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Quick computing CFD model to predict chemical pollution in room

Purpose. The problem of accidental contamination of workspaces attracts special attention, since in the event of
such extreme situations, intense chemical contamination of the air in work areas occurs. This poses a threat of toxic
exposure to workers. When assessing the consequences of such situations, it is necessary to take into account the
time factor, in particular, to quickly determine the creation of concentrations of chemically hazardous substances. In
this regard, an urgent task is to develop effective mathematical models for rapid assessment of the consequences of
extreme situations in the working areas of chemically hazardous facilities. The paper considers a CFD model for
analyzing the process of chemical air pollution in a workspace during an accidental release of a chemically hazard-
ous substance. The solution of the problem is based on the numerical integration of the fundamental equations
of continuum mechanics. Methodology. To calculate the air velocity field in the working room during the operation
of supply and exhaust ventilation, a mathematical model of the motion of an inviscid fluid was used. The equation
of convective diffusion motion was used to calculate the concentration of a chemically hazardous substance
in the workspace. The integration of the modeling equations was carried out using finite difference schemes.
Findings. A dynamic model has been created to calculate the spread of a chemically hazardous substance in a work-
space. On the basis of the built CFD model, a computer program was created to conduct a computational experi-
ment. Originality. A CFD model has been created to predict the level of air pollution in a workspace in the event of
toxic gas emissions. The model is based on the fundamental equations of aerodynamic mechanics and mass transfer.
The model makes it possible to determine the effect of the ventilation mode, the intensity of emission of a chemical-
ly hazardous substance, the location of equipment in the workspace, and the dynamics of the formation of concen-
tration fields. Practical value. The developed CFD model can be used to quickly analyze the consequences of acci-
dental emissions of a chemically hazardous substance in a workplace and assess the risk of toxic exposure of work-
ers.

Key words: chemical air pollution; workplace; mathematical modeling

emission of toxic substances in extreme situations.
Introduction In such situations, very rapid damage to personnel
at workplaces is possible [1, 3-9]. This is due to
the fact that in extreme situations, areas of intense
chemical pollution appear very quickly in the

The problem of air pollution in working prem-
ises is particularly relevant. The range of practical
tasks of this class includes tasks related to the

Creative Commons Attribution 4.0 International © M. M. Biliaiev, V. V. Biliaieva, O. V. Berlov.
doi: https://doi.org/10.15802/stp2024/317406 V. A. Kozachyna, P. B. Mashykhina, 2024


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.15802/stp2023/292720

EKOJIOI'A TA IIPOMUCJIOBA BE3IIEKA

ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)
Hayka Ta nporpec tpaucmopty, 2024, Ne 4 (108)

premises (Fig. 1). Therefore, it is extremely im-
portant to reasonably determine the parameters of
emergency ventilation, taking into account the fact
that stagnant areas may form in working areas.
Such forecasting can be performed on the basis of
mathematical models [1, 2]. However, at present
there is a shortage of such models, which makes
the development of mathematical models for solv-
ing problems of this class urgent.

h ‘»'_ Al i
J

i

Fig. 1. Emission in the workplace (http://surl.li/lrwqgj)

Purpose

Development of a numerical model for predict-
ing emergency air pollution in the workplace.

Method

The calculation of the dynamics of chemical air
pollution in a working room during an emergency
release of chlorine is based on the numerical inte-
gration of aerodynamics and mass transfer equa-
tions. The modeling equation of aerodynamics is
the following equation [1, 2]:

oP?  oP?
PR
ox~ oy
For the modeling equation (1), the following
boundary conditions are set:
— at the boundary where the flow enters the cal-

culation area (ventilation openings), the Neumann
boundary condition is imposed on the velocity po-

0. (1)

tential g—qu, ne U — known value of wind
X

speed,;

—at the boundary where the flow exits the
computational domain (corresponding ventilation
openings), a Dirichlet boundary condition is im-
posed on the velocity potential P =R, +const,

where P, —some numerical constant;

—on the upper boundary, a solid impermeable
wall, the condition of impermeability is imposed
oP .

—=0:
oy

—on the lower boundary, a solid opaque wall,
the condition of non-penetration is imposed

a_PZO,

oy

—the condition of non-penetration will be ful-
filled on all solid walls (equipment).

If the velocity potential fields are known, then
the following dependencies are used to determine
the components of the air flow velocity vector [2]:

oP oP
U=—,V=—o.

OX oy

Numerical integration of the modeling equation
(1), as well as for numerical integration of other
differential equations of the ventilation and mass
transfer model, a rectangular difference grid is
used. For numerical integration of the equation for
the velocity potential, its writing in evolutionary
form is used [2]:

2 2
»_® w @
ot ox° oy
where t —fictitious time, when t — oo the solution
of equation (2) approaches the solution of La-
place's equation (1).

In this case, numerical integration was carried
out in two stages. The differential dependencies at
each stage have the form :

— at the first stage:

1
n+=

Pi°—Ri

At

1

n+% n+% n+
-B;?+P.3 -P i
+ 2
Ay

N i i,j
AX?

— at the second stage:

1
+ n+s + + + +
Ry -R;? | Pai-Ry || Ria-RY
A | A | Ay? @
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Next, the values of the air flow velocity com-
ponents were determined based on the dependen-
cies.

After calculating the air flow velocity, the solu-
tion of the energy equation begins. We also use
a difference splitting scheme for the solution.

The calculation is carried out until the condi-
tion is met.

n+1 n
Ri —Ri

<eg,

where ¢ — small number; n — iteration number.

The process of spreading a hazardous substance
that enters the air of a workroom during an emer-
gency emission is modeled based on the mass
transfer equation [1, 2]:
oC , auC | d(v—w;,)C

o ox oy
=§( @},ﬁ aCl,
g v %
"‘ZQiS(X_xi)(y_yi): (5)

where C — concentration of a chemically hazardous
substance; u,v — components of the air flow veloc-

ity vector in the working space; w, — rate of gravi-

tational settling of matter; uz(ux,uy) — turbulent

diffusion coefficients; g, — emission intensity of
a chemically hazardous impurity;
8(x—x)(y—y;) — Dirac delta function; (x;,y;) —
coordinates of the location of the emission source
of a chemically hazardous impurity in the work-
place; t — time.

For numerical integration of equation (5), the
following transformations are made [2]:

ouC ou'C S
X ox OX
ovC _ ov'C N ov C
y oy o
(uful)/2, 0™ =(u-|ul)/2.
v =(ve 2 =(v -2

u+

+ n+l + n+1
au'cC UGy — Ui Gy Lrcn
~ =L, ,

OX AX
ou C uijrl,jCinj _ui_,jCir,]}rl — 4l
~ =LC™,
oX AX
v'C VGl -GS
~ —Lc,
oy Ay
ov C Vi_,j+1cir,]}r11_vi_,jcir,]j+l - nel
~ —L,cm
oy Ay
oc Ci"-Cj
ot At
E(H @j ~ii Cirz:,Lj _Cir,‘}—l i Cir,]}rl _Cinjl,lj _
ox\ " ox CAX? VG
— M;ch+l + M;LXCnJrl,
o " oC . i Ciia—Cii _ Gl -Cih _
ay y ay y AyZ y AyZ
- +1 + 1
=M, C™ +M;,C™

Then, we can write an analogue of equation (1)
in difference form:

1
Ci;H— _C|T +L+Cn+1+ L—Cn+1+
At X X

1 -~n+l +1
+L,C™ + L C" +oCit =
Z(M:XCnJrl_'_M;XCnH_'_
+ +1 - +1
+My C™ + M C™) +q;5; . (6)

The parameter §; is 1 if there is a source of

contamination in the differential cell, and O if there
is no source of contamination in the cell.

Note that this entry uses the following depend-
ency:

0, =0 / AX/ Ay,

where g, — intensity of the pollutant emission

source.
Next, equation (6) is decomposed as follows

[2]:
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—step 1 (k=1/4):
ci -c! 1 c

j i +k | [ +k kK _

T'FE(LXC +LyC )+ZCU =

=%(M;Xck+|v|;xck+
+ n - n N Q
+M, C"+ M, C )+§ZS|. (7)

—step 2 (k=n+1/2; c=n+1/4):
ck_ce
Mﬁ(l_;ck +1,C")+2Cf =

At 2 4

1 -~k +~C
=Z(MXXC + M C" +

N
+M,,C* + M;yCC)+Ile%S, . (8)

—step 3 (k=n+3/4; c=n+1/2):

ck_ce
UL +3(|_;ck +1,C")+2Cf =
A2 4

=%(M;XC°+M;XCK+

N
+M,,C* + M;yCC)+Ile%S, . (9)

—step 4 ( k=n+1; c=n+3/4):

-~k +k O ~k _
- +§(LXC +LiC )+Zcij_

=%(MX‘XCk +M}C®+

N
+M,,C* + M;yC°)+|21:%6, . (10)

A feature of the considered splitting scheme is
that at each calculation step, the concentration of
a chemically hazardous substance is determined by
an explicit formula.

At the next stage, the software implementation
of the constructed numerical models of aerody-
namics and mass transfer was carried out.

Results

A computational experiment was conducted on
the basis of the developed numerical models of
aerodynamics and mass transfer. The scheme of
the computational domain is shown in Fig. 2. In
the working room, an emergency ammonia emis-
sion was considered. The emergency emission was
carried out during 20s, and then the emission
stopped. In the working room, air enters through an
opening located at the middle of the left wall, and
the outlet opening was situated at the right wall of
the room. The both openings are shown by the «ar-

rowsy in Fig. 2.
X
1
i {
0 X
Fig. 2. Calculation scheme:
1 — ammonia emission site; 2 — equipment

The intensity of ammonia emission was 3 g¢/s,
the dimensions of the calculation area were
10m*5m. When performing calculations, the fol-
lowing dependencies were used to determine the
value of the diffusion coefficients:

u,=021-u; pn,=01-v.

The results of the numerical experiment are
shown in two forms: a matrix of the distribution of
ammonia concentration in the working room
(Fig. 3-6) and in the form of ammonia concentra-
tion isolines (Fig. 7-10). The matrices make it pos-
sible to obtain quickly a «quantitative» assessment
of the level of chemical air pollution in the work-
ing room, or in a certain area of the room, and
change of this level during time. The modeling
results, shown in the form of isolines (Fig. 3-6),
make it possible to determine quickly the shape of
the chemical pollution zone and the influence of
the equipment on the «deformation» of the pollu-
tion zone.

The matrix figures show the ammonia concen-
tration field in dimensionless form. Each number
in the figure shows the concentration value as
a percentage of Cmax (mMaximum concentration).
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The maximum ammonia concentration changes
over time in the working room.

Figure 7-10 shows how the shape of the con-
tamination zone in the workroom changes at dif-
ferent times after the accident. Figure 3-6 shows
the ammonia concentration field in dimensionless
form. Each number in the figure shows the concen-
tration value as a percentage of its maximum value
at a given time.

Fig. 3. Area of contamination in the workplace
t=2s, Cnax= 1,34 g/m?

Fig. 4. Area of contamination in the workplace t = 4s,
Crmax= 1,56 g/m®

Y

0 =

Fig. 5. Area of contamination in the workplace t = 10s,
Cmaxz 1,95 g/m3

0 X

Fig. 6. Area of contamination in the workplace t = 20s,
Crmax= 2,25 g/m®
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Fig. 10. Isolines of impurity concentration
in the working room t = 70s

As can be seen from the figures, the contamina-
tion zone increased in size very quickly. By the
time t = 4s, this zone «occupied» all the working
room. That means that the room was filled with
toxic gas. The concentration of toxic gas will sig-
nificantly exceed the maximum permissible con-
centration. And this can be seen clearly in Fig. 11.
Fig. 11 shows the change in the maximum ammo-
nia concentration in the room at different times.

C max, /a3

60 t, cex

Fig. 11. Changing the maximum indoor ammonia
concentration in room

As can be seen from Fig. 11, over time there is
a decrease of ammonia concentration in room,
which is associated with the leak of a chemically
hazardous substance. An intensive decrease of the
ammonia concentration is explained by the work of
emergency ventilation system and emission source
stop. The calculation time is 3 seconds.

Scientific novelty and practical
significance

A numerical model has been created to predict
the level of air pollution in a work environment
due to toxic gas emissions.

The model is based on the numerical integra-
tion of fundamental equations of the mechanics of
a solid medium. A feature of the numerical model
is the consideration of the main physical factors
that affect the spread of toxic gas in the room (the
presence of equipment in the room, the position of
ventilation openings, the location of the emission
of the toxic substance, etc.) and the speed of calcu-
lation.

Conclusions

1. A dynamic multifactorial numerical model
has been developed to analyze and predict the pro-
cess of chemical contamination of the work space.

2. A feature of the numerical model is the abil-
ity to take into account the main physical factors
that influence the formation of pollution areas in
work areas.

3. The developed numerical model can be used
to scientifically substantiate emergency ventilation
parameters to quickly reduce the concentration of
a toxic (or explosive) substance in a workroom.
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HIBuaka oouncaoBaibHa CFD-moxens Ajis1 IPOrH03yBaHHS XiMIYHOTO
3a0pyaAHEeHHsI NPUMIllIeHHS

Mera. [IpoGiiema aBapiitHoro 3a0pyAHEHHS POOOYHX MPUMIIIEHb IPUBEPTAE A0 cede 0COOIMBY yBary, OCKUTBKA
B pa3i BUHUKHEHHS TaKUX €KCTPEMaJbHUX CUTYallill BI0OYBA€ThCS IHTCHCUBHE XIMiYHE 3a0pYyAHEHHS IOBITPS B PO-
Oouux 30Hax. Lle cTBOpIOE 3arpo3y TOKCUYHOTO ypa)KeHHs NpauiBHUKIB. [1iJ yac OLiHIOBaHHS HACHIAKIB TAKHX CH-
Tyaniil mOTPiIOHO BPaxOBYBAaTH 4YacOBUil (hakTOp, 30KpeMa IIBHIKO BH3HAYUTH CTBOPEHHS KOHIICHTPAIil XiMIYHO
HeOe3MeYHNX PEYOBHH. Y 3B 53Ky 3 LIUM aKTYaJbHOIO 33/1a4€l0 € PO3po0Ka ePEeKTUBHUX MaTeMaTHUYHHX MOJENei
JUIsl OTIEPATUBHOTO OI[IHIOBAaHHS HACJIJKIB €KCTPEMaJbHUX CUTYallild y poOOYMX MPHUMIIIEHHSX XIMIYHO Hebe3ney-
HuUX 00’ekTiB. PosrmsHyro moOynoBany CFD-momens is aHamizy mporecy XiMigHOTO 3a0pymHEHHsS TOBITPS
B po0oYOMY MPHUMILICHHI i/l Yac aBapiifHol eMicii XiMiuHO HeOe3rmeuHol peduoBrHU. PimeHHs 3ama4i 6a3yeThcs Ha
YHCeTbHOMY IHTETPpYBaHHI (YHIaMEHTAIbHHUX PiBHAHB MEXaHIKU CYHUTBHOTO cepenoBuma. Meroauka. [ po3pa-
XYHKY TI0JI IIBUAKOCTI MOBITPS B poOOYOMY HPUMIIIEHHS il Yac poOOTH MPUILUIHBHO-BUTSKHOI BEHTHIIALT BHKO-
pHCTaHO MaTeMaTH4YHY MOJIENIb PyXy HEB’s3K01 piiuHu. sl po3paxyHKy KOHIEHTpaLil XiMi9HO HeOe3neuHol pedo-
BUHH B poOOYOMY NMPHUMIIIEHHI BUKOPHCTAHO PiBHSIHHS KOHBEKTHBHO-IU(Y3iHHOTO pyXy. [HTErpyBaHHS MoOnemo-
BaIbHUX PIBHSIHb 3JIIICHEHO 3a JIOTIOMOTOI CKIHYEHHOpI3HMIEBHX cxeM. PedyabraTtH. CTBOPEHO NUHAMIYHY
MOJIeTIb JUIsl PO3paxyHKY MOLIMPEHHs XIMIYHO HeOe3NeuHoi peYOBHHU B pobodoMy npumiieHHi. Ha 6a3i nobymosa-
Hoi CFD-Mojeni CTBOPEHO KOMIT'IOTEpPHY NpOrpamy Mjisi IPOBEIEHHS OOYHMCIIOBAJIBHOTO EKCIIEPUMEHTY.
HayxoBa noBuzHa. CtBopeno CFD-moenb /1i1si IpOrHOo3yBaHHs piBHsI 3a0py/AHEHHS MOBITPS B pOOOYOMY MPHUMi-
LIEHHI B pa3i eMicil TokcnuHoro razy. OCHOBOW Mozeni € (hyHAaMeHTalIbHI PIBHSHHS MEXaHIKH aepoJUHaMIKU Ta
MacornepeHocy. Mozenb 1ae MOKIIMBICT BU3HAYATH BIUIMB PEKHMMY BEHTHJIALIT, IHTEHCUBHOCTI eMicii XIMIYHO He-
0e3IeyHol PeYoBHHN, PO3TAIlyBaHHs 00Ja{HaHH B pOOOYOMY NPUMIILIEHH] Ta TUHAMIKY (OpMyBaHHS KOHLICHTpA-
uitaux noxis. [pakTuuna 3naunmicTb. Po3pobnena CFD-monens Moxe OyTv BHKOpHCTaHa ISl ONIEPATHBHOTO
aHaJIi3y HacINiAKIB aBapiiiHOI emicii XiMiuHO HeOe3re4yHoi peyOBHHU B poOOYOMY NPHUMIIIEHHI Ta OL[IHIOBAHHS PH-
3MKY TOKCUYHOT'O YPa)KE€HHs TIpaliBHUKIB.

Kniouosi crosa: XimiuHe 3a0pyaHEHHS OBITPsI; poOoUe MPUMIILICHHS; MATeMaTHYHE MO/ICITIOBAHHS
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MaTteMaTH4He MO/IeJIOBAHHS TEeMIIEPATYPHHUX MOJIIB y KyJIbTHBaLIiiHUX
cropyaax

Meta. OCHOBHa M€Ta CTATTi MOJATAE B PO3POOII METOLY pPO3paxyHKy TEIUIOBHUX IOJIB y IPYHTI TEIUIHIs B pasi
fforo mrygHOTro 00IrpiBy. OCKIIEKH TeMIIEpaTypHUH PEKUM Y IPYHTI TEIUIHIF Ma€ ICTOTHHH BIUTUB Ha BPOKAWHICTP
POCIHUH, AyXe Ba)KJIMBO, 3 OJHOTO OOKy, 3a0e3neynTu MOTpiOHY TeMmeparypy B IPYHTI, a 3 HIIOTO — BU3HAYUTH
eHeprooumanHuii pexxum ooirpisy. Meroauka. J[1s moOyaoBH METONy BHKOPHCTAHO YMCEJIbHE IHTErpyBaHHS PiB-
HSHHSI TerutonepeHocy. Jlius aHami3y Ta MPOrHO3yBaHHS HECTAI[lOHAPHOTO MPOIECY HArpiBaHHS IPYHTY B TCILTHUII
B pa3i HOro ITYYHOTO 00IrpiBy BUKOPUCTAHO JABOBHMIpHE PiBHSIHHS TEILUIONIEPEHOCY, a JUIs HOTro po3B’si3aHHs — JBi
CKiHYCHHOpI3HUIEeB]I cxemu. Ha 6a3i moOyqoBaHUX YHCENBHUX MOJEICH Po3po0IeHO KOMII' FOTEPHY MpOorpamy Jist
MIPOBEJICHHS OOYUCIIOBAJIBHOTO eKcrieprMeHTy. PesysbraTtn. CTBOpeHO e(eKTHBHI KOMIT FOTEpHI MOJE I IPo-
THO3YBaHHS HECTAliOHAPHOTO (DOPMYyBaHHS TEIUIOBUX 30H y IPYHTI TEIUIHI MifA Yac ii mry4Horo obirpiBanas. Ha-
BEJICHO Pe3yJIbTaTH YHCEIBHOr0 MonentoBaHHsA. HaykoBa HoBH3HA. P0o3po0iIeHO MPOrHOCTUYHI YHCETbHI MOJemi
IUTA aHAITI3Y TUHAMIKH (DOPMYBaHHS TEIIOBUX IOJIB y IPYHTI TEIUTHIIH ITiJ] 9ac HOTO MITYYHOTO HarpiBaHHs. Ha 6a3i
PO3pOOIICHUX YHCETBHUX MOJeNeld CTBOPEHO KOMIDIEKC NPHUKIAJHUX MPOrpaM IUisl HPOBEICHHS O0YHCIIIOBAIBHOTO
SKCIIePHMEHTY 3 BU3HAYCHHS HECTALlIOHAPHOTO TIOJIs TEMIepaTypu B IpyHTI Terunb. [1o0ynoBaHi yncenbHi Moeni
HaJIeXaTh JI0 Kiacy «operational models», TOOTO po3po0OIIeHi AT OEPATUBHOTO aHAII3Y TEIUIOBHX MOJIB Y IPYHTI.
JIs MpakTUYHOTO BUKOPHCTAHHS PO3POOJICHUX YMCEIBHHX MOJENCH MOTpiOHAa cTaHmapTHA BXigHa iH(opmaIlris.
Ipakruuna 3naunmicts. [IoOynoBaHi YncenbHI MOMIEIi CTAHOBIIATH IHCTPYMEHT JUIS aHalli3y JUHAMIKM HarpiBaH-
HS IPYHTY Ta MOXYTb OyTH BHKOPHCTaHI ITJI 4ac po3poOKU €HEprooliaaHol TeXHOJIOTii 00irpiBy. 3a JONOMOro0
[IUX MOJIeNeil MOXHA BU3HAYATH Yac ONTHMAIBHOTO HATPIBAHHS IPYHTY B Pi3HHUX 30HaX (KOpEHEeBa CHCTEMa, MOBEP-
XHS IPYHTY) Ta BH3HAYATH PalliOHAJIbHE MICIIe PO3TAlllyBaHHs HArPiBAIbHUX CJIEMEHTIB, 9ac, KOJIHM MOTPIOHO BHMK-
HYTH HarpiBallbHI NIEMEHTH, Ta Yac, KOJH 1X MOTPiOHO BBIMKHYTH 3HOBY. TOOTO IIi MOJEINi TO3BOJISIFOTE PO3POOUTH
EHEeProomaaHy TEXHOJOTII0 00IrpiBaHHS IPYHTY B TETUIHIII.

Knrouogi crosa: 00IrpiB IpyHTY; TEIUIULIS; €HEPro30epeKeHHs; YUCEIbHE MOACTIOBAHHS

Iliune onanenns. lle onuH 13 TpaAULIHHUX CITO-
Beryn co0iB, KOJX 1Sl 00IrpiBaHHs TETUTUII BUKOPHUCTO-

. BYIOTh 1114, & SIK TIAJIMBO — JPOBA, BYTI'JLJIs, OpUKETH
s yCninmHOro BUPOIYBaHHS POCIUH Y KYJIb- yio »a ANHEO — /IpOBa, BYTinns, Gpuke

oy uc. 1).
TUBALIIHUX CIIOPYZAAX, OCOOINBO B XOJIOJHY HOPY (p ) . . . .
. - Taxwuii cioci® o0irpiBy BiA3Ha4a€eThCA MPOCTO-
POKy, AyK€ Ba)JIMBO MiATPUMYBATH CTaOUIbHY
TOI0 BCTaHOBJICHHS, OCOOJIMBO JIJIsl HEBEJIIMKUX Te-
temmepatypy [2, 5-9]. Hemocrarhe Terio mMoxe . . .
; UMb, Ta HE3AJEXKHICTIO BiJ 30BHILIHIX JDKEpem
MPU3BECTH O YIOBUIBHEHHS POCTY, 3HIDKCHHS
9 - . - e”eprii. [lo Toro x Benvke 3HaYEHHS Ma€ JOCTYII-
BpOKaWHOCTI 1 HaBiTh 3arubeni pocnus. IlpaBuib- . : 7
- - HICTh TaJMBa B JIeIKUX perioHax. Jlo HeAONmiKiB
HO migiOpaHa cucteMa 00irpiBy J03BOJISE CTBOPU- c , )
. TaKOTO BHJIy OTAJICHHS CJIiJ] BIIHECTH HEPiBHOMIp-
TH CIIPHUATIMBI YMOBH JUIsi BUPOIYBAHHS KYJIBTYP . : _ .
L - . HMH po3moaia Tera: O medi Moxke OyTH 3aHal-
1 MiHIMI3yBaTH eHepreTH4YHi BUTpaTh. IcHye Jexi-

. S . TO KapKo, a B JAJIEKUX KyTOUKax X0J0AHO. Takuii
JIbKa CIIOCO0IB 00IrpiBy TEIUIHIIb, SIKi BUKOPHCTO- i 6 oo .
. L . moci6 mot TTOCTIHHOTO KOHT 1 peryms-
BYIOTh 3QJIEKHO B1J] PO3MIPIB CIIOPYAH, KIIMATHY- CIOCID TOTPELYE 1oc Oro KOHTPOIIO 1 peryJt

. N HOT aBaHHg naiausa. OKpiM TOro, iCHye He-

HUX YMOB 1 OCOOJIMBOCTEH BUPOILYBAHUX KYJIBTYP. Ig 0To Z10A . i Oxp ° ,,0’ CHy€ HE

. [eKa MoXKeXi B pa3i HENPaBWIBHOI €KCILTyaTa-
PosrasiHeEMO 111 criocoOu. ce3me o7xKe past Herp 01 CKCILTY

mii.
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Puc. 1. ITiune onajeHHs B TEIIUIIX
(https://www.facebook.com/photo.php?fhid=176478976
332848&id=158836721430407&set=a.1640919775715

48&Iocale=sk_SK)

Fig.1. Stove heating in greenhouses
(https://www.facebook.com/photo.php?fhid=176478976
332848&id=158836721430407&set=a.1640919775715

48&Iocale=sk_SK)

Enexmpuune onanenns. Enextpudni obirpiBayi,
TEIUIOBEHTHIISITOPH 400 KOHBEKTOPH € MOIYJIsip-
HUMH IS OOIrpiBy TEIUIMIb, OCKIJIBKH J03BOJIS-

Puc. 2. O6irpiB TemIMIH 3a JOMTOMOT OO TEIUIOBEHTHIIS-
TOpiB
(https://vts-volcano.com.ua)

Fig. 2. Heating greenhouses with fan heaters
(https://vts-volcano.com.ua)

BukopucTaHHS €JICKTPUYHHUX NPUIAIIB IS
OITaJICHHA TCEIIJIUIb BI/IpiSHSICT])CSI HpOCTOTOIO: H0-
CTaTHLO YBIMKHYTH MpPWIaJ y PO3ETKy. MOIu-
BICTh TOYHOT'O KOHTPOJIO TEMIIEpaTypH 3a JOIO-
MOTOI0 TEPMOCTATIB Ta PIBHOMIpHHUIA PO3MOALT Te-
Ila B TEIUTUIIl TaKoX POOHTH Iiei croci® moBoIIi
MOMYJISIPHUM.

[Tompwu 1€ MarOTh MicClie BUCOKI €KCIUTyaTalliiHi
BUTPATH 4Y€pe3 BAPTICTh €IEKTPOCHEPTii, Ta 3aje-
JKHICTB BiJl €JIEKTPOMEPEXi: y BUNAJIKy BUMKHEHHS
CJICKTPUKHU TEIUIHLS 3aUIIuThes Oe3 Ternia. Cinif
3ayBaKMTH, 1110 1HOI €(PEKTUBHICTh BUKOPUCTAHHS
SNICKTPUYHOTO OTAICHHSI € OOMEKEHOI0 uepe3 Be-

JIUKI PO3MIPH TEIUTHIb. Y JESIKNX BUMAIKaX MOXE
3HaIOOUTHUCS BCTAHOBJICHHS KiJIbKOX 00IrpiBadvis.

Boosne onanenns. Y cucremax BOISHOTO Oma-
JIEHHS BUKOPHCTOBYIOTH KOTEN 1 TpyOHW, MO SIKUX
LHUPKYIIoe rapsda Boja. Lle 3abe3meuye piBHOMIp-
HUH 00irpiB Temmuii mo Bciit ii miomi. [lo gonat-
KOBUX TIIepeBar BOASHOIO OMAJICHHS HaleKaTh:
MO>KJITUBICTh aBTOMATH3aIlil Ta HAJIAIITYBAHHS CHC-
TE€MH, EKOHOMIYHICTh 32 YMOBHM TPaBHILHOTO
BCTaHOBJICHHSI T4 BUKOPUCTAHHS 00J1aIHAHHS.

Jo HemomikiB Takoro crmocody o6irpiBy MokHa
BIIHECTH: BHCOKI MOYAaTKOBI BUTPATH HAa BCTAHOB-
JICHHS, TIOTpedy B PEryisipHOMY TEXHIYHOMY 00-
CIIyTOBYBaHHI CHCTEMH Ta 3aJIEKHICTh BiJI IKepena
TeIIa — ra3, eJIeKTprKa ado TBepAe MaIHBO.

T'azose onanenns. T'a3oBi kot abo Teriore-
HEpaTOpH MpAaIOIOTh HAa MPHPOJHOMY Trasi abo
MpOMaHi, 0 A03BoJIsiEe eeKTUBHO OOirpiBaTu Te-
. Take ycTaTKyBaHHS Ma€ BHCOKY MOTYXK-
HICTb, 110 JO3BOJISIE HMIBHIKO MPOTPiBaTH MOBITPS
B TEIUIMLI, Ta Ja€ 3MOry 3a0e3NeunTH aBTOMAaTu-
3aLlil0 MpoLeCy, U0 3HIKYE HEOOXiTHICTh MOCTIiH-
HOTO KOHTpOIIIO. Y perioHax i3 JeleBUM Ta3oM
1eil Bug o0irpiBy € 10BOJII €KOHOMIUYHHM.

Crin 3ayBaXuTH, IO B Pa3i BUKOPUCTAHHS ra-
30BOTO OMAJICHHS TEIUIHIh HEOOXiHO CYBOPO A0-
TPUMYBATHUCS 3aX0JiB Oe3MeKn uepe3 PU3HK BUTO-
Ky a0o BuOyXy ra3y. 3a HENPaBWIBHOTO PO3TALILY-
BaHHsI 00JIaZIHAHHS MOXE MaTH Miclle HepiBHOMIp-
HUil mporpiB. Takoxk 3anuIiaeTbcss HMOBIPHICTD
3aJIe)KHOCTI BiJI TOCTaYaHHS Ta3y.

Ingppauepsone onanennsi. IndpauepBoni o0ir-
piBadi BUIIPOMIHIOIOTH TEIUIO, sIKe Oe3MocepeHbO
MOTJIMHAIOTH TOBEPXHI POCIWH i IPYyHTY, Harpisa-
FO4H IX.

Puc. 3. IndpagepBoHe onanieHHS KyJIbTHBAIlIHHIX

cnopyn
(https://gaston.com.ua/blog/pro-otoplenie’)

Fig. 3. Infrared heating of cultivation facilities
(https://gaston.com.ua/blog/pro-otoplenie’)
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IndpavepBone omaneHHs € eGEKTHBHUM Ta
CKOHOMIYHHMM, OCKIJIbKM EHEpris CIpsMOBaHa
npsaMo Ha 00’ ektu. Lleli crmocid BUpi3HAETBCS MPO-
CTOTOIO BCTAHOBJICHHS OOJIATHAHHS 1 MOXKIIUBICTIO
JoKaizoBaHoro o0irpiy. JlomaTkoBoio mepeBa-
IO € HHU3bKE CIIOKHMBAHHS CHEPrii MOPiIBHIHO
3 IHIIMMU €JIeKTPUYHUMH 00irpiBadaMu.

Bognowac nokanpHUIA XapakTep 00irpiBy MoX-
Ha BIJTHECTH 1 JI0 HEJOJIKIB, OT)KE HArpiBalOThCS
JIUIIIE Ti 30HU, HA SKi CIPSIMOBAHE BUIPOMIHIOBAH-
Hia. ToMy BHHHKae HEOOXiTHICTH y TOYHOMY PO3-
paxyHKy TOTYXXHOCTI 1 pO3TallyBaHHA NPUIIAJiB
Ui piBHOMipHOTO 00irpiBy. CiiJl BiA3HAYUTH BU-
COKi TIOYaTKOBI BUTpPATH Ha SKICHI 1HppadepBOHI
obirpiBadui.

Enexmpoobiepie rpynmy menauys. lleli Mmeton
nepeadadae BCTAHOBJIGHHS HarpiBaibHUX KaOeniB
TiJ] TOBEPXHEIO TPYHTY, IO JO3BOJISIE PIBHOMIPHO
MporpiBaTu IPyHT i, BiANOBIAHO, KOPEHEBY CHCTeE-
MY POCIIHH.

Puc. 4. BcTaHOBICHHS SIEKTPUYHHUX KaOeIiB i Mo-
BEPXHEIO IPYHTY
(https:/teplomontag.in.ua/ua)

Fig. 4. Installation of electrical cables under the surface
of the soil
(https:/teplomontag.in.ua/ua)

Enextpokabeni  3a0e3medyloTs  piBHOMipHE
NPOTpiBaHHS TPYHTY, IO CIPHSAE MOJIMIICHHIO
KOPEHEBOTO POCTY Ta CKOPOUYY€E Yac YKOpiHEHHS
pocinuH. Y 1,OMY BHIAJKy BKJIMBO BiJI3HAYHTH
TakoX (haKTOp €Hepro30epeKeHHs, OCKLIBKH Tell-
JI0 PO3MOBCIOKYEThCS O€3M0ocepeIHhO B TPYHTI,
MIHIMI3YIOUYH BTPATH TETLIA.

EnextpoobirpiB He moTpedye BenuKoi KijIbKOC-
Ti 00NamHAHHSA 1 JO3BOJISIE ABTOMATU3yBATH MiAT-
PUMaHHS TEMIIEPATYPHOTO PEXKHUMY.

Jo HemomikiB 00IrpiBy TEIUTHIH 32 TOTIOMOTOIO0
CJICKTPUYHUX KaOeJiB CJijJ BiJIHECTU: BHUCOKI BH-
TpaTh Ha BCTAHOBJICHHS, OCKINBKH MOTPiOHA Mij-
TOTOBKa TPYHTY 1 HMPOKJIaJaHHSI CUCTEMH KaOeliB;
obmexeny chepy 3actocyBanHs (kabemi eQeKkTUB-
Hi Jume A oOirpiBaHHA IPYHTY, a HE MOBITpS
B TEILTUII) Ta 3aJICKHICTh BiJl CTA0LILHOTO JKEpe-
Jla eNEeKTPOCHEpril, IO BUMarae HaIiiHOI eJIeKT-
poMepexi.

BcranoBnenHs cydacHuX Ta eEeKTUBHHX CHC-
TeM OOITpiBY KyIbTHBAIIHUX CHOPYA HE TITBKH
CIpus€ MiATPUMAHHIO MOTPIOHOI TeMmepaTypu
BCEpEe/IMHI, aje W oIoMarae CKOPOTHTH BUTpPATH
Ha eHepriro. Hampukiam, aBToMaTH30BaHi CHCTEMH
3 TEpPMOCTAaTaMH JI03BOJIIIOTH TOYHO PETYIIOBATH
TeMmIreparypy, 3amnoliratoun sK MeperpiBy, Tak
1 TIEpEOXONOIKCHHIO. [30IIs11isl TEIUIMIII Ta BHKO-
PUCTaHHA JDKEpeI TeIUia, IO BiAMOBIJar0Th KOHK-
PETHOMY DErioHY i PO3MIipy TEIUJIHIIi, TAKOXK BaXK-
JIUBI U1 MiHIMI3aIlil BUTpAT.

Takum ynHOM, BHOIp CHCTEMHU OOITpiBYy TeTLTH-
Il 3aJIeKUTh BiJ 0araThOX YMHHHKIB: TOCTYITHOCTI
pecypciB, po3Mipy TEIUIHI, KIIMaTHYHUX YMOB
i Oro/KeTy. Y KO)KHOMY BHIAJIKYy BaYKIIMBO BPaxo-
BYBaTH BCi IepeBary Ta HEJOJIKHA Pi3HUX METOIIB
00irpiBy, mo6 3abe3neunT pocauHaM KoMQopTHi
YMOBH Ta ONTHMi3yBaTy BUTPATH.

Jns HaykoBOro OOIpYHTYBaHHS MapaMeTpiB
CUCTEMH OITaJICHHS TEIUINIb HEOOXI1THO
PO3B’sI3aTH KOMIUIEKC BaXJIMBHX 3aaad. Jlo 0co0-
JIMBO BaYKJIMBHX 3a/1a4 HAJIGKHUTH MpoOiieMa pario-
HaJbHOTO OOIrpiBy TIpyHTY B Temuumi. Lle
MOB’s13aHO 3 THUM, IO KOPEHEBA CHCTEMa POCIIMH
MOBHHHA TIepeOyBaTH B MEBHOMY Jiama3oHi TeM-
neparyp. [ligTpumka 11p0ro Jiana3zoHy TemIepary-
pH J03BOJISIE TO3WTUBHO BIUIMBATH HA BPOIXKAWi-
HIiCTh. 3 1HIIOTO OOKY, paliOHATBHUI PEeXUM 00ir-
piBY I'PYHTY B TEIUIHILI JO3BOJISE€ 3HU3UTH CHEPIO-
BHUTpPATH MIAIPUEMCTBA Ta COOIBAPTICTH TIPOIYKIIii.
Jinst oOrpyHTYBaHHSI pesKUMy 00irpiBy HEOOXiIHO
MaTH cHemiajbHl MareMaTH4dHl MOJENl 1 METOIH
pO3paxyHKy. Y 3B’S3Ky 3 MM Ba)KIMBUM HayKoO-
BUM 3aBJIaHHSM € PO3pOOKa METOMIB PO3PaXyHKY
0aratogakTopHOr0 TPOIeCy OOIrpiBy IPYHTY IS
BUOOPY €HEProOIIaIHOTO PEXXUMY OOITrpiBYy.

Merta

PobGora crpsiMmoBaHa Ha po3pOOKYy METOIy PO-
3paxyHKy TEIUIOBHX IOJIB y I'PYHTI TEIUIMLb JJIs
HOTo ITy4YHOTO 00IrpiBy.
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MeToanka

JInst aHamizy Ta NMpPOTHO3YBaHHS TEMIIEPATyp-
HOTO PEXHMY B IPYHTI TEIUTHIII BUKOPHCTOBYEMO
piBHSHHSA Terionposianocti [1, 4]:

or o oT 0 oT
—=—la—|+t=—|la— | @
ot ox ox ) oy oy
ne T — teMmmeparypa IpyHTY, a= (ax,ay) — Koe-
¢bimieHTH TEeMIepaTypOIPOBITHOCTI; X, Y — AeKap-

TOBI KOOpIMHATH PO3TAIlyBaHHS HarpiBaJbHUX
elieMeHTiB; t — yac.

KpaiioBi ymoBH A1 MOAETIOBAILHOTO PiBHSH-
Hs (1) Taxi (puc.1):

1. Ha cTopoHax po3paxyHKOBOI 30HU peali3ye-
MO YMOBY «T€ILIOI30JIbOBAHOI» CTIHKH.

2. Y 1noyaTKoBHM MOMEHT 4acy Oepemo, IIo
B pPO3paxyHKOBIH 30Hi BijoMa Temneparypa T .

3. Y pi3HUIIEBUX KOMipKax, J€ pO3TallOBaHi
HarpiBajbHI €JIEMEHTH, 3a/IaEMO BiZIOMYy TeMIIepa-
Typy T, , SKy MATPUMY€EMO HMOCTIHHOW (FpaHUYHA
YMOBa TIEPIIOTO POSTY.)

Yucenvha moodens. I YUCENBHOTO IHTETPY-
BaHHsI MOJICIIIOBAIILHOTO PiBHSHHS (1) BUKOPHUCTO-
BYEMO TPSAMOKYTHY pisHuueBy citky [1, 3]. s
3aBJaHHS MiClsl PO3TalllyBaHHS HarpiBajJbHUX
CJIEMEHTIB y IPYHTIi, Ji¢ MiATPUMYIOTh IOCTiHHY
TeMneparypy T,, BUKOpucToByeMo Mapkepu. Lli
MapKepH JT03BOJISIIOTH HOpMyBaTH OyIb-Ky CXeMy
pO3TallyBaHHS IIMX €JIEMEHTIB Yy TUCKPETHIH MoO-
JIei.

UucenvHe iHTErpyBaHHs piBHAHHA (1) 3miiic-
HIOEMO 3a JIOMTOMOT'OI0 JIBOX CKIHUCHHOPI3HUIICBUX
cxeMm. Ilepma pi3HHIleBa cXemMa — siBHA, II0 Mae
takuii Burisig [1]:

n n
:Ti'nj +at L] AZIIZJ +TI'J a, +

n+l
T

2Tn +T”
AyZ y:

i J+l

+at

Jpyra cKiHYCHHOpPI3HHUIIEBA CXeMa, SIKYy BHKO-
PHUCTOBYIOTH ISl YHCETBHOTO 1HTETPYBaHHS MOJIE-
JoBaNbHOTO piBHSIHHSA (1), — 1[e pi3HUIEBa cxeMa
cymapHoi ampokcumanii. Ll cxema mae BuIIIsA
JBOKPOKOBOTO PO3IIEIUICHHS |

— TMEepUIUHA KPOK:

1 1 1
n+E n n+E _I_n+E
Ti*-T; _|a T2 +Tias
At X AX?
1 1
n-*—E n+E
a —Ti’j +Ti,j—l ]
y Ayz !
— ApYTHil KpOK:
el
n+1 2 n+1 n+l n+1 n+1
Ti,j _Ti,j —|a Tl+l] le n TI j+l TIJ
At AP % Ay?

HeBinome 3HaueHHsI TeMIIepaTypy Ha KOXKHOMY
KpOIli pO3MICTUICHHS BU3HAYAEMO 3a SIBHOIO (op-
MYJIOIO.

Ha 6a3i po3risiHyTHX 4MceNbHUX MOJENeH po-
3po0JIECHO  KOMIUIEKC NPUKIaJHUX  [porpam
«SOIL-T», moBa nporpamyBanas FORTRAN. Jlo
CKJIaJy IBOTO KOMILIEKCY TpOrpaM BXOMSATH TaKi
mianporpamu Ty SUBROUTINE:

ST1 — po3paxyHOK OIS TeMIIepaTypH B IPYHTI
3a JOTIOMOTOI0 SIBHO1 Pi3HHIIEBOT CXEMU;

ST2 — po3paxyHOK NOJIsl TEMIIEpaTypy B IPYHTI
Ha 0a3i pi3HHIIEBOT CXEMH CyMapHOi alpoKCUMaIlii;

ST3 — pearnizaiis rpaHUYHAX YMOB;

ST4 — npyk nosist TemMrepatypH B IPYHTI.

Koopaunaiiiro po0oTH mignporpam 3aiHCHIOE
ocaoBHa nporpama MAIN. IlouarkoBi mani mms
MPOBEACHHS  OOYHCIIOBAILHOTO  EKCIIEPUMEHTY
(hopmyroTees y (haiini moyatkoBux ganux TE.dat.

Pe3yabTaTtu

Ha mepmomy erami BuKOHaHO Bepu]ikalliro
moOyIOBaHUX YHCEIbHMX Mozeneil. s 1boro
OyJl0 pPO3MISHYTO TECTOBY 3ajady, II0 Mae
AHANITHYHUNA PO3B’S30K, y TaKild ITOCTaHOBIL:
€ TPSAMOKYTHa 30Ha, Jie MOYaTKoBa TeMIlepaTypa
nopisHioe 400 °C; 3ona Mae po3mip 20 x 15 M; Ha
Mexax 30HM ctaBuMo ymoBy. Top = 0 °C, a=1.
Busnauaemo Temmiepatypy B Toui X =1 M,y = 1M
IUTS PI3HUX MOMEHTIB Hacy.

AHamITHYHUA PO3B’A30K i€l 3amaui BigoMui
ta Mae BursiA (A. 1. IonsHin Ta iHOm):

T =T, erf(—=) erf(—=

N
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Pozpaxynok Temmeparypu Ha 0a3i aHATITHYHO-
T'O PO3B’SI3KY Ta PO3POOJICHUX YUCEITBHUX MOJICIICH
HaBeJIeHO B Ta0u. 1.

Tabnumnsl
3HayeHHH TeMIlepaTypu
Table 1
Temperature values
Yac | Awnamitmyna | [lepria uncenbHa Hpyra duce-
MoJelb MOJIeNb JIbHA MOZIENTb
2¢ 54,76 °C 55,20 °C 55,23°C
4c 29,16 °C 29,31°C 29,34°C
6¢c 19,71°C 20,23°C 20,25°C

Amnani3 gaHux i3 Ta0n. 1 Bkasye Ha 3a10BUIbHE
Y3TOJKCHHSI YNCENIbHUX Pe3yJIbTaTiB Ta aHAIITHY-
HOT'O PO3B’SI3KY.

Ha npyromy erami Oyso po3B’s3aHO MOJIEIBHY
3ajady 3 BU3HAYEHHsI MOJISl TEMIIEpaTypy B IPYHTI
TEIUTNLL.

MeTo0 TPOBENCHOTO OOYHMCIIOBATBHOTO EKC-
MepUMeHTy Oyla mepeBipka po3po0IeHuX YHCelNb-
HUX MOjielell Ha MOXXJIMBICTh BU3HAUEHHs HecTa-
[[IOHAPHOTO TEMIIEPaTYPHOTO IO B IPYHTI B pasi
Iii IeKUIBKOX JDKEpEIT eMicil Teria Ta 3a HasiBHOCTI
0araTo3B’si3aHOI PO3paxyHKOBOi 30HH. Bimomo, 1110
3a TAKUX YMOBA YHCEJIbHI MOJIENI BTPavYarOTh CTii-
KiCTh Ta HE MOXYTh OYTH BHKOPHCTaHI JJIsI TIPO-
THO3HUX PO3paxyHKiB. TOMy CTaBUMO 3aBJaHHS
MEPEeBIPKH MPAIE3aTHOCTI MOOYIOBAaHUX YHCEITh-
HHUX MOJIeIIel U PO3B’ 3Ky NPUKIIQIHUX 3a1a4.

PosrnsnyTo nBa cuenapii. [lepmuit cueHapiii:
B OJIHOPITHOMY IPYHTI HasiBHI JIBa €JIIEMEHTH, IO
NIATPUMYIOTH  TNOCTiHHY  Temmeparypy 45 °C
(puc. 5). Hdpyruii cueHapiii: y IPyHTi JOAATKOBO
po3TalioBaHa TEIUIOi30JIbOBaHA IJIACTUHA, MIO
BIUIMBAa€ Ha (OPMYBAaHHS TEMIIEPATypHOTO OIS
(6aratos3B’sizana 30Ha). [lowyaTkoBa TemmepaTtypa
rpyHty cranoButhb 20 °C.

Po3paxynkoBi mapamerpu (Oe3po3mipHe 3Ha-
YeHHs) Ul TPOBENICHHS OOYHCIIOBAIBHOTO EKC-
MEpUMEHTy Taki: po3mipu 30HU Ly=1, Ly, =1,6;
a =0,02; moyaTok KOpPEHEBOi CHUCTEMH ITOKa3aHO
Ha PUCYHKaX HMKYE IITPUXOBOIO JIHIEIO.

