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This paper reports a study to determine the tension of complex
chemical threads made of Kevlar, carbon, polyethylene, and meta-
aramid when interacting with the working bodies of knitting ma-
chines in the process of forming technical knitwear. An increase in
tension after the guide surface of the working body due to a change
in the value of the friction forces in the contact zone was established.
It has been proven that the tension of the selected complex chemical
threads after the guide surface of the working body is affected by
the tension of the thread in front of the guide surface of the working
body of the knitting machine. Also, the amount of tension is affected
by the radius of curvature of the cylindrical guide surface of the
working body and the angle of thread coverage of the guide surface of
the working body of the knitting machine. This has made it possible
to determine thread tension even at the initial stage of designing
the technological process of thread processing on knitting machines,
during the production of technical knitwear. On the basis of exper-
imental studies for Kevlar, carbon, polyethylene, and meta-aramid
complex threads, regression dependences of the stress after the cy-
lindrical guide surface of the working body of the knitting machine
were constructed. The analysis of regression dependences made it
possible to establish the value of the radius of curvature of the guides
when the tension of complex chemical threads before the knitting
zone on knitting machines would take a minimum value. This will
minimize the stress on complex threads during their processing.

So, there are reasons to assert the possibility of directed regula-
tion of the process of changing the tension of Kevlar, carbon, poly-
ethylene, and meta-aramid complex threads during the formation of
technical knitwear on knitting machines by selecting the value of the
geometric parameters of the guides.

Keywords: thread tension, chemical thread, guide surface, sur-
face curvature, angle of coverage.
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Corrugated metal gaskets (CMG) made from SUS304 have pre-
viously been developed, however a coating process with a softer ma-
terial is necessary for its design to be optimal. The coating process is
time consuming and expensive. This research aims to develop CMG
from aluminum by simulation analysis and form a CMG design made
of aluminum A1100. The method used is development research. The
optimum CMG thickness is analyzed using ANSYS Finite Element
Analysis (FEA). The control variables being investigated are contact

area and contact stress. The independent variable being investiga-
ted is the material thickness of CMG. An aluminum gasket is then
constructed using a cold-forming process based on the optimum
design. The control variables in the leak test are axial force and water
pressure. Experiments were also carried out to test the aluminum
gasket for leakage. A leakage test is carried out using a water
pressure test. Simulation analysis showed results that were in line
with experimental leak tests. FEA simulation results show that the
optimum gasket thickness is between 3 and 5 mm, with 5 mm being
the most optimal. However, CMG with thicknesses of 4 and 5 have
similar contact stress and contact area. Leakage test results also show
similarities with simulation results. CMG with a thickness of 5 mm
has the best performance. The experimental results show that CMG
made from aluminum A1100 is suitable for use as a gasket to prevent
leakage, it prevents leakage at fluid pressure up to 12 MPa and axial
force 100 kN. The results show that aluminum CMG performs on
par with SUS304 CMG coated with nickel or copper. This research
succeeded in developing CMG made of aluminum.

Keywords: gasket development, finite element analysis, cor-
rugated metal gasket, cold forming, aluminum materials, water
pressure test.
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Experimental studies of the effect of adding the antifriction
additive Multi-Tech-Conditioner to lubricating oil on the power
of mechanical losses of a rotary piston engine were carried out, the
purpose of which was to reduce the cost of potential energy of a com-
pressed working fluid to overcome friction forces. The experimental
data obtained make it possible to estimate the value of irretrievable
losses of the available power of a rotary piston engine at the stage of
its design and operation.

Experimentally, a positive effect of the addition of the Multi-
Tech-Conditioner antifriction additive to lubricating oil on the
change in the power of mechanical losses of the engine was estab-
lished, which was reflected in a decrease in total losses over the
entire operational range of change in the rotor speed by 11.8 %.
As a result of the research, it was determined that the losses for
pumping strokes (gas exchange) in a rotary piston engine amount to
31.6 % of the total power of mechanical losses.

An assessment was made of change in the mechanical efficiency
of a rotary piston engine with a hinged-cam mechanism for convert-
ing motion under the conditions of applying an antifriction additive
to lubricating oil. It has been established that the addition of the
Multi-Tech-Conditioner additive to the lubricating oil in a ratio



of 1:14 makes it possible to increase the mechanical efficiency of
a rotary piston engine depending on the speed by 3.8-5.5 % for all
operating pressures in the inlet receiver.

Based on the generalization and systematization of the obtained
experimental data on the use of the Multi-Tech-Conditioner ad-
ditive, the most rational operating ranges of a new design rotary
piston engine were identified. The maximum mechanical efficiency of
a rotary piston engine is achieved in the load range of 65..75 % of
the rated power, and the speed range is 63...70 %.

Keywords: rotary piston engine, mechanical losses, anti-friction
additive, pumping stroke.
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The object of research is the process of remotorization of a re-
gional passenger aircraft to increase its fuel efficiency. Based on the
conceptual requirements for the remotorization of the An-158 air-
craft with turbojet bypass engines, a parametric appearance of three
modifications of this aircraft with turboprop engines for 80, 100,
and 120 passenger seats was formed. The study was carried out on
the basis of the well-known modular software systems «Integration
2.1» and <«Air propeller 2.2» for typical flight profiles of the An-158
aircraft. Improved procedures of weight design and determination of
the takeoff characteristics of aircraft with different types of power
plant engines have made it possible to identify the most advanta-
geous flight speeds of aircraft modifications with a turboprop engine
corresponding to different flight masses. The results of the study of
flight performance for optimal and «non-optimal» modifications of
the aircraft are reported. The parametric appearance of the propeller
was formed, the shape of the propeller blade for the cruising flight
mode was determined for modifying the aircraft with a maximum
number of passengers — 120 people. It is shown that the propeller for
this modification of the aircraft cannot have less than 8 blades since
with a smaller number of blades, the maximum chord of the propel-
ler blade increases. The inductive power costs increase significantly
due to the small elongation of the blades and, as a result, the flight
efficiency of the propeller decreases. It is shown that the total fuel
consumption for the entire typical flight of all modifications of the



aircraft with turboprop engine at all studied flight speeds is less than
the total fuel consumption of the An-158 base aircraft.

Keywords: remotorization, turboprop engine, single-row propel-

ler, takeoff and landing characteristics, kilometer fuel consumption.
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Recently, engine design and control systems have been developed
using data-driven modeling techniques to specify the in-cylinder
complicated combustion process. The cooling fan performance is
highly influenced by several factors that are determined based on
what is called (DOE) «design of experiments». These factors include
blade tip clearance, pitch angle, distance from radiator. This work
presents a method to improve a cooling fan performance of an engine
by designing a Six Sigma technique using Control, Improve, Analyze,
Measure, and Define (CIAMD). First, let’s assess the existing cool-
ing fan performance and define its problem. Then, let’s specify the
parameters that affect on fan performance to be optimized. Next, let’s
conduct sensitivity analysis and evaluate manufacturing control of the
developed cool Fan. The primary fan does not distribute air enough by
the radiator to maintain the machine cool throughout hard circum-
stances. First, the work demonstrates how to develop an experiment
to examine the influence of three performance elements: blade pitch
angle, blade-tip clearance, and fan distance from the radiator. In order
to improve the performance of the cooling fan, Box-Behnken design
is adopted for testing quadratic (nonlinear) effects. It then indicates
how to predict optimal quantities for every element, to produce a tech-
nique that makes airflows above the objective of 1486.6 m*/h when
utilizing experimental measurements. Finally, it reveals how to operate
simulations to confirm that this method creates airflow based on the
specifications with more additional fans manufactured performance
0f99.999 %. The results of S and X-bar control charts indicate that the
manufacturing process is statistically under control.

Keywords: optimization, Six Sigma technique, control chart,
Box-Behnken, cooling fan.
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The formation of a differentiated structure of the arable horizon
during the pre-sowing processing of the grant is a relevant task that
can be solved by designing appropriate soil-processing technical means.

A scientific hypothesis has been put forward, according to which
increasing the efficiency of the process of forming a differentiated
structure of the arable horizon can be achieved by improving the de-
sign and substantiating the structural and technological parameters
of the tillage module for pre-sowing tillage. Numerical simulation
was carried out in the Simcenter STAR-CCM+ software package
using the Lagrangian multiphase model employing the discrete
element method. Calculation of second-order regression equations
and statistical processing of the obtained data was carried out in the
Wolfram Cloud software package.

As aresult of the simulation of the improved design of the tillage
module, which includes one drum, plowshare, casing, and cleaner, it
was found that it performs the operation of separation and redistri-
bution of soil aggregates with almost the same efficiency as the basic
design with 2 drums and plowshare.

As a result of the simulation of the work process of the improved
tillage module, regression equations of the content of the 10—30 mm
fraction in the 0—4 cm soil layer and the content of the 0—10 mm frac-
tion in the 4-8 cm soil layer from the research factors were obtained.
The chosen factors of influence were a casing outlet clearance, casing
inlet clearance angle, cleaner inclination angle, drum rotation frequen-
cy, unit movement speed, and processing depth. Solving the problem of
multi-criteria optimization, the rational structural and technological
parameters of the tillage module for pre-sowing tillage were calculated.

