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The object of this study is a reinforced three-layer transport
pipe, which is subjected to the joint action of ambient temperature
and static loading of the road subgrade soil.

The analytical model for assessing the stressed-strained state
of reinforced three-layer pipes, under the combined action of tem-
perature and static loads, has been improved using the theory of
elasticity.

The stressed-strained state of the reinforced pipe was assessed tak-
ing into account the values of the joint action of temperature and loads
from vehicles, the physical and mechanical parameters of structural
materials, and the geometric parameters of the pipe.

As a result of the calculation of the reinforced multilayer pipe, it
was found that the maximum movements that occur on the outside of
the defective pipe are 0.64 mm, the metal pipe — 0.75 mm, and in the
concrete mortar (fine-grained concrete) — 0.69 mm.

It was established that under the combined action of ambient tem-
perature and static loads from the road subgrade soil, ring stresses are

maximum. They are 151 MPa. Axial stresses are also high — 141 MPa.
At the same time, the maximum radial stresses are the smallest —
37.4 MPa.

It has been established that a small difference in displacements
occurs on the contact of structural materials of the reinforced pipe.
However, the magnitude of the stresses is high. The maximum differ-
ence in ring stresses was 73 MPa, while the difference in radial and
axial stresses was up to 1.0 MPa.

It has been established that to restore the bearing capacity of
damaged reinforced concrete pipes, it is possible to use the repair tech-
nology by the method of “sleeving”. It involves pulling a metal pipe
into the middle of the layer damaged with concrete mortar remaining
between the concrete defective and the new metal pipes.

Keywords: concrete defective pipe, temperature, metal pipe, move-
ment, stress, static load.
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This paper proposes a new variational RVR-method for calculat-
ing the three-dimensional stressed-strained state of statically loaded
shell elements of structures with holes of arbitrary shapes and sizes.
The scientifically substantiated RVR method is based on the use of
the Reissner variational principle, the Vekua method, the theory of R-
functions by Rvachev, and the general equations of the spatial theory
of elasticity. The use of mixed Reissner variational principle leads to
an increase in the accuracy of solving boundary value problems due
to the independent variation of the displacement vector and the stress
tensor. The Vekua method makes it possible to replace the solution to
a three-dimensional problem with a regular sequence of solutions to
two-dimensional problems. The theory of R-functions at the analytical
level takes into account the geometric information of boundary value
problems, which is necessary for the construction of solution struc-
tures that accurately satisfy all boundary conditions. At the same time,
the developed algorithm for bilateral integral accuracy assessment
makes it possible to automate the search for such a number of approxi-
mations in which the process of convergence of solutions becomes
stable. The possibilities of the RVR method are shown in numerous
examples of solving boundary problems of calculating cylindrical
shells with an elliptical hole when setting centrifugal loads according
to a deformed scheme. Calculations according to the specified load
scheme of the anisotropic cylinder lead (at certain values of the angu-
lar velocity of rotation) to a significant increase in stresses. Therefore,
to obtain reliable results, it is necessary to set a centrifugal load that
takes into account the change in the size of the body in the process
of its deformation. The characteristic features of the proposed RVR-
method, which can be used effectively in the manufacture of shell
elements of structures in various branches of technology, are discussed.

Keywords: rotating orthotropic shell with hole, concentration
of stresses, Reissner principle, theory of R-functions.
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The object of this study is the processes of occurrence, exposure
to, and redistribution of loads in the supporting structure of a remov-
able module for the transportation of long cargoes.

To adapt platform cars to the transportation of long loads, it is
proposed to introduce a removable module with elastic-friction con-
nections in the structure.

In order to select the optimal profiles for the removable module,
in terms of minimal material consumption, the calculation was carried
out in the Lira software package. Based on the calculation results, a
spatial model of the concept of the removable module was built.

To determine the dynamic loads that act on the platform car
loaded with a removable module, a mathematical simulation was
carried out. It was established that the use of elastic-friction links
in the structure of the removable module helps reduce its dynamic



load, as well as the platform car, by 4.6 %. The resulting acceleration
was taken into account when calculating the strength of the remov-
able module. The calculation results showed that the strength of the
removable module under operational loads is ensured.

A feature of the reported results is that the proposed design of a re-
movable module makes it possible not only to adapt the platform car to
the transportation of long loads but also to reduce its load in operation.

The scope of practical application of the results includes the engi-
neering industry, in particular, railroad transport. Worth noting is that
the conditions for the practical use of the results imply the introduc-
tion of elastic-friction links in the structure of the removable module.

The reported research will contribute to compiling recommenda-
tions for the design of modern vehicle structures, in particular remov-
able type, as well as for improving the efficiency of rail transportation.

Keywords: transport mechanics, removable module, supporting
structure, structural strength, structural adaptation.
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This paper considers the construction of a mathematical model
of the movement of an autonomous mobile robot (AMR) in variable
configuration, taking into account the relationship of the dynamic
parameters of a mechanical system.

As an example, the design of AMR with a manipulator is con-
sidered.

The object of this study is the dynamics of AMR with a manipula-
tor. The peculiarities of the dynamics of AMR with the manipulator
are due to the change in the position of the center of mass of the system
with the relative movement of the manipulator and the commensurate
non-diagonal and diagonal elements of the inertia tensor calculated
relative to the axes of the base coordinate system. The construction of
the mathematical model was carried out according to the Nyton-Euler
method. The resulting mathematical model contains:

— an equation of motion of the center of mass of the AMR system
of variable configuration along the trajectory in the inertial coordi-
nate system,;

— an equation of angular motion of AMR in variable configura-
tion in the inertial coordinate system;

—an equation of motion of the manipulator with respect to
AMR. In a general case, the center of mass of the AMR platform
moves in a horizontal plane. Establishing the relationship of dy-
namic parameters of the mechanical system will make it possible to
maintain functionality and ensure the orientation of AMR in verti-
cal planes despite the movement of the manipulator. As an object of
control, AMR with a manipulator is a multi-connected system with
a cross-internal connection of control channels, which is formed by
the dynamic parameters of a mechanical system. Based on the results
of mathematical modeling using the proposed model, it is possible
to develop algorithms for adaptive control using cross-connection
of channels. This will make it possible to identify reserves to reduce
energy consumption, increase stability, improve the efficiency and
survivability of AMR in variable configuration during autonomous
work under extreme conditions.

