BHINTHBOTO HaBaHTa-
KCHHSI 1 MOMEHTY iHepIii MOOIIBHOTO eHepreTHy-
HOT'0 3aC00Y MPOBOJUTHCS B TaKil OCIITOBHOCTI.

MOMEHT 30BHIIIHLOI'O HABAaHTAKEHHS, SKHI
MEPEAaEThbCs Ha KOJNIHYACTUM BaJl JIBUTYHA IIPH
pYCi TATOBO-TPAHCIOPTHOTO 3ac00y BU3HAYAETHCS
3a [5]:

M Mon Z Ponl/;c

(19)

mp.igy T]mp mp.igy - \mp
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ne ZPM — cymMapHa cuna; M, — MOMEHT OIopy
AT3 un MTA; r

K

— paziyc Koyieca TSTOBO-
TPaHCIIOPTHOTO 3aco0y.

Cymapna cuna omopy pyxy MTA um AT3 3
MPUYETIOM BU3HAYAETHCS 32 HOPMYJIOLO:

ZP(m:PfiPiin-i—Pw_’_P (20)

Kp 2
ae P, =P, P, — cuia onopy nepekouyBaHHs

aBTOMOOUIS 4M TpaKTOpa 3 MPHUUINHOK Mallu-
HOI0; P, — cuia omopy migiomy; P, — cuna onopy

posrony (cuna inepuii); P, — cuia omnopy mnosiTps;

P1<p — CHJia TsAT'M Ha raui, sIKa mapajiejibHa HOBCpXHi

IUTAXY.
[Tpu OykcupoBII aBTOMOOIIEM Y TPaKTOPOM
npudena P, =P, . Ilpu marematndHOMy MoOze-

JIIOBaHHI pyLIaHHS, PO3TOHY i cTajoro pyxy MTA
npuiimanocs, mo npu V' <10 P, =0, kpim ToOrO,
KOXKEH MPUYiN 301UIbITye KOS(DIMIEHT OOpy MOBIT-
psi Ha 25 %.

[Ipu Bukonanni MTA monboBuX podiT MOMEHT
30BHIIIHBOTO HABAaHTAKEHHS TPAHCIOPTHOTO arpe-
rary 3MIHIOETbCS Ha MOMEHT HaBaHTaKEHHS Bif
CHJIM ONOpYy pOOOYHMX OpraHiB IPYHTOOOPOOHHX
MAIlIFH 1 CHITy OMopy KOYeHHS TPaKTopa i MpUYir-
HOI MalllVHH:

(e2))

ae M, — MOMEHT, SIKHII CTBOPIOETBCS CHIIOKO

MH[IG :Mma +Mf’

oTopy poOOYHX OpraHiB IPyHTOOOPOOHOI MaIIMHH,
SIKUH TIPUBEICHUH 10 KOJIHYACTOTO BaIy JIBUTYHA;
M, — MOMEHT ONopy KOYEHHIO TPAKTOpa i mpudi-

MHOT MAaIllUHK, SIKUH TPUBEJICHUIA 10 KOJIHYaCTOI0
BaJly IBUTYHA.

[Ipu upomy piBHsHHS (19) Yyepe3 MOMEHT 30B-
HIIIHBOT'O HABAHTAKEHHSI MOYKHA BUPA3UTH:

v oM, Z(PKP+Pf)rK’

Has

(22)

mp.igy. nm/’ mp.igy - A\mp

ne P, — cuma omopy rpyHTOOOpOOHOI MallMHU

(cuiia TATH Ha KPIOKY Tpaktopa); P, — cuia onopy

KOYCHHIO MAIIMHHO-TPAKTOPHOTO arperary.
Cuna onopy rpyHTO0OpOOHOI MalllMHU BU3HA-
Ya€eThCsl 32 PIBHAHHSIM:

P,=K.-B-h-i, (23)

ne K, — nutomuit onip poO040Oro oprany IpyHTO-

00poOHOT MalMHu; B — mMpHHA 3aXBaTy po0OOYo-
r0 OpraHy MamluHH; /A — TIHOWHA 00pOOKHU TPyH-
Ty; i — KUIBKICTh poOOUYMX OpraHiB IpyHTOOOPOO-
HOI MaIlIMHM.

IBuakicTe pyxy MOOIUTBHOTO E€HEPreTHYHOTO
3aco0y
J2OMA T g 377 e (125), (24)

mp.iggy.

V

Je n, —4acToTa o0epTaHHs Kojeca aBTOMOOLIS YU
TPaKTOpa; 7, — 4acToTa OOEpTaHHA Baja 34el-

neHHs; & — Koe(ilieHT OyKCyBaHHS BEIyYuX KO-
mic ME3.
Butpara nansaoro Ha 100 kM nuisxy:

GII
G0 = 7 . (25)
Bukunu caxi Ha 100 kM nuisixy:
G,
G0 = 7 : (26)

Hudepentiiine piBHSHHA TpaHCMIcCii TSTOBO-
TPAHCIIOPTHOTO 3aC00Y OMUCYETHCS K

dn, _ 30

34

d =l

34

(Msv - MH(IG ) > (27)

ne I, — MoMeHT iHepuii 3uenneHHs; M, — Mo-

MEHT Ha Baly 34eIUICHHS.

[Ipu MaTeMaTHYHOMY MOAETIOBaHHI CHUCTEMH
«Tpakropuct — MTA — none» npu BUKOHaHHI Tpa-
KTOPHUM arperaroM IpyHTOOOPOOHHX omeparii,
HaNpHUKIad, OpaHKH, BAXJIMBO BpaxyBaTW BUIAl-
KOBl KOJIUBaHHS MOMEHTY HaBaHTaeHHi M .

Jlns BpaxyBaHHS BUTAJKOBHUX IPOIECIB 3MIHHHX
M 1pu po3paxyHKax Ha MaTeMaTHIHINH Momei

HAa8
JOIIJIBHO BUKOPUCTATH METOANKY MAaTeMaTHIHOTO
MOJIE/TIOBAaHHS IICEBJIOBUIAKOBOIO IPOLECY KO-
JMBaHb MOMEHTY HaBaHTa)KEHb, SIKUH MepeaacThCs
Ha KOJIHYAaCTUH Bajl ABUTYHA [7].

MowmeHT iHepuii JBUTyHa, TpaHCMIcCii eHepre-
TUYHOTO 3ac00y 3 MPUYINHOI MALIMHOI0, SIKi PH-
BEJIeHI JI0 KOJIIHYacToro Baja ausens [, , BU3Ha-

YJalo0ThCS 3 YMOB PIBHOCTI KIHETUYHOI €HEprii BCIX
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00epTOBUX 1 MOCTYNAIBHO PYXOMHX Mac TSITOBO-
TPAHCIIOPTHOTO 3aco0y:

2

7
11) = I()s + GME3 - +

mp iy

4T
+,-Z:1:U2k

mp.ig
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. (28)

4 I r
+ np K
2.3

mp.ig np

ne I, — MoMeHT iHepuii BCiX 00epTOBUX 1 MOCTY-

NaJIbHO PYXOMHX Mac MOOUIBHOTO €HEPreTHUYHOrO
3aco0y, SIKH{ NMPUBEICHUH /0 KOJIHYACTOTO Bajy
asuryHa; G,,, — eKcIllyaraliiiHa Maca MOOUIbHO-

ro €HepreTMYHoro 3acoOy; I, — MOMEHT iHepuii

xoneca ME3; [, — moment inepuii npuuena un
npuyinsoi mammaw; U, .
BaJIbHE YUCIIO TPAHCMICIT Ha ix;-H BKIIOYCHIH T1e-
penadi kopoOku niepenad; r, — paaiyc koreca ME3;
Fup — PAZILyC KOJIECA IPUYETIA.

s mpoBefeHHS OOYHCIIOBAaIBHHUX  JIOCII-
JOKeHb CTaTUYHHX 1 TATOBO-TUHAMIYHUX XapakTe-
PUCTHK  aBTOTPAKTOPHUX JAM3EINiB, MaJUBHO-
€KOHOMIYHHMX, JUHAMIYHHMX 1 €KOJOTIYHHX ITOKa3-
HuKiB ME3 3 yHiIBepCalbHUM PETYIATOPOM PO3PO-
OJIeHI BimMOBITHI anropuT™Mu 1 mporpamu. Lli ma-
TEMaTUYHI MOJEJI JO3BOJIAIOTH MPOBOAMTU 3 BH-
COKOIO TOYHICTIO HOPIBHAJIBHI AOCHIIKEHHS Pi3-
HUX BapiaHTiB CHUCTEM ABTOMATHYHOTO
pEryJIOBaHHS AU3ENsI 3 OJIHAKOBOIO MOBTOPIOBaHI-
CTIO peXUMIB poOOTH ABHUTYHA 1 aBTOTPaHCIOPT-
HOTO 32c00y 200 MaITMHHO-TPAKTOPHOTO arperary.

Ile my>ke BaKJINBO CHOTOHI, KOJIH IMOPIBHSILHI
JTOCITIDKEHHST MOOUTBHUX CHEPTeTUYHUX 3acO0IB B
eKCIUTyaTallifHuX YMOBax IO MaJMBHI €KOHOMIiU-
HOCTI, JUHAMIYHHMM 1 €KOJIOIYHHMM IIOKa3HUKaM
SIBJITIOTBCS  CKJIQJHUM OpraHi3alliiiHO-TeXHIYHUM
3aBJaHHSAM 3 MPUYMHU BiICYTHOCTI HEOOXiAHOTO
oOnamHaHHS, TPWIANIB 1 MaTHBHO-MACTHIBHUX
MarepiamiB. Po3pobineHa mMareMaTHyHa MOIEINb
CUCTEMH «BOJIili — MOOLJIbHHI €HEPreTUYHUH 3aci0
— gopora (ToJie)» Jae 3MOTY TPOBOJUTH JOCIHi-
JOKEHHS CHCTEMH aBTOMATHYHOTO PEeryJIOBaHHS
(CAP) nuzeniB MOOITBHOTO €HEPIETUIHOTO 3200y
10 137J0BOMY LIUKITY.

AJIeKBaTHICTh MAaTEMaTHYHOI MOJEINi MiATBep-
JOKYETBHCS 30irOM pO3paxyHKOBUX Ta €KCIEPUMEH-
TaTbHUX XapaKTCPUCTHK 1 KPUBUX MEPEXiTHUX
MIPOIIECIB AM3EIiB 1 MaNTMHHO-TPAKTOPHOTO arpe-

— 3araJibH€ Iepcaa-

raTy TpH BHUKOHAaHHI TMOJBOBHX 1 TPAaHCHOPTHHX
poOit. locmimKyBaHuii yHIBepCAIbHUN PEryJIsTOP
Ha TPAHCIOPTHHUX POOOTax A03BOJISIE EKOHOMHUTH
6—8 % manbHOTO.

TakyuM 4YMHOM, MaTeMaTHYHa MOAEJb TATOBO-
JUHAMIYHUX MPOIECiB MOOUILHUX EHEPreTHYHHX
3ac00iB I JOCHIIKEHb CUCTEMH aBTOMATHYHOIO
peryJoBaHHS 4acTOTH OOEpTaHHsS Iu3els 3 Iraso-
TypOIHHUM HAJIyBOM CKJIQJA€ThCS 3 CUCTEMHU JIH-
¢depeHUiiHUX Ta anreOpaiyHUX PIBHSIHD y BUTJISAL
(YHKITIOHATBPHAX 3aJIe)KHOCTEH, SKi Jal0Th MOXK-
yuBicTh pociimkyBaty AT3 un MTA B ymoBax
peanbHOT eKcIuTyaTalii Ta o 13J0BOMY [IUKITY.

HaykoBa HOBU3HA Ta NPAKTUYHA
3HAYNMICTDL

HaykoBa HOBHU3Ha moisirae y po3poOui Mero-
JUKH JIOCIITHUIIBKOTO 137I0BOTO IMKIY 3 Ypaxy-
BaHHSAM HaHOUIBII XapaKTePHUX PEKHUMIB PYXy
MAaIlIMHHO-TPAKTOPHOTO arperaTy B yMOBax pealib-
HOi ekcrutyaramii. Ha po3poOrieni maremaTnyni
MOJIeITi, aNTOPUTMHU 1 TIPOTPaMU ISl TECOPETUIHUX
JOCIIJDKEHb CTaTUYHUX, IWHAMIYHUX, MaUBHO-
ekoHoMiuHMX Toka3HuKiB MTA i AT3 nepkaBHa
ciyx0a IHTENeKTyallbHOI BIIACHOCTI YKpaiHU BU-
Jlaja CBIZONTBA TMPO PEECTPAII0 aBTOPCHKOTO
mpasa [11-13].

BucnoBxu

1.Jlms  JOCHDKeHHS CTaTHYHHX, TATOBO-
IMHAMIYHUX, TEXHIKO-CKOHOMIYHHMX Ta €KOJIOIiY-
HUX NIOKa3HUKIB MOOUTBHUX €HEPTeTHYHHX 3ac00iB
PO3pOOIEHO TPU MaTeMAaTUYHI MOJENI Ta alrOpH-
TMH 1 TIpOTpaMH, SKi JOBEICHI 0 MPAKTHIHOTO
BUKOpHUCTaHHs. [lepiioro MaTeMaTHYHOIO MOJE-
mo [11] po3paxoBYIOTECS MIBHIKICHI XapaKTepHC-
tuku [THBT 3 yHiBepcalbHUM pEryssTOpoM 1 Jn-
3eJ1sl 3 ra30-TypOiHHUM HaAgyBoM, Apyroto [12] —
PO3paxoBYIOTbCS IWHAMIYHI MOKa3HUKU TEpexil-
HUX TIPOLIECIB Y AM3€eIi 3 TypOOHAITyBOM, a 3aBJIsi-
Kd TpeTiii Moneini [13] mpoBoAATECS pO3paxyHKH
NPOLIECiB PyLIaHHs, PO3TOHY Ta CTAJIOrO PyXy Ma-
LIMHHO-TPAKTOPHOT'O arperaty 3 MepeKII0UYeHHIM
nepesaay o i3J0BOMY LIHKILY.

2. YnockoHaleHa MaTeMaTHyHa MOJeNnb s
BHU3HAYCHHS MATMBHOI €KOHOMIYHOCTI Ta €KOJIOTi-
yHuX noka3HukiB AT3 1 MTA 3a i310BuUM IIUKJIOM
BpPaxOBY€ CTaTHYHI 1 JAWHAMIYHI XapaKTEPHCTHKH
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aBTOTpakTopHOTO JIB3 Ta 1Oro arperaris, a TaKOX
ME3 B yMOBax peajlbHOI eKCILTyaTallii.

3. Po3pobnena MaTeMaTHyHa MOJETb A€ MOXK-
JUBICTh BUBHAYUTH €(PEKTUBHICTh HOBUX KOHCTPY-
KTHBHHUX, CKCIUTyaTalliiHUX Ta TEXHOJOTIYHUX
BIIPOB/KCHb, a TAKOX PI3HUX 3aXO0JiB IIOAO TO-
KpaIlleHHs aJHBHO-€KOHOMIYHUX Ta EKOJOTIYHUX

nmokazaukiB AT3 i MTA B ekcruryaTariiiHux ymo-
Bax.

4. BukopucTanHsl po3po0eHuX MaTeMaTHYHHUX
MoJleNeld ChOTOJHI € aKTyaJbHHM 1 TEepCHEeKTUB-
HUM TIpY BUpIMIEHH] HaratbHUX MpoOIeM eKOHOMIT
NAMBHO-CHEPIETUYHUX PECYPCIB Ta €KOJOTTYHOI
Oe3nexu YKpaiHu.
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MATEMATHYECKAS MOJAEJIb V1A OIPEJEJIEHAA
INOKA3ATEJIEA TAT'OBO-TPAHCIIOPTHBIX CPEJCTB

Hesas. B HayyHO! cTaTbe HEOOXOAWMO PEIINTH CIEAYIOMHKE 3a7adn: 1) yTO4HEHHEe MaTeMaTHYeCKOH MOIenu
JUISL OTIPENEIICHUS] TATOBO-AMHAMUYECKHX, TOIIMBHO-IKOHOMHUYECKHX M 3KOJOTMYECKUX IOKa3aTeNed MOOMIBHBIX
OHEPreTUUECKUX CPEACTB; 2) pa3pabOTKy METOJAMKH TEOPETHYECKUX HCCIIEIOBAHUI CHCTEMBl aBTOMAaTHYECKOTO pe-
ryJnpoBaHusd, CTATUYCCKUX U JUHAMHUYCCKUX XAPAKTCPUCTUK aBTOTPAKTOPHOTO AM3ECJIA C Fa3OTyp6I/IHHI)IM Hagay-
BOM M MOOWJIBHOTO 3HEpreTudeckoro cpeicrsa. Meroauka. B pabote uccnenyrorcs paboune mpoleccsl aBTO-
TPaHCIIOPTHBIX CPEJICTB U MAIIMHHO-TPAKTOPHBIX arperaTtoB MyTeM MaTeMaTH4ecKOro MOAEINPOBAaHUS U pa3padboT-
KM QIrOpUTMOB M MpOrpaMM Uil PacyeToB 3THX IMPOLECCOB B YCIOBHUAX pealbHOM OSKcIIyaTanuu. Jlns
TEOpPETHUYECKHX  HCCIeloBaHMI pa3paboTaHa cucTeMa ypaBHEHHMH, KOTOpas OINMCHIBAET  HEJIMHEHHYIO
MaTeMaTH4eCKyl0 MOJENb CHCTEMBl aBTOMATHYECKOTO PETYJIMPOBAHUS YaCTOTHl BPAIICHHS aBTOTPAKTOPHOTO
musenst. Kpome mnddepeHnnanbHpIX ypaBHEHHI IIEPBOTO M BTOPOTO MOPSAIKA, B MATEMAaTHIECKOM MOJIEITMPOBAHUN
pabovMX TPOIECCOB TATOBO-TPAHCHOPTHBIX CPEACTB HCIONB30BAHBl YPaBHEHHS, KOTOPBIC OMHCBHIBAIOT OIBITHBIC
XapaKTEPUCTHKU aBTOMATHYECKOTO PEryNIsATOpa, TOIUIMBHOTO HACcOCa BBICOKOTO JaBJICHHSA, TypOOKOMIIpeccopa
W JIBUTATEJIs, & TAK)Ke MOMEHThI MEXaHHUYECKHUX TOTEPh ABUTATENSI M BHEIIHIOI Harpy3ky. Pe3yabTaThl. Pazpabo-
TaHHagd MaTeMaTU4C€CKass MOACIb MO3BOJISACT ONPECACIUTD 3(1)(I)CKTI/IBHOCTI) HOBBIX KOHCTPYKTHUBHBIX, OKCILTyaTalu-
OHHBIX H TCXHOJOTUUYCCKHUX pa3pa60T01<, a TaKXC pas3IndHbIX MepOl’[pI/IHTI/Iﬁ o  yJaydli€HUIO TOIIJIMBHO-
HSKOHOMHUYECKUX M 3KOJOIMYECKHX ITOKa3aTeled aBTOTPAHCIOPTHBIX CPEACTB M MAIIMHHO-TPAKTOPHBIX arperaros
B 9KCIUTyaTallMOHHBIX ycioBusx. Hayunasi HoBu3Ha. BriepBrle paszpaborana maremaruueckas mMojnens «Tpakro-
PHCT-MaIIMHHO-TPAKTOPHBIA arperar—aopora (I1oJie)», KOTopas M03BOJSIET IPOBOJUTE UCCIICOBAHHS TPAHCIIOPT-
HBIX TPaKTOPHBIX arperaroB IO €3[0BBIM IIMKJIaM C YYETOM IIPOLECCOB TPOTAHUS M Pa3TOHOB MOOMIIBHO-
9HEPTreTHYECKOT0 CPEACTBa ¢ MepekioueHneM nepenad. IIpakTuyeckasi 3HAUMMOCTb. B yCIIOBHAX 3aTsSHKHOTO
SKOHOMHYECKOTO KPH3HUCa, MPU OTCYTCTBUH HEOOXOAMMOTO 000pyI0BaHMsI, IPHOOPOB 1 TOIUIMBHO-CMA309HBIX Ma-
TEpHaJIOB, CPABHUTEIIHHBIE HCCIEIOBAHNSA MOOMIBHBIX SHEPIeTUYECKUX CPEICTB BO3MOXKHO IPOBECTH Ousiaromaps
pa3pabOTaHHBIM MaTEMaTH4YECKHUM MOJEINSM C COOTBETCTBYIOMIMMH aJTOPUTMaMHU U IIPOTPaMMaMH, KOTOPBIE T0BE-
JICHBI JI0 MPAaKTHYECKOTO MCHONb30BaHuA. Ha 3Tn KOMIbIOTEpHBIE MPOrpaMMbl YKPIATEHT BBIAAT CBUACTEILCTBA
0 peructparuy aBTopckux mpas Ne 49285, Ne 49286 u Ne 49287 ot 22 mas 2013 roza.

Kniouegvie cnoéa: MOOUIBHBIEC 3HEPTETHUECKHE CPEJICTBA; MATEMATHUECKHAE MOJIENN; allTOPHUTMBI M IPOTPAMMBI;
CTaTHYECKHE M  TATOBO-AWHAMUYECKHE  XapaKTCPUCTHKH; TOIJIMBHAs  OKOHOMHYHOCTH; TOKCHYHOCTB;
aBTOTPAHCHOPTHBIE CPEACTBA; MAIIMHHO-TPAKTOPHBIEC arperarsl
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MATHEMATICAL MODEL FOR DETERMINING THE INDICATORS
OF TRACTIVE VEHICLES

Purpose. The research paper involves solving of the following tasks: 1) refinement of the mathematical model
for determining the traction and dynamic, fuel and economic, environmental indicators of mobile energy facilities;
2) methodology development of theoretical studies of automatic control systems, static and dynamic characteristics
automotive-tractor diesel with a gas turbine supercharger and a mobile power facility. Methodology. The work
studies the working processes of vehicles and machine-tractor aggregates by mathematical simulation and the devel-
opment of algorithms and programs for the calculation of these processes in actual operational conditions. The sys-
tem of equations has been developed for theoretical research. It describes a nonlinear mathematical model of the
automatic control system of an automotive-tractor diesel rotating frequency. In addition to the differential equations
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of the first and second order, equations are used in mathematical simulation of working processes of traction vehi-
cles. These equations describe experimental characteristics of an automatic regulator, a high-pressure fuel pump,
a turbocharger and an engine, as well as moments of engine mechanical losses and an external load. Findings. The
developed mathematical model allows determining the effectiveness of new design, operational and technological
developments, as well as various measures in order to improve the fuel-economic and environmental performances
of vehicles and machine-tractor aggregates in operating conditions. Originality. For the first time, the mathematical
model "Tractor driver — machine-tractor aggregate — road (field)" was developed. It allows conducting research of
transport tractor aggregates by driving cycles, taking into account the processes of starting and speeding up the mo-
bile-power sources with gear shift. Practical value. In conditions of a protracted economic crisis, in the absence of
the necessary equipment, instruments, combustible and lubrication materials, comparative research of mobile power
sources can be carried out thanks to the developed mathematical models with corresponding algorithms and pro-
grams that are brought to practical use. For these computer programs State Intellectual Property Service of Ukraine
issued Certificates on registration of copyright No. 49285, No. 49286, No. 49287 of May 22, 2013.

Keywords: mobile power sources; mathematical models; algorithms and programs; static and traction-dynamic
characteristics; fuel economy; toxicity; motor vehicles; machine and tractor aggregate
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KOMIO3UIINOHHOE UMITYJIbCHO-IINTIASMEHHOE INIOKPBITUE
«CTAJIb P18/9¥YI'YH 230X281'3»

Heab. B nanHoii HayyHO#l paboTe HEOOXOAMMO MPOBECTH UCCIIEIOBAHNE KOMIIO3UIIMOHHOTO MOKPBITHS, MOJY-
YEHHOT0 MMIYJIBCHO-TUIa3MEHHOW 00paboTKOW C NMPUMEHEHHEM KaToJOB M3 BBICOKOYIJICPOJIUCTHIX CILIABOB, CO-
Jiep KallinX MOBBIIMICHHOE KOJMUYECTBO KapOu000pasyronmx aneMeHToB. Meroauka. [1okpbITHe HAHOCHIM C TIPH-
MEHEHHEM 3JIEKTPOTEPMUYECKOT0 aKCHAJILHOTO TUIA3MEHHOI'0 YCKOPHTENS MPH CIIEIYIONMX padovnX HapaMeTpax:
HaIpsDKEHHE, ToJjaBaeMoe Ha 31eKTpoasl — 4,0 kB; ammnuTyna Toka — 18 KA; pacCTOsHUE MEX]Y SIEKTPOAAMU ~
50 mm. OOpabOTKy MPOBOJUIIN IO CXEME: IIATh UMITYJIBCOB C DIIEKTPOAOM U3 CTaimu P18 + MmATh MMITyIIECOB C 3JICK-
TpoaoMm mu3 uyryHa 230X28I'3. [Tocne UMITyIBCHO-IDIa3MEHHOM 00pabOTKH cliefioBaia TepMooOpaboTKa HAIBLICH-
HbIX 00pa3ioB: Beiiepkka npu 950 °C B TeueHue 2 4. ¢ MOCIEAYIOIIUM OXJIAKAeHHEM B Macie. [Ipu ucciieoBanum
CTPYKTYpbI HOKpPbITUS Ucnob3oBaHbl onTrdeckas (Nikon Eclipse L150) u anextponnas (JEOL JSM-6510) mukpo-
CKOTHSA, dHeproauciepcuonHas crekrpockonus (X-Act, Oxford Instruments), usmepenue mukporBepaoctu (FM-
300 Future-Tech Corp.). Pe3yabTaThl. [lokazaHo, 4To B pe3ysibTaTe UMITYJIbCHO-IIFIA3MEHHOM 00pabOTKH ¢ pUMe-
HCHHEM Pa3IMYHBIX DJICKTPOAOB (POPMUPYETCS CIOMCTOE MOKPBITHE «cTanb P18/uyryn 230X28I'3» TonmuHO#
110-130 mMxM. BeInoiHeH aHaln3 MHUKPOTBEPIOCTH MOKPBHITUS 7O U TMOCIHE MOCTIUIa3MEHHON TepMUYecKoil obpa-
OOTKM; IOKa3aHO, YTO B pE3yJIbTaTe 3aKaJIKW TBEPAOCTh MOKPHITHS moBbimaercs ¢ 4 900-7 300 MIla no
10 500-13 500 MlIla (cnoit «P18») m 12 000—16 500 MIla (cnoit «230X28I'3»). Hayunass HoBM3HA. ABTOpaMu
MIPOAHATM3MUPOBAHO PACHPE/ICIICHHE JETUPYIOMINX IEMEHTOB B MpeJiesiaX MOKPBITHS, BBISBICHO HAIMYUE TIEPEXOA-
HOro MU((y3HOHHOTO CII0S1 MOHIKEHHOW TBEPAOCTH C NMEPEMEHHBIM COZIEp’KaHWeM BOJb(paMa M XpoMa MEXay
cnosmu «P18» m «230X2813». YcTaHOBIECHO, YTO TOCIE HAHECEHHS CIOA B MOKPHITHH (HOPMHUPYETCS TMEepeChHI-
IICHHBIA TBEPIBIN PACTBOP, KOTOPHIH IPH MOCTIUIAa3MEHHOI TepMHUYECKOl 00paboTke pacmagaeTcs ¢ 00pa3oBaHUEM
45-70 % xapbunoB pazauIHON (POPMBI, YTO MPUBOIUT K PE3KOMY MOBBIIICHHIO MHUKPOTBEPAOCTH HOKPBITUS MOCIIE
3akaiky. KommuecTBo KapOUIOB B CIIOSIX MPOMOPIMOHANBHO KOHIIEHTPAIUY YIiIepoaa U KapOua000pa3yonmx ie-
MEHTOB B KaTo/ie, UCIOJIb30BAaHHOM JUI HaHECEHUs KOHKpeTHoro cios. IlpakTnyeckasi 3HaunMocTth. [lokazana
BO3MOXKHOCTh (POPMHPOBAHHSI KOMIIO3ULIHOHHOTO MMIYJIbCHO-IUIA3MEHHOTO CIIOMCTOTO TOKPBITUS C MEPEMEHHBIM
M0 CEYECHHIO XMMHUYECKHM COCTaBOM M MHUKPOTBEPJIOCTHIO 33 CUET BApHHPOBAHUSA MaTepHajia KaToAa U MPUMEHEHUS
MOCTIIa3MEHHOM TepMOOOpabOTKH.

Kniouegvie  cnoséa:  MMIyNbCHO-IIa3MEHHasi — 00pabOTKa;  MOKPBITHE;  MHKPOCTPYKTYpa;  KapOWIpl;
MHUKPOTBEPIOCTH
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BBenenune

Hanecenue 3alIUMTHBIX MOKPBITUM TMpecienyeT
LETb TOBBIIICHUS JKCIUTYyaTallHOHHOW JOJTOBEY-
HOCTH JIeTaliedl MalluH W WHCTPYMEHTa, UCTIONb-
3yeMBIX B YCIIOBHSIX TpPEHUS, aOpa3WBHOTO H3HA-
ITUBaHUs, KOPPO3UH U JPYTUX BHEIIHUX BO3JICUCT-
Buil. [lonydeHre 3alIUTHBIX MOKPHITUNA HA MOBEPX-
HOCTH obecrnieunBaeTCs Pa3THMYHBIMA
TEXHOJIOTHSIMH, CPEAN KOTOPBIX BBIICISAETCS WM-
myJIbCHO-TUTa3MeHHas oopabotka (UIIO) [5, 6, 15].
UIIO mo3Boiser coBMemaTh MOIUPHUIMPOBAHHE
METaJITNYECKOil TMOBEPXHOCTH C HAaHECEHHEM IIO-
KpBITUH pa3iaMyHOro coctaBa M cBoiict [7, 12].
Hdns npoegenuss UIIO ucnonws3yroT pa3iuydHbIe
YCTpOMCTBa, TEHEPHUPYIOIIE IUIa3MEHHBIE WM-
mynecsl [4, 9, 13, 16]. K uncny Takux reHepaTopos
OTHOCHUTCS  DIEKTPOTEPMUYECKHA  aKCHAIbHBINA
IIa3MeHHBIH yckoputens (DAITY) [10, 11, 14].
®opmuposanue nokpeitus npu UIO obecneunsa-
eTcs 3a CUeT MepeHoca BelIecTBa, (POpMUPYIOIIETO
TUTa3MEHHBI TOTOK. B ciywyae wucmonb30BaHus
DAIIY B 3TOM TpoIlecce y4acTBYIOT JJICKTPOJIFHI,
CTEHKH U Cpe/ia pas3psaHOl KamMephbl, KOTOpbIC MPH
BO3HUKHOBEHHH HMITYJIbCHOTO pa3psaa MapsT
Y OTUIABJISIIOTCS, BBIHOCS aTOMBI, HOHBI, MUKPOKAII-
JI1 B TJIa3MEHHBIN MOTOK, BHITEKAIOIIUNA U3 KaMephl
yckoputenss. HecMoTpst Ha pa3iuyHbIe BIUSIOLINC
(haKTOpBI, XUMHYECKHIA COCTaB M CBOMCTBA IMOKPHI-
THSL B OCHOBHOM OTPEJEISIOTCS TEIIO(QU3HIeCKH-
MU CBOHCTBaMH (TeMIlepaTypa IUIaBJICHUS, DICK-
TPOIPOBOHOCTD, TEIUIONPOBOIHOCTE) MaTepuaa
3JIEKTPOMIOB U COCTOSTHUEM CPEIBI B MEXDIEKTPO-
HOM npomexyTke [17]. B paborax [2, 3, 7] onuca-
HbI cBoiicTBa omHochoHbIx UITO-nokpeiTHl, mO-
JMYy4YEHHBIX C UCIOJIH30BAHUEM Pa3IIMIHBIX KaTOIOB
(rpadut, Bombdpam, THTaH, cTaids P18). B To xe
BpeMsl HE HUCCIEI0BAaHA BO3MOXKHOCTH IMOJIYUECHHS
KOMIIO3UIIMOHHBIX MHOTOCJIOWHBIX TOKPBITHHA 32
CYeT MONEPEMEHHOr0 HCIONb30BAHUS PA3TUUHBIX
KatojoB. Takue MOKPBHITUS NPECTABISIOTCA IMep-
CIEKTUBHBIMHU C YY€TOM BO3MOXHOCTH YITyUYIICHUS
KX CBOMCTB 3a CUET B3aUMOJIEHCTBUS JIETUPYIOITUX
KOMITOHEHTOB CJIOEB MEXIy coboil. CTpoeHue
KOMIIO3UIIMOHHBIX CIJIOEB, IONy9EHHBIX C ITIOMO-
mpio UI1O, ocraeTcss HEM3ydYeHHBIM, 9TO TpeOyeT
MIPOBEICHUS JIOTIOJIHUTENBHBIX HCCIIET0BAaHMIMA.

Hean

HGHLIO pa6OTLI SIBUJIOCH MCCJIICAOBAHHUE KOMIIO-
SUIMUOHHOT'O IMOKPBITHUSA, ITOJTYYEHHOTI'O UMITYJIBCHO-

IIa3MEeHHOM 00paboTKOM ¢ IPUMEHEHHEM KaTO0B
U3 CIUIABOB, COJIEPKAIIMX MOBBIIIEHHOE KOJIHYECT-
BO KapOum000pa3yromux 3JIeMEHTOB.

MeTtoauka

[lorydyenne UMIYIBCHO-TNIA3MEHHOTO TIOKPHI-
THS OCYIIECTBISLTA ¢ momoripio DAITY, koHCT-
PYKIHSI ¥ TPUHIUIBI pa0OTH KOTOPOTO MOAPOOHO
ommcansl B padorax [10, 11]. UIIO mpoBommmm
MIpU TaKUX MapaMeTpax: HamnpsyKeHHe 3apsiiKU Ha-
KOIIUTENS 3HEpruu eMKocThio 1,5 M®P, nogaBaemoe
Ha 3nekTpoasl — 4,0 kB; ammnutyna Toka — 18 kA;
paccTtosiHHe MEXIy siekTpogamu ~50 mm; pac-
crosiHue oT Topua DAITY nmo moBepxHOCTH 00pas-
na — 30 mM. B kauecTBe KaTOOB CITY>KHIIU CTEPK-
HU ArameTpoM 5 mm u3 uyryHa 230X2813 (2,34 %
C; 27,39 % Cr; 3,13 % Mn; 1,26 % Si; 0,20 % Ti)
u cramu P18. IlokpeiTe HaHOCHIM Ha OOpa3IlbI
pasmepamu 10x10x25 MM u3 Genoro 4yyryHa, co-
nepkamero 14,6 % Cr [8]. UIIO mpoBoamnu 1mo
CXeMe: MATh UMITYJIbCOB C ANeKTpojoM P18 + maTe
UMITYyJIbCOB € nekTpoaoM 230X281'3. Tlocne UIIO
ciemoBaia TepMHUIeckas 00paboTKa: BEIIESPIKKA TP
950 °C (2 4) ¢ 3amUTON MOBEPXHOCTH KapOropu3a-
TOPOM C MOCTIEIYIOIUM OXJIaXKIEHHEM B Macie.

MuUKpOCTpyKTypy H3y4ald C TMOMOIIBIO ONTH-
yeckoro mukpockona Eclipse L150 (Nikon) u cka-
HUPYIOWIETO 3JEKTPOHHOTO MHKpockona (COM)
JSM-6510 (JEOL), ¢ ucmnoiap30BaHHEM METOIHUK
KoymdecTBeHHOW Metayuorpaguu [1]. da3oBbrit
XMMHMYECKUI COCTaB UCCIIEOBAIU C IPUMEHEHUEM
SHEPrOJUCIIEPCHOHHOTO  criekTpoMerpa  X-Act
(Oxford Instruments). MEUKpPOTBEPIOCTh 3aMEPSUTH
¢ nomouisio Mukporeepaomepa FM-300 (Future-
Tech Corp.) mpu Harpy3ke 50 .

Pe3yabTaTthl

Mertaiiorpaduyeckuii aHanu3 1MokKasaj, 4To B
pesyabrate UI1O Ha moBepxHocTH oOpasua chop-
MHUPOBAJIOCH MOKpbITHE TommuHOM 110-130 MM
(puc.1, a).

[TokpeiTHE BBIAETSIETCS OJHOPOAHOCTBIO U TO-
HIDKEHHOM BBITPABIMBAaEMOCTBIO Ha ()OHE OCHOBBI.
OHO MJIaBHO CONPSTaeTcsi € IMOAJOXKKOH, YETKO
BBIpOKEHHASI TPaHUIA MEXIY HHUMH OTCYTCTBYET,
YTO yKa3bIBaeT Ha (OPMUPOBAHNE METAJUINYECKOU
MEXaTOMHOM CBS3M Ha rpaHulle paszaena. B mpe-
JieTiax TOKPBITHS HaOMIOJAI0TCsl OTACIIbHBIE IOPHI.

MHUKpOTBEpAOCTh MOKPBITHSI B MCXOAHOM (10
TEPMHUYECKON 00paOOTKH) COCTOSIHUM HAXOIHUTCS
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MPUMEPHO Ha OJHOM YPOBHE IO BCEMY CEUEHHUIO,
BapbupysAch B npeaenax 4 900—7 300 MIla (puc. 2).

XapakTep MUKPOCTPYKTYpPbI TOKPBITUS TIpe-
TepIen KapJUHAIFHOEe W3MEHEHHE IOCIE JOTIOJ-
HUTENFHOW TepMIdeckoil oopabotku. Kak crenyer
u3 puc. 1, 6, B npenenax MoKpeITHS cHOpMUPOBa-
JIaCh YETKO BBIPAKEHHAS KOMITO3UIIMOHHAS CTPYK-
Typa, COCTOSIIAs W3 CBETJIOr0 BEPXHEro CJos
TOJIIMHON 55—70 MKM U 00Jie€ TEMHOIO HUKHETO
cnost (45—55 MKM), IPHUJIETAIOIIETO K OCHOBE.

Puc. 1. MukpocTpyKTypa HOKPBITHS:
a — 110CJIC HAHCCCHUSA 6 — mociie I[OHOJ'IHI/ITGJ'[I:HOﬁ
TepMHYECKON 00pabOTKH

Fig. 1. Microstructure of the coating:
a — after deposition; b — after post heat treatment
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Fig. 2. Microhardness profile in cross section of the
coating

B mpenenax xakmoro U3 cioeB CTPYyKTypa pes-
KO HE OJHOPOJIHA, BUIHBI MEJKUe Oelble BKIIOUE-
HUSl, XOPOIIIO pa3iuyuMble Ha (OHE TEMHOW Mart-
punpl. MccnemoBaHus, NMpoBe/eHHbIE HAa CKaHH-
pyomeM 53IeKTPOHHOM MHKPOCKOIE, MOKa3aJH,
YTO B CTPYKTYpE BEPXHEro CJ0s MPHUCYTCTBYIOT
KapOWJIbI B BUJIC CIUIONIHOW CETKH TOJIIMHON 1-5
MKM TI0 TpaHHIIaM 3epeH (puc. 3, a); oObeMHas
JIOJIs 3TUX KapOumoB pocturaet 60—70 %.

Hwxuuil ciioit oTnnyaercs HaJudueM KpPYITHBIX
BKJIIOUCHHM OJOYHOTrO THUIA ceucHueM 5-20 MKM,
HE CBS3aHHBIX B CIDIOIMIHYIO CeTKy (puc. 3, 0).
Mexny KpYIHBIMHA BKJIFOUECHUSMH, 2 TaKKE BHYT-
PU HUX, HaXOIATCS NUCIEPCHBIC BKIIOYECHUS 3ep-
HUACTOW (OpPMBI CpemHUM AuaMeTpoM 1-3 MKM.
OO0miast 7oy BKJIFOUEHHUI BO BTOPOM CJIOE€ COCTaB-
nset 45-51 %. Huxuuil crnoit MeHee oTHOpPOJIEH; B
HEM HaXOITCS OTHENbHBIe KPYITHBbIC BKIFOUCHUS,
a BJIOJIb TPAHUIIBI C BEPXHUM CJIOEM MPHUCYTCTBYET
TEMHas 30Ha, MPAKTUYECKH CBOOOJHAs OT BKIIIO-
YEHUH.

