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The Frénet trihedron, known in differential geometry, is
accompanying for a spatial and, as a special case, for a flat
curve. Its three mutually perpendicular unit orts are defined
uniquely for any point on the curve except for some special
ones. Unlike the Frénet trihedron, the Darboux trihedron re-
lates to the surface. Two of its unit orts are located in a plane
tangent to the surface, and the third is directed normally to
the surface. It can also be accompanying for the curve, which
is located on the surface. To this end, one of the orts in the
plane tangent to the surface must be tangent to the curve.

Trihedra are movable and, with respect to a fixed coor-
dinate system, change their position due to movement and
rotation. The object of research is the process of formation
of curves and surfaces, as a result of the geometric sum of
the bulk motion of the Darboux trihedron and the relative
motion of the point in its system under given conditions. In
the study of the geometric characteristics of curves and sur-
faces, it is necessary to have formulas for the transition from
the position of the elements of these objects in the system
of a moving trihedron to the position in a fixed Cartesian
coordinate system. This is exactly what needs to be solved.
The results obtained are parametric equations of curves and
surfaces that are tied to the initial surface. Nine guide cosines
were found, three for each ort.

A distinctive feature of this approach in comparison with
the traditional one is the use of two systems: fixed and mo-
bile, which is the Darboux trihedron. This approach allows
us to consider in a new way the problem of the construction
of curves and surfaces. The scope of practical application can
be the construction of geometric shapes on a given surface.
An example of such a construction is the laying of a pipeline
along a given line on the surface. In addition, the sum of the

relative motion of a point in a trihedron and the bulk motion
of the trihedron itself over the surface gives an absolute
trajectory of motion. Its sequential differentiation produces
absolute speed and absolute acceleration without finding
individual components, including the Coriolis acceleration.
This could be used in point dynamics problems.
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The phenomenon of changing the geometric parameters
of pressure fire hoses is manifested when they transport
extinguishing liquids. Although the extension of pressure
fire hoses does not have a significant impact on the fire ex-
tinguishing process, the energy costs associated with such
changes should be taken into account. In fact, part of the
power of the fire pump is spent not on transporting liquids
and forming extinguishing jets but on the «optional» length-
ening of pressure fire hoses. Latex pressure fire hoses with
diameters of 51 mm and 77 mm and fire pressure hoses with
double-sided polymer coating of 51 mm (all of type T) were
randomly selected for the experiments. The temperature was
263 K and 298 K, the fluid flow rate was constant, the pres-
sure values at the inlet of the Protek 366 fire barrel had fixed
values. No significant changes in the diameters (expansion or
narrowing) of pressure fire hoses were recorded during water
transportation. An elongation of 79 cm with a hose length of
1960 cm (73 cm with a hose length of 1790 ¢cm) was recorded
when transporting water in the case of using hoses with
a diameter of 77 mm, a pressure at their inlet of 0.8 MPa,
a temperature of 263 K, and a water flow rate of 01/s. The
force that provided such a stretch was 2.04 kN. When ex-
tinguishing liquid was supplied by pressure fire hoses with a
diameter of 77 mm in the temperature range of 263—-298 K,
the elongation decreased slightly with decreasing tempera-
ture. A slight unevenness of stretching of pressure fire hoses
along the length was found when stretching increased closer
to their middle. The results indicate the dependence of the
amount of stretching on the materials from which pressure
fire hoses are made, as well as their diameter. The values of
dynamic forces that cause stretching of pressure fire hoses
established in the study can be used in practice when taking
into account the forced energy losses for fluid transportation.

Keywords: fire hose, hose line, water transportation,
geometric dimensions, fire hose extension.
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The object of the study is a six degrees-of-freedom mo-
tion system of the synergistic type of a flight simulator. The
latter is the main technical means for training pilots and
means of research and development of aircraft. The task of
optimal utilization of its structural resources was solved,
which provides an opportunity to improve the quality of
motion cueing. The result is the developed method, which
ensures optimal use of structural resources of motion sys-
tems of flight simulators. This is explained, first of all, by the
use of the developed simplified operator for converting the
movements of jacks into the movement of a motion system
along individual degrees of freedom on the basis of quadratic
approximation. Given this, it became possible to describe the
coordinates of the centers of the axes of rotation of the mo-
tion system by cubic spline functions. Secondly, the solution
of the task of estimating the structural resources of the mo-
tion system along linear degrees of freedom on the basis of the
developed criterion was carried out by an effective modified
method of the deformed polyhedron. This method combines
the random search method in the first steps of the search and
the gradient method in determining the global extremum.
Thirdly, the problem of determining the dependence of the
coordinates of the pitch and yaw axes along the pitch angle
was stated and solved. Owing to the optimal utilization of the



structural resources of motion systems, the coordinates of the
axis of their rotation along pitch are as close as possible to the
coordinate of the axis of the aircraft. Thus, the quality of mo-
tion cueing on the flight simulator is significantly increased
and it is possible to use motion systems with shorter lengths
of jacks, and therefore, to reduce the cost of their manufac-
ture and operation.

Keywords: jacks, motion system, structural resources,
flight simulator, motion cueing.
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The characterized of the polyester composites reinforced
of the hybrid fiber musa acuminata stem fiber (MASF)-hibis-
cus tiliaceust bark fiber (HTBF) with liquid rubber filler was
studied. The object of research is the polyester composite ma-
terial, hybrid natural fiber reinforcement and filler Carboxyl
Terminated Butadiene Acrylonitryle (CTBN). The polyester
composite material which is used as a vehicle bumper, is eas-
ily broken and has low heat resistance so that its shape easily
changes/shrinks due to heat. This research aims to develop
the tensile strength, impact toughness and heat resistance
of polyester composites. The reason for using the MASF-
HTBEF hybrid fiber as a reinforcement for polyester compos-
ite materials is because MASF and HTBF are natural fibers
that have great potential to be developed to improve the
mechanical properties of polyester composites, as substitutes
for synthetic fibers. In this study, the conditions of MASF
and HTBF were given alkaline treatment by immersing them
in 5% NaOH solution for 24 hours then drying. The com-
bined/hybrid ratio between the MASF and CTBF volume
fractionsis: 5 %:25 %, 10 %:20 % and 15 %:15 %. To increase
impact toughness, CTBN filler is added with variations of
5%, 10 %. The mechanical characteristics of the specimens
were carried out by means of a tensile test and an impact test.
The change in mass or shrinkage as a result is tested by TGA.
The results showed that the MASF-HTBF hybrid fiber-re-
inforced polyester composite material with CTBN filler has
better mechanical properties than single natural fibers, so it
is important to develop it further as a material for making
vehicle bumper.

