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The object of research is the processes of emergence, perception,
and redistribution of loads in the supporting structure of a flatcar
with a floor made of sandwich panels.

To reduce the impact of dynamic loads on the supporting struc-
ture of a flatcar, as well as the safety of goods transported in it, it is
proposed to manufacture floors from sandwich panels.

Within the framework of the study, mathematical modeling of
the dynamic load on a flatcar when it runs in a loaded state was car-
ried out. It was found that, taking into account the proposed solu-
tion, the accelerations acting on the supporting structure of a flatcar
are reduced by 8.4 % compared to the typical one. At the same time,
accelerations acting on cargo placed on a flatbed car are reduced
by 11.7 %. The results of calculating the strength of sandwich panels,
when arranged on a flatcar, proved the feasibility of the proposed
improvement. The main indicators of dynamics of the improved
flatcar structure operated in an empty state were determined. It was
established that the flatcar movement is assessed as “good”.

A feature of the results reported here is that the improved sup-
porting structure of a flatcar contributes not only to reducing its
dynamic load but also to improving the safety of transported cargoes.

The scope of practical application of the results is the engineer-
ing industry, in particular, railroad transport. The condition for the
practical application of the research results is the use of energy-
absorbing material in the structure of sandwich panels.

The study could contribute to devising recommendations regard-
ing the design of modern structures of railroad vehicles and increasing
the efficiency of the functioning of the transportation industry.

Keywords: railroad car, sandwich panel, dynamic loading of the
railroad car, strength of frame structure, safety of goods.
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This paper reports a study of the frequencies and vibration modes
of a vertical steel tank with a variable wall thickness in the ANSYS
software suite using a finite-element model of vibrations of a tank
with a volume of 3000 m? for oil and petroleum products, hardened
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by a prestressed winding. The simulation was carried out for two
variants of fixing the upper edge of the tank wall, which correspond
to cases of absence or presence of tank coating. The estimation cases
for the coefficients of the tension force of the wire relative to its ten-
sile strength were investigated: at £1=0.2; ky=0.4; k3=0.6 and £,=0.8.
Variation studies were carried out both taking into account the
additional loads caused by the action of hydrostatic pressure from
the maximum and half poured oil into the tank, and without oil.
The magnitude of changes in the vibration frequencies of the tank
wall without the influence of the coating varies within 12-27 % and
when taking into account the influence of tank coating, 21-62 %,
depending on the degree of filling of the tank. The revealed pattern
relates to the fact that a decrease in the tension force of the filament
in the winding leads to an increase in the frequency of oscillations.
Thus, pre-stress can be applied to regulate the oscillation frequency
of the tank wall. By decreasing which in the winding, it is possible
to increase the natural frequencies of the wall and to lower the fre-
quencies through an increase in the prestress. The research results
can be used in the future as anti-seismic measures in the design and
construction of steel vertical cylindrical tanks, as well as to improve
the strength characteristics of existing cylindrical structures.

Keywords: vertical steel tank, prestress, seismic loads, oscilla-
tion frequency.
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This paper proposes a method that makes it possible to study
the patterns of changes in the concrete strength of reinforced con-
crete crossbars depending on the heating temperature under fire
conditions by interpreting the results of their standard fire tests.
For the implementation of this method, it is proposed to use similar
data obtained using mathematical modeling based on the finite ele-
ment method and given material properties, including the curve of
concrete strength reduction recommended by the guidelines, as data
included in the set of measurement results during fire tests depend-
ing on temperature. Such data are time dependences of temperature
indicators at individual cross-section points and time dependence
of the maximum deflection of the crossbar. The article proposes
an interpolation method that makes it possible to set the tempera-
ture at any point of the section based on the approximation of the
isotherms by parabolas with a variable indicator of their power. A
method based on the mathematical interpretation of temperature
indicators obtained using the proposed interpolation method and the
curve of the dependence of the maximum deflection on time using a
deformation model for describing the stress-strain state is proposed
to identify the dependence of the concrete strength of reinforced
concrete crossbars.

The work also shows that the results obtained using the pro-
posed method of identifying concrete strength reduction coefficients
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are adequate as their relative error is on average no more than 7 %.
Based on the results, the possibility of its application to study the
regularities of the decrease in the strength of reinforced concrete
crossbars under fire conditions has been proven.

Keywords: reinforced concrete crossbar, concrete strength re-
duction factor, fire resistance, concrete strength.
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This paper presents a finite element analysis of a composite
shaft under dynamic variable fatigue loading. The object of this
study is the behavior of the fatigue life of a composite shaft under
dynamic variable fatigue loading. The fatigue life of the shaft is
then determined by analyzing the stress distribution and its effect
on the material’s fatigue strength. The investigation of fatigue
behavior involves evaluating factors such as stress concentra-
tions, fatigue crack initiation and propagation, and the cumula-
tive damage caused by cyclic loading. The study explores the
impact of biaxial loading on the shaft’s fatigue performance and
provides insights into its significance in predicting fatigue life and
it is 10e7 cycles. Furthermore, a damage indicator is predicted to
assess the accumulated damage and monitor the progression of
fatigue-related degradation. This indicator serves as a valuable
tool for predicting the remaining useful life of the composite shaft.
The equivalent alternative stress is calculated to characterize the
combined effect of different loading conditions on the fatigue
life of the composite shaft. By quantifying the stress level and
variations experienced by the structure, this parameter allows
for a comprehensive assessment of the fatigue performance under
variable loading scenarios 250 N. The findings of this research
contribute to the understanding of fatigue behavior in compos-
ite shafts under dynamic variable fatigue loading. The insights
gained from the fatigue life investigation, biaxiality indication,
damage prediction, and equivalent alternative stress calculation
can aid in optimizing design considerations, maintenance plan-
ning, and enhancing the reliability and durability of composite
shafts in various engineering applications.

Keywords: composite shaft, variable loading, fatigue life,
biaxiality indication, damage indicator.
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The object of research is hydrostatic processes in sliding bear-
ings with several layers of lubricant.

