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3D MODELING OF BIOLOGICAL WASTEWATER TREATMENT IN
AERATION TANK

Purpose. The main purpose of the article is to develop a 3D CFD model for modeling the process of biological
wastewater treatment in an aeration tank. Methodology. For mathematical modeling of the process of biological
wastewater treatment in the reactor, taking into account the flow hydrodynamics, geometric shape of the aeration
tank, convective-diffusion transfer of the substrate and activated sludge, a 3D CFD model was built. The model is
based on the three-dimensional equation of motion of an ideal liquid and the equation of mass conservation for the
substrate, activated sludge. The field of sewage flow rate in the aeration tank is calculated based on the velocity
potential equation. The process of biological transformation of the substrate is calculated on the basis of the Monod
model. The splitting scheme was used for numerical integration of the equations of convective-diffusion transfer of
activated sludge and substrate. The splitting is carried out in such a way to take into account the transfer of substrate
(activated sludge) in only one direction at each step of splitting. The calculation of the unknown value of the sub-
strate (activated sludge) concentration is carried out according to an explicit scheme. The Richardson method is used
to numerically integrate the three-dimensional equation for the velocity potential, and the unknown value of the ve-
locity potential is calculated by an explicit formula. Euler's method is used for numerical integration of equations
describing the process of substrate transformation and change in activated sludge concentration (Monod model).
Findings. The software implementation of the constructed 3D CFD model is carried out. A description of the struc-
ture of the developed software package is provided. The results of a computer experiment to study the process of
wastewater treatment in an aeration tank with additional elements are presented. Originality. A new multifactor
3D CFD model has been developed, which allows quick assessing the efficiency of biological treatment in an aera-
tion tank. Practical value. The constructed 3D CFD model can be used to analyze the efficiency of the aeration tank
under different operating conditions at the stage of sketch design of wastewater treatment systems.

Keywords: water treatment; biological water treatment; mathematical modeling; aeration tank; Monod model
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Introduction

To determine the efficiency of biological
wastewater treatment at the design stage of aera-
tion tanks, it is necessary to use special mathemati-
cal models [3, 4, 6]. Nowadays, balance, empirical
and analytical models are most often used to solve
this problem [1-5, 7-17]. But in some cases, these
models cannot provide a reliable result, because
they do not take into account primarily the geomet-
ric shape of the reactor and the process of hydro-
dynamics, as well as a number of other parameters.
In this regard, the problem of the development of
mathematical models that allow theoretical inves-
tigation of the process of biological wastewater
treatment in aeration tanks, taking into account the
most important factors is relevant [1, 2, 6-10].

Purpose

The work is aimed to develop a three-
dimensional CFD-model of the process of biologi-
cal wastewater treatment in aeration tanks. The
model must perform real-time calculation. In addi-
tion, the model should be acceptable for implemen-
tation on low- and medium-power computers.

Methodology

To model the biological wastewater treatment in
the aeration tank the following equations are used:

0S OuS ovS owS
—t—F—+—>=
ot ox oy oz

ax| " ax oy Myay 0z\" 87 )

o0X ouX ovX owX
ot OX oy oz

_of, 0x), 0 aX), 2, 0X).
ox| M ax oy Hyay oz\" 8z )

dx
EZHX_KdX; 3)

ds i)
—=-=X, 4
dt Y )

S

H:umax'rKs'

where K, — extinction coefficient of activated
sludge; t — time; X(x,y,z,t) — concentration of
activated sludge in the bioreactor; S(x,y,z,t) —

substrate concentration in the bioreactor; u, , ,(t)

— empirical parameter; p., — parameter in the
Mono model; Y — empirical parameter; K, — pa-
rameter in the Mono model; u(x,y,z), v(X,Y,2),
w(X,y,z) — components of the water flow rate in
the bioreactor, in the direction of the axes x,y, z,
respectively; p,,p,,pn, —diffusion coefficients,
respectively, in the direction x,y,z; t —time.

Let us note that the diffusion coefficients
Ky My, 1, are different values, but in the scientific
literature there is a significant shortage of data on
their values. Therefore, in practice, the calculations
are carried out under the condition p, =p, =p,.
Determining these parameters experimentally is
a rather difficult task.

For practical use of equations of model (1) —
(4) it is necessary to calculate the non-uniform
flow velocity field in the reactor, i.e. to determine
the parameters u(x,y,z), v(X,Y,z), W(X,Y,z),
under the action of these parameters there is a con-
vective transfer of substrate and activated sludge in
the bioreactor. To calculate the non-uniform flow

velocity field in the bioreactor, we use the
3D equation for the velocity potential:

2 2 2
G
ox* oy oz

u=@, V:E, =E. (6)

OX oy oz

The boundary conditions for modeling equa-
tions are as follows:
— on the surfaces of the building, solid walls,

@zo, ﬁzo, %:0, where
on on on

n — outward normal to a surface;

upper surface:
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at the entrance

_V S=§,, X=

boundary:
oP
on
locity; S;

where V — flow ve-

|n’

in — known concentration;

in’

— atthe boundary of outflow of the building:

P=P0+const,aS 0, 6X =0.
on

on

CFD model. The method of solving the mass
transfer equations from system (1) — (2) will be
considered using the example only for the substrate
transfer equation. The equation for the transfer of
activated sludge has a similar form. The three-
dimensional equation for the substrate transfer
from the system (1) is split into a system of one-
dimensional equations as follows:

os s _of oS

ot ox OX ax

as+avs a as )
ot oy ay 6y

68 avS 6 @

at o 0z\Maz)

Equations from system (7) describe the process
of substrate transfer in the directions of the X, y, z
axes.

The difference equations that make it possible
to solve the system of equations (7) are as follows:

— step 1 for the first equation:

1 1
n+= =
1 + 2 + 2
s"2 _gn Lt Uiy Sij & = Ui jkSicafk
i,j,k i,jk AX
1 1
S 2452 " +S
“Vijk i-1,j,k ik i+1,j.k .
+atp 5 A > ; (8)
AX AX
— step 2 for the first equation:
1 n+1 n+1
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1 AL
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+At],L k . i-1,j,k +At],l i,j.k > i+1, j,k ’ (9)

AX

where u+:_u+|u|; u = :
2 2

—step 1 for the second equation:
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— step 2 for the second equation:
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where v* =—V+|V|; A =—V_|V|;
2 2

— step 1 for the third equation:
1 1

N Sn+E N Sn+2

W ot — W i
i,j,k+1%i,j,k i,j,kYi,j,k=1

At 1. K+ J J J +

Az

n
=Sijx Tt S k4l
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— step 2 the third equation:

1 — n+l — n+l
gl _g™s tV\/i,,-,k+1Si,,-,k+1—Wi,,-,kSi,,-,k
ik = Oijk T4

AZ

n+l n+l
_SI jk Si,j,k+l

A22

, (13)

W
where w :T;

We solve the equation of activated sludge
transfer from system (2) according to a similar fi-
nite-difference scheme. After solving the transfer
equations for X and S, for each difference cell, we
solve equations (3) — (4) using the Euler method.
That is, we determine new values of the substrate
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and activated sludge concentration due to their bio-
logical interaction. Difference expressions have the
form:

S. j,kml:si,j,kn_dt Xi,j,knv
XI j knJrl = XI j kn dt'l'lin,j,kxl j.k
Kq Xirjj,k ;
i,jk max Sir']ij N KS '

Next, in a new time step, we repeat the calcula-
tion of the change in the concentration of substrate
and activated sludge in each difference cell due to
their movement, diffusion and biological interac-
tion.

To construct a local one-dimensional scheme
for solving equation (5), we perform the following
transformations. First, let us present this equation
as:

oP O0*P 0°P 0°P

—= + + , 14
ot ox*t oy? ozt (14)
where t — fictitious time.
Then, we split equation (14) as follows:
oP o°P
— = 15
ot ox? 19
2
r. (16)
o oy
oP %P
—_ = 17
ot oz’ an

The calculated dependencies (Richardson's
method) for determining the unknown value
P based on equation (15) have the form:

Rl ix— Pk
Rl = R Fat =i 'J'sz E—
n n
Rkt P4k . (18)

+at
AX?

The calculated dependencies for determining
the unknown value P based on equation (16) have
the form:

N Rk — Rl
Rl = Pl Fat == Jr I

y

_Pi,nj,k+Piil,j,k (19)
———
Ay
The calculated dependencies for determining
the unknown value of P based on equation (17)
have the form:

+at

p" . —P"
1 L J.k+1 R
Rk =Rl +at— e S
n n
—Rlixt Pi,j,k—l_ 20)

+at
Az®

The calculation according to these dependen-
cies ends when the condition is met:
Pk —Plik| <&, (21)

where ¢ — small number; n — iteration number.
At the next stage we determine the flow veloci-

ty:

I:)i+1,j,k B Pi,j,k _ l:)i,j-¢—l,k B l:)i,j,k

AX ' Ay '
Pi,j,k+1_ Pi,j,k
Az '

FORTRAN was used to encode the difference
equations. The BIO-3K code has been created. To
use it, one needs to specify the following input da-
ta:

— concentration of the substrate entering the
bioreactor and its change over time;

— concentration and consumption of activated
sludge entering the bioreactor and its change over
time;

— dimensions of the bioreactor, its geometric
shape;

— values of Monod model parameters;

— wastewater consumption;

— values of diffusion coefficients.

W=
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BI0O-3K code includes the following subrou-
tines:

SLE3 — velocity potential calculation in the bi-
oreactor;

SLE3 - velocity field calculation in the biore-
actor,;

SLM33 — calculation of the substrate concen-
tration field in the bioreactor and its change over
time;

SL.LM33 — calculation of the concentration field
of activated sludge in the bioreactor and its change
over time;

SL.M33 — calculation of changes in the concen-
tration of substrate and activated sludge in the bio-
reactor according to the dependencies of the
Monod model;

SLEMS — print of the modeling results.

Result of this code is the concentration fields of
the substrate and activated sludge in the bioreactor
and the change of these fields over time.

Findings

The following are the results of solving the
problem of evaluating the efficiency of a biological
reactor for wastewater treatment based on the de-
veloped three-dimensional CFD model. The calcu-
lations are performed on the basis of the following
input data:

S,, =140 mg/l — the concentration of the sub-
strate (BODcomplete) €Ntering the structure;

dimensions of the bioreactor 15mx4mx4m:;

Q,(t)=1353 m®/day — wastewater consump-
tion;
p, =p, =2-10" m?/day ;

Xin =200 mg/l —concentration of activated
sludge entering the reactor;

HMmax =1.04;

K, =100 mg/l ;

K4 =0.055 1/day — coefficient that takes into

account the death of microorganisms;
Y =0.55.

Initial condition: S;, =140 mg/l ,
X;, =200 mg/l — concentration of substrate and

activated sludge in the reactor for the moment of
timet=0.

The following scenarios are considered:

— scenario 1: the reactor operates without addi-
tional elements inside the building;

— scenario 2: inside the reactor there are two
solid plates (calculation area is multiconnected);

— scenario 3: the reactor has three plates, but
they have a gap.

Initial condition: S,, =360 mg/l ,
Xin =200 mg/l . We study the process of substrate

destruction in the reactor over time according to
the Monod model and taking into account mass
transfer.

It should be noted that the calculation of spatial
flow in multiconnected domains is one of the most
complex problems of hydrodynamics.

Evaluation of the bioreactor performance is de-
termined by the substrate concentration at the reac-
tor outlet. Fig. 1-6 show the distribution of sub-
strate concentration in the bioreactor for all scenar-
i0s, where each number indicates the concentration
as a percentage of the maximum concentration in
the calculation area (the time shown in the figures
is dimensionless). The number 99 corresponds to
the maximum value of the concentration in per-
cent. These values are printed in the INTEGER
format, i.e. only the integer value of the real num-
ber is printed. For example, if at some point in the
reactor the concentration is 61.95 %, then the
number 61 is printed. Since the three-dimensional
problem is being solved, the concentration is
shown in different sections of the bioreactor, the
time is dimensionless.

Z

0 X

Fig. 1. Distribution of substrate concentration
in the bioreactor, cross sectiony =2 m, t=0.24
(scenario 1)
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4

0 X

Fig. 2. Distribution of substrate concentration in the
bioreactor, cross section z =2 m, t = 0.24 (scenario 1)

7

0 X

Fig. 3. Distribution of substrate concentration in the
bioreactor, cross sectiony =2 m, t = 0.40 (scenario 1)

V/

0 X

Fig. 4. Distribution of substrate concentration in the
bioreactor, cross sectiony =2 m, t = 0.40 (scenario 2)

The figures show that inside the reactor there is
a significantly uneven distribution of the substrate
concentration, i.e. the process of biological treat-
ment is uneven. The use of plates changes the con-
centration distribution in the structure, which af-
fects the performance of the reactor.

To analyze the performance of the reactor Ta-
ble 1 shows the substrate concentration at the out-
let for the time t = 0.40.

0 X

Fig. 5. Distribution of substrate concentration in the
bioreactor, cross section z=2 m, t = 0.40 (scenario 2)

L3

0 X

Fig. 6. Distribution of substrate concentration in the
bioreactor, cross section y =2 m, t = 0.40 (scenario 3)

Table 1
Average concentration of substrate
at the reactor outlet
Scenario 1 2 3
Concentration 147 mg/l | 128 mg/l | 118 mg/Il

Analysis of data from table 1 shows that the use
of plates makes it possible to increase the perfor-
mance of the biological reactor. That is, we have
the opportunity to control the process of
wastewater treatment in the bioreactor.

Originality and practical value

A three-dimensional CFD model has been de-
veloped to model the process of biological
wastewater treatment in an aeration tank. The po-
tential motion model was used to calculate the flow
velocity field in the aeration tank. The process of
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substrate and activated sludge transfer was deter-
mined based on the mass transfer equation. The
Monod model was used to calculate the biological
treatment process.

The constructed model can be used at the stage
of sketch design of structures for wastewater

Conclusions

The article considers an efficient CFD model
that allows you to quickly calculate the process of
biological wastewater treatment in the aeration
tank, in particular in the presence of additional

plates in the middle of the reactor. To solve the

treatment. problem, the fundamental equations of continuum
dynamics are used.
In the future, it is planned to develop a three-
dimensional CFD model based on the
Navier—Stokes equations.
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3D-MOJAEJIIOBAHHSA BIOJIOT'TYHOI'O OYUIIEHHS CTIYHUX BO/JI
B AEPOTEHKY

Meta. OCHOBHOIO METOIO CTaTTi € po3podka Tpusumipuoi CFD-momerni s MozenoBaHHs mporecy 0ioJoriu-
HOTO OYMIICHHS CTIYHMX BOJ B aepoTeHKy. MeToauka. [ljis1 MaTeMaTHYHOTO MOJICIIIOBaHHS Npoliecy 010JI0rYHOTO
OUMIIEHHS CTIYHUX BOJ y PEAKTOpi, 3 ypaxyBaHHSAM TiAPOJMHAMIKH MOTOKY, T€OMETPHUYHOI ()OPMHU aepoTEHKA,
KOHBEKTHBHO-TU(Y3IHHOTO TEPEeHOCY CyOCTpaTy Ta aKTHBHOTO MyIy, HoOymoBaHo TpuBuMipHy CFD-monens.
B ocHOBY Mopeni MOKIageHO TPUBHMIpPHE PIBHSAHHS PYXY i€abHOI PIAMHU Ta PIBHSAHHSA 30€pe)KEHHS MacH It
cyOcrpaty ¥ akTuBHOTO MYyJy. Ilose MIBHIKOCTI MOTOKY CTIYHHMX BOJ B a€pOTEHKY pO3paxoBaHO Ha 0a3i piBHSIHHSA
U TIOTEHIIIATY MBUIKOCTI. [Iporec 6i070Ti9HOTO MepeTBOpeHHs cyOCcTpaTy po3paxoBaHo Ha 0a3i Momer Monod.
JIyist unCeNbHOTO 1HTErpyBaHHs PiBHSIHb KOHBEKTHBHO-AM(Y31HHOrO MEPEHOCY aKTHBHOTO MYIy Ta cyOCTpary BH-
KOPHCTaHO CXeMY po3lIeruleHHs. Po3liensieHHs 31HCHeHO Tak, m00 Ha KOXXHOMY KpOIli BPaxOBYBaBCs IIEPEHOC
cybcTpaTy (aKTHBHOTO MYJly) JIMIIE B OJHOMY HanpsiMKy. Po3paxyHOK HEBiZIOMOT BEJIMYMHHU KOHIIEHTpalii cyocTpa-
Ty (aKTUBHOTO MYJly) BUKOHAHO 3a SIBHOIO cxeMoo. [1iJ] yac 4ucenbHOro iHTerpyBaHHs TPUBUMIPHOTO PIBHSHHS JUIs
MOTEHITialTy IIBUAKOCTI BUKOPHCTAHO MeTo ] Pidapcona, po3paxyHOK HEBIJOMOTO 3HAYSHHS MMOTEHIliaTy IIBUAKOC-
Ti 311HCHEHO 3a SBHOIO (hOPMyII0I0. J{JIsl YHCEebHOTO IHTETPYBaHHS PiBHSAHB, III0 ONMHUCYIOTH MpoLec TpaHchopmartii
cyOctpaTy Ta 3MiHY KOHLEHTpalii akTUBHOro Myiny (Monens Monod), Bukopucrano wMeron Eiinepa.
PesyabraTn. 3ailicHeHo nporpamHy peainizaiiro nodynosaHoi TpusuMipaoi CFD-moneni. Onucano cTpyKTypy po-
3pobneHoro makery nporpam. [logaHo pe3ynbTaTH NPOBEAEHOTO KOMITIOTEPHOTO €KCIIEPUMEHTY 3 JOCIHiIKEHHS
NIPOLIECY OYMIIECHHS CTIYHMX BOJI B a€POTEHKY 3 JOAATKOBUMHU eneMeHTamu. HaykoBa HoBu3Ha. Po3pobieHo HOBY
OararodakTopny TpuBuMipHy CFD-Monens, 1110 103BoJIs€ MIBUAKO OMIHUTH €()eKTUBHICTH 010JIOTIYHOTO OYHIICHHS
CTIYHMX BOJ B aepoTeHKy. IIpakTuyna 3Haunmicthb. [ToGynoBana CFD-Monens Moke OyTH BUKOpUCTaHa JUIsl aHa-
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73y e(eKTUBHOCTI pOOOTH aepPOTEHKY 3a PI3HHX yMOB CKCIUIyaTamii Ta Ha €Talli €CKi3HOTO MPOEKTYBAHHS CHCTEM
OYHILIEHHS CTIYHUX BOJ.

Knrouosi cnosa: ountieHHs BoaM; 010JIOTIYHE OYMIICHHS BOJIM;, MaTeMaTHYHE MOJEIIOBaHH:; aepPOTEHK; MOJIENb
Monod
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3D-MOJIEJJMPOBAHUE BUOJIOT MYECKON OUNCTKA CTOYHBIX
BO/I B ADPOTEHKE

Heas. OCHOBHOI LENBIO CTaTHH SABIACTCH pa3paboTka TpéxmepHoit CFD-Momenn 1t MOAETHPOBAHUS TIPOIIEC-
ca OMOJIOTHYECKOW OYHCTKH CTOYHBIX BOJ B adpoTeHKe. Meroauka. s MaTeMaTHUECKOTO MOJIEIUPOBAHHS MIPO-
1ecca OMONOTHYECKON OYMCTKM CTOYHBIX BOJ B PEAKTOpe, C y4eTOM THAPOJMHAMUKH IMOTOKA, T€OMETPHUYECKON
(OpMBI a3pOoTeHKa, KOHBEKTHBHO-AM((GY3MOHHOTO MepeHoca cyocTpaTa M aKTHBHOTO MJa, IIOCTPOCHA TpEXMepHast
CFD-mozenb. B ocHOBY MO/ieNn MOJIOKEHO TPEXMEPHOE YPaBHEHHUE JIBMXKEHHUS UICANIBHO JKUIIKOCTH M YpaBHEHHE
COXpaHEHMS Macchl UL cyOcTpaTa ¥ akTHBHOTO Hia. [Tojie cKopoCTH MOTOKa CTOYHBIX BOJ B a3POTEHKE PACCUUTAHO
Ha 6a3e ypaBHEHHs AJIs IOTEHIMaNa CKopocT. IIpomecc 61onornyeckoro mpeBparieHns cyocTpaTa pacCUuTaHoO Ha
6aze mozenn Monod. J[J1si YMCIEHHOTO MHTErPUPOBAHUSI YPAaBHEHUI KOHBEKTUBHO-IN((PY3UOHHOTO MepeHoca ak-
THBHOTO WJIa M CyOCTpaTa CIOJIh30BaHA CXEMa pacIielUIeHns. Paciieruienrne oCymecTBIeHO TaK, YTO0BI Ha KaKIOM
[Iary yY9uTHIBaJCS IMEPEHOC cyOcTpara (aKTHBHOTO HIIa) TOJNBKO B OJHOM HAaIlpaBleHUH. PacdeT HEM3BECTHOW BENH-
YHHBI KOHIICHTPANH cyOcTpaTa (aKTUBHOTO HJIa) OCYIIECTBIICH I10 SIBHOHM cxeme. J[Jis YiCIeHHOTO0 HHTETPUPOBAHUS
TPEXMEPHOT'O ypaBHEHUS IS TIOTCHIIHAIA CKOPOCTH HCIONB30BaH MeToJ] PryapicoHa, pacuer HEM3BECTHOTO 3HA-
YeHHsl TOTCHIIMANa CKOPOCTH OCYIIECTBJICH MO sSBHOW (opmyne. sl YUCIEHHOTO HWHTETPHUPOBAHUS ypaBHEHUH,
OTIHCHIBAOIINX TpoIlecc TpaHcopMarun cyOcTpaTa 1 M3MEHEHNE KOHIICHTPAIIMH aKTUBHOTO Mia (Moaens Monod),
HCTIONB30BaH Metox Oinepa. PesyabTaThl. OcyliecTBieHa MporpaMMHas peaan3anus MOCTPOSHHON TpEXMepHOit
CFD -mogenu. Onucana cTpyKTypa pa3paboTaHHOro makeTa nporpamm. IIpeacraBieHbl pe3yIbTaThl IPOBEACHHOTO
KOMIIBIOTEPHOTO 3KCIIEPUMEHTA 0 HCCIIEIOBAHMIO MPOIECCa OYUCTKHU CTOYHBIX BOJ B a3POTEHKE C JOTOJIHUTEIb-
HeIMH dyeMeHTamMu. HaydHasi HoBH3HA. Paspaborana HoBas MHorogakrtopHas tpéxmepnas CFD-monens,
MO3BOJISIIOIIAST  OBICTPO  OLEHHUTH A(PGEKTHBHOCTE OMOIOTHYECKON OYHCTKHM CTOYHBIX BOJX B a’pOTEHKE.
[pakruyeckas 3HaYUMOCTh. [locTpoerHas CFD-Moens MoKeT OBITh HCIIONIB30BaHA JIUIS aHAMN3a YPPEKTHBHO-
CTH PaboThl adPOTEHKA MPHU PA3INYHBIX YCIOBHUIX KCIUTyaTallMM M Ha dTalle SCKU3HOTO MPOEKTHPOBAHUS CUCTEM
OUYHCTKH CTOYHBIX BOJI.

Kniouegvie crosa: ouncTka BOJbl; OMOJIOrHYECcKasi OYMCTKA BOJBI, MAaTEMAaTHUECKOE MOJAEINPOBAHHUE; adPOTEHK;
mozens Monod
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PE3YJIBTATBI U IEPCIIEKTUBbI PA3SBUTHUS BEJIOPY CCKO-
KUTAHCKOI'O COTPYJHUUYECTBA «3KOHOMUWYECKHI MOSC
HIEJIKOBOI'O ITYTHW»

ean. Hanbonee rpaHino3HBIM SKOHOMHYECKHM U T€OTIOJUTHYECKIM NTPOCKTOM B HACTOSIIIEE BPEMS SIBIISCTCS
nHAIMaTHBa «HOBBIH MIETKOBBIN ITyTh», KOTOpPast MOXKET PaJUKaIbHBIM 00pa3oM MOAN(HIMPOBATH TPAHCIIOPTHBIC
U JICHEXKHBbIE MOTOKHU B EBpasun u Bo BceM Mupe. OHa BKIIOYaeT NPOEKThl « JKoHOMu4Yeckui nosc IlIénkosoro mytu»
u «Mopckoii ménkoBbii myTh XXI Beka» U mpeanoiaracT Co3aHue OOIUPHON HHPPACTPYKTYPHOU CETH MO MyTH OT
3anaaHbIx rpaHull Kutas uepes crpansl LlentpansHoit Asun u Hpan B EBpomny. [loaToMy 1enbro naHHON paGoOTHI
SIBJISIETCST OAPOOHOE Pa3HOCTOPOHHEE M3YyUeHHE U aHAU3 Pa3BHTHs OEIOpyCCKO-KUTalCKOrO COTPYAHHYECTBA
o MHpoexTy «ODkoHoMmHuueckuil mosc IllenkoBoro myTu», a Takxke OIpeAesIeHHE AJbHEHUIINX ero NepCleKTHUB.
Metoauka. B npouecce ucciae10BaHUs UCIIOJIb30BaH CTATUCTUUECKUH, TEPPUTOPUAIBHO-OTPACIIEBOM U PETPOCIIEK-
TUBHBIHA aHANN3 (PYHKIIMOHHUPOBAHUS SKOHOMHUYECKUX cucTeM. Pe3yabrarhl. Pecriybiuka benapycek crana BaxxHen-
IIMM 3B€HOM B CO31aHNH «DKOHOMHUYecKoro nosica lllenkoBoro myti». OHa 00nagaeT yHUKaJIbHBIM IeorpadmueckKumM
MPEUMYIIECTBOM M YPE3BBIUAIHO yJOOHBIMH 3KOHOMHYECKHMHU M KyJIbTYPHBIMU YCIIOBHSAMH, OyqydH KITIOYEBOH
crpanoit B Boctounoit EBpone, Haxoasich Ha cTbike EBponelickoro Coro3a n EBpazuiickoro 3kOHOMHU4€CKOI0 CO03a,
MIPUBJICKAET Pa3BUTON TPAHCIIOPTHOW MH(PACTPYKTYpOH, BEICOKMM ypOBHEM 00pa3oBaHUsS U NpodeccrnOHaIbHBIMU
pecypcamu. [Ipoext «HOBBIH IEIKOBBII ITyTh)» OPUEHTUPOBAH B IEPBYIO OUEPE/Ib Ha JKEJIE3HOAOPOKHOE COOOIIEHHE.
OcHoBHo norennman st PecrryOnmkn benapyck B TpaH3UTHBIX EpeBO3KaxX — MCHOIb30BaHNE KOHTEHHEPOB ((pak-
THUYECKH €MHCTBEHHOT'O crocoba TPaHCIIOPTHPOBKU TOBAPOB B eBpasuiickoM TpaH3ute). HayuHass HoBu3Ha. Ha
JIAaHHOMW CTaJMW Pa3BUTHS [IPOEKTA MOCTPOSHHE MOJIHOMACIITA0HOW (DYHKIMOHAIBHOW U 3(PEKTUBHOM MoaenH st
MIPOTHO3UPOBAHUS PE3yJIbTATOB PEaM3alUU KOHKPETHOTO TOANPOEKTa HEBO3MOXKHO. OJHAKO HAa COBPEMEHHOM
JTane HAy4YHYI0 HOBH3HY TMPEJICTAaBISET TaK Ha3blBaeMas «IIOCTAaHOBKA 3aJadM» HA OCHOBE IIOJYYEeHHBIX
QHAUTHYECKUX JAaHHBIX. OHU TO3BONSAIOT ONPEACIHTH CYUIECTBYIOIIME MPOOJIEMBbI NMPH pealn3allii MPOeKTa,
c(hOpMyIHPOBaTh BO3MOXKHBIE PEIICHHUS M UCTIONIb30BATh UX IIPU MPOBEAECHUH SKOHOMHYECKOTO aHaIn3a 3P QeKTHB-
HOCTH JIPYTHMX MEXIYHApOAHBIX HMPOEKTOB AHAJOTMYHOTO THMA (PEIICHUs aHAJIOTHYHBIX 3KOHOMHYECKHX 3aj]adq).
IIpakTHyeckasi 3HAYUMOCTb. PacCMOTpEHBI IEPCIEKTUBBI U CIOKHOCTH PAa3BUTHUS MEPEBO30K YCKOPEHHBIMU KOH-
TEeHHEPHBIMH IT0€31aMH TOBapoOB U Tpy30B m3 Kuraiickoit Hapoanoit Pecnyonmuku (KHP) B Pecrybnuky Bemapyce.
[t mpeoonenus aucobanaHca BO BHEIIHEH Toproeie ¢ Kntaem npeuioskeHbl Mephl 10 PEIIeHNI0 3TOH MPOOIIEMBI,
yZIeJIeHO BHUMaHHE TPOEKTY CTPOUTENBCTBA BHICOKOCKOpOCTHOH Maructpanu (BCM) «EBpasus», KoTopasi JoJKHA
coequanTh Kuraii ¢ 3amagHoit EBpormoii wepe3 Poccuro n benapycs.

Kniouesvie crosa: benopycckas xenesnas nopora (bXK/1); HoBbril mienkoBbIl MyTh; YCKOPEHHBIE KOHTEHHEPHBIE
noesna; Kurait; «BEJIMHTEPTPAHC — TpaHCIOPTHO-TOTHCTHYECKHUI LIEHTP»; IKCIOPTHPYEMBIE TOBAPHL; UMIIOPT
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BBenenue

CeromHss MEXAYHApOAHOE COTPYAHUYECTBO
HUMeEeT OIPOMHOE 3HaUCHHE IS BCEX OTpaciel roc-
yIAapCTB — OT YX€ TNPUBBIYHOW MEXTyHapOTHOU
TOPTOBIIM 10 KOOPAWHALIMN MEXAYHApOAHBIX TPO-
€KTOB M Pa3pabOTOK B 00IACTH MHTEIEKTYaTbHBIX
TEXHOJIOTHH, MenuiuHbl. ONHAKO C MO3ULUHU KO-
HOMMYECKOT0 Pa3BUTHSA MEXAYHapOJHOE COTPY-
HUYECTBO HEOTHEMJIEMO CBSI3aHO C TPAHCIIOPTOM,
Toprosieit u moructukoid. Cpean rocygapcTB-4iie-
HOB EBpa3suiickoro 3KOHOMHYECKOro corsa Pec-
nybnuka Benapych 3aHMMaeT 0COOEHHOE MeECTO,
YTO CBA3AHO IIPEXKJIE BCErO C €€ BHITOAHBIM Ieorpa-
¢dudeckum nonoxeHrneM. MlcTopuuecKku CIoKuIoch
TakK, YTO CTpaHa HaXOJUTCS Ha ITepeceyeHNH OCHOB-
HBIX TOPrOBBIX IIyTEHl, a 3HAYUT — U B LIGHTPE TOP-
TOBO-’KOHOMUYECKHUX OTHOILIECHUA W HHTEPECOB
ctpan Boctoka u 3anagnoit EBpomnsl (B 4acTHOCTH,
ctpan EC).

HecmoTtps Ha oTCyTCTBHE BBIXOJAa K MOPIO, YTO
aBTOMaTH4ecKH npuuuciser bemapycs k unciy es-
poreiickux rocynapctB 6e3 JOCTyna K KIIOYEBBIM
TOPIrOBBIM IOpTaM, peclyOsinka pacloyokeHa Ha
[IEPECCYECHNH BAXKHEHIIUX TPAHCIOPTHBIX KOPUAO-
POB, 4TO O0YCJIaBIMBAET €€ POJib B PETHOHAILHON
U MEXIYHapOJIHOI TOProBie.

B ycnoBusIX CHIKEHHMS SKOHOMHUYECKOI'O pOCTa
MHUPOBOH 3KOHOMHUKHM [yt PecnyOnmuku benapych
Ba)XHO OTBICKaTh HOBbIE (POPMBI COTPYIHUYECTBA
u chopMHPOBAaTH COOTBETCTBEHHBIE MEXaHH3MBI
OKOHOMUYCCKOI'0 pa3BUTH. OILHI/IM M3 TaKHX IICp-
CIICKTHBHBIX HaHpaBHeHI/Iﬁ COTPYAHHUYECCTBA
B HACTOSILEE BPEMs SIBISAIOTCS aKTUBHO Pa3BHBAIO-
mecs oTHoteHus Pecrryonku benapycs ¢ Kuraii-
ckoit Haponnoit Pecniy6onukoii. [IpencraBurenu ku-
TAfCKOro JIeJIOBOrO COOOIIECTBa HEOIHOKPATHO
MOJYEPKUBAJIH, YTO OHHU paccMaTpuBaroT benapycs
KaK BaKHYIO COCTaBJISIIOIIYIO TPOEKTa CTPOUTENb-
crBa HoBoro 1mieskoBoro myT# — rao0aibHOro 9KOo-
HOMUYECKOTO ITPOEKTa, UMEIOLIETO «OTBETBICHUS
B 00J1aCTH TOPTOBIH, TPAHCIIOPTA, IOTUCTHUKH U CO-
THUaJIbHBIX OTHOIIIEHHUH.

Hean

Benuknii ménkoBelil MyTh C APEBHOCTU HU3BE-
CTEH KaK OJIMH U3 II100aJIbHBIX TOPrOBBIX IIyTEH, CO-
equHsaBIIMX BocTok u 3amajn, v cudraics KpaiiHe
BOCTPE0OOBaHHBIM, HO BBH]LY PA3JIMYHBIX UCTOPHKO-

SKOHOMHUYECKUX 00CTOSITEIHCTB CO BpEMEHEM yTpa-
THI CBOIO 3HaumMocTh. B 2013 r. mpexacemarens
KHP Cu LI3nHbIINH BEICTYITIII C MHUITHATHBOMN BO3-
POIUTH ATOT MPOCKT HA OCHOBE KoHIenmu «OnuH
osic, OJIMH myTh». Pecrydnuka benapychk sBisercs
AKTUBHBIM YYAaCTHUKOM JAHHOTO MEXIYHAPOIHOTO
mpoekTa. [loaToMy 1enpro HacTosmeH padoTHI sIB-
nseTcss ToApoOHOE Pa3HOCTOPOHHEE H3ydYCHUE
Y aHaMM3 Pa3BUTHA OEIOPYCCKO-KHTAWCKOTO CO-
TPYAHHUYECTBA TIO MPOEKTY «DKOHOMUIECKHH TIOSIC
[lenxoBoOro myTH», ONpecicHUE TATbHESUIIINX ero
MIEPCIICKTHB, a TAK)KE BBISBJICHUE HA OCHOBE aHAJIH-
TUYECKHUX JAHHBIX CYIIECTBYIOIIMX MPOOIeM (Kak
YHHUKAJIBHBIX JIJIS TAHHOT'O TPOCKTA, TaK M OOIIUX,
BapUaHTHl PEUICHUS KOTOPBIX MOTYT OBITH aKTy-
ANBHBI U IS APYTUX aHAIOTUIHBIX IPOCKTOB).

MeTtoauka

s onpenencHusi ypoBHS pa3BUTHs Oeopyc-
CKO-KUTalCKUX OTHOUIEHUWH MO  pa3Iu4yHbIM
HaIpaBIEHUSM 3KOHOMHKO-COLUANBHON NIEATEeNh-
HOCTH, BXOISIIMM B 00JIaCTh JACHCTBHS IIPOEKTAa,
WCTIONB30BaH CTAaTUCTHUECKHUH, TEPPUTOPHAIBHO-
OTpacIieBOil U PETPOCTIEKTHBHBIN aHaNH3 (HYHKITHO-
HI/IpOBaHI/ISI 3KOHOMHUYCCKUX CHUCTCM. HpI/IMCHeHI/Ie
PETPOCIIEKTUBHOTO aHAIN3a IMO3BOJISIET Ha OCHOBA-
HUU TIOJYYECHHBIX aHAINTUYECKUX NAaHHBIX CMOJE-
JIUPOBATh MOBE/IEHNE CYyOBEKTOB paccCMaTpUBAEMON
SKOHOMHUYECKON CHUCTeMBI (B JTaHHOM CiIy4dae —
y4aCTHUKOB TpoekTa «OJIUH TOSC, OJUH IyTh»)
U JalbHEeHIe NepCIeKTUBBl UX PAa3BUTHS, MUHH-
MU3UPOBAB MPU 3TOM TpeOyeMbie 3aTpaThl BCEX BU-
JIOB PECYPCOB.

Pe3yabTarbl

HoBbIi mm1e1K0BBIH ITyTh OPUEHTHPOBAH Ha (op-
MHpPOBaHHUE TOPrOBO-3KOHOMHUYECKOTO M TpaHC-
MOPTHOTO  KOPHUIOpPa, CBs3bIBAaIOIIEro Ooiee
60 ctpan LenTtpansHoii A3un, EBporner u Adpukn.
[IyTh BKIIIOUAET /1Ba HANPABIICHUS peaTu3aluu: Cy-
XoIyTHOe — «OkoHoMHueckuid mosc Ll&mxoBoro
nytu (OIILUIT)» u BogHOE — «MOPCKO MIETKOBBII
myTh XXI Beka». «OxkoHommueckuit nosgc L&mko-
Boro nytu (OIIIIT)» Bener B EBpony 1o cymre ve-
pe3 Llentpanenyro u FOro-3anagnyro Asuro. «Mop-
cKoll menkoBbld MyTh XXI Bekay MpoXOAHUT uepes
IOxn0-Kuraiickoe mope n MHauiickuii okeaH, cBA-
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3piBast [lexun ¢ Jluccabonom [8—11]. Muccus ku-
TalCKOM CTpaTErnuIeCKOd HMHAIHATHBEI — COTM3UTH
Aszwuro u Espomy.

Hospriit menkoBeiii myts (HILIT) npeamonaraet
pa3paboTKy M CTPOUTENHCTBO OOJNBILIOTO KOJIWYe-
cTBa HHPPACTPYKTYPHBIX OOBEKTOB: JKEJIE3HBIE J0-
pOTH, aBTOTPACCHI, DIEKTPOCTAHIMA U WHIYCTPH-
anbHble Tapku. HazHaueHne naHHOro Mex1yHapo/I-
HOTO NPOEKTa COCTOUT HE TOJBKO B TOM, YTOOBI BbI-
CTPOUTH caMble YIOOHBIE M OBICTpBIC TPAH3UTHEIE
MapuipyTel yepe3 LeHTp EBpasum, HO U B TOM,
9T00OBI PE00JIeTh HecOaTaHCHPOBAHHOCTH B 3KO-
HOMMYECKOM Pa3BUTHU BHYTPEHHUX PETMOHOB K-
Tas (3amaJHbBIX U CEBEPO-BOCTOYHBIX MPOBUHIIMI)
U COCEIHMX CTpaH, a TaKKe OINpEeAeTIUTh HOBBIE
PBIHKHU COBITA U1 KUTAWCKUX TOBAPOB.

PecriyOnmka bemapyche sgBIsSeTCS  BaKHBIM
TPaHCIIOPTHBIM y3510M B EBporne 11 « 9koHOMUYe-
ckoro nosca lllenkoBoro myTn», HaXOHACh MEXAY
BoctokoMm u 3anagoM. B konue 2014 roga Munun-
crepcTBO 3KOHOMMKHM Pb nognucano ¢ Munucrep-
ctBoM kommepuuu KHP nportokon o corpynHuue-
ctBe. Takum 00pazom, OBLIO TIOJIOKEHO HAYaIIO B3a-
WMOBBITOTHOMY TapTHepcTBy PecnyOnmuku bena-
pycb u Kuras B  pamkax  cTpaTeruu
«9xoHomuueckuil nosic llenkoBoro mytu». 29 cen-
1a6pst 2016 roma Mexay mpaBUTENsCTBaMH bena-
pycu u Kutast B mpHCYTCTBHH TJiaB 00OMX TOCY-
JapcTB BO BpeMs ournanpHOTo BudnTa 28—30 cen-
1a6pst [Ipesunenra Anexcannpa Jlykamenko B Ku-
Tail cocrosuoch noanucanue «Kommmekca mep mo
COBMECTHOMY MPOJBI)KEHUIO CTPOUTENIHCTBA KOH-
uenuuu «OAMH N0SC, OOUH IIYThY», YTO CHOCOOCTBO-
BaJIO BBIBEACHUIO OEI0PYCCKO-KUTAHCKUX OTHOILIE-
HUA Ha  HOBBIA  ypoBeHb. BnocieacrBuu
16 mas 2017 roga B IlekuHe B X01€ MEPONPUITHIA
MexayHaponHoro ¢opyma «OnuH mosIc, OOUH
MyTh» OBLIO 3aKIIIOYEHO corjamenne Mexnay [lpa-
BuTenscTBOM Pecrybnuku benapycs u [IpaBurens-
ctBoM Kuraiickoit HapomHoii Pecrrybmuku o pa3su-
THU MEXIYHAPOIHBIX T'PY30BBIX MEPEBO3OK M CO-
TPYJHUUECTBE B peajM3alMd KOHIEMNIMU CTPOH-
TeIbCTBA «IKOHOMHYeckoro mosica IllenxoBoro
myTu». JlaHHBIA JOKYMEHT CIIOCOOCTBYET COBEP-
IIIEHCTBOBAHUIO COBMECTHOM JeSITETFHOCTH B 00Ia-
CTH OpraHM3allM NEPEBO30K IPY30B U YIYUIIEHHUIO
KadecTBa padOTHl JIOTUCTUYECKUX IIEHTPOB, HAXO-
JSIINXCS Ha TEPPUTOPHH 00ErX CTPaH.

ITepeBo3ku B pamkax HoBoro meénkoBoro mytu
OCYIIECTBISIIOTCA B OCHOBHOM B 20- u 40-(hyTOBBIX

KOHTeNHepax. Mcnonb3oBaHWE KOHTEWHEPOB IpHU
MAaCCOBBIX IIEPEBO3KAX I'PY30B UMEET Al IPEUMY-
IIeCTB, TaKWX Kak oOecleYeHne COXPaHHOCTH
rpy3a, CTaHJApPTHHIE Pa3Mephl, 3KOHOMHMSI BPEMEHU
HAa BBITIOJIHEHHUE MOTPY304HO-Pa3rPy30uHBIX padoT,
YHUPHUIIMPOBAHHOCTh TPAHCIIOPTHOW JOKyMEHTa-
LA U ONTUMU3ALHNS COCTABIEHUS JOTUCTUUECKUX
CXEM.

PazBuTne mnepeBO30K KOHTEHHEPHBIMHU I0O€3-
Jamu B coobmiennn ¢ Kutaem sBisiercs mis bXKJ[
CTpaTerMuecKMM ¥ MHOTOOOCIIAIONIUM HarpasJie-
HueM. CyOCHIUpOBaHHE CO CTOPOHBI KHTAHCKHX
BJIACTEN SKCHOPTHBIX KEIE3HOIOPOKHBIX IEPEBO-
30K SIBJSIETCSI OCHOBOHM OEIIOpYCCKO-KUTAMCKHUX
BHEIIIHEAKOHOMUYECKUX OTHOIIEHUN. IlepeBo3ku
¢ Kuras BRIIONHSIOT O IBYM BEAYIUM HaIlpaBJie-
HUSM: TPAH3UTHBIE MEPEBO3KU YCKOPEHHBIMHU KOH-
TeitHepHbIMH TIoe3gamMu 1o BXKJ[, a Taxxe s3kc-
MOPTHO-UMIIOPTHBIE HEPEBO3KU MPOMBIIICHHBIMU
npeanpuatusmMu benapycu Ha OCHOBaHUM MOJIU-
CaHHBIX BHEITHEAKOHOMHUYECKUX KOHTPAKTOB [1, 3—
5, 7].

Crpoc Ha Kene3HOIOPOKHbIE NepeBO3ku u3 Ku-
Tas B benapyce He cHM)KaeTcs Ha MPOTSHKEHUH MHO-
rux jer. Hanbomnbiliee BHUMaHUE JOCTaBKE IPy30B
[0 JKEJIE3HOM AOpOore Havaju YIEHSITh C ampens
2016 roga B CBsI3U ¢ HAYAJIOM KypPCHUPOBaHUS YCKO-
PEHHBIX KUTaWCKuX 10e310B. IlepeBo3ku Tpy30B
B KOHTEHHEpax 3aHUMAIOT IEPBOE MECTO MO MOILy-
JIAPHOCTH CpeIy TPOYUX CIOCOOOB TPaHCIOPTH-
POBKH I10 5KEJIE3HOU JOpOTe.

Y CKOpPEHHBIM KOHTEWHEPHBIA O3] — 3TO HC-
KJIFOUUTETIbHBIE CPOKH U YCIIOBUS AOCTAaBKH TOBa-
pos u rpy3os u3 KHP B Pecnybnuky benapycs. On
rapaHTupyeT HanboJee MPUEeMIEMOe COOTHOIICHUE
LIEHBI U CPOKOB MEPEBO3KHU. ITO OTJIMYHBIN BapUAHT
Ul KUTAUCKUX KOMIAHWM, KOTOPBIM HY>KHO
OBICTPO M KaYECTBEHHO MEPEBE3TH 000PYI0BaHUE,
MaTepuangsl U JApyTHe Tpy3bl AJS ONpeAesieHOTro
npoekTta. Hanpumep, B 1aHHBIII MOMEHT 3TO aKTy-
albHO B paMKax YCTPOMCTBAa HHAYCTPHAIBHOTO
napka «Benukuit Kamensy. Takoke 11s )xene3Ho10-
POXKHBIX NEPEBO30OK XapaKTEpHA HANEKHOCTb, UYTO
SIBJIIETCS] BaXKHBIM MPEUMYILECTBOM. Y CKOPEHHBIE
KOHTeWHepHbIE 1moe3/ia Uyt 0e3 nepedopMupoBa-
HUS U C MUHUMYMOM OCTaHOBOK B IIyTH CIJI€JIOBa-
HUSI, TEM CaMbIM O0ecIieunBasi CKOPOCTh JOCTABKH
TOBapa MOKYIaTelko.
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B 2017 rony obpa3zoBaics cepBUC YCKOPEHHBIX
moe3noB Kurait — EBpoma — Kuraii, koTopslii 61a-
COMOJIYYHO PEAIN3YETCS B TCUEHUE MOCIECIHUX JIET.
B suBape Toro *xe royia ctapToBan yCKOPEHHBIN KuU-
TalCKuii moe3 1 mo HoBoMy Mapupyty Yanpma (Ku-
tait) — Komsamuan (benapycs). Y HUKaIbHOCTB 3TOTO
[oe3Ja COCTOsIa B TOM, YTO OH JEJiajl OCTAHOBKY
Y BBITPY3KY I'py30B B MuHcke. [ maBHOE mpenmyiiie-
CTBO JAHHOrO IOE3[a 3aKJII0Yalioch B CPOKax JO-
CTaBKHU — Bcero 16 gHeM, BCaeACTBUE TOT'O, YTO I10-
e3n men 6e3 octanoBok U3 Kuras no Komsauueii.

C 2018 roga yckopeHHbIE KOHTCHHEpHBIE TMO-
e3na u3 benapycu HanpapisuMch B Tpu ropoaa Ku-
tast: Yynnun, Cuanb U YxdHWKOY, a 2 ampens
2019 roga B pamMKax pa3BHTHS JKEJIE3HOAOPOKHBIX
rpy30BEIX TepeBo30ok Kutait — EBpoma ObLT 3amy-
IIEH MapHipyT, COCIUHSIONIMNA TOPTOBBIA TOPOJ
Hunnao B npoBuniuu [lansays Ha BocToke Kutas
u croiuny bemapycu MMHCK W BKIIOYAIOLIWAN
90 craHmapTHBIX KOHTEHHEPOB C JETAIAMH IJis
JIBUTATEJICH, COJHEYHBIMU MOIYJISIMU U IPYTHMH
ToBapamu. HOBBIM MapLIpyT cTal 4acThlO CETH
MyJIbTUMOJAIBHBIX NEPEBO30K C ropoaa Llunnao.
K HacTosIeMy BpeMeHH ¢ 3TOT0 ropojia OTKPHITHI
MapHIpyThl CMEIIAHHBIX [IEPEBO30K, CBA3BIBAIOIIHEC
Kuraii ¢ HentpansHoii A3ueit, Monronueii u Espo-
oM.

OcHOBHas 4acTh KOHTEWHEPHOTO TpaH3UTa IO
0enopyCcCKON TEPPUTOPUH MPOXOIUT 110 MAPIIPYTY
OcunoBka — Opmia — bpect. 3aeck HaXOAUTCS KpyII-
HEUIUH meperpy304Hbid yuacTok. OCHOBHOE WH-
(dpacTpyKTypHOE OrpaHHYCHUE JUIsI TEPCICKTUB-
HOT'O POCTa TPAHCHEBPA3UICKOr0 TPAH3UTA — HENO-
CTaTOYHBIE TPOIYCKHBIE W TiepepadaThIBArOININE
MOIIIHOCTH TOJIbCKUX JKEJIE3HBIX JOPOT, BKIIIOYas
MMyHKTHI TPOMYCKa Ha OeIOpYCCKO-TOIBLCKON Tpa-
Hune. Hanbonee WMHTEHCHBHBIA TpapuK KOHTEWH-
HEpPHBIX M0E3/10B XapaKTepeH I MOrpaHIIepexoa
Bpect (benapycs) — Manamesuye (Ilonpmia). Yepes
HEro MPOXOJST MPAKTUYECKU BCE MapLIPYTHI, CBS-
3pBarorue Kutait u EC. C yueToMm Texymiero co-
CTOSIHUSL UH(PACTPYKTYPHI, JIOKOMOTUBHOTO M Ba-
FOHHOTO MapkoB B Ilosblie cyliecTBEHHBIA POCT
KOHTEHWHEPONOTOKa uepe3 nepexon bpect — Mana-
IICBUYE BUAMTCS YPE3BBIYANHO MTPOOIEMHBIM.

B kauecTBe pemieHus MpoOJIeMbl Ui M30exKa-
HUA MPOCTOEB TPAHCIOPTHBIX CPENICTB HA y4acTKe
Bbpect — ManameBude cneyeT UCIOJIb30BaTh APY-
rue OeropyccKo-TIoJIbCKUE MorpaHnepexoasl. Kax

anbTepHATUBHBIN BapHaHT pacCMaTpUBAIOT Mepe-
BO3KH Hepe3 MOTpaHWYHble Tepexonsl bpysrn —
Kyzuuma, bpecr — Tepecnons, CBuciious — Cemsi-
HYBKa.

3a tpu mecsua 2020 roga oOiiee KOIUYECTBO
MEPEBO3UMBIX B KOHTeHHepax rpy3oB no bX]I co-
ctaBuio cBeimie 174 ThIc. KOHTEHHEpPOB B JIDD
(mBamuatudyToBBI SKBHUBaNEHT), yTo Ha 13 %
Oopire, yeM 3a aHanorumdueid mepuox 2019 r. [pu
3TOM DKCTIOPTHBIE TIepeBO3KH U3 benapycu yBenman-
yuch Ha 21 % 1 mpeB3onuy mokasarens B 25,6 ThIC.
KoHTelHepoB B JIDD, BBO3 B CTpaHy NpHOaBUI
19,7 %, tpau3ut — 5,4 %, BHyTpUpECTyOIUKaHCKHE
MEPEBO3KH BO3POCIIU OoJiee 4eM B TPH pas3a.

Hns obecriedeHns KOHKYPEHTHOTO TpEHMYyIIe-
CTBa MEPEBO30K IPY30B IO MAarUCTPAIN U Pa3BUTHS
Om3Heca KOHTeHHEPHBIX MmepeBo30ok bXX /I mpoBoaut
COTJIACOBAaHHYIO TapU(HYIO MOJUTHKY C JKEJIe3HO-
JIopokHbIMM KomnaHusaMu Poccum, Kazaxcrana,
Kutas u crpan 3anaanoit EBpombl. Kpome Toro,
BXX]I npunsna pemenue o cHmwkenuu 1o 40 % ta-
pU(QHBIX YCIOBHIA Ha TIEPEBO3KH MOPOXKHHUX KOH-
TeUHEPOB, UAYIIUX TPAH3UTOM I10 TeppuTopuu be-
napycu u3 ctpat 3anagHoi EBponsl B Kutaif, ¢ 11e-
JIBI0 PaBHOBECHS TPY30MOTOKOB B cooOmeHnn Bo-
cTok — 3anaa u 3amajg — BocTok.

B pamkax riobamsHOTO WHGPACTPYKTYPHOTO
npoekTa «OauH nosc, oiuH nyTh» jetoMm 2017 rona
pykoBoactBo OAO «Poccuiickue Kene3Hble 0-
pOrW» TPEACTaBUIO IPOEKT BBICOKOCKOPOCTHOM
Maructpamu (BCM) «EBpasus», KoTopasi JOKHA
npoiitu u3 Kurtas B EBpony no Teppuropuu mectu
rocynapcts: ['epmanuu, Iloneimu, benapycu, Poc-
cuu, Kazaxcrana u Kuras. Ilporssxennocts BCM
cocTaBuT 9,5 THIC. KM, a 00IIasi CTOUMOCTh CTPOU-
tenbcTBa — 118 mupa mommapos. Oxxupgaercs, 4To
CpemHsis CKOPOCTh TI0€3/I0B Ha MarucTpajil cocTa-
BHT 250 KM/4, ClIeJ0BATEIIbHO, CPOK JOCTABKH I'PY-
30B u3 Kuras B EBpony Oyner 3aHuMaTh MeHee
JIBYX CYTOK, a Ha TaHHBIX MOMEHT MOPCKHM ITyTEeM
0oH cocTasiseT 12—14 nuei.