Tepmudeckas oOpaboTka TpuBeNa K Pe3KOMy
(mpumepHO B 2,5 pa3a) MOBBILIEHUIO MHUKpPOTBEp-
JIOCTH  TIOKPBITHA  OTHOCHUTEIHFHO  HCXOIHOTO
(UI10) cocrosamst. M3 puc. 2,6 ciuemyer, d9To
BEpXHHU Ci0i oOnamaeT OouiblIed TBEPAOCTHIO
(12 000—16 500 MIla) mo cpaBHEHHIO C HIKHHM
cioem (10 500—13 500 MIla). Mexnay HumH 3aie-
raet 30Ha nmoHmwxeHHou Teepaoctu (10 000-12 300
MIla).
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SEl 20KV WD 12mm

Puc. 3. COM-u300pa>keHIst MUKPOCTPYKTYPBI
MTOKPBITHS:
a — BepXHUH (CBETJIBII) CIIOH,
6 — HIDKHUH (TEMHBIH) cIToi

Fig. 3. The SEM-images of the coating microstructure:
a — upper (light) layer, b — lower (dark) layer

Wnentndukanmro cioeB MpOBENN C MTOMOIIBIO
SHEPrOJUCIIEPCUOHHOTO  aHajiW3a B  PEXKUME
«mapping», pe3yiabTaThl KOTOPOTO IMPEACTABICHBI
Ha puc. 4 B BHJE M300paXCHUH ydacTKa MOBEpX-
HOCTH B peduiekcax pa3inyHbIX XUMHUYECKUX dIie-
MeHTOB. KoHIIeHTpaIus 3eMEHTOB Ha U300paxe-
HUSX COOTBETCTBYET IIBETY YYacTKa COTJIACHO
MPUHSTON IIIKaje, MOKa3aHHOM clieBa Ha KaXXJIOM
pucynke. Pacripenenenue xpoma (puc. 4, @) cBue-
TEJNBCTBYET O TOM, YTO OH COCPEOTOYCH, B OCHOB-
HOM, BO BHEIIHEH YacTH MOKPHITHS, B TO )K€ BpEMS
B HWI)XHEM CJIOC XPOM MNPUCYTCTBYET JIMIIbL B OT-
JIENBHBIX TOYEYHBIX O0O0JacTsSX, M0 pa3Mepam
COOTBETCTBYIOIINX KpPYTTHBIM BKITFOYCHHSM
(cwm. puc. 1, 6).

Mexny BepxHUM (0OTaThiM XPOMOM) M HIIK-
HUM CIIOSIMH OTMedaeTcs repexonHas auddysu-
OHHAs 30Ha CO CPEAHHUM COJIEpIKAaHHEM XpoMa.

Boasdpam mpakTudecku HOTHOCTBIO COCpPEIO-
TOUYEH B HIXKHEM cioe (puc.4, ). Ero xoHmnexnrpa-
YISl TUIABHO CHIDKAETCS 10 MEPe MPOJBHKCHUS OT
TPaHUIIBl «ITOKPBITUE/TIOIIOKKA» K TOBEPXHOCTH.
OT0 sBIsSETCA CcaeAcTBHeM aU(PPY3Ud aTOMOB
BoJib(ppamMa B BEpXHHMI CJIOH Ha TIIyOMHY HpUMEp-
HO 10-15 mMxM. B BepxHeM cl0€ KOJIUYECTBO XKe-
Jie3a MEHBIIE, YeM B HIDKHEM (puc.4, 2), IpH dTOM
M0 Mepe MPHUOJMKEHUS K OCHOBE KOHIICHTPAIUS
JKeJie3a YMEHBIIAeTCs, a BOJb(ppaMa — pacTer.
Maprasenr B OCHOBHOM COCpPEJOTOYEH B BEPXHEM
croe (puc. 4, 0).

AHanM3 TPEJCTaBICHHBIX PE3yJbTaTOB IOKa-
3BIBAET, YTO HWMIYJIbCHO-TUIA3MEHHOE TTOKPBITHE
COCTONT W3 JBYX YETKO BBIPAKEHHBIX CJOEB.
BHyTpeHHUiT ci0#, nmpuiierammmi K ocHOBe, 00-
pa3oBaH TPU HCIONB30BAaHUHM KaToJa M3 CTald
P18. O6 sTOM CBHIETEILCTBYET OOOTAICHHUE JaH-
HOT'O CJIOsl BOJb(pamMoM W Kelle3oM Tpu obOemHe-
HUU XpOMOM U MapraHieMm. B cBow odepenp, Ha-
PYKHBIN ci0i c(hOPMUPOBAH 3a CYET IIa3MEHHOTO
nepeHoca BeIIeCcTBa YYTYHHOTO Karoja
(230X28I'3), uTO MPUBEIIO K HACBIIICHUIO JAHHOTO
CJIOSl XpOMOM M MapraHIIeM.

[IpucytcTBHEe yKa3aHHBIX KapOmmooOpa3yio-
IIMX DJIEMEHTOB B COCTaBE CJIOEB OOYCIOBHUIIO
(hopMupOBaHUE OOJBIIOTO KOJUYECTBA KapOHUJIOB.
OO0nemMHas 10J11 KapOUIOB B HAPYKHOM CJIOC BBI-
e, 4eM BO BHYTPEHHEM, 4TO OOBscHseTca Ooiee
BBICOKMM COJIEpXKaHHEM yTJepo/ia U XpoMma B Ka-
Toae 230X281'3, ucmob30BaHHOM JJI1 HaHECEHUS
atoro cios. KapOunmpl, cpopMUpoBaBIIHECS BO
BHYTPEHHEM CJI0€, ObUIH MACHTU(DHUIMPOBAHKI pa-
Hee [7] kak MgC (xpymHble Omounbie) m M,C
(Menkue 3epHUCTBIC). DTH KapOWUIBl OOOTaICHBI
BOJILPaMOM BCIICJICTBHE HCIOJIB30BaHMs KaToAa
u3 cranu P18. Pa3znuuHoe KOIMUYECTBO KapOHIOB
B CIIOSIX OOBSICHSETCS pa3HBIM YPOBHEM HX MHUKPO-
TBEPJIOCTH.

Cpasy mocne HaHeceHHs HOKPBITHE HE COAep-
XKalo KapOWIOB, HAXOMSICh B COCTOSIHHH II€pEeHa-
CBIIIIEHHOTO TBEPJOTO pacTBOpa, BO3HUKIIETO
B pe3yJbTaTe CBEPXOBICTPOH KPHCTAIUIM3ALUH
MUKpokarnens Metamia. Cys 0 MUKPOTBEPIOCTH
(4 900-7 300 MIIa), ctpykTypa chopMUpPOBaHHOTO
MOKPBITHSI COCTOUT U3 MapTEHCUTA U OCTATOYHOTO
aycreHuTa. JlOmONHUTENBbHAS TepMHUUYECKas oOpa-
00TKa BBI3Bajia paclaj IMEePECHIIIEHHOTO PacTBOpa
C BBIIENEeHHEM KapOuaoB. MOXHO Iojiaratb, 4To
o0eJIHeHHE ayCTCHHWTA IO YTJIEPOIy, MPHUBEAS K
MTOBBIIIICHAI0 MAPTEHCUTHON TOYKH M,;, cItocoOcT-
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BOBAJI0O MapTEHCHUTHOMY NpPEBpAIlEeHHIO0 TpPH 3a- CIOBWJIO pe3KOe VYBEIWYCHHE MHKPOTBEPIOCTH
KajKe. Beimenenue xapOUIOB, B COBOKYITHOCTU C  IMOKPBITHS J0 YPOBHS, OJIM3KOr0 K YPOBHIO KapOu-
noB M;C; u MeC (13 000-18 000 MITa).

& um X # g 3 N MnK

o—e

Puc. 4. Pactipenenenre XUMHUECKHUX DJIEMEHTOB B MOKPBITUU:
a — MUKPOCTPYKTYpa, 6 — XpoM, 8 — BOJIb(pam, & — KeJe30, 0 — MapraHel

Fig. 4. The distribution of chemical elements within the coating:
a — microstructure, b — chromium, ¢ — tungsten, d — iron, e — manganese
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Heob6xonumo ormeruth, uto B xoxae MIIO Ha-
OmogaeMoe CIJIaBlieHHE YKa3aHHBIX CIIOEB COIPO-
BOXKAaeTCsl GOpMUPOBAHHEM MepexonHor auddy-
3MOHHOW 30HBI C NEPEMEHHBIM XUMHYECKHM CO-
craBoM 1o ceueHuto. OOpa3zoBaHWE 3TOH 30HBI
MPOM30ILIO0 NPH HAHECCHWH TIOKPBITUS, OJHAKO
OTIpelIeJIEHHOE BIMSHUE MOTJa OKa3aTb M BCTpEY-
Hast nuddy3us dIEMEHTOB B TPOIECCE BBIACPIKKH
o] 3aKaNiKy. B CBSI3M ¢ IOHMKEHHOM KOHIIEHTpa-
muei xpoma u Bombdpama anp¢y3HoHHAs 30HA
COIEPKUT Majlo KapOMZOB (TeMHas 30HA Ha rpa-
HUIIE coeB (CM. puc. 1, 6), YTO yMEHbIIAeT MHUK-
POTBEPAOCTh MOKPHITHS HA TPaHUIIE CIOEB. Takum
obpaszom, B pesyabrare UIIO u Tepmudeckoit 00-
paboOTKH Ha TTOBEPXHOCTH (POPMHUPYETCS TTOKPHITHE
C TPaJMeHTOM CTPYKTYp, OTIMYAIOIIMXCS KOM-
IUIEKCOM CBOMCTB. OTO0 sBisiercs 3¢ (EeKTUBHBIM
HPENSITCTBUEM BO3HUKHOBEHUIO TPEIIMH IIPU 3KC-
miyaTanuu usgenui. Jlocturaemeiii 3Gdext o0y-
CJIOBJICH TMOBBIIIEHHON ajre3ueil MOKPBITUS C OC-
HOBOH U CIIOCOOHOCTBIO €ro MeTaia K Iepepac-
[PEeEICHNI0 BHYTPEHHUX HAIPSDKEHUH.

Hayqﬂaﬂ HOBHU3HA U MPAKTHYCCKasd
3HAYUMOCTDH

IlokazaHo, 4TO B cilydae KOMOMHHPOBAHHS Ma-
Tepuaja KaTofa B AJIEKTPOTEPMHUUYECKOM ILIa3MEH-
HoM yckopwurene npu WUIIO Bo3moxxkHO Hopmupo-
BaHHE CIIOMCTOTO KOMITO3UIIMOHHOTO TTOKPBITHS
C Pa3iIM4YHONM MHUKPOCTPYKTYPOH M MHUKPOTBEPIO-
CTBhIO. YCTaHOBJIEHO, YTO MPUMEHEHHE KAaTOM0B U3
BBICOKOYTJIEPOJTUCTBIX ~ CIUIABOB, JIETUPOBAHHBIX
BOJIh(pPAMOM HW/MJTM XPOMOM, IIO3BOJISICT VIIPaB-
JSTH TPOIeccoM (OPMUPOBAHUS IMOKPBITHS, CO-
JIepKaIuM  OOJBIIOE KOJHMYECTBO CIICIIHATBHBIX

KapOuaoB. BriepBeie ncciemoBaHo pacipeaeneHne
xumuaeckux snementoB (Cr, W, Mn, Fe) mo ceue-
HUIO CJIOEB, MOKa3aHa BO3MOXKHOCTH (DOpMHUPOBa-
Hus quddy3noHHON 30HB Mexay ciosMu. [Ipoe-
JIeHNe BBICOKOTEMITEPATYPHOU BBIACPIKKH BBI3BAHO
HEOOXOAMMOCTBIO paciajia MEePECHIICHHOTO TBEP-
JIOTO pacTBOpa, chOpPMHUPOBAHHOTO CBEPXOBICTPOI
KpUCTaJUIU3allMed MPU HUMITYJIbCHOW TMIa3MEHHOU
00paboTke. Brmonnenue (B 00mel CI0KHOCTH)
JIECSATH HMITYJLCOB O0ECHEUMIO TOTydYeHHE I10-
KpbITHs TOTKUHON 110-130 MKM.

BriBoabI

1. Ucnionb3oBaHue pa3iM4HBIX KaTOAOB (CTajb
P18 u uyryn 230X28['3) nmpu uMmynsCHOW ILa3-
MEHHOH 00pabOoTKe TMO3BOJISET IMOJYIUTHh KOMIIO-
3ULIMOHHOE TMOKPBITHE C  MHUKPOTBEPAOCTHIO
10 000-16 500 MIla.

2. Tepmudeckass 006paboTka (3a cUeT BEIAEIIE-
HUS KapOMIOB B MOKPHITHH) 00€CIeuYnBaeT MOBBI-
LIEHHE ero MHUKpOTBepAocTH Oojee yem B 2-2.5
paza o cpaBaenuto ¢ UII10.

3. KonmndecTBO KapOWUIOB B CIIOSX TOKPBITHS
NPOMOPLUMOHANIFHO  KOHIEHTpalMu  yriepoaa
1 KapOUm000pa3yoLX JIEMEHTOB B KaTOAE, UC-
M0JIb30BAHHOM JUIS HAHECEHHUS KOHKPETHOTO CIIOSL.
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ABTOpBI CTaTbH BBIPAXKAIOT MPH3HATEIHFHOCTD
mpodeccopy Kazumichi Shimizu 3a momomb
B BBINIOJIHEHUH METAIOQU3UYECKUX HCCIEI0Ba-
HUii B Jjabopartopusix Muroran Institute of
Technology (SImonwus).
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Meta. B nmaniit HaykoBiif poOOTi HEOOXiTHO MPOBECTH MOCTIKECHHS KOMIIO3UIIITHOTO MTOKPHUTTS, OTPUMAHOTO
IMITYJIBCHO-TIIIa3MOBOIO 0OPOOKOIO 3 3aCTOCYBAaHHSM KaTO/IB i3 BUCOKOBYTJICIIEBHX CILIABIB, IO MICTATH IiIBUIICHY
KUTBKICTh KapOigoyTBOpIOIOUMX eyeMeHTiB. MeToauka. [ToKpUTTS HAaHOCHIIM i3 3aCTOCYBAaHHSAM €JIEKTPOTEPMITHO-
T'O aKCiaJbHOTO IIa3MOBOI'0 IIPHCKOPIOBAYa IPH HACTYIHUX pOOOYMX MapaMeTpax: Harpyra, 1o [oJaeThCs Ha eje-
ktponu, — 4,0 kB; ammityna ctpymy — 18 kKA; Bifcranb Mixk enekTpogamu ~ 50 Mmm. OOpoOKy NMpOBOAMIN 33 CXe-
MOIO: I'SITh IMITYJIBCIB 13 eeKkTpoxoM 3i ctaii P18 + m'saTh iMmysbciB i3 enexTpojoM 3 uaByHy 230X2813. [Ticns
IMITYJIBCHO-ILIa3MOBOI OOPOOKH ClIiyBana TepMooOpoOKa HamuiIeHuX 3pa3kiB: Burpumka mpu 950 °C mporsrom 2
TOJI. 13 HACTYITHUM OXOJIO/KCHHSIM Yy Macii. [Ipu mociikeHHI CTpyKTypH MOKPHUTTS BUKopHcTaHi ontuuHa (Nikon
Eclipse L150) Ta enexrponna (JEOL JSM-6510) mikpockomisi, eneproauctiepciiina cnekrpockomnist (X-Act, Oxford
Instruments), BumiproBarHs MikpoTrBepaocti (FM-300 Future-Tech Corp.). Pe3yabTaTu. Ilokasano, oo B pe3ynbra-
Ti IMITyJTECHO-TIA3MOBOI OOPOOKH 3 3aCTOCYBAaHHSM PI3HUX CIEKTPOMIB (POPMYETHCS IIapyBaTe MOKPUTTA «CTallb
P18/gaByn 230X281'3» topmunoro 110-130 MkM. BukoHano aHami3 MiKpOTBEpIOCTI TOKPUTTS IO i MICHIA MOCTIDIA-
3MOBOI TepMidHOT 00OpPOOKH; MOKa3aHO, 110 B Pe3yJIbTATI rapTyBaHHS TBEPIICTh MOKPUTTS MHinBUILYeTbCs 3 4 900—
7 300 MIIa go 10 500-13 500 MIla (map «P18») ta 12 000-16 500 MIla (map). HaykoBa HoBM3Ha. ABTOpamMu
MPOAHAII30BaHO PO3MOJILI JIETYIOUHX EIEMEHTIB Y MeXax MOKPUTTS, BUSBICHO HASBHICTh MepexifiHoro aAugys3iiHo-
ro Iapy 3HWKEHOI TBEPAOCTI 3 MEPEMIHHUM BMICTOM Boib(dpamy i xpoMy Mix mapamu «P18» ta «230X28I3».
BcraHoBNeHO, 1O MiC/Isi HAHECEHHS LIAPY B IOKPUTTI (OPMYETHCS NMEPECUYEHHMI TBEPAMH PO3YMH, SKUH TpU
MOCTIIIa3MOBIH TepMiuHii 00poOLi po3nanaeTses 3 yrBopeHHsIM 45—-70 % kapOiniB pizHOI GopMH, 10 TPU3BOAUTH
JIO PI3KOTO IiJBHIEHHS MIiKPOTBEPAOCTI MOKPUTTA Iicis rapTyBaHHs. KilbKicTh KapOifiB y mapax mponopuiiina
KOHIICHTpAL1 BYTJIELIO i KapOiloyTBOPIOIOYNX EIEMEHTIB Y KaTOAl, IKUil BUKOPUCTAHO JJIsl HAHECEHHSI KOHKPETHO-
ro mapy. [IpakTuuna 3HaunMicTh. [Tokazana MOXXIHBICTE POpPMYBaHHS KOMITO3HIIHHOTO IMITYIIECHO-TIIA3MOBOTO
[IapyBaTOTO MOKPUTTS 31 3MIHHUM MO MEPEeTHUHY XIMIYHHM CKJIAZOM Ta MIKPOTBEPAICTIO 32 PaXyHOK BapilOBaHHS
MaTepianoM KaToa i 3acToCyBaHHS MOCTIUIA3MOBOI TEPMOOOPOOKH.

Krouosi crosa: iMImymscHO-1IIIa3M0Ba 00pOOKa; MOKPUTTSI; MIKPOCTPYKTYpa; KapOiau; MiKpOTBEPIiCTh
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COMPOSITE IMPULSED-PLASMA COATING «STEEL T1/CAST IRON
CR28MN3»

Purpose. The article is aimed to investigate the structure of the composite coating obtained by pulse-plasma
treatment using cathodes of high-carbon material with higher amount of carbide-forming elements.
Methodology. The coating was produced using electrothermal axial plasma accelerator with the following operating
parameters: voltage applied to the electrodes is 4.0 kV; amplitude of the current is 18 kA; distance between elec-
trodes of about 50 mm. The treatment was carried out according to the scheme: five pulses with electrode of steel
T1 + five pulses with electrode of cast iron Cr28Mn3. The pulsed plasma treatment was followed by heat treatment
as holding at 950°C for 2 hours, followed by oil cooling. Optical (Nikon Eclipse L150) and electron
(JEOL JSM-6510) microscopy, energy dispersive spectroscopy (X-Act, Oxford Instruments), the microhardness
measurement (FM-300 Future-Tech Corp.) were used for microstructure studying. Findings. It is shown that pulsed-
plasma treatment using various electrodes resulted in formation of laminated coating «P18 steel/cast iron
230Cr28Mn3» of 110-130 microns thick. The analysis of micro-hardness coating before and after the post-plasma
heat treatment is carried out. It is found that quenching resulted in increase of coating microhardness from
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4900-7300 MPa to 10500-13 500 MPa (layer «T1») and 12000-16500 MPa (layer «230Cr28Mn3y).
Originality. The distribution of the alloying elements within the coating is studied. The diffusion transition layer
having variable tungsten and chromium content was revealed between the layer «T1» and layer «230Cr28Mn3». It
was shown that after plasma deposition an oversaturated solid solution is being formed in the coating. During post-
heat treatment it decomposes with the precipitation of 45-70 % carbides of different shape resulting in sharp in-
crease of microhardness. Carbides amount is proportional to content of carbon and carbide-forming elements in the
electrode used for certain layer deposition. Practical value. It was shown the possibility of the formation of a com-
posite layered pulsed-plasma coating with variable chemical composition and micro-hardness in cross-section by
means of varying the cathode material and by use of post-plasma heat treatment.
Keywords: pulsed-plasma treatment; coating; microstructure; carbides; microhardness
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SKCHHEPUMEHTAJIbHBIE HCCIIEJOBAHUSI TUHAMWKHA
HEHTPOBEKHOU JIMTEMHOU MAIINUHBI JJIA ITPOU3BOACTBA
ITPOKATHBIX BAJIKOB

Heab. OCHOBHOM LIENBIO0 3KCIEPHUMEHTAIBHBIX HUCCIEOBaHUH SBIAETCS YCTAHOBKA aJICKBATHOCTH pa3paboTaH-
HBIX MaTeMaTHYECKHX MoJenel KoyeOGaH!i MaIliHbl M (paKTHYeCKHX IMapaMeTpoB BUOpalMu MamuHbl. [IpakTude-
CK{ BCe JIUTEHHBbIE MAIIUHBI IS IPOU3BO/CTBA MPOKATHBIX BAJKOB MMEIOT YHUKAIbHbIE KOHCTPYKLUH U paboune
XapaKTEePUCTHUKH, TOITOMY JIOTIOJIHUTEIbHAS LIeJIb HACTOSIEH paboThl MPEANoaraeT COlOCTaBIeHUE YPOBHS BUO-
pauuu JMTeHHON MaluHBI ¢ TPEOOBAHUSAMH JICHCTBYIONIMX CTaHIAPTOB BUOPAIIMOHHON aKTHBHOCTH HOBBIX TEXHO-
jornyeckux MamuH. C HeNnblo yCTaHOBKH /1e()eKTOB U3TOTOBIICHNUS, OIIMOOK MOHTaXKa BpallaloluXcs JeTaneii Ma-
IMIMHBI U WX BIWSHHS HA JUHAMHUKY MAIIUHBI IPEyCMaTpHBAcTCsl BHINOJHEHHE YAaCTOTHOTO aHalM3a KoJjeOaHuil
MamuHbl. Metoauka. 3mepenne nmapaMeTpoB BHOpaluy OBLIO BBHIITOJHEHO HAa ITOJBM)KHBIX YacTSX POJIMKOBBIX
OTIop MamuHeL /I 3aMepoB aMIUIUTY/T YCKOPEHUH B TPEX B3aWMHO MEPHECHANKYISPHBIX HAMPABICHUAX OBLTIH HC-
TI0JIb30BAHBI ITbE€303JIEKTPUIECKUE TATIYMKH C MATHUTHBIM KpPETUICHHEM. DNEKTPUIECKUE CUTHAIIBI OT JaTYUKOB ObI-
T 3alicaHbl HA MarHUTHYIO JICHTY. JlanpHeHmuii aHamu3 KoineOaHuH BBIOIHSICS M ObUT BU3YalIM3UPOBAH C I10-
MOIIIBIO CTIEIMAIN3UPOBAHHOTO YaCTOTHOTO aHaiIn3aTopa. YacTOTHBIN aHATU3aTOp PEaIu3yeT alrOpUTM OBICTPOTO
npeobpazoBanus Dypwe, a TaKKe WHTETPUPOBAHWE BXOJHOTO CHUTHaNa JaTduka. Ilocie mepBOro MHTETPHUPOBAHUS
MOTY4a0TCs JaHHBIE TSI IOCTPOEHUSI CIIEKTPOrpaMMbl BHOPOCKOPOCTEH, a pe3yIbTaTOM BTOPOTO MHTETPUPOBAHUS
SIBIISIFOTCS JaHHBIE CHIEKTPOrpaMMBbl BUOpoIepeMenieHuit onop MauiuHel. PesyabTartel. [IpencraBieHs pe3ynbTaTsl
OKCIIEPUMEHTAILHBIX UCCIIEIOBAHUN KOJIEOaHUH IIEHTPOOEKHOM JIMTEHHOI MalllMHBI JUIs IIPOU3BOJICTBA JBYXCIIOM-
HBIX NPOKATHBIX BaJIKOB. [losyueHBl U MpOAaHANU3UPOBAHbl CHEKTPOTrPAMMBI YCKOPEHUH, CKOPOCTEH U IepeMele-
HUH MMOJBIDKHBIX YacTel BEPXHUX M HI)KHHUX POJIMKOBBIX OMOp. PaboTa MalMHbI conpsbkeHa ¢ MPOXOKICHHEM pac-
YETHBIX 3HaYEHUH KPUTHUECKHX YacTOT U KPaTKOBPEMEHHBIM Pa3BUTHEM PE30HAHCHBIX KOJeOaHU poTopa U pojH-
KOBBIX ornop. HayuHasi HOBU3HA. ABTOPOM BIIEPBBIC MOJTYYEHBI YaCTOTHBIE CIIEKTPHI BUOPALMH HPOMBIIIJICHHOTO
oOpasma aureitHoi MamuHbl. OOHapyXeHb! KOJeOaHNs C YaCTOTaMM, KOTOPBIE OTIMYAIOTCSI OT OCHOBHOW POTOPHOM
yactoTsl. [IpakTHyeckast 3HaYMMOCTh. [lo HTOram 3KcHeprMeHTa ompeesieHbl (haKTHIECKHe MapaMeTpsl BUOpa-
I[MM MAIMHBI B yCTAHOBHUBIIEMCSI PEKUME MPH HCIBITAHUAX 0€3 3aIMBKH (DOPMBI METAJUIOM. Y CTAHOBJICHA a/IeK-
BaTHOCTh MaTEMaTHYECKUX MOJEIEH IMHAMHUKKM MAIINHBI U €€ MPOMBIIIIEHHOT0 00pa3na. MeTosioM OJHOTO TOHA
HOJTy4eHb! K03 (OUIMEHTHI HCKaXXeHHsT BUOPOCKOPOCTH POTOPHON TapMOHUKY, yKa3bIBAIOLINE HA HENUHEIHHBIC Ipe-
00pa3oBaHusi B CUCTEME «POTOP—OIOPBI». DKCIEPUMEHTAIBHO YCTAHOBJICHO, YTO MapaMeTpbl BUOpAIMU MalIdHbI
HaXOJATCS B IOMyCTUMBIX TUANa3oHax 3HAUCHUH, perJaMeHTHPYEMbIX CTaHAAPTaMU IJIs1 BUOPOAKTUBHBIX MAIUH.

Kniouegvie crnosa: neHTpOOEKHAs TUTEHHAs MAIIMHA; IPOU3BOACTBO JBYXCIOMHBIX IMPOKATHBIX BAJKOB; JKCIIE-
pHUMeHTaNbHbIE HCCIIeI0BaHUs KojieOaHuil; mapamMeTphl BUOpaIiu

Beenenne HBl JAlOT Hauboliee OOIIMPHYIO W JIOCTOBEPHYIO
uH(pOpMaIUIO 0 KONEeOATENbHBIX MPOIIECcaX B KPHU-

OKCIEPUMEHTANILHBIE HCCIENIOBARMA MEXAHIIE.  1yuociyy i YCTaHOBHBIIHMXCS PEKUMaX €€ PadOThL

CKUX KoJNieOaHWH IEeHTPOOEKHOW JIMTEHHOW MaIlu-
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Bubparmn mamuH Ha TpakTHKE MPEICTaBISIOT CO-
0ol CIIOKHBIE MEXaHMYECKUE KOJICOaHHs ¢ MHOXKe-
CTBOM COCTAaBJIIONIMX HAa pPa3IMYHBIX YacTOTaX.
[losTOMYy 11 HOBBIX MAIIMH YacTOTHBIA aHAJN3
SIBIISIETCS. OCHOBHBIM METOJIOM OIIEHKH IWHAMIYe-
CKHX XapaKTEPUCTUK U BUOPOIUATHOCTHKH MPHUHS-
THIX TEXHUYECKUX PEHICHU W METOJUKH PacyeTOB.
YacToTHBII aHanM3 KoJeOaHWH MAIINH ITO3BOJISET
00HAPYKUTh PsIJl BBIPAKEHHBIX YaCTOTHBIX COCTaB-
JISIOIIUX TIEPUOIUYECKOTO XapaKTepa, HeMmoCPEICT-
BEHHO CBSI3aHHBIX C BpalleHHeM (POpMBI W JIBHXKE-
HHEM ee POJIMKOBBIX omop mammusl [12, 17, 18].
OCHOBHBIC TIOHATUS TIO M3MEPCHUIO (PU3HMUSCKUX
BEJIMYMH, Pa3IMYHbIe METOJUKU W CPENICTBA H3Me-
peHuii BHOpanMK TPEACTaBIEHBI B  paboTax
B. C. T'ony6esa, M. [I. I'enkuna, M. 1. Cy060THHa,
E. C. Jlemunoi, I1. B. Houukoro, A. B. bapkosa
[4-16]. s nomydeHus] IEpBUYHBIX 3HAUYEHWH Ia-
paMeTpoB BUOpAlMU dYalle BCETO HCIIONB3YIOTCS
MBE30JATYNKHN WM aKCEIbPOMETPHI. AKCEIepoMeT-
pBI TMpenHa3HAYCHBI I MPEOOpPa30BBIBAHHS YCKO-
penust BuOparmii (PU3NIECKUX TENl B AIEKTPUIECKUES
curransl [13]. JlampHedmas oOpaboTKa CHTHAJIOB
BBIMOJIHACTCS C TIOMOIIBIO KOMITBIOTEPU3UPOBAH-
HBIX aHanu3aTopoB. Mcnombsyst ObicTpoe mpeobpa-
3oBaHne Dypre, aHATM3aTOPBI ONPEACISIOT aMILIH-
TyJlbl YCKOPEHHI M CIIEKTP YacTOT KOJIeOaHWi uc-
cienyemoro tena. CKOPOCTH W TIEPEMEIICHUS BbI-
YHCISIFOTCSA  TIyTeM HWHTETPHPOBAHUS  YCKOPECHUS
Tena.

Ileab u mocTaHOBKA 3a1a4M

Ienpto wuccienoBaHU SBISAJIOCH MOJTYyYEHHUE
00BEeKTHUBHOW MHGOPMAIMK O JHHAMHUKE MAITAHBI
U cpaBHeHHE (PaKTUYECKUX IMapaMeTPOB BUOpPAIIUU
C pe3yJibTaTaMU HCCICIOBAaHUI KOJIeOaTeIbHBIX
npoueccoB [1-3], mpoBeneHHBIX HAa MaTeMaTuye-
CKHUX MoJensiX. I 3TOro BBIIOIHEHBI U3MEPEHUS
KOJIeOaHUMH TMOJBUXKHBIX YacTEH POIUKOBBIX OIOP
1 (yHIaMeHTa MallMHBl Ha JTamax IMOATOTOBKH
(hOpMBI K 3aJTUBKE METaNIOM. BBImonmHsmCes ycio-
BHSL:

— ONOpHBINA cTakaH (porop) Oe3 IUTeHHON
(hopMBI BpaImaeTcst ¢ MOCTOSTHHOW YTIIOBOW CKOPO-
CTBIO;

— MallMHa C JUTeHHOW (OPMOH, MOIHOCTBHIO
MOATOTOBJIEHHON K 3aJIUBKE METAJJIOM, OCTAHAB-
nuBaercs (BbIOer) 0e3 MPUHYIUTEIHHOTO TOPMO-
JKEHUS DJICKTPOIBUTATEIICM.

MeTtoanka

CoBpeMeHHBIE METOJBl M3MEPEeHUH BUOpaIiH
[4, 14] npenycMaTpuBaroT npeobpa3oBaHHe MeXa-
HUYECKUX KOJeOaHWH B 3NEKTPUUECKUE CHUTHAJBI,
3allUCh MX Ha HOCUTeNnH HMHGOpPMAaLUM U TIOCIe-
IyIOITYI0 00pabOTKy Ha YaCTOTHBIX aHATN3aTOpaXx.

B cootBercTBUM ¢ 3TUMH MeToAamu [4, 14] Ha
JIlyTyruHCKOM 3aBOJl€ NPOKAaTHBIX BAJIKOB OBLIM
MIPOBEICHBI IKCIEPUMEHTAIbHBIE HCCIEA0BaHUS
KoJIeOaHU MalMHBl JUIS TIPOM3BOJCTBA JIBYX-
CJIOMHBIX NPOKATHBIX BaJKOB. CXEMbI pa3MeIeHHs
JATYNKOB W M3MepuTenpHoro Tpakra (puc. 1)
NpeHa3Ha4YeHbl I W3MEpeHHs BHOpaluu MOJ-
BIJKHBIX 4acTeH POJIMKOBBIX OHOp M (yHIaMEHTa
B TpEX HaIpaBleHUIX. B kauecTBe BUOPOIATUNKOB
MepEeMEIIeHNs HUCIOIb30BAINCEH IHE303IEKTpHYe-
ckre akcenepomeTpsl Trma 4321 dupmer «Briel &
Kjeer». OTOT THI TaTYNKOB OTIMYAETCS TTHPOKHM
YaCTOTHBIM M JAWHAMUYECKHM [HaNa30HOM, JH-
HEMHOHN XapaKTepUCTUKOMU, IPOYHON KOHCTPYKIU-
ei, HaIeXKHOCTBIO U CTa0MJIBHOCTBIO NTAPaMETPOB.
AKcesnepoMeTpbl 4yBCTBUTEIbHBI K YCKOPEHUSM,
YTO J1a€T BO3MOXXHOCTh M3MEPEHHS U aHalIu3a He
TOJIKO YCKOPEHHH, a TaKKe CKOPOCTH M IepemMe-
menus. [Ipu BeIOOpe THIA akcenepoMeTpoB ydu-
THIBAJIUCh YCJIOBHS TPOBEACHUSA HCCIIEOBAHUI:
BBICOKas TeMIepaTypa U aKycTHyeckuil mym. Mec-
moJib3yeMble maTauky tumna 4321 ¢upmel «Briiel &
Kjeer» momyckator HarpeB g0 Temreparypsl 250 °C
U MaJIOYYBCTBUTEIbHBI K ILIyMY; MX YacCTOTHBIH
nuanasoH a0 12 xI'n [15]. Temneparypa B mecTax
pa3sMeneHus JaTaukoB He npesbimana 30-35 °C.

Kpenwiuce akcenepoMeTpsl Ha MOJIBHXHBIX
YacTAX POJMKOBBIX OIOP € IIOMOIIBI0 BCTPOCHHBIX
HOCTOSIHHBIX MAarHuTOB. OJTOT METOA KpPEIUICHUS
UCTIONIL3YETCS ITPU M3MEPEHUH M aHajIHu3e B o0Jiac-
TH HU3KUX 4acTOT — 10 2 k['u. Cunia mOCTOSHHBIX
MarHuTOB oOeclieuynBaeT HANEKHYIO paboTy mart-
upka npu yckopermsax 1 000...2 000 m/c®.  Jlns
PETUCTPALIMU AIEKTPUUECKHUX CUTHAJIOB aKceIepo-
METPOB ObUI NPUMEHEH W3MEPUTEIbHBII MarHUToO-
¢on tuma 7006 pupmer «Briiel & Kjar» co ckopo-
CTBIO MPOTSHKKH MAarHUTHOM JIeHTHI 48,1 Mm/c. D10
HaubOomnee 3(PQPEKTUBHBIA CIIOCO0 pErHCTpaluHy,
T.K. BOCIIPOU3BEICHUE NIPH [OBBIILICHHON CKOPOCTH
JIBUKEHUS JICHTBI JTAa€T BO3MOXKHOCTH YaCTOTHOTO
npeoOpa3oBaHMsi  HHU3KOYACTOTHBIX  IMPOLECCOB
B paboumii [uana3oH HOPMAaJbHBIX YaCTOTHBIX
aHanm3aTopos [11].
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Puc. 1. Cxema pa3MenieHns JaTINKOB
W A3MEPUTENBHOIO TPAKTA:
1 — mpe3oaxcenepoMeTp; 2 — U3MEPUTENBLHBIH MarHUTO(OH

Fig. 1. Arrangement of sensors and measuring path:
1 — piezoelectric accelerometer; 2 — instrumental magnetic
recorder

MarsauTHas 3anmuch 00padaThIBajIach ¢ MOMO-
IBI0 JIByXKaHAJIBFHOTO YacTOTHOTO aHaJIM3aTopa
2034 ¢upmsr «Briiel & Kjer».

JuHaMUKa HUKHUX ONOP MalIMHBI NPU padoTe
0e3 imTeitHoi Gopmbl

HccrnenoBancss pe30HAHCHBIA peXUM pabOTHI
MAIIMHBI [IPH OTCYTCTBHU JIMTEHHOW (OPMBI; 3TO
JIOCTaTOYHO Oe30macHble WCCIEAOBaHuUs, T.K. Mac-
ca poTopa MPUMEPHO BBOE MEHbBIIIE H OTCYTCTBY-
eT (GopmoBouHas cMmech. JlaTyuk, pa3MeIICHHBIH
Ha HUKHEH MOJBHUYKHOM YacTH POIMKOBOM OMOpHI,
MTO3BOTIIT 3aUKCHPOBATh, a MPOrpaMMHOE oOec-
MeYeHUE aHaIN3aTopa MO3BOJMIO BHIIOTHUTH Yac-
TOTHBIN aHaMU3 BUOpanuu MamuHbl (puc. 2). Hau-
0oJbIIMe BUOPOCKOPOCTH B 00JACTH HHU3KUX dac-
TOT HabmromaroTcs B mpexaenax 8, 16 u 18 I'i;
8 I'1 — cOOTBETCTBYET YaCTOTE BpAIIEHUS POTOPA,
16 I'm — 2-9 rapMOHUKAa POTOPHOM YacTOTHI U
18 I'11 COOTBETCTBYET MEepeIaTOYHOMY OTHOIIICHHUTO
OT POJIMKA K POTOPY.

WHTerpupoBaHmie CIeKTPOrpaMMbl CKOPOCTEH
(puc. 3) O3BONIIIO YCTAHOBUTH 3HAUCHUS aMILIH-
Tyl KoJieOaHHu HIDKHUX ONOpP B 00J1acTsIX padovIux
YacTOT MAaIlUHBI. AMIUIMUTYIBI TEpeMEIIeHu Ha-
xomarcst B aumanaszode 0,2...0,3 MM u 0Oe30macHBI

JUIST KOHCTPYKITUH MaITHHBL. AMIUTHTYIBI KoJieOa-
HUW Ha "gactorax MeHee 1,5 I'm ManomocToBEepHBI
W3-3a JIBOMHOTO UHTEIPUPOBAHMS MCXOOHOTO CHI-
Haja JaT4yuKa.

Vl(
UXWAUHMWAM/ n

w W 4

by

G
Puc. 2. BubpockopocTr HUXKHEI POJIMKOBOM OMOpHI

Fig. 2. Vibration speeds of the lower roller support
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Puc. 3. BubponepemenieHus HIKHEH
POJIMKOBOH OIOPBI

Fig. 3. Vibration displacements of the lower
roller support

Buopanuonnbie npoueccsl
B YCTAHOBHBIIEMCS peskuMe padoThl

Jnst ycTaHOBUBIIMXCS PEKUMOB PaOOTHI Ma-
HIMHBI HA CIIEKTporpamme (puc. 4) XOpoIIo BUIHEI
3HAQUEHUs aMIUIMTYJ BUOPOYCKOPEHHH Omop Ha
paboueii (poTopHoii) yactoTe MamuHbl (=7,5 I'n)
U Ha JBYyX ee rapMmMoHukax. Hammume B crekTpax
POTOPHBIX TapMOHHUK YKa3blBa€T Ha HEIMHEIHbIE
npeo0pa3oBaHUsl B CUCTEME «POTOP — POJIUKOBBIE
onopsl». HennHeilHble MCKaXeHNUsd POTOPHOM rap-
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MOHHUKH OIEHHBAIOTCS METOJOM OJHOTO TOHA IO
KOO GUITMEHTY HCKaKEHUS BUOPOCKOPOCTH WU
BUOpoyckopenus [12]:

(1

rae X; — aMIUIMTyJa NepBOH POTOPHOW I'apMOHM-
K4; X; — aMIUIUTYy QA I-id POTOPHOU T'APMOHUKHU.

