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The increase in losses in the inlet device leads to an increase in
specific fuel consumption. When integrating the inlet device and the
propeller or propfan, it is necessary to take into consideration their
interaction to ensure the maximum efficiency of the power plant.
The object of this study is a coaxial propfan with the channel of the
inlet device. The results reported here are of practical value: a meth-
odology for designing a bucket S-shaped channel of the inlet device
of a power plant with a turboprop engine has been developed. The
dependence of the coefficient of preservation of the total pressure of
the inlet device on the height and speed of flight was obtained, which
makes it possible to take into consideration the influence of the
propfan of a turboprop engine. A comparison of the characteristics of
the ring-type and bucket S-shaped channel of the inlet device of the
power plant with the turboprop engine was carried out. Specifically,
it was found that the change in flight conditions has a less significant
effect on the change in the coefficient of preservation of the total
pressureof the ring-typeinlet device than the bucket one. A compa-
rative assessment of the obtained results of mathematical modeling
of the flow in the bucket S-shaped channel of the inlet device, taking
into account the influence of the propfan, with the results of flight
tests of the ring-type inlet device of the prototype is given. The
comparative evaluation shows that the use of a bucket inlet device,
instead of a ring-type inlet device, makes it possible to increase the
full pressure recovery factor by 5-7 %. Thus, there is reason to argue
that replacing the ring-type with a bucket inlet device will minimize
hydraulic losses at the inlet to the engine and reduce the uneven flow
at the inlet. That, in turn, will improve engine efficiency.

Keywords: bucket inlet device, ring-typeinlet device, propfan,
turboprop engine, procedure.
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Train is a high efficiency mass transportation which is suitable to
increase life quality and support of high citizen mobility. The purpose
of this paper is to produce some recommendations of improved rail-
way carriage design which are accessible for disabilities, ergonomics
and economics. Firstly, the research started with theoretical studies
on the product design development, House of Quality (HoQ), visual
displays design, anthropometry, and the needs of disabilities. Next
step collected data from the open survey and then form the closed
survey of 30 respondents who has physical disabilities and visual
impairment to understand the passengers’ need. The results of voice
of customers shown that an easy access of disabilities people in the
carriage has the biggest negative gap between reality and expecta-
tion for 1.16 and then following by space availability of wheelchair
for 1.10, the seat numbering for visual impairments passengers=0.85,
and the ease of emergency aid =0.71. The HoQ provided analysis of
room 1 for customer needs, room 2 for voice of team design, room 3 for
relationship matrix, room 4 for benchmarking, room 5 for technical
benchmarking, room 6 for correlation matrix, and room 7 for weigh-
ted importance and relative importance. The QED results shown
that the first rank of relatives importance was distance between seat
with score=0.618, the second was colour on seat numbering and
train series=0.561, and the third was emergency button=0.439. New
design recommendation of carriage design should contain of modi-
fied seat layouts, improved wheelchair and aisle space, added guiding
blocks, emergency assistance buttons, additional folding chairs, and
handrail adjustments. Alternative designs were successfully created
and able to increase the seat number of the railway coach.

Keywords: house of quality (HoQ), accessible train design,
ergonomics, visual impairments.

References

1. Sugiono, S., Nurlaela, S., Kusuma, A., Wicaksono, A., Lukodono, R. P.
(2021). Investigating the Noise Barrier Impact on Aerodynamics
Noise: Case Study at Jakarta MRT. Advances in Intelligent Systems
and Computing, 189-197. doi: https://doi.org/10.1007,/978-981-
15-4409-5_17

2. Nurdden, A., O.K. Rahma, R. A, Ismail, A. (2007). Effect of Trans-
portation Policies on Modal Shift from Private Car to Public Trans-
port in Malaysia. Journal of Applied Sciences, 7 (7), 1013—1018.
doi: https://doi.org/10.3923 /jas.2007.1013.1018

3. Bissell, D. (2010). Passenger Mobilities: Affective Atmospheres and
the Sociality of Public Transport. Environment and Planning D: So-
ciety and Space, 28 (2), 270-289. doi: https://doi.org/10.1068,/d3909

4. Bezyak, J. L., Sabella, S. A, Gattis, R. H. (2017). Public Transporta-
tion: An Investigation of Barriers for People With Disabilities. Jour-
nal of Disability Policy Studies, 28 (1), 52—60. doi: https://doi.org/
10.1177/1044207317702070

5. Wasfi, R., Steinmetz-Wood, M., Levinson, D. (2017). Measuring
the transportation needs of people with developmental disabilities:
A means to social inclusion. Disability and Health Journal, 10 (2),
356-360. doi: https://doi.org/10.1016/i.dhjo.2016.10.008

6. Carreira, R., Patricio, L., Natal Jorge, R., Magee, C. (2014). Under-
standing the travel experience and its impact on attitudes, emotions

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

and loyalty towards the transportation provider—A quantitative
study with mid-distance bus trips. Transport Policy, 31, 35-46.
doi: https://doi.org/10.1016/j.tranpol.2013.11.006

. Sze,N.N,, Christensen, K. M. (2017). Access to urban transportation

system for individuals with disabilities. IATSS Research, 41 (2),
66-73. doi: https://doi.org/10.1016/j.iatssr.2017.05.002

. Simanjuntak, J. (2021). Policy on Fulfilling the Rights of Persons

with Disabilities in Indonesia: Quo Vadis? IJDS: Indonesian Jour-
nal of Disability Studies, 8 (01), 211-277. doi: https://doi.org/
10.21776,/ub.ijds.2021.008.01.16

. Sugiono, S., Widhayanuriyawan, D., Andriyani, D. P. (2018). Mental

Stress Evaluation of Car Driver in Different Road Complexity Using
Heart Rate Variability (HRV) Analysis. Proceedings of the 2018
5t International Conference on Bioinformatics Research and Appli-
cations. doi: https://doi.org/10.1145/3309129.3309145

Church, R. L., Marston, J. R. (2003). Measuring Accessibility for
People with a Disability. Geographical Analysis, 35 (1), 83-96.
doi: https://doi.org/10.1353/ge0.2002.0029

Tamba, J. (2017). A Juridical Study toward Indonesian Disabilities
Right for Public Services Accessibility according to Law No. 8
Year 2016. IJDS: Indonesian Journal of Disability Studies, 4 (1),
63-68. doi: https://doi.org/10.21776 /ub.ijds.2017.004.01.9
Sallehuddin, M. S., Ramli, M. Z., Mohamad, D., Ismail, N. (2015).
Assessment Of Accessibility For Disabled Persons In Rail Transit
Stations In Klang Valley. International Journal of Civil and Struc-
tural Engineering.

Irtema, H. I. M., Ismail, A., Borhan, M. N., Das, A. M., Alshet-
wi, A. B. Z. (2018). Case study of the behavioural intentions of
public transportation passengers in Kuala Lumpur. Case Studies
on Transport Policy, 6 (4), 462—474. doi: https://doi.org/10.1016/
j.cstp.2018.05.007

Morton, C., Caulfield, B., Anable, J. (2016). Customer perceptions
of quality of service in public transport: Evidence for bus transit
in Scotland. Case Studies on Transport Policy, 4 (3), 199-207. doi:
https://doi.org/10.1016/j.cstp.2016.03.002

Tamba, J. (2018). Exploring the accessibility and facility in railway
station used by persons with disabilities: an experience from kebayor-
an railway station, Jakarta. [JDS:Indonesian Journal of Disability Stu-
dies, 5 (1), 37-45. doi: https://doi.org/10.21776 /ub.ijds.2018.005.01.4
Prasertsubpakij, D., Nitivattananon, V. (2012). Evaluating accessi-
bility to Bangkok Metro Systems using multi-dimensional criteria
across user groups. IATSS Research, 36 (1), 56—65. doi: https://
doi.org/10.1016/j.iatssr.2012.02.003

Jiwa, M. L, Armstrong, S., Shao, Y., Lunsky, Y. (2020). Development
of educational modules for MRTs to better support patients with
intellectual and developmental disabilities undergoing imaging pro-
cedures: A collaborative patient-oriented initiative. Journal of Me-
dical Imaging and Radiation Sciences, 51 (4), S26—-S30. doi: https://
doi.org/10.1016/j.jmir.2020.08.017

Oliveira, L., Bruen, C., Birrell, S., Cain, R. (2019). What passengers
really want: Assessing the value of rail innovation to improve expe-
riences. Transportation Research Interdisciplinary Perspectives, 1,
100014. doi: https://doi.org/10.1016/j.trip.2019.100014

Gumasing, M. J. J., Zerrudo, M. O. V., German, J. D. (2019). An
ergonomic design of Light Rail Transit (LRT) in the Philippines
for persons with special needs. Proceedings of the International
Conference on Industrial Engineering and Operations Management.
Available at: http://www.icomsociety.org/iecom2019 /papers/236.pdf
Sugiono, S., Satrio N, W., Anggara, T., Nurlaela, S., Kusuma, A., Wi-
caksono, A., Lukodono, R. P. (2021). Implementation of non-phar-
maceutical intervention of COVID-19 in MRT through engineering
controlled queue line using participatory ergonomics approach.
EUREKA: Physics and Engineering, 6, 121—138. doi: https://doi.org/
10.21303/2461-4262.2021.001923



21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Mulay, R. V,, Gangwal, A., Shyam, A. K., Sancheti, P. K. (2019). Pre-
valence and risk factors for work related musculoskeletal disorders

in flight attendants. International Journal Of Community Medicine
And Public Health, 6 (6), 2456. doi: https://doi.org/10.18203 /2394-
6040.ijcmph20192304