Keywords: musa acuminata, stem, hibiscus tiliaceust,
bark, fiber, polyester composite, tensile strength, impact
thoughnes, heat shrinkage, vehicle bumper.
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The object of research is the asphalt pavement of road
bridges. Its residual period was assessed taking into account
the joint effect of the ambient temperature and vehicles.

It has been established that a set of negative factors af-
fects the reduction of the service life (residual resource) of as-
phalt pavement on bridges. These include different modulus
of elasticity of reinforced concrete base and asphalt pavement
and the difference in coefficients of linear thermal expansion.
As well as loads from the wheels of vehicles, temperature
fluctuations, alternating freezing-thawing of water in pores
and damaged places.

It was found that one of the reasons for reducing the
residual life of asphalt pavement on reinforced concrete road
bridges is the insufficient study and use of polymers in order
to adjust the properties of asphalt concrete.

Taking into account the joint influence of temperature
and transport in assessing the crack resistance of asphalt
pavement on reinforced concrete road bridges would allow
a more objective assessment of the residual life of such coat-



ings and their service life. Arrangement of asphalt pavement
with improved properties, due to polymeric latex, could in-
crease its residual life. This, in turn, would lead to a reduction
in costs for the repair and maintenance of not only asphalt
pavement but also the road bridge as a whole.

Keywords: highway, road bridge, residual resource, crack
resistance, asphalt pavement, polymers.
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Many machining processes would not be possible without
the presence of cutting oils. There are many different types of
cutting oils on the market today, each with different proper-
ties. The difference of oils is manifested in many parameters
such as viscosity, combustion temperature, recyclability,
pollution tendency, stability, price, etc. Choosing the best
oil is a difficult and tedious task for customers. In this
work, we present the results of a study on the selection of
cutting oil using multi-criteria decision-making (MCDM)



methods. The selection of the best oil is made on the basis

of ranking of seven different types. Two MCDM methods
used in this study are Proximity Indexed Value (PIV) and
Collaborative Unbiased Rank List Integration (CURLI).
This two methods have been used to rank cutting oils. These
are two methods with completely different characteristics.
When using the PIV method, it is necessary to standardize
the data and determine the weights for the criteria. Mean-
while, if using the CURLI method, these two tasks are not
needed. In addition, three different weight methods were
also used to calculate the weights for the criteria including
EQUAL, Rank Order Centroid weight (ROC weight) and
Rank Sum weight (RS weight). These three methods have
been used to determine the weights for the criteria of cutting
oil. The PIV method was used three times corresponding
to three different weight methods. The results showed that
out of the four ranking results (three using the PIV method
and one using the CURLI method), the same best oil was
unanimously identified. It is recommended that the CURLI
method should be used if weighting of criteria and data nor-
malization are not desired.

Keywords: cutting oil, MCDM methods, CURLI me-
thod, PIV method, weight method.
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The subject of this study is the quality indicators (geo-
metric accuracy, roughness, cylindricity and taperness) of
holes obtained by drilling in aircraft structures (AS) made
of polymeric composite materials (PCM). The quality in-
dicators of holes in AS made from PCM were studied by
using kinematic schemes across and along the direction of
drilling. A kinematic scheme of formation of the predicted
surface roughness of the hole in AS made from PCM has
been built. The calculation of the predicted roughness of
PCM holes taking into account the geometry of the drill
and drilling modes has been proposed. Experimental stud-
ies have been implemented to establish the parameters of
predicted roughness, geometric accuracy, taperness, as well
as deviations from cylindricity. The methods used were the
method of expert assessments and experimental studies of
quality indicators of PCM openings. The following results
were obtained: the roughness in full-scale experiments
turned out to be lower than the theoretical calculated
values with a difference of not more than 10...15 %. It was
found that roughness, taperness, deviations from geometric
precision and cylindricity differ in characteristic rotation
zones of the drill from 0° to 360° and depend on the drilling
parameters and PCM properties. It was found that the devi-
ation from the hole cylindricity is affected by the shrinkage
of the material. The appearance of ovality in the holes of
prototypes was established. The results of experimental
studies of measurements of hole diameters to establish devi-
ations from cylindricity, geometric accuracy, and taperness
met the production requirements for the accuracy of their

manufacture. For geometric precision and deviation from
cylindricity, the results ranged from 7 to 12 IT grades, and
for taperness, from 0.083 to 0.28 % per a hole in AS made
from PCM and 9-10 IT grades.

Keywords: polymeric composite materials, hole drilling,

hole roughness, geometric precision.
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One of the most common types of AC electric machines
are asynchronous electric motors. Because of their simple
and reliable design, they are used in many industries. In this
paper, the object of research is an asynchronous electric
motor with a short-circuited rotor. To ensure the normal
operation of an asynchronous electric motor, the heating
temperature of its active parts should not exceed the max-
imum permissible values, which are determined by the
corresponding class of heat resistance of the insulation
system used in the electric motor. In asynchronous electric
motors, the stator winding is the most thermally vulnerable
node, which is the first to fail when the temperature of the
electric motor increases. Thermal protection devices protect
an asynchronous electric motor from emergency operating
modes accompanied by an unacceptable excess of the tem-
perature of their windings.