Hannble nmsa pacueta kK03(hUIMEHTa HUCKaXKe-
HUS TIONy4eHBl IUIsl YCTAHOBUBIIETOCS pPEXKHMA
IBUXKEHUA (pHUC. 5). Y BEpXHUX OMOPHBIX POJIMKOB
K, ~0,57; and HUKHUX LUEHTPUPYIOIIUX ONOp UC-
KaKEHHE CYIIEeCTBEHHO BhIIe — K, ;=7,65. 3Haun-
TEJIbHOE OTINYHME 3HaYeHUH K0dI()UIMEHTOB wHc-
Ka)XCHUS! OOBSICHACTCSI OTKJIOHEHUSIMHU Pa3MEpOB U
(OpMBI IPH U3TOTOBJICHUH U MOHTa)KE POJIMKOBBIX
OTI0p.

Kpome rapMoHUK pOoTOpHOH 4acTOTHI, HA CIHEK-
TporpaMMax HaOJIIOIAIOTCs U IPYTue COCTaBIISIO-
e BHOpaIruy, 00yCiIOBIICHHBIC HAJTHIUEM B KOH-
CTPYKLIMU MAaIIUHBl BPALAIOIIMXCS  POJIMKOB,
MOJIIMITHUKOB, KapJaHHOTO Baja 3JIEKTPOIpPHUBO-
nma. MartemaTudeckass MOJAENb TaKWX BHOparmit
uMmeet Buf [12]:

n
x(1)=>x, cos(i-cop~t+(p,.), )
i=l1
rJe X; — aMIUIMTYyJAa i-i 4acTOThI; ®, — YacTOTa
BpalllcHUs] POTOpa MAIllUHBI, (O; — HavajabHas ¢a3a
- YacTOThl, n — YKUCJIO HE3aBHCHUMBIX YacTOT
BHOpaITiy.
Cpennee KBagpaTUIECKOE 3HAUCHUE BUOPOCKO-
poCTei, OMUCAaHHBIX BBIpaKeHUEM (2), ompenems-
eTCs KaK

3)

dakTHUECKOE CpEeIHEKBAIPATHICCKOE 3Haue-
HUE BUOPOCKOPOCTH BEPXHUX OINOpP COCTABIISCT
37 Mmm/c, a 1S HeHTpUPYOIIUX orop — 21 mwm/c.

CornacHo [6] MakCUManabHO AOIYCTHUMBIC 3HA-
YeHUS aMIUTUTYJ BHOPOCKOPOCTEH POTOPHBIX BHO-
palvii Ha yCTaHOBHMBILIUXCS PEKUMaX padOThI JJist
MCCIIClyeMOr0 4YacTOTHOTO JMAana3oHa COCTAaBIIs-
I0T: JUIS CTallMOHAPHBIX MAIIMH W YCTaHOBOK —
6...25 MM/c; IS TPaHCIOPTHHIX JBHUTATEICH —
20...60 mm/c.

Z sl
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Puc. 4. Cniektporpammbl yCKOpEHUI HU3KOYaCTOTHBIX
BUOpanuii BEpXHEH 1 HIKHEH POJIMKOBBIX OTIOp
MaIlHBI

Fig. 4. Spectrograms of acceleration
of low-frequency vibrations of upper and lower roller
supports of the machine
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Puc. 5. CiektporpaMmbl CKOPOCTEH HI3KOYaCTOTHBIX
BHOpAaIii BEpXHEH U HIDKHEHW POIMKOBBIX OTIOP
MaIlNHBI

Fig. 5. Spectrograms of speeds of low-frequency
vibrations of upper and lower roller supports
of the machine

Ha mepexomHbIX peXMMax IOITyCKAarOTCs 3Ha-
YUTEIbHO Oombine BuOpockopoctu. CrHekTpo-
rpaMMbl TIepeMelIeHuil onop (puc. 6) MOIy4YeHBI
JBOHHBIM HMHTEIPUPOBAHUEM CHTHajla BUOPOYCKO-
peHuli, mo3TOMy Ha 4acTorax MeHee 5 I'm maio-
JIOCTOBEPHBI.
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CpenHekBapaTHyHOE 3HAYCHHWE JIMHEHHBIX
BUOPOIIEPEMEIIICHUI BEPXHHUX POJIMKOBBIX OIIOP,
MOJICYMTAHHOE TI0 hopMyJIe

“4)

coctapmsier 0,7...0,8 MM, BuOpomepeMeIIcHne
LEHTPUPYIOIIUX POJUKOBBIX orop — 0,2...0,3 mm.
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Puc. 6. CektporpaMmbl IepeMenIeHA
HU3KOYACTOTHBIX BUOPAINif BEPXHEH 1 HIDKHEH
POJMKOBBIX ONOP MAIIHHBI

Fig. 6. Spectrograms of displacements
of low-frequency vibrations of upper and lower roller
supports of the machine
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Puc. 7. Cnexkrporpamma yCKOPEHUIN BEPXHUX U HIKHUX
OTIOp MAIMHEI [TPY POXOXKIACHUH B PEKUME pPa3roHa
BTOpPOM KPUTUYECKOH YaCTOTHI

Fig. 7. Spectrogram of accelerations of the upper and
lower supports of the machine in the mode
of acceleration of the second critical frequency
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Puc. 8. CiekTporpamma CKOpOCTel BEPXHUX M HUKHUX
OTIOp MAIIHBI IPH MPOX0XKIECHHH B PEKIME Pa3rOHA
BTOPOH KPUTHUYECKOH 4aCTOThI

Fig. 8. Spectrogram of speeds of the upper and lower
supports of the machine in the mode of acceleration of
the second critical frequency

Pe3yabTaThl uccaea0BaHUM

B mnporecce BoImomHEHHsT paOOTHI TOIYYESHBI
CIIEKTPOTpaMMBbI  KOJICOAHWMI TIOJBYDKHBIX YacTeH
POJIMKOBBIX OIIOPp U Q)YHI[aMeHTa MalllMHbI Ha 3Ta-
Max MOJTOTOBKU (JOPMBI K 3aJTMBKE METAJIOM.

VYcraHoBIEHa aleKBAaTHOCTh MAaTEMAaTHYECKOU
MOJENN KOJeOaHU MaIlWHBI MOJYYCHHBIM CITEK-
TporpaMMaM pa3roHa MaIlIMHBL. JTOT KPaTKOBpe-
MEHHBIH PEXKHUM TPOXOXKICHHS KPUTHYECKUX dac-
TOT CONPOBOXKAAETCS pPa3BUTHEM PE30HAHCHBIX
KoJIeOaHUH pOoTOpa M PONMKOBBIX onop (puc. 7, 8).
Xopomo TpocMaTPUBAETCS PE30HAHCHBIA POCT
aMIUTATYIbI BEOPOCKOPOCTH Ha BTOPOU pE30HAHC-
Hoit vacrore 5,9 I'm (354 00/MuH) U Ha ee He-
CKOJIBKHX TAPMOHUKAX.

Hayuynast HOBU3HA ¥ MpaKTHYeCKasi
3HAYUMOCTh

PacyeTHoe 3HaueHME BTOpPON pEe30HAHCHOU 4Ya-
CTOTHI, moyiyueHHoe B [2, 3], paBHo 35,9 pan/c
(343 06/muH). OTKIOHEHHE ICHCTBUTEILHOTO 3HA-
YeHus1 (HaKTUUECKOW PE30HAHCHOW YaCTOTHI OT ee
pacdeTHOro 3HaueHus cocrapiser 3,1 %. D10 oT-
KIIOHCHHUE CJICAYEeT OTHECTH Ha JIOMYCTHUMBIN pas-
Oer ympyro-MaccoBBIX MapaMeTPOB, WM
MECTO MPH U3TOTOBJICHUY MAIIUHbI.

BriBoabl

1. BriepBpie MONy4YeHBI U UCCIEIOBAHBI CIEK-
TpHI BUOpanuu B pabodeM AHMAIma3oHe CKOPOCTEi
BpaileHus: (pOpMBI BEPTHKAIBHON IEHTPOOCKHOMN
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MAaIllUHbI C UHIUBUAYAIbHOU YIIPYTOl YyCTaHOBKOU
POJIMKOBBIX OIOpP, MpPEIHA3HAYECHHOW ISl MPOU3-
BOJICTBA IIPOKATHBIX BAJIKOB.

2.Hannuue B CHeKTpax pPOTOPHBIX TapMOHHK
yKa3bIBaeT Ha HEJIMHEWHBIE TIpeoOpa3oBaHus B CH-
CTeME «POTOP — POIHKOBBIE OMIOPBD».

3. CpenHEKBaApaTUYHOE 3HAYCHUE JITHMHEHHBIX
BUOpOTIEpEMEIIICHUI BEPXHUX POJIUKOBBIX OIOP
cocraBiuster 0,7...0,8 MM, BuOpomepemenieHue
HEHTPUPYIOLUX POIUKOBEIX orop — 0,2...0,3 Mm.

4. ®aKTUIECKOE CpPETHEKBAAPATUIHOC 3HAYE-
HUE BUOPOCKOPOCTH BEPXHUX OINOpP COCTABIIACT

37 MM/c, a ans UeHTpupyomHMxX omop — 21 mMwm/c.
[NomydenHble 3HaUEHUS BUOPOCKOpPOCTEH OmMop He
MPEBBIIIAIOT PEKOMEHAYEMBIX 3HA4Ye€HUH CKOpOo-
CTeH I MCCIeayeMOro THIIa METAJUTyPrU4eCKUX
MaIlIFH.

5.¥YcraHoBNEeHa aJeKBaTHOCTh MaTeMaTuye-
CKOWM MojenH KoJeOaHWH MalnHBl (PaKTHYEeCKUX
KoJIeOaHUH TMPOMBIIITIEHHOro 00pa3la MalldHbL.
Pacxoxnenune pacueTHOro u (hakKTHYECKOro 3HaYe-
HUU BBICIIEH (BTOPOW) KPUTHYECKON YaCTOTHI CO-
crasiser 3,1 %.
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EKCIHHEPUMEHTAJIBHI JOCJLKEHHA TUHAMIKHA
BIAUEHTPOBOI JIMBAPHOI MAIIIMHUA JJ11 BUPOBHUIITBA
INPOKATHHX BAJIKIB

Meta. OCHOBHOIO METOIO EKCIIEPUMEHTAIILHUX JIOCII/PKEHb € BCTAaHOBJICHHS a1eKBaTHOCTI pPO3po0JIeHNX Mare-
MaTHYHUX MOJIENICH KOJMBaHb MAIIMHU Ta (pakTHYHMX mapaMeTpiB BiOparii mMammau. [IpakTudHO BCi IMBapHi Ma-
IIMHU 7151 BUPOOHUIITBA IPOKATHAX BaJIKiB MAIOTh YHIKaIBbHI KOHCTPYKIIi Ta po00Ui XapaKTepUCTHKH, TOMY J0/AaT-
KOBa MeTa I1i€i poboTu mependavae MopiBHAHHS PiBHA BiOparlii THBapHOT MAIIMHA 3 BUMOTAMH JIFOUYUX CTAHAAPTIiB
BiOpaIliifHOT aKTHBHOCTI HOBHX TEXHOJIOTIYHMX MAIIWH. 3 METOIO BCTAHOBIICHHS Je(DEKTiB BUTOTOBIICHHS, IIOMIJIOK
MOHTaXy 00CpPTOBUX AETalei MAIlMHM Ta iX BIUIMB HA AWHAMIKY MAIllMHU NEpea0adyaeThCsl BUKOHAHHS YaCTOTHOTO
aHaJi3y KOJMBaHb MamuHu. MeToauka. BuMipioBanus mapamerpiB BiOparii 0yi10 BUKOHAHO HAa PYyXOMHX YaCTHHAX
POJNMKOBHX OMOP MAIIKHU. J{1s BUMIpIOBaHb aMILTITY/ IPUCKOPEHB y TPhOX B3aEMHO NMEPHECHAUKYJIIPHUX HAMPSIM-
Kax OyJIM BUKOPHCTaHI IT'€30€JIEKTPUYHI JIaTUYMKH 3 MarHiTHUM KpiryieHHsAM. ENeKTpuyHi CUTHAIIM Bi JaT4uKiB Oy-
JIM 3alMcaHi Ha MarHiTHy cTpiuky. [loganbnimii aHami3 KoJMBaHb BUKOHYBABCS i OyB Bi3yalli30BaHHMM 3a JIOMOMO-
TOI0 CIELiali30BaHOI0 YaCTOTHOTO aHaiizaropa. YacTOTHUWI aHaNi3aTop peajli3ye alrOpuTM IIBUJKOTO IEePETBO-
pernst Dyp'e, a TakoX IHTErpyBaHHSA BXITHOTO cUTHaNy Aatdmka. [licnms mepmioro iHTerpyBaHHS OTPHUMYEMO AaHi
Jutst TOOYJOBM CHEKTPOTpaMH BiOPOILIBHIKOCTEH, a Pe3yJIbTATOM JIPYyroro iHTETrpyBaHHs € AaHi Ui CHEKTPOrpaMu
BiOponepeminieHs onop mamuHu. Pe3yabraTu. [Ipeacrasneni pe3ynbTaTu eKCIIEpUMEHTAIBHUX JTOCHTIPKEHb KOJIH-
BaHb BIALICHTPOBOI JMBAPHOI MAIIMHU Ul BUPOOHHUITBA ABOIIAPOBHUX MPOKATHUX BasKiB. OTpuUMaHi Ta mpoaHai-
30BaHi CIEKTPOrpaMu MPUCKOPEHb, MIBUIKOCTEH 1 MEPEMIIEHb PYXOMHX YacTHH BEPXHIX Ta HIKHIX POJIMKOBHX
orop. Po6oTa MammH NOB'sI3aHa 3 MPOXOPKEHHAM PO3PAaXyHKOBUX 3HAYE€Hb KPUTHYHHUX YACTOT i KOPOTKOYACHUM
PO3BUTKOM PE30HAHCHHUX KOJIMBaHb pPOTOpa Ta posmkosux onop. HaykoBa HOBM3HA. ABTOPOM BIEpIlE OTPUMaHi
YaCTOTHI CIIEKTPH BiOpaIlii MPOMICIOBOTO 3pa3Ka JIMBapHOI MAITMHA. BUSBICHI KOMMBAaHHS 3 YaCTOTaMHU, SIKi BiJpi-
3HSFOTBCS Bil OCHOBHOI poTopHOi yacTtoTu. IIpakTM4yHa 3HAYMMIicThb. 32 BHCHOBKaAMH €KCIEPUMEHTY BH3HAUCHI
(akTHyHI mapameTpu BiOpallii MallMHU B CTaJOMY PEKHMI IPH JOCITIDKEHHSAX Oe3 3ajJuBaHHS (OPMHU METAJIOM.
BcraHoBiieHa afeKBaTHICTh MATEMAaTHYHUX MOJIEICH TUHAMIKM MAIIMHU Ta ii MPOMHUCIOBOrO 3pa3ka. Metomom of-
HOTO TOHY OTpHMaHi KOe(illieHTH CIIOTBOPEHHS BIOPOIIBUIKOCTI POTOPHOI FapMOHIKH, 110 BKa3yIOTh Ha HEJIHIHHI
TIEPETBOPEHHS B CUCTEMI «POTOP-0TIOpH». EKCIIepUMEHTaIbHO BCTAHOBIICHO, 10 NTapaMeTpH BiOparlii MaluHu 3Ha-
XOZATHCS B TIPUITYCTHMUX Jiana3oHax 3HaueHb, PErJIaMEeHTOBAHMX CTaHJapTaMH ISl BIOPOAKTUBHUX MAIHH.

Kniouosi crnoea: BiALEHTpOBa IMBapHA MallMHA; BAPOOHUITBO JBOLIAPOBUX NPOKATHHUX BAJIKiB; €KCIIEPUMEHTa-
JBHI TOCHIJKCHHS KOJMBaHb; MapaMeTpy BiOparii
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Purpose. The main purpose of experimental studies is to establish the adequacy of the developed mathematical
models of machine fluctuations and the actual parameters of machine vibration. Almost all casting machines for the
production of mill rolls have a unique design and performances. The additional aim of this work is to compare the
vibration level of the casting machine with the requirements of the current vibration standards for new technological
machines. Frequency analysis of the oscillations allows establishing defects in workmanship, errors of rotating parts
installation and their influence on the dynamics of the machine. Methodology. Measurement of vibration parame-
ters was performed on the moving parts of roller bearings of the machine. To measure the amplitudes of accelera-
tions in three mutually perpendicular directions piezoelectric sensors with magnetic mount were used. Electrical
signals from the sensors were recorded on magnetic tape. Further analysis of the oscillations was carried out and
visualized using specialized frequency analyzer. The frequency analyzer implements the algorithm of fast Fourier
transformation and/or integration of sensor input signal. After the first integration the data for plotting the vibration
velocity spectrogram were obtained and as a result of the second integration there are the data of vibration displace-
ments spectrogram of the machine supports. Findings. The results of experimental studies of centrifugal casting
machine vibrations for the production of two-layer rolls were presented. There were obtained and analyzed the spec-
trograms of accelerations, velocities and displacements of moving parts of the upper and lower roller supports. The
work of the machine is associated with the calculated values passing of critical frequencies and the short-term de-
velopment of resonance oscillations of the rotor and roller bearings. Originality. For the first time the author ob-
tained the frequency spectra of vibration of an industrial sample of a casting machine. The oscillations with frequen-
cies that differ from the basic rotor frequency were detected. Practical value. Based on the results of the experi-
ment, the actual vibration parameters of the machine in steady state when testing without die-casting the metal were
determined. The adequacy of mathematical models of the dynamics of the machine and its industrial model was
established. Using the method of one tone the coefficients of vibration velocity distortion of the rotor harmonic, in-
dicating the nonlinear transformations in the system "rotor - bearings" were obtained. It was experimentally estab-
lished that the vibration parameters of the machine are within the acceptable ranges, regulated by standards for vi-
broactive machines.

Keywords: centrifugal casting machine; production of double-layer mill rolls; experimental studies of fluctua-
tions; vibration parameters
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BBIEOP KOHCTPYKTUBHBIX PEINEHUM DJIEMEHTOB BAI'OHOB
C MAJIOM MACCOM TAPBI

Leanb. B pabote HE0OXOJMMO BBISIBUTH IIPHYHHBI CYIIECTBEHHO 00JIbIEro ko3 duiimeHTa Tapsl BAroHOB KOJIEH
1 520 MM B cpaBHEHUH ¢ TPY30BbIMU BaroHamMu CeBepHOW AMEpPHKHU U JaTh PEKOMEHIALNHU 10 CHH)KEHHIO MacChl
Tapbl I'Py30BbIX BaroHoB. Meroamka. B kauecTBe MeTONMKM NpHMEHEHa CpaBHUTENbHAs OLIEHKa IOKa3aTelneit
MIPOYHOCTH, BEIHOCIUBOCTH M YCTOMUMBOCTU HECYIIEeN KOHCTPYKLIUU MUHUMAJIBHOW MacChl, U3TOTOBIEHHON U3 pa3-
JUYHBIX MAaTE€PUANOB MO ACHCTBYIOIUM Ha «pocTtpaHcTBe 1 520» HopMmatuBam. Pe3ynbTaThl. ABTOpaMu ycTaHOB-
JICHO, YTO IPU HCIIOJIb30BaHUU BBICOKOIIPOYHBIX CTaJed Maccy M3J€NHsS MOXKHO CHHM3UTh B ISTh pa3 B CPAaBHEHUU
¢ Oankoit m3 cramm 0912C. Ecin ke B KOHCTPYKITUH HMEETCSI CBApHOE COCIIHEHHUE, TO Macca KOHCTPYKIIUHU yBEIIH-
YHUTCSI IPUMEPHO B 2 pasa npu pacuere 1o «Hopmam Ui pacuera M MpOEKTHPOBAHMSA BAarOHOB JKEJIE3HBIX JOPOT
MIIC Poccun xonen 1 520 mm (HecamoxomHbIX)». A mpu pacderax mo ['OCT 33 211-2013 «Barons! rpy3oBsbe.
TpeOoBaHusI K MPOYHOCTU U AMHAMUYECKUM Ka4eCTBaM» Macca yBEIMYMBAETCS MOYTH B 5 pa3 U HE 3aBHCHUT OT THIIA
cramu. HayyHast HOBH3HA. BBIABICHO, YTO OCHOBHBIM KPHUTEPUEM, OMPEACIAIOINIMM MAacCy Tapbl COBPEMEHHBIX
BaroHOB, ABISIETCA YCTAJOCTHAS MPOYHOCTH cBapHOTO coeauuHeHus. [Tokazano, uro 'OCT 33 211-2013 u pexomen-
Jarmu MexxTyHapoAHOTO MHCTUTYTa CBapKU Ha3HAYalOT HU3KUE MPeelbl BHIHOCIUBOCTH BBHICOKOIPOYHBIX CTaleH,
U NIpU MX COOJIIO/ICHUU JIOCTHYb CHIKEHUsI Tapbl HeBo3MOKHO. IIpakTnmueckasi 3HaunmMocThb. Pazpaborano Ha-
MpaBJeHUEe JEHCTBUII MO CHIDKEHHIO Taphbl BarOHOB: AKCIEPHUMEHTAIBHO YTOYHEHB! YCIOBHS MPOYHOCTH CBAPHBIX
COE/IMHEHUI BaroHOB M3 BBICOKOIPOYHBIX MAaTEpHANIOB; pa3pabOTaHbl CIIOCOOBI MOBBIIICHHUS BEIHOCINBOCTH CBap-
HBIX COEAMHEHUI; IPeANOIaratoTcs JPyTHe BUIbl COETUHEHHUMN.

Kniouegvie cnoga: Tapa BaroHa; BEICOKOIPOYHAs! CTallb; CBAPHBIE KOHCTPYKIIMH; IPY30BOi BaroH; IPOYHOCTb

HOCTh 110 116 T, Macca Taper 18,9-25 1, ko3 du-

BBenenue

CHuxeHHue Tapbl BaroHa SBISETCS OJHOU W3
MIPHOPUTETHBIX 3a/a4d BaroHocTpouteneil. MeHb-
W BEC Taphl MO3BOJISIET MOBBICUTH TPY30TOIb-
€MHOCTb, COKPAaTUTh PacxXolbl Ha 3aKyNKy Marte-
pHANIOB, CHU3UTh CTOMMOCTH BaroHa, COKPAaTHTh
pacxonbl HA TATY W YBEJIHYWUTH IMOTOHHYIO HArpy3-
Ky HerTo. OJHAKO yCIeXH B 3TOM HaIlpaBJIEHUU
MUHUMaJbHBL. Tapa HOBBIX BarOHOB HE yMEHbIIIa-
€TCsl, a 3a9acTyIO Ja)Ke pacTerT.

Ha xene3npix noporax CeBepHOl AMEpHKHU
1 ABCTpaJIuu B 9KCIUTyaTallUd HaXOJATCS JECATKU
THICSIY TPY30BBIX BaroHOB, y KOTOPBIX OceBas Ha-
rpy3ka OT ocH Ha penbc 32-35 Tc, rpy30MoabeM-

mueHT Tapsl cocrasiser 0,17...0,24 [2, 7, 9]. Ta-
KAM 00pa3oM, ocoOeHHOCTh BaroHocTpoenus: Ce-
BEpPHO AMEpPHKH COCTOMT B  IOBBIIICHUH
TPy30TIOABbEMHOCTH BaroHOB 3a CYET NMPUMEHEHUS
BBICOKMX HArpy30K OT OCH Ha PeNbChl, COCTaB-
JISSIOINMX IS OOJIBIIMHCTBA BaroHoB 32—35 Tc, 4To
MO3BOJISIET CTPOUTH YETHIPEXOCHBIE BarOHBI TPY30-
MMOABEMHOCTRIO 110 116 T [15].

Ha mpoctpancTBe x)ene3nsix mopor 1520 mm
COBpEMEHHOE BaroHOCTPOEHHE OPUEHTHUPOBAHO Ha
MTOBBIIIICHAE TIPOITYCKHON M MPOBO3HOM CITOCOOHO-
CTH EJIE3HBIX JIOPOT 32 CUET YBEIWYCHHUS Harpy-
30K OT KoJieca Ha penbc 10 27...30 Tc, yBenuueHus
rpy3onogbemHoct 1o 83 1 [3, 7, 13]. Koaddummu-
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€HT Tapbl POCCUHCKUX TPY30BbIX BarOHOB COCTaB-
asier 0,29...0,34, mo3ToMy Npu NEPEBO3KE OIHOM
TOHHBI Tpy3a IO XeJe3HbIM goporam Poccum on-
HOBPEMEHHO TIEPEBO3UTCS MPAKTHUYECKH BJIBOE
Oombine Meramia [3, 9].

[o pesynpTaram 0630pa ObUIM BEIOpaHBI MOJIE-
JHM TPY30BBIX BaroHOB ¢ MUHHMMAaJbHBIMU 3Haue-
HUAAMH Kod(durperTa tapsr (Tadi. 1).

Tabnuma 1
XapakTepuCTHKH I'PY30BhIX BATOHOB
Table 1
Characteristics of freight cars
I'pyzomons- Macca O6BeM Ky30- Ocea Ha- Koobdu-
MO,E[QJIB BaroHa, CTpaHa, NpOU3BOAUTEIIb 3 Tpy3Ka, LUCHT
€MHOCTB, T Tapsbl, T Ba, M /och Tapsr
12-9869, Poccus, TBC3 77 23 92 25 0,29
12-9828, Poccus, PB3 83 24 98 27 0,33
12-197, Poccus, YB3 74,5 25,5 92 25,5 0,34
12-9548-01, Poccus, TBC3 83 25 108 27 0,30
Greenbrier, CILIA 98,7 31,1 86,2 32,5 0,31
37'MILL GONDOLA,CLHA, American 105 247 70.8 32 024
Railcar Industries
GONDOLA-MILL, Kanana,
) 116 243 76 35 0,21
National Steel Car
Hybrid Gon, CIIA,
. ) 108,1 21,79 115 32,5 0,20
Freight Car America
Beth GonAeroflo,
i . 110 18,9 110 32 0,17
Freight Car America

CpaBHUTENbHAS XapaKTEPUCTHKA TPY30BHIX Ba-
TOHOB TTOKa3aia, 4To BaroHsl CeBepHOW AMEpHKH
UMEIOT B OOJIBIIMHCTBE CIy4aeB KOI(PQPHUIHEHT
Tapbl HWXKE, YeM BaroHbl, IpousBeleHHbIe B Poc-
CHH.

KenesHOMOpOXKHBIH ~ TPaHCIIOPT  OTHOCUTCS
K METaJIOEMKUM OTpaciisiM, 3TO KPYIHEHIIHH 1o-
TpeOuTeNh MeTaonpoayKiuu. KauecTtBo KOHCT-
PYKIIMOHHBIX MaTE€pPHaJIOB CYyIIECTBEHHO BIMSIET Ha
HaJIe)KHOCTh, JIOJTOBEYHOCTh, MacCy Tapbl U Ha
JIpyTue TeXHUKO-9KOHOMHYECKHE XapaKTEPHCTHKH
BaroHos [9].

B pa6orax [2, 11] mokazana SKOHOMHUYECKas
3¢ PEeKTUBHOCT OT BHEApPEHHsS HOBBIX MaTepua-
JIOB: BBICOKOIIPOYHBIX CTaJiel, KOPPO3MOHHOCTOM-
KHX CTaJIel, aTFOMHHHAEBHIX CILIABOB, IPU HCITOIb-
30BaHMU KOTOPBIX CHMKAETCSI Macca Tapbl Ipy30-
BBIX BaroHoB. 3a pyOeKOM IPHMEHEHHUE BBICOKO-
MPOYHBIX  MaTepHajoB TMPH  TPOU3BOJCTBE

Ipy30BbIX BaroHOB IPOM30LUIO OKOJO 15 jer Ha-
3an. B Baronoctpoennn ctpan CHI' cramm ¢ mo-
BEBITIICHHON TIpOYHOCTHIO (10 390 MIla) B snemen-
TaxX TPY30BBIX BarOHOB HAyaJld HCIIOJIB30BATH MPH
MPOM3BOJCTBE BAaroHOB HOBOro mnokoneHusa. Oc-
HOBHBIE yCHIIEHHBIE y37bl [9] — XpeOToBas Oanka
paMbl BaroHa, JMCTBl IIKBOPHEBBIX M IPOMEXY-
TOYHBIX OANIOK paMbl TIOJYBaroHOB, BEPTHKAIbHEIC
CTOMKHM Ky30Ba BaroHa, JIMCThl O0CYAKH U JHHIIA
KOTJIOB BaroHOB-LIUCTEPH, OOIIMBKA Ky30Ba Baro-
Ha. Takue pemeHHs XOTS H IO3BOJSIIOT YMEHb-
IINTh MaccCy Tapbl, OHAKO CHW)KEHHE KOd(QHIu-
€HTa Tapbl U y HOBBIX BArOHOB HE3HAYUTEIHHO.
Bricokonpo4yHbIMU  (MAIIMHOCTPOUTENIBHBIMH,
KOHCTPYKIIMOHHBIMH) TPUHATO CYUTATh TaKUe
CTaJiM, Y KOTOPBIX MpeAes NPOYHOCTH IOCIe Tep-
Mudeckoit oopabotku Beime 1 300 MIla. OcHoB-
HBIMH JICTUPYIOIIUMH JJIEMEHTAMH B BBICOKO-
NPOYHBIX CTAIAX SIBISIOTCS: XPOM, HHUKENb, MO-

doi 10.15802/stp2017/104546

122

© 10. I1. boponenko, U. O. ®ununmnosa, 2017



ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayxa ta nporpec Tpancnopty. Bicauk /[HinponeTpoBchKkoro

HAI[IOHAJIBHOTO YHIBEPCHTETY 3aJIi3HUYHOr0 Tpancmopty, 2017, Ne 3 (69)

PYXOMUU CKJIAJL 3AJII3HULID 1 TATA ITOI3/IB

nubaeH, kpemHuil. Kak u3BecTHO, ¢ pocTOM Mpo-
[IEHTHOTO COJIEpXKaHWUsA YIJIepoJla W Ha3BaHHBIX
JJIEMEHTOB YXYAIIAeTCd CBapUBAEMOCTH CTaJIH.
B pabotax [4, 9—-11, 14] k HemocTaTKkaM TaKHX
CTajieil OTHOCSAT BBICOKYIO XPYIKOCTh NPH HU3KUX
TeMmIeparypax, HU3KYIO IJIaCTHYHOCTb, HEAOCTa-
TOYHYIO YCTAJIOCTHYIO TIPOYHOCTb.

Ha ocuoBanmu 0630pa crayeld, MpUMEHIEMBIX
B MAaIIMHOCTPOCHUH, OBbUIH BBIJEJICHBI MapKu CTa-
neit (tabn. 2), yIOBIETBOPSIONIUE TPEeOOBAHUIM

[8].
TaGnuna 2

Mapku BbICOKONPOYHBIX CTAJIel, IPUMeHsieMble
B MAIIHHOCTPOCHUH

Table 2

Grades of high-strength steels used
in engineering

OtHO-
Mapka cranu, o CUTEITE-
CTpaHa- perel HOE Ob6nacts npu-
HPOU3BOIH- rexyte- TUTH- MEHEHUS
P ctu, MIla ¥y
TCIIb HCHHC,
%
0912C, 345 71 CaapHbIe
Poccus KOHCTPYKILIHU
l6I2A, 440 19 CaapHsle y3-
Poccus JIBI BATOHOB
OTBETCTBEH-
30XTCA, 835 10 e
Poccus
KOHCTPYKIIUU
Optim
960QC, 960 7 CaapHbie
y3JI6I MAIITHH
Dunnguans
AR 400, 1000 10 .
(70010501058
AR 500, 1250 g )
()70 R 0501078
35XICA, OTBeTCTBEH-
1275 9 Hbl€ KOHCT-
Poccus
pyKUHH
35XT'CH2A, 1375 9 .
Poccus
30X9H8MA4TI 1 400 5 Bricokona-
2C2, Poccus TPY>KCHHBIC
JeTaan

[Ipoananm3upoBaB XapaKTEPUCTUKH STUX CTa-
Jiel ¥ OMBIT UX UCHOJB30BaHMS B MAIIMHOCTPOE-

HUU POCCUHCKUMU M 3apyOS)KHBIMH MTPOU3BOIUTE-
JsIMU [5], MOKHO 3aKIIIOUUTH CIEAYIOLIEe:

l)poccuiickne MapKkd CTald HE YCTYMaroT,
a MOpOH U MPEBOCXOIAT 3apyOeKHbIE aHAIOTH IO
MEXaHUYECKUM XapaKTEePUCTHKAM M BSI3KOCTHU pa3-
pYIICHUS TIPH MUHYCOBOM TeMIiepaType;

2)cTtanu C BBICOKOW TNPOYHOCTHIO, PEKOMEH-
JlyeMble HJIsi WU3TOTOBJICHUS JETaliell TIPY30BBIX
BaroHOB, UMEIOT TIpEeIeITbI TEKy4eCTH
800...900 MIla, wampumep 30XI'CA u Optim
960QC.

Cranp 30XT'CA u3HavanbHO IpeIHA3HAYaIach
JUTST aBUACTPOCHUS, HO Oyarofapsi CBOMM OTIINY-
HBIM XapakTEpPUCTUKAM Hamuia 0ojiee IIHUPOKOE
MpUMEHEHHE. 3akajka 3TOM CTaaud MNPOBOAUTCA
B TemneparypHoM nuamnaszone 550—650 °C. Tepmo-
00pa0oTKa MO3BOJIAET MOBBICUThH MPOYHOCTH MaTe-
puana (10 3Hauenus 2 800 Mlla) u ero miactuy-
HOcTh. CBapnMBaeMOCTh XOpOIas, OJHAKO JJIS Ka-
YEeCTBEHHOTO IIBa HY)XHO MPEABAPUTENHHO MOIOT-
peTh METAT U MEUICHHO OXJamguTh ero. Craib
OTIIMYAETCs HEBBICOKOW CTOMMOCTBIO, TaK Kak Jie-
THPYIOIIAE KOMIIOHEHTHI HE Je(YUIIUTHBL.

Crane Optim 960 QC mmMpoKo HCHONB3yeTCs
B Ouungpauu. [lo ommcaHusM H3rOTOBUTENS
CTallb 3TOW MapKH JIETKO CBapHBAaeTCsS BCEMHU pac-
MPOCTPAaHEHHBIMH CIOCO0aMH, KaK MPAaBHIIO, JUIS
TOHKHUX JIMCTOB MOAOTpeB He TpeOyercs. CBolicTBa
CTalu NpuBeaeHHI B [12].

Lensr Ha 3TH cTand CpaBHUMEBI C LIEHAMH Ha
cramu kiacca mpounoctu 300...400 Mlla [2]. ITo-
YeMy ke JI0 CUX MOp HET HOBBIX BarOHOB C Majoi
Tapoi, M3TOTOBJIEHHBIX W3 BBICOKONPOYHBIX CTa-
neit? MOXHO JT CHU3UTH Tapy BaroHa, UCIONb3Ys
BBICOKONIPOYHBIC CTAJIM U MPOEKTUPYS HOBBIM Ba-
TOH COTJIACHO JACWCTBYIOIIMM HOPMaM W IPaBH-
nam? IlompoOyeM OTBETHUTH Ha 3T BOIPOCHI.

MeToanka HCCJIeI0BAHUA CHUKEHUS] MACChI
KOHCTPYKI Ui MPH HCIO0Jb30BAHUN CTAJICH
NOBbILIEHHOH MPOYHOCTH

st oLleHKH BO3MOXXHOCTH CHMIKEHUS METall-
JIOEMKOCTU W3JEJIHUA M3 BBICOKOIIPOYHBIX CTaei
ObUIM paccudTaHbl IOKa3aTeNd MPOYHOCTH, BbI-
HOCJIMBOCTH W YCTOWYHMBOCTH IBYTaBPOBOH Oanku
MUHUMAQJIBHON Macchl (puc. 1), U3rOTOBIEHHON M3
TpeX MapoK CTajlel, JBE U3 HUX — BBICOKOIPOY-
HEIE.
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I b

Puc. 1. /IByraBpoBas Oanka:
b — mmpuna nonkm o ocu X, /i — BEICOTA IBYTABPOBOL
Gankn o ocu ', f,, — TONIMHA CTEHOK, /i — paccTosHMe

MEXKAY ABYMs IIOJIKAaMHU

Fig. 1. I-beam
b — flange width along the axis X, / — height of the I-beam
on the axis ¥, #,, — wall thikness, /; — distance between the
two flanges

Harpy3ka P Ha 0aiky ompeznensiach U3 ycio-
BHU ITPOYHOCTHU

_[o]-47,
© 2L -h

b

rac [G] — JAOIIyCKacMOC HaAIPSAKCHUC, ']x — MO-
MCHT UHCPLIUH, LI — pacCTOsIHUEC MCXKAY OIIOpaMu,

h — BBICOTa OQJIKH.

Bricora 6anku 186 mwM, mmHa 1 000 MM, TOI-
IIMHA JUCTOB OallKW MPHHUMANIACh IMOCTOSHHOM,
HO BBIOMpasiach MCXOHs M3 TpeOoBaHHA IO obec-
MEYCHUIO Pa3IMYHbIX YCIOBUU MpOYHOCTH. B Ka-
YeCTBE ITAJIOHA MPUHUMAIACh Oajka, U3rOTOBJICH-
Hag u3 cramu 09I2C ¢ MOMEHTOM HHEPLHU
3016 cm’.

IIpu cratuueckoit Harpyske P, =447 xH Ha-

NpsOKCHUSI B 3TOW OajKe NOCTHTraroT mpeiea Te-
Ky4eCTH.

Ha nepBom 3tane pacueToB ObLIM OIPEIEIICHBI
TaKkue 3HAYCHUS! MapaMeTpoB OalloK, W3TOTOBJICH-
HBIX W3 CTaJed MOBBIIIEHHONW MPOYHOCTH, YTOOBI
MAKCHUMAJIBHBIC HAIPSXKEHUSA B HHUX pPaBHAIUCH
MIpeaeNTy TEKYIECTH.

XapakTepUCTUKU 0alloK, H3TOTOBJICHHBIX W3
Pa3NMYHBIX CTajel, NpeAcTaBIeHbl B TaOm. 3.

Bunno, uro npu AeCTBUU CTaTUYECKOU HArpy3KH
Macca 6anku u3 cranu Optim 960 QC ymenbiaer-
Cs TIOYTH B TPH pasa.

Tabnuma 3

XapakTepuCTHKH 1eJIbHOKATAHOW 0aJIKn
U3 YCJOBHSI HenpeBbIIIeHHsI HATIPsIKeHUit
npeesa TeKy4ecTH

Table 3

Characteristics of the all-rolled beam from the con-
dition of non-exertion of the yield stresses

Mapka cranu
[Tapamerp Optim
09r2C 30XT'CA 960 QC
[Ipenen Texyue- 4
ctit o, , MIla 345 835 960
TonmmuHa cTeHKH
10 4 32
t,, MM
Macca 6anku, Kr 40 16 13

Ha BTOpOM 3Tane pac4eToB ObLIM ONpE/IEIICHBI
3HAYEHUS IapaMeTpoB OaJKH U3 YCIOBHs paBEHCT-
Ba MAaKCHMAaJIbHBIX HANpPSKEHWI Mpefeny BBIHOC-
JIMBOCTH. B cnpaBouYHO# nuTEpaType HET JaHHBIX
0 Ipenenax BBIHOCIMBOCTH G_; TIJAaIKHX CTaH-

JapTHHIX 00pa3LoB U3 BEICOKONPOYHOH cranu. Ilo-
9TOMY 3HAUCHUs HAPSKEHUS G_, OIPEAeUINCDH

IBYMsI crioco0amMu: 1mo GopmynamM, peKOMEHI0BaH-
HBIM [8]:

c_,=0,50c,
Y cripaBOoYHUKOM [1]:
o_, ~(0,55-0,0010, )o,.
IIpenen BEIHOCAMBOCTH OAJIKU ONpEAENsIcs 110

dhopmye

Ga,N :;, (1)

rne K, =1,5 — cpenuee 3HaueHue 06MEro Kodd-
(unueHTa CHWKEHHA Tpenelia BBIHOCIUBOCTU
0aJKy K mpezey BBIHOCIMBOCTHU IJIaJKOTO 0Opas-
1a.

