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A geometrically and physically nonlinear model of a membrane
cylindrical shell, which has been built and tested, describes the be-
havior of a airbag made of fabric material. Based on the geometrically
accurate relations of “strain-displacement”, it has been shown that the
equilibrium equations of the shell, written in terms of Biot stresses,
together with boundary conditions acquire a natural physical mean-
ing and are the consequences of the principle of virtual work. The
physical properties of the shell were described by Fung’s hyper-elastic
biological material because its behavior is similar to that of textiles.
For comparison, simpler hyper-elastic non-compressible Varga and
Neo-Hookean materials, the zero-, first-, and second-order materials
were also considered. The shell was loaded with internal pressure and
convergence of edges. The approximate solution was constructed by
an spectral method; the exponential convergence and high accuracy of
the equilibrium equations inherent in this method have been demon-
strated. Since the error does not exceed 1 % when keeping ten terms
in the approximations of displacement functions, the solution can be
considered almost accurate. Similar calculations were performed us-
ing a finite element method implemented in ANSYS WB in order to
verify the results. Differences in determining the displacements have
been shown to not exceed 0.2 %, stresses — 4 %. The study result has
established that the use of Fung, Varga, Neo-Hookean materials, as
well as a zero-order material, lead to similar values of displacements
and stresses, from which displacements of shells from the materials of
the first and second orders significantly differ. This finding makes it
possible, instead of the Fung material whose setting requires a signifi-
cant amount of experimental data, to use simpler ones — a zero-order
material and the Varga material.
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ity, physical nonlinearity, spectral method.
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Solving the problem of continuum mechanics has revealed the
defining generalizations using the function argument method. The
aim of this study was to devise new approaches to solving problems of
continuum mechanics using defining generalizations in the Cartesian
coordinate system.

Additional functions, or the argument of the coordinates function of
the deformation site, are introduced into consideration. The carriers of
the proposed function arguments should be basic dependences that sat-
isfy the boundary or edge conditions, as well as functions that simplify
solving the problem in a general form.

However, there are unresolved issues related to how not the solu-
tions themselves should be determined but the conditions for their
existence. Such generalized approaches make it possible to predict the
result for new applied problems, expand the possibilities of solving them
in order to meet a variety of boundary and edge conditions.

The proposed approach makes it possible to define a series of func-
tion arguments, each of which can be a condition of uniqueness for a
specific applied problem. Such generalizations concern determining not
the specific functions but the conditions of their existence. From these
positions, the flat problem was solved in the most detailed way, was
tested, and compared with the studies reported by other authors.

Based on the result obtained, a mathematical model of the flat
applied problem of the theory of elasticity with complex boundary
conditions was built. Expressions that are presented in coordinateless
form are convenient for analysis while providing a computationally
convenient context. The influence of the beam shape factor on the dis-
tribution of stresses in transition zones with different intensity of their
attenuation has been shown.

By bringing the solution to a particular result, the classical solu-
tions have been obtained, which confirms its reliability. The mathemati-
cal substantiation of Saint-Venant’s principle has been constructed in
relation to the bending of a beam under variable asymmetric loading.

Keywords: generalized approaches, function argument, Cartesian
coordinates, Laplace equations, Cauchy-Riemann relations.
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Materials of beams, plates, slabs, strips have been commonly ap-
plied in various fields of industry and agriculture as flat elements in the
structures for machinery and construction. They are associated with
the design of numerous engineering structures and facilities, such as the
foundations of various buildings, airfield and road surfaces, floodgates,
including underground structures.

This paper reports a study into the interaction of the material (of
beams, plates, slabs, strips) with the deformable base as a three-dimen-
sional body and in the exact statement of a three-dimensional problem
of mathematical physics under dynamic loads.

The tasks of studying the interaction of a material (beams, plates,
slabs, strips) with a deformable base have been set. A material lying on
a porous water-saturated viscoelastic base is considered as a viscoelastic
layer of the same geometry. It is assumed that the lower surface of the
layer is flat while the upper surface, in a general case, is not flat and is
given by some equation.

Classical approximate theories of the interaction of a layer with a
deformable base, based on the Kirchhoff hypothesis, have been consid-
ered. Using the well-known hypothesis by Timoshenko and others, the
general three-dimensional problem is reduced to a two-dimensional one
relative to the displacement of points of the median plane of the layer,
which imposes restrictions on external efforts. In the examined problem,
there is no median plane. Therefore, as the desired values, displacements
and deformations of the points in the plane have been considered, which,
under certain conditions, pass into the median plane of the layer.

It is not possible to find a closed analytical solution for most prob-
lems while experimental studies often turn out to be time-consuming
and dangerous processes.

Keywords: construction of mathematical models, interaction of
material with base, dynamic load, boundary condition, general solution.
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The dynamic loading and strength of the frame of the “East-West”
type covered wagon were determined. To increase the efficiency of
operation of covered wagons in international traffic, it is proposed to
improve their frames. This improvement consists in using a sectional
partition in the body in order to divide it into two separate sections.
This allows the transportation of different goods in one wagon, and
therefore decreasing empty mileage.

