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A multi-level mathematical model was used to estimate the
stressed-strained state of a cylindrical reservoir with a defect in the
wall shape in the form of a dent; the concentration of stresses in the
defect zone was studied.

The proper choice of the mathematical model was verified; it has
been shown that the engineering assessment of the stressed-strained
state of the wall of a cylindrical tank with the variable thickness could
employ ratios for a cylindrical shell with a constant wall thickness.
The spread of values is 2-10 %. This indicates the proper choice of
the mathematical model, as well as the fact that it is possible, for an
engineering assessment of the stressed-strained state of the wall of
a cylindrical tank with variable thickness, to use the ratios for a cy-
lindrical shell with a constant wall thickness.

The stressed-strained state of the dent zone in the tank wall was
numerically estimated, which proved the assumption of significant
stress concentrations in the dent zone and indicated the determining
effect on the concentration of stresses in the dent zone exerted by its
geometric dimensions and its depth in particular.

The concentration of stresses in the zone of dents in the tank
wall was investigated in the ANSYS programming environment at
different sizes of dents on the tank wall, for which two dimensionless
parameters were introduced: the dimensionless radius of the dent
and the dimensionless depth of the dent.

Based on the results of a numerical study into the stressed-
strained state of the dent zone in the tank wall, graphic dependences
were derived of the stress concentration coefficient on the dimen-
sionless depth of the dent for various values of the dimensionless
radius of dents, which does not exceed 2 % of the indicator.

Based on fitting the stress concentration curves on the dimen-
sions of the dent and tank, a formula was derived for calculating the
stress concentration coefficient as a function of the dimensionless
radius & and the dimensionless depth ¢ of the dent. The resulting for-
mula makes it possible, with known dimensionless parameters of the
depth and radius of the dent, to determine the coefficients of stress
concentration in the dented zone of the tank wall.

Keywords: steel tank, stress concentration, defects in the form
of dents, dimensionless parameters of dents, numerical method,
modeling.
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This paper reports a study of the cement-concrete coating on

bridges using FRP reinforcement. That has made it possible to
design optimal structures by selecting the height for reinforcement
arrangement in the layers of a roadbed in order to ensure strength
characteristics.

An engineering method for calculating a hard roadbed with

composite reinforcement has been devised, which makes it possible
to take into consideration its work both in a joint package of the
structure with a slab and separately — when it exfoliates from the
slab of the bridge’s span structure. Underlying this research are ef-
fort-determining methods, estimation dependences from the theory



of bending layered structures, as well as dependences from elasticity
theory to assess the strength of materials for a roadbed. The consi-
deration of shear strains when designing slabs has helped establish
that the deflections according to the devises method were 1.4 times
larger than those in the classical approach.

The method was tested by a numerical experiment, which con-
firmed the need to use composite reinforcement in the upper layers of
a road surface on bridges, which improves its durability by 1.2 times.
The results of the numerical experiment indicate that the equivalent
stresses in the lower layers of a free-moving roadbed were 2.91 MPa,
and, when operating in a joint assembly with a slab, they took a ne-
gative value (—0.2 MPa).

Practical application of the devised calculation method makes
it possible to determine the refined normal stresses in the layers of
a roadbed, taking into consideration the characteristics of structure
operation. Owing to this, additional opportunities open up for
calculating the roadbeds of bridges whose design utilizes the most
common types of span structures in the bridge industry.

Keywords: cement-concrete coating, roadbed, layered struc-
tures, composite materials, stressed-strained state.
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This paper reports the improved load-bearing structure of
a hopper car for transporting pellets and hot sinter. In order to
increase the strength of the load-bearing structure of a hopper car
under the influence of high temperatures from the transported cargo,
the use of cladding made of composite material has been proposed.
This solution also contributes to a 5 % reduction in the wagon’s tare
compared to the prototype car.

The dynamic load on the load-bearing structure of a hopper
car was determined. This study was carried out for the case where
an empty wagon was moving over an irregularity between the rail
joints. The calculations showed that the studied dynamics indicators
did not exceed the permissible values. At the same time, the ride of
a hopper car is rated as «excellent».

The main indicators of the strength of the carrying structure of
a hopper car were determined taking into consideration the proposed
improvement. That took into account the temperature effect exerted
on the load-bearing structure of a hopper car by hot sinter. It was
established that the maximum equivalent stresses occur in the zone
of interaction of the girder beam with the pivot beam and are about
290 MPa. At the same time, stresses in the cladding of a hopper car are
about 200 MPa, which is 12 % lower than those in a regular structure.

Modal analysis was carried out to determine the frequencies and
shapes of the natural oscillations of the bearing structure of a hopper
car with a composite cladding. The calculation results demonstrated
that the first natural frequency exceeds 8 Hz. Therefore, the safety of
the wagon is provided.

