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The object of research is the processes of emergence, perception,
and redistribution of loads in the body of a universal railroad gondola
with a cladding of corrugated sheets.

To improve the strength of the sheets of cladding, it is proposed
to strengthen the most loaded area in terms of height (1/3 of the
bottom tie-up) with horizontal corrugations. Determination of the
geometric parameters of the corrugation is carried out by the moment
of resistance of the sheet. The dynamic load of the gondola body with
improved cladding was determined by mathematical modeling. The
fluctuations of the jump were taken into consideration, that is, the
translational movements of the body relative to the vertical axis. The
results of the solution of the mathematical model have made it pos-
sible to conclude that the studied dynamics indicators are within the
permissible limits while the car movement is estimated as “excellent”.

The calculation was performed of the strength of the body of a
gondola with improved cladding. It has been established that the
strength of the gondola body under the main operating load modes is
ensured. According to the results of calculations of static strength, the
calculation was performed of the fatigue strength of the gondola body.
It must be said that the fatigue strength of the body cladding increases
by 3.7 % compared to the typical one.

A feature of the results obtained is that the proposed improve-
ment of the cladding can be carried out not only at the design stage
but also during repairs of cars.

The scope of practical use of the results includes the engineering
industry, in particular railroad transportation. At the same time, the
conditions for the practical application of the research results are
compliance with the requirements for loading and unloading opera-
tions of gondola cars.

The results of the current research will contribute to devising
recommendations for the design of modern structures of gondolas
and for improving the efficiency of their operation.

Keywords: gondola load, body strength, cladding resistance
momentum, body biaxiality indicator.
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In this investigation, the Mechanical Behavior of the composite
Single-Stringer structure was subjected to numerical analysis in order
to better understand its properties. As the primary material for the
modeling process, the carbon-epoxy IM7/8552 with quasi-isotropic
Layups has been utilized. The outcomes of the numerical analysis that
were carried out on the structure while it was in its static state have
been put into the structural tool that was developed by the ANSYS
programme. The fundamental boundary conditions have been defined
on the basis of the information that was received from the testing.
Static forces with a combined magnitude of 13.7 kN are being applied
to the composite Single-Stringer structure. Shear stresses, direction
deformation, von mises stresses, and total deformation have all been
shown to have an effect on a material’s mechanical behaviour, and this
effect has been demonstrated. The calculations indicate that there is a
maximum amount of bending that can take place as a direct result of
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the load that is being applied, and that amount is equal to 0.0147. The
maximum amount of bending that can take place as a direct result of
the load that is being applied is equal to 0.0147. As a consequence of
the application of 13.7 kN of pressure, the von Mises stress, which is al-
so frequently referred to as comparable stresses, has reached 51.9 MPa.
Shear stresses have been estimated in three distinct plans, and it was
discovered that the shear stress that was applied to the XY plane
achieved a maximum of 15 MPa, but the shear stress that was applied
to the XZ plane reached a maximum of 9.8 MPa. This was found. Both
aeroplanes were put through precisely the same amount of tension at
the exact same time. At this time, the shear stress on the plane YZ has
reached a level of 1.5 MPa.

Keywords: directional deformation, shear analysis, general de-

formation, equivalent stresses, composite structure.
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This paper investigates the influence of hydrodynamic conditions
for entering the initial section of the channel located after local obstacles
of various types. It is shown that the head losses in the valves and bends
of pipelines and in various control elements can be several times higher
than those in straight sections of the pipeline. It was established that
the assumption about the rectangular shape of the velocity diagram at
the entrance to the hydrodynamic initial section does not correspond
to the flow pattern in real channels of technological equipment. It is
proved that with the manifestation of inertia forces in the flow at the
initial section of the channel, hydrodynamic energy losses usually
increase, velocity and stress fields are significantly deformed. Given
this, it seemed expedient to conduct a study into the processes of flow
of viscous liquids in the initial section, located after local obstacles of
various types. Experimental and analytical studies have confirmed that
there is a significant influence of boundary conditions at the entrance
to the initial section on the formation of velocity diagrams and energy
loss along its length. The analytical-numerical solution to the system
of differential equations describing such flow is given. While solving,
the system of equations, by appropriate transformations, takes the form
of a nonlinear integral-differential equation. This makes it possible to
obtain correct dependences for determining the length of the velocity
distribution and energy loss in the investigated section of the chan-
nel. The results of calculations of velocity fields in the region of local
obstacles agree well with known ideas of the flow pattern, which is
observed in physical experiments and the results of analytical solutions.
The quantitative difference in results ranges within 12—20 % depending
on the Reynolds number. Thus, there is reason to assert that the results
of studies reported here could be the basis for devising a procedure of
hydrodynamic calculation aimed at structural and operational improve-
ment of existing and designed technological equipment.

Keywords: local obstacles of various types, conditions for enter-
ing the initial section, numerical solution.
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The study of the patterns of change in the hydrodynamic param-
eters under the conditions of non-stationary flow at the entry of the
cylindrical pipe and the initial arbitrary distribution of velocities in the
entry section was conducted based on the boundary layer equations. A
boundary problem was formed under the axisymmetric change condi-
tions in the flow. The boundary conditions were chosen in accordance
with the pattern of an arbitrary distribution of velocities in the entry
section. A general solution of the approximating Navier-Stokes equa-
tions is presented depending on the initial conditions and the Reynolds
number. In accordance with the type of flow, the boundary conditions
of the problem are established, and the boundary-value problem is
formulated. Regularities for the change in velocities lengthwise in the
entrance region have been obtained for a constant and parabolic veloc-
ity distribution in the inlet cross-sections. Analytical solutions have
been obtained, allowing to obtain patterns of changes in velocities and
pressures toward flow at any section and at any time. For the mentioned
cases, the composite graphs of velocity changes in different sections

along the length of the entrance transition area were constructed by
computer analysis, for different time conditions. With the obtained
composite graphs, the patterns of change over the entire length of the
transition area of the entrance region were constructed, enabling to
obtain fluid flow velocity at any point of the section. The length of the
transition zone can be estimated based on the condition of reaching a
certain percentage (99 %) of the maximum velocity of the flow.