The task addressed was the influence of the structural and
operational parameters of dual hydrostatic plain bearings on their
static and dynamic characteristics. As a static characteristic, the
bearing capacities of dual and conventional sleeve hydrostatic bear-
ings were considered. When analyzing the dynamic characteristics,
the amplitude-frequency characteristics were determined. They
were obtained by calculation and as a result of experimental stud-
ies. When calculating the amplitude-frequency characteristics, the
trajectory method was used. As external forces in the equations of
motion of the rotor, hydrodynamic forces, the weight of the rotor,
and its unbalance were considered.

Experimental determination of the trajectories of the rotor was
carried out on a special bench.

It has been established that the bearing capacity of a double
type bearing is approximately 1.75-1.85 times higher than the
bearing capacity of a conventional sleeve bearing. The range of
stable operation of the rotor on double-type bearings is approxi-
mately 1.4 times greater in comparison with the range of stable
operation of the rotor on sleeve hydrostatic bearings. The vibra-
tion amplitudes in the resonance region for double bearings were
approximately 1.5 times less than the rotor vibration amplitudes
for sleeve bearings.

The results make it possible to recommend dual-type hydro-
static bearings for rotor bearings of nuclear power plants, in pow-
erful aircraft engines with a gearbox, various types of pumps, and
other power plant units. The derived theoretical dependences make
it possible to carry out practical calculation of hydrostatic bearings
of a double type.

Keywords: double bearing, bearing capacity, dynamic charac-
teristics, non-stationary loading, motion trajectory.
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The load-bearing elements of a number of strategic equipment
are of limited length and variable cross-section. Most of them are
exposed to certain types of heat sources. In order to ensure the reli-
able operation of this equipment, it is necessary to know the tem-
perature field along the length of the variable cross-section rod. In
this paper, a computational algorithm and a method for determining
the temperature field along the length of a rod with a limited length
and variable cross-section are proposed. They are based on the fun-
damental laws of conservation of energy.

The nonlinearity of the process is due to nonlinear dependen-
cies of the areas of the variable cross-section on the coordinate. The
radius of the cross-section of the rod decreases linearly along the
entire length, starting from the left end. The side surface of the first
and third discrete elements of the rod is heat-insulated. Convective
heat exchange with the environment takes place on the side surface
of the second discrete element of the rod.

The cross-sectional area of the left end of the rod is under the
heat flow with a constant intensity, and a heat flow with different
intensities is supplied to the right end, wherein the heat transfer
coefficient is considered constant. For this task, you must first de-
termine the law of temperature distribution along the length of the
rod. In addition, if one end is rigidly fixed and the other end is free,
the elongation must be calculated depending on the available heat
sources, the physical and geometric characteristics of the rod, taking
into account the presence of insulation.

In case of pinching of both ends of the investigated rod, the value
of axial compressive force is calculated taking into account the addi-
tion of real factors. The distribution of all components of the strain,
stress, and displacement field is also defined.

Keywords: heat flux intensity, thermal conductivity coefficient,
temperature, heat transfer coefficient.

References

1. Timoshenko, S., Goodier. J. N. (1951). Theory of Elasticity. New York.
Available at: http://parastesh.usc.ac.ir/files/1538886893033.pdf

2. Shorr, B. F (2015). Thermoelasticity. Thermal Integrity in Mechan-
ics and Engineering, 33-56. https://doi.org/10.1007,/978-3-662-
46968-2_2

3. Banerjee, B. (2006). Basic Thermoelasticity. doi: http://dx.doi.org/
10.13140/RG.2.1.1144.2005

4. Saoud, S. (2009). Etude et Analyse Mathematique des Problems Non
Lineaires Modelisant les Etats Thermiques d’'un Superconducteur:
Generalisation au Cas Tridimensionnel.

5. Griffith, G., Tucker, S., Milsom, J., Stone, G. (2000). Problems
with modern air-cooled generator stator winding insulation. IEEE

Electrical Insulation Magazine, 16 (6), 6—10. doi: https://doi.org/
10.1109/57.887599

6. Li, Y. (2019). Investigation of Heat Transfer Characteristics on Rod
Fastening Rotor. IOP Conference Series: Materials Science and
Engineering, 677 (3), 032032. doi: https://doi.org/10.1088,/1757-
899x/677/3,/032032

7. Shibib, K., Minshid, M., Alattar, N. (2011). Thermal and stress analy-
sis in Nd: YAG laser rod with different double end pumping meth-
ods. Thermal Science, 15, 399-407. doi: https://doi.org/10.2298/
tsci101201004s

8. Andreev, V, Turusov, R. (2016). Nonlinear modeling of the kinetics of
thermal stresses in polymer rods. Advanced Materials and Structural
Engineering, 719-722. doi: https://doi.org/10.1201/b20958-150

9. Belytschko, T, Liu, W. K., Moran, B. (2000). Nonlinear Finite Ele-
ments for Continua and Structures. John Wiley and Sons.

10. Wright, T. W. (2002). The Physics and Mathematics of Adiabatic
Shear Bands. Cambridge University Press.

11. Batra, R. C. (2006). Elements of Continuum Mechanics. ATAA. doi:
https://doi.org/10.2514,/4.861765

12. Sukarno, D. H. (2021). Analysis of nuclear fuel rod temperature
distribution using CFD calculation and analytical solution. PRO-
CEEDINGS OF THE 6TH INTERNATIONAL SYMPOSIUM ON
CURRENT PROGRESS IN MATHEMATICS AND SCIENCES
2020 (ISCPMS 2020). doi: https://doi.org/10.1063,/5.0058888

13. El-Azab, J. M., Kandel, H. M., Khedr, M. A., El-Ghandoor, H. M.
(2014). Numerical Study of Transient Temperature Distribution in
Passively Q-Switched Yb:YAG Solid-State Laser. Optics and Photonics
Journal, 04 (03), 46—53. doi: https://doi.org/10.4236/0p;j.2014.43007

14. Khany, S. E., Krishnan, K. N,, Wahed, M. A. (2012). Study of Tran-
sient Temperature Distribution in a Friction Welding Process and
its effects on its Joints. International Journal Of Computational
Engineering Research, 2 (5), 1645.