Gumasing, M. J. J., Villapando, A. C., Abalajon, A. P. P. (2020). An
Ergonomic Design of Passenger Cabin for Public Utility Jeepney.
Proceedings of the 2020 2nd International Conference on Mana-
gement Science and Industrial Engineering. doi: https://doi.org/
10.1145/3396743.3396796

Sugiono, S., Nurlaela, S., Kusuma, A., Wicaksono, A., Lukodono, R. P.
(2020). Impact of elevated outdoor MRT station towards passenger
thermal comfort: A case study in Jakarta MRT. Scientific Review
Engineering and Environmental Studies (SREES), 29 (1), 93-107.
doi: https://doi.org/10.22630/pniks.2020.29.1.9

Paudel, M., Lim, L. J., Yap, FE. E, Kho, K. (2021). Vibration Analysis
of the Third Rail Structure of a Mass Rapid Transit System with
Structural Defects. Applied Sciences, 11 (18), 8410. doi: https://
doi.org/10.3390/app11188410

Liang, H.-W,, Hwang, Y.-H. (2016). Mobile Phone Use Behaviors
and Postures on Public Transportation Systems. PLOS ONE, 11 (2),
¢0148419. doi: https://doi.org/10.1371 /journal.pone.0148419
Hvinden, B. (2012). Disability. The Routledge Handbook of the Wel-
fare State, 393-402. doi: https://doi.org/10.4324,/9780203084229-44
Sapuan, S. M. (2017). Concurrent Engineering, Product Design, and
Development. Composite Materials, 29-56. doi: https://doi.org/
10.1016,/b978-0-12-802507-9.00002-7

French, M. J. (1999). Conceptual Design for Engineers. Springer,
252. doi: https://doi.org/10.1007,/978-1-4471-3627-9

Pahl, G., Beitz, W, Feldhusen, J., Grote, K.-H. (2007). Engineering
Design: A Systematic Approach. Springer, 617. doi: https://doi.org/
10.1007/978-1-84628-319-2

Chakrabarti, A. (1995). Engineering design methods: Strategies for
product design. Materials & Design, 16 (2), 122—123. doi: https://
doi.org/10.1016,/0261-3069(95)90023-3

Smith, R. P, Morrow, J. A. (1999). Product development process
modeling. Design Studies, 20 (3), 237-261. doi: https://doi.org/
10.1016/s0142-694x(98)00018-0

Marson, E., Sartor, M. (2019). Quality Function Deployment (QFD).
Quality Management: Tools, Methods, and Standards, 77-90.
doi: https://doi.org/10.1108/978-1-78769-801-720191005
Cristiano, J. J., Liker, J. K., White, C. C. L. (2001). Key factors in
the successful application of quality function deployment (QFD).
IEEE Transactions on Engineering Management, 48 (1), 81-95.
doi: https://doi.org/10.1109/17.913168

Franceschini, F, Maisano, D. (2018). A new proposal to improve the
customer competitive benchmarking in QFD. Quality Engineering,
30 (4),730-761. doi: https://doi.org/10.1080,/08982112.2018.1437178
Purwanto, A. (2020). Design of Food Product Using Quality Func-
tion Deployment in Food Industry. Journal of Industrial Engineer-
ing & Management Research (JIEMAR), 1 (1b), 1-16. Available at:
https://www.jiemar.org/index.php/jiemar/article/view /20

Chan, L.-K., Wu, M.-L. (2005). A systematic approach to quality
function deployment with a full illustrative example. Omega, 33 (2),
119-139. doi: https://doi.org/10.1016/j.omega.2004.03.010

Park, T., Kim, K.-J. (1998). Determination of an optimal set of design re-
quirements using house of quality. Journal of Operations Management,
16 (5), 569—-581. doi: https://doi.org/10.1016,/50272-6963(97)00029-6
Maritan, D. (2015). Practical Manual of Quality Function Deploy-
ment. Springer, 190. doi: https://doi.org/10.1007 /978-3-319-08521-0
Lingqvist, L. (2012). Railway Stations - Planning Manual. Bor-
lange: The Swedish Transport Administration. Available at: https://
trafikverket.ineko.se/Files/sv-SE /44463 /Ineko.Product.Related-
Files/2018 052 _railway_stations_planning manual.pdf

40. Sundstrup, E., Jakobsen, M. D., Andersen, C. H., Jay, K., Persson, R.,
Aagaard, P, Andersen, L. L. (2013). Participatory ergonomic inter-
vention versus strength training on chronic pain and work disability
in slaughterhouse workers: study protocol for a single-blind, ran-
domized controlled trial. BMC Musculoskeletal Disorders, 14 (1).
doi: https://doi.org/10.1186,/1471-2474-14-67

41, Carrington, P, Hurst, A., Kane, S. K. (2014). Wearables and chair-
ables. Proceedings of the SIGCHI Conference on Human Factors in
Computing Systems. doi: https://doi.org/10.1145/2556288.2557237

DOI: 10.15587/1729-4061.2022.259532
DEVELOPMENT OF THE DESIGN AND
TECHNOLOGY OF EXTRUSION OF METAL-
POLYMER MIXTURES FOR THE PRODUCTION OF
FEEDSTOCKS (p. 23-33)

Madina Isametova
Satbayev University, Almaty, Republic of Kazakhstan
ORCID: https://orcid.org/0000-0003-4630-271X

Bakhyt Absadykov
Satbayev University, Almaty, Republic of Kazakhstan
ORCID: https://orcid.org/0000-0001-7829-0958

Bauyrzhan Bazarbay
Satbayev University, Almaty, Republic of Kazakhstan
ORCID: https://orcid.org/0000-0002-7387-1654

Gulbarshyn Smailova
Satbayev University, Almaty, Republic of Kazakhstan
ORCID: https://orcid.org/0000-0003-2293-6232

The paper is devoted to the development of new equipment
for the production of metal-polymer thread. 3D printing with me-
tal-polymer thread is one of the advanced directions in the techno-
logy of manufacturing metal parts of complex shape. The proposed
technology is an alternative to the currently existing metal injection
molding (MIM) technology and selective laser melting printing tech-
nology. An important step in this work was to conduct computational
experiments to determine the effect of screw rotation on the process
pressure parameter and the design of the main assembly of the screw
extruder. As a result of the research, the pressures on the metal-poly-
mer composition were determined depending on the rotation speed of
the screw. With a rotation of 30 rpm, the pressure reached 0.05 Pa and
the maximum pressure was 0.18 MPa. The experiments were carried
out in the CradelSFlow program. The computer calculation showed
a margin of the screw strength coefficient £=1.8, and a maximum
deflection of 2.8:10~% m, which meets the condition of static rigidity.
To determine the correct value of the gap A between the screw ridge
and the extruder walls, an analysis of the rotor dynamics was carried
out. The result of this study is the critical extruder rotation speed of
60 rpm at which the phenomenon of precession may occur. Ampli-
tude-frequency characteristics y4,=7-10"* m. According to the re-
sults of the dynamic calculation, the screw dimensions were adjusted,
the geometry was reduced by A=0.5 mm. The experiments made it
possible to verify the optimal parameters of the technological process
of metal-polymer mixture extrusion. The data obtained are important
for the improvement and development of 3D printing technology for
metal parts of complex geometric shape.

Keywords: feeder, extruder, computer simulation, pressure, gap,
rotary dynamics.
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The qualitative nature and quantitative parameters of motion
instability of a two-fraction granular filler of a rotating drum were
determined.

The factors of motion instability and key parameters of the
oscillating system were identified and their influence on the self-ex-
citation of pulsed self-oscillations was estimated.

Two continuous and one periodic steady-state modes of filler
motion were found. Periodic self-oscillations due to the development
of instability during the transition from continuous circulation mode
to the wall layer mode were revealed. As factors of motion instability,
filler dilatancy and damping effect of fine fraction particles on the
pulsed interaction of coarse fraction particles were taken.

It turned out that the main key parameter of the oscillating
system is the drum speed, which determines a change in dilatancy.
The increase in instability is realized as a reduction of the bifurcation
values of speed and dilatancy. Other key parameters are the content
of the fine fraction in the filler «;and the filling degree of the cham-
ber wy, the growth of which increases the self-oscillating instability.

The features of the oscillatory system are the relaxation type,
discontinuous nature of self-oscillations and hard self-excitation
mode under bistability. The discontinuous character and oscillatory
hysteresis increase with decreasing iy and K.

The limit values of the dynamic motion parameters correspond-
ing to the conditions of self-excitation of self-oscillations in the ab-
sence and presence of fine fraction were determined: 0.96—-1.11 and
0.218-0.382 for the bifurcation value of relative speed, 0.745-0.855
and 0.24-0.322 for the bifurcation value of dilatancy.



The effects found make it possible to substantiate the parameters
of the self-oscillating process of processing polygranular materials in
drum-type machines.

Keywords: rotating drum, two-fraction granular filler, motion
stability, self-oscillation, bifurcation speed, dilatancy.
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With the development of automotive technology and the in-
crease in the performance of the moving parts in the car, the most
important of which is the engine and gearbox. Where companies are
working to increase the sound insulation of the movement of these
parts outside and reduce the noise and stress generated because
of movement, to study these noises and stresses, and to know the
vibrations that give a high sound rate and wave pressure. Where it
worked on a standard gearbox and simulated the movement of gears.
To find out the stresses that are calculated because of this movement,
the external stress caused by this movement of the gears, as well as
the speed of the gears in the case of rotation, is also known. The
results proved the contact areas of the main lip on the outer cover
are greatly affected during the gearbox rotation process and also
at high vibrations. The effect of vibrations and the Hertzian rate is
significantly affected by it. At frequencies that reached 1500 Hz the
value of stresses and deformation was relatively large. The accelera-
tion and due to the different gear teeth, the acceleration value in this
case was 3000 m/s%. The maximum value of shear stresses reached
9.5-10% Pa at the frequency between 1500 and 2000 Hz. The value
of the vibration 1500 Hz is the highest value that achieved high
noise as it was 112 dB, which is a 112 dB higher than the rest of the
vibrations. The achievement of the condition of the presence of large
noise when vibration 1500 Hz is reached is achieved by analyzing the
noise produced by a car’s gearbox at that level. The amount of noise
pressure and its wave through the outside air of the gearbox, where
the amount of wave pressure of the noise reached a maximum value
of 400 Pa and the lowest value — 500 Pa.