Keywords: autonomous mobile robot, manipulator, mathemati-
cal model, dynamics, dynamic parameters relationship.
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One-, two-, and three-mass vibration machines with translational
motion of platforms and a vibration exciter of a ball, roller, or pendu-
lum type with several loads were studied. The empirical criterion for
the onset of auto-balancing was applied in the extended formulation.

It has been established that a single-mass vibration machine has
one resonant speed, and:

— at the after-resonance speeds of rotation of loads synchronous-
ly with the rotor, the auto-balancing mode becomes stable;

— at the pre-resonance speeds of rotation of loads, loads tend to
gather together.

In a dual-mass vibration machine, there are two resonant speeds
and one additional speed located between two resonant ones. The
auto-balancing mode is stable when the loads rotate synchronously
with the rotor at the following speeds:

— between the first resonant speed and the additional speed,;

— greater than the second resonant speed.

At other speeds of rotation of loads, loads tend to gather together.

The three-mass vibration machine has three resonant speeds and
two additional speeds, located one by one between adjacent resonant
speeds. The auto-balancing mode is stable when the loads rotate syn-
chronously with the rotor at the following speeds:

— between the first resonant speed and the first additional speed;

— between the second resonant speed and the second additional
speed;

— greater than the third resonant speed.

At other speeds of rotation of loads, loads tend to gather together.



In a single-mass vibration machine, the value of the resonant
speed does not depend on the viscosity of supports. In dual-mass and
three-mass vibration machines, all characteristic speeds depend on
the viscosity of supports. With small forces of viscous resistance, the
values of these speeds are close to the characteristic speeds found in
the absence of resistance forces.

Keywords: inertial vibration exciter, resonant vibration machine,
steady state mode of motion, Sommerfeld effect, stability of motion.
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Mechanical energy harvesting, storage and utilization methods and
devices are a little explored area with a potential to replace electrical
energy in machines operated with electricity and which is environmen-
tally friendly. Energy harvesting from human actions is an optimistic
solution to provide energy supply. There are various methods and
techniques that discuss energy harvesting from human actions. The
problem is that most of these methods deal with tiny energy output. The
object of this study is to design and characterize a flat spiral spring based
method to harvest enough mechanical energy, to store and to drive a
ride as in an amusement park instead of electricity. A flat spiral spring
is specifically designed and fabricated for this purpose. To begin with, a
life-size prototype of the kids’ ride using the flat spiral spring is modeled,
analyzed, fabricated and implemented on the kids’ ride prototype. The
stability of the ride is analyzed by modeling the impact of the collision
between two kids’ rides. Energy is harvested by winding the spring by
hands using a handle or by pulling back the kids’ ride and is stored in the
spring. Experimental results show that the proposed method of harvest-
ing, storing and utilization of mechanical energy can be an alternative to
electrical energy in operating high-power machines like kids’ rides. An
optimum width of 30 mm and a thickness of 1.4 mm for the flat spiral
spring are found to help in ease of manufacturability, ease of rotation by
human and compactness. The average force required to wind the spring
is calculated to be 16.06 N, which is approximately 33 % of the force that
can be exerted by a human hand. The stability of the proposed system
in case of collision is verified by calculating the roll angle, which is less
than 3.83 degrees, which is well below the recommended roll angle limit
in case of collision.

Keywords: mechanical energy harvesting, alternative to elec-
tricity, energy conversion, flat spiral spring, kids’ ride.
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This paper considers elastic shell elements. They move under
pressure. The type of dependence of displacement on pressure is called
the elastic characteristic of the element. The object of this study is
shell elements with a complex surface shape, consisting of composite
materials of the “metal-metal” type. The composite is a metal shell
with reinforcing fiber made of another metal material. The form of
reinforcement is different. The task to be solved is to determine the
elastic characteristics of the shell elements depending on the geo-
metric parameters, as well as the mechanical values of the shell at its
various points and in different directions. To this end, algorithms were
built for calculating mechanical quantities depending on the percent-
age of the fiber and the shell matrix. It was required to derive a system
of equations for determining the displacements and internal forces in
the element depending on the geometric and mechanical parameters.
A numerical calculation of shell elastic elements was performed and a
comparison of the results of analytical calculation according to the al-
gorithm developed in this work and experimental data was performed.
The match between these results is 99.8—100 %. The characteristics
of the shell elements were determined depending on the type of rein-
forcing fiber and matrix, on the geometric parameters, and the type
of reinforcement of the shell. These studies make it possible to design
shell elements with specified characteristics and predefined sensitivity.

Keywords: corrugated shell membrane, elastic static characteristic,
composite materials, mechanical characteristics of reinforced shells.

References

1. Andreeva, L. E. (1962). Uprugie elementy priborov. Moscow: Mash-
giz, 456.

2. Alfutov, N. A,, Zinov'ev, P. A., Popov, B. G. (1984). Raschet mnogo-
sloynyh plastin i obolochek iz kompozitsionnyh materialov. Moscow:
Mashinostroenie, 264.

3. Shimyrbaev, M. K. (1992). Utochnennye metody opredeleniya upru-
gih postoyannyh odnonapravlenno armirovannogo materiala. Vestnik
AN RK.

4. Kurochka, K. S., Nesterenya, I. L. (2014). Raschet mnogosloynyh
osesimmetrichnyh obolochek metodom konechnyh elementov. In-
formatsionnye tekhnologii i sistemy 2014 (ITS 2014): materialy
mezhdunarodnoy nauchnoy konferentsii. Minsk, 214—-215. Available
at: https://libeldoc.bsuir.by/handle/123456789,/2008

5. Golova, T. A., Andreeva, N. V. (2019). Analysis of methods of calcu-
lation of layered plates and shells for the calculation of multilayer
structures. The Eurasian Scientific Journal, 5 (11).