The longitudinal loading of the covered wagon frame was deter-
mined. The case of shunting impact was considered. The studies were
carried out in a flat coordinate system. The loading mode of the frame of
the covered wagon in the empty and loaded states was considered. The
acceleration acting on the covered wagon frame in the loaded state was
0.37g, empty — 0.42g, which does not exceed the standard values. The
wagon motion is rated “excellent”.

The main strength indicators of the covered wagon frame were
determined. The calculation was made by the finite element method.
It was found that the maximum equivalent stresses are concentrated
in the area of interaction of the center sill with the bolster beam and
amounted to 340 MPa, which is lower than the yield stress of the mate-
rial. Maximum displacements occur in the middle of the frame beams
and are about 12 mm. The natural vibration frequencies of the covered
wagon frame were calculated.

The research will help to increase the efficiency of using covered
wagons in international traffic. Also, the research results can be useful
developments in the creation of innovative rolling stock structures.

Keywords: transport mechanics, covered wagon, frame, dynamic
loading, stress state, East-West wagon.
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This paper reports determining the energy efficiency of a vibra-

tory machine consisting of a viscoelastically fixed platform that can
move vertically, and a vibration exciter whose operation is based on
the Sommerfeld effect. The body of the vibration exciter rotates at a
steady angular speed while there are the same loads in the form of a ball,
a roller, or a pendulum inside it. The load, being moved relative to the
body, is exposed to the forces of viscous resistance, which are internal
within the system.

It was established that under the steady oscillatory modes of a

vibratory machine’s movement, the loads are tightly pressed to each



other, thereby forming a combined load. Energy is productively spent
on platform oscillations and unproductively dissipated due to the move-
ment of the combined load relative to the body.

With an increase in the speed of the body rotation, the increasing
internal forces of viscous resistance bring the speed of rotation of the
combined load closer to the resonance speed, and the amplitude of plat-
form oscillations increases. However, the combined load, in this case,
increasingly lags behind the body, which increases unproductive energy
loss and decreases the efficiency of the vibratory machine.

A purely resonant motion mode of the vibratory machine produces
the maximum amplitude of platform oscillations, the dynamic factor,
the total power of viscous resistance forces. In this case, the efficiency
reaches its minimum value.

To obtain vigorous oscillations of the platform with a simultaneous
increase in the efficiency of the vibratory machine, it is necessary to
reduce the forces of viscous resistance in supports with a simultaneous
increase in the internal forces of viscous resistance.

An algorithm for calculating the basic dynamic characteristics of
the vibratory machine’s oscillatory motion has been built, based on solv-
ing the problem parametrically. The accepted parameter is the angular
speed at which a combined load gets stuck. The effectiveness of the
algorithm has been illustrated using a specific example.

Keywords: resonance vibratory machine, Sommerfeld effect, iner-
tial vibration exciter, single-mass vibratory machine, energy efficiency.
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A method for determining effective elastic constants of a com-
posite unidirectionally reinforced with two types of transtropic hol-
low fibers is developed. Determining these characteristics is an inte-
gral step in the design of composite structures. The approach is based
on analytical formulas for determining the elastic characteristics of
a two-component composite with a transtropic matrix and hollow
fiber. Hexagonal fiber lay-up with periodic reinforcement structure
is considered. Double homogenization is used. The composite is con-
ventionally divided into hexagonal regions of two types. The first is
a hollow fiber of one material and the surrounding matrix. Similarly,
the second one — with a hollow fiber of another material. In the first
homogenization, elastic constants of the transtropic material of each
of the two regions are determined. In the repeated homogenization,
the region of the first type is taken as a “conditional” fiber, the region
of the second type is taken as a “conditional” matrix. Effective elas-
tic constants for a composite reinforced with two types of isotropic
hollow fibers are calculated. The proposed method gives a good
convergence of the results with calculations by known formulas.
The maximum relative calculation error for the longitudinal elastic
characteristics compared to known formulas does not exceed 0.05 %.



The dependences of some effective elastic constants on the volume
content of hollow fibers of various types are constructed. Using this
approach, three-component composites can be modeled varying the
materials of the matrix, hollow fibers and their volume content. This
allows predicting the strength of such composites under certain de-
formations at the design stage.

Keywords: three-component unidirectional composite, trans-
tropic hollow fibers, effective elastic constants, homogenization.
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Because of the incorporation of discontinuous fibers, steel fiber-
reinforced concrete (SFRC) outperforms regular concrete. However,
due to its complexity and limited available data, the development
of SFRC strength prediction techniques is still in its infancy when
compared to that of standard concrete. In this paper, the compressive
strength of steel fiber-reinforced concrete was predicted from different
variables using the Random forest model. Case studies of 133 samples
were used for this aim. To design and validate the models, we generated
training and testing datasets. The proposed models were developed
using ten important material parameters for steel fiber-reinforced
concrete characterization. To minimize training and testing split bias,
the approach used in this study was validated using the 10-fold Cross-
Validation procedure. To determine the optimal hyperparameters for the
Random Forest algorithm, the Grid Search Cross-Validation approach
was utilized. The root mean square error (RMSE), coefficient of deter-
mination (R2), and mean absolute error (MAE) between measured and
estimated values were used to validate and compare the models. The
prediction performance with RMSE=5.66, R2=0.88 and MAE=3.80 for
the Random forest model. Compared with the traditional linear regres-
sion model, the outcomes showed that the Random forest model is able
to produce enhanced predictive results of the compressive strength of
steel fiber-reinforced concrete. The findings show that hyperparameter
tuning with grid search and cross-validation is an efficient way to find
the optimal parameters for the RF method. Also, RF produces good
results and gives an alternate way for anticipating the compressive
strength of SFRC.

