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The results of kinematic and force analysis of the new
six-link converting mechanism of the sucker rod pumper
drive (SRPD) are presented in this paper and the advantages
of the alternative design are substantiated. Using a straight-
line generating mechanism allows reducing essentially con-
verting mechanism dimensions and metal consumption as
compared with traditionally used SRPD with swinging balan-
cer and crank-based counterweight, first of all, due to elimi-
nating the complicated arc head (so-called «horse-head») of
the existing units. However, in order to make sure the working
capacities of non-balancer mechanism, kinematic and force
characteristics have to be studied. The results of mathematical
modeling of the six-link mechanism confirm the qualitative
advantages of the straight-line generator. As a result of the
study of the rectilinear-guiding mechanism as a transforming
mechanism for the drive of sucker rod pumping units, the laws
of motion of the links, position, speed and acceleration of all
points were determined. To solve the problem of kinematic
analysis, the method of closed vector contours was used, which
makes it possible to determine the functions of the position of
links and analogs of speeds and accelerations. When solving
the problem of strength analysis, the equilibrium of each link
was considered. As a result of force analysis, jointly solving the
equilibrium equations of the links of the six-link hinge-lever
mechanism, the reactions of the hinges of the mechanism are
determined. A computer model for studying the kinematics
and kinetostatics of the converting mechanism of the sucker
rod pumping unit drive has been developed.

Keywords: sucker rod pumper drive, converting mecha-
nism, straight-line generator, crank, balancer, kinematic
analysis, force analysis.
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The dynamic behavior in the clamped edge stress of struc-
tures is not yet fully understood clearly; also, clamped struc-
tures involve uncertainty. This research presents a numerical
and analytical study of clamped edge stress behavior due to
the load imposed by the chip-cutting tool on a workpiece.
Clamping system, which is made of H-13 steel and machin-
ing workpiece made of AISI 8620 steel are analyzed. The
maximum clamped edge stress is analyzed through dynamic
response, considering the machined part as a cantilever beam,
involving the constitutive relations as well as the compati-
bility equations. The central differential equation of motion
leads us to determine the modal stresses that are a primary
characteristic of the structure and that are also distributed
in it. Once the modal stress has been determined as well as
the maximum amplitude at the free end of the specimen to be
machined, it is possible to calculate the maximum clamped
edge stress that is generated between both the specimen
and the clamping system. Finally, a numerical analysis of the
clamping jaw is performed for the discretised system and an-
alyzed separately using the finite element method. Clamped
edge stresses are assessed through a modal study using a set
of numerical simulations to corroborate the modal stress es-
timated analytically. The results show that the clamped edge
stress in the clamping system is a considerable influence in
the design parameters of the structure. Therefore, complete
knowledge of the dynamic response of the clamping system
will lead to better structural design with the possibility of
using different materials for the same purpose.

Keywords: clamped edge stress, modal analysis, dynamic
response, clamping system, modal stresses.
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This paper substantiates prolonging the service life of
a covered railroad freight car that has exhausted its rated life
of operation. In this case, the actual amount of wear of the
bearing structure elements, registered during operation, have
been taken into consideration. The reported calculations
showed that the design service life of the bearing structure
of a covered freight car when taking into consideration the
extension of operation, is not less than 2 years.

Mathematical modeling was carried out to determine the
dynamic load on the bearing structure of a covered freight car.
It has been established that the maximum accelerations
that act on the bearing structure of a covered freight car are
42 m/s% In order to determine the acceleration distribution
fields relative to the bearing structure of a covered freight
car, a computer simulation was performed. The calculations
showed that the maximum acceleration amounts to 43.2 m /s’
and is concentrated in the middle part of the girder beam.
F-criterion was used to verify the dynamic load models.

The maximum equivalent stresses of the bearing struc-
ture of a covered freight car were determined taking into con-
sideration the wear of its components. It was found that the
maximum equivalent stresses occur in the area of interaction
between the girder beam and the rod beam and amount to



344 MPa. In other words, the maximum equivalent stresses
do not exceed permissible ones.

The basic dynamic indicators for a covered freight car

have been calculated. The maximum accelerations that act on
the bearing structure of a covered freight car in the center of
masses reached about 5 m/s2. The acceleration of the body in
the regions of resting on bogies was about 6 m/s% The travel
of the car is rated «good».

This study would contribute to improving the efficiency

of the transportation process, as well as the functioning of
railroad transport.

Keywords: operating resource, residual resource, re-

source prolongation, technical condition, structural strength,
strained state.
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This paper investigates the local strength of reinforced-con-
crete slabs in a pontoon of the composite floating dock under
uniform hydrostatic load.

A refined approach was applied to calculate the rein-
forced-concrete slabs considering the difference in the me-
chanical characteristics of concrete exposed to stretching
and compression.

The length of the zone of fixation that impacts concrete
compression and stretching has been determined, which is
0.22 lengths of the short side of the rectangular slab. To this
end, preliminary calculations of stresses in slabs made from
a non-composite homogeneous material were performed, at
different sizes of thickness and ratios of the slabs’ side lengths.

A finite-element model of the reinforced concrete slab
was built, with its reinforcing elements in the longitudinal
and transverse directions. The model accounts for differences
in the mechanical characteristics, which are set separately for
the compressed and stretched regions of concrete.

The stressed-strained state of rectangular reinforced
concrete slabs has been estimated for the case of complete
immersion of the pontoon in quiet water under the influence
of uniform hydrostatic pressure, without taking into consid-
eration possible dynamic loads. When simulating the bottom
slabs, the length of the larger side of the supporting contour
was taken equal to the distance between the longitudinal
walls, based on the structural size of the dock. The length
of the short side varied multiple to the longitudinal quad,
making it possible to acquire data for a wide range of side
length ratios, from 3.3 to 1, most characteristic of ship struc-
tures. The compressed and stretched areas of concrete were
simulated separately, with the mechanical characteristics of
strength and rigidity corresponding to the materials used in
the construction of floating docks.

The charts of maximum stresses in concrete and slab re-
inforcement depending on the length of the short side of the

supporting contour have been built. This has made it possible
to determine the optimum width of the slab, which is equal
to 3 m for the considered structure under predefined loading.

The applied approach makes it possible to optimize the size
of such structures in terms of weight and material consumption.

Keywords: floating composite dock, reinforced-concrete
sections, pontoon, strength, reinforced-concrete slab, finite-
element simulation.

References

1. Ohl, C., Arnold, A., Uys, H., Andrade, M. (2020). Floating
Shipyard Design: Concept and Application. Lecture Notes in
Civil Engineering, 67—80. doi: https://doi.org/10.1007/978-
981-13-8743-2_4

2. Rashkovskyi, O. S., Shchedrolosiev, O. V., Yermakov, D. V.,
Uzlov, O. M. (2015). Proektuvannia, tekhnolohiia i orhanizat-
siia pobudovy kompozytnykh plavuchykh dokiv. Mykolaiv, 254.