6. Bazhenov, V. A, Solovei, N. A., Krivenko, O. P, Mishchenko, O. A.
(2014). Modeling of nonlinear deformation and buckling of elastic
inhomogeneities shells. Stroitel'naya mekhanika inzhenernyh kon-
struktsiy i sooruzheniy, 5, 14—33.

7. Kairov A. S., Vlasov O. I, Latanskaya L. A. (2017). Free vibrations of
constructional non-homogeneous multilayer orthotropic composite
cylindrical shells. Visnik Zaporiz'kogo nacional'nogo universitetu.
Fiziko-matematicni nauki, 2, 57—65.

8. San’kov, P, Tkach, N., Voziian, K., Lukianenko, V. (2016). Com-
posite building materials and products. International scientific
journal, 4 (1), 80-82. Available at: http://nbuv.gov.ua/UJRN/
mnj_2016_4(1)_ 24

9. Yankovskii, A. P. (2020). The refined model of viscoelastic-plastic de-
formation of reinforced cylindrical shells. PNRPU Mechanics Bulle-
tin, 1, 138—149. doi: https://doi.org/10.15593 /perm.mech /2020.1.11

10. Bakulin, V.N. (2019). Posloyniy analiz napryazhenno-deformirovan-
nogo sostoyaniya trekhsloynyh obolochek s vyrezami. Izvestiya Ros-
siyskoy Akademii Nauk. Mekhanika Tverdogo Tela, 2, 111-125. doi:
https://doi.org/10.1134,/50572329919020028

11. Senjanovi¢, I, Cakmak, D., Alujevi¢, N., Catipovi¢, 1., Vladimir, N.,
Cho, D.-S. (2019). Pressure and rotation induced tensional forces of
toroidal shell and their influence on natural vibrations. Mechanics
Research Communications, 96, 1-6. doi: https://doi.org/10.1016/
j.mechrescom.2019.02.003

12. Polyakova, 1., Imambayeva, R., Aubakirova, B. (2021). Determin-
ing the dynamic characteristics of elastic shell structures. Eastern-
European Journal of Enterprise Technologies, 6 (7 (114)), 43—-51.
doi: https://doi.org/10.15587,/1729-4061.2021.245885

13. Abramczyk, J. (2021). Transformed Shell Structures Determined
by Regular Networks as a Complex Material for Roofing. Materials,
14 (13), 3582. doi: https://doi.org/10.3390/ma14133582

14. Treshchev, A., Lapshina, M., Zavyalova, Y. (2021). Thermome-
chanical deformation of the orthotropic shell taking into account the
deformation anisotropy. E3S Web of Conferences, 274, 03026. doi:
https://doi.org/10.1051 /e3sconf/202127403026

15. Myntiuk, V. (2021). Spectral solution to a problem on the axisym-
metric nonlinear deformation of a cylindrical membrane shell due to
pressure and edges convergence. Eastern-European Journal of Enter-
prise Technologies, 5 (7 (113)), 6—13. doi: https://doi.org/10.15587/
1729-4061.2021.242372

16. Liu, Y, Zhu, R., Qin, Z., Chu, F (2022). A comprehensive study on
vibration characteristics of corrugated cylindrical shells with arbi-
trary boundary conditions. Engineering Structures, 269, 114818. doi:
https://doi.org/10.1016 /j.engstruct.2022.114818

17. Lai, M., Eugster, S. R., Reccia, E., Spagnuolo, M., Cazzani, A. (2022).
Corrugated shells: An algorithm for generating double-curvature
geometric surfaces for structural analysis. Thin-Walled Structures,
173, 109019. doi: https://doi.org/10.1016/j.tws.2022.109019

18. Khurukijwanich, C., Aimmanee, S. (2021). Anisotropic behaviors of
helically corrugated cylindrical shells: Homogenized in-plane stiffness.
Thin-Walled Structures, 160, 107378. doi: https://doi.org/10.1016/
jtws.2020.107378

19. Khurukijwanich, C., Aimmanee, S. (2021). Anisotropic behaviors of
helically corrugated cylindrical shells: Stress distributions and edge
effects. Thin-Walled Structures, 168, 108263. doi: https://doi.org/
10.1016/j.tws.2021.108263

20. Biderman, V. L. (1977). Mekhanika tonkostennyh konstruktsiy.
Moscow: Mashinostroenie, 488.



DOI: 10.15587/1729-4061.2022.268904
OIIHIOBAHHS HAIIPY KEHO-/IE@OPMOBAHOTO CTAHY NIJICUJIEHOI TPAHCIIOPTHOI TPYBU ITPU
CYMICHI JIIi TEMIIEPATYPHY CEPEJIOBUIIA TA CTATUYHUX HABAHTAKEHD (c. 6-12)

B. B. KoBanbuyk, P. T. Pu6ak, I0. M. Tnaris, B. A. Tkauenko, A. M. Ounmenko, I. 5. Kpagseus, 0. M. T'epmaniok, M. O. Ba6'sx,
H. O. T'em0apa, 1. B. Beabran

OG’€KTOM JOCIII/KEHD € MiJICHJIeHa TPUIapoBa TPaHCIIOpTHA TPyOa, 10 3a3Hae CyMiCHOI il TeMIepaTypy HaBKOJHMIIHBOTO CepeoBUINA
Ta CTaTHYHOTO HABAHTAKEHHS IPYHTY 3€MJISTHOTO [10JIOTHA JIOPOTH.

VI0cKOHAIEHO aHAIITHYHY MOJIEb OIiHIOBAHHS HAMPYKEHO-e(hOPMOBAHOIO CTaHy MiACHICHUX TPUIIAPOBUX TPYO, MPU CyMicHil il
TeMIepaTypy Ta CTaTHYHUX HABAHTAKEHD, i3 BUKOPUCTAHHAM TEOPil MPY’KHOCTI.