In order to build an indirect system of protection against
overheating of the stator windings, a temperature observer
has been developed using already available signals in a fre-
quency-controlled electric drive. Simulation studies were
performed in Matlab/Simulink application software pack-
ages. Simulation studies were carried out on the basis of
asynchronous electric motors of the 4A series with a capacity
of 30, 75 and 110 kW in the temperature range from 20 °C
to 250 °C. As a result of the research, it was found that the
error of indirect calculation of the temperature of electric
motors, taking into account the correction factor, does not
exceed 1 %. The proposed temperature observer can be used
to build protections for asynchronous electric drives.

Keywords: asynchronous electric motor, renewable ener-
gy, temperature observer, resistance, thermal protection.
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BU3HAUYEHHA 3AKOHOMIPHOCTEl YTBOPEHHS KPUBHUX TA IOBEPXOHb 3A IOIIOMOI'OI0 TPUTPAHHUKA
IIAPBY (c. 6-12)

Ali Kadhim Ahmed, A. B. Hecgigomin, C. ®@. IInaunaka, T. M. Bouina, C. C. /lene:kHikoB

Y nudepentianbHiit reomeTpil Bijjomum € tpurpanHuk MOpeHe, KUl € CYyHPOBIHUM JJISI IPOCTOPOBOI i, SIK OKPEMUN BUIAJIOK, [IJIst
MI0CKOi KprBOi. Tpu HOTO B3AEMHO NEPIEHANKYJIAPHI OMHIYHI OPTH BUBHAYAIOTHCST OJHO3HAYHO /TSt OY/Ib-IKOT TOYKM KPUBOI 32 BUHSTKOM
nesikux ocobsmsux. Ha Biaminy Bia tpurpannnka @pere, Tpurpaniuk lapOy crocyerbest mopepxii. J[Ba fioro oHu4HI OPTH po3TaIioBaHi
B IOTUYHIIT 10 TOBEPXHI IIONIUHI, @ TPETiii CIPAMOBAHO 1O HOPMAJIi 10 TIOBepxHi. Bit Tesk Moske GyTH CyNPOBIIHUM IS KPUBOI, SIKa PO3Ta-
mIoBaHa Ha MoBepxHi. JIJist 1IbOro oM i3 OPTIB y IOTHYHIN /10 MOBEPXHI MJIOMKHI Ma€ Gy TH AOTHYHUM JI0 KPUBOI.

TpurpaHHUKY € PyXOMMMU i 110 Bi/[HOIIEHHIO /IO HEPYXOMOI CHCTEMH KOOP/IMHAT 3MIHIOIOTh CBOE IIOJIOKEHHS 332 PAXyHOK HepeMillleHHS
i moBopoty. O6’€KTOM TOCTI/IKEHHST € IPOTIEC YTBOPEHHS KPUBUX 1 TOBEPXOHb, IK PE3YJIBTAT TEOMETPUYHOI CyMU IEPEHOCHOTO PYXy TPUTPaH-
nuka JlapOy i BiAHOCHOTO PyXy TOYKM y 0r0 cucreMi 3a 3aganuMu ymoBamu. [Ipu gocipkeHHi TeOMETPUYHNX XapaKTePUCTUK KPUBUX Ta
MOBEPXOHb HEOOXIZIHO MaTH (HOPMYJIH [IEPEXOLY BiJl MOJOKEHHS eJIEMEHTIB 11X 00’€KTIB Y CHCTEMi PyXOMOTO TPUTPAHHUKA 10 TTOJOKEHHS
B HEPYXOMiil ieKapToBiii crctemi koopauuat. Came 11e € i pobIeMolo, sIKy HeoOXiHo BupinmTH. OTpUMaHUMU pe3yJIbTaTaMy € apaMeTphy-
HI PIBHSHHS KPUBUX 1 IIOBEPXOHb, SIKi IIPUB’A3aHi /10 BUXiJHOI OBEPXHi. 3HAN/IEHO /IeB’ATh HAIIPIMHUX KOCUHYCIB — 10 TPU HA KOXKEH OPT.

Bigminnoto prcoio Takoro migXo/1y B MOPIBHSHHI 3 TPAAUIIIHHIM € BHKOPUCTAHHS IBOX CUCTEM: HEPYXOMOI i PyXOMOi, SIKOIO € TPUTPaH-
nuk Jlap6y. Takuil Mixiz 103BOJISIE IO HOBOMY PO3IJISIHYTH 3a/1auy YTBOPEHHS KPUBKX i MoBepX0Hb. CHeporo MPaKTHIHOTO 3aCTOCYBAHHS
Moske OyTr moOy0Ba reomeTpruHIX (HOPM Ha 3a1aHiil mosepxHi. [[PUKIa0oM Takoi moby0BY € IIPOKIAaHHs TPYOOIIPOBO/Y B3/I0BK 3a1aHOI
JiHii Ha moBepxHi. Kpim TOro, cyma BiZIHOCHOTO PyXy TOYKHM Y TPUTPAHHUKY 1 EPEHOCHOTO PYXY CAMOTO TPUTPaHHUKA 10 MOBEPXHi fae abco-
JIOTHY TPaeKTopito pyxy. ITocuinosHe ii qudepeHiitoBants 1ae abCoMOTHY MIBUAKICTD | aGCOMOTHE TPUCKOPEHHsE 6€3 3HAXOKEHHSI OKPEMUX
CKJTAIOBUX, BKJIoYaioun mprckopentst Kopiosica. Ile Moxke 6yTi BUKOPICTAHO B 3a/a9ax [IHAMIKN TOUKIL

Kii040Bi cioBa: cynpoBiHNil TPUTPAHHUK, TPUTPAHHUK [[apOy, mapamMeTpuyHi PiBHSIHHS KPUBKX i TIOBEPXOHbD, (DOPMYJIH TIEPEXOLY.
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BHU3HAYEHHS BEJIMYMHU ITOAOBKEHHSA TOKEKHUX HAIIIPHUX PYKABIB TUITY T IIJIAXOM IIPOBEJIEHHA
HATYPHUX EKCIIEPUMEHTIB (c. 13-20)