Keyword: COMSOL multiphysics, simulation, gearbox engage-
ment, stresses, noise, sound pressure level.
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With the development of techniques for the use of gears and
their many shapes and types, the mechanical need for them has
become great, especially in the use of them in the field of cars, and
the most important of these types are bevel gears, as these gears are
considered essential in differential gears.

The use of differential gears in mechanics in general helps to
reduce noise in the movement, but there must be vibration resulting
from this movement, and accordingly, bevel gears and the effect of
rotating gears on free vibration have been studied.

Variable gears were used according to a simulation program and
the study of the free vibrations that occur to them. The effect of rota-
tional speed on the natural vibration greatly affects the transmission
of movement in the car and increases the fault distortions that occur
in the differential gearbox.

The result shows the natural vibration reached at the speed of
5000 rpm, and the value of the vibration reached 3564.5 Hz, which
is the highest value compared to the remaining speed. The distortion
at a speed of 1,000 rpm. The process of rotation and natural vibration
affects the deformations and stresses that get on the gears them-
selves. The natural vibration is greatly reduced when the number
of clamping places for the differential gear is increased. Compared
to the presence of two spinning tires, the vibration value reduced.
At a rotating speed of 5000 rpm, it is known that increasing the
rotational speed raises the value 3015.9 Hz with one tire revolution
with one tire rotation, the huge strains influence the little gears in
the differential gearbox. The greatest value of distortion is 0.00067 m
at 5000 rpm, which is the largest value of deformation compared to
the rest of the employed rotational rates with one tire revolution.

Keywords: bevel gear, differential gears, natural frequency, rota-
tional speed, vibration for bevel gear.
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In recent years, the demand for high-durability parts are rising
too much. These challenges are difficult to overcome without an
innovative framework based on an accurate database. The problems
of high stress generated due to the hard friction and severe crystal
dislocation during the forming process need to be solved. High fric-
tional forces between the contact surfaces while forming lead to high
sticking between the parts. In this work, forming process of the large
sheet metal has been explored based on some parameters like material
properties, stress generation, and their effects on the product quality.
For this purpose, square sheet metal of 721*721*5 mm is considered,
and the product formation through many forming steps was carried
out. This work includes adopting some design steps, modeling, and
analysis to control some parameters and minimize the generation
stresses. The finite element software (ABAQUS/CAE) has been ad-
opted for analyzing this process. In this simulation, the forming pro-
cess evolution in different steps has been analyzed, and the influence
of the effective parameters was performed. As a result, it’s found that
the generation stresses are highly concentrated near the fillet zones
and proportional to the pressure, and depend on the nature of contact
and friction. Simulation results also revealed that the uniform pres-
sure during forming will leads to minimizing the friction and stress
generation (5 %) and this will improve the product quality. Also, it’s
possible to identify and facilitate many difficulties and evaluate the
possibilities before further investing in tooling. It’s concluded that
any accurate process like this must depend on some sequence steps
like design, modeling, and simulation. Moreover, folding the large
surface area needs accurate and adjustable types of equipment.

Keywords: sheet metal forming, square cup, stress concentra-
tion, analysis process, ABAQUS simulation.
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When studying the construction of oil and gas wells, it was
found that the volume of drilling wells with abnormally low reservoir
pressures increases over the years. This is due to significant diffi-
culties such as a large absorption of drilling mud, possible clogging
of a productive reservoir with drilling mud, and a failure to obtain
the expected effect. These complications can be prevented by using
gas-liquid mixtures as drilling mud, which have a number of advan-
tages compared to washing liquids and make it possible to eliminate
the above-mentioned negative phenomena. When opening produc-
tive horizons at low anomaly coefficients, foams must be used to flush
wells. It has been established that at present in the practice of drill-
ing oil and gas wells with foam there is no equipment that makes it
possible to form foam with certain specified structure and dispersion.
The use of a modernized foam generator for the preparation of foam
has been proposed. To study the foaming process, computer modeling
was carried out, with the help of which the processes that take place
during the movement of flows of liquid, gas, and gas-liquid mixture
along the foam generator were investigated, namely the distribution
of pressure and speed in the longitudinal cross-section of the foam
generator under changing boundary conditions, that is, at a pressure
in the supply pipe of 10 and 7.5 MPa.

Computer studies have confirmed the possibility of using an im-
proved foam generator design to increase the efficiency of foaming.
The results could be the basis for the development of foam generators
and their experimental and industrial research and testing.

Keywords: foam, modernized five-nozzle foam generator, foam-
ing, gas pressure, mixture speed.
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The scientific task to improve energy efficiency and ensure the
process of vacuum regime stabilization in the operation of milking
machines has been solved.

A mathematical model of the process of functioning of the servo
control system of a rotary plate vacuum pump was built; the numer-
ical modeling of its workflow was carried out.

This paper reports the results of experimental studies on the in-
fluence of the regime parameters of the rotary plate vacuum pump on
the efficiency of its operation, as well as the results of experimental re-
search on the servo control system for the rotary plate vacuum pump.

The operational process of the rotary plate vacuum pump
HB-1200 for a milking machine was investigated. The influence of mode
parameters (rotor speed n and vacuum pressure P) on the performance
of the vacuum pump, Q,, vacuum pressure fluctuation, AP, and the po-
wer consumption of the vacuum pump drive, Ny, has been determined.

The servo control system of the rotary plate vacuum pump was
experimentally investigated based on the developed algorithms of its
operation. In a generally accepted algorithm, vacuum fluctuation in-
creases with increasing an airflow rate: at AQ,=45 1/min — AP=2.3 kPa;
at AQ,=90 1/min — AP=4.6 kPa; at AQ,=1351/min — AP=6.4 kPa.
Unlike the generally accepted one, the developed algorithm en-
ables a stable vacuum mode with the largest vacuum fluctuation
being AP=2.4 kPa.

For the first time, the functional dependence of the influence
of the regime parameters of the rotary plate vacuum pump with its
automatic servo control system on the stability of the vacuum regime
of a milk-vacuum system in the milking machine was established.

The results can be applied when improving milking machines
in terms of ensuring the stabilization process of the vacuum regime.

Keywords: milking machine, vacuum pump, vacuum pressure,
vacuum fluctuation, servo control.
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One of the important problems in the modern world is to provide
the population with high-quality food. So, today the agricultural
sector faces the main task of increasing the production of agricultural
products, as well as the use of agricultural waste. Poultry farming
is one of the main branches of the agricultural sector. The main
task facing farmers is to improve the conditions and technology for
feeding and keeping farm birds, and one of the important tasks is the
state of indoor air in this regard, the problem remains open. There-
fore, the main way to solve this problem is the preferred transition
to intensive technologies in order to realize the efficiency potential
in poultry farming. However, the intensification of the area increases
the anthropogenic load on the environment. The main source of
environmental risk is the systems of disposal of bird droppings. Our
research has shown that 85 % of the negative impact on the environ-
ment is caused by poultry and animal husbandry waste. Lighting also
plays an important role in poultry farming. Thus, lighting is the basis
for electricity consumption. Both natural and industrial lighting is
important for the physiology of birds and their development, but,

unfortunately, it is quite energy-intensive. In this regard, the idea of
solving this problem is being created, it is the development and ap-
plication of new, efficient, inexpensive and environmentally friendly
technologies that are important for large-scale research. Therefore,
it is necessary to take into account that most poultry farms are
equipped with simple mechanical ventilation systems without cool-
ing. So, an increase in productivity is possible through the introduc-
tion of intensive technologies, while the economic assessment of the
use of evaporation plants, the disposal of bird droppings and LED
lighting can be of practical importance.

Keywords: poultry building, ventilation, cooling system, evapo-
rator, fermentation of poultry droppings.
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To ensure the trouble-free operation of the rock-destroying tool,
the peculiarities of its interaction with the rock at different stages of
work must be additionally studied. Still unexplored in full is the re-
lationship between the state of the equipment of the rock-destroying
tool and the oscillatory processes during the operation of the drilling
tool. The basic dependences for determining the wear indicators of
the equipment of the rock-destroying tool have been proposed. The
scheme for implementing the method of assessing the condition and
predicting the wear of equipment, taking into account the peculiari-
ties of its interaction with the rock, has been improved. Underlying
its implementation is the presence of a law of change of at least one
generalized coordinate of an arbitrary cross-section of a drilling tool.
Bench experimental studies were carried out, according to the re-
sults of which the dependence of the depth of the face deepening on
the mode parameters of drilling and the geometry of the equipment
was established. It was found that the wear of the cutter by 1 mm
causes a decrease in the amplitude of longitudinal oscillations by an
average of 1.4 times. The obtained functions of deepening the face
were used to determine the energy indicators of the process of rock
destruction. Given the peculiarities of the implementation of the
experiment, the work and power of the axial load for the destruction
of the rocks of the pit were used for such indicators. It should also
be noted that the construction of numerical models is necessary for
a complete assessment and prediction of the wear of rock-destructive
tools. They should reflect the mechanical system and provide the
ability to obtain the values of parameters that are not determined by
the results of a laboratory experiment.