The proposed solutions create the conditions for correctly con-
structing separate units of hydromechanical equipment.

Keywords: cylindrical pipe, inlet section, non-stationary flow, vis-
cous fluid, velocity distribution.
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Topology optimization is gaining popularity as a primary tool
for engineers in the initial stages of design. Essentially, the design
domain is broken down into individual pixels, with the material
density of each element or mesh point serving as a design variable.
The optimization problem is then tackled through mathematical pro-
gramming and optimization methods that rely on analytical gradient
calculation. In this study, topology optimization using honeycomb
tessellation elements is explored. Hexagonal elements have the abil-
ity to flexibly connect two adjacent elements. The use of the hex-
agonal element limits the occurrence of the checkerboard pattern to
the finite elements of the quadrilateral standard Lagrangian type. A
mathematical model is developed with the objective function being
the minimum compliance value of the design domain. The element
stiffness matrix is constructed using the strain-displacement ma-
trix and the constitutive matrix, assuming a unit Young’s modulus.
Additionally, optimal conditions are established using Lagrangian
multipliers. Two sensitivity and density filtering filters are employed
to increase optimization efficiency, prevent the algorithm from
reaching a local optimal state, and speed up convergence. If the
suggested filter is employed, the objective function achieves a value
of ¢=173,0293 and convergence is attained after 200 iterations. In
contrast, without using the filter, the objective function has a larger
value (c=186,7922) and convergence occurs at the 27t iteration.
The results are significant for optimizing topology to meet specific
boundary condition requirements. This paper proposes a novel ap-
proach using a combination of filters to advance topology optimiza-
tion using hexagonal elements in future applications.

Keywords: topology optimization, boundary conditions, isotro-
pic material, filter sensitivity, honeycomb tessell.
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The study aimed to explore the possibility of strengthening RC
corbels with many strengthening techniques. The research analyzed
the RC corbels behavior under a wide range of variables. The theoreti-
cal study consisted of twelve models reinforced with GFRP bars with
strengthening by steel plate. Finite element analysis with ANSYS AP-
DL was used to verify five specimens. This research deals with a static
nonlinear FE simulation to investigate the behavior of RC Corbels re-
inforced internally and externally. The verification with experimental
work demonstrated a satisfactory agreement in the load-displacement
relationship, ultimate load and displacement, and failure mode. The
parametric study was implemented which included strengthening the
four concrete corbels externally and four corbels internally by a steel
plate in many configurations while the remaining three were modeled
with varied compressive strength (30, 40, and 50) MPa. The external
strengthening included the placing of steel plate externally around
the corbel in a U-shaped form and partial strengthening by strips and
bottom plate. The models with internal strengthening involved plac-
ing the steel plate internally instead of stirrups. The results discovered
that the strengthening provided enrichments in the stiffness, ductility,
and energy absorption by 37 %, 4 %, and 26 %. In addition, in the case
of full external strengthening more than internal retrofitting, there is
a maximum improvement in the cracking and ultimate load carrying
capacity. The external strengthening was better than internal one due
to the confinement effect of the concrete. The stress distribution and
crack pattern were affected by the strengthening techniques and more
cracks appeared in the corbels with external steel plates.

Keywords: Nonlinear finite element, RC Corbel, steel plate, deflec-
tion, energy absorption, cracking, shear strength, parametric study.
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This paper considers the influence of hydrodynamic processes in
the movement of the free surface of liquid in partially filled tractor
tanks. Splashing liquid in partially filled containers is a significant
problem in the study of functional stability of movement in the ma-
rine, aerospace, rail, and automotive industries. After all, it affects
productivity and traffic safety. The same effect was observed when
performing transportation work while delivering liquid cargoes in
the agricultural sector. That was due to increasing the transportation
speeds of wheeled tractors. In the procedure, using the Rayleigh theo-
ry of surface waves, a linearized problem of motion of the free surface
of a liquid is obtained. Based on Helmholtz’s theorem, the components
of scalar and Laplace field vector potentials of fluid velocity vector are
separated. The potential problem for translational motion of fluid, in
which vortex component of the field is absent, is considered. Instead
of the fluid velocity potential, a scalar fluid displacement potential
in Rayleigh surface waves was introduced. Comparing the results of
calculating fluid splashing with the work of other scientists, a high
convergence of natural frequencies of partial oscillators in 3D space
was found. This is noticeable in the last quarter of the filling of the
tank, in which significant displacements of the deep liquid occur. A
feature of the results is the introduction, instead of the real shape of
the container, an equivalent form of a parallelepiped, the final shape
of which depends on the level of fullness. The frequency properties
of movement of the free surface of liquid based on the standard size
of tanks used in agriculture are separated. The proposed improved
methodology could be used to increase stability, controllability, and
smoothness when operating tanks with a wheeled tractor.

Keywords: cylindrical tank, free surface, equivalent shape, ei-
genfrequency, partial oscillator.
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This paper considers the deformation properties of the body
of the lithium-ion power cell (LIPC) Panasonic NCR18650B
(LiNiggCoy.15Al00502) exposed to the action of static load at various
techniques of fixing the cell. Determining the properties of LIPCs under
appropriate conditions makes it possible to fill the gap in existing stud-
ies, which will further ensure the safety of their use.

Based on the results of experimental studies, the LIPC rigidity and
temperature indicators were determined in accordance with the applied
load. The most dangerous variant, from the point of view of fire danger,
of applying a static load on the cell has been established.

It was experimentally established that, on average, the Panasonic
NCR18650B LIPC housing can withstand a load of about 80 kg-s/cm?
(or 7.84 MPa) without further ignition. An increase in pressure force
in the range exceeding 85-90 kg-s/cm? leads to an irreversible chain
thermochemical reaction, which, within 2—3 seconds, leads to LIPC
ignition. Compressing the LIPC evenly along its lateral surface
showed the occurrence of combustion at the load on the cell equal to
150 kg:s/cm? The average temperature of the cell during combustion
caused by the deformation of the housing is 350-450 °C, and the maxi-
mum value is registered in the range of 580680 °C.