PanpoHansHOCTh OCyIIeCTBICHUS TPOEKTa 00Y-
CJIOBJIEHA BO3paCTalONIMM 00BEMOM TOPTOBIH TO-
BapaMH C BBICOKOW J00aBOYHOW CTOMMOCTHIO,
a TaKk)Ke YyBCTBUTENBHBIX K CPOKY JIOCTaBKH. bonee
TOT0, PACIINPAETCS 00bEM DIEKTPOHHONU TOPTOBIIH,
npex e Bcero Mexy Kuraem u EBpomnoil.

PecnyOnukaHckoe TpaHCIOPTHO-3KCIIEAULIMOH-
HOE YHHUTapHOE MpeanpusITHe
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«BEJIMHTEPTPAHC — TpaHCHOpPTHO-TOTUCTHYE-
ckmit rieHTp» (BTJILL) bemopycckoit xene3Hoi mo-
pOTH paccMaTpUBAaeT MEXKIYHAPOIHBINA IPOEKT
«OJuH MosC, OJUH MYTh» KaK OJHY U3 BAXKHESUIIINX
3aJ1a4 CBOETO pa3BUTHsA. B HacTosiee Bpems npen-
NPUATHE COTPYJIHHUYAET C 15 KUTaHCKMMU MPOBUH-
OASIMH W OOECIeYMBAET JOCTAaBKy OeIopycCKOi
OpOAYKIMH B M0Oyl0 TOouky Kwutas, Brmoyas
YCIIYTY «ITOCNIEeTHEeH MIJTY. 3a TTOCIIeIHIE 8 Mecs-
reB 2020 roma mpeanpuaTHe B 3,5 pa3za yBEITHMIHIIO
K aHaJIOTHYHOMY TEPHO/Y MPOILIOro roja 00beMbl
MEePEeBO30K OEJIOPYCCKOM SKCIOPTHOW MPOAYKIUH
1o xene3Hoit Jopore B Kurait. Beero 3a 3ToT mpo-
MEXYTOK BPpEeMEHHU NepeBe3eHO 2,5 ThIC. KOHTEIHe-
poB J®D. OpranmzoBana ortnpaBka B Kwurait
27 TIOTHOCOCTAaBHBIX KOHTEHHEPHBIX IMOE3IOB ¢ Oc-
JIOPYCCKON MPOAYKLMEHN JTECHOW M MUIIEBOM Ipo-
MbIlIeHHOCTH. COTPYAHUKU OpraHU3allMy pa3pa-
00Tanu JIOTUCTUYECKHWE CXEMBl W MapIIPyTHI J0-
CTaBKHU TPy30B KOHTEHHEPHBIMH MOE3/1aMHU B CO00-
mennn Kurait — EBpona — Kuraii, a Taxoxe Kurait —
Benapych — Kuraii. B wactHocTH, 23 Mmapta 2020 .
B paMKax WHUIUATHBBl «OIHH TOSC, ONWH ITYTH»
COCTOsJIaCh OTIpaBKa MEPBOr0 IKCHOPTHOTO KOH-
TeiiHepHoro moesna co cr. Komsauun B r. UsHmy
(Kuraiickass Hapommas Pecmybmuka) ¢ rpy3om
«uemmono3a 6eneHas» (mpoayknus OAO »Cetino-
ropckuit LIKK).

B Kurail oTnpapiisioT noesga ¢ pa3inyHON HO-
MEHKJIATYpOH T'py30B (KaJMiHBIE YAOOpEeHUS, MO-
JIOKO U MOJIOYHAS TPOAYKITHSL, TIOJTUAMHU/IBI, [IEIUTIO-
J103a, JIEH-ChIpell WK JieH 00paboTanHsiii). Ho B 11e-
JIOM JUIS TOBapHOW CTPYKTYPBI 3KCIIOPTHOTO TPY30-
notoka u3 ctpad EADC B Kurail npucyma Huskas
JI0J1s1 KOHTEHHEPHBIX IPY30B: Bcero okojio 1,5-2 %.
OT10 00yCIOBIIEHO 3HAYHMTENHHON JOJIEH «HEKOH-
TeHHEPHU3UPYEMBIX» T'PY30B (TOILTUBO, MUHEPAITh-
HO€ ChIpbe, JIECOMaTepHabl U T. [I.).

OcHOBHBIE UMITOPTUPYEMBbIE KUTAHCKUE TOBAPHI —
amnmapaTypa CBSI3U U 3aITYaCTH K HEl, BEIYUCIIUTEIb-
HbIC MAIllMHBI, Ky30Ba M 3aIl4acTH JJIsl aBTOMOOU-
Je W TPaKTOPOB, UyJIOYHO-HOCOUHBIC H3JIENNS,
TKaHH U3 CHHTETUYECKNX KOMIUIEKCHBIX HUTEH.

B nacrosmmiit MOMeHT HabIro1aeTes tucbananc
BO BHEIIHEH TOPTOBIIE, TAK KaK HMITOPT TOBAPOB M3
Kuras cymectBeHHO npeBblaeT sKcnopt. OCHOB-
Has 3a7jaya COCTOUT B CHXKEHHH ChIPEBOW COCTaB-
JISIOMIEN B CTPYKTYPE OTEUECTBEHHOTO AIKCIIOPTA.
I'1aBHBIM yCIIEXOM B 3TOH CBSI3U CTAJIO 3aBEPLICHUE

AKKpEUTAINU OSIIOPYCCKUX MPOU3BOUTEICH MSsIC-
HO¥ 1 MmonogHo# npoaykiu B KHP. OtkperTre xu-
TafCKOTO phIHKA JJIsl OEJIOPYCCKOrO MOJIOKA, TOBS-
JIUHBI, MSICA TITHUIIBI BEI3BAJIO OOJIBIIIYIO 3aUHTEPECO-
BaHHOCThH y TOKynaTesiedl. OUyTUMO YBEIHYNIACh
KOHKYPCHIIUS 32 OEIOpYCCKUE BBICOKOKAUECTBEH-
HbIE TPOAYKTHI muTanus. [To uroram 2018 rona, no-
CTaBKM MOJIOKA HA KHUTAWCKUN PBIHOK BBIPOCIH
B 6 pa3, a oOmuil SKCMOPT MHUIIEBON MPOIYKIIUH
yBenuumiics B 5 pas [2, 6].

Hay4yHnasi HOBU3HA U MpaKTHYeCKast
3HAYUMOCTh

Heo6xoammMo 0OTMETHTD, UTO OITHUCATh C HAYIHON
TOYKH 3pEHHUS B3aUMOOTHOIICHUS MPEIIPUSTUI
U TOCYJIapCTB B paMKaxX peau3aiiu MeXIyHaAPO/I-
HOTO coTpyaHnuecTBa «OAMH MOSIC, OJUH ITYTh» J10-
CTaTOYHO HEMPOCTO, TaK KaK 3TO HE OTHOCUTCS
K CTaHJapTHBIM (DYHKIIMOHATBHBIM 3aBHCUMOCTSIM.
Hayunyro ke 3HaYMMOCTh Ha COBPEMEHHOM JTare
MIPENICTaBISIET B TIEPBYIO OYepeb TaK Ha3bIBaeMast
«TOCTAaHOBKA 3aJaurW» Ha OCHOBE aHATUTHYECKUX
JAHHBIX, TOJTYYCHHBIX B X0JI€ POBEACHHOIO HCCIIe-
JIOBaHUSA, KOTOPBIE MTO3BOJIIOT HE TOJBKO OTIpeJie-
JIUTh CYIICCTBYIOIIME MPOOJIEMBI MPH PEaTU3AIUN
PacCMOTPEHHOTO MIPOEKTa, HO TAKXKE UCITOJIb30BaTh
WX TIpY MPOBEACHUH YKOHOMUYECKOTO aHamm3a -
(heKTUBHOCTH JPYTUX MEXKIYHAPOIHBIX MPOEKTOB
AQHAJOTUYHOTO THIA (PEIICHHs] aHATOTHYHBIX KO-
HOMHYECKHUX 33]1a4).

[lo MHEHHMIO aBTOPOB, B MEPCIEKTUBE JTaHHBIN
MIPOEKT MOXKET OBITh ONMHCAH YHUKAIBHOH 3KOHO-
MHKO-MaTEMaTUIECKONH MOJEIBI0, 0a3HpYIOIIeCs
Ha MapaluielbHO-TIOCIE0BATEIbHOM 3KOHOMHKO-
MaTeMaTHYECKOM OITMCAaHWH ITOJAMOEIEH, BXOIS-
IIUX B 00IIYI0 MOJiejIb IpoekTa. OJIHAKO yUUTHIBAS,
YTO 3TOT MPOEKT PacCUUTAH Ha JOJITOCPOYHOE CO-
TPYAHHYECTBO M HA JIAHHBIA MOMEHT HAXOJHUTCS
MPaKTUYECKH B TIEPBOHAYAIBHON CTaIUU, BKITIOYA-
IOIIEH OpPraHM3alii0 COOTBETCTBYIOLIEH WH(ppa-
CTPYKTYpPHI, Halla)XUBaHUE MEXIYHAPOIHBIX CBS-
3€i, OIpeieICHUE HANPaBICHUN U TIIyOUHBI JIOTH-
CTHYECKOTO B3aMMOJICHCTBUS yIaCTHUKOB, TTIOCTPO-
eHue MOJTHOMACIITAOHOH (hyHKITMOHATBHOM
u 3P GEeKTUBHON MOJEIN, KOTOpas IMO3BOJMIa ObI
¢ TpeOyeMOoi TOYHOCTHIO CIIPOTHO3UPOBATE PE3YITh-
TaThl pealu3aliid KOHKPETHOTO MOJIpPOEKTa, Ha
3TOM 3Tare HeBO3MOXKHO. C MPaKTUUECKOU ke CTO-
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POHBI TOAPOOHOE PACCMOTPEHHE PE3YIBTATOB Pa3-
BATHUSL OEIOPYCCKO-KHTAHCKOTO COTPYJHHYECTBA
«OxoHoMHIeckuit mosic 1lleTkoBOTO MyTH» MO3BO-
JIET co3math 0a3y Muisi Hambosiee IPPEKTUBHOTO
MEPCIIEKTUBHOTO COTPYAHUYCCTBA.

BriBoabI

IToxBoAst HTOTH, MOKHO CKa3aTh, UTO CEMYacC CO-

BCE €IIe B pa3bl MEHBIIIE DKCIOPTUPYET CBOU TO-
Bapbl, 4eM UMIIOPTHPYET ToBaphl u3 Kuras. OTkpsI-
THE HOBBIX MapuipyToB u3 benapycwu, pacmmpenne
JIOTUCTUYECKUX BO3MOKHOCTEH, CO31aHUE COOTBET-
CTBYIOIIIEH TPaHCIOPTHO-JIOTUCTUYCCKON WH(ppa-
CTPYKTYPBI, HEOOXOJUMBIX COLHUAIBHO-3KOHOMU-
YeCKUX YCJIOBUH IS pealn3aliyd aHaJOTHIHBIX
MIPOEKTOB (& TaKKE BXOJSIINX B UX COCTaB KaK KO-
HOMHYECKHE COCTABIIIOIINE TOPTOBO-IKOHOMUYE-

3IAI0TCS BCE YCJIOBHUS JUIS HapaluBaHUs oO0beMa
rpy3onepeBo3ok Mexay Kutaem u benapychio
BCIIEJICTBHE CyOCHINI CO CTOPOHBI KUTAWCKHUX Bila-
creil. B Hacrosimee Bpems PecniyOnuka benapych

CKHX, MHBECTHUIIMOHHBIX COLMAJIbHBIX U Ap. IMOJI-
MIPOEKTOB) U BBIXOJ] HA KUTAWCKHIA PHIHOK KPYITHBIX
0CIOPYCCKUX KOMITAHUM TO3BOJUT YIYUIIUTh 3TY
CUTYaIMIo B OyIyIem.
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PEBY.JI“I)TATI/I"I‘/JI INEPCIHEKTUBU PO3BI/ITKX BLVIOPYCBKO-
KUTANCBKOI CIHHIBIIPAII «kEKOHOMIYHHMMA ITOSAC HIOBKOBOI'O
HIJISAXY »

Mera. Haii6imp1r rpas1io3HAM €KOHOMIYHUM i TEOTOITHYHAM IIPOSKTOM Y HAIll Jac € iHiriatnea «HoBuit moB-
KOBHH LUIAX», sIKa MOXE PaAUKaAIbHIM YHHOM MOIM(iKyBaTH TPAHCIIOPTHI Ta IPOLIOBI MOTOKK B €Bpa3ii i B ychoMy
cBiTi. BoHa Bkmovae npoextn «Exonomiunumii nosic llloBkoBoro nuisixy» ta «Mopcbkuii moBkoBuid nusix XXI cro-
JTTS» ¥ epeidayae CTBOPEHHs BEIMKOT iHPpacTpyKTypHOI Mepexi Ha IIIIXY BiJ 3aXiHUX KopnoHiB Kurato yepes
kpainu Lentpanbnoi Asii if Ipan y €Bpomny. Tomy MeTa 1iei poOoTH — JOKJIaqHE pi3HOOIYHE BUBUCHHS i aHAJI3 poO3-
BUTKY O1110pYCHKO-KUTaHCHKOI criBmpari 3a nmpoekroM «ExoHoMiunuii nosic lIIoBkoBOTO HIISIXYy», a TaKOX BU3HA-
YeHHS TOAANBINNX Horo mepcrekTus. MeToanka. Y mporieci JOCHiPKeHH BUKOPUCTAaHO CTaTUCTUYHUHN, TEpUTOpia-
JTBHO-TATY3eBUH Ta pETPOCIIEKTUBHUN aHaI3 (QYHKIIOHYBaHHA €KOHOMIYHHX cucTeM. Pe3yabraTtu. Pecmyomika bi-
JIOPYCH CTajla HalBaKIIMBIIIIOIO JIAHKOIO Y cTBOpeHHI «ExoHoMigHOTO Nosicy 1lloBkoBoro nuisixy». Bona mae yHika-
JBHY TeorpadiuHy mepeBary i HaJa3BHUAHO 3pydHi eKOHOMIYHI i KyTBTYpHI YMOBH, € KIFOUOBOIO KpaiHoto B CXimHiH
€Bpori, nepedyBae Ha CTHKY €Bpornericbkoro Coro3y Ta €BpasiiichKoro eKOHOMIUYHOTO CO03Y, IPUBEPTAE yBary po-
3BHHEHOIO TPAHCIIOPTHOIO iHPPACTPYKTYPOIO, BUCOKAM PiBHEM OCBiTH Ta mpodeciitanmu pecypcamu. [Ipoext «Ho-
BUil IIOBKOBUI LIUISIX» OPIEHTOBaHUU y NEPIy Y4epry Ha 3ali3HuuHe crnonydeHHs. OCHOBHHMHN NOoTeHIian st Pecmy-
Omniku binopyck y TpaH3UTHUX TEPEBE3EHHSX — BUKOPUCTaHHS KOHTEIHEPIB (pakTHYHO €JMHUIA CIIOCIO TPaHCTIOPTY-
BaHHs TOBapiB y €BpasilicbkoMy Tpan3uti). HaykoBa HoBu3Ha. Ha wiii cranii po3BUTKY NpOoeKTy Mo0y10Ba HOBHO-
MaciTaOHOl (YHKIIOHAIBHOT Ta e()EeKTHBHOI MOJEI I MPOTHO3YBAaHHS PE3yJbTATIB peaizalil KOHKPETHOrO
mianpoekty HeMoxJuBa. [IpoTe Ha cydacHOMY eTari HayKOBY HOBH3HY NPE/ICTABIISIE TaK 3BaHA «IIOCTAHOBKA 33/1a41%»
HA OCHOBI OTPUMAaHHX AHATITUYHUX JaHWX. BOHM J03BOJIAIOTH BU3HAYMTH HASBHI MPOOJIEMH IIiJ| Yac peajizarlii
MPOEKTY, CPOPMYIIOBATH MOXIIMBI DPIMICHHA Ta BUKOPUCTATH IX IiJ Yac IPOBEICHHS EKOHOMIYHOTO aHaNi3y
e(pEKTUBHOCTI 1HIINX MIKHAPOIHUX TPOEKTIB aHATITHYHOTO THITY (PO3B’s3aHHS aHAMITHYHIX EKOHOMIYHUX 3a/1a4).
IIpakTHyHa 3HaYUMIicCTh. PO3MIITHYTO NEpCIIEKTHBY i TPYJHOCTI PO3BUTKY MEPEBE3CHb IPHCKOPECHUMH KOHTEHHEp-
HUMH Toi3/1aMu ToBapiB i BaHTaxiB i3 Kuraiicekoi HapomgHoi Pecry6mniku (KHP) y Pecrry6mixy Binopycs. s momo-
JaHHA AucOaNaHCy B 30BHIMIHIM TopriBii 3 Kutaem 3ampomnoHOBaHO 3aXOH MIOA0 BUPIMICHHS ITi€] MpoOIeMu, mpuii-
JICHO yBary MpoeKTy OyIiBHUIITBAa BHCOKOMBHAKICHOI MaricTpaii (BCM) «EBpa3ist», sika moBuHHA 3’eqHat Kurait
i3 3axigHor0 €Bpornoro uepes Pocito Ta binopyck.

Kniouosi crosa: Binopyceka 3amizuuns (b3); HoBuil 10BKOBHIA NIUTSAX; MPUCKOPEHI KOHTEHWHEpHI 10i31u; Kuraif;
«BEJIIHTEPTPAHC — TpaHCHIOPTHO-JIOTiCTUYHHUI LIEHTPY»; TOBAPH, SIKi €KCIIOPTYIOTh; IMIOPT
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RESULTS AND PROSPECTS FOR THE DEVELOPMENT OF THE
BELARUSIAN-CHINESE COOPERATION THE SILK ROAD ECONOMIC
BELT

Purpose. The most ambitious economic and geopolitical project at present is the New Silk Road initiative, which
can radically modify transport and cash flows in Eurasia and around the world. It includes the Silk Road Economic
Belt and 21st Century Maritime Silk Road projects and involves the creation of an extensive infrastructure network
on the way from the western borders of China through the countries of Central Asia and Iran to Europe. Therefore,
the purpose of this work is a detailed comprehensive study and analysis of the development of the Belarusian-Chinese
cooperation on the Silk Road Economic Belt project, as well as determination of its further prospects. Methodology
In the course of the study, we used statistical, territorial-sectoral and retrospective analysis with elements of economic

and mathematical modeling of the functioning of economic systems. Findings. The Republic of Belarus has become
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the most important link in the creation of the Silk Road Economic Belt. It has a unique geographical advantage,
extremely convenient economic and cultural conditions, being a key country in Eastern Europe, located at the junction
of the European Union, and the Eurasian Economic Union. The country attracts with a developed transport infrastruc-
ture, a high level of education and professional resources. The New Silk Road project is focused primarily on railway
communication. The main potential for the Republic of Belarus in transit traffic is associated with the use of contain-
ers. It is containerized cargo transportation that is actually the only way to transport goods in Eurasian transit.
Originality. At this stage of project development, the construction of a full-scale functional, effective model that
would allow predicting the results of the implementation of a specific subproject with the required accuracy is cur-
rently impossible. However, at the present stage, the originality is the so-called «problem statement» based on the
obtained analytical data. They allow identifying existing problems during project implementation, formulating possi-
ble solutions and using them during economic analysis of the efficiency of other international projects of the analytical
type (solving analytical economic problems). Practical value. The article discusses the prospects and difficulties of
the development of transportations by express container trains of goods and cargo from the People's Republic of China
(PRC) to the Republic of Belarus. To overcome the imbalance in foreign trade with China, measures were proposed
to solve this problem; attention was paid to the project for the construction of Eurasia high-speed highway (HSR),
which should connect China with Western Europe through Russia and Belarus.

Keywords: Belarusian Railways; New Silk Road; express container trains; China; «BELINTERTRANS —
transport and logistics centerx; exported goods; imports
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PO3POBKA METO/Y 3AKPIIIJIEHHS TIPUBATHUX JIOKOMOTHBIB
3A MMOI3JIAMHA

Mera. ¥V Ham 4ac B YkpaiHi BinOyBaeTbcs mpouec pedOopMyBaHHS PHHKY 3aJi3HUYHHX IEPEBE3CHb, IO
MIOB’3aHO 3 IMIUIEMEHTALI€l0 TUpeKTUB €Bporeiicbkoro Cor3y 10 ii 3akoHOmaBCTBa. Y pe3yibTari HuX pedopm
nepea0avYaeThCcs BIIKPUTTSA PUHKY 3aTi3HHYHUX IEPEBE3CHb [UIS HE3AICKHHUX Bil YKpP3aTi3HHIN IMEPEBI3HUKIB.
VY Takux ymoBax npo0iema 3a0e3neueHHs JOCTYIy PyXOMOTro CKJaay [0 FOJOBHUX 1 MPUiIManbHO-BIANPaBHUX KO-
JIi Ta yCyHEeHHsI KOH(IIIKTHUX CUTYaIlill 13 MOI3HUMH Ta MaHEBPOBUMH MEPECYBAHHIMU PyXOMOT'O CKIIany YKp3ati-
3HUIIl MOXKe OYTH BHpILIIEHA IUISIXOM IIPOITYCKY MOi3/IB HE3aJSKHUX TEPEBI3HUKIB 32 JKOPCTKUM PO3KIIAIOM PYXY.
OpHUM 13 HanpsIMiB BUKOPUCTAHHS NIPUBATHUX JIOKOMOTHUBIB € 0OCIIyrOBYBaHHsI ITyHKTIB MAacOBOI'O 3aBaHTa)KEHH:I
YM BUBAHTOXEHHs BaHTaxiB. OCHOBHUM 3aBJIaHHSIM, SK€ BUHHMKa€E IPH LbOMY, € BJIIOCKOHAJIICHHS METOIIB
3aKpITUICHHS TPUBAaTHUX JIOKOMOTHBIB 32 HUTKaMH rpadika pyxy moi3miB. Meroguka. JocmiKeHHS BUKOHaHO
Ha OCHOBI METOJIB Oprasizaimii eKcIUIyaTamiiHOi pPOOOTH 3alli3HUIF Ta METOMIB JIHIHHOTO IPOrpaMyBaHHS.
PesyabraT. Y po0OTI po3rIsIHYTO MpoOJieMy BIOCKOHAJIEHHS METOIIB PO3PAXyHKY BEIMYHMHH POOOYOro MapKy
JOKOMOTHBIB. Ha 0CHOBI aHami3y MOKIHBHAX YMOB B3aeMogil AT «YKp3adi3HHUIA» i MPUBATHUX MEPEBI3HUKIB BH-
3HAYEHO, 110 OJJHUM i3 BapiaHTiB BUKOPHCTAHHS MPUBATHUX MEPEBI3HMX KOMIIAHIN Ha eTali BIPOBaIKEHHS iX MOC-
ayr Oyzxe oOCIyroByBaHHS MyHKTiB MAaCOBOTO 3aBaHTa)KCHHS YW BUBAHTA)XXCHHS BaHTaXIB. Y XOXI JOCIIIDKCHHS
PO3pOOJICHO METO]T BU3HAYCHHS KIJIBKOCTI JIOKOMOTHBIB IIIJISIXOM 3BEICHH IIi€i 3a1adi 10 OMTUMI3AIiiiHOT 3a1a4i
npo npusHayeHHs. HaBeneHo npukiag po3s’si3aHHs 3a/1a4i BU3HAYECHHS HEOOXIIHOro poO0Yoro mapKy JOKOMOTHBIB
Juisi 00CITyroByBaHHS NEpEeBE3eHb 36PHOBUX BAaHTaXIB, SIKi BIIPABISIOTH Y TIOPT BiJNPaBHUIIBKUMHU MapIIpyTaMH,
Ta po3po0Ku rpadikiB ix 00iry. YCTaHOBICHO KiJIBbKICTh JOKOMOTHBIB, HEOOXIIHY i1 OOCIIyrOBYBaHHSI IEPEBE3CHb,
PO3p00JICHO MOPSIOK iX miaAB’s3KH 10 moi3aiB. HaykoBa HOBH3HA. Y JOCIIKCHHI BIOCKOHAIEHO METOMIU 3aKpill-
JICHHSI JIOKOMOTHBIB 32 HUTKaMu rpadika pyxy HOi3/iB Ha OCHOBI BUKOPHUCTAaHHS METO/IB JIIHIHHOTO MporpamMmyBaH-
Hi1. [IpakTHyHa 3HAYUMicTh. Pe3ynbpratn poOOTH J03BOJISIOTH OLHUTH HOTPEeOH po6OYOro MapKy JIOKOMOTHBIB
B YMOBAaX BiIKDHTOTO PUHKY 3QJII3HHYHUX MEPEBE3CHb ISl HE3aJICKHUX NEePEBi3HUKIB.

Kniouosi cnosa: 3ami3HUYHMNA TPaHCIIOPT; BaHTaKHI IIEPEBE3EHHS; JIOKOMOTHB, OpraHi3auis IepeBe3cHb,
pedopMyBaHHS 3aITi3HULL
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Beryn

Ha crorogni wMaricTpalbHUH —3aTi3HHYHAN
TpaHCTIOpT YKpaiHu mepedyBae MOBHICTIO B Jiep-
KaBHIl BIACHOCTI. 3aralbHUM HaIlPSIMOM JEpKaB-
HOI TOMITHKA YKpaiHu € eBpoinTerpaiis. Kiro-
YOBHM 3aJIUIIAETHCS JOCTYI IPHUBATHUX IEPEBi3-
HUKIB J0 YKpaiHCBKUX 3aii3HHLb. e MoxmuBo i3
3allpOBAIKCHHSM JKOPCTKUX HUTOK rpadika BaH-
TaXHOTO Pyxy [2], Mo crpusie miABUIICHHIO 0e3-
MEKH PYyXY, KOHKYPEHTOCHPOMOXKHOCTI 3aJli3HUY-
HOTO TPAHCIOPTY Ta MOKAa3HUKIB EKCILTyaTaliifHol
pob6otu. OmHak s YKpaiHu 11l TUTaHHS € JOBOJI
HOBUMH. P00OOTH yKpaiHCBKMX YYEHHX MOPYIIy-
I0Th aKTyalbHI THTaHHS ONTUMAIBHOTO TUIAHY-
BaHHS, YIIPABIiHHS JOKOMOTHBHUAM TapKOM 3ali3-
uuib. Tak, B [1] 3amporoHOBaHO METOIH CTBO-
pEHHsSI BIJOCKOHAJIEHOI aBTOMAaTU30BaHOI CHUCTEMH
ONTUMAJIBHOTO YIIPABIiHHSI POOOTOI JIOKOMOTHB-
HOTO TMAapKy i3 3aCTOCYBaHHSM HEUITKUX MOJeNeH
JUIL TIPOTHO3YBAaHHSI XapaKTEPUCTHK IOi3/10MOTO-
KIB Ta JUIs OB’ A3KW JIOKOMOTHMBIB 110 mmoi3ais. Hax
MTUTaHHSM MEPCIIEKTHBH BUKOPUCTAHHS MPUBATHUX
JIOKOMOTHBIB TIPAIIOIOTh y4YeHi JIHITPOBCHKOTO
HAI[IOHAJILHOT'O YHIBEPCUTETY 3aJII3HUYHOT'O TPaH-
ciopTy iMeHi akagemika B. Jlazapsima [15, 2].
VY po6orti [15] Bu3HaueHO chepr eHeKTHBHOTO BH-
KOPHCTaHHSl MPUBATHUX JIOKOMOTHUBIB JJISI 3ati3-
HUYHUX [IEPEBE3EHb Y MeXaX Y KpaiHH.

Y [10] ymockoHajeHO METOIW BH3HAYCHHS
CXeM 00iry JIOKOMOTHUBIB 3 ypaxyBaHHSIM TEXHOJIO-
FYHUX OCOOJMBOCTEH BaroHOIMOTOKIB. Po3pobieHo
MaTeMaTHYHy MOJIENb, sIKa JTO3BOJISE 3HAUTH Macy
MOi3/1iB Ha MapIIpyTax iX MPSAMYBaHHS, CXeMH 00Iry
JIOKOMOTHUBIB Ta po0OTH Opurag 3 ypaxyBaHHSIM
JIUCTIOKAIIIT MapKy 3 Pi3HUMH CEPiSMH Ha TOJIrOHI
Mepexi. [ miel MaTeMaTHYHOT MOJIeINi 3aCTOCOBA-
HO IIJIOYHMCIIOBUM TEHETUYHUH aJIFOPUTM 13 BJiac-
HOIO CXEMOIO KOJIyBaHHSI PillIEHHSI.

[IpoGnemi manyBaHHS pPOOOTH JIOKOMOTHBIB
1 JIOKOMOTMBHUX Opwraa TmpHUCBIYEeHO Oarato
mpaip y 3aKOpJIOHHUX BWAaHHSIX. BoHM Bupinny-
I0TH 3aBJIaHHS BIIPOBA/DKEHHS PaIliOHAIBHOI CHC-
TEMH YIPaBIiHHS JIOKOMOTUBaMH Ta JIOKOMOTHUB-
HUMH OpUrajiaMu B Pi3HUX YacOBUX Tepiojax i 3a
pi3HOI TEXHOJIOTIi BUKOHAHHS MO13HOI poOOTH, BU-
00py HOPSIIKY SIBKM JOKOMOTHBHUX OpHraj Ha po-
00Ty, 3aBAaHHS, 1110 BUHUKAIOTh IIiJ1 4ac opraHisa-
il HepeBe3eHb 3a KOPCTKUMH TpadikaMu pyxy
moi3aiB. 3okpema, y Yexii, CHIA, Iramii, Kurai

3aBJaHHsl PO3IMOJLTY JIOKOMOTHBIB BUPIIIYIOTH i3
BHUKOPHUCTAHHAM MOZEII IIJIOYUCIOBOTO JIHIHHOTO
nporpamyBanns [8, 11, 12, 17, 18]. Taxk, y Yexii
CKJIaJIeHO Tporpamy, sika OIUCYE IMOETarHy Mpo-
uenaypy ¢opMyBaHHA MOI3[iB, MOJadi 3asgBOK Ha
3aMOBJICHHS MapLIpyTy 101372 B MEXaX PO3KIIaLy
PYXy Ta mpu3HaueHa AJsl Y3TOIPKEHHs 3 Mapuipy-
TOM oIepaTopa nepeseseHs [14].

Y Pociiicekiit Penpepartii mTuTaHHIM pPOOOTH
MapKy JIOKOMOTHBIB MPHUCBSYEHO TaKOX Oararo
myOuikanii, 30KpeMa BYCHI pO3paxoBYyIOTh 00Ir Ta
00CITyTOByBaHHS JIOKOMOTHBIB 3a CHCTEMOIO OII-
tumizanii «JIabipuHT» IK AMHAMIYHY TPaHCIOPTHY
3ajady. 3amnpoIllOHOBAHO MOJIENb  Y3TOKEHOTO
pUOYTTS JTOKOMOTHBIB Y IIYHKTH OOCITyTOBYBaH-
Hi. Po3paxyHOK CKIamaeTbcs 3 TPHOX B3AEMO-
nmoB’si3aHuX etamiB. [lepmmm eTamoMm € po3paxy-
HOK ONTHMAJILHOTO O0ITy JIOKOMOTHBa 0e3 ypaxy-
BaHHS OOMEXEHb Ha oOcimyroByBaHHS. [pyruit
eTan — Po3paxyHOK ONTHUMAJIbHOTO MPHUOYTTS JO-
KOMOTHBIB Ha CTaHWil 00ciayroByBaHHs. TpeTiid
eTan — PO3paxyHOK PO3KIaIy pyXy MOi3IiB 3 ypa-
XYBaHHSIM MICISl PO3TallyBaHHS 3YNMHHEHUX I1013-
HUX KOMIUIEKTIB Ta 30BHIIIHBOTO BUTJISAY JIOKO-
MOTHBIB Ticist o0cmyroByBants [16].

Po6Gota [20] npucBsideHa BUPILICHHIO 3aBIaHHS
Bi3yallbHOTO TUIAaHYBaHHs MicliernepeOyBaHHs JIO-
KOMOTHBIB i3 BUKOPUCTAHHSIM T'€HETUYHOTO aJro-
pUTMY — MO MakeTra po0o4oi CXeMH pyXy JIo-
KoMOoTHBa. Y [7] yIOCKOHaJeHO CHCTEMY Op-
raizamii JIOKOMOTHBHUX Opurajg 3a IMCHHUMHU
rpadikammu.

JoBomi 6araTo my0Iikamii CTOCYIOTbCS TUTaH-
Hs METOJIB BU3HAYCHHsI MOTPIOHOrO MapKy JIOKO-
MmotHBiB. Tak, y po6oTi [4] omucaHo airoput™ po-
3paxyHKy po0O4Yoro mapKy JOKOMOTHBIB 3alli3-
HUYHOI JUIBHUII TpadoaHaTITHYHUM METOAOM
MoBoro mporpamyBanHs C. [lapk BaHTaXHUX JIO-
KOMOTHBIB BU3HA4YE€HO 3a Koe(illieHTOM iX moTpe-
O0u Ha oxHy mapy moi3ziB. Y [5] 3amponoHoBaHO
3MIIACHIOBATH HOPMYBaHHS JIOKOMOTHBHOTO MapKy
3 ypaxyBaHHSIM BIUTMBY Ha NMOTpPeOH B JIOKOMOTH-
BaX CHCTEM TATOBOTO OOCITyroByBaHHS BaHTAKHUX
moi3aiB. Po3poGieHo MeTomuKy, IO J103BOJISE
BU3HAYUTH MOTPIOHY KiBKICTH JIOKOMOTHUBIB 32 X
OTIEPAaTUBHOI'O CEKLIOHYBAHHS Ta KPaTHOI TSTH:
1+a,
18 "

m
I\/Iy.o. :(KTznrj Knj) B
=1 H
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ne K; — xoedili€eHT, 10 BpaxoBye KPaTHICTb TATU
Y BaHTKHOMY PYCi B CEPETHBOMY 32 MiCSIIb.

VY pobori [6] Ha OCHOBI aHami3y pe3yJbTaTiB
MOJICJIIOBaHHSI POOOTH JIOKOMOTHUBIB, (aKTHUYHHX
JTaHUX BHUKOPHCTAHHS JIOKOMOTHBHOTO TIApKy,
a TaKOXX BUKOHAHUX JOCIIPKEHb CTBOPEHO 0a30BY
MOJIeJIb YCTAHOBJICHHS KoeilieHTa Mmepexoay Bix
CEepPEeTHbO000BOT 3a PiK MOTPEOHN B JIOKOMOTHBAX
po0oUoro mapKy 10 3arajlbHOI YHCENIBbHOCTI MapKy
CTHpPaBHHUX JIOKOMOTHBIB BaHTa)KHOTO TOCIIONAPCT-
Ba 3 ypaxyBaHHSM HEpPiBHOMIpHOCTEH pyXy Moi3-
niB. Y [3] 3anpomnoHoBaHO MOEb, IO JT03BOJISIE
poO3paxyBaTd ONTHMAlbHI PEKUMH POOOTH JIOKO-
MOTHBIB Tijl 4ac OOCIYrOBYBaHHsI IOi3I0TOTOKY.
3a ocHOBY MOOymOBH Moneni OO0paHO JAWHAMIYHY
TpaHCTIOPTHY 3anxady. [lig 9ac MonenmoBaHHS BHU-
JaeThesl iHpopMalis Ipo PeXuM poOOTH KOXKHOTO
JIOKOMOTHBA, Tpadik pyxXy KOXKHOTO Moi3aa, a Ta-
KOX yCepeqHEHI pe3ybTaTd BUKOPHCTaHHS JIOKO-
MOTHBIB 1 3aTpuMKH 10i31iB. Y [13] npeacraBieHo
riOpuaHUl TeHETUYHUHA aJrOpUTM Ui ONTHMAIb-
HOTO YIIPaBIiHHS JIOKOMOTHBaMH, KOJH BHHHUKA€E
npobieMa 3 yB’S3KOI0 HAsSBHHUX y JEIO JIOKOMOTH-
BIB JI0 MOI3/IB Yy )KOPCTKI MpoMixkku 4acy. ¥ [7],
BpPaxoBYIOUH PO3KJIAJ PyXy MOi3/iB, YUEHI PO3TIIs-
JaloTh TpoOJIeMy IDIaHyBaHHS POOOTH JTIOKOMOTH-
BiB, BHU3HAYalOTh AJTOPUTM ITiJIBEJCHHS JIOKOMO-
THUBIB JI0 MOT3/IB 3a )KOPCTKUM rpadikom.

V poboti [19] 3a3HaueHo, M0 PO3KIAL PyXy
moi3aiB 1 MiABEAEHHS 0 HUX JIOKOMOTHBIB 4acTo
BUKOHYIOTH OKpeMo. OUeBHTHIM HE0NIKOM TaKoO-
T'O TIPOIIECY i€papXivyHOTO TUTAHYBAHHS € T€, 10 BiH
9acTO MPU3BOAMTH JO TOTAaHOT KOOpAMHALIT MK
PO3KIIQZIOM PYyXy MOI3/IB 1 PO3KIAIOM PYyXy JIOKO-
MoTuBiB. Ll cTarTsa nependayae cCTBOpEHHS iHTET-
poBaHOi 3a/1a4i PO3pOOKH PO3KIAAY PyXy Ta HpHU3-
HAYeHHsI JIOKOMOTHBIB 3a JIOTIOMOTOI0 TOOYIOBH
TPUBHUMIPHOI MPOCTOPOBO-4acoBOi Mojeni. Y po-
6oti [9] omucaHO ANTOPUTM BH3HAYEHHS MiHIMa-
JILHOT KUTBKOCTI TPAaHCHOPTHUX OJUHHIIB JUISl BE-
JeHHsI (piIKCOBaHOTO PO3KJIALy.

Bukonanuii aHaii3 HayKOBUX JDKEpeEIl CBITYHTH
po Te, L0 HasBHI METOAM Oprasi3auii TSITroBOTO
00CITyTOBYBaHHSI TOI3/IB CHpPSMOBaHI Ha JIOCAT-
HEHHS MiHIMaJIbHUX TPAHCIIOPTHUX BHUTPAT JUIS
BUKOHAHHS 33JaHOT0 O0CSTY TepeBe3eHb, 10 He
BPaxOBY€E IHTEPECH OKPEMHX BaHTa)KOBIINPaBHU-
KiB B YMOBax JIe(illUTy TATOBOTO PyXOMOTO CKJIa-

ay.

Merta

OCHOBHOIO METOI0 HAamIoi CTAaTTi € BJOCKOHA-
JIGHHSI METOMIB 3aKPIiIUICHHS JJOKOMOTHBIB 32 HHUT-
KaMu Tpadika pyxy MOi3[1iB HA OCHOBiI BHKOpHC-
TaHHS METO/IB JIIHIHOTO IPOTpaMyBaHHS.

MeTtoauka

OnHuM i3 HanpsMiB BUKOPHCTaHHS NMPUBATHUX
JIOKOMOTHBIB € 00CITYroBYBaHHsI ITyHKTiB MacOBO-
rO 3aBaHT@KCHHS YHM BHBAHTAXEHHS BAaHTAXIB.
30kpema, IMOBIpHMMH MyHKTaMH HpU3HAYCHHS
moi3/1iB, AKi 0OCIYTrOBYIOTh IPUBATHI JTOKOMOTHBH,
MOXXyTh OyTH MOpCBHKi moptu Bemmkoi Onecu, ne
KOHIIEHTpYy€eThcsl Maike 20 % BUBaHTaKEHHS Ba-
TOHIB MO YKp3ali3HuIli. ¥ poOOTi PO3MISHYTO 3a-
Jady BU3HAYEHHS HEOOXiMHOTO poO0Yoro mapky
JIOKOMOTHBIB 11 OOCIyrOBYBaHHS IIepEBE3CHB
3epHOBUX BAaHTAXIB, SIKi BIANPABISIOTH Yy TMOPT i3
7 eneBaTopiB BiANPaBHUIIBKUMU MapIIpyTamMH, Ta
po3pobku rpadikiB 00iry isokomotuBiB. OCHOBHE
JIOKOMOTHBHE JIeTI0, ¢ BHKOHYIOTH OIeparii
3 TO-2, po3wmimiene B nopty. Pobouwnii mapk jo-
KOMOTHBIB, HEOOXITHUN s 3a0e3MeYEeHHS Tepe-
BE3€Hb, y IIbOMY BHIIAJKy BH3HAYAIOTh Y PE3yiib-
TaTi pO3B’sI3aHHS ONTUMI3aIIHOT 3a1a4i:

o n n
T i=1 ’ i=1

i

ne Tpi — TPUBANICTH NepeOyBaHHS i-TO JJOKOMOTHBA
B pYyCi i3 3aBaHTa)XCHHM 1 TIOPOXKHIM IOI3/IOM Ta
HOTO MPOCTOI0 Ha CTaHIii 3aBaHTaKEHHS; Si — 3a-
raJIbHAH TIPOCTIH i-r0 JIOKOMOTHBA Ha CTaHINI OC-
HOBHOTO JIeTO (CTaHINi BUBAaHTaXXEHH:); N — KiJlb-
KiCTh HUTOK rpadika.

n
3Bakaroud Ha T, IO BEIUYHMHA ZT o

i-1
€ TIOCTIMHOIO 1 BU3Ha4aeThes rpadikom o0iry coc-
TaBiB, MiHIMaJbHA KIJIBKICTh JTOKOMOTHBIB, HEOO0-
XigHa AJ1s 3a0€3MeUeHHS MePeBe3eHb, JOCATAEThCS
3a MIHIMJIBHOTO 3arajlbHOr0 MPOCTO JIOKOMOTH-
BiB Ha CTaHIIi OCHOBHOTO Jietio. ToMy po3B’si3aHHs
3amadi (1) € eKBIBaJICHTHUM JI0 PO3B’sI3aHHS 3a/1a4i
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n
;Tpi + Smin
o, =

M = T —min, 2
IIe 32 OOMEKEHb:
n
2 %; =0,
i-1
n
inj =0; 4)

V Takiii mocTra”HoBLI 3ajaya MiHIMi3amil 3ara-
JBHOTO MPOCTOI0 JIOKOMOTHBIB Ha CTaHIIii OCHOB-
HOTO JIETIO 3Be/IeHa JI0 33/1a4i PO NpU3HAYCHHS.

YpaxoByroUH IIIOYHCIIOBE 3HAYCHHS KiIBKOCTI
JIOKOMOTHBIB, HEOOXiJHICTh IX pe3epBy Ha BHIIa-
JOK 3HAYHHUX TOPYIIEHb PO3KIALy PyXy MOi3[IiB,
a TaKOX TUITAHOBOT'O YH MO3aIJIAHOBOTO PEMOHTY 32
HOpPMaJIbHUX YMOB €KCILUTyaTallii CKIagaTume:

n
Spe, =MT, — ZTpi . (5)
i=1l

VYkazanuii pe3epB Moxke OyTH nepepo3noiine-
HUI 13 METOI0 CTBOPEHHS PIBHOMIpPHHX pe3epBiB
yacy nepeOyBaHHS JOKOMOTHBIB Ha CTaHIIl OCHO-
BHOTO ziemo. Y IMX yMOBax 3ajia4ya po3poOKu rpa-
¢ika obiry M oKOMOTHBIB i 4Yac 0OCITyroBy-
BaHHsI IIepeBe3eHb MOXKE OYTH CHOPMYIIbOBaHA TaK

(6):

min(b;) — max,i =1n, j=1n, (6)
e
b Sij 38 X; =1; -

OOmexeHHs 3amadi (6) HakiaJeHO yMOBaMH
(7) Ta MOAaTKOBO YMOBOIO:

n n n

MT, _szi _zzsijxij >0. (8)

i1 i=1 j=1

Pe3yabTaTn

Po3B’s3aHHs TOCTaBNeHOI 3a1adi BUKOHYEMO
y JIBa ETalH.

Ha mepmiomy erami Bu3Ha4aeMo MiHIMaNbHY
KIUTBKICTh JIOKOMOTHBIB, HEOOXimHY Ui 3abe3re-
YEHHS TePEeBE3CHb, SIKOI MOXKHA JOCATaTH CKOPO-
YEHHSIM MPOCTOI0 JJOKOMOTHBIB Ha CTaHII OCHOB-
HOTO JIETIO, IO BiOOpakKeHO B MUTHOBINA (PyHKIII.
TakuMm umHOM, 3amaya 3BOOMTHCS OO0 MIHIMI3aLil
3arajbHOTO MPOCTOI JIOKOMOTHBIB Tij 4Yac ix Te-
pederuieHHs Bif i-Toro 10 j-roro moi3ma. Ha apy-
TOMY €Tami JOCSTa€EThCSI PIBHOMIPHUM PO3IOALT
pe3epBIiB Yacy IPOCTOI JIOKOMOTHBIB Ha CTaHIIii
OCHOBHOTO JICTIO B pa3i iX mepederuieHHs MK HHUT-
kamu Tpadika. Ockibku icHye moTpeba B qo1aT-
KOBUX JIOKOMOTHBaX Ha BHUMNAIOK 3HAYHUX MOPY-
LIeHb PO3KJIaly pyXy MOi3/liB, INIAHOBOTO YH 11032~
IUIAHOBOTO PEMOHTY, 32 HOPMAaJbHUX YMOB €KC-
IUIyaTarii KUIbKiCTh JIOKOMOTHBIB MOBHHHA MaTH
pesepB. Moro MoHa Tepepo3NOiINTH IS CTBO-
peHHsS pIBHOMIpHUX pe3epBiB Hacy mnepeOyBaHHS
JIOKOMOTHBIB Ha CTaHIii OCHOBHOro jero. Lle 3a-
Oesmedye CTiHKicTh rpadikiB 00iry JOKOMOTHBIB
B yMoBax mii BumaakoBux (axTopiB. Matpwuiri
ITiJ(B’ I3KH JIOKOMOTHBIB Ta MiHIMaJbHI TPUBAJIOCTI
iX MpoCTOoro Tpij Yac mepevervieHHs Bij moizna 10
moi3za HaBejieHi B Ta0. 1 1 2, MOpiBHSIHHS IOYaT-
KOBOTO i OCTAaTOYHOTO BapiaHTIiB — y Tabm. 3. 3rix-
HO 3 PO3POO0JICHOI0 METOAMKOI Y POOOTI 100y 10-
BaHO ONTHMAIBHUI rpadik 0OCIyrOByBaHHS elie-
BaTOPIB BIANPAaBHUIBKMMHU MapIIpyTaMH, IIO Ha-
BEJICHO Ha puc. 1.

HaykoBa HOBHU3HA Ta PAKTHYHA
3HAYHMICTh

Y po6oTi BIOCKOHANIEHO METOJ 3aKpiILIeHHS
JIOKOMOTHBIB 32 HUTKaMu Tpadika pyxy Noi3iB Ha
OCHOB1 BHKOPHCTaHHSI METOJIiB JIIHIHHOTO Mporpa-
MYyBaHHSI.

OtpuMaHi pe3yibTaTH JO03BOJISIFOTH OI[IHUTH
noTpedu podOYOro mapky JOKOMOTHBIB B YMOBax
BIIKDUTOTO PHUHKY 3ali3HUYHUX TEPEBE3CHb IS
HE3aJIS)KHUX MTePEBI3HUKIB.
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MaTtpuus miaB’s3KH JIOKOMOTHUBIB 32 HUTKaMu rpadika,

BiZl moizaa 10 moi3aa (mo4yaTKkoBHUii BapiaHT)

Matrix of a locomotive garter according to schedule

threads providing their minimum idle time

during coupling from train to train (initial variant)

1o 3ade3nevye ix MiHiMaaIbHU NPOCTii Mg Yac mepevyenaeHHs

Tabnuns 1

Table 1

Jo noizga Yac o BiAmpaBieHHS 1M0i3/1a B TOAMHAX BiJ HyJs TOAUH MEpUIO] 100H
0 |42 [33 | 73|66 | 24| 3 [46] 16|58 [32]7 |5 |8
Bin noizna Homep molsza
1 2 3 4 5 6 7 8 9 10 11 12 13 14
:g 48 1 36 | 78 | 69 | 25 | 18 | 60 | 39 | 82 | 52 | 10 | 68 | 27 2 44
§* 6 2 78 | 36 | 27 | 67 | 60 | 18 | 81 | 40 | 10 | 52 | 26 | 69 | 44 2
E 73 3 11 | 53 | 44 | 84 | 77 | 35 | 14 | 57 | 27 | 69 | 43 = 61 | 19
o)
- 29 4 55 | 13 4 44 | 37 | 79 | 58 | 17 | 71 | 29 3 46 | 21 | 63
E‘ 20 5 64 | 22 | 13 | 53 | 46 4 67 | 26 | 80 | 38 | 12 | 55 | 30 | 72
'g 62 % 6 22 | 64 | 55 | 11 4 46 | 25 | 68 | 38 | 80 | 54 | 13 | 72 | 30
Eé 41 'é 7 43 | 85 | 76 | 32 | 25 | 67 | 46 5 59 | 17 | 75 | 34 9 51
% 2 0 g 8 84 | 42 | 33 | 73 | 66 | 24 3 46 | 16 | 58 | 32 | 75 | 50 8
% 54 é 9 30 | 72 | 63 | 19 | 12 | 54 | 33 | 76 | 46 4 62 | 21 | 80 | 38
:g 12 10 | 72 | 30 | 21 | 61 | 54 | 12 | 75 | 34 4 46 | 20 | 63 | 38 | 80
é 68 11 16 | 58 | 49 5 82 | 40 | 19 | 62 | 32 | 74 | 48 7 66 | 24
é 27 12 | 57 | 15 6 46 | 39 | 81 | 60 | 19 | 73 | 31 5 48 | 23 | 65
= 82 13 2 44 | 35 | 75 | 68 | 26 5 48 | 18 | 60 | 34 | 77 | 52 | 10
D% 40 14 | 44 2 77 | 33 | 26 | 68 | 47 6 60 | 18 | 76 | 35 | 10 | 52
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Marpuus mias’sa3ku 7 JOKOMOTHBIB 32 HUTKaMu rpadika, mo 3ade3neuye ix Haii6iabm piBHOMIpHUIT
NpOCTiii mix Yac nepeyenseHHs Bia moi3a 10 noizaa (ocTaToOYHUI BapiaHT)

Tabnuus 2

Table 2

Matrix of 7 locomotives garter according to schedule threads providing their most uniform
idle time during coupling from train to train (final variant)

Jlo noizna Yac 110 BiZPABICHHS T0T3/(a B FOIMHAX BiJ{ HYJIS FOHMH EPIIOT 106K
0 |42 |33 | 73|66 | 24| 3 |46 16|58 ]3][75]50]s
Bix noizna Hlomep nolsza
1 2 3 4 5 6 7 8 9 | 10 | 11 | 12 | 13 | 14
48 113 | 78|69 | 25| 18 | 60 | 39 | 82 | 52 H 68 | 27 44
6 2 | 78 |3 |27 |67 | 60|18 | 8L |40 | 10 | 52 | 26 | 69 | 44
73 m 53 | 44 | 84 | 77 | 35 | 14 | 57 | 27 | 69 | 43 61 | 19
éé 29 4 | 55 | 13 44 | 37 | 79 | 58 ﬂ 71 | 29 46 | 21 | 63
gg[ 20 5|64 | 22| 13 | 53 | 46 67 | 26 | 80 | 38 551 30 | 72
g :g 62 % 6 | 22 | 64 | 55 46 | 25 | 68 | 38 | 80 | 54 | 13 | 72 | 30
§ E 41| 2|7 |43 |8 | 76|32 | 25| 67 | 46 59 | 17 | 75 | 34 m
E% 0 g 8 | 84 | 42 | 33 | 73 | 66 | 24 46 g 58 | 32 | 75 | 50
%é 54 T | 9|30 | 72| 63|19 54 | 33 | 76 | 46 62 | 21 | 80 | 38
E{ ';( 12 10 72 | 30 | 21 | 61 | 54 75| 34 46 | 20 | 63 | 38 | 80
<§m 68 11| 16 | 58 | 49 82 | 40 | 19 | 62 | 32 | 74 | 48 66 | 24
27 12| 57 | 15 6 46 | 39 | 81 | 60 | 19 | 73 | 31 48 | 23 | 65
82 13 44 | 35 | 75 | 68 | 26 48 | 18 | 60 | 34 | 77 | 52 | 10
40 14 | 44 77 | 33 | 26 | 68 | 47 60 | 18 | 76 | 35 | 10 | 52
Tabmums 3
IlopiBHSIHHSA OYATKOBOIO i 0CTATOYHOI0 BAPiaHTIiB
Table 3
Comparison of initial and final variants
mine’s3ka |1-13|2-14(3-12| 13-1 [14-2| 8-7 | 4-3 |6-5/5-6{10-9|9-10|11-4| 7-8 |12-11
Fram | MPOCTIi 2 2 2 2 2 3 4 | 44| 4 4 5 5 5
mine’s3ka |13-7(12-3(14-8|11-12|8-14|7-13|1-10{2-9|3-1| 6-4 | 9-5 |10-6|5-11| 4-2
Fran 2 MpoCTiit 5 6 6 7 8 9 10 (10 (11) 11 | 12 | 12 | 12 13
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Fig. 1. Optimal schedule of elevators maintenance by private locomotives

BucnoBku

BukopucTaHHs TpUBaTHUX JOKOMOTHBIB JO-
3BOJISIE HAcamIlepea MiIBUIIUTH IiX TPOTYKTHB-
HICTh, CKOPOYYIOUH TPH I[bOMY OOIl BaroHiB, IIO
MPU3BOJUTE JI0 3MEHIIEHHS X MOTpiOHOro pobo-
YOro MapKy Aj1sl 31iHCHEeHHS epeBe3eHb.