3. Shedrolosev, A. V., Kirichenko, K. V. (2018). Analysis of the
condition of floating dock building. Proceedings of Azerbai-
jan State Marine Academy, 1, 48—58. Available at: http://
adda.edu.az/uploads/Proceedings%200f%20ASMA pdf

4. Kyrychenko, K., Yahlytskyi, Yu., Shchedrolosiev, O. (2018).
Methods of improvement of the design and construction
technology of composite docks. Shipbuilding and Marine
Infrastructure, 2 (10), 36-47. Available at: http://smi.nuos.
mk.ua/archive/2018,/2/6.pdf

5. Wang, C. M., Utsunomiya, T. (2007). Pontoon-type very large
floating structures. Structural Engineer, 85 (16), 15-17. Avail-
able at: https://www.researchgate.net/publication/290247629
Pontoon-type very large floating structures

6. Firat, Y., Easley, R., Zinserling, M. (2016). Design and
Construction of Two Concrete Pontoons to Serve as Berths
at the Port of Juneau Cruise Ship Terminal. Ports 2016.
doi: https://doi.org/10.1061,/9780784479919.020

7. Chen, X., Miao, Y., Tang, X., Liu, J. (2016). Numerical and
experimental analysis of a moored pontoon under regular
wave in water of finite depth. Ships and Offshore Structures,
12 (3), 412-423. doi: https://doi.org/10.1080/17445302.
2016.1172831

8. Hung, C.-C., Chueh, C.-Y. (2016). Cyclic behavior of
UHPFRC flexural members reinforced with high-strength
steel rebar. Engineering Structures, 122, 108—120. doi: https://
doi.org/10.1016/j.engstruct.2016.05.008

9. Wang, D. H,, Ju, Y. Z., Zheng, W. Z. (2017). Strength of Reac-
tive Powder Concrete Beam-Column Joints Reinforced with
High-Strength (HRB600) Bars Under Seismic Loading.
Strength of Materials, 49 (1), 139—151. doi: https://doi.org/
10.1007 /s11223-017-9852-x

10. Korostylev, L. 1., Klimenkov, S. Yu., Slutskiy, N. G. (2009).
Raschet prochnosti zhelezobetonnyh konstruktsiy pontona
kompozitnogo plavuchego doka metodom konechnyh ele-
mentov. Zbirnyk naukovykh prats NUK, 5, 19-25.

11. Postnov, V. A., Harhurim, I. Ya. (1974). Metod konechnyh
elementov v raschetah sudovyh konstruktsiy. Leningrad:
Sudostroenie, 344.

12. Shchedrolosiev, O., Korostylov, L., Klymenkov, S., Uzlov, O.,
Kyrychenko, K. (2018). Improvement of the structure of
floating docks based on the study into the stressed deformed
state of pontoon. Eastern-European Journal of Enterprise
Technologies, 6 (7 (96)), 26-31. doi: https://doi.org/
10.15587/1729-4061.2018.150346

13. Pravila postroyki korpusov sudov i plavuchih sooruzheniy
s primeneniem zhelezobetona (2007). Rehistr sudnoplavstva
Ukrainy. Kyiv: RSU, 128.



14. Papkovich, P. E (1920). K voprosu o vypuchivanii ploskih
plastin, szhimaemyh usiliyami, prevoshodyashchimi ih Eyle-
rovu nagruzku. Morskoy sbornik, 3, 8-9.

15. Sokolov, P. A. (1932). O napryazheniyah v szhatoy plastinke
posle poteri ustoychivosti. Sbornik «Trudy NIIS», 7, 11-56.

DOI: 10.15587,/1729-4061.2020.217091

CALCULATION OF THE SPHERICAL ELEMENTS OF
NON-UNIFORM THICKNESS FOR STRUCTURES
WITH HOLES BASED ON THE VARIATIONAL RVR-
METHOD (p. 36-42)

Valentin Salo

National Academy of National Guard

of Ukraine, Kharkiv, Ukraine

ORCID: http://orcid.org/0000-0003-2533-0949

Vladimir Nechiporenko

National Academy of National Guard

of Ukraine, Kharkiv, Ukraine

ORCID: http://orcid.org/0000-0002-4727-7344

Valeriia Rakivnenko

National Academy of National Guard

of Ukraine, Kharkiv, Ukraine

ORCID: http://orcid.org/0000-0002-6136-6191

Stanislav Horielyshev

National Academy of National Guard

of Ukraine, Kharkiv, Ukraine

ORCID: http://orcid.org/0000-0003-1689-0901

Natalia Gleizer

Ukrainian State University

of Railway Transport, Kharkiv, Ukraine
ORCID: http://orcid.org/0000-0001-9302-0681

Alexander Kebko

Ukrainian State University

of Railway Transport, Kharkiv, Ukraine
ORCID: http://orcid.org/0000-0002-6292-1505

This paper proposes a theoretically substantiated and
universal new method to calculate the three-dimensional
stressed-strained state of the statically loaded multi-link
orthotropic shell of arbitrary thickness, made of heteroge-
neous material (a composite). The numerical-analytical RVR
method used in this work is based on the Reissner principle,
Vekua method, the R-function theory, as well as the algo-
rithm of two-way assessment of the accuracy of approximate
solutions to variational problems. In contrast to the classical
principles by Lagrange and Castigliano, the application of the
mixed variational Reissner principle yields an increase in the
accuracy of solving boundary-value problems due to the in-
dependent variation of the displacement vector and the stress
tensor. Vekua method makes it possible, as a result of ex-
panding the desired functions into a Fourier series based on
Legendre polynomials, to replace a solution to the three-di-
mensional problem with a regular sequence of solutions to
the two-dimensional problems in the process of refining the
models of shells. The R-function theory that takes into con-
sideration, at the analytical level, the geometric information
on boundary-value problems for multi-relationship regions is
necessary to build the structures of solutions that accurately
meet different boundary conditions. When studying spatial

boundary-value problems, the constructed algorithm for
a two-way integrated assessment of the accuracy of approx-
imate solutions makes it possible to automate the search for
such a number of approximations at which the process of
solutions’ convergence becomes persistent. For an orthotro-
pic spherical shell made from the material of non-uniform
thickness and weakened by the pole holes, the RVR-method
capabilities are shown on the numerical examples of solving
the relevant boundary-value problems. The results of the
reported research have been discussed, as well as the features
typical of the new method, which could be effectively applied
when designing responsible shell-type elements of structures
in the different sectors of modern industry.

Keywords: orthotropic shell of inhomogeneous thickness
with holes, Reissner principle, R-function theory.
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This paper reports the synthesized two-mass antiphase
resonance vibratory machine with a vibration exciter in the
form of a passive auto-balancer. In the vibratory machine,
platforms 1 and 2 are viscoelastically attached to the sta-
tionary bed and are tied together viscoelastically. A passive
auto-balancer is mounted on platform 2.

It has been established that the vibratory machine has
two resonant frequencies and two corresponding forms of
platform oscillations. Such values for the supports’ parame-
ters have been analytically selected at which:

— there is an antiphase mode of motion at which plat-
forms 1 and 2 oscillate in the opposite phase and the principal
vector of forces acting on the bed (when disregarding the
forces of gravity) is zero;

— the frequency of platform oscillations under an anti-
phase mode coincides with the second resonance frequency.

The antiphase mode occurs when the loads in an auto-
balancer get stuck in the vicinity of the second resonance
frequency, which is caused by the Sommerfeld effect.

The dynamic characteristics of a vibratory machine
have been investigated by numerical methods. It has been
established that in the case of small internal and external
resistance forces:

— there are five theoretically possible modes of load jamming;

— the antiphase (second) form of platform oscillations is
theoretically implemented under jamming modes 3 and 4;

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

— for the loads to get stuck in the vicinity of the second
resonance frequency, the vibratory machine must be provided
with the initial conditions close to jamming mode 3, or the
rotor must be smoothly accelerated to the working frequency;

—the dynamic characteristics of the vibratory machine
during operation can be controlled in a wide range by chang-
ing both the rotor speed and the number of loads in the
auto-balancer.

The reported results are applicable for the design of resonant
antiphase two-mass vibratory machines for general purposes.