C. B. Cracs, A. O. Buuenko, /1. B. Koznecuikos, O. I. Muranenko, M. O. Ilycrosir, K. I. Muranenko, JI. M. Topenko

SBuie 3MiHN TeOMETPUYHUX ITAPAMETPIB HAMIPHUX MOKE)KHUX PYKaBIB IPOSIBISETHCS IPU TPAHCIOPTYBAHHI HUMI BOTHETACHUX Pi/IUH.
Xoua MoI0BKeHHS HAIliPHIX MOKEKHNX PYKABIB HE Ma€ CyTTEBOTO BILJIMBY Ha IIPOIEC MOXKEKOTaCiHH, TPOTE CJIiI BPaXOBYyBAaTH €HEepPreTHYHi
BUTPATH, 110 3a0€31euyI0Th Taki 3MiHn. DaKTUYHO, YACTHHA TIOTYKHOCTI TIOKEKHOTO HACOCY BUTPAYAETHCS HE HA TPAHCIIOPTYBAHHS Pi/IMH Ta
(hopMyBaHHST BOTHETACHUX CTPYMEHIB, a Ha «HEOOOB'SI3KOBE» MOIOBYKEHHST HAMIPHIUX MOKEKHIX PyKaBiB. [liist IPOBeIeHHST €KCIIEPUMEHTIB
Gy BUGpaHi BUMaIKOBUM YMHOM HAIIiPHI TTOKEKHI pyKaBa JaTekcoBani giamerpamu 51 MM ta 77 MM Ta pyKaBa MOJKeXKHi HAIIPHI 13 1BOCTO-
portim nosiMepaumM mokputtsiM 51 mm (yei tuny T). Temnepatypa cranosuia 263 K ta 298 K, Burparu pigunun Gy cTaaumu, 3HaYeHHS
THCKY Ha BXOJIi TTokeskHOro cTBosa Protek 366 Manu dikcosani snaventst. CyTTeBUX 3MiH AiaMeTpis (po3uipentst abo 3By KEHHsT ) HAIlPHUX
MOKEKHUX PYKABIB [IPH TPAHCIIOPTYBaHHI HuMu Boau 3adikcoBano He GyJi0. [Togoskents 79 cM npu nosxuHi pykasa 1960 em (73 em mpu 10-
BokuHi pykasa 1790 cm) GyJio 3adikcoBare Mpu TPAHCIIOPTYBAHHI BOAM Y BUTIA/AKY 3aCTOCYBAHHS PYKaBiB [iaMeTpoM 77 MM, THCKY Ha IX BXOI
0,8 MIIa, temmeparypi 263 K ta surpari Bogu 0 s1/c. Cuia, 1o 3abesnedyBana takuii postar cranosuia 2,04 kH. ITpu mogaui BorneracHoi
PIIMHN HAaMPHIMN MTOKEKHUMHI PyKaBaMu JiaMeTpoM 77 MM y fiamasoni Temmnepatyp 263—-298 K momosskeHns /ie1io 3MeHITyBaiocs 3i 3MeH-
LIEHHAM TemIlepaTypu. BusBiena HesHayHa HEePiBHOMIPHICTh PO3TATYBAHHS HAIIPHUX MOKEKHUX PYKABIB MO JTOBXKIHI, KOJIN BUTATYBAHHS
3pocrasio ouiskye /1o ix cepeutn. OTpUMaHi Pe3yJIbTaTH BKa3yIOTh HA 3aJIESKHICTD BEJIMYMHN PO3TIATYBAHHS Bijl MaTepiasiB, 3 IKUX BUTOTOB-
JIeH1 HaIlipHi TTOXKeXKHi PyKaBH, a TAKOXK iX fiaMmerpa. BeranoBieni y 1ocimipkenni 3HAYEHHS IUHAMIYHUX 3YCHUITb, 110 CIIPHYUHIOIOTH PO3TST Ha-
MPHUX TIOKEKHUX PYKABIB, HA TIPAKTUII MOKYTh OYTU BUKOPUCTAHI IPU BPaXyBaHHI BUMYIIIEHUX BTPAT €HEPTii Ha TPAHCIIOPTYBAHHS PIZIUHU.

KimouoBi ciioBa: 11okexHIiT PyKaB, pyKaBHa JIiHis, TPAHCTIOPTYBAHHS BO/IH, TEOMETPUYHI PO3MIpPH, TTOJIOBKEHHS MOKEKHOTO PyKaBa.
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ONTUMIBAIIISI BAKOPUCTAHHSI KOHCTPYKTUBHUX PECYPCIB JMHAMIYHUX CTEH/IIB ABIATIIITHUAX
TPEHAKEPIB (c. 21-32)

B. B. KaGansuuii, C. B. Ipunaun

OG6’ e€KTOM JIOCII/IKEHHS € TIeCTUCTENeHeBUI AMHAMIYHUI CTEH I OIOPHOTO TUITY aBialiiiHoro Tpera)epa. OcTaHHill € OCHOBHUM TeXHid-
HUM 32c000M HaBYAHHS MUJIOTIB Ta 3aC000M JIOCTI/UKEHHS ii PO3POOKH TOBITPSIHUX CyzleH. BupinryBamacs nmpobiema OnTUMaTbHOTO BUKO-
PHUCTaHHS HO0r0 KOHCTPYKTUBHUX PECYPCiB, IO HAA€ MOKIMBICTD MOJIIIIEHHS SKOCTI iMiTanii akcenepariitnux aiit. OTpuMani pe3yasTatu
MOJIATAIOTH Y PO3POOICHOMY METO/I, 1110 3a6e31evy€e ONTUMAbHE BUKOPUCTAHHA KOHCTPYKTUBHUX PECYPCIB AMHAMIYHUX CTEH/IIB aBiatiiiHux
TpeHaxepiB. Ile MOSCHIOEThCS, TTO-TIepIre, BUKOPUCTAHHAM PO3POOJIEHOTO CIIPOIIEHOTO OTepaTopa MepeTBOPEHHsT IePEMIIeHb TiAPOIMTiH-
NIPiB y TepeMillleHHs] TUHAMIYHOTO CTEH/y 32 OKPEMUMU CTENeHsSMHU BUILHOCTI Ha 3acajaX KBa/[[PATUYHOI alPOKCUMAIlii. 3aBISKH I[bOMY