15. Mishchenko, A. (2020). Spatially Structure Spatial Problem of the
Stressed-Deformed State of a Structural Inhomogeneous Rod. IOP
Conference Series: Materials Science and Engineering, 953, 012004.
doi: https://doi.org/10.1088,/1757-899x/953/1,/012004

16. Hwang, J.-K. (2020). Thermal Behavior of a Rod during Hot Shape
Rolling and Its Comparison with a Plate during Flat Rolling. Pro-
cesses, 8 (3), 327. doi: https://doi.org/10.3390/pr8030327

17. Logan, D. L. (2012). A First Course in the Finite Element Method.
CENGAGE Learning, 727-764.

18. Liu, Q., He, X. (2023). Thermal Analysis of Terfenol-D Rods with
Different Structures. Micromachines, 14 (1), 216. doi: https://
doi.org/10.3390/mi14010216

19. Gaspar Jr., J. C. A,, Moreira, M. L., Desampaio, P. A. B. (2011).
Temperature Distribution on Fuel Rods: A study on the Effect of
Eccentricity in the Position of UO2 Pellets. 20-th International
Conference «Nuclear Energy for New Europe». Available at: https://
arhiv.djs.si/proc/nene2011/pdf/814.pdf

DOL: 10.15587,/1729-4061.2023.283073
BUILDING A MODEL OF THE IMPACT GRINDING
MECHANISM IN A TUMBLING MILL BASED ON DATA
VISUALIZATION (p. 65-73)

Yuriy Naumenko

National University of Water and Environmental Engineering,
Rivne, Ukraine

ORCID: https://orcid.org/0000-0003-3658-3087

Kateryna Deineka

National University of Water and Environmental Engineering,
Rivne, Ukraine

ORCID: https://orcid.org/0000-0001-7376-6734


https://doi.org/10.1109/57.887599
https://doi.org/10.1109/57.887599
https://doi.org/10.1088/1757-899x/677/3/032032
https://doi.org/10.1088/1757-899x/677/3/032032
https://doi.org/10.2298/tsci101201004s
https://doi.org/10.2298/tsci101201004s
https://doi.org/10.1201/b20958-150
https://doi.org/10.2514/4.861765
https://doi.org/10.1063/5.0058888
https://doi.org/10.4236/opj.2014.43007
https://doi.org/10.1088/1757-899x/953/1/012004
https://doi.org/10.3390/pr8030327
https://doi.org/10.3390/mi14010216
https://doi.org/10.3390/mi14010216
https://arhiv.djs.si/proc/nene2011/pdf/814.pdf
https://arhiv.djs.si/proc/nene2011/pdf/814.pdf
https://www.scopus.com/redirect.uri?url=https://orcid.org/0000-0002-2695-6823&authorId=57206902087&origin=AuthorProfile&orcId=0000-0002-2695-6823&category=orcidLink
https://www.scopus.com/redirect.uri?url=https://orcid.org/0000-0002-6140-416X&authorId=57202740708&origin=AuthorProfile&orcId=0000-0002-6140-416X&category=orcidLink
https://www.scopus.com/redirect.uri?url=https://orcid.org/0000-0002-0609-1332&authorId=55669060000&origin=AuthorProfile&orcId=0000-0002-0609-1332&category=orcidLink
http://parastesh.usc.ac.ir/files/1538886893033.pdf
https://doi.org/10.1007/978-3-662-46968-2_2
https://doi.org/10.1007/978-3-662-46968-2_2
http://dx.doi.org/10.13140/RG.2.1.1144.2005
http://dx.doi.org/10.13140/RG.2.1.1144.2005

A mathematical model was built based on data visualization for
the impact grinding mechanism in a tumbling mill, which is mainly
implemented during coarse grinding.

The determination of impulse interaction parameters is problem-
atic due to the difficulty of modeling and the complexity of hardware
analysis of the behavior of intramill loading.

Conceptually, it was envisaged to identify the relative dynamic
parameters of the impact action as components of the model, which
are criteria for the similarity of the loading movement and the grind-
ing process. Impact power was taken as an analog of grinding perfor-
mance. The initial characteristic of the impact was considered to be
the averaged vertical component of the speed of loading movement
in the flight zone at the boundary of contact with the shear layer. The
formalization of the model revealed the effect on the performance of
the mass fraction of the flight zone and the reversibility of loading.

The method of numerical modeling was applied, based on experi-
mental visualization of the behavior of granular loading in the cross
section of a rotating chamber.

The influence of the rotation speed on the performance at a
chamber filling degree of 0.45 and a relative particle size of a milling
load of 0.0104 was estimated by experimental simulation. The maxi-
mum productivity value was found at the relative speed of rotation
V,=1-1.05. A rational condition for impact grinding at y,=0.75-0.9
has been established.

The test proved the effectiveness of using visualization to evalu-
ate dynamic loading interaction analogs. Verification of modeling
results was implemented by comparison with the data of the tech-
nical standard. The use of similarity criteria unifies approaches to
modeling different mechanisms of destruction.

The model built makes it possible to predict the rational param-
eters of the grinding processes by impact, crushing, and abrasion.

Keywords: tumbling mill, intra-chamber loading, impact action,
flight zone, similarity criteria, grinding performance.
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BUSABJIEHHS OCOBJIMBOCTEL HABAHTAYKEHOCTI HECYUYOI KOHCTPYKIIIi BATOHA-ILIAT®OPMHU 3
MIJIJIOTOIO 13 CEH/IBIY-TIAHEJIEN (c. 6-13)

A. O. JloBcbka, B. II. Hepy6aupkuii, A. M. Oxopokos, P. B. Bepuuropa, 1. JI. JKypagsenn

OG6’€KTOM JIOCIIIZKEHHS € TPOIECH BUHNKHEHHS, CIIPUHHSTTS Ta EPEPO3TOLTY HABAHTaKEHb B HECYUiil KOHCTPYKIIiT BaroHa-mmathopMu
3 MiZJI0TOI0 13 CeHABIU-TIaHe e,