Y poGoTi po3poOIeHO METOoA 3aKpirIeHHS
MPUBATHUX JJOKOMOTHBIB 32 HUTKaMU rpadika, o
IPYHTY€EThCSI Ha PO3B’S3aHHI 3a/adi MPO MpHU3HA-
4YeHHs. PosrisiHyTo 3ajauy BHU3HAYeHHS HeoOXil-

HOTO po60Y0ro MapKy JIOKOMOTHBIB IS 00CITyTO-
BYBaHHS TI€PEBE3CHb 3CPHOBUX BaHTAXIB, SKi BiJ-
MPaBISIOTh Y MOPT BiANPABHUIIBKUMH MapIIpyTa-
MH, Ta po3poOKy rpadikiB ix o0iry. YcTaHOBIEHO
KUIBKICTh JIOKOMOTHBIB, HEOOXiHY IS 0OCIyro-
BYBaHHS TIEPEBE3CHb, Ta PO3POOICHO MOPSAOK iX
iAB A3KH 10 MOT3MiB.

OTprMaHO MATPUIIO B S3KH JOKOMOTHBIB
3a BIJMOBIIHUMHM HUTKaMHu Tpadika Ta MiHIMalIbHI
TPUBAJIOCTI 1X MPOCTOIO MiJ] Yac MepeyeruieHHs Bij
moi3aa go Ioi3jga.
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PA3BPABOTKA METO/JA 3AKPEIIVIEHUSA YACTHbBIX
JIOKOMOTHUBOB 3A ITOE3IAMHA

Leanb. B Hacrosiiee Bpemsi B YKpanHe IMPOUCXOIMUT Mpolece pe)OpMUPOBAHUS PhIHKA KEJIE3HOJOPOXKHBIX I1e-
PEBO30K, UTO CBSI3aHO C MMIUIEMeHTaIel aupekTus Eppomnelickoro Coro3a K ee 3aKOHOAATENbCTBY. B pesynbpTare
9TUX pedopM TPEanoNaraeTcs OTKPBHITHE PHIHKA JKEJIE3HOAOPOXKHBIX TIEPEBO30K JJIST HE3aBUCHUMBIX OT YKp3aJIH3-
HBIIW IEPEBO3YNKOB. B Takux YCJIOBUAX npo6nema obecrieueHus JA0CTyna MOJABMKHOTO COCTaBa K IJIaBHBIM U ITPpU-
€MO-OTIIPABOYHBIM ITYTSIM M YCTPAHEHHUS! KOH(IMKTHBIX CUTYaIlUH C TI0€3IHBIMA U MaHEBPOBBIMH IEPEIBIKEHUSIMHI
TIOJIBMDKHOTO cOCTaBa Y KP3aJIM3HBIIM MOXKET OBITh pelIeHa MyTeM IIPOITyCcKa I0e3/J0B HE3aBHCHUMBIX MEPEBO3YHKOB
IO KECTKOMY PACHUCAHUIO ABIKEHUs. OJHUM U3 HaNpaBJIEHUH MCHOIb30BAHUS YAaCTHBIX JOKOMOTHBOB SIBISETCS
o0ciryKMBaHHE MYHKTOB MAaCCOBOW 3arpy3Kd WJIM BBITPY3KH rpy3oB. OCHOBHOW 3amadeli, KOTOpasi BOSHUKAET IPH
9TOM, SIBIISIETCS] COBEPILICHCTBOBAHNE METO/I0B 3aKPEIJICHHUs YaCTHBIX JIOKOMOTHBOB 32 HUTKaMU rpadyka JBHKESHUS
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noe3oB. Meroauka. VccinenoBaHus BBIIOJIHEHBl HA OCHOBE METOOB OpraHH3allMU SKCILTyaTallHOHHOW paboThI
JKEJIE3HBIX JOPOT U METOJOB JIMHEHHOTO nporpamMmupoBanus. PesyasraThl. B padoTe paccmorpena npobiema co-
BEPIICHCTBOBAHUS METOJOB pacyeTa BEJIWYMHBI pabodero mapka JOKOMOTHBOB. Ha OCHOBe aHanmm3a BO3MOXKHBIX
ycnoBuii B3auMoaecTBuAd AO «YKp3adu3HBIIA» U YaCTHBIX MEPEBO3UMKOB OIPENEICHO, YTO OJAHNM W3 BAPHAHTOB
HCTIONIB30BAaHMA YaCTHBIX NEPEBO30YHBIX KOMIIAaHWN Ha 3TaIle BHEAPEHUS UX YCIyT OyZeT oOCITyKHMBaHUE ITyHKTOB
MaccoBOH 3arpy3kd WM BBITPY3KH Ipy30B. B Xone mccienoBaHMsi pa3paboTaH METOJ ONpENENICHHS KOIHIECTBA
JIOKOMOTHBOB ITyTE€M IPUBEICHUS 3TOH 3a7a4M K ONTHMU3AIMOHHON 3a7ade 0 Ha3HaueHWU. lIpuBeneH nmpumep pe-
LIEHHS 33/1a41 OIpeNesieHusT Heo0X0IMMOro paboyuero napka JOKOMOTHUBOB JUIsS OOCTY)KHBaHHS IEPEBO30K 3epHO-
BBIX TPY30B, OTIIPABJISIEMBIX B TIOPT OTHPABUTEILCKUMU MapUIpyTaMH, U pa3paboTku rpadukoB ux odopora. Ycra-
HOBJIEHO KOJIMYECTBO JJOKOMOTHUBOB, KOTOPOE HEOOXOIUMO /I 00CITy)KMBaHHS MEPEBO30K, pa3paboTaH MOPsIOK X
noJBsA3KM k noe3gaM. Hayuynast HoBu3Ha. B uccinenoBaHuy ycoBEpIIEHCTBOBAHbBI METOBI 3aKPEIICHUSI IOKOMOTH-
BOB 32 HUTKaMH rpadyuka JBIKCHUS MOE370B Ha OCHOBE MCIOJIB30BaHUS METO0B JMHEHHOTO MIPOrpaMMHUPOBAHUSL.
IIpakTHyeckas 3HAYNMOCTB. Pe3ypTaThl pabOTHI TTO3BOJISIOT OLIEHUTH MOTPEOHOCTH pabouero napka JOKOMOTH-
BOB [IPY OTKPBITOM PBIHKE KEIE3HOJOPOKHBIX IIEPEBO30K ISl HE3aBUCUMBIX NTEPEBO3YHKOB.

Kniouegvie crnosa: xene3HONOPOXKHBINA TPAHCIIOPT; TPY30BbIEC IIEPEBO3KH; JIOKOMOTHB; OpPTraHN3alHs NEPEBO30K;
pedopmMupoBaHuE JKENE3HBIX TOPOT
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DEVELOPMENT OF A METHOD FOR ASSIGNING PRIVATE
LOCOMOTIVES TO TRAINS

Purpose. Ukraine is currently in the process of reforming the railway transportations market, which is related to
the implementation of European Union Directives to its legislation. As a result of these reforms, the opening of the
railway transportation market for carriers independent of Ukrzaliznytsia is envisaged. In such conditions, the prob-
lem of ensuring access of rolling stock to the receiving and departure tracks and the elimination of conflict situations
with train and shunting movements of rolling stock of Ukrzaliznytsia can be solved by passing trains of independent
carriers according to a tight schedule. One of the use areas of private locomotives is servicing of points of mass
loading or unloading of goods. One of the tasks that arises in this case is to improve the methods of assigning private
locomotives to the threads of the train schedule. Methodology. The research is performed based on the methods of
organization of operational work of railways and methods of linear programming. Findings. The paper considers the
problem of improving the methods of calculating the size of the working fleet of locomotives. Based on the analysis
of possible conditions of interaction between Ukrzaliznytsia JSC and private carriers, it is determined that one of the
possible options for using private transport companies at the stage of implementation of their services will be the
service of points of mass loading or unloading of goods. In the course of the research a method of determining the
number of locomotives by reducing this problem to an optimization problem of purpose was developed. An example
of solving the problem of determining the required working fleet of locomotives to service the transportation of
grain cargo sent to the port by shipping routes and developing schedules of their turnover is given. The number of
locomotives needed to service transportations was set and the procedure for their connection to trains developed.
Originality. The research improves the methods of assignment locomotives to the threads of the train schedule
based on the use of linear programming methods. Practical value. The results of the work allow us to assess the
needs of the working fleet of locomotives in the open market of railway transportations for independent carriers.

Keywords: railway transport; freight traffic; locomotive; organization of transportation; reforming of railways
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3ACTOCYBAHHA AJI'OPUTMIB MAIIMHHOI'O HABYAHHA J1JIA
OBPOBKHU KOMEHTAPIB III/1 HABYAJIbHUM MATEPIAJIOM HA
BIJEOXOCTHUHI'Y «YOUTUBE»

Mera. ABTOpU MarOTh Ha METi BUSIBIICHHS] TOKCHYHHUX KOMEHTApiB Ha BimeoxoctuHry «YouTubey mix HaBuans-
HUM MatepiajioM IUITXOM Kiacu(ikamii HeCTPYKTYpPOBaHOTO TEKCTY 3a TOTIOMOTOI0 KOMOiHAIli1 METO/iB MAaITHHHO-
ro HaByaHHSA. MeToauka. ¥ po0oTi i3 3a3HAYCHNM THIIOM JaHWX BHKOPHCTaHO METOJM IOINEepeIHbOI 00pOOKH ISt
OUMIIEHHS, HOpMai3allii, MPEeJCTaBICHH TEKCTOBUX IAHUX y BUTILII, MPUHHATHOMY Ul HOAANBIIO] poOOTH Ha
EOM. Be3nocepenHbo Ui BiTHECEHHS KOMEHTAPIB JI0 KJIACY «TOKCHYHI» BUKOPUCTAHO KiacH(piKaTop JOTICTHIHOT
perpecii, MeTo | KiTacu(ikariii 3a JOMOMOTO0 JIIHIHHUX OMOPHUX BEKTOPIB 03 Ta 3 METOAOM HABYAHHS — CTOXACTH-
YHUM TPAJAI€EHTHUM CITYCKOM, KJIacu(iKaTop «BUMAIKOBUI Jic» Ta Kiacu(iKaTop 3 MOCUIEHHSAM rpajieHTa. 3 Me-
TOIO OLIIHKH pOOOTH KJIacHU(iKaTOpPiB BUKOPUCTAHO METOAM MiJPaxyHKY MaTpHIli MOMHJIOK, TOUHOCTi, IOBHOTH Ta
@-mipu. [l Ginbin y3aranbHeHOT OLIHKM BUKOPUCTAaHO METOJ INepexpecHoi nepeBipku. MoBa nporpaMmyBaHHS —
Python. Pe3yabTaTn. Ha 0CHOBI MOKa3HHMKIB OLIHKKA 0OpaHO HAMOIMBII PE3yIbTATUBHI METOANM — METOJ OMOPHUX
BekropiB (Linear SVM) 06e3 Ta 3 METOZOM HaBYaHHS 3a JOIOMOTOIO CTOXAaCTHYHOTO TPAIIEHTHOTO CITyCKY.
OmnmcaHi TEXHOJOTIT MOXYTh OYTH BUKOPHCTaHI IS aHATi3y TEKCTOBUX KOMEHTAPIB Mia Oy/Ib-IKUMHU HaBUYATEHUMHI
BiJIcO ISl BUSIBJIICHHST TOKCUYHUX BiATYKiB. Takox po3poOneHuid miaxin Moke OyTH KOPUCHUM JUTS BUSBICHHS He-
O0axxaroi abo HaBiTh arpecuBHOi iH(popMarii B COIialbHUX Mepekax abo cepBicax, Ae mepeadadeHi BIATYKH.
HaykoBa HoBH3HA. Y POOOTI BUKOPHCTAHO KOMOIHAIIII0 METOIIB HOMEPEAHBE0T 00pOOKH CITeri(igHOrO BHIY TEKC-
Ty 13 BpaxyBaHHSIM TakKuX OCOOJHMBOCTEH, SK MOXJIMBICTh HAsBHOCTI TaiMOKOMIB, €MOKI, MOCHJIaHb TOIIO,
a TaKoX aJanToBaHO KiacH(iKaliiiHI METOM MallMHHOTO HAaBYAHHS AJISI aHANI3y POCIHCHBKOMOBHHMX KOMEHTApiB.
MpakTuuna 3HaunMicTh. [IpoBesieHO onTUMI3aLiio (CIPOLICHH) POLECy aHali3y KOMEHTapiB, HEOOXiHICTh SKOT
00yMOBJIEHa 3POCTAOYUMH 00CATaMHU TEKCTOBUX JIaHHX, OCOOJIHMBO y cepi OCBITH uepe3 KapaHTHHHI yMOBH i T1e-
pexin Ha aucTaHIiiiHy Gopmy HaBuaHHs. OOCSATH HABYAILHOTO IHTEPHET-KOHTEHTY BXKE MOTPEOYIOTh aBTOMAaTH3a-
il mpoiecy oOpoOKH i aHali3y BIATYKIB i3 4acoM Lisi TOTpeda TiIbKU 3pOocTaTuMe.

Kniouosi crosa: o6pobka mpupoHOT MOBH; HECTPYKTYpPOBaHI JaHi; KOMEHTapi; Knacuikaris; JoricTHIHa pe-
rpecis; METO/l OTIOPHUX BEKTOPIB; CTOXaCTMYHUI TPaII€EHTHUH CITyCK; «BHUIAJKOBUH JICY»; IMOCUIICHHS I'PA/Ii€HTa;
nepexpecHa InepeBipka
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Beryn

Yacto 0OCTaBHHM BHOCSTH CBOi KOpET'YBaHHS
B IUTAHOMIPHHUK PO3BUTOK Pi3HHUX TaIy3eH JIOACH-
Koi misutbHOCTI. Hapasi depe3 kapaHTWHHI yMOBHU
3pocina motpeda B CTpIMKOMY iHTErpyBaHHI iH(pO-
pManiiHUX TeXHoJoril y cdepy ocitu. Sk pe-
3yNbTaT, BEJIUKY YacTHHY OCBITHBOTO KOHTEHTY
HOoYaIi ONU(POBYBATH, II0 MTOPOIIIO HU3KY KOMe-
HTapiB. [3 4acoM KiIbKiCTh KOMEHTapiB TiNBKU 3pO-
CTaTHMe, y HACTiJOK YOro iX OIpalfoBaHHs] W aHa-
i3 MOkHa Oy/ie 3[IHICHIOBATH JIMIIIE 32 JIOTIOMOTOI0
Pi3HHX 3ac00iB aBTOMATH3AIli]l IIUX MPOIICCIB.

CoriaJibHI Mejia CTaIM YHIKQJIBHAM MiCIIeM
JUIs1 BITBHOTO BHCJIOBIIIOBAHHS JIIOJJbMH CBO€T TyM-
ku. TuM gacoM cepen KOPUCTYBadiB € TPYIH, AKi
3JI0BXKHUBAIOTH 1I€I0 CBOOOIOIO IS peaizalii cBo-
ro TOKCUYHOTO MHUCJICHHS (00pa3u, CIOBECHI CEK-
CyaJbHI JOMaraHHs, HEICH3YPHI BUCIIOBIIOBaHHS
tomo). Cucrema Hariasmy 3a PU3UKOBAHOIO IMOBE-
ninkoro Moozl 2017 poky (LleHTpu KOHTpOIIO Ta
Mpo(iTaKTUKK 3aXBOPIOBaHB) IMiIpaxyBaia, 1o 3a
12 micauiB mo onurtyBanHs 14,9 % crapiiokmnac-
HUKIB 3a3HaBalM EJIEKTPOHHUX 3HYyIIaHb. ToMy
pPO3yMHE BUKOPHCTAaHHS HAyKd TpO JaHi 37aTHe
chopMyBatu OLIBII 370POBE CEPEOBUIIE IS Bip-
TyaJIlbHHX CyCHiibCcTB [12].

KomenTapi — 11¢ TeKcT, i B MallMHHOMY HaB-
YaHHI BOHM MarOTh Ha3By «HECTPYKTYypOBaHi Ja-
Hi». OMHAM 13 HaWOIMBIIKMX JKepeNn MOTEHINIHO
[iKaBUX 1 BAXKJIMBUX HECTPYKTYpOBaHUX JIaHUX
€ cepBic «YouTubey, sikuii HATOBHEHUI HEBHYEP-
ITHOKO KIJIbKICTIO HAaBYAJNBHUX BiZIeO 1 KOMEHTApiB
JI0 HUX, SKi IIBUJIKO 3POCTAIOTh

Ha xoctunry HasBHI Bifeo iHpopMamiiHUX Ta
KOMEPIIHHNX TiraHTiB, SKi BXK€ MalOTh HaBYallb-
HUN KOHTEHT. JIJIs HUX 1 HE TIJIbKU aHAJi3 KOMEH-
TapiB NOTEHIIIHHO MOXE JIOMIOMOTTH PO3POOHHUKAM
HaBYAIILHOTO MaTepiany OTpuMaTH iHGOpMaIlito
Ipo HOro IOCTYMHICTb, SKICTh BHKJIAJaHHS, a Ta-
KO OI[IHUTH JIOSUTBHICTh KOPUCTYBAYiB JIO MPOAY-
KTIB Ta ayJauTopii, BUSBUTU HaraibHi MOTpeOH
B 3HAHHSX 1 340XOYECHHS HOBHX KITI€HTIB.

Meta

OCHOBHOIO METOIO IBOT'0 IIPOCKTY € BUSABJICHHS
TOKCHYHHX  KOMEHTapiB Ha  BiJICOXOCTHHTY
«YouTube» mig HaBYATBHUMH MaTepiagaMu IUIA-
XOM Kiacudikallii HeCTpyKTYpOBaHOTO TEKCTy 3a

JIOTIOMOT'0F0 KOMOIHAIi METOiB MAallTHHHOTO HaB-
gagHA. )1 TbOro Hacammepe. MoTpiOHO MpoaHa-
JIi3yBaTH HASBHI MiTXOAW W METOIM, SIKi BUKOPHUC-
TOBYIOTH TiJ 9ac 0OpOoOKH KOMEHTapiB HE TITbKH
Ha 3a3HAYeHOMY CEpBicCi, aie i B3araji B COIliasb-
HUX MEPEkKax.

Metoauka

VY Hamiii poOOTi pO3rISHYTO OCHOBHI 0a3o0Bi
MiXOAH 0 OOpOOKH TEKCTY M BHIIJICHO CTpaTterii
Ta AITOPUTMH, SIKI MOYKHA BUKOPHCTATH IS OMpa-
[bOBYBaHHS TEKCTOBHX KOMEHTapiB I BiJeo
B «YouTubey». OkpiM TOro, po3pobIiieHO cepBic i3
BUBAaHTaO)XCHHS KOMEHTapiB Miag  Bileo Ha
«YouTubey, komIieke mporpaM uis ix Kiacudi-
Kalii Ha OCHOBI KOMOiHaWii AEKUIBKOX METOHIB
THTETIEKTYaJIbHOTO aHali3y JIaHHX.

ChOrojiHi 3pOoCTaro4i 00CSTH TEKCTOBHX JaHUX
MepexoaTh pyOiX THX, SK MOXHa 00poOIATH
BpyuHy. OTXe, po3poOKa METOAiB Ta 3aco0iB, IO
ABTOMATU3YIOTh 1 TMPHUIIBHINIYIOTE  OOpOOKY
1 aHami3 TeKCTOBOI iH(opMaIllii, € aKTyaTbHIM Ha-
MIPSIMOM JIOCTI/DKEHb Y Tamy3i iHpopMaIiiftHux Te-
XHOJIOTIH.

Ocnoeni naobauns 3a yieto memoro. [Ipobnemi
MOTIepeAHFOT OOPOOKM HECTPYKTYPOBAaHUX TaHUX
npucesideHi podoru [10-11]. Tak, y [10] noka3a-
HO, 1110 Mpo0JieMa BEJIMKOT MONepeaHb0oT 00poOKU
Ta 30UTBIICHHS TAHUX MOXe OYTH BHpIIlIEHA HESB-
HO KaIlCyJIbHUMH MepeXaMH. ABTOpaM BJAJIOCS
JIOCSITTH TIOKA3HUKA SIKOCTI OiHapHOI Kiacudikarii
AUC y 98,46 nna nHabopy AaHUX KOMEHTapiB
Kaggletoxic i mpogeMoHCTpYyBaTH, IO BiH IIepeBe-
PIIYE iHIII apXiTEKTYPH 3 BEJIMKAM BiJIPHUBOM.

VY [11] 3a3HaueHo, 10 K MOJEIb MONEePEeTHBOT
MiATOTOBKH yJbTpacydacHoi MoBHOI Mozeni BERT
(Bidirectional Encoder Reprezentations from
Transformers) nocsria IpUTrOIOMILIUBHX PE3YITb-
TaTiB y 0araThb0X 3aBJaHHAX i3 PO3YMIHHS MOBH.
V wiii poOOTi IPOBEIEHO BHUEPITHI EKCIIEPUMEHTH
JUIsL BABUYCHHSI PI3HUX METOJIiB TOYHOTO HaJamTy-
BanHs BERT Ha 3aBnmanus kiacudikarii TekcTy ta
3allPOIIOHOBAHO 3arajbHE PillIeHHS.

e y 2011 poui HaykoBmi Enxam Xabipi,
Hxetime Kasepini ta Uiao-®anr Xcy 3 TeXHIYHOTO
yHiBepcuteTy B Texaci Ha 1T MibKHaponmHii
KoH(pepeHwii 3 BeOKypHAJIB Ta COLiaIbHUX Mezia
B Bapcenoni (Icmanist) mpe3eHTyBajgu CBild MifXij
70 aHanizy komeHTapiB Ha «YouTube». Bonn Bu-
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KOPUCTAIH JACKiIbKa TPHHOMIB IS ITOJOJAHHS
gacy o0poOku komeHTapiB: (1) kiacrepuzariito
JaHWUX JUIsl BUBHAYCHHS KOPEIbOBAaHUX TPYIT KOME-
HTapiB Ta (2) CTPYKTypy paHXXyBaHHS Ha OCHOBI
MPIOPHUTETIB AT aBTOMAaTHYHOTO BHOOpY iH(DOpP-
MaTUBHUX KOMEHTApiB, JOJAAHUX KOPUCTYBAYaMH.
JocnipkeHHsT BKIIIOYAE KIIACTEPH3alil0o KOMEHTa-
piB Ta BHOIp HAWOLIBIN pEempe3cHTATUBHUX Cepel
HUX Y KO)KHOMY KJactepi. 3anponoHOBaHHH METO/T
pamKyBaHHs Ha OCHOBI MPIOPUTETIB y MO€AHAHHI
3 KJIacTepH3aIli€l0 Ha OCHOBI TEMaTHYHHUX ITOKa3-
HUKIB TPOJIEMOHCTPYBAB BHUII IMOKAa3HUKH IOPIiB-
HSHO 3 TPAJAULIMNHUMHU MiAXonaMu (HAIPUKIIAI,
LexRank, MEAD) [9]. CxemaTtnuHO O3Ha4eHi miJ-
X011 300paXkeHo Ha puc. 1.

BusHaueHHA

TPYIIHN
IIOBE A3aHUX
Kouel-frapin
[ |
TeMaTH4Ha
KIacTepH3aliid Ha
OCHOE{ IPIX0E3HOT0
posnopury Jipixme

KIacTepHsalia K-
cepemHix

Puc. 1. Iligxoau 1o aHami3y KOMEHTapiB,
BUKOpHCTaHi B podoTi Enxam Xa0ipi

Fig. 1. Approaches to the analysis of comments
used in the work of Elham Khabiri

Byno BusiBIIEHO, IO MOEIHAHHS IMX JBOX OC-
HOBHHX XapaKTEPUCTHK Jae 0OaraToolirsrodi pe-
3ynbTatd. 30KpeMa, OyJio OIIHEHO 3alpOIOHOBA-
HUI alropuTM pedepyBaHHsS KOMEHTapiB IS KO-
nekmii Bimeo «YouTube» Ta moB’s3aHUX i3 HUMHU
KOMEHTapiB i BHUSABIEHO XOPOIIY MPOAYKTUBHICTh
MOPIBHSHO 3 TPAJAULIAHUMH Migxoiamu pedepy-
BaHHS JIOKYMEHTIB.

Matikn Yapi pazom i3 xkoneramu y 2014 p. omy-
OmikyBaB cTarTio «O3HaKH Ta CHUMIITOMH BILTUBY
nexcrtpometropdany 3 “YouTube”«, y sikiii 3a 10-
MIOMOTOI0 KOMIT FOTEpHHX TEXHIK aHali3y TEeKCTY
KOMEHTapiB BUSBHB, 110 iH(pOpMaIlis, HaJaHa KO-
MeHTaTopamu Ha «YouTube», kopucHa mjas po3K-
pUTTS TOKCHKONOTiuHNX epektiB DXM [6].

Cepen Bukopucranux texsik: TF—IDF — Buy-
YEeHHS! KJIIOYOBHX CIIIB, MiJ[PaxyHOK YaCTOTH CIIiB
3a iato, Ta WordNet — rpadiune 300pakeHHs
aHTIIHChKOI MOBH, K€ 00 €IHYE CIIOBA 3 IMOAI0-

HUMHU 3HAQUCHHSAMH B KJIACTEPH, IO HPUOIN3HO
BIAMOBINAIOTh TOHATTAM. ['padiune 300pakeHHS
WordNet y Bka3aHiit poOOTI BUKOPUCTAHO ISl BU-
SIBIIGHHS TIOJIOHNX BIATYKIB MPO Mpermapar.

Isan Kaccenmpman ta Maiikn ['eHpix 3a momo-
MOTOI0 BMiCTy KOHTeHTY Ha «YouTube» mocmiau-
JIY TIOB1IOMJICHHSI IPO BUKOPUCTAHHS Ta BPAXKEHHS
KOPHUCTYBadiB BiJ mpemapary mix Ha3soro «Salvia
divinorumy [4].

VY cratTi «lepapxiyHa KiacTepusailisi Ha OCHOBI
koMmeHTapiB» Emxam Xabipi, /Ixetimc Kasepmi Ta
UYiao-®anr Xcy MpOMOHYIOTH 1€papXiqHUM ITiIXi/
IO KJacTepu3alii KOMEHTapiB, SKHH CHHPAETHCS
Ha JIBl KIIOYOBI ocobOmuBocti: (1) HOpMmaizallito
TEPMiHIB KOMEHTApiB Ta BIIIyYEHHS KIFOUYOBHUX
TEPMIiHIB, 00 BiJirHATH TajaciuBi KOMEHTApI A
edexTHBHOI KiacTepusarii; (2) KOMIIOHEHT BCTaB-
KA B PEXUMI peabHOTO 4acy U IOCTYIIOBOTO
OHOBJICHHA i€papXii, 3aCHOBaHOT HA KOMEHTapsX, 13
TUM, 100 pecypcu MOTIH e(eKTHBHO PO3MIlyBa-
TUCSI B i€papXii 1o Mipi BHHUKHEHHS KOMEHTapiB,
0e3 HeoOXiITHOCTI MOBTOPHOTO TeHEepyBaHHS (I0-
TEHIIHHO) noporoi iepapxii. TyT BUBYEHO MiAXix
KJacTepu3allii Ha caidTi oOMiHy Bigeo «YouTube»
[71.

Y po6ori [2] 3anponoHOBaHO BUSBIISITH KOMEH-
Tapi Ta MMOCTH, IO € 00Pa3IMBUMH, 32 JOITOMOTOIO
METOJIiB TIMOOKOro HaBuaHHs. [lpu 1poMy BHKO-
puctano Halip JaHUX TOKCHYHUX KOMEHTApiB
Kaggle nis HaBYaHHS MoJieNi Ta Kiacudikarii Ko-
MEHTapiB 32 TAKUMHU KaTErOpisIMHU: TOKCHYHI, JTyKe
TOKCHYHI, HEMPUCTOWHI, TIOTPO3H, 00pa3u W HeHa-
BUCTh JI0 0COOMCTOCTI. 3aCTOCOBYIOUHM Pi3HI METO-
J1 TJIMOOKOTO HABYAHHS U aHAII3YIOUd Pe3ysibTa-
TH, aBTOPH HAJIAIOTh PEKOMEHMAIil 100 BUOOpY
HaWKpaiol MoJielli TIMOOKOTO HaBYaHHS JIJIs Kjla-
cudikamii THX 91 1HITMX KOMEHTapIiB.

Po3po611i aBTOMaTH30BaHOT CHCTEMHU aHAJI3y
OyIb-IKOro (PpparMeHTy TEeKCTy Ta BHSIBIICHHS Pi3-
HUX THIIB TOKCHYHOCTI TPHCBsueHa poborta [5].
VY Hili BUKOPHCTaHO MapKOBaHH Ha0ip JaHUX KO-
MeHTapiB y Bikinenii, miarorosnenunii Jigsaw. AB-
TOpaM BAAJOCS HABYHTH MOJIENb, 3a0e3Meuyioun
CepeHI0 TOYHICTh nepeBipku 98,08 % Ta abcomo-
THY TOUHICTb mepeBipku 91,64 %.

JetanbHuil O] iHIOMX CyYacHHX METOMIB
MalIMHHOTO HaBYaHHS, SIKi 3aCTOCOBYIOTH JUIS
kiacu(ikawii TOKCHYHOCTI KOMEHTapiB y coLialib-
HHUX Mepexax, 3poous Jlapko Aunpoueky [3].
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Knacugixayia. s xmacudikarii HE0OX1THO
MaTH po3MideHi nadi. Tomy B poO0Ti BUKOpHCTaHO
0a3y AaHWX TOKCUYHHUX KOMEHTapiB, y SIKill TOKCH-
9gHi maHi po3mideHi nudporo 1.0, a HETOKCHYHI —
0.0. HocTtym Ta BUBaHTa)XEHHS 3MIMCHEHO 3 BIIK-
puroro caiity IT 3marans Kaggle.

[Nomepenuo 00pOOKY TEKCTY 3IIMCHEHO TaKUM
YHHOM. 3a JOTIOMOTOO PEeryJIsIpHUX BUpa3iB MOMYIIS
emoji po3po0IIeHO JBI (BYHKITT [T OUUILNCHHS TEKC-
Ty: yHkuis «give_emoji_free_text» Bunanse cmaii-
T, SKi HE BUKOPHCTOBYIOTHCA SIK JaHi; (YHKIIA
«normalize_documenty BHKOHYE BUIAJICHHS
TaliMKO/iB, MOCHJIaHb, ITyHKTYallil, 3aiBUX MpoOiIiB
Ta TepexoiB Ha HIIMH PSIOK, BUTIPABIICHHS CIIB 13
JiTepamMu, IO JEKUTbKa pa3iB TyOIFOIOTHCS, HATIPH-
KJIafl, «SISISICHO» JIO «sICHO». Takok y mid ¢yHKuil
BUKOHYIOTB 3BEICHHS JI0 HIDKHBOTO peTicTpa, BHAa-
JICHHS CTOII-CJIiB Ta TOKEHI3aLliIo 3a JOIOMOIOI0 MO-
nyms nltk.word tokenize. Haramaemo, TokeHizarist —
116 PO30HTTs PeUCHb Ha OJIMHHMII TaHUX (ciosa) [1].

Hactymaum kpokom B 00poOIli TEKCTOBUX Jia-
HUX € creMiHr abo memarumsarisg (Stemming or
lemmatization). OGuaBa METOIM BUKOPHCTOBYIOTh
JUIE  3MEHILIEHHS PO3MIPHOCTI O3HaK MUISIXOM
0o0’€MHAHHS CIiB, HAaNpUKIam, «Oirtm», «OiKy»,
«Oirmm» B ojHE «Oir» Tomio. Y Hamni poOoTi 3a-
CTOCOBaHO OCTaHHIM, aJpKe CTEMIHr mependadae
BiJICIY€HHS KIHI[IBOK CJ0Ba, IO YaCTO MOJKE 3Mi-
HUTH HOTO 3HAYEHHS, OCOOJIHMBO L€ CTOCYETHCS
CIIiB, SIKI BUKOPHCTOBYIOTh B iHTEPHET-CIOBHUKY.
Jlematn3amis copamnboBye Ui BioMuX Juisi Hel
CJiB, a 1HIII 3aJIMIIae He3MIHHUMU. Lle gomomarae
00iliTH mpobiieMy HempaBWIbHOI 3aminu. Jlemaru-
3allito BUKOHAHO 3aBJISIKA MOJTYJTIO
Stanzalanguage, po3pobnenomy BueHumMH CTeH-
(Op/CHKOrO YHIBEPCUTETY.

Omnucani [ii Aal0Th 3MOTY 3MEHIIUTH PO3MIp-
HICTh BEKTOPIB JAHUX IS TIOJIIIIICHHS PO3YMIiHHS
ix MammHo [7].

[Ticas nmonepenHboi 00poOKHU iH(OpMAITT po-
BOJISITH BEKTOPHU3AIII0 03HAK, A00 KOHCTPYIOBAHHS
O3HaK, Jyis yoro BukoprctoBytoTh TfidfVectorizer.

Tfidf — feature engineering monens — e GpyHK-
I[iOHAJIbHA 1HXKCHEPHA MOJIEINb, sIKa 3aCHOBaHA Ha
BUKOPHUCTAaHHI YacTOTH O3HAaKH B JIOKYMEHTi (pe-
gyenni) (the term frequency-based feature
engineering model).

Oynukmis TfidfVectorizer Bin Scikit-Learn mo-
3BOJISIE HaM 0e31ocepeIHb0 OOUNCITIOBATH BEKTOPH

tfidf, 6epyun HEoOpoOIEHI MOKYMEHTH SK BXiIHI
JaHl Ta OOYMCIIOIOYH YacTOTH TEPMIHIB y JIOKY-
MeHTi (B KOMEHTapi), a TakoXK OOepHEHI 4aCTOTH
TOKYMEHTIB (3BOPOTHIH MOKa3HUK YaCTOTH TEPMi-
HIB B YChOMY KOpITyci AoKyMeHTiB). [lepenbaueno
TaKoX MIATPUMKY AOAABaHHsS N-TPamMiB JI0 BEKTO-
piB QyHKUi#. Y pe3ynbraTi onrcaHoi oOpoOKH 3a-
MICTh pE€4YE€Hb OTPUMY€EMO BEKTOPH O3HAK IUIA KO-
KHOTO KOMEHTap4.

Bukopucmanus kiacugpixamopis. besnocepen-
HBO JJIS1 BIIHECEHHS KOMEHTapiB N0 KJIacCy «TOK-
CHUYHI» BUKOPHUCTAHO TI’SITh KJIACH(DIiKAIiHHAX MO-
Jeneit: KnacudikaTop JOTiCTUYHOI perpecii, MeTox
kyacudikamnii 3a J0MOMOro JIHIMHUX OMOPHHUX
BEKTOpIiB 0€3 Ta 3 METOJOM HaBYAHHS, 3aCTOCOBY-
I0YM CTOXACTHYHHUH TPali€eHTHUH CIYCK, a TaKOX
Kiacu(ikaTop «BUMAAKOBUH Jic» 1 KiacupikaTop
3 IOCHJICHHSIM TpajienTa [3, 8].

Oyinka sxocmi xknacughixamopis. s ouiHKH
SIKOCTI MoJiesiell HaBuaHHs OyJi0 moOyIoBaHO Mart-
pHII0 TOMHJIOK (OTpuUMaHy iH(OpMAIlio TpeacTa-
BJIEHO Ha puC. 2). [ KOKHOI MOJesi miapaxoBa-
HO. KUIBKICTh TMPAaBWJIBHO BU3HAYCHUX MOJIEILIIO
HETOKCHYHUX, TOMHUIIKOBO BU3HAYEHUX TOKCHYHHX
KOMEHTapiB, MOMHJIKOBO BH3HAYCHUX HETOKCHY-
HUMH KOMEHTapiB Ta TMPaBHJIBHO BH3HAYEHUX SIK
HETOKCHYHI KOMEHTapiB. 3a OCTaHHIM 1 HalBaXKJIu-
BIIUM JUIS HAIIOTO aHaJli3y MOKa3HUKOM BIPHO
BHU3HAYEHUX TOKCHYHUMH KOMEHTapiB, a TaKOX
HEBEIIMKOK KiJbKICTIO TIOMHUJIKOBHX PE3YJIbTATiB
MO’KHa BCTAHOBUTH, 10 HaWKpamuMu B nependa-
YeHHI 000X KJIaciB € METOJU OIOPHHUX BEKTOPIB.
Amxe BoHn MaroTh 1o 1 139 Ta 1 128 BipHO BH-
3HAYeHUX TOKCHYHHX KoMeHTapiB i3 1 570 nHass-
HUX, TaK L0 LEH MOKa3HUK € BUIIMM MOPiBHIHO,
HaIPUKIIAJ, 13 MAIIMHOK IiJCHJICHHS TPaJieHTa.
OxpiM TOTO, 32 JOIIOMOI'OI0 METOJy OTIOPHUX BEK-
topiB 3 004 Ta 3 016 KOMeHTapiB BU3HAUEHO Ipa-
BIJIBHO K HeTokcuuHi (i3 3 184 moxamBux). J{jis
OLITBII JIeTANBHOTO aHAI3Y ¥ MOPIBHSHHS 3aCTOCO-
BaHMX METOJIB Kiacudikaiii BUKOPUCTAHO Pi3Hi
METPHUKH X OL[IHKH.

Tak, Oyno po3paxoBaHO METPUKH OIIHKH MO-
nenet kiacugikaTtopis, Taki K TOYHOCTI, IOBHOTH
ta ®-MipH, HaBeeHi Ha pHc. 3:

TP+TN

Accuracy = :
TP+FP +TN +FN

)
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Precision TP ; (2)
TP1FP
Recall =— . 3)
TP+FN

E_>o Preclls_lon x Recall . ()
Precision + Recall

VY dopmynax (1) — (4) TP — icTHHHO TO3UTHBHI
pimennst; TN — icTuHHO HeraTtuBHi pimeHus; FP —
XHOHO-TIO3UTHBHI pimenHs; FN — xuGHo Heratus-
Hi pimeHHst cucteMu. 111 )k mo3HAYEHHS 3aCTOCO-
BaHO Ha puc. 2.

I3 puc. 1 BuaHO, IO OIS HAIIUX NAaHUX, HAM-
OLITBIN TIPUIATHI METOIM OTIOPHUX BEKTOPIB aJKe
BOHH MalOTh MTOKa3HUKN TOYHOCTI 87 %.

Oninky kiacudikaniiHoi Monen MPHMHATO
OPOBOOUTU LUIAXOM IIEPEXPECHOl  MEepPeBipKH
(CV Score). CyTHIcTb 11i€1 OLIHKHU OMHACAHO B iH-
(dopMartiinoMy po3iii. SIKIo KOpOTKO, 1€ METO]
OLIIHKYA aHAJITHYHOI Mozenl Ta Ii MOBEIIHKH Ha
He3aIe)XHUX AaHux. Ilix gac ouiHOBaHHA Mozedni
HasBHI JaHi po30uBaroTh Ha K wyactun. [ToTiM Ha
k—1 yacTMHAX MaHUX MPOBOIATH HABYAHHS MOJIEIII,
a YaCTHHY JaHUX, IO 3aJIMIIAETHCSA, BUKOPUCTO-
BYIOTh Ul TecTyBaHHs. lIpouenypy HOBTOPIOIOTH
K pa3iB; y pe3ynbTaTi KokeH i3 K eeMeHTiB JaHuX
BUKOPHUCTOBYIOTH JIJIsl TECTYBaHHSI.

VY Takuii criocib6 oTpuMaEMo OLIHKY €(eKTHBHO-
cTi 00paHoi Mozeni 3 HAKOUIBII PIBHOMIPHUM BH-
KOPUCTaHHSIM HAasBHHUX JaHUX. Pesynprath Takoi
OIiHKH, Koyn K = 5, 6yJ10 KOHCOJTiJ0BaHO Ha puc. 4.

UuM BUIIMI MOKa3HUK IEPEXPECHO] IepeBipKHy,
THUM KpalIOI € MOJIETb. Y HallOMy BHUIAIKYy — L&
MeTox omnopHux BekTopiB (Linear SVM) Ge3 Ta 3
METOAOM HaBUYaHHA 3 BUKOPHCTaHHAM CTOXAaCTHY-
HOTO TPa/IIEHTHOrO CIycKy. Takox yka3aHi MeTo-
I IEMOHCTPYIOTh HAWBHIII iHIII METPUKH — TOY-
HICTB, MOBHOTY Ta O-Mipy.

[Tlicns HaBuaHHSA, TPEHYBaHHS Ta OLIHKW Hak-
OUTBII ONTHMANILHY MOJIENb BHKOPHCTaHO Ha iH-
IIMX HE3aJEKHUX HEPO3MIYCHHX HAaHUX, 3aBaHTa-
’KEHHX 13 KoMeHTapiB «YouTubey.

[Micns Toro sik MOOymOBaHO poOOYY MOJIEIb,
OCTaHHIM KPOKOM € pO3TrOpPTaHHS MOJENi, 1o, 5K
npaBuiIo, nepeadaydae 30epeskeHHsT MOJET Ta He-
OOXITHUX 3aJIeKHOCTEH, a TaKOX ii PO3TOpTaHHSI
sk ciyx6om, APl abo sk 3amymeHoi mporpamu. Ic-
HYIOTH Pi3HI CIIOCOOM PO3rOpTaHHS MoJened Ma-

IIMHHOI'0 HABYaHHS, 1 L€ 3a3BUYall 3aJI€)KUTh BIJI
TOTO, SIK BH XOYeTe OTPHUMATH JIO HBHOTO JOCTYII
mi3Hime. Y Hamni po0oTi mapaMerpu Mojaeni 30e-
piraroTbcs Ha HOCIi 3a morioMoror Moxyds pickle,
3aBJISIKK SIKOMY 3PYYHO BHKOPHCTOBYBATH B IPO-
rPaMHOMY CEpEIOBUII MOJIENI, HAaBUYCHI Ha IHIIHNX
JaHKX.

Logistic Linear Linear Random Gradient
Regre- SVM SVM Forest Boosted
ssiom BGD) Machines
TP| 3088 3004 3016 3046 3173
FP 96 180 168 138 11
N 944 1139 1128 712 128
FN| 626 431 442 858 1442

Puc. 2. MaTpumi moMAIOK AJsl BAKOPHCTAHIX MOZIETICH

Fig. 2. Error matrices for used models

Logistic Linear Linear Rando Gradient

Model |Repre - SVM SVM Forest Boosted
ssion (SGD) Machines
Accuracy 0.85 0.87 0.87 0,79 0,69
Precision 0.86 0.87 0.87 0.80 0,76
Recall 0.85 0.87 0.87 0,79 0,69
¥F1 Score 0,84 0.87 0.87 0,77 0.59

Puc. 3. Po3paxoBaHi MeTpHUKH OLIHKK MOZAETCH Kila-
cudikaTopin

Fig. 3. Calculated metrics for evaluating
classifier models

Votel | Rege U gy Random DO
ssion {SGD) Machines

CV Score
ey | 082 086 086 078 069
T“(‘rs;;’“" 085 | 087 087 079 0,69
C(l,‘;,s];)"g 082 086 086 078 | 0.69
e 085 087 087 079 | 0.69

Puc. 4. PesynpTaTu epexpecHoi nepeBipku
Fig. 4. Cross-validation results

IIpuknao pobomu mawiunu onopHux 6eKmopie.
[Ticns omiHKM SKOCTI poOOTH Kiacu]ikaTopiB BU-
SIBUJIOCH, 1110 HaWKpamum AJsl i€l 3a1a4i € Mamm-
Ha OMNOPHHMX BEKTOPIB. 3aBISKU 30€PEKEHHM ITiJT
yac poOOTH MapaMeTpaM MOZE € 3MOra BUKOPHC-
TaTH 3a3HAYCHUH METOM Ui Kiacudikarii KOMeH-
TapiB MiJl HaBYAILHUM BijJie0 3 Ha3Bow «MeTox
Kpamepa 3a 3 munytbl. Pemienue cucremsl Jin-
HeWHBIX ypaBHeHUH — bezbotvyy. Iling HuM Ha Mo-
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MEHT BHBaHTa)XKCHHS HasBHI 336 KoMmeHTapiB. Bu-
0ip Takoi HEBETMKOI KIIBKOCTI KOMEHTapiB 3yMOB-
JICHUH THUM, IO JJIsS OIiHKK Kiacudikaropa Ha
MIPUKIIaAil MOTPIOHO TOMepeaHkO BiIHECTH JaHi 110
PI3HUX KIaciB Bpy4YHY. Y pe3ysbTaTi oTpuMaHo 26
TOKCUYHHUX KOMEHTapiB, IO CKIAJae 8 BiJICOTKIB
BiJI 3arajJibHOI KIJIBKOCTI.

KomenTapi mim Bimeo Oylo BHBaHTa)XeHO,
OYUIIICHO, CKOHCTPYHOBAaHO 3 HHUX IPOCTIp O3HAK

Ta TOJaHO Ha BXiJ KiacuikaTopa MAIIMHHA OTOP-
HUX BEKTOpiB. Ha puc. 5 BumHO pe3ynpTaT meper-
BOPCHHSI KOMEHTAPIB 33 PaXyHOK OYHIICHHS.

TakuM YMHOM OTPHMAaHO TAOJIHITIO, ¢ CTOBO-
IISIMH € KOMEHTapi Ta BiATOBIMHI iM KJIacH, BHU3Ha-
4yeHi 3a MeronoM. TouHICTh Ha Iil BHOIPIN CKia-
nae 85 %. YacTuHy pe3ynbTaTy MOXHA OauuTH Ha
puc. 6.

| Comment | Lemima

camMui TynoH mpaMcp coacabo camuii Tynol npaMcp coacabo

Croacabo bomsmoe cmacabo bonsmol

Cracabo 1 Ece HOHIIL, 1 ICPEOKYPCHHE EHCING obpazoRannc) cracrbo MOHNTE NEPEOKYPCHHEE ERCIHH 0bpazoranne
X**ema x*tma

Cracabo bomemoe. 5 ece nonxa Tonsko daropaps Baw.
Bu onens. Mens NODPOCHIA HAITHCATE 3T0 MPENOJARITENL.

Heyu.

X**gy pe DOHXTHO

Cracebo 6obmoe 09eHsE MOMOTIA MHE
Onxrm a 0b6**pancx

mne b* *ars mamay. Iloka me penme.

BOT X JIYMAX0. €10 EAIbEYINTOP HE NPaBIHO PEIIF I Boc i of cam U

Bor * * ¥ uMeHN B HHCTHTYTE 9T0 T43333K CI0XHO "0bEICHIIOT", HO TYT cpas HOr HECTHTYT 9T0 CIOAHO ODLACHITE CPAazy ECC ICHO CTAThH
CITACHEO BAM, E npagjc 1 B YHAECPE HE NOHHMANA 5TH MATPHIKN Ho bnal coracabo Npagjs YHHECP HOHHMATE MATPHIA OIarojaps e
TH BoT ccnm Be ofEIcHICIE OyTeM 10 0TEYAA bepérca, ve nesp B HOTyb

obhacHITH TYTH 0TKYAa Gparsca css wTYh
cnacabo bonsmol noaxrs braroxapx
QJIEHB IPOCHTS IACATH 5TO PENOABATEND
AYMATH EANLKYIXTOP OPABHIHO PCOIHTH
Enace

AEYyY

A cum y McHE 570 3% *1emaax x**ax pagro =0 Toraa Kak MEC BRMRCIATE Ac 510 3a* *Aramani x* *Ha paEHKH EHYACIATE ACIETA X Y Z

g noExmaLH

cnacabo bonkmol oYeHs MOMOTH
ob**parrcx

6¥*ars HATATH DOKA PELIATE

He, my pas oucns Haj10, Haj0 pazbapams. Ho ecnn ponex 20 naiikor 33 ceroyy 04cHL pazOHpaTs PONHE IaHK cerofHIMAHRA Beucp HabpaTe
Cnacnbo. PaccEasuBacms srymmnc 9cu yiaTcas. 5 mocoBcToEan ofHOKIACCHE CacHGO PACCKASHEATH YIHTCIE COECTOBATE OHOKIACCHHAE
Coacubol!! cnacuabo

HOpa. JIACKpHMEHART - 5T0 B EB3/[PATHOM YPABHCHHH H B MOCM EHJICO TONLE I0pa JHCKPHMHHAHT 3T0T KEAJ[PATHHH YPARHCHHE MOH BHJ|
Cracabo! A B xaxou ypoxc Bu obhicricTc, KAK IONYIHTE AMCKPAMAHART M cOAcHGO KakoH Ypox oOLECHITS HOIYIATS JIACKPAMAHAHT |
cacabo GiHEE, EH obRICHEETE yMIIIC, TEM BECC MOH IPEHONH B YHHECPE EMC coacabo bnal obhicHxTS MoH Npenoj| YHHECP EMECTC E3NT
Croacabo. A He HOACEANENIL, TTO Th ceiuac POXOJHIIE 0 MATAHY, AHTEMY CIACHOO IOACKASATH MPOXONHTH MATAHA ARTCM JHHAN AKTY:

TH AyTme BCCX PACCEASHEBACING)) ICCTHO PACCEATHEATH TCCTHO

Puc. 5. Pesynprar ounmeHHs KOMEHTapiB

Fig. 5. Result of clearing comments

CAMEIH TYIOH TpMep coacHGo

Coacufo Gomemos

Croacufo # BC2 DOHMI, A DepSOKYPCHEE BEICINE 00 pasoEanms)

H*¥era

Bor * * ¥ MeHA B HECTHTYTS 3T0 T33333E CI0XHEC 00BRACHART ', HO TVT a3
CTIACHEO BAM. 5 opasn: AE VHHESPE HE MOHEMANA 3TH MAaTPHIE HO Grar
Tr BT eci He O0bACHARIIE MYTEM TTO OTEYDA DepETeA He mesk B HOTyE
Cnacufo Gomemoe. f Bce morAma Tonero Gnarogaps Baw

BEri onege. Mena mompocHna HADHCATE 3T0 DPEN0AAEATENE.

ROT A MYMAI0. 70 KANEAVIATOP He TPABEIEAO PRI HIH Bee ¥ of cam (=)
EIIACT

R R e R = =
e T e T e TR e R e T e T e T e R e T e T e

Hev,
Puc. 6. PesynbTraT po60TH MalIMHU OTIOPHUX BEKTOPIB

Fig. 6. Result of work of the support vector machine
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Pe3yabTaTn

Otxe, y Hamii po6oTi OyJ0 BHUPIIIEHO HHU3KY
MPUKIIAIHUX 33/1a4.

Ilo-nepiue, gocnimkeHO HasiBHY HMPAKTUKU PO-
0oTH 3 KOMEHTapsAMH IIi Bile0 Ha KaHaTi
«YouTube». PoboTa MicTUTh OTJIsiT ITpallh 3 aHATi-
3y KOMEHTapiB Yy COI[iaJIbHUX MeJia, 30Kpema, i3
BHUKOPHCTAaHHIM pecypciB «YouTube» ta mpukia-
I TOAiOHOTO  BHUKOPUCTAaHHS AN MEpexi
«Twitter».

Oxpim TOrO, MPOBEAEHO OIHKY SIKOCTI KJIACH-
¢ikamiifHUX Mojenei, MoOyJOBaHWX Ha OCHOBI
pizaux MeroniB Data Mining i3 BHKOpHUCTaHHSIM
MOKa3HHUKIB TOYHOCTI, MOBHOTH, D-Mipu, MaTpuii
NOMUIIOK. [yl y3arajabHEHHsI OLIHKH NPOBEACHO
MepexpecHy MepeBipKy.

3arajgoM, IpyHTYIOUUCh Ha TMOMEPEAHIX JOCIi-
JDKCHHSX, 13 BUKOPUCTAHHAM TEXHIK MAalTHHHOTO
HaBYaHHA mix HarmaaoMm (supervised machine
learning techniques) po3pobieHo anropuT™Mu Kia-
cudikarii HECTPYKTYpOBaHWX TEKCTOBUX NaHUX,
MPEICTABICHUX Y BHUIIISIII KOMeHTapiB. [ 0J0BHOIO
BUPIIICHOIO 3a7auelo € Kiacuikailis TOKCHYHOCTI
KoMeHTapiB. [Jis1 mpbOoro BHKOpPHCTaHO Kiacugika-
TOp JIOTICTUYHOI perpecii, merox kiracudikamii 3a
JIOTIOMOI'OK0 JIIHIHHUX OINOPHUX BEKTOPIB 0e3 Ta
3 METOJIOM HAaBYaHHS — CTOXaCTUYHUU Tpali€HT-
HUH crnyck, kiacudikatop «BumankoBuii Jicy» Ta
Kkiacu(ikaTop i3 HOCHIEHHAM rpajieHTa. 3acToco-
BaHO AJITOPHTM OI[IHKK POOOTH KiacudikaTopis,
IO BKJIIOYA€ BUKOPUCTAHHS METOIIB MiJIpaxyHKY
MaTpHIli TIOMWJIOK, TOYHOCTI, TOBHOTH Ta P-mipn
JUIS OLIIHKM MoJeleil. 3a BciMa ITOKa3HUKaMH Hail-
TOYHIIINM BHSBUBCS METOJ] ONOPHUX BEKTOPIB
(Linear SVM) 6e3 Ta 3 METO/IOM HaBYaHHS CTOXAC-
TUYHUH TPaficHTHUN CITyCK, y HUX HaWBHIII W 1H-
Il METPUKH OLIIHKH, TaKi K TOYHICTh, IOBHOTA Ta
®-mipa.

