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This paper reports the improved and verified procedure for cal-
culating reinforced concrete beams affected by damage to stretched
reinforcement when loaded. The main results from testing the rein-
forced concrete beams with damage in the stretched zone in the form
of one hole in the reinforcement in the middle of the beam are given.
The variable parameter of the study was the level of load resulting in
the damage. It acquired values of 0, 30 %, 50 %, 70 % of the bearing
capacity of control undamaged samples. Overall, the results of test-
ing 12 samples are given. A new procedure has been proposed for tak-
ing into consideration changes in the mechanical characteristics of
stretched reinforcement arising from its damage. This makes it pos-
sible to more accurately establish the bearing capacity of reinforced
concrete bended elements affected by damage to their reinforcement
during operation. The analysis of the calculation, compared with
experimental quantities, led to a conclusion that the strain model
could determine when the bearing capacity of reinforced concrete
beams without damage and with damage to working reinforcement
is exhausted. Based on the improved algorithm, the principle of using
a strain model was proposed to establish when the bearing capacity
of damaged samples, taking into consideration the effect of the load
level, is exhausted. The theoretical estimation, considering when
the bearing capacity is exhausted, showed results that are 3..21 %
less than the experimental values, which ensures reliability of calcu-
lation of such structures. The proposed calculation provides a new
approach to determining the bearing capacity of reinforced concrete
beams damaged during operation. That, in turn, makes it possible to
more accurately determine the residual bearing capacity of struc-
tures and increases the safety of their operation.

Keywords: reinforced concrete beam, damaged reinforcement,
strain model, calculation of bended elements, when loaded.
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This paper reports determining the basic strength indicators
for the removable roof of a railroad gondola. It has been established
that the typical roof design has a significant margin of safety in the
components of the supporting structure. In order to reduce the roof
material intensity, the reserves of its strength have been determined
and optimized based on the criterion for minimal material intensity.
Pipes of square cross-section have been proposed for using as the
components of the roof frame.

When taking into consideration the proposed measures, it
becomes possible to reduce the mass of the frame of the removable
roof for a railroad gondola by almost 15 % compared to the typical
design. At the same time, to apply the roof on different types of
gondolas, its cantilevered parts can move in a longitudinal plane. It
is possible to use deflectors on the removable roof. The roof can be
attached to the body in a regular way. It is also possible to fix it using
shog-connections.



To substantiate the proposed solution, the strength of the
improved structure of the removable roof was determined. It was
established that the maximum equivalent stresses in the load-bear-
ing structure of the removable roof did not exceed permissible ones.
To define the indicators of removable roof dynamics, its dynamic
loading was investigated. The calculation was performed in a flat
coordinate system. The oscillations in bouncing and galloping were
taken into consideration as the most common types of a railroad car
oscillations when running on a rail track. The mathematical model of
dynamic loading was solved in the Mathcad software package (Bos-
ton, USA). The study has shown that the acceleration of the body in
the center of masses is 0.4 g and is within the permissible limits. At
the same time, the ride of a railroad car is excellent.

The study reported here would contribute to the improvement
of the efficiency of railroad transportation.

Keywords: transport mechanics, railroad gondola, removable
roof, roof strength, stressed state, dynamic load.
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This paper reports the analysis of methods for determining tem-
perature stresses and deformations in bridge structures under the
influence of climatic temperature changes in the environment.

A one-dimensional model has been applied to determine the tem-
perature field and thermoelastic state in order to practically estimate
the temperature fields and stresses of strengthened beams taking into
consideration temperature changes in the environment.

The temperature field distribution has been determined in the
vertical direction of a reinforced concrete beam depending on the
thickness of the structural reinforcement with methyl methacrylate.
It was established that there is a change in the temperature gradient
in a contact between the reinforced concrete beam and reinforcement.

The distribution of temperature stresses in the vertical direc-
tion of a strengthened reinforced concrete beam has been defined,
taking into consideration the thickness of the reinforcement with
methyl methacrylate and the value of its elasticity module. It was
established that the thickness of the reinforcement does not have
a significant impact on increasing stresses while increasing the elas-
ticity module of the structural reinforcement leads to an increase in
temperature stresses. The difference in the derived stress values for
a beam with methyl methacrylate reinforcement with a thickness of
10 mm and 20 mm, at elasticity module E=15,000 MPa, is up to 3 %
at positive and negative temperatures.

It has been found that there is a change in the nature of the
distribution of temperature stresses across the height of the beam
at the contact surface of the reinforced concrete beam and methyl
methacrylate reinforcement. The value of temperature stresses in the
beam with methyl methacrylate reinforcement and exposed to the
positive and negative ambient temperatures increases by three times.

It was established that the value of temperature stresses is affec-
ted by a difference in the temperature of the reinforced concrete
beam and reinforcement, as well as the physical and mechanical
parameters of the investigated structural materials of the beam and
the structural reinforcement with methyl methacrylate.

Keywords: bridge reinforcement, reinforced concrete beam,
methyl methacrylate reinforcement, temperature field.
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At present, there are theoretical and experimental studies of
such bearings without taking into account the elastic deformation
of the bearing segments. The rotor bearings of powerful turbines at
nuclear power plants are subjected to loads as high as tens of tons.
One of the important issues in designing segmental bearings oper-
ating under these conditions consists in taking into account elastic
deformations of the segments. A schematic diagram of a segmental
hydrostatic bearing was presented and the principle of its operation
was described. When determining the deformation of spherical sup-
port, a formula of change in volume of a solid steel ball subjected to
uniform pressure was applied.

To determine the segment deformation in the axial direction,
differential equation of bending of the strip beam as the initial one.
The basic equation of deformation of rods with a curved axis acting
in the plane of curvature was taken as a starting point of determining
the segment deformation in the circumferential direction.

It was found in the studies that the maximum deformation of
the segment is 4.5 % of radial clearance at a feed pressure of 5 MPa
and can affect the bearing characteristics. A substantially nonlinear
character of deformations along the segment axis was revealed. It
was found that the pressure of the working fluid significantly affects
the segment thickness. With an increase in feeding pressure from
1 MPa to 10 MPa, the thickness of the steel segment increased more
than 2 times and the thickness of the bronze segment increased more
than 3 times. It was established that the pressure of the working

fluid exceeding 10 MPa substantially affects the deformation of the
spherical support and the bearing clearance.