Puc. 5. Cxema po3paxyHKoBoi o0macTi
1 — pocnuny; 2 — KOpeHeBa CHUCTEMa,
3 — HarpiBaJbHUI E€IEMEHT

Fig. 5. Scheme of the calculation area
1 - plants; 2 — root system; 3 — heating element

Pe3ynbratn 00YHCITIOBAIBHOTO E€KCIIEPUMEHTY
nokaszano Ha puc. 6-10. 3HaueHHs TeMIIepaTypH Ta
Yyac HaBeleHO B Oe3po3MipHOMY BUIIIAAi. [ns Bu-
3HAQUCHHS IPOTHO3HOTO 3HAYEHHS TEeMIepaTypH
B JIeSKil TOYIll IPYHTY Ha OCHOBI TaHUX, IO HaBe-
JICHI Ha pUCYHKaX, MOTPiOHO 3MiHCHUTH TaKuil po-
3paxyHOK:

T
T :Tmin + (rmax _Tmin)*g_dg’

ne Tmin — MiHIMalTbHa TeMIiepatypa IpyHTY B 30HI
nociipkeHHS (Tmin =20 °C); Tmax — MakcHMaJibHA
TeMIeparypa IpyHTy B 30HI AoCTiKeHHS (Tmin =
45 °C); Tq — uncno, BKa3zaHe B MaTPHUL PO3MOILTY
TeMIepaTypH; T — MPOTHO3HE 3HAYECHHS TeMIlepa-
TYPH I'PYHTY B TOYLI.

Bimzaaunmo, mo 3Ha4eHHIO Mapkepa «99» Bi-
noBizae temneparypa 45 °C , a 3HaU€HHIO MapKepa
«0» BiamoBinae remneparypa 20 °C.

X

Puc. 6. be3po3mipHe 3HaAYCHHS MO TEMIIEPATYPH,
cuenapiit Ne 1, t = 0,39

Fig. 6. Dimensionless value of the temperature field,
scenario No. 1,t=0.39
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X
Puc. 7. be3po3mipHe 3HaYCHHS N0 TEMIIEPATYPH,

crienapiit Ne 1, t = 0.59

Fig. 7. Dimensionless value of the temperature field,
scenario No. 1,t=0.59

X

Puc. 8. be3po3MmipHe 3HaUEHHS T10JISl TEMIIEPATYpH,
crenapiit Ne 1, t = 0,99

Fig. 8. Dimensionless value of the temperature field,
scenario No. 1, t=0.99

(0]

X

Puc. 9. Be3po3mipHe 3HaYEHHSI OJISI TEMIIEPATyPH,
crenapiit Ne 2, t = 0,39

Fig. 9. Dimensionless value of the temperature field,
scenario No. 2,t=10.39

X

Puc. 10. be3po3mipHe 3HaYEHHsI OIS TEMIIEpATypH,
crenapiit Ne 2, t = 0,99

Fig. 10. Dimensionless value of the temperature field,
scenario No. 2,t=10.99

AHami3 pe3ynbTaTiB MOJETIOBAHHS TIOKAa3ye,
IO Ha MOYaTKy HpOLECy HarpiBaHHS IPYHTY 30Ha
mporpiBy Mae ¢opMy Kojia 3 IIGHTPOM, IO
BIJIMIOBia€ pO3TAIIyBAHHIO HATpiBaIbHHUX eJie-
MEHTIB. I3 yacoM Mae MicIie mporec «3’€THaHHD»
nux 30H. Ha MmomenT vacy t = 0.39 «remnnoBa xBu-
TS Bi HarpiBaJbHUX €JIEMEHTIB J0CSTae KOpeHe-
BO1 CHCTEMH Ta IMOYHHAE PyX Y OiK MOBEPXHIi IPyH-
Ty B Temumi. I3 puc. 9 i 10 Moxna 6aunTH, 1110
moOy/I0oBaHI YMCENBbHI MOJIENi JIO3BOJISIOTH IIPO-
THO3YBAaTH BIUIMB JOJATKOBHX KOHCTPYKTHBHHUX
€JIEMEHTIB y IpYHTI Ha (hOpMyBaHHS TEIUIOBUX 30H.
Yac po3paxyHKy KOKHOTO BapiaHTy 3a1adi — 4 c.

Taxkum guHOM, pPO3pOOJIEHI YHCETBHI MO
SIBITIOTH  COOOI0 IHCTPYMEHT IJIsl aHalmizy mOu-
HaMIK{ HarpiBaHHs IPYHTY, IIO MOXYTh OyTH BU-
KOPHCTaHi Uil pO3pOOKH €HEepProomaaHoi TexXHO-
morii o6irpiBy. Lli Mozgeni naroTh 3MOTy BU3HAYaTH
Yac ONTHMAJIBHOTO HArpiBaHHS TPYHTY B Pi3HHX
30HaX (KOpeHeBa CHCTEMa, MOBEPXHS IPYHTY),
BH3HAYaTH palliOHAbHE MICIle PO3TallyBaHHS
HarpiBaJbHUX E€JIEMEHTIB, 4ac, KOJIU MOTPiOHO BH-
MKHYTH HarpiBajlbHi €JEMEHTH, Ta 4ac, KOIU ix
MOTPiOHO BBIMKHYTH 3HOBY. T00TO 11i MOzemi 103-
BOJISIFOTh  PO3POOUTH €HEProOIaHy TEXHOJOTII0
00ITpiBy IPYHTY B TEILIHILI.

HaykoBa HOBM3Ha Ta MPpaKTHYHA
3HAYUMICTD

Po3po0iieH0 MPOrHOCTHYHI YHUCENIbHI MOEI
JUIsL aHANI3y JUHaMiKd (opMyBaHHS TEMJIOBUX I0-
JB y TPYHTI TEIUIMIH Y pa3i HOro MTYy4HOTO 00ir-
piBaHHSI.

Ha 06a3i po3poOieHux 4YHCeNbHUX Mojenei
CTBOPEHO KOMJIEKC TMPHKIAJHUX Tporpam Juis
NPOBEACHHS OOYUCIIOBAIBHOTO  EKCIHEPHMEHTY
3 BU3HAYCHHS HECTAIlIOHAPHOTO TOJsI TeMIlepaTy-
PH B IPYHTI TETUIHIIb.

[loOymoBaHi uuceNnbHI MOJENi HaleXarb a0
kiaacy «operational models», T06TO pO3pOOGICHI
JUISL OTIEPATUBHOTO aHAIII3y TEIJIOBUX TOJIB Y IPy-
HTi. [ TpakTUYHOTO BUKOPHCTAHHS LUX MOJIE-
niel moTpiOHa cTaHAapTHA BXiHA iH(OpMaILis.

BucHoBxku

1. BukoHaHO aHaJli3 HASBHUX CUCTEM OTIAJICHHS
TETLTHLb.

2. Po3po0i1eHo /Bi YMcenbHI MOJIENI JUTS aHATIZY
Ta MPOTHO3YBAaHHSI TEIJIOBUX MOJIB y IPYHTI y BHU-
NaJIKy BAKOPUCTAHHS CHCTEMH OTAJICHHS IPYHTY.
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3. CTBOpPEHO KOMIUIEKC MPHKIAIHUX MPOTpam, 5. Pe3ynpTat 00YMCITIOBAIEHOTO EKCIIEPUMEH-
IO JI03BOJISIIOTH BU3HAYATH IWHAMIKy (OpMyBaH- Ty TOKa3ylOTh, IO PO3pOOJIEHI YMCEeNbHI Mojeni
HSl TEIJIOBUX IONIB Y IPYHTI MiJ 4ac WOro Harpi-  JalOTh MOKJIMBICTh OTPUMATH BaXKJIKMBY IIPOTHO3HY
BaHHS. iH(popMarito, gKka HeoOXigHa A aHaAm3y Qopmy-

4. 3pilicneHo Bepu(ikarliro po3poOJiieHMX 4YW- BaHHS TEIUIOBUX IIONIIB y TPYHTI M 4Yac WOTO
CeNPHUX MOJIENIeH, IO MiATBEPAWIIO iX aJeKBaT- LITYYHOrO OOIrpiBaHHS.
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Mathematical Modeling of Temperature Fields in Cultivation Structures

Purpose. The main purpose of the article is to develop a method for calculating thermal fields in greenhouse soil
in the case of its artificial heating. Since the temperature regime in greenhouse soil has a significant impact on plant
yields, it is very important, on the one hand, to ensure the required temperature in the soil, and on the other hand, to
determine the energy-saving heating regime. Methodology. The method is based on the numerical integration of the
heat transfer equation. A two-dimensional heat transfer equation was used to analyze and predict the unsteady pro-
cess of soil heating in a greenhouse under artificial heating, and two finite-difference schemes were used to solve it.
On the basis of the constructed numerical models, a computer program was developed to conduct a computational
experiment. Findings. Effective computer models have been created to predict the unsteady formation of thermal
zones in the greenhouse soil during its artificial heating. The results of numerical modeling are presented.
Originality. Prognostic numerical models have been developed to analyze the dynamics of thermal fields formation
in greenhouse soil during its artificial heating. On the basis of the developed numerical models, a set of application
programs was created to conduct a computational experiment to determine the unsteady temperature field in green-
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house soil. The constructed numerical models belong to the class of «operational models», i.e., they are designed for
the operational analysis of thermal fields in the soil. For the practical use of the developed numerical models, stand-
ard input information is required. Practical value. The constructed numerical models are a tool for analyzing the
dynamics of soil heating and can be used in the development of energy-saving heating technology. These models
can be used to determine the time of optimal soil heating in different zones (root system, soil surface) and to deter-
mine the rational location of heating elements, the time when the heating elements should be turned off, and the time
when they should be turned on again. These models allow us to develop an energy-saving technology for heating the
soil in a greenhouse.
Key words: soil heating; greenhouse; energy saving; numerical modeling
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On the Issue of the Radon Activity of Tectonic Faults on the Qatar Peninsula

Purpose. The paper aims at providing the modern evaluation of radon activity in identified tectonic faults of the
earth's crust based on archival data of radon measurements in groundwater which previously have been performed in
the northern and eastern parts of the Qatar Peninsula. Methodology. The paper presents an additional extended justi-
fication for the application of an innovative technique for these conditions to identify the activity rate of tectonic faults
in the rock foundation under the geological conditions of the Qatar Peninsula based on third-party measurements of
radon in groundwater and using own universal Evaluation scale. Findings. A modern analysis of previously obtained
results of radon measurements in groundwater of the Qatar Peninsula allowed us to suggest the orientation of tectonic
fault directions in its northern and eastern parts and to additionally reveal the rate of their radon activity within the
peninsula with a preliminary magnitude evaluation of displacement along the faults. A similar assumption was also
proposed in the western part of the UAE adjacent to the peninsula, where the Barakah Nuclear Power Plant (BNPP)
is located. This assumption is based on a certain similarity in the geological and tectonic conditions of the region.
Originality. For the first time, the authors proposed the location of tectonic faults within the northern and eastern
parts of the Qatar Peninsula according to radonometry performed for other purposes. We estimated their radon activity
and the magnitude of movement along the faults. This implies increased safety during the construction and operation
of various facilities, including a high degree of responsibility, particularly pipeline systems and transport communi-
cations that are important for the country's economy. Practical value. This technique can also be used in seismic
monitoring for construction sites and in adjacent territories of other countries where similar explorations have not
been conducted before.

Keywords: Qatar; radonometry; wells; radon measurements; tectonic faults

Introduction The peculiarities of radon (***Rn) behavior in ge-
ological space have created conditions for continu-
ous radon monitoring as one of the indicators of
possible seismic events, for example, abnormally
high or abnormally low concentrations of gas in pe-
riods preceding earthquakes. The importance of ra-
don monitoring for earthquake forecast purposes
has been repeatedly confirmed in practice including
the infamous events in the Italian L'Aquila
(Abruzzo) that occurred in April 2009. These events
were predicted several months before by local seis-
mologist Giampaolo Giuliani based on observations
of variations in soil radon.

Despite numerous facts of fairly successful ap-
plication of this method, radon as a possible indica-
tor of changes in the stress state of the subsurface
resources has so far received undeservedly very lit-
tle attention. This especially concerned measure-
ments of radon concentration in groundwater. How-
ever, in recent years, soil radon measurements for
geodynamic research have already been consoli-
dated in regulatory documents of several countries,

The special properties of radioactive radon gas
served as the basis for its use as one of the available
indicators in establishing the activity rate of tectonic
fault zones. Monitoring the stress state of the sub-
surface resources in such zones is necessary since
various deformations of the earth's surface are ob-
served near such zones. These processes lead to vi-
olations of the planned-high-altitude position and
integrity of residential and public buildings,
transport infrastructure facilities as well as struc-
tures of especially important energy facilities, such
as nuclear power plants (NPP) [1]. In the numerous
field studies during the 70-80s of the last century,
a direct connection was established between the in-
tensity of radon anomalies and geodynamic pro-
cesses in tectonic fault zones. This phenomenon was
the basis for organizing a fundamentally new direc-
tion of applied research in the field of engineering
geology — structural-geodynamic mapping.
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albeit with few reservations. The technique of meas-
uring radon in groundwater for geodynamics and
earthquake forecast has yet to prove its value, alt-
hough individual research in this field has been con-
ducted [4, 7, 8, 9, 13,14, 18, 19, 21, 22].

Purpose

The objective of this article is a modern evalua-
tion of the radon activity in identified tectonic faults
of the earth's crust based on open-source data of ra-
don measurements in groundwater. These re-
searches were previously carried out in the northern
and eastern parts of the Qatar Peninsula by local re-
search organizations. As well as justification for the
application of the method for identifying the activity
rate of tectonic faults in the specified area based on
our own universal numerical scale.

Methodology

The Qatar Peninsula and the Gulf coastal areas
have been studied in considerable detail for oil and
gas exploration by various local and foreign organ-
izations. Numerous large-scale geological, geotech-
nical, and geo-ecological explorations have been

conducted both on land and in the waters. As a re-
sult, the geological structure of the peninsula has
been studied quite fully and described in many
works available for wide review and study [6, 10,
15, 17]. In particular, geological maps of the penin-
sula are shown in Fig. 1 and 2.

However, the authors could not find a suffi-
ciently detailed tectonic map of the peninsula with
the exact location of tectonic fault zones. Neverthe-
less, their presence in the northern part of the study
area is beyond doubt and is confirmed by works [2,
11]. Indirect data can help clarify this situation, in
particular, the results of radon measurements in
groundwater at the specified territory.

Explorations to determine radon in groundwater
on the peninsula and in the adjacent territory were
carried out, but exclusively for environmental pur-
poses [3, 12]. The last of the above-mentioned sci-
entific articles is the most interesting in its results
for this work. The explorations were carried out at
a fairly high level, and the same is true for the equip-
ment used. The following materials were taken from
this article for study and analysis: Fig. 3, 4, and
Table 1.
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Fig. 1. The surficial geological map of Qatar after Cavelier et al. (1970) and Seltrust Engineering Ltd (1980)
showing various localities discussed in the text. Inset: Location map showing Qatar in the context of the Arabian
Gulf area (imagery data: ESRI 2005 ArcWorld Supplement). J.M. Rivers et al (2021)
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SALCLARARA

230 000

Fig. 2. Occurrences of the Rus Formation at the surface of Qatar in relation to the main structural features
of the country (Qatar Arch, Simsima Dome and Dukhan Anticline). Jacques LeBlanc (2021)

_4!__ (a) Radon-222 concentration
across State of Qatar

Fig. 3. The well location diagram and color gradation
of zones based on radon content in groundwater.
Manawi, Y. et al (2023)

Table 1

Results of radon measurements in wells on the pen-

insula. Manawi, Y. et al (2023)

Jel | RagonBgl | ol | Radon By

592 5.57:0.64 | 3001 | 55.50+1.40

661 16504022 | 3189 | 7.550+1.720
677 5.16:0.69 | 3233 | 11.00£1.710
819 | 41.90:02.81 | 3266 | 21.200+2.070
903 2714020 | 3279 | 20.900+0.907
1224 | 52404263 | 3327 | 8.5500.217
1272 | 12.40£1.50 | 3518 | 12.600+0.422
1574 | 289040925 | 3800 | 14.500+1.120
1762 | 4530£132 | 3890 | 16.100£0.970
1803 | 11.900+0.948 | 4083 | 18.300+1.880
1891 | 58.800+2.760 | 4290 | 17.400+1.790
1993 | 49.4004.010 | 4473 | 18.500+1.100
2049 | 60.700+13.400 | 4549 | 9.00+0.441

2121 | 9.870:0.889 | 5146 | 17.700+2.540
2217 | 6.900:0.764 | 5162 | 15.600+1.560
2242 | 14.400£1380 | 5551 | 39.100+3.220
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Continuation of Table 1

Results of radon measurements in wells on the pen-
insula. Manawi, Y. et al (2023)

X\(/)ZIL Radon Ba/L (\é\(/)edlé Radon Bg/L

2357 10.500+0.63 5754 | 15.300+1.910
2534 11.00+2.370 5799 | 14.500+1.250
2537 10.50+2.370 6055 | 15.600+0.485
2626 4.870+0.623 6191 | 18.900+1.040
2709 10.800+1.110 6199 | 17.200+1.840
2874 37.200+2.860 6555 7.500+0.665
2940 44.00£2.240 7418 8.590+0.999
2990 27.20£1.40 8019 | 11.100+1.030

The country's territory is traditionally classified
as an aseismic region, but seismic events still occur.
In particular, on 16/03/2022, an earthquake with
a magnitude of 3.2 and a focal depth of 10 km was
recorded in the Musay‘id, Al Wakrah region. And
on 27/05/2005, a seismic event with a magnitude of
3.2 was recorded in the southwest of the country, on
the border with Saudi Arabia. Episodic seismic
events were also recorded in the water area, includ-
ing near Bahrain with a magnitude of 3.0-3.2. All
of the above indicates the presence of a certain seis-
mic potential in this territory. However, its nature
still needs to be clarified.

Findings

When analyzing the factual material, especially
maps, and diagrams, attention is drawn to the close-
to-linear arrangement of anomalous zones with ra-
don content in groundwater. This cannot be ex-
plained by geological boundaries between layers or
other (geochemical) reasons. According to this
work such a pattern of anomalies can only be
a consequence of presence the tectonic fault zones,
moreover, it’s activity isn’t clear. Also noteworthy
is the large amplitude of the measured values of ra-
don volume activity in the selected 48 wells, rec-
orded in the range from 2.71 to 60.70 Bqg/I.

Based on the analysis of research data, tectonic
fault lines were assumed within the peninsula
(Fig. 4). Their location is in good agreement with
the fault zones mentioned in the works of Abu-Zeid
Mohamed M. (1991) and Jacques LeBlanc (2021).

It is possible to confirm a more precise location of
fault zones throughout the entire area of the penin-
sula only with additional large-scale profile (radon)
explorations.

(a) Radon-222 concentration
across State of Qatar
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Fig. 4. Profiles through marker wells and lines
of possible strikes of tectonic fault zones on the penin-
sula (highlighted in red). Manawi, Y. et al (2023)

It should be especially noted that the fault zone
in the area of wells 2049, 819, and 5551, assumed
by radon measurements, is completely absent on the
E-W section shown in Fig. 2, 3 in the article by John
M. Rivers et al. [15]. This indirectly indicates the
wide additional capabilities of the technique.

The authors assessed radon activity in the iden-
tified tectonic faults within the Qatar Peninsula us-
ing the conducted explorations with using their own
methodology, which is given in References to this
article. This methodology is a radically revised and
expanded earlier idea (Seminsky et al.), initially
based only on soil radon measurements. The funda-
mental difference of the new methodology first in-
troduced in the form of a universal scale, is the pos-
sibility of applying it to soil radon and radon in
groundwater. And in the latest version of the meth-
odology — with the possibility of evaluating the lin-
ear activity of the fault zones themselves. However,
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the results of radon measurements on the Qatar Pen-
insula, show a significant spread of values. In rela-
tion to these results for calculating the activity of the
faults the authors do not use the ratio of max/min
measurements for the selected profiles. Instead, it

should be used average indicator of the radon meas-
urement results on the wings of the fault zones.
These wings are within the proposed profiles be-
tween the selected most representative wells with
maximum contrast (Table 2).

Table 2
Summary Table of radon activity of tectonic faults on the Qatar Peninsula with the evaluation
of possible displacements along faults
Measurement results on selected profiles Possible
Left-wing of Right-wing of | Average o velocity
Item the fault Fault zone the fault value Radon activity of dis-
No. VAR KQ level pf radon placement
Well | VAR, | Well | VAR, | Well | VAR, | Bg according o KQ - 2long
No. Bq/l No. Bq/l No. B/l mm/yeér

1 2626 4.87 1224 52.4 4083 18.3 11.59 4.52 medium-active 1-2

2 903 2.71 1224 | 524 | 7418 | 8.59 5.65 9.27 active 2-5

3 592 5.57 3001 55.5 3279 20.9 13.23 4.2 medium-active 1-2

4 2242 14.4 | 3001 | 55.5 | 4083 18.3 16.4 3.38 | medium-active 1-2

5 592 557 | 2940 | 44.0 | 3800 | 145 10.0 44 medium-active 1-2

6 592 5.57 1762 | 453 | 2534 | 11.0 8.28 5.47 active 2-5

7 592 5.57 1993 | 494 | 3233 11.0 8.28 6.0 active 2-5

8 1803 11.9 1891 | 55.8 | 2357 10.5 10.3 5.41 active 2-5

9 2217 6.9 2049 | 60.7 | 8019 11.0 9.0 6.72 active 2-5
10 5551 | 39.1 | 2049 | 60.7 | 8019 11.0 25.1 2.42 low-active 0-1
11 661 16.5 2049 60.7 8019 11.0 13.8 4.4 medium-active 1-2

Note: VAR — the volumetric activity of radon (VAR)

If we evaluate such an important element of tec-
tonic activity as the nature of the displacements
themselves in practical terms of the assumed fault
zones and all other things being equal then large val-
ues of the KQ index are characteristic of faults and
shears compared to upthrusts and thrusts. Although
a direct connection between the nature of displace-
ments or the contrast of the near-fault radon anom-
aly is naturally complicated by the influence of
other components of tectonic activity.

The obtained values generally agree well with
the developed universal scale. Processing the avail-
able data using the universal scale has already al-
lowed us to assess the obtained results and evaluate
the radon activity of the assumed fault zones from
today's standpoint, suggesting their own interpreta-
tion. It should be especially noted that the given
sample values (for a total of 48 wells) are too few

and for this reason cannot reflect the entire picture
on the peninsula. However, an unexpectedly signif-
icant spread in the values of the volumetric radon
activity in water along several profiles already
makes us evaluate the stress state of the soil massif
differently than it was previously thought. It is quite
difficult to evaluate the seismotectonic situation us-
ing other scale indicators due to the lack of public
available data on soil radon measurements on the
Qatar Peninsula. However, the values obtained dur-
ing the exploration and their significant differences
within a small area already allow us to raise the is-
sue of continuing the work. It is worth highlighting
that one of the radon anomalies in the southeast of
the peninsula coincides with the area where an
earthquake with M = 3.2 was recorded on
16/03/2022. This is unlikely to be accidental and in-
dicates the presence of some tectonic activity in the
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area of the assumed fault, which requires further
study.

In addition to the geological and structural-tec-
tonic components, the study of radon emission from
the earth's interior also has a clearly expressed tech-
nical aspect. This may fully apply to the project in
creating the «Qatar Rail Long Distance» railway
network, which will consist of 4 stages with com-
pletion by 2030.

Also, a relatively little-studied field is the possi-
ble impact of the identified geodynamic structures
on welded pipeline seams for various purposes, es-
pecially high-pressure oil and gas pipelines. In the
specified territory, these may well include the Ras
Laffan-Umm Said, Ras Laffan-Mesaieed, and oth-
ers. This is especially important for Qatar's energy
sector. According to many researchers (Selyukov
N. ., Ryaboshtan Yu. S. and others), the negative
impact of such structures may be reduced to three
main factors, namely:

— mechanical-dynamic factor, associated with
local fluctuations of the daytime surface of the soil
massif;

— gas-chemical factor, associated with an in-
creased release of corrosive gases from fault zones
of active geodynamic structures;

— radiation factor.

The latter is the least studied due to the specific
effects of alpha particles formed as a result of radon
decay in places of its intensive release from the sub-
surface resources on the corrosive environment,
and, above all, on the water of the groundwater ag-
uifer (the so-called radiolysis effect). Hydrogen per-
oxide, ozone with OH and H.0, radicals formed
during water radiolysis are energetic cathodic depo-
larizers. For the same reason, the radiolysis effect
enhances the cathodic process, and, consequently,
the corrosion itself, including the metal of pipeline
welds when they intersect such structures.

For a high-quality analysis of the current geody-
namic situation on the peninsula, the following
types of work should be additionally included in the
list of possible specialized (read — geophysical) ex-
plorations, namely: measuring radon in groundwa-
ter in all accessible hydrogeological wells. As well
as measuring soil radon in boreholes near the wells
being tested. If possible, work should also be carried
out on the coastal part of the Gulf. Moreover, sam-
pling is necessary both from the near-bottom layer
of seawater and from the layer of bottom sediments
at a depth of at least 1 m from the seabed level. The

profiles in the aquatic area should be located trans-
verse to the fault zones identified by seismic explo-
ration or assumed based on radon data.

In the future, such explorations may become an
integral part of subsurface resource monitoring, in-
cluding monitoring of modern tectonic movements
of the earth's crust. Refusal to conduct such explo-
rations is fraught with the manifestation of negative
geotechnical processes and phenomena soon, which
may complicate the operation of pipeline systems
and other significant facilities that are critical for the
state economy. If the proposed additional explora-
tions confirm the detection of active segments of ge-
odynamic structures associated with radon anoma-
lies in certain areas of the peninsula (and, if it is suf-
ficiently justified, near it, including in the territory
of neighboring countries), the issue of the advisabil-
ity of timely adoption of additional technical
measures should be considered.

The relative proximity of the exploration area to
the western part of the UAE does not exclude the
presence of similar geodynamic processes with sim-
ilar activity there. A certain similarity of their re-
gional geological and possibly tectonic features
could be considered. This raises the question of
a similar analysis of soil radon and groundwater ra-
don measurements in the western part of the UAE if
such took place there. This is unlikely, because of
a very small number of monitoring wells given in
this part of the country, in contrast to the eastern
and, partly, southern ones [20]. This is the more rel-
evant since the largest operating four-unit Barakah
NPP in the region is located in this part of the coun-
try. If radon explorations for seismotectonic pur-
poses at the Barakah NPP site were not carried out
during engineering surveys and subsequent moni-
toring, this would serve as an additional argument
in favor of their immediate implementation. As fol-
lows from the International Atomic Energy Agency
(IAEA) documents published as early as 2024, the
trend toward tightening NPP safety requirements is
only gaining strength. The explorations can also be
combined with planned works to clarify the engi-
neering and geological conditions for specific NPP
buildings and structures. If active segments of geo-
dynamic structures associated with radon anomalies
are discovered (during the proposed additional ex-
plorations at the NPP site and adjacent territory —
for example, to choose a radioactive wastes landfill
after the NPP is liquidated), the advisability of tak-
ing timely technical measures should be considered.
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Such explorations may further become an integral
part of subsoil monitoring at the NPP site based on
radon measurements. The assumed additional ex-
plorations will be able to ensure more complete seis-
mic protection of the operating NPP units. And, as
a consequence, accident-free operation of the com-
pleted NPP buildings and structures in the long
term. These explorations may be especially signifi-
cant in connection with plans to build a second NPP
in the UAE [5]. One of the sites is considered to be
the area of the first Barakah NPP, but even closer to
the borders of Qatar and Saudi Arabia. That is re-
gion adjacent directly to the exploration area de-
scribed in this article.

Originality and practical value

The analysis of the conducted measurements for
the volumetric activity of radon in groundwater in
the northern and eastern parts of the Qatar Penin-
sula, although carried out for other (environmental)
purposes, confirmed the fundamental possibility of
determining the location of both the fault zones
themselves and their tectonic activity based on test-
ing the upper (ground) aquifer. The latter even tak-
ing into account its openness and susceptibility to
the influence of various man-made factors. Along
with determining the activity of the identified fault
zones, it became possible to indirectly evaluate the
nature of the movement of crustal blocks in this ter-
ritory. And in the future — the intensity of such
movements.

It should be noted that in all the specified highly
specialized explorations of radon activity of the
identified tectonic faults were carried out on the
peninsula for the first time. The authors have no in-
formation on such explorations in the country and
abroad, in particular, in the UAE, Saudi Arabia,
Bahrain, Oman, and Iran.

With further improvement of this method, it is
possible to use it in seismically active areas, as well
as in territories of neighboring countries adjacent to
the peninsula, especially if they have facilities that
are important for the economy and security, in par-
ticular, nuclear power plants, important pipelines,
and railways.

Conclusion

Processing of available data using our own uni-
versal scale allowed us to give a new evaluation of
previously obtained results and determine the radon
activity of the identified fault zones.

In addition to determining the activity of the
identified fault zones, it became possible to evaluate
the intensity of movement of crustal blocks in this
area. However, high-precision geodesy methods us-
ing space technologies need to confirm the obtained
preliminary data. Nevertheless, their importance for
all kinds of transport communications of the state is
beyond doubt.

For a high-quality analysis of the current geody-
namic situation, explorations in this area should be
continued. The list of possible specialized (read — ge-
ophysical) explorations should additionally include
the following types of work, namely: measuring ra-
don in groundwater by the maximum number of
available wells for water supply; and measuring soil
radon near the wells being tested. With sufficient jus-
tification, the work can also be carried out on the
coastal part of the water area. But, this will require
the use of special equipment and technology.

The relative proximity of the exploration area to
the western part of the UAE does not exclude the
presence of similar geodynamic processes with sim-
ilar activity there, considering a certain similarity of
their regional geological, and possibly tectonic fea-
tures. This, in turn, raises the question of a similar
analysis of soil radon and radon measurements in
groundwater in the western part of the UAE, if such
took place there. This is especially relevant since the
largest operating four-unit Barakah NPP in the re-
gion is located in this part of the country. Another
NPP is planned to be built nearby.
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Mera. Y po0ori ependadeHo AaTé CydacHY OIIHKY PaJlOHOBOi aKTHBHOCTI BHUSBJICHUX TEKTOHIYHHX PO3JIOMIB
3eMHO{ KOpH Ha IiJICTaBi apXiBHUX JaHUX i3 BUMIPIOBaHb PAJOHY B IiI3eMHUX BOJaX, BUKOHAHUX Y MiBHIYHIH 1 cXi-
JHIH yacTuHax miBocTpoBa Karap. Meroauka. [Tonano nogatkose po3niupeHe o0IpyHTYBaHHS 3aCTOCYBaHHS B T€0-
JIOTIYHHMX YMOBax IMiBocTpoBa Katap iHHOBaIiifHOT 1UIsl IIMX YMOB METOAMKHU BUSIBIICHHS CTYIIEHSI aKTHBHOCTI TEKTO-
HIYHUX PO3JIOMIB CKEJIbHOI OCHOBH Ha MiJICTaBi CTOPOHHIX BUMIPIiB paJoHy B MiI3€MHHUX BOJAX 3a JOMOMOTOO BJlac-
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y MIBHIYHIN 1 CXITHUX HOro YacTHHAX, i JOJATKOBO BUSIBUTHU CTYIiHb IXHBOI pPaJJOHOBOT aKTHBHOCTI B ME€XaX MiBOCT-
POBa 3 MOMEPEHBOIO OIIHKOIO BEIMYMHM TIEPEMIIIEHb IO po3ioMax. Takoxk Oyio mpuIryeHo noaioHe 1 Ha mpuiter-
niit mo miBocTpoBa TepuTopii 3axigHoi yactuau OAE, ne po3ramosana AEC Bapaka. Le npunymuenHs 06a3yeTscs Ha
MIeBHIHM MOMIOHOCTI TEOJIOTIYHNX 1 TEKTOHIYHUX yMOB perioHy. HaykoBa HoBH3HA. Yrepiie Oyiio 3alpornoHOBAaHO
pO3TalryBaHHs TEKTOHIYHUX PO3JIOMIB y MeKax MiBHIYHOI Ta CXiJHOI yacTHH miBocTpoBa Karap 3a nannmu pagoHo-
MeTpii, BHKOHAHOI 3 1HITMMH IJISIMH, 1 TIOJaHO OLIHKY iXHBOI paJOHOBOI aKTHBHOCTI Ta BEJTMYWH MEPEMIIIEHHS 1O
poznomax. Le cripusie migBUIeHHIO O€3MeKH MiJ] yac Oy/iBHUIITBA Ta eKCILTyaTallii pi3HUX 00’€KTIB, y T. 4. 1 MiABH-
LIEHOTO CTYIEHS BiINOBIAAIBHOCTI, 30KpeMa, BaXKJIMBUX JJIsl EKOHOMIKM KpaiHU TPYOOINPOBIIHUX CUCTEM i TPAHCIIO-
pTHUX KoMyHikanid. [IpakTHYHa 3HAYMMicTh. 3anpONOHOBaHA METOJMKAa MOXKE OyTH BMKOPHCTaHa 1 B pamMKax
CEICMOMOHITOPUHT'Y Oy/iBeIbHIX MalIaH4YMKIB 1 HA CYMDKHHMX TEPUTODISX 1HIIMX KpaiH, 1€ MoAiOHI JOCIiKEeHHS
paHillie He TPOBOIHJIH.

Kniouosi cnosa: Katap; paqoHOMeTpis; CBEpIOBUHH; BUMIPIOBaHHS paJIOHY; TEKTOHIYHI PO3JIOMHU
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MogaepHi3aniss HassBHUX Nepei3aiB HA HANPSIMKAX OyIiBHUITBA B Y KpaiHi
3aJII3HMYHOI KOJIil €BPONEHCbKOr0 CTAHAAPTY

Mera. ¥ crarTi nepeabaueHo poaHaii3yBaTH Cy4acHi TEXHOJIOTIUHI PillIeHHs JUIs MiABUIIEHHS piBHS Oe3neku
Ha 3aJII3HUYHUX Mepeiznax, 3ano0iraHHs aBapiiiHUM CHUTYaIlisAM Ta 3a0e3MedcHHs 0e3mepebiitHOro pyxy TpaHCIOPTY.
Metoauka. JlocnikeHHs 0a3yeThCsl Ha 3aCTOCYBaHHI MaTeMaTHYHOIO MOJICIIOBAHHS Ta YMCEIILHUX METOMIB IS
aHaJi3y BIUIMBY MOJICpHI3allil Ta HOBUX IPOEKTIB Ha piBeHb O€3MEeKH 3aJli3HUYHHMX mepei3niB. 3a J10MOMOror
KOMII'FOTEPHOTO MOJETIOBaHHS ITOOYZI0BaHO MaTeMAaTHYHI MOJEINI, SKi BiZOOpaXkaloTh Pi3HI cieHapii QpyHKIiIOHY-
BaHHS repei3ais. Ha ocHOBI oTprMaHnX JaHWX NMPOBENEHO OLIHKY €()eKTHUBHOCTI 3aIPOIIOHOBAHMX 3aXOJiB Ta PO3-
poOIieHO peKoMeHAaIii OA0 MOJANBIIOT ONITUMI3AI] cucTemMu Oe3neKu. J[ist OIliHKY e)eKTHBHOCTI 3aIIPOIIOHOBAHUX
3ax0JIiB po3p00ICHO CUCTEMY IMOKA3HUKIB, IO JO3BOJITIOTH KUTBKICHO OIIIHUTH PiBeHb OC3IIEeKH 3aTi3HHYHUX Tepeis-
IiB 110 Ta micist MonepHizanii. [{i moka3HUKH BpaxOBYIOTh B ceOe T000BY IHTEHCHBHICTE PyXy HOI3/IB Uepes3 mepeiz i,
I0OOBY IHTEHCUBHICTh PYXY TPaHCIIOPTY Ha aBTOMOOLTBHIN JJOPO3i, yCTaTKyBaHHS Mepei3ay, paaiyc KpuBol y IJIaHi
Ta MO3A0BXKHII yXUIJI aBTOMOOIJIBHOT IOPOTH Ha MiiXoax 10 nepeizny. Pe3yabTaTh. 3ampornoHoBaHO BIOCKOHAICHHS
METOJy MiJICYMKOBOTO KoedillieHTa aBapiiHOCTI, SIKUH € OIHUM i3 TOIIUPEHHUX IHCTPYMEHTIB JJIsl OLIHKH Oe3MeKH
PYXy Ha 3aJi3HMYHHUX Nepeizaax. 3aCTOCYBaHHS LLOTO METOY JIO3BOJIMIIO KiJIbKICHO OL[IHUTH PiBEHb PU3UKY BUHHK-
HEHHSI aBapiiHUX CHTYaIlli Ta MpoaHani3yBaTH e(peKTUBHICTh 3aX0/iB, CIPSIMOBAHUX Ha MiJBHIICHHS Oe3rneku. Me-
TOJI BITHOCHO MPOCTHI y 3aCTOCYBaHHI Ta HE BHUMAara€ CKJIaJHUX MaTeMaTHYHUX OOUYUCIICHb, JJO3BOJISIE BPaxyBaTh
IIMPOKHH CIIEKTP (haKTOpiB, 10 BIUIMBAIOTH Ha OE3MEKy pyXy Ha Mepei3li, TAKUX SK IHTEHCHBHICTb PyXY, KOHCTPYK-
THUBHI 0COOJMBOCTI Mepei3y, HasBHICTh CHTHANI3AMI{ TOIIO. 3a JOMTOMOTOO MiICYMKOBOTO Koe(illieHTa IPOBEICHO
MOPIBHAHHS PiBHA O€3IEKH Pi3HUX MEePEi3/IiB Ta BiICTEKEHO JMHAMIKY 3MiH IXHBOTO YCTaTKyBaHHS B yaci. Lle mo3Bo-
JIMJIO BUBHAUUTH NEPEI3H, SKi TOTPEOYIOTh NepIIoYeproBoi MoAepHizallii, a TAKOK ITPOTHO3YBATH 3MIHH Y BUXITHUX
1 pO3paxyHKOBHUX JJAHUX Ta IIAaHYyBaTH 3aX0J1 3 YIIPOBA/UKEHHSI IHHOBAI[IHHUX TEXHOJIOTIH, 110 ITiIBUIYIOTH Oe3MeKy
pyxy Ha nepeiznax. HaykoBa HoBu3Ha. Po3po0iieHo iHTErpoBaHy MOJENb OLIHKY O€3MeKH 3ai3HUYHUX Mepei3uiB,
sKa BpaXxOBYe€ He JINIIE TPAIUIiiHI MOKa3HUKY (JacTOTa aBapiid, IHTEHCUBHICTH PyXYy), ajie il HOBI (haKTOpH, TaKi SIK
HaJIHHICTh 001aTHAHHS, JTFOACHKUH (haKTOP Ta BIUTMB 30BHINTHIX YMOB. 3apOIIOHOBaHA MOJIENb JT03BOJISIE BU3HAUYUTH
OLTBII TOYHUI IPOTHO3 PU3HKIB Ta 00MPATH ONTHMANBHI PIIIEHHS 11010 MOAEPHi3allii nepei3 iB 3 ypaxyBaHHIM KOH-
KpeTHHX yMOB ekcruryararii. [lpakTuyna 3Haunmicts. ChopMynpoBaHi peKOMEHAaMii MOXyYTh OyTH BUKOPHCTaHI
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JUIsl pO3pO0KH ePEeKTHBHHUX MPOrpaM MOJIepHi3alii 3ai3HUYHUX epei3aiB B YKpaiHi. YIpoBayKeHHS 3alpOIIOHOBA-
HHUX TEXHOJIOTiH JO3BOJMTH MiABUIINTH piBeHb Oe3neku pyxy Ha 20 % Ta 3MEHIINTH CepeHIl Yac O4iKyBaHHS Ha
nepeizai Ha 15 %. Kpim Toro, e cripusiTuMe miJiBUIIEHHIO TPOIYCKHOI CIPOMO>KHOCTI 3aJIi3HUIIb Ta 3HWKEHHIO BU-

TpaT Ha YTPUMaHHs iHQPaCTPyKTypH.

Kniouosi cnosa: 3anizHUUHUN TIepeiz]; iHTeponepadebHICTh; MOAEPHI3allisl; CyMillleHa Kouisl; Oe3neka Topoxk-

HBOTO PYXY

Beryn

3ai3HAYHI Tepei3au CTAaHOBIISTH KITFOYOBY MPO-
OneMy IUTst JOCHIiTHUKIB Ta MPAKTHKIB y Taly3i 0e3-
MEKU IOPOKHBOTO PyXY Ta 3aJII3HUYHOTO TPAHCIIO-
pTy. He3Baxarouu Ha Te, 1110 IpobiaemMa JOpOoKHBO-
TPaHCHOPTHUX IMPHUTOJA HA 3aJi3HUYHHUX Hepeizaax
HE € HOBOIO, Y BChOMY CBITi TPHBAIOTh JIOCIIIDKCHHS
Ta aHaJli3 CTATUCTUKH B I[iH ramysi.

3abe3mneueHHst MOOITHPHOTO PyXy TOi3/1iB, TEPIIT
3a Bce 3 kpaiH €C, € akTyaJIbHUM 3aBJaHHAM IS
VYkpainu. €Bpornelicbka KoMicisi Ta €BpornelichKkuit
IHBECTHUIIHUN OaHK PO3pOOMIIH CTpaTerito 3 iHTe-
rpamii 3ali3HUYHUX Mepex Ykpainu, MonmoBu Ta
€Bpocoro3y [1]. [lependaueHo, 10 HOBa MaricTpa-
nmpHA Mepeka komii 1 435 MM mpairoBaTuMe mapa-
nensHO 3 HasiBHUX — 1 520 mMm. HoBy BuKOpUCTOBY-
BaTUMYTb I MDKHAPOJHUX MACAKUPCHKUX I013-
niB, [HTEpCiTI, TEpeBe3eHHs BAaHTAXKIB Y KOHTEIHE-
pax um Ha tuargopmax. Hamami wmoximBe
pO3IIUpeHHS 3ai3HIUUHOT Mepexi 1 435 MM 1o Ta-
KHX BEIUKHX YKPATHCBKUX MICT, SIK 3amopidoKs,
XepcoH, Mukonais, Mapiymnons, [lonensk, Jlyran-
cek Ta CeBacTomnosib (YOTUPHU OCTaHHIX mepedyBa-
I0Th ITij] TAMYAaCOBOKO OKYIIAIII€l0).

V it po6OTI PO3rASHYTO MUTAHHS OYyIiBHULITBA
nepeizaiB Ha AUISTHKaX K HOBOI TpacHu €BpOINeHch-
kol komii 1 435 MM, Tak i peKOHCTPYKIIii OKpeMHUX
HaNpsMKIB il €BPOCTaHAAPT 3 3aCTOCYBAHHSM CY-
Mitnenoi komii (1 435/1 520 mm).

Y CIIA Ta Kanazi ajist OLiHKM PU3HUKIB Ha 3aJTi-
3HUYHUX Tepei3ax BUKOPHCTOBYIOTH JAEKIIbKa Pi3-
HUX Mojeneit. HalimommpeHninri 3 HUAX:

— ALCAM (As Low As Can Be As Reasonably
Achievable);

— Haddon Matrix;

— Level Crossing Risk Assessment Model
(LCRAM).

Jlis 3axmcTy 3ami3HUYHHUX TMepei3miB crieriani-
3oBana komnanigs ALTPRO (HimewyunHna) mmpoko
BIIPOBAIKYe enekTpoHHy cuctemy RLC23. Lo cu-
CTeMy BUKOPHCTOBYIOTH JIJISl TiJIBHIIICHHST O€3MeKH

Ha 3ajJi3HUYHMX [epei3fax IIIIXOM aBTOMAaTHY-
HOTO KepyBaHHS IIIardaymamu, cBitiodopamu Ta
IHIIUMH MTOTIEPEKyBaJIbHIMHU CUTHAIAMHU.

[MuTanHs oUiHKK O€3MeKH PyXy TPaHCIIOPTHHX
3aco0iB Ha MEPETHHI aBTOMOOILITFHUX JOPIT 1 3aiTi3-
HUIb Ha OJTHOMY PiBHI ¥ MiIBUIICHHS ¢(EKTUBHO-
CTi poOOTH 3aNi3HUYHUX MEpEi3AiB PO3MIISTHYTO
B po06oTi aBTOpiB [3].

Ha 3aciganni ABcCTpaniiChKOI TpPaHCHIOPTHOI
pamu (ATC) y tpaBai 2003 poky OyB npuiHATHIA
IHHOBAIIMHUN MeTOJ| OIIHKH pu3ukiB. Hapasi
y BCix aBcTpalniiichkux mratax i B Hosiit 3emanmii
3aCTOCOBYIOTh J0pokHIO Moaenb ALCAM (As
Low As Can Be As Reasonably Achievable), sika
CKJIaJa€ThCs 3 TPHOX OKPEMHUX KOMIIOHEHTIB: MO-
Jeli iHppacTpyKTypH, MOJelNi eKCIO3uIii Ta Mo-
JIeNTi HACHIAKIB. Y TO€IHAHHI Ii TPY KOMIIOHCHTHU
YTBOPIOIOTH YHIKaJIbHUN HOKA3HUK PU3UKY IS KO-
XHOTO TIepeizay [16].

[IpencraBisiroTs iHTepec HanpaioBaHas [ pymnu
€KCIIePTiB 3 MiABUIIEHHS Oe3MeKH Ha 3aJli3HUIHHUX
nepeizaax B kpainax-wieHax €EK OOH Ta inmux
oOpaHux KpaiHax [7], 110 OB’ s3aH0 3 BIJCYTHICTIO
yHi(ikoBaHMX BH3HA4YeHb 1 MeToAiB. [TokazaHo, 110
TEXHIYHI PillleHHS MalOTh 0OMEXeHEe 3aCTOCYBaHHS
yepes3 (piHaHCOBY HEMOYKIIMBICTH 3aMiHHU BCIX TIEepe-
i31iB ecTakaJHUMHU a00 MiJI3E€MHUMH TEPEXOAaMU
Y BCTAHOBJICHHS CY4acHOTO OOJIaZIHAHHS 3 METOIO
nornepeKeHHst a00 BUSABJICHHS HeOE3eKH, KOJIH J10
nepeizay HaONMMKaeThes MOi3.

Jo aHanmoriyHoro BHCHOBKY JiHILIN aBTOPH
B po0Oorti [14]. 3a 7o1OMOT010 aHKET Ta Bi3yaIbHOTO
OTJISAly BOHHM BH3HAYMJIM PU3UKK Oe3meku Ta Hebe-
3MeYHI MOl Ha JNESKHX 3ali3HUYHUX Mepei3gax
TPaH3UTHOTO MapIIpyTy, sKi Oynu KiracuikoBaHi
Ha ocHoBi mnpuHnumy ALARP (As Low As
Reasonably Practicable) Ta 3aranbHoi MaTpuIli peui-
TUHTY PHU3UKiB. Pe3synmpTat nocCmipKeHHS IOKa-
3anu, mo 0au3eKo 22 % HeOe3mek, BUSHAUYCHHX 34
KaTeropisiMu, 1OB’A3aHi 3 JIFOJCBbKIMHU (haKTopamy,
tomi K 20 % BUKIMKAHI TEXHIYHUMMU.
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ALCAM 1 ALARP — e aBa miaxonay 10 BU3HA-
YCHHSI Ta YIIPABIIIHHS PU3HKAMHU, SIKi BAKOPUCTOBY-

FOTh JJIs1 3HW)KCHHS KiJIBKOCTI aBapiil Ha 3alli3HWY-
HUX Tepei3ax Ta MmiJBUIleHHs piBHA O0e3neku. Oc-
HOBHI BIIMIHHOCTI MK HUMHU HaBEeAE€HO B Ta0I. 1.

