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EXPERIMENTAL INVESTIGATION OF THE HANDLING

PROCESS OF POLYMERIC UNITS IN A MACHINE WITH A
COMPACTED SPACE MOVEMENT OF WORKING CAPACITY

Purpose. An experimental determination of the main technological parameters of polishing small
polymer parts with a free abrasive in the form of granules in containers that perform a complex spatial
movement.

Methodology. An experimental investigation of the processing of small polymeric parts by abrasive in
the form of free granules in a machine whose working capacities performs a complex spatial movement to
determine rational polishing conditions.

Results. On the basis of experimental research of the processing of small polymer parts in a machine
with a complex spatial motion of a working tank, a rational mode of motion of a friable working medium is
established that provides the highest intensity of polishing of parts. The intensity of execution of technological
polishing operations during the implementation of cascade and waterfall modes of the friable working
environment is shown. The mode of motion of a friable working environment is established, in the
implementation of which the intensity of polishing parts will be the smallest. It has been experimentally
established that in a capacity with proportional greater geometric parameters processing will take less time.

Scientific novelty. The regularities of the influence of the geometric parameters of the working
capacity, which performs the complex spatial motion and the modes of motion of a friable working medium,
are determined on the intensity of the process of polishing small polymer parts by abrasive in the form of free
granules.

Practical significance. The instructions for realization of the corresponding mode of movement of a
friable working medium, which provide intensive polishing of small polymer parts with a free abrasive in the
form of granules, are obtained in a machine whose working capacities performs a complex spatial movement.

Keywords: polishing, working capacity, free abrasive in the form of granules, polymeric units.

Introduction. Formation of a large number of small polymer parts of various industries,
including fittings of light industry, is caused by mechanical processing or casting. After that, the
surface of the products has significant microniness and lack of gloss. Such parts are subjected to
finishing, the essence of which is grinding and polishing their surface with a free abrasive in the form
of granules, usually in the middle of the rotational capacity [1, 2] or in the capacities of vibrating
machines [3]. These operations take up to 80% of the technological time [4]. Such processing in
machines whose working capacities perform low-performance rotary motion [5] and require a lot of
time.

Setting problem. educing the processing time can be due to the use of equipment in which
the working capacity performs a complex spatial movement, due to the fact that the working
environment in the processing process moves very rapidly.

However, to date, there are practically no guidelines for the processing of fine polymeric parts
(grinding, polishing) with a free abrasive in the form of granules in a machine which working capacity
is complicated by spatial motion [6], there is no scientifically substantiated information about the
choice of rational mode of the working environmen friable motion.
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Thus, the definition of the rational mode of movement of a friable working environment, as
well as the prediction of technological result at the design stage in the execution of the relevant
technological operations, is an urgent task to date.

Results of the study. The analysis of published works on tools and methods for processing
parts with free abrasive in the form of granules showed that the work of foreign scientists [7 — 9] on
the study of the processes of blending of friable substances in similar equipment with the complex
spatial movement of the working capacity. However, the processes of mixing friable substances and
processing small polymer parts in the same type of equipment have radically different technological
characteristics. That is why, when performing the technological processes of polishing small parts, it
is not rational to use the instructions on the processes of blending of friable substances.

In [10], mathematical dependencies between the corresponding motion regime of the friable
medium, the angular velocity of the driving shaft and the dimensional parameters of the working
capacity, which performs a complex spatial motion, are established, however, there are no guidelines
on how the friable working medium motion regime should be applied at polishing of the surface of
polymeric parts.

There are dry and wet polishing abrasive small parts free in the middle of working capacity.
During the experiment of processing of polymer parts, a method of wet polishing was used, in which
the capacity with a friable working medium was poured water to the required level.

The time taken to perform the processing operations of grinding and polishing small polymer
parts with a free granule abrasive depends on a large number of factors, the main of which are: the
movement of a friable working medium, the level of filling of the working tank, the volume ratio of
the abrasive components and the machined parts , the level of filling with bulk solids water, geometric
parameters of the working capacity, the force influence of the abrasive components on the machined
parts, the geometric shape and material, as treated products, and abrasive components, etc.

At the same time, it is impossible to take into account all the factors, therefore most of them
were accepted according to previous researches of scientists and technological regulations of
enterprises, namely: the level of filling of the working capacity was accepted by 40%, as treated
products used the workpieces of buttons made of polyester resin in diameter of 28 mm and 16 mm.
As abrasive material, ceramic triangular prisms with a length of all faces of 5 mm (Fig. 1) and fine-
grained pumice were used. The volume ratio between the abrasive material and the buttons was 2,5:
1, the level of filling with water did not exceed the level of the bulk solid. The bulk density of the
abrasive material was 1500 kg / m’.

The experiment was carried out at the facility with the possibility of changing the working
capacity. Thus, two capacities of different sizes were used. The lower working capacity with the
following geometric parameters: the volume of the container is 0,0021 m* (2,1 1), the length of the
container between the opposite ends Iy = 0,17 m, the diameter of the container d = 0,13 m. For such
a capacitance was introduced conditional scale factor n=1,54.