The mathematical model built on the basis of the mathematical
theory of thin shells adequately describes the stressed-strained state of
the cylindrical body of cells under the action of a force concentrated and
distributed load. The estimation model is satisfactorily verified by ex-
perimental results, making it possible to improve the strength and rigid-
ity of LIPC housing by choosing the appropriate steel grade for its body,
the geometric dimensions, and the structural technique of its fastening.

Keywords: Panasonic NCR18650B, mechanical deformation, com-
bustion temperature, mathematical model, fire hazard.
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BU3HAYEHHS OCOBJIUBOCTE HABAHTASKEHOCTI KY30BA HAIIIBBATOHA 3 OBIIIMBKOIO
BOKOBUX CTIH 13 TO®POBAHUX JIMCTIB ITPU EKCIUIVATAIIITHUX PEXKUMAX (c. 6-14)

T. JI. Baryas, A. O. Jloscbka, C. C. Msamiin, A. B. Pu6in, B. I1. Hepy6auskwuii, [I. A. Topaienko

OG6’€KTOM AOCTI/UKEHHS € TPOLECH BUHUKHEHHsI, CIPUHHSATTS Ta HePEePO3IOALLY HABAHTaXKeHb B Ky30Bi YHIBEPCAIBHOTO HAIBBaroHa 3
06UIMBKOIO i3 TO(POBAHKX JIUCTIB.

JTJ1s1 HOKpAILEHHsT MIiI[HOCTI JINCTIB OOIIMBKU [IPOTIOHYE€ThCsI HAWGI/IBIIT HABAHTAXKEHY 32 BUCOTOIO 30HY (1/3 B/l HUIKHBOTO 0OB’ I3y BaHHS)
MOCHUJTIOBATH TOPU30HTATBHNME TodpamMu. Buznauenns reoMeTpuyHNX mapaMeTpiB rodp 3zilicHeno 3a MoMeHTOM oriopy JmcTa. IIposezsero
BU3HAYEHHS IMHAMIYHOI HABAHTAKEHOCTI Ky30Ba HAIMIBBATOHA 3 YIOCKOHAIEHO OOIIMBKOIO NUISIXOM MATEMATHYHOTO MOJeoBaHHs. Jlo
yBaru NpUIHATO KOJMBAHHS IiACKAKyBaHHs1, TOOTO TOCTYNAJIbHI lepeMillleHHs] Ky30Ba BiIHOCHO BepPTUKaJIbHOI oci. Pesysbrati po3s'sisky
MaTeMaTHYHOI MOJIEJ I03BOJIIIIH 3POOHTH BUCHOBOK, 1110 IOCTI/IKYBaHi TIOKA3HUKH [ITHAMIKY 3HAXOISATHCS B MEKAX JMOMYCTUMUX, & Xi/l PyXy
BaroHa OIIHIOETHCS K “BiAMIHHMIT".

3ailicHeHo Po3paxyHOK Ha MII[HICTh Ky30Ba HaliBBaroHa 3 yJ0CKOHAJIEHOIO 00MUBKOIO. BeTanoBiieHo, 1o MilHICTh Ky30Ba HalliBBaroHa
[P OCHOBHUX EKCIUIYaTAI[IHUX PEKMMAX HABAHTAKEHHsI 3a0€3MeUy€eThCst. 3a Pe3yJIbraTaMyl PO3PaxXyHKIB CTATUYHOI MIIHOCTI MPOBEAEHO
PO3paxyHOK Ha BTOMHY MIIIHICTh Ky30Ba HamiBBaroHa. HeoOxifHO ckas3aTn, 10 BTOMHA MII[HICTh OOIIMBKY Ky30Ba 36imburyersest Ha 3,7 % y
MOPiBHSTHHI 3 TUTIOBOIO.

Oco6IMBICTIO OTPUMAHUX PE3YJIBTATIB € Te, N0 3aPONOHOBAHE YIOCKOHATIECHHS OOIIMBKY MOKJIMBO 3/iIICHIOBATU HE TIJIbKU HA CTail
MTPOEKTYBAHHS, & i PEMOHTIB BaroHis.

Cdepoto TIpaKTUYHOrO BUKOPUCTAHHS PE3YJIBTATIB € MAIMHOOY/IBHA rajly3b, 30KpeMa 3alisHuYHUil TpaHcnopt. [Ipu oMy, yMoBaMu
[PAKTUYHOTO 3aCTOCYBAHHSI PE3YJIBTATIB JOCII/PKEHHSI € JOTPUMAHHST BUMOT I0/I0 BAHTAKHO-PO3BAHTAKYBAJIBbHUX POOIT HAIIIBBATOHIB.

PesymbraTit mpoBeieHNX A0CITI/PKEeHb CIPUATHMY T CTBOPEHHIO PEKOMEHIAIiI I[0/10 ITPOEKTYBAHHS Cy4aCHUX KOHCTPYKILill HAaIlliBBaroHiB
Ta Mi/BUIIEHHIO e(heKTHUBHOCTI iX eKcIlIyaTarti.

