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The technical condition of the railroad track subgrade
has been analyzed, as well as the issues related to ensuring
its strength and stability when exposed to floodwaters and
when the track’s sections are overmoistened during opera-
tion. As a result, it has been established that it is necessary to
develop methods aimed at improving the subgrade’s carrying
capacity.

The georadar research has explored the problematic areas
of the railroad track subgrade, based on which the distribu-
tion of subgrade heterogeneity in the vertical plane, as well
as the boundaries of its location, were established. Therefore,
georadar research makes it possible to detect hidden defective
sites in the subgrade without disrupting its strength charac-
teristics.

A technique has been proposed to improve the carrying
capacity of the failed subgrade of a railroad track using the
combined arrangement of drainage pipes in the vertical and
horizontal directions in the railroad embankment. The special
feature of this technique is the possibility to drain water at the
different levels of surface water, which provides for an increase
in the carrying capacity of the failed subgrade.

The strained-deformed state of the subgrade reinforced with
tubular drainage has been investigated. The result has proven
the effectiveness of the use of tubular drainages to improve the
carrying capacity of the railroad track overmoistened subgrade
exposed to constant and temporary loads.

This study findings have established that the deformity of
the subgrade increases when using tubular drainage, though
this occurs only in the initial period of its arrangement, in
further operation, when it removes water from the subgrade
body, the carrying capacity of the subgrade, on the contrary,
will improve due to the enhanced physical and mechanical
properties of soils.

Keywords: subgrade, stresses, deformations, carrying capac-
ity, drainage pipes, finite-element method.
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A method has been proposed to calculate the composite
timber-concrete bending elements taking into consideration the
non-linear work of a nail joint and the stretched reinforcement
in a slab. An acting building code regulates the structure estima-
tion based on the linear-elastic work while the pattern of the
joint’s deformation under loading demonstrates a pronounced
non-linear character. Estimation formulae do not account for the
presence of reinforcement in a concrete slab, which leads to the
irrational use of the structure’s load-bearing properties.

A dependence has been proposed to determine the slip
modulus. The determining coefficients are computed based on
the rated characteristics given in the acting design standards.

An algorithm for calculating the composite timber-concrete
bending structures has been given, taking into consideration
the deformation diagram of the joint and reinforcement in the
stretched zone of a concrete element.

It has been established that the normal stresses for the con-
sidered variants of timber-concrete beams, determined on the
basis of the proposed procedure and the linear-elastic model,
differ by 1-8 %. At loads corresponding to plastic deformations,
those stresses that were estimated in line with the linear-elastic
model prove to be understated. At loads exceeding 0.75 kN/m
for the beam with a span of 3m, and 0.5kN/m for the beam
with a span of 5 m, stresses in the stretched region of a concrete
slab exceed the concrete stretching strength while the stresses
in a timber beam do not reach the ultimate values. In fact, in
this case, the structure’s load-bearing capacity is underutilized



because the stretching effort in the cross-section with a crack is
accepted by the reinforcement.

Based on the design features of timber-concrete floors (the
thickness of a slab and protective layer), an analysis of the
load-bearing capacity considering the reinforcement has been
performed. It has been established that the load-bearing capac-
ity of a slab ensures that an estimated bending momentum is
tolerated up until the loads that cause the destruction of the
timber beam. At the same time, the conditions for the rational
operation of compressed concrete and stretched reinforcement
are met.

Keywords: timber-concrete structures, bending elements,
nail joint, non-linear work, reinforcement.
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The development of a methodology for calculating the de-
signed strength of an unconventional kingpin-type load-carrying
system for the articulated tractor container carrier on pneumatic
wheels is an important and relevant task due to the unique lay-
out of a given specialized vehicle. The purpose of this work is to
devise a procedure for calculating the designed strength of a clip
load-carrying system for the articulated tractor container carrier
on pneumatic wheels, aimed at building an improved structure
with rational metal consumption.

The results of the theoretical and experimental studies have
determined the most common estimation cases. They include



the movement over the technological roads’ irregularities along
the horizontal section of the road — an estimation case of the
semi-trailer frame girders. climbing a high curb at an angle was
also considered as an estimation case for the semi-trailer frame
girders and cross member. Starting a tractor container carrier
forward with an insurmountable obstacle in front of the semi-
trailer’s wheels was analyzed as an estimation case for the cross
member of the frame and the suspension attachment units in the
semi-trailer of a tractor container carrier.

The result of the reported theoretical and experimental re-
search is the determined load that acts on one cradle structure
of the load-carrying system; it forms the torsional rigidity of the
frame structure. Underlying the derived mathematical model for
each case are the torsional moments and inertia moments that
act on the structural elements of the girder in different planes.

The mathematical models have been built on the basis of
strength conditions for each estimation case and thus form a
mathematical formula for determining the wall thickness of the
frame girder. The mathematical notation demonstrates the de-
gree of advantage of climbing a high curb at an angle over other
estimation cases for the semitrailer frame member and girders.

The estimation parameters underlying the mathematical
model are meant to prevent the breaking and torsion of the semi-
trailer frame in a tractor container carrier.

Keywords: transportation technologies, design calculation,
kingpin-type frame, estimation scheme, estimated load.
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To reduce the dynamic loading and prolong the service
life of a semi-wagon’s girder beam by improving its fatigue
strength, it has been proposed to improve its design. A special
feature of the girder beam is that its middle part (the distance
between the rear supports of auto-couplings) consists of a U-
shaped profile, covered with a horizontal sheet above which
an I-beam is located. Elastic elements are placed between the
horizontal part of the U-shaped profile’s shelf and the sheet.
Mathematical modeling was performed to substantiate the
proposed technical solution. A mathematical model has been
constructed describing the fluctuations of the bouncing wagon.
It has been established that the maximum vertical acceleration
of the body is about 1.8 m/s? (0.18 g), and of the bogie — about
9.0 m/s? (0.9 g). Based on our calculations, we can conclude
that a wagon’s movement is assessed as “excellent”. In this case,
the use of the girder beam with elastic links makes it possible
to reduce the dynamic load on a wagon, in comparison with the
prototype, by almost 35 %.

The main indicators of the strength of the improved load-
bearing structure of a wagon have been determined. The maxi-
mum equivalent strains occur, in this case, in the upper horizon-
tal sheet of the girder beam, and are 136.0 MPa, which are lower,
by 20 %, than those of the prototype wagon. The results of the
modal analysis of the load-bearing structure of a semi-wagon
taking into consideration the improvement measures have dem-
onstrated that their natural frequencies of oscillations are within
the permissible limits.

Our research could help reduce the dynamic loading on the
load-bearing structures of wagons in operation, as well as design
the innovative structures of rolling stock.

Keywords: freight wagon, semi-wagon, load-bearing struc-
ture, girder beam, dynamic loading, strength, fatigue strength,
frequency analysis, transport mechanics, railroad transport.
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This paper reports a study into the distribution capacity
of a flexible plate in different cross-sections exposed to the
external vertical concentrated forces applied in any place of
its area. A plate with one pinched side and a series of racks ar-
ranged at any distance from the pinching has been considered.
In terms of the theory of elasticity and mathematics, solving
this problem poses significant difficulties. This has study
found that a lateral distribution coefficient could be used
to simplify calculations aimed at determining the stressed-
strained state of the system. In determining the stressed-
strained state of the plate, the calculation method described
in work [1] was applied. The plate is cut into a series of longi-
tudinal strips that represent, from the standpoint of construc-
tion mechanics, a console strip with one pinched end and rest-
ing on a stationary support located at any distance from the
pinching. It has been revealed that the distribution capacity
of the examined plate in the same cross-section depends insig-
nificantly on the point of application of the concentrated load
along the length of the longitudinal strip (between 2.6 and
6.7 %). The distribution capacity in different cross-sections
does differ greatly (in the range of 10 to 30 %). The result
of this study is the proposed unified and easy-to-implement
method of calculating plates under any conditions for their
resting on supports and when exposed to any external loads.
There is also no difficulty in calculating the plates backed by
edges in both directions. Other estimation methods in these
cases require a different mathematical approach, and, for the
case of a series of external loads, or under difficult plate rest
conditions, the issue relating to the stressed-strained state of
the system remains open.

