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NUMERICAL SIMULATION OF TOXIC CHEMICAL DISPERSION
AFTER ACCIDENT AT RAILWAY

Purpose. This research focuses on the development of an applied numerical model to calculate the dynamics of
atmospheric pollution in the emission of dangerous chemical substances in the event of transportation by railway.
Methodology. For the numerical simulation of transport process of the dangerous chemical substance in the
atmosphere the equation of convection-diffusion pollutant transport is used. This equation takes into account the
effect of wind, atmospheric diffusion, the power of emission source, as well as the movement of the source of
emission (depressurized tank) on the process of pollutant dispersion. When carrying out computing experiment one
also takes into account the profile of the speed of the wind flow. For the numerical integration of pollutant transport
in the atmosphere implicit finite-difference splitting scheme is used. The numerical calculation is divided into four
steps of splitting and at each step of splitting the unknown value of the concentration of hazardous substance is
determined by the explicit running account scheme. On the basis of the numerical model it was created the code
using the algorithmic language FORTRAN. One conducted the computational experiments to assess the level of air
pollution near the railway station «Illarionovo» in the event of a possible accident during transportation of ammonia.
Findings. The proposed model allows you to quickly calculate the air pollution after the emission of chemically
hazardous substance, taking into account the motion of the emission source. The model makes it possible to
determine the size of the land surface pollution zones and the amount of pollutants deposited on a specific area.
Using the developed numerical model it was estimated the environmental damage near the railway station
«Illarionovo». Originality. One can use the numerical model to calculate the size and intensity of the chemical
contamination zones after accidents on transport. Practical value. The numerical model, developed by authors, can
be used to estimate the size and intensity of the chemical contamination zones during emergency on transport. The
developed numerical model solves the problem of assessing the impact of emergency emission of ammonia near the
railway station «Illarionovo».

Keywords: railway transport accidents; air pollution; chemically dangerous substance; numerical simulation

based on simple empirical formulae which do not

take account many physical factors, such as, wind
Many accidents at railways result in toxic profile, diffusion, etc. For example, to predict the

chemicals emissions [1]. These emissions pose width of polluted area the following expression is

potential risk to human health and environment. To  used in these Instructions

predict the damage after these emissions Govern-

ment Instructions are used. These Instructions are D=0,3-L",

Introduction
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where L is the length of polluted area (the L value
is determined using the special Table), n is pa-
rameter which depends on the atmosphere condi-
tion (stable, neutral, etc.).

To obtain quick information about the atmos-
phere pollution Gauss model is used [5-7, 13, 16]
or empirical model OH/I-86 [14].

In some cases CFD models are used [2—4, 9,
10, 12, 15] but these models are comprehensive for
the regular users.

For a quick evaluation of toxic chemical con-
centrations in atmosphere fast hazard tools are very
in need. It is very important for practice to have
tools which take into account important details
and, on the other hand, are not time consuming.

Purpose

The purpose of this work is the development of
numerical model to predict the atmosphere pollu-
tion after accidents at railways.

Methodology

Mathematical model of pollutant dispersion. To
simulate the toxic chemical dispersion in atmos-
phere 3-D transport equation is used [2, 8, 15]

aC ouC ovC o(w-w,)C
—+ +—
ot ox oy oz

el S
+2.4,(1)8(x=x,(1)8(y =y (1))3(z=2). (1)

where C 1is air concentration of toxic chemical,
u,v,w are the wind components in the x, y and z

+kC +0oC =

6C]
— |+

* 0z

directions; w, is gravitational settling velocity; o
is the chemical decay coefficient; k is the precipi-
tation scavenging coefficient; p:(ux, [T uz) are
the eddy diffusivities for the three coordinate di-
rections; q;(7) is source terms;
8(x—x,(1))3(y—;(1))8(z—z) are Dirac delta
function; (x,,y;,z;) are the coordinates of the

point source.
This equation is numerically integrated using
the following boundary conditions:

— at the entrance boundary:

C|b0undary = CB ?

where C, is known concentration.
At the exit boundary (for example, this is the
plane x=L_, where L, is distance from the en-

trance plane) the boundary condition is used in the
following difference form

C(i+1,j,k)=C(i,j.,k),

where (i +1, j,k) is the last computational cell and

(i, j,k) is the previous computational cell. At the
ground (z=0 plane) the boundary condition is

o _

aC,
on

where n is normal to this plane, o >0 is coeffi-
cient which takes into account toxic chemical in-
teraction with ground.

The initial condition (at time ¢#=0) can be writ-
ten as C=0 in the computational region or
C=C,,, (where C, is the known concentration at

the site where the instant emission took place and
C =0 in the other part of the computational re-
gion.

In the developed numerical model the follow-
ing approximations for wind speed and diffusion
coefficient are used:

1 m
u=u gZ/ZO Hy:ko‘u,uzzkl'KiJ 5

1 B
lgzl/ZO Z

where u, is wind speed at height z, =10m; m~1;
k,, k, are parameters [Berlyand et al].

Numerical model. To solve transport equation
(1) the implicit change — triangle scheme is used.
The main features of this scheme are shown below.

According to the principles of this implicit
scheme development the time dependent derivative
is approximated as following:

ac Gyl -G
ot At

At the first step of development the convective
derivatives are represented as follows:
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ouC _ou'C N ou C
Ox Oox ox

ovC  ov'C N ov C
Oy oy Oy

b

owC _ow'C . ow C
Oz Oz Oz

_utu
2

v L wd  wew
VE—— W=, W =—
2 2 2
At the second step the convective derivatives

are approximated as following:

where u”

b b

+ + n+l o+ n+l

ou'C Ui Ciju — i uClijn e
o Ax o ’
_ - n+l - n+l

ou C Uik Cliju —ijuCijk o
0. = Ax =L.C
X

b

r.C
i,j,k i, j-Lk _ y+ ~n+l
=L,

+ + _
ovC _ Vi ik Cijx =V

oy Ay
ovC N V;ﬁ-l,kci,j-%—l,k _VZj,kCi,j,k = -l
oy Ay ' ,

+ + o
W' C Wi inCij =WijwCijua o
o Az o ’

w C  WianCijun = WiinCijn o
~ =L.C"™.
0z Az

The second order derivatives are approximated
as following:

0 oC - Cl’:} J.k _Ci’,lj'—,lk
P ) L

i),k

x sz

n+l n+l
Cojn —Citijn _

_ — i+l + i+l
=M _C""+M_C",

2 [“ a_cj~H Gk
y a)/ y Ayz

i,j.k
2
y Ay

n+l n+l
Cijn = Cijmik

_ - i+l + v+l
=M yyC +M yyC ,
0 oC Cllin =Gk
~ | M P~
Oz Oz Az
Cl—Cliha

i),k

. =

_ — i+l + i+l
=M_C"" +M_C".

In these expressions L,L, L},L}, L,L,

M ,M_ are the difference operators. Using these

expressions the difference scheme for the transport
equation can be written as follows:

n+l n
Ci,j kT G

ik _
L], +L:Cn+1 +Lxcn+1 +L+C}’l+1 +
At g

— i+l + i+l — i+l n+l _
+L,CT +LCT + LCT +0(C =

— (M;CCn-H +M;ch+1 +M;—ycn+1 +
+M,C" + MZC™ + MZC™) +q(2)8.

Solution of this equation is split in four steps on
the time step of integration dt :

— at the first step (& =%) the difference equa-
tion is:
ct-ch
S “Cw ety per v ey Sk =
At 2 g 47

1 - n - n
=Z(M;XC" + M CH+M; C"+ M, C"+

q (Z)l 81 ,
4

N
MIC"+M_C"+)
=1

— at the second step (k=n+%, c=n+%): the

difference equation is

k c

ct -
kT +1(L;ck +LCF+LCHY+ 2k =
At 2 7 4
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1 -k c -k c
:Z(M”C +MIC+M, C"+ M C+

v
+MLC* +M;CC)+Z"Z)’ 5,
=1

— at the third step (k=n+%, c=n+%) the
difference equation is

cl - C;
S +%(L;Ck L+ LY+ 2C =
t _

1 Erald - c
ZZ(MxxC +M;Xck +MJ)}’Ck +M;J’C +

N p—
+M_C +M;CC)+Z"Z)’ 5,,

=1

— at the fourth step (k=n+1,c=n+%) the

difference equation is

Ch —Cs
—”"A o +%(L;Ck +L,C* + LICY) +%c§k =
t

=%(M;XC" +MCC+ M C+ M Ch+
N -
t
+MC +M;C")+Z¥6,,
=1

Function 9, is equal to zero in all cells accept

the cells where the '/ * source of emission is situ-
ated.

This difference scheme is implicit and abso-
lutely steady but the unknown concentration C is
calculated using the explicit formulae at each step
(so called «method of running calculation»).

The initial condition at each time step is written
as following [11]:

=C(x,y,z,t”),

1 k 5
where C,C,C - are concentrations at each time

step.
FORTRAN language was used to code the de-
veloped numerical model.

Findings

The developed generic code «EMISSION» was
used to solve the following problem. A train with
toxic chemical (NH3) moves near Railway Station
«llarionovoy (Dniepropetrovsk Region, Ukraine)
and at time #=0 the instant emission of NH3 takes
place. This emission results in NH3 cloud forma-
tion (Fig.2). Position of this instant emission is
schematically shown as «star» in Fig.l and
«arrowy indicates the direction of the train move-
ment. The train keeps moving after the accident
and long term emission of NH3 (g=5kg/sec)

follows the instant emission. So we have scenario
«instant exhaust of toxic chemical + long term
emission of ity.

Fig. 1. Satellite image near Railway
Station «/llarionovoy :
1 —Site # 1 (farm field); 2 — Site #2 (farm field);
dots show the rail way track; «star» shows
the initial point of emission

Results of numerical simulation of atmosphere
pollution for this scenario are shown in Fig. 2—4.
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Fig. 2. Spatial distribution of NH3,
(initial cloud), ¢ =42sec (level z=10m)

Fig. 3. Spatial distribution of NH3, ¢ =70sec
(level z=10m)

Fig. 4. Spatial distribution of NH3, ¢ =169sec
(level z=10m)

It is clear from Fig. 2—4 that the contamination
area is formed under the following factors: initial
cloud appearance + long term emission from the
moving train + atmosphere dispersion and wind.

From the practical point of view it is important

to evaluate the ground pollution intensity. To solve
this problem the following expression was inte-
grated

G=fdt [[ (w,+po)C(x,y,2=0,t)ds, (2)

S,z=0

where G is mass of the pollutant whish felt down
the ground site S, ¢ is time, T is period of integra-
tion. «Rectangular method» was used for the nu-
merical integration of this expression. Results of
soil pollution prediction after accident are shown
in Tabl.1.

Table 1
Time 112 sec 169 sec 239 sec
Area | 4628*10° m? | 6222*10° m® | 6925*10° m?

Soil Pollution Dynamics. In the case of private
owners demands to pay their losses after the acci-
dent it is important to know the toxic chemical felt
down the different sites, for example, the private
fields. At present to evaluate the ecological dam-
age in Ukraine, in the case of ground pollution the
following formulae is used

D=KxII, 3)

where I7 is polluted area [m*], K is money coeffi-
cient (grivni, dollars) declared by Administration
Regulations.

As it is clear from Eq. (3) to make the adequate
evaluation of the ecological damage D it is neces-
sary to obtain the correct information about I1. The
developed generic code can solve this problem us-
ing formulae (2) which is calculated for marked
cells of the computational region. These cells indi-
cate the area, for example, of the farm fields
(Fig.2, Site #1and Site # 2). In Tabl.2 results about
these sites pollution are presented.

Table 2

Mass of Toxic Chemical felt down the Different Sites

Time Site #1 (See Fig.1) Site #2 (See Fig.1)
154 sec 0.41 x 10° grams 723 grams
211sec | 0.81x10° grams 6 166 grams
267 sec | 0.10x 10° grams 0.22x 10° grams

Results from Tabl.2 show that the most con-
taminated area is formed at Site #1 which is influ-
enced by initial cloud and following emission from
moving train.
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Originality and practical value

A new numerical model to predict atmosphere
pollution after accidents at railways was devel-
oped. The model is based on the 3-D transport
equation. The developed model takes into account
wind profile, diffusion, emission rate and source
movement This model allows to evaluate the eco-
logical damage in the case of different emissions at
railways. The model can be useful in the field of
safety prediction of transport routes and risk as-
sessment.

Conclusions

The article contains results of numerical simu-
lation of air pollution near Illarionovo station after
accident at railway. To simulate the process of air
pollution the 3-D developed numerical model was
used. The developed numerical model takes into
account the main physical processes which influ-
ence the pollutant dispersion in atmosphere. The
future work in this field will be connected with
development of fluid dynamics model to simulate
the pollutant dispersion over the complex terrain.
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YUCJIOBE MOIEJIOBAHHS PO3INOBCIOKEHHSA XIMIYHO
HEBE3NEYHOI PEUOBUHMU ITPU ABAPII HA 3AJII3HUIII

Merta. Lle nocmimkeHHs CHpsIMOBaHE Ha PO3pOOKY HPHUKIIAJHOI YMCIOBOI MOJEINI U PO3PAXYHKY JHHAMIKH
3a0pyaHeHHs aTMochepy NpH eMmicii XiMiYHO HeOe3MeYHoi PeYOBHHHM Yy pasi HOro TpaHCIIOPTYBaHHS 3alli3HUYHUM
TpancnopToM. Metoauka. J[jis 4MCI0BOrO MOACIIOBAHHS [IPOLIECY NEPEHECEHHS XiMIYHO HeGe3MeuHoT peYOBHHY B
aTMocgepi 3aCTOCOBYETHCSI PIBHAHHS KOHBEKTHBHO-IU(Y3IHHOTO TEpeHOCY MOMImKH. lle piBHAHHS BpaxoBye
BIUIHB BITpY, aTMocdepHoi nudy3ii, MOTYKHOCTI DKeperna eMicii, a TakoK pyX JKepena eMicii (po3repMeTH30BaHO1
UCTEPHM) Ha IPOIeC PO3CiOBaHHS 3abpynHroBada. [li gac BUKOHAHHS OOYHMCIIOBAIBHOTO €KCIIEPUMEHTY TaKOXK
BPaxoOBYETHCS MPO(DiJb MIBUIKOCTI BITPOBOTO MOTOKY. /1T YUCIIOBOTO iHTETpYBaHHS PIBHSIHHS NMEPEHOCY JOMIIIKH
B atMoc(epi 3aCTOCOBYETHCSI HESIBHA PI3HHUIIEBA CXEMa PO3LICTUICHHSA. UMCIOBHHA PO3paxyHOK PO3OMBAETHCS Ha
YOTUPU KPOKH PO3MICIUICHHS, 1 HA KOKHOMY KpOI[i PO3INCIUICHHS HEBiIOME 3HAYCHHS KOHIICHTpaIlii HeOe3meuHol
PEUOBMHHM BU3HAYAETHCS 32 SIBHOIO CXEMOIO «ODKy4oro» paxyHky. Ha ocHOBI moOymoBaHOi 4MciioBOI Mojei
CTBOpEHHMH KOJ Ha anroputMmiuHiii moBi ®optpan. BukoHaHO OOUYMCIIOBAJIbHUI EKCIIEPUMEHT i3 OLIHKH PiBHS
3a0pyaHeHHs artMocdepr TOoO0AM3y 3ami3HWYHOI craHmii «limapioHoBe» y pa3i MoximBoi aBapii mnpu
TpaHCIIOPTYBaHHI amiaky. Pe3yabTaTH. 3arpornoHoBana MoJIeib J03BOJISE ONEPATHBHO pO3paxyBaTH 3a0py HEHHS
aTMocdepy Tpu BUKUAI XiMIYHO HeOE3MeYHOI PeYOBHHU 3 YpaxyBaHHSAM pyXy [DKepena emicii. Moaens 1o3Boisie
BHU3HAYHUTH PO3MIpH 30HH 3a0pYIHEHHS MMOBEPXHi 3€MJIi, 4 TAKOXK KITBbKICTh 3a0pyAHIOBaYa, IO OCIiB Ha KOHKPETHY
IUISHKY. 3a JOMOMOTOI0 PO3POOJIEHOI YHCIOBOI MOJENi BHKOHAHO OIIHKY EKOJIOTIYHOTO 30UTKY MOONH3y
3ami3Hn4HOl craHuii «lnapioHoBe». HaykoBa HoBu3Ha. CTBOpEHO e(EKTHBHY YHCIOBY MOJIElNb, IO JIO3BOJISE
OTIEPaTHBHO PO3PAaXOBYBATH EKOJIOTIYHMN 30MTOK MpH emicii HeGe3MeyHNX PEedoBHH Ha 00'€KTax 3aJli3HUYHOTO
Tpancnopty. IlpakTuyna 3HauuMmicTh. Po3poOnena aBTOpaMy umCIOBa MOAENL MOKe OyTH BHKOPHUCTaHA LA
OLIIHKM PO3MIpIB Ta IHTEHCHBHOCTI 30H XiMIYHOTO 3a0pyAHEHHs NPH HA/I3BUYAaWHMX CUTYyalisX Ha TpaHCIOPTi. 3a
JIOTIOMOT'0I0 PO3pO0JIEHOT YKHCIOBOI MOJIeNi PO3B’si3aHa 33java 3 OLIHKM HACHiJKIB aBapiiiHOl emicii amiaky Oinst
3aii3HUYHOT cTaHMii «lnapioHoBe».

Kiouosi croea: aBapii Ha 3aJTi3HUYHOMY TPAHCIIOPTI; 3a0pyIHCHHS aTMOC(epH; XIMIYHO HeOe3euHa peUOBUHA;
YHCIIOBE MOZEITIOBAHHS
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YUCJITEHHOE MOAEJIUPOBAHUE PACITPOCTPAHEHUA
XUMHUYECKH OITACHOTI'O BEHIECTBA I1P ABAPHH HA
KEJE3HOU JOPOT'E

Henb. JlanHoe wuccienoBaHUE HAMpPaBlIEHO Ha pa3paboTKy MPHUKIATHOW YMCIEHHOW MOJENH IJisl pacuera
JMIUHAMUKH 3arps3HEHUST aTMOC(EPhI MPH IMUCCHH XUMHUYCSCKH OMACHOT'O BEIIECTBA B CJIyYae ero TPAaHCIIOPTHPOBKU
KeJIe3HOJJOPOXKHBIM TpaHcropToM. Metoauka. /11 4UCIEHHOTO MOJETUPOBAHUS Mpoliecca MepeHoca XUMUYECKH
OIaCHOTO BEIIECTBa B aTMoc(epe MPUMEHSACTCS YpPaBHEHHUE KOHBEKTHBHO-IU((Y3HMOHHOTO IMEPEHOCa MPUMECH.
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EKOJIOI'A1 HA TPAHCITIOPTI

JlaHHOe ypaBHEHHE YUUTHIBACT BIMSHUE BeTpa, aTMOchepHOit 1uddy3un, MOIIHOCTH HCTOYHUKA IMUCCHH, & TAKKE
JIBIYKCHUE MCTOYHHMKA dMHCCHH (Pa3srepMETH3MPOBAHHON IIUCTEPHBI) Ha MPOIIECC PACCEHBaHUs 3arps3HuTes. [1pu
MPOBEJCHUH BBIYMCIUTEIHLHOTO JKCIIEPUMEHTA TAKKE YUYHUTHIBACTCS MPOQHIb CKOPOCTH BETPOBOro moToka. Jlist
YUCJICHHOI'O I/IHTerI/lpOBaHl/ISI ypaBHeHI/IH nepeﬂoca HpI/lMeCl/I B aTMoctl)epe le/IMeHHeTCSI HCsIBHasA paSHOCTHaﬂ
cxeMa pacuiericHus. UWCIeHHBIH pacueT pa30MBacTCs Ha 4YeThIpE Iara PacHICIUICHWS, W Ha KaXIOM Ilare
paciieryicHuss HEW3BECTHOE 3HAYCHHE KOHIICHTPAIMK OIMACHOIO BEIIECTBA OIMPENCIIACTCS IO SBHOW CXeMe
«Oerymero» cdera. Ha OCHOBEe MOCTPOCHHOW YHCICHHOW MOJENH CO3JaH KOJ Ha alTOPUTMHYECKOM S3BIKE
®optpan. [lpoBeneH BBIYMCIUTENBHBIA SKCIICPUMEHT IO OICHKE YPOBHS 3arps3HEeHUs arMochepbl BOIH3H
JKEIIE3HOIOPOKHON CcTaHIUU «MIIapHOHOBO» B Ciy4Yae BO3MOXKHOW aBapWy IPH TPAHCIOPTHPOBKE aMMHAKa.
Pesyabrarsl. [IpeioxkeHnas Mo/ielb MO3BOJSIET ONEPATUBHO PACCUUTAThH 3arps3HEHHE aTMOC(ephl Mpu BhIOpoce
XMUMHYECKH OINMACHOTO BEUIECTBA C Y4YETOM JBW)KCHHS HMCTOYHHUKA SMUCCHH. MOJeNb TMO3BOJISIET ONPEICIUTh
pa3Mepbl 30HBI 3arpsI3HEHHS MOBEPXHOCTH 3EMITH, 4 TAKXKE KOJIMYECTBO 3arpsiI3HUTENS,, OCEBIIEr0 Ha KOHKPETHBIN
ydactok. C momompio pa3paboTaHHOW YMCIIEHHON MOJENH BBIIIOJHEHA OIEHKAa JKOJIOTHYECKOro yuiepba BOIM3N
KeJIe3HOOpoKHOH cTaHimu «MmnapuoHoBo». Hayunass HoBu3Ha. Co3nana 3¢¢eKkTrBHas YUCICHHAs MOJIENb,
MO3BOJISIIOIAST OMEPATHBHO PACCYMTHIBATH IKOJIOTHUECKHN yIepO MpPH AMUCCHU OMACHBIX BELIECTB Ha OOBEKTax
KEJIC3HOJOPOXKHOTO TpaHcropra. IIpakTmdeckasi 3HAYMMOCTh. Pa3paboTaHHas YYEHBIMH YHCICHHAs MOJEIb
MOXKET 6])IT]) HUCIIOJIb30BaHa JII OLICHKH pa3MepOB N HHTCHCHUBHOCTHU 30H XHWMHYCCKOI'O 3anﬂ3HeHI/IH l'lpl/I
Ype3BBIUANHBIX CHUTyanusx Ha TpaHcropre. C MOMOIMIBI0 pa3pabOTaHHOHN YHMCICHHOW MOJENU pellieHa 3ajada Io
OIICHKE TIOCJIC/ICTBHI aBapUITHON SMUCCHU aMMHUAaKa BO3JIC JKEJIC3HOIOPOKHON cTaHImn «iaproHoBOY.

Kniouesvie cnosa: aBapuu Ha KEJIE3HOMOPOKHOM TPAHCIIOPTE; 3arps3HEHUE aTMOC(Ephl; XMMUYECKHA OMAaCHOE
BEIIIECTBO; YHCICHHOE MOJICIIMPOBAHIE
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COMPLEX OF NUMERICAL MODELS FOR COMPUTATION
OF AIR ION CONCENTRATION IN PREMISES

Purpose. The article highlights the question about creation the complex numerical models in order to calculate
the ions concentration fields in premises of various purpose and in work areas. Developed complex should take into
account the main physical factors influencing the formation of the concentration field of ions, that is, aerodynamics
of air jets in the room, presence of furniture, equipment, placement of ventilation holes, ventilation mode, location
of ionization sources, transfer of ions under the electric field effect, other factors, determining the intensity and
shape of the field of concentration of ions. In addition, complex of numerical models has to ensure conducting of the
express calculation of the ions concentration in the premises, allowing quick sorting of possible variants and ena-
bling «enlarged» evaluation of air ions concentration in the premises. Methodology. The complex numerical models
to calculate air ion regime in the premises is developed. CFD numerical model is based on the use of acrodynamics,
electrostatics and mass transfer equations, and takes into account the effect of air flows caused by the ventilation
operation, diffusion, electric field effects, as well as the interaction of different polarities ions with each other and
with the dust particles. The proposed balance model for computation of air ion regime indoors allows operative cal-
culating the ions concentration field considering pulsed operation of the ionizer. Findings. The calculated data are
received, on the basis of which one can estimate the ions concentration anywhere in the premises with artificial air
ionization. An example of calculating the negative ions concentration on the basis of the CFD numerical model in
the premises with reengineering transformations is given. On the basis of the developed balance model the air ions
concentration in the room volume was calculated. Originality. Results of the air ion regime computation in premise,
which is based on numerical 2D CFD model and balance model, are presented. Practical value. A numerical CFD
model and balance model for the computation of air ion regime allow calculating the ions concentration in the prem-
ises in the conditions of artificial air ionization taking into account the main physical factors determining the forma-
tion of ions concentration fields.

Keywords: air ions regime; concentration field of air ions, artificial ionization; CFD model; balance model

Introduction develop methods for express calculation of the ions
concentration in the premises, allowing quick sort-
ing variants and enabling the «integrated» evalua-
tion of the ions concentration in the premises.

Currently in Ukraine are used mainly analytical
models [5-13] for computation air ion concentra-
tion in premises. As a rule, these models do not
consider the presence of equipment, furniture, dust
emission sources, physical factors influencing the
formation of ions concentration field. To take into
account these factors, it is expedient to use CFD
models [2-4, 15, 18]. For a quick evaluation of the
ions concentration in the premises can be used the
balance models [2-4, 15, 18].

In recent years in field of labor protection con-
siderable attention is paid to the observance of the
appropriate qualitative air composition in premises,
as evidenced by the increased number of publica-
tions, both domestic and foreign scientists on this
problem. Since to support air ion regime use often
artificial ionization of the air, it is necessary calcu-
late quickly the ions concentration anywhere in the
premises. Thus it is necessary to take into account
the geometric characteristics of the premises,
placement therein of furniture and equipment, the
presence dust sources, the aerodynamics of the air
jets in the room, the interaction of different polari-
ties ions with each other and with dust particles
etc. In addition to the aforesaid, there is need to
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Purpose E  OF
- I @
The purpose of this work is to develop complex ox 0y g

of numerical models to calculate the ions concen-
tration field at using artificial ionization of air to
support air ion regime in the premises.

Methodology

In this paper, two numerical models to calculate
the concentration of ions in the premises were pro-
posed.

The first model. To calculate the ions concen-
tration in the premises 2D CFD model, which is
based on the mass transport, aerodynamics and
electrostatics equations, is proposed. This model is
developed taking into account physical factors that
influence the formation of ions concentration field.
Also at modeling the geometric characteristics of
premises, placement of furniture and equipment,
presence of dust emission sources, the interaction
of different polarities ions with each other and with
dust particles is taken into account. In view of the
aforesaid at the modeling of ions dispersion proc-
ess, transport equation will have the form [18]:

8_C+ O(u+bE)C N O(v+bE)C _
ot Ox oy

TP RS A B
Ox ox ) oy\' "~ Oy

—BCD+2.0.(1)d(x-x.)o(y-.), (D)

where C, B, D —is the concentration of negative
and positive air ions and dust particles respec-
tively; u, v, — velocity components of airflow in

the room; p = (uv‘_, uy) — diffusion coefficients; ¢ —

time; o —recombination rate of ions with different
polarity; f — the recombination rate of ions with
dust particles; Q. — the intensity of the negative
ions emission at the appropriate points with the
coordinates x,y,; &(x—x;)8(y—y;) — Dirac
delta function; b — coefficient of ion mobility; E
— electric field intensity.

Since air ions have a charge, they generate an

electric field E , which is described by the follow-
ing equation [18]:

here ¢, — is the dielectric permittivity; g, — is the
space charge density.

From equation (2) can go to the scalar poten-
tial, taking into account such dependence

po b
’ Oox
oo
E, =-22. 3
T (3)

Then we get the Poisson equation of the follow-
ing form [18], which we will be used to simulate
the electric field:

oo 0’
99,20 _ 4 (4)
ox° Oy €
here g, =—eC (x, y) , C (x, y) — is the concentra-
tion of negative air ions; ¢ — scalar potential; e —
elementary charge. On the basis of this equation is
a performed simulation of the electric field.
To describe the processes of positive ions and

dust dispersion we will use the equation of transfer
in the form [18]:

OB  ouB 6VB_6( aBJ+

—t—— == U,
o ox oy Ox ox

0 OB

— — |-aCB-BBD

+8y(“y ay] o BBD +

+2 05 (1)8(x=x5)8(y = y3), (5)

oD ouD ovD
—_—t—t—=
o ox oy

_££ a_D]Jri a1,
o\ ax oy By oy

+ZQDi(t)6(x_xD)6(y_yD)' (6)

Designation of the physical parameters in these
equations is the same, which was given for the
equation (1).

To calculate the aerodynamics of air flow in the
room a model of potential flow will be used. In this
case the Laplace equation for the velocity potential
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is a modeling equation
o’P o°P
—5+—=0, (7
ox~ Oy
where P — is velocity potential.
The components of the air environment veloc-
ity vector are connected with the velocity potential

following dependencies

OP

u=—,
Oox

s (8)
Oy

Formulation of boundary conditions for the
modeling equations is considered in [1, 15, 18].

For the numerical integration of the transfer
equations [1, 12, 15, 18] is used the implicit alter-
nately — triangular difference schemes, which has
being implemented by the method of running ac-
counts [1]. For the numerical solution of the
Laplace equation and Poisson’s equation the
Liebmann method is used. The calculation is per-
formed on rectangular difference grid.

On the basis of the difference schemes was de-
signed the software package (code) «ION-2». This
package is built on a modular principle; each sub-
program implements a specific numerical integra-
tion of the modeling equation and implementing
appropriate boundary conditions.

A feature of the modeled process is the pres-
ence of furniture in the room, i.e., objects, influ-
encing the formation of ion concentration field. To
«reproduce» these and other objects in the numeri-
cal model one uses a technology called «porosity
techniquey, also called the method of marking [1].
The essence of this technology lies in the encoding
of difference cells, which belong to such facilities,
and the implementation of them in the appropriate
boundary conditions.

The second model. For the deduction of express
method of the ions concentration computation in
the premises the following equation will be used:

dn

I =q, (t)—omp—BnA+

%—qp(t)—anp—BpAJr
o) o)
+p0(t) 7 p 7 An (10)

here g,, g, are the generation rate of negative and

positive ions in the room accordingly; n,, p, are

the negative and positive ion concentrations exter-
nal to the room; o — is the recombination rate of
ions with those of opposite polarity; p — is the rate

of combination of ions with dust particles; 4 — is
dust concentration; V' — volume; Q - ventilation

rate; A, — the electrostatic deposition of ions.

To describe the dust mass transport equation
the equation of the form is used [14]:

dA

A 02022y

V

here g, is the generation of particles in the space;
4, is the external particle concentration; A, — the

electrostatic deposition of dust particles.

In contradistinction to the classical model
Mayya Y. [14] in the equations (9) — (11) takes
into account the dependence on time of negative
and positive ions emission and dust emission in the
premises and the time dependence of the air ex-
change rate. The system of the given equations
closes by setting the initial conditions of the form

A(t=0)=AO, n(t=0)=n0, p(t=0)=p0.

These conditions define the initial values of
dust, negative and positive ions concentration, re-
spectively, before the ionization of the air in the
premises. It should be noted that the equations (9)
— (11) define the concentration of negative and
positive ions and dust are not in the room, but on
the exit of it. This is defined by the condition that
is the deduction of the balance ratios.

Parameter A, can be defined under equation:

M=, +g.e4)
€

(12)

where b — is the ion mobility; €, is the permittiv-
ity of free space, g, — the space charge density,
which can be expressed as
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q,=en—ep (13)  pos. 5. The intensity of the negative ions emission
. from the ionizer is 1.3x10"" particles/s.
here e — is the elementary charge.
The electrostatic deposition of dust A, can be ¥ |
defined under formula e
DP
A p = FI q C)\. i (14)
—_— 2
. . . 5 # 7
where D, and D, are the dust and ion diffusion Efi e
coefficients accordingly; g, — is the characteristic I\I—
number of charges. ‘2\ 3
The characteristic number of charges can be 3 .
/]

found from the expression:
4me,d kT
9e=—""75 X
2
d ,cne’t
4e kT

1+

(15)

where & is the Boltzmann constant; 7' is the abso-
lute temperature; ¢ is the thermal speed of the ions

;d, is the dust particle diameter; ¢ is the time.

However, following [14], the summands 2 ,

A, can be omitted.

The balance equation (9) — (11) is numerically
solved by using Euler’s method.

For a numerical calculation of the equations (9)
— (11) developed a program BALANCE-1 is real-
ized in FORTRAN. For practical use of the pro-
gram must be set: the premises volume; air ex-
change rate; concentrations of negative and posi-
tive ions and dust, which flows into the premises;
the intensity of negative and positive ions emission
and dust emission in the premises.

Findings

The first model. CFD numerical model was
used to calculate the ions concentration field in the
premises volume at the conditions of artificial air
ionization by setting the ionizer indoors.

Sketch of the computational domain is shown
in Fig. 1. It is the premises where the air flows en-
ter through the ventilation system. The air exit
from the room occurs through the outlet in the
wall. The work area includes table and chair placed
next. Placement of ionizer was shown in Fig. 1,

X

Fig. 1. The computational domain
(before reengineering):
1 — chair; 2 — work desk; 3 —rack;
4 —place of positive ions emission
(the position of the respiratory organs); 5 — ionizer;
6 — place of dust emission

¥ |
T 5 7 ./4 P
i‘t \Lﬂ '?“r

[/

Fig. 2. The computational domain
(after reengineering):
1 — chair; 2 — work desk; 3 —rack;
4 —place of positive ions emission
(the position of the respiratory organs); 5 — ionizer;
6 — place of dust emission; 7 — cupboard

The people are the source of positive ions emis-
sion in the room. Therefore in the zone of their
respiratory organs (Fig. 1, pos. 4) set point sources

of positive ions emission intensity Q, = 7x10" par-
ticles/s. The other of the problem parameters are:
the size of the computational domain
7.25mx4.20m; the position of the inlet and outlet
ventilation holes is shown by arrows in Fig. 1; o
1.5x10" m?/s, p = 1x10™"? m?/s [15, 18]; the coef-
ficients of turbulent diffusion in all directions are
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taken to equal p =p, =kV (where k=0,1 — the

parameter, V' — the local velocity in the specific
computational point and it is defined by solving the
aerodynamic problem). Dust emission occurs in-
door, O, = 45x10* particles/s (dust emission posi-

tion shown in Fig. 1 and Fig. 2 as a wavy line).

Sketch of the same premises where the rear-
rangement of the furniture is made, was shown in
Fig. 2.

Purpose of numerical modeling is definition of
the negative ions concentration in the room and the
area of the human respiratory system.

The results of numerical simulation in the fol-
lowing figures are shown. On these figures the
negative ions concentration field in the room was
given.

Fig. 3. Concentration field of negative air ions
in the room (before reengineering)

Fig. 4. Concentration field of negative air ions
in the room (after reengineering)

As shown in Fig. 3 and Fig. 4, the negative ions
concentration in the area of the employee respira-
tory organs (the position over the chair) for the
first variant is about 0.032x10" particles/mS, and
after reengineering of the order 0.015x10" parti-
cles/m>. That is, the concentration has decreased
in 2 times, due to the influence of the installed
equipment (Fig. 2, pos. 7) on the formation of air
ions concentration field. For the solution of the

problem on the basis of the developed CFD model
it took about 1 minute of computer time.

The second model. On the basis of the second
model calculations were performed to evaluate
negative ions concentration in the office premises
with volume 62 m’. It should be noted that this
«clean volume» of the premises without furniture
and other objects. Indoor occurs emission of posi-
tive ions in a quantity 22x10° particles/s. There is
an air, which flows into the premises and contain
dust in a quantity 6x10° particles/m3; positive ions
in a quantity 10* particles/m3, and negative ions in
a quantity 2x10° particles/m3. Ionizer works
indoor. The computation is performed for the in-
tensity of the negative ions emission from the ion-
izer in a quantity 9x10 particles/s (the first variant
of emission) and 12x107 particles/s (the second
variant of emission). As a result of calculation
negative ions concentration was 0.029x10' parti-
clessm® for the first variant of emission and
0.040x10" particles/m3 for the second variant of
emission. Time of computation is about one sec-
ond.

Originality and practical value

The complex of numerical models for computa-
tion the air ions concentration in the premises was
developed. 2D CFD model, which is based on the
use of aerodynamics, electrostatics and mass trans-
port equations, allows taking into account the basic
physical factors determining the formation of air
ions concentration fields in the premises and work
areas. CFD model allows calculating air ions con-
centration field in premises and working areas at
artificial air ionization with taking into account the
installed equipment, and given the location of ion-
izers.

Developed balance model allows calculating
quickly the air ions concentration in the premises
at artificial air ionization. Also, this model allows
take into account the impulse regime of ionizer
operation.

Conclusions

The article contains numerical simulation re-
sults of air ion regime in office premises with arti-
ficial air ionization. Calculated ions concentration
field in the room is presented in the form of isoli-
nes. To solve the problem on the basis of the de-

doi: 10.15802/stp2016/67281

20

© M. M. Biliaiev, S. G. Tsygankova, 2016



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

Hayxa ta nporpec Tpancnopty. Bicauk /[HinponeTpoBcbkoro

HAI[IOHAJIBHOTO YHIBEPCHUTETY 3aII3HUYHOrO TpaHcmopty, 2016, Ne 2 (62)

EKOJIOI's1 HA TPAHCIIOPTI

veloped CFD model took about a minute of com-
puter time. The numerical balance model allows
calculating quickly the air ions concentration in the
premises. Calculation using the balance model
takes about one second of computer time.
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KOMILJIEKC YACJOBUX MOJIEJIEH JIJISI PO3PAXYHKY
KOHIIEHTPAIIII AEPOIOHIB Y IPUMIIIEHHAX

Merta. B crarti NOBUHHO OyTH PO3IJISTHYTO CTBOPEHHS! KOMIUIEKCY YHCIIOBHX MOJIENICH Ul PO3PaxyHKY KOH-
LEHTPALIHUX IOJIIB AepOiOHIB Yy MPUMIMIEHHSIX PI3HOTO MpPU3HAYeHHS Ta B poOoumx 3oHax. Po3pobnenunii kom-
TUIEKC TIOBMHEH BPaxoBYBaTH OCHOBHI (i3n4Hi (hakTopH, 1110 BIUIMBAIOTH Ha Ipoliec (OpMyBaHHS KOHICHTpALiHHO-
ro ToJs aepoioHiB. ToOTO: aepoaMHAMIKY MOBITPSIHUX CTPYMEHIB y MPHUMILICHHI, HASBHICTH MeOIiB, 00IaTHAHHS,
PO3MIIIIEHHS BEHTWIAMIHHUX OTBOPIB, PSKUMY BEHTWIAMLI{, pO3TallyBaHHS [DKEpelN 10Hi3allil, mepeHeceHHs 10HIB
i €0 eNeKTPUIHOTO IO, iHIII ()aKTOpH, IO BU3HAYAIOTH IHTCHCHUBHICTH Ta ()OPMY KOHIIEHTPAIIITHOTO MO
aepoioHiB. KpiM TOro, KOMIJIEKC YHCIOBHX MOJAEICH NMOBHHEH 3a0€3MEUUTH IMPOBEACHHS EKCIIPEeC-pO3paxyHKY
KOHIICHTpALil aepoiOHIB y IPUMIIIEHHI, IKUil JO3BOJISIB OM IMIBHIKKI nepebip MOKIMBUX BapiaHTIB Ta MOXKIIUBICTh
«YKPYITHEHO1» OITIHKHM KOHIIEHTpamii aepoioHiB y mpuminierHi. MeToauka. Po3po0iaeHo KOMIUIEKC YHCIOBHX MO-
Jierieid Ik po3paxyHKy aepoiOHHOTO pexuMy B npumiieHHsx. Yncnosa CFD-Mozenp 3acHOBaHa Ha 3aCTOCYBaHHI
PIBHSIHB aepOAMHAMIKH, €JIEKTPOCTATHKH 1 MACOIEPEHOCY Ta JI03BOJISE BPaXOBYBaTH BILUIMB IMOTOKIB HOBITPS, BH-
KJIMKaHUX POOOTOI0 BEHTWIIALIT, uy3ii, BIVIMB €NEKTPUYHOTO OIS, 8 TAKOXK B3aEMOJIIO0 10HIB Pi3HOT HOJIAPHOCTI
OIMH 13 OJHMM Ta 3 YaCTHHKaMH IHJIy. 3alponoHOBaHa OaJaHCOBA MOJENb PO3PaXyHKY aepOiOHHOTO PEKUMY
B IIPUMILICHHSAX [O3BOJISIE OIEPATHBHO pO3paxOBYBAaTH KOHIEHTpAIiiHE II0JIe aepoioHIB i3 ypaxyBaHHSIM
IMITYJILCHOTO peXuMy poOoTH ioHizaropiB. Pedyabrarn. OTpuMaHO po3paxyHKOBI JjaHi, HA OCHOBI SIKHX MOXXHa
OIIIHATH KOHIIEHTPAIIII0 aepOiOHIB Y OyIb-IKOMY MiCIli IPUMIIIEHHS 31 MITYYHOIO iOHi3amiero nmoBiTps. HaBexeHo
MPUKIAA PO3PaxXyHKYy KOHIIEHTpalmii HeraTMBHHX 1OHIB Ha 6a3i uwmcmoBoi CFD-moneni B mpumimeHHi
3 PEIKUHIPUHTOBUMHU TiepeTBopeHHsIMU. Ha 6a3i po3pobieHoi OamaHcoBoi Mojeni po3paxoBaHa KOHIICHTpAIlis
aepoioHiB B 00’emi mpuminierHs. HaykoBa HoBu3Ha. IlogaHo pe3ynpTaTé po3paxyHKy aepOiOHHOTO PEXHMY B
npuMinieHHi Ha 0a3i umciaoBoi 2D CFD-mogmeni ta GamancoBoi moxeni. IlpakTuuHa 3HaumMicTh. Po3pobicHi
OamancoBa Tta wumcioBi CFD-momeni mis po3paxyHKy aepoOiOHHOTO PEXUMY JO3BOJISIIOTH PO3PaxOBYBAaTH
KOHLICHTPALII0 aePOiOHIB y NPUMILIEHHAX B YMOBAX LITYYHOI 10HI3awii ITOBITPs 3 ypaxyBaHHSIM OCHOBHUX (Di3UUHHX
(hakTOpiB, IO BU3HAYAIOTh (JOPMYBaHHS KOHIIEHTPALIHHKX I10JIiB a€POiOHIB.

Kiouosi cnosa: aepoioHHU# pexxXuM; KOHIICHTpAIlIfHE 1MoJie acpoioHiB; mTyuyHa ioHi3alis; CFD-monens; 6anau-
COBa MOJIeINb
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KOMILJIEKC YACJEHHBIX MOJEJEX OJIsI PACYETA
KOHIOEHTPAIIUU ADPOUOHOB B IIOMEINEHUAX

Heas. B crathe momkeH OBITH PaCCMOTPEH BOINPOC CO3AAHUS KOMIUIEKCA YMCIIEHHBIX MOJENIeH JUIs pacdera
KOHLICHTPALMOHHBIX TOJIEH a3pOMOHOB B IMOMEIICHHUAX Pa3MYyHOro Ha3HauYeHWs U B pabouux 30HaX. Paspaboran-
HBII KOMIUIEKC JIOJDKEH YYUTHIBATH OCHOBHBIE (hr3nyeckre (hakTophl, BIMAIOIINE Ha Tporecc (GOpMHUPOBaHUS KOH-
LEHTPALMOHHOTO MOl a9pOHOHOB. TO €CTh: a3pOAMHAMUKY BO3AYIIHBIX CTPYH B MOMENIEHWH, HAIMYUE MEOEeH,
000opysoBaHus, pPa3MEIIeHNs] BEHTHISIIMOHHBIX OTBEPCTHH, pPeXMMa BEHTWIISILIMM, MECTOIOJIOKEHHSI NCTOUHHKOB
HMOHHU3AINH, TIEPEHOCA HOHOB O] AEHCTBHEM IJIEKTPHUESCKOTO OIS, APYTHX (PaKTOPOB, OTIPENEIIONIINX HHTCHCHB-
HOCTB U (hOpMY KOHIICHTPALMOHHOTO TIOJISI a3pONOHOB. KpoMe TOro, KOMITIEKC YHCIEHHBIX MOZeTel ToJhkeH obec-
MEYUTH TPOBENICHUE YKCIPECC-pacueTa KOHIICHTPALUN a3POMOHOB B IIOMEIIEHUH, MTO3BOJISIONIET0 OBICTPHIN mepe-
60p BO3MOXXHBIX BapHaHTOB M JAIOIIET0 BO3MOXXHOCTh «yKPYITHEHHOI» OIICHKH KOHIEHTPAIlMH a’3POMOHOB B IIO-
MemeHun. Meroauka. Pa3paboraH KOMIUIEKC YHCICHHBIX MOJIENIEH Ul pacueTa a3pOMOHHOTO peXHMa B IOMeIIe-
Husix. YucnenHas CFD-mozens ocHOBaHa Ha TPUMEHEHMHM YPaBHEHMHM a3pOAMHAMHKH, 3JIEKTPOCTATHKH,
MaccoIepeHoca U M03BOJISIET YUUTHIBATh BIUSHUE IIOTOKOB BO3/1yXa, BEI3BAHHBIX Pa00TOM BeHTHIISLNH, Tuddy3un,
BO3JICHCTBUA 3JIEKTPUUECKOIO IIOJSA, a TAKXKE B3aUMOJECHUCTBUE MOHOB PA3JIMYHON IMOJISAPHOCTH IAPYr C APYroM
n ¢ yactuuamu nbumd. [IpeanokeHHass OamaHcoBas MOJENb pacdyeTa a’pOMOHHOTO pEXKMMa B ITOMEIICHHSIX
MO3BOJSET ONEPAaTHBHO PACCUMUTHIBATH KOHIEHTPALMOHHOE IOJIE a9POMOHOB C YYETOM HMIIYJIBCHOTO peKuMa
pabotsl nonuzaropoB. Pesyabrarel. [lomydeHsl pacdeTHble JaHHBIE, HA OCHOBaHWU KOTOPBIX MOKHO OLIEHHTH
KOHIICHTPAIIHIO a3POHMOHOB B JIFOOOM MecTe TIOMEIIEHHsI ¢ UCKYCCTBEHHOM HOHM3anuei Bo3ayxa. [IpuBenen mpumep
pacueTa KOHICHTpPAIlMM OTPHIATENFHBIX HWOHOB Ha 0Oa3ze ugucineHHoii CFD-momenmn B MOMEIICHWUH
C PpEMHKHHHPHHTOBBIMH MpeoOpa3oBaHusmu. Ha 0ase paspaboTaHHOW 0anaHCOBOW MOMAETH paccUHTaHa
KOHIIGHTPAIllUsl a’pOMOHOB B oObeme mnomemeHus. Hayuynasa HoBu3Ha. IlpencraBieHBl pe3yibTaThI
pacdeTra a’dpoMOHHOTO pexuMma B moMenieHnn Ha 0aze yucieHHor 2D CFD-monmenn w 0anaHCOBOM MOJENH.
IIpakTuyeckasi 3HAYUMOCTb. Pa3zpaborannsie 6anmancoBas u uncienusie CFD-mMonenu ams pacdera a3pOMOHHOTO
peKrMa IMO3BOJAOT paCcCUYUTBHIBATH KOHLICHTPAIMIO a3pOMOHOB B IIOMCHICHUAX B YCJIOBUAX HCKyCCTBeHHOﬁ
HOHM3AIMM  BO3JyXa C YYETOM OCHOBHBIX ()U3UYECKUX (DAKTOPOB, ONPEIACIAIONINX  (POPMHUPOBAHUEC
KOHICHTpAaIUOHHBIX rnojeu A3pOHOHOB.

Kniouesvie cnosa: a>pOMOHHBIM PEXUM; KOHLIEHTPAI[MOHHOE IIOJ€ aepOMOHOB; HMCKYCCTBEHHAs HOHHU3AIMS;
CFD-mopenb; 6amancoBast MOJENb
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CTPATEIrusI UHHOBAIITMOHHOM NEATEJBHOCTHU
IMPOMBIIIJIEHHBIX IPEJNIPUATUIA

Henb. YcnemHol AeATENbHOCThIO KPYNHBIX MPOMBIIIICHHBIX MPENNPUATHI SBISETCS XOPOLIO NMPOAyMaHHas
CTpaTerusi yrpaBJIeHHs WHHOBAIMOHHOH JAesTenbHOCThIo. Llenb craThy — 0003HAYNUTh CYIIECTBYIOUINE HPOOIIEMbI
YIpaBJICHUS CTPATETHUECKUM NOTEHIIMAIOM Ha KPYITHBIX IPOMBIIUIEHHBIX IPEANPUAITUSIX, €r0 (yHKIMOHUPOBAHNE
n (opMHUpOBaHKE NIPH aJaNTalMKd K MUPOBOMY PBIHKY, M Pa3pa0d0oTaTh MEXaHW3M CTPATETHUH YIIPABICHUS WHHOBA-
LHUOHHOU JEATENbHOCTBIO, KOTOPBIM MOKHO MPUMEHATh Ha KPYIHBIX IPOMBIIUIEHHBIX OpeanpusTuax. [Ipennomnara-
eTcs TaKXKe IMPOBECTU CUCTEMHBIA aHAJIN3 MPOOJIEMBI CTPATETHH MHHOBAIIMOHHON JIESITENBHOCTH HAa KPYMHBIX IPO-
MBIIUICHHBIX NPEINpHATHAX (B OCHOBHOM B BarOHOCTPOUTENBHOH oTpaciu). Meroauka. [J1aBHEIM (akTOpoOM KO-
HOMHYECKOTO POCTa JIF000H CTpaHbI ABIAIOTCS NHHOBALMH, KOTOPBIC BHEAPSIOTCS HA MPEAPHATHH AJIs TOBBIIICHUS
HKOHOMHMYECKOTO PocTa. TeOpeTHYECKYI0 U METOIUYECKYIO OCHOBY HCCIIEOBAaHUS COCTABISET CUCTEMHBIN aHAIIN3
l'[pO6J'I€M]>l CTpaTeruu HHHOB&HMOHHOﬂ ACATCIIBHOCTU Ha KPYIMHBIX NPOMBIIIJICHHBIX NPEATIPUATUAX, OCO6eHHO Ba-
TOHOCTPOUTENBFHON OTPaciv, KOTOpasl HaXOAMWTCS Ha JaHHBI MOMEHT B yNaJKe M HYXJIaeTcsl B pe)OpMHUPOBAHHH.
[IpaBuibHO pa3paboTaHHAs CTPATErHs YIPABICHUS MHHOBAIMOHHOW JEATEILHOCTHIO MO3BOJHUT IIPUBECTHA B PABHO-
BECUE BHYTPEHHIOIO U BHEILHIOKO CPEAy NPEANPUATUS], CPABHUTH UMEIOLIEHCS NOTEHIMAN Ha IPEANPUATUH U, CAMOE
TJIaBHOE, 00ECIIeUUT BBDKMBAHUE B M3MEHMBIIMXCS YCIOBHSX NOJIMTHYECKOW cuTyauuu. Pe3yjabTarsl. ABTOpaMu
YCOBEPIIECHCTBOBAH MEXAHW3M CTPaTeTMM HMHHOBALIMOHHOM JAEATENIBHOCTM HA KPYIHBIX MPOMBIIIIEHHBIX
npeanpuATHaX. OQQEeKTUBHAS peanu3alyst CTPATernYecKOd WHHOBAIMOHHON IEATENbHOCTH ITPOMBIIUICHHBIX
MPEANIPUSTHNR MOKET CIIOCOOCTBOBATH MOBBIIICHUIO KOHKYPEHTOCIIOCOOHOCTH HE TOJIBKO HEKOTOPBIX MPOMBIIIICH-
HBIX MPEANPUATHH, HO U 9KOHOMHUKH YKpauHsbl B 1e10M. HayuHast HOBU3HA. ABTOpaMH IIPHUBEAECHO TEOPETUIECKOE
0000IICHNE U YCOBEPILICHCTBOBAHUE CXEMbl MEXAHU3Ma CTPATEIMH WHHOBAIMOHHOM [ESITENIbHOCTH HAa KPYIHBIX
MIPOMBILUIEHHBIX NPEANPHUATUAX IO YIyYLIEHHIO NMOKA3aTeNell MHTEIIEKTYaNnbHON NEATEIbHOCTH U IOBBIIIEHHIO
KOHKYPEHTOCIIOCOOHOCTH Ha pPBIHKE, a TaKKe BO30OHOBJIECHUIO CBsi3zell Mexxay BY3om, mpennpusitueM W Hay4HO-
HCCIIEI0BATEIbCKUMU MHCTUTYTaMu. IIpakTHyeckas 3HAYMMOCTh. PallMoOHAIIBHO NIPUMEHEHHBIE MEPBI 110 IIPE-
JIOKEHHOH aBTOpaMU CXEMC MCXaHHU3Ma CTpaTcruu I/IHHOBaLlI/lOHHOI‘/II ACATCIIbHOCTH Ha MPOMBINUICHHBIX NPEAITpU-
SITUSX TO3BOJIAT CYILECTBEHHO YIYYIIUTh IOKA3aTeNId MHHOBALMOHHOW NEATENIbHOCTH HAa KPYIHBIX IPOMBIIIIECH-
HBIX TPEONPHUATHSIX, B TOM YHCJIE B BaroHOCTPOMTENHHOM OTPaciii, M IIOBBICHTh KOHKYPEHTOCHOCOOHOCTH
Ha PBIHKE.

Kniouesvie cnosa: cTpaTerust NHHOBALMOHHON NEATENbHOCTH; UHTEIUIEKTyalbHbIE WHBECTUIUH; WHHOBAI[UOH-
HBII MOTEHIUAIT; HHTEIUIEKTyallbHasl JesSITEeNbHOCTD; IOTEHIUA IPEAPUATHUS; TBOPUECKUI MOTEHIAI; UHHOBALU-
OHHBIN IPOAYKT
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BBenenune

CocTosiHUE  MPOMBIIUICHHBIX — HPENNpUSITHI
YKpauHbl B HacTOALIEE BpeMs MOXKHO OXapakTe-
pU30BaTh KaK HEMPEPHIBHO M3MEHUYMBOE M3-3a Ha-
JUYMsT MHOTHX YIpo3 Kak BHYTpPEHHEH, Tak
Y BHEUIHEW Cpelbl MPEeANpUaThs. Y CIIeIHON Jies-
TETFHOCTBIO MPEANPHUATHUS SBISCTCS XOPOIIO TPO-
JlyMaHHasi cTpaTerus ynpapieHus. Xopolas cTpa-
TErUsl YIPABICHUS IO3BOJIUT NPUBECTU B PAaBHOBE-
CH€ BHYTPECHHIOIO U BHEIIHIOK Cpeny Ipearnpu-
SITUSL TaK K€ CPAaBHUTh TOT MOTEHIMAN, KOTOPBI
HMMeEETCS Ha IPEANPUSTHH.

CBoif TeopeTHUeCKHW BKJIan B pa3paboTKy
CTpaTeTUH WHHOBAIIMOHHOW NEATEIHLHOCTH TIPO-
MBIIIICHHBIX TPEINPUSATHN BHECIH TakKue 3apy-
OexHbie yuyenble, kak M. Arcodda, M. Iloprep,
A. Tomcon, A. Yenmiep u ap. B poccuiickoii sko-
HOMHYECKON HayKe CBOM TEOPETHUYECKHM BKIan
B Pa3BUTHM CTPATETUU BHECIU TAaKHUE YUEHBIE, KAK
A. I'paposa, E. Kanpiesa, B. Mapkosa, @. Yna-
moBa, A. SIkoBneBa u np. Takxe pa3BUBacTCs yK-
pauHCKas LIKOJia CTPATETUH WHHOBALMOHHOU Jesi-
TEJIBHOCTH, B 3TOT COCTAaB BXOIAT TaKHUE Yyue-
Hele, kak A. B. I'punboB, b. M. Jlanumummws,
A. U. SIxoBneB u apyrue.

B paboTax 3THX y4eHBIX OCHOBHBIM (haKTOPOM
(hOpMUPOBAHHUS CTPATETMUSCKOTO MOTCHIIMANA SIB-
JISFOTCS: YETOBEUECKUM KamuTal, 3aTpaThl HA UH-
HOBAallMOHHBIE  pa3paboTku, (UHAHCHPOBaHUE
U, TIOCTIeAHEe, MPOU3BOACTBA. ITH YETHIpE (PaKTo-
pa CUMTAIOTCSI OCHOBHBIMH OIPEACISIOMUMHU, KO-
TOpble (OPMUPYIOT CTPATETMYCCKUI TMOTEHIUAI
MPEANPUATHUS.

ean

O003HauuTh  CyIIECTBYIOIIME  MPOOIEMBI
yIpaBJI€HUS CTPATETHYECKUM MOTCHIHAIOM Ha
NPOMBIIUICHHBIX NPENNPUATUAX, KaK OIHOW W3
(¢opM HMHHOBALIMOHHOW JESITEIBHOCTH MpPeInpH-
ATHA, ero (YHKIMOHHMpOBaHUE M (HOPMUpPOBAHHE
NP aJanTallid B MEPOBON PBIHOK M pa3paboTarb
MEXaHM3M YIIPpaBJICHUA HHHOBaHHOHHOﬁ JACATCIIb-
HOCTBIO.

MeTtoanka

I'maBHBIM ABHXKYIUM (HaKTOPOM SKOHOMHUYE-
CKOTO pocTa JII00OH CTpaHbI SBISIOTCS WHTEIIICK-
TyaJlbHBIE WHHOBAIIMW, KOTOPBIE BHEAPSIOTCS Ha
OPEIIPUATUAX JUIS CTAaOWIM3aIMK  MOJIOKEHUS
B DKOHOMHKE. ITO BJIOXKEHUE (DMHAHCOB B HAYYHO-

WCCIIeZIOBATENbCKHIE Pa3pabOTKH, MOKYIKY JIHIICH-
3Wii, TATCHTOB, 00yYEHUE HAYYHBIX COTPYIHUKOB,
['maBHBIM TPU3HAKOM HWHTEIUIEKTYIBHOTO TIPO-
MBIIIJIEHHOTO NPEIIPUATHS SBISIOTCSI UHHOBALIMU
Y UHBECTHUIIMH, KOTOPHIE HAIIPABJICHBI HA UCCIEO-
BaHUE U pa3paboTKy. Eciu mpesbiiieH 00beM HH-
BECTHUIIN B OCHOBHBIE (DOHIIBI, TO 3TO XapaKTepH-
3yeT NPEANpHUsITHE KaK BBICOKOMHTEIJUIEKTYaJIbHOE
[3,4,5,6,13,15].

Bce nnHOBarmm TpeOyrOT KaueCTBEHHO IOJTO-
TOBJICHHBIX BBICOKOKBATM()HUITMPOBAHHBIX CITEIHA-
JUCTOB U 0€3 3TOTO BJIOKEHUS HEBO3MOXKHO ITOITY-
YUTH HOBBIC UACHU U UX PEaTU30BaTh.

MHHOBaIMM MOXHO pa3IeiIuTh Ha JBE TPYIIIBI
— 3TO MHHOBAI[MOHHBIC NMPOIYKThl U MHHOBAIIMOH-
Hble mpouecchl. K mepBoil rpymnmne OTHOCAT mpo-
MBIIIICHHBIE OPEINPUITHS, TIE€ HYXHO pacIIu-
pUTH aCCOPTHMEHT BBIMYCKAEMOW TIPOIYKIIUH
U TOBBICUTh €€ KadeCTBO — 3TO MAIIMHOCTPOM-
TenpHble mnpennpustus. Ho aKTUBHOCTH 374€cCh
HE Takas y>X U BBHICOKas B CBS3H C JOJITUM BpeMe-
HEM pPa3pabOTKH HOBOrO mpoaykra. M 3ToT mpo-
LecC MPUBOAUT K YBEIMUYCHHUIO CPOKa OKYIaeMo-
CTH 3aTpaT B NEPCICKTHUBE.

Ko BTOpOI# rpynmne oTHOCATCS MPOMBIIICHHbIE
MIPEINpPUATHS, KOTOPBIE 00ECIIeYNBAIOT CHIKEHUE
3aTpaT — 3TO METAJULYpPrUUECKUE MpEeANnpUaTus. 3a
CYET BHEJIPCHUSI NHHOBALMOHHBIX MPOIECCOB UACT
CHI)KECHUE MAaTEpPHAILHBIX 3aTpaT W IOBLIIICHHE
MIPOU3BOAUTEIBLHOCTH TPY 1.

ITosToMy afs CO34aHMSI HHTEIEKTYaJbHBIX
WHBECTHIIMN HEOOXOoIuMa IMOAJCPKKA BCEX MEpO-
MIPUSATHH, HAIIPaBICHHBIX Ha WHHOBAITMOHHOE TIPO-
W3BOJICTBO. YUHTHIBAs TOT (DaKTOp, 4TO OoJiee Tpe-
TH pabOoTaloMmIET0 HACENeHHs IOCTOSHHO MEHSET
MECTO paboThI, MPEIIPUATHS TEPSIFOT BHICOKOKBA-
TUGUIUPOBAHHBIX CHEITUAINCTOB U HEKOTOPHIC M3
HUX BBIHYX/ICHBI JINKBUIUPOBATHCS.

ITosTOMy pyKOBOACTBO MPEANPUITHHA AOHKHO
3aHAMAThCSl COXPAHEHHUEM BBICOKOKBATH(DHUIIUPO-
BaHHBIX COTPYJHWKOB H CIOCOOCTBOBATh IOBHI-
IICHUIO WX YPOBHS 00pa30BaHUs U KBAIN(UKALINH.

ITpou3BOACTBO HE MOXKET CTOSTH HAa MECTE, TO-
ATOMY HHTEIUIEKTYaIbHBIC WHBECTUIIUN SIBIISIOTCS
OYEHb BBIFOJHBIMU JUISI Pa3BUTHUS TNPEANPUATHS
1 KOHKYpPEHTOCHOCcOOHOCTH Ha pbiHKe. DuHaHCO-
BBIC BIIOKCHHSI TAKOTO pofa MPEeANpUSTUN SBIS-
FOTCS. BBITOJHBIMU TSI JTIO00W SKOHOMHUKH, KOTO-
pBle CTaOMIHM3HPYIOT €€ Pa3BUTHE W BIHAIOT Ha
BHEIIHUHU PBIHOK TOCYAApCTBA.
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OneHka OOBEKTOB HHTEIUIEKTYalbHOW COOCT-
BEHHOCTH TIPOMCXOIUT TNPH BKIIOUYEHUH HX B HE-
MaTepualbHble aKTHBHl M BHECEHWH B YCTaBHOM
KaIuTall TpeAnpUsSTHs 11 OCTAaHOBKM Ha OajlaHC
npeanpusitus [1, 7, 10, 12].

Conep:xanrie WHHOBALIMOHHOM  JIESITENTBHOCTH
Y UX HAIlpaBJIEHHOCTH OIPEIENSIOT S3KOHOMHYECKOE
pa3BUTHE CTpaHbl. B COBpeMEHHBIX YCIOBUSIX pa3BU-
THE WHHOBAIIMOHHOW AEATEIBHOCTH KPYITHBIX IIPO-
MBIIIICHHBIX MPEATIPUSTHI SBISETCS CIOXKHBIM Kak
0 BHEIIHUM, TaK U 10 BHYTPEHHUM IpuuuHam [10,
14, 16].

CaMbIM TTIaBHBIM YCIIOBHEM ISl YCTICIITHOW pa-
00TBI KpPYMHHBIX TPOMBIIUICHHBIX MPEAIPUATHI
SIBJIIETCS] XOPOIIO MPOJyMaHHas CTpaTerus ynpas-
JICHWsI ¥ Pa3BUTHS JTAHHOW WHHOBALIMOHHOHW mesi-
TETbHOCTH Ha MPEIIPUATHH.

[IpaBunbHO pa3paboTaHHAs cTpaTerus ynpas-
JICHWsI TIPEATIPUATHS O0ECIeYUT caMoe TIaBHOE
BBDKHMBaHWE B M3MEHSIOMIMXCS YCIOBHUSIX IOJHUTH-
YECKOW CHUTYyalMH.

[Ipoanamm3upyeM cOCTOSHHE WHHOBAIIMOHHOHN
JesarenbHocTH B YKpauHe 3a 2015 1. Ha npumepe
oTpacnu BaroHocTpoeHus. [Iporaossl mo cexropy
TPY30BBIX JKEIE3HOJOPOKHBIX MEPEBO30K M3-3a
c1a0bIX (PyHIAMEHTAIbHBIX (DAKTOPOB HETATHBHBI.
B cBoe Bpemsa B Poccuio 3KCOpPTHUPOBANOCH U3
VYkpausbsl npuMmepHo 85 % MNPOAYKIMH M TaKke
MpUMEPHO B 4 pa3a ynaiu nocTaBku B Eppory.

B 2015 1. orpacis BaroHOCTpOeHHUs B YKpanHe
MEPEXNBACT CIOXKHBIA MEepUOoJ, KOTrJa MOTYT BBI-
JKUTh TOJBKO T€ 3aBOJBI, KOTOPHIE YMEIOT OBICTPO
agantupoBaThcs. [loka TOMBPKO MOXXKHO Ha3BaTh
ITAO «KprokoBckuii BaroHOCTPOWTENBHBIN 3a-
BOI», KOTOphId B 2014 r. CHU3MUI HNPOU3BOACTBO

Tpy30BbIX BaroHOB Ha 54,7 % u cMoOr peain30BaTh
2,38 ThIC. BaroHos, a B 2015 . (SHBapb—OKTAOPH)
BBIIYCK TIPY30BbIX BAarOHOB YMEHBINWICA Ha
84,9 % o 328 enpunmui [8].

[IporpaMMa monAep>KKW TPy30BOrO BaroHo-
CTPOEHUS 10JDKHA ObITh HalpaBJIeHa Ha IIPOU3BOJ-
CTBO MHHOBALIMOHHBIX BAarOHOB W TIOMCKA MYTeEH
HOBBIX PBIHKOB COBITa MIPOIYKIHH.

Jaxe mpu orpoMHOM MaJEHUM CIpoca Ha Tpy-
30BBbI€ BaroHbl, ”HHOBAIIMOHHBIE BAarOHBI BCE-TAKH
MOJIB3YIOTCS CIIPOCOM Y ONEpaTOPOB.

Ho mnpu co3manny WHHOBAaIlMOHHBIX BaroHOB
HYKHO YUYHUTBIBAaTh HE TOJBKO JIBH)KEHHE CO CKOPO-
cteto 10 100 kM/4 c oceBoil Harpys3kod 27 TcC
C y4eTOM TOPMO3HOTO O0OpYyIOBaHUS, a MPEKIC
BCETO YBEIIMYEHHBIN MEXPEMOHTHBIN mpoler. [Ipu
3TOM 3aHUMATHCS pa3pabdOTKONW HOBBIX MapoK CTa-
T ¥ CIIJIABOB YBEIUYEHHOH MPOYHOCTH IS BBICO-
KOHArpy>KCHHBIX JINTBIX JeTanell XOAOBBIX HacTe
IPy30BbIX BaroHOB, TaK Kak 3a IIEpHOA
¢ 2008—2014rr. KoJMYeCTBO H3JIOMOB OOKOBOIi
paMbl TEJIC)KKH TPY30BOTO BaroHa yBEIHMYMIIACH
Oomee uyeM B 4,5 paza. Taxke 3aHUMaTbcs pas3pa-
0OTKOW HOBBIX MAaTEPUAIIOB IS CHIDKCHHS MacChI
Tapbl, MOBBIILICHHUS IPy30M0IbEMHOCTH, YMEHBIIIE-
HUS BO3JCHUCTBUS HA IyTh, YBEIUUCHHUS HAACKHO-
CTH JIeTaJiell W y3JI0B, a TaKKe yIyUIIeHHUs TPYyTUX
9KCIUTYyaTallMOHHBIX XapaKTEPUCTHK T'PY30BBIX Ba-
roHoB. CUTyauusi MOXXeT KapAMHAIBHO U3MEHUTh-
¢S €CITA pa3pabOTUYUKH CMOTYT JOOUTHCS YBEIHUe-
HUS 00bEMa MEPEBO3MMBIX HOBBIMU BaroHaMH Ipy-
30B Ha 15-20 % mno cpaBHEHHIO C TNPEKHHUMHU.
B stoM ciydae morpeOyercs OOHOBIIGHHWE BaroH-
HOT'O IapKa, a He 3aMEHa CTapbIX BaroHOB, Y KOTO-
PBIX UCTEK CPOK cIykOBbI (Tabm. 1).

Tabnuna 1

CpaBHeHHe OCHOBHBIX MOKa3aTeseil padoThl BATOHOB CTAPOI0 U HOBOI'O NMOKOJIEHHS

Table 1

Comparison of key indicators operation for cars of old and new generation

MHHOBAaIMOHHBIN BaroH

[epuoanunocts KP — 11 ner

Baron ctapoit KOHCTpYKIMH

[epunoguunocts KP — 11 net

[Tepuoguunocts JIP, net/ThIic. KM mpobera:
—nocie KP —4/500;

— nocJe moctpoiiku — 4/500;

—nocite JIP — 2/250

Cpennsis gactoTa otrenok B TOP ma 100 ThIC. KM —
0,39

Iepromnunocts JIP, et/ThiC. KM mpodera:
—nocite KP - 2/160;

— nocJie noctpoiiku — 3/210;

—mocne JIP — 2/160

Cpennsist gactoTa otrenok B TOP wa 100 ThIC. KM —
1,44
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Ho ananusupys cioXuBIIylOCS CUTYalUlo, He-
00X0JIMMO paccMaTpUBaTh COBOKYITHBIE 3((eKThI
JUTSE BCEX YYaCTHUKOB PBIHKA — TIOTpeOuTeneit rpy-
30BBIX BAarOHOB, MPOU3BOAUTENEH U KOMIUIEKTYIO-
IIUX TPy30BBIX BaroHoB. [Ipu peanusanuu Takoro
MEpONpPHUATHS CIEAYyeT paccMaTpHUBaTh: BO3IEHUCT-
BH€ Ha 3KOHOMUKY, pa3BUTHE KOHKYPEHTOCIIOCO0-
HOCTH, BO3ACHCTBHE Ha OIOIKETHYIO CHCTEMY,
BO3/IeiicTBHE Ha cepy MepeBO30K IPYy30B H COIHU-
anpHBIe A dexTer. Takke OCYIIECTBIATH MOJIEP-
HHU3alMI0 BarOHHOTO Mapka 0e3 TocyAapCcTBEHHOM
MOJICPKKU  SBJISIETCS TPYAHOPa3pEIInMOi 3aa-
yeld. Ho 1 B TakoM citydyae HY>KHO JAyMarh O Hapa-
IIMBaHWM JOJM Ha APYTUX phIHKax cObITa. MHaue
BCE MOJKET 3aKOHUMTHCS CTarHalMen MpOU3BOACT-
Ba, a B Jy4llleM Cly4yae — BXOXKICHUEM yKpawH-
CKHX BaroHOCTPOMTENBHBIX MPEANpPUATHH B poc-
CUICKHE MAITMHOCTPOUTEIbHBIE XOJIJUHTH.

TenneHIMs MaJeHUs TPOU3BOJCTBA TPY30BBIX
BaroHoB Ha Ykpaune B 2014 r. coxpaHuiach
(puc. 1) [2].

Tak, ecau B | xBaprane 2013 r. cmag mpous-
BOJICTBA IPY30BBIX BaroHOB cocTtaBui 37 % 1o oT-
Homrenuto K 2012 r., To 3a I u Il xBapram 2014 .
cocraBun 79 %.

Crpoc Ha Tpy30BbIe BaroHbl JIHOO €CTh, JTHOO
ero Her. Ha cerogHs BaroHHBIM MapK T'PYy30BBIX
BaroHOB HCIIBITHIBAET MEPEH30BITOK, MOITOMY CO-
OTBETCTBEHHO W HET CIIPOCa Ha TPYy30BbIC BaroHBI.
OcCymecTBIAT, MOJIEPHU3ANNIO TPY30BOTO BaroH-
HOTO TNapka 0e3 rocylapcTBEHHOW MOAIEPKKHU SB-
JSeTCs TPYAHOPA3PELINMOH 3a1a4ei.

Jns MalmMHOCTPOUTENbHBIX MPEANPUIATU Y K-
pauHbl BO3MOKHBI TpU BapuaHTa. [IepBblii BapuaHT

Il kp; 20121, 10761

Ik, 2012r.; 10686

W ke 20121, 8¢

IV «e: 20121, G534

Kon-go NPOM3BEAEHHbIX %
BaroHoB, Tbic.

— KOTJia MpEeAnpHUsATUE CIPABIAECTCS C MOCTABIICH-
HBIMH 3a/layaMu CaMOCTOsITeNbHO. BTopoil Bapu-
aHT — KOI'Zla BHYTPU OTPAaciu CO3AAECTCS COBMECT-
HBIH (pOHJ HAyIHO-TEXHHYECKHX pPa3paboToOK, Tje
pa3paboTKK TMpEeNnpHUIATUH HCIONB3YIOTCS U BHE-
npstoTcs. U tpetuit BapuaHT — cpeicTBa Ha UHHO-
BaIIMOHHBIC MPOIYKTHI BRIIESIET TOCYIAPCTBO.

Hcxons u3 BeIlIe CKa3aHHOTO, HBIHEITHEE KO-
HOMHYECKOE IMOJIOKEHUE TMPOMBILUICHHBIX Tpea-
npuATU  YKpauHbl MOXHO pa3/eliuTh Ha TpHU
rpynmsl. [lepBas rpynma — 3TO OpeanpusITHs, KO-
TOpBIE CMOTJIM TIPUCTIOCOOWTHCS, W Pa3BUBATHCS
Jlaibllie B JAHHOW CUTyaluu; BTOpas rpymnmna — Te,
KOTOpBIE CMOTJIM CTa0MJIM3MPOBATh CBOE IOJIOXKE-
HUE Ha PBIHKE, a TaKKe (PMHAHCOBOE; M TPEThs —
MPEANpPUATUS, KOTOPbIE MMEIOT PECYPChl, HO HE
CMOTTIM UMH TIPABWIBHO PACHOPSIUTHCS U HAXO-
JIATCS] Ha TpaHU OAHKPOTCTBA.

B Vkpaune 3a mocnenHee AECSITUIECTUE UHHO-
BAaLIMOHHAsl AaKTUBHOCTh IMPOMBILUIEHHBIX Mpea-
MPUATUN SIBISETCS OYE€Hb HU3KOW, B TO BpeMs Kak
B APYTHX CTpaHaxX OoHa ropasno Bbie. Eciu B Yk-
panHe ObLTH BHEIpEHBI MHHOBAIMH Ha 12 % mpen-
npustuif, To B 'epmanuu Ha 70 % mpenmnpusrui,
KOTOPBIE HCIOIB3YIOT MHHOBAIIMOHHBIE TEXHOJIO-
TUH.

Ha naHHBIE MOMEHT MOAJIEpAKKA TOCYJIapCTBa
MHHOBAIlMOHHOW JEATEIHHOCTH MPOMBIIUICHHBIX
MPEANPUATUN OCTAETCA Ha HU3KOM YPOBHE, a IKO-
HOMHYECKOE Ppa3BHTHE CTPaHBl HEBO3MOXXHO 0e3
mepexofa Ha HWHBECTUIIMOHHO-WHHOBAITMOHHYIO
JesiTeNbHOCTh.  ['ocynapcTBeHHOE (DMHAHCHPOBA-
HUE SIBIIIETCS] OJHUM W3 TJIABHBIX (JAaKTOPOB aKTH-
BH3AITUN MHHOBAIIMOHHOM NEATeITFHOCTH.

1ke; 201811} 78p@013r.: 7400 ko

013r.; 5900 | KE

Ve, 201314100 Il

1ke; 2014r.; 1600

k< 2000y J8k4:.2014:,; 0

Puc. 1. KonuyecTBo npon3BeeHHBIX BarOHOB Ha YKpanHe 1o kBapTaiam 3a nepuox 2012—-2014 rr.

Fig. 1. The number of cars manufactured in Ukraine by quarters for the period 2012—2014 years
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ITosTOMy MOXHO cAenaTh 3aKJIOUYEHUE, YTO 3a-
najgHas 4yacTh YKpPawHbl, KOTOpas 3aHUMAeTCsl MH-
HOBAIIMOHHON JAEATENbHOCThIO, B OCHOBHOM CO-
craBmger cdepy TPOAYKTOBBIX  HWHHOBAIHWH,
a LEHTP U BOCTOK YKpPaWHBI — 3TO B OCHOBHOM Me-
TaJuyprudeckue mnpeanpusitasi.  lIpenmpusaTus,
KOTOpBIE 3aHMMAIOTCSI WHHOBALUSIMHU, JEJIAal0T
3TO 3a CYeT COOCTBEHHBIX cpelcTB. B Ykpaunhe 3a
2014 r. MHHOBAIIMOHHON NESATENHLHOCTRIO 3aHUMAa-
mock 1609 mnpemmpustuii, a sHeapuwtm 1 208
npeanpustuid. B 2014r. 1206 npeanpusartuii uc-
nonp30Bau 7,7 mMapn, TpH. M3 HUX 2/3 — mpuod-
perenue obopynoBanus, 15,9 % — Ha HaydHO-
uccienoBareabckue paspadborku, 10,1 % — Ha o0y-
YeHHE U MOJrOTOBKY IepcoHana. Buenpunu 1 208
MPEANPUATANA MHHOBAIIMOHHBIA MNPOAYKT, U3 HUX
137 npennpusituii BHEAPUIM HOBYIO MPOIYKIIUIO
JUTSL pBIHKA ¥ HOBYIO JJIS IpeAnpusaTys [2].

3amagHple  MHHOBAIlMH, KOTOPHIE IOCTYHArOT
B YKpawHy, He CHOCOOCTBYIOT MOBBIIICHHIO KOH-
KYPEHTOCIIOCOOHOCTH YKPAWHCKUX TPEIIPUITHN
Ha pbIHKe. Pa3BuTHE MHHOBALlMOHHON aKTUBHOCTU
B YKpawHE MOXET OBITh TOJIBKO BMECTE C TOJI-
JepP>KKOM rocyapcTBa U MOANEPKaHUEM Hay4dHO-
TEXHUYECKOM, KaJpOBOil, pecypCHOM, MpOU3BOACT-
BEHHOH M (PMHAHCOBOM cepoi.

Yuensle YKpauHbl, KOTOPHIE 3aHUMAIOTCS MPO-
OJieMaM¥U WHHOBAIUM, 03a00YCHBI YPOBHEM Pa3BU-
THS SKOHOMUKH Y KpauHEI.

B 2014r. Ykpauna 3anumana 49 mecro B peit-
TUHTE KOHKYpPEHTHOH crocoOHocTH, a B 2015 T.
VYkpauna 3ansna 60 Mecto — 3TO MpeanociaeHee
MECTO B peHTHHIe€ KOHKYPEHTOCIIOCOOHOCTH CTpaH
mBeiapckoro MHCTUTYyTa MEHEXKMEHTA U Pa3BU-
tusa. IlepBoe Mmecto 3anumaer CIIA, BTOpoe —
I'onkonr, Tperbe Cunramyp u uetBeproe — IlIBeii-
uapud. B nepByto necsaTky Bouuiu crpanbl: Kana-
na, JlrokcemOypr, Hopserus, Jlanmsa, IllBerms
u 'epmanus [11].

Takue moOKa3aTeny HEYAUBHUTEIbHBI, BEAb
B YKpauHe HU3KUM YpOBEHb MHHOBAIIMOHHOW aK-
TUBHOCTH, W Takas CUTyalus OOBSICHAETCS TPYA-
HOCTSIMH  Tepexoja OT  aJIMHUHHUCTPATHUBHO-
MJIJAHOBOM AKOHOMMKH K PBIHOYHOM, MEIJIEHHBIM
pedopMHUpOBaHHEM B TIOJUTHKE W HEMOCIEN0Ba-
TEIBHOCTBIO.

MupoBoif OmBIT JOKa3aJ, YTO MHHOBAIIMOHHAS
JIeSITEeIbHOCTh Pa3BUBAETCS TaM, IJI€ CYLIECTBYIOT
roCyJJapCTBEHHBIE 3aKa3bl HA HAYYHBIE UCCIEI0BA-
HUS U HEepa3pbIBHAS CBSI3b MEXAY BCEMHU YYaCTHHU-
KaM{ JAaHHOTO MHHOBAIIMOHHOTO Ipoliecca.

Hns shdexTuBHOrO QPyHKIMOHUPOBAHUS yKpa-
WHCKOW WHHOBallMOHHOM NEeATENbHOCTH IPOMBIIII-
JIEHHBIM TIPEATNPUATAIM HEOOX0AMMO pa3paboTaTh
CHUCTEMY HallMOHAJbHOW MHHOBAallUOHHOW CTparte-
ruu. CTpaTernueckuil MOTeHIMAN IS MpEeAnpH-
STHSI UMeeT OoJbloe 3HaueHue. Pa3paboTanHas
cTparerus sBIsSETCsS 0a30il maapbHEHIIeH nesTeNb-
HOCTH MPEANPUATHUS, ONPEAeIsaeT AalbHEHIIIee ero
pasButue (puc. 2).

OCHOBOW CTpaTeruIeCKOW MESITEILHOCTH IIPO-
MBIIIICHHBIX MPEINPUITUHA SIBISIOTCA TaKUe ac-
MEKTHI, KAK OPUEHTAIUs Ha TMEPCIEKTUBY, MTOTECH-
U TIPEANPHUSATHSI U €T0 PEe3epBHBIA MOTEHIIHNAT,
KOTOPBIE BO3HHK B TMPOIECCE CTAaHOBJICHUS
Y Pa3BHUTHUS MPEANPUITHS U SIBJISCTCS €ro 0a30BOM
OCHOBOW ISl KOHKYPEHIIMKA Ha PBIHKE, TpaHChOop-
Mallysl WHTEJUICKTYaIbHBIX PECYpPCOB B MHHOBAIIH-
OHHBIA MPOAYKT M BO3MOXHOCTH H3MEHEHHUS BO
BHemHeW cpene. Ho ocHoBoit anms sddexruBHOM
peanu3allii  CTpAaTeTMYecKO  WHHOBAIIMOHHOU
NESTEIFHOCTH TPOMBIIUICHHBIX TPEIIPHUATHI SB-
JSIOTCS  KaJPOBBIM  MOTEHIHMAN, BO3MOXKHOCTH
Y TIOAJEPKKA TSI TBOPUECKOTO MTOAX0/a K BBITIOI-
HEHUIO ITIOCTaBJICHHOM 3a/1auHu.

bonee pacmpocTpaHEeHHBIMH MOAXOJAMHU SIBIIS-
I0TCSL: PECYPCHBIM, TPYJOBOM, IPOU3BOJCTBEHHBIH,
(UHAHCOBBINM, KPSIUTHBINA, NHBECTUIIMOHHBIN, WH-
HOBAIlMOHHBIA ¥ MAapKETHHIOBBIM, OMNpEIeICHHE
JIEHCTBEHHON aMOPTU3aLIMOHHON MOJUTHKHU, CHUC-
TeMa HaJIOTOO0JIOKEHHSI CyOBEKTOB XO3SHCTBEH-
HOH NeATEeNHHOCTH, OLICHKA U YUeT HeMaTepUalb-
HBbl aKTHBOB, IITpadHbIe CAHKIUHM 32 HApYIICHUE
MIpaB WHTEIDIEKTYaIbHON COOCTBEHHOCTH.

Ho, 13 BBIIIE MEpEYNCIICHHBIX, aBTOPHI CUUTA-
10T, 4TO OoJjiee IIeeco00pa3HbIMUA HA IPOMBIIII-
JICHHBIX TPEANPUATHAX SBISIOTCS KaIpOBBIE pe-
CypCHI, TIPOMBINIJICHHBIE, OpraHW3alMOHHbIE, (Hu-
HaHCOBBIE, WHBECTULIMOHHO-UHHOBAIIMOHHBIE,
MapKeTHHrOBble.  VHBECTHIIMOHHO-MHHOBAIOH-
HBIe OOBEIIMHEHBI BMECTE TIOTOMY, YTO WHHOBAIIUU
TpeOYIOT OOJIBIUX BJIOKEHUN WHBECTHUIIUN TIpe/I-
TIPUSITHS.
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Fig. 2. Strategy mechanism of innovation activity
(perfected by the authors)

YuuThiBas crnenu@uKy ymnpaBieHHS MEPCOHa-
JIOM, HY>KHO IIPEyCMOTPETh KOMIUIEKC MEp, KOTO-
pble OyIyT HampaBJeHBl Ha pealU3alHio TBOpUe-
CKMX M YMCTBEHHBIX CIIOCOOHOCTEH COTPYAHUKOB
BO B3aUMOJICHCTBUM C PECYPCAMH MPEIMPHUATHS.
310 0TOOp BBHICOKOKBANM(HUIIMPOBAHHBIX CIENHa-
JIUCTOB, MOTHUBAIlUSl TBOPYECKOH MEATENbHOCTH,
OpraHu3alys CHUCTEMBl IIOBBILECHUS OOyYeHHS
IepcoHala, IeloBas OIEHKa IepcoHana. To ecTh
JIOJDKHBI OBITH CO3JAaHBI BCE YCIOBHS JUIS TTOAJEP-
JKaHUS U PACKPBITHS TBOPYECKUX CIIOCOOHOCTEH
COTPYIHHKOB.

TBOpUeckuil MOTEHIIHAN U PE3yJIbTaThl PaOOTHI
COTPYJIHHUKOB TOJIy4alOTCS B Pe3ybTaTe KOHKPET-
HO LIEJICHAIIPABIEHHBIX YCHIINN BCETO TBOPUECKOTO
KOJUIEKTHBA. TBOPYECKYIO NEATENBHOCTh U IOTEH-
Uajl COTPYIHHKA MOKHO ONpENeNuTh Mo (hopmy-
Jie, KOTOpasi Y4MTHIBAeT H300peTaTelbCcKylo aes-
TEJIBHOCTh, MyOJMKAalWU, Y4acTHE B CEMHUHapax,
KOH(EpeHIUAX, BBICTaBKaX, KOHKYpCax H, camoe

TJIaBHOC, BBIIIOJTHCHUC IIOCTaBJICHHON TEMBI pa60—

TBhI.
t
ym.a.p. = Z + Z QjKy.ijg”.j' +

+3, OﬂKyy + 05 72 quy_leg.K.Ko.K. +

oK, V!

ymi' i

VH.YI.

BH.H.N.

+0,5) 9.K K

y.6.m.

+0,2> P, K, , +0,1> K,

1€ Yyap — YPOBEHb TBOPUYECKON aKTHBHOCTH P-TO
crnenuanucra; (), — KOJIUYECTBO TE€M, B KOTOPBIX

K,,+L51,,+2,0/, +

IIPpUHUMAJ Y4aCTHUC CIICHUAINCT, ,ZZ — KOJIUYCCTBO

JIOKJIAJIOB, C/IEJIaHHBIX HA KOH(EpEeHIMAX U CEMH-
wapax; P, .M, , M, — KOINYECTBO Hameda-

ney.>

TaHHBIX pabot, u3obperenuit; JI,q,,q, — Konude-
CTBO KOHKYPCHBIX pabOT M €KCIIOHATOB Ha BHICTa-
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BKaX, B KOTOPBIX HPUHI ydYacTHE CIELHUAIUCT;
K K K .K — KOA(PPUINUEHTHI Baxk-

ymi> ryajr it yal >t yem.
HOCTH HaIll€4aTaHHBbIX pa60T, KOH(I)CpeHHHfI, KOH-

KyPCOB WJIH BBICTaBOK; V' — 00beM paboT B cMeT-

HOM CTOMMOCTH I10 JJAHHOW T€M€E B TEKYIIEM TO/y;
XV =~ — obmmii 00beM pabOT HAYYHOTO MPEAIIPH-

K, K, . K, —

3.K.7 8.]7.’ 6.K.7
KOX(GUITMEHTH BaXXHOCTH KOH(EPEHINH, Haneda-
TaHHBIX ~pabOT, KOHKYpPCOB WM BBICTABOK;
K Ko.pA — k03¢ pHUIIIEHTHI OLIEHKN U Harpaxe-

0.K.?

STUS WIKM ToJpa3nenenus; K

HUI Ha KOHKYPCAax U BBICTaBKaXx; Q; — KOJINYECTBO

paboT, MoAIeKAIMX BHEAPEHUIO B TEKYIIIEM TOITY;

K, ,; — Ko3puipmeHT, XapakTepu3yromuii cre-

MeHb Y4YacTHs CIEUUAIIMCTA B j-H BHEAPSIEMOU pa-
oore; V. o0BeM j-ii BHempsieMOW pPabOTHI

6H.J.

B CMETHOH cTtommocTtu; XV, — o0mmit 00BeEM

6H.H.N.
paboT B HayuHOM Tipennpusaruu [9, crp. 127].

Ha pesynbraTel Tpyna HaydHBIX COTPYAHUKOB
HAa KPYOHBIX MPOMBIIUICHHBIX —IPEATNPUITUIX
BIIMSIET X TPYIOBOMU ctax. [Ipn 3ToM Makcumaib-
Has oThada HactymaeT depe3 7—10 meT paboTsr
B JJaHHON 00JacTH, TO €CTh UMEIOIIHNECS PECYPChI
W TOTEHUHAJbHBIE BO3MOXHOCTH, KOTOpPBIE HAaXO-
IATCSL Ha TIPENNPHUSTAA W HCIONB3YIOTCA B €ro
9KOHOMHUYECKON NEeSTeNbHOCTH C LIETbI0 TOoJTyde-
HUS 5KOHOMHYECKOTO 3 dekra.

PesyabTartsl

B pesymeraTte paboTHl J0Ka3zaHa HEOOXOIH-
MOCTh TIOCTPOCHHS MEXaHHM3Ma CTPAaTEerMH WHHO-
BallMOHHOM JESITeThHOCTH MPOMBIIUICHHBIX TIPeJ-
MIPUATHH, KOTOpast sSBIsIach OBl 3 PEeKTUBHOM TIpH
peanu3alui  CTPAaTerMYecKo  MHHOBALIMOHHOU
JIESITSIbHOCTA  MPOMBINUICHHBIX — MPEANPUITHN
M MOTJIa CIIOCOOCTBOBAThH TOBBIMIEHHUIO KOHKYPEH-
TOCIIOCOOHOCTH HE TOJIbKO HEKOTOPBIX IPOMBIIII-
JICHHBIX TPEANPUATHI, HO ¥ SKOHOMUKU Y KpauHbI
B I[EJIOM.

Hayuynasi HOBU3HA M IpaKTHYecKast
3HAYUMOCTh

Hnsa adpdexruBHOTO (QYHKIIMOHUPOBAHUS IPO-
MBIIUICHHBIX TIPENpHUATHH HeoOXoauMa cxema
CTpaTerni WHHOBAIIMOHHOH JesiTeIbHOCTH. B pe-
3yJIbTaTe UCCIEIOBaHUSl aBTOPAaMH YCOBEPILIECHCT-
BOBaHa CXeMa MEXaHHM3Ma CTPaTerny WHHOBAIIH-

OHHOHM JEsATEeIbHOCTH, KOTOpasl IpeaycMaTpuBaeT
CBsI3b MEXIy mpeanpusitueM, BY3oM u HayuHO-
UCCIICIOBATENbCKUMH ~ MHCTUTYTAMH, a TakKke
najpHeimel pa3paboTKoil 1 BHEPEHUEM WHHOBA-
LIMOHHOTO MPOJYKTa, MOBBIIIEHHEM KOHKYpPEHTO-
CITOCOOHOCTH Ha PBHIHKE.

[IpennoxenHas cxema sIBISIETCS OCHOBHOM Oa-
30 i JanbHeWmield paOoThl M pa3BUTHS IPO-
MBIIUIEHHOTO TPEANPUATHS B HAIIPABJICHUHU CTpa-
TEern4eckoro miaHa. IIpu 3ToM Hy»HO y4HTBIBATBH
crneun(uKy YNpaBJeHUs IEPCOHAJIOM, a TaKKe
TBOPYECKYIO NIEATEIBHOCTh U MOTEHIMAN COTPYA-
HHUKOB, KOTOPBIM MOXKHO OIPEAEIUTH 10 Gopmyie,
MIPEIOKEHHOM B pe3yJIbTaTe UCCIIEOBAHUS.

BoiBoabI

AHanmu3 paboOThl BAarOHOCTPOUTENBHBIX IMPE/I-
MIPUATHHN 3a TOCTIEAHNE TOJBI TIOKa3all, YTO YCHIIH-
JIaCh KOHKYPEHLUS MEXAY BarOHOCTPOUTEISIMU HE
TOJIEKO Ha BHEITHEM, HO M Ha BHYTPEHHEM PBIHKE
TPY30BBIX BarOHOB.

Ho otcyrcTBre mHBecTHIHMH B 00JacTH Hayd-
HO-HCCJIEJIOBATENhCKONH pabOThI, HOBOTO TEXHOJIO-
TUYECKOTO OO0OPYIOBAaHHS YCIOXKHSET IPOTHUBO-
CTOSIHHE BaroHOCTPOHUTENbHBIX 3aBOJOB Y KpauHBI,
npennpuarusM Poccun, He roBops yxe o Espo-
MEHCKUX CTpaHax B KOHKYPEHIIUH 3a PBIHKH COBITA
JIaHHOW MPOAYKIHH.

Ha nanHBI MOMEHT OTrpaHUYEeHA BO3MOXHOCTh
OKa3bIBaTh TOCYNAapPCTBEHHYIO TMOIJEPKKY B pas-
paboTKe, TIPOU3BOJCTBE U MPUOOPETECHUS WHHOBA-
[IMOHHBIX TPY30BBIX BarOHOB.