[IpoBesieHO OIIHIOBAHHS HAMPY’KEHO-/e(DOPMOBAHOTO CTAHY IJACHIEHOI TPyOU 13 BpaXyBaHHSIM BEJIWYHH CYMICHOI il TemiepatypH i
HaBaHTa)KeHb Bijl TPAHCIOPTHUX 3ac00iB, (DIBUKO-MEXaHIYHKX ITapaMeTPiB KOHCTPYKIHTHUX MaTepiajiB Ta FeOMETPUYHUX [apaMeTpiB TpyOu.

V pesyJibrati pospaxyHKy MiJICHJIEHOI GaraTomapoBoi TpyOH BCTAHOBJIEHO, 110 MAKCUMAJIbHI IIePeMilleHHs, SIKi BUHUKAOTh Ha 30BHIIIHIN
cropoti gedexTroi TpyOu ckaaxaiorh 0,64 MM, MeTasieBoi Tpy6u — 0,75 MM Ta y GetorHOoMy pogunti (apiGHo3epHIcTOMY OeToHi) 0,69 MM.

BceranoBiieHo, 10 npu cyMicHiil /il TemIiepaTypu HaBKOJIMITHBOTO Cepe/lOBUINA Ta CTATUYHUX HABAHTAKEHb Bijl HACHILY 3€MJISTHOTO
MOJIOTHA MAaKCUMAIBHIMI € KisblieBi HanpyskeHHs. Bonu cranosisits 151 MITa. Bucokumu takox € ocbosi Hanpyskenns — 141 MITa. Ilpn
IIbOMY MaKCHUMAaJIbHI PajliajibHi HAnpysKeHHs € naiimenmumu — 37,4 MIla.

BceTaHOBIIEHO, 110 HA KOHTAKTI KOHCTPYKIINHMX MarepiaiB miacuiaeHoi TpyOu BUHUKAE HeBeJauKuii nepenasn nepeminierb. OpHak
BeJIMYMHA HANPY’KeHb € BHUCOKOI. MaKkcuMasibHa BeIMYMHA Tepenaay KimblleBIX HanpyskeHb ckiama 73 Mlla, mpu 1mpomy mepemaz
pazliaJIbHIX Ta OChOBUX HATPYsKeHb ckias 10 1,0 MIla.

BeranosiieHo, 1Mo sl BIIHOBJICHHS HECYYOl 3aTHOCTI MOIMIKO/KEHUX 3a/1i300eTOHHIX TPYO MOKHA BMKOPHCTOBYBATH TEXHOJIOTIIO
PEMOHTY, METO/IOM <T'iJTb3yBaHHsI». BoHa 1epen6adae y mpoTsryBaHHi MeTaleBoi TpyOH Y cepeinHy TOIKO/KEHO] i3 3aTI0BHEHHSAM OETOHHUM
PO3YMHOM IPOIIAPKY, 110 3ATHIIAETHCS MK GETOHHOIO 1IeheKTHOIO Ta HOBOIO METAJIEBOIO TPYOAMH.

Kimouosi cioBa: Getornna fedextHa Tpyba, TeMIeparypa, MeTanesa Tpyoa, mepeMillieH s, HAPY:KeHHsI, CTaTIHIHe HAaBAHTaKEHHSI.
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PO3PAXYHOK HAIIPY/KEHO-JJE®@OPMOBAHOTI'O CTAHY OBEPTOBUX AHI3OTPOITHUX
IITHIPUYHUX OBOJIOHOK 3 OTBOPOM HA OCHOBI BAPIAIIITHOTO RVR-METO/IY (c. 13-20)

B. A. Cano, B. M. Heuunopenko, II. 1. JliroBuenko, B. II. PakiBuenxo, B. B. Boinos, B. I. Camoksit, M. O. Ktiropos

3arnpornoHoBaHo HOBU BapianiitHuit RV R-MeTo1 po3paxyHKy TPUBHUMIPHOTO HALIPY’KeHO-/1e(hOPMOBAHOTO CTAHY CTATHYHO HABAHTAKEHIX
060JIOHKOBHX €JIEMEHTIB KOHCTPYKIIi 3 oTBOpaMu 0BUIbHUX (opm i posmipiB. HaykoBo obrpynrtoBanmii RVR-Merton 3acHoBanuii Ha
BUKOPHUCTaHHI Bapiariitnoro npuniuiy Peiicciepa, metoga Bekya, Teopii R-dyukiriii PBayoBa Ta 3arajbHuUX PiBHSIHD MPOCTOPOBOI TEOpii
HPY’KHOCTI. 3aCTOCYBAHHS 3MIlIAHOTO BapialliitHOro npuHIMIy PeiiccHepa IPU3BOAUTS /10 MiZABUIIEHHS TOYHOCTI PillleHHs KPailoBUX 3a71a4 B
CUJTy He3JIeKHOTO BapiloBaHHsI BEKTOPY MepeMillleHb i TeH30pa Hanpyskenb. Merton Bekya 103BoJisie 3aMiHUTH pillleH s TPUBUMIPHOI 3a1a4i
PeryJIsipHOIO MOCJIIIOBHICTIO pillleHb [BOBUMIpHUX 3aja4. Teopis R-yHKIiil Ha aHamiTHYHOMY piBHI BPaxoBye reoMeTpuyHy iHdopmaltio
KpailoBIX 3a/ad, 10 HeOOXiAHO [7IsT MOOYAOBH CTPYKTYP PO3B'SI3KIiB, sIKi TOYHO 3aOBOJBHSIOTH YCIM TPAaHHYHUM yMmMoBaM. lIpu mpomy
PO3pobIeHIiT aJITOPUTM JIBOCTOPOHHBOT IHTErPAIbHOT OIIHKK TOYHOCTI I03BOJISAE aBTOMATHU3YBaTH MOIITYK TaKOI KIJIbKOCTI allpOKCUMAaIliii, mpu
SAKOMY Tpotiec 301KHOCTI po3B’s3KiB HaOyBae cTilikoro xapaktepy. Moxansocti RVR-MeTony nmokasaHi B YncebHUX TIPUKIAIAX PO3B sI3aHHS
KpailoBIX 3a/1a4 PO3PAXYHKY MUJTIHAPHIHIX 0O0JOHOK 3 eJIIMTHYHIM OTBOPOM ITPH 3aBIaHHI BiII[EHTPOBIX HABAHTaKEHD 32 1€(OPMOBAHOIO
cxeMo10. Po3paxyHKM 3a BKa3aHOIO CXEMOIO HABAaHTA)KEHHS aHI30TPOIIHOTO LMJIHApA IPU3BOAATL (IIPH IIEBHUX BeJIUYMHAX KyTOBOL
MIBUAKOCTI 0OEPTAHHS) 0 CYTTEBOTO 301/IBIIEHHST HATIPYsKeHb. TOMY /TSI OTPUMAHHS TOCTOBIPHUX PE3yJIbTaTiB Tpeba 3a/1aBaTH Bi/[lIEHTPOBE
HaBaHTa)KEHHs, 1[0 BPAXOBYE 3MiHy PO3MipiB Tisia B ipoiieci fioro aedopmaitii. O6roopeno xapakTepHi 0coOaMBOCTI 3arponoHoBanoro RVR-
METOJLY, SIKIiT MOJKe 3HAITH e(DeKTHBHE 3aCTOCYBAHHS IIPH BUTOTOBJIEHH] 0O0IOHKOBHX €IEMEHTIB KOHCTPYKILiHl B PI3HUX TaTy3sIX TEXHIKIL