Keywords: soil environment, arable horizon, differentiated
structure, pre-sowing treatment, simulation, modeling.
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The article has to grapple with the problem of creating an eco-
nomically efficient and environmentally friendly technological pro-
cess for a development of solid minerals in open-pit mining. In many
mining countries of the world today, the depth of many open pits is
already 400—600 m or more. At the same time, the cost of transport-
ing 1 ton of rock mass when operating a quarry whose depth is 400 m
is 65—70 % of the total cost of extracting 1 ton of minerals.

The object of research is technical devices for transport of rock
masses in the technological process of development of solid useful
deposits in open pit mining.

The main reasons are the need to construct transport routes for
them by withdrawing the sections of the rock mass on above them, as
well their lifting capacity is limited because of they all do use highly
energy-intensive machines for transporting rock minerals. In article has
been justified a skip cable winch supplied with a wheels moving along
on a railroad way by using only a gravitational counterweight device
for transporting rock mass from a place of their formation to Earth
surface. There have been created a prototype of a planar skip winch
with four cables for practical implement in open-pit mining. The theo-
retical and experimental investigations of the prototype have being
confirmed its performance. The created skip winch will accomplish its
performancing without using any energy machines even under adverse
climate conditions. Its affected would allow to make an open-pit effec-
tiveness to soar and environmentally do friendly because of there are all
but excluded any transport vehicles whether on gasoline or diesel oil.

Keywords: open-pit, a skip winch, hydraulic counterweight,
railroad wheel, prototype cable-driven robot.
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The object of this study is the process that forms fill materials from
crushed rock under load for managing the condition of side rocks in
a coal-bearing massif with preparatory workings. Deformation proper-
ties of crushed rock under laboratory conditions were evaluated on the
basis of a study of compressive compression of the fill material. It was
registered that there is a quadratic functional dependence between
the change in the bulk density of crushed rock of different granulo-
metric composition and the specific potential energy of deformation.
It was experimentally established that the specific potential energy of
deformation reaches the limit values at the maximum compression of
crushed rock when the fill material consists of parts of different sizes.

For experimental samples with different thickness of the rock layer
ho (m), there was a linear relationship between their longitudinal defor-
mation A% (m) and the external load F (kN), which determined the be-
havior of the deforming body at critical levels. Under such conditions,
with a relative change in the volume of the fill material §V=0.36, that
is, with the same relative deformation at any values of the parameter
hy (m) and the compaction coefficient of the crushed rock k.,=1.57,
the maximum stiffness of the rock supports was ensured.

With a limited amount of external static load on the experi-
mental samples, in the process of their deformation when the
parameter &y was reduced by 2 times before their compression, the
compaction coefficient of the crushe1d rock increased from k.,,=1.33
to keon=1.57. At the same time, the specific potential energy of de-
formation increased by 40 %, which made it possible to ensure the
maximum rigidity of the fill material at the minimum value of the
longitudinal deformation A% (m) of the experimental samples.

Keywords: crushed rock, fill material, compressive compression,
potential energy, bearing capacity.
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The article discusses the use of innovative electrohydraulic tech-
nology in the preparation of vertical ground heat exchangers to create
heat supply using heat pumps. The discharge energy in the operating
range varied E=900+2600 J. The most economical mode of operation
of the electrohydraulic installation is carried out with the following
parameters: discharge voltage 30+51 kV, capacitor bank capacity
2 uF and interelectrode distance 8+15 mm. It is determined that the
optimal energy of destruction of natural materials depends on their
thickness. Based on the research, the limits of the electrophysical pa-
rameters of the approach were established, at which the concentrated
destruction of hard rocks — the main stones — begins. The effective
amount of energy for the destruction of stones with a thickness of
53 mm is 900 J. For stones with a thickness of 78 mm, there should
be 2600 J. If to increase the energy of the discharges to 1837 J, the pro-
cess of complete destruction of the stones is underway. Using an elec-
tro hydraulic drill, we have prepared vertical wells up to 25 m deep.

In the future, we have installed special temperature sensors
along the length of the pipes, inside the well. Using a software
product (Temp Keeper), data from temperature sensors are received
in real time. This program allows to visually monitor temperature
changes occurring at a local point. Temperature and time depen-
dences are also obtained at coolant velocities of 0.2+0.4 m/s. A sig-
nificant decrease in the temperature in the well and at the outlet was
observed at a coolant velocity of 0.35 m/s for one hour. The study
conducted on the basis of the data obtained enables to achieve higher
optimal drilling performance compared to conventional installations.

Keywords: electrohydraulic drilling, borehole, heat exchanger,
discharge voltage, fracture energy, modeling.
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To improve the operational quality of paddy combine it was pro-
posed to include additional innovative operations in plant process
of pre-threshing preparation of rice biomass with anticipating seeds
selection which increases seeds separation, reduces injuries, forms
stable operation of threshing-separating device of combine harvester.

Retrofit feeder house is a solution to ensure the stable uniform
feed of assorted biomass into the threshing separation device.
Equipped with tool package — harvester feeder house turned to the
running control equipment for incoming flow of biomass.

The movement of threshed heap inside the modified geometry
of feeder house with tools effectively affect on caulis, panicle of

rice — screed, and brings the biomass vibration mode i. e., lead to the
dynamic separation of rice headed seeds to threshing rotor. Vibra-
tion (tossing) of biomass make it possible for free rice seeds pass
through caulis to the bottom of feeder house.

Development program of innovative driving devices of multi-
functional rice seed harvester combine considered the development
of preproduction explorational program ensuring the information on
harvest loss during various rice harvesting, their separation between
main harvester aggregates — collector, auger, elevator, threshing
mill. Tt is proposed to combine, in a single complex, all the control
parameters, subordinating their actions, into an active control device
of the technological process, affecting the shapes of rolls formed from
various varieties and yields of rice.

Keywords: combine harvester, feeder house, technological pro-
cess, optimization, working body, biomass.
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The object of research is the technological process of cutting
rectangular materials into haberdashery parts.

The mathematical statement of the problem to find cutting dia-
grams of rectangular materials for haberdashery parts is given. The
structural components of this problem and its mathematical model
were described.

A method for implementing the task set is proposed, which in-
cludes the following stages:

— generation of layouts;

— generation of a set of permissible sections of one part, from a com-
bination of two parts, and from a combination of three product parts;

— generation of cutting diagrams of rectangular materials for
haberdashery parts from a combination of designed sections.

Implementation algorithms have been proposed for each of the
stages of the task. The proposed algorithms were used in the develop-
ment of information technology support for finding cutting diagrams
of rectangular materials for haberdashery parts.

The information and technological support that was offered
makes it possible to create graphic visualizations of rational cutting
schemes and save them in a file. This feature allows automated cut-
ting systems to use information about such schemes.

The developed information technology support was tested
on the parts of haberdashery and showed its effectiveness. This
information and technological support can be successfully used at
haberdashery enterprises in preparatory and cutting production to
increase the utilization of material during cutting by 1.5-2.5 %.

Thus, the proposed information and technological support
makes it possible to improve the technological process of designing
rational schemes of cutting for haberdashery articles.

Keywords: rational cutting, cutting schemes, haberdashery.
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The paper presents the results of studies of defects that occur in
the production of continuously cast pipe blanks for the oil and gas
industry. It is shown that the use of the technology of continuous
casting of pipe billets in comparison with the traditional methods of
pouring liquid steel into a mold has a number of advantages, among
which is the high productivity of the technological process. How-
ever, it was noted that in many cases, an abnormally high degree of
contamination with non-metallic inclusions is observed in the struc-
ture of the steel of continuously cast pipe billets.

It was revealed that the largest inclusions are oxides of silicon
and manganese. On the surface of the pipes, there are defects in the
form of oxide spots, near which there are large non-metallic inclu-
sions. On the surface of the oxide spot, the presence of iron oxides in
the form of scale is found, which is a consequence of the secondary
oxidation of the metal by air oxygen.

A mechanism for the development of oxide spots and decarbu-
rized strips in pipe billets has been determined, which consists in
the formation of defects in the form of scratches and cracks on the
surface before rolling. These defects during heating for rolling lead to
the oxidation of the metal and the formation of scale on the surface
of the pipe blanks. The results of experimental studies on the deve-
lopment of recommendations for improving the quality of the initial
metal of seamless pipes for the oil and gas industry are presented. The
study of the microstructure of steel and the assessment of its contam-
ination with non-metallic inclusions were carried out on optical and
electron microscopes, and the mechanical properties of pipe blanks
were studied by standard methods.

Keywords: pipe steel, non-metallic inclusions, longitudinal
cracks, oil and gas industry, continuous casting.
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The object of this study is the interaction zone between a gra-
phitized hollow electrode (GHE) and a metal bath on the «ladle-fur-
nace» installation.

The regularities of the formation of the geometric parameters of
the hole were established for the purpose of further evaluation of the
heat exchange under the electrode in the arc combustion zone under
different operating conditions of the <«ladle-furnace» installation.

An experimental methodology was devised, and a laboratory
setup was built for physical simulation on a cold model. The values
of the geometric parameters of the cavity formed by the electric arc
discharge in the sub-electrode zone were calculated. In particular,
the area of the curved surface of the cavity is about 0.2 m? at a depth
of 40 mm. The regularities of formation of the geometry of the cavity
during gas injection through the GHE channel have been estab-
lished, in particular with regard to the area and depth of the cavity.
Thus, with a gas consumption of 3-20 m3/h and a slag cover height
of 100 mm, the area reaches 0.28—0.5 m?, while the depth of the ca-
vity ranged from 5 c¢m to 19 cm, respectively. Rational flow rates of



gas supplied through the channel of the graphitized hollow electrode
were established, which for a slag cover of 100 mm are 3—6 m?/h and
for a slag cover of 200 mm — 6-10 m?/h.