The coefficient of fatigue resistance of the load-bearing structure
of a hopper car was calculated. It was established that its value is
almost twice as high as the permissible one. That is, the resistance to
fatigue of the supporting structure is provided.

The research reported here could contribute to ensuring the
strength of the load-bearing structures of hopper cars, reducing the
cost of maintenance, and increasing the efficiency of their operation.

Keywords: transportation mechanics, hopper car, load-bearing
structure, composite material, dynamic load, strength, fatigue re-
sistance.
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In this research, a numerical investigation has been conducted
to analyze the dynamic load of the composite structure. The com-
posite structure was solved and analyzed using the static structure
tool. There is a physical model that has been imported and meshes
have been done accordingly. Shear stress, von-mises stress, and total
deformation are all considered as part of the analysis. Using finite
elements to simulate the composite structure and response to the ap-
plied loads. Because dynamic loads were regularly applied, frequency
response was examined. In this study after verification of this com-
puter simulation with experimental results and the results showed it
was confidence 95 %. This percentage confidence allows proceeding
numerical analysis. Deformation of the entire structure has been
computed and found to be 10 mm, which is the maximum amount
of overall deformation that can be caused by the applied load, In the
Y-axis, a dynamic load was applied. The imposed dynamic load has
been studied numerically and interpreted in terms of shear stresses.

As a result of the maximum applied load, the maximum shear stress
is 10 MPa. The complete composite construction was subjected to
Von-Mises stress measurements. The structure’s ability to with-
stand these stresses was determined by conducting a series of tests.
The greatest von mises stress that can be applied in this study was
40 MPa. An investigation of how to react to vibration has already
been carried out. In the numerical results, it was found that the re-
action to the vibration was inconsistent. In terms of amplitude, the
highest values may be found at 200 Hz, while the lowest values can
be found at 20 Hz.

Keywords: ANSYS, FEM, Fractional corrosion, L-shape sand-
wich, USV, Vibration, Von-mises stresses, shear stresses, total defor-
mation, vibration response.
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The industrial development of cities is the main cause of the
destruction and degradation of natural resources around the world.
Urbanization negatively affects the species composition of plants,
the atmosphere and soil cover of areas of populated areas of large
cities of the World. Tree plantations are the main mechanism for
stabilizing the ecological situation in large cities and arid territories
of the countries of the World.

In this regard, in order to obtain a large number of genetically
identical plants using their micropropagation, it is necessary to
automate the main stages of this technological process.

The result of the study is the creation of an adaptive phalanx
gripper of a robotic complex for automating the technological
process of handling operations. That will have a positive effect on
solving the urgent problem of planting greenery in large cities and
areas of arid territories not only in the Republic of Kazakhstan, but
also in other countries of the World and represents a fundamentally
new approach to solving the environmental problems of the Earth.

The article substantiates various options for structural-kinema-
tic schemes of the robot gripper, taking into account the stochastic
conditions of its interaction with the overloaded object. Mathema-
tical methods have been created for the selection and justification
of the geometric, structural-kinematic and dynamic parameters
of grippers for overloading plant microshoots and their computer
3D models. Software has been developed for modeling the function-
ing of a remotely controlled physical prototype of a mobile robot
with an adaptive gripper for reloading microshoots from a transport
tank to a cargo tank.

Keywords: robot, adaptive gripper, Kalman coefficient, micro-
shoot overload, plant micropropagation.
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It is known that the air suspension of vehicles, in which dia-
phragm-type air springs are used as an elastic element, do not pro-
vide the necessary vibration damping. The reason for this is that such
air springs have a relatively large passive part. As a result, a relatively
small mass of compressed air crosses through the throttle installed
between the air spring and the additional reservoir. This mass of air
contains thermal energy, into which the energy of vibrations, which
enters through the walls of the additional reservoir into the environ-
ment, has turned. This is interpreted as vibration damping, which is
insufficient due to the low air mass.

Therefore, hydraulic vibration dampers are installed parallel to
the diaphragm air springs, which complicates and increases the cost
of the vehicle. Increasing the damping properties of such air sus-
pensions could eliminate these hydraulic vibration dampers, which
would reduce costs and simplify operation.