JL1s1 3MeHIIeHHs BIUIMBY JIMHAMIUYHIX HaBAHTA’KCHb HA HECY4dy KOHCTPYKILIO BaroHa-miaT)opMu, a TAKOK CXOPOHHICTh BAaHTAXIB, 1110
MIepeBO3ATLCS Ha HhOMY, TPOIIOHYETHCS BUTOTOBJIEHHS TIIJIOTH i3 CeH/BIU-TIaHe el

B pamkax jociijizKeHHs IPOBeJIeHO MaTeMaTHYHe MOJIeJIIOBAHHS MHAMIYHOI HABAaHTAKEHOCTI BaroHa-1aT(opMu IIpu pyci y 3aBaHTa-
JKeHOMY cTaHi. BcTanoBieHo, 1110 3 ypaxyBaHHSIM 3aIIPOTIOHOBAHOTO PillleHHSI TPUCKOPEHHS, SIKi /III0Th HA HECYYY KOHCTPYKILIO BArOHA-TLIAT-
opmu 3menyiorbest Ha 8,4 % y 1OpiBHSAHHI 3 TUIIOBOIO. [1p1 1IbOMY IIPUCKOPEHHS, IKi 0T HA BAHTAXK, PO3MIllleHU Ha BaroHi-1iatdopmi,
3MeHuryoTecst Ha 11,7 %. Pesysbrati pospaxyHKy Ha MIiIHICTD CeH/BIU-IIaHeell 32 yMOBH PO3MIllleHHS Ha BaroHi-miatdopmi Z0BesH 10-
IITBHICTD 3aITPOTIOHOBAHOTO y/J0CKOHAIeHHs. [IpoBesieno Bu3HadenHs OCHOBHIX TTOKa3HUKIB IMHAMIKH y/JOCKOHAIEHOI KOHCTPYKIIii BaroHa-
mrarhopMu 32 YMOBU PYXY Y MOPOKHBOMY CTaHi. BCTaHOBJIEHO, 1110 PYX BaroHa-IIaTGOPMU OIIHIOETHCS K “HOOPHii”.

OcobuBiCTh OTPUMAHKX PE3YJIBTATIB MOJISITAE Y TOMY, 110 YAIOCKOHAJICHHST HECYY0i KOHCTPYKIIiT BaroHa-1miat(opMu Cripusie He TiIbKH
3MEHIIeHHIO HOT0 IMHAMIYHOI HABAHTAKEHOCTI, a i MOKPAIEeHHIO0 CXOPOHHOCTI TIePEBO3MMIX BAHTAKIB.

Cdepa NpakTUIHOTO 3aCTOCYBAHHSI PE3YJIBTAaTIB — MANIMHOOY/IiBHA raly3b, 30KpEeMa, 3a/li3HUYHUI TPAHCIIOPT. YMOBAMU MPAKTHIHOTO
3aCTOCYBaHHS Pe3yJIbTaTiB JI0CTI/PKeHHs € BUKOPUCTAHHS €HepProNoTrIMHATBHOTO MaTepiary B KOHCTPYKILii ceHziBid-Taneeii.

IIpoBeseHi noci/KeHHS CIPUATUMYTh CTBOPEHHIO PEKOMEH/IAllil 111010 TPOEKTYBAHHS CYYaCHUX KOHCTPYKILIHN 3a/1i3HUYHUX TPAHCIIOPT-
HUX 32c001B Ta MiBUIIEHHIO eheKTUBHOCTI (GYHKIIOHYBAHHS TPAHCTIOPTHOT rasrysi.

KmouoBi cioBa: 3a1i3HUYHUI BaroH, CEH/BiU-TIAHEb, IMHAMIYHA HABAHTAKEHICTh BArOHA, MIiIlHICTh KOHCTPYKIIii PaMU, CXOPOHHICTD
BaHTAXIB.

DOI: 10.15587/1729-4061.2023.279098

YACTOTH KOJIMBAHD 3MIITHEHOI CTIHKU CTAJIEBOTO BEPTUKAJIBHOTO IAJIIHIPTYHOIO
PE3EPBYAPY JIJISI HA®TH-HA®TOIPOJYKTIB ¥ 3AJIEXKHOCTI BIJ] IOIEPEHBOTO HAIIPY ;KEHHSI
OBMOTKHM (c. 14-25)

Timur Tursunkululy, Nurlan Zhangabay, K. B. Aepamog, M. B. UepnoGpueko, Medetbek Kambarov, Arman Abildabekov, Kanat Narikov,
Otabek Azatkulov

[IpoBezneno nociRen s 4acTOT Ta GOPM KOTMBAHD BEPTHKATBHOTO CTATIEBOTO Pe3epBYapy MPH 3MiHHIH TOBIIIHI CTIHKH B TPOTPAMHOMY
komiiekei ANSYS 3 BUKODUCTaHHSAM CKiHUEHO-eIeMEeHTHOI Mojiesli KouuBaHb pesepsyapy o6’emom 3000m° 11s HadTH-HAPTOIPOAYKTIB,
3MII[HEHOTO TOTIEPEHBO-HAMPYKEHOI0 0OMOTKOI0. MOJICJIIOBAHHS TPOBOIMIIOCS /IJIsT IBOX BapiaHTIB 3aKPIlJIEHHS] BEPXHBOTO KPalo CTIHKU
pesepByapa, sIKi BiMOBIJAIOTh BUTAAKAM BiICYTHOCTI YU HASIBHOCTI MOKPUTTSI pe3epByapa. /locmimkyBamics po3paxyHKOBi BUMIAIKHI JIJIsST
KOe(IIi€HTIB CUJIN HATATY JAPOTY W00 oro Mexi Mitnocti: ipu k1=0,2; ipu ky=0,4; ipu k3=0,6; ipu k4=0,8. BapiaTusHi pocsiukeHHs mpo-
BOJIMJINCS 3 yPaXyBaHHAM J0/aTKOBUX HaBaHTa’KeHb, BUKJIMKAHWX JI€I0 TiZIPOCTATMYHOTO THUCKY Bil MAKCHMAJIBHO 1 HAIOJOBHHY HAJINTOI
HadTU B pesepByap, i 6e3 HadTh. BesmunHa 3MiH 4acTOT KOJIMBaHb CTIHKK pe3epByapa 6e3 BIUIUBY TIOKPUTTS BapilOEThes B Meskax 12—27 %,
a 3 ypaxyBaHHSIM BIUINBY TIOKPUTTSI pe3epByapy 21—62 %, 3aeskHO BiJ| CTYIIeHsT HAOBHEHHS pe3epByapa. BusiBiiena 3akOHOMIpHICTD Y TOMY,
1[0 3MEHITEHHST CHJIM HATATY HUTKU B OOMOTII MIPU3BOIUTD 0 MIBUIIEHHS YaCTOTH KOJHMBaHb. TAKNM UHHOM, [T PETYJIOBAHHS YacTOTH
KOJIMBaHb CTIHKH Pe3epByapa MOKHA 3aCTOCYBATH TIOMEPEAHIO HATIPYTY, 3HUKEHHSIM sIKOT B OOMOTINI MOKHA IMiIBUIIUTYA YaCTOTH BJIACHUX
KOJINBAHb CTIHKI, 4 3HI3UTH YACTOTH Yepe3 361IbIIeH s monepenboi Hanpyru. OTprMaHi pe3y IbTaTi I0CTiKeHb Y TEPCIIEKTHBI MOJKHA BI-
KOPUCTOBYBATHU SIK aHTHCEHCMIUHI 3aX0/IU TIPU TPOEKTYBaHHI Ta OYAIBHUIITBI CTAIEBUX BEPTUKAIBHUX IUIIHIPUYHUX PE3ePBYapiB, a TAKOK
TSI TH/IBUTIEHHST XaPaKTePUCTUK MIITHOCTI ICHYIOUHX IMJIIHAPHYHUX KOHCTPYKIIii.