3'IBUJIACh MOJKJIMBICTH ONMUCATH KOOPAMHATH IEHTPIB oceil obepTaHHs AMHAMIYHOTO CTeHAa KyOiuHMME crraifH-GyHkiisMu. [To-gpyre,
PO3B'sI3aHHsI 3a/laui OIIHKU KOHCTPYKTUBHUX PECYPCIB IMHAMIUYHOTO CTEHY 32 JIHIHHUMU CTEIEHSIMU BIIbHOCTI Ha 3acaiaX po3po0IeHOro
KpUTepito 3iiicHIOBAIOCH eheKTHBHUM MOAM(IKOBaHUM MeTooM gedopmoBatoro Oaratorpatnuuka. Lleil MeToO/ MOEAHYE METO/ BUIAIKO-
BOIO TIOIIYKY Ha MEPIIMX KPOKaX MOMIYKY 1 rpajieHTHUI METO/I IIPK BU3HAYEHHI T106ambHOTO eketpemyMma. [lo-Tpete, Oyma chopmyiboBaHa
1 po3B's3aHa 33/1a4a BU3HAYEHHS 3a7I€5KHOCTEH KOOPANHAT Oceil TaHTaxXy I PUCKAHHs BiJ KyTa TAaHTAKY. 3aBIKH ONTHMAJIbHOMY BHKOPHC-
TaHHIO KOHCTPYKTHUBHIX PECYPCIB IMHAMIYHIUX CTEH/IIB KOOPIMHATH OCi IXHBOTO 0OEPTAHHS 32 TAHTAKEM MAKCUMAIBHO MOXKJINBO HAOJMKa-
H0TBhCSI 10 KOOPAMHATH OCi Jlitaka. TaKuM YMHOM, CYyTTEBO 301IbINTYEThCS AKICTD iMiTaIlil akcemepaiiaux /il Ha aBianiiiHOMy TpeHaxepi Ta
SABJIAETHCS MOKIMBICTH BUKOPUCTOBYBAT! ANHAMIYHI CTEH/IM 3 MEHIIIMH JIOBKIHAMI CUJIOBHX Ti/[POTPUBO/LIB, a OTKe, SMEHIITUTH BapTiCTh
IXHBOIO BUTOTOBJICHHS TA eKCILIyaTallii.

KurouoBi citoBa: cuiioBi riiponpuBoan, IMHAMIYHNN CTEH]I, KOHCTPYKTUBHI PECYPCH, aBialliiHimii TpeHaskep, iMiTallist akcereparinomx /iil.
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PO3POBKA KOMIIO3UTHOIO APMOBAHOTO I'IbPHIHOTO BOJIOKHA MUSA ACUMINATA CTEJBO-KOPA
TTBICKYCY TIJIIAIIEYCTA 3 HAIIOBHIOBAYEM PITKA TYMA K ABTOMOBIJIbHOT'O BAMIIEPA (c. 33-40)

Sujita Darmo, Rudy Sutanto

JlociKeHo XapaKTepUCTHKY TotiedipHuX KOMIIO3UTIB, apMOBaHUX TiIOPUAHUM BOJIOKHOM BosiokHa MASF — BosiokHa kKopu Tibickyca
(HTBF) 3 piakum kayuykoBuM HamopHIOBaueM. O6’€KTOM HOCHiKeHHs € mosiedipHUil KOMIOSUIIHHIN MaTtepias, TiOpuaHuil apMyo-
YU HaTypaJbHUI BOJIOKOH 1 HanoBHIOBaY OyTtaaieHakprioniTpui 3 kapbokeuabaumu tepminamu (CTBN). Tlosiedipuuii KoMmosutHuit
Marepiaj, sKuil BAKOPUCTOBYETHCA sIK GaMIIEp TPAHCIOPTHOTO 3acO0Y, JIETKO JIAMAEThCsI | Ma€ HU3bKY TEPMOCTIHKICTh, TOMY HOTo (hopma
JIETKO 3MIiHIOETBCS/CTUCKAETHCS i/l BIVIMBOM Teria. Li gociipkenns cupsaMoBaHi Ha BU3HAUEHHST MIiITHOCTI Ha PO3PUB, YAAPHOI B'SI3KOCTI
Ta TepMocTiiiKocTi mosiedipHux KomnosuTis. IIpuynHoo Bukopucranis ribpuanoro sosokia MASF-HTBF gk apmyiouoro marepiany st
nosriediparx Komro3utHux Marepiasis € te, mo MASF i HTBF ¢ HarypajibHuMu BOJIOKHAMH, SIKi MAIOTh BEJMKUN TOTEHINA /7St PO3POOKU
JUTST TIOKPATIEH ST MEXaHITHUX BIACTHBOCTEN moJTiedipHITX KOMITO3UTIB SIK 3aMiHHUKIB CHHTETHYHUX BOJIOKOH. Y I[bOMY JOCJi/PKEHH] YMOBU
MASF i HTBF niggasanucs nyxHiil 06pobiti nuisxom sanypensst ix y 5 % posuud NaOH na 24 roautu, a notim BucyuryBants. Kom6iHo-
Bame,/Tiopuane criBBignomenns Misk 06’emuanmu wactkamu MASF i CTBF cranosuts: 5 %:25 %, 10 %:20 % i 15 %:15 %. Jlns nigBuinenHs
yaapHoi B's3kocTi gogaerbes HanosHioBad CTBN 3 Bapiatisimu 5 %, 10 %. Mexaniuni XxapakTepUCTHKY 3pa3KiB BU3HAYAIM 32 JOTOMOTOI0
BUIPOOYBaHb Ha PO3TAT i yiap. 3mina Macu abo ycajaxu B pesyabrati nepesipserbest TGA. PesyisraT 10Ka3aiu, 1o ribpuaHuii apMoBaHuit
BosiokHamu nosiedipuuii kommozutnuii Mmarepian MASF-HTBF 3 nanosnioBauem CTBN mae kparii MexaHiuHi BJIaCTUBOCTI, HiXK OKpeMi
HaTypasIbHi BOJOKHA, TOMY BaXKJIMBO PO3BUBATH II0T0 sIK MaTepiall Jisi BUTOTOBJIEHHsI GamIiepa aBTOMOOLIIL.