Keywords: rock destruction, vibration of drilling tool, rock-de-
stroying tool, wear of equipment.
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MOPIBHAJIBHA OIIHKA E®EKTHUBHOCTI KIJIBIIEBOTO I KOBIIOBOT'O BXIZTHOTO IIPUCTPOIO CUJIOBOI
YCTAHOBKHU 3 TYPBOI'BUHTOBEHTUJIATOPHUM /IBUTYHOM (c. 6-12)

O. B. /KopHux, I. ®@. Kpasuenko, M. M. Mirpaxosuy, K. B. Baranaesa

3pocTraHis BTPAT Y BXiZAHOMY NPUCTPOI MPU3BOAUTH 0 306iIbIIEHHST TUTOMOI BuTpat majiusa. [Ipu interpariii BXiHOrO MpuCTpOIO
Ta TOBITPSIHOTO TBUHTA ab0 TBUHTOBEHTIJISITOPA HEOOXIZAHO BPaxXyBaTH IX B3aEMOJII0 IS 3a0e€3TEYeHHsT MAKCHMaIbHOI eheKTHBHOCTI
ciioBoi yctaHoBKU. OG’€KTOM JIOCII/KEHHS € CIIBBICHUI IBUHTOBEHTUJIATOP 3 KAHAJIOM BXiZIHOTO mpuctpoio. OTpuMani pesysisraT Ma-
10Th MPAKTUYHY IIHHICTH: PO3POOIEHO METOAMKY TIPOEKTYBAHHS KOBIIOBOTO S-TIOIGHOT0 KaHATy BXiHOTO MPHUCTPOIO CUJIOBOI YCTAHOBKU
3 TYPOOTBUHTOBEHTHIIITOPHIM [IBUTYHOM. OTPHMAHO 3ajeskHicTh KoedirienTa 36epeskeH st MOBHOTO THCKY BXiZIHOTO MPHUCTPOIO Bil BUCOTU
Ta MBUIKOCTI MOJIBOTY, SIKa J03BOJISIE BPAXOBYBATH BILIUB IBUHTOBEHTUIISTOPA TYPOOrBUHTOBEHTHIIATOPHOTO ABUTYHA. [IpoBeaeHo mopis-
HSTHHST XapaKTEPICTHK KiJMBIIEBOTO Ta KOBIIOBOTO S-TOAIGHOT0 KaHAIY BXIZHOTO MPHCTPOIO CHJIOBOI YCTAHOBKH 3 TYPOOTBUHTOBEHTHIISITOP-
HUIM JIBUTYHOM. 30KPeMa BCTAHOBJIEHO, 1[0 3MiHA YMOB MOJILOTY MEHIIl iCTOTHO BIUIMBAE HA 3MiHY KOehillieHTy 36epeKeHHsT TOBHOTO THCKY
KiJIBIIEBOTO BXiZIHOTO TPHCTPOIO, Hi’K KOBIIOBOTO. [IpezicTaBieHo mopiBHSIBHY OIIHKY OTPUMAHUX PE3YJIbTATiB MATEMATHIHOTO MO/IEJTIOBAHHST
Tedil B KOBITOBOMY S-TI0iGHOMY KaHaJIi BXi/[HOTO IPKCTPOIO 3 yPaXyBaHHSIM BILINBY TBUHTOBEHTIISITOPA, 3 PE3YJIBTATAMI JIBOTHUX BUTIPOOY-
BaHb KiJIBIIEBOTO BXiZIHOTO NPUCTPOIO npoToTuily. IlopiBHAIbHA OlliHKA [TOKA3YE, 1[0 3aCTOCYBAHHS KOBIIOBOTO BXi/THOTO IIPUCTPOIO, 3aMiCTh
KiJIBI[EBOTO BXi/THOTO MPUCTPOIO, TO3BOJISIE TH/IBUITITH KOEMDIIIEHT Bi[HOBIEHHS TOBHOTO TUCKY Ha 5—7 %. TaKuM YIMHOM, € TIijICTaBU CTBEP-
JUKYBaTH, 1110 3aMiHa KiJIbI[eBOrO Ha KOBILOBUIT BXiIHUI IIPUCTPill 103BOMUTL MiHIMI3yBaTH TiZipaB/IiuHi BTPaTU Ha BXO/I B IBUTYH i 3MEHIIUTU
HEPiBHOMIPHICTH MOTOKY Ha BXozi. Lle, B cBOIO Uepry, 103BOMNUTDH TTOKPAIUTH €KOHOMIUHICTD ABUTYHA.

Kir04oBi c;10Ba: KOBIOBHI BXiIHUIT IPUCTPIHl, KiIbIeBUIl BXiHIN TPUCTPiil, TBUHTOBEHTUIISATOP, TYPOOrBUHTOBEHTHIISITOPHUI IBUTYH,
METO/IMKA.
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MOJIEPHI3AIIIS 3AJI3HUYHUX BATOHIB JIJI MIJIBULIEHHS EPTOHOMIYHOCTI I JOCTYITHOCTI: IIPUKJIATL
IH/IOHE3IICbKOI 3AJI3HUIII (c. 13-22)

Sugiono Sugiono, Dwi H. Sulistyorini, Nurus Sakinah, Willy Satrio Nugroho

[Toizn — 1e BucokoedeKTUBHUI IPOMAICHKUIT TPAHCIIOPT, IKUIT MiIXOAUTD /IS THIBUIICHHS SKOCTI KUTTS Ta MITPUMKU BUCOKOI MO-
6iJIbHOCTI TOPOISTH. MeToIo IIbOTro JAOCIKEHHS € PO3POOKa AeSTKUX PEKOMEH/IAIliH 010 BAOCKOHAIEHOI KOHCTPYKILT 3a/1i3HUYHOTO BArOHIB,
JOCTYTIHUX JIJISL JIIO/EH 3 0OMEKEHUMU MOKIUBOCTSIMU, €PrOHOMIKHN Ta eKoHOMiku. Hacammeper, TOC/IIsKEHHST MOYaNocst 3 TEOPETUYHUX
JOCJTIIKEHD MI0I0 PO3POOKH Am3aitiy mpoaykTy, byanuaky sikocti (HoQ), ausaiiny BisyaabHUX IHCILIEIB, aHTPOTIOMETPIT Ta OTpeb Jmoeit
3 o6MekeHUME MOKIMBOCTsIMU. Ha HacTymHOMY eTari 6yJio 3i6paHo faHi BIIKPUTOrO OMUTYBAHHS, a TIOTIM c)OPMOBAHO 3aKPUTE OTUTY-
BaHs 30 pecnoHAEHTIB 3 00MeKkeHUMU (HiI3UUHIME MOKJIUBOCTSIME Ta MOPYIIEHHSAMU 30Dy, 00 3p03yMiTn moTpebu nacaskupis. Pesybra-
TU OTIUTYBaHHS KJIEHTIB MOKa3aJIH, 1110 HalOIIbIIMI HeraTUBHUIT PO3PUB MikK PeasbHICTIO Ta OYiKyBaHHAME MA€ 3py4YHIiCTh JOCTYILY iHBa-
JijiB y Baroi st 1,16, moTiM citigiye HasiBHICTD MicIis JUIsl iHBastiiHoro Biska /utd 1,10, Hymepariist MicIb /IS TacaskupiB 3 MOPYHUIEHHSIMI
3opy — 0,85, Ta sierkicTs HaganHs HeBiakIaaHoi gfonomorn — 0,71. HoQ nazas anasis kimuatu 1 st motpe6 KIieHTiB, KIMHATH 2 /IS TOJIOCY
KOMaH/1, KIMHATH 3 JIsi MATPUIL BiIHOCHH, KIMHATH 4 JUUIs1 OPIiBHSJIBHOTO aHANi3y, KIMHATH 5 I TEXHIYHOTO MOPiBHSJIBHOTO aHATi3Y,
KiMHaTH 6 /17151 KOPessIIiitHoT MaTpuIli Ta KiMHATH 7 JIJIsT 3BasKE€HOT BasKJIMBOCTI Ta BijiHOCHOI BaskynBocTi. Pesyasratn QED noxasamm, mo
MepIIMM PaHIOM 3a BaXKJUBICTIO POANYIB OyJjia BicTaHb MisK CHAIHHAME 3 oninkoio=0,618, apyrum — koiip y HyMmepaiiii Micilb Ta cepist
noi3ais=0,561, a Tperim — kHONKA excrperHoro BUKINKY =0,439. HoBi pekoMenaIlii 1mo/10 [u3aiiny KOHCTPYKIIT BaroHa MOBUHHI MiCTHTH
3MiHeHe PO3TallyBaHHsl CHiHb, TIOKPAIEHUI MPOCTIpP /IS IHBAIIHUX Bi3KiB Ta MPOXO/IB, MOAAHI HAPIMHI OJOKH, KHOTIKK €KCTPEeHOl
JOTIOMOTH, I0JIATKOBI CKJIa/[HI CTLIBI Ta PeryJiioBaHHs OPYYHIB. ByJI0 yCIinHo ¢TBOpeHo ajbrepHaTUBHI KOHCTPYKIIT, 3/aTHi 3011bIIUTH
KITBKICTD MicCIlb Y BaroHi.

Kimouosi caosa: 6yannok sikocti (HoQ), moctyiina KOHCTPYKIList 110i3/1a, eproHoMiKa, HOPYIIEHHS 30PY.