KiouoBi cioBa: o6eproBa opToTpoIHa 000J0HKA 3 0TBOPOM, KOHIIEHTPAIlisl HAIPY KeHb, TIPUHIMI Peiiccrepa, Teopis R-byHKIiii.
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BU3HAYEHHS 3AKOHOMIPHOCTE BEPTUKAJIbHOI HABAHTAKEHOCTI KOHIIENITY 3liIOMHOT'O
MOAYJIA AJIsI JOBIOMIPHHX BAHTAGKIB (c. 21-29)

T. JI. Baryas, A. O. Jloscbka, M. B. IlaBmoyenkos, B. I1. Hepy6aupkuii, A. M. Okopokos, [I. A. Topaienko, P. B. Bepuuropa,
1. JI. ’KypaBein

OG’€KTOM JOCIIIKEHHS € MPOIECH BUHUKHEHHsI, CIIPUHHATTS Ta Hepepo3Noily HaBaHTaKeHb B HECYUiil KOHCTPYKILT 3iOMHOTO MO/ JIst
JUUISL TIepeBe3eHb JIOBFOMIPHUX BaHTAXKIB.

Jlns agarrrariii BaroniB-maTopM 0 mepeBe3eHb JOBTOMIPHIX BAaHTAKIB MPOTIOHYETHCS BIPOBAKEHHS 3HOMHOTO MOYJIS 3 IPY’KHO-
ppuKIiitHIMY 3B’I3KaMU B KOHCTPYKITi.



3 Meror BUOGOPY ONTHMAJIBHUX 3 TOUKHM 30py MIHIMAJIbHOI MAaTepialoeMHOCTI MPOMiNiB BUKOHAHHS 3HOMHOTO MOMIYJISl MPOBEIEHO
PO3paxyHOK y mporpaMuoMy komirexci “Jlipa”. 3a pesysbraTaMu po3paxyHKy CTBOPEHO TPOCTOPOBY MOJIETb KOHIIETITY 3iIOMHOTO MOJTYJISI.

Jlu1s1 BU3HAYeHHS IMHAMIYHUX HAaBaHTAKEHb, SKi JII0Th HA BaroH-11aT(hopMy, 3aBaHTAKEHNIT 3HOMHIM MOJLyJIEM IIPOBE/ICHO MaTeMaTnyHe
MO/IeJIIOBAHHS. BCTaHOBIIEHO, 110 BUKOPUCTAHHS MIPY>KHO-(QPUKIIIHNX 3B’I3KiB B KOHCTPYKIIil 3HOMHOTO MOJTYJIsI CIIPUSIE 3MEHIIIEHHIO HOTO TH-
HaAMIYHOT HABAHTAXKEHOCTI, a TaKoK BaroHa-rardopmu Ha 4,6 %. OTpumane HIpUCKOPEHHs BpaxoBaHe IPH PO3paxyHKaX Ha MillHICTb 3iIOMHOTO
MozyJist. PegysisraTit po3paxyHKy MOKasasiu, Mo MilHICTb 3iOMHOTO MOJLYJIst IPU €KCIUIyaTal[iiiHIX HAaBAHTAKEHHSX 3a0e311eTy€EThCSI.

Ocob6IMBICTIO OTPUMAHUX PE3YJIBTATIB € Te, 10 3aMPOTOHOBAHA KOHCTPYKIIiST 3iTOMHOTO MOJLYJIsT TO3BOJISIE He TiMBKI aalTyBaT! BaroH-
aThopMy /10 TiepeBe3eHb JOBrOMIPHUX BAHTAXKIB, 1 BMEHIIIUTU HOT0 HABAHTAYKEHICTh B €KCILIyaTallii.

Cdepoio IpakTHIHOTO BUKOPHUCTAHHSI OTPUMAHNX PE3YJIBTATIB € MANINHOOY/IiBHA Taly3b, 30KpeMa, 3aIi3HNYHUiT TpaHcopt. HeobxinHo
CKa3aTH, [0 YMOBAMHU TIPAKTUYHOTO BUKOPUCTAHHS PE3YJIBTATIB € BIPOBAKEHHS TIPYKHO-(DPUKITIITHIX 3B’S3KiB B KOHCTPYKILIO 3TOMHOTO
MOy JIA.