An air suspension with an improved air spring has been pro-
posed, which has an increased effective area and a reduced «passive»
capacity, an empirical formula has been built to determine its damp-
ing coefficient, as well as an expression for the stiffness coefficient.
Mathematical modeling of oscillations of vehicles with different de-
signs of pneumatic springs was carried out in order to improve their
damping. The mathematical model takes into account the change in
the parameters of the air spring during vibrations. The study was
carried out for the diesel train DL-02. Using mathematical modeling,
the effectiveness of the air suspension with an improved air spring
has been proven: its damping index reaches 0.263, and the vibration
damping coefficient is 45,859 kg/s, which corresponds to the values
recommended for vehicles

Keywords: vehicle, air suspension, air spring, throttle, additio-
nal reservoir, simulation, damping factor
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OLIIHKA MIITHOCTI BEPTUKAJIbHUX IIVJIIH/IPUYHUX PE3EPBYAPIB /IJIs1 3BEPITAHHSA PIJIVHU 3 BM’ATUHAMU
¥ CTIHIII (c. 6-20)

Ulanbator Suleimenov, Nurlan Zhangabay, Akmaral Utelbayeva, Masrah Azrifan Azmi Murad, Aibarsha Dosmakanbetova,
Khassen Abshenov, Svetlana Buganova, Arman Moldagaliyev, Kuanysh Imanaliyev. Bolat Duissenbekov

Ha ocHoBi BUKOpHCTaHHsT GaraTopiBHEBOI MaTeMaTH4HOI MOJIEI OI[IHEHO HAMPYKEeHO-1eOPMOBAHUIT CTaH IUJIHAPUYHOTO pe3epByapy
3 nedexkToM (DOPMU CTIHKH Y BUTJISI/II BM ITUHU T2 BUBYEHO KOHI[EHTPAIIIIO HAPYKEHb Y 30Hi eeKTy.

[TposeseHo BeprdiKallito MPaBUIbHOCTI 0GPAHOI MATEMATHYHOT MOJIEII, i TIOKA3aHO, 110 VI 1HKEHEPHOT OIIHKU HANPyKeHO-1ehopMO-
BAHOTO CTaHy CTiHKM MIVIHAPUYHOTO pe3epByapa 3i 3MiHHOIO TOBIIIMHOIO MOKHA CKOPUCTATHCS CITiBBIIHONIEHHSAMM IS IIVIHAPUIHOI 000-
JIOHKH 3 TIOCTIHOIO0 TOBIIMHOWO cTiHKK. Posku sHadennb ctanosuth 2—10 %. Ile ¢BiguuTh Mpo IMpaBuiIbHiCTh 06paHoi MaTeMaTHYHOI MOJIEI,
a TaKoX TIPO Te, IO VST iHKEHEPHOI OIiHKU HaIpysKeHO-1e(hOPMOBAHOTO CTAHY CTIHKHU IIHJITHPUYHOTO pe3epByapa 3i 3MiHHOIO TOBIIIHOIO
MOKHA CKOPUCTATHCS CIIBBIHOMEHHAMU IS IIAJTIHAPUYHOT 000JOHKH 3 TOCTIHHOIO TOBIMHOIO CTIHKH.

[TpoBesieHa umcesbHA OIHKA HAIPY’KeHO-/1e(hOPMOBAHOTO CTAHY 30HN BM'SITUHU B CTIiHII pe3epByapa JoBeJa IPUITYIEHHS 11PO 3HAYH1
KOHI[EHTPAIIii HATIPYT Yy 30HI BM ITHHU Ta BKa3aja Ha BU3HAYATBHWIT BIJINB HA KOHIIEHTPAIIII0 HAMIPYT Y 30HI BM SITHHH ii TEOMETPUYHUX PO3-
MipiB i 0c06M1BO, i1 rIMOUHN.

Jlocaikeno KOHIIEHTPAIIIO HATIPYT Y 30HI BM'SITUH CTiHKN pe3epByapa B cepenosuiii ANSY'S mpu pisHux po3mipax BM'SITHH Ha CTiHII
pesepByapa, Jie BBeeHo /iBa 6e3po3MipHi napaMerpu: 6e3po3MipHuil pajiyc BM aTHHI Ta 6e3po3MipHa rIMOuHa BM AITHHH.

3a pesyJibraTaMy YNCeabHOTO JIOCIIPKEHHST HAlIPY)KeHO-/e(hOPMOBAHOTO CTaHy 30HM BM'SITUHU B CTiHII pesepByapy oTpuMani rpadiuni
3aJeKHOCTI KoedillienTa KOHIIEHTpallii HApyT Big 6e3po3MipHOT IIIMOUHI BM SITHHM JIJIsI PI3HUX 3HaUYeHb Ge3pO3MIPHOTO pajiiycy BM'ATHH
i He epeBHILy€E 2 % MOKa3HUKA.