UDC 55.09.43
PO3POBKA KOHCTPYKIIIT I TEXHOJIOTTI EKCTPY3Ii METAJIONIOJIIMEPHIUX CYMIIIEIA /17151 BUPOBHUIITBA
CHUPOBUHH (c. 23-33)

Madina Isametova, Bakhyt Absadykov, Bauyrzhan Bazarbay, Gulbarshyn Smailova

Po6ora mpucBsiaena po3pobiti HOBOro 06TaHAHHS [T BEPOOHUIITBA METATIONOMIMEPHOT HUTKU. 3D-APYK METATOMOMIMEPHOIO HUTKOIO
€ OJIHUM 3 TIePE/IOBHX HAIIPSIMKIB Y TEXHOJIOT1] BUTOTOBJICHHS] METAJIEBUX JleTaslell CKJa/{HO1 (hopMu. 3alporioHOBaHA TEXHOJIOTIs € ajlbTepHa-
THBOIO iCHYIOUill TeXHoJIoTi] TTTS MeTasy i TuckoM (MIM) i TexHostorii APYKY METOZOM CeTeKTUBHOTO JIa3ePHOTO TITaBIeH . Baxansum
€TanoM y JaHiii po6oTi 6y10 IpoBeeH s 06UYNCTIOBATLHIX €KCIIEPHUMEHTIB /IJIs BI3HAYEHHS! BIUIMBY OOEPTAaHHSI IIIHEKA HA TIOKA3HUK TEXHO-
JIOTIYHOTO THUCKY 1 KOHCTPYKILIO OCHOBHOTO BY3JIa ITHEKOBOTO eKCTpy/iepa. B pesyubsrari mpoBeseHnx Aocaiukenb 6yI0 BU3HAYEHO THCK Ha
MeTaJIoNoJiMePHyY KOMITO3MILIO B 3aJI€KHOCTI BiJl yacToTn obepranns miHeka. Ipu yacrori obepranns 30 06,/xs Tuck pgocsaras 0,05 Ila, makcu-
MasibHuii Tuck cranosus 0,18 MITa. Excniepumentu nposoauiucst B nporpami CradelSFlow. Komir'totepruii po3paxyHok mokasas KoedirieHt
3amacy MinHocTi mHeka k=1,8 i MakCHMaIbHUH TPOTHH 2,8-10~4 M, 110 BizmoBiTaE YMOBI CTATHYHOI KOPCTKOCTI. /[J1s1 BUBHAYEHHS TPaBUIIbHOI
BEJIMYUHU 3230Py & Mixk rpebeHeM IIHeKa Ta CTIHKaMU eKCTpyziepa OyB IIpOBeIeHUil aHali3 IMHAMIKU pOoTopa. B pesyJbrari 10Cc/iKeH s
OTpHMaHa KPUTHYHA 4acTOTa 00epTaHHs eKcTpyaepa 60 06,/XB, IPH SIKiil MOKe MaTH MicIle SIBHIIE TIperecil. AMILTITYIHO-9aCTOTHI XapaKTe-
PUCTHKH Ygi,=7-10"* M. 3a peayJibratamMyt IMHAMIYHOTO PO3PaXyHKy GyJIM CKOPUTOBaHi PO3MIPH IITHEKa, TeOMETPist 3MeHIneHa Ha A=0,5 MM.



[TpoBezieni excriepMeHTH O3BOJIMINA MEPEBIPUTH ONTUMAJbHI TTADAMETPH TEXHOJIOTTYHOTO MPOIecy eKCTPY3ii MeTasonogiMepHoi CyMillri.
Otrpumani ani BasKJIMBI /TS BIOCKOHAJICHHST 1 PO3BUTKY TexHoJorii 3D-/1pyKy MeTasneBuX feTaseil CKIajHoi TeoMeTpUYHOI GopMu.
Kir040Bi ci10Ba: JKUBUJIBHIUK, EKCTPY/EP, KOMIT IOTEPHE MOJIETIOBAHHSI, THCK, 3a30D, IMHAMIKa 0GEPTAHHSL.
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BUSIBJIEHHSI MEXAHI3MY BTPATU CTIIIKOCTI JBO®PAKIIITHOT 3EPHICTOI TEYIi B OBEPTOBOMY
BAPABAHI (c. 34-46)

K. 10. [leiineka, IO. B. Haymenko

3’1cOBaHO SAKICHUI XapaKTep Ta BCTAHOBJIEHO KiJIbKiCHI TapaMeTPH MPOSBY HECTIHKOCTI PpyXy ABOGPAKITITHOTO 3epPHIUCTOTO 3aTOBHEHHST
obeproBoro bapabana.

BusiBiieHo aktopu HeCTIHKOCTI PyXy i BUSHAYQJIbHI ITapaMeTpH KOJIMBAIBHOI CHCTEMH Ta OIIHEHO IX BIINB HA CaMO30y/UKEHHST aBTOKO-
JINBAHD TTYJIbCAI[IITHOTO TUITY.

BceranoBiieno aBa HellepepBHUX Ta OAUH IEPIOAMYHUN YCTAJICHUI PEKUMU PyXy 3allOBHEHHs. BUSBIEHO BCTAHOBJICHHS NEPIOIUYHUX
ABTOKOJIMBAHb BHACITIZIOK PO3BUTKY HECTIIIKOCTI TIPH Mepexo/ii HelepepBHOTO INPKYJIAIIIHOTO PeXKIMY PYXY Y PesKUM IPUCTIHKOBOTO MIapy.
Ipuiinsaro gunaranciio 3anoBHeHHs Ta AeMIIpYIOUy /10 YacTUHOK APiOHOI (hpakIlii Ha IMITyJIbCHY B3aEMOZII0 YaCTMHOK KPYITHOI (ppaKxiil sk
axTopn necTiiikocTi pyxy.

BusiBIIIOCE, 1110 TOJIOBHUM BH3HAYATIHLHIM TTAPAMETPOM KOJMBAIBHOI CHCTEMH € BETMYMHA TBUAKOCTI 0GepTantst GapabaHa, sika 3yMOB-
Joe 3MiHy ausatancii. [TocuIeHHsT HeCTIHKOCTI peasisyeTbest y 3HUKEHH] OiypKalliiiHuX 3Ha4YeHb MBUIKOCTI OOEPTAHHS Ta JAUJIATAHCIL.
HatomicTb iHImMMI BUSHAYQILHIMH IIAPAMETPaMu € BMicT ApiGHoi dpakitii B 3an0BHEHH] K/ Ta CTYIiHb HATOBHEHHS KAMEPH K, 3DOCTAHHS
AKNX TIOCUJIIOE aBTOKOJIMBAJIbHY HECTIHKICTb.

OcobIMBOCTSIMI KOJIMBAIBHOI CHCTEMH € PETAKCAITHITH TUTI, PO3PUBHIN XapaKTep aBTOKOIUBAHD Ta JKOPCTKIUIT PESKIM CaMO30YIKEHHST
1pu BUHUKHEeHH] GicrabinbHocTi. Po3puBHMIl XapakTep Ta KOJIMBAJIbHUIN TiCTEPE3HC OCHTIOITHCS 31 SHIKCHHAM K/r Ta Kiy.

BeTraHoB/IeHO TPaHWYHI 3HAYCHHST MHAMIYHKUX [APAMETPIB PyXY, IO BIANOBIZAIOTH yMOBaM caMO30y/KEHHsI aBTOKOJIMBAHD 3a Bil-
cyTHOCTI Ta Tipu HasiBHOCTI Api6HOT dpakiii: 0.96—1.11 Ta 0.218-0.382 mua GidypKaliiHOTO 3HAYEHHS BiIHOCHOI MBUKOCTI 0OepTaHHsI,
0.745-0.855 Ta 0.24—0.322 s GidypKaiiiiHOro 3HAYEHHS AUIATAHCIT.

Beranosieti eekTH T03BOJSIIOTH OGTPYHTYBATH TAPAMETPU AaBTOKOJTHMBHOTO MPOTIECY TTEPEPOOKU MOMBEPHIICTUX MATePiaiB B MalTMHAX
GapabaHHOTO THITY.

Kimouosi cioBa: o6eprosuii Gapabat, ABodpakiliiiie 3epHUCTE 3alI0BHEHHSI, CTIHKICTb PyXy, aBTOKOJMBaHHsI, Gidyprantiiina mBUaKicTD,
IUJIaTaHCIs.