[TpoBe/ieHi OCTiFKEH s CIPUATUMYTh CTBOPEHHIO PEKOMEH/AIII 1I0/I0 TIPOEKTYBAHHS CyYaCHUX KOHCTPYKIIIT TPaHCIIOPTHUX 3ac00iB,
30KpeMa 3iIOMHOTO THILY, @ TAKOJXK ITiJIBUIIIEHHIO e(DEKTUBHOCTI 3a/1i3HNYHUX TI€PEBE3EHb.

KmiouoBi ciioBa: TpaHCIOPTHA MEXaHiKa, 3HOMHUIT MOJLyJIb, HECY4a KOHCTPYKILis, MillHICTh KOHCTPYKILi{, aanTariis KOHCTPYKILii.
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PO3POBKA MATEMATUYHOI MOJIEJI JUHAMIK ABTOHOMHOI'O MOBLJIbHOT'O POGOTA
3MIHIOBAHOI KOH®ITYPAIII (c. 30-44)

H. C. Amenkosa

CrarTst 1pricBsAYeHa po3polIi MaTeMaTHYHOI MOJEHl PyXy aBTOHOMHOTO MoOGiibHOro po6ora (AMP) aminioBarnoi koudirypamii 3
BpaxXyBaHHSIM B3a€EMO3B’SI3KYy AMHAMIYHUX ITaPaMeTPiB MeXaHIYHOI CHCTEeMN.

B sixocTi mpukIamy posristayTo KoucTpykiiio AMP 3 maninyssitopoM.

O6'exr mocuimkentss — nuHamika AMP 3 maninynstopom. Ocobausocti auHamiku AMP 3 MaHiIyJasaTopoM 0OyMOBJIEHI 3MiHOW0O
TIOJIO’KEHHST TIEHTPY Mac CHUCTEMU IMIPH BiJHOCHOMY PyCi MaHIITyJIITOPa Ta CYMipHICTIO HeiaroHATBbHUX i [iaTOHATBHNUX €JIEeMEHTIB TEH30PY
iHepiii, 06UMCIEHUX BIIHOCHO ocell 6a30B0i cucrtemu koopantat. CKaagants MaTeMaTHIHOI Moziesii 3aiiicHeno 3a Mmetogom Hurona-Eiinepa.
OTpumana MaTeMaTHYHA MOJIENIb MICTUTB:

— PIBHAHHS pyXy 1eHTpy Mac cucremn AMP 3minioBanoi koHdirypaiiii B3/I0BXK TPa€KTOPii B iHepIlialbHill clcTeMi KOOPANHAT;

— piBHsIHHSA KyTOBOTO pyXy AMP 3MmiHI0BaHOI KOH(iryparii B iHepIiiaabHiil cucTeMi KOOPANHAT;

— PIBHSHHS pyXy MaHimyJssitopa BigHocHo AMP.

Y zarasbnomy BuUNaiKy 1eHTp Mac miatdopmu AMP pyxaeTbes y ropusoHTasIbHil IIIONHHI. BeTaHOB/ICHHS B3AEMO3B'SI3KY IMHAMIYHUX
napamMeTpiB MEXaHiuHOI CHCTeMM J03BOJIUThH 36epertn (hyHKIIOHATBHICTh Ta 3abesneunTtu opieHTanito AMP y BepTUKAJBHUX TIONMHAX
He3Ba)kKaloyl Ha MepeMillleHHs MaHimyIaTopa.

Sk o6’ext kepyBanHs AMP 3 MaHiny/sTOpoM Iie 6araTo3B’si3Ha CHCTEMA 3 MEPEXPECHUM BHYTPIIIHIM 3B’SI3KOM KaHAJIB KePYyBaHHSI,
AKNI yTBOPEHO AMHAMIYHUMH ITapaMeTpaMi MeXaHiuyHOI CHCTeMH. 3a pesyJbTaTaMi MaTeMaTHYHOTO MOJETIOBAHHS i3 3aCTOCYBaHHAM
3aIPONOHOBAHOI MOJIEJI MOJKHA PO3POOKTH QJTOPUTMHU AMANTHBHOTO KEPYBAHHSI 3 BUKOPHCTAHHSM IIEPEXPECHOrO 3B's3Ky KaHauis. Ile
JIACTh MOXKJIMBICTh BUSIBUTH Pe3€PBH /UL 3HIDKEHHSI €HEeProBUTPAT, Mi/IBUIIEHHST CTIHKOCTI, mostinireHts ehexTuBHOCT i skuBydocti AMP
3MiHOBaHOI KOHMIrypaitii npu aBTOHOMHIiT poOOTi B eKCTPEMaTbHUX YMOBAX.

K040Bi c1oBa: aBTOHOMHMIA MOGITbHUTT POOOT, MAHITYJISTOD, MATEMATHYHA MOJIEJIb, IMHAMIKA, B3AEMO3B'I30K IMHAMIYHIX TAPAMETPIB.
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OIIHKA CTIMKOCTI YCTAJIEHUX PYXIB BIBPOMAIIINH, 11O IIPAITIOIOTb HA E®EKTI
3OMEP®EJIbJIA EMIIIPUYHIIM METOOM (c. 45-53)

I'. B. Diximownixin, B. B. AMocos, A. II. T'azneesa, 1. I. €nina, M. Mesiric, I0. A. Hesanaxa, I'. Crpayrmanuc, O. M. BacuibkoBcbkuii

BuBuasmicst ofHO-, 1BO- i TPHOXMACOBI BIOPOMAIIMHI 3 TIOCTYMATLHUM PyXoM MardopM i Bi6po36YAHUKOM KyJIbOBOTO, POJIUKOBOTO
YK MasgTHUKOBOTO THITY 3 JIEKIJIbBKOMA BaHTaKaMU. 3aCTOCOBYBABCS €MITIPUYHUN KPUTEPIill HACTaHHS aBTOOATAHCYBAHHS Y PO3MINPEHOMY
GdopmyTIOBaHHi.