The study results will make it possible to determine more accu-
rately the main characteristics of the segmental bearing and design
it more efficiently.

Keywords: segmental bearing, segment deformation, bearing
characteristics, differential equation, calculation results.
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The crushing equipment is characterized by a significant ener-
gy-consuming system during the crushing workflow. The current
trend in the development of such processes puts forward require-
ments for the development of new or improvement of existing
energy-saving equipment. The essence of the solution to the prob-
lem in this work is determined by using resonant modes, which
are inherently the most effective. The practical implementation
of the resonance mode has been achieved taking into account the
conditions for the interaction of the resonant vibration crusher
with the material at the stages of its destruction. The degree of the

stress-strain state of the material is taken into account, which was
a prerequisite for identifying the potential for the development of
a vibration load. Composed equations of motion based on a substan-
tiated discrete-continuous model of a vibration crusher and pro-
cessing material. An approach is applied to determine the stepwise
destruction of the material with the determination of the required
degree of energy. This methodological approach made it possible to
reveal the nature of the process of material destruction, where energy
costs at the stages of crack formation, their development and final
destruction are taken into account. It was revealed that the greatest
energy consumption during the operation of crushers goes into the
kinetic energy of the crushing plates and the potential energy of de-
formation of the springs. The proposed model is common for any de-
sign of a vibration machine and its operating modes. The stable reso-
nance mode has made it possible to significantly reduce the energy
consumption for the course of the technological process of material
grinding. The results obtained are used to improve the calculation
methods for vibratory jaw and cone crushers that implement the
corresponding energy-saving stable zones of the working process.

Keywords: vibration crusher, crushing chamber, resonant mode,
process of destruction, energy, stress, deformation.
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The structure of the hull of the project 1288 trawler in a region
of fore hold was improved to ensure fatigue strength of joints of the
intersection of main frames with the double bottom. To this end,
a study of the fatigue strength of these joints was carried out for the
original side structure and two versions of its modernization.

Values of internal forces at the points of initiation of fatigue
cracks in the compartment have been determined for three design
versions of the side. It was found that the greatest forces act in the
middle of the fore half of the compartment.

Calculations of parameters of the long-term distribution of
magnitudes of ranges of total equivalent operating stresses according
to the Weibull law in the points of occurrence of fatigue cracks for
different design versions of the side grillage have been performed.
These parameters were determined for the middle of the fore hold of
the vessel and for the areas with maximum values of bending moment
ranges. The calculations were performed with and without account-
ing of effect of corrosion.

Values of total fatigue damage and durability of the studied joints
were determined. Calculations were carried out by nominal stress me-
thod, hot spot stress method, and experimental and theoretical method.

It was shown that in order to ensure fatigue strength of the joint
under consideration, it is necessary to extend the intermediate frames
of the original version of the side structure to the level of the tank top
fixing them to the last one. It is also necessary to attach a cargo platform
to the side thus reducing the frame span. As a result, the level of fatigue
damage over 25 years of operation will decrease by about 3.5 times.

As it was found, approximate consideration of the slamming effect
does not significantly increase the amount of fatigue damage of the joint.

The results of the development of recommendations for moder-
nization of the side structure can be implemented both on ships of the
1288 project and on other ships with a transverse side framing system.

Keywords: trawler, side structure, structural joint, stress-strain
state, stress concentration, fatigue strength.
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This paper reports the theoretically investigated aerodynamic
imbalance of the propeller blade, as well as correcting masses for
balancing it.

It has been established that the aecrodynamic forces acting on the
propeller blade can be balanced by the adjustment of masses. This is
also true for the case of compressed air (gas) provided that the blades
are streamlined by laminar flow. That makes it possible to use rotor
balancing methods to study the aerodynamic forces acting on the
propeller blade.

The rotating blade mainly generates torque aerodynamic im-
balance due to a lift force. A much smaller static component of the
aerodynamic imbalance is formed by the drag force acting on the
blade. The correcting mass located in the propeller plane balances
both static and torque components of the aecrodynamic imbalance in
its correction plane. A second correcting mass (for example, on the
electric motor shank) balances the torque component of aerodynam-
ic imbalance in its correction plane.

The calculations are simplified under the assumption that the
equilibrium of aerodynamic forces is perpendicular to the chord of
the blade. For approximate calculations, one can use information
about the approximate location of the pressure center.

The aerodynamic forces acting on the blade can be determined
on the basis of the correcting masses that balance them. The accu-
racy in determining the aerodynamic forces could be improved by
measuring a lift force.

The computational experiment has confirmed the theoretical
results formulated above. The experiment further proves the possi-
bility of applying the devised theory for propellers whose rotation
speed changes with a change in the angles of blade installation.

The findings reported here could be used both for devising me-
thods of propeller balancing and for constructing methods to study
the aerodynamic forces acting on the blade.

Keywords: propeller, blade, aecrodynamic imbalance, mass im-
balance, aerodynamic balancing, mass adjustment balancing.
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Cable-driven parallel robot (CDPR) has the great potential for
various applications in industry and in everyday life. They consist
of an end effector and a base, which connected by several cables.
CDPRs have a large workspace compared to the workspace of classic
parallel robots. CDPR have a simpler structure have good dynamic
properties, high carrying capacity, mobility and low cost. The only
drawback is that the CDPR cables can only work for retraction
and cannot push. This article presents the design of a prototype of
a planar CDPR with four cables for practical use in the educational
process. This prototype of a planar CDPR is necessary for a better
understanding of the design features, structure, kinematics, statics
and dynamics of the CDPR by students. The planar CDPR performs
two translational motions, due to the controlled 4 cables, and one
rotational motion of the end effector. The research of the kinematics
and statics of the planar cable-driven parallel robot is carried out.
Simulation of the motion of a planar cable-driven parallel robot in
the Python programming language has been carried out. A design
was developed and a prototype of the planar cable-driven parallel ro-
bot was manufactured. Experimental researches of a prototype of the
planar cable-driven parallel robot have been carried out. The results
of experimental researches have shown that the CDPR works well
enough. During the tests of the prototype of the planar cable-driven
parallel robot, it was found that the distortions of the trajectory of
the end effector depend on the tension of the cables. It is necessary to
monitor the tension level using strain gauges. Based on the analysis
of the results obtained, the effectiveness of the use of the prototype
of a planar CDPR in the educational process of the robotics course
has been confirmed.