HaykoBa HOBHU3HA Ta IPAKTUYHA
3HAYMMICTh

KombGinariisi MeToniB momnepeaHboi 00poOKu
cnenu(igHOTO BHUIY TEKCTy, a TAaKOXK Kiacudika-
LIHHUX METOAIB MALIMHHOTO HABYaHHS 103BOJIMIIA
HE TiNBbKH BpaxyBaTH TaKi OCOOMMBOCTI iH(opma-
ii, K MOXJIUBICTh HASBHOCTI TaMOKOJIB, €MO-
JUK1, TIOCHJIaHb TOIIO, aje i BUKOPUCTATH PO3PO0-
JICHI anrOpUTMHU Ui aHaji3y POCIHCBKOMOBHHUX
KOMEHTapIB.

[IpakTHdHa MiHHICTE OTPUMAHHUX Yy POOOTI pe-
3yJbTATIB TOJSTaE HacaMIepes] y CIPOIIEeHHI Tpo-
Lecy aHalmizy kKoMmeHTapiB. OmmcaHi TEXHOJOTIT
MOYTh OYTH BUKOPUCTaHI JUIsl aHAIi3y TEKCTOBHX
KOMEHTAapiB y OyIb-SIKUX COIIaIbHUX Mepekax ado
cepBicax, Jie nepeadaveHi BiAryKH. AHali3 KOMEH-
TapiB, pO3TAIIOBAHHWX IIiJi HABYAJIBHUMH BiJ€O,
MO>Ke OYTH KOPHUCHHM JUTISI PO3YMIHHS JTOCTYITHOCTI
MaTepiaiy, a TaKOX SIKOCTi 1OT0 BUKIIaTaHHSI.

BucHoBku

Jns xknmacudikarii KOMEHTapiB cepell po3risi-
HYTHX KJIQCHYHUX METOJIB MAaIIMHHOTO HAaBYAHHS
JOLITBHO BUKOPUCTOBYBAaTH METOJI ONOPHUX BEK-
TOpiB 0€3 Ta 3 METOJOM HaBYaHHS CTOXAaCTUYHUI
rpamieHTHUR cmyck. lli HampaitoBaHHA NarOTh
3MOT'Y CIIPOCTHTH aHaJli3 KOMEHTapIB.

Bupimeni 3aga4i nonepeanboi 00poOku Ta 1o-
Ty KOMEHTapiB Ha «TOKCHUYHI» ¥ «HETOKCHYHI»
JOTIOMOXXYTh COPMYBaTH TOOPO3UWINBE CEPEIO-
Bule y cepi iHpopMaIiiHOT OCBITH HUIAXOM BiJI-
KHJaHHS TOKCHYHUX KOMEHTapiB. /711 KoMeHTapiB
ITiJ] HABYAIEHUMU Bi/I€0 JUIA MIKOJISIPIB TaKa Mpak-
THKA €, 0€3CYMHIBHO, BOYKJINBOIO.
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INPUMEHEHHUE AJITOPUTMOB MAIINHHOI'O OBYYEHUA AJIs1
OBPABOTKHN KOMMEHTAPHEB 110/l YYEBHBIM MATEPUAJIOM HA
BUJIEOXOCTHUHI'E «YOUTUBE»

Heab. ABTOPBI CTaBAT IO OOHAPYKCHHE TOKCHYHBIX KOMMEHTapHeB Ha BHaeoxocTHHTe «YouTube» mox
y4eOHBIM MaTepUalioM IyTeM KJIacCU(PHUKALUH HECTPYKTYPHUPOBAHHOTO TEKCTA C IMOMOIIbI0O KOMOMHAIIMN METOJIOB
MamuHHOTO 00yueHus. MeToauka. B paboTe ¢ yka3aHHBIM THIIOM JAaHHBIX HCIIOJIb30BAaHBI METOJBI MAIIMHHOTO
00yueHHs I OYNCTKH, HOPMaJIU3alluH, IPEJICTaBICHIS TEKCTOBBIX IaHHBIX B BUE, IPUEMIIEMOM /I TalbHEHIIeH
pabotel Ha OBM. HemocpencTBeHHO U1 OTHECEHHS KOMMEHTapHeB K KIAcCy «TOKCHYHBIE) HCIIONb30BaHBI Kiac-
CcU(UKATOP JIOTUCTUYECKOH PErpeccHy, METOo] KJacCH(HUKAIMK C MOMOIIBIO JIMHEHHBIX ONOPHBIX BEKTOPOB 0Oe3
U C METOJIOM OOYUYEHHSI — CTOXAaCTHYECKUM I'PaJUEHTHBIM CITyCKOM, KIacCH(UKATOp «CIydaifHBIN JIec» M KIacCH-
¢uxarop ¢ ycunenneM rpaguenta. C 1enpio ONeHKH paboThl KIacCH()UKATOPOB MCIIOIL30BaHBI METOABI MOJICYETa
MaTpHIBl OMIHMOOK, TOYHOCTH, HONMHOTH 1 D-Mepsl. [yt 06001IeHHO# OLIEHKH MCIIONB30BaH METO/ IEePEKPECTHOM
npoBepku. S3bIk mporpammupoBanus — Python. Pesyabsrarhel. Ha ocHOBe mokasarteneil OLlCHKH BBIOpaHbl HAHITYY-
e METOAbI — OOPHBIX BekTopoB (Linear SVM) 6e3 1 ¢ MeTooM 00ydeHus C MOMOIIBI0 CTOXACTUYECKOTO TPajIv-
€HTHOTO cirycka. ONMCaHHBIE TEXHOJIOTHH MOTYT OBITh MCIIOJIB30BAHbI IS aHAN3a TEKCTOBBIX KOMMEHTapHeEB MO
JMOOBIMH YIe€OHBIME BHIEO U OOHApY>KEHHSI TOKCHYHBIX OT3BIBOB. Takke pa3paboTaHHBIN MOIXOI MOXET OBITh
TIOJIE3HBIM ISl BBISIBICHUS HE)KEITAHHOW WIIM Ja)Ke arpecCUBHON MH(POPMAIUU B COIMAIBHBIX CETSIX MM CEPBHUCAX,
IZie IpeIycMOTpeHb! oT3bIBE. HayuHasi HoBu3HA. B paboTe ncmons30BaHO KOMOWHAIIMIO METOIOB IIPEABAPUTEIh-
HOM 00paboOTKH CHEIMPUIESCKOr0 B TEKCTa C YIETOM TaKMX 0COOCHHOCTEH, KaKk BO3MOXKHOCTh HaJMUHUs TaliMO-
KOJIOB, DMOJUKH, CCBUIOK M TOMY HOZOOHOE, a TakKe aJaNnTHPOBAHO KJIACCH(HUKALMOHHBIE METO/AbI MAIIMHHOTO
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00ydYeHHUS I aHAJIHM3a PYCCKOSA3BIYHBIX KOMMeHTapueB. IIpakTuyeckasi 3HaYMMOCTh. [IpoBeIeHO ONTUMHU3ALIUIO
(ynpoieHue) mporecca aHann3a KOMMEHTapHeB, HEOOXOAMMOCTb KOTOPOH OOyCIIOBIIEHA PACTYyIIUMH OO0BeMaMH
TEKCTOBBIX JaHHBIX, 0COOCHHO B chepe 0Opa3oBaHuUs H3-3a KAPAHTUHHBIX YCJIOBHH U Iepexo/a Ha TUCTaHIMOHHYIO
¢dopmy oOyueHmss. OObeMBI YI€OHOTO MHTEPHET-KOHTEHTA YK€ HYXKTAIOTCS B aBTOMAaTH3aIUHU Iporiecca 00padoTku
U aHaJn3a OT3BIBOB, a CO BPEMEHEM 3Ta IMOTPEOHOCTh OYAET TOJIBKO PaCcTH.

Kniouegvie crosa: 0o6paboTKa €CTECTBEHHOTO SI3bIKA; HECTPYKTYPHPOBAHHBIC JaHHBIC, KOMMEHTapUH; KJIACCH-
(UKanus; JOrUCTHYECKasi PErPecchs; METO OIOPHBIX BEKTOPOB; CTOXACTUYECKHH I'PaJUEHTHBIN CITyCK; «CITydai-
HBII JIec); yCUIICHHE TPaINeHTA; IEPEKPECTHAs MPOBEpKa
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APPLICATION OF MACHINE LEARNING ALGORITHMS FOR
PROCESSING COMMENTS FROM THE YOUTUBE VIDEO HOSTING
UNDER TRAINING VIDEOS

Purpose. Detecting toxic comments on YouTube video hosting under training videos by classifying unstruc-
tured text using a combination of machine learning methods. Methodology. To work with the specified type of data,
machine learning methods were used for cleaning, normalizing, and presenting textual data in a form acceptable for
processing on a computer. Directly to classify comments as “toxic”, we used a logistic regression classifier, a linear
support vector classification method without and with a learning method — stochastic gradient descent, a random
forest classifier and a gradient enhancement classifier. In order to assess the work of the classifiers, the methods of
calculating the matrix of errors, accuracy, completeness and F-measure were used. For a more generalized assess-
ment, a cross-validation method was used. Python programming language. Findings. Based on the assessment indi-
cators, the most optimal methods were selected — support vector machine (Linear SVM), without and with the train-
ing method using stochastic gradient descent. The described technologies can be used to analyze the textual com-
ments under any training videos to detect toxic reviews. Also, the approach can be useful for identifying unwanted
or even aggressive information on social networks or services where reviews are provided. Originality. It consists
in a combination of methods for preprocessing a specific type of text, taking into account such features as the possi-
bility of having a timecode, emoji, links, and the like, as well as in the adaptation of classification methods of ma-
chine learning for the analysis of Russian-language comments. Practical value. It is about optimizing (simplifica-
tion) the comment analysis process. The need for this processing is due to the growing volumes of text data, espe-
cially in the field of education through quarantine conditions and the transition to distance learning. The volume of
educational Internet content already needs to automate the processing and analysis of feedback, over time this need
will only grow.

Keywords: natural language processing; unstructured data; comments; classification; logistic regression; support
vector machine; stochastic gradient descent; random forest; strengthening the gradient; cross-validation
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THE PROBLEM OF A LACK OF MATERIAL BEHAVIOUR DATA FOR
RISK ASSESSMENT

Purpose. The main purpose of this work is to provide theoretical support for the need to expand data on changes
in the material behaviour under dynamic loads when railway track risk assessment over time due to railway track
elements deformability. Methodology. For the research, an original model of railway track design described using
the original method based on the ability of elastic waves to propagate energy of power pulses in space and time, as
well as a model describing materials as discrete substances were used. Findings. It has been established that the
properties of the material affect the deformability of the elements and the design of the railway track; the main pa-
rameter in the study of deformability processes is time; material, as a substance, consists of atoms and molecules,
and therefore is not continuous; internal physical processes determine changes in the behaviour of the material of an
element. Originality. It has been proposed to develop classifications of changes in the physical properties of materi-
als according to the probability of irreversible deformations and the impossibility of deformations, as well as classi-
fications of changes in the mechanical properties of materials according to the probability of the defect appearance
and changing the material structure. Practical value. The ability to simulate analytically any physical processes
occurring inside elements due to the proposed method allows combining the influence of mechanical and physical
effects into a single calculation. This enables to assess the probability of appearing defects in elements under certain
dynamic loads when assessing the railway track risk over time due to railway track elements deformability.

Keywords: risk; deformations; materials; defect; deformability; physical and mechanical characteristics

Introduction ences are very different. The material properties of
the track elements determine the nature of the de-
formation of the railway track elements under me-
chanical stress. Physical (density, water saturation,
electrical and thermal conductivity, magnetization,
temperature coefficients of linear and volume ex-
pansion, etc.) and mechanical (strength, elasticity,
ductility, brittleness, impact resistance, hardness,
abrasion, wear, etc.) properties of materials deter-
mine the reaction of elements and track designs
under the rolling stock's effects and the environ-
ment and also affect the technical conditions of
elements and track designs.

During operation, under the influence of rolling
stock and the environment, changes occur both in
the technical conditions of the elements and in the

Generally, the design of the railway track is the
presence of a rail-sleeper grid laid on one of the
two structures of the base: a) the ballast layer and
the foundation soil (including sub-ballast layers) or
bridges; b) artificial structure (bridges, flyovers,
tunnels).

Elements of the rail-sleeper grid, bridges, and
tunnels are solid-state structures, the materials of
which are metal, wood, reinforced concrete, and
polymers. The materials used for the ballast, sub-
ballast layers and foundation soil are bulk materi-
als and represented by various soils.

The abilities of materials of railway track ele-
ments to absorb and transmit mechanical influ-
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railway track design. Therefore, there are such lim-
iting technical conditions of both elements and
track designs that are criteria for unsuitability for
their normal operation (that is, unsuitability for the
second limit state, which is also called deformabil-
ity unfitness). Without these criteria, the task of
ensuring the minimization of the life cycle costs of
the elements and track designs while maximizing
the RAMS (reliability, availability, maintenance,
and safety, IEC 62278: 2002, EN 50126-1-2017,
IEC 60300-3-3: 2017) of functioning systems is
impossible.

During operation under the rolling stock's in-
fluence and the environment, there are:

— material deformability — the ability of the ma-
terial to respond to physical factors (thermal, aque-
ous, acoustic, electrical, gravitational, radiation (nu-
clear, X-ray, etc.)) by changing shape and size de-
pending on the physical properties of the material;

— elements deformability — the ability of ele-
ments, like products made from a certain material
with a certain geometry, to respond to mechanical
stresses depending on the physical and mechanical
material properties and operating modes (loading
speed, temperature, exposure to the environment
and other factors),

— design deformability — the total deformability
of its elements at which design's elements not only
can change shape, size, and volume but also move
due to the deformability of other elements that
make up the design.

The study of the deformability processes occurs
simultaneously in several directions. So, specialists
in studying the properties of the materials are ex-
ploring the possibility of improving their quality
by using various additives to adapt the operation of
the elements under the influence of various climat-
ic and operational conditions [4, 17]. To increase
the wear resistance and extend the life of the ele-
ments, structure designers study the influence of
the geometric shapes of the elements on the fea-
tures of the design for certain contact conditions of
the elements that occur during operation [1, 6, 16].
Design experts examine the correlations of operat-
ing conditions with the occurrence of faults and
defects [11, 13, 18, 26] to assess risks. And with
the help of diagnostic studies, based on statistical
measurements, there is an assessment, control, and
verification of correlation dependencies [7, 19, 21,
23-24]. Scientific institutions, using the results of

the above specialists, develop models [12, 14-15,
20, 22, 25] for studying and predicting the opera-
tion of elements and structures in various condi-
tions, which are subsequently used as tools for
studying deformability.

This approach to studying of the deformability
processes uses a huge amount of information ob-
tained not only by the above-mentioned specialists
but also by experts in the development of methods
and equipment for measuring, recording, and pro-
cessing the necessary measurement values. And
the main parameter that unites all researchers is
time, i.e. the ability to measure, record, evaluate,
monitor, and predict the processes of deformability
for both short and long time periods. Therefore, the
paper presents the results of the theoretical support
for the need to expand data on changes in time of
the physical and mechanical characteristics of ma-
terials of track design elements under the influence
of rolling stock and the environment when railway
track risks assessment over time due to railway
track elements deformability.

Purpose

The main purpose of this work is to provide
theoretical support for the need to expand data on
changes in the material behaviour under dynamic
loads when railway track risk assessment over time
due to railway track elements deformability. The
object of the study is the deformability as a factor
of appearing defects in elements under dynamic
loads when railway track risk assessment over
time. The subject of the study is the internal physi-
cal processes to determine changes in the behav-
iour of the material of an element when railway
track risk assessment over time due to railway
track elements deformability.

Methodology of investigation

When a rolling stock travels along a track struc-
ture, the process of transferring dynamic effects
from rolling stock to a track structure and the reac-
tion of a track to a rolling stock effect is carried out
by wheel-rail contact. This process is quite com-
plex, its features are:

— the statistical variation of the types of wheel
contact with the rail, the contact point relative to
the rail head, the parameters of the contact areas of
the wheels and rails, as well as the direction of the
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interaction forces on the contact areas depending
on the position of the wheelset relative to the rail
track, as well as the technical conditions of the
wheels and rail tracks;

— the statistical spread of the magnitude and di-
rection of the interaction forces depending on the
movement mode of the rolling stock, type of track
structures and rolling stock, track plan and profile;

— the complex cyclic nature of the repeatability
of the impact of the rolling stock wheels on the
track section, depending on the designs of locomo-
tives and wagons in a train.

On the one hand, deformability predicting of
railway track elements in time is the task of deter-
mining the conditions under which a single action
of a wheel on railway track sections will cause de-
formations or defects in the railway track elements
and design. On the other hand, it is a task to deter-
mine how the impact of a certain spectrum of roll-
ing stock on a certain track section during the op-
eration of the track affects the gradual accumula-
tion of deformations and the development of de-
fects in the railway track elements and design.
Both tasks are unsolvable without data on changes
in time of the physical and mechanical characteris-
tics of materials of track design elements under the
influence of rolling stock and the environment.

In other words, to predict changes in the state
of any railway track element, under the dynamic
influence of the rolling stock during operation, it is
necessary to have information about emergence
reasons of internal deformations and stresses with
different characteristics (direction, value, rate of
change of value, time of exposure and the number
of occurrence of exposure). And how they affect
the changes in the physical and mechanical materi-
al characteristics, depending on the structure, hu-
midity, and temperature of the material at the time
of exposure of strains and stresses inside the ele-
ments.

Based on theories of elasticity and propagation
of elastic waves a method was developed to deter-
mine the processes leading to a change in time of
the local values of strains and stresses inside the
elements, [2, 3, 8-10]. The main advantage of the
proposed modeling method is the use of the ability
of elastic waves to propagate the energy of force
actions (pulses) in space and time.

The materials properties determine the propa-
gation velocity inside the elements of transverse

and/or longitudinal waves. The magnitude and the
direction of the mechanical action determine the
direction and value of the movements of the parti-
cles inside the element. Fig. 1, a shows the direc-
tion of the movement of both all kind of wave
propagation with respect to the direction of the
acting force and of particles under the longitudinal
waves action. Fig. 1b shows the directional move-
ment of particles under the transverse waves ac-
tion. Figure 1 displays the directions of particle
movement for one of the cross-sections of the spa-
tial distribution of spherical transverse and longi-
tudinal waves.
a

Fig. 1. Movement direction of both kinds of wave prop-
agation with respect to the direction of the acting force
and particles under the action of:

a — longitudinal waves; b — transverse waves

Along the direction of force action, all the en-
ergy of the force action moves the particles by
means of longitudinal waves. In a direction per-
pendicular to the direction of force, the particles
move only through transverse waves. In all other
wave propagation directions, the particles are
moved by two types of waves. The processes of
reflection and refraction of waves depend on the
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geometry of the elements and their connection in
the structure.

Unlike existing calculation methods, the pro-
posed calculation method allows us to analyze:

— the oscillations amplitude and frequency of
each object in the model, under the influence of
variable moving pulses in time;

— the reaction of each object in the model to
the action of an impulse in time;

— qualitative and quantitative changes in de-
formation processes in modelling objects in time;

— the amount of energy spent on absorbing of
momentum by each object in the model; elastic and
residual deformations; internal and external fric-
tion forces; dissipative processes inside objects.

Thus, using the proposed method allows us to
evaluate the simulation object for reliability, avail-
ability, maintainability, and safety under various
operating conditions of the object.

The main aim of this simulation was the ability
to simulate analytically any physical processes oc-
curring inside elements. Due to the fact that any
effect can be represented as a vector of the change
in the amount of energy over time at any point of
the simulation object, depending on the physical
and mechanical and geometric parameters of the
simulation object, the proposed method allows
combining the influence of mechanical and physi-
cal effects into a single calculation.

However, one question remains unresolved. It
is connected with the fact that the construction of a
material model is based on the concept of the ma-
terial continuum, that is, it is assumed that the sub-
stance of the object completely fills the space.
Modelling objects in this way ignores two facts:

— a material, as a substance, consists of atoms
and molecules, and therefore is not continuous;

— internal stresses characterize the interaction
of internal forces directed against the attractive
force of bound atoms or molecules of a material.

Consideration of these facts necessitates the
expansion of data on changes in time of the physi-
cal and mechanical materials characteristics of
track structure elements under the influence of roll-
ing stock and the environment.

A mechanical impulse, acting on an object,
transfers a certain amount of energy to it, which is
absorbed and transmitted inside the element by
force waves creating force fields. The latter cause
the material particles to move, causing various

physical processes to occur inside the element with
a change in time:

— material local density (change in the distance
between particles under the influence of force
waves);

— material local temperature (due to friction
during the displacement of particles or inelastic
collision of force waves);

— material compressibility (due to a change in
the local density of the material and due to this
change in the movement of particles under the
force waves action);

— element volume (as a combination of the
physical processes described above).

These physical processes cause: changes in the
particle’s local concentration, changes in the local
volume inside the element, changes in the local
velocity of particles and, according to the second
law of motion, can be written as:

F(t)=R(t)=d(mv)/dt=
=d(pVv)/dt=d(nmVv)/dt, (1)

where F(t) — is the impulse external force acting

on the object; R(t) — is the momentum of the

force field acting inside the object; m — is the
mass of the object, absorbing the influence of an
external impulse, by means of a force field pulse,
which is formed on the basis of a superposition of
force waves; a — is the acceleration of particles
exposed to the force field; p — is the material den-
sity of the object; V — is the object's volume, ab-
sorbing the influence of an external impulse, by
means of a force field pulse, which is formed on
the basis of a superposition of force waves; t — is
the time; v — is the velocity of particles exposed to
the force field; m, — is the mass of one molecule;
n — concentration, the number of molecules per
unit volume.

According to the first law of thermodynamics,
for any volume it is true:

3K (t)+ 38U (t)+8A(t)=3Q(t), 2
where 8K (t) is the change in the kinetic energy of

the body; 8U (t) — change in the internal energy of
the body; 8A(t) — change in work performed by
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external forces; 8Q(t) — is the change in thermal

energy.
In this formula, the values of the terms 8A(t)

and 8Q(t) are exactly known. The value of

8K (t) is not known since the initial velocity and

direction of motion of bound atoms or molecules
of the material in the studied location of the object
is unknown. And also, there is no information on
how a change in the distance between bound atoms

or molecules affects 8U (t). Therefore, there is a

need to classify the parameters of the change in the
sum of energies 8A(t)+3Q(t) (value, rate of

change of the value, time of exposure to energy
and the number of occurrences of energy impacts
per unit volume of the material), depending on the
structure, humidity, and temperature of the materi-
al at the time of exposure, from the point of view
of changing the physical properties of the material,
and also, from the point of view of changing the
mechanical properties of the material. First type of
classifications has to describe the probability of the
occurrence of irreversible deformation and the im-
possibility of deformation, and the second has to
characterize the probability of the appearance de-
fect and changing the structure of the material.

Thus, the availability of four classifications will
allow us to solve the problems of predicting the
deformability of railway track elements in time.
Next, several types of tasks are considered, the
solution of which will be possible.

Examples showing the need of using for
additional classifications

Example 1. Prediction based on the study of
the physical nature of the accumulation of contact-
fatigue rail damage.

To study this issue, complex tests were carried
out on the ring of the All-Russian Research Insti-
tute of Railway Transport [5]. The test was carried
out on a straight section of the track and a curve
with a radius of 400 m. During the test, three test
cycles were carried out, differing in axial load: 23,
25, and 27t /axis. In each cycle was used:

— 100 new identical four-axle wagons loaded
with crushed stone;

— three stacking of rails. At the first stacking of
the rails, the contact of the wheels and the outer

rails was carried out with two-point contact (the
tread of the wheels along the surface of the rail and
the wheel flange along the inner side surface of the
rail). Rails of the second laying provided 60 % of
cases with two-point contact and 40 with single-
point contact (in the upper zone of the working
curve of the rail head). The rails of the third stack-
ing provided 85 % movement in a single-point
contact with the pressed wheel flange to the side
edge of the rail and 15 % in two-point.

In addition, a special experiment was carried
out without changing the wear of the wheels, and
with changing contact conditions of the wheels and
rails due to the difference in the rail canting 1/20,
1/40 and without a rail canting.

As a result of the tests, it was determined that;

— the conditions of wheels and rails contact af-
fect more significantly on the service life of rails
than the effect of axial load:;

— types of defects on the outer rail of the
curves along which the rails failed were character-
istic for each rail laying, that is, for a different con-
tact shape. On the rails of the first installation,
there were defects in the wear of the head and web
of a rail (defects 52.1 — longitudinal cracks at the
junction of the rail web with the head and base of a
rail, 53.1 — cracks in the rail web from bolt holes,
17.1 — shelling and peeling of metal on the rolling
surface) and there was no not a single failure in
contact fatigue damage (defects 11 — chipping and
peeling of metal on the side working fillet of the
rail head and 21 — transverse cracks in the rail
head). When operating rails of the second installa-
tion, approximately 40 % of failures were due to
contact fatigue damage (defects 11 and 21), and
when operating rails of the third installation, all
failures were due to contact fatigue damage (de-
fects 11 and 21);

— in straight track sections defects 11 and 21
occur many times less often than in curved track
sections;

— defects 11 and 21 practically do not occur on
the inner rail of the curves.

The conclusions obtained in the test are well
explained using the proposed method for elastic
waves propagation.

When modeling the movement of a wheelset
along a track, it is necessary to take into account
the main features of this movement. The move-
ment of the wheelsets is carried out along the track
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along a sinusoid, even with the perfect technical
condition of the rails and wheels, as well as the
technical condition of the rail track and wheelsets
which is caused by the conical shape of the wheel
flange. Therefore, the main type of contact of the
inner and outer rails with the wheels in straight
track sections is a single-point contact (rail rolling
surface), but with different contact areas and the
direction of the forces acting on these sites. In the
curved track sections, the wheelset is shifted to the
outer rail, therefore, the contact of the wheels and
rails along the inner thread is carried out through a
single-point contact between the wheel tread and
the rail rolling surface. And on the outer thread, the
wheels and rails are in contact at a two-point con-
tact and/or single-point (in the upper zone of the
working curvature of the rail head), the ratio of the
types of contacts depends on the radius of the
curve, the superelevation of the curved track sec-
tion, as well as on the technical condition of the
wheels and rails.

According to the characteristics, rail steel refers
to solid-state solid materials, inside which both
longitudinal and transverse waves propagate.

In fact, the modelling of the force effect on the
contact areas of wheels and rails is complicated by
taking into account such temporary aspects of con-
tact as:

— the time of action and the pattern of change
of the forces acting between wheels on the rails,

— at two-point contact, there is both the differ-
ence in the time of application of forces to each
contact area and the offset between the contact are-
as along the rolling surface and the side surface of
the rail, which depends on the angle of attack of
the wheel on the rail.

Even without taking into account the indicated
complicating parameters, one can state the fact that
during single-point contact of wheels and rails,
bound atoms or molecules move under the influ-
ence of a superposition of two wave processes
caused by the propagation of longitudinal and
transverse waves. The processes have different
propagation velocities, so the longitudinal wave
velocity is approximately 5600 m/s, and the shear
wave velocity is 3200 m/s, respectively. The di-
rection of displacements of bound atoms or mole-
cules under the influence of each type of wave is
different (Fig. 1). It is necessary to consider the
superposition of two single-point contacts, taking

into account the direction of forces acting on each
area contact, at two-point contact of wheels and
rails. That is the superposition of four-vector pro-
cesses in time.

In these processes, the energy of the longitudi-
nal waves is expended on processes of changing
the volume and shape in the directions of wave
propagation, and the energy of the transverse
waves to shift the particles to the vacant place.
Both types of waves, in this case, characterize the
elastic properties of the material, but the energy of
the longitudinal waves characterizes the perception
of the pulse by the material (its deformability), and
the energy of the transverse waves characterizes
the elasticity of the bonds of the particles of the
material with each other. In addition, in two-point
contact, two inelastic impacts of waves will take
place when the energy vectors of longitudinal and
transverse waves are added.

The next aspect that affects the processes that
occur when the wheels and rails interact is the di-
rection of the forces on the contact areas. The di-
rection of these forces characterizes the place of
their reflection inside the rail. Such places can be
fillets of the rail head (the curvilinear part of the
connection of the head and web of the rail), the
contours of the web or base of the rails, as well as
the opposite side face of the rail head. Reflection
sites affect the appearance and parameters of new
wave processes. And, according to the theory of
propagation of elastic waves, each longitudinal or
transverse wave causes four types of waves: two
reflected and two refracted. The characteristics of
the reflected waves affect the deformation process-
es inside the rail. Considering the fact that the time
of the interaction of wheel and rail section is much
longer than the time it takes the waves to travel
through the inner space of the rail, it is ultimately
necessary to consider the superposition in time
both processes of incidence and refraction inside
the rail.

However, when studying the physical nature of
the accumulation of contact-fatigue injuries of
rails, the forces at a single-point contact (in the
upper zone of the working curvature of the rail
head) are significant, since the distance to the fillet
on the opposite side of the rail is much closer than
with other contact options. In this case, the magni-
tude of the influence of force effects is more sig-
nificant than under the influence of point-to-point
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contact. The time between the effects of the inci-
dent and reflected wave processes returning to the
point of application of force is less, and the proba-
bility of receiving a reflected wave that coincides
with the direction of the wave of incidence is high-
er. Thus, when a wheel contacts a rail on a rounded
lateral surface, non-metallic inclusions or bound
atoms or a molecule of rail steel encountered in the
propagation path of force waves of incidence and
reflection will experience tension forces, which
also increases the likelihood of deformative chang-
es in the rails.

As indicated above, the maximum value of the
force action is transferred by longitudinal waves
that coincide in direction with the acting force.
Therefore, with two-point contact, the maximum
force effects inside the rail will be at the intersec-
tion of the wave processes of energy transfer by
longitudinal waves that occur at each of the contact
areas of the rail and wheel and coincide with the
direction of acting forces. But, firstly, the result of
the addition of vectors in an inelastic impact is
lower than under the action of longitudinal waves,
which coincide with the direction of the force dur-
ing a single-point contact of the wheel with the
upper zone of the working curvature of the rail
head. Secondly, as indicated when considering the
features of the movement of wheels along rails, the
intersection of such processes has a lower proba-
bility of occurrence, that is, processes occurring
inside the rail always occur with fewer deformabil-
ity changes.

Thus, the application of the method for elastic
waves propagation allows us to receive conclu-
sions about the physical nature of the accumulation
of contact-fatigue rail damage, which are similar to
the conclusions obtained in an experimental study.
Expensive tests could have been applied as a tool
for verifying changes in the physical and mechani-
cal properties of a material. To sum up, the results
of considering the probability of deformability
changes in the rail head at various contacts will
still remain comparative without knowing about
material behavior during deformability process.

Example 2. Prediction based on the study of
the physical nature of damage to reinforced con-
crete sleepers.

The classification of defects in reinforced con-
crete sleepers contains defect 41 (destruction of
concrete), the reason for which is insufficient frost

resistance and durability of concrete due to unsuit-
able starting materials for the sleeper concrete. The
defect occurs on the top of the sleepers, on four
beveled surfaces that are adjacent to the rail at-
tachment area on both sides Fig. 2, destruction are-
as 1, 2. These areas do not have a load, such as
a rail mounting areas, and do not come into contact
with the ballast layer, like the lower part under the
areas under consideration, although such defects
do not occur on the load transfer surface from the
gasket to the sleepers or on the contact surface of
the sleepers lower bed. In addition, two areas that
are located on the inside of the sleepers (between
symmetric areas 2) are interconnected by a con-
necting part of the same concrete, which also does
not undergo this destruction. Therefore, there is
bewilderment, why the destruction occurs precisely
at these sites. An explanation of this effect can also
be demonstrated using the theory of elastic waves
propagation, but, as in the previous case, with an
example of defects in the rail, without data on ma-
terial changes, this also remains a qualitative prob-
lem.

Fig. 2. Destruction areas

Concrete, like metal, belongs to solid-state sol-
id materials, inside which both longitudinal and
transverse waves propagate. The rail fastenings
have constant contact with the pad, transmitted
longitudinal and transverse spherical waves, which
move particles as shown in Fig. 1, a and Fig. 1, b
into a sleeper. Thus, it is found that the destruction
areas 1 and 2 correspond to the directions of prop-
agation of force waves, in which 92 % of the ener-
gy is spent on ensuring the movement of particles
by the action of transverse waves that are, the par-
ticles tend to take the place which the underlying
particles freed up by the action of longitudinal
waves. Since the particles have a rigid connection
with each other, with such a displacement, tension
occurs between the particles, which contradicts the
functional work of concrete intended for compres-
sion work.
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The wave propagation time varies depending
on the characteristics of the material. For rein-
forced concrete sleepers, the longitudinal wave
velocity of the concrete — 4000 m/s, and the shear
wave velocity of 2600 m/s. Longitudinal waves
perform compressive efforts in the direction of
propagation and make particles to move in this
direction. In parallel, two processes occur that have
a different focus. In the first process, concrete par-
ticles move under the influence of transverse
waves into the empty space. The second process
involves the movement of concrete particles under
the action of reflected longitudinal waves from the
reinforcement. Therefore, the destruction of con-
crete at sites 1 and 2 will be absent if tensile forces
under the action of the first process are timely
compensated by the compressive forces of the sec-
ond process.

Thus, the geometric shape of the sleepers, the
location of the reinforcement and the physical and
mechanical characteristics of concrete and rein-
forcement, as well as the relationships between
them, are components of the deformability process
and a change in any of the characteristics forces us
to review other characteristics to ensure the safe
and functional operation of the sleepers.

Example 3. Prediction based on the study of
the physical nature of the accumulation of damage
to wooden sleepers

Wood, as a material, refers to solid-state solid
materials, but its physical and mechanical charac-
teristics are such that only longitudinal waves
propagate inside the material. Moreover, the veloc-
ities of longitudinal waves along the fibers in the
perpendicular direction to the fibers and in the ra-
dial direction are different. The wood fibers in the
wooden sleepers are located along the length of the
sleepers, and basically, the transverse profile of the
wooden sleepers is such that the load from the rail
to the sleepers is transmitted in radial directions
and at an angle to them. Thus, superimposing
Fig. 1, a to the contact areas of the metal pad and
sleepers, and we will consider the displacements of
bound atoms or molecules of wood under the ac-
tion of longitudinal waves of a certain direction to
the wood fibers.

It was shown in [8] that at different speeds of
movement the contact time of the rail and wheel is
different, and the lower the speed, the longer the
pulse transmission time. The radial velocity of lon-

gitudinal waves in a tree is approximately
700 m/s. The rate of change of momentum per
unit time at a rolling stock speed of 2.7 m/s is

2.1-10°kN/s, at 16.7m/s — 3.1-10°kN/s, at

33.3m/s — 1.3-10° kN/s . Consequently, when the

speed of the rolling stock changed by 6 times, the
change in momentum increased by 6.84 times,
when the speed of the rolling stock changed by
12 times, the change in momentum increased by
15.74 times. Physically, this means that at the same
speed of movement of power waves inside wooden
sleepers, the intensity of the energy flow at a point
is different, and its value is proportional to the
change in the intensity of the pulse.

The intensity of the force fields and the dura-
tion of their action affects the interatomic bonds
and the destruction of bonds between the bound
atoms and molecules of wood. Destroyed wood
fibers will create a layer with new physical and
mechanical characteristics. The destroyed layer
will act as a damper, and its thickness will depend
on the intensity value of the force fields that do not
lead to the destruction of wood fibers under repeat-
ed exposure cycles.

Example 4. Prediction based on the study of
the physical nature of the accumulation of damage
in soils

Materials such as soils belong to solid-state but
bulk materials in which both longitudinal and
transverse waves propagate. Saturation of soils
with water significantly changes the properties of
soils of a small fraction, so when dry, particles in
homogeneous soils are single grains of certain
fractions of the soil, and not bound atoms or mole-
cules. In this case, the presence of transverse
waves determines the amount of energy spent on
overcoming the adhesion forces between the parti-
cles and friction when moving. If the soil is satu-
rated with water, then the particles are connected
atoms or molecules, the bond between which is
similar to the work of solid materials.

Also, the saturation of soils with water and the
size of the fraction affects the change in the local
volume of soils, as a function depending on the
density, temperature, and compressibility of the
soil, under the action of force waves. So, there are
dependencies corresponding to a specific moisture
value of a certain value of the soil compaction co-
efficient. If the soil throughout the volume has the
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corresponding characteristics, these soils are con-
sidered compacted and the action of force waves
will not cause any physical processes to appear, the
waves will pass through the soil thickness until
they are completely damped. The behavior of such
a layer can indeed be regarded as the behavior of
an absolutely rigid body. Under other conditions,
various physical processes will take place leading
to a change in soil volumes. Therefore, depending
on the physical and mechanical characteristics of
soils at the time of mechanical action, different
scenarios of soil behavior are possible.

In addition, sleepers have certain requirements
for deepening into the ballast layer, this leads to
the fact that the movement of soil particles occurs
under the influence of several force fields, in
which each field has its own clear vibration param-
eters and the impact results of the others. So, at the
points of contact between the reinforced concrete
sleepers and the ballast layer, in the latter, there are
four different power processes, two of which trans-
fer energy with the help of longitudinal waves and
two with the help of transverse waves. Even with
the same value of the force action from the wheel
on the rail but different speeds of motion of rolling
stock, the same ballast layer will have different
characters and places of concentration of energy of
the deformative process, as a result of the superpo-
sition of force fields in time. When changing the
place of application, the value and direction of the
force impact of the wheel on the rail and the same
speed of motion of rolling stock, the processes of
deformability in the ballast layer will differ too.

Also, if the state of the ballast layer is such that
it is possible to tear off the surface of the sleepers
from the ballast, in addition to these four power
processes, two more processes are added that trans-
fer energy using longitudinal and transverse waves.

In addition, if there is a vibrational effect on the
ballast located in a limited box, size of which is
smaller than necessary for attenuation of waves,
then there are processes of reflection of force
fields. These processes also contribute to changes
in a local volume.

Given the above processes, when experiment-
ing with vibrational effects on ballast, it is impera-
tive that the results be obtained for certain:

— characteristics of the ballast layer;

— parameters of force impact (frequency of ex-
posure and frequency of reiteration of exposure, as

well as the conditions of contact of the stamp and
ballast);

— geometric characteristics of the test sample.

Therefore, there is a need to correlate the re-
sults obtained in the experiments with the results
obtained under actual operating conditions. And
for this, data classifications are needed to predict
soil deformability over time.

Originality and practical value

It has been proposed to develop classifications
of changes in the material physical properties ac-
cording to the probability of irreversible defor-
mations and the impossibility of deformations and
also classifications of changes in the material me-
chanical properties, according to the probability of
the appearance defect and changing the structure of
the material.

The ability to simulate analytically any physical
processes occurring inside elements due to the
proposed method to allow combining the influence
of mechanical and physical effects into a single
calculation. That enables to assess the probability
of appearing defects in elements under certain dy-
namic loads when railway track risk assessment
over time due to railway track elements’ deforma-
bility.

Conclusions

The article is devoted to the study of the de-
formability processes in the interaction of the rail-
way track and rolling stock and the environmental
impact, from the point of view of considering
a dynamic problem that requires taking into ac-
count changes in the technical conditions of both
elements and the design of the railway track.

The work takes into account that:

— the elements and design of the railway track
during operation are subjected to a variety of phys-
ical and mechanical influences. Their influence is
the cause of changes in the physical and mechani-
cal properties of the materials of the elements and
the bonds between the track design elements.

— the processes of deformability are deter-
mined by the second limiting state, by definition,
unsuitability for normal operation, so it became
necessary to have additional data on the behavior
of the track design elements.
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For this purpose, it is proposed to apply the
theory of elastic waves propagation and replace the
model of the material as a continuum with the
model of the material as a discrete substance. The
changes introduced in the simulation made it pos-
sible to apply the basic law of dynamics and the
first law of thermodynamics for the internal vol-
ume of the track design elements.

Based on these laws, the need is formulated to
classify the parameters of the change in the sum of
energies as for changes:

— physical properties of the material in terms of
the probability of irreversible deformation and the
impossibility of deformation;

— mechanical properties of the material in the
probability of the appearance defect and changing
the structure of the material.

Application of the method made it possible to
show the importance of knowledge of the data on
the behaviour of materials of railway track ele-
ments during operation using examples of the ap-
pearance of local damage and changes caused by
the action of local processes. That will provide to
expand data on changes in the material behaviour
under dynamic loads when railway track risk as-
sessment over time due to railway track elements
deformability.
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HPOBJEMA BIICYTHOCTI JAHHUX ITPO NIOBEJAIHKY MATEPIAJIIB
JJIAA OUIHKHU PU3UKY

Merta. OcHOBHa MeTa I1i€i poOOTH — HaJaTH TEOPETHIHE OOTPYHTYBAaHHS HEOOXITHOCTI PO3IMUPEHHS TaHUX PO
3MiHy MOBEJIHKM MaTepiajiB MiJ yac IUHAMIYHUX HABaHTAKEHb JUIA OLHKHM PU3UKY 3aJli3HUYHOI KOJII 3 Yacom
YHacJioK aedopMaTHBHOCTI i1 eneMeHTiB. MeToanka. J{ist 1ociimkeHHs: OyJI0 BUKOPUCTAHO OPUTiHAIBLHY MOJIEINb
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SIK TUCKpeTHI peuyoBrHH. Pe3yabTaTn. Y CcTaHOBIICHO, 1110 BIACTUBOCTI MaTepialiB BIUIMBAIOTH Ha JIeOpMaTUBHICTh
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€JIEMEHTIB Ta KOHCTPYKIIIIO 3aJi3HUYHOI KOJIil; OCHOBHUM IapaMeTpoM IIiJ] Yac BUBUEHHS MPOLECIB JeGopMaTHBHO-
CTl € Yac; mMaTepiall sIK peUYOBHMHA CKJIAJa€ThCsl 3 aTOMIB 1 MOJIEKYJI, a OTXKe, HE € CYIUIbHUM; BHYTpimHI (iznuHi
IpoIiecd BU3HAYAIOTh 3MIiHM B MOBEIiHII Marepiamy ememeHTa. HaykoBa HOBH3HA. 3alpOIIOHOBAHO PO3POOUTH
knacuikamii 3MiH Qi3UYHAX BIACTHBOCTEH MaTepialiB 3a IMOBIPHICTIO IOSBH HE3BOPOTHUX NedopMarliid Ta HEeMo-
KIUBICTIO JedopMalliii, a TaKoX KiIacudikarii 3MiH MEXaHIYHUX BIACTHBOCTEH MaTepialiB 3a HMOBIPHICTIO MOSBH
nIedeKTy Ta 3MIHOI0 CTpYKTypHu Matepiami. [IpakTu4Ha 3HAYHMicTh. MOXIMBICT aHAJITHIHOTO MOJICIIOBAHHS
Oynb-SKUX (PI3MIHUX TIPOILECIB, IO BiOYBaIOTHCS BCEPEAMHI €IEMEHTIB, 3aBISKH 3aIPOIIOHOBAHOMY METOMY JI0-
3BOJISIE TIOEJTHATH BIUIMB MEXaHIYHUX Ta (Pi3MYHUX Aill B OHOMY po3paxyHKy. Lle cripusie BcTaHOBIEHHIO HMOBIp-
HOCTI MOSIBH Ae(EKTIB €JIEMEHTIB 3a MEBHUX JIMHAMIYHUX HABAHTAKEHb U OLIHKH PHU3HMKY 3aJIi3HUYHOI KOl
3 yacoM uepe3 Ae(opMaTUBHICTE 11 €ICMEHTIB.

Kniouosi crosa: pusnk; nepopmariii; marepianu; nedekr; nepopmatuBHicTh; (Hi3nKO-MeXaHIYHI XapaKTePUCTH-
KH
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IHPOBJIEMA OTCYTCTBUA JAHHBIX O IOBEAEHUHU
MATEPHAJIOB UIAA OHEHKHU PUCKA

Hean. OcHOBHAs 1IeNb AaHHOI pabOTHI — TEOPETUUECKOe 00OCHOBaHHE HEOOXOIUMOCTH PACUIMPEHHs JaHHBIX
06 HU3MCHCHUU MOBCACHUA MAaTCPUAJIIOB ITPU JUHAMUYCCKUX HAIrpy3Kax IJid OUCHKH pHUCKa KEJIC3HOAOPOKHOI'O ITyTHU
C TeUeHHEM BPEMEHU H3-3a Je()OPMATHBHOCTH €ro 3jeMeHToB. Meroamka. [l MccieqoBaHMsI HCIOJIB30BAIaACh
OpurnHaJbHast MOACJIb KOHCTPYKIHHU KEJIC3HOJOPOKHOTO IYyTH, OIMMCAHHAA C TIOMOLIbIO OpHFHHaJ’IbHOﬁ MCTOAUKHU,
OCHOBaHHOM Ha CIIOCOOHOCTH YNPYTHMX BOJIH PaclpOCTPaHSTh JHEPTHI0 CHIOBBIX HMIIYJIBCOB B IPOCTPaHCTBE
W BPEMEHH, a TaKKe MOJIEJH, ONMCHIBAIOIIEH MaTeprasbl KaKk JUCKPETHbIE BelllecTBa. Pe3yiabTaThl. Y CTaHOBIEHO,
YTO CBOMCTBA MAaTEPUAJOB BIUAIOT HA AS(HOPMATUBHOCTH HJIEMEHTOB W KOHCTPYKILHIO XKEJIE3HOJOPOXKHOIO IMyTH;
OCHOBHBIM ITapaMETPOM IPH HCCICIOBAHMU MPOLECCOB Ae(HOPMATUBHOCTH SIBISCTCS BPEMsl; MaTepHal Kak Belle-
CTBO COCTOMT W3 aTOMOB M MOJIKYJl M IIO3TOMY HE SBJISETCS HENPEpbIBHBIM; BHYTPEHHHE (U3UUECKUE MPOLECCHI
OIpEe/IeNISIFOT U3MEHEHUS B TIOBEJCHHH MaTepuana sneMenta. Hayunasi HoBu3Ha. [IpemoxeHo pa3paboTaTh Kiac-
cuUKany U3MEHEHHH (U3NYECKUX CBOWCTB MaTepHANIOB MO BEPOSTHOCTH HEOOPAaTHMbIX AedopMalMii 1 HEBO3-
MOXHOCTH JiehopMaliii, a Takke Kiaccupukaiu U3MEHEHUH MEXaHMYECKHUX CBOMCTB MaTepHajoB IO BEPOSITHO-
CTH TIOsIBJIeHUs lepekTa U U3MEHEHHs CTPYKTyphl MarepuaioB. [IpakTuyeckasi 3HaYUMMOCTh. Bo3MoxkHOCT aHa-
JIATUYCCKOTO MOICIHUPOBAHUA JIFOOBIX (I)I/ISI/I‘IGCKI/IX MMPpOUECCOB, MPOUCXOAAUINX BHYTPU DJICMCHTOB, 6nar0}1ap;1
MPEUIOKEHHOMY METOJY MO3BOJISIET O0OBEIUHHUTh BIMSHUE MEXaHHUCCKUX U (DU3NYECKUX BO3JACHCTBUN B CIUHBIN
pacueT. DTO CrIOCOOCTBYET OIMPE/ICIICHHIO BEPOSITHOCTH MOSIBJICHUSI 1e(DEKTOB B JIEMEHTAX IPHU ONPEICICHHBIX U~
HAaMUYECKUX HArpy3Kax IpH OLIEHKE PHCKA JKeJIE3HOJAOPOKHOTO YTH C TEUSHHEM BPEMEHH U3-3a 1e(hOpMaTHBHOCTH
€ro 3JEMEHTOB.

Knrwouesvle cnosa: puck; aedopmanun; Matepraisl; qedext; 1eGopMaTHBHOCTD; PU3NKO-MEXaHUYECKUE XapaK-
TEPUCTHKU
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AHAJII3 JMHAMIKHA 3HOCY HECYUYMX KOHCTPYKIIIA
MAHEBPOBHUX TEIIJIOBO3IB ITPOMHUCJIOBOI'O 3AJIIBHUYHOI'O
TPAHCIOPTY HIJ] BILIUBOM KOPO3II MATEPIAJTY

Merta. [locnimKeHHs cIIpIMOBaHO Ha OTPUMAaHHSA HOBHX 3HaHb PO BIUIMB HaBKOJIMIIHLOTO CEpPEIOBHUINA Ha He-
Cydi KOHCTPYKIIi TATOBOTO PYXOMOTO CKJIaAy 3ai3HHIb 3a IapaMeTpoM KOPO3iifHOro 3HOCY, XapakTep ANHAMIKH
I[bOTO BIUIMBY, & TAKOXK OIIHKY TEXHIYHOTO CTaHy BITYM3HSHOTO TSATOBOTO PYXOMOTO CKJIaXy HPOMHCIOBHUX 3alli3-
HuOb. Meroauka. [ oTprMaHHS peeBaHTHHUX JaHWX aBTOP MPOBIB arperaiiio Ta aHaji3 pe3yiIbTaTiB YJIbTpa3By-
KOBOI TOBIIMHOMETPi] OCHOBHMX HECYYMX KOHCTPYKIIH JJOKOMOTHBIB, BUSIBJICHHX MPOTATOM BOCBMH POKIB IIiJ| 4ac
BUKOHAHHS POOIT i3 MOJOBXEHHS CTPOKY CIYOHM JIOKOMOTHBIB ITPOMHCIIOBOTO TpaHCHopTy. Hecydi KOoHCTpyKIii
cepiil JIOKOMOTHBIB, sIKI B35TO JUIS IBOTO JOCIHIDKCHHS, MAlOTh 3araJlbHUH Jiama3oH CTPOKIB eKCILTyartariii
25-48 pokiB, a caMi OAMHHMII TEPUTOPIANBHO IEepedyBaroTh y pi3HUX o0aacTsx Ykpainu. Pe3yabraTH. ABTOp BH-
SIBUB, LIO Cepejl JAOCTIDKEHOT0 MapKy TEIUIOBO3iB IMPOMUCIOBOIO TPAHCIIOPTY PiBEHb PIBHOMIPHOI KOpO3il Mae Ji-
HilfHy 3aJIe)KHICTh BiJl CTPOKY HOTO eKCIUTyaTalil 3 JOCTaTHRO HHU3bKUM KyTOBHM KoedimieHTOM. TakuM 4YHMHOM,
BIZIMOBITHO 0 BH3HA4YE€Hb HOPMATHUBHOI JOKYMEHTamii, 0 Oyia aKkTyaJbHOIO Ha MOMEHT BHPOOHHIITBA OAWHHI
PYXOMOTO CKJIaJTy, sIKi € 00’ €KTaMH [bOTO AOCITIPKSHHS, MaTepiall HECYYMX KOHCTPYKIiH (OKpiM OJTHOTO TpaHHYHO-
TO BHUIIAJKY) HAJISKHUTh O CTIHKOI Ipynu KOpO3iiiHOi criiikocti Metany. HaykoBa HoBH3HA. Uepe3 He3alexHICTh
MIPOMHCIIOBOTO PYXOMOTO CKIIQAY BiJl JEp>KaBHUX 3aJi3HUYHMAX MIiANPHEMCTB Ta BHKOHAHHSA POOIT i3 TEXHIYHOTO
00CITyTOBYBaHHS PI3HUMH OpraHizamissMi iHpopMaris mpo HOro 3arajdbHAN CTaH HE € JISTKOJOCTYITHOK. ABTOp
yrmepiie 310paB CTAaTUCTHYHI AaHI MO0 CTaHy HECYYMX KOHCTPYKIIH MPOMHUCIOBOTO PYXOMOTO CKJIa/ly Ta MPOBiB iX
anani3. [pakruuna 3HauuMicTs. OTpuMaHi pe3yiabTaTH LIIOCTPYIOTh JUHAMIKY PO3BHTKY PIBHOMIPHOI KOpO3il
KOHCTPYKIIif TATOBOTO PYXOMOTO CKJIay IPOMHUCIIOBOTO 3aJli3HUYHOTO TpaHcnopTy. Lls indopmaris, y cBoro uepry,
Jla€ MAIPYHTS JUIS TOJabIIOro BAOCKOHAJICHHS! METOAMKN OOCTEXEHHS OJUHHUIb PYXOMOT'0 CKIIaNy sIK Y X0 IJia-
HOBUX POOIT, TaK i 3 METOIO MOJIOBKEHHS CTPOKY CIIYKOH.