Ha ocnoBi ampokcnmariii KpuBUX 3aJe;KHOCTeN KOHIIEHTPAIlii HAIPYT Bil PO3MipiB BM'SITHHU Ta pe3epByapy OTPUMAHO (HOPMYJILY JJIs
pospaxyHKy koedillieHTa KOHIEHTpaIliil HANpyT 3aIeKHO Bif Ge3po3MipHoro pamiycy & ta 6e3poamipHol ranbunu ¢ M atunu. OTpuMana
(opmyJia 1103BoIsIE TIPU BiTOMUX GE3PO3MIPHUX TTapaMeTpax TIIMOUHN Ta Paaiycy BM'SITHHH BU3HAYNTH KOe(illieHTH KOHIIEHTPAIi HAIIPyTu
B 30Hi BM'SITUHU CTiHKH pe3epByapa.

K040Bi ciioBa: crasesuii pesepsyap, KOHIEHTPAIlisl HATIPYT, e(heKTH y BUTIISA/L BM SITHH, Ge3pO3MIPHI MapaMeTpu BM'ITUHU, YUCETbHIN
METO/I, MOJIC/TIOBAHHSI.
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BU3HAYEHHS BILIMBY APMYBAHHS IEMEHTOBETOHHOI'O IIOKPUTTSA MOCTIB HA HAIIPY 3 KEHO-
JTED®OPMOBAHIIT CTAH KOHCTPYKIII (c. 21-31)

L. II. Tamensik, A. M. [Imurpuyenko, B. M. IuGyabcokuii, A. M. XapueHko

BUKOHAHO JI0CIIIIZKEHHST [IEMEHTOOETOHHOTO MOKPHUTTS Ha MOCTaxX 3 BUKopucTantsaM FRP-apmatypu. Ile 103801710 po3pOGUTH ONITUMAITb-
Hi KOHCTPYKILT IISIXOM 00y BUCOTH PO3MIIIIEHHST apMATyPH B MIAPax A0POKHBOTO OJSATY JJIst 3a0e3MEYCHHST MIITHOCTHUX XapaKTEePUCTHK.

Po3pobiieHo iHKeHePHUIT METOIT PO3PAXyHKY JKOPCTKOTO JOPOKHBOTO OJSITY 3 KOMITO3UTHOIO apMATYPOIO, SIKHH 03BOJISIE BPaXyBaTH HOTO
POOOTY SIK y CIIJIBHOMY TTAKeTi KOHCTPYKIIT 3 IVIUTOIO, TAK i OKPEMO — IIPH HOT0 Bi/IIIapyBaHHi Bi/f IVIKTH IPOrOHOBOI Oy10BH MOCTY. B ocHOBY
JOCIIKEHHsT OyIu MOKTAIeHi METO/IN BU3HAYEHS 3YCIIIb, PO3PAXYHKOBI 3a/IEKHOCTI TEOPii 3THHY ITapyBaTHX KOHCTPYKIIH Ta 3a€KHOCTI
Teopii MPYKHOCTI /IJIsI OI[IHKU MIiITHOCTI MaTepiaJiiB IOPOKHLOTO OJIATY. 32 PaXyHOK BpaxyBaHHs AedhopMaliiii 3cyBy MPH MPOEKTYBAHHI TLTUT
BCTAHOBJIEHO, 110 TPOTUHK 32 PO3POGIEHUM MeTOIoM Y 1,4 pasu GisrbImi HisK 32 KITACUYHUM ITiIXOIOM.

BukoHaHo ampobariiio METOy 3a PaXyHOK YHCJIOBOTO €KCIIEPHMEHTY, SIKUil MiATBEPANB HeOOXiHICTh BUKOPHCTAHHS KOMITO3UTHOTO ap-
MYBaHHsI Y BEPXHIX Iapax J0POKHBOTO MOKPUTTSI HA MOCTAX, IO ITi/IBUIIYE HOTO /10BroBiuHicTh B 1,2 pasu. OTpuMaHi pe3yibraTi 4iCJI0BOrO
eKCIIEPUMEHTY BKa3yIOTb, 1110 €KBiBAJEHTHI HANIPYKEHHS B HIKHIX MIapax JOPOKHBOTO OJIATY 3 BIIbHUM TepeMitertsam ckaagamn 2,91 Mlla,
a npu pobOTi y CHIBHOMY TIAKETi 3 IIIUTO — Masu Bix'emue sHauents (—0,2 MIIa).

3acTocyBaHHS PO3POOIEHOTO METOAY PO3PAXYHKY Ha MPAKTHII 03BOJISIE BUSHAUNTH YTOUHEH] HOPMAJTbHI HATIPY/KEHHS B ITAPAX A0POXK-
HBOTO OJISITY 3 YPaXyBaHHSAM OCOOIMBOCTEN POGOTH KOHCTPYKINii. 3aBASKH bOMY BiIKPUBAIOTHCSI OAATKOBI MOKJIUBOCTI JIJIsl PO3PAXyHKY
JOPOKHBOTO OJIATY MOCTIB, 10 3aIIPOEKTOBAHI 3 BUKOPUCTAHHSIM HAHOIIBIIT PO3MOBCIO/UKEHNX B MOCTOBIi rajly3i THIIB IPOTOHOBUX OY/0B.