Keywords: machine learning, random forest, fiber-reinforced
concrete, compressive strength.
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AHAJIITUKO-YNCJOBUIT PO3B’ 130K 3AJIAYI BICECUMETPUYHOI'O HEJIIHINTHOIO
JIE®@OPMYBAHHS IIMJITHAPUYHOI BE3SMOMEHTHOI OBOJIOHKHU BIJI /IIi TUCKY TA 3BJIUKEHHS
KPAIB (c. 6-13)

B. b. MunTiok

[To6ynoBato i arpo6oBaHO reoOMeTPUYHO i (hi3UUHO HesTiHITHY Mogeb 6e3MOMEHTHOT U HAPIYHOT 0G0JOHKH, SIKA OMUCYE TIOBEAIHKY
MOBITPSIHOI aMOPTH3AIiITHOT MOy KN 3 TKAHUHHOTO MaTepiany. Ha 0cHOBI reoMeTpUYHO TOUHUX CHIiBBiZHONIEHD «/lechopMaltii-riepemiien-
HsT» TIOKA3aHo, M0 PIBHSHIS PIBHOBArM 060JIOHKH, 3alIMCAMi B TepMiHax HAPYKeHb Bio, pa3oM 3 TpaHNYHIMIT yMOBaMH MAIOTh IPHPOIHUT
(hismuHMi ceHc i € HacaiAKaMK TPUHIUITY BipTyanbHoi po6otu. Disnyni BaacTuBoOCTi 060J0HKH OY/IK OMMCaH MNepupys;KHUM GioI0TiuHIM
matepianom Dina ToMy, 110 HOTO MOBEAIHKA CX0XKa 3 TTOBEAIHKOIO TEKCTHIO. [IJisl MOPIBHSIHHS TaKoK OyJ1 PO3TJISTHYTI GLibIn mpocTi ri-
neprpy:ui necruckysani Mmarepianu Bapra, Heo-Tyka, MaTepia/i iyib0BOro, nepiioro i gpyroro nopsaakis. O600HKy 6yJa0 HaBaHTasKeHO
BHYTPIIIHIM THCKOM 1 30J1mKeHHAM KpaiB. HabmskeHni po3B’ 30K MoOY0BAHO aHATITUKO-YUCIAOBIM METOJIOM i MOKa3aHO NPUTAMaHHY
I[BOMY METO/Y €KCIIOHEHTaNbHy 361KHICTh i BUCOKY TOUHICTD BUKOHAHHS PiBHSHB piBHOBarn. OcKinbku moxubka me mepesunrye 1 % mpn
YTPUMAHHI JIeCATH JIOJIAHKIB B allpOKCUMaIisax (GyHKILiil IIepeMilieHb, TO PillleHHs MOJKHA BBasKaTH IIPAKTUYHO TouHuM. IIpoBeseno anaso-
TiuHI pO3paxyHKN METO/IOM CKiHUEHOTO esleMenTa, peanidoBanoro B ANSYS WB, 3 metoro Bepudikariii orpumanux pesyssratis. [lokazano,
1110 Bi/IMIHHOCTI y BU3HAYEHHI repeMileHb He mepeBuiyiorTs 0.2 %, Hanpyskeub — 4 %. B pesyJsibrari 10c/ijiskeHb BCTAHOBJIEHO, 1[0 BUKO-
pucranus martepianis Dina, Bapra, Heo-Iyka i MmaTepiany HyJIbOBOTO OPSIIKY TIPU3BO/ISITD /10 CXOKUX 3HAYEHD EPEMIIleHb 1 HAPYKeHb,
Bijl AKMX ICTOTHO BiZPI3HAIOTHCS MepeMillieHHs 000J0HOK 3 MarepiaiB mepiioro i apyroro nopsiakis. Ileii pesyasrat 103BoJs€ 3aMicTh
marepiany DiHa, 3a1aHHA AKOTO BUMAra€ 3HAuHOI KLJIBKOCTI €KCTIEPUMEHTATbHUX JAHUX, BUKOPUCTOBYBATH OLIBII MPOCTi — MaTepian
HYJIBOBOTO MOPSIKY i MaTepian Bapra.

Koouosi cioBa: BicecuMerpuyHa UIIHAPUYHA 000JI0HKA, TCOMETPUYHA HEJTIHIHHICTD, (hisuuHa HeTIHIHHICTD, aHAII TUKO-YUCTIOBUIT METO/L.
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PO3BUTOK Y3ATAJIbHIOIOUYOI'O METOY PO3B’sI3AHHA 3AJAY MEXAHIKH CYHIJIbBHOTO
CEPEJIOBUIIIA CTOCOBHO /IO IEKAPTOBOI CUCTEMU KOOP/IUHAT (c. 14-24)

B. B. Yurnpuncekwuii, O. I'. Haymenko

[Tpu BupimmenHi 3aa4i MeXaHiK1 CYI[IIIBHOTO CEPEZOBHIIA BUSIBIEHO BU3HAYAIbHI y3aralbHEHHS 3 JI0TIOMOTOI0 METO/LY apryMeHT (hyHK-
1iit. MeToto HocipKeHtst GyJI0 PO3BUTOK HOBUX TIIXO/IB BUPIMICHHS 3a/a4 MEXaHiKU CYIIJIbHOTO CepepoBUINA 3 BUKOPUCTAHHSIM BU3HA-
YaJIbHUX y3arajJbHeHb B JleKapToBiil cucTteMi KoopuHaT.