Keywords: inertial vibration exciter, resonant vibrations,
antiphase vibratory machine, auto-balancer, two-mass vibra-
tory machine, Sommerfeld effect.
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A mathematical model has been built of the subway car
on two double-axle bogies with an axial characteristic of
20—2¢, whose spring suspension’s central link is equipped
with springs and electromechanical dampers. A special fea-
ture of the model is its integration of such components as
17 differential equations of the second order, which describe
the operation of the mechanical part «carriage-rail track», as
well as 8 differential equations of the first order that describe
the operation of 4 electromechanical shock absorbers. The
model is complemented with three polynomials of orders 32
and 63 describing the state of the magnetic field of electro-
mechanical shock absorbers and their electromagnetic force,
as well as 4 algebraic coupling equations.

The mathematical model of the «carriage-rail track» sys-
tem equipped with electromechanical shock absorbers takes
into consideration the following components:

— the longitudinal and transverse oscillations by wheel-
sets of the car bogies and body;

— the parameters of a rail track;

— the electromagnetic features of electric shock absorbers;

— the excitation arising from a track irregularity;

— the path parameters, as well as the properties of other
elements in a spring suspension.

This paper reports a study into the operation of a subway
car’s spring suspension that travels over a track with a sinusoi-
dal irregularity. The study has established that the electrome-
chanical processes in electric shock absorbers can be divided
into three parts. The oscillation free mechanical components,
free components, and the forced electromagnetic components.
The duration of action, the amplitudes, and nature of the os-
cillations’ components have been determined. The oscillation
amplitude varies considerably with the increased speed: from
0.01 Aand 2 V at 40 km/h up to 0.9 Aand 115 V at 100 km /h.
The oscillations are harmonious. The frequency of oscillations
corresponds to the frequency of the track irregularity. The
electric power of the electric shock absorber increases from
0.018 W at 40 km/h to 98 W at 100 km/h.

Keywords: electromechanical shock absorber, subway
car, spring suspension, running gear, spatial kinematic scheme.
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One of the issues related to the fermentation of substrates
made from biological raw materials in drum-type reactors is
the difficulty of ensuring uniform mixing of their components,
which adversely affects the quality of the compost produced.

Uniform mixing is achieved if the components of the ma-
terial are fully dispersed at the free surface of the substrate
segment. It was established that in order to fully disperse the
particles of the substrate by a descending flow, it is necessary
that the particles, which last fall from the blade, should reach
the contact point of the drum’s shell and the free surface
of the substrate. To describe the established conditions,
a mathematical model has been built, which links the equa-
tion of the boundary of the blockage of substrate particles
in the drum and their fall along a parabolic trajectory. The
equations are given to determine the kinematic parameters
of the mixing process, provided that the substrate particles
are dispersed in the transverse and longitude cross-sections
of the drum.

The result of solving the differential equations is the
equation of the linear speed of particle movement on the
curved surface of the drum blade at which their full dispersal
at the free surface of the substrate segment is achieved.

In order to conduct this research, an experimental drum
reactor was designed and manufactured. It was experimen-
tally determined at which humidity values of the substrate
and the angular velocity of the reactor drum the uniformity
of the distribution of components in the substrate reaches
maximum values while the resulting compost meets the act-
ing requirements in terms of microbiological indicators. The
adequacy of the mathematical model to the experimental
data has been confirmed.

The reported results are important because knowing the
physicochemical properties of the substrate makes it possible
to set such parameters of the process and equipment at which
the high uniformity of mixing of substrate components is
ensured, which affects the compost quality.

Keywords: linear speed, uniformity of mixing, blade, fric-
tion coefficient, substrate humidity, fermentation.
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This paper reports a study into the movement of vi-
bratory machines for various technological purposes that
determined their stable zones. These zones warrant that the
predetermined parameters of energy saving and energy-effi-
cient mode are maintained. The structural scheme of energy
transmission within the elements of a vibratory machine
has been built. It is common for any design of the vibratory



machine and its operating modes. The machine estimation
scheme has been constructed taking into consideration
a technological load, which is a certain manufacturing envi-
ronment or a material subject to processing based on the ap-
propriate technology. Underlying the motion equations built
is a substantiated discrete-continual model of the vibratory
machine and processing environment. The estimation scheme
takes into consideration possible structural solutions for
a vibratory machine whose movement modes are harmonious
or impact-vibrational. The adopted scheme is a resonance
vibration-impact system. This study into the movement and
establishing the zones of stability has been adapted to simpler
and more complex systems by reducing a combined dis-
crete-continual model to the discrete one. The result reveals
a qualitative pattern of the vibratory machine movement
ensuring the specified mode of its operation. It was found
that at the predefined frequency of impacts and weight of
a working body, the efficiency of the impact-vibratory ma-
chine is determined by the impact speed. The distribution
of the basic parameters of such vibration systems has been
estimated; stability cards for different zones have been built.

This very approach opens up new possibilities for design-
ing highly efficient vibration equipment. A stable resonance
mode makes it possible to significantly reduce the energy
cost of the manufacturing process and warrant the rational
parameters of vibratory machine operation specified by
the technology. The results obtained were applied for the
development of methods for calculating and constructing
a new class of vibratory machines that implement appropriate
energy-saving stable zones of the workflow.

Keywords: vibratory machine, discrete and continual
models, modes, parameters, stability zones.
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KIHEMATAYHUI I KIHETOCTATUYHUIT AHAJII3 IIECTUJIAHKOBOTO IIPSIMOJITHIITHO-
HATIPABJIAIOYOTIO ITEPETBOPIOIOYOI'O MEXAHI3MY HEBPIBHOBAKEHOTI'O ITPBO/JY HITAHI'OBOI'O
TININMBMHHOTI'O HACOCA (c. 6-13)

Rakhmatulina Ayaulym, Ibrayev Sayat, Imanbayeva Nurbibi, Ibrayeva Arman, Tolebayev Nurzhan

¥V paniii po6oTi npeacTaBieH] pe3yIbraTu KiHeMaTUYHOTO 1 CUJIOBOTO aHaJIi3y HOBOT'O IECTUIIAHKOBOTO TIEPETBOPIOIOYOT0
MeXaHi3My MPUBOJY ITaHroBoro riauburHoro nacoca (ITIITH) i o6rpyHTOBaHI MepeBaru ajibrepHaTHBHOI KOHCTPYKILii. Bu-
KOPUCTAHHST TIPSIMOJTHIHHO-HATIPABJISIOUOT0 MEXaHi3My JI03BOJISIE ICTOTHO 3HU3UTH TabapyTH MEPETBOPIOIOYOT0 MEXaHI3MY
i MeTaJTOEMHICTD B TTOPIBHSHHI 3 Tpaaniiiitno sacrocoByBanumu [TITITH 3 xuTHIM 6aiaHCHPOM i KPUBOIITHITHOIO TIPOTHBATOTO,
[epIIl 32 BCe 32 PAXYHOK BUKJIIOUEHHS CKJIAIHOI JyrOBOI TOJIOBKY (TaK 3BAHOI «TOJIOBKU OaJlaHCUPa») ICHYIOUUX arperaris.
Opnak ist 3abesredeHHs Mpale31aTHOCTI HeBPIBHOBAKEHOTO MeXaHi3My HeOOXiJIHO BUBYNTH KiHEMaTUYHI | CUIIOBI XapakTe-
puctuku. Pe3yssrati MaTeMaTHYHOTO MOJIEJTIOBAHHA HIECTUIAHKOBOTO MEXaHi3MYy IMiJITBEP/UKYIOTH SIKiCHI IlepeBaru ImpsMoJti-
HiliHOTO TeHepaTopa. B pe3yssraTi 10CipKeHHS TPSIMOJiHINHO-HATIPABJISTIOUOTO MEXaHi3My SK IIePeTBOPIOI0UOTO MEXaHi3My
[PUBO/Y IITAHTOBUX TINOMHHIX HACOCHWX arperartiB Oy/i BU3HAYeH] 3aKOHOMIPHOCTI PYXY JIAHOK, TTOJIOKEHHSI, IBUKICTD
1 mpuCcKOpeHHs Bcix To4ok. /7151 BupilIeHHs 33jjaui KiHeMaTUYHOTO aHasi3y BUKOPUCTOBYBABCS MeTOJ[ 3aMKHYTHX BEKTOP-
HUX KOHTYPIB, 1110 /103BOJISIE BU3HAYUTH (DYHKILT MOJOXKEHHS JIAHOK 1 aHaJIory MIBUJKOCTEH i npuckopenb. [Ipu Bupimeni
3aB/IaHHS MIITHICHOTO aHaJi3y BpaXoByBaJacsd PiBHOBara KOXHOI JaHKU. B pe3yJbraTi cCUI0BOro aHamisy, NIgXoM CIiJbHOTO
BUPIIIeHHs PiBHSIHD PIBHOBATU JIAHOK IECTUIAHKOBOTO ITAPHIPHO-BAKIIBHOTO MeXaHi3My, BU3HAYeH] PeakIlil apHipiB Mexa-
Hismy. Po3pobiieHa KOMITI0TepHa MOJIeJIb JIJIsi BABYCHHS KIHEMATHKHU 1 KIHETOCTATUKH [IEPETBOPIOIOYOr0 MEXaHi3My TIPUBO/LY
IITAHTOBOTO TIMOMHHOTO HACOCHOTO arperary.

