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Using modern technologies for fabricating steel, I-beams can be
easily made by welding, and hot-rolled beams can often be produced
at an economical price with slender webs and equal flanges. Experi-
mental and theoretical studies of the behavior of tapered castellated
steel beams were carried out. Due to the cost reductions associated
with tapered castellated steel beams, they are a feasible alternative to
prismatic components. This study assessed the influence of tapered
castellation on the bending capacity and flexural stiffness of tapered
castellated steel beams (TCBs) with simply supported end condi-
tions experimentally and theoretically. Four three-point bending
tests on TCBs with H/h values of 1, 1.2, 1.4 and 1.6 were conducted
utilizing a standard parent I-section beam (IPE140) as the control
specimen. The test findings include the ultimate load vs. mid-span
deflection response curves and failure mechanisms. The testing find-
ings indicated that the TCBs’ ultimate load capacity might be up to
140 percent of that of the parent section. The Abaqus program was
used to conduct a finite element (FE) analysis of TCB, which allows
for material and geometric nonlinearity. The derived finite element
models exhibit excellent agreement with the experimental results in
terms of ultimate load capacity vs. mid-span deflection response and
failure mechanisms. Based on the results of the work, TCBs can be
used for increasing the strength and stiffness of the I-section parent
beam with adding expansion plates. The maximum load capacity of
TCBs can be enhanced when adding expansion plates up to 40 %
above that of the parent beam. A TCB has lower ductility than its
parent beam. Moreover, a TCB fulfills serviceability requirements
since its mid-span depth exceeds that of its parent beam.

Keywords: castellated beam, local buckling, steel beam, tapered,
web-post buckling, Vierendeel mechanism.
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This paper reports the improved load-bearing design of a long-
wheelbase platform car for the transportation of containers. The
improvement involves the construction of a special structure to ac-
commodate fitting stops made from composite material. The design
of the add-on structures provides an opportunity to reduce dynamic
loads between containers and the platform car at the expense of
elastic friction bonds.

The dynamic load on the bearing structure of the platform car
was determined. To this end, a mathematical model was built that
takes into consideration its movement in the vertical plane. The
results of resolving the mathematical problem established that the
derived values of accelerations were 5.3 % and 6.2 %, respectively,
lower than those acting on the platform car and container, taking
into consideration the typical scheme of their interaction.



To ensure the strength of the add-on structure, the calculation
was performed using a finite-element method. It was established
that the maximum stresses occurred in the inclined parts of the
add-on structure and were 113.6 MPa, which is much lower than the
permissible ones.

In addition, within the framework of this study, a dynamic load
on the improved design of the platform car was determined when it
moves empty. The calculation results showed that the defined indica-
tors of dynamics were within the permissible limits while the ride of
the platform car was “good”.

The coefficient of resistance to fatigue of the load-bearing struc-
ture of the platform car was determined, taking into consideration
the new scheme of interaction with containers. Taking the proposed
solutions into account, it becomes possible to increase the resistance
coefficient of fatigue of the load-bearing structure of the platform car
by 8 % compared to the typical scheme.

The study reported here could help reduce the cost of maintain-
ing combined transport vehicles, as well as improve the efficiency of
their operation.

Keywords: transport mechanics, platform car, container, load-
bearing structure, composite material, fatigue resistance.
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An analytical-numerical solution of the spatial problem
of elasticity theory for a composite in the form of a layer with
two longitudinal endless continuous cylindrical inclusions is
proposed. Homogeneous, isotropic materials of the layer and
inclusions differ from each other in the modulus of elasticity
and Poisson’s ratio. Normal stresses are set on the upper and
lower boundaries of the layer. The object of study is the stress
state of such a composite. The problem is the lack of a high-
precision method for calculating multiply connected bodies of
this type. The solution of the problem is based on the generalized
Fourier method for the Lame equations in various coordinate
systems. The problem is reduced to an infinite system of linear
algebraic equations, which is solved by the reduction method.
In a numerical study, the stress state was obtained inside the
composite bodies, within their conjugations, and on the isthmus
between inclusions. It has been established that extreme stresses
0,=—0.9306 MPa, 6,~-0.5595 MPa, 1,,~—0.315 MPa occur on the
mating face. Analysis of the stress state indicates the need to take
into account the normal stresses on the mating surface. This is due
to the presence of a binder, which may differ in physical charac-
teristics from the main components of the composite. The results
have logical physical correctness and, in simplified versions, are
fully consistent with the results of similar problems from other
approved sources. In the work, the transition formulas in the basic
solutions between different coordinate systems, the conjugation
conditions for different bodies, and the strict fulfillment of the
equilibrium conditions for given boundary functions are simulta-
neously applied. This made it possible to obtain a high-precision
solution of a new problem in the theory of elasticity for a layer
with cylindrical inclusions and given only stresses on the bound-
ary surfaces. The proposed method of calculation can be applied in
the design of structures made of fibrous composites in the aircraft
industry and construction.

Keywords: layer with cylindrical inclusions, fibrous composite,
addition theorems, reduction method.
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The object of this research was the crack resistance of inclined
sections of concrete and reinforced concrete fragments of protec-
tive structures under the action of emergency dynamic loads. The
characteristics of dangerous emergency dynamic loads on protec-
tive structures (seismic, aircraft attack), the experience of increas-
ing the crack resistance of inclined sections with various materials
and design measures under static effects have been described. Areas
of influence of dynamic loads on reinforced concrete structures re-
inforced with horizontal grids near the upper and lower faces need
to increase crack resistance and eliminate the risk of splitting in the
mesh plane. Comparison of the results of experimental studies of
inclined sections of protective structures in the area of influence of
local emergency load showed the feasibility of such structural mea-
sures. Additional horizontal reinforcement near the pushing face
increases crack resistance by 55-65 %. When using the developed
theoretical dependences, the error in determining the cracking
forces and pushing strength does not exceed 20.7 %.

Increased crack resistance is ensured by limiting the maximum
diameters of the rods of horizontal grids and their pitch. Especially
important is the arrangement of additional reinforcement in the
middle zone, taking into account the actual tensile strength of
concrete in the calculated dependences. Complete elimination of
the danger of splitting in areas of probable action of emergency
dynamic load in protective structures in the planes of the grids is
recommended through the use of concrete of class not lower than
C16/20, the use of reinforcement @12—14 mm. The optimal pitch
of the rods is 50—125 mm. This makes it possible to increase the
reliability of the design and operation of protective structures in
case of emergency impacts, to reduce the cost of their repair after
such impacts.