KouoBi cioBa: HaBaHTaKeHiCTh HAIlIBBATOHA, MII[HICTh Ky30Ba, MOMEHT OMOPY OOIIUBKH, IHAUKATOP GiaKCHAIbHOCTI Ky30Ba.
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BU3HAYEHHSA BTOMHOI ITIOBEIHKY KOMIIO3UTHOI O/THOCTPYHHOI KOHCTPYKIIIi HA OCHOBI
KBA3ICTATUYHOI'O METO/JIY (c. 15-23)

Ali Talib Shomran, Batool Mardan Faisal, Emad Kamil Hussein, Thiago Santos, Kies Fatima

YV 1bOMy JIOCTIIKEHH] MeXaHiYHA TTOBE/IiHKa KOMIIO3UTHOI OJHOCTPYHHOI KOHCTPYKIii OyJia miagaHa dyucaoBoMy aHasisy, o6 Kpaiie
3po3yMiTH ii BacTUBOCTI. SIk OCHOBHUIT MaTepiaJ /I7Ist POIleCy MO/IeJTIOBAHHSI BUKOPUCTOBYBABCsI ByTJIelieBuii ertokcu IM7,/8552 3 kBasiizo-
TponHuMU Layups. Pe3ysibraTu 4icI0BOTO aHaIi3y, TPOBEAEHOTO HA KOHCTPYKILii, KOJIM BOHA TiepefyBajia B CTaTHYHOMY CTaHi, OyJIi BBe/IeH]
B CTPYKTYPHUH iHCTPYMEHT, po3pobienuii mporpamoo ANSYS. DyupameHTaibHi rpannyHi yMoBU OyJiv BU3HAYEHI Ha OCHOBI iH(hopMartii,
oTpuManoi Biz BUlipoOyBamb. CTaTuuHi cuim i3 cymapHoio Besimunuoio 13,7 kH 3acToCOBYIOTHCS 10 KOMIIO3UTHOI O{HOCTPYHHOI KOHCTPYKILiL.
JloBejieHo, 1110 HANpY:KeHHs 3CyBY, HalpsiMHa aedopmaitist, Hanpyru ¢ox Miseca Ta noBHa jiepopmaltist BIVIMBAIOTh HA MEXaHIYHY HOBEJ[IHKY
Matepiaiy, i meit epekt 6yJI0 TPOIEMOHCTPOBaHO. PO3paxyHKN MTOKA3YIOTh, 10 iCHy€E MaKCHMAJbHA BETMYNHA BUTHHY, STIKA MOKE MaTH MicIie
SIK TIPSIMUU PE3YJIbTaT MPUKJIAIEHOTO HAaBaHTAKeHHs, i 11 BesmunHa nopisaioe 0,0147. Buacainok 3actocysanust tucky 13,7 kH manpyra
don-Miseca, SIKy TAKOK 4aCTO HA3UBAIOTH IIOPIBHAHHUME Hanpyramy, gocsria 51,9 MIIa. Hanpyru 3cyBy OyJu ol{iHeHi 32 TPhOMa PisHUME
aHam, i 6yJio BUSIBJIEHO, 110 HATIPYTa 3CYBY, MpHuKJaaena ao miomnmau XY, gocsiria makcumymy 15 MIla, ae Hanpyra 3cyBY, IpUKIaIeHa
1o wrotnan XZ, pocsirma makeumymy 9,8 MITa. ¥ weii yac nanpyra sacyBy Ha mionti YZ pocsirnia pisust 1,5 MITa.

KimouoBi cioBa: cripsmoBana fedopMaiis, aHasi3 3cyBy, 3araibHa JedopMalisi, eKBiBaJeHTHI HAPYKEHHs], KOMITO3UIITHA CTPYKTYpa.
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BU3HAYEHHA CTPYKTYPHU TEYII B OBJIACTI MICHHEBUX OIIOPIB PISHUX TUIIIB 3 YPAXYBAHHAM
IrMAPOANHAMIYHUIX YMOB BXOAY B IIOYATKOBY AIIAHKY (c. 24-32)

C. B. Hocko, /1. B. Kocriok, O. C. Taneupkuii, I. B. Houniyuenko

JlocnizzkeHo BIIMB TiZIPOAMHAMIYHUX YMOB BXOJly B IOYATKOBY JIJIAHKY KaHasy, PO3TallOBaHy IiCJIA MiCIIeBUX ONOPIB Pi3HOTO THITY.
[Tokazano, 110 BTPATH HATIOPY B apMatypi i BUTHHAX TPYOOIPOBO/IB Ta B PI3HUX PETYIIIOIUNX €TeMEHTaX MOXYTh B /IeKiTbKa pasiB OyTn
BUIIlE, HIK Y TPSIMUX [iJISTHKAX TPyOOnpoBoay. BeTaHOBIIEHO, 10 TPUITYILIEHHS PO MPSIMOKYTHY (OPMY €mopi IBUAKOCTEN HA BXOJI B
TipOAAMHAMIYHY IIOYATKOBY [IISHKY He BiANOBiZa€ kapTuHi Tedil B pealpHNX KaHATAX TEXHOJIOTIYHOro obsagHaHHS. J[0BeaeHO, M0 Ipn
MIPOSIBi CUJT iHEPIlii B TOTOI HA TTOYATKOBIH TiIHIT KaHaay 3a3BUYall 3pOCTAIOTH TiPOANHAMIUHI BTPATH €Heprii, 3HAYHO 1e(hOPMYIOTHCS
T10JIs1 IIBUJIKOCTEN Ta HAIPYTU. 3aB/IsKU IIbOMY CTaJIO JIOLIJIBHUM IIPOBECTH JIOCJIiJIKEHHS TIPOIIECiB MPOTIKAHHS B'SI3KUX Pi/INH Y IOYATKOBIi
JUJISTHIT, PO3TAIIOBAHIH Tic/Is MiCI[eBIX OTIOPIB pi3HOTO THITy. EXCIIepuMeHTaThHUMY Ta aHATI THYHUME JOCJIPKEHHSIMH HiTBEP/KEHO, 110
iCHY€E CYTTEBUII BIINB IPAaHUYHNX YMOB Ha BXO/Ii B IIOYATKOBY JIJITHKY Ha (DOPMyBaHHS €IOPU IIBUJIKOCTell i BTpaTn eHeprii Ha 1i 10BKUHI.
[TpesicTaBieno aHAIITUYHO-YNCEIbHE PIllIEHHS CUCTEME (epeHIiITHIX PiBHSIHb, 1110 OIUCYIOTh TAKy Tedilo. Y X0/ pillleHb cucTeMa PiBHSHb,