The peculiarities of the formation of a metal cavity in the
sub-electrode zone under the conditions of gas supply through the
channel of a graphitized hollow electrode during out-of-furnace pro-
cessing of steel at the «ladle-furnace» installation were investigated.

The patterns of the formation of the geometry of the cavity in
the arc combustion zone, which were obtained using cold modeling,
could subsequently make it possible to perform calculations of heat
transfer from the electric arc discharge to the metal bath. That will
also make it possible to determine the share of heat absorbed by slag
and metal under the conditions of using a conventional electrode,
and a hollow one with gas supply through its channel during out-of-
furnace processing of steel at the «ladle-furnace» installation.

Keywords: physical modeling, «ladle-furnace» installation, gra-
phitized hollow electrode, geometric parameters of the cavity.
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BU3HAYEHHS HATATY KOMIUIEKCHUX XIMIYHUX HUTOK MTPU B3AEMO/IIT 3 HAITIPABJIAIOYAMU
ITIOBEPXHSMMU (c. 6-18)

B. 10. Illep6ansb, O. 3. Koaucko, I. B. Meabnuk, ¥O. 0. Illep6ans, B. /1. Imenko

IIpoBeneno pocmipkenns A BU3HAUEHHS HATATY KOMIUICKCHUX XIMIYHMX HHUTOK 3 KEBJIApy, BYTJIEIO, TTOJeTHIeHy Ta MeTa-apaMiLy
[P B3AEMOIiT 3 POGOYMIL OPraHaMu TPUKOTAKHUX MAIUH Y rporieci GopMyBaHHs TEXHIYHOTO TPUKOTAXKY. ByJslo BCTaHOBIIEHO 301bITEHHS
HATSATY TiCJIsT HAIIPABJISIIOUO] TIOBEPXHI POOOYOrO OpraHa 3a paXyHOK 3MiHN 3HAYEHHsI CHJI TEPTS B 30H1 KOHTAKTY. /l0Be/IeHo, 110 Ha BEJTMIUHY
HATTY 06PaHNX KOMIUIEKCHUX XIMIYHIX HUTOK IiCJIsT HAIPABJISIIOYOi MOBEPXHI POOOYOTro OpraHa BILIMBAIOTH HATST HUTKH TIe€pPe/l HAIPABJISTIO-
YOI TIOBEPXHEI0 POHOUOro OpraHa TPUKOTAKHOI MAIIMHI, TAKOK BEJIMUMHY HATATY BILIMBAE PaliyC KPUBM3HU [UIIHAPUIHOT HATIPABISAIOUO]
TIOBEPXHI POOOYOTO OpraHa Ta KyT OXOIJIEHHST HUTKaMI HATTPABJISIIOUO] MOBEPXHI pOOOYOTO OpraHa TPUKOTakHOI MarmiHi. 1le 103BoIIIO TITe
HA TI0YaTKOBOMY €Talli IPOEKTYBAHHSI TEXHOJIOTIYHOTO TPOIleCcy TepepoOKU HUTOK HAa TPUKOTAKHUX MAIMHAX, TIPU BUTOTOBJIEHHI TEXHIY-
HOTO TPUKOTAKY, BU3HAYATH HATST HUTOK. Ha OCHOBI eKcliepUMEHTATIbHUX IOCIIIKEHD /IS KEBJIAPOBUX, BYTJIEIEBHX, TTOJIETUIEHOBUX Ta
MeTa-apaMiJIHIX KOMIUIEKCHUX HUTOK OTPUMAHO PErpeciiini 3aJe;KHOCTI BETMYNHN HAMPYTU TC/IST MUTIHAPUYHOT HAITPABJISTIOUO] TOBEPXHi
PobOYOro OpraHa TPUKOTAKHOI MAIIMHI. AHAJI3 perpecilHuX 3aJIesKHOCTEN I03BOJIMB BCTAHOBUTH 3HAYEHHS Pajliyca KPUBU3HY HAIIPSMHUX,
KOJIN HATSIT KOMIIJIEKCHIX XIMIYHUX HUTOK MePe]l 30HOIO0 B'SI3aHHSI Ha TPHKOTKHUX MaITHaX Gy/ie MaTi MiHiMasbie 3Hadenst. 1le 103BomTh
MiHIMi3yBaTy HAIPYTY HA KOMIUIEKCHUX HUTKAX T1i/l 4ac iX mepepoOKu.

OTiKe, € T/CTaBH CTBEP/KYBATH IIPO MOKJIUBICTD CIIPSIMOBAHO] PETYJIATII TPOIlecy 3MiHN HATSTY KE€BIAPOBHX, BYTJIETIEBUX, TOJETHIICHO-
BUX Ta METa-apaMiIHUX KOMILIEKCHIX HUTEl 1pu OpMyBaHHI TEXHIYHOTO TPUKOTAXKY HA TPUKOTAKHIX MAIIMHAX IISIXOM IT1160pY 3HAYEHHS
TeOMETPUYHNX [apaMeTPiB HAIPABJISIOUNX.

KiiouoBi ciioBa: HaTsKeHre HUTH, XUMUYEeCKask HUTh, HATIPABJISION[Ast TOBEPXHOCTD, KPUBU3HA MOBEPXHOCTH, YTOJI OXBATA.
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PO3POBKA TO®POBAHUX METAJIEBUX ITPOKJIAJIOK 3 AJIIOMIHIIO A1100 (c. 19-27)

Didik Nurhadiyanto, Mujiyono, Febrianto Amri Ristadi, Ardani Ahsanul Fakhri, Gewa Ardeva, Muhammad Igbal Kusnantoro,
Shigeyuki Haruyama, Isti Yunita, Alexander Panichkin

Todposani meranesi npokaaaku (TMIT), surorosseni 3 SUS304, Gyau po3pobiieHi pawiiie, ofHaK Al ONTHMAIbHOI KOHCTPYKIT He-
06XifHIH POIIeC TIOKPUTTS 3 OLIbII M'KOro MaTepiaiy. [Iporec HaHeCeHHs MOKPUTTS TPYAOMICTKuUil i moporuii. Ile 1ocsiKeH s CrpsiMo-
Bare Ha po3pobky 'MII 3 amomiHi0 MUISIXOM aHaIi3y MozemoBanHs Ta hopmyBannst koHcTpyKiii [MII 3 amominiio A1100. OntrmansHa
ropimuaa CMG anazizyerbest 3a gonomoroio ANSYS Finite Element Analysis (FEA). KonTposbHuMu 3MiHHUME, K JOCHLKYIOTHCS,
€ IJIoIIAa KOHTAKTY Ta KOHTAaKTHA Hanpyra. Hesane)xxnoio 3MiHHOIO, sIKa ZOCTipKyeThes, € ToBmuHa Matepiaxy IMII. ITotim 3a gomomoromo
TIPOIIECY XOJI0AHOTO (DOPMYBAHHS HAa OCHOBI ONTHMATbHOI KOHCTPYKILii BUTOTOBJISETHCA aTOMiHi€BA TPOKIagKa. KOHTPOIbHUMI 3MIHHIMHI
y BUIIPOOYBaHHI HA BUTIK € OCbOBA CHJIA Ta TUCK BOIU. ByJin TaKoK MPOBEIEH] €KCIIEPUMEHTH IS TIEPEBIPKU alFOMIHIEBOT TIPOKJIAIKY Ha
repMEeTHYHICTh. BUMPoGyBaHHs Ha FepMETHYHICTD TTPOBOANTHCS 3 JOTIOMOTOIO BUITPOOYBAHHS THCKOM BOJIL. AHAI3 MO/IETIOBAHHST [TOKA3aB
pesyJIbTaTu, SKi Bi/IIIOBIIal0Th €KCIIePUMEHTAIbHIM TecTaM Ha BUTiK. Pesynsrat mojesmoBants FEA okasyioTs, 1o ontuMaabHa TOBIIMHA
MPOKJIAIKN CTAHOBUTD Bijt 3 710 5 MM, pudomy 5 MM € onruMaibioio. Ograk TMIT ToBumHOIO 4 i 5 MalOTh O[HAKOBI KOHTAKTHE HATIPY-
JKEHHST Ta TJIONLY KOHTaKTy. Pe3ysibraTii BUPOOYBAaHHS Ha BUTIK TAKOXK MOKA3YIOTh CXOXKICTb 3 pesyJbrataMi MojemioBanHs. Haiikpati
xapakrepructuku Mae TMII ToBumnoio 5 MM, EkcriepuMenTaibai pesy israti 1oKasyiorh, 1o TMII 3 amominiio A1100 migxoanTs /st BUKO-
PHCTAHHS B SIKOCTI TIPOKJIIKK /st 3alI00iranHsl BUTOKY, BiHl 3ano6irae BUTOKY Mpu THCKY piaunu g0 12 MITa ta ocboBomy 3ycuiri 100 kH.
Pesyssratu mokasyioth, 1mo ajioMiniesa I'MIT npaiioe Ha ogrnomy pisti 3 SUS304 TMII 3 nokpurtam Hikeso abo mii. e gocimkenns
103B0J11110 po3pobutu TMII 3 anmominiio.