Tabnums 1

Krouosi BinMiHHOCTI ABOX MAXO0AIB 10 BU3HAYEHHS ii yNIPaBJIiHHA PU3MKAMU

Table 1

Key differences between two approaches to risk identification and management

XapakTepucTuka

ALCAM

ALARP

PiBeHP IPUIHATHOTO PH3HUKY

[Iparue 10 HATHMKYIOTO MOX-
JIMBOTO PU3UKY, HE3AJIE)KHO
BiJl BUTpAT

Jlomyckae BUIINI PiBEHD PH3HKY, SIKIIIO
HOTr0 HEMOXKITMBO 3HU3UTH 38 PO3YMHOIO
LIHOKO

30cepeKeHHS i 9ac OIiHKH
Ta YIpPaBIiHHS PU3HUKAMU

30cepeKy€eThCs Ha TEXHIYHIX
3ax0Jax JJIs 3HIKCHHS PU3HKY

BpaxoBye sk TeXHi4Hi, TaK i EKOHOMIYHI
(dbaxTopH Mmij Yac MPUAHATTS PIllICHb 100
PHU3UKY

[pouec nmpuiHATTS pilIeHb

Ha 3anizanunux nepeiznax Hosoi 3enanmii cro-
YaTKy 3aCTOCOBYBAJIHM aBCTPATIMCHKY MOJEH OIli-
HKH aBapiiHux nepeiznis ALCAM. Aue it BoHa Mae
CBOi OOMEXEHHS, SKIO Ii BUKOPUCTOBYBAaTH OK-
pemo. ALCAM HemocTtaTHRO JETATBFHO BPaXOBYE
BIUIMB Ha Oe3IeKy, SIKy CTBOPIOE HaBKOJIMIIIHS Tpa-
HCcropTHa Mepexka [17]. I3 BpaxyBaHHSIM IIbOTO
B Hogi#i 3enannii 3ampoBakKeHO HOBY CHCTEMY
oiiHku pusuky — moxens LCSS [10], y skiid mis
OoTpUMaHHs 00’ €KTHBHOI iH(popMalii Ipo 3ali3Hu-
YHI Tepei3u PO3rIsSHYTO TPH JOJAaTKOBI IMOKa3-
HUKH, TIOB’s13aHi 3 pU3UKOM aBapiil: icTopuyHi naHi
Mpo aBapii Ta IHIUACHTH, CIIOCTEPEKEHHSA 3 0e3-
MIEKU PYXY, & TAKOXK OIIHKY BIUTHBY HasiBHOI CXEMH
3aJII3HUYHOTO Tepei3ay Ta ii B3a€EMOIif0 3 HaBKOJIH-
LIHBOIO TPAHCHOPTHOIO Mepexero. Takuil miaxiza
JIOTIOMara€e BU3HAYUTH, UM TIOTPIOHO OHOBIIOBATH
HasBHI 3aJII3HUYHI Nepei3au.

VY crarti [9] po3risiHyTO NUTaHHS, TTOB’A3aHi 13
JNOTPUMAaHHSAM O€3MeKH pyXy BEIMKOBAaHTAKHUX
TPaHCHOPTHUX 3aCO0IB Ha 3aJli3HUYHUX Mepeizaax
ABctpamii. Pe3ynpraTi mokasanu, mo Taki ¢akx-
TOpH, SIK piBeHb OOCIYrOBYBaHHS TPaHCIIOPTHOTO
MOTOKY, YaCTKa BEIMKOBAHTAXXHUX TPAHCIIOPTHUX
3ac00iB Ta BIJICTaHb BiJ| 3aIi3HUYHUX NEPEi3IiB 10
HaOMMKIOro mepexpecTsi MOB’si3aHi 3 ITiJBHUILeE-
HUM PU3HUKOM, KOJIM BEIWKOBAHTAXHUH TpaHCIIOP-

IpyHTyeThCS HAa 00’ EKTUBHUX
IAHUX Ta aHalli3l

BukopucroBye Oinbl cy0’€KTHBHUMA
MIAX1, IKAH BpaXOBY€E TYMKH Ta I[IHHOCTI
3aliKaBJICHUX CTOPIH

THHI 3aci0 Oepe yqacTh y 3ITKHEHHSIX Ha 3aJli3HUY-
HUX Iepei3nax.

VY pobori [7] po3riIstHYTO 3ali3HUYHI TIepei3nu
B bocHii Ta I'epuerosuni. ChopmoBano m’siTHa-
IIATh PI3HUX TOKA3HUKIB, SKi OyJIM TOJiIEHI Ha
TPU TPYIHU: KpUTepii Oe3MeKd, XapaKTepPUCTUKU
eKCIUTyaTalii aBTOMOOUTBHHUX JOPIT Ta XapaKTepu-
CTUKH eKCIUTyaTallii 3ami3Huilb. J{jas BU3HAUCHHS
KpuTepiiB 3HauymiocTi Oymna chopMoBaHa HOBA iH-
tTerpoBaHa Heditka mMoxaeinr FUCOM. Pesynbratu
nokazany, mo rnepeiznau LC4 i LC8 € Haii6inbu 6e3-
MIEYHUMU 32 BCiMa 15 kputepisMu. ABTOpH 3arpo-
MOHYBAJIM 3aX0/1 LI0A0 3a0e3MeUYeHHs CTiMKOi po-
00TH 3aTI3HHYHOT CHCTEMHU.

o6 3MEHIIUTH YacTOTy aBapiil Ta TSKKICTH
TPaBM, PO3IJIIHYTO MOJIENI, sIKi 4aCTO BUKOPHUCTO-
BYIOTh JIUISl aBTOMOOUIBHOT Ta 3aJIi3HUYHOT Mepexi
[9]. TopiBHsiHHS MOjeNeil BUKOHAHO 3 ypaxyBaH-
HSIM OCHOBHHUX XapaKTEPUCTHUK 3aII13HHUIII, K1 BILIH-
BaroTh Ha WMoBipHicTh TII Ha mepeizgax (mBua-
KICTh T0i3/1a, KIIbKICTh 3aII3HUYHMX KOMIH 1 TXHii
CTaH, KUIBKICTh MOT3/iB 3a J00Y, TEOMETPUYHI JIaH1
3aJTi3HUIII, TOMITHICTB 013712 TOIIO); TOPOXKHIX (a-
KTOpPIB (CTaH JOPOKHHOTO IOJIOTHA, T€OMETPHUHI
napamMeTpu aBTOJIOPOTH, THUI TPAHCIOPTHOTO 3a-
co0y, IHTEHCHBHICTb JOPOXKHBOTO PYXY, KiJIbKiCTbh
CMYT, THII 1 IIIUPUHA JIOPOKHBOTO MTOKPUTTS, OCBIT-
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JICHICTh TOIMIO); (DAaKTOPiB HABKOJIMITHBOTO CEPEO-
BUIIa (MIOTOJHI yYMOBH, YMOBH OCBITJIEHHS, 4ac
I00M Ta Topa POKy); JMOJACHKUX YNHHHKIB (CTaTh,
BiK, piBeHB KBaJTi(iKaIlii i peakiiii Bomis).
3iTKHEHHS YYaCHUKIB JOPOXKHBOTO PYXY 1 MOi3-
niB Ha 3ami3HUYHEX mepeizmax (RLX) 3amwmma-
IOTBCSI HEPO3B A3HOIO IpobemMoro. ABropu [13] Ha
OCHOBI JIOCJI/DKEeHB, omyOnikoBanux i3 1989 mo
2019 pik, 3anponoHyBaIu Kiacuikaiiro 3a TAKUMU
(hakTOpamu: gacToTa i TSHKKICTh aBapiit (1); HeOes-
TIeYHA Ta HEBIIMTOBI/IHA MTOBE/IIHKA YYaCHUKIB JIOPO-
KHBOTO PYXy (2); CHOPUHHSATTS PU3MKY, CTABICHHS
Ta TIEpeKOHaHHSA YYaCHHKIB JOPOKHBOTO PyXy (3).
YcTaHoBIIEHO, MO OLTBIIICTh (DaKTOPIB, BUSBICHUX
MiJ] 9ac JTOCIIHKCHb, CTOCYIOThCS (DI3MUHUX Xapak-
TEPHUCTHK CaMOT0 Tepei3ay, Horo GyHKITIOHyBaHHS,
a TaKoXX TOBEMIHKH Ta XapaKTEPUCTHK YYACHHUKIB
JOPOXKHBOTO PYXY. Bys0 BusiBI€HO, IO B3a€MOisIM
MiX (akTOpaMu IPUAITICHO HEJOCTaTHRO yBaru. Ha
JOJTATOK JIO JIFOJICHKHX 1 COIialIbHUX BUTPAT IIi TIO-
Iii TATHYTH 32 COOO0 ICTOTHI €KOHOMIYHI 30UTKH.

[epeizau cranu npiopuTETHOIO TEMOIO A Y1I-
paBiinas 3amizHAl 1 gopir (ORR) Benmnkobputa-
Hil. YV poborti [12] 3a3HaveHo, 1m0 Ha OUIBII HiX
7 000 3amizanyHMX nepeizaiB y BennkoOpuTanii He
ICHY€ YHIBEPCAJILHOTO MiIX0AY A0 OC3MEeKHU, KOXKEH
3aI3HUYHAUNA TIepei3/l € YHIKaIbHUM, & TOMY CIIiJ
YIPOBaKYyBaTH 1HHOBAII, 110 MiABHUINYIOTh Oe3-
neKy 3aimizHuaHux nepeizis. [Ipuamumu ORR 3 yn-
PaBIIiHHS 0€3MEKO0 3aTI3HUYHHX MTEePET3/IiB MOKIH-
KaHi JJOTIOMOTTH 3HU3UTH PHU3UKH IIISIXOM PO3T-
TSIy allbTEpHATHB 3ai3HUYHUM Tepei3iam, a Tam,
1€ 1€ IPaKTUYHO HEMOXKIIMBO — HIJISIXOM IPOEKTY-
BaHHS PEKOHCTPYKITiT 3aTi3HUYHUX MEPEei3/iB.

VY noxymenti [15] momaHo 6a3y maHMX «KpaiH
ERA», sika MicTUTh iHpOpMAIIIO TIPO 3aTi3HHYHI
niepei3am 3a necsaTh pokiB. [lokasaHo, Mo TexXHIUHI
pillIleHHs MaIOTh OOMEXEHe 3aCTOCYBaHHSI 1 peKoMe-
HIOBaHO JUIA MOJIMIIeHHs iHQopMyBaHHS PO Ha-
OJIVM KEHHS TOT3/1B BOIiiB aBTOTPAHCIIOPTHUX 3aC0-
0iB BUKOpUCTOBYBaTH TexHoJorito GPS.

B Vkpaini B pamkax cucremu AIC «Ilepeizny
BUKOPHCTOBYIOTh KOMOIHOBAHHI IMiJXiJ] 10 BU3HA-
YEeHHS! Ta YNPaBIiHHS PU3UKAMH Ha 3aTi3HUYHHUX
nepeizmax, skuil nmoeanye eixementn ALCAM Ta
ALARP.

Kopotkuii ornsi HayKOBUX Mpallb MaB Ha MeTi
BU3HAYUTH OCHOBHI (pakTOpH i1 iXHii BIUIMB Ha pu-
3MKH, [0 MAIOTh MiCIle B 0araThox KpaiHax I 4ac

BUpIIICHHS Tpo0JieM Oe3MeKH Ha 3ali3HUYHHX Iie-
pei3aax, TakokK pO3TISIHYTH 3aX0AU 3 MOJepHizamii
HasBHUX TIepei3iB Ha HampsMKax OyIiBHHIITBA
B YKpaiHi 3aJli3HHYHOI KOJIii €BPOIIEHCHKOr0 CTaH-
JapTy.

Meta

VY po6oTi nepeadavdeHo MPOBECTH aHATI3 CyJac-
HUX TEXHOJIOTIYHUX PIllICHb JIJIS MiBUIICHHS PiBHS
Oe3neKy Ha 3aI3HUYHUX Tiepei3nax, 3amo0iraHHs
aBapiffHUM CHUTyallisiM Ta 3a0e3rnedeHHs Oe3mepe-
01ifHOTO PyXy TPaHCIIOPTY.

MeTtoauka

[Toctae muTanHs momo 30iry KaTteropiit mepeis-
IiB Ha 3QTI3HUISX €BPOIEHCHKUX KpaiH Ta YKpa-
ian. Kateropii nepeiznie LC1-LC5 Oynu BBeneHi
B 1976 poui B pamkax upextusu Pagu €Bpomeii-
ChKHX criBTOBapucTB 76/581/€EC mpo BcTaHOB-
JICHHS €IMHUX TEXHIYHUX BUMOT JI0 OYiBHHUIITBA Ta
eKCIUTyaTallliHUX BUMOT JI0 MEpei3iB Ha 3aji3Hu-
LIX.

HupextuBa 76/581/€EC Oymna 3aminena upek-
THBOI0O Paam  €BponeichkuX — CHIBTOBapUCTB
2008/57/€C, sixa Bimoma Takox sK «JlmpexTrBa mpo
iHTepoTIepabeNbHICTh CHCTEM 3aTI3HIYHOTO TPaHC-
nopty B CrinsHOTI». Ll AMpekTHBa BCTaHOBIIOE
MpaBuiIa Ta CTAHAAPTH Uil 3a0e3TeUeHHs iHTepO-
nepadenabHOCTI Ha 3a1i3HHYHOMY TPaHCIOPTi B €B-
poreiickkomy Cor03i, BKIFOUAIO4M CTaHAapTH 0e3-
KU IS 3aTI3HUYHUX MEePEi3iB.

€Bponeiicbka kinacugikaiis nepei3miB MiCTUTD
KiJIbKa KJIaciB, SIKi BKa3yIOTh Ha Pi3Hi piBHI Oe3Iekn
Ta TEXHIYHOI CKJIaaHOCTI. [0 OCHOBHHUX KJ1aciB Ha-
JIEKATh:

LC1 — meii kiac Bka3ye Ha Mepei3u 3 HalHIK-
YUM piBHeM Oe3rneku. BoHM MOXyTh OyTH MpoC-
TUMU 0€3 OYb-IKHX JOJJATKOBHX OC3MIEKOBUX 3aX0-
IiB, Takux sk Oap’epu um cBiTinodopu. Taki mepei-
30U OTPeOyI0Th 0cOo0IHMBOI 00EpeKHOCTI 3 OOKY
BOJIITB Ta NACAYKUPIB;

LC2 — meii knac BKkasye Ha niepei3au 3 MeBHUMHU
JNOJATKOBUMHU O€3MIEKOBHMH 3aX0JaMH, TAKUMH SIK
cBiTIIOQOpH, TOJATKOBI CHUTHAJIBHI TPUCTPOi abo
Oap’epu. Bonu 3a0e3nedyroTh BHIIUI piBeHb 0€3-
nieku, anix LC1, ane Bce me MOXKyTh BUMaraTtu o0e-
PEXHOCTI 3 00Ky BOZIIB;
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Puc. 1. KareropiiHicTs niepeizniB
Ha 3ari3HUIEIX Yipainu (%)

Fig. 1. Categorization of railway crossings
in Ukraine (%)

LC3-LC8 — mi kiacu BKa3yrOTh Ha mnepeiznu
3 OUTBIII BUCOKUM piBHEM Oe3rneku. Bonu 3a3Buuaii
MalTh KiJbKa CTYINEHIB OE3IMeKOBUX 3aXO/liB,
BKJIIOUaIO4M Oap’epu, CBITIO(OpHU, 3BYKOBI Ta Bi3y-
QJIbHI CUTHAIIM, a TaKOXX CUCTEMH aBTOMATHYHOTO
3ynuHeHHs nmoi3hiB. i mepeiznu € Haibimbm 0e3-
MEYHUMHU Ta HaJiHUMH I TEepeTUHY 3aTi3HUY-
HUX KOJiH.

B Vkpaini kareropii mepei3nis Ta ix xapakTepu-
CTHKH BU3Ha4aloTh «lIpaBuiia TexHiYHOI eKcIlTya-
TaIii 3aJIi3HIYHOTO TPAHCTIOPTY YKpaiHm», a TAKOK
«lHCTpYKIIis 3 yHnamTyBaHHS Ta €KCILTyaTarlii 3ai-
3HnuHEX nepeizaisy (L{I1-0174) [5].

3ami3HAYHI Mepei3au Ha Mepeski 3ali3HANb Y K-
paiHM TOUISAIOTH HA YOTHPH Pi3HI KaTeropii, KoXHa
3 AKHX € YHIKQJIBHOIO B pa3i OLIHKH PU3UKY Iepe-
TuHY (puc. 1). axTopu, sIKi B3SITO 10 yBaru, BKIO-
YaroTh YaCTOTY PyXy MOI3/IIB, YACTOTY PYXY i THITH
KOPHCTYBauiB, a TAKOX CEPEIOBUILE, Y IKOMY PO3-
TaIIOBaHi IEPEXOIH.

IHCTpyKTIis 3 Oe3neku pyXy MO 3aTi3HUISX BU-
3HAaYa€ TEXHIYHI BUMOTH Ta CTAaHAAPTH 070 00ma-
JHAHHS Mepei3/IiB, 32 PI3HUMH KaTeropisiMH Ta Xa-
pakrepuctukaMu. Lli moxymeHTH po3poOuieHi muis
3abe3nedeHHs Oe3MeKn pyxy MO 3ai3HAISX Ta BU-
3HAYCHHS CTaHAAPTIB JJIs BCiX €IEMEHTIB iH(pa-
CTPYKTYpH, 30KpeMa 1 rmepeiziB.

Kareropii mepei3aiB BH3HA4YaIOTh 3a XapakKTe-
POM Ta IHTEHCHBHICTIO PyXy MOi3iB, TPaHCIOPT-
HUX 3acO0IB y MiCIli TIEpeTUHY 13 3ai3HUIICIO Ta
YMOBaMH BUAUMOCTI (Tabi1. 2).

Tabnuus 2
Kareropii 3a7i3HHYHHX nepei3liB 3arajibHOr0 KOPUCTYBaHHS
Table 2
Categories of public railway crossings
[HTeHCHUBHICTB pyXy MOI3/iB MO TO- [HTEHCUBHICTD PyXy TPAHCIIOPTHUX 3aC00iB, aBT./ 100y
AoBHili KOAIT CyMapHO B 2-X HanpaM- | 15 900 201-1000 | 1001-3000 | 30017000 | Mowax7 000
Kax, moi3zis/no0y
BKJIFOYHO
Jlo 16 BKITIOYHO, TaK CaMoO 10 BCiX AV V4 V4 i 11
CTAaHIIMHUX1 HIH'I3HHX KOHiﬂX

17 -100 v v 11| I |

101 - 200 v Il I | |

[Monax 200 I I I | |

Jlo mepei3iB 3araqpHOr0 KOpHCTyBaHHS | kare-
ropii HajekaTb TaKOX Nepei3nu, po3TalioBaHi Ha
MepeTHHaxX 3aJi3HUYHHUX KOJiH, Je moi3au pyxa-
FoThC 31 BUAKICTIO 140 kM/rox 1 OlIbINE HE3alle-
HO BiJl IHTEHCHBHOCTI PyXy TPaHCIOPTHHX 3aco-
0iB Ha aBTOMOO1JIbHIH J0PO3i.

Croroani B mignopsakyBanHi AT «Ykp3anis-
HULS» niepedyBae 4 945 3ai3HUYHUX Mepei3iB, i3

skux 2 343 — 3 aBroOycHUM pyxom; 1 290 — i3 uep-
TOBHUM TIpariiBHUKOM; 1 262 — o0najgHaHi mpucTpo-
SIMU aBTOMATHKH, Y ToMy 4rcii 383 mepeizau obna-
JHaHI YOTHpMa nuiardéaymamu, siki 3a0e3rnevyroTh
pa3oM 3 OCHOBHHMMH IIjar0aymMaMu NOBHE MeEpeK-
PHUTTS TIPOKPKOT YACTHHH aBTOIOPOTH (pHC. 2).
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Puc. 2. TexHiuHe ocHalIEHHS Nepei3/iiB Ha 3aTI3HULSAX YKpaiHU

Fig. 2. Technical equipment of railway crossings in Ukraine

Maifke TIOJIOBMHA BCiX Mepei3fiB po3TamoBaHa
Ha MapuIpyTax OCHOBHHUX MACaXMPCHKUX IepeBe-
3eHb. Tomy mocrae npodiaema yrpumMaHHs i 00ciy-
TOBYBaHHS MiCIlb MEPETUHY 3aNi3HUII W aBTOJO-
pOrH, a 3 ypaxyBaHHSIM TIepeX0ly Ha €BPONEHCHKY
a00 cyMilIeHy KOJIf0 TOCTa€e MATAHHS 010 OYIiB-
HUIITBa HOBUX YW PEKOHCTPYKIII HasBHUX 3aJIi3HHU-
YHHX TepPei3/IiB.

Cepen mizxopiB, 10 ycyBarOTb a0O CYTTEBO
3MEHIIYIOTh aBapil Ha 3aJi3HUYHUX Nepeiznax, Mo-
JKHA BUJIUTUTH TaKi: yIpaBIiHHS PU3UKAMH, TEXHO-
yorii Ta iHHOBaIi, yNPaBIiHHSA KOMIIETEHIIISIMH,
OCBiTa Ta MpaB03acTOCyBaHHs. J1JIs1 OIliHKHM Oe3neKn
PYXy 3ai3HUYHOT'O TPAHCIIOPTY Ta aBTOTPaHCIIOP-
THHUX 3aCO0IB Yy 30HI 3aJII3HUYHUX MEPEI3IiB BUKO-
pHCTAaEMO METOJ MiACYMKOBOro KoedilieHTa aBa-
piliHOCTI, SIKMii 1a€ 3MOTY OLHMTH CTaH Oe3NeKH
B pe3yNbTaTi MPOBEJICHOI MOJIepHi3allii Y1 HOBUX

MPOEKTHUX pileHsb [4]. Benmnunny Ka ans 3amizau-
YHOTO Iepei3ly BU3HAYaEMO HUISIXOM HEPEMHOXKY-
BaHHS ceMH Koe(illieHTIB aBapiifHOCTI

7
KaZHKi=K1'K2'K3'K4'K5'K6‘K7- 1)

i=1

Jlo mporo yacy B MeToi MiACYyMKOBOTO Koedi-
nieHTa aBapiiiHocTi koedinientn K2...K7 3anatots
JICTEPMIHOBAHO JIJIsl IEBHOT'O 1HTEPBaLy, BOHU Ma-
I0Th CTpUOKONOAiOHuI xapakrtep. Lle BmmBae Ha
OCTAaTOYHUII pe3yNbTaT i MOXKE HMPU3BECTH IO Pi3-
HUX 3aXO0JIB 13 MIJBUIICHHS OC3MCKU PyXy Ha 3ali-
3HUYHUX Tepeiznax. YCyHyTH BKa3aHi HEIONIKH
METOJTy IIiJICYMKOBOTO KOeillieHTa MOKHa, BUKO-
pucToByrour Gopmyinu i rpadiku, 3anponoHOBaHi
B poboTi aBTOpIB [2], pHc. 3.
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|

n

N, —xinvrients noi3oie 3a 000y (€YMapHO & 080X HANPAMKAX ),

N, - kimkicmb asmomooinie 3a 066y (CyMaPHO 6 060X HANPAMKAY)

L, —eéidemans eudumocmi noisda,

Hasgnicms w20 oceimuenns 1 Ks = 1, gidcymnicms K; =1.5

R —nassuicine kpueoi e niani
1—103006CHiIl YX1T HA ABMOEOOPO3I Neped nepeizdor

X

T3+0,1-N,

K, =0.0002NV,+0,423
K;=-087Ln(L,)+6,387
K, =959 R'™S
K, =0,041i+0,474

Tarosi po3paxyHkH (mporpama MoveRW)

Trun noxomonmeea, Maca noisoa O,

KoMILUIeKCHe YCTATKYBaHHSA:
1. ABTOMATHYHA CBITIO(QOpHA CHTHATISAIS
2. ABTOMATHMENH (HAMBABTOMATIIHHI) ILTAT OayM
3. 3aropomxyBalbHHA Oap’ epHuil npucTpii (3511
4. Tlot3Hu# panioss’s30K
5_ BimeoHarmsn

B

it abo Mamo Heb i pyx.

Ienyroue yeTaTkyBaHHA Nepeisy 331080 TbHAE]

JIpyK yCTAaTKyBaHHA Iepeimy:

U =1 aemosamuunitii aaz6aya iz agmo

U =2 aemomamuuna ceimioea cuzHausayia,

U=4 mexanizosani utna6aymi 6e3 cusHanizayir

YHOWO CUSHATE

U=3 mexanizoeani waaeoayil 31 CHOGIUATEHOI CHEHATIZAYIERD,

Puc. 3. Cxema anroputMy BU3Ha4€HHs yCTaTKyBaHHsI [epei3ay 3aJI€xXKHO BiJl MiJICYMKOBOTO
koedilieHTa aBapiiHOCTI

Fig. 3. Diagram of the algorithm for determining the crossing equipment depending
on the final accident rate

[lepenbaueHo, 1m0 nepea ynpoBaKeHHSIM IIBU-
JIKICHOTO PyXy IOI3/[iB HA TOMY YH iHIIIOMY Hamps-
MKy OyJie IPOBEICHO KOMILIEKC poOiT, HEOOX1AHUM
JUIsL peamizamii MakCHMalbHOI IIBHUAKOCTI PyXy
160 <V, <200 . Huxye HaBeneHO OIKUC aJropu-
TMY BU3HAUEHHS yCTaTKYBaHHS IEPEi3ly 3aIe:HO
BiJ| IiJICYMKOBOTO KOeillieHTa aBapiiHOCTI:

1. 3 aBToMatu3oBaHoi cuctemu «llepeizn» BBO-
JSITh BUXIHI laHi, HEOOXI1IH1 I pO3PaxyHKY Koe-
¢inienTtie K1, K2, K3, K5, K6, K7, a came: N — ki-

JBKICTh MOI3/1iB Ha 100Y; Na KUTBKICTh TpaHCTIOPT-
HUX 3ac00iB Ha 100y B 000X HampsIMKax; HasBHICTh
HITYYHOTO OCBITIICHHS Mepei3ay (HasBHE — 1, Biacy-
THE — 1,5), pagiyc KpUBOi y TUIaHi Ha MiJX0Aax /o
niepei3ay R; mo3moBxkHiN yXuil aBTOMOOUTBEHOT 10-
POTH Ha MigX0aax J0 mepeizay i.

2. 3a dopmynamu (Tadi1. 2) po3paxoByKOTh KO-
¢inienTtn Kj, 110 BIUIMBAIOTH Ha OE3MEKy pyXy.

3. BBousATh BUXiAHI AaHi 1151 pOOOTH Iporpamu
MoveRW: no3noB:xHii mpodisib, miaH JiiHii, oOMe-
JKEHHSI IBUAKOCTI pyXy T0i3/1a, JJaHi PO PyXOMUIA
CKJ1a]] (THII JIOKOMOTHBA, Maca M0i3/1a TOWIo).
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4. 3a nonomororo nporpamu MoveRW Bukony-
I0Th TATOBI PO3PaxyHKW Uil BCTAHOBJICHHS PiBHA
MIBUIKOCTI PYXY MAaCaXKUPCHKOTO T0i3/1a B MicCIIi po-
3TallyBaHHSA IEpei3ny.

5. YCcTaHOBMIOIOTH piBEHb MIBUIKOCTI Ha Hepei-
3mi. SKmo piBeHb MBHAKOCTI MEHIIE HDK
160 xm/rox, TO 331al0Th YCTaTKYBaHHS Ha mepei3i
Ui (i =4...1), i micnsa KOXXHOTO 33JaHOTO 3HAYCHHS
Ui pospaxoByroTh koedimieHT aBapiiiHOCTI Ka.
Axmo K, <40 — 6e3neuynnii abo 40<K, <60 —
MaJIOHeOe3NeYHUd, TO MOXe OyTH NpUHHSTE pi-
LICHHS 3YNHHUTH TPOLEC MOWIYKY W NPUUHATH
YCTaTKyBaHHs IEPEI3AY.

6. Axmo V,,, >160 — mBuakicHuii pyx, To Oe-
PYTh KOMIUIEKCHE YCTAaTKyBaHHS, IO MICTUTbH: aB-

TOMAaTHYHY CBITIO(OpHY CUTHAJI3allil0, aBTOMATH-
YHUI (HAMiBaBTOMATHYHUM) IIIardaym, 3aropo-
ToKyBanbHUNA Oap’epHuit npuctpiit (3b11), moizHmit
pazmio3B’s30K 1 BiACOHATIIS.

JocnimkeHHs 32 METOIOM MaTeHTHOI 1 TexHid-
HOI craTucTuku Oinpmie HiX 750 miTepaTypHHX
JoKepen 13 3a0e3meueH s IPOIMYCKHOT CITPOMO>KHO-
CTi Ta Oe3MeKH pyXy TPaHCIOPTY Ha mepeizaax Jao-
3BOJIMJIM BCTAHOBUTH MIKHAPOIHUH PaHT 3HAYUMO-
CTi, HOTO EKCIIEPTHY OILIHKY Ta KOe(iIlieHT TrHaMI-
YHOCTi pO3p0O0OK OKPEMHUX €IIEMEHTIB Nepei3HOi CHu-
rHamizanii [11].

CratucTHYHUH aHaIli3 MOKa3as, 0 CBITI0()OpH
MaroTh KoedimienT muHamigHOcTi +0,016; mmmar-
6aymu —0,155; npuctpoi 3aropomxysanus —0,234
(tabm. 3).

Tabnums 3

HanpsiMKu BIOCKOHAJIEHHSI IPUCTPOIB CUCTEM Iepei3Hol curHaJjizauii

Table 3

Directions for improving railway crossing signaling system devices

IIpuctpoi CraTHCTHYHUH aHAII3 Exenep TH&::EZ{;; g;g;f;)H ApAMIY
% BiJ ycix Mi)KVHapOH_ Koe(’piui.eHT Po3BunyTi Toct-p a .
HUU paHr JUHaAM14- . JSAHCBKI1 YKpalHa
JoKepe . . KpaiHu N
3HAYHUMOCTI1 HOCT1 KpalHu
VYcraTkyBaHHS nepeizny: Bceboro 20
cBITIIOhOpH 9 0,10 +0,016 2 1 1
nutaroaymu 7 0,08 -0,155 4 2 2
MPUCTPOT 3aropoKyBaHHS 4 0,10 -0,234 3 1 —

VYcratkyBaHHS Ha mepei3nax — CBITIOdOpH,
nuiar0aymu, 3aropojpKyBalibHi Oap’e€pHi MPHCTPOT
(3bII) — xapakTepu3yeThCsl MiXXHAPOJHHM PaHTOM
3raunmocTti (KCP) i xoedimienToM guHAMIgYHOCTI
(MPC).

Mixcnapoonuii pane snawumocmi (International
Importance Ranking) — MPC. Ileit moka3Huk Bifo-
Opakae BaXJIUBICTH a00 3HAYMMICTH Mepeizmy
B MiXKHAPOJIHOMY KOHTEKCTi. loro MoxHa BU3Ha-
YaTH Ha OCHOBI KUIBKOX (pakTopiB, TAKMX SIK 00CAT
MacaXUPChKUX a00 BAaHTAKHUX TEPEBE3CHb, BaXK-
JUBICTH MapIIPYTiB, HASIBHICTH 3aB’S3KiB 3 IHITMMU
MIXKHApPOJHUMH  TPAHCTIOPTHHUMHU  KOPHUJIOpaMHU
tomo. Ilepeiznu 3 BUIMM MDKHapOIHUM PAaHIOM

3HAYUMOCTI MOXYTh BHMAaraTé OuTbIIOl yBaru
o0 ix 6e3nexu Ta oocinyropyBanHsa. OTxe, MPC
— IIe XapaKTEePUCTHKA, sika BU3HAYa€ e(DeKTUBHICTh
3aropoJIKyBajJbHOTO IPUCTPOIO B 3aM00IraHHi 3iTK-
HEHHSIM TPAHCIIOPTHHX 3ac06iB i3 moiznamu. Moro
BH3HAYaIOTh HA OCHOBI TaKUX ()aKTOPIB:

— Oesmeka pyxy: CTYyIiHb 3aXHUCTY 3arOpOIKY-
BaJBHOIO MPHUCTPOIO BiA 3ITKHEHb TPAHCIIOPTHHUX
3aco0iB 13 mOT3gaMu;

— e(eKTUBHICTB: CTYMiHb BIUTUBY 3arOpOKY-
BaJBHOTO MPHUCTPOIO HA IMPOIYCKHY 3IaTHICTH Iie-
peizny;
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— BapTICTh: BapTiCTh OyAIBHUIITBA, EKCILTyaTa-
1ii Ta 00CIYroBYBaHHs 3arOpOIKYBalbHOTO MpH-
CTPOIO.

MiKHapoOIHUI paHr 3HAYUMOCTI 3aropoiKyBa-
JBHHUX MPUCTPOIB BU3HAUAIOTH 3a LIKAIOW Bif 1 10
5, ne 1 — HallHWKYUH paHT, a 5 — HaWBUILMIA:

MPC =(PBesnexa pyxy -3+ E¢pexmuenicms - 2+ Bapmicmw ) | 6. 2

Jist po3paxyHKy Mi>KHApOJHOTO PaHTy 3HAuu-
MOCTI KOXKHIA XapaKTepUCTHIII IPUCBOIOIOTH IIEBHY
BaroBy OIIHKY. be3neka pyxy mMae MakcHUManbHY
BaroBy OLHKY 3, OCKiJIbKH 11e HalBa)KJIMBillIa Xapa-
KTEPUCTHUKA 3ar0POKYBaJIBLHOTO MPUCTPOoro. Edex-
THUBHICTh Ma€ BaroBy OIHKY 2, OCKUTFKHA BOHA Ta-
KOX € BOYKJIMBOIO XapaKTEPHCTUKO0. BapTicTh Mae
BaroBy OIliHKY |, OCKUTFKM BOHA MEHII BaXJIBa,
HiXx Oe3reka pyxy Ta e(eKTHBHICTb.

BianosinHo o dpopmysu (2),

MPC=(3-3+2-2+1:1)/6=2,33

Takum unHOM, CBiTIO(Op 3 aBTOMATHYHHUM 3a-
KPUTTSIM Ma€ MXKHAPOIHUI paHT 3HAYUMOCTI 2,33,
110 O3HAYaE, 10 MOTO PaHT 3HAYMMOCTI Ha 33 % HU-
X4ui 3a cBiTI0(Op 13 HAWBUIIUM PAHTOM 3HAYUMO-
CTi.

Ceitnodop i3 HAaBUIIUM PaHTOM 3HAYUMOCTI —
e cBiTiIodop, KUl Mae HalBUIIMK Oai 3a MiXHa-
POJIHOKO IIKAJOK 3HAYMMOCTI cBiTiaodopiB. Lo
KTy BUKOPHCTOBYIOTH UIS OIIHKH BaXKJIMBOCTI
cBiTIIO(QOPIB HA OCHOBI TaKUX (PaKTOPIB:

IHTEHCUBHICTh PYXy — KUIBKICTh TPAHCIIOPTHUX
3ac00iB 1 MIIOXO/IiB, SKI MPODKIDKAIOTH Yepe3 Ie-
pexpecTsi MOaHS,

HIBHJIKICTh PYXy — MaKcHMallbHa J03BOJIEHA
IIBUJIKICTH HA Il IISHII JJOPOTH;

KIUIBKICTh aBapiii — icTopisl aBapiii Ha mepexpe-
CTI;

HasBHICTh IIKiJ, JIKAPEHb Ta iHIINX BasKIMBUX
00'eXTiB — CBITIIOPOPH, PO3TAIIOBaHI MO0y Ta-
KHUX 00’€KTiB, 3a3BUYail MaIOTh BHUIIMIA PaHT 3HAYH-
MOCTI.

MixHapo/Ha IIKaja 3HAYUMOCTI CBITIOPOPIB
€ JIUIIIe PEKOMEHIAITIE0, 1 OCTATOYHE PIillIEHHS PO
Te, IKWi CBITIIOQOp Mae HAMBUIIMK paHT, IPUIMaE
Micnea Binajaa. OnHaK MOYKHA IPUITYCTUTH, LIO CBi-
10 OpH 3 HAMBULIMM PAHTOM 3HAYMMOCTI HasBHI
B MeraroJiicax i3 BUCOKAM PiBHEM iHTEHCHBHOCTI
PYXy, HallpUKJIaJl, Y Takux micrax, sik Tokio, Hero-
Vopk, JIOHI0H, a TAKOXK HA XKBABHX TIEPEXPECTIX i3
BHCOKOIO IBUJIKICTIO PyXy (Ha aBTOMAaricTpaisx);

y MICIISIX i3 BUCOKHUM PH3MKOM aBapiii (Ha mepexpe-
CTSIX 13 TIOTAHOK BUANMICTIO); MTOOIN3Y IIKIJ, JIiKa-
PEHb Ta IHIIMX BaXKJIMBHUX 00’ €KTiB. BaxkmuBo 3a-
3HA4YHTH, 110 HABITH CBITJIOPOPHU 3 HAUBHIIUM paH-
TOM 3HAYUMOCTI HE TapaHTYIOTh MIOBHY Oe3MeKy Ha
JOpOrax.

Koeghiyienm ounamiunocmi (Dynamic Factor) —
KJI. Lleit moka3HUK BKa3ye Ha CTYIiHb JUHAMIYHO-
CTi mepeizay, TOOTO HOro CXUIBHICTH 10 3MiH PyXy
TPaHCIOPTHHUX 3aC00iB, IHTEHCHBHOCTI MEpeBE3eHb
Tomo. BiH fgomomarae OliHUTH PIBEHb BaYKIMBOCTI
Ta PU3UKY Ha KOHKPETHOMY IEpei3 i, 10 JO3BOJISE
3aJII3HUYHKUM OIIepaTopam, BJIaji Ta IHIIUM 3allika-
BJICHUM CTOPOHaM MPUAUISTH HAJICKHY YBary IeB-
HUM Tiepei3iaM y TUTaHyBaHHI 3aX0iB Oe3reku Ta
po3BuTKY iHppacTpykrypu. Otxke, K/ — me xapak-
TEPUCTHKA, sIKa BU3HAYAE, HACKIJIBKY IBUJIKO 3aro-
POUKYBABHUN TPUCTPI MOXeE 3aKpUTU TEpei3 .
Moro BU3HAYal0Th HA OCHOBI TaKKX (aKTOPIB:

4ac 3aKpUTTS — 4ac, 3a SKUH 3ar0pOKYBAIbHAN
MIPUCTPIN 3aKpUBaE Mepeiz;

Yac BIAKPUTTS — 4ac, 3a KUK 3aropoiKyBaJib-
HUH TPUCTPIN BiIKpHUBAE TIEPEi3I.

KoeilieHT AMHAMIYHOCTI 3aropoPKyBaJbHUX
MIPUCTPOIB BU3HAYAIOTH 3a mIkamow Bix 1 go 10, me
1 — Hailfnwxuuit koedimieHT, a 10 — HaWBUIINH.

Jis po3paxyHkKy KoedillieHTa JIMHAMIYHOCTI
Yac 3aKpUTTS 1 BIIKPHUTTS 3aTOPOHKYBAILHOTO MPH-
CTPOIO BUMIPIOIOTh Y CEKyHIaX:

Kl = (‘1ac sakpummst + Yac eidkpummﬂ) /60. (3)

PesyabTatn

Hns po3paxynky Koedimienta auHaMI4HOCTI
cBiTIIOpOpa 3 aBTOMATHYHHMM 3aKPUTTAM MOXKHA
BUKOPUCTOBYBATH TakKi JIaHi: 4ac 3aKpUTTSI — 5 ce-
KyHJ, 4ac BIAKPUTTSA — 5 cekyHzA. BigmoBimHo 10
dopmymu (3), KoedimieHT AMHAMIYHOCTI CBITIIO-
(hopa 3 aBTOMaTUYHUM 3aKPUTTAM CTAHOBUTHUME:

KJ]=(5+5)/60=0,167.
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TaxuM YnHOM, CBITIIO()OPA 3 ABTOMATHYHHUM 3a-
KPUTTSIM CTAHOBUTH KOCQIIIEHT JUHAMIYHOCTI
0,167, mo o3Hauae, mo BiH Mae Ha 16,7 % Oinbiny
TUHAMIYHICTh, HDK I1HIN 3aropo/DKyBalbHI MPH-
CTpoOIl.

SIKIIO pO3TILIHYTH NUTAroayMu 3 aBTOMATHIHAM
3aKPUTTSM, TO JJISl PO3PAXYHKY MIXXHAPOJHOTO pa-
HIY 3HAYAMOCTI MOKHAa BHUKOPHCTOBYBATH Taki
nani: Oe3neka pyxy — 2,5; epekTuBHICTb — 2; Bap-
Ticth — 1. Bianosiauo 1o ¢popmynu (2), MixkHapoI-
HUH paHT 3HAYMMOCTI IITardayMa 3 aBTOMaTHYHUM
3aKPUTTSAM CTAHOBUTHME:

MPC=(2,5-3+2-2+1.1)/6=2,167.

Takum unHOM, nutaréaym 3 aBTOMaTHYHHUM 3a-
kpurtssM Mae MPC = 2,167, mo o3Hauae, o Ha
43,3 % Hmwxkue 3a cBiTIodop i3 HAUBUIIUM PaHTOM
3HAYMMOCTI.

Jnst po3paxyHKy Mi>KHApOJHOTO PaHIy 3Hauu-
MOCTi 3aropoJUKyBIbHUX 0ap’€pHUX MPHUCTPOIB
(3bII), Mo)kHA BHKOPUCTOBYBaTH Taki jgaHi: Oe3-
meka pyxy — 2; edexkruBHicTs — 1,5; BapricTh — 1.
BiamosigHo 10 dopmyiau (2), Mi>KHAPOIHHIA paHT
3HaunMocTi 3bI1 cranoBUTHME:

MPC=(2,0-3+15-2+1-1)/6=1,833.

Taxum unrom, 3BI1 marote MPC =1,833, 0o Ha
46,7 % Hmkue 3a cBiTIIO(Oop 13 HAUBUIINM PAHTOM
3HAYHMOCTI.

Jiis po3paxyHKy KoedillieHTa JMHAMIYHOCTI
3BI1 Mo)KHa BUKOPHCTOBYBAaTH TaKi AaHi: yac 3a-
KpUTTS — 15 cexyHp, 9ac BIAKpUTTS — 15 cekyH[I.
BianosigHo 10 Gpopmyinu (3), koedillieHT qruHAMIY-
Hocti 3bII cranoBUTHME:

K1 =(15+15)/60=0,50.

Takum ynHoM, 3BI1 Mmarots K/I = 0,5, 1o Bkaszye
Meniry Ha 50 % aMHaAMIYHICTB, HiX CBITIOhOpa
3 aBTOMATHYHHUM 3aKPHUTTSIM.

Po3paxyHOK MiXXHAPOJHOTO PaHTy 3HAYUMOCTI
1 Koe(ilieHTa TUHAMIYHOCTI JIJIS ACKLIBKOX JIECST-
KiB repei3miB Ha JUISTHIN 3ai3HHUII MOYKHA BHKO-
HaTH 3a JIONIOMOTOI EJIEKTPOHHUX Taluuips abo
CIeIiali30BaHOr0 MTPOrPaMHOI0 3a0e3eUeHHS.

BiamoBigHO 10 IMX XapaKTEPUCTHK, 3aropo-
JOKYBaJIBHI TIPHCTPOi Ha Tepei3nax MOXKHA IOJi-
JIUTH HA TaKi TPyIH:

I'pyna 1: puctpoi 3 HAUBHUIMM MIKHAPOJHUM
PAHTOM 3HAYUMOCTI 1 KOS(II[IEHTOM TUHAMIYHOCTI.
Jo i€l rpynu Hanmexatb CBITIIOHOPH 31 3BYKOBOIO
CUTHAJI3aIli€ro0 1 nmurarbaymMu 3 aBTOMAaTHYHUM 3a-
KPHUTTSIM.

I'pyna 2: mpucTpoi 3 BUCOKHM MIKHAPOIHIM
paHTOM 3HAYMMOCTI 1 KOe(iliEHTOM AMHAMITHOCTI.
o wi€i rpynu Hanexatb CBiTAO(OPH 31 3ByKOBOIO
CUTHAJTI3AIEI0 1 MPUCTPOI 3arOpPOIXKYBaHHSI 3 aBTO-
MaTUYHUM 3aKPUTTSIM.

I'pyna 3: npuctpoi 3 cepenHiM MiKXHAPOIHUM
PAHTOM 3HAYUMOCTI 1 KOS(II[IEHTOM TUHAMIYHOCTI.
o mi€ei rpynu Hanmexxathb cBitaodopu 6e3 3ByKOBOT
CUTHaNI3aIl i nuraréaymu 3 pyqyHUM 3aKPHUTTSIM.

I'pyna 4: npuctpoi 3 HU3BKUM MIKHAPOJHUM
pPaHTOM 3HAYUMOCTI 1 KOe(II[IEHTOM THHAMIYHOCTI.
Crou Hanexarb MIPUCTPOI 3arOPOAKYBaHHS 3 pyd-
HUM 3aKpUTTSM.

Baxnuso 3aznaunth, mo MPC Tta K]l He 3aB-
KW 9iTKO BiATIOBINAIOTh IpymaM, TOOTO MPUCTPil
MOK€ MaTH XapaKTEPUCTUKH, IO HE BiIIOBINAIOThH
vioro rpymi. Ilix wac BUOOpPY 3aropoKyBajabHOTO
MIPUCTPOI0 BAXKJIMBO BpPaxOBYBaTH BCi (DaKTOpH,
a He jnume rpymny. Hanpukmnan, ceitmodop 3i 3Byko-
BOIO CHT'HaJI3alli€lo Ta 6e3 nuiarbayma Moxe MaTH
MPC ta K/I, mo BiamoBinatots ['pymi 2, a ve 'pymi
1. HlnarGaym i3 pyYHHM 3aKpHUTTSIM, SIKHH BUKOPH-
CTOBYIOTh Ha Tepei3/li 3 BUCOKUM PH3HKOM aBapil,
mosxke matu MPC Ta K/]1, 1o Bignosigarots ['pymi 3.
PexomennoBano nepesipsatu MPC ta KJI koHkper-
HOTO 3aropoXKyBaJbHOTO MPUCTPOIO TEpel HOro
BUKOPUCTAHHSIM.

V HaBenennx naHnx «CTaTUCTHYHUI aHai3)»
(Tabn. 3) BkazaHO 3Ha4YeHHs Koe(illieHTa paHTy
3HaunMocti (MPC) mns mmarGaymiB i mpuCTpoiB
3aropoikyBanHs. 3HaueHHss MPC nys nuiaroaymis
1 IPUCTPOIB 3arOPOKYBaHHS € HETaTHBHUMH, IO
03HaYae, 10 BOHU MAIOTh HIDKYMK paHT 3HAYMMO-
cTi, HiX cBiTIOhopH. 30Kpema, 3HaueHHsI MPC st
nutarbaymiB gopiBaioe -0,155, mo o3Hagae, 1m0
BOHM MarOThb PaHr 3HauuMocTi Ha 15,5 % Hmxkue
HiXk cBiTnoopu. 3uauennss MPC miist mpuctpoiB 3a-
ropo/ukyBanus gopisHioe —0,234, 1110 03HaYae, 110
BOHM MalThb paHr 3HauuMocTi Ha 23,4 % Hmxkue
HiXk cBiTiodopu. ToOTo cBiTIOdOPH € OiIbI edhek-
TUBHHUMHU JUIsI 3a1100ITaHHs 3ITKHEHHSIM TPaHCIIOPT-
HUX 3aco0iB i3 moi3gamu, HiX HUIardaymu i npu-
CTpOi 3aropoKyBaHHS.
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Bubip 3aropomxyBaibHOTO MPUCTPOIO IS KOH-
KPETHOTO Tiepei3ay — e KOMIUIEKCHE 3aBIaHHs, Mif
Yac BUPIMIEHHS IKOT'0 HEOOXiHO BpaXxOBYBaTH TaKi
(hakTOpHU: IHTEHCHBHICTD PYXy TPaHCIIOPTY HAa Tie-
pei3ai; BUA TpaHCIOPTY, SIKUH MepeTuHae mepeisn;
MIBUJIKICTH PyXy TPaHCTIOPTY Ha TMepei3/ii; mupruHa
nepei3ay; reorpadidyHi yMOBH B MiCIi pO3Tamry-
BaHHS Tepei3ny; ekoHoMiuHi (aktopu (BapTicTh
OymiBHUITBA, EKCIUTyaTallii Ta 00CIIyrOBYBaHHs 3a-
TOPO/DKYBAILHOTO IPUCTPOIO).