KmoyoBi ciioBa: BepTUKaIbHUI CTaJIeBHil Pe3epByap, Molepe/iHe HAIIPY>KeHHsI, CeiiCMiYHi HaBaHTAKEeHH:I, 4aCTOTa KOJINBAHb.
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METO/I, ITEHTU®IKAII MIITHICHUX XAPAKTEPUCTUK BETOHY 3AJII3BOBETOHHOTO PUTEJIA ITIPU
HATPIBI B YMOBAX ITOKEKI (c. 26-36)

C. B. Iloszxees, O. B. Hekopa, C. M. @enuenxo, H. II. 3aika, T. M. Illuaas, A. B. Cy6ora, M. M. Hecyx

¥V crarti 3alporoHOBAHO METO/, SIKUIT 103BOJISIE HOCIIUKYBATH 3aKOHOMIPHOCT] 3MiHEHHS MiIHOCTI GETOHY 3a/1i300€TOHHUX PHUTEJB Y
3aJIEKHOCTI Bijl TeMIIEpaTypH HarpiBy B yMOBaX MMOKEXKi HIJIIXOM IHTEpIpeTaltii pe3yabraTiB IXHIX CTaHAAPTHUX BOTHEBUX BUIIPOOYBaHb. /st
peastizanii JaHOr0 METO/LY 3aIIPOIIOHOBAHO B SIKOCTI JaHUX, 1110 BXOAATD Y nabip Ppe3yJIbTaTiB BUMIPIOBAHb I1i/l yac 3/1iiiCHEHHS BOTHEBUX BUIIPO-
GyBaHb, BUKOPICTOBYBATH aHAJOTIUHI IaHi, OTPIMAHi 3a OTIOMOTOI0 MaTEMATIHYHOTO MOJIETIOBAHHS Ha OCHOBI METO/Y CKiHYEHNX €TeMEHTIB
Ta 3a/[aHUX BJIACTUBOCTEN MaTepiajiB y TOMY YKCJi PEKOMEH/I0BaHOI HACTAHOBAMU KPUBOI 3HUIKEHHSA MIITHOCTI GETOHY Y 3aJI€KHOCTI BiJl TEM-
nepaTypu. TakuMu JaHNMHU € 3aJIeKHOCTI BiJf 4acy TeMIIepaTypHUX ITOKa3HUKIB B OKPEMUX TOUKAX IIepepidy Ta 3aIeKHICTh MaKCHMAIbHOTO



MIPOTMHY PUTEJIst BiJ yacy. Y CTaTTi 3alPONIOHOBAHO METOJ iHTEPIIOJIALIL, 110 I03BOJISIE BCTAHOBUTH TEMIIEPATYpPy B Oy/b-siKiii TOUIl nepepisy
Ha OCHOBI HaGJIMIKEHHs 130TepM TapabosiaMu i3 epeMiHHUM TIOKa3HUKOM IXHboI crerneni. [yt ixenTudikaiii 3aneskHocTi MitHocTi 6eToHy
3aJ1i306€TOHHUX PUTEJIiB 3aPONOHOBAHO METOJI, 3aCHOBAHWIT Ha MaTeMaTUYHiii iHTeprpeTalii TeMIepaTypHUX MOKa3HUKIB, OTPUMAHUX 32
JIOTIOMOTOIO 3aIPOIIOHOBAHOTO METO/LY IHTEPIIOJIsAIil, Ta KPUBOI 3a/IeKHOCTI MAKCHMAJIBHOTO MTPOTHHY BiJ 4acy 3 BUKOPUCTAHHSM jedopma-
MiHOT MOJIeJIi /I7IsT OMUCAHHS HANPYKeHO-1e(pOPMOBAHOTO CTAHY.

¥V pobi TakoxK MOKA3aHO, 110 PE3YJIBTATH, OTPUMAHI 3a I0IIOMOTOK0 3aIIPOTIOHOBAHOTO METOTY ifieHTH(DIKAIii KOehilli€HTIB SHUKEHHS MIITHOC-
Ti GETOHY, € afleKBaTHUMH, OCKIJIBKH 1X BI/IHOCHA MOXMOKA Y CepeHbOMY CKJajiac He Oibine 7 %. Ha 0CHOBI OTpUMaHUX pe3yJibTaTiB I0BEAEHO
MOZKJIMBICTD HOTO 3aCTOCYBAHHsI /IS BUBYEHHSI 3aKOHOMIPHOCTEN 3HUKEHHS MIIHOCTI O6eTOHY 3a/1i300€TOHHIX PUTEIiB B yMOBAX MOJKEKI.