Keywords: longitudinal strip, transverse strip, fictitious
pinching, system of equation, lateral distribution coefficient.
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This paper reports the results of experimental studies into
determining mechanical properties (elastic and dissipative) at
the shear of the material of a pressure fire hose of the “T” type
with the internal diameter of 77 mm using torsion tests. During
the studies, a series of field experiments have been conducted
on the torsion of the pressure fire hose samples with internal
hydraulic pressure (P) in a hose of 0.2 MPa (Py), 0.4 MPa (P,),
and 0.6 MPa (P3) under conditions of static loading-unloading
cycles. The tests consisted of 6 cycles — for each of the (P) load-
ing-unloading cycles, which were carried out at a two-minute in-
terval, the rigidity and elasticity modules at the shear of the ma-
terial of a hose were determined by means of torsion tests. It was
established that the numerical results of mechanical properties
depend on the hose load “history”, that is, the elasticity modules
increased in the first two, three load cycles, and they stabilized
only afterward at the level of 3.04 MPa for Py, 4.35 MPa for Py,
4.39 MPa for P3. The above, together with a significant decrease
in residual deformations, strengthens the elastic properties of the
fire hose material.

The results of the research have been approximated by the
corresponding trend lines. The equation of dependence of the
current torque on deformation was determined. The curves of
the deformation of samples, which, under the conditions of cyclic
loading-unloading, formed hysteresis loops, were established.
The resulting hysteresis loops during the study in the first two
modes undergo quantitative and qualitative changes, namely, the
slope and its area decrease. The similarity of experimental stud-
ies at different internal pressures (P) was established.

A change in the properties of the material of a fire hose at the
consecutive loading-unloading deformation cycles is reverse, the
gaps between the deformation cycles lead to a partial restoration
of the mechanical characteristics, approximating them to the
original values.

Keywords: pressure fire hose, working pressure, elasticity
module, hysteresis, dissipative properties, torsion.
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The method of argument functions has become famous for solv-
ing problems of continuum mechanics. The solution of problems of
the elasticity theory in polar coordinates was the further develop-
ment of this method. The same approaches are applied to solving
problems of the theory of plasticity, the theory of elasticity, and the
theory of dynamic processes. If regularities of the solution are de-
termined correctly, then they should be continued in other fields in-
cluding the problems of the theory of elasticity in polar coordinates.

The proposed approach features finding not the solution
itself but the conditions for its existence. These conditions may
include differential or integral relations which make it possible
to close the solution in a general form. This becomes possible
when additional functions are introduced into consideration or
the argument functions of coordinates of the deformation zone.
Basic dependences that satisfy the boundary or edge conditions
as well as the functions that simplify the solution of the problem
in general should be the carriers of the proposed argument func-
tions. For various reasons, two basic dependences were used in
the solution: trigonometric and exponential. Their arguments
are two unknown argument functions.

In the process of transformations, a mathematical connection
was established between them in a form of the Cauchy-Riemann
relations which had a stable tendency to be repeated in problems
of the continuum mechanics. From these positions, the flat prob-
lem was solved in the most detailed way, tested, and compared
with the studies of other authors.

By reducing the solution to a particular result, a way to
classical solutions was found which confirms its reliability. The
result obtained is useful and important since it becomes possi-
ble to solve an extensive class of axisymmetric applied problems
using the method of argument functions of a complex variable.

Keywords: generalized approaches, argument functions, po-
lar coordinates, Cauchy-Riemann relations, Laplace equations.
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A method of extended cells for the formulation of boundary
conditions in the numerical integration of the Euler equations
in domains with curvilinear boundaries for the cases of one-
dimensional and two-dimensional compressible gas flows has
been proposed in this study. The proposed method is based on
the use of the explicit Godunov type finite volume method on a
regular rectangular Cartesian grid. The essence of the extended
cell method is that when integrating the basic equations of gas
dynamics in a fractional cell, numerical fluxes are calculated
through the sides of the new extended cell. This new cell is con-
structed tangentially to the curved boundary and has a size no
less than the cell size in the regular domain. Parameters inside
the new cell are calculated as mean integral values over the area
of the neighboring regular cells included in it. In this case, when
choosing a time step in accordance with the Courant condition,
the stability of the method in the main computational domain
is preserved both when integrating fractional cells and when
integrating regular cells. Thanks to this approach, the proposed
method has low requirements for computing resources, the abil-
ity to generalize for three-dimensional space and increase the
order of accuracy without major modifications of the algorithm.

To test the proposed method, solutions were obtained for the
generally accepted test problems of gas dynamics: normal and
double Mach reflection of a shock wave from a plane wall. The
choice of the time step was made in accordance with the Cou-
rant condition in regular finite volumes. The results obtained
have made it possible to assess the convergence of the proposed
method and their comparison with the results of calculations
using other methods have shown a good quantitative and quali-
tative agreement.

Keywords: computational gas dynamics, finite volume
method, Cartesian grids, extended cells.
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A new method of reducing the resistance of submarines is
presented, which consists in installing special circular recesses
on its surface in the stern. It is found that during the movement,
in the recesses there is a macro-vortex flow, in which pressure de-
creases significantly. This phenomenon affects the characteristics
of the boundary layer and in general the pressure distribution on
the surface of the hull, i. e. the resistance of the submarine. Us-
ing the methods of computational fluid dynamics, the influence
of the number and size of the recesses at their fixed location on
the resistance of two types of “Lira” and “Gepard” submarines
is investigated. The results show that the decrease in resis-
tance increases with increasing Reynolds number and reaches
6 % for “Lira” with 4 recesses with a diameter of d=0.01 D at
Re=1.55-108and 2 % at Re=1.35-108 for “Gepard” with 7 recesses
with a diameter of d=0.01 D. The effect of the number of cells of
the computational grid on the results of calculations in the Flow
Simulation (USA, France, Canada) and Flow Vision (Russian
Federation) software packages was also studied. The effect of
resistance reduction obtained in both software packages is ap-
proximately the same, but the absolute values differ due to the
small number of cells in Flow Vision, which is due to the limited
capabilities of the used 2nd version of this complex. There was

also a slight effect of resistance reduction on the model of the
“Persia-110” (Iran) submarine with recesses during towing tests
in the research basin at significantly lower Reynolds numbers.
Unlike most resistance reduction means, the use of this method
does not require significant changes in the design of the housing.
This makes it possible to use it both on new facilities and on
facilities that have already been commissioned.

Keywords: submarine, macro-vortex means of reducing mo-
tion resistance, computational fluid dynamics.
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A three-mass anti-resonance vibratory machine with a vi-
bration exciter in the form of a passive auto-balancer has been
analytically synthesized. In the vibratory machine, platforms 1
and 2 are visco-elastically attached to platform 3. Platform 3 is

visco-elastically attached to the base. The motion of loads relative
to the auto-balancer housing is hindered by the forces of viscous
resistance.

A theoretical study has shown that the vibratory machine
possesses three resonance frequencies and three corresponding
forms of platforms’ oscillations. Values for the parameters of
supports that ensure the existence of an anti-resonance form of
motion have been analytically selected. Under an anti-resonance
form, platform 3 is almost non-oscillating while platforms 1
and 2 oscillate in the opposite phase.

In the vibratory machine, platform 1 can be active (work-
ing), platform 2 will then be reactive (a dynamic vibration
damper), and vice versa. At the same time, the vibratory ma-
chine will operate when mounting a vibration exciter both on
platform 1 and platform 2.

An anti-resonance form would occur when the loads get
stuck in the vicinity of the second resonance frequency of the
platforms’ oscillations.