Keywords: protective structure, airplane crash, push angle,
horizontal reinforcement, crack resistance of sections, nagel effect.
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The object of the work is an experimental study of the features of
the movement of viscous and anomalous fluids in plane-parallel and
plane-radial microcracks.

In the work, the unexplored problem of hydrodynamic features
of fluid motion in the considered objects — channels is solved.

It was experimentally revealed that various fluids, when moving
in microcracked channels with micron-sized openings, acquire new
mechanical properties, which differ from their properties in the usual
condition. The effect in the “microcrack-fluid” system is the reason
for changes in the mechanical properties of fluids in microcracks and
equivalent ultra-low-permeable porous media. It was revealed that
when a one-parameter viscous fluid moves in a crack with an opening
h<h,, it becomes two-parameter, i.e. behaves like an anomalous fluid,
and when moving with an opening /#>h,,, it restores one-parameter
properties, and the anomalous fluid behaves like an anomalous fluid
but increases the rheological constants of the model.

The results of the research require taking into consideration
the crack effect in estimating the parameters of the technological
processes system and technical devices “microcrack-fluid”. Machines
and mechanisms must additionally have nodes that would prevent
this effect. This is of scientific and practical importance for various
fields of the industry, machine manufacturing, instrument manufac-
turing, chemical technology and medicine.

Keywords: non-Newtonian fluids, structural viscosity, plane-
radial cracks, shear stress, plane parallel crack, shear rate.
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With the development of simulation technology and the ability
to obtain accurate numerical results, as well as with the develop-
ment of information technology, software that can solve numerical
problems has become necessary to see physical changes that cannot
be seen by the human eye. Multiphase stream field is settled utiliz-
ing the volume of fluid (VOF) method, and the flow equations are
assessed and addressed mathematically by the notable limited vol-



ume approach. As a multiphase framework without mass exchange,
air/water stream is considered. For practically all cases considered
in this review, the heat transfer coefficient is higher. In any case, a
critical punishment pressure drop was observed especially for high
mass courses through undulating channels. A wavy channel with a
variable wave height was simulated to see the variables of the flow
process for multi-phase materials with a square cross-section, where
different speeds were used for the inlet duct for air, water and steam.
The results proved that the increase in the height of the channel wall
wave works to obstruct the flow and thus increases the time required
for the fluid to reach the exit area. The value of time required for
steam and air to reach the exit area at the channel wall wave height of
25 mm and the flow velocity of 0.1 m/s was 6.01 s, which is the lon-
gest time it took for the fluid to reach the exit area compared to other
cases. The pressure value reflects the amount of turbulence in the
flow process, and it’s crucial for thermal improvements based on flow
turbulence. The entrance flow velocity is 0.1 m/s and the wall wave
height is 25 mm at a time of 2 s, when the pressure reaches 873.7 Pa.

Keywords: numerical simulation, multiphase flow, rippled chan-
nel, CFD, sinusoidal duct.
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Studies of patterns of changes in hydrodynamic parameters
of the viscous incompressible fluid in a conical diffuser were
conducted. The specificity of the viscous liquid flow in a conical
diffuser is that the kinetic energy of the flow, depending on the
opening angle, is converted into pressure energy. Depending on
Reynolds numbers and diffuser opening angles, the velocity vector
field is stationary. With an increase in the Reynolds number, the
symmetry of the flow relative to the axis of the diffuser is broken.
A general solution to the approximate Navier-Stokes equations is
given, based on the diffuser opening angle and the Reynolds num-
ber. A method for integrating the boundary value problem has been
developed, and the patterns of velocity changes across the diffuser
length at a parabolic distribution of velocities in the inlet section
are obtained. By integrating partial differential equations that
match all boundary conditions, the solution to the boundary value
problem can be found. Graphs of changes in radial and axial veloci-
ties along the length and with a fixed value of the opening angle are
shown; the flow pattern and the transition of a single-mode flow
to multimode regimes are obtained. For a fixed opening angle and
Reynolds number, the conditions for flow separation from a fixed
wall are derived, where the flow velocity changes the sign. A mixing
process is observed in the multi-mode region, which is accompanied
by numerous pulsation phenomena and an unstable diffuser opera-
tion, where the resulting solutions are inappropriate. Based on the
results of the studies obtained, it is possible to correctly design a
conical diffuser, namely, under the condition of non-separated flow,
to choose the opening angle and its length.

Keywords: conical diffuser, velocity profile, pressure distribu-
tion, breaking point, viscous fluid, fluid flow.
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This paper investigated the dependence of the stability of the
knee joint, when exposed to external rotational load on the lower
leg, on the position of the graft of the tendon of the popliteal
muscle. Estimation finite-element models of the right knee joint
of an adult were constructed, which included the articular ends
of the bones that form this joint, as well as its main ligaments.
The models reflected a surgery to restore posterolateral angle
structures and differed only in the position of the popliteal ten-
don graft. That position was set by the point of attachment of the
graft to the posterior surface of the tibia. At the same time, the
fixation point changed both vertically and horizontally, in the
frontal plane. In addition, a control model was built in which the
hamstring tendon was completely absent. As a result of the calcu-
lations, patterns of the distribution of the fields of movement of
the points of the finite-element model were obtained. As criteria
for assessing the effectiveness of the selected position of the graft,
movements of the lower leg model in the horizontal plane were
proposed. Analysis of the results of the calculations showed that
the greatest movements in all directions were obtained in the con-
trol model, in which the hamstring of the popliteal muscle was ab-
sent. The magnitudes of the considered movements derived from
the control model exceeded the same values in the model with
minimal movements by 17, 37, 17, 32, and 16 %. From the point
of view of the stability of the tibia under rotational load, the most
effective was the fixation of the graft on the posterior surface of
the tibia as laterally as possible and closer to its articular surface.
This is indicated by the magnitude of the movements, which, in
this case, turned out to be the smallest in all directions.

Keywords: knee joint, hamstring tendon, external rotational
load, graft, finite-element model, stiffness characteristics.
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In this work, the direct and inverse kinematic analysis of both
robot arms are investigated based on the analytical and infor-
mational representation. The results of the study will be used to
provide the functionality of gesturing by a robot in sign language,
both Kazakh and other languages, used in educational systems,
especially in children’s institutions and societies for deaf people.
A simulation model of the movement of the robot’s arms in the
workspace has been studied and built. The developed model will
be further implemented and used as mathematical and informa-
tion support for the created robot. The developed library contains
implementations of forward kinematics and iterative algorithms for
inverse kinematics.