Keywords: cable-driven parallel robot, planar, design, kinema-
tics, statics, tension, end effector, prototype, control, encoder.
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PO3POBKA METO/IUKH BUSHAYEHHS 3AJIMIIIKOBOT HECYYOTI 3[ITATHOCTI 3AJII30BETOHHUX BAJIOK
3 MOIIKO/I>KEHHAMU PO3TATHYTOI APMATYPH, 1[0 BYJI OTPUMAHI 3A JIIi HABAHTAYKEHHS (c. 6-17)

I1. I. Berepa, P. B. BamkeBuuy, . 3. Baixapcokuii, P. €. Xminp

BrockonoseHo Ta arpo60BaHO METOANKY PO3PAXYHKY 3a1i300€ TOHHIUX OAIOK, B IKUX BIHUIKJIH TTONIKO/UKEHHST PO3TSTHYTOI apMaTypH 3a
Hii HaBanTaxenns. HaBeaeHo ocHOBHI pe3yibraTit BUIPOOOBYBaHHs 3a/1i300€ TOHHUX OAJIOK 3 TOIIKOHKEHHAM Y PO3TATHYTIN 30HI Y BUTIAALL
OJIHOTO OTBOPY B apMaTypi nocepenHi 6anku. SMIHHIM MapaMeTpoM JOCITiKEHHsT OYB PiBeHb HABAHTAKEHHS TP SIKOMY BUKOHYBAIOCS
nomkoskents. Bin nadysas snadenn 0, 30 %, 50 %, 70 % Bij Hecydol 3/aTHOCTI KOHTPOJBHUX HENONIKOUKEHNX 3paskiB. Beboro HasegeHo
pesyJisratit ButipoboByBanns 12 3paskis. [IpectaBieHo mporosuiiii HOBOI METOANKH 1IO/I0 BPaXyBaHHsI 3MiHI MEXaHIYHIX XapAKTEPUCTUK
POBTSTHYTOI apMaTyPH, SIKi BAHUKAIOTH MIPH 11 TTomko/pkeni. e 1ae MoykIMBicTh TOUHIIIE BCTAHOBUTH HECYUY 3[aTHICTh 327113006 TOHHUX 3TH-
HaHMX €JIEMEHTIB, 110 OTPUMAJIN TTOIIKO/IKEHHS apMaTypH B IIpolieci eKcIuryaraiii. 3 aHasi3y po3paxyHKY, B OPIBHSIHHI 3 eKCIIePUMEHTAb-
HYMU BeJIMYNHAMH, 3pO0TIEHO BUCHOBOK, IO 3a 1e(hOPMAIiiTHOI0 MOIELTIO MOKHA BUSHAYATH BUYEPIIAHHST HECYYOi 37IATHOCTI 3a/1i3006 TOHHIX
6a710K 6€3 MOINTKOKEHHS Ta 3 MONIKOZKEHHSIM POO0UY0i apMaTypit. 3a BIOCKOHAJIEHUM aJTOPUTMOM 3aIlPOIIOHOBAHO MPHHIIUT 3aCTOCYBAHHS
nedopmantiitHol MozieJIi, /71t BUYepIaHHs HeCy4oi 3/[aTHOCTI TTOIIKO/IPKEHNX 3Pa3KiB 3 BpaXyBaHHsIM Jlii piBHS HaBaHTaKeHHS,. TeopeTuyHnit
PO3PaxyHOK, 3a BHYEPIIAHHAM HECYYOl 3aTHOCTI, TTOKA3aB pe3y braTi Ha 3...21 % MeHIIT Bijl eKCIIepUMEHTATLHIX BEITINHN, 110 3a6e3medye
Ha/IIHICTh PO3PAXYHKY TaKMX KOHCTPYKIiil. 3alpOIIOHOBAHNI PO3PAXyHOK Ha/la€ HOBMI MiJIXiJl 10 BU3HAYEHHS HEeCyd4ol 3/[aTHOCTI 3aJ1i30-
6eTOHHIX OAJIOK, IO OTPIMAJH TIOIIKO/UKEHHS B Ipotieci ekcmryatartil. Lle, B ¢BoIo 4epry, Hafa€ MOKIIMBICTD TOUHIIIIE BU3HAYNTH 3THITKOBY
Hecydy 3laTHICTh KOHCTPYKIIH Ta migBuiye Gesreky ixX eKcruyaTaliii.

Kmouosi cinoBa: sanizobeTonHa OGaska, MOIKOIKEHa apMaTtypa, nedopmMariiiiHa Moziesib, PO3PaxyHOK 3TMHAHUX €JeMEHTIB, 3a /il Ha-
BaHTAKEHHS.
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OBIPYHTYBAHHS BUKOPUCTAHHSI TPYB KBAJIPATHOTO IEPEPI3Y B KAPKACI 31IOMHOTO JIAXY
HATIIBBATOHA (c. 18-25)

0. B. @owmin, A. O. JIoscbKka

[IpoBezseHo BU3HAYEHHS OCHOBHUX MOKA3HUKIB MIITHOCTI 3HOMHOTO /laXy HarliBBarona. BctaHoBIeHO, 1110 THIIOBA KOHCTPYKILIS aXy Mae
3HAYHMIT 3a11ac MIIHOCTI CKJIQZIOBUX HECY4Ol KOHCTPYKIlii. 3 MeTOI0 3MEHIIEHHS MaTePiaJIOEMHOCTI /laXy IPOBE/ICHO BU3HAYCHHS Pe3epBiB
110T0 MIITHOCTI Ta OTMITUMI3aIliIo 32 KPUTEPIEM MiHIMyMa MaTepiaJIoEMHOCTI. 3aIIPOITOHOBAHO BUKOPUCTAHHS Y SIKOCTI CKIIAJIOBUX KapKacy axy
TPy6 KBAIPaTHOTO MePEPiay.