Knrouosi cnosa: 3ani3HUYHUN TPAHCIOPT; MPOMUCIIOBHN TpaHCHOpT; Tsarosuid pyxomuii ckiaj (TPC); xoposis;
BHUTPUBAIICTh

Beryn PC. PoGora Ha miHiIX HEBPaxOBaHOI KiJIbKOCTI
onuaus PC mpuBaTHOI BJIacHOCTI, a TAKOXK BiACY-
THICTh HAYKOBOI HiATPUMKH IIiJi Yac MPOBEICHHS
pOOIT i3 PEMOHTY Ta BiJHOBJIEHHS TPaHCIOPTHHX
OIVHML BHUKIMKAIOTh HEPO3YMIHHA JWHAMIKH
3Hocy mapky PC. BigcytHicTh Takoi iHdopmariii
YHEMOXKJIMBIIIOE PO3POOKY, PO3BUTOK Ta BIIPOBa-
JDKEHHSI JOBIOCTPOKOBHX 3aXOJIB LIOAO0 TEXHIYHOT
niarpumkn PC, mo mpusBene 10 10JaTKOBUX Ma-
TepialbHUX 3aTparT.

I'o10BHOIO BUMOTOIO 710 OY/Ab-TKHX MEXaHi3MiB
abo cucteM € Oe3MeyHICTh iX (QYHKIIOHYBaHHS.
s pyxomoro ckiany (PC) 3amisHUYHOTO TpaHc-
MOPTy piBEHb OE3MEeKW 3aKIaJal0Th Ha CTaisX
MPOEKTYBaHHS Ta MOJIEPHi3allii HOoro okpemoi Mo-
JeN Ta MIATPUMYIOTH 3aX0JaMH TEXHIYHOTO 00-
CIIyTOBYBaHHS THX OJWHUIIb, 5IKi (PYHKIIOHYIOTb.

B VYkpaini Ha mel yac CKIaJMCsAd YMOBH, IO
MPU3BOJIATH 10 MOCIA0JCHHSI KOHTPOJIIO 32 CTAHOM
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OmanM 3 OCHOBHHX (DaKTOPIB IMOTIpITICHHS
texHigHoro ctany PC € koposis maTepiany Hecy-
yix KOHCTpyKuii. Ha 3amizHuni kopo3sist 6esmoce-
peIHBO BIUTMBAE Ha EKOHOMIYHI BUTpATH dYepe3
HEOOXITHICTh MPOBEACHHSI PEMOHTHUX poOiT. I1po-
Te 1l OmnocepeAKOBaHWH BIUIMB MOXe OyTH
3HAYHIIIMM: MaTepiaibHi Ta JIOACHKI BTPAaTH BiA
aBapiffHUX CHUTYyaIliil, eEKOHOMIYHI BTPATH y 3B’ SI3KY
3 HETaTUBHUMH 3MiHAMH B JIOTICTHYHHX HPOLIECcax.
TakuMm 4YMHOM, MONEpEKEHHS! HAciAKIB KOpO3ii
MOPIBHAHO 3 IX YCYHEHHSM € TPIOPUTETHUM
pimeHHAM Tpobiemu. Lliii Temi mpuCBsSYeHI HO-
cuipkeHHs Ky cdepi 3amizHuyHoi [2, 4, 6]
i HadTorazoBoi ramysi [3], Tak i 3aranbHi Teope-
truHi gocmimkenns [1, 7, 10] Ta cuctremaTnzoBaHi
TeopeTHyHi nocioHuku [8, 9].

Meta

OCHOBHOIO METOIO IILOTO JOCII/KEHHS € BCTa-
HOBJICHHS YHCEJIbHUX TTOKa3HUKIB JHHAMIKH 3HOCY
OJIMHHIIE PYXOMOT'O CKIIQ/y 3ali3HHIb 32 KpUTEPi-
€M KOPO3IMHOTO YypaKeHHS Ta OOTPYHTYBaHHSI
3MEHIIIeHHS 00CATIB POOIT mix Jac ix oOCTeKeHH .
Takox oTpuMaHi JaHi JalOTh 3MOTY MEPEBIPUTH
MOJIOXKEHHS PO JIIHIHHUN 3HOC METaJeBUX KOHC-
TpyKiiiH. OCKUTEKH 00’€KTH MOCHIPKEHb 1epely-
BalOTh y PI3HMX arpecMBHUX yMOBaxX HaBKOJIHII-
HBOTO cepeIoBHUIIa (ymoBH ripHUYO-
30aradyBallbHUX KOMOIHATIB, 3aBOJIIB METaJIEBUX
BHUPOOiB, BUPOOHMIITB XapUYOBUX IMPOIYKTIB, TIOP-
TiB TOIIO), Y AaHUX OyIyTh 3’SBJISATUCH BUKHUJIH,
110 IOBUHHI I'PYIYBaTHUCh 33 OJAWHHISIMH JIOKOMO-
THUBIB, a JJOKOMOTHBH, Y CBOIO 4YEpry, IPYIyIOThCS
3a YMOBaMHU HaBKOJUIIHBOTO cepepoBUIa (ToOTO
3a TUIIOM JiSUTbHOCTI BUPOOHHIITBA, Ha 0a3i SKOTro
npairoroTh i oguawuit PC).

Metoauka

CratucTiuHi JaHi i aHali3y OyJ0 OTPUMAaHO
B XOJIi BAKOHAHHS POOIT 3 00CTEKEHHS TEXHITHOTO
crany Hecyunx koHCTpykiiin (HK) mokomoTrugi
MPOMHUCIIOBOTO TPAHCIIOPTY CHiaMH J{HIPOBCHKO-
rO HaIiOHAJTBHOTO YHIBEPCHTETY 3aJII3HUYHOTO
TpaHcnopty iMmeHi akajgemika  B. Jlazapsna
(AHY3T) [10]. ITicns copTyBaHHS AaHHX 3a MOJE-
JISIMH JUTSL IOCITI/KEHHST 0YJ10 00paHo cepii JIOKOMO-
tuBiB TEM2 Ta TI'M4 pa3om i3 momudikaii€ero
TI'M4A (mani TTM4, skmo He 3a3HaYSHO KOHKPET-
HO, kol came Moamdikamil crocyerses iHdopma-

11isT), SIK HAWOLIBIII JOCTYMHI BUOIPKH 3a 00’ €eMOM —
27 Tta 37 omMHMIB BIiAMmoBimHO. TakuMM dYHHOM,
00’em BHOiIpok Bi3kiB TemnoBo3iB TEM2 cknanae
54, a rermoBo3iB TI'M4 — 74 ogunwML.

Po3wmipu TOBIH paMm Ky30BiB Ta pam Bi3KiB JIO-
KOMOTHUBIB OyJI0O OTPUMAHO 3TiJHO 3 PO3POOIICHUMH
B JIHY3T meromukamu oOCTexKEHHS. 3HAYCHHS TO-
BIIMHN OAJIOK B OKpEMOMY Tiepepisi Oyio 3amMipsHO
HE MCHII K TPU pa3u, a (paKTUYHUN PO3MIp TOB-
IIVHH, 3T1THO 3 METOIUKOI), 3 BIJICYTHOCTI Pi3KHX
KOJIMBaHb TOKa3HUKa, OOpPaHO SK CEepemHii 3 ycix
OTPUMaHUX 3HAYCHb.

Puc. 1 imocTpye po3ranryBaHHS TOYOK Ha Iie-
pepizax HeCy4Ynx KOHCTPYKIii Temioro3 TEM2.

a) 0)
1
e +
]
2— 2> - 4
4 3
ll—_

A
3

Puc. 1. Tlepepiz HK ternoroza TEM?2:
a — Ky30B; 6 — Bi30K
Fig. 1. Section of supporting structure

of TEM2 locomotive:
a — body; b — bogie

Ha uinboBoMy mepepi3i MO30BXHBOI Oaiku
Ky3oBa TerioBoza TEM2 (puc. 1, a) y Toumi 1 To-
BIUHOMIPOM 3aMipsIFOTh TOBITUHY METAIy CTiHKH,
y Toukax 4 Ta 5 — TOBHIMHY MeTany OpoHenucTa.
VY Toukax | Ta 3 BUMIpIOIOTH TOBIIMHY METaIy I10-
aoK. OCKIJIBKH pa3oM i3 OPOHENINCTOM ABOTABP
HE CKJIaJa€ CYIUIbHY CTPYKTYpY, YJIBTPa3ByKOBa
XBWJISL BIJIOWMBAETHCS Bifl CYMIXHHX 13 OpOHEIHUC-
TaMM TpaHedl MoJM4oK Oaynku. TakuM YMHOM, TOB-
IIMHY B TOYKax 1 Ta 3 HISAK HE MMOB’sI3aHl 3 TOBIIHK-
HamMu B Toukax 4 Ta 5. Ha mepepisi Bi3ka
(puc. 1, 6) 3aMipsIOTh TOBIIMHU METAJy CTIHOK
(1.1, 3) i nonmu4oxk (1. 2 T2 4).

[epepi3n Hecyuynx KOHCTPYKIIiH Bi3Ka Ta Ky30-
Ba TerioBo3a TI'M4 3 mo3Ha4yeHHSIMH TOYOK 00-
CTEXKEHHS HaBeJeHi Ha pHC. 2.
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Puc. 2. Ilepepiz HK termoosza TT'M4:
a — Ky30B; 6 — Bi30K

Fig. 2. Section of supporting structure
of TGM4 locomotive:
a — body; b — bogie

Termoroz TI'M4 Binpi3HSETHCS BiJ| TEIUIOBO3a
TEM2 BincyTHICTIO OpOHENIHCTIB Ha pami Ky30Ba,
TOMY KUIBKICTh TOYOK BHUMIpIOBaHb Ha IIbOMY TIe-
pepi3i ckiragae He ATk, a TPH.

Haounum BiZJOOpaKeHHIM pe3yabTaTiB
JOCHIDKEHHS € PO3TalllyBaHHS OTPUMAHHUX JaHHUX
Ha TOYKOBHX Jiarpamax 3aJIeXHOCTI TOBILWHH
0aJoK HecydnX KOHCTPYKIiH TATOBOTO PyXOMOTO
ckinany (TPC) mpoMuCIOBHX 3ali3HUIB Bif Yacy.
Jiis oOpoOku oTpuMaHi manHi Oylno po3maiieHo 3a
moaemsmu TPC, a Takok 3a BHAOM HeCydoi
KOHCTPYKIii (Ky30B abo Bi3KH), y SKuUX OyIo
MPOBEIEHO 3aMipHu. 3a HyJbOBY TOUYKY BiAJIIKY
toBuH HK y34T0 MpoekTHI 3HaueHHS.

[licns  moOynayBaHHS  TOYKOBOI  Jiarpamu
MpoBelNeHO  MmoOymoBy  JiHII  TpeHmy,  sKa
BizmoOpakae TEHIECHII IO 3MIHU JIBOBUX
MMOKA3HUKIB.

PesyabTaTtn

AHaumi3 1aHuX TOKa3aB, 0 CepeHE 3MEHIIICH-
Hs ToBInHU HK 00paHNX JTOKOMOTHBIB YHACIIIOK
piBHOMIpHOT  KOpO3ii  BapilO€ThbCsi B  MeXKax
0,03-0,1 mm/pik.

VY koxxHoMmy mepepisi okpemoro Buagy HK mo-
neneit TPC xmMapu TOYOK MarOTh MPUOIM3HO OTHA-
KOBY (hopMy 1 BiJIPi3HSAIOTHCS TUIBKH MOJIOKESHHSIM
i€l XMapu Ha oci opAauHar. ToMy uepe3 3HAYHHI
00CsT JDKepen JaHuX LTI0CTPYBaTH OYJeMO TiIBKH

IaHi mepmmx To4oK KokHoro Bumy HK, sixi Bimo-
OpaxaroTh TUIIOBY IMHAMIKY KOpO3ii B Tiepepisi.

Takox y mepepizax Ky30BiB TeruioBo3iB TEM2
Oy70 BHABIEHO OAWHWYHI BHUKWAM, SKi HAOYHO
3HAYHO BiAPIZHSIMCS BiX BIATOBITHMX OCHOBHHX
IpyI OTPUMaHUX 3HAYEHbB, a TAKOXK I'PYNH BUKU/IB
Ta HE3BUYHI CTPUOKH 3HAYCHb y Ky30BaX TEILIOBO-
3iB TI'M4. Anai3 3a kpurepieM ['pab0ca mokasas,
10 BUJIYYeHi 3HAYCHHS B JaHUX KY30BiB TEILUIOBO-
3i8 TEM2 Oynu BUKHIaMH HaBiTh 3a PiBHA JOBipH
0. = 0,005, xoua a1 IPOBEACHHS IEPEBIPKU OTPH-
MaHUX JaHUX Ha BUKH] PiBEHb HOBipH OYIO B3SATO
Ha pieHi o =0,05. ¥V Bunanky rterumorosiz TI'M4
MiCNs YCYHEHHST aHOMalii B OTPHMaHHX IaHUX
OyJ0 MMPOBENEHO MOBTOPHUM aHali3 JaHWX Ta BH-
JIY4YCHHA BI/IKI/II[iB Ha DONCpCAHLBO BHU3HAYCHHUX
YMOBax.

[louaTkoBi nmaHi MO0 3HONIIYBaHHS BEPXHBOT
MTOJIMYKU paMH Ky3oBa TeruioBo3a TEM?2 (touka 1
Ha puc. 1, @) HaBeneHO Ha puc. 3. ['opr30oHTaIEHA
BiCh — Yac y pOKax, a BEpTHUKAIbHA BiCh — TOBIIMHA
Hecy4oi KOHCTPYKIIii, [0 BUpaKeHa Y MiTiMeTpax.

Kysoe TEM2 - Touka 1
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Puc. 3. TlogaTkoBi JaHi TOBIIMH BEPXHIX TMOJIAIOK PAMH
Ky30Ba TerioBo3a TEM2

Fig. 3. Initial thicknesses data of the top shelves of the
body frame of TEM2 locomotive

3BepTaemMo yBary, 1o Juisl 301IbIICHHS KOpHUC-
HOI IUIONIMHM JiarpaMyd 3 METOK0 MOJIIIIICHHS
CIPUUHATTS JaHUX Tepepi3 ocell KOOpAWHAT y Jia-
rpaMax MOYaTKOBHX JJAHUX HE 30iraeThCs 3 MoYart-
KOM KOOPJMHAT, & TAKOXK PO3MIPHICTb .

Ha puc. 4 moOynoBaHo TpeH]| pO3BUTKY KOpO3ii
B II# TOYII.

3a Qopmoro XMapu 3HauYCHb Ta 3aJICIKHICTIO
ToBIIMHA MeTtairy Big Biky HK  omucyrors
(dopMynamu JTHIKHOTO TpeHIy, W0 3a3HauYeHi
B Tabm. 1.
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Kyzoe TEM2 - Toyka 1
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Puc.4. Tpern po3BUTKY Kopo3ii Touku 1
Ha pami Ky30Ba TeruioBo3a TEM2

Fig.4. Corrosion trend of the point 1
on the body frame of TEM2 locomotive
Tabnums 1

Tpenan kopo3sii pamu ky3oBa Temnosoza TEM?2

Bizok TEM2 - Touka 1

=]
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]
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-
o
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Puc. 6. Tpena po3BUTKY KOpo3ii Toukn 1
Ha pami Bi3ka TerioBo3a TEM2

Fig. 6. Trend of corrosion point 1
on the bogie frame of TEM2 locomotive

dopMynu TpeHIIB KOpo3ii Bi3KiB TEMIOBO3a
TEM2 naBeneno B tabi. 2.

Tabnuus 2

Tpenan koposii Bi3kiB Tensooza TEM2

Table 1
Corrosion trends of the body frame of TEM2
locomotive
Touxa Dopmyna TpeHIy
1 y =14 —0,0379*x
2 y =10 - 0,0481*x
3 y = 14 — 0,0344*x
4 y =24 —0,0823*x
5 y =24 —0,0818*x

Ha puc. 5 ta 6 BimoOpakeHO naHi 3 BEPXHBOI
MONMYKK Bi3ka TeruioBoza TEM2 Ta oTrpumaHnuii
TPEH] PO3BUTKY KOpPO3ii BiIMOBITHO.

Bizok TEM2 - Touka 1
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Puc. 5. [TouaTkoBi JaHi 3 BEpXHBOi HOJIHYKH paMH Bi3Ka
TerutoBo3a TEM?2

Fig. 5. Initial data from the upper shelf of the bogie
frame of TEM2 locomotive

Table 2
Corrosion trends of TEM2 locomotive bogies
Touka dopmyna TpeHIy
1 y =20-0,0772*x
2 y =16 — 0,0657*x
3 y =32 -0,0778*x
4 y =16 — 0,0650*x

Hani, otpumani 3 mojeni TI'M4 ta moaudika-
i TTM4A ta TI'M4b, Bigpi3HAIOTECS PO3KUAOM
3Ha4YeHb Ta OPMOIO XMap TOYOK. TOBIIUHH KY30-
Ba BWAUISIOTbCA PI3KUM CTPHOKOM 3Ha4YeHb Ha
Meski 25-26 pokiB (puc. 7).

Kysos TTM4 - Touka 1
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Puc. 7. ITouaTKoBi 1aHi 111010 BEPXHBOT ITOJIMYKH paMy

Ky3oBa TeruioBoza TT' M4

Fig. 7. Initial data on the upper shelf of the body frame

of TGM4 locomotive
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Henpupomguuii ctprnboKk OTpUMaHUX 3HaYEHb Ha
Mexi 25-26 pOKiB MOSCHIOETHCS BHKOPHUCTAHHAM
iHImoro mpo¢ino B TEBHIH TPyIi JOKOMOTHBIB.
Yci omuHAAIATE JOKOMOTHBIB, SKi IOTPAITHAIN
B Jiama3oH 3HadeHs 20-24 MM, HAJIEXKATh 0 MO-
mudikanii TTM4b. Ockinbkyu 1 Mogudikaris
MPEJCTaBisie BY3bKY TPYIy JIOKOMOTHBIB BiKOM
24-25 pokiB, BIAMOBIIHI JaHi Oylo BHIYYCHO Ta
B 00po011i He 3amisHo. [ToOymoBaHuii TpeH | HaBe-
JIeHO Ha puc. 8.
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Puc. 8. Tpenn po3BuTKy Kopo3ii Touku 1
Ha pami Ky3o0Ba TeruroBoza TT' M4

Fig. 8. Corrosion development trend of the point 1
on the body frame of TGM4 locomotive

dopMynu TpeHIB YCiX TOYOK IEpepi3iB pam
Ky30BiB TerioBo3iB TI'M4 HaBeieHo B Ta0J1. 3.
Tabnuus 3
Tpenau kopo3ii pamu Ky3oBa Temiososis TI'M4

Table 3

Corrosion trends of body frame
of TGM4 locomotives

3o TTM4 - Touka 1
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TOBLIMHE KOHCTRYKUIT [ M)

Puc. 9. [lani Touku 1 Ha pami Bi3ka TeruroBoza TT' M4

Fig. 9. Data of the point 1 on the bogie frame
of TGM4 locomotive

Tpenn HaBeneHwuit Ha puc. 10.

Bizok TTM4 - Touka 1

25
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15 y =-0,093x+22
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BixgizHa (poku)

Puc. 10. Tpenn nanux Touku 1
Ha pami Bi3ka TermioBo3a TI' M4

Fig. 10. Data trend of the point 1
on the bogie frame of TGM4 locomotive

dopmynu TpeHIIB KOpo3il MeTary paMu Bi3Ka
MOJaHo B Ta0I. 4.

Tabmus 4

Tpenaun koposii Bi3kiB Tenososis TI'M4
Table 4

Corrosion trends of TGM4 locomotives

Touka dopmyna TpeHIy
1 y =18 — 0,0554*x
2 y =14 - 0,0687*x
3 y =18 —0,0532*x

[loyaTtkoBi AaHi TOBUIMH BEPXHBOI MOIHUYKH
pam Bi3kiB TeruioBasziB TI'M4 nogano Ha puc. 9.

Touka ®opmyIa TpeHy
1 y =22 —0,0920*x
2 y = 18 — 0,0858*x
3 y =32 -0,1037*x
4 y = 18 — 0,0857*x

3 oTpumaHux GOpMYN TpPEHNIB BWIHO, IO
B paMax Ky30BiB CTiHKH JBOTaBpa OLJIbII CXHIJIbHI
10 KOpo3ii, HiX Moaudku. BepxHi Ta HKHI HONH-
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YK MArOTh MaibKe iICHTUYHY MIBUAKICTH KOPO3ii,
MPOTE 3HAYCHHS BiJ €MHOTO KoedillieHTa s Bep-
XHIX MOJIMYOK B 000X MOJIENSIX TEIUIOBO3IB TPOXHU
OunpIre, HiK UIS HIDKHIX. Y pasi HasBHOCTI Opo-
HEJHCTIB Y KOHCTPYKIIl paM Ky30BiB BOHU TaKOX
€ OCEPEJIKOM ITiIBUIIICHOT KOPO3ii.

s Ganmok Bi3KiB KOPOOYACTOro THITY 000X
MoOJIeTIell TeIJIOBO3iB XapaKTepHa TepeBara IIBU/-
KOCTI PO3BHUTKY KOpO3ii MeTany MOJMYOK Haj
HIBHKICTIO PO3BUTKY KOPO3ii MeTany cTiHok. [Ipu
IIFOMY HIDKHI TTOJIMYKH BTPAadarOTh TOBIIMHY Me-
TaJy MIBHIIIIE, HXK BEPXHI.

HaykoBa HOBU3HA Ta NPAKTHYHA
3HAYUMICTh

[IpoBeneHo amamiz ¢axTUUHOTO CTaHy o0OCTe-
xeHoro napky TPC npoMucioBoOro TpaHcmopTy 3a
MMOKa3HUKOM KOpO3ii MaTepialdy Ta BUSBICHO IH-
HaMIKy PO3BHTKY KOPO3iHHHUX MPOIIECIB Y HECYUNX
KOHCTPYKIIiAX. 3’ICOBaHO, MO0 KIIMATHYHI Ta pi3-
Hi BUpOOHWYI YMOBH HE BIUIMBAIOTH 3HAYHUM YH-
HOM Ha TpOLIEC 3HOIIYBaHHS KOHCTpyKuii. Iliar-
BEPKEHO, IO TPEHJ TPOIECy 3MEHIICHHS TOB-
IMHA HECYYUX KOHCTPYKIINA Mae€ JIiHIHHY (GopMy.
Takox ycTaHOBIEHO, IO y Bi3KaX TEIUIOBO3iB
HaHOUTBII CXMIIFHUMH JI0 BIUIMBY KOPO3ii eleMeH-
TaMH € NOJMYKHU paM. Y pamax Ky30BiB HE3aJIE€XKHO
BiJl KOHCTPYKIIii 3araJbHOI0 PUCOI0 KOPO3ii € Te-
peBaKaHHS IIBUIKOCTI 3MEHIICHHS TOBIIUH CTi-
HOK HaJl IIBWJKICTIO 3MEHIICHHS TOBIIMH ITOJIU-
yok. [Ipore B KOHCTpYKIii paM Ky30BiB i3 OpoHe-
JUCTaMH BEPXHi Ta HIKHI OPOHETUCTH 32 IIBHIIKI-
CTIO 3MEHIICHHS TOBIIMHM OyAyTh 3HAYHO
BUTIEPE/KATH 1HII TOYKU PaMH.

BucHoBkH

3BeleHHS JaHUX 3 0OCTEKEHHS MapKy JOKOMO-
THUBIB MPOMUCIIOBOTO TPAHCIIOPTY NAIOTh MiJACTaBU
JUISl TAKMX BHCHOBKIB!

— piBEHb PIBHOMIPHOI KOpPO3ii OCHOBHUX HECY-
YUX KOHCTPYKLil TEIUIOBO3iB MPOMHUCIIOBOTO Tpa-
HCIIOPTY Ma€ CJIa0Ky 3alie)KHICTh BiJl CTPOKY iX
eKCIDTyaTarii, TOOTo MaTepiajd KOHCTPYKIIH € mo-
CTaTHBO CTIMKHUM JI0 KOPO3ii;

— cepende 3MmenuenHs Topumau HK mokomo-
TUBIB YHACNIIOK PIBHOMIPHOi KOpO3ii Bapito€ThCS
B Mexkax 0,03-0,1 mm/pik;

— Ha MiJACTaBi PiBHS PIBHOMIpHOI KOpPO3il HUX-
HiX TOJIMYOK MOYKHa TPOTHO3YBaTH CTaH KOpO3il
IHIIAX €JIEMEHTIB exinaxxHoi yactuau TPC;

— 3MEHIIUTH 00cAT BHUMipioBanb ToBmmHN HK
MO>KHA TAKUM YHHOM:

1) nmepeBipuTH piBeHb PIBHOMIPHOI KOPO3il HH-
JKHIX MTOJTUYOK PaM Bi3KiB;

2) y Bunajky ix He3nauHoi (1o 10 % HoMmiHa-
TMBEHOI TOBIIMHM) KOPO3ii MpoBEeCTH BHOIPKOBHA
KOHTPOJIb IHITUX TOYOK 3a MPOTOKOJIAMH Bi3yallb-
HOTO OISy JIOKOMOTHBA, aJie¢ B pa3i BUSBIICHHS
xo4a 0 oxHi€el Touku 3 BenmukuM piBHEM (>30 %
HOMIHAJLHOI TOBIIMHN) KOPO3ii MPOBECTH TepeBi-
PKy piBHIB KOpO3ii y BCiX PEeKOMEHJOBaHUX IPO-
TOKOJIaMH 00CTEKEHHsI TEXHIYHOTO CTaHy TOYKaX;

3) y BunajaKy cyrTeBoi Kopo3sii (>30 % HoMiHa-
JILHOT TOBIIMHM) TIPOBECTH MIEPEBIPKY PiBHIB KOPO-
3i1 y BCIX PEeKOMEHJIOBaHMX MPOTOKOJaMu oOcTe-
KEHHsI TEXHIYHOT'O CTaHy TOYKaXx.
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AHAJIM3 TUHAMUKU U3HOCA HECYIIUX KOHCTPYKLMIA
MAHEBPOBBIX TEIIJIOBO30B IMTPOMBIIIJIEHHOT O
"KEJIE3HOJIOPOYKHOI'O TPAHCIIOPTA MOJ BAUSIHUEM
KOPPO3UM MATEPUAJIA

Heanb. MccnenoBanue HAIpaBIEHO Ha MOTyYCHHWE HOBBIX 3HAHWH O BIMSHUU OKPYXAIOIIEH CpeAbl Ha HECYIIHE
KOHCTPYKIUH TATOBOTO IMOJBIXHOTO COCTaBa JKEJE3HBIX AOPOT IO MapaMeTpy KOPPO3HOHHOTO M3HOCA, XapaKTep
JTUHAMHKH 3TOTO BIIMSHUS, a TAKXKE OIEHKY TEXHHYECKOTO COCTOSHHS OTEYECTBEHHOTO TATOBOTO ITOJBIKHOTO CO-
CTaBa MPOMBIIUIEHHBIX XKeJe3HBIX Jopor. MeToauka. J{i1s mosryueHus peleBaHTHBIX JaHHBIX aBTOP IIPOBEI arpera-
LU0 U aHAJHM3 Pe3yJbTaTOB YIbTPa3BYKOBOH TOJIIIMHOMETPUM OCHOBHBIX HECYIIMX KOHCTPYKIIMH JIOKOMOTHBOB,
BBISIBJICHHBIX B TEUCHHM BOCBMH JIET BO BPEMS BBINOJIHEHHUS pabOT MO MPOJUICHHIO CPOKa CIIY>KOBI JTOKOMOTHBOB
MIPOMBIIIJICHHOTO TpaHcnopTa. Hecymune KOHCTPYKIMU cepyid IOKOMOTHBOB, IIPEACTABICHHBIX B JAaHHOM HCCIIEN0-
BaHHWHM, UMEIOT OOLIMI JMana3oH CPOKOB JKCIuTyaTanuu 25-48 net, a caMM eIMHHIbBI TEPPUTOPHATIBHO HAXOASTCS
B pa3HBIX oOyacTsax YKpauHbl. Pe3yasTarbl. ABTOp 0OHAapy Wi, 4TO Cpexy 0OCIEJOBAaHHOTO NapKa TEIIOBO30B
MIPOMBIIIJIEHHOTO TPAHCIIOPTa YPOBEHb PABHOMEPHOI KOPPO3MU MMEET JIMHEHHYIO 3aBUCHMOCTD OT CpPOKa €ro 3Kc-
IUTyaTalluy C JI0CTAaTOYHO HHU3KHM YIJIOBBIM Ko3(¢uuueHTtoM. Takum o0pa3oM, COTIACHO ONpEeAeieHUsM HOpMa-
TUBHOM JOKyMEHTAINM, KOTOpas ObLIa akTyajbHAa HA MOMEHT IIPOM3BOJICTBA €AWHMI] IIOABH)KHOTO COCTaBa, SIBJISI-
IOMUXCSl O0BEKTaMH JTAHHOTO MCCIIEAOBAHMUS, MAaTEpPHaANl HECYIINX KOHCTPYKIHMH (KpOMEe OJHOTO I'PaHWYHOTO CITy-
qast) OTHOCHUTCS K CTOHKOW TpyIIe KOPpO3HOHHOU cTorkocTH Metawia. Hayunasi HoBu3Ha. 13-3a He3aBHCHMOCTH
MIPOMBIIIJICHHOTO TOJBIDKHOIO COCTaBa OT TOCYJAPCTBEHHBIX KEJIE3HOAOPOXKHBIX NPEINPUATHH M BBITIOTHEHUS
paboT 1o TEXHUUECKOMY OOCITY)KMBAHHUIO PAa3HBIMHU OPTaHU3AIMSIMU HHPOPMAITUS O €T0 OOIIEM COCTOSTHUU HE SIBJISI-
€Tcs JIETKOJOCTYIHOW. ABTOp BIEpBBIE COOpaj CTATHCTUYECKHE JAaHHBIE KAacaTelIbHO COCTOSHHS HECYIIUX KOH-
CTPYKIMH MPOMBIIICHHOTO MOJBIDKHOTO COCTaBa M NMpoBed ux aHainu3. IlpakTudeckas 3HayuMocTh. [lomydeH-
HBIE PEe3yJIbTAThl HIUTIOCTPUPYIOT AUHAMHUKY Pa3BUTHS PABHOMEPHON KOPPO3UH KOHCTPYKIUH TATOBOTO IOABHIKHO-
T'0 COCTaBa MPOMBIIUIEHHOTO JKEJIE3HOIOPOKHOTO TPAaHCTIOpTa. DTa HHPOPMALUS, B CBOIO OYepeb, JaeT OCHOBAHUS
JUISl TIOCJIETYIOIIEr0 YCOBEPLIEHCTBOBAHMUS METOANKN 00CIIEJOBAaHMS eIMHHI] TI0IBI)KHOT'O COCTaBa Kak B XOJI€ Ilia-
HOBBIX Pa0OT, TaK U € LEJbIO MPOJUICHHS CPOKA CITYKOBI.

Kniouesvie cnosa: xenesHomOpOXKHBIA TPAaHCHOPT; MPOMBIIIICHHBIH TPAaHCIIOPT; TATOBBIA MOABHXKHON COCTaB
(TIIC); koppo3ust; BBIHOCIUBOCTD
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WEAR DYNAMICS ANALYSIS OF THE SUPPORTING STRUCTURES
OF SHUNTING LOCOMOTIVES OF INDUSTRIAL RAILWAY
TRANSPORT UNDER THE INFLUENCE OF MATERIAL CORROSION

Purpose. The research is aimed at obtaining new knowledge about the environmental influence on the support-
ing structures of the traction rolling stock of railways according to the corrosive wear parameter, the nature of the
dynamics of this influence, as well as the evaluation of technical condition of the domestic traction rolling stock of
industrial railways. Methodology. To obtain the relevant data, the author conducted aggregation and analysis of the
results of ultrasonic thickness measurement of the main supporting structures of locomotives, obtained during eight
years of the work to extend the service life of industrial transport locomotives. The supporting structures of series of
locomotives presented in this study have a total range of service life of 25-48 years. They are located in different
regions of Ukraine. Findings. The author found that among the surveyed fleet of diesel locomotives of industrial
transport, the uniform corrosion level of supporting structures has a linear dependence on their service life with
a rather low slope. Thus, according to the definitions of the normative documentation, which was relevant at the
time of production of the rolling stock units that are the objects of this study, the material of the supporting struc-
tures (except for one particular case) belongs to the resistant group of metal corrosion resistance. Originality. Due
to reasons such as the independence of industrial rolling stock from state-owned railway enterprises and the perfor-
mance of maintenance work by various organizations, information on the general condition of the rolling stock of
industrial transport is not readily available. The author for the first time collected statistical data on the state of in-
dustrial rolling stock and analyzed them. Practical value. The obtained results illustrate the development dynamics
of equal corrosion of traction industrial transport structures, which, in turn, gives grounds for the subsequent im-
provement of the methodology of examining rolling stock units both during scheduled work and in order to extend
the service life.

Keywords: railway transport; industrial transport; traction rolling stock; corrosion; endurance
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BIIJIMB HA TIMHAMIKY BAHTAKHHUX BAI'OHIB ITOIIEPEYHOI'O
SMIILIEHHA BI3KIB

Merta. Pobora cipsiMoBaHa Ha BH3HAYCHHS BIUIMBY [TONEPEYHOTrO 3MILICHHS Bi3Ka BAaHTa)KHOI'O BaroHa 3 ypaxy-
BaHHSIM BEIMYMHH IIBHUAKOCTI PyXy Ha HOTO OCHOBHI IWHAMIYHI MTOKAa3HUKH Ta MOKAa3HHUKH B3a€MOJIl PyXOMOTO
ckiany 3 kouiero. Meroanka. KinbkicHy OLIHKY AMHAMIYHUX MOKa3HHKIB OTPUMAHO METOJIOM MaTeMaTHYHOTO Ta
KOMIT FOTEPHOTO MOJeTIoBaHHs. Po3paxyHKoBa cxema BpaxoBYe OCOOJIMBOCTI B3a€MOJil BaroHiB y CKiaji moizna:
MOXIIMBICTb MPOSIBY BCiX (OPM KOJMBaHb Ky30Ba B IPOCTOPI, Mepeaavy M03A0BKHbOT CHIM y BEPTHKaJIbHOMY Ta
TOPU30HTAJBHOMY HaNpsMKaxX BiJl CyCiJHIX BaroHiB, 0OJiK TEXHIYHOTO CTaHy OKPEMHX YacTHH BaroHa Ta iX KOHC-
TPYKTHBHHUX OCOOJIMBOCTEH, a TaKoX pI3HOMaHITHI yMOBH eKciuryatanii. PedyabraTn. Y mpoueci JOCHiIKeHHS
3aCTOCOBAHO MaTeMaTHYHY MOJIEJb 34eMy 3 I’ATH BaHTQKHUX BaroHiB JUIsl BUBUCHHS JUHAMIYHOT HAaBaHTa)KEHOCTI
miBBaroHa ta kodii. [IpoBeeHO OIIHKY OCHOBHHMX MWHAMIYHHUX ITOKAa3HUKIB Ta MMOKa3HUKIB B3a€EMOJII pPyXOMOTO
CKJIaIy 3 KOJIEI0 Yy BUMAJKY IOIEPEYHOrO 3MIIICHHS Bi3Ka IIiJ 9Yac pyXy MO KPUBOMIHIHHUX NIISTHKAX 3ali3HUIHOT
komii. OOIpyHTOBaHO MAaKCHMajbHO MOXIIHMBI BEJIMYMHU IONEPEYHOTO 3MIICHHsS Bi3Ka BAHTA)KHOTO BaroHa.
HaykoBa HoBHM3Ha. [loonpanboBaHO MaTeMaTHYHy MOJEINb 34elly BaHTQ)KHHUX BaroHiB y cKiaii noizna. Y pospaxy-
HKOBHUX CXEMaXx, [0 OMUCYIOTh KOJIHBaHHS], BPAXOBAHO OCOOJHMBOCTI Bi3KiB BaHTAa)XHHUX BAaroHiB — 3a0iraHHsa OOKO-
BUX paM. Moienb JI03BOJISIE TOCHIUTH BIUIMB 3MIHM KyTa ITOBOPOTY LIEHTPAJILHOI OCI Ky30Ba BaroHa, IO y CBOIO
4Yepry MpU3BOAMTE JIO MOMEPEUHOr0 3MIlllCHHS Bi3KiB BIAHOCHO OJWH OJHOIO, HA OCHOBHI JUHAMIYHI MOKAa3HHUKH
Ta IOKAa3HUKU B3aEMOJII PYXOMOTO CKJIaay 3 KOJi€l0. Ymeplie AOCTIPKEHO BIUIMB IIOIIEPEYHOr0 3MILCHHS
Bi3ka 3 ypaxyBaHHSM 3HOCIB HOro Jeraieil Ta BY3JIIiB I 4Yac pyxy Ha AULIHKaX KOJIi 3 HEPIBHOCTSIMU.
IIpakTuyna 3HaAYNMicTh. Pe3ynbTaTi po3paxyHKiB MOXKHA 3aCTOCOBYBATH I/l Yac OI[IHIOBaHHS BIUIMBY IOTIEpEY-
HOTO 3MIIIEHHS Bi3Ka Ha JUHAMIYHI SKOCTI PyXOMOTO CKJIay Ta MOKA3HUKU B3a€MOJIIi PyXOMOTO CKJIy 3 KOI€0
3 ypaxyBaHHSIM 3HOCIB JIeTalieil Ta BY3JiB Bi3Ka B pa3i pyXy B IPsSMHUX 1 KPUBONIHIHHUX MITHKAX KOJI 3 HEPiBHOC-
TSMHU. 3aCTOCYBaHHS OTPUMAHHUX PE3yNbTATIB CHPUATUME MiJBHIICHHIO CTIHKOCTI BAaHTXXHOI'O PYXOMOIO CKIAIY
B YMOBaXx IiJBHUIIEHHS MBHIKOCTEH PyXy, IO Y CBOIO Yepry A03BOJUTH PO3POOMTH TEXHIYHI YMOBH Uil peaizanii
pecypco30epeKHIX TEXHOIOTiH TPaHCTIOPTYBaHHS BaHTaXIB, K1 BiIIOBIJAaIOTh BUMOTaM O€3IEKH PyXY MOi3IiB.

Krouosi crosa: 6e3neka pyxy; TMHaMidHI TOKa3HUKH; 3MIIEHHS Bi3KiB; MIBBaroH; MBHUIKICTb PyXy

CTi JIMHAMIYHUX TOKAa3HUKIB PyXOMOTO CKiaay [2,

Beryn 9, 16].

Besneka pyxy € HEyXHIBHOIO BUMOTOIO JIO PO-
00TH 3aJI3HUYHOI'O TPAHCIOPTY. 3HAYUMICTH MU-
TaHb 3a0e3MeueHHs] Oe3MeKH PyXy 3pOCTaE B yMO-
Bax 30UIBIICHHS MIBUAKOCTEH pPyXy MOI3JB, IO
BIPOBA/KYIOTH 3apa3 B Ykpaini [17]. OcobnuBo
BaXJIUBUM IPU LbOMY € BU3HAUEHHS JOITyCTUMUX
HIBHJIKOCTEH pyXy, IO MOB’S3aHO 3 OI[IHKOIO JIU-
HaMIYHUX SIKOCTEH pPyXoMoro ckiaay. Taky omiHKy
3OIHCHIOIOTH Wi Yac MpPOBENCHHS NPUHAMAaIbHHUX
BUNPOOYBaHb, 30KpeMa XOJOBHUX JUHAMIUYHHUX 1 1O
BIUIMBY Ha KOJif0. 3aMIHUTH YacTUHY HATYPHHUX
BUNPOOYBaHb KOMIT IOTEPHUM MOJEIIOBAHHIM He-
MOJKJIMBO, OCKUIBKM 3MEHIIEHHS iX 00csry 3arpo-
KY€ 3MEHIIICHHSIM BUMOT JI0 Oe3IeKn pyxy Ta KO-

MareMaTHyHa MOJICITb PyXOMOTO CKJIay € Te-
BHOIO iflealtizalli€ro peajbHOi CHCTeMH, JesKi ma-
pamMeTpH SIKOi HeIOCTaTHRO J00pe Bimomi. ITix uac
BUIIPOOYBaHb HOBOI KOHCTPYKIIT PyXOMOIO CKJia-
Iy MOXYTh TIPOSIBUTHCS Ti OCOOJNMBOCTI, SIKi HE
OyJ10 BpaxoBaHO B MaTeMaTW4Hiii monenmi. Ekcre-
PUMEHTAJIBHI JTOCTIDKEHHS, X04a 1 € B JOCTaTHIH
Mipi HaAilHUMH, aje NOTPeOyIOTh 3HAYHUX KOII-
TiB, TPUBAJIOrO Yacy i He 34aTHI OXONHTH BCi CHU-
Tyarii, sKi MOXYTh BHHHUKHYTH B €KCILTyartarii
[19-21].

TeopernuHi Ta eKClepUMEHTAIBHI JTOCIiKEH-
Hsl TIOTPiOHO BHMKOHYBaTu crinbHO. ExcnieprmMen-
TalbHI JOCIIKEHHS MArOTh JaBaTU MOXKJIMBICTH
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YTOUYHUTH OCHOBHI MOJIOEHHS Ta TIMOTE3H, PO3-
PaxyHKOBI CXeMH, a B pa3i HEOOX1THOCTI BHITPABH-
TH PE3yNbTaTH TEOPETUIHUX AOCIIIKEHb Ta BUKO-
HaTH HeoOXIiHI nepepaxyHku [2, 7, 12].

Bzaemogiro pyxomoro ckiagy Ta BEpXHBOI 0y-
OB KOJIii BHU3HAYAIOTH 3a TaKUMH (aKTOpamu:
HasBHICTH yXWJIiB Ta KPUBUX JUISHOK KOJii; Bara,
JIOB’KMHA Ta IIBUAKICTh PYXY IMOi3/1iB; HOTYXHICTh
JIOKOMOTHBIB. AJle HaWO1IbIII TOPHU3OHTANBHI ITO-
MEepevHi 3yCWIsl CIPUIMAIOTh Kojeca Bia perok
came Ha KpUBOJIHIHHUX AinsHKax komii. i 3ycui-
7151, 0COOJTMBO B KPYTUX KPUBHX, MOXYTh Y AEK1Tb-
Ka pa3iB MepeBUIYBaTH 3YCHIUIS, SKi BUHUKAIOThH
IiJ] 9ac BUISIHHSA €KillaXka Ha MpsIMHUX AUIsTHKaX. 1o
TOTO X y KpHBHX i3 pamiycom menme 800-600 m
rpebeHi IesKuX KOJIC i 9ac pyXy HPUTUCHYTI 10
30BHIIIHBOI peiiKu Maibke Ha BCil JOBXHHI KpH-
Boi. OCHOBHMMH 30HaMH BHXOMY 3 JIaTy peHoK 3a
nedeKTaMi  KOHTAaKTHO-BTOMHOTO — ITOXOJKECHHS
€ kpuBi nutsHKH. [lepeBakHa KiNbKiCTh aBapiil Ta
KaracTpod TOi3/iB, 3yMOBJIEHUX HEIOJiKaMH Mill-
HOCTI KOHCTPYKIIH KOJii, pyXOMOTO CKJIagy Ta
BTPATOI0 iX CTIMKOCTI, BifOYBa€ThCs TAKOXK Ha
KpHBUX aitsHKax [8, 15, 22].

3arajgpHOBIIOMO, IO BTpPaTy CTIHKOCTI abo
CXO/IKEHHSI PyXOMOTO CKJIaay 3 peroK MOXKHA IO-
JIATH Ha JIBA BUJAW: BKOYYBaHHS KoJjieca Ha 30B-
HIIIHIO peWKy Ta MpoBasl KOJicHOi mapu (Koieca)
BCepeNrHy KOl 3a paxyHOK ii po3nupaHHs. Pi3-
HOBHJIOM CXOJDKEHHS Yepe3 BKOUyBaHHs Kojeca Ha

a—a

PEHKY € CXOMKEeHHs Yepe3 HEMpPHUITyCTUMHMA Morie-
peyHnid yroH (3CyB) pEHKO-IIMaIbHOI PEmIiTKA
(xyT y ruasi) [9, 18].

BxkouyBanHs1 rpebeHst Kojieca Ha TOJOBKY peid-
KU a00 BICTpsIKa 3 MOMAJBIINM IIPOBAJIOM IHIIIOTO
KoJIeca BCepequHy KOJil HaltOimbIn iMOBIpHE B TTO-
POXHIX BaroHax y KpPHBHX Ta HaBiTh NPSMHX
JUISTHKAaX KOJIii, KOJIM BarOH BUTHCKAETHCS i Yac
rabMyBaHHS 101371a BrOPY ¥ OJJHOYACHO BCTAHOB-
JIIOETHCS B «SUIMHKY» TiJ JIi€l0 HaOiralouux Hesa-
ranpMoBaHUX BaroHiB. [lonepeuna cuma, ska mpu
bOMY BHWHHKA€, MPUTUCKAE TpeOiHb Kojeca 0
3HOImEHOT OOKOBOI T'paHi TOJIOBKM PEWKH, a 3a
HasBHOCTI HAaBiTh HE3HAYHOTO TOBOPOTY pEHKH
rpebiHp Koeca IO MOXWIIA TUIOMUHI OOKOBOT
rpaHi BKOUYEThCS CIOYATKY HAa TOJIOBKY pEHKH,
a 4yepe3 KuTbKa METpiB 3icTpulOye 3 peiiku Ha mima-
a1 maini Ha 6anactHy npusmy [10, 13, 23].

3a poaranryBaHHS BaroHiB IiJ KyTOM OJUH JIO
OJTHOTO B IJIaHi (B «SUTMHKY») BUHUKAIOTh MOIEpe-
YHI TOPU30HTAIIBHI CKIIQJI0BI TIO3JJOBXKHIX CHII, a 3a
PI3HHIII BHCOT iX aBTO3YEINIEHb — BEPTHKAIbHI
CKJIQJIOBi, SIKi CTBOPIOIOTH [OJIATKOBE JIOBaHTa-
JKEHHS a00 pO3BaHTAXKCHHS BIAMOBIIHUX KOJIIC
eximaxa (puc. 1, a). lle BinuBae Ha BenmmuuHu 60-
KOBHUX Ta BEPTUKAILHUX CHI B3a€MOJIi1, IO BU3HA-
4aroTh HeoOXiTHI YMOBU BKOUYBaHHS KOJiC Ha To-
JIOBKY pediku. Pi3HUIIS y BUCOTI MK TO3I0BKHIMH
OCSIMU aBTO34YCIUICHb Y BAHTAXKHOMY TIOi3]Ii JOIMY-
ckaeThes He Oubiie 80 mum (puc. 1, 6) [1, 12, 13].

6-b

Puc. 1. 3’eqHaHHA JBOX BAroHiB:

a — rpyIa 4acTKOBO 3aBaHTAXXEHHUX a00 MOPOXKHIX BaroHIiB y XBOCTI MO1373;

6 — pI3HUILA PiBHIB OCei aBTO3YETUICHD

Fig. 1. Coupling of two cars:
a — a group of partially loaded or empty cars in the train tail;

b — difference between the axle levels of the of the automatic couplers
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CXomKeHHsl uepe3 BKOUYBaHHs KoJjieca Ha peii-
Ky MOXE TpAlMTUCS B HABAHTAXEHOT'O BaroHa
3 PYXOMHM BaHTaXEM 3a YMOBH, SIKIIO IOI3] ijie
Ha BHOIry (IO3IOBKHS CHJIa B aBTO3YCIUICHHI BijI-
CyTH#) 1 Ha BHYTPIIIHINA pEeHKOBIN HUTKH € BEpTH-
KanbH1 HepiBHOCTI. LIeHTp THKIHHS pyXOMOTo BaH-
TaXKy 3MIiHIOE CBO€E TTOJIOKEHHS, 1 HaBiTh Yy IJIaBHIN
KpHBIii mepia 1mo Xoxy KoJicHa mapa po3BaHTaxXy-
€THCSI TA BKOUYETHCS Ha peiiky [9, 14].

OCHOBHOIO TPUYMHOIO CXOJDKEHHS BHACIHIJOK
MpoBally Kojieca BCepenHy KOJlii € HempHuIycTuMa
BEJIMYMHA PO3IIMPECHHS KOMil, 0 BUHUKAE 3aBJis-
KM BiITUCKAHHIO TpeOeHEM KoJieca OIHIET 3 PEHOK.
[lpu npoMy apyre Kojeco HpPOBAIIOETHCS BCepe-
IvHY KoJdil. Take CXO/PKEHHS MOMIJIHMBE JIMIIC 3a
OJtHI€T 3 YMOB a00 iX MO€THAHHS:

— TOJIOBHOIO YMOBOIO € JIisl BEJMKOi HOmepey-
HOi OOKOBOI CHJIM BiJ KoJjeca, sSKa 3JaTHa BiJTHC-
HYTH PEUKY;

— HEJOCTATHIM omip TakoMy BiATHCKaHHIO
peiiKky BHACIIIOK 11 HEJOCTAaTHBOI MONIEPEYHOT KO-
PCTKOCTI;

— HaslBHICTh OCNAONEHUX NPOMIKHUX PEHKo-
BUX CKpiIUIeHb, SKI HE 3a0e3MeuyloTh HEoOXiaHy
BEPTUKAIBHY Ta TOPU30HTAIBHY KOPCTKICTh.

IMOBIipHICTH TaKOTO CXOPKEHHS BUIIA B KPYTHX
KpPHUBHX, Ha JIepeB’SHUX IINaNaxX, Ha peikax i3 He-
BHUCOKOIO MOIEPEYHOIO KOPCTKICTIO Ta B pa3i KOC-
TWJIBHOTO CKPITUICHHSI BHACTIIOK HAXWIy pPEHKU
rpebeHsiMi. Y TakoOMy BHIIAIKy PO3MHUPAHHS KOl
3 MPOBAJIOM KoJieca BiOYBAEThCS 32 3HAYHO MCH-
MIMX CHJIa OOKOBOTO BILTUBY KOJIC, HiXK CXOJIKEH-
HS 4epe3 3CYB PEIITKH Ha 000X OCHOBHHX THIAX
miagpeiikoBoi ocHOBU. UMM MeHIe 3aBaHTaKEHHS
BaroHa, TUM IMOBIpHIIllE CXOJKCHHS Yepe3 PO3Iu-
paHHs Koutii. Y BUMAAKY 3aBaHTa)KEHHs BaroHiB 70
MOBHOI BaHTAXKOMIIHOMHOCTI OMIp pO3IOPYy 3HAU-
HO Oiprimit [9].

Ha ninsHkax i3 fepeB’SHUMH IIMajJaMy Ta TH-
MOBHM KOCTWJIbHHUM CKPIIUICHHSM, TOPIBHSIHO
3 JIISHKAMH 13 3a11300€ TOHHMMHE IITTaJIaMH, 1CTOT-
HO TIOJICTIICHE CXOJKCHHS PYyXOMOTO CKIaJy ue-
pPe3 BUTHUCKAHHS €KiNaXiB YHACHIIOK MOXKIUBOCTI
HaxwWily PeWKH depe3 BIAPHUB BHYTPIIIHBOT KPOMKHU
MIJOMIBY perKH Bij miakiaanok. ITig yac pyxy Bi3ka
3 NPUTUCHYTHMHU 1O TOJIBKM peHKH rpebeHsIMU
KOJIiIC BiIOYBAE€ThCS MiJICMUKYBaHHS BHYTPIIIHIX
OOIIMBHUX KOCTHJIIB Ta MPYXKHUI HAXWI pEeHKH 3
MOAJBIIUM BiTHOBJICHHSIM IMUPHHU KONl IicIs
IIPOXOJDKEHHS Takoro Bi3ka. Yum Oinpmia cuia

OOKOBOTO BIUIMBY Ipe0OCHIB KOJIiC Ha TOJIOBKY peid-
KM 1 YIM MEHIIa BEpTHKaJIbHA CHJIa, TUM Ha Oillb-
[Ty BEJIMYWHY IiJCMHUKYIOTHCS BHYTPIITHI OOIIHMB-
Hi koctui [9, 15, 22].

301TbIICHHS PIBHS CHUT B3a€EMOJIT MK 3aJIi3HH-
YHUMH €KilakaMHM Ta KOJI€I0 MOXKIHMBE TaKOX
y pasi 3HaYHOTO 3HOCY KOJIICHHX Map Ta PEHoK.
PeGopau minm’sTHUKIB 1 OOKOBI TpaHi I’ SITHHUKIB
BaHTA)XHUX BAaroHIB y IMPOLECI eKCIUTyaTallii 3HO-
LIYIOThCS, H YTBOPIOETHCS TOPU3OHTANBHUMN THOPT
MK HHAMH, SKHH y pAAI BHUIAJAKIB IEPEBHILYE
5 mM. lIIKBOpHEBHIT OTBIp TaKOXK CTA€ OBATLHHM.
Ha pebGopnmax miam ATHUKIB y BepXHil iX 9acThHI
Ta Ha OOKOBHUX TpaHsX I’ ITHHUKIB Y HIDKHIH 1X dac-
THHI MeTall 3HOMIYEThCA BiA Mii TOPU3OHTAIHHUIX
CWI, BIIOYBA€ThCS 3a0KPYTIIEHHS BHYTPIIIHBOTO
obpucy Bepxy peOOpH MiAm ATHUKIB W HU3Y
I'SITHUKIB. 32 HasSBHUMHU TpaBHJIAMU IIKBOPEHb
Yy BaHTaXHUX BaroHiB HE MOBHMHEH NpAaLfOBaTH,
a THM 4acOM BiH 3HOUIYEThHCS, 3THHAETHCS W HABITH
JIaMa€eThCs, 3MUHAIOYN OTBIp, KyJU HOTO BCTaBIIS-
I0Th. 3HAYCHHS EKCICHTPHUCUTETY B Tepepisi
IIKBOPHA Bi3Ka TUTBKA depe3 OOKOBUH 3HOC
Hian’ ITHUKA Ta I STHUKA Moxe pocaratd 10 mMm
[11].