The InMoov robot is a platform widely used in research tasks,
supported by the MyRobotLab package. A direct kinematic model
for the left and right hands of the robot has been studied. Based
on the Python programming language, the working space for
robot manipulators was calculated, using the matpilotlib library,
an iteration method algorithm was developed to find the prob-
able path of robot manipulators in space. A model of a structured
artificial neural network (ANN) is proposed, which is used to find
a solution to the inverse kinematics of the InMoov robot with six
degrees of freedom (4-dof). The applied ANN model is a multi-
layer perceptron neural network (MLPNN) in which the learning
rule of the Adam-a gradient diskend type is applied. To solve this
problem, the problem of finding the best ANN configuration was
studied. It has been established that a multilayer parseptron neu-
ral network gives the minimum mean square error. The regression
coefficient analysis, which shows a 95.6 % fit of all communication
variables, is acceptable for obtaining the inverse kinematics of the
InMoov robot.

Keywords: InMoov robot, manipulator kinematics, iterative
algorithm, python mean square error.
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JOCJII)KEHHS PE;KUMIB PYITHYBAHHS ITPU BUTUHI I 3CYBI IIEPOOPOBAHUX CTAJIEBUX BAJIOK
3MIHHOTI'O ITEPEPI3Y 3 BUKOPHUCTAHHAM PO3IINPIOBAJIbBHUX IIJIACTHUH (c. 6-13)

Muslim Abdul-Ameer Al-Kannoon, Hayder Wafi AL-Thabhawee

3 BUKOPUCTAHHAM CYYaCHUX TEXHOJOTIH BUTOTOBJEHHS CTaJi, ABOTaBPOBI GAJKN MOKHA JIETKO BUTOTOBJISITH 3BapIOBAHHSIM, a Ta-
pstdekatani 6aTKM 4aCTO MOKHA BHPOOJISITH 32 €KOHOMIYHOIO IIHOIO 3 TOHKMMHE CTIHKaMH Ta PIBHIMH MOJTHISIMIL [IpoBeeno ekcrepu-
MEHTaJIbHI Ta TEOPETHYHI JOCIIKEHHS MOBEAIHKI TephOPOBAHKX CTaJeBUX GATOK 3MIHHOTO Mepepisy. 3aBAsSKH HU3bKiil BAPTOCTI, BOHU
€ MOJKJINBOIO aJbTePHATHBOIO TPU3MATUYHIM KOMIIOHEHTaM. B fanoMmy mocCTijpKeHHI eKCIepuMEeHTAlIbHO I TEOPETHYHO OIliHIOBABCS
BILTNB TIephOPyBaHHsS 3MIHHOTO Tlepepi3y Ha 3THHATbHY 3[aTHICTD Ta 3THHATBHY JKOPCTKICTH TTepPhOPOBAHUX CTANEBUX GATOK 3MIHHOTO
nepepisy (ITB311) 3 BiabHO onepruMu KinnsgMu. [TpoBeaeno 4oTupu BUIPOOYBaHHa Ha TpuTOuKOoBHil BuruH Ha [IB311 31 3HauenHsaMu
H/h1,1,2,1,41 1,6 3 BUKOpUCTaHHAM cTaHAapTHOT BUXiaHoi 1BoTaBpoBoi Ganku (IPE140) B skoCTi KOHTPOJIBHOTO 3pa3ka. Pesyabratu
BUIPOOYBaHb BKJIIOYAIOTH B cebe KPUBI 3aJ1€)KHOCTI TPAHMYHOTO HABAHTAKEHHSI Bijl IPOTUHY B CEPEIMHI IPONBOTY 1 MeXaHi3Mu pyiiHy-
BaHHsA. PesysibraTu mmokasasu, 1o Hecyda sgatuicts IIB3IT moxe cranosutu g0 140 BiACOTKIB Bij HECY4Ol 3AaTHOCTI OCHOBHOT GaJIKN.
Jlins nposenenns ananizy IIB3I1 meronom ckinvennux enementis (MCE) 3 ypaxyBaHHSIM MaTepiasbHOI Ta FreOMETPUYHOI HeJliHIHOCTI
BUKOPHCTOBYBasacst nmporpama Abaqus. OTpuMaHi CKiHUE€HO-€JI€eMEHTHI MOJIeNi BIAIMIHHO Y3TOIKYIOThCS 3 €KCIIEPUMEHTATIbHIMU pe-
3yJIbTATaMU 110 HECYUill 3/[aTHOCTI B 3aJI€KHOCTI Bi/l IPOTHHY B CEPEIUHI MPOJIBbOTY i MEXaHI3MiB pyiiHyBaHHA. 3a pe3yJIbraTaMu podoTH
IIB3II MoKy Th 6YTH BUKOPUCTAHI AJIs MABUIIEHHS MIITHOCTI i 5KOPCTKOCTI OCHOBHOT ABOTABPOBOI GAJIKK 3 0/IABAHHSM PO3IIUPIOBATb-
nux mactud. Heeywa sgatnicts ITB3TT Moske Oyt 36i/IblIeHa MIJISIXOM A0AABAHHS PO3IIMPIOBAIBHUX IIacTHH 10 40 % BuIle, HiXK y
ocHoBHoi Gasku. [TB3TI Mae GiJbil HU3bKY TJIACTUYHICTD, HixK BuxigHa Gaika. Kpim Toro, IIB3II BiAnoBizae BUMOTaM 10 YMOB €KCILIY-
aTailii, OCKIJIbKY JTOBKUHA CEPEANHU 11 TPOTBOTY MEPEBUIILYE JOBKUHY CEPEAUHU TIPOJTHOTY OCHOBHOT OaJIKI.

Kiouosi cioBa: niepdoposana 6ajika, MiCIeBHI TTO30BKHIN BUTHH, cTajieBa Gajika, 3MiHHOTO [epepidy, BUKPUBJICHHST CTIHKM, MEXaHi3M
Bipengesns.
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OBIPYHTYBAHHS JIOIIJIbHOCTI 3ACTOCYBAHHSA KOMITIO3UIIITHUX CKJIA/TOBUX B
JOBIOBA3HOMY BATOHI-IIJIAT®OPMI (c. 14-22)

0. B. ®owmin, A. O. JIoscbka, A. M. @omina, I'. O. Boiiko

[IpoBeeHO YAOCKOHATICHHA HECY4oi KOHCTPYKII J0Bro6asHoro BaroHa-miaatgOpMu Js HepeBeseHHs Koureiinepis. [amne yio-
CKOHQJIEHHS IOJIAATAa€ Y CTBOPEHHI Hau6yu03 JIUIs1 po3MillleHHs (hiTHHTOBUX YIIOPiB i3 KOMIIO3UTHOTO Martepiany. Konerpyxkiiis Ha/_l6yLLOB
3abe3meuye MOKJIUBICTh 3MEHIIECHHS JAUHAMIYHUX HABAHTAKEHb MK KOHTElHEpaMU Ta BarOHOM-IIAT(HOPMOI 32 PaXyHOK MPY5KHO-
bpukiiiiHux 38 43KiB.