3 ypaxyBaHHSM 3alIPOIIOHOBAHNX 3aXO0/[iB CTAE MOKJIMBUM 3HU3UTH MaCy KapKacy 3ilOMHOTO Jlaxy HaliBBaroHa maiike va 15 % y nopis-
HSHHI 3 THIIOBOIO KOHCTPYKILi€to. [Ipu 1iboMy /1711 MOKINBOCTI BUKOPUCTAHHA /IaXy Ha PI3HNX TUIAX HAMIBBArOHiB 1OT0 KOHCOJIbHI YaCTUHI
MaIOTh 3/IaTHICTb NEPeMilllyBaTUCs Y MOB3IOBXKHII IJIOMIMHI. ITepenbaueno MOKIMBICTH BUKOPUCTAHHSA Ae(IeKTOPIB Ha 3HOMHOMY /1axy.
Kpirniennst gaxy /10 Ky30Ba MOKe BUKOHYBATHUCS TUIIOBUM CIIOCOOG0M. € MOJKJIMBICTD 31IHCHIOBATH 3aKPIIJIEHHS 32 JIOTIOMOTOIO MIOT-3"€/IHAHb.

Jliist o6rpyHTYBaHHST 3alIPOIIOHOBAHOTO PilllEHHsI IIPOBEIEHO PO3PAXYHOK HA MIlHICTD YIOCKOHATIEHOT KOHCTPYKIILT 3iloMHOTO /1axy. Bera-
HOBJIEHO, 1[0 MAKCUMAaJIbHI €KBIBAJICHTHI HAITPY KEHHSI B HECYUill KOHCTPYKIL 3HOMHOTO /1axy He TepeBUILYIOTh Z0MyCcTHMi. /l71s1 BU3HAUeHHS
TTOKA3HUKIB TUHAMIKI 3HOMHOTO /1aXy TIPOBEIEHO OCTiPKEHHS HOoTo InHAMiYHO1 HaBaHTaskeHocTi. Po3paxyHok 3/iiicHenwii y ToCKii crcteMi
KoopauHaT. /[0 yBaru MpuiiHATI KOJMBAHHS [ICKAKyBaHHS Ta TAJIONYBAHHS, SIK HAIOIIBIN TTOMMPEH] BUM KOJMBAHb BATOHA TIPU PYCi peiiko-
BOIO KOJTi€10. PO3B’SI30K MateMaTHYHOT MOJIeJIi IMHAMIYHOT HaBaHTaKeHOCTI 3ilicHennii B porpamiomy komiuiekci MathCad (Boston, USA).
IIpoBesneni mocikeHHS OKa3aJIH, M0 IIPICKOPEHHS Ky30Ba B IIEHTPi Mac cki1anaoTsb 0,4 g i 3HaXOUTHCS B IONMYCTUMUX Meskax. [Ipu ripomy
OIIiHKa X0y BaroHa € BiZMiHHOTO.

[TpoBezeni nocmimKkenHst COPUATUMYTh MiABUIEHHIO e(PeKTUBHOCTI (PYHKITIOHYBAHHST 3aJi3HUTHOTO TPAHCIIOPTY.

Komo4oBi ciioBa: TpaHCIIOPTHA MeXaHiKa, HalliBBArOH, 3OMHHUI /1aX, MIIIHICTb /Iaxy, HAIPYKEHUI CTaH, IMHAMIYHA HABAHTAKEHICTb.
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METOJUKA BUSHAYEHHS TEPMOIIPYKHOTO CTAHY 3AJII30BETOHHOI BAJIKM MOCTA IIIJICUJIEHOI
METHUJIMETAKPUJIATOM (c. 26-33)

B. B. Kogambuyk, 0. I. CoGonescoka, A. M. Onumenko, O. B. @enopenko, O. I1. Tokin, A. II. Ilasais, I. B. Kpaseup, 10. 3. Jlecis

IIpoBenieHo aHasi3 MeTO/iB BU3HAUEHHS TeMIEpPATypPHUX HAIlpy:KeHb Ta jedopMalliil y MOCTOBUX KOHCTPYKILISIX IPU il KIIMaTHYHUX
TeMIlepaTypHHX TMeperajiiB HaBKOJINIIHLOTO CepPe0BHIIA.

3aCcTOCOBAHO OJJHOBMMIPHY MOJI€/Ib BU3HAUEHHS TEMIIePATyPHOTIO IOJIS Ta TEPMOIIPY’KHOTO CTaHy /IS IPAKTUYHOI OLIHKY TeMIIepaTyp-
HUX TTOJIIB Ta HalIpy’K€Hb Hi]ICI/IJIeHI/IX 63_JTOK i3 BpaxyBaHHAM TEMIICPATYPHUX nepenaﬂiB HaBKOJIMIITHBOT'O CEpeIOBUIILA.

OTpUMaHO O30 TEMIIEPATYPHOTO TIOJISI Y BEPTUKATBHOMY HAIPSMI 3a7i300€TOHHOI GATKHU Y 3aJI€KHOCTI Bil TOBIIMHU KOHCTPYK-
TUBHOTO Ti/[CUJIEHHS METUIMETAKPUIATOM. BCTAHOBJIEHO, 10 HA KOHTAKTI 3a/1i300€TOHHOI GalKu Ta THACUIEHHS CIIOCTEPIracThCsl 3MiHa
TPa/IiEHTY TEMITePATYPH.

OTprMaHO PO3IOALT TEMIEPATYPHUX HANPYKEHb Y BEPTUKAJLHOMY HAIPAMI IiACHICHOT 3a1i306eTOHHOI GaJKu i3 BpaXyBaHHAM TOB-
MIUHA ]TiIICT/I]TeHHﬂ METUJIMETAKPUJIATOM Ta BEJMYNHU MOYJIA iforo pr)KHOCTi. BCTaHOB]’leHO, 110 TOBIIMMHA lTi]ICVI]TeHH?{ HE Ma€ 3HAYHOTO
BIUIMBY Ha TI/IBUIIEHHS HAMPYKEeHb, IPOTE 301IbINEHHST MO0 MPYKHOCTI KOHCTPYKTHBHOTO TMiICUJIEHHST IPU3BOAUTD [0 ITiIBUIIEHHS



TeMIIEPATYPHUX HalPysKeHb. Pi3HUIS OTPIMAHIX 3HAUEHD HATIPYKEHD /IS OIKU 13 METUIMETAKPIIATHUM TIiICHIIEHHSIM TOBIINHOI 10 MM
i 20 mm ipu Moty i ipysknocti E=15000 MIla cranoButb 10 3 % 1pu 0IaTHHX i Bi/ EMHUX TeMIiepaTypax.