Benuunna auHaMUuecKoOil Harpys3ku MpUHHMA-
Jach U3 YCIOBHS PAaBEHCTBA MAKCUMAaJbHOTO Ha-
NPSHKEHUS TIPeJeTy BBIHOCIMBOCTU OalKu, H3TO-
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ToBieHHOU u3 ctanu 091'2C, a pacyeTHOE KONIHUYE-
CTBO IMKJIOB HpuHEManock 1-107. PesymbraThl
pacdera puBeICHBI B Ta0I. 4.

Tabnuua 4

XapaKTepl/lCTl/lKl/l 0aJIKM U3 ycaoBusi odecnevyeHHust
yCTaJ’lOCTHOﬁ MPOYHOCTH

Table 4

Characteristics of the beam from the condition of
providing fatigue strength

Mapka cranu
[Tapamerp Optim
0912C 960QC 30XT'CA
[Ipenen BEIHOCTHUBOCTH,
— 0,5
Ml o, = O, 150 333 360
’ 1,5
TomammHaa CTEHKH, MM 10 1,4 1,3
Macca 6anku, Kr 40 6 6
[Ipenen BEIHOCIUBOCTH,
MlIla
(0,5-0,001c,)o,| 151 | 299 317
Ga N =
’ 1,5
TommmHa CTEHKH, MM 10 1,6 1,5
Macca 6anku, Kr 40 7 7

Bec 0aox w3 BBICOKONPOYHOW CTalM TaKKe
OKazaJcsl CYLIECTBEHHO MEHbIIE, 4eM OaJoK H3
cramu 091°2C.

Ha TpeTbem 3Tamne ObLT cAENaH pacyeT Ha yCTa-
JIOCTh OAJKH C JIByXCTOPOHHUM IPSIMBIM CTHIKOBBIM
CBapHBIM LIIBOM B IIEHTpaJbHOM ceueHuu. [Ipeaenst
BBIHOCJIUBOCTH ONPECISIIUCH PA3IMYHBIMK CIIOCO-
Oamu: 1o [8], [6] u [16]. IIpu pacuete 1o [8, Tadm.
3.2, c. 60] I?G MpUHUMAJICS paBHBIM 2,4 U ompere-
JA710Ch HanpsbkeHue 6, 1o opmyie (1).

IIpu pacuere no [6]:

rae G_TZ 47 Mlla gnsa cranei, K_G =2 (tabm. 10,
c.40), o, , =23,5 Mlla.

IIpu pacuere no [16, Tadm. 3.2-1, c. 47] knacc

YCTalOCTH  JAHHOTO  CBApHOTO  COEIMHEHHS
FAT =80 MIla npu 6asze N,=2-10° uukion

C y4eTOoM TOro, uto FAT — pa3zmax HampsiKEeHUM.
IIpenen BEIHOCIMBOCTH JAaHHOTO CBApHOTO COENU-

Henust Ha Gase N, =10 Taxxke COCTaBHT:

2:10°-(FAT)’
107

=23,5 MIla.

PesynbTarhl pacuera npuBeAeHHI B Ta0II. 5.
Tabnuma 5

XapakTepucTHKH 0aJIKH U3 YCIOBHSA
HelpeBbINICHUSI HANIPS2KeHN i npeaeia
BBIHOCJIMBOCTH CBAPHOI0 IIBa

Table 5

Characteristics of the beam from the condition that
the stress limit of the weld endurance is not exceeded

Mapxka cranu
ITapametp Optim 30XTC
0912C 1 960QC A
[Ipenen BeiHOCTH-
BoctH, MI]a [§] 4 175 189
TonmyHa cTeHKH, 10 5 46
MM
Macca 0ajku, Kr 40 20 18
[Ipenen BeIHOCIH-
BoctH, MIla 23,5 23,5 23,5
mo [5] u [15]
TonmuHa CTEHOK, 45.5 45,5 45.5
MM
Macca 0ajku, Kr ~200 ~200 ~200

Macca 6anku M3 BBICOKOIIPOYHBIX CTajiel MpH
pacuerax mo [8] okaszamach MEHbBINE B JIBa pasa.
Macca 6anku npu pacuere no [6] u [16] yBemnuu-
JIach JJIs BcexX 00pasIioB.

[ToxBOASt UTOT, MOXKHO YTBEPXKAATh, YTO C y4e-
TOM HU3KHX JIOITyCKAeMbIX HANPSHKCHUN JUIsl CBap-
HBIX COEIWHEHUH, pPEKOMEHAyeMbIX [6], HEBO3-
MOXHO CHHU3UTh Tapy BaroHOB CYIIECTBYIOIICH
KOHCTPYKIUH, TAC CBapKa HCIIOJIB3YETCs Kak OcC-
HOBHOH JIEMEHT COCIMHEHMSI.

Hackomnbko crnpaBeyiiBBl 3TH OTpaHUYEHUS,
MOXKET J1aTh OTBET TOJBKO KOMILIEKC HCCIICIOBa-
HUH yCTaJOCTHOW MPOYHOCTH OIBITHBIX 0Opa3lioB
CBapHBIX COCIMHEHUH U3 BBHICOKOIIPOUHBIX CTAJICH.
Kpome Toro, HeoOxoanmo pazpaboTaTh KOHCTPYK-
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TUBHBIC PEIIEHUS, KOTOPHIC BBIBOJISAT CBAPHBIC CO-
€JMHEHHUS U3 30H C BRICOKUM YPOBHEM JHWHAMUYE-
CKUX HamnpsbkeHuil. B cimydasix, korga KOHCTPYK-
THBHO PEIIUTh 3Ty 3a7auyy HE yJaercs, mpejyiara-
€TCsI MIePEUTH Ha JApyTrue BUIBI COCTUHCHMIA: 0OJI-
TOBBIE W OoyTO3aKienoddsie (pe3pOOBBIE U
BBITSDKHBIC Kperneku Tumna Lock-bolt, Hack-bolt,
MaxLok).

Hay4ynasi HOBU3HA U MpaKTHYeCKasi
3HAYMMOCTh

BrIsiBIEHO, YTO OCHOBHBIM KPHUTEpPHUEM, OIpe-
JENSIOIMIMM Maccy Tapbl COBPEMEHHBIX BaroHOB,
SBJSIETCSl yCTAJIOCTHAsl IPOYHOCTh CBAPHOTO CO-
enuHenus. Ilokazano, uto [6] u [16] Ha3HauaOT
HU3KHE Tpefebl BEIHOCINBOCTH BBICOKOIPOUYHBIX
CTajiell ¥ IpH UX COOJIONEHUH OCTUYb CHIDKEHHUS
Tapsl HEBO3MOXHO. IIpennoxkeHo HampaBieHHe
JIeHCTBUH 1O MOUCKY IMyTel CHU)KEHUS Tapbl Baro-
HOB: JKCIEPHUMEHTAJIbHOE YTOYHEHHE MPOYHOCTH
CBapHBIX COEJAMHEHUN BaroHOB M3 BBICOKOIPOUY-
HBIX MaTepHalioB; pa3paboTKa crocoOOB IMOBHIIIIE-
HHUE BBIHOCIHMBOCTU CBapHBIX COEAMHEHMH; Iepe-
XOJ] Ha JIpyTve BUIbl COSAUHEHUH.

BoiBoabI

1. Baronsl koneu 1520 MM CyHIECTBEHHO YycC-
TYNaroT 10 Macce Tapbl BarOHaM, IIPOU3BEACHHBIM
B CeBepHOWl AMepHUKe C NMPUMEHEHHEM BBICOKO-
MIPOYHBIX CTajJell U aJIOMMHUEBBIX CIUIaBOB, U3-3a
MEHBIIMX MAOIyCKAaeMbIX HaNpPsDKEHUM IPeNeioB
BBIHOCJIMBOCTH CBAPOYHBIX COEIUHEHH.

2. IIpu npoeKTUPOBaHUH BarOHOB CO CBAPHBIMHU
COCIAMHEHUSMHU CHIDKEHHE MAacChl Tapbl BaroHOB
HEe3HauuTelIbHO. B TO ke Bpems 3a pyOeskoM K-
IUTyaTUPYIOTCS BaroHel ¢ Manoil Tapoil. UToOsl

obecrednTh BO3MOXKHOCTh CO3JIaHUS BaroHOB
C YMEHBIIICHHON Tapoil, HEOOXOIUMO:
— MNPOBECTU KOMIUICKC UCTBITAHUN THITOBBIX

CBapHBIX COCIUHEHUI M3 BBICOKOIPOYHBIX CTalei
Ha BBIHOCJIMBOCTH U TTOJYYHTh CTAaTHIECKU HAJCHK-
HblE MEXaHMYECKHE CBOHCTBa CBapHBIX COCIHMHE-
HUH, YTO TO3BOJUT OLEHUTh PEAIbHYIO BO3MOXK-
HOCTBH CHIDKCHUSI METAJUIOEMKOCTH BarOHHBIX KOH-
CTPYKIIM;

— BBIOpATh CIOCOOBI MOBHIIICHHS YCTATOCTHON
MPOYHOCTH CBapHBIX COCMHEHUI;

— pa3paboTaTh HOBYIO METOIHMKY pacdeTra Co-
€IMHEHNUH BHICOKOTIPOYHBIX CTaJeH.
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BUBIP KOHCTPYKTUBHUX PIIIIEHDb EJIEMEHTIB BAI'OHIB
I3 MAJIOIO MACOIO TAPH

Meta. Y po0oTi HEOOXiTHO BHSBUTH NMPUYMHH ICTOTHO OLIBIIOro KoedimieHTa Tapu BaroxiB kouii 1 520 mm
y TOpIBHSIHHI 3 BaHT&)XHUMH BaroHamu [liBHiYHOT AMEpHKH Ta JaTH peKOMEHJAlii MO0 3HIKEHHS MacH Tapu
BaHTOXHUX BaroHiB. MeToamka. B sikoCTi METOMKM 3aCTOCOBaHA MOPIBHSUIBHA OIlIHKA MOKA3HUKIB MII[HOCTI, BH-
TPUBAJIOCTI Ta CTIMKOCTI Hecyuoi KOHCTPYKLII MiHIMaJIbHOT MacH, BUTOTOBJICHOI 3 Pi3HMX MaTepiajiB 3a AIF0YMMHU
Ha «1pocropi 1 520» HopMaTuBamu. Pe3yabTaTn. ABTOpamMH BCTAHOBJICHO, 1110 NPU BUKOPHCTaHHI BUCOKOMILHMX
cTajneil Macy BupoOy MOXXHa 3HH3HTH B I1’SITh Pa3iB y MopiBHAHHI 3 6ankoro 3i cranmi 0912C. SIkimo & y KOHCTpYKIIii
€ 3BapHe 3’€JHAHHS, TO Maca KOHCTPYKIi 30UIbIMINThCS TPUOIN3HO B 2 pa3u IpH po3paxyHKy 3a «Hopmamm mis
pacyera ¥ MPOEKTHPOBaHMS BaroHoB >xene3HbIx gopor MIIC Poccun komen 1 520 MM (HecaMOXOIHBIX)». A mpH
pospaxynkax mo ['OCT 33211-2013 «Barons! rpy3oBbie. TpeOoBaHHS K MPOYHOCTH M JHHAMHICCKAM KauecTBaM»
Maca 30UTBIIIye€ThCS MalKe B 5 pa3iB Ta He 3aJIeXKUTh Bif THITy cTtani. HaykoBa HoBH3HA. BHsBIeHO, 110 OCHOBHIM
KpHUTEpieM, IO BH3HAYAE MAcy Tapy CYJacHHX BaroHIiB, € BTOMHA MIIHICTh 3BapHOTO 3’emHaHHs. [lokaszaHo, 110
I'OCT 33211-2013 Ta pexomenzanii MiKHApOJAHOTO IHCTHTYTY 3BapIOBaHHS IPHU3HAYAIOTh HH3bKI MeExi
BUTPUBAJIOCTI BHCOKOMII[HHX CTaleif, Ta @puM IX MJOTPUMAHHI JOCATTH 3HIDKEHHS Tapu HEMOXKIUBO.
IpakTuyna 3HaYuMicTb. Po3po0iieHO HampsIMOK [iif 31 3HMIXKCHHSI Tapy BaroHiB: €KCIIEPUMEHTAJIbHO yTOYHEHI
YMOBH MIITHOCTI 3BapHUX 3’€JJHaHb BaroHIB 13 BHCOKOMIIIHMX MaTepialiiB; po3po0JieHi ClIOCOOH MiABUILICHHS BUTPH-
BAJIOCTI 3BapHHX 3’€JTHAHB; 3aIIPOIIOHOBAHO iHII BHIH 3’ €THAHb.

Kniouosi crosa: tapa Barony; BUCOKOMILIHA CTaJIb; 3BaPHI KOHCTPYKIIT; BAHTXXHUI BaroH; MILHICTh
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SELECTION OF CONSTRUCTIVE SOLUTIONS OF CAR ELEMENTS
WITH SMALL EMPTY WEIGHT

Purpose. The work is aimed to identify the reasons for the significantly higher coefficient of the empty weight
of 1520 mm gauge cars in comparison with the freight cars in North America and to give recommendations for re-
ducing the empty weight of freight cars. Methodology. As a methodology, a comparative evaluation of the strength,
durability and stability of the minimum weight bearing structure made of various materials using the "space 1520"
standards is applied. Findings. The authors found that with the use of high-strength steels the product weight can be
reduced by a factor of five in comparison with the beam of steel 09G2S. If there is a welded joint in the construc-
tion, the weight of the structure will increase approximately by 2 times when calculated according to the "Norms for
calculating and designing railroad cars of the Ministry of Railways of Russia, gauge 1520 mm (non-self-propelled)".
And during calculations according to State Standard 33211-2013 "Freight cars. Requirements for strength and dy-
namic qualities" the weight increases almost 5 times and does not depend on the type of steel. Originality. It is re-
vealed that the main criterion determining the empty weight of modern cars is the fatigue strength of the welded
joint. It is shown that State Standard 33211-2013 and "Recommendations of the International Welding Institute"
designate low endurance limits for high-strength steels and it is impossible to achieve the weight reduction if one
adheres these recommendations. Practical value. The direction of actions to find the ways reducing empty weight
of cars was developed: conditions for strength of welded joints of cars made of high-strength materials have been
experimentally refined; methods for increasing the endurance of welded joints were developed; other types of con-
nections are assumed.

Key words.: car weight; high-strength steel; welded constructions; freight car; strength
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OCOBEHHOCTH KOHCTPYKIUHU XOJIOBBIX YACTEM TATOBOT'O
HOABUKHOI'O COCTABA

Heas. [l onpeneneHuss ITMHAMUYECKUX Ka4eCTB MaruCTPalIbHBIX JOKOMOTHBOB, KOTOPBIE XapaKTEepU3YIOT 0e3-
OMACHOE ABIKEHHE MO MPSIMOJIMHENHBIM M KPUBOJIMHEHHBIM Y4acTKaM IIyTH BO BCEM JHMAINa30OHE JKCILTyaTalOH-
HBIX CKOPOCTEH, HEOOXOANMO BBITIOJIHEHNE LIEJIOTO KOMIUIEKCA HccieoBaHnil. ONHUM U3 HEOOXOIUMBIX YCIOBUI
Ka4eCTBEHHOTO YJYYIIEHHs TATOBOTO MOABMYKHOTO COCTABA JKEIIE3HBIX JOPOT SIBIAETCS ONpEIeNIeHHe MapaMeTPOB
ero xoJ0BbIX dacTeil. Cpenu BOMpOCOB, CBA3aHHBIX C 3TON MPOOJIEeMOil, BaXKHOE MECTO 3aHMMAET 3a/1a4a OIpezese-
HUSI IMHAMUYECKUX KayeCTB JIOKOMOTHBOB Ha CTa/IMM IPOSKTUPOBAHMS C YUETOM BHIOPAHHBIX TEXHUYECKUX pelle-
HUM B KOHCTPYKIIMHU XOJOBBIX "yacTeil. [Ipu 3ToM ocoboe BHUMaHHE yaenseTcs CBI35AM Ky30Ba C TEJIEKKOH, B 4acT-
HOCTH, MOCPEJICTBOM HAKIOHHBIX TAr. Meroamka. MaTtemMatuueckoe MOJETUPOBAHUE NPOBOAUTCS METOAOM YHC-
JICHHOTO MHTETPUPOBAHUS YPaBHEHUI MaTeMaTHYECKOW MOJENM IPOCTPAHCTBEHHBIX KOJICOAHHUI JIOKOMOTHBA JUIS
OIpeneeHNs] TUHAMUYECKONM HArpyXeHHOCTH MarucTpajabHOTO JOKOMOTHBA C HCHOJIB30BAHHMEM IMPOrPaMMHOIO
kommiekca «Dynamics of Rail Vihicles» («DYNRAILy). Pe3yabTatpl. 3 pe3ynbTaToB MCCIEIOBaHUN CIEIyeT,
YTO JUIS CO3AAHUS MPOCTON M HAJIS)KHON KOHCTPYKIIMM XOJOBBIX YaCTEH, MO3BOJIAIOMICH CHU3UTH PacxXoipl HA 00-
CIIy>)KHBaHUE U PEMOHT, UMETh HHU3KYIO IEPBOHAYAIBHYI0 CTOMMOCTb U JKCILUIyaTallHOHHBIE PACXOJbl B pacueTe Ha
BECh KHM3HEHHBIN IIUKJI, BEICOKYIO CHJIy TATH MPU TPOTaHUH, MAKCUMAJIBHO MPUOIIKEHHYIO K IPEIEIbHOM 110 CLETI-
JICHUIO0, BO3MOXKHOCTh pabOThI B PEKMME KPAaTHOH TATH, OT KOHCTPYKTOPOB M YUCHBIX TpeOyeTcs peann3aius Hayd-
HBIX M TeXHH4ecKHX penreHuil. Hayunas HoBu3Ha. [lo mtoram uccnenoBaHus aBTopamMu cpOpMHUPOBaHBI 0OIIas
KaccuduKanys CBs3ei Ky30Ba ¢ TEISKKON 1 001as KilacCU(pHUKAIUs KOHCTPYKIMH HAKIIOHHOW TSTH JJOKOMOTHBOB.
IIpakTHyeckasi 3HAYMMOCTD. [Ipy coBepIIEHCTBOBaHMM KOHCTPYKIUH MOABMYKHOTO COCTaBa aKTyaJIbHBIM SIBIISIETCS
000011IeHEe PEe3yJIbTATOB TEOPETHYECKUX, HAYYHO-METOJMYECKHUX, IKCIEPHUMEHTAIBHBIX HCCIIEOBaHUN, HArpaB-
JICHHBIX Ha JallbHEiIee yaydlIeHHe XOJOBBIX YacTell MaruCTpPalbHBIX JOKOMOTHBOB NEPCIEKTUBHBIX KOHCTPYK-
1uid. [IpoBeieHHbBIE aBTOpaMu MCCIIEI0OBAHMSI OTHOCUTEEHO YCOBEPIICHCTBOBAHUS KOHCTPYKTUBHBIX OCOOEHHOCTEH
2JIEMEHTOB XOJIOBBIX YacTell HEKOTOPBIX THIIOB COBPEMEHHBIX MaruCTPaNbHBIX IOKOMOTUBOB UMEIOT IPAKTHUECKYIO
LIEHHOCTh U MOTYT OBITh MCIIOJIb30BAHBI IIPH Pa3pabOTKax TATOBOTO ITOJBMKHOTO COCTaBaA.

Kniouesvie cnosa: MarucTpanabHblil JOKOMOTHB; KOHCTPYKIMS XOA0BBIX YacTel; TeIeKKa; HAKJIIOHHAs Tsra

ABTOpBI OTHOCAT ce0s K yYEHHKaM HayYHOTO BBenenmne
HanpasieHust npodeccopa Bukropa [laHwnopuua
JanoBuua. /[aHHBIA MaTepHall MOCBSALIAETCSA CBET-
JIOM MaMATH HAIlero Y4urtens. DTO OJHa M3 MHO-
TUX HAyYHBIX TeM [ 1], KoTopeIMH 3aHAMaIICS BHK-
top JanunoBuu. Ero Bcerna BbIAENSUIM TakUe Ka-
YecTBa KaK MYJAPOCTh, OOasHHeE, OJaropojcTBO,
uHTelekT. HaneeMcs, TOT, KTO IMPOYMUTAET CTa-
THIO, HE OCTAHETCS PAaBHOMYIIHBIM — MPOSBUT HH-
TepeC M K >KMU3HCHHOMY ITyTH BEJIUKOTO YUYEHOTO
[Cepus  «lIpodeccopa JUNTa» — JlanoBuu
Buxrop Hanumnosud (2006 r.)].

OpmHOM W3 BaXKHBIX 337a4 Pa3BUTHS JKEJIE3HO-
JIOPO’KHOTO TPAHCIOPTA SBISETCS TOBBIIICHHUE
MPOU3BOJUTENBHOCTH TSITOBOTO TMOABHIKHOTO CO-
CTaBa 3a CUCT MPUMCHEHHUS B COBPEMEHHOM JIOKO-
MOTI/IBOCTpOeHI/II/I HOBeﬁmHX Hay‘IHO-TeXHI/I‘IeCKI/IX
JOCTIDKEHHUH, YTO JOJDKHO OOECIIEUUTH IOBBIIIE-
HUE KOHCTPYKIIMOHHOW CKOPOCTH C OJHOBPEMEH-
HBbIM YHyT-IIHeHI/IeM €ro TAroBbIX, TOpMO3HbIX u au-
HAMUYECKHUX KA4eCTB, MOBBICHTh HAJICKHOCTh pa-
OOTHI €IMHUI] TEXHUKH U O€30IIaCHOCTE JIBWKEHHUSI
[8, 19, 20, 21]. D10 BemeT K CHMIKEHHUIO 3aTpar C
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Y4EeTOM JKH3HEHHOTO ITMKJa JIOKOMOTHBA, COBEP-
IICHCTBOBAHUIO OOCITY)XKMBaHUS ¥ PEMOHTA, IIO-
BBIIICHUIO YPOBHS KoM(opTa 11 MAalIMHUCTOB U
MACCKUPOB, YIYYIIEHUIO HApYyXHOTO JW3ailiHa,
YMEHBIIIEHUIO BO3IEHCTBYS Ha OKPYKAIOIIYIO Cpe-
oy (mymMa W 3arpsi3HeHUs aTMOcepbl BPEIHBIMU
COCTABJISFOIIIMH BBIXJIOITHBIX Ta30B) [7].

OmHUM U3 COCOOOB YIYUINEHUS BBICOKHAX TS-
TOBBIX M JMHAMUYECKHX KAaueCTB JIOKOMOTHBA SIB-
JISIETCS BBIOOP CBsI3ei C ONTHUMAIbHBIMU CHUIIOBBIMU
XapaKTePUCTUKAMU B KOHCTPYKIIUM XOZIOBOH dac-
TH, YTO TIO3BOJIUT CHU3HUTH METAINIOEMKOCTb, JOC-
THYb YHU(PUKAIIMH OCHOBHBIX Y3JIOB H JeTajci Ha
JIOKOMOTHBAX Pa3IMYHOTO Ha3HAYEHUS, CIIOCOOCT-
ByeT CHW)KEHHIO 3aTpaT Ha HW3TOTOBJICHHE, DJKC-
TUTyaTaluio U PEMOHT.

Heanb

Jns onpeneneHuss TMHaAMUYECKHX KadecTB Ma-
THUCTPAJIbHBIX JIOKOMOTHBOB, KOTOpPbIE XapaKTepH-
3yI0T 0€30MacHOe OBIKEHHE MO MPSMOJIHHEHHBIM
Y KPHUBOJHMHEWHBIM y4YacTKaM ITyTH BO BCEM JHa-
Ma30He SKCIUTyaTaIliOHHBIX CKOpOCTel, Heo0xo-
JIUMO BBITIOJIHEHUE LIEJIOr0 KOMITJIEKCAa UCCIIEe0Ba-
Huil [8, 4, 23-25].

OmauM 13 HEOOXOMUMBIX YCIOBHM KadeCTBEH-
HOTO YJYYIIIEHHUS TATOBOTO TOJBM)KHOTO COCTaBa
JKENE3HBIX JIOpOT SBJISIETCA ONpeAeieHue (QHU3UKO-
MEXaHWYEeCKUX MapaMeTPOB €ro XOJOBBIX YaCTEH.
Cpenm BOIIPOCOB, CBA3AHHBIX C ATOHW MPOOIEMOI,
BaKHOE MECTO 3aHMMAET 3ajJadya ONpeesIeHUs IU-
HAMUYECKHX KayecTB JIOKOMOTHBOB Ha CTalluU
MIPOEKTUPOBAHUS C yYETOM BHIOPAHHBIX TEXHHYE-
CKMX PELIECHUI MO0 KOHCTPYKIUHU XOJOBBIX 4acTEH.
IIpu stomM ocoOoe BHHUMaHHE CJEIyeT YIENATh
CBSI3SIM Ky30Ba C TEJIEKKOW, B YACTHOCTH, TIOCPEI-
CTBOM HAKJIOHHBIX TAT JIJIS TIEpeJady MpPOIOIbHBIX
TOPU3OHTATBHBIX CHIL

MexaHn4YecKue CBSI3U TENEXKEK C Ky30BOM BBI-
MOJHSIOT Psill GYHKIUH, Cpelld KOTOPBIX — Iepea-
Yya BEPTHKAILHOW HArpy3KH OT Ky30Ba Ha TEJCK-
KW, Tiepeada TOPU30HTAIBHBIX CHJI MEXIY Ky30-
BOM H TelleXKaMH; oOOecliedeHrne YIpyro-
JIUCCHUIIATUBHBIX XapaKTEPUCTHK MOMEPEUHO CBS-
3M Ky30Ba U TENEkKeK, NeMIPUPYIOIIET0 U BOCCTa-
HABJIMBAIOIIET0 MOMEHTOB IIPH TIOBOPOTE TEIIEKEK
OTHOCHUTEIHFHO Ky30Ba [2]. XapaKTEepPUCTHKHU CBSI3H
Ky30Ba C TEJICKKaMU (POPMHUPYIOT TaKUE BaKHEMU-
mvie TUHAMHYECKUE TPOIECCHl KUIaXa Kak: yc-
TOMYMBOCTH K BO3MYIIIEHHOMY IBM)KEHHUIO Ha TPS-

MBIX yYacTKax IIyTH, BO3JCHCTBHEC Ha IyTh Ha
KPHUBBIX yYacTKaX, CKIOHHOCTb K Pa3BUTHIO aBTO-
KoneOaHui.

MeTtoauka

TeopeTrueckre HCCIEAOBAHHS BBHITIOIHEHBI C
HCIOJh30BAHMEM MAaTEMaTUYECKOIO MOJICIIMPOBa-
HUSI TUHAMUYECKOW HArpy»XeHHOCTH MarucTpalib-
HOT'O JIOKOMOTHBA Ha TPOTPAMMHOM KOMILIEKCE
«Dynamics of Rail Vihicles» («<DYNRAIL»), pas-
paboTaHHOM B J[HEMTPONIETPOBCKOM HAIIMOHATLHOM
YVHHUBEPCUTETE IKENE3HOJOPOKHOTO TPaHCIOpTa
M. akagemuka B. Jlazapsna [4, 23-25].

i paccMoTpeHus mpoiiecca B3auMOICHCTBUS
JKUMaKa W MYTH B TONEPEUYHOM HAMPABICHUH
(puc. 1) MOKHO HCITOJIB30BaTh YIPOIICHHYO pac-
YETHYIO CXEMY M MaTEeMaTHYECKYI0 MOJIENb CHCTE-
MBI C OJIHOIM Maccoii, cuuTas, 4YT0 OCHOBHAs Macca
IKHUMAXKa COCPENIOTOUEHA B LIEHTPE TSKECTH KY30-
Ba. BeiencTBue BbIOOpa GOKOBBIX 3a30POB MEXAY
rpeOHeM OaHJaXa M PeIbCOM (HE3aBHCHMO OT BbI-
3BaBIIMX ATO MPUYHH) KOJECHOW Mape cO CTOPOHEI

IIyTH HaBA3BIBAETCS TPAEKTOPHUA Y, (x) IIpu xe-

CTKOH CBSI3U HEMOAPECCOPCHHBIX B IONEPEIHOM
HalpaBJICHUH YacTel (KOJEeCHOW mapbl, paMbl Te-
JISKKH) C OCHOBHOM MAacCOi dKHUIaxa — Ky30BOM —
3Ta HaBA3aHHAs TPACKTOPUS 3a7aeTCsi U Ky30BY
(puc. 1, a) [8].

YcTpaHeHHe KECTKOH CBSI3M M 3aMEHA ee KBa-
3UYTIPYToH (puc. 1, 6) MIPUBOAUT K CHIDKCHUIO CH-
JBl TIOTIEPEYHOTO B3aUMOJCHCTBHS C JKEJIE3HOJIO-
POXHBIM TyTeM. BO3MOXXEH M MPOMEXYTOYHBIH
BapUaHT — CHW)KEHHE MHEPLIMOHHOM CBSI3H IIyTeM
IPEAOCTABICHUS Ky30BY BO3MOXHOCTH IIOBOPOTa
oTHOocHUTeNbHO ocu x (puc. 1, 6). CoBpemeHHbBIE
CHCTEMBI CBSI3U Ky30Ba C TEJIECKKOW MPENCTABIISIOT
c000¥f KOMOMHAIINK Pa3IMIHBIX CXEeM pHC. 1, 6 |
puc. 1, 6. Takue cBsi3u pacCMOTPEHHI B [§].

CoenvHEHUE Ky30Ba C TEJCKKOW MOXKET OBITh
peaIr30BaHO Pa3lNUYHbIMU CIIOCO0aMH, HapUMep,
YCIIOBHO TIOK2)KEM TUIOCKOCTH Ky30Ba U TEIEKKHU,
KOTOpbIE MEXIy COOOH JNOKHBI OBITH CBSI3aHBI IO
6-ti KoopauHaTaMm (puc. 2). CBsi3b 10 KOOpAWHATE
x (mpononbHas) TOKa3aHa KakK >KECTKUHM cTep-
JKEeHb, B 3TOH KOOPAMHATE MEPEAAIOIINN CHIIBI TATH
U TOPMOXKEHHSI OT TEJISKKH K Ky30BY (CHJIBI BIOJb
nyta). CBsi3u B KoopAauHaTax ) (OokoBas) u z

(BepTHKaNbHAsA) MOKa3aHBl B BUAE YNPYIHX 3Jie-
MeHTOB. KoopauHaThl, XapaKTepU3yIOIINE YTJIbI
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MIOBOPOTa Ky30Ba OTHOCUTEIBHO COOTBETCTBYIO-
LKMX Ocell 0003Ha4CHBI Kak ¢, ¢, 1 @, [17].
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Puc. 1. Cxema c nonepeyHo CBA3BIO
Ky30Ba U TEJIEKKH:
a — XeCTKOH; 6 — KBa3UyIpyTOii;
6 — YIpyroil ¥ NONEepeuHO-YIII0BOH

Fig. 1. Diagram with cross connection
of the body and a bogie:
a —rigid; b — quasi-elastic; ¢ — elastic and
transverse-angular

Bo3MoXxHEI ciieytommye BapuaHThl TPUMEHEHHST:
1) MHOTOIIENIEBOE HCTIOIB30BAHUE OAHOTO M TOTO
JKe 3JIEMEHTa I OCYIIECTBJICHUS CBsI3¢H B He-
CKOJIBKHX KOOP/JIWHATAX;
2) BBIIETICHHUE IS CBSA3EH B KOKIOW U3 KOOPIMHAT
OTJENTBHOTO  YCTPOWCTBA, OOJAJaIoNIero OITH-
MaJBHBIMH JIJIS1 TAHHOTO KOHKPETHOTO Cydas Xa-
paKTepUCTHKAMU;
3) xoMOMHaIMs IBYX MEPBBIX BAPUAHTOB C TPE00-
JIaIaHUEM OJTHOTO HJIH JIPYTOTO, B 3aBUCHUMOCTH OT
KOHKPETHBIX TpeOOBaHWH, NMPEeNIbIBIIEMBIX K MOJI-
BUYKHOMY COCTaBy.
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Puc. 2. CBs13u Ky30Ba C TEIIEKKON B pa3THIHBIX
KOOpAMHATAX

Fig. 2. Body-bogie connections in various coordinates

Pe3yabTaTthl

Cpenu pacnpoCTpaHEHHBIX B NMPAaKTHKE OCHOB-
HBIX CXEM ONHUPAaHUsS paMbl (MU BCETO HAATEIEkKed-
HOTO CTPOCHHMS) Ha TEIEKKH OBLIN BBIZCIICHBI Cle-
JyIoIlye KOHCTPYKTHUBHBIE pemeHus [16]:

1. Pama onmpaeTcst Ha KaXaylo TEIEKKY OJHOU
ONOpOl — UWIUHAPUYECKON TMSATOM, BXOZSIIECH
B MOAMATHUK TeNeXKH (puc. 3, a). [lara ¢ moamsr-
HUKOM 00pa3yloT LIKBOPHEBOE COEIWHEHHUE, SIB-
JSIFOIEeCs OChI0 MOBOPOTA TEJEKKU OTHOCHTEIb-
HO PaMbl B TOPU30HTAIBHOM MJIOCKOCTH.

g mpenoTBpalieHuss HeJIOMMyCTUMBIX MTePeKo-
COB Ky30Ba M, CJICZOBATEIbHO, HEPABHOMEPHOTO
pacIpeneneHys Harpy30K B IIKBOPHEBOM Y3II€, 110
JTOM CXEME Ha KaXKJI0H TEJIEIKKE YCTaHABIUBAOTCS
JOTIOJIHUTENIbHBIE  OOKOBBIE  OTPaHUYUTENH —
CKOJIb3YHBI, IO CKAIOIIKE JIUIIb HE3HAUYNTEIIbHbIE
OTKJIOHEHHS Ky30Ba OT BEPTHKAJIBHOTO IIOJIOXKE-
Hus. U BepTukanbHas Harpy3ka, ¥ TOPHU3OHTaIb-
HBIE CHJIBI IEPEAAIOTCS Yepe3 AaHHbIHN y3ell.
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2. PamMa coeauHsETCS C TEJIEKKOM MPU MOMOIIU
ITKBOPHEBOTO COCIUHEHUS, HO OMMPAETCS Ha HEe
gyepe3 OOKOBBIE OMOPBI, PACIIONIOKECHHBIC CHMMET-
PUYHO OTHOCUTEIHFHO MIKBOPHS (puc. 3, 6).

3. BepTukanbHasg Harpy3ka OT pambl MepeiaeT-
Csl Ha KaKOYIO0 TEJEeXKY uepe3 JBe—4eThlpe OOKo-
BblE OINOpHl TpU  (PAKTHYECKOM OTCYTCTBUHU
IIKBOPHEBOTO  y371a, OKAa3bIBAETCS BO3MOYKHBIM
00eCneunTh ICHTPUPOBAHKUE TEICIKKU IMPH ITOMO-
M TaK Ha3bIBAEMOI'0 (PMKTHUBHOIO IIKBOPHSI, POJIb
KOTOPOTO BBIMTOIHSAET CUCTEMa KOPOTKHUX TOPH30H-
TaTbHBIX I[TOBOJKOB, Tepenaronas Ipo0JIbHEIE
TOPU30HTAIBHEIC CUITBI (PHC. 3, 6).

4. Pama onmpaercs Ha paMy TEJIEXKKH Uepe3 JBe
TJIaBHBIE BEPTUKAJIbHBIE MAasSTHUKOBBIE OIOpPHI —
KayaroInecss CTOMKHU, pacloJIOXKEHHBIE Ha €€ Mpo-
ONBHOU ocH (puc. 3, 2). DTH OMOpHI MepeaarT U
IIPOJIOJIbHBIE TOPU30HTAIBHBIE CHIIBL, U IIOJIOBUHY
BEPTUKAIILHOM Harpy3ku. BepTukanbHble Harpy3Kku
(BTOpas MoJIOBMHA Beca HAATEJIEKEYHOIO CTpoe-
HUSI) BOCIIPHHUMAIOTCS TaK)Ke YETHIPEMS OOKOBHI-
MH BEPTUKAJIBHBIMU CTOWKamMu. BO3MOXHOCTB MO-
BOpOTa TeJEXeK 00ecrneunuBaeTcsi OTKIOHEHHEM
TJIaBHBIX OTMOp OT BEPTHKANBHOH ocu (puc. 3, 0).
I'opu3oHTaNbHBIE yNpPyrue TATH CHOCOOCTBYIOT
nepegade MOMEpPeyHbIX CHUJI U BO3BPALICHUIO Te-
JISKKU B HCXOHOE TIOJI0XKEHHE.

e-f

H—g

Puc. 3. CxeMmblI cBsi3eit paMbl TOKOMOTHBA C TEJIEKKAMHI

Fig. 3. Diagrams of the connections of the locomotive frame with bogies

5. BoKOBBIE yIIpyTH€E ONOPHI BBIIOJIHEHBI B BUIE
KOMIUIEKTA BBICOKUX MPYKUH, 3aKPEIUICHHBIX COOT-
BETCTBEHHO CBOMMH KOHIIAMH B paMax JJOKOMOTHBA
U TEJIEKKU. | OpU30HTANIbHBIE CUJIBI B 3TOM Clly4yae
HEPEJAOTCs HU3KO OIYLEHHBIM IIKBOPHEM.

6.Pama j10KOMOTHBa NpU HATUYUW ILKBOPHS,
SIBJISFOIIETOCS OCBIO IIOBOPOTA M IIEPEAAIOLIETO

TOPU30OHTAIBHBIC CHIIBI, CBOMMH KPOHIITEHHAMH
(puc. 3, e) xpenuTcs K pamMe KaxIOW TETEeKKH ue-
THIPEMSI OOKOBBIMH MAasiTHUKOBBIMH ITOJIBECKAMHU.
Ocy HaKJIOHHBIX MOJBECOK IEPECeKalOTCsl Ha OCH
HIKBOPHSL.

B KOHCTpYKIMAX, TJ€ NPOJOJIBHBIE T'OPU30H-
TaJbHBIE CHJIBI TIEPEIAIOTCS Yepe3 CUCTEMY JUIMH-
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HBIX HAKJIOHHBIX TAT, KOTOPBIE COCTUHSIOT paMy C
TENEXKKOM TaK, 4TO TOYKA IEPECEHYECHMs] UX OCEH
HaXOAWTCS HAa YPOBHE HIDKE IIEHTPOB BEAYLIMX
oceii (puc. 3, o) [16], Takoe coenmuHeHHE CIIOCO0-
CTBYET JIy4lIEeMYy HCIIOIb30BAaHHUIO CLETHOIO Beca
JIOKOMOTHBA (OIHA U3 BAKHEHIIUX XapaKTEPUCTHUK
€ro DJKCIUTyaTallMOHHBIX KayecTB), YMPOIIAETCS
KOHCTPYKIMS TENEXKKH, UCKIIOYAeTCs 3HAUYNTEIb-
HO€ YHCJIO 2JIEMEHTOB TPEHHUS U JIp.