KoHcTpykmifiHi mapamMeTpu pyxoMoro CKIamy
Ta KOJii y CBOIO Yepry BIUIMBAIOTh Ha BEIUYHHY
MOTIEPEYHUX CHJI, IKI BUHUKAIOTh Bifl il TO3I0BX-
HiX CHJ B aBTO3YEIUICHHAX BaroHa. Ilpuctpiii aB-
TO3UYEIUICHHS, SIKUH eKCIUIyaTyloThb Ha BiTUM3HS-
HUX 3aJII3HMILX, HE Ma€ CTa0lIi3yrouoro mapHipa
y XBOCTOBUKY. Pazmiyc 3a0KpyrjieHHS XBOCTOBHKA
aBTro3ueruieHHs — 130 MM, a onopHa 1miuTa, Ha Ky
nepeaaeTbcs MO3M0BKHS CHIIa TI0i3J]a XBOCTOBHU-
KOM aBTO3YCIUICHHS, Ma€ pajiyc 3a0KpyTJICHHS
150 MM. TeopeTUYHO CTHCKajbHA CHJIa aBTO3YEI-
JICHHSIM TIEPEJa€ThCs ONOPHIM IUIMTI B  TOMIII,
I y pa3i MepeKociB eKimaxKiB 3a CXEMOIO «SUTHHKN
L5l TOYKAa KOHTAKTY NEPEMIIIy€eThCs MOMEPEK eKi-
naxa (puc. 2). [Tapk BaHTa)XHOTO PyXOMOTO CKJIa-
Iy MICTHTB BEJIMKY KUJIbKICTh BaroHiB i3 MOJIOBXKe-
HUM TepMiHOM CiyxOu. BaHTakHi BaroHu, o
nepedyBaroTh B €KCIUTyaTalii B Hall 4ac, CIIpOeK-
TOBaHI ¥ TOOYJOBaHI 3a PI3HUMHU peNaKiisaMH
HOPM iX pOo3paxyHKy i nmpoekTyBaHHs. HeTouHicTh
po3TalnryBaHHS PO3ETKU HA KiHIEBIN Oanii ASsIKUX
BaroHiB Moxe nepepuniyBatu 14 mm. J[ns BanTa-
JKHMX BaroHIiB Ile 3HAYEHHS peajbHO MOXE CTaHO-

ButH 20 mm [9, 10].
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Puc. 2. Hepez(aqa ABTO3YCIIJICHHAM IMO3J0BXKXHBOI'O 3YCUIIIA 3 CKCHUCHTPUCUTCTOM

Fig. 2. Transmission of longitudinal force with eccentricity by automatic coupler

VY poborti [8] po3risiHyTO MoTiepedHe 3MileHHS
BI3KIB OJWH BIJHOCHO OJIHOI0. Y35TO, IO 3aHIiH
BI30K pO3TalIOBaHWW IO TO30BXHIM OCI KOIIii,
a TIepeHii Mae MmomnepevHe 3MIIleHHSs, 10 Bimo-
BiJJa€ TOYaTKOBOMY KYTY IMOBOPOTY Ky30Ba B ILIaHi
BigHocHo oci komii B Mexax Big 0,002 1o
0,008 pam 31 3HAKOM «ILTIOCY, 32 SKOTO 301IBIIY-
€ThCS KyT HabOiraHHs MepenHbOl KOJICHOI Mmapu Ha
peliky. HaBeneHO TeopeTHuHI JOCIHIDKCHHS 3 BH-
3HAYEHHS BIUIMBY IONEPEYHOTrO 3MIIICHHS Bi3KiB
Ha OCHOBHI MWHAMIYHI TIOKa3HHKH — Koe(]imieHT
BEePTUKAJIBHOT JUHAMIKUA, KOCQII[IEHT CTIHKOCTI,
paMHi CHJIH, PUCKOPEHHS B 30H1 I’ siTHUKIB. [Ipo-
Te B I[ill poOOTI HEe HABEICHO BIUIUB O3HAYEHOTO
3MIIIEHHS Ha TOKa3HUKH B33a€EMOJIi PYyXOMOTO
CKJIay 3 KOJI€TO.

Meta

Pobota cnipsiMoBaHa Ha BU3HAYCHHS BILIMBY TOIE-
pEYHOTrO 3MII[EHHsT Bi3Ka BAHTAXHOTO BaroHa 3
ypaxyBaHHSAM BEJIMYMHM MIBUJIKOCTI pyXy Ha HOro
OCHOBHI JMHAMI4HI ITOKa3HUKHU Ta IMOKa3HHUKH B3a-
€MOJIIT PYXOMOTO CKJIay 3 KOJI€TO.

Metoauka

KinpkicHa oOLiHKAa [JUHAMIYHUX [TOKa3HUKIB
MOXke OyTH OTpUMaHa METOJOM MaTeMaTHYHOTO
MojieoBaHHs. Po3paxyHkoBa cxema BaroHa IIoO-
BHHHA BiJI0OpakaTH OCOOJIMBOCTI B3a€MOJIii Baro-
HIB y CKJIaJi HOTATa: MOMJIMBICTH HPOSIBY BCiX
(dbopM KONMBaHb Ky30Ba B TIPOCTOPI, Tepesiadi mo3-

JOBXHBOI CHJIM Y BEPTUKAIFHOMY Ta TOPH30HTa-
JILHOMY HaIpsIMKaxX BiJl CYCiJIHIX BaroHiB, OOJIiK
TEXHIYHOTO CTaHy OKpPEMHX YacTHUH BaroHa Ta ix
KOHCTPYKTHBHUX OCOOJMBOCTEH, a TakoXX YMOB
eKCIUTyaTallii — MBHIKICTh, PyX MO MPSIMHUX 1 KpH-
BHUX JUISHKAX 3aJII3HUYHOI KOJii, peXXUM 3aBaHTa-
JKEHHSI, BHJI BaHTaXYy, MOTO PO3MIIIEHHS W KpiI-
JICHHS, BEPTUKAIBbHI Ta TOPU3OHTAIbHI HEPIBHOCTI
kot [7, 12, 13].

Jinst mpoBeeHHsI TOCTIIKCHHS y35TO MaTeMa-
THYHY MOJEJb IPOCTOPOBUX KOJIHMBAHb BaHTAXKHO-
ro BaroHa y BUTJIsII OaraTomMacoBoi (Ky30B, JIBi
Ha/IpecOopHi Oallku, YOTHPH OOKOBI paMu, YOTHPH
KOJICHI Tapu) HeNiHIHHOI MEeXaHiYHOi CHUCTEeMH,
sKa  PyXaeTbcd MO  IHEPUiHHIA, TMPYKHO-
nucunaruBHii komii [4]. V po6ori [5] 3ampomono-
BaHa MaTeMaTUYHa MOJIEIb, L0 OITHCY€E MPOCTOPO-
Bl KOINMBaHHS 34Yelly BAaroHiB y CKJIAi MOTsra
(puc. 3) y SKUX ONUH PEHKOBHI eKiMaKk po3rJsia-
I0Th 32 TIOBHOIO PO3PaxXyHKOBOIO CXEMOIO («HY-
JLOBH»), a PO3PaXyHKOBI CXEMH CYCiJTHIX Baro-
HIB, 3aJIC)KHO BiJl IOCTAHOBKH 3aj1ayi, CIIPOIIYIOTh
Mo Mipl BiAJaieHHS BiJ] «HYJIBOBOTO» €Kimaxka
B 00H/IBi CTOPOHHU.

L1 poGoTa mpuCcBsiUEHA JOCIIHKEHHIO BILIHBY
Ha OCHOBHI JWHAMIYHI [MOKa3HUKU Ta MOKA3HUKU
B3a€MOJII1 PyXOMOTO CKJIady 3 KONI€I0 BaHTaXKHUX
BaroHiB y KpUBUX OJHOTO 3 YMHHUKIB, & caMe 3Mi-
HU KyTa MMOBOPOTY IIEHTPAJIBHOT OCi Ky30Ba BaroHa
vy, . Bubip mporo ¢axropa sk mpexmera 1ocii-

JDKEHHS OB’ SI3aHUH 13 THM, IO BiH 3aJIEKUTH BIJI
BEJIMYMHHU TONIEPEYHOTO 3a30py B PEUKOBiM KOIil.
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VY cBOMO "Yepry BiJ LBOTO 3a30py 3a1exarh BiTHOC-
HI TIpY>XHI W HEMPY>KHI TPOKOB3YBaHHS KOJIC Bij-
HOCHO PEHOK Ta BEJIMYWHU BiATOBIIHUX CHII, a Ta-

v

KOX TEOMETPUYHI YMOBH KOHTaKTYyBaHHs KOJIC i
petiok. KpiM Toro, HeoOXimHa BEIMIHHA MTOTIEPEY-
HOTO 3a30py BH3HAYa€ MIUPHUHY PEHKOBOI KOJIii.

—
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Puc. 3. Cxema po3TanryBaHHs 34Uelly BaroHiB y CKJIJi OTsTa B pasi nepegadi Mo3I0BXHbOTO 3yCHILIA

Fig. 3. Diagram of the coupler location in the train in case of transmission of longitudinal force

[lig wac po3paxyHKiB PO3TISHYTO 3MiHY KyTa
MOBOPOTY LEHTPAJbHOI OCl Ky30Ba BaroHa V.,
SIKWH TIPU3BOJUTH JI0 MOMEPEYHOTO 3MIIIEHHS Bi3-
KiB BITHOCHO OJUH OJHOTO, IO € MPOJIOBKECHHIM
TOCTiPKeHHs, HaBeneHoro B poOoti [8]. 3axniii
Bi30K BaHTa)XHOTO BaroHa pO3TAaLIOBAaHHMH IO TMO3-

TOBXKHIA OCi Kouii, a mepemHii Mae IMOMIepedHe
3MILICHHS, IO BiAMOBIAE KYTy MOBOPOTY Ky30Ba
B IUTaHI BIIHOCHO oci kol B Mexkax Big 0 mo 0,008
Paz 31 3HAKOM «ILTIOCY, 32 SIKOTO 301TBITY€EThCS KYT
HaOiraHHs MepenHbOi KOICHOI apy Ha 30BHIMIHIO

peiiky (puc. 4).

\Y%

: - :
© © —
0 0 \l/+
T03/10BKHS Bic _\ LlenTpanbHa Bich Ky30Ba BaroHa B
Txomii [ NCINCA T T T T T T T T i
0 0
=
2L
Puc. 4. Po3ranryBaHHs Bi3KiB BAHTa)KHOTO BaroHa B peHKOBil Kouii
Fig. 4. Location of freight car bogies in the rail track
Sk BiZIOMO, IOBHUI 3a30p y pEeHKOBIH Komii BU-  HY, A — PO3MIMPEHHS PEHKOBOT KOJIi.
3HAYaI0Th 3a (hopmyoro [3]: HaiiGinpma mupuHa KONl  JTOMYyCKa€eThCS

20=2S-2T -2d -2u+A, ne 25=1520 mm —
muprHa peiikoBoi komii; 27 =1437 MM MiHiMa-
JIbHA BIiJICTaHb MK BHYTPIIIHIMU T'paHsIMHU Tpede-
HiB komic; d — ToBImIMHA TPebEHs Kojieca B po3pa-
XYHKOBIH IUIONIMHI, sSIKa B TPOIIECi eKCIuTyaTarii

3MIHIOETbCS ~ BiJi  NPUHHATOI  HOMIHAIBHOI
d,,=30MM 10  MiHIMaTBPHOIO  3HAYEHHA
doin =25 MM; 2=2 MM — IOTOBIIEHHS IrpebeHiB

BaroHHHUX KOJIIC, BHIIE 33 PO3PaXyHKOBY IUIOIIHU-

1 548 mm, To6TO A =28 MM. Y 11bOMY BHIIAJIKY 32
MiHiMaJIbHOI TOBIIMHM Tpebens d;, Ta iHIMX
HOMIHAJILHUX TapaMeTpiB HaWOiIblle 3HAYECHHS
3a30py B KOJIiT CTaHOBUTHME 20, =59 MM.

Jist 6ol HAOYHOCTI OTPUMAHUX Pe3yibTa-
TiB HEOOXIJHO BCTAHOBMTH 3aJIEXKHICTH BIIIOBII-
HUX 3Ha4Y€Hb MK TOBHUM 3a30pOM Y DPEHKOBIi
KOJii 20 Ta KyTOM MOBOPOTY IIEHTPaIbHOI OCi Ky-

30Ba BaroHa \,. YPaxoBYIOUH I'€OMETPUYHI pO3-
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Mipu miBBaroHa mojeni 12-532 Ta 3ami3HUYHOI
KOJil, OTpHUMYyEMO, WO 3a TOBIIMHH TpedeHs
d=33 MM i A=28 mnoBHUIl 3a30op y Koumii
20=43 mm ta BignosizHo vy, =0,005 pan. 3a
HOMiHaIBHOT TOBIIMHY Tpebenst 30 MM — 26 =49 mm,
a y, =0,006 pan. [ToBHwmii 3a30p y peiKoBii Kol

26 wmoxe BapitoBaTHca Bin 0 10 59 Mm, ane Ky30B
BaroHa MOXKE JOJATKOBO OOEpTaTHCh 3a paxyHOK
3HOILICHOCT] YaCTHH PYXOMOTO CKJIay.

CymapHu#l BUTbHMH MONEpEeYHU po30ir pamu
Ky30Ba BaroHa BiJHOCHO OCi KOii B HampsSMHOMY
mepepizi Mo MIBOPHIO (32 PaxyHOK ITOMEPEYHIX
po30iriB KOJICHUX Map y peHKoBil Kouii, pamu
Bi3Ka BIJIHOCHO KOJIICHUX Tap, HAAPECOPHOI OaIKu

BIIHOCHO pamu (Bi3Ka) i IIBOPHEBOI OAJKH Ky30Ba
BIIHOCHO HaJpecOpHOi OANKH) HOPMATHUBHOIO JIO-
KYMCHTAIII€}0 PEKOMEHIOBAHO BBAXKATH JUIs BaH-
TQXHUX YOTHUPUBICHUX BArOHIB i3 OC3KOJIMCKOBUM
HiBINIYBaHHAM Bi3KiB 28, =50 MMm. 3 ypaxyBaH-

HSIM TOro, 10 OOKOBHMH 3HOC M ATHHKA Ta
II'SITHAKA MOKe gocsratd 10 MM, a HETOYHICTH
po3TanryBaHHA PO3ETKU HA KiHIEBIN OamIi AesKuX
BaroHiB — 20 MM, KyT MOBOPOTY LIEHTPAILHOI OCi
Ky30Ba BaroHa TaKOK CTaHOBHUTHUME
vy, =0,008 pax. BianoigHicTh 3HauUeHb MK 20,

28, ¥ y, HaBesneHi B Ta0m. 1.

Tabnums 1
BinnoBigHicTh 3HaYEHb AOCJHIIKYBAaHUX IapaMeTpiB
Table 1
Correspondence of values of parameters under study
Tlapametp BianoBigHicTh MiXk 3HAYEHHIMHI
25, MM 0 9 17 26 35 43 52 59 59
28, , MM 0 9 17 26 35 43 52 60 69
V., pazn 0 0,001 | 0,002 | 0,003 | 0,004 | 0,005 | 0,006 | 0,007 | 0,008

Buxigni gaHi 11 TEOPETUUHOTO JTOCIIIKESHHS:
pyx miBBarona mojeni 12-532 3 TUIIOBUMHY Bi3Ka-
mMu 18-100 31 mBHAKOCTAMH B IHTEpBalli BiJ
50+90 km/ron B kpuBiii pamiycom 600 M i3 mij-
BUIIIEHHSIMH 30BHIIIHBOI peiiku 120 mm. Pefikn —
P65, mmanu — pmeper’siHi, Oanact — mieOeHEBUH.
JocaimkeHo cTarioHapHAN pyX i3 METOI0 BCTaHO-
BJICHHSl BIUIMBY TiJBKH PO3IJISIHYTOro (akropa.

X0JI0Bi YaCTHHU BaroHa, MOBEPXHs KOYCHHS KoJie-
ca i mpodink TONIOBKH peliku Oyso mepenadadeHo
B HOPMaJIbHOMY TE€XHIYHOMY CTaHi.

PiBHI OIIIHKK Ta JOMyCTHMI 3HAYEHHS IOKa3-
HUKIB JTMHAMIYHHUX SIKOCTEH BaHTa)KHOTO PYXOMO-
ro CKJIQJy BiJIOBIZHO IO HOPMAaTHUBHOI JIOKyMEH-
Tarii HaBeseHi B Tab. 2 [6].

Tabnuus 2
PiBHi ouinku Ta J0MycTUMi 3HAYEHHS MOKA3HUKIB IMHAMIYHHX SKOCTE
Table 2
Levels of estimation and admissible values of indicators of dynamic qualities
) ) JlomycTiMi 3HaYCHHS
TToka3Huk PiBeHs omiHKH -
MOPOXKHIH 3aBaHTaXEHUM
BiMiHHO 0,5 0,2
MaxkcumansHui KoediieHT JUHAMIYHOI J00aBKH 00pecope-
epiuient 1 01 100aBKi 0bpecop n106pe 0,6 0,35
HUX 4acTHH (KOeQilli€eHT BEpTUKATHHOI JTUHAMIKU IIEHTPATh-
HOTO CTyHeHs mijBimyBanns) K, 3a/I0BLILHO 0,7 0.4
MIPUITY CTUMHIA 0,75 0,65
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I[IponoBxenHs Tabn. 2

Continuation of Table 2

. . JlomycTrMi 3HaYCHHSA
INokazauk PiBens oniHkn — -
TIOPOXKHIN 3aBaHTAXCHUN
BiZIMIHHO 0,6 0,5
MakcumanbHuil KoedilieHT TUHaMIuHOI 100aBK1 HeoOpeco- 06pe 075 07
pEeHUX YacTUH (KoedilieHT BepTHKAJIbHOI AMHAMIKK OyKco- p ’ ’
BOTO CTyTeHs mifBimryBanns) K 33aJ10BIIIEHO 0,85 0.8
NPUITYCTUMHN 0,98 0,9
BIAMIHHO 0,25 0,2
MakcumasbHe BiTHOIIEHHST pAMHOI CHITH JI0 CTATHYHOTO
A pam A . nobpe 0,3 0,25
OCHOBOT'0 HaBaHTaXeHHs (KOe(ilieHT TOPU30HTAIBHOI ANHA-
mikn) K 3a10BUILHO 0,38 0,3
MIPUITY CTUMHIA 0,4 0,38
KoedirmienT criiikocTi Bif cXomKeHHs Koneca 3 peiok K, HPHITYCTHMUI 1,3

BIJIHOIIIEHHS PAMHOI CHJIM JI0 CTATUYHOI'O OCHOBO-

PesyabTaTn ro HaBaHTaXeHHsA K Ta KoediumieHTa CTIHKOCTI

JuHamidHi CcWIM Ta TpolecH, SKi JIIOTh
Yy CKJIaJIOBHX YaCTHHAaX Bi3ka ab0 Ky30Ba BaroHa,
BHUBYAIOTh 3a JOMOMOI0I0 MaKCUMAaJIbHUX Koeii-

€HTIB JMHaMiyHOi n00aBkM obpecopenux K
i neobpecopennx uyactuH K., MaKCHMAaIbHOTO

a—a

o

Kis

0 VB, paa |
0 0,002 0,004 0,006

e S0 KM/TOj] *=w=6(0) KM/TO;; *=@==7() KxM/Toj *=e==l() x\M/TOj| === KM/TO/Q

0,008

BiJl CXO/KEeHHs Koueca 3 peiiok K. I'padiku 3mi-
HU JUHAMIYHUAX TIOKa3HUKIB IiJ Yac pyxXy MO Kpu-

Bii mimgHnl komi R =600 M wHasBegeHi Ha
puc. 5, 6.
6—-b
K8
0,15 —
01 - — —
0,05 =~ —
0 B, pan |
0 0,002 0,004 0,006 0,008

=50 KM/TOL ==60 KM/Ton =70 kM/ron =*=80 Kkm/ron ==+=90 KM/TOd

Puc. 5. T'padiku 3MiHN JTUHAMIYHAX TOKA3HUKIB BiJl MIBHIKOCTI pyXy:
a — xoedilieHTa AMHAMIYHOT T06aBKH 00PECOPEHUX YaCTHH;
6 — KoediieHTa TMHAMIYHOT T0OaBKH HEOOPECOPEHUX YaCTUH

Fig. 5. Graphs of change of dynamic from the movement speed:
a — coefficient of dynamic additive of sprung parts;
b — coefficient of dynamic additive of unsprung parts
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Sk BUAHO 3 puc. 5, 31 301NIBIIEHHSIM KyTa IIOBO-
pOTYy Ky30Ba B IUIaHI BIJHOCHO OCi KOJIii JOCIHi-
JOKyBaHI JWHaAMIYHI KOe(illi€eHTH B HUJIOMY 3aJTH-
LIAI0THCS HE3MIHHUMH. Y BChOMY iHTEpBaji IIBHU-

K3, KX

AKOCTeit .
(puc. 5, 6) B pa3i 30UIbLICHHA VY,

MOKA3HUKU (puc. 5, a),

Bix 0 mdo
0,008 paxm He TMEpPEeBUINYIOTh OIMYCTHMY HOPMY.
PiBeHb OIIIHOK — «BigMiHHOY [6].

3 oTpUMaHUX pe3yabTaTiB MOXKHA 3pOOUTH BU-
CHOBOK, III0 KyT TIOBOPOTY Ky30Ba B IUIaHI BiJHOC-
HO ocl Komii y, B pa3i 30UIbINEHHS HIBUAKOCTI

PYXy HE BHKIIMKAE iCTOTHOTO 3017IBIICHHS MOKa3-
a-a

011 XA

0,1

0,09 -
0,08
0,07
0,06
0,05
0,04
0,03

z—*

s

B, pax |
0 0,002 0,004 0,006 0,008

=e=50 KM/TO] ==#=G0 KM/ToJ “=#==7(0 KM/T0] *=®==8(0 KM/T0] *=+==90 KM/TOZ

HUKIB BEPTUKAJILHOI JWHAMIKM B OYKCOBOMY Ta
LIEHTPaJHbHOMY CTYTIEHAX MiABIITYBaHHA, a iX 3Ha-
YEeHHS HE TICPEBUIIYIOTh BEIUYMH, BHU3HAYCHUX
HOPMAaTUBHOIO JOKYMEHTALIIEIO.

MakcuManbHe BIIHONICHHS PaMHOI CHJIM JIO

CTaTUYHOI'O OCBOBOT'O HaBaHTAXXCHHA K ar

(puc. 6, @) Ta Koeili€HT CTIHKOCTI BiJl CXOPKEHHS
Kojeca 3 peiiok K, (puc. 6, 6) B pa3i 301IbIIIEHH

V, HE TEepeBHINyIOTh JOIMYCTUMY HOpMy. PiBeHb
omiHok mig K. — «BigMiHHO», K — BHIE J0My-

ctumoro [6].

6-b
Ker
26 |
24 \
20 —,/ !
18
16 = —3;
14
12 -
] B, pax |
0 0,002 0,004 0,006 0,008
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Puc. 6. I'padiku 3MiHN JUHAMIYHAX TOKA3HUKIB BiJ MIBUIKOCTI pyXy:
a — MaKCUMaJIbBHOI'O BiZ[HOH_IeHHH paMHO.l' CHJIM 10 CTaATHYHOT'O OCHOBOI'O HABAHTAXXCHHSI,
6 — xoeilieHTa CTIHKOCTI BiJi CXO/KEHHS KoJleca 3 peiok

Fig. 6. Graphs of change of dynamic indicators from the movement speed:
a — maximum ratio of the frame force to the static axial load;
b — derailment stability coefficient

Ha puc. 7 moka3aHo BIUIMB IIBHIKOCTI Ha TO-
Ka3HUKU B3aEMOJII PYXOMOI'O CKIIJy 3 KOJIEH
B kpuBiii R=600 M — OOKOBOI CviIH, IO JIi€ BiJ
Konii Ha koneco Yy Ta KPOMKOBOI'O HAlpy:KEeHHs
B MiJIOMIBI PEHKHU o, boxosi cunu Y, mo AiroTh

Bil KOJii Ha KoJieco (TOPU3OHTAIBHI CHIIH)
(puc. 7, @), 3pOoCTalOTh Ta MalTh MaKCHMyM 3a
y, =0,006 pan i MOpiBHSHO 3 JOMYCTUMHM 3Ha-
YEHHAM [Y6]=9O kH s 3abe3neueHHs yMOBH
CTIMKOCTI TIPOTH HAIlOB3aHHS TpeOCeHIB KOJIC Ha
peiiku He MaloTh TICPEBHUIIICHb.

KyT moBopoty meHTpaibHOI OCi Ky30Ba BaroHa

Y, B 3HAYHIH Mipi 3aJeKUTh BiJ CHJI B3a€MOii

KOHTaKTYRUMX TUT 1 iX BiJHOCHUX TepeMillleHb
(BimHOCHMX mpoKkoB3yBaHb). Lli cunmm i mepemi-
IICHHS BHM3HAYAIOTHCSA yYMOBAaMH B3a€EMOJIT KOJIIC
PYXOMOIO CKJIaay Ta Koulii. YMOBH B3aeMOZii Tij
Ii€i CHCTEMU 3aJIeXaTh AK BiJl KOHCTPYKIIii, TEXHi-
YHOI'O CTaHy W PEKUMIB PyXy PYyXOMOTO CKIIAIY,
TakK 1 BiJf KOHCTPYKIIil, CTaHy ¥ mapameTpiB peiko-
BOi Kouii. AJle came 3a HOMiHAJIBHOT TOBIIUHU Tpe-
Oens xoneca Ta 3a 28,=52 mm (y, =0,006 pan)
OTPUMAaHO MaKCHMAallbHI 3HAYECHHS OOKOBOi CHIIH
Y; . IlopiBHSHO 3 MAaKCHUMaJIbHOIO TOBILUHOKO Ipe-

Oenst Ta y, =0,005 pan ui 3HaueHHs GBIl B Ce-
peanbomy Ha 9,5 %.
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Puc. 7. T'padiku 3MiHN JUHAMIYHAX TTOKA3HUKIB BiJ IIBHIKOCTI pyXy:
a — OOKOBOI CHIIH, III0 Ji€ Bif KOJIi Ha KOJIECO;
6 — KpOMKOBOTO HaIpy)KEHHSI B iIOMIBI peHKn

Fig. 7. Graphs of change of dynamic indicators from the movement speed:
a — lateral force acting from the track on the wheel;
b — edge stress in the rail base

[lixg gac migBWIIEHHS IIBHIKOCTEH PyXy MOi3-
IIiB 3pocTae JMHAMIYHUH BILTHB HA KOO PyXOMO-
TO CKIIamy i, sIK HACIiZOK, 3pOCTAIOTh HAIPY>KEHHS
B KpOMKax IiJIONIBU peloK. MakcuManbpHi Hampy-
KEHHS, 110 BUHUKAIOTh y KPOMKAax IiJOMIBU pei-
KM, BUKOPHUCTOBYIOTH SIK KPUTEPIH ANl BCTAHOB-
JIEHHS IOIIyCTUMMX IIBUJAKOCTEH. BOHM He NMOBUH-
Hi mepeBumyBatu 215 Mlla mo mnpomycky
7 165 Mlla micns mpoirycKy HOPMaTHBHOTO TOH-
HaXy JUIS KOJIii 3 HETepMOOOpOOIEHNMY peliKaMu
P65 [3]. Ane y Bumaaky po3riisiHyTOI CXeMH pO3-
TallyBaHHS Bi3KiB BAHT2)XHOTO BaroHa B PeUKOBIil
KoJIii BifOyBa€ThCsl MEPEepO3NOJi BEPTHKAIBHUX

a—a

03 Keax

025 —

0,2

0,15 g

0,1 -

0,05
0 B, pax

0 0,002 0,004 0,006 0,008

=50 KM/TOT === KM/TO)] ==@=7( KM/TO]I ==®==8(0 KM/TO]] ==t=9( KM/TO]

Ta TOPU3OHTAIBHUX pEaKiliii € 30HI KOHTAKTy KO-
nieca Ta pedkd. 3a pe3ynbraTaMu 004YNCIIeHb, KPO-
MKOBi HampyeHHs (puc. 7, 6) 3pocTalTh y pasi
ITiBUIICHHS MIBUIKOCTI PyXy, ajleé MaloTh MiHIMyM
came 3a y, =0,006 pax B iHTepBai IBUIKOCTEH

70+90 xm/rox ta makcumyM 3a 50+60 km/rox.

[Ipore oTpumaHi pe3ynbTaTd HE MNEPEBHIIYIOTH

JOMYCTUMHX 3HAUCHB JIJIsl 000X THITIB peiok [3].
Ha puc. 8 naBeneHo xoedillieHTH BEpTHKAILHOT

K, ¥ ropuzontanbHoi nuHamikm K Komii 3a

CHJIaMH B3a€MO/Iii KOJIIC i3 peKamu.

6-b
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Puc. 8. I'padiku 3MiHN TUHAMIYHUX MOKA3HHUKIB Bl IIBUIKOCTI PyXY:
a — koedilieHTa BepTHKAIBHOT JHHAMIKH KOJIii 32 CHJIAMH B3a€MOIIT KOJIIC 13 peiKam;
6 — KoedimieHTa TOPU30HTAIBHOI JMHAMIKH KOJIiT 32 CHIIAMH B3a€MOJII KOJIC i3 peKaMu

Fig. 8. Graphs of change of dynamic indicators from the movement speed:
a — vertical dynamics coefficient of the track according to the interaction forces of the wheels and the rails;
b — horizontal dynamics coefficient of the track according to the interaction forces of the wheels and the rails
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HonyctrMe 3HaueHHA KoedilieHTa BEpTHKAIb-

HOi JnuHamiku Komii K, pO3paxoBylOTh BiImo-

BITHO 70 MOMYCTUMOTO IWHAMIYHOTO ITOTOHHOTO
HaBaHTAXXCHHS Ha 3alli3HUYHY KOJIIO BiJ TPYHH
oceii Bi3ka 168 xkH/M, BOHO CTaHOBUTEH IJIs I[LOTO

]=0.45 [3]. Koedi-
K

BIK

TUITy PyXOMOTO CKJazny I:Kw

IIEHT BEPTUKAIBHOI JMHAMIKH  KOJil
(puc. 8, a) He MepEeBHUIIYE TOMYyCTUMOTO 3HAUYCHHSI.

Koegiuient ropusontanbhoi qunamiku kol K
a-a

0,6%

0,5

e —

/><

0,4 /
03 /
0.2 B, pan
0 0,002 0,004 0,006 0,008
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(puc. 8, 6), sKUH BBaXalOTh KPUTEPIEM OE3MEKH
BiJl 3CyBy peHKO-IINAIbHOI PENNTKH, HE MEePeBH-

:|=O,4 Ta Ta-

KOX Ma€ ICTOTHHH MakCHMyM B yChbOMY IHTEpBai
po3rIsAHyTUX BUAKocTel 3a y, =0,006 paz.

LIy€ IOMYCTUMOIrO0 3HAYEHHSA I:K

TIK

Ha puc. 9 HaBemeHO KoeQillieHTH CTIMKOCTI
peliKko-ImansHOi PEemIiTKY BiJ yroHy (3cyBy) € Ta
(akTopa 3HOCY O0KOBOI TpaHi OaHAaxa Koneca @ .

0 0,002

0,004 0,006 0,008

=50 KM/TO]] ==#=((0 KM/TOl “=#==7( KM/To]l *=#==8() KM/TO] ==$==9( KM/TO]

Puc. 9. I'padixu 3MiHM TUHAMIYHUX TOKA3HUKIB B/ IIBUAKOCTI PyXY:
a — koeilieHTa CTIHKOCTI pelKO-IIMaNbHOT PENITKH BijI Aii HONEPEYHUX CHJ;
6 — (axropa 3HOCY OOKOBOT IpaHi baHmaXa KoJieca

Fig. 9. Graphs of change of dynamic indicators from speed of movement:
a — stability coefficient of the track panel from the action of lateral forces;
b — wear factor of the lateral edge of the wheel rim

3navyeHHs KoedillieHTa CTIMKOCTI — peWKo-
MMajdbHOI PEUNTKH BiJl Jii MONEPEYHUX CHI €
(puc. 9, a) B xomii 31 nebeHEBUM OanacToM 3a pe-
3yJbTaTaMu po3paxyHKy ctaHoBuTh 0,3-0,56, mo
MEHIIIE TOMYCTHMOT BEJTHUHHH [8] =0,85 [3].

3i 301IbIICHHSIM IBHIKOCTI pyXy (Hampukiaj,
3a mBuakocred 70+90 kM/roa) 3HaUHO 3poOCTae
(akTop 3HOCY OOKOBOi TpaHi OaHgaxa Koneca @
(puc. 9, 6), BIANOBIAHI  3HAYeHHS  3a
50+60 xm/ron 301IBIIYIOTECS B CEPEJHHOMY Ha
22,43 %. Tlo mipi 3pocTanHs 26 Big 52 1o 59 mMm
MOKa3HMK 3HOCY TpeOeHs majaae, Mo CBIAYUTH IO
3pOCTaHHS TEPMIHY CIykOM KousicHoi mapu. Sk
BUJIHO 3 pHc. 9, MOKa3HUKHN € Ta @ TaKOX MalOTh
makcumymu 3a y, =0,006 paz.

Ha puc. 10 HaBegeHO BIATHCKAHHS ITiJOIIBH
Y, Ta rOJNOBKM PEHKU Y, , OCKIIbKH SIK Ha [iJISH-

Kax 13 JiepeB’sSTHUMH IIMaJIaMH iCHy€e BUCOKa HMoO-
BIpHICTh CXOJ/DKEHHS 4Yepe3 BUTHUCKAHHS EKilaxiB
YHACIIIOK MOYITMBOCTI HaXWITy PEHKH.

UuM OinbIia HIBHIKICTE PyXY, TUM Ha OiIbIIY
BEIIMYUHY Y, MIJCMHUKYIOTHCS BHYTPIIIHI OOIIHB-

Hi koctuini (puc. 10, a). B inTepBani mBHIKOCTEH
50+60 xm/rom 3poCTaHHS BiJITUCKaHb IIiIOIIBH
peHoK y cepeiHbOMY CTaHOBHTH 9,59 % Ha KOXKHI
10 xm/rox, a 3a mBuakocredn 70+90 xm/rox Bin-
MOBIZIHI 3HAYEHHS 3POCTAIOTh Y CEPEIHBOMY Ha
21,1 %. Jlns BiATMCKAaHHA TOJNOBKM PEHKH Y, 3a

pe3yJbpTaTaMH PO3PaxyHKIB TaKkoi WiTKOT 3aJiesKHO-
CTI HE OTPUMAHO, ajieé O0MIBa MOKA3HUKH MAaroTh
MaKCUMaJIbHI 3HAYEHHs 33 KyTa TIOBOPOTY IIEHTpa-
1bHOT oci Ky3oBa BaroHa \y,=0,006 paz.
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Puc. 10. I'pacixu 3MiHN TUHAMIYHIX TOKA3HUKIB BiJl ITBUAKOCTI PYXY:
a — BIATUCKAHHS MiJONMIBH PEHKHU; O — BIITHCKaHHS T'OJIOBKU PEHKH

Fig. 10. Graphs of change of dynamic indicators from the movement speed:
a — squeezing of the rail base; b — squeezing of the rail head

VY poborti [9] onmcaHo cepiro HATYPHUX EKCIie-
PUMEHTIB 31 CXO/DKEHHS KOJiC i3 peoK uepe3 BH-
THUCKaHHA €KilaxiB, PO3MUPAHHS Ta YTOHY (3CYBY)
Koiii. EkcriepuMeHTH BHKOHAHO 32 YMOBH 3aCTO-
CyBaHHA JiepeB’THUX 1 3a/1i300€ TOHHUX TIITaJ, Iie-

OeneBoro, a30ecToBOro i mimaHoro 6amacrty, J0-
OWTHX Ta MACMUKHYTHX KocTwiiB. Cxema mpose-
JICHHS. HATYpPHUX CEKCIIEPUMEHTIB 31 CXOJIDKEHHS
KOJIIC 3 peoK 4epe3 BUTHCKAHHS BaroHa, pO3ITH-
paHHs Ta yroHy (3CyBY) Kouii HaBefeHa Ha puc. 11.

| LlCHT]lHHIxIIii Bil.'b KY30Ba BAroHa

_____________

L
m} | 1 [; 2 1, 2 - nomkparu
Y
= © : _ {
__________ /2 | JIOKOMOTHE Kois |
= ¥l v {
—

Puc. 11. Cxema npoBeJieHHs HATYPHUX €KCIIEPUMEHTIB 31 CXOKEHHSI KOJIIC 13 peiiok

Fig. 11. Scheme of field experiments on derailments

I[lo mepmiéi komii JBOKOJIMHOT  IIJISTHKH
(puc. 11) nokoMoTHBOM TiepeMiniaB 4-BiCHUH TiB-
BaroH 31 MBUIKICTIO 15-25 KM/ToJ, 3aBaHTaKEHHUI
mebenem no P =27 1/Bick. Ilo apyriii kxomii 3a

C
JTIOTIOMOTOF0 IITAHTH CHHXPOHHO MEPEeMIIaBcs Ta-
Kuii camuii 4-BiCHUI MIBBAroH, ajae¢ 3 MEHIIUM 3a-
BaHTAKEHHAM. Y KOXHY OyKCy Oyjar BMOHTOBaHi
PO3MipHI TigpaBiiddi goMkpatu 1 1 2, mo 103B0-
JISIFOTH Ha XOJIy BCTAHOBIIIOBATH PO3MHUPAIOYY CHITY

H Big 0 mo 392 kH (no 196 kH Ha onHy BiCh).
VYcraHoBneHi B3AOBXK KOJii mpuiagu (ikcyBaiu
BIJITUCKAHHS TOJOBKY Ta IiJIOMIBUA PEHKH, y T. 4. ii
HAXWJI 33 OJIHOYACHOTO BUMIipIOBaHHS JTWHAMOMET-
PUYHUMHM KOJIICHUMH TIapaMH CHJI OOKOBOTO TOpH-
30HTAJIBHOTO BIUIMBY KOJIC Ha peiiku. 3aizaum mo-
BTOPIOBAJIM 0araTopa3oBO 3 JIOBEACHHSAM Y PsiIi
BUTIQJIKIB JI0 CXO/KEHHS KOJIIC Yepe3 po3MUpaHHs
abo yros (3cyB) komii. Ha npsamux niasHkax kol

Creative Commons Attribution 4.0 International
doi: https://doi.org/10.15802/stp2020/223519

76

© A. A. llIsens, 2020


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.15802/stp2020/

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

Hayxka Ta nporpec Tpancnopty. BicHuk J{HiponeTpoBcbKoro

HAL[IOHAJILHOTO YHIBEPCUTETY 3alli3HHYHOro Tpancnopty, 2020, Ne 6 (90)

PYXOMUI CKJIAJ] I TATA IIOI3/IIB

3 JICPEB’SIHUMHU IINAJIaMU 3 TUIIOBUM KOCTHJIBHUM
CKPIIICHHAM IS Maj03aBaHTA)KCHUX BaroHiB Bif-
THUCKaHHS MIJOIIBY He TepeBumryBaio 1-1,5 Mmm 3a
BiJITUCKAHHS TOJIOBKHU peiiku 5,0—6,0 Mm.

HaBeneni B 1mibOMy IOCIIIKEHHI PO3paxyHKH
Oynu TIpOBE/ICHI 32 OCHOBOT'O HABAHTAKEHHSI Baro-
Ha 21,4 T Ha Bich 1 B iHTEepBaJl IIBHIKOCTEH
50+90 km/ron y kpusiit pagiycom 600 M. Ilopis-
HSIHHS OTPUMAaHUX PE3YJIbTATIB PO3PaXxyHKY TOKa-
3y€ 3aJIOBUIBHY BIiAMOBITHICTh EKCIIEPUMEHTAIb-
HUM JIaHUM 32 BEITMYUHAMH Y, .

HaykoBa HOBH3HA Ta IPAKTHYHA
3HAYMMICTB

JloompaboBaHO MaTeMaTHYHy MOJENb 3YeIry
BaHTXXHUX BaroHIB y CKJai moi3na. Y po3paxyH-
KOBHX CXeMaX, 10 OMHCYIOTh KOJHMBAaHHS BaroHiB,
BpPaxOBaHO OCOOJMBOCTI Bi3KiB BaHT2)XKHUX BaroHiB
— 3abiranHs O0KOBUX pam. Mozemb T03BOJISE TOCTi-
JIWTH BIUTUB 3MiHHM KyTa TIOBOPOTY LEHTPaJIbHOI OCi
Ky30Ba BaroHa, 0 y CBOIO Yepry NPHU3BOAUTH IO
TIOTIEPEYHOr0 3MIIIEHHS Bi3KiB BiIHOCHO OJWH OJI-
HOro, Ha OCHOBHI JIWHAMIYHI IIOKAa3HUKH Ta ITOKa3-
HUKH B3a€EMOJii PyXOMOTO CKIJIaly 3 KOJdi€ro. Yrep-
IIIe JTOCTIKEHO BIUTUB ITOTIEPEYHOTO 3MIMICHHS Bi3-
Ka 3 ypaxyBaHHSM 3HOCIB HOro neraneil Ta BY3IiB
MiJ Yac pyxy Ha AUTSTHKaX KOJIii 3 HEPiBHOCTAMH.

e mocmimkeHHs] BUKOHAHO B HANPSIMi PO3BHT-
Ky METOJIB MaTeMaTH4YHOTO MOJICIIOBAHHS IHHA-
MIYHHX TIPOIIECiB B3aEMOJil PyXOMOTO CKIIaTy Ta
KOJIi1. Pe3ysbraTi po3paxyHKiB MOYHa 3aCTOCOBY-
BaTH IIiJi 4ac OLIHIOBAHHS BIUIMBY IOIEPEYHOTO
3MilIEHHS Bi3Ka Ha JWHAMIYHI SKOCTI PyXOMOTO
CKJIaJly Ta TMOKAa3HUKH B3a€MOJIiT PyXOMOTO CKJIaTy
3 KOJII€I0 3 ypaxyBaHHSAM 3HOCIB JieTajleil Ta By3IiB
Bi3Ka MiJ Yac pyXy B IPSIMHX 1 KPUBOJIHIHHUX Ji-
JISTHKaX KOJIi1 3 HEPiBHOCTSIMH.

3acrocyBaHHSI OTPUMAaHUX Pe3yJIbTATIB CHpPUs-
TAME IIJIBUIIEHHIO CTiHKOCTI BaHTaXHOTO PYyXO-
MOTO CKJIQJly B YMOBax IiJIBUIICHHS IIBUIKOCTEH
pYXy, IO Yy CBOIO Yepry IO3BOJHUTH PO3POOHTH

TEXHIYHI YMOBH AJIs1 pealtizalii pecypco30epexHux
TEXHOJIOT1 TPaHCIIOPTYBaHHS BaHTaXiB, SKi Bif-
MIOBIAA0OTh BUMOTaM O€3MeKH PyXy MOi3/iB.

BucHoBku

VY crarTi npencTaBiIeHO aHaIi3 MPOBEACHUX Te-
OpPETHYHUX JIOCHIPKeHb OCHOBHUX JIHHAMIYHHX
MMOKA3HUKIB Ta IOKAa3HUKIB B3aEMOJII PyXOMOTO
CKJIaJly 3 KOJIIE€I Ha MPUKJIAJli MiBBArOHIB MOACII
12-532. Ha miacTaBi mpoBEACHHUX TOCTIIKEHD -
HaMiYHOI HaBaHTAXXCHOCTI BAHTaXHOTO PyXOMOIO
CKJIaJy 3a HasBHOCTI MOMNEPEYHOro 3MillleHHs Bi3-
KiB MOXHa 3p0OOUTH TaKi BHCHOBKHU:

— MaKCHUMallbHI KOe(illi€eHTH ITWHAMIYHOI I0-

6aBku obpecopenux K, i HeOOpecOpeHHX YaCTHH

KHO

B 2

MaKCHMaJbHE BiJHOIICHHS PaMHOI CHIIH IO
CTaTHYHOTO OChLOBOTO HaBaHTaXeHHs K Ta Koe-

(iLieHT CTIMKOCTI BiJI CXOIPKEHHS KoJieca 3 PeHoK
K, Oinblie 3anexaTh Bill IIBHAKOCTI pyXy, HIXK
BiJl KyTa IMMOBOPOTY IEHTPAIFHOI OCi Ky30Ba BaroHa
Ve s

— TpOaHaJI30BaHI MOKa3HUKU B3aEMOJII PyXoO-
MOTO CKJaay 3 KOJI€I0 HE MEepeBUIIYIOTh HOpMa-
THBHUX 3HAUYeHb Ta MAalOTh EKCTPEMyMH 3a
v, =0,006 pax;

— OJHOYACHE 30UIBIICHHS KyTa HOBOPOTY LICH-
TPaJIbHOI OCi Ky30Ba BaroHa \, Ta MIBHUJKOCTI py-
Xy TNPHU3BOJAUTH O IIJBHUIICHHS (aKTOpa 3HOCY
KOJIIC Ta peioK;

— 31 30UTBIIEHHSIM IIBUAKOCTI PyXy BiATHCKA-
I0TBCSI BHYTPIIUHI OOIIMBHI KOCTHIIL Y, Ta roJoB-

KM PeHoK Y, , 0OHM/Ba MOKA3HMKH MaIOTh MaKCH-
MaJibHi 3HaYCHHS B pa3i KyTa MOBOPOTY LIEHTPAIb-
HOI oci ky3oBa Barona y, =0,006 pap;

— OTpHMaHi pe3ylbTaTH PO3PAXyHKIB BiIIOBi-
JIAIOTh EKCTIEPUMEHTAJIbHUM JIAaHUM 32 BEIHYHHA-
MU BiJITHCKAHb ITiJIONIBU pEeHKN Yp -
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BJAUAHUE HA TUHAMMUMKY I'PY30BbIX BAI'OHOB IIOIIEPEYHOI'O
CMELIEHUMA TEJEXEK

Heab. Pabota HampaBneHa Ha ONpeAeTICHUE BIHMSIHUS MOIEPEUYHOr0 CMEUICHUS TEJICKKH I'PY30BOTO BaroHa C
y4€TOM BEJIMYMHBI CKOPOCTH IBIKCHHS HAa €0 OCHOBHBIC THMHAMHUUYECKHE MOKA3aTeNM M MOKa3aTeld B3auMojei-
CTBUSI MOJIBWXKHOTO coCcTaBa ¢ kojeeld. Meroamnka. KommuecTBeHHas OIleHKa JUHAMUYECKHX ITOKa3aTeNel moyryueHa
METOJIOM MAaTeMaTHYECKOTO M KOMIIBIOTEPHOTO MOJEIMpOBaHUs. PacueTHas cxema YYHWTBIBAET OCOOCHHOCTH
B3aUMO/ICHCTBUS BArOHOB B COCTaBE I10€371a: BO3MOXKHOCTD MPOSIBIICHUS BceX (hOpM KosieOaHUH Ky30Ba B IPOCTPAH-
CTBE, Ilepeiady MpOJOJIbHON CHIIBI B BEPTUKAIBHOM U TOPU30HTAIHHOM HAIPABICHUSIX OT COCEAHMUX BAarOHOB, YU€T
TEXHHMYECKOTO COCTOSIHHUSI OTAENBHBIX YacTeH BaroHa M WX KOHCTPYKTHBHBIX OCOOGHHOCTEH, a TaKXkKe pa3iHdHbIC
ycnoBusl 3kcIuTyatanun. Pe3yabTaThl. B mpomecce mccienoBaHus MpUMEHEHa MaTeMaTHiecKast MOJICNb CLeTa U3
IITH TPY30BBIX BAaroHOB JJIS M3y4YeHHs AWHAMHMYECKON Harpy>KeHHOCTH IOJlyBaroHa u myTH. IlpoBeneHa oneHka
OCHOBHBIX JMHAMHUYECKUX IMOKa3aTeled U Moka3aTesiell B3auMOAEHCTBHS MOJBM)KHOTO COCTaBa C Kojeeil B ciiydae
MOTIEPEYHOT0 CMEIICHUS TEIeKKH INPH JBIKEHUH 110 KPUBOJIMHEHHBIM Yy4acTKaM >KEIEe3HOAOPOXKHOTO MYTH.
OOOCHOBaHO MAaKCHUMAaJbHO BO3MOXKHBIC BEJIMUMHBI IONEPEYHOr0 CMEMICHUS] TENIeKKH TPy30BOIO BaroHa.
Hayunas HoBHM3Ha. J[opaboTaHa MaTemMaTndeckas MOJENb CIela TPY30BbIX BalOHOB B COCTaBe moe3na. B pacuer-
HBIX CXeMaX, ONMCHIBAIOIINX KOJIeOAHHs, YUTEHbI OCOOCHHOCTH TEJIEIKEK I'PY30BBIX BarOHOB — 3a0eraHusi OOKOBBIX
paM. Mozenb MO3BOJISET HCCIIEI0BATh BIMSHUAEC U3MEHEHUS yTila IIOBOPOTa [IEHTPAILHOM OCH Ky30Ba BaroHa, 4ToO B
CBOIO OYepe.b MPUBOJUT K MONEPEUHOMY CMEICHHIO TEJIEKEK OTHOCHTEIBHO JIPYT APYTa, HA OCHOBHBIC JUHAMHYE-
CKHE TI0Ka3aTelN M IO0Ka3aTel B3anMOAEHCTBHUS MOJBIKHOTO COCTaBa ¢ Koyieel. BriepBrle nccie10BaHO BIMSHUE
TIONIEPEYHOTO CMEUIEHHsI TEJIEKKH C y4eTOM M3HOCOB €€ JeTalieil M y3JI0B NP ABMXEHUH Ha y4acTKax ITyTH C He-
poBHOCTAMH. IIpakTHYeckasi 3HAYMMOCTb. Pe3ysIbTaThl pacyeToB MOJKHO NMPUMEHSTH IPH OLIEHKE BIMSHUS IIOTe-
PEYHOTO CMELICHUs TeJIS)KKH Ha JAWHAMHYECKHE KauecTBa ITOJBI)KHOTO COCTaBa M IIOKa3aTeNId B3aWMOAEHCTBHUS
MIOJIBIYKHOTO COCTaBa C KOJIeeil ¢ y4eTOM M3HOCOB AeTalel U y3JI0B TEJIEKKU MPU JIBIDKEHUH B NMPSIMBIX U KPUBOJIH-
HEHHBIX yyacTKax MyTH C HepOBHOCTAMU. [IpiMeHeHNe MOTydYeHHbBIX Pe3yIbTaToOB OyaeT CIOCOOCTBOBATH MOBHIIIIE-
HHUIO YCTOWYMBOCTH I'PY30BOTO MOJBIIKHOI'O COCTaBa B YCJIOBHSAX IOBBIIMICHUS CKOPOCTEH IBHKEHHS, YTO B CBOIO
ouepes MO3BOJIMUT pa3paboTaTh TEXHUYECKHUE YCIOBHS JJIS peaiu3alii pecypcocOeperaromux TEXHOIOTHI TpaHC-
MIOPTHPOBKH I'PY30B, OTBEYAIONINX TPEOOBaHUAM OE€30IACHOCTH JABMKCHHS MOE3/I0B.