Beranosiieno, 1110 Ha KOHTAKTHIN TTOBEPXHI 3a1i306€TOHHOT GaJIKK | METHIMETAKPUIIATHOTO MiICHJICHHS BiZI0YBAEThCsT 3MiHA XapaKTepy
PO3IOINY TeMIlepaTyPHUX HAIIPYKEHD [0 BUCOTI HaKu. S3HAYECHHS TEMIIEPATYPHUX HAMPYKeHb Y GaJIll i3 METUIMETAKPIJIATHUM I ICHIICH-
HSM 1 i I0ZQTHUX Ta B €MHUX TEMIIEPATYP HABKOJIUIIHBOTO CEPEIOBHIIA 301/IBITYETHCST Y TPU PasH.

BeraHoBIIEHO, 110 HA BEJIMYNHY TEMIIEPATYPHUX HAPY KEHDb BILTUBAE PI3HUIISI TEMIIEPATYP 32113006 TOHHOT GaJIKI 1 TACUTEHHS], & TAKOXK
(hisuko-MexaHiuHi TapaMeTpH AOCI/IKYBaHIX KOHCTPYKIIITHUX MarepiasiB OaJKu Ta KOHCTPYKTHBHOTO THICHJICHHS] METHIMETAKPUIIATOM.

Kir04oBi ci10Ba: mizicuIeHHs MOCTa, 3a71i306eTOHHA 6asIKa, METHIMETAKPUTIIATHE TTACUTEHHS, TEMIIEPATYPHE TOJTE.
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BUSIBJIEHHS JEOOPMAIIT CETMEHTIB I iX OIIOP B TIZIPOCTATUYHOMY HIIIINIHUKY CETMEHTHOTO
THUIITY (c. 33-40)

B. 1. Hasiu

B pammit yac icHyIOTb TEOPETHYHI Ta eKCIIePIMEHTATbHI OCTI/UKEHHST TANTUITHIKIB CETMEHTHOTO THITY (€3 ypaxyBaHHs TPYKHUX Jie-
(opmartiii cermenTis. Ha miimnauku poTopis HOTYKHUX TYpOiH I aTOMHUX CTaHILi#i AII0Th HaBaHTaKEeHHs, PIBHI AecsTKaM ToHH. OHIM
3 BOKJIMBUX MUTAHD PN MPOEKTYBAHHI CErMEHTHUX II/INUITHUKIB, 1[0 MPAIIOIOTh B IINX YMOBAaX, € ypaxXyBaHHs TPYXKHNUX Aedopmariii cer-
MenTiB. HaBezeno cxemy riipocTaTiaHoro mimuIiHuKa CerMeHTHOTO THITY 1 ONucanuii mpuHim ioro podoru. [Ipu Busnadeni gedopmarii
chepryHoi onopu 3actocoBana GhopmyJia st 3MiHN 00’'eMy CYIIIBHOT CTa/IeBOl KyJIi, HABAHTAKEHOT PIBHOMIPHUM THCKOM.

Jlnst BusHavyennst gepopmaltii cerMmenTa B OCbOBOMY HAIIPSIMKY B SIKOCTI BUXIZIHOTO MPUIHATO AudepenIiaibie piBHSHHSI BUTHHY Oaj-
Kku-mtabu. B gKocTi BUXiZAHOTO, U1 BUsHaueHHst edopMailii cerMeHTa B OKPY/KHOMY HAINPSMKY, IIPUIHATO OCHOBHE PIBHSAHHS AedopMaltii
CTPIDKHIB 3 KPUBOJIIHIITHOI BicCio TIpH /Iii B TVIONIIHI KPUBHU3HMU.

B pesyJisraTi nmpoBeieHux J0CIKeHb BCTAHOBIEHO, 10 T1pU THCKY skuBiaeHts 5 MIla makcumasibha gedopmaltist cerMenTta CTaHOBHUTh
4,5 % Bijl paiiasibHOTO 3a30py 1 MOJKe BIUIMBATH HA XapaKTEPUCTHKH IAMUIHUKA. BUsABIEHO CyTTEBO HeqiHiltHUI XxapakTep Aedopmartiit
V3JI0BK OCi cerMenTa. BeranoBsieHo, 110 BeJmyrHa THCKY poOOYOi PiIMHI ICTOTHO BIUIMBAE Ha TOBIMHY cerMenTa. [1pu 36iabiienti THCKy
skuBiienss 3 1 MITa go 10 MIla ToBiuHa cTajaeBoro cerMesTa 36i]lb].l.[yBaJIaCﬂ 6iJib1IL, HiZK B 2 pasu, a TOBIMHA GPOH30BOIO cerMeHTa — Oifb-
nre, HiXK B 3 pasu. BeranoiieHo, 1o BesimdrHa THCKY po6ouoi pigunu, mo nepesuirye 10 MITa, icroTro BiuBae Ha gedopmaltiio chepuaHoi
OIOpU 1 Ha 3a30P B Mi/{IUITHUKY.

OTpumani pe3yJsTaTi 03BOJISITh TOUHIIIE BU3HAYATH OCHOBHI XapAaKTEPUCTUKN CETMEHTHOTO MiAMITHIKA | pallioHaIbHIIIe TPOEKTYBa-
TU H10TO KOHCTPYKILIO.