Kimouosi cioBa: po3poOKa IPOKIaIKK, KiHIIEeBO-eJIeMeHTHIH aHasiis, roppoBaHa MeTajeBa MPOKJIa/AKa, XoJIo/He (hopMyBaHHs, alioMiHIEB]
Marepiajiu, BUIIPOOYBAHHST TUCKOM BOJIH.
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BU3HAYEHHA BILIUBY AHTUMPUKIIITHOI IPUCAJIKU HA TIOTYKHICTh MEXAHIYHHX BTPAT
POTOPHO-ITIOPIHIHEBOTI'O /IBUT'YHA (c. 28-34)

0. C. Murpodanos, A. 0. IIpockypiH, A. C. Ilo3naucekuii, O. B. 3iBenko

Buxonani excriepiMeHTaIbHI JOCIIPKEHHS BIIUBY nobasku antudpukiiinoi npucagku Multi-Tech-Conditioner 1o Mactuna na Besu-
YIHY MOTYKHOCTI MEXaHiYHUX BTPAT POTOPHO-TOPIIHEBOTO ABUTYHA, METOIO SKHUX € 3HIKEHHS BUTPAT MOTEHIIIHOI eHeprii CTHCHeHOTo po-
6040r0 Tisa Ha ool s il TepTst. OTPUMaHi eKCIepUMEHTAJIbHI [IaHi I03BOJISIIOTH OI[IHUTH BETNYMHY GE3MOBOPOTHIUX BTPAT MOTYKHOCTI
POTOPHO-TIOPIITHEBOTO IBUTYHA HA CTaJIii IOro MPOEKTYBAHHS Ta eKCIIIyaTarlii.

ExcriepuMeHTabHUM TIIIXOM YCTAHOBJICHO MO3UTHBHUIA BIIUB A06aBKy anTupuKIiiiHoi npucaaku Multi-Tech-Conditioner go mactu-
Jla Ha 3MiHY MOTY’KHOCTI MEXaHIYHUX BTPAT ABUTYHA. BUKOpHCTAHHS MTPUCAJIKN [O3BOJINJIO 3HU3UTH 3arajibHi BTPATH HAa BCbOMY €KCILIyaTa-
IiiiHOMY /iarma3omi 3MiHn actotu obeprams poropa Ha 11,8 %. Y pesysbrati mpoBeileHUX TOCIIKEHb BU3HAYEHO, M0 BTPATH Ha HACOCHI
xo7iu (razo00MiH) y POTOPHO-TIOPIIHEBOMY JBUTYHI CKanaioTh 10 31,6 % Biz 3araibHOT OTYKHOCTI MEXaHIYHUX BTPAT.

Bukonano orminky sminn mexaniynoro KK/I poropro-nopumeBoro ABUTyHa i3 IapHipHO-KYTa4KOBUM MeXaHi3MOM HepPeTBOPEHHS PyXy
B YMOBax 3aCTOCYBaHHs aHTU(GPUKIHIHOT IPUCAIKK 10 MacTHIIa. YCTaHOBJIEHO, 1o nobaska npucaaku Multi-Tech-Conditioner no mactuia



B nponopiiii 1:14 gossosste migsummT Mexanivnuii KK/[ poropHo-tiopuiHeBoro ABUryHa 3aje;KHo Big 06epTis Ha 3,8...5,5 % /s BCiX eKc-
ITyaTaniiHuX THCKIB y BITyCKHOMY pecuBepi.

Ha ocHOBI y3arajibHeHHsI Ta cuCTeMaTH3allii OTPUMAHUX eKCIIePUMEHTAIbHUX JAHUX 3aCTOCYBaHHs aHTH(GPUKIiHHOT npucaaku Multi-
Tech-Conditioner BuaisieHo HalGibII pariioHaNbHi ialla30HN eKCITyaTallii pOTOPHO-MOPIIHEBOrO ABUIYHA HOBOI KOHCTpPyKIil. Makcu-
masbrnii Mexaniuauii KK/[ poropHo-mopiiHeBoro ABUryHa AOCATAETHCS B ialasoHi HaBaHTaKeHb 65...75 % BiJl HOMiHAJIBLHOT TIOTYKHOCTI,
a mianaszon obepris — 63..70 %.

Komo4oBi ciioBa: poTOpHO-TIOPIIHEBHIT JIBUTYH, MEXaHIuHI BTpaTH, aHTHU()PUKITIITHA TPHCa/IKa, HACOCHUI Xi/l.
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PO3POBKA ITAPAMETPUYHOTO BUIJIAY CUJIOBOI YCTAHOBKU MOJIUMIKAIIIA PETIOHAJIBHOTO
ITACAYKUPCBKOTO JITAKA AH-158 (c. 35-52)

B. B. JloriHos, €. O. Ykpaineup, A. M. I'ymennuii, O. B. €nancekuii, /1. C. Konumes, €. B. Cuipkin, B. B. Beanenbuuii

OG6’ €KTOM JOCTIKEHHS € MPOIeC PEMOTOPH3allii PerioHaIbHOTO TTacaKUPCHKOTO JliTaka [uist 301IbIIeHHSA HOT0 NaniuBHOI e)eKTUBHOCTI.
Ha ocHOBI KOHIIENTyaJIbHIX BUMOT 10 peMOTopu3altii Jitaka Au-158 3 TypOopeakTHBHUMY ABOKOHTYPHUMH JBUTYHAMHU ¢(hOPMOBAHO Mapa-
METPUYHUI BUTJIAA TPhOX Moaudikalliii poro Jjitaka 3 TypoorsuaTosuMu asurynamu Ha 80, 100 i 120 nacakupebkux Miciip. JJocaipkens
TIPOBEIEHO Ha OCHOBI BIJOMUX MOYJBHUX TIPOrpaMHNX Komiekci «Inrterpamis 2.1» i «[loBitpannit reunt 2.2» 1715 TunoBux npodinis
moJiboTy Jitaka AH-158. YiockoHaeHi METOAMKI BArOBOTO MPOEKTYBAHHS Ta BU3HAYEHHS 3JIITHUX XaPaKTEPUCTHK JITaKiB 3 PISHUME TUIIAMU
JBUTYHIB CHJIOBOI yCTAHOBKH JIaJIM 3MOTY BUSIBUTH HAWBUTIHIII IIBUAKOCTI 10160TY MoAuGiKauiii itaka 3 TypOOrBUHTOBUM JABUTYHOM,
110 BiZITIOBIZIAIOTH Pi3HNUM MOJLOTHNM MacaM. lIpesicTaBieHo pesyasTaTi ZOCITi/PKeHHS IbOTHO-TEXHIYHUX XapaKTePUCTHK I ONTHMATbHUX
i «HeonTUMaIbHUX> Moandikaiit mitaka. ChopMOBaHO apaMeTPUYHIIT BUIJISL] IIOBITPSIHOTO IBUHTA, BU3HAUEHO (DOPMY JIOTIATI MOBITPSTHOTO
IBUHTA HA PEXKUM KPEHCEPCHKOTO MOJIBOTY [Ist MOAMMIKaIi JiTaka 3 MAKCHMaIbHOIO KiJIbKicTio macakupis — 120 oci6. TokaszaHo, 1o mosi-
TPSHUI TBUHT /U1 1€l Moaudikariii JiTaka He MOKe MaTu MeHIle 8 JIonaTeii, OCKiJIbKY 32 MEHIIIO1 KiJTbKOCTI JIoTaTeil 3p0CTaE MaKCUMaJTbHA
XOPp/Ia JIOTATi TTOBITPSIHOTO TBUHTA. 3HAYHO 3POCTAIOTh IHAYKTHBHI BUTPATH HMOTYKHOCTI Yepe3 MaJjie MOJOBXKEHHS JIomaTeil i, sk HaCJIi/I0K,
3HIKYETHCS MOJTBOTHUN KoedillieHT KopucHoi fii mosiTpsinoro reunTa. [Tokazamo, mo cymapia BUTpaTa MajnBa 3a BeCh TUITOBHUH TOJIT YCiX
Moaudikariit sitaka 3 TB/I Ha Beix g0C/IipKeHUX MIBUAKOCTSX MOJBOTY MEHIIA 32 CYMapHy BUTPATY MaI1Ba 6asoBoro jitaka An-158.