Ocrarounuii BUOip THITy IPUCTPOIO OE3MEeKH IS
nepei3ny 3aleXuTh BiJ TaKuX (akTopiB, K PiBEHb
Oe3rekn, SKOTO HEOOXIMHO MOCSTHYTH, BapTiCTh
MIPUCTPOIO, CKIIAIHICTh 0OCITYTOBYBaHHSI IIPHUCTPOIO.

Buiie 0yi10 3a3Ha4€HO, 1110 B 11ik pOOOTI pO3IIIs-
HYTO TTUTaHHA OyJIIBHUIITBA TIEPEi3/IiB HA JUITHKAX
SIK HOBO1 Tpacu eBporeichkoi komii 1 435 MM, Tak
1 pEKOHCTPYKIIii OKpeMHX HAmNpsIMKIB i €BpocTa-
HIApT 13 3aCTOCYBaHHAM  CYMIIIEHOI  KOJIii
(1 435/1 520 mm). 3po3ymisto, 110 KOHCTPYKIIis TTe-
peizaiB y mux Bumaakax Oyne pisHoro. Hampukian,
Ha HanpsAMKY JIbBiB — KuiB niisiHKa nepaBHHUN KO-
paoH — Kosens — Capau — KopocTeHb € 0JTHOKOMi#-
HOI0. OTKe, MOYKHA PO3TJISIIATH JIBA BapiaHTHU:

— BapiaHT |: 3aJMIIaOTh HAsSBHY KOJIIO HIMPH-
HOIO 1 520 MM Ta OyAylOTh APYry I'OJOBHY KOJIIIO
wupuHOK 1 435 mm;

— BapiaHT 2: 3aIMIIAI0Th OJJHOKOJIIHY UISTHKY
3 yKnaganasaM cymirienol komii 1 520\1 435 mwm.

JIHINPOBCBKE HAYKOBO-KOHCTPYKTOPCBKE TeEX-
HOJIOTiYHe OIOpO KOMIWHOTO rocmomapcTBay (imil
«HAKTI» AT «Yxkp3anizHuis» po3pobisie craH-
JapT 1 KOHCTPYKIIIFO ITepei3/iB 3 yHIBEpCATLHUM 3a-
J300€TOHHUM HACTHJIOM 4Yepe3 3alli3HUYHI KOl
3 petikamu Ty P65 ta UIC60. CtanmapT 3acToco-

BYIOTH TiJl Yac MPOEKTYBaHHs Mepei3ay 3 yHiBep-
CaJIbHUM 3a1i300€TOHHUM HAaCTUJIOM 4Yepe3 3aji3-
HUYHI KOJIii, HOTO MOTOYHOTO YTPUMAaHHS Ta PEMO-
HTY.

PosrnsiHeMo 0coOMMBOCTI KOHCTPYKLIT KOl
B 30HI Tepei3ay, sKi BIUIMBAIOTh HA XapaKTepHC-
TUKY ii HarpyxeHo-nedopmoBaHoro crany. HacTtwn
CY4YacHOTO 3ajli3HUYHOTO Nepei3ay, SK MpaBuio,
CKJIQJIAEThCS 3 TPHOX PSJIB 3113006 TOHHUX TUIHT.
s MBOKOJIIHHOI MIITHKY KOXKEH DS Ma€ IIiCTh
TUTHT, SIKi YKJIQAAI0Th A0 1 MiC/Is peHKH, BOHH MAIOTh
oOnupaHHs 3 )KOPCTKUM KPIiIUIEHHSM /0 3aiizo00e-
TOHHOI MIMAaJH CreniadbHoi KOHCTpYKIii. Ilo goB-
JKUHI KON KOXKHA TUIMTA TIPHUKPIMJIEHA IO 1 STH
Imai.

Jiis BcTaHOBIIEHHS PO3PaxyHKOBUX BapiaHTIB
MIPOBEJICHO CTATHCTUYHHUN aHAIi3 TMACIIOPTIiB mepei-
3[[iB HA OKPEMHX HANpsSMKaxX perioHambHHUX (imiii:
Kuis — Kopocrens (ITiBaenHo-3axigHa 3ami3HUII),
3nonoyniB — JIbBiB (JIpBiBCchKa 3amizHu), [1°sTH-
xatku — [{ainpo — Yamumnae ([IpunHinpoBchka 3aimi-
3HUI) Ta iH. YCTaHOBJIEHO, IO KYT MEPETHHY aB-
TOJIOPOTH i3 3aJi3HUIIEIO CKIIAAae B OCHOBHOMY 90,
3yCTPIYArOTBCS JEAKi NEPETUHU i KyToM 60° 1 Ha-
BiTh MeHIIe . [lluprna nepeizay KoamuBaeThCs B OC-
HOBHOMY Bix 6,0 1o 11,0 MeTpiB.

Juis mepeizniB i3 mBoma Ta OinbIie KOMisIMu Ki-
JIBKICTH TUTAT IOMHOKYIOTh Ha KpaTHE YHCIIO KOJTii.

Y po6oTi po3rasHyTO pi3Hi BapiaHTH MEpei3IiB,
10 BKITIOYAIOTH KYT MEPETHHY 3aJ1i3HUIII aBTOMOOI-
JIBHOIO JIOPOTOI0 1 HIMPHHY MPOIXKIXKOI YaCTHUHH.
J111s1 KO’)KHOTO 3 BapiaHTiB BU3HAYEHO OOCSTH POOIT
1 pOo3paxoBaHO YKPYITHEHI IIOKa3HUKY BapTOCTi BlIa-
IITYBaHHS 3aJII3HAYHOTO TIepei3ay I Jyac KamiTa-

abHOTO pemonTy (K ):

K =-0,008502b? + 0,14030°b — 0,29460° + 0,6240b? —13,847ab + 6,9010, +15,68b% +192b + 2581.

HaykoBa HOBU3HA Ta NPAKTHYHA
3HAYHMICTh

Po3pobieno iHTerpoBaHy MoAenb OLIHKU Oe3-
MEKU 3aI3HUYHUX Tepei3/iB, sKa BPaxoBye HE
JIMIIIE TPATUINMHI MOKA3HUKU (4acToTa aBapii, iH-
TEHCHUBHICTb PyXY), aJie il HOBi (haKTOpH, TakKi K Ha-
JAHICTh 00NIaIHAHHS, JIFOJICHKUH (paKTOp Ta BILTUB

30BHIIIHIX YMOB. 3amporioHOBaHA MOJEJb JI03BO-
Jisie BU3HAYATH OiIbII TOYHHN MPOTHO3 PU3MKIB Ta
o0MpaTH ONTHMAJIBbHI PILICHHS 010 MOAEPHi3awii
nepeizaiB 3 ypaxyBaHHSIM KOHKPETHHX YMOB €KC-
IIyaTarfii.

CdopmynboBani pekoMeHIamii MOXYTb OyTH
BUKOPHUCTaHI IJ1s1 pO3pOOKH e(EeKTUBHUX MPOrpam
MOJIEpHI3aIil 3ali3HHYHUX Tepei3niB B YKpaiHi.
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VYnpoBamkeHHs 3anpOlOHOBAHUX TEXHOJIOTIH J0-
3BOJIUTH MiABUILUTH piBeHb Oe3neku pyxy Ha 20 %
Ta 3MEHIIUTH CEPeIHIN Yac OUiKyBaHHS Ha mepeizi
Ha 15 %. Kpim Toro, ne crnpusitnMe miABUIIEHHIO
MPOMYCKHOI CIPOMOXKHOCTI 3ajli3HULIb Ta 3HU-
YKEHHIO BUTpAT HA yTPUMAaHHSA 1H(QPACTPYKTYPH.

BucHoBku

Jnsi 3HWKEHHS PUBHKY JIIOJCHKHX TOMHIIOK
1 M ABUILEHHS PiBHS O€3MEeKN BaYKIMBO BIPOBAKY-
BaTH CydYacHI TEXHOJOTii Ta HOBITHI pPO3POOKH
moa0 eQeKTUBHUX pillleHb Y cdepi Oe3neku pyxy
Ha 3aJli3HUYHUX niepeizaax. OcoOnuBy yBary BapTo
NPHUIUTATH MOMINPEHHIO HASBHUX PIIlICHb Ta aKTHB-
HOMY BIIPOB3 PKEHHIO 1HHOBAIIiH, HATIPUKIIA]: 00Ja-
JTHaHHS TIePei3IiB CUCTeMaMH Oap’€pHOro 3aropo-
JoKEeHHS (BChOTO 8 Ha JiNsTHKaX Y Kp3aTi3HUIL ), BCTa-
HOBIICHHS BiJIeOCTIOCTepekeHH (Jniie 9 mepei3ziB)
1 4oTHpBOX HuIardaymis (Bcroro 383 mepeizam).

Heo0xiHO BIOCKOHAIIOBATH METOAMKY OIIIHKU
PUBUKIB T pO3POOKH OOTPYHTOBAHOi CTpaTerii
ynpaBniHHA nepeizgamu. 11ix gac omiHIOBaHHS CITiJT
BPaxoOBYBaTH TaKi KIIOYOBI (aKTOpH, K pO3TALILy-
BaHHJ Tepei3my (mwaH, mpodisb, BUANMICTE), iHTE-
HCHUBHICTB PyXY (3a1i3HUYHOT0, aBTOMOOIJILHOTO Ta
MIIIOX1THOT0), @ TAKOX aHai3 JaHUX MPO aBapii.

3a JOMOMOrOI0 METOAIB i€papxild, MO3KOBOTO
MITypMY Ta IHIITNX iHCTPYMEHTIB AOIUJIFHO BU3HAYATH
HaIllHI ITOKa3HWKU U1 KOMIUIEKCHOI OLIHKH O€3-
nieku. L{e oXornitoe Bei acmiekTr MpOoeEKTYBaHHS, OyIi-
BHUIITBA, 0OCITyTOByBaHHS Ta €KCILTyaTallii 3ai3HIY-
HOI iH(GPACTPYKTYpH, CIPSIMOBaHI Ha TapaHTYBaHHS
0e3MeKy MacaKMpiB 1 TPAHCIIOPTHHUX 3aC00iB.

AHani3z HaBeJJeHUX JaHuX BKa3ye, 10 B YKpaiHi
4epes3 BIICYTHICTh OOTPYHTOBAaHOT KOHIIETIIIii BJIOC-
KOHAJICHHSI CHCTEMU Oe3IeKH 3aIi3HUYHUX Tepei3-
JIiB TIPIOPUTETH B PO3BUTKY LIUX IMiJICHCTEM Bipi3-
HSIOTBCS BiJl TIPIOPUTETIB PO3BHHYTHX KpaiH, IO
HETaTHUBHO BIUTMBAE Ha €(EKTUBHICTh (PYHKIIOHY-
BaHHsI HeOe3MeYHUX TPAHCHOPTHUX 00’ €KTIB — Iie-
peizmiB.

PexoHCTpyKITis 3aTi3HUYHIX TTepei3/iB i3 3aCTo-
CYBaHHSIM 1HHOBAIliHHUX TEXHOJIOTiH MOXE CYTTEBO
MOJINIIUTH 0€3NeKy PyXy Ta CTBOPUTH YMOBH JUIS
HIBUIKICHOTO pyXy Noi3aiB. Cepel TakuX TEXHOJIO-
T BUIUISIIOTE:

— CUCTEMH aBTOMATUYHOTO KOHTPOITIO Ta YIIPaB-
JiHHA Tepei3aaMu, SKi aBTOMaTHYHO 3aKPHUBAIOTh

nepei3n y pasi HaOMMKeHHs 1Moi3ja, 3amo0iraroun
3ITKHEHHSIM TPAHCTIOPTY 3 PyXOMHUM CKJIaJI0OM 3aJli-
3HHLI;

— CHUCTEMH BiZ€OCIOCTEPEIKEHHS, 110 T03BOIIS-
I0Th BUSIBIISITH 3arpO3H, HAIIPUKJIIA, IEPEIIKOAN Ha
riepei3ai abo aBTOMOO1LITi, BOAIT IKMX ITHOPYIOTH 3a-
OOpOHHMI CHTHAT,

— CHCTEMH LITYYHOTO iHTENIEKTY, 3JaTHi aHali-
3yBaTH JaHi 3 pi3HHUX JKepen (Bigeokamep, AaT4u-
KiB, METCOCTAHITI}) 1 TpUtMaTH PIIICHHS OO0 3a-
KPUTTS epei3ny B aBTOMAaTUYHOMY PEXKUMI.

VYnpoBamKeHHsI TaKMX TEXHOJIOTIH Jae 3Mory
CKOPOTHTH dYac 3aKpUTTSA Tepei3fdiB, IiABUIINTH
MIPOITYCKHY 37aTHICTb 3aJi3HUIII, TOIMIITUTHA BUIH-
MICTb TIepei3/IiB sl BOJIIB, @ TAKOXK 3MEHIIHUTH Ki-
JIBKICTH aBapii.

OxpiM IIFOT0, BAIKIIMBUM BHKJIUKOM € TEXHIUHA
HECYMICHICTbh YKPaiHCHKOI 3aJ1i3HHYHOI iH(pacTpy-
KTypH 3 €BPONEHCHKUMHU CTaHAapTamMu. PinreHHsIM
MOJKE€ CTaTH IMOCTYIOBHH MEPeXiJ] Ha €BPONEHUCHKY
KOJifo, 0 3a0e3MeuYnTh iHTEeTpamilo yKpaiHChKOT
3asizHuUIi 10 Mepexxi €C. Ha mapiipyrax, ne 3ara-
HOBAHO BIIPOBAHKEHHS KOJI1 €BPOIEHCHKOro CTaH-
JapTy, MOTOYHUHN CTaH Mepei3liB 4acTo HE BiIIOBi-
Jla€ CydacHUM BHMOTaM, TOMY HeoOXimHa ixHs pe-
KOHCTPYKIIisl.

AHaITi3 HayKOBUX JOCTIKEHb 1 MpOBeIeH] po3-
PaxyHKH J03BOJIUIIM BU3HAYHTH KIIIOYOBI (haKTOPH,
0 BIUIMBAIOTh HA PU3WKK Oe3NeKu Ha Iepeiziax,
Ta OKPECJIUTH IHHOBAIiHI TEXHOJIOT11, Ki eheKTH-
BHO 3aCTOCOBYBAaTHMYTh B MEPEKi YKpPaiHCHKUX 3a-
Mi3HUIB. IX ypoBaKeHHs CTaHe BaKJIMBHM KpPO-
KOM y TapaHTyBaHHI Oe3meku pyxy, 30epekeHHi
JIOJICBKUX KUTTIB 1 CIIPUATHME iHTErpailii B €Bpo-
NIEUCHKY TPAHCIIOPTHY CHCTEMY.

IMopsika

JocnipkeHHst, pe3ynbTaTH SKOI0 BHKIAICHO
B LIl CTATTi, MPOBEJICHO 3a MiATPUMKHU rpaHTy Ha-
HiOHAJILHOTO (GOHAY MOCTIKEHb YKpaiHu B XO.i
peamizamii npoekty «HaykoBe oOTrpyHTYBaHHS
BIIPOBAKEHHS €BPOTEHCHKOI KOIii Ha TepuTopii
VYkpainu B MOBOEHHUH 1epio1y (peecTpariiitHuii Ho-
Mep npoekty 2022.01/0021), oTpuMaHOTO B paMKax
KoHKYpcy «Hayka ans BinOynoBu Ykpainu y BO€H-
HHU Ta TTIOBOEHHUN TIEPIOIID».
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Modernization of Existing Level Crossings in the Areas of Construction of the
European Standard Railway Track in Ukraine

Purpose. The article aims to analyze modern technological solutions to improve the level of safety at railway
crossings, prevent emergencies and ensure uninterrupted traffic. Methodology. The study is based on the use of math-
ematical modeling and numerical methods to analyze the impact of modernization and new projects on the level of
safety at railway crossings. Using computer modeling, mathematical models were built that reflect different scenarios
of crossings. Based on the data obtained, the effectiveness of the proposed measures was assessed and recommenda-
tions for further optimization of the security system were developed. To evaluate the effectiveness of the proposed
measures, a system of indicators has been developed to quantify the level of safety of railway crossings before and
after modernization. These indicators take into account the daily intensity of train traffic through the crossing, the
daily intensity of traffic on the road, the equipment of the crossing, the radius of the curve in the plan and the longi-
tudinal slope of the road on the approaches to the crossing. Findings. An improvement of the method of the final
accident rate, which is one of the most common tools for assessing traffic safety at railroad crossings, is proposed.
The application of this method made it possible to quantify the level of risk of accidents and analyze the effectiveness
of measures aimed at improving safety. The method is relatively easy to use and does not require complex mathemat-
ical calculations, and allows taking into account a wide range of factors affecting traffic safety at a level crossing,
such as traffic volume, design features of the level crossing, availability of signaling, etc. The final coefficient was
used to compare the safety level of different crossings and track the dynamics of changes in their equipment over time.
This made it possible to identify crossings that require priority modernization, as well as to predict changes in the
initial and calculated data and plan measures to introduce innovative technologies that improve traffic safety at cross-
ings. Originality. An integrated model for assessing the safety of railroad crossings has been developed that takes
into account not only traditional indicators (frequency of accidents, traffic intensity) but also new factors such as
equipment reliability, human factor, and the impact of external conditions. The proposed model makes it possible to
determine a more accurate risk forecast and choose optimal solutions for the modernization of level crossings, taking
into account specific operating conditions. Practical value. The formulated recommendations can be used to develop
effective programs for the modernization of railway crossings in Ukraine. The implementation of the proposed tech-
nologies will increase the level of traffic safety by 20% and reduce the average waiting time at a crossing by 15%. In
addition, it will help to increase railroad capacity and reduce infrastructure maintenance costs.

Keywords: railway crossing; interoperability; modernization; combined track; road safety
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Onrumizaniss BUNIPaBJIeHHS! KPUBHX Y IVIAHI 32 IONOMOT0K0 KOMIT’IOTEPHOT0
MO/IeJTIOBAHHS [IUIsl MiIBUIIIEHHSA 0e3MeKn pyXy Moi3aiB

Mera. ABTopu nepenbadaroTh pO3pOOUTH Ta BIPOBATUTH IHHOBAIiHHI MiIXOAHW IO ONTHUMI3AIll BUIIPaBICHHI
KPHBUX y TUIaHI 3aJTI3HUYHHX KOJIH 32 JOTIOMOTOK0 KOMIT'FOTEPHOT0 MozeoBaHHs. Lle npouec Mae Ha MeTi: IiJBH-
LIEHHs 0e3MeKH pyXy; MOJIMIIeHHs TUIABHOCTI X0y, IO MiBUIYE KOM(OPT MacakxupiB; yCyHEHHs 0OOMEKEHb LIBH-
JIKOCTI Ha KPHBHX JIUISHKax, IO JO3BOJISE CKOPOTHTH 4Yac Y JOpO3i Ta MHiJBUIIUTH MPOMYCKHY CHPOMOKHICTbH
3aJ1i3HHI[b; 3MEHILICHHS BUTPAT Ha 00CIyrOBYBaHHA KOJii Ta PEMOHT PYXOMOTO CKJIafy. 3aCTOCYBaHHS CIELiaJIbHOTO
MPOrpaMHOro 3a0e3Me4eHHs Uil CUMYJISLIi PI3HUX CLEHapiiB pyXy MOI3MiB MO CKOPUI'OBAaHUX KPUBHX TO3BOJIUTH
OLIHUTH BIUIMB CTPYKTYpH IIOi3J0NOTOKY Ha MHIBUAKICTH PYXy, JAWHAMIKY DYXOMOIO CKJaay Ta CTaH KOJIii.
Metopauka. JlocnimxeHHs 6a3yeThcs Ha TeOpil MATEMaTHYHOTO MOJEIIIOBAHHS Ta YUCEIbHUX METOJAaX PO3PaxXyHKiB.
[t OIIyKy ONTHMAIbHOTO BapiaHTy PEKOHCTPYKIIT 3ali3HUYHHX JTJISTHOK JiHII0 PO3IIISIHYTO K KOMILIEKCHY CHC-
TeMYy, sIKa CKIIAIAEThCS 3 PI3HUX 00’ €KTiB iHPpacTpykTypH. Lli 00’ €KkTH Yepe3 He3aJOBITEHIH TEXHIYHUHI CTaH MOXYTh
00Me)XyBaTH IMIBUIKICTh PYXy Ha IEBHUX IiNsAHKAX. Po3B’s3aHHA Li€l 3a1a4i € CKIQAHIM 4epe3 B3a€MO3aJIeKHICTh
TakAX 00’ €KTIB: CKOPOUCHHA Yacy pyXy Ha OKpeMil TUISHII HE € JiHIHHUM, a OTPUMAaHHS TOYHHUX PE3YNIbTATiB IOT-
pedye TPOBEICHHS TATOBHUX PO3PAXYHKIB 3 ypaxXyBaHHSIM pI3HHX BapiaHTIB YCYHEHHS OOMEKEHb IIBHAKOCTI.
Pe3yabTaTH. 3a1IpOIIOHOBAHO AJITOPUTM PO3PAXYHKIB I ONITHMI3aLil JOBIUX AUISHOK 3aTi3HHYHOT KOJIii. AITOPHTM
JI03BOJISIE BPaxOBYBaTH OakaHMH HANpsSMOK 3CYBIB y KpPHBHX, LIO 3Ha4yHO IIOJIETHIYE MpOLEC ONTHUMI3allii.
HaBeneno mnpukiajg po3paxyHKiB 3a 3alpONOHOBAHMM ajrOPHUTMOM, SIKUH JAEMOHCTPYE €(QEKTUBHICTb MiAXOMY.
HaykoBa HoBH3HA. P0O3B’s13aH0 HayKOBO-TIPUKJIAIHY 3a7aqy ONTHMI3alii polecy KOperyBaHHs 3ali3HUYHUX KpHU-
BUX y tuiaHi. Lle cripusie miBUIEHHIO OE3MEKH Ta MIBUAKOCTI PyXYy MOT3/iB 3aBSKH BIPOBAKCHHIO HOBITHIX METO/IiB
KOMIT FOTEpHOTO MoJietoBaHHs. IIpakTuyHa 3HaunMicTh. Peanizalis 3anponoHoBaHol TeXHOJIOTIT onTuMisaii 3a-
J3HUYHOTO TUTaHY JTO3BOJHTH CYTTEBO ITiABHIINTH IMIBUIKICTH 1 O€3MEKy pyXy MOi3/iB, a TAKOXK 30UTBIIUTH MPOITyC-
KHY CIIPOMOJKHICTh 3aJII3HHYHHX JiHIH. Lle cTaHe BaXKITMBHUM KPOKOM IS iHTErpallil yKpaiHChbKUX 3aJli3HUIIb 10 €B-
pOIEHCEKOi TPAaHCIIOPTHOT CHCTEMH.

Knrouogi crosa: ogHOpaliycHa KpHBA, CKJIaJ0Ba KPHBA; KOMIT IOTEPHE MOJCIIOBAHHS; ONTUMI3allisl KPUBHX; CHUC-
TeMa aBTOMaTH30BaHOTO NIPOEKTYBAHHS

pO30MBarOTh BEPXHIO OYJOBY KOJii, EKCILTYaTYIOTh

Beryn Ha OJIHUX 1 THMX caMUX JUISHKaX 3aii3Huib. KpiMm

Toro, mpodiye Koii Ha MapuipyTax [HTepciti+ Mae
BEIMKY KUTBKICTh KPUBUX 1 AUITHOK 3 OOMEKEHHIM
mBuAkocTi. [le mpu3sBeno 1o Toro, mo nojaaibiie i
MIJBUIICHHS JUISI MIXKPETiOHAIBHUX €JIeKTPOIOi3-
IIiB 3 YpaxyBaHHAM JIOTPUMaHHS HEOOXiTHUX YMOB
Oe3nexu HemoxxiuBe [3]. Y pesynbTarti apyruii eramn
BIIPOBAKCHHS B YKpaiHi JCHHUX IIBUIKICHUX I1a-
CaXUPCHKUX TIEPEeBE3CHb YK€ CHOTOAHI Oararo
B YOMY BHYEPIIAB CBiii TOTEHIIaN JUI IEPCIIEKTHB-
HOro po3BUTKY. Ll cuTyalliss BUMarae akTHBi3alii
poOOTH 3 MIATOTOBKH IO TPETHOrO, HAWOIIBII BU-
TPaTHOT O, aJie 1 HalO1IbII e)EKTUBHOTO eTaIy BAO-
CKOHAJICHHS IIBUJIKICHUX TIepeBe3eHb. Y cTatTTi [2]

CyuacHe 3ali3HMYHE CIOIYYEHHS HEMOXIIUBO
YSIBUTU 0€3 BUCOKHX IIBUAKOCTEH SIK OCHOBU iHHO-
BallifHOTO PO3BHUTKY 3alli3HMIG. 3rimHo 31 Ctparte-
Ti€10 PO3BUTKY 3aTI3HUYHOTO TPAHCTIOPTY YKpaiHHu,
BITPOB/KEHHS IIBHJKICHOTO PyXy IOi3/1iB Ha Te-
putopii YKpaiHu 103BOJNUTH CTBOPUTH €AUHY Me-
PeXY MIBUAKICHUX 3aJi3HHUIb, IO Oyae CIPHITH
30UIBIICHHIO KITBKOCTI TPAaH3UTHUX MACaKUPIB HA
HanpsMkax €Bpocoro3—YkpaiHa.

B Ykpaini cknanucs yMOBH, KOJIM MiXXperioHa-
JIbHI IIBUIKICHI €JICKTPOIIOI3/IM 1 BAHTaXKHI BArOHH,
MapK SIKUX KPUTHYHO 3HOIICHMH 1 SIKI MPAKTUYHO
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KOHCTAaTOBAHO, IO «TPETii eTam BIPOBAHKEHHS
HIBUJIKICHUX MAacCaKUPChKUX IEpeBe3eHb 31 3Hau-
HUM CKOPOYCHHSIM 4acy B JIOPO3i Ha MapipyTax
InterCity+ BHMarae BHKOPHCTAaHHS pPyXOMOTO
CKJIQy 3 eKCIUTyaTaliiHUMH  IIBHIKOCTSIMH
200 xM/T0J1 1 BUIIIE 3 OJHOYACHUM BIOCKOHAJIEHHIM
3ali3HUYHOI iIHPPACTPYKTYpPH BEPXHBOI OYIOBHU KO-
JIii Ta cHcTeMH eeKTpudikalii 3 BUIIJICHHSIM OKpe-
MUX JIHIA JUIs TIBUAKICHOTO TACaKUPCHKOTO CIO-
JYYCHHS 1 BAHTAKHOTO PYXY».

[IpoBenenwmit aHATI3 KPUBUX ITOKA3aB, IO 3 TIH-
HOM 4acy KpHBa MOXK€ BUJIO3MIHIOBAaTHCS BITHOCHO
MOYaTKOBOTO TOJOKEHHS Yepe3 MEeBHI MPUYHMHH.
[Tepma — He30amaHCOBaHE HABAHTAXKEHHS SK Ha
BHYTPIIITHIO, TaK 1 HA 30BHINIHIO PeHKH BHACIIIOK
MEPEBUILCHHS TiJBUIICHHS 30BHIIIHLOI PEHKH Ha
HU3BKHUX IIBUIKOCTAX a00 Ae(ilUTy MiABUINCHHS
Ha BHCOKHX IIBUAKOCTSX 3aMiCTh PIBHOBa)KHOI
IIBUAKOCTI, IS sSKOI Oyyo mepeadadyeHo IIiBH-
mieHHs. J[pyra npuyiHa — BIUIMB BETMKUX TOPH30-
HTaJBHUX CHUIIL, IO JIIOTh HAa PEUKH Bif moi3iB. ['o-
PHU30HTAIBHI CHITN 3MIHIOIOTh OOpHC KPUBOI, 3MEH-
UIYIOYX YM 30UTBIIYIOYH KPUBU3HY B OKPEMHUX MicC-
X, M0 TPU3BOAWTH 110 3MIiHH BiAIIEHTPOBOTO
MIPUCKOPEHHS 1, SIK HACNIJIOK, TOPYIIYyE TUIaBHICTh
pyxy noizniB. TakiuM YHHOM, JUTS BiTHOBJICHHS IL1a-
BHOT'O PyXy TPaHCIIOPTHHX 3aC00IB Ha IUX KPUBHX
CTa€ HEOOXITHUM BUMPABICHHS KPHBOI i KOpEry-
BaHHs 11 mapameTpis [9].

1106 mpoBecTH BHUIMpaBIIeHHsS KPUBHX, HEOOXi-
JTHO MaTH JIOCTOBIpHY iH(OpMAIIifO PO IJIaH 3ai-
3Humi. Lle moB’s13aHO 3 BUMIPIOBAHHSM BEIIMYUH,
110 BU3HAYAIOTh [COMETPII0 3aTi3HUYHOT KoJii. Tak,
y cTaTTi noJbchbkux (axiBiiB [13] 3anpomnoHoBaHO
IHHOBAIII{HUA METON BU3HAYECHHS IOJIOKEHHS OCi
3aTi3HAUYHOI KOJii, SIKMi BUKOPHCTOBYE MpHMayi
I'moGanbHOT HaBiramiiHOi CyIMyTHUKOBOI CHCTEMH
(GNSS).

SKIo peasibHi XapaKTePUCTUKH IUIaHy JiHIT Bi-
JPI3HSOTHCS BiJI MPOEKTHUX, 116 MOXKE BUKIUKATH
a00 oOMexeHHS IBUIKOCTI, a00 IepeBUINEHHS HO-
PMaTHBIB, 110, Y CBOIO YEPTy, MOXKE MPHU3BECTH IO
3HWKEHHS PiBHS Oe3leku Ta KOM(GOPTHOCTI PyXY,
710 301IBIIIEHHST CHJT B3a€MOJIIT MK KOJIecaMu PyXo-
MOTO CKJIaJly Ta elIeMeHTaMH BepXHbOi OyJI0BU KO-
Jiii. YHACI 10K 301IbIIeHHS [IUX CHJI MIABHIILYETHCS
3HOC peHOK Ta IHIHNX EJIEMEHTIB BEPXHBOI Oy/I0BH
KOJil, a TakoX KOJIC Ta EJIEeMEHTIB PyXOMOTO
CKJIafly, 10 BCTAHOBJIEHO JIOCTIIKEHHSIMH aBTOPiB
pobotu [11].

HayxoBi gociimkeHHs 32 HampsiMaMH BIIOCKO-
HaJICHHSM TapaMeTpiB KpUBHUX, MiHiMi3amii 3HOCY
B KpHMBHX, TepeOyJOBH KPUBUX 3 METOIO TiJIBHU-
LICHHS HIBUJKOCTI BUKOHYIOTH HE OAWH IECSATOK
pokiB. Tak, y po6oTi [8] BpaxoBaHi BUMOTH MiXHa-
POIHOTO CTaHAAPTY, KU BCTAHOBIIIOE MTPaBUiIa Ta
IIOJIOXKEHHS AJs1 O€3[EeYHOro IepeBe3CHHs BaHTa-
XKIB T10 3aJTi3HUIN. BUKIageHo TeopeTHdHi OCHOBHU
Ta TEXHIYH] BUMOTHY IS T ABUIIEHHS IIBUIKOCTI 10
160 xM/roj, BUCBITJICHO NMUTAHHS II0JI0 BUKOPHC-
TaHHA IPOIPAMHOTO 3a0€31eUCHHS U1 PO3PAXYHKY
LIBUJIKICHOTO IOTEHLIaJly Ha HasIBHUX KPUBHX, I1O-
JaHO METOAOJIOTIIO MOIIYKY PillleHHsI AJIS MOJallb-
IIOTO MMABHINEHHS IMBHAKOCTI. JlocaimkeHo pi3Hi
TUTIIN KPUBUX: MPOCTa KPWBa, CKJIAZ0Ba, S-TOAiI0HI
KpHBI, a TAKOXK TaKi MapaMeTpH, SIK MiHiMaJIbHa JI0-
BXKHMHA MPSIMOT BCTABKH, JOBXKHUHA MEPEXiJHUX KPU-
BHUX, BEJINUMHA 3CYBY B pa3i BUIPABJICHHS KPUBHX.

TexHiyHa cucTeMa, sKa JO3BOJISE BUPIIIYBATH
3ajadi MO0 ONTUMAIILHOI PEKOHCTPYKIIT KPUBUX
3aIT3HUI IS 30UTBIICHHAS MBUAKOCTI pyXy MOi3-
IIiB TIpY MiHIMAJTBHUX 1HBECTHIIISX, 3aIIPOITOHOBAHA
aBTopamu B po0oTti [12]. BpaxoBano kompopTHe
TIepeBe3eHHS aCAKUPIB MPHU 30LTBIIEHH] IBUAKO-
CTi B KPUBHX AIJITHKAX KOJIii.

Y po6orti [5] po3riisHyTO BU3HAYEHHS TOPH30H-
TaJbHOI KPUBU3HHU 3ali3HUYHOI Komii. Meton 3a-
CHOBaHMH Ha 3MiHI KYTIB HaxWIly pyXoMoi XOpIu
B JICKapTOBIi cucTeMi koopauHat. LIInsxom oriHKu
BIUIMBY JIOBXHHH XOPJAW Ha OTPUMaHi 3HAYEHHS
KPUBHU3HH BCTAHOBJICHO, 1110 IOBXXKWHA XOPJH HE Bi-
Jrpae CyTTeBOI POJi Y BU3HAYEHHI KPUBHU3HU 1 HE
00MeXye 3aCTOCYBaHHsI IIbOTO MeToy. BomHowac
3BEpHEHO yBary Ha TOYHICTh BU3HAUEHHS KPUBU3HH
Ta ii BiANOBIMHICTh HA TUISHKAX MEPEXiTHUX KpH-
BUX. ABTOp [6] BBaxkae, o npobiaeMa BHU3HAUYCHHS
TOPU30HTAJIBHOT KPUBU3HU OCI 3alli3HUYHOI KOl
IUIs. OTPUMAHHS BUXIJHUX TEOMETPHUYHHUX XapaKTe-
PHUCTHK Tpacu OCTaTOYHO HE BUPILICHA, 1 MOSICHIOE
e THM, 1[0 TEOMETPUYHI XapaKTepUCTUKHU BU3HA-
YaroTb 3a JI0TIOMOT'0I0 HAOJIMKEHUX METOIIB.

Bararo HayKkoBHX npalb NPUCBSIYEHO OOTPYHTY-
BaHHIO BUJY MEPEXiIHUX KPUBHX IIiJl Yac BIPOBa-
JDKEHHSI IIBUKICHOTO pyXy noi3niB. Tak, y po6oTi
[7] npencraBieHo HOBUET BUI IEpexiHOI KPHUBOI,
aJalTOBAHOI J0 eKCIUTyaTaliiHUX BHUMOT, IO [i-
I0Th Ha 3aJTI3HHUIII.

B [4] aBTOopu mociimuimu 3MiHY IIMPHHU KOl
B KPUBHX JJISl KUIBKOX 3aJi3HUYHHUX JIPYTOPSAHUX

Creative Commons Attribution 4.0 International
doi: https://doi.org/10.15802/stp2024/318057

© H. II. XmeneBceka, M. b. Kyprawn, /1. M. Kyprau, 2024

47


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.15802/stp2023/292720

3AJIIBHMYHA KOJIII TA ABTOMOBUIBHI JOPOI'

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

Hayka ta nporpec tpancnopty, 2024, Ne 4 (108)

1 MaricTpaJIbHUX JiHIH YTOPIIMHN 3 HU3LKHUM 1 BU-
COKHM 00CSITOM IepeBe3eHb. 3MiHy mapaMeTpa IH-
PHHHU KOIii K (YHKIIO Yacy, 10 MUHYB, aHaJi3y-
BaJI HA OCHOB1 (PYHKIIIA PO3IMOALTY IIITXOM 009Hn-
CJICHHS.

[lomykn HOBHX METOHIB 3MOMKH TUIAHY JiHii
I pO3paxyHKiB BUIIPABJICHHS KPUBUX JUIA [IOCTAHO-
BKHM IX B IIPOEKTHE IIOJIOKCHHS NPOJOBXKYIOTHCS
[10]. HasiBHi MeTO/M 3HOMKH 1 pO3paxyHKY BHITpa-
BJICHHSI KPHBHX MarOTh Psil HEAOMIKIB, SIKi HE J0-
3BOJIAIOTH BUKOPUCTOBYBATH iX B yMOBAaX ITiABHUILE-
HHMX BHMOT 10 TOYHOCTI IIOJIO’KEHHS KOJIil B IUIaHI,
0c00JIMBO B pa3i MiABUILEHHS LIBUIKOCTI PyXy I0-
{37iB 1 BIPOBAKEHHSI IHHOBAI[IHHAX CHCTEM aBTO-
MaTH30BaHOI'0 IPOEKTYBAHHS.

[To-nepiire, NpakTUYHO BC1 METOIM 3aCHOBaHI Ha
OIIIHIII KPUBU3HU HASBHOI KOJIIi 110 KOJIOBiH KPUBIH,
10 MTPOXOUTH Yepe3 TpH cycimHi Touku. Llei mis-
XiJl 3aCTOCOBYIOTH IIiJl 4aC BUMPABJICHHS KPHBHUX
«METOJIOM 3TJIaJ)KYBaHHs», BiH MPU3BOIUTH A0 TO-
TPIOTHOCTEH Ha IISHKAX, NIe 3MIHIOEThCS KPHUBH-
3Ha.

[To-gpyre, AKIIO 3CYBU B OKPEMHUX TOUKAX PO3-
PaxoBYIOTb 4Yepe3 PI3HHULIO EBOJIBBEHT HAasBHOT
1 MPOEKTHOT KO, TO B CKJIaTHUX 1 JOBTUX KPUBHX
e TMPHU3BOJUTH A0 HEMPUITYyCTUMHUX IOXUOOK.
SIK1mo mapaMeTpu MPOEKTHOTO BapiaHTy BHKOPHUC-
TOBYIOTh Ul NPOEKTYBAaHHS, HANPHUKIAL, APYroi
TOJIOBHOI KOJii, TO IMOXMOKKA €BOJILBEHTHOIO ITij-
X0y MOXKYTh TIPU3BECTH JIO TIOPYILIEHHS YMOB 0e3-
TIEKU PyXY TOi3IiB.

ITo-Tpete, min wac npu3HAYEHHS MPOEKTHOTO
MOJIOXKEHHS JJIS CKJIAZIOBUX KPUBHX 13 MPOMIYKHUMH
MepexiTHAMH KPUBUMHU Ha TpadiKy KpHBH3HU He
BpPaxoOBYIOTh OCOOJIMBOCTI BIAIITYBaHHS pajioima-
JIBHO1 KPUBOI.

[To-uerBepre, miJ 4ac po3B’si3aHHS MPOEKTHUX
1 pO3paxyHKOBHX 33/1a4 4epe3 CKIIAIHOII a00 yepe3
BiJICYTHICTh MaTEMaTUUYHUX MOJIENIEH HasiBHE MOJIO-
KEHHSI KPHUBOI 3aMiHIOIOTh OJHOPAAIyCHOIO KpH-
BOIO, BiIHOCHO SIKOi 1 BUKOHYIOTh BCi PO3paxyHKH,
II0 B OKPEMHX BHUIMAIKaX NPHU3BOIUTH 10 301b-
IICHHS 00CATiB OyIIBHUIITBA 1 HABITH JO IOPY-
nIeHHs 0e3MeKu PyXy Moi3/IiB.

[To-n’aTe, mpakTHYHO BC1 HASIBHI METOAU JO3BO-
JIIIOTh PO3PaxOBYBAaTU TIJIBKH JIOKAIbHI CKJIAI0BI
KpHBI OJIHOTO HANpsIMKY. BotHOWAac npakTHYHO He-
MOJKJIMBO Ha CKJIAJHUX JIUISHKAX BUIUIMTH IiJ 4ac
3WOMKH TpsMi, IO BiIOKPEMIIOIOTH OAHY JIOKa-
JILHY KPUBY BiJ] iHIIOT.

ITo-mrocTe, mMpsiMi MAXOMIB IO TIITHKY MTPAKTH-
YHO Y BCiX METOJ[aX BU3HAYAIOTh MEPIIOIO i OCTaH-
HBOIO MTapaMH 3HATHX TOYOK, IO B OKPEMHUX BHIIA-
JIKax He BIJIOBI/IAa€ KyTy MOBOPOTY KPUBOI 1 HE J0-
3BOJIIE 3rOJIOM 3’ €QHATH MK CO0O0I0 po3paxoBaHi
IUISHKH.

Ormsig HayKoBUX poOIT MOKa3ye, II0 3aIporio-
HOBaHI PI3HUMH aBTOPAMH METOIN € KOPHCHHMH
IUI. PEKOHCTPYKLIi HasBHOI 3aJli3HUILI, aje BOHH
MOXYTh OyTH e(peKTUBHIMHU y BU3HAUECHUX YMOBaX
eKcIUTyaTamii. barato mpamp BITYH3HSIHEX 1 3aKO0p-
TOHHUX (paXiBIliB MPHUCBSIYCHO OMTHMI3aIlii 00 TH-
HOKHX YH CKJIaIOBUX KpPUBHX, IX MapaMeTpiB (pai-
yca, mepexiTHIuX KPUBUX, MMiABUIIICHHS 30BHINTHBOL
peliKu ToII0), ajie MUTaHHS ONTHMI3allii TIaHy JiHii
JIOBXKMHOKO B IMEPETiH UM JIEKUIbKA MEePErOHIB BU-
BYCHE HEJOCTATHbO.

Meta

OcHoBHa MeTa POOOTH — IMOKA3aTH IHHOBAIIIHHI
TEXHOJIOTIT Mijl Yac ONTHMI3allil IJIaHy 3aJli3HHUIII,
3aMpOBA/KCHHS SKUX B YKpaiHi JO3BOJMUTH JOCH-
ITH OUTBII BUCOKOTO piBHSA O€3MEKH, IUIaBHOCTI
it koM(opTabenbHOCTI 1311.

MeToauka

CeiToBUI 1OCBiJ CBimM4MTH, 1m0 0O€3 BIpOBa-
JOKCHHS IHHOBAI[I HEMOXKITUBUI €()ESKTUBHUI PO3-
BUTOK 3aJli3HUYHOrO TpaHcnopty. Cepen BiIOMUX
CHOrOJIHI I1HHOBAIIMHUX TEXHOJOIrIH MOYKHA Ha-
3BaTH BUKOPHCTAaHHS KOMII IOTEPHOTO MOJIEIO-
BaHHS 3aJII3HWYHOI KOJIii, IKe J03BOJISIE BU3HAYATH
ONTUMAJTBHY CTPATETIIO0 IUIaHY JIiHil Ta 320€e3MeUnTH
OLITBII TOYHY 1 eEeKTHUBHY pOOOTY 3 BUIIPABIICHHS
KpuBHUX. Y il poOOTI aKIIEHT 3p00JICHO CaMe Ha BU-
KOPUCTaHHI KOMIT FOTEPHOTO MOJIEITIOBAHHS.

JI7st 3HaXO/KEHHS BapiaHTy ONTUMAJIbHOT peKo-
HCTPYKIIIi JUISTHKH TPAHCIIOPTHOTO KOPUAOPY 3alli-
3HUYHY JIHII0 PO3IIAJAEMO K KOMIUIEKCHY CHC-
TeMy, IO CKIIAJIA€ThCS 3 MPUCTPOIB 1 CIIOpYA, SKi
yepe3 He3aI0BUTbHAN TEXHIYHUI CTaH MOXYTh 00-
ME)XXyBaTH piBEHb NIBUKOCTEH pyXy MOI3/IB Ha KO-
KHII KOHKpeTHil minsHI. Bupimenas takoro 3a-
BIIaHHS € CKIIQJHHUM, TOMY IO HEOOXiJHO PO3IJIsi-
JaTH B3a€MO3aJeKHI 00’€KTH, KOIMH CKOPOYEHHS
Yacy pyxy Ioi3zia, oTpuMaHe Ha KO)KHOMY 00’ €KTi,
MiCHsl YCYHEHHST OOMEXEHHS IIBUAKOCTI PyXy HeE
JIOPIBHIOE BUTpAIly B 4aci, SIKIIO 3HATH BCi 0OMe-
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JKEHHS IBHIKOCTI. TOOTO KpHUTEpili HE € aJIWTHB-
HUM, 1 OTpUMaTH JOCTOBIPHI AaHi MOXKHA TLTBKH ITi-
Clll BUKOHAHHS TATOBHX PO3PaxyHKIB 3a Pi3HUX
KOMOIHAIIIH 3HATTA 0OMEKEHb LIBUIKOCTEH.
IrnoBaniitumit minxix y CAIIP monsrae B Tomy,
110, Mo-Tiepie, nepeadadeHa MOXKIMBICTb 3aCTOCY-
BaHHS Pi3HUX cI0CcO0iB 3HOMKW TUTaHY JIiHii, AKi BU-
KOPHCTOBYIOTH SIK Y KOJIHHOMY T'OCITOApPCTBI (Me-
TOJI CTPLJT), TaK 1 B MPOEKTHUX OPTaHi3aIisgx (METOI
lonikbepra, KoOpAUHATHHH, BiJ 6a3HCy TOIIO); O-
IpyTe, MO Ay’Ke BAXKINBO, PO3PAXYHKH BUKOHYIOTh
HE OKpEeMHX KPHBUX, a AUSTHOK JJOBXXHUHOIO B IIepe-
TiH Y KUIbKa MEPEroHiB 3 ONTHMI3alli€l0 MPOEKT-
HOTO TIJTaHY 32 PI3HUMU KPUTEPISIMH 13 3a0e31edeH-
HAM MaKCHUMaJIbHO BCTaHOBJIEHOI MIBHUIKOCTI [1].
Jnist HasiBHUX METOIB MPOEKTYBAHHS IIJIaHY MOKH
11e HEe pO3pOO0JICHO YiTKOI CHCTEMH KPUTEPIiB ONTH-
MaJIbHOTO MOJIOKEHHS MTPOEKTHOI KpUBOi. Bukopu-
CTaHHS 3alPOIIOHOBAHOI B Iii POOOTI METOAMKH
JIO3BOJISIE TPOBOJUTH ONTHMI3AIlI0 TPOEKTHOTO
IJIaHy 32 PI3HUMHU KPHUTEPisIMHU, a came: MiHIMyM
CYMH MOJyJIiB BEJTHUMH 3CYBiB Z|Ai | =min, MiHi-

MyM CYMH KBaJIpaTiB 3CyBiB ZAIZ =min, MiHIMyM
CYMH BHUTPAT Ha PUXTYBaHHS KPHUBHX Z B =min,

0 JTO3BOJISIE HIBENIOBATH BWIIEHABEICHI 3ayBa-
JKCHHSI.

[lepmi 1Ba KpuTepii MarOTh OLIBII MaTEMaTHY-
HUI CEHC 1 OPIEHTOBHO IAPaHTYIOTh MiHIMYM POOIT
Ha BUKOHAHHS puxTyBaHHS. Kputepiit y Burmsami
CYMHU BUTPAT JI03BOJISAE BIAMIYKATH €KOHOMIYHO BH-
MpaBaHe PilllCHHs, ajlc BUMArae 3HaHHs CKOHOMIY-
HUX ITOKA3HUKIB [T BiIMOBIMHUX BHIIB POOIT.