DOI: 10.15587,/1729-4061.2022.263585
YHCEJBHE JOCIIKEHHSI HAIIPYTH I IIIYMY, CTBOPIOBAHUX BKJIIOUEHHSIM ITIEPEJAY ¥ KOPOBIII
MEPEJIAY (c. 47-55)

Ali Abbar Khleif

3 PO3BUTKOM aBTOMOOLIBHOI TEXHIKK Ta 301JIBIICHHSIM MPOLYKTUBHOCTI PYXOMUX YAaCTHH aBTOMOOIJIs, HAliBAsKIMBIIIMU CTAJIA JBUTYH
Ta KopoOka 1epead. Komianii mparioors Hajl iABUIIEHHIM 3BYKOI30JIAL1l pyXy IUX YaCTUH 30BHI Ta 3HIDKEHHSIM IIYMYy Ta HAIIPY’KEHb,
1110 BUHUKAIOTh Yepe3 PYX, ISl BUBYEHHSI IINX IIyMiB Ta HATPY’KEHb, & TAKOX JUISI BIBYEHHsI BiOpaIliii, SIKi CTBOPIOIOTh BUCOKY MIBU/KICTD
3BYKY Ta XBUJIbOBUIT TUCK. [[€Ch MPAIIOIOTH Ha CTaHIAPTHIIT KOpobIli mepegay Ta imiTarii pyxy mecrepenb. 1106 Hi3HaTHCS HAPYKEHHS, SKi
PO3PAXOBYIOThCS Uepes el PyX, TaKOkK HeOOXIZHO 3HATH 30BHINIHE HANPY/KEHHs, BUKJIMKAHE UM PYXOM IIECTEPEHb, a TAKOXK NIBUKICTH
nrectepenb y pasi obeprans. Pe3yasraTi mokasaim, Mo KOHTaKTHI MaillaHYnKH OCHOBHOT KDOMKHM Ha 30BHILIHII KPUIIIT CUIIBHO CXUJIbHI 10
BILIUBY TIPOIECY OOEPTAHHS PEAYKTOPA TAKOXK MTPU BUCOKKX Bibpamisx. Ha 1e cyTTeBo BiLMBae BB BiGpariii Ta uactotu Tepia. Ha yacto-
Tax, mo gocsraiots 1500 T, Besmunma manpyru ta gedopmaitii 6ysra BianocHo Besanka. [Ipuckopenns i 3 10MoMoroio pisuux 3y6iB mecrepui
3HaYeHHsI IPUCKOPEHHs y 1IboMy Pasi ckaano 3000 M/c. MakcumabHe 3HaUeHHsT IOTHYHKUX HalpykeHb nocsirano 9,5-10% I1a 3a wactoTolo Biz
1500 10 2000 T11. 3navenns sibpaii 1500 [ € MaKCHMATBHIM 3HAYEHHSIM, Y SIKOMY J0CSITAETHCST BHCOKHI PiBEHb IIYMY, OCKIJTbKHU BiH CTAHO-
Buth 112 1B, mo y 112 nb Bue, Hixk B iHmmx BiOpaitiii. /locssrHenHs yMOBU CUIILHOTO IIyMy 1pu gocsirierti BiGpartii 1500 It gocsraerbest
IIJIIXOM aHAJTI3Y TIyMY, 10 BUPOOJISIETHCST KOPOOKOIO Mepead aBToMOOIIS Ha 1[bOMY PiBHI. BellmunHa nyMOBOIro THCKY Ta fi0ro XBUJIs yepes
30BHIIITHE TIOBITPST PEYKTOPA, /ie BeJIMYNHA XBUIBOBOTO TUCKY IITYMY JOCATIa MaKCUMabHOTo 3HadeHHs ckiazae 400 I1a ta maiimenimoro
sunavenus — 500 Ila.

Kumouosi cioa: COMSOL multiphysics, MogesmoBanHst, 3a4eryieHHs] pelyKTopa, HATIPYTa, IYM, PiBEHb 3BYKOBOTO THUCKY.
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BIJIB HIBUKOCTI OBEPTAHHS HA BJIACHY YACTOTY JAUMEPEHIIITHOT KOHIYHOT ITEPE/IAYI (c. 56-63)

Ali Raad Hassan

3 PO3BUTKOM TEXHOJIOTIH BUKOPUCTaHH 3y0UacTHX KOJIC Ta iX ducjaeHHnx GopM i TUINB MexaHiyHa norpeba B HUX CTajla BEJUKOIO,
0cOGJIMBO TIPH iX BUKOPHUCTAHHI B o6s1acTi aBTOMOGITIB, 1 HAOGITBI BAXKIMBIUMHU 3 IIUX THITIB € 3y6qaCTi KOHIYHI KoJIeca, TOMY 1110 I1i IIeCTepHi
BBKAIOTHCS BUKIUBUME Y TU(bEPEHIiaTbHUX Tepelavax.

3acrocyBanus udepeHiiabHuX Iepeiad B MEXaHilli B I1iJIOMY CIIPHsIE 3MEHIIIEHHIO IIyMY B PYCi, ajie IIPH [bOMY TOBUHHA Oy TH BiGpartis,
110 BUHUKAE B PE3YJILTATI I[HOTO PYXY, I BIAMOBIIHO BUBYAIKCS KOHIYHI IIepeavi i BIUIMB IeCTePEeHb, 1110 00epTaioThCs, Ha BIIbHI KOJIUBAHHSI.

BukopucroByBaiucs 3MiHHI 11epe/iadi 3a IPOrpaMoo MOJIE/IIOBAHHS Ta JIOCJII/PKEHHS BIJIbHUX KOJIMBAHb, 1110 BUHUKAIOTh HA HUX. Brums
qacToTH 00epTaHHs Ha BJIACHY BiOpaIliio CUJIBHO BIUIMBAE HA TIepeiady pyxy B aBTOMOOL Ta 301IbIIy€E CIIOTBOPEHHS HECITPABHOCTI, 1110 BHU-
HUKAIOTD y AndepenIiaibHiil KopoOiL.



PesyJibrat nokasye, 1o Biacha Bibpaitist gocsiraetbest ipu msuzkocti 5000 06,/x8, a sHadernns Bibpaitii gocsarae 3564,5 T, 110 € HaiiBUIINM 3Ha-
YEHHSM Y MOPIBHSHHI 3 IIBUKICTIO, 110 3aymmnmacst. CioTBopeHHst BinGyBa€eThest Ha mBrzkocti 1000 06,/xs. TIporec obepraHHst Ta BaacHa BiGpartis
BIUIMBAE Ha jiehopMallii Ta HAIPy KeHHsI, sIKi TTOTPAILISIIOTh Ha caMi 1ecTiphi. BiacHa BiGpaitist 3SHA4HO 3HUKYETBCS 31 301IBIIEHHSM KiJIbKOCTI MiCITh
saTucky audepeniiaia. Y MOPIBHIHHI 3 HASBHICTIO BOX HIUH, 110 00EPTAOTHCS, 3HaYeHHsT Bibpallil sMentnmiocs. Bizomo, 1o 3 yactori obepranms
5000 06,/xB 36ibIIeHH ST YacTOTH 0OepTans migsuitye snadents 3015,9 Tt 3a oHoro 060poTi MKMHK 32 OAHOTO 000POTI INMHH, BEJMKI HABAHTAKEH-
H# BIUIMBAIOTH Ha JAPIOHi miectepHi B udepentianbioi kopoOii nepenay. Haiibibine snauenns aedopmariii cranosuts 0,00067 M ipu 5000 06,/x8,
O € HAlOLTbIIMM 3HaUeHHsIM f1ehopMartil MOPIBHSAHO 3 IHIIMMU 4acTOTaMu OOEpPTaHHS, IO BUKOPUCTOBYIOTHCS TIPH OAHOMY OOODPOTI IIMHU.

KiiouoBi caoBa: koniyna repejgaya, andepenitiaibii rmepeiadi, BlacHa 4acToTa, yacTora obepTast, Bibpaitis KOHIYHOI TTepe/ayi.
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PEAJII3AIIA CKIHYEHO-EJIEMEHTHOT'O AHAJII3Y JIJI PITEHHA OBMEKEHD Y IIPOIECI ®OPMYBAHHS
BEJIMKUX JIETAJIEM 3 CTAJII (c. 64-71)

Kamil Jawad Kadhim, Jabbar A. Jaber, Hadi Raheem Ibrihim

B ocranHi poky MOMUT Ha BUCOKOMIIHI fieTasti ayske 3poctae. 1i mpobiaemu Baxkko BUpIinmTH Ge3 IHHOBAITHOT CTPYKTYPH, 110 6a3y€eThest
Ha TouHiN Gasi ganux. HeoOxigHO BUPIATH TPOOIEMU BUCOKUX HATIPYIKEHb, 110 BUHUKAIOTh Yepe3 CUJIbHE TePTH i CUIIbHE 3MIleHHs KPUCTATIB
y nporieci opmyBantsi. Brcoki cuin TepTst MiXk KOHTAKTHUMHF TTOBEPXHSIMHU 11/l 4aC MITAMITYBaHHS TIPU3BO/ISITH /10 BUCOKOTO 3JTUIAHHS MixK
netangmu. Y 1iil po6oti mportec hopMyBaHHs JUCTOBOTO METATy BEJIMKOIO PO3Mipy GYJI0 JIOCIIIKEHO Ha OCHOBI JIEAKNX MapaMeTpiB, TAaKUX K
BJIACTMBOCTI MaTepiasty, BAHMKHEHHsT HAIIPYTH Ta 1X BIUIMB Ha SIKiCTb TPOAYKTY. JIjist i€l MeTr GYJI0 PO3IJIsTHYTO KBA/IPATHUI JIMCTOBHUIA MeTaJl
721*721*5 mm, i GyJ10 BUKOHAHO (hOpMyBaHHsI BUPOOY 3a JOTIOMOTOI0 MHOKIHY eTariB popMyBanHst. 11s poboTa BKIIOYAE MPUITHATTS JeSTKUX
eTalliB IIPOeKTYBaHHsI, MOJIEIOBAHHS Ta aHAJI3 /I KOHTPOJIIO JesKUX lapaMeTpiB 1 Minimizanii HaBanTaxeHb 1pu reepaii. ITporpamue 3sa-
Oesneuenns kinnesnx ejementisB (ABAQUS/CAE) GyJio npuiiHsITo /15t aHATi3Y bOTO Mporiecy. Y MbOMY MOJETIOBaHHI GYJI0 TIPOaHasi30BaHo
€BOJIOLLIO Tpotiecy (HOPMYBAHHS Ha PI3HUX €Tarnax, i GyJI0 BUKOHAHO BILIMB e(DeKTHBHUX MapaMeTpiB. B pe3yJibrari BCTAHOBJIEHO, IO reHepa-
I[iiiHA HATTPYTA CUJIBHO CKOHIIEHTPOBaHa OGNS TATITETbHIX 30H, POOPIIHHA TUCKY | 3a/IeKaTh BiJl XapakTepy KOHTAKTY i Teptst. Pesyabratn
MO/IEJTIOBAHHST TAKOK TTOKA3JIH, 1110 PIBHOMIPHUIT TUCK ITi/1 yac (hopMyBaHHs TIpU3Be/ie /10 MiniMizanii Teptst Ta yTBopentst Hanpyru (5 %), 1o
MOKPAILINTD SKiCTh IPOYKTY. KpiM TOT0O, MOKHA BUSIBUTH Ta HOJIETTIUTH 6arato TPY/HOLLIB Ta OLIHUTU MOKIMBOCTI, IIEPIII HiXK BKJIaaTH KOILITH
B iHCTpyMeHTH. 3PO6JIeHO BUCHOBOK, 110 OY/Ib-SIKMI TOYHUIN TTPOIlec, MOAIOHMIT 10 TIbOTO, TTOBUHEH 3aJIeKaTH Bil IESIKUX TTOC/IIOBHIX KPOKIB,
TaKHUX SIK TIPOEKTYBAHHsI, MOJIEIOBAHHs Ta CMYyJIstitist. KpiM TOro, /ISt CKJTA/IaH s BEJIMKOI TUIONTI MOTPiOHE TOUHE Ta PEryIbOBaHe 00IaIHAHHSI.