KiiouoBi cioBa: pemoropusaltist, TypOOrBUHTOBHUIL JABUTYH, OAHOPSAHUIT TIOBITPSIHIIA TBUHT, 3JIITHO-TIOCAJIKOBI XapaKTepUCTUKHU, Kijlo-
MeTpOBa BUTPATa IaJIBa.
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OIITUMI3ALIA IIAPAMETPIB PAIIATOPHOTO IBUT'YHA B CKJIA/THUX YMOBAX HIIJIAXOM MOHITOPUHIY
TA OIIIHKM KOHTPOJIbHUX KAPT (c. 53-59)

Ali Fadhil Abduljabbar, Bashra Kadhim Oleiwi, Ahmad H. Sabry

Hermronasro 6yin po3pobiieHi KOHCTPYKITii ABUTYHA Ta CUCTEMH KEPYBAHHS 3 BUKOPUCTAHHSIM METO/IB MOJIETIOBAHHS HA OCHOBI TaHUX
IS BUBHAUEHHST CKJIQJIHOTO IIPOIleCy 3rOpsiHHs B IinyriHApi. Ha mpoyKTHBHICTD BEHTHIISITOPA OXOJIO/IKEHHS CUITBHO BIUIMBAE KijbKa (HaKkTo-
PiB, SIKi BU3HAYAIOTHCST HA OCHOBI TaK 3BAHOTO <«IJTAHYBAHHS eKcrepuMeHTiB». 11 ¢akTopu BKIIIOUAIOTH 3a30p y KIHUMKY JOMATi, KYyT HAXWIY,
BiZicTanb Big pagiatopa. Y miit po6oTi MpeacTaBIeHO METOJ MOKpalleHHs MIPOAYKTUBHOCTI BEHTUJIATOPA OXOJIO/PKEHHS JBUIYHA IITIIXOM
pospobuieHHst TexHikn Six Sigma 3 BUKOPUCTAHHIM KOHTPOJIIO, TIOKPAIEeHHS, aHali3y, BUMIPIOBaHHs Ta BU3HayeHHst. CIIOYaTKy OIHIOETHCS
eheKTUBHICTh HASIBHOTO BEHTUJISITOPA OXOJIO/KEHHST Ta BUSHAYAETHCsI HOTO mpobieMa. [ToTiM BU3HAYAIOTHCS TApAMETPH, sIKi BIUIUBAIOTH Ha
MIPOLyKTUBHICTh BEHTUJATOPA, AKY MOTPIOHO onTuMisyBath. [lami MpOBOAUTHCS aHAJI3 YyTJIMBOCTI Ta OIIHIOETHCSA BUPOOHUUMI KOHTPOJIh
PO3POBIEHOTO XOTIOMHOTO BEHTUIATOPA. [[ePBIUHHMIT BEHTUISTOP HEMOCTATHRO PO3MO/IIIISIE TOBITPSI Yepe3 PaIiaTop, Mob MATPIMYBATH Ma-
HMIUHY OXOJIOIKEHOIO B CKJIAHNX yMOBax. [To-1epire, pofoTa IeMOHCTPYE, SIK PO3POOUTH €KCIIEPUMEHT [I/Il BABYECHHS BILIUBY TPhOX €JIEMEH-
TiB IPOAYKTUBHOCTI: KyTa HaXUJIy JIOIATI, 3a30py KiHUMKa JIOMati Ta BigcTani BeHTuasTopa Bij pagiaropa. [1[o6 moKpamuTi mpojayKTHBHICT
BEHTHUJIATOPA OXOJIO/KEHHS, po3pobieno KoHCTpyKIiio Box-Behnken s rectyBanus kpagparnunux (Heminiiinux) edekris. IotiM y HbOMY
BKa3aHO, SIK Mepea0aunTH ONTUMAIBHY KiTbKICTb AT KOKHOTO eJIeMeHTa, 00 CTBOPUTH TEXHIKY, SIKa 3a0e31edye MOBITPSHI MOTOKM BUIIE
HinboBoro 1486,6 M?/roj mpu BUKOpPUCTAHHI eKcIepUMeHTATLHIX BUMipioBanb. Hapenrti, Bi poskpuBae, SIK IPaIioBaTH 3 CHMYJISIiAMI,
o6 MATBEPAUTH, IO 1€l METO CTBOPIOE TOBITPSHMIL TTOTIK Ha OCHOBI crerudikarliii i3 GLIBIIO KiMBKICTIO T0AATKOBUX BEHTHIATOPIB,
BUTOTOBJIEHA TPOAYKTHBHICTE 99,999 %. Pesyibratt KOHTPOABHIX [iarpaM S Ta X-bar mokasyioTh, M0 BUPOOHIUNMIT TIPOIEC CTATHCTHYHO
KOHTPOJTIOETHCSL.

KiouoBi caoBa: onrruMisartist, Texuika Six Sigma, konrposbHa KapTta, Box-Behnken, Benrnisitop oxommomkens.
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HIIBUIIEHHS EOEKTUBHOCTI POBOTU [PYHTOOBPOBHOTO MOJYJIS /IS IEPEJIIOCIBHOTO OBPOBITKY
IPYHTY (c. 60-71)

E. b. Auies, I. B. Tecmiok, A. M. Ilyray, O. M. KoGeup, O. B. 3oa0T10BCchKa, B. B. Boiiko

DopmyBannst rdepenniiioBaHoi cTpyKTypH OPHOTO TOPU3OHTY TIi/L 4ac MepeArociBHOI 06POOKN IPAHTY € aKTYaIbHOIO IPOOIEMOIO, SIKY
MOKJIBO BUPILIUTH IIJISIXOM PO3POOKH BiTIOBIAHUX I'PYHTOOOPOOHHUX TEXHIYHUX 3aCO0IB.

BucyHyTo HayKOBY rinotesy, 3riiHo 3 Kol HifiBUIIeHHs edeKTUBHOCTI mpotecy dhopMyBaHHs AndepeHIiioBaHOl CTPYKTYPU OPHOTO
TOPU3OHTY MOXKe OYTH JOCATHYTO MISIXOM YIOCKOHAJIEHHS KOHCTPYKINI Ta OOTPYHTYBAHHS KOHCTPYKTHBHO-TEXHOJOTIIHIX TTapaMeTpPiB
IPYHTOOGPOGHOTO MOJLYJIst LIS IIEPEANIOCIBHOrO 06p06ITKY IpyHTY. HKcebHe MOIETIOBAHHS IPOBOMIOCS B IPOrpaMHOMY Haketi Simcenter
STAR-CCM+ 3 Bukopucrantsi Mmoesi JlarparuskeBoi 6araroasHocTi METOOM MCKPETHUX eleMeHTiB. Po3paxyHOK piBHSIHD perpecii Apyro-
O MOPSIZIKY Ta cTaTUCTHYHA 0OPOOKa OTPUMAHUX JaHUX [POBoAUIacs B nporpaMiomy takeri Wolfram Cloud.



B pesyJibraTi MOJIETIOBaHHSI YI0CKOHAIEHOT KOHCTPYKILiT IPYHTOOGPOOHOIO MO JIst, SIKa MiCHTh OuH GapabaH, JIeMilll, KOKYX i O4MCHUK
BCTAHOBJICHO, 1[0 BOHA BUKOHYE OIlepaliiio cenapartii i nepeposmoiiy arperatiB IpyHTY i3 IPaKTUYHO TAKOIO JK CaMOI0 e(DeKTUBHICTIO, SIK
i 6azoBa KOHCTPYKILA i3 2 GapabaHamu i JiemireM.

B pesybrari cumyssiii nporecy po6oTH yA0CKOHATIEHOTO IPYHTOOGPOOHOTO MOy Isi OTPUMaHi PiBHAHHS perpecii BMicTy dhpakitii pos-
mipom 10-30 mm y mapi rpyuty 0—4 cM i Bmicty dpaxuii poamipom 0—10 MM y mapi rpyuty 4—8 cM Bij daxropis pocaikens. Dakropamn
BILUTUBY OyJiit 06paHi: BUXiIHUIT 3a30p KOKYXa, KyT BXIHOTO 330Dy KOXKYXa, KYT HAXUITY OYUCHIKA, 4acTOTa 0bepTaHHs GapabaHy, MBUAKICTD
nepeMinteHHs arperarty i ramOuaa 06po06iTKy. Bupimytoun 3agaqy GaraTokputepianbHOI onTuMisarii, Oym po3paxoBaHi parioHagbHI KOH-
CTPYKTHBHO-TEXHOJIOTIUHI TTApAMeTPH IPyHTOOGPOGHOTO MOIYJISI LTSI TIEPEATIOCIiBHOTO 06POGITKY TPYHTY.

KimouoBi ci1oBa: rpyHTOBE CepeIoBHIIE, OPHII TOPU30HT, AudepeHIliioBaHa CTPYKTYPa, TIePeAITOCiBHII 0GPOOITOK, CUMYJISIITs, MOJIEJIOBAHHSI.
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OBIPYHTYBAHHS IHHOBAIIIITHOT KOHCTPYKIII CKIIMOBOI JIEBIZIKU 3 KOPITYCOM, IO TEPEMIIIY €ThCA
BIJI IPOTUBATHU TPABITAIIIITHOTO IIPUBOTY (c. 72-84)

Talgat Kaiym, Yevgeniy Chsherbinin, Suleimen Kaimov, Aidarkhan Kaimov, Abylay Kaimov, Kalimagul Bakhiyeva

¥ crarTi posrissaeThest mpobieMa CTBOPEHHS EKOHOMIYHO eeKTUBHOTO Ta €KOJIOTIYHO GE3MEYHOr0 TEXHOIOTIYHOTO TIPoIecy PO3poOKU
TBEP/MX KOPUCHUX KOMAJIMH BiIKpUTHUM crioco6oM. Choro/ni B 6araTbox ripHnuofo0yBHUX KpaiHax cBiTy rimbuHa GarathboxX Kap'epiB cra-
HoBuTh yxke 400—-600 M i Gisbure. TIpu 1poMy BuTpat Ha TpaHcrnoprysanis 1 T ripebkoi Macu 1ipu excruryaTaiii kap'epy rnbumoio 400 m
cTanoBATH 65—70 % Bia 3aranbHOi BapTOCTi BUAOOYTKY 1 T KOPUCHUX KOTIAJIVH.