KiouoBi ciioBa: musa acuminata, cre61o, TibicKyc, Kopa, BOJOKHO, MosriedipHAil KOMIIO3UT, MIIIHICTh Ha PO3PHB, yapHa CTPYHKa, TEPMO-
ycajika, Gamrep aBToOMOOLIISL.
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BHU3HAYEHHS 3AJINIIKOBOIO CTPOKRY CJY/ KB MOAN®IKOBAHOTO ITIOJIIMEPOM AC®PAJIBTOBETOHHOT'O
IIOKPUTTA HA ABTOAOPOMKHIX MOCTAX (c. 41-51)

A. M. Ounnmienxo, B. B. KoBaibuyk, O. B. 3aropoawiii, B. C. Mopo3

O6’exTOM JOCTIIKEHHS € achanibToOeTOHHE TOKPUTTST aBTOL0POXKHIX MOCTIB. TIpoBeIeHO OIIHKY 3a/MITKOBOTO CTPOKY MOKPUTTS i3 Bpa-
XYBaHHSIM CITJTHHOI [Iii TeMITepaTypy HaBKOJIHMITHBOTO CEPEIOBUIIA Ta TPAHCTIOPTHUX 3aCO0IB.

BCTaHOBIIEHO, 110 HA 3MEHIIEHHSI CTPOKY CIyKOU (3aIUIIKOBOTO pecypey) achaibroOeTOHHOTO MOKPUTTS Ha MOCTAX BIUIMBAE KOMILIEKC
HeraTBHUX (hakTopiB. Taki sik: pisHi MOAYJI MPYKHOCTI 3ai306€TOHHOI OCHOBH Ta achaasTo0eTOHHOTO MOKPUTTS 1 PI3HUI KoehillieHTiB
JHITHOTO TeMIIEPaTyPHOrO PO3IIMPEHHS. A TaKOK HABAHTa’KEHHS Bijl KOJIC TPAHCIOPTHUX 3ac00iB, KOJNMBAHHS TEMIEPATYpPH, epeMiHHe
3aMOPOKYBAHHSI-BI/ITABAHHS BO/IN B MOPAX 1 YITKO/KEHNX MiCIISIX.

BcTaHOBIIEHO, 110 OHIEIO 13 MTPIYUH 3MEHIIIEHHS 3aJTUIITKOBOTO PeCyPCy achaibro0eTOHHOTO OKPHUTTST Ha 3a1i300€ TOHHUX aBTOOPOKHIX
MOCTaX € HEOCTATHE BUBYEHHsI Ta 3aCTOCYBAHHS TIOJIMEPIB 3 METOKO HAIIPABJIECHOTO PETYJIIOBAHHS BIACTUBOCTEN achanbrobeTony.

BpaxyBatusi CIiJIbHOrO BIUIMBY [iii TEMIEpaTypu Ta TPAHCIOPTY MPU OMIHIL TPIMHOCTIHKOCTI achanbro6eTOHHOr0 MOKPUTTS Ha 3a-
J306€TOHHUX ABTOMOPOKHIX MOCTAX, 1103BOJIMIO0 O Gisbiil 06’€KTHBHO MPOBOAKTH OI[IHKY 3alUIIKOBOTO PECYPCY TAKUX MOKPUTTIB Ta iXHiil
CTPOK CarysKOM. YaamTyBanus achaabro6eTOHHOTO MOKPUTTS 3 TOKPAIEHUMH 0r0 BJIACTHBOCTSMM, 34 PaXyHOK TIOJIMEPHUX JIATEKCIiB,
JI03BOJINTD II/IBUIINTH HOTO 3aJIMIIKOBUI pecypc. Ile y cBolo yepry npusBsezie /10 3MEHIIEHHS TPOLIOBUX BUTPAT IIPU PEMOHTI Ta yTPUMaHHI
He Jimiie achanabroOeTOHHOTO TIOKPUTTSI, a i1 aBTOA0POKHBOTO MOCTY B IIJIOMY.

KimouoBi caoBa: aBromMobijbHa J0pora, aBTOMOOIBHUIT MiCT, 3a/IMIIKOBHH Pecypc, TPIMHOCTIHKICTD, achaibrobeToH e MOKpUTTS,
1oJliMepu.
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3ACTOCYBAHHS METO/IB BATATOKPUTEPIAJIBHOT'O IPUITHATTSA PINEHD ITPU BUBOPI MACTUJIBHO-
OXOJIO/ZKYIOUOI EMYJIBCII (c. 52-58)