[IpoBeseno BusHaueHHST AMHAMIYHOI HaBaHTAKEHOCTI HeCcydyoi KOHCTPYKIIil BaroHa-maatdopmu. /linsg nsoro chopmoBano matema-
TUYHY MOJIeJIb, SIKa BPAXOBYE 00 MepeMillleHHs y BePTUKAJIbHIi MIoNHI. Pe3yabraTit po3s’si3Ky MaTeMaTHYHOT MOJieJli BCTAHOBHIIN,
110 OTPUMaHI BEJIMYMHN TPUCKOPEHD, BiAMOBIHO, Ha 5,3 % Ta 6,2 % HWKYe 3a Ti, 0 AII0TH Ha BaroH-maTGopMy Ta KOHTelHep 3 ypa-
XYBaHHAM THIIOBOI CXEMU iX B3a€MOIil.

Jlnist 3abesmedernst MilHOCTI HAAGYIOBH POBEIEHO PO3PAXYHOK 32 METOIOM CKiHUEHHX eeMeHTIB. BCTAaHOBIIEHO, 110 MAKCHMAIbHI
HATPYsKEHHsT BUHUKAIOTh Y TOXUJIMX YacTHHAX HaaOyM0Bu i ckiranaioTh 113,6 MIla, 1o 3HauHO HUKYE 32 JIOMYCTUMI.

Taxosx B paMKax JOCJiPKEHHS TTPOBEIeHO BU3HAUYEHHS AMHAMIUHOI HABAHTAKEHOCTI YIOCKOHAIEHOI KOHCTPYKIIii Barona-miatgop-
MU IpH pycCi y TOPOKHBOMY cTaHi. Pe3yibratu npoBeieHNX po3paxyHKiB [MOKa3aJH, 1[0 BU3HAYEHI NOKa3HUKH JMHAMIKH 3HAXO/AATHCS
B MesKax JOMYCTUMHUX, a Xiji pyXy Barotna-tatrdopmu € “1oopum”.

Busnaueno koedilieHT omopy BTOMH HECy4oi KOHCTPYKIlii BaroHa-miatrdopMu 3 ypaxyBaHHSIM HOBOI CXeMU B3aEMOJIii 3 KOHTEI-
HepaMmu. 3 ypaxyBaHHIM 3allPOINOHOBAHUX PillleHb CTA€ MOKJIUBUM 3011b1HTH KOebIIiEHT OMOPY BTOMHU HECYUYOl KOHCTPYKIIii BaroHa-
iardopmu Ha 8 % y HOPIBHIHHI 3 THIIOBOIO CXEMOIO.

[IpoBeseHi AOCTIZKEHHS CIPUATUMYTh 3MEHIIEHHIO BUTPAT HA YTPUMAHHs 3ac00iB KOMOIHOBAHOTO TPAHCIOPTY, & TAKOXK ITi/IBU-
IIeHHIO epeKTUBHOCTI iX PYHKIIOHYBaHHSI.

Kimo4oBi cioBa: TpaHCIIOPTHA MeXaHiKa, BaroH-maaTdopMa, KOHTeitHep, Hecy4ya KOHCTPYKILisl, KOMIO3UTHUIT Matepias, omip BTOMI.
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PO3B’SI3AHHA 3AJAUI TEOPII IPYKHOCTI TA AHAJII3 HATIIPYKEHOTO CTAHY BOJIOKHHUCTOTO
KOMITO3UIIITHOIO MIAPY IIIJI IIEIO IONEPEYHUX CTUCKAIOUHX CHUJI (c. 23-30)

B. I0. Mipoumikog, O. B. Casin, Basheer Younis, B. B. Hikiuanos

3ampoIroHOBaHO AHATITHKO-UICeIbHe PO3B sI3aHHs TPOCTOPOBOI 3a/1a4i Teopii MPYKHOCTI /1T KOMITO3UTY Y BUTJISI/II APy 3 IBOMA
MO3I0BKHIMU HECKIHUEHUMHU CYIIIBHIMH IIIJIIHAPUIHUMU BKIAOYeHHsIMI. OIHOPIiIHI, i30TPOTHI MaTepiaau mapy i BKIIOYEHb Biapis-



HAIOTBCS OAMH Bijl OIHOTO MOjyJieM TIpy:KHOCTI i kKoedirientom Ilyaccona. Ha Bepxmiii i HIKHIN Mekax 1apy 3ajlani HOpMaJbHi Ha-
npyskers. O6’€KTOM JOCHIIPKEHHSI € HAPYKEHUIT CTaH TaKoTo KomIo3urta. [IpobieMa moJsrae y BiICy THOCTI BUCOKOTOUHOTO METOLY
PO3paxyHKy 6araTto3B’si3HUX TiJl Takoro Tuiry. Po3B’si3aHHs 3a/a4i 3aCHOBaHO Ha y3arajibHeHoMy Mertoai Dyp’e mono pisHsHb Jlame B
pi3HUX cucTeMax KOOPAMHAT. 3ajaya 3BejeHa 10 HECKIHYEHHOT CHCTeMU JIHIHHUX aireOpaldyHuX PiBHAHD, HIO PO3B’A3YETHCS METOAOM
peaykuii. Y uncesbHOMY JOCJII/KEHHI OTPUMAHO HAIIPY)KeHUIl cTal BcepenHi Tijl KOMIIO3UTY, Ha MeKaX IX CIIPsiKeHb Ta Ha Iepelniiky
MK BKJIIOUEHHSIMU. BCTaHOB/IEHO, 110 HA MEIKi CHPSIKEHHS BUHIKAIOTh €KCTPeMaibHi HanpyxkenHs 6,=—0.9306 MIla, 64=-0.5595 MIla,
Tpp=—0.315 MITa. Anajiis HanpykeHoro cTany BKasye Ha HeoOXiAHicTb BpaxyBaiHs HOPMaJIbHUX HAIPYKCHD Ha MOBEPXHI CHPAKCHHA.
Ile 06yMOBJIEHO HASIBHICTIO 3B I3yI0UOTO, SIKE MOJKE BIAPI3HATUCS (HI3SMYHUMU XaPAKTEPUCTUKAMU BiJl OCHOBHUX CKJIATOBUX KOMIIO3UTY.
Pesyapraru MaioTh Joriuny (hisuuHy KOPEKTHICTD Ta, B CIPOIIEHNUX BapiaHTaX, IMOBHICTIO Y3TOMKYIOTHCS 3 PE3YJIbTaTaMy MOAiOHNX 3a/1a4
i3 inmmx anpo6oBanux jKepes. B po6oTi ogHouacHo 3acTocoBaHO (hOPMYJIN TIepexoay B 6a3MCHUX PO3B’s3KaX MijK PIBHUMHU CHCTEMAMU
KOOP/MHAT, YMOBH CHPSIKEHHsI PISHUX TiJl Ta CTpOre BUKOHAHHS YMOB PIBHOBArW Jist 3ajjannx rpannyanx ¢ynkiii. [le gamo moxin-
BiCTh OTPUMATH BHUCOKOTOYHE PO3B’sI3aHHS HOBOI 3ajadi TeOpii MPY:KHOCTI [ mapy 3 MUTIHAPUYHUMA BKJIIOYEHHSIMH Ta 3aJaHUMU
TIABKY HATPY/KEHHSMI HA TPAHIMYHUX MOBEPXHSIX. 3alPOTIOHOBAHIN METOJI PO3PAXyHKY MOsKe OYTH 3aCTOCOBAHIT MPU MPOEKTYBAHHI
KOHCTPYKIIIH 3 BOJOKHUCTUX KOMIIO3UTIB B aBiabyayBarHi Ta OyAiBHUITBI.
KmouoBi cioBa: map 3 Ui HAPUYHNME BKJIIOYEHHSAMH, BOJJOKHICTHI KOMITO3WT, TEOPEMHU JI0/IaBAaHHS, METO/L Pe/IyKIIil.
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MIABUINEHHSA TPIIIHHOCTIMKOCTI IIOXWUJINX IEPEPI3IB 3/6 3AXMCHUX OBOJIOHOK HA
JUIAHKAX ABAPIMHIUX HABAHTAKEHD ITPO/IABJIIOBAHHA (c. 31-41)