HIJIIXOM Bi/ITIOBITHUX MEPETBOPEHb, HAOYBAE BUTIISALY HEJIHIHOTO iHTerpasbHO-IubEepeHIianbHOro piBHsaHH. [le 1a€ MOKIUBICTH OTPUMa-
TH KOPEKTHi 3aJI€KHOCTI /1T BUBHAYEHHS IOBKWHU PO3MOIINTY MIBUAKOCTEN i BTPAT eHeprii Ha AOCTipKyBaHii Aiisaaii KaHary. OTpumMani
Ppe3yJIbTaT PO3PAaXyHKIB MOJIB MBUAKOCTI B 00J1aCTi MICIIEBUX OMOPIB 00pe Y3ro[KyIOThCA 3 BIAOMUME YSIBJIEHHIMU KapTUHU Tedii, 1o
criocTepiraetbes y (isMUHNX €KCIepPUMEHTax Ta pe3yJibTaTaX aHaJITHUYHUX pimeHb. KinbkicHe po3XOokeHHsT pe3yJIbTaTiB KOJIUBAETHCS B
meskax 12-20 % B 3amesxxHocTi Bi yncaa Peitnosbaca. TakuM 4iMHOM, € TCTaBH CTBEPIIKYBATH, 110 PE3YJIBTATH JaHUX JTOCII[KEHD MOXKYTh
6yTH OCHOBOIO JIUIs1 PO3POOKU METOAUKY TiAPOJMHAMIYHOTO PO3PAXYHKY, CIIPAMOBAHOTO HA KOHCTPYKTHBHO-EKCILIyaTalliiiHe BOCKOHATICHHS
iCHYIOYOTO Ta TPOEKTOBAHOTO TEXHOJIOTIYHOTO OOIaTHAHHSL.
KmouoBi cioBa: MicIieBi O11opu pi3HOTO TUITY, YMOBHU BXO/Y B TIOYATKOBY JUJISTHKY, YHCETbHE PIllIEHHS.
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IIEHTU®IKAIISI 3AKOHA HECTAIIIOHAPHOTO JIAMIHAPHOTO IIOTOKY B’SI3KOI PUIUHU ¥
BXIJIHIV CEKIIIi KPYTJIOi TPYBH (c. 33-42)

Arestak Sarukhanyan, Yeghiazar Vardanyan, Pargev Baljyan, Garnik Vermishyan

JlocmipkeHHsT 3aKOHOMIPHOCTEN 3MiHN TiPOAMHAMIYHIIX [TAPAMETPiB B YMOBaX HECTAI[IOHAPHOI Tewii Ha BXOMI I HAPIYIHOI TpyOn Ta
TTOYATKOBOTO JIOBIIBHOTO PO3TIO/INY MIBUAKOCTEN Y BXiTHOMY IE€PETUHI MPOBEIEHO HA OCHOBI PiBHAHD MpurpanmyHoro mapy. CchopmoBano
KpailoBy 3a/1a4y 32 YMOBH BiCbOCHMETPUYHOI 3MiHK Teuii. [paHudHi yMOBH BUGHPAIUCS BIZITOBI/IHO /10 CXEMHU JOBIJIBHOTO PO3IIOIIJIY TITBH/IKO-
crell Ha BXiaHii missaii. HaBemeno 3araapamii po3B’si30K apOKCUMYIounX piBHstHb Hap'e-CTokca B 3a/1€KHOCTI Bifl TOYATKOBUX YMOB i Urcia
Peiinonbaca. Bianosinno 10 Buy Tedii BCTAHOBJIIOIOTHCS KPalloBi yMOBH 3a/1a4i Ta (hOPMYJIIOETHCST KpaiioBa 3a1aua. OTpUMaHO 3aKOHOMIp-
HOCTI 3MiHM IIBUAKOCTEH MO IOBKUHI y BXiAHIN 061acTi ISt MOCTIHHOTO Ta mapaGoIiuHOTO PO3TOALTY NIBUAKOCTEH Y BXIIHUX TIepepisax.
OTprMaHo aHATI THYHI PilIeHHS, [0 03BOJISIIOTH OTPUMATH 3aKOHOMIPHOCTI 3MiHU IIBUAKOCTEN 1 THUCKIB y GiK MOTOKY Ha OyAb-sKiii AiasHIi i
B Oy/ib-siKuii yac. JlJis1 3a3HaUEHKUX BUMIA/IKIB IIJIIXOM KOMITIOTEPHOTO aHasli3y Oy 11o0ynoBaHi 3seieni rpadiku 3MiHM NIBUAKOCTI HA PI3HIX
JJITHKAX 1O OBKIMHI BXiZIHOTO TIEPEXO/LY /ISl PI3HUX YaCOBMX YMOB. 3a OTPUMAHUMM CKJIaeHIMH rpadikaMu 1o0yI0BaHO 3aKOHOMIPHOCTI
3MIHM 10 BCill TOBKUMHI TI€pexiiHOl AIMSHKY BXiAHOI 06/1aCTi, 110 J03BOJIE€ OTPUMATH IBUAKICTD Tedil piiuHu B OyAb-AKill TOYILI IIepeTUHY.
JlOBXKMHY TI€PeXiIHOI 30HM MOKHA OI[IHUTH 32 YMOBH JIOCSITHEHHST IIEBHOTO BizicoTKa (99 %) MaKCHMAJIbHOI MIBU/IKOCTI TTOTOKY.

3anpornoHoBaHi pillleH st CTBOPIOIOTH YMOBH JIsl IIPABUIILHOT KOHCTPYKIIIT OKPEMUX BY3JIB IiZipOMEXaHiYHOro 06 IaHAHHSL.