The greater working capacity with the following geometric parameters: the volume of the
container is 0.0082 m® (8,21), the length of the container between the opposite ends Ii; = 0,26 m, the
diameter of the container d = 0,2 m. For such a capacity was introduced conditional scale factor
n=1,54.
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Fig. 1. Abrasive material in the form of ceramic triangular prisms

During the experiment, the following factors varied: the operating modes of the friable
working environment, the size of the working capacity, and also took into account the force influence
of the abrasive components on the workpieces. The processing of the buttons was carried out on the
experimental installation of the machine, whose working capacity is made by a complex spatial
motion, the photo of which is presented in Fig. 2.

Fig.2. Photo of the experimental facility

In the first part of the experiment, the effect of changing the modes of motion of a friable
working medium on the intensity of the processing of polymer buttons was determined. Thus, the
polishing of three separate batches of polyester buttons was carried out during the implementation of
the waterfall, cascade and mixed modes of the friable working environment in the following
sequence: in the lower working capacity (n = 1), unprocessed buttons and abrasive filler were loaded
in the above ratios, the contents were flooded with water without special characteristics, the driving
shaft of the machine provided angular velocity, which is necessary for the implementation of the
corresponding mode of movement of the working environment. The angular velocity required for the
implementation of the corresponding motion regime of a friable working medium in the middle of a
capacitance of an appropriate size that performs a complex spatial motion can be calculated from the
already known equations presented in [6].

For each mode of motion the total processing time was 42 hours. During this time, the
machine stopped 7 times, samples of the buttons were taken at the 6th, 9th, 14th, 21st, 24th, 32nd
and 42nd hours of processing. It was obtained 14 samples of two types of buttons for each mode of
motion. The roughness of the surface of all 42 samples, as well as 2 unprocessed buttons and 2 control
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buttons, which passed the complete cycle of processing at the company Polyplast LLC (Ukraine,
Lviv) in an ordinary rotary tumbler, (a processing time was 30 hours), was determined in Laboratory
of Measuring Equipment MMI NTUU "KPI named after Igor Sikorsky". The roughness of the surface
was determined by two parameters: the arithmetic mean deviation of the profile R, and the highest
height of the profile inequalities Rnqx. Each measurement of the roughness parameter on one button

was duplicated 7 times.

Next, for each roughness parameter measured on one button, an arithmetic mean value was
determined, after which, with the help of Microsoft Excel, the graphic dependences of the surface

roughness on the corresponding parameter from the processing time in the form of approximated

curves were constructed, and the laws of the change of these curves were determined.
The roughness of the surface of the control raw samples and buttons, which have passed the

complete cycle of processing at the company Polyplast LLC, in two parameters is presented in Table

1.

Table 1
Control sample Ra, mkm Rmax, mkm
Unprocessed button ¥28 3,624 25
Unprocessed button @16 1,771 12,6
Processed button @28 0,092 1,8
Processed button @16 0,07 1,38

Graphic processing time dependencies of the surface roughness of the buttons for three motion
modes of working medium are shown in fig. 3 (a —d).
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Fig. 3. Processing time dependency of the surface roughness of the buttons for three motion modes of

working medium (a — the buttons with a diameter of 28 mm by the parameter R,,

b — the buttons with a diameter of 28 mm by the parameter Ruax, ¢ — the buttons with a diameter of 16
mm by the parameter R,, d — the buttons with a diameter of 16 mm by the parameter Ry.x)
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Having analyzed the graphs of dependence, presented in Fig. 3 it is established that the greatest
intensity of the processing of buttons occurs in the implementation of the mixed mode of motion, less
intensive processing occurred in the waterfall mode of motion and the smallest - at cascade mode.
According to the presented laws of changes in the approximated curves for different modes of motion
ofa friable working environment have been found that the time spent on processing polyester buttons
in the waterfall mode will be one and a half times greater during the processing of products in a mixed
mode, as well as the time spent on processing at cascade mode - three to four times greater than the
time of processing in mixed mode.

Such a pattern can be explained by the fact that during the waterfall mode of motion, due to
the fact that there is free flight of particles, the time of contact between the processed products and
the abrasive material decreases, as a result, time increases and the processing intensity decreases. A
similar situation ocures during the implementation of the cascade mode of motion, especially at very
low angular velocities of the driving shaft. In this case, though there is a constant contact between the
processed products and the abrasive material, however, the friction path that is passed by one product
over the appropriate period of time is significantly reduced.

Thus, further polishing of small polymer products with a free abrasive in the form of granules
should be performed in the implementation of a mixed mode of motion of friable working media.

In the second part of the experiment, the influence of the geometric parameters of the working
capacity on the intensity and quality of the buttons processing was determined, as well as the time
required for the performance of the processing operations of the buttons. Thus, the polishing of an
additional party of buttons in a larger working capacity was carried out (n=1,54).