Jlo posriisity BBOAATH OAATKOBI (yHKIIT, aGo aprymenT (yHKII KoopauHaT ocepeky aedopmaitii. Hocisimu iporionoBanux aprymenT
dbyHKII#T oBUHHI OyTH 6a30Bi 3aMEKHOCTI, 10 3a70BOJBHAIOTh IPAHUYHUM a00 KpalloBMM yMoBaM, a TakoK (DYHKIIi, 10 CIPOLIYIOTH
PO3B’SI30K 3aj1adi B 3aTaJbHOMY BUTJISII.

OpHaK 3aJMIIUINCS HEBUPIIEHUME TPOOJIEMHE, OB’ A3aHi 3 THM, SKUM YHHOM MOBUHHI BUSHAYATKCS He caMi PillleHHsI, a yMOBH iX icHy-
BanHs. Taki y3arajbHeHI I1i/[X0/I1 J03BOJISIOTH IPOrHO3YBATU PE3YJILTAT /11 HOBUX IPUKJIAHUX 3a/[a4, PO3UIMPIOIOTh MOKJINBOCTI BUPIIIIEH-
HS 3 METOIO 3310BOJIEHHS PISHOMAHITHUX TPAaHIMYHNX i KPallOBUX YMOB.

3aIporoHOBaHMIT /Xl 103BOJIIE BUSHAUUTHU 1IN Psijl apryMeHT (DYyHKIIiiT, KOJKHA 3 SKHX MOXKe 6y'r14 YMOBOIO €IUHOCTI JIJIs1 KOHKPET-
Hol IpuKJIaanoi 3aavi. Taki y3araabHeHHS CTOCYIOTHCS BU3HAYEHHS He KOHKPeTHUX (DYHKITIH, 2 YMOB iX icHyBaHH:. 3 IINX MO3UIIi TOKIATHO
GyJia BUpillleHa MJIOCKA 33/[a4a, IPOTECTOBAHA, TOPIBHIHA 3 IOCIIKEHHSIMI HIIIX aBTOPIB.

Ha 6a3i 0TpuMaHOTO pesyssTaTy Po3polIeHa MaTeMaTIYHa MOJIENTb TLIOCKOI TPUKJIAHOI 3a/1a4i TeOpil MPY;KHOCTI 31 CKIaIHUMU TPaHII-
HUMH yMoBaMK. Bupasu nipezicrapieri B 6e3k0opAnHATHI hopMi, 3pyUHi AIst aHaIi3y, 3a0€311e4yIOTh 3pYYHUIT 3 00UNCTIOBAIBHOI TOUKU 30pY
KOHTEKCT.

IMokazano BB (akropa GopmMu GaJKU Ha PO3MOLLT HAIPYKEHb B EPEXiAHUX 30HaX 3 PI3HOIO IHTEHCUBHICTIO TX 3aracammsl.

Haosiuu pillienHst 10 YaCTUHHOTO PE3yJIbTaTy, OTPUMAHIIT BUXi/l HA KJIACUYHI PillleHHs, 10 Mi/ATBEPAKY€E HOro 10CTOBipHicTh. OTpuMa-
HO MaTeMaTn4He 0OTpyHTyBaHHs npuHIny CeH-BeHaHa cTOCOBHO BUTHHY GaJKK 31 3SMIHHUM aCMMETPUYHNM HABAHTAKEHHSM.

KmouoBi cioBa: yzarayibHeni migxoau, apryMenT OyHKIii, 1eKkapToBi koopaunaru, piusnis Jlamraca, crisignomnrenus Korri-Pimana.
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PO3POBKA MATEMATUYHUX MO/IEJIE1 HATIPY JKEHO-JIE®OPMAIIIITHOTO CTAHY MATEPIAJIY 3
IIOPUCTOIO BOJJIOHACHUYEHOIO OCHOBOIO ITPY ITMHAMIYHOMY HABAHTAKEHHI (c. 25-35)

Allayarbek Aydosov, Galym Aydosov, Saltanat Narbayeva
Marepianu (6anoK, IIaCTUH, TLIUT, CMYT) SIK TIJIOCKI €JIEeMEHTH KOHCTPYKINN TeXHIKK Ta OyAiBHUI[TBA 3HANUIILIN [IUPOKE 3aCTOCYBAHHSI

B PI3HMX TaTy3sX IPOMUCIOBOCTI Ta CLILCHKOTO TOCTIOIAPCTBA. BoHM MOB’s3aHi 3 MPOEKTYBAHHAM UYNCIEHHUX iHKEHePHUX KOHCTPYKILI Ta
CIIOPY/I, TAKUX SIK (DYHJAMEHTH Pi3HUX Oy/liBeJib, aePOJIPOMHI Ta JIOPOKHI TIOKPUTTS, IIJIIO3U, B TOMY YUCJI 1 I3eMHI CIIOPY/IH.