OG6’€KTOM OCTIIFKEHH ST € TeXHIYHI TIPUCTPOT IJIst TPAHCTIOPTYBAHHS TiPHIYOT MACH B TEXHOJIOTTYHOMY HIPOIIECi pO3POOKH TBEPANX KOPHC-
HUIX TIOKJIA/(iB TIPU BIIKPUTUX MIPHUYNX POOOTAX.

OCHOBHINMI IPIYMHAMI € HEOOXITHICTD MPOKJIAAHHS TPAHCIIOPTHNX NUISIXIB /I7IsT HUX IUISIXOM BHTSITYBAHHST CEKIIii TiPCHKOTO MaCHBY HaJ
HEIMU, & TAKOK IXHSI BAHTAKOIIIIIOMHICTH OOMEKEHa, OCKIJIbKI BCI BOHU BUKOPUCTOBYIOTH BUCOKOEHEPTOEMHI MAIIMHU JIJIsl TPAHCTIOPTYBAHHS
ripChbKUX MiHEpasiB. Y cTaTTi 00rPYHTOBAHO CKIMIOBY TPOCOBY JIEOIIKY 3 KOJIECAMH, IO TIEPECYBAOTHCS 110 3aTI3HUYHI KOJTIT 32 I0TMOMOTO0 JIMIIe
TPaBITAIITHOI TIPOTUBATH 7T TPAHCHIOPTYBAHHS TiPChKOT MACH BiJi MicIif ii yTBOpeHHs /1o moBepxHi 3emri. CTBOPEHO JOCTiIHNI 3pa30K TIaHap-
HOI CKiTOBOT JIe6iIKY 3 4OTHPMa TPOCAMHU IS IPAKTUYHOTO 3aCTOCYBAHHsI HA BIAKPUTUX ripHUUKMX poboTax. TeopeTHyuHi Ta eKCrepUMEeHTaIbHI
JOCJTKEHHST TTPOTOTUITY THATBEPAIIN Horo mpatesaatHicts. CTBopeHa ckimosa Jebifka Oy/ae BUKOHYBATH CBOIO po6OTY 6e3 BUKOPHCTAHHS
EHEPreTHYHIX MallliH HABiTh 32 HECTIPUATIMBUX KAIMATHUHUX YMOB. 11 BIUIMB I03BOJIMTD THABUIINTH eheKTHBHICTb Kap’epy Ta GyTi Oe3nednum
JUIST HABKOJIMIITHBOTO CEPEIOBUIIA, OCKITILKI TYT Maiiyke HeMa€e TPaAHCIIOPTHHUX 3aCO0iB, SIKi MPAITIOIOTH HAa GEH3UHI Y1 [IU3€IbHOMY TTAJIUBI.

KiiouoBi caoBa: kap’ep, ckinosa jiebi/ika, rijipaBiiyHa IpoTuBara, 3ajJisHidHe KoJeco, IPOTOTUIT TPOCOBOTO poboTa.
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BU3HAYEHHS JJE®OPMAIIITHUX BJACTUBOCTEM ITOJPIBHEHOI IOPO/IM B YMOBAX KOMIIPECIIHOTO
CTUCKAHHH (c. 85-95)

I1. A. Yenira, C. A. Ilaxomos, B. B. T'natiok, M. O. Ipuropenp, f. O. Jlsmok, C. B. Ilogkonaes

OG6’ekTOM IOCTIKEHHST € Tipolieck (hOPMYBaHHST 3aKJIaIHUX MaTepialiB i3 MOAPIOHEHOT MOPOM i/l HABAHTAXKEHHSIM JUIsl YIIPABJIiHHSIM
CTaHOM OIYHKX MOPIJl Y BYTJIEIOPOAHOMY MaCHBi 3 miarotoBunmu Bupobkamu. ledopmariiiiti BractusocTi noapibHeHoi mopoau B 1abopaTop-
HUX YMOBaX OIiHIOBAJICH HA OCHOBI IOCJII/IPKEHHST KOMITPECITHOTO CTUCKAaHHS 3aKIaIHOr0 MaTepiamy. 3adikcoBano, o Mixk 3MiHOIO HACHII-
HOI I[IBHOCTI MOAPIGHEHOT TIOPOAY PI3HOTO TPaHyJIOMETPUUYHOTO CKJIALY i MUTOMOI MOTeHIiagbHOI eneprii gedopmaliii, icHye KBaapaTuuHa
dyHKIiOHATBHA 3aTeXKHICTh. EXCIIEpUMEHTATBHO BCTAHOBJIEHO, 110 TIUTOMA MOTEeHI[ia/ibHa eHeprist fedopmartii ocsirae rpaHNYHUX 3HAYEHb
3a MAKCHMAJIbHOTO CTHCHEHHST TTOAPIOHEHOT TIOPOH, KOJIM 3aKJIalHIii MaTepia CKIaJaeThCs 3 YaCTHH PIBHUX PO3MIpIB.

JIist eKCIepUMEHTaIbHIX 3Pa3KiB P PI3HIN MOTYKHOCTI MOPOAHOTO mapy /g (M), MiXK iX M0310BKHBOIO Hedopmartticto Ak (M) i 30BHiII-
HiM HapanTakenHaM F (kH) icnyBasa miniiina 3amexuicTs, Ska BU3HavasIa MOBEIHKY Tija, M0 1e()OpMYETHCS, Ha KPUTHYHUX PiBHAX. B Taknx
YMOBax IpH BifHOCHIIT 3MiHi 06’eMy 3akiaaHoro Matepiany 8V=0,36, To6T0 mpu oHAKOBIN BigHOCHIIT nedopmMartii mpu Oyb-IKNX 3HAYEHHSIX
mapametpa fy (M) i koedirienti yurimbHeHHs 0ApPiOHEHOT TTOPOAN kpop=1,57, 3a6e3MedTyBaTach MAKCHMATIbHA KOPCTKICTh TOPOAHNUX OIOP.

[Ipu o6MeKeHi BeJMYMHU 30BHINTHBOTO CTATUYHOTO HaBaHTasKEHHs Ha eKcliepuMeHTaIbHI 3pasku, B mpoileci ix gedopmartii mpu 3meH-
meHHi nmapamerpa Ay B 2 pasu 10 iX CTUCKaHHsI, KoeDIIli€HT yIibHeHHST TOAPIGHEHOT TOpoau 36imbIyBaBCs Bill kepp=1,33 10 kepy=1,57. TIpn
I[POMY TIMTOMA TOTEHIiabHA eHeprist aedopmartii 3poctana wa 40 %, 10 T03BOJIIIO 3a6e3MMedyBaT MAKCUMAIBHY JKOPCTKICTD 3aKIATHOTO
Marepiay mpu MiHIMAIbHOMY 3HAUEHI ITO3M0BKHBOI edopMarttii Ak (M) eKCIEPUMEHTANBHUX 3Pa3KiB.

KiiouoBi cioBa: 11o/ipibrena mopojia, 3akjia[Huil Matepiall, KOMIpeciiiHe CTHCKAHHS, TIOTeHIaIbHa eHEeprist, HecyYa 3/aTHICTb.
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IMIATOTOBKA CBEPIJIOBUH 3A JIOIIOMOI'OIO EJIEKTPOTT/IPABJIIYHOI'O BYPA TA MOJIEJIIOBAHHS ITPOIIECIB
TEIIJIOOBMIHY B TEINIOOBMIHHUX EJJEMEHTAX TEIIJIOBOT'O HACOCY (c. 96-103)

Bektursin Akhmadiyev, Gaukhar Zhetimekova, Moldir Duisenbayeva, Adilzada Sharzadin, Bekbolat Nussupbekov

Y cTarTi po3rAAHYTO BUKOPUCTAHHS IHHOBAIIHOI €JeKTPOTiApaBIidHOi TEXHOJOTIi TP IMiJATOTOBI[ BePTUKAJbHUX TPYHTOBHX Te-
MI00OMIHHUKIB /11 CTBOPEHHS TEMJIOTIOCTAYaHHs 3a JA0MOMOTOIO TelIoBUX HacociB. EHeprist pospsiay B poGovyoMy Jianasoni amMiHioBasa-
csa E=900+2600 [I:x. HaiiGinbir eKOHOMIYHUN PesKUM POOOTH €IEeKTPOTiAPABIIYHOT YCTAHOBKU 3IICHIOEThCS 32 HACTYITHUX MapaMeTpiB:
pospsiana wHanpyra 30+51 kB, emuicts Gatapei kongencatopis 2 Mk® i mixenexTpoana Bigcranb 8+15 MM. Busnaueno, 1mo onrtuMaibHa
eHeprist pyiHyBaHHs IPUPOJHUX MATEPiasiB 3aJeKUTD Bi/l iX ToBuMHN. Ha 0CHOBI JOCTiKeHb BCTAHOBJICHI MEXi eJleKTPOdi3nUHUX mapa-
METpiB TAXO/Y, 3a TKNX MOYNHAETLCA KOHI[EHTPOBaHe PyHHyBaHHs TBEPANX MOPiJ — OCHOBHUX KaMeHiB. EdexTnBna KimbkicTh eneprii ams
pyiiHyBaHHs KaMeHiB TOBIUMHOIO 53 MM ctarnoBuTh 900 [k, [lyist kamenis ToBimmHO© 78 MM Mae 6ytn 2600 JIk. SIKio 36iabuTH eHeprio



pospsais 1o 1837 Ik, To iije mpoiiec TIOBHOTO PyHHYBaHHs KaMeHiB. 3a A0MOMOTOI0 eJIeKTPOriipaBidHoro 6ypa Oy MmiAroToBieHi BepTu-
KaJIbHi CBEPJIOBUHU IJIHOUHOIO /10 25 M.