I. I. KapxyT

O6’exkToM focaifxKenb Oyia TPIIUHOCTIHKICTD OXUIUX TI€PEPi3iB GETOHHUX Ta 3a/1i300€TOHHNX (DPArMEHTIB 3aXUCHUX KOHCTPYK-
it npu il aBapiiHUX ANHAMIYHMX HaBaHTaxKeHb., ONUCAHO XaPAKTEPUCTUKU HEGE3MEUHNX aBapiiHUX AMHAMIYHUX HaBAHTAaKCHb Ha
3axHCcHI cropyan (ceificMiuHe, aTaka JiTaka), /I0CBi/l HMiABUNEHHS TPINMHOCTIMNKOCTI MOXMJINX ITIepepi3iB pi3HUMM MarepiajaMH Ta
KOHCTPYKTHBHUMHU 3aXOJaMH TIPH CTATHYHUX BIUTMBAX. [iISTHKU BIJIMBY AMHAMIYHMX HaBaHTa)K€Hb Ha 3aJi300€TOHHI KOHCTPYKIII,
apMOBaHi TOPU3OHTAIBHUMU CiTKaMK GiJisi BEPXHbOI Ta HUKHBOI IpaHeld, MOoTpedyIOTh MiABUIEHHS TPI[MHOCTIHKOCTI Ta yCYHEHHs
HeGe3MneKkn PO3KOJIIOBAHHS B MJIOMKHI ciTOK. TTOPIBHIHHS Pe3yJbTaTiB eKCIepUMEHTATbHUX [TOCHI/UKeHDb TIOXUJINX TIepepisiB 3axuc-
HUX KOHCTPYKIIINf Ha iTAHIN BIJIMBY MiCIIEBOTO aBapiiiHOTO HAaBaHTAKEHHS MOKA3aJ0 AOIIJbHICTD TAKNX KOHCTPYKTHUBHUX 3aXOJ[iB.
JlomaTkoBe TOPM30HTATbHE apMyBaHHs Gisl TpaHi MPOAABIIOBAHHS TiABHUILYE TPilumHOCTiiiKicTs HAa 55—-65 %. [Ipnm BuKopmcTanHi
PO3POOTIEHNX TEOPETUYHUX 3AJMEKHOCTEN TTOXMOKA PN BU3HAYEHHI 3yCHIb TPIMIMHOYTBOPEHHS Ta MIIIHOCTI TIPH MPOJIABIIOBAHHI He
nepesuiye 20,7 %.

[TizgBumiena TpimuHoCTIKicTh 3abe3eyeHa 3a paXyHOK 0OMEKEHHS MaKCHUMaJbHUX AiaMeTpPiB CTEPKHIB TOPU3OHTAIbLHUX CITOK
Ta ix Kpoky. Oco6AMBO BasKJIMBUM € PO3MIIIEHHS 10JaTKOBOI apMaTypu B cepeAHiil 3011, BpaxyBaHusa (hakTHYHOI MiltHOCTI GeToHy Ha
PO3TAT B PO3PAXYHKOBMX 3aje;KHOCTAX. [ToBHE yeyHeHHs HeOe3eKn PO3KOMIOBaHHs Ha AlIAHKaX iMOBipHOT aii aBapiiiHoro anHamiv-
HOTO HABAHTAKEHHS B 3aXMCHUX KOHCTPYKINSAX B IJIONMHAX CITOK PEKOMEHIOBAHO 32 PaXyHOK 3aCTOCYBAHHS OGETOHY KJacy He HUXKYE
C16,/20, Bukopucrauus apmarypu @12—14 mm. Onrtumansuuii Kpok crepxuis 50—125 mm. Ile go3Bosiste miaBumumTH HaAIHHICTD 11PO-
€KTYBaHHS Ta POOOTH 3aXMCHUX KOHCTPYKIII Mpu aBapiliHUX BIJIMBAX, 3MEHIIUTU 3aTPATH HA IX PEMOHT IMICJIs TAKUX BILIUBIB.

KiouoBi ciioBa: 3ax1cHa KOHCTPYKILis, aBapist JTiTaka, KyT MPO/IaBJIIOBAHHS, TOPU30HTAIbHE APMYBAaHHS, TPIIIMHOCTIHKICTD Tepepisis,
HareJbHUI epeKT.
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JNOCJIIKEHHS TIPOUHAMIYHUX OCOBJUBOCTEN PYXY PIMH Y MIKPOTPEIIMHHUX
KAHAJIAX (c. 42-50)

Maleyka Mammadova

O6’ektoM pobOTH € eKcrepUMEHTAbHE TOCIIKEHHST 0COOMMBOCTEl PYXY B'SI3KHX Ta aHOMAJIbHUX PIIUH Y MIOCKOTAPATETbHIX |
TJIOCKOPAiaIbHIX MiKPOTPilIIHAX.