KuiouoBi cioBa: nminpuyasa Tpy6a, BIyCKHUIT TIePeTHH, HeCcTallioHapHA Tedist, B'si3Ka PijinHa, PO3MOALT IBUIAKOCTE.
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OINTHUMI3AIIIA TOIIOJIOTT 1JI IBOTPOITHUX ITPYKHUX MATEPIAJIIB 3A JOIIOMOTOIO
CTLIbHUKOBOI MO3AIKH (c. 43-49)

Ngoc-Tien Tran

Onrumizattist TonoJiorii HabyBae TOMyJISIPHOCTI SIK OCHOBHUI IHCTPYMEHT JIJIsT iHKeHePiB Ha II0YaTKOBHUX eTarnax mpoekTyBans. [To cyTi,
o61acTb AN3aiiHy po30MBA€ETHC HAa OKPeMi HiKCesl, IPUYOMY IIIbHICTD MaTepialy KOXKHOIO ejleMeHTa ab0 TOUKH CITKY € 3MIHHOIO {U3aiiHy.
TTotiM pobiema onrTuMizaltii BUPINIYETHCST 32 JA0MOMOrOI0 MATEMAaTHYHOTO MPOTPAMyBaHHsI Ta METO/AIB ONTUMI3allii, SIKi CIIMPAIOThCsT HA
AHAJIITUYHUN PO3PAXYHOK I'PAJieHTa. Y LbOMY JOCIIIKEHH] JOCIIKYETHCS ONITUMI3allis TOIOJIOTI 3a JI0IIOMOT0I0 CTI/IBHUKOBUX €JIeMEeHTiB
Mmozaikn. [lecTnkyTHI eseMeHTH MalOTh MOKJINBICTD THYYKO 3'€/[HyBaTH! J[Ba CyCi/IHIX ejleMeHTa. BUKOPHCTaHHA TeKCaroHaabHOTO eJeMeHTa
06MeKYE TOSIBY TITAXOBOTO MOPSIIKY CKIHYEHHUMH eJIEMEHTAMU YOTHPHKYTHOTO CTaHAapTHOTO THITy Jlarpamska. Po3pobisieThest MaTeMaTiyHa
MOJIETTb 3 [IbOBOIO (DYHKITIE, SIKA € MIHIMAJIbHIM 3HAUCHHSM BiAMOBIAHOCTI 06JacTi IpoeKTyBaHHst. MaTpuils ;KOpCTKOCTI esemMenTa Oy-
JIYETBCS 3 BUKOPUCTAHHIM MaTPUIli AedopMartii-repeminieHHs Ta KOHCTUTYTUBHOI MaTPHILi, TPUITYCKAIOUN OAMHUIHITH Moy b Oura. Kpim
TOTO, OIITUMAJIbHI YMOBU BCTAHOBJIIOIOTHCS 34 OMIOMOTOI0 MHOKHUKIB Jlarpanka. [luist nigsuients eeKTUBHOCTI ONTUMI3aILii, 3ar06irams
JOCSTHEHHIO JITOPUTMOM JIOKQJIBHOTO ONTHMAJIBHOTO CTAHY Ta IPUCKOPEHHS KOHBEPreHIlil BUKOPUCTOBYIOThCS JBa (BinsTpr (inbrpartii
YyTIMBOCTI Ta MIJTBHOCTI. SIKIIO BUKOPUCTOBYETHCS 3allPOIIOHOBaHUI (BibTp, MiIboBa (BYHKIL gocarae 3HadeHtst ¢=173,0293 i 36ixHicTh
nocsiraetbest micsst 200 itepariit. Hasnaku, 6e3 Bukopuctants ¢inbrpa 1iipoBa GyHKIis Mae Olabine 3Haverns (c=186,7922) i 36ixHicTh
BiztOyBaeThest Ha 27-i1 itepartii. Pesysbratn MaioTh BaK/JIMBE 3HAYEHHs Uil ONTHUMI3aIlii TOTOJOTIT /Isi 3aI0BOJIEHHS] KOHKPETHUX BUMOT
IPaHUYHUX YMOB. Y IIbOMY JOKYMEHTI IIPOTIOHYETLCS HOBUI Mi/IXi/ 13 BUKOPUCTAHHAM KOMOIHAIT (DifbTPiB AUt TIOKpalleHHsT ONTUMI3alii
TOMOJIOTIT 32 JOIIOMOT0IO MECTUKYTHUX €JIEMEHTIB Y MailGyTHIX TIpOrpaMax.

KmouoBi cioBa: onTrMi3aiiist TOTOJIOTI, TPAHUYHI YMOBH, i30TPOIMHUI MaTepiaj, YyTAUBICTh (inbTpa, CTITPHIKOBA MO3aiKa.
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MPAKTUYHE JIOCJIJIKEHHSA 3MIITHEHHA HA 3CYB 3AJII3OBETOHHUX KOHCOJIEN CTAJIEBUMU
IINIACTUHAMU 3 BUKOPHCTAHHSAM CEA (c. 50-60)

Doaa Talib Hashim, Ali Wathiq Abdulghani, Hasan Mohammed Ahmed Albegmprli

JlocIiIsKEeHHA MaJIo Ha METi BU3HAYUTH MOKJIMBICTD 3MII[HEHHS 3a/1i300€TOHHUX KOHCOJIEH 3a I0IIOMOroI0 GaraTboX METOAIB 3MilIHEHHS.
JlocJri ke H ST TIpoaHaslizyBajio MoBeIiHKY 3a/1i300eTOHHIX KOHCOJIEH 3a IUPOKOTO Aianazony sMiHHUX. TeopeTudte J0Ci/KEeHHS CKIIalano-
¢s1 3 IBAHAMIATH MOjiesielt, apmoBanux cTpikusamu GFRP 3i aminHeHHsM cTanmeBoio miacTuHon. AHATI3 CKIHYEHUX eJIEMEHTIB 3 I0TIOMOT0I0
ANSYS APDL BukopucTtoByBaBcs A5 TIepeBipKy 1T'ATH 3paskiB. Lle 1ocmikeH s CTOCYEThCS CTATHYHOTO HEJIIHITHOTO MO/IETTIOBAHHS JIJIsT
JOCJTIIZKEHHsI TIOBEATHKY 3a/1i300€TOHHUX KOHCOJIEH, MOCUIIEHNX 3cepe/intu Ta 30BHI. IlepeBipka 3 eKcrnepruMeHTaIbHOI0 POOOTOO MPOJAEMOH-
CTpyBaJa 33/[0BIJIbHY BiJIIIOBIZIHICTD Y CIIBBiIHONIEHHI HAaBAaHTAKEHHS-TIEPEMIIIEHHS, TPAHNYHOTO HABAHTAKEHHS Ta IEPEeMillleHHs, a TAKOXK