TlocmimpkyroTbest B3aemoii Matepiany (6anoK, MIACTUH, IIUT, CMYT) 3 OCHOBOIO, 10 Ae(hOPMYETHCS, SIK TPUBMMIPHOTO Tijia Ta B TOYHiil
TIOCTAHOBIII TPUBUMIPHOI 3a/1a4i MATeMATHYHOI (Qi3WKN TIPU TNHAMIYHIX HaBAHTAKEHHSIX.

TlocTaBiieHi 3aBnaHHs BUBUEHHST B3aEMOIii MaTepiany (6ajioK, MIACTUH, TIJIUT, CMYT) 3 OCHOBO, 110 AedopMmy€eThest. Marepiai, 1o Jje-
JKUTH HA TIOPUCTIH BOJOHACHYEHIN B'SI3KOMPYKHIN OCHOBI, PO3IJISIAETHCS SIK B SI3KONPY/KHUIT 11ap Tiei sk reomerpii. Tlepenbauaernest, 1o
HIKHS IOBEPXHS IIapy TJIOCKA, a BEPXHS TIOBEPXHs, Y 3ara/IbHOMY BUIAJIKY, He IJI0CKA Ta 3a/[a€ThCS AESKIM PiBHSHHAM.

PosriisiialoThest Kiacu4ni HabJmKeHi Teopil B3aeMO/Iii 1apy 3 0CHOBOIO, 1110 JiehopMy€EThest, 3acHoBaHi Ha rinoresi Kipxroda. Bukopuc-
TOBYIOUH BiloMy TirmoTe3y THMOIIEHKO Ta iHINX, 3aTaIbHy TPUBUMIPHY 32/1a9y 3BO/STH /10 IBOBUMIPHO] 1I[0/I0 3CYBiB TOUOK CEPeANHHOI T1JI0-
LUHU HIapy, 1110 HAKJIa/la€e 0OMEesKeHHS Ha 30BHIIIHI 3ycusut. Y 1iit 3ajaui cepeiMHHa IIIOMIHA BiICyTHS. ToMy B IKOCTI IIyKaHUX BeJUYUH
POBTIIAAAIOTHCS 3MITeH s Ta ehopMaltii TOUOK MITONMHA, SIKi PU eBHUX YMOBAaX IEPEXOAATh B CePeIMHHY IIONNHY Mapy.

3HallTH 3aMKHYTe aHAIITHYHE PIllleHHs Ui OLIBIIOCTI TIPOGJIEM HE MPEICTABISETHCS MOKIUBUM, a €KCIIEPUMEHTAIbHI TOCIIZKEHHS
YACTO BUSBJSIOTHCS TPYJAOMICTKUMHU Ta HEOE3MEUHUMH MPOTIECAMH.

KiouoBi croBa: po3po6ka MaTeMaTHYHUX MOJIENEN, B3AEMOJIisl MaTepialy 3 OCHOBOIO, INHAMIUHE HABAHTAKEHHsI, TPAHITYHA YMOBA, 3a-
rajibHe pillleHHs.
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YAOCKOHAJIEHHA KPUTUX BATOHIB THUITY “CXIA-3AXIA” HIJIAXOM CERIIIIOBAHHA
INEPETOPOJKOIO (c. 36-43)

O. B. @owmin, A. O. Jlocbka, A. O. Kimmam, M. A. Kepemer

IIpoBeneno BU3HAUEHHS ANHAMIUYHOI HABAHTAKEHOCTI Ta MIITHOCTI HeCy4oi KOHCTPYKIIii kpuToro Barona Tty “Cxia-3axin”. [l minsu-
1IeHHs e()eKTUBHOCTI €KCIyaTallii KpUTHX BarOHIB B MIXKHAPOJIHOMY CIIOJIyY€HHI 3aIIPOIIOHOBAHO y/IOCKOHAJICHHS IX HECYUYNX KOHCTPYKILiHL.
Jlane yloCKOHAJIEHHST TOJIATAE Y BUKOPUCTAHHI CEKIIHHOI TIEPEeropoiikn B Ky30Bi 3 METOIO po3/iisients iioro 00’emy Ha JBi okpemi cekiil. Ile
JO3BOJISIE 3IHCHIOBATH MIepeBE3eHHsI PIBHOTHITHUX BAHTaKIB Y OJJHOMY BaroHi, a OT/Ke 1 3MEHIIeHHS TOPOKHBOTO TPOOIry.

ITpoBesieHO BU3HAYEHHS IIOB3/[0B’KHBOI HABAHTA’KEHOCTI HECY4ol KOHCTPYKLii Kputoro BaroHa. IIpm 1ipomy BpaxoBaHO BUIIQJIOK HOro
MaHeBPOBOTO cHiByzapsinis. Jlocmikenns mpoBeieHi y mIockKiil cucteMi koopannat. Jlo yBars IpuiHATAN pesknM HaBaHTAKEHHS HeCcydoi
KOHCTPYKII] KPUTOrO BaroHa y MOPOKHbOMY Ta 3aBaHTaKEHOMY CTaHaX. IIpuckopenHs, sKi Ai0Th HAa Hecy4dy KOHCTPYKIIIO KPUTOTO BaroHa
TIpM 3aBaHTakeHOMY cTami, ckasno 0,37g, a mpu nopoxnbomy — 0,428, 1110 He TIepeBUIye HOPMaTHBHIX 3Ha4eHb. Xijl BaroHa OIiHIOETHCS K
“BigMinaumin”.