Y po6oTi BUpilIy€eThCS 3aa4a BUBYEHHS TiAPOAMHAMIYHIX 0COOJMBOCTE PYXY PIAMHU B PO3TISHYTHX 00’€KTaX — KaHaJaX.

ExcriepMeHTasbHO BCTAHOBJIEHO, 10 Pi3HI Pi/IMHY 111/l Yac pyXy B MiKPOTPIIIMHHUX KaHAJIaX 3 PO3KPUTICTIO MIKPOHHOTO PO3Mipy
HaOYBAOTh HOBUX MEXaHIUHUX BJIACTUBOCTEHL, 1[0 BiAPI3HAIOTHCS Bij IXHIX BiaacTUBOCTEH y 3BUYailHOMY craHi. [[pHUMHO0 3MiHU Me-
XaHIYHUX BJIACTUBOCTEN PiMH B MiKPOTPIIIMHAX Ta €KBIBAJCHTHUX HAAHU3bKONPOHUKHUX MOPUCTUX CEPENOBUINAX € ePeKT CUucTeMu
"MikpoTpimuHa-pianaa”. Bussieno, mo mix yac pyxy B’sA3K0I OJHONApaMeTPUYHOI pignHu B TpinuHi 3 poskputictio A<h, BoHa cTae
JBOTIAPAMETPUYHO0, TOOTO TIOBOUTHCS SIK aHOMAJIbHA, & T1i/T Yac PyXy 3 PO3KPUTICTIO >/, BITHOBJIIOE OJIHONAPAMETPUYHI BJACTHBOCTI,
JUISE aHOMQJIBHUX PiJIMH PEOJIOTIYHI TTapaMeTpu MOCUITIOIOThCS.

Pesynbratn focifzkeHHsa BUMaraioTh BPaxXyBaHHs TPIIUHHOTO edeKTy MPH OIiHIli TapaMeTPiB CUCTeMHU TeXHOJOTIYHNUX MPOIeciB
i TexHIYHUX TPHUCTPOIB "MikpoTpinmHa-pignaa”. MammHu Ta MeXaHi3MI MOBHHHI J0aTKOBO MATH BY3JIH, IO 3aM00iraioTh TaHOMY
edexTy, Mo Ma€ HayKOBO-TIPAKTHYHE 3HAYEHHS [7ISI PI3HUX Taiy3eil IPOMUCIOBOCTI, MAITITHOOYIYBAHHSI, TPUIAT00yAyBAHHS, XiMIiqHOI
TeXHOJIOTIi Ta MeIUITIHH.

KiouoBi cioBa: HeHbIOTOHIBCHKI PiIUHM, CTPYKTYPHA B’SI3KiCTh, TIOCKOPAIiaIbHi TPINIMHN, HAIPYTa 3CYBY, IJIOCKOMapajeabHa
TPINIHA, ITBUIKICTH 3CYBY.
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BIU3HAYEHHA BILINBY BUCOTU XBUJII CTIHOK KAHAJIY HA BATATO®A3HY TEYIIO (c. 51-60)

Mohammed Ali Mahmood Hussein, Wajeeh Kamal Hasan

3 PO3BUTKOM TEXHOJIOTiil MOJIEJIIOBAHHS Ta MOMKJIMBICTIO OTPMMAHHS TOUYHUX YMCEJIbHUX PE3YJIbTATIB, a TAKOX 3 MOIINPEHHSIM
iHdOpMaIiiiHUX TEXHOJIOTIN, BUHUK/IA HEOOXIAHICTh Yy mporpaMHoMy 3abe3ledyeHHi, 31aTHOMY BUPINIYyBATH YMCEJbHI 3aBIAHHA JJIS
crocTepeskernst (hisMuHUX 3MiH, sIKi He BH/IHO JII0ACLKOMY OKY. ITosie 6araTtoasHoro moToky BU3HAYAETHCS 3 BAKOPUCTAHHSAM METO/LY
06’emy pimnan (VOF), a piBHAHHS IOTOKY OIIHIOIOTHCS I MAaTEMATUYHO BUPINIYIOTHCS 32 JOMOMOTOI0 BiJOMOTO METOLY 0OMEKEHOTO
00’emy. B axocTi Gararodasuoi cTpykTypu 6e3 MacoOOMiHY PO3TJISAAAETHCA MOBITPAHO-BOAAHUN MOTIK. [IPAKTUUHO y BCIX PO3TIAHY-
TUX BUMaAKax KoedilieHT Tenmonepeaadi Bumte. Y Oyab-IKOMY BUIAIKY, 0COOJUBO TIPU MPOXOMKEHHI BEJTUKUX MAC XBUJIETOAIOHUMI
KaHaJaMu, CriocTepiraBest KpUTHYHWIL TTepenaj THCKY. ByB 3Mo/eboBaHnil XBUICTOAIOHIIT KaHaa 31 3MIHHOIO BHCOTOIO XBUJI LISt
CHOCTEPEsKeH s 32 3MIHHUMU TIpoIecy Tedil GaratodazHux MaTepiaiiB 3 KBaJipaTHUM MOMEPEYHUM MePepidoM 3 BUKOPUCTAHHSIM Pi3-
HUX TMIBUAKOCTEH sl BIYCKHOTO KaHaJy TOBITPsI, BOAM i Tapu. Pe3ysbratu mokasaj, 1o 30iJbIIeHHs BUCOTH XBUJII CTIHOK KaHaJy
MePEeIKOKAE TOTOKY 1, TAKUM YHHOM, 301JbINY€E Yac, HeOOXIAHUI s OCATHEHHS PiANHOI0 006JacTi BUX01y. 3HAUEHHS yacy, HeoO-
XIIHOTO JIJIst IOCATHEHHS 11apoio i MOBITPAM 06JacTi BUXOAY IPU BUCOTI XBUJII CTIHOK Kanaay 25 MM Ta mBuakocti notoky 0,1 m/c,
ckaazno 6,01 ¢, 1o € MakcuMaJIbHIM 4acoM, HeOOXIAHNUM PIAMHI st JOCATHEHHsT 00J1acTi BUXOAY B MOPIBHSAHHI 3 IHIIMMU BUNAJKaMU.
3HavyeHHs1 THCKY BifoOpaxae cTyninb TypOyJIeHTHOCTI Y TIpoleci TOTOKY Ta Ma€ BUpilaibHe 3HAYEHHs AJIA TOJIMIIEeHHS TeII0IpPo-
AYKTUBHOCTI Ha OCHOBI TypOysienTHoCcTi motoky. HIBuakicTs notoky Ha Bxozi ctanosuth 0,1 M/c, BUCOTA XBUJII CTIHOK CKJIajgac 25 MM
3a 2 ¢, Koy Tuck gocsirae 873,7 Ila.