OpnHako TNPOU3BOJACTBO HE MOXKET CTOSTh Ha
MecTe, a, CIeOBaTeIbHO, MHBECTUIINN B MHHOBA-
IIUOHHBIA TPOMYKT SIBJISIOTCS OYCHb BBITOJHBIMHU
JUISE  Pa3BUTHUS TMPOMBINUICHHOTO TPEANPHSTUS,
a TaKkKe I DKOHOMHKH TOCYJapCTBa B IIEJIOM.
OT0 jaeT cTabMIBLHOCTD M Pa3BUTHE IMPOMBIIIICH-
HOTO TPEANPUATHS KaK Ha BHEIIHEM, TaK U Ha
BHyTpEHHEM pbIHKe. VMEHHO TrocyaapCcTBEHHOE
(mHAaHCHpPOBaHWE WHHOBAIIMOHHBIX TMPOJYKTOB
SIBJIICTCS] OZJHMM U3 TJIABHBIX (hPaKTOPOB aKTHBU3A-
UM WHHOBAIIMOHHOW JEATENBHOCTH Ha IMPOMBIIII-
JICHHBIX MPEIIPUATHSIX.

MHHOBalMOHHAsT J1€ATENIBHOCTh Pa3BUBAETCS
MMEHHO B T€X OTpacisiX, I CYIIECTBYIOT IOCy-
JTApCTBEHHBIE 3aKa3bl Ha HAyYHBIE HCCIIEOBAHUSA,
CBSI3b MEXY pa3paboTunKaMu, MPOU3BOTUTEISIMHU
u notpedurenaMu. Kaxaoe npoMbIIIEHHOE Tpe/I-
MpHUATHAE JIOJDKHO HMMETh CBOIO pa3paboTaHHYIO
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CTpaTeruo, Kotopas OyAeT sSBISATbCS 0a3oil ais
JAbHEHTIIe paOoThl MPOMBIIIIEHHOTO TPEAIIPH-
ATHS.

OddexTrBHOE UCTIOIB30BAHUE CTPATETHUECKOM
MHHOBAIlMOHHOW JIEATEIBHOCTH MPOMBIIUICHHBIX
MPEeINpUATHH aeT BO3MOXKHOCTH Ipeodpa3oBa-
HUIO BCEX BHUJIOB PECYPCOB, KOTOPHIE UMEET Mpe]l-
NpUSTHE, M TMOBBIIICHUS PE3yJIbTAaTUBHOCTU
(YHKIIMOHUPOBAHHS U O0ecliedeHne KOHKYPEHTO-
crrocoOHOCTH. [lepCreKTHBEI MadbHEHIIMX HCCie-
JIOBaHUHW 1IEJIECO00PAa3HO pacCMaTPUBATh METOJI0-
JIOTUYECKHE TIOJXOMbI K OIIEHKE CTpaTernu HHHO-
BaIllMOHHOM JEesATeNbHOCTH TOTEeHNHala MPeanpu-
SITHSL.
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CTPATET'ISI IHHOBAIIIMHOI JISAJIBHOCTI
IMPOMUCJIOBUX ITIAITPUEMCTB

Merta. YCHimrHO0 MisUTBHICTIO BETHKUX MPOMUCIOBUX MiIIPUEMCTB € ToOpe MpoayMaHa CTpaTeris YIpaBiIiHHS
IHHOBAIIHOIO AiIbHICTIO. MeTa CTaTTi — MO3HAYUTH ICHYIOYi MPOOJIeMH YIIPaBIiHHS CTPATETIYHAM ITOTEHIIAIOM
Ha BEJIMKUX MPOMHUCIIOBHX MIANPUEMCTBAX, Horo (yHKIIOHYBaHHs Ta (OpMYBaHHS MpH aJanTaiii A0 CBITOBOTO
PHUHKY, 1 po3poOWTH MeXaHi3M CTpaTerii yHpaBIiHHSA 1HHOBAIIHHOIO AISIIBHICTIO, SKMH MO)KHA 3aCTOCOBYBAaTH Ha
BEJIMKUX MPOMHCIOBHX MiAnpuemcTBax. [lependayaeTbesi TakokK MPOBECTH CUCTEMHHI aHalli3 MPOOJieMH cTpaTerii
IHHOBAIIMHOT MisJIBHOCTI HA BEJIMKHX MPOMHUCIIOBHX MiIIPUEMCTBAX (B OCHOBHOMY B BaroHOOYHIBHIM Tamy3i).
Metoauka. ['0j0BHHM (haKTOPOM EKOHOMIYHOTO 3pOCTaHHS Oy/b-5IKOT KpaiHH € IHHOBallii, SKi BIPOBAPKYIOTHCS Ha
MIAPUEMCTBI IS MiZABHUIIEHHS €KOHOMIYHOTO 3pOCTaHHs. TeopeTnyHy i METOANYHY OCHOBY IOCIIKEHHS CTaHO-
BUTh CHCTEMHHH aHaii3 MmpoOieMu crpaTerii iHHOBaliHOT IiSUIFHOCTI Ha BEIMKUX IPOMHCIIOBUX ITiJIPHEMCTBAX,
0co0JIMBO y BaroHoOYiBHIN raiys3i, sika 3HAXOAWThCS HAa JaHMH MOMEHT y 3aHenasi i nmorpedye pedopMyBaHHS.
[IpaBuaBpHO PO3pOOIIEHA CTpPATETis YIPaBIiHHSA IHHOBAILIHOKO MisUIBHICTIO TO3BOJHTH NMPHBECTH B PIBHOBATY BHYT-
PIIIHIO Ta 30BHILIHIO CEepely MiJIPUEMCTBA. TAKOXK MOPIBHATH MOTEHIlAN MiAMPHUEMCTBA i, HAHTOJIOBHIIIE, 320e3-
MEYNTH BIHKUBAaHHS B YMOBAX 3MiHHU IOJITHYHOI cuTyanii. Pe3yabTaTn. ABTOpaMy yIOCKOHAIEHO MEXaHi3M CTpa-
Terii IHHOBAIIHOI MISUTPHOCTI HAa BEIMKHUX ITPOMHCIOBHX IMiANMpHEMCTBaX. EdexTuBHa peaisaliist CTpaTeriqHol iH-
HOBaNi{HOI MISUTPHOCTI NMPOMHUCIIOBUX MIANPHEMCTB MOXE CIPHUATH MiJBUIIEHHIO KOHKYPEHTOCIIPOMOXKHOCTI HE
TIIBKU JESKHX TPOMHCIIOBUX IMIANPUEMCTB, a i eKOHOMIKM YKpainu B ninomy. HaykoBa HoBu3HA. ABTOpaMH Ha-
BE/ICHO TEOPETHYHE y3arajlbHEeHHsS Ta BJOCKOHAJICHHS CXEMH MEXaHi3My CTparerii iHHOBAliHOI JisUIbHOCTI Ha Be-
JIUKUX TPOMHUCIIOBHX MIANPUEMCTBAX 13 MOJIMIICHHS MOKa3HHUKIB IHTEICKTYAIBHOT TisJIbHOCTI Ta MiJBUIICHHS KOH-
KypeHTOCIIPOMOXKHOCTI Ha PHHKY, a TaKo)XX BIJHOBJIEHHsS 3B’sA3kiB Mk BY3oM, miampueMcTBOM 1 HayKOBO-
npocnigaumu iHetutyTamu. [IpakTuyna 3HaunMicTh. PamioHanbHO 3acTOCOBaHI 3aX0/M IO 3aIPONOHOBAHIN aBTO-
paMu cxeMi MexaHi3My cTparterii iHHOBaLilHOI IisTIBHOCTI HA MPOMHCIIOBHX MiANPUEMCTBAX I03BOJIITH i1CTOTHO
MOJIIIIUTH OKA3HUKH 1HHOBAIIMHOI isNTFHOCTI HA BETMKUX IPOMHUCIIOBHX IiJIPUEMCTBAX, Y TOMY YHCIi y Baro-
HOOYIiBHIi rairy3i, Ta MiIBUIIATH KOHKYPEHTOCTIPOMOXKHICTh Ha PUHKY.

Kniouosi cnosa: crpaterist iIHHOBAIIHOT JisTTBHOCTI; IHTENICKTYalbHI IHBECTHUIIT; IHHOBAIIIMHUI MMOTEHIIAIT; 1H-
TeJNeKTyallbHa TisUTbHICTH; MOTEHIia MiAPUEMCTBA; TBOPUHI TOTEHIIIA;, IHHOBAIIIHHIHA TPOAYKT
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STRATEGY OF INNOVATIVE ACTIVITY
OF INDUSTRIAL ENTERPRISES

Purpose. Successful activity of the large-scale industrial enterprises is carefully thought out strategy of man-
agement by innovative activity. Object of the article — to designate the existent problems of management by strategic
potential at the large-scale industrial enterprises, their functioning and forming during adaptation in a world market
and to work out the mechanism of strategy of management of innovative activity that can be applied at large-scale
industrial enterprises; as well as to carry out a systematic analysis of the problem activity at the large-scale industrial
enterprises mainly in the carriage-building branch. Methodology. The main factor of economic growth of any coun-
try is the innovations that are implemented at the enterprise to improve economic growth. Theoretical and methodo-
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logical basis of research is systematic analysis of the strategy problem of innovative activity at the large-scale indus-
trial enterprises, especially of the carriage-building branch, which is at the present moment on the decline and in
need of reform. Rightly developed strategy of management of innovative activity will allow to balance the internal
and external environment of the enterprise, as well as to compare the existing capacities at the enterprise, and the
most importantly, will ensure survival in a changed political situation. Findings. The authors improved mechanism
of the strategy of innovative activity at the large-scale industrial enterprises. Effective implementation of the strate-
gic innovative activity of the industrial enterprises can enhance the competitiveness of not only some industrial en-
terprises but also the economy of Ukraine in general. Originality. The authors gave theoretical generalization and
improved scheme of a mechanism of strategy of innovative activity at the large-scale industrial enterprises on im-
provement of indicators of intellectual activity and competitiveness in the market, as well as the resumption of
communication between higher education institutions and research Institutes. Practical value. Rationally applied
measures on the proposed by the author’s diagram of a strategy mechanism of innovative activity at the industrial
enterprises will significantly improve the measures of innovation at the large-scale industrial enterprises, including
the carriage-building branch, and to increase the competitiveness in the market.

Keywords: strategy of innovative activity; intellectual investment; innovation potential; intellectual activity; en-
terprise potential; creative potential; innovative product

REFERENCES

1.  Anisimova O.N. Problemy otsenki intellektualnogo potentsiala promyshlennykh predpriyatiy [Problems of
evaluation of the intelligent potential of industrial enterprises]. Biznes Inform — Business Inform, 2012, no. 6,
pp. 124-127.

2. Derzhavna sluzhba statystyky Ukrainy (State statistics service of Ukraine). Available at:
http://www.ukrstat.gov.ua (Accessed 26 January 2016).

3. Diakova M.S., Marchenko N.V. Problemy vprovadzhennia intelektualnykh investytsii na pidpryiemstvakh
promyslovoi haluzi [The problems of implementation of intellectual investments at the enterprises of industrial
branch]. Materialy III Vseukrainskoi naukovo-praktychnoi konferentsii molodykh vchenykh ta studentiv z prob-
lem intelektualnoi vlasnosti «Zakonodavstvo Ukrainy u sferi intelektualnoi vlasnosti ta yoho pravozastosuvan-
nia: natsionnalni, yevropeiski ta mizhnarodni vymiry» [Proc. of the III All-Ukrainian Sci. and Pract. Conf. the
young scientists and students on the problems of intellectual property «Legislation of Ukraine in the field of
intellectual property and its administration: national, European and international measurements»]. Kyiv, 2015,
pp- 142-149.

4. Dyakova M.S., Marchenko N.V. Transformatsiya ratsionalizatorskogo predlozheniya v innovatsionnyy
produkt [The transformation of an innovation proposal into the innovative product]. Visnyk priazovskoho derz-
havnoho tekhnichnoho universytetu. Seriya: Ekonomichni nauky [Bulletin of Priazovsk State Technical Uni-
versity. Series: Economic science], 2015, no. 29, pp. 413-420.

5. Zhogova I.V. Strategiya razvitiya intellektualnogo potentsiala predpriyatiya kak faktor yego ekonomicheskogo
rosta [Strategy of development of intellectual potential of enterprise as a factor of its economic growth]. Prob-
lemy i perspektivy razvitiya sotrudnichestva mezhdu stranami Yugo-Vostochnoy Yevropy v ramkakh cherno-
moskoho ekonomicheskoho sotrudnichestva i GUAM [Problems and prospects of cooperation development be-
tween the countries of South-Eastern Europe within the context of Black sea economic cooperation and
GUAM], 2011, pp. 268-273.

6. Ivin L., Kuklin V.M., Zakharchenkov A.S. Tovazhnyanskiy L.L. Innovatsionnaya ekonomika [Innovative
economy]. Kharkov, Yedena Publ., 2010. 716 p.

7.  Isakova N.B. Predpriyatiya Ukrainy: innovatsionnaya deyatelnost i setevyye vzaimodeystviya [Enterprises of
Ukraine: innovation activity and networking]. Kyiv, Informatsionnoye analiticheskoye agentstvo Publ., 2012.
377 p.

8. KVSZ za 10 mesyatsev umenshil vypusk gruzovykh vagonov na 85% (Kryukovsky Railway Car Building
Works for 10 months has reduced the production of freight cars by 85%). Available at:
https://www.rbc.ua/rus/tag/kvsz_22032015 (Accessed 26 January 2016).

9. Puzynya K.F., Zapasnyuk A.S. Ekonomicheskaya effektivnost nauchno-issledovatelskikh i opytno-
konstruktorskikh razrabotok v mashinostroyenii [Economic efficiency of research and development and design
and experimental working in machine-building]. Leningrad, Mashinostroyeniye Publ., 1978. 304 p.

10. Seleznev Ye.N. Otsenka effektivnosti ispolzovaniya intellektualnogo kapitala (Evaluation of the use efficiency
of intellectual capital). Finansovyy menedzhment — Financial Management, 2005, no. 6. Available at:
http://www.dis.ru/library/fm/archive/2005/6/3840.html (Accessed 26 January 2016).

doi 10.15802/stp2016/67283 © M. C. Kpasuenko, H. B. Mapuenko, 2016

34



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

Hayxka Ta nporpec Tpancropty. BicHuk J[HIIpOneTpoBcbKOro
HAI[IOHAJIBHOTO YHIBEPCHUTETY 3aII3HUYHOrO TpaHcmopty, 2016, Ne 2 (62)

EKOHOMIKA TA VIIPABJIIHHA

11.

12.

13.

14.

15.

16.

Ukraina opustilas na predposledneye mesto v reytinge konkurentosposobnosti (Ukraine dropped to the penul-
timate place in the ranking of competitiveness). Available at: http://www.kievpravda.com/news/5513 (Ac-
cessed 26 January 2016).

Fedonin O.S., Riepina I.M., Oleksiuk O.1. Potentsial pidpryiemstva: formuvannia ta otsinka [Enterprise poten-
tial: development and evaluation]. Kyiv, KNEU Publ., 2004. 316 p.

Logutova T.G., Dyakova M.S., Marchenko N.V. Problems in intellectual innovations in the engineering indus-
try. Teoretychni ta praktychni aspekty ekonomiky ta intelektualnoi vlasnosti [Theoretical and practical aspects
of the economy and intellectual property], 2015, issue 1 (11), vol. 1, pp. 8-15.

Mathieu, G. Railway Reforms in Europe. The Reform of UK Railways — Privatization and Its Results. Japan
Railway & Transport Review, 2012, no. 34, pp. 16-31.

Myamlin S.V., Zhyzhko K.V. Upgrading of economic simulation methods for increasing efficiency of invest-
ments. Nauka ta prohres transportu — Science and Transport Progress, 2014, no. 6, pp. 34-41. doi:
10.15802/stp2014/32656.

Stachowiak Z. Teoria i praktyka mechanizmu bezpieczenstuva ekonomicznego panstwa. Warszawa,
Wydawnictwo Akademii Obrony Narodowe Publ., 2012. 406 p.

Cmambs pexomenoosana K nyoauxayuu 0.m.H., npogh. B. M. Bybnogvim (Yxpauna); 0.m.n., npog.

10. C. Bapawom (Yrpauna)

IToctynmna B penkomernto 12.11.2015
[Ipunsra x nevaru 15.02.2016

doi 10.15802/stp2016/67283 © M. C. Kpasuenko, H. B. Mapuenko, 2016

35



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

Hayxka Ta nporpec Tpancropty. BicHuk J[HIIpOneTpoBcbKOro
HAI[IOHAJIBHOTO YHIBEPCHUTETY 3aII3HUYHOrO TpaHcmopty, 2016, Ne 2 (62)

EKOHOMIKA TA VIIPABJIIHHA

YK 368.021

JI. B. MAPLIEHIOK", O. B. YOPHOBLT*, K. B. BUIA*, A. 0. VJIOBUYEHKO",
AHYII KYMAP LIIAPMA®"

"Kag. «Exonomika Ta MeHeKMEHT, JIHIIPONETPOBCHKHIT HAL[IOHABHIH YHIBEPCHTET 3ali3HAYHOIO TPAHCIIOPTY iMeHi
akanemika B. Jlazapsna, Byin. Jlazapsiua, 2, J{HinponeTpoBcbk, Ykpaina, 49010, ten. +38 (093) 934 18 03,

ei. moturta rwinform1@rambler.ru, ORCID 0000-0003-4121-8826

ZKag. «O6iK, ayauT Ta iHTeTeKTyalbHa BIACHICTHY, JHIPONETPOBCHKHIT HAIOHATEHIN YHIBEPCHTET 3ai3HHIHOTO
TpaHCHOPTY iMeHi akanemika B. JlazapsHa, Byn. Jlazapsna, 2, [lHinponeTpoBerk, Ykpaina, 49010, ten. +38 (050) 363 19 17,
eJ1. omra lena.chernovol@mail.ru, ORCID 0000-0003-4803-427X

Kad. «Dinancu Ta exoHoMiuHa Ge3mexay, JHinpoIeTpoBCHKIi HAiOHATBHIIT YHIBEPCHTET 3aIIi3HIYHONO TPAHCIOPTY
iMeHi akagemika B. JlazapsHa, Byn. Jlazapsina, 2, JIHinponeTpoBebk, Ykpaina, 49010, ten. +38 (063) 85 858 72,

en. nota honey5689@mail.ru, ORCID 0000-0002-0574-2324

Kad. «DiHaHCH Ta eKOHOMIuHA Ge3nexa», JHIIpOIeTPOBCHKIA HALIOHAIBHUI YHIBEPCHTET 3a/Ii3HIYHOTO TPAHCIIOPTY
imeHi akazgemika B. Jlazapsina, By:1. Jlasapsna, 2, J{ninponerpoBcbk, Ykpaina, 49010, ten. +38 (099) 171 18 00,

ex. momta anyau@ukr.net, ORCID 0000-0003-1283-294X

>*Kad. «ApxiTexTypa i manamadTHui xusaitey, YHiBepcnter Llpn Mara Baitmrro, Katpa, o6macts kammy it Kamrmip,
Iunis, 182320, ten. +91 (901) 890 37 78, en. momra anoop.sharma@smvdu.ac.in, ORCID 0000-0002-7218-7252

CTPAXOBUM PUHOK YKPATHU:
CYYACHHUMU CTAH TA ITPOBJIEMH PO3BUTKY

Meta. CtpaxoBuii puHOK YKpaiHU HOTENep € MiKaBUM U 3aKOPAOHHUX iHBecTopiB. OIHAK iCHY€E psA HETaTh-
BHUX (bakropis. Lle: 1) BiACYTHICT TOCKOHAIOT HOPMATHBHO-NIPABOBOI 0a3H, JOCTYITHOCTI Ta MPO30POCTi CTPaxoBO-
TO PUHKY JUIsl HAaceJIEHHs; 2) HU3bKa MPUOYTKOBICTh OKPEMHX BHIIIB CTpaxyBaHHS; 3) HU)K4Ya KOHKYPEHTO3aTHICTh
CTpaxoBUX KOMIIaHii, HXK KOMepUiiHUX OaHKIB y OOpOTHOl 32 3aiIyyeHHs BUIBHUX KOLITIB IOPHIMYHMX 1 (hi3UUHHUX
0ci0; 4) HeocTaTHIM piBEHb JAEP>KaBHOTO PETYIIOBAHHS Ta KOHTPOJIO HE JAI0Th 3MOTH CTPAXOBOMY PHHKY €(eKTH-
BHO PO3BHMBATHCh. TOMYy METOIO CTaTTi € IPOBEACHHS aHalli3y, BUSBJICHHS NMPUYHH, 10 TAIBMYIOTh PO3BHTOK CTpa-
XOBO{ JisTbHOCTI B YKpaiHi, a TaKOX BU3HAUCHHS HAIIPSIMKIB PO3BUTKY CTpaxoBoro puHky. Meroauka. Jls nocsr-
HEHHS ITOCTABJICHOT METH B CTaTTi OyJI0 BU3HAYCHO 3arajibHY KUJIBKICTh CTPaXOBHX KOMIIAHiH, CKIIaJIeHO pEeHTHHT 3a
BAJIOBUMHU IIIATeKaMH HAWOLTBII KPYIHHX i3 HUX, IPEICTABICHO AUHAMIKY YHCTHX CTPaXOBHX BHUILIAT 38 OCHOBHU-
MU BHIIAMH CTpaxyBaHHA. JlaHWI aHaJi3 JO3BOJIIE OKPECIUTH MPOOIEMHI MUTaHHSA Ta HANPSAMKH IisUIBHOCTI CTpa-
XOBOTO pHHKY. Pe3yabTaTn. Ha 0CHOBI MpOBEIEeHOro B CTATTI aHAIIi3y BHUSIBICHO Psijl FalIbMiBHUX (aKTOPIB Y po3-
BUTKY CTpaxyBaHHSA B YKpaiHi Ta MepmIoyeproBi HAMPSIMKH TONIMIICHHS CUTYyaIlil, IO CKJajacs Ha CTPaXOBOMY
pUHKY. BcTaHOBIICHO, 10 TOJIOBHUMH 3a/lauaMi PO3BUTKY CTPAaXyBaHHS 3aJHINAIOTHCS: 1) pedopMyBaHHs 3aKOHO-
JaBuoi 0a3u; 2) MiIBUILEHHS KOHKYPEHTOCHPOMOXHOCTI, PiBHS 1HBECTHIIHHOI MPUBAOIMBOCTI CTPAXOBUX KOMIa-
Hiif; 3) pO3BUTOK cyyacHOi IHQPACTPYKTYpH CTPAXOBOI'O PHHKY; 4) PO3LUIMPEHHS CIIEKTPY HOCIYT Ta AOBEICHHS X
PiBHS JO MDKHApOAHUX CTaHAAPTIB; 5) MiABHIIECHHS KBaTidikanii kKaapis; 6) yZ10CKOHAIEHHS JIIEH3yBaHHS CTPaxo-
BOI AisUTBHOCTI; 7) MiABUILEHHS KYJBTYPH Ta PiBHS JOBipH HacedeHHs. [Ipu mboMy MHiIBUILEHHS PiBHA IIaTOCIPO-
MOXHOCT] HaceJIeHHs, cTalini3arisi eKOHOMIKO-TIOJIITHYHOI CUTYyalii B KpaiHi CIpusATUMYTh cTabLIi3awii Ta iHTeHCH-
BHOMY pO3BUTKY DPHHKY cCTpaxoBux mociayr. HaykoBa HoBu3Ha. B crarri Boepuie po3po0ieHO HayKOBHii
MiAXiJ 100 BU3HAYEHHS CHUCTEMH (PAKTOPIB, SIKUM MYCHTHh BIINOBIOATH CyYaCHHHA PHHOK CTPAXOBHX ITOCIYT.
I[pakTnyna 3HaYNMicTh. BUpIeHHs mpeacTaBIeHNX MpoOIeM IUISIXOM 3allPOTIOHOBAaHUX aBTOPAaMH 3aXOJiB JO-
3BOJINTH YCITIIIHO PO3BHBATUCH CTPAaXOBOMY PHHKY, SKHH, B CBOIO 4epry, CHpUATHME CTabumi3amii HalioOHAIBHOI
€KOHOMIKH, OCKIJIBKH € HEBIJ €MHHM I1i CETMEHTOM.

Knrwouogi cnosa: ctpaxyBaHHS; CTPaXOBHK; CTPaXOBHIl PHHOK; CTPaXOBi NOCIYTH; CTPaxOBi BHIUIATH; CTPaXOBHI
MOpTQEIib; CTPAXOBHH 3aXHCT

BiH TICHO TOB’S3aHWA 3 BHPOOHHUOIO Cheporo
Beryn 1 piBHEeM J0OpoOyTy HACETICHHSI.

OTxe, BaKIMBOIO MPOOJIEMOIO € MiJBHILCHHS
e(eKTUBHOCTI (PYHKIIOHYBaHHS CTPaXxOBOTO PHH-
Ky B YMOBax COLIaJbHO OPI€HTOBAHOI €KOHOMIKH
1 KOHIIETIIIIi CTalloro pO3BUTKY [6, . 82].

CTpaxoBUil PUHOK € HEBIJI'€MHOIO CKIIAJ0BOIO
(hiHAaHCOBOTO PUHKY KpaiHH, i TOCUTh UyTJIHBA JI0
mpobsieM Oyab-KUX HOro cermMeHTiB. OJHOYACHO
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Meta

Mertoro cTaTTi € OLiHKa CTaHy CTPaxOBOI'O pU-
HKy YKpaiHu, BUSBJICHHS NPUYMH, IO T'aJbMYIOTh
HOTro pO3BUTOK, a TAKOXK HAINpsIMiB PO3BUTKY PHH-
Ky CTpaxoBHUX MOCIYT.

MeTtoanka

OnHuM 13 HaHBaXKIUBINIMX CEKTOPIB HalliOHa-
JBHOT eKOHOMIKH € (iHaHcoBHH. B HEOMY (hopmy-
IOTBCSL Ta PO3MOMIISAIOTECS (PiHAHCOBI pecypcH Ta
HOCITyTH.

®dinaHcoBUil pUHOK 3a0e3nedye IiAmpPHEMCT-
BaM HeOOXi/THI YMOBH JIJIsl HAKOTIMYESHHSI Ta PO3TO-
Iy IHBECTHIIIMHUX pecypciB i HamaHHA (iHAHCO-
BUX IOCTYT, & TAKOX 3aJyueHHs MOTPIOHMX KO-
TiB 1 MPOAaXy THMYacoBO BiTbHHX pecypciB. Cra-
OLMBHUI PO3BUTOK BUPOOHWYOI cepH CIOHYKae
CTpaxoBi KOMIIaHii 10 BUKOPUCTAaHHS 3aKyMYJIbO-
BaHHUX PECypCiB AJS JOBIOCTPOKOBHX BUPOOHUUMX
KalliTATOBKIIAIeHb, Yepe3 PUHOK IIHHUX Marnepis.
Ile mae crpaxoBUKaM IE€BHY IepeBary Haj OaHKa-
MH, OCKIJIBKH OCTaHHI 3I€OUIBIIOrO CIHPAIOTHCS
Ha KOPOTKO- Ta CEPEAHBOCTPOKOBI 3ay4eHHS KO-
mTiB. JJo6poOyT HacedeHHS MOXHA PO3AUINTH HA
MarepialbHHUN 1 HeMaTepiadbHUH, Ta JUIIE CHHTE3
OUX TOHATH Ma€ MPSAMUU BIUIMB HAa aKTHBHICTDH
CTpaxoBHUX KomnaHiid. CyTTEBUMHU aclieKTaMH poO3-
BUTKY CTPaxOBOTO PUHKY € JOCKOHAJa 3aKOHOJIaB-
ya 0a3a, CTBOPEHHS NPHUHLMWIIOBO HOBHX KOHKY-
PEHTOCIIPOMOXKHUX NPOIYKTiB, 3HIDKCHHS LIHU Ha
CTPaxoBi MOCIYTH IIJSIXOM CTPYKTYPYBaHHsSI CTpa-
XOBUX Tapu(iB, a TaKOX MIJABHUIICHHS CTPaxoBOI
00i3HaHOCTI Ta KynbTypH HaceneHHs. [loTyxHuii
HETaTUBHUI BIUIMB 30BHIIIHBOPHMHKOBOIO Xapak-
TEpPy Ma€ Iy’Ke BEIHMKA KUIbKICTh CTPaXOBHX KOM-
NaHid 3 KaJgpaMH HU3bKOI KBamigikamii, mo 3HU-
JKy€ JNOBipYy HAcCeJeHHs, IMiJIPUEMCTB Ta iHBECTO-
piB IO CTPaXOBHX IOCIYT B IIIOMY, @ TAKOX 3aBa-
JKa€ CTAHOBJCHHIO ITOBHOLIIHHOTO CTPaxoBOTO
puHKy. [ligBumieHHs poii Ta cTaOiIbHUN PO3BUTOK
BITYM3HIHOTO PHHKY CTpaxyBaHHSI Mae€ OyTH Of-
HUM 13 HaiinieBimmx (akTopiB pO3BUTKY HalliOHA-
JIBHOI E€KOHOMIKH, €KOHOMIYHOi Oe3neKu KpaiHw,
3amydeHHs 1HO3eMHHX iHBecTHmid. CTBOpeHHS
CIPUSTIMBOTO CTPAxXOBOTO KIiMary B YKpaiHi J0-
3BOJIWIIO O 3aliKaBUTH 1HO3EMHUX 1HBECTOPIB
B PO3IIMPEHHI ICHYIOYOro Oi3HECy Ta BIAKPUTTI
HoBOrO. OpHAK, i3 CHTYyalli€lo, MO CKIajach Ha
CBOTOJIHILIHIN JIeHB, 1Ie HEMOKIIUBO.

AHami3yrouud TEHJCHIII PO3BUTKY  HAImoi
E€KOHOMIKH, Ma€MO HEBTIITHUA BUCHOBOK: OYIlb-
sIKa Tanxy3b MOTpeOye TIIOOAIBHHUX 3MiH, TIEPETBO-

perb Ta pedopMm. B ymoBax ChOrOACHHS
HaBaXXNMUBIIIUM € (GOpMyBaHHA HOPTheEnto
IHCTpYMEHTIB, 1m0 OyJe CHOpsSMOBaHUHA Ha

30UIBIIEHHS.  PiBHS  KOHKYPEHTOCIIPOMOXKHOCTI
CTpaxOBHX HIiANPUEMCTB Ta HaJaHHS KOHKYPEHT-
HUX [OCIyr HE JIMIIE Ha BHYTPIIIHBOMY,
a ¥ 30BHIMIHLOMY puHKax. Came TOMy aHali3 Cy-
YacHOTO CTaHy CTPaxOBOTO PUHKY YKpaiHu, BUB-
YeHHS YMHHHKIB, SIKi OOMEXYIOTh HOTO PO3BHTOK,
Ta BUSIBJICHHS IEPCIEKTUB HOJAJBIIOTO PO3BUTKY
€ aKTyaJIbHIMH B CyYacCHUX yMOBaXx.

[Ipobnemam Ta TEHAEHLISIM PO3BUTKY CTPaxo-
BOT0 PUHKY IPHUCBSIYCHO OaraTo IMpaib, K BITUM3-
HSHUX, TaK 1 3aKOPJIOHHUX BUeHHX. Barommuii BHe-
COK Yy BHSIBJICHHI TEOPETHUYHHUX OCHOB Ta OCOOJH-
BocTel  (DyHKIIOHYBaHHS CTPaXxOBOI'O PHUHKY
Vkpaiam 3poOmiM Taki BITYM3HSAHI BYEHI 5K
C. C. Ocagens [8], JI. B. Bpemenxo [2],
O. B. Bipoynesceka [1], B. B. Xene3mnsx,
I. T. AGOepmixina [4], J. A. IHumo [11],
B. A. T'op6, B. B. Cmonsaceka [3], O. B. Ko3b-
MeHko [6]. [lopyuryBanu mUTaHHS PU3WKIB CTpa-
XOBHX  TOPT(]EniB  BITYM3HSIHHX  CTPaxXOBHUX
komnawiit O. C. XXypaska [5], H. B. Conogeii [9].
[MuranHsMu QyHKIIOHYBaHHS BITUYM3HSHOTO H 3a-
KOPIIOHHUX (PIHAHCOBMX PHHKIB Ta MHTaHHIMHU
IPUCTOCYBAaHHS BITYM3HAHOTO CTPaxyBaHHS [0
MDbKHapoaHuX cTaHiapTiB 3aiimanmcs O. B. Kor,
B. O. Mipmiryk [7], P. M. Xoaeko [11]. JeransHo
BHCBITJIMB Ta KJIACH(iKyBaB HETaTHBHI YNHHUKH, 1110
VIIOBUTGHIOIOTH ~ PO3BUTOK ~ CTPaXxOBOI'O  PHHKY
Vkpainu, reHepaJbHHHA — IUpEeKTOp — «Acowiamii
cTpaxyBanbHHKIB ~ Ykpainm» JI.  Xopin [12].
3akopmoHHi HaykoBI [14; 15; 16] Takox IIHMPOKO
3aiiMarOThCsS MHUTAHHAMH CTPAaXxOBOTO PUHKY, HOTo
Oe3neku, npobeMaMu Ta IEPCIIEKTUBAMH PO3BUTKY.

Pe3yabTarn

Jlesiki eleMEHTH cTpaxyBaHHS OyJIM BiloMi Iiie
o Hamioi epu. e B Ti Yacu Jroqu AiMOUIA O BU-
CHOBKY PO NOLUIBHICTh CTPaxyBaHHs HE JIMIIC B
pasi mepeBe3eHHs] BaHTaXiB, a i y Oaratbox cde-
pax CcBOro JKHTTS Ta  JistibHOCTI  [13,
c. 240]. CsiToBa mpakTHKa HE BHpOOWIa OLIBII
€KOHOMIYHOTO, PaIlioHAJIBHOTO 1 TOCTYITHOTO CITO-
co0y 3axHCTy EKOHOMIYHHMX IHTEpEecCiB MiIIpH-
€MCTB K cTpaxyBaHHs. [lopsn 3 iHImMMH iHCTPY-
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MEHTaMH DPETYJIOBaHHS PUHKOBHUX B3a€MOBIJHO-
CHH, CTpaxyBaHHs TOKJIHKaHe 3a0e3MeunTH cTali-
JTBHICTh BUPOOHWITBA 1 criokmBaHHA [3, ¢. 299].
CrpaxoBuil pHHOK IMOEJHYE B coOi B KaTeropii,
3 ogHOro OOKY — 1e crneuudiuHa chepa rpoUIoBUX
BIIHOCHH, 00’ €KTOM SIKOi € KyHiBIA-TIPOAaK CTpa-
XOBOI TOCIYTH, TOOTO «BTOPHHHOI MOCIYT'H», TO-
IUT Ha Ky 0arato B 4OMY 3aJEXHTb BiJl CTaHy
«IepBUHHOT'O PUHKY» TOBapiB 1 mocuyr [4, c. 76];
3 iHmoro OOKy, CTPaxOBWUH PHHOK — II¢ CKJIaJHA
IHTETpOBaHA CHUCTEMa CTPaxOBHX Ta IEPECTpaxo-
BUX Oprasizaiiii, ski B CyKYITHOCTI 3[iHCHIOIOTh
CTPaxoBy MisUTEHICTb.

SIK BiIOMO, IiSUTBHICTH CTPAaxOBHKIB TPYHTY-
€THCSl HAa 3aXMCTI MAaHOBUX MpaB U iHTepeciB Ha-
CeJICHHA Ta MiANPHUEMCTB, NIIIXOM BiJIIKO-
IyBaHHs 30UTKIB B pa3i HaCTaHHS CTPaxOBOTO BU-
najaKy, THM CaMHUM 3BUIBHSIIOUN OIOJDKET AepKaBH
BiJl LIbOTO TSraps.

PuHOK CcTpaxoBHX MOCIYT 3aJMIIAETHCS Hall-
OlTBII KamiTami30BaHUM cepell iHIMX HeOaHKiB-
ChKHX (DIHAHCOBHMX pPHHKIB. 3arajibHa KiJIbKICTh
crpaxoBux kommaHid cranoM Ha 30.06.2015 poky
craHoBuia 374, B TOMY YHCIIi CTPaxoBi KOMMaHii

«life» — 52, crpaxoBi kommnaHnii «non-life» — 322,
(cranom Ha 30.06.2014 poxy — 400 xomrmaHiH,
y TOMY YHCIIi cTpaxoBi kommaHii «lifey — 58, ctpa-
xoBi kommaHii «non-life» — 342). Kinbkicts cTpa-
XOBUX KOMIIaHii Mae TEHICHLII0 3MEHIIyBaTUCH,
Tak 3a I miBpivas 2015 poky MOPIBHSHO 3 aHAJIOTI-
yHuM 1iepiogoM 2014 poky, KITBKICTh KOMIIaHiH
3MeHIuIacs Ha 26 [10].

CTpuMyrOYMM YHUHHHKOM JisIIBHOCTI YKpaiH-
CBKOTO CTpPaxoBOTO PUHKY € Te, [0 BiH 3HAaXO-
JUTHCS y AOCHTH CYNEpEewIUBiil Ta CKIAAHINA CUTY-
aii. lle € oueBWAHWMM, amKe TMHTaHHS
KammiTaiizarmii 1 crpaTerii po3BHTKY CBOE€YacCHO HE
Oynu  BHpIlIEHI  akIioHEpaMH  CTPaxOBUX
KoMmmaHiii. MuHynuid pik craB  HaiOUIBII
HE3aJOBUTPHUM 3 TOYKH 30py Harisugy Ta
BiJTHOILICHHSI JIep>)KaBU JI0 CTPaXOBOI'O PUHKY, IO
Oyno moB’si3aHe 3 peopranizaiiero HarioHanbHOT
KOMICil 3 peryioBaHHS PHHKIB ()iHAHCOBUX TIIO-
CIYT ¥ BIZICYTHICTIO CTpaTETii pO3BUTKY Ha IOMY
PHHKY.

PeliTuHr cTpaxoBUX KOoMIIaHid YKpaiHU 3a Ta-
KHM TIOKa3HHUKOM, SK BaJIOBI iaTexi y 2015 pori
npeacTasieHuit B Tadu. 1 [10].

Tabnuns 1

PeiiTuHr cTpaxoBux KoMnaHiil Ykpainu 3a BajoBumu miartexamu y 2015 poui, MJIH rpu

Table 1

Rating of insurance companies in Ukraine on gross payments in 2015 year, min hrn

B Tomy umcini
K . Bceroro N ;
OMITaH1SA npemiit Ocobucre MaiinoBe ctpa- Crpaxysanus O6oB’s13K0BE
CTpaxyBaHHsI XYBaHHs BiZlNIOBINaJILHOCTI CTpaxyBaHHsI
BAT «CK «<AXA
595,9 30,0 468,5 9,7 87,7
CTPAXYBAHH»
IpAT «YACK «ACKA» 535,5 64.8 257,1 105,6 108,0
3AT»ITPOBIJHA» 484,9 116,2 1874 7.9 173,4
IpAT «CK «YHIKA» 458,9 70,4 262,6 4,8 120,9
3AT «CK»yKPEMEHDb» 446,7 33,9 396,5 5,1 11,2
BAT HACK»OPAHTA» 443,5 28,3 136,9 3.9 2744
I[pAT «CK «IHT'O
VKPATHA» 378,9 74,5 2224 23,8 58,2
3AT «YKPATHCBKA
CTPAXOBA T'PYIIA» 323,9 14,5 265,9 6,7 36,8
IIpAT «CK «APCEHAJI» 3223 100,8 194,4 4,9 22,1
IIpAT «CK «AJIb®A» 307,5 154,3 127,9 10,2 15,1
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AHai3yloun PpEHTHHT CTPaxOBUX KOMIIAHIH
VYxpainu 3a BaoBuMU 1iatexamu y 2015 pori, six
Jmizepa MOKHA BHUIUINTH CTPAaxOBY KOMITAHIO
«AXA CrpaxyBaHHs, sIKa 32 3araJlbHOIO KiJIbKicC-
TIO TIpeMii mocigae nepiie micte — 595,9 MitH rpH.
PiBenr MmaitHOBOrOo cTpaxyBaHHSI Yy KOMITaHii-
migepa ckiagae 468,5 MJIH TpH, 110 € HAUBUIIUM
MOKa3HUKOM Cepell YCiX IHIIWX KOMIaHii Ta xapa-
KTepu3y€e KOMIAHIIO K HaJiiiHy Ta cTaOiiabHY.
AJie, SKIIO aHATI3YBAaTH IO KOMITaHIIO 3 1HIIAMH
MOKa3HUKaMH, TO 3a JESKUMH BUAAMH CTPaxyBaH-
HSl, TAKUX K OCOOMCTE CTpaxyBaHHS, IO CKJalae
30 MJTH TPH, KOMIIaHis TOMITHO BiJICTa€ BiJl iHIIHX,
aje 1€ He 3aBAKae€ il O4OIIOBATU PEUTHUHI KOM-
nanid. OcTaHHE X Micle B peHTHHTY 3aiiMae
[IpAT «CK «AJIb®Ay», 3aranpHuUil MOKA3HUK
mpemiit skoi ckmamae 307,5 MuH TpH, MmO Ha
288,4 mnu rpH MeHue, HiX Y «AXA CrpaxyBan-
H». Hespaxkaroum Ha HHM3BKMH  TIOPiIBHSHO
3 IHIIUMHA KOMITaHISIMH PIBEHb BAJIOBUX IIPEMIiid,
I[MpAT «CK «AJIb®A» mae mepeBaru B IHIINX
cdepax cTpaxyBaHHS, TaKuX K 0coOuCTe Ta Maii-
HOBE CTpaxyBaHHS, IOKAa3HUKHU SIKUX CKJIaJaroTh
154,3 Ta 127,9 muH rpH BiAnoBigHO. TakuM YuHOM
13 CKJIQJIGHOTO PEHTHUHTY CTpPaxoBHX KOMIIaHii,
MOXHa 3poouTH BHCHOBOK, 1o
He OOOB’SI3KOBO KOMIIaHis, sKa IIOCIAE MepIie
Miclle B PEHTHHTY € JiJepoM 3a BCiMa BHIAMH
cTpaxyBaHHs. Bee 3anexuTh Bi KOHKpETHO 00pa-
HOI'O BHJIYy CTpaxyBaHHSA Ta HOro NoOKa3HHKa IO
KOXKHIH 3 KOMIIaHiH.

3a Bechb mepioA (YHKLIOHYBaHHS CTPaxoBOI'O
pUHKY YKpaiHu y WOTO CTpaxoBOoMy mopTderi me-
PEBaKAIOTh BUAM CTPaXyBaHHS 3 BUCOKUM PiBHEM
PH3HKY, OCKLTBKH BOHU TIPUHOCSTD BEJUKI JOXO/H,
ajie TakWii CTPaxoBUI TOPTQens He 3IaTHHUH 3a-
Oe3rmeunTH (PpiHAHCOBY CTIWKICTh CTPaxXxoOBill KOM-
nadii [5, c. 202]. CTpaxoBuil pU3UK € HAHOITBILIOIO
NPUYMHOIO HeriatocnpoMoxkHocti. [Ipote, Hema-
TOCIIPOMOXKHICTh TaKOXK IIOSCHIOETHCSI HEIOCTAT-
HIM pe3epByBaHHSM 3 OOKy CTpaxoBHKa Ta HeaJe-
KBaTHOIO MpeMialbHOIO 0a3010, IO BUHUKAE BHa-
CITIIOK HETIPaBIJIbHOI OIHKU pu3uKy [9, c. 260].
OCHOBHMM BHJOM CTPaxyBaHHS y CTPaXxOBOMY
noptdeni BITYM3HAHUX CTPAXOBUKIB € aBTOCTpa-
xyBaHHs (KACKO). B ocranni poku crocrepira-
€TbCS MiABUIICHHS YacTKH aBTOCTPAaXyBaHHs Hal
MaliHOBUM Ta iHIIMMHU Buaamu. Lle cBimuuTh mpo
He30allaHCOBaHICTh CTPaxOBHX nopTQenin
BITUM3HSIHUX CTPAaxOBHKIB. B KOHTEKCTI IHOTO

JIOLUIBHUM € aHajli3 CTPaxoBHX MOPTQEINiB cTpa-
XOBHX KOMITaHId YKpaiHu — JiIepiB 3a CTpaxoBU-
MU BUIUIATaMH Ta TUTATEKaMHU.

JuHaMiKy YHCTHX CTPaXxOBHX BHIUIAT IO
OCHOBHMX BHJIax CTpaxyBaHHS 3a | miBpiyus
2014 poxy Ta I miBpivus 2015 poxy HaBeneHO
B Tabm. 3 [10].

AHanizyroun AMHAMIKY YHCTHUX CTPaXOBHX BH-
TUIaT 32 OCHOBHMMU BHJIaMH CTpaxyBaHHS 3a | miB-
pigust 3 2014 poky Ta I miBpiuus 2015 poky, MOXk-
Ha CKa3aTH, W0 BigOyJoCs 3pOCTaHHS aBTOCTPaxy-
BanHs (KACKO, OCUIIB, «3eneHa kapTka») Ha
161,7 mma TpH y 2015 pori, abo Ha 12,2 %. Takox
CIIOCTEPITraeThCsl  3POCTAHHS YHCTHX  BUILIAT,
MOB’s3aHUX 3 MiABHUIICHHSAM CTPaxOBHUX BHILIAT 3i
CTpaxyBaHHs XATTS Ha 192,7 muH rpH, abo Ha
(214,8 %), a Takok 301LIBLIMIINCS BUTUIATH 31 CTpa-
XyBaHHS €KOHOMIYHUX pu3uKiB Ha 180,1 muH rpH,
abo Ha 3 052,5 %.

Hocmimkenas (piHAHCOBOTO CTaHy Ha CTPaxo-
BOMY pUHKY Ykpainu B I miBpiuui 2015 poky mopi-
BHSIHO 3 aHAJIOTIYHUM IIOTIEPEAHIM TIEePiOIOM, JTae
MOKJIUBICTH 3pOOUTH TaKi BUCHOBKH:

AHani3yroun CTpaxyBaHHS MaifHa, MOXKHa IIO-
0auuTH 1CTOTHE 30LIBIIEHHS MOKa3HHKIB 3 145,0
no 64,2 muH TpH, TobTo Ha 80,8 MIH TpH, a00 Ha
125,9 %.

Sxmo nmopiBHsATH 3 | MiBpivYsiM MOTIEPEAHBOTO
2014 poky, po3Mip YHUCTHX CTPaXOBUX BHILIAT 3i
CTpaxyBaHHS MEIUIHUX BUTpPAT 3pic Ha 22,3 MIH
rpH (42,6 %).

Ha 2,9 man tpH (6,0 %) 3MeHmMBCS po3Mip
BHIUIAT 31 CTpaxyBaHHS KPEAWTIB, IO IIOB’SI3aHO
3 BTPAaTOIO JIOBIpH /10 OaHKIB.

CrpaxyBaHHS BiJ] BOTHEBUX PH3HKIB Ta PU3HKIB
cTuxiHuX siBuil npotsroM 2014—2015 pokiB 3me-
Hmwtock Ha 30,1 mitH TpH, a6o Ha 49,5 %.

[Hmi BuamM cTpaxyBaHHS MPOTSTOM aHANi30Ba-
HOTO TIepioxy 3MeHmwIch 3 146,9 no 138,5 muH
TpH, abo Ha 8,4 miH rpH (5,7 %).

Buxoxsun 3 aHamizy YHCTHX CTPaxOBHX BH-
IJIaT, MOKHA ITOMITHTH, II[0 HAWOIIbIIEe BUILIAT
3MIACHIOETHCS 32 TAKUMU BUIAMH CTPaxXyBaHHS, SIK
aBTOCTpaxyBaHHS, CTpaxyBaHHS (PIHAHCOBUX pPH-
3MKiB, CTpaxyBaHHS MaiiHa Ta CTpaxyBaHHS JKUTTSL.

Ile moB’s13aHO 3 THM, 11O HaBENIEHI BUIIE BUOH
CTpaxyBaHHS € HAWOUIBIN PU3MKOBUMH Ta MAalOTh
BHUCOKHUH piBEHb HACTAaHHS CTPAaxOBOTO BUMAJKY,
TOMY 1 BUIUIATH MO HUX € HAHOUMBIIMMHU cepel Ha-
BemeHux y Taoi. 2 [10].
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Tabnuns 2

JluHaMika YHCTHX CTPAXOBHMX BHILJIAT 32 OCHOBHMMH BUAAMM cTpaxyBaHH4 3a I miBpivus 2014-2015 pp.

Table 2

Dynamics of net indemnifications upon the main types of insurance in H1, 2014-201S5 years

.. .. Temmu npupocry I miBpigus 2015/ 1
Buau cTpaxyBaHHS I m?\f;qr’;iom’ I memr’; flOIS » MIH miBpiuas 2014

MIIH. TpH %
Asroctpaxysanus (KACKO,
OCLIIB, «3eneHa KapTKa») 1329.6 14913 161,7 12,2
Menuune crpaxyBaHHs (Oe3nepe- 5505 5918 323 53
PBHE CTpaxyBaHHS 3/10pOB’s) ’ ’ ’ ’
CrtpaxyBaHHS KUTTA 89,7 282.4 192,7 214,8
CrpaxyBaHHS (iHAHCOBHX pPH- 59 186.0 180.1 315025
3UKIB ’ ’ ’ ’
CrpaxyBaHHS MaliHa 64,2 145,0 80,8 125,9
CrpaxyBaHHS MEIUYHUX BUTpPAT 52,3 74,6 22,3 42,6
CrpaxyBaHHS KPEIHUTiB 48,0 45,1 -2,9 -6,0
CtpaxyBaHHS BiJi BOTHEBHX PH-
3HKIB Ta PU3KKIB CTUXIHHUX SBUIIL 60,3 30,7 -30.1 49,5
[Hmi BUM cTpaxyBaHHS 146,9 138,5 -8,4 -5,7
Bcrvoro 2356,9 2 985,4 628,5 26,7

CyTTEBMM TOKa3HMKOM PO3BHTKY CTPaxOBOIO
PHHKY TaKOX € KUIbKICTh YKJIaJI€HHX IOTOBOPIB.

Buxogsum 3 mammx Tab6n. 3 [10], MoxHa
MTOMITUTH, IO MPOTATOM aHAaJIi30BAHOTO TEPiOIy
KIUJIBKICTB JTOTOBOpiB 30inbmmiack Ha 27 937 tuc.
OJIMHUIlb, 110 y BIJCOTKOBOMY CITiBBiIHOIIICHHI

Hs Ha 33 346,9 tuc. ogunuie (abo Ha 273,7 %),
BKITIOYAIOYH JOTOBOPH CTpaxyBaHHS BiJl BOTHEBUX
PU3UKIB Ta PU3MKIB CTUXIMHHUX SBHIL, IO 3POCIH
Ha 13 096,4 Tuc. onuaumk (a6o Ha 1 058,1 %); mo-
TOBOpH, TIOB’s3aHI 31 CTpaxyBaHHs MaiiHa
30inbImMKuCch Ha 12 916,6 Tc. omuHuIb (200 Ha

CKIIaziae 879,6 %), a TaKOX 3pociia KiJIBKICTH JOTOBOPIB
43,3 %. TakoX CIOCTEpiracThCsi 3pOCTaHHS  CTPaxXyBaHHS BiJl HEIIACHUX BUMAJKIB, BOHU 3pOC-
KiJIBKOCTi TOTOBOPIB 3 JOOPOBUIBHOTO cTpaxyBaH- Ju Ha 3 376,7 tuc. onuHus (abo Ha 67,1 %).
TabOnuus 3
KisibkicTh 10roBopiB cTpaxyBaHHs, yK/IaJAeHHX NPOTATOM 3BiTHOr0 nepioay, THC. 0.
Table 3
Number of insurance contracts concluded during the reporting period, thousand units
[Moka3uuk I miBp. 2014 p. I miBp. 2015 p. Temmu pocty
Kinbkicts AOTOBOPIB, KPIM /I0T0BOPIB 3 00oB A3KOBOTO 17192.1 50 316,6 11927 %
CTpaxyBaHHS B1Jl HEIACHUX BHUIIAJIKIB HA TPAaHCIOPTL, y T. 4
— 31 cTpaxyBalibHUKaMH — (DI3UYHHUMHU 0COOaMU 15 4448 48 9358 +216,8 %
KIHBKICTL JIOTOBOPIB 3 000B SI3KOBOTO oco6m’:Toro CTpaxy- 473714 421839 11,0 %
BaHHJA B14 HCIMACHUX BUITAAKIB HAa TPAHCIIOPT1
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B 2004 poui TreHepalbHUA  JUPEKTOP
«Acormiarii crpaxyBanbHUKIB YKpainu» JleoHin
Xopin 'y cBoii  mpami  «CrpaxyBaHHS:

IHCTUTYI[IOHAJIbHA PUTOPUKA Ha (OHI CHCTEMHOTO
Xaocy», Ha3BaB psJ HETaTUBHUX UYWHHHKIB, IO
VITOBITHHIOIOTh PO3BUTOK CTPAaxOBOTO PHHKY. BiH
ix kmacuikyBaB TaKUM YHHOM:

1. ExoHOMiYHI YHHHUKH:

— HHU3BKUH TUIaTOCTIPOMOXKHUH momuT ((hi3md-
HUX Ta OPUIUIHUX 0Ci0) HA CTPaxoOBi MOCIYTH;

— HeBeNuKi 00CsITM 1 HelOCKOHala CTPYKTypa
KalliTaly CTPaXOBUX KOMIIaHii;

— BIZCYTHICTH i HEPO3BWHEHICTh HAMIMHUX iH-
BECTHUI[ITHUX 1HCTPYMEHTIB JUIsl JJOBFOCTPOKOBOTO
PO3MIIIEHHS CTPaXxOBUX PE3EPBIB.

2. OpranizaniifHO-ITPaBOBI YNHHUKH:

— BIJICYTHICTh IUIECIIPSMOBAHOI  JIepKaBHOT
NOMITUKK y cepi cTpaxyBaHHA, IO NPU3BOIUTH
10 0Ee3CHCTEMHOr0 PO3BHUTKY BITUM3HSIHOTO CTpa-
XOBOT'O PHHKY;

— HEJIOCKOHAIIICTh HOPMATUBHO-TIPaBOBOI 0a3H,
110 pErIaMeHTy€e PO3BUTOK CTPaXOBOi Tays3i;

— HaJMipHa KUTBKICTH 3aKOHOMIABUO BH3HAUC-
HUX BUIB 00OB’SI3KOBOTO CTpaxyBaHHS 1 HEaJCK-
BaTHICTb IXHHOTO (JIHAHCOBOTO 3a0€3MEeUCHHS;

— HEJOCTaTHIH piBE€Hb AEP)KABHOTO PETYJIIO-
BaHHS i KOHTPOIIIO 32 CTPaXxOBUM PHHKOM, HEIO-
CIIJOBHICTH Jili CTOCOBHO Oprasizamii Jep»aBHO-
r0 HarjsiAy 3a CTPaxoBOIO AiSJIbHICTIO;

— TIPOTEKIIOHI3M 1 TaTy3¢BHH MOHOIIOII3M.

3. OyHKI[IOHANbHI YUHHUKH:

— HU3bKa NMPUOYTKOBICTb OKPEMHUX BUIIB CTpa-
XYBaHHS;

— HW)KYa KOHKYPEHTO3JIATHICTh  CTPaxOBUX
KOMIIaHiil TMOPIBHAHO 3 KOMEpUiHHUMH OaHKaMH
B 00poThOi 3a 3amydeHHS BUTBHUX KOIITIB FOpH-
IUIHUX 1 QI3UIHEX 0Ci0;

— BIICYTHICTh CEpeIHbO Ta JOBIOCTPOKOBOTO
IUIAaHYBaHHsS CTPaxOBUMH KOMIIAHISIMU CBO€i Iisi-
JIBHOCTI;

— HU3BKWH piBeHb KBaiQiKamii KaJpis;

— MOPYUICHHS JiI0YO0TO 3aKOHOJAaBCTBA,;

— 3pOCTaHHS BUIIAJIKIB CTPaxOBOTO IIAXpancT-
Ba.

4. lnpopmaniitHo-aHATI THYH] YAHHUKY:

— 3HayHa iHQoOpMaIliifHa 3aKpUTICTh CTPaXxOBO-
TO PUHKY, HU3bKUH PiBEHb BIIPOBAIKEHHS B CTpa-
XOBYy  NpPaKkTUKy Cy4YacHHUX  iHQOpMAIiifHuX
TEXHOJIOTIH;

— BIJICYTHICTh SIKICHOI CTaTUCTHYHOI iH(OP-
Marlii i HeZIOCTaTHICTh JOKIAJIHUX iH(pOpMaIliiftHO-
AHAMTHYHUAX MaTepiajlliB Mpo CTaH 1 MpodiIeMu
(opMyBaHHS CTPAXOBOTO PHHKY;

— HEIOCKOHAJICTh (HiHAHCOBOi 3BITHOCTI Ta
METOIB OOPOOKH TaHUX;

— BIJACYTHICTH y OaHKIB IaHWUX TPO HECYMIIiH-
HUX CTPaxyBalbHUKIB;

— TIOTaHO OpraHi3oBaHa pEKJaMHa isUTBHICTb
Ha BITYU3HSIHOMY CTPaxOBOMY PHHKY;

— HEMpPO30piCTh JaHUX MPO CTPYKTYpy BIaC-
HOCTI BITYM3HSIHOTO CTPAXOBOTO PUHKY.

5. ComiaIbHO-TICUXOJIOTIYHI MPOOIEMH:

— BIJICYTHICTh NIOBIpM HacelleHHs 1 Tocroja-
protounx cy0’€KTIB 10 CTPaxoBUX KOMIaHii [12].

HaykoBa HOBU3HA Ta NPAKTUYHA
3HAYNMICTDL

B crarti Briepiie po3po0ieHo HayKOBHHI MiAXiza
IIOA0 BU3HAUCHHS CUCTEMH (PaKTOPIB, SIKUM MY-
CUTH BIAIOBIIaTH CYYacCHUN PUHOK CTPaxXOBUU TIO-
CITYT.

3 orany Ha mepenideHi nNpoOieMu Ta BUKOHA-
HUW aHalli3, OJHO3HAYHO MOXKHA CTBEPIKYBaTH,
10 AOTeTIep BOHU 3aJIMIIAIOTHCS HE3SMIHHAMU.

OxpecieHi ynoBiIEHIOIOYi PO3BHTOK CTPaXx0OBO-
TO0 PUHKY YHHHUKH JO3BOJSIOTH C(HOPMYIIOBATH
HaIpsMKH iX momoanfas. OCHOBHI 3 HAX TaKi:

— 3milicHeHHs pedopM y 3akoHOAaBdild 0asi
IUISl TIOANBLIOTO PO3BUTKY CTPaxoBOi AiSIBHOCTI
(diTke periIaMeHTYBaHHS OpraHi3alliiiHo-eKOHO-
MIYHUX TIMTaHb PO3BUTKY CTpaxyBaHHS, Me-
TOJIOJIOTI] MPOBEIEHHS MEANYHOTO CTPaxyBaHH);

— 3aJTydeHHs 1HO3eMHOTO KaIliTalry, OfJHaK o0e-
pPEXHO, OCKITBKH TIPU BEIUKOMY HOTO HAIUIMBI
JepkaBa MOXKE BTPATHUTH KOHTPOJIb HAJ aKyMy-
JILOBAaHUMU KOIITAMU;

— YIOCKOHAJICHHS JIIIEH3YBaHHS IsITBHOCTI
CTPaxOBUX KOMITaHiH;

— MiJBUIICHHS KBamidikamii KaapiB MIUISIXOM
BIIKPUTTS BIIACHUX IIEHTPIB, a TaKOX BUIUICHHS
KOINTIB HAa HAYKOBI JOCITIDKEHHS Yy CTpPaxoBii
cepi;

— BHKOPHCTaHHS ITO3UTHBHOTO JIOCBiIY Ta Bpa-
XyYBaHHS TEHJICHIII PO3BUTKY 3aKOPJOHHHX CTpa-
XOBUX PUHKIB;

— MiBUIIEHHS JOBIpU HAaceJCHHS OO0 CTpaxo-
BHKIB 32 paxyHOK CTBOPEHHS JOCTYITHOI Ta IPO30-
pOI CUCTEMH CTpaxyBaHHS;
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— CTBOPEHHSI HOBUX KOHKYPEHTOCIIPOMOXKHUX
MPOAYKTIB i3 aJeKBATHOIO IIHOI HA HUX 3aBISKH
CTBOPCHHIO YMOB JJII PO3BHUTKY 1H(MPACTPYKTypH
CTPaxoBOTO PUHKY;

— CTBOPEHHSl €IUHOTO PEECTPY CTPaxOBUX
areHTiB, IO JAaCTh MOXJIMBICTh MiHIMI3yBaTH KpH-
MiHaJIbHI CXeMU Ha pUHKY CTpaxyBaHHS;

— 3a0e3MeYeHHs MiJBUILEHHS PiBHS CTPaxoBOI
KyJbTypH HaceJeHHs depe3 3aco0u mMacoBoi iHpo-
pMartii Ta CTBOPEHHS CHEIlialbHUX MPOTpaM y BH-
IIMX HABYATBHUX 3aKJIaJ1aX.

BucHoBxu

3a pe3yibTaTaMd BUKOHAHOTO JOCIiHKCHHS
MOHSATTS CTPaxOBOTO PHHKY, aHAaJi3y KUIBKOCTI
CTPaxOBHX KOMIIaHii, CKJIaAEHOTO PEUTHHTY 3a
BAJIOBHMH IJIaT€XaMU Ta aHaNi3y AWHAMIKH 4YUC-
TUX CTPaXxOBHX BUIUIAT 32 OCHOBHHMH BHUJaMH
CTpaxyBaHHS, a TaKOX BHSBICHUX CTPHUMYIOUHX
YUHHUKIB PO3BUTKY CTPaxOBOI'O PHUHKY, MOXHa
3pOOHTH BICHOBKH:

1. CTpaxoBHil pUHOK € HEBiJ €MHOIO YaCTHHOIO
(hiHAaHCOBOTO PUHKY 1 SBJISIE COOO0 CKIamHy Oara-
TOPIBHEBY CHUCTEMY, UyTJIMBY IO 3MiH, OCOOIMBO
30BHIIIHBOT'O XapaKTepy.

2. OCKITBKH MPOAYKTOM IisSUTBHOCTI CTPaxOBUX
KOMITaHiil € cTpaxoBa IOcyra, K ToBap, TO He0O-
X1THO 3a0€3MEeYUTH MOMUT Ta MPOIMO3UIIIIO IIITXOM
(opMyBaHHSI ONTUMAIBHOTO OanaHCy MiX BapTic-
TIO TIOCTYTH Ta 3[aTHICTIO (i3MYHUX Ta FOPHIUYI-
HUX 0Ci0 KyITyBaTH IX.

3. Ha upoMy erami po3BUTKY CTPaxOBHH PUHOK
VYKpaiHu ONMHKBCS Yy LIe OLIBII CKPYTHOMY CTaHO-
BHIII, HDK OYB ACKiTbKAa POKIB TOMY. AHEKCIA
Kpumy Ta Gotiosi aii Ha Cxoxi KpaiHu MOTATIH 32
co00I0 CKOpOYCHHS PHHKY, BTpaTy JOTOBOPIB,
3HIDKEHHS 0i13HEC-aKTUBHOCTI, Yepe3 10 3MEHIIIH-
JIUCH CTPAXOBi TTOTOKH.

4. OpHak MO3UTUBHI TEHIEHIIi PO3BUTKY CTpa-
XOBOTO PUHKY YKpaiHu MpUCYTHI. X04a KUTBbKICTh
CTPaxOBHX KOMIIAHIil A€o 3MEHIINIACh, NPOTE
CIIOCTEPITa€ThCsl TIO3UTHBHA JHHAMIKA YHUCTHX
CTpaxOBHX BUIUIAT 32 OCHOBHHMH BHUIAMHU CTPaxy-
BaHHA. IX posmip 36inbmuBes 3 2 356,9 MIH. rpH
y 1 miBpiuui 2014 poky no 2 985,4 muH. TpH
y 1 miBpiuui 2015 poky, To6TO Ha 26,7 %. Takox
CIIOCTEPIraeThesl 301NBIICHHS KUTBKOCTI YKJaje-
HUX JIOTOBOPIB.

5.CrpaxoBuii pHHOK YKpaiHM  jJoTemnep
€ IIKaBUM JUTsl 3aKOPAOHHUX iHBecTopiB. OmgHaK

BIZICYTHICTb JTOCKOHAJIOi HOPMAaTHBHO-IIPABOBOI
0a3u, JOCTYIMHOCTI Ta TMPO30POCTi CTPaXOBOTO
PUHKY U HAaceJeHHs, HU3bKa MPUOYTKOBICTh OK-
peMHX BUMAIB CTpaxyBaHHS, HIXYa KOHKY-
PEHTO3aTHICT,  CTPaxOBHX  KOMIAHIH  HIX
KOMEpIIiIHHUX OaHKIiB B OOpOTHOI 3a 3aydeHHS
BIJIBHAX KOIITIB FOPUIMYHUX 1 (I3UUHHX O0cCi0,
HEIOCTaTHIN PiBEHb NIEPKABHOTO PETYJIIOBAHHS Ta
KOHTPOJIIO HE HAal0Th 3MOTH CTPaxOBOMY PHUHKY
e(heKTHBHO PO3BUBATHCH.

6. YCyHEeHHS IIMX HEIONIKIB J03BOJHUTH CGOp-
MYBAaTH PO3BHUHEHHH PHHOK CTPaxOBHUX IIOCIYT,
THM CaMWUM CHPHITHME PO3BUTKY (iHAHCOBOTO
PHHKY, Hal[lOHAILHOI €KOHOMIKH Ta €KOHOMIYHOI
Oe3IeKku AepKaBH.
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CTPAXOBOW PBIHOK YKPAUHDI:
COBPEMEHHOE COCTOSHME U ITPOBJIEMbI PA3BUTUSA

Ienb. CTpaxoBoil ppIHOK YKpaUHbI 10 CUX MOP UHTEPECEH Il MHOCTPAaHHBIX MHBECTOPOB. OAHAKO CYLIECTBY-
eT Pl HeraTuBHBIX (PAKTOPOB. DTO: 1) OTCYTCTBHE COBEPIICHHOW HOPMAaTHUBHO-TIPABOBOM 0a3bl, JOCTYMHOCTH
W TIPO3PAadHOCTH CTPaxOBOTO PBHIHKA Ul HACENECHHUs; 2) HHU3Kas JAOXOJHOCTh OTICIBHBIX BHJOB CTPAXOBaHUS;
3) HM3Kas KOHKYPEHTOCIIOCOOHOCTh CTPaXOBBIX KOMITAHWA, B CPaBHEHHH C KOMMEpUYECKIMH OaHKaMu, B OoproOe 3a
MPUBJICYEHUE CBOOOIHBIX CPEACTB IOPHIMUYECKUX U (GU3MUYECKUX JHI;; 4) HENOCTATOYHbIH ypOBEHb FOCYAAapPCTBEH-
HOTO PEeryJIHpOBaHMS U KOHTPOJS HE MO3BOJIIIOT CTPAXOBOMY PBIHKY 3(dexTnBHO pa3BuBaThea. 1loaToMy Lenbio
CTaThbH SABJIAETCA MPOBEICHUE aHAIM3d, BBIABJICHHE NPUYUH, TOPMO3AIIMX PA3BUTHE CTPAXOBOW AEATEIBHOCTH
B YKpauHe, a TaKKe ONpeJIeJICeHUEe HallpaBJI€HU! pa3BUTHA CTPaxoBOro peiHKa. Meroauka. [ 1ocTHXEHUs 1Mo-
CTaBJICHHOM 1I€JIM B CTaThe OBUIO ONpENeNIeHO O0liee KOJMYECTBO CTPAaXOBBIX KOMIIAHWH, COCTaBIIEH PEHTHHI 110
BAJIOBBIM IUIaTEeXaM HanOoJiee KPYIHBIX U3 HUX, MPEJCTaBIeHa JUHAMHMKA YHUCTHIX CTPAaXOBBIX BBIILIAT 110 OCHOB-
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HBIM BHJaM CTpaxoBaHUs. J|aHHBIH aHAIM3 [TO3BOJISIET ONPENESIUTh NPOOJIEMHBIE BOIIPOCHI M HAIIPAaBJICHUS ESTENb-
HOCTH CTpaxoBoro poiHKa. Pe3yabTaThl. Ha OCHOBEe NMpoOBEEHHOIO B CTAaThe aHAIM3a BBISBICH PSJl TOPMO3SIIUX
(hakTOpOB B pa3BUTHH CTPaxoBaHHs B YKpaWHE U II€PBOOYEPEIHBIC HAITPABICHHS YIYUIICHNS CUTYallul Ha CTPaxo-
BOM DBIHKE. Y CTAQHOBJICHO, YTO IJIABHBIMH 33Ja4aMM Pa3BUTHUS CTPAaXOBaHMs SBISIOTCS: 1) peopMHUpOBaHHE 3aKO-
HOZATENBHOI 6a3bl; 2) MOBBIICHNE KOHKYPEHTOCIIOCOOHOCTH, YPOBHS HHBECTULIMOHHOM MPUBIICKATEIIBHOCTH CTpa-
XOBBIX KOMIaHUH; 3) pa3sBUTHE COBPEMEHHOW HH(PACTPYKTYPHI CTPAXOBOTO PBIHKA; 4) pacuIMpeHne CIIeKTpa YCIyT
U JIOBEJICHHE MX YPOBHS 0 MEKIYHApPOAHBIX CTaHIAPTOB; 5) MOBBIICHNE KBATU(HUKAIIUU KaIpoB; 6) COBEPLICHCT-
BOBAHHE JIMLIEH3UPOBAHUS CTPaXOBOH EATENBHOCTH; 7) MOBBIICHNE KYJIBTYPhI M YPOBHS A0Bepus HacesneHus. [1pu
9TOM HOBBINICHUC YPOBHA HﬂaTe)KeCHOCO6HOCTI/I HaCCJICHU, CTa6I/IJ'II/I3aIlI/IH 9KOHOMUKO-TTOJIUTUYECKOMN CUTyalluu
B cTpaHe OyIyT CHOCOOCTBOBaTh CTAOMJIM3allMM W WHTEHCHBHOMY pa3BUTHIO pBIHKA CTPAaXOBBIX YCIYT.
Hayunasi HoBu3Ha. B crarbe BriepBble pa3paOOTaH HAay4YHBIH MOJXOJ K ONPENENICHUI0 CUCTEMBbI (haKTOPOB, KOTO-
PBIM JOJDKEH COOTBETCTBOBATH COBPEMEHHBIM PBIHOK cTpaxoBbIX yciyr. IIpakTuyeckasi 3HaYMMOCTh. Pemenne
NIPEACTAaBICHHBIX POOJIEM C MOMOMIBIO TIPEUIOKEHHBIX aBTOPAaMH MEPOIPHUATHH MO3BOJIMT YCIIEIIHO Pa3BUBATHCS
CTPaxoBOMY pPBIHKY. A 3TO, B CBOIO Oouepenb, Oy/leT CrIocoOCTBOBaTh CTaOMIM3alMK HallMOHAJIBHOW 3KOHOMMKH,
TIOCKOJIBKY CTPaxXOBOW PBIHOK SBIISIETCS HEOTHEMIIEMBIM €€ CETMEHTOM.

Kniouegvie cnosa: cTpaxoBaHMe; CTPAaXOBIIMK; CTPAXOBOH PBIHOK; CTPaxOBbIE YCIYTH; CTPaxOBbIE BBIILIATHI;
CTpaxoBOi NOPTQeIb; CTpaxoBas 3alUTa
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INSURANCE MARKET OF UKRAINE:
MODERN STATE AND PROBLEMS OF DEVELOPMENT

Purpose. The insurance market of Ukraine is still interesting for foreign investors. However, there is a range of
negative factors. They are: 1) the old regulatory framework, public access and transparency of the insurance market
for population; 2) low profitability of certain types of insurance; 3) low competitiveness of the insurance companies
in comparison with commercial banks in attraction drive of free funds of legal entities and individuals; 4) insuffi-
cient state regulation and control does not allow the insurance market to develop effectively. Therefore, the purpose
of the article is to analyze and identify the causes that hinder the development of insurance business in Ukraine, as
well as to determine the directions of insurance market development. Methodology. To achieve this purpose the
article determines the total number of insurance companies, composes the gross payment rating of the largest of
them, presents the dynamics of net insurance premiums for basic insurance. This analysis allows you to identify
problematic issues and activities of the insurance market. Findings. The analysis of the article revealed a number of
factors that prevent successful development of insurance in Ukraine. The authors suggest priority areas for improv-
ing the situation in the insurance market. It was found that the main tasks of the development of insurance are:
1) legal framework reform; 2) improving competitiveness, investment attractiveness of the insurance companies;
3) development of modern infrastructure of the insurance market; 4) expanding the range of services and their com-
pliance with international standards; 5) personnel development; 6) improvement of insurance activity licensing;
7) building of culture and public trust. At the same time the increase in the population solvency, economic and po-
litical stability in the country will contribute to the stabilization and intensive development of the insurance market.
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Originality. The article firstly developed a scientific approach to the determination of the system of factors, which
the modern insurance market should correspond to. Practical value. The solution of the presented problems with the
help of the measures proposed by the authors will help the insurance market to develop successfully. And this, in its
turn, will contribute to the stabilization of the national economy, because the insurance market is its integral seg-
ment.

Keywords: insurance; insurer; the insurance market; insurance services; insurance payments; insurance portfolio;
insurance cover
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I[OCJIIIDKEHHH"HPOHYC.I.(HOi CITPOMOXHOCTI
COPTYBAJIBHOI CTAHIIII

Meta. HaykoBa poOota Mae 3a MeTy BHOIp pamiOHaJIBHUX TEXHOJOTIYHUX IapaMeTpiB OpraHizallii mporecy Ime-
peBe3eHb, SKi JO3BONMIN O MPAKTUYHO peali3yBaTH PyX BaHTAKHHX IMO{3/iB 13 HAMOLIBIT eEeKTHBHAM PO3IIOILIOM
MOT3/10MOTOKY. Po3risimaeTbesl TakoK 3HMKCHHS ITOKA3HMKA MIPOCTOI0 BAarOHIB BHACHTIIOK 30UTBIICHHS HIBHIKOCTI
JIOCTaBKM BAaHT@XKIB Ta MOLIYK LUIAXiB 30UIBLICHHS MPOMYCKHOI CIPOMOXKHOCTI COPTYBaJbHOI CTaHIIIi.
Mertonuka. HaBeneHi TexHIUHI Ta eKCIUTyaTalliiHi XapaKTEpPUCTUKH COPTYBAJbHUX CTaHLii €Bpornu Ta YKpaiHH.
B sKoCTi MeTOMIB JOCIHIKCHHS MPUAHATHIA aHali3 poOOTH CTaHINii, aHai3 MPSIMYBaHHS BAaroHOIOTOKIB, aHAII3
rpagika BUKOHaHOTO PyXy MOi3/iB, HATypHUX JIUCTIB ¢popmu JY-1 mo npuOyTTIO Ta BixnpasieHHIO noi3aiB. Po3po-
OsieHi cXeMH ISl pO3paxyHKIB IPOIYCKHOI CIIPOMOKHOCTI T'OPJIOBHH, IEPEepoOHOi CIPOMOXKHOCTI COPTYBaJIBHOT
TipKH, JOIMYCTUMHX PIBHIB 3aBaHTa)KEHHS cucTeMH. Pe3yiabTaTn. 3a BUCHOBKAaMHM JOCII/DKEHHSI pOo3paxoBaHa Ipo-
myckHa (TiepepoOHa) CIIPOMOKHICTh OCHOBHHUX €JI€MEHTIB cTaHIii. JJoOoBe 3aBaHTaXEHHS COPTYBAJIBbHOI TipKH Ta
BUTSDKHUX KOJIIH iCTOTHO 3MIHIOETBCS IO BapiaHTaM Ta TpajallisiM po3MipiB pyxy. Lle BIumBae Ha mpocToi cocTaBiB
Ta, B IJIOMY, Ha BEIMYUHY KPUTEPIIO, 3TIAHO SKOT0 Oyae oOupaTucs ONTHMalbHE TEXHIYHE OCHAIIECHHS, OIITUMAIIb-
Ha B3a€EMOZIs B poOOTi MiACHCTEM Ta KOJIIHHIHA PO3BUTOK CTaHIli. Llel kpuTepiil MOBHHEH BpaxOBYBaTH BUTPATH Ha
TEXHIYHE YCTaTKyBaHHS, CIIOPY/DKEHHS KONiH, JOKOMOTHBH, a TaKO)X BiAIOBIIHI €KCIUTyaTalliifHI BUTpATH y BCIX
BapianTax. TakuM YUHOM, BUOIp ONTHMAJIBHOT B3a€MO/Iii OBUHEH BCTAHOBIIIOBATH CKOHOMIYHO JOIIBHUIN PIBCHb
eKCIUTyaTaliitHol HafifHOCTI pOOOTH MiZCKUCTEM, iX TEXHIYHY Ta KOJiMHY HOTYXHicTh. HaykoBa HoBH3HA. 30111b-
LIYIOYH MPOAYKTHBHICT POOOTH KaHATy BIANPABICHHS I0i3/IB, COPTYBAJIBHOI MPKH Ta BUTSDKHUX KOJIH, MOXKIIMBO
iHTeHCH(DIKyBaTH Mpoliecd 0OpOOKH MOI3/iB Ta 3MEHIIUTH NPOCTO] BaroHiB. [HTeHCHdiKamis TEXHOJIOTIYHHUX MPOLe-
CiB Ha COPTYBaJIbHUX CTAHISAX 3a0e3reuye 3MEHIIEHHS 000pOTy BaroHiB, CKOPOUSHHS ITPOCTOIB Ta BUCOKY €KOHO-
MiYHY €(EeKTUBHICTh KaIliTANILHUX BKJIAJCHb. Y JOCTIIKCHHI PO3TJSHYTI NMHUTAHHS, TOB’SA3aHi 3 ITiBUIICHHIM
e(exTUBHOCTI (DYHKIIIOHYBaHHS COpPTYBaJbHHUX CTaHIIA B yMoOBaxX pedopMyBaHHS 3alli3HWYHOTO TPAHCIOPTY.
IpakTuyna 3HAYUMIiCTb. BUKOpUCTaHHS METOZIB BU3HAYCHHS PalliOHABFHOI MPOITyCKHOI (TIepepoOHOT) crIpoMoK-
HOCTI COPTYBaJbHUX CTAHIIIH, IS PO3MOALUTY TOI3IOMIOTOKY MK HIMH, Ja€ MOKIJIMBICTH MOKPAIIUTH SAKIiCHI MOKa3-
HUKH pOOOTH COPTYBAIBHUX CTAHIIIH.

Kniouosi crnosa: BaroHOMOTIK; COPTYBaJbHA CTAHIISA; 00’ €M IepepoOKH; MPOIYCKHA CIIPOMOKHICTh; TOPIIOBUHH;
nepepoOHa CIIPOMOXKHICTh
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Beryn

CopTyBaJIbHI CTaHIIIi — 1€ CKJIaJHI KOMIUICKCH
€JIEMEHTIB, SKI TEXHOJIOTIYHO B3a€MOIIOB’ sI3aHi
Mik co00r0. Lli eJeMeHTH MOBHICTIO BiIIOBiAAIOTH
JIOCTATHIM Ta HEOOXIJHUM yMOBaM, SIKi JO3BOJISI-
I0Th IHTEPIPETYBATH iX 3 TOYKH 30Py CUCTEMOTEX-
HIKM K CKJIaZAHI TEXHOJOIIYHI CUCTEMHU, €JIEMEHTH
SKUX 3HAaXOIAThCS B TOCTiHHIN (yHKIIOHAIBHIN
B3aemogmii. Kpim Toro, copryBanpHi craHuii mpa-
IOIOTh 3 HEOJAHOPIAHUM IO CTPYKTYpi Ta 3 HEpiB-
HOMIPHHM Y 9aci HaBaHTAXXCHHSM, B 3B’ 53Ky 3 YHM
B3a€MO3B’SI3KM MDK I[IMMH €JIEMEHTaMH MaloTh,
Yy BHU3HAUCHUX MEXKaxX, CTOXAaCTUYHHI XapakTep.
PoGoTy copTyBaNbHHX CTaHIIA TOCIHIKYBAIH
BueHi B. M. Akyniniues, T. B. bytsko, H. H. Illa-
Oaumin, 1. b. Cortnikos, K. K. Tans, I1. C. ['pyHTOB,
A. M. MakapoukiH 1a iH. [1—14].

AKTYaJIBHICTIO  JOCHIJDKCHHS € po3poOka
1 BIIPOBAKEHHS METOJIB BH3HAUCHHS paIlioHATb-
HOI TPOITYCKHOI (TIepepoOHOi) CIIPOMOKHOCTI COp-
TyBQJIBHUX CTaHINH, YIS PO3MOILTY MOI3IOMOTOKY
MIX HHUMH, 110 3a0€3MeYUTh MOKPAIICHHS SKICHUX
MOKa3HUKIB POOOTH 3aTI3HUYHOTO TPAHCIIOPTY.

Meta

Mertoro AoCHiKeHHS € BHOIp paimioHaJbHUX
TEXHOJIOTIYHUX TapaMeTpiB opraHizalii Iporecy
TIepPeBe3eHb, SKi JO3BOIMIN O MPAKTUYHO peaizy-
BaTH PyX BaHTaXKHHUX MOI3AIB 3 HAWOUIBII edekTu-
BHUM DPO3MOIIOM MOT3A0TOTOKY, 3HIKEHHS TTOKa-
3HWKA IPOCTOI0 BAaroHiB BHACIITOK 301IBIICHHS
MIBUAKOCTI JTOCTABKU BAHTAXIB.

OO0’€eKTOM JOCHIPKEHHS € MPOLEC MPOIYCKY
BAaHTAXXHOTO TIOI3JIONOTOKY MO  COPTYBAIBHIH
craHuii X.

[IpenmeroM nociiKeHHS € TapaMeTpu BaH-
Ta)KHOTO TOI3A0TOTOKY (TpaH3UTHI 0e3 mepepoOKu
Ta 3 IePEePOOKOI0) COPTYBATIBHOI cTaHIIil X.

3aBHaHHAM JOCIIHKCHHS € BHOIP ONTHMAIIBHO-
ro BapiaHTa oOpraHizamii BaroHONMOTOKIB IIpH
MIEpEBE3CHHI BAHTAXy IO COPTYBANIBHIHM cTaHii X,
BHACJIIOK HYOT0 JOCSATAETHCSA 3MEHILIECHHS 4acy
MPOCTOI0. SIK METOAM IOCITIKEHHS NPUHHATI aHa-
73 poOOTH CTaHLil, aHaJi3 HaNpaBJIeHHS BaroHO-
MOTOKIB, aHajii3 rpadika BUKOHAHOTO PYXY IOI3-
IiB, HaTypHUX JIACTIB popmu J[Y-1 mo mpudyTTi Ta
BiJIIIPaBIICHHI MOT3IiB.

DaKTUYHOIO 3HAYMMICTIO JOCTIUKEHHS € BH-
KOPUCTaHHS OTPUMAHUX pE3yJbTaTiB B  YIO-
CKOHAJICHHI TEXHOJIOTII TepeBEe3eHHS BaHTaXIB 3a

paxyHOK palioHaJIbHOTO PO3MOJILTY MOi30NOTOKIB
MK OCHOBHUMH COPTYBIbHUMHU CTAHIISIMH.

CTpyKTyporo poOOTH € aHai3 CUCTEMHU OpraHi-
3amii poOOTH 3 MPOITYCKY IOi3J0MOTOKIB MO COp-
TyBaJbHIA cTaHUii X, MPOMOHYBaHHS PO3MOILTY
MOI3/IOTIOTOKIB MiX COPTYBaJIbHUMH CTaHIISIMH
BIZIITOBITHO IO METOIIB BH3HAYCHHS IPOIYCKHOL
(epepoOHOT) CIIPOMOKHOCTI COPTYBAILHUX CTaH-
.

MeTtoanka

SaTi3HUYHANA TPAHCTIOPT YKpaiHU 110 3araibHii
MOBXWHI NIIAXiB (23 THC. KM) 3aiiMae 4YeTBepTe
Mmicie B cBiTi (micis CHIA, Pocii, Kanagu). Ilo
BaHTaXX000ITYy BiH BHKOHYE OCHOBHI 00CsTH Tepe-
Be3eHb — 40—50 % Bix kpain €C (HaBiTh y piK Hal-
Oinpioro cragy 1997 p. — nmonazg 40 %). Ilepesis-
Ha poOorTa, 3AiHCHIOBaHA Ha 3aJII3HUIX YKpaiHu,
B IIICTh pa3iB Oiyblie 00CATY, BUKOHYBAHOTO 3alli-
saumsaMu kpaid €C. [13,14]

[IpoanamizyBaBmu mokazHuku (Tabin. 1), Mox-
Ha 3pOOHMTH BHCHOBOK, IO YKpaiHa 3a IUTOLICIO
cranoBuTh 13,8 % mmomti kpain €C, Mae TpOTIK-
HICTB 3a7i3HMYHMX JiHIHA 22 300 KM, 1110 CTAHOBUTH
16 % Big OPOTSHKHOCTI BCIX 3aI3HHYHUX JIHIH
€pponu. ['ycroTa 3aii3HuIb YKpalHU HUKYE HIXK
rycrorta 3amizannb €C, npu npomy 43,7 % 3amiz-
HUIb YKpainu enekrpodikoBaHo, Tomi sk B €C
enekrpudikoBano yumie 14,5 % 3ami3HUYHUX JIi-
Hif. 32 maHuMH TaOJMI BUAHO, IO PO3TOPHYTA
MOBKMHA 3aJII3HIYHUX JIHIN 3a3HaYCHUX €BPOITCH-
CBKHX KpaiH IepeBuIlye icHyto4dy B YKpaiHi B 4,2
pasy, ToAi SIK piBeHb NepeBe3eHb BaHTaXIB Ha OJ-
HOTO JXUTeNs B YKpaiHi B 3,3 pa3y BHIlE iX cymap-
HOTO 3HadeHHs 1Mo kpainax €C. Ile roBoputs mpo
OLIBII BUCOKY BaHTa)KOHAIPYXKEHICTh Ta iHTEHCH-
BHICTh Ha 3aJi3HULAX YKpaiHU MOPIBHSIHO 3 €BPO-
MEeUCHKUMU.

VY 3B’A3Ky 3 THM, III0 BaHTa)X0O0OIT 3aTi3HUIL
VYxpainu B 6 paziB Oinblie, HiXK BAHTaK000Ir KpaiH
€C, e pobuth YKpaiHy OJHIEIO 3 MPOBITHUX 3aTi-
3HUIb KpaiH €BpOIM HE3BAXKAIOUU HA Te€, IO IO
TEXHIYHOMY PO3BHUTKY BOHA ITOCTYNAETHCS KpaiHaM
€C. 3 BuIIE CKa3aHOTO MOXKHA 3pOOUTH BHCHOBOK
PO BUCOKUH MOTEHINaN JUIsl MOAANBIIOTO PO3BHT-
Ky COPTYBAJBHUX CTaHIH i, B pa3i CIPUATIHBOL
JIep>KaBHOI TOJITHKH, BUCOKI TIEPCIIEKTUBU 1HBEC-
TULIH B 110 rany3b. PedopmyBaHHs 3ai3HUYHOI
raimy3i YKpaiHu, sike BiOyBaeThCsl ChOTOMHI, CBiJl-
YUTH PO MIEPCIIEKTUBH 11 PO3BUTKY.

doi 10.15802/stp2016/67289

48

© C. I. My3ukina, M. 1. My3ukin, I'. I. Hectepenko, 2016



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

Hayxka Ta nporpec Tpancropty. BicHuk J[HIIpOneTpoBcbKOro
HAI[IOHAJIBHOTO YHIBEPCHUTETY 3aII3HUYHOrO TpaHcmopty, 2016, Ne 2 (62)

EKCIUTIYATALLA TA PEMOHT 3ACOBIB TPAHCIIOPTY

Tabnuns 1
IopiBHSJIBLHI MOKA3HUKHU 3aJi3HUIL YKpainu Ta €EBponu
Table 1
Comparative figures of railways in Ukraine and Europe
Ne HaiimenyBanns VYkpaina €C
3/1
1 [Tioma 603 628 km? 4324 782 xm?
2 Enextpudikaris 3ami3HuLb 9752 xm 24 369 xm
3 [IpoTsKHICTD 3aMi3HUYHUX JIHINA 22 300 xm 139 228 km
4 I'ycrora 3ami3HUIbB 35,93 km Ha 1 000 xkm? 177,4 xm 1 000 xm?
5 BanTtaxo06ir 246,3 Mapa T-kM 40 mupz T-KM
6 EkcrutyarariiitHa JOBXKIHA 3aJTi3HHULD 18 845 xm 3639 123 km
7 KinpkicTh cOpTyBaTbHHUX CTAHITIH 42 80
8 I'ycToTa po3mimeHHs Mepexi 10,2 xm Ha 1 000 KM? 17,84 xm Ha 1 000 x™m?
COpPTYB&JIbHUX CTAHLIN

9 [Inoma copTyBanbHUX CTaHLIN 7,2 tuc. M2 12,8 Tc. m?
10 IToTyXHicTh Tipok Bix maiof go miaBuIeHoi Big mainoi go migBumeHol

MOTYHOCTI MOTYKHOCTI
11 [TepepoOHa cripoMOXXHICTB 5 500 Bar/mo6 3 500 Bar/mo6
12 KinbkicTh copTyBaJIbHUX KOJIIi 24-34 54-84
13 JloBXXHHa COpPTYBaJIBbHUX KON 750—1 200m 1 050-2 100m

[IpoanamizyBaBmu copTyBaJIbHI CTaHIlii YKpa-
iam ta €C [13, 14], MoxHa 3pOOUTH HACTYITHI BU-
CHOBKH: Ha TepuTopii €Bponu po3mimieHo 80 cop-
TyBaJIbHUX CTaHLil, a Ha TepuUTOpii YKpainu — 42
COpTYBaJbHI CTaHIIIi, TUIOIIA COPTYBaJIbHUX CTaH-
it 7,2 THC. M?, a IUIOIIA COPTYBaJIbHUX CTaHIIIH
B €C B 1,5 pasy 6inbia. ['ycrora po3MimieHHs co-
PTYBaJbHHUX CTaHIiii B YKpaiHi MO BiJHOIIECHHIO
JIO TIPOTSDKHOCTI 3aTi3HUYHUX JIHIA MEHII IIUThHA
i cranoButh 10,2 kM Ha 1 000 kM. [TepepoOna 31a-
THICTh TIPOK, 3TiHO 31 CTAaTUCTUYHUMHU TaHUMH,
Ha 60 % Oinbie, HIXXK HA COPTYBAIBHHUX CTAHIIIAX
€C, npu TOMY IO KiIBKICTh COPTYBAJIBHHUX KOJIii
11X ZOBXKMHA Ha MOPsAOK Bulle came B €C.

Po3BUTOK MI>KHApOJHOTO 3aJ1i3HHYHOTO CTIONY-
YEeHHS YCKIIQJHIOETBCS HASABHICTIO HaaMIpHOI
KIJIBKOCTI 3yNWHOK HAa COPTYBaJbHUX CTaHIIfX.
PobGoTa mmx copTyBaJbHHMX CTaHIIN TMOB’si3aHa 31
3HAYHUMHU BHTpaTaMH Ha OOJIATHAHHS 1 TIEpCOHAI.
CTBOpEHHSI COPTYBaIBHUX CTaHIl IIOBUHHO 0a3y-

BaTUCS Ha HaWOIMbII edeKTUBHIN eKcIuTyararii
€BPOTICHCHKIX 3aTi3HHIb. IX CIil pO3TAIIIOBYBATH
B TaKMX MICIIX, 000 3MIHCHIOBATH 3aIi3HAYHI
omepauii SKHANIIBUALIE 32 MiHIMAIBHUX BUTPAT.
HeoOximHo CKOHIIEHTPYBATH MiKHAPOIHI TIEpeBe-
3eHHS 4epe3 OOMeXEHY KiIBbKICTh COpPTYBalIbHUX
CTaHIIIH, sKi:

— (OpPMYIOTh BaHTaKHI MOI31IH, IO HAIIPABIIS-
FOTBCSI 32 KOPIIOH, a00 TPUHMAIOTh BaHTaXHI IO13-
I, 10 IPUOYBAIOTh 3-38 KOPAOHY;

— pO3TaIlIOBaHi Ha JiHIAX €BPOIEHCHKOI Mepe-
XK1 3ai3HUIL a00 MOOIM3Y Big HUX 1 MalOTh rap-
HUI 3B’A30K 3 LIEI0 MEPEKEIO 1 Meperik SAKUX Ha-
BOJIUTHCS Y TaOmMIIi 2;

— IparHyTh CKOPOTHUTH YHCIIO HANBAXIMBILIINX
COPTYBaJIbHUX CTaHIliii B €BpoOI 3 METO ITiJIBU-
IIEHHS €KOHOMii Ha TPaHCHOPTi i MPHUCKOPEHHS

3aIII3HUYHUX TIEPEeBe3eHb BAHTAXKIB.
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Tabnuns 2

Iepesik copTyBanbHUX cranuiii B Mepeski CMKJI
(EBponeiicbka Yroaa npo MizxkHapoHi MaricTpajibHi 3ai3HUYHI JIiHIT)

Table 2

The list of marshalling yards on the network AMRL

(European Agreement about International Main Railway Lines)

Ne Kpaina Kisb- Cranmii
3/l KiCTB
CTaHIii

1 ABcTpis 7 Benbc, Binens, ['pan, 3aneuoypr, Jlinm, ®iwiax, Xans B Tiposi (IHcOpyK)

2 Benbris 4 AmnteeprieH — Ces, Kinkemmya (JIbex), Mepenbeke (I'ent), MoHco

3 BocHis i 1 Jo6oti

I'epuerosuna

4 Bounrapis 4 I'opra-Opsixosuria, J{lumutposrpan, Pyse, Codis

5 VYropumiaa 2 Bynamemt — ®epennBaponr, CompHOK

6 Himequnna 14 Bebpa, bpemen, ['pembepr (6mm3pko KempHa), Jdpesnen — @pinpixmraar,
3ennin (6nm3pko bepiina), 3enpue (6mm3pko ["'anHOBepa), KopHBECTreiim
(6xm3pko Ll TyTrapra), Maunreiim, Maruen (6au3bko ["amOypra), MionxeH —
[Misuiu, Hropubepr, Poctok — 3eexaden, XareH-Bopxais, Enrenscaopd
(61m3bKo0 Jlenuura)

7 I'peuis 2 Adinn, CanoHniku

8 Janis 2 Komnenraren (BanTaykHuii Tepminain), [lanbopr

9 ITanis 7 Aneccannpis, bononsst — Can-Jlonaro, Benerist -Mectpe, Mapuanise, Minas -
CwmicramenTo, Pum — Cmicramenro, Typun — Opbaccano. bes ripku: bapi —
Jlamacinata, Benriminss — [Tapko-Pos, Bimna — Can-/IxoBansi, Jlomogoccona
— Homo 2, Meccina — KonTtecca, [Toare66a, Tpiect — C.M.