Haxnonnble Taru ObUTH BHEpBBIE MPHMEHEHEI
Ha anekTpoBo3e Srl [15]. Ha Hosodepkacckom
3JIEKTPOBO30CTPOUTEIHLHOM 3aBOJIE B CBOE BpeMs
W3TOTOBHJIN OTBITHBIN YETBIPEXOCHBIH 3JIEKTPOBO3,
nonmyuuBinii ob6ozHauenne Srl1-3000; B HekoTo-
PBIX TEXHHYECKUX AOKYMEHTaX M B IEpUHOIUYe-
CKOIl medaTd 3TOT JIOKOMOTHB II€pBOHAYAIbHO
umen oboznaueHue cepuu DC40 [13] u O mIpen-
Ha3HA4eH JJIA JKeJe3HbIX popor Ounnsaann. EcTs
CBeJICHHs, 4TO OyKBbI Sr B 0003HAYCHWU CEPUU
BO3HHMKIHU OT (QuHCKuX cioB Sahkoventuri raskas,
T.€. «QIEKTPOBO3 TSKEIBII.

Ky30B 31exTpoBO3a ObLT HM3rOTOBJIEH U3 IIPO-
(GUIBHON M JINCTOBOW CTalli, UMEJI HECYIIYIO paMy
W ONHMpAJICS Ha JBE ABYXOCHBIE HECOUJICHEHHBIE
Tenexxku (puc. 4). [logBecka TATOBBIX JBUTATENCH
— ONOpHO-paMHasi, MOJBEIINBaHNE Ky30Ba — JIO-
neqHoe. TAroBoe ¥ TOPMO3HOE YCHUIIMSI OT TEJIEKEK
K Ky30BY II€peJaBaliCh Ye€pe3 HaKIOHHbIE TSTH.

Puc. 4. O0mwmii BUI TEIEKKH 3IIEKTPOB0O3a Srl

Fig. 4. General view of the bogie of electric
locomotive Srl

BnocnencTtBunm HakIOHHBIE TSATM CTald BHe-
JIpSIThCA U HA APYTUX €AUHULAX TATOBOTO MOABMK-
Horo cocraBa. [lanee Oosee mMOAPOOHO pacCMOTPUM
KOHCTPYKTHUBHBIE OCOOCHHOCTH XOJIOBBIX YacTel
TACOBOTO TOJBMXKHOI'O COCTaBa BEAYIIMX B MHpPE
KOMITAHU-U3TOTOBUTENICH KENE3HOAOPOKHOM Mpo-

IyKIe (puc. 5) [25], HCITOTE30BaBITNX HAKIOHHYO
TATY B y3JI€ COCIUHCHUS Ky30Ba C TCJIIC)KKaMU.

H L 10

3

Puc. 5. Kpynneiiimue koMIaHUHA-U3rOTOBUTENN
JIOKOMOTHBOB:

1 — CSR (Kurait), 8,1 mipg eBpo; 2 — Bombardier (Kanana,
I'epmanmns), 8,1 mapx espo; 3 — CNR (Kwurait), 7,9 mupa eBpo;
4 — Siemens (I'epmanmust), 6,4 mipz eBpo; 5 — Alstom
(®pannus), 5,6 mapx espo; 6 — GE (CLLA), 2,7 mapz eBpo;
7 — Tpancmant-xonauar (Poceus), 2,4 mupn eBpo; 8§ — Knorr
Bremse (I'epmanns), 2,2 mupg eBpo; 9 — Hyundai Rotem
(Pecmry6umuka Kopes), 1,8 mipn eBpo; 10 — Kawasaki
(Anmonwus), 1,7 mapx eBpo

Fig. 5. Largest manufacturers of locomotives:

1 — CSR (China), 8.1 billion Euros; 2 — Bombardier (Canada,
Germany), 8.1 billion Euros; 3 — CNR (China), 7.9 billion
Euros; 4 — Siemens (Germany), 6.4 billion Euros; 5 — Alstom
(France), 5.6 billion Euros; 6 — GE (USA), 2.7 billion Euros;
7 — Transmash-Holding (Russia), 2.4 billion Euros;

8 — Knorr Bremse (Germany), 2.2 billion Euros; 9 — Hyundai
Rotem (Republic of Korea), 1.8 billion Euros; 10 — Kawasaki
(Japan), 1.7 billion Euros

Crozia OTHOCSTCS HIKE OTFICAHHBIE 2JIEKTPOBO3BL:

— DuexTpoBo3 BJI8S — onuH U3 MOLIHBIX Tpy-
30BBIX MAaruCTPaJbHBIX AJIEKTPOBO30B CBOETO BpE-
MEHHU C ONOPHO-OCEBBIM IOJIBEUIMBAHUEM TATOBBIX
JIBUraTeseu, IByXCEKIIMOHHBIN, IBEHAALIaTHOCEBOM,
C YCTpOHCTBaMH, KOTOpBIE O0ECHeYHBaIOT paboTy
0 cucTeMe MHOTuX eaunull [8, 18, 4, 23].

Kaxnas cexuust onmpaeTcst Ha TpU JBYXOCHBIE
OECIIKBOPHEBBIE TENEKKH, KOTOPBIE OTIUYAIOTCS
Ipyr OT JApyra HCIOJIHEHHEM: KpalHuUE HMEIOT
ONOpBHl Ky30Ba B BHUJAE JIIOJEYHBIX IIOJIBECOK
(puc. 6, a), cpenHss — OMOPHI Ky30Ba B BUAE YIIPY-
TUX Kaydalommxcs crepxkHed (puc. 6, 6). Takum
o0pa3oM, BepTHUKaIbHas W TOIMEpeyHasl CBSI3M Ky-
30Ba C TeJNEKKaMU OCYIIECTBJIEHBI: Ha KpailHMX
TEJNeKKax — MOCPEICTBOM 3JIEMEHTOB JIOJIEYHOIO
MO/BEIINBAHUS, HA CPEAHUX — KOMIUIEKTOM YIpy-
THUX KayaroluXcs CKaTbIX crepxHel. [IpomonbHas
CBSI3b TEJIEXKEK C Ky30BOM BBIMIOJIHEHA HAKIOHHBI-
MU TATaMH JIBYCTOPOHHETO JEWCTBUs, paboTaro-
IIIUMU Ha pacTspkeHue — cxatue [11, 4, 23].
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1 — HakIOHHAS TAra; 2 — II0JICYHOE OIBEIINBAHNE,
3 — ynopsl; 4 — TAr0BOE yCTPOICTBO TEIEIKEK;
5 — ycTaHOBKa racurelnei konebannit

1 — inclined rod; 2 — swing suspension; 3 — chocks; 4 — trac-
tion device for bogies; 5 — installation of vibration dampers

1 — omopa Ky30Ba; 2 — HAKJIOHHAS TSTa;
3 — TArOBOE YCTPOUCTBO TEJIEKEK

1 —body support; 2 — inclined rod;
3 — traction equipment of bogie

1 — TsIrOBOE YCTPOWCTBO; 2 — HaKIIOHHAs Tsra; 3 — OydepHoe
YCTPOHCTBO

1 — traction device; 2 — inclined rod; 3 — buffer device

Puc. 6. XomoBas gacts amekTpoBo3a BJI8S:
a — CBSI3U Ky30Ba C KPallHUMH TEJISKKAMU; 6 — CBSI3H Ky30Ba
€O CpEeIHEN TEJEKKOM; 6 — y3€J1 HAKJIOHHBIX TST

Fig. 6. Running gear of electric locomotive VL85:
a —body connections with the outer bogies; b — body
connection with the middle bogie; ¢ — the inclined rod
assembly

VY3en HAKJIOHHOW TATU COCTOMT W3 TSATOBOTO
YCTPOMCTBA, HAKJIOHHOW TATM M OydepHOro ycr-
poiictBa (puc. 6, 8). TAroBOE yCTPONCTBO TEIEKEK

SIBIISIETCS] )KECTKUM TPOJOJDKEHHEM PaMbl TeJlexK-
KM, MPEeIHA3HAYCHHBIM JIJII BBIHOCA TOYKU IPH-
COCJIMHCHHS HAKJIOHHOW TATH K PaMe TEIICHKKHU Ta-
KM 00pa3oM, 9ToObl OCh TATH MPOXOIMIIA Yepe3
TOYKY TepecedeHus] BEPTUKAIFHOW OCH CHMMET-
PUH TEIEKKH M PelbcoB. BydepHoe ycTpoHcTBO
MpeIHa3HAYEeHO Ul YOPYTOM CBSI3M HAKIIOHHOMN
TATH C KPOHINTEHHOM Ky30Ba 3JIeKTpoBo3a [8, 18].

Ha anexktpoBozax BJI8S ¢ Ne 013 Ha kpaitaux u
CPeIHUX TeNeKKaX MPUXOAMUTCS 10 OAHOHN TAre Ha
TeNexKy. J7s moTHOrO HMCIONIB30BaHUS CIETTHOTO
Beca — MepBOM CEKLIMU — HAKJIOHHAS TATa CpelHei
TEJICKKM HAINpaBJIICHA B CTOPOHY BTOPOTO KOHIIA
CEeKIINH.

— DaextpoBo3 cepun [C ObuT co3maH B co-
TPYAHUYECTBE ¢ KOHIIEPHOM Siemens Ha J[Hempo-
METPOBCKOM  3JIEKTPOBO30CTPOUTEIILHOM  3aBOJIE
(JI9B3) mpum ydacTHd TENOTO psfla HAYIHBIX H
MPOU3BOACTBEHHBIX OpraHU3allvii, B TOM YHCJIC U
JIHenponeTpoBCKOTO HAI[MOHAIBHOTO YHHUBEPCH-
TeTa KEeNE3HOIOPOKHOTO TPaHCIOpPTa MMEHH aKa-
nemuka B. Jlazapsiaa (JIMAT) [23-25].

Ero xomoBbie yacTtu (puc. 7) BBIIOJHEHBI JABYX-
OCHBIMH OECIIKBOPHEBHIMA HECOUYICHEHHBIMHU, C
OTIOPHO-PaMHBIM TOJIBEIIMBAHNEM TITOBBIX JJIEK-
Tponpurareneit [8, 14, 23-25]. Jlna nepenaum
MPOOIBHBIX CHJI TSATH (TOPMOKEHUS ) MEKIY KakK-
JIOM TENEeXKKOU U Ky30BOM YCTaHOBJIEHA HAKJIOHHASI
Tara (puc. 8, a), MapHUPHO COETUHEHHAS C TSATO-
BBIM YCTPOMCTBOM TEJIECKKH U C pPaBHOILICUYUM Oa-
JIAHCHPOM, KOHIIBI KOTOPOTO CBSI3aHBI CO CTEPK-
Hamu [14]. CoenuHenne HaKIIOHHOM TSTH C TEJEXK-
KO 1 OanaHcupa co CTEpKHSMH BBIITOIHEHO C TI0-
MOIIBI0 MIAPHUPHBIX MOIIUITHUKOB (pHC. 8, 0).

— XopoBas yacThb TemioBoda TIOM?7 cocrout
U3 JIByX JBYXOCHBIX OECUENOCTHBIX TeJewKeK,
00BEIMHEHHBIX TPOMEXKYTOYHON paMoii, KoTopas
COEIMHEHA C PaMOM Ka)KJ0M ABYXOCHOM TENIEKKU
JIByMsSI MasiTHUKOBBIMH TIOJIBECKaMHU €O cepude-
CKMMHU IIapHUpAMU MEXaHHW3Ma TMepelayd CHIIBI
TsTH [2].

IIpomomBHO-TOPU30HTANBHBIE CHITBI (CHJIA TATH
1 TOPMOIKEHUSI) OT JBYXOCHBIX TEJICKEK NEHCTBY-
0T Ha MPOMEXKYTOYHYIO paMy uepe3 IIapHHpPHO-
PBIYAXHBIA TATOBBIH MexaHW3M (puc. 9, a). Cuna
TATH OT BHYTPEHHEW KOHICBOH OalKu paMbl Te-
JISKKH TepPeaeTCs Ha JBYIUICYHE PhlYard, COSIH-
HEHHBIE MEXIy co0oil mormepedHoi Tsarod. Ha-
KIJIOHHBIE TSTH MEPEIaroT CHIIY TSTH OT PBIYaroB K
NPOMEXYTOYHOH pame M 3aTeM Yepe3 LIapoBOi
IIKBOPEHB K Ky30BY.
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Puc. 7. PacnionoxeHne cBs3eil MeX Iy Ky30BOM H TEIEKKaMH B dJIeKTpoBo3e cepun J[C:

1 — macnenka; 2 — ctepkeHb; 3 — ObanaHcup; 4 — HAKJIOHHAS TATa; 5 — BAJIMK; 6 — CTPAXOBOYHOE YCTPOICTBO; 7 — peaKTHBHAS
TAAra; § — rUApoaMopTU3aTop; 9 — nmpomexyrounas 6ainka; /0 — 60KkoBoit ynop; // — KOMIUIEKT MpyKuH; /2 — TEXHOIOTHYECKHUN
6ounrt; /3 — Banuk; /4 — ynnotaenue; 15 — nommunauk HICIISS; 16 — Brynka; /7 — noasecka; /8 — KpoHIUTEHH; /9 — NIpoKIaaKa;
20 — Brynka; 2] — maiiba; 22 — maiiba; 24 — raiika; 25 — ymotHenue; 26 — Brynka; 27 — nogmunauk 1LICJI70; 28 — ymiop;
29 — maiiba; 30 — perynmupoBoyHas maiida; 3/ — raiika; 32 — cTONOpHAs IUIaHKa; 33 — YITIOTHUTENBFHOE KONBIO; 34 — KOJBIIO;
35 — Brynka; 36 — Banuk; 37 — raiika; 38 — maii6a; 39 — raiika; 40 — yminoTHuTeNbHOE KObIo; 4/ — nommunank GE60UK-2RS;
42 — npo0ka; 43 — cromnopHas 1Iaiida MOAIINITHAKA; 44 — BaJINK; 45 — raiika; 46 — TEXHOJIOTHYECKAs CTSKKA

Fig. 7. Links location between the body and bogies in the locomotive, DS series:
1 — lubricating cock; 2 — pivot; 3 — compensating beam; 4 — inclined rod; 5 — roller; 6 — safety device; 7 — torque rod;
8 — hydraulic shock-absorber; 9 — intermediate beam; /0 — side chock; /1 — set of springs; 12 — technological bolt; 13 —roller;

14 — compaction; 15 —bearing SHSP55; 16 — sleeve joint; /7 — suspension; /8 — bracket; /9 — lining; 20 — sleeve joint;

21 — washer plate; 22 — washer plate; 24 — nut; 25 — compaction; 26 — sleeve joint; 27 — bearing 1SHSL70; 28 — chock;
29 — washer plate; 30 — adjusting washer; 31 — nut; 32 — keeper plate; 33 — O-ring; 34 — ring; 35 — sleeve joint; 36 — roller;
37 — nut; 38 — washer plate; 39 — nut; 40 — O-ring; 41 — bearing GE60UK-2RS; 42 — closing plug; 43 — bearing lockwasher;

44 —roller; 45 — nut; 46 — technological screed
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6-b

Puc. 8. Xonosas uactb anekrpososa JIC:
a — 00U BUI HAKJIOHHOM TATH; 6 — paCIIOJIOKECHUE U COSIMHCHNE HAKIIOHHON TSTH MOJ TIOKOMOTHBOM

Fig. 8. Running part of DS locomotive:
a — general view of the inclined rod; b — location and connection of the inclined rod under the locomotive

HaknoHHbIe TArM MeXaHU3Ma MPUCOEIUHEHBI K
MIPOMEKYTOUHOM paMe Ha YPOBHE OCEH KOJIECHBIX
nap, NpuYeM OCH TAI IEePECEKalOTCsl HAa YPOBHE
TOJIOBOK pPENbCOB MocepeanHe 0a3bl JBYXOCHOH
TEJIeKKH, OJarogapsi 4eMy AOCTUTAIOTCSl OJHOHA-
IPaBJIEHHOCTh M OJMHAKOBOE IIepepaclpesieneHue
Harpy3oK B Ipelenax KaxaoW IBYXOCHOU TeJex-
KH.

MexaHu3M COCTOUT U3 ABYX Y3JIOB, KAKIBIA U3
KOTOPBIX BKIIIOYAC€T HAKJIOHHYIO TATY W IIOBOPOT-
HBIA KpoHIITeiH (puc. 9, 6). Tsra mwapHupHO CO-
€AVHSAETCS C NMPOMEXYTOUYHOM paMOH M MOBOPOT-

HBIM KPOHIUTEHHOM, BPALIAIOLUIMMCS BOKPYT OCH,
YKpEIJIEHHOH Ha pame TenexKku. I[loBopoTHble
KPOHIUTEWHB! KaXKI0H JIBYXOCHOH TEJEXKKH IIap-
HUPHO CBsI3aHBI IonepedHoil taroi [12]. Haknon-
HOE PAacIONIOKECHNE MEXaHW3Ma BBIOPAHO B IENAX
peanu3anuy XOMOBOH YacTbi0 HAMOONBLIErO KO-
3¢ duMeHTa UCHOIB30BaHMS CIICITHOTO Beca Tell-
J0BO3a. MexaHU3M TpEeACTaBIseT co00i phIyak-
HYIO CHUCTEMY, KOTOpas, IepeiaBasi yCWIus, B TO
JK€ BpeMs T03BOJISIET ABYXOCHOM TEJIekKKE COBEp-
1aTh BCE HEOOXOOUMBIE MEepeMEIIeHUs] OTHOCH-
TEJIBHO MPOMEXYTOYHOH PaMbl IPU ABUKEHUH.
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1 — HakJIOHHAS TATA; 2 — ABYIDICYUH pBIYar, 3 — ImomepedHas Tsra; 4 — aMOpTH3aTop

1- inclined rod; 2 — two-arm lever; 3 — bridle bar; 4 — shock absorber

o—-b

1 — TIOBOPOTHBIN KPOHINTENH; 2 — HAKIIOHHAS TATA; 3 — MONepeyHas Tira

1 — swinging arm; 2 — inclined rod; 3 — bridle bar

Puc. 9. Mexanusm nepegauu cuibl TSATH TemioBo3a TOMT7:
a—cxema; 6 — |, I, 111, 1V — y3161 MexaHm3Ma

Fig. 9. The mechanism of transmission of traction power of the locomotive TEM7:
a —scheme; b— 1, I, 111, IV — nodes of the mechanism

— MarucTpajibHblii IIECTHOCHBIN 3JIEKTPO-
Bo3 JII10 c omopHO-paMHBIM MOJABEIINBAHHEM
TSTOBBIX JIBUTATeJIe, CHCTEMOU CBS3E€M TeNekeK ¢
Ky30BOM, C JABYXCTYIEHYATHIM PECCOPHBIM TO/I-
BemmBanueM [8, 23]. Tenexxku AByXOCHBIC, Oecue-
JIOCTHBIE. B mpo101bHOM HampaBIEHUU TEICKKHU C
Ky30BOM COEIWHEHBI IENbHON, HHU3KO pacIojo-

skeHHOM Tsror (puc. 10). MckimrodeHne mpoMexy-
TOYHBIX 3BEHBHEB CHUCTEMBI MPOAOILHON CBSI3H U
YCTAHOBKA LIEJIbHOM CBSI3U CTajJd BO3MO>KHBIMHU
MOCJIe TPUMEHEHUs OECKOUIEKTOPHBIX TATOBBIX
JIBUTATEJICH, UMEIOMINX IMPU OOJNBINEH MOIIHOCTH
3HAUYUTEIHFHO MEHBIIUNA TUAMETD.
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Puc. 10. Cuctema cBs3eif Ky30Ba ¢ KpailHel TeIexKOM:
1 — onopa Ky30Ba; 2, 5 — BepTUKaIbHBII U TOPU3OHTAIIbHBII
ynopsl; 3, 6, 7 — runponeMidepsl; 4 — Tsra npoioIbHOH CBsI-
31 TEJIEKKH € Ky30BOM; 8 — IPOTHBOOTHOCHOE YCTPOICTBO

Fig. 10. System of connections of the body with an
outer bogie:
1 — the body support; 2, 5 — vertical and horizontal chocks;
3, 6, 7 —hydraulic dampers; 4 — rod of longitudinal communi-
cation of the bogie with a body; 8 — anti-drifting device

— Tenexka MArHCTPaJbLHOr0 MIECTHOCHOTO
naccakupckoro iekrposo3a 2K tpexocHas
C ONOPHO-PAMHBIM TOJIBEIINBAHUEM TATOBBIX JIBU-
rareyei U oceBbIX penykTopoB. Cuia Tru, co3ia-
BaeMasi KOJIECHO-MOTOPHBIMU OJIOKamu, depe3
OyKCOBBIE TTOBOJIKM TIE€PENaeTCsl OT KOJECHBIX Map
Ha paMy TENEKKH, a OT paMbl TEIECKKHU 4Yepe3 Me-
XaHWU3M Tepeadd CHIIBI TSITH — Ha Ky30B JJIEKTPO-
Bo3a. MexaHu3M mepemadn cwibl Tsaru (puc. 11 a)
SIBJISIETCSI OTIIMYUTEIIBHON OCOOCHHOCTBIO DKUTIAKA
anexTpoBo3a II12K — oH cocToUT U3 NBYX HIKBOP-
Hell, KOTOphle YCTaHOBJICHHI 3a rabapuTamu Te-
JISKKH CHMMETPHYHO OTHOCHUTEIBHO MPOJ0JbHON
OCH TEJICKKU U KOHCOJIBHO 3aKPEIICHBI Ha KY30B€;
JIByX TIPOJOJIBHBIX TAT, PacMONIOKEHHBIX TOPU30H-
TaJbHO; TIONIEPEYHON TATH W JBYX IBYIUICYHX PhI-
garos [8, 11].

Preruaru, ycTaHOBJIEHHBIE HA IIKBOPHSX, UMEIOT
MPOAOJIBbHBIE W ToTepednble Tuiedn. [Ipomonsabie
YaCTH PHIYAroB IMAPHUPHO CBA3aHBI MEXKAY COOOM
MOTIEPEYHON TSrOM, a TONEpeYHbIe MPH TOMOIIU
chepruecKuX MAPHUPOB CBSI3aHBI C MPOJOIHHBIMU

TATaMH. BTOphIME KOHIITaMH POOTBHBIE TSITH TPH
noMomy chepuyeckux MIAPHUPOB — C pamoil Te-
nexku. [lpu IBUXKEHUHM 3JEKTPOBO3a MPOUCXOAST
BEePTHKAIILHBIC, TONEPEYHbIe W HEOOJBIINE YTIIO-
BbIe TIEPEMEIICHHS TEJIEeKKH OTHOCHUTENBHO KY30-
Ba. KoHCTpyKIIMa MexaHH3Ma IO3BOJIIET MpPaKTHU-
YeCKU OeCTpensITCTBEHHO COBEPIIATh BCE ITH TIe-
peMeIeH s, HO CO37aeT XECTKYI0 CBA3b MEXIY
Ky30BOM M TEJEXKOHl B MPOJOJILHOM HaIlpaBiie-
HUYM, HEOOXOAMMYIO /ISl Tepelaydl CWI TATU U
TopMOkeHUs. [lJIs yMEHBIeHUs JIHMHAMUYECKHX
Harpy3oK B MeXaHU3Me IMPOJIOJIbHBIE TATW pPacIo-
JIO’KEHBI TOPU30HTAIILHO HA YPOBHE LIEHTpPa Macc
o0peccopeHHO YacTh Tenexku [8, 9].

— MexaHuyeckasi 4acTh MarucTpajbHOro
Nacca:kupCcKoro 3jaekrpono3a 20 cocroutr us
Ky30Ba U TPEX JBYXOCHBIX OECIIKBOPHEBBIX Telle-
xkek (puc. 11, 6). BepTukambHas W TOIepedHas
CBSA3M Ky30Ba C TEJIEKKAMH OCYIIECTBIEHBI Ha
KpalHUX TeJeXKaX IOCPEACTBOM OIOp THIIA
«DreKcuKoill», a Ha cpegHed — MOCpeACTBOM
OTIOp Ky30Ba Ha CPEIHIOI0 TEIIEKKY, KOHCTPYKTHB-
HO BBITIOJIHEHHBIX B BUJAE YHPYIUX Kadaroluxcs
ckatbix crepkHed. [lpomonpHast CBs3b Telexex
C Ky30BOM pean30BaHa HAKIOHHBIMH TSITaMH JBY-
CTOPOHHETO JIeHCTBUS, PabOTAIOIIMMKU Ha PacTs-
JKeHue—cxkatue [8].

Ilepenauya cuiibl TSAIH, BO3SHUKAIOIIEH B KOHTAK-
T€ KOJieca M pelibca, OT KOJIECHOW Maphl Ha pamy
TEJIE)KKH OCYLIECTBIISICTCS 4epe3 OyKCOBBIE THTH.
OT pambl TEJIEKKH CHIIA TATH NepeaeTcs Ha pamy
Ky30Ba TP TIOMOIIN HAKJIOHHOM TSTH, 3aKpeIUIeH-
HOM OJHUM KOHIIOM K KPOHUITEMHY Ha HWKHEM
JIUCTE CPEeTHETro Opyca paMbl TETEXKKH, a IPYTHM —
K KPOHIITEHHY C YIPYTHMHU 3JIEMEHTaMH Ha pame
Ky30Ba.

— B marucTpajJbHOM rpy30BoM 3JIEKTPOBO3€
29C10 «I'paHuT» KY30B U TENEKKU CBSI3aHBI ME-
JkKIy COOOH B BEPTHUKAILHOM M TIOTIEPEYHOM Ha-
MPABIEHUAX C TIOMOIIBIO YIPYTUX U JAeMIPUPYIO-
uux 35emMeHToB [8, 10, 23].

MaxkcuManbHbIe B3aUMHBIE TEPEMEIICHHs Te-
JeKEK M Ky30Ba JJIEKTPOBO3a B BEPTUKAIHLHOM
Y TIOTIEPEYHOM HAIIPABJICHUSAX OTPaHUYCHBI CIICTIU-
anpHBIME yrnopamu. [lepemada cuiibl TATH U TOp-
MOJKEHHUSI OT TEJEeKeK K Ky30BY OCYIIECTBIISIETCS
LEIbHBIMYA HAKJIOHHBIMH Tsiramu (puc. 11, 6).
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a—a

1 — pama Tenexxku B cOope; 2 — BO3BpaILalolee yCTPOHCTBO; 3 — yCTaHOBKA OMOP Ky30Ba M OTPAaHHYCHUS OTKIIOHEHHH; 4 — yCTa-
HOBKA PECCOPHOTO MO/BEIINBAHMS; 5 — MEXAHH3M IIePENadd CHJI TSATH; 6 — CEKIUsI PaMbl OIIOPHAsT; 7 — CEKIUsl paMbl CPETHSIS

1 —bogie frame assembly; 2 — recentering device; 3 — installation of body supports and limitation of deviations; 4 — installation of
spring suspension; 5 — mechanism of transmission of traction forces; 6 — section of the support frame; 7 — section of the medium
frame

Ypobexs nona

Puc. 11. Cxembl TeNEXEK 3IEKTPOBO30B!
a —3I12K; 6 — BI120; 6 — 20C10

Fig. 11. Schemes of bogies of electric locomotives:
a —EP2K; b—EP20; ¢ — 2ES10
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— B marucrpajnbHOM rpy30BOM JBYXCEKIIU-
OHHOM JIEKTPOBO3e MNATOro mokojeHuss 23CS
«Cku¢» c onopHO-0CeBOH NMOABECKOHW TATOBOTO
JIBUraTess mepenada TSIroBoro (TOPMO3HOIO) ycu-
JIUST OCYTIECTBIIICTCS] C TIOMOIIBI0 HAKIOHHBIX TAT
[5, 7, 9]. CBs3b Ky30Ba C TEJNEKKOU OCYIIECTBIISI-

€TCsl C TIOMOIIBI0 OJHOMOBOJAKOBBIX OyKC W Ha-
KJIOHHBIX TAT (puc. 12, a). Tsra pacnonoxeHa mno
MIPOAOJIBHON OCH 3JIEKTPOBO3a M YCTaHABIIMBAETCS
Ha OJTHOW KOHIIEBOH OajKe paMbl TEIEXKKH [5, 15].

Whee 5 il ,_

6-b

Puc. 12. CxeMsI cBs3€H Ky30Ba C TEIECKKOH AIEKTPOBO30B:
a—23CS5; 6 -29C6

Fig. 12. Schemes of the connections of the body with the bogies of electric locomotives:
a—2ESS; b—2ES6

— Ky30B kaxmoit cexiuu 3jekTpoBo3a 29C6
«CuHapa» omnmpaercs Ha JBE JIByXOCHBbIe Oec-
HIKBOpHEBBIE Tenexku [8, 23]. Ky3oB u Tenexku
CBSI3aHBI MEXIy COOOW B BEPTHKAILHOM W TIOTIE-
PEYHOM HaNpPaBIEHHUSIX C IMOMOIIBIO YHPYTUX W
JeMInUpPYIOMUX 3IEMEHTOB — C MOMOIIBIO IpY-
)KuH Tuna «DIekcukoiln» depe3 crnelualbHbIE
YHOPBI-OTPAaHUYHUTENH W LETbHBIE HAKIIOHHBIE TATH
(puc. 12, 6).

Hay4ynasi HOBU3HA U IPaKTHYeCKasi
3HAYUMOCTh

Jlannas paboTa MOCBSIICHA OAHON M3 BaXKHBIX
KOHCTPYKTHBHBIX OCOOEHHOCTEH XOJOBBIX YacTei
TATOBOTO TOABIKHOTO COCTaBa — CBS3HM Ky30Ba C
TENEKKON — U, KaK BUJIUM, B PA3BUTHHU JOKOMOTH-
BOCTPOEHHUSI 0CO00€ MECTO 3aHMMaeT HaKJIOHHas
TATa, TpeIHA3HAUYCHHAS IS TIepenaddl IPOIO0IThb-
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HBIX CWJI TIPH CTAllHOHAPHBIX M TMEPEXOIHBIX pe-
JKUMax JBUIKCHUS; B 3aBUCUMOCTH OT HarpaBlie-
HUSl TPOJOJIGHBIX YCWIMN y3€ll HAKIOHHOW TSTU
paboTaeTr Ha pacTsDKEHUE HITH COKaTHeE.

YuuteiBas waew, HapaOOTKW W JOCTIDKEHUS
JIOKOMOTHUBOCTPOCHUS, Oiaromapsi OmbITy, HCCIe-
JIOBaHUSAM YYEHBIX M KOHCTPYKTOPOB, HCIIONB3YS
MOJTydeHHBIE TEOPETUYECKHE W DKCIEePUMEHTAIb-

HBIE JaHHBIE MPEABIAYIUX TOKOoJeHu# [2, 6, 12,
16], aBTopamu pabOTHI, C TOUYKH 3PSHUS CHCTEMHO-
CTH HAay4YHOU! HOBU3HBI, IPE/I0KCHBI:

— obmas kimaccupuKanus CBI3e Ky30Ba C Te-
nexkoit (puc. 13, a);

— obmas kimaccupuxanus
KOMOTHBOB (puc. 13, 0).
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Puc. 13. O0as kiaccupuKams:
a — CBs3el Ky30Ba € TEJIEIKKON JIOKOMOTHUBOB, 0 — HAKJIOHHOH TATH JOKOMOTHBOB

Fig. 13. General classification:
a — the connections of the body with the locomotive bogie; b — inclined rod of locomotives
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3a oKka3aHHYIO IMOMOIIH BBICKAa3bIBAEM OCOOBIE
cioBa 6naroxapaoctu M. Ocockoy.

BoiBoabI

IIpu coBepiIEHCTBOBaHUU KOHCTPYKUUH TSATrO-
BOT'O TOJBHYKHOT'O COCTaBa SIBJISIETCS] aKTYaJbHBIM
00001meHne TEOPETUIECKHUX, Hay4HO-
METOAMYECKUX, AKCIEPUMEHTANbHBIX HCCIIEI0BA-
HUM, HaAMpaBJIEHHBIX Ha JaJIbHEHIIee yIydllleHue
XOJIOBBIX dYacTell MarucTpalbHbIX JIOKOMOTHBOB
MEPCIEKTUBHBIX KOHCTPYKIHH.

B pabote paccMoTpeHBI 0COOCHHOCTH KOHCT-
PYKLHUI XOIOBBIX 4acTel HEKOTOPHIX THIIOB TAIO-
BOTO MOJBUKHOTO COCTaBa, B YAaCTHOCTH, CBS3U
KY30Ba C TEJIEKKOU ¢ UCMOIb30BAHUEM HAKIOHHOU
TATW IJ1s1 IepeJadyy MPOJOJIBHBIX FOPU30HTATbHBIX
CHJI, YTO IIO3BOJIUT 00ECIIEUNTh HEOOXOAUMbIE JIH-

HaMHUYEeCKHUE TI0Ka3aTelId »SKHUIIaXa, YMEHBIIUTh
JICHCTBHE HA MYyTh, MOBBICUTh YPOBEHBL OE30MaCHO-
CTU [BIJKEHHUS TOE370B, JyYlle HCIOIb30BATh
CIICITHOM BEC JIOKOMOTHBA.

Ilo pesynapTaTaM uccneqOBaHUM BUAHO, YTO
JIIsL CO3/1aHUs MPOCTOM U HAZCKHOW KOHCTPYKIIUH,
0COOEHHO XOHOBOU YaCTH, MO3BONSIOIIEH CHU3UTH
pacxosl Ha OOCITYyKUBAaHUE M PEMOHT, IKCIUTyaTa-
[IMOHHBIC PACXOJBI B pacyeTe Ha BECh KHM3HCHHBIH
LUKII, BBICOKYIO CHIIy TSTH MPU TPOTaHUH, MAKCH-
MaJbHO MPUOIMKEHHYIO K TPEIENBHON IM0 CIeT-
JICHUIO, BO3MOXHOCTh Pa0OThl B PEXKMME KPaTHOU
TATH, OT KOHCTPYKTOPOB M YYEHBIX TpeOyeTcs pea-
JMU3alMsl HAyYHbIX M TEXHUYECKUX PpELICHUH,
o0ecIeunBaoNINe MOBBIIICHNE KOHCTPYKITMOHHOMN
CKOPOCTH C OJHOBPEMEHHBIM YIIYUIIEHUEM TSTO-
BbIX, TOPMO3HBIX U TUHAMUYECKUX KAYECTB.
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OCOBJIMBOCTI KOHCTPYKIII XOJOBUX YACTHH TATOBOI'O
PYXOMOTI'O CKIALY

Meta. /Iy BU3HaYeHHs! AMHAMIYHUX SIKOCTEH MaricTpajbHUX JIOKOMOTHBIB, SIKI XapaKTEepHU3yIOTh Oe3IeUHUit
PYX IO IPSMOJIIHIMHUM Ta KPUBOJIHIMHMM JUISHKAaX KOJIl y BCbOMY Jiana3oHi eKCIUTyaTaliiiHuX MIBUIKOCTEH, He-
00XiZIHO TIPOBENICHHS IIJIOT0 KOMIUIEKCY AociikeHb. OHIEI0 3 HEOOXIJHUX YMOB SIKICHOT'O MOKPAIIEHHS TATOBOTO
PYXOMOTO CKJIaJly 3aJIi3HUIb € BU3HAUCHHS ITapaMeTpiB HOro xoJoBux yacTuH. Cepes MuTaHb, OB I3aHUX 13 LI€I0
poOIIEeMOI0, BaXKITUBE MicCIle 3aiiMae 3aada BU3HAYCHHS TUHAMIYHHUX SKOCTEH JIOKOMOTHBIB Ha CTajii IPOEKTyBaH-
HS 3 ypaxyBaHHSAM OOpaHUX TEXHIYHUX pillleHb Y KOHCTPYKIIiT XOMOBUX YacTHH. [Ipn oMy ocoOnmuBa yBara mpuIi-
JSIETBCS 3B'SI3KaM Ky30Ba 3 Bi3KOM, 30KpeMa, depe3 MoXwii Taru. Meroauka. MaTemMaTiHyHe MOACITIOBaHHS IPOBO-
JOHUTBCS METOJOM YHCENBHOTO IHTErpyBaHHS AMHAMIYHOI 3aBaHTaKEHOCTI MariCTpajbHOTO JIOKOMOTHBA 3 BUKOPHC-
TaHHSM TporpamHoro komiuiekcy «Dynamics of Rail Vihicles» (<kDYNRAILy). PesyabraTn. 3 pe3ynabraTiB 10Cii-
JUKeHb BHJIHO, IO JJISI CTBOPEHHS NPOCTOI Ta HAMIHHOI KOHCTPYKII XOZOBHMX YaCTHH, IO JO3BOJISIE 3HU3UTH
BUTpaTH Ha OOCITyrOBYBaHHS Ta PEMOHT, MaTH HU3bKY IIOYAaTKOBY BapTiCTh Ta €KCIUTyaTalliliHi BUTPAaTH B pO3paxy-
HKY Ha BECh YKUTTEBUH IMKJI, BACOKY CHJIY TATH IPHU PYIIaHHI, MAKCUMaIbHO HAOJIVDKEHY O TPAHUYHOI 1O 34erl-
JICHHIO, MOJJIMBICTh POOOTH B PEKMMI KPaTHOI TSTH, BiJi KOHCTPYKTOPIB Ta BYCHUX BUMAraeThCs peastizallis HayKo-
BUX 1 TexHIUYHMX pimeHs. HaykoBa HoBHM3HA. 3a IijiCyMKaMH JOCIIKEHHs aBTOpamMH cpopMOBaHi 3aranbHa Kia-
cudikamis 3B'I3KIB Ky30oBa 3 BI3KOM Ta 3arayibHa Kiacudikaiii KOHCTPYKIIH IOXHJIOi TATH JIOKOMOTHBIB.
IMpakTuyna 3naunmicTe. [Ipn ynockoHaNeHHI KOHCTPYKIIH PyXOMOTO CKJIagy aKkTyaJlbHUM € y3arajJbHEHHS pe-
3yJbTaTiB TEOPETHYHNX, HAYKOBO-METOJHYHUX, CKCIIEPUMEHTAIBHUX JOCIIJDKEHb, CIIPIMOBAHUX Ha IOJajbLIe MO-
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KpAIlleHHS XOJOBUX YacTHH MariCTpaJlbHUX JIOKOMOTHBIB IEPCIEKTHBHUX KOHCTpYyKUii. IIpoBeneHi aBTopamu 1o-
CIII/UKEHHS I0J0 YAOCKOHAJICHHS KOHCTPYKTHBHHMX OCOOJMBOCTEH €JIEMEHTIB XOJOBHX YAaCTHH JESKHX THIIB CY-
YaCHUX MariCTpaJIbHUX JIOKOMOTHBIB MAlOTh MPAaKTUYHY IIHHICTh Ta MOKYTh OyTH BHKOPHCTaHI Yy pO3poOKax TAro-
BOT'O PYXOMOTO CKJIaLy.
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PECULIARITIES OF RUNNING GEAR CONSTRUCTION OF ROLLING
STOCK

Purpose. To determine the dynamic qualities of the main locomotives that characterize safety traffic along
straight and curved track sections in the entire range of operational speeds, it is necessary to perform a whole range
of studies. One of the necessary conditions for a qualitative improvement of the traction rolling stock of railways is
the determination of the parameters of its running gears. Among the issues related to this problem, the important
task is to determine the dynamic qualities of locomotives at the design stage, taking into account the selected techni-
cal solutions in the design of running gears. At the same time, special attention is paid to the connections of the body
with bogie, in particular, using the inclined rods. Methodology. Mathematical modeling is carried out by the method
of numerical integration of the equations of the mathematical model of locomotive spatial oscillations to determine
the dynamic loading of the mainline locomotive using the software package "Dynamics of Rail Vihicles"
("DYNRAIL"). Findings. The research results show that in order to create a simple and reliable design of running
gears, which will reduce maintenance and repair costs, will have low initial cost and operating costs for the whole
life cycle, high traction force as close as possible to the ultimate force in traction, will make it possible to operate in
the multiple traction mode, the designers and scientists should implement scientific and technical solutions.
Originality. In accordance with researches authors formed general classification formation of body/bogie connec-
tions and the general classification of structures of inclined rod of locomotives. Practical value. Generalization of
the results of theoretical, scientific-methodical, experimental studies aimed at further improving the running gears of
long-distance locomotives of perspective structures is urgent in improving the rolling stock constructions. The research
carried out by the authors concerning improvement of the structural features of the running gear elements of some
types for modern mainline locomotives are of practical value and can be used in the development of traction rolling
stock.