K:i04oBi cioBa: TPHBI/L MITAaHTOBOTO TIIMOMHHOTO HACOCA, TIEPETBOPIOTOYNH MeXaHi3M, TTPSIMOTIHITHII reHepaTop, KPUBO-
i, GasaHcup, KineMaTUYHIiA aHaJIi3, CUIOBUIT aHaIi3.
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AHAJII3 HATIPYT 3ATUCHYTHUX KPOMOK B CTAJII H-13 (c. 14-20)

Carlos de la Cruz Alejo, Christopher R. TorresSan-Miguel, Juan C. Paredes Rojas, Fernando E. Ortiz Hernandez

JlunamiyHa MoBeIiHKA ITPU HAMIPY>KEHHI 3aTUCHYTUX KPOMOK KOHCTPYKIIiN JI0Ci HEJOCTATHbO BUBYEHA; KPIM TOTO, 3aTUCHYTI
KOHCTPYKIIII 1OB'sI3aHi 3 HeBU3HAYEHICTIO. Y [aHiil poOOTI MPEACTABIEHO UKCEIbHE | aHATITUYHE JOCIiKEHHS HAIIPYKEHOTO
CTaHy 3aTUCHYTHX KPOMOK IIi/l /li€I0 HAaBaHTA)KEHH, CTBOPIOBAHOTO CTPYKKOPIZHUM iIHCTPYMEHTOM Ha 3arotoBky. [Ipoanasiso-
BAHO 3aTHCKHY cucTeMy, BUTOTOBJIeHy 3i crani H-13 i 06pobioany 3arotoBky 3i crani AIST 8620. MakcumalibHe HAlPyKeHHs!
3aTHCHYTHX KPOMOK aHAJTI3YETHCS 3a JIOMIOMOTOI0 IMHAMIYHOT XapAKTEePUCTHKH, PO3TJISIIAI0YN 0OPOOITIOBAHY JIETAND SIK KOHCOJb-
Hy GaJiKy, 3a IOMOMOTOI0 BU3HAYAIbHIX CITIBBIZHOIIEHD, a TAKOK PiBHIHL cymMicHocTi. [leHTpanbhe audepeniiaabie piBHAHHI
PYXy HPHUBOJIUTH HAC /10 BUBHAYECHHS MOJIAJIbHUX HAIIPY’KEHb, SIKi € OCHOBHOIO XapaKTEPUCTUKOIO KOHCTPYKILI i SIKi TaKOXK po3-
HOAIIAIOTHCS B Hiit. Tlicsist BUSHaYEHHST MOJQIBbHOTO HAITPY/KEHHsI, a TAKOK MaKCUMaJIbHOI aMILIITYIN Ha BIIBHOMY KiHIli 00po-
GJTI0BAHOTO 3pa3ka MOJKHA PO3PAXyBaTH MAKCHMAJIbHE HAIIPYKEHHSI 3aTUCHY THX KPOMOK, 1110 BHHIKAE MiK 3pA3KOM i 3aTHCKHOIO
crictemoro. HapetiTi, BUKOHYEThCS YNCETbHIN aHali3 3aTHCKHOI TYOKW JUIST IMCKPETH30BAHOI CHCTEMHE 1 aHATI3YEThCST OKPEMO
3 BUKOPUCTAHHSIM METOJY CKiHYeHUX esieMeHTiB. HarpyskeHHs 3aTUCHYTHX KPOMOK OILHIOIOTHCS 3 JOIOMOTOI0 MOJAJIBHOTO
JOCTII/DKEHHsI 3 BUKOPUCTAHHSIM HA0OPY YMCENbHOrO MOJIENIOBAHHS ISl TATBEPKEHHS aHaIiTUYHO OI[IHEHOTO MOZAJBHOTO
Harpy:keHHs. OTpUMaHi pe3yJbTaTi OKa3yIoTh, 110 HAIIPY’KEHHS 3aTUCHYTUX KPOMOK B 3aTUCKHMI CUCTEMi 3HAYHO BIJINBAE
Ha KOHCTPYKTHBHI NapaMeTpy KOHCTPYKITii. ToMy MOBHe 3HAHHS AMHAMIYHNAX XapaKTePUCTUK 3aTHCKHOI CHCTEMU TIPU3Be/ie /10
TIOJIITIIIIEHHST TIPOEKTYBAHHS KOHCTPYKIIIN 3 MOKJINBICTIO BUKOPUCTAHHS PI3HUX MaTePiaiB /I OHIET i Ti€l 5K METH.

KmouoBi cioBa: Hanpy)KeHHS 3aTUCHYTUX KPOMOK, MOJIAJIbHUI aHaJIi3, IMHAMIUYHA XapaKTePUCTUKA, 3aTUCKHA CHCTEMA,
MO/IaJIbHI HATIPY>KEeHHS.
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BUSIBJIEHHSI OCOBJINBOCTEN BUBHAUEHHSI JUHAMIKH TA MIITHOCTI KPUTOTO BATOHA, IKHUIi1
BUYEPIIAB CBIi1 PECYPC (c. 21-29)

0. B. ®owmin, A. O. JIoBcbka

[IpoBeneHO OOIPYHTYBAHHSI MOIOBXKEHHSI CTPOKY CJIy’KOU KPUTOTO BAaroHa, SIKWil BUYEPIIAB CBIll HOPMATUBHUN PECypC
exciuryatarii. [Ipu nboMy 70 yBaru npuilHATI AificHI BeJIMYMHU 3HOCIB €JIeMEeHTIB HeCcy4oi KOHCTPYKILi, 3ahikcoBaHi B ekc-
nuyataii. [IpoBeseri pospaxyHKy MOKasaJu, 10 NPOEKTHUIT CTPOK Cy:KOM HeCydol KOHCTPYKILIT KPUTOTO BArOHA 3 ypaxyBaH-
HAM IOJIOBXKECHHS €KCILTyaTallii CKJIaJia€ He MeHIe 2 POKiB.

[l BU3HAUEeHHS AMHAMIYHOI HAaBAHTAKEHOCTI HeCyuoi KOHCTPYKIII KPUTOTO BaroHa IIPOBEIEHO MaTeMaTUYHEe MO/IeJT0-
BanHs. Beranosseno, 1o MakcuMaIbHi IIPUCKOPEHHS, [Ki Ai0Th Ha Hecyuy KOHCTPYKIii KPUTOro BaroHa CKJaaloTh 42 m/c2.