3a BEIUKOI KUIBKOCTI 0OMEXEHD HOLIJIBHO CIIO-
YaTKy MPOBOJUTH ONTUMI3AIII0 32 CYMOIO MOJYJTiB
1 JTUIIIe MOTIM MEPEeXOTUTH JIO CyMH BUTpar. Bu-
TpaTH 3a TPETIM KPUTEPieEM BU3HAYEHO 32 (HopMy-
JIOKO:

i=10

Bziflaili +i227ai1i +Y.a0, (1)
i=1 i=5 i=8

e 83...84 — BUTPATH HA 3MIIIEHHS OCi HasBHOI KOl
BianoBigHo 10 A1 < 60 MM, Ay = 61...120 MM,
Az=121...250 mm i As> 250 mw; ly.. 14— moBxkuHA
JUIISTHOK i3 BIJIMOBITHUM J1ialia30HOM 3CYBIB; 8s...87
— BHUTpPATH BiJIOBIIHO Ha TIEpEKJIaJaHHs BEPXHBOL
OylnoBU KoIii, MEpEeHEeCeHHS KOHTaKTHOI Mepexi,
npuctpois CLIB; Is...l; — moBxwuHa AinsHOK mepekJia-

TAHHS KOJIii, IEpEHECEHHST KOHTAaKTHOI MepeKi, Ka-
6enis CLIB; as...a10 — BapricTs 1 M° Ganacty, rpyHTy
JUTSl PO3LIMPEHHSI HASIBHOTO 3E€MJISTHOTO TMOJIOTHA Ta
IPYHTY JUIS BiICHIIAHHS 3MJITHOTO TTOJIOTHA HA HO-
Bilt Tpaci; Qs...Q10— 006’eM Oanacty, IpyHTY 1S pO-
3IIMPEHHS HASBHOTO 3eMJISTHOTO TIOJIOTHA Ta IPYHTY
UL BIZICUTIAHHS. HOBOT'O 3€MJITHOTO TIOJIOTHA.

[lig wac po3paxyHKy HOBIHIX TUISHOK, IO MicC-
TSATh KPHUBI PI3HUX HANpsSMKiB 1 MPOMDKHI MpsiMi,
y Psi/ii BUTIAJIKIB ONTUMI3AIlisl IPOXOIUTH JOCTATHBO
JIOBTO, a TOMY OLIBIII €PEeKTHBHO B TAKOMY pPasi po3-
OWTH MUISHKY Ha YaCTWHH, ONTHUMI3yBaTH KOXHY
3 [[UX YaCTHH, a IIOTIM 3aBaHTaXUTU IJIA BCiel QUId-
HKH TTapaMeTpH MOJIeJIl YaCTHHAMH i OCTaTOYHO OII-
TUMI3yBaTH BCIO AUITHKY. Takuil NIISX BUSBISIETHCS
3HAYHO IIBUJIIAM, HDK ONTHMI3allis Biipa3y BCiei
nisHKY [8].

Hasenemo anroput™ mociioBHOCTI BUKOHAHHS
PO3paxyHKIB JUIs ONITHUMI3allil IOBrUX AUISTHOK:

1. [TpoBOIATH KOOPMHATHY 3HOMKY 3a ImapaMeT-
pamu kpuBHuX. PO30OWTTS HOBroi AUISTHKK HA OKpeMi
YaCTUHH BHUKOHYIOTH i3 BUKOPHCTaHHSIM TpadikiB
KYTOBHX Jliarpam i KpUBH3HU AUTIHKY. TaKuM YHHOM
bopmyroTh BuXinHI Habopu manux (aitam) mis on-
TUMi3aLii.

2. BUKOHYIOTh ONTHMI3aIlil0 KOXHOI KPHBOI
B CBOJIbBEHTHIM a00 KOOPJMHATHIN MOJENAX 3a OJ1-
HUM 13 TPHOX KPUTEPiiB ONTHMI3aIlii: MIHIMyM CyMHA
KBaJIpaTiB 3CyBiB, MOJIYIIiB 3CyBiB a00 32 MiHIMyMOM
BUTpAT.

3. [Micns po3paxyHKy KOKHOTO (pparMeHTa moe -
HYIOTb 3HOMKY OKpeMuX ()parMeHTIB JUIs BCi€l mims-
Hku. [1i7 yac moeqHaHHS eIeMeHTIB (KpUBa — IpsaMa,
KpHBa — KpHBa) 0e3 MepexiTHIX KPUBUX KOHTPOITIO-
I0Th MAaKCUMAaJIbHY PI3HHIIIO KPHBU3HHU [IUX €JI€MEH-
TiB. SIKIIO pi3HMI TIEPEBUILYE 3a/1aHy, 3MIHIOIOTh
3HAYEHHS PaJiiyCiB Tak, M00 11e OOMEKEHHS BHKO-
HyBajiocsi. Y Mpoleci onTuMmizaiii KOHTPOJIOIOTh
MOXXJIMBICTh BiIBOAY IJIBUIICHHS 30BHINIHBOT
pEeUKHU
B MeXax mepexigHoi kpuBoi. [ns edexTuBHOrO
3’€THaHHS YaCTUH OaXaHO MPOBECTH OKPYTJICHHS
paniyciB i3 (ikcaliero mepexiJIHiX KpUuBUX HarpH-
KIHIII pO3PaXyHKY KOKHOI YaCTHHH.

4. BUKOHYIOTh PO3paxyHOK 1 OLIIHKY BETUYUHH
3CYBIB Ui BCiel MUISHKM. MOXJIMBE BpaxyBaHHS
02)KaHOTO HAINpPSIMKY 3CYBIB — «BIIPABOY», «BJIIBO»
abo Oynp-ske. BennmunHa oOMekeHHS 1 3amaHuit
3CYB HANpHUKIHII JiISHKKA BPaxoBYIOTb y Oylib-
SKOMY BHIAJIKy, IHII OOMEXEHHS BPaxOBYIOThH
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y mporueci onrtumMizantii. Takox MoXHA 3a7aTh 3ara-
JbHE OOMEXEHHS Ha BEIMYHMHY 3CYBY AJISl BCIiX TO-
YOK KPHUBOI.

5.Po3paxoBytoTh MaKCHMaIBHO  JIOIYCTHMI
MIBUAKOCTI PyXy IJIsl MPOEKTHOTO BapiaHTy i Mpo-
BOJSATH aHaNi3 pe3yJbTaTiB 3a NPUUHATUM paHille
KpHTEpPiEM.

Pe3yabTaTn

1106 moka3aTH iHHOBAIiiHI TEXHOJIOTII i Yac
ONTUMI3allii TUIaHY 3aJli3HUIl, 3aMPOBAKCHHS
SIKAX B YKpaiHi TO3BOJMTH MOCSATTH OLIBII BHCO-
KOTO piBHS Oe3IekH, IIaBHOCTI i kKoMpopTaden-
HOCTI i37], 3aCTOCOBaHO CHUCTEMYy aBTOMAaTH30Ba-
Horo npoektyBauHs (CAIIP), sika MicTHTh mporpa-
MHI npoxyktd MoOVeRW (TiaroBi po3paxyHKH)
i RWPIlan (BunpaBneHHs i MPOEKTYBaHHS IIJIaHY 3a-
mizHUYHOI Koii). [Ipukian po3paxyHKiB 3a Bullle-
3a3HaYCHUM JITOPUTMOM HaBEIEHO Ul HAPSMKY
I'pebinka — [Tonraa — JIo3oBa.

[IpoekTHE TONIOKEHHS TUIAHY JIiHIT BU3HAYECHO
3a YMOBH PEKOHCTPYKIIil TUTaHy B TaKWd Crocio,
1100, 3aJUIIAI0YNCh Y MEXaX 3eMIISIHOTO MOJIOTHA,
OTPUMAaTH MaKCHUMaJlbHO MOXIIUBY HIBHJKICTb.
YMOBHO OyJ0 TNPUAHITO, WO MPHITYCTHMAMH
B I[bOMY BUTAAKY OyIyTh PUXTYBaHHS 10 250 MM.

OcTaTouyHnii BHUCHOBOK MOXeE OyTH 3pOOIIeHHI
TIJIBKY HA OCHOB1 KOOPAMHATHOI 3HOMKH JIUITHKY Ta
JeTalbHUX PO3PaxyHKIB i3 3a0e3meueHHsIM rabapu-
TiB Ta MIKKOJIHS.

VY pe3ynbTaTi po3paxyHKIiB IUIAHY Ta TATOBUX
PO3paxyHKIB OTPUMaHO AaHi JJIsl HACTYITHUX Bapia-
HTIB.

Bapianr 1, mouatkoBuii. CtaHIlii Ta miaH KoJii
HE 3MIHIOIOTECSI.

Bapiant 2. BUKOHYIOTh PEKOHCTPYKLIIO CTaH-
Ii{ 13 METOFO MiABUIIICHHS MIBUIKOCTEN PyXY, TUIAH
KOJIii HE 3MIHIOETHCS.

Bapiant 3. OxpiM peKOHCTpYKLil CcTaHILiH,
Yy KPHBHX 3MIHIOIOTH MiIBUIICHHS TaKUM YHHOM,
100 3a0€e31e4nTH MaKCUMaJIbHO MO>KJIMBI IIBUAKO-
CTi 3 MiHIMAJIBHUM 3HOCOM PEHOK; IPU LbOMY IO-
JIOXKEHHSI KOJIi1 B TU1aHi, pajliycu Ta JOBXHUHH Iepe-
X1THAX KPUBHUX HE 3MIiHIOFOTHCS.

Bapiant 4. KpiMm pexkoHCTpyKIii cTaHIii, mij
Yac BHUKOHAHHS POOIT KON YKJIaJIalTh Y HOBE
MPOEKTHE IOJOXKEHHs, IO 3a0e3rmedye MaKChMa-
JIBHO MOXKJIMB1 IIBHJKOCTI 3 MiHIMaJIBHUM 3HOCOM
PEHOK, pH IILOMY KOJIisl 3aJIMIIA€THCS B MEXKax Ha-
SIBHOT'O 3€MJISTHOTO ITOJIOTHA.

Ockinpky gac pyxy noizai tuiry Hyundai mamo
BiZIpi3HSETHCS 32 HaNpsIMKaMu, y Tabmn. 1 HaBegeHO
Yac JIMIIe B IPSIMOMY HarpsIMKY.

Tabnaums 1
Yac pyxy noiznis Hyundai y npsimomy HanpsiMKy 3a BapiaHTaMu
Table 1
Travel time of Hyundai trains in the forward direction by options
Tinsika JloBxuHa, Yac pyxy noizniB Hyundai 3a Bapiantamu, XB
KM 1 2 3 4
I'pebinka — Mupropon 98,4 61 53 49 47
Mupropox — [TontaBa 87,8 73 65 65 61
I'pedinka — [TonraBa 186,2 134 118 114 108
IMonTtaBa — Bepectun 80,2 68 64 51 48
Bepectun — JIo3oBa 95,3 70 61 56 51
ITonrasa — JIo3oBa 17,5 138 125 107 99
I'pebinka — JIozoBa 361,7 272 243 221 207

Sk BHIHO 3 pe3ynbTaTiB, Ha AUIsSHIN ['pebinka —
[TontaBa PEKOHCTPYKIlisS CTaHI[I Jae CYTTEBUH
edekt (16 xB). BcraHOBIIGHHS IMiIBUIIICHHS 30BHi-
IIHBOT PEeHKH, PO3PaXOBAHOI'O BIAMOBIAHO 10 HOP-

MAaTHBIB, JJO3BOJISIE 3201IAJIUTH I 4 XBUIIMHHA. YK-
JaIaHHs KOl B TPOEKTHE TTOJIOKEHHS 332 PO3paxy-
HKOM Aa€ 10 XB eKOHOMii yacy MOpiBHSIHO 3 BapiaH-
tom 2. Ha ninstaii [TonraBa — JIo30Ba peKOHCTPYK-
1Iisl CTAaHIIIM Ja€ BIIHOCHO HeBenuKui edekT (7 XB).
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Bonnowac 3a paxyHOK KOpPHUTYBaHHSI ITiBUIIECHHS
30BHIIIHBOI peiiku (BapiaHT 3) BHIAETHCS 3aola-
nmutH e 18 xB. YKJajgaHHs KoJIii B TPOEKTHE MOJIO-
KeHHs (BapiaHT 4) nae 3HaYHE CKOPOYEHHS Yacy
(26 xB) TTOPIBHSIHO 3 BapiaHTOM 2.

[Tig yac po3paxyHKy HPOEKTHOTO BapiaHTY IS
KOYKHOT KPHBOI JOCITIHKEHO MOIITBHICTE Ta MOXKITH-
BIiCTh TiABHINEHHS MBUAKOCTI Ha Hii. [Ipn pomy
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PO3TISTHYTO BapiaHTH, SIKi TOTPEOYIOTh PUXTYBaHb
y MeXax OCHOBHOI IJIOLIAIKX 3€MJITHOTO TTOJIOTHA.
OparmenTu rpadikiB KpUBU3HH, 3CYBIB Ta MaKCH-
MaJbHO AOMYCTUMHUX IMIBUAKOCTEH pyXy MOI3IiB Ha
ninsaIi [TonTaBa — bepecTrH my1s MPOEKTHOTO Bapi-
aHTy HaBe/eHi Ha puc. 1-3.
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Fig. 1. Curvature of the line plan on the Poltava — Berestyn section (fragment)
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Puc. 2. 3cyBu kpuBux Ha aiutsHil [TonraBa — bepectun

Fig. 2. Curve shifts on the Poltava — Berestyn section
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Fig. 3. Permissible speeds on the section Poltava — Berestyn
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3a pe3ynbTaToM ONTHUMI3aIli] MiABHUINEHHS 30BHI-
LIHBOT PEWKHU 3 ypaxyBaHHSAM MaKCUMAaJIbHO JIOIycC-
TUMOI IIBUJKOCTI i 3HOCY PEHOK BIIATIOCS OTPUMATH
ONITHUMAJIbHE PIillleHHsS. Y BCIX BapiaHTaX MPHUCKO-
PEHHS BAaHTAXHUX IMOI3[IB HE IIEPEBUILYIOTh
0,3 m/c2

HaykoBa HOBHU3HA Ta IPAKTUYHA
3HAYMMICTh

Po3B’s13aH0 HayKOBO-TIPUKIIQAHY 3a/ady OITH-
Mi3aIii mporecy KoperyBaHHS 3aTi3HIYHUX KPUBHX
y maHi. e cripusie migBUmeHHo 6e3MeKu Ta MIBH-
JIKOCTI PyXy MOI3/IiB 3aBJIKY BIPOBAPKCHHIO HOBI-
THIX METOJiB KOMIT IOTEpPHOTO MOJIe/ItoBaHHsI. Pea-
Ji3allisg 3alporOHOBAaHOI TEXHOJOTIi ONMTHUMi3allii
3aTi3HUYHOTO IUIaHy JO3BOJHUTH CYTTEBO IiJBHU-
HIMTH HIBUJKICTH 1 O€3MeKy pyXy MOi3/iB, a TaKOXK
301IBIIMTH TIPOITYCKHY CIPOMOXKHICTD 3aTi3HUY-
HuX TiHiA. [le craHe BaXXKITMBUM KPOKOM IS iHTeT-
pauii ykpalHChKUX 3aJTi3HUIb 10 €BPOIEHCHKOI Tpa-
HCIIOPTHOI CHCTEMH.

BucnoBku

Ha ocHOBI poBeIcHUX TEOPETUYHUX Ta EKCIIe-
PUMEHTAIBHUX JOCHIHDKEHb YCTaHOBJICHO, 1110 3a-
CTOCYBaHHS IHHOBAIIHHUX TEXHOJIOTIH i3 BUKOpHC-
TaHHSAM KOMII' FOTEPHOTO MOJICITIOBAHHS 3aJli3HNY-
HOT KOJIii BUITPABJICHHS 3aJTi3HUYHUX KPHUBHX J0O-
3BOJIIE BCTAHOBIIOBATH PAIliOHANBHI TapaMeTpu

IJIaHy ¥ MBHIKOCTI pyXy MOI3/iB, IO AACTh 3MOTY
3MEHIIUTH 3HOC PEHOK 1 KOJIC PyXOMOIO CKIamy,
00csIry podiT 13 TOTOYHOTO YTPUMAaHHS KOJii, CKO-
POTHTH BHUTpAaTH €IEKTpOCHEepTii abo mammBa IIif
gac oprafizallii mepeBe3eHb BaHTAXKIB 1 TaCaXXHPIiB,
Oyzie CIIpUSITH MiJABUINECHHIO PiBHS OC3ICKH, IJIaB-
HOCTI pyXy ¥ KoM(OpTYy macaxwupis.

Pesynprati po3paxyHkiB i po3pobieHa MeTo-
VKA BHUKOPHUCTaHHS KOMII IOTEPHOTO MOJIEIIO-
BaHHs BUMPABJICHHS 3aJli3HUYHUX KPUBUX MOXKYTb
OyTH BHKOPHCTaHI Ui TEOPETHYHOTO OOTPYHTY-
BaHHS MAaKCHMAJIBHO JIOMMYCTUMHX MIBHIKOCTEH
PYXY I0i3/1iB 3 OIHOYACHUM 3a0€3MeYeHHSIM KpHUTe-
PpiiB MIITHOCTI, CTIHKOCTI, TOBTOBIYHOCTI W HaiitHO-
CTi €JeMEHTIB 3aJi3HMYHOI KOJii Ta pPyXOMOro
CKJIaJy, a TaKOX JUIsl MiJBUILEHHS OE3MEKH pPyXy
MOT3/IiB HA 3aJII3HUIAX Y KpaiHH.

IMopsika

HocnmipkeHHs, pe3ynbTaTH SKUX BUKJIAJCHI
B Il CTATTi, MPOBEIECHO 3a MiATPUMKH rpaHTy Ha-
HiOHATBEHOTO (DOHITY MOCTiHKEHb YKpaiHu ITiJ Jac
peamizamii mpoekty «HaykoBe oOTrpyHTYBaHHS
BIPOBAUKCHHS €BPOIMEHCHKOI KOJIi Ha TepUTOpii
Ykpainu B TOBOEHHHIA 1epio» (peecTpamiiHuii Ho-
Mmep npoekty 2022.01/0021), sxuit 6ymo oTpuMano
B paMKax KoHKypcy «Hayka ans BinOymoBu Ykpa-
{HM y BOEHHHH Ta IOBOEHHHI TIEPiOH».
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Optimization of Curve Correction in the Plan Using Computer Modeling
to Improve Train Safety

Purpose. The authors intend to develop and implement innovative approaches to optimizing curve correction in
the plan of railway tracks using computer modeling. This process aims to: improve traffic safety; improve the smooth-
ness of the ride, which increases passenger comfort; eliminate speed limits on curved sections, which reduces travel
time and increases railroad capacity; reduce track maintenance and rolling stock repair costs. The use of special soft-
ware to simulate various scenarios of train traffic along the adjusted curves will allow us to assess the impact of the
train flow structure on the speed, rolling stock dynamics, and track condition. Methodology. The study is based on
the theory of mathematical modeling and numerical calculation methods. To find the best option for the reconstruction
of railway sections, the line is considered as a complex system consisting of various infrastructure facilities. Due to
their unsatisfactory technical condition, these facilities may limit the speed of traffic on certain sections. The solution
to this problem is complicated due to the interdependence of such objects: the reduction of travel time on a particular
section is not linear, and obtaining accurate results requires traction calculations taking into account various options
for eliminating speed limits. Findings. A calculation algorithm for optimizing long sections of the railway plan is
proposed. The algorithm allows to take into account the desired direction of shifts in the curves, which greatly facili-
tates the optimization process. An example of calculations based on the proposed algorithm is given, which demon-
strates the effectiveness of the approach. Originality. The scientific and applied problem of optimizing the process of
adjusting railway curves in the plan has been solved. This helps to improve the safety and speed of trains through the
introduction of the latest computer modeling methods. Practical value. The implementation of the proposed technol-
ogy for optimizing the railway plan will significantly increase the speed and safety of train traffic, as well as increase
the throughput capacity of railway lines. This will be an important step for the integration of Ukrainian railways into
the European transportation system.

Keywords: single-radius curve; compound curve; computer modeling; curve optimization; computer-aided design
system
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IIpocTopoBa MmaTeMaTH4YHA MO/IeJIb JUHAMIYHOI IOBEAIHKH CYYACHOT 0
PYXOMOTI'0 CKJIaJy B YMOBAX HIBHIKICHOTO PyXy

Mera. Y po0oTi mependadeHo po3poOUTH IMPOCTOPOBY MaTeMaTHIHy MOJEIh MBHAKICHOTO enekTporoizna EKp-1
«Tapnan» 13 BpaxyBaHHSIM KOHCTPYKLIMHHMX OCOOJMBOCTEH HOr0 MEPLIOTo Ta APYroro CTYIEHIB PECOPHOTro MiABilIy-
BaHHs. MeToanKka. Y34T0 pO3paxyHKOBY CXEMy €JIEKTPOIOi3a K CYKYMHICTh / TBEPIMX Til, 3’€IHAHUX B’S35IMU
pizHoi peoorii. KoxkHe 3 Tii 37iiiCHIOE TPOCTOPOBI KoyuBaHHS. [Ipy 1bOMY KOJIICHY Mapy PO3IIISIHYTO K CHCTEMY
3 JIBOMa CTYHEHSMH BUIBHOCTI (OOKOBHIT BUHOC Ta BWIISIHHS). SIK y3araJibHeHI KOOPAMHATH PO3MIISTHYTO KYTOBI Ta
JiHIAHI nepemimenHs Tin. OTpuMaHa MexaHiyHa cucreMa Mae 26 cryneHiB ButbHOCTI. [ludepeHuianbHi piBHIHHS
PYXy 3ammcaHo 3a JIOIOMOTIoI0 NMpHHIMITY 1’ Anambepa. Po3risiHyTo kiHemMaTtnuHe 30ypeHHs! KOJIMBaHb YHACIHiZOK
PYXy IO HEpIBHOCTSX KOJIi SK y BEPTHKAJIBHOMY, TaK i B TOPU30HTAJIHHOMY HaNpsIMKax. Y MEpIIOMY Ta JPYromy
CTYIEHSX PECOPHOTO Mi/ABIIIyBaHHS BPaxOBaHO HASBHICTh MPYXXHMX 1 JUCUMATHBHUX B’si3ed. IIpuiiHATO TinoTesy
TeOMETPUYHOI JTIHIHHOCTI TeopMariiif. Y MicIli KOHTaKTy KoJieca Ta pEHKH BpaXxOBaHO peakilii, 0 JIFOTh y MMO3/I0B-
KHBbOMY (Y IUIOMIMHI KOJieca) Ta B MOMEPEYHOMY HanpsMkax. KiTbKiCHO IMO3I0BXKHI Ta IMOTEPEYH] peakilil ONICYIOTh
HENiHIHHOIO TimoTe30t0 Kpumy. [1ix yac MoaeIroBaHHS T1IpaBIiYHAX TACHUKIB KOJIMBAaHb BPAXOBAHO 1X TOXHIIE PO3-
TallyBaHHA, IO JIa€ MOXJIMBICTH JeMI(yBaTH KOJIMBAaHHA Yy BEPTUKAILHOMY Ta TOPU3OHTAJILHOMY HAaIpSIMKax.
PesyabTaTn. OOpaHo NPOCTOPOBY PO3PAXyHKOBY CXEMY JOCHIHKYBAHOTO 00’ €kTa. OTpHMaHO reOMETPUYHI 3aJIeXK-
HOCTI MiX JedopmaiisMu B’s3ell Ta y3aralbHEHUMU KOOPJIMHATaMH PO3PaxyHKOBOi cxemMu. Ommcano ¢izuyHi
3aJI@KHOCTI MK peakiisMu B’si3eil Ta iX nedopmaiismu, i3 BpaxyBaHHSM ITHEBMaTHYHOI CUCTEMH PECOPHOTO
nigBimryBanHs. CkianeHo AudepeHmianbHi PiBHSHHS KOJMBAaHb Ul KOXKHOTO €JIEMEHTa pPO3pPaxyHKOBOI CXEMH.
HaykoBa HOBH3HA. YIiepiie moOyI0BaHO MPOCTOPOBY MATEMATUYHY MOJIE/b JUHAMIYHOI MOBEIIHKHU [IIBUIKICHOTO
PYXOMOTO CKJIady 3aji3HHMII 3 ypaxyBaHHAM OCOOJIMBOCTEH PoOOTH IMHEBMATHYHOI CHCTEMH PECOPHOTO Mi/BIlIy-
BaHHS, PO3TAlllyBaHHS B’S3€H Ta B3a€MO/Iil KOJICHOI Mapy 3 pEHKOBOIO KOJIIEI0 Yy BEPTHKAIHHOMY Ta TOPU30HTAIb-
HOMY HaIpsAMKax SIK y MpsMHUX, TaK i B KPUBUX AUISHKAxX 3aii3HW4HOI Koiiil. [IpakTHyna 3HaunMmicTs. Po3pobka
TaKoi MOJIEJIi I03BOJINTD Ha €Talli IPOEKTYBAHHS MIBUIKICHOTO PyXOMOT'O CKJIA/Ty 3aJIi3HUII YUCEITBHO JOCIIIKYBaTH
Horo AMHaMivHI MOKA3HUKH Ta NOKA3HUKH OE3IIeKN PyXy B YMOBaX MIBUAKICHOI'O PyXy Ta BCTAaHOBJIOBATH ONTHMa-
JIbHI TTApaMeTpH B’ A3€H MEepIIoro Ta APYroro CTyNeHiB peCOPHOTO MiIBIITyBaHHS, 3aJaf0UH IPH LILOMY Pi3HOTO POy
KiHeMaTH4YHi 30ypeHHs 3 00Ky peiikoBoi KoJii.

Kniouosi crosa: MBUAKICHUN PYXOMUH CKIIaJ, MaTeMaTUYHA MOJIENb; PEHKOBA KOJIisl; KOHCTPYKTUBHI B’531; KO-
JIMBAHHS, JACHUIIALIISL
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Beryn

I3 2012 poky Ha 3ami3HULIAX YKpaiHH y BHYTpi-
IIHBOMY CIIOJIyY€HHI MMOYaId eKCIUTyaTyBaTH IIBU-
nkicHi enekrponoizgu HRCS—2 BupoOHMIITBA KOM-
nanii «Hyundai Rotem» (puc. 1) Ta exexrponoizan
EKp-1 «Tapman» (puc. 2) BITYM3HSIHOTO BUPOO-
Huka — [IAT «KprokiBchkuii BaroHOOyIiBHUI 3a-
Bo». Lli emexkTporoi3an eKcITyaTyroTh 31 IIBUIKI-
ctio 10 160 KM/T0J1, X042 KOHCTPYKTHUBHO €JICKTPO-
noizn EKp—1 «Tapnan» Moxe pyxaTucs 31 HIBHIKI-
ctio 10 200 xm/roz.

OCHOBHOIO YMOBOIO Oe€3MeYHOl eKCIuTyaTamii
LUX EJEKTPOIOi3/1iB B yMOBaxX LIBHIKICHOTO PYXY,
a came 3a mBuakocti Bix 160 mo 250 km/rox, € 3a-
Oe3mnedeHHs JOMTyCTUMOTO PiBHS TUHAMIYHUX ITOKa-
3HHUKIB Ta MOKa3HHKIB Oe3meku pyxy [1, 8].

Puc. 1. llIBuakicuuii enexrponoizqg HRCS-2

Fig. 1. High-speed electric train HRCS-2

T g :
% B R A
: ?w_% RE

PR g
Puc. 2. llIBunkicuwuii enexkrponoizn EKp—1 «Tapmamny

Fig. 2. High-speed electric train EKr—1 «Tarpan»

Lli BeIMYMHU TOJOBHUM YMHOM 3QJIeXKaTh BiJ
KOHCTPYKLIHHUX 0COOJIMBOCTEH MEpIIOro Ta APYroro
CTYIICHSI PECOPHOTO IMiIBILIIYBaHHS — 3aCTOCYBaHHS
MTHEBMATHUYHOI CHCTEMH PECOPHOTO ITiJBIITyBaHHS,
KOMIUJICKTIB BUTHX UWTIHAPUYHUX NPYXKHUH Ta Tif-
paBIIIYHUX TaCHUKIB KONUBaHb (puc. 3), a Takox
YMOB B3a€MO/Iii KOJIICHOI Iapu 3 peHKOBOFO KOJTi€r0 [2—
5,12].

Puc. 3. IIpuBinHUHA Bi30K MIBUIKICHOTO EIEKTPOIOi3a
EKp—-1 «Tapnan»

Fig. 3. Drive bogie of the high-speed electric train
EKr-1 «Tarpany»

HepiBHocTi Ta KOHCTPYKILiKHI 0COOIMBOCTI peii-
KOBOI KOJii (CTHKH, CTPiIOYHI TMEPEBOIU TOIIO)
€ OCHOBHUM 30ypIOBaJIbHUM (AKTOPOM BUHHK-
HEHHS KOJHMBaHb €JIEMEHTIB PyXOMOTO CKIaay
B Tporieci #oro excrutyarariii [6, 7, 13, 14]. 3ae-
JKHO BiJl TIPUPOJN YTBOPEHHS HEPIBHOCTI MOXYTh
OyTH SIK JIOKQIbHUMH, TaK i peryJIIpHUMHU.

OTxe, TOCHIPKEHHSI JMHAMIYHOI TIOBEIIHKH CY-
YaCHOTO PYXOMOTO CKJIay B JTiama30Hi MBUIKOCTEH
160+250 km/ron 3 ypaxyBaHHSM KOHCTPYKLIHHHX
0CcO0IMBOCTEH MOTO MEXaHIYHOi YaCTHHUA Ta yMOB
B3a€EMO/II1 3 PEUKOBOIO KOJI€EI0 € aKTYaJIbHOIO HayKO-
BOIO 3a/1auero. BukopucranHs a/ileKBaTHOI Ta a1amTo-
BaHOI MaTeMaTUYHOI MOJIEN TO3BOJIMTH 1€ HA CTadll
MPOEKTYBAHHS MIBHIKICHOTO PYyXOMOTO CKJIaJy BH-
3HAYaTd JWHAMIYHI [TOKA3HUKMA Ta ITOKa3HHUKU Oe3-
IEKH PYXY, @ TAKOXK OOMpaTH ONTHMAaJIbHI IapaMeTpu
OCHOBHUX BY3JIiB Ta JETaJICH KIMa)KHOI YaCTHHU.

Merta

OCHOBHOIO METOIO0 POOOTH € po3poOKa MPOCTO-
pOBOT MaTeMaTH4YHOI MOJENi HIBUIKICHOTO E€JIEKT-
pomoizna EKp—1 «Tapnan» i3 BpaxyBaHHSIM KOHC-
TPYKLIHHUX OCOOIMBOCTEH MEPLIOro Ta JIPYroro
CTYIIEHIB PECOPHOTO TiJBIllTyBaHHS Ta YMOB B3ae-
MO/IiT 3 pEHKOBOO KOJI€IO.

st qocsirHeHHs 3a3HaYeHOl MeTH HEOOXiTHO
BUKOHATH TaKi 3aBJaHHS:

1. BubOparu po3paxyHKOBY CXeMy €JIEKTpOIIOi-
3na EKp—1 «Tapman».

2. Onucaty (i3u4HI 3aJISKHOCTI MK peaKisiMH
B’s13eil 1 y3araJbHEHUMH KOOPIUHATAMH PO3paxyH-
KOBOI CXEMH.
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3. Cxnactu cucremy qudepeHIlialbHUX PiBHIHbD
Pyxy.

4. TlepeBipUTH Mpare3naTHICTh PO3POOICHOI Ma-
TEMaTHIHOT MOJIETII.

MeToanka

JuHaMmivHi cuH, OI0 BUHUKAIOTH MiJ Yac pyxy
BaroHa y CKJIaJi eNeKTPOMoi3/ia, BIIXWIEHHS Bif
TTOJIOXKEHHS PIBHOBArd, iHEPIiiHI HaBaHTaKCHHS,
IO AIfOTH HAa TACAXKUPIB, € HACTIIKOM KOJHBAJIbHUX
MpOIECiB Ta IHIIHMX BUAIB HEPIBHOMIPHOTO PyXy
IHEepHUiIHHUX Mac, MO CKJIaNal0Th MEXaHidyHy CHC-
TeMy. BenuuuHM Ta 4acTOTH KOJMBAaHb y IEpLLY
4epry BU3HAUYAIOTh AWHAMIYHI SKOCTI BaroHa: Iuia-
BHICTh PyXY, CTIHKICTh Ta O€3MeKy pyXOMOro
CKJIaNly, a TAKOXK PiBEHH CHII, SIKi BHHUKAIOTH Y IIPO-
1IeCi pyXy, Ta Bijl AKHX 3aJICKUTh MILHICTh €JICMCH-
TiB BaroHa d 3aJli3HUYHOI KOJIi.

Y3aranbHeH1 KOOPIWHATH MEXaHIYHOI CUCTEMH,
o omucye pyx enekrpomnoizga EKp—1 «Tapmany,
OOMpaIOTh SIK JiHIIHI MepeMillleHHs LEHTPIB Mac
KOXHOTO 3 TiJI, @ TAKOX KYTOBi IMepeMileHHs Bi-
HOCHO TOJIOBHHMX LIEHTPalIbHUX oced. OCHOBHHMH
BUJaMHU KOJIMBAHb €:

— IS TOCTYMANBHOTO PyXy: MiACTPUOYBaHHS
(3a HampsIMKOM OCi Z), TOCMHUKYBaHHSI (32 HaIpsIM-
KOM 0ci X) Ta O0KOBHIA BUHOC (32 HAIIPSIMKOM OCi Y);

— mns 00epTOBOTO pyXy: TalomyBaHHS (Ha-
BKOJIO OCi y), BUJISTHHSI (HABKOJIO OCi Z) Ta OOKOBE
XHUTaHHS (HaBKOJIO OCI X).

Juis oOpaHoi po3paxyHKOBOi cxemu (puc. 4) Ta
y3aralbHEeHNX KOOpAWHAT nOu(epeHmiadbHi piB-
HSTHHS KOJIMBaHb 3allUCYIOTh 32 METOAOM 1’ AjaM-
Oepa. it 1bOro pEeKOMEHIOBAHO BUKOHATH TaKy
MTOCITIZIOBHICTD Jii:

— 13 TCOMETPUIHHUX CITIBBIAHOIIICHE CKIACTH 3a-
JISKHOCTI epemilieHs (aedopmariii) B’ si3ei Bif 3a-
JAHUX MOXIMBHX (200 BipTyaJbHHX) HepeMilIeHb
CHCTEMU;

— BIAMOBIAHO 10 (Di3UYHUX 3aKOHIB BHPA3UTH
peaxiii B’si3ei, CHIIH 1HEpIIil 110 Jit0Th Ha aHAJi30-
BaHi TiNa CHCTEMH, Ta MOMEHTH CHIT iHepui‘i gyepes

— 3aMiHUTH (DI3UYHY MOJCIb (po3paxyHK0By
CXeMy) CHJIOBOIO CXEMOIO Ta CKIIACTH I Hel piB-
HSIHHS PIBHOBATH| i/ JI€F0 IPUKIAICHIX aKTHBHIX
CHJI Ta CHJI 1HEpIIii.

W3
X

E E

E %, ,,,, ff. , ,xls, I
Yp2v Wp2 A yp :
x4 y}m3 K12 yKnl

Puc. 4. Po3zpaxyHkoBa cxema BaroHa msujkicHoro enekrponoizna EKp—1 «Taprnan»

Fig. 4. Design scheme of the car of the high-speed electric train EKr—1 «Tarpan»

OT1xe, sik 0auMMO 3 HaBEACHOI Ha puc. 4 po3pa-
XYHKOBOi CXE€MH BaroHa, HOTO CTaH y OYIb-sSKHi
MOMEHT 4acy BU3HAUYaIOTh 26 KOOPAUHATAMH, J€:

Xer Yir Zes 0,0, @, W, — KOOPIIMHATH Ky30B2; X1, Y,

Z,1,0,1,0,1, V¥, — KoopauHatH pamu Bizka Ne 1;

Xp2s Yp21 252105050 » Wyp — KOOPAMHATH PAMH Bi3Ka

Ne 25y Wents Y Ve — KOOPIMHATH KOJTICHUX
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nap Bi3Ka Ne 11 yKH3'\VKH3’ yKH4’WKH4 — KOOpJHHATH

KOJIICHUX Tap Bi3ka Ne 2.

Crnin 3BepHYTH yBary Ha NPHHHATE TPHITY-
IIEHHS PO HEPO3PUBHICTh KOHTAKTY MK KOJIECOM
Ta perikoro. Y TakoMy BUIAIKy pyX KOJICHOI mapu
y BEPTHUKAILHOMY HampsIMKY IO Oci Z Ta 1i O0KOBe
XUTaHHA (HaBKOJIO oci X) Oyae TOBTOPIOBATH
MIPUIHATI TEOMETPUYHI HEPIBHOCTI JIiBOI 1 TIpaBoi
peiiku. KpiM nporo, yHaciiok B’s3eil, HakIaaeHNX
Ha pyX KOJICHHUX Map, iX NepeMillleHHs Y TIO3/I0BXK-
HBOMY HampsMKy OyAyTh 30iratucst 3 mepeMimieH-
HSIMU BiJIMTOBIAHOTO Bi3ka. Takoxk OyayTh BiICYTHI
KOJIMBAaHHA TaonyBaHHs. Lle 103Bosisie po3rasHy TH
KOXKHY KOJICHY Mapy SIK CUCTEMY 3 JBOMa CTyIIe-
HSIMH BUTBHOCTI (OOKOBHI BHHOC 1 KOJIMBAaHHS BH-
JISTHHS) Ta 3MEHIIUTHU 3aralibHy KiJIbKICTh CTYTICHIB
BIJIBHOCTI CUCTEMH.

3actocoByroun npuHIUN A’ Anambepa, Biakuma-
€MO B’si3i, 3aMiHIOIOYM X peakuismu (puc. 5-7).

[IpuknamaemMo cum iHEpINil Ta MOMEHTH CHJI 1HEp-
ii. JIJ1g K0’)KHOTO MOMEHTY 4acy MPOIMUCYEMO PiB-
HSIHHS PIBHOBAar# TiJl CHCTEMH.

Omxe, mis Ky3oBa nudepeHIianbHl PiBHIHHS
MaTHMYTh BUTJISLII;

— miacTpuOyBaHHS:

4 4 4
Mz + Y P, + > P + ZPBI— -m.g=0; (1)
= = =L
— HOCMI/IKyBaHHﬂ:
4 4
mX + > F+> P, =0; (2)
=1 =

— OOKOBHI1 BUHOC:

4 4 4
M+ Qi+ 2 P+ > Py =0 (3)
j=1 j=1 j=1

| : [ [ f
-« -
—— 8
Jpe@e D . Do
U R SR SR y7 mmE%K 7777777777777777777 | 7m7|<'"|< 7mj.7ZK7 R
mK'xM |
c \ aa
PH.B3,4 F3,4 | FLZ Pn.n 1,2 PyBZ,‘4 Q2,4 Pr.nm-LZA H Pr.nvm 1,3 Qlf Pynl3
3 A T y— D A N
P34 Piza i Psi2 P12 P24 Powmioal ! TPB.BMH 13 I P13
A A A A
PB4B14H3.4 : PB.BMH 12 PBZA PB 13
|
! Prim2
Pl‘,‘MH4 i i
Pn.54 F4 | FZAPI'I.BZ
K |
Q4 [ Qz
A 3
f Py.BA “:\JZK.WK Py,BZ
r Mk X mk'yk
JEED. 25 D S P R ity e I,
|
|
f Pr. nH 3 | Pr un 1
A | A
PH‘B3 F3 | F1 Pn.nl
Qs | Q:
Py.BS ! ku.Bl

Puc. 5. Cxema gii cun Ha Ky30B BaroHa mBHKicHoro enektponoizga EKp—1 «Tapnan»

Fig. 5. Scheme of the action of forces on the car body of the high-speed electric train EKr—1 «Tarpan»

— OOKOBE XUTAHHA:

3,0 +Pf-Pf+Pf-Pf+P f-P,f+P,f-P,f+

+P,

B.BUH

la_

P

B.BHH.

L+

P

4 4 4
B.Bl/lﬂ3a - PB.BMH4a - ZQJC - Z Py.Bjc - ZPF.BI/[HJC = O’ (4)
= i1 =l
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— raJIOITyBaHHA:

Jy&, +Pb+P,b—Pb—Pb+P,, .b+Ph

.BHH] B.BHH2

b-P

B.BHH3

b-P

B.BHH4

b+

4 4

+P (b=1)+P,(b-1)-P;(b-1)-P,(b-1)-> Fc-> P, .c=0; (5

— BHJISIHHSA:

‘] ZK\TIK + le + sz - Q3b - Q4b + PyABlb + Py.BZb - Py.B3b - PyBAb + Pr

i i=L

b+P. ..0—

.BHH] .BUH2

_Pr.BHH3b - Pr.BHH4b - I:1 f + F2 f - F3 f + F4f - Pr[.Bl f + PH.BZf - PH.B3 f + PI'LB4f = 0’ (6)
je m, —maca Ky30Ba; J,,J,,,J, —MOMEHTH ine- 3OHTalbHA CKIaJ0Ba peaxiii TiipaBIiYHUX TaCHU-

pIii Ky30Ba BiTHOCHO IIEHTPAIILHUX OCeH X, Y, Z; Pj

— BEpTHKAIBHI peakiii MHEeBMAaTUYHUX PEcop;
P — BEpPTHKAJIbHA CKJIA/I0BA PEaKIIii rigpaBiid-

B.BIHH]

HHX TaCHUKIB KOJIMBAaHb BUHOCY; B, — BepTHKaIbHI

peaxiii BEpTUKAJILHUX TiIPaBIiYHUX TACHHUKIB KO-
JMUBAHHS JIPYTOTO CTYIEHS PECOPHOTrO TMiABINIy-
BaHHs, F; —03/10BKHI peakuii MHEBMAaTHYHUX pe-

cop; Q; — momepe4Hi peakuii MHEBMATHYHUX pe-

cop; P

I.BJ

— MO3AO0BXKHS CKJIAJI0OBa PeaKIii TigpaBii-

YHMX TACHUKIB y pasi KOJIMBaHHA BUIsHHS, P, —

MOTIepeYHa CKJIAZI0Ba PEaKIlii TipaBIiYHUX TaCHU-

KiB y pa3i KOJIMBaHHA BUHOCY; § — MPHCKOPEHHS
BiIbHOTO MajiHHsA; f — BicTaHb y monepedyHoMy
HaTpsMi Bii TEOMETPUYHOTO IIEHTpa Ky30Ba 0 TO-
YKU MPUKIAJIaHHS BEPTHKAIBHOI peakiii mHeBMa-
THUYHOI pecopy; a — BIJICTaHb y MONEPEYHOMY Ha-
MpsIMi Bi TEOMETPUYHOTO [IEHTPA Ky30Ba 10 TOUYKU
MIPUKJIaJaHHs BEPTUKAIBHOT peakilii T1iIpaBIigHOTO
racHHKa KOJMBaHb BUHOCY; D — BiZCTaHB y MO3/10-
BXKHBOMY HAIIPSIMi BiJl TEOMETPUIHOTO LIEHTPa KYy-
30Ba 70 TOYKU MPHUKIIATAHHS BEPTHKAIBHOI peakiii
MTHEBMAaTUYHOI PECOPH; ¢ — BIICTaHb Y BEPTUKAJIb-
HOMY HaIpsiMi BiJl TEOMETPUYIHOTO IIEHTPA Ky30Ba JI0
MMHEBMaTH4HOI pecopd; | — BifgcTaHb y MO3M0BXK-
HBOMY HampsMi MiX MMHEBMAaTHYHOIO PECOPOIO Ta

KiB y BUIQ/JIKy KOJIMBAHHS BUISAHHS; P, .. —TOPH-  BepTHKaILHUM TiJpaBIiuHMM raCHUKOM KOIMBAHb.
420,420 Puza t P
e ! Puro Prra,
o Reseop Pl Pios B gy D] Pras ll L
Prsa Puss i ' Pui TPr 12 PZ,A : P1‘3
:F1,2‘3,4 w Q2 Pi2a prl.epﬁ‘\ Puis Ql
mpl.fﬂ Pusi234 Py My Zp1 Pyn1
- B T e H e ittt Eelhet R e = — - - —> ==
MpXpr | Jypt Pyt Mp1 Yo
h 4 £ i
1Pn.nn|l 1234 Prom> ! Prowi
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Puc. 6. Cxema nii cuit Ha paMy Bi3Ka BaroHa mBHAKiCHOTO enektpomnoizna EKp—1 «Tapmany»

Fig. 6. Schematic of the action of forces on the bogie frame of the EKr-1 «Tarpan» high-speed electric train
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Hnst pamu Bizka Ne 1 nudepeHuianbHi piBHSIHHA PiBHOBATH MaTUMYTh BUTJIISII

— migcTpUOyBaHHS:
4 4
mpl zpl - Pl - P2 - PBl - PB2 - PB4B1/1H1 - Ra.Bm-Q + Z Pnj + Z PFJ = O; (7)
=l j=1
— IOCMUKYBaHHS:
4
mplx.pl - Fl - FZ - PHABI - PH.BZ + Z ng' =0; (8)
=1
— OOKOBHMI1 BHHOC:
4
mplypl - Ql - Q2 - Py.Bl - Py.BZ - Pr.Bm{l - R“.Bl/lﬂz + Z Pnrj = 01 (9)
j=1

— rajJIoITyBaHHs:

JypaPp1 Pl+P,l+P,e+P,e—P.,e-P,e+P e+P,e—P,e—P,e—

_Flh - FZh + anlW+ an2W+ an3W+ an4W = O’ (10)
— BUJISIHHSA:

‘]Zpl\‘Jr‘Ipl + Pnr]8 + Pl'l]“28 - Prlr38 - Pm"48 + Fl f - FZ f +

+P f-P . ,f-P, f+P,f—-P,f+P. ,f=0; (11)

m.sl 1.

— OOKOBE XMTaHHS:

‘]xplepl - PB.BPIHla + PB.BPIHza _Plf + [)Zf _PBlf + P]32f + Pl'[]f _Pan + Pl'l3f - P]‘l4f +
+Pr1 f- Pr2 f+ R"3 f- R"4 f+ Pr.Bp[th + PRBHHZh _th _QZh + Pner+ PHT2W+ PnT3W+ PnT4WZ 01 (12)
je M, —wmaca pamu Biska; J,,,J,,J, —MOMeHTH IUIOUIMHH CIUPAHHS HA NPYKHHU OYKCOBOTO iBi-

IIyBaHHS, € — BIJCTaHb MO OCi X Bij IeHTpa Baru
pam# Bi3Ka JI0 IEHTPIB MPYXUH OYKCOBOTO pecop-
HOTO TiABINIYBaHHS, e¢ — BiJCTaHb MO OCi X BiJ
CTYIICHS] PECOPHOTO MiABIIYBAHHs; P, — IO310B-  enrtpa Bark paMu Bi3Ka 10 TOUKH IPUKIATAHHS Be-
KHI peakilii TpyXuH OYKCOBOTrO CTyNeHsi pecop- PTHKAIBHOI peakiii BEPTHKAIbHHMX TiIPaBIIYHHX

HoTo MiBimyBanHs; P, — nonepeuni peakiii npy-  TACHHUKIB KOIMBAHE OYKCOBOTO PECOPHOTO MifBIIITY-
BaHHS.

Jlnst apyroi pamu Bi3Ka MIBUIKICHOTO €JIEKTPO-
moizna EKp—1 «Tapman» nmudepenmianbHi piB-
KOJINBAaHBb OYKCOBOTO CTYIIEHS PECOPHOTO Mi/BIlly- HSHHS PIBHOBard MaTUMYTh 1JIGHTHYHHWN BHUTIISI,
BaHHA; h — BiZIcTaHb 110 BEPTHUKAII BiJl IEHTPa Bark  OJHAK 3 IHIIUMHU 1HIEKCAMH.
paMu Bi3Ka JI0 MHEBMATUYHOI pecopw; W — Bijc-

TaHb 110 BEPTUKANI BiJI IEHTPa Baru pamu Bi3Ka JI0

iHepIii paMu Bi3Ka BiTHOCHO IIEHTPAIBHUX OCEH X,
Y, Z; P,; — BepTuKanbHi peaxiii npyknH 6yKCOBOro

HH OYKCOBOT'O CTYIICHSI PECOPHOTO ITiABIITYBaHHSI;
P. — BepTukanbHi peakilil rijpaBIiqYHAX TaCHHUKIB

T
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II-koJticHa mapa

+Q(R)
Pn.x‘.4 AF‘/A
Pn.r.4 Y FXA
mKnl.yKnl A \]ZKul'WKul
Pn.r‘3
Punx3 y E.
i Fy3
1Q(Rs)

I-xoicHa mapa

QR

A

A
Pn.x.Z‘ Fyf sz

v Pn.r.Z

. \] kil * \Jxnl
M- yknl ‘\ ‘ \ll

Pn.r.l

Yy Fxl

Pn.x.l" Fyl
Q)|

Puc. 7. Cxema nii crit Ha KOJICHI Tapy TEPIIOTO Bi3Ka BaroHa mMBHAKICHOTO enekTponoizaa EKp—1 «Tapman»

Fig. 7. Diagram of the action of forces on the wheel pairs of the first bogie of the EKr-1 «Tarpan»
high-speed electric train

Hnst komicHux map Ne 1-2 Bizka Ne 1 audepen-

HiaJbHi piBHSHHS PiBHOBard MaTUMYTb BUTJIISII
— GOKOBHIi BUHOC:

mkﬂly](rll + I:yl + Fy2 +Q(R1)_Q(R2)_ Pnrl - Pan :O'

mkn2y1<n2 + Fy3 + Fy4 +Q(R3)_Q(R4)— Prlr3 — Pnr4 :O,

— BUJISAHHA!