pexumy pyiiHyBaHHs. ByJio peayizoBano napaMeTpuyHe J0CITiIPKEHH s, SIKe BKJII0YAJI0 3MII[HEHHST YOTUPHOX OETOHHIX KOHCOJIEH 30BHI Ta 40-
TUPBOX KOHCTPYKIIIH 3Cepe/IMHI CTAIEBOIO MIACTHHOIO B 6araThoX KOH(ITYpallisx, a perTa TpPhoX MOJIETIOBAIN 3 PI3HOIO MIIHICTIO Ha CTHCK
(30, 40 i 50) MITa. 3oBHilIHe 3Mil[HEHHSA BKIIOYAI0 PO3MIIIEHHS CTaleBOl IIACTHHU 30BHI HaBKOJI0 KoHcoui y U-11oi6Hiit ¢popmi ta yactkose
3MIIHEHHS CMyTaMU Ta HUGKHBOIO TINTOI0. Moziesti 3 BHYTPIIIHIM MOCHJIEHHSIM TTepeabadain pO3MIlIeHHS CTaIeBOl IACTUHN BCEPEIMHI 3a-
MicTh cTpeMen. PesysibraTit BUSBUIIN, 1110 3MillHEHHS 3a0€31e4nyio 3011bIIeH s JKOPCTKOCTI, TJIaCTUYHOCTI Ta TOrIMHAHHA eneprii Ha 37 %,
4 % i 26 %. Kpim Toro, y pasi MOBHOTO 30BHINIHBOIO 3MilIHEHHST OlJIblle, HisK BHYTPINIHBOI MOZIEPHI3aILil, BITOYBAaEThCSA MAKCUMAJIbHE MOKPa-
MIEHHsT PO3TPICKYBAHHS Ta KIHIIEBOI HECY4Ol 3/IaTHOCTI. 30BHIIIHE 3MIITHEHHS OYJI0 KPAIMM, HisK BHYTPIIIHE, 3aBISKH eHeKTy 0OMEKeHHS
6eTony. MeTou 3Mil[HEHHST BIUIMHYJIM HA PO3IO/LI HAIIPYTU Ta CTPYKTYPY TPIlKMH, i B KOHCOJAX i3 30BHINIHIMU CTAJEBUMU TIJIACTUHAMU
3'siBustocst Gisibie TPIiluH.

KiiouoBi ciioBa: HesiHiiiHuil CKiHueHuii esleMenT, 3a/1i300eTOHHa KOHCOJIb, CTajeBa IJIaCTHHA, IPOTUH, MOTJIMHAHHS eHeprii, po3TpicKy-
BaHHSI, MII[HICTb Ha 3CYB, TapaMeTPUYHE JJOCTI/IPKeHHSI.
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YTOCKOHAJIEHHS METOANKA MOZIEJTIOBAHHA HU3bKOYACTOTHUX KOJIMBAHD BIJIbHOI
ITOBEPXHI PI/IMHN B TPAKTOPHIUN IIUCTEPHI (c. 61-68)

A. II. Koxymko, €. C. Ileunenko, C. C. KpaBuenxo, B. /I. /lannienko

PosrgnyTo BIUIMB TiZPOAMHAMIYHIX MPOIIECiB TMPH PyCi BiJIbHOI MOBEPXHi PiAMHU B YACTKOBO 3AIIOBHEHWX TPAKTOPHUX IMCTEPHAX.
TlteckanHst piHU B YaCTKOBO 3aIIOBHEHUX EMHOCTSIX € IOBOJII CYTTEBOIO IPOOIIEMOIO TIPU AOCiKEHH] (hYHKITIOHAIBHOT cTabiIbHOCTI pyXy B
MOPCDKIii, aePOKOCMIUHIi, BaTi3HUYHIN Ta aBTOMOGIIbHII rasry3six. Ajiske BOHA BIUIMBAE HA MPOYKTUBHICTD Ta Ge3meky pyxy. Takuii ke eekrt
MOMIY€eHO i IPY BUKOHAHHI TPAHCIIOPTHUX POOIT 3 MePEeBE3EHHs PIIKMX BAHTAXKIB B CLIBCHKOTOCIOAAPCHKOMY ceKTOpi. Lle cTano MOoKIuBIM
3a PaxyHOK 3061JIbIICHHS TPAHCTIOPTHUX IIBUAKOCTEH KOJICHMME TPAKTOpaMu. B MeTO/ M1 32 JI01IOMOTO10 BUKOPUCTAHHST TEOPii ITOBEPXHEBUX
XBUJTh Pestest oTprMano JliHeapnu3oBany 3a/auy pyXy BibHOI moBepxHi piqnau. Ha ocHoBi Teopemu [elbMToJbIs BUOKPEMIIEHO CKITAI0BI CKa-
JISIPHOTO Ta BEKTOPHOTO IIOTeHIialiB JIarnaacoBoro moJist BeKTopa MBUAKOCTI piinHu. PO3IJIsAHYTO noTeHIia/lbHy 3a/a4y /IS IOCTYIAIbHOTO
PYXy pianHM, B AKil BUXpOBa CKJIA/[0BA OIS BiCYTHA. 3aMiCTh MOTEHINATy ITBUIKOCTEN PiIMHN BBECHO CKANSIPHUIT MOTEHITiaM 3MITIeHHS
pinnHu y moBepxHeBUX XBIISX Pesest. [opiBHIOIOYN pe3y IbraTii 0GUNCIEHHs! XTOTIAHHS PIIUHA 3 POGOTAMU IHIINX BYEHUX, 3'ICOBAHO BH-
COKY 301KHICTh OKA3HUKIB BJIACHUX YaCTOT MapIiiaabHux ociuiisitopis B 3D nipocropi. Ile momiTHO B ocTaHHiil YBepTi 3a1I0BHEHHSI EMHOCTI,
B SIKill BiOyBalOThCsI 3HAUYHI 3CyBH TMOMHHOI pigman. OcoOMUBICTIO OTPUMAHKX PE3YJIBTATIB € BIPOBAKEHHsI 3aMicTh peaibHoi (hopmu
€MHOCTI eKBiBaJIeHTHY (pOpMY napasieJierinesty, OCTaTOUHII B SIKOI 3aJI€KUTh Bijl PiBHS HallOBHEHOCTI. BuokpeMyieHo 4acTOTHI BJIacTHBOCTI
PYXy BiTbHOI TOBEPXHI PiIMHN 32 TUTIOPO3MiPOM IIMCTEPH, SIKi BAKOPUCTOBYIOTHCS B CIIbCHKOMY TOCHO/IAPCTBI. 3aITPOTIOHOBAHA YIOCKOHATIe-
Ha METO/0JIOTist MosKe OYTH BUKOPUCTAHA /IS THABUIIEHHSI CTIHKOCTI, KePOBAHOCTI Ta IJIABHOCTI XO/y IIPU eKCILIyaTallii IIMCTepH KOMICHIM
TPAKTOPOM.