BCTaHOBIIEHO, 10 Y OZIHOMACOBOI BIGPOMAIIMHI iCHY€E OJIHA PE30HAHCHA MIBUIKICTD, TPHYOMY:

— Ha 3aPE30HAHCHUX MIBUAKOCTSX 00EPTaHHS BAHTAKIB CHHXPOHHO 3 POTOPOM CTIHKUM CTa€ PeKUM aBTOOATAHCYBAHHS;

— Ha JIOPE30HAHCHUX MIBUIKOCTSIX 0OePTaHHsT BAHTAXKIB, BAHTAXKI CXIJIbHI 36HPATHCST PA3OM.

VY aBoMacoBoi BIOpOMAIIMHY iCHYIOTh IBi PE30HAHCHI MIBUKOCTI 1 OJIHA I0IATKOBA MIBU/KICTh, PO3TAIIOBAHA MIK IBOMA PE3OHAHCHUMU.
ABTobamancyBaIbHIIA PEsKUM CTIHKUET TIpH 06epTaHHi BAHTaKIB CHHXPOHHO 3 POTOPOM 3 TIBH/IKOCTSIMH:

— MiK HepIIoi0 PE3OHAHCHOIO IBU/IKICTIO i /10/1aTKOBOIO IIBU/IKICTIO;

— OIJIBIITMMIE 32 JIPYTY PE3OHAHCHY MIBU/IKICTb.

Ha inmmx mBuaKocTsx oOepTanHs BaHTasKiB, BAHTaKi CXUJIbHI 30MPATHCST PA3OM.

VY TphoxMacoBoi BiGpoMaNnHu iCHYIOTh TPH PE30HAHCHI IBUAKOCTI 1 1B OAATKOBI MIBUIKOCTI, PO3TAIIOBAHI 1O OHINH MiXK cycijHiMu
PE30HAHCHNMH MIBUAKOCTSIMU. ABTOOATAHCYBATBHII PEKUM CTIHKIIT Tpr 06epTanHi BAHTaXKIB CHHXPOHHO 3 POTOPOM 3 TIIBUIKOCTSIMIL

— MiX TI€PIIOI0 PE30HAHCHOIO IMIBHU/IKICTIO i MEepIIoIo J0IaTKOBOIO IIBU/IKICTIO; — MIXK JIPYTOI0 Pe30HAHCHOIO IIBUJIKICTIO i IPYTOIO 0/aT-
KOBOIO HIBU/IKICTIO;

— GIJIBIIIIMI 32 TPETIO PE3OHAHCHY TITBUAKICTD.




Ha inmmx mBuAKOCTAX 00epTaHHA BaHTaKiB, BAHTaKi CXUJIbHI 30MPaTHCS Pa3OM.

VY omaroMacoBoi BiIOPOMAITMHU BEJINYMHA PE3OHAHCHOI MIBUAKOCTI HE 3aJeKUTh Bifl B'S3KOCTI omop. Y IBOMAcOBOi i TPhOXMACOBOI
BIOpOMAIIMH BCi XapaKTepHi MIBUAKOCTI 3aieKaTh Bif B'A3K0OCTi orop. IIpu HeBeJMKUX cHIax B'IBKOTO OMOPY BEJIUYWHU 1IUX IBUAKOCTEH
6JIMBBKI 10 XapaKTepHUX MIBUAKOCTEH, 3HAIICHHUX 32 BIZICYTHICTIO CUJI OTIOPY.

KiouoBi caoBa: inepiiiiauii BioposOyaHuK, pesoHancHa BiOpoMaliiia, ycTaleHuil pesknm pyxy, eekt 3omepdenbiaa, CTilikicTb pyxy.
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PO3POBKA CIIOCOBY 350PY MEXAHIYHOI EHEPTII JIJII BUKOPUCTAHHSA B AKOCTI
AJIbTEPHATUBU EJIEKTPUYHIIT EHEPTIi B EJIEKTPUUYHUX ATPAKIIIOHAX (c. 54-62)

Rajesh Kannan Megalingam, Bharath Sasikumar, Dhananjay Raghavan, Shree Rajesh Raagul Vadivel, Sreekanth Makkal Mohandas,
Sakthiprasad Kuttankulangara Manoharan