Joen Vi + FaS —FS + B S —PB,S =0;
Jsao Wi + FaS —FuS + B3S =B ,S =0,

Ae M — Maca KoJICHOi napu; J, . — OCbOBHI MO-
MEHT 1HepIIii KOJIICHOI apy BiIHOCHO OCi Z; S — Bi-
JCTaHb BiJ| TOUKM KOHTaKTy Kojeca i pedkm 10

IEHTpa Baru KOJICHOI Iapu, Fx — IIO3I0BXXH1 pPCaK-

uii B KOHTaKTI Koneca i peiiku; F, — nonepeuni pea-

KIIii B KOHTAKTI KoJieca i peiku; Q ( R) — MPOEKIIi HA

TOPHU30HTAIBHY BiCh Y CHJI B3a€MOII1 KoJIeca i peHKH.

VY B3sTIH pO3paxyHKOBiH cXeMi IIBUAKICHOTO
enekrponoizaa EKp—1 «Tapman», KpiM KOMILJIEKTiB
KPYYCHUX IHMIIHIPUYHUAX TPYXKHUH (MEpIIHd CTy-
MiHb PECOPHOIO MiBIIIyBaHHS), 3aCTOCOBYIOTb Ti-
JpaBJiYHI TACHUKY KOJHMBaHb (MEPIINI Ta ApyTruid
CTYNiHb) Ta THEBMATH4YHI pecopu (Ipyruil cry-
MiHb).

(13)

(14)

(15)
(16)

Hns ommcy peakuiii kpy4deHoi LMIIIHIPHYHOT
IIPY>KUHH 3aCTOCOBYEMO 3aKOH ['yka:

ne k —koedinienT xkopeTkocTi; Az, — nepopmaris

MIPYXHUHH.

Jiist 3HaXOMKEHHS CHJIM OIOPY TiApaBIiYHOTO
racHUKa KOJIMBaHb OepeMo, 110 BOHA NMPONOpPLiKiHa
IIBUJIKOCTI TIEPEMIIIICHHS IIITOKY:

Prj :BAZU_I’ (18)

ne P — koedimieHT neMIipyBaHHS TiApPaBIIYHOTO
racHUKa KOJNMBaHb; AZ ~ — WIBUIKICTb IIepeMi-
LICHHS IITOKA TipaBIiYHOTO FaCHUKA KOJIMBAHb.
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JI1s 3HaXOIKEHHST BEPTUKAIBHUX PEaKIIii ITHe-
BMaTUYHHUX PECOP BUKOPUCTOBYEMO 3AJICIKHICTh:

ne A; — eexTrBHA MIIOLIA j-Oi ITHCBMATHYHOI pe-
copy; P; — BHYTpILIHIN THCK j-0i THCBMATHYHOI pe-

COpH.

J1a 3HaXOKEeHHS 3MIHU BHYTPIITHBOTO THUCKY
B THEBMATHYHII CHCTEM1 PECOPHOTO ITiIBIIITYBaHHS
OyJI0 BUKOPHCTAHO TEPMOJUHAMIYHY MOAENb 3 ypa-
XYBaHHSM T'€OMETPUYHUX MapaMeTpiB 3’ €IHYBaIIb-
HOTO TPYOOIIPOBOIY, BTPATH HAIIOPY BHACIIJIOK TT€-
PETiKaHHS MOBITPS MK ITHEBMAaTHYHOIO PECOPOIO
Ta JOAAaTKOBUM pe3epByapom [11]:

PO, 1y RTO
h(t) h()A
(20)

Je M — Maca MmoBiTps, Kr; R — yHiBepcanbHa razoBa
crana, J[x/(kr-K); h — morouna Brcora mHeBMaTHY-
Hoi pecopH, M; A1 — eeKTHBHA IIOIIA THEBMATHY-
Hoi pecopu, M% P, V, T — THck, 06’eM Ta Temmepa-
Typa po6OUOro Tilla MHEBMATHYHOI pecopu, Ila, M3,
K BigmosinHO.

BpaxoBaHo, 110 B mpoleci ekcruIyaTariii 3i 3mi-
HOIO BHYTPIITHBOTO TUCKY e(eKTUBHA TUIONIA ITHE-
BMaTUYHOI pecopH 3MiHIOeThes [9].

YMOBH B3aeMoJIii KoJieca 1 peiiKu OMKUCYIOTh 3a
JOTIOMOTOI0 Teopii Kpuiy. TOYKH KOHTaKTy MO-
KYTh 3HAXOIUTUCH abo Ha 00omxi, abo Ha rpedeHi
KoJieca, IO 3aJICKUTh BiJI TOJIOKEHHS KOIiCHOI
napu B perKkoBiil komiil. 3anexHOCTi peakuiil Bix
MIBUIKOCTI BITHOCHOTO TIPOKOB3YBaHHS MOXKHa 3a-
MUCATH TAaKUM YHHOM:

4T MOR

P(t)=-h(t) A

\
F,o =KX 21
=Ry (21)
F =K (22)
y V’

ne K —koedilieHT KpuIy; V, — HIBUAKICTb 0370-

BXKHBOIO IPOKOB3YBaHHs KoJeca 1o pefiui; V,

MIBUJIKICTh TONIEPEYHOr0 MPOKOB3YBaHHS KoJieca
o peii; V — IBUAKICTh PyXy PyXOMOTO CKJIaYy.

OcCoOnMBICTIO 3aIPONOHOBAHOT PO3PaxXyHKOBOI
CXEMH Ta po3po0IIeHOT MaTeMaTUIHOT MOJIETII € Bpa-
XYBaHHsI TOXHJIOrO pO3TAaIllyBaHHS [IiIpaBIidHUAX
T'aCHHKIB KOJIMBAHb y JIPYTOMY CTYIICHI PECOPHOTO

MiBINITYBaHHS, a TAKOXK J€TATBHUN OIHC TPOIIECIB,
0 BiOYBAIOTHCS MiJl Yac POoOOTH MHEBMATUYHOI
CHCTEMH PECOPHOTO IMiABIIIyBaHHSI.

PesyabTaTn

Jtst mepeBipKu Iparie3qaTHOCTI po3po0IIeHo1 Ma-
TEMaTHYHOI ~ MOfEeNi  MOOyOyeEMO  3aJIeKHOCTI
«cwna — aedopmaliisny THEBMAaTHIHOI PECOpH 3a pi3-
HUX MIBHAKOCTEH PyXy PyXOMOTO CKiamy (puc. 8—
11).

Jlocimi/pKeHHST TIPOBEJICHO JUTS TaKUX BUXIJTHHX
JIAHUX: TIOYATKOBHH THCK y TTHEBMATHYHUX PECOPax
CKJIaJaB 5 aT™M.; e(eKTHBHA IUIOIIA MTHEBMATUYHOT
pecopu — 0,241915 m?; Maca xy3oBa — 49 320 kr; 1i-
ameTp 3’ €HyBaJILHOTO TpyOompoBomy — 25 MM; J10-
BXWHA 3’ €JHYBaJIBHOTO TpyOoIpoBoay — 4 M; 00’eM
noznatkoBoro pesepsyapa — 0,038 M3; ammiTyna Ta
JOBXMHA CHHYCOiaJbHOI HEPIBHOCTI PEHKOBOI KO-
mi— 15 mMm ta 10 M BiOmoBigHO.

JL1st mocimipKeHHsT IBUAKICHUH Tiara30H eJIeKT-
pomoizna EKp—1 «Tapnan» Oysio po3zijieHO Ha 4o-
tupu iaTepBanmy: 120-140 km/roxm; 141-160 xm/rox
(mpuckopenwuii pyx); 161-200 xkm/ron (BUAKICHAN
pyx); 201-250 xm/ro1 (BUCOKOMIBUAKICHUH PyX).

6000 T

V=120 xm/rox.
— V=130 km/rox.

4000 +  __ V=140 xkM/Tox.

2000 T

0+

Cuna, H

-2000 +

-4000 +

-6000 f f f f f i
-0,012 -0,008 -0,004 0 0,004 0,008 0,012
Hedopmartis, M

Puc. 8. BanexHicth «cnina — gedopmartis» mHeBMaTHY-

HOI pecopy Ipyroro CTyNeHs peCOPHOTO MiBillyBaHHS

BaroHa mBHKicHOro enekrponoizna EKp—1 «Tapnany
B iHTepBaui mBHaKocTei 120-140 km/rox

Fig. 8. The force — strain dependence of the pneumatic
spring of the second stage of the spring suspension
of the car of the EKr—1 «Tarpan» jointed electric train
in the speed range of 120-140 km/h
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8000 T

V=140 xkm/rox.
— V=150 km/rox.
— V=160 km/rox.

6000 +

4000 +

2000 +

0+

Cuna, H

-2000 +

-4000 +

-6000 +

-8000 f f f f f i
-0,012 -0,008 -0,004 0 0,004 0,008 0,012
Hedopmamis, mm

Puc. 9. 3anexHicTh «cuia — neopMaris MHEBMaTHY-

HOI PecopH IPyroro CTYIICHS PECOPHOTO ITiBIITyBaHHS

BaroHa mBHaKicHOTO enekrpormoizna EKp—1 «Tapman»
B iHTepBaui mBuaKocTei 141-160 km/ron

Fig. 9. The force — strain dependence of the pneumatic
spring of the second stage of the spring suspension
of the car of the EKr-1 «Tarpany jointed electric train
in the speed range of 141-160 km/h

10000 T
V=160 xkm/ron.
8000 T — v=170 KM/TOJ.
6000 + — V=180 km/rozu.
— V=190 xm/To1.
4000 + V=200 xm/rozx.
»7-'1 2000 + /
<
ol
O
-2000 +
-4000 +
-6000 +
-8000 } } } } } } {
-0,016 -0,008 0 0,008

Hedopmartist, M

Puc. 10. 3anexHictpb «cuna — nedopmariisy MHEBMaTHY-

HOI PECOPH IPYroro CTYMEHS PECOPHOTO IMiIBIIITYBaHHS

BaroHa mBHIKicHoro enektpomnoizna EKp—1 «Tapmnany
B iHTepBai mBHAKOCTeH 161-200 kM/Tox

Fig. 10. The force — strain dependence of the pneumatic
spring of the second stage of the spring suspension
of the car of the EKr—1 «Tarpan» jointed electric train
in the speed range of 161-200 km/h

V=200 xkm/roz.

10000 T vs10 mfron.
8000 + — V=220 km/ro.
6000 + — V=230 kxm/roj.
V=240 xm/rox.
4000 + V=250 xm/rox.
2000 +
jant
= 07 /
© 2000 + /
-4000 T+
-6000 T+
-8000 +
-10000 t t } } } } } i
-0,016 -0,008 0 0,008 0,016

Jedopmanis, M
Puc. 11. 3anexHicTh «crita — qeopmarisn MHeBMaTH-
HOI pecopy JIpyroro CTYIEeHS PECOPHOTO MiBINIyBaHHS
BaroHa mBHUAKicHOTO enekrpomnoizga EKp—1 «Tapmany
B iHTepBai mBuakocreit 201-250 km/ro

Fig. 11. The force — strain dependence of the pneumatic
spring of the second stage of the spring suspension
of the car of the EKr—1 «Tarpany jointed electric train
in the speed range of 201-250 km/h

OTke, y pe3yabpTaTi aHami3y 3aJeKHOCTI «cuia
— nedopmariisy MHEBMAaTHYHOI PECOPH BCTAHOB-
JICHO:

—3a 3puyaioro pyxy (120-140 km/romx) Makcu-
MajbHE 3HAYCHHS peaKilii MHEeBMAaTUYHOI pecopu
nepeOyBae B Mexax 5,25+5,88 kH;

— 3a mpuckopeHoro pyxy (141-160 km/rox) ma-
KCHMaJIbHE 3HAYCHHS BKa3aHOI peakiiii nepedyBae
B Mexkax 5,88+6,59 kH;

— 3a mBHAKicHOTrO pyXxy (161-200 kM/ro) Mak-
CUMaJIbHE 3HaUCHHs peakilii ckiaaae 6,59+8,20 kH;

— 3@ BHCOKOMIBH/KICHOTO pyxy (201-250 xm/roxm)
MakcUMalIbHE 3HadYeHHs ckiazgac 8,20+9,73 kH.

XapakTep OTPUMaHUX 3aJISKHOCTEH «cHiia — Jie-
¢dopmariisn» THEBMAaTHYHOI PECOpU BIJIIOBia€e pe-
3yJnbTaTaM MPOBEACHHUX JOCHTIKEeHb Y poboTi [10],
110 BKa3ye Ha MPUAATHICTh pO3POOIEHOI MaTeMaTH-
YHOT MOJIeTi JJIsl Cy4acHOTO PYXOMOTO CKIaxy
B YMOBaXx IIBHKICHOTO PYyXY.

OtpumaHi pe3yabTaTH JO3BOJISIOTE 3pOOUTH BU-
CHOBOK, 1110 30UIBIICHHS MIBUAKOCTI PyXy pyXo-
MOTO CKJIaJly TIPU3BOJIUTH JI0 3pOCTAHHS CHII Y JIPY-
roMy CTYyIEHi pecopHOro miasimryBaHHs. Lle Hera-
TUBHO BIIMBaTUME Ha JIMHAMIYHI TOKa3HUKHU PyXO-
MOTO CKJIany, a came KOoe(illieHTH BEepTHUKaIbHOI
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TUHAMIKH Ta MaKCHMAaJbHI NPHCKOPEHHS Ky30Ba
Y BEpTUKAIBHIH IIOIIHHI.

3 mpakTUYHOI TOYKH 30py po3pobiieHa MpocTo-
poOBa MaTeMaTH4Ha MOJIENb JO3BOIHTH IIE HA eTarll
MPOEKTYBAHHS MIBUJIKICHOTO PYXOMOTO CKJIaay Tpo-
BOJIUTH KOMIUIEKC TECOPETHYHUX JOCIIKCHb IIOJI0
BCTAQHOBJICHHS ONITUMAIIEHUX YMOB EKCILTyaTaIlii ITHe-
BMaTUYHOI CHCTEMH PECOPHOTO Ti/IBIITyBaHHS Ta PY-
XOMOTO CKJIaJly B I[JIOMY JUIS IOTPUMAHHS B JIOMYC-
TUMHX MEXKaX JTUHAMIYHHX MMOKA3HUKIB Ta MOKa3HU-
KiB O€31eKH pyxy.

HaykoBa HOBHU3HA Ta IPAKTUYHA
3HAYUMICTh

VYuepuie moOyqoBaHO MPOCTOPOBY MaTeMaTH-
YHY MOJENh JUHAMIYHOI TOBEIHKH MIBHUAKICHOTO
PYXOMOTO CKIIaay 3ali3HHMII 3 ypaxyBaHHSIM 0Cc00-
JIUBOCTEH POOOTH IMHEBMATHUYHOI CHCTEMH Pecop-
HOTO MIiJBIITYBaHHS, NETAIFHOTO BpaxXyBaHHS PO3-
TallyBaHHS B’s3ed Ta B3aeMOJIii KOJICHOI mapu
3 PEUKOBOIO KOJI€I0 Y BEPTUKAIEHOMY Ta TOPU30H-
TaJIbHOMY HanpsiMKax SIK Y MPSMHEX, TaK 1 B KPUBHX
TUISTHKaX 3ai3HUYHOI Koiii. Po3pobka Takoi mo-
NSl JTO3BOJIUTh JIOCIIDKYBATH JUHAMIYHI ITOKa3-
HUKHA PYXOMOTO CKIIQJy 3ai3HHUIIl Ta MOKAa3HWUKU
0e3nexn pyxy B YMOBaxX MIBHUIKICHOTO PyXy Ta
BCTaHOBJIIOBATH ONTHMANbHI TapameTpu B’ si3eil
MEPUIOTo Ta APYrOro CTYNEHIB PECOPHOTO MiABIlTy-
BaHHS 32 PI3HUX KiHEMaTHYHUX 30ypeHb 3 OOKy
PpeiKoBoi KoIii.

BucHoBku

1. Ha ocHOBi aHaii3zy KOHCTPYKLIHHUX 0COOIH-
BOCTEH MEpIIOro Ta APYroro CTYIMEHIB PECOPHOTO
MiABIITYBaHHS MIBUAKICHOTO enekTpomnoizaa EKp—1
«Tapman» po3pobiIeHO HOTo PO3PaXyHKOBY CXEMY.

2. Onmcano (i3uyHi 3a1€KHOCTI MK peaKIisiMu
Kpy4YeHUX HWIHIPHIHUX TPYXKHUH, TiIpaBIidHIX
TacHUKIB KOJIMBaHb, THEBMAaTUYHUX PECOP Ta CUI
B3a€MOJII1 MiXK KOJIECOM i peHKOI0 Ta KOOpAWHATAMHU
PO3paxyHKOBOI CXEMH.

3. I3 BuKOpHCTaHHSIM TpHHIMITY 1 Aambepa Ta
TEPMOAMHAMIYHOI MOJIETI pOOOTH ITHEBMATHYHOI CH-
CTEMH PECOPHOTO MiIBIIYBaHHS CKJIAJICHO CUCTEMY
i3 54 mudepeHIianbHUX DPIBHSIHD, SKa JO3BOJISE
MIPOBOIUTH TEOPETUYHI MTOCIIKEHHS JUHAMIYHOT
MOBEIIHKH PYXOMOTO CKJIaJly 3a IIBHIKOCTEH Horo
pyxy o 250 km/roz.

4. llepeBipky mpamne3maTHOCTI po3poOIeHol
MIPOCTOPOBOI MAaTEMAaTUYHOI MOJEI TPOBEICHO
LUISIXOM TOOYIOBH 3aJIeXKHOCTEl «cuna — aedop-
Mallish» THEBMAaTHYHOI pecopu APYyroro CTyIEeHs pe-
copHoro miaBimryBaHHsI. Ha ocHOBI mocmimkeHb
YCTAaHOBJICHO, IO MaKCUMallbHEe 3HAYEHHS CHIIH,
sIKa JTi€ Ha THEBMATHYHY PECOPY, Y pa3i 301IIbIIIeHHAS
mBUAKOCTI pyxy Bix 120 mo 250 xm/rox 301bITy-
€Tbcst Ha 85 %, 110, BIAMOBIIHO, 30LIBIITYBaTUME
JMUHAMIYHI TIOKa3HUKW IIBHJKICHOTO PyXOMOIO
CKJIamy.
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A Spatial Mathematical Model of the Dynamic Behavior of Modern Rolling
Stock in High-Speed Traffic

Purpose. The paper aims to develop a spatial mathematical model of the high-speed electric train EKr-1 “Tarpan”
taking into account the design features of its first and second stages of spring suspension. Methodology. The design
scheme of the electric train is taken as a set of 7 solids connected by ligaments of different rheology. Each of the
bodies performs spatial oscillations. In this case, the wheel set is considered as a system with two degrees of freedom
(lateral displacement and wagging). The angular and linear displacements of the bodies are considered as generalized
coordinates. The resulting mechanical system has 26 degrees of freedom. The differential equations of motion are
written using the d'Alembert principle. The kinematic perturbation of oscillations due to movement along uneven-
nesses of the track in both vertical and horizontal directions is considered. The presence of elastic and dissipative
viscosities is taken into account in the first and second stages of the spring suspension. The hypothesis of geometric
linearity of deformations is accepted. The reactions acting in the longitudinal (in the wheel plane) and transverse
directions are taken into account at the point of contact between the wheel and the rail. The longitudinal and transverse
reactions are quantitatively described by the nonlinear creep hypothesis. The modeling of hydraulic vibration dampers
takes into account their inclined location, which makes it possible to dampen vibrations in the vertical and horizontal
directions. Findings. The spatial design scheme of the studied object was chosen. The geometric dependences between
the deformations of the ligaments and the generalized coordinates of the design scheme are obtained. The physical
dependencies between the reactions of the ties and their deformations are described, taking into account the pneumatic
spring suspension system. The differential equations of oscillations for each element of the design scheme are derived.
Originality. For the first time, a spatial mathematical model of the dynamic behavior of high-speed railroad rolling
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stock was constructed, taking into account the peculiarities of the pneumatic spring suspension system, the location
of the bindings, and the interaction of the wheelset with the rail track in the vertical and horizontal directions, both in
straight and curved sections of the railroad track. Practical value. The development of such a model will make it
possible to numerically study its dynamic and safety performance in high-speed traffic conditions at the design stage
of high-speed railroad rolling stock and to establish the optimal parameters of the first and second stages of spring
suspension, while setting various kinds of kinematic disturbances from the rail track.

Key words: high-speed rolling stock; mathematical model; rail track; structural ties; oscillations; dissipation
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MMixdip ckiagoBux Ta cnocodu Moau@ikalil IPYHTOLEMEHTY 3 METOK0
NiIBUIICHHS eKCIUTYaTANIHHUX BJACTUBOCTEN 3eMJISIHOTO MOJIOTHA

Meta. OCHOBOIO METOIO HAYKOBOI CTaTTi € OOIPYHTOBaHUIl BUOIpP CKIIaJOBUX KOMIIOHEHTIB I'PYHTOLIEMEHTHUX
apMyBaJIbHUX CTPYKTYPHHUX €JIEMEHTIB 1 METOAIB MOIU(IKyBaHHS CTPYKTYPHU IPYHTOLIEMEHTY JUIS ITiACHICHHS 3EM-
JISTHOTO TIOJIOTHA T 3a/Ti3HUYHY Koito. MeTroauka. J{jis BlamTyBaHHS IPYHTOIIEMEHTHHX ITiICHITIOBAIbHHX €JIeMe-
HTIB ITiJ] CyMIIICHY 3aJi3HUYHY KO0 32 OYpO3MIIIyBaIbHOIO TEXHOJIOTIE0 PO3B’I3aHO KOJIO 33134, IO BKITFOYAIOTh:
00TpyHTOBaHH BHOIp CKIAJOBUX KOMIIOHCHTIB i MOAN(IKaTOPIB IPYHTOIIEMEHTHOTO €JICMEHTa; BU3HAUCHHS BIIac-
THUBOCTEH KOMIIOHEHTIB; BCTAHOBJICHHS €KCIUTyaTaIllifHUX BUMOT 10 IPYHTOLIIEMEHTHY 1 HOTO CKIIay; MPOEKTYBaHHS
ONTHMANIBHUX CKJIAMIB i3 33JaHUMH E€KCIUTyaTalliiHUMH XapaKTepUCTHKAMH i3 BpaxXyBaHHSAM BJIaCTHBOCTEH IPYHTIB
i pexxumiB podotu. PesyabraTu. [IpoBeneHo A0CiiKEHHS BIUIMBY CKJIJI0OBHUX KOMIIOHEHTIB IPYHTOLIEMEHTY Ha pe-
OJIOT1YHI BJIACTHBOCTI IPYHTOLIEMEHTHHX CyMilei Ta (i3UKO-MeXaHi4Hi BIACTUBOCTI I'pyHTOLIeMeHTHY. Ha ocHoBI
00pOoOKHM JaHMX METOJOM CTaTHCTHYHOT'O aHalli3y 00paHO ONTHMAJIbHUN BMICT CKJIaJOBUX KOMIIOHEHTIB I'PYHTOLIE-
MEHTHHX CyMillIeH, 00 3a0e3Me4YnTH TEXHOJIOTIUHI 1 eKCIuTyaTaniiHi MOKa3HUKU IPYHTOLIEMEHTY AJIsl PI3HHUX THUIIiB
IPYHTIB 1 IIJACWJIUTH TPYHTOBY OCHOBY HiJ Yac BIAIITyBaHHS Kouii. JIOCHiPKEHO BIUIMB MiHEpalbHUX 3EPHUCTHX,
BOJIOKHUCTHUX 1 XIMIYHUX MOAN(IKaTOPIB HAa BIACTHBOCTI IpyHTONIeMeHTHY. HaykoBa HOBU3HA. 3’COBAaHO MOXKJIIH-
BICTh BUKOPHCTAHHS BEPTUKAILHUX aPMYyBAJIbHUX €JIEMEHTIB i3 IPYHTOIIEMEHTY 3 HEOOXiTHIMHU TEXHOJOTIYHUMHU Ta
eKCIITyaTalliHHUMH ITOKa3HUKaMH, OTPUMAaHUX 32 Oypo3MillyBaIbHOIO TEXHOJIOTIETO, JUTS IiCHICHHS 3€MIISTHOTO T10-
JIOTHA i3 BpaXyBaHHSM Halpy>KeHO-Ie()OpMOBaHOTO CTaHy i MOP(OIIOTii IPYHTOBHX OCHOB. ABTOPKa Ha OCHOBI IIPO-
BEJICHOTO JTOCTIIDKCHHS 3iHCHIIA Cripo0y migiopaTH CKIaI0Bi KOMIIOHEHTH 1 PO3POOUTH ONTUMAIBHI CKIIAAH TPYH-
TOLEMEHTY JUIS MiICHIICHHS TPYHTOBOTO TIOJIOTHA 3aI3HUII MiJl CyMilleHy KoJifo. Takox po3rITHyTO HapsSiMH MO-
Iudikamii I(pyHTOIIEMEHTY MiHepallbHIMH, BOJOKHUCTHMH i XiMidHIMU noOaBkamu. [IpakTuuHa 3HaunMicTs. [Ipo-
BeJICHE JIOCIIIJKEHHS A€ MOYKIIUBICTh OTPUMATH I'PYHTOLIEMEHTHI €JIEMEHTH ONTHMAJIBHOTO CKJIaNy 1 BIaCTHBOCTEMH
JUIsl PI3HUX THITIB IPYHTIB 1 HANPYKEHO-e()OPMOBAHOI'O CTaHy 3 METOI BEPTHKAJIBLHOTO IMiJICHICHHS IPYHTOBUX OC-
HOB MiJ1 3aJi3HUYHY KoJIito. [lyist MOIUdiKyBaHHS CTPYKTYPH IPYHTOLIEMEHTY 1 MiHIMi3allil BUTpaTH HEMEHTY 3aIpo-
ITOHOBAHO 3aCTOCOBYBATHU SIK MOJM(iKyBaIbHI KOMIIOHEHTH TiacuicHHs (iOpoBi BosokHa. 11[06 301IbMIUTH MIiJTb-
HICTb, TPIIMHOCTIHKICTD, MIITHICTh 1 MO/YJIS Ie)OPMATUBHOCTI 1 MOMIMIINTH TIACTHYHICTh CyMillli, PEKOMEHI0BaHO
BHUKOpHUCTATH XiMiuHI MoandikaTtopu 10 0,3 % i [u1s eKOHOMIT IIEMEHTY — YaCTOK TOHKOJMCIIEPCHUX BIAXOIB IPOMHU-
CJIOBOCTI y BUIVISIII MEJICHOTO IIIJIAKY UM BiACiBY KaMeHenoaApiOHeHHs B KinbkocTi 20...30 %.

Kniouosi crnosa: TpyHTOIIEMEHT; TPYHTOIIEMEHTHA Masisl; Oypo3MilllyBaibHa TEXHOJIOTis; MOAN(IKaTOp; IPYHTOBA
OCHOBA; 3eMJISIHE TTOJIOTHO; IPYHT; IEMEHT

Beryn 1 IiJ yac BIAIITYBaHHS MiJCUICHHS 3€MIISTHOTO T10-
JIOTHA T 3aJ1I3HUYHY KOJIIIO.

Criocobam  BmamTyBaHHS IPYHTOIIEMEHTHHUX
MaJIb Ta JOCHIDKEHHSIM BIaCTUBOCTEH IPyHTOLIEME-
HTHIB MPHUCBSYCHI POOOTH 0araTboxX aBTOPIB. 30K-
peMa, y pobotax [6, 8, 10, 11] gocmimkeHo 3a1ex-
HOCTi MEXaHIYHMX BJIACTHBOCTEH IPYHTOLIEMEHTY

3MiI[HEHHS IPYHTOBOT OCHOBH € OIHHMM i3 Hai-
CKJIQJIHIIIKX 1 TPYJOMICTKHX TIPOIIECIB Y OyiBeIb-
Hill Tay3i, IK y IPOMHUCIJIOBO-LIUBIIbHOMY Oy/iBHU-
IITBi, TaK i B JIOPOXKHBOMY 1 TIiJI YaC PEKOHCTPYKIIii
W MiJCUIICHHS TPYHTY il GyHJaMEHTaMU CIIOpy/I,
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BiJl MOp(OIIOTIi IPYHTIB, BMICTY IIEMEHTY, CTYTICHS
YIIUTEHEHHS TPYHTOIIEMEHTHOI CyMiIlli, BOAOIeMe-
HTHOTO BiJTHOIIICHHSI CyMillli, BMICTY JOOaBOK.

VY pobGorax [4-6] nokazaHo epeKTHBHICTh yia-
IITYBaHHS TPYHTOIIEMEHTHUX Mallb 32 Oypo3MilTy-
BaJIbHOIO TEXHOJIOTIEI0 Ta OCOOIMBOCTI 11 BUKOpHC-
taHHss. OCHOBHY yBary MpHIICHO LUISIXaM IiJABH-
IIEHHS MIIHOCTI TPYHTOIIEMEHTY.

VY po6oti [9, 12] BUKOHAHO OIIHKY BIUIMBY ILa-
cTu(ikyBalbHUX 100aBOK Ha MIIHICTH TPYHTOLE-
MEHTY.

Ycranosneno [10], mo migpHICTD TPYHTOLIEME-
HTY 3aJISKUTh BiJl HACHYCHOCTI IPYHTY BOJIOIO, 3a-
JIUIIKOBA KUTBKICTh SIKOT MICIIS TigpaTallii IeMEeHTY
(hopMye TIOPUCTY CTPYKTYpy MaTepiany, sKa,
y CBOIO Yepry, € MPOBiTHOIO Y popMyBaHHI MeXaHi-
YHUX BJIACTUBOCTEH IPYHTOLIEMEHTY.

EdexTrBHE BUKOPUCTaHHS 3B’ 3yBAIBHHUX BIIa-
CTHBOCTEH IEMEHTY B pa3i 3MIIIHEHHS IPYHTY 3alie-
KHUTh BiJl CTYIEHS 3BOJOXXEHHS I'PYHTOLIEMEHTHOI
CYMIIII 3 TIOJJANTBIINM 11 VIIITbHEHHAM. Y BHITAIKY
HEIOCTaTHHOTO 3BOJIOKEHHS CYMIIIl HEMOKJIHBO
JOCSTTH MOTPIOHOI MIIHOCTI IPYHTOIEMEHTY, Ha-
BiTh 32 YMOBH HaUIMIIKOBOI KiJIbKOCTI IEMEHTY, 3a-
JOBIIBHUX BJIACTHUBOCTEH IPYHTY UM JOCTATHHOTO
yminsHeHHS [3].

Di3uK0-XiMi4HI BIACTUBOCTI JIECOBHUX 1 JiecOBa-
HUX CYTJIMHKIB, @ CaM€ BMICT [TIMHUCTHX YaCTHHOK,
TMy)KHA PeaKIlis cepeloBHINa, He3HAYHA KUTBKIiCTh
JIETKOPO3UYMHHHX COJICH, JIETKe JUCIIEpTyBaHHS ITij]
Yac 3BOJIOKEHHSI 32 PAXYHOK BOJOPO3UHHHUX 3B’ 513-
KiB MiXX YaCTUHKAaMHU CIIPHUAIOTH X BUKOPHCTAHHIO
JUTS BUTOTOBIIEHHS TPYHTOIIEMEHTY [2, 3].

MexaHi4uHi BIACTHBOCTI IPYHTOILIEMEHTY 3a0e3-
MEYYIOTHCSL OUITBIIOI MIpOK YTBOPEHHSM KpHCTa-
Ji3aniiHUX 3B’ S3KiB, [0 BUHUKAIOTH K HOBOYTBO-
PEHHS B IIPOIIECi TBEPIHEHHS IPYHTOIIEMEHTHOT Cy-
Mimri. Ha Benmmuannay Momyns nedopMartii rpyHTOIIE-
MEHTy 3HAa4HO BIUIMBA€ HOro  IIUJIBHICTb.
ExcniepiMeHTansHO JTOBEJEHO, MIO 338 OJHAKOBOI
MPU3MOBOT MIITHOCTI MOAYJIb JedopManii OibImii
JUTS 3pa3KiB 13 OUTBIION0 MITBHICTIO [2].

[TinBuIeHHsT MEXaHIYHUX XapaKTepPUCTUK TPYyH-
TOLIEMEHTY 3aJISKHO Bijl BMICTY IIEMEHTY YIIOBLIbHIO-
€THCSI MICIIS JOCSITHEHHS BemauHu y 20 %, ToO0TO 11ei
BMICT CJ1iJ] BBO)KaTH ONTHMAIBHUM y pa3i BUKOPHC-
TaHHS IPYHTOLIEMEHTY JUIS apMyBaHHS IpyHTY [2].

XapaKTepUCTHKOIO BILTUBY MOp(oJIorii rpyHTY
B3STO YHUCIO IUIACTUYHOCTI [p, IO XapaKTepHu3ye
BMICT IJIMHUCTHUX YAaCTHHOK y IPYHTI [2].

MexaHiuHi Ta eKCIUTyaTaIliiiHi XapaKTepUCTHKU
I'PYHTOLIEMEHTY MO>KHA ITOJIMNIIUTH BBEACHHSIM J0-
6aBok-mMoaudikaropis. [lominmye mexaniuni xapa-
KTEPHUCTHKH IPYHTOLIEMEHTY HASIBHICTH 3€PHUCTHX
MOAuGIKATOPIB-TIIMAHNX 1 TPaBIfHUX YaCTHHOK.
Butpati neMeHTy MOKHa 3MEHIIWTH, MIPU LBOMY
nepeMilllyBaHHsl W YIIIIbHEHHsI CyMIllli MOJIETTIy-
eTbes. lle Bkasye Ha MOUUTBHICTH BUKOPHCTAHHS
rpaHyJIOMETPUYHUX MOAU(DIKaTOpiB (IICKiB, XBOC-
TiB, IIUIAKY, 30JIM TOIIO) Y IPYHTax s iX 3aKpim-
neHHs. 1lix yac BBeeHHS AOMIIIOK MICKY Ta XBOC-
TiB y KiUTbKOCTI 10 20 %, 3pocTaHHs MIITHOCTI Ta MO-
nyns negopmaii cknagae 20...40 % [2]. 3okpema,
BIUIMB 30JIU-BUHECEHHS Ha BIACTHBOCTI IPYHTOILIE-
MEHTY JOCIiKeHO B poboTax [1, 7].

Takok IUIsi OTpUMaHHS 33JaHUX PEOJIOTIUHUX
BJIACTHUBOCTEH IPYHTOLIEMEHTHOI CyMIllli 3acTOCO-
BYIOTh XiMiuHi H00aBku-MoaudikaTopu [2, 9, 12].
3okpema, y BCH 40-88 [2] HaBenmeHO mepemik Mo-
IQiKaTopiB, sIKi PEKOMEH/IOBAHO BBOJUTH B CKJIA]
TPYHTOLIEMEHTY 3aJIe)KHO BiJ| TapaMeTpiB IPYHTIB.
3arajgoM yci A00aBKM BBOJSATH i3 METOK 3MEH-
LICHHS BUTPATH LIEMEHTY Ta MOJIiMIIEHHS TEXHOJIO-
TIYHUX BJIACTUBOCTEH CyMIillIi.

BaxnuBuM mapameTpoM CyMimii Uis  OTpH-
MaHHsS TPYHTOLIEMEHTY € BOIOLEMEHTHE BiTHO-
LICHHS, SIKE 32 PI3HUMH OIIIHKAMH MOJKE 3MiHIOBa-
trch Bix 0,6 no 1 [2].

3a manumHu [7], mpoliec TBEpAIHHS IPYHTOLIEMe-
HTY, Ha BIIMiHY BiJl TBEp/iHHA OCTOHY, Ma€ OLIbII
TpuBanuii xapakrep. LIBuaKicTh TBEpAiHHS iCTO-
THO 3aJIEXKUTH BiJI YHCIEHHUX (PaKTOPIB — TeMIiepa-
TYpH CEpelOBHUINa, XIMIYHOTO CKJIaxy IPYHTOBOI
BOJIM, a TAaKOX BiJ| THITy IPYHTY, 110 Oepe ydacTb
y GOopMyBaHHI IPYHTOLIEMEHTY. Y MiL[aHUX IPYH-
Tax Habip MiItHOCTI BimOyBaeThCs HavmBume. Ha
IYMKY pi3HUX aBTOPiB, IPYHTOIIEMEHT Ha OCHOBI ITi-
cKy HaOupae mpubsmzHo 50 % Big MOBHOI MiITHOCTI
yepe3 5...7 AHIB, a B TPUALUATHACHHUN TEPMiH —
MPAKTUYHO [TOBHY MIIIHICTb.

Binpm TpuBanmuM € mpormec HabOpy MIITHOCTI
IPYHTOLIEMEHTY, C()OPMOBAHOI'O B INIMHUCTHX IPY-
HTaXx, [0 3aBK1 BUMArae MpOBEACHHS J10IaTKOBHX
JIOCJTIJDKEHb, Ha OCHOBI PE3YJIbTATIB SKHUX MOXE
OyTH BU3HAUEHO MEPio] HABAHTAXKCHHS Majlb.

BB yBenenus GpibpoBux MaTepialiB po3riis-
HyTO B poboTax [2, 14].

He Buknukae cymHiBiB, mo BHOIp CKIag0BHX
1 po3poOka epeKTUBHOTO MaTepiaiy i MeTomy mij-
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CHJICHHS 3€MJITHOTO TIOJIOTHA € CKJIQJHOI0 Oararto-
[apaMEeTPUYHOIO 33/a4e0 I 4Yac BIAIUTYBaHHS
3aJII3HUYHOI KOJIii. 3TiIHO 3 BITYM3HSHUM 1 3aKOp-
JOHHHUM JIOCB1JIOM, OIIMCAHUM Y PO3TJISIHYTUX BHILE
pobotax, BHOIp CKJIaIOBUX 1 METOAIB MOAUQIKY-
BaHHs [MiJ 4Yac BIAIITYBaHHS €JEMEHTIB IMiAcCHU-
JICHHSI 3eMJISIHOTO TTOJIOTHA MOYKHa OOTpYHTYBATH,
IUIs1 4OTO IIPOBECTHU aHaJIi3 3a MO3UTHBHUMH Ta He-
TaTUBHUMU [apaMeTpaMi, SKi XapaKTepU3yIOTb
KOHKPETHI eKCIUTyaTaliiHi yMOBH pPO3MilllEHHS
B IPYHTOBI# OCHOBI eJleMeHTiB mifcuieHHs. e Bu-
KIIMKa€ HEOOXITHICTh MOCTIAUTH # OOTPYyHTOBAHO
BUOpaTH CKJIJI0Bi KOMIIOHEHTH 1 cioci6 Moaundika-
Uil TPYHTOLIEMEHTHOTO eJleMEHTa AJIS MiJACHUIICHHS
3a HalOIIBII ONTUMAFHUX MapaMeTPiB TEXHOJOTIT
WOro BIAIITYBaHHS.

Merta

OCHOBHOIO METOIO HAYKOBO1 CTaTTi € OOTPYHTO-
BaHUH BUOIp CKJIaIOBUX KOMIIOHEHTIB IPyHTOIIEME-
HTHHX apMyBaJIbHUX CTPYKTYpPHHX €JIEMEHTIB 1 Me-
TOAIB MOIU(IKYBaHHS CTPYKTYpPHU IPYHTOLIEMEHTHY
IUISL TMACWIICHHS 3eMJISIHOTO TOJIOTHA ITiJI 3aIi3HHU-
YHY KOJIO 32 OypO3MilllyBaJIbHOIO TEXHOJIOTIEN.

Metoauka

Kommnekc BHMKOHaHHS MiICTUTh BHU3HAUYEHHS
e(eKTUBHUX TapaMeTpiB IiJCHUICHHS 3EMIITHOTO
MOJIOTHA Ha OCHOBI 1IHHOBAIIIMHOT OypO3MilllyBaJIb-
HOI TEXHOJIOTIl HUITXOM OOTIPYHTOBAHOTO BUOOPY
CKJIaJIOBUX KOMIIOHEHTIB IPYHTOLIEMEHTY, MPO€EK-
TyBaHHS ONTHUMAJbHHUX CKJIAJIB i3 BpaxyBaHHSIM
BJIACTUBOCTEH TPYHTIB JJIsl BIIAIITYBaHHS apMyBa-
JILHOTO €JIEMEHTA ITiJT CyMIIlleHY 3aTi3HIYHY KOJIiIO.

BaxxnBoro 3amadero OTpUMaHHs BHCOKOEKCII-
TMyaTaniiHUX MOKAa3HUKIB IPYHTOBOI OCHOBH € JIOC-
KOHAJIHK BUOIp CKIIAOBUX KOMIIOHEHTIB IPYHTOIIE-
MEHTY JJ1s1 pO3pOOKH ONTUMAJIBHUX PELENTyp CIie-
MiQIbHUX TPYHTOLIEMEHTHUX PO3YHHIB, IO JI03BO-
JISIIOTH AOCSITaTH MiJIBUIIEHHS HECHOI 3aTHOCTI Ta
3MEHIIIEHHS iIHTEHCUBHOCTI ¥ piBHA AeQOopMyBaHHS
IPYHTIB TiJl CyMillleHYy 3aJIi3HUYHY KOJIiIO 3 1HTEH-
CHBHHM BHCOKOIIBHUJIKICHUM PYXOM 3JIi3HUYHOTO
TPaHCHOPTY.

Jist CTBOpEHHS TPYHTOLIEMEHTHUX CTPYKTYD 13
3aJlaHUMH  (PI3MKO-MEXaHIYHUMU BJIACTUBOCTSIMU
HEOOXiZHO 3acTOCYBaTH KOMILIEKCH MOAu(ikaTo-
PpiB, 110 MOJINIIYIOTH TEXHOJOTIUHICTh CyMili, 30i-
JBINYIOTH 11 PYXJIMBICTH 1 3B’SI3HICTH, 3HWKYIOTbH
B’A3KICTB 1 IOJININYIOTh 3JaTHICTh A0 HAarHiTaHHs,

IPU [IbOMY 3 SIBIISIETHCSI MOXKJIMBICTH PETYIIOBATH
CTPOKH TYXaBiHHS CyMIIlI 1 IIBUAKICTH HAOOPY Mi-
LHOCTI I'PYHTOLIEMEHTHOI CHCTEMH, 3a0e3MeuyBaTH
(i3UKO-XIMIUHY CYMIiCHICTh KOMITOHEHTIB JAJIsI JO-
CSITHEHHSI 3aJJaHUX SKOCTEH, a TaKOX MOKIIUBICTH
MABHUIIUTA 200 3a0e3MeYnTH KOMILUIEKC HEeoOXia-
HUX CHeUiaNbHUX eKCIUTyaTalliiHUX BIaCTHBOCTEH,
TaKHX 5K eJEKTPOI30JIAIIHI, aHTHKOPO3iHiHi, BOJIO-
HETIPOHWKHI XapaKTEePUCTHKH TIPYHTOLEMEHTHUX
CTPYKTYP.

Ilin wac mocraHOBKM 3amad 1 cmocoliB ix
PO3B’s13aHHS HEOOXiTHO CPOPMYBATH KOMILIEKC BH-
MOT [0 TPYHTOLIEMEHTY I HOoro eeKTHBHOrO 3a-
CTOCYBaHHS B pa3i MiJICHJICHHS 3eMJISTHOTO MOJIOTHA
ITiJ] CyMillleHy 3alli3HNYHY KoJito. Ha ocHOBI BcTa-
HOBJICHMX BHUMOT BUKOHYIOTH MiJ0ip CKJIaJOBHX
1 po3pOOKyY perenTyp rpyHTOLEMEHTHHX PO3UYUHIB,
110 T03BOJITFOTh MAaKCUMAIIbHO €(heKTHBHO peai3o-
BYBAaTU TEXHOJIOTIIO MiICHJICHHS 3€MJITHOTO IOJIO-
THA 3aJI13HULIb.

Jlo TpyHTOIIEMEHTY SIK apMyBaJIBHOTO €JIeMEHTa
B CTPYKTYpi I'PYHTY CTaBISATh TaKi eKCILTyaTalliiHi
BUMOTH:

— JIOCTATHS ME€XaHIYHa MIIHICTh;

— MoayJb nedopMarttii IpyHTY;

— TIiIBHINIEHA TIUTBHICT CKENeTa IPYHTY;

— BOJOCTIMKICTD.

VY 3abe3neueHHi KOMIDIEKCY MEXaHIYHHX 1 eKC-
IDTyaTalifHIX BUMOT Ba)KJIMBY POJIb BiJliTpae CKIa
rpyHTOIIEMEeHTY. Ha 0OCHOBI IpoBeieHoro nonepe/-
HBOTO 00rpyHTYBaHHs [13] B3siTO Taki fioro mokas-
HUKH:

— BMICT [IEMEHTY (BiZICOTOK BMIiCTY IIEMEHTY BiJ
MacH CKeJeTa IPyHTY B CyMilli);

— BOJIOHACHYEHHS IPYHTOIIEMEHTHOT CyMIIlli;

— BMICT MOIM(iKyBaIbHUX J00aBOK (HAIIOBHIO-
BadiB, 100aBOK, 3aIIOBHIOBAYIB TOIIIO).

I3 MeTor0 HampaBIeHOTO MOIU(IKYBaHHS CTPY-
KTYpH TIPYHTOLEMEHTY, TOJIIIICHHS TEXHOJOTiY-
HUX 1 eKCIUTyaTalliiHUX BJIACTUBOCTEH Y JOCIi-
JOKCHHI B3SITO TaKi KOHTPOJIbOBaHI CKJIaJIOBI:

— BMICT MiHepanpHOTO MoOmudikaropa (Mmerne-
HOTO JIOMEHHOTO IIUIaKY);

— BMICT ximMiuHOTO MOoau(ikaropa (cymnepruiac-
tudikatopa CII-1 (C-3));

— BMICT KpYNHOJIHUCIIEPCHOI JAOMIIIKK (BiACIBY
KaMeHeApOOIeHHS a0o IiCKY).