Kimouosi ciioBa: 3a1i306eToHHMIT pureib, KoeillieHT 3HIKEHHsT MiITHOCTI 6ETOHY, BOTHECTIHKICTh, MillHICTb GETOHY.
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BU3HAYEHHSI MEXAHI3MY BTOMHOT IOBEJITHKU KOMIIO3UTHOTO BAJIY IIPH 3MIHHOMY
HABAHTASKEHHI (c. 37-44)

Imad O. Bachi Al-Fahad, Hussein Kadhim Sharaf, Lina Nasseer Bachache, Nasseer Kassim Bachache

VY pobori npejcraBiaenuii CKiHUeHHO-eJIeMEHTHUI aHali3 KOMIIO3UTHOTO Basly TIPU JUHAMIYHOMY 3MIHHOMY BTOMHOMY HaBaHTayKEHHI.
O06’eKTOM IOCII/PKEHHST € 3MiHA BTOMHOI I0BrOBIYHOCTI KOMIIO3UTHOTO BaJIy IPH IUMHAMIYHOMY 3MiHHOMY BTOMHOMY HaBaHTaKeHHI. Bromua
JIOBTOBIYHICTDb BAJTy BU3HAYAETHCS IIJISIXOM aHAJI3Y PO3IMOJiTY HATPYKEHHS Ta HOTo BIIMBY HAa BTOMHY MIllHicTh MaTepiainy. Jocmimpkenus
BTOMHOI ITOBE/IIHKY BKJIIOYAE OIHKY TaKuX (DaKTOPiB, IK KOHIIEHTPAIlis HAIIPY’KeHb, BAHUKHEHHS Ta TOUIMPEHHS BTOMHUX TPIlllIH, a TAKOXK
HAKOTIMYEH] TTOMIKO/UKEHHS, CIIPUYMHEH] IIMKIIYHAM HaBaHTaKeHHsIM. Y PoOOTI BUBYAETHCS BIUIMB J[BOBICHOTO HABAHTAKEHHS Ha BTOMHI
XapaKTEePUCTUKU BTy i TAE€THCS YSBJIEHH PO MOTO 3HAYEHHSI JIJIs TPOTHO3YBAHHST BTOMHOI IOBFOBIYHOCTI, 1110 cTaHOBUTD 10e7 mukmiB. Kpim
TOTO, JUUIS1 OIIHKM HAKOIHMYEHUX IMOMIKO/UKEHb Ta BiJICTEKEHHS IIPOTrPECyBaHHS BTOMHOI JIerpa/ialiii IPOrHO3y€EThCs OKA3HUK IOIMIKO/KEHb.
ITeit MOKA3HUK CITYKUTH IIHHUM {HCTPYMEHTOM JIJIsT IPOTHO3YBAHHSI 3aIUIITKOBOTO TEPMIHY CIIysKOM KOMITO3UTHOTO Bauy. Jljist xapakrepuc-
TUKU CYKYITHOTO BILUIMBY Pi3HMX YMOB HaBaHTa)KCHHSI HA BTOMHY JIOBIOBIYHICTh KOMIIO3UTHOTO Basly PO3PaXOBYEThCSI €KBiBAJIEHTHE 3MiHHE
Hanpy:kensst. IIIIsIXoM KiTbKiCHOI OIIHKY PiBHSI HATTPY/KEHHsI Ta 3MiH, IKUX 3a3HA€ KOHCTPYKILiS, el mapamMeTp T03BOJISIE IPOBECTH BCeOIUHY
OI[IHKY BTOMHUX XapaKTEPUCTHK TP 3MiHHUX HaBaHTakeHHsX 250 H. PesyibraTut 10CIiIKEHHSI CIIPUSIOTH PO3YMIHHIO BTOMHOI [TOBEIIHKI
KOMITO3UTHUX BajiB TIPH JANHAMIYHOMY 3MiHHOMY BTOMHOMY HaBaHTaxKeHHi. /lani, oTpuMaHi B pe3yJsbraTi JOCHiZKEHHSA BTOMHOI JI0BrO-
BiuHOCTI, KOedilieHTa GiakciaIbHOCTI, MPOrHO3YBAHHS TOMIKO/ZKEHDb Ta PO3PAaXYHKY €KBIBAJIEHTHOTO 3MIHHOTO HAMPYKEHHST MOKYTh OyTH
KOPUCHUMU IIPU OITUMi3allii KOHCTPYKTUBHUX PillleHb, IIJIaHyBaHHI TeXHIYHOIO 06Cle1‘OByBa.HHH 1 MiBUIIIEHHS HAIHHOCTI Ta JOBIOBIYHOCTI
KOMITO3UTHUX BAJIIB Y PI3HUX TEXHIYHUX 3aCTOCYBAHHSIX.

Ki104oBi ci0Ba: KOMIO3UTHUI BaJl, 3MiHHE HaBaHTa)KEHHs, BTOMHA JIOBTOBIYHICTD, KoedillieHT GiakciabHOCTI, TIOKa3HUK MOIIKOIKEHb.
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BUSABJIEHHSA BILIUBY 3MIHU EKCILTY ATAIIITHUX IAPAMETPIB 3/IBOEHOTO IJIPOCTATUYHOTO
MIIITUITHUKA HA MIOTO XAPAKTEPUCTUKMU (c. 45-52)

B. I. Hagin

OG6’€KTOM JIOCIIPKEHHS € TIIPOCTATHYHI TIPOIIECH B OTIOPaX KOB3aHHSI 3 KiIbKOMa IIIapaMi MacTHJIBHOTO MaTepiary.