Given the specific parameters of the vibratory machine,
numerical methods were used to investigate its dynamic char-
acteristics. Numerical calculations have shown the following for
the case of small internal and external resistance forces in the
vibratory machine:

— theoretically, there are seven possible modes of load jam;

— the second (anti-resonance) form of platform oscillations is
theoretically implemented at load jamming modes 3 and 4;

— jamming mode 3 is locally asymptotically stable while load
jamming mode 4 is unstable;

— for the loads to get stuck in the vicinity of the second
resonance frequency, one needs to provide the vibratory ma-
chine with the initial conditions close to the jamming mode 3, or
smoothly accelerate the rotor to the working frequency;

— the dynamic characteristics of the vibratory machine can
be controlled in a wide range by changing both the rotor speed
and the external and internal forces of viscous resistance.

The results reported here are applicable for the design
of anti-resonance three-mass vibratory machines for general
purposes.

Keywords: inertial vibration exciter, resonance vibrations,
anti-resonance vibratory machine, auto-balancer, three-mass
vibratory machine, Sommerfeld effect.
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BU3HAYEHHS OCOBJIMBOCTEN HAIIPY ;JKEHO-TE®OPMOBAHOI'O CTAHY APMOBAHOTO
3EMJISIHOI'O IMMOJIOTHA 3AJI3HUYHOI KOJIII TPYBYACTUMHU APEHAMKAMM (c. 6-13)

. 1. Jlyuko, B. B. KoBanbuyk, I. B. KpaBens, O. M. Taiiza, A. M. OHunieHko

ITpoana/iizoBaHo TEXHIYHMIA CTaH 3eMJISIHOIO HOJIOTHA 3a/Ii3HUYHOI KOJII Ta 1pobaeMu 3a6e3edeH s oro MilHOCTI Ta CTiiiKocTi
TIpY [1i1 TAaBOAIKOBUX BOJI Ta MEPE3BOJIOKEHHS Ha IISTHKAX KOJi1 y TPoTieci eKcrryaraiii. ¥ pe3yJbrati IIboro BCTAHOBJIEHO, IO PO3-
pOOKa METOIIB MiIBUIIEHHS HECYUOI 3/IaATHOCTI 3eMJISTHOTO TIOJIOTHA € HEOOXIIHOIO.

ITpoBeseHo reopagioToKaiiiii AOCTiAKEHHS MPOOJEeMHUX [AIISHOK 3eMJISHOIO II0JOTHA 3a/Ji3HUYHOI KOJIII, HAa OCHOBI SKHX
3 BUKOPUCTAHHSIM TeOPA/{0I0KaIlil 03BOJSIOTh BUSIBJISTH TIPUXOBaHi JedeKTHi Miciis 3eMIISTHOTO 1M0JI0THA 6e3 MopyIieHHs 1oro
MII[HICTHUX XapaKTepUCTHK.

3aIpornoHOBaHO CIIOCiO MIBUINEHHS HECYYOT 3/[ATHOCTI XBOPOTO 3€MJISTHOTO TIOJIOTHA 3a/i3HIYHOT KOJIT i3 3aCTOCYBAHHSIM KOM-
GIHOBAHOTO PO3TAIYBAHHST IPEHAKHUX TPYO Y BEPTHKAILHOMY Ta FOPU3OHTAILHOMY HANpsiMax y Hacuiri kosrii. OcobImBIiCTIO 1bOTO
c110co0y € MOKJIMBICTD BIIBOAUTH BOJLY Ha PI3HUX PIBHSX 3a/IsATaHHST OBEPXHEBUX BOJ, 110 J0O3BOJISIE IIABUIIUTH HECYYY 3/aTHICTD
XBOPOTO 3eMJISIHOTO IIOJIOTHA.

IIpoBeseHo MOCTiIKEHHST HATPYKEHO-1e(DOPMOBAHOTO CTAHY 3EMJISTHOTO MOJIOTHA THCHJIEHOTO TPyOUaCTUMHU ApeHaKaMu. Y
pe3yJIbTati 4oro JoBeIeHo e(heKTUBHICTh 3aCTOCYBaHHS TPyOUACTHX APEHAKIB JIJIs1 TiABUIIEHHS HECYYOl 3/laTHOCTI EePE3BOJIOKEHOTO
3eMJISTHOTO TIOJI0THA 3aJIi3HUYHOI KOJIiT TIPY /1ii MOCTIHHUX Ta THMYAaCOBUX HaBaHTaKEHb.

Pesysisratamu npoBeienux 10C/IiIKeHb BCTAHOBJIEHO, 110 3 O/IHIET CTOPOHY 1e(DOPMATUBHICTD 3eMJISTHOTO TIOJIOTHA T /IBUIILY €THCS
[PU 3aCTOCYBaHHI TPYOUACTUX JIPEHAKIB, ajie 1ie TIJIbKU y TTOYaTKOBUI [epiol iX YKIaJaHHs, IPOTe B MOAAJBIIIN eKCITyaTallii, Koin
BOHM BI/IBOJIATH BOJLY 3 Tijla 3eMJISTHOTO TI0JIOTHA, HABMAaKK Oy/ie TABUIIYBATHCS HECYYa 3aTHICTh 3eMJISTHOTO MOJIOTHA 32 PaXyHOK
HOKpaleHHs (pi3suKo-MeXaHIYHUX BJIACTUBOCTEN IPYHTIB.

Kmouogi cioBa: semiisiHe TI0JIOTHO, HANpY:KeHHs, JAehopMallii, Hecyda 3[aTHICTh, JAPEeHaXHI TPyOH, METOJl CKIHYEHHUX eJie-
MEHTIB.
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PO3PAXYHOK CKJIAAEHUX JEPEBO-3AJI3BOBETOHHHUX 3IrMTHAJIbHUX EJIEMEHTIB 3
YPAXYBAHHSAM HEJIHIITHOI POBOTU 3'€THAHHA (c. 14-21)

C. €. lllexopkina, M. B. Casunpbkuii, T. /. Hikidoposa, K. B. Illnsaxos, A. O. Muciaunbka

3arpornoHOBaHO METO/L PO3PAXYHKY CKJIA/IEHNX J€PEBO-3a/1i300€ TOHHUX 3THHAIIBHUX €JIEMEHTIB 3 ypaXyBaHHsIM HeJTiHiiTHOT po6o-
TH HAreJIbHOTO 3'€/[HAHH Ta PO3TATHYTOI apMaTypH B IINTi. YMHHI HOPMU IPOEKTYBAHHS PErJIAMEHTYIOTh PO3PaXyHOK KOHCTPYKIIii,
BUXO/S1YH 3 JIHITHO-TIPYKHOI pOOOTH, TO/I SIK 3aKOHOMIPHICTH lehOpMyBaHHS 3’ €IHAHHSI TTijl HABAHTAKEHHSIM MA€ SIBHO BUPAKEHU I
HesiHifHMI XapakTep. Po3paxyHkoBi (popmy/in He BPaXOBYIOTh HasIBHICTh apMaTypu B ILJIUTI, 110 IPU3BOUTD JI0 HEPALIOHAJILHOTO
BUKOPUCTAHHS HECYYHMX BJIACTUBOCTEH KOHCTPYKILL

3anpornoHoBaHa 3aJIeKHICTD [T BUBHAYEHHST MOLYJIsl KOB3aHHs1. BusHavyanbHi KoedirlieHTn 0609ncIIioi0Thest Ha OCHOBI HOPMOBa-
HUX XapaKTePUCTUK, HaBeJeHUX B YNHHUX CTaHapTaX IPOEKTYBaHHs.

IIpuBeIEHO aITOPUTM PO3PAXYHKY CKJIAJEHUX J€PEBO-3aMi300€TOHHIX 3THHAILHUX KOHCTPYKINIH, SIKMii BPAXOBY€E HeJHINHMUIT
xapakrep neopMyBaHHs 3’€[HAHHS Ta APMATYPH B POSTATHYTIH 30Hi 6ETOHHOTO €JIEMEHTA.