10 [cmanis 8 Bapcenona — Kan-Tymic, Banencis — @yente — Can-Jlyic, Bikaasapo, Kopmo-
0a (ToBapHa), Jleon, Mipanna, Caparoca-ns-Ansmo3apa, Tapparona

11 JlrokcemOypr | 1 BerramOyp — Jlynemnanre

12 Hinepnangn | 1 Porrepnam — Kuiipxyx

13 [Tonpma 6 Bapmaga — Ilpara, Bpomnas — bpoxys, [lo3nans — @panoBo, TapHOBCEKe—
I'ypu, Hleuin — LenTpanbHbiii mopT

14 Hopryramist | 2 Jlicabon — beiipynam, EHTpoHKaMeHTY

15 PymyHist 6 Apan, Byxapecr, Koncranna, Kpaiiosa, Kyptuu, Ponar (Timimroapa)

16 CnoBauunHa | 6 Bbparucnasa, XKunina, Komapao, Komnue, Yopaa-nan-Tucoro, IlITypoBo

17 VYkpaina 20 Hapunng, lebansuese-Copt, 3anopixoks-JliBe, 3nam’siHka, [noBaticbk, Kozsi-
tuH, Kpacunit Jluman, Kpacnoapwmiticek, Kpuswuii Pir, Kyn’sucek-Copr,
Mapiymons-Copt, HmxapomHIpoBCehK-By3om, Oneca-3acraa, Oneca-Copr,
OcHoBa, Pozninena, Capan, Ctpuit, XapkiB-Copr, ScuryBaTa

18 Opanriist 14 Bymi, XKispi, JIiue — Jlenidppanc, Mipama, Ocbeprxer, Mromy3, [Tapuxk (JIe
bypxe, Auiep, Binbubos), Cen-XKopi, Cidenen, Comen, CotteBinb, Ypka,
Cen-IT’ep-ne-kop

19 Xopsarist 1 3arpe6 — Copr
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3akiHyeHHsa Tabi. 2

End of table 2

No Kpaina Kinb- Cranmii
3/m KicTh
CTaHIIi
20 Yecbka 5 Bpxerytas, Jleqin, HimOypk, IIpara-Jlioens, Yemicka-Tpmiebosa
Pecny6Giika
21 IIBetimapis 6 bazens (3amizaumi LBefinapii), byxc (Canxr-I"amnen), )Kenesa, Kssicco,
Jlimmarrains (Iropix), Jlozanua
22 Cep0is 3 Bbenrpan-Copr, [Tonosan-Himi, Cy6oTira

CopTyBaJIbHI CTaHIIIi € CKIaTHAMH TEXHITHUMHI
Ta TEXHOJOTIYHUMMU CcHUCTeEMaMmH. lli CHUCTEMOIO
PO3YMIIOTE CYKyNHICTH O0’€KTiB, fKi 00’ €maHaHI
NESKOI0 PETYISIPHOI0 B3aEMOJi€0 abo B3aeMo3a-
JIKHICTIO.

Teopito exciulyaTauiiiHoi HaAidHOCTI poboTH
COpPTYBAJIHUX CTaHIM CITiJi PO3TIISIIATH K PO3BU-
TOK Teopii B3aeMoii, Ky po3pobuin mnpodecopu
I. I'. Tuxomupos Ta A. I. IlnaToHoB, ToMy 10 Ma-
paMmeTpu HaIiltHOCTi, B TOMY YHCJi BiZIMOBHU B pO-
00Ti PI3HHUX MIJCHCTEM, € PE3yJIHTaTOM HE3aI0Bi-
JILHOI B3aeMOJIii B pOOOTI MiJCUCTEM CTaHIIii Ta iX
€JIEMEHTIB K TEXHOJIOTIYHOI chucTeMu. BimMoBa —
IIe pe3yJIbTaT He3aJ0BIILHOI B3a€EMOJIil IMPOIIECiB,
KOJIM TEXHOJIOTIYHI Ta TEXHIYHI MapaMeTpH MiJcH-
CTeMH CTaHLIi, a TAKOX XapaKTEPUCTHKH BXiJHOTO
MOTOKY TOI3iB HE BIAMOBIIAIOTh BCTAHOBIICHUM
PO3paxyHKOBUM 3HAUEHHSM.

[IpocToi cocraBiB B o4iKyBaHHI po3dopmyBaH-
HS Ta B OUiKyBaHHI 3aKiHYeHHs (OpMYBaHHSA, Ki-
JTBKICTH KOJIIM B IMapkax MpHOYTTS Ta BiAmpaBicH-
HS, KUIBKICTH BiIMOB B POOOTI MiJCHCTEM Ta ix
TPUBAICTh 3aJISKATh BiJl TEXHOJIOTIYHOTO YCTaT-
KyBaHHsSI COPTYBaJIbHOI TipKW, BHUTSDKHHX KOJIH,
KIJIBKOCTI JIOKOMOTHBIB Ta BiJl IiHIIUX (aKTOpiB
[3-6].

B crarti «JlocaimkeHHs] CTPYKTYpH BaroHOMO-
TOKIB TI0 TIPUOYTTI Ta BiAMpaBIeHHI COPTYBaIbHOI
cranmii X» [Hayka Ta mporpec tpacumopry, 2016,
Ne 1(61)] aBTOpamMH BWUKOHAHO aHaJi3 OCHOBHHX
MoKa3HUKIB pobotu craniii X 3a I miBpivuas 2015
poky. [TomaHo OCHOBHI SIKiCHI Ta KUIbKiCHI ITOKa3-
HUKH TOPIBHAHO 3 IJIAHOM Ta PiBHEM BUKOHAHHS
3a [ miBpivust 2014 poky. HaBeneHno mpuuuHu He-
BUKOHAHHS TIOKa3HHUKIB IO elleMeHTaX. BukoHaHo
aHaJIi3 BaroHOMOTOKIB IO COPTYBalbHiHM cTaHwii X
3a TpaBeHb 2015 poky, BU3HAYEHO CepeTHbOI000BI

BaroHOITOTOKH TI0 TIPHUOYTTI Ta BiAMpaBICHHI.

B pe3ynbTari AOCHIHKEHHS PO3pPaxOBaHO IMPO-
MyckHy (mepepoOHy) CHPOMOXKHICTh OCHOBHHX
€JIEMEHTIB CTaHII].

[IponyckHa CHOPOMOXKHICTh MapKiB HemapHOT
CHCTEMH CTaHLii CTAHOBUTB:

— Komiii mpuiimManmpHOro mapky «I» — 119
MOI3/1iB;

— KOJii MpuAMaIbHO-BiANpaBHOTO mapKy «I» —
64 moizmm;

— KOJif TpUiMaNbHO-BIAIIPaBHOTO MMapKy «JD»
— 103 moi3am.

[IporyckHa CITpOMOKHICTh MapKiB MapHOI CHC-
TEMH CTaHLil CTAHOBUTH:

— KON TpUMalIbHOTO TapKy
MOT3/1B;

— KOJi¥ MpUMaIbHO-BiAIPABHOTO MapKy «E»
— 104 moizaum.

Po3paxyHKy MpOmycKHOi CIIPOMOKHOCTI ITiAJIs-
Tal0Th TOPJIOBUHM, HA SIKWUX 3MIACHIOIOTHCS Tepe-
CyBaHHS OpPTaHi30BaHMX IOI3MiB, & TAKOX TOPJIO-
BUHH 3 IHTCHCHBHOIO MaHEBPOBOIO POOOTOI0.

Jnst po3paxyHKy HpPOIYCKHOI CIPOMOKHOCTI
TOPJIOBUHY IUISITh HAa €IEMEHTH, KUTBKICTh SIKUX
MOBHWHHA OYTH HE MEHINE Hi’K MaKCUMAaTHHO MOX-
JIMBY KUTBKICTh I€pecyBaHb, II0 OJHOYACHO 3Aiic-
HIOIOTECS B TOPJIOBUHI. Jl0 CKIIagy KOXKHOTO elre-
MEHTa BKJIIOYAETHCS TPyIa CTPIIOYHUX TIEPEBO/IIB,
SIKI TIPAIIOIOTh CIIJIBHO, TOOTO MIPH 3aMHSATTI OJIHO-
T0 3 WX CTPUIOYHHUX TEPEBONIB OyIb-SKUM Tepe-
CYBaHHAM HEMOXIIMBE OJTHOYACHE BHUKOPHCTAHHSI
PELITH CTPUIOYHHUX NEPEBOJIB I[LOTO CAMOTO ele-
MEHTa Ui IHIIUX TepecyBaHb. [yxuil mepeTHH
PO3TISAAAEThC SK CTPUIOYHWN TepeBin, i Homy
HAJAETHCS BIAOBIIHUA HOMED.

«3» 88
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o ogHOTO eneMeHTa BXOAATh:

— o0muaBa CTPIIOYHI TEPEBOAM IIEPEXPECHOTO
3’13y 3 TIIyXWM TIEPEeTHHOM, PO3TaIlOBaHi Ha OJI-
Hil Koutii (32 BiJICYTHOCTI MapajieIbHOTO PO3IyC-
KaHHs COCTaBiB 10 OJTHOTO eJIeMEHTa BKIIOYalOTh-
Cs yCi CTPINKH TepexXpecHoro 3’i3my, po3TarioBa-
HOT'O TICTISl BEPILIUHH TipKH);

— CTPUIOYHI TEPEBOJHU, IO BXOAATH JIO OJHIET
130J1hOBaHO{ CTPUTOYHOI MUNBHUII (CEKIIii), mpudo-
My JI0 CKJIaIy €JIEMEHTa MOXE BXOIUTH OijIbIIe
ONHI€T cekuii — 3a yYMOBH, IO 4Yepe3 Il CeKIl
HE MOXXHA 3[IIHCHIOBATH ITapallelibHi IepecyBaHHs.

CrpinodHi TIepeBOIN, Yepe3 sKi MOKHA OJHO-
YacHO 3JIIHCHIOBATH TIEPECYBaHHS MO MapaieIbHUX
MapupyTax (y TOMY YMCIi TIepeBOAHM, CTIPSIMOBaHI
OJIMH JIO OJTHOTO XPECTOBUHAMM ), MAIOTh HaJIS)KATH
IO PI3HUX EIEMEHTIB.

[IponyckHa CIIpOMOKHICTH TOPJIOBUHH PO3pa-
XOBYETBCS 32 JIOTIOMOTOI0 KOeillieHTa BHKOPHC-
TaHHS 3aJIC)KHO BiJl TPHUBAJIOCTI 3aWHSATTS TOPJIO-
BUHHU MPOTATOM JOOM BCiMa OINepaiisMH, IO Ie-
pendadeHi TEXHOJIOTIYHUM TPOLIECOM poOOTH CTa-
HITI{, 1 3a IHIAX pPIBHUX YMOB 3aJeKHTHb BiJ
NPUHHITOTO O PO3PAaXyHKY CIIBBIAHOIICHHS MiX
KIJIBKICTIO TOi31iB Pi3HMX KaTeropiil i HampsMKiB
(y Tomy 4ucii ¥ TuX, 3 SKUMH BUKOHYIOTHCS TIO-
cTiiiHi omepanii). Cxema po3paxyHKy HaBeJllcHa
B Tabu. 3.

[IpormryckHa CHpPOMOXKHICTE TOPJIOBHH MapKiB
HETapHOi CHCTEMH CTaHIlii CTAHOBUTH:

— BXIZIHOT TOPJIOBHHH TPUIMAIBHOTO MapKy
«I'» — 179 noi3ais;

— MEpeAripkoBOi TOPIOBHHU IPUHMAIBHOTO
napky «I» — 80 moi3zis;

— BXigHOT TOPJIOBUHU MIpUManbHO-
BinpaBHOTO MapKy «JI» — 150 moi3mis;

— BUXIiZHOI TOPJIOBUHU puiMaIbHO-

BimpaBHOTO nMapky «JI» — 247 moi3ais.
[IponyckHa CIIPOMOXHICTH TOPJIOBHH MapKiB
MapHOi CHCTEMH CTaHIlii CTAHOBUTH:
— BXiIHO{ TOpJIOBMHU NPUHMANBHOTO MapKy
«3» — 112 moi3is;

— MEpearipkoBOi TOPJIOBHHHU IMPUHMAIBLHOTO
napky «3» — 69 noizis;

— BXigHOT TOPJIOBUHU MIpUIManbHO-
BiIIPaBHOTO MapKy «E» — 209 noiznis;

— BUXIiZHOI TOPJIOBUHU puiMaIbHO-

BiZIIPaBHOTO Mapky «E» — 210 moi3is.
[lepepoOHa CIIPOMOXKHICTH CTaHILi pPO3paxoBy-
€TBCS IS TAKUX COPTYBAIBHUX IIPUCTPOIB:

— HemapHa COpTyBaJIbHa TipKa;

— MapHa COpTyBaJbHA TipKa.

ITepepoOHa CIIPOMOXKHICTH COPTYBAITBHOT TipKH
BU3HAYAETHCSl BUXOJSYM 3 TOTO, IO BOHA MPU3HA-
YyeHa A7 po3(OpMyBaHHS COCTaBiB i OHOYACHOTO
ix (opMyBaHHS B TIPOIIECI PO3IYCKY, IPH ITEOMY
pobota i3 3akiH4eHHs (OopMyBaHHS COCTaBiB 3ili-
CHIOETBCS 3 TBOX CTOPIiH — Ha TipLi Ta Ha KOJisX
BUXIJHOI TOPJIOBHUHH COPTYBAJIBHOIO MapKy MaHe-
BPOBUM JIOKOMOTHBOM.

[lepepoOHa CIPOMOKHICTD COPTYBaIbHOI TipKH
BHU3HAYAETHCSA 32 JIOMOMOTOI0 Koe(illieHTa BUKO-
pHUCTaHHS, 3aJICKHO BiJl TPUBAJIOCTI 11 3alHATTS 3a
no0y BCiMa omeparisiMi, reperdaueHuMH TEXHO-
JIOTIYHUM MPOLIECOM POOOTH CTaHLii, 3 ypaxyBaH-
HSIM MaKCHMAaJIbHOTO 3BUIBHEHHS TiPKOBHX JIOKO-
MOTHBIB BiJ] yCiX poOiT, sIKi MOKYTh OyTH BUKOHA-
Hi Ha KOJIISIX BHXiZAHOI TOPJIOBHHHU COPTYBaJIbHOTO
MapKy MaHEBPOBUM JIOKOMOTHBOM (Ta0m1. 4).

ITepepoOHa CIIPOMOXKHICTH TIPOK CTaHIli CcTa-
HOBHUTB:

— HemapHoi ripku — 90 moi3is;

— TIApHOI TipKu — 96 MOI3IiB.

KpurepieM OLIHKA BHUKOPUCTAaHHS HasBHOI
MPOIYCKHOI CITPOMOKHOCTI € JIOMyCTHMHUN Koedi-
LIEHT BUKOPUCTAHHS HPOIYCKHOI CHPOMOKHOCTI.
JonyctuMuii KoedillieHT BUKOPUCTAaHHS MTPOITYCK-
HOI CIIPOMOXHOCTi CTAHIIHHUX MPHUCTPOIB BHU3HA-
YaeTbCAd BUXITHMMU AaHUMHM PO 3a0e3neueHHS
CTIHKOi poOOTH CTaHINI{ 3 BUCOKOIO EKCILTyaTarlii-
HOIO HaIMHICTIO.

Honyctumi Koe(illieHTH BHKOPUCTAaHHS MpO-
ITyCKHOI CIPOMOXHOCTI 3 TIPUAMaHHS IIOI31iB
y po3¢hopMyBaHHS Ta MEPEPOOHOT CIIPOMOIKHOCTI,
TOOTO IOMyCTUMi PiBHI 3aBaHTa)XCHHS, BHU3HAYa-
FOTBCSI TAKUM YHHOM (Ta0I1. 5).

BukopuctoBytoun 3HaueHHs C, , BU3HAUAEThCS

JOMYCTHME 3aBaHTAXKCHHS TIPKH Y, Ta KOJIH
IpUHMAaHHA Y, .

SKimo npu 3aiaHuX po3Mipax poOOTH Koedimi-
€HTH BHKOPUCTaHHS MEepepoOHOI CIIPOMOKHOCTI
COPTYBaJIbHOI Tipku K ;) Ta MPOIYCKHOI CIIPOMO-

JKHOCTI KoJIiii K He NEePEeBUILYIOTh 3HAYCHHS Y,
Ta y,, (1+p,,)<1 BiANOBIAHO, TO 1li CTaHIiiHI

OpUCTPOI TPAIIOIOTh 13 3aBAHTAKCHHSAMH, IO
HE MEPEBUIIYIOTh JOMYCTHMUX.

SKimo npu 3a7aHuX po3Mipax poOOTH Koedimi-
€HT BHKOPHCTaHHS IIPOIMYCKHOI CIIPOMOKHOCTI
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TOpJIOBUHM He TepeBuIye 1, To ii 3aBaHTaXEHHS €
JOITY CTUMHUM.

Jomyctumuii koe(iIieHT BUKOPUCTAHHS IIPO-
MYCKHOI CIIPOMO’KHOCTI LIOAO BiINpaBiIeHHS IMOi3-
IiB cBoro ¢opmyBaHHsA a00 IIONO HpUIIMaHHS Ta
BiJIIIpaBJICHHS TPAH3UTHHUX TOI3iB 6€3 mepepoOKH
y BHUNAJAKY 3MiHM JIOKOMOTHBA Y, BHM3HAYa€ThCA

3aJICKHO BiJl YaCTKH MApKy CIPaBHUX JIOKOMOTHBIB
o, , SIKa HeOoOXiJHA Ul IOTalleHHs HEeTaTUBHOTO
BIUTUBY BHYTPIITHEO MICSIYHOI HEPIBHOMIPHOCTI
PYXy Ta TPYAHOILIB ONEPAaTHBHOTO PETyJIIOBAHHS
JIOKOMOTHBIB Ha TOJIOBXEHUX MUIBHHIAX iX 00ep-
TaHHA 3 TIpUHAMaHHSA TOI3MiB y po3dopmMyBaHHS
(pe3epB BaHTAXKHUX JIOKOMOTHUBIB).

Tabnums 3

CxeMa 1J1s1 pO3paxyHKY IPOIYCKHOI CHPOMOKHOCTi FOPJIOBHH

Table 3

The scheme for calculating carrying capacity of yard neck

Ha3Ba noka3nuka dopmyna

Tlosicuennst

1. 3aranpHuil 4ac 3alHATTA
IPYIH CTPLIOK FOPJIOBUHU
yciMa nepeabaueHuMHu orepa-
LisIMH

2. 3araipbHAM Yac 3aiMaHHs
IPYIHU CTPLIOK TOPJIOBUHU
yciMa MOCTIHHUMU OTepaltisi-

7:1:)0T = Z(Ti ! ni,)nocr

MH
3. KoediuieHT BUKOpHUCTAHHS T
MPOIYCKHOT CIIPOMOXHOCTI K, = 1440 —T"
IPYITH CTPLIOK oer
4. CkIagHicTh pOOOTH TOPIIO- M,-M,
o=—"—"="

BHUHH E -1
5. KoediuieHT BUKOpHUCTaHHS T
MPOIYCKHOT CIIPOMOXHOCTI =

p y p a[' ‘1440_7:11;)(:'1'
TOPJIOBHHH
6. I[Iponyckna ciipomMosknicte | N, = N//K

JUIsl MapLIPYTiB, OB’ SI3aHUX
3 OIepallisiMH, SIKi 3aJIeXKaTh
BiJl pO3MIpIB pyxy

T, — TPUBAJIICTb 3alHATTSA MapuLIpyTy 1-10 onepaieto,
XB;

b - . . .
n] — KUIBKICTB Ollepaniii Ha BiMOBITHOMY MapIIpyTi
(mpuitMaHHS-BiAIPaBICHHS MOi3/IiB, IIOAaBaHH-

NpUOUpaHHs MOI3HUX JIOKOMOTHBIB, MAaHEBPOBI Mepecy-
BaHHS), IO 301IBIIYIOTHCS TPOTIOPIIIIHO 3POCTAHHIO

PO3MIpIB PyXY;
p, — KoedilieHT, 1110 BpaXoBye BiAMOBY NpucTpoiB ELT

M, —3aranbHa KUIBKICTh MapIIpyTiB, IO PO3IIISLJA€Th-
csi;

M, — KiIBbKICTh MapUIPYTIB i3 3aHHATTAM PO3PaxXyHKO-
BOTO €JIEMEHTa TOPJIOBHUHH;

E, — HailiMOBIpHilIIa KiIbKiCTb IEpEeCyBaHb, 3I1HCHIO-
BaHMX OJTHOYACHO B FOPJIOBHHI, 1[0 PO3IIISIAETHCS

o, — Koe(ili€eHT, SKUH BpaxOBY€ BILUIMB MOXKIUBHUX

HepecyBaHb Y BUKOPUCTaHHI CTPLIOK pO3PaXyHKOBOTO
eJIeMEeHTa Yepe3 HasIBHICTh BOPOXKUX IIepecyBaHb Yepe3
IHIIII €JIEeMEHTH TOPJIOBUHH
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Tabnuns 4

Cxema /ISl pO3paxyHKY IepepodHOi CIIPOMOKHOCTI COPTYBAJILHOI FipKH

Table 4

The scheme for calculating the processing capacity of a hamp yard

HasBa noka3nuka

(I)OpMyJ'Ia Ta NOACHCHHS

1. 3aranpHuii yac 3ai-
HATTS COPTYBAJIBHOI
TipKH onepawisiMu

2. KoeoimieHt kopuc-
HOTO BUKOPUCTaHHS
COPTYBaJIBHOI TipKH

3. KoedimieHT MicTKO-
CTi COPTYBaJIBLHOTO
MapKy

4. KoedimieHT BUKOPH-
CTaHHSA nepepoOHOl
CIPOMOYKHOCTI COPTY-
BaJIbHOI TIPKH

T= [(”;1 —1—11{',2 +o) +Z:n,;aH P

'
n

n 02

’
pl°
BIAITOBiAHO 3 miaxomiB 1,2 1 T.4.;

Tip

:|'(l+prjp)

— KUIBKICTh COCTaBIB, L0 PO3ITYCKAIOTHCS 3 COPTYBAIBHOT TIPKHU 1 HAIXO/ISTh

¢, — cepemHs TPUBAIICTh 3aHHATTS COPTYBAIBHOI TiPKH, IO MPHUIAAAE HA OJUH COC-

TaB, KU pO3(OPMY€EThCS, 3 ypaXyBaHHIM 3aKiHUCHHS! ()OPMYBaHHS Ta IHIIHX OIepa-
i, TOOTO TIPKOBHUI TEXHOJOTIYHUH 1HTEPBAI;

’
MaH

n'  — KUTBKICTD TOi3/IiB, SIKi IPUHAMAIOTHCS 1 BINIPABIAIOTHCA (3AJICXKHUTH BiJ PO3MIpiB

PyXy) 1 IpH IPONyCKaHHI SKUX PO3MYCK 3 COPTYBAIBHOI TiPKHA MPUITHHSIETHCS;

£.?  — gac 3alHSTTS TIEPEATIPKOBOI TOPJIOBUHY OHUM TAKHM TI013I0M 338 YMOBH, III0

MaH

BiH MOXe OyTH MO€THAHUH 13 3ai31aM¥ TiPKOBUX JIOKOMOTHBIB, 0CaI)KyBaHHSIM, 3aKiH-
YeHHSIM PO3MYCKY (ITiCIIsT 3BUTHHEHHS TIPKOBHM JIOKOMOTHBOM MAapILIPYTy IpUHMaHH:);

Prp — KOEDILI€EHT, IKMI BPAXOBYE BiIMOBU TEXHIYHUX NPUCTPOIB

v - 1440-a, — > To
" 1440-p1,,,

o, — KOoe(iIlieHT, 110 BpaxOBY€ MO>KJINBI IIEPEPBH Y BUKOPUCTAHHI COPTYBaIbHOI

rip
TipKH yepe3 BOpOXKi MepecyBaHHS;

z T —d4ac 3alHSTTS COPTYBAIBHOI TIPKH MPOTITOM T00H BUKOHAHHSAM MOCTIHHUX

TIoCT

orrepamiif, KUTbKIiCTh SIKUX HE 3MIHIOE€THCS MPOTOPIIHHO 31 301IbIIEHHSIM 00CTY TIepe-
poOKH, a00 KIJIBKICTh SKHUX 3a/Ia€THCS Ha PO3PaxXyHKOBHII mepiox (y TOMy YHCIi 3a1aHa
KUIbKICTh 30ipHUX TOT3/1B, SIKI MOBHICTIO ()OPMYIOTHCSI Ha TipIIi);

1., — KoedimieHT, 10 BpaXOBYy€e MOBTOPHE COPTYBAHHSA YACTHHH BaroHiB y mporeci

3aKiH4eHHs ()OPMYBaHHS 3 COPTYBAJIBHOI TIPKH Yepe3 HeIOCTATHIO KUTbKICTh 1 JJOBXKHU-

HY COPTYBaJBHUX KOJiH

MicT

lIIMiCT =
Tipu3 . mccp
N, ., —“MICTKICTh COPTYBaJIHOTO MapPKY;
n. .. — KiTbKiCTh IPU3HAYCHH COPTYBAIBHOTO MAPKY;

TIpu3

C

-T
Krip _ 0 “HBT_ Trip
“Clrip z

noct

m,,, — CEPENHiH CKIaz noisza ceoro GopMyBaHHs
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3akinueHHsa tabi. 4

End of table 4

Ha3Ba moka3Huka

dopmysia Ta HOSCHEHHS

5. Yac 3aliHATTS COpTyBa-
JILHOT T'IPKH MPOTIrOM
JI00M BUKOHAHHSM I10-
CTIMHUX omeparii

6. Cepenpo1000Buit yac
3aflHATTS COPTYBAIBHOL
TipKU TEXHIYHUM 00CITy-
TOBYBaHHSIM, 1110 BXOJIUTh

rip
y tTCXH
7. IlepepoOHa crIipoMOK-
HICTh COPTYBaIBHOI TipKH
JUTS TIOT3IIB 3 KOYKHOTO
MAXOITy

rip __ _rip rip Tip rip
ZT = Nygy b F ey, 1,

moct KyT pem
rip
pem

Tip
M 2

rip
I’le_r 5

n n

pem

rip rip
+n, -t +t

rip
TCXH

rip rip
+ZnMaH tMaH

— KUIBKICTB TPYH BaroHiB, sIKi pO3ITyCKAIOTHCS 3 COPTYBAIIBHO] T'ip-

KU 3a 700y, BIAMOBITHO J10 KyTOBOTO MOTOKY, MICLIEBHX Ta IPYIl BaroHiB 3 KOJIiK

PEMOHTY;

rip
MaH

n

— KUTBKICTB TOT3/1iB, 1110 TPUHMAIOTHCS (BiAIIPaBISIOTHCS), MAHEBPOBHX Iepe-

CYBaHb, sIKa HE 3aJICXKHTH BiJl 00CATY TIepepoOKy a00 € Ha JaHUH PO3PaxyHKOBHIMA
niepio (y TOMY YHCITI 33J]JaHa Ha PO3PaXyHKOBHH Mepioj] KUTbKICTh 301pHUX TOi3-

IiB);
trip

rip rip
KyT ? tM > f

pem

— CepefiHii yac po3IyCKy BiINOBIAHOI IPyNH BaroHiB KyTOBOT'O MOTO-

Ky, MICLIEBHX Mepead Ta rpyI BaroHiB 3 KOJiil pEMOHTY, 3 ypaxyBaHHSM BHTPAT
Yacy Ha IPOITYCKaHHs PH LIbOMY Yepe3 IepearipkOBY rOPIOBHHY MaHEBPOBUX

COCTaBiB i IOKOMOTHBIB;

rip
tTeXH

— 4yac nepepB y poOOTi COPTYBANBHOI TipKH, HEOOXIAHUIT IS eKiipyBaHHsI

TIPKOBHX JJOKOMOTHBIB, 8 TAKOX JUIS IOJIGHHOTO TEXHIYHOTO 0OCITyTrOByBaHHS Ba-
TOHHHX YMOBUIbHIOBAYIB Ta 1HIIOTO TPKOBOT0 00IaHAHHS, IO TOTPEOYE MPUTIH-

HEHHSI PO3ITyCKY
t,=K,-11
K

3

IT — KIBKICTh MYYKIB Y COPTYBAILHOMY IapKy

Cxema 1Jis1 PO3PAXyHKy A0IMyCTHUMHUX piBHiB 3aBAHTAKCHHA CUCTECMHU

The scheme for calculating the permissible levels of system loading

— KoeiLi€eHT, KUK 3aJIeKUTh Bl KUTBKOCTI CITyCKHHX KOJIH Ha TipIi;

Tabaums 5

Table 5

Haspa

Dopmyna

Ilosicuennst

1. HasiBHa mMpOIyCKHA CIIPOMOXK- n
HICTB KOJIH 3 TpUHMaHHS MOT31iB Y
po3dopmyBanHs 0e3 ypaxyBaHHS
BTpAT BiJ BHYTPIIIHE0J000BOT HE-
PIBHOMIPHOCTI Ta BIUTUBY iHIINX

00’exTHBHUX (PaKTOpIB

2. CiBBIIHOIICHHS TIPOITYCKHOT n
CIPOMOIKHOCTI KOJIH 111010 TIPH- G =
HWMaHH oi31iB y po3(opMyBaHHs
1 IepepoOHOT CIIPOMOYKHOCTI T'ipKU

H.ILII

:nﬂ.ﬂ .(1+pﬂ.ﬂ)

nn

(dhopMyBaHHS;

NpUAMaTbHUX KON

n . — ICHyrOUYa MOTYXHICTh KOJIH

100 PUIMAaHHS TIOI3/iB Y po3-

P, — KoedilieHT, 0 BpaxoBye

BHYTPIIIHE0T000BY HEPiBHOMIp-
HICTh PYXY BaHTQXHHX TIOI3MIB, IS
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Jnst mepCcneKTUBHUX PO3PaxyHKIB MPUHMA€ETh-
cia,=15%.

Slkmo mpw 3amaHuX po3Mipax podoTH Koedii-
€HT BHUKOPUCTAHHS TIPOIYCKHOI CIPOMOKHOCTI
konit K ne mepeBumye v, (1+p, )<I, ne p,,

— KoeQillieHT, MO0 BPaXxOBYE BHYTPIIIHBOJO00OBY
HEPIBHOMIPHICTh PYXYy BaHTOKHUX TOI3MIB, IS
BiJIIPaBHHUX Ta MPUHMAILHO-BIANPABHUAX KO, TO
3aBaHTAXCHHS HE IEPEBUILYE JOMYCTUME.

Jomyctumuii KoeillieHT BUKOPUCTAHHS IPO-
MYCKHOI CIIPOMOYHOCTI LIOAO NMpUIMAaHHS Ta BiJl-
NpaBJeHHS TPaH3UTHHX MOI34IB Oe3 mepepoOKH 3a
BiJICYTHOCTI 3MiHU JIOKOMOTHBA JOPIiBHIOE 1, a BH-
TSOKHAX Koutii — 0,7.

30UIBIIMTH MPOMYCKHY CIIPOMOXHICTh IapKa
«'» HEMOXKJIMBO Yepe3 HasBHICTh OJHIET KOJIl Ha-
CyBY 1 omHI€]l KOMi1 PO3MYyCKY Yepe3 BEpIINHY He-
napHoi copryBanbHOI ripku. [lapk «I'» He mae 3a-
nacy MpoIyCKHOI CIPOMO>KHOCTI.

IIpu 3aganmx posmipax poboTu KoedimieHTH
BHKOPUCTAHHS TIEpEepOOHOT CIIPOMOKHOCTI Hemap-
Hoi ripku K, =0,306, mnpomyckHoi crpomo-

’KHOCTI Konii mapky «I» K | =0,23 He mepesu-

3HA4YCHb

IIyHOTh Veip = 0,75 Ta

Y " (1+p,,)=0,68-(1+0,3)=0,838 BixmosiaHo,

TOOTO CTaHWLiiHI MPHUCTPOI MPALOIOTH 13 3aBaHTa-
JKEHHSIMH, 1[0 HE MEePEeBULIYIOTh AomycTuMux. Ko-
e(dimieHTH BUKOPHCTAHHS IPOITYCKHOI CIPOMOX-
HOCTI BXiJHOT i HepeAripKOBOi TOPJIOBUH MapKy
«I'» BignosimHo nopiBHioOTh 0,15 Ta 0,41 (He me-
peBHLIYIOTh 1), TOOTO 3aBaHTa)KCHHS TI'OPJIOBUH
JIOITyCTUME.

3a 3agaHuX pPO3MIpiB PoOOTH KoedilieHTH
BUKOPHUCTAHHSI MPOITYCKHOI CIIPOMOKHOCTI MapKy
«» - K=0,14, mapky «JI» K=0,3.
Ipu  a,=15%, v,,=0,58,  3HaueHH:

Yor (1+p,,)=0,58-(1+0,4)=0,81, orxe, Koe-

(ilieHTH BUKOPUCTAHHS MPOITYCKHOI CITPOMOXKHO-
cti mapkiB «JI», «I» HIDKYE HIK JOTYCTHAMI.

KoedimieHTH BUKOpPHCTaHHS MPOIMYCKHOI CIIPO-
MOYKHOCTI ~ BXiIHOi TOpJIOBHHH NpPUHAMAIBLHO-
BignpaBHoro napka «JI» K =0,23, BuxigHoi rop-
nmoBuHU napky «JI» K =0,13, TobTo 3aBaHTa)KEH-
HS TOPJIOBHH AOIYCTHME.

KoedimieHTH BHUKOPHCTaHHS OCHOBHHX €JeMe-
HTIB CTaHLii He MEPEBUILYIOTh AOIYCTHMI HOPMHU.

301IBIIUTH MPOIMYCKHY CIIPOMOXHICTh IapKa
«3» HEMOXKJIMBO 3 MMPUYMHU HASIBHOCTI OJHI€T KOJIiT
HacyBYy 1 OJHI€I KOIil pO3MyCKy Yepe3 BEpIIUHY
napHoi copryBanbHOI Tipku. [lapk «3» He mae 3a-
nacy MpoIyCKHOI CIPOMO>KHOCTI.

IIpu nporyckaHHI TapHUX TPAH3UTHHUX MOI3IIB
Ha «O — I» ta «O — C» 0OMEXKyIOUNM IPUCTPOEM
€ xomii mapky «E». ITapk «€» Mae 3amac nmpomyck-
HOI CIIPOMOJKHOCTI, B pa3i moTpedu, MOXIINBE BU-
kopucTtanas kojii Ne II mist mporrycKy TpaH3UTHUX
IOT3/1B.

IIpu BimmpaBneHHI MapHUX MOi3IB cBOTO (hop-
MyBaHHA Ha JiHiT «O — I» Ta «O — C» oOMexyro-
YUM TPUCTPOEM € KOJii mapKy «E».

3a 3amaHuX po3MipiB poOOTH KoedillieHT BUKO-
PHUCTaHHS HPOITYCKHOI CIPOMOKHOCTI MapKy «E»
K=0,48.IIpu o, =15 %, y,,=0,58, 3Hauenns

Yoo (1+p,,)=0,58-(1+0,4)=0,81, orxe, koe-

(IIiEHT BUKOPUCTAHHS TPOITYCKHOT CIIPOMOKHOCTI
napky «€» HIDKYE HIXK JOIYCTHUMHUH.

KoedinienTn BUKOprCTaHHS MPOIYCKHOI CIIPO-
MOXXHOCTI  BXiTHOI TOPJIOBHHH TIPHAMAJIHLHO-
BimmpaBHOTO Mapka «E€» K =0,19, BuxigHoi rop-
noBuHU Mapky «€» K =0,15, ToOTo 3aBaHTaXeH-

HS TOPJIOBHH JIOITyCTHME.

PesynbTaTiBHA MPOMYCKHA CIPOMOXHICTH He-
MMapHOi CUCTEMH CTaHIT 3 TPUHMaHHSI TPAH3UTHUX
Moi3aiB 3 MepepoOKo B po3(OpMyBaHHS CTaHO-
ButTh 80 moi3xiB, a 3 BiAmpasieHHs — 90 moi3mis;
MPOITYCKY TPaH3WTHHUX TIO3MIB 0e3 IepepoOKd —
64 moi3au.

PesynpTaTnBHA TIPONYCKHA CIPOMOXKHICTH Ia-
PHOI CHUCTEMM CTaHIli 3 MpPUHAMAHHS TPAH3UTHUX
MOT3/IiB 3 MEepepoOKoI0 B po3opMyBaHHS CTaHO-
BUTH 69 Moi3MiB, a 3 BiAmpaBieHHs — 96 Moi3miB;
MPOMYCKY TPaH3UTHHUX TMOI3IB 0e3 mepepoOKu —
60 moizmis.

PesyabTaTtu

B pesynbrati nociipKeHHS pO3paxoBaHO IMpPO-
MyCKHY (TIepepoOHy) CIPOMOXKHICTH OCHOBHUX
€JIEMEHTIB CTaHIIil.

[IponyckHa CHOPOMOXKHICTh MNapKiB HemapHOI
CHUCTEMH CTaHIIii CTAaHOBUTH:

— KoJi# mpuitmManpHOTO Tapky «I» — 119 moiz-
qiB;

— KOIiii mpUHMaNBbHO-BIATIPABHOTO MapKy «I» —
64 noiznu;
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— KOJIH MpUHMaNbHO-BIANPABHOTO HapKy «JD»
— 103 noizau.

IIpomyckHa CIIpOMOKHICTH TAPKIB IMAPHOI CHC-
TEMU CTAHLII CTAHOBUTD:

— KOJii mpUiManbHOrO mapky «3» — 88 moiz-
AiB;

— KOJI MPUHMAaNBEHO-BIANPABHOTO MapKy «E»
— 104 noizau.

Jlo6oBe 3aBaHTa)KEHHSI COPTYBaJbHOI TipKU Ta
BHUTSDKHUX KOJIH iCTOTHO 3MIHIOETHCS 3a BapiaH-
TaMH Ta TpajalisiMu po3mipiB pyxy. Lle BrmBae
Ha IPOCTOI COCTaBiB Ta Ha BEIWYHMHY KPHUTEPIiIO
B IIJIOMY, 3TiAHO 3 SKOUM Oyae oOWpaTHCS ONTH-
MaJlbHe TEXHIYHE OCHALICHHS, ONTHMalbHA B3ae-
MoJisi B poOOTi MiICUCTEM Ta KOJIIHHUNA PO3BUTOK
cranmii. lle#i kpuTepiii MOBHHEH BpaxOBYBAaTH BU-
TpPaTH Ha TEXHIYHE yCTaTKyBaHHS, CIIOPYKECHHS
KOJTiii, JIOKOMOTHBH, & TaAKOXK BIAMOBIIHI €KCILTya-
TaliiiHi BUTpATH y BCiX BapiaHTax. Takum 4nHOM,
BHOIp ONTHMAJIEHOI B3a€EMOIi TTOBHHEH BCTaHOB-
JIIOBaTH CKOHOMIYHO JOIIBHUN PiBEHb EKCIUTya-
TaIifHOI HAIMHOCTI poOOTH MiJACHCTEM, IX TEXHi-
YHY Ta KOJIHHY IMOTYKHICTb.

HaykoBa HOBM3HA Ta NPAKTUYHA
3HAYUMICTh

301IbIIyI0YH TPOYKTUBHICTh pOOOTH KaHATy
BiJIpaBJIeHHS MOi3/iB, COPTYBaJIBHOI TpKU Ta BU-
TSOKHUX KOJIH MOMJIMBO iHTEHCHU(IKyBaTH Hporie-
cu 00poOKH MOI3iB Ta 3MEHIIUTH MPOCTOi Baro-
HiB. CKOpOYEHHS TIPKOBOTO TEXHOJOTIYHOTO iH-
TepBaly JMAO3BOJSE 3MEHIIUTH TPOCTOI BaroHiB
B IIApKy NMPHUOYTTS, yCYHYTH BiIMOBH B pOOOTI miJ-
CHCTEM — 3aTPHUMKH TOi37iB BHACTIAOK HETPUIO-
My, a TaKoXX CKOPOTHUTH NOTpeOy B 301IbIIEHHI
KOJIIH TapKy MpuOYTTs, TOOTO J03BOJISIE CKOPOTH-
TH KalliTaJIbHI BKJIAJACHHS B KOJIMHAN PO3BHTOK
craHIlii. Y pasi CKOpOUYeHHS iHTepBaTy BUCTABJICH-
HSl CPOPMOBAHUX COCTaBiB 32 PaxyHOK CKOPOYEH-
Hi omepamiii 1o 3akiH4eHHI (opMmyBaHHS
3’SIBUTHCSI MOKJIIMBICTH 3MEHIIATH MPOCTOI HAKOTI-
JICHHUX COCTaBIB Ta CKOPOTUTH TOTpeOy y 30ib-
HIEHHI KINBKOCTI KON COPTYBaJIBHOTO MAapKy.
[IpuckopeHHs BUBOAY MOI3MIB 3 MiICHCTEMH BH-
TSDKHI KOii QOpMyBaHHSI — MapK BiANPaBICHHS —
BUXIJIHI JUISHKH HE TUIBKH CKOPOYYE MPOCTOI TO-
i31iB 1O BigNpaBIeHHI, alleé i 3MEHIIye MOTPiOHY
KUTBKICTB KOJIH B TApKy BiIIPaBICHHS.

InTeHcudikalis TEXHOJOTIYHUX TIPOIECIB Ha
COPTYBAJIBHHUX CTaHIIAX 3a0e3nedye 3MeHIICHHS

000pOTy BaroHiB, CKOPOUEHHsI POCTOIB Ta BUCOKY
€KOHOMIYHY e(DeKTHUBHICTh KaIliTATPHUX BKIIA/ICHb.
B nmocmimkeHHI pO3TISHYTI MHTAHHSA ITOB’S3aHi
3 TiABHLICHHSM e(eKTUBHOCTI (PyHKIIOHYBaHHS
COPTYBJILHUX CTaHLiil B yMoBax pedopMyBaHHS
3aITI3HUYHOTO TPAHCTIOPTY.

BucHoBku

BukopucranHs MeTONiB BU3HAYCHHS palliOHa-
JMBHOI TPOMYCKHOI (TepepoOHOI) CIPOMOKHOCTI
COPTYBaJBHUX CTaHINIH, VIS PO3MOILTY TOi370IT0-
TOKY MIX HHUMH, JTA€ MOXKJIUBICTh MOKPALUTH SKi-
CHI TIOKa3HUKHN pOOOTH COPTYBAJIbHUX CTAHIIIH.

3a ocranHi 10 pOKIB cITOCTEpIracThcs 3017b-
HIeHHS 00CATIB epeBi3Hol poboTH, aje i B Leit uac
COPTYBaJIbHI  CTaHLil 3aBaHTaXEH1 JHIIe Ha
50—60 %, 1m0 € HAMHKIUM ITOKa3HUKOM IX BHKO-
pucraHHa. Buxoasuu i3 3aKOpIOHHOTO JOCBIfY,
pe3epB mepepoOHOT CIIPOMOKHOCTI COPTYBaJIbHUX
cTaHmii nmoBuHEH ckianata 15-30 %, Tomy Heob-
XiJTHO TIPOBOJWTH HM3KY 3aXOJiB 3 peopraHizarii
pOOOTH COPTYBaJIbHUX CTAHIIIM Ta PECTPYKTypH3a-
Iii mrary.
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NCCIEJOBAHUE uIIPOHYCKHOfI CIIOCOBHOCTH
COPTUPOBOYHOU CTAHIIUHN

Heab. Hayunast pabora cBoeil 1enbl0 UMEET BBIOOP palMOHAIBHBIX TEXHOJOIMYECKUX MapaMeTpoB OpraHu3a-
LM [IPOLIECCa MEPEBO30K, KOTOPBIE MO3BOJIIIM Obl MPAKTHYECKN PEaT30BaTh BIKEHUE TPY30BBIX M0E3/I0B C HaH-
6onee 3QdeKTUBHBIM paclpeneIeHueM 0e3/10N0TOKOB. PaccMaTpuBaeTcs Takke CHWXKEHME IOKa3aTens MpOCTOs
BaroHOB BCJIC/ICTBHE YBEIMUCHUSI CKOPOCTH JIOCTaBKH I'PY30B M MOUCK ITyTeH YBEJIMUEHHS MPOIYCKHOIH CIIOCOOHO-
CTH COpPTUPOBOYHOHN craHumu. Meroanka. IIpiBeneHbl TEXHUYECKHE U DKCIUTyaTallMOHHBIE XapaKTEPUCTHKU COp-
TUPOBOYHBIX cTaHIuil EBporsl n YkpanHsl. B kauecTBe METOOB MCCIIeOBaHMUS MIPUHST aHAIN3 pabOThl CTaHIUH,
aHaJIM3 TPOJBM)KCHUS BaroHOIIOTOKOB, aHAJIM3 rpaduka HCHOJHEHHOTO NBIKEHHS IOE3/I0B, HATYPHBIX JIHCTOB
¢dopmsl [IY-1 mo mpuOBITHIO ¥ OTIIPABICHUIO TTOE310B. Pa3paboTaHbl CXeMBI ISl PaCYeTOB MPOIYCKHON CITIOCOOHO-
CTH TOPJIOBHH, IepepadaThIBaIOIEe CIIOCOOHOCTH COPTUPOBOYHOM TOPKH, JOIYCTHMBIX YPOBHEH 3arpy3KH CHCTe-
Mbl. PesyabraThl. [lo nToram mccienoBanus paccudTaHa NMpONyCcKHas (mepepabaThiBaromias) CloCOOHOCTh OCHOB-
HBIX 3JIEMEHTOB CTaHUMH. CyTOYHBIE 3arPy3KH COPTHPOBOYHOI T'OPKH U BBHITSDKHBIX ITyTeH CYIIECTBEHHO M3MEHS-
I0TCSI 110 BApUAaHTaM U IpaJialiisiM pa3MepoB JABMKEHHS. DTO BIHSIET Ha IIPOCTOI COCTABOB H, B LIEJIOM, Ha BEJIMYHHY
KPHUTEPUS, COIACHO KOTOPOMY OY/eT BBIOMPATHCS ONTHMAILHOE TEXHMYECKOE OCHAIIEHHE, ONTUMAaIbHOE B3aHUMO-
JieiicTBHEe B pabOTe MOJICUCTEM M ITyTEBOE Pa3BUTHE CTAHIMU. DTOT KPUTEPHUH JOJDKEH YYUTHIBATh 3aTPaThl HAa TEX-
HHYEecKoe 000pyIOBaHUE, COOPYKEHHS IMyTeH, JIOKOMOTHBEI, a TaKKe COOTBETCTBYIOLIHE HKCILTyaTallMOHHBIE pac-
XOZIbI BO BCEX BapuaHTax. Takum o0pa3oM, BEIOOP ONTHMAIBHOTO B3aMMOJIEHCTBHUS JOJDKEH yCTaHABIMBATH SKOHO-
MHUYECKH I1eJ1ecO00pa3HbI YPOBEHb KCILTYaTAlIMOHHON HAJIEKHOCTH pabOTHI MOJCHUCTEM, UX TEXHHUYECKYIO U ITyTe-
BYIO MOLIHOCTb. Hay4yHasi HOBM3HA. YBelM4YMBas NMPOU3BOIMTEIBHOCTh PabOTHI KaHala OTHPAaBICHHUS IOE3I0B,
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COPTUPOBOYHONH TOPKM W BBITSDKHBIX ITyTeH, BO3MOXHO WHTEHCH(HUIMPOBATH IPOIECCHl OOpPaOOTKH MOE370B
W YMEHBIINUTHh MPOCTOM BaroHOB. VMHTeHCH(UKANWs TEXHOJOTMYECKHX IPOLECCOB Ha COPTUPOBOYHBIX CTAHIMAX
obecrieunBaeT yMEHbIIEHHE 000pOTa BarOHOB, COKpAIIEHNE ITPOCTOEB M BHICOKYIO SKOHOMUYECKYI0 3P (PEeKTHBHOCTH
KaNWTaJIBHBIX BIOXKECHUH. B mccienoBaHMn paccMOTpPEHBI BONPOCHI, CBSI3aHHBIE C MOBBIMICHHEM 3((EeKTHBHOCTH
(DyHKIIMOHMPOBAHMS COPTHPOBOYHBIX CTAHIMHA B YCIOBHSX PEQOPMHPOBAHHSA >KEIE3HOIOPOKHOTO TpPAHCIIOPTA.
I[pakTnyeckasi 3HAYUMOCTD. VIcrIONB30BaHNE METOHOB OTIPENEICHUS PAMOHAIBHON TPOITyCKHOI (TrepepabaTsl-
BaIOILEil) CIIOCOOHOCTH COPTHPOBOYHBIX CTaHLM, AJSI pacHpeseNneHus MOe3A0N0TOKOB MEXIy HUMH, JaeT BO3-
MOXHOCTb YJIyUIIUTh KaUe€CTBEHHBIE MIOKa3aTeNu paboThl COPTUPOBOYHBIX CTAHLIUH.

Knrouesvie cnoséa: BaroHONOTOK; COPTHPOBOYHAS CTAaHLMSA; O0BEM IepepadOTKH; IPOIyCKHas CIHOCOOHOCTE;
TOpJIOBUHBL, IepepabaThIBatoIias CriocOOHOCTh
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STUDY OF WORKING CAPACITY OF THE MARSHALLING YARD

Purpose. The scientific paper has a purpose to choose rational technological parameters of the transportation or-
ganization process, which would enable the freight train movement with the most efficient train traffic arrangement,
the decrease in idle time due to the increased speed of cargo delivery and the increase in the working capacity of the
marshalling yard. Methodology. The work presents the technical and operational characteristics of marshalling
yards in Europe and Ukraine. The research methods include the station operation analysis, the car traffic flow analy-
sis, analysis of the train sheet, the DU-1 natural sheets upon arrival and departure of trains. Schemes were developed
for calculating working capacity of necks, rehandling capacity of marshalling hump, acceptable levels of system
loading. Findings. The research resulted in the calculated working (rehandling) capacity of the main elements of the
station. Daily loads of marshalling hump and turnout tracks vary significantly by variations and gradations of
movement volume. This affects the idle time of trains and, in general, the value of the criterion according to which
the optimal technical equipment, optimum interaction of the subsystems and gridiron of the station will be chosen.
This criterion must take into account the costs of technical equipment, construction of tracks, locomotives, as well as
related operating costs in all cases. Thus, the selection of the optimal interaction should establish the economically
viable level of operational reliability of the sub-systems, their technical and track capacity. Originality. By increas-
ing the productivity of train departure channel, marshalling hump and turnout tracks it is possible the thetrain han-
dling processes and reduce the car idle time. Intensification of production processes in marshalling yards provides
a reduction in car turnover and in idle time and high economic efficiency of capital investments. The work covers
the issues related to improving the efficiency of functioning of marshalling yards in the railway transport reforming
conditions. Practical value. Using the methods of determining the rational working (rehandling) capacity of mar-
shalling yards for distribution of train traffic flows between them makes it possible to improve the quality indicators
of marshalling yard operation.

Keywords: car traffic flow; marshalling yard; rehandling volume; working capasity; neck; rehandling capacity
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MOJEJb ABTOMATH30BAHOI CACTEMHU NIATPUMKH
NPUUHATTA PIINEHb JUCHETYEPCHKOI'O YIIPABJITHHS
MICBKUM NACAKUPCBKUM ABTOTPAHCITIOPTOM

Meta. HaykoBa poOoTa cripsiMOBaHa Ha MOJAIBIIANA PO3BUTOK MAaTEMATUYHUX MOJIEJCH Ta aJrOPUTMIB IS aB-
TOMAaTH30BaHUX CHUCTEM MIATPUMKH IPUHHATTS PillIeHb TUCIETYEPCHKOTO YIPABIIHHS MiCBKUM NacaKUPCHKUM aB-
tTorpaHcrioproM. Metoauka. CHCTeMH IHMCHETYEPCHKOTO YIPABIiHHSA MICHKMM MACaXMPCHKUM aBTOTPAHCIIOPTOM
CHpsIMOBaHi 3a0€3MeYUTH BUKOHAHHS PO3KIaLy PyXy 3 MiHIMAJbHUMHM BIIXWICHHSIMH Bijl 3aIJIJAHOBAHOTO 3@ JIOTIO-
MOTOI0 BHKOPHCTAHHS BIIIIOBIAHAX TUCIIETYCPCHKUX Aild. ANTOPUTM CHCTEM OPI€HTOBAaHO HA BHOIp AWCHETYEPCH-
KUX [iii, SKi KOMIIEHCYIOTh 30ypIOIOUi BIUIMBH. B SIKOCTI KpUTEpilO0 OIIHKKA POOOTH CHUCTEM AHCIETYEPCHKOTO
YIPaBIiHHS 3alPOIIOHOBAHO BUKOPUCTOBYBATH MOKA3HUK MIHIMyMY 4Yacy OUYiKyBaHHS MMacakupaMu aBTOOYCIB 1 Ma-
PIIPYTHHX Takci Ha 3ynuHKax. PesyabTaTn. Ha 0CHOBI IpOBEACHOT0 aHANI3y JOCTIKEHb, B MEXaX ICHYIO4Oi T€o-
pii pyXy HOTOKIB aBTOTPaHCHOPTY, 3alPOIIOHOBAHA MOJENb Ul CHCTEMH AUCIETYEPCHKOTO YIPaBIiHHSI MiCBKUMH
NacaKUPCHKUMHU PYXOMHUMH OJWHUIIAMU 3 YPaXyBaHHSAM BIUIMBY HaHOUIbII 3HAYYIIMX CTOXaCTUYHHUX YMHHHKIB Ha
rpadik pyxy aBTOOyCiB Ta MapIIpyTHUX Takci y BeNUKHX Mictax. OTpuMaHa cucTeMa PiBHSHB, sIKa MOJIEIIOE T1apa-
METpH pyXy Ha aBTOOYCHHMX MaplpyTax, I03BOJISIE MHUTTEBO OIIHIOBAaTH BIUIMB 30yprorouynx (axkTopiB Ha
MOKa3HUKK SKOCTI OOCIYrOBYBaHHS NAacaXupiB Ta, NpU MOTPedi, CKIagaTH ONTUMAJIbHUI pO3KIaL pyXy.
HaykoBa HOBHM3HA. ABTOpamMH 3alpONOHOBAHO HOBY MOJENb /IS CHCTEM MIATPUMKH IPUHHATTS pillleHb
JIICIIETYEPCHKOTO YIPABIIIHHS MICBKUM ITaCa)KMPCHKHM aBTOTPAHCHOPTOM 13 YpaxyBaHHSIM BIUIMBY HaWOUIbII
3HAYYIIUX CTOXaCTHYHHX YWHHUKIB, 30KpeMa TaKHX, SK MEPEIOBHEHHs ITacaXUpaMu aBTOOYCIB Ta MapIUpyTHHX
Takci, iX cXim i3 JiHii, BIAXWIEHHS BiJ pO3KIany, BiOIXWICHHS BiJl IIBUAKICHOTO PEXHMY Ha MapHIpyTi Ta iH.,
Ha TIOKa3HUKH SKOCTI oOCimyroByBaHHsA. Monenb JO3BOJIIE TaKOX ONTUMI3YBaTH PO3KIAL  PYyXy.
IpakTnyna 3HayuMicTh. Pe3ynasraté poOOTH TO3BOJISIOTH YAOCKOHAIMTH MiAXOAW 10 MOOYIOBH MOJENEH, sKi
BHUKOPUCTOBYIOTBCSI B CHCTEMaX IHUCIIETYEPCHKOrO YNPaBIiHHS MICBKHMH aBTOOYCHMMH MapLIPyTaMH, a TaKOX
YAOCKOHAINTH BHOIP KEPYIOUHNX BIUIMBIB JJIS MTOAIOHIX CHCTEM Y BEITMKUX MicTax YKpaiHu.

Knwouogi cnogéa: aBTOMaTH30BaHI CHUCTEMH; AWCIIETYEPChKE YNPABIIHHA; MaTeMaTH4YHA MOJEIb; aJTOPUTM
YIOPaBIiHHS; MICHKUH MAaCaKUPCHKAN aBTOTPAHCIIOPT

Beryn THUM MTIiANPUEMCTBAM, YNPaBISIOYOTO HUMH Tep-
coHairy Ta Bciel iH(pacTpyKTypH, ska BH3HAUaE
e(heKTUBHICTH HOTO (PYHKITIOHYBaHHS.

CydacHi KOMII'IOTEpPHI CHUCTEMH JAUCIETYEp-
CBKOTO YTPAaBIiHHS MICBKUM MAacaKUPCHKUM aBTO-

Micbkuii TacakHpPChbKUH aBTOTPAHCHOPTHUIH
KOMITJIEKC — II€ CYKYITHICTh aBTOOYCIB Ta MapImipy-
THUX TaKCl, SKi HaJIe)KaTh KOMYHAJIbHUM Ta MIPUBa-
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tpaucnoproM (CAYMAT) 6a3yroThCcsi Ha BUKOPH-
CTaHHI  HAYKOMICTKHX  iHQOpMaIiifHO-KOMYHi-
KalifHUX TEXHOJIOTiH, 3aTpeOyBaHnMX HeoOXiaHic-
TIO TiABHINEHHS e€(eKTUBHOCTI YIIPABIiHHS TOPO-
JKHIM PyXOM, 30KpeMa y BEJIMKUX MicTax (puc. 1).

BuMora mono onepaTtuBHOCTI [iii TpaHCIIOPT-
HUX CIyXO0 CymepednTh TeHJIEHIIl Oe3mepepBHOTO
3pOCTaHHS TapKy IHIWBIMyaJIBHOTO Ta MyHIITUIIA-
JHHOTO IPOMAJICBKOTO TPAHCIIOPTY.

Hocmanosxka npobnremu. OCHOBHE 3aBIaHHS
CHCTEMH JWCIIETYEPCHKOTO YIPABIIHHA MiCHKHM
MacaXUPCHbKUM aBTOTPAHCTIOPTOM — 3aJI0OBOJICHHS
notpebu nmacaxupiB y noizakax. OqHUM 3i croco-
0iB ¥oro BUpINIEHHS € YiTKe MTOTPUMAaHHS PO3KIa-
Iy, a TaKOK MIKITIOYCHHSI y pa3i HeoOXiaHOCTI pe-
3epBHHUX TPAHCIOPTHHX 3aco0iB. Kpurepiem sikocTi
3aJI0BOJICHHS TIOTPeO B MOi3/IKaX € MiHIMi3allis Ja-
Cy OYiKyBaHHS TacaXupaMmu TpaHchopty [3, 7, 8].
Bci nopymieHHsT pyXy TpaHCHOPTY — BiIXWIJICHHS
BiJl pO3KJIajy, IEpEIOBHEHHS, SIKi BHHUKAIOTh BHA-
CITITIOK HEPIBHOMIPHOI MIBUAKOCTI PYXY OKPEMHX
pyxomux omuHUIL (PO) Ta duykTyamniid macaxu-
POTIOTOKY, MPU3BOAATH 1O 30LIBIICHHS Yacy O4i-
KyBaHHS. ToMy i e(heKTUBHICTh YIIPaBISIOUUX it
JIOPEYHO OITIHIOBATH 3a THM K€ KpUTEPIiEM.

[JIOHACC/GPS

: ’ besneunniiaprodye
’/J \

Kopuetyeau MapupyTae
MIMoX 11/ macakip TaKci

MOHITOPIHHT TOTOKIB

Puc. 1. Cxema cucteMu IUCHETIEPCHKOTO YIIPABIIIHHSI
MiCBKHMM MacaxxupchbkumM aBToTpancnoptom (CJIYMAT)

Fig. 1. The scheme of the system for dispatching
management of the city passenger traffic (SDMCPT)

Oena0 ma auanis nonepeoHix O0CaiOJCEHD.
B [1, 3] 3a3naueno, mo BkiwoueHHs CIAYMAT
B CHCTEMY YIIPaBIiHHS TMAaCaXUPCHKUMH TepeBe-
3CHHSAMHU BHMarae BiJl pO3pOOHMKA: MO-TIepIlie, Ha-

MTOBHUTH i1 MporpamMaMH, IOB’I3aHUMH 3 TEXHOJIO-
Ti€l0 YIpaBIiHHS, Y3TOJUTHU i1 AWHAMIYHI XapaKTe-
PHUCTHUKH 3 JUHAMIKOIO poOOTH peanbHOro 00’ €KTa,
Mo-JpyTe, y3rogutu ¢GizudHy QopMy CUTHAIIB, SKi
Hazaxoxate Bin o0’exta 1o EOM Ta BumaBaHux
3 EOM Ha 00’€eKT.

SIKII0 adropuT™M yNpaBiaiHHA HOCUTH KOPCTKUN
XapakTep, JOCUThH MPOCTHHA Ta MOBHICTIO BiTOMHUI
3aMOBHHKY Ta PO3POOHUKY, TO JOCTATHBO JIETKO
3amporpamyBatu  pobory EOM,  3aknaBmm
B 1i maMm’ATh, HAINPHKIAJ, aBTOHOMHY TaOIHIIIO
3 BpaxyBaHHSIM KOJyBaHHs BXOJIB Ta BHXO/IIB,
MOB’si3aHKX 3 00’ exTOM ympasmiinas [9, 12]. Koxy-
BaHHS BHYTPIIIHIX CTaHIB IPH I[bOMY MOXeE OyTH
nmoBiasHUM [10, 11, 12].

SIKIIO K aNrOpuTM YHIpaBIiHHS HE HOCHUTH KO-
PCTKOTO XapakTepy, SIKIIO B MPOLEci NPUHHATTS
pillieHs TIPO BUAAYy CUTHATIB HA 00’ €KT yTpaBIIiH-
HSl BUPILIYIOThCS PI3HOMAaHITHI ONTHMIi3alliiiHi 3a-
Jadi, SIKIIO0, HAapellTi, Ha TepIIOMYy eTami eKcrie-
PUMEHTAJIbHOT TEPEBIPKH CHUCTEMH YNpPaBIliHHSI
3MIHCHIOEThCS HAKOIMMYEHHS HOBOI iHGopMaIii
npo 00’€KT, paHille HEB1IOMOT 3aMOBHUKY Y PO3-
poOHUKY, TO 3actocyBanHs EOM crae BumpaBzaa-
HuM [1, 2, 6, 13, 14].

MeTta

Merta poboTH — BIOCKOHAJICHHSI MAaTEMaTHYHUX
MozeIei Ta alrOpUTMIB JUI aBTOMATH30BaHNX CH-
CTEeM MiATPUMKH NPUHHATTS PIlIEHb JUCIIETYEPCh-
KOTO YIpaBIiHHS MiCBKUM Naca)KHPCHKHM aBTO-
TPaHCIIOPTOM.

MeTtoanka

Mera CAYMAT - 3a0e3neunTH BHUKOHAHHS
pO3KIagy PpyXy 3 MiHIMAIbHUMHU BiIXWJICHHIMHA
BiJl 3aIUIAHOBAHOT'O 32 JONOMOI'OK) BUKOPUCTAHHS
BinmoBimHUX aucnerdepcbkux niit (J1). Tomy an-
roputMu CIIYMAT opieHTOBaHi Ha BUOip nucre-
TYEPCHKUX [IiH, sIKi KOMIIEHCYIOTh 30yprorodi (hak-
topu (3D). BoHn mMaroTh MaTeMaTUIHUNA XapakTep
Ta JIETKO MOJIEJIOIOTHCSL.

Mognens (QyHKIIOHYBaHHS MapIpyTy Ajs
CAYMAT, mo po3poO0IsIETbCS, OMMCYETHCS CHC-
TEMOIO PIBHSIHB: MapIIPyTy Ta MPOLEC
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le — l«l_”ltp(k);
0

Qi = 05
1

'qi = 03

qi‘_ i i‘ 5
K =4 -0/ -q));

d} =P’ +gl;
o/ =min{Al.,Ai +d/ —rij};

g/ =max{0,dl:/ _’”1’/}3

B =d] -g/;
g’ =0
P =0,
sz;i ni(ﬁij +q/);
7 =7, U);
e ., ift), <t/
l ), if ) >l
v/ =v(U);
%jﬂ =7 /Vz"/’
R N A
v =t 1,
i=Lm; j=ln, (1)
ne m — KuibKicTh PO; n — xubkicTs 113; I/ — Bin-

cTamp Mik j-MTa j+1-MI013; /7 — yac moua-
TKy k -ro peiicy; 4. — mictkicts i-i PO; v(U) —
BUIIAJIKOBA BEJIMYMHA, SKa XapaKTepU3yeThCs 3a-
KOHOM DO3IOMIMY IIBHIKOCTI PyXy NpH JaHii
o3Halli ynpasininns; T,(U) — BumagxoBa BEIHYH-
Ha, SKa BH3HAYa€ yac 3aTPUMKHU K (QYHKLIIO Bif
O3HAKM YTPABIIHHS;, 1, — BUIAJKOBA BEIMYMHA,
sIKa XapaKTepU3ye IHTCHCHBHICTh MOCAIKHA Ta BH-
canku s i-i PO; v/ — BUMaakoBa BeMUHMHA, KA

XapaKkTepu3ye KUIbKICTh MAacaXupiB, 110 BUXOIAThH

3 i-i PO Ha j-my II3; p’/(f) — BUIamKoBa Beiu-
Y{HA, SKa XapaKTepHU3y€e MIUTbHICTh MMaca’kKUPOIIO-
ToKy Ha j-my I13; t/ — wac npubyTrs PO Ha j-if
13; O/ — manosuenns i-i PO micns o6cnyrosy-
BaHHs j-r0 I13; %{ *I' _ qac, 3aTpauenmuii Ha pyx 10
TieperoHy MapmpyTy Mik j-m Ta j+1-m I13; 1/,
— Yac, sIKMid BUTPAYaeThCsl HA MOCAAKY Ta BHCAJIKY
nacaxupis Ha j-my I13 i-it PO; 1)/ — uwac pyxy
MK i—1-10 Ta i-10 PO micas mpoXomKeHHs j -To
I13; 131’ , ‘Ii-/ — KUIBKICTh TaCaKWpiB, MO 3aIILIH
Ta BUHILIM BiamoBiaHo; v(U) — BUIAIKOBA BEJH-
YHMHA, 10 XapaKTEPU3YEThCS 3aKOHOM DPO3MOALTY
HIBUJKOCTI PyXy NpH JaHiid O3HaWi yNpaBIiHHL;
P’ — KiNBKiCTh MAcaXHUpiB, MO NPUAILTH A0 j -TO
I13 3a 4ac mix npubyTTam i -i Ta (i —1)-i PO; r/ —
peseps Micub B i-it PO Ha j-my I13; g/ — Kinb-
KICTh HEOOCTy)eHHX nacaxupis i-10 PO j-m [13;

d/ — nmnotpe6ba B mepeBeseHni 3 j-ro II3

1
B MOMEHT nipu0yTTs i -i PO.
BuxinHuMmu JaHuMH A7 MOZAETIOBAHHS € Be-

maauan m; n; s 0% 4 wU); 1, U);
p/(t). T BeMYMHE OGUHCIIOIOTHCS PEKYPCHB-
HO B Tipotieci pyHKIIIOHYBaHHS MOJEIT.

Bunankosi BenuuuHM T, Ta p’(f) BuU3HAYa-
IOTBCSI B PE3YJIbTaTi BUKOHAHHS JOCIIIKEHHS Ia-
CaXHPOIIOTOKIB.

XapakTepUCTUKH TYCTOTU IaCaKUPOIOTOKY
(hOpMYIOThCSI Ha OCHOBI JI000BUX 00’€MIB TiepeBe-
3eHb Ha MapmipyTi A’ Ta BiOMHX 3aragbHEX 3a-

KOHOMIPHOCTEH PO3MOJTy MepeBe3eHb M0 T'OJH-
Hax 100W, 3aJaHUM Y BHUTJIAII BaroBHX OIIIHOK

W, , Takux, mo Zszl, i=1LT, n=1,N, ne
i
N — KUIBKICTh MOXKJIUBUX BapiaHTIB pPO3MOILITY

MEPCBC3CHb.

Omxe, p’(¢) Gynemo obuncmoBaTH 3a GoOpMy-
J

noo p’(t)=W, —, e MOMEHT MOJIE/IOBAHHS ¢

n

HaJIS)KUTHh OJHOMY 3 YaCOBHX BiJIPi3KiB i .
MopnentoBaHHs cuctemu 300py iH(opMmarlii mo-
Jsirae B MPUCBOEHHI AeskuM [13 03HAK KOHTPOIb-
Horo myHkTy (KII). IIpn mepexoni Mmoneni B craH,
B skoMy i-a PO 3Haxomutbcs Ha KII, oGuucnro-
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K11
inp

K, =25-30% — xoediuient HanoBHeHHs PO (TyT

FOTbCSl BEJIMYMHU: ¢ — vac npuOyrtss Ha KII;

[.] — «uinma gacTuHay), KU € aHATOTOM iH(OpMAITii,
o OTpuUMyHOTh 3a goromoror CAYMAT mpu na-
HoMy KTC, skuit pazom 3 Homepamu PO Ta 113 no-
cTynatoTh Ha BXig Mogeni CAAYMAT.

brnouna cTpyKTypa Mozeni 103BOJIsIE BUKOPUCTO-
BYBaTH Pi3Hi aJITOPUTMH Ta BUKOHYBATH 1X TOPIBHS-
ThHUHN aHami3. Bubip onTUManbHUX —anropuUTMIB
VOPaBITHHSI PYXOM € HaWBaKJIMBIIINM 3aBIaHHSIM
nobynosu CAAIYMAT.

BxinHoto ingpopmartiero it mogeni CAYMAT
CIIyaTh IUIAHOBHH PO3KIa[ PyXy, a Takox iHGop-
Mallisl, O TOCTYIaEe 3 MOJEN MapipyTy: MOMEHT
npoxony pyxomoi onunui KI1, koediuienTn Hamos-
nernHs PO, mosigomienns mpo cxoau PO 3 miHii.

OCHOBHUM KpHUTEpIEM SKOCTI 3aIIOBOJICHHS ITO-
TpeOu B MOT3IKax NPUHAMAEMO Yac OYiKyBaHHS Iaca-
JKUpamu TpaHcropTy. CTpyKTypa Mopelni 103BOJIsIE
0e3mocepenHLO OINIHIOBATH ITF0 BEJIMYHHY. 3ayBa-
JKMMO, 10 B pEAIBHUX YMOBaX MOXKJIMBA TUIBKU
npuOJIM3HA OI[IHKA Yacy OYIKYBaHHA Maca’KUpaMu
TPAHCIOPTY.

BynemMo BBakaTW TMOTIK MAcCaKUPIiB HA 3YIHHIII
IIyaCCOHIBCHKUM 3 TIAPaMETPOM P .

Toni 3a wac ' Ha 3ymMHKY B CEpEeIHBOMY
npuxomars PT  macaxumpiB. Yac ouikyBaHHS
nacaxupiB aBrodyca (PO) B cepenHboMy piBHUIA
MOJIOBHMHI 1HTEpBally OdiKyBaHHA. Tomi cymapHi
3aTpaTy 4yacy I BCIX MAcaXUpiB HA OYiKyBaHHS
TPaHCIIOPTY, 5Ki 310paiuck 3a 4ac T,

Z=ptt/2=pt*/2.

Yac t 300py macaxkupiB NMpUHAMAETbCA PIBHUM
IHTEepBaly Yacy MiX MPHOYTTSM Ha 3yNMUHKY ABOX
cycimaix PO. Sxmo macaxup He OyB 00CITyKeHUM
PO, mio nigiiinwia, To yac O4YiKyBaHHS HUM MPUXOIY
HACTYNHO!I PIBHUH BXe HE IOJIOBMHI, a iHTepBaly
Mk PO. Tomy cymapHi 3arpatm dacy Ha

j-my 113 3a iHTepBan ’tij_lj. MK TprOyTTSIM 7 —1-i

1z
Ta i -1 PO
T/ .
J— pJ_izli JoJ
Zi =k > T 8ii Vit 2
. . j
Cepenni BUTpaTU yacy ouikyBaHHs S; oOumc-
JIFOFOTBHCS 32 (POPMYJIOH0

S/ =27!/P’. €))

Ha ocHoBi BHpa3y (2) MOXHa BH3HAYHTH 3a-

n
Tpatn Ui KoxkHO PO 3a peiic Zi:ZZl/ ,
J=1

n
S, = ZSZJ BIINOBITHO Ta Ui KoxkHoro I13 3a iH-
J=1

TEpBAJI Yacy MIX npuxoaaMm n pyxoMux oOJu-
K+n K+n

HULG: T=t), —t}; Z) = ZZ,:i; S/ = ZS,:i.
i=K i=K

Benuuunu Zl.j MOXXYTh OOYHCITIOBATUCH JIS
BCiX i, j B mporeci QyHKIIOHYBaHHS MOJENi 3a
dhopmyoro (2).

PosrissHeMo BmmuB 30yprotounx (akTopiB Ha
BENMYMHY MapameTpiB Z Ta S.

Bioxunenus PO 6i0 posknady. Jlomyctumo, 1o
Ha JIOCTaTHHO KOPOTKOMY YacCOBOMY iHTEpBaIi

MIUTBHICTh MAaCAXUPOIOTOKY TOCTiiHa, p’ (1) =p’.
Toni

Ta

i RJ = zpj‘t{—l,i s (4)

ne P — cymapHU MacaXXMpONOTIK, SIKMH NPUXO-
nuthes Ha 1 -y PO 3a peiic.

CAYMAT Moxe (popMyBaTH TaKi YIIPaBISIFOTi
Iil: «3MCHIIEHHS Yacy peHcy», «pO3CYHEHHs iH-
TepBaly», «Iepexil Ha piBHOMIpHUHU iHTEpBaI»,
«Tepexiz 3 MapupyTy Ha MapLIpyT» Ta «BBEIEHHS
pe3epBHOi PO».

3okpema, 3HIDKEHHS. AJ ), CyMapHOTro 4acy odi-

KyBaHHS NAaCaKUPIB 332 PaXyHOK BBEICHHS PE3epPBY
nipu cxofi PO 3 miHii BU3HAYNUTECS Y BUTIISAIL

5
A, =0T (), —
Jj=1

5 5
—le T+ Z}x EGR I
J= J=

e 7\,1. — IHTEHCUBHICTh ITACA)KUPONOTOKY HA j -My
4acoBOMy BIIpI3Ky; T,(f.) — 4aCTUHA j-TO 4aco-

BOTO BiJpi3Ka, KA MEPEKPUBAETHCS YAaCOM CXOIY
PO; 1, — cepenHiil yac O4iKyBaHHA MAacaXupiB Ha

j -My 4acoBoMy Binpi3ka npu cxoni PO Ha HbOMY;
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7,(f,) —4vacTMHa j-TO 4acOBOIO BiJpi3Ka, sKa Ie-

pekpuBaeTbesi yacom cxony PO; ¢ . — cepenHiit

pi
Jac OYiKyBaHHS TMACaXUPIiB IIPH BBEICHHI pe3epB-
HOi PO Ha j -My 4yacoBoMy BIApi3Ky; T,(f,) — 4ac-
THHA J-TO YacOBOIO BiJpi3Ka, SIKA 3HAXOAUTHCS
Mix MomeHTamu cxoay PO 3 minii Ta BBeJeHHI pe-
3epBHOI PO.

[epexin PO 3 omHoro Mapuipyty Ha iHIIUIA
MOYKHa OTOTOXXHIOBATH 3 BBOOM pe3epBHOi PO Ha
nepmuii MapmpyT. Tomy 3HWKeHHA AJ, cymap-
HOTO dYacy OYIKYyBaHHS ITACAKUPIB HA MEPIIOMY
MapHIpyTi 3a paxyHoK nepexony PO 3 mapmpyty
Ha MapuUIpyT BU3HAYUTBCS 110 aHAIOrii 3 AJ .

Ilepesin PO 3 mapmpyTty Ha MapmipyTt Oyne
BUIPABAAHUM TUIBKM B TOMY BUIAJKy, KOJU 3HU-
JKEHHsl 4acy OYiKyBaHHS NacaXWpiB Ha HOBOMY
MapupyTi Oyzae Oinbiue 30iIbIICHHA Yacy OYiKy-
BaHHsS MAacaXUpPIB Ha MONEPEIHbOMY MapIIPYTi
(B posrmsiHyTOMy BHUHaiaky mpu AJ, >AJ,). 3ara-
JbHE 3HIKEHHS AJ 4acy O4iKyBaHHS MacaXKHpiB

5
A‘]ZA‘]n _A‘jl :zy\'jﬁcj(tn)(tcj _t”j)_

J=1

5 5
DN AIEY WIS
= =]

me t,(f,) — YacTMHa j-TO 4acoBOTO Bijpi3Ka, Ha
SIKOMY Hparoe «mepesenera» PO; 7, — CepeHii
Yyac OYIKyBaHHS MAcCaKUPIB Ha j-My 4YacOBOMY
BIZPI3Ky 1pH cxoii Ha HboMmy PO; 7, — cepenniit
yac OYiKyBaHHS MacCaXUpiB Ha j-My YacOBOMY
BiZ[pi3Ky Ipu poOOTi «1mepeBeneHoi» Ha Hbomy PO;
7,(,) —4vacTHHA j-TO 4acOBOIO Bilpi3Ka, sKa Ie-
pekpuBaeTbest yacoM nepesony PO (wacom T, );
t,; — CCPEAHIN Yac OYIKYBaHHs MACAXUPIB HA -
My 4YacoBOMY BiJIpi3Ky mnpu mnepeBeaeHHi PO Ha
ApYTUd MapuipyT; T, — TPUBAIICTH j-r0 BiAPI3Ka
4acy; f,; — CePE/HIN 4ac O4iKyBaHHS IACAXHPIB
Ha j-My 9acoBOMY Biapi3Ky 0e3 mepeBoxy PO Ha

JIPYTUI MapuipyT.

IIpu dopmyBaHHI yHpaBisAOYOi Iii «HepeBiq
PO 3 mapuipyTy Ha MapmpyT» y BUIAIKy CXOIY
PO 3 niHii He0OXiTHO BU3HAYHTH TaKy Mapy Mmap-

MIPYTiB, IS K01 3a0€3MeUy€eThCsl MAKCHMYM 3ara-
JHHOTO 3HMKEHHS 4Yacy O4iKyBaHHS MacaXHpiB —
max AJ . Bubip HaitOoi1bm1 epeKTHBHOI YIIpaBIIsIIO-
yoi aii npu cxoxi PO 3 miHii Moxxe OyTH 3aiiicHe-
HUU TpU BU3HAYCHHI MAKCUMAJIbHOTO 3HIDKCHHS
AJ,. cyMapHOro 4acy O4iKyBaHHs MacakKUpiB:

AJ, =max(AJ ,,AJ,

TR

AJ, ,maxAJ),

5

ne AJu:ijrj(ru)(tcj—tu}) cymMapHuil uac
j=l

OYiKyBaHHS IIaCaXHUPIB 32 PaXyHOK

HeHHS iHTepBawy 1mpu cxomi PO 3

po3cy-
JIHIT;

5
A, = Z?»jtj (t,)(t,; —1,) — CyMapHuii 4ac O4iKy-
=

BaHHsI MACAXXHPIB 32 PaxyHOK MEpexony Ha piBHO-
MipHHMIA abo omepatuBHUE iHTEepBan pyxy PO;
7,(1,) —YacTUHa j-ro 4acoBOTo Bi/PI3Ka, Ha KO-

My iHTepBan pyxy PO 3milficHIOETBCS 3 OmepaTHB-
HUM iHTEPBAIOM T,; T,(T,) — YacTMHa j-ro 4Ya-

COBOTO BifIpi3Ka, Ha AKOMY iHTepBai pyxy PO 30i-
JbLIEHUH Ha BIAPI3OK T, ; ¢, — CEpeiHii Jac oui-

9
KyBaHHSI ITACAKUPIB HA j-My YaCOBOMY BiZIpi3Ky
mpu pyci PO Ha HROMY 3 ONEpaTHBHUM iHTEpBa-

JOM T, tuj — CCPCAHIN YaC OY1IKYBAaHHA MaCaXnUp1B

Ha j-My 4acOBOMY BiIpi3Ky NpH 30UIBIIEHHI iH-
tepsaiy pyxy PO Ha HbOMy Ha BEHYUHY T, .

Taxum guHOM, TIPH KOkHOMY cxoxi PO 3 miHil
JOUTBHO (OPMYyBAaTH TaKy YHpaBISAIOUY [if0, sIKa
3a0e3nevyye MakcHMallbHe 3HMKEHHS 4acy OYiKy-
BaHHS MacaXupiB (MOPIBHSHO 3 BUIMAJAKOM BiJCYT-
HOCTI YIPaBIISIIOYHX JTiH).

Skuio Ha ueit mapupyt nepesecru PO, to AJ,

3MEHIINUTHbCI Ha AJ

., » Ha BEIIMYUHY 3HIDKCHHA Cy-
MapHOTO Yacy OYiKyBaHHs MacaXUPIB 3a PaxXyHOK
mepeBony PO 3 mapmpyrty Ha MapmpyT. Ko

BBeCTH pesepsHy PO, To Benmmumna AJ, 3MeH-

IMHUTECT Ha AJ o

HOT'O Yacy OYiKyBaHHsI ITaCaKUPiB 32 paXyHOK BBe-
neHHs pesepsHoi PO.

Bubip tamy ympasisiodoi Aii mpu mo3arsiaHo-
BOMY 301JIbIICHHI MAacaXUPONOTOKY Ha MapIIpyTi
MOKe OyTH 3IIHCHEHMI MPU BU3HAYCHHI MaKCHMa-
JBHOTO 3MEHIIEHHs BeanyuHu AJ  :

Ha BCJINMYUHY 3HWKCHHS CyMap-
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J, =max{(AJ, - AJ,),(AT, = AT )},

5
ne AJ, =Y Akt ;&) 5 t, — cepenniii yac oui-
j=1

KyBaHHS MAacakupa Ha j-My 4acoBOMY BiIpi3Ky

npy 30UTbIIEHH] HA HBOMY MACa’KUPOIIOTOKY.

Taxum 9MHOM, BCTAHOBJICHO, IO BCi 30yprorodi
(axTOpH MOTiPUIYIOTh IOKa3HUKH SKOCTI 00CITyTO-
ByBaHHSl HacaxupiB. Ha omucaniii mozenmi — ne
SIBUIIIE MOJKHA MIJIaTH KUIBKICHHN OIiHII. Moe-
nrotoun 3P Ta 0OUUCIIOYN BEIMYMHN Z Ta S 110
HOpPYIICHHS PyXy Ta MICIS MPUIHATTS JUCTIeTYep-
ChbKOi i, MOKHa BH3HAYHMTH IIBHUIKICTH PEaKIIii
cucremu Ha 3@ Ta JIJ1; epexrusnicts [/, a B kiH-
[IEBOMY Pe3yJIbTaTi — Oe3mocepeHiii eKOHOMIYHUHT
edexT Big BupoBamkeHas CIYMAT.

PesyabTaTtu

3ampornoHOBaHa B CTaTTi MOJENb peayizoBaHa
B MathCAD. I[lpuxman po3paxyHKYy BHIAJKOBHX
BEJINYHH, sIKi OyJIM BUKOPUCTaHI B ONMCAHIl BHIIE
CTOXAaCTHYHIA MaTeMaTHYHIM MOZEl, HaBeIeHUH
Ha puc. 2. 30KpeMa, MOJIENIOIOTHCS IMapaMeTpH

P’, g/ — xinpkicTh macaxxupis mo 3aiinum Ta BH-

WA BiZTIOBIAHO, 3QJICXKHO Bil 3MiHHU Tpadika py-
xy PO.

iml.m Qo=0 = md(1)
im1.n im0 oy = md(1)
to,=10 ¥i,j= md(l)
T'.J 0'.j']
4 A= 1G5 - gl
rl.j LN
Pois J:H , pjdt
d.i Ppij+ 81,
Qi mini A, A+ dij =6 j)

maxi0, d; ;=
Pij dij= 8,
LU TR WE S T
FiLi i+ T2

i jo1 [

ti j1 ¥ijol
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Puc. 2. Monens CAYMAT B Mathcad
Fig. 2. Model of SDMCPT in Mathcad

Ha puc. 3 maBeneHi pe3yibTaTH MOJICITIOBAHHS.

fx10*

KinkkicTe nacaxupie Ha mapLipyTi
The number of passengers on the route

410

2a10*

OHi
Days
GD 5 10 15 x
y —— — Bukopuctanus mojeni CJIYMAT;
yl o — 0€3 BUKOPHUCTaHHS MOJIENi
Puc. 3. Pesynbratu monentoBanust CIYMAT
B Mathcad
Fig. 3. The simulation results of SDMCPT
in Mathcad

BrpoBamkeHHsT opep)kaHMX pe3yibTaTiB Jao-
CIIKEHb JaJI0 MOXKJIMBICTH 3HAYHO IIiIBUILUTH
AKICTh TPAHCIOPTHOTO OOCIYyTOBYBaHHS, 30KpemMa
Ha aBTOOycHMX MapmpyTtax Ne 203 ta Ne 510 m.
Kuesa.

Exonomiunwmii edekr cxinas 3 730 ta 4 500 rpH
Ha MiCSIlb, TPOAYKTUBHICTh MapIIPyTiB 3pOCia Ha
7,1 Ta 8,3 %, BiOIOBIIHO.

Mogens TacaXUpPONOTOKY 3 BHKOPUCTAHHIM
nakety Mathcad go3Bomnuna 3poOUTH BUCHOBKHU:

— 3aIlpOIIOHOBaHA MaTeMaTU4Ha MOJEIb € Ipa-
[E31aTHOI0 Ta J03BOJISE aJeKBaTHO OIUCYBaTH
NpoLIeC PyXy PyXOMOI OAWHHII IO MapIIpyTy;

— BUKOpHUCTaHHs makery Mathcad B peanbHiit
mpaktuili ekcruryatarii CAYMAT He € MoXiu-
BUM, OCKUIBKH HOTO 3aCTOCYBaHHS Tiependavae re-
BHY KBami(iKaIlito KOpPHUCTyBada, OTKE IMOJaibIlIa
poboTa TIaHY€ETHCSA B HAIPSIMKY PO3POOKH BiAIo-
BiJTHOTO MPOTPaAMHOTO MPOAYKTY.

HaykoBa HOBU3HA Ta MPAKTUYHA
3HAYNMICTDL

HaykoBa HOBW3HA pE3yJbTaTiB, HABEIACHUX
B CTaTTi, OJIATAE B TOMY, 110 BIEPIIE PO3POOICHO
MOJIENTb JUIS CUCTEMH MIATPUMKH TPUNHSATTS pi-
MIeHb JUCTIETYEPCHKOTO YIPABIiHHSA MICHKUM Ta-
COXUPCBKUM aBTOTPAHCIIOPTOM 3 ypaxyBaHHSIM
BIUIMBY HAMOULIBIN 3HAYYIIUX CTOXACTUYHUX YHH-
HUKiB. OTpUMaHO CUCTEMY PiBHSHB, SKa MOCITIOE
(YHKILIOHYBaHHS MapIIPYTY.
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[IpakTuyHa 3HAYMMICTH OTPUMAHUX PE3yJbTa-
TIB TOJSITa€ B TOMY, IO PO3pOOJIEHO JOAATOK
B cepenoBumi MathCad mist  MopmentoBaHHS
CHAYMAT. [donatok peaii3ye 3alporioHOBaHy MO-
IleJh, HAa OCHOBI SKOI BHpillIEHE MpPaKTHYHE 3a-
BJIaHHSI BUOOpPY KEPYHOUMX BIUIMBIB JUIS MiCBKUX
aBTOOYCHHUX MapIIPYTiB.

[lepcnekTHBH MOJAIBIINX AOCIIIXKEHb IOJI-
raloTh peaizallii 3anmporOHOBaHOT MOJENi Ha aj-
TOPUTMIYHUX MOBax BUCOKOT'O PiBHS JAJIsI IEepCIIeK-
tuBHUX CAYMAT Benukux Mict YKpaiau, mo 1o-
3BOJINTH JMCIETYEPY MHUTTEBO OI[IHIOBATH BILJIVB
30ypIOIOUMX BIUIMBIB (BIOXWJIEHHS PyXOMOi OJu-
HUII BiJ PO3KIAJy, CXij 3 JiHil, HOTipIIeHHS YMOB
pyXy, TEPETOBHEHHS HAa MapIIpyTi) HA PO3KIIaL
pyXxy aBToOyCiB Ta MApIIPYTHHUX TAKCI.

BucnoBxku

1. Bukonano aHami3 Cy49acHHX MoAeNeH st
CHCTEM JMCIETYEPCHKOTO YIPABIIHHS MiCHKUM
MacaXMPChbKUM aBToTpaHcnopToM. IlokaszaHo, 110
JIETepMiHOBaHI MOJIENi, SKi BUKOPHUCTOBYIOTHCS
B CHCTEeMax YIIpaBJIiHHSA HAa aBTOTPAHCIIOPTI, YACTO
BUSIBIIAIOTHCSl HEAJEKBaTHUMHU pealbHUM TpolLe-
caM TMepeBe3eHHsI MaCaXUpiB aBTOOycaMH Ta Map-
MIPYTHAMH TaKCi, 0COOIMBO y BETMKUX MiCTaX.

2. 3ampornoHOBaHO MOJIETh ISl CUCTEM JHCIIe-
TYEPCHKOTO YIPaBIiHHSA MICBKUM MACaKUPCHKUM
aBTOTPAHCIIOPTOM 3 BpaxyBaHHSM BIUIMBY Haid-
Oinpin 3HauMMuX (akropiB. OTpEUMaHO cUCTEMY
PIBHSIHB, SIKa MOJENIOE MapaMeTpy pyxy Ha aBToO-
OyCHHMX MapIIpyTax Ta JO3BOJIIE MUTTEBO OILIHIO-
BaTH BIUTUB 30yPIOIOYMX BIUIMBIB Ha TOKA3HHUKH
SAKOCTI OOCIYrOBYBaHHSI MAacaXHpiB Ta CKJIACTH
ONTUMATILHUN PO3KIIAJ PyXy TPAHCIOPTY.
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MOJEJIb ABTOMATI/I%I/IPOBAHHOfl CUCTEMBI ITIOAAEPKKHN
IMPUHATHUA PEHHEHUHU JUCIIETYEPCKOT'O YIIPABJIEHUA
I'OPOACKHUM MACCAKUPCKUM ABTOTPAHCITIOPTOM

Hean. Hayunas paboTa mocesieHa JajabHEHIIEMy pa3BUTHIO MaTeMaTHUECKUX MOJIENICH U alNrOpUTMOB /IS aB-
TOMATU3UPOBAHHBIX CHUCTEM MOAAEPKKU MPUHITUS PELUIEHUN NUCIETYEPCKOro yMpaBIECHUS TOPOJCKUM MacCakup-
CKUM aBTOTpaHcrnopToM. Metoanka. CuUCTeMBl AUCHETUEPCKOrO YMNpPaBIIEHHs] TOPOACKUM IMAaCCaKUPCKUM aBTO-
TPaHCIIOPTOM IpeIHA3HAYECHBI 0OECIIEUNTh BHINIOIHEHUE PACICAHHS ABM)KEHHUS C MUHUMAJIbHBIMU OTKIOHEHUSIMHU
OT 3aIIAHUPOBAHHOTO C MTOMOIIBIO HCIIOJIB30BAHMS COOTBETCTBYIOIIUX IHCIIETYEPCKUX BO3ACHCTBUHA. AITOPUTM
CHCTEM OPHEHTHPOBAH Ha BHIOOP MHCIETYEPCKHX BO3ACHCTBHUI, KOTOPBIE KOMIIEHCHPYIOT BO3MYILAIOIINE BO3JCH-
cTBUsA. B KadecTBe KpHTepusl OLIEHKH pabOTHI CHCTEM AUCIETYEPCKOTO YHPABJICHHS IPEIUIOKEHO HCIOJIb30BATH
MOKa3aTelIb MUHMMYyMa BPEMEHH OXHIAHHUS MAaccaXHpaMH aBTOOYCOB M MapLIPYTHBIX TaKCH HAa OCTAHOBKaXx.
PesyabTaThl. Ha 0CHOBE NPOBEAEHHOIO aHaiaM3a INMPEALIECTBYIOIIMX MCCIECNOBAaHMM, B paMKax CyLIECTBYIOLIEH
TCOPUHN IABHIKCHHUA ITOTOKOB aBTOTPAHCIIOPTA, NPEAJIOKEHA MOACIb IJId CUCTEMbI AUCHETYCPCKOro YHNpaBJICHUA
TOpOACKUMHU MAaCCAKUPCKUMU IMMOJABMKHBIMU €AMHUIIAMU C YUCTOM BIIUSAHUA Han60nee 3HAYUMBIX CTOXAaCTUYCCKHX
(akTOopoB Ha rpadUK IBI)KEHHs aBTOOYCOB M MapLIPYTHBIX Takch B Oonbminx ropoaax. IlomydyeHa cucrema
YpaBHEHMi, KOTOpas MOJENHPYEeT IapaMeTpbl IBIDKCHHS IIOABM)KHBIX EIMHHUII Ha aBTOOYCHBIX MapIIpyTax,
I03BOJISIET MTHOBEHHO OLICHUBAThH BIIMSHUE BO3MYIIAIOMINX BO3JACHCTBHI Ha MOKa3aTeIM KauyecTBa 0OCITYKUBaHHS
MAaCcCaXHPOB u, pu HEOOXOANMOCTH, COCTaBIIAATh ONTUMAIIBHOE pacnucaHue JIBUKEHUSL.
Hayuynasi HoBM3HA. ABTOpaMH MpPEAJIOKEHa HOBAs MOJENb JUII CHCTEM IIOMACPKKH TPHUHSATHS PpEIICHUH
JICIIETYEPCKOTO  YIIPABIEHUS TOPOACKAM MACCAKUPCKUM AaBTOTPAHCIIOPTOM C Y4YETOM BIHMSHUS HauOoiee
3HAQUMUMBIX CTOXaCTHYECKHMX (DaKTOPOB, B UYACTHOCTH TaKWX, KaK IIEPEHOJIHCHWE MacCakKupaMH aBTOOYCOB
U MapIIPYTHBIX TAKCH, UX CXOJl C JINHUHU, OTKJIOHEHHE OT PACIMCAHUA U CKOPOCTHOTO PEXMMa Ha MapupyTe u T.1.,
Ha IOKa3aTelM KadecTBa OOCTyXuBaHWsA. MoJEnb MO3BOJSAET TAKXKE ONTHMU3UPOBATH PACHHCAHHE JBIKCHMS.
IIpakTHyeckass 3HAYMMOCTb. Pe3ynbTaTel paboOTHl MO3BOJSAIOT YCOBEPIIEHCTBOBATH IOAXOABI K IOCTPOCHHUIO
MOJIeIeld, HMCIOJIb3YeMbIX B CHCTEMax JMCIIETYEPCKOrO YIPABICHUS TOPOACKUMH aBTOOYCHBIMH MapLIpyTaMH,
a TaKKe YCOBEPIICHCTBOBATH BHIOOP YIPABJISIONIMX BO3ACHCTBUH I MOJOOHBIX CHCTEM B OOJBIIMX TOPOAAX
Ykpaussl.