3 MeTOI0 BU3HAYEHHS IMOJIB PO3MO/iIEeHHsT TIPUCKOPEHD BiIHOCHO HeCy4oi KOHCTPYKINI KPUTOTO BaroHa IMpOBeeHO KOM-
wIoTepHe MozieoBaHHA. [IpoBeieHi po3paxyHKH MoKa3au, Mo MaKCHMabHe TTPICKOPEHHS ckiazac 43,2 M/c? Ta 30cepeke-
HO B cepefHii yacTuni xpebToBoi 6amkn. /[ Bepudikartii Mosesell TnHaMivHOT HaBaHTaKEHOCTI BUKOPUCTaHnit F-kpuTepiii.

Busnaueno makcumasibHi eKBiBaJIEHTHI HANPY:KEHHS HECy40oi KOHCTPYKII1 KPUTOTO BaroHa 3 ypaxXyBaHHSIM 3HOCIB HOTO
CKJIQI0BUX. BCTaHOBJIEHO, 1110 MaKCHMaJIbHi €KBIBaJIeHTHI HAIIPY/KEHHS BUHMKAIOTh B 30HI B3aeMozil XpeOToBOi Oaiku 3i
MIBOPHEBOIO Ta ckaagaioTh 344 MIla. To6To MakcuMasbHi €KBiBaJIeHTHI HAIIPY/KEHHsT He TIePEBUIILYIOTH AOMYCTIMI.

PospaxoBano ocHOBHI JuHaMiYHi MOKA3HUKK KPUTOTO BaroHa. MaxkcumasbHi NPUCKOPEHHH, SAKi JII0Tb Ha HeCy4dy KOH-
CTPYKIIiI0 KPMTOTO BaroHa B IIEHTPi Mac, ckJIanu 61u3bko 5 M/c? TIpuckoperts Ky3oBa B 30HaX CHIMPAHHS HA Bi3KH CKJIaJI0
6m3bK0 6 M/c2. Xif pyXy Baroma OIiHIOETHCA K <«I0OPHITs.

[IpoBeneni mocmiskeHHST CIPUATUMYTH IBUIIEHHIO e()eKTUBHOCTI MEPEBi3HOTO MPOIECy, a TaKoX (YHKIIIOHYBaHHIO
3aJ1i3HUYHOTO TPAHCIIOPTY.

Kmouogi ciioBa: pecypc excruryaraiiii, 3aJIMIIKOBUI PECYPC, TIOJI0OBKEHHST PYCYPCY, TEXHIYHUIT CTaH, MIilIHICTh KOHCTPYK-
11ii, HaNPy>KeHUii CTaH.
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ONIITUMIBANIA IOHTOHA KOMIIO3UTHOTI'O IOKY NPU 3MIHI BITHOMEHHS TOBKNHU CTOPIH
3AJIIBOBETOHHOI IIJIUTH (c. 30-33)

0. B. Illeaponoces, JI. I. Kopoctiwisos, C. I0. Kiumenkos, K. B. Kupuuyenko

B crarTi posrigaaeTbes MiciieBa MilHICTD AT 3a/1i300€TOHHOTO MOHTOHY KOMIIO3UTHOTO TJIaBY4O0ro AOKY IIPH PiBHOMID-
HOMY TIIPOCTATUYHOMY HaBAHTAXKEHHI. 3aCTOCOBAHO YTOYHEHUH Mi/IXi/ 10 PO3PaXyHKy 3a1i300€TOHHUX TLIUT, BPAXOBYIOUHIA
PI3HUINIO MEXAHIYHUX XaPAKTEPUCTUK OETOHY ITPU POOOTI Ha PO3TSITAHHS 1 HAa CTHCKAHHSI.

BeTaHOBJIEHO TIPOTSIKHICTD 30HK BILIMBY 3aKPIIJIEHHS] HA CTUCKaHHS 1 po3TsraHHst GeToHy, sika ckiagae 0,22 NOBKUHU
KOPOTKOI CTOPOHU MPSMOKYTHOI IJINTH. /L7151 11bOTO 1TPOBEIEHO TI0TIepe/iHi PO3paxXyHKH HAIIPYKEHb B IIJINTAX, BUTOTOBJICHUX 3
HEKOMITO3UTHOTO O/THOPIZTHOTO MaTepialy Py Pi3HUX BeJIMYNHAX TOBIIMHU 1 BIZIHOIIEHD IOBXKUH CTOPIH IIJIACTHH.

P03p006JieHO CKIHYEHHO-eIeMEHTHY MOJIEJIb 3a1i300€TOHHOT TIHTH 3 apMYIOUMME €JleMEHTAMHU B TTO3/I0BXKHBOMY 1 ToTIe-
peuHoMy HanpsiMkax. B Mozesi BpaxoBaHi BiZIMIHHOCTI MEXaHIYHUX XapaKTEPUCTHUK, 110 33J]al0TbC OKPEMO /I CTUCHYTUX
i postarayTux obmacreit 6eToHy.

BukoHaHO PO3paxyHKH HAIpysKeHO-1e(OPMOBAHOTO CTAHY MPSMOKYTHUX 3a/1i300€TOHHUX IUIUT JIJISl BUIIAJKY TTOBHOTO
3aHyPEHHs! [IOHTOHY HA TUXiil BOJI i/l €10 PIBHOMIPHOTO TiJIPOCTATUYHOTO TUCKY, €3 ypaxyBaHHS MOMKJIUBUX JAUHAMIUYHUX
HaBaHTa)keHb. [Ipu MozeOBaHHI IJIACTUH AHMINA JOBKUHA OLJIBIIOI CTOPOHU OMOPHOTO KOHTYPY HPHIiHSATAa PiBHOIO Bij-
CTaHi MiXK TO3/I0BKHIMU CTIHKaMU, BUXO/ISTYU 3 KOHCTPYKTUBHUX PO3MIPiB 0KY. [loBKMHA KOPOTKOI CTOPOHU BapitoBajiacs
KPaTHO /10 TI03/I0BKHBOI MITIAITii, IO I03BOJIMJIN OTPUMATH JaHi J7IsT ITIPOKOTO lialla30Hy BiTHOIIEHB T0OBXUH CTOPIH Bix 3,3
no 1, HallGibII XapaKTepHOTo I CYAHOBUX KOHCTPYKILH. CTUCHEH] 1 PO3TATHYTI AiISHKN GETOHY MOJAENIOBAINCH OKPEMO
3 MEXaHIYHUMM XapaKTEPUCTUKAMU MIIIHOCTI 1 JKOPCTKOCTI BIZIMOBIAHMMU 10 MATEPIiaJIiB, 110 3aCTOCOBYIOTHCS TIPU MOOYA0BI
TJIABYYUX JTOKIB.

[To6yaoBani rpadiky 3a1eKHOCTI MAKCHMAIbHUX HAIPYsKeHb B OETOHI Ta apMyBaHHI IJIMTH BiJ| AOBKUHHA KOPOTKOI CTO-
pomn onoproro koutypy. lle 103B0/INI0 BUSHAYNTH ONTUMAJIBHY IUPUHY IUIATH, SIKA TOPIBHIOE 3 M JIJIs1 PO3TJISAAAN0I KOH-
CTPYKIII IIPY 33/JaHNX HABAHTAKEHHAX.

3acTocoBaHuil TiXi/ 103BOJISE ONTUMI3YBATH PO3MIPU MOAIGHUX KOHCTPYKIIIN 3 TOUKU 30Py Baru Ta MarepialOEMHOCTI.