Komo4oBi cioBa: cerMeHTHU HiIINITHUK, lehopMallist cerMeHTa, XapaKTepUCTHKH HiIITNITHNKA, i epeHIiiaibHe PIBHSIHHS, Pe3yJIbTaTn

PO3paxyHKY.
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BU3HAYEHHS EHEPTETUYHUX XAPAKTEPUCTUK PYITHYBAHHSI MATEPIAJIY B KAMEPI JIPOBJIEHHS
BIBPAIIITHIX TIPOBAPOK (c. 41-49)

I. I. Hazapenko, €. O. Mimyxk, /1. O. Miugyk, M. M. Pyunncskuii, 1. JI. Poroscskuii, JI. M. Muxaiinosa, JI .JI. Tirtosa,
M. I. Bepesosuii, P. B. IllatpoB

JlpobusibHe O6NaHAHHS XapaKTEePU3Y€EThCsS 3HAYHOI €HEPro3aTPaTHOI CHCTEMOIO MPH BUKOHAHHI POGOYOro MPOIeCy MOpiOHEHHS.
CyuacHa TeH/eHI[isI PO3BUTKY MOAIGHUX TIPOIECIB BUCYBAE BUMOTH 10 PO3POOKH HOBOTO a00 BJOCKOHAJICHHS iCHYIOUOTO €HEProomajiHoro
obmananns. CyTHicTb BUpilIeHHS MpobjaeMu B AaHiil poOOTI BU3HAYEHO IMIJISIXOM BHKOPUCTAHHS PE30HAHCHUX PEKUMIB, SIKi 32 CBOEIO
CyTTIO € HailGiabm edexkruBHuMU. [IpakTHYHA peasizallisi Pe3OHAHCHOTO PEXUMY JIOCATHYTO BPAXyBaHHIM YMOB B3a€MOJIii PE30HAHCHOI
BiGpaIiiinol ApobapKy i3 MarepiaJloM Ha eTanax Horo pyirysamis. BpaxoBaHo cTyminb HanmpyKeHo — 1ehopMOBaHOTO CTaHy MaTepiairy, 1o
SBUJIOCS TIEPEyMOBOIO BUSIBJICHHS TIOTEHIIHIX MOKJIMBOCTEH PO3BUTKY BibpaliiiHoro napantaxkenns. CkiaieHi piBHSIHHS PyXy Ha OCHOBI
0OTPYHTOBAHOI IMCKPETHO-KOHTHHYAJIBHOI MOZIesTi Bibpartiiinoi g;pobapku Ta 06po6II0BaIbHOTO MaTepiamy. 3aCTOCOBAHO TI/Xi/ BUSHAYEHHS
CTYNEHEBOTO PyiHyBaHHA MaTepiay i3 BU3HaYeHHAM HeoOXiAHo1 cryneni edeprii. Takuii MeTOAOMOTTYHIH MXI/ 103BOJUB POSKPUTH XapaK-
Tep Ipoliecy pyHHYBaHHS MaTepiaiy, /ie BpaXOBaHO €HepreTHYHi BUTPATU HA eTallaxX yTBOPEHH: TPIlUH, X PO3BUTKY Ta OCTATOYHOTO Pyii-
HyBaHHs. Buspieno, mo HailGiibini eHeprosarpatu 1pu poboTi ApoOdapok iy Th Ha KIHETHYHY €Heprilo APOOUIBHUX TUIUT Ta IOTEHIHaTbHY
eneprito gedopmaltii pysKuH. 3anpONOHOBAHA MOJIE/Ib € 3arabHOIO /Uit Oy/Ib AKOI KOHCTPYKII BiGpamiiiHol MauHu Ta il pesKiuMiB po6oTH.
Criiikuil pe30HAHCHUTT PEKUM JIO3BOJIMB 3HAYHO 3HU3UTH BUTPATH €HEPTil Ha TIPOTIKAHHS TEXHOJOTTYHOTO MPOIECY MOAPIGHEHHS MaTepialy.
OtrpuMani pesyJibTaTi BUKOPUCTaHI IIPK BAOCKOHAJICHH] METOAIB PO3PaxyHKy BibpamiiiHuX MOKOBUX Ta KOHYCHUX APOOApPOK, 110 Peali3yioTh
BIATOBI/IHI €HEPTOOIIa/AHI CTINKI 30HH POOOUYOTO TIPOILECY.

Kimouosi caosa: Bibpaiiiina apobapka, KamMepa ApoOJIeHHsT, pe30HAHCHUN PEKIM, IIPOTIeC PyHHYBaHHs, €Heprist, HalpysKeHHst, edopMalist.
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VIOCKOHAJIEHHA KOHCTPYKIIII KOPIIYCY TPAVJIEPA 3 YMOBU 3ABE3IEYEHHSA BTOMHOT MIITHOCTI (c. 50-59)

JI. I. Kopoctmibos, 1. 0. JlurBunenxo, I. B. lllapyn, 1. I1. laBugoB

VI0CKOHAIEHO KOHCTPYKIIi0 KOpIycy TpayJiepy npoekry 1288 B pailoni HOCOBOTO TPIOMY 3 METOM 3a0€3MEUeHHS BTOMHOI MIIlHOCTI By3-
JIiB TIepEeTHHY OCHOBHUX IITTAHTOYTIB i3 APYTUM AHOM. /L7151 TIbOTO BUKOHAHO JIOCTI[PKEHHST BTOMHOI MIiITHOCTi Ha3BaHUX BY3JIiB IJTsT BUXIHOTO
BapiaHTy KOHCTPYKIIii 6OPTY Ta /st ABOX BapiaHTiB ii MojepHizailii.

BusnaueHo BeJIMYMHN BHYTPINIHIX 3yCHJIb Y TOYKAX MOSIBU BTOMHHX TPIIlMH Y Bi/ICIKY /IS TPhOX KOHCTPYKTHBHUX BapiaHTiB GOpTY.
Beranosiieno, 1o HaiibibII 3yCHIIsE MAIOTh MicIie Mocepe/iHi HOCOBOT TIOJIOBUHHU Bi/ICIKY.