Kiio4oBi ci10Ba: 1ieMeHTo0ETO e TIOKPUTTST, AOPOKHIT OZIST, IapyBaTi KOHCTPYKILT, KOMITO3UTHI MaTepiajiu, HanpysKeHo-1ehopMoBaHuii cTar.
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BHUABJIEHHS OCOBJIUBOCTEN TEMIIEPATY PHOT'O BILIUBY HA HECYYY KOHCTPYKIIIIO BATOHA-
XOIIEPA 3 KOMIIO3UTHOIO OBIIMBKOIO IIPU TPAHCIIOPTYBAHHI OKATUIIIB HA METAJIY PTTIHI
HIAIIPUEMCTBA (c. 32-41)

0. B. ®omin, A. O. Jlosceka, B. I. Isxenuako, O. O. JKuninkos, A. M. @omina, A. C. JIMTBUHEHKO

ITpoBesieno ynockoHa/eHHsT HeCy40i KOHCTPYKILii BaroHa-xorepa Jijisl epPeBe3eHHsT OKATHIIIB Ta rapsvoro arjoMepary. 3 MeTolo Io-
KpallleHHsI MIiIIHOCTi Hecy4oi KOHCTPYKILil BaroHa-xolepa IIiji BITMBOM BHUCOKUX TeMIeparyp BiJ[ IIePeBO3MMOT0O BAHTAXKY 3alPONOHOBAHO



BUKOPHUCTAHHS OONIUBKHI 3 KOMIIO3UTHOTO MaTepiaiy. /laHe pillleHHs] TAaKOXK CIIPHsIE 3MEHIIEHHIO Tapi BaroHa Ha 5 % y MOPiBHSIHHI 3 Baro-
HOM-IIPOTOTUIIOM.

[TpoBesieno Bu3HAYEHHS IUHAMIYHOI HABAHTAKEHOCTI HECy4yoi KOHCTPYKIIi BaroHa-xomepa. /locmi/pkenHs mpoBesieHi Ipu pyci BaroHa
Y IIOPOKHBOMY CTaHi CTUKOBOW HepiBHicTiO. [IpoBe/ieHi po3paxyHKu 1oKasaJu, 110 A0CHiIPKYBaHI TOKAa3HUKK JMHAMIKY He TePeBUIIYIOTh
JOIyCTUMUX 3Hauenb. [Ipu 1iboMy Xif pyXy Barona-xorepa OIiHIOETbCS K “BiMiHHII.

Busnaueno ocHOBHI OKa3HUKU MIITHOCTI HeCy4oi KOHCTPYKIIii BaroHa-Xomepa 3 ypaxyBaHHs 3allPOIIOHOBAHOTO yIOCKOHAJIEHH. [Ipu
1[bOMY BPAaXOBAHO TeMIIEPATYPHUII BILIMB HA HECYUy KOHCTPYKI[IO BArOHA-XOIepa Bijl Tapsiuoro arjomepary. BetaHOBIIEHO, 1110 MaKCHUMaIbHI
eKBiBaJICHTI HATIPY/KEHHS BUHUKAIOTH B 30H1 B3a€MO/Iii XpeOToBOI Gaski 31 MBOPHEBOIO Ta CKJIanaioTh 6;m3bko 290 MITa. ITpu ripomy Harpy-
JKEHHS B OOLINBII BaroHa-xomepa cKiaaaiTb 6ausbko 200 MIa, o Ha 12 % Huskye HiX y TUIIOBIIl KOHCTPYKILI.

JL71st BUBHAYEHHST 9acTOT Ta (JOPM BIACHUX KOJIMBAHB HECYYOI KOHCTPYKII BaroHa-XoTepa 3 KOMITO3UTHOIO OOIIIBKOIO IPOBEIEHO MOATb-
HUil aHasti3. Pe3ysibraTu po3paxyHKy BCTAHOBIUIM, IO Tepina BacHa yactora nepesuiinye 8 Ti. Otske Ge3rieka pyxy BaroHa 3a0e3IeuyeThest.

PospaxoBano koedillieHT o110py BTOMU Hecyuoi KOHCTPYKILii BaroHa-Xorepa. BecTaHoBieHO, 1110 #0T0 3HAYeHHS Maiike BABIYi BUIIE 3a
nornycrume. ToOTo ormip BTOMI Hecydoi KOHCTPYKIIii 3a6e31edyeThest.