KmouJoBi croBa: nustinipiyHa eEMHICTb, BIbHA TOBEPXHs, eKBiBaJTeHTHa (JOPMa, BJIACHA YACTOTA, MAPIATBHII OCIIUJISATOP.
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OIIIHKA BILTUBY MEXAHIYHOI JE®OPMAIII KOPIIYCY JITI-IOHHOTO EJIEMEHTY KUBJIEHHS
PANASONIC NCR18650B HA 1OTO ITOKEKHY HEBE3IIEKY (c. 69-78)

O. B. Jlazapenko, T. B. Tem6apa, B. I. Ilocnozirax, /1. II. Boiitosuu

Posrusinyro  gedopmariiini  BaacTUBOCTI  Kopriycy JiTiii-ionHoro enemenrta skusiennsi (JIIEJK) Panasonic NCR18650B
(LiNig§Co00.15Al.0502) mia yac mii Ha HHOTO CTATHYHOrO HABAHTAKEHHSI 32 PI3HUX CMOCOOIB 3aKPIllIeHHs eJieMeHTa. BUsHaueHHsI BJacTHBOC-
teit JITEJK, 3a BifnoBizHUX yMOB, /103BOJISIE€ 3AII0OBHUTH IIPOTAJINHY B ICHYIOYMX JIOCJII/UKEHHSIX, 10 B HO/AJIBIIOMY 320e31e4nTh 6e3ue1<y ix
BUKOPUCTAHHSI.

3a pesyJibraTaMu eKCIIepUMEHTAIbHUX AOCTIIKEHb OYJI0 BU3HAUEHO KOPCTKICTh Ta Temneparyphi nokasauku JITEXK y BianosigHocti 1o
NPUKJIAJEHOTO HABAHTAKECHHS. BCTaHOBIEHO HAIGIIbIT HEGE3IIEUHNIT, 3 TOYKU 30PY MOKEKHOI HEOE3MEKH, BAPIaHT IPUKIAICHHS CTATHYHOTO
HaBaHTa’KEHHS Ha eJIeMEHT.

EkcrieprMeHTaIbHO BCTAHOBJIEHO, 110 B cepearboMy Kopirye JITEJK Panasonic NCR18650B Moske BUTPUMATU HABAHTaKEHHS OJIU3BKO
80 krc/cm> (abo 7,84 MIla) 6e3 mopasibIioro 3aiiMarnns. 30iTbIIEHHS CUJIM THCKY B Mexkax noran 85—90 Kr'(:/(:M2 MIPU3BOJUTD /10 BUHUK-
HEHHST HE3BOPOTHOI JIAHITIOTOBOT TEPMOXIMIUHOI Peakilii, 110 BIPOJOBK 2—3 CEKYH]I Yacy MPU3BOAUTE 10 Bunukuenus ropinus JIIEXK. Cruc-
xamnns JIIEJK piBHomipHo 1o Horo 6idmHiil moBepxHi MMoKa3as0 BHHUKHEHHs TOPiHHS TIPH HaBaHTa/KeHHi Ha eleMeHT, Mo ckaamio 150 kr'c/cvm?.,
CepejHst TeMIlepaTypa eJleMeHTa TIi/[ Yac TOPiHHSI, CIPUYUHEHOTo JedopMartieio kopirycy, craHoBuTh 350—450 °C, a MakcuMasibHe 3HAYEHHST
3adikcoBano y mexax 580-680 °C.

Po3pobiietia MaTeMaTIIHa MOJIETh HA OCHOBI MATEMATIYHOI TEOPil TOHKIX 060JOHOK aleKBAaTHO OTIICYE HAPYKEHO-IehOPMOBAHITI CTAH
LIUJIHIPUYHOTO KOPILYCY eJIEMEHTIB I1i/1 1i€10 CUJI0BOTO 30CEPE/PKEHOI0 Ta PO3IIO/ILIEHOT0 HaBaHTaKeHH 1. Po3paxyHKoBa MO/IeJIb 3a/l0BIJIbHO
Bepu(DiKyeTHCSA eKCIIePUMEHTATbHIMHI Pe3yJIbTaTaMM, 1€ 3MOTY BJIOCKOHAJIUTH MIIHICTD Ta sKopcTKicTh Kopiycy JITEJK msaxom Bignosiza-
HOro BMOOPY MapKu cTaji ii KOPIycy, FeOMETPUYHUX PO3MIPIB Ta KOHCTPYKTUBHOTO CIIOCO0Y 11 3aKpilieHHsI.

Kuouosi cioBa: Panasonic NCR18650B, mexaniuna sedopmaiiisi, reMiiepaTypa ropiHtsi, MaTeMaTHIHa MOJIEJIb, OKeKHA Hebe3neKa.