Kao4oBi cioBa: uncesibie MozieoBaH s, GararohasHuil MOTiK, XBUJICIOAIGHUI KaHA, OOUKMCIIOBAIbHA IiAPOANHAMIKA, CHHYCOIAIb-
HUI KaHaJ.
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JOCILKEHHA 3AKOHOMIPHOCTE 3MIHU TAPOJIUHAMIYHUX ITAPAMETPIB TEUIi B’I3KO1
PIIVHU B KOHIYHOMY JUDY3O0PI (c. 61-71)

Arestak Sarukhanyan, Yeghiazar Vardanyan, Garnik Vermishyan

[TpoBeneni mocimKkeHHsT 3aKOHOMIPHOCTEH 3MiHM TiIPOANHAMIYHIX TTAPAMETPIB B 'SI3K01 HECTUCIWBOI PiIHN B KOHITHOMY Mn(]y30-
pi. Crientmdika Tedii B’A13K01 piiHM B KOHIYHOMY AN(DY30Pi MOJIATAE B TOMY, 110, B 3aJT€KHOCTI BiJl KyTa PO3KPUTTS, KIHETHYHA eHepris
TTOTOKY MEPETBOPIOETHCS HA €HePrilo TUCKY. 3aeKHO Bij unces PeitHosbaca Ta KyTiB po3KpuTTs 1udy30pa, BEKTOPHE M0JIe MBUIKOCTEN
€ craiionapuum. [Tpu 36imburenni yncaa PeifHosbaca cuMeTpist TTOTOKY 111010 oci audysopa nopymiyerbes. Ha migcrasi KyTa po3kpuT-
T audysopa Ta uyrciaa PeitHosbaca gaHo sarajibhe pimenns Habamkenux piBusub Has'e-Crokca. Po3pobieno MeTox iHTerpyBaHHs
KpaifoBol 3ajaui Ta OTPUMAHO 3aKOHOMIPHOCTI 3MIHM IBUAKOCTI 1O AOBKUHI Audy30pa 1mpu napaboaivHOMY PO3NOJILJI MBUAKOCTEH
y BXigHOMY nepepisi. PinteHHs kpaiioBoi 3amadi Moxe OyTH 3HANAEHO MIJISXOM IHTErpyBaHHs AuDEPEHI[iaIbHUX PIBHSAHD B IPUBATHUX
MOXIIHUX, 1[0 33/I0BOJIBHSIOTH BCiM rpaHnYHnM ymoBaM. [lokasani rpadiku 3MiHM pajianbHOI Ta 0CbOBOI MIBU/JIKOCTE 110 JOBXKUHI Ta
npu HiKCOBAHOMY 3HAYEHHI KyTa PO3KPUTTS, OTPUMaHA KapTUHA Tedii i mepexi 0HOMO10B0i Teuil B GaratoMmonoBi peskumu. s dikco-
BaHOTO KyTa BiIKPUTTA i yncsa Peiinosb/ca oTpuMani yMOBH BiIpUBY MTOTOKY Bi/l HEPYXOMOi CTIHKHU, TP AKX MIBUJKICTDb Teyil 3MiHIOE
3HaK. Y 6araTOpeKMMHIN 00JacTi CIOCTEPIracThest TPOLEC 3MINTYBAHHSI, 0 CYIIPOBOJKYETHCS YMCACHHUMHU TYJIbCAIIHIME SBUIAMI
Ta HecTabimbHOIO PobOTOIO AMby30pa, IPU SKUX OTPHMaHI PilleHHsT HeopeuHi. Pe3ynbratn JOCIIi/KEeHDb 103BOJISIIOTH IIPABUIBHO CKOH-
cTpyoBaty Koniunuii gudysop, a came, 3a yMoBH 6e3BiAPUBHOT Teuil, BUOPATH KYT POZKPUTTS Ta HOTO TOBKUIY.

Kmouosi cioBa: xoniunmii andysop, mpodiiab MBUIKOCTEH, PO3MOIIT TUCKY, TOYKA Bi/IPUBY, B'sI3Ka PIANHA, TEUis PiIH.
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BILJIUB TOYKHU OIKCAIIIT IITYYHOTO TPAHCILIAHTATY HNIJKOJIHHOTO M’SI3A HA CTABLJIBHICTD
KOJITHHOTO CYTJIOBA IIPU 30BHIIITHbOMY POTAIIITHOMY HABAHTAKEHHI (c. 72-78)

C. II. ITanyenko, M. JI. Tonosaxa, /1. JI. Koaocos, C. B. Ouumenxo, T. O. 3y6, T. O. Yeuenn

JlocaipKkyBasiach 3aeKHICTh ¢TabiIbHOCTI KOJIHHOTO cyrioba, IpU BIUIMBI 30BHINIHLOTO POTAI[IHHOIO HABAHTAKEHHS Ha TOMIJIKY,
BiJl MOJIOKEHHS TPAHCIUIAHTATY CYXOKUJLIS TAKOMIHHOTO M'si3a. [106ya0BaHO PO3PaxXyHKOBI CKiHYEHO-EJEMEHTHI MOJeJai MpaBo-
TO KOJIHHOTO cymo6a JIOPOCJIOT JIIOJIMHY, SIKI BKJIOYaJIU cymo6osi KiHII KicTOK, 110 (hOPMYIOTH 1€t cymo6, a TakKoK MOoro ocCHOBHI
38’a3ku. Mojeni BifoOpaskasn onepario BiHOBICHHsS CTPYKTYD 3aQHbOJATEPATBHOTO KyTa, | BiAPIZHAIUCSA TIIBKU MOJOKECHHIM
TPAHCIVIAHTATY CYXOKMJLIS HMiAKOJTIHHOTO M's3a. lle 1mosokeHHs 3a/1aBaocst TOUYKOIO TIPUKPITJIEHHS TPAHCIJIAHTATA /10 3a/IHBOI 110-
BepxHi Besnkorominkosoi kictku. IIpu pomy Touka dikcaiii sMiHIOBaIacs SIK 110 BEPTUKAJI, TaK i 110 TOPU30HTaI, Y (GPOHTATBHII
mromuui. Kpim Toro, mo6yoBano KOHTPOJIbHY MOJIEJb, Y SIKOT CYXOKUJLIS MiKOJIHHOTO M'si3a OyJIo TOBHICTIO BiAcyTHE. B pesyiib-
TaTi po3paxyHKiB OTPUMAHO KapTHUHU PO3IO/iJIY OB HepeMillleHb TOUOK CKiHIeHO-eJeMeHTHOI Mojesi. B aKocTi KpuTepiiB ominKN
e(heKTUBHOCTI 0OPAHOTO MOJIOKEHHs TPaHCIIaHTaTa Oy 3alPOMOHOBAHI EePeMillleHHsT MOJIeJIi TOMIJIKMA B TOPU30HTAJIbHI MIOIINHI.
AnaJia pes3ysbTaTiB po3paxyHKiB IOKa3aB, 10 HalOiIbI mepemilenns y BCiX HalpsiMKaxX OTPUMAaHi y KOHTPOJbHOI MOJiesi, B AKiil e
OyJI0 CYXOKMILIS MAKOMIHHOrO M'si3a. Besimunuu nepeminiern, 1110 PO3IIALA0THCSA, OTPUMaHi Y KOHTPOJIBHOT MOJIE/I epeBUILyBajn
aHaJMOTiYHI 3HAYEHHS y MOJeJi 3 MiHiManbHIMHU mepeMimentsmu Ha 17, 37, 17, 32 1 16 %. 3 Touku 30py cTabiIBHOCTI TOMIIKN MTPU