BeranosieHo, 1Mo IS PO3TISHYTHX BapiaHTIB Ie€PeBO-3aMi300eTOHHUX OaIOK HOPMATbHI HAMPYKEHHs, BU3HAYEHI 3 BH-
KOPHUCTAHHSAM 3aIPOMOHOBAHOI METOAMKU 1 JIHITHO-IPYKHOI Mozesi, po3pisusiorscs Ha 1-8 %. [Ipn HaBaHTaKeHHSX, IO
BIZIIOBIZAIOTE IJIACTUYHUM JehopMaltisimM, pPo3paxyHKOBI HaNpPY’KeHHS 3a JIHIHHO-TIPYKHOIO MOJIEJIJII0 BUSIBJSIOTHCS 3a-
HukeHuME. [Ipy BelMunHAX HaBaHTaKEHHs, 10 mepeBuinyoTsh 0,75 kH /M. aust 6asku nipoabotom 3 M ta 0,5 kH/M.1m. st
GasKu MPOJBOTOM 5 M, HAMPYKEHHsI B PO3TATHYTIH 30HI GETOHHOI MJINTH MEPEBUIYIOTH MIIHICTL GETOHY Ha PO3TAT, B TOI
Yac K HATMPY/KEHHS B fepeB’siHiil Gamili He M0CATAIOTH TPAHWYHO AOMYCTUMUX 3HadeHb. DakTHIHO B TaHOMY BHTIAAKY HeECyda
3JIATHICTH KOHCTPYKIIiI HEJIOBUKOPUCTAHA, OCKIJIBKM B MOTEPEUYHOMY TIepepi3i 3 TPIlMHOIO 3YCUJIJIS PO3TATYBAHHS CIIPUIIMAE
apmarypa.

BUX0sT4M 3 KOHCTPYKTHBHIX OCOOIMBOCTET IePEBO-3a1i300€ TOHHUX MEPEKPHUTTIB (TOBIIUHI ILINTH i 3aXHCHOTO APy ) BUKO-
HAHUIT aHAJII3 HecyJol 3[aTHOCT] 3 ypaxyBaHHsIM apMyBaHHs. BcTaHOBJIEHO, 1110 HeCyda 3MaTHICTD INTH 3a0e311euye CIPUITHSTTS
PO3PaxyHKOBOTO 3THHAIBHOTO MOMEHTY /10 HABAHTA/KEHb, 10 BUKIMKAIOTH PYHHYBaHHs AepeB’sinol 6ankn. [Ipu oMy 10Tpumy-
I0ThCSI YMOBHU PallioHaIbHOT po6OTH CTUCHYTOTO GETOHY i PO3TATHYTOI apMaTypH.

Kiouogi cioBa: jepeBo-3a1i306€TOHHI KOHCTPYKILT, 3rMHAJIbHI €JIeMEeHTH, HareJIbHOTO 3'€HaHHs, HeqiHiliHa poboTa, ap-
MyBaHHA.
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PO3POBKA METO/IUKU ITPOEKTYBAJIBHOTO PO3PAXYHKY HA MIIIHICTDb BYTEJIbHOI HECY Y01
CHUCTEMHU 3YJIEHOBAHOTO KOHTEMTHEPOBO3A (c. 22-29)

O. O. Beiiryu, /1. I. I'pumenxo, B. O. Beiiryu, I. JI. Jlenerosa, /. I1. Yacos, B. I. Koxsga

Po3po6Ka METOANKH MPOEKTYBAJIBHOTO PO3PAXyHKY Ha MIIHICTh HETPAAMIIIHHOT OYreIbHOI HECYUOl CHCTEMU 34JIEHOBAHOTO
KOHTEeHepoBO3a Ha ITHEBMOKOJIICHOMY XO/li € BaXKJINBOIO 1 aKTyaJbHOIO Yepe3 YHIKaJIbHICTh KOMIIOHOBKHU JIaHOTO CIIEI[aBTOTPAH-
croptHOro 3acoby. MeTta po6oTH 1oJisirae y po3pobili METOANKN POEKTYBATbHOTO PO3PAXYHKY Ha MIllHICTh OyresbHOI HECydoi
CHCTEMU 34JIEHOBAHOTO KOHTEIHEPOBO3a HA MHEBMOKOJICHOMY XO/li, HalliJIeHy Ha CTBOPEHHS JI0BEPIIEHOT KOHCTPYKILii 3 paitio-
HAJIBbHOIO METAJOMICTKICTIO.

B pesyusrati npoBeieHMX TEOPETUYHOTO Ta €KCIIEPUMEHTATIBHOTO J0CII/KeHb BU/IiJIeH] HAHOMIMPEHIiIi PO3paxXyHKOBI BUIIA/IKU.
Cepezt HUX PYX Ha HEPIBHOCTSX TEXHOJIOTIYHUX JOPIT HAa TOPH3OHTAIBHII IJISHIT NIJIAXY — PO3PaXyHKOBUI BUTIA/IOK /IJIs IOHKEPOHIB
pamu HariBipudena. TaKoK Po3IrJIsiHyTO KOCHIi Hal3/l Ha BUCOKUIA OOPAIOP — PO3PaxXyHKOBUIT BUIIAIOK JIJIsT IOHKEPOHIB Ta MoIepevn-
HU pamu HariBrpuyerna. [IpoBeieHo aHaIi3 PyIaHHs KOHTETHEPOBO3a 3 MiCIIs BIIepe/l TP HerepeGOpHiii epeniko/i nepej Kojgecamu
HaITBIIpUYera — PO3paxyHKOBUI BUMAIOK /71 TTIONIEPeYNHN paMU Ta BY3JIiB KPITIJIEHHS MiIBICKU HaTiBIIpUYerna KOHTeTHepOBO3a.

Y pesyibrati IpoBeleHUX TEOPETUYHOTO Ta eKCIIEPUMEHTAIBHOTO JOCII/PKeHb BU3HAYEHO HABAHTAKEHHS, SIKe J[i€ HAa OJIUH JIO-
JKEMEHT HeCyJoi CCTeMM, caMe BOHO (hOPMYE KPYTUIIBHY *KOPCTKICTh KOHCTPYKIIii pamMi. B ocHOBY oTpnManoi MaTeMaTuaHoi MOJesTi
KOJKHOTO 13 BUNIQ/IKIB JISITJIV KPYTHI Ta iHEPIHiHI MOMEHTH, 1110 0T HA KOHCTPYKTHBHI eJleMeHTH OaJIKi B PISHUX TIOTIMHAX.

MareMaTtuyuHi MOJiesli OTPUMAaHI i3 YMOB MIITHOCTI IIPU KOKHOMY 13 PO3PaxXyHKOBUX BUIIAJAKIB Ta (GOPMYIOTh MaTeMaTUUHY
(bopmysy BUBHAUEHHS TOBIIMHU CTIHOK Oasok paMu. MaTeMaTUYHUI BUPA3 JEMOHCTPYE CTYIiHb II€PEBATH KOCOTO Hai3/py Ha
BUCOKUI GOP/IOP HA/l iHIIMMHU PO3PaXyHKOBUMH BUITAJKAMH JIJIsI JIOH;KEPOHIB Ta TTOTIEPEYNHI PAMHU HAIBIIPHYEna.

3axsajieHi y MaTeMaTHIHY MOJIeJIb PO3PaXyHKOBI TTapaMeTpH HAIMPABJICHI Ha MOTIePE/PKeHHS PO3PUBIB Ta CKPYYYBaHHS PaMi
HaliBIpuYera KOHTEHHEPOBO3a.