Key words: mainline locomotive; running gear construction; bogie; inclined rod
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IKCHEPUMEHTAJIBHASA OINEHKA CIIEKTPOB YJIAPHOI'O
OTKJ/IMKA ITOJABHUKHOT'O COCTABA

Hean. B nayunoii pabore HEOOXOOMMO NpPOAHAIM3MPOBATH MOBBIIIEHHE 3(P(EKTUBHOCTH TPaAUIIMOHHBIX
METOJIOB MPOBEJICHHS yJAPHBIX UCIBITAHUNA HA3EMHBIX TPAHCHOPTHBIX CPEACTB C LENBI0 OLEHKH UX MPOYHOCTH,
HaJIS)KHOCTH U J0JIToBeYyHOCTH. MeToanka. /it TOCTHKEHUsI TOCTABIEHHOH LIeN aBTOpaMH CTaThbH pa3paboTaHa
METOJMKa IIPOBEACHUS YAAPHBIX HCIBITAaHWH W 3()(EKTHBHBIA aXrOpPUTM, KOTOPBIM Oa3upyercss Ha HIEIX
1 METOAWYECKUX MPEIUIOKeHUAX, conepxamuxcs B PykoBonctse OOH «PekomMeHmamy 1o mepeBo3KaM ONACHBIX
rpy3oB». PesyabTarbl. C HCIIOIB30BAaHHEM COBPEMEHHOTO s3bIKa mporpammupoBanus CH-mapn Obin co3naH
CHELHUATN3UPOBAaHHBIA NPOTrPaMMHBIN KOMIUIEKC, PEATU3YIOIUA alrOpuT™M 00pabOTKH JaHHBIX YAApHBIX IpOLEC-
COB, MMEIOIIUH «IPy>KECTBCHHBIN» HHTEp(EHC C MOIb30BATEIEM 3TOTO KOMIUIEKCA M APYTMMH HPOTPaMMHBIMHU
NPOJIYKTaMH BBIYHMCIUTEIBHON cpenbl moa ynpasieHneM Windows. C mprMeHEHHEM JJaHHOTO KOMIUIEKca Oblia
MpoBe/ieHa 00paboTKa pe3ysIbTaTOB HCHBITAHWN KoHTeitHepa-iuctepubl moaenun CTL-26/0,4 tuna UN T14 npu
pa3NMuHBIX pEXHMMax YIApHOTO HarpyKeHusi (CKOpOCTel COyJapeHusi), T'€OMETPHYECKHUX, WHEPLUOHHBIX
1 IeMIQUpPYONHX MapaMeTpoB 3TOW KOHCTPYKIMH. B pesyipTare mosydeHa oOBEKTHBHAs OIIEHKA HCCIIETYEMBIX
CBOHCTB HCIBITAHHOIO OOBEKTa M CHeNaH BBIBOJ O NPEBBIIICHUHM pPACUYETHOTO CIIEKTpa yIapHOTO
orkauka (CYO), ero MHMHUMalIbHO JOMYCTHMOTO 3HA4eHHS BO BCEM CIIEKTPE MCCIEAYEMBIX YacToT.
Hayuynasi HoBU3HA. BriepBrie peann3oBaH KOMIUIEKCHBIH TEOPETHUKO-TIPAKTUYECKUH TMOAX0A K U3YUSHHIO POYHO-
CTH, HAJEXKHOCTH W JOJITOBEYHOCTH TPAHCIOPTHBIX MEXAHHYECKHX KOHCTPYKIWH, MOJBEPTAIOIINXCS YAAPHBIM
Harpy>KeHHsIM Ha OCHOBE OLICHKH CIIEKTPOB ynapHoro oTkiuka. IIpakTuyeckasi 3HaunmMocTsb. [Ipumenenne npen-
JaraeMoi METOAWKH M pa3pabOTaHHOTO MPOrPaMMHOTO KOMILIEKCa ATl IPOBEACHUS YAApPHBIX UCIBITAaHUIN TO3BO-
JUJIO TIOBBICUTH JOCTOBEPHOCTh 3THX HCIBITAaHWH, COKPATUTH BPEMsI UX NPOBEICHUS U O0OpabOTKH PE3yJIbTAaTOB.
PesynbraTsl 00pabOTKH MCIIBITAHHA KOHTCHHEPa-IIMCTEPHBI MTOKA3alli, YTO 3TO TPAHCIIOPTHOE CPEACTBO B MOJTHON
Mepe oOecrieunBaeT TpeOyeMmble HOPMATHUBHBIC II0Ka3aTelId IPOYHOCTH, HAJAEKHOCTH U JIOJTOBEYHOCTH.
OT0 MOATBEPKAAETCS U TEM, YTO MOCIE IPOBEACHHBIX YAAPHBIX UCIBITAHUN B UCCIEAYeMO KOHCTPYKIIMU OTCYTCT-
BOBaJIM KOHCTPYKTUBHBIC MMOBPCKACHUA, OCTATOUYHBIC I[e(bOpMaLII/II/I 1 HE BBIABJICHBI YTCUKU NEPECBO3UMbLIX I'DY30B.
B crarbe nenmaercst BBIBOJ O BO3MOKHOCTH MPUMEHEHHS pa3pab0TaHHOW METOIMKH MPOBENICHNS yIAapHBIX HCIIBITA-
HHUH 1 peasu3yIOIIero ee NporpaMMHOI0 KOMIUIEKCA MPH NPOBEJCHUH aHAJIOTMYHBIX MCIBITAHUN JTFO0BIX HA3€MHBIX
TPaHCTIOPTHBIX CPEACTB.

Knrouegvie cnosa: ynapHble UCTIBITAHUS; CIIEKTP YJAPHOTO OTKIIMKA; KOHTEHHEP-LIUCTEPHA; ra30BbIi KOHTEHHED;
OIaCHBIE TPY3bl; IPOYHOCTh; HAAEKHOCTD; JOITOBEUYHOCTh

12, 17, 18], obpaselr Kaxaoro THIAa KOHCTPYKITHH
Beenenue MEPEHOCHBIX IUCTEPH M MHOTO3JIEMEHTHBIX Ta30-
BbIX KoHTeliHepoB (MDI'K), oTBeuaromux ompeze-
JICHUIO KOHTEHHepa, NmpuUBeAEHHOMY B MexayHa-
POITHONW KOHBEHIMH IO 0€30MMacHBIM KOHTEHHEpam
1972 rona (KBK), nomkeH ObITh TOJBEPTHYT UCIIBI-
TaHUSAM Ha AWHAMHYECKHUH ylIap B MPOAOJIBHOM Ha-
NPaBJICHUHU U JOJDKEH yJIOBIETBOPATH TPEOOBAHUAM

doi 10.15802/STP2017/103898 © A. B. Tpetbsikos, O. A. Tpetbsikos, M. B. 3umakosa, A. A. Ilerpos, 2017

IIpu ucnbITaHUSAX HAa YCTOMYMBOCTH K yAAPHBIM
BO3JEHCTBUAM >KEIE3HOIOPOXKHBIE TPAHCIOPTHBIE
CpeAcTBa IOABEPralT yAAPHBIM HCHBITAHUSM C
LEJBIO ONPEIENICHHS OTKIMKOB UCCIIEyEMBIX Y3JI0B
U syeMeHToB KoHcTpykiuii. Cormacuo [1, 4, 7, 11,
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K MCHBITAHUSIM TPAHCIIOPTHBIX CPEICTB, NEPEBO3s-
IIMX ONACHBIE IPY3bI.

OnHOM U3 COCTABHBIX YacTEeW 3TOW pabOTHI 5B-
nsieTcst obecrieueHre TpeOOBaHM K KPUBBIM CIICK-
Tpa ynapHoro otkimka (CYO), momydeHHBIX B X0/1e
UCTIBITAaHUH 171 000UX YTJIOBBIX (PUTHHTOB Yy KOH-
TellHepa MOJBEpruerocs yaapy ¢ Topla, KOTOpbIe
JOJDKHBI TIOBTOPSITH WM IIPEBBIIATh MHHHMAIb-
Hyto kpuByr0 CYO Ha Bcex 4acToTax B JHAIa30HE
ot 2 10 100 I'ry [2, 3, 15, 19]. [Ipu aTOM pe3yibTaTsl
UCTIBITAaHUH KOHTEHHEepa CUMTAIOTCS yIOBJIETBOPHU-
TEJIBHBIMU B TOM CIIydae, €ClId OTCYTCTBYIOT IIOTe-
pH, ocraTouyHble Ae(OpPMAIMU WM TOBPEKICHHUS,
IIPY KOTOPBIX KOHTEHHEpP CTAaHOBHUTCS HENPUTOA-
HBIM JUIS1 JaJIbHEHILETO UCIIOIb30BaHUS.

ean

OcHOBHasl 1eNb NPOBEACHHBIX HCCIIEAOBAHUNA —
NoBbIIIeHHE 3()(EKTUBHOCTH TPAAULMOHHBIX METO-
JIOB TIPOBEJICHHUS M 00pabOTKH yIapHBIX HCITBITAHUN
[5, 6] TOABMIKHOTO COCTaBa >KENE3HBIX JOPOT H
JpYTHX Ha3eMHBIX TPaHCIOPTHHIX cpeacTB. OHa
JOCTHUTaeTCsl IIyTeM pa3padOTKH METOMUKH 3THX
WCTIBITAaHUI U €e MPOTrpaMMHON pearn3aliy Ha Co-
BPEMEHHOM $I3bIKE€ MPOIPaMMHPOBAaHHS BBICOKOTO
ypoBHs. Ha cnenyromem stane BBINOJIHAETCS alpo-
Oanus pe3ysbTaTOB IIyTeM MPOBEICHUS YAAPHBIX
UCTIBITAaHUH KOHKPETHOTO TPAHCIOPTHOTO OO0BEKTa
1 00paOOTKH TaHHBIX 3THX UCHBITAHUN C TIOMOIIBIO
KOMIUIEKCA IPOrpaMM.

Metoauka

Pacuér criekTpa KpUBBIX YIapHOTO OTKJIMKA OC-
HOBaH Ha aHAIM3E BPEMEHHOW pealn3alliii CHTHa-
JIa, TIOCTYTAIOIIEr0 OT JaTYyhKa YCKOPEHHUs 10 clie-
JyromieMy anroputmy [3, 7, 8, 16].

Ji xakaoro MHTEpBaja 4acTOT ISl paccMar-
pUBAEMOT0 YaCTOTHOTO Juarma3oHa oT 2 mo 100 I,
C [IaroM, KaKk MUHUMYM, B 1/30 OKTaBBI:

a) PACCUMTHIBAETCS MATPHIAa OTHOCHTEIBHBIX
TIEpeMEeIIeHAH C UCIIOJIh30BAaHIEM BCEX TOYEK JaH-
HBIX U3 BXOJHOTO TpaMKa 3aBUCHMOCTH «YCKOpe-
HHUE — BpPEMs» C MOMOIIBIO CIEAYIOIIEro BBIpaxke-
HUSL:

1
giz—fy- Xe S sin[o, At(i - k)],
Oy k=0
rne At — BpeMeHHOI MHTepBAI MEXIY 3HAUCHUSIMHU
YCKOpEHHS;

®, — coOcTBeHHas 4acToTa 0e3 3aTyxaHus (B
pannanax);
®, — COOCTBEHHas YAaCcTOTa C 3aTyXaHHEM,

- 2.
0, =0, 1- C >
X, — k-oe 3HaueHHe BXOJHBIX AAHHBIX 00 YCKO-

peHUM;
€ — IeKpeMeHT 3aTyXaHHsI,

i — Ieoe 4Kciio, Koneobmomeecs ot 1 10 yucia
BXOJIHBIX TOYEK JaHHBIX 00 YCKOPCHUHU;

k — mapameTp, UCTIOIb3yEeMBbIi B CyMMHUPOBAHHH,
KouteOroruiics ot 0 10 TeKyIero 3HaYeHus i ;

b) paccuuThIBaeTCS MaTpPUIlA OTHOCHTEIBHBIX
YCKOPEHUH C HCIIONIb30BAHMEM 3HAUCHHU Tepeme-
[ICHUS, TTOJyUYEHHBIX Ha 3Tame i ¢ MOMOIIBIO Clie-
JTYFOIIIETO BHIPAYKEHHUSL:

. i )'c'ke_cw”m(i_k) cos[mdAt(i—k)]
g =20w,Ar) " ;
=0+, (2C - 1)‘:,'
¢) ¢ukcupyercs MaKCHMalbHOE aOCOIIOTHOE
3HAYCHHUE YCKOPEHUS M3 MATPHUIlBI, OJIYUCHHON Ha
dTare ii, ;Ui pacCMaTpUBaeMOro UHTEpBaja 4acToT.
DTO 3HA4YCHHWE CTAaHOBHUTCSA TOUYKOH KpmBod CYO
JUTsI TaHHOTO KOHKPETHOT'O WHTEpBaja 4acToT. JTar
i JTOIDKEH TOBTOPATHCS U KaKIOH COOCTBEHHOM
9acTOTHI JIO TEX TOp, IMOKa He OYyIyT OICHEHHI BCE
WHTEPBAJIbI COOCTBEHHBIX YacTOT;

d) cTpowutcst KpuBasi CrieKTpa YAapHOTO OTKIIMKA
n muaumanbHas CYO.

Ha nepBoM 3tamne pa3paOOTKH MpPOrpamMMbl pac-
yéra CYO aHanM3MpylOTCsI M YyCTaHABIMBAIOTCS
TpeOOBaHUS K MHUHAMAIFHOMY [HAIa30HY aMILTH-
TYABl YIQPHOTO UMITYJIhCa M K YaCTOTHOMY JIHara-
30HY PETUCTPUPYEMBIX BHOPOYCKOPSHUH.

CormacHo 11. 41.3.3.2 HOpMaTUBHOTO TOKYMEHTA
[12] MUHUMANBHBIN quama3oH aMruTyasl — 200 g,
MakCUMalbHBI HIDKHAH  Tpemenl  4YacToT —
1 T'u 1 MUHUMaNIbHBIA BEPXHUM MpeAen 4acToT —
3000 I'm, a amamoro-mmudpoBas cuctema coopa
JTAaHHBIX JIOJDKHA 00ECTICYNBaTh MUHUMAIILHYTO Yac-
TOTY JIICKPETH3aINU PETUCTPUPYEMBIX
mporieccoB — 1 000 I'm. B cucremy cOopa maHHBIX
BKJTIOYAETCS aHAJIOTOBBIN (DHIIBTP HIXKHUX YacTOT C
gactoroi cpesa 200 I'm.

Bcem 3TuM TpeOOBaHWMSM OTBEYAIOT ATYHKH
yckopenuit Tuna AJIE 049 u MHOTOKaHABHBIA W3-
MEPUTEIBHO-BBIYUCIUTENbHBIN  KoMITieke MIC-
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036, pazpaborannsiii dupmoii HIIIT «MEPA» [9,
13, 14].

Bropoii atan BeIMONIHEHHOW pabOTHI BKIFOYAI B
ce0s1 BBIOOp alNropuTMa s3bIKa IPOrpaMMHUPOBAHHS,
MO3BOIAONIEr0 Hambosiee 3()(eKTUBHO peann3o-
BaTh alrOPUTM 00pabOTKM NaHHBIX YAAPHBIX IPO-
LIECCOB U MMEIOIIHNH «IPYKECTBEHHBII» HHTEp]Eic
¢ 00IeynoTpeOMMBIMHE NTPOTPAMMHBIMHU TIPOAYKTa-
MH BBIYUCIHUTENBHON Cpelpl MOJ YHpaBiICHUEM
Windows.

Ha mepBbii B3rsa, Hanbosnee MoAXOISIINM AJIs
3TUX LEJIeH NPOrpaMMHBIM IIPOAYKTOM SBILIETCS
WinlIOC Expert HITIT «MEPA» [10], onHako pas-
paboTUYMKU MPEANOWIN CO3[aTh CBOM y3KOCHeLHra-
JIM3UPOBAHHBIN MPOTPaMMHBIA HPOAYKT, 3aHKCH-
pOBaB Bce HEOOXOIMMBIE MapaMeTpbl U3MEPHUTEIIb-
HO-PErHCTPUPYIOIIEH Cpeabl M HACTPOEHHBIM Ha
MoJTy4YeHue rpaduuecKoil M TEKCTOBOW BXOIHOW U
BBIXOHOHM WH(MOPMAITHH, alalTHPOBAHHON K CyIIle-
CTBYIOIIE HOPMAaTHBHO-TEXHUYECKON JTOKYMEHTa-
muu. B kadecTBe anropuTMHYECKOro sA3bIKa IMpo-
rpamMmMupoBaHus Obul BeIOpaH CHU-mmapn (C#), u
TE€M CaMbIM, MOMHUMO IPOCTOTHI M YIOOCTBa WC-
MONB30BaHUsI MPOrPaMMHOTO  MPOAYKTa, Oblia
o0ecrieyeHa ero OTKPHITOCTh U BO3MOXKHOCTD aJall-
TaIuy K MEHSIOMMMCS TPeOOBaHUAM IO 00paboTKe
JTAaHHBIX YAApHBIX IPOLIECCOB.

Ha cnemyromem stane paboTel Obuti chopmu-
POBaHbI THUIIOBBIE BXOIHBIE M BBIXOIHBIE (HOPMBI
MIPECTABIECHUS] PE3yNIbTATOB PacuETOB yAApHBIX
npoueccoB U BbruucieHuss CYO KoHTeWHepoB ¢
nocrpoeHueM MuHUMalbHbIX CYO, 4yro gemaet

b= Yasprue ncnuma
Pon det  déldet

C Macratvaonamsens na Macos - Macca nnaTopes Gea nowTeiena. -

Macea weneimyemans eemeiiess. k-
Donycrwans rpsrens, g 4
e L L [y ——"

Uscrors, ea 8 cox.

Makcmantna pacHETHIR MACTE KOHTEANSRS, K

Maciarmatiinil soosmiameHT

WcNbITaHWA Ha yaapHoe Bo3aedAcTEne

aHaJIM3 MOIYYCHHBIX PE3yJbTaTOB BEChbMa HArJISI-
HBIM U yTOOHBIM.

Ha puc. 1 mpuBeneHo nuaaoroBoe MeHIO Mpo-
rpamMmbl pacieta CYO (B BepxHel yacTH OKHA) H
rpauk 3aBUCHMOCTU «yCKOpEHHE-BpeMs» (B HUX-
HEH J4acTH OKHa).

B 3TOM OKHE MOTYT OBITH BBITIOJIHEHBI CIIETYIO-
IIIUE TEHCTBUI:

a) OTKpHIT (haiiy, comeprKaliuid 3aIuch HCCIIe-
JlyeMoro yaapHoro nporiiecca (Hamp. d40.dat);

b) BeIOpaH (parmenT 3ammcu (puc. 2), COOTBET-
CTBYIOIINNA HOpMaTHBHBIM TpeOoBanmsM — «Hagaimo
yaapos» (mo 0,05 ¢ mo yaapa) u «OxoHuaHue yaa-
poB» (2,0 ¢ mocne ynapa);

c) BIOpaH pexuM «be3 guibrpammn»y wmm «C
dbunpTparmein» (aamp. 200 ['m);

d) BeiOpaH pexuMm «be3 MacimTabupoBaHus IO
Macce» nin «C mMacmrabupoBaHHEM IO Macce, BO
BTOPOM Cilyyae TpeOyeMble MAaCCOBBIE XapaKTepH-
CTHKH HCCIIEyeMbIX O0BEKTOB 3aHOCSATCS B IOSIB-
JISFOLIIEMCS] IOMIOJIHUTEIEHOM OKHE;

€) yKasaHbl JOIIyCTHMbIC I'DaHHUIBl YCKOPEHHMH,
KOTOpBIE TPHBOJIATCS Ha rpaduke UCXOAHOTO TPO-
necca (Hamp. 4g);

f) mpuMeHeHBI MHTYWTHBHO TOHATHBIC (YHK-
IIUOHAIBHBIE KJIABUAINM «MBII» [[9BM g mac-
mTabupoBaHus 1 OLU(PPOBKU HCXOTHBIX IPadHUKOB;

g) Haxathe myHKTa MeHio «llepepucoBarey
NpUBEET K IOSBJICHUIO B HIDKHEH YacTH JKpaHa
OTPEaKTHPOBAHHOTO  HM300paKEHHS ~ HMCXOJIHOTO
rpaduka yAapHOTO Ipolecca;

[

Paccwrran CY¥O

-a72.0000

10+

— eIy NLTaTE WCNLTAHWA
— Apmycriman rpakkua 4.9
— Nonycrman rparmua -4 g

Puc. 1. lnanoroBoe MeHto nporpammsel pacdera CYO U 3aBUCUMOCTh «yCKOPEHHUE-BPEMS» YAPHOTO OTKIIMKA

Fig. 1. The dialog menu of the program for calculating shock response spectrum and the dependence
"acceleration-time" of the shock response
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w00

Hewzm yompon. . 36 Dweserae propos. . G4

T ut i e -

P Taen 0 T

Macurafensd moodsum paet 3720000 Napasicotys Paccrmn (¥0

HensITaHMA Ha yaapHoe Bo3aeicTEME

— P Tan BT
= ToCng QIsTRE C SHTomofl 200 Ny,
= Aoeycmmiian rpaniua 4 g

= Hpmycnian rpannsa -4 g

Puc. 2. BoiesneHHbIH (parMeHT 3amnmcy y1apHoro Mporecca Ha BpeMEHHOM MPOMEXyTKe oT 5,6 10 9,4 ¢

Fig. 2. Selection of the recording of the shock process in the time interval from 5.6 to 9.4 seconds

i wann

B Mot aGupEar 10 Messs

FreE=y

I Do iy viammcast s pariaie. o

Oiroiie avosl dat

CNexkTp YAapHOro oTkKaMKa

20

— O Aoayucinmn
— O HopmaTuBHLE

so a0 50 50 70 80 a0

10.50

Puc. 3. CniekTps! yaapHOTro OTKJIMKA:

1 — BBIYMCIICHHBIH, 2 — MUHUMAJIbHBII HOPMATUBHBIHI

Fig. 3. Shock response spectra:

1 — calculated, 2 — minimum regulatory

h) maxxarme mynkra merto «Pacuer CYO» npu-
BEZIET K 3aIlyCKy MpOrpaMMbl 00pabOTKH UCXOJHO-
ro nporecca. Crnemxyer OTMETHTb, YTO B 3aBUCHMO-
CTH OT OBICTPOACHCTBHS HCIOIL3YEMOH I pac-
yeta [IDBM Bpems pacuera cocraBisieT oT 2 a0 3
MUHYT i1 o0pa3oBareieil peaqu3aiu MpoJIoi-
JKUTENBHOCTHIO 4 ¢. [Ipu 5TOM Ha 3KpaHe KOMIIbIO-
Tepa MOSIBIAETCS 3aTEMHEHHOE OKHO, KOTOpPOE TO-

CJIe 3aBEpIICHNUS pacyeTa racHeT;

1) TepekiIroueHne OKHa «Pe3ynbraThl UCHbBITa-
HUi» Ha OKHO «CIHEeKTp YyAapHOTO HUMITYJIbCa»
MPUBOANT K HW300paXeHHIO, TIOKa3aHHOMY Ha
puc. 3;

j) coXpaHEeHHE OTYETHOHN (POPMBI BBITOIHECHHO-
T0 yIapHOTO HCHBITaHusA (puc.4) BO3ZMOXHO TIPH
HaxaTuu UKOHKM «Co3aats otueT B PDFy.
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Oryet a1 29.04. 2015 14:58:05

WX dgsbld pakn! 090038

YacroTa, e8. 8 cek.t §40,0

MaruiTafd i KeddqEpMlHeHT 372 0000

BBl MALWTALHPOBAHHA N0 MATCE

CGunerpays-aa:  I00 M,

A MyCTi HEA FPEATEE! 4 g

Hauand YH3pae' F,& 02el DEdri2HHE FAAPOE! T, 9{EH.

FEMITaAMUA HA FOApH DR Aoy AmicTRME

1% = P Y TERLATH T HE
= T TR T g
=OnHTPMM ipdHeLeE g
5
[
a4
T p—— T e, ™
1] E 4 B  § 14:]

COETR Y0,DHOTD DTHMKA

—CrTh nerrporeman
== [ HB P 3TV 1A

UHacrora, I'g Ionyuennsiii CYO, g Munumanensiii CYO, g
3 8,99 2,88
10 13,59 4,42
100 10,62 10,0

Puc. 4. OruerHas Gopma 1o yJjapHOMY HCIBITAHHIO

Fig. 4. Report form on shock test
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Umeromuecs Ha skpane nHdpopmannonnsie co- AO HBL[ «Baronsr» Obuin mpoBelneHBI yJIapHbIE
obmenns «Yacrora, en. c» M «MacmTabHBI KO- HUCHBITaHWsS KoHTeWHepa-mucTepHbl (KI[) momenwm
spdunment» sBusirorcss HepenakrupyembiMu ¥ CTL-26/0.4 tuma UN T14 mo meroauke [12], pas-
OTpa’KaroT mar Juckpetusaunu (Hamp. 640 I'm) u  paGoTaHHON LEHTPOM M yTBepKAeHHOH Poccuii-
MacmTabHbIi koadduuuent (Hamp. —372,000) nc- ckum  Mopckum  Peructpom  CymoxoxcTtsa

XOJTHOTO TIpoIiecca. 31.03.2015 r. O6mmii Bun KI[ mpencrasrneH Ha
puc. 5.
Pe3yabTatnl Ucneityemsiit K1 nMeeT OCHOBHBIE XapakKTe-

WCTHKH, IPUBEIEHHBIE B Ta0II. 1.
B anpene 2015 roga B McnsiTaTenbHOM LIEHTpE p » IPAUBC]

A 2006.5* 5 20206
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Puc. 5. O6mwuit Bug xouTeitHEpa-muctepabl Moxenn CTL-26/0.4 tuma UN T14
Fig. 5. General view of the tank-container, model CTL-26/0.4, UN T14 type
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Tabnuma 1

OcHoBHble xapakTepuctuku KL mogenu
CTL-26/0.4 tuna UN T14

Table 1

The main characteristics of the tank-container, mod-
el CTL-26/0.4, UN T14 type

N TexHu4eckune XxapaKTepucTH- UucneHHble 3Ha-
/1 K1 yeHus
MakcumaipHas pacuyeTHas
1 P 36 000 kr
macca
CooOcTBenHas macca (Tapa
2 (rapa) 4000 r
MIPH MCTIBITAHHUSIX
MakcuManbsHas rpy3o-
3 py 32000 r
MOIHEMHOCTD
4 OO011ast BMECTUMOCTD 26 000 1
MakcumabpHO JOITYCTH-
5 Aoty 0,4 MIla
Moe pabouee naBlicHHE
6 HcnbiTatensHoe AaBiIcHUE 0,6 MIla

B kauectBe Oo0iika WCITONB30BAICS BaroH-
[UCTEepHA, 3arpy>KeHHasi BOJOW JO MacChl OpyTTO
84 T.

[Ipu moaroToBke OO0BEKTa K HCIBITAHUAM HC-
neityemblit KI[ ycTtaHaBnuBajicsi Ha HUCHBITATEINb-
Hyl0 miaThopMy IJs TMEPEeBO3KH KOHTCHHEPOB
(rpy3ononsemuocts 60 T, Tapa 22 T), obopyHo-
BaHHYIO 3JIACTOMEPHBIM TIOTJIOMIAIONINM arlapa-
toM sHeproemkocTu 110 xJIx kmacca T1, B momo-
JKEHHE, CMEILIEHHOE B CTOPOHY BaroHa-0oiika.

Hanomuenne K1 npon3soaunock Boaoi B 00b-
eme 25 220 1 1o 97 % BMecTHMOCTH (YUTO COOTBET-
cTByeT Macce OpyTTo 29 220 Kr), 9TO HHUXKE MaK-
cUMaJIbHOM pacueTHOH Macchl (36 000 xr).

[IpoBommnace  cepus  TOCIENOBATEIBHBIX
coylapeHus, TpU W3 HUX C HEBBICOKMMH CKOPO-
CTSIMH — COOTBETCTBEHHO 6,19; 6, 42 1 7,10 kM/4 1
nmBa — co ckopoctsmu 8,80 u 8,90 km/4 1o mocTH-
KEHHST MaKCHMAaJIbHOTO YCKOPEHHWS W KPHUBOH
cniektpa ynapaoro orkiuka (CYQ) He HUXKEe MU-
HUMAJIbHOW Ha JIBYX YIJIOBBIX (DUTHHTAaX, pacro-
JIO)KEHHBIX CO CTOPOHBI BaroHa-Ooiika. Ha pwc.6
MPEICTaBICHBl OCIMIJIOTPAMMBI yIapOB B aBTO-
CLEMNKY MpU CKOPOCTAX coynapenus 6,19 u 8,90
KM/4.

=

VARR £ V=610 i fu

Cana yapa F, 1

Yaspev=850mafy

Cunaypapar, 1
L

Puc. 6. OciputorpamMMel ygapHOTO Bo3zeiicTBus F Ha aBTOCHETIKY IPH Pa3HBIX CKOPOCTSAX COYyIapeHHUs

Fig. 6. Oscillograms of the impact F on the coupler at different collision velocities
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Puc. 7. OcrmiorpaMMBbl «yCKOPEHHE-BPEMSD) U CIIEKTPHI YIAPHBIX OTKINKOB IS
— nieBBIX GUTHHTOB: a— st V = 6,19 kxm/a; 6 — mst V = 7,10 km/4, ¢ — qst V = 8,90 km/4
— npaBbIX GUTUHTOB: 2 — 11 V = 6,19 km/u; 0 — i V = 7,10 km/9; e — s V = 8,90 km/4
Fig. 7. Oscillograms "acceleration-time" and spectra of shock responses for:

— left fittings: a — for V= 6.19 km/h; b — for V =7.10 km/h, ¢ — for V = 8.90 km/h
— right fittings: d — for V= 6.19 km/h; e — for V = 7.10 km/h; f — for V = 8.90 km/h

doi 10.15802/STP2017/103898 © A. B. Tpetbskos, O. A. Tperbsakos, M. B. 3umakosa, A. A. ITerpos, 2017

154



ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayxa ta nporpec Tpancnopty. Bicauk [{HinponeTpoBchKoro

HAIlIOHAJILHOTO YHIBEPCHUTETY 3alli3HMYHOTO TpaHcmnopty, 2017, Ne 3 (69)

PYXOMMUM CKJIAJ] 3AJII3HULIB I TATA MOI3/1IB

YnapHple HUCHBITaHHS O00pabaTBIBAINCH IIPO-
TpPaMMHBIM KOMIUIEKCOM, OINHMCAaHHBIM BBIIIE, |
ObuIM  TpeAcTaBieHbl B BUAE  HAYYHO-
TEXHHYECKOTO OTYeTa, COAEP’KAILEro OTYETHbIE
(OPMBI — OCIMIUIOTPAMMBI «YCKOPEHHE — BPEMS»
W CIEKTPbl YAApHBIX OTKIHMKOB IJs1 (DUTHUHTOB,
PAcIIONIOKCHHBIX Ha JIByX CTOPOHAaX €O CTOPOHBI
Barona-0oiika, puc. 7.

Ha puc. 8 mpuBenens! 1Ba gparMeHTa BbIYHC-
nenHbIx CYO mpu ckopocTax coyaapenus 6,19 n
8,90 KM/4 COOTBETCTBEHHO B HHU3KOYACTOTHOH 00-

10 —

nmactu. HarnmsgHo BumHO, 9TO TIpH cKopoctH 6,19
KkM/4 BbrurciaeHHbI CYO B 4aCTOTHOM JHana3oHe
no 10 I'm umeer «mpoBajbl» HIDKE JOMYCKAEMBIX
MuHUManbHbIX 3HadyeHu CYO. Ilpu ckxopocTsix
coyaapenus 8,90 kM/4 B 3TOM K€ YACTOTHOM JIHa-
nazone pacuétueie 3HaueHus CYO MpeBbIIAIOT
WIA COBMANAIOT C MHHHUMAJIBHO JIOMYCTUMBIMHU
3HAYEHMSAMH CIIEKTpa yAapHOTO OTKIINKA.

Pesynbrater pacuéra CYO mms pa3idyHBIX
CKOpOCTEH coyJaapeHusi 1 MUHHMAJIbHO JOIyCTH-
moro CYO moka3aHsb B Ta01. 2

20 —

Puc. 8. BrineneHHbie (pparMeHTH PAaCYETHRIX 1 MUHAMAIBEHO JOITycTUMBIX CYO B HU3KOYaCTOTHOW 00IacTH
HCCIIEI0BaHMS TIPH:

a — ckopocTu coyaapenus 6,19 km/4,

6 — ckopoctu coyaapenus 8,90 km/a

Fig. 8. Selections of calculated and minimally admissible shock response spectra in the low-frequency region of the
study with:

a — collision velocity 6.19 km/h,

b — collision velocity 8.90 km/h

Tabnuma 2

CpaBHenne pe3yJbTaToB pacuéra CYO ais pa3jH4YHbIX CKOPOCTEeH coyJapeHusi H MUHUMAJILHO
nonyctumoro CYO

Table 2

Comparison of the results of the shock response spectra calculation for different collision rates
and the minimum acceptable shock response spectrum

CxopocTb coymapenus V, km/4
Yacrora, I'nl 6,19 7,10 8,90 Munumanshbii CYO
Jlesbie puTHHIU
3 2,68 1,98 2,95 2,88
10 4,32 7,05 6,16 4,42
100 35,00 52,99 76,26 10,00
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OxoHyaHue Taba. 2

End of table 2

CKopocTh coymapenus V, KM/4
Yacrora, I'1y Munnmansusiii CYO
6,19 7,10 8,90
[IpaBeie puTHHTH
3 2,57 2,03 2,93 2,88
10 4,06 6,39 5,90 4,42
100 48,09 38,42 63,96 10,00
YIapHBIX  OTKJIIMKOB Ha HU3KHX  YacToTax

Hayqﬂaﬂ HOBHU3HA U MPaAKTHYECCKasA
3HAYUMOCTDH

Hayunast HoBu3HaA: Tipejyiaraercsi HOBbIM MOJ-
XOJI K TIPOBEJCHUIO yAAPHBIX HCIBITAHUH, B KOTO-
POM BIEpPBEIE pealn30BaH KOMIUIEKCHBIN TEOPETH-
KO-TIPAaKTUYECKHHA TOAXON K HW3YyYEHHWIO IMPOYHO-
CTH, HAACKHOCTH U JOJITOBECUYHOCTH TPAHCIIOPTHBIX
MEXaHUYECKUX KOHCTPYKIUH, IOJIBEPraroninxcs
YAapHBIM HArpyXeHUSM, Ha OCHOBE OIEHKH WX
CIIEKTPOB YJapHOro OTKIMKa. IIpakTHueckas 3Ha-
gyuMocTh: [IpuMeHeHue mnpengaraeMoil METOTUKU
1 pa3pabO0TaHHOTO MPOTPAMMHOTO KOMILIEKCA JJIs
MIPOBEACHNUSA yAAapHBIX HCIBITAHUH ITO3BOJIAET TIO-
BBICUTHE OOCTOBEPHOCTH I3THUX I/ICHBITaHI/II‘/‘I, COKpa-
TUTh BpPeMs HX TPOBEACHUS U 00pabOTKU pe3yib-
TaTOB.

BriBoabI

AHanM3 3THX pe3yJIbTaTOB IO3BOJIMI CIENAaTh
CJICAYIOIINE BBIBOJIBL:

1. Ilpu cpaBHHUTENBHO HHU3KHX CKOPOCTSIX CO-
yaapenuit (1o 8,90 kM/4) BBHIYUCIICHHBIE CIIEKTPHI

(mo 10,0 T'm) mMerT «IpoBaNBD) OTHOCHUTEIHHO
MHUHAMAJIBHO  JOMyCTHUMBIX  3HaueHudt CVYO.
ITo Bcelt BEepOSITHOCTH, 3TO OOYCIOBICHO HCIIOIb-
30BaHUEM DJIACTOMEPHBIX TOTIIOIMAONINX arapa-
TOB, YCTAaHOBJICHHBIX Ha HCIIBITYEMOM BaroHe —
iaThopme.

2. Ilpu cxopoCTSIX COynapeHUs BBINIE YKa3aH-
HOTO 3HAa4YeHHWS BO BCEM CIIEKTPE HCCIIEIYEeMbIX
4acTOT HaOJIOAaeTCs MPEBBIICHHE MHHUMAIBHO
JIOTyCTUMBIX 3HadeHui pacyeTHoro CYO.

3. Ilocne mocTmxeHHs MPU WUCIBITAHUSX pac-
geTHRIX ypoBHeH CVYO, NpeBHIMIAONINX MHHHU-
MaJIbHO JIOMyCTUMbIC 3HAYCHHUS TOr0 MapameTpa,
KOHCTaTUPOBAaHO OTCYTCTBHUE TOBPEKICHHMA, OCTa-
TOYHBIX AeQOopMannil U yTeUeK KUAKOCTH Y UCITBI-
TaHHBIX KOHTEHHEPOB — IIMUCTEPH.

4. BrimonHeHHas paboTa MO3BOJSET CHENATh
BEIBOJl O BO3MOXKHOCTH TPHMEHEHHUS METOIUKH
OIICHKH CIIEKTPOB yJIAPHOTO OTKJIMKA U MPOTPaMM-
HOT'O0 KOMILJICKCA TIPU MPOBEJICHUH YIAPHBIX UCIIbI-
TaHUH JIOOBIX HA3EMHBIX TPAHCIOPTHBIX CPEJICTB.
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EKCIHEPUMEHTAJIBHA OIIHKA CIIEKTPIB YAAPHOTI'O BIAI'YKY
PYXOMOTI'O CKIALQY

Mera. Y HaykoBid poOOTi HEOOXiNHO MpOaHANI3yBaTH IiNBUIICHHS €()EKTUBHOCTI TPaIWIiHHUX METOIIB
MPOBEACHHS yIapHUX BUIPOOYBaHb HAa3eMHUX TPAHCIIOPTHHUX 3aCO0IB i3 METOO OIIHKHU iX MIIHOCTI, HaIiifHOCTI
Ta foBroiyHocti. MeToamka. [{jist TOCSATHEHHS OCTABJICHOI METH aBTOPaMH CTATTi PO3po0JieHa METOIUKA ITPOBe-
JICHHA yAapHUX BHIPOOYBaHb Ta €(EKTUBHHUH aNTOPUTM, SKHH 0a3yeTbcs Ha 1eSX Ta METOAWYHHX IIPOIIO3UIIISX,
mo wMictatees B KepiBaumrei OOH  «Pexomenpamii 3  mepeBe3eHHS  HEOE3NMEYHHX  BaHTAaXIBY.
PesyabTaT. 3 BHKOPHCTaHHAM Cy4acHOi MOBH mIporpamyBaHHs Cl-mmapm OyB CTBOpPEHHH cHemiaii3oBaHUH Ipo-
TPaMHUI KOMILIEKC, SIKHI peaizye alropuT™M oOpoOKH AaHUX YIapHUX IIPOLECIB, O Ma€e «IAPYXKHil» iHTepdeic i3
KOPHUCTYBa4yeM I1bOT0 KOMILJIEKCY Ta IHIIMMH IPOrPaMHUMH TIPOAYKTaMU OOYHCIIOBAJIBHOIO CEPENIOBHUINA TTiJ| KEpy-
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BaHHAM Windows. I3 3acTocyBaHHSIM 1aHOTO KOMIUIEKCY Oylia mpoBeaeHa 00poOKa pe3ynbTaTiB BUIIPOOYBaHb KOH-
teitHepa-nuctepan Moaeni CTL-26/0,4 tumy UN T14 mpu pi3HUX pekuMax yIapHOTO HaBaHTAXKCHHS (IIBHIKOCTEH
3ITKHEHHS), TCOMETPUYHIX, IHEPHIHHNX Ta AeMI(YIOUYNX MapaMeTpiB i€l KOHCTPYKIHii. B pesymerari oTprMaHa
00'eKTHBHA OITIHKA JTOCTI/KYBaHUX BIACTUBOCTEI BUPOOYBaHOTO 00'€KTa Ta 3p00IEHO BUCHOBOK PO TEPEBHUILCH-
HS pO3PaxyHKOBOTO CIIeKTpa yaapHoro Biaryky (CYB), ioro MiHIMamsHO JOIMYCTHMOTO 3HAYEHHS Y BCbOMY CIIEKTPi
JociimkyBaHux dactoT. HaykoBa HoBHM3HA. Brepie peanizoBaHO KOMIUIEKCHHI TEOPETUKO-IPAKTHYHHAN ITiIXi[
JI0O BUBYCHHS MIIHOCTI, HaIHHOCTI Ta IOBrOBIYHOCTI TPAHCIIOPTHUX MEXaHIYHMX KOHCTPYKI[H, IO IMiJIal0ThCI
yJIapHUM HaBaHTA)XCHHS Ha OCHOBI OILIIHKHM CIIEKTPIB yAapHoro Biaryky. IlpakTuuna 3HaummicThb. 3acToCyBaHHS
3aIlpOINIOHOBAHOI METOJUKH Ta PO3pOOJIEHOr0 MPOrpaMHOro KOMILIEKCY IUIsi NMPOBEICHHS YAapHUX BUIPOOYBaHb
JIO3BOJIMJIO TIJIBUIIUTH JTOCTOBIPHICTH IMX BUIPOOYBaHb, CKOPOTHTH Yac X MPOBEJICHHS Ta 0OpOOKU pe3ybTarTiB.
PesynbraTtit 00poOKn BHIIPOOyBaHb KOHTEHHEPA-IMCTEPHN MOKA3aJld, 110 LIeH TPaHCIIOPTHUH 3aci0 y MOBHIN Mipi
3abe3mnedye HeoOXiTHI HOPMATHBHI TIOKa3HUKH MIITHOCTI, HAIIHHOCTI Ta JOBroBiYHOCTI. Lle miATBepIKY€eThCS i THM,
IO Ticys MPOBEACHUX yOapHUX BUMPOOYBAaHb Y IOCHIIKYBaHIH KOHCTPYKII OyiH BiACYTHI KOHCTPYKTHBHI IIO-
IIKOJKEHHS, 3AJIAIIKOBI ehopMariii Ta He BUSABICHI BUTOKH IEPEBE3CHUX BaHTAXIB. Y CTaTTi pOOUTHCS BUCHOBOK
PO MOXIIMBICTH 3aCTOCYBaHHS PO3POOJICHOI METOJUKU MPOBEICHHS yIapHUX BUIPOOYBaHb Ta MPOTPAMHOIO KOM-
TUIeKCY, IO 11 peartizye, Ipu MPOBEACHHI aHAJIOTIYHUX BUIIPOOYBaHb OyIb-IKUX Ha3eMHUX TPAHCIIOPTHHX 3aCO0iB.