Kniouesvie cnoea: aBTOMaTU3UPOBAaHHbBIE CUCTEMBL; AUCIETUEPCKOE YIPABICHUE; MaTeMAaTH4eCKas MOJENb; ajl-
TOPUTM YTIPABIIEHUS; TOPOACKOH MaCCaKUPCKUN aBTOTPAHCIOPT

V. A.LAKHNO", V. M. SOBCHENKO*"

"Dep. «Complex Information Security Organization», European University, Academician Vernadskiy Blvd., 16-V, Kyiv,
Ukraine, 03115, tel. +38 (044) 276 52 51, e-mail valss21@ukr.net, ORCID 0000-0001-9695-4543

>Dep. «Information Systems and Mathematical Disciplines», European University, Academician Vernadskiy Blvd., 16-V, Kyiv,
Ukraine, 03115, tel. +38 (044) 423 00 78, e-mail floydrose@i.ua, ORCID 0000-0002-2018-5511

THE AUTOMATIC SYSTEM’S MODEL OF DECISION-MAKING
SUPPORT FOR DISPATCHING CONTROL OF THE CITY
PASSENGER TRAFFIC

Purpose. This scientific work considers the further development of mathematical models and algorithms for
automatic decision support for dispatching management of the city passenger traffic. Methodology. Systems of dis-
patching management for the city passenger transport are to provide the carrying out of the routes according sched-
ules with minimal deviations from the planned ones through the using of appropriate control actions. The systems’
algorithm focuses on the selection of control actions that compensate the disturbances. It is proposed to use the in-
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dex of the waiting time minimum for passengers of buses and taxis at stops as a criterion for evaluating of dispatch-
ing control systems work. Findings. Based on the conducted analysis of the research within the existing theory of
traffic flow of vehicles, it was proposed the model for the system of dispatching management for urban passenger
moving units considering the effect of the most important stochastic factors on the schedule of buses and taxis
movement in large cities. The obtained system of equations that models the parameter of movement on the bus
routes allows you to assess quickly the influence of disturbing effects on the service quality indicators of passengers
and, if necessary, to draw up the optimal schedule. Originality. The authors propose a new model for decision sup-
port of dispatching management for the city passenger transport. They take into account the effect of the most im-
portant stochastic factors, such as the overflowing buses and taxis, their descent from the lines, delays, deviations
from the speed limit on the route, etc., on indicators of service quality, as well as optimizing the schedule.
Practical value. The results allow to improve approaches to building models using in the systems of dispatching
management of urban bus routes, as well as to improve the selection of control actions for similar systems in large
cities of Ukraine.
Keywords: automatic systems; dispatching control; model; control algorithm; public passenger vehicles
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AHAJII3 TPA®IKA BUKOHAHOI'O PYXY B IHOOPMAIIVHINI
CUCTEMI ITAT »YKP3AJII3HULS»: HIEPCIIEKTUBU PO3BUTKY

Merta. Cucrema ananizy rpagika BukonaHoro pyxy (AI'BP) B indopmaniiiniii cuctemi ITAT »Yxkp3anizHULID»
3abe3nedye poOOTYy 3 MACAKUPCHKUMHU 1 NMPHUMICHKMMH MOi3JaMH Ta Ma€ 3HAYHUM TOTEHIia]d PO3BUTKY. Tomy
B HayKoBi poOOTI HEOOXiTHO BCTAHOBHUTH IEPCHEKTUBH PO3BUTKY Iii€i cucremu. Meroauka. BceraHoBneHHs
TOCIOJApCTB 1 MPUYHH 3aTPUMOK IIOI3/iB Ma€ 3MIMCHIOBATHCS 110 KOXKHIN CTaHIIIi Ta MeperoHy, /Ie Majld MicCIle TaKi
3arpuMkn. Jns mporo HeoOXimHa (ikcalliss BIIXHWIICHb CTaHy 00’ €KTiB iHPPaCTPyKTYpH Big HOPMAaJIbHOTO CTaHY,
a TaKOX IHIINX HECHPHUATIUBUX (aKTOPIB. Y CEKTOpi BaHTAXHHUX IEPEBE3CHb HENOCTATHHO aHANI3yBaTH TITHKU
rpadik pyxy moi3ziiB, OCKUIbKM TaKWil aHalli3 HE BPaxOBY€ BIAXHUJICHb B/l TEPMIiHIB JOCTaBKH BaHTaxiB. ToMy BapTo
TaKOX 3JIHCHIOBAaTH aHaii3 rpadikiB gocTaBky BaHTaxiB. OCHOBOIO MOHITOPHHIY IPOILECY JOCTaBKH BaHTAXKIB
€ MeToJ KOHTpoibHO-dacoBHX To4uokK (KYUT) TexHONOTiYHMX omepamii, [0 BHUKOHYIOTBCS 3 BaHTaXEM Ha
3aMi3HUYHUX craHdisx. Ha ocHoBi merogy KUT pis OWIHKM SKOCTI TPaHCHOPTHOIO IPOLECY BUKOHYETHCS
PO3paxyHOK MOKA3HUKIB aHami3y rpadika JOCTAaBKH BaHTAXIB (piBeHb BUKOHAHHS rpadika JOCTABKH BaHTAXKIB,
koeillieHT HaroHy/CroBiIbHEHHsI 1ocTaBku). PesyabTaTn. 3anpornonoBaHo cucremy AI'BP posBuBaru muisixom:
1) peanizauii BBeJEHHS Ta BiZOOpaKEHHs NPUYMH 3aTPHMOK IOi3[iB B ONEPATUBHOMY PEKHMI IpaniBHHUKaMH
rOCIO/apCTBa NepeBe3eHb; 2) PO3MINPEHHS CTATUCTHYHOT 0a3u JaHUX Ta OOpOOKH ONEpaTHBHO BBEAECHHUX NPHYMH
3aTpUMOK IpH 1i po3paxyHKy; 3) 3mifiCHEHHs aHamidy rpadika BUKOHAHOTO PyXy BaHTa)KHHX MOi3[iB; 4) OLIHKH
piBHS SAKOCTI BHUKOHaHHSA rpadika JOCTaBKH BaHTaXiB. Tako)X BBaXKA€ThCS 3a MAOIUIBHE IO IIOSBH HOBHUX
OTIepaTOpChKUX KOMIaHid BHeCTH 3MiHH 10 mirodoi iHcTpykmii UY-IIJI-0002 momo meperniky rocmomapcTs, 3a
SAKAMH € 3aTPUMKHU MOi3MiB, LIISXOM JOJAaBaHHS LbOTO «TOCHOAAPCTBA» N0 MYHKTY «3 BHHH OIEPaTOPCHKHX
KOMIaHIi» Ta BKa3aHHAM BIAMOBIIHUX NpPWYMH 3aTpUMOK. HaykoBa HOBH3HA. YIOCKOHAJIIEHO CXEMY
aBromaTtu3oBanoro AI'BP B indopmamiiiniii cuctemi [TAT «VYkp3amizHuipy. 3anmpornoHOBAaHO SKICTh TOCTaBKH
BaHTaXIiB 10 NEBHOMY IIOJIrOHYy BH3HAuaTH 32 HACTYIHUMH DIBHSMH: BHUCOKHWI, 3aJ0BUIbHMH, HU3bKUH Ta
HaJHU3bKUNA. Po3po0iieHo rpadik i BH3HAYCHHS PIBHIB SKOCTI JOCTaBKM BaHTaxiB. [IpakTHYHA 3HAYHMICTB.
Peauizauisi 3anponoHOBaHMX pIllIEHb JI03BOJIUTH YAOCKOHAJIHMTH Ta MOKpAIIUTH (POPMYBAaHHS CTATHCTHYHOI 3Bi-
tHOCTI 3 AT'BP B ITAT «YKp3ami3HALN.

Kniouosi crnoea: anani3z rpagika BUKOHAHOTO PyXY; NOKa3HHKH POOOTH; SIKICTh JOCTAaBKM BaHTaXiB; iH(opma-
IifiHa CUCTEeMa; aBTOMAaTHU30BaHe POO0OYE MICIIe; CUCTeMa BEICHHSI; BiIOOpaXKeHi MOIEIi

Beryn — aBTOMAaTH30BaHi po0odi MicLs 3 aHaNi3y rpa-
¢ika BukoHa"oro pyxy (APM AI'BP) piBas aupexiii
3aI3HUYHUX TIEPEBE3CHb, 3ali3HHII Ta YKp3ali3HuU-
11i;

— irdopmaniitanii mopran (EKIII V3).

CxeMy iH(oOpMaLIiTHOTO TIOTOKY TPH 3IHCHEHH]
aHani3zy rpagika BAKOHaHOTO PyXYy IOi3/iB HaBeICHO
Ha puc. 1.

CepBepu 3acTocyBaHb 3a0€3MEUyIOTh MTEPiOaNI-
HHUI PO3paxyHOK CTATHCTUYHOT 0a3M JaHUX, a TAKOK
B3aeMOZi0 3 Hero kopucryBaua (APM AI'BP) nns
TIEPETIIsTy Ta BHECCHHS HEOOXiTHINX KOPUTYBaHb.

APM AI'BP mae Tpu pexxumu poGOTH: pobo-
YMii, aHATITUYHWIA Ta 3BiTHHA. 3a0e3rneuye MOx-
JMBICTH PO3HECEHHS 3aIli3HEHb 33 TOCIIOAAPCTBAMHU

Amnari3 rpadika BUKOHaHOTO pyXy moizzis (AI'BP)
B YKp3aJTi3HUII 3IIHCHIOETHCS HA MiACTaBl IHCTPYKIIii
[2]. 3 MerorO 3MEHIIEHHA 3aTpaTr 4yacy MpaliBHHUKIB
CITyOM CTAaTUCTHKH Ha aHaji3 Tpadika BUKOHAHOTO
PYXY 32 paxyHOK aBTOMAaTH3allil OTpPUMaHHs Ta 00po-
Oku HeoOXimHOi iH(pOpMAllii 1 aBTOMAaTUYHOTO Po3pa-
XYHKY 3BITHHX ()OpM, a TAKOXK ITiIBUILICHHSI OIIepaTH-
BHOCTI OTPUMAHHS 3BITHUX JAHWX IS 3JT3HUIN Ta
YKp3atizHUL po3poOIICHO CHCTeMy aHamizy rpadika
BHUKOHAHOT'O PYyXy MAaCaKHPCHKUX Ta NPUMICHKUX IO~
13111B, sIKA CKJIAJJAETHCS 3 KOMIIOHEHTIB:

— CcTaTUCTHYHA 0a3a JIaHWX;

— CepBepH 3aCTOCYBaHb PIBHS 3aJli3HHLI Ta YKp-
3aUTI3HULIL
doi 10.15802/stp2016/67295 © C. M. OBuapenko, 2016
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Ta IPUYHHAMH 110 BiJpaBIICHHI Ta MPOCIiAyBaHHI
(mupexii, 3ami3HuLi, YKp3axi3HHMII), KOPUTYBaHHS
OyIb-SIKUX JaHWX MPO TOi3J], AOJaBaHHS Ta BUIY-
YeHHS MOI3iB J0 (3) CTAaTUCTHYHOI 043 TaHUX.

Cuctema anajizy moOyaoBaHa TaKWUM YHHOM,
IO JTO3BOJISE:

— TpaIioBaTH 3 OlepaTopaMHd, OI0 MaloTh
Yy CBOEMY PO3TOPSIKEHHI HUTKH PyXY TOI3IiB;

— 00pobnsaTn  aBorpymnHi  (OaraTorpyriHi)
MacaXHUPChKi MOI3AHN;

— aHami3yBaTH MOI3AM, SKi MAlOTh TOBTOpPHE
HAJXOJDKCHHS Ha TOJIrOH JUpeKIii (3ai3Hull,
VYxp3amizHui);

— BHOKpeMuroBatH iH(popMario 06e3 ypaxy-
BaHHS THMYaCOBO OKYIIOBAHUX TEPHUTOPIH;

— QopMyBaTH HOBI OBIiIKH (3BiTH) PO BUKO-
HaHy poOOTY Ha MiJICTaBi CTATUCTHYHUX JaHHX;

— BIJICJTIIKOBYBATH TMOOTIEPAIifHO HATTOBHEHHS
CTATUCTUYHOI 0a3M JaHHUX.
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BceranoBiieHHST pe3yNbTyIOUNX NPUYHH 3aTPH-
MOK TMOI3/[iB 3a TOCIOAAPCTBAMH IO MOJIrOHAM
BUIIOTO PiBHS 3AIHCHIOETHCS 32 alTOPUTMOM, IO
HaBeAeHnH y poborTi [9].

Uepe3 indopmMamitauii mopTanm (HOpPMYeETHCS
KHUTa aHami3dy rpadika BHKOHAHOTO PyXy Naca-
JKUPCHKHUX Ta NMPUMIChKUX ToizmiB ¢. JY-27, 3BiT
po BUKOHaHHSA Tpadika pyxy moizmiB ¢. 10-12 ta
nonarok 1 1o Hporo, 1000B1 BiIOMOCTI 00Ky TIO-
{3[11B Ta 1HII JOBIIKH.

[IuTaHHS KOHTPOJIO TOCTAaBKH BaHTaXiB B iH-
(dopMaIiiiHux cUcTeMax 3aJli3HULb PO3TIISIAETHCS
y poborax [3—7, 12—14], nonoxeHHs aHaIi3y rpa-
¢ika pyXy BaHTKHHUX TOi3/1iB T4 BaHTAXiB BUCBI-
TIIOIOThCH y mpamsx [1, 9—11, 15-17], a y crarti
[8] 3ampomoHOBaHI HOBI SKICHI TMOKa3HUKH CKC-
TUTyaTamiiHol pobOTH — «piBeHb BUKOHAHHS Tpa-
(hika JOCTaBKH BaHTAXKIB» Ta «KOCQIIIEHT HATOHY/
CIIOBIJIBHEHHS JTOCTaBKI».

LT I R FE ST TR
UEZ_ASENT - anepurieny b1 ACK BIT Y3
e ZOREPORT B sweom ACK THT Y 30
UL NSl - HAL oo pegerkcs deanocepemes IO
CHEM e ress neswnm mpolpuseecan s s ied
'|.i| vy C3_I3-C - poponnnii cepeep CBEM piens ¥3
C3 P ceprep nopraiinge o sl e ieng
APRA L 2 APM A 'I'LI';' LR
3 [3-3 - oonn @i MokiiekD copRepin
torpr A or o Wi Eg R
[ ”” ‘ LCTrRCY II|I'I|||" HLILHEOIRE ---'.' SICMICHHA
WL 2 APM ATEP pinns sncui
— = & .-'.' SIS ICHHA I |-||
o= TSN UL THRE DIpsianie
PP ath IHsIORCHE
ST i pesni [oepa senei e 3e1aaiy
STHIMAHHEN BUTTHERLT B I |" 1|
= dpopsvEain coerasHEnnd b o ABE
——=  Ropuryeanns craTncmEmol BT 1 ATBP

Puc. 1. Cxema inpopmaiiiHOro MOTOKY NpH 3AIMCHEHHI aHAITI3Y
rpagika BUKOHAHOTO PyXy IOi3/IiB

Fig. 1. The scheme of information flow in the analysis performed
by the schedule of trains
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Merta

Cucrema AI'BP B iHdopmaniiiHili cuctemi
AT «VYkp3anizauis» 3ade3nedye podoTy 3 maca-
JKUPCHKAMH 1 IPUMICPKAMU TIOi31aMU Ta Ma€ 3Ha-
YHUH TOTEHIia PO3BUTKY. TOMY HEOOXITHO BH-
3HAYUTH TEPCHCKTUBU PO3BUTKY IIi€i CHCTEMHU
B [IAT «Yxp3amizHuisy.

MeTtoanka

Peasizarist BBe/icHHS Ta BiIOOpakeHHS MIPUYUH
3aTPUMOK MOI3/[iB B ONEPATUBHOMY DPEXHUMI TIpa-
[IBHUKaMH TOCIIOIapCTBa IEpPEeBE3eHb, a TaKOK
PO3LIMPEHHSI CTATUCTUYHOI 0a3u NaHWX Ta 00poO-
Ka OIEPaTUBHO BBEJCHUX IIPUYUH 3aTPUMOK IIpH il
PO3paxyHKy MO3BOJUTH HE TIJIbKU MOKPAIIUTH (o-
PMYBaHHSI CTaTUCTHYHOI 3BITHOCTI 3 aHaJi3y rpadi-
Ka BUKOHAHOTO PYXy MacaKUPChKUX Ta MPUMICHKIX
MOi3/IiB, @ i CTBOPHUTHU TEPEIYMOBH LIS MTOBHOIIIH-
HOT'O aHaTi3y BaHTKHUX TTOI3IiB.

BcraHoBIIEHHS TOCHIOAAPCTB Ta MPUYUH 3aTPHU-
MOK IIOI3IB Ma€ 341MCHIOBATUCS 110 KOXKHINA CTaH-
1ii Ta MeperoHy, e MalHh Micle TakKi 3aTPUMKH.
Jlns mporo HeoOXimHa (ikcarliss BiIXWJICHb CTaHy
00’€eKTiB iHPPACTPYKTYpH Bil HOPMAIBHOTO CTaHy,
a TaKOX THIIKUX HECTIPUATIUBUX (haKkTOpiB (Morona,
HaJ3BWYaliHI MOMii TOIO). BeTaHOBICHHS TOCITO-
JApCTB Ta MPUYMH 3aTPUMOK JOIJIBHO 31HCHIO-
Batu yepe3 APM JIHI] (moi3uum aucneryepom) Ta
APM CT ]I (ueproBuM (OIepaTopoM IIPH HEpPro-
BOMY) I10 CTaHIII 3a JJOPYYEHHSIM IOT3HOTO JHCIIe-
T4epa), o YHKUIOHYIOTh Y CEPEIOBHIL BEACHHS
BimoOpaxxeHux mojeneir (CBBM).

Jitogya Ta mepcrieKTHBHA CXeMa aBTOMAaTH30Ba-
Horo AI'BP naBenena na puc. 2.

Hiroua ixcrpykuis HUY-1/1-0002 3 AT'BP [2]
pO3paxoBaHa Ha HASBHICTH TUTHKH OJHOTO OIEpaTo-
pa (Y3UIK), ToMy BBa)Ka€ThCs 3a JIOLIIBHE JIO TO0-
SIBU HOBUX OIIEPaTOPCHKUX KOMIIAHI BHECTH 3MIHU
JIO TIi€i IHCTPYKIIT MO0 MepesiKy TOCIoIapCcTB, 3a
SIKMH 3HA4aThCsl 3aTPUMKH IOT3/1iB, IIIIXOM J10/1a-
BaHHs «TOCIOAPCTBA» «3 BUHH ONEPATOPCHKUX
KOMITaHii1» Ta BiATIOBIIHUX MPUYXH 3aTPHMOK.

VY cekTopi BaHTaKHUX IEePEeBE3€Hb HEAOCTAaTHHO
aHaJi3yBaTH TUTBKU rpadik pyXy MOI3MiB, OCKITBKH
Takuil aHaNi3 HE BPaXxOBY€ BiAXIICHH BiJl TEPMiHIB
JIOCTaBKM BAHTaXKIB, a TUIbKH 31HCHIOETHCS aHaI3
JI0 HOPMATUBHHUX HUTOK Tpadika pyxy mHoi3aiB abo
BUKOHAHHS TIEPETIHHMX dYaciB xomy. Tomy BapTo
TaKO’K 3[IMICHIOBATH aHai3 TpadikiB TOCTaBKU BaH-
TaXiB.

| Beenenus indopmanii npo pyx noisuis ‘

(Dikcauis BIIXHICHL Y uaci 3ilicHeHHs
onepatii

]

| Pospaxyuok cratneruanoi BJ1 (C3 JATT) ‘

L]

BeranosieHHs Ta po3sHeceHHA NPHYHH
3aTpuMOK noitie (APM ATBP)

Jiroua

| DopMyBaHHA 3BITHHX TOKYMEHTIR ‘

b

| Beesenns indgopmantii npo pyx noizis ‘
ikcauis BiaxuieHs y vaci saificnennts
oneparii

ikcauis BiAXWICHE cTaHy 00 ckTiB
IHpPACTPYKTYPH BijL HOPMAILHOTO CTAHY, a
TAKOMK IHIINX HECTIPUSTIHBHX (DaKTOPIB

Y
BeTaHORIEHHS NPHYHH 3aTPHMOK NOI3IB
(APM JIHLL, APM CT _JI)

| Pospaxyuok cratneruanoi BJ1 (C3 AT ‘

L]

KoHTpo:b 32 PO3HECEHHAM NPHUHH 3ATPHMOK
noisuis (APM AI'BP)

I'lcpcuc[{'ntmla

DopMyBaHHA IBITHHX L0KYMEHTIB ‘

Puc. 2. Cxema aBromaruzosanoro AI'BP

Fig. 2. Scheme of automated TSA
(Train sheet analysis)

OCHOBOIO MOHITOPHHTY IPOLIECY AOCTAaBKU Ba-
HTaXIB € METOJ, KOHTPOJbHO-4YaCOBUX TOYOK
(KYT) TexHONOTIYHMX Olepaliif, 10 BUKOHYIOThb-
Cs1 3 BAHTa)KEM Ha 3aJ1i3HUYHUX CTAHIIISIX.

Pospaxynok KUT 3miiiCHIOETHCS Ha eTami Iura-
HyBaHHS TNepeBe3eHHA (IepeBa)xHo) abo mo (axry
HaJXOMKCHHS BaHTaXy (SKLIO pO3paXxyHOK HE BH-
KOHaHO paHiIe).

BxigHUME JaHUMH 7SI PO3PaXyHKY € MyHKTH
3apO/KEHHSI Ta TMOTAICHHS BaHTaKOMOTOKY, BaH-
Tax, 9ac MpUOMY 10 TiepeBe3eHHs Ta TepMiH JIB.

Ha mizncraBi BXiZHUX JaHUX BU3HAYAETHCA Ma-
PIIPYT MPSMYBaHHS Ta BCTAHOBIIOETHCS TPUHIIN-
noBa cxema /B 3amisHUYHEM TpaHCTIOPTOM YKpa-
ian. BimmoBigHO 10 TPHHITUIIOBOI CXEMH BH3HA-
YaloThCS 000B’S3KOBI KOHTPOJIbHI TOYKU (OCHOBH
I'IB), 3a sxkumu OyzAe 3AIHCHIOBATUCS KOHTPOJb
BUKOHAHHS Yacy NOCTaBKH [7].
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Ilpu po3paxyHKy HOPMATHBHOTO (IIJIAHOBOTO)
Yacy Ui KOHTPOJIBHOI TOYKH BPaXOBYEThCS: HOP-
MaTHBHUI rpadik pyxy moi3fiB, Mo po3pobieHuit
3riHO 3 TuTaHOM (OPMYBAHHS IMOI3MiB; Mitoui 00-
MEXEHHS IMMBHIKOCTI PyXy MOI3MiB Ta 3aIUTAHOBaHI
«BIKHa» Ui BHKOHAaHHS OYIiBEIbHO-PEMOHTHHUX
poOIT; TPOMYyCKHAa CHPOMOXHICTh CTaHIIH, Iilb-
HUIIb; BCTAHOBIIEHUI Yac Tepefadi BaHTaXy BaH-
TaX0O0JEP)KyBauy abo 37adi HOro Ha BUXITHOMY
CTHKOBOMY MYHKTi (MPHUMOPTOBiH cTaHWii) YKp3a-
JI3HAL.

[MnanoBi ta dakruuni KUT MmaroTh momycku
Yyacy Ha BUKOHaHHs omepaniif, Tooto KUT = AKYT
YTBOPIOE iHTEpBAJ JIOMYCTUMOTO 3HAYECHHS OIepa-
1ii. AHAJIOTIYHO iHTEepBaJl Yacy BUKOHAHHS oIepa-
[ii Ta JOMYyCK Yacy Ha iHTepBal BUKOHAHHS OIle-
pamii T + AT yTBOPIOIOTH JOIyCTHUMHUH IHTEpBAl
BHKOHAHHS OTIEpartii.

Pi3HuIs MK JONMYCTUMUMH 3HAYCHHSIMH (hak-
TUYHOI Ta TIAHOBOI omepauii € BiIXWICHHIM (ak-
traHoi KUT Big mmaHoBoi. JIg 1bOr0 BiAXUICHHS
BCTAHOBJIIOETHCS WOTO PiBEHB: JOIyCTUMHH, Iie-
PENKPUTUYHUHM, KPUTHUYHUH ab0 HAAKPUTUIHUH.
BinmoBimHu#t cTatyc OTpUMYIOTH 1 CHTyamii mpo-
IIeCy JOCTAaBKHM BaHTaXiB. SIKIO cTaTyC BiIMiHHHMA
BiJl JOITyCTUMOTO, TO PO3POOISETHCS YIPaBISIO-
ynii BmmB (YB) i mpusHayaeThcs cuTyauiiiHa
KUYT. Ilin YB po3yMieThcst mist abo KOMITIEKC i,
AKI TIOBUHEH BUKOHATH AWCIECTYCPCHKHH amapar
JUTSL BBEJICHHSI y Tpadik OJUHUIN BaHTaXYy, IO JI0-
CTaBJISETHCS.

Curyaritini KUT mopiBHIOIOTECS aHAJIOTiYHO
3puyaiiHuM KUT: BCTaHOBIIOETHCS piBEHb BiIXU-
JICHHSI 1 3aJIe)KHO BiJl HBOTO 3MIIHCHIOETHCS TIepexin
no maHoBux KUT abo po3polisieTbest HOBA CHUTY-
amiiina KUT 1 VB.

Ha ocnHoBi merony KUT pmns omiHku sKOCTI
TPAHCIIOPTHOTO MPOIECY BUKOHYETHC PO3PAXYHOK
MOKAa3HUKIB aHaji3y Tpadika JOCTaBKM BaHTa-
KiB [8]:

— piBeHb BHKOHaHHS rpadika JOCTaBKU BaHTa-
xiB (P/IB): B miyioMy 10 TIOJIIrOHY, Y TPaH3UTHO-
MY, MICLIEBOMY CHOJYYEHHSX, Ha IPUOYTTS TOIIO;

— KoeilieHT HaroHy/ CTIOBIIPHEHHS JOCTaBKU
(K): B mijtoMy 110 MOJITOHY, Y TPAH3UTHOMY, MiC-
[EBOMY CHOJIYYEHHSIX TOIIIO.

SIkicTh TOCTaBKHM BaHTaXiB MO MEBHOMY ITOJIi-
TOHY BapTO BH3HAYaTH 32 TaKWUMH PiBHSMH: BUCO-
KHUH, 3aJI0BUTBHUH, HU3bKHH Ta HaTHU3BKHH. J{Jis
BCTaHOBJICHHS KOHKPETHOTO PiBHS SKOCTiI MpPOIO-
HY€THCSl TIOPIBHATH 3Ha4YeHHA mokasHukiB K/| Ta

abcomorHoro PJIB BUXiZHOTO IOTOKY 3TigHO 3
rpadikoM, mo HaBeneHuid Ha puc. 3. Llel rpadik
CKJIaJICHUH Ha TiACTaBi 0OpOOKM Ta aHAII3y JaHUX
0a3m maHWXx 3 O0ONiKy TlepeBe3eHb BaHTAXKIB
3 EKOHOMIYHOIO OIIIHKOIO TIIOKa3HUKIB POOOTH
B cuctemi ACK BII ¥3-€ 3a 10 guis 2014 poky
(11-20.12.2014).

Kl

HHIBK I

3a00BinbHII

BHCOKHI

0.45
s

WATHHILICHE

1 127 154 175 B
Puc. 3. I'padik piBHIB IKOCTi JOCTAaBKH BaHTaXiB
Fig. 3. Quality levels graph of cargo delivery

Pe3ynbrati po3paxyHKy piBHS SKOCTI JOCTaB-
KM BaHTaXIB Ha MOJITOHI YKp3aJi3HHUI[I HABEACHO
y Tabn. 1. Y 3aranbHOMY piBEeHB SIKOCTi 33J0BiJIb-
HUH, TIPOTE Y BHYTPIIIHEOMY Ta IMIIOPTHOMY CITO-
JIYYSHHSIX BiH HU3bKUH.

Tabnuns 1

PiBeHb IKOCTI 10CTABKH BAHTAXKIB
HA NOJIroHi Ykp3anizHuui

Table 1
Quality level of cargo delivery
by Ukrzaliznytsia
IoxasHuk

Crory4yeHHs -
KT P/IB PiBensb sikocTi

Buytpimue | 0,7485 1,5514 Huzpkuit

ImmoptHE 0,4538 1,6017 Huzpkuit
Excnoptae 0,6839 1,4804 3agoBUIBHAI
TpansutHe 0,6226 1,4716 3a10BUILHUN
Bceroro 0,7061 1,5143 3a10BUIbHUN
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Pe3yabTarn

[Mopmanemmii po3BUTOK CHCTEMHU aHANI3y rpadi-
Ka BUKOHAHOTO PyXy mependavaeTbesl y TaKUX Ha-
IpsSMKax:

— peatizarlisi BBEICHHS Ta BiTOOpakKeHHS TIPH-
YMH 3aTPUMOK TOI3/iB B ONEPATHBHOMY PEKUMI
NpaliBHUKaMHU TOCIIOJAPCTBA NIEPEBE3CHb;

— PO3LIMPEHHA CTaTHCTHYHOI 0a3sd AaHUX Ta
00poOKa OrnepaTUBHO BBEACHUX MPUYHMH 3aTPUMOK
IIpH 11 pO3paxyHKYy;

— anani3 rpadika pyxy BaHTOKHUX MOi3/iB;

— OIliHKAa PiBHS SIKOCTI BUKOHAHHS Tpadika Jo-
CTaBKH BaHTaXiB.

Takox BBa)KaeThCs 3a AOLIIBHE 10 MOSBH HO-
BHX OIIEPATOPCHKUX KOMITaHIM BHECTH 3MIHH IO
iHcTpykii [[UY-11/1-0002 momo nepeniky rocro-
JapcTB, 3a SKMMH 3HAuaTbCs 3aTPUMKU MOI3IiB,
LUISIXOM JIOAaBaHHA «TOCHOAAPCTBa» «3 BUHH
OMepaTOPChbKUX KOMITaHIW» Ta BiJNOBIAHUX MpPH-
YHMH 3aTPUMOK.

HaykoBa HOBU3HA Ta NPAKTUYHA
3HAYNMICTDL

YI0CKOHAIGHO  CXeMy  aBTOMaTH30BaHOTO
AI'BP B indopmarniiiniit cuctemi [TAT «Yxkp3aimiz-
HUIISD».

3anpornoHOBaHO SIKICTh JOCTAaBKUA BaHTaXIB IO
MIEBHOMY TIOJITOHY BU3HAYaTH 3a PiBHSMHU: BUCO-
KUH, 3aJ0BUIBHUNA, HU3bKHM Ta HaJHU3bKHUH. Po3-
poOiieHo rpadik 78 BU3HAUCHHS PIBHIB SIKOCTI
JIOCTaBKH BaHTAXIB.

Peaxizamiss 3amporoHOBaHWX pillleHb H03BO-
JUTh yIOCKOHAIUTU Ta MOKpAIUTH (HOpMyBaHHS
craructrnyHoi 3BiTHOCTI 3 AT'BP B [TAT «Ykp3aii-
SHUIS.

BucHoBku

1. Po3pobieHo BIOCKOHAIEHY CXEMy aBTOMa-
tuzoBanoro AI'BP B indopmauiiiniit cucremi [TAT
«YKp3ali3HUIS» Ta 3alMpoONOHOBAHO HAMPSIMKH
PO3BUTKY L€l CUCTEMHU, IO JO3BOJUTH YIOCKOHA-
JUTH Ta TMOKPAIUTH (POPMYBaHHS CTaTHCTUYHOI
3BiTHOCTI 3 AI'BP B [IAT «Ykp3amizHuALs».

2.3amporoHoBaHO  3MIiHM 10  IHCTPYKIIil
MUY-11/I-0002 om0 meperiky TOCHoAapcTB, 3a
SKMMH 3HAYaThCs 3aTPUMKH MOI3/iB, NUIIXOM J0-
JABAHHS «TOCIOAAPCTBA» «3 BUHHU OMEPaTOPCHKUX
KOMIIaHi¥» Ta BIANOBIIHUX MPHUYKH, 10 HEOOXiIHI
JUTSL TIATOTOBKU JTO 30UIBIICHHS KUTBKOCTI orepa-

TOPCHKUX KOMIaHIH, SKi MalOTh Y PO3MOPSIHKCHHI
HUTKH PyXy MOT3/iB.

3. Kpim ananizy rpadika BUKOHAHOTO PYyXy IO-
i3/1iB, Ma€e BUKOHYBATHCS aHaNi3 rpadika JOCTaBKU
BaHTaXIB IUIIXOM PO3PaxXyHKY ITOKa3HUKIB «pi-
BEHb BUKOHAHHs Tpadika JOCTaBKM BAaHTaXKIiB» Ta
«xoe(dimieHT HaroHy/ CHOBIIbHEHHS TOCTaBKHY,
0 J03BOJIUTH 3IIHCHIOBATH OIIIHKY PIBHS SKOCTI
BUKOHaHHS Tpadika IOCTaBKM BaHTaXIB 1 Kparie
PO3YMITH CTaH CHpaB i3 CBOEYACHICTIO JOCTaBKU
BaHTaXiB.
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AHAJIM3 I'PAOUKA NCITOJTHEHHOI'O IBUKEHUA
B THO®POPMALIMOHHOU CUCTEME ITAO «YKP3AJIM3HBILS»:
IHNEPCHHEKTHUBBI PA3SBUTUA

Hean. Cucrema ananmsa rpaduka ucrnonHeHHoro apkeHns (AIM/) B uadopmarmonsoit cucteme [TAO »Yk-
p3aMM3HBILY obecrmeunBaeT paboTy € MACCAXUPCKUMH H IIPUTOPOTHBIMH MOE3IaMH, HMEET 3HAUYUTEIHHBIN
moTeHIMan pa3Butus. llosTomy B Hay4HOW paboTe HEOOXOAMMO YCTAaHOBHUTH IEPCIEKTUBBI PA3BUTHS ITOM
cuctemMbl. MeToaMka. Y CTaHOBJIEHUE XO3AUCTB U IPUYUH 33J€PKEK TIOE3/10B JOJIKHO OCYLECTBIISITHCS 1O KaXI0H
CTaHIIMU W TMEPEroHy, IJe HMMEIM MECTO Takue 3aaepkku. s 3Toro HeoOxommma (uUKcalus OTKIOHCHUH
COCTOSIHHSI 00BEKTOB HH(PPACTPYKTYpPBI OT HOPMAILHOTO COCTOSIHUSI, & TAKXKE JPYTHX HEONaronpusTHbIX (akTOpOB.
B cextope rpy30BBIX NEpEeBO30K HEIOCTATOYHO AaHAJIM3MPOBATH TOJILKO I'paMK NBIKEHHUS I1OE3J]I0B, MOCKOJIBKY
TaKOW aHajiW3 He YYWTHIBAET OTKJIOHEHHH OT CPOKOB IOCTAaBKM IpPy30B. [103TOMY CTOMT TakXKe OCYIIECTBISTH
aHaaM3 TpaduKoB 1OCTaBKM Ipy30B. OCHOBOH MOHHMTOpMHIra MpolLecca JOCTaBKH TIPY30B SIBISETCS METO[
KOHTpOJIbHO-BpeMeHHBIX ~ Touek (KBT) TexHomormueckux omnepanuii, BBIIOJHSAEMBIX C Tpy30oM Ha
JKEIIe3HOIOPOXKHBIX cTaHImsax. Ha ocHoBammnm meroma KBT mis omeHKM KkadecTBa TPAaHCIOPTHOTO Mporiecca
BEITIOJTHSETCS pacdeT MOoKa3arenell aHamu3a rpaduka JOCTaBKH Ipy30B (YPOBEHH BBITOJIHEHHUS TpaduKa JOCTABKH
Tpy30B, KOX(QQUIMEHT HaroHa/3ame[ieHus: aoctaBku). Pesyabratel. [lpemmoxkeno cucremy AI'M]l pa3BuBaTh
myTeM: 1) BBOAAa M OTpakKeHUS NMPHYUH 33JCPKEK I0E370B B OINEPATHBHOM PEXUME PAOOTHHUKAMH XO3AHCTBA
MIEPEBO30K; 2) PaCUIUPEHUs CTATUCTHUECKON 0a3bl MTaHHBIX M 00pa0OTKH OMEPATUBHO BBEICHHBIX MPUIMH 3aAEPKEK
Ipu ee pacyere; 3) OCYIIECTBICHHE aHaIM3a IpadiKa BHIIOJTHEHHOTO IBIKEHHUS TPY30BBIX MOE3N0B; 4) ONEHKH
YPOBHSI KauecTBa BBINOJHEHUsI rpaduka JocTaBKH Tpy3oB. Takxke cuuTaercs 1enecoo0pa3HbIM [0 IOSBICHUS
HOBBIX OINEPATOPCKUX KOMIAHWM BHECTH U3MEHEHMs B AeicTByrolyto uHcTpykuuo [UY-I[1-0002 oTHOCHTENBHO
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THOOPMALIMHO-KOMYHIKALIIMHI TEXHOJIOT'Ti TA MATEMATUYHE MOJIEJTIOBAHHSI

MEPEYHsI XO35HCTB, 10 KOTOPBIM €CTh 33EPKKHU ITOE3/10B, ITyTEM 100aBICHHUS 3TOTO «XO03s5HCTBa» B MyHKT «Ilo BuHE
ONEpaTOPCKUX KOMIIAHUM» M YKa3aHHWEM COOTBETCTBYIOIIMX HpUUYMH 3aaepxek. HaydyHast HoBH3HA. ABTOpOM
YCOBEpIICHCTBOBaHA cxema aBTomarusupoBaHHoro AI'MJI B mHpopmanmonHoi cucteme ITAO »YKp3aau3HBII.
IIpenyioskeHO KayecTBO TOCTAaBKU I'PY30B Ha ONPEAEICHHOM MOJUTOHE ONPENENSTh MO CIEAYIOUIUM YPOBHSM: BBICO-
KUH, yIOBJIETBOPUTENLHBII, HU3KHI U cBepXHU3KKH. Pa3paboTan rpaduk ais onpenelieHns ypoBHEH KauecTBa J10c-
TaBKU rpy30B. [IpakTHyeckast 3HauMMOCTh. Peanuzaius npeanoKeHHbIX PelIeHNi O3BOIUT yCOBEPIIEHCTBOBATh
U yIIy4qiuTh popMupoBanue cratuctiudeckoit oraerHoctn ¢ AT/ B [TAO » Ykp3anu3HbIIs».

Kniouegvie cnosa: ananus rpaduka UCIOIHEHHOTO JIBM)KEHHUS; IOKA3aTeIN PadOThI; KAYeCTBO IOCTaBKH I'PYy30B;
nH(pOpMaLMOHHAsI CHCTEMA; aBTOMATU3UPOBaHHOE padoyee MECTO; CUCTEMAa BEICHHsT; OTPAXKEHHbIE MOJIEIIN

S. M. OVCHARENKO"

"Dep. of Dispatching centers automation of transportation process management, Branch «Project and Design Technological
Bureau of Information Technologies», JSC «Ukrzaliznytsia», Zhylianska St., 97, Kyiv, Ukraine, 01135, tel. +38 (067) 218 28 35,
e-mail sergiy@ovcharenko.in.ua, ORCID 0000-0002-7464-0153

ANALYSIS OF TRAIN SHEET IN THE INFORMATION SYSTEM
OF JSC «UKRZALIZNYTSIA»: PERSPECTIVE

Purpose. The system of train sheet analysis (TSA) in the information system of JSC «Ukrzaliznytsia» provides
work with passenger and suburban trains and has considerable potential. Therefore it is necessary to establish the
prospects of development of the system. Methodology. Departments’ setup and the train delay causes should be
carried out at every station and span, where such delays took place. This requires the fixation of condition deviations
of infrastructure from normal and other adverse factors. In the sector of freight transportations the train schedule
analysis is insufficient, since this analysis does not account for deviations from the terms of delivery. Therefore it
also is necessary to analyze the delivery graphs. The basis for monitoring the cargo delivery is the method of control
time points (CTP) of technological operations performed with cargo at railway stations. On the basis of CTP to as-
sess the quality of the transport process one should calculate the values of the analysis of cargo delivery schedule
(performance level of the cargo delivery schedule, the coefficient of ahead of schedule/delay delivery). Findings.
The article proposes to develop the system TSA using the input and display of the train delay causes on-line by
transportation service employees, expansion of statistical databases and processing of the input delay causes during
its calculation train sheet analysis of freight trains and quality assessment of the delivery schedule fulfillment. It is
also appropriate before the new operator companies had appeared to make changes in the instructions TSCHU-TSD-
0002 on the list of departments, which include delayed trains, by adding «the department» «The fault of operator
companies» and corresponding causes of delays. Originality. The scheme of automated TSA in the information
system of JSC “Ukrzaliznytsia” was improved. The author proposes to determine the cargo delivery quality on the
certain polygon using the following levels: high, satisfactory, low and ultralow. A schedule to determine the levels
of delivery quality was developed. Practical value. The implementation of the proposed solutions will improve and
enhance the formation of statistical reporting of TSA in JSC “Ukrzaliznytsia”.

Keywords: train sheet analysis; indicators of work; quality of cargo delivery; information system; automated
workstation; support system; displayed models
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O BBINIOJIHEHUH CJIOKHBIX ONEPAIIMI B HENO3UIIUOHHOM
CUCTEME CYUCJIEHUA OCTATOYHbBIX KJIACCOB

Heab. PaboTa npeamnosnaraer TeopeTuieckoe 00OCHOBAHNE METOAMKHU HOBBIMIEHHS d((PEKTUBHOCTH BBINOJIHE-
HUS B HETIO3UITMOHHOW CHCTEME CUMCIICHHUS OCTATOYHBIX KIACCOB CIIOKHBIX, TAK HA3BIBACMBIX HEMOMIYJBHBIX, OIle-
palmi, JUisd peau3alii KOTOPEIX HEO0X0IUMO 3HaHKE MU(P OMEPaHIOB Mo BceM paspsaam. Meroauka. s moc-
THYKCHUS TTOCTABJIICHHON IEJIM YKCIia TPEACTABISIOTCSA B CHCTEME HEYETHBIX MOJYJICH, TP STOM PE3yJIbTaT BEIIOJ-
HEHUS! OTEpPAIMK OMPEeISIeTCs] Ha OCHOBE YCTAHOBJICHHS Y€THOCTH onepannoB. OmnpezeneHue 4€THOCTH OCYIIECT-
BJISIETCS IYTEM HAXOXKICHUSI CYMMBbI 110 MOJIYJIIO JIBa 3HAYCHHUI MO3UIIMOHHBIX XapPAKTEPUCTUK YUCIA TI0 BCEM €ro
MOJYJISIM. AJITOPUTM MOJTYYEHHS MO3UIUOHHOMN XapaKTePUCTUKK BKIIIOYAET UTEPAIMU IBYX BUIOB. MTeparus mep-
BOTO BHJA COCTOMT B IIEPEX0Jie OT JAHHOTO YHCJIa K MEHBLIEMY YHCITy, B KOTOPOM OCTaTKH IO OJHOMY WJIM He-
CKOJIbKMM MOJIYJISIM PaBHBI HYIHO. JlOCTUraeTcsi 3T0 BHIYUTAHHEM U3 BCEX OCTATKOB 3HAYEHHS OJHOTO U3 HHX. MTe-
patusi BTOpOro BHZIa COCTOUT B MEPEXO0Jie OT JAHHOTO YMCIA K MEHbIIEMY YHCIy 32 CYET MCKIFOUEHUSI MOAYJIEH,
OCTaTKH! IO KOTOPBIM PaBHBI HYIIIO, HyTéM JACJICHUA JaHHOT'O 4YKCJia Ha MPOU3BCIACHUC ITUX MO}Iyﬂeﬁ. I/ITepaLII/II/l
BBITIOJIHAIOTCA 10 TEX IOP, MOKa OCTATKU 11O OJJTHOMY, BCEM WJIM HEKOTOPBIM MOAYJIAM HE OKaXyTCA paBHBIMU HYIIIO,
a OCTaJIbHBIC MOJIYJI OYAyT UCKIIOUYCHEI. [IpemaraeMas METOMKA OTIIMYACTCS CBOSH MPOCTOTOM U TIO3BOJIAET ObI-
CTPO MOJIYYUTh pe3ynbTar onepanud. Pe3yiabrarel. [lonydeHbl BecbMa HECIOKHBIC PEIICHUS HEMOAYJILHBIX OIepa-
U OIpeNIeeHus BRIX0/Ia 3a MPE/eITbl JUana30oHa pe3ybTaTa CIOXKCHHS WU BEIYUTAHUS Mapbl YUCEIl, CPABHEHUS
napbl YUCEN, ONPEICIICHHs PHUHAICKHOCTH YKCIIA TAHHOW TOJIOBHHE JMana30Ha, ONnpeie/ieHus YETHOCTH YHCell,
MPE/CTABICHHBIX B HEMO3UIIMOHHOW CUCTEME CUMCICHHUS OCTATOYHBIX KiaccoB. HayuHnas HoBu3Ha. [IpeaiokeHbl
HOBbIE 3(PPEKTUBHBIC MOIXO/bI K PEIICHUI0 HEMOIYJIbHBIX OMEPALUii CHCTEMbI CUMCICHUSI OCTATOYHBIX KJIACCOB.
[Mpexacrapnsiercst 11enecoo0pa3HbIM pacCMaTPUBAThH JaHHBIEC MOJXO/bl B Ka4eCTBE HAMPABICHUS UCCIEIOBAHUI 110
MOBBILICHUIO 3((EKTUBHOCTH MOJYJISIPHBIX BbluucieHuil. [IpakTuyeckasi 3HaUMMOCTb. PaccMOTpeHHbIe pelieHus
001a1a10T BBICOKUM OBICTPOAEUCTBHEM M MOTYT OBITh 3()()EKTHBHBIMU NPH pa3padOTKe MOAYISAPHBIX BBIYUCIHU-
TEJIbHBIX CTPYKTYP.

Kniouegvie cnoea: oCTaTOUHBIC KIIACCHI; YUCIIO; CIIOYKHBIC OIEpallH; MO3UIUOHHAS XapaKTePUCTHKA; YETHOCTh
YHCIIa; UTepalus

Beenenue omHO u4HMcao N [uanazoHa [O,M ), e

B HacTosiee BpeMs IIPOBOAATCS HHTEHCHBHBIE )/ — mmy .m
HCCIICNOBAaHUS TI0 TOBBIMICHUIO 3((OEKTHBHOCTH .
BBLIYMCJICHUH HA OCHOBE MpPEJACTABIEHMS YHCE [IpenMyIuecTBa OCTaTOMHON apHPMETHKH NOA-
B cHcTeMe ocTaTouHbx kiaccoB (COK) sa cuer ~POOHO M3MOXKEHHI B 2, 6, 12]. Onnaxo, BO3HUKAIOT
MApaIIeNBHOTO BBITOMHEHHsS onepanuii Haj oc- CMPE/CTEHHbIE TpyjaHOCTH [S] MpH peammsamyu
rarxam [1, 13] HEMOJYIbHBIX, TaK HA3bIBAEMBIX CIOKHBIX, OIe-
’ . o
COK Ha3biBACTCS CHCTEMA CYMCICHHS, B KoTo-  PAUMH, JUIS BBITIOTHEHHS KOTOPBIX HEOOXOTUMO
poii mpomssombHoe umcio N mpenctapisercs  JHAHME IMp  onepaHnios 1o Beem pa3p51£[gM.
B BHE HAGOpA HAMMEHBIIMX HEOTPHIATENbHpIX L CBA3H C BOKHOCTBIO M aKTYallbHOCTBIO paspabo-
TOK 110 COBEPLIEHCTBOBAHMIO MAIIMHHON apupMme-
OCTAaTKOB MO MOAYISM /M, ,M,,...,M_, TO €CTh
2 n tuku COK pe3ynbrathl 3TUX paboT cucreMaruye-
N=(oc o o ) 3nech @, = N(modm, ). CKM PaccMaTpMBAINCh B NICPHOMMYCCKHX HAy4HO-
JOlnsenes . . ).
1’2 n 1 l TeXHU4YeCcKux m3nanusx 3,4, 7, 8, 10, 11, 14, 15].
[Ipu >ToM, eciu yucnia M. B3AMHO MPOCTHIC, TO

TaKOMY MNPCEACTABJICHUIO COOTBCTCTBYCT TOJIBKO
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ean

Henbto maHHO#M pabOTHI SBISIETCS TEOpETUYe-
CKOe 000CHOBaHHE METOIMKH TOBBIIECHUS P deK-
TUBHOCTH BBINOJIHEHUS B HETIO3ULIMOHHON CHCTEME
CUMCJIEHHUSI OCTAaTOYHBIX KJIACCOB CIIOXKHBIX, TaK
Ha3bIBAEMbIX HEMOOYJIbHBIX, OHepaHHﬁ, ajig pea-
JM3alMU KOTOPHIX HEOOXOAMMO 3HaHKE LUQp ore-
PaHIOB II0 BCEM pa3psiiaM.

MeTtoanka

3HAYUTEITHLHOE KOJIMYECTBO PA0dOT IO IMOBBIIIE-
HUIO OBICTPOACWCTBUS CIOKHBIX OIEpaIryii I0-
CBSIIIIEHO CUCTEMaM, B KOTOPBIX OJMH U3 MOAYJIeH
paBeH IByM. BmecTe ¢ TeM HEMOAyJIbHBIE OmEpa-
LMW ONPEJCICHHS BBIXOAA 3a MPEIENbl AUana3oHa
pe3yJibTaTta CJIOKE€HMSI WM BBIYMTAHMS Mapbl Yu-
ceJl, CpaBHEHHUs Mapbl YMCEI, ONpPENeSICHUs MNpHU-
HaJJIC)KHOCTH YHCJIa JAHHOM ITOJIOBUHE JUana3oHa
BECbMa HECJIOKHO MOTYT OBITH BBITOJTHEHBI B CHC-
TEME HEUETHBIX MOJyseil. Tak, Al CI0KEHUS WIN
BBIYMTAHUS Mapbl YUCEN PE3YJIbTAT ONpPENEIAETCA
B COOTBETCTBHH C TaOmd. 1.

Tabnuna 1

Omnpeaesnenne pe3yabTaTa CJI0KeHUs (BBIYMTAHMA)
napsl ynceJa

Table 1

Determination the result of addition (subtraction)
of a number pair

Yucio 1 Yucno 2 CymmMa, Paznocts Pesynbrar
yT 4T YT 0
YT 4T HYT 1
yT HYT HYT 0
Tt HYT Tt 1
HYT 4T HUYT 0
HYT qT Tt 1
HYT HYT qr 0
HYT HYT HYT 1

B 1a6a.1 «9™» U «HYT» 0003HAYAIOT YETHOCTH
U HCYCTHOCTH 4HCJa, «O» m «1» — BBIXOJ WU HCBEBI-
X004 pe3yJjibTara 3a MpEeAcyibl AuarnasoHa COOTBET-
CTBCHHO.

CpaBHCHI/Ie YHUCCI OCYHICCTBIIACTCA BbIYUTAHU-
€M OAHOro 4ucCjia U3 ApYyroro u OIpCACJICHUEM

pe3yibTaTa CpaBHEHHs B COOTBETCTBUH C Tabi. 1.
IIpu stom pesynsrar «0» o3HauaeT, uyto «YHucno
1» Oonpie uwan paBHo «Uucmy 2», pe3ynbraT «1»
—«Hucno 1» menpe «Hucna 2».

Omnpenenenne NpuHAUIEKHOCTU YUCET JaHHON
MOJIOBHHE JMAaria3oHa MPOU3BOAUTCA YMHOKEHUEM
gricen Ha 2. [Ipu 3ToM Bce MOJTydYeHHBIE TPOU3BE-
JEHHS TOJDKHBI ObITh YeTHbIMH. [l umcen Hux-
Hell TOJIOBUHBI IMana3oHa MPOU3BEICHNS OCTaIOT-
Csl YETHBIMH, TIOCKOJIBKY OHU HE BBIXOJAT 32 BEpX-
HIOIO TpaHully AuanazoHa. Jls ducen BepxXHEH
MOJIOBUHBI JIMaNa3oHa MPOW3BENEHUS BBIXOIAT 3a
BEPXHIOIO TPaHUIly JUarna3oHa U, COOTBETCTBEHHO,
OHHM CTaHOBATCS] HEUETHBIMHU.

Taxum o0Opa3om, peanusalnus pacCMOTPEHHBIX
CIIOKHBIX OIepalMii OCHOBaHA Ha OMpPEIeIEHUU
YETHOCTH OIIEPaHIOB.

ANTOpUTM  ONpEAeNeHUs YETHOCTH 4YHcIa
B HEUETHOW CHCTEME MOAYJEW COCTOUT B CIEAYIO-
IEM.

IlycTe cucTteMoil OCHOBaHUN MONHAIAUYECKOTO
KOia TaKKe SBIACTCA CHCTEMA 11y, Myy . .5l .

Torma uucio N B NOIUMATUYECKOM KOAE Mpe-
CTaBJIACTCS CJICAYIONUM 00pa3oM

N=n+nm, +...+T.mm,...m +

17271 127 -1

+--+ T mmes...m +T mm,...m
n—-1"1"2 n-2 "n'172 n—1’°
rne 0<7, <m,—1.
ITockonpKy Bce MOIYNHM HEUYETHBIC, YETHOCTH
N omnpenensiercs 3HaYEHUEM

I=m +x

+o T+ T
1 2 i

n—1""Tn

CrenoBaTennbHO, MeTOj Oa3mpyeTcs Ha IONy-
YEHUU CyMMbl 3HAUCHHWH TO3MIIMOHHBIX XapaKTe-
PHCTHK, ONpeAeIsIeMbIX B COOTBETCTBHU C BBIpa-
KEHUEM

N=mn

1+ml(n2 +m2(n3 +...+ml._1(nl.+

+---+mn_2(nn_1...+mn_1nn))...).

Pa3o6neMm auana3oH M Ha m; HHTCPBAJIOB

JUIMHBL 1,1, .. .10, M, 1, 1, KasKJIbINA.
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M
Py, 0<Ny <=1,
"
P My 2
1 m. m
1 1
O :
p, My DM
t m. m.
l 1
(m.-)M
P <N,  <M-1
m; = m, i

3necy P, — t-iiuarepsan, t=0,1,2,...,m,—1.

ANTOpUTM TONYy4YEHUsI TO3ULMOHHON XapakTe-
PUCTHKH BKIIOYAET UTEpAIMK JBYX BUa0B. MTepa-
Ul TIEPBOTO BHJA COCTOUT B MEPEXOJE OT IaHHO-
ro uncaa N K MeHbIIEMy 4dciay N, B KOTOPOM
OCTaTK{A IO OJHOMY WJIM HECKOJBKHUM MOIYJISIM
paBHBI HYIJIIO. I[OCTI/II‘aeTCH 9TO BBIYUTAHUEM U3
BCEX OCTaTKOB 3HAYEHUS OJHOTO W3 HHX,
N=N-a,, rae a,=N(modm,). Takum obpa-
30M, TOJYYCHHOE YHCIO CTAaHOBUTCS KPaTHBIM
>THM MoxyJsiM. ITockoneky o, < N, To nipm mepe-

xone oT N x N umcno N He BBIXOAWUT U3 UHTEP-
Bajla N - ro ymcia.
Uteparust BTOpOro BUAa COCTOUT B MEPEX0Jie

or uncma N K MEHBLIEMY YUCILY N 3a cuer nc-
KITIOYeHHUS MOZYJIeH, OCTaTKH IO KOTOPHIM PaBHEI
HYJIO, IMyTeM JIeJCHUS JaHHOTO 4YKCiia Ha MPOU3-
BeJIeHUE ATUX MOAyJieH. [lockonbKy Npu JieneHuu
Ha MOJyJIb WJIM TIPOU3BEACHNE MOJIyJIel KaK camo-
TO 4Kclia, TaK ¥ TPAHMI] UHTEPBaja COOTHOIICHUE

MEXAY HUMH HE U3MCHACTCA, YUCIIO N He BBIXO-

JAUT U3 UHTCpBAJIa N -r10 4uciia, a NOCKOJIbKY J¢-
JIMTCJIb — MOAYJIb WKW IMPOU3BCICHUC MO,I[y.TIGﬁ -

YHUCJIO HCYCTHOC, YCTHOCTH N coBmamaeT ¢ 9eTHO-

CThi0O N .

Wrepanuu BBHITTOTHSIOTCS 10 TEX MOP, TIOKA OC-
TATKH I10 O)Z[HOMy, BCEM HJIU HeKOTOprM MOIIYJIHM
U3 My,My,...,M ~HE OKAKYTCS PaBHBIMH HYIIO,

a OCTaJIbHbIC MOYJIN 6y,£[yT HUCKIIIOYCHBI, TO €CTh

Nz(ocl,ocz,...,ocn)—) ]@(O,x).

IIpu sToM

I=m +7

1 2 + 7

+...+@T.+---+T .
i n—1 n

PaccmoTpum uTeparuio mepBoro Buaa moapood-
Hee. Ilyctb Nz(al,az,...,(xs,...,(xn). Oo6pazyem

YHUCJIO

BBIYMTAaHUEM OCTAaTKa OLS o MoAayJsro m n3 ocC-

TATKOB IO BceM Moxynam uncia N . EcrectBeHHO,
Bce uncia N juanasona [0, M) KpaTHEI MOZIIO

m,, TO €CTb BEPOSITHOCTH p(aS=0)=1. ITpu
3TOM JHAara3oH [O,M ) OKaXeTCsl pa30uTBIM Ha

K1 =My ...m_m ...m, UHTEPBAIOB JUTH-

Hbl m,, BHYTPpU KaXXJOI'0 M3 KOTOPBIX 3HAYCHUA
pa3HOCT6ﬁ OJMHAKOBbBI M KpaTHbI 1. MoxeT oka-

3aThCsl, UTO HApSIy C ds =0 ocTaTrKku 10 HEKOTO-

poMy MOIYNIO mp Yucia N Takxe paBHbI HYIIO,

HampuMep, &S =0, To ecTh unci0 N KpaTHO MO-

Ayl m, . KonmuectBo HUHTCPBAJIOB, BHYTPHU KOTO-

PBIX 3HAYEHUs PA3HOCTEU KPATHBI 71, , PABHO

K

K.=—_1_
m

2 m

.m m .m

1M Mg 1M My

»
ITockoJibKy B Ka)JIOM HHTEPBaJie COICPIKUTCS
m, YHCell, TO 00l111ee KOJIMYECTBO YHCET C &r =0

paBHO K = my...m .M, TO €CTb BEPO-

sitHocTh. p(a, =0/6, =0)=—.

Byznem HaspiBaTh Momynu YTy s L pabo-

ynMH, a 00beM Juanazona M pabGounm. Beenem
emé OMH — MHIMKATOPHBIA MOAYIb my =2, KO-
TOpPBIA He BKIIOYAETCS B COCTaB paboumx MOIy-
neil. To ecTp Bce NEHCTBUS HAX ONEpaHAAMU BbI-
MIOJTHSIOTCS TOJIBKO B CUCTEME pabodnx MOIyJei B
mpexenax — pabodero  amamazoHa.  OcTaTok
a, (mod m, = 2) MpeaHa3HadeH JUIIb IS WHAN-
Kallii YeTHOCTH HCCJIeIyeMOro YHClia B COOTBET-
CTBHH C
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I=m +x

+o T+ T
1 2 i

+ T
n—1 n

B tabn. 2 npencrasieHna paboTa JaHHOTO aJIro-
putMa (Anroput™ 1) onpezneneHuss YeTHOCTH YHC-
ma N =4483=(6,3,11,3,1) B cucreme MomyJei
my =11,m, =7,my; =13,m, =5,m; =3.

W3 Tabin. 2 BUIHO, YTO OCTATOK MO MHIUKATOP-
HOMY MoAyito ¢, = N(modm,)=1, To ecTb 4ncio
N =4483 — nederHoe. Pesynprar gocturaercs 3a
T, =7 nrepanuil.

BricTpozeiicTBue omepaluu OnpeeieHus 4et-
HOCTH YHMCJIa MOXHO YBEIHYUTh HAa OCHOBE aJlro-
put™Ma (ANTrOpuTM 2) C TIOMOILBIO NPENCTaBICHUS

gucen B o0paTHbIX konax [10]. [To manHOMY anro-
PUTMY OCYILIECTBIISICTCA OJHOBPEMEHHOE TIpe/-
CTaBJICHUE YHCENT B MPSIMOM W OOpaTHOM KOjax
¢ BHIOOPOM Ha Ka)/I0H WTepaluyd BapHaHTa, MPU
KOTOPOM OJIMH WJIM HECKOJIbKO OCTAaTKOB DPaBHBI
Hy0. Tabi. 3 WUIoCTpUpyeT MpoIecC ompeene-
HUS 9YETHOCTH TOTO ke umcia N =4483 B To# ke
CUCTEME MOJyJIEH

my =11,m, =7,my =13,m, =5,ms =3.

Tabnuma 2
Pabora Anropurma 1
Table 2
Work Algorithm 1
Wrepamms 1 Yucno Moy
PaGouune Unnuk.
11 7 13 5 3 2
4483 6 3 11 3 1 0
-1 1 1 1 1 1 1
4482 5 2 10 2 0 1
Urepanus 2 Yucno Moaynu
Pa6oune Hnguk.
11 7 13 5 3 2
4482 5 2 10 2 0 1
3 3 3 3 3 0 1
1494 9 3 12 4 X 1
Hrepanmst 3 Yucio Moy
PaGouune Unnuk.
11 7 13 5 3 2
1494 9 3 12 4 X 1
-4 4 4 4 4 X 0
1490 6 8 0 X 1
Urepanus 4 Yucno Moaynu
Pa6oune Hnguk.
11 7 13 5 3 2
1490 6 8 0 1
:5 5 5 0 1
298 4 12 X 1
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OxonyaHue Taba. 2

End of table 2

Urepanus 5 Yucno Monynu
Paboune WNunuk.
11 7 13 5 3 2
298 1 4 12 X X 1
-12 1 5 12 X X 0
286 0 6 X X 1
Urepanus 6 Yucino Monaynu
Paboune 403011708
11 7 13 5 3 2
286 0 6 X 1
((13*11) 3 X 1
2 X 2 X 1
Urepanus 7 Yucno Mopynu
Paboune WNunuk.
11 7 13 5 3 2
2 X 2 X X 1
-2 2 0
0 0 1

CormnocrapieHue 3HauY€HUH OCTaTKOB B IIECTOM
cTpoke 010KOB A M B mokassiBaeT, 4TO KOJIHYECT-
BO HYJIEBBIX OCTaTkoB B Oioke B — Oomblie, uem
B Onoke A. IlosTomMy npuHumaem Osiok B B kade-
cTBe akTUBHOro. IlockoyibKy cucTeMa MOJyJien
HEYEeTHasl, CMEHA aKTUBHOTO OJIOKa HE W3MEHSET
YeTHOCTh uucia. B O1oke B BeimonHsem nenenue
gucnta N wa (3*5*13). B ogunHaanmaToil ctpoke
omoxa B Benmmumna nenwmrens (3*5%13) mpencras-
JIeHa CBOWIMH OCTaTKaMH TIO0 COOTBETCTBYIOIINM
MOAyJsiM. PesynpTar neiaeHus OJHOBPEMEHHO 3a-
MUCHIBAETCS B IBEHAANATON CTPOKE 000X OJIOKOB.

ComnocraBieHre 3HaYeHUH OCTaTKOB B JIBEHa-
naTod crpoke O0koB A u B mokasbiBaer, 4To
B Osoke A mmeercs octarok ¢, =0 10 MOmymro
m, =11. IloaTomMy npuHHMaeM OJIOK A B Ka4ecTBe
aKTUBHOro. B cemHaanaToil CTpoKe aKTUBHOIO
osoka A BenmuuwHa nenurtens (11) mpencraBiieHa

CBOMMHU OCTaTKaMu 110 COOTBCTCTBYIOIIUM MOIY-
JISIM.

Pesynbrar neneHus oIHOBpEMEHHO 3aIUCHIBa-
€TCsl B BOCEMHAIATON CTPOKE 000HUX OIIOKOB.

W3 odepemHOTO COIMOCTABICHUSI 3HAYEHUH OC-
TaTKOB B JBaJLIaTh BTOPOW CTpoke OJoOKoB A u B
BHJTHO, YTO HYJIEBBIE OCTATKH B 000MX OJIOKaxX OT-
CyTCTBYIOT. [103TOMY 3aKIIOYUTEIbHAS WTEpaIUs
COCTOUT B BBIYMTAHUM 3HAYEHUS OCTaTKa «, =2

1o Moaymo m, =7 . [loxydyaeM Ha UHAMKATOPHOM
MOJyJle 3HaueHUe ocTaTka o, =1.
PesynbTar mo JaHHOMY alNrOpPUTMY JTOCTHUTAET-
T
csi 3a I, =4 wurepanuu, TO €CTb B 0=-"1=175

2
ObIcTpee.
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Tabnuma 3
PabGora Anropurma 2
Table 3
Work Algorithm 2
biox A biiok B
1 | HUrepa- | Yucno Monynu HUrepa- Yucno Mopynu
2 | 1 PaGoumne WHIUK. st 1 Pa6oune WHIMK.
3 11]17(13]5](3 2 11|7113]5(3 2
4 4483 | 6 [3]11[3]1 0 10531 ) 4 {31 [1]1 0
5 -1 L] |1 1 -1 1 1 1
6 4482 [ 5 ]2]10f2]0 1 10530 1 3 12]0fofof 1
7 | Urepa- | Yucno Moy Urepa- | Yucno Monymu
8 st 2 Paboune Nunuk. st 2 Paboune Wnnnk.
9 11]17(13]5](3 2 11171131513 2
10 4482 | 5 |2]10]2]0 1 10530 13 )2]0]o0]o] 1
11 > 3*5*13) | 8 |60 |ofo| 1
12 54 105 x | x|[x 1
13 | HUrepa- | Yncno Mopnynu Urepa- | Yucno Mopynu
14 st 3 PaGoune Unnuk. st 3 PaGoune Nnnnk
15 11]17(13]5(3 2 11171131513 2
16 22 1o 1| x|x][x | 54 105 x [x]|x 1
17 11 0 14] x |x]|x 1
18 2 x [2] x | x]|x 1
19 | HUrepa- | Yncno Monynn Hrepa- [ Ywucno Mopynu
20 I 4 Paboune KomnTp. st 4 Paboune Kontp.
21 11]17(13]5(3 2 11|7113]15(3 2
22 2 x |2 x |x]|x 1 4 x |4 x | x]|x 1
23 -2 X |2 x |x]x 0
24 0 0 x| x|x 1
Pe3yabTathl HayuyHnasi HOBM3HA M IpaKTH4YecKasi
3HAYMMOCTh

IlonyyeHsl BecbMa HECIIOXKHBIE PEUIEHUA

HEMOAYJIbHBIX onepaunﬁ OIpEACIICHNUA BbIXOJa 3a
npeacibl Auana3oHa pe3yyibTaTa CIOXCHHUSA WIN
BbIYUTAHUA Iapbl YUCCII, CPABHCHUA IMapbl YHCECII,
OMpEACICHNUA NPHUHAMJICIKHOCTU YHUCIA JTaHHOM
MNOJIOBUHE [JUalla3OHa, OHNpCACIICHUA YETHOCTH
qucia.

[IpenioxeHpl HOBBIE MOAXOABI K PEIICHUIO
HEMOJYJFHBIX OIEpaluii CHUCTEMBI OCTATOYHBIX
knaccoB. IlpencraBnsercss merecooOpa3HBIM pac-
CMaTpUBaTh JAHHBIC MOJXO/bI B KAYECTBE HAIPaB-
JIEHWsI UCCIIEIOBAaHUI 1O TOBBIIICHUIO (dexTrB-
HOCTH MOJYJIIPHBIX BBIUHCIEHUH. PaccMoTpeHHbBIE
pemeHuss 00agaloT BBICOKUM OBICTpOJECTBHEM
U MOTYT OBITh peau30BaHbI MPH Pa3padOTKe MO-
ITyJISIPHBIX BBIYNUCIHATENBHBIX CTPYKTYP.
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BriBoabI

PaccmoTpeHBl BONPOCH! BBHIMOJIHEHHS HEMO-
IyJBHBIX ONEpaluii B CHCTEME OCTATOYHBIX Kjac-
coB. IlokazaHo, 4TO 3TH omepaLud MOTYT OBITH
JOCTaTOYHO HECJIOKHO PpEaln30BaHbl B CHCTEME
HEYETHBIX MOJyJIell Ha OCHOBE ONpEAENCHHs YeT-
HOCTH omnepaHnoB. OmnpenereHue 4E€THOCTH OCY-
LIECTBJIICTCA IIyTEeM HaXOXAEHWs CyMMBI 3Haue-
HUM MO3WIIMOHHBIX XapaKTEPUCTHK YHCIIA TI0 MO-
IyJII0 J1Ba. AJTOPUTM IOJyYEHHUs MO3UIMOHHOU
XapaKTePUCTUKU BKIIIOUACT UTEPALIMH JBYX BHOB:
BBIUMTAHHUE U3 BCEX OCTATKOB 3HAYEHMS OJJHOTO M3
HUX M HUCKIIOUEHHUS MOIyJIeH, OCTaTKU MO KOTO-
PBIM paBHBI HyII0. PaccMoTpeHHble pemieHust 00-
JaJal0T BBICOKUM OBICTPOINEHCTBUEM U MOIYT
OBITH peamu30BaHbl NMPH Pa3pabOTKe MOMYISPHBIX
BBIYMCIIMTENBHBIX CTpYKTYyp. [Ipencrasmsercs we-
Jecoo0pa3HbIM  paccMaTpUBaTh IPEUIOKEHHbIE
MOJIXOJBl B KAYECTBE HAINPABJICHUS UCCIIEIOBAaHUI
MO TOBBIMIEHUIO Y(PQPEKTUBHOCTH HEMOIYJIBHBIX
OIepaLuil B CHCTEME OCTATOYHBIX KJIACCOB.
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PO BUKOHAHHS CKJIAJTHUX OIEPAIIN
Y HEITIO3UUINHIN CUCTEMI YN CJIEHHA 3AJIMIIKOBUX KJIACIB

MeTa. Pobota nepenbadae TeopeTHdHe OOTPYyHTYBaHHS METOJNUKH IiIBHIEHHS €()eKTUBHOCTI BUKOHAHHS y HE-
MO3MIIHHINA CHCTEMI YHCICHHS 3aJUIIKOBUX KJIACiB CKIaJHUX, TaK 3BaHUX HEMOAYJbHHUX, ONepallii, s peanizamii
SIKUX HEOOXiTHO 3HATH MU(PHU ONEepaHIiB MO BCiX po3psaax. Meroauka. [ qocarHEHHS TOCTaBIeHOI METH YUCIa
MIPECTABISIOTECA B CHCTEMI HEMapHUX MOAYIIB, IIPH IbOMY pe3ylbTaT BUKOHAHHS OIepallii BU3HAYae€ThCS HA OC-
HOBI BCTaHOBJICHHSI MTAPHOCTI onepaH/iB. Bu3HaueHHs MapHOCTI 31iHCHIOETHCS IIUIIXOM 3HAXO/KEHHS CYMH O MO-
JYJIIO JIBa 3HaY€Hb MO3MLIIHUX XapaKTEepUCTUK YUCIa MO BCiX HOro MOIyJsiX. AJTOPUTM OTPUMAHHS MO3ULIHHOT
XapaKTEePUCTUKHU BKJIIOYAE iTepauii JBOX BUIIB. ITepalis neporo BUIy IOJISITAE B MEPEXO/ BiJl JAHOTO YUCia 10
MEHIIIOTO YHUCIIA, B IKOMY 3QJIMIIKH 110 OJJHOMY a00 JEKUTBKOX MOIYIISIX JTOPIBHIOIOTH HYJIO. JlocsTraeThes 1e BiqHi-
MaHHSIM 13 YCiX 3aJIMIIKIB 3HAYEHHS OJHOTO 3 HUX. ITepallis qpyroro BUAY MOJATae B IEPEXO/Ii BiI JAHOTO YHCIA JI0
MEHIIIOTO YHCIIa 32 PaXYHOK BHKITIOYCHHS MOJYJIIB, 3AJIUINKA 33 SKUMHU JOPiBHIOIOTH HYJIIO, IIUITXOM JUICHHS HOTO
YUCiIa Ha JTOOYTOK ITMX MOJIYJIB. ITepallii BUKOHYIOTBCS IO THX ITip, TOKU 3aJHIIKH MO0 OAHOMY, BCIM a00 JCSKUM
MOJYJIIM HE CTaHyTh JOPIBHIOBATH HYJIIO, a peluTa OyayTh BHKIIIOUEHI. 3alponOHOBaHA METOAUKA BiOPI3HIETHCS
CBOEIO MPOCTOTOIO Ta J03BOJISIE MIBUAKO OTPUMATH pe3yibTat omnepaiii. Pesyabratu. OTpuMaHi JOCUTh HECKIIATHI
pillleHHs] HEMOAYJIBHHUX OIepalliii BU3HAYCHHsI BUXOY 3a MeXIi Jliara3oHy pe3yJIbTaTy J0JaBaHHA a0o0 BiIHIMaHHS
Iapy 4Kcell, HOPIBHSAHHS Mapy YKcell, BUSHAUYCHHS MPUHAJIC)KHOCTI YKClia JTaHii IMOJOBUHI Jlana3oHy, BU3HAUCHHS
MApHOCTI YMCeJI, TPEICTABICHUX Y HEMO3ULIHHIM CHCTEMI YMCIIeHHs 3ajJuiKoBuX kiacis. HaykoBa HoBH3HA. 3a-
MIPOIIOHOBAHI HOBI €()EKTUBHI MIAXOAW 10 BUPIIIEHHS MOJAYJIbHUX Olepaliii CUCTEMH YHCIICHHS 3aJIUIIKOBUX Kia-
ciB. [IpescTaBiseThCst MOUITBHAM PO3IJISAAATH IIi MIAXOIU K HAMPSIMOK JOCTIHKEHB 110 MiJABUIICHHIO e(hEeKTHBHOCTI
MOIyJsipHUX OoOurcieHb. IlpakTHYHA 3HAYMMICTB. PO3MIIAHYTI pillleHHS MalOTh BUCOKY MIBUAKOIIIO 1 MOXYTh
Oyt eheKTUBHUMH ITPH PO3POOIII MOIYIIPHUX OOUHCITIOBAILHUX CTPYKTYP.

Kniouosi cnosa: 3a1uIKOBI Ki1acy; YUCII0; CKIIaIHI Onepanii; mo3uliiHa XapaKTepucTHKa; NapHICTh YMCIIa; iTe-
parris

YU. D. POLISSKY"

I Automation, Iron and Steel SRI, Korolenko St., 21, Dnipropetrovsk, Ukraine, 49000,
tel. + 38 (056) 744 33 65, +38 (067) 706 83 11, e-mail polissky@mail.ru, ORCID 0000-0001-5363-8145

ABOUT COMPLEX OPERATIONS IN NON-POSITIONAL
RESIDUE NUMBER SYSTEM

Purpose. The purpose of this work is the theoretical substantiation of methods for increased efficiency of execu-
tion of difficult, so-called not modular, operations in non-positional residue number system for which it is necessary
to know operand digits for all grade levels. Methodology. To achieve the target the numbers are presented in odd
module system, while the result of the operation is determined on the basis of establishing the operand parity. The
parity is determined by finding the sum modulo for the values of the number positional characteristics for all of its
modules. Algorithm of position characteristics includes two types of iteration. The first iteration is to move from this
number to a smaller number, in which the remains of one or more modules are equal to zero. This is achieved by
subtracting out of all the residues the value of one of them. The second iteration is to move from this number to
a smaller number due to exclusion of modules, which residues are zero, by dividing this number by the product of
these modules. Iterations are performed until the residues of one, some or all of the modules equal to zero and other
modules are excluded. The proposed method is distinguished by its simplicity and allows you to obtain the result of
the operation quickly. Findings. There are obtained rather simple solutions of not modular operations for definition
of outputs beyond the range of the result of adding or subtracting pairs of numbers, comparing pairs of numbers,
determining the number belonging to the specific half of the range, defining parity of numbers presented in non-
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positional residue number system. Originality. The work offered the new effective approaches to solve the non-
modular operations of the non-positional residue number system. It seems appropriate to consider these approaches
as research areas to enhance the effectiveness of the modular calculation. Practical value. The above solutions have
high performance and can be effective in developing modular computing structures.

Keywords: residue classes; number; complex operations; positional characteristic; parity number; iteration
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KOHCTPYKTHBHASI MOAEJIb AJANITAIUA CTPYKTYP
JAHHBIX B OIIEPATUBHOU NTAMATHU: YACTD I1.
KOHCTPYKTOPBI CHEHAPHUEB U ITPOLHECCOB AJAIITAIIUU

Hess. Bropas gacTe cTaThy 3aBepIIacT MPEACTaBICHHE CHCTEMBI KOHCTPYKTHBHO-IPOIYKIIMOHHBIX CTPYKTYpP
(KIIC), Monmenupyromux aganTayio CTPYKTyp JaHHBIX B onepaTtuBHOM mamsatu (OII). Llexs BTOopoi gacTu uccie-
JIOBaHMs 3aKifouaercss B pa3paboTke Mojenu mpouecca anantauud AaHHeiX B OIl,  GyHKIHOHHPYIOIIMX
B Pa3IMYHBIX MPOrPaMMHO-aNNapaTHBIX CpellaX, M ClIeHapHeB NpoleccoB o0paboTku naHHbIX. Metoauka. [lis
OCYIIECTBJICHHST L€ NMPUMEHEHa METOJOJIOTHSl MaTeMaTHKO-aIrOPUTMHUYECKOI0 KOHCTPYKTHBHM3Ma. B naHHOM
yacTh paboTel, Ha ocHoBaHMM o0000menHoi KIIC, mnyrem ee TpaHC(hOPMAMOHHBIX NpeoOpa3oOBaHUI
pa3pabaThIBalOTCSI  KOHCTPYKTOPBI ~ CLIEHApHEB W  MPOLECCOB  ajgantandd. KOHCTpYKTOpBI — SIBIISIFOTCS
MHTEPIIPETUPOBaHHbIMY, cnenunanusupoBanHbiMu KIIC. Beigenstoress TepMuHaibHbIE an(aBUTBI KOHCTPYKTOpa
CIICHAPHEB B BHIC aITOPUTMOB OOpabOTKM MAaHHBIX M KOHCTPYKTOpa aJanTallid — B BUAE AITOPHTMHUYECKUX
COCTaBIMIIONINX IIpoIecca ajanTanud. MeTomuka mpeaycMaTpuBaeT pa3pabdoTKy TMpaBHI —OJCTaHOBKH,
ONPEIENAIOIINX POLECC BBIBOJA COOTBETCTBYIOIIMX KOHCTPYKIMH. PedyabTtarel. Bo BTOpoil wactu craTbu
npencrasiena 4acte cucteMbl KIIC, mopenmmpyromeii anmantamumio pasmenienns nanabix B OIl, a umenHo,
KOHCTPYKTOPOB CIIEHApHEB U MPOIECCOB aJaNTalui. Pe3yapTaToM peann3anuy KOHCTPYKTOpPA CICHAPHEB SIBIISETCS
Habop omeparii 00pabOTKM MaHHBIX B BHIE TEKCTa HA S3bIKe IporpaMmupoBanus C#, KOHCTpYKTOpa mporecca
ajanTanud — MpoLEecC aJanTaluM, a Pe3yJIbTaroM Ipollecca ajalTalud — aJalTHPOBAaHHBIA OMHApHBIA KOJ
o0paboTku cTpykTyp AaHHbiXx. Hayunasi HoBu3HA. BriepBble mpeisiokeHa KOHCTPYKTHMBHAs MOJENb IIpolecca
00pabOTKK JAHHBIX — CLEHAPHS, YUYUTHIBAIONICTO MOPSIOK M KOJMYESCTBO OOPALICHUN K Pa3IMYHBIM 3JICMECHTaM
CTPYKTYpP J@HHBIX, a TaKKe aJanTaly CTPYKTYp AAHHBIX K Pa3jIMYHBIM IPOTPaMMHO-aNNapaTHbIM cpenaM. I1pu
9TOM ajanrtupyercs pasmerieHue naHHbIX B OIl m anropurmel mx oOpaboTku. IIpumeHeHne KOHCTPYKTHUBH3MA
B MOJICJIMPOBAHMM ITI03BOJIMJIO B PaMKaxX €AMHOTO IOAXOAa M NPUMEHSIEMBIX CPEICTB CBS3aTh MOJENH JIAHHBIX
U QITOPUTMBI UX 00paboTKu ¢ KputepusMu >¢p¢deKTHBHOCTH. PazpaboTaHHBIE MOJETH TO3BOJIIOT HCCIEIOBATH
MpoIiecc afanTanuy ¥ yupasiaTh uM. IIpakTuyeckas 3HaYUMOCTb. Pa3paboTaHHBIE MOJIENTF U METOIBI TTO3BOJISIOT
aBTOMATHYECKH HW3MEHATH pa3MmemieHne naHHpIX B OIl ¥ uX anropuTMHYECKHE CBS3H B 3aBHCHMOCTH OT
9KCIUTyaTaI[IOHHBIX MOTPEOHOCTEH, KOHCTPYKTHBHBIX OCOOEHHOCTEH amlapaTHBIX CPEICTB W IMPOTPAMMHON CpPEIbI
(YHKINOHUPOBAHHUS.

Kniouesvie cnosa: cTpykTypa HaHHBIX; KOHCTPYKTHBHO-TIPOAYKLIHMOHHAS CTPYKTYpa; aAanTamus; KOHCTPYKTOD;
npeoOpa3oBaresb

BBenenne B mepBoit wactu cratbu [10] mano ompenene-
Hue KIIC u mpencraBiieHbl BCIIOMOTATEIbHBIC
KOHCTPYKTOPBI, TO3BOJISIONINE KOHCTPYHPOBAThH
MHOXXCCTBO pPAa3JIMYHBIX BAaPHUAHTOB PpasMCIICHUA
nmanHbix B OIl m mopoknmaroliye COOTBETCTBYIO-
[IMEe MM TPOrpaMMbl 0OpabOTKM JaHHBIX, TAKUX
Kak mo0aBiieHre, TIOUCK U T.A. B 3T0it yactu pabo-
Thl MPEACTABJICHBI OCHOBHBIC KOHCTPYKTOPHBI CLEC-
HApPUEB U TPOLIECCOB aIANTAIHH.

dopmManbHble MOAETH CTPYKTYp NaHHBIX M aj-
TOPUTMOB UX 00pabotku [1—4] pa3paboTaHBl Ha
OCHOBE armapara KOHCTPYKTHUBHO-IIPOAYK-
moHHBIX cTpykTyp (KIIC) [16]. Ha ocHoBe wuc-
CIIeIOBaHUN CTPYKTYp AaHHBIX [S] 1 3ddexTrBHO-
CTH UX pa3MelieHus B oneparuBHor mamsata (OI1)
[7, 8, 13-15] u anroputmoB [6, 17], pa3zpaboTana
KOHCTPYKTHBHAsT MOJENb aJalTalid JaHHBIX
B OII.
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Koncmpykmop  cyenapues. Mogaenupyemyro
MOCIIEeZIOBATENILHOCTD OMepali 00paboTKH J1aH-
HBIX Ha30BEM CIICHapHeM pabOTBl CO CTPYKTYpOH
JAaHHBIX (WJIK TIPOCTO CIICHAPHEM).

YTOYHUM, YTO TOHUMAETCS TOJ ONEeparusIMHU
00paboTku naHHBIX. OOpaboTKa JaHHBIX BBIOJ-
HSIETCS Ha OCHOBE aTOMAapHBIX WM MPUMUTHUBHBIX
omepanuii 00paboTku. Bce MpUMHUTHBHBIE omepa-
1y 00paboTku CJl MOXKHO pa3euTh Ha:

orepalyy He CBSA3aHHBIC C U3MEHCHUEM CTPYK-
TypHI U 3HA4YCHUH ee 3NeMeHTOB. Takue orepanuu
JIOJOKHBI OBITh OrpaHUYEHBI MCKIIFOUUTEIBHO BbI-
OOpKOM WJIM TOUCKOM 3HAYCHUH M HCKIIOYATh
IpyTyo (YHKIMOHAIILHOCTh, HAIPUMEp, Ompere-
JIHWE CPEeTHUX 3HaYeHNH 10 BEIOOPKE U T. I1.;

— OIepaluy, CBA3aHHbIE C MpPeoOpa3oBaHUEM
CTPYKTYpHI TaHHBIX B TOM 4YHCIIe: U3MEHEHUE JIO-
TUYECKOH CTPYKTypHI (HalpuMep, 3aMeHa MacCHBa
cruckoM, OajaHcHpoOBKa  JepeBa); moOamie-
HHUe/yaneHue IeMenTa (0B);

— Omnepaluy, CBSI3aHHbIE C N3MEHEHUEM 3Haue-
HUU ee 3JIEMEHTOB 0e3 M3MEHEHUS CTPYKTypHl. Ta-
KHE OTEPaIlUU JJOJDKHBI OBITh OTPAaHUYCHBI UCKITIO-
YUTEIHHO MOUCKOM (TP HEOOXOAMMOCTH) ITO3H-
MU ¥ 3aMEHOW 3HAUeHWsS W WCKII0YaTh Mpeoodpa-
30BaHUE JTaHHBIX;

— Omepaluy, CBSI3aHHBIC C U3MCHECHUEM 3Haue-
HUH ee DIIEMEHTOB 1 CBA3aHHBIE C ’THUM W3MEHEHUS
CTpyKTyphl. Hampumep, nobaBieHne 3JeMeHTa
B YIOPSIOYCHHBIN CITHCOK.

DopManbHOi CTPYKTYpOM At (OPMHUPOBAHHS
CIleHapueB OOpaOOTKH NMaHHBIX HA30BEM CIICITHa-
musupoBaHHyro OKIIC Cy. :

C=<MZA> > Cyo =<Mg., 25, Age >,

rae Zge =<Eg0,040,Pge, {2} >, Ege = {0, 9} >
Age = A5 U A . Ays ={Mge D (Tse U Ne),
Tse ={Cy}, Ngc ={o,}}.

YactnuHasg akcMoOMaTuka A, IpUBENEHA HH-
xKe.

Tepmunaneusiii andgasutr 7Ty. COCTOUT U3

MHO)kecTBa C, — nekceM si3bika CH#.

Omneparuu CBSA3BIBAaHUS TEPMUHAIOB M HETEp-
MHHAJIOB:

— BBOJ JIAHHBIX W3 BHEIIHEH Cpenmpl ox , IIe X
— uJaeHTH()HUKATOP BBEIACHHBIX NaHHBIX. [ BBI-
TIOJTHEHUS omepauuu TpeOyeTcss BHEIIHUH HCTION-
HUTEJb, KOTOPBIA MPEAOCTABISET NaHHbIe. BHe-

HAW HWCIIONIHWUTENh TMPEACTABIAET CO0OW Tpo-
rpaMMHO-aIIapaTHYI0 CPeAy, BO3MOXKHO VIIpaB-
JIIEMYIO TIOJIb30BaTENEM;

— CBSI3BIBAHME DJIEMEHTOB CIICHApHUS X;) , TIe

X W )y — DJEMCHTHI CHCHApUs, KOTOPBIC BBIIIOJI-

HSAIOTCS TIOCJIEI0BATEIBHO.
— Omnepauuu Hag aTpudyTamu:

v(a,b) — reHepamuu CIy4ailHOTO YWClIa Ha
MIPOMEXyTKe [a,b]; X — yMHOKEHUS, — — BBIUUTA-
HUSI, = — CPaBHEHMs Ha PaBEHCTBO, := — IPUCBOE-

Hus; +(c;t; f) — BbIOOpa 3HaueHus Kak B C, ).
Jlns untepnperaunu Cy. HE0OX0aMMa MOJENTb

UCIIOJIHUTENSI, KOTOPYIO MIPEICTaBUM B Buae 6azo-
Boil anroputmudeckoit crpykrypsl (BAC):

Cisc = <MA,SC’ VA,SC’ZA,SCvAA,SC> >

rae M, g — HEOMHOPOAHBIH HOCUTENb, V) o
MHOYKECTBO 00pa3yIomUX alrOpuT™MoB, 2, -
curHatypa u A, g akcuomaruka. Hocurens
M 5o DT5e O Nge VCy50)IW, rae
Q(C,gc) BCE CHOPMUPOBAHHBIE AITOPUTMAMHU

ANTOPUTMHUUECKON CTPYKTYpPhI KOHCTpYKIUH; W —
MHOKECTBO JIOIYCTHMBIX 3HAYEHUH aTpuOyTOB.
MHOeCTBO allrTOPUTMOB

0 A,"A_/ 0 4 fj //
Visc 21 4 |A,,Aj’ A ly'7 40 A |1,,,1q,f,.s 4, |_,§,qu

7 b
As |f;\ya A6 |aa A7 |Z,ba AX |Z,b7 AQ |Z,b’ AIO
1l
4y |Z,f,t’ Ay s> A 1:.,1; y Uy CQ(CA,SC)~

p
a,b>

0 Ai'Aj 0 4,
4 |A,-,A,-’ 4, |Zl',zz,A,- takue kak B C,p,

i - T Jj
A, |lh,lq,f,'- TaKoM Kak A |l;,,lq,/;- B Cyip> 4 |f“\1,,

i Ji I i
TaKoit Kak Ag [y B C,;p, As[/y TaKoi Kak
Ji .
4, |/;,\y B CA,LD’

b c c c
A5 lys A7 l5ps A lyps Ay |y, anropuT™e pea-
JIM3YIONIME ONEPALMU TIPHCBAUBAHMsl, CPABHEHMS

Ha PaBEHCTBO, YMHOXEHHS U BHIYUTAHUS COOTBET-
CTBEHHO;

p 3
Ay |, TEHEpalys CIy4aiHOTO YMCIa U3 TPO-
MexXyTKa [a,b];

v v .
A, |C,f,, COOTBETCTBYET Ay |C’a’b w C,p;
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A, |y anroput™ BBOJA NaHHBEIX, X € T4, R —
[IporpaMMHO-aIapaTHas Cpela;

1
A5 |, [ anropuT™ - CBS3BIBAHHMS  DICMCHTOB,
i

[l eMg..

KoHncTpykTop cuieHapueB mpeacTaBisieT coboit
COBOKYMHOCTh Mojeneil cueHapueB. OH SBIsETCS
uHTepnperanueil GpopmanbHoil cTpykTypoi Cg-

aNropUTMHYECKO# CTPyKTYphl C, g :
<Cse =<Mgc ., Zge, Age >,

Cysc =<M ;50,2 505Ny 50 >>

P 1 Cse =<M ;5.2 50Ny sc >
e ;> — onepalus HHTEpPIPETalHy;
Apsc = Nse YA Ay ={ (4 |jjj{/ )
(AL A% (A1, A=) (A [y L=
(4, |Z,b><J:)§
(4 |§,bv<—JV)§

S/
(As |ff,\p J=); (A() |Z,‘J:=);
(4 ‘Z,b"JX); (4, Z,b"J_);

v x Ll .
(All |c,f,t>‘J+); (A12 ﬂz,‘Jo); (A13 l,,lj.,'J’)a }

Anroput™m 4, MOXeT OBITh peaJn30BaH Kak

C# generic (yHKIUS C IEPEMEHHBIM KOJIMYECTBOM
napametpoB. Hanpumep:

public T GetParameter<T>(params
inputs)

object([]

1Cse =<M ;50,2 505N 50 >

P CSCM =<M

>
SChup° ZS Covp AS Coup

e Mg SNy
Agc, . =Npsc YA g UA.
DeleteAt,

Nge ={

v TSCBMP ; ZSCBMP - ZI’SC ;
A18 =< TSCBMP :{

CBMP

T,, v{ x, y, root,
width,  height } },
SCENARIO, o} >.