Hoang Xuan Thinh, Nguyen Trong Mai, Nguyen Truong Giang, Vu Van Khiem

Barato nporiecis Mexaniuuoi 00poOku Oysn 6 HeMOXKINBI Ge3 HASBHOCTI MACTHJIBHO-OXOJIO/UKYIOUNX eMyJibciil. ChorogHi Ha pUHKY
npejcTaBaeHo 6e3Jiy PisHUX BUIIB MAaCTHUILHO-OXOJOKYIOUMX eMYJIbCiil, KOJKHA 3 AKUX BOJIOJIE PI3HUMM BJIACTUBOCTAMU. Pi3HUIIS Mik



eMYJIbCISIMU TIPOSIBIISIETBCST y 6araThoX TapaMeTpax, TAKUX sIK B'SI3KICTb, TeMIepaTypa TOPiHHsI, MOKJIUBICTD MEPEPOOKH, CXIIBHICTD 10
3a0py/IHEHHS, CTIHKICTb, 1iHa Tomo. Bubip Kparoi eMyJbeii € CKIaHIM Ta CTOMJIIOIOUUM 3aBIaHHAM /Ut OKYTIIB. Y AaHiil po6oTi mpes-
CTaBJIeH] PE3YJIBTATH JOCIKEHHS 100 BUOOPY MACTHIBHO-OXOJOKYIOUOl eMyJIbCii 3 BUKOPHCTAHHSIM METOMIIB 6araTOKpUTEPiaIbHOro
npuiiastrst pintess (MCDM). BuGip kpaiifoi eMysibcii IPOBOAUTHCS HA OCHOBI PaHKYBaHHSI CeMU PISHUX BUJIB. Y JOCIIIKEHH] BUKOPUCTO-
ByBamcs aBa Metogn MCDM: inzekcoBane 3a 6imsbkicTio sHavenns (PIV) Ta crisbHa inTerpamnis mneamimenoro crmcky panris (CURLI).
11i aBa MeTOAM BUKOPUCTOBYIOTHCS ISl PAHIKYBAHHI MaCTUIBHO-OXOMOKYIOUNX eMYJIbCiii i MatoTh abcosmioTHo pisHi xapakrepucTuku. [Ipu
BukopucTanti Merony PIV HeoOXifHO cTaHapTH3yBaTh ati ta BUSHAYUTH Bark Kpurtepiis. Tum gacom, npu Bukopucranui meroxy CURLI
i iBa 3aBaanis He motpi6Hi. KpiM Toro, st po3paxyHKy Bar KpUTepiiB TaKOK BUKOPHUCTOBYBAIMCH TPU Pi3Hi BATOBI METO/M, BKIIOYAIOYN
piBamii (EQUAL), Bary nentpoizna nopsky parwkysanus (sara ROC) Ta Bary cymu pauris (Bara RS). /lani Tpu MeTo/in Tako’K BUKOPHCTOBY-
BAJINCS JIJIT BU3HAUEHHS Bar KPUTEPiiB MaCTHIIBHO-0X0JI0KYT040i eMyarbeii. Metox PIV 3acTocoByBaBcs Tpudi BifITIOBIAHO 0 TPHOX Pi3HUX
BaroBHX MeTOJIiB. Pe3yssTaTil oKasasu, Mo 3 YOTHPhOX Pe3yJIbTaTiB paHKyBaHHs (Tpu 3 BukopucranusaM metoxy PIV i ogun 3 Bukopucran-
usim Merory CURLI) Gysra oiHOT010CcHO BU3HaueHa ojiHa i Ta 5k kpara emyJsbcis. Merog CURLI pekoMeH/IyEThCst BHKOPUCTOBYBATH, SIKITO
He oTpibHe 3BayKyBaHHsA KPUTEPITB Ta HOpMaJIizallist JJaHuX.
KmoyoBi cioBa: MacTH/IbHO-0X0JI0/KYI0Ua emyJibcis, metogu MCDM, merog CURLI, meton PIV, Barosuii metoz.
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®OPMYBAHHA AKOCTI OTBOPIB CBEPIVITHHAM ABIALIITHUX KOHCTPYKIII I3 TOJIMEPHUX
KOMITO3UIITHUX MATEPIAJIIB (c. 59-67)

B. B. Jlynkin, O. B. Auapees, K. B. Maiioposa, B. C. Auroniok, C. I1. Bucioyx

IIpenmeTom AOCTIKEHHS € TIOKA3HUKHU SIKOCTi (T€OMETPUYHOI TOYHOCTI, IMOPCTKOCTI, IMMJITHAPIYHOCTI Ta KOHYCHOCTIi) OTBOPIB, OTpIMa-
HUX CBEPUIIHHAM B aBiamiitnux koHcTpykiisax (AK) i3 nomimeprux xommosuiiiinux marepianis (IIKM). /locaipkents nokasHukiB IKOCTi
orsopiB B AK i3 [IKM BHKOHAHO 3 BUKOPHCTAHHSM KiHEMATUYHNX CXEM IOMePeK Ta B3JOBK HANpsiMy cBep/utiHHsa. CTBOPEHO KiHeMaTHUHY
CXeMy YTBOPEHHs TIPOTHO30BaHOi MmopcTkocTi moBepxui orBopy B AK i3 [IKM. 3amporonoBano po3paxyHOK MPOTHO30BAHOI MMOPCTKOCTI
orsopiB [IKM 3 ypaxyBaHHsIM reoMeTpii cBep/jla Ta PeKNMIB cBep/uliHHs. PeasizoBaHo eKcliepUMeHTaIbHI I0CJIi/UKEHHS 3 METOI BCTAHOB-
JIEHHS TAPaMeTPiB ITIPOTHO30BAHOI MIOPCTKOCTI, TEOMETPUYHOI TOUHOCTI, KOHYCHOCTI Ta BiIXWJIEHb Bifl IIMJIIHAPUIHOCTI. BUkoprucToByBaHmMMI
METOJIAMU € METOJl eKCIIEPTHUX OI[HOK i eKCIIePUMEHTANIbHI IOCi/KeHHsT MOKa3HuKiB sikocti otBopiB [TKM. Ortpumano Taxi pesysbratu.
TTokaszano, 1o MOPCTKICTh 32 HATYPHUME €KCIIEPUMEHTAMU BUSIBUJIACS HUJKYA Bijl TEOPETHYHUX PO3PAXYHKOBHUX 3HAY€Hb 3 PISHUIIEIO HE
6isbire 10...15 %. BeraHoBJIeHO, 110 HIOPCTKICTD, KOHYCHICTD, BIAXUJICHHS BiJl TEOMETPUYHOT TOYHOCTI Ta HUJTHAPUYHOCTI BiZAPI3HAIOTHCS 3a
XapakTepHuMu 3o0Hamu obepranus csep/ia i 0° 1o 360° ta 3aymexars Bij mapamerpis cBeptinns i Bractusocteii [IKM. Bysio BusiBieno,
10 Ha BiXWJIEHHS Bifl IATIHAPUIHOCTI OTBOPY BILUIMBAE ycajika MaTepiasy. BcTanoBieno mosiBy OBaJIbHOCTI B OTBOPAX MOCHTITHIX 3Pa3KiB.
Pesysbrati ekcriepyuMeHTaIbHUX JIOCJII/KEHb 3aMipiB JliaMeTpiB OTBOPIB i3 BCTAHOBJIEHHS BiJIXWJIEHDb BiJl IIMJIIHIPUYHOCTI, reOMeTPUYHOL
TOYHOCTI Ta KOHYCHOCTI 3aI0BIJIBHIJIN BUPOOHIMYMM BUMOTAM O TOYHOCTI iX BUTOTOBJICHHS. J[JIsl reOMETPUYHOI TOYHOCTI Ta BiIXMJICHHS Bijl
MU HAPUYHOCTI Pe3yJIbTaTi BapiloBanucs B Meskax Bit 7 g0 12 kBasitery, a st konycuocri — Big 0,083 10 0,28 % na orsip B AK i3 [IKM
i 9—10 xBasiTeTH TOYHOCTI.