Knrouosi crosa: ynapHi BUIpOOYBaHHS; CIEKTpP YAAPHOTO BiITyKy; KOHTEHHEp-IUCTEpHA; Ta30BUil KOHTEHHED;
HeOe3MeuHi BaHTaX1; MIIIHICTh; HaAIHHICTh; JOBrOBIYHICTh
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EXPERIMENTAL EVALUATION OF SHOCK SPECTRUM RESPONSE
OF ROLLING STOCK

Purpose. The article is aimed to analyze the increase in the effectiveness of traditional methods for carrying out
shock tests of land vehicles, in order to assess their strength, reliability and durability. Methodology. To achieve
this purpose, the authors of the article developed a technique for conducting impact tests and effective algorithm
based on the ideas and methodological proposals contained in the UN Guidelines on the “Recommendations for
Transportations of Dangerous Goods”. Findings. With the use of the modern programming language SI-Sharp, a
specialized software package was created that implements the algorithm for handling shock processes, which has a
"friendly" interface with the user of this complex and other software products of the computing environment pow-
ered by Windows. With the application of this complex, the results of tests of the tank-container of the model CTL-
26/0.4, type UN T14 under different shock loading (collision rates), geometric, inertial and damping parameters of
this design were processed. As a result, an objective evaluation of the properties of the tested object was obtained,
and a conclusion was made that the calculated shock response spectrum (SRS) was exceeded, its minimum permis-
sible value in the entire spectrum of the investigated frequencies. Originality. For the first time, a complex theoreti-
cal and practical approach to the study of the strength, reliability, and durability of transport mechanical structures
subjected to impact loads on the basis of the evaluation of the impact response spectra was realized. Practical value.
The application of the proposed methodology and the developed software package for carrying out shock tests made
it possible to increase the reliability of these tests, to shorten the time of their testing and to process the results. The
results of the testing of the tank-container tests showed that this vehicle fully provides the required normative pa-
rameters of strength, reliability and durability. This is also confirmed by the fact that after the shock tests carried out
in the structure under investigation there were no structural damages, residual deformations and no leakage of the
goods transported. The article concludes that it is possible to use the developed technique for carrying out shock
tests and implementing a software package for carrying out similar tests of any land vehicles.
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STRESS-STRAIN STATE OF BEAM STAGED CONNECTION POINT
OF THE RAILWAY BRIDGE TRACK-WAY

Purpose. The staged connections of the beams of railway bridge track-way have the simplest design, but some
design flaws result in numerous defects. The purpose of the given work is to research the actual stress-train state of
the point of connection of the stringers with the floor beams on condition of their staged interposition. It is also nec-
essary to determine possible effect of coupled work of deck beam grid and booms on their stress-strain state.
Methodology. To reach the purpose of the study the testing of the existing bridge was conducted. To measure
strains (stresses) in the span elements we used the strain gages glued to flange angles of stringers and floor beams
and to fillets of lower flange angles of stringers in the points of their support on floor beams. To measure deflections
of the truss, stringers and floor beams from static loads we used Aistov’s and Maksimov’s deflectometers, that were
installed on lower boom in the middle of span 0-1, as well as on both stringers and floor beams in the middle of the
span. Deflectometers were fastened to the span and, by wire communication, to the ground surface.
Findings. Stress-strain state of the point of connection of the stringers with the floor beams on condition of their
staged interposition was obtained and analyzed. Analysis indicates that, apart from vertical bending of the stringers
and beams, there is a significant effect of horizontal bending of floor beams and their torsion, that occur due to the
coupled work of track-way beams and top booms, both for PO beam and for other beams. Originality. Research of
stress-strain state of metal track-way staged beams while considering their coupled work with bearing trusses.
Practical value. While testing the span under the train load, there are significant additional stresses from horizontal
bending of floor beams and their torsion in the floor beam flanges. The appearance of these stresses is caused by
inclusion of stringers into coupled work with top booms. Appearing flaws in stringers are caused by local stress
concentration due to design features of staged track way.

Keywords: stringers; strain; stress; floor beams; metal spans

Introduction way beam grid, where there is a staged connection
of the track-way stringers and floor beams [1]. The
construction of stringer support on the floor beams
is shown in Fig. 1.

The staged connections of the beams of railway
bridge track-way have the simplest design, but
some design flaws result in numerous defects. In
the conditions of a staged connection of the track-
way beams, because of the large eccentricity be-
tween the axes of the stringers and floor beams, the
operation of the floor beams and the support unit
components is considerably complicated, and there
occur local overstress and cracks in the beam
flange angles. Stitch rivets (or bolts) joining the

Deck spans allow to reduce the consumption of
metal, its width, and also the height of the supports
[1]. Since 1944 Proyektstalkonstruktsiya Design
Institute proposed new design projects of span
structures with decks in the level of the bottom and
top booms. The deck spans have the truss spans of
44.0; 55.0 and 66.0 m and the main truss height of
8.5m[7].

Distinctive features of PSK deck spans are the
reduction of the distance between the main trusses
to 4.0 m, the use of transverse cross-links of the
main trusses and the design change of the track-
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stringers to the floor beams also operate under se-
vere conditions.
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Fig. 1. Construction of beam grid in PSK
deck span structures

An unfavorable effect on the metal stress state
in the places where cracks appear is caused by the
beam deformations, that occur when the track-way
beams work together with the top booms of the
main trusses while the entire span is loaded with
rolling stock. Herewith the top booms are con-
tracted, the floor beams are bent in horizontal di-
rection and are twisted, and at the junction of the
stringers and floor beams there occur an additional
angle of mutual rotation and deformation of the
end segments of the stringer flange angles, as well
as deformation of the top flange angles of the floor
beams in the stringer-beam intersections [7].

Unlike the one level track-way beam connec-
tion, at the staged stringer-beam intersections the
fastening elements (rivets or bolts) and the beam
flange angle seats appeared not able to perceive the
forces that arise from linear and angular deforma-
tions of the beams.

Purpose

The problem that exists today in the construc-
tive solution of the staged connection of the track
way beams is in the need to improve the reliability
of the construction of the stringer-beam joint. To
do this, it is necessary to investigate the actual de-
formation-stressed state of the joint of stringers
with floor beams. This paper, in order to determine
the peculiarities of operation of the beam grid of
the staged connection point, presents the analysis
of results of testing the real structure. The purpose

of the static tests was to measure the stresses in
stringers and floor beams of the track way and oth-
er span elements under various test load settings.
Particular attention was paid to the stresses in the
bottom flange angles of stringers near their at-
tachment to floor beams, since it is in these zones
that the main disorders are concentrated.

Methodology

The work was performed by the Sectoral Scien-
tific Research Laboratory (SSRL) of Artificial
Structures of the Dnepropetrovsk National Univer-
sity of Railway Transport named after academician
V. Lazaryan on the railway bridge over the Mok-
raya Moskovka River on 186 km of the Krivoy
Rog-Volnovaha line.

The numbering of supports is taken along the
kilometers from Kryvyi Rih to Volnovakhi, start-
ing from No. 0. The bridge span structures are
numbered in double Arabic numerals in accor-
dance with the numbers of the supports on which
they rest. The floor beams — along the kilometers,
in accordance with the name of the truss joints (PO-
P8), and the stringers of span structures — from left
to right starting with one (B1 and B2).

To measure strains (stresses) in the span ele-
ments we used the strain gages glued to flange an-
gles of stringers and floor beams and to fillets of
lower flange angles of stringers in the points of
their support on floor beams.

To measure deflections of the truss, stringers
and floor beams from static loads we used Aistov’s
and Maksimov’s deflectometers, that were in-
stalled on lower boom in the middle of span 0-1,
as well as on both stringers and floor beams in the
middle of the span. Deflectometers were fastened
to the span and, by wire communication, to the
ground surface.

Static tests were carried out in «windows» with
a duration of 2 hours. Two shunting diesel locomo-
tives ChME-3 were used as a test load. Schemes of
arrangement of strain gages during the span struc-
ture static tests are shown in Fig. 2—4.

Findings

A single-track railway bridge across the Mok-
raya Moskovka River on 186 km of the Krivoy
Rog-Volnovakha line is located on a straight line
in plan and site view. The bridge clearance is
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spanned by two metal deck structures, with design
span of 44.0 m.

The railway bridge across the Mokraya Mosk-
ovka River was built in 1903 according to one-
span scheme of 1x88 m, then subjected to disrup-
tion in 1920 and 1943. In 1948, the bridge was re-
built according to the scheme of 2x44.0 m.

The total length of the bridge is 107.96 m. Ac-
cording to the design, span structures are equal.
Span structures consist of two through riveted deck
trusses, with a triangular grid, as well as additional

posts. The distance between the trusses is 4.0 m,
the truss height is 8.5 m. The trusses are made ac-
cording to the project of the Proyektstalkon-
struktsiya for L7 load. The booms have H-shaped
section. Longitudinal horizontal connections be-
tween the trusses are located in the level of the top
and bottom booms, and the transverse connections
in the even truss points in the form of intersecting
diagonals.

The track way consists of staged-located
I-section riveted stringers and floor beams.
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Fig. 3. Arrangement of strain gauges: on the stringer B1;

a — on the left stringer B 1

b — on the left stringer B1 in connection with P2
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Fig. 4 Arrangement of strain gauges: on the left Bl and right B2 stringers at the point of support
on the floor beam P4:

a — left stringer B1 in connection with P4

b — right stringer B2 in connection with P4

The stringer is fixed to the floor beam with four
bolts. The distance between the stringers is 2.0 m.

The bridge substructures are double-track, mas-
sive. The buried abutments are built on a natural
foundation. The substructure underlying is granite,
the intermediate substructure is concrete, massive,
built in 1948, the pole footing is sunk shaft.

Prior to testing, the bridge crossing was sur-
veyed, which included full-scale inspection of span
structures, bridge substructures and supports, sur-
vey of the river bed and approaches to the bridge,
survey of the state of the bridge and the track way
on the bridge and approaches [5, 8, 13].

The common defect of both span structures is
the corrosion of the horizontal sheets of the bottom
and top booms of the main trusses up to 1 mm, the
paint peeling on the main truss elements, the con-
tamination of the horizontal surfaces of the facings,
the flanges with loose goods, and the unsatisfac-
tory drainage of moisture from the booms.

One of the most significant detected defects is a
disorder in the track way beam intersections.

Rivet ruptures, loose bolts, development of
cracks along the flange angles pad eyes of the
stringers at the points of their connection with the
floor beams have been registered in the survey
since 1958. Some cracks were drilled during the
operation of the bridge, and later cuts were made in
the bottom flange angles of the stringers. However,
the development of cracks continues: along the left
stringers at the floor beam P3 on the span structure
0-1 and at the floor beams P1, P3, P7 on the span
structure 1-2 and along the right stringer at the
floor beam P5 on the span structure 0—1. The

length of some cracks after cutting the flange angle
web reaches 128 mm. In the bottom flange angles
at the stringer-beam intersections PO and P3, the
development of cracks continues and the length of
the cracks reaches 90 mm.

The loose bolts were found: along the left
stringers at the floor beams Pl — 4 pcs., P3 —
8 pcs., P6 — 6 pcs., P7 — 12 pcs. on the span struc-
ture 0—1 and at the floor beams P3 — 8 pcs., P7 —
6 pcs. on the span 1-2; and along the right string-
ers at the floor beams P5 — 4 pcs., P7 — 5 pcs. on
the span of 0—1.

Gaps were found in stringer-beam intersec-
tions: along the left stringers at the floor beams
P3 — 1.0 mm, P7 — 1.5 mm on the span structure
0-1 and at the floor beams P3 — 2.0 mm, P7 — 1
mm on the span 1-2; and also, along the right
stringers at the floor beams P5 — 1.0 mm, P7 — 1.0
mm on the span structure 0—1 and at the floor beam
P6 — 1.0 mm on the span structure 1-2.

Simultaneous presence of loose bolts, cracks
and looseness in beam support was found: along
the left stringers at the floor beams P3, P7 on the
span structure 0—1 and at the floor beam P3 on the
span structure 1-2; and along the right stringer at
the floor beam PS5 on the span structure 0—1.

In addition, on the span 0—1 in the beam grid,
the following defects were found:

1) wear of gaskets under angle fishplates along
the left stringers at the floor beams P1 — 1 mm,
P3 —2 mm, P6 — 2 mm, P8 — 1 mm;

2) in the top flange angle of the floor beam P2,
there is a crack 85 mm long at the left stringer in-
tersection;
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3) on the right stringer at the junction of the
floor beam P7 instead of § cut rivets there are in-
stalled high-strength bolts;

4) curvature of the top flange angles on the left
stringer in panels 6—7 and 7-8 to 20 mm;

5) in the joints of the top fishplates of the left
stringers, in the panels 67 and 7-8 one rivet is
missing, the right stringers in the panel 6—7 2 rivets
are missing, in the panel 7-8 — one rivet.

On the span structure 1-2, the wear of gaskets
under angle fishplates along the left stringers at the
floor beams reaches: P2 — 1 mm, P3 — 1.5 mm,
P5 -2 mm, P7 and P8 — 1 mm.

In a number of places on the span structure 0-1,
on unchanged upper sway struts between the
stringers, there are local curvatures of the horizon-
tal covers resulting from the derailment of the roll-
ing stock in 1985.

On the span 0-1 in the first three panels, the
longitudinal links between the main trusses have a
sagging of up to 30 mm and local curvatures, ap-
parently resulted from dropping downwards of the
bridge deck debris in the course of restoration
work after the derailment in 1985.

Due to the presence of cracks in the beam grid,
there is a speed limit of up to 50 km/h on the
bridge.

Static deflections were measured along the bot-
tom flanges at the points L4 of both trusses. The
highest deflection under the locomotive was 12
mm on both trusses. When converting to L7 load,
the relative deflection is 1/3000 /p, which is below
the limit value established by the norms.

When testing the track way beams, their stress
state was determined, taking into account the joint
work with the main trusses and the operation fea-
tures of the bottom flange angles of the stringers in
the points of their intersection with the floor
beams. The loading patterns for the tests are shown
in Fig. 5.

For the end floor beam PO, which is the most
intensively involved in joint work with the truss
booms, an unfavorable test load setting became the
loading according to pattern 6.

In this case the greatest stresses in the flange
angles reached +49.5 (p. 2) MPa and —63.7 MPa
(p. 1). The stress state of the floor beam PO for var-
ious loading patterns is given in Table 1.
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T

L
7 LY L4 L oW z L3 L4 L6 8 L7 Ll

Pattern 2

Patter:
I IiIIi ‘/N I TATTITJIAI] IlI'.[ HII I

) || L2 |.4 L4 LB LE L7 [CETET LS

LE LT LB

Pattern 3 Pattern 8
] YT
| .

L Ll k2 L3 L4 LS e LT e Lo L.I L L3 14 I.-S L LT LE
Pattern 4 Pattern 9
LR ‘ I e
Lo u L2 L3 L4 LS LG Ly LA Lo L1 La L3 L4 Ls LA L (83

Pattern 5

1

NANANGN

[ T Y Y T T T |

Fig. 5. Test loading patterns for span 0—1
Table 1
Stress from the static load in the floor beam P0, MPa

No. of Check points

scheme | 0 (in) 1 (in) 2 (out) | 3 (out)
1 -20.2 -274 30.6 6.7
2 1.9 -21.2 23.1 —4.2
3 34 —47.1 42.0 =5.7
4 39 —41.5 36.8 -8.9
5 19.3 —40.1 31.6 -16.0
6 13.0 —63.7 49.5 -3.8
7 37.6 =325 17.4 —22.6
8 31.3 -22.6 12.5 -18.1
9 29.4 —-18.9 10.7 -14.3

The analysis shows that in addition to the verti-
cal bending of the beam, there is a significant in-
fluence of the horizontal bending and torsion of
floor beams arising from the joint work of the track
way beams with the booms of the main trusses,
both at the PO beam and at other beams.

The bearing test guidelines [3] do not make it
possible to determine the forces in the structural
elements of the track way beam joints, as they use
the design schemes in which the stringers are taken
as simply supported, and the floor beams — as
working only in bending in the vertical plane [6].
In fact, the stringers are continuous, and when sub-
jected to a temporary load, they tend to turn around
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the center of gravity. The rotation of the support
sections of the stringers corresponds to the longi-
tudinal displacements of their bottom surfaces and
the same horizontal displacement of the attached
top surfaces of the floor beams. Because of this,
the floor beams work in horizontal bending with
torsion and at the same time prevent the turns of
the support sections of the stringers. The reason for
this is the inclusion of stringers in joint work with
the truss booms [1].

When the span is loaded with a vertical load,
the compressed truss booms are shortened in each
panel by a value of 3. The presence of stringers,
the length of which remains practically unchanged
under the load, prevents the free movement of the
floor beams, which are attached to the booms of
the main trusses. The difference of displacements
Ad of truss booms and the track way stringers
causes bending of the floor beams in the horizontal
plane.

The greatest bending moments in the horizontal
plane occur in the extreme floor beams [1]. In the
stringers the additional compressive forces appear,
and in the booms of the main trusses the compres-
sive forces are reduced. The bending of the string-
ers causes the torsion of the floor beams, as well as
the rotations of the attachment points and the de-
formation of bends of the main truss booms in their
plane. Bending corresponds to shear forces, which

decompose into longitudinal forces leading to the
displacement of the points of the trusses.

When studying the stresses, the special atten-
tion was paid to the determination of stresses in the
bottom flange angles of the stringers near their at-
tachment to the floor beams, since it is in these
zones that the basic disorders (cracks, looseness in
support and attachment of beams) are concen-
trated. For this purpose, the short base strain
gauges were pasted along the lower flange angles
on the fillets of the stringers B1 and B2 at their
junction points to the floor beam P4.

Loading of the span structure was carried out
according to patterns 1-7 (Figure 5) with setting of
the first axis of the locomotive every 5.5 m.

The stressed state of the track way beam ele-
ments of the staged connection is determined by
the lateral force and the bending moment acting in
this zone. The moment arises from the fact that the
stringers are not continuous, and also due to the
features of the stringer-beam intersection operation
(presence of gaps in the support, fishplate wear, the
leakage of the stiffener edges, etc.). The maximum
stresses in the stringer-beam intersections occur
when the span is loaded according to the pattern 9
and reach —136.4 MPa in p.60. For all loading pat-
terns, the highest experimental values of local
stresses in the intersection of stringers B1, B2 with
floor beam P4 are given in Table 2.

Table 2

The highest stresses in the intersections of stringers B1 and B2 with floor beam P4 and stringer B1
(panel 1-2), MPa

Bl Bl B2 B2 Bl
Loading patterns inner inner outer inner (panel 1-2)

Omax Omin Omax Omin Omax Omin Ormax Omin top | bottom
1 -34.2 -2.5 —4.1 0 -53 0 92 2.9 -2.5 -8.9
2 40.0 2.5 2.2 0 —4.3 -0.4 10.6 4.8 -16.8 | 104
3 38.4 0 4.1 0.4 2.1 0 12.1 24 -29.1 4.9
4 -101.0 —0.8 -153 —0.4 -7.8 0 14.9 33 —23.7 12.8
5 -126.9 -19.2 —40.2 -0.4 -12.8 -14 17.3 1.4 -148 | 44
6 -132.0 | 183 -30.7 5.4 —-14.8 2.5 —-19.3 -0.9 -35.5 59
7 -133.0 | -16.7 -31.2 —4.5 -13.1 -2.1 —-19.8 -29 -28.1 19.7
8 -116.0 | —-19.5 -33.7 -7.6 -13.6 -0.5 26.5 7.4 -14.1 | -8.6
9 -136.4 —6.1 -34.9 -5.2 14.4 0 27.8 59 -11.5 | -11.8
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Table 3
The highest stresses in track way floor beams, MPa
Floor beams
Loading pattern PO P2 P4

top bottom top bottom top bottom
1 -274 (-6.1) 30.6 -8.5 10.8 —48.9 —4.9
2 -21.2 4.2 -27.8 24.9 —42.0 -16
3 —47.1 -5.7 —54.2 47.6 -3.6 -17.5
4 —41.5 -8.9 —67.4 34.9 -9.8 -16.3
5 —40.1 -16.0 —78.7 33.9 =57.1 2.5
6 —63.7 -3.8 -77.8 27.8 -38.8 -22.8
7 37.6 17.4 —71.7 23.6 35.1 2.0
8 31.3 12.5 —62.5 17.4 -32.7 3.1
9 29.4 10.7 -38.9 0.8 —66.0 -36.5

The stresses vary unevenly along the angles.
The greatest stresses occur, as a rule, at the ends of
the angles. In some cases, the maximum and local
stresses in the angles were at a distance of
80-100 mm from the angle edges. In most cases,
the change in stresses in the angles along their
length is characterized by a change in the stress
sign.

In addition to measurements of deformations
(stresses) in the end floor beam PO, the stresses in
the left stringer B1 in the panel 1-2 and in the floor
beams P2 and P4 were determined during the tests.

According to the measurement results, in the
stringer, in addition to stresses from the vertical
bending moment, there are stresses from the action
of other factors (horizontal bending, axial forces
and torsion of the floor beam).

For the various loading patterns, the highest
stresses in the intersections of the stringers B1 and
B2 with the floor beam P4 and in the stringer Bl
(panel 1-2) are shown in Table 2. The highest
stresses in the floor beams PO, P2 and P4 obtained
during testing are given in Table 3.

Axial compressive stresses in the stringers arise
due to their joint work with the booms of the main
trusses. This causes a bending in the horizontal
direction of the floor beams. This is manifested the
most for the floor beam P2 at its connection with
the truss F1, and in the middle of the span of this

beam the effect of the horizontal bend is lower (see
Table 3).

The maximum stresses from all the loads are
recorded in the floor beam P2 at its connection
with the truss F1 and amounted to -131.5 MPa at
point 15 (pattern 9) and +105.3 MPa at point 17
(pattern 9).

In the stringer B1, the maximum stresses were
recorded in the middle of panel 1-2 and amounted
to -35.5 MPa at point 30 (pattern 6) and +19.7
MPa at point 33 (pattern 7) (see Fig. 3 and Fig. 5).

Originality and practical value

Vertical deflections of the main trusses when
the span structure was loaded with a movable load
(two sections of locomotive TEZ + 4-axle loaded
gondola cars) reached a value of 124 mm,
1/3500 Ip. While testing the span under the train
load, there are significant additional stresses from
horizontal bending of floor beams and their torsion
in the floor beam flanges. The appearance of these
stresses is caused by inclusion of stringers into
coupled work with top booms.

Conclusions

Analysis of the experimental data obtained dur-
ing the testing of the track way beams allows
drawing the following conclusions.
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The stressed state of the floor beams PO, P2, P4
is determined mainly by vertical bending. Stresses
from horizontal bending and torsion appear from
the joint work of the track way beams with the
booms of the main trusses.

The most significant stresses are obtained from
the horizontal bending in the floor beam P2 at the
point of its connection to the truss F1. The highest
stress values here are obtained in the angle of the
top boom P2 at point 15 when the span is loaded
according to the pattern 9. In a greater degree the
horizontal bending of the floor beams affects the
stress values in the horizontal webs of the top
flange angles with which the floor beams are at-
tached to the gusset plates of the upper longitudinal
ties between the main trusses. Here, the effect is
that the span structures installed on this bridge
have very small distance from the stringer axis to
its connection to the truss.

A high level of stresses in the top flanges of the
floor beams explains the appearance of a crack in
the horizontal web of the top flange angle in the
section between the stringer and the truss [9, 11,
15].

The stress state in the middle of the panel 1-2
of the stringer B1, where during the tests the meas-
urements were performed, is relatively low. Here
the stress values are no more than 3040 MPa.

In those places where the cracks have already
appeared it was not possible to measure the stress-
es. The measurements were taken mainly at the
points of support of the stringers on the floor beam
P4, where cracks in the bottom flange angles of the
stringers were not observed during inspection. In
these places, a detailed study of the stress state was
carried out. The strain gauges were pasted at
32 points on the fillets at the ends of the bottom
flange angles on both sides of each stringer every
80—-100 mm.

Stresses in the angles proved to be very high
(up to 136.4 MPa). It should be noted that the con-
nection of stringers with a floor beam P4, obvi-
ously, is not the most stressful point, because in
this place, instead of the stringer bottom angle fish-
plates there are extended gusset plates for break
connections. This is particularly significant as the
design of the span structures did not include the
checks of the stresses in these places. In other con-
nections, where cracks are already observed in the
angles the stresses appeared to be even higher.

All this indicates that the design of the intersec-
tion between the track way beams and the staged
arrangement of the stringers and floor beams ap-
plied on the bridge is unsuccessful and requires an
increase in the reliability of the joint structures.
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NE®OPMAIIMHO-HAIIPYKEHUM CTAH BY3JIA IOBEPXOBOI'O
CHOJIYUYEHHS BAJIOK IMPOI3HOI YACTHUHH 3AJIBHUYHOI'O
MOCTA

Merta. [ToBepxoBe crioiy4eHHs OaloK MPOI3HOT YaCTHHU 3aJi3HUYHUX MOCTIB HaHOLIBLI MPOCTE MO KOHCTPYK-
1ii, ajie BHACIIIOK KOHCTPYKTUBHUX HEIONIKIB YTBOPIOIOTHCS YHCIICHHI AedekTn. Meroro aaHoi poOOTH € IociTi-
JUKEHHSI ()aKTHYHOTO Ae(OopMalliifHO-HAIPY>KEHOTO CTaHy BYy3Ja CIIOJIYYEHHs ITO3JIOBXKHIX OalloK i3 MOINepedHIMHU
IpH 1X MOBEPXOBOMY po3TairyBaHHi. HeoOXiHO Tako)X BUSHAYMTH MOKIIMBHH BIUIMB CIUIBHOT poOOTH MOSCIB (hepMm
Ta 0aJo04HOI KIITKA MOCTOBOTO IIOJIOTHA Ha iX AedopmariitHo-HampyxkeHuii craH. Meroauka. [ mocsarHEHHS
MTOCTABJICHOI METH TPOBEICHO BHIIPOOYBaHHA iCHYIO4Woro Mocrta. Jlns BUMiproBaHHA Aedopmaliii (Hampy>KeHb)
B €JIEMEHTAX POrOHOBOI OyJOBH BUKOPHCTOBYBAIIHCS TCH30PE3UCTOPH, HAKJICEHI HA TOSICHUX KYTHKAX MOIEPEYHHX
1 MO3/I0BXKHIX OaJOK Ta Ha BUKPY)KKaX HIDKHIX MOSICHUX KYTHKIB MTO3I0BXKHIX 0aJOK y MicIIX OONHpaHHA iX Ha 1o-
nepeuni Ganku. [ljisi BUMIpIOBaHHS MPOTHHIB ()epM, MO3JOBXKHIX Ta MOMEepedHoi OalloK MpU CTATHYHHUX BHUIIPOOY-
BaHHSX BUKOPHCTOBYBAINCS NPOrHHOMIpH AicToBa i MakCHMOBa, sIKi BCTAHOBJIIOBAIMCS M0 HIXKHIX Hosicax (epm
y cepenuni nporony 0-1, a Takox Ha 000X ITO3JIOBXKHIX Ta OJHIEI0 MONEPEYHOIO Oallkax i3 CEpeANHH IMPOJIBOTY.
[TporuHOMipH KpINMJIMCS A0 TPOTIHHOI OYJOBU Ta 3 €IHYBAIUCS JIPOTSHUMHU 3B’SI3KaMH 3 TIOBEPXHEIO IPYHTY.
Pe3yabTaTH. ABTOPOM OTPHUMaHO i ITPOAHANII30BaHO JieopMalliiHO-HAPYKEHUI CTaH By3J1a CIOJIYYEHHS M03]10B-
JKHIX OaJIOK i3 MOTIEPEYHUMH TIPH iX TIOBEPXOBOMY PO3TAlIyBaHHI. AHalli3 ITOKa3ye, IO KPiM BEPTUKAILHOTO BHUIH-
Hy 0aJloOK Mae Miclie 3HaUHMH BIUIMB FOPU30HTAIBHOTO BUTHHY ITOTIEPEYHNX OaJIOK Ta TX KPYTiHHS, IO BUHUKAIOTh
BHACIIJIOK CIIBHOI poOOTH OanoK MpOi3HOI YaCTHHU 3 BEPXHIMH NosicaMH rojoBHHUX depM, sk y Oanku 10, Tak
i B iHmmx 6anok. HaykoBa HoBH3HA. Y poOOTI MPOBEICHO AOCIIIKEHHS HAIPYKEHO-Ie(OPMOBAHOTO CTaHy MeTa-
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JeBUX OaJoOK MPOi3HOI YaCTHHU MMOBEPXOBOTO PO3TAIIYBAHHS 3 YPaxXyBaHHIM CHUTbHOI poboTH 6ajoK i3 HeCydnMu
tdepmamu. IIpakTuyna 3HayuMicTh. [Ipu BunmpoOyBaHHI TPOTOHOBOI Oy/IOBH MO{3HMM HaBaHTAXCHHSAM Y MOsACaX
MoTIepeYHNX 0aIoK 3 ABISIOTHCA 3HAYHI T0ATKOBI HAMIPYTH BiJ TOPU3OHTAIHHOTO BUTHHY MOMIEPEYHHUX OaJOK Ta iX
KkpyTiHHs. [losiBa UX HANPYKEHb MOB’sA3aHa 3 BKIIOYCHHSIM MO3I0BXKHIX 0aJIOK Y CHUIbHY POOOTY 3 BEPXHIMH I10-
scamu (epM. Bununkaroui 1eekT B MO3A0BKHIX Oalikax MOB’sA3aHi 3 KOHIICHTPAIIEI0 MICIIEBUX HAIPYKCHb Yepe3
KOHCTPYKTHBHI 0COOJIMBOCTI ITOBEPXOBOI NPOi3HOT YaCTHHH.

Kiowosi crosa: no3moexkHi Oanku; nedopmairis; HAMPYKEHH:; MONEPEUHI OATKU; METaJICBI IIPOTOHOBI Oy TOBH
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nMeHH akanemuka B. Jlazapsina, yi. Jlasapsua, 2, launpo, Ykpauna, 49010, ten. +38 (050) 667 40 49,
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AE®POPMALIINMOHHO-HAIIPAX KEHHOE COCTOSHHUE Y3JIA
ITAKHOI'O CONPSI)KEHUA BAJIOK ITPOE3KEM YACTHU
KEJE3HOAOPOXHOI'O MOCTA

Heasn. DtaxkHoe conpsbkeHHe 0aIoK MPoe3KeH YacTH KeJIE3HOJOPOXKHBIX MOCTOB HanOosiee IpoCToe 1Mo KOHCT-
PYKLHMH, HO BCIIEICTBUE KOHCTPYKTHBHBIX HEJOCTATKOB IOJIBEPKEHO MHOTOUMCIICHHBIM AedekTaM. Llenpro nannon
paboThl sBiIAETCA WCCIENOBaHHE (aKTHYECKOTro Je(hOpMaIlMOHHO-HAIIPSHKEHHOTO COCTOSIHUSI y371a CONPSDKEHHS
MIPOJOJIBHBEIX 0AJOK € MONIEPEYHBIMH TP MX ITAXKHOM PACIIONOKeHUH. HeoO0X0oMuMo Takxke OnpeaeinTh BO3MOXKHOE
BIIMSIHAE COBMECTHOW pabOTHI MOSCOB (epM U 06ajovHOM KIETKH MOCTOBOTO IOJIOTHA Ha UX Ae(pOpMalHOHHO-
HalpspkeHHOe cocTtosHue. Meroauka. 1 TOCTHKEHNUS TIOCTaBJICHHOM LeNIM NPOBEACHBI UCIIBITAHHS CYIIECTBYIO-
mero mocra. Jlnsg namepeHus nedopmarmii (HampspKeHHH) B 3JIE€MEHTaX IMPOJIETHOTO CTPOEHHS HMCIIOJIb30BAJIHChH
TEH30PE3UCTOPbI, HAKJICEHHBIE Ha TTOSICHBIX YrOJIKaX MONEPEYHBIX U MPOJOJIBHEIX OAJIOK M Ha BBIKPYXKKAX HIKHHX
HOSICHBIX YTOJIKOB IPOJOJIBHBIX OAJIOK B MECTaX ONMPaHMs MX Ha IomnepedHsle Gankw. [y u3MepeHus nporudos
(hepM, IPOJONBHBIX U TONEPEYHOM OAIIOK HPU CTATHYECKUX MCIIBITAHUSX MCIOJIB30BAJIMCH TPOruOOoMepbl ANCTOBA
n MakcuMmoBa, KOTOpbIE YCTaHAaBIMBAIMCH IO HIDKHMM mosicaM (epM B cepeluHe mpojerHoro crpoenust 0-1,
a TakKe Ha 00eHX MPOAOJIBHBIX M OJHOW MOIepeuHOl Oankax B cepeanHe mposeTa. [Iporubomepsl Kpemuimch K
MPOJIETHOMY CTPOEHHIO M COEAMHSUIUCH ITPOBOJIOYHBIMU CBS3SIMH C IIOBEPXHOCTHIO I'pyHTa. Pe3yabTaTsl. ABTOpOM
MOJY4EHO M TMPOAHAIM3UPOBAHO Je(HhOPMALMOHHO-HANPSKEHHOE COCTOSIHUE Y371a CONPSDKEHHS MPOJOJIBHBIX 0aloK
C MOTIEPEYHBIME MIPH HX 3TAKHOM PACIIONOKEHAHN. AHAIIN3 ITOKA3bIBACT, YTO MOMHMO BEPTUKAIBHOTO H3rnda OaJiok
HUMEeeT MECTO 3HAYMTENbHOE BIMSIHUE FTOPU30HTAIBLHOIO W3ruba MOMepeyHbIX OANOK M UX KPYYCHHS, BOSHUKAIOIINE
BCJIC/ICTBHE COBMECTHOI paboThI OaloK Mpoe3Kel YacTH ¢ BEpXHUMH MOsICaMH TIIAaBHEIX (epM, kak y Oanku [10, Tax
u y apyrux Oanok. Hayunast HoBu3Ha. B pabote mpoBeseHo nccienoBaHue HalpsHKEHHO-AE(POPMALOHHOTO CO-
CTOSIHUSL METaJUIMYECKUX OaJlOK MpOoe3kell YacTH 3TaKHOTO PACIIONOKEHHUS ¢ yYeTOM COBMECTHOH paboThl Oayok
¢ Hecynmmu ¢epmamu. [IpakTHyeckas 3HAYMMOCTh. [Ipy HCTIBITAHMM NMPOJISTHOTO CTPOCHUS MOE3IHOH Harpys-
KOH B TOsICax MOMEPEYHBIX OANOK MOSBIISIOTCS 3HAYUTENILHBIC TOTIOJHUTENIbHbIC HANPSDKEHHST OT TOPH30HTAIBHOTO
u3rnba nornepevHbIx 0aiok M ux KpydeHus. [losBieHHE STHX HanpsHKEHHH CBS3aHO C BKIIOYEHUEM IPOJOJBHBIX
0aJIoK B COBMECTHYIO paboTy ¢ BepXHUMH TosicaMu pepM. BozHukaromnye aedexTsl B MPOA0JIBHBIX OalKax CBsS3aHbI
C KOHIIEHTpAIMeH MECTHBIX HANPSHKEHUH M3-32 KOHCTPYKTUBHBIX OCOOEHHOCTEH 3Ta)KHOW IpOe3Kel JacTH.

Kniouesvie cnosa: mpononpHble 0anku; AedopMalys; HAIpsHKEHUS; MONepeyHble OallKy; METAJUIMYECKUe Mpo-
JIETHBIE CTPOCHHUS

REFERENCES

1.  Bychkovskiy, N. N., & Dankovtsev, A. F. (2005). Metallicheskiye mosty. Saratov: Yuri Gagarin State Techni-
cal University of Saratov.

2. Gibalenko, O. M., & Trofymchuk, T. S. (2016). Metal structures survivability assessment when simulating
service conditions. Science and Transport Progress, 2(62), 119-128. doi: 10.15802/stp2016/67327

3.  Ekspluatatsiia zaliznychnykh mostiv. Pravyla vyznachennia vantazhopidiomnosti metalevykh prohonovykh
sporud zaliznychnykh mostiv, GSTU 32.6.03.111-2002 (2003).

4.  Sporudy transportu. Mosty ta truby. Navantazhennia i vplyvy, DBN V.1.2-15:2009 (2009).

5. Sporudy transportu. Mosty ta truby. Obstezhennia ta vyprobuvannia, DBN V.2.3-6:2009 (2009).

doi 10.15802/stp2017/104762 © S. V. Kluchnik, 2017

169



ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayxka Ta nporpec Tpancropty. BicHuk J[HIpOneTpoBcbKOro
HAI[IOHAJIBHOTO YHIBEPCHTETY 3aJIi3HUYHOr0 Tpancmopty, 2017, Ne 3 (69)

TPAHCIIOPTE BYJIBHHULITBO

~

10.

11.

12.

13.

14.

15.

16.

17.

Sporudy transportu. Mosty ta truby. Pravyla proektuvannia, DBN V.2.3-14:2006 (2006).

Yefimov, P. P. (2006). Proektirovaniye mostov. Omsk: Danteya.

Ukrzaliznytsia. (2002). Instruktsiia z vyznachennia umov propusku rukhomoho skladu po metalevykh ta zal-
izobetonnykh zaliznychnykh mostakh. Kyiv: Ministry of Infrastructure of Ukraine.