YacTuyHasg axcuoMaTHka A,

Resize, bpp,
SCELEMENT,

3aKIII04AETCS
B CJICAYIOIIEM.

BHemHuM uCHONHUTENEM 3aJaHO: HHTEpBal
KOJIMYECTBA MpPUMEHSEMBIX mpaBul N, N ..
U BEPOSITHOCTH HCIIOJIB30BAHUS KaXKIOTO IIPaBUiIa
P =<DPy,--» Py >, TA€ k — KONUYECTBO omepanuii.

Ha ocHoBaHmmM dero ompezenseTcss KOJIUYECTBO
BBIMIOJTHEHUSI ~ KKAOH  Olepaid  BEKTOPOM
N=<Mgy,..r ) >.

®dopmupyemble crieHapuu oOpabotku BMP
¢aiinop B OIl BKIIIOYAIOT CIIEMYIONTHE OTEPaIldN
00pabOTKH AaHHBIX: H3MEHEHHE L[BETA MUKCEJIS 10
KoopAMHaTaM (TIPaBUIIO Sy ), MOTy4YeHHE 3HaYECHHE

BeTa II0 KoopAuHaTaM (S,), YCTaHOBKa IBETa
nHKcels 0enbIM (S5 ), U3MEHeHHe O0ILEro pa3Mepa
n300pakeHus (S ), MOIy4YeHHE IIUPUHBI N300pa-
XKeHus (S, ), U3MEHEHUe OUTHOCTH H300parkeHUs
(Sg), N3MEHEHUE LMIMPUHBI U300paxeHus (S, ), U3-
MEHEHHE BBICOTBI M300paxeHHs (S, ), MOIydeHHE
3HAYEHUsI BBICOTHI U300pakeHus ( s, ), HOIydeHUE
3HaUeHUs1 OMTHOCTU HM300paxkeHHsA (), ), U3MEHe-

Hue koMnoHeHT R, G, B nukcens no koopauHatam
(COOTBETCTBEHHO KOMIIOHEHTAM )5, Sy4, S5 )-

IIpaBuna BbIBOZAa UMEIOT BUA Y, =<S5,,g; >.
3amaauM CenyroIIie OTHOMIEHHS TTOICTAHOBKH:

5y =< & — Q(C},,): SCENARIO >
s, =< SCENARIO .—> SCELEMENT;

SCENARIO >
s, =<SCENARIO ;— SCELEMENT;>

53 =<SCELEMENT ;—> ox;oy;orgb;
root.ImageData[x,y] =rgb;>
sy =<SCELEMENT ;—> ox;oy;
root.ImageData [x, y];>
85 =<SCELEMENT ;—> ox;oy;
root.]mageData.DeleteAt(x, y) ;>
s¢ =<SCELEMENT ;— ow;oh;
root.ImageData.Resize ( w, h) ;>
57 =<SCELEMENT ;—
root.ImageHeader Width;>
sy =<SCELEMENT ;—> obpp;
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root.ImageHeader .BitsPerPixel = bpp;>
sg =< SCELEMENT ;— owidth,;
root.ImageHeader Width = width;>
519 =<SCELEMENT ;—> oheight,
root.ImageHeader.Height = height;>
s;) =<SCELEMENT ;—
root.ImageHeader.Height;>
512 =< SCELEMENT ;>
root.ImageHeader .Bits PerPixel;>
8513 =<SCELEMENT ;—> or;ox;oy;
root.ImageData[x,y].R =r;>
814 =<SCELEMENT ;—>og;ox;oy;
rootImageData[x,y].G = g;>
8,5 =< SCELEMENT i ob;ox;oy;
root.ImageData[x, y].B = b;>

IIpaBuna Hax aTpuOyTaMU:

8o =<N=V[N_ ., N, I:n, =Nxp, >,

min °>* ' max

g, =<d;,=+(n;=0,1,0);n, :=n, —1>, npu
i=[3...15].

B pesynbrate peamusauuu ctpyKTypsl Ci.

BMP
(dhopMUpyEeTCS MHOXECTBO ClieHapueB 00pabOTKH
nanHeix BMP aiinos. Hanpumep, yacte crena-
pust:
public
inputs)
{
Console.WriteLine(“Enter
inputs[@]);

Return Convert.To<T>(Console.ReadlLine());
}

int height = GetParameter<int>(“height”);
root.ImageHeader.Height = height;

int r = GetParameter<int>(“r”);

int x = GetParameter<int>(“x”);

int y = GetParameter<int>(“y”);
root.ImageData[x,y].R = r;

int g = GetParameter<int>(“g”);
root.ImageData[x,y].G = g;

T GetParameter<T>(params object[]

parameter:

{6},

int b = GetParameter<int>(“b”);
x = GetParameter<int>(“x”);
y = GetParameter<int>(“y”);
root.ImageData[x,y].B = b;

Konucmpyxkmop npoyecca adanmayuu npeo-
cmaenenuss C/ na asvixe npoepammuposanus. by-
nmem cnermanmmsupoBate OKIIC mms mpemcrasie-
Hus anantepa CJl cnenytomien CTpyKTypoO:

C=(M,Z,A) s Cpg :<MADS’ZADSBAADS>’
rie

__= — —
2 4ps =<E4pss @ ups > P s {2 > 5 Eups ={""} 5

Ayps =AU N UA A sy ={M yps D

(Typs Y Naps)s Typs ={ B, i=1..14 }, Ny ={

a; }}.

Criennan3upoBaHHBIA MPOLECC MPEACTABISAET
coboit mpouecc cTpykTypHoi amantaruu CJI wmc-
MOJB3YIOUIMKA KPUTEPUH BpeMEHHOH 3((eKTHBHO-
CTH BBITIOJHEHHS CIICHAPUEB OOpa0OTKU JaHHBIX
Y T€HETUYECKUI alTrOpUTM ISl CIIy4YalHOTO TMOUC-
ka ontumanbHoi C/I.

YactnuHasg akcHmoMaTHKa A,, IpHUBEACHA HH-
xe.

MHuoxectBo 1,y COCTOUT U3 IPHBEICHHBIX

HIDKE aJTOPUTMOB:
Sp Ry
Bl|PP * — momydeHus S- u R- oLeHKH TOKa3a-

Tesell BpeMeHHOH 3((EKTUBHOCTU CTPYKTYp AaH-
HBIX;

Q(Cqr
B, | QE C“ )) — TeHepali MHOXECTBA CIIEHApHS;
PLi

1
Bilotey)

CTCHCPHUPOBAHHBIX;

— BBIOOpa clleHapus U3 MHOXECTBa

RP
B4| P (opMHpOBaHHS TpoLecca BBINOIHE-
JSsC
HUg RP 13 Tekcra NporpaMMHOM peanuzanuu
U CLIEHapHs;
t )
BS|\R — MOJIy4YEHHUsI TeKyIIero BpeMeH! U3 Tai-
Mepa;
PE
Bb| rpq — WCTIOJHCHHUS TPOLIECCa BBINOIHCHHUS
cueHapust RP;
b
B7| — peanu3zanys onepanyy NpUCBOCHHA 0e3
a
MIPUBSI3KU K THITY;

t

3 — BBIYHMCJICHUSA BPEMCHH BBITIOJIHC-

tpeg slend > S PL

HUA CUCHapHud NpOoTrpaMMHBIM IJ_Ia6J'IOHOM;
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b
P,Sp.Rp

B9| — BBIYUCIIEHUE TIPU3HAKA 3aBEPIICHUS

paboTHI amanrepa;
)7
B 10 |9%,1§

CCJI Ha OCHOBC BCKTOpa R, YKa3bIBaromiero Mak-

— TMOJIy4E€HUE BEKTOpa CIy4yailHBIX YH-

CUMAJIbHBIC 3HAYCHUS BEKTOpaA Q 5

P;,r
111p,a

B — TPUHATHE PEIIeHHs OTHOCHUTEIHHO

0co0M Ha OCHOBE OLIEHKH d, frue, €Ciu 0cCoOb
JOJDKHA OCTAaThCA B HOHy.]'IS[HI/II/I;

B, |p — HOJCYET OLICHKH HOIYJISIHY;
Bj;|* — CKpelmBaHHe 0COOM L, H L, B pe-

V1,0

3yJIbTUPYIOLIYI0 0CO0b L ;

R.f,
B, %o — BBINOJIHEHHE IeHepali KOHCTPYK-
nuit Texcra npeodpasosarenst Q(Cp,) .
B |£O)V(CLSD) — BBIIIOJIHEHHUE TI'€HEpallMU KOHCT-

PYKLUN TOTUYECKON CTPYKTYPHI JAHHBIX, HA OCHO-
BE TPaBWJI, MOCTPOCHHBIX BHENIHUM WCIIOTHHUTE-
aem Or;

Q(Cpyy)
Bl6 | “\~pLi

fiso — BBIIIOJIHEHUE T'€HEpAllMN KOHCT-

pykuuiit (Cp,,;) Ha OCHOBE KOHCTPYKUHH f g

Ji
Bl 7 |QL(S([:)LSD )

CTpyKTypbl u3 MHOXKecTBa C(C,qp);
&
Byg i
HOM.
B npusenennsix amroputmax Q(Cp,,) — Jek-

— BBIOOpP KOHCTPYKLHMHU JIOTHYECKON

— HWHKPEMCHTAllUA 3HA4YCHHA TICPEMCH-

Japanus KiaccoB Ha si3bike C#, popMupyemast Kak

peanuszanus  npeobpasosarens Cp,  Kaxmon

NPUMHUTUBHOW KOHCTPYKIIMU (C  OJIHOPOTHBIMH
1 HEOJHOPOTHBIMHU 3JIEMEHTAMH), JEKIapUpyeTcs
CBOW KJIacC C COOTBETCTBYIOIIMMH METOIaMH 00-
pabotkn nanubix; (Y(Cge) — MHOXKECTBO MpO-
TPpaMMHBIX  CIleHapueB  00paOOTKM  JTaHHEIX;
Q(Cp,) — MHOXKECTBO TEKCTOB IIPOrpaMM OOBEKT-
HO-OPHEHTHPOBAHHBIX CTPYKTYP JaHHBIX, (OPMHU-
pYEMBIX B pe3ylibTaTe pealu3aliu mpeodpa3oBa-
tenst Cp,, KOTOpBIE pA3IMYalOTCA BapUaHTaAMU
(U3MUECKOTO TPENCTaBICHHUS B ONEPaTHBHOW Ma-
MSTH JIOTHYECKUX CTPYKTYp JaHHBIX (pa3MelieHue

nauabIX B OIl 1 MeToas! X 06paboTKN); Q — BEK-

TOp C WACHTHU(UKATOpPAMHU MPOTPAMMHBIX I1abII0-
HOB, fp, — IPOrpaMMHBIN IIA0NIOH, fg~ — CIEHa-

puii 00paboOTKM HaHHBIX, RP — mporecc BHIMOI-

HEHUS CIICHApHUs MPOrpaMMHBIM MA0JoHOM, R —
MporpaMMHO-aNIapaTHas cpeia aJanTaluu CTPYK-
Typ HaHHBIX, PE — BBIOJTHEHWE CIICHApHS, 7
BEKTOp CIy4alHBIX 4mced, P — momymsmus, ¢ —
BpeMs BBITIOJHEHHS CIICHAPHS MPOTPaMMHON pea-
JM3alel, 3aK0IMPOBaHHOM 3aJaHHON 0CcO0bI0, P’
— TIOMYJIALHUSA C COOTBETCTBYIOIIMMHU 3HAYCHUSIMU
BPEMEHU BBINIONIHEHMS cLeHapusi, P~ — cokpamén-
Hasl IOITYJIAIu, P’ — MOIYJIAUA C Pa3sMHOXKEH-
HBIMH 0Cc00siMH, P,,f, — 0cO0OB, BpeMs COOTB. 3TOM
ocobu, b — mpu3HAK MPONOJKCHHS PabOTHI ajar-
Tepa.

Ormepariil CBS3BIBAHUS TEPMHUHAIOB W HETEP-
MUHAJIOB Xy, TIOE X U ) — aJrOPUTMBI, KOTOpHIE
BBITIOJTHSIOTCS TTOCIIEA0BATEIBHO.

J1s ompeneneHusT HHTEPIPETAITNA CTPYKTYPHI
C,ps BOCIOIB3yeMcs cieayromei 6a30Boit airo-
PUTMHUYECKOUN CTPYKTYpOIt:

CA,ADS = <MA,ADS ’ VA,ADS ’ z“A,ADS > AA,ADS> >

rae M, ,ps — HEOXHOPOIHBIH HOCHUTEINb, V, ,pne —
MHOXECTBO O0pa3yrOlIMX aIrOPUTMOB, 2, ;¢

curHarypa u A, ,,¢ — akcuomaruka. Hocwurensb
M 4 aps 2 Taps YN 4ps Y UC 4ps) OW
AC, aps)

ajanrtanuu CTPYKTyp NaHHBIX; W — MHOXECTBO
JOTyCTUMBIX 3Ha4YeHHil aTtpuOyToB. MHOXECTBO

0 A,'Aj 0 .‘A,v
Viaps 2 1 4 4,4 0 4, 2,2, .4,

TIe

Bce CQOPMHUPOBAHHBIC MPOIECCHI

AJITOpUTMOB
S / f;
A0 s Al A5 1w 3 UV cQUCyups)-

0 Ai'Aj 0 :A[
Al |Al-,Al- 4 A2 |ZI,ZZ,A

i

takue kak B C, ),

7 o T Jj
A4, |lh,lq,f,'- TaKOH Kak A; |11,Jq,/;- B C,ips 4 |/;.,\w

A f/’ f./ A
Takoit Kak Ag [y B C,;p, As[/y TaKoi Kak

. 1.1,
4 |§«7\p B C,1p; Al | anmropur™ ces3bIBaHMs
i > i 1

DIIEMEHTOB, [, ,[, € M y.;.

J

HNurepnperanus
afanranum:

KOHCTpyKTOpa  Ipolecca

<Cyps =<M ;ps,Z 4pss N 4ps >

Cuaps =<M 4 4pssZ 4 aps>N 4 aps >>
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1 1 Cups =<M; 4ps>Z1 aps> N aps >

rne — omepauuss ~ MHTEpIpEeTaluu;

= (A )

J=); (4, |:fj,u, J=);

A aps =N ps YAy Ager =

0
(4 |Zl, ;, L

(45 1] A=) (A Iy 51 )

PaCCMOTpI/IM KOHKPCTU3ALIUIO IJIs1 agarTepa.

1Caps = <MADS »2 s ’AI,ADS>

J9; (4

Z,,4;

k= Ckaps = <MADS ’ZADS’AK,ADS>

rae M yps DT yps YN ps s

X ps =Zs apss

Ayps =N aps YA VA,
Ny =< T ps =T sps}>

no>.
YacTuunasg akcuomatuka A,; BKIIOYAET Clie-

N,ps=1{ o, v, 3§,

IyIOIIe KOHCTPYKTHUBHBIE TOTIONHEHUS: 7 — KOJ-
BO MEPBOHAYAIBHBIX 0cO0EH TeHeTHUECKOro alro-
pUTMa, 33JaeTcs BHEIIHUM HCIIONHUTENEM; d
rmapaMeTphl TeHepaIui CIIYIaiHBIX YUCce 0CO0eH,
3aa€TCAd BHCIIHKWM HCIIOJITHUTCIEM Ha OCHOBAHHUH
3HaueHus atpudyra R Q(Cp)).

YactuyHas akcuomartuka A,, COCTOUT U3 Clle-
JYIOLIUX OTHOILEHUH IOACTaHOBKU.

IIpaBuno nmoACTaHOBKH Ul MOATOTOBKH IIPO-
1iecca BBIIOJHEHUS aJalTaliH:

Q(C,qp) fis Q(Cpy)
c— B15 |Or = .Bl7 |QL(§gLSD) .Blf’ |fL51)Pu ’

| Q(Cyc) |fsc
2 Q CPLI

QK-
[MpaBuno anst popmupoBanusi Bekropa R uis
ONpeAeNeHNs] MaKCUMAaJIbHBIX 3HAYEHWM BEKTOpa

O:

R fp

o> B wob -

I'enepanuss nepBod MNONYJISILAY BBITOIHIETCS
CIHENYIOLUM IIPABUIIOM:

n . —
0 R.P,
k—>[]8 sz Bualy g -
i=1

IIpaBuno juia ompeneneHHUs BPEMEHH BBITION-
HeHMs1 cueHapus i kaxaod CJ, 3ammdpoan-

HO# 0COOBIO TIOIYJISIUH:

<t.) H fsc’

i=1 | XBg RPmB

lpeg x

Bs |y

Lend B I
R 8 |tb£’g tend

Omnpenenenne nNpoaoDKeHUsT pabOTHI afanTepa
BBINOJIHSETCS 110 CIIELYIOLEMY IPaBUILy:

Sp . Rp 0 vté
S B "™ B, |PSPRP 4,

b {true} *

IIpaBuyio Isi COKpAICHHS TTOIMYJISIIIAA Ha OC-
HOBE yCPETHEHHOW OIEHKH BPEMEHHU BBITOJIHCHUS
CIICHApHs BCEH TOIMYJAIUH. 3MeCh O — CPEIHSS
OIICHKA BPEMEHU BCEH TOMYJISIUN:

Py ,b 0 (Bl
v B,y B |0 H(Bn oAy e ) %

P
xB, [} B, |

I'enepanust HOBBIX 0cO0e€i, HA OCHOBE CyIIecT-
BYIOIIMX B TOITYJISAIINH, BBITIONHSIETCS O CIEAYIO-
eMy MPaBUIY:

T B, |](§ 'HH(Bls

i=1 j=I

P, k P n,
PP, 'Bls |k)'B7 7 ‘k >

Peanmzanusi mporecca ajanTanydd  BBITISIIAT
CIIEYIOIIUM 00pa3oM:

B, |2r(cm,) oCm) g |Q(Csc)

SD .
17 |Q(CLSD) B16 |fLSD

2 Q(CPLI)
/ R.f, R.P,
B |QALC5(‘ 'Bl4 |3R’QPOL H(BIO |‘R R Bl4 |m Q)
f PE ,
H( Byilww,w Bsli Bolwr Bsly' Byl )
Sp.R, b 0 _ k
B[y 9 |p,s,,,1zP A, 2 By = B, |$> B, |0 ’

P k
B7 |P’ 'B7 Z 'B7 |0 ’

P, ,b 0 (B
H(Bn A )

n

n . n
P k P
I I I I(Bl3 |P,f1>, Byg ;) B, p B, |Z : I I(
i=l j=l i=1
RP 4 PE Lon
B, | fscP; “Bs | By re Bs lsi* By |t,wg,m,)

Sp,R b 0B
B | o 'B9 |P,S,,,R,, ‘Az ‘bj?tme}

IMuknuueckuii mpouecc CTPyKTypHOM ajanra-
1y npeacrasienus C/l Bkiarodaer:

— cunrte3 CJl ¢ pa3HOil mporpaMMHON peanu3a-
IMEH;
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— BBINIOJIHCHUE CLIEHApUsl C HCIIOJIb30BAHUEM
CHUHTE3UPOBAHHOTO MTPOTPaMMHOT0 KOJIa;

— aHanu3 BpeMeHHOH 3()(HEeKTUBHOCTH U BHIOOD
Tydiei nporpaMMHo# peanuzauuu C/I.

Cunre3 CJl 3akmodaercs B TEHEpAMH IIPO-
TPaMMHOTO TEKCTa OMOJIMOTEKH KJIaCCOB pealu-
3yIOIIeH 3aJaHHYIO JIOTHUYECKYIO CTPYKTYpY AaH-
HBIX, U €€ KOMIWIILUMA B IPOMEXYTOUHBIH WM
OMHAPHBIN KOI.

Haquaﬂ HOBHU3HA U MPAKTHYECCKasA
3HAYUMOCTDH

BriepBbie mpemioxkeHa KOHCTPYKTHUBHAS MO-
JIeJIb TPOIIECCOB Pa3pa0dOTKU M alanTallyd CTPYK-
Typ JaHHBIX K Pa3IMYHBIM  IPOTPAMMHO-
anmapaTHeIM cpeaaM. llpm sTom amamTupyercs
pa3merienue naHHbIX B OIl U ajaroputmsl ux 00-
paboTkwu.

[Ipumenenne KOHCTPYKTHBH3Ma B MOJIEIHPO-
BaHUM I[O3BOJIMJIO B paMKax EIUHOTO MOAX0Ja
Y MPUMEHSEMBIX CPEJICTB CBSA3aTh MOJICIH JaHHBIX
U alTOPUTMBI WX 00pabOTKU ¢ KpUTEepUsMH (-
(heKTHBHOCTH.

YcoBeplieHCTBOBaHa MeTo/uKa (HOpMUPOBa-
Husa cucteMbl KIIC, MexaHu3Mbl, CBSI3H MEXIY
B3aumopononHsomumu apyr apyra KIIC. Moau-
¢uKanys KOHCTPYKTOpa M TIpeoOpasoBareieil 1mo-
3BOJISICT KOPEHHBIM 00pa30oM U3MEHSTh U UCCIIE0-
BaTh MPOIIECC AT TAIH

PazpaboranHasi Mozenb MO3BOJISIET aBTOMATH-
3MPOBATh MPOIIECCHl PAIIMOHAILHOTO Pa3MEIECHUS
nmanabix B OIl, 9To, B CBOIO OYepenb, MOBHIIIACT
BpeMeHHYI0 3(PPEKTUBHOCTH MPOTPaMM CO 3HAUH-
TEJIBHON Joyiell 00pabOTKHM OOJBIIMX KM OYCHb
00X 00HEMOB JTAHHBIX.

BriBoabI

(DOpMaJ]I/I3aHI/IH IIpEeACTAaBJICHNA JaHHBIX HaA JI0-
THYECKOM YpOBHE, MpeoOpa3oBaHKE JIOTHYECKOTO
npenctasieHuss CJl B TekcT mporpaMMbl, KOHCT-
pYMpOBaHHE TEKCTa MPOTPaMMBI CIEHApPHEB, MPO-
Hecc afanTalyy BBIIIOJHEHBl CPEICTBAMU KOHCT-
PYKIIMOHHO-TIPOAYKIIMOHHBIX CTPYKTYP.

Mopaundukanus KOHCTPYKTOpa M mpeodpazoBa-
Telel TMO3BOJSIET KOPEHHBIM 00pa3oM H3MEHATh
MIPOIIECC AJIaNTaIUH:

— ¢dhopMHPOBaATH Ha JIOTHICCKOM ypOBHE HEO00-
xonumelie CJ1;

— MPUMEHSTh Pa3IMYHbIE MMOJXOAbI U CIIOCOOEI
(hopMupoBaHUS;

— COBEpIIEHCTBOBATh AITOPUTMBI aJaNTalluu
Y TIPUMEHSTH pa3inyHble KpuTtepun kadectBa C/I.

[Ipu pmanHOM monIXoxe pa3pabOTYMKY MPO-
TPaMMHBIX CHCTEM JIOCTaTOYHO B pemakrope Dia
[11, 12] mOCTPOUTH JIOTHUECKYIO CTPYKTYpPYy HIaH-
HBIX, 33J]aTh apaMeTpsl clieHapueB. Torna peanu-
3aMs CHUCTEMBI KOHCTPYKTHBHO-TIPOIYKITMOHHBIX
CTPYKTYp c(hOpMHUpPYET TEKCTHI METOJIOB JOCTYyIa
K maHaeM Ha SI1 C# mist amanTupoOBaHHOTO K OII-
peneneHHol mporpaMMHO-annapaTHON cpeie pas-
MEIICHUS JaHHBIX B ONEPATUBHOM MaMSITH.

B cooTBeTcTBHM ¢ COBpEMEHHBIMH MapagurMa-
MU nporpammupoBanus [9] pazpaboTaHbl cOOTBET-
CTBYIOIIME WHCTPYMEHTAIbHBIE IPOTPaAMMHBIE
cpencrta [11, 12].

YHuBepcaiausMm JaeT BO3MOXHOCTh MPUMEHSATh
MIPEUIOKEHHBIA TIOXO JJIsl YIIyYIleHHUs] BPeMEH-
HBIX XapaKTEePUCTHUK TMPOTPAMMHBIX CPEJCTB,
MIPENOJaraolX 3HAYUTENbHbIE BPEMEHHBIE 3a-
TpaTrbl. OTOT MOAXOJ TO3BOJIAET CYIIECTBEHHO
YIIyYIIUTh BPEMEHHBIE XapPaKTEPUCTHKH 3a CUET
paIroHaAIBHOTO pa3MerieHns JaHHbx B Ol1.
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KOHCTPYKTHBHA MOJEJIb AJJATITALIL CTPYKTYP
JAHHUX B OTIEPATUBHIN NAM’ATI: HACTHUHA 1L )
KOHCTPYKTOPHU CHEHAPIIB I IPOLHECIB AJAITTAIIIIL

Mera. [lpyra yactuHa CTaTTi 3aBEpLIye NPEACTABIEHHS CHCTEMH KOHCTPYKTHBHO-NIPOIYKIIHHHX CTPYKTYp
(KIIC), mo MOmemrol0Th ajamTallilo CTPyKTyp HaHux B omeparuBHiH mam’sati (OII). Mera npyroi wactuHH
JIOCII/KEHHS ToNsArae B po3poOii mMoneni npouecy axanrauii ganux B OIl, mo (yHKIIOHYIOTh Y Pi3HOMaHITHHX
MPOrpaMHO-aNapaTHUX CEPEIOBUINAX, Ta CICHAPIiB MpoIeciB 00poOku manux. Meromuka. [l BIPOBaKEHHS
METH 3aCTOCOBaHAa METOJOJIOTIS MaTeMaTHKO-aITOPUTMIYHOTO KOHCTPYKTHBI3MY. Y HAaHii 4acTuHi poOOTH, Ha
ocHogi y3aransHenoi KIIC, uuisxom ii TpaHcdopManiiHuX NepeTBOPEHb PO3POOISIOTECS KOHCTPYKTOPH ClIeHapiiB
i mporeciB anantanii. Konctpykropu € iHteprnperoBanumu, criemianizoBanumu KIIC. Buainstrorscst TepMiHaIBHI
anaBiTH KOHCTPYKTOpa CIEHApIiiB y BUTJISII aJTOPUTMIB OOpOOKH JaHWX i KOHCTPYKTOpa afanTawii — y BUTIISII
AITOPUTMIYHMX CKJIAJOBUX IIpolecy ananTamii. MeToanka nependadae po3poOKy NpaBHII IiJCTAHOBKH, IO
BHM3HAYAIOTH TPOILEC BHBOAY BiNMOBIMHUX KOHCTPYKIii. Pe3yabTaTH. Y ApYriii 4acTHHI CTAaTTi NpencTaBlieHa
gactuHa cuctemu KIIC, mo mozemoe amanrarito po3MimeHHs nanux B Oll, a came, KOHCTPYKTOpPIB CIieHapiiB Ta
mporieciB amanramii. PesympraTtoMm peanizamii KOHCTpYKTOpa CIeHapiiB € Habip omepariii 00poOKH TaHWX y BUTIAIL
TEKCTy MOBOIO TporpamyBaHHs C#, KOHCTPYKTOpa MpoIlecy aJanTarlii — Iporec ajamnTaii, a pe3yIbTaToM MPOIeCy
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amanTarmii — aganToBaHUM OiHapHUHA Ko 00poOKu CTpykTyp nanux. HaykoBa HoBHM3HA. Brepmie 3ampornonoBaHa
KOHCTPYKTHBHA MOJIENTb MPOIieCy 0OpOOKM JaHWX — CIIEHApiio, [0 BPaxOBYE MOPSAOK Ta KITBKICTh 3BEPHEHB 10
PI3HUX €NIEMEHTIB CTPYKTYp JaHHX, a TAKOX aJanTallii CTPyKTyp JaHHX OO Pi3HOMAaHITHHX IPOTPaMHO-aIapaTHUM
cepenopuil. [Ipu npoMmy anmanrtyerbcs posmimieHHs aanux B OIl ta amroputmm ix o0poOku. 3acrocyBaHHS
KOHCTPYKTHBI3MY B MOJENIOBaHHI JIO3BOJIWJIO B paMKax €JMHOrO MiAXOAY 1 3aCTOCOBYBAaHHMX 3aco0iB 3B’s3aTh
MOJIENl JaHUX Ta AITOPUTMU IX OOpOOKM 3 KpuTepisiMu e(peKTUBHOCTI. Po3pobieHi Mopneni J103BOJISIOTH
JIOCIIIIKYBaTH TIpoliec axanTtanii Ta kepyBarn HuM. IIpakTnyna 3Haummicts. Po3poOnieni monens Ta MeToan
JIO3BOJISIIOTH aBTOMATHYHO 3MiHIOBAaTH po3mimieHHs fgaHux B OIl Ta 1X anropuTmiuHi 3B’S3KM B 3aIEXKHOCTI BiJ
eKCIUTyaTallifHuX MOTped, KOHCTPYKTHBHUX OCOOJMBOCTEH amapaTHUX 3aco0iB 1 MPOTrpaMHOTO CepenoBHINA
(hyHKITIOHYBaHHSI.

Kniouosi cnosa: cTpykTypa NaHHMX; KOHCTPYKTHBHO-IIPOJYKLIIHA CTPYKTypa; ajanTalis; KOHCTPYKTOp; Iepe-
TBOpIOBaY
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CONSTRUCTIVE MODEL OF ADAPTATION OF DATA
STRUCTURES IN RAM. PART II. CONSTRUCTORS
OF SCENARIOS AND ADAPTATION PROCESSES

Purpose. The second part of the paper completes presentation of constructive and the productive structures
(CPS), modeling adaptation of data structures in memory (RAM). The purpose of the second part in the research is
to develop a model of process of adaptation data in a RAM functioning in different hardware and software environ-
ments and scenarios of data processing. Methodology. The methodology of mathematical and algorithmic construc-
tionism was applied. In this part of the paper, changes were developed the constructors of scenarios and adaptation
processes based on a generalized CPS through its transformational conversions. Constructors are interpreted, spe-
cialized CPS. Were highlighted the terminal alphabets of the constructor scenarios in the form of data processing
algorithms and the constructor of adaptation — in the form of algorithmic components of the adaptation process. The
methodology involves the development of substitution rules that determine the output process of the relevant struc-
tures. Findings. In the second part of the paper, system is represented by CPS modeling adaptation data placement
in the RAM, namely, constructors of scenarios and of adaptation processes. The result of the implementation of con-
structor of scenarios is a set of data processing operations in the form of text in the language of programming C#,
constructor of the adaptation processes — a process of adaptation, and the result the process of adaptation — the
adapted binary code of processing data structures. Originality. For the first time proposed the constructive model of
data processing — the scenario that takes into account the order and number of calls to the various elements of data
structures and adaptation of data structures to the different hardware and software environments. At the same the
placement of data in RAM and processing algorithms are adapted. Constructionism application in modeling allows
to link data models and algorithms for their processing with the performance criteria in the framework of unified
approach and applied means. The developed models allow us to study the process of adaptation and control it.
Practical value. The developed model and methods allow automatically changing the data placement in the RAM
and their algorithmic connection depending on the operational requirements, the design features of the hardware and
software operating environment.

Keywords: data structure; constructive and productive structure; adaptation; designer; converter

REFERENCES

1. Akulovskiy V.G. Algebra dlya opisaniya dannykh v kompozitsionnykh skhemakh algoritmov [Algebra to de-
scribe the data in the compositional schemes of algorithms]. Problemy prohramuvannia — Programming Prob-
lems, 2012, no. 2-3, pp. 234-240.

doi 10.15802/stp2016/67302 © B. 1. lllunkapenxo, I'. B. 3adyna, 2016

96



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

Hayxka Ta nporpec Tpancropty. BicHuk J[HIIpOneTpoBcbKOro
HAI[IOHAJIBHOTO YHIBEPCHUTETY 3aII3HUYHOrO TpaHcmopty, 2016, Ne 2 (62)

THOOPMALIMHO-KOMYHIKALIIMHI TEXHOJIOT'Ti TA MATEMATUYHE MOJIEJTIOBAHHSI

2.

3.

10.

11.

12.

13.

14.

15.

16.

17.

Akulovskiy V.G. Osnovy algebry algoritmov, baziruyushcheysya na dannykh [Basic algebra algorithms based
on data)]. Problemy prohramuvannia — Programming Problems, 2010, no. 2-3, pp. 89-96.

Andon F.I., Doroshenko A.Ye., Tseytlin G.Ye., Yatsenko Ye.A. Algebro-algoritmicheskiye modeli i metody
parallelnogo programmirovaniya [ Algorithmic algebraic models and methods of parallel programming]. Kyiv,
Akademperyodyka Publ., 2007. 634 p.

Glushkov V.M., Tseytlin G.Ye., Yushchenko Ye.L. Algebra. Yazyki. Programmirovaniye [Algebra. Lan-
guages. Programming]. Kyiv, Naukova dumka Publ., 1978. 319 p.

Agafonov V. Dannyye v yazykakh programmirovaniya: abstraktsiya i tipologiya [Data in programming lan-
guages: abstraction and typology]. Moscow, Mir Publ., 1982. 328 p.

Doroshenko A.Ye., Akulovskiy V.G. Algebra algoritmov s dannymi i prognozirovaniye vychislitelnogo prot-
sessa [Algebra of algorithms with data and prediction of computational process]. Problemy prohramuvannia —
Programming Problems, 2011, no. 3, pp. 3-10.

Drozhdin V.V.; Volodin V.M. Analiz effektivnosti i evolyutsiya struktur dannykh [Analysis of the effective-
ness and evolution of data structures]. Shornik statey IX Mezhdunarodnoy nauchno-tekhnicheskoy konferentsii
«Problemy informatiki v obrazovanii, upravlenii, ekonomike i tekhnike» [Proc. of IX Intern. Sci. and Techn.
Conf. «Problems of Informatics in education, management, economics and technology»]. Penza, 2009, pp. 33-
44.

Yefimushkina N.V., Yefremov M.M., Orlov S.P. Issledovaniye podsistemy «kesh-pamyat-operativnaya pa-
myat» mnogoprotsessornykh vychislitelnykh system [The study of subsystem «cache-memory-RAM» multi-
processor computational systems]. Vestnik Samarskogo gosudarstvennogo tekhnicheskogo universiteta.
Seriya: Tekhnicheskiye nauki [Bulletin of Samara State Technical University. Series: Technical Science],
2012, no. 3 (35), pp. 49-55.

Lavrishcheva Ye.M. Software Engineering kompyuternykh sistem. Paradigmy, tekhnologii i CASE-sredstva
programmirovaniya [Software Engineering of computer systems. Paradigms, technologies and CASE tools of
programming]. Kyiv, Naukova dumka Publ., 2013. 283 p.

Shynkarenko V.I., Zabula H.V. Konstruktivnaya model adaptatsii struktur dannykh v operativnoy pamyati.
Chast I. Konstruirovaniye tekstov programm [Constructive model of data structures adaptation in RAM. Part 1.
Program text constructing]. Nauka ta prohres transportu — Science and Transport Progress, 2016, no. 1 (61),
pp. 100—112. doi: 10.15802/stp2016/61003.

Shinkarenko V.I., Zabula G.V. Povysheniye vremennoy effektivnosti struktur dannykh v operativnoy pamyati
na osnove adaptatsii [Improving time efficiency of data structures in memory-based adaptation]. Problemy
prohramuvannia — Programming Problems, 2012, no. 2-3, pp. 211-218.

Shinkarenko V.I., Zabula G.V. Primeneniye geneticheskogo algoritma v zadachakh adaptatsii struktur
dannykh [Application of genetic algorithm in problems of adaptation of data structures]. Iskusstvennyy intel-
lect — Artificial Intelligence, 2012, no. 3, pp. 323-331.

Ren J., Pan W., Zheng Y., Shi Z., Yan X. Array Based HV/VH Tree: an Effective Data Structure for Layout
Representation. Journal of Zhejiang University-SCIENCE C, 2012, vol. 13, issue 3, pp. 232-237. doi:
10.1631/jzus.c1100193.

Attali D., Lieutier A., Salinas D. Efficient Data Structure for Representing and Simplifying Simplicial Com-
plexes in High Dimensions. Intern. Journal of Computational Geometry & Applications, 2012, vol. 22, issue 4,
pp- 279-303. doi: 10.1142/50218195912600060.

Bastani F.B., Iyengar S.S. The effect of data structures on the logical complexity of programs. Communication
of the ACM, 1987, vol. 30, issue 3, pp. 250-259. doi: 10.1145/214748.214760.

Shynkarenko V.I., lman V.M. Constructive-Synthesizing Structures and Their Grammatical Interpretations.
I. Generalized Formal Constructive-Synthesizing Structure. Cybernetics and Systems Analysis, 2014, vol. 50,
issue 5, pp. 655-662. doi: 10.1007/s10559-014-9655-z.

Weiss M.A. Data Structures and Algorithm Analysis in C++. London, Pearson Education Inc. Publ., 2014. 656

p.

Cmambws pexomenoosana k nyonuxayuu 0.m.u., npog. B. B. Ckanozybom (Yrpauna); 0.¢puz.-mam.H.,

npog. B. E. benozéposvim (Yrpauna)

[Toctynuna B penkonneruto: 29.02.2016
IIpunsra x newatu: 17.04.2016

doi 10.15802/stp2016/67302 © B. 1. lllunkapenxo, I'. B. 3adyna, 2016

97



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

Hayxka Ta nporpec Tpancropty. BicHuk J[HIIpOneTpoBcbKOro
HAI[IOHAJIBHOTO YHIBEPCHUTETY 3aII3HUYHOrO TpaHcmopty, 2016, Ne 2 (62)

JAJIIBHUYHA KOJIIA

UDC 625.151

0. M. PATLASOV', S. 0. TOKARIEV®, YE. O. PATLASOV

'Dep. «Railway Track and Track Facilities», Dnipropetrovsk National University of Railway Transport named after
Academician V. Lazaryan, Lazaryan St., 2, Dnipropetrovsk, Ukraine, 49010, tel. +38 (056) 373 15 42,

e-mail am_patlasov@ukr.net, ORCID 0000-0003-2081-5648

PTrack-Test Branch Research Laboratory, Dnipropetrovsk National University of Railway Transport named after
Academician V. Lazaryan, Lazaryan St., 2, Dnipropetrovsk, Ukraine, 49010, tel. +38 (056) 793 38 45,

e-mail tokarevsergeyaleks@yandex.ua, ORCID 0000-0002-2607-3123

*Dep. «Railway Track and Track Facilities», Dnipropetrovsk National University of Railway Transport named after
Academician V. Lazaryan, Lazaryan St., 2, Dnipropetrovsk, Ukraine, 49010, tel. +38 (056) 373 15 42,

e-mail patlasov.e.a@yandex.ru, ORCID 0000-0002-1593-5875

ESTABLISHMENT OF THE PERMISSIBLE TRAIN SPEED
ON THE CURVED TURNOUTS

Purpose. Turnouts play a key role in the railway transportation process. One-sided and many-sided curved turn-
outs were railed over the last 20 years in difficult conditions (curved sections, yard necks). They have a number of
geometric features, unlike the conventional one-sided turnouts. Today the normative documents prohibit laying such
turnouts in curved track sections and only partially regulate the assessment procedure of their real condition. The
question of establishment the permissible train speed within the curved turnouts is still open. In this regard, authors
propose to set the train speed according to the driving comfort criterion using the results of field measurements of
ordinates from the baseline for the particular curved turnout. Methodology. The article considers the criteria using
which one can set the permissible speed on the turnouts. It defines the complexity of their application, advantages
and disadvantages. Findings. The work analyzes the speed distribution along the length of the real curved turnout
for the forward and lateral directions. It establishes the change rate values of unbalanced accelerations for the exist-
ing norms of the curved track sections maintenance according to the difference in the adjacent bend versine at
speeds up to 160 km/h. Originality. A method for establishing the trains’ speed limit within the curved turnouts was
developed. It takes into account the actual geometric position in the plan of forward and lateral turnout directions.
This approach makes it possible to establish a barrier places in plan on the turnouts limiting the train speed.
Practical value. The proposed method makes it possible to objectively assess and set the trains’ permissible speed
on the basis of the ordinate measurement of the forward and lateral directions of the curved turnouts from the base-
line using the driving comfort criteria. The method was tested using real turnouts, which are located within the Prid-
neprovsk Railway.

Keywords: turnouts; criterion; speed; acceleration; radius; driving comfort

Introduction a key role in ensuring transportation needs, it is
a functional link between the conditional supplier
and a consumer using rail tracks.

The operating length of railway tracks in the
territory of Ukraine is 22.5 thousand km. Tracks at
stations and running lines combine approximately
5.5 thousand of various connections and intersec-

In recent years a tendency to reduce the cost of
maintenance and operation of railway transport by
introducing the resource-saving and advanced
technologies, including scientific research and rea-
soning was targeted [13]. In the multifaceted field
of railway transport travel track facilities play
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tions, 95% of which are turnouts. This is one of
unique and at the same time demanding construc-
tion of a permanent way. If we analyze mainte-
nance standards that are set up to the whole track,
the turnouts take very nearly the first place in
a variety of demands exactly to them. This is due
to several design solutions that ensure locomotion
of rolling stock from one track to another.

Requirements to the norms for organization and
maintenance of turnouts are based on numerous
theoretical and experimental studies as well as long
experience of their operation.

During maintenance violations of turnouts the
question arises as for their further exploitation —
whether to close or limit the speed of rolling stock.
Making such decisions should have well founded
reasons, which can be obtained from existing regu-
lations [7].

Among all currently laid turnouts on the main
and receipt-dispatch tracks, conventional single
turnouts have the largest part (about 97%). But in
tight terms of stations and railway haul, limiting
the use of conventional turnouts, there is a need of
laying the turnouts of more complex design. To
such turnouts one can include curved type P65
mark 1/1, project 2 889. Also on the railways of
Ukraine there are cases of conventional turnouts
presence in curved sections. In paper [6] main
principles concerning setting speeds for such spe-
cial cases are considered.

At present laying of conventional and curved
turnouts in curve sections of the track is prohibited.
But questions regarding service of those turnouts
that are already been within the curves remain
open. Reffering to the existing regulations, turn-

out’s standards are regulated by track gauges in
different sections, ordinates of lateral direction,
wear and indexes of relative position between
separate elements of turnouts (e.g., contact tongue
and stock rail). At determination the state of
curved turnouts it is necessary to check not only
the lateral direction ordinates but also the core one.
If there are deviations from the ordinates by value
longer than specified in the project, what speed is
allowable?

Purpose

The purpose of this paper is to provide propos-
als for setting the permissible speeds of trains
within the main and lateral directions of curved
turnout accordingly the results of ordinates field
measurements from the baseline. It is a continua-
tion of a forward direction of a stock rail. On the
basis of the developed methodology to determine
the locations of speed limits and reduce expendi-
tures for regulation of ordinates.

Methodology

One can say with reasonable confidence that
today there is no integrated practice for determin-
ing and setting the permissible speeds of trains
within turnouts. This is primarily due to the pres-
ence of complex structural assemblies to ensure
implementation of functions assigned on turnouts.
However, the work [4] formulates the requirements
at turnouts design meaningfully enough, which can
be transformed into criteria for permissible speeds
settings.

| Estimation evaluation of permissible speed on turnout |

Turnout’s clements strength
and their stability

‘ Stability of rolling stock ‘

Driving comfort (for loco-
motives and passenger cars)

}

—

]

Allowable
stresses
Allowable
deformations

Stability of vehicles against
nvcrl.llrnung

'1st]

Permissible unbalanced ac-

sible speed of

celeration

Permissible pulse
acceleration

£0
z
=)

Fig. 1. The criteria for setting of the permissible speed
of trains on the turnouts
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In general, the speed on turnouts can be set
with three main criteria (Fig. 1):

- strength and stability of turnouts elements;

- stability of rolling stock;

- driving comfort.

The speed of trains upon the criteria of strength
and stability of turnout’s elements can be presented
as shape function:

[V]= 7 ([o]. Ax, Ap), (1

where [o] — permissible stresses in elements;
Ax, Ay — displacements (strains) of elements in

appropriate planes.

The permissible speed upon the criterion of
turnout’s elements strength is set on the base of
stresses determination in the edges of the rail plinth
by the results of theoretical calculations and ex-
perimental studies.

Theoretical calculations by the existing meth-
odology [3] make it possible to determine stresses
in rails of conventional section without many fea-
tures, such as the impact of unloaded rail lines. For
contact tongues, frog and counter battens afore-
mentioned method generally can not be used be-
cause of the structure complexity and changes in
cross sections of these elements of turnouts in
length (Fig. 2).

Fig. 2. Turnout frog

A more adequate assessment of stresses distri-
bution in complex elements at theoretical calcula-
tions can be given by numerical methods for solv-
ing boundary value problems, such as the finite
element method (FEM). In papers [9, 15, 16] the
finite-element model elements of the permanent
way, including the contact tongue with a stock rail,
which are under dynamic loads were considered.
That is, the FEM allows to set stresses in the ele-
ments of any geometric configuration, including
prefabricated structures. The only significant dis-
advantage of this method is time for solving the

problem, which varies with the finite element mesh
refinement and can be increased from minutes to
several hours.

Experimental studies to determine the stresses
which allow setting the permissible speeds of
trains motion, it is reasonable to conduct for new
and upgraded designs of turnouts or rolling stock
[11] from the standpoint of the high prime cost of
this research method.

Let us consider the following criteria for setting
the permissible speed of movement within turnout
(see. Fig. 2) —rolling stock stability.

In general, the dependence of speed motion
subject to ensure stability of rolling stock can be
presented as shape function:

V1= /(R [n]. W, [K])s )

where R — radius of transmission curve; [n] —

permissible stability factor against overturning of
rolling stock; W, — wind force; [K ]| — stability
factor of wheelset against climb-on of a wheel.

As shown theoretical calculations [4], the mo-
tion speed of trains subject to overturning within
the transmission curve substantially exceed (=1,5
times) the maximum traffic speed on the lateral
direction of the turnout for appropriate mark.
Therefore, this criterion within the work is not
considered.

In [2] the stability factor of wheelset against
wheel flange climb-on the rail is considered in
depth. Attention is focused that this factor depends
on the dynamic indexes of a particular type of roll-
ing stock. They can be set accordingly the results
of mathematical modeling and experimental re-
search.

Let us consider the last criterion — driving com-
fort.

Permissible speed of train’s motion by driving
comfort criterion can be presented as:

OERA(CTRA LA ) N

where [o,,] — permissible unbalanced accelera-

tion; [oc ] — permissible pulse lateral accelera-

pulse
tion; [\41] — change rate of unbalanced acceleration.
Lateral acceleration of pulsed nature o, ap-

pears at rolling stock entry on turnout in the area of
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contact tongue and transition from frog to trans-
mission curve. At a speed of 40 km/h pulsed accel-
eration occurs 1,6-3,3 m/c* at 50 km/h — 2,2-4,3
m/c” [5]. At speed increasing the pulse acceleration
can be up to 12 m/c>. [17]. Contact tongues area
and frog is not highlighted as a part of this study.

Two indexes that had remained in the formula
(3) is often used to set the permissible speeds not
only within turnouts [1, 14], but also for circular
and transmission curves [8].

According to existing maintenance norms per-
missible speeds of trains in the curved sections are
set by the difference in adjacent bend versines [7]

Af=|fin— 1] 4)

where f,,,, f, — bend versines in the adjacent

points.
Bend versines at any point of the circular curve
is [7]:

10004

=T RR )

where a — chord length; R — curve radius.
Let us make elementary transformations

2 2

a Vv
=125 — —, 6
/i 77 R (6)

2
Fraction =z is centrifugal lateral acceleration

at this point of curve o,

The most important feature of curve section
track arrangement is the presence of outer rail cant,
one of the establishing criteria is lateral unbalanced
acceleration [7, 1]:

2
aw:%?—%h (7)

where V' — trains motion speed; g — free-falling

acceleration; S — distance between the axes of
rails; & — cant of the outer rail.

In the formula (7) subtrahend %h — is a hori-

zontal component of vehicle gravity when driving
in a curve, which is due to differences in the level
of rail heads for the value /. Accordingly, if we
consider the vast majority of turnouts at the rail-
way network of Ukraine (99%), the limit rail of

lateral direction is without increase. Accordingly,
the expression is valid:

V2
Olpgt = Oy, :7‘ (8)
Then equation (6) will be as follows:

12547
i V2

|0t )
In turn, the allowable motion speed accordingly
to the criterion of permissible unbalanced accelera-

tion, which today regulate the standards (9) is as

follows:
12
V[a ]Sa —S[QHa].
S

As it is known, chord length a is set in de-
pendence of curve radius [7]:

(10)

10|RS400
a= .

i (11)

R>400

The length of turnout, marks 1/9 and 1/11 is
approximately 31 and 33.3 meters, and the mileage
of transmission curve — 11.9 and 16.5 meters. If
measurements are performed in accordance with
the regulations, we will obtain 2 values of bend
versines f for marks 1/9 and 3 for mark 1/11. One
can see that it is insufficient to set the movement
speed by such limited number of data. Measuring
the bend versines within the transitions curves also
is complicated by presence of wings within frogs.
Therefore, to assess the transfer curve position, in
our opinion, is better with measurement results of
ordinates (every 2 meters). Bend versines in this
case are determined by the following formula [10]:

fi=F, %F
i i 2

tF)s (12)

where F,_, F,, F,,,— ordinates, that are measured
from the baseline, mm. For curved turnouts the
base is such line which is a conditional extension

of the forward direction of the stock rail (Fig. 3).
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Fig. 3. Measuring ordinate scheme of the forward
and lateral directions of the curved turnouts

F., F;

0i’

In Fig. values — are ordinates for main
and lateral directions of turnouts.

Ignoring the angle value of chord rotation «a

within the transfer curve, formula (10) with
(12) will be:
[ 2000[a,,]
V[am] < (13)

1
A3 (Fa v EL)
Unbalanced acceleration rate in view of physi-
cal concept of derived function can be represented
as:

4 < i A0 _
y(1)=—a(r)=lim—c== "
i a(t+Ar)-a(r) o(r+At)-o(r)
A0 At - At '
where At — growth time during which acceleration

value changes.
We provide replacement of variable at differen-
tiation for constant motion speed:

d dx
o a(t)= d— (X)E_ s
_ 11_ o(x)~ V22 )
B Ax.

Taking into account (4)i  (9) we will find
speed by criterion of permissible speed at unbal-

anced acceleration rate [y]:

2
a Ax
V[ B 53 L, (16)
' |41
Rewrite the formula (4), using expressions

(12):

o =[Fa=3(F=Fa)-Fa] (7
Formula  (16) will have final form:
V.1 <20 \/ Lv] . (8)
N | _3(F Fm) F.,
On the basis of obtained formulas (13) and

(18) speed definition is accepted the least
one:

= min min{V[a““]i}’iZI’_n ,

g min{V[w]j},jzl,n—l

per

(19)

where n — the number of measuring points.

Referring to the existing regulations, the rec-
ommended values of allowable accelerations and
changes of unbalanced acceleration in accordance
with [12] are:

N [aua]

- [w] =0,6 m/c’.

=0,7 m/c* (1,0 m/c?);

The above mentioned values of acceleration act
on the floor level of the passenger car or locomo-
tive in the center pivot section. These values are
significantly different from the acceleration acting
on the level of the wheelset box. This is explained
by the presence of spring suspension, which acts as
a filter of low-frequency vibrations of sprung mass.
We believe that to set the allowable movement
speed in a curved sections of the track one should
use it is this acceleration, acting at the level of box,
because the motion trajectory of the gravity center
in the wheelset when movement in a curve almost
coincides with the forms of horizontal and vertical
inequalities (provided that the wheel flange is
pressed to the limit rail).

Using formulas (10) and  (16) it should be
analyzed existing regulations of curved sections
maintenance of the track upon direction in the plan
and establish valuesa,, and y for appropriate

difference in adjacent bend versines A f (Table 1).
Unbalanced accelelration o, (Table 1) was ob-

tained at maximum value of curved radius for
given grade of failure (e.g. for I and V degrees and
R = 4000 m). Bend versines is determined by the
formula  (4).
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In some cases obtained values o, and y ex- place of performance data by driving comfort.
ceed recommended ones and explains this is the

Table 1
o, and y values with deviation towards the railway track in plan
for the sections at movement speeds of 140-160 km/h
) ) . Allowable speed,
Degree Difference in bent versi- km/hour, at length de- Change rate of
of devia- Radius, m nes, measured after 10 m viation, m Unbalanced ac unbalanced ac-
. ’ from mid-chord, length celeration, m/c . 3
tion . above 20 celeration, m/c
20 m, mm to 20 incl X
" | to 40 incl.
1 2 3 4 5 6 7
I At all radii’ ot10 (incl.) 1,71/0,54 1,76/0,31
. to 2000 (incl.)' - - -
over 2000 over 10 to 18 (incl.) 160/90* 1,7/0,54 3,16/0,56
- to 2000 (incl.)" - - -
over 2000 over 18 to 25 (incl.) 1,98/0,63 4,39/0,78
) , | over 10 to 25 (incl.) 140/90 140/90 2,27/0,94 2,94/0,78
to 1800 (incl.)
over 25 to 35 (incl.) 80/60 120/90 0,84/0,47 0,77/0,32
v >1800 to 2000 over 18 to 25 (incl.) 140/90 140/90 1,6/0,66 2,94/0,78
(incl.) over 25 to 35 (incl.) 0,62/0,35 0,77/0,32
80/60 120/90
over 2000 over 25 to 35 (incl.) 0,59/0,33 0,77/0,32
over 35 to 65 (incl.) 40/40 80/80 0,57/0,57 0,18/0,18
v At all radii® over 65 to 90 (incl.) 15/15 40/40 0,09/0,09 0,01/0,01
over 90 Motion is closed - -

Notes: 'radius, which is taken in the calculations is 1500 m; *radius, which is taken in the calculations is
1 000 m; *radius, which is taken in the calculations is 300 m; *numerator — for passenger trains, the denominator —
for freight ones

With similar analogy we will determine value — for lateral direction — o, = 0,83 m/c’, y =

o, 1y for turnout, type P65 mark 1/11 in project \

2889 with radii of turnout curve: 2,7 m/c”. _ _ o
— for forward direction — 600 m; We see that obtained values differ significantly
— for lateral direction — 200 (350) m. from the recommended ones.

At this the maximum speed of rolling stock for
this turnout project is:

— for forward direction — 70 km/h; Taking into account, that standards o, and v,

— for lateral direction — 40 km/h.

Due to the requirement that the difference of
ordinates deviation of transmission curve in adja-
cent points should not exceed £ 2 mm [7], we will

Findings

operating at the level of the wheel pair axle box, to
day, is not established, one can use an analogue
method (which, by the way, is used at initial angle
definition on turnouts [4]) to determine the permis-

get: L ) sible speed of trains within turnouts.
— for forward direction — a,,, = 0,95 m/c™; v = Method of determining the permissible speed
upon the travelling comfort criterion was tested at
7,35 m/c’; P g
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a real turnout. Tests and calculation results for the
lateral direction are presented at Table 2.

Table 2

Evaluation of the allowable speed
on the lateral direction of the turnouts

) Distance from the Ordi-

Point root of contact nates F. Vi Vi
mumber | e X, mm o o] | "lv]
1 2 3 4 5
-1 2 116 - -
0 0 181 60 | 70
1 2 258 57 | 70
2 4 348 62 | 40
3 6 449 40 | 30
4 8 578 64 | 30
5 10 696 40 | 40
6 12 842 61 | 70'
7 14 999 57 | 68
8 16 1169 65 | 47
9 18 1350 70" | 70’
10 20 1531 70" | 70
11 22 1713 70! -
12 24 1894 - -

Note: 'speed is limited till maximum by forward
direction

We see that the limitation is reached only by
criterion y in two places. Having corrected in the

plan value of ordinates in pointed areas one can
achieve increasing the speed, set for given curved
turnout.

Originality and practical value

The method of establishing the permissible
speed of movement within the curved turnouts
upon the travelling comfort criterion was proposed.
This approach takes into account the actual geo-
metric position of the turnout’s lateral direction.
Versatility of technique gives the possibility to
control and direct direction of turnouts.

The theoretical results were tested on the re-
sults of ordinates field measurements for curved
lateral direction of turnouts.

Conclusions

1. Objectively the main criteria for permissible
speeds set of trains within the turnouts that exist
today were analyzed.

2. Technique for measuring the coordinates of
forward and curved lateral direction of curved
turnouts that are in curved sections is
recommended. The proposals are offered to
determine the permissible speed of trains within
the curved turnouts by the driving comfort
criterion based on ordinates measurements from
the baseline.

Permissible values o, and y were gounded

for curved turnouts, based on the deviation of
curve ordinates in adjacent locations.
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BCTAHOBJIEHHSA JOITYCTUMHUX IIBUIKOCTEN PYXY IOI3/11B
MO KPUBOJIHIMHMUX CTPLIOYHUX MEPEBOIAX

Meta. CTpinouHi nepeBo gy BiJirpatoTh OJHY 3 KIIOYOBUX POJIEH MPU BUKOHAHHI IEPEBI3HOI0 MpOoLecy Ha 3alli-

3HUYHOMY TpaHcnopTi. [Iporsirom ocraHHix 20 poKiB y CKIaAHUX yMOBax (KpPHBI IUISHKH, TOPJIOBHHU CTaHIIIN)
YKJIQIaid OJTHO-Ta Pi3HOCTOPOHHI KPUBOJIIHIHMHI CTPUIOYHI IEPEBOIH, SIKI MAIOTh Pl TEOMETPUYHHUX OCOOIMBOCTEH,
Ha BIMIHY BiJl OJIHOCTOPOHHIX 3BMYaiHMX. Ha ChOTONHIIMIHINA JIeHb HOpPMAaTHUBHI JOKYMEHTH 3a0OpOHSIOTH HOBE
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3AJIIBHMYHA KOJIIA

YKJIaJaHHA TaKUX HEPeBOIB y KPUBI IUISHKH KOJii Ta TIIBKH 9aCTKOBO PETJIAMEHTYIOTH IOPSIOK OLIHKH iX peab-
HOTO CTaHy. 3aJIMIIA€ThCS BiIAKPUTHM IHUTAHHS BCTAHOBJICHHS JOMYCTHMOI MIBHUAKOCTI PyXy B MeXax KPHUBOIIHIH-
HUX CTPUIOYHHUX MepeBoiB. ToMy B HaAyKOBOMY IOCIiIKEHHI IPOIOHYETHCS BCTAHOBIIOBATH MIBHIKICTh PYXY IIO-
i31iB 3a KpuTEepieM KoM(pOPTAOENBHOCTI 1341, CIMPAIOYHCh HAa Pe3yJIbTaTH HATYPHUX BUMIpPIOBaHb OpAMHAT BiJ Oa-
3MCHOT JIiHIT U1 KOHKPETHOTO KPHUBOJIIHIKHOTO CTPiIOYHOTrO nepeBoay. Meroauka. Po3risiHyTo Kpurepii, 3a J10110-
MOTOI0 SIKUX MOYXHa BCTAHOBUTH JIOITyCTHMI LIBHJKOCTI PyXy Ha CTPUJIOYHHUX NepeBojiax. BcTaHOBIEHO CKIaIHICTh
ix 3acrocyBaHHs, IepeBary Ta Henoiiky. PeyabpraTu. [IpoananizoBaHo po3nois MIBUAKOCTEH 110 JTOBXKHHI peab-
HOT'O KPUBOJIIHIHHOTO CTPIJIOYHOTO TIEPEBOJLY IS MPSIMOTO Ta OOKOBOT'O HAaNPSIMKY. BCTaHOBIIEHO BEMUMHM IIBU-
KOCTI 3MiHHM HETIOTallleHuX MPHUCKOPEHb JUIS ICHYIOUHX HOPM YTPHMaHHS KPUBHX JUISHOK KOJIIi 3a PI3HHULEIO Y Cy-
MDKHHX CTpijlaX BUTHHY IPH MBUAKOCTIX a0 160 km/rox. HaykoBa HoBH3HA. ABTOpaMU po3pOOJICHO METOIUKY
BCTaHOBJICHHS JTOIyCTUMO{ MIBUIKOCTI PyXy MOI3IB Y MeXaX KPUBOIIHIIHOTO CTPUIOYHOTO TEPEBOAY, KA Bpaxo-
By€ peaJbHEe T€OMETPHUYHE TOJOKEHHS y IUIaHi OCHOBHOTO Ta OOKOBOTO HAamNpsIMKIB mepeBomy. JaHwWid miaxinx
JTa€ MOXJIMBICTh BCTAHOBHUTH MICIl y IUIaHI Ha CTPUIOYHOMY II€PEBOJI, SKi JIMITYIOTh HIBHIKICTH PYXY.
IIpakTHyHa 3HAYMMIicTh. 3aIIPOIIOHOBAHA METOAMKA A€ MOXIINBICTh 00’ €KTUBHO OLIHUTH T4 BCTAHOBUTH JOILYC-
TUMY OIBHJAKICTH PyXy MOi3/iB HA OCHOBI BUMIPIOBaHHSA OpJMHAT OCHOBHOTO i OOKOBOTO HANMPSIMKY KPUBOJIHIITHOTO
CTPUIOYHOTO TIepeBOJLy BiJ 0a3MCHOI JiHIT 3a KpuTepieM KoMdopTradenbHocTi 1311, MeToauka Oyia anpoboBaHa Ha
pealbHUX CTPLUIOYHHUX MEPEBOJIAX, sIKi 3HAXOIATHCS B Mexkax [IpuaIHINPOBCHKOT 3aTi3HHUII.
Kniouosi crosa: cTpinouHi nepeBoan; KpUTEpiid; MBUAKICTh; IPUCKOPEHHST; pajiyc; kKoMpopTabenbHICTh 311
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YCTAHOBJIEHUE JJOITYCTUMBIX CKOPOCTEM JIBUKEHUS
MOE3710B 10 KPUBOJIUHEWHBIM CTPEJIOYHBLIM IEPEBOJIAM

Hean. CtpenoyHble NEpeBOIBI UTPAIOT OJHY W3 KJIIOYEBBIX POJICH MPHU BBHINOJHEHUH IEPEBO30YHOTO Ipolecca
Ha JKeJIE3HOZIOPOKHOM TpaHcnopre. B Teuenne nmocnenuux 20 JIeT B CIOKHBIX YCIOBUSIX (KPUBBIE YYaCTKH, TOPIIO-
BUHBI CTaHLUH) YKIaJbIBAIM OJHO- M PA3HOCTOPOHHUE KPUBOIMHEHWHBIC CTPEIOYHBIE MEPEBOBI, KOTOPhIE HMEIOT
psi TEOMETPUIECKUX OCOOEHHOCTEH, B OTIMYHE OT OAHOCTOPOHHUX OOBIKHOBEHHBIX. Ha ceromHsmHuiA 1eHb HOP-
MaTUBHBIE JTOKYMEHTBI 3alPEIIat0T BHOBb YKJIQJIbIBATh TAKNE MIEPEBOMBI B KPUBBIC YIACTKH ITyTH U TOJIBKO YacTH4-
HO PCIIIaMCHTUPYIOT NOPAAO0K OLCHKU UX PEAJIbHOI'O0 COCTOAHUS. Ocraercs OTKPBITBIM BOIIPOC YCTAHOBJICHHUA HO-
IIyCTUMOM CKOPOCTHU JIBHXKEHUS B IIPEJEJIaX KPUBOJIMHEHHBIX CTPEJIOYHBIX IIepeBoAoB. [l0aTOMy B HAy4yHOM HCCIIe-
JOBaHUM IpeajiaracTcsa yCTaHaBJIMBAaTb CKOPOCTb JABHIKCHUSA IMOC3A0B IO KPUTCPUIO KOM(l)OpTaGeHLHOCTI/I €3/1b1,
OMNUpasiCh Ha Pe3yJIbTaThl HATYPHBIX W3MEPEHUI OpIUHAT OT 0a30BOH JIMHWHU AJIsI KOHKPETHOTO KPUBOJIMHEWHOTO
CTpesIoyHoro nepeBosa. Meroauka. PaccMOTpeHbI KpUTEPHUH, € TIOMOIIBIO KOTOPBIX MOXKHO YCTAaHOBHUTH JOIYCTH-
MBI€ CKOPOCTH JIBW)KEHHS Ha CTPEJIOYHBIX IIEPEBOJAX. Y CTAHOBJIEHA CIOXHOCTh MX NPHMEHEHHS, NPEHMYIIEeCcTBa
u Hepoctatku. PedyabTartel. [IpoaHann3upoBaHbl pacnpeneiaeHusi CKOPOCTEN MO IJIMHE pealbHOro KpUBOJIMHENHO-
TO CTPEIOYHOTO MEePeBoJa Al OCHOBHOTO M OOKOBOT'O HAIlpaBJICHHS. Y CTAHOBJICHBI BEJIMUMHBI CKOPOCTH M3MEHE-
HUSI HETIOTAllIeHHBIX YCKOPEHWH IS CyNIECTBYIOIIMX HOPM COJIEp’KaHHMA KPHUBBIX yYacTKOB IMYTH IO pa3HHLE
B CMEXKHBIX CTpenax m3ruba mpu ckopoctsix 10 160 km/u. Hayuynasi HOBH3HA. YUeHbIMHU pa3paboTaHa METOIUKa
YCTaHOBJICHHS JIOITyCTHMOW CKOPOCTH ABM)KEHHS IIOE3/I0B B IIPEAEiaX KPUBOJIMHEHHOIO CTPEIOYHOIrO MEPEeBOAA,
KOTOpasi yIUTBIBAET PEATbHOE TEOMETPUUECKOE MOJI0KEHHUE B IJIAHE OCHOBHOTO M OOKOBOT'O HAIPaBJICHUS NIEPEBO-
Ja. }laHHI)II‘/II noaxoa Aac€T BO3MOKHOCTb YCTAHOBUTHL MCCTa B IJIaHE Ha CTPCIIOYHOM NEPEBOJAC, KOTOPLIC JTUMUTHU-
pPYIOT ckopocTh aBwkeHus. IIpakTHueckasi 3HaAYMMOCTb. [Ipe/iokeHHass METO/IMKa JaeT BO3MOXHOCTb O0BEK-
THUBHO OLICHUTh U YCTaHOBUTH JJOIYCTUMYIO CKOPOCTB JABHKEHHS ITOE3/I0B HA OCHOBE M3MEPEHUsI OpJMHAT OCHOBHO-
ro
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1 OOKOBOTO HAIPaBJICHUS KPUBOIMHEHHOTO CTPEIOYHOTO MepeBosa OT 0a3MCHOM JTMHHUU 10 KpUTEpHio KoMpopra-
GempHOCTH €31pl. Meronuka ObUla ampoOMpOBaHA HAa PEaNbHBIX CTPEIOYHBIX IEPEeBOIAaX, KOTOPBIE HAXOIATCA
B npenenax [IpuaHenpoBckoi xene3Hol JOpOTH.

Kniouesvie cnosa: cTpenodnblie MepeBOIbI; KPUTEPHIL; CKOPOCTh; YCKOPEHHE; paanyc; KoMPOpTadeTbHOCTD €3]I5
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INFLUENCE OF SELF-TEMPERING TEMPERATURE ON STRENGTH
OF RAILWAY WHEEL DISK AFTER ACCELERATED COOLING

Purpose. The paper aims at estimation of resource of strength increase for railway wheel disk. Methodology.
The material for research was carbon steel of railway wheel containing 0.57%C, 0.65%Si, 0.45%Mn, 0.0029%S,

0,014%P, 0,11%Cr. A railway wheel was heated to the temperatures above AC3 and was held at this temperature
until the completion of austenite homogenization processes and then the disk was cooled at a growing rate to a cer-

tain temperature. A temperature interval of completion of the speed-up wheel disk cooling was 200-450 " C. Struc-
ture was studied with the use of research methods under electronic and light microscopes. After accelerated cooling
the estimation of metal structure imperfection degree was carried out with the use of X-ray structural analysis

method. The stress and yielding limit of carbon steel were determined at tension, at a speed of deformation 10757,

The microhardness of steel structural components was estimated using the microhardness tester of PMT-3 type.
Findings. The properties complex of railway wheel carbon steel depending on the temperature of the accelerated
cooling termination is determined by the correlation of soften and work-hardening processes development. The ef-
fect of work-hardening is based on blocking of mobile dislocations due to a precipitation carbon atoms and disper-
sion work-hardening from the formed particles of carbidic phase. At the temperatures of the accelerated cooling

termination of carbon steel higher than 300-350 ° C the decrease rate of strength properties is determined by the ex-
ceeding of total soften effect from disintegration of solid solution, acceleration of spheroidithation and coalescence
of cementite particles above the dislocations blocking by the carbon atoms and dispersion work-hardening.
Originality. Authors proved that the strength level of the railway wheel carbon steel from the temperature of accel-
erated cooling completion is determined by the influence ratio of the solid solution satiety degree and dispersion
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For the of accelerated termination

200-300° C a decrease of solid solution satiety degree is a basic factor, which determines the level of the strength
characteristic. Practical value. When making the whole-rolled railway wheel one can increase the strength limit of
disk metal using the accelerated cooling to the middle interval of temperatures, which was successfully proven by

work-hardening from a carbidic phase. temperatures cooling

authors.

Keywords: dislocations; self-tempering temperature; accelerated cooling; railway wheel disk

Introduction

A complex form of railway wheel elements
crossing and their large thickness have for a long
time restrained the application of thermal harden-
ing in order to achieve the high strength state in
them. In operation of the railway wheel the disk
undergoes complicated total loads. On this basis
the development of proposals to improve the
strength characteristics of railway wheel disk is an
important scientific and technical task.

As compared to the other wheel elements the
disk has the smallest thickness. Taking into ac-
count sufficiently high stability of austenitic phase
in the carbon steel of railway wheel [11] one can
hope to achieve the cooling rates close to the criti-
cal value during the accelerated cooling in metal
volumes near the surface of the main heat removal.

State of the problem. During the thermal hard-
ening of the disk for solid railway wheels forma-
tion of the structure gradient from the heat removal
surface is accompanied by some change in com-
plex of properties [1, 5]. Investigations of struc-
tural transformations using the technology of inter-
rupted accelerated cooling determined that a sig-
nificant influence in the achievement of properties
level is caused by the development self-tempering
processes [6, 7]. Taking into account the continu-
ous nature of the cooling change rate in different
layers of the wheel disc metal depending on their
distance from the surface of intense heat removal,
the structural condition of the metal should meet
the tempering at a certain temperature [4].

Thus, during the interrupted accelerated cooling
when the structure gradient on the disk cross sec-
tion is determined solely by the temperature of
cooling termination [2.10], the further metal tem-
pering due to the heating from the internal volumes
heat is accompanied by the complex structural
changes in the internal structure [4-6]. On this ba-
sis, further study of structural changes in the self-
tempering process after the accelerated cooling to a
certain temperature of cooling termination presents
certain practical interest.

Purpose

The article aims to define the strength increase
resource of the railway wheel disk.

Methodology

The material for research was carbon steel of
railway wheel containing 0.57%C, 0.65%Si,
0.45%Mn, 0.0029%S, 0,014%P, 0,11%Cr. A rail-
way wheel was heated to the temperatures above
Acy and was held at this temperature until the

completion of austenite homogenization processes
and then the disk was cooled at a growing rate to a
certain temperature. A temperature interval of
completion of the speed-up wheel disk cooling was

200-450 C. Structure was studied with the use of
research methods under electronic and light micro-
scopes [2]. After accelerated cooling the estimation
of metal structure imperfection degree was carried
out with the use of X-ray structural analysis
method. The stress and yielding limit of carbon

steel were determined at tension, at a speed of de-

formation 107s™'. The microhardness of steel

structural components was estimated using the mi-
crohardness tester of PMT-3 type.

Findings

Research of the internal structure of heat hard-
ened carbon steel from wheel disc confirmed quali-
tative correspondence with known experimental
data [1, 4]. Metal structure near the surface of the
railway wheel disk after rapid cooling to a certain
temperature (the temperature of accelerated cool-
ing termination) is to a great degree similar to the
structure consisting of martensite tempering prod-
ucts at this temperature [8-10].

The Figure 1 shows the structure of carbon
steel samples after accelerated cooling to the tem-
perature 200 C. Analysis of the internal structure
shows that one can observe the signs of rail mart-
ensite after cold tempering (Figure 1) in the metal
volumes near the surface of the main heat removal
when the temperature of accelerated cooling termi-
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nation is about 200 C. Similar to the martensite
after tempering from the separate heating at the
same temperature, thickness of the formed marten-
site rails was approximately in the range of 0.1 to
0.8 microns. On the edges of the separate rails and
their stacks there are the fine carbide phase parti-
cles with dimensions of approximately 0.03-0.04
microns. As compared to the bright-field micro-
structure images, when because of the low disloca-
tion density and specific contrast it is quite difficult
to classify the carbide phase, one used the image
analysis in a dark field. The images in the dark
field, in the cementite reflexes the particles are suf-
ficiently clear. In addition, it was possible to watch
the separation of dispersed carbide particles on the
dislocation lines in the middle of certain martensite
rails and line form, with random orientation
(Fig. 1).

Formation of the carbide phase is due to the
development self-tempering process during the
accelerated cooling.

:,“F'r - r(w
g

Fig. 1. The steel structure after accelerated cooling
to 200° C. Magnification is 18 000

With further increase of the distance from cool-
ing surface, the metal after structures forming ac-
cording to the sliding or intermediate mechanisms
undergoes the tempering at higher temperatures.
The above mentioned influence on the processes of
structure formation is similar in nature to the in-
crease of temperature of the accelerated cooling
termination.

Fig. 2. The steel structure after accelerated cooling to
400° C. Magnification is 18 000

The temperature increase of accelerated cooling

termination to 400 ° C is accompanied by the fully
expected qualitative changes in the internal struc-
ture of metal (Fig. 2). In the carbon steel structure
there are signs of initial stages of the processes
similar to polygonization. They include the forma-
tion of focuses from the interwoven dislocations
and the existence of the certain amount of broken
contours from the dislocation groups. The simulta-
neous presence of cementite globules in the middle
of microvolumes of metal with low dislocations
density proves not only development, but also ter-
mination of polygonization during self-tempering
of carbon steel after accelerated cooling. As a re-
sult of these processes the structure similar to the
modulated one is forming. Some dislocation pits
with certain dislocation density in the middle are
separated by sufficiently broad walls of disloca-
tions.

The formed dislocation cell structure in form is
approaching the polyhedron. The middle part of
the dislocation cells is foremost cleared of un-
bound dislocations. At the same time, there is a
significant amount of cementite globules in the
structure. Their size is significantly greater in
comparison with the self-tempering temperature
200 C (Fig. 1). Moreover, in the heat process from
the recessed metal layers after termination of ac-

celerated cooling to 400 ° C, it takes place a further
carbon depletion of solid solution, increase of the
average size of carbide particles and recombination
of dislocations that reduces their density (Fig. 2).

Thus, after accelerated cooling termination, the
higher distance from the surface of main heat re-
moval the higher temperature of the metal self-
tempering.
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In metal volumes, which are close to the middle
of the wheel disc the microstructure is formed by
force according to the diffusion mechanism.

Analysis of the internal structure of rapidly
cooled metal shows that the structure consists of
fine differentiated perlite with small amounts of
structurally free ferrite spaced on the edges of per-
litic colony.

The thickness of the cementite perlite plates is
0.02-0.04 microns and the layers of ferrite to 0.15
microns. Detailed studies revealed that the struc-
turally free ferrite grains in turn consist of sub
grains, the size of which varies in the range 1.5-3.5
microns. The metal volumes in the middle of sub
grains have high density of interlocked dislocations
and focuses with needlelike ferrite form. The exis-
tence of these structural components can be con-
sidered as the evidence of defined heterogeneity of
cooling rate distribution over the disk cross section
or it is connected to liquation of chemical elements
in steel microvolumes [12].

Based on the results of the known studies [1, 2,
13], given structural state of carbon steel near the
surface of the main heat removal consists of struc-
tural components that were formed as a result of
martensite-bainitic  transformation with  self-

tempering at temperatures of 200-300° C. The steel
strength level with the above mentioned structures
can vary in the range 1300-1200 MPa depending
on the chemical elements concentration within the
grade constitution.

Taking into account the continuous nature of
the increase in temperature of accelerated cooling
termination of metal layers depending on their dis-
tance from the surface of forced cooling, the
strength level of carbon steel under study will cer-
tainly decrease. Herewith the metal structure in the
above mentioned layers will consist of different
correlation between the focuses of martensite-
bainitic structures after self-tempering near the disc
surface to ferrite-perlitic structures with different
morphology of phase components in the middle.

Given that the strength of carbon steel with
martensite structure is primarily determined by the
degree of solid solution supersaturation, increase
of self-tempering temperature will be accompanied
by quite natural development of the processes of its
decay. At the same time, as it was described above,
the places of disengagement of carbon atoms from
the solid solution on dislocations further become
globules of carbide phase.

Thus, the development of self-tempering proc-
ess from the temperature of the forced cooling ter-
mination actually determines the correlation be-
tween the two processes of steel strengthening:
from the supersaturation of solid solution and dis-
persion strengthening from the carbide phase parti-
cles. On this basis, it is necessary to assess the cor-
relation of these influencing factors depending on
the self-tempering temperature on the strength
characteristics of railway wheel carbon steel.

Analysis of ferrite component microhardness
shows that in the process of accelerated cooling
and holding at the temperatures forced cooling

termination, starting from 200 ° C one can observe
the continuous decrease of the carbon atoms con-
centration in the solid solution (Fig. 3).

At this, development of the steel softening
processes with temperature increase of accelerated
cooling termination is to a great extent caused by
kinetics of carbon atoms redistribution between the
crystal structure defects and the places in the crys-
talline lattice, defining its tetragonality. One can
assess the change in degree of solid solution super-
saturation by carbon atoms using the values of fer-
rite micro hardness (H, ). According to angular

coefficient of dependence H, = f(¢), where tis

the temperature of accelerated cooling termination

for the temperature range 200-300° C, reduction in
degree of solid solution carbon supersaturation is
caused by high density of defects in the crystal
structure and, firat of all, in the dislocations. One
can certainly assume that starting from the tem-

perature 350° C almost complete depletion of re-
source of disengagement of carbon atoms on dislo-
cations is achieved. Confirmation of this statement
is a slowdown in the decrease of H, value in the

temperature range 350-400° C (Fig. 3) and a very
small reduction in the width of the X-ray interfer-
ence (110) (Fig. 4). Then, starting from the 350-

400° C temperature we can observe a progressive
decrease in the ferrite hardness.
As compared to lower temperature of acceler-

ated cooling termination (200-300° C), the nature

of metal softening is caused by the qualitatively
different processes of structural transformations.
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Fig. 3. Dependence of ferrite microhardness
on the self-tempering temperature of the carbon steel
after accelerated cooling
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Fig. 4. Dependence of expansion of x-ray photography
interference (110) of ferrite on the carbon steel
after accelerated cooling

Indeed, as show the works [2, 3, 9], starting

from the tempering temperature 350°C carbon
steels after martensite quenching already have
a certain amount of fine particles of carbide phase.
On this basis, the carbon depletion of solid solution
will take place due to direct diffusion of carbon
atoms from solid solution for carbide particles.
This is to a great extent confirmed by the rapid
decline in the expansion of X-ray interference
(110) (Fig. 4). The correlation between these proc-
esses of structural transformations in rapidly
cooled carbon steel is determined solely by the
temperature of forced cooling termination and is
confirmed by the strength change (Fig. 5).

The dependence nature analysis of the stress
and yielding limits confirms the complex nature of
structural transformations depending on the tem-
perature of metal accelerated cooling termination.
We can observe corresponding decrease in strength

characteristics for the temperatures 200-300° C,
due to reducing in degree of solid solution super-
saturation.

Almost equidistant run of dependency curves
for o, and o, (Fig. 5) shows that the main influ-

encing factor is the supersaturation degree of solid
solution by carbon atoms in the process of acceler-
ated cooling and the strengthening from the the
development of strain hardening has much lesser
influence. This is caused by the fact that the devel-
opment of strain hardening processes is greatly
exaggerated by the effect of metal softening due to
the carbon depletion of solid solution (Fig.3, 4).

On the other hand, the process of carbon atoms
release from the solid solution has dual effect on
the strength properties of metal. Thus, the disen-
gagement of carbon atoms from the octahedral
sites of ferrite crystal lattice on the dislocations
will further promote their strengthening [3, 9, 14].
According to the nature of influence on the hard-
ness this process relates to the strengthening.

Reducing the carbon concentration in ferrite
contributes to the appearance of additional quanti-
ties of cementite dispersed particles (Fig. 2). This
should improve the strength properties due to the
processes of dispersion strengthening.

MMa
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Fig. 5. Dependence of strength stress (¢) and yield
limits (m) on the self-tempering temperature
of carbon steel after accelerated cooling
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At the slight increase in tempering temperature
or holding time under isothermal conditions, the
development of carbide phase spheroidization
process has the opposite effect. During formation
of the more equilibrium cementite globules their
number decreases. At the same time, the transition
of carbon atoms from the solid solution to the car-
bide particles is accompanied by a decrease of in-
ternal pressures. This is proved by the increase in
reflexes contrast on microdiffraction photos [2, 9]
and reduction in expansion of X-ray interferences
of the ferrite (Fig. 4).

When the tempering temperature increases to

400° C the structural studies revealed early signs of
dislocations redistribution and slight decrease in
their density, which is associated with this (Fig. 2).
Participatory development of these processes ex-
plains the permanent effect of carbon steel soften-
ing during increase of the termination of acceler-
ated cooling temperature for carbon steel in the
range 200-450 ° C (Fig. 5).

According to the obtained results the complex
nature of the influence of carbon steel structural
transformations, depending on the temperature
range of forced cooling termination was deter-
mined. The total effect of metal softening from the
reducing in degree of solid solution supersaturation
by carbon atoms, reducing the dislocation density
and cementite particle coalescence exceeds the
strengthening effect from the presence in the struc-
ture of fine carbide particles. At low temperatures

(300° C) of cooling termination, the main source of
steel strengthening are the processes solid solution
supersaturation by carbon atoms. The increase in
temperature of accelerated cooling termination is
accompanied by the indispensible increase in self-
tempering effect from the metal volumes that are
buried from the surface of cooling. The level of
strength properties of carbon steel is determined by
the compliant influence from the development of
processes of dislocations interaction with the car-
bon atoms at the decay of solid solution and dis-
persion strengthening from the formation of addi-
tional particles of cementite.

Analysis of the dependence of carbon steel
strength properties (Fig. 5) showed that in the
manufacturing process of all-rolled railway wheels
in order to improve the spalling resistance the disk
can be subjected to accelerated cooling to the tem-

peratures 300-350° C without significant metal
embrittlement.

Originality and practical value

1.The level of strength characteristics of
railway wheel carbon steel from the temperature of
the forced cooling termination is defined by the
influence correlation from the solid solution
supersaturation and dispersion strengthening of
carbide phase.

2.For the temperatures of accelerated cooling

termination 200-300° C the reduction in degree of
solid solution supersaturation is the key factor in
determining the strength characteristics level.

During manufacture of all-rolled railway wheel
one can increase the strength limit of the metal
disk by the accelerated cooling to the medium
temperature range.

Conclusions

1. Under conditions of carbon steel accelerated
cooling the processes of mobile dislocations
blocking due to the carbon atoms release and the
dispersion strengthening from the formed particles
of carbide phase are the sources of strengthening.

2. At the temperatures of forced cooling termi-

nation above 300-350° C the rate of decrease in
strength properties is determined by the excess of
total softening effect from the breakdown of solid
solution, spheroidization aped-up and the cemen-
tite particles coalescence over the dislocation
blocking by carbon atoms and dispersion strength-
ening.
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BIIJIMB TEMIIEPATYPU CAMOBIAITY CKA
HA MIIHHICTB IUCKA 3AJI3HUYHOI'O KOJIECA
HICJIA TPUCKOPEHOI'O OXOJIO/’KEHHA

Mera. Pobota crpsiMoBaHa Ha BH3HAYCHHA pECypCy IMIABHINEHHS MIIHOCTI TUCKY 3alli3HUYHOTO KOJeca.
MeTtoanka. MarepianoM ans JOCHiIKeHHS Oyia BYyTJeneBa CTalb 3alli3HWYHOro Koieca 3i 3MictoM 0,57 % C,
0,65 % Si, 0,45 % Mn, 0,0029 % S, 0,014 % P, 0,11 % Cr. 3anizHu4HEe KOIECO MiAgaBail HarpiBy 4O TeMIepaTyp

BHIlEe AC;, BATPUMYBAIHX IIPY Lili TeMIepaTypi Ul 3aBepIIEHHs IPOLEeCY FOMOTeHi3alil ayCTeHITy Ta IPUCKOPEHO
OXOJIOJKYBJIM JIMCK O BU3HA4YEeHOI TemIiieparypu. TemmeparypHuil iHTepBai 3aKiHUY€HHS HNPUMYCOBOTO OXOJIO-

JOKEHHS TUCKy Kojeca ckmanas 3HaueHHA 200450 C. CTpyKTypy BHBUYAIX 32 METOAWKAMH JOCIIIKEHb i3 BHKO-
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PHCTaHHSIM €JIEKTPOHHOI'O Ta CBITJIOBOro MikpockomiB. OIIHKY cTyneHs Ae(eKTHOCTI CTPYKTYpPH MeTally Micis
MIPUCKOPEHOTO OXOJIOJPKEHHS 31HCHIOBAIN 3 BUKOPUCTAHHIM METOJIMKH PEHTIE€HIBCHKOTO CTPYKTYPHOTO aHAMi3y.

. . . . o . . . . -3 -1
Meski MIIHOCTI Ta IUIMHHOCTI BYTJICLEBOI CTall BU3HAYAIM IPH PO3TAraHHI 3i mBuakictio nepopmamii 107¢™ .

MikpoTBepIiCTh CTPYKTYPHHUX CKIQJOBUX CTajl OI[IHIOBAIM, BHKOPHCTOBYIOYH MikpoTBepaomip Tumy [IMT-3.
PesyabTaTn. KoMmiuieke BracTHBOCTEH BYTJIELEBOI CTali 3ai3HWYHOTO KOJieca B 3aJEXKHOCTI BiJ TeMIepaTypH
NPUNUHEHHS IPUCKOPEHOT0 OXOJIOMKEHHS BH3HAYAETHCS CIIIBBIIHOMIEHHAM PO3BUTKY IPOLECIB IOM SIKIIEHHS Ta
3MinHeHHs. J[xepenaMu edexTy 3MILHEHHS € MPOoLecH OJIOKYBaHHS PYXOMHX JHUCIIOKALid 32 paxXyHOK BUIICHHS Ha
HHUX aTOMIB BYIJICLIO Ta JWCIIEPCIHHOrO 3MIlHEHHs BiJ copMOBaHMX 4acTWHOK KapOimHoi ¢asu. [Ipu Temnepa-

Typax IPUIIMHEHHS TPUMYCOBOTO OXOJIOKEHHS ByTJIEeBoi crami Bumie 3a 300-350° C TeMm 3HMKEHHS BJIACTH-
BOCTEH MIIJHOCTI BU3HAYAETHCS MIEPEBUIICHHIM CyMapHOTo eekTy (oM’ SKIIeHHs BiJl po3May TBEpPAOro PO3UHHY,
NPUCKOpeHHs cdepoinu3anii Ta KoaJeCUeHLil YaCTWHOK LEMEHTUTY) Haja OJIOKYBaHHSM IUCIIOKalliil aToMaMu
BYIJICII0 Ta JAUCIEpCIHHMM 3MinHeHHsSM. HaykoBa HoBMHA. ABTOpamMH JOBEICHO, IO PIBEHb XapaKTEPHCTHK
MIIIHOCTI BYIJIELIEBOI CTalli 3aJli3HUYHOTO KOJIeca BiJl TEMIIEpaTypu 3aKiHYEHHsS MPUMYCOBOTO OXOJIO/DKCHHS BH-
3HAYAETHCSI CITIBBIJHOIICHHSM BIUIMBIB BiJl IEPECHUYCHHS TBEPAOTO PO3UMHY Ta AWCIEPCIITHOTO 3MILHEHHS Bil

kapOisHoi (asu. Jlns Temmeparyp NpUNUHEHHS NpuckopeHoro oxosomkenHs 200-300° C 3HWKEHHS CTYEHIO
MEPEeCUYCHHS] TBEPAOTO0 PO3YMHY € OCHOBHUM UHMHHHKOM, IO BH3HAYA€ PIBEHb XapaKTEPHCTUK MIITHOCTI.
[pakTnyna 3HaYUMIicTD. [Ipy BUTOTOBJICHH] CYyNITPHOKATAHOTO 3aJII3HHYHOTO KOJIeca MiIBUIIUTH MEXY MIITHOCTI
MeTally JUCKY MOXHA MPUCKOPEHNUM OXOJIODKECHHSM JI0 CepeIHBOTO iHTEpBaly TEMIIEpPaTyp, IO YCHIITHO JOBEACHO
B POOOTI.

Knouosi cnosa: pucnokaimii; Temmeparypa CaMOBIIIYCKy; HPUCKOPEHE OXOJOKCHHS, IUCK 3alli3HUYHOTO
KoJieca
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BJIUAHUE TEMIIEPATYPbBI CAMOOTIIYCKA
HA ITPOYHOCTDB JUCKA KEJE3HOAOPOKHOI'O KOJIECA
MMOCJIE YCKOPEHHOT' O OXJIAXKJAEHUSA

Hens. Pabora HampaBlieHa Ha OIEHKY pecypca IMOBBIIICHUS MPOYHOCTH JWCKA KEIC3HOJOPOKHOTO KoJeca.
Metoauka. MarepualioM Uil UCCIEIOBaHUs ObLIA YIIIEPOMUCTasl CTAJb JKEJIE3HOJAOPOKHOTO KojIeca C CojepxkKa-
awuem 0,57 % C, 0,65 % Si, 0,45 % Mn, 0,0029 % S, 0,014 % P, 0,11 % Cr. )Kene3Hogopo>kKHOE KOJECO HATPEBaIH
JI0 TeMmmnepaTyp Bblllle AC;, BbIIEPKMBAIN NPU ITOH TeMIepaType Ul 3aBEPUICHHs MPOLECCOB 'OMOTEHH3AlNH

ayCTEHUTa U YCKOPEHHO OXJIAXKIAJIU JIMCK JI0 ONpeesIeHHOW TeMIlepaTypsbl. TeMneparypHblii HHTEpBajl OKOHYaHUS
MPUHYIUTETHFHOTO OXJIaXAEHUs aucka kxoieca coctaBisul 200-450 C. Crpykrypy H3ydald ¢ HCHOJIH30BAHUEM

METOJUK MCCIEIOBAHMM IO OJICKTPOHHBIM U CB€ETOBBIM MHUKPOCKOIIaMH. OI_[eHKy CTCIICHU Iled)eKTHOCTI/I CTPYKTYPBI
METajuIa II0CJIE€ YCKOPEHHOTO OXJIAXACHHUA OCYHCCTBIAINA C HCIOJB30BAHUEM METOAUKU PEHTICHOBCKOI'O
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CTPYKTYPHOT'O aHaJIM3a. Hpe;[enm MPOYHOCTH U TCKY4YCCTHU yFJICpO,HHCTOfI CTajin onpeAcIsLId MPU PACTKEHUU, CO

-3 -1
CKOPOCTBIO He(bopMaIlI/II/I 107 ¢ . MHKpOTBCpZ{OCTL CTPYKTYPHBIX COCTAaBJIAIOIIHNX CTaJIM OLUCHUBAJIU, UCTIOJIb3YS

MukporBepaomep Tuna IIMT-3. Pe3yabtarhl. KoOMIUIEKC CBOMCTB YIVIEPOOUCTOM CTaId KEJIE3HOAOPOKHOTO
KoJIeca B 3aBHCHMOCTH OT TEMIEPATyphl MPEKPAILICHUsS] YCKOPEHHOTO OXJIaXKAEHHS OMNPENENSAeTCs COOTHOIIEHHEM
Pa3BUTHSA NPOLECCOB Pa3yNpPOYHCHUS U YyHPOUHEHUS. DPQEKT ynpouHEeHHss OCHOBAaH HA OJIOKHPOBKE IOIBIIKHBIX
JHCIIOKAIMI 3a CUeT BBLICNCHUS Ha HUX aTOMOB YIJIepoJa W JUCIEPCHOHHOTO YIPOYHEHHS OT c(OPMHPOBAHHBIX
yacTul KapOuaHo ¢asbl. [Ipu Temneparypax npekpaiieHus IpUHYIUTEIBHOTO OXJIaXISHUS YIIIEPOAUCTON CTalIN

Boimre 300-350° C TeMI CHWKEHHUS MPOYHOCTHBIX CBOMCTB ONPENENSETCS NMPEBBIIIEHMEM CyMMapHOTO dddexTa
(pa3ympouHeHusl OT paclaja TBEpAOro pacTBOPa, yCKOPEHUs ChepouIn3alii U KOAIECICHIIMN YaCTUI] [IEeMEHTUTA)
HaJ OJIOKUPOBKOW TUCIIOKAIMN aTOMaMH YIJepojia ¥ JTUCICPCHOHHBIM yipouHeHrueM. HayuyHast HoBu3HA. ABTO-
paMu JI0Ka3aHO, YTO YPOBEHb XapaKTEPHCTHK MPOYHOCTH YTIIEPOJMCTON CTAJIM JKEJIE3HOAOPOXKHOIO KOJIECaB OT
TEMIICpATYpbl OKOHYAHUA TMPUHYIAUTCIBHOI'0 OXJIAXKIACHUA ONPCACTIACTCA COOTHOIICHUEM BJIMSAHUA CTCIICHU IIPC-
CBIIIICHUS TBEPJIOTO PAcTBOpA U TUCIICPCHOHHBIM YIIPOYHEHUEM OT KapOwmmHou ¢assl. s TemnepaTyp mpekparie-

Hus yckopeHHoro oxnaxaenus 200-300° C cHmKeHMe CTEIeHH MPECHIEH s TBEPIOro PacTBOPa ABIAETCS OCHOB-
HbIM (DAaKTOPOM, KOTOPBIA OIPEIENIICT YPOBEHb XapaKTEPUCTHK mpodHocTd. IlpakTHyeckass 3HAYAMOCTD. [Ipu
M3rOTOBJIEHUH LIETBHOKATAHOTO KEJIE3HOJOPOKHOTO KOJIECa MOBBICUTH MpeAesl MPOYHOCTH METajula JUCKAa MOXKHO
YCKOPEHHBIM OXJIXKICHUEM JI0 CPEIHEr0 HHTEpBajia TeMIIepaTyp, YTO YCIIEIIHO JOKa3aHo B padorTe.