[TpoBe/ieHi OCII/PKEHHsT CIPUATIMYTh 3a0€31eYeHHI0 MIITHOCTI HECYYnX KOHCTPYKILil BaroHiB-X0MepiB, CKOPOUEHHIO BUTPAT HA YTPH-
MaHHS Ta MiABATIEHHIO e()eKTUBHOCTI iX eKCIlTyaTartii.

KmouyoBi cioBa: TpaHCIIOPTHA MeXaHiKa, BArOH-XOIIEP, Hecyya KOHCTPYKILisl, KOMIIO3UTHUIT MaTepias, ANHaAMiYHA HABAHTAKEHICTb, Mill-
HICTB, OTIpP BTOMI.
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PEAJIISAIIA YUCJIEHHOT'O AHAJI3Y JTMHAMIYHHUX HABAHTAKEHD HA KOMIIOSUTHY KOHCTPYKIIIO 3
BUKOPHUCTAHHAM METOAY KIHHEBUX EJIEMEHTIB (c. 42-47)

Kussay Ahmed Subhi, Emad Kamil Hussein, Shaymaa Abdul Khader Al-Jumaili, Zaid Ali Abbas

VY oMy gocTizkenHi 6y10 MPOBEIEHO YnCeTbHe TOCTIKEHHS ISt aHATI3y TMHAMITHOTO HABAHTAKEHHST HA KOMITO3UTHY KOHCTPYKITIO.
KoMmosutHy CTpyKTypy PO3B’s3yBaJill Ta aHAJII3yBaju 3a JOIIOMOTOI0 IHCTPYMEHTA CTATUYHOI CTPYKTYpu. [cHye disnuna Mojens, ska Oyia
iMmoproBana, i citku Oysm cTBopeni Biznosiano. Harnpyra scyBy, nanpyra ¢don-Miseca ta nosra jehopMaitisi posrisiaioThesl sIK 4acTHHA
anasizy. Bukopucranus KiHIleBUX eJIeMEHTIB /IS MOJIETIOBAHHST KOMIIO3UTHOI CTPYKTYPHU Ta PeaKIlii Ha MPUKJIaieHi HaBaHTakeHHs. OCKiTbKu
JIMHAMIYHI HABAHTAKEHHSI 3ACTOCOBYBAJIMCS PETYJISIPHO, 4ACTOTHA XapaKTepPUCTHKA OyJia I0C/Ii/KeHa. Y IIbOMY JOCJI/PKeHH] TSt epeBipKu
1[BOTO KOMII'IOTEPHOTO MOJETIOBAHHS 3 eKCIIEPUMEHTANIbHUMI Pe3yJITaTaM1 i Pe3yJIbTaTh MoKa3asHu, 1o BieBHenicts 95 %. 1ls Bizcorkosa
JIOBipa JI03BOJISIE IPOJIOBKUTH YncesbHuil anamis. [ledopmartis Beiei konerpykiiii 6yJia po3paxoBata i BUSBJIEHO, 1110 BOHA CTAHOBUTH 10 MM,
110 € MAKCHMAJIBHOTO BEJMYMHOIO 3araabHol nedopMartii, Ky MoXke CIIPUYMHUTH TPUKIageHe HaBantaxkenns. Ha oci Y Gyio 3actocoBano
JIMHaMiYHe HaBaHTaKeHH:. HakiajeHe uHamMiuHe HaBaHTasKEHHST JIOCJII/IKEHO YHCEeJIbHO Ta IHTePIIPeTOBAHO B TePMiHAX 3CYBHUX HAIIPY’KEHb.
B pesysraTti MakcnmMasbHOTO TPUKJIAEHOTO HaBaHTasKeHHsT MaKCHMasIbHe Hanpy:keHHs 3cyBy cTanoBuTh 10 MIla. IToBHy KOMIIO3UTHY KOH-
CTPYKIIIO Ti/i/TaBaIi BUMIPIOBAHHSM HaIIPysKeHb 110 (hor-Misecy. 3paTHicTh KOHCTPYKILi IPOTUCTOATH M HaBaHTa)KEHHsIM OyJia BUSHAYEHA
NIIIXOM MTPOBEZIeH st cepil BunpoOyBanb. Haitblabie Hanpyskerns don Miseca, sKe MOKHA 3aCTOCYBATU B IIbOMY JOCJIZKEHH], CTAHOBUIIO
40 MTTa. [TociisKeH st TOTO, SIK pearyBaTi Ha BiOpailito, Bike mpoBeieHo. Y YHuceTbHIX pesysbratax OyJi0 BUsBJIEHO, IO PeakIlis Ha BiGpaIlio
GyJ1a HEMOCTIIHOW. 3 TOUKH 30Dy aMILTI Ty /1, HAWBUINI 3HAUeHHsT MOsKHa 3HaiiTu mpu 200 Tir, a HallHWKYi 3HAUeHHST MOsKHA 3HaliTH pu 20 Tir.