Bupirysaiach npobJemMa BIVIMBY KOHCTPYKTUBHUX Ta €KCILTyaTalliifHUX MapaMeTpiB 3[BOEHUX TiZ[POCTATUYHUX MiAMIUITHUKIB KOB3aHHSI
Ha IX CTATHYHI Ta AMHAMIYHI XapaKTEPUCTUKHU. B AKOCTI CTATMYHOI XapaKTEPUCTUKHU POTJISIANICS HECYdi 3i0HOCTI 3BOCHIX Ta 3BMYalHIX
BTYJIKOBUX Ti/[pOCTaTHYHUX miAmumHukiB. [1ix yac anamizy quHaMivHIX XapaKTepUCTUK BU3HAYAIICS aMILTITY/{HO-4aCTOTHI XapaKTePUCTHKH.
Bouu 6ysin oTprMani po3paxyHKOBUM IILISIXOM Ta B PE3YJIBTaTi €KCIIEPUMEHTATBHUX J0CTiIKe b, i yac po3paxyHKy aMILITYAHO-4aCTOTHUX
XapaKTepPUCTUK BUKOPHCTOBYBABCsT MeTO/ TpaekTopiil. [T yac po3paxyHKy aMILIiTy/IHO-4aCTOTHIX XapPaKTEPHCTUK BUKOPHCTOBYBABCST METO/
TPAEKTOPIiil. B sIKOCTI 30BHIMIHIX CUJI B PIBHSHHSX PYXy POTOPA POSTJISAIAIICS TiZIPOAMHAMIYHI CUJIU, Bara pOTopa Ta Oro HeBPiBHOBAYKEHICTb.

Excniepumenrasbie BUBHAUEHHSI TPAEKTOPIN PyXy POTOPa IPOBOAMIIOCS Ha CIIEIiaIbHOMY CTEH/II.

Beranosiieno, 1o Hecyva 3/aTHICTh MiAIUITHIKA 3/IBOEHOTO TUILY, pubamsno B 1,75—1,85 pasu Buiie Hecy4oi 3/aTHOCTI 3BUYATHOTO
BTYJIKOBOTO Higummnauka. [lianason cTiikoi po6oT poTopa Ha HiAMMIHAKAX 3BOCHOTO THIY Npubau3Ho B 1,4 pasu Gijblie MOPIBHAHO 3
Aiara3oHoM CTiiiKol poOOTH POTOpA HA TIAPOCTATUYHUX BTYJIKOBHUX IMIAINIMIHUKAX. AMIUITY/M KOJMBAHb B 00JACTI PE3OHAHCY Y 3/IBOCHUX
MHAMUTTHUKIB Gy MEHITUMU TPUOJII3HO B 1,5 pasu B MOPIBHAHHI 3 aMILIITy IaMU KOJMBAHb POTOPA HA BTYJIKOBUX MiAITHITHUKAX.

Otpumani pe3ysibraTi I03BOJISTIOTh PEKOMEH/IYBATH TiJIPOCTATHYHI MIJANIMITHIKY 3/IBOEHOTO THITY JIJIs OHOP POTOPIiB aTOMHUX €JIEKTPO-
CTaHIII, TOTY/KHUX aBialliilHIX IBUTYHAX 3 PEAYKTOPOM, PI3HUX THIIB HACOCIB Ta IHIIMX arperatiB eHeproyctanoBoK. Po3pobiieni TeopeTnyni
3aJIEKHOCTI /Ial0Th 3MOT'Y BUKOHYBATU IIPAKTUYHUI PO3PAXyHOK TiZiPOCTATUYHUX IT/IITUITHUKIB 3/IBOEHOTO THILY.

KmoyoBi cioBa: 3/[BOEHNIT MiIIINITHNK, Hecyda 371aTHICTh, AMHAMIYHI XapaKTePUCTUKH, HecTalioHapHe HaBaHTaKeHHs, TPAEKTOPISA PyXy.
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PO3POBKA METO/J1Y OBJIIKY HAABHOCTI JIOKAJIbHOTO IIOBEPXHEBOTI'O TEIIJIOOBMIHY B
CTPUKHAX 3MIHHOTI'O ITEPEPI3Y (c. 53-64)

Mukaddas Arshidinova, Azat Tashev, Anarbay Kudaykulov

Hecyui esemenTu psjy cTpateriqyHux BUAIB 00JaHAHHA MAIOTh OOMEKEHY JTOBKUHY Ta 3MIHHUIT nepepis. BiiblIicTh 3 HUX CXUIJIbHI 10
BIUIMBY MEBHUX THUIIB JuKepes Tera. Jlis 3abesneueHns HafliiiHol po6oTH 1bOoro 00/ IaiHaHHSA HEOOXIHO 3HATH TEMIIEPaTypPHE MOJIE MO 0~




BXKUHI CTPUIKHSI 3MIHHOTO Tiepepisy. Y HaHiil poGoTi 3alponoHOBaHO 00UNCTIOBAILHUIT JITOPUTM Ta CTIOCIO BUSHAYECHHST TEMIIEPATYPHOTO MO-
JISL TIO JIOBXKUHI CTPUIKHS 0OMeKeHOT IOBKIUHU Ta 3MiHHOTO Tiepepisy. BoHu rpyHTYyI0ThCsI Ha (DyHAAMEHTaIbHIX 3aKOHAX 30epeKeHHsT eHeprii.

HeniniitaicTs mporecy o6yMoBjieHa HeJTHIHHIUME 3a/1€KHOCTAMM TUIOI] 3MIHHOTO MOIIEPEYHOro Mepepisy Big koopaunatu. Pagiyc mepe-
pi3y CTPMKHA JiHIITHO 3MEHIIYEThCA O BCiH IOBXKIHI, TIOYMHAIOYN 3 JIIBOTO KiHIlA. Biuna moBepxHs 1meporo i TpeTboro ANCKPETHUX eJie-
MEHTIB CTPMIKHS TerioizosboBana. Ha Giuniii moBepxHi APyroro AMCKPETHOrO eJleMEeHTa CTPUIKHS BiZIOYBA€THCI KOHBEKTUBHUN TEIIOOOMIH
3 HABKOJIMIITHIM CE€PE/IOBUIIEM.