Kio4oBi cioBa: miaBydnii KOMIIO3UTHUI IOK, 3aTi300€TOHHI CEKIlii, TOHTOH, MII[HICTh, 3aTi300€TOHHA TINTA, CKiHYeH-
HO-€JIEMEHTHE MO/IeJIIOBAHHS.
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PO3PAXYHOK HEOJTHOPI/THHX 3A TOBIIMHOIO COEPUYHUX EJIEMEHTIB KOHCTPYKIII 3
OTBOPAMU HA OCHOBI BAPIAIIIIHOTO RVR-METO/IY (c. 36-42)

B. A. Cano, B. M. Heunnopenxko, B. II. Pakisuenko, C. A. Topeaumes, H. B. Lieiizep, O. B. Ke6ko

3arponoHoOBaHO TEOPETHYHO OOTPYHTOBAHUN I yHIBEpPCATLHUI HOBUU METO/ PO3PAXyHKY TPUBHUMIPHOTO HATpysKe-
HO-11e(hOPMOBAHOTO CTaHY CTATUYHO HABAHTAXKEHOI 0araTo3B’si3HOI OPTOTPOITHOI 0GOJOHKM JOBIJIBHOI TOBI[UHM, BUTO-
TOBJIEHOI 3 HEOHOPiiHOTO MaTepiany (Kommosuty). Uncenpno-anamituuauit metoq RVR-meTos, 1110 BUKOPUCTOBYETHCS
B poboTi, 3acHoBanuii Ha MpuHIMI Peiiccrepa, metozai I. M. Bekya Ta anroputmi ABOCTOPOHHBOI OI[iHKM TOYHOCTI Ha-
GuimskeHUX pilieHb Bapiaiiiinux 3agad. Ha Biaminy Bij kiacuunux npuHuunis Jlarpausxka i Kacrinbsno, 3acrocyBaHHs
3MINIAaHOTO BapialiitHoro mpuHIuy PeliccHepa MPU3BOANUTH A0 MiABUIIEHHS TOYHOCTI PillleHHS KPalOBUX 3a7a4 B CUIY
He3aJeKHOr0 BapiloBaHHSI BEKTOpa IepeMmillleHb i TeH3zopa Hanpy:keHb. Mertoxa 1. M. Bekya B pesyibraTi poskJjiasaHHs
mykanux ¢yukiiin y psaan Dyp’e mo nmominomax Jleskanapa M03BOJAE 3aMIHUTH PIllIeHHsT TPUBUMIPHOI 3a1adi peryJisip-
HOIO TOCJIIOBHICTIO PillleHb ABOBMMIPHUX 3aay B MpOIeci yTOUHeHHS Mojeseil o6omonok. Teopis R-dyHKIii, mo Ha
AHAJIITUYHOMY PiBHI BPaXOBY€E TeOMeTPUUHY iH(hOPMAIiI0 KpailoBuX 3aj1a4 jiuist 6araTo3s’si3HUX 00J1acTell, HeoOXiHa IS
noOy0BU CTPYKTYP PO3B’SI3KiB, sIKi TOYHO 3aJ0BOJIbHSIIOTh PI3HUM BapiaHTaM IPaHUYHUX YMOB. IIpu gocaigsxKeHHi mpo-
CTOPOBUX KPailoBUX 3a1a4 PO3POOJIEHIIT alrOPUTM ABOCTOPOHHBOI IHTETPAJbHOI OIIHKN TOYHOCTI HaOJIMKEHUX PO3B’sA3-
KiB /I03BOJISIE ABTOMATH3YBaTH TIONIYK TAKOI KiJIBKOCTI allpOKCUMAIliil, TIPU SIKOMY TIpoliec 301KHOCTI po3B’aA3KiB HabyBae
crifikoro xapakrepy. st mociabaeHoi MOMOCHUMH OTBOPaMU OPTOTPOITHOI chepruHoi 060JTOHKH 3 HEOAHOPIAHOTO 3a



TOBIIMHOIO MaTepiany MoxanBocTi RVR-MeTomy mokaszani B ynmcebHUX MPUKJIALAX PO3B'SI3aHHS BiZIMOBITHUX KPAaHOBUX
3agad. OGroBOPEHO Pe3yIbraTh BUKOHAHUX JOCJIKEHb, @ TAKOK OCOOJIMBOCTI, 1110 XapaKTEPHI JJisi HOBOTO METO.LY, SAIKUI
MOJKe 3HANTH eeKTUBHE 3aCTOCYBAHHS MPY MPOEKTYBAHHI BiAMOBIIATbHUX 060JTOHKOBHUX €JIEMEHTIB KOHCTPYKIH B pi3-
HUX rajly3sX Cy4acHOi TeXHIiKU.

Ki10uoBi ci10Ba: HEOIHOPI/IHA 32 TOBLIMHOK OPTOTPOITHA 000JIOHKA 3 OTBOPaMU, IpUHIUII PeiiccHepa, Teopist R-byHKIii.

DOL: 10.15587/1729-4061.2020.217628 ) ]
CUHTE3 PE3OHAHCHOI IPOTUBO®A3HOI IBOMACOBOT BIEPOMAIINHH, 1O TTPAIIOE HA EQEKTI
30MEP®EJIB/IA (c. 42-50)

I. b. @igximonixin, B. B. duyn, A. M. Kupuyenko, A. I. Ipeuka, K. K. Illepouna

Cunre3oBaHa BoMacoBa poTrdasHa pe30HaHCHA BiOpOMaIHa 3 BiOpo30yKyBaueM y BUIJISII TACHBHOTO aBTOOAIaH-
cupa. Y Bibpomariuau mwiardopmu 11 2 1py:KHO-B'SI3K0 IPUKPIILIEH] 10 HEPYXOMOI CTAHUHUY 1 IPYKHO-B'I3KO OB’ s13aH1 MisK
coboro. Ha apyry miardopMy BCTaHOBJIEHUI MacUBHUI aBToOaIaHCH].

Beranosiieno, 1o y BibpomaiinHu JBi pe30HAHCHI YacTOTU i ABi BiAnoBiaHi opmu KojmBaHb maaThopM. AHATITUIHO
nigiGpani Taki 3HAYEHHS TTaPaMeTPiB OIOP, MPU AKHX:

— icuye nmpoTtudasHuil peXxnuM pyxy, Ha sskomy 1ardopmu 1 i 2 kosmBaoThes B potudasi i roJIOBHUI BEKTOP CHUJI, IO
JII0OTHh HA CTAaHWHY (TTPU HEeBPAXyBaHHI CHJI TSKIHHST) IOPIBHIOE HYJIIO;

— YacTOTa KOJIUBAHD MIaTGOPM B TPOTH(HAZHOMY PEKIMI 30ira€Thesi 3 APYTOI0 PE3BOHAHCHOIO YaCTOTOIO.