BusnayeHo OCHOBHI IOKa3HUKHU MIITHOCTI HeCy40l KOHCTPYKIIii KpUTOro BaroHa. Po3paxyHoKk peasi3oBaHUil 32 METOZIOM CKiHUEHUX eJie-
MeHTiB. BetaHoBieHo, 1110 MakcuMasibHi eKBiBaJIEHTHI HAIIPY/KEHHS 30cepe/KeHi B 30H1 B3aeMO/Ii1 XpeOTOBOI GaJKH 31 IITBOPHEBOIO Ta CKIIAJIN
340 MIIa, 1m0 HUZKYE HAMPY/KEHb IWIMHHOCTI MaTepiaty. MakcuMasbHi lepeMillleHHsT BUHUKAIOTh Y CePEHIl yacTuHi 6aloK paMu Ta CKJaja-
10Th 6sin3bK0 12 MM. Po3paxoBaHO BJIaCHi 4aCTOTH KOJMBAaHb HECY40l KOHCTPYKIIIT KPUTOTO BaroHa.

IIpoBezeni mocmizKeHHs CIIPUATIMY T i/IBUIEHHIO e()eKTUBHOCTI BUKOPHCTAHHA KPUTHX BAarOHIB B MiXKHAPOJHOMY CIOJIydeHHi. Takox
PE3YJIBTaTH MPOBEACHUX AOCTIIKEHb MOXKYTh Oy TH KOPUCHUMU HANPAIIOBAHHSIMY [TPU CTBOPEHHI IHHOBAIITHUX KOHCTPYKIIiiT PyXOMOTO CKJIajy.

KmouoBi cioBa: TpancrnopTHa MexXaHiKa, KpUTHI Baros, Hecyya KOHCTPYKILis, AMHAMiYHA HABAHTAKEHiCTb, HANPY’KEHUI CTaH, BaroH
tumy “Cxin-3axin’.
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BU3HAYEHHA EHEPTOE®EKTUBHOCTI PE3OHAHCHOT OJTHOMACOBOI BIFPOMAIIIMHH, 1110
IMPAITIOE€ HA E®EKTI 3S0OMEP®EJIBIA (c. 44-51)

B. B. Sluywn, I'. b. @inimowixiu, I. I. Miximonixina, A. I1. Tareesa

Busnaueno eneproeekTHBHICTD BIOPOMAIIHHH, 11O CKIAAAETHCS 13 TIPY/KHO-B'SI3KO 3aKPITIEHOT 11aT(HOPMH, TIIO MOKE PYXaTHUCS BEPTH-
KaJIbHO 1 BiOpo30yaHuKa, 1o npaiioe Ha edexri 3omepdennaa. Kopiyce BiGposbyannka 06epTacThes 3i cTagol0 KyTOBOIO IBUIKICTIO 1 Bee-
PEANHI 3HAXO/SATHCS OJHAKOBI BAaHTAXKI Y BUTJISII KyJ1i, posinka abo Mastuka. Ha Barraski mpu pyci BiIHOCHO KOPITYCY AIIOTh CHJIH B'SI3KOTO
OTIOPY, TI0 € BHYTPIIITHIMU Y CHCTEMI.

BCTaHOBJIEHO, 1110 HA YCTATEHNX KOJMBAIBHUX PEKUMAX PYXy BIODOMANIMHU BaHTasKi IIIIBHO TIPUTUCHYTU OJMH /[0 OJHOTO, YUM YTBO-
PIOIOTH CKJIaJiennii BanTak. Eneprisi MpogyKTUBHO BUTPAYAETLCS Ha KOIMBAHHS MIATGOPMN 1 HENTPOAYKTUBHO (PO3CIIOETHCS) Uepe3 pyxX
CKJIQJICHOTO BAaHTAXKY Bi/THOCHO KOPILyCY.

13 36i/bIIEHHSIM IIBUIKOCT] 06epTaHHs KOPIIYCY 3pOCTAIOY] BHYTPILIHI CHIIK B'SI3KOT0 ONOPY HAOIMKAIOTH IBU/KICTH 06epPTaHHS CKIlaje-
HOTO BaHTaKy JI0 PE3OHAHCHOT MBUKOCTI i aMILIITy/1a KOJIMBaHb maThopMu 301IbIIyEThCs. AJle CKIaIeHuil BaHTaK MPU 1IbOMY Bce Oiiblie
Bi/ICTaE Bl KOPITyCY, Yepes 110 3pPOCTae HEMPOAYKTUBHA BTpaTa eHeprii i smeHinyetbess KK/ Bibpomanmau.