KiouoBi cioBa: TpaHCIOpTYBaJIbHI T€XHOJIOTT, IPOEKTYBAJIbHUN PO3PAXyHOK, OyreibHa pama, po3paxyHKoBa cXeMa, po3-
paxyHKOBe HaBaHTaKEHHSI.
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BUSABJEHHS OCOBJIMBOCTEM JINHAMIYHOI HABAHTAKEHOCTI KY30BA HAIIIBBATOHA 3
MPYKHbOIO CEPEJTHbOIO YACTUHOIO XPEBTOBOI BAJIKH (c. 30-37)

0. B. ®omin, A. O. Jloscbka, €. I1. Measeaes, I. 1. Illarkoscbka

JUJ1st 3MEHIeHHST IMHAMIYHOT HAaBaHTasKEHOCTI Ta 301/IbIIeHHsT TEPMIHY eKCIIyaTallii XpehToBoi OaIKi HAIliBBATOHA MIJISIXOM I10-
KpallleHHsI OKa3HUKIB BTOMHOI MIITHOCTI 3alIPOIIOHOBAHO YIOCKOHAJIEHHS 11 KOHCTPYKITii. OcobauBicTio XpeOToBol Ganku € Te, 1o ii
cepeliHs yacTuHa (BiCTaHb MisK 3a[HIMU YIOPAMU aBTO3YEIIiB) CKIaIa€Thes 3 I1-1oAi6HoTo podiio, mepeKpruToro ropusoHTaAbLHIM
JICTOM Ha SIKOMY PO3MIIIY€ThCs ABOTaBP. MiK rOPU30HTATIBHOIO YacTUHOIO TTOJIKHU [T-110/1i6HOr0 Mpodisiio Ta IMCTOM PO3MIILYIOTHCS
npysKkHi exeMeHTH. [[Jist 06rpYHTYBaHHS 3allPOMOHOBAHOTO TEXHIYHOTO PIillleHHsT MPOBEICHO MaTeMaTHyHe MojeioBantst. CKIaneHo
MaTeMaTU4YHy MOJIeJIb, IKa ONMCYE KOJIMBAHHS ITi/ICKAaKyBaHHS BaroHa. BCTaHOBJIEHO, IO MaKCHMaJIbHEe BEPTUKAJIbHE TPICKOPEHHS
KysoBa ckianae 6iusbko 1,8 m/c? (0,18 ), a Biskis — 6musbko 9,0 M/c? (0,9 g). Ha nifcrasi mpoBeieHuX po3paxyHKiB MOKHA 3pOOUTH

o9

BUCHOBOK, II[0 Xi/l BATOHA OI[IHIOETHCS K “BiAMiHHUIT". TIpH 1IbOMY BUKOPHCTAHHS XPeOTOBOI GAJIKHU 3 TIPYKHUMHU 3B’SI3KaMU J[03BOJISIE
3MEHIINUTH ANHAMIUHY HABaHTAKEeHICTh BAroHa Y MOPIBHSIHHI 3 IPOTOTHIIOM Maiixke Ha 35 %.

[TpoBeneHo BU3HAYEHHS OCHOBHMX TTOKA3HUKIB MIITHOCTI Y/[OCKOHAJIEHOT HECY40i KOHCTPYKILi1 BaroHa. MakcumasbHi eKBiBa-
JIEHTHI HAIIPYKEHHS IIPU [[bOMY BUHHUKAIOTH Y BEPXHBOMY TOPU30HTAJIbHOMY JIHCTI XpeOToBOi Oanku Ta ckiaagaiors 136,0 MIla,
mo Hiwkde Ha 20 % y MOPIBHAHHI 3 BATOHOM-IIPOTOTUIIOM. Pe3yJbTaTi MOJAJIbHOTIO aHaJi3y Hecydoi KOHCTPYKIlii HaniBBaroHa
3 ypaxyBaHHSM 3aXO0/IiB 1[0/I0 YZIOCKOHAJIECHHS TTOKA3aJIH, 10 BJIACHI YaCTOTH KOJMBAHb 3HAXOISATHCS B MEKaX JIOMYCTIMHUX.

[TpoBeneni gocaizKeHHS CIIPUATUMYTb 3MEHIIEHHIO IMHAMIYHOI HABAHTA’KEHOCTI HECYYUX KOHCTPYKILiil BarOHIB B €KCILITY-
arailii, a TakoK CTBOPEHHIO IHOBAIIITHUX KOHCTPYKII PyXOMOro CKJauy.

KiouoBi cioBa: BaHTa)kHUI BaroH, HalliBBaroH, Hecydya KOHCTPYKINis, xpe6ToBa Gajka, AMHaMiYHa HaBaHTaKEHICTh, Mill-
HiCTb, BTOMHA MII[HiCTD, YaCTOTHUI aHAi3, TPAaHCIOPTHA MeXaHiKa, 3a/1i3HUYHUI TPAHCIOPT.
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3AKOHOMIPHOCTI PO3IIOJLIbHOI 3JJATHOCTI TOHKHX ILTACTHH 3A PI3HIX YMOB OIIIPAHHSI
(c. 37-44)

B. II. Koxxymxko, C. M. Kpacuos, K. B. Bepe:xxna, C. B. Okcak, P. B. CMmoasHIOk

JlocaijzkeHa po3noiijibHa 3/IaTHICTh THYYKOI IIJIACTUHU Y PI3HUX HOINEPEeYHUX Tepepisax Mpu /il 30BHIIIHIX MOIepeYyHuX 30ce-
PEIKEHUX CHJI, AKi AII0Th Y OyAb-AKMX MICISX 1i 11011, PO3rIsSHYTO IJIACTUHY 3 OQHIEI0 3aTUCHEHOIO CTOPOHOIO Ta PAAOM CTIHOK,



BCTAHOBJIEHUX Ha Oy/b-sIKill BizicTaHi Bij 3aTrcHeHHs. BUpilleHHs 1IbOTO 3aBAaHHS 3 TOYKU 30Dy TEOPii MPYKHOCTI i MaTeMaTHKu
[peJicTaBIIae 3HaYHi TPYAHOILL. ¥ JOCIPKEHHI BCTAHOBIIEHO, 1[0 AJIS CIIPOLIECHHS PO3PAaXyHKIB 110 BU3HAYECHHIO HAIPYKeHOo-1edop-
MOBAHOTO CTaHy CHCTEMH MOKHa BIKOPHCTOBYBATH Koe(il[ieHT momepeyHoro posnoziny. IIpn BusnauenHi Hanpy:keHo-necdopmoBa-
HOTO CTaHy [JIACTUHK 3aCTOCOBAHUI METOJI PO3PAXyHKY, 110 HaBeieHo y poboTi [1]. [TnacTuHa po3pizaeTsbest Ha Psij TO30BKHIX CMYT,
110 TIPEJICTABIIOTD 3 TOYKU 30py OYAiBETbHOI MEXAHIKI KOHCOIBHY CMYTY 3 OTHUM 3aTHCHEHUM KiHIIEM i STKa OMIPAETHCS HA HEPYXO-
My OIIOpY, po3TaloBany Ha Oyab-aKiil Bigctani Bix 3atucnenns. Bussieno, mo posnoiabHa 3/aTHICTD AAHOI IJIACTUHE B OHOMY i TO-
MY K IIepepisi Biji MiClisl IPUKJIAIaHHST 30CEePe/PKEHOT0 HaBAHTAKEHHS 110 JIOBKUHI [103/I0BKHBOI CMYTH 3aJI€KUTh HE3HAUHO (B MexKax
Biz 2,6 10 6,7 %). Po3noiiibHa 31aTHICTD y PI3HUX MOMEPEYHNX TTEPETHHAX 3HAYHO BiApi3HAeThCst (Bke B Meskax Bix 10 1o 30 %). ¥
Ppe3yJIbTaTi IOCTiIFKEHHST 3aITPOIIOHOBAHO E/IMHUIL 1 TPOCTHIT B peastizaiiii MeTo/[ pO3paxyHKy IJIACTUH MPU Oy/Ib-SIKUX YMOBax iX 00-
MUPaHHsI Ha OMOPH 1 TIpH [1ii Oy/Ib-IKUX 30BHINIHIX HABAHTaKeHb. He BUKINKAE CKIAMHOCTI PO3PAXyHOK 1 TJIACTHH, THAKPINIEHUX Pe-
Gpamut B 000X HanpsiMKax. [Ipu BUKOPHCTAHHI IHITNX METO/IiB PO3PAXyHKY B IIUX BUITAJIKAX MOTPIOHWII PI3HUIT MaTeMaTHYHUIT TTi/Xi/,
a 1Ipu il PsA/ly 30BHIIIHIX HABAHTAXKeHb ab0 TIPU CKJIAJHUX YMOBaX OOMMPAHHS IJIACTUH IIMTAHHS PO HAIPY/KeHO-1e(hOPMOBaHII
CTaH CUCTeMU 3aIMIIAETHCA B3araJli BIAKPUTUM.