Kniouesvie  cnosa:  pgucnokaluu;, — TeMOEparypa  CaMOOTIYCKa; YCKOPEHHOE  OXJaXIEHHE,  JTUCK
JKEJIE3HOIOPOKHOT O KoJleca
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HETPAJMIIHI BUJIU TPAHCIIOPTY.
MAILWHU TA MEXAHI3MHU
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OIIEHKA )KUBYYECTU METAJUIOKOHCTPYKIIUM
TP MOJAEJIMPOBAHUU ®AKTOPOB 3KCIINIYATAIIUA

Heab. MccnenoBanus HanpaBlieHbl HA MOBBILICHUE Ka4eCTBa M HAJE)KHOCTU Mep NEPBUYHOI U BTOPUYHOIL 3a-
IIATHl METAUIOKOHCTPYKIHMH MPOU3BOACTBEHHBIX MPEANPUATHH, ISl MIPOAJICHUSI CPOKOB IKCIUTyaTalluy LUKINYe-
CKH Harpy>KeHHBIX KOHCTPYKIMI ITPOM3BOACTBEHHOIO 00OPYAOBAaHUS C Y4ETOM YPOBHSI KOPPO3HOHHOM OIACHOCTH.
MeTtoaunka. [IpenoxeHo MCIOIb30BaHNE IPHHIUIIOB MPOLIECCHOTO MOIX0/a JUIs OCTAHOBKY U pealn3aliiy 3a1a4
YIpaBJIeHUS] SKCIUTyaTallMOHHBIM CPOKOM CITY>KOBI B KOPPO3MOHHBIX cpezax. [IpuHumns! odecrieueHns: HaeKHOCTH
YPOBHSI KOPPO3MOHHOW OITACHOCTH BKJIIOYAIOT OOOCHOBaHME IIOCIIEIOBATENLHOCTH ATAIOB OLEHKH >KHBYYECTH
CTPOHTENBHBIX METAJUIOKOHCTPYKIWHA Ha ocHOBe crparerun DMAIC (define, measure, analyze, improve, control):
OIIpeNeNICHNs], U3MEPEHHs, aHAIN3a, COBEPIICHCTBOBAHMS W KOHTPOJSI Mep NEPBUYHON M BTOPHYHOM 3aIUUTHI OT
Koppo3uu. PesyabTarshl. J[okazaHo, 4TO OOeclieyeHHe Mep 3allUTHl OT KOPPO3HH 110 KPUTEPUIO KOPPO3HOHHOM
OIIaCHOCTH II03BOJISIET oOecrieynBaTh TPEOOBaHUS HAlIEKHOCTH CTPOMTEIBHBIX METaUVIOKOHCTPYKLHMH Ha OCHOBE
PACUeTHBIX IMOJOXKEHUH METO/a NMpEeleNbHBIX COCTOSHUI. A Taloke pelarh 3aJadd [0 YIPaBIEHHIO TEXHOJIOTH-
Y4eCKOil 0€30I1aCHOCTBIO B TEUEHHE YCTAHOBIEHHOI'O CPOKa CIIyKOBI CTPOUTENBHBIX 00bekTOB. HayuHasi HOBH3HA.
Pa3paboranHasi crparteruss oOCITy)KMBaHHS IPOMBIIUIEHHBIX OOBEKTOB MO (PaKTUUYECKOMY COCTOSHHIO BKIIIOYAET
MIPOLIECCHBIN MOAXO K YIPABJICHUIO PECYpPCaMH ITyTEM ITOCTPOCHUs CUCTEMbI ydeTa U (pyHKIMOHAILHOTO KOHTPOJI-
JIMHTa, aHaJli3a PUCKOB M PEryJMPOBAHHS TEXHOJOIMYEeCKOW 0e30MacHOCTH MPOU3BOJCTBEHHBIX (DOHIOB MPEIINpPH-
aTuid. Peanmusannsi NpUHIMIIOB NPOLIECCHOTO MOJXO0Ja K YIIPABJICHHIO TEXHOJOIMYeCKoH 0e30I1acHOCTBIO HA 00b-
€KTHOM YPOBHE HalpasjieHa Ha COBEPILIEHCTBOBAHUE CPEJICTB M METOAOB IIPOTHBOKOPPO3MOHHOMN 3aIUTHI, TPOJIJIe-
HHE pecypca ¢ y4eToM IoKa3aTenell xuBydectd (Y ,1 ) U 000CHOBaHHME Mep IPOrpaMMbl 0OECTICUSHUs HAIeXKHO-

ctu (ITOH). IlpakTHyeckas 3HAYUMOCTb. Ha OCHOBE MPOIECCHOTO MOAXOJa K YHPABICHUIO KadeCTBOM
1 HaJeKHOCTHIO, 0000IIEHNI HATYPHBIX W YNCIIEHHBIX MCCIIEIOBAHNH, HAIIPABICHHBIX HA 000CHOBaHHWE KOHCTPYK-
THUBHBIX PELICHUN NIEPBUYHON M BTOPUYHOM 3aILUTHI METAJUIOKOHCTPYKLUI IIPU 3alaHHOM YPOBHE KOPPO3HOHHOU
OMACHOCTH METaJUIOKOHCTPYKIMH, pa3paboranbl opranuzanuionHbie Mepbl [IOH. OHM BKJIFOYAIOT OLICHKY HHTE-
TPAJIbHBIX XapaKTEPUCTUK KOHCTPYKTHUBHOM IPHUCIIOCOOJIEHHOCTH, TEXHOJOTMYECKOW PAalMOHAJIBLHOCTH M PHCK-
aHaJIM3 NPU3HAKOB KOPPO3HOHHOM OITACHOCTH OOBEKTOB.

Kniouegvie cnosa: Metauinyeckiue KOHCTPYKIMH; )KUBYUYECTh; MPOLECCHBIH MMOIX0/1; 00ecIieueHne HaJIeKHOCTH;
PYZHBIH NIEPErPyKaTeIlb; ypOBEHb KOPPO3UOHHOM OIIACHOCTU
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HETPAULIMHI BUJA TPAHCITOPTY. MAILIMHUA TA MEXAHI3MH

BBenenue

3HaYNTETHHBIN MepUoa HCTIOJIb30BaHUS
B CJIOKHBIX YCIIOBUSIX ()YHKIIMOHUPOBAHUS ITHKIIU-
YeCKH HArpy>KEHHBIX METAITMYEeCKUX KOHCTPYK-
AN TEXHOJIOTHYECKOTO 000pyAOBaHUSI, 00ECIICTH-
BAaIOIIETO IPOM3BOJCTBEHHBIN MpoIlecc Mpeanpu-
ATAH TOPHO-METAJLUTYPIHYECKOW TMPOMBIILIEHHO-
CTH, TpeOyeT pemeHus 3a1a4u MPOJICHUSI CPOKOB
JKCIUTyaTanuy  (TPEBHIIAONINX HOPMATHUBHBIC)
C YyYEeTOM YpOBHSI KOPPO3MOHHOW ONAcHOCTH
u oOecriedeHus TpeOOBaHWN TMEPBUYHON W BTO-
PUYHOM 3aIIUTHI OT Koppo3uu [3].

OrneHka KayecTBa M HAJACKHOCTH METaNIOKOH-
CTPYKIMH W WX 3aIIUTHBIX TOKPBITUN SBISETCS
BaXHBIM aCMEKTOM TPOJIEHHS pecypca 0OBEeKTOB
OCHOBHBIX (POHIOB, POPMHUPOBAHUS PALMOHATIBHO-
TO0 WHHOBAI[MOHHOTO Pa3BUTHUS MPOHU3BOJICTBA HO-
BBIX MaTEpHaJOB M MUCIOJIB30BAHUS pecypcocOepe-
raloIluX TEXHOJOTHH, KOTOpble OO0EeCIeYnBaOT
CHIDKEHHE YpOBHS KOPPO3MOHHOM ONAcHOCTH
U JOITOBPEMEHHYIO 3aIlUTy OT BO3JCHCTBUS KOp-
PO3MOHHO-aIPECCUBHBIX CPE]I.

Hean

UccnenoBanns HampaBieHbl Ha oOecredeHue
KadecTBa M HAJEKHOCTH Mep NEepBUYHONW W BTO-
PUYHON 3aIUTHl METAJUIOKOHCTPYKLMM IO IpH-
3HaKaM KOPPO3HOHHOU OMAaCHOCTH METAJLTIOKOHCT-
PYKIUI MPOU3BOJCTBEHHBIX MOIIHOCTEH MPOU3-
BOJICTBEHHBIX TPEATPUITHIMA.

Hcnonp3oBanue  mponeaypbl  000CHOBaHUS
nporpammsbl obecnieuenus HapexuocT (IIOH) s
MPOJJICHUs] pecypca KOHCTPYKIUN 3AaHUN U CO-
OpYKCHHUH BKJIIOYAET OILCHKY HMHTETPaJbHBIX Xa-
PaKTEPUCTHUK KOHCTPYKTHUBHOW IPHCIIOCOOIICHHO-
CTH, TEXHOJOTHYECKOH palMOHAIFHOCTH W PHUCK-
aHaJIM3 TPU3HAKOB KOPPO3MOHHOM OINACHOCTH
CTPOUTENBHBIX 00beKTOB [10].

Peanmzanmst 3amay TeXHUYECKOH NUArHOCTHKHU
kopposuonHoro paspyurenust (TJKP) u oGocHo-
BaHUE PACUYCTHBIX CUTYaIUH 1O MIPU3HAKAM KOpPPO-
3MOHHOW OmacHOCTH obecrneunBaeT (HopMUpoOBa-
HUE HKCIUTYaTallMOHHBIX XapaKTEPUCTHK IS BBI-
SIBJIEHUSI OCTaTOYHOTO pPecypca CHUCTEM MPOTHBO-
koppo3uonHoi 3amwmtel (CIIK3) koHcTpykumit
u pazpaborky mMep [IOH mpoMBITUIEHHBIX OOBEK-
TOB.

MeTtoanka

Koppo3uoHHoe paspyllleHHe LIUKIMYECKH Ha-
TPYKEHHBIX CTaJIbHBIX KOHCTPYKLHMH ONpeaessier-
Csl BHEIIHNUMH BO3ACHUCTBUSAMHU PEXHMa JKCILTya-
Talliil W 3aBHCUT B TIEPBYIO OYEpENb OT CTEIEeHU
arpecCUBHOCTH Cpensl [3, 5, 14].

JocraTounas >XKMBy4YecTh IOJDKHA oOecredu-
BaThCS 10 OTHOIIEHHIO K JIOKAIBHBIM pa3pyIlIeHn-
M W TPEAyCMOTPEHHBIM HOpMaMH aBapUitHBIM
cuTyanusM (HempegHaMepEeHHBIM BO3ACHCTBHSM).
HeobOxoanMo mpeaycmarpuBaTh Mephl obecrieue-
HUS KUBYYECTH B aBapUHHBIX CHTYaIUsIX, KOTO-
pble TOJDKHBI OBITH OTOBOPEHBI B TMPOEKTHOM
W DKCIUTyaTallHOHHOW JOKYMEHTAaIlMH OOBEeKTa.
3amaga obecIiedeHHs KUBYIECTH IO YPOBHIO KOp-
PO3HOHHOW OIACHOCTH COCTOMT B OIpEAeIeHUN
(DUKTUBHBIX HATPY30K, JOTIOIHHUTEIBHBIX TMepeMe-
IIEHWH W YCWIIHH, BBI3BIBAEMBIX 3THMH Harpys3ka-
MU, A7 0OOOCHOBAHHS PAacUETHBIX CHUTyalUil Mpu
HAJIMYMU TPU3HAKOB KOPPO3UOHHBIX IMOPAKECHUH
U noBpexaeHui [6, 15].

Jl1st OlIeHKW pa3pylIeHUu U W3MECHEHHMH (U3H-
KO-MEXaHHUYECKUX CBONCTB MaTepHaOB MpU BO3-
NIEHCTBUH JIOKAJBHBIX W TIPOTPECCHUPYIONINX pPa3-
pymeHui GOpMyIHpPYyeTCs KOHIENIHS KOHCTPYK-
THBHOM 0€30MaCHOCTH COOPYKEHHH C Y4EeTOM CH-
JIOBBIX M KOPPO3HOHHBIX BO3JEHCTBHH, KOJIH-
YECTBEHHOH OIIEHKH XapaKTEPUCTHKH KUBYUYECTH
[9, 11].

Pazpaborannas nporpamma padoOT IO IKCHEPT-
HOMY OOCIJIEJOBaHHIO CTaBWJIA IIEJbI0 BBHISBICHUE
MIPUYUH aBapUHHOTO pa3pyUICHUS METALTHIECKUX
KOHCTPYKIMI pyaHO-TrpelipepHOro meperpyxare-
75, OOCIY>KUBAIOIIETO CKIAJA CHIMyYHX MaTepua-
JOB  arno¢abpruKi METALTyprUdecKoro 3aBoja
(puc. 1) cormacHo TpeOOBaHUSAM HOpPM, HAYYHO-
METOoANYecKoe OOOCHOBaHHWE M pa3paboTKa Mep
obecrieueHusT TEXHOJIOTHUYSCKOH Oe30macHoCTH [6].
[IpoBepounslii pacueT HeCymeld CIoCOOHOCTH
KOHCTPYKIIMM BBINOJMHSJICS Ha OCHOBE 3aJlaHus
KPUTEPUEB TPEICIbHBIX COCTOSHUHN 10 pe3yibTa-
TaM OIEHKH (PAKTHYECKOTO COCTOSHUS C TIOMOIIBIO
ko duienTa oOpaTHOH CBSA3M peKUMA IKCILTya-
Talui KOHCTPYKIHH () HA OCHOBAaHHH 3aBHCHUMO-
cTeil:

N=o/(I -vy),

V. =l-v
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rae N — Haubombliee pacueTHOE yCUIIHE B KOHCT-
PYKTHBHOM 3jeMeHTe, kH; @ — mpenensHoe ycu-
nue, kH, xKoTopoe MOXET BOCHPHUHATH 3JIEMEHT
C XapaKTEPUCTUKOW MOBpekaaeMocTd @, ; I' —

OTHOLICHHE pe3epBa HAJIEKHOCTH; Y, — KOdDhu-

LIUEHT TEXHOJIOTHYECKOMN 0€30ITaCHOCTH.

Puc. 1. O6umit Bu paspyiieHus KpaHa
Fig. 1 General view of the crane destruction

Ucnonb3oBanue koddduuuenta o0paTHOH CBSI-
3W peKuMa dKCIuTyaTaruu (\y ) odecrmednBaeT pea-

JM3aLMI0 aHAJIUTUYECKOr0 OJX0/1a K YIPaBJICHHIO
TEXHOJIOTHYECKOH 0e30macHoCThi0, (OpMHUPOBa-
HHUIO IpOrpaMM OOecTIeYeHUs] Halle)KHOCTH Ha Oc-
HOBE peIICHMs 3a7jad aHaIn3a BO3MOXKHBIX IIPU-
YHH, TOCIEACTBUNA OTKa30B (FMEA) U OLEHKH
KpUTUYHOCTH 0TKa30B (FMECA). Ilpu stoMm kpu-
TEpUH TEXHOJOTHMYECKOH Oe30MacHOCTH KOHCT-
PYKUHUI J%, MOXXHO paccMaTpuBaTh KakK IPOILYCK-
HYIO CLIOCOOHOCTD peryiIupoBaHus pecypea (1 ):

nzl/y'_,

Ilpu HakomieHHH Me()EKTOB W IOBPEKICHUIN
©; k0dduumenT oOpaTHOM CBA3M (Y ) XapaKTe-

pU3yeT CHW)KCHUE 3KCILTyaTallMOHHBIX IOKa3aTe-
JIEH CTANbHBIX KOHCTPYKIUH MPH yCTaHOBIEHHOM
MIPOEKTHOM 3HAYEHWHU OTHOIICHHUS pe3epBa HaIeK-
HoctH (I'). Bo3mymiaromue BO3ACHCTBUS HETATHUB-
HBIX HAarpy30K W BO3ACUCTBUI BBI3BIBAIOT IMOSIBIIC-
HUE TPU3HAKOB TNPEICNBHBIX COCTOSHUH KOHCT-
pykuuii. IIpomyckHas CIOCOOHOCTH pPEryJIHpOBa-
HUSL ~ pecypca  XapakTepu3yeT  JIOIyCTHMOe
W3MEHEHHEe MPOEKTHOTO 3HAYEHUsSI OTHOIIEHUS pe-
3epBa HaaexxHocTH (I') mms obecnedenus: paboTo-
CIIOCOOHOTO COCTOSIHUSI 32 CYET KOHCTPYKTHBHO-
TEXHOJIOTHYECKUX OTPAHWYCHHH M BOCCTAHOBIIE-
HUS TTOCJIEPEMOHTHON HECYIIel CITOCOOHOCTH.
KoneuHo-371eMEHTHOE MOZETUPOBAaHUE Harmps-
JKEHHO-Ie()OPMUPOBAHHOTO COCTOSIHUSI CTAIBHBIX
KOHCTPYKIIMI ISl OLEHKH TOKa3aTellell pecypca

(y, M) BBINOJHEHO C UCIOJB30BaHUEM HHTEIPH-

poBanHOrO pacuetHoro kKomiuiekca «IIK JIMPA-
CAIIP 2013» [1].

CucremaTH3anysi TPH3HAKOB JKCIUTyaTallMOH-
HOT'O COCTOSIHHSI KOHCTPYKIIMH BBITIOJNHSIETCS C HC-
MOJIb30BaHUEM KJIACCU(UKAIIMOHHBIX MPU3HAKOB
nokasaresneit 6a3bl 1aHHbBIX «Pecypcy B 3aBHCHUMO-
CTH OT YpPOBHS YSI3BUMOCTH M YTPO3, KaTeropui
OTBETCTBEHHOCTH IO TEXHOJOrHMYecKoi Oe3ormac-
HOCTH 3J]aHHUI U COOpYy>KeHuit (Tabm. 1).

Tabnuna 1

KaTeropun oTBeTCTBEHHOCTH COOPY KEeHHIT
10 TEXHOJIOTHYeCKOoi 6e30MacHOCTH

Table 1

Structures responsibility categories by
technological security
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Pe3yabTathl

Pe3ynbpTraThl 4YMCIEHHBIX HCCIEIOBAaHUHA CO-
CTOSIHUSI HECYUIMX KOHCTPYKIMH pPYyIHOTO Iepe-
rpyxarens (puc. 2) OCHOBBIBAJIUCh Ha METOIMKE
pacuera, ¢ yaeToM crienn(puku pacdera KOHCTPYK-
LM MOCTOBBIX MEPETPYKATEIEH, 3aKIIIOYArOIIEHCS
B XapakTepe pa0OoThl MOCTOBBIX TeperpyKarerneu.
Jns Takoro Tuma KOHCTPYKIMH OCHOBHBIM IOKa-
3areeM SBIISETCS He TPy30MOJBEMHOCTh, a IPO-
W3BOJIUTEIBHOCTD, UTO BBI3BIBAET: BHICOKHE CKOPO-
CTH TIOIbEMA TPy3a W TEPENBIKEHHS TEIICHKKH;
JIBUKEHHEM MOCTa TOJB3YIOTCS KaK yCTaHOBOY-
HbIM [2]. PacueTHas cxema npuBeqeHa Ha puc. 2:

— MocT ¢ [I-0o0pa3HBIM cedyeHHneM B pemieTda-
TOM WCIIOJIHEHUH BKIIIOYA€T JBE BEPTHKAIHHBIC
rJIaBHbIC (DepMBbI, B IJIOCKOCTH BEPXHHUX IIOSCOB
COETMHEHBI CBS3IMH BIOJIbh BCETO MOCTA;

— Ipy30Basi TEJNEXKKa MEepPEeMEeIaeTcs 10 Pellb-
COBOMY IIyTH, PAcCIIOJIOKECHHOMY IO €3/I0BBIM Oall-
KaM;

— Tepeaaya Harpy3Kd OT TENIeKKH W IOJTENe-
KEYHOTO TTyTH Ha TJIaBHBIE (PepMBI MOCTa, a TaKXKe
JUISL IPUJAHUSL CEUCHHUIO MOCTa KECTKOM Heu3Mme-
HsieMOW ()OpPMBI BEITIONHEHBI IOTIEPEYHEBIE PaMbl,
uMeromme (GopMy TOpTana M BBITOJHSIONINE CBS-
3eBble (PYHKIIMHU B TIONIEPEYHOM HAlpaBJICHUU.

XapakTep COEAMHEHHUS OIOp C MOCTOM B Bep-
TUKaJbHOW U B TOPU3OHTAIBHOM IUIOCKOCTH —

fe=d
EEE

[IApHUPHOE COeAMHEHHE (C BO3MOXKHOCTHIO KOCO
yCTaHaBIUBATh MOCT).

B BepTuKanbHON MIOCKOCTH OJIHA OMOpa MpH-
coemuHseTcs K MOCTY IIapHUPHO (IIapHUpHAs
omopa), a Jnpyras — JKEeCTKO (JKeCTKas Oropa).
B BeprukanbHON MIOCKOCTH IIAPHHUPHAs OMopa
npucoenuHseTcst Kk Mocty. [lpu pacuere depm y3-
JIBI IPETIONAraloTCs IMAPHUPHBIMH.

B kadecTBe pacueTHBIX XapaKTEPUCTHK MaTe-
pUAIOB TPUHUMAINCh MHHUMAJIBHBIC 3HAYCHUS,
MIPUHATHIE ISl COOTBETCTBYIOIIETO BPEMEHU BO3-
BEJICHUSI COOPYXKEHHUSA, a TaKKe Ha OCHOBAHHUH
M3YYEHHUS! COCTOSIHUSI KOHCTPYKIIMM U peKoMeHaa-
UUNA HOPMATUBHOMU JTUTEPATYPHIL.

PacueTHbIMM Harpy3kaMu KOHCTPYKIIUH MOC-
TOBOTO TEperpyskarTenis SBJSIOTCS CleIyIoIue:
COOCTBEHHBIN BEC DJIEMEHTOB; CHJAa TSKECTH Te-
JIEXKKU | Tpy3a (BKitouas rpeidep). Harpy3ku mis
METaJUIMYECKUX KOHCTPYKIMHA MOCTOBBIX IIepe-
rpyXareneld U ux KOMOWHAIIMK TPUHSATHI B COOT-
BETCTBUM C MeToaukou [4, §8]. Ycunusa B 31eMeH-
Tax OMNPEAeNsUINCh METOIAOM IPOCTPAHCTBEHHBIX
KOHEYHBIX 3JIEMEHTOB C HCHOJH30BAHHUEM BBIYHC-
nutenbHoro komiekca «IIK JINPA-CAIIP 2013»
[16]. Pe3ynpTaThl YMCICHHBIX HMCCICAOBAHWMA Ha-
MPSDKEHHO-AC(OPMHUPOBAHHOTO COCTOSTHUSI HECY-
IIMX KOHCTPYKIMU TIEperpysKaTeis MPUBEICHBI Ha
puc. 3, 4.

e § a W - 2 4 b

P wpe1i3

Puc. 2. Vicxoanas u neopMupOBaHHAs CXeMa MOCTa KpaHa

Fig. 2. The initial and deformed scheme of the crane bridge
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Fig. 3. Efforts of N in rod stocks of the deformed loading-crane scheme
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Puc. 4. Mo3anka nepeMeIieHuii y3I0B KOHCTPYKIAA 10 Z

Fig. 4 Movements mosaic of structural components on Z

Ha ocHoBaHMM AaHHBIX KCHEPTHOro 00cCiIEnO-
BaHUS, AMArHOCTUKM TEXHUYECKOTO COCTOSHUS
nocie oOpyleHns: KOHCTPYKIMK KpaHa, N3y4eHHs
OIbITA JKCIUTyaTallud U TEXHUUYECKOIo OOCIIyKu-
BaHus [7, 9] yCTaHOBIIEHO, YTO MPUINHAMH OTKa3a
MOCITYKHJIO:

1. Hanmuuue ycTanoCcTHBIX SIBICHUH B MaTepua-
Jie OCHOBHBIX HECYIIUX METaJJIOKOHCTPYKIHH IpU
JKCIUTyaTallud KpaHa CBEPX HOPMATHUBHOIO CpPOKa

(TIpeBHITIAIOIIETO B HECKOJBKO pa3) B pe3yJIbTare
BO3JCMCTBUM JUHAMHYECKHUX 3HAKOIEPEMEHHBIX
HArpy3o0K, B MEPHOJ] TEXHOJOTHMYECKUX Omeparuit
MOTPY309HO-Pa3rPy309HBIX PabOT CKIaINPOBaHUS,
NnepeMelICHrd U YyCPCAHCHHA IHUXTbI, U3BMCHCHUSA
TEOMETPUYECKUX XaPaKTCPUCTUK 3JICMEHTOB NpHU
KOPPO3MOHHBIX BO3JIEHCTBUSIX.

2. HepaboTocmoco0HOE COCTOSHUS 3JIEMEHTOB
OTPaHUYHTENS MEepPEeKoca KpaHa B TMEPHOJ MPOBe-
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JICHHUS. MEpOIPHUATHI 10 YCTPaHEHHUIO IIepeKoca
MOCTa KpaHa M HEMpOEKTHOE TEXHUYECKOEe pellie-
HHUE DJIEKTPOMEXaHMYECKOH CcXeMbl paboThl Orpa-
HUYUTEJIEH Nepekoca KpaHa, OTCYTCTBUE OTPaHU-
YHUTENs NepeKoca Ha THOKOH orope.

3. Huskoe kadecTBO TEXHHUYECKOTO OOCTYKH-
BaHMSI ¥ KOHTPOJIS 38 COAEPKaHUEM U 0e30IacHOM
3KCIUTyaTalue.

Hayunas HOBM3HA M MpaKTHYecKas
3HAYHMOCTh

PazpaGorannass  cTpaTteruss  0oOCIyXKHBaHUS
MPOMBIIUIEHHBIX O0BEKTOB 1O (HaKTHUECKOMY CO-
CTOSIHUIO BKJIFOYAET MPOLECCHBIN MOAX0A K yIpaB-

JIEHWIO pecypcaMy IIyTEM ITOCTPOEHUS CHUCTEMBI
y4eTa ¥ (GyHKIMOHAIEHOTO KOHTPOJUTMHTA, aHAJH-
32 PHUCKOB M pPETyJIUPOBAaHUS TEXHOJIOTHYECKOH
0€30IacHOCTH TPOU3BOJICTBEHHBIX (DOHIIOB TIpe-
MPUATHA C Y4E€TOM YPOBHSI KOPPO3UOHHOM orfac-
HocTH (puc. 5). Peanusarus npoueccHOro noaxoaa
K YNPaBJICHUIO TEXHOIOTUYECKONH O0e30MacHOCTHIO
Ha OOBEKTHOM ypOBHE HallpaBlieHa Ha COBEPIIECH-
ctBoBanne CII3K, mpozanenue pecypca ¢ ydeTom
mokasaresniell >kuBydecTd (\ ,1) U OOOCHOBAaHHE

mep I1IOH [11, 12].

Ompenenenne PakTopoB H MAPaMETPOB PEKUMA HKCIUTYATaIH 00beKTa

v

PacuetHas OICHKA IPU3HAROB MPCACTIBHBIX COCTOTHHH

v

OlIgHKa YPOBHS YS3BHMOCTH KOHCTPYKIHIL 3/[AHHIT H COOPYHKEHITH

v

AHTH3 ONACHOCTH H BHIOOP PACUETHBIX (ABAPHIHBIX) CHTYALIMH 1

3a[aHHOTO Pecypea

v

VeTaHORTEHHE YPOBHS YIPo3

v

OnpeieneHue MPOMyCKHOH CIOCOOHOCTH PETY.IHPOBAHHS PECYPCa KOHCTDYKIHI
(ko puiueHTa 0OpaTHOM CBA3H) TS OLCHKH PHCKA

v

OmpeneneHue MepONpPHATHIL, Gopmuposanue Mep [IOH 1o mpexynpekIeHIO aBapHHHbIX
CHIDKAIOTIHX YPOBEHB PHCKA CHTYATHi
f )
HET —— JlotycTim 1 puck?

v

JA »

OKOHYaHHE aHATTH3A YPOBHS PHCKA

Puc.5. Cxema ynpaBieHus] ypOBHEM pHUCKa

Fig. 5. Management scheme of risk level
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C yuetoMm (akTOpOB  HEOMPEICICHHOCTH
W pHUCKa, TPU3HAKOB KOPPO3UOHHOHM OIACHOCTH
MPOMBIIIUICHHBIX OOBEKTOB TMPUHATHE PEIICHUH
JUI TIOJUICpKaHMs TMoKas3aTeneld KadyecTBa M Ha-
JIEKHOCTH TIPOU3BOJMTCS B 3aBHCUMOCTH OT YPOB-
HSl PUCKOB TI0 TEXHOJIOTUYECKOH 0€30I1aCHOCTH.

I'pynmbel  peMOHTONPUTOMAHOCTH KOHCTPYKIIHIA
(Tabm. 2) ompenensoT BO3MOKHOCTb M CPOKH BOC-
CTaHOBJICHHS TEXHUYECKOTO pecypca B 3aBUCHMO-
CTH OT pekuMa (yHKIIHOHUPOBAHUS 00BEKTA.

Tabnuma 2

YpoBeHb yA3BUMOCTH KOHCTPYKIMIi

Table 2
Level of structure sensitivity
Kareropus ne- I'pynma peMOHTOIPUTOJHOCTH
(hexra nnm no-
BPEKICHUS 1 II I v
A 6-8 - - -
b - 3-5 - -
B - - 1-2
(0]
- - - 0
(HE BBISBIICHBI)

Kareropust nedexra mim MOBpeXAECHUS OIpe-
nmensercss mo Tadm. 13 [6]. YpoBeHb YSI3BUMOCTH
oleHMBaeTcs B Oaniax B 3aBUCHMOCTH OT KaTero-
pun gedekra W TPYNIBl PEMOHTOIPHUTOIHOCTH
KOHCTpyKIuit: HyneBor (O) — 0 6amuioB; HU3KHIA
(H) — ot 1 no 2 6amnos; cpennnii (C) — ot 3 10 5
0asutoB; Beicokuii (B) — ot 6 mo 8 Gamos.

['pynima peMOHTONPUTOMHOCTH ONPEEIIeT BU
KOHTPOJISI U CPOKH TPOBEIACHHUS pabOT MO IMOBHI-
HIEHUIO pabOTOCTIOCOOHOCTH CTaJbHBIX KOHCTPYK-
LU

VYrpaBiaeHHs TEXHOJOTHYECKON  Oe3omacHo-
CTBIO BBITIOJIHACTCA Ha OCHOBE IIOKA3aTciid KUBY-
yectH (1) KOHCTpYKImiA. TexHn4eckoe 00CITyXu-

BaHHWE TO (PaKTHYECKOMY COCTOSIHUIO M BOCCTa-
HOBJICHHE pPabOTOCIIOCOOHOTO COCTOSTHUSI KOHCT-
PYKUMI TPOM3BOAMTCS HA OCHOBE pPAaCUETHOM
OLIeHKH KO3 uureHTa oopaTHoit cBszu (Y ).

BriBoabI

[IpoexTrpoBane Mep 3alUTHl OT KOPPO3HUH I10
KPHUTEPHIO KOPPO3MOHHOH OIMACHOCTH MO3BOJISET
obecrieunBaTh TpeOOBaHUSI HAEKHOCTH CTPOU-

TEThHBIX METAIIOKOHCTPYKIIMH Ha OCHOBE pac-
YETHBIX MOJIOKEHHI METOJa TPENENbHBIX COCTOS-
HUM W pemaTh 3afaddl Mo YNPaBJICHUIO TEXHOJO-
THYECKOW O€30TacCHOCTHI0 B TEUEHHE yCTaHOBIICH-
HOTO CPOKa CITy>KOBI CTPOUTEITEHBIX 00BEKTOB:

— BBISIBIISITH OTKIIOHEHHSI OT TpeOOBaHHH JIeH-
CTBYIOIIUX HOPMATHUBHBIX JIOKYMEHTOB IO 3aIUATE
KOHCTPYKITUH OT KOPPO3UH;

— OIIGHUBATh COOTBETCTBUE MMOKa3aTeiel Kaue-
CTBa,  KOHCTPYKTHBHOW  NPHCIIOCOOIEHHOCTH
1 TEXHOJIOTHYECKOH paIMOHATBHOCTH IMPOSKTHBIX
peuIeHuii TPOTUBOKOPPO3HMOHHOM 3alUThI 33J1aH-
HOMY YPOBHIO KOPPO3MOHHON OMAacHOCTH;

— OmpeneNnaTh TpeOOBaHUsS K BEIOOPY Marepua-
JIOB ¥ CHCTEM 3allUTHBIX MOKPBITHI METaJUIOKOH-
CTPYKIMH COTJIacHO KJaCCU(UKAIIMOHHBIM TIPH-
snakam JICTY b B.2.6-193 (npunoxenus K, JI);

— pa3pabaThIBaTh MPEIIOKEHUS 10 HCIIONB30-
BaHHUIO MPOCKTHBIX PEIIEHUH MPOTHBOKOPPO3UOH-
HOU 3alUTHI MO pe3yibTaTaM SKCIEPTH3bl HOBBIX
MaTepUaIOB U TEXHOJOTHHA MO YCIIOBUSAM OIEHKH
COOTBETCTBHsI TpeOOBaHMSIM O€30macHOCTH, Ha-
JIEKHOCTH U 3()()EKTUBHOCTH.
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OIITHKA )KUBYUYOCTI METAJTOKOHCTPYKIIIN )
ITPU MOJAEJIIOBAHHI ®AKTOPIB EKCIIJIYATAILII

Mera. JlocmikeHHs CIIpSMOBaHI Ha IMiJBUIIEHHS SKOCTI 1 HAAIHOCTI 3aX0/(iB IEPBUHHOTO T4 BTOPUHHOTO 3a-
XHCTy METAJIOKOHCTPYKIIiH BUPOOHWYHX IMiIIPHUEMCTB, Ui MPOJOBXKEHHS TEPMiHIB eKCIUTyaTalii IIUKIIYHO HaBaH-
Ta)XEHUX KOHCTPYKLIN BUpPOOHMYOro oOJIaJIHAHHS 3 ypaxyBaHHSAM pIBHs KOpo3iiiHoi HeOe3nexku. Meroamka. 3a-
MIPOIIOHOBAHO BUKOPUCTAHHS HMPUHLMITB MPOLECHOTO MiAXO0/y JUIsl IIOCTAHOBKY Ta pealtizallii 3aBAaHb yIpaBiIiHHS
eKCIUTyaTalliiHuM TEPMIHOM CIIy’)KOM B KOPO3IMHHX cepemoBHInax. [IpuHIMNM 3a0e3MeucHHs HaIiHOCTI PiBHS
KOpO3iiiHOi HeOe3NeKH BKJIIOYAIOTh OOTPYHTYBAaHHS IOCIHIZOBHOCTI €TalliB OLIHKU XHBYYOCTI OyIiBENBHHX Me-
TAJIOKOHCTPYKWIH Ha ocHoOBi crparerii DMAIC (define, measure, analyze, improve, control): BU3Ha4YeHHS,
BUMIpIOBaHHS, aHali3y, BAOCKOHAJIEHHS Ta KOHTPOJIO 3aXOJIB NMEPBHHHOIO T4 BTOPUHHOTO 3aXMCTy BiJ KOpPO3ii.
PesyastaTn. JloBeneHo, mo 3a0e3medeHHs] 3aXOJiB 3aXUCTY BiI KOpO3il 3a KpUTepieM KOpo3iitHOI HeOe3meKu
03BOJIsie  3a0e3medyBaTd BHMOTH HATIMHOCTI OyIiBEeNbHMX METAJIOKOHCTPYKIIIH Ha OCHOBI pPO3PaxyHKOBHX
MOJIOKEHh METOAY TPaHUYHUX CTaHIB. A TaKOX BHPIIIYBATH 3aBJaHHS 3 YIPABIIHHSA TEXHOJOTIYHOIO OE3MEKOI0
MPOTSTOM BCTAHOBIIEHOTO TEepMiHy ciyx6u OyniBenpHHX 00’ekTiB. HaykoBa HoBHM3HA. Po3pobiena crpareris
00CITyTOBYBaHHS MPOMHUCIOBHUX OO0’€KTiB MO (PaKTUYHOMY CTaHy BKIIIOYA€ MPOIECHUH MiAXiA 10 YIpaBIiHHS
pecypcaMu MUIIXOM NOOYI0BH CHCTEMH OOJIKY 1 QYHKIIIOHAIBHOTO KOHTPOJIIHTY, aHaJi3y PU3UKIB Ta PerytoBaHHs;
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TEXHOJIOTIYHOT Oe3nekn BHPOOHWYHMX (OHIIB MiANPHEMCTB. Peamizamiss NPUHIMIIB MPOIECHOTO MiAXOAY IO
YIOPaBIiHHSA TEXHOJOTIYHOIO 0€3MeKol0 Ha 00’€KTHOMY piBHI CIPSMOBaHAa Ha BIOCKOHAJECHHS 3ac00iB 1 METOZIB
NPOTUKOPO3IHHOTO 3axMCTy, NPOJOBXKEHHS pecypcy 3 ypaxyBaHHAM IOKa3HHKIB JKHUBy4ocTi (W ,M) Ta

OOrpyHTYBaHHsS 3axoiiB mporpamu 3adesmeucHHs HamiiiHocti ([I3H). Ilpaktmyna 3HaummicTb. Ha ocHOBI
MPOLIECHOTO MMiAXOAY /IO YIPAaBIiHHS SIKICTIO Ta HAAIWHICTIO, y3araJbHEHb HATYPHUX 1 YHCENBHHX JIOCHIIPKCHb,
CHpSIMOBaHMX Ha OOIPYHTYBaHHS KOHCTPYKTHBHUX pIIIEHb II€PBUHHOTO Ta BTOPMHHOTO  3aXUCTy
METAJIOKOHCTPYKIIA TPH 33aaHOMY PiBHI KOpO3iHHOI HeOe3NeKH METAIOKOHCTPYKIH, po3pobieHi opraHizamiiHi
3axogu II3H. BoHm BKIIOYAIOTH OIIHKY IHTETPANBHUX XapaKTEPUCTHK KOHCTPYKTUBHOI IIPHUCTOCOBAHOCTI,
TEXHOJIOTIYHOT PaIlioHAILHOCTI Ta PU3UK-aHaJi3 03HAK KOPO3iiHOI Hebe3mekn 00’ €KTiB.

Kniouosi cnosa: meraneBi KOHCTPYKIIl; JKUBYUICTh;, MPOIECHUHN MiAXid;, 3a0e3nmeueHHs HAMIHHOCTI; pyIHUHA
MepeBaHTaXyBay; piBeHb KOPO3iiHOI Hebe3mekn
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METAL STRUCTURES SURVIVABILITY ASSESSMENT
WHEN SIMULATING SERVICE CONDITIONS

Purpose. The research is aimed at improving the quality and reliability of measures of primary and secondary
protection of metal structures at manufacturing companies, to prolong the service life of cyclically loaded structures
of production facilities taking into account the corrosion level of danger. Methodology. Authors proposed to use the
principles of process approach for statement and realization of management problems of operational service life in
corrosion environments. The principles of ensuring reliability on the level of corrosion danger include justification
of stages sequence for survivability assessment of a structural metalwork based on the strategy of DMAIC (define,
measure, analyze, improve, control): definitions, measurements, analysis, improvement and monitoring of measures
of primary and secondary corrosion protection. Findings. Providing control measures from corrosion according to
the criterion of corrosion danger allows providing requirements of reliability of structural metalwork based on calcu-
lated provisions of the limiting conditions method and solving the problems of management in technological safety
during the expected service life of structural objects. Originality. The developed strategy of maintenance of the in-
dustrial facilities on an actual state includes the process approach to resource management by creation of system for
the account and the functional controlling, risk analysis and regulation of technological safety in production facili-
ties of the enterprises. Realization of the principles of process approach to management of technological safety at the
object level is directed to perfecting of tools and methods of anticorrosive protection, extension of a resource taking
into account indexes of survivability (\ , 1) and justification of program measures to ensure the reliability of enter-

prises(PER). Practical value. On the basis of process approach to quality and reliability management, generaliza-
tions of the natural and numerical researches directed to justification of design solutions of primary and secondary
protection of a metalwork at the given level of corrosion danger of a metalwork the organizational measures of PER
including assessment of integral characteristics of constructional suitability, technological rationality and risk analy-
sis of signs corrosion danger of objects are developed.

Keywords: metal structures; survivability; process approach; ensuring reliability; ore gantry; level of corrosion
danger
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APPLICATION OF APM WINMACHINE SOFTWARE FOR DESIGN
AND CALCULATIONS IN MECHANICAL ENGINEERING

Purpose. To conduct the research at all stages of design, development, operation, residual operation life deter-
mination, namely, preliminary study, action principle choice, design of draft and technical projects, their optimiza-
tion, preparation of design documentation and control information for automated production, comprehensive engi-
neering analysis, it is required to use the latest computer technologies. Their use can not only present data and in-
formation in some way, but also gives the opportunity to effectively and directly interact with the information object
that is created or demonstrated. Methodology. To perform engineering calculations associated with the analysis of
the strength of machines, mechanisms, constructions one uses both analytical and numerical methods in practice.
The most common method for analysing the stress-strain state of object models, obtaining their dynamic and stabil-
ity characteristics at constant and variable modes of external load is the finite element method, which is imple-
mented in many famous and widespread software products, providing strength calculation of models of machines,
mechanisms and structures. Findings. The use of modern software for designing machine parts and various types of
their joints and for strength analysis of structures is justified. Colour charts for distribution of stresses, displacement,
internal efforts, safety factor and others allow accurate and quick identification of the most dangerous places in the
structure. The program also provides an opportunity to «look» inside the elements and see the resulting distribution
of internal force factors. Originality. The paper considered the aspects, which are unexplored at present, associated
with the current state and prospects of development of industrial production, the use of software package for design
and calculations in the mechanical industry. The result of the work is the justification of software application for
solving problems that are aimed at using research findings for various practical tasks in specific fields of mechanical
engineering. Practical value. Compared with other software systems, popularity of the considered one is explained
by easy mastering of the system, quick implementation both in training and in production process The organiza-
tional structure, «friendly» graphical interface and accessible language make learning and use of the program very
convenient. These and other factors actually reduce the time for project implementation, emphasize the relevance
and the practical importance of the software system, which is appreciated by its users.

Keywords: modern software package; mechanical engineering; machine; mechanism; structure; engineering cal-
culation; strength

Introduction One of the most complicated and most critical in-
dustries is machine building. Its share in total indus-
trial production and the size of export of engineering
products are the indicators that most accurately de-
termine the general level of economic development.
In the modern context mechanical engineering plays

Industrial production is one of the main parts of
the national economy of any country that provides
vital interests, economic security, social and cul-
tural level of the population, determines the techni-
cal and economic potential [15, 18].
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an important role in accelerating scientific and tech- Mechanical engineering is the leading sector,
nological progress because it largely determines its  whose share by value is about 1/3 of the world in-

general directions and is the foundation of the econ-  dustrial production (Fig. 1, a) [15].
omy, plays a crucial role in creating and updating its
material and technical base.
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Fig. 1. State of development geography of:
a — mechanical engineering and metalworking of the world; b — engineering industries of Ukraine
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Inter-branch economic complex of Ukraine in-
tegrates the system if research, design and techno-
logical organizations, enterprises, whose products
have common economic purpose, production and
operational similarity. Location of enterprises of
various engineering branches depends on such fac-
tors as the level of science; availability of appro-
priate human resources, raw materials, consumer
(Fig. 1b). [18].

Purpose

Nowadays, on the days of rapid development of
computer information technology, no sector of the
national economy can do without modern software
systems to perform complex engineering calcula-
tions and to make the right decisions. To conduct
the research at all stages of design, development,
operation, residual operation life determination,
namely, preliminary study, action principle choice,
design of draft and technical projects, their optimi-
zation, preparation of design documentation and
control information for automated production,
comprehensive engineering analysis, it is required
to use the latest computer technologies. Their use
can not only present data and information in some
way, but also gives the opportunity to effectively
and directly interact with the information object
that is created or demonstrated. These and many
other problems are solved with the help of modern
information technologies that confirms the rele-
vance of their application.

Topicality. In today’s world the computer in-
formation technology is rapidly penetrating into all
spheres of activity — today the successful are only
those sectors of the national economy, only those
educational institutions or commercial companies
that own the latest computer technologies. Over the
past decade they have undergone such a global
expansion, that it is hard to imagine human life and
production activities without them.

At this stage you can easily give examples of
the use of information technologies in all areas:
from education to management. Significant pro-
gress is achieved in the field of education due to
introduction of appropriate computer technology
that can make the knowledge-gathering process
available, remote, flexible, individual [13]. That is
also true of mechanical engineering, including the
transport one (Fig. 2), as the complexity of the en-
gineering calculations and making the right deci-
sions requires increasing use of advanced computer
systems and technologies [1, 7]. Their use can not
only present data and information in some way, but
also gives the opportunity to effectively and di-
rectly interact with the information object that is
created or demonstrated. These and many other
problems are solved with the help of modern in-
formation technologies that confirms the relevance
of their application.
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b, c

Fig. 2. Multiple-unit car body:
a — calculation model; b — chart of the stress-strain state;
¢ — chart of the total linear displacement distribution; d — chart of the frequency of free oscillations

Software packages for various purposes skil-
fully use modern computer technology (mathe-
matical modelling, knowledge and data bases,
computer networks, expert systems and decision-
making systems, multimedia information technol-
ogy, information resources of the Internet) at all
stages of design, development, exploitation to de-
termine the residual operation life, namely: pre-
liminary study, action principle choice, design of
draft and technical projects, their optimization,
preparation of design documentation and control
information for automated production, comprehen-
sive engineering analysis, etc. [14, 23 — 25].

Methodology

To perform engineering calculations associated
with the analysis of the strength of machines,
mechanisms, constructions one uses both analytical
and numerical methods in practice [4, 6, 19, 22].

The most commonly used method for analysis
of stresses and deformations is Finite Element

Method (FEM) [2, 11, 17, 21]. It was first elabo-
rated in the 50 years of the twentieth century to
solve the problems of strength of materials. It is
known that the strength of materials is the science
of engineering calculation methods of machine
elements, mechanisms and structures for strength,
rigidity, stability and belongs to fundamental dis-
ciplines of general engineering training of special-
ists with higher technical education. This is the
first discipline that establishes a link between fun-
damental scientific disciplines (physics, mathemat-
ics, theoretical mechanics) and applied problems
and methods for their solution, resulting in the de-
sign of machines, building structures [8].

During the operation of machines and struc-
tures their elements are exposed to different forces
— loads. To ensure the normal operation the struc-
ture must meet the required conditions of strength,
rigidity and stability:

Strength is the ability of structure elements to
withstand some load without destruction;
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Rigidity is the ability of structure elements to
resist to deformation caused by external load;
herewith the deformation should not exceed the
permissible ones;

Stability is the ability of structure elements to
maintain a certain original shape of the elastic
equilibrium.

The main purpose of strength of materials is to
provide structural strength. It occurs in the form of
direct and inverse problem: the direct problem
(projecting calculation) is to find reliable (in terms
of strength) dimensions of the machine or structure
elements, so that they could withstand a set load
over the required period of time at the lowest cost;
the inverse problem (checking calculation) is to
check whether the element of already existing
mechanism or structure meets the strength re-
quirements in case of change of a set load, or it
needs replacing or strengthening [8].

Thanks to scientists, since 1970, FEM has be-
come increasingly popular among engineers of all
specialties; at that time the first software FEM sys-
tems were developed. Now it is the main method
of computational mechanics, which forms the basis
of most modern software systems designed to per-
form engineering tasks in various fields [2, 11, 17,
21].

Thus, quality improvement of the mechanical
equipment and structures must be connected pri-
marily to reduction of their weight and cost, in-
creased reliability and improvement of a number of
other characteristics. Currently, the topical prob-
lem is combination of two mutually exclusive ten-
dencies in the design: material savings on the one
hand, and providing the necessary strength charac-
teristics of structures on the other hand.

This can be achieved through the use of com-
puter technology. Today it is impossible to create
high-quality, reliable and competitive equipment
without thorough engineering analysis of projected
objects using modern software and making appro-
priate design decisions based on it. The engineer-
ing analysis means primarily the designer’s study
of stress-strain state (SSS) of designed object mod-
els, obtaining their dynamic and stability character-
istics at constant and variable modes of external
load. Assessment of SSS requires the knowledge
about distribution of stresses in the elements of
designed machines and structures, values of indi-
vidual point displacement both due to static nature

of the external load, and in terms of the loads that
vary over time.

Currently, due to the active implementation in
engineering practice of computer technology, the
most efficient approximate method for solving this
class of applied problems in mechanics is the finite
element method (FEM) [5, 10, 20].

FEM key idea is as follows: the solid medium
(design model) is replaced with the discrete one
by splitting it into finite elements (FE). The behav-
iour of each medium is described by a separate set
of functions that represent the stress and displace-
ment. Finite elements are connected with nodes;
FE interaction is realised only through nodes. Lo-
cated in a certain way, depending on object design,
and secured in accordance with the boundary con-
ditions, finite elements can adequately describe the
diversity of models of parts and structures [9].

The end element can be imposed with external
loads (concentrated and distributed forces and
moments), which are applied to the element nodes
and are called nodal loads.

When calculating using FEM first the dis-
placements of model nodes are determined. The
values of element internal forces are proportional
to displacements of the element nodes. Proportion-
ality factor is square matrix of element rigidity,
whose number of lines equals to the number of
degrees of element freedom (in general, this is the
product of the number of degrees of node freedom
by the number of element nodes). All other pa-
rameters of the final element, such as internal
force, stress, displacement field, etc. are calculated
on the basis of its nodal displacements.

Finite element method allows almost full auto-
mation of calculation of mechanical systems, but
usually requires much more computing operations
compared with the classical methods of mechanics.
The current level of computing development opens
up opportunities for the introduction of FEM in
engineering practice [9].

FEM is implemented in many famous and
widespread software products, providing strength
calculation of models of machines, mechanisms
and structures.

The complete finite-element analysis requires:

— Choosing the type of finite element (for the
entire model or its individual parts), that will help
adequately model the real structure;

— Building the model of a designed object in
three dimensions;
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— Splitting the model into finite elements;

— Performing the full range of necessary calcu-
lations;

— Visualizing the results and interpreting them
correctly to take the right design decisions.

Findings

In modern conditions to improve efficiency,
achieve the highest quality and feasibility of re-
sults, among many of today’s software packages,
APM WinMachine came into widespread use. This
is knowledge-intensive software, created on the
basis of modern engineering methods of design,
numerical methods of mechanics, mathematics and

a

modelling, which combines the experience of pre-
vious generations of designers, mechanical engi-
neers and other professionals with the capabilities
of computer technology, to the utmost adjusted for
work on design and construction of facilities of
engineering and construction industries [1, 9].
APM WinMachine software package allows the
user to create three-dimensional models of random
machines, mechanisms and structures (Fig. 3).
Models consist of a rod, shell and solid elements;
constructive models of shell and solid types can be
imported from any third-party dimensional image
editors, using a standard interchange format.

Fig. 3. Examples of creation of:
a — solid models; b — model of sports complex bearing structure
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ARM WinMachine system consists of the fol-
lowing set of modules [1, 9]:

— APM Graph — flat drawing and graphics edi-
tor for execution of design documentation, which
has convenient features of parametric geometry
task (Fig. 4) [12, 16];

— APM Studio — module for creating three-
dimensional surface and solid models with built-in
generator for splitting into finite elements (Fig. 5 a,
b)[1,9];

— APM Mechanical Data — database of stan-
dard parts and components, reference data for gen-
eral engineering (Fig. 5,);

— APM Matcrial Data — module for storage and
edit of material parameters;

— APM Construction Data — database of graph-
ics on standard parts and elements of building
structures (Fig. 5, g);

a

— APM Technology Data — database of stan-
dard information data for process design;

— APM Base — module for creating and editing
databases;

— APM Book — electronic textbook «Funda-
mentals of Machine Design», which sets out the
basic calculation methods implemented in ARM
WinMachine System;

— APM Beam — module for calculation and de-
sign of beam construction elements;

— APM Structure3D — module for calculation
and design of random structures, consisting of
plate (Fig. 6), rod (Fig. 6 B), volume (Fig. 6) ele-
ments and their random combinations due to finite
element method [1, 9].

Fig. 4. Drawings and finite element model of:
a — railway wheel; b — tower crane
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Fig. 5. Examples of display:
a — result of automatic work of FE-mesh generator in adaptive splitting mode; b — image transmission using the STEP
format of three-dimensional model AdemCAD in dimensional projection module APM Studio; ¢ — database and example
of an anchor point of rolled section; d — example of inserting a section parametric model from the database
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Fig. 6. Various types of element visualization:
a — flat, frame, 3-D models of plates; b — wire, frame, 3-D models of rod;
¢ — plate, frame, 3-D lighted models of volume element

ARM Structure3D module allows calculating
the stress-strain state of structures in static mode,
performing calculations for resistance and deter-
mination of natural frequencies [1, 9], analysing
the behaviour of structures at random dynamic
loads (Fig. 2, 7) [12];

— APM Joint — module for calculation and de-
sign of joints of machine parts and structural ele-
ments, which allows complex calculations of all
types of threaded, welded, riveted joints and con-
nections of rotation details;

— APM Trans — module for design of transmit-
ting rotation intended to calculate all kinds of
gears, as well as worm, belt and chain gear drives,
to generate drawings of the gear elements in auto-
matic mode;

— APM Shaft — module for calculation, analy-
sis and design of shafts and axles;

— APM Bear — module for calculation of im-
perfect rolling bearings, allowing a comprehensive
analysis of rolling-contact bearings of all known
types;

— APM Plain — module for calculation and
analysis of radial and thrust bearings operating un-
der conditions of fluid and semi-fluid friction;

— APM Drive — module for calculation and de-
sign of random structure drive, planetary and wave
gears. It allows complex calculation of kinematic
characteristics and design of drive as a whole and
its individual elements with automatic generation
of drawings of parts and assemblies including the
body;

— APM Spring — module for calculation and
design of springs and other spring-elastic elements
of machines (Fig. 8).
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Fig. 7. Charts of metal structure calculation results:
a — distribution of equivalent stresses of tower crane; » — distribution of tower crane displacements;
¢ — buckling mode and chart of frequencies of container gantry crane free oscillation
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Fig. 8. Models of spring-elastic elements

— APM Car, APM Slider — modules for calcu-
lation and design of camshaft mechanisms with
automatic generation of drawings and linkage
mechanisms of random structure;

— APM Screw — module for calculating imper-
fect forward motion gears; able to calculate the
screw shift gear, ball-screw and screw planetary
gears;

— APM Technology — module for process de-
sign.

APM WinMachine software is flexible, reliable
means of design and analysis; runs on most popu-
lar operating systems of computers — from PC to
workstations and supercomputers. Despite the fact
that APM WinMachine program has a variety of
sophisticated options, its organizational structure
and user «friendly» graphical interface makes
learning and application of the program very con-
venient. At the same time the program is com-
pleted with documentation that enables to deal
with the order of implementation of complex
works online. The system «menu» includes «intui-
tive» features, helping the user to control the pro-
gram effectually. Output data can be entered using
the manipulator «mouse», keyboard or by combin-

ing these two options [1, 9].

The easiest communication way with APM
WinMachine package is the use of menu system,
called the user graphical interface (Fig. 9 a).

In all versions of APM WinMachine software
package the on-screen menu (Fig. 9, a) includes
windows, among which the key ones are as follows
[1,9]:

1. Utility Menu — contains service functions
used during the entire session on APM Win-
Machine software, such as file and image man-
agement and settings; this «menu» also provides
the program exit.

2. Input Window — allows direct entry of em-
bedded commands.

3. Standard Toolbar — contains buttons for fre-
quently used software commands.

4. Additional Toolbar — contains commands
and functions of APM WinMachine (Fig. 9, b).

5.Graphic Output Window display of
the main relevant information on current work
(Fig. 9, ¢).

6. Quick Access Toolbar — located below the
graphic output window, helps perform online op-
erations.
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Fig. 9. General view of:

a — menu system; b —

toolbar «View filtersy;

¢ — dialog window showing displacement and load in nodes

Thus, APM WinMachine software package
helps get the results (Fig. 10, 11), the main of
which are as follows [3]:

— The static calculation results: structure node
displacements (linear and angular); load at the ends
of rods, at the nodes of plates and volume ele-
ments; epures of force factors for the whole struc-
ture; tensions existing in rods, plates and volume
elements; stress distribution in random section of
the rod; design parameters specific to a single
beam, such as bending moments, torsion, lateral
and axial force, angles of bending, twisting, de-
formation and strain along the beam length. All
these options are in the form of graphs displayed in
the coordinate system of the rod; reactions (forces
and moments) acting in bearing supports; structure
weight.

— Nodal displacement and load at the ends of
rods, at the nodes of plates and volume elements
are displayed in the form of table.

— The results of nonlinear calculation are the
same parameters as for linear static calculation.

— The result of the strain calculation are the
same options as for the static calculation, plus the
critical buckling load parameter of the 2nd kind
and the buckling mode.

— The result of calculation of the natural fre-
quencies include: a few first frequencies of the
structure free oscillations; corresponding forms of
free oscillations.

— Calculation results for structure forced oscil-
lations are as follows: structure node displace-
ments; stresses existing in rods, plates and volume
elements; reaction in the bearing supports; free
frequencies and free forms of oscillations.
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— Calculation of load capacity of metal struc-
ture rod elements is performed for structural ele-
ments and in this version of APM Structure3D is
implemented in accordance with the requirements
of SNIP «Steel structuresy. Rod element
strength/resistance can also be tested by classical
methods of strength of materials.

— The result of the contact interaction calcula-
tion is the stress-strain state of structural model and
the distribution chart of normal and tangential
forces, mutual penetration and state of contact
elements in the contact area.

— The result of the stability calculation is the
structure stability factor and the buckling mode.
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Fig. 10. Example of bus carcass calculation:
a — general view of calculation model, b — chart of equivalent stress distribution;
¢ — chart of displacement distribution
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Fig. 11. Mobile track crane boom:
a — calculation model; b — chart of equivalent stress distribution;
¢ — chart of the total linear displacement distribution
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Analysis of results. APM WinMachine system
has a wide range of options for displaying the re-
sults. Such calculation results as stress, displace-
ment, force, safety factor, etc. in rods, plates and
volume elements can be displayed as a chart of
results [1, 3, 7, 12, 16]. Chart of results is a three-
dimensional structure, painted in colours in accor-
dance with the values of the selected component of
the results on the surface. Colour charts for distri-
bution of equivalent stresses (Fig. 2 b, 4 a, 7 a,
10 b, 11 b) and displacement (Fig. 2 ¢, 7 b, 10 c,
11 ¢) internal efforts, safety factor and others allow
accurate and quick identification of the most dan-
gerous places in the structure. The program also
provides an opportunity to «look» inside the ele-
ments and see the resulting distribution of internal
force factors. For more complete presentation of
results the user has an opportunity to build epures
of various force factors on the structure 3D-model,
to display reactions in support points, to evaluate
the general parameters such as weight, maximum
stress, displacement, to produce a summary table
of output by metal structure elements.

Originality and practical value

Compared with other software systems, APM
WinMachine popularity is explained by easy mas-
tering of the system, quick implementation both in
training and in production process [1, 3, 7, 12, 16],
due to the fact that there is:

— the largest number of nodes;

— user-friendly interface of all system modules;

— wider range of operations within both each
module and the entire software system as a whole;

— system building based on existing national
standards, regulations and principles of design;

— possibility of calculations simultaneously in
several modules, which speeds up the work proc-
ess, reduces the risk of erroneous data entry.

In addition, organizational structure, «friendly»
graphical interface and accessible language make
learning and use of the program very convenient.
These and other factors actually reduce the time for
project implementation, emphasize the relevance
and the practical importance of WinMachine soft-
ware system, which is appreciated by its users.

The paper considered the aspects, which are
unexplored at present, associated with the current
state and prospects of development of industrial
production, the use of software package for design

and calculations in the mechanical industry. The
result of the work is the justification of software
application for solving problems that are aimed at
using research findings for various practical tasks
leading to development of new equipment, ma-
chinery, mechanisms, etc. to obtain a direct eco-
nomic benefit in specific fields of mechanical en-
gineering.

Conclusions

The end product of mechanical engineering is
machinery, equipment, appliances, instruments and
services for all industries without exception. To
conduct the whole complex of calculations both for
separate kit parts, assemblies, mechanisms and for
finished products of kit parts, among many of to-
day’s software packages, APM WinMachine came
into widespread use. Its use for performance and
design of machine parts and various types of their
joints and for strength analysis of structures is jus-
tified; it actually reduces the problem solution
time.

This will allow producing the equipment up to
the best analogues, optimal in price, power con-
sumption, etc., and as a result, competitive at the
world market.
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3ACTOCYBAHHA ITPOI'PAMHOI'O KOMIIVIEKCY APM
WINMACHINE ITPU ITPOEKTYBAHHI TA PO3PAXYHKAX
Y MAHNIMHOBYJIYBAHHI

Meta. /Iy npoBeJeHHS AOCITIKEHb Ha BCIX eTamax MpOEKTYBaHHs, PO3pOOKH, eKCILIyaralii, BU3Ha4eHHS
OCTAaTOYHOTO pecypcy (a came: MONMEPEeTHBOTrO JOCHIPKECHHs, BHOOPY MPHHIUINB Jii, PO3pO0OK ECKi3HOrO Ta
TEXHIYHOTO MPOEKTIB, iX ONTUMI3alii, MATOTOBKA KOHCTPYKTOPCHKOI JIOKyMEHTALIl Ta Kepyrouoi iHpopmatii s
aBTOMATH30BAHUX BHPOOHHUIITB, BCEOIYHOIO iH)XCHEPHOIO aHali3y) HEOOXIJHO BHKOPHCTOBYBATH HaiiCydacHiii
KOMIT'IOTEpHi TEXHOJOTiI. [X BHUKOPHCTaHHS 103BOJAE HE NMINE BiATBOPIOBATH JaHi i BiIOMOCTi TMM Y iHIIUM
croco0oM, a TaKoXK Ha/la€ MOXKITUBICTh e()eKTUBHO Ta 0e3MmocepeIHhO B3aEMOIIATH 3 iHQOPMAIHHUM 00’ €KTOM, IO
CTBOPIOETBC 200 MEMOHCTPYEThCS. METOI0 MOCHIKCHHS € aHali3 TEOPETHYHHX IOXOMIB Ta MEXaHI3MiB
3IIACHEHHS NPAKTHYHUX PO3PAXYHKIB y Taly3sX NMPOMHUCIOBOCTI JUIS BHPILICHHS CYYacHHX 3aad 3a IOIOMOTO0
porpaMHuX KoMIiutekciB. Meroauka. [lpy BUKkoHaHH] iHKEHEpHUX PO3PaxyHKIB, ITOB’A3aHUX 13 aHATI30M MIITHOCTI
MAaIlliH, MEXaHi3MiB, KOHCTPYKIIi, HAa MPaKTUIli BUKOPUCTOBYIOTh SK AaHAJITHYHI, TaK 1 YHCEIbHI METOIH.
Haiibinpimoro momupeHHsS NpH aHaji3i Hampy)XeHO-Ie(OpPMOBAHOTO CTaHy Mojened 00’€KTiB, OTPUMaHHS iX
JUHAMIYHUX XapaKTEePUCTUK 1 XapaKTePHCTHK CTIHKOCTI NPU MOCTIMHMX Ta 3MIHHUX PEXHUMax 30BHIIIHBOTO
HABaHTAXXCHHS OTPUMAaB METOJ] KIHLEBMX €JEMEHTIB, SIKMH peali30oBaHO B 0araTthbOX BIIOMHX W IIUPOKO
PO3MOBCIO/KEHUX MNPOTPAMHUX MPOJAYKTaX, IO 3a0e3MeuyroTh MIIHICHHA pO3PaxyHOK MOJEICH MaIlKH,
MEXaHi3MiB, KOHCTPYKLii. Pe3yabTraTtn. OOIpyHTOBaHO BHKOPHCTaHHS PO3MIITHYTOTO Cy4YacHOTO IPOIPaMHOro
KOMILIEKCY JUIS TPOCKTYBaHHS JeTajeld MallMH W PI3HOMAHITHUX BHIIB iX 3’€IHAHP Ta MIIHICHOTO aHAJI3y
KOHCTpyKUii. KosbopoBi KapTH po3NoAiy HarpyKeHb, IepeMillleHb, BHYTPIIIHIX 3ycwib, KoedilieHTiB 3amacy
MIITHOCTI Ta iH. MO3BOJIOTH TyXKE TOYHO 1 IIBUAKO BU3HAYATH HAHOUTBII HeOe3NMewHi MICIS B KOHCTPYKIII.
[Iporpama 3abe3medye MOXIHMBICTH «3ariITHYTH» BCEpEAWHY EJIEMEHTIB Ta MOOAYHUTH PO3IMONIT BHHHKAIOUHAX
BHYTpIIIHIX CHIOBHX YMHHUKIB. HaykoBa HoBHM3HA. PO3IIITHYTO HENOCHIIKEHI Ha MaHWW MEpioN acIeKTH, IO
IOB’A3aHI 3 Cy4YacHMM CTaHOM Ta MEPCHEKTHBAMH pO3BHUTKY IIPOMHCIOBOTO BHPOOHHLTBA, BHUKOPUCTaHHI
MPOTPAMHOTO KOMIUIEKCY TIpH MPOEKTYBaHHI Ta pO3paxyHKax y MamuHOOyAiBHIA Tamy3i. Po3pobieno
0OTpyHTYBaHHS 3aCTOCYBaHHS IPOTPaMHOTO KOMIUIEKCY JJIS PO3B’S3aHHS 3afad, SIKi CIIPSIMOBaHI HA BUKOPHCTAHHS
pe3yNbTariB  JOCHIIKEHb Ui PI3HUX MPAKTUYHUX 3aBAaHb Yy KOHKPETHUX Tally3sX MalInHOOYXyBaHH:.
IIpakTHyHa 3HAYMMicTh. Y MOPIBHAHHI 3 IHIIMMH IPOIPAMHUMH KOMILUIEKCAMH TIOIYJISIPHICTD JITAHOTO TIOJISTaE
y JIETKOMY 3aCBO€HHI CHCTEMH, HIBHAKOMY BIIPOB3/DKCHHI SK y HaBYAIBHMH, TaK 1 y BUPOOHWYMHA HpPOLIECH.
OpranizaniiHa CTpyKTypa #H «apyxHii» rpadiunuii iHTepdeiic, MOCTYNHICTH MOBH pOOJATH BHBYEHHS Ta
3aCTOCYBaHHS IPOTPaMu ayxke 3pydHuM. Lli Ta iHII YMHHUKK peajbHO CKOPOYYIOTH Yac Ha peai3allilo MPOeKTiB,
MiAKPECTIOITh aKTYAIBHICTh Ta MPAaKTUYHE 3HAYCHHS MPOTPAaMHOT0 KOMIUIEKCY, 110 TOBHHHO OYTH TiIHO OIIIHEHO
HOro KOpPHUCTyBaYaMH IIPH NPOBEICHHI IT0JaIbIINX JTOCIiIKEHb.

Kniouosi cnosa: cyyacHWi NpOrpaMHHN KOMIUIEKC; MalIMHOOYAyBaHHS; MalllWHA; MEXaHi3M; KOHCTPYKLs;
IHKEHePHUH po3paxyHOK; MIITHICTb
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MNPUMEHEHUE ITIPOT'PAMMHOI'O KOMIUVIEKCA APM
WINMACHINE ITPU ITPOEKTUPOBAHHNUU U PACYETAX
B MAIIIMHOCTPOEHUHA

Hean. [dns mpoBeneHWsl WCCIENOBAaHMH Ha BCEX JTalmax IPOEKTHPOBAHMS, pa3pabOTKH, SKCILTyaTaluy,
OTIpEJIeTICHNs] OCTAaTOYHOTO pecypca (2 UMEHHO: IPeIBapUTEILHOIO HCCIIeIOBaHNS, BEIOOpA IPUHIIUIIOB JEHCTBHS,
pa3paboTOK ICKU3HOTO ¥ TEXHMYECKOTO MPOEKTOB, MX ONTHMHU3AINH, OJTOTOBKH KOHCTPYKTOPCKOM JOKYMEHTAINH
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W ynpasisiomed uHGopManuy s aBTOMaTU3UPOBAHHBIX IPOU3BOJCTB, BCECTOPOHHETO MHXEHEPHOTO aHajIK3a)
HEOOXOANMO HCIIOJIb30BAaHUE CaMbIX COBPEMEHHBIX KOMITBIOTEPHBIX TexHojoruil. X ucrosibp3oBaHue MO3BOJISET
HE TOJIBKO BOCIIPOM3BO/IUTH JIaHHBIE M CBEJCHUS TEM MJIM MHBIM CIIOCOOOM, a TaKkKe MPEJ0CTaBIIsIET BO3MOYKHOCTh
3¢ GEKTHBHO M HEMOCPEACTBEHHO B3aMMOJEHCTBOBATh ¢ MH(POPMAIMOHHBIM OOBEKTOM, KOTOPBIA CO3aeTCS HIIH
neMoHcTpupyeTcsa. Llenplo  HWccnenoBaHuS  SIBISETCS aHAIN3 TEOPETHYECKHX IIOJXOM0B W MEXaHH3MOB
OCYIIIECTBIICHHSI NPAKTHYECKUX PACUETOB B OTPACISIX INPOMBIIUICHHOCTH Ul DEIICHHS COBPEMEHHBIX 3a7ad
C TOMOIIBIO NPOrPaMMHBIX KOMIUIEKCOB. MeToamka. Ilpu BBIOTHEHMM WH)KEHEPHBIX PACUETOB, CBSI3aHHBIX
C aHaJIM30M MPOYHOCTH MAIIUH, MEXaHH3MOB, KOHCTPYKLHUH Ha NPAKTUKE HCIOJIB3YIOT KaK aHAJIMTHYECKHE, TaKk
W 4KcJIeHHble MeTo/bl. Hanbomblee pacpocTpaHeHne NMpH aHalIu3e HalpsHKeHHO-Ie(GpOpPMUPOBAHHOTO COCTOSHUS
MoJieNiel  OOBEKTOB, TOJIyYCHUS MX JUHAMHYECKHX XapaKTepUCTUK W XapaKTEPUCTUK YCTOMYMBOCTH MPHU
MOCTOAHHBIX U NEPEMEHHBIX PCKUMaX BHEIIIHEH HarpyskKuy nojydus ME€TOod KOHCYHBIX 3JIEMEHTOB, peaﬂHSOBaHHLIﬁ
BO MHOTHX M3BECTHBIX M IIUPOKO PacHpOCTPaHEHHBIX IPOrPaMMHBIX MPOAYKTAX, 00ECHEYNBAIOMINX IIPOYHOCTHOM
pacder Mozenedl  MalMH, MEXaHW3MOB, KOHCTpyKuui. Pe3yapraTrel. OOOCHOBaHO  HCIIOJIBH30BAHHE
paccMaTpruBaeMoOro COBpEMEHHOTO IPOrPaMMHOI'0 KOMIUIEKCA /sl IPOSKTHPOBAHMUS JIETaJICH MalllMH U Pa3IMYHbIX
BHUJIOB UX COECOUHEHHH M NPOYHOCTHOIO aHaliM3a KOHCTPYKUMil. LIBeTHBIE KapThl pacrpeneieHus HanpsLKEHUH,
NepeMeIIeHNH, BHYTPEHHUX YCWIINH, KO3 (HUIIMEHTOB 3amaca MPOYHOCTH U Jp. HO3BOJISIIOT 0Y€Hb TOYHO U OBICTPO
omnpenernsATh HauboJiee OmacHble MecTa B KOHCTPYKUMH. [IporpamMma oOecrieuMBaeT BO3MOXKHOCTH «3ariITHYTH»
BHYTPb 3JIEMEHTOB U YBUAETh PAacIpeeiIeHIe BO3HUKAIOINX BHYTPEHHUX CHIOBBIX (hakTopoB. HayuHnasi HOBM3HA.
PaccMOTpeHB! HEHCCIIEIOBAHHBIE HAa MJAaHHBIM IIEPHOJ AaCHEKThl, CBA3aHHBIE C COBPEMEHHBIM COCTOSHHEM
U TIEPCIIEKTHBAMH Pa3BUTHUS MPOMBIIIIEHHOTO MPOU3BOACTBA, WCIOJIB30BAHUS NPOrPAMMHOTO KOMILIEKCA HpU
NPOCKTUPOBAHMM M pacueTax B MalIMHOCTPOMTENBHON oTpaciu. Pa3zpaboTaHo 00OCHOBaHWE NPUMEHEHUS
MIPOrPaMMHOT0 KOMIUIEKCA JJIS PEIIeHUs 3a1a4, HalPaBJICHHBIX HA UCIOIb30BaHUE PE3yIbTATOB HUCCIEJOBAHUMN IS
Pa3iIMuHBIX NPAKTUYECKUX 3a]au B KOHKPETHBIX OTpaciisiX MammHocTpoeHus. IlpakTuyeckasi 3HaYMMOCTh. [1o
CPaBHEHUIO C JIPYTUMH MPOTPAMMHBIMH KOMIUIEKCAMH IIOIYJIIPHOCTb JTAHHOTO 3aKJIFOYAETCsl B JISTKOM YCBOCHUH
CHCTEMBI, OBICTPOM €ro BHEIPEHHH KakK B y4eOHBIH, Tak M B IPOM3BOJICTBEHHBIH Hpouecchl. OpraHu3anoHHas
CTPYKTYpa U «IPYKECTBEHHBII» rpaduueckuii MHTepQeic, TOCTYIHOCTh S3bIKa IEJAI0T N3yYeHNEe W NPUMEHEHHE
MpOrpaMMbl O4€Hb YAOOHBIM. OTH W Apyrue (akToOphl PEeanbHO COKpAIaroT BPEMS Ha pEealM3alfio IPOEKTOB,
MOJYEPKUBAIOT aKTyaJbHOCTh W MPAKTUYECKOE 3HAYEHHE MPOIPaMMHOTO KOMITIEKCa, YTO JOJDKHO OBITH TOCTOHHO
OLIEHEHO €T0 MOJIb30BATENISIMH IIPU NMPOBEICHUH JATbHEHIINX UCCIECAOBAHUM.

Kniouegvle cnosa: COBpPEMEHHBIH MPOTPaMMHBIH KOMIUIEKC; MAIIMHOCTPOCHHE;, MallMHA; MEXaHU3M;
KOHCTPYKINS; NH)KEHEPHBIN pacyeT; IPOYHOCTh
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MODERNIZATION AS A WAY TO IMPROVE THE USE
OF UNIVERSAL CARS

Purpose. The main design requirements of the modernized cars are those allowing reduction of operating costs
and improvement of economic efficiency of their use. Due to the relevance of this subject the work presents the
complex of conducted research, which will allow in prospect to use the universal flatcar, converted according to the
Technical specifications TU 3182-065-71390252-2911 for container service. The research includes: evaluation of
strength, fatigue safety of the design elements and conformity assessment of the strength characteristics of the mod-
ernized flatcar elements to the regulatory documents. Methodology. The analysis covers the use of specialized and
universal rolling stock for transportation of containers, as well as the issues of modernization of universal cars. The
strength of the flatcar bearing structure is evaluated based on the complex of numerical and experimental studies. The
experimental part includes the static, repair load and impact tests. The car strength qualities and the fatigue safety are
evaluated on the basis of calculated and experimental data. Findings. The conducted static, repair load and impact
tests, given the quasi-static longitudinal forces, allowed the evaluation of the car structure strength according to the
regulatory documents. The calculated and experimental data make it possible to assess the fatigue safety of structural
elements. The present work is completed by obtaining the results that allow performing reasonable re-equipment of
universal flatcars with baseplates with fitting stops to fasten the containers. Originality. The results of calculated and
experimental studies showed that the modernized flatcars meet the conditions of strength and have sufficient fatigue
safety factor. This makes it possible to recommend the re-equipment of universal flatcars for all car-repair enterprises
that submitted the prototypes. Practical value. The complex of works was conducted that demonstrated the possibility
of re-equipment of universal flatcars for the transportation of large containers. Part of the car fleet, kept in reserve, with
little material costs can be transferred to the operational fleet. The modernization — re-equipment of universal flatcars
with stationary specialized devices will increase the car usability coefficient.

Keywords: flatcar; container; centre sill; structural strength; static tests; longitudinal loads; impact tests; fitting
stop; stress; strength evaluation

Introduction range of 40, 60, 80-foot cars for container service
[5], [6], [7], [8]. Further to the work on
improvement of such cars OJSC «Azovmashy» and
0OJSC NVC «Vagony» conducted the research and
developed the design of modern articulated flatcars
for container service [1], [5], 11]. However, the
completion of the rolling stock with new flatcars is
not a quick process both technically and eco-
nomically.
Therefore, there is a question of using the cars of
existing operating fleet.

Analysis of the inventory rolling stock of
Russian Railways, presented in [12], showed that a
largest number of cars in reserve are flatcars

doi 10.15802/stp2016/67334 © O. H. Reidemeister, V. O. Kalashnyk, O. A. Shykunov, 2016

In the last decade the average annual growth in
global container traffic reached 3%. This growth
requires augmentation of the rolling stock with
cars for container service. This can be carried out
by specialized container service cars and using the
universal rolling stock (gondola cars, flatcars).

The car-building enterprises such as CJSC
«Protractor-Wagon», CJSC «UK BMZ», OJSC
«AZOVY, 0OJSC «Altaivagony, 0OJSC
«Dneprovagonmash», OJSC «ZMK», OJSC
«KVSZ», 0OJSC  «Ruzkhimmashy», OIJSC
«Tverskoy VSZ», OJSC «Transmash» offer a wide
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(37%), whose normative service life (32 years) has
not expired and there is an opportunity to use them
for further operation after the modernization.

Problems of modernization and re-equipment
of cars for transportation of containers, pipes,
timber, etc. were the most substantively considered
by OJSC NVC «Vagony» [2], [3], [4], [12]. Here,
for several years they have been conducted the
research of ways for modernization (design study)
and justification of the further operation of
modernized cars. One of the developments is the
modernization of flatcars of models 13-401 and
13-4012 for transportation of large containers.
They developed Technical specifications TU 3182-
065-71390252-2911 and carried out a wide range
of theoretical and experimental studies, including:
car negotiation, dynamic qualities, car design
stability, static and impact strength tests. The
research results lead to approval by Russian
Railways of TU that were recommended for
widespread use. The modernization of universal
flatcars for transportation of heavy tonnage con-
tainers implies the equipment of cars with
baseplates with fitting stops to fasten the
containers (Fig. 1). The modernized flatcars are
marked 13-401-50 and 13-4012-50 respectively.
The production of equipment is agreed in time with
the scheduled type of repair (roundhouse servicing
or overall repair).

Fig. 1. Arrangements of fitting stop

Herewith, the enterprise producing the repair
should be included in the list of enterprises that
have the right to re-equip the flatcars of these
models.

The figure shows that the elevated fitting stop
(Fig. 1. a) allows placing of containers, while the
lowered stop (Fig.1.b) — a wide range of goods.
Also, such arrangement of baseplates does not pre-
vent from placing a wide range of goods when the
fitting stops are lowered. Thus, the flatcar can be
used for transporting cargo in both directions,
which greatly increases its efficiency.

Purpose

The enterprise, which re-equips the flatcars in
accordance with TU 3182-065-71390252-2911,
should produce a prototype, conduct acceptance
testing, and an accredited test centre — preliminary,
periodic and standard tests. RPE «Vagonnik» en-
gaged Dnipropetrovsk National University of
Railway Transport (DNURT) to perform the tests.
Furthermore RPE specialists and employees took
part in tests performance, including: static strength
tests, collision strength tests and calculation-
experimental evaluation of the structure fatigue
safety.

There were tested 6 flatcars, which undergone
modernization in various car repair depots of OJSC
«VRK», located on the territory of the East Sibe-
rian, Far Eastern, Trans-Baikal, North and South
Urals Railways.

Methodology

Prior to the tests the tensoresistors (sensors)
were stuck onto the bearing elements of the car
frame. Herewith one side of the car (with respect to
the longitudinal symmetry axis) was the primary
one, and the other — the control one (one or two
sensors in the section). Fig. 2 shows the
arrangement of sections on the car frame and
designation (abbreviation) of elements. In total
there are 12 sections on the left and the right sides
(with respect to the longitudinal axis) of the car,
which house 44 sensors. Designations of elements
are as follows: CS — centre sill, SS — side sill, SB —
span bolster, LB — longitudinal beam, DG -
diagonal, LBM - longitudinal beam in the car
middle.

doi 10.15802/stp2016/67334
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Fig. 2. Arrangement of sections on the flatcar frame

The main purpose of the static strength test was
the compliance check of flatcar structure element
strength index with the requirements of regulatory
documentation.

There were conducted static vertical (a) and re-
pair load tests (Fig. 3);

Fig. 3. Static vertical (a) and repair (b)
load diagrams

The static vertical load was tested by way of
loading flatcar with two 20-foot containers with a
gross mass of 23.5 tons and 24.5 tons. During the
test the stresses in the frame elements were fixed
when the car was empty and laden.

The repair load tests included the following modes:

— Lifting of laden car using both ends of the
span bolster;

— Lifting of laden car using one end of the span
bolster;

— Lifting of empty car using the opposite ends
of the span bolster (by diagonal).

The collision strength tests were conducted by
the hammer-car locomotive rolling onto the
prototype car, standing in the retaining wall (Fig.
3). The wall was formed by 5 loaded cars with
total weight of more than 300 tons.

Fig. 4. Arrangement of prototype car
and a retaining wall

During the collision strength tests the following

parameters were recorded: collision speed, force in
automatic coupler (impact force), dynamic stresses
in the car elements. Collisions were made in the
speed range of 5...13 km/h. At the same time, in
the course of collisions the car was periodically
inspected for the structural integrity of the car, of
the containers and baseplates with fitting stops.
All kinds of tests were carried out with the use of
tension metering and recording equipment of
DNURT on the territory of the car repair depot
Chelyabinsk. Processes were recorded on elec-
tronic media (PC) with their subsequent process-
ing. Measured strains for all kinds of tests by
known methods were transformed into stresses.

The strength structure was evaluated by
summing-up the stresses caused by the vertical
loads due to the weight of the car cargo and
containers, the estimated longitudinal tensile load
by I (2.0 MN) and III (1.0 MN) design modes, the
estimated longitudinal compressive load by I (2.5
MN) and III (1.0 MN) design modes, the dynamic
addition of the vertical load (mode III), the lateral
load (III mode). The stress values due to quasi-
static longitudinal loads were obtained by calcu-
lation.

When evaluating the car collision strength there
were taken into account the stresses due to vertical

doi 10.15802/stp2016/67334
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load and collision longitudinal load, reduced to the
force of 3.5 MN.

The main task of -calculation-experimental
evaluation of the structure fatigue safety was to
check the compliance of flatcar structure fatigue
safety index with the requirements of regulatory
documentation. For this purpose the equivalent
stress amplitude value was determined, that al-
lowed calculating the endurance limit and the
fatigue safety factor. When evaluating the fatigue
resistance there were taken into account both the
vertical and longitudinal loads. Stresses due to
vertical loads were determined by car dumping
from wedges (determining the stress frequency and
amplitude), while stresses due to longitudinal loads
were obtained in the course of the strength colli-
sion.

Findings

The results of structure strength evaluation al-
lowed building the diagrams of stress values in the
main elements taking into account the longitudinal
compression and extension loads (Fig. 5).

a
180 +——1s3
160 T— extensiom——————————
'_?‘: - TR 120
100 1 93 88
8C 158
6C 1 l l
CS SS SB LB DG LBM
b 200 181
compression 155 153
150

100 153

_-51-33 B 83 35
62
- I I I I
3 .= 5
CS SS SB LB DG LBM

Fig. 5. Stresses (in MPa) in the flatcar elements
by I and III design mode:
a — extension; b — compression

The lighter shade in the figure marks the stress-
es by I design mode, the darker one — by III design
mode, the designation of elements corresponds to
Fig. 2.

The figure shows that the most stressful
elements are the span bolster, the cross-bearers and
the diagonal. Herewith the value of total stresses
by I design mode under longitudinal compressive
loads is higher and reaches 181 MPa in the cross-
bearer. It should be noted that while the tensile
loads result mostly in strained span bolster, the
compressive ones force the work of cross-bearer
and centre sill (I mode). Weak entry into operation
of side sills also may be noted — the maximum
stress under compressive load was 81 MPa. In
general, the concerned flatcars are characterized by
a low level of stresses, and their values are
significantly lower than the permitted ones in both
design modes (Table 1).

Table 1
The values of allowable stresses in the elements
Element Allowable stresses by modes, MPa
1 111
extension/ impact
compres-
sion
Centre sill 274.5 305 190
and span
bolsters
Side sill and 289.75 305 195
cross beams

The evaluation results of the car collision
strength with the longitudinal force of 3.5 MN are
shown in Fig. 6. The stresses in 4012-50 model
flatcar elements are shown in grey, those of 401-50
model — in black. Designation of elements corre-
sponds to Fig. 2.

The diagram shows that the most stressful ele-
ments are the span bolster, the frame longitudinal
beams and the diagonal — 189...252 MPa. The ac-
tive entry into operation of 4012-50 model flatcar
side sills should be noted (174 MPa), while 4012-
50 model has the stress level in the centre sill by
23% lower than in the side sill. This can be attrib-
uted to a difference in frame structural variations.
Since the longitudinal force value of 3.5 MN re-
sults in operation of the car element metal in the
range of low-cycle fatigue, then the allowable

doi 10.15802/stp2016/67334

© O. H. Reidemeister, V. O. Kalashnyk, O. A. Shykunov, 2016

151



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

Hayxka Ta nporpec Tpancropty. BicHuk J[HIIpOneTpoBcbKOro
HAI[IOHAJIBHOTO YHIBEPCHUTETY 3aII3HUYHOrO TpaHcmopty, 2016, Ne 2 (62)

PYXOMUI CKJIAJL I TSTA IIOT3/1IB

stresses [O] = Ot = 305 MPa (see Table 1). In gen-
eral, the stress values in the flatcar elements, when
the impact force is 3.5 MPa, are lower than the
permitted ones.

The results of calculation-experimental evalua-
tion of the structure fatigue safety showed that the
value of the fatigue safety factor is above the regu-
latory value (1.5) in all sections of the flatcar ele-
ments. Fig. 7 shows the diagrams of fatigue safety
factor values for the car basic elements. Fig. 7 a
corresponds to the model 4012-50, Fig. 7 b — 401-
50. Here the darker line shows the minimum val-
ues, while the lighter line — the maximum values of

300

' 223

‘ 205
200 + a- ~3+ 74—

| 14 58

' 99
100 1T

0 :
CS ss

B Sﬁ

the fatigue safety factor, designation of the ele-
ments corresponds to Fig. 2.

Maximum and minimum values of fatigue safe-
ty factor are recorded in the same section of the
structural elements. The diagram shows that the
distribution nature of safety factor values along the
flatcars is the same. The minimum fatigue safety
factor values for 4012-50 model are in the range of
1.61...1.97, while for 401-50 model are a little
lower — 1.51...1.82. But for both models the fa-
tigue safety factor values are not lower than the
regulatory ones (1.5).

LBM

Fig. 6. Collision stress values (vertically, MPa) in the flatcar elements
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Fig. 7. Diagram of fatigue safety factor values of the flatcar elements
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Originality and practical value

The results of the conducted static and impact
tests, computation-experimental evaluation of the
structure fatigue safety factor for flatcar models
4012-50 and 401-50 verified compliance of the
modernized flatcars with regulatory requirements.
The research results can be the basis for the re-
moval of flatcars from reserve and their re-
equipment for transportation of large containers.

These positive results of prototype tests after
the modernization performed during the scheduled
repairs in six car-repair depots allow these depots
to re-equip the flatcars of the mentioned models
commercially.

Conclusions

The conducted research provided rationaliza-
tion for modernization of universal flatcars for
container service according to TU 3182-065-
71390252-2911 in the conditions of the car-repair
enterprises. This makes it possible to use the roll-
ing stock cars that are out of operation.
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MOJAEPHI3ALIA AK CIIOCIBb ITOJIHIIIIEHHA BUKOPUCTAHHSA
YHIBEPCAJIbHUX BAI'OHIB

Meta. OCHOBHUMH BUMOTaMH 10 KOHCTPYKIIii MOJIEPHI30BaHMX BATOHIB € Ti, SIKi JO3BOJATH 3HU3UTH €KCILIya-
TalliiHI BUTPATH Ta MIABHUIIUTH €KOHOMIUHY €(DEeKTUBHICTh iX BUKOPUCTAHHS. Y 3B'SI3Ky 3 aKTYalIbHICTIO L€l Tema-
TUKH HEOOX1IHO IIPOBECTH KOMIUIEKC JOCITIHKEHB, SIKUHM TO3BOJHUTH y MOJANBIIOMY BUKOPHCTOBYBATH YHiBepCATbHI
wiaropmu, repeodiaaHani BianosigHo 10 TexHiuanx ymoB TY 3182-065—71390252-2911 mij nepeBe3cHHs KOH-
TeifHepiB. Y mpoleci AoCiKeHb NependavyacThcsi BUKOHATH: OLIIHKY MIIHOCTI, 3aracy OIopy BTOMHU €JIEMEHTIB
KOHCTPYKIIi Ta OIIHKY BiJIIOBITHOCTI XapaKTEePHCTUK EIEMEHTIB MOJEpPHI30BaHOI Iu1aTGopMi HOPMATHBHII JOKY-
MmeHTanii. Mertoauka. [IpoBeneHo aHaii3 BUKOPUCTAHHS /IS IEPEBE3EHHs KOHTEHHEPIB CIeLiali30BaHOTO Ta yHi-
BEPCAJILHOTO PYXOMOTO CKJIaJy, MMTaHb MOJIEpHi3alii yHiBepcalbHUX BaroHiB. BUKOHAHO OIiHKY MIIIHOCTI HeCy4oi
KOHCTPYKIIi TUIaTGOPM Ha IICTaBI KOMIUIEKCY PO3PaXYHKOBHUX 1 €KCIIEPUMEHTAIBHHUX OCTiMKeHb. ExcriepuMen-
TaJbHA YaCTHHA BKIIIOYAE B ceOe BUMPOOYBaHHS: CTATHYHI, YAapHI Ta HA PEMOHTHI HaBaHTakeHH:. [IpoBeneHo ori-
HKY SKOCTEH BaroHa Ha MIIHICTH 1 3amacy BTOMHOI MIITHOCTI Ha 0a3i po3paxyHKOBO-€KCIEPUMECHTAIBHUX JTAHUX.
PesyabTaT. Ha migcraBi mpoBeIeHNX CTaTUYHUX, YOAPHUX Ta HA PEMOHTHI HaBaHTaXCHHS BHUIPOOYBaHB, i3 ypa-
XYBaHHSM KBa3iCTATHYHMUX MO3JOBXKHIX CHJI, IPOBEIEHA OIliHKAa MIIIHOCTiI KOHCTPYKIIi BaroHIB 3TiAHO HOPMAaTHUBHOI
JoKyMeHTallii. Po3paxyHKOBO-eKCIIEpUMEHTANIBHI JTaHi JO3BOJISIOTH 3pOOUTH OIHKY 3aracy Oropy BTOMH €JIEMEH-
TiB KOHCTpYKii. /laHa po0oTa 3aBepileHa OTPUMaHHAM Pe3YJIbTATiB, Ki J03BOJIAIOTH OOIPYHTOBAHO 3[iHCHIOBATH
nepeo0iaiHaHHsl YHIBEpCAIbHUX IUIATQOPM OIIOPHUMH IUIMTaMH 3 (DITHHTOBUMH YIIOPaMH JUIsl KPIIUIEHHS! KOHTEH-
HepiB. HaykoBa HoBM3HA. Pe3ynbratu npoBeieHUX PO3paxyHKOBUX Ta €KCIIEPUMEHTAJIbHUX JOCIIHKEHb IoKa3a-
JIM, 10 MOJICPHI30BaHi IIaTOopMHu BiANIOBIIAIOTH YMOBAM MIITHOCTI W MalOTh JIOCTaTHii 3amac onopy Bromu. Lle
JIO3BOJISIE PEKOMEH/TyBaTH NepeodiiafHaHHs YHIBEepCATbHUX IUIATGOPM CepiifiHO BCiM BarOHOPEMOHTHHMM ITiAIIPUEM-
CTBaM, LI0 MpPEICTaBHIN AociinHi 3pasku. [IpakTuyna 3HaYMMicThb. ABTOpaMH IPOBEACHUN KOMIUIEKC poOiT, Ha
MiZCTaBl SIKMX OOTPYHTOBaHA MOJIMBICTH IepeoONaTHAHHSA YHIBEpPCAThHUX IUTATGOPM A MEepeBE3CHHS BEIHUKO-
TOHHa)XHHX KOHTeHHepiB. YacTHHA BaroHHOIO MApKy, IO 3HAXOAWTHCS B 3allaci, 3 HEBEJIMKUMHU MarepialbHUMH
BUTpaTaMH MOXe OyTH TepeBe/ieHa B eKCIUTyaTaliiHui mapk. 3a paXyHOK IPOBEICHOI MOJIepHi3allii — mepeobia-
HaHHS yHIBEpCAbHUX IIAT(OPM CTAl[lOHAPHUMH CIIELiai30BaHUMHU HPUCTPOSIMU, — 30UIBLIYETHCS KOEDII[IEHT
BHUKOPUCTaHHs BaroHa.