PoszpaxoBano mapamerpu JI0BrOTEPMiHOBOTO PO3MO/LTY BEIMYMH PO3MaXiB CyMapHUX €KBiBaJEHTHHUX eKCILIyaTalliifHUX HANpy>KeHb 3a
3aKOHOM BeliOysia B TOUKax MOSIBM BTOMHUX TPIIMH /ISl PI3HUX KOHCTPYKTUBHUX BapianTis GoproBoro nepekputrs. i mapamerpu Gyim
BU3HAYEHI /1711 cepe/IMHI HOCOBOTO TPIOMY CY/IHA Ta /IS PaiioHiB, B SKUX /IIOTh MAaKCUMaJIbHI BEeJIMYNHU PO3MAaxiB 3TMHAJIBLHIX MOMEHTIB,
3 BpaXyBaHHsIM KOPO3iiHHOro 3HOCY Ta 6e3 HbOrOo.

Busnaueno BesmunHu cyMapHIX BTOMHUX HOIIKO/PKEHD Ta JIOBTOBIUHICTD BY3JIiB, 1110 JJOCJI/PKYBaINCh. PO3paxyHKn MIPOBOANINCH METO-
JIaMU HOMIHAJIbBHOTO HAIPY’KeHHS, HAIIPY’KEHHS y Tapsyiil To4Ili Ta eKCIIePUMEeHTalIbHO-TEOPETHYHNIM.

TTokasaHo, o 7151 3a0e31MeYeHHsT BTOMHOI MIITHOCTI By3J1a, TIO PO3IJISAAETHCS, HEOOXITHO TPOAOBKUTH IIPOMIZKHI IITTAHTOYTH BUXITHOTO
BapianTa KOHCTPYKILT GOPTY 0 PIBHS APYTOTO [HA, 3aKPITUBIIN iX 10 HACTH/Y. TAaKOK MOTPIGHO IPUEAHATH BAaHTAKHY TIaThOPMY 110 GOPTY,
3MCHIIUBIIY TAKUM YUHOM IIPOTHH IIIAHTOYTY. PiBeHb BTOMHOTO MONIKO/PKEHHS 3a 25 POKIB eKCILIyaTalii B pesyJisTaTi 3MEHIINTDCST [IPH-
6s3HO y 3,5 pasu.

Habmskene BpaxyBaHHs eeKTy CJIEMIHTY, SIK OYJI0 BUSBIEHO, He 301JIbIIYE CYTTEBO BEJIMYNHY BTOMHOTO TOIIKO/KEHHSI BY3JIa.

Pesybratit po3poOKK peKOMEH AN 3 MOIepHi3allil KOHCTPYKILT 60PTy MOKYTh GyTH BIPOBa/UKEHI SIK Ha cyiHaxX poekTy 1288, Tak i Ha
HIINX CYHAX 3 MOTEPEYHOI0 CUCTEMOIO Habopy 6OpTY.

KimouoBi cioBa: tpayJiep, KOHCTPYKILisi 60pTY, KOHCTPYKTUBHUIL BY30J1, HAIPYKeHO-1ehOPMOBAHNUIT CTAH, KOHIIEHTPAI[isl HAIIPY)KEHD,
BTOMHA MITIHICTb.
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TEOPETUYHE JOCJIIKEHHA AEPOJIMHAMIYHOI HE3PIBHOBAYKEHOCTI JIOIIATI IIOBITPSIHOTO TBUHTA
TA KOPUTYBAJIbHUX MAC 141 Ii BAJJAHCYBAHHA (c. 60-66)

I. b. ®iximonixin, I. I. Mirimonixina, 0. O. Binuk, JI. M. Kpuso6ionpka, F0. B. Mayok

TeopeTnyHO AOCII/KeHA aepOIHAMIYHA HE3PIBHOBAYKEHICTD JIONATI MOBITPSIHOrO TBUHTA Ta KOPUTYBAJIbHI MACH U1 1i OaslaHCyBaHHSL.

BeraHoBiieHo, 1110 aepoAMHAMIYHI CUIIH, TIIO [II0TH HA JIOMATH MOBITPSHOTO IBUHTA, MOKYTh OyTH 30a/aHcOBaHi KopuryBaHtsm mac. [le
CIIPABE/VINBO 1 Y BUITQ/KY CTUCIUBOTO TIOBITPsI (Ta3y), 32 yMOBH, 1110 JIOHATI OOTHKAIOTHCS JaMiHAPHUM IIOTOKOM. I1e 7103BoJIsIE 3acTOCOBY BATH
JUUTST BUBYEHHST AePOAMHAMIYHIX CHUJT, 110 HIOTh HA JIOTIATh MOBITPSIHOTO TBUHTA, METO/IIB GaIaHCyBaHHSI POTOPIB.

IloBepuyTa Jl0IIaTh CTBOPIOE IIEPEBAKHO MOMEHTHY aepO/INHAMIYHY He3PiBHOBAKEHICTh Yepes Ii/IHOMHY ciily. 3HAYHO MEHIIA CTaTUYHA
CKJTAI0BA aePOMHAMIYHOI HE3PIBHOBAKEHOCTI CTBOPIOETHCST CUIIOIO0 JIOOOBOTO OTIOPY, TIO fi€ Ha Jomath. KopuryBaibha Maca, po3TaiioBaHa
y IJIONIMHI TBUHTa, HalaHCy€ SK CTAaTUYHY, TaK i MOMEHTHY CKJI0BI aepoAMHAMIYHOT HE3PIBHOBAKEHOCTI Y CBOET TIONMHI Kopekilii. /[pyra
KOpUTYBaJbHA Maca (HAIPHUKJIAJA, HA XBOCTOBHUKY €JEKTPOJBUIYHA) OATAHCYE MOMEHTHY CKJIA/IOBY A€POAMHAMIYHOI HE3PiBHOBAKEHOCTI
y CBOEI IIJIOMMUHI KOPEKITii.

Po3paxyHKu CIIPOIILy€E TIPUTTYIIEHHST, 10 PIBHOAINHA a¢POAMHAMIYHIX CUJT EPIIEHNKYJISIPHA 10 XOP/H Jonati. /[ HabInmKeHuX po3pa-
XYHKIB MOKHA BUKOPUCTOBYBATH iH(OPMAITiIo PO HabIIIKeHe MicIle pO3TaITyBaHHsI IIEHTPY THUCKY.