Hapani Gysm BeTaHoBJIeHI CreliaibHi JaTYnKU TeMIIepaTypy 10 JOBKUHI TpyO, BCepeanti KOMos3s. 3a J0HOMOrOI0 MPOrpaMHOro
mpoaykry (Temp Keeper) nani 3 gataukis TeMiepaTypu OTPUMYIOTCS B PEXKUMI peasibHoro dacy. Ll mporpama 103B0Jisi€ Bi3yaibHO KOHTPO-
JIOBATH 3MiHH TEMIIEPATypPH, IO BiIOYBAIOTHCS B JOKAABHIN ToUI. TAKOK OTPUMaHi TeMIepaTypHi Ta 4acOBi 3aJIe;KHOCTI TIPH IBUAKOCTSIX
rerioHocist 0,2+0,4 M/c. 3HauHe 3HUKEHHSI TeMITEPATyPU B CBEPJVIOBUHI Ta Ha BUXO/[ CIIOCTEPIrasocst Mpu MBUAKOCTI Teriorocist 0,35 m/c
TIPOTATOM OJfHi€l roguHu. JlocisKeHHs, IpoBeieHe Ha OCHOBI OTPUMAHUX JAHUX, 03BOJISIE HOCSATTH BUIOI ONTHMAJIBHOI IIPOYKTUBHOCTI
OypiHHs B HOPIBHSHII 31 3BUYAHHIME YCTAHOBKAMUL.

Kao4oBi cioBa: ejiexrporigpasiiute OypiHHS, CBEPJIOBUHA, TEIIIOOOMIHHUK, PO3PSIIHA HAIPYTA, EHEPrist PYIHYBaHHSI, MOJETIOBAHHS.
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OINTHUMI3AIIIA TEXHOJIOTTYHOTO MTPOIECY OBMOJIOTY 3EPHO3BUPAJIBHOTO KOMBAIHA (c. 104-117)

Nukhtar Umbataliyev, Gulbarshyn Smailova, Meirambay Toilybayev, Kazybek Sansyzbayev, Sholpan Koshanova,
Sholpan Bekmukhanbetova

Jluist TIoKpalieH s eKeIyataiiiHux sikocteil pucoBoro kombaiiHa 3arpornoHOBaHO BBECTH B IIPOIEC TIEPEAMOIOUHOT IiATOTOBKU PUCOBOT
6iomacn 10[aTKOBI iIHHOBAIIHHI omepartil 3 BUIepe/KATbHIM BiOOPOM HACIHHS, IO IBUIIYE CEMApAIiio HACIHHS, 3MEHIIYE TPABMATH3M,
dopmye cTabinbHy pobOTY MOTOTUILHO-CEMAPYIOYOTO TIPUCTPOIO 3ePHO30MPATHFHOT0 KOMOATHA.

MoepHizoBaHa J103aTOpHa KaMepa € pillleHHAM /1 3a0e3nedeHns ctabiibHoi PIBHOMIPHOI moziaui BiicopToBanoi 6ioMacu B MOJIOTHIIb-
HUil cenapaniitauii npuctpiit. OcHaleHri MTaKeTOM IHCTPYMEHTIB — KaMepoIlo JKUBJIEHHST KOMOaiiHa, sika TepeTBOPIOEThCsT Ha 00 HaHHS
KePYBaHHsI XOJIOM JIIsI BXiTHOTO MOTOKY GioMacH.

Pyx 06MoJIOTY Beepeanti 3MiHEHOT reOMeTpii JKUBUIBHOI KaMepu 3 iHCTpyMeHTaMi e(heKTHBHO BIUIMBAE Ha CTEOJMHY, BOJIOTH PUCY —
CTSIKKY, 1 IPUBOAMTH PEsKIM BiGpaltii 6ioMacy i IPU3BOAATH 10 AUHAMIYHOTO BiIOKPEMJICHHS HACIHHS PUCY /10 MOJIOTHJILHOTO poTopa. Bibpa-
ist (miakuganHs) GioMacy 103BOJISIE BITbHOMY TIPOXOJIKEHHIO HACIHHS PHCY Yepe3 cTe(I0 Ha THO KMBUJIBHOI KaMepH.

[Tporpama po3poOKu iIHHOBAIIHHUX MPUBOAHKUX MTPUCTPOIB GaratodyHKIIOHATLHOTO PUCO3OMpaIbHOro KoMbGaiita repeabadasia po3pooKy
nepeaBupoOGHUYOI JOCTIIHUIIBKOI IIPOrpamu, 110 3abesnedye iHGOopMalliio mpo BTPATH BPOKAIO PH PI3HUX 30UPAHHSIX PUCY, X PO3ILICHHS
Mi’K OCHOBHUMH arperatamMmu KoMbaiiia — KOJTEeKTOPOM, IITHEKOM, eT€BATOPOM, MOJIOTAPKOI0. IIpOoHyeThCst 00'€AHATH B EANHOMY KOMILIEKC]
BCi KOHTPOJIbHI MapaMeTpH, MiAMOPSIKYBABIIN iX [il, B aKTUBHUIT KePYIOYHil TIPUCTPIll TEXHOJIOTIYHOTO IMPOIIECY, 1110 BILUINBAE Ha (HOpMY
BaJIKiB, 1110 ()OPMYIOTHCSA 3 PI3HUX COPTIB PHCY, i Ha BPOKAIHICTh pHUCY.

KiiouoBi caoBa: 3epHo36upasibiuii KoMOaiiH, )KMBUIbHA KaMepa, TEXHOJOTTYHIIA TIpoLiec, onTruMisaitist, pobouwnii opraH, 6iomaca.
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PO3POBKA THOOPMAIIIITHO-TEXHOJIOTTYHOTO 3ABE3IEYEHHA /17151 TIPOEKTYBAHHA PO3KPIITHHUX CXEM
JETAJIEI TAJIAHTEPEMIHUX BUPOBIB (c. 118-124)

B. 1. Uynpusnxka, T. I. /lemkiBcbka, H. B. Uynpunka, €. O. [IemkiBcbkuii, 5. B. Haymenko

OG6’ €KTOM JIOCIIPKEHHS € TEXHOJIOTIYHUET IPOIeC PO3KPOIO MaTepialiB MPSMOKYTHOI (hOpME Ha JeTasi ralanTepeiiHux BUpoOiB.

[IpesicTaBiena MateMaTUYHA [TOCTAHOBKA 3a/iavi MOIIYKY PO3KPIIHNX cXeM MartepiasiB NpsAMOKyTHOI (hopMU HA JieTajli raJlaHTepeiHx
BUpo6iB. Onmcai CTPYKTYpPHI KOMIIOHEHTH Tii€l 3aa4i Ta ii MaTeMaTu4Ha MOJIEJIb.

3anpornoHoBaHil METO/ Peasi3allii mocTaBIeHoi 3a1aui, SKUil MiCTUTh HACTYITHI €Tarlu:

— TeHEePYBAHHS PO3KJIA/IOK;

— TeHepyBaHHsI MHOKUHI JOMYCTUMUX CEeKIIiii 01HOT aeTali, i3 koMOiHaiii 1BoX Aetaseil Ta i3 koMOiHalii TPhOX JeTaieil BUpooy;

— reHepyBaHHsI PO3KPIHUX CXeM MaTepiaiiB MpsAMOKYTHOT (hopME Ha ieTasli raanTepeiiHnX BUPOOiB i3 KOMOIHAILT CIPOEKTOBAHUX CEKITIH.

JLJ1st KOJKHOTO 13 eTartiB ocTaBJIeHoi 3a/1a4i 3aliPOIIOHOBAHI AJITOPUTMH peastizallil. 3arpornoHoBaHi aIrToOpUT™MU OYJIH BUKOPHCTaHI TPH PO3po0-
i iHdopMaIiiHO-TeXHOMOTTYHOTO3a0e3MeYeHH MONTYKY PO3KPIHHUX cXeM MaTtepiasiB IMpsSMOKYTHOI (hopMHU Ha JeTasli ralianTepeiiHux BUpoOiB.

Tudopmartiiino-rexHosoriuHesabesneveH s, 1o OyJ10 3armpornoHoBaHe, 103BOJISIE CTBOPIOBATH rpadiuni Bidyaisaliii parioHaIbHIX PO3KPIHHIX
cxeM i 36epirary ix y daiisi. L[ MOKIUBICTD 103BOJISIE ABTOMATH30BAHUM PO3KPIIiHIM KOMILIEKCaM BUKOPUCTOBYBATH 1H(OPMAILIO PO TaKi CXeMH.