Kimouosi cioBa: ANSYS, FEM, ¢pakitiiina koposist, L-nmoai6uuii cenpiyu, USV, BiGpattist, nanpy:xents Don-Miseca, HarpysKeHHsT 3CyBY,
nosHa gedopmartis, BiGpariiiina peakiiis
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CTBOPEHHS IHHOBAIIIITHOTO POBOTA 13 3AXBATOM /1JIs1 HEPEMIIIEHHS MIKPOIIATOHIB POCJIVH 3
TPAHCIIOPTHOT EMHOCTI IN VITRO ¥ POBOUYY EMHICTb 13 TPYHTOTPYHTOM HA ETATII iX AJTATITAIIT ¥
IPYHTOIPYHTI IIPU MIKPOKJIOHAJIbBHOMY PO3MHOJKEHHI (c. 48-58)

Abylay Kaimov, Suleimen Kaimov, Yerzhan Syrgaliyev, Amandyk Tuleshov, Talgat Kaiym, Aidarkhan Kaimov,
Altynay Primbetova, Vitaly Gribanov

TIpomucioBuii PO3BUTOK MICT € OCHOBHOO IIPUYKMHOK PYIHYBAaHHS Ta Jerpajallii IPUPOJHUX PECYPCiB y BCbOMY cBiTi. Ypbanisaiiis He-
TaTUBHO BIUTMBAE Ha BIUJIOBUI CKJIaJ] POCHH, aTMocdepy Ta I'PyHTOBNI MOKPUB AiJMAHOK HaCeJeHNX TePUTOPIN BeTNKUX MicT Kpain cBiTy. /le-
PEBHI Haca/KEHHsI € OCHOBHIM MeXaHi3MoM cTabisizallii eko1origHoi 00CTaHOBKHU Y BEJIMKUX MiCTax Ta MOCYIIMBUX TepUTOPiil kpain Caity.

VY 3B’s13Ky 3 IIUM [I7Ist OTPUMAHHS BEJIMKOI KiJIbKOCTI TeHETUYHO i/IEHTHYHUX POCJINH 32 JOIOMOTOIO iX MiKPOKJIOHAIBHOTO PO3MHOKEHHS
Heo6Xi[Ha aBTOMATH3AITISI OCHOBHUX €TAIIB IIHOTO TEXHOJIOTIYHOTO TIPOI[ECY.

PesynbraToM JIOCTIIKEHHS € CTBOPEHHS alallTHBHOTO (haJIAHTOBOTO 3aXBaTy POOOTOTEXHIYHOTO KOMILIEKCY JUJIsi aBTOMATH3allil TEXHO-
JIOTIIHOTO TPOTIECY TIEPEBAHTAKYBAIBHIX OTepariiil. Ile TO3UTHBHO BIINHE Ha BUPINIEHHS aKTYATBHOI IPOOIEMIT 03€I€HEHHSI BETNKUX MiCT
i JISHOK TOCYIUIMBUX TEPUTOPIiii He Tinbku Pecrybaikn Kasaxcram, a ii iHmux kpain cBiTy, i npeacrasisge IPUHIMIOBO HOBUIl THAXIA Y
BHUPIIIEHH] €KOJIOTTYHIX TPoGIeM 3eMIi.

VY crarri 06rpyHTOBaHO Pi3Hi BapiaHTH CTPYKTYPHO-KIHEMATHYHIX CXEM CXOILIEHHS POGOTA 3 ypaxyBaHHIM CTOXaCTHYHUX YMOB HOTO
B3AEMOJIIT 3 PEAMETOM, 1110 TIePEBAHTakKy€Thest. CTBOPEHO MATEMATHYHI METO/IU 100 BUGOPY Ta OOTPYHTYBAHHSI T€OMETPUYHNUX, CTPYKTYPHO-
KiHEMaTHYHKX Ta [MHAMIYHIX [TapaMeTPiB 3aXBaTiB UIs1 TIepeBaHTaKEHHS MIKPOIIArOHiB poc/iuH Ta ix Komir'otepai 3D momeri. Pozpobieno
nporpaMue 3a0e3IeUeHH s ISl MOJIeJIOBaHHs (DYHKIIOHYBaHHS (DISUYHOrO NPOTOTUILY MOGIIBHOrO pobOTa, MO AUCTAHIIIHO KEPYEThCs,
3 Q/IANITUBHIM 3aXBaTOM /LIS TIePEBAHTAKEHHS MiKPOIArOHIiB 3 TPAHCIIOPTHOI EMHOCT] Y BAHTAQXKHY €EMHICTb.