Kniouesvie cnosa: 0€30MacHOCTh [BIKEHUS; JUHAMUYECKHE MOKA3aTeNM; CMEIIEHHE TeJeKeK; IOJIyBaroH;
CKOPOCTbH JABHKEHUS

A. 0. SHVETSY

Dep. «Theoretical and Structural Mechanics», Dnipro National University of Railway Transport named after Academician
V. Lazaryan, Lazaryana St., 2, Dnipro, Ukraine, 49010, tel. +38 (050) 214 14 19, e-mail angela_Shvets@ua.fm,
ORCID 0000-0002-8469-3902

INFLUENCE OF LATERAL DISPLACEMENT OF BOGIES ON THE
FREIGHT CAR DYNAMICS

Purpose. The work is aimed at determining the influence of the lateral displacement of a freight car bogie, tak-
ing into account the value of the movement speed on its main dynamic indicators and interaction indicators of the
rolling stock and the track. Methodology. The quantitative assessment of dynamic indicators was obtained by the
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method of mathematical and computer modeling. The design scheme of the car takes into account the interaction
peculiarities of cars as part of the train: the possibility of all modes of body vibration in space, the transmission of
longitudinal force from neighboring cars in vertical and horizontal directions, taking into account the technical con-
dition of individual parts of the car and their design features, as well as various operating conditions. Findings. Dur-
ing the research, a mathematical model of a coupling of five freight cars was applied to study the dynamic loading
of a gondola car and a track. Main dynamic and interaction indicators of the rolling stock and the track in case of
transverse bogie displacement when moving along curved track sections assessment were assessed. The maximum
possible values of the lateral displacement of the freight car bogie were substantiated. Originality. The mathemati-
cal model of the coupling of freight cars in the train has been improved. In the calculation schemes describing the
vibrations of the cars, the peculiarities of the freight car bogies, lozenging of the bogie side frames are taken into
account. The model makes it possible to study the effect of changing rotation angle of the central axis of the car
body, which in turn leads to the lateral displacement of bogies relative to each other, on the main dynamic and inter-
action indicators of the rolling stock and the track. For the first time, the influence of transverse displacement of the
bogie was investigated, taking into account the wear of its parts and assemblies when moving on track sections with
unevenness. Practical value. The calculation results can be used to assess the influence of the bogie transverse dis-
placement on the dynamic qualities of the rolling stock and interaction indicators of the rolling stock and the track,
taking into account the wear of parts and units of the bogie when moving in straight and curved track sections with
irregularities. The application of the results obtained will contribute to an increase in the stability of freight rolling
stock in the conditions of increasing travel speeds, which in turn will allow developing technical conditions for the
implementation of resource-saving technologies for transporting goods that meet the safety requirements of train
traffic.
Keywords: traffic safety; dynamic indicators; displacement of bogies; gondola car; movement speed
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PO3POBKA AJITOPUTMY BUBOPY PAIIIOHAJIBHOI ®ACAJTHOI
CUCTEMMU BAT'ATOITIOBEPXOBUX BY/IIBEJIb

MerTa. 3a OCHOBHY MeTy pOOOTH aBTOPH CTaBJIATH c(hOPMyBaTH aJITOPUTM BHOOPY pallioHAIBHOI (acamHoi chc-
TEMH JUIsI KOHKPETHOTO OYIiBEFHOTO 00’ €KTa 3 ypaxXyBaHHSAM KITIMaTHYHUX, OPTaHI3aIliifHO-TeXHOJIOTIYHIX Ta eKC-
IUTyaTalifHUX BIACTHBOCTEH, KM MoXXe OyTH 3acTOCOBaHMN OyIb-SKMM YYaCHHKOM OYyIIBEIBHOTO IIPOLECY.
Metoanka. BisHaueHo kpurepii BuOOpy panioHanbHOI acanHoi cucteMu. [IpoaHani3oBaHO CTaH MATaHHS BHOOPY
Ta 3aCTOCOBHOCTI Cy4acHHX (hacaJHUX CHCTEM JUlsi HOBOro OYyIIBHHUIITBA Ta KalliTaJbHOTO PEMOHTY Ha TEPHUTOPIl
VYkpainu. Ha ocHOBI BHM3Ha4eHUX (akTOpiB, sKi BIUIMBAIOTH HAa BUOIp HaiOUIbIN panioHanbHOI (hacagHol cucteMu
0araTonoBepxoBoi KUTIOBOI ab0 rpomMachkol OyiBil, chOpMOBaHO 3py4YHHUIl Ta 00 €KTHBHHH JITOPUTM BUOOPY
(hacaaHOT crcTeMH 3 ypaxyBaHHSIM OCHOBHHUX OCOOJIMBOCTE 00’ €kTa OYy/IBHHUIITBA, a TAKOX MapaMeTpiB eKcIulyara-
wii. [leit anropuT™ afganToBaHO 70 MPAKTHYHOTO 3aCTOCYBaHH:. Pe3yabTaTH. Y CTaHOBIEHO BIUIUB 3HAUEHB ITapaMe-
TpiB BUOOpPY pacasHOi CHCTEMH Ha IMpOILEC YJAIITYBaHHS, eKCILTyaTalii Ta peMOHTY cydacHoi (acaHoi CHCTeMH.
BukonaHo ycminHy anpoOariito OTpUMaHOTO alTOPUTMY BHOOPY palioHaIBHOI GacagHol CHCTEMH MUITXOM OLIHKA
3Ha4eHb (D)AaKTOPIB BIUIMBY i3 3allydCHHSM NPOBIIHUX MPOEKTHBIX opradizamii M. J[Hinpo. Ilix gac mpoXomKeHHs
BIZIMOBITHUX aJTOPUTMIB Ha CYMICHHX HapaJax NMpOEKTyBaJIbHHKA, 3aMOBHHUKA Ta INJPSAHUKA BCTAHOBJICHO Hai-
OUTBIN paIliOHANBHI (acagHi CHCTEMH I KOHKPETHHX OYyIiBEIEHUX 00 €KTIB 31 3HAYHOIO 00’ €KTHUBHICTIO BHOODY.
AIanTHBHICTH aNTOPUTMY LUIIXOM BiKMAAHHS HE3HAUHMX YMHHHKIB NPU3BOJUTH 10 301bIIEHHS HAOYHOCTI IIPO-
necy BubOopy ¢acanuoi cucremu. HaykoBa HOBU3HA. Y CTaHOBJICHO 3aKOHOMIPHICTh BIUTHBY PSIy OpraHi3alliifHO-
TEXHOJIOTIYHHUX Ta eKCILTyaTalliiHUX YUHHUKIB Ha Ipoliec BUOOPY pauioHanbHoi hacannoi cuctemu. [TixBuiieHo ede-
KTUBHICTh BU3HAYEHHS BiINOBIHOT CUCTEMHU JIJI1 KOHKPETHUX YMOB OY/IiBHHUIITBA 3 YpaXyBaHHIM O0COOJIMBOCTEH eKc-
utyatanii Ta npu3HadeHHs Oynisni. IpakTuyHa 3HaYMMicTh. Y4yacHUK OY/IBHHUITBA IIUIIXOM ITPOXOJDKEHHS He-
CKJIQJIHOTO JITOPUTMY Ma€ 3MOI'y HAOYHO OL[IHUTH BIUIMB OpraHi3aliifHO-TeXHOJIOTIYHUX Ta eKCIUTyaTaliiHux Qak-
TOpiB Ha BUOIp pauioHAIBHOT (hacaJHOI CUCTEMHU Ta IIiJ] Yac OL[HIOBAaHHS NPUAATHUX MapaMeTpiB BiJMOBIIHUX (ak-
TOpIB BH3HAYUTH HAOLIbII palioHaJbHY (acalHy CHCTEMY Uil KOHKPETHOI'O 00’€KTa. YHACHiJOK CYTTEBO
3HWKYETBCS BapTICTh eKCILTyartalii acagHol CHCTEMH 3a ONTHMI3allii TPUBAIOCTI MIXXPEMOHTHHX IEpioJiB Ta I0-
JIIIIEHHS. yMOB POOOTH Ti CKIIaJJOBUX.

Kniouosi crosa: panioHanpHa (acagHa cucTeMa; napaMeTpH BIUIMBY; aJITOPUTM; YIaCHUKU OyiBHHUIITBA
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Beryn

CpOroaHINIHI IeHb BAXKJIUBUM 3aBIAHHIM €KC-
IoTyaTamii HasBHOTO (QoHAY OymiBeNs Ta CHOPY.
€ BYaCHE MPOBEACHHs PEKOHCTPYKIIi 3 METOIO MO-
JNIeHHs eHeproeeKTUBHOCTI, apXiTeKTypHO-ec-
TETHYHOI IPHUBAOIUBOCTI, CIIPUSHHS BiAIIOBITHOCTI
00iky OymiBenmp 3arajilbHid KOHIEMIii pPO3BUTKY
HaceneHUX MicT. OcoOnMBO aKTyadbHOIO 11
mpo0JieMa 3aJHIaEThes IS OyiBeTh TPAHCIIOPT-
HO1 iH(pacTpykTypu. OCKITBKH OCHOBHA YacTHHA
Takux 00’eKTiB 3BefeHa mpoTsroM 60—80-x pokis
XX cTopivyus, TemI0i30I0BaNbHI SKOCTI (hacaTHuX
CHCTEM HE BHUTPHUMYIOTh CYYacHHX 3aaad IIOJO
eHeproe()eKTUBHOCTI Ta TEIJI030ePEeIKECHHS.

l'onoBuuM akTopoM, SIKKH BINTUBAE HA €HEPTO-
e(eKTUBHICTH Oy/iBENb HE3aJICKHO BiJ iX MpU3HA-
YeHHs, € 3/1aTHICTh OTOPO/DKYBATBHUX KOHCTPYK-
il YUHUTH OIIip MPOLIECY Mepeaadi TeroBoi eHep-
rii Kpi3h HUX. 3TiTHO 3 BUMOTaMU HOPMaTHUBHUX JI0-
KyMEHTIB,  BIIMOBIHI ~ KOHCTPYKIIi  MAaroTh
3a0e3reuyBaTH BCTAHOBJICHUH OINip TEIUIOBTpAT 3i
3MEHIIEHHSIM TEIUIONPOBITHUX BKIIOYEHB, BOJO-
TTH 3HAYHUMH TIAPOi30ISIIIHHUMH BIIACTUBOCTSIMU
JUIsl CKOPOUYCHHSI MOKJIMBOCTI IPOHUKHEHHSI B OTO-
POKYBaJIbHY KOHCTPYKIIIO BOJASIHOT TTApH 13 30BHi-
IIHBOTO CEpPEeOBHUINA Ta YHEMOXKIIMBIIOBATH HAKO-
MMMYEeHHS BOJIOTH ITiJl Yac eKcIuryararii. Bukopuc-
TaHHS OJIHOHAIIPABIICHUX MapO3aXUCHUX MeMOpaH
NPU3BOJNTH 10 €(PEKTUBHOTO BiJBEICHHS BOJIOTH,
0 TOJIMIIYE MIKPOKIiMAaT BHYTPIIIHIX TpPHUMi-
IIICHb Ta IiABMIIY€E SKCIUTyaTalliiHI BJIaCTUBOCTI.

B ymoBax roctpoi mpoOGiiemMu eHeproszoepe-
’KEHHsI Ta 3a0IIaDKCHHS PECypCiB Ha CTBOPEHHS
MIKPOKJIIMATy TPHUMIIEHb, MOCTA€ MUTAHHSI BH-
0opy paiioHabHOT (acaaHoi cucTemu 00’ €xTa Oy-
niBHUITBA [4—6]. HasiBHI TEXHOJIOTI4HI peTJIaMeHTH
BiJl Cy4acHHX BHPOOHHUKIB CHUCTEM IIepen0adaroTh
MOPIBHSHHS TUIBKM 3a 2—3 mapameTpamu (IepeBa-
JKHO 32 TEPMIHOM €KCIUTyaTallii, BApTiCTIO, TEILIOE-
MHICTIO) 0€3 ypaXxyBaHHS sy A0JaTKOBHX (haKTo-
piB, 3HaYCHHS SKUX MIPUTAMaHHI KOHKPETHUM YMO-
Bam OyniBHunTea [1-3, 7]. ToMy BaXIUBUM
€ 00’ €eKTUBHE NOPIBHSHHS KUJIBKOX BUIIB (pacagHux
CHCTEM JUIs 3BaXKEHOr0 BUOOPY HalOIbII parioHa-
neHOI 3 HUX [8, 9, 11, 12].

HeBupinienum 3anumaerscsi MUTaHHS 3a0e3re-
YeHHS HaIilHO1 eKcIuTyaTalii (hacagHux CHCTEM 3a
30epeKeHHs] eHeProeeKTUBHOCTI OrOPOKYBalIb-
HUX KOHCTpyKii [10, 13-18].

Merta

BianoBigHO 10 BHKJIAAEHOrO, METOIO HdAHOI
CTarTi € (popMyBaHHS ANTOPUTMY BHOOPY parlioHa-
neHOT (pacaHOT CHCTEMU JIJIsl KOHKPETHOTO Oy IiBe-
JILHOTO 00’€KTa 3 ypaxyBaHHSAM KJIIMaTHYHUX, Op-
TaHi3aIiifHO-TEeXHOJOTIYHAX Ta EKCILTyaTaIliitHIX
BJIACTUBOCTEH.

MeToauka

Ha mizmcraBi eKCIIepTHOTO OITIHIOBAHHS BaKIIH-
BOCTI YHHHHKIB, 110 BILTMBAIOTH Ha BUOIp parioHa-
JBHOT pacaHOI CHCTEMH, YCTAaHOBJICHO:

— HaWOIbIIe 3HAYEHHS MAIOTh YMHHHKH, IO
00yMOBIIIOIOTH TEPMiH CITYyk0U (hacamgHOl cCUCTEeMH,
BapTICTh 1 TPYAOMICTKICTS 11 yJamTyBaHHS Ta TPH-
BaJIiCTh MDKPEMOHTHHUX TiepiofiB. CriocTepiraeThest
3aIliKaBJICHICTh YYaCHUKIB OYAiBEILHOTO MPOIECY
B 3MEHIIIEHH] TPUBAJIOCTI BUKOHAHHS POOIT Ta mia-
BUIIICHHI TEPMiHiB 0€3B1IMOBHOI €KCILIyaTarlii, Ha-
BiTh IIISXOM 30iTBIIEHHS BAPTOCTI YIAIITYBaHHS
(hacagHOI cucremu;

— MEHIIIEe 3HAUCHHS MaIOTh B3a€MOBUKIIIOYHI BH-
3HaYyaJIbHI YNHHHUKH, TaKi K PO3PI3HEHICTh EIEMEHTIB
(hacamy, iX CBITJIIONPO30PICTh, HASIBHICTH «MOKPHX)
IIPOLIECIB ITiJT Yac BUKOHAHHS PoOiT. Takoxk ekcriepTu
3alliKaBlieHi B MiJBUIICHHI eHeproe)eKTUBHOCTI (a-
CaTHOI CUCTEMH, 3pYIHOCTI 00CTEKEHHS il TOTOYHOTO
CTaHy, a TaKOX MOJJIMBOCTI MHUTTSl 30BHILIHBOTO
mapy Qacay JUisl TiJBHIICHHS €CTETUYHHUX BIIACTH-
BOCTEH Ta MOJIIIIECHHS yMOB €KCILTyaTari;

— HalMeHIIe 3HaUYeHHS MalOTh YNHHUKH, SIKi 3a-
0e3mevyloTh aJanTalilo KOHCTPYKIiK (acamHoi
CHCTEMH JI0 3MiHHU KIIIMaTUIHUX (HaKTOPiB, a TAKOK
MIOBTOPHOTO BHMKOPHCTAHHS OKPEMHUX E€JIEMEHTIB
CHCTEMH.

Ockinbku cepen (hakTopiB, MPUTAMaHHUX Pi3-
HUM (acafHUM CHUCTeMaM, € 5K SKICHI, TaK
1 KUTBKICHI TIOKa3HHWKH, Y TOMY YHCIIi B3a€MOBH-
KJIFOYHI, KJAaCHYHHUI aJIrOPUTM BHOOPY THITY OJIOK-
cXeMU € HeeeKTUBHUM. ToMy NOUIIBHUM Oyie
CTBOPEHHSI KOMIUIEKCHOI METOJMKH, fKa HUIIXOM
MIPOXOJKEHHST HECKIIIHOTO AJITOPUTMY BU3HAYUTh
HaHOUIbII pallioHaNbHY (acagHy CHCTEMYy 3a
CYKYITHOIO KUIBKICTIO IIOKa3HUKIB.

[Ipuknan anropurmy BuOOpY panioHansHOI (a-
Ca/IHO1 CHCTEMH HaBeJleHO B Tab. 1.

Y HbBOMY 3ampoNOHOBAHO TaKy MOCHiJOBHICTbH
it i3 BuOOpY panioHansHOI pacagHoi cucTeMu A
00’exTa Oy/1IBHUIITBA:
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1. OuiHIOIOTh KOKEH YMHHHUK 3aJ€KHO BII 3a-
CTOCOBAHOCTI HOr0 3Ha4Y€HHS A0 30BHIIIHBOIO BU-
ALy OyAiBiIi, yMOB BHKOHAHHS poOIT Ta TOJaIb-
moi ekcrutyatanii 00’ekta OyniBHuuTBa. Ilpm
IBOMY HaWOUIBII pallioHabHI 3HAUYE€HHS YNHHUKIB
T IKPECITIOIOTh.

2. O6upatoTth (hacaHy CUCTEMY, KOJIOHKA SIKOi
Ma€ HaWOUIbIIy KiJIBKICTh MO3HAYOK YHHHUKIB.
Came ms cacamHa cucrtema W Oyme HaWOLTBII
palioHaTBFHOIO ISl BAKOPUCTAHHS B KOHKPETHOMY
MpoeKTi. Y pasi, Ko AeKijabKa pacagHUX CHCTEM
MalOThb OAHAaKOBe (OJM3bKE) YHCIO TO3HAYOK,
BIJKHIAIOTHCS HEBIAMOBIAHI CHCTEMHM, MICIS YOIO
OIIIHKY TIOBTOPIOIOTh.

3.Y pasi BiACYTHOCTI B MpPOTHO30BaHii HaM-
OimpIn pamioHanbHIA (acagHill cucTemi oOpaHHX
B3a€EMOBHKJIFOYHHX YMHHUKIB OI[IHKY TIOBTOPIOIOTH
3 ypaxyBaHHSM IIUX YMHHUKIB a00 X MPUIMAIOTH
pIIIeHHS IOA0 BUOOPY BiATIOBITHOT CHCTEMHU.

4. Tlicns  BuOOpy HaWOINBII pamioHATEHOT
(hacajiHOT CUCTEMH BCi YYaCHUKH OYHiBHUIITBA BU-
KOHYIOTH 11 OIIIHKY Ha MpeAMET 30iry pe3yJbTaTiB
Ta MOXJIMBOCTI 3aCTOCYBaHHS JIO KOHKPETHOTO
00’ekTa OyAiBHUITBA. SIKIO pe3ynbTaTH He 30ira-
I0THCSI, BUKOHYIOTh CYMICHY BiZIKPUTY Hapay 3 Me-
TOI0 OOTPYHTYBaHHSI KOXXKHOTO 3 (JaKTOpiB BUOOPY
parioHanpbHHUX (acaTHUX CUCTEM Ta 3HAXOKCHHS

HaHOLIBII MPUAATHOI A0 KOHKPETHUX YMOB OyIiB-
HUITBA { eKCILTyaTallii.

5. YyacHuku OymiBeNbHOTO TMPOIECY PO3MOYH-
HAIOTh peaizailiro 00paHOi HaWOUIBII palioHaIb-
Hoi (hacamHOi crucTeMu B 00’ €KT OyIiBHUIITBA.

Y 1mpoMy anropuTMi KOPHUCTYBad IMOCIIJOBHO
miakpeciioe (abo mo3Hava€e iHITAM METOJIOM) 3Ha-
4yeHHsI (haKTOpiB, SKUM MA€ BiAMOBIIATH pallioHa-
npHa (hacagHa cucTema 00’ €kTa OyIiBHUITBA. Y BU-
MajKy, SKIIO AEKiTbKa BUAIB (hacaJHUX CHCTEM
MalOTh OJTHAKOBE 3HAa4YeHHs (PaKToOpa, MiAKpeCcIo-
I0Th yci BapiaHTu. Y ApYTii YacTHUHI allTOPUTMY BU-
JUIISIOTH 3HAYESHHS B3a€MOBHKIIIOUHHUX MTOKA3HHKIB.
[Ticns yoro obupatoTs acagHy cucTeMy 3 HalO1Ib-
LIOKO KiJTBKIiCTIO 0OpaHux (akTopis.

Sx1o BuOip HEOJHO3HAYHUH BiTHOCHO B32€MO-
BHUKIIFOUHUX (DaKTOPIB, OKPEMO PO3IIISAIAIOTH KO-
KEH 13 HUX 3 METOI OJHO3HAYHOTO BUOOpY Hali-
OibIn pamioHansHOI (hacaHOl CUCTEMH ST KOHK-
PETHHUX YMOB 1 KOHKPETHOTO 00’ €KTa OYIiBHHUIITBA.

PesyabTatn

I3 MeTor0 aHasi3y pe3ysIbTaTiB AITOPUTMY BUKO-
HaeEMO MOro TECTOBE MPOXOIKEHHS. 3a IMPUKIIAL
00MpPAEMO apXiTEKTYPHO-KOHCTPYKTHBHE PilllEHHS
3 TAaKUMH TTapaMeTpaMu:

Tabnuns 1
Aaroput™m BHOOpPY panioHaabHOI hacaHOI cHCTEeMH
Table 1
Algorithm for choosing a rational facade system
Bapricts 1 M? pacany, rpH
700 1500 8 000
TpyaomicTkicTh ynamTysanns 1 M2 GacaHoi CUCTEMH, JTFOJL.TOJL
5 10 4 1,6
; TepmiH ciyx0u (hacagHol CHCTEMH, POKIB
: 20 50 100
E TpuBasicTs nepioy Mi>k MIOTOYHUMH PEMOHTAaMH, POKIB
E 5 20 30
- TpuBaicTh EPiOAY MiXK KaliTATbHUMH PEMOHTAMH, POKIB
15 30 50
[TnToMa TPYJOMICTKICTh Ta BapTICTh KAaIPEMOHTY BiTHOCHO HOBOI CHCTEMH
130 % 80 % 50 %
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IponoBxenus tabdn. 1

Continuation of Table 1

HasBHICT TEXHONOTIYHMX Nay3 Ha TBEPIHEHHS MaTepialliB ITil Yac BUKOHAHHS pOOIT

Tak

Hi Hi

HasBHICTh «MOKPHX IPOIIECiBY M Yac BUKOHAHHS 30BHIMIHIX pOOiT

Tak

Hi Hi

Mo>nHBiCTh Bi3yaJbHOTO Ta IHCTPYMEHTAIBHOTO OOCTE)KEHHS €IIEMEHTIB CHCTEMH

Hi Tax Tax
S . . .
= MoXIHBICTh TOBTOPHOTO BUKOPHCTAHHS EIEMEHTIB CHCTEMH IIiJl 4aC PEMOHTY
=
an) .
S Hi Tax Tax
=
o= CBITIIONPO30PiCTh CHCTEMHU
g
% Hi Hi Tax
= MOXITHBICTh MUTTS 30BHIIIHBOTO MIAPY CHCTEMHU
o
s .
g Hi Taxk Taxk
2
= PospizHenicTh eneMeHTiB (acanHol cucteMu
o) .
&4 Hi Taxk Taxk

MOo>KITHBICTh HABINTYBaHHS 00JaIHAHHS, PO3TAITyBaHHS KPIMMMIBHAX EIEMEHTIB

Hi

Tax Hi

[igBumeHHs eHeproeeKTUBHOCTI MUITXOM 3aMiHA MOIYJIbHUAX €IIEMEHTIB

Hi

MoskuBo Tax

MO:KITHBICTE az[anTaui'l' CHUCTEMHU 10 HOBHUX YUHHHUKIB [UISXOM BHECCHHS HE3HAYHHUX 3MIiH

Hi

Tak Tax

PesynLTyloqa cucreéMa

«Moxkpuit» acaz

— OararomoBepxoBa OymiBII TPOMAaJICEKOTO
MPU3HAYEHHS, 13 HOKOIBbHUM Ta 10 THIIOBHMU HIOBeE-
pXamu, Ha SKHX PO3TalloBaHi 0(icHI MPUMIIICHHS;

— KOHCTPYKTHUBHA CHCTE€Ma — CTiHOBa, 3 HECY-
YHUMH I103J0BKHIMH CTIHAMH 13 CHIIIKATHOI LIETJIN;

— MEepeKpUTTs — 30ipHi, 13 MyCTOTHHUX 3aJ1i300e-
TOHHHX TUTUT Oe3nepepBHOTO (popMyBaHHS;

— aJbTEPHATHUBHOIO  KApKAaCHOIO  CHCTEMOIO
Moyke OyTH MOHOJITHUI 3a1i300€TOHHHUI KapKkac i3
3allOBHEHHSM CTiHAMH 3 Ta300€TOHY TOBIIMHOO
400 mmM;

BenTtmisoBanuii gacan CristHu# (hacan

— OyniBna po3ramoBana B Mmicti Juinpo. Ocki-
JIKM TOBIIMHA CTiH ckiamae 380 ado 510 mm, i3
BHYTPIIIHIM IIapOM IITYKaTypKH, PO3PaxyHKOBa
TOBIIMHA yTEIUTIOBada (MiHEpaIOBaTHI IUTUTH) CTa-
HOBUTH 90 MMm.

HeoOxifHO BH3HAYHMTH paiioHabHY (acagany
cucreMy. BusHauenHss OyneMo BUKOHYBAaTH ILIs-
XOM TIPOXOJDKEHHS alroputMmy (Tabi. 2), cucrema
Ma€ 3aJJ0BOJILHITH TAKMM BUMOTaM:
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Tabuums 2
3anoBHeHHs aITOPUTMY BHOOPY panioHalbLHOI dacagHOl cucTeMH
Table 2
Filling the algorithm for choosing a rational facade system
TpyaoMicTkicTh ynamTysanns 1 M? GacagHoi CHCTEMH, JTHO.TOJ
10 4 1,6
s TepmMmin cayx0u acagHOi CHCTEMH, POKIB
= 20 50 100
g TpuBaiicTs nepiogy Mi>k MOTOYHUMH PEMOHTAMH, POKIB
5 5 20 30
é TpuBaiicTs nepiofy MiXK KariTaIbHUMH PEMOHTaMH, POKIB
~ 15 30 50
[Turoma TpyIOMICTKICTh Ta BapTICTh KAIIPEMOHTY BiTHOCHO HOBOI CHCTEMHU
130 % 80 % 50 %

HasiBHICTh TEXHOJIOTIYHHX Iay3 Ha TBEPIHEHHS MaTepiaiiB I/l 4ac BUKOHAHHS POOIT

Tak Hi Hi

HasiBHICTb «MOKPHX IPOIIECIBY il YaC BUKOHAHHS 30BHIIIHIX pOOIT

Tak Hi Hi

MO>KJIHMBICTb Bi3yaJbHOTO Ta IHCTPYMEHTAJILHOTO 00OCTEKEHHS EJIEMEHTIB CHCTEMHU

Hi Tak Tak

MOXJIHBICTh MOBTOPHOTO BUKOPUCTAHHS €IIEMEHTIB CUCTEMH IIiJ1 4aC PEMOHTY

Hi Tak Tak

CBITJIONPO30PiCTh CHCTEMHU

Hi Hi Tak

MOXITUBICTh MUTTSI 30BHIIIHLOTO IAPY CHCTEMH

Hi Tak Tak

Po3pi3HeHicTh eneMeHTiB (acaqHoi cucTeMu

SIKiCHI B3a€MOBHKIIFOUHI ITOKA3HUKU

Hi Tak Tak

Mo JIMBICTh HaBilllyBaHHS 00JIaJHAHHSI, PO3TAIIyBaHHs KPIMMILHUX €JIEMEHTIB

Hi Tak Hi

MOKIUBICTh aAanTallii CHCTEMH 10 HOBUX YNHHHKIB IIUITXOM BHECEHHSI HE3HAYHUX 3MiH 10 KOHCTPYKITiT

Hi Tak Tak

PesynbTyroua cuctema

«Moxkpui» dacan BentunsoBanuit dacan Cxstamid hacay
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TPAHCIIOPTHE BY JIBHUIITBO

— pO3paxyHKOBHI TepMiH CIyxOW Mae cKia-
naty He MeHie 50 poKiB;

— TPUBANICTh MIXPEMOHTHOTO TIEpPiOxy Mae
OyTH MakCHMaJbHOIO;

— TPYAOMICTKICTh yJalITyBaHHs (acagHol CHc-
TEMH Ma€ CKJIAATH He OLTbIIe § TOI.Toa/M?, i3 Me-
TOI0 MaKCHUMaJIBHOTO ITPHUCKOPEHHS TEPMiHIB yIIal-
TyBaHHS CHUCTEMH Ta, BIAMOBiAHO, OymiBIi B IIi-
IoMmy;

— BapTICTh PEMOHTY Mae OyTH MiHIMaJIbHOIO
JUIs1 ONITHMI3allii BUTpAT Ha yTpuUMaHHs (acany;

— HeoOXiiHa MOKIIMBICTb IPOCTOTO Ta €(DEKTHB-
HOTO KOHTPOJTIO TIOTOYHOTO CTaHy CKJIAI0BHX (aca-
IHOI cUcTeMH, BUMIp e(eKTHBHOCTI poOOTH BCixX
€JIEMEHTIB, BKIIFOYAI0YH TEIUIOI30SIIHI BIaCTHBO-
CTi Ta piBeHb Bojorocti. [Ipmaomy dacamna cucrema
Mae€ BiIBOAUTH BOJIOTY 3 CEPEIUHU MPHUMILICHb JUTS
MiATPUMAaHHSI ONITUMAJILHOT'O MiKPOKJIIMATY;

— CBITJIONPO30pPICTh cHCTEMH dacary HE Mae
BHPIIIATFHOTO 3HAYCHHS;

— 3 OISy Ha OCOOIMBOCTI eKCILTyaTallii (Beiu-
KW TIOTIK JItoJiIei Oiist OyAiBii, eKcIuTyararis mpu-
OyIMHKOBOI TEPHUTOpIi TOIIO) HEOOXigHO 3abe3rre-
YUTH PO3PI3HEHICTh €EeMEHTIB (hacamy Ta MOMKIIHU-
BICTh MTOBTOPHOTO BUKOPUCTaHHS HOTO €JIEeMEHTIB
MiJ] 9ac MOTOYHUX 1 KaliTaTbHUX PEMOHTIB IS Mi-
HiMi3amii BapTOCTI pEMOHTHUX POOIT;

— (QacagHa cuctemMa MoOBMHHA 3a0e3nedyBaTH
MOXKJIUBICTh MOHTXY YCTaTKyBaHHS (30BHIIIHI
OJIOKM KOHJTUITIOHEPIB);

— IIiJT Yac KamiTajlbHOT0 PEMOHTY HEO0OX1IHO 3a-
0e3MevynTy MOBHY 3aMiHy yTeIUToBada, MeMOpaH,
MOJKJITMBO, Ha HOBI OiNbIll €(h)eKTHBHI Ta JOBTOBIUHI
eJIeMEHTH.

OueBuiHO, IO HA eTarli BUOOpy 3HaYeHb (PakTo-
piB HaWOUIBII pPaIliOHATBFHOI 37aBaJlaCh CHUCTEMa
cxisiHOTO (hacamy. [Ipore 3HaueHHs dakTopa «Bap-
TicTh ymamryBanas 1 M? (acany» NepeBUIIyE BH-
MOTH 3aMOBHHKA. KpiM TOT0, 3aMOBHHKY B IIbOMY
MPUKIIAl MOTpiOHa Hempo3opa QacagHa CUCTEMA.
OcCKiNbKH MOXIJIMBO OYyJI0 3MEHIIUTH MIXXPEMOHTHI
MEepioJIH Ta 3arajbHUM TEPMIH eKCIuTyaTtaiii ¢acai-
HOI CHCTEMH, 3 ypaxyBaHHSM JOIIBHOT BapTOCTi
ynamtysanns 1 500 rpu/m? 06pano HalHGLIbLI parti-
OHaNbHY (QacajHy CHCTeMY S KOHKPETHOTO
00’ekTa — (pacagHy CHCTEMY 3 BEHTHJIHLOBAHUM I10-
BITPSIHUM TIPOLIAPKOM, TaK 3BaHy CUCTEMY «BEHTH-
npoBaHui (hacaa». binbin merieBa Ha eTami yiani-
TyBaHHS CHCTEMa THUIy «MOKpuil dacam» xoua
W TpU3BOJIUTH JI0 MEPUIOYEProBOTO 3a0IIaPKEHHS

KOWITiB, moTpedye Oimpmmx mpaneButpar. Kpim
TOT0, Y TIOJIANBIIIN eKCIUTyaTamii i yTpruMaHHS J0-
poxkde y 3B’SA3Ky 31 30UIBIMICHHSIM TEpMIiHIB
PEMOHTY, 3MEHIIIEHHSI 3arajbHO1 TOBrOBIYHOCTI Ta
TPUBAIOCTI Mi>KPEMOHTHHX TiepioniB. Tomy us cu-
cTeMa He € e(p)eKTUBHOIO JUII KOHKPETHUX YMOB OY-
JIBHUIITBA.

Amnpo0ariist po3poOoK mij yac mpoeKTyBaHHs Oa-
raTOMOBEPXOBUX KHUTIOBHUX Ta TPOMAJICHKUX Oyi-
Benb BimOyBanack npotsrom 2018-2020 pp. y mpak-
tuuHii  gismibHOCTI TOB  «ApxiTekTypHe OrOpo
«Amop», TOB «Omera—CKC» ta TOB» OMET'A
APXUTEKYEPAJI BIOPO».

JismbHICTh IMX OpraHi3aiii MoJsrae B poeKTy-
BaHHI MEPEBAKHO 0araTonoBepXxoBUX OyiBesb Ta
OaraTo(pyHKITIOHATFHIX KOMILIEKCIB TPOMaICEKO-
JKUTIIOBOTO TPHU3HAYEHHsS] Ha TEPUTOpii YKpaiHW.
BiamogigHo, 9acTo MocTae MUTaHHS BUOOPY parfio-
HaJbHOI (pacagHOi CHCTEMH ISl 0araTomoBEPXOBHX
OymiBeb.

OckinbKH BKa3aHi BUIIE OpraHizallii BUKOHYIOTh
MepeBakHy OUTBIIICTH MPOEKTIB /IS TPUBATHHX 3a-
MOBHHUKIB, JIeSKi 3 IPOSKTHHUX PillleHb, 30KpeMa Ba-
PTICTh IPOEKTHUX POOIT, BAPTICTh JESIKMX CIIEMEH-
TiB OyiBmi (y ToMy 4McIi i BapTicTh (hacagHuX CH-
CTeM), a TaKOXX KOHKpPETHI pimeHHs (acagHmx
CHUCTEM CKIIAZaf0Th KOMEPIIiiiHy TaeMHUIT0. Tomy
AITOPUTM BUOOPY pallioHaIbHOI pacagHoi cucTeMu
3 Ta0JI. 2 Ha HACTYITHUX MIPHUKJIagaxX Oyje 3MiHEeHO.

1.V TOB «ApxiTekrypHe 010p0 «AJIOp» yIpo-
Ba DKEHHS aJITOPUTMY BUOOPY palioHaIbHOI (haca-
HOI CHCTEMH Ha0YHO BUJIHO 3 MipoekTy «Hose OyiB-
HHULTBO 0araTOKBAPTUPHOIO XHUTJIOBOTO OyIUHKY
B paiioHi Bys1. XepcoHChKOI — ByJ1. KocTomapiBchkoi
— mnpoB. YumHCEKOro — mpocm. [lymikiHa,
M. [{ainpoy. Llei mpoekT Mae Ha MeTi 3a0yOBY Hasl-
BHOI JUISHKH 3 YaCTKOBUM BHKOPHCTaHHSM 3aJIUIL-
KIB MOHOJIITHOTO 3aJ1i300€TOHHOI'0 Kapkacy 0araro-
[TOBEPXOBOT Oy MOOJU3Y MIIIOXIJIHOT YaCTHHU
OyneB. Kyuepescobkoro B M. {Hinpo. O0’emHo-1U1a-
HYBaJIbHI pillleHHs Iepe10a4aoTh PO3MIILICHHS K-
TIIOBOTO OyJIMHKY 3 BOYZI0BaHO-TIPHOY0BAHUMH He-
XKHUTJIOBUMH IIPUMIILEHHSIMH, a came 9oTtupu 12-mo-
BEPXOBI CeKLii, MpuOyI0BaHi ABOIOBEPXOBI HEXKHT-
JIOBI TpPUMIIIEHHS Ta JBOPIBHEBUH TApKiHT.
[IpoexTHi poboTn BukoHaHo npotsirom 2020 poky.

Ha napani i3 3aMOBHUKOM OyJl0 BCTaHOBJICHO
Taki BUMOTH Ji0o (acamgHoi cUCTEMH, KpiMm
TETUIOTEXHIYHAX BUMOT 3TiIHO 3 HOPMATHBHUMH
JOKYMEHTaMH:
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— TepMiH ciyx0u (acagHoi cucTeMH He MEHIIe
50 pokiB; MaKCUMaJIbHA TPUBAIICTh MIKPEMOHTHHX
TepioiB IS TOMIMIIIEHHS eKCIUTyaTallil CHCTEMHU;

— MiHIMaJlbHa TPYAOMICTKICTh YJIAIITyBaHHS
(acagHOT cUCTEMU AJIs1 CKOPOUYCHHS TEPMiHiB BUKO-
HaHHSA PoOIT;

— 00OB’s3KOBa MOXUIMBICTh MUTTSI 3O0BHIII-
HBOTO 1apy (acamy Ui HOMMIIEHHS €CTETUYHOTO
CHPUNHATTS Ta apXiTEKTypHOI BHpPA3HOCTI OyiBIi
ITiJ] 9ac eKCIUTyaTallii;

— pO3pI3HEHICTh EIEMEHTIB (acamy Uil MIBUI-
KOTO PEMOHTY B pa3i MOIIKOHKESHHS;

— MOXJIMBICTH PO3TAIIyBaHHS KPIMMIFHUX €J1e-
MEHTIB y cepeauHi (acagHoi cHCTEeMH 3 METOIO Ha-
BilllyBaHHA OOJaJHAHHS [UIsi KOHIAMIIOHYBaHHS
TOIIIO.

— CBITJIONPO30PICTh (hacagHOi CUCTEMH HE TIOT-
pibHa.

Haii6inpmy  kinpKicTh  oOpaHmx  (pakTopiB
(Tabn. 3) orpumaia dacagHa CUCTeMa 3 BEHTHIIBO-
BaHUM MOBITPSIHUM IMPOIIAPKOM. Y Pe3ynbTaTi cy-
MICHUX pillIeHb 00paHO KOMIUIEKCHY cucTeMy (a-
CaIHOT TeTIOI30JIAIII]l 3 HETOPIOYNM YTEILTIOBAYEM
— MiHepaJOBaTHUMHU IUIMTaMH, 3 iHZyCTpiaJbHUM
OTIOPSDKEHHSM Ta BEHTWJIHOBAHUM ITOBITPSHUM
npormrapkoM. TerToi30NAmiiHIA map CHCTEMH Tie-
pendaueHo BIAITOBYBATH 3 MiHEPATOBATHUX TUIUT
«TEXHO» mapkun «TEXHOBEHT EKCTPA CII»
toBmuHOIO 100 MM mimsa kepamidHMX OJIOKIB Ta
150 mm ans 3amizoberony ryctuHoro 80 kr/m3. IH-
IyCTpiabHE OTOPsIKEHHS acaay — KepaMorpaHi-
THI TUTATH.

Tabuuns 3
3anoBHeHHIi aaropuT™M BUOOPY panioHaJBLHOI hacaJHOI cMcTeMHM Iix Yac anpodamii
B TOB «ApxiTexkTypHe 610p0 «AJIIOp»»
Table 3
Filled out algorithm for choosing a rational facade system during testing
in Architectural Bureau Allure LLC
Bapricts 1 M? pacany, rpa
700 1500 8 000
TpyaoMicTKicTh ynamTysanss 1 M2 GacagHoi CHCTEMH, THO.TOJ
- 10 4 1,6
2
= TepmiH ciyx0u (hacagHOI CHCTEMH, POKIB
(€2)
<
g 20 50 100
E
5 TpuBasicTs nepiogy Mi>k IOTOYHUMH PEMOHTAMH, POKIB
2
E 5 20 30
TpuBaiicTs nepiogy MiXK KaIliTaIbHUMHA PEMOHTAaMH, POKIB
15 30 50
[TuToMa TpyIOMICTKICTE Ta BapTiCTh KAIPEMOHTY BiJHOCHO HOBOI CHCTEMHU
130 % 80 % 50 %
g § HasBHICTh TEXHONOTIYHUX TTay3 HA TBEPAHCHHS MaTepialliB il Yac BUKOHAHHS pOOIT
o 9 . .
S FE = Tax Hi Hi
Mg é
§ E o HasBHICTh «<MOKpHX IIPOIECIB Mi/l YaC BUKOHAHHS 30BHIIIHIX POOIT
- =
2 2 . .
< = Taxk Hi Hi
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Iponoexenus tabdbn. 3

Continuation of Table 3

MO>KITUBICTH Bi3yaJbHOTO Ta IHCTPYMEHTAIBHOTO OOCTE)KEHHS €IIEMEHTIB CHCTEMHU

Hi

Tak Tak

MOo>NHBiCTh IIOBTOPHOTO

BHUKOPHCTaHHA EJIEMEHTIB CHCTEMHU IIiJl 9aC PEMOHTY

Hi Tax Tax
S CBITIONPO30pPIiCTH CHCTEMHU
=
= Hi Hi Tax
g
= MOXITHBICTh MUTTS 30BHIIIHBOTO LIAPY CHCTEMH
E .
I Hi Taxk Taxk
=
= Po3pi3HeHicTs eneMeHTiB pacagHol CHCTEMH
=]
o .
= Hi Tak Tak
s
2 MOo>KITHBICTh HABINTyBaHHS 00JaIHAHHS, PO3TAITYBAHHS KPIMMIBHAX EIEMEHTIB
- - .
§ Hi Taxk Hi
=

[MigBuIeHAs eHeproeeKTHBHOCTI MIITXOM 3aMiHH MOAYJIEHUX €IIEMEHTIB

Hi

MozxanBo Tak

Mo>XIUBICTh amanTamii CHCTEMH 10 HOBHX YNHHUKIB IIUIIXOM BHECEHHS HE3HAYHUX 3MiH
JI0 KOHCTPYKIIi1

Hi

Tak Tak

PesynbTyroua cucrema

«Moxkpwuii» acan

2.V TOB «Omera—CKC» ynpoBaJKeHHS ajro-
puTMy BHOOpY parlioHanbpHOI (hacagHOl cUCTeMHU
BUJHO 3 MPOEKTY «ByAiBHHIITBO XKHTIOBOTO KOM-
IUIEKCY 3 BOYZOBaHO-TIPHOYTOBAaHUMH TPUMIIICH-
HSIMH Ta [1136MHUM MapKiHroM 1o ByJ. AHToHa Lle-
nika, 14a, y llleBueHkiBcbkoMy paiioHi M. Kuepay.
Byniens sBise co0oro 3 KHMTIOBUX Cekiii 16 Ta
9 moBepxiB, 5Ki 3’ €THaHI 2-TOBEPXOBUMH MPUOYIO-
BaHUMH MPUMINICHHSIMH KOMEPIIHHOTO IpH3HAa-
YeHHS, a TaKoX TmepeadadyeHnii OJHOpPiIBHEBHIA
Mig3eMHui napkidr. bynisns mMae Oyt BHUKOHaHA
B MOHOITIITHOMY 3aJ1i300€TOHHOMY KapKaci i3 3amo-
BHEHHSAM KepaMiyHO Ieriiot0. IIpoekTHi pobdoTu
BHKOHAHO TIpoTsarom 2020 poky.

Ha cymicHiii Hapaal MpPOEKTyBaJbHUKOM Ta 3a-
MOBHUK 3allOBHWJIM OJIaHK ajrOpuUTMy BHOOpPY pa-
mnioHanbHOT pacagHoi cuctemu (Tadim. 4) 3a TaAKUMHU
BUMOTaMHU:

BenTtmisoBanuii gacan

CxistHni acan

— TepMiH cIry»0u (hacaHOT CHCTEMH HE MEHIIIE
50 pokiB; MakcUMaIbHA TPUBANTICTh Mi>KPEMOHTHHX
MEPIOIiB JIJIs TIOMIMIIECHHS! eKCILTyaTallil CHCTEMU;

— MiHIMalTbHA TPYIOMICTKICTh YIIAIITyBaHHS
(hacamHOT cUCTEMH JIJIs1 CKOPOUYEHHS TEPMiHIB BHUKO-
HaHHS POOIT;

— 00OB’SI3KOBa MOMJIUBICTH MUTTS 30BHIII-
HBOTO 1Iapy acay JUis MOJIIIIEHHS eCTETHYHOTO
CIPUIHATTS Ta apXiTeKTypHOI BHpa3HOCTI OymiBmi
ITiJ] Yac eKCIUTyaTallii;

— pO3pi3HEHICTh elNeMeHTIB dacany Uil BU/I-
KOT'O PEMOHTY B pa3i MOIIKOKESHHS;

— CBITJIIONPO30picTh (acagHol CUCTEMHU HE MOT-
piOHa, MpoTe HEOOXiTHO 3a0E3MEeYNTH CTUKYBAaHHS
(acagHOI cucTeMH 3 eJIeMEHTaMu MTaHOPaMHOTO 3a-
CKJICHHS OyTiBIL.
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Tabnuus 4

3anoBHeHHIi aaropuT™M BUOOpY panioHaabHOI dacagHol cucTeMHU
nig yac anpodauii B TOB «Omera—CKC»

Table 4

Filled out algorithm for choosing a rational facade system during testing in Omega-SKS LLC

TpyaomicTkicTs ynamTysanns 1 M2 GacaaHoi cUCTEMH, JTFOJL.TOJL

10 4 1,6
s TepmiH ciyx0u (acagHOl CHCTEMH, POKIB
= 20 50 100
3
é TpuBaiicTs nepioy Mi>k IOTOYHUMH PEMOHTAaMH, POKIB
E 5 20 30
o
E TpuBaiicTs nepiofy MiXK KamiTalbHIMH PEMOHTaMH, POKIB
N4

15 30 50

[Turoma TpyIOMICTKICTh Ta BapTICTh KAIIPEMOHTY BiTHOCHO HOBOI CHCTEMHU
130 % 80 % 50 %

HasBHICTh TEXHOJIOTIYHUX T1ay3 Ha

TBEpJHEHHS MaTepialliB i yac BUKOHAHHS pOOiT

Taxk Hi Hi
HasiBHICTb «MOKPHX IPOIIECIBY IIiJ YaC BUKOHAHHS 30BHIIIHIX pOOIT
Taxk Hi Hi

MO>KJIHMBICTb Bi3yaJbHOTO Ta IHCTPYMEHTAILHOTO 0OCTEKEHHS eJIEMEHTIB CHCTEMHU

Hi

Tak

Tak

MOXJIHBICTh MOBTOPHOTO BUKOPUCTAHHS €IIEMEHTIB CUCTEMH IIiJ1 4aC PEMOHTY

SIKicHI B3a€MOBHMKIIFOUHI ITOKA3HUKU

Hi Taxk Tax
CBITJIONPO30PICTh CHCTEMHU
Hi Hi Tax
MO>KJIMBICTh MHUTTSI 30BHILIIHBOTO IIAPy CUCTEMH
Hi Taxk Tax
Po3pi3HeHicTh eneMeHTiB (acaqHoi cucTeMu
Hi Taxk Tax

MO JIMBICTh HaBillyBaHHS 00JIaJHAHHSI, PO3TAIIyBaHHs KPIMMILHUX €JIEMEHTIB

Hi

Tak

Hi

PesynbTyroua cuctema

«Moxkpui» dacan

BentunroBanuit dacan

Cxstamid hacay
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Haii6inbmy kinbpkicTh 00paHux (akTopiB OTpu-
Maja (acagHa CUCTEMa 3 BEHTHIILOBAHUM ITOBITPSI-
HUM TPOMIAPKOM. Y pe3yibTaTi CyMICHUX pillleHb
00paHO KOMIUIEKCHY CUCTeMy (hacaJHOI TeII0i30-
JSIT 3 HETOPIOYMM YTEILTIOBaYeM — MiHEpanoBat-
HUMH IUTUTAMH, 3 1HAYCTPIiaTbHUM OTIOPS/HKEHHIM
Ta BEHTWJILOBAHHUM IOBITPSHHUM IpomapkoM. Ten-
JIO130JIAIIAHUY AP CUCTEMH Mepen0avyeHo BIIalll-
ToByBaTh 3 MiHepanoBaTHHX IuAT «TEXHO»
Mapkn « TEXHOBEHT EKCTPA CII» ToBmmHOO
100 MM it kepaMigHuX OJIOKIB Ta 150 MM 11st 3a-
ni306eToHy ryctunoro 80 kr/m3. OnopsimkeHns da-
cajly — KepaMOTpaHiTHI ITUTH.

Haii6inpmy kinbpKicTh 00paHux (akTopiB OTpH-
Manu ¢acagHa cCUCTeMa 3 BEHTUIHOBAaHUM TIOBITPS-
HUM TIPOIIAPKOM Ta CHCTeMa CKISHOro (acamy.
[IpoTe yepe3 HasSBHICTH B3AEMOBHKIIOYHUX (PaKTO-
piB (BiACYTHICTH MPO30pOCTi (hacagHOi CHCTEMN)
i 9ac CyMICHOI Hapaju i3 3aMOBHHKOM OyIIO BU-
pIIIEHO 3YNMUHUTHCH HA CHCTEMi BEHTHIIBOBAHOTO
(dacany. Y pesynbrati 00paHO Taky cucreMy (a-
camy:

— TOBHOTiNIA KepamiuyHa merna mapka 100 Ha
HEMEHTHO-TIIIaHoMy po3unHi Mapku M100, npu-
MHUKaHHS HETIISTHOI KIaaKH 0 3a11300€ TOHHUX KOH-
CTPYKIiH 3I1HCHIOETECS Yepe3 AeMIIpepHy CTPiuKy
31 CITIHEHOTO TOJiETHUIIEHY TOBITUHOIO 10 MM;

— map i3 MiHepanbHOO MmuTor0 NG, 45 xr —
50 mm;

— wap minepanbHoi Ty NG, 80 kr — 50 mm;

— MOBITPsiHUI TIpomapok — 50 mw;

— Kepamorpadit — 10 Mm.

3.V TOB «OMEI'A APXUTEKYEPAII
BIOPO» BripoBaixkKeHHSs aropuT™My BHOOPY parfio-
HaJIBHOT (pacaHOi CUCTeMHU BHIIHO 3 NPoekTy «Pe-
KOHCTpYKIis Marazuny (mit. /1) mig agminicTpaTu-
BHYy OymiBiIto 3a ajpecoro: Byi. Teniru Oinenu, 4,
y lleBuenkiBcrkomy paiioni M. KuiBy. [IpoexTom
nepeadadeHo 3HECEHHs HasIBHUX Oy/iBeNIb HA Maki-
JaH4YKKY 320y10BH, po3po0OKy KOTIOBaHY i1 3aXU-
CTOM IIITYHTOBOTO OTOPOKECHHS Ta 3BEJCHHS HO-
BO1 odicHOT OyniBii. ByniBis siBisie coboro mpsimMo-
KyTHHUH y TUTaH1 aAMiHICTpaTUBHUAN OyTMHOK 31 CTH-
nobaroM Ta miJi3eMHUM mnapkinrom. Ha meprromy
MOBEPC1 3HAXOASTHCS BECTUOIOIL Ta OQiCHI MPHUMi-
menHs. Ha 2-8-my mosepxax — odicHi mpumi-
IICHHSI.

Ha napazni 3 3aMOBHHKOM OYJI0 BCTaHOBIJIEHO
Taki BUMOTH JI0 (pacaHOi CHCTEMH, KPIM TEeIUIoTe-

XHIYHUX BUMOT 3TiJHO 3 HOPMATUBHUMHU JOKYMEH-
TaMu:

— TepMiH ciyx0u QacaaHoi cUCTeMH He MEHIIe
100 pokiB; MakcUMallbHa TPUBAJIICTh MiIKPEMOHT-
HUX TEpIONiB IS TOJIMIIIEHHS eKCIUTyaTarii Cuc-
TEMU;

— MiHIMaTbHA TPYIOMICTKICTh YIIaIITyBaHHS
(hacamHOI cHCTEMU IJIs1 CKOPOUCHHS TEPMiHIB BUKO-
HaHHA POOIT;

— 000B’SI3KOBA MOJJIMBICTH MUTTS 30BHIIL-
HBOTO 1apy (acamy Ui HOMMIICHHS €CTETHYHOTO
CIPUWHATTS Ta apXiTeKTypHOI BHpa3HOCTI OymiBii
ITiJ] 9ac eKCILTyaTallii;

— 00OB’s3KOBa TPO30PICTh (hacamHOI CHCTEMHU
JUTS 3a0e3MeveHHsT MAaKCHMAalbHOI apXiTeKTYpHOI
BUpa3HOCTI 0(hicHOI OyaiBi;

— pO3pi3HEHICTh elIeMEeHTIB dacamy ISl IBU/I-
KOT'O PEMOHTY B pa3i MOIIKOIKEHHS.

3a nMMHM BUMOTaMH Ha CyMiCHiH Hapali mpoek-
TYBaJIbHHUK Ta 3AMOBHHUK 3aIIOBHIIIN OJIAHK AJITOPH-
T™Y BHOOpY (acaaHoi cuctemu (Tadi. 5).

VY pe3ynbTaTi 00paHO CydacHy CUCTEMY ITaHOpa-
MHOTO (hacalHOTO CKIiHHS. 3HAaYHA TPHUBATICThH
MIKPEMOHTHUX TEpIiOJiB, a TaKOX 3aCTOCYBaHHS
CYy4aCHUX EHEproe()eKTHUBHUX CKIJIOMAKETIB MPH3-
BOJHTH 10 3HAYHOTO 3AOIIADKCHHS KOIITIB, IO
KOMIICHCY€ IIiJIBHIICHI BHTPATH Ha yJIalITyBaHHS
CHCTEMH.

HaykoBa HOBHU3HA Ta IPAKTHUYHA
3HAYUMICTh

YcTaHOBIIEHO 3aKOHOMIPHICTH BIUTHBY PSIILy Op-
raHi3aIiiiHO-TeXHOJIOTYHUX Ta EKCILTyaTal[iiiHuX
YMHHMKIB Ha MPOIEC BUOOPY palioHaNbHOI daca-
HOI cucremu. [linBUICHO €(PEKTHUBHICTH BH3HA-
YEHHS Bi/IMTOBITHOI CUCTEMH JJIsl KOHKPETHUX YMOB
OyIIBHUIITBA 3 YpaxyBaHHAM OCOOJMBOCTEH eKc-
IUIyaTarlii Ta mpu3HadYeHHs Oy TiBIIi.