Sk 6a30BUI KOMIIOHEHT ISl PO3POOKH CKIafIiB
IPYHTOLIEMEHTY 0yJ10 00paHO JIEeKilIbKa THIIIB IPYH-
TiB, sKi TOTPeOYyIOTh cTadimizamii 1 IMiJICHUICHHS.
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Haii0inpm TEXHOMOTIYHUMH JUISI BUTOTOBJICHHS
TPYHTOILIEMEHTY  OypO3MINIyBaTbHAM  METOAOM
€ JIeCOBI 1 JiecoBaHi IpyHTH. {7151 OTpUMaHHs JOCTO-
BIpHHX JTaHMX PEKOMEHJOBAHO Iepe]] BIAIITyBaH-
HSM IPYHTOLIEMEHTHHUX €JIEMEHTIB IIPOBECTH I10TIe-
pEenHBO 3aMiCH Ha IPYHTAX, Ha SKHX IepeadadeHo
BJIAIITOBYBAaTH IPYHTOLEMEHTHI nami. J{o rpyHTiB,
0 He MOTPedyIoTh MOAN(DIKYBaHHS T'PaHyJIOMET-
pUYHMMH 100aBKaMH, HaleXaTb BEIHKOYIaMKOBI
IPYHTH ONTUMAIBHOTO 200 OMM3BKOTr0 1O ONTHMA-
JBFHOTO 3EpHOBOTO CKJIaay; HEOMHOPIMHI ITICKH
(xpymHi, cepeqHbpOi KPYITHOCTI), CYITICKA 3 YHUCIOM
IIACTUYHOCTI TIoHaK 3 (TepeBa)KHO CYITICKH Mila-
HUCTI, CyMiCKU MUTYBATi), @ TAKOX JIETK] CYyTJIMHKH.

Juis mpoBeneHHs JOCTiHKeHb Ha OYIiBEIbHUX
MaiinaHunkax Oynu BimiOpaHi 3pa3KH IPYHTIB, fKi
noTpeOyIOTh MiJCHICHHS Ha PI3HUX AUISTHKAX 3eM-
JsiHOTO 1osioTHa. OCHOBHMMU NapaMeTpaMH Biac-
TUBOCTEH IPYHTIB, 110 BHU3HAYAIOTh HECHY 34AaT-
HICTh OCHOB 1 iX nedopmartii, € Taki [3]:

MIITHOCTI — KyT BHYTPIIlTHBOTO TEPTSI (P , TUTOME
3YeIICHHS C, MEXKa MIIHOCT] Ha OJHOBICHHH CTHCK
CKEJIBHOTO IPYHTY Rc;

— nedopMaTUBHOCTI — MOAyb aedopmanii E,
MOJYJIb TIpy>kHOCTI B, KoedimieHT momnepedHoi ie-
¢dhopmMartii v;

— (i3uuHI — WIABHICTE p, TUTOMA Bara y, BOJIO-
ricte W, moka3HuK mmuHHOCTI IL, kKpymHicTs Ppak-
1i{, OJHOPIAHICTH CKIIATY.

3a pesysbTaTaMH IHXEHEPHO-TEOJIOTTUHUX BHU-
LIyKyBaHb Ha BiATIOBIIHUX MalilaHUMKaX JUIs 11012~
JBIIAX €KCIIEPUMEHTANBHAX JOCHTIKEeHb OyIn 00-
paHi Taki IpyHTH:

— rpyHT Ne 1: CYIJIMHOK TYrOIUIAaCTHYHUI Mpo-
CiTHUH, Yrciao macTHaHOCTI Ip = 12 %);

— TpyHT Ne 2: CyrTMHOK M’SIKOIUIACTUYHHN, YH-
cio miactuyHocTi Ip = 9 %;

— 1pyHT Ne 3: CymiCOK TUTACTUYHUHN MPOCI THHIA,
YHUCIIO IIaCTHYHOCTI Ip = 6 %.

Sk 3B’sI3yBaJIbHY PEYOBUHY JUISI BUTOTOBJICHHS
IPYHTOLIEMEHTHHUX 3Pa3KiB 1 iX MOAANBLIOrO AOCITi-
JoKeHHs Oyito 00paHo EMEHT i3 TiIpaBIiYHO-TIYI[0-
nanoBumu BiactuBoctamu [1L 1I/B-111-400 Kpu-
BOPI3bKOT0 IIEMEHTHOTO 3aBOJY, SIKHH XapaKTepu-
3YEThCS TIOMIPHOIO JMHAMIKOIO HAbOpy paHHBOI Mi-
IHOCTI Ta BUCOKOK MILHICTIO B OLIBII Mi3HI
TEpMiHU TBEPAIHHS Ta TEXHOJIOTIYHICTIO y 3aCTOCY-
BaHHI. L{eMeHT 3a ¢i3MK0-MeXaHIIHUMHA BIIACTHBO-
ctamu Bigmosigae sBumoram JICTY b B. 2.7-46-96
mapku [TI/b-111-400 3 BMicTOM 100aBKH JTOMCH-
HOTO TpaHyJhOBaHOTO nuIaky 25...35 % i uucroro
KIIiHKEpY 65...75 %.

Sk 9acTKOBY 3aMiHy LEMEHTY 3 METOI Horo
€KOHOMii BHKOPHCTOBYIOTH Pi3HOMaHITHI MiHepa-
TBHI 00ABKM 1 HAMOBHIOBAYi, M0 MOIU(DIKYIOThH
1 CPUSIOTH TiABUIIEHHIO MIITFHOCTI CKeNleTa IPyH-
TOIIEMEHTY, a TaKOX BOJOCTIHKOCTI Mij Yac TBEp-
IiHHS y BOJIOTHX yMmoBax. J{ns onTumizamii rpany-
JIOMETPUYHOTO CKJIaIy TPYHTOBOI CyMillli 3aCTOCO-
BYIOTh IPaHyJIOMETPUYHI JOOABKH AUCTICPCHUX Ma-
TepiaiB, 1110 BIIIIOBIIAIOTH BAMOTraM
ACTY b B.2.7-30, ACTY b B.2.7-35,
ACTY b B.2.7-149. 3a npoBeneHUMH MONEPE-
HIMHU JOCTIDKEHHSIMH, BMICT J100aBOK JUCTICPCHUX
MaTtepianiB ctaHoBUTSH Bif 15 1o 30 % Big macu rpy-
HTY, ONTHMaJIbHY KiJIbKiCTh BU3HAYAIOTB ITiJ] 9ac ITi-
JI00pPYy CKIIay CyMillli B JIaOopaTopii.

Sx MmiHepanbHU MOJTUQIKATOpP Y JOCITIKEHH]
BUKOPHUCTAHO MEJICHUH JOMEHHUH PaHyIbOBaHUI
uuak [TAT «/IHinmpoBchKUit MeTanypriiiHuii Komoi-
HaT». Y Tabiu. 1 HaBeneHO (Di3MKO-MEXaHiuHI Biac-
THUBOCTI JIOMEHHOI'O TI'PaHyJbOBAaHOI'O MUIAKY, 3a-
CTOCOBAHOTO B JOCIIKECHHI.

Tabnuns 1

Di3uK0-MeXaHi4YHi BJACTHBOCTI MeJI€HOr0 IPaAHY/JIbOBAHOI0 JOMEHHOI0 LJIAKY
AT «/IninpoBcbkuii MeTaaypriiinuii KoMmOiHAT»

Table 1

Physical and mechanical properties of ground granulated blast furnace slag at PJSC
«Dneprovsky Integrated Iron & Steel Works»

AKXTHUB- Monym,. Monyns Monayns .. Hacumnna IcTuaHA ITutoma
. IPY>KHOCTI, . . Koedimient
HicTh 28, L a— OCHOBHOCTI, | aKTHBHOCTI, axocti. Ksi T'yCTUHA, T'yCTHHA, MOBCPXHS,
MITa PYX, MO Ma > pH, KI/M3 p, r/em3 SnuT, cM2/T
MIla >
6,5 400 1,24 0,25 1,68 1145 1,97 2 800
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Ax npibHO3epHHCTHIT MOmM(IKATOp Yy MOCII-
JUKEHHI BUKOPHCTAHO THIMMPOBCHKHUMA PIYKOBHH KBa-
PLOBHII TTiCOK cepeqHbOT KpynmHOCTi My = 3,2, BoJo-
rictio 7 %, CepeHbOI0 I'yCTUHOI 2,62 r/cm®, Ta
TpaHITHHUH BiACIB Big KameHenonpioHeHHs. [1ix guac
BBEJICHHS JIOMIIIIOK IiCKY Ta BiZICIBY Bijl KAMEHEIIO-
npibHeHHs y KinmbkocTi 10 10...30 % BinOyBaeThCs

3pOCTaHHS MIITHOCTI 3a CTUCKAaHHS 3pa3KiB Ta MO-
nyns nedopmartii 1o 30 %.

XapaKkTepUCTUKY 3€PHOBOTO CKJaay Ta (pizmd-
HUX BJACTHBOCTEW ICKy Ta BIJCIBY HaBEJCHO
B Taba. 21 3.

Tabnuns 2
I'panysioMeTpHYHHUIA CKJIAX AHIIPOBCHKOT0 PiYKOBOro KBapuoBOI0 MiCKY
Table 2
Particle size distribution of Dnipro river quartz sand
3anuIIKy Ha CH- Poswip e, vm MeHme
Tax 5 25 | 125 | oes | oas | o1 | KOO
YaCTUHHI, T 0 9,0 554 254 76 26 81,0
yacTUHHI, % 0 0,9 55,4 25,4 7,6 2,6 8,1
[ToBHi, % 0 0,9 56,3 81,7 89,3 91,9 100
Tabnums 3
I'panysomerpuyHuii ckiaan i pisuyuHi Ba1acTuBocti BiaciBy Pudanbebkoro kap’epy
Table 3
Particle size distribution and physical properties of Rybalsky open pit screenings
3 | Tpamymomerpudsmit 3HaueHHA Xapa-
pe, T/cM cxnan, % KTEPHCTHK BiJl- Mk W, %
ciBy
>2 MM 0,70
2...0,5 Mmm 3,42
2,7 0,5...0,25 mm 19,18 1,5 5
0,25...0,1 mm 67,90
<0,1 MM 8,80

Jiist 3HWOKEHHS BOJONIOTPEOH IPYHTOIIEMEHTHOT
CyMiIi Ta 30epeKeHHs PyXJIMBOCTI SIK IIacTU(DIKY-
BaJIbHY 100aBKY 3aCTOCOBAHO CylepIuiacTidikaTop
CII1 (C-3) [12], mo siBnisie co60t0 cynb(poBaHi mpo-
OYKTH KOoHjeHcallil Qopmanbaerigy. s mocii-
JDKEHDb B35TO 3HAYEHHS BMICTy JOOaBKH ImiacTudi-
karopa C-3 y BizcoTkax Big macu nementy 0, 0,3
10,5 %.

OckinbKy Ha pi3HUX Oy TiBeTbHUX MalJaHINKaX
MOXYTh OYTH Di3Hi IPYHTOBI OCHOBH, AJISi BHU3HA-
YEeHHS ONTHUMAIBHOTO BMICTY CKJIAJIOBUX Iepes
MPOEKTYBaHHAM HEOOXiTHO MPOBOAWUTH EKCIIEpH-

MEHTAJIBHI JOCIIKEHHS Ha JOCIIIHUX MaiJjaH4du-
Kax i3 BiJIpaIlloBaHHS TEXHOJIOTIYHUX MapaMeTpiB
VKpITUIEHHS TPYHTIB 1 BH3HAYEHHS ONTHMAaJIbHUX
3HaYeHb MIITHOCTI B pasi cTucky f, Ta momymsa nedo-
pMariiii £ B KOHKPETHUX eKCITyaTalliiHIX YMOBaX.

Pe3yabTaTtu

VY IPyHTOLIEMEHTHIN CyMillli OCHOBHHUM KOMIIO-
HEHTOM, IO 3MIIHIOE CTPYKTYPY 1 BILUTUBAE HA Me-
XaHIYH1 BJaCTUBOCTI IPYHTOLIEMEHTHHUX EJIEMEHTIB,
€ 1eMeHT. ToMy B IOCITiIKEHH] CTaBUMO 3334y J0-
CJIIIUTH 3AJICXKHICTh MIIHOCTI B pa3i CTHCKY Ta MO-
nyns aedopmanii Big BMICTYy IIEMEHTY, OTPUMAaTH
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sanexuocTi (f,, E=f(I1)) i 3a rpadikamMu BU3HAUNTH
ONTHMAJILHUI BMICT IIEMEHTY.

3riiH0 3 OTPUMAHHMH TONEPEIHIMU JTAaHUMH
JUISL PI3HUX THITIB TPYHTIB 3a JOCIHiIKyBaHy Kilb-
KICTh IIEMEHTY JUISl JOCSATHEHHS ONTUMAJIBbHOI Mill-
HOCTI IpyHTOIIeMeHTY B3siTO 10, 201 30 % [13].

Tabnuus 4

CepeaHi 3HaYeHHS MeXaHIYHUX XapAKTEPUCTHK IPy-
HTOLIEMEHTY 3aJ1eKHO Bi/l BMiCTY LleMeHTY

Table 4

Average values of mechanical characteristics of soil
cement depending on the cement content

) ) CepeHi 3HaYCHHS MEXaHi-
Buict [ine- YHHX XaPAKTEPUCTUK
ueme- | oy HiCTh
uty I, CKCHGT? Minsicth H;gggﬁ;zﬁ

% , T/

0 pd, T/M f1, MITa E. MIla

5 1,35 0,5 60
10 1,36 1,3 170
15 1,365 2,1 260
20 0,8 1,37 2,7 360
25 1,38 3,2 410
30 1,39 3,7 440
35 1,39 3,9 450

Jis Moudikallii TEXHOJIOTTYHUX BIIACTUBOCTEH
IPYHTOIIEMEHTHO CyMIiIlli ITi/I Yac BJIAIITYBaHHS ap-
MYBJIbHHX €JIEMEHTIB yBEIEHO J00aBKy CyIepIuia-
ctudikaropa C-3 B kinmekocti Big 0,3 mo 0,5 %.
Taky KiNbKicTh JOOABKH B35TO 33 pe3ylbTaTaMH
MONEPeTHIX JOCIIKSHb Ul BCTAHOBIICHHS OIITH-
MaJbHOI TEXHOJIOTIYHOT €(PEKTUBHOCTI.

Pesynpratn BU3HAUYCHHS JIETKOYKIAJABbHOCTI
IPYHTOIIEMEHTHUX PO3YUHIB 3QJIE)KHO Bl BMICTY
HEeMeHTy Ta cynepmiacTudikaropa HaBeJCHO
B TalI. 5.

3riiHO 3 HE3HAYHUM MPUPOCTOM TUIACTHYHOCTI
Ta 3HAYHUM BIUTMBOM Ha MILHICTB, JUIS TOJAJIBIIHX
JOCTI/DKEHb B3ATO BMICT cymepruiacTudikaropa
0,3 % Big Macu ieMeHTy. JlJis OLIHKH BIUIMBY BMi-
CTy JOMIIIOK Ha XapaKTEePUCTUKU IPYHTOLIEMEHT-
HOTO PO3YHMHY B3SITO 3HAUYEHHS BMICTY LEMEHTY
30 % nuist rpynTy 1 T2 20 % 70151 TPYHTIB 2 1 3.

Tabnuus 5

PeoJioriuHi xapakTepucTHKH IPYHTOLIEMEHTHO] Cy-
Milri 3a/1esKkHO Big BMicTy eMeHTY Ta miacTudiky-
BaJIbHOT0 MoaudikaTopa

Table 5

Rheological characteristics of soil-cement mixture
depending on cement content and plasticizing

modifier
Bun rpy-| B/L1, Bwmict Bwmict lerkoyknananpHicTh,
HTY % |uementy, %| C-3, % cM
0 7
10 0,3 10
0,5 14
0 8
Ipyur 1| 0,8 20 0,3 12
0,5 15
0 8
30 0,3 14
0,5 17
0 6
10 0,3 8
0,5 14
0 8
Ipyur 2| 0,8 20 0,3 12
0,5 15
0 9
30 0,3 12
0,5 16
0 4
10 0,3 6
0,5 10
0 5
Ipyut 3| 0,8 20 0,3 10
0,5 14
0 7
30 0,3 12
0,5 16
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CepenneHi pe3ybTaTi BU3HAYCHHS MIITHOCTI Ta
Moy aedopmaiii 3pa3kiB IPyHTOIEMEHTY 3alie-
KHO BiJ] BMICTYy LIEMEHTY Ta MOJU(IKyBaIbHOI J0-
0aBKHM HaBeJIeHO Ha puc. 1.

N
&

N

|

Tabnuus 6

PeoJioriuHi BJ1acTHBOCTi IPYHTOIlEeMEHTY
3aJ1eKHO BiJl BMiCTY LIJIaKy

Table 6

Rheological properties of soil cement
depending on slag content

MIilHICTh TPYHTOLIEMEHTY,
MIla,

5 /,
! — ——
0.5 —-03
() 6

o

10 20 30
BwmicT nementy, %

Puc. 1. 3amexxHOCTI MIITHOCTI TPYHTOIICMEHTY
BiJl BMICTY IEMEHTY Ta MoauikaTopa

Fig. 1. Dependence of soil cement strength on cement
and modifier content

.t 500
g
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%S /

2 00 —0
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o
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10 20 30
Bwmict nemenry, %

Puc. 2. 3anexHicTh MOy nedopMarlii IpyHTOIIe-
MEHTY BiJl BMICTY IIEMEHTY 1 100aBKU

Fig. 2. Dependence of the modulus of deformation of
soil-cement on the content of cement and additives

Amnari3 rpadikiB 3aJIe)KHOCTI MEXaHIYHHUX Xapa-
KTEPUCTHK BiJl BMICTY IEMEHTY ITOKa3ye, 1o 3i 30i-
JBIICHHSM BMICTY IIEMEHTY SIK IIPU3MOBA MIIHICTb,
Tak i MOAynb Jedopmarii 3pocTalTh MPAKTHIHO
MPOMOPITiHHO 710 25 % BMICTY, 3a OJAIBIIOTO 30i-
JBIICHHS BMICTY IIEMEHTY HPHPICT 3pOCTAHHS Xa-
PaKTEpUCTHUK YIOBUTLHIOETHCS. 3BIICH MOKHA 3pO-
OWUTHU BHCHOBOK, IO €PEKTUBHUMH MEXKaMHU BMICTY
HEMEHTY JUIS MiJCUICHHS OCHOB apMyBaHHSIM IpPy-
HTIB € 15...25 % Bix Baru IpyHTy B CyMiLIi.

PesynpTatn BU3HAUYCHHS JIETKOYKIAJIALHOCTI
IPYHTOLIEMEHTHOI CyMillli 3aJeXHO BiJl BMICTY
LIJIaKy HaBeJIeHO B Ta0JI. 6.

Pesynbprati BU3HAYEHHS MIIIHOCTI Ta MOIYJIS
nedopmariii 3pa3kiB IPYHTOLEMEHTY 3aJIKHO Bij
BMICTY IIUTaKy HaBeAEHO B Ta0I. 7 Ta Ha puc. 3.

Bua rpy- B/ ufMl\ii:TTy Buicr | Jlercoynanars-
HTy oY | unaxy, % HICTB, CM

0 14
Tpyur 1| 08 | 30 20 12
40 9
0 12
Ipyur2| 0,8 20 20 8
40 6
0 10
Ipyur 3| 0,8 20 20 6
40 3

Tabnuus 7

MexaHi4yHi XapaKTepUCTUKH IPYHTOLEMEHTY
3aJ1eKHO Bil BMiCTy HIJIaKy

Table 7

Mechanical characteristics of soil cement
depending on slag content

Bux | 1 Eﬁﬁf ﬁ;ﬁﬁ; 3Hi‘le:/l[—l; XapaKTepHCTHKH
YRty | % |l % 7;[12 2;;[i6 E, MITa
0 15 18 380
Ipyur 1|12 | 30 | 20 | 1,7 | 29 | 440
40 19 3,2 460
0 1,2 2,8 380
Ipyur2| 9 | 20 | 20 | 1,4 | 36 | 460
40 15 4,0 450
0 15 3,8 400
Ipyur3| 6 | 20 | 20 | 16 | 42 | 440
40 1,8 4,3 460
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3rifHO 3 HE3HAYHWM BIUIMBOM BMICTy IIJIaKy
40 % Ha MpUpICT MIIHOCTI Ta 3HAYHIM 3HUKCHHSIM
TUTACTUYHOCTI CyMilti, B3sTO BMicT miaky 20 % Bifg
MacH LUEMEHTY AJs IPYHTiB 1 i 2, Ta BMICT LIIaKy
0 % nus rpyHTY 3.

) 7‘
é 4 /
Q
=~
S 3
Q ,
= <
EE 2
2 = ¥ et [PYHT 1
% 1 - FpyHT 2
= =g [PYHT 3
S 0

0 20 40

Bwicr mtaky, %

Puc. 3. 3aneHoCTi MITHOCTI IPYHTOLIEMEHTY
BiJl BMICTY HIIaKy

Fig. 3. Dependence of soil cement strength
on slag content

Pesynpratn BU3HAYEHHS MIITHOCTI Ta MOy
nedopmariii 3pa3kiB IPyHTOIIEMEHTY IS PI3HUX TH-
MiB YKPIIUTIOBAIBHUX IPYHTIB 3aJIE)KHO BiJl BMICTY
BiJICIBY HaBeJieHO B Ta0J. § Ta Ha puc. 4.

Tabnumsa 8

XapaKTepUCTHKH IPYHTOLEMEHTY 3AJI€KHO
Bi/l BMicTy BiAciBy

Table 8

Characteristics of soil cement depending
on the content of screenings

] —

et [PYHT 1

e=fll==[PYHT 2

MIIHICTh TIPH CTUCKY,
MIla

e [DYHT 3

0 20 40
Buwicr BiaciBy, %

Puc. 4. 3anexHOCTi MIITHOCTI IPYHTOLIEMEHTY
BiJl BMICTY BiJICIBY

Fig. 4. Dependence of soil cement strength
on the screening content

BinmoBigHo 10 HE3HAYHOTO BIUIMBY BMICTY Bifl-
ciBy mutaky 40 % Ha mpupicT MiLHOCTI Ta 3HAYHOTO
3HWYKCHHS IUTACTUYHOCTI CyMillli, B3STO BMICT BiJl-
ciBy 20 % ans rpynty 1. lng rpynTiB 2 Ta 3 Biacis
HE 3aCTOCOBYIOTh Yepe3 3HaUHE 3HWKEHHS TUIACTH-
YHOCTI CyMIilIi.

Pesynpratn BU3HAUCHHS JIETKOYKJIAJABHOCTI
TPYHTOLIEMEHTHOI CyMIIlli 3alleXHO BiX BMICTY
BIJICIBY HaBeJIeHO B Ta0J1. 9.

Tabnuus 9

Peostoriuni XxapakTepuCTHKH IPYHTOLEMEHTY
3aJ1eKHO Bil BMicTy BinciBy

Table 9

Rheological characteristics of soil cement depending
on the content of screenings

) ) 3HaueHHs Bumi - .
Bun Ip, Bwict BWCT XapaKTEPUCTHKH Bun rpy- MIET | Buicr sincisy, % Jlerkoyxiaa-
OVHT o meMe- | Bija- B/l | ueme- )
PYHTY 0 1y, % |ciny, % fn, MIla E. MITa HTY S Bi/ICiB | rpyHT | JIPHICTE, CM
716 | 28 1i6 Y
0 1,7 2,9 440 0 100 12
Ipyarl | 12 | 30 20 1,8 3,5 480 Ipyar1 | 0,8 30 20 80 10
40 2,0 3,8 510 40 60 6
0 14 3,6 460 0 100 8
Ipyar2 | 9 20 20 1,8 4,2 460 Ipyar2 | 0,8 20 20 80 4
40 2,1 4.4 480 40 60 1
0 15 3,8 400 0 100 10
Ipyar3 | 6 20 20 1,9 3,9 440 Ipyar3 | 0,8 20 20 80 4
40 2,2 4,2 490 40 60 1
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3asreXHOCTI MIITHOCTI TPYHTOIIEMEHTY Bif BMi-
CTy TICKY HaBeJIeH] Ha pHC. 5.

8
=
3
= 6
554 —
;2 «/ ===TpyHT 1
= === rpyit 2
=
S 0 ——rpyHT 3
0 20 30 40

Bwict micky, %

Puc. 5. 3anexHoCTi MILTHOCTI I'PYHTOLEMEHTY
BiJl BMICTY ITiCKY

Fig. 5. Dependence of soil cement strength
on the sand content

3a OTpUMaHHMMH pe3yJbTaTaMH IS PO3TIITHY-
TUX THUIMIB IPYHTIB MOXYTh OyTH PEKOMEHIOBaHi
Taxl CIIIBBIAHOIIEHHS CKJIAJOBUX KOMIIOHEHTIB:

— 1pyHT Ne 1: cyrmuHOoK Ip = 12 %; uement 30 %;
cynepmiactudikarop C-3 0,3 %; Menenuil 1oMeH-
Huit nuiak 20 %; BifciB kamenenoapiounenns 20 %.

— 1pyHT Ne 2: cyrnuHok Ip =9 %; nement 20 %;
cyneprutactudikarop C-3 0,3 %; meneHuil 1oMeH-
Huit nuak 20 %;

— 1pyHT Ne 3: cymicok Ip = 6 %, nement 20 %;
cynepactudikarop C-3 0,3 %; BiaciB kameneno-
npiorenHs — 20...30 %.

Jiist yTOUHEHHSI OTPUMaHUX pe3ysbTaTiB Ta pe-
KOMEHIOBaHUX PElENTyp CKIa/iB HEOOXiTHO OTPH-
MaTd 3HA4YEHHS BIIACTUBOCTEH TIPYHTOLIEMEHTIB
y OinblI M3HBOMY Billi TBEPHAIHHS i Ha pealbHUX
IpYHTax BJIAMITYBaHHS IPYHTOIIEMEHTHHUX IaJb.

Lle omauM 3i crioco0iB MoubiKaIlii CTPYKTypu
IPYHTOIIEMEHTY 3 METOI TMiJBHIICHHS TPIIIUHO-
CTIMKOCTI, B’SI3KOCTI pyHHYBaHHS, 3HOCOCTIHKOCTI,
3HWDKEHHS yCaJIKU i TIOB3y4OCTi € apMyBaHHSA IPY-
HTOLIEMEeHTY (iOporo. ApmMoBaHHii hiOporo TpyHTO-
LEMEHT € Pi3HOBHUJIOM JTHUCIIEPCHO-apMOBaHOTO Oe-
TOHY, HOTO BUTOTOBJISIFOTH i3 TPYHTOLIEMEHTHOTO
a00 MiMaHO-IEMEHTHOT'O PO3YMHY, B SIKOMY SIK ap-
MYBaJbHUH KOMITOHEHT PEKOMEH/IOBAHO BHKOPHC-
TOBYBaTH CTaJIEBY, MOJIiMEpHY 200 6a3zanbToBy (i-
Opy, 110 PIBHOMIPHO PO3MOALISETHCS IO 00’ €My Cy-
Minr. CHiTBHICT POOOTH TPYHTOIIEMEHTHOT Mart-
puiii i BosiokHa ((hiOp) 3a0e3neuy€eThes 3a PaxXyHOK
3YeIICHHS 110 iX MOBEpXHi i aHKepyBaHHs Qi0pu 3a
paxyHOK mepioguyHoro npoiaro Ta ii KpUBU3HU

B TI03/TOBKHBOMY 1 TIOTIEPEYHOMY HamlpsMKY [2, 14].
3actrocyBaHHS TpyHTO(IOpOOETOHY K ITiJCHITIOBA-
JBHOTO eJIeMEHTa J03BoJisie a00 30BCIM BiIMOBU-
THUCS BiJ apMaTypHOTO Kapkacy, abo OOMEeXHUTHUCS
HOT0 BUKOPHUCTAHHSM Yy BEPXHIN YacCTHHI Tai AJs
3B’S3KY 3 eJIeMEHTaMH POCTBEpKY. JociiaHi 3pa3ku
13 3aCTOCYBaHH;IM BOJIOKOH 0a3a1bTOBOI 1 MOINpo-
mineHoBoi (ibpu Ta xapaktep pyilHyBaHHS 3pa3KiB
HaBeIICHO Ha puC. 6.

VY nocnipkeHHi (i3MKO-MeXaHIYHI BIACTHBOCTI
3pasKiB IPyHTOIIEeMEHTHOTO (piOpoOETOHY, BUTOTO-
BIIEHUX 13 3acTOCYBaHHIM H00aBku C—3 y KiJTBKOCTI
0,3 1 5 % GazanpToBOi 1 MoNinpornineHoBoi Gidbpu
BIJIMOBIIHO BiJi Macu IIEMEHTY, MOKa3aiud 301/1b-
meHHs MirHocTi 1o 6...8 Mlla. I3 nogaBanusIM ¢i-
Opu crnocTepiranocst B’si3Ke pyHHYBaHHS 1 3MeH-
LICHHS TPIIMHOYTBOPEHHS IPYHTOIIEMEHTY, IO
JIa€ MO>KJIUBICTh PEKOMEHTyBaTH BUKOPUCTOBYBATH
BOJIOKHA JIJIsl apMyBaHHS Tallb.

=

g WP oL

Puc. 6. [ligcunenns rpynTonemMeHty Gidporo:

a — 3pa3ku 13 6a3aTbTOBOIO 1 MOJIIPOITIEHOBOIO (PiOpoTO;
6 — TIacTHYHE PYHHYBaHH 3pa3KiB i3 JonaBaHHAM (iOpu;
6 — CTpyKTypa piOporpyHTOIIEMEHTY
Fig. 6. Fiber reinforcement of soil cement:

a — samples with basalt and polypropylene fiber;

b — plastic fracture of samples with fiber addition;
¢ — structure of fiber soil cement

Jo excrmyaTamiiHUX BIaCTHBOCTEH IPYHTOLE-
MEHTY HaJICXKHUTh BOJOCTIHKICTh. OCKIJIBKH IPYHTO-
LEMEHT PO3IIISIHYTO TAKOX SIK 3MIITHEHUH IPYHT, TO
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JUTS OITIHFOBAHHS OT0 BOJOCTIMKOCTI MMOTPiOHO BU-
3Ha4YaTH KOe(illi€HT PO3M SKIUBOCTI y BOAI. 3a KO-
ediieHTOM PO3M’SIKIIMBOCTI IPYHTH MOAUISIOTH Ha
Hepo3M’siKiyBanbHi (Kp>0,75) Ta po3m’skuryBa-
nbHI (Kp=<0,75).

I3 MeTor0 AOCHiIKEHHS BOJOCTIHKOCTI IPyHTO-
LHEMEHTY OYyJI0 BUTOTOBJICHO JOCHIIJHY HapTiio 3pa-
3KiB TaKOTO CKJIAy: KiIbKicTh meMeHTy — 20 % Bix
Baru CyXOro IPyHTY, BOJOLIEMEHTHE BiJHOIICHHS
po3uuny — B/I]= 0,8. [pyHT BUKOPHCTAHO JIECOBHUIA.
BurotoBneno 6  3pa3kiB-kyOiB  po3Mipom
7,07 x 7,07 x 7,07 cm. 3pa3ku OyIo NOiIeHO Ha JIBi
cepii mo 6 mTyk. 3pazku mepuoi cepii 30epiraiu
mpoTsaroM 28 1i0 y BO/Ii, 3pa3KH Ipyroi cepii 30epi-
rayy npoTsaroM 28 mid y MOBITPSIHO-CYXHX YMOBaX.
UYepes 28 nib 3pa3ku BUNPOOOBYBAIM HA MIIHICTh
MiJ 4ac CTUCKaHHsS. Pe3ynbTatu BUNPOOYBaHb Ha-
BeAeHo B Tabm. 10.

Tabmums 10
BusHaveHHs BOAOCTIiHKOCTI 3pa3kiB IPYHTOLEMEHTY
Table 10

Determination of water resistance
of soil cement samples

No fem®™, fem", K BucnoBok mpo
MIla Mlla P BOJIOCTIHMKICTE
1 4,1 4,3 1,0 >0,75 BOAOCTIMKHUI
2 3,85 3,5 0,91 | >0,75 Bomocriiikuii
3 3,6 3,1 0,86 | >0,75 Bomocriiikuii
4 4,25 3,85 0,91 | >0,75 Bomocriiikuii
5 3,75 3,4 0,91 | >0,75 Bomocriiikuii
6 3,56 4.0 1,12 | >0,75 BomocTifKui
3,85 3,7 0,95 | >0,75 Bomocriiikuii

3a pesyibpraTamu BunpoOyBaHb (Tabn. 10) mis
KOXKHOTO 3pa3ka BH3HAYEHO TPaHHIIO0 MIITHOCTI
B pa3i CTUCKaHHsI Y BOJIOHACHYCHOMY CTaHI Ta TOBi-
TpsIHO-CyXoMy. Takox U1t OTpUMaHMUX 3HAYEHb Mi-
ITHOCTI TPYHTOIIEMEHTY MPOBEACHO CTATUCTHYHY
00pOOKYy MaHMX METOJOM HAaWMEHIIMX KBaIpaTiB.
Koediuient Bapiawii amst 3pa3kis, 1o 30epiranucs
y MOBITPSIHO-CYXHX yMoBax, ckias C, = 0,05; ans
3paskiB, mo 30epiranucs y Boai, — C,= 0,09. Otpu-
MaHi JjaHi CBi4aTh NPO OAHOPIAHICT IPYHTOLIEME-
HTY SIK MaTepialy Ta BUCOKY TOYHICTb MPOBEICHHS
EKCTIEPUMEHTY, IO MiITBEPKYIOTh JIaH1 BUITPOOY-
BaHb [5].

3a maaumu 1ab6a. 10 KoediIlieHT po3M’ SIKITHBO-
CTi, SIKMA BHU3HAYAIOTH SK BITHOIICHHS CEepeaHiX
3Ha4YeHb IPaHMILIb Mi[JTHOCTi Ha CTHCK Y BOJIOHACHYe-
HOMY Ta MOBITPSIHO-CYXOMY CTaHi, U 3pa3KiB Ipy-
HTOIIEMEHTY, BUTOTOBJICHOTO IIUIIXOM IEepEeMilry-
BaHHs CYIJIMHKY 3 KiNbKicTio nementy 20 % Bix
Bar” Cyxoro IpyHTy, cTaHOBUTH 0,95, TOMy IpyHTO-
LEMEHTHHUH €JIEMEHT MOKHA B1THECTH 10 BOAOCTIH-
KOTO.

HaykoBa HOBH3Ha Ta MPaKTHYHA
3HAYUMICTD

Y poOOTi BCTAaHOBJICHO MOXKIIHUBICTH BHKOPHC-
TaHHS BEPTHKAJbHUX apMYBaJbHUX EJIEMEHTIB i3
IPYHTOLIEMEHTY 3 HEOOXIIHUMH TEXHOJIOTiYHUMHU
Ta eKCIUTyaTallifHUMHU TOKa3HUKaMH, OTPHMaHUX
3a OypO3MIIIyBaJbHOW TEXHOJOTIE, IS MiACH-
JICHHSI 3MJISTHOTO TIOJIOTHA 13 BpaxyBaHHSM Harpy-
KeHo-neopmoBaHoro cTany i Mopdoorii rpyHTO-
BHX OCHOB. ABTOpKa Ha 0a3i MPOBENEHOTO JOCIHi-
JDKEHHsI 37ilicHMIa crnpoOy mimiOpaTH CKIamoBi
KOMITOHEHTH 1 pO3pO0OUTH ONITUMANTBHI CKIIAIH TPY-
HTOIIEMEHTY JUISl HiICHJICHHS IPYHTOBOTO TTOJIOTHA
MiJ 3ali3HUYHY KOJito. Takox po3risHyTO Ha-
npsMd  MoauGikalii IPyHTOLIEMEHTHY MiHepallb-
HUMH 1 XIMIYHUMHU TOOABKaMU.

OTpuMaHi pe3ynbTaTH MOXKIUBICTH OTPUMATH
IPYHTOLIEMEHTHI €JIEeMEHTH ONTUMAJILHOTO CKIIay i
BJIACTHBOCTEH ISl BEPTUKAIBHOTO ITiICHIICHHS IPY-
HTOBHX OCHOB ITiJT 3aJTi3HUYHY KOJIIO.

BucHoBku

VY Xo#i eKCIepUMEHTAIBHHUX JTOCITIIDKEHb:

1. BukonaHo BuOip CKJIaJOBUX KOMIIOHEHTIB
1 OTpUMaHO IPYHTOIIEMEHTHHUH €JIeMEHT IS Ti/ICH-
JICHHSI TPYHTOBUX OCHOB i3 (hi3MKO-MEXaHIYHHUMHU
XapaKTepUCTUKAMHU, MI0 3a0e3MevyI0Th HeoOXimHi
eKCIUTyaTalliifHi BIACTHBOCTI.

2.0nHuM 13 epeKTUBHHUX HANPSMIB OTPHUMAHHS
BEPTUKAIBHUX apPMYBAJIBLHUX EJIEMCHTIB 1 3HU-
JKEHHS BapTOCTI ITiJ] 9ac MiJCHIIEHHS ¥ YKPITUICHHS
3eMJISIHOT'O TIOJIOTHA € BUKOPUCTAHHSI SIK MaTepiary
CYMIIII TPYHTY 3 JA0JaBaHHSIM LIEMEHTY B KUIbKOCTI
20..30 % 3a BogoueMmeHTHOro BimHomeHHs 0,8
B pasi 3acTocyBaHHsS OypO3MIIIyBaIbHOI TEXHOJO-
rii.

3. BcraHOBIIEHO BUMOTH /10 CKJIAJIOBHX KOMIIO-
HEHTIB TPYHTOIIEMEHTHHX €JIEMEHTIB 3a Pi3HUX
YMOB poOOTH.
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4. st MoudikyBaHHS CTPYKTYPHU I'pyHTOLIEME-
HTy ¥ MiHIMI3aIil BUTpaTH [EMEHTY, 3alpOoIoHO-
BaHO 3aCTOCOBYBATH K MO (]iKyBaIbHI KOMIIOHE-
HTH nigcuienHs ¢iopoBi BosokHa. [17is 301IbIIeHHS
IIUTBHOCTI, TPIIIMHOCTIHKOCTI, MIITHOCTI 1 MOITyJIst
neGOpMaTHBHOCTI, TOMIMIIEHHS IIACTUYHOCTI Cy-
Milli peKOMEHI0OBAHO BUKOPUCTAHHS XiMIYHUX MO-
mudikaropiB 1o 0,3 % 1 ans ekoHOMIi eMEeHTy —
JaCTOK TOHKOIHUCIIEPCHUX BiIXOiB IPOMHCIIOBOCTI
y BUTJISIII MEJICHOTO HIJIaKy Y BiJCiBY KaMeHENo-
npiorenns B KiabKocTi 20...30 %.

5. BcTaHoBieHO onTHManbHE CIiBBiAHOLICHHS
LEMEHTY 3 IPYHTOM, BMICTY MOIU(iKyBalbHUX
KOMIIOHEHTIB CKJIaJy IPyHTOLIEMEHTHOT'O PO3YHHY

3aJIe)KHO BiJ BIACTHBOCTEH 1 CKIIaAy TPYHTY i3 Bpa-
XyBaHHSM  HOro  HampyxeHo-IedopMoBaHOTO
CTaHy.

IMoasika

HocnimkeHHs, pe3ynbTaTd SKUX BHUKJIaJEHI
B I CTATTi, IPOBEACHO 3a MiATPUMKHU rpaHTy Ha-
nioHATFHOTO (DOHAY OCTHKEHb YKpaiHu! IiJl Jac
peamizamii mpoekty «HaykoBe oOTrpyHTYBaHHS
BIIPOB/IPKEHHSI €BPONEHCHKOI KOJIii Ha TepuTopii
Ykpaiau B TOBOEHHHH TIepioay (peecTpalliiHui HO-
Mep mpoekty 2022.01/0021), sikuit 6yno oTpuMaHo
B paMKax KOoHKypcy «Hayka ans BinOymou Ykpa-
{HM y BOEHHHH Ta TIOBOEHHUI MTEP10IN.
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Selection of Components and Methods of Modification of Soil Cement
to Improve the Performance Properties of Subgrade

Purpose. The main objective of the scientific article is a reasonable selection of soil-cement reinforcing structural
elements and methods of modifying the soil-cement structure to strengthen the subgrade for railroad tracks.
Methodology. For the construction of soil-cement reinforcing elements for a combined railway track using drilling
and mixing technology, a number of tasks were solved, including: a reasonable selection of the components and mod-
ifiers of the soil-cement element; determination of the properties of the components; establishment of operational
requirements for soil-cement and its composition; design of optimal compositions with specified performance char-
acteristics, taking into account the properties of soils and operating modes. Findings. The influence of soil-cement
components on the rheological properties of soil-cement mixtures and the physical and mechanical properties of soil-
cement was studied. Based on the data processing by statistical analysis, the optimal content of the constituent com-
ponents of soil-cement mixtures was selected to ensure the technological and operational performance of soil-cement
for different types of soils and to strengthen the soil base during track construction. The influence of mineral granular,
fibrous and chemical modifiers on the properties of soil cement was investigated. Originality. The possibility of using
vertical reinforcing elements made of soil cement with the necessary technological and operational parameters ob-
tained by drilling and mixing technology to strengthen the subgrade, taking into account the stress-strain state and
morphology of the soil bases, has been determined. Based on the study, the author made an attempt to select the
components and develop optimal soil cement compositions for strengthening the subgrade of a railroad for a combined
track. The directions of modification of soil cement with mineral, fiber and chemical additives are also considered.
Practical value. The study makes it possible to obtain soil-cement elements of optimal composition and properties
for different types of soils and stress-strain states in order to vertically strengthen the soil bases for the railway track.
To modify the structure of soil cement and minimize cement consumption, it is proposed to use fiber fibers as modi-
fying reinforcement components. To increase the density, crack resistance, strength, and modulus of deformability
and improve the plasticity of the mixture, it is recommended to use chemical modifiers up to 0.3 % and to save cement
— particles of fine industrial waste in the form of ground slag or stone grinding screenings in the amount of 20...30 %.

Keywords: soil cement; soil-cement pile; drilling and mixing technology; modifier; soil base; subgrade; soil; ce-
ment
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ByaiBenbHa raay3s YKpaiHu: TpaHcdopMailii Ta nepcrneKTuBy B yMOBax
BOEHHOI'0 CTAaHY TA IOBOEHHOI BiI0y10BH

Mera. BoeHHi fii BUKITHKaNIN cepiio3Hi 3MiHH B €KOHOMIYHIH cdepi B ycixX perioHax kpainu. [lepexuBae BemuKi
TpaHchopMarlii Ta BUKINKY i OyaiBenbHa rany3b. OCHOBHOIO METOIO POOOTH € aHali3 CydacHUX TEHACHIIH y chepi
OyniBEJIILHOTO PUHKY Y KpaiHH, HOTO 0COOIMBOCTEI Ta MaiilOyTHHOTO B YMOBaX BOEHHOT'O CTaHY Ta IIOBOEHHOT Bin0y-
noBu kpainu. Meroauka. [loBHOMaciiTabHe BTOPTHEHHSI MPU3BEJIO Maike /10 Koancy OyaiBeNbHOI raiysi, Belruka
YacTHHA YKPaTHChKUX MiJANPHEMCTB OyJiia 3MyllIeHa NPU3YIHHUTH a00 0OMEXUTH BUPOOHHUIITBO, YaCTHHA ITEPEOpPieH-
TyBanach Ha notpedu 3CY. bararo mianpuemcts Ha IliBaHi Ta CX0/i KpaiHW ONMUHMWINCH Y 30HI aKTHBHUX 0OHOBHX
Iiit a00 B TAMYACOBIi OKyIAIlil, — TAK CaMo, SIK i €JIEMEHTH JIOTICTUKHU, IOCTAYaIbHUKU CHPOBHHU Ta KOMILICKTYIOUYHX.
VYIIKOKEHHS IHXKEHEPHOT IHPPACTPYKTYPH TaKOK HEraTHBHO BioOpa3miiocst Ha BAPOOHUITBI Oy 1iBETbHOT POIYK-
1ii. Benwky yacTHHY CHpOBHHH 1 OyiBETbHIX MaTepialiB JOBOIUTHCS IMIIOPTYBATH, ajie OOCITH IMIIOPTY TeX 0OMe-
KEHi, OCKUIBKH ITOPTOBA IHPPACTPYKTYpa MPAKTUIHO He Mparftoe. [IpoTsaroM nii BOEHHOTO CTaHy YpsiA MPUHHSB PsII
IIOCTaHOB, MO0 CIIPOCTUTH BBE3CHHS OKPEMHX TOBapiB, ajie 6arato OyAiBENHIX MaTepialiB yce IIe He MOTPAIHIH
Ito mepenikiB. Takox BifOYBa€eThCs IMIIOPTO3aMIIICHHS 1 Tepe0y/10Ba JIOTICTHKH ITiC)IA BiIMOBH Bill TOBapiB 3 HENPY-
KHIX KpaiHH, [0 paHillle epeBakaln B TAKUX CETMEHTaX, K PUHOK CKJIOBaTH, 0iTyMy Ta iHmmMX. Po3ristHyTO MOCBig
IHIIUX KpaTH I10/10 3aXUCTy OyniBebHUX 00’ €KTIB BiJ pyHHYBaHHS Iijl 4ac BOEHHHUX Aiii. PesyabTarn. [Ipoananizo-
BaHO CTaH BHYTPIIIHBOTO PHHKY Ta NpoOJieMH IMIOPTY OyaAiBEeNbHUX MaTepiajiiB;, KaipoBe 3a0e3redeHHs
OyniBeJIbHOT rairy3i; 3MiHH CTPYKTYPH Ta 00CSTiB ONUTY y cepi OyAiBHUIITBA 1 HEPYXOMOCTI; 3MIHU B MiCTOOY1iB-
HOMY 3aKOHOJIABCTBI, @ TaKOX CTaH TPAHCHOPTHOI iHQpacTpyKTypH; MIATOTOBKY IO IMOBOEHHOI BiIOYIOBH.
HayxoBa HoBu3Ha. [IpoBe/ieHO KOMIUIEKCHUI aHai3 cTaHy OyAiBelbHOI rany3i Ykpainu mij yac 30poiiHoi arpecii.
Po3riisHyTO BaXIJIMBICTH YIPOBaKEHHS! HOBUX CTaH/apTiB O€3MeKH 1 HUBIILHOTO 3aXUCTY Iijl 4ac 3BeJICHHs OyiBe-
JBHUX 00’€KTIB, MOJETMEeHHS 0OPMIIEHHS 103BIILHOI JOKYMEHTalii, PO3BUTOK €IMHOI AepKaBHOI €IEKTPOHHOI CH-
cremu y cepi Oyniaunrea. [IpakTudna 3HaYnMicTh. BruineHo HampsiMu OyIiBHUIITBA Ta TPAHCIIOPTHOI iH(pa-
CTPYKTYpH, 5IKi MO’KHA PO3BHBATH HABITh ITiJ] YaC BOEHHOTO CTaHY, PO3TIITHYTO OCHOBHI MpoOieMu Oy/IiBeNbHOT ra-
my3i Ykpaifu.

Krouosi crnosa: OyqiBHUITBO IPOMHUCIIOBUX Ta IUBITFHUX 00’ €KTIB ITiJ] YaC BOEHHOTO CTaHy B YKpaiHi; Oy/iBe-
JBHI MaTepiaiw; CTaHTapTH Oe3NeKH; MUBLUIFHUH 3aXUCT; MOCTH, TPaHCIOPTHA iH(PpaCcTPyKTypa; IOBOEHHA BilIOY-
JI0Ba; BiI0Y/10Ba TPAHCIIOPTHOT iHPPACTPYKTYpH

Beryn 15 % BupoOHMUMX OyIiBENBHUX MOTYXHOCTEH 3a-
3HaIU pyiHyBaHb. Y 2022 poiii o0csr OyiBenb-
HOTO PUHKY YKpaiHW 3MEHIIMBCS NPUOIM3HO Ha
65 % [9]. ¥ 2023 pori criocTepiraeTbCst TEHAEHITIS
710 301TbIIICHHS CITOKUBAHHS OYiBENLHOT MTPOITYK-
1ii Ta MOCiyrT i, 3a pe3yibTaTaMu POKY, 3pOCTaHHS
puHKY Ha 25 %. Ilpu upomy, 3a mporuozamu, oocsr

Ha croronni 3aranpHi BTpaTi YKpaiHu BHACIi-
JIOK pOCIChKOi arpecii CTaHOBISATH — IOHAJ
$150 mups, y ToMy 4mcITi HaRGLIBIITHX 30UTKIB 3a-
3HaB KUTIOBUH Gou ($56 Mipn), iHdpacTpykTypa
($37 mupn) ta mpomuciosicts ($12 mipa) [11]. 3a
JIBa POKU ITOBHOMACIITA0OHOTO BTOPTHEHHS OJIN3BKO
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PHHKY >KUTJIOBOi HEPYXOMOCTi Y TPUBHEBOMY €KBi-
BaJICHTI MaB 3aJUIIUTHUCS HA PIBHI MHHYIIOTO POKY,
HEXUTIIOBOI HEPYXOMOCTI — 3pocTu Ha 15 %, a iH-
XKEHEpHUX cropyJl — mokasatu npupict 40 %. Ce-
pex OCHOBHMX HOBallil y 3aKOHOAABUId cdepi
OCTaHHIX POKiB MOXHA BiI3HAYUTH TCHACHINIO IO
MiBUIIICHHS OC3TEKH JIFOCH Ta MOJIMIICHHS SHep-
roedpekTrBHOCTI OyniBenb [12]. Tak, 3minu no 3a-
KkoHy Ne 2486-1X pernameHTyIOTh BUMOTH 10 BIa-
ITyBaHHS OOMOOCXOBHII TiJ Yac 3BEACHHSI HOBUX
Oynisens [3, 7].