KiiouoBi citoBa: po6or, agantusruii 3axsar, koedirient Kaivana, HaBaHTaskeHHst MiKPONarona, MiKpOKJIOHAIbHE PO3MHOKEHHS POCJIUH.
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INOJIIMIIIEHHA TEMIIMIPYBAHHSA KOJIUBAHDb TPAHCIIOPTHUX 3ACOBIB IIVIIXOM YIOCKOHAJIEHHS
ITHEBMOPECOP (c. 59-66)

B. I. Macuies, B. B. [lyuienxo, B. B. €nidanos, P. A. Haniscekuii, 0. M. Uepesko, A. O. Maciies, O. B. /leminos, 0. B. Makapenko

Binomo, 10 MHEBMOIIBICKK TPAHCTIOPTHUX 3aC00iB, Y AKX B SIKOCTI MPY/KHOTO €JIEMEHTY BUKOPHCTAHO TTHEBMOPECOPH iadparMoBoro
THITY, He 3a6e3MmevyioTh HeoOXinHOTo AeMibipyBaHHs KoanBanb. [IpidnHa 1Mboro B TOMY, 10 TaKi MTHEBMOPECOPH MAIOTh BIHOCHO BEJHKY
32 EMHICTIO «IIaCUBHY» 4acTUHY. B HacJifiok 11bOro yepes Apoceib, 110 BCTAHOBJIEHUI MK ITHEBMOPECOPOIO Ta /I0JJaTKOBUM Pe3epByapoM,
TIePeTNKAE BiJHOCHO Majia Maca CTUCJIOTO MOBITps. 1l Maca moBiTPst MiCTUTH TENIOBY €Heprilo, y sKy IepeTBOPUIACh €HEPTis KOTMBAHD, SKa
HA/IXOJIUTD Yepe3 CTIHKU JI0laTKOBOTO pe3epByapy B 0BKisLIA. Lle TpakTyeThes sk reMiiipyBaHHS KOJMBAHD, SIKE € HEIOCTATHIM 13-3a MaJIol
MacH MOBITPSIL.

Tomy mapanesbio 0 giadparMoBUX MHEBMOPECOP BCTAHOBJIOIOTH Ti/[PABJIvYHI raCUTENi KOJUBAHbB, MO YCKJIAIHIOE 1 37I0POKYE TpaH-
crioprHuii 3aci6. [TigBuuieHHs neMIdyOUNX BIACTUBOCTEN TaKUX ITHEBMOIIIBICOK 03BOJIUTD BUKJIIOUUTH TiPABJIIYHI racuTesi KOJMBaHb,
110 3MEHIITNTD BUTPATH Ta CIIPOCTUTH EKCTIIyaTaIifo.

3aImporoHOBAHO MHEBMOIIIIBICKY 3 YIOCKOHAJIEHOK THEBMOPECOPOIO, Y SKOI 36i/IbliieHO e(heKTHBHY IJIOILY Ta 3MEHIIEHO <«IIACHBHY»
EMHICTb, CKJIQ/IEHO eMITipudaHy (GopMyJIy /s BU3HaYeHHs i koedimienty nemmdipyBanns i Bupas aist koedirienty koperkocti. [IpoegeHo
MareMaTuyHe MOJEMIOBAHHS KOJIMBaHb TPAHCIIOPTHUX 3ac00iB i3 PI3HOI0 KOHCTPYKIHEIO ITHEBMOPECOP 3 METOIO TOJIIIeH s iX geMidipy-
BaHHS. Y MaTeMaTU4Hill MO/iesi BpaxOBaHO 3MiHY IIapaMeTpiB ITHEBHEBMOPECOPHU TP KOJINBAHHAX. [[OCTi/PKEHHS IIPOBEIEHO CTOCOBHO /IU-
sesb-noizga [[JI-02. 3 BuKoprcTaHHSIM MaTeMaTHYHOTO MOJIE/TIOBAHHS JI0BeeHO e)eKTUBHICTD ITHEBMOIIIIBICKY 3 Y/I0CKOHATIEHOIO THEBMO-
pecopoio: ii nokasuuk gemidipysamus gocsrae 0,263, a koedinient gemidipyBanus konuBanb 45859 Kr/c, 10 BiIOBIZAE 3HAYEHHSIM, SIKi
PEKOMEHIOBAHO /ISl TPAHCIIOPTHUX 3aC00iB.

Kimo4oBi cioBa: TpaHCopTHuUil 3aci6, MHEBMOTIBICKA, MTHEBMOPECOPA, JIPOCEb, IOJATKOBHI Pe3epByap, MOAEIOBaHHs, KoedilieHT
nemripyBaHHs.