Kniouosi cnosa: nnardopma; koHrteitHep; xpeOToBa 0anka; MIIHICTh KOHCTPYKIIi{, CTATU4HI BUIPOOYBaHHS;
MO3/I0BXHI HABAaHTXKEHHS; yJapHi BUIPOOYBaHH:; (QITHHIOBUIi yIIOp; HANPYKEHHSI; OLIHKA MII[HOCTI
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MOJAEPHMU3AIIA KAK CIIOCOB YJIYYIIEHUA UCITOJIB30OBAHUA
YHUBEPCAJIBHBIX BAI'OHOB

Henb. OcHOBHBIMU TPEeOOBaHMUAMH K KOHCTPYKLMH MOJEPHU3UPOBAHHBIX BAarOHOB SIBIISIFOTCS T€, KOTOPBIE MO-
3BOJIAT CHHU3MTh SKCILTyaTal[MOHHBIE PACXOMAbl M IMOBBICUTH SKOHOMHUYECKYIO 3()(EKTHBHOCTh MX HCIIOJIB30BAHMUS.
B cBsi3u ¢ aKkTyaJIbHOCTBIO JAaHHOM TEMaTHKW HEOOXOANMO NPOBECTU KOMIUIEKC UCCIIE0BaHUM, KOTOPBIH MO3BOJIUT
B JaJbHEHIIEeM HCIOJIb30BaTh YHUBEpCAIbHbIE IIaT(OPMbI, NEepeoOOpPYIOBaHHBIE COINIACHO TeXHHYECKUM
yenoBusiM - TY  3182-065-71390252-2911 mnox mepeBo3Ky KoHTeiiHepoB. B  mpomecce wuccnenoBaHuit
IpeaIonaraeTcss MPOU3BECTH: OLIEHKY MPOYHOCTH, 3alaca CONPOTHUBIEHUS YCTAJOCTU 3JIEMEHTOB KOHCTPYKIUU
1 OLEHKY COOTBETCTBHS IPOYHOCTHBIX XapaKTEPUCTHK 3JIEMEHTOB MOJICPHU3UPOBAaHHOHN IaT(GOpMBI HOPMATHBHOMN
JokymeHTar. Meroauka. [IpoBeneH aHanmM3 MCHONB30BaHUS I TIEPEBO3KH KOHTEHHEPOB CIIENNAIM3UPOBAHHOTO
W YHUBEPCAJIBHOTO IMOABM)XHOTO COCTaBa, BOIPOCOB MOJCPHHU3ALMM YHHBEPCAIBHBIX BaroHOB. BBINONHEHa OIeHKa
MPOYHOCTH Hecyllell KOHCTPYKIMM IDIaTGOpM HAa OCHOBAaHHMM KOMIUIEKCA PACUYETHBIX M IKCIIEPUMEHTAIBHBIX
uccreioBaHni. DKCIEPUMEHTANIbHAS YacTh BKJIIOYAET B CEOsl MCIBITAHUS: CTATHYECKHE, YAAPHBIE U HA PEMOHTHBIC
Harpy3ku. [IponsBesieHa OlLlEHKa IPOYHOCTHBIX Ka4eCTB BaroHa M 3araca yCTaJOCTHOM NMPOYHOCTH Ha 0a3e pacyeTHO-
9KCIIEPUMEHTAIbHBIX JaHHBIX. Pe3yabTaThl. Ha 0OCHOBaHMN NMPOBEIECHHBIX CTATUYECKHX, YAAPHBIX U Ha PEMOHTHBIE
Harpy3KH HCIBITaHUI, ¢ y4€TOM KBa3UCTaTMYECKUX MPOJOJIBHBIX CHJI, IPOU3BE/CHA OLIEHKA MPOYHOCTH KOHCTPYKIIUHU
BaroHOB COIJIACHO HOPMATHBHOM JOKyMeHTaluu. PacdeTHO-3KCIepHMeHTalbHbIE JaHHbIE MO3BOJISIIOT NMPOM3BECTH
OLICHKY 3araca COIPOTUBIEHMS YCTAJIOCTH 3JIEMEHTOB KOHCTpyKuuH. [laHHas paboTa 3aBeplleHa IOIyYeHHEM
pe3ynbTaToB, KOTOPHIE IO3BOJSIIOT OOOCHOBAaHHO MPOW3BOAWTH IE€peoOOPYIOBAaHUE YHHMBEPCAIBHBIX IUIAT(HOPM
OTIOPHBIMU TUIMTaMH C (PUTHHTOBBIMH yIIOpaMH Uil KperuleHusi KoHTelHepoB. Hayuynasi noBu3Ha. Pe3ynbraThl
NPOBE/ICHHBIX PAcCUYETHBIX M HKCIEPHMEHTAIBHBIX HCCIECJOBAaHUN IOKA3aJIM, YTO MOJCPHU3MPOBAHHBIE ILIATPOPMBI
OTBEYAIOT YCJIOBHSAM IIPOYHOCTH M HMMEIOT JOCTATOYHBIA 3alac COMPOTHBIEHHS YCTaJOCTH. JTO TIO3BOJISIET
PEKOMEH0BaTh Nepeo0OpyIOBaHNE YHUBEPCAIBHBIX IUIAT(OPM CEPUIHO BCEM BarOHOPEMOHTHBIM MPEINPUSATHSIM,
NPE/ICTaBUBIINM ONBITHBIE 00pasipl. IIpakTHyeckasi 3HAYMMOCTh. ABTOpaMH NPOBENECH KOMIUIEKC paboOT, Ha
OCHOBaHMM KOTOPBIX OOOCHOBaHA BO3MOXHOCTb IEpe00OpYHOBaHMS YHHBEPCAIbHBIX IUIaTGOPM IIOJ IEPEBO3KY
KPYIHOTOHHa)KHBIX KOHTEHHEpOoB. YacTh BArOHHOTO IapKa, HAXOIAMIAACS B 3amace, ¢ HEOONbIINMU MaTepHAIbHBIMU
3aTpataMd MOXXET OBbITh NepeBelleHa B OKCIUTyaTAlMOHHBIM MapK. 3a CYeT IPOBEICHHOW MOJSpHHU3AIUN —
nepeo0opyJOBaHUsS  YHUBEPCAIBHBIX IUIAT(GOPM  CTAlMOHAPHBIMU  CHELHAIN3UPOBAHHBIMU  yCTPOHCTBAMH,
yBeNn4MBaeTcst KO3((GHUIMEHT UCIOJIL30BAaHUS BaroHa.

Knouesvie crosa: mnartdopma; KOHTeHHep; XpeOToBast 0ajika; IPOYHOCTh KOHCTPYKIMU; CTATUYECKHUE UCIIBITA-
HUS; IPOJIOJIbHBIE HATPY3KH; YAapHbIE HCIBITAHUS, (PUTUHTOBBIH YIIOP; HANPSDKEHNUS; OLIEHKA TPOYHOCTH
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DEPENDENCE OF AIR SPRING PARAMETERS
ON THROTTLE RESISTANCE

Purpose. In this paper it is necessary to conduct: 1) research and analyse the influence of throttle element pneu-
matic resistance on elastic and damping parameters of air spring; 2) to obtain the dependence of air spring parame-
ters on throttle element pneumatic resistance value. Methodology. The work presents the elaborated model of the air
spring as a dynamic system with three phase coordinates (cylinder pressure, auxiliary reservoir pressure, cylinder air
mass). Stiffness and viscosity coefficients were determined on the basis of system response to harmonic kinematic
disturbance. The data for the analysis are obtained by changing the capacity of the connecting element and the law
of pressure variation between the reservoir and the cylinder. The viscosity coefficient is regarded as the viscosity
ratio of the hydraulic damper, which for one oscillation cycle consumes the same energy as the air spring. The proc-
ess of air condition change inside the cylinder (reservoir) is considered to be adiabatic; the mass air flow through the
connecting element depends on the pressure difference. Findings. We obtained the curves for spring viscosity and
stiffness coefficients dependence on the throttle resistance at three different laws, linking airflow through the cylin-
der with the pressure difference in cylinder and reservoir. At both maximum and minimum limiting resistance val-
ues the spring viscosity tends to zero, reaching its peak in the mean resistance values. Stiffness increases monotoni-
cally with increasing resistance, tends to the limit corresponding to the absence of an auxiliary reservoir (at high
resistance) and the increase in cylinder volume by the reservoir volume (at low resistance). Originality. The de-
signed scheme allows determining the optimal parameters of elastic and damping properties of the pneumatic sys-
tem as function of the throttle element air resistance. Practical value. The ability to predict the parameters of elas-
tic and damping properties of the pneumatic system as function of the throttle element air resistance will improve
the running performance of carriages, the comfort of passenger transportation and reduce the wear of the rolling
stock and the track caused by interaction of carriage and rails.

Keywords: spring suspension; air spring; viscosity coefficient; stiffness coefficient

Introduction scribe their dynamic properties with the help of the
mechanical equivalent model.

To date, the most common for use on passenger
cars is a pneumatic system design, consisting of an
air spring and an auxiliary reservoir. The reservoir
is needed to reduce the vertical stiffness [4, 7, 13].
As an auxiliary reservoir the internal cavity of the
bogie frame truss is used; besides the auxiliary res-
ervoirs may be located in the car body or in the
space under the body.

As a rule, the air springs are limited by size ac-
cording to the condition of their location on the
bogie frame, so they are separated from auxiliary
reservoirs and communicate with the latter by con-
necting pipes. The pipes are equipped with con-
necting elements, which have a calibrated vent

Air springs are the most progressive elastic el-
ements of running gear, which are used in passen-
ger car bogies. Their main advantage is the ability
to maintain the position of the body at a certain
level relative to the rail heads, regardless of the
load, due to automatic adjustment of air pressure
within the spring [4, 6, 7]. Furthermore, they have
good noise and vibration reduction properties, pro-
viding comfort of passengers [9, 12, 16].

Ability to take up high horizontal and diagonal
displacements as well as the torsional strength
make the air suspension systems an attractive solu-
tion for use on all bogies [1, 4, 7].

There are several types of air spring systems [4,
8, 10, 14] (air damper and air spring with one or

two extra reservoirs) and it is convenient to de-

holes. When overflowing from the cylinder into the
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auxiliary reservoir the air has to overcome an air
resistance of the connecting element, causing the
spring to get the damping characteristics along
with the elastic ones.

Purpose

The purpose of this work is to research and
analyse the influence of throttle element pneumatic
resistance on elastic and damping parameters of air
spring. To obtain the dependence of air spring pa-
rameters on throttle element pneumatic resistance
value.

The changes in the connecting element flow
capacity largely affect the overall pneumatic sys-
tem. For the analysis of the newly constructed or
improved existing air suspension system the issue
of the connecting element capacity, along with the
capacity of the auxiliary reservoir and the air
spring casing, is an extremely important parameter.

Methodology

To analyse the dependence of elastic and damp-
ing properties of air suspension system (hereinafter
— the spring) on the connecting element parameters
we consider the spring (Fig. 1) comprising the fol-
lowing components: rubber-cord casing cylinder
(1), reservoir (4), piping (3) and connecting ele-
ment (2).

Fig. 1. Diagram of air spring with reservoir

The spring is considered as a dynamic system
with three phase coordinates (cylinder pressure,
auxiliary reservoir pressure, cylinder air mass).
The process of air condition change inside the cyl-
inder (reservoir) is adiabatic; the mass air flow
through the connecting element depends on the
difference of cylinder and reservoir pressure. [15].

The spring has the following parameters: cylin-
der volume V' 1 and reservoir volume V' 2, support
surface area S (we assume that it is independent of
cambering of spring), air mass m. The total pres-
sure in cylinder and reservoir is denoted by p 1 and

p 2, respectively. They differ from the excessive
one by the atmospheric pressure value p,.

The set of equations describing the system op-
eration is as follows:

pl V1 ml
p2_,.m2_, (1)
p2 2

ml+m2=m

m2=f(pl-p2),

where z — cambering of spring; m 1 — air cylinder
mass; m 2— reservoir air mass; y — polytropic ex-
ponent; f — function defining the mass air flow

through the connecting element.

We assume that the spring operation proceeds
at the ambient temperature equal to t=25 °C and
the pressure equal to p, = 1 atm.

Equations (1) are interdependent, which allows
approximate representation of the air spring as the
elastic element with stiffness C and the viscous
friction element with viscosity £ (Fig. 2) mounted
in parallel [5].

Let us consider cinematic excitation of this sys-
tem, when its deformation is described by the ex-
pression z =a-sin2nf (a — body oscillation ampli-
tude, f— disturbing frequency).

The maximum strength occurs when z=a (the
signs are not significant), it is equal to:

2

and the work done by an external power source per
full oscillation cycle -to the viscous friction
element operation, i.e.

Prnax :C'aﬂ

A=21"-f-a-P,

_in

& |_--_|ﬁ

3)

Fig. 2. The equivalent mechanical system
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Expressions (2) and (3) are used for determin-
ing the equivalent stiffness and viscosity of the air
spring. For this purpose we integrate the equation
(1) when z=a-sin2nf , which will allow deter-

mining the spring overpressure p 1 as a function of
time ¢. The force exerted by the external source on
the spring supporting surface is equal to:

p=(pl-p,)-S,

and the work of this force per oscillation period is
equal to:

t
A= pdz=2nf [cos2nft - p(t)dt
0

Having determined p_, =max, p(t) and 4 ,
we find the equivalent coefficients:

“4)
)

The research is carried out at a variable ampli-
tude of oscillations (a = 0.005m, a = 0.010m, a =
0.020 m).

Taking into account the dependence of changes
in gas (liquid) flow value on the section resistance
and the vessel pressure employed in the fluid dy-
namics [2, 11, 14], we choose the dependence of

(pl—p2), but for

the research completeness and based on various
types of connecting elements, we do not neglect
the  following  dependencies: (pl-p2),
(p1-p2)*

Calculations are carried out with different flow
capacity of the connecting element: from virtually
open connecting element, which equalizes the cyl-
inder and reservoir pressure, to almost completely
closed one, which shuts off the cylinder from the
reservoir [3].

Under these assumptions, we determine the de-
pendence of cylinder overpressure p 1 on time ¢.
The obtained data on pressures allow drawing the
conclusions about the work done by the system, its
equivalent coefficients of stiffness and viscosity
under various operating conditions.

C:pmax/a’

B=A/2-1* f-a*.

pressure difference changes

Findings

We obtained the curves for three laws of pres-
sure variation of air suspension stiffness and vis-
cosity characteristics, as well as determined the
system operation depending on the connecting
element flow capacity (Fig. 3-5.):

3000
2500 /A\
2000 / \
1500
AW / \
1000 / \
500 / o
o = = o | : 5
AL A AL AL LA A A A A A A A A
(k=1 | (k=5 | (k=2 | (k=1 | (k=5 |(k=2 | (k=1 | (k=5 |(k=2 | (k=1 | (k=5 | (k=2 (k=1
e-2) | e-3) |e-3) |e-3) |e-4) |e-4) |e-4) [e-5) |e-5) | e5) | e-B) | e-b) | e-6)
—4—35=>mm |183|340(11,4|7,38|29,2 (129 | 168, |111, 481 |24,3|12,2|4,.91 247
8=10mm | 5,75 [ 502 | 40,2 | 59,1 | 222, | 669 | 576, | 331, | 137, | 69,2 | 34,6 | 13,9 | 7,01
—&—23=20mm 37,6 | 474, (1587 (2747|1828 | 987, | 398, | 1599, | 100, | 40,2 | 20,2

Fig. 3. Dependence of system operation on element

pneumatic resistance when +/(pl— p2)
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500 2 — -
o ¥ b hd hd . -
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(k=1e- | (k=5e- | (k=2e- | (k=1e- | [k=5e- [ (k=2e- | (k=1e- | (k=5e- | (k=2e- | (k=1e-
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Fig. 4. Dependence of system operation
on element pneumatic resistance
when(pl—-p2)

3000

2500

2000

1500

- 1000 /

500

Aj Aj Aj Aj Aj Aj Aj Aj Aj Aj Aj Aj Aj
(k=1 | (k=5 | (k=2 | (k=1 | (k=5 | (k=2 | (k=1 |(k=5 | (k=2 | (k=1 | (k=5 | (k=2 (k=1
e-4) | e5) |e-5) | e-5) |e6) |e6) |e-6) [e-7) |e-7) | e-7) | e-B) | e-B) | e-B)

—4—3=5mm 28,6 | 56,2
. | 497,

907,

, | 173, [ 156 | 79,9
. | 321,

2367

475
167,
GEE,

209
844
347,

8.44
339
139,

4,24
17,0

a=10mm 57,5

231,

696

—&—a=20mm 82,5 461, 2008|2827 1323 70,1

Fig. 5. Dependence of system operation
on element pneumatic resistance when

(p1-p2y
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As can be seen from the above curves, the sys-
tem indicates the lowest peak value of the work
performed in case of pressure difference change

curves /(pl—p2). Likewise in case of the curve

J(pl=p2) the maximum system performance

level is achieved at the beginning of the opening
cycle of the connecting element, that
allows achieving the system peak performance
for a shorter period of time than that of
systems with pressure change dependences
(pl-p2), (pl-p2)*

It is also natural that the maximum work per-
formed by the system falls to the oscillation ampli-
tude of 0.020 m, whereas when the oscillation am-
plitude is 0.0050 m, the changes in the system op-
eration in case of decreased flow capacity of the
connecting element are insignificant.

Analyzing the formula (3), it can be concluded
that the more work that the system makes, the
higher the pressure needs to be maintained in the
cylinder for its high-quality work, which in turn
can lead to complication in spring supply system.
However, the fundamental parameters for spring
operation are stiffness and viscosity, not its work.
Therefore, it is advisable to analyze these figures
for all three dependences of pressure change.

For the above-mentioned law of the spring sup-
port surface motion, the phase shift between p 1
and z is virtually absent, which makes it possible to
estimate the stiffness spring by the formula (4).
Whereas the equivalent viscosity coefficient is de-
termined as the viscosity coefficient of the hydrau-
lic damper, which absorbs per one oscillation
cycle the same energy as the air spring by
the formula (5).

We obtain the following curves of spring stiff-
ness and viscosity coefficient dependence on the
parameters characterizing the pneumatic resistance
of the element that connects the cylinder with the
auxiliary reservoir (Fig. 6-11):

1600
1400 z .
1200 ////
1000
C, kNm B / /
600 7(“__‘/
400
200
i (k=1e- | (k=5e- | (k=2e- | (k=1e- | (k=5e- | (k=2e- | [k=1e- | (k=5e- | (k=2e- | (k=1e-
3) 4) 4) 4) 5) 5) 5) 6) 6) 6)
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a=0,010 m | 604,19 | 609,8 (1060,6 1380,5| 1488 |1499,4(1488,7 1490,1(1498,1|1499,9
——ie= a=0,020 ™ | 654,68 | 735,65|1279,8|1486,3 | 1532,6| 1526 |1549,1|1561,2|1567,3|1567,3

Fig. 6. Curve of stiffness coefficient
dependence on the parameters characterizing
the element pneumatic resistance

where /(pl—p2)
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Fig. 7. Curve for viscosity coefficient
dependence on the parameters characterizing
the element pneumatic resistance
where /(pl—p2)
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Fig. 8. Curve of stiffness coefficient
dependence on the parameters characterizing
the element pneumatic resistance
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Fig. 9. Curve for viscosity coefficient dependence
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Fig. 10. Curve of stiffness coefficient dependence
on the parameters characterizing the element pneumatic
resistance where (pl— p2)
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Fig. 11. Curve for viscosity coefficient dependence
on the parameters characterizing the element pneumatic
resistance where (pl—p2)

By increasing the viscosity coefficient, the
system smooth operation and, consequently, the
level of passenger comfort is improved. The curves
show that early achievement of maximum viscosity

is observed for +/(pl— p2) however, this figure
is slightly lower than for (p I-p 2)* and (p I-p 2).

Originality and practical value

The designed scheme allows determining the
optimal parameters of elastic and damping proper-
ties of the pneumatic system as function of the

connecting element air resistance. The practical
value is that the ability to predict the parameters of
elastic and damping properties of the pneumatic
system as function of the throttle element air resis-
tance will improve the running performance of car-
riages, the comfort of passenger transportation and
reduce the wear of the rolling stock and the track
caused by interaction of carriage and rails.

Conclusions

Analysing the above curves, it can be con-
cluded that the system stiffness coefficient in-
creases significantly with increased resistance cre-
ated by the connecting element, herewith the sys-
tem viscosity tends to zero, which adversely affects
the damping of the system. In its turn, the system
viscosity is the highest at the mean resistance value
of the flow generated by the connecting element.
Moreover, the system reaches the maximum vis-
cosity at the mean value of the stiffness coefficient
that proves the beneficial effect on the system
damping quality of the presence of the element
with variable pneumatic resistance, which connects
the cylinder with the auxiliary reservoir.
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3AJIEKHICTD BJIACTUBOCTEM MHEBMATHUYHOI PECOPU
BII IHEBMATHYHOI'O OITIOPY APOCEJIA

Mera. B HaykoBiii po60Ti HEOOXiHO MpoBecTH: 1) BUBUSHHS Ta aHaNi3 BIUIMBY THEBMATUYHOIO OIOPY JIpoce-
JILHOTO eJIeMEHTa Ha NPY’KHI Ta JeMI(pyodi BIaCTHBOCTI MHEBMAaTHYHOI PecOpH; 2) OTpUMAaHHS 3aJIEKHOCTI BJlac-
TUBOCTEH MHEBMATHYHOI PECOPH BiJ] BEJIMYMHN ITHEBMATHYHOTO OIIOPY ApocenbHOro eneMenta. Meroauka. Po3po-
OJleHO MOIENh MTHEBMATUYHOI PECOPH K TMHAMIYHOI CHCTEMH 3 TphoMa (pa30BUMHU KOOpAMHATAMH (THUCK y OalloHi
1 TomaTKOBOMY pe3epByapi, Maca moBiTps B 6anoHi). KoedimieHTH >k0pcTKOCTI Ta B’SI3KOCTI BU3HAUCHI IO BiATYKY
CHCTEMH Ha TapMOHIIHI KiHeMaTHuHi o0ypeHHs. JlaHi Ui aHami3y OTPUMaHI IUIIXOM 3MiHHM HPOITYCKHOI 31aTHOCTI
3’€/IHYBaILHOTO €JIEMEHTA Ta 3aKOHY 3MIHM THUCKIB MiX pe3epByapoM i 6aioHoM. KoeodilieHT B’ SI3KOCTI po3risia-
€ThCA K KOe(iLli€HT B’S3KOCTI TiAPaBIIYHOTO TaCUTENs, IKUH 32 OJUH IUKJ KOJMBAHb ITOTIIMHAE TY K €HEPrifo, 10
i mHeBMaTHyHa pecopa. [Ipouec 3MiHM cTaHy MOBITPsl BCcepeauHi OaoHa (pe3epByapa) BBaXKAEThCS aJiadaTHUHUM,
MacoBa BUTpaTa MOBITPs Yepe3 CHOJIYYHHH eJIeMEHT 3aJeXHUTh BiJ pi3HuLI THUCKIB. PesyabTaTn. Otpumano rpadi-
YHI 3aJIKHOCTI KOS(IIIEHTIB )KOPCTKOCTI Ta B’SA3KOCTI PECOPH BiJl OIIOPY IPOCENs MPH TPHOX PI3HUX 3aKOHAX, IO
3B’SI3yIOTh BUTPATH MOBITPs Yepe3 OaoH 13 pi3HUILIEI0 THCKIB Y OasioHi Ta pesepByapi. [Ipu rpaHMYHNX (SIK BENHUKHUX,
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TaK 1 MEHIIMX) 3HAYECHHIX OIOpY B’S3KICTh PECOPH IIparHe A0 HyJIs, JOCSITarouyl MakCUMyMYy B CEpPEIHbOMY Jiama-
30HI BeJIMYMH Oropy. KopcTKicTh MOHOTOHHO 3pOCTa€e MpH 301IBLICHHI ONOpPY, MparHy4n 10 MEX, BiINOBIIHUM
BiJICYTHOCTI JI0aTKOBOTO pe3epByapy (IpH BEIHKOMY OMOpi) i 30UIbIMICHAS 00cATYy OalloHa Ha o0CsiT pe3epByapa
(mpu manomy omopi). HaykoBa HoBu3Ha. Po3pobieHa cxema T03BOJISIE BUSBUTH ONTHMANBHI TApaMeTPH MPYKHAX
Ta JeMI(yoYnX BIaCTUBOCTEH ITHEBMaTHYHOT CUCTEMH, 3AJISKHO BiJl THEBMATHYHOTO OTIOPY APOCEJILHOTO eJIeMEH-
ta. IIpakTH4yHa 3HAYUMicTh. MOXIHBICTS IPOrHO3YBAaHHS IapaMeTpiB NPYXKHUX Ta AeMI(YIOUYNX BIACTHBOCTEH
ITHEBMAaTHYHOI CHCTEMH, 3aJI€KHO BiJl THEBMAaTUYHOTO ONOPY JPOCEIBHOTO €1EeMEHTa, JO3BOIUTD HOJIMIIUTH X010~
Bi XapaKTEePUCTHKH BaroHiB, MiABUIINTH KOM(OPTAOEIbHICTh EPEBE3EHHS NAaCaXUPIB, a TAKOXK 3HU3UTH 3HOC Y-
XOMOTO CKJIaJly Ta pEHKOBOI KOJIii BHACIIIOK B3a€EMOJIT €KiMaXK-1ILIsX.
Kniouosi crosa: pecopHe miBilllyBaHHS; THEBMaTHYHA pecopa; KOe(ilieHT B’ I3KOCTi; KOe(illieHT KOPCTKOCTI
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3ABUCUMOCTH CBOUCTB IHEBMATHUYECKOM PECCOPBI
OT IHEBMATHUYECKOI'O COITPOTUBJIEHUSA JIPOCCEJIS

Heas. B nHayuHoii pabore HE0OXOAUMO MPOBECTH: 1) M3yUCHHWE W aHAIN3 BIUSHHUS THEBMaTHYECKOTO COIPO-
TUBJICHHS IPOCCENBHOTO 3JIEMEHTa Ha YIPYrue W AeMI(upyroliie CBOHCTBA MHEBMATHYECKOI peccopsbl; 2) moiy-
YyeHHE 3aBHCHMOCTH CBOMCTB ITHEBMATHYECKOM pecCcopbl OT BCIWYMUHBI IMHEBMATUYECKOI'O0 COIIPOTUBJIICHUA APOC-
cenpHOTO 2neMenta. Meroauka. PazpaboTana Mojenb IMTHEBMaTHYeCKOW Peccopbl KaK TUHAMHYECKOH CHCTEMbI
¢ Tpemst (pa3oBBIMH KOOPJIMHATAMU (JlaBJieHHE B OayIOHE M IOTIOJHUTEIILHOM pe3epByape, Macca Bo3yXxa B 0ajio-
He). KoapuImeHTs! )KeCTKOCTH M BS3KOCTH OIPEAEIeHB! 0 OTKIMKY CUCTEMbl Ha TapMOHHYECKOE KHHEMaTHde-
CKO€ BO3MyILeHHe. JlaHHbIE AJIs aHAIN3a MOIyYeHbI ITyTeM U3MEHEHHUS POITyCKHON CIIOCOOHOCTH COEIMHUTENBHO-
rO AJIEMEHTA M 3aKOHA W3MEHEHHUs aBIICHUN Mexay pe3epByapom u GayutonoM. KoadummeHt Bsi3kocT paccmar-
pHUBaeTCs Kak KOA(PHUIUECHT BA3KOCTH THPABIUYECKOrO TaCHTENs, KOTOPBIi 3a OJMH UK KOJIeOaHUil MOriomnaer
Ty € YHEPrHI0, YTO U MHEeBMaTH4YeCKas peccopa. [Ipoliecc U3MEHEHUsI COCTOSIHUS BO3/lyXa BHYTpH OasutoHa (pe3ep-
Byapa) CUMTaeTcsl aanadaTHYeCKuM, MacCOBBIA Pacxo]] BO3/yXa Yepe3 COCAMHHUTENbHBIA IEMEHT 3aBUCHT OT pa3-
HOCTH JAaBieHuid. Pesyabrarel. [lomydensl rpaduueckue 3aBUCUMOCTH KOI(PPHUIMEHTOB KECTKOCTH M BSI3KOCTH
peccopbl OT CONPOTHUBIICHUSI APOCCENs MPH TPEX Pa3HbIX 3aKOHAX, CBS3BIBAIOIIMX PACXOJl BO3/yxa uepe3 0ayioH
C pa3HOCTHIO JaBlicHWN B OayutoHe W pe3epByape. Ilpu mpenenbHbIX (Kak OOJBIINX, TAK U MEHBINUX) 3HAYCHUIX
COIMIPOTUBJICHHUS BA3KOCTH PECCOPBI CTPEMUTCA K HYJIIO, JOCTHUIasd MaKCUMyMa B CPCIHEM Jualla3oHE€ BCJIMYHH CO-
IIPOTUBJICHMUS. JKecTkoCTh MOHOTOHHO BO3pacCTacT MpU YBCINMYCHHUU COIPOTUBJICHUA, CTPEMSICH K IIpCaciiaM, COOT-
BETCTBYIOIINM OTCYTCTBHIO JIOTIOJIHUTEIBHOIO pe3epByapa (Ipu OOJIBIIOM CONPOTHBIICHNH) U YBEJINYEHHUIO 00beMa
Oamtona Ha 00beM pesepByapa (Ipu MajioM conporusieHni). Hayunasi HoBu3Ha. PazpaboraHHas cxema 1mo3Boss-
€T BBIABUTH ONTHMAJIBHBIE MTApaMETPhl YIPYTHX U JeMI(UPYIONIMX CBOWCTB MTHEBMAaTH4YECKONW CHCTEMBI B 3aBUCH-
MOCTH OT ITHEBMATHYECKOT'O COIPOTHUBIICHHUS IPOCCETBHOrO 3neMeHTa. IlpakTHyeckasi 3HAYMMOCTh. B03MOX-
HOCTbh [TPOTHO3UPOBAHUSI TAPAMETPOB YIPYTUX U JAeMII(DUPYIOUIMX CBOWCTB MHEBMATHYECKOW CUCTEMBI B 3aBUCHMO-
CTH OT ITHEBMATHYECKOTO COMPOTHUBICHUS APOCCEIBHOIO AIIEMEHTA MMO3BOJIUT YIIYUIIUTh XOJOBbIC XaPAKTEPUCTUKU
BaroHOB, MOBBICHTh KOM(OPTAOEIbHOCTh MEPEBO3KU MACCAKUPOB, a TAKXKE CHH3UTh W3HOC MOJBIIKHOTO COCTaBa
W PeNIbCOBOM KOJIEH BCIIEACTBHE B3AUMOJICHCTBHS IKHIAXK-TTY Tb.

Kniouesvie cnosa: peccopHoe TOABEIINBAHNE; ITHEBMAaTHIECKasT peccopa; KOAPPHUIHUEHT BSI3KOCTH; K03 duiu-
€HT )KECTKOCTH
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O ®OPME KPUBOUN HATIOJHEHUS TOPMO3HBIX IUJIUHIPOB
B I'PY30OBbBIX IIOE3JAX

Heas. B pamkax HayyHOH paOOTBI HYXKHO H3YYHTh BIHSHHE (OPMBI KPHBOH HAIONHEHHUS TOPMO3HBIX
LWIHHIPOB MIPY PA3IMYHBIX PEKUMax TOPMOXKEHHS HA IPOJOJIBHYIO IMHAMUKY rtoe3a. Heo6xoanmo oneHuTs npu
3TOM ypOBEHb HAMOOJBIIMX NPOAOJBHBIX CHJI WM BEIMYMHY TOPMO3HBIX ITyTE€H B IPY30BBIX MOE3[aX Pa3IHIHOMN
umHbl. MeToauka. B nanHO# paboTe cienaHa IOIBITKA allPOKCHMHUPOBATh PEalbHbIE AUArpaMMbl HATIOIHEHUS
TOPMO3HBIX LWJIMHAPOB DPAlMOHAIbHBIMH (QYHKLIMAMH pa3iuyHoi cremeHu. Ilpu mondope koaduumeHToB
B HCKOMBIX (YHKIUAX B KauecTBe KOHTPOJHMPYEMBIX MapaMeTpOB HCIIOJIb30BAJIUCh HAHOONBIINE 3HAYCHUS
MMPOAOJBHBIX CHWJI U TOPMO3HBIC IYTH, KOTOPLIC COMOCTAB/ISIIMCh C aHAJIOTMYHBIMH BCJIMYHMHAMU, MMOJTYUYCHHBIMU
B pPE3yJbTAaT€ ONBITHBIX IMOC3O0K. ypOBeHL MMPOJAOJBHBIX CHUJI W BCIWMYUHY TOPMO3HBIX nyTeﬁ OLICHUBAJIN
C TIOMOLIBI0 MaTeMaTHYECKOI'0 MOJICIUPOBAHMS IPOAOJBHBIX KOJIeOaHMH IMoe3[a NPH IEePEeXOAHBIX pPEeXUMax
JBIDKCHUS, BBI3BAHHBIX pAa3IMUHBIMM  pEXHUMaMu TOpMOkeHus. PesyabTatsl. Ilpm Mmaremarmueckom
MO/IETIMPOBAHNH HPEAIOIArajJoch, YTO O3/ cOCTOUT U3 60-TH OTHOPOAHBIX YETHIPEXOCHBIX MOJIYBarOHOB MacCOM
80 ToHH, 00OpYmOBaHHBIX Bo3ayxopacmpenenutessiMd Ne 483 (BKIIIOYCHHBIMH Ha CPENHUN pPEXUM paboTHI),
KOMITO3HILIMOHHBIMHA TOPMO3HBIMH KOJIOAKAMH, M OXHOTO JiokomoTnBa BJI-8. Iloe3n mepen HavalioM TOPMOKEHUS
OBUT IIpeIBApUTENBHO PacTAHYT. MOAENNpOBaINCh pa3IndHbIe BUIBI THEBMATHYECKUX TOPMOXECHUH (3KCTPEHHOE,
MOJTHOE CIY)KEOHOE M PEryJIMPOBOYHOE TOPMOKEHHMS) TPY30BOIO IO€3[a Ha TOPU30HTAIBHOM YYaCTKE IIyTH.
B pesynbraTe pacueToB ObUIM MOIy4eHB! 3HAUYEHWS HPOJOJIBHBIX CHI, BEIMYMHBI TOPMO3HBIX IMyTeH H Bpems
CHIDKCHHUSI CKOPOCTH [IBIDKCHUSI NPH DPA3IMYHBIX peXuMmax TopMmoxkeHus. Haydynas HoBu3Ha. MccienoBaHo
BJIUSAHHUC (bOpM])I KpHBOﬁ HaIloOJIHCHUA TOPMO3HBIX HWIMHAPOB Ha YPOBCHbL MNPOAOJBHBIX CHJI U BCIUYUHY
TOPMO3HBIX IIyTed B IPy30BbIX Ioe31ax. MccienoBana Takxke MPOJOJIbHAS HATPYKEHHOCTh IPY30BbIX IIOE3/10B IIPU
Pa3IMuHbIX MHEBMAaTHYECKUX TOpMOkeHHsX. [IpakTudeckasi 3HaYMMOCTh. [losydeHHbIe pe3yIbTaThl MOTYT OBITh
WCIIOJIb30BaHbl ISl OLEHKH YPOBHS HAMOOJBUIMX NPOJOJIBHBIX CHJI M TOPMO3HBIX ITyTEH B TPY30BBIX IOE37ax
Pa3HOM JIMHBI IIyTEM MaTeMaTHYECKOTO MOAEINPOBAHUS Pa3INUHBIX PEKUMOB TOPMOKEHHH.

Kniouegbie  cnosa: MaTeMaTHUECKOE  MOJEIUPOBAHHUE; IEPEXOAHBIE  PEKHMBI;  JBIDKCHHUE I10€37a;
ITHEBMaTHYECKOE TOPMOXKEHHE; IPOJOIBbHBIE CHIIBL; TOPMO3HBIE ITyTH

BBenenne Hean
Kak moka3sIBaeT OMBIT IKCIDIyaTallHd TPY30- OObecnieueHne OE30MACHOCTH IBIDKEHHUS I0€3-
BBIX I0€3710B, HAU0O0JICe OMACHBIM PEKUMOM JIBU-  JOB TPeOYyeT COBEPIICHCTBOBAHMS METOIMKH Ma-
JKEHUS SBIIsIETCSA TOpMOxkeHue [5—14]. TEMaTUYECKOTO0 MOJAEIUPOBAHUSI TOPMO3HBIX IPO-

IIECCOB, MPOUCXOISIINX B TPY30BBIX MMOE3/IaX.
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MeTtoanka

Monenupyst mpoIecchl TOPMOKEHHUS IPY30BBIX
MOE3/I0B, B psjie CclydyacB rpad)uk M3MEHCHUS BO
BPEMEHHU CHJIBI HOKATHS kK TOPMO3HBIX KOJIOJOK Ha
KOJIECO JKEJIE3HOJOPOKHOTO JKUIAXKa, KOTOPOe
MPOMOPIIMOHANBHO NIaBJICHHIO BO3[yXa B TOPMO3-
HOM IWIMHApPE, AaNMpOKCHMHUPYIOT KyCOYHO-
JIMHEWHOM 3aBUCUMOCTBIO [1—4].

[IpenmonoxxuM, 4TO CHITy HaXaTHs i-TO IKHIIa-
xa k;(t)B mpouecce ee pocTa OT HyJsd O MaKCH-

MaJbHOTO 3HAYEHHS, MOXXHO OIHCATh PAIMOHAb-
HOU (YHKIHEH.

ITogbupast mapamMeTpsl ATOW (YHKIHH, TPEI-
MOJIarajioCh, YTO dTAll IPIDKATHS TOPMO3HBIX KO-
JIOJIOK K KoJiecaM (BpeMsl BBIXOJIA IIITOKA) YXKE 3a-
BEpIIIEH.

Ha ocHoBaHMM TIPOBEIEHHOTO aHAJIHM3a peallb-
HBIX IUarpaMMmax HarmoJHEHUS TOPMO3HBIX IUINH-
JIPOB, TIOyYEHHBIX TI0 Pe3ybTaTaM MHOTOJIETHUX,
MHOTOYHUCIIEHHBIX OIBITOB, MPOBEACHHBIX C ITOE3-
JlaM{ B PEABHBIX YCIOBHSIX OMBITHOTO KOJbIAa HA
crannuu [llepOrHka MOCKOBCKO# K.Jl. YUEHBIMU
ANNTa u BHUNKTa, MOXHO YETKO pa3indyUTh
nBe (asbl.

ITepBas daza — Oosiee MHTEHCHBHOE HAIIOJIHE-
HHE TOPMO3HOTO IWJIMHIpa A0 3HauYeHus k (i)B

TEYEHHE MAaJIor0 MPOMEXYTKa BpPEMEHH, BTOpas
(haza — BpeMs HANIOJHEHUS TOPMO3HOTO IHJIHMHIPA
OT 3Ha4yeHus k(i) 1O MaKCHMaJIbHOTO 3HAYEHHS

k

max °

Hwxe Ha puc.l m300pakeHbl AMarpaMMbl Ha-
MOJTHEHUS] TOPMO3HBIX IIUJIMHIPOB B IPY30BOM IO~
e3ne, cocTaBjeHHOro U3 60 BaroHOB IPHU TTOTHOM
CITy’keOHOM TOPMOKEHHH.
2 k, ¢
18

L6
1,4

Puc. 1. lnarpaMmbl HaNIOJTHEHHS] TOPMO3HBIX
IWINHAPOB IS pa3IMYHBIX dKAIaKel moe3na

Fig. 1. Diagrams of brake cylinder filling
for different train vehicles

Ha puc. 1 nuaun 1—5 coOTBETCTBYIOT U3MEHE-
HMIO CHJIBI Ha)kaTusg Ha Kojieco B 1-oMm,
12-om, 27-om, 43-em u 60-oM BaroHax rpy3oBOTo
nmoesna, cocrosamero u3 60 BaroHOB MPHU TOJTHOM
CITy’KeOHOM TOPMOKEHWH. 3HAYEHUS IEepPBOH y3-
J0BOM TOYKH k(i) Ha TMarpaMMax OTMEYEHO KpyT-

JIBIM MapKepOM.

Kak BUIHO W3 NPUBEICHHOTO PUCYHKA, HAIOI-
HCHHUEC TOPMO3HOI'O0 IUJIMHAPA OO0 3HAYCHUA CHUJIBI
HaxaTua k (i), mpoucxoaut Oojiee MHTEHCHUBHO,

a BpPEMsA HAIIOJHCHUA TOPMO3HBIX HUIMHAPOB 110
MAaKCHMaJIbHOI'O 3HA4YCHUS kmax BO3pacCTacT OT Io-

JIOBHOT'O HKHUIIAaXKa K XBOCTOBOMY IO HEIMHEHHOMY
3aKOHY.

B Tabn. 1 npuBencHbl 3HAYCHUS MEPBOU y3JI0-
BOM TOYKHM M3 AMArpaMMbl HAIOJHEHUS TOPMO3-
HBIX [HJIUHAPOB, TOJYYEHHON ONBITHBIM IyTEM
M IyTeM WX alMpOKCUMAIlN HEJIMHEHHOW (YyHK-
1yel, KoTopasi 3aBUCHUT OT HOMEpa BaroHa.

Tabnuna 1

3HaveHuUe NEePBOI y3J10BOH TOYKH
HA JUarpaMMe HanmoJHEHHUs TOPMO3HBIX IMJINHAPOB
AJISl Pa3JIMYHBIX BATOHOB B I'PY30BOM Ioe3/ie
U3 60 BAarOHOB NIPH MOJHOM
cJIy:ke0HOM TOPMOKCHHH

Table 1

Value of the first node point in the diagram
of brake cylinder filling for various cars
in a freight train among 60 cars
at full service braking

No PeasbHbie ATNpOKCHMAITHS
Baroma JIMArpaMmbl
t,c k,,xH L,c k,, xH
1 0,68 0,536 0,7 0,55
12 0,49 0,36 0,5 0,36
27 0,39 0,25 0,37 0,27
43 0,29 0,11 0,29 0,19
60 0,39 0,21 0,25 0,12

Tabn. 2 comepWT 3HAYCHHUS BPEMECHU HAIOJ-
HEHHUSI TOPMO3HBIX IMJIMHAPOB OT HYJSI 10 3HA4e-
HUA K, .
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Tabnuma 2

3HaveHUs] BpeMEHH HATIOJIHEHUS] TOPMO3HBIX
HHJIMHAPOB OT HYJIS 10 MAKCHMAJILHOT0 3HAYCHHSA
AJI51 Pa3IMYHBIX BATOHOB B I'PY30BOM Ioe3/1e
u3 60 BaronoB npu noJIHOM

CJIy:KeOHOM TOPMOKEeHHH
Table 2

Time values of brake cylinder filling from zero
up to the maximum value for different cars
in a freight train among 60 cars
with full service braking

Ne parona Peanpnbie Annpoxcumanus
JMarpaMMbl
1 7,28 7,35
12 11,47 11,17
27 13,69 14,12
43 16,2 15,99
60 15,63 17,27

Bpemst HamoJHEHWsT TOPMO3HBIX IWJIHHIPOB,
NpUBEACHHOE B Tabj. 2, anmpOKCHMHPOBAHO pa-
[UOHAITLHON 3aBUCUMOCTBIO OT HOMEPA BaroHa.

W3 maHHBIX, TPUBEICHHBIX B Ta0J. 1 1 2 BUAHO,
YTO HeCTAOMIIbHOE cpabaThIBaHHE BO3MyXOpacmpe-
JIeUTesIe B TPY30BbIX BaroHax MPHUBENO K TOMY,
YTO B pEalbHbIX JgUarpaMMax CHJIA HaXaThs
k,(43) oxazamace MeHblie k,(60), a Bpems Ha-

mo k

max

IMOJIHCHHUA  TOPMO3HOI'0  IUJIHMHApA

B 43-eMm Barone 0oJblie, ueM B 60-0M.

Huxe Ha puc. 2—6 npuBeaeHs! TuarpaMmbl Ha-
MOJIHEHUS TOPMO3HBIX LUIUHAPOB B 1-oM, 12-0M,
27-oM, 43-em, u 60-oM BaroHax B I'py30BOM IO€3-
ne u3 60 BaroHOB IPH IOJIHOM CIIY)KEOHOM TOp-
MOXCHHH, IIOJIyYCHHBIE C HCIOJb30BaHUEM pa-
IUOHATBHBIX (DYHKITHIA.

k, ve 1- paron

Puc. 2. lnarpamma HanoJHEHUs: TOPMO3HOTO LIMJIMHAPA
B 1-0M BaroHe rpy30BOTro moes3zaa, coctosmero u3 60
BaroHOB IIPHY TIOJIHOM CIIy>KEOHOM TOPMOKEHHH

Fig. 2. Diagrams of brake cylinder filling
in the first car of a freight train consisting of 60 cars
at full service braking

12- paron

1.8
1.6
1.4

1,2

0.8
0,6
0.4
0,2

Puc. 3. lnarpamma HaroJIHEHUs TOPMO3HOTO IMHJIUHAPA
B 12-0M Barose rpy30Boro moeszua, cocrosuiero u3 60
BaroHOB IIPH MOJTHOM CIyXEOHOM TOPMO>KEHUH

Fig. 3. Diagrams of brake cylinder filling

in the 12" car of a freight train consisting
of 60 cars at full service braking

k, 1c 27- Baron

1.8
1.6
L4
1,2

0.8
0.6
0.4
0,2

Puc. 4. lnarpamMmma HannoJIHEHUS! TOPMO3HOTO LIMJIUHIPA
B 27-0M BaroHe rpy30BOro noesja, cocrosero u3 60
BaroHOB ITPH TIOJIHOM CITY’>KEOHOM TOPMOXKEHHH

Fig. 4. Diagrams of brake cylinder filling
in the 27™ car of a freight train consisting
of 60 cars at full service braking

43- paron

1.8
16
14
1,2

0.8
0.6
0.4
0.2

Puc. 5. lnarpamma HanoJHEHUs: TOPMO3HOTO LIMJIMHAPA
B 43-0M Barose Tpy30BOro moe3za, coctosmero u3 60
BaroHOB ITPH TIOJTHOM CITy>KEOHOM TOPMOXKEHHH

Fig. 5. Diagrams of brake cylinder filling
in the 439 car of a freight train consisting
of 60 cars at full service braking
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60- Baron

1.8
1.6
1.4

1,2

0.8
0.6

Puc. 6. lnarpamMmma HaroJTHeHUS
TOPMO3HOTO IMIINHpPaA B 60-0M Barone
TPy30BOTO IO€3/1a, COCTOsIIEro u3 60 BaroHoB
TIPY TIOJTHOM CITy>)K€OHOM TOPMOKEHHU

Fig. 6. Diagrams of brake cylinder filling
in the 60" car of a freight train consisting
of 60 cars at full service braking

Kak n3BecTHO, MpH SKCTPEHHOM TOPMOKEHUH
TOPMO3HbIC IWJIMHJAPHI HAMOJHSIOTCS OoJiee WH-
TEHCHUBHO, TIOATOMY JIJIsl MOJICIIUPOBAHUS YKa3aH-
HOT'O TOPMOXKEHHS JHarpaMMbl HAIIOJHEHUS ObLIH
MOJYYEHBI [0 TOH K€ METOJIUKE, HO C HCIOIb30Ba-
HUEM DPAIMOHATBHBIX (YHKITHH C IPYTUMH KO3(-
¢dunreHTaMu.

Hwxe B kauecTBe npumepa Ha puc. 7—9 npuse-
JICHbI TUarpaMMbl HAMOJNHEHUsS TOPMO3HBIX IH-
TUHAPOB B 1-0M, 27-0oM 1 60-0M Baronax rpy3oBo-
ro moesja, cocrosmero u3 60 BaroHoB IpU 3KC-
TPEHHOM TOPMOIKCHUH.

Kk, kH 1- Baron

1.8

1.4
1,2

0.8
0.6
0.4
0,2

0 2 4 6 8 10

Puc. 7. Inarpamma HaroJIHEHUS
TOPMO3HOTO IIMJIMHApPA B 1-0M BaroHe
TPy30BOTO IO€3/1a, COCTOSIIEro u3 60 BaroHoB
MIPH 3KCTPEHHOM TOPMO>KEHUN

Fig. 7. Diagrams of brake cylinder filling
in the first car of a freight train consisting
of 60 cars at emergency braking

27- Baron

08
0.6
0.4
0.2

o
a 2 4 6 8 1o 12 14

Le

Puc. 8. lnuarpamma HanoJHEHUs: TOPMO3HOTO LIMJIUHAPA
B 27-0M BaroHe rpy30BOro noesja, cocrosero u3 60
BaroHOB MPH SKCTPEHHOM TOPMOKEHUU

Fig. 8. Diagrams of brake cylinder filling
in the 27™ car of a freight train consisting
of 60 cars at emergency braking

60- Baron

Puc. 9. lnarpamma HanoJHEHUs TOPMO3HOTO LIMJIUHAPA
B 60-0M BaroHe rpy3oBoro noesja, cocrosiuero u3 60
BaroHOB MPH SKCTPEHHOM TOPMOKEHUHU

Fig. 9. Diagrams of brake cylinder filling
in the 60™ car of a freight train consisting
of 60 cars at emergency braking

Ha puc. 2-9 nuanuu 1 COOTBETCTBYIOT pealib-
HBIM JMarpaMmaM HaIloJHEHUS TOPMO3HBIX ITH-
JUHAPOB, IMHUU 2 — MOJTYYEHHBIM ITyTEM alIpoK-
CUMallld peajbHBIX [MarpaMM palHMOHAIbHBIMU
GyHKIHAMH.

W3 npuBeeHHBIX PUCYHKOB BUJIIHO, YTO (hopma
KpUBOW HANOJHEHUSI TOPMO3HBIX LUJIMHIPOB, MO-
Jly4d€HHas MyTeM allpOKCUMalUU JOCTaTOYHO XO-
po1o oTodpakaeT peabHbIe MPOLECCHI, IPOUCXO-
JIALIME B TOPMO3HBIX IUIMHApAaX MpPU ITHEBMATHU-
YECKUX TOPMOXKECHHUSIX.

®opma KpUBOM HAIOJHEHUS TOPMO3HBIX IIH-
JUHAPOB U €€ MapaMeTphbl CYIIECTBEHHO BIIUSIOT
Ha YPOBEHb MPOJAOJIBbHBIX CHJI M BEJIUYUHY TOP-
MO3HBIX TyTed. [loaToMy mpeicTaBisieT UHTEpeC
HCCJIEeI0BaTh MPOIECChl BOSHUKHOBEHUS MPOA0h-
HBIX CWJI U BEJIIMYUHBI TOPMO3HBIX MyTeH mpu
MTHEBMATHYECKUX TOPMOKCHUSIX.
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Pe3yabTathl

MopnenupoBanuch pa3IUYHbIE BHJBI ITHEBMa-
tndyeckux topmoxkenuit ([ICT, OT u PT) rpy3oso-
ro 1Moe3/1a Ha TOPU3OHTAILHOM YUYacTKe IMyTH [3].

[lomHbIe city)keOHBIE W DKCTPEHHBIE TOPMOXKE-
HUS MOJEIHPOBAINCH C Ha4YaJlbHOW CKOPOCTH
nmemwkenus V, =30 KM/d 10 OCTaHOBKH, a peryiu-

POBOYHBIE TOPMOXKEHHUSI C Pa3psiIKON TOPMO3HOM
marucTpam Ha 0,8 at™ co ckopoctu V), =60 km/u

1o V. =40 xm/u.

[Toe3x mepex HavaIOM TOPMOXKEHHSI OBLT TIpe-
BapUTEIbHO PACTIHYT.

IIpeanonaranocs, 4To moe3n cocTouT u3 60-Tu
OJTHOPOJIHBIX YETHIPEXOCHBIX TIOJIYBaroHOB Maccoi
80 ToHH 1 oHOTO JOKOMOTHBa BJI-8.

[Tonaranock Takke, 4TO BaroHbl 00OPY/IOBAHBI
Bo3yxopacnpeaenurensiMu Ned83, BKIIIOUEHHBIMU
Ha CPEeTHHUH peXuM pabOThI, U KOMIO3UIIMOHHBIMHU
TOPMO3HBIMU KOJIOJKAMH, a MEKBAroHHbBIC COCIH-
HEHUS — yIPyro-QPUKIIMOHHBIMHA MTOTIOMIAFIIUMHI
armmaparamu 111-1-TM.

B pesynbTare pacyeToB ObLIM IOJIyYEHBI JHA-
TpaMMbl  paclpeieicHus MaKCUMAIBHBIX —TIPO-
JONBHBIX CHJI BJOJIb JJTUHBI MTO€3/1a, 3aBHCUMOCTHU
HauOONBIINX TMPOJOIBHBIX CHJ OT BPEMEHH [IBU-
JKEHUS U TPACKTOPUS JABMIKCHUS.

Hwmxe B kauecTBe mpumepa NpUBEICHBI IUa-
TpaMMBl pacTlpeieleHns MaKCHUMAaIbHBIX TIPO-
TIOJIBHBIX CHJI BIOJH JIUHBI moe3na (puc. 10, 12
u 14) U 3aBHCHMOCTH HaUOOJBIIUX MPOOIBHBIX
cui oT BpeMeHu aBmwkenwms (puc. 11, 13 u 15) s
pa3IMYHBIX BHJIOB TOPMOXKCHHUH.

max5, kH

_/-._,__yu.\(cp BaroHa

60 70

[i] ——
50

-200

=400

-600

-800

-1000

Puc. 10. Pacnpenenenne MakCUMalbHBIX 3HAUYE€HUIN
MPOJOJIBHBIX CHJI IO JUTMHE MOe3a
MIPHA PETYIUPOBOTHOM TOPMOKECHUHU

Fig. 10. Maximum values distribution
of the longitudinal forces along the length
of the train at adjusting braking

max5s, kH

200

0

=200 ~

-400

-600

-800

-1000

Puc. 11. 3aBucuMOCTb HaUOOJIBIIUX TPOAOJILHBIX CHII
OT BPEMEHU JIBUKEHUS
IIPU PETYIUPOBOUHOM TOPMOKEHUU

Fig. 11. Dependence of the largest longitudinal forces
from the motion time at adjusting braking

maxS, kH
30 40 60 70
HOMep BaroHa

Puc. 12. Pacnpenenenue MaKkCUMaJIbHBIX 3HAUYE€HUIN
MPOJOJILHBIX CHJI IO JUTMHE MOe3/a
TIPH TIOJTHOM CITY’KEOHOM TOPMOKEHUH

Fig. 12. Maximum values distribution
of the longitudinal forces along the length
of the train at full service braking

max$S, kH
400
20(()) _ - S~ tc
200 5 10 L fe 25 30
-400 N\ { \n_//:l
-600 3 | =
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Puc. 13. 3aBucuMOCTb HANOOJIBIINX IPOAOJILHBIX CHIT
OT BPEMEHU JIBUKEHUS
TIPY TIOJTHOM CITy>K€OHOM TOPMOXKEHHH

Fig. 13. Dependence of the largest longitudinal forces
from the motion time at full service braking
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max$5, kH
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Puc. 14. Pacnipenenenne MakCUMaIbHBIX 3HAYEHUI
MIPOJIOJIBHBIX CHUII 110 JUTUHE T10e3/1a
IPY SKCTPESHHOM TOPMOKCHUHU

Fig. 14. Maximum values distribution
of the longitudinal forces along the length
of the train at emergency braking
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Puc. 15. 3aBucuMocTh HaNOOIBIIUX MTPOIOITBHBIX CHII
OT BPEMEHH IBUKCHUS IIPU IKCTPEHHOM TOPMOKCHUHU

Fig. 15. Dependence of the largest longitudinal forces
from the motion time at emergency braking

Ha npuBeneHHBIX pUCYHKaX CIIIOLIHBIE JIMHUU
COOTBETCTBYIOT ~MOJICIMPOBAHHUIO TOPMOKEHUH
C HUCIOJIb30BAaHMEM [JHarpaMM HAaroJIHEHHS TOp-
MO3HbBIX LWIMHAPOB, IOJYYCHHBIX B PEAJIbHBIX
YCIIOBUSIX, MyHKTHUPHBIE — ANIIPOKCUMAIIHS JKCIIe-
PUMEHTAJBHBIX JAHHBIX B BUAE PAaLMOHAIBHBIX
(hyHKITAH.

Hwuxe B Taba. 3 mpuBeaeHB! 3HAYEHUS TOPMO3-
HBIX IyTEH M BpEMEH /0 OCTaHOBKM IOe3a MpHU
TIOJTHOM CITy>K€OHOM U SKCTPEHHOM TOPMOKCHHSX,
IpU PEryJIMPOBOYHOM TOPMOXKEHHH COOTBETCT-
BYIOIIME BEIWYMHBI MMOIY4YEHBI IIPU CHIDKEHUH Ha-
YJaIbHOW CKOPOCTH ABIMKEHUS Ha 20 KM/4.

N3 rpadukos, n300paxxeHHBIX Ha puc. 10—15,
CJIeyeT, 4YTO TOTPEIIHOCTh OLEHKH YpPOBHS Hau-
OONBUIMX CXHUMAIOMIUX IPOAOJIBHBIX CHII C HC-
H0JIb30BAHUEM IIPEIUIOKEHHOM METOIOUKH IIPH pe-
TYJIMPOBOYHOM TOPMOXXEHHM HE IPEBBIIIAET
7,5 %, NpH TONHOM CIYXKEOHOM TOPMOXKEHHH —
13,5%, mpu 5xcTpeHHOM TopMOkeHUH — 10 %.

HauOonpias morpemHocTs BEIUYUHBI TOP-
MO3HOTO IyTH IPH PErYIMPOBOYHOM TOPMOKEHUHU
cocraBuia 2,5 %.

Tabnuma 3

3Ha4yeHUs1 TOPMO3HBIX yTell U BpeMeHu
ABMKEHMS IPH PA3JHYHBIX PeKUMAX

TOPMOKEHUS
Table 3

Values of braking distances and motion time
at different braking modes

Bun Topmoxe- Peanbnbie nua- Anrnpokcumanus
HUS rpaMMbl
L,m T, cex L m T, cex
PT 37 525 38 538
IICT 24 135 24 137
9T 22 121 22 123

Pe3ynbTarhl, NpUBEICHHBIC BBIIIE, MMOKA3bIBa-
0T, 4TO JIaHHAs METOAMKA arPOKCUMAIIH peallb-
HBIX JAMarpaMM HaroJHEHUS TOPMO3HBIX LMJIMHI-
POB PAIMOHATBHBIME (DYHKIIMSAMHU JTOBOJIBHO XO-
poIIo OTOOpakaeT MPOIECChl, UMEIONHEe MECTO
MIPY pa3IHYHBIX BUAX TOPMOKEHHH.

Hayuynasi HOBU3HA U paKTHYecKasi
3HAYUMOCTh

HccnenoBana mpojiofibHas — HArpyKeHHOCTh
TPY30BBIX IO€3JI0B MpPU Pa3NIUYHBIX IMTHEBMAaTHYe-
cKkuxX TopMokeHusx. OueHeHO BIUsSHUE (POPMBI
KPUBOW HANOJHEHHWS TOPMO3HBIX IWJIHHIPOB B
TPY30BBIX M0€3/1aX Ha YPOBEHb NMPOJOIBHBIX CHII U
BEJIMYMHY TOPMO3HBIX TyTed. llpuBeneHnyoo me-
TOAWKY CIEAyeT WUMETh B BUAY NPH MOIEIHPOBA-
HUU XapaKTEpUCTHK TOPMO3HBIX MPHUOOPOB MOJ-
BHYKHOTO COCTaBa >KEJIE3HBIX IOPOT.

BriBoabI

HOJIy‘-IeHHI)Ie 3aBUCUMOCTH CHJIBI Ha)XaTus OT
BPEMCHU MOXHO HCIIOJIB30BaTh IIpU MOACIUPOBA-
HHUH ITHCBMATUYCCKUX TOpMO)KeHI/Iﬁ moe3aoB pas-
JIMIHOM JJINHBI, B TOM YUCJIC COCANHCHHBIX.
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ITPO ®OPMY KPI/IBQT HAITOBHEHHA I'AJIBMIBHUX UJITH/IPIB
Y BAHTAKHUX TTOI3JAX

Mera. Y pamkax HayKoBOi poO0TH HEOOXiHO BUBYHMTH BILIMB (POPMH KPHBOI HAIIOBHEHHSI TaJIbMIBHUX IMIIIH[I-

PiB IIpH pI3HUX peKMMaxX TaIbMyBaHHS Ha ITO3/I0BKHIO JMHAMIKy moizny. [Ipu oMy 000B’S13k0BO MOTPiOHO OIIi-
HUTU DPIBEHb HAMOUIBIIMX TITO3MOBXKHIX CHJI Ta BEJIMYMHY TaJIbMIBHMX LULIXiB y BaHTOXHHUX M0i3gax pi3HOI
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mopxuHn. Mertonuka. B maHiit poOoti 3poOiieHa cmpoba ampoKCHMyBaTH peajbHi IiarpaMyd HAIlOBHEHHS
TATBMIBHUX IWIIHAPIB paliOHaTbHUMHU (QYHKIISIMH pi3HOTO cTymeHs. [Ipu BH3HAa4YeHHI KOE]Ii€HTIB Yy IHX
(DYHKISIX B SKOCTI KOHTPOJBOBAHHUX ITapAMETPiB BHKOPHUCTOBYBANNCS HAMOULTBIII 3HAYCHHS ITO3J0OBXKHIX CHII
1 TampMIBHI NUIAXM, $AKI TOPIBHIOBAJIHMCA 3 AaHAJOTIYHMMH BEJIWYMHAMH, OTPUMAHHMH B Pe3yJIbTaTi
eKCIIEPUMEHTAIBHUX M0{3/10K. PIBEHb MO370BXKHIX CHJI Ta BETMYNHY TaJbMiIBHUX IIISIXIB OLIHIOBAJIN 3a JOIOMOTOI0
MaTeMaTHYHOTO MOJEIIOBAHHS IIO3JOBXKHIX KOJNMBaHb IOf3la HPH HEPeXiIHUX PEeXUMaX PyXy, BHKIMKAHHX
pi3HMMH pexuMamu TanbMyBaHHsA. Pesysabratn. [Ipn matemMaTMYHOMY MOJIENIOBaHHI repeabdadaocs, Mo Moi3n
CKIamaeTbcss 3 60-TM  OMHOPIMHUX  YOTHPHOXBICHMX  IMiBBaroHiB Macoro 80 TOHH, 0O0JaTHAHUX
noBitpoposnofinbHukamMu No 483 (BKIIIOYEHUMM Ha CepelHii peXUM pOOOTH), KOMIO3UIIWHMUMHU TajlbMiBHUMH
KOJIoJKaMH, 1 oxHoro yiokomoTtuBa BJI-8. Iloi3n mepen moyaTkoMm TaibMyBaHHSI OyB IONEPEAHBO PO3TATHYTHH.
MopemnoBanucsi pi3Hi BUAM ITHEBMAaTHYHHUX TalbM (EKCTPEHE, MOBHE CIIy>)KOOBE Ta PEryJIIOBAILHE T'ajbMyBaHHS)
BAaHTa)XKHOT'O I0i3/1a Ha TOPU3OHTAJBHIN IUIMHLI HUIIXy. B pesynprari po3paxyHKiB OyJiM OTpHMaHi 3HAYECHHS
TIO3I0BXKHIX CHJI, BEJIMYMHM I'aJbMIBHUX HUIAXIB TA Yac 3HW)KCHHS IIBHIKOCTI PyXy NpPU PO3IIITHYTHX PEXUMAaX
raneMyBaHHs. HaykoBa HoBu3HA. JocnmimkeHO BIUMB (OpMH KPHUBOi HANOBHEHHS TalbMIBHUX MHJIHIPIB Ha
piBEHB IMO3IOBXKHIX CHJI Ta BEIUYMHY TaJIbMIBHUX NUISAXIB Y BaHTQXHHUX MOi3ax. JlochimKeHa TaKoK MO3I0BKHS
HABAaHTAXXCHICTh BAaHTAXHUX IOI3IIB NPH NMHEBMAaTHYHHUX TanbMyBaHHAX. IIpakTuyHa 3HayuMmicTh. OTpumani
pe3yJbTaTd MOXYTh OyTH BHKOPUCTaHI ISl OLIHKU PIBHS HAHOLIBLIMX MO3JOBXKHIX CHJ Ta TaJbMIBHHX HUISIXIB
y BaHT@KHUX I1013[aX Pi3HOI HOBXKMHHM IUITXOM MaTeMaTHYHOI'O MOAENIOBAHHS Pi3HUX PEXKUMIB TaJIbMyBaHb.

Kniouosi cnosa: mateMaTH4HE MOJICIIOBAHHSI; MEPEXiTHI PEKUMHU; PyX I0i3]1a; MHEBMATHUYHE TaJIbMyBaHHS;
MO3J0BKHI CHJIH; TAJIbMiBHI IIISIXH
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ABOUT WAVEFORM OF BRAKING CYLINDER FILLING
IN FREIGHT CARS

Purpose. As part of the scientific paper it is necessary to study the waveform impact of the braking cylinders
filling on longitudinal train dynamics at different modes of braking. At this one should estimate the level of maxi-
mum longitudinal forces and braking distance size in freight cars of various lengths. Methodology. In this paper we
attempt to approximate the actual diagram of braking cylinders filling with rational functions of varying degrees. In
selection of coefficients in the required functions the highest values of the longitudinal forces and braking distances
were used as controlled parameters. They were compared with similar values obtained as a result of experimental
rides. The level of longitudinal forces and braking distances amount were evaluated by means of mathematical mod-
eling of train longitudinal vibrations, caused by different braking modes. Findings. At mathematical modeling was
assumed that the train consists of 60 uniform four-axle gondola cars, weight of 80 tons, equipped with air dispenser
No. 483 included in the median operation, composite braking blocks, and one locomotive VL-8. Train before brak-
ing has been pre-stretched. Various types of pneumatic braking (emergency, full service and adjusting braking) of
the freight train on the horizontal section of the track were simulated. As the calculation results were obtained values
of the longitudinal forces, braking distances amounts and reduction time in speed at various braking modes.
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Originality. Waveform impact of the braking cylinders filling on the longitudinal forces level and braking distances
amount in freight trains were investigated. Also the longitudinal loading of freight trains at various pneumatic brak-
ing was investigated. Practical value. Obtained results can be used to assess the level of largest longitudinal forces
and braking distances in the freight trains of different lengths by mathematical modeling of different braking modes.

Keywords: mathematical modeling; transient modes; train motion; pneumatic braking; longitudinal forces; brak-
ing distances
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CTPYKTYPOYTBOPEHHS B BETOHAX MIJPEMKOBHUX OCHOB

Meta. Pobora mepenbavae BUSABICHHS 3alIeKHOCTI CTPYKTYPHHX Ta MEXaHIYHUX BJIACTHBOCTEH OETOHY Bif
CKJIaly 3aCTOCOBaHHMX J00aBOK-MOAM(DIKATOPIB, XapakTepy 3MiH CTPYKTYpPHHX Ta MEXaHIYHHX BIIACTHBOCTEH
B 3aJIeKHOCTI BiJl CTPOKY TBEpiHHS OETOHY KOHTPOJBHUX 1 MoauGikoBaHHX 3paskiB. Meroamka. 3acTocoBaHi
MIKpPOCTPYKTYpHHH, (pakTorpadiqHuii, MikpopeHTI€HOCIEKTPAIBHUH aHalli3u Ta (hi3MKO-MEXaHi4HI BUIPOOYBaHHS
JIO3BOJIMIIM BHSIBUTH HEOOXiJTHI 3ajexxHocTi. Pe3ysbratn. MiKpocTpyKTypa LIEMEHTHOTO KaMEHIO IMpU DPIBHUX
yMOBax Mif00py OCTOHHHMX CYMIIICH 3alie)KUTh BiJl CKJIaqy 3aCTOCOBAHMX CHPOBHHHHMX MaTepialiB Ta TEXHOJOTIT
BUpOOHHMLTBA. B po0OTI NOCHIIKYIOThCS CTPYKTYpHI NepeOyloBH IIii 4Yac TyXaBiHHS OETOHIB Ha YKOPCTKHX
CyMilllaX Ta BIUIMB CKJIaJIOBUX YaCTHH KOMILIEKCHOI noOaBku-moaudikaropa ITJIKIT (Bupoonumrsa II1 «Jlorisy,
M. JIHIMpOmeTpOBCHK) Ha MOP(OIIOTi0, TUCIEPCHICTh Ta XiMIYHHHA CKIIAJ IIEMEHTHOTO KaMeHIO. Bu3HawaeThCs
TaKO)K MEXaHIYHI XapaKTepUCTHKH OETOHy Ui MigpeHKOBHX OCHOB. [lOCTIKEHHS CTPYKTYpHHX Ta (pi3mKo-
MEXaHIYHAX XapaKTEPUCTHK KOHTPOJBHUX 3pa3KiB Ta MOAM(IKOBAaHMX OCTOHIB HA PI3HUX CTAIisAX TY>KaBiHHA
MmoKazany, Imo 3actocyBaHHs rinepruractudikatopis [IJIKIT ykpaiHChKOrOo BHpPOOHHITBA CHpHSE (OPMYBAHHIO
HAHOCTPYKTypoBaHoro OeToHy. JlomaBaHHsi y ckian 100aBKM Ha OCHOBI CyIepIuiacTU(IKaTopiB MPUCKOPIOBAYIB
TBEpHAIHHS CHpHUs€ 3MEHIICHHIO JiaMeTpy IyYKiB HHUTKOMOMIOHMX KpPHUCTaJiB, IO 30UIbIIyEe CTPYKTYPHY
OJTHOPiAHICTB, CTAOUIBHICTh Ta MiABUINYE KOMIUIEKC MEXaHIYHHX XapaKTepHUCTHK OETOHy. 3aCTOCYBaHHS HOBHX
nosikapookcunataux 106aBok I1JIKIT y BUpoOHHITBI OETOHHUX CyMilllel Uit MiIPEeHKOBUX OCHOB JIO3BOJISIE BH-
KJIFOUUTH TIPONIApPIOBAHHS 3 TEXHOJOTl BHUPOOHHMLTBA MiAPEHKOBHX OCHOB. BiICyTHICTH CONBOBOI CKIIaI0BOI
y A00aBui cripuse MiJBUIIEHHIO TOBroBiyHocTi 6etony. HaykoBa HoBH3Ha. B po6oTi BusiBIEHO, M0 Moaudikaris
6erony komrmuiekcHoro nob6askoro ITJIKII cnpusie ¢opMyBaHHIO HaWOIIBII OXHOPIAHOI CTPYKTYpPH LIEMEHTHOTO
KaMEHIO, SIKa CKJIaJaeTbcs 3 KOMITAKTHUX KPHCTAIIB, OTOYEHHWX HHUTKONOAIOHMMH KpHCTaJlaMM, SIKi IIUIBHO
MePEIUIeTeH]I B MOPOBOMY IMPOCTOpi. Taka CTPYKTypa CIpHsi€ MaKCHMAIBHIM XapaKTePHCTUKAM MIITHOCTI OeTOoHy
mpu CTUCHEeHHI. [Ipy I[bOMy NpOMapIOBaHHS 3a TPANUIIIMHOIO TEXHOJIOTIEI0 CIpHsie 30LTBIICHHIO PO3MIpiB
MEPBUHHUX ETPUHTITHUX KPHUCTAJIB, IO MAaOTh CXWIBHICTh O PECTPYKTYpH3allii y mpoleci eKciuryaTamii 3ai-
300eTOHHUX BUPOOiB Tipu Temieparypax Omm3pko 20° C. IIpakTHYHA 3HAYUMICTh. PerymoBaHHS TEXHOIOTIYHUX
mapaMeTpiB BUPOOHUIITBA MIAPEHKOBUX OCHOB, a CaM€ — 3HIDKCHHS TEMIIEPaTypH MPOMAapIOBaHHS, a00 BIITyUCHHS
i€l omepamii i3 TEXHOJOTIYHOTO IIMKITy BUTOTOBJICHHS 3a1i300€TOHHUX IIMalN, Ipu BuKopucTanHi godasku [TJIKII
JTO3BOJISIE MiABUIIUTH CTPYKTYPHY OXHOPIAHICTH 1 CTaOUIBHICTH, 30LIBIINTH LIIBHICTH OSTOHY Ta B Pe3yibTaTi
MO3UTHBHO BIUIMBATH HA HOTO JOBTOBIYHICTb.
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Beryn

CygacHW# cTaH 3aJ1i300€TOHHHX ITiAPEHKOBUX
OCHOB B YKpaiHi notpeOye HE TIJIBKU PETYISIPHOTO
OHOBJICHHS JJIS TIOTIEPEIKCHHS OOMEXCHb Y IIIBU-
JIKICHOMY PEXHMI IOTATIB, ajie 1 Ma€ HeOOXiaHICTh
B PEKOHCTPYKIIi JJIsT BIPOBADKEHHS IMBHIKICHOTO
PYXy MoAiOHO 3aJIi3HUYHUM TPAHCIIOPTHHM Mepe-
’KaM PO3BUHYTHX KpaiH cBiTy. [l BpoBaKkeHHs
MIBUIKICHOTO PYXy Hallla ep’kaBa Ma€ BCi IepeBa-
TH: BETUKUI HAyKOBUI Ta IPOMHCIOBHI MOTEHL-
anu, Oarati poIoBHIIA SKICHOTO TPaHITy, PiYKOBO-
rO Ta KBapLOBOTO TICKYy, BEIUKY KUIBKICThH IIe-
MEHTHUX 3aBOMIB, Ma€ CHUPOBHHHY 0a3y A BU-
pPOOHMITBA SIKICHUX BITYM3HSHUX MOAM(IKATOPIB
[IEMEHTHOTO KaMeHIO B O€TOHAX Ta PO3BUHYTY Me-
TaxypriiiHy IpOMHUCIIOBICTh. AJie 3acTapiia TEXHO-
JIOTis BUPOOHHIITBA, BIJICYTHICTh HAJIEKHOTO KOH-
TPOJIIO 3a BIATOBITHICTIO TOKa3HUKIB SKOCTi CHPO-
BHHHHX MaTepialiB CTBOPIOE IHOAI TIpoOIeMH
3 JIOBIOBIYHICTIO BHUTOTOBJICHMX B  YKpaiHi
3a11300€TOHHUX MiAPEHKOBUX OCHOB. Tak, 3a cra-
TUCTUYHMMHU HaHUMH, OuIbine HDK 50 BiACOTKIB
aBapiif Ta CXOMiB BaHTOXKHHUX BaroHiB Ha IEPero-
HaxX Mepexi 3ali3HuIb YKpaiHd MOB’s3aHO i3 cTa-
HOM KOJIITHOTO TOCIIOIapCTBA.

3amizobeToHHI mmany Ta 0e30aracTHe MOCTOBE
[IOJIOTHO € HAWOUIBII BiAIIOBITAJILHUMHU 3a Oe3Iey-
HY eKCIUTyaTallif0 3aJli3HUYHUX KOJil 1 Oe3neuHuit
pyXx moi3miB. B yMoBax iX eKcIuryaTallii ImoemaHy-
I0ThCS 3HAYHI JUHAMIYHI HaBaHTa)XXCHHS 3 arpe-
CHBHHMM BIUTMBOM OTOUYYIOYOTO cepemoBuma. To-
My, HapsQy 3 BUKIIOYEHHSM MPUYMH YTBOPEHHS
MaKpOKOHIICHTPATOPiB HAMpYyXCHHsI B OCTOHI
MiAPEHKOBUX OCHOB, HEOOXiMHO 30UIBIIYyBaTH
CTPYKTYpHY OJTHOPIJHICTH SIK IIEMEHTHOTO KaMe-
HIO, TaK 1 KOMIIO3WIIIfHOTO Marepiany — OeToHy
B LIJIOMY, IO 3HWXKYE BIPOTIAHICTH BUHUKHEHHS
TPIIIMH, a TaKOX MOMEPEIKY€E CTPYKTYpHI Iepe-
OyIoOBH IIEMEHTHOTO KaMEHI0O B TIpOIleCi eKc-
ryatamii [2—-3, 5, 10, 18—20].

MeTta

JocnimpkeHHs CTPYKTYPOYTBOPEHHSI B OETOHAX
3 BUKOPHCTaHHSAM BITYM3HSHUX KOMIUIEKCHHUX O-
6aBox IIJIKII mnst BUpOOHHUIITBA 3aTi300€TOHHUX
MiIpEHKOBUX OCHOB Ta BUSBIICHHS BIUTUBY Oe€3-

HpomapoBaIbHOI TEXHOJIOTIT Ha (GOopMyBaHHS Lie-
MEHTHOTO KaMEHIO Ta Oro CXMJIBHOCTI 10 peKpuc-
Tai3alii B Mporeci eKCIuTyararii.

06’exmom Oocnidacenns Oynu OETOHU Ha OC-
HOBI KOPCTKUX CYMIIllel Ha Pi3HUX CTaMifX TyKa-
BiHHSI, SIKi MOIH(IKOBaHI BITYU3HIHOIO JTOOABKOIO
ITJIKII BupoOuuursa I1IT «Jloris», M. AHinponer-
POBCBK.

MeTtoanka

B po6ori 3acTocoBaHO Makpo- Ta MiKpOCKOTIiY-
Hi, PpaxTorpadiuHi Ta MiKpOpPEHTTEHOCTIEKTPaJIbHI
METOAU JOCHTIKEHHSI CTPYKTYpH LIEMEHTHOTO Ka-
MeHIO Ta (i3UKO-MeXaHiuHi BUIpoOyBaHHS OCTOHY
Ha Pi3HUX CTadiAX Ty>KaBiHHS.

HochimkeHast B obmacti po3poOku Oe3mporia-
PIOBAJIBHOI TEXHOJIOTiI BHPOOHMIITBA OCTOHY IS
3aJi3HMYHHUX 1IN BUKOHYBAJIM 0arato BUCHHX,
y TOMY 4YHCIi BYEHMMH XapKiBCbKOI HayKOBOI
ko [4, 13—14, 16—17]. OcHOBHUM 3aBIaHHSIM
OyJI0 MiIBUIICHHS JOBrOBIYHOCTI Ta HAIIHHOCTI
0ETOHHUX KOHCTPYKLiH nuisxom BBeaeHHs | % Bix
MacH LEMEHTY XJIOpHIYy Kajblito Ta podasku C-3
[4, 13—14, 16]. 3acTocyBaHHS XJIOPiOHIB B T0OABIII
JO3BOJISIE TIPUCKOPUTH TPOLECH TBEPAIHHSA, aje
Opd LBOMY HEMOXJHMBO BHKJIIOUAaTH IPOLECH
peCTPYKTypH3allii IEMEHTHOTO KaMeHIO B MPOIieci
eKcIuTyaralii BUpOOiB, sIKi LIBHIKO, MPOTIroM 1—5
POKiB, pyiHYyIOTH OeToH [18].

[HIMM anbTEepPHATUBHUM IUIIXOM € 3acTOCY-
BaHHsS HOBOI TEXHOJOTIi, siIka 3a0e3medye BHCOKI
¢i3uKo-MexaHIuHI XapaKTEpUCTHKH OETOHY Ta
BOJHOYAC TIONEpeUKye PYHHIBHI NpOLECH SK Ha
MMOBEPXHi, TaK i3 cepenuHu OeronHy. [lomiOHi xa-
PaAKTEPUCTUKH MOKHA JOCSTHYTH TIiIBUIICHHIM
CTPYKTYpPHOI OJJHOPITHOCTI Ta AUCTIEPCHOCTI KPHC-
TaJIiB MEMEHTHOT'O KaMEHIO 3a PaXyHOK iX Moaudi-
Kallii, 3MEHIITYIOYH KamiJsIpHy 1 301IbLIYI0UH Telie-
By mopucTicTh. [Ipyn npoMy mOTpiOHO BHKIIOYATH
MOJJIUBICTh BBEICHHS B OCTOH CHPOBHHHUX Mate-
piaJiB, 110 MarOTh 3[aTHICTh BCTYHAaTH B MPOILECI
eKcrutyaranii BUpoOiB y BiZHOCHO IIBUAKOIUIMHHI
XiMi4HI peakilii, IKi CTBOPIOIOTh HOBi (pa3o0Bi CKiIa-
JIOBI 3 TUTOMUMH 00’ €MHHMH XapaKTEPUCTUKAMH
TaKUMH, IO BIAPI3HAIOTHCS BiJl PEKPHCTANIi30Ba-
HuX ¢a3. Kpim Toro, BaxXIMBO 3/ilICHIOBATH CyBO-
pHii KOHTPOJIb 3a TOTPUMAaHHAM BUMOT J€PKaBHUX
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CTaHIApTIB, Y TOMY YHMCII 32 SIKICTIO QpaKLiifHOro
PO3CIBY KpyIHHX 3allOBHIOBAUiB Ta BUKIIOYCHHSIM
13 CHpPOBHHHHUX MaTepiasliB MEeOCHI0 3 KPUCTAIAMH
cmoau abo KalbIUTY, SKi MEPEeBUILYIOTH PO3MIp
rpaHeili mebeHto, Tt 3a0e3nedeHHs aaresil 1o 1e-
MEHTHOTO KameHto [2—3, 5, 18]. Jlnsa mpibnmx 3a-
TIOBHIOBAYIB, sIKi 3aCTOCOBYIOTBCS JUISi BUPOOHUII-
TBa MMan B YKpaiHi, KpiM BMICTy peakLiifHOCIpo-
MOJKHOTO KOMIIOHEHTY, HEOOXiTHO CYBOpO KOH-
TPOJIOBATH BMICT BamHAKY Ta TJIMHO3EMHHUX
TPYIOK, Ki € KOHUEHTPaTOpaMH HampyTH Iif Yac
eKCIUTyaTallii maIperKkoBUX OCHOB [5].

Taxum 9MHOM, TIPW BHKJTFOYCHHI BCIX MOJKITH-
BUX BHIIQJIKIB (POPMYBaHHS CTPYKTYPHHUX MakKpo-
HEOJTHOPITHOCTEH, HEOOXiHO 3a0e3leYeHHs MiK-
POCTPYKTYpHOI OTHOPIAHOCTI IIEMEHTHOTO Kame-
HIO, K HaWciabmoi JaHKH B KOMIIO3UTHOMY
ckinani OeToHy. 3a3HaueHa MeTa JOcATaeThest Oa-
ratbMa METOJaMHU: JUCTIEPTYBaHHSIM Ta
MOAM(QIKAIIE€0 ITEMEHTHOTO KaMEHIO, 3MEHIIICH-
HSIM JIOJII IIeMEHTY B OCTOHHIHM cywilni, 3MEHIIIeH-
HSIM 3aCTOCOBAHOI BOAM 3aTBOPIOBAHHS 32 PaXyHOK
mIacTUdikyounx M100aBOK. Y CBOIO 4epry, 3MEH-
IICHHS O LIEMEHTY 3IIHCHIOETBCS 3a PaxyHOK
abo 30imbIIEHHS A0JII KPYyNHUX a0 IpiOHHX 3a-

MOBHIOBaYiB, a00 3aMIlIeHHsAM [IONi  MICKY
IPaHITHUM BIZICIBOM, abo 3aCTOCYBaHHSIM
MiHepanbHuX  no0aBok.  [lomiOHI  mpuitomu

MiABUINEHHS (i3UKO-MEXaHIYHUX BIIACTHBOCTEH
0eToHY 1O OHOMY ab0 B KOMITIIEKCI 3aCTOCOBYBa-
nvcs OaraTbMa aBTOpPaMU Ta CHPHUSUIN 301IbIICHHIO
JTOBTOJIITTS. Ta EKCIUTyaTallilHUX SIKOCTEH OETOHY
[2—-5, 12—-13, 15-16]. Ane HeoOXimHI BHCOKIi
¢i3uKo-MeXaHIuYHI  XapaKTEepPUCTUKA 1  JIOBTO-
BIYHICTh OETOHY JOCI aKTyallbHi AJIsl BAKKO HaBaH-
TaXEHUX 3aT1300€TOHHUX BUPOOIB — MiAPEHKOBUX
OCHOB, SIKi TIPAIIOIOTH B arPECHBHOMY CEPEIOBHIII
NpY 3HAKOMEPEMiHHUX [UKIIIYHUX HaBAaHTAKECHHSX
Ta Temreparypax.

Jns  BOpPOBAaJDKEHHS HOBUX TEXHOJIOTIYHHX
pO3po0OK B rajny3i BUPOOHHUIITBA OCTOHY IMiapeii-
KOBHX OCHOB HEOOXiHO PETEeNbHO AOCIIAUTH MO-
JKIMBI PU3WKK BIUIMBY J00AaBOK Ha KOPO3iiHY
CTIMKICTh apMaTypH i OETOHY, BUBYATH BILUIUB 3Ha-
YHOT'O 3HIDKEHHS TeMIlepaTypu po004oi 30HH Mpo-
MapIOBAILHUX YCTAaHOBOK Ha CTPYKTYpHI Ta (i3u-
KO-MEXaHI9HI XapaKTEPUCTUKHN OCTOHY.

OTxe, B Tiporieci BUKOHAHHS poOoTH OyiH 1mo-
CTaBJICHI TaKi 3aBAaHHS:

— BUSIBJICHHS  BIUIMBY  XIMIYHUX  J00aBOK
1 3MIHM MAacOBHX CIIBBIJHOIIEHb CHPOBUHHHX
KOMITOHEHTIB Ha CTPYKTYpHi 1 (pi3uko-MexaHidHi
XapaKTePUCTUKH OCTOHY;

— BUSIBJICHHS BIUIMBY 3HAYHOT'O 3HMKCHHS TCM-
neparypu pobodoi 30HM MPOMaproBabHUX ycCTa-
HOBOK Ha CTPYKTYpHi 1 (i3MKO-MEXaHiyHi Xapak-
TEPUCTHKU OETOHY.

3 miTepaTypHHX JaHUX 3’dCOBaHO, IO
CJIEKTPOIITH Ha 0a3i cyiab(haTHHUX Ta POIAHHUCTHUX
KOMIUIEKCIB 3 JIOJIaBaHHSM HITpaTiB — CKJIaJOBi
CONTLOBOTO KOMIUTEKCy XimiuHoi mobaBku [1JIKII,
O TIPUCKOPIOIOTH  TBEPHiHHA, MAalwTh abo
HaAMOUIBII BHCOKY PO3YMHHICTH Yy BOMI, SIK Y BHU-
najaKy HiTpaTHUX CKIanoBuXx (puc. 1, a), abo 3Hau-
HO OOMEXEHI TeMIIepaTypol0 PO3YWHY, SIK Y BH-
najuKy cylib(haTHUX CKIagoBux (puc. 1, 0).

120

a—a -
&0 o o
I o /.‘E‘D
1A -’,3«-‘2'0
0
Temneparypa, °C
— .o 60
6=b i Tepdan
§S 50 pasa
$2 40 - MasS0,10H,0
g-;; 1 Teepdasg @asa
E r_:~ 20 Na,SU;,
£5 10

L
0 10

L
20

=]

1 1 i 1 1 ] 1 )
I 40 50 60 70 8O
sznspsmypa. °c

Puc. 1. Po34rHHICTH B BOJIi KOMIIOHCHTIB
komrutekcHoi qo6aBku [TJIKIT, 110 mprcKoproroTh
TIpOLIEC Ty>KaBiHHs OeToHy [15]

Fig. 1. Solubility in water of PLKP complex
additives components that accelerate the process
of concrete hardening [15]

SIKIIIO OTHOKOMIIOHEHTHI TO0OaBKH, 1[0 MICTSTh
HITpaTH, 3a00pOHEHI YUHHUMHU pasime
CTaHJIapTaMu JO 3acTOCYBaHHS y BHPOOHUIITBI
MOTNEPEAHBOHANPY)KEHUX ~ KOHCTPYKIIH  3ai30-
OCTOHHUX OCHOB, TO Y KOMIUIEKCI 3 IIIacTH-
¢ikaTopaMu pi3HOTO poAay, sKi € iHridiropammu
KOpo3il MeTany apMmMarypu, TMpd 3HAYHOMY
3MEHIIICGHHI ~ iX  KOHIIGHTpallii B  CKJIami
0araToKOMIIOHEHTHOIL XIMIYHOT n00aBKH
B OCTOHHOMY  PO34YHWHI, X  3aCTOCYBaHHS
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TEOPETUYHO Ta  TEXHOJOTIYHO  BHIIPABIAHO.
Po3unHHICTE HUTpATIB B Aiana3oHi TeMIIepaTyp Bif
0 mo 100 °C pmocuth Benuka, IO CHPUSE
cTab1IbHOCTI BJIACTUBOCTEN OyIb-siKOi
KOMIUIEKCHOT I00aBKH, y CKJIaJl sIKOT BOHH BBEJICHI.
Ta, HaBmaku, 3 OTJIAAY Ha 3aJE€KHICTH PO3UMHHOCTI
cynb(haTiB y BOJI 3aJIe)KHO BijJ Temreparypu (IuB.
puc. 1, 6), MOXXHa 3ayBaXUTH, IO ONTHMAIHHOIO
TEMIIepaTyporo  Iii Jo0aBku 3  cyibdaramu
€ Temneparypa 33—50 °C.

Ale UbOro He MOXKHA CKa3aTH NpO T0OaBKH,
10 MICTATH XJI0p. ToMy 1110 XJIOp € KaTaii3zaTtopoM
MIPOIIECIB PECTPYKTypH3aIlii IEMEHTHOTO KaMEHIO,
Ta TpU HAMMEHIIMX WOTr0 KOHIEHTPALisfiX BiH
CIpusie TEepeACTPOKOBOMY pPYHHYBaHHIO OETOHY,
SAKHA Tpamioe B yMOBaX 3MIiHH CE30HHHUX
TEMIEPaTyp MPH MiABUIICHIM BOJIOTOCTI MOBITPS
abo mizx armMoceparmu onanamu [ 18], Ta fioro 3actocy-
BaHHs 3a0oponeno 3rigHo 3 JCTY b B.2.6-145:2010
[8]. XimopBMICTHE CepeIOBHIIE 3aCTOCOBYETHCS TS
NPUCKOPEHUX METOJIB OLIHKHM MOPO30OCTIHKOCTI
OetonHiB [6] Ta IS aHTHOAKTEPIALHOTO 3aXHCTY
Oeronnux criopyn [12].

OmHuM 3 HaWBaKIMBINIMX  CHPOBHUHHHUX
MaTepiamiB BUPOOHMIITBA IIMAJI € I[EeMEeHT. Bin
BIZIITOBITHOCTI HOTO XapaKTePUCTHK HOpMaM CTaH-
napty ACTY B.B 2.7-46:2010 [7] 3anexatb CTpyK-
TYpPOYTBOPEHHS MiJ] 4ac B3a€MOIi 3 KOMIIEKCHOIO

I00aBKOO LIEMEHTHOTO KaMeHIo, ¢izuko-
MEXaHIYHI XapaKTEPUCTUKH Ta JIOBTOBIYHICTH
3a;i300eToHHMX ~ BHpOOiB. [lpu  mimBuILeHiH
My)KHOCTI ~ LeMeHTy  (BimHOCHWIT  KoedillieHT

myxHOCTi (Na,O + 0.658 K,0) 6impmmiii 3a 0,6 %
[7, 8, 18]) B mpomeci rigparamii Ta mig dYac
eKCIUTyaTalii MmiIperKoBUX OCHOB BiJI0OYBa€ThCS
peaxirist XiMigHOT B3aEMOJIIT JIYT TIEMEHTY 3 KHCIH-
MU 3allOBHIOBAaYaMHU, sIKI 3a CTaHIapTaMd He
MMOBMHHI MICTUTH Oinbire HDK 50 MMOIB/I
JOKCHUITy KPEMHII0 PO3UYHHHOTO B JIyrax [8§, 9].

3a mep)kaBHUM CTaHAapToM [8] B mOpTiIaHIIe-
MEHTI CITiBBIIHOIIICHHS 32 MacOI0 KajbIliii OKCUIY
JIO CHUIIIIIA JTIOKCHIY MOBHHHO CTAaHOBHTH HE Me-
Hime Hik 2,0, a MacoBa JacTKa MarHiii OKCHUIy HE
MOBHMHHA TIepeBHITYBaTH 5 %, BMICT CIpKH y Tiepe-
paxyHky Ha SO; He TOBUHECH MEPEBHIYBATH
3,5 %, ane Oytu Oimpme HiX 1 % (Mac.), TIHH
He Oinpme 1,2 % (Mac.), BMICT XJIOpHA-IOHIB He
noBuHeH  nepeumryBatn 0,1 %  (mac.).
TpuKkanmbpIlieBUI amfoMiHAT y CKJIAIi IIEMEHTY He
TTOBHHEH TiepeBUIyBatu 8 % 3a macoto [8].