Metoau Ta mprcTpoi 360py, 36epiranHs Ta BUKOPHCTAHHs MEXaHIYHOT eHeprii, Sika MOTeHIIHHO MOJKe 3aMIHUTH €JIEKTPUYHY eHEpriio
B MalllMHAaX, 1[0 NPAIO0Th Ha eJEKTPUILI, i € eKOJOTIYHO YUCTOI0, € MATOBUBYEHOIO 00sacTio. 36ip eHeprii, ogep:KyBaHol B pesyJ/ibrari il
JIOJIMHY, € ONTUMICTUYHUM PIlICHHSIM /U151 3a0e31eYCHHsT eHEePronocTadanst. [CHyIOTb Pi3Hi METOM i TEeXHOJIOTIT OTPUMAHHS eHeprii Biz il
moanun. [Tpobiema moJsgrae B TOMY, 110 OLIBIIICTD 3 IIMX METOIIB J03BOJISIOTH OTPUMATH JIysKe MaJuii BUXi/l eHepril. MeToro Joc/ipKeHHs €
PO3pO0Ka Ta XapaKTEPUCTHKA METO/LY Ha OCHOBI IJIOCKOI CIIPATIbHOI TPy KUHM /715t 300py 0CTATHBOI KITTbKOCTI MEXaHIYHOI eHeprii, 30epiraHHs
Ta yIPaBJIiHHS ATPAKIIOHOM, SIK Y MapKy PO3Bar, 3aMiCTh eleKTPUKH. [JIsT 1hOTO CIemialbHO po3pobeHa i BUTOTOBIEHA MI0CKA CITipaIbHa
npykuHa. /[y mo4atky 3 BUKOPUCTAHHSM IIOCKOI CHIiPAJIbHOI IIPYKUHKM MOJICJIIOETHCS, aHAII3YEThCsI, BUTOTOBJISAETCS Ta PEasli3yeThCs
TIPOTOTUT JIUTSAYOTO aTPAKI[IOHY B HaTypaibHy BeamunHy. CTifKiCTh aTpaKIiony aHaMi3y€eThCs MIISXOM MOJIETIOBAHHSA HACTIAKIB 3ITKHEHHS
JIBOX JIUTSIYUX ATPAKINOHIB. EHeprist 30MpaeThest MUISIXOM HAMOTYBAHHS TIPYKUHU PYKaMU 3a JOMOMOTOI0 PYUKH a60 BiATATYBaHHS AUTSIOTO
aTpaKI[OHy Ha3a/l i HAKOINYYETHCS B IIPY/KUHI. Pe3yJIbraTi eKCIepUMEHTIB 10Ka3yIoTh, 1[0 3allPOIIOHOBaHM crioci6 360py, 36epiranus Ta
BUKOPHCTAHHSI MEXaHiYHOI ereprii Moske OyTH aJbTepHATHBOIO eJIeKTPUYHIi eHeprii Mpu eKCIuryaTaitii BUCOKOTIOTYKHIX MAllTiH, TAKUX SK
T4l aTpakiiony. Beranossieno, mo onrtuMasbHa mpraa 30 MM i ToBinHa 1,4 MM JUIs TJIOCKOT CIIIPaJIbHOT IPYKUHU CIIPUSIOTD TIPOCTOTI
BUTOTOBJICHHSI, JIETKOCTI 00€PTaHHsI JIIOANHOTO 1 KoMIakTHOCTI. CepeiHe 3ycuiuist, HeoOXiHe /s HAMOTYBaHHsI TPy KUHH, ctanosuth 16,06 H,
110 € npubm3Ho 33 % Bi 3ycusuis, mo Moske GyTH MPUKJIAIEHO JIOACHKOI0 pyKoo. CTIKICTb 3alPOTIOHOBAHOI CHCTEMI TP 3iTKHEHHI Iepe-
BIPAETBCS IIUIIXOM PO3PAXyHKY KyTa Haxuury MeHie 3,83 rpaycis, 1110 3HaUHO HIKYE PEKOMEH/I0BAHOI MeKi KyTa HAXUJIy 1P 3iTKHEHHI.

KimouoBi cioBa: 36ip MexaHiuHoi eHeprii, aJsrepHaTHBa eJEKTPUIl, MepeTBOPEHHs eHeprii, MIocKa CripaibHa MpysKUHA, TUTAINI
aTpakIlioH
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BU3HAYEHHA CTATUYHNX XAPAKTEPUCTUK TO®POBAHUX ObOJIOHKOBHX EJIEMEHTIB 3
KOMIIO3UTHUX MATEPIAJIIB (c. 63-76)

Irina Polyakova, Raikhan Imambayeva, Bakyt Aubakirova, Nazym Shogelova, Yevgeniya Glyzno, Aigerim Zhumagulova

V 1iit po6oTi posrisganucs npykui 060J0HKOBI esreMenTH. iz THCKOM BOHUM MepeMilnyioThest. Buj 3amekHocTi nepemirents Biji THCKY
HA3UBAETHCS TIPYKHOIO XapaKTePUCTUKOW eeMenTa. O6'€KTOM 0CIi/KeHHsT € 000JIOHKOBI eJIEMEHTH, 110 MAIOTh CKIAAHY (HOPMY MOBEPXHI
Ta CKJIA/IAI0ThCST 3 KOMIIO3UTHUX MaTepiasiB THITYy «MeTaja-MeTan». KOMIO3UT € MeTaneBoio 000I0HKOIO 3 apPMYIOUIM BOJIOKHOM 3 iHIIIOTO
MeTaseBoro Marepiany. @opma apmyBaHHst pisna. Poss'ssyBana mpobieMa MoJsIrae y BUSHAYEHHI TPYKHIX XapaKTEPUCTHK 0OGOJIOHKOBUX
€JIEMEHTIB 3aJIKHO Bi/l FCOMETPUYHKX TAPAMETPIB, & TAKOK MEXaHIUHUX BEJMIUH OOOJOHKH y PI3HUX il TOUKAX Ta 3a PISHUMU HAMPSAMKAMU.
JL7st 11p0T0 OYIT0 CKITA/IEHO ANITOPUTMI OOYNCIEHHS MEXAHIYHNX BEJITINH 3aJIEKHO Bi/l BIZICOTKOBOTO BMICTY BOJIOKHA Ta MATPUIL 0OOJOHKH.
Heobxiano 6y/i0 BUBeCTH cUCTEMY PIBHAHD BUBHAYCHHS TEPEMIllleHb i BHYTPINIHIX 3yCUIb B €JIeMEHTI 3aJIeKHO Bijl FeOMETPUYHUX 1 Mexa-
HIYHUX mapameTpiB. BUKoHaHO Ymce bHNIl PO3PaxyHOK 0OOJTOHKOBUX IPYKHUX €TE€MEHTIB Ta IAHO TTOPIBHSHHS PE3YJIBTATiB AaHATII THIHOTO
PO3paxyHKY 3a aJITOPUTMOM, Po3pobJIeHnM Y faniit po6oTi, Ta gocBiquennmu ranumu. 36ir nux peayasratis gocsirae 99,8—100 %. Orpumano
XapaKTePUCTUKU OOOJOHKOBHX €JIEMEHTIB 3aJIeKHO Bifl BUAY apMYyKOUOr0 BOJOKHA Ta MATPHIL, BiJl T€OMETPUYHMX MApPAMETPIB Ta BULY
apmyBanmsi 060onki. 1[I 10CITiKeH ST T03BOJSIIOTH MPOEKTYBATH OOOJOHKOBI €EMEHTH i3 3aflaHiMI XapaKTEPHCTUKAMI Ta 3a/[aHolo
YYTJIUBICTIO.

Kimouosi cioBa: rodposana 06010HK0Ba MeMOpaHa, IPy’KHa CTATHYHA XaPAKTEPUCTHKA, KOMIIO3UTHI MaTepia/in, MeXaHiuHi XapakTepuc-
THKU aPMOBAHUX 0GOTOHOK.