VYdacHUK OYJiBHHIITBA HUISIXOM HPOXOJKEHHS
HECKJIAZHOTO aJrOPUTMYy MAa€ 3MOTY HAOYHO OLi-
HUTH BIUIMB OpraHi3aliiiHO-TEXHOJIOTTYHUX Ta eKC-
IuTyataiiiaux ¢GakTopiB Ha BHOIp paiioHaIbHOI
(dacagnoi cucremu. Ilig Jac omiHIOBAHHS NPUAAT-
HUX TapaMeTpiB BIAMOBIZHMX (AKTOPiB BU3HAUA-
I0Th HAWOUIBII pallioHATBHY (acagHy CHCTEMY IS
KOHKPETHOTO 00’€KTa. YHACTIIOK CyTTEBO 3HUXKY-
€THCS BapTICTh eKCIUTyaTauii (acanHoi cucremu 3a
onTUMi3alii TPUBAJIOCTI MIKPEMOHTHUX MEPioAiB
Ta MOJITIIIEHHS] yMOB POOOTH i1 CKIIaJOBUX.
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Tabnuus 5

3anoBHeHHUIi aaropuT™M BHOOPY panioHaabHOI ¢acagHol cHcTeMH i Yac anpoodanii
B TOB «OMEI'A APXUTEKYEPAJI BIOPO»

Table 5

Filled out algorithm for choosing a rational facade system during testing
in OMEGA ARCHITECTURAL BUREAU LLC

TpyaomicTkicTs ynamTysanns 1 M2 GacaaHoi cUCTEMH, JTFOJ1.TOJL

10 4 1,6

TepMiH cayx0u (acagHOi CHCTEMH, POKIB

20 50 100

TpuBaiicTs nepiogy Mi>k IOTOYHUMH PEMOHTAMH, POKIB

5 20 30

TpuBaiicTs nepiogy MiXK KariTaJIbHUMH PEMOHTaMH, POKIB

15 30 50

KinbKicHI TOKa3HUKHU

[Turoma TpyAOMICTKICTh Ta BapTICTh KAIIPEMOHTY BiTHOCHO HOBOI CHCTEMHU

130 % 80 % 50 %

HasiBHICTb TEXHOJIOTIYHHX ay3 Ha TBEPACHHS MaTepialliB i Yac BUKOHAHHS pOOiT

Tak Hi Hi

HasiBHICTb «MOKPHX IPOIIECIBY IIiJ YaC BUKOHAHHS 30BHIIIHIX pOOIT

Tak Hi Hi

MOXJIHBICTh Bi3yalIbHOTO Ta IHCTPYMEHTaJIBHOTO OOCTE)KEHHS €IIEMEHTIB CUCTEMH

Hi Tak Tak

MOXJIHBICTh MOBTOPHOTO BUKOPUCTAHHS €IIEMEHTIB CUCTEMH I1iJ1 4aC PEMOHTY

Hi Tak Tak

CBITJIONPO30PICTh CHCTEMHU

Hi Hi Tak

MOXITUBICTh MUTTSI 30BHIIIHLOTO IIAPY CHCTEMHU

Hi Tak Tak

SIKicHI B3a€MOBHMKIIFOUHI ITOKA3HUKU

Po3pizHeHicTh eneMeHTiB (acaqHoi cucteMu

Hi Tak Tak

MO JIHMBICTh HaBIlllyBaHHS 00JIaJHAHHSI, PO3TAIIyBaHHs KPIMMILHUX €JIEMEHTIB

Hi Tak Hi

PesynbTyroua cuctema

«Moxkpui» hacan BentunwoBanuit dacan Crstamid hacag
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BucHoBxku

TakuM 4rHOM, PO3pOOIIEHA METOAWKA BHOOPY
parioHaTbHOI (hacagHOi CHCTEMH MIITXOM TIPOXO-
JDKEHHSI HECKIIATHOTO aJITOPUTMY JIa€ 3MOTY Oy/b-
SAKOMY YYaCHUKY OyAiBEIBHOTO Mpolecy migiopatu
HaNOUTBIN pamioHANEHY cUcTeMy (acamy s KOHK-

peTHOro 00’ekTa OyIiBHHUIITBA 3 YpaXyBaHHSIM OCO-
OIMBOCTEN eKCIUTyaTallii, MICIEBUX KITIMATHIHUX
Ta OpraHi3aniiHO-TEXHOJIOTIYHUX YMOB, 1 K HACIi-
JIOK — 3a0II[a/IUTH KOIITH 33 PaXyHOK HaWOLIBII J10-
LTBHOTO MiI00PY TEPMiHIB BUKOHAHHS PEMOHTHHX
poOIT 1 TPUBAIOCTI MIKPEMOHTHHX IEPIOMIB, SKi

10.

11.

12.

13.

14.

15.

16.

MOXXYTh MaTH BHpILIaTbHUI BIUTHB Ha €KCILIyaTa-
uito acagHol CUCTEMH.
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PASPABOTKA AJI'OPUTMA BbIBOPA PAIII/IOHAJII;I-!Oﬁ
OPACAJTHOU CUCTEMbBI MHOI'O9TA’KHbBIX 3TAHUHU

Llean. B kauecTBe OCHOBHOI LIeSTM aBTOPBI PEAYCMATPUBAIOT CHOPMHUPOBATH aJITOPUTM BBHIOOpA PaLlMOHATIBHOM
(baCﬁI[HOﬁ CUCTEMBI IJIs1 KOHKPETHOI'O CTPOUTECIIBHOT'O O6LeKTa C YUCTOM KIIMMAaTU4YCCKUX, OPTraHU3allMOHHO-TCXHO-
JIOTUYCCKUX U OKCIITyaTallMOHHBIX CBOI‘/IICTB, KOTOprﬁ MOJKET OBITh TIPUMECHCH JIIO0BIM Y4aCTHUKOM CTPOUTCIILHOTO
npouecca. Meroauka. OnpeneneHsl KpuTepuu BbiOOpa panuoHanbHOU (acanHoit cuctemsl. [IpoBeneH aHanu3 co-
CTOSAAHHS BOIIpOCa BI)I60pa 1 MPUMEHUMOCTU COBPCMCHHBIX Q)acanﬁmx CHUCTEM IJI1 HOBOT'O CTPOUTEJIILCTBA U Kallu-
TAJILHOT'O PEMOHTA Ha TeppUTOpUK YKpanHbl. Ha ocHOBe ornpesiesieHHbIX (haKTOpOB, BIMSIONIMX Ha BEIOOp Hanboee
pannoHaIbHOM (acagHON CHCTEMBl MHOTO3TAXKHOTO XKHMJIOTO MIIM OOIECTBEHHOTO 3/1aHus, C(hOopMUpOBaH yHOOHBIIH
1 0OBEKTUBHBIH aNrOpuTM BBIOOpa (hacagHON CHCTEMBI C YUETOM OCHOBHBIX OCOOCHHOCTEH 00BEKTA CTPOUTENBCTBA,
a TaKXKe IapaMeTpOB OKCIUIyaTalud. JlaHHBIA aNropuTM aJanTHPOBAaH K IPAKTHYECKOMY INPHUMEHEHHIO.
Pe3yabTaTsl. YCTaHOBICHO BIMSHHUE 3HAUEHHUH IapaMeTpoB BeIOOpa QacalHOMN CHCTEMbI Ha IpOLecC YCTpOiicTBa,
SKCIITyaTallid ¥ PEMOHTa COBpEMEHHOI1 (hacaHOi cucTeMbl. BrlnoHeHa ycnenHas anpo0arys moJIrydeHHOTO aJro-
puTMa BBIOOpA palOHAIBHON (hacaJHON CHCTEMBI IIyTeM OLCHKH 3HaueHui (pakTOpoB BIMSHUS C NPUBJICUCHUEM
BEJyIIUX IPOEKTHBIX OpraHu3auui r. JJHunpo. Ilpu npoxoxxaeHuy cOOTBETCTBYIOLIUX aITOPUTMOB Ha COBMECTHBIX
COBEIIAHMSX TPOSKTHPOBINMKA, 3aKa3uuKa U MOAPSIYMKA YCTAHOBIIEHbI HamOoliee pallMOHaNbHbIE (hacajHble CH-
CTEMBI 1JIs1 KOHKPETHBIX CTPOUTCIIbHBIX 00BEKTOB CO 3HAYUTEILHOM 00bEKTUBHOCTHLIO BbI60pa. A,Z[aHTI/IBHOCTI) aJiro-
pHUTMa IyTeM OTOpachIBaHUsI HE3HAUNTEIBHBIX (PAKTOPOB NPUBOAMT K YBEIMYEHHIO HATJISIIHOCTH IIpoliecca BpIOOpa
(dacamHoi cucrembl. HayuHasi HOBU3HA. Y CTaHOBIJICHA 3aKOHOMEPHOCTh BIIMSHUS Psiia OPraHU3aI[MOHHO-TEXHOJIO-
IMYECKUX U SKCIUTyaTallMOHHBIX ()aKTOPOB Ha Ipollecc BbIOOpa panroHaibHOW (acanHoi cucteMbl. [ToBbieHa A¢-
(DEeKTHBHOCTD OIIPEAEIICHHsI COOTBETCTBYIOIIEH CUCTEMBI Il KOHKPETHBIX YCIOBHI CTPOUTENHCTBA C YUETOM OCO-
OeHHOCTEH SKCIUTyaTalliM W Ha3HaueHWs 37aHus. [IpakTuyeckasi 3HAYMMOCTh. YUYacTHUK CTPOUTEIBCTBA ITyTEM
MIPOXOXK/ICHUS HECTI0XKHOTO AITOPUTMa HMEET BO3MOXKHOCTD HATJISITHO OLIEHUTH BIMSHUE OPTraHN3alMOHHO-TEXHOJIO-
TMYECKUX U IKCIUTyaTaIl[HIOHHBIX ()aKTOPOB Ha BHIOOD palMoOHaIbHOM (pacasHOll CHCTEMBI M NIPY OLIEHWBAaHHUH Iapa-
METPOB COOTBETCTBYIOMNX (PAKTOPOB ONpPEAEINTh HanOoJee palnoOHAIBHYIO (acajHyl0 CUCTEMY AJISI KOHKPETHOTO
oObekTa. BenencTBre CyliecTBEHHO CHMXKAETCSl CTOMMOCTD AKCILTyaTaluu (acaJHOW CHCTEMBI NPU ONTUMH3ALUH
MIPOAOJKUTEIHFHOCTH MEKPEMOHTHBIX NIEPHO/IOB U YIYUIIEHHUS YCIOBHHA paOOTHI €€ COCTaBIISIONIHX.

Kntouegule cnoga: panoHanbHas acagHas CHCTEMa; TapaMeTpPhl BIUSHU; aITOPUTM; YIaCTHUKH CTPOUTEIIHCTBA
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DEVELOPMENT OF ALGORITHM FOR CHOOSING A RATIONAL
FACADE SYSTEM OF MULTI-STOREY BUILDINGS

Purpose. The authors aimed to form an algorithm for choosing a rational facade system for a specific construction
site, taking into account climatic, organizational-technological and operational properties, applicable to use by any
participant in the construction process. Methodology. The criteria for choosing a rational facade system were deter-
mined. The state of choosing and applicability of modern facade systems for new construction and overhaul in Ukraine
was analyzed. Based on certain factors influencing the choice of the most rational facade system of a multi-storey
residential or public building the authors formed a convenient and objective algorithm for choosing a facade system,
taking into account the main features of the construction object, as well as operating parameters. The algorithm was
adapted to practical application. Findings. The influence of the parameters of choosing facade system on the process
of arrangement, operation and repair of the modern facade system is established. The obtained algorithm for choosing
a rational facade system by an estimation of values of influence factors in activity of the leading design organizations
of Dnipro was successfully tested. By passing the appropriate algorithms at the joint meetings of the designer, cus-
tomer and contractor, the most rational facade systems were found for specific construction projects with significant
objectivity of choice. The adaptability of the algorithm by discarding minor factors leads to increased visibility of the
process of choosing a facade system. Originality. The regularity of the influence of a number of organizational-
technological and operational factors on the process of choosing a rational facade system is established. The efficiency
of determining the appropriate system for specific construction conditions has been increased, taking into account the
peculiarities of operation and purpose of the building. Practical value. The participant of construction by passing
a simple algorithm has the opportunity to clearly assess the influence of organizational, technological and operational
factors on the choice of a rational facade system. By evaluating the parameters of the corresponding factors, the most
rational facade system for a particular object was determined. As a result, the cost of operation of the facade system
is significantly reduced while optimizing the duration of repair periods and improving the working conditions of the
components of the facade system.

Keywords: facade system; parameters of influence; algorithm; construction participants
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BU3HAYEHHSA PALHIOHAJIBHUX MTAPAMETPIB ITIATIIPHUX
KOHCTPYKUIM I3 IPYHTOLEMEHTHUX ITAJIb HA
3CYBOHEBE3IIEYHUX CXHNJIAX

Mera. VY cratTti nepegdaueHo po3poOHTH METOJl BU3HAUYEHHS PalliOHAJIbHUX IapaMeTpiB MiAMIPHUX KOHCTPYK-
il 3 IPYHTOLIEMEHTHHUX MaJlb Ha 3CyBOHEOe3neuHux cxuiax. Meroamuka. /it TOCATHEHHS IOCTaBJIEHOT METH aBTO-
PH BUKOHAJHM IMOPIBHSJIBHI PO3PaXxyHKH CKIHUCHHO-EIEMEHTHHX MOJIElNeil 3CyBOHEOE3IEYHOro MIapyBaToro CXMy
3 BIIAIITYBAHHAM MiIMIPHAX KOHCTPYKIIH i3 IPYHTOLIEMEHTHUX Malb: BEPTUKAIBHHUX, PO3TAIIOBAHUX IiJl KYTOM /10
BEPTUKAIBHOI OCi, 00’€qHaHUX OCTOHHUM POCTBEPKOM, 0€3 POCTBEPKY, PIi3HOTO IiaMeTpy, i3 Pi3HOI BiJICTaHHIO
MDK MAJISIMH, aJie OJHAKOBOI TOBXKHHH, III0 00YMOBJIEHA PO3TAIIYBaHHIM BH3HAUEHOI 3a TOIEPEIHIMU pO3paxyHKa-
MU TIOBEpXHi KOB3aHH:. Pe3ynbTaTu. 3a pesynpTaTaMu po3paxyHKiB KOHTAKTHOI 3a7a4i B3a€MO/ii IPyHTOBOTO Ma-
CHBY Ta MiAMipHOI KOHCTPYKIIi OyJI0 OTPHMaHO 3aKOHOMIpPHOCTI (hOpMyBaHHS MIITHOCTI Ta CTIHKOCTI 3CyBOHeOe3-
MIEYHOTO YKPIIUIEHOTO CXHUITY, IO JIa€ MOJIMBICTh IPOTHO3YBAaHHS HOTO F€OMEXaHIYHOI CTIMKOCTI 3aJIeHO B MO-
JKIIMBOTO PO3TAIlyBaHHS KPHBOI MOBEpXHI KoB3aHHs. OOIPYHTOBAHO CIOCIO MigBHUINEHHs KoedillieHTa CTIHKOCTI
I'PYHTOBOT'O CXHITy 3aJIE)KHO BiJl Bapiallii mapamerpiB IPyHTOLUEMEHTHOI HiAMipHOT ManboBoi KOHCTPYKIii. Yucens-
HUMHU pO3paxyHKaMH OOTPYHTOBAHO INapaMeTPH IPYHTOLIEMEHTHHX MAJbOBUX MIAMIPHUX KOHCTPYKIIH — JOBKUHY
nasb, AiaMeTp Iallb, BiICTaHb MK MaJIIMH, KyT IX HAXHUJIY Ta JOUUIBHICTh 00’ €THAHHS MaJlb OETOHHUM POCTBEPKOM.
HaykoBa HoBM3HA. Ynepiue OTPUMaHO 3aKOHOMIPHOCTI ()OpMyBaHHsS MIITHOCTI Ta CTIHKOCTI I'PYHTOLIEMEHTHOI
MIAMIPHOT KOHCTPYKIIT IS YKPIMJIEHHs 3CyBOHEOE3NEYHUX CXHIIIB, 110 JIa€ MOXJIMBICTD IPOrHO3YBAaHHS iX TeoMe-
XaHIYHOI CTIHKOCTI 3aJIe)KHO BiJl MOXKJIMBOTO PO3TAaIIyBaHHS KPHBOI NMOBEPXHI KOB3aHH:. TakoX ymepiie BCTaHOB-
JICHO 3aJIC)KHOCTI 3MiHM aOCOJIOTHHX 3MIIeHb, BITHOCHHUX IedopMariid, Koe(illieHTiB 3amacy MIIHOCTi, CTIHKOCTI
Ta HampykeHb 32 Mi3zecoM B eleMeHTax MiAMPHUX KOHCTPYKIIH i3 IPyHTOIEMEHTHUX Hajb BiJl KyTa IX Haxwuiy,
BiJICTaHI M)XK MMAJISIMA Ta HassBHOCTI OETOHHOTO POCTBEPKY, IO iX 00’eanye. HaOymu moganbImoro po3BUTKY METOIN
OIIIHKH Ta IMPOTHO3YBAaHHS 3CYBOHEOE3MEYHOCTI IPYHTOBHX CXWJIIB, IO JO3BOIWIO OOTPYHTYBaTH CIOCIO ITiIBH-
HIeHHs KoedillieHTa 3anacy CTIHKOCTI 3aJeXHO BiJ| Bapialii napameTpiB IPyHTOLEMEHTHOT MiAMIPHOI KOHCTPYKIIIi.
VYuepiire 00rpyHTOBaHO apaMeTPH CIIOCOO0Y MiABUIICHHS CTIHKOCTI 3CYBOHEOE3MEUHOr0 CXUIY 3 MaJTbOBUMH ITifITi-
PHUMH KOHCTPYKIISIMM Ha OCHOBI KOMIUIEKCHOTO MAaTeMaTHYHOr'O Ta BiJLIEHTPOBOTO MOJIEJIIOBAHHS 3 BUKOPHCTAH-
HSIM pealbHUX IPYHTIB 3CYBOHEOE3NEUHOro CXWily Ta KpuTepiiB nmoziOHocti. IlpakTuyHa 3HaYUMicTh. ABTOpHU
pO3poOMIIM Ta 3aMaTeHTYBAJIA METOJ[ YKPIIJICHHS 3CYBOHEOC3MECUHHX CXWJIIB 3a JOMOMOTOK IPYHTOIIEMEHTHUX
naJb, 00’ €IHAaHUX OETOHHUM POCTBEPKOM Ta PO3TAIIOBAHUX MEPIIEHIUKYISPHO J0 BEKTOpA PYXY Tijia 3CYBY.

Kniouosi cnoea: TpyHTOIIEMEHTHI Taji; OSTOHHUHI POCTBEPK; CKIHIEHHO-EJIEMEHTHE MOJICIIIOBaHHS,; 3CyBOHE0Ee3-
MIEYHUH CXWIT, Koe(ili€HT CTIKOCTI CXIITy

PO3paxyHKy I'PYHTOLIEMEHTHUX Najlb K MiJMIpHUX

Beryn -
KOHCTPYKIi Ha 3CyBOHEOE3NEYHHUX CXWJIaX He

B poOoTax BIJOMHX HAyKOBIIB JIOBEICHO
BIUIUB NPUPOJHO-KIIMATHYHUX YUHHUKIB Ha BU-
HUKHEHHSl 3CYBIB HPUPOJHOTO Ta TEXHOTCHHOTO
IMOXOKEHHS, JOCIIKEHO IO TEXHOJIOTII BUTOTO-
BJICHHS IPYHTOLIEMEHTHUX MaJIb 1 3MiHU PiBHA IPY-
HTOBUX BOJ Ha CTIHKICTH IPYHTOBUX CXHIIiB, 30K-
pema ix apmysanss [1, 5, 6]. ¥V Ham yac mopsmok

pETIaMEHTOBAHO XOJHHMH JIep)KaBHUMH OyliBe-
JHHUMHU HOpMaMH Y kpainu. Came ToMy HE0OXiJHO
JOCII/DKEHHSI 30CEpeNTH caMe Ha METoJax po3-
paxyHKy TakuX MiJMpHAX KOHCTPYKIIIH.

I3 BenMKOi KUILKOCTI HASBHUX METOJIB YKpIIl-
JICHHA TPYHTIB HaWOUIbIl e()EeKTUBHHUM MOXKHA
BBKATH METOJ OypO3MilllyBaJIbHOT IIEMEHTAIlii,
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abo jet-grouting [2-4, 10]. IpyaronementHi mai
€ EKOHOMIYHO BHUTIHUM BapiaHTOM YKpIIUICHHS
3CYBOHEOE3MEYHOTO CXHIY, 1 BOHH MAalOTh BEIUKY
KIUJIBKICTh TepeBar Jjisl 3aCTOCYBaHHS caMe Ha 3Cy-
BOHEOE3MEYHUX CXWIaX MOPIBHAHO 3 IHIIMMHU TH-
MaM¥ YKPITUICHHS.

VY xoxi podotu Oyi0 BH3HAUEHO, SIKHM YHHOM
HEOOXiZHO PO3paxoBYBaTH HeCcydy 34aTHICTH IPY-
HTOIEMEHTHHX TaJlb. Byllo Tako BU3HAUYEHO Ma-
pameTpu TiAmipHOi KOHCTPYKIIii, 32 SKUMHU HaBe-
JIEHO OOTPYHTYBaHHS, a caMe: JiaMeTp, BiJICTaHb
MIX TaJsiMH, iX TOBXKHHY, KyT HaXMIy Ta MOXJIU-
BicTh a00 00’e¢mHaHHS Talh OCTOHHUM POCT-
BepKkoM. Pe3ynbraTé HIOCHiDKeHb 13 1€l TeMu
Npe/ICTaBJICHI B HAYKOBUX myOmikarisx [4, 7-9].

Meta

VY cratTi nepeadadeHo oOIpyHTYBaTH MapameT-
pH TIPYHTOLIEMEHTHOI MaNbOBOI MiAMIpPHOI KOHC-
TPYKIii Ha OCHOBI pE3yNbTaTiB aHATITHYHUX Ta
EKCIIEPUMEHTAIBHUX JOCTIKEHb CTIHKOCTI 3Cy-
BOHEOE3MEYHOT0 IapyBaTOr0 CXMIY, a TAKOX BHU-
3HAYHUTH PaLliOHATBHI MMapaMeTpH i€l KOHCTPYKIiT
IUITXOM PO3B’sI3aHHsI KOHTAKTHOT 3a/1a4i B3a€MOJIi1
IPYHTOBOTO MAaCHBY Ta MiAMIPHUX €JIEMEHTIB.

MeTtoauka

ABTOpU CTaTTi pO3pOOMIM METOIWKY BU3HA-
YeHHSI palliOHaJbHUX MapaMeTpiB MiIIMipHOT KOHC-
TPYKIii 3 TPYHTOLIEMEHTHHUX Tajlb, B OCHOBI SIKOT
JISKUTh aHaNi3 1 MOPIBHAHHS Pe3yJbTaTiB po3pa-
XYHKY MOJEJNIel IIapyBaToro IPYHTOBOTO CXMIY,

CKJIaJIEHOTr0 CYTJIMHUCTUMH TPYHTaMH, BHKOHAHO-
T0 3a JOTIOMOTO0 METO/TY CKIHYEHHO-EIIEMEHTHOTO
MOJICTTIOBaHHS B CYYaCHUX HPOTPAMHUX KOMILIEK-
cax.

Ha mepmomy etami po3paxyHKy HapameTpiB
MiAIipHOT KOHCTPYKII 3 TPYHTOIIEMEHTHUX IIallb
HEOOXiTHO BM3HAYNTH HAWOLIBII Hebe3neuHy ¢o-
pPMy Ta Micle po3TallyBaHHS KPHBOI MOBEPXHi KO-
B3aHHS Tijla 3CyBY, 3TiHO 3 SKOIO Koe]iIieHT
CTifiKOCTi 3CyBOHeOE3MeyHOro cXwmiy Oynae MiHi-
ManbHuM [11]. Bu3HayeHHs: MiHIManbHOTO Koedi-
Li€HTA CTIMKOCTI CXWIIy € HaWOUIBII BaXKIIMBUM
€TaroM I TMOJANBIIOTO PO3PaXyHKY MIITHOCTI
MiAMpHOT KOHCTPYKIIi 3 IPYHTOLIEMEHTHUX Mallb.
He MeHII BaXKIMBUM € TaKOXX BHOIp Micls po3Ta-
IIyBaHHS TPYHTOLEMEHTHUX Maib. 3alpONOHOBA-
HUH METOJ — 11€ HOBHHU MOTJISIA 1 MiAXiJ y MPOEKTY-
BaHHI KOHCTPYKI# Takoro Tumy. HoBuwm pirieH-
HAM € caM€ KOMIUIEKCHUH pPO3paxyHOK, SIKUH MoO-
JKHA CTPYKTYPYBATH B TaKii MOCIiOBHOCTI:

— BHU3HAUEHHs HANOUIBII HEOE3IIEYHOro Micis
po3TallyBaHHsS KpPHBOi MOBEPXHI KOB3aHHS Tila
3CYBY,

— BH3HAYEHHS Micls pO3TallyBaHHS MiAIMipHOT
KOHCTPYKIIii 3 IPYHTOLICMEHTHHUX MaJIb,

— BU3HAYCHHS 3THHAIFHOIO MOMEHTY, IO JIi€
Ha OJIHY IAJIO;

— pO3paxyHOK KOHTaKTHOI 3ajadi B3aeMOJIil
TPYHTOBOTO CXWJYy Ta MiAMIpHOT KOHCTPYKIIi 3a
JOTIOMOTOI0  CKIHYEHHO-EJIEMEHTHOTO ~ MOJIEIIIO-
BaHHs (puc. 1).

Puc. 1. CkiH4eHHO-eIleMEeHTHA MOJIENTb 3CYBOHEOE3MEUHOTO CXIITY
B mporpamHOMy Komiutekci «Autodesk Inventor Nastrany

Fig. 1. Finite-element model of landslide-prone slope
in Autodesk Inventor Nastran software package
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Ha ocrannboMy erami po3paxyHKY IJisi BU3HA-
YeHHS PaIliOHANBHHAX ITapaMeTpiB HEOOXITHO 3Mi-
HIOBATH BUXI/IHI JaHi 3a7ad4i, a came JiaMeTp Mab,
iX MOBXKHHY, KyT HaXWiy BiTHOCHO BEPTHKAJIHHOI
oci, BifcTaHb MK NalsIMH, a TaKOX MapaMeTpH
OETOHHOTO POCTBEPKY, 10 00’ €THYE TaTi.

Bin 3Mminu mapamerpiB (pizmko-MexaHIgHUX /10
TCOMETPUYHHX ICHYE BEJIHMKa KiIBbKICTH Ta 00cCAT
MIPOMDKHUX PO3PaxyHKiB, 0€3 SKHX, BIACHE, IOpi-
BHSIHHSI €(pEKTHUBHOCTI pOOOTH MiAMIPHOT KOHCTPY-
KIii 3 pi3HUMHU MapaMeTpamMH B3arajli HeMOJKJIUBE.
g moJermeHHs po3paxyHKy KOHTAaKTHOI 3amadi
B3a€MOJIii TPYHTOBOTO CXWIIy Ta MiAMpPHOI KOHC-
TPYKUii HEOOXiHO BU3HAYMTH MapaMeTpH (BHUXIiJ-
Hi JaHi 3a1a4i), 3MiHa SIKUX HE € KPUTUYIHO BAXKIIU-
BOIO 1 HE BIUIMBA€ 3HAYHOIO MIPOIO Ha Pe3ylbTaTH
po3paxyHkiB. J[o Takux mapameTpiB MOXHA BifHe-
cTi (i3uKO-MeXaHIuHI BIACTUBOCTI MaTepiaiiB —
TPYHTOIIEMEHTY, OSTOHY Ta IpyHTiB. BoHU 3a3ma-
JIETiIb BiOMI 1 3ayie)XaTh B OCHOBHOMY Bif (hi3u-
KO-MEXaHIYHUX XapaKTepUCTUK IPYHTY, SIKHU 3Mi-
IIHIOETHCSI B TIPOIIECi BUTOTOBJICHHS IPYHTOLIEMEH-
THUX Taib. MIIHICTh TIPYHTOLIEMEHTY CKIIaJae
6mu3bko 3...5 Mlla.

Kepym‘II/ICB OUMH JaHUMH, MOXXHa BU3HAYUTH

10w
s

(i3MKO-MeXaHi4uHi BJIACTMBOCTI IPYHTOLIEMEHTY
B KOXXKHOMY KOHKDETHOMY BHITQJIKy, 3aJISKHO BiJ
IH)KEHEPHO-TEOJIOTIYHIX yMOB Ui KOHTaKTHOI
3a7a4i, a TAKOXK 3aJIe)KHO BIJ] TEXHOJIOTIYHUX IIa-
pameTpiB BUTOTOBJICHHS Malb.

HeoOxigHo TakoK  3a3HAYUTH, IO  JUIS
PO3B’s13aHHS KOHTAKTHOI 3a7adi B3a€MO/Iii IPyHTO-
LEMEHTHHX Majb Ta IPYHTOBOTO IIAPYBATOTO CXU-
Jy 3a JOTIOMOTOI0 CKiHUYCHHO-EJIEeMEHTHOTO Mojie-
JIIOBAaHHS MOTPIOHA TOCHTH BEJIHKA OOUHCIIOBAIH-
Ha TOTYXHICTh KoMII'toTepa. KinbKicTh CKiHYeH-
HUX €JIEMEHTIB Y 3a1a4il TaKOTO THITy MOXKE CATAaTH
monan 13 muH enementiB. [Ipu nbomy mix yac Mo-
JeNIIOBAaHHsI XapaKTepy HEPiBHOI MOBEPXHI Malb,
o0 HE € i/leallbHO TIaJKUM LWTIHAPOM, KOHTaKT
CKiHUYEHHHX €JIEMEHTIB TIPYHTY Ta CKiHYEHHHX
€JIEMEHTIB IaJh BiATBOPEHUA MaKCUMAIEHO TOYHO
W JOCSATaEThCsl caMe BEIMKOIO JIETai3alli€l0 CKiH-
YEHHO-EJIEMEHTHOI CITKH 3 CEpenHIM po3MipoM
CKiHYEeHHHX ejeMeHTiB 10 cM.

Peanizaniss MojmearoBaHHS HENIHIHHOT pPOOOTH
00’€eMHHX CKIHUCHHUX €JIEMEHTIB IPYHTY MOKJIHBa
3a  JONOMOTOI0  HPOTPAaMHOTO  KOMIUIEKCY
«Autodesk Inventor Nastrany (puc. 2) a6o «JITPA—
CAIIP» y npouecopi «MoHTax».

L (o]

Puc. 2. [3omonst HanpyxeHpb y porpaMHoMy Komiuiekci «Autodesk Inventor Nastrany

Fig. 2. Stress isofields in Autodesk Inventor Nastran software package

[TobynoBa rpadikiB (3aneKHOCTENH), 32 AKUMU
MOJXKHA OI[IHUTH €()EKTHBHICTh POOOTH MiAIipPHOT
KOHCTPYKIIT 3 IPYHTOLIEMEHTHHUX Majib, 00po0OKa Ta
aHaJi3 OTPUMAaHMX PE3YNbTaTiB PO3PaxyHKIB CKiH-

YEHHO-EJIEMEHTHOTO  MOJICJIIOBAaHHS  KOHTaKTHOI
3a/1a4i B3a€MOJII IPYHTOBOTO CXMITY, IO ITiJICHIIe-
HHUI TPYHTOLIEMEHTHUMH MaJIIMH, MOJINBI 3a J0-
noMororo mporpamu Microsoft Excel.

Creative Commons Attribution 4.0 International
doi: https://doi.org/10.15802/stp2020/225281

© O. JI. Trorekin, M. FO. Irnarenko, 2020

99


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.15802/stp20

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

Hayxka ta nporpec Tpancnopty. Bicaux /IHinponeTpoBcskoro

HAL[IOHAJILHOTO YHIBEPCUTETY 3alli3HHYHOro Tpancnopty, 2020, Ne 6 (90)

TPAHCIIOPTHE BY JIBHUIITBO

PesyiabTarn

OO6csr OTpUMaHUX PE3yNbTATiB MOBHOIO MipOIO
JIO3BOJISIE TIPOBECTH aHAJI3 Ta OOIPYHTYBaHHS Ia-
paMeTpiB MiANIpHUX KOHCTPYKUiH i3 IpyHTOLIEMe-
HTHUX Tanb. YTepIle BCTAaHOBJICHO 3aJIeKHOCTI
3MIiHH a0COIOTHUX 3MIICHb, BIZHOCHHUX medop-
Marlif, KoeiIieHTiB 3amacy MIIHOCTI Ta CTifKoc-
Ti, a TaKOX HampyXeHb 3a MizecoM B eleMEeHTax
MiAMIPHAX KOHCTPYKIIH 13 TPYHTOIIEMEHTHUX Tallb
BiJl KyTa iX HaXWiTy, BIICTaHi M)XK MAJISIMH Ta HasB-
HOCTi OETOHHOTO POCTBEPKY, IO iX 00’eanye. Po3-
poOJIeHO Ta 3amaTeHTOBAaHO METOJ YKPIIUICHHS
3CYBOHEOE3MEYHNX CXUIIIB 3a JOTIOMOTOI0 IPYHTO-
LEMCHTHUX TMajib, 00 €JHAHUX OCTOHHHM pPOCT-
BEPKOM, PO3TAalIOBAaHUX HEPICHIUKYISIPHO 10 Be-
KTOpa pyxy Tina 3cysy [4, 11].

OTtpuMaHi B X0fi poO3B’si3aHHS KOHTAKTHOI 3a-
Jadi  3aJeKHOCTI MapaMeTpiB IPYHTOLEMEHTHOL
MiAMipHOT KOHCTPYKIIIi 3 Bapialfi€ro BiICTaHI Mix
najxsiMe AgiamMeTpoM 1,2 M T03BOJIAIOTH I BUTIAI-
Ky 3CyBOHEOE3IEYHOr0 IIapyBaTOTO CXHUITy, CKJa-
JICHOTO CYTJIMHUCTUMH IPYHTaMH 3 MOJAYJIEM TIPY-
xHocTi B miana3oni 20...30 MIla, orpumaTti MiHi-
MaJIbHI 3HAYCHHS TNEPEMIIICHb Ta HAIpPyXEHb 3a
MizecomM, a TakoXXK MakCHMaJlbHE 3HaYCHHS Koedi-
Ii€HTA CTIHKOCTI.

35

33
32
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29
28
y =0,0261 x?-0,0512 x + 26,226

27

26

3MileHHA B rPYHTOLIEMEHTHUX Nansx, MM

25 °

24

23

3a pesynabTaTaMH PO3pPaxyHKIB CKiHYEHHO-
€JIEMEHTHHUX MOJieNell Oyi0 OTPUMAHO 3aJIeKHOCTI
(puc. 3-6). OOrpyHTYBaHHS TapaMeTPiB MiAMIPHAX
KOHCTPYKUIH 13 IPYHTOLIEMEHTHUX Maib (IiaMeTp
IPYHTOLIEMEHTHUX Tanb 1,2 M, BiACTaHb MiX ma-
nsMu B mpocBiTi 0,6 M) Ta MOpiBHSAHHA e(PEeKTHB-
HOCTI poOOTH MiAMipHOI KOHCTPYKIIi 3 pI3HUMH
napamMeTpamMl BHUKOHAHO CaMe 3aBISKW UM 3aJie-
KHOCTSIM.

3a pesynbTaTaMH TOPIBHSUIBHUX PO3PaxXyHKIiB
CKIHYEHHO-EJIEMEHTHHX  MOJEJNiel  IapyBaToro
3CyBOHEOE3MEYHOT0 CXMITY, MiJCHICHOTO IPYHTO-
[EMEHTHUMH NaJIsIMU, BU3HAYEHO, 110 3a 3aJaHOTO
JiameTpa IPyHTOLIEMEHTHUX Tajb 1,2 M i HasBHO-
CTi OCTOHHOTO POCTBEPKY KOCQIIIEHT 3amacy Mill-
HOCTI TiAmpHOI KOHCTPYKIII Mae MiHIMyM, IO
nopiBHIOE 1,7, IpU mBOMY BiJICTaHP MK HaIISIMU
nopiBHioe 0,6 M, IO JTO3BOJISIE MPOEKTYBATH JO-
CUTHh HAIMHI MIMipHI KOHCTPYKIii TaKOTO THITY
(puc. 3).

KoedimieHT 3anacy cTiikocTi IpyHTOBOT'O CXU-
Ny, SIKUU MiJICUIIEHO TPYHTOLIEMEHTHUMHU MaJSIMHU
miameTpom 1,2 M, [0 PO3TaIIOBaHi OPTOTOHAIHHO
IO TIOBEpXHI KOB3aHHS Tijla 3CyBY, IiepeOyBae
B CTYICHEBIH 3aJIeKHOCTI BiJl BiICTAHI MiX mHaJis-
MU Ta 3a ii BennuuHH, mo AopisHIoe 0,6 M, cTaHO-
BuTh 1,7, mo 3abe3meuye MOCTaTHIO CTaOlLIBHICTH
3CYBOHEOC3IEYHOTO CXUITY.

0 1 2 3 4 5 6 7 8 9

10 " 12 13 14 15 16 17 18 19 20

KyT Haxuny nank BiGHOCHO BEPTUKANLHOI OC, rpaa

Puc. 3. 3anexHicTh 3MILIEHHS B IPYHTOIEMEHTHUX MAJIAX BiJl KyTa HAXHITY
HaJib BiJTHOCHO BEPTHKAIBHOI OCi

Fig. 3. Dependence of displacement in soil-cement piles on the angle of inclination
of piles relative to the vertical axis
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MirimansHui koediuieHT 3anacy MILHOCTI FPYHTOUEMEHTHUX Nank
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y=-0,0089 x?+0,13 x + 1,4987

2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19
KyT Haxuny nans BiAHOCHO BEPTUKANLHOT OCi, rpaa

Puc. 4. 3anexxHicTh MiHIMaJIBHOTIO KOe(illi€HTa 3aracy MillHOCTI IPYHTOLEMEHTHHX IaJlb
BiJl KyTa HaXWIy Majb BiTHOCHO BEPTHKAJIBHOI OCi

Fig. 4. Dependence of the minimum strength coefficient of soil-cement piles on the angle
of inclination of the piles relative to the vertical axis

°

y=0,0124 x?-0,1748 x + 2,0633

2 3 4 5 6 7 8 9 10 1" 12 13 14 15 16 17 18 19
KyT Haxuny nank BIGHOCHO BEPTUKANLHOI OCi, rpaa

Puc. 5. Bayie)kHICTh MAaKCHMAaJIBHUX HAIIPYXKEHb Y IPYHTOLEMEHTHHX TaJIsiX
BiJI KyTa HaXWIy Iajib BiTHOCHO BEPTHKAIBHOI OCi

Fig. 5. Dependence of maximum stresses in soil-cement piles on the angle
of inclination of piles relative to the vertical axis
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Puc. 6. 3anexHICTh MiHIMAILHOTO KOC(Iili€HTA CTIHKOCTI MiICHICHOTO
CXHITY BiJ BIICTaHI MDXK NAJIIMH Y TIPOCBITI

Fig. 6. Dependence of the minimum strength coefficient of the reinforced slope
on the distance between the piles in the gap

HaykoBa HOBU3HA Ta NPAKTHYHA
3HAYUMICTh

VYnepmie oTpuMaHO 3aKOHOMIPHOCTI (opmy-
BaHHS MIIIHOCTI Ta CTIHKOCTI TPYHTOIEMEHTHOI
MiAMpHOT KOHCTPYKIIi Uil YKPITUIEHHS 3CYBOHE-
0e3MeYHNX CXUJIIB, IO JIA€ MOXKJIMBICTh IPOTHO3Y-
BaHHA iX TeOMEXaHIYHOI CTIMKOCTI 3aJIeKHO BiJ
MOJKJIMBOTO PO3TAlIyBaHHS KPWUBOI MOBEPXHi KOB-
3aHHSI.

VYnepiue BCTaHOBJIEHO 3aJIEKHOCTI 3MiHU abco-
JOTHUX 3MIIeHb, BiTHOCHUX aedopmartiii, koedi-
IIEHTIB 3amacy MIIHOCTI Ta CTIHKOCTi, a TaKOX
HampyXeHb 3a Mi3ecoM B €JIeMEHTaxX MiAMmipHUX
KOHCTPYKIIiH 13 TPYHTOIIEMEHTHUX Iaib BiJ KyTa
iX Haxmiy, BiICTaHi MK NMAISIMHU Ta HAsSBHOCTI Oe-
TOHHOTO POCTBEPKY, IO X 00’ €AHYE.

Heo0OximHO 3a3Ha4nTH, 110 OTPUMaHI pe3ybTa-
TH JIOCII/DKEHHS SIBIISIIOTH COOOI0 y3araJbHEHUH
BHUCHOBOK MIOZI0 METOAY BWU3HAUEHHS paIliOHAIb-
HUX TapaMeTpiB MiAMPHUX KOHCTPYKIIN 13 IPYyH-
TOLEMEHTHHUX Taib. Po3paxyHOK HelniHiiHOI 3a/1a-
Yl CTIKOCTI IPYHTOBHX CXHJIIB, MiJICHJIICHUX TPYH-
TOIIEMEHTHUMH TaIsIMH, — CKJIaJHa 3a/a4a, sKa
notpedye BENMKOi KIJIBKOCTI yacy W po3B’sS3aHHS
SKOiT MOXKITMBE JIMIIE 32 JIOTIOMOTOK CKiHYEHHO-
€JIIEMEHTHOTO MOJISJIIOBaHHS B MPOTPAMHUX KOM-

IDIEKCax i3 peaizaiielo MOJICIIOBAHHS HETiHIHHOT
pobotu marepialiB. Y KOXXKHOMY OKPEMOMY BHIIa-
IOKy Uil pI3HUX 1H)KEHEPHO-TEOJIOTIYHUX YMOB
OTpHMaHi pe3ynbTaTh OYAYThb BiIPi3HATUCS Bij
THUX, SIKi TIPEJICTABJICHI B I[iif CTATTi.

BucHoBku

Haii6inpm parnioHallbHO PO3TANIOBYBATH IPYH-
TOIIEMEHTHI TaJli TAKUM YUHOM, 100 KyT MiXK HH-
MU BIJIHOCHO HOpMaJi IO KPHBOI IOBEPXHI KOB-
3anHsg OyB 90 rpagyciB. 31 301IbIICHHSIM BiJCTaHI
MDX HalsIMH, SIKa Ma€ ONTHMajbHE 3HAYCHHS, IO
CTaHOBUTH Oym3bko 0,6 Big miaMeTpa maib, 3ajex-
HO BiJ] IH)KCHEPHO-TEOJIOTIYHUX YMOB MOXKE Bi10Y-
BaTHCS 3MEHIICHHS e(DEeKTUBHOCTI pOOOTH Mimip-
HOI KOHCTPYKUII 32 paXyHOK HEyTPHUMaHHs 4acTH-
HU IPYHTY, IO PO3TalIoBaHa MiX MajsMu (y mpo-
MIXKY IO BCI# JIOBXKHHI TIaJIb).

OnuH 3 OCHOBHUX IPHUHLMIIB BU3HAYEHHS Ta
OoOTpyHTYBaHHS paliOHANBHUAX TapaMeTpiB ITiJITi-
PHOI KOHCTPYKIIi 3 IPYHTOIIEMEHTHUX Mallb TOJIS-
ra€ B TOMY, 11O JTOBKMHA MaJIb NOBUHHA OYyTH Ta-
KOI0, 110 TIepepi3ae MOBEPXHIO KOB3aHHA HA J0CTa-
THIO TIOMOWHY JJsl yTpuMaHHs Tina 3cyBy. [lpu
FOMY HE MEHII BXIUBUM € KyT HaXWily Iajb
BiTHOCHO BEPTHKAJILHOT OCi.
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OHPEJAEJEHUE PAITMOHAJIbHBIX TAPAMETPOB IIOAIIOPHbIX
KOHCTPYKIHUU U3 I'PYHTOLUEMEHTHBIX CBAU HA
OITOJIBHEOITACHBIX CKJIOHAX

Heas. B cratbe mpeaycMOTpeHO pa3paboTaTh METOHA ONPEAETICHUS PAllMOHAIBHBIX IapaMeTPOB MOIIOPHBIX
KOHCTPYKLIMH U3 IPYHTOLEMEHTHBIX CBail HA OINOJI3HEONACHBIX CKIOHAX. MeToanka. [l TOCTUKEHUS [TOCTABIICH-
HOH 1IeJIM aBTOPBI BBINOJHWIN CPABHUTEJIBHBIE PACUETHI KOHEYHO-3JIEMEHTHBIX MOJEJEH OIOI3HEONACHOIO CJIOU-
CTOTO CKJIOHA C YCTPOWCTBOM IMOANOPHBIX KOHCTPYKIHUI M3 IPYHTOLIEMEHTHBIX CBail: BEPTUKAIbHBIX, PACIIONOKEH-
HBIX T10]] YTJIOM K BEPTUKAILHON OCH, 00beIMHEHHBIX OETOHHBIM POCTBEPKOM, 0€3 POCTBEPKa, Pa3IMIHOTO THaMeT-
pa, ¢ pa3HBIM PacCTOSHHEM MEXIY CBasiMH, HO OJMHAKOBOH JUIMHBI, KOTOPasi 00yCIOBJICHA PacIIO0KEHHEM OIIpe-
JIEJIEHHON IO TpeABAapUTENbHBIM pacdyeTaM HOBEPXHOCTH CKoibkeHHs. Pedyabrarel. Ilo pesynabraTtam pacuera
KOHTaKTHOW 3a7ladd B3aWMOJAEHCTBUS TPYHTOBOTO MaccuBa M IOJIIOPHON KOHCTPYKIMH OBUIM TOJTyYEHBI 3aKOHO-
MEpHOCTH (OPMHUPOBAHHS MPOYHOCTH M YCTOWYHMBOCTH OIIOJI3HEONACHOTO YKPEIJIGHHOTI'O CKJIOHA, YTO JaeT BO3-
MO>HOCTb IIPOrHO3UPOBAHMS €r0 F€OMEXaHNUECKONH YCTOMYMBOCTH B 3aBUCUMOCTH OT BO3MOKHOT'O PACIIONIOXKEHUS
KpUBOH TIOBEPXHOCTH CKOJIbkeHHUs. OO0CHOBaH Croco0 MOBBINIEHUs KOd(h(HUIIMEHTa YCTOMYNBOCTH MOYBEHHOTO
CKJIOHA B 3aBUCUMOCTHU OT BapHallU{ NIapaMeTPOB IPYHTOLIEMEHTHON MOANOPHOM CBaliHON KOHCTpYKUUU. Yucien-
HBIMH pacdyeTaMu 0OOCHOBaHBI IapaMeTPsl TPYHTOIEMEHTHBIX CBAWHBIX IOANIOPHBIX KOHCTPYKIMHA — JJIMHA CBaH,
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JIMaMeTp CBail, pacCTOSHHE MEXIy CBasMHU, Yo WX HAKJIOHA M 11e71ec000pa3sHOCTh 00BEMHEHUS CBall OETOHHBIM
poctBepkoM. Hayunast HoBu3Ha. BriepBbie nosy4eHsl 3aKOHOMEPHOCTH (POPMUPOBAHUSI IPOYHOCTH U YCTOWYMBO-
CTH TPYHTOLIEMEHTHON MOANOPHOI KOHCTPYKILUH IJs YKPEIUICHHUs ONOJI3HEOMACHBIX CKJIOHOB, UYTO JaeT BO3MOXK-
HOCTb IIPOTHO3UPOBAHUSA UX T€OMEXAaHNYECKOH yCTONYMBOCTH B 3aBUCUMOCTH OT BO3MOXKHOTO PACHOJI0XKEHUS KPH-
BOW TOBEPXHOCTH CKOJBKECHUS. Taxke BIIEPBBIC YCTAHOBJICHBI 3aBUCHMOCTH N3MEHEHHS aOCONIOTHBIX CMEIIEHHH,
OTHOCHTENBHBIX IedopMannii, Kod(p(HUIMEHTOB 3amaca MPOYHOCTH, YCTOHYMBOCTH M HaNpsKeHHH 1o Mmsecy
B 3JIEMEHTAX MOANOPHBIX KOHCTPYKINI M3 TPYHTOIIEMEHTHBIX CBail OT yIila MX HaKJIOHA, PACCTOSHUS MEXIy CBas-
MU 1 HaIn4usi OETOHHOTO POCTBEPKA, KOTOPBIN UX 00beauHseT. [lomyunnn nanpHenee pa3BUTHE METOIbI OLICHKH
U TIPOTHO3MPOBAHMS OIIOI3HEONACHOCTH TOYBEHHBIX CKJIOHOB, YTO MO3BOJIJIO OOOCHOBAaTh CIIOCOO MOBBIIMICHUS
ko3(unreHTa 3amaca yCTOMYMBOCTH B 3aBHCUMOCTH OT BapHallM MapaMeTpOB I'PYHTOLEMEHTHOW MOANOPHON
KOHCTpYKLMH. BriepBeie 000CHOBaHBI apaMeTphl CII0co0a TMOBBIICHHST YCTOHYMBOCTH OTIOJ3HEONACHBIX CKJIOHOB
CO CBaWHBIMHU IOJIIOPHBIMM KOHCTPYKIMSIMH Ha OCHOBaHHWH KOMIUIEKCHOTO MaTe€MaTHYECKOTO M IIEHTPOOEIKHOTO
MOJICTIMPOBAHMSI C HCIIOJIb30BAHHEM pEaIbHBIX II0YB OIIOJI3BHEOIACHOTO CKJIOHA W KPHUTEpUEB MOA0OUS.
IIpakTHyeckasi 3HAYMMOCTB. ABTOPBI pa3paboTaiv U 3alaTeHTOBAIN METOJ YKPEIUICHUs OTIOJI3HEOACHBIX CKIIO-
HOB C ITOMOIIBIO TPYHTOLIEMEHTHBIX CBail, 00beIMHEHHBIX OCTOHHBIM POCTBEPKOM, PACIIOI0KEHHBIX MEPHECHANKY-
JSIPHO BEKTOPY JBMDKEHHS TEJIa OTOI3HA.

Kniouegvle cnosa: TPyHTOLIEMEHTHBIE CBaW; OCTOHHBIH POCTBEPK; KOHEYHO-3JIEMEHTHOE MOJEIHPOBAHNE;
OTIOJI3HEOTIACHBIA CKIIOH; KO3((GHUINEHT YCTOHIMBOCTH CKIOHA
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DETERMINATION OF RATIONAL PARAMETERS OF SUPPORTING
STRUCTURES MADE OF SOIL-CEMENT PILES ON LANDSLIDE-
PRONE SLOPES

Purpose. The article proposes a method for determining the rational parameters of supporting structures made of
soil-cement piles on landslide-prone slopes. Methodology. To achieve this purpose, the authors performed compara-
tive calculations of finite-element models of landslide-prone layered slope with the arrangement of supporting struc-
tures of soil-cement piles: vertical, located at an angle to the vertical axis, combined with a concrete grillage, with-
out grillage, with different diameters, with different distances between piles, but of the same length, which is justi-
fied by the location determined by preliminary calculations of the sliding surface. Findings. According to the results
of calculating the contact problem of the interaction of the soil mass and the supporting structure, the regularities of
formation of strength and stability of the reinforced landslide-prone slope were obtained, which makes it possible to
predict its geomechanical stability depending on the possible location of the sliding surface curve. The method of
increasing the stability coefficient of the soil slope depending on the variation of the parameters of the soil-cement
supporting pile structure is substantiated. Numerical calculations substantiate the parameters of soil-cement pile
supporting structures — the length of the piles, their diameter, the distance between the piles, the angle of their incli-
nation and the feasibility of combining the piles with a concrete grillage. Originality. For the first time, the for-
mation regularities of strength and stability of soil-cement supporting structure for strengthening the landslide-prone
slopes are obtained, which makes it possible to predict their geomechanical stability depending on the possible loca-
tion of the sliding surface curve. For the first time, the dependences of changes in absolute displacements, relative
deformations, coefficients of strength, stability, as well as Mises stresses in the elements of supporting structures of
soil-cement piles on the angle of their inclination, distance between piles and the presence of a concrete grillage that
joins them. Methods for assessing and predicting the landslide danger of soil slopes were further developed, which
allowed to substantiate the method of increasing the strength coefficient depending on the variation of the parame-
ters of the soil-cement supporting structure. For the first time, the parameters of the method of increasing the stabil-
ity of landslide-prone slopes with pile supporting structures based on the complex mathematical and centrifugal
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modeling using real landslides and similarity criteria are substantiated. Practical value. The authors have developed
and patented a method of strengthening landslide slopes with the help of soil-cement piles, combined with a con-
crete grillage, located perpendicular to the movement vector of the landslide body.

Keywords: soil-cement piles; concrete grillage; finite element modeling; landslide slope; slope stability coeffi-
cient
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