KurouoBi ciroBa: mosriMepHi KOMITO3UIIiiTHI MaTepiasii, CBEPJIiHHSI OTBOPIB, MIOPCTKICTh OTBOPY, TEOMETPUYHA TOUHICTB.
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PO3POBKA BIPTYAJIbHOI'O AITAPATHOI'O CITIOCTEPEKEHHA TEMITEPATYPH JIJI1 YACTOTHO-PETYJIOBAHUX
ACHUHXPOHHUX EJIEKTPOJIBUTYHIB (c. 68-75)

Gulim Nurmaganbetova, Sultanbek Issenov, Vladimir Kaverin, Zhanat Issenov

OaHuM i3 HAUMONIMPEHINTNX TUITB eJIEKTPUIHUX MAIIUH 3MIHHOTO CTPYMY € aCUHXPOHHI €JIEKTPOJABUTYHU. 3aBASKU MIPOCTIil i HAMINHHITT
KOHCTPYKILi BOHM BUKOPUCTOBYIOTbCS B GAaraTboX raayssix MpOMHUCJIOBOCTI. B gaiii poGoTi 06'€KTOM [OCTI/PKEHHsT € ACHHXPOHHUIT eJIeK-
TPOJBUTYH 3 KOPOTKO3AMKHEHIM POTOPOM. [[J1st 3a6e3meueHHst HOpMaIbHOI pOGOTH AaCHHXPOHHOTO €JIEKTPOJIBUTYHA TEMIIEPATYPa HArPiBY HOro
AKTUBHMX YaCTHH HE OBUHHA [EPEBUIILYBATH TPAHUYHO JIOIYCTUMUX 3HAYEHb, SIKi BU3HAYAIOTHCS Bi/IOBI/IHIM KJIACOM TEIJIOCTIIIKOCTI cucte-
M 130JISI11i1, 1[0 BUKOPUCTOBYETHCST B €JIEKTPOABUTYHI. B aCHHXPOHHIX €eKTPOBUTYHAX 0OMOTKA CTATOPA € HAIOITBII TEPMIYHO BPA3THBUM
BY3JIOM, SIKHIl HepIIMM BUXOAUTD 3 JIajly IIPU IIJIBUIIEHHI TeMIepaTypy eeKTpoaBuryHa. [Ipuctpoi TeroBoro saxucry 3aXuiaoTb acHH-
XPOHHUIT €EKTPO/IBUTYH Bifl aBapiltHUX Pe;KUMIB POOOTH, IO CYTIPOBOKYIOTHCS HETPUITYCTUMHM TEPEBUIIEHHSIM TEMITEPATYPH iX 0OMOTOK.

Jlist 106y I0BU HEMPSIMOT CHCTEMU 3aXUCTY Bijl IEPErPiBY 0GMOTOK CTATOPa PO3POOIEHO CHIOCTEPITAY TEMIIEPATYPU 3 BUKOPHCTAHHSIM YIKE
HAsSBHUX CUTHAJIIB B YaCTOTHO-PETYJIbOBAHOMY €JIEKTPOIIPUBO/IL. J{OCII/IPKEHHS MO/IeTIOBAHHST ITPOBO/IUIN B ITAKETAX ITPUKJIAHOTO IIPOTPaM-
noro 3a6esrnedentst Matlab/Simulink. Imitaniiini gocsimpkenms nposoauanch Ha 6a3i aCHHXPOHHUX €JIEKTPOABUTYHIB cepii 4A TOTyKHiCTIO
30, 75 ta 110 kB B nianasoni Temueparyp iz 20 °C 1o 250 °C. B pesyJibrati IpoBeIeHUX JOCIIIKEHb BCTAHOBJEHO, 110 TIOXUOKA HEMTPSMOTO
PO3PaXyHKY TeMIIepaTypH eJeKTPOJABUTYHIB 3 ypaXyBaHHSIM IOIPaBOYHOTO KoedilieHTa He mepesuiye 1 %. 3anponoHoBanuii crocrepirad
TeMIepaTypu Moske OYTH BUKOPHUCTaHUIA /IS TOOYI0BU 3aXUCTIB ACHHXPOHHUX €JIEKTPOTIPUBO/IIB.

Koi040Bi ciioBa: acHHXPOHHMIT €JIeKTPOBUTYH, BITHOBJIIOBAHA €HEPTeTHKA, CIIOCTEPIrad TEMIIEPATYPH, OIIip, TEILJIOBHI 3aX1CT.