Kliuchnyk, S. V., & Marochka, V. V. (2012). Opyt ekspluatatsii etazhnoy proezzhey chasti. Proceedings of the
72 International Scientific & Practical Conference «Problems and Prospects of Railway Transport Develop-
ment«, April 19-20, 2012, Dnipropetrovsk. 158.

Kliuchnyk, S. V., & Marochka, V. V. (2014). Review of enhancement and repair options for roadway beams
of two-level type. Bridges and Tunnels: Theory, Research, Practice, 5, 35-40.

Marochka, V. V., & Kliuchnyk, S. V. (2016). UA Patent No.109806. Ukrainian Intellectual Property Institute
(UKRPATENT).

Paton Electric Welding Institute of the National Academy of Sciences of Ukraine. (2015). Service life and
safety of structures, buildings and machinery. Kyiv: Paton Publishing House. Retrieved
from http://patonpublishinghouse.com/rus/compilations/resurs2015

Shulman, Z. A., & Shulman, 1. Z. (2013). Ispytaniya i monitoring inzhenernykh sooruzheniy. Dnipropetrovsk:
LIRA.

Gibalenko, A. N., Korolov, V., & Filatov, J. (2014). Design requirements to structural steel durability based on
level of industrial facility corrosion hazard. Proceedings of the Il Polish-Ukrainian International Conference
Aktualnie problemy konstrukcji metalowych (APMK), November, 27-28, 2014, Gdansk. Gdansk: University of
Technology.

Ovchinnikov, P., & Kliuchnyk S. (2014). Using of finite element modeling for determination of buckling pos-
sibility in lengthwise stiffeners of orthotropic plate for bridge spans under operational load. Bridges and Tun-
nels: Theory, Research, Practice, 5, 130-135.

Rust, 1. (2004). Sicherheit technischer Anlagen — Eine sozial wissenschaftliche Analyse des Umgangs mit
Risiken in Ingenieurpraxis und Ingenieur wissenschaft. (Doctoral dissertation). Kassel University, Germany.
Weltschev, M., Schwarzer, S., & Otremba, F. (2013). Comparison of the operating life of tank containers, tank
vehicles and rail tank cars for the carriage of dangerous goods in practice, analysis of causes of damage.
Chemical Engineering Transactions, 31, 559-564. doi: 10.3303/CET1331094

Prof. V. D. Petrenko, D. Sc. (Tech.), (Ukraine); Prof. V. Ye. Volkova, D. Sc. (Tech.), (Ukraine)

recommended this article to be published

Received: Feb. 10, 2017
Accessed: May 17, 2017

doi 10.15802/stp2017/104762 © S. V. Kluchnik, 2017

170



ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayxka Ta nporpec Tpancropty. BicHuk J[HIIpOneTpoBCbKOro
HAI[IOHAJIBHOTO YHIBEPCHTETY 3aIi3HUYHOr0 Tpancnopty, 2017, Ne 3 (69)

TPAHCIIOPTHE BY JIBHULITBO

UDC 693.554.6

A.V.RADKEVYCH', A. M. NETESA*"

'Dep. «Build Production and Geodesy», Dnipropetrovsk National University of Railway Transport named after
Academician V. Lazaryan, Lazaryan St., 2, Dnipro, Ukraine, 49010, tel. +38 (098) 307 81 44, e-mail kvp@dsst.gov.ua,
ORCID 0000-0001-6325-8517

»Dep. «Build Production and Geodesy», Dnipropetrovsk National University of Railway Transport named after
Academician V. Lazaryan, Lazaryan St., 2, Dnipro, Ukraine, 49010, tel. +38 (067) 195 50 27, e-mail andreynetesa@meta.ua,
ORCID 0000-0002-3364-3446

DETERMINATION AND RANGING OF ORGANIZATIONAL AND
TECHNOLOGICAL FACTORS THAT DEFINE THE RATIONAL
DECISIONS OF RE-BARS CONNECTION

Purpose. The paper proposes: 1) determination and formulation of factors that influence the choice of rational
method for joining re-bars of vertical support members of reinforced concrete frame; 2) determination of factor
parameters; 3) ranging of factors by the expert evaluation (Delphi) method. Methodology. In order to achieve
research objectives, it is necessary to carry out analysis of existent rebar connection methods, determination
of factors and parameter variation limits for each of the methods. Performing factor ranking by the expert evaluation
method. Findings. The results of the questioning materials of 14 experts in the area of monolithic construction
allowed setting the following: when choosing the rational re-bars connections, the most significant values are the
factors that define the time parameters: possibility of carcassing, time of joining the re-bars, length of rebar cage,
prior operation run time, operation time of main lifting equipment. Herewith the factors that define the rebar cage
parameters have a direct relation to the work performance time, as they determine the amount of bar connections
in the course of building erection over wide range. Economic factors — rebar connection cost and quality control
cost — have the less value. It is obvious that in the conditions of considerable construction expenses it is advanta-
geous for an investor to increase the rebar joining cost for the work growth rate. Structural and technological factors
have the least value: origin of eccentric load transmission between re-bars, possibility of use of the thermally work-
hardened re-bars of A500 and higher grades, work category for implementation of works, necessity to use the
scaffold and appurtenances for re-enforcement of constructions. The reason is analogical: a contractor is ready to go
to complication of technology with the purpose of reduction of the facility erection terms. As the calculated
Pearson’s matching criterion y* = 47.24 is higher than the tabular one (22.36203), then the obtained concordance
coefficient W=0.26 is not casual value, and that is why the obtained results make sense and can be used in further
researches. Originality. The author obtained factors that influence the choice of the rational method for re-bars
connection the most. Practical value. Ranging of factors will allow objective approaching to the problem of choice
of re-bars connection method, optimizing the labour and material costs, and also reducing the construction time.

Keywords: re-bars; connection; expert evaluation; rank; factor; ranking; concordance coefficient

threaded or crimp clutches. The presence of such a
large choice of methods complicates the task of
finding a rational method of joining re-bars for a
particular facility, leads to rise in the construction
cost and slows down the construction of the rein-
forced concrete frame of the building.

Introduction

Statistical analysis of buildings and structures
in Ukraine found that one of the constructive types
of engineering development is monolithic frame
systems.

One of the main technological operations of the

erection of such buildings is the production of re- Problem statement

bar cages. Modern technological methods involve
joining reinforcing bars of the cages by welding or
lapping. Recently there have been spread mechani-
cal connections of reinforcing bars with the help of

In the modern construction in the territory of
Ukraine, various types and methods of connections
are used to connect the re-bars. The use of this or
that method of connection is usually the preroga-
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tive of the contractor and depends only on the
equipment available to the customer. It is possible
to change the connection method depending on the
design requirements of regulatory documents, for
example, using a lap joint in areas with seismic
activity. When trying to determine the rational way
of connecting, a specialist faces a number of fac-
tors that influence his choice, but it is difficult to
evaluate the factors by significance. The inability
to identify a more significant factor complicates
the assessment, which results in a waste of re-
sources and shorter construction time. It is neces-
sary to assess the main factors and perform the
ranking.

Analysis of recent research and identification
of unsolved problems.

The method of re-bars connection is an
important parameter in the construction of the
building frame, but the method of choosing a ra-
tional method of connection is practically not cov-
ered in the literature. The regulatory documents
[2, 3] contain only the list of admissible methods
of re-bars connection — lapping, welding, mechani-
cal connections. But there is no method of choos-
ing between them. Traditionally, the designer
chooses a necessary connection way based on the
design experience, often also taking into account
the cost of the connection or the speed of its execu-
tion. However, quality control is rarely taken into
account, in particular its complexity for welded
joints [4-6]. Due to the wide spread of various
types of joints, designers and builders often do not
take into account the mechanical methods of join-
ing. But their use often leads to a significant
acceleration of the process of erecting the building
and reducing its cost. Thus, it is necessary to have
a methodology for a comprehensive assessment
of existing ways of rebar joining and selecting the
most rational one for a particular project.

Purpose

To determine the factors that influence the
choice of the rational method for re-bars connec-
tion the most. To perform factor ranking by the
expert evaluation method.

Methodology

Analysis of advantages and disadvantages of
the existing connection technology for reinforcing
bars. Determination of key factors peculiar for a
particular re-bars connection method. Performing
factor ranking by the expert evaluation method.

Findings

There were selected 14 factors influencing the
choice of a rational way of rebar joining. The
names and rationales for each of them are pre-
sented below.

1. The length of the rebar cage is one of the
most important parameters of the erection technol-
ogy of vertical supporting structures [8, 9]. The
cage length influences the total number of bar con-
nections over the building height. The minimum
height of the cage is 3 m (when connecting the re-
bars with bath welding, and also when connecting
with threaded or crimped clutches with reinforce-
ment by individual bars). The maximum length of
the cage can be 9 m when reinforcing with frames
with a sufficient diameter of the longitudinal bars
(32 mm and above).

2. The connection time of the reinforcing bars
makes for the total time required to perform the
connections. Since the re-bars connection is carried
out on the mounting horizon, the connection time
determines the early start of the next erection of
formwork members. The parameter of this factor
varies in the interval from 1 min (lap joint, connec-
tion by threaded couplings) to 60 min (bath-welded
welding for re-bars of 40 mm in diameter).

3. The time for performance of quality control
is also a component of the time required to perform
the connections and depends on the quality control
method and the connection type [7]. For most
types of re-bars connections, a combination of sev-
eral control methods is used, both for each connec-
tion and for a sample. Total time for performance
of quality control in terms of one bar can be from 1
to 10 minutes.

4. The cost of the re-bars connection includes
the cost of consumables (forgings and bath weld-
ing electrodes, threaded and crimp clutches for
mechanical connections), as well as the cost of en-
ergy resources for making connections. The cost of
re-bars connection with lap joint includes the re-
bars expenditure for overlapping. The numerical
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value of the parameter is from 60 to 220 UAH,
depending on the type of connection and the di-
ameter of the re-bars.

5. The cost of the connection quality control is
in the range from 6 UAH (lap joint) to 92 UAH
(bath welding).

6. The time for the completion of the prepara-
tory operations (including the manufacture of the
cage when reinforcing with cages) is one of the
most important parameters for determining the la-
bour costs and the timing required for the re-bars
of the structures. Since the preparatory operations
can be carried out on the reinforcement pad sepa-
rately from the main construction process, often
using a separate lifting mechanism, conducting
operations during the preparatory period is an im-
portant way to reduce the time required to perform
the connections. When reinforcing with individual
bars the preparatory operations include only the
cutting of the re-bars for a given length and mak-
ing the clamps, while the cage assembly is made at
the stage of performing the connection.

7. The work category for performing the con-
nection determines the necessary qualifications of
the workers. The need to reduce the average work
category is evident. It lies in the range from 3 to 6;
the latter value is indicated for bath welding of the
re-bars.

8. The operating time of the main load-lifting
mechanism determines the degree of stoppage of
other construction processes performed in parallel
with the process of reinforcing of vertical support
members. One of the most common methods of
joining re-bars in Ukraine with bath welding re-
quires about 5-15 minutes of crane operation for
each reinforcing bar in the cage. Often it is these
time costs that determine the maximum number of
welded bars during the work shift.

9. Ability to mount the cage actually reflects
the possibility of making major labour-intensive
operations at the stage of preparatory work. Rein-
forcement with pre-assembled cages significantly
reduces labour costs directly on the mounting hori-
zon.

10. The possibility of using the re-bars connec-
tion method in seismic areas is a key factor in the
design phase of a building. Until recently, in the
territory of Ukraine in the seismic regions (Cri-
mea), as well as for dynamically loaded structures,

only the lap joint was used, which led to a signifi-
cant re-arming of the elements, the appearance of
eccentricity in the load transfer between the bars
and the reduction of the protective layer [11-13].

11. Occurrence of eccentric force transfer be-
tween reinforcing bars. Actual for non-axial bar
joints (lapping, some types of welding); it leads to
the appearance of eccentricities, an increase in the
required number of re-bars [10].

12. The possibility of using thermally work-
hardened re-bars of A500 and higher grades is ac-
tual for the construction of high-rise buildings with
22 floors and higher. Such re-bars cannot be weld-
ed, and the use of low grade re-bars leads to an
increase in the cross section of the element. When
using thermally work-hardened re-bars of large
diameters, the lap joint is economically inefficient.
It is also necessary to consider the need for joining
non-metallic re-bars [1].

13. The possibility of dismantling the rebar
cage and reusing the connecting elements becomes
an important parameter when the mounted cage is
damaged during quality control or at the stage of
the formwork installation. The re-bars lap joining,
as well as the connection with threaded couplings,
allows quickly dismantling the cage, mounting a
new one and conducting further work without de-
laying the main process of erecting a monolithic
frame of the building.

14. The need to use scaffolds (reinforcement of
vertical supporting members with individual bars)
and additional lifting mechanisms (rebar connection
with crimp clutches) leads to an increase in labour
costs and the time required to carry out work, as
well as to the occurrence of dangerous factors asso-
ciated with longer periods of people’s presence at
altitude. It is especially important when reinforcing
elements located at the edges of the building, in par-
ticular for external reinforcing bars.

The ranking of factors will be carried out by the
expert assessment method. For the assessment there
were selected 14 experts in the field of monolithic
construction: scientists, engineers, superintendents
and heads of construction organizations. Each spe-
cialist received a questionnaire, where 14 factors
were indicated. For each factor, the dimensionality
and the parameter variation limits were given for
better understanding of the factor value. The list of
factors and their parameters is given in Table 1.
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Table 1

Factors influencing the choice of rational rebar connection method

Ne Factors Dimension Paramet.er 'Variation Rank
limits

1 | Length of rebar cage m 3-9

2 | Rebar connection time min 1-60

3 | Connection quality control time min 1-10

4 | Rebar connection cost UAH 60 — 220

5 | Connection quality control time UAH 6-92
Execution time for preparatory operations (including the fabrica- .

6 | . min 1-20
tion of the cage)

7 | Work category for connection execution 3-6

8 | Working time of the main lifting mechanism min 1-30

9 | Possibility of carcassing - Yes/No

10 | Possibility of application in seismic regions - Yes/No

11 | Occurrence of eccentric load transfer between re-bars - Yes/No

12 Pgss1b1l1ty of using thermally work-hardened re-bars of A500 and 3 Yes/No
higher grades

13 Poss1b111ty of dismantling the rebar cage and reusing the connect- 3 Yes/No
ing elements
Need to use scaffolds and additional lifting mechanisms for rein-

14 ) — Yes/No
forcing the structures

Experts were asked to rank factors by assigning
a rank to each factor, where rank 1 has the most
significant factor, and rank 14 has the least signifi-
cant one. In addition, the experts were asked, if
necessary, to add factors that, in their opinion, are
not available in the table, and to conduct the rank-
ing taking into account the additional factors.

Based on the questionnaire data, a consolidated

ranking matrix was compiled (Table 2). The con-
solidated ranking matrix includes all 14 factors
proposed by experts for the assessment. None of
the experts added their own factor, which indicates
a complete and universal coverage of the parame-
ters. The ranking matrix with deviations is shown
in Table 3.

Table 2
Consolidated ranking matrix
e Oé)f::::em' L2 3| a | s |6 | 7] s | 9o 10| |12 13]| 14
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1 9 6 8 8 2 5 4 1 3 3 2 1 14 8
2 1 7 3 3 3 6 8 7 4 4 4 4 2 4
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End of table 2

Ne of sub-item. | 2 3 4 5 6 7 8 o | 10| 11| 12 ] 13 14
Experts
3 6 10 6 2 10 12 12 5 7 8 7 5 10 3
4 5 8 13 14 9 9 15 3 11 1 8 2 1 5
5 7 14 2 1 8 11 13 10 12 9 9 7 3 6
6 2 9 4 4 4 8 5 6 1 5 13 3 4 9
7 3134 | 7 1|7 |11 4 8 | 11 | 14 | 8 9 14
8 4 11 1 5 5 10 6 9 9 6 1 6 7 7
9 8 5 5 6 6 4 2 2 2 7 3 9 5 1
10 120 3 1213123 |10 13]14] 2101 10] 11/ 11
11 11 12|13l o2 3 8 | 313 6 | 11 ] 12 2
12 B3 210/ 11] 7 1 7 11210105 | 12]13] 10
13 14 | 4 o | 10| 14| 1414|146 | 14]|12]13]6 13
14 10 12 7 9 1 13 9 11 5 12 11 14 8 12
Table 3
Matrix of ranks
Factors / Experts 1234 |s5]6|7|8]9]10|11]12]13]14 l:ﬁ“mk d &2
X1 916|882 |5(3(1(3|3(|2]|1]14|38 73 -32 1024
Xa 1171333677444 4a]|2]4] 59 | -6 | 2116
X3 61106 |2 (1012|1157 ]8|7|5|10]3] 102 | =3 9
X4 518113114199 (143 (111 |8|2]|1]|5 103 -2 4
X5 711412118 |11(12[10]12]19(|9 |7 |3 |6 111 6 36
Xe 209 444|846 1]5]13]/3]4]9] 76 | —29 841
X5 3013147 [11]7 (10 4|8 [11]14]8 |9 [14] 133 28 784
Xg 41111 (5510|5996 |1|6|7]|7 86 -19 361
Xg 815|516 |6|4 1221713951 64 —41 1681
X10 121 31121131123 |9 |{13|14| 2 |10]|10|11 |11 135 30 900
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End of table 3

Factors / Experts 12|34 |5]|6[7|8|9|10|11]12(13]14 l:inmk d d2
X11 11| 1 (1112132 |2 |8 |13|13|6 |11|12(2| 117 12 144
X12 132 (10|11} 7| 1]6|12{10(10|5 [12|13|10] 122 17 289
X13 1414 (9|10(14|14|13|14| 6 |14|12|13| 6 |13]| 156 51 2601
X14 10{12( 7|9 | 1|13 8 |11|5 |12]|11|14]| 8 |12| 133 28 784
> 105(105|105{105|105{105|105{105/105{105(105{105(105|105| 1470 11574

The sums over the matrix columns are equal to  calculate the matching factor using the following
each other and to the checksum; therefore, the ma- formula:

trix is correctly formed. 125
Next, we place the factors by significance (Table W=— "
4). m*(n® —n)
Table 4 where S =11574, n=14, m=14.
Location of factors by significance _12-11574 026
Factors Rank sum 147 (143 - 14)

X2 59 W =0,26 indicates a weak degree of consis-

X9 64 tency between the opinions of experts.

Next, we estimate the significance of the
x1 73 matching factor. For this purpose, we calculate the
<6 76 Pearson’s matching criterion:
x8 86 EN N
3 102 mn(n+1)
x4 103 2o 121157 o,

14-14(14+1)
x5 111
1 117 The computed x° is compared to the tabulated
value for the number of degrees of freedom
x12 122 K=n-1=14-1=13 and for a given significance
<7 133 level o =0.05.

Since x* is estimated 47.24 more than the tabu-
x14 133 lar one (22.36203), then W =0.26 is not a random
x10 135 variable, and therefore the obtained results make

sense and can be used in further studies.
x13 156 On the basis of obtaining the rank sum (Table

4), we can calculate the weight indices of the pa-
Now we will assess the average degree of con- rameters considered. The polling matrix is trans-
sistency of opinions of all experts. To do this, we
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formed into the matrix of transformed ranks ac-
cording to the formula:

S.. =X —X

where x,, =15. The matrix of transformed
ranks is shown in Table 5.

ij max  Nij >
Table 5
Matrix of transformed ranks
Neofsub-dtem.| 1 1 3l 4y s | 6|7 s|ololu|n|i|u]l ¥ Weight &
Experts
1 61977131011 |14|12|1213[14] 1] 7] 136 0.0934
2 14| 8 (1212|129 | 7 |8 11|11 [11]11|13]11] 150 0.103
3 9 5 9 |13 ] 5 3 3 (10 8 7 8 |10 ] 5 12 107 0.0735
4 0|7 (2166|0124 |14]7]|13|14]10] 106 0.0728
5 8 1 13114 | 7 4 2 5 3 6 6 8 |12 ] 9 98 0.0673
6 13|16 [ 11|11 (11| 7 [(10] 9 (14|10 2 |12 |11 ]| 6 133 0.0913
7 20218 |4 |8 |af1t|7]4a]1]7]6]1 76 0.0522
8 1| 4|14|10/10/5|9|6|6]|9]14]9]8]| 8| 123 0.0845
9 7 11010 9 9 |11 |13 |13 |13 | 8 |12 | 6 |10 | 14 145 0.0996
10 312032312521 |13|5|5]|4]4]| 74 0.0508
11 401443 2|l12l7]2|29]4|3]13] 92 0.0632
12 2 [ 13 ] 5 4 8 | 14| 8 3 5 5110 3 2 5 87 0.0598
13 1 11| 6 5 1 1 1 1 9 1 3 2 9 2 53 0.0364
14 5 3 8 6 | 14| 2 6 4 |10 | 3 4 1 7 3 76 0.0522
Total 1456 1

Now we transform the original table for expert
assessment of the significance of factors influenc-
ing the choice of a rational rebar connection meth-
od, taking into account the transformed ranks. To
do this, we put the resulting transformed ranks for

each factor in the initial table (Table 5). Next, we
sort the factors by the rank value, from higher to
lower one. Thus, we get a list of ranked factors,
where the ordinal number of the factor determines
the degree of its importance.

Table 6
Significance of factors influencing the choice of rational method for joining longitudinal re-bars
Ne Factors Dimen- | Parameter varia- | p,
sion tion limits

1 2 3 4 5

1 Rebar connection time min 1-60 0.103

2 | Possibility of carcassing - Yes/No 0.0996

3 | Length of rebar cage m 3-9 0.0934
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End of table 6

Ne Factors Dimen- | Parameter varia- | p.
sion tion limits

4 | Execution time for preparatory operations min 1-20 0.0913

5 | Working time of the main lifting mechanism min 1-30 0.0845

6 | Connection quality control time min 1-10 0.0735

7 | Rebar connection cost UAH 60 —220 0.0728

8 | Connection quality control cost UAH 6-92 0.0673

9 | Occurrence of eccentric load transfer between re-bars - Yes/No 0.0632

10 Poss1l?111ty of using thermally work-hardened re-bars of A500 3 Yes/No 0.0598
and higher grades

11 | Work category for connection execution - 3-6 0.0522

12 Nged to.use scaffolds and additional lifting mechanisms for 3 Yes/No 0.0522
reinforcing the structures

13 | Possibility of application in seismic regions - Yes/No 0.0508

14 Pos§1b111ty of dismantling the rebar cage and reusing the con- 3 Yes/No 0.0364
necting elements

Originality and practical value

The ranking of factors that significantly influ-
ence the choice of the rational method for re-bars
connection was carried out. The ranking was per-
formed by specialists in the design and construc-
tion of multi-storey reinforced concrete frames of
buildings.

The factors influencing the choice of the rebar
connection method the most are determined. The
time of the connections, the length of the rebar
cage, the possibility of mounting the cage are the
most important from the point of view of experts.

Conclusions

Based on expert evaluation of the significance
of factors affecting the choice of a rational rebar
connection method, it is determined:

— the most significant factors are those that de-
termine the connection speed. These are the factors
of time, possibility of carcassing, length of rebar
cage;

— cost factors have less importance. Experts are
ready to increase the cost of rebar connections in
favour of reducing construction time;

— the least significant are the connection com-
plexity factors — the need for additional devices, as
well as work category. Experts are ready to in-
crease the amount of equipment and complicate the
work while reducing the construction time.

It is recommended to conduct additional studies
with the development of a comprehensive method-
ology for selecting a rational method of re-bars
connection.
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Merta. B po6Gorti nepenbavaersest 3HalTH: 1) BU3Ha4YeHHs Ta (opMyItoBaHHs (aKTopiB, sIKi BIUIMBAIOTH Ha BUOIp pa-
LIOHAJILHOTO CTI0CO0Y 3’€HAHHS apMaTypy BEPTUKAIBHUX HECYUNX €JIEMEHTIB MOHOJITHHX 3aJ1i300€TOHHHUX KapKaciB;
2) BHU3HAYeHHs mapameTpiB (QakTopi; 3) pamKyBaHHS (DAaKTOpIB METOJAOM  EKCIIEPTHOTO  OI[HIOBAaHHS.
MeTtoauka. s TOCSTHEHHS METH JOCTIPKSHHS HEOOXiJHO MTPOBECTH aHAJI3 iCHYIOUMX CIIOCO0IB 3’ €IHAHHS apMaTypH,
BU3HAYCHHS YMHHUKIB Ta MEX 3MiHH MapaMeTpiB I KOXKHOTO 31 Cr1oco0iB. PamXyBaHHS YMHHUKIB BHKOHAHO METOJIOM
eKCIIEpTHOTO OIiHIOBaHH:. Pe3ysibTaTu. 3a 1aHrME 00pOOKH MaTepiajiiB eKCIepPTHOTO OIMUTYBAHHS YOTHPHAIIITH SKC-
MepTiB B 00JIACTI MOHOJITHOTO Oy/IIBHMIITBA BCTAHOBJICHO HACTYIIHE: HAWOLIBIIE 3HAUCHHS IPH BHOODI pamioHaIbHOTO
3’€qHAHHSA apMaTypH MalOTh YMHHHUKH, SIKi 0OyMOBIIOIOTH TApaMeTpH 9acy: MOXKIMBICTP MOHTaXY KapKacaMH, dac
3’€IHaHHS apMaTypPHHUX CTEPXKHIB, JOBXKHMHA apMaTypHOTO KapKaca, 4yac BUKOHAHHS IIJATOTOBYMX OIepalliii, yac poboTu
OCHOBHOT'O BaHTa)XKOIIJHOMHOTO MexaHi3My. [Ipy 1iboMy YMHHHKH, 1110 0OYMOBJIIOIOTH MapaMeTpy apMaTypHOTo KapKa-
ca, MaroTh IpsIME BiTHOLIEHHS JI0 4acy BUKOHAHHS POOIT, OCKUIBKM BOHHM BH3HAYaIOTh KUIBKICTh apMaTypHUX CTHKIB MO
Mipi 3BeZieHHs Oy[iBNi B IIMPOKUX MeXax. MeHIe 3HaueHHsT MalOTh €KOHOMIYHI YMHHHKH — BapTiCThb apMaTypHOTO
3’€IHaHHS Ta BapTiCTh KOHTPOIIO sIKOCTi. OUeBUITHO, 1110 B YMOBAX 3HAYHUX MaTepiajIbHUX BUTPAT Ha 3MICT OYyIiBHUIITBA
IHBECTOPY BHT1/IHO 30LIBIINTH BapTiCTh 3’€IHaHb apMaTypH I pOCTy TeMIIB poOiT. HaliMeHie 3HaueHHs MatoTh KOHC-
TPYKTHBHI Ta TEXHOJIOTIYHI YAHHUKN: BUHUKHEHHS NO3AlICHTPOBOI Nepe/iaui HaBaHTKEHHS MK apMaTypHUMH CTEpXK-
HSMH, MOYKJIMBICT BUKOPHCTaHHS TEPMIYHO 3MilTHEHOI apMaTypH KinaciB A 500 i Buime, po3psia s BUKOHAHHS POOIT,
HEOOXITHICTh BUKOPUCTAHHS PUIITYBAaHb Ta JOJIATKOBHX MPHCTOCYBaHb Ui apMyBaHHS KOHCTpYKUii. [Ipuunua aHano-
TiYHa: MAPSTHAK TOTOBUM HTH HA YCKJIQTHEHHS TEXHOJIOTI] 3 METOI0 CKOPOUYCHHS TEPMIHIB 3BeIeHHS 00’ €kTy. OCKIIbKA
PO3paxyHKOBHIT KpuTepiii y3romkenns ITipcona y* = 47,24 6inbire TaGmmanoro (22,36203), To oTpruManmii KoedimieHT
koHKopzamnii W = 0,26 — BenrurHa HEe BHITAIKOBA, @ TOMY OTPUMaHi pe3yIbTaTH MalOTh CEHC Ta MOXYTh BUKOPHCTOBYBA-
THCS B NOJIATIBLINX JIOCIIDKeHHsAX. HaykoBa HOBU3HA. ABTOpaMM BH3HA4Y€HI YMHHHKH, 1110 B HAlOLIBIIIH Mipi BIUMBa-
I0Th Ha BHOIp pallioHAJILHOTO crioco0y 3’enHanHs apMarypu. [IpakTudHa 3HaYMMicTh. PamyKyBaHHS YMHHHKIB J03BO-
JUTh 00 €KTHBHO MIIXOAWUTH N0 TpoOiieMd BUOOpY criocoOy 3’€IHaHHS apMarypH, ONTHMI3yBaTW BHUTPATH Npari
Ta pecypciB, a TAKOXK CKOPOTUTH TepMiHH Oy/iBHULITBA.

Knouosi  cnosa: apmarypa; 3’€JHAaHHS; €KCIIEPTHE OLIHIOBAHHS; PpaHI; YWHHHK; DPaHXXyBaHHS; KoeQilieHT
KOHKOpAIIii
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OITPEAEJIEHUE U PAH’ KUPOBAHUE OPI'TAHU3AIIMOHHO-
TEXHOJIOI'MYECKHUX ®AKTOPOB, OBYCJIOBJIMBAIOIIUX
PAIIMOHAJIBHBIE PEHIEHUA COEJIUHEHUSA APMATYPbI

Hean. B pabdore npemnonaraercs Haittu: 1) onpenencHue u 0003HaueHHE (PaKTOPOB, KOTOPHIC BIUSIOT Ha BHIOOD
palroHaJIbHOTO CHOCO63. COCAMHCHUA apMaTypbl BEPTUKAJIbHBIX HECYIIUX 3JICMEHTOB MOHOJIMTHBIX )Kel'l6306eTOHHI)IX
KapKacoB; 2) OIpeeicHue TapaMeTpoB (GakTopoB; 3) paHKUpoBaHHE (PAKTOPOB METOAOM 3KCIICPTHOTO OI[CHUBAHUS.
Metonuka. [ HOCTMKECHUS LENHA HCCIICAOBAaHUS HEOOXOMUMO IPOBECTH aHAIHM3 CYIICCTBYIOIIUX CIIOCOOOB
COCIIMIHCHUS apMaTypbl, oOmpencicHue (aKTOpOB ¥ TMPEACIOB HW3MCHCHHS MMApaMETPOB JJIS  KaXIOTro
u3  crnocoboB.  PamkupoBanune — (akTOpOB  BBIMOJHSETCS ~ METOAOM  JKCIEPTHOTO  OLICHHBAHWUSL.
Pe3syabrartsl. [1o utoram 00paboTKM MaTepHAIOB 3KCIEPTHOTO OMPOCA YETHIPHA/ATH HKCIIEPTOB B 00JACTH MOHO-
JIMTHOTO CTPOUTENILCTBA YCTAHOBJICHO CIIEAYIOIICe: HAHOObIlee 3HAUYCHUE TIPH BHIOOPE PAIMOHAIBHOTO COSUHEHHUS
apMatypbl UMEIOT (aKTOpbl, KOTOPbIE OOYCIOBIMBAIOT MapaMeTpbl BPEMEHH: BO3MOXKHOCTH MOHTa)a KapKacamu,
BpeMsl COCAMHEHHsI apMaTypHBIX CTEpXKHEH, JUIMHA apMaTypHOTO KapKaca, BpeMsl BBIMOJHEHUS TOJIOTOBUTEIILHBIX
oriepaniuii, Bpemsi paboTbl OCHOBHOT'O IPY30MOABEMHOr0 MexaHnsma. [Ipu 31om (akTopbl, KOTOpble 00YCIOBIUBAIOT
nmapaMeTphl apMaTypHOI'O KapKaca, UMCIOT IMPSIMOE OTHOIICHHE KO BPEMCHHU BBIMOJHEHHS PabOT, MOCKOJIBKY OHH
ONpE€ACIAI0OT KOJUYCCTBO apMaTypHbIX CTBIKOB TI0 MEPC BO3BCACHUA 3daHWd B IMUPOKUX MHOpEAciiax.
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MeHbIlee  3HAUYEHWE  HWMEIOT  JKOHOMHYECKHE  (aKTOpBl —  CTOMMOCTH  apMaTypHOTO  COCIUHEHUS
U CTOMMOCTb KOHTPOJIsI KadecTBa. OYEBHIHO, YTO B YCIOBHSIX 3HAYUTEIBHBIX MaTepHaIbHBIX PACXO/I0B Ha COAEpKa-
HHUE CTPOUTEIBECTBA WHBECTOPY BHITOJHO YBEIHYHTH CTOMMOCTH COSIMHCHUHM apMaTypsl JUIS POCTa TEMIIOB padoT.
HawnmMenpiee 3HaueHHE MMEIOT KOHCTPYKTHBHBIC M TEXHOJIOTHYECKIE (PaKTOPHI: BOSHUKHOBEHHE BHEIICHTPOBOHU TIepe-
JTagl Harpy3KH MEXIY apMaTypHBIMH CTEP>KHSMH, BO3MOKHOCTh HCTIOIB30BAHUS TSPMUICCKH YIIPOYHEHHOH apMary-
psl K1accoB A 500 u BbIIIe, pa3psia A1 BRIIOIHEHHS Pa0dOT, HEOOXOAUMOCTD UCTIOIE30BAHUS IOAMOCTEN M TOTIOTHH-
TEJIFHBIX MPHUCTIOCOOTICHUH I apMUPOBaHUS KOHCTPYKUui. [IpudnHa aHamormyHa: MOApSAYMK TOTOB MITH HA OC-
JIO)KHEHHE TEXHOJIOTHH C IIEThI0 COKPAIICHISI CPOKOB BO3BeICHUS 00bekTa. [10CKONBKY pacueTHBIN KPUTEPH CoTia-
coBanmst Ilupcona x* = 47,24 Gompme Tabmuusoro (22,36203), TO HOTy4eHHbIH KOIDGHUIMEHT KOHKOPALMHI
W =0,26 — BenmMuMHA HE CIy4aifHasi, a TOTOMY MOJIY4YE€HHBIE Pe3yJIbTaThl UIMEIOT CMBICII U MOTYT HCIOJIBb30BaThCS B
JANTbHEHINNX UccienoBannsax. HayuHass HOBU3HA. ABTOpamMu OIpeIeCHbI ()aKTOPhI, B HAMOOJIBIICH MEPE BIIHSIOIINE
Ha BBIOOp palMOHAIBLHOTO crioco0a coemuHeHus apMatyphl. IIpakTnyeckas 3HAYNMOCTh. PamxkupoBanue (hakTopoB
MO3BOJIUT O0OBEKTUBHO MOIXOAUTH K MpoOiieMe BEIOOpa CrOCo0a COCTUHEHUSI apMaTyphl, ONTHMH3UPOBATH PACXOIbI
TpyJa U PECYPCOB, a TAK)KE COKPATUTh CPOKU CTPOUTENILCTBA.

Kirouesvle cnosa: apmarypa; COSIMHCHHUE; YKCIIEPTHOE OIICHUBAHUE; PAHT; (PaKTOpP; paHKUpOBaHUE; KO3 duImeHT
KOHKOPIAITUH
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OI'OJIOLIEHHA

ACIIIPAHTYPA
JIHITPOTIETPOBCHKOTO HAI[IOHAIBHOTO YHIBEPCUTETY 3ai3HUYHOTO TPAHCTIOPTY
imeHi akagemika B. Jlazapsna 3ATTPOIIYE nns HaB4aHHS

Ha 3100y TTS HAYKOBOTO CTyIEHs JOKTOpa (histocodii 3a cremiabHOCTIMH:
s 033 dinocodis
s 051 Exonomika
< 073 MeHEeIKMEHT
s 101 Exomoris
% 122 Komm’1oTepHi Hayku Ta iH(popMaIliiiHi TEXHOIOT11
144 TemmoeHepreTuka
< 192 ByniBHUIITBO Ta MBUIbHA THXEHEPIs
273 3ani3HAYHUN TPAaHCTIOPT
% 275 TpaHCHOPTHI TEXHOJIOTIT (32 BUIAMH)
[TinroToBKa acmipaHTiB 3IMCHIOETHCS 3a JEHHOIO Ta 3a09HOI0 (DOPMOIO HABYAHHS 32 PaxyHOK
JHepxOrompkery YKpaiHu Ta KOIWITIB (i3UYHUX, IOPpUANYHUX 0cib. Tepmin HaBUaHHS 4 POKU.
Etanu BctynHoi kammanii y 2017 pori:
—  IpuiioM 3asB Ta J0KyMEHTIB — 3 21 cepnHs mo 03 BepecHs 2017 poky;
—  TepMiHHU IPOBEJCHHS BCTYMHUX icnuTiB — 3 04 BepecHs mo 10 BepecHs 2017 poky;

— II0YaTOK HAaBYAaHHS B acmipaHTypi — 2 k0BTHH 2017 poky.

3Bepratucs 3a azapecoro: 49010, Vkpaima, wm. [uimpo, Byn. B. JlasapsHa, 2,
B +38(056) 373-15-63, e-mail: aspirantura_diit@ndch.diit.edu.ua

Dnipropetrovsk National University of Railway Transport named after Academician
V. Lazaryan invites for postgraduate studies in the field of:
¢ 033 Philosophy
051 Economy
073 Management
101 Ecology
122 Computer Science and Information Technology
144 Power System
192 Construction and Civil Engineering
273 Railway Transport
275 Transport Technologies (by types)
Training of postgraduate students in the University is carried out in full-time and
correspondence forms. The standard period of study is 4 years.
Stages of admission to postgraduate school in 2017:
» acceptance of applications and documents — from 21/08/2017 to 03/09/2017;
* timing of entry exams — from 04/09/2017 to 10/09/2017;
* beginning of postgraduate studies —2/10/2017
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49010, Ukraine, Dnipro, V. Lazaryana St, 2, tel.:. +38 (056) 373 15 63,
e-mail: aspirantura_diit@ndch.diit.edu.ua

186



ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Jmss HOTaToOK



ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

HayxoBe Bumanusa

HAYKA TA IPOT'PEC TPAHCHOPTY.

BICHUK JHINPOIMMETPOBCBKOI'O HAIIIOHAJBHOI'O YHIBEPCUTETY
3AJIBHUYHOI'O TPAHCHOPTY IMEHI AKAJJEMIKA B. TA3APSHA
Ne 3 (69) 2017
(yKpaiHCBKOI, POCIHCHKOK Ta aHTJIIHCHKOK MOBaMH)

BigmoBinansHuit 3a Bunyck —A. I. Mupropojaceka
Komn’rotepHe Bepctanus —A. O. Kaipa, O. B. [lomiHoBa
JlitepatypHa o6po6ka —}O. I'. limkaHT

Dopmat 60X 84'/. VM. apyx. apk. 21,86. Tupax 300 mp. 3am. Ne

JAuninponerpoBCchbKUii HANIOHANBbHUN YyHiBepcHUTET 3aJi3HUYHOIO TPAHCHOPTY
imeni akagemika B. Jlazapsana
Aopeca pedakyii, eudoasys:
By Jlazapsna, 2, kim. 267, M. [{ainpo, 49010, Ykpaina
Ten.: +38 (056) 371-51-05
E-mail: lib@b.diit.edu.ua, visnik@diit.edu.ua
Apy:
Bupasuuurso «I'epra», 49000, m. Juinpo, nip. . SIBopHHIBKOTO, 60
CaizourBo cy6’ekta BuaaBHu4oi crpasu cepist JIK Ne 397 Bix 03.04.2001 p.
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Hayunoe usznanue

HAYKA TA NPOI'PEC TPAHCIIOPTY. BICHUK JHINPOINETPOBCBKOI'O HAIIIOHAJIBHOI'O
YHIBEPCUTETY 3AJIBHUYHOI'O TPAHCHOPTY IMEHI AKAAEMIKA B. JA3APSJHA

(HAYKA U IIPOTPECC TPAHCIHIOPTA. BECTHUK JHEINNPOIIETPOBCKOI'O HAIIMOHAJIBHOTI' O
YHUBEPCUTETA KEJE3HOJOPOXKHOI'O TPAHCIIOPTA UMEHU AKAJEMUKA B. JIA3APSIHA)
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