Ha uncro pe3soHaHCHOMY PeKHMI PyXy BIOPOMAIIMHN MaKCUMaJIbHi aMILIiTy/la KOJUBaHb TaThopMu, KoedillieHT AnHaMigHOCTI, cyMap-
Ha HOTY3KHICTb ¢t B's3koro onopy. Ilpu nbomy KK/ nocsarae miniMaabHOro 3HaueHH:L.

Jlist oTpUMaHHsT eHepriiinnx KoJuBaub miatdopMu i3 oxHovacHuM 36imbmentsy KK/ Bibpomamuayu HeoOXiHO 3MEHIITYBATH CUJIN
BSI3KOTO OIOPY B OIOPAX i3 O[HOYACHUM 301/IbIIIEHHSIM BHYTPIIIHIX CHJI B'SI3KOTO OMODY.

TTo6ya0BaHMil AITOPUTM PO3PaXyHKIB OCHOBHUX AMHAMIYHUX XapaKTEPUCTHK KOJMBATBHOTO PYyXy BIOPOMANIMHMU, IO TPYHTYETHCS Ha
TapaMeTpUIHOMY PO3B’sI3aHHi 3a/1a4i. 32 TapaMeTp MPUIMAETHCS KYyTOBA MIBUIKICTD 3aCTPSITAHHS CKIAeHOTO BaHTaXKy. EdekTnBHiCTD anro-
PHUTMY IIPOLTIOCTPOBAHA HA KOHKPETHOMY ITPUKJIA/L.

Kiouosi caoBa: pesonancua Bibpomammia, edekt 3omepdesnbaa, iHepiiitnuii Biopo3dyaHuK, oHOMacOBa BiGpoMaliia, eneproe-
(eKTUBHICTD.
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TOMOTEHISAIIA OJHOCIIPAMOBAHOTO KOMIIO3UTY, APMOBAHOI'O IBOMA TUIIAMU
TPAHCTPOIIHUX ITIOPOKHUCTUX BOJIOKOH (c. 52-58)

A. B. Croasposa, A. B. Iloxkyes, O. I'. Ciung, A. M. Borycnascbka

P03pobiiero MeTONKY BUsHaueHHsT e(eKTHBHIX MPY/KHUX CTATNX KOMITO3UTY, OJHOCIIPSIMOBAHO aPMOBAHOTO TBOMA THITAMH TPAHCTPOTI-
HUX IIOPOKHUCTUX BOJIOKOH. Lle Bask/IMBO, TOMY 1110 BU3HAUEHHS 11X XaPAKTEPUCTUK € HEBIJ'EMHUM €TaIlOM TP IIPOEKTYBAHHI KOHCTPYKILiit
3 KOMIO3UIIHHUX MaTepianis. TTiaxin 6Ga3yeTbesi Ha BUKOPUCTAHHI aHAMITHYHUX (hOPMYJT ISl BUBHAYCHHS MPYKHUX XapaKTEPUCTHK [[BO-
KOMIIOHEHTHOTO KOMIIO3UTY 3 TPAHCTPOITHUMM MAaTPHUIIEI0 Ta MOPOKHUCTUM BOJIOKHOM. PO3IUIAA€eThesl reKcaroHasbHa YKJIaJKa BOJOKOH
NPU MEPIOAMYHINA CTPYKTYpPi apMyBaHHsS. BUKOPUCTOBYEThCS TOABIiHA TOMOTeHi3aris. KoMmosumiiiHuii Matepias yMOBHO po30MBAIOTH Ha
rekcaroHaabHi 06acTi ABOX BUAIB. [Tepuimii — MOPOKHKUCTE BOJOKHO 3 OJIHOTO Marepiasy i 0Touyioda Horo Matpuiist. AHaJIOTIYHO, APYTHH — 3
TIOPOKHUCTUM BOJIOKHOM 3 iHIIOro Marepiany. [Ipu mepuriii romorenisariii BUsHaualoTbCS IPYKHI CTasl TPAHCTPOIIHOTO MaTepialy KOKHOI
3 11BoX obacreil. [Ipu moBropHiii roMorenizaiii 06JacTh Mepuioro BUAY TPUHMAETBCS 32 «YMOBHE» BOJIOKHO, 00JIACTh JPYroTo BUAY — 32
«yMOBHY» MaTpuIo. O6uuciieHo epeKTUBHI MIPYKHI CTasl AJIst KOMIIO3UTY, apMOBAHOTO JIBOMA THIIAMHE {30TPOITHUX MOPOKHUCTHX BOJOKOH.
3amponoHoBaHa METOIMKA IA€ XOPOIILy 301KHICTh Pe3yIBTaTiB 00YNCIEHb 3 PO3PaXyHKaMHM 3a BiioMnMu hopmyaamu. Makcuma bHa BiTHOC-
Ha MOXUOKa 0OYMCIIEHHS TIO3I0BKHIX MPY/KHUX XapaKTEePHCTUK Y TOPiBHsHHI 3 Bimomumu dhopmyaamu He mepesumtye 0,05 %. [To6ynoBano
3AJIEKHOCTI IeIKUX e(DEeKTUBHUX MPY/KHUX CTANUX BiJl 06’€MHOTO BMICTY TOPOKHMCTUX BOJIOKOH PI3HUX TUIIB. BUKOpUCTOBYIOUM AaHMit
TH/IXi7T, MOJKHA MOJIETIOBATH TPUKOMITOHEHTHI KOMITO3UTH, BAPIlOI0YH MaTepialaMi MaTPHIIi, TOPOKHICTHX BOJOKOH Ta iX 06’€MHIM BMiCTOM.
3aB/ISIKU 1IbOMY CTA€ MOKJIMBIM HPOTHO3YBAHHS MIITHOCT] TaKMX KOMIIO3UTIB /10 IIeBHUX JedhopMaltiil Ha cTajiil IPOEKTYBAHHSI.