Knio4oBi cioBa: mo30BKHsI CMyTa, OTepeIHa cMyTa, (DIKTUBHE 3aTUCHEHHSI, CUCTEMA PiBHSIHb, KOe(DIIIEHT TOMEPETHOTO
posnozuiny.
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BU3HAYEHHS MEXAHIYHUX BJIACTUBOCTEI ITPU 3CYBI MATEPIAJIY HAIIIPHOTO MOKEKHOTO
PYKABA TUIIY «T» 3 BUIIPOBYBAHD HA KPYYEHH (c. 45-55)

C. I0. Haszapenko, P. I. Kosanenko, B. B. Acoupkuii, I. O. YepHooOaii, A. 1. Kaiunoscobkuii, I. B. Ile6piok, O. 1. Illanosaos,
I. K. lIlama, B. M. [lem’ suumuH, A. B. /lemuenko

[Tpeacrasiieni excriepuMeHTAIbHI JOCHIKEHHS 3 BH3HAYCHHS MEXaHIUHUX BJIACTUBOCTEH (IIPY’KHUX Ta ANCUIIATUBHUX) IIPH
3CyBi MaTepialy HAIPHOTO MOXKEKHOTO pyKaBa Tuiy «T» i3 BHyTpiiHiM giamerpom 77 MM 3 BUIIpoOyBaHb Ha KpydenHs. B xozi po-
60TH POBEAEHO HU3KY HATYPHKX EKCIEPUMEHTIB Ha KPydYeHHs 3pasKiB HallipHOro pyKaBa 3 BHYTPIilIHIM rigpasiiynum TickoM (P) B
pykasi 0.2 MITa (Py), 0.4 MIIa (Py) ta 0.6 MIIa (P3) B yMOBax cTaTHYHUX [MKJIiB HABaHTaKEHHsI-PO3BAHTAKEHHS. BUpoOyBaHHs
CKJIAJIAJIACH 3 6 TIMKITIB — /17151 KOskHOTO 3 (P) HaBaHTa)KeHHSI-PO3BAHTAKEHHS, SIKi MPOBOJIIJINCS i3 IBOXBUJIUHHUM iHTEPBAJIOM, BU-
3HAYEHO JKOPCTKICTh Ta MOJYJIi MPY;KHOCTI NIPU 3CyBi MaTepiasy pyKaBa 3 BUIIPOOyBaHb Ha KpydeHHs. BcTaHOBJIEHO, IO YUCETbHI
pe3yJIbTaTh MeXaHIUHUX BAACTUBOCTEN 3aJIeKaTh Bijl «iCTOPii» HaBaHTaKEHHs pyKaBa, TOOTO Ha MepHINX JBOX, TPhOX IIMKJIaX HaBaH-
Ta’KeHHSA MOZYJI TIPY/KHOCTI 30L/bITyBaJUCs 1 JIMIIE MOTIM Ha HACTYHHKMX — crabinisyBaimuca Ha pisui 3.04 MIla aia Py, 4.35 MIla
s Py, 4.39 MIla nna Ps. Brasane, pasoM i3 cyTTEBUM 3MEHIICHHAM 3aIUIIKOBUX JedopMaliiil, IOCUIIIOE TIPY»KHI BJIACTUBOCTI Ma-
Tepiay MoKeKHOTO PyKaBa.

Pesymsrati mocsizzkeHb alipoOKCUMOBAHI BiIOBITHUME JIHISIME TpeH/iB. BisHaueHO piBHAHHS 3aJI€KHOCTI iI0YOTO KPYTHOTO
MoMeHTy Bij sedopmartii. Beranosieno kpusi gedopmMyBaHHs 3pa3KiB, M0 B yMOBaX IUKJIYHOIO HABAHTAKEHHS-PO3BAHTAKEHHS
dopmyBasu et ricrepesucy. OTpuMani MeTJI rictepe3ucy B X071l AOCTi/PKeHHsT Ha TIEPITNUX ABOX PesKMMax 3a3HAIOTh KiJIbKiICHUX Ta
SIKICHUX 3MiH, @ caMe, 3MEHIIYEThCsI HaXUJI Ta HOTo TIoIa. BCTaHOBIEHO CXOKICTh €KCIIePUMEHTAIbHIX J0CIIZKEHb MisK cO60I0 TIpH
pi3HMX BHYTpilHIX THCKaX (P).

3MiHa BJIaCTUBOCTEH MaTepiaay MOKEKHOTO pyKaBa IPHU IOCJIOBHUX NUKJAX AedopMalili HaBaHTAKEHHSA-PO3BAHTAKCHHS €
3BOPOTHOIO, IPOMIJKKU MIXK [IUKJIaMK Je(hOPMYBaHHsI IPU3BO/IATH 10 YACTKOBOTO BiIHOBJICHHSI MEXaHIYHUX XaPaKTEPUCTUK, HAOIU-
JKAFOYM iX /10 TOYATKOBYX 3HAYCHD.

Kiouosi ciioBa: HamipHuil moxexKHuii pykas, poOOunii THCK, MOLYJIb TPY/KHOCTI, TiCTepe3uc, AUCUTIATUBHI BIACTUBOCTI, KPy-
YEHHSI.
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VUHBAPIAHTHI IUMEPEHIIAJIbHI Y3ATAJIBHEHHS B 3A/IAYAX TEOPII IIPYKHOCTI CTOCOBHO /10
IOJAPHINX KOOPIMHAT (c. 56-73)

B. B. Yurupuncekuii, O. I. Haymenko

Mertoz aprymMeHT GYHKIIN cTaB BiZIOMUIl TIPU BUPIIIEHHI 3371a4 MEXaHIKM CYIiIJTBHOTO cepefloBHUINa. PO3BUTKOM METOIy CTaJo
pimenHs 3aa4i Teopii MPy:KHOCTI B MOTAPHNX KoopauHaTaX. OHAKOBI Ii/[XO/M 3aCTOCOBYIOTBCS /10 BUPINIEHHS 3a/[a4 Teopii mac-
TUYHOCTI, IPY’KHOCTI 1 Teopii AMHAMIYHUX ITpoleciB. AKINO 3aKOHOMIPHOCTI pillleHHSI BU3HAUEH] BIpHO, TO BOHU IIOBUHHI MaTH 11PO-
JTOBKEHHS 1 B IHIUX HAPSIMKAX, BKJIOYAIOUN 33/1a4i Teopil MPYKHOCTI B MOJSPHUX KOOPAMHATAX.