[Tn1o11a mepepisy JTiBOTO KiHIIS CTPHKHS 3HAXOUTHCS TMi/] BIVIMBOM TEIIIOBOTO TIOTOKY 3 MOCTIITHOIO iHTEHCUBHICTIO, & /10 TIPABOTO KiHIIST
TOJIAETHCST TETUIOBHI MOTIK 3 PI3HOIO IHTEHCUBHICTIO, IPY I[bOMY KOeillieHT Terionepesavi BBAKAETLCS MOCTiiHUM. /[y BUpitneHHs 1iei
3a/aui HEOOXIIHO CHIOYATKY BU3HAYMTH 3aKOH PO3IOALLY TeMIIEPATYpPH 10 J0BKUHI cTprKHst. KpiM TOro, SIKIO OAMH KiHelb JKOPCTKO 3a-
KpiTJIeHui, a iHIii KiHelb BIIbHUH, TO MOAOBKEHHsT HeOOXIZHO PO3PAX0OBYBaTH B 3aJIEKHOCTI BiJl HAABHUX JKepesl Tera, (pisuyHuX i reo-
METPUYHUX XapaKTEPUCTUK CTPIDKHA 3 YPaXyBaHHSM 130JI1i1.

¥ pasi samemsieHnst 060X KiHIIIB ZOCTIPKYBAHOTO CTPIIKHSI BEJITINHA OChOBOI CTUCKAIOYOI CIJIM PO3PAXOBYETHCS 3 YPAXyBAHHSIM CKJla-
NaHHs peabHuX KoedirienTis. Takox BU3HAYAETHCS PO3TO/ILJ BCIX KOMIIOHEHTIB M0JIsT JiehopMallii, HAPYTH Ta epeMilieHHsI.

KimouoBi cjioBa: iHTEHCHBHICTD TEIJIOBOTO MOTOKY, KOeDil[ieHT TEeIIONPOBIIHOCTI, TeMIepaTypa, KoedillieHT Teronepeayi.
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PO3POBKA MOJIEJII MEXAHI3MY IIOJIPIBHEHHA Y IAPOM B BAPABAHHOMY MJIMHI HA OCHOBI
BI3YAJII3AIII JAHUX (c. 65-73)

I0. B. Haymenko, K. 0. [leiinexa

[To6ymoBaHO MaTeMaTHYHy MOJIEJIb Ha OCHOBI BidyaJstizallii JaHux s MexaHi3My HoApiOHeHHs yaapoM B GapabaHHOMY MJIMHI, 110 pea-
JIBYETHCS MEPEBAKHO TIPU IPyOOMY TTOMETI.

BusHaueHHs mapaMeTpiB iMITyJIbCHOI B3a€MO/IiT € MPoOJeMaTHYHUM Yepe3 TPYAHOIIL MOETIOBAaHHS Ta CKJIA[HICTh alfapaTypHOTo aHai3y
MIOBE/IIHKN BHYTPIiITHBOMJIMTHHOTO 3aBaHTaKEHHSI.

KontenryanbHo nepe6ayanioch BUSBICHHS BIZIHOCHUX AMHAMIYHIX TTAPAMETPIB YAApPHOI /i SIK CKIIaJI0BUX MOJEJI, 1[0 € KPUTEPIsIMU 10~
AiGHOCTI PyXy 3aBaHTaKEHHS Ta IIPOIECY MTOMeJY. SIK aHaJIor POAYKTUBHOCTI MOAPIGHEHHS IPUIHSTO MOTYKHICTh yIapHUX CHJL. BuxiaHowo
XapaKTEePUCTUKOIO y/Iapy BBAKAJIACH yCepeJHEeHa BEPTHKAIbHA CKJIA/I0BA MIBUJIKOCTI PYXy 3aBAaHTAKEHHS Y 30HI IOJIBOTY HA MEXi KOHTAKTY
3i 3cyBHUM Trapom. DopMastisartist MojiesTi BUsIBIIA BIUINB Ha MPOAYKTUBHICTH MACOBOI YaCTKH 30HU MOJIBOTY Ta 000POTHOCTI 3aBaHTaKEHHSI.

3aCTOCOBAHO METO/I YMCEJIbHOTO MOJIETIOBAHHS Ha OCHOBI €KCIIepUMEHTAIbHOI Bidyaslizallii MoBeliHKN 3¢PHUCTOTO 3aBAHTa’KEHHSI B 110-
nepeaHoMy Tepepisi 06epToBoi Kamepu.

EkcrieprMeHTaIbHIM MOJIETIOBAHHSIM OILiHEHO BILINB MIBUIKOCTI OOEPTAHHS Ha MPOAYKTUBHICTD [IPK CTYTIEH] 3aroBHeHHsT Kamepu 0.45
Ta BIJHOCHOMY PO3Mipi 4acTHHOK MoJiosbHOTrO 3aBaHTaxkeHHs1 0.0104. BusiBiieHo MakcuMasbHe 3HaY€HHS MPOYKTUBHOCTI IPU BiTHOCHII
mIBUAKOCTI obepranis y,=1-1.05. Becranosieno paifionaibiy yMOBY peasiisaliii oapidHeHHs yaapom 1pu y,=0.75-0.9.

Amnpobarist 3acBigumia eeKTUBHICT 3aCTOCYBaHHS Bidyaurisaliii [JIst OIiHIOBAHHS [MHAMIYHIX aHAJIOTIB B3a€MO/] 3aBaHTaKeHHs. Be-
pudikariist pe3yasTaTiB MOJAETIOBAHHS peaji3oBaHa MOPIBHAHHAM i3 JaHUMU TEeXHIYHOTO cTaHaapTy. Bukopucranus KpurtepiiB moaibHoCTI
yHi(iKye miaxoau 10 MOJIeTIOBAaHHS PI3HIX MEXaHi3MiB PyIHYBaHHS.

Po3pobiiera MoiesTb JO3BOJISIE TIPOTHO3YBATH PAI[IOHAIbHI TTAPAMETPH TIPOIIECIB MOAPIOHEHHS YIAPOM, PO3IABIIOBAHHSIM Ta CTHPAHHSIM.

Kimouosi croBa: GapabaHHWIl MJIMH, BHYTPINIHbOKAMEPHE 3aBAHTAKEHHSI, yIapHa /Iisl, 30Ha MOJIbOTY, KpUTEPil moAiGHOCTI, IPOLYKTHB-
HICTB MOAPIOHEHHSL.