poraniiiHoMy HaBaHTa)KeHHi, HalOiAbII eGeKTUBHOIO BUsBUIacs (ikcallis TpaHCIIaHTaTa Ha 3a[Hiil MOBEPXHI BEJUKOTOMIJIKOBOI
KICTKU MaKCHMAaJbHO JIaTepasibHoO i 6unkde 10 ii cyrmo6oBoi nosepxHi. Ha 1e BKa3yoTh BEJMYMHU ePEMIlEHb, SIKi B IAHOMY BUIIAIKY
BUSIBUJIMCH HAIMEHIIMMHU Y BCiX HAIPsIMKaXx.

KiiouoBi coBa: KoJiHHMIA Cyr100, CyXOKUILIS MIKOJIHHOTO M's13a, 30BHIIIHE pOTaliiiHe HABAHTAKCHHSI, TPAHCILIAHTAT, CKIHYEHO-eJIe-
MEHTHA MOJIeJIb, )KOPCTKICHI XapaKTepUCTUKU.
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PO3POBKA METO/IUKU 3ACTOCYBAHHA KUHEMATUYHOI TA IMITAIIITHOI MOJIEJI 1JIs POBOTA
INMOOYV (c. 79-88)

Chingis Kenshimov, Talgat Sundetov, Magzhan Sarzhan, Murat Kunelbayev, Madina Kutubayeva, Arman Amandykuly

VY 1iit po6oTi LOCHIKYETHCS MPSIMUIL Ta IHBEPCHUIN KiHeMaTHYHIIT aHasli3 060X MaHIIyJISITOPIB HAa OCHOBI aHATITHYHOTO Ta iHpOP-
Malliiitnoro ysigieHus. Pesysbratu gocsikenns 6yayTh BUKOpUCTaHi st 3abe3nedernst GyHKIIOHALY KeCTUKYIAIIT po6OTOM MOBOIO
JKECTIB SIK Ka3aXChKOIO, TaK i iHITMMI MOBaMH, 1[0 BUKOPHCTOBYIOTHCSI B OCBITHIX CUCTEMAaX, 0COOJIMBO B INTSYNX YCTAHOBAX i CYCITiTh-
crBax rayxux. Jlocaimpkeno ta mo6yoBaHo iMiTalliiiny Moaesb pyxy pyk poboTa B po6odomy npocropi. Pozpobiena Mouens Oyae nagati
peajiizoBaHa Ta BUKOPUCTaHa sIK MaTeMaTHuHe Ta indopmailiiine 3abesnedents cTBOpioBaHoro pobora. Pozpobiena 6ibaiorexa MicTUTD
peaJizaiiii anropuTMiB NPAMOi KiHEMATUKU Ta iTEPAIiHHUX AJTOPUTMIB 3BOPOTHOI KiHEMATHKH.

Po6ot InMoov — matdopma, 1o MUPOKO BUKOPUCTOBYETHCA B IOCAIAHUIIbKUX 3aBAaHHsX, MATpuMyBata naketom MyRobotLab.
JlocuipKeHo IpsAMY KiHeMaTU4HY MOJENb JJist JIiBOi Ta mpaBoi pyku pobora. Ha ocHoBi MoBu mporpamysants Python pospaxosamuii
pobounii mpocTip Asst po6OTIB-MaHINyAATOPIB, 3 BUKOpHCcTaHHaM 6ibmiorexkn matpilotlib pospobaeno anroputm meroxy itepatiit aus
3HAXO/UKEHHS FIMOBIPHOTO MIJISAXY PYyXy POOOTIB-MaHINyJIATOPIB y HPOCTOPi. 3alporoHOBAHO MOJEJb CTPYKTYPOBAHOT MITYYHOT He-
iipornoi mepesxi (IITHM), sika BUKOPUCTOBYETBCS /LISl BUPILIEHHS 3BOPOTHOI KiHeMaTuku po6oTa InMoov i3 mrictbMa cTyIeHsIMi CBO-
6oau (4 crynens cobonn). Mogens IITHM, 110 3aCTOCOBYEThCS, ABJIIE OG0 GaraTomapoBy MepPCeNTPOHHY HEIPOHHY MEPEKY, B AKIN
3aCTOCOBYETHCS MPABUJIO HABYAHHS TUILY AZlaMa-rpagieHTHOro aucka. Lust Bupimenns iiei npobaemu 0yi0 BUBYEHO 3aBAAHHS MONIYKY
Haiikpamoi koudirypanii IIHM. Beranosieno, mo MiHIMaTbHY CepeIHbOKBAIPATHYHY TIOMIJIKY A€ 6araTomapoBa HeHpPOHHA Mepexka
mapcenTpon. AHami3 koedillieHTiB perpecii, SKuil Tokasye 36ir BCix KOMYHiKaiiHux 3MiHHUX Ha 93,6 %, IPUITHATHIN JIs1 OTPUMAHHS
inBepcHoi kinemaTuku podora InMoov.

KiouoBi caoBa: po6ot InMoov, kiHeMaTiKa MaHIITyJIsITOpa, iTepaiiitHuil aIropuT™, cepeiiboKBapaTHyHa nomuika Python.