Komio4oBi ciioBa: mtaMiyBaHHs JICTOBOTO METAJTY, KBA/[paTHA Yalllka, KOHIIEHTPAILisl HAIIPYTH, TIporiec aHasisy, MmojenioBants ABAQUS.
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BU3HAYEHHS 3AKOHOMIPHOCTEIT IIHOYTBOPEHHS, 110 3ABE3IEYYIOTHCA I’ ATUCOIIJIOBUM
MIHOTEHEPATOPOM, /IJIA TEXHOJIOTTA BYPIHHS B YMOBAX AHOMAJIbHO HU3bKUX THCKIB (c. 72-79)

A. I1. Kamozxuuii, I1. O. Momyanos, B. M. Casuk, M. I. Kuum, P. C. fIpemiituyk

[Ipu KOCTIIKEHH] CTIOPY/IKeHHsT HADTOTa30BUX CBEPIOBIH BCTAHOBJIEHO, 1110 00'eMu POOIT 3 OyPiHHS CBEPJIOBUH i3 aHOMAIBHO HU3bKH-
M TIJTACTOBUMH THCKaMU 3 POKaMU 301TbIy10Thest. [le moB's13aHo i3 3HAYHUME CRIIAIHOIIAMIT: BEJIMKE TOTTNHAHHS 6YPOBOTO PO3UMHY, MOK-
JIMBE 3aKYIIOPIOBAHHsI OYPOBUM PO3YMHOM TIPOAYKTUBHOIO IJIACTA | HEOTPUMAHHSI OUiKyBaHOTO e(heKTy. 3amoGirTH UM YCKIIa[HEHHSIM MOKHA
HIJISIXOM BUKOPUCTAHHS B SIKOCTI GYPOBOrO PO3YMHY TasopiIMHHUX CyMillleii, siki MAlOTh 1M Psijl TlepeBar B MOPIBHIHHI 3 TPOMHBAIBHUMU
piyHaMM 1 1al0Th MOXKJIMBICTD YCYHYTH BHUIIlE IIepepaxoBaHi HeraTuBHi sBua. IIpy poskpuBaHHI MPOJYKTUBHUX TOPU30OHTIB IPU HU3bKUX
Koe(ilieHTax aHOMAILHOCTI ISt TPOMUBAHHS CBEPJIOBUH HEOOXiZIHO BUKOPUCTOBYBATH TiHU. BCTaHOBJIEHO, 1110 HA JIAHUIT Yac B MTPAKTHIL
OypinHs HahTOra30BUX CBEPAJIOBUH 3 TIHOIO BiZICYTHE 00JIaHAHHS, SIKE 03BOJISIE (POPMYBATH IIHY i3 MEBHUME 3a[aHUMHU CTPYKTYPOIO 1 JIHc-
MePCHICTIO. 3arPOIIOHOBAHO BUKOPUCTAHHS JIJIsl IPUTOTYBAHHS IIIHN MOJIEPHI30BAaHOTO IiHOTeHepaTopa. /Ly 10CIi/PKeHHS 11poliecy MiHOYTBO-
PEeHHs IPOBeeHO KOMITTOTepHe MOZIETIOBAHHS, 32 OTIOMOTOIO SIKOTO JIOCJI/KEHO MTPOoIiecH, SIKi IIPOXOATD TMifl 9ac PyXy ITOTOKIB PifiniiH, Tasy
Ta ra3oPiJIMHHOI CyMillli B3/IOBK IIHOr€HepaTopa, a caMme Po3IO/iJl TUCKY I HIBUAKOCTI B II03/I0BKHBOMY Iepepisi MmiHoreHepaTopa Mpy 3MiHi
IPaAHMYHUX YMOB, TOOTO TIPU TUCKY Y HiABiaHoMy matpyOky 10 ta 7,5 MITa.

[TpoBezieni KOMITIOTEPHI OCTiPKEHHS MiATBEPANIN MOKIUBICTE BUKOPUCTAHHS BIIOCKOHATIEHOI KOHCTPYKIIi1 MiHOreHepaTopa /st Tri/-
BUIIEHHs eheKTUBHOCTI MiHOYTBOpeHHs. OTPUMaHi Pe3yJIbTaTH € OCHOBOIO ISl PO3POOIEHHS IIIHOTEHEPATOPIB Ta MPOBEIEHHS eKCIIEPUMEH-
TaJIbHUX 1 TPOMUCJIOBUX iX OCTI/KEHb Ta BUTPOOOBYBAHb.

KomoyoBi ciioBa: 1iHa, MOJIEPHI30BAHNUIT II'STUCOIIOBUI ITIHOT€HEPATOP, IIHOYTBOPEHHS, THCK Ta3y, MIBUKICTh PyXy CyMillIi.
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OBIPYHTYBAHHS TAPAMETPIB ABTOMATUYHOI CUCTEMH CEPBOKOHTPOJIIO POTAIIITHOTO IIACTUHYATOTO
BAKYYMHOTO HACOCA JIOIJTbHOT YCTAHOBKH (c. 80-89)

E. B. Auies, A. II. Ilaxiit, B. M. Kics, A. M. Mineniu, K. B. Immenko, A. II. Iaxiii, 1. B. Jlesuenxo, JI. I1. JliBomeunxo,
€. M. Jlisouienko, JI. B. ILmora

Bupimmeno HayKoBy 3ajady IiBUIIEHHS eHeproeeKTUBHOCTI Ta 3abe3nevyeHHs mporecy cTabimizallii BaKyyMHOTO PEKUMY MPH €KC-
TIyaTarii [oiTbHUX YCTAHOBOK.

CTBOpeHO MaTeMaTH4Hy MOJIeJIb 11poliecy (YHKIIOHYBAHHS CHCTEMU CEPBOKOHTPOJIIO POTAIIHOIO MJIACTHHYACTOTO BAKYYMHOTO Hacoca
i TPOBE/IEHO YNCeNTbHE MOJIENIOBAHHS fI0T0 POOOUOTO TPOTIECY.

IIpeacraBieno pesyJbraTu eKCIepUMEHTATbHIX JOC/I/DKEHD BIUIMBY PEKUMHHX MApaMeTpiB POTAliiHOrO IJIACTUHYATOrO BAKYYMHOTO
Hacoca Ha e()eKTUBHICTD HOTO eKCITyaTallii i pe3yJIbTaT eKCIepUMEeHTATbHIX JOCTI/PKeHb CHCTEMH CEPBOKOHTPOJIIO POTAIIHOTO TITACTHH-
YacTOro BaKyyMHOIO HACOCa.



JlocikeHo mpoiec poGoTH PoTaliifiHOro MmiacTHHYACTOro BakyyMHoro nacoca HB-1200 poinbHoi ycranoBky. BusnaueHo BIUIMB pe-
JKUMHUX TIapaMeTpPiB (4acToTa 0OepPTaHHs POTOPY 7 1 BEIMUMHA BAKYYMMETPUYHOTO TUCKY P) Ha TPOJYKTUBHICTh BAKyyMHOTO Hacoca Qg
aykryauiio Bakyymmerpudnoro Tucky AP i crouBaHy MOTYKHICTb IIPUBO/LY BaKyyMHOIO Hacoca N,.

EKcriepuMeHTaNbHO TOCHIIKEHO CHCTEMY CEPBOKOHTPOJIIO POTAIIHOIO MJIACTHMHYACTOTO BAKYYMHOTO HACOCA HA OCHOBI PO3POOJIEHUX
asroputmiB ii pobotn. [[JIst 3arabHOIPUIHITOrO aITOPUTMY i3 301IBIIEHHSIM BUTPAT TOBITPst 301bIIyeThCs i DUIyKTyarist BaKyymy: mpu
AQ,=45 n/xB. — AP=23 klla, npu AQ,=90 11/xB. — AP=4,6 klla, npu AQ,=135 1/xB. — AP=6,4 xIla. Ha Bizminy Bi/i 3arajibHOIPUITHSATOTO,
PO3pobIeHIH anropuTM, 3abesmeuye cTabiTbHIIT BAKYyMHUIT pesknuM, Haiibinbima (uykryanis Bakyymy ckiaagae AP=2,4 xIla.