Oco6aMBICTIO 3aIIPOIIOHOBAHOTO AX0AY € 3HAXO/JKEHHS He CaMOro PillleHHsl, a yMOB Horo icuyBanus. /[0 Takux yMOB
MOXKYTh HaseskaTu audepeHitiaabhi, ab0o iHTerpasbHi CHIBBIAHONIECHHS, AKi 03BOJSIOTh 3aMKHYTH PIillleHHSI B 3araJlbHOMY
Burssi. Ile crae MOKJIMBUM, KOJIU 0 PO3TJISAY BBOAATLCS A0AATKOBI (ByHKIliT, aG0 apryMeHT (DyHKIlii KOOPAUHAT OCEPEAKY
nedopmaitii. HocissMu 3arporioHOBaHUX apryMeHT (hyHKIH TOBUHHI OyTu 6a30Bi 3a/1€KHOCTI, AKi 3aJI0BOJbHAIOTH TPAHUYHUM,



ab0 KpalloBUM yMOBaM, a TaKOK (DYHKIII, SIKi CIIPOILYIOTh PO3B’SI30K 3aja4i B 3arajJbHOMY BUIJIsAL. B cuiy pisHUX IPUYUH B
piurenni 6ymu BUKopucTani ABi 6a30Bi 3a/IeKHOCTI: TPUTOHOMETPHYHA i eKCIOHeHIlia bHa. IXHi apryMeHTH — Bi HeBigoMi apry-
MeHT (YHKITIi.

¥ nporieci neperBopes OyJi0 BCTAHOBJIEHO MATEMATHYHUN 3B’I30K MisK HUMU y BUTJIsA/I ciiiBBigHomens Komri-Pimana, sikuii MaB
CTIKY TEH/IEHIIII0 OBTOPIOBATHUCH B 33/[a4aX MEXaHIKM CYIIBHOTO CepeloBUINa. 3 IUX MO3UILT JoKIaHO OyJa BUPIlIeHa MI0CKa
3aj1a4a, MPOTECTOBAHA, PE3yJIbTaT MOPIBHAHUN 3 JOCII/PKEHHSIMA IHIITUX aBTOPIB.

[Ipu 3BezieHHI pillleHHs /10 YACTUHHOIO Pe3yJIbTaTy OTPUMAHU BUXiJl HA KJIACUYHI PillleHHs, 110 MiATBEP/XKY€E HOTO J0CTOBIp-
HicTh. OTpUMaHMIT PE3YJIBTAT KOPUCHII 1 BASKIIMBHIL, TOMY IO 3'IBISETHCS MOXKINBICTD BUPIIITYBATH BEJTMKHUH KJIAC 0CECUMETPUYHUX
IIPUKJIAQIHUX 33/1a4 3 BUKOPUCTAHHAM METOLY apryMeHT (DYHKIIil KOMILIEKCHOTO 3MIHHOTO.

KorouoBi cioBa: y3arajibHeHi Iiaxoju, apryMeHT (YHKII, mossgpHi koopanHatu, cniBBizHomeHHs: Komuri-Pimana, piBHSHHS
Jlamnaca.
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PO3POBKA METOJAY PO3IINPEHNX OB’€MIB IIOCTAHOBKU TPAHTYHUX YMOB IIPU
YUCEJIbHOMY PIIIEHHI PIBHAHDb TA30BOI IMHAMIKHU B OBJIACTAX CKJIAJTHOI ®OPMH (c. 74-82)

I. 1. Ty6poscokuii, B. JI. Byyapcekuit

Y HOCJiUKeHH] 3aIIPOIIOHOBAHMI METO/l PO3NIMPEHNX CKIHYEHHUX 00’€MIB IMOCTAHOBKU TPAHMYHUX YMOB HPHU YHCEITbHOMY
iHTerpyBaHHi piBHsHb Eiliepa B 061acTAX 3 KPUBOJIHIHHUMU TPAHULSIMU JIJIsl OJIHOBUMIPHOIO Ta JIBOBUMIDHOTO BUINAJAKaX Teyii
cTrcsoro rasy. lIpomoHoBaHNIT MeTO/ 3aCHOBAHHN Ha 3aCTOCYBAHHI SBHOTO METOMY CKiHueHHHX 00’emiB Tumy lomyHoBa Ha pe-
TYJISIPHIN 1IeKapToBiil NPsMOKYTHIH ciTiti. CyTh MeTOLY PO3IIMPEHUX CKIHYEHHUX 00’€MIB TIOJISITAE B TOMY, 1[0 [TPU iHTErpyBaHHi
PIBHSHD B IPOGHOMY CKiHUEHHOMY 06’€Mi TOTOKM PO3PAXOBYIOTHCS Uepe3 CTOPOHU HOBOTO PO3NMIMPEHOTO CKiHueHHOTo 00'eMy. LLeit
00’eM OyLy€eTHCS 110 OTUYHIT 10 KPUBOJIIHIITHOI rpaHuIli i Mae po3mip, He MEHIINH PO3Mipy CKiHYeHHOrO 06’€MY B PeryJisipHiil
obnacri. I[TapameTpy Beepeinti HOBOro 06’eéMy BU3HAUAIOTHCS K CePeIHbOIHTErpasibHi 3HAUEHHS 3a IJIOMIEI0 Bi/l BXIIHUX B HbOTO
cycianix perynasgpuux o6’emis. B Takomy Bunaaky, npu BuGopi KpOKy 3a 4acoM Biamosiano g0 ymosu Kypanrta B OCHOBHIi po3-
PaxyHKOBIil obsacti criiikicTs MeToy 30epiraeThbest sik MpU iHTErpyBaHHi APOOHUX CKiHYeHHUX 00’€MiB, Tak i npu iHrerpyBanni
peryssipaux 00’emiB. e 103BOJISIE 3HU3UTH BUMOTH /[0 OOYHMCTIOBATBHUX PECYPCIB, A€ MOKJIMBICTD Y3araJbHUTH METOJ Ha TPH-
BUMIpHII TIPOCTIP 1 MABUIUTH HOTO TTOPSIZIOK TOYHOCTI 6e3 cepilo3HuX MoAnGbIKaIiil alropuT™y.

Jluist iepeBipKu 3alIPONMOHOBAHOTO METO/Y OYB OTPUMAHUN PO3B’SI30K 3araJbHOTPHITHATHX TECTOBUX 3aB/IaHb Ia30BOi JNHA-
MiKH: HOpMaJIbHOTO i TOABiiHOro MaxoBCbKOTo BitOUTTS yAapHOi XBUJII Bij JI0CKOI cTinku. Bubip KpoKy 3a 4acoM IIPOBOAKMBC
Binnosigno 10 ymoBu Kypaura y perynspuux ckindeHuux o0’emax. I[i pesysbratu 103BOJMIN OIiHUTH 301KHICTH 3aIPOIO-
HOBAHOIO METO/Ly, a MOPIBHSIHHS iX 3 pe3yJibTaTaMy PO3PAaXyHKIB 3a IHIIMMHU METOJAMK MOKa3aao A00py KiIbKiCHY 1 sSKicHY
Y3TO/I)KEHICTh.