Pospobuiete iHbopMaliiiHo-TexHOMOTIYHE 3a6e3eueHHst OyJI0 MPOTECTOBAHO HA AETAIAX TajaHTepelHnxX BUPOOIB Ta MOKA3aI0 CBOIO
edekruBHicTs. [le inbopmaitiiino-rexHomoriunesabesnede s MoKHa YCIIITHO BUKOPUCTOBYBATH Ha MIANPUEMCTBAX rajlaHTepel B MroTOBYO-
PO3KPIiiHOMY BUDOGHUIITBI Ta MiBUIIUTH BUKOPUCTAHHS MaTepiaxy mpu poskpoto Ha 1.5-2.5 %.

TaknuM Y4MHOM, 3aMPONOHOBaHe iHGMOPMAIITHO-TEXHOMOTIYHe 3a0e3TeUeH s 103BOJISIE BAOCKOHAIMTH TEXHOIOTIYHUI TIPOIEC IPOEKTY-
BaHHSI PAIliOHATIBHIX CXEM PO3KPOIO Ha JIeTalli raJlaHTepelHuX BUPOOiB.

KiiouoBi cioBa: parioHaabHuii PO3KPIiil, CXeM1 PO3KPOIO, TajlaHTepeiiHi BUpOOH.
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BHU3HAYEHH ITPUPOIU JEDEKTIB, IIIO BUHUKAIOTD ITPU BUPOBHUIITBI BE3IIEPEPBHOJINTUX TPYBHUX
3ATOTOBOK JIJ1s1 HA®TOTA30BOI TIPOMUCJIOBOCTI (c. 125-133)

Arif Mammadov, Agil Babaev, Nizami Ismailov, Mukhtar Huseinov, Faig Guliyev

VY po6oTi npezicTaBIeHi pe3yIbTaTy 0CTiKeHb 1eeKTiB, 0 BUHUKAIOTh [IPU BUPOOGHUIITBI 6e31ePepBHONIUTUX TPYOHIX 3ar0TOBOK /ISt
nadrorazoBoi mpomucoBocti. Ilokasano, Mo BUKOPICTAHHS TEXHOJIOTIT Oe3MepepBHOTO PO3INBY TPYOHUX 3ar0TOBOK Y MOPIBHSHHI 3 TPa/Ii-
HIHHUMU METOJIAMU 3AJIMBAHHS PI/IKOI cTasti y (hopMy Ma€ PsiJi epeBar, cepesl IKUX BUCOKA IPOYKTUBHICTh TeXHOJIOTTUHOTO mporecy. OHak
6yJ10 BifiZHAYEHO, 110 B 6araThoX BUNAJAKAX Y CTPYKTYPi cTasi Ge3nepepBHOINTUX TPYOHNUX 3arOTOBOK CIIOCTEPITAETHCST AHOMATBLHO BUCOKHI
CTYTIHD 3a0pY/HEHHS HEMETAIEBIMHE BKIIOUYEHHSIMIL.



BustBiieno, 1o HailGiIbIIMMU BKIIOYEHHAMK € OKCHUAM KPeMHiIo Ta Mapranio. Ha mosepxui Tpy6 npucyTHi gedekTy y BUTJISIAL TUIEH,
o003y SIKNX € BeJIMKI HeMeTasieBi BKJoueHHs1. Ha moBepxHi 11eH BUSIBJIEHO HASIBHICTH OKCHJIIB 3aJ1i3a Y BUTJISII OKAJIMHH, 110 € HACIIAKOM
BTOPHHHOTO OKHCJIEHHS METAIy KHCHEM ITOBITPSI.

BusHaueHO MeXaHi3M yTBOPEHHSI IIEH Ta 3HEBYIJIEIIbOBAHKUX CMYT y TPYOHUX 3arOTOBKAX, 1[0 MOJISITA€ B YTBOPEHHI 1eheKTIB y BUTIISAI
TIOAPSTINH 1 TPIIIUH Ha MOBEPXHI 1repes; mpokaTkoio. 1i redexTn mpy narpiBami iz TPOKAT MPU3BOAATD /10 OKUCJIEHHS METaIy i yTBOPEHHS
OKaJIMHU Ha MOBEPXHI TPYOHUX 3aroTOBOK. IIpezicTaBiieHi pe3ybraTi eKClepUMEHTATBHIX TOCTIKeHb 3 PO3POOKU PEKOMEH AN 110710
MIBUIIEHHST SIKOCTI BUXITHOTO MeTasry 6e31moBHIX TPYO 1uist HahTOra3oBol IPOMUCIOBOCTI. BUBUEHHS MIKPOCTPYKTYpH CTaJIi Ta OIfiHKA 1T 3a-
OPYIHEHOCT] HEMETAIEBIME BKIIOYEHHSIMIT TIPOBOIMIIICS HA ONTHYHOMY Ta €JIEKTPOHHOMY MIiKPOCKOIIAX, a MEXaHIUHI BIACTHBOCTI TPYOHUX
3aroTOBOK BUBYAJINCS] CTAHJAAPTHUMH METOIAMH.

KiouoBi cioBa: TpyOHa cTasib, HeMETaJIeBl BKIIOYEHHS, TTO3/0BKHI TPIMHK, HahTOra30Ba POMUCIIOBICTD, Ge3MepepBHIN PO3JINB.
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JIOCJIKEHHST ®OPMYBAHHSI JIVHKHU B 30HI TOPTHHS EJIEKTPUYHOI JIYTH TP ITO3AIITYHIIA
OBPOBIII CTAJI (c. 134-142)
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O0’ext mocipKeHHs — 30Ha B3aeMozil rpaditoBanoro moposkuncroro exexrpozaa (I'TIE) 3 MeTaneBoio BAHHOIO Ha yCTAHOBIN <KiBII-IHY».

Beranosieno 3akoHOMipHOCTI (hOPMyBaHHSA FeOMETPUYHIX TTapaMeTPiB JIYHKHM 3 METOIO MOAAJBIIOT OIIHKH TEIIOOOMIHY i/l €IeKTPOIOM
B 30Hi TOPIHHS yTd 32 PI3HUX YMOB POOOTH YCTAHOBKH <KiBII-IiU».

P03p06iieHo METOANKY €KCIIEPUMEHTY Ta CTBOPEHO JabOPAaTOPHY YCTAHOBKY JUTSI TIPOBEEHHS (hi3MIHOTO MOJIETIOBAHHS Ha XOJOAHIH
Mogiesi. Po3paxoBani 3HAY€HHS reOMETPUYHUX ITaPaMeTPiB JIYHKU YTBOPEHOI Bijl €JIeKTPO/LyTOBOIO O3PSIy B IijIeIeKTPO/IHIi 30HI. 30KpeMa,
TTONIA KPHBOIHifHOT MOBepXHi TyHKH KopiBHioe 6mm3bko 0,2 M2 ipw rmbuni 40 M. BeTaHoBIeHo 3ak0HOMIPHOCTI (hopMyBaHHs TeoMeTpii
JIYHKH TIpH BAyBanHi rasy xanasoM ITIE, 3oxpema 1ozo mnomi i rambunu aynku. Tak, npu sutpat razy 3—20 M°/roj i BUCOTI MIIAKOBOTO 110~
kpoBy 100 MM Tioma carae 0,28—0,5 M2, Tpu 1IboMY TIMOUHA TYHKH CKIazia Bif 5 cv 1o 19 oM Biznosizno. Beranosaeni pattionanbii BuTpaTn
rasy, 10 TO/IAEThesT KaHamoM TpadhiToBaHOTO MOPOKHICTOTO eeKTPO/a, SAKi IS MIakoBoro mokposy 100 MM ckmazaioTh 3—6 M2 /rox i s
11aKkoBoro mokposy 200 MM — 6-10 mM®/rop.

Jlocripkeno ocobamBOCT (hOpMyBaHHS JIYHKH METAJTY B ITiIeJIeKTPO/HIN 30Hi 32 YMOB Moziaui Ta3y KaHajioM rpahiToBaHOTO TIOPOKHICTO-
O eJIeKTPO/Ia TIPU TIo3aliuHiil 06poO6Ili cTasi Ha YCTAHOBIN «KiBII-Tiu»,

3akoHOMIpHOCTI (hopMYBaHHS TeOMeTpii JIYHKU B 30Hi TOPIHHS JyTH, SIKi OTPUMAHO 3a JOTIOMOTOI0 XOJIOJIHOTO MOJIEJTIOBAHHS, B TTO/[AJIb-
LIOMY JIalyTh 3MOTY BUKOHATH PO3PAaXyHKH Hepe/iadi TelJI0TH Bijl €JIeKTPO/YyrOBOTO PO3PSLY /10 MeTaIeBOi BaHHU. TaKOX Iie 03BOJINTH BU-
3HAQUUTHU YACTKY TEILJIOTH MOTJIMHYTOI HIJTAKOM i METAJIOM 32 YMOB BUKOPUCTAHHS 3BUYANHOTO €JIEKTPO/IA, Ta MOPOKHUCTOrO 3 IOJA4el0 rasy
HOro KaHaIoM MPH Mo3arivHiil 06po0Ili cTasi Ha yCTaHOBI «KiBII-TY».

Kmoyosi ciioBa: ¢isnuHe MOJIETIOBAHHS, YCTAHOBKA «KiBII-IiY», rpadiTOBAHUII HOPOKHUCTUI €JIEKTPOJL, TECOMETPHYHI ITaPAMeTPH JIYHKH.