ITportudasHuii pe;kuM HacTa€e TIPH 3acTPATaHHI BaHTaKiB aBToOAJaHCHPa B OKOJII APYToi pe30HAHCHOI YaCTOTH, 110 BUKJIN-
Kano edexrom 3omepberbaa. YuceabHIMI METOIAMU JOCTI/UKeH] AMHAMIUHi XapaKTepUCTUKHN Bibpomaniiu. BetanosieHo,
110 B pa3i MaJuX BHYTPIIIHIX 1 30BHIIIIHIX CUJI OIIOPY:

— TEOPETUYHO iCHYIOTH IT'SITh MOKJIMBUX PEKMMIB 3aCTPITAHHS BAaHTAXKIB;

— mporudasna (apyra) popma KOJIMBaHb MIATHOPM TEOPETUIHO PEATI3yEThC Ha 3-MY 1 4-My pesKUMax 3acTpsTaHHST;

— JIOKQJIbHO ACUMIITOTUYHO CTIFIKUM € 3- PeKUM 3aCTpsATaHH, a 4-if — HeCTilKuii;

— JUISL 3aCTPSIFaHHsI BaHTAXKiB B OKOJII JAPYIoi PEe3OHAHCHOI YacTOTH MOTPiOHO 3abesredyBaTy BIGpOMAIIMHI OYATKOBI
yMOBH, OJIM3bKI 10 3-TO pexkuMy 3acTpsiraHHsi abo IJIABHO PO3TaHsITH POTOP 10 Po6OYOT YacToTy;

— JIMHAMIYHUMU XapaKTEPUCTUKAMU BIOPOMAIINHMU B [IPOIEC] eKCIIyaTallii MOKHA YIIPABJIATH B IUPOKUX MEKAX 3MIHOKO
SIK TITBUIKOCTI 06epTaHHsI POTOPa, Tak i KIIBKOCTI BAHTaKiB B aBTOOATaHCHPI.

OTpuMaHi pe3yJIbTaTi 3aCTOCOBHI JIJIsl IPOEKTYBaHHS PE30HAHCHUX IIPOTUBO(MAZHUX [BOMACOBUX BIOPOMAIINH IIHPOKOTO
3aCTOCYBAHHA.

KurouoBi ciioBa: inepuiitauii Biopo3OyIHUK, pe3oHaHCHI BiOpailil, porudasHa BibpoMaiinta, aBrobaiaHcup, 1BOMacoBa
Bibpomammna, epekt 3omepdenpaa.
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PO3POBJIEHHA MATEMATNYHOI MOJEJII KOJINBAHb BATOHY METPOIIOJIITEHY
3 EJIEKTPOMEXAHIYHUMU AMOPTU3ATOPAMU (C. 51-59)

B. I. lio6apcokuii, H. I1. JIykamosa, O. M. ITerpenxko, /. I. Axynin, O. {. Hikonos, O. b. Mauwuii

Po3pobiieno MateMaTHYHy MOJIeJIb BATOHY METPOIOJITEHY Ha JBOX /BOBICHUX Bi3KaX 3 OCbOBOIO XapaKTEPUCTUKOIO
20—2¢, B LIEHTPAJIBHOMY CTYIIEHI PECOPHOTO Mi/[BIlllyBaHHS SKOrO BUKOPUCTAHI NMPYKUHU i €JIEKTPOMEXaHIUHI racuTeJi.
OcobauBicTIO MOZIET € Te, IO BOHA MIiCTUTh HACTYIHI CKAaA0BI. 17 nudepeHIiitHnx piBHIAHb APYTOTO TOPSIKY, SIKi OTIH-
CyI0Th POOOTY MEXAHIYHOI YACTUHU eKilak-PeiikoBa Kouist. 8 mudepeHiiiHuX piBHSAHD IIE€PIIOTO MOPSIAKY, sIKi OIMUCYIOTh
po6OTY 4-X eJIEKTPOMEXaHIUHIX aMOPTU3aTopiB. Moesib A0MOBHEHO TPhOMa IoJiHOMaMu 32 Ta 63 MOpAAKiB, AKi omucy-
I0Th CTAH MArHITHOTO I0JISI €JIEKTPOMEXaHIYHIUX aMOPTU3ATOPIB Ta iX eJEKTPOMATHITHY CUJIY, & TAKOXK 4 anreGpaidHuMu
PIBHSHHSMM 3B’A3KY.

Y MatemarwuHiit MOsIeNTi cUCTeMH eKiMak-pelikoBa KoJlisd 3 eJIeKTPOMeXaHiYHUMU aMOPTU3aTOPaMH BPaXOBAaHO HACTYTIHI
CKJIQJIOBI:

— TIOB3/IOBJKHI Ta ITOIepeyHi KOJIMBAHH KOJICHUX Map Bi3KiB Ta Ky30BY Baromy;

— IapaMeTpu PeitkoBoi KoJIii;

— @JIEKTPOMArHITHI 0COOIMBOCTI €JIEKTPOAMOPTU3ATOPIB;

— 30YKEHHSI, 1[0 BUHUKAIOTh 3aB/sSIKM HEPIBHOCTI KOJIIT;

— TapaMeTpH HIISAXY, BJACTUBOCTI iHIINX eJIeMEeHTIB PeCOPHOTO ITi/[BilllyBaHHSI.

[IpoBeieHO AOCTIKEHHS POGOTH PECOPHOTO MiBINIYBaHHS BATOHY METPOIIOJITEHY TIPU TIPOXOJPKEHHI TIJISIXY 3 CUHYCO-
iaTbHOIO HEPIBHICTIO. 3 UM JIOCJIiKEHHSIM BU3HAYEHO, 1[0 eJIEKTPOMEXaHiYHi TIPOIecH B eJIEKTPOAMOPTU3ATOPAX MOXKJIH-
BO TIO/IIJIUTH HA TPW YacTWHU. BibHI MeXaHITHI CKJIaZIOBI KOJIMBaHb, BiJTbHI, 2 TAKOK BUMYTIIEHI €JIeKTPOMATHITHI CKJIa/I0BI.
Busnavyeno TpuBaicTp /i, aMILTITY/I1 Ta XapaKTep CKJIAJ0BUX KOJUBAHb. AMILIITY/Ia KOJMBAHD 3HAYHO 3MIHIOETHCS 3 POCTOM
mBuakocTi pyxy: 3 0,01 A ta 2 B mpu 40 km/roz. 10 0,9 A ta 115 B ipu 100 xkm/rox. KosmuBanHs HOCSATh TapMOHIHHIN XapakTep.
Yacrora KOJIMBaHb BiANOBiZae 4acToTi HEPIBHOCTI 1IsIXy. EjeKTpuyHa IOTYKHICTh eJeKTpoaMopTu3aTopa 30iIbIIy€eThCs
3 0,018 Bt npu 40 xkm/ro 10 98 Br nipu 100 km/roz.

KmouoBi cioBa: ejieKTpoMeXaHiyHUIT aMOPTU3aTOP, METPOBArOH, PECOPHE MiBIITYBaHHS, X0J0Ba YaCTHUHA, TIPOCTOPOBA
KiHeMaTH4YHa cXema.
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BU3HAYEHH BIIJIUBY ITAPAMETPIB PEAKTOPA HA PIBHOMIPHICTDb 3SMIIIYBAHHA KOMIIOHEHTIB
CYBCTPATY (c. 60-70)

I. A. Toay6, M. I. Tpery6, A. A. Tony6enko, H. M. IluBenkosa, B. B. Uy6a, M. B. Tepeuryk

OpuHiero 3 npo6JieM 36po/KyBaHHS CyOeTpaTiB 3 6i0CUPOBUHY B peakTopax GapabaHHOTO THUILY € CKJIA[HICTb 3a0e3IeueHHs
PIBHOMIPHOCTI 3MilllyBaHHsI IX KOMIIOHEHTIB, 1110 HEraTUBHO BILIMBAE HA SIKICTh BUPOOJIEHOTO KOMIIOCTY.