SKicTh UEMEeHTY AMBPOCIiBCBKOTO 3aBOAY
LT I-500 mnst BUpOOHUIITBA 3ATI300€ TOHHUX IIITTAT
MepeBipsUH 3a PPaKIiHUM, XIMITHIM CKJIIAZIOM Ta
aKTHBHICTIO. 3a cepTH(}IKaTOM SIKOCTI EMEHT BiJ-
NOBiJa€ BKa3zaHOMY cTaHiapTy. [lepeBipka akTuB-
HOCTI IIEMEHTY BHSIBWJIA BIAMOBITHICTE Mapili
nopmianaunemMenty M400. OiriHka (QpakiiiHOro
CKJIaJy TMOKa3aja, 10 00’€MHHUI BIICOTOK YacToK,
mo Oinbme 80 MM ckmamae 1o 6 % (puc. 2), mo
He mepeBHuInye 15 % Bu3HaueHUX cTaHmapToMm [8].
3a pesynpTaTaMH MIKPOPEHTI€HOCIEKTPAIBHOTO
aHalizy, B MepeBaKHil OLTBIIOCTI CIEKTPIB BMICT
amroMiHaTHOT ¢a3d y IepepaxyHOK Ha OKHUCIH
Al,O;, nopisaroe 8,96 % (puc. 3-4).

Bwmict amominaTHOI ¢a3u cknamae 5S—10 % mns
OLTBIIOCTI HOPMANBHUX IIEMEHTHUX KITIHKEpIB.
®daza mpeicTaBlicHa TPHUKAJIBIIEBUM aJTIOMIHATOM
Caz;AlLOg, 1CTOTHO 3MIHEHHM 3a CKJIAIOM, a 1HOMI
1 32 CTPYKTYpoOIO, 32 paXyHOK CTOPOHHIX iOHIB,
ocobmmBo Si*', Fe’*, Na” i K" [1], ame srimmo
3 JICTY b B.2.7-46:2010 [7], Bwmict 1i€i ¢a3u
B IEMEHTaX, SIKi 3aCTOCOBYIOTHCS y BHUPOOHUIITBI
3a1i300€TOHHMX IIITajl, He TIOBHHEH ITCPEBUIIYBaA-
™ 8 %. B Hamomy BUNAgKy KUTBKICTh BKa3aHOI
anroMiHaTHOI (a3u ckiamae B cepenHbomy 8,96 %
(mac.). AmromiHaTHa (Da3a MIBUAKO pearye 3 BOJO0
1 MOXe BHKIHMKATH HeOakaHe WIBHUIKE CXOILTIO-
BaHHS, SKIIO HE JOJAHHWH KOHTPOJIOIUYWH CXOI-
moBaHHs areHT [11]. Kpim Toro, 11s daza € mBua-
KOPO3YMHHOIO B JIYTax i KHCIOTaxX Ta 3a CTPYKTyp-
HUMH XapaKTEPUCTHKAMHU TiIPOOKCHIIB € CTPYyK-
TypHO HecTalinbHOI0. B mpormeci ekcruryararii
KpyITHI KPUCTAJId ETPHUHTITHOI (a3H, sKa MiCTHThH
ATIOMIHIM Ta CIpKy, pO3MagalOThCs Ha JPiOHI.
B mpormeci mnepeOymoBu Timpar-ioHH TiepeMi-
IIYIOTHCS 3 YTBOPSHHAM HOBOI (pa3u 3 HOBUMHU Iia-
paMeTpaMu KpHCTaJTi9HOI PENITKH Ta BTPATOIO
CTPYKTYpHHUX 3B’sI3KiB BcepenuHi OeToHy. 3 ypa-
XyBaHHSM HAasBHOCTI XJIOp-iIOHIB y OUIBIIOCTI
TOCITIKYEMHUX YacTOK IIEMEHTY (TIPUIOMY y JBOX
3 JIeB’ATH KOHTJIOMEPAaTHHUX YaCTOK KOHIIEHTpAIlis
XJIOPY TEPEBHIIYE IOMYyCTUMI HOPMH 3a JEpiKaB-
HuUM craHgaprom [8] B 1,9-2,7 paziB), peaxmii
pecTpykTypu3amii $pazoBUX CKIAZOBUX IIEMEHTHO-
ro kamenro mpu 20 °C B mporeci eKcInTyartarii
BUPOOIB MPOXOAATH 3 MPUCKOPEHHSIM ITiCIIs HACH-
YeHHS! BOJOI0 OETOHY IpH KOJNHMBaHHI TeMmepaTy-
pu Omuszpko 0 °C. Ilpu 11bOMy XJIOp BHCTYIIa€e
SK KaTai3aTtop pecTpyKTypu3aliiHux mpomecis [18].
B mpomeci TyxaBiHHS OeToHY (IPHUCKOPEHOTO
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BIIPOJIOBXK 8 10 a00 MOAANBIIOTO TY>KaBiHHS)
3MIHIOETBbCS BOIHEBHI MOKa3HUK I'€JI€BOT YaCTUHH
MDKKPHCTATIYHOTO PO3YHHY, SKAH MICTUTh PO3-
YHHHUM ~ TIIPOOKHC  KalbIlif0, TpPH  LOMY
3MIHIOETBCS 3JIaTHICTh XJIOPBMICTHOI (pa3u, II0
pearye 3 cynsdar-ioHamu, 30epiratu BIacHy
CTaOIIBHICTh 1 MPHU3BOAUTH 10 ii poskmanxy. Ce-
penHs KiABKICTh XJIOPY HE MEPEeBHIIYE AOMYCTUMI
3Ha4YeHHs cTaHxapty Ta ckiagae 0,08 % (mac.).

BwmicT Marmito B IeMeHTI BigmoBigae HOpMam
Jep>KaBHOTO cTaHAapTy. [IpuBeneHa My XHiCTh Lie-
MeHTy nepesuiye 0,6 % Tta cknanae 0,84 %, mo
HE IONepeKae BUHUKHEHHS JIy>KHOKPEMHI€BOKHCIIOT
peaxiiii B mpoIleci eKcIuiyarallii 3a1i300€TOHHUX
Bupo0OiB [18]. [Ipu anami3i mpuBeneHOI JIy>KHOCTI
HE BUKOPHCTOBYBAJIN PE3YJIbTAaTH aHANI3Y CHEKTPY
4 Ha puc. 4, TOMy II0 BOHHU PIi3KO BiIMIHHI BiJ
CIICKTPIB IHIIMX YaCTOK IEMEHTY i € aMOp(HOIO
CKJIOBHJTHOIO ()a30I0 3 BEIIMKUM MICTOM OKHCIIB
KpEMHIIO, aJTIOMIHIIO Ta HATpilo, SKa 3HAYHO
BIZIPI3HSETBCS 32 MOPQOIOTIYHHMHU O3HAKAMH BijI
IHIINX 9aCTOK (HAsBHICTIO OKPYTJIHX (opm).

Bwict cipku nmmie B 0HOMY 3 KOHTJIOMEpaTiB
KIIIHKEpHUX YaCTOK IIEPEBHIIYE HOPMATHUB CTaH-
JapTy Ha | MacoBHil BiICOTOK, MPH TOMY CEepelHiit
BMICT CipKH 3a po3paxyHkoM Ha SO; ckiazae

Puc. 2. Burnsan uemenrty
AMBpOCIiBCHKOTO 3aBOAY, X 100

Fig. 2. View of Amvrosiivskyi
cement plant, x 100

* 30mkm ' BnextpoqHoe waodpaneHne 1
Gl O [Na|Mg[ Al [ Si [S]CI[K]Ca][Ti] Fe
1 [35,15/0,02(0,24{1,1210,67|1,06/0,19|0,44}48,67|0,32| 2,12
47,23|0,28]0,41] 0,44 |10,75/0,25] 0 0,13{39,970,03| 0,59
48,98|0,27|0,18/0,93 1,21 |0,92|0,27|0,18{46,06| 0 |1,07
52,22/0,11|0,28/ 0,76 | 8,29 1,79/0,01]0,2535,32| 0 |0,98
40,65|0,34|1,06/10,53| 2,52 |0,33/0,08| 0,4 [30,03]0,46/13,59

(LN NS ] | )

Puc. 3. MikpocTpyKTypa Ta XiMIYHHI CKIIaJl 4aCTOK
uementy 111 I-500, % (mac.).

Fig. 3. The microstructure and chemical composition
of cement particles PTS I-500% (wt.).

30mMKm ' SnektpoqHos wsobpavesie 1

el [Na|Mg| AL | Si | S [CI|[ K| Ca | Ti | Fe
1 [31,18]0,13]1,01] 8,77 [ 3,19 |0,67[0,09]0,46|37,24(0,52[ 16,76
2 [428]03]02]7,75]636]05] 0 ]0,18[36,95]0,22] 4,79
3 148,67/0,02|0,28/ 0,79 [9.48 |1,12] 0 |0,36]38,07]0.16] 1,05
4 |49,6 |6,84|0,06]11,5227,43]0,22]0,08]0,11] 3,76 |0,11] 0,28

Puc. 4. MikpocTpyKkTypa Ta XiMIYHHH CKJIaJ{ 4aCTOK
uementy 111 1-500, % (mac.).

Fig. 4. The microstructure and chemical composi-
tion of cement particles PTS [-500% (wt.).

3 puc. 3—4 BHAHO, IO B OJHOMY 3 J€B STH
KOHTJIOMEPATiB IIEMEHTHUX YACTOK KITBKICTh CipKH
y mepepaxyHok Ha SO; MEpeBUIye€ HOPMU CTaH-
napty (8] Ha 27,7 %.
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[lincymoByroun yci BHIIe MepepaxoBaHi
HEJONIKH XIMIYHOTO CKIIAy IEMEHTY, TPU HOTO
rigparaiii MOXKHa OYiKyBaTH YTBOPCHHS ITEpEBaXK-
HO KpPYITHUX KPHUCTAIIiB ETPUHTITHOI (a3u, sgKa Jer-
KO PO3UUHSIETHCA y KHCIOTax Ta JIyrax, KpiM TOTO
CXWJIBbHA JI0 PECTPYKTYPH3AI[IHHUX TPOIECIB IpH
3HAKONEPEMiHHUX TeMIlepaTypax Ta IiJIBUINEHIH
BOJIOTOCTi, sIKA Ma€  HEBEJIMKY  MIIHICTh
1 IITBHICTh Ta Ha MOPSAIOK MEHIIY JOBTOBIUHICTH
B 3aTi300€TOHHUX BUPOOaX MiAPEHKOBHX OCHOB,
HDK B aHAJIOTIYHUX BUPoOax i3 3BUUANHOTO MOPT-
naHaneMeHTy. Takuid eMEeHT 3aCTOCOBYEThCS IS
MIBUIKICHOTO OyIiBHHMIITBA 30ipHHUX 3aii300e-
TOHHUX KOHCTPYKIIH, $IKi 3aCTOCOBYIOTBHCS JIJISI
BHYTPILIHBOTO 03400JI0BaHHS IPUMILLCHb.

Mopdororis i XiMidyHWA CckIax 3M0T0YHIBCh-
KOro IIeMEHTy HaBeleHO Ha puc. 5 Ta Tab6m. 1.
Oninka QpakmifHOro ckigagy TMokKasana, 1o
00’e€MHHI BIZCOTOK YacTOK, 10 Ouibine 80 MKM,
MPaKTUIHO BiACYTHIN (pHC. 5), MO HE TEPEBHIILYE
15 % Bu3HaueHux cTanmaapTom [8].

r . N L .
- >3 . ‘f
} A o ;

Puc. 5. MikpocTpyKTypa HEMEHTHIX 9aCTOK
uementy [11] I-500H BupoOrunTBa [IpAT
«Bonunb-I{ementy», x500

Fig. 5. Microstructure of cement particles of cement
PTS I-500N, production of JSC «Volyn-Cementy, x 500

3 puc. 5 BUAHO, MO YaCTKH IIEMEHTY MaroTh
BUCOKY JHCIIEPCHICTh (CIOCTEPIra€ThCs JIMIIE
OJIUH KOHIJIOMepat y modi 30py). LlemeHT Mae Ta-
KU GpakiiiHuid cxiram: Qpakiiist po3MipamMu Oiis
30 mxm ckaagae 10 %; 15 mxm — 10 %; 7 MkM —
30 %, Ta Big 0-3 MM — 50 %. [piOHuii po3mip
bpakmii meMeHTy 30UTbIIye WOro peakmiiHy
CIIPOMOXKHICTh Ta MPHUIIBUIIIYE TPOIEC CTPYKTY-
pPOYTBOpEHHS B OETOHAX.

Tabnuns 1

XiMiuHHMH CKJIAX MOCTIT0OBHO CKAHOBAHHUX
Mikpoo0.acreii 3anpecoBanoro uementy I I-500H
BupoOHuuTBa [IpAT «Bosnnb-LemenD»

Table 1

Chemical composition of sequentially scanned
microareas of pressed cement PTS I-500N and
production of PJSC «Volyn-Cement»

Enement Macosuii %
oK 40,97 34,95 41,24 34,76
NaK 0,40 0,44 0,40 0,43
Mg K 0,35 0,44 0,40 0,38
AlK 1,72 1,99 1,81 1,90
SiK 6,63 7,48 6,77 7,31
SK 1,90 2,17 1,96 2,11
KK 0,82 0,86 0,78 0,90
CaK 44,44 48,44 43,74 49,13
TiK 0,23 0,29 0,25 0,25
FeK 2,54 2,94 2,65 2,82
Bceroro 100,0 100,0 100,0 100,0

BukoHaHi B po0OOTI IOCHIPKEHHS IOKa3alu
BiJIIOBITHICTh IIEMEHTY OUIBIIOCTI TTOKa3HUKIB
HOPMOBAHHX IIIOYUMH CTaHAAPTaMH Y KpaiHH.

CuiBBIAHOIIEHHS  OKCHIIB  KaJbLIKO  Ta
KPEMHII0, HAasSBHICTh XJIOP-iOHIB, KOHIICHTpAIlisl
AOMIHATIB Y TepepaxyHKy Ha OKCHJ aTFOMIHIIO
(3,5%(mac)), a Takok GpaKkmiifHAN CKIIaa IIEMEHTY
BiJINIOBIIAIOTh BUMOTAM JIiFOYUX CTaHJIAPTIB.

CepenHiii Koe]illieHT TpPUBEIEHOI JIy>KHOCTI
nementy I I-500H ctanoButs 1,24 %, mo Oinb-
1Ie HiX yZIBiUi NMEpEeBUILyE HOPMATUBHHMA IOKa3-
Huk, BusHauenuit JICTY b B.2.6-145:2010 [8].
BiporimHicTs BHHUKHEHHS JTy>KHO-KPEMHI€BOKHUCIIOL
peakiii B mporeci eKcIulyaTarii 3aj1i300eTOHHHX
BUPOOIB 3 JOCTIXKYEMOTO IIEMEHTY IIiJ{BUIICHOT
JY’)KHOCTI TIOCHJIFOETBCS TOMY, IO OUTBIIICTH PO-
JTIOBUII] PIYKOBOTO ITCKY, 3aCTOCOBAHOTO Yy OyIiBe-
JIBHOMY BUPOOHHUIITBI Ta BUPOOHUITBI
CreriaspHUX 3a1i300eTOHHUX BHUPOOIB B YKpaiHi,
MaroTh OiTbITIe HidK 50 MMOJIB/T TIOKCHITY KPEMHIIO
PO3YMHHOTO B Jyrax.

Bwmict okcuay cipku B ieMeHTi ckiianae 5,07 %
MacOBHX, IO TEPEBHUIYE MAKCHMAaIbHUA HOpMa-
TUBHUH moKa3HUK y 1,45 paszy. Cipka BXOIUTH
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y CKJIaJl BETUKUX CTPHHTITHUX KPHUCTAJiB, AKi Ha
OCHOBI MIIIEHOI MaTPHIll PIBHOOCHUX LEMEHTHHX
KPHCTAIIB 3HIKYIOTh CTPYKTYPHY OTHOPITHICTE Ta
CIIPUSIOTh YTBOPEHHIO JOJTATKOBOI ~ MIK-
POTIOPUCTOCTI, sIKa TOJICTIIYE BCMOKTYBAaHHS BO-
JIOTH OETOHOM 3 aTMOC(EPHOTO TTOBITPSI.

JlocmimkeHHs: ~ BUKOHYBAJIUCS  TakOoX  Ha
nementi 11 [-500H supoOuunrBa ITAT «Xaii-
nennOepriieMeHT  Ykpaina», M. JIHimpomzep-

KUHCBK. MopdoJIoTif0 9aCTOK Ta XIMIYHHHA CKJIaxd
[IEMEHTY HaBEJIEHO Ha puc. 6—7.

Puc. 6. Mopomnoris gactok niementy I111 I-500
BrupoOHuTBa [TAT «Xaiinens0epruemMerT YKpainay,
Juinpoa3ep:kuHChK, %1750

Fig. 6. Cement PTS I-500N particles morphology
in production of PJSC «Heidelbergcement Ukraine»,
Dniprodzerzhynsk, x 1750

CHeKTp,MaC,%-l O |Na i Ca | Fe
|70.800.37 1.06|1.47|5.08|1.25|0.35 18.99(0.64

Coexrp 1

Puc. 7. Ximiuanii ckinag yactok nementy [111 I-500
BupoOHunTBa [TAT «XaiinensOepruemenT YKpainay, M.
JuinponzepxuHchk, % (Mac.)

Fig. 7. The chemical composition of cement particles
PTS I-500N, production of PISC «Heidelbergcement
Ukraine», Dniprodzerzhynsk,% (wt.)

Sk BuaHO 3 puc. 6—7, KpynHi Ppakiii eMeHT-
HOT'O MTOPOUIKY MOJAaHI YaCTKaMy PO3MipoM OJTU3b-
Ko 25 MKM, 00’eMHa JacTka skux carae 10 %, va-

CTKH po3MipoM Onm3pko 10 MKM TIpHCYTHI B TO-
pomiky B 00’emi 25 %. XimiuHu{ aHami3 3pasKy
IIEMEHTy TI0Ka3aB, IO MPHUBEACHUN Koe]iIlieHT
aykHocti ckianae 0,57 %, 1o 3a10BOJIbHSAE BUMO-
ram MonepeKEeHHS LIBUIKOTTMHHOT
JTy’)KHOKPEMHIEBOKHCIIOl peakIlii B OeToHi, IIIo
EKCITyaTy€eThCA.

SxicHuii Ta Oe3cTaHIAPTHUH KIIbKICHUN aHai3
[IEMEHTY BUKOHYBAJIH 3a JOIIOMOT OO
madpakromerpy  D2PHASER.  3pa3skm  6e3
JIOJTATKOBOi OOpOOKM TMOMIIAM B 3ariyOJICHHS
KIOBETH 3 OpraHidYHOro CcKjia. PeHTreHorpama
3HIManacs 3 ooepranasam 20 06/xB 3 kpokoMm 0,02
B iHTepBasi KyTiB 8-650 2 O 3 BuUTpHMKOWO 1 C.
MopenoBaHHS PEHTIEHOTpaMH BHUKOHYBAIIM 32
JIOTIOMOT 010 Mporpamu 0e3cTaHmapTHOTO
KimpkicHOTO aHaiizy TOPAS.

L

-3
=

-.J*'.':.—.' - * -

C3S 23.95%; C3S 31.61%; C2S_beta 16.60%;
C3A_cubic 2.68%; C3A_orthorhombic 1.28%;
C4AF 13.52%; Portlandite 1.34%; Periclase 0.25%;
Quartz 0.21%; Arcanite 0.72%; Aphthitalite1.25%;
Bassanite 2.23 %; Calcite 4.36 %.

Puc. 8. SkicHuii Ta KiTbKicHUI aHaui3u rieMeHTy [TAT
«Xaiinens0OeprueMeHT YkpaiHa» 3a J0IOMOT 00
mudpaxromerpy D2PHASER

Fig. 8. Qualitative and quantitative analysis of cement
from PJSC «Heidelbergcement Ukraine» with
a diffractometer D2PHASER

Sk BugHO 3 puc. 8, AKICHUH XIMIYHUH CKiIaj
IIeMeHTy € MimauMu  MiHepanamamu  C2S  beta
16.60%; C3S (23.95% mac.) Ta C3S (31.61 % mac.),
ane GopmyBaHHs XiMil Ta MOPQOJIOTii IEMEHTHOTO
KaMCHIO 3aJIe)KHTh BiT MOAM(IKYIOUOTO BIUIMBY
XIMIYHMX J00aBOK, SKi 3MIHIOIOTH CIHIBBij-
HOUICHHS! B HampsMKy 30iMbIIeHHS dYacTKu (a3
3 MAKCUMAJILHOIO MILHICTIO.

CtpyKTypoyTBOpeHHS 0€3100aBOYHNX OCTOHIB
Ha paHHIX CTalisfX TYXaBiHHS JOCIIIKYBalH CIO-
cobom perifpartarii 3pa3kiB OETOHY 3pyHHOBaHHX
Ha 3, 7, Ta 28 100y 3 aHai30M CTPYKTYpHHX Xa-
PaKTEPUCTHK B KOMILJICKCI 3 MEXaHIYHUMU BIIACTH-
BocTsIMH. DOpMYyBaHHS CTPYKTypd IIEMEHTHOTO
KaMeHIO 3pa3ka 0eToHy 0e3 3aCTOCyBaHHS 0OABOK
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Ha pI3HUX eTamax Ty>KaBiHHA IOKa3ajo, IO M-
BUIICHUN BMICT anfoMiHaTHOI (a3 B IIEMEHTI
MIPOBOKY€E YTBOPEHHS BEIMKUX KPUCTATIB CTPUHTI-
Ty Ta 3HIKEHHS MIIHOCTI OeToHy Ha 28 no0y.
Mopdornoris Ta XiMiuHME ckian ¢as, mo mnepe-
BO)XHO YTBOPIOIOTBECS B 3pa3Ky, TOBOPSATH IIPO
HU3BKY IIJIBHICTH OETOHY, (POPMYBaHHS TIEpEeBaXK-
HO BOJONPOHUKHEHOI KamiJspHOi MOPHCTOCTI Ta
MiKpOHOPHUCTOCTI.

Bumeckazane y KOMIUIEKCI 3  ITiIBHIICHOIO
MPUBEACHOIO JIY>KHICTIO IIEMEHTY MpU3BeJe B MPO-
eci excrlyaranii 1o nepeadacHoi pyiHauii Oeto-
Hy B arpecHBHOMY CEpEeIOBHII i3 3HAKOIEPEeMiH-
HUMH HaBaHTKEHHSIMHU Ta TeMIepaTypaMd HaB-
KOJIMIIHBOTO CEpeIOBUIIA.

PosrnsiHeMo CTpyKTypHI Ta MexaHiuHi Xapak-
TEPUCTUKU OETOHIB 3aJIEKHO BiJ 3aCTOCOBAHMX
KOMIUJICKCHUX MOAHM(DIKaTOpiB Ha OCHOBiI Cy-
nepruiacTu(ikaTopiB Ta eNEKTPOIIITY.

CTpyKTypHI XapaKTepHCTUKH 0e3100aBOYHOTO
0CTOHY Ha MOYATKOBUX CTaJisX TY>KaBiHHS mepe-
BAXHO € OJOYHMMH KpUCTAJIaMH IMOPTIAHAUTY
3 HEBEIMKOI KIJIBKICTIO I[EMEHTHOIO TeNi0, SKi
(OpMYIOThCS 13 3HAYHOK KUIBKICTIO KaIllJISPHUX
nop (puc. 9).

Puc. 9. Mopdonoris ieMeHTHOT0 KaMEHIO
6e3/100aBOYHOT0 OETOHY Ha OCHOBI OPTIIAHILIEMEHTY
mapku [T I 500H (28 no6a tyxasinas), 5000

Fig. 9. The morphology of the cement stone without
additional concrete based on Portland cement PTS 1
SOON (the 28th day of hardening), x 5000

JonmaBannst 1o OeTOHHOI CyMimmi T0OaBKHA Ha
OCHOBI moJliHAQTaNIHCYIB(POHATIB 3HAYHO 301JIb-
nrye B CTPYKTYpl 4acTKy IIaCTUHYACTHX KpHCTa-
niB. B 00’eMHOMY CITiBBiTHOIIIEHHI ISl YacTKa Csi-
rae 60—70 %, 3aMMIIOK HAMOJOBUHY (POPMYETHCS
3 OJIOUHHX KPUCTAJTIB MOPTIAHANTY Ta IEMEHTHOTO
remo (puc. 10). Take cmiBBiTHOIIEHHS CTPYKTYp-
HUX CKJIAJOBHUX CIIPHUSAE IIBHIICHHIO KPUXKOCTI

0OCTOHY B HAIIPSAMKY TUIONIUH YTBOPEHUX KPUCTAIi-
TiB i, KpiM TOTO, HEOOXIHO BiAMITHUTH, IO TIACKI
TiIAPOKPUCTATITH HE MAIOTh MAaKCHUMAaJIbHUX Xapak-
TEPUCTHUK MIITHOCTI.

Puc. 10. Moposorist IeMEHTHOTO KaMEeHIO OETOHY
Ha O0CHOBI nopTinanauemMenty mapku [T S00H
Mo piKOBaHOTO NOTiHAPTATIHCYIE(OHATHOO

nobaBkoro (28 moda TyxasinH:), 10000

Fig. 10. Morphology of cement stone of concrete
based on Portland cement PTSI 500N of modified
polynaphthalenesulfonate addition (the 28th day
of hardening), x 10000

®opmyBanHs OeTOHHOT cymimi 3  po3-
pimKyBauaMu OETOHY Ha OCHOBI COJel ponaHimy
Ta Tiocynbdary HaTpilo, MIacTUdikaropa Ha

OCHOBI (dbparmeHTiB Moikap-00KCHITaTHUX
JIAHIIOXKKIB y CYKYIHOCTI 3 noJi-
HaTaTiHCYTb(OHATOM  JO3BOJSIE  OTPUMYBATH

MEXaHIYHI XapaKTePUCTUKU MOPIBHIHHI 3 TaKHMH,
0 yTBOPWIHCS B OeToHaX MOAM(DIKOBAHUX
MOJIKapOOKCUIIATOM, ajie TMOMIOHI KOMIUIEKCH
HE B 3MO31 JOCTaTHHO 3HHM3UTH BOJOLIEMEHTHE
CHIBBITHOMIEHHA. 3a PaxyHOK IIbOTO CTPYKTypa
chopMOBaHa HAa OCHOBI BHINE3raJIaHOTO KOMILICK-
Cy Xo0uya 1 CKIQJA€TbCs IEPEBAXKHO 3 TOJKO-
MOMIOHUX IIEMEHTHHX KpHCTaTIB JiaMeTpaMu
omu3pko 50—100 HM, aje Mae y cKiaii IUIecKari
KPHUCTAJH 31 3HIKEHOK MIIHICTIO, MO IO SKHX
MOXYTb  yTBODIOBAaTHCA  PYHHIBHI  TpIilIMHH
(puc. 11).

Mopdonoris CTpYKTypHUX CKIaIOBHX OETOHY
MiJpeKOBUX OCHOB Ha IIEMEHTI BUPOOHHUIITBA
[TPAT «Xatinens0epriueMeHT YKpaina» Ta moiikap-
6okcunatHoi nodasku [1JIKII HaBenena Ha puc. 12.

Sk BUIHO 3 puc. 12, cepenHiii niameTp mydKiB
HUTKOTOMIOHUX KPHUCTATIB IIEMEHTHOTO KaMEHIO,
chopMOBaHHX Ha nepury A00y TyKaBiHHSA B OETOHI
miman Ha ocHoBi riementy [11[-500 H BupoOHuiiTea
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IMTAT «XaligensOepriueMeHT YkpaiHa», 3Haxo-
IUTHCS y Mexax Bif 15 mo 60 HM, mpudomMy mepe-
BakHa YacTKa KpuctaiiB (1o 90 % o0’em) Mae mia-
MeTp 45 HM.

a—a

o—b

?{‘J

© x 15000

Puc. 11. Mopdosoris CTpyKTypHUX
CKJIaJIOBUX LIEMEHTHOTO KaMEHIO OETOHY
MO (PiKOBAHOTO KOMILIEKCOM COJIeH
poxaHiny Ta tiocyinbdaTy HaTpilo,
1acTu(ikaTopoM Ha OCHOBI (pparMeHTiB
MOJIKapOOKCHMIIATHNX JIAHIIOKKIB Y
CYKYITHOCTI
3 roiHaTaIiHCYIb(HOHATOM
Ha 28 no0y Ty)XaBiHHS:

a, 6 — cxiaz 100aBKH i3 301IBIICHOI0 YaCTKOO
cyneprutacTudikaTopis; ¢ — ckiaz 100aBKH i3
301JIBIICHOIO YAaCTKOIO CONei

Fig. 11. Morphology of structural components
of concrete cement stone modified with rho-
donite nitrate and sodium thiocyanate com-

plex, a plasticizer based on fragments of poly-

carboxylate chains together with po-
lynaphthalenesulfonates after the 28th day of
hardening:

a, b —the composition of additives with increased

part of superplasticizers; ¢ — the composition of
additives with increased part of nitrate

Puc. 12. Mopdosorist CTpyKTYpHUX
CKJIaJIOBUX IIEMEHTHOTO KaMEHIO OETOHY
MOIM(IKOBAaHOTO KOMIUIEKCHOIO T0OOABKOIO Ha
ocHoBi nosikapookcuiaris ITJIKIT -1 Ha 1
00y Ty>KaBiHHS:

a — hopMyBaHHS KPHUCTAJIB [IEMEHTHOTO KAMEHIO
3 HAJIMIIIKOM BOJU 3 YTBOPEHHAM
KOJIEMaTOBaHOT'O IOPOBOTO MPOCTOpy, X28400; 6 —
MTy4YKH HATKOMOJIOHMX KPUCTANTIB B Te-
pepizi,x 143000

Fig. 12. Morphology structural components of
concrete cement stone modified with complex
additive based on polycarboxylates PLKP -1
for the 1st day of hardening:

a — crystals formation of cement stone with water
excess with colmated pore space, x 28400; 6 —
beams of fibrous crystals in section, x 143000

XiMiYHMIA CKJIaJl [IEMEHTHOIO KaMeHIO OeTOHY
3 pmobaskoro ITJIKII-1 Ha mepmry mo0y Ty>kKaBiHHS
Ma€ 33/I0BUIbHI XapaKTePUCTUKH 3a BCiMa ITOKa3-
HUKaMH, a OCOOJMBO 3a IPHBENEHOI0 IY)KHICTIO
[IEMEHTHOTO KaMeHio, sika ckimamae 0,53 % (mac)
(puc. 13).

[Ipn 1pOMy B LIEMEHTHOMY KaMeHi BiACYyTHiil
XJIOp, IO CIPUSATHME MiBUINECHHIO JOBOBIYHOCTI
IIEMEHTHOTO KaMEHIO ITi[PSHKOBUX OCHOB.
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si|s
Crexrp 1[48.300,010,00/0.51[5.45(0.82/0.00[0.94}42 55]1.43

Puc. 13. XimiuHuii CKJIa] IIEMEHTHOTO KAMEHIO OETOHY
3 nodaskoro I1JIKII -1 Ha nepury 100y TyXaBiHHS

Fig. 13. The chemical composition of concrete cement
stone with the addition PLKP — after the 1* day
of hardening

[lig yac ¢popmMyBaHHS CTPYKTypu OETOHY 3 H0-
6askoro IIJIKII-1 ma mepury moby TyXaBiHHS mpU
temmneparypi 20 °C MIIHICTh Ha CTUCHEHHS 1OPiB-
Hio€ 41,5 MIla (puc.14, a) , a Ha 28 100y TyXaBiH-
HSl YTBOPIOETHCS IIBHAN OETOH 3 HUTKOMOAIOHMX
HaHOKPHCTAJIIB, 5IKi (POPMYIOTh MyUYKH 3aralbHUMH
nmiamerpamu g0 118,44 am (puc. 14, 6). Hanokpu-
CTaly Ta iX IyYKH YTBOPIOIOTH HIUIBHI CIUIETEHI
MacHBHU 3 TeJIeBOI0 MOpHCTIcTIO. Taka cTpykTypa
CIpus€e 3HAYHOMY 30UNBIIEHHIO HE TITBKH Xapak-
TEPUCTHK MIIHOCTI, MOPO30CTIHKOCTi, BOJIOHE-
MPOHMKHEHOCTI, a i Kpaile mpauroe npu aedopma-
uii Ha BuriH. Jlegopmairist Ha BUTIH MOXe BUHUKa-
TH HE TUIBKA TiJ 4Yac IUTaTHUX PEKUMIB
eKcIuTyaTamii, a W mix Yac mij0MBaHHS IIMajg Ha
MaricTpaabHUX KOJIsX.

3aBasKM BUCOKiH MITBHOCTI O€TOHY, fKa JO-
3BOJISIE OTPUMYBATH MIIHICTh Ha CTUCKaHHS Ha 28
100y 76 MIla, xonpMaToBaHi MOPH KOHIEHTPYIOTh
HaBKpPYTU ce0e yCi eJeMeHTH 3 HEeBEIUKUMH Jia-
METpaMH iOHIB, IO MPOTHJIE€ BHIYTYBaHHIO OeTO-
Hy. [ligBuieHa KOHIEHTpAIlisi MarHil0 MOOJIU3Y
HEBEJIUKUX KOJbMAaTOBAHUX IIOP CHpHsE 301b-
MICHHIO JIOKAThHUX XapaKTePUCTHUK  MIITHOCTI
CTPYKTYpPHUX CKJIQJOBHX LEMEHTHOTO KaMEHIO
(puc. 15).

[ view e 228
| semwncizrm

Puc. 14. Mopdoutorist KprcTaliB IEeMEHTHOTO
KaMmeHto, MoudikoBanoro nodaskoro I[TJIKII-
1 Ha nepury (a, x28900) Ta 28 (6, x127000)
J00y Ty)KaBiHHS

Fig. 14. Crystals morphology of cement stone,
modified with the addition PLKP-1 after the
first (@, x 28900) and the 28th (6, x 127000)

days of hardening

HdiamMeTpn HUTKOMOMIOHMX KpHUCTANiB, IO
KOJIBMaTyIOTh TIOPH, AOPiBHIOIOTH 52,0—-63,5 HM
(puc. 16).

OcCoONMBOCTI  CTPYKTYPHUX  XapaKTEPUCTUK
MOM()IKOBAHOTO IIEMEHTHOTO KaMEHIO IIiJTBep-
JOKYIOTBCSI MEXaHIYHUMH XapaKTepUCTUKaMu. Tak,
HANpPUKIAA, TOJaBaHHSI O KOHTPOJBHOrO 0e370-
0aBOYHOTrO 3pa3ka OETOHY KOMIUICKCY COJied Ha
OCHOBI pOJIaHiAy HaTpif0, TioCynb(aTiB Ta CyIb-
¢ariB HaTpilO CHpHUsE BUTOHYCHHIO TOJKOIOJIO-
HUX KpUCTANiB, IO MiABUIIYIOTh MIIHICTh Ha
CTHCK y paHHI CTPOKM TYXaBiHHS Ha mepury no0y
B 1,7 pady, Ha ceoMy n00y — B 1,2 pa3y, a Ha
28 100y NpakTUYHO BIiJCYTHS PI3HHUI MIITHOCTI
KOHTPOJIBHOTO Ta 3pa3ka 3 J00aBKOK COJBOBOTO
KOMITICKCY.
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Criexr,p,
Yomac

Ca | Fe

Crexip 1| 5239 1.66 147 293 | 1661 | 000 0.00 248 2047 2.00

Crextp2| 5301 072 102 | 210 | 1867 | 000 | 000 192 1992 | 266

Cn3 57182 167 0.00 0.76 383 0.00 0.00 078 3376 138

Puc. 15. XiMiuHuii cKi1ag KpUCTaJiB LIEMEHTHOTO Kame-
HIO TI00JIM3Y KOJIBMATOBAaHUX IO B 3pa3Ky OCTOHY,
MouikoBaHoro go6apkoro [LJIKII-1 Ha 28 no0y Ty kaBiHHS

Fig. 15. Chemical composition of crystals in cement
stone near colmated pores in the concrete sample,
modified with additive PLKP-1 after the 28th day

of hardening

Puc. 16. Mopdomorist KpucTaiB IIeMEHTHOTO
KaMEeHIO 00JIM3y KOJIbMAaTOBaHUX 10D
B 3pa3Ky Oetony, moaudikoBanoro pobaskoro [TJIKII-1
Ha 28 100y Ty>KaBiHHS

Fig. 16. Crystals morphology of cement stone near col-
mated pores in the concrete sample, modified with
PLKP-1 additive after the 28th day of hardening.

HonaBanHs B OCTOHHY CyMIlll KOMIUIEKCIB CyIiep-
TuracTi(iKaTopiB Ta Colei B OETOHHY CyMIIll 3 BMic-
TOM AMBpOCiiBcbKoro reMenTy 380 Kr/M° GeToHy
JTO3BOJIUJIO OTPUMATH MIIHICTh Ha 2 n00y — 43,7
Mlla, 3 noby — 53,7 Mlla, Ha 7 no0y — 61,3 Mlla
Ta 28 moby — 71,5 MlIla.

[Ipu 3acTocyBaHHI B OETOHHIH cymimIi Ui BU-
TOTOBJICHHSl IIMHal 3A0J0YHIBCHKOTO LIEMEHTY
3 KOMIUIEKCOM rineproiacTudikaTopiB BUPOOHHMII-
tBa IIIT «Jlorist», M. JIHIIPOIIETPOBCHK, TO3BOJISE

OTpHMAaTH Ha Tepiny A00y Ty>KaBiHHS MILlHICTH Ha
ctuck 39 Mlla, Ha 7 noby — 64,6 Mlla Ta Ha 28
nmoby — 73,3 MlIla. Ilpu mmpoMy mpomaproBaHHS 3a
Tpamuuitnumu pexkumamu nipu 60° C  mo3Bostsie
OTpHMAaTH MIlHICTh Ha cTUCK 56,7 MI]a.

Hement JHINpOA3ep:KUHCHKOTO BHPOOHHULITBA
npu KoHueHTpawuii 350 kr/M° 6eToHy B GeTOHHiit
cymimi 3 Mommdikaropom IIJIKII-1 JIHimpomer-
POBCBKOTO BHPOOHHMKA JO3BOJIIE OTPHMATH Mill-
HicTh Ha mepmry no0y TyxaBiHHS 41,6 Mlla, Ha
TpeTio 1oy — 61,9 MIla, ckomy — 69,1 MIla ta 28
no0y — 76 MIla. Taki XxapakTepUCTHKH SKOCTi Oe-
TOHY 3aI0BOJIGHSIIOTH BHMOTAM ISl MigPEHKOBUX
OCHOB ISl IIBUAKICHOTO pyxy. TexHomoris BHpO-
OHUIITBA 103BOJIsIE eKOHOMUTH 150 KT mIeMeHTy Ha
M’ GETOHY, EKOHOMHTH Ta3 Ta CICKTPHUHY CHEp-
Tit0, SKi 32 TPAIUIIHOI0 TEXHOJIOTI€I0 BHKOPHC-
TOBYBAJIHCS Y BHPOOHUIITBI MMiIPSHKOBHUX OCHOB.
Kpim Toro, 3aBasiku HOBill TEXHOJOTii BUPOOHHIIT-
Ba MiJBUILYETHCS CTPYKTYpHA OXHOPIAHICTH 1 cTa-
OUTHHICTH, @ TAKOX IHUCIIEPCHICTH IIEMEHTHOTO Ka-
MEHIO, 110 TIOTIepe/Kae CTPYKTYPHI epETBOPEHHS
Mg 9ac eKcrilyaTamii miApeKoBUX OCHOB i iX me-
penvacHe pyHHyBaHHS.

HaykoBa HOBH3HA Ta NPAKTHYHA
3HAYUMICTh

HochimkeHnst B il poOOTi monsrae B aHami3i
MO>KIIMBOCTI 3aCTOCYBaHHS IIEMEHTIB Pi3HUX BH-
POOHHMKIB IS BHPOOHMITBA MiJPEHKOBUX OCHOB,
aHaJIi31 BIUIMBY J00aBOK HAa OCHOBI PI3HUX CKIIAJ0-
BUX Ta OOIPYHTYBaHHI HEOOXIITHOCTI 3aCTOCYBaHHS
HAMOUTBIII ONTHMAIBHUX B’SDKYYMX Ta J00aBOK-
MoAn}IKaTOPiB AT OTPUMAaHHS HAWOLIBII BUCOKHX
(hi3MKO-MeXaHIYHUX XapaKTEepUCTUK Ha 28 moly Ty-
KaBIHHS Ta IONEPEDKEHHS CTPYKTYPHHX IIE€pETBO-
peHb B TMpoIIeci eKCIuTyaTallii 3a1i3006TOHHUX BUPO-
0iB. 3acTocyBaHHS HOBOI TEXHOJIOTii BHPOOHHIITBA
OCTOHY MIAPEHKOBUX OCHOB JO3BOJISIE C€KOHOMHTH
150 kr neMeHTy Ha M’ GeTOHy, GKOHOMHUTH Ta3 Ta
€JIEKTPUYHY CHEPTilo, 0 HUHI BUKOPUCTOBYIOTBCS
JUTSL TIPOTIAPIOBAHHS 3113006 TOHHUX BHPOOIB.

[lonsirae y BHepiie OTPUMAaHHUX PE3yIbTaTax
JOCHIPKEHb NP0 BIUIMB BITYM3HAHUX TilepIuiac-
TU(DIKATOPIB Ha CTPYKTYPOYTBOPEHHS Ta (Di3HKO-
MEXaHIYHI XapaKTePUCTHUKA OCTOHIB Ha OCHOBI
JKOPCTKUX cyMimeii. BusiBineHHss MOpQOIOTiYHAX
0cOOJIMBOCTEH LIEMEHTHOIO KaMEHI0O Ha OCHOBI
IIEMEHTIB Pi3HUX BITUYM3HIHUX BUPOOHUKIB MOIIH-
(hiKOBAHOTO BITYM3HSIHUMHU KOMILICKCHUMH J00aB-
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KaM{ Ha OCHOBI Pi3HUX XIMIYHUX KOMILICKCIB J0-
3BOJISIE MOSICHUTH iX MEXaHi3M BIUJIMBY Ha €KCILTY-
aTarfiifHi XapaKTepUCTUKHA OETOHY.

BucHoBku

[lizcymoByr0uM OTpUMaHi pe3yibTaTH AOCHi-
JDKEHb MOKHA 3pOOUTH BUCHOBKH:

1. Bukopucranas mnoiikapOoKkcunaTHoi no0aB-
ku BupoOHuuTBa IIIT «Jloristy, m. JlHimpomert-
POBCBK, SIKa HE MICTUTH COJIBOBOIO KOMILIEKCY,
JO3BOJIAE TIPM HOPMAIBHUX YMOBAaX TBEPIiHHS
(20°C) orpuMmyBaTH pa3zonanayOOuHy MIITHICTh
HIMAaNEHOTO OETOHY Ha Tepuly J00y TyXKaBiHHS Ta
oinpie 70 MIla Ha 28 noOy TBEpIiHHS 3 LIEMEHTY
6mm3bko 350 kr/mM’ Gerony. J[06aBKa HE 3HIKYE
JTOBTOBTOBIYHICTD MiJAPEHKOBUX OCHOB.

2. ®opMyBaHHS HAHOCTPYKTYpOBaHOIO  Lie-
MEHTHOTO KaMEHI0 TMix dYac MoaudikyBaHHS
Oetonnoi cymimi gobaBkoto IIJIKIT copwmse
30UIBIIEHHIO  MIIHOCTI HAa  BHTIH, BOJOHE-
NPOHUKHEHOCTI Ta  MOPO3OCTIMKOCTI  OeToHy
MiIPEHKOBUX OCHOB.

3. JouinbHicTh BUKOpHCTaHHs nementy [11] I-
500H BupoOnunrBa IIAT «XalinensOepruemeHT
VYkpaina», M. JIHINPOA3epXMHCBK B MO€AHAHHI
3  mobaBkoro  IIJIKII  mms  BupoOHHIITBA
3a11300€TOHHUX MINAaN 3yMOBJIEHA i MO3UTHBHUM
BIUIMBOM Ha JIOBTOBIYHICTH OETOHY 32 YMOB JIOT-
PUMaHHsS IPUBENEHOI JIyXKHOCTI IIEMEHTY MEHIIE
Hix 0,6 % (Mac).
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CTPYKTYPOOBPA3OBAHHUE B BETOHAX
INOAPEJBbCOBBIX OCHOBAHNU

Heas. Pabora mpeamnonaraeT BBISIBICHHE 3aBHCHMOCTH CTPYKTYPHBIX H MEXaHHUYECKHMX CBOWCTB OETOHa OT
cocTaBa MPUMEHSEMBIX 100aBOK-MOAN(MUKATOPOB, XapaKTepa N3MEHEHHH CTPYKTYPHBIX M MEXaHUYECKHUX CBOMCTB
B 3aBHCHMOCTH OT CpOKa TBEpJEHUs OeTOHa KOHTPOJIbHBIX M MOIU(UIMPOBAaHHBIX 00pa3noB. MeToauka.
[IpuMeHEeHHBIE MUKPOCTPYKTYPHBIC, (PpakTorpaduuecKue, MHKPOPCHTICHOCIEKTPAIbHBIC aHATU3bl U (DU3UKO-
MEXaHUYECKUE HCIBITAHUS TO3BOJIMIA BBIABUTH HEOOXOMMMBIC 3aBHCHMOCTH. Pe3ysibTaThbl. MHKpPOCTPYKTypa
[EMEHTHOIO KaMHS IMPH PaBHBIX YCIOBUAX MMOA00pa OETOHHBIX CMECEH 3aBHCHUT OT COCTaBa IMPUMEHSIEMBIX
CBIPHEBBIX MATCPUAIIOB M TEXHOJIOTUU IPOU3BOJICTBA. B paboTe UcCienyroTcs CTpYKTYPHBIC IEPECTPOIKU BO BpEeMst
CXBaThIBAaHUSI OCTOHOB HA JKECTKUX CMECSX U BIMSHUE COCTABHBIX YaCTeH KOMIUIEKCHOW M0O0aBKU-MOAH(UKaTOpa
TJIKII (mpomsBonctea OO0 «Jlorwst», r. JJHEIpOeTpoBCK) Ha MOP(OIOTHIO, UCITIEPCHOCTh M XUMHUUECKUI COCTaB
IMEMEHTHOTO KaMHS, a TakKe MEXaHWYeCKHe XapaKTepUCTHKH OETOHa [UIsl IIOJAPENTBCOBBIX OCHOBAHUH.
UccrmenoBanme  CTPYKTYpHBIX W (PH3UKO-MEXaHHYECKHX  XapaKTEPUCTHK  KOHTPOJIBHBIX  OOpasloB
M MOAU(MUIMPOBAHHBIX OETOHOB HAa pA3IMYHBIX CTAAWAX TBEPJCHUS IMOKa3ajld, 4YTO MNPUMEHEHHE
runepruiactuukaropa  [IJIKIT  ykpanHCKOro  mpou3BOJACTBa  CIOCOOCTBYeT — (DOPMHPOBAHMIO  HAHOCT-
pykrypupoBanHoro OeroHa. JloOaBieHne B cocTaB J00aBKHM Ha OCHOBE CYNeEPILIaCTH()UKATOPOB YyCKOpUTEJIeh
TBEpACHUA CHOC06CTByeT YMEHBUICHUIO JUaMETpa MYYKOB HUTCBUIHBLIX KPUCTAJJIOB, YBCINMYUBACT CTPYKTYPHYIO
OAHOPOJHOCTD, CTa6I/leHOCTL 1 MOBBIIIACT KOMIUICKC MCXaHUYCCKUX XapaKTCPUCTUK 6eTOHa. HpI/lMeHeHI/Ie HOBBIX
nosiukapOoHaT-00kcmnatHbix 100aBok [TJIKIT B mpou3BoacTBe OCSTOHHBIX CMECEH s HOJPEIbCOBBIX OCHOBaHHIA
MO3BOJISCT WCKIIOYHUTH IPOMAPHUBAHUEC W3 TEXHOJOTHH IPOHM3BOJCTBA IOAPEIHCOBBIX OCHOBaHHA. OTCYTCTBHE
COJICBOW COCTaBJISIFOIIEH B J00aBKE CIOCOOCTBYET MOBBIINICHHUIO JOJNTOBEYHOCTH OeToHa. Haydynass HOBH3HA.
B pabore BhIsBICHO, uTO MOmuduKaims OeToHa komiuiekcHol mobaskoi ITJIKIT crocobctByeT opMupoBanmio
Hambosee OMHOPOOHOM CTPYKTYpHl IIEMEHTHOTO KaMHS, KOTOpas COCTOUT U3 KOMMAKTHBIX KpPHCTAJUIOB,
OKpPY>)KCHHBIX HHUTEBUIHBIMH KPHCTAIDIAMH, KOTOPHIC IUIOTHO MEpeIUIeTeHHl B TOPOBOM MPOCTpPaHCTBE. Takas
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CTPYKTYpa CIIOCOOCTBYET MaKCHMAaTbHON XapaKTePUCTUKE MPOYHOCTH OeToHa npu cxkatun. [Ipuyem nponapuBaHue
MO0 TPaTUIMOHHON TEXHOJOTUU CIIOCOOCTBYIOT YBEIMYCHHIO Pa3MEPOB IMEPBUYHBIX STPUHTUTHBIX KPUCTAJLIOB,
UMCIOIIUX CKIOHHOCTh K PECTPYKTYpU3alMM B TMPOIECCEe JKCIUTyaTallud KEIC300CTOHHBIX W3JICIUN IpH
temnepatypax oxoio 20° C. IlpakTHyeckasi 3HAYUMOCTb. PerynmpoBaHHS TEXHOJOTHYECKHX ITapaMeTpOB
MIPOU3BOJICTBA TTOIPETHCOBBIX OCHOBAHHM, a MMEHHO — CHIDKEHHE TEMITePaTyphl IPOTIAPUBAHUS HIIH U3BATHA ITOM
OTIepanny ¢ TEXHOJIOTHIECKOTO IHKIIAa H3TOTOBJICHUS JKEIe300€ TOHHBIX IITAll, P Kcroiib3oBannu godaBku [TJIKIT
MO3BOJISIET TIOBBICUTH CTPYKTYPHYIO OJHOPOIHOCTD M CTAa0MIBHOCTD, YBEIMYHUTD IJIOTHOCTH OETOHA U B PE3yNbTaTe
MOJIOKUTEJIBHO BIUATH HA €ro JOJTOBEYHOCTD.

Kniouesvie cnosa: 6eTOH; MUKPOCTPYKTYpa IIEMEHTHOTO KaMHS; HUTEBUIHBIE KPUCTAIUIBI;, CPOKU CXBATHIBAHMUS,
IponapuBaHue; IIacTH(GUKaTOp OETOHHON CMECH; YCKOPUTENh CXBATHIBAHUS, [TOIPEIHCOBBIE OCHOBAHUS
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STRUCTURE FORMATION IN FOUNDATION SLAB CONCRETE

Purpose. The work involves identifying the dependence of structural and mechanical properties of the concrete
on the composition of used modifier additives, the nature of changes of structural and mechanical properties depend-
ing on the period of concrete hardening of test and modified samples. Methodology. The applied microstructural,
fractographic, microprobe analyses and physico-mechanical tests revealed the required dependencies. Findings. The
microstructure of the cement stone under equal conditions of concrete mix selection depends on the composition of
used raw materials and production technology. This paper investigates the structural changes in the setting time of
hard mixture concrete and effect of component parts of the complex modifier additive PLKP (produced by «Logia»,
Dnepropetrovsk) on morphology, dispersion and chemical composition of the cement stone, as well as the mechani-
cal characteristics of concrete for the foundation slab. The study of the structural and physical-mechanical character-
istics of the test samples and modified concrete at various hardening stages showed that the use Ukrainian hyper-
plasticizer PLKP contributes to the formation of nano-structured concrete. The addition of hardening accelerators to
the super-plasticizer additive reduces the diameter of crystal whiskers, increases the structural homogeneity and sta-
bility and improves the complex of the concrete mechanical characteristics. Application of new PLKP polycarboxy-
late additives in the production of concrete mixtures for the foundation slab allows eliminating the steaming from
the foundation slab production technology. The absence of salt component in the additive improves the concrete
durability. Originality. The paper showed that modification of the concrete with complex additive PLKP facilitates
the formation of the most homogeneous structure of cement stone, which consists of compact crystals surrounded by
fibrous crystals that are tightly intertwined in the pore space. This structure contributes to the maximum characteris-
tics of the concrete compressive strength. Herewith the steaming by traditional technology helps to increase the size
of the primary ettringite crystals having a tendency to restructure during the operation of concrete products at tem-
peratures of around 200°C. Practical value. Adjustment of foundation slab production parameters, namely — steam-
ing temperature reduction or elimination of this operation from the concrete sleeper production cycle, using PLKP
additives, can improve the structural homogeneity and stability, increase the density of the concrete and result in
positive effect on its durability.

Keywords: concrete; cement stone microstructure; fibrous crystals; setting time; steaming; concrete plasticizer;
setting accelerator; foundation slab
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IMPACT OF MATRIX INVERSION ON THE COMPLEXITY
OF THE FINITE ELEMENT METHOD

Purpose. The development of a wide construction market and a desire to design innovative architectural build-
ing constructions has resulted in the need to create complex numerical models of objects having increasingly higher
computational complexity. The purpose of this work is to show that choosing a proper method for solving the set of
equations can improve the calculation time (reduce the complexity) by a few levels of magnitude. Methodology.
The article presents an analysis of the impact of matrix inversion algorithm on the deflection calculation in the
beam, using the finite element method (FEM). Based on the literature analysis, common methods of calculating set
of equations were determined. From the found solutions the Gaussian elimination, LU and Cholesky decomposition
methods have been implemented to determine the effect of the matrix inversion algorithm used for solving the equa-
tions set on the number of computational operations performed. In addition, each of the implemented method has
been further optimized thereby reducing the number of necessary arithmetic operations. Findings. These optimiza-
tions have been performed on the use of certain properties of the matrix, such as symmetry or significant number of
zero elements in the matrix. The results of the analysis are presented for the division of the beam to 5, 50, 100 and
200 nodes, for which the deflection has been calculated. Originality. The main achievement of this work is that it
shows the impact of the used methodology on the complexity of solving the problem (or equivalently, time needed
to obtain results). Practical value. The difference between the best (the less complex) and the worst (the most com-
plex) is in the row of few orders of magnitude. This result shows that choosing wrong methodology may enlarge
time needed to perform calculation significantly.

Keywords: finite element method; FEM; LU; Cholesky; Gaussian elimination; decomposition methods; optimi-
zations

Introduction basic methods used to solve set of linear equations
are presented. The next point is dedicated to the
presentation and discussion on the complexity of
the implemented algorithms, depending on the
implemented matrix inversion method and the
number of nodes used in calculations. Summary of
the article is included in section six.

The development of a wide construction market
and a desire to design innovative architectural
building constructions has resulted in the need to
create complex numerical models of objects having
increasingly higher computational complexity.

There are a lot of numerical methods designed
to provide an approximate solutions to the

considered problem including finite element Purpose

method (FEM), boundary element method (BEM)
or finite difference method (FDM).

The article is organized as follows. The first
section describes the main characteristics of Finite
Element Methods for the beam element. The
second point concerns the computational
complexity of the FEM. In the next point, an
estimate of the complexity of the individual stages
of the FEM is presented. In the fourth section the

The purpose of this work is to show that
choosing a proper method for solving the set of
equations can improve the calculation time (reduce
the complexity) by a few levels of magnitude.

Methodology

FEM for the beam element: Finite element
method is one of the most popular tools used in
engineering calculations. One of the basic
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assumptions of this method is the abandonment of
the analytical division of the area for the division
into a finite number of elements [12]. The
calculation takes place only at specific points,
called nodes, and the results for the rest of the area
are approximated using, so-called, shape functions
on the basis of the results obtained for each node
[10], [2], [4].

The basic steps in the FEM for the beam
element can be described as follows [7], [8]:

— In the first step, we divide the beam in the
given number of finite elements and select nodes.
We accept both the local and the global coordinate
system,

— Number of components of the displacement
vector ¢, need to be set,

— Shape functions N need to be assumed:

N:[NDNZ,N3,N4] (1)

Shape functions for the beam construction can
be assumed as a third degree polynomial written in
the classical form as:

N, =113(2x3 —3I +z3) 2)
N, =Zi3(1x3 — 215 +xz3) 3)
N, =Zl3(—2x3 +3lx2) (4)
N, :%(Zx3 —12x2) 5)

or in the matrix form:

N= 113[2;8 302 4 B, I = 2057 4l

=22 4307, I - x|, (6)

The stiffness matrices K, are determined in
each node

12 6/ -12 6l
6/ 41 -6 2I°
k=2 ™
Pl-12 -61 12 -6l

6/ 21 -6 4I°

Calculation of substitute nodal loads matrix

! bl
P, = [N"b,dx = 6[6, 1,6,~1] (8)
0

Calculation of the B matrix that describes the
deflection at each point of the element with the
following equation:

B=LN ©)

where L is the differentiation operator described as
follows:
d2
L=—y—
dx’

Substituting equations (6) and (10) to (9) gives:

(10)

B=LN = —113[12x — 61, 6lx — 412

~12x + 6, 6zx—212], (11)

The stiffness and nodal load matrices are
aggregated to the global system with application of
the boundary conditions.

We solve the equation for the balance of the
structure (12) identifying unknown deflections u:

(12)

Computational complexity: A key issue
regarding the performance of all algorithms,
including FEM [7], is the computational
complexity or, in other words, computing
requirements. We call computational requirements
all the necessary arithmetic operations that need to
be performed during calculations.

The concept of computational complexity is
also associated with the issue of the resources
availability. Resources can be defined in the form
of time or memory [8], [9].

— Time complexity — the measurement of the time
complexity is performed by the calculation of the
number of basic operations that depend on the size of
the input data. Measuring the actual clock time can
vary depending on the implementation of the
algorithm, computing machine or a compiler used.

— Memory complexity — the memory comp-lexity
expresses the amount of memory used, expressed as
the number of memory cells in a function of the size of
input data or expressed in bits or bytes, to perform
specific computing.

Ku = p,
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The creators of complexity theory are Juris
Hartmanis and Richard Stearns [3]. It can be said
that the larger the scale of the problem and thus the
larger size of the input data, the more resources it
will need to perform computing operations [12].

A common way to compare the complexity of
various algorithms is to determine their asymptotic
growth rate. It is a measure of the time
requirements with increasing size of the input data.
It can be said that it describes how quickly time
requirements are changing.

To describe the asymptotic growth rate so-
called O notation is used. It can be said that
a function f has a complexity of O(g(n)) if there is
a positive constant value ¢ and non-negative value
N satisfying the condition:

f(n)<cg(n) forn>N. (13)
In the remainder of this article the above
notation will be wused to determine the

computational complexity of different stages of
FEM algorithm.

Estimating the complexity of the FEM
algorithm: In this section we will investigate the
complexity of the different stages of the FEM
algorithm and we will assess its impact on the
complexity of the entire algorithm.

a) Dividing the Q area into finite elements.

In the case of beam element, this step has
a very low complexity, which can be estimated as
O(n).

b)Adoption of shape functions vector N, and
degrees of freedom g, .

The complexity of this stage is constant and is
equal to O(1). It is due to the fact that regardless
the size of the problem (e.g. number of nodes), this
step is performed only once.

a) Calculation of elementary stiffness matrices
K, and nodal loads vectors Q, .

This step, similar like the previous one, has the
complexity of the order of O(1). This is because
the number of selected nodes does not affect the
complexity of calculating the elementary matrices
K, and Q,.

b) Aggregation of the stiffness matrix K and the
loads vector Q for the entire object.

The complexity of this stage is linear and thus
can be noted as O(n). This is related to the need to
add the K, matrix to the aggregated matrix K

n-times.

b)Boundary conditions.

Because taking into account boundary
conditions takes place only at the ends of the beam
it not depend on the number of nodes. It is
therefore assumed that this step has a complexity
of the order of O(1).

a) Solving Kg=0 equation
On the basis of the literature it can be stated that
the complexity of this stage is in the order of O(n’).

Methods of solving equations set: As shown in
section 4 the most complex part of each of the
algorithms is a step designated to solve the set of
equations. This problem is even more complex in
the case of finite element methods because this
method has to generally deal with matrices of
considerable sizes, which entails the need of
conducting significant number of mathematical
operations. Below, collection of the most popular
methods for solving linear sets of equations (and
matrix inversion), which can be found in the
literature is presented.

The method of algebraic complements:
Application of this method requires the
appointment of an inverse matrix which

subsequently need to be multiplied by the vector of
the right side values. The algorithm for inverse
matrix calculation can be presented in a following
steps [3]:

— Calculation of the determinant of the matrix
A,

— Calculation of the algebra complements of all
elements of a matrix,

— Transposition of the matrix containing
algebraic complements,

— Determination of the inverse matrix.

These steps can be represented by the following
formula:

T
Dll DIZ 1n
A—l — 1 D21 D22 D2n (14)
det 4 :
Dnl Dn2 Dnn

where det4 is the determinant of a matrix 4 and the
D, ., D, , .., D, represent the algebraic
complement values of consecutive elements of
matrix 4 [12].

Gauss-Jordan method: This method is another
method whose immediate goal is to determine the
inverse matrix (further step in the form of
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multiplication of inverse matrix and right values
vector need to be performed). Gaussian elimination
is also called matrix method of the attached
identity matrix.

To find the inverse of a matrix A the following
set of equations need to be solved:

AB=1 (15)

where: A — output matrix, B — inverse matrix, / —
identity matrix. It is necessary for both sub-

matrices [A|I ] to multiply them by matrix B, to

get the matrix

[4B|1B] (16)

Taking into account that B=A4" the
[A]1 ]—)[1 | A’IJ is obtained. In order to get the

inverse of matrix 4 the sub-matrix 4 in the [ 4]

need to be converted to unitary sub-matrix with the
use of elementary operations on the rows.

Gauss elimination: This method was developed
by a famous German mathematician Carl Friedrich
Gauss [6]. Its purpose is to bring the matrix to
form a stepwise matrix (Lower or Upper triangular
matrix) using elementary operations on the rows. It
should be also checked the existence of solution by
using the Kronecker-Capelli theorem.

Cholesky decomposition: Every positively
definite matrix 4 can be written as [11, 5, 13]

A=L-I" (17)

where: L — the lower-triangular matrix with
positive values on the main diagonal, referred to as
the «square root» of positive definite matrix A.

In equation (17), the unknowns are the
elements of the matrix L:

Ly, o o o

L, 1 mi

L=\ (18)

lnl Zn2 e lrm

Using the formulas for calculating the matrix

product it is possible to describe the relations that

allow to calculate individual elements of the matrix
L. As aresult:

{an Azﬂ}:{lll 0} b L€1 _
Ay Ay (L Lpl| 0 LY,

:{ 1121 llngl } (19)
Ly L21L€1 + Lzngz

thus
hy = Vi (20)
and
1
L21 l_Azl (21)

It can be also noticed that:

1
Lzngz = Azz _Lzngl = Azz __AZIAZTI (22)
11

Solving of equations Ax=» is performed in

two stages:
Ax=b (23)
LL x=b (24)
Ly=b (25)
LI'x=y (26)
Solving the Ly =bequation
b
n=—- 27)
le
b=
v, /R YU/ j=23,..n (28)
L
Solving the L' x = y equation
X, = zy_ (29)

S/
Vi _Zk=i+1 ik
xi ==
L.

12

Li=n-1Ln-2,.,1 (30)

Expression (22) is so-called the Schur comple-
ment. Due to the positive value of the expression
for positive definite matrix, decomposition algo-
rithm can be applied to the matrix diminished by
first row and first column.

LU decomposition: The method of LU
decomposition is to produce a matrix A4 as
a product of two triangular matrices: lower L and
upper U with the addition of zero elements, above
and below, respectively, the main diagonal of the
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matrix [1]. This formally can be written as:

A=LU 31
where:
L, O 0
Ly b 0
L=|" : 32
0 (32)
lnl ln2 nn
and
Uy Uy Uy,
0
v=| . "= “an (33)
0 0 u

Analyzed set of equations can be described as:
LUx=y (34)

Solving the equation (34) is achieved by
solving two sets of equations:

Lz=y (35)

Ux=z (36)

In this way, we obtain a searched vector x.

Findings

This section provides an analysis of the
computational requirements of different matrix
inversion algorithms for finite element method.

The calculations were performed for the fixed-
end beam of the length equal to [, = 6.5 m, loaded
with a uniformly distributed load ¢ equal to 15 kN
/ m, which diagram is shown in Fig. 1.

Fig. 1. Scheme of the investigated beam

For each method, the calculations of deflection
of the beam, which is presented in Fig. 2, divided
into 5, 50, 100 and 200 nodes have been
performed. The process of calculation of the
equation (12) has been carried out using the Gauss
method, Cholesky decomposition and LU
decomposition. In addition, each method has been
further optimized. This optimization consisted in
the use of some knowledge of matrices. For

example, it has been taken into account that the
matrices are symmetrical and contain a large
number of coefficients equal to 0, which meant
that some multiplications and additions can be
omitted when performing calculations. The
obtained results have been shown in the latter part
of this section.

Fixed-end Beam, 5 nodes

0
—— Accurate|
0.002 - ——FEM
0.004 |
£ 0.006
e
- 0.008
[=
S
E 0.01
©
0 0.012
0.014
0.016 -
0.018 \ . . \ . .
0 1 2 3 4 5 [
Lm]
o Fixed-end Beam, 50 nodes
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0.002 | —o—FEM
0.004 |
£ 0.006
S
- 0.008
c
o
g oot
©
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0.014
0.016
0.018 \ . \ \ . .
0 1 2 3 4 5 6

L[m]

Fig. 2. Deflection of the beam for 5 (top) and 50
(bottom) nodes calculated with the use of FEM
and accurate methods

Table 1 presents the number of mathematical
operations performed during calculation of the de-
flection of the beam divided into 5 nodes, depend-
ing on the implemented method for matrix inver-
sion (solving equation set).

Second column shows the assignment
operations necessary to be performed. Assignment
operations are the operations of saving the
calculated values in the memory of the computer
(after the value is calculated it needs to be stored in
the memory). The third column shows the number
of addition operations and in subsequent columns,
number of multiplications, divisions and square
root calculations are presented. Last column
presents the total number of required operations
(sum of the operation of the preceding columns).
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Table 1

Number of mathematical operations for different
implemented algorithms, FEM methodology,
division into 5 nodes

Method Gauss| Opt. | LU | Opt. |Cholesky| Opt.
Gauss LU Cholesky

Assignments 106 | 74 | 72 | 60 98 84
Additions 85 | 56 [120] 56 91 79
Multi-plications| 85 | 56 |120| 56 65 54
Divisions 21 | 18 | 21 | 18 32 31
Square roots 0 0 0 0 6 6
Total 2971204 [333]190| 292 254

Hereafter the name basic methods has been
used regarding the Gauss, LU decomposition and
Cholesky decomposition methods while the term
optimized methods has been used regarding the
optimized versions of these algorithms.

Comparing the Gauss method to the optimized
Gauss method it can be noticed that the number of
arithmetical operations performed is reduced by
about 31%. For the LU decomposition method and
its optimized version complexity reduction is at the
level of 43%. In the case of optimized Cholesky
decomposition method compared to its non
optimized version the profits is equal to
approximately 13%.

While taking into account the non optimized
versions of the algorithms the number of
operations performed by a Cholesky method is the
smallest. However, while taking the optimized
versions into account more preferably is to use LU
and Gauss method.

For 50 nodes, we can observe a significant re-
duction in the number of mathematical operations
required to perform for optimized algorithms com-
pared to basic methods. The obtained results are
shown in Table 2. Reduction of the number of
arithmetic operations in the Gauss method and LU
decomposition compared to their non optimized
methods is about 99.5%. The difference between
these two optimized methods is however low and
is equal to about 2.5% in favor of the LU method.
Basic Cholesky method gives results more than
17% better (in terms of required complexity) com-
pared to other basic methods. Optimization of this
method gives a gain of about 96%. However, the
situation is changing if optimized methods are

compared because other methods are more than
80% less complex.

Table 2

Number of mathematical operations for different
implemented algorithms, FEM methodology,
division into 50 nodes

Method | Gauss | Opt. | LU |Opt. |Cholesky| Opt.
Gauss LU Cholesky

Assign- 304096|1784|18432(1320{161408| 2244
ments
Additions [299440|1406446880[1406/299536| 14884
Multi- 29944011406 1446880[1406|156560| 1674
plications
Divisions | 4656 | 378 | 5646 | 378143072 | 13306
Square 0 0 0 0 96 96
roots
Total 907632149749168484510|760672 | 32204

For 100 nodes (see Table 3) application of the
optimized methods result in a reduction in the
number of arithmetic operations performed in
relation to the basic methods, even by three orders
of magnitude, giving a gain of 99.9%. It is also
worth noting that optimized LU decomposition
method requires 10 % less operations than the
optimized Gauss method and 92% fewer than the
Cholesky method.

Table 3

Number of mathematical operations for different
implemented algorithms, FEM methodology,
division into 100 nodes

Method | Gauss | Opt. LU |Opt. |Cholesky| Opt.
Gauss LU Cholesky

Assign- 25481963684 | 76832 [2720/1312808| 4644
ments
Additions2528890[ 2906 378378029062529086| 59834
Multi-  2528890[2906 37837802906/1293110| 3474
plications
Divisions| 19306 | 778 | 19306 |778[1236172| 56556
Square 0 0 0 0 196 196
roots
Total 7625282|10274{76636989310[6371372( 124704
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Table 4

Number of mathematical operations for different
implemented algorithms, FEM methodology,
division into 200 nodes

Method Gauss Opt. LU
Gauss
Assign-ments 20856396 7484 313632
Additions 20777790 5906 31127580
Multi- 20777790 5906 31127580
plications
Divisions 78606 1578 78606
Square roots 0 0 0
Total 62490582 20874 62647398
End of table 4
Method Opt. LU Cholesky  |Opt. Cholesky
Assign-ments 5520 10585608 9444
Additions 5906 20778186 239734
Multi- 5906 10506210 7074
plications
Divisions 1578 10272372 233056
Square roots 0 396 396
Total 18910 52142772 489704
By analyzing the amount of necessary

operations to be performed for 200 nodes (Table 4)
it can be noticed that the difference between the
optimized versions and the basic algorithms is in
the order of four orders of magnitude (profit is
more than 99.99%) for the Gauss method and LU
decomposition.  Profit for the  Cholesky
decomposition between the basic version and its
optimized version reaches the value of 99%.

Similar as for 100 nodes the difference between
the optimal versions of LU and Gauss is still
around 10% (in favor of the LU decomposition
method). Optimized Cholesky method offers the
highest complexity compared with other optimized
algorithms where number of required operations is
more than 95% lower.

The basic version of Cholesky method is about
16% less complex compared to other methods
considered.

Originality and practical value

The main achievement of this work is that it
shows the impact of the used methodology on the
complexity of solving the problem (or
equivalently, time needed to obtain results). The
difference between the best (the less complex) and
the worst (the most complex) is in the row of few
orders of magnitude. This result shows that
choosing wrong methodology may enlarge time
needed to perform calculation significantly.

Conclusions

In the article the impact of the method used for
calculating the equations set on the number of
arithmetic operations performed is investigated.
Deflection of the beam when divided into 5, 50,
100 and 200 nodes using the finite element method
has been calculated. To solve the set of equations
the Gauss method, LU and Cholesky
decomposition methods were implemented. In
addition, for each method an optimized version of
the algorithm was also investigated, what was
intended to further reduce the number of
computational operations performed. It was found
that in order to maximally reduce the number of
necessary to conduct operations at first the
advantage of all known properties of the resulting
matrix should be taken. Afterwards, the selection
of a method that aims at the highest possible
reduction of complexity in solving the system of
equations should be made.

In the case of optimized methods number of
operations can be reduced, by several orders of
magnitude. It is also important to choose a proper
method because in the basic versions it is
preferably to choose Cholesky method while the
worst choice is the LU decomposition. However,
the situation changes for the optimized methods.
The best results are observed for LU
decomposition method giving a gain of 3-10%
compared to the Gaussian method, and more than
90% compared to the for the Cholesky method.

It was also found that the highest differences
between the complexity of the methods are
observed if the beam is divided into a larger
number of nodes.
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BJIUAHUE OBPAINEHUA MATPUIIBI HA CJIOKHOCTb METOIA
KOHEYHbLIX 2JIEMEHTOB

Heab. Pa3zBuTHe OOIIMPHOTO CTPOMTENHFHOIO pBhIHKA M CTPEMIICHHE IPOEKTHPOBATh HWHHOBALIMOHHbIE
APXUTEKTYpPHBIE CTPOUTENBHBIE KOHCTPYKIMH ITPUBENIN K HEOOXOAMMOCTH CO3IaHUsI CIOKHBIX YMCIEHHBIX MOJENEH
00BEKTOB, Y KOTOPHIX BO3PACTaeT CIOKHOCTh BhIYKMCIEHHH. [{enb maHHOTO McciaeqoBaHMs — MOKa3arh, YTO BBIOOD
NPaBWJIBHOTO METO/A ISl PELICHUS CUCTEMbl YPAaBHEHHH MOXKET YIy4IIUTh BpeMsi pacdera (yMEHBLIMTh
CJIO)KHOCTB) Ha HECKOJIFKO YpOBHEH BEMHMYMHBI (aMIUIUTYIbI). MeToauka. B cTaTtbe mpencTaBiieH aHAIN3 BIUASHUSL
anropuT™Ma OOpalleHUs MaTPHUIBI HAa pacueT mporuda B Oanke ¢ HCHOJIH30BAHHEM METOAAa KOHEUHBIX JICMEHTOB
(MKD3). Ha ocHoBe aHanmm3a ITUTEpaTypbl OBUIM OIPEAEICHBI OOIIFEe METOABl PACUETHBIX CHCTEM YypaBHEHHUH.
Vcnonp3ys HaiiieHHBIE peleHus], ObUIH MPUMEHEHBI METOJIbl NCKITIOUeHHs nepeMeHHbIX ['aycca, pasmoxerns LU
MAaTpUIBl M Pa3JOXKEHHS XOJEIKOTO C IENBI0 ONpPEACNCHUS BIWSHUS alroOpUTMa OOpamieHus MAaTpHIb,
HCTIONB3YEMON ISl PEIIeHUs] KOMITIEKCa YPaBHEHHH, HA KOJIMYECTBO BBITOJHEHHBIX BBIYMCIHTEIBHBIX OTEPALIUil.
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Kpome Toro, kaxplii W3 peasn30BaHHBIX METOZOB ObUI B JAJbHEWIIEM ONTHMU3UPOBAH, TEM CAMbIM YMEHbIIIAs
KOJIMYECTBO HEOOXOAMMBIX apu(MeTHdecKux orepauuid. Pe3yjabraTbl. OTH ONTHMH3aLUK OBUIM BBIOJIHEHBI
C WCIIOJIb30BAaHUEM ONPEEJICHHBIX CBOMCTB MATpPHIIbI, TAKUX KAaK CUMMETPHS WJIM 3HAYMTEILHOE YHCIO HYJIEBBIX
3JIEMEHTOB B MaTpulle. Pe3ynbTaThl aHamM3a MpeACTaBIICHbI I paszeicHus Oanku Ha 5, 50, 100 u 200 y3oB, 1ist
KOTOPBIX ObUT paccuuTaH mnporu6. HayuHast HoBu3Ha. [J1aBHBIM JOCTHXKCHHUEM NAaHHON pabOTHI SIBJISETCS TO, YTO
OHa IIOKa3bIBA€T BJIMSIHUC choanyeMoﬁ MCETOAUKH Ha CJIOKHOCTH PCIICHHUA 3aJadun (I/IJ'II/I, 4YyTO OAHO M TO KE€, Ha
BpeMsi, HEOOXOAUMOE JUIA TMONy4YeHHs pe3yibraroB). IIpakTmdeckasi 3HAYMMOCTh. PasHHIIA MEKAY JTyYIINM
(MeHee CIO0KHBIM) peIIeHHEeM 3aJayd ¥ XyamwM (0oJiee CIOKHBIM) HAXOTUTCS B Psie HECKOJIBKUX ITOPSIKOB
BEJIMYUHEI. Pe3ylbTaThl MOKA3bIBAIOT, YTO MPU BHIOOPE HEMPABIIIEHOTO METOAA MOXET 3HAYHTEIEHO YBEITUIUTHCS
BpeMsi, HEOOXOAUMOE ISl BHITIOIHEHHUS pacyeTa.

Kniouesvie cnosa: MeTos KOHEUHBIX J1eMEHTOB; pasinoxenne LU marpuirer; X0oJIenKuid; NCKIIIOYCHAE METOI0M
laycca; MeToabI pa3inoKeHus; ONTHMHU3AIUI
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BIIVIUB 3BEPHEHHSA MATPUIII HA CKIIAJHICTbD METOLY
KIHHEBUX EJIEMEHTIB

Meta. Po3BHTOK BeIMKOTro OYZIBEIBHOIO PHHKY Ta IparHEHHS IPOEKTYBAaTH I1HHOBAIHHI apXiTEeKTypHi
OyzmiBenmbHI KOHCTPYKIIi TMPU3BENH 0 HEOOXITHOCTI CTBOPEHHS CKIAJHUX YHCENFHUX MOJAETCH 00’ €KTIiB, y SKHAX
3pocTaEe CKIAIHICTE OOYHCIeHb. MeTa HaHOTO MOCHIIKEHHS — IOKa3aTH, M0 BHOIp MPaBMIBHOTO METOMY IS
BUpIIMIECHHS CHCTEMH DPIBHSHb MOXE MOJIMIINTA Yac PO3PaxyHKY (3MEHIIWTH CKJIAaTHICTh) Ha KiNbKAa TOPSIKIB
BeMYMHM (aMIUTITYyau). MeToauka. Y CTaTTi MpEACTaBICHUN aHaNli3 BIUIMBY ITOPUTMY 3BEpPHEHHS MaTpHIll Ha
pO3paxyHOK MPOTHHY B Oaimi 3 BUKOPUCTaHHAM Meroxy ckimdeHHux enemeHTiB (MCE). Ha ocuoBi amamizy
miTepaTypu OynyM BH3HAYEHI 3arajbHI METOOM PO3PAaXyHKOBHX CHCTEM piBHSHb. BHKOpHCTOBYIOUM 3HaiieHi
pilieHHsi, OyJIM 3aCTOCOBaHI METONM BHUKIIIOYEHHs 3MiHHUX [aycca, posknaganus LU martpuii i po3kianaHHs
Xoneukoro 3 METOI BHM3HAUEHHS BIUIMBY JITOPUTMY 3BEPHEHHS MaTpHIli, BUKOPHCTOBYBAHOI JUIS BHPIILICHHS
KOMIUIEKCY PiBHSIHb, Ha KUIBKICTh BHKOHaHMX OOYHMCIIOBAJIBHUX omepaiiid. KpiM Toro, koxkeH i3 peajizoBaHHX
MeToliB OyB Hajalli ONTHMI30BaHMH, TUM CaMHM 3MEHIIYIOYHM KiJIbKICTh HEOOXITHMX apU(PMETHYHHX OIeparlii.
PesyabraTu. Li ontuMmizanii Oyiu BUKOHAHI 3 BAKOPUCTAHHSIM MEBHUX BJIACTUBOCTEH MATpUIIl, TAKUX SIK CUMETPis
a00 3HaYHE YHUCIIO HYJHOBHX €JIIEMEHTIB y MaTpuui. Pe3ynbpraTu ananizy npeacrasieHi At noaity 6ainku Ha 5, 50,
100 i 200 By3miB, 1 sIKUX OyB po3paxoBaHuii mporrnH. HaykoBa HoBH3HA. ['0JIOBHIM MOCATHEHHSM JaHOI pOOOTH
€ Te, 0 BOHA ITOKa3y€ BIUTUB BHKOPHCTOBYBAaHOI METOIMKH Ha CKIIAJHICTH BHpPIIICHHS 3am1adi (abo, mo omHe i Te
K, Ha 9ac, HEOOXiTHWH AN OoTpuMaHHsS pe3ynbTariB). IIpakTuyHa 3HAUYMMicTh. Pi3HUIM MK Kpamum (MeHII
CKIIQJIHUM) PIIIEHHAM 3aaadi i TipmmM (OUThII CKIAQAHWM) 3HAXOAUTHCS B POl NEKUTBKOX TOPSAKIB BETUYHHU.
Pe3ynbraT OKa3yioTh, M0 IpH BHOOPI HEMPABUIHPHOTO METOAY MOXKE 3HAYHO 30UIBIINTHCS Yac, HEOOXiTHUN IS
BUKOHAHHS PO3PaxyHKY.

Knrouogi crnosa: MeToN KiHIEBUX eleMeHTiB; po3kiaaanas LU matpuili; XoJenbKuii; BUKIIOUEHHS METOIOM
["aycca; MeTou po3KiIajaHHs; ONTUMI3aLil
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BHMOT'H 10 O®OPMJIEHHS CTATEH

Jo my6nikauii B »ypHani npHitMaloTeCA CTATTI yKPaiHCLKOIO, POCiitchkolo abo aHrAIACEKOI0 MOBaMHK IpoBneM-
HOTO, Y3aranbHIOYOro, METOIHYHOrO XapaKTepy, OPHIiHAbLHI HAYKOB], NPaKTHYHI AOCTiIKEHHS, AKi pauile Hige
He BUAABAITHCA.

Marepianu HeoOXiIHO HagaPaTH B APYKOBAHOMY Ta €NEKTPOHHOMY BHIAAAi y mporpami Microsoft Word 2003
aBo 6inbwn pauHiA Bepcii — daimk *.doc (Paiinu *.docx, *.docm we npufimatoteea). Jina Habopy dopmyn Buko-
pHcToByeTbea MathType 5.

HaykoBa cTaTTA NOBHHHA BiANoBinaTH Bumorawm n. 3 Mocranosn BAK Ykpainu Ne 7-05/1 sia 15.01.2003 poky.

Martepiany peueHIYIOTECA YNeHAMH penakulifiHol xonerii *ypHaTy Ta CTOPOHHIMH HE3aNeXHUMH eKCIIepTaMH,
BHXOIAYH 3 NPHHUMITY 06’ €XTHBHOCTI TA 3 MO3MLIT PHIIKX MIXHAPOAHHX aKaAeMiYHHX CTAHAAPTIB AKOCTI, Ta pena-
rytotsea. Penakuia samuae 3a co6o10 Npapo Ha CTHITICTHYHY NPaBKY pyYKOMKCY.

Bumory 1moao ofcary HayxoBHX cTatefi, noslzomnens, Biarykis Ta peueHiiit:

- ornsaoei Ta npoGnemHi cratTi — ao 45 000 3xakis 3 npoGinamu (7-10 c.);

—  3aranbHi cratTi 3a pyGpukaMu sHaaMHa — 0o 30 000 3nakie 3 npoGinamu (5-7 ¢.);
- HaykoBe NoBinoMJeHHA — go 8 000 3xakiB 3 npoGinamu (a0 2,5 c.);

- piaryk a6o peuewia — 1o 6 000 3nakie 3 npoGinamu (no 2 c.).

Marepian HapaeTecr ¥ opmati A4, BpaxoByioul Tabnuui, inocTpauii, cnucok BUKOpUCTAHKX mKepen. CtarTi,
GieLui 3a 06cAroM, MOXCyTs 6yTH NPUAHATI A0 POIrNAAY Ha MIACTaBi PilueHHA peakonerii.

Yaara! Iriano 3 MixHAPOAHHMH CTAHAAPTAMH AKOCTI HAYKoBHX mybnikauift meobxiaHuMm €: HasBHiCTDL aB-
TOPCLKHX PO3UIMPEHHX | CTPYKTYpOBaHHX pediomMe (pedepatis — abstracts), y T.4. aHrAIACLKOK MOBOI, pelleH3if,
NpHCTaTeAHNX CMHCKIB NiTepaTypH B poMaHcbkoMy angasiTi TOWO.

Pexomenayemo CKOPHCTATHCR NpaBHIaMH ao odopmaeHHA craTedl XKypHAny:
http:/Nlibrary.diit.edu.ua/HTMLs/scientists/Vumoguw/Vumogu.pdf.

Jlan 3na4i cTATTi A0 APYKY aBTOpY/anTopam Heobxinwo:

1. ing enexTponnol indopmauil chopmysaTH Bei MaTepiany B n’aTH ainax:

~ TMepuwnii — i3 TeKCTOM CTaTTi Ta aHoTALif 3 KO4OBHMH cnoBamu. Haipa daiiny — npispuie Ta iHiui-
anu aBTOpa (Nepioro CNiBaBTOpa) NATHHCLKHMH NiTepamu, Hanpuiuiaa: Ivanov_II_stattia.doc.

~ Jpyrait - 3 po3wHpeHUMH BIAOMOCTAMM TIPO aBTOPA/aBTOPIB (NMpilBHiLe, iM’4, No GaTbKoBI; Nocana;
HAYKOBKH CTYNiHb; yueHe 3BaHHA; Miclle poboTH abo HABYAHHA; afpeca eEKTPOHHO! NOWTH; HOMEPH
KOHTAKTHUX Tenedonin). Hassa daliny — Ivanov_II_vidomosti.doc.

-~  Tperif — peuensin (sigckaHonana). Hassa dalimy — Ivanov_I1_recenziia.jpg.

—  YerpepThit — ExcnepTauii BuCHOBOK (BilckaHoBaHHURA, cknanacThes y BinbHiA dopmi). Hassa daitny —
Ivanov_II_vysnovok.jpg.

-~ IParni - Jliuensifinvit noroeip (piackanosannil), Haaea ¢aiiny — Ivanov_II_dogovir.jpg. Tekcr oo-
ronopy: http://library diit.edu.ua/HTMLs/scientists’Vumogu/license.doc.

2. ina apyxosanol indopmanil. o penakuii Hanarorecs ocobncTo a6o HAACHNAIOTECA MOLITO TaKi MaTepia-
mu: 1) 1Ba APYKOBAHHX MPHMIPHUKH PYKOMHCY 3 MiANWCaMM BCIX CNiBABTOPIE Ha OCTAHMBOMY apkywli poboTH;
2) opurinan JliuensifiHoro norosopy 3 nNianucaMH BCiX CNIBABTOPIR; 3) OpHriHan eKCNEepPTHOro BUCHOBKY; 4) peko-
MEHJALIA 10 APYKY 33 MIAMHCOM BIAMOBLAANRHOrO penakTopa poaniny (ana cnispobithukis AHYIT).

Bianopizannuicrs 3a 3IMicr cTaTTi, NPABMABHICTH, TOMHICTE | KOPEKTHICTL LHMTYBIARA, NOCHIAHL
Ta Nepexiagy MOKIANACTHCA HA ABTOPIb.

OcraTouHe piwenHs woao nybnikauil yxsanioc peaaxuiing xaneria sxypuany.
CraTri, BidXWeRi pelaKUifinOI0 KOJETi€10, NOBEPTAITLCA ABTOPAM ANH J00T PALIOBAHNA.

IllanoBHi aBTOPH, 3aMpowycMo 10 cnibpobiTHAuTBA!

3 nuranb ony6aixy BAHHA IBepTAiiTECA 10 PeAaKUiT XKypHANY 18 AAPECOIO:
Hayxopo-TexHiuHa 6i6nioTexa (aya. 166),
JIHimponeTPOBChKHi HALIOHANBHHA YHIREPCHTET 3aiIHHMHOTO TPAHCMOPTY iMeHi akafemika B. Jlazapana.
Byn. Jlaapana, 2,
M. JlHinponeTpoBChK,
YkpaiHa,
49010
e-mail: visnik@diit.edu.ua
Anpeca caifTy xypHany: hitp://stp.diit.edu.ua/
3 nurane npuabanns nprmipHukis Kypuaty Tenedonyiie 2a Homepom (056) 776 90 59 I'pinacosa A. B.
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IHIAHOBHI KOJIETH!

B xypHani poano4aro nybnikauito crareif, pe-
KOMEHIOBaHHX N0 APYKY HayKOBHMH KOMIiTETaMH
MDKHApPOAHHUX HAYKOBHX KOH(EpeHLi 3a TakuMH
HanpAMKaMH:

— Tlpobnemu Ta nepcnekTHBH POIBUTKY 3a-
Ni3HHYHOTO TPAHCNOPTY.

— [TpobnemMH MexaHiky 3ani3HHYHOrO TpaHC-
nopry.

— [lpobnemy eKOHOMIKH TpaHCTIOpTY.

- Exonoriunui inTenexr.

— besneka pyxy i HaykoBi 3acaaM eKCNEpT-
HHX JOCNiIiEHb TPAHCTMOPTHHX MPHrof Ta iHxke-
HEPHUX CTopyA.

3anpouyemMo OpraHisaTopis MiXHApOIHHX Ha-
YKOBHX 3aX0AiB A0 CiBnpaui 3 METOI OTpPHIIOA-
HeHHA Halibinblu BaroMHX HaYKOBHX Pe3y/bTaTiB.

LA N

Tak, 9—11 sepecus 2015 p. y micti JisBoBi Bia-
Oynaca MixHapoaHa HayKOBO-NpakTH4Ha KOH¢e-
penuin «besneka pyxy i HaykoBi 3acanu ekcnepr-
HHX HOCHiIKeHb TPaHCMOPTHMX MPHUrod Ta itke-
HEPHHX CMOpYA», MPHCBAYEHA JOKTOPY TEXHIMHHX
nayk Cokxony Enyapny MukonaHoBu4uy i opra-
HiloBaHa JJHinponeTpoBCLKKM HALIOHANBHUM YHI-
BEPCHTETOM 3a/li3HHYHOTO TPAHCNOPTY iMeHi aka-
Aemika B. Jlasapawa, Yxpsanisuuueio, JibBis-
cekoto Qinicto [Ty ta JIbBiBCBKMM HaykoBO-
AOCNITHUM IHCTHTYTOM CYAOBHX €KCMEpTHI.

Y xoHdepeHUil B3AN0 y4acTs 125 HaykoBuiB Ta
cneuianictie 3 26 opraHizauif, y ToMy 4Hchi:
18 nokropis Hayk, npeactaBHukn MiHicTepcTsa
indpacTpyktypn, Miuictepcra ioctuuil, Ykp-
3a0i3HKLI, BHLUMX HaBYanbHUX 3aKNaldiB, HayKo-
BHX Ta HAayKOBO-JOCHiZHHUX YCTaHoB i mia-
npHeMcTB YkpaiHH, HiMeyuunu, Jluteu, BipMmeHii
Ta [Monbuui.

Ha nneHapHux Ta cekuifiHMX jaciflaHHAX 3a-
cnyxano 70 pomnosiael 3 NHTaHb NiABHLUEHHA Ge3-
NEKH pyXy, METOAMKH Ta METONONONT eKCNEePTHHUX
AOCHiKEHb PYXOMOro CKlaly 3ai3HHUb, aBTO-
TPAHCNOPTHHX 3acobip, iHXEHEPHHX cnopya, nia-

BHILEHHA X eKkcruTyaTauifiHoi HagifiHocTi Ta 6e3-
NeYHOCTi, OUIHKH eKOHOMiYHOI edeKTHBHOCTI 3a-
NPONOHOBAHHX 3aXO0MiB.

Ha kondepeHuii BiaMiueHo, O NPiOPUTETHHM
HanpAMOM pPO3IBMTKY TPaHCMOPTHOI ranysi € 3a-
Oesneuennn Geaneku. Y NaHoMy acnekTi Baxiu-
BHM € npodinakTHyHa poNb EKCMEPTHUX AOCHi-
DXEHb BHMAAKIB TPaHCMOPTHHX mpurod. Perene-
HHP HayKOBHH aHanis NpHYMH, WO MPHIBOAATL A0
TPAHCMIOPTHUX NPHroA, A03BONAE pPO3poOHTH pe-
KOMeHalil 3 HeAOmyLUeHHA TX Yy MailbyTHuoMy,
BHOCMTH 3MiHH Yy HOpPMATHMBHI AOKYMEHTH, YHo-
CKOHANIOBATH KOHCTPYKLUiIO TPAHCTIOPTHHUX 3aco-
6iB Ta iHXeHepHHX cnopy..

'R

25-27 tpasus 2016 p. y lHinponerpobchkoMy
HaliOHANBHOMY YHIBEPCHTETI 3ali3HHYHOrO TpaH-
cnopTy imMeHi akanemika B. JlasapsHa Binbyaetscn
XIV MixHapoaHa HayKOBO-TeXHiiHa KoH{epeH-
uig «ITpodneMH MeXaHIKH 3alli3HHYHOrO TPAHCMO-
pTy. Besneka pyxy, IMHaMika, MilHICTb PyXOMOTO
cknagy Ta eHeproibepexeHHs». Kondepenuis
NPOBOAMTLCA KOXHI 4 POKM 3a y4acTio NMpeacTaB-
HHKIB BHLIMX HaBYaNbHUX 3aKIafiB i HayKoBO-
BOCTIAHMX IHCTHTYTIB, 3aNnidHHUb, JIOKOMOTHBO-
i BaroHoOyAibHUX 3aBoAiB GaraTboX KpaiH CBITY.
Lle niaTeepKye 3aUtixaBneHiCTh BHPOOHHYHHKIB Y
HOBHX TEXHONOTiAX i HayKoBMX po3pofkax, no-
B'A3aHHX 3 poboTOI0 3ani3HMYHOrO TPAHCNOPTY.
OGMiH 3HaHMAMH i AOCBIAOM BUEHHX Ta iHXeHe-
piB, AKi NPeICTAaBNAIOTE HAYKOBI WKONH Pi3HHMX
KpaiH, 0co0NNMBO BAMUTMBI B YMOBAX iHTeponepa-
GenbHocTi, robanilallii exkoHOMiKkH t nornubneHus
iHTerpauifHHX npouecis.

Ha xondepenuii 6yayTh npawropaty cexuii:

— besnexa pyxy noi3ais, NepexiaHi PeXHMH,
eneproibepexxeHns;

—  B3aEMOIA PyXOMOro cknajay Ta Konif, 3Hoc
Konic i pefiok;

- MiUHICTb, HadiHHICT.

* k%
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