Kmouogi cioBa: o6unc/ioBaIbHA Ta30Ba AMHAMIKA, METOJL KiHIIeBUX 00’€MIB, IEKapTOBI CITKM, PO3UIMpPeHi 00’ eMHu.
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JOCJIIKEHHSA BILIUBY BUIMOK HA OIIP PYXY NIJIBOAHUX YOBHIB METOJIAMU
OBUYHCJIIOBAJIBHOI TIIPOJIUHAMIKH (c. 82-89)

10. C. boxnapuyk, 0. M. Kopous, M. I. Mynecan

[IpezcraBieHo HOBUIT METO/ 3HMKEHHS ONOPY TiBOAHUX YOBHIB, SIKUI TIOJISITAE Y PO3TAIIYBAHHI CIIEIiaJbHUX KPYTOBUX BU-
iMOK Ha Horo nosepxHi y KopMoBiii yactuni. Bectanosieno, 1o i yac pyxy B BUIMKaX BUHUKA€ MAaKPO-BUXPOBUII MOTIK B cepelnHi
SIKOTO CYTTEBO 3MEHIIYEThCs TUCK. Lle sBullle BIUIMBAE HA XapaKTEPUCTUKU IPUKOPJOHHOTO MIApy Ta B3araji Ha PO3IOLJI TUCKY 110
MOBEPXHI KopIrycy, TOOTO i Ha OMip MiBOHOIO YOBHA. MeTogaMu 06UNCIIOBAIBHOT MAPOMHAMIKK JOCIIIZKYBABCS BIUIUB KiJIbKOCTI
i po3MipiB BUiMOK I1pH iX (hikCOBaHOMY PO3TAllyBaHHI Ha OIIp BOX THUIIB IiZIBOAHUX YOBHIB «JlipasTta «lenapay. OTpumani pe3yinb-
TATU CBIZIYaTh IIPO Te, 110 3HUKEHHS ONOPY 3POCTA€E 3 POCTOM umcsa PefiHousbica ta gocsirae st «Jlipu» 3 4 BUIMKaMu JiiameTpom
d=0.01 D — 6 % mpu Re=1.55-10% 1 2 % mpu Re=1.35-108 n71s1 «Temapma» 3 7 Buivkamu giamerpom d=0.01 D. /locaimkyBases Takox
BIUIUB KiJIbKOCTi KJIITHHOK PO3PaXyHKOBOI CITKM Ha Pe3yJIbraTH Po3paxyHKiB B mporpamumnx komiurekcax FlowSimulation (CIIIA,
Opanris, Kanaza) i FlowVision (Pociiicbka Denepartist). EdexT 3HUKEHHS OMOPY OTPUMAHO B 060X MPOrPAMHUX KOMILIEKCAX
pUOJIM3HO OTHAKOBHIA, ajie abCOJIOTHI 3HAYEHHST BIJIPI3HSIOThCS i3-3a Mauiol Kizsbkocti kaitnrok B FlowVision, 1o mosicHIoeTbest
0OMEKEHUME MOKJIIUBOCTSIMU BUKOPHCTAHOT 2-1 Bepcii 1[boro KoMILteKey. TakoK BUSIBICHO HE3HAYHUN eeKT 3HUKEHHSI OIopPy Ha
Mozesi migsoaHoro yosHa «Persia-110» (Ipan)s BuiMkamu 1z yac GyKcupyBaibHUX BUIIPOOYBaHb B HAYKOBO-AOCHIAHOMY OaceiiHi
[PH CYTTEBO MEHINMX unciax Peitnosbaca. Ha Biaminy Biz 6ibuiocti 3aco6iB 3HUKEHHS OTIOPY, BUKOPUCTAHHS TJAHOTO 32¢00y He 110-
Tpeby€e CyTTEBUX 3MiH B KOHCTPYKILT Kopirycy. Ile lae MOKIMBICTH BUKOPUCTOBYBATH HOTO sIK HA HOBHMX 00'€KTaX Tak i Ha 06'€KTax,
1110 B)Ke BBEJIEHI B eKCILTyaTalliio.

Kio4oBi ciioBa: niBOJHUN YOBEH, MAKPO-BUXPOBUIi 3aci6 3HUKEHHS OTIOPY PYXY, 00UHMCIIOBATbHA M APOANHAMIKA.
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JOCJIIKEHHA AHTUPE3OHAHCHOI TPbOXMACOBOI BIBPOMAIIVHY, 3 BIBPO3BY/ITHUKOM ¥
BUTIJIANI ITACUBHOI'O ABTOBAJIAHCHPA (c. 89-97)

B. B. duyH, I. B. ®iximonixin, B. B. Iluporos, B. B. Amocos, II. I. JIysau

AHaJITUYHO CMHTE30BaHA TPHOXMACOBA aHTUPE30HAHCA BIOpOMAIHA 3 BIOPO3OYAHUKOM y BUIJISA/ MACUBHOTO aBTOOANAHCHPA.
V Bibpomarmian mardopmu 1 i 2 npyKHO-B's3K0 npukpineni go miardopmu 3. [nardopma 3 NpyKHO-B'S3KO MPUKPITIIEHA 10
(dbynnamenTy. Pyxy BaHTaiB 11010 KOPITYCY aBTOGAIAHCHPA TIEPENTKO/KAIOTH CHIIH B'SI3KOTO OIOPY.

TeopeTnuHi JOCIIZKEHHST TIOKa3aJIu, 0 Y BIGPOMAIIMHU TPU PE30HAHCHI YaCTOTH 1 TPY BiATIOBIAHI (hOPMU KOJTUBAHbB TIATHOPM.
AnanitTrano migibpani 3HaYeHHsT TapaMeTpiB O1op, 1O 3a0e31eYyIoTh ICHYBaHH aHTHPE30HAHCHOTO pexkuMy pyxy. Ha antupeso-
HAHCHOMY pexkuMi I1aTdhopMa 3 IpaKTUYHO He KOJIUBAETheA, a tatdopmu 11 2 konuBaloTbes B 1porudasi.

V BiGpomanmun akTuBHOI (pobouoi) Moxke OyTu miardopma 1, Toai miatrdopma 2 Gyze peakTHBHOI (IMHAMIYHIM BibporacHu-
KoM) i Hasraku. [Ipu nbomy BiGpoMaiita Gy/ie npamioBaTi Ipyu yCTaHOBIL BiIGPo30yaHuKa sk Ha miatdopmi 1, Tak i Ha matdopmi 2.

AHTUpe3OHAHCHUIT peskuM Oy/1e HACTYATH IPU 3aCTPATAHHI BAHTAXKIB B OKOJI IPYTOl PE30HAHCHOT YaCTOTH KOJIMBAHb IIAT(HOPM.

[Ipy KOHKPETHUX TTapaMeTpax BiOPOMAIIMHI, YHCETbHIMI METOAMU JIOCJI/IKeH] 1i InHaMiYHi XapakrepucTuki. YucaoBi pos-
paxyHKH [TOKa3aJu, 10 B pasi MaJIMX BHYTPIITHIX i 30BHIIIHIX CUJI OTIOPY Y BiIGpOMAIINHN:

— TEOPETUYHO iCHYIOTb CiM MOKJIMBUX PEKUMIB 3aCTpSITaHHS BaHTAXKiB;

— apyra (anTtupesonancua) ¢GopMa KOJUBaHb MJIATHOPM TEOPETUYHO Peasi3yeThcs Ha 3-My 1 4-My peKuMax 3acTpsITaHHs
BaHTaXKiB;

— JIOKQJIBHO ACUMIITOTHYHO CTIHKUM € 3-i1 pesKUM 3aCTpsiranis, a 4-if — HeCTINKUII;

— JUIsI 3aCTPSITAHHST BAaHTXKIB B OKOJII JPYTOl PE30HAHCHOI 4acTOTH TOTPiGHO 3abe3nedyBaTu BIOpOMAIINMHI TOYaTKOBI YMOBH,
GJIM3BKI /10 3-0 PEKUMY 3aCTPSITAHHST UM TJIABHO PO3TAHATH POTOP /10 POOOUYOT 4acToTH;

— IMHAMIYHUMHU XapaKTePUCTHKAMU BIODOMAIITMHI MOJKHA YIIPABJISITH B HIMPOKUX MEXKaX 3MiHOIO SIK IIBHIKOCTI 06epTaHHs Po-
TOPA, TaK 30BHINIHIX i BHYTPIIIHIX CUJI B'I3KOTO OIOPY.

OTpuMaHi pe3yJIbTaTH 3aCTOCOBHI IIPH MTPOEKTYBaHHI TPhOXMACOBUX aHTUPE30HAHCHUX MAIITIH MINPOKOTO TPHU3HAYEHHS.

Kimouosi cioBa: inepiiiiinuii Bi6po3OyaHiK, pesoHaHCHI Bibpaiii, aHTHpe3oHaHcHa BiGpOMAIINHa, aBTOOATAHCU], TPEXMACOBA
BiGpomaimta, edext 3omepderbia.