PiBHOMipHE 3MilTyBaHHS OCATAETHCS 32 YMOBU IIOBHOTO PO30CEPe/PKeHHsT KOMIIOHEHTIB MaTepiasly 110 BiJIbHIN MOBepXHi
cermMenTy cyberpary. BeTaHOBIIEHO, 110 /It IOBHOTO PO30CEPEKEHHS YaCTHHOK CyOCTpaTy CIaJaloduM MOTOKOM MOTpPi6-
HO 100 YAaCTUHKM, SIKi B OCTAHHIO YepPry CHAaJaloTh 3 JIOIATI, J0CATAIN TOYKU CHOJIydYeHHst oOudaiiku GapabaHa Ta BLIBHOI
nosepxHi cyberpary. [ onucy BCTaHOBJIEHUX YMOB CTBOPEHO MaTEMATHUYHY MOJIEJb, sIKA TIOEAHYE PIBHIHHS MEKi 3aBary
yacTHHOK cybcTpaTy y 6apabani Ta ix maginHs 3a mapaborigHoio TpaekTopieio. IpencraBieHo piBHAHHA /I BUSHAYEHHS KiHe-
MaTHYHUX [TAPAMETPIB [IPOLECY 3MIlIIyBAHHS 32 YMOBHU PO3CIFOBAHHSI YACTUHOK CYOCTPATy B IOTIEPEYHOMY Ta IOB30BKHBOMY
nepepisax Gapabany.

B pesysbraTi po3B’s3ky audepeHIiinux piBHAHb OTPUMAHO PiBHSHHS JIHIHHOT IBUIKOCTI PyXy YaCTUHOK 110 KPUBOJTIHiTi-
Hiil moBepxHi JionaTi GapabaHy, Ipu AKill MaTiMe Miclie iX TI0BHE PO30cepelsKeHHs 110 BIIbHII OBEPXHI cerMeHTy cybeTpary.

3 MEeTOI0 [IPOBEIEHHS JI0CII/[KEHb CKOHCTPYHOBAHO Ta BUTOTOBJIEHO €KCIIEPUMEHTAIbHIIA peakTop Obapabanuoro tuiry. Ekc-
[EPUMEHTAIBHO BU3HAUECHO, [IPU SIKUX 3HAUYEHHSX BOJIOTOCTI cyOCTpary Ta KyToBiii mBuakocti 6apabaHa peakropa piBHOMIP-
HICTb PO3MOLTY KOMIIOHEHTIB B CyGCTpari ocsrae MaKCUMaJIbHUX 3HAY€Hb,  OTPUMaHi KOMIIOCTH BiZIOBIAAI0Th ICHYIOUMM BH-
MOTaM OO MiKPOOIOJOriYHIX MOKa3HUKIB. [TiATBEPIKEHO aleKBaTHICTh MaTEMATUYHOI MOZIEJ €KCIIEPUMEHTATbHIM JaHIM.

[IpeacrasiieHi pesyibraTi € BaKJIMBUMMU, OCKIJIBKY, 3HAI0UM (DI3UKO-XIMIUHI BIACTHBOCTI cyOCTPaTy, MOKHA 3a/laTh TaKi
rapaMerpu nporecy i 00JaHAHHS, TIPK SIKUX 3a0€3I1eYy€EThCSI BUCOKA PIBHOMIPHICTD 3MIIlIyBaHHSI KOMIIOHEHTIB CyOCTPaTy,
BiJl YOTO 3aJIEKUTD SIKICTb KOMITOCTY.

KimouoBi cioBa: JiniiiHa MIBUAKICT, PIBHOMIPHICTH 3MilllyBaHHs, JIOTAaTh, KOEMIMiEHT TEPTs, BOJOTICTb CybCTpaTy,
30pPOIKYBaHHSI.
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BU3HAYEHHSA 30H CTIMKOCTI PE;KUMIB I TAPAMETPIB PYXY BIBPAIIITHUX MAIIIMH PI3HOTO
TEXHOJIOTTYHOTI'O NIPU3HAYEHH (c. 71-79)

I. I. Hazapenko, O. II. [lenos, 1. M. Bephuk, 1. JI. Poroscskuii, A. €. Bounapenko, A. B. 3anpusona, B. B. Cainenpkmi,
JI. JI. TitoBa

Jlocaigzkeno pyx BibpaliitHux MaIuH pi3HOTO TeXHOJIOTIYHOTO MPU3HAYEHH Ta BCTaHOBJIeH] cTiiiki 3onu. [1i 30Hu Tapan-
TYIOTh 3a0€31IeUeHHsT HAalepel 3alaHuX [apaMeTPiB €HEeProoaJHOrO Ta eHeproeEeKTUBHOrO pekuMy. Po3pobiieHa cTpyk-
TypHa cxXeMa I1epe/adi eHeprii B eieMenTax BiOpauiiinoi Manminu. Bona € 3aranbHoio [1ist 6y1b-sIKOl KOHCTPYKIIii BiOpaiiiiHoi
MammHu Ta 1i pesxumMiB pobotu. CTBOpeHa PO3paXyHKOBA CXeMa MAIMHU i3 yPaxXyBaHHSIM TEXHOJIOTIYHOIO HABAHTasKEHHS,
SIKMM € TIeBHE TEXHOJIOTIYHE CepeOBUIIe Yl MaTepial, 0 MJISIraioTh, nepeadadyyBaHiil BiANOBIAHOIO TeXHOJIOTIEW, 06POOIL.
CkiazieHi piBHSIHHS PyXy Ha OCHOBI OOTPYHTOBAHOI AMCKPETHO-KOHTUHYAJIbHOI MOJEJi BiOpalliiiHoi MammHu ta 06pobIIio-
BaJIHOTO cepeloBuIla. PO3paxyHKOBa cxeMa BPaXOBYE MOKJIMBI KOHCTPYKTUBHI pillieHHs BiOpauiiiHOi MamiuHu i3 rapmo-
HIliHUM Ta i3 yaapHO-BiGpauiinum pexkumu pyxy. [Ipuiinara cxema npeacrasiisge o000 pe3oHaHCHY BiGpOyJapHy CHUCTEMY.
JloctisKeHHsT PyXy Ta BCTAHOBJIEHHSI CTIHKUX 30H aJ[allTOBAHO /[0 TIPOCTHUX Ta OLIbII CKIAJHUX CUCTEM PEAYKI[E 3MilIaHOl
JMCKPETHO-KOHTUHYAJIbHOI Moziesti 1o AuckperHoi. 1leil pesysbrar po3kpuBae SKiCHY KapTHHY pyXy BiOpauiiiHoi MamuHu i3
3abe3reueHHsIM 3a[aHoro peskumy ii poboTu. BusiBieno, 1o npu 3aanux 4acToTi yaapis i Maci pobodoro oprany eexkTus-
HiCTh yIapHO-BIOPAIiiiHOT MAIIMHY BUSHAYAETHCS YAAPHOIO IBUAKICTIO. 3/1iiCHEHA OLlIHKA PO3IOITY OCHOBHUX MapaMeTpiB
TaKUX BiOpAIiiiHUX cHCTEeM Ta TOGYI0BaHi KapTH CTIHKOCTI [IsT PI3HUX 30H.

Came Takuii 1mizxij BiIKpUBAE HOBI MOXKJIMBOCTI CTBOPEHHST BUCOKOe(hEeKTUBHOI BiGpalliiiHoi TexHiku. CTilikuii pe3oHaHCHMI
PEKUM JI03BOJISAE 3HAYHO 3HU3UTH BUTPATH €HEPTii HA TPOTIKAHHS TEXHOJIOTTYHOTO ITPOIIECY Ta FAPaHTyBaTH 3a/[aHi TeXHOJIOTIEI0
palioHasbHI napamerpu poboTu BibpariiiHoi ManmHu. OTPUMaHi pe3yJIbraTii BUKOPUCTAHI TPy Po3po0Lli METO/IB PO3PAXYHKY
Ta CTBOPEHHI HOBOTO KJIACY BIOpaIiiHIX MAIINH, 0 peastisyioTh BiATIOBI/IHI €HePTOOITa/Hi CTiHKi 30HN po6oUoro IIpOLIECY.
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