AepoauHamMiyHi CUJIH, 10 AIIOTH Ha JIOMATh, MOKYTb OYTH BU3HAYEHI 110 KOPUTYBAILHUM MacaM JJid ix GamancyBarns. ToYHiCTh BU3HA-
YEHHS AePOAMHAMIYHUX CHJT MOKe OYTH ITIBUIIIEHA IIISIXOM 3aMipy MiAHOMHOT critm.

OO6unCTIOBAIBHII €KCIIEPUMEHT MIATBEPKYE cOPMYJIbOBAHI BUIIE TEOPETUYHI Pe3yJIbraTi. EKCIIepUMEHT H0JAaTKOBO TOBOIUTD MOXK-
JIMBICTD 3aCTOCYBaHHS PO3p0OJICHOT TEOPii /IUIst TBUHTIB, YMs IBU/KICTH 0GEPTAHHS 3MIHIOETHCS 31 3MIHOIO KYTiB BCTAHOBJICHHSI JIOTIATEIT.

Onep:kani pes3ysbraTii MOXKYTb OYTH 3aCTOCOBaHi sIK JIsI PO3POOKM METO/IB GasaHCyBaHHsI TOBITPSIHUX TBHHTIB, TaK i U PO3POOKH
MEeTO/IiB JIOC/IJIKEHHS aepO/IMHAMIYHUX CUJI, 1110 JIIIOTh Ha JIOTATh.

KiiouoBi ciioBa: 1oBiTpsIHUIT TBUHT, JIOTIATh, a€POJAMHAMIYHA HEBPiBHOBAKEHICTD, HEBPIBHOBAKEHICTH Mac, aepojnHamMiyHe GalaHCyBaH-
Hsl, GalaHCyBAaHHS KOPUTYBAHHSIM Mac.
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PO3POBKA IINIOCKOT'O TPOCOBOI'O ITAPAJIEJIbHOI'O POBOTA JIJIAA IPAKTUYHOI'O 3ACTOCYBAHHS
B HABYAJIbHOMY ITPOLECI (c. 67-75)

Assylbek Jomartov, Aziz Kamal, Azizbek Abduraimov

[Tapasnenbuuii pobot 3 kabebuuM npusogom ([TPKIT) Mae BesmuesHuii moTeHIial AJist PisHUX 3aCTOCYBaHb B IPOMUCJIOBOCTI i B OBCSIK-
JICHHOMY JKUTTi. BOHU CKJIaIal0Thes 3 KiHI[eBOro ehekTopa i migcTasy, 3'eHannx kibkoma Kabessimu. [TIPKIT MatoTh Benky po6ouy 061acTh
y HOPIBHSHHI 3 po6040I0 06J1aCTIO KJIacuYHuX napajieabHux po6oris. ITPKIT MaioTs GiJbiin pocTy KOHCTPYKIIIO, MAIOTh FapHi AMHAMIYHI Xa-
PaKTEPUCTUKH, XaPAKTEPU3YIOTHCST BUCOKOI BAHTAKOII IOMHICTIO, MOOITIbHICTIO I HEBUCOKOIO BapTicTO. EAMHUI HEOMIK B TOMY, 1110 Kabesi
IIPKII MoXyTh mpaIioBaTH TiJIbKM Ha BTATYBAHHS i He MOXKYTh CTUKATHCS. Y [aHiil CTaTTi MpecTaBIeHa KOHCTPYKIIis TPOTOTHITY TIJIaHap-
noro ITPKII 3 yotrpma KabesisaMu U1t TPAKTUYHOTO BUKOPUCTAHHSI B HaByaibHoMy 1iporeci. Lleit npororun maanapaoro ITPKIT neo6xiammit
JUISL KPAIIOTO PO3YMIHHS CTy/IEHTaMi 0COOMMBOCTEN KOHCTPYKILl, CTPYKTYpH, KiHemaTuky, ctatuku i auHamiku [TPKIL. Tlranapanii TTPKIT
BUKOHYE [[Ba TIOCTYMATHHUX PYXY 32 PaXyHOK KePOBAHUX 4 TPOCIB i ofre obepTanbuuii pyx KinieBoro edekropa. IIpoBeneno mocsimKkeH s
KIHEMATUKH Ta CTATHKU MJIOCKOTO TAPAJIETLHOr0 poboTa 3 TPOCOBUM MPHUBOAOM. [IPOBEIEHO MOIEMIOBAHHS PYXY MIOCKOTO TAPATIEIBHOTO
poboTa 3 TPOCOBUM TIPUBOIOM Ha MOBI miporpamyBaiis Python. Po3po6reno KOHCTPYKIIiTO i BUTOTOBIEHO TPOTOTHUII TIIIOCKOTO TTAPATIETBHOTO
pobota 3 TPOCOBUM MPUBOAOM. [IPOBEIEHO eKCIIePIMEHTAIbHI JOCTIIZKEHHSI TIPOTOTHUILY TIFIOCKOTO MAapaseJIbHOr0 PO6OTA 3 TPOCOBUM TIPUBO-
JIOM. Pesyuisratit ekcrepuMeHTa bHIX A0C/TiUKeHb ToKaszanu, mo [TPKIT npaioe gocuts g06pe. B Xo/i BUIIPoOyBaHb IIPOTOTHILY IJIAHAPHOTO
apaneabHoOro poboTa 3 TPOCOBUM TIPUBOIOM OYJIO BHSIBJIEHO, IO CIIOTBOPEHHSI TPAEKTOPIT KiHIIEBOTO eheKTOpa 3aI€5KaTh Bijl HATATY TPOCIB.
Heo6xiiHO KOHTPOJIIOBATH PiBEHb HATATY 3a J0IIOMOTO0 TeH304aTurKiB. Ha mijcTasi aHami3y OTpUMaHUX Pe3yJIbTaTiB miATBepIKeHa edek-
TUBHICTh BUKOpUCTaHHs TipoToTumny miaanaproro [TPKII B HaByasbHOMY TpoIieci Kypey poGoTOTeXHIKH.

KiouoBi cioBa: kaGe/ibHUil apasiebHuil poboT, IIaHapHUH, KOHCTPYKILA, KIHeMaTHKa, CTaTUKA, HATAT, KIHIEeBUiT e)eKTop, IPOTOTHII,
VIIPaBJIiHHS, EHKOEP.