Kmo4oBi cioBa: TPUKOMITOHEHTHUI OHOCTIPSIMOBAHMIT KOMITO3UT, TPAHCTPOITHI OPOKHICTI BOJOKHA, e(DEeKTUBHI TIPY>KHI CTaJIi, TOMO-
TeHizalis.
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PO3POBKA MOJEJI ITPOTHO3YBAHHSA MIITHOCTI HA CTUCK CTAJIEOIGPOBETOHY 3
BUKOPHUCTAHHAM AJITOPUTMY BHUIIAZTKOBOTIO JICY B IIOEAHAHHI 3 HAJTAIITYBAHHAM
T'TITEPIIAPAMETPIB I K-KPATHOIO ITEPEXPECHOIO ITEPEBIPKOIO (c. 59-65)

Nadia Moneem Al-Abdaly, Salwa R. Al-Taai, Hamza Imran, Majed Ibrahim

3aBIAKU BBEJICHHIO MIepepUBYACTHX BOJOKOH cTasnedibpoberon (CDB) nepesepinye 3pudaiinuii 6eton. OnHak yepes CKIaIHICTD i 0OMe-
JKEHICTh HasBHUX JAHUX PO3POOKA METO/IIB nporuogysants mirrocti CDB Bee 1ie 3HaXOAUTLCS B 3aPOIKOBOMY CTaHi B ITOPIBHSHHI 3i cTaH-
JHapTHUM GeTOHOM. Y laiil poOoTi Ha OCHOBI PI3HUX 3MIHHUX 3 BUKOPUCTAHHSIM MOJIEJII BUITaJKOBOTO JIiCy BUKOHAHO MPOTHO3YBAHHSI MiITHOC-
Ti Ha cTuck cranedibpoderony. [ miei Metn Gy BUKOpHCTaHi TeMaTuydHi gocaipkenns 133 spaskis. Jljist po3poOKu Ta rnepesipku Mojeaei
MU CTBOPUJIM HABYAJIbHI Ta TECTOBI HAGOPU aHNX. 3anPOTIOHOBaHI MOei Oyiu PO3pOGIIeH] 3 BAKOPUCTAHHIM JECATH BaKIMBUX TTAPAMETPIB
Marepiajry AUt XapakTepucTikn crajiediopodberony. [I[o6 3BecTH 10 MiHIMyMy cHCTeMaTHYHY HOMUJIKY ITi/I Yac MOALTY HaBYaJbHUX Ta TECTO-
BUX JIAHUX, Ii/IXijl, BAKOPUCTAHUN B OC/II/KeHH], OyB 1epeBipenuii 3 Bukopuctanusm mnpoteaypu 10-kparHoi nepexpecHoi nepesipku. st
BU3HAYEHHST ONTUMAJIBHIX TillepIapaMeTpiB IS aTOPUTMY BHITAZKOBOTO Jicy 6yB BUKOPHCTAHMIT ITi/IXi/T TepeXpectoi mepeBipKi 3 MONTYKOM
1o citii. /[y mepeBipky i MOPIBHSHHS MOJI€Jiell BUKOPUCTOBYBAIUCS cepelHboKBaapatnuna nomuiaka (RMSE), xoeditient aerepminaiii
(R2) i cepenms abcomotHa omniika (MAE) BUMIpSIHUX i PO3PaXyHKOBHX 3Ha4eHb. EdekTnBHICTS porHo3yBanns 3 RMSE=5,66, R2=0,88 i
MAE=3,80 myist MoziesTi BUNIAIKOBOTO JIicy. Y TOPIBHSHHI 3 TPAAUIITHOIO MOIEJITIO JIHIITHOT perpecii pe3yibraTi MOKa3aJu, o MOJETh BU-
a/IKOBOTO JICY I03BOJISIE OTPUMATH GiJIbIII TOUHI Pe3yJIbTaTH ITPOTHO3YBaHHsI MIIHOCTI Ha cTUCK cTasediOpoOeToHy. PesyibraTi MoKasyoTh,
1110 HAJIATITYBAHHS TillepmapaMeTpiB 3 TONIYKOM IO CiTII i TIepeXpecHoIo MePEBIPKOI0 € eeKTHBHIM CIIOCOOOM TOMIYKY OMTUMATBHIUX Ta-
pamerpis mist metony BJL. Kpim Toro, BJI nae xopoii pe3yJibrati i Hajae aibrepHaTuBHUIT crioci6 npornosysanHst MirtHocTi Ha cruck COB.

KiiouoBi ciioBa: ManmiHie HaBYaHHsI, BUTAZKOBUI Jiic, (hibpoOeToH, MIIIHICTh Ha CTHCK.