3abe3meueHHss OyaiBEIBHOTO PUHKY YKpaiHU
CYTTEBO 3aJICKUTh BiJl aBTOMOOLIBHOTO TPAHCIIO-
PTY, SIKUI HaleXUTh A0 KPUTHYHOI iHQpacTpyk-
Typu (aBTOTPAHCIIOPTHI MiAMPHEMCTBA, aBTOMOOI-
JBHI TPAHCHOPTHI 3ac00M, TOPOTH, MOCTH Ta iH.)
[4]. Cepen ocHOBHUX MOCTYT aBTOMOOLILHOTO Tpa-
HCIIOPTY — BaHTaXHI Ta aBTOOYCHI NEpeBE3CHHS,
HOBe OyNiBHHIITBO, PEKOHCTPYKIIiSA, KalliTaIbHUN
PEMOHT, TIOCJIYTH 3 €KCIUTyaTalifiHOTO YyTpUMAaHHS
Ta TOTOYHOTO PEMOHTY aBTOMOOUTBHUX JOPIT Ta
MITYYHUX CIIOPY/I, 0 Ha HUX po3mimieHi [4].

Hapasi pomp aBTOMOOUTEHOTO TpPaHCHOPTY,
KW BUKOHYE BAXKIIMBI €KOHOMIUHI Ta COI[ialbHI
3aBJaHHs, 1ie OibIIe 3pocTae. Anie 00’ €KTH KPUTH-
YHOI iHPPACTPYKTYPH CTAIH JPYTUM CEKTOPOM (ITi-
CJISI )KUTJIOBUX OYIBEIIb), IKUH 3a3HAB HAHOUTBIIMX
pYHHYBaHb, MOIIKOIKEHHS 400 OPYIICHHS QYHK-
IIOHYBaHHS.

Ha mouartox Bepecus 2023 p. 3arampHa cyma
30UTKIB Ha TpaHcropTi ckiana 36,6 Miupa Joi.
CUIA [10].

CranoM Ha ceprieHb 2024 p. pyliHyBaHb 3a3HaJIH
25,4 Thc. KM aBTOMOOUILHUX JIOPIT, 13 HUX 8,9 THC.
KM — JJOPOTH Jep>KaBHOTO 3HAYEHHS, 8,6 THC. KM —
JIOPOTH MICIIEBOTO 3HadeHHS, 7,9 THC. KM — KOMY-
HaJIbH1 1opory, 344 MOCTH Ta MOCTOBI TIEPEX0/TH 3a-
raJbHOI0 MPOTSHKHICTIO 87,5 Tre. M [11].

JloninpHO BpaxyBaTh MiKHAPOJHUI TOCBi 3a-
XHCTY OyIiBeNbHUX 00’€KTIB BiJl pyHHYBaHHS i
Yac BOEHHHX il Ta aHaiizy OyAiBeTbHOTO PUHKY
i1 yac BoeHHoro crany [13, 16, 17].

MixHapomHi (iHAHCOBI IHCTUTYMIi TUIAHYIOTh
JOJTy9aTHCS 0 BiAOYIOBH 1 MOCTYIIOBO BUXOSTH
Ha pUHOK Ykpainu. KimouoBumu kputepisimu ¢i-
HAHCYBaHHSl NTOBOEHHOTO OyAiBHMITBAa B YKpaiHi
Oy/IyTh MPO30PICTh Ta MBUJAKICTh peaizarlii mpoe-
KTiB, TOMy MDXHApOJIHI OpraHi3allii BXKe ChOT0J[Hi
MOYMHAIOTH HAJIATOJKYBaTH MMaPTHEPCTBO 3 HaAil-
HUMH YKpaiHCHbKHMH Oy liBETbHUKAMH.

Merta

OCHOBHOIO METOIO pOOOTH € aHANI3 aKTYaIbHAX
TeHJeHIIH y cdepi OyaiBeTbHOTO pHHKY YKpaiHu,
Horo ocobaMBOCTEl Ta MAHOYTHHOTO B YMOBax BO-
€HHOTO CTaHy Ta IOBOEHHOT BiIOYZOBH 3 ypaxyBaH-
HSIM JIOCBiAy 1HIIUX KpaiH MO0 3aXKUCTy OyIiBeNb-
HUX 00’ €KTIB BiJ] pyHHYBaHHs i YaC BOEHHUX Jil,
a TakoXX 3a0e3nedeHHs BiOyJI0BH 00’ €KTiB TpaHC-
opTHOT 1H(PACTPYKTYPH, SIKa MA€ CYTTEBUH BILTUB
Ha PO3BUTOK OyIiBHUIITBA.

MeToauka

VYxpaina maibke Tpu poku mepedyBaE y BOEH-
HOMY CTaHi, 1110 3HaYHO BIUIMBAE Ha Oy/iBeJIbHY ra-
7y3b. OCHOBHI MPOOJIEMH, SKi CbOTOJIHI BUHUKAIOTh
y OyiBenbHi ramysi:

— CKOpOYEHHsI BHYTPIITHHOTO PUHKY OyIIiBENb-
HUX MaTepiais;

— mipo0eMu 3 IMITOPTYBaHHAM OYHiBETTHHAX Ma-
Tepiais;

— eIyt Kaapis;

— 3pOCTaHHA CO0IBApTOCTI OYIiBHHULITBA;

— (opc-MaxkopHi 00CTaBHUHM;

— 3MiHa CTPYKTYpH Ta 0OCSTiB MOmUTy y cdepi
OyIiBHHILITBA I HEPYXOMOCTI;

— 3MiHa MOTEHIITHNX MOKYIIIB Ta OCOOIMBOCTI
BHOOPY HUMHU JKUTIIA,;

— 3MiHH B MiCTOOYIiIBHOMY 3aKOHOJIaBCTBI;

— TPY/AHOILI TIepeBe3eHHs Oy 1iBEIEHUX MaTepi-
ajiB;

— IMMiJITOTOBKA JI0 OBOEHHOI BiZI0OY/IOBH.

Bupimenns 1ux npo0OiieM Hapasi € HaJI3BUYAHO
aKTyaJIbHUM.

Pe3yabTaTtu

Cropouenns 8HympiuiHb020 punKy 6y0igenbHux
Mamepianie ma npobnemu 3 ix imnopmysanHam. 13
[IOYaTKOM [TIOBHOMACIITAOHOTO BTOPTHEHHS BEJIMKA
YacTUHA YKPaiHCHKUX MiANPHEMCTB Oyia 3MyllIeHa
MPU3YNHHUTH 200 OOMEXHUTH BHUPOOHHIITBO, Yac-
THHA nepeopieHtyBanack Ha norpedu 3CY. Enep-
reTUYHa KpH3a, 30KpeMa YIIKOKEHHsI 1HKEeHEPHOT
1HOPACTPYKTYpH, TAKOXK HETATHBHO MO3HAYMIIOCS
Ha BUPOOHMLUTBI OyiBEJILHOT TPOTYKIIii.

lanmy3p Bimuyna roctpuii aediuuT CHUPOBUHH
i OynmiBelIbHUX MaTepialliB. CKJIa, METallOBHPOOIB,
OyniBeNmbHUX CyMmimei, nernu tomo [8].
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3apa3 crocTepiraeTbcss CKOPOYEHHS BHYTPIll-
HBOTO PUHKY OyAiBeNIbHUX MaTepiaiiB depe3 Taki
¢dakropu:

— 3HIDKCHHSI BUPOOHUIITBA;

— 00OMe)KEHHsI Ha 30BHIIIHI [TOCTaBKU;

— ToCcIa0JIeHHS TIOTINTY;

— 3pOCTaHHS IIiH;

— 3MiHH B aCOPTUMEHTI.

Benuky wactuHy cupoBuHH i OyniBeTFHUX Ma-
TepialiB TOBOAMUTHCS IMIIOPTYBATH, ajne 00CsATH iM-
MOPTY TEK OOMEKEHi, OCKUIBKH MOpTOBa iH(pa-
CTPYKTypa NMPAKTUYHO HE MPaIioe. X09a IpOTAroM
BOEHHOT'O CTaHY YPS MPHUIUHSAB Psifl MOCTAHOB, 100
CTIPOCTUTH BBE3EHHS OKpEMHX TOBapiB [5], ane Oa-
rato OyaMaTepiaiiB yce IIIe He TIOTPAITIH JI0 TIepe-
mikiB. Takox BimOyBaeThCS IMIIOPTO3aMIIIEHHS
1 mepe0yaoBa JOTiCTUKHY ITiCJIs BiIMOBH BiJI TOBapiB
13 kpaiHm-arpecopa Ta ii caremniTiB, gKi paHime rme-
peBakaM B TAKUX CETMEHTAX, SIK PHHOK CKJIOBATH,
oitymy [2].

Jlepiyum xaopie ma 3pocmanus codieapmocmi
0yoisHuymea. BinOymocs CKOpPOYEHHS KiIbKOCTI
KBaITi(DiKOBAaHOTO TEPCOHANY B Taiy3i depe3 MoOi-
J3aIiro i emMirparito 3a KOpJOoH.

YacTrHa TPOEKTHUX 1 MIAPSAHUX OpraHizarii
MIPUITMHWIA 200 CKOPOTHIIN CBOIO MisUTBHICTB, a Jie-
(iUt nepcoHany Bi3HAYAIOTh IPAKTUYHO BCi ydac-
HUKH PUHKY (puc. 1).

38% 47% 1% .

36% -18%

4% 42% 61% 22% 163

% 48%

Puc. 1. 3miHa KiTbKOCTI BaKaHCIi# 3a 00IacTIMu
MOPIBHSHO 3 IIEPi0JIOM JI0 TOBHOMACIITAOHOTO
BTOPTHEHHSI

Fig. 1. Change in the number of vacancies
by regioncompared to the period before
the full-scale invasion

Hapasi OyniBenbHa rany3b CTHKA€ThCS 31 3HAU-
HUMH nipoOsieMamu B 3a0e3Me4eHH] KaJlpaMu:

— BiTiK poOoUoi cuik uepes BiiiHy;

— 0OMEXKEHICTh HaBYaJIbHUX IPOrpaM;

— 3MEHLICHHS PUBAOINBOCTI Tay3i;

—noTtpeda y cremiaizoBaHiil kBamiQikariii.

3pocTaHHs ~ COOIBapTOCTI  3yMOBIIEHE, HE
B OCTAaHHIO 4epry, BHIIE3rafaHUMH YMHHUKAMHU —
MTOIOPOXKYAHHIM pecypciB Ha (oHI iX aediluTy
(110 cTocyeThes SIK BapTOCTI OyAiBeTbHUX MaTepia-
JIB, TaK 1 BIACHE JIFOJICBKHUX pecypciB) (puc. 2).

8% 1
7% A
6% A
5% A
4% |
3% A

0% I T I T I T l

+6.8%

2% 1
1% -

ClUeHb TFOTHE Oep3eHb KBITEHB
Puc. 2. 3mina ig Ha OyniBeNbHI MaTepiaau

HaBecHi 2023 poky

Fig. 2. Changes in prices for building materials
in the spring of 2023

ByniBenbHa ramy3b TaK0K CTHKAETHCS 31 3pOCTaH-
HSIM CO01BapTOCTI Oy IIBHHIITBA Yepe3 Taki (haKkTopu:

— TiIBHIIEHHS 1iH Ha OyMiBeIbHI MaTepiaiy;

— 301IbILICHHS BUTPAT Ha OIUIATY IMpalli;

— 1oTpedy B TONATKOBIN iHPpacTpyKTypi Ta 3a-
X0J1ax Oe3IeKu;

— pY3HK 1 HeCTaOITBHICTD.

Dopc-madicopHi obcmasumu. Hanpukinn
2022 poky 110 00CTpiiB, pyiHYBaHb, IIOPYIIEHHS JIO-
TICTUKH JoAanach e ojHa (hopc-MaXkopHa oOcTa-
BHHA — BIJICYTHICTh CBITJIa, 1[0 MIO3HAYMJIACS 1 HA ra-
Ty3i OyZiBHHIITBA.

I1ig yac BoeHHOTO CTaHy B YKpaiHi OyaiBesnbHa
rairy3b IOTpaInIse B YucieHi hopc-MaxkopHi o0cTa-
BHHH, sIKi B&XKKO Iepe10auuTH 1 BpaxyBaTH B IUIa-
Hax OyniBHUIITBA. OCh A€SKi 3 HUX:

— Oe3mneka Ta CTaOlJIBHICTD;

— 0OMEXEHHS JOCTYITY JI0 PECYPCIB;

— MIIBUILICHHS I[iH Ta BUTPAT;

— TIOUIKOJKeHHS 1HQPaCTPYKTYpH;

— BTpaTH Ta 30UTKH.

3minu cmpykmypu ma obcsicie nonumy y cepi
Oyoignuymea i Hepyxomocmi. 13 IO4aTKOM TTOBHO-
MaciITaOHOrO BTOPrHEHHS OYyJiBHHULITBO MO BCiif
KpaiHi 3yNMUHHJIOCS, ajie 3 JPYyroro MiBpivds
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2022 poky Ha BiJaJeHUX Bix GPOHTY i HA 3BiIbHE-
HUX TEPUTOPISX POOOTH MOCTYIIOBO MOYAIN BiTHO-
BitoBaTHCS (puc. 3, 4).
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Fig. 3. Volume of construction works performed by
types of buildings and structures in Ukraine,
2019 — 6 months. 2022, UAH billion

24 23
. & & \\\\

79
70
60
50 43
40

29
30
20
10
0
& & e & r @

§
& o g & &
§ S P §
F &

Puc. 4. KibKiCTh HOBUX JKMTIOBUX KOMILIEKCIB,
sKi moyanu OymyBatu micns B Ykpaini 24.02.2022 p.
3a perioHamu, ojl.

Fig. 4. Number of new residential complexes that
started construction after 02/24/2022 in Ukraine
by region, units

Lle moB’s3aHO 5K 3 00’ €KTHBHMMM, TakK 1 3 IEB-
HUMH TICHXOJIOTTYHUMH YNHHHUKAMU: B YMOBaX HEBH-
3HAYEHOCTI sIK 320y IOBHUKH, TaK 1 IOKYIII[I HE HAJITO
CXWJIBHI JI0 3HaYHMX iHBecTHIliid. Cepell OCHOBHHX
HanpsMiB OyZiBHHIITBA, SIKi PO3BHUBAIOTHCS HABITh
i1 9ac BOEHHOTO CTaHy, MOYKHA BUIUTUTHU TaKi:

— BIJHOBJICHHS TIOIIKO/DKCHHUX OyIiBeNIb Ta
00’exTiB iHdppacTpykTypu [1];

— JKUTJIOBE OYIiBHHMLTBO, Y TOMY 4HCHi Oy[iB-
HUITBO JKUTJIA JUIS BHYTPIIIHBO IEPEMIIICHUX
0cio;

— IPOMHUCIIOBE OYIIBHUITBO 1 TEpEOCHALICHHS
i IPUEMCTB, IO CTUMYJTIOETHCS 3MIHOIO MiCIIS PO-
3TallyBaHHS BUPOOHUIITB i 3MiHAMU B JIOTiCTHIII;

— OyAiBHUITBO 00’€KTIB IMBUILHOTO 3aXHUCTY,
BIMICBKOBOTO 1 TOIBIMHOTO TMPHU3HAYCHHS, 3aXHCT
00’ €eKTiB iHPPACTPYKTYpH.

3mina nomenyitnux noxynyie. 3 oqHOro OOKY,
KyHiBeJIbHa CIIPOMO’KHICTh HACEJIEHHs 3HAYHO 3Me-
HILIKJIACS, a 3 1HIIIOTO — HaBITh 32 HASIBHOCTI KOIIITIB,
B YMOBaxX HEBM3HAYEHOCTI, MOKYIIIl PiIKO HaBaXY-
I0THCS IHBECTYBAaTH B HEPYXOMICTh, YaCTHHA MOTE-
HIIIHHUX TIOKYIIIIB 3aiMa€e BUYIKyBaJIbHY MTO3UILIIO.

[1ig yac moBHOMAacIITAOHOTO BTOPTHEHHS B YK-
paiHi BiOyBa€eThCs 3MiHA MOTCHIIWHUX TMOKYIIIIB
y OyniBenmpHi# ramysi uepe3 pisHi odctaBuHU. OCh
JesKi 1iKaBi (haKTH TPO IO CUTYAITiIO:

— 30UIBIICHHS TIONMHUTY Ha JKUTIO B OE3MEUHMX
perioHax;

— moTpeba B MPUCTOCYBaHHI Oy/iBeNb AJIS MOT-
peb BiliCBKOBUX 4M TYMaHITApHUX OpraHi3aiii;

— 3MCHIICHHS MOTUTY Ha PO3KIITHE XKHUTJIO;

— MIBHIIEHUNA iHTepec M0 Oe3MeYHUX >KHUTIO-
BUX KOMILJICKCIB Ta KOTEIKHUX MiCTEUOK.

Hoegi ocobausocmi eubopy srcumina nokynysamu.

Boenni gii 3mMycunm mronmeilt OLTBIT BUBa)XEHO
CTaBUTHCH JI0 IHBECTHIIH y HepyxoMicTh. Ti, XTO
BCE X HAaBaXYETHCS Ha KYMIBIIO JKUTIA, HAIAIOThH
nepeBary rOTOBUM KBapTupaM abo JKUTIY 3 BHUCO-
KHM CTYIIEHEM T'OTOBHOCTI, IIEPEBAKHO B 3aXiTHUX
Ta IEHTPAJIbHUX perioHax Ykpainu ado B Kuesi.

Hapasi mijg ac KymiBii KUTIIa TOKYMI MOoYaH
3BEpTaTH yBary Ha TaKi aCleKTH:

1) HasiBHICTB y OyIMHKY aBTOHOMHOT ab0 pe3ep-
BHOI iH)XeHepHOi iH(pacTpyKTypu (BiacHa KoTe-
JbHS, TEHEPATOPH VISl MICIb 3aralbHOTO KOPHCTY-
BaHHS, JIOJaTKOBI BBOJIH €IEKTPOCHEPTIi TOIIO);

2) OUITBIINM TTOTIUTOM KOPHUCTYIOTHCS HIKHI T10-
BEPXH SIK 13 TOUKHU 30pYy O€3MeKH, TaK i JOCTYIMTHOCTI
Ha BUMAJ0K BUMKHEHHS CBITIIA;

3) HasIBHICTD Y OYIMHKY CXOBHIIA, YKPIIUICHOTO
MiZBaly 3 KiJJbKOMa BUXOJaMH 1 CAHBY3JIaMU;

4) nmepeBary, siK MPaBIJIO, HAJAAOTh KBAPTHPAM
i3 MEHIIIO0 KBaIpaTyporo — QyHKIIOHAIEHUM 1 Jie-
IIEBIINM, 110 MalOTh MEHIIYy BapTiCTh 0OCIyTrOBY-
BaHHSI.

3minu 6 micmobyoienomy 3axorooascmgi. Pe-
(dhopMyBaHHS MicTOOY/IIBHOT T'aily3i TPHUBAE i ITij1 Uac
BOEHHOT'O CTaHy. I3 modYaTKy MOBHOMAacHITaOHOTO
BTOPTHEHHS NMPUHHATO 0€311i4 HOPMaTUBHO-TIPABO-
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BUX aKTiB y MicTOOylyBaHHi, YaCTHHA 3 SIKUX PEry-
JIIO€ TIPaBOB1 BIJHOCHHM HA Yac BOEHHOI'O CTaHY,
a iHma Oyie JisSTH U Ticis Horo 3aBepIIICHHS.

VY mpiopuTteTi — BinOynoBa Kpainu, BTiICHHS HO-
BHX CTaHAAPTIB O€3IMeKH 1 MUBUTFHOTO 3aXHCTY, TIO-
JieTmeHHst 0(OPMIICHHS TO3BUTFHOI JJOKYMEHTAIII1,
nornMOaeHHsT HU(PPOBUX TEXHOJOTIH 1 OAATBIINHA
PO3BHUTOK €AMHOT IeprKaBHOI €IIEKTPOHHOI CHCTEMH
y cthepi OyIiBHUIITBA, IO MA€E CIPUATH TPO30POCTI,
3aKOHHOCTI Ta YCYHEHHIO KOPYIIIHHOI CKIIa10Bo1.

Axmyanvni cmpameeiuni yini. TakuMu TIsIME
€ 3a0e3nedeHHs BiIOyIOBH 00’ €KTiB TPAHCTIOPTHOT
1HPPACTPYKTYpH, KA Ma€ CyTTEBUI BIUIUB Ha PO3-
BUTOK OYJIIBHUIITBA; IHTETpaIlis Ta KiIacTepu3allis
aBTOTPAHCIIOPTHUX MiANPUEMCTB; YNPOBAIKEHHS
IHHOBAIIfHAX TEXHOJOTIH, SKi CIPHUSIOTH CTBO-
PCHHIO €KOJIOTIYHOT'O TPaHCIOPTY, HHU(pOBI3aIlito
Ta BUKOPUCTAHHS LITYYHOI'O iHTEJIEKTY; YAOCKOHA-
JICHHS MYJbTHMOJAIBHUX MOJENEH MepeBe3eHHs
[6].

BinbynoBa tpancnopTHOi iH(pacTpyKTypH me-
pendayae:

— BKJIQJICHHSI BENUKUX OOCSTIB pecypciB s
BITHOBJICHHSI 3 YypaxyBaHHsAM MaclITa0iB pyHHY-
BaHb;

— 3aIy4eHHs MIKHapOJIHUX (iHAHCOBUX Opra-
Hizaliil i1 piHaHCYBaHHS MMPOEKTIB BiTHOBJICHHS;

— CITBIpAI0 3 MDKHAPOAHUMH OpraHi3amisMu
IUIs1 BIPOBAKECHHS Cy4aCHUX TEXHOJIOT1H Ta CTaH-
JIapTiB;

— 3a0e3MeueHHs] KOOPAUHAIIIT MiX PI3HUMU Ce-
KTOpaMH E€KOHOMIKH Ul €(EeKTHBHOIO BHKOpPHC-
TaHHSI PECyPCiB;

— BukopucTanus npunimmis  «Build  Back
Better», ToOTO He TUILKM BIJHOBJIECHHS, ajl€ M IIO-
JMIIEHH SIKOCTi OyniBenb Ta 1H(GPACTPYKTYypH
3 ypaxyBaHHIM Cy4acHUX ctanmapris [11].

HaykoBa HOBU3HA Ta PAKTHYHA
3HAYUMICTh

[IpoBeneHo KOMITJIEKCHUH aHai3 He TiIbKU OY-
JBENILHOTO PUHKY YKpaiHW, ajieé i TpaHCIIOPTHOI
1HpPaCTPYKTypH B yMOBaX BOEHHOTO CTaHy, 10 J0-
3BOJISIE BUSIBUTHU CIIEIU(IYHI OCOOIUBOCTI, TCHACH-
i1 pO3BUTKY Ta BUKJIUKH.

ByniBaunTBo B YkpaiHi mix 4ac Aii BOEHHOTO
CTaHy BiI0YBA€THCS B CKIIaJHUX YMOBAX, SIKi HAKJIa-
JIAfOTh CBOI OCOOJIMBOCTI i BUMOTH Ha OyIiBENbHY
1HyCTpitO:

1. besneka. [lepmodeproBuM mpioputeToM Min
yac OyniBHHIITBA B MPH(POHTOBIH 30HI € Oe3meka
po6oyoi cunu. Lle o3Hauae, 1o OyaiBesbHI MPOEKTH
MarwTh OyTH pETeNBbHO CIUIAHOBaHI 1 BHKOHAaHI
3 ypaxyBaHHSIM MOJKJIMBUX 3arpo3 Ta PU3UKIB.

2.0co0muBi  BHMOTH JO0 1HQPACTPYKTYpH.
VY 30Hi 601OBHUX Iii MOXKYTH OyTH MOLIKOKEH1 200
3pyiHOBaHi iHPPACTPYKTYpHI 00’ €KTH, Taki SIK aB-
TOMIAIPUEMCTBA, TOPOTH, MOCTH, €ICKTPOMEPEXKi
toio. TomMy OyIiBHUIITBO HOBUX 200 BiJIHOBJICHHS
MOIIKO/HKEHUX iHPPACTPYKTYpHHUX 00’ €KTIB € Hall-
3BMYAMHO BaXKITUBUM 3aBHanusM [14, 15].

3. Exonomiuni oOMexeHHs. BoeHHuii craH
MO3Ke MTPU3BECTH A0 CKOPOUYCHHS OI0/PKETHHX KOILI-
TiB, BUAUIEHUX Ha OymiBHHITBO. lle mMoxe 3MmeH-
mUTH 00CATH Ta IIBHIKICTE BUKOHAHHS OYiBEIb-
HUX TPOEKTIB.

4. HeoOXigHICTh IIBHAKOCTI Ta MOOITHHOCTI.
YMOBH BOEHHOTO CTaHy MOXYTh BUMAraTH IIBH/I-
KOTO BBEJICHHS B EKCIUTyaTallil0 HOBHX OyiBelb
a00 PEKOHCTPYKILIIO HAsBHUX, II0 MOTpeOy€e BUKO-
PUCTaHHSA MIBUAKHX Ta MOOUTFHUX METOIIB OymiB-
HUIITBA.

5. Bukivkw, o’ s3aHi 3 pecypcamu. ¥ MOBH BO-
€HHOTO CTaHy MOXYTh NMPU3BECTH JI0 TPYIHOIIIB i3
MoCTayaHHsIM OyJliBeThHUX MaTepiaiiB Ta o0naj-
HaHHA. Lle MOoke BUMaraTu 3HaXO/KEHHS albTep-
HATHBHUX JDKEpeN MOocTavyaHHs a00 BUKOPUCTAHHS
MICIIEBUX PECYPCIB.

6. ComianbHi Ta TyMaHiTapHi aciekTu. byniBHu-
UTBO B MPHU(POHTOBIH 30HI TaKoK MOXe mependa-
YaTH TYMaHIiTapHI MPOEKTH, TaKi SK BiJHOBJICHHS
KUTIIOBUX OyiBeNb Ui BHYTPIIIHBO TepeMille-
HUX 0Ci0 a00 HajaHHs 3ac00iB /10 ICHYBaHHS Hace-
JICHHIO.

BucnoBku

[IpoBeneHuit aHasi3 Mokasas, 110, HE3BAXKAIOUU
Ha TPYIHOI, KpaiHa Ma€ MOTEHIaI JUIsl BiJHOB-
JICHHS Ta PO3BHUTKY OyniBenbHOro puHKy. Lle mort-
pedye edheKTUBHOT JepKaBHOI MOJITHKH, CIIPAMO-
BaHOI Ha MAITPUMKY iHBECTHIIiH 1 BinOy10BY iH}pa-
CTPYKTYpH.

MoxIuBi Taki HAIPSIMKH PO3BUTKY OyAiBEIbHOT
rainysi B yMOBax BOEHHOI arpecii:

— PEKOHCTPYKIIisl Ta BiIHOBJIECHHS 1H(pacTpykK-
TYpH: IiCJI 3aKiHYEHHS1 O0HOBHX Aiii Oyzae HeoOXi-
JTHO BiJHOBJIIOBATH IOILIKOKEHI OyiBIIi, JOPOIH,
MOCTH, iHII 00’ekTH iHQpacTpykTypu. Lle Moxe
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CTaTH 3HAYHUM J[KEepesioM poOOYUX Miclb 1 CTUMY-
JIFOBATH PO3BUTOK Oy/iBETHHOI Talry3i;

— 3MiHa CMIOXXHBYHUX MPIOPUTETIB: MiJ BITTHBOM
BOEHHOTO CTaHy MOXE 3MIHUTHCS CIOKUBYHIA T10-
AT Ha JKATI0, KOMEPIIiHHI MPUMIIICHHS Ta iHII
Tumnu OyxaiBens. Hampukian, IOMUT Ha KUTIIO B Mi-
CIISIX, SIKi HE MOCTPaXKIaJIH BiJl BIHHHU, MOXKE 3pOCTH,
y TO# 9ac SK IOMUT Ha OyIiBHUIITBO TOPTOBUX IIEH-
TpiB y ipu(ppOHTOBI# 30HI MOKE 3MEHIITUTHUCS,

— 3aJTyYeHHS IHBECTHIIIN: MICIIs 3aKiHYCHHS BO-
€HHOTO CTaHy MOXE BiOyTHCS MaciuTaOHe 3aiy-
YeHHsI IHBECTHIIill y OyIiBEeIbHHIA CEKTOp IS Bia-
HOBJICHHSI 1H(PACTPYKTYpH Ta PO3BUTKY HOBHX
00’ €eKTiB.

3aranom maitOyTHeE OyZiBENbHOI Tamy3i B YKpa-
HI M1 9ac BOEHHOTO CTaHy Oyze 3aiiexaru Bin Oa-
ratboX ()aKTOpiB, BKIIIOUAIOYH TPUBATICTh OOHOBHUX
Iili, 3MiHA B €KOHOMIYHIii CUTYyaIlii Ta BIUIUB MiX-
HapoIHUX (aKTOpiB.

[TnanyBaHHs BinOyA0BU KpaiHU JOLLIBHO ITOYH-
HAaTH, HE YeKal04M 3aBepIlcHHs 0oroBux Aiit. [Ipo-

1ec yke po3noyvascs 31 crBopeHHs «[lnany BigHOB-
JeHHS YKpalHm», y paMKax SKOTO BU3HAYEHO Iepe-
nik HamioHansHUX mporpam Asst AOCSTHEHHS KITO-
yoBux pesynsTariB. «U-LEAD 3 €Bpomnoto» po3no-
yaB HAaHHS MIATPUMKH 24 BimiOpaHUM rpoMagam
y po3po6i «IIporpam KOMIUIEKCHOTO BiTHOBJICHHS
TepuTopii» Ta «llnaHiB BiAHOBIEHHS Ta PO3BUTKY
rpomanm». IIporpamMa KOMIUIEKCHOTO BiJHOBJICHHS
TEPUTOpii — 1€ aHATITHIHO-TIPOCTOPOBUH [TOKY-
MEHT, SIKA{ BU3HAYAE OCHOBHI MIiCTOOY/IiBHI Ta CO-
LiaTbHO-€KOHOMIYHI MPIOPUTETH MO THKH BiJJHOB-
JIEHHSI TEPUTOPii, TOCTPaXKAAIO] BHACIIOK 30pOHi-
Hoi arpecii. AHani3 OyaiBeNbHOTO pUHKY YKpaiHu
B KOHTEKCTi MI>KHApOJHOTO JOCBiIYy MOXKE JOTIOMO-
T'TH B pO3pOOIIi CTpaTerii BiTHOBIEHHS, OCHOBAaHHIX
Ha KpaluxX NpakTHKaX iHIIMX KpaiH, SKi Hepexmm
MOiI0HI KPU3H.

[omanpmmi gocmimkeHHs B il cdepi € HeoOXia-
HUAMU 751 OUTBIT TIIHOOKOTO PO3YMIHHS TUHAMIKA
OyaiBeNbHOI Taly3i B yMOBaxX BOEHHOTO CTaHy Ta
PO3pOOKHU peKOMEeH Al 11 i1 CTabiIbHOTO PO3BH-
TKY.

CIIMCOK BUKOPUCTAHUX JUKEPEJI

1. bBabaes B. M., Pumenko T. ., 3aBansruii O. B., Uenypra C. M., Kunkosa T. B., lllumkin E. A.,
Kepm B. A, I'aiko 0. 1., Batkin K. 1. Pexoncmpyxyia yusinerux ma npomuciosux 6yoigens i cnopyo: Minpy-
yHuK. XapkiB : XHYMI im. O. M. Beketona, 2021. 404 c.

2. Jlanuk B., Samicornpkuii I. ExciopTHuil moTeHIian OyaiBenbHOI iHaycTpil Ykpaiau. Axademiuni izii. 2023.

Bum. 21. C. 1-10.

3. [eaxi numanns 30iiCHeNHs. O036LIbHUX MA PeECMPAYIUHUX npoyedyp y 6yOisHUYMEE 8 YMOBAX 6OCHHO20
cmany: TlocranoBa KaGinery MinicTpiB Ykpainu Big 24 uepHst 2022 p. Ne 722.
URL.: https://zakon.rada.gov.ua/laws/show/722-2022-%D0%BF#Text

4.  Nesxi numanns 00'exkmis kpumuunoi ingppacmpyxmypu: IlocranoBa Kadinety MiHicTpiB Ykpainu Big 9 >xoB-
tast 2020 p. Ne 1109. URL: https://zakon.rada.gov.ua/laws/show/1109-2020-%D0%BF#Text

5. XKyxa M. Ternenuii B OyniBeIbHIN Tady3i i1 9ac BOEHHOTO CTaHy. Sk BiliHa BIIMBa€ Ha OyHiBENIbHY Taly3b.
PRO InfoBudVA. 2023. URL.: https://clcgroup.com.ua/blog/tendencziyi-v-budivelnij-galuzi-pid-chas-

voyennogo-stanu/

6. IMamuBosma O. M. Crparterii po3BUTKY TPaHCIIOPTHHX MIANPUEMCTB YKpaiHu B yMOBax €Bporieiicbkoi iHTerpa-

1ii Ta Bifiuu. biznec Inghopm. 2023. Ne 8. C. 185-192.

DOI: https://doi.org/10.32983/2222-4459-2023-8-185-192

7. Ilpo eHecenns 3min 00 0eAKUX 3aKOHOOABYUX aKmMie YKpainu w000 3a6e3neyeHs UMO2 YUBIILHO20 3aXUCHY
nio wac nianysanns ma 3a0yooeu mepumopii: 3akoH Ykpainu Big 29.07.2022 p. Ne 2486-1X.
URL: https://zakon.rada.gov.ua/laws/show/2486-20#Text

8.  Pomanenko O. B. Po3BuTok puHKY OyAiBeIbHHX MaTepianiB YKpaiHH B yMOBaX BOEHHOTO CTaHy. Egpexmugna
exonomixa. 2024. Ne 3. C. 1-14. DOI: https://doi.org/10.32702/2307-2105.2024.3.46

9.  Ckpunskoscekuii P. M., Lrox C. L., [Ipouessat O. C., Tupkaio lO. €., 'op6onoc ®. B. Tennenuii i npobiemu
y cdepi OyniBHnunTBa YKpaiHu B yMoBax BitHH. Midicnapoonuii naykosuil scypran «Inmepnaykay. Cepis:
Exonomiuni nayxu. 2022. Ne 7 (63). C. 63—71. DOI: https://doi.org/10.25313/2520-2294-2022-7-8146

10. Coo6kesuu O. B, IlleBucnko A. B., Pycan B. M., Benamos €. B., Kypakosceka JI. A., XKanino 5. A. Ipiopu-
memu po36UMKY PeaibHO20 CeKMOopd 8 YMO8AX GiliHU Md NOBOEHHO20 8IOHOGNEHHS eKOHOMIKY YKpainu: aHai-
truHa nonosiae. Kuis : HIC, 2024. 104 ¢. URL: https://niss.gov.ua/sites/default/files/2024-02/ad_realsektor-

2023.pdf

Creative Commons Attribution 4.0 International
doi: https://doi.org/10.15802/stp2024/317405

© I'. I1. IBanoBa, B. €. OnimieBchKa,
C. M. TI'aniees, C. O. Omimesceka, 2024

85


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.15802/stp2023/292720
https://doi.org/10.15802/stp2023/292720
https://zakon.rada.gov.ua/laws/show/722-2022-%D0%BF#Text
https://zakon.rada.gov.ua/laws/show/1109-2020-%D0%BF#Text
https://clcgroup.com.ua/blog/tendencziyi-v-budivelnij-galuzi-pid-chas-voyennogo-stanu/
https://clcgroup.com.ua/blog/tendencziyi-v-budivelnij-galuzi-pid-chas-voyennogo-stanu/
https://doi.org/10.32983/2222-4459-2023-8-185-192
https://zakon.rada.gov.ua/laws/show/2486-20#Text
https://doi.org/10.32702/2307-2105.2024.3.46
https://doi.org/10.25313/2520-2294-2022-7-8146
https://niss.gov.ua/sites/default/files/2024-02/ad_realsektor-2023.pdf
https://niss.gov.ua/sites/default/files/2024-02/ad_realsektor-2023.pdf

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

Hayka Ta nporpec tpatcnopty, 2024, Ne 4 (108)

TPAHCIIOPTHE BYJIBHUILITBO

11. CmpyxmypHi 3minu ma gukiuku ¢ 6yoigeavHiti indycmpii Ykpainu: ananiz ma npoenosu. 2024, 111 c.
URL.: https://kse.ua/wp-content/uploads/2024/09/02_09 24 Zvit Strukturni_zmini_ta_vikliki_v_budivelnii--
_industrii--.pdf

12. Tpury6 P. M., borgaperko O. 1O., [ToOym B. A. Cy4acHuii ctan puHKY xuTia B Ykpaini. Cyyacni mexrono-
2ii ma memoou pospaxyukis y 6ydisnuymei. 2021. Ne 16. C. 212-218.
DOI: https://doi.org/10.36910/6775-2410-6208-2021-6(16)-26

13. Czarnecki B., Chodorowski M. P. Urban Environment during Post-War Reconstruction: Architectural
Dominants and Nodal Points as Measures of Changes in an Urban Landscape. Land. 2021. Vol. 10. Iss. 10.
P. 1-23. DOI: https://doi.org/10.3390/1and10101083

14. Ivanova H. P., Hapieiev S. M., Shapoval V. H., Zhabchyk K. S., Zhylinska, S. R. Stability problems of large
sized multi elements rod structures: monograph. Petrosani : UNIVERSITAS Publishing, 2021. P. 405-427.
DOI: https://doi.org/10.31713/m1025

15. Shashenko O., Shapoval V., Skobenko O., Morklianyk B., Barsukova, S. Construction and design of buildings
and structures under martial law. New challenges and ways to address them: monograph. Petrosani :
UNIVERSITAS Publishing, 2024. P. 515-540. DOI: https://doi.org/10.31713/m1327

16. Tortorici G., Fiorito F. Building in Post-war Environments. Procedia Engineering. 2017. Vol. 180.
P. 1093-1102. DOI: https://doi.org/10.1016/j.proeng.2017.04.269

17. Ullal A. Construction Conditions and Practices during War in Afghanistan. Journal of Construction
Engineering and Management. 2023. Vol. 149. Iss. 5. DOI: https://doi.org/10.1061/JCEMD4.COENG-12815

H. P. IVANOVAY", V. YE. OLISHEVSKA?*, S. M. HAPIEIEV®", S. O. OLISHEVSKA*"

"Dep. of Construction, Geotechnics and Geomechanics, Dnipro University of Technology, D.Yavornytskoho Ave, 19, Dnipro,
Ukraine, 49005, tel. +38 (050) 45 29 945, e-mail ivanova.h.p@nmu.one, ORCID 0000-0003-4219-7916

ZDep. of Automobiles and Automobile Economy, Dnipro University of Technology, D. Yavornytskoho Ave, 19, Dnipro,
Ukraine, 49005, tel. +38 (099) 36 68 845, e-mail olishevska.v.ye@nmu.one, ORCID 0000-0002-3098-1351

¥*Dep. of Construction, Geotechnics and Geomechanics, Dnipro University of Technology, D. Yavornytskoho Ave, 19, Dnipro,
Ukraine, 49005, tel. +38 (050) 36 20 447, e-mail hapieiev.s.m@nmu.one, ORCID 0000-0003-0203-7424

“*Dep. of Construction, Geotechnics and Geomechanics, Dnipro University of Technology, D.Yavornytskoho Ave, 19, Dnipro,
Ukraine, 49005, tel. +38 (050)482 36 14, e-mail olishevska.s.o@nmu.one, ORCID 0000-0003-0821-1091

Construction Industry in Ukraine: Transformations and Prospects in the
Context of Martial Law and Postwar Reconstruction

Purpose. Military actions have caused serious changes in the economic sphere in all regions of the country. The
construction industry is also experiencing major transformations and challenges. The main purpose of the study is to
analyze current trends in the construction market of Ukraine, its features and future in the context of martial law and
post-war reconstruction. Methodology. The full-scale invasion led to the near collapse of the construction industry,
most Ukrainian enterprises were forced to suspend or limit production, and some reoriented to the needs of the Armed
Forces. Many companies in the South and East of the country were in the area of active hostilities or under temporary
occupation, as were logistics elements and suppliers of raw materials and components. Damage to the engineering
infrastructure also had a negative impact on the production of construction products. Most of the raw materials and
construction materials have to be imported, but the volume of imports is also limited, as the port infrastructure is
practically non-existent. During the martial law period, the government adopted a number of decrees to facilitate the
import of certain goods, but many construction materials are still not on the list. Import substitution and logistics
restructuring are also taking place after the abandonment of goods from unfriendly countries that previously dominated
such segments as the glass wool, bitumen, and other markets. The experience of other countries in protecting con-
struction facilities from destruction during military operations is considered. Findings. The article analyzes the state
of the domestic market and the problems of imports of building materials; staffing of the construction industry;
changes in the structure and volume of demand in the construction and real estate sectors; changes in urban
planning legislation, as well as the state of transport infrastructure; preparation for post-war reconstruction.
Originality. A comprehensive analysis of the state of the construction industry of Ukraine during the armed aggres-
sion is carried out. The importance of introducing new safety and civil protection standards in the construction of
construction projects, facilitating the issuance of permits, and developing the Unified State Electronic System in the
field of construction is considered. Practical value. The article highlights the areas of construction and transport
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infrastructure that can be developed even during martial law, and considers the main problems of the construction
industry in Ukraine.

Keywords: construction of industrial and civilian facilities during martial law in Ukraine; building materials; safety

standards; civil protection; bridges; transport infrastructure; post-war reconstruction; restoration of transport infra-
structure
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1 po6oTH;

2) opurinain JlineH31i{HOTO TOTOBOPY 3 IMiIMIICAMH BCiX CITIBaBTOPIB;

3) ¢aiin 3 BiIOMOCTSMH PO KOXHOTO 3 aBTOPIB — MPI3BHIIE, iM’sI, T0-0aThKOBI MOBHICTIO, OCA/1a, MicIie pobo-
TH, HAyKOBE 3BaHHSA, HAYKOBHH CTYIIiHb, KOHTaKTHa iH(popmamis (TenedoH, ampeca €ICKTPOHHOI MOINTH), KOX
ORCID. BinomMocTi 1po aBTOpiB HOAAIOTHCS ABOMa MOBaMHU — YKPaiHCHKOIO Ta aHTJIHCHKOIO.

¥YBara! 3rigHo 3 MikHapOJTHHMH CTAHAAPTAMH SIKOCTi HAYKOBUX MyOJIiKaniii HeoOXiTHNM €: HAsSBHICTH aB-
Topchkux posmmpenux (250-300 ciiB) i cTpykTypoBanux pestome (pedeparis — abstracts), y T.4. anrmificbkor Mo-
BOIO, PeleH3ii, NpUCcTaTeHUX CHHCKIB JIITEpaTypy B pOMaHChbKOMY ajdasiTi TowIo.

Buxknax ocHOBHOTo MaTepiajy cTaTTi HIOBHHEH MaTH TaKi eJleMeHTH:

—  BCTYIH: IIOCTaHOBKA ITPOOJIEMH, aHANII3 OCTaHHIX JOCIIKEHb;

—  Merty,

—  MeTOAMKY: BHKJIaJ OCHOBHOTO MaTrepially JOCIHiKCHHS 3 TOBHIUM OOIPYHTYBaHHSIM OTPUMAHUX HAYKOBUX
pe3ynbTatiB. JIoKIagHO ONMUCYIOTH 3aralbHy METOIUKY AOCIIKEHHS, 1100 HOTro pe3yabTaTH MOTJIH OyTH BiITBOpE-
Hi: OITUCYETHCA MOCTINOBHICTE BUKOHAHHS JOCIIIKEHH, 00T pYHTOBY€ETHCSI BUOIp BUKOPUCTOBYBAHHX 1 BUKJIATAETh-
s CyTh IIPOIIOHOBAHMX METOJIIB 1 MOJIeTIel, 3MICTOBHO BU3HAYAETHCS, 10 caMe JOCIIKYBaIOCs KOXKHUM METOJIOM;

—  Ppe3yJbTaTH: MICTATh EKCIIEPUMEHTANIbHI YM TEOPETHYHI J[aHi, OTpHUMaHi B poOoTi, AJIs JeMOHCTpalii Toro,
10 OTPUMaHO HOBE PIllIeHHS MPOOJIEeMH, 1 1110 poOOTa € 3HAYHUM KPOKOM BIIEpe/l y MOPIBHSHHI 3 MONEPEAHIMH J0C-
mipkeHHsMu. Jlani nogaroteest y dopmi tabnuip, rpadikis, giarpam, piBHsIHb, GoTorpadiil, pUCyHKIB, CTaTHCTHY-
HUMH OLIiHKaMu. Pe3ynbTaTi MoBHHHI OyTH BHKJIAJIEHI KOPOTKO 1 YiTKO, NPU IIbOMY MICTHTH JOCUTH iH(pOpMAaLil
JUIsl OL[IHKK 3pOOJIEHMX BUCHOBKIB, TAKOX Ma€ OyTH OUEBHIIHO, YOMY JJIsl aHAJIi3y 00paHi came 1 JIaHi;

—  HAyKOBY HOBH3HY Ta MPaKTH4YHY 3HauYMMicTh. HaykoBa HOBH3HA OTPHUMaHHX PE3yJIbTaTiB BUKIIAIAETHCS
apryMEeHTOBaHO, KOPOTKO i 4iTko. Jlo HayKoBOT HOBH3HHM HE MOXKHa BiIHOCHTH NMPUKIAIHI PE3yNbTaTH (crocobw,
MIPUCTPOI, METOJUKH, CXEMH, alropuTMH). [IpakTHiHe 3HAYEeHHS OTPUMAHUX PE3yJbTATIB CTAHOBIATH BiJIOMOCTI
PO BUKOPHUCTAHHS PE3YJIbTATIB TOCIIDKEHb 400 peKoMeH/allii 3 iX BUKOPHCTaHHS,

—  BHCHOBKH: HEOOXiTHO HABECTH AOCSATHYTI KUTBKICHI Ta SKiCHI OKa3HUKH IOCINIHKCHHS, BUKIACTA PEKO-
MeH/IaIi1 3 IX BUKOPUCTAHHS.

3 ycix nuTaHb 3BepTaiiTecs 10 peaakiii ;KypHaJ1y 3a aJpecoro:
Haykogsa 0i6ioreka (aya. 166),
YxpaiHChbKuil Iep)KaBHUI YHIBEPCUTET HAyKH 1 TEXHOJIOTIH,
By Jlazapsna, 2, M. JIHinpo, Ykpaina,
49010
e-mail: stp.journal@ust.edu.ua
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