Brepuie orpumMana (yHKITiOHAaIbHA 3a7€KHICTh BIJIMBY PEKMMHIX ITapaMeTpiB POTANiifHOTO MIaCTMHYACTOTO BaKyyMHOTO Hacoca i3
ABTOMATUYHOIO CHCTEMOIO HOTO CEPBOKOHTPOJIIO Ha CTablIBHICTh BAKYYMHOIO PEKUMY MOJIOYHO-BAKyyMHOI CHCTEMH JOIIBHOI yCTAHOBKIL

Pesyssratit MOKYTh OyTH 3aCTOCOBaHI MIPU YAIOCKOHATICHHI JIOTIBHUX YCTAHOBOK B HANPsIMI 3abe3nedertst npoiiecy crabiiisaitii BakyyM-
HOTO PEXKIMY.

KimouoBi ciioBa: /101/1bHa yCTAHOBKA, BAKYyMHUIT HACOC, BAKYYMHMUIT THCK, (DIIyKTallis BAKYYyMY, CEPBOKOHTPOJIb.
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3ACTOCYBAHHS IHTEHCUBHUX TEXHOJIOTT /17151 BJJOCKOHAJIEHHSI BUPOBHIUYMX ITPOIIECIB HA
IMTAXO®ABPHKAX (c. 90-102)

Rovshan Haciyev, Kamala Salmanova, Gabil Mammadov, Urfan Taghiyev

OjHi€io 3 BaKJIMBUX 3ajlau y Cy4aCHOMY CBITi € 3a0e3IeueHHsT HaCeJIeHHsI SIKICHUM [POI0BOJIbCTBOM. TOMY ChOTO/IHI TIepe/i arpapHuM
CEKTOPOM CTOITh OCHOBHE 3aBJAHHs 301/IbIIEHHsT BUPOOHUIITBA CLIBIOCTITIPOIYKILiL, & TAKOK BUKOPUCTAHHS CITbCHKOTOCTIONAPCHKUX BilIXO-
niB. OJHI€I0 3 TOJIOBHUX Tajly3eil CiIbCbKOTOCIIOAAPCHKOTO CEKTOpa € NnTaxiBHUITBO. OCHOBHUM 3aB/IaHHSM, 1110 CTOITH I1epesl hepmepami,
€ TIOKPAIIEHHS YMOB i TEXHOJIOTii TOIBIII Ta yTPUMAHHSI CiTbCHKOTOCIIOAPCHKOI ITHINI. BakIMBUM TUTAHHSAM y 3B’S3KY 3 IIIM € CTaH MOBITPs
y npuminieHHsix. Jlana npo6iema 3aInmaeTbest BigkpuTow. ToMy OCHOBHUM CIIOCOOOM BUPIIIIEHHSI i€l MPOGIeMI € TlepeBaskHIil TIepexis Ha
iHTeHCHBHI TeXHOJIOTIT 3 MeTOI0 peaisaliii moreniany edekruBHocti B mraxiBuunTsi. OxHak inTercudikaiis raaysi IpU3BOAUTD 10 301/1b-
IIEHHS aHTPOIIOTEHHOTO HaBaHTaKeHHs Ha HaBKOJMIMHE cepepoBuiiie. OCHOBHIM [KepesioM PU3NKIB /IS JIOBKIJLTA € CUCTeMH yTHITi3anii
MTANIKHOTO MOCJIi/LY. 3TiJiHO 3 OTPUMAHUMHU PE3yJITaTaMu J0CJi/UKeHHs 85 % HEraTMBHOTO BIUIMBY HA HABKOJIMIIHE CEPEIOBUIIE IIPHUIALAE
Ha BIZIXOAW NTaXiBHUIITBA i TBAPMHHUITBA. Bask/MBY posib B MTaXiBHUITBI TAKOXK Biirpae ocBiTIeHHs. TOMY OCBITIEHHS € OCHOBOIO CITOXKH-
BanHs esiektpoeneprii. /Lyt diziosorii nraxiB Ta iXHbOTO PO3BUTKY BAKJIUBO SIK MPUPOJIHE, TAK i TPOMICIOBE OCBITJIEHHS, ajie BOHO JOCHTD
eHeproemHe. Y 3B'I3Ky 3 IIUM BUPINIEHHS JaHOI MPOOIEMH MOJATAE Y PO3POOII Ta 3aCTOCYBaHHI HOBUX, ePEKTUBHNX, HEIOPOTHX Ta KOJIO-
riYHO YUCTUX TEXHOJIOTTH, HeOOXIAHUX I MacTabHUX A0ciixKenb. HeoOXiHo Takok BpaxoByBaTH, 110 GibImicTh ntaxodabpuk ocHareHi
MPOCTUMK CHCTEMAMHU IITYYHOI BEHTHJIALIT 6e3 0XOJMOMKEeHHS. TAKUM YMHOM, MiZBUIIEHHS TIPOYKTUBHOCTI MOKJINBE 3a PAXyHOK BIIPOBa-
JUKeHHSI IHTEHCUBHUX TEXHOJIOTIH, PH IIbOMY HMpPAaKTHYHE 3HaYeHHS MOKe MaTH eKOHOMiYHa OIiHKAa BUKOPHMCTaHHS BHIIAPHUX YCTAHOBOK,
YTUJI3allii NTAIMHOTO HOCIILY Ta CBITIOI0/{HOTO OCBITJICHHS.

Koro4oBi ciioBa: ntantHuK, BEHTHIISIIS, CHCTEMA OXOJIO/PKEHHST, BUTIApHA YCTaHOBKA, (DepPMEHTAIlisI ITAIINHOTO TOCIIi/LY.
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BJIOCKOHAJIEHHSI CIHOCOBY OIITHKU CTAHY TA TPOTHO3YBAHHS 3HOIIEHHS CIIOPSI/ZKEHHS
MMOPOJOPYITHIBHOTO THCTPYMEHTY (c. 103-109)

A. C. Ipumxyk, A. IL. [Ixxyc, A. P. I0puy, JI. P. I0puy, M. A. [lopoxos, A. M. JliBiHcbkuii

Jlna 3abesnedenns 6ezaBapiiiHol po6OTH MOPOAOPYITHIBHOTO IHCTPYMEHTY J0OJATKOBOTO BUBYEHHST TOTPEOYIOTh 0COOMMBOCTI #OTO B3ae-
MOIiT 3 TIPCHKOIO TIOPO/IOIO Ha pi3HuX eTanax poboru. HemocmiaskeHM B TIOBHIiT Mipi € B3a€MO3B’ 130K CTaHy CHOPSKEHHsI TOPOAOPYHHIBHOTO
IHCTPYMEHTY i KOJIMBHUX HPOLECIB 1pr poOOoTi GypoBOro iHCTPYMEHTY. 3arpornoHOBaHO (Ga30Bi 3a/€KHOCTI /ISl BUSHAUCHHS MOKA3HUKIB
CITTPAIIIOBAHTSI CTIOPSUKEHHS TOPOIOPYHHIBHOTO iHCTpyMeHTyY. Biockonameno cxeMy peasisariii crocody OIHKHI CTaHy Ta MPOTHO3YBAHHS
BHOMICHHS CHOPAIKEHHST 3 BpaxyBaHHAM 0COOJMBOCTE HOTo B3aeMO/Iii 3 ripchKolo 11opoaoio. Bazosoro s 1i peasizallii € HassBHICTH 3aKOHY
3MiHM x049a 6 OfHIET y3araTbHEHOI KOOPANHATH TOBITBHOTO TIepepisy OypHIbHOTO iHCTpyMeHTy. IIpOBEIeHO CTEHIOBI €KCTIEPUMEHTAIIBHI 10-
CITIIKEHHST, 32 PE3YIBTATAME SIKIX BCTAHOBJIEHO 3aJI€KHOCTI BEJIMYMHI MOTTHOIEHHST BUOOIO Bijl PEKMMHIUX TTapaMeTpiB Oy piHHS Ta TeoMeTpii
CIOPS/UKEHHS. BCTaHOBIICHO, 1110 3HOMIEHHS Pi3It Ha 1 MM 3yMOBJIIOE 3MEHIIEHHST aMILTITY/I1 TT03/J0BXKHIX KOJIMBAaHb B cepesiiboMy y 1,4 pasn.
Otrpumani ¢hyHKIT moraubaeHHs BUOOI0 BUKOPUCTAHI /s BUBHAYECHHS €HEPreTHYHUX TOKA3HUKIB NPOIeCy PYHHYBaHHs TiPCHKOI MTOPOJIH.
3 orzsiy Ha 0cOO6IMBOCTI peastizaliii eKCIEPUMEHTY 3a TaKi MOKa3HUKKU BUKOPUCTAHO POOOTY i MOTYKHICT OCbOBOIO HABAHTAKEHHS HA Pyii-
HYBaHHST TIPCHKUX MOPi Bu6oi0. Takosk cJ1i/i 3a3HAYNTH, MO /UIST TOBHOI OI[IHKH Ta MTPOTHO3YBAHHS 3HOCY MTOPOAOPYHHIBHOTO IHCTPYMEHTY
HeoOXiTHUM € PO3POOJIEHHST YUCIOBUX MOjIeseil. BoHu moBuHHI Bifo6pakaTu MeXaHIYHY crcTeMY Ta 3a0e3[edyBaTi MOKIUBICTh OTPUMAHHS
BEJIITYNH TTAPAMETPIB, HEBCTAHOBJICHHUX 32 Pe3yJIBTaTaMH JTAO0OPATOPHOTO €KCIIEPUMEHTY.

Kio4oBi citoBa: pyiiyBanist ripchKoi IIopojiu, Bibpaitist 6ypoBOro iHCTPYMEHTY, TIOPOAOPYHHIBHUIA IHCTPYMEHT, 3HOIITYBAHHS CIIOPSKEHHS.