The processing of 2 types of buttons performed during 32 hours. During this time the machine
stopped 6 times, samples of the buttons were taken at the 6th, 9th, 14th, 21st, 24th and 32nd hours of
processing. We received 12 samples of two types of buttons. The roughness of their surface was
determined in the laboratory of the NTUU "KPI named after Igor Sikorsky" in two parameters the
arithmetic mean deviation of the R, profile and the greatest height of the profile inequalities Ruax.
Each measurement of the roughness parameter on one button was duplicated 7 times after that, using
Microsoft Excel, graphic dependences of surface roughness were constructed with the corresponding
parameter from the processing time obtained as a result of the approximation of the experimental
data. The laws of curve change are determined and compared on one coordinate plane with a graph
of'the dependence of surface roughness from the time the buttons are processed in a working capacity
with lower geometric parameters.

Graphic dependencies of the change of the buttons surface roughness from the processing
time in two working capacities of proportional different sizes during the implementation of the mixed
mode of motion of a friable working medium are presented in Fig. 4 (a —d).
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Fig. 4. Processing time dependency of the surface roughness of the buttons for three motion modes of
working medium (a — the buttons with a diameter of 28 mm by the parameter R,,
b — the buttons with a diameter of 28 mm by the parameter Ruax, ¢ — the buttons with a diameter of 16
mm by the parameter R,, d — the buttons with a diameter of 16 mm by the parameter Ry.x)

The photo of the raw buttons, as well as the buttons that have passed the appropriate

processing time, are shown in Fig. 5.

unprocessed buttons 6 hours 9 hbufs 14 hours 21 hmjrs 24 hours 32 hours

Fig. 5. The photo of the raw buttons, as well as the buttons that have passed the appropriate processing
time

Having analyzed the graphs of dependence, presented in Fig. 4 it is confirmed that the intensity
of processing of polymer parts will be greater in working capacity with proportionally larger sizes.
Compare among themselves the Microsoft Excel equations of the roughness curves defined on the
graphs by the processing of products in working tanks with larger (n=1,54) and smaller (n=1,0)
geometric parameters, it can be noted that the processing time of the buttons at n = 7,0 will require
about 2.5 to 3 times more time than the time of processing at n = /.54 according to the parameters
according to the roughness parameters on which the quality of the processed surface was evaluated..
In addition, the time spent on processing buttons with a diameter of 16 mm to achieve this value of
roughness Ra, which corresponds to the roughness of the surface of the button treated at the company
Polyplast LLC (0,771 microns), will be approximately 25-27 hours, which is already 3 - 5 hours less
during processing in a machine with rotating capacity.

In addition, when using a machine with a flexible working capacity to perform grinding or
polishing operations on the surface of the parts and simultaneously reducing power consumption, it
is not necessary to simultaneously process two or more types of parts, including buttons, with distinct
geometric parameters. It is recommended that only one type of detail be processed in one machine.
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If there are insignificant quantities of batch products, the processing should be carried out in a

machine having a capacity with a smaller volume.
Conclusions:

1. The influence of modes of movement of a friable working medium in the middle of the tank
on the intensity and quality of processing of small polymer parts is investigated. It has been
experimentally established that the most intense polishing of parts by abrasive in the form of free

granules occurs when the mixed mode of motion of the working medium in the middle of the capacity,

performing a complex spatial movement, occurs.

2. The influence of geometric parameters of the working capacity on the intensity and quality
of processing of small polymer parts is investigated. It has been experimentally established that in a
capacity with proportional greater geometric parameters processing will take less time.

Jlitepatypa
1. [Tepmun B. @. IlepepaboTka chImydnx MaTepHaoB
B MammHax OapaGannHoro Ttuma / Ilepmmn B. @.,
Opnoneko B. I, [lepmuna C. B. // Monorpadus — M.
Mammnocrpoenue, 2009. — 220 c;
2. Banyiickuii B. . IlpoaBmxenue chlmydnx
MPONYKTOB 4epe3 HakJIOHHBIA Oapaban / B
Banyiickuii // 3Bectust By30B. [InmeBast TeXHOIOTHA.
—1965. —Ne 1. - C. 139 — 142;
3. lllymaxosa T. A. UHCTpyMEHT JUIs
BHOpoabpa3uBHOU 00paboTKU Aeraneii: MoHorpadus /
T. A. lllymakoBa, B. . lanosanos, 0. U. I'ytbko;
Bocrounoykp. Ham. yH-T um. B. Mans. - Jlyrauck:
Hoymumx, 2011. - 59 ¢;
4. bypwmicrenkoB O.I1. BupoOHUIITBO IMTHX neraneit
Ta BHPOOIB 3 MOJMIMEPHUX MaTepiaiiB y B3yTTEBIH Ta
HIKiprajJasTepeiiHii mpoMHuciIoBocTi: MoHorpadis /
[Tig 3ar. pen. B.I1. Konosana. — Xmeneuunpkuii: XHY,
2007.—255c;
5. Komun B.A., Makapo B.JI., PocroBies A.M.
O06paboTtka n3nenuii u3 miacrmacc. - M.: Xumus, 1988.
-176 c;
6. [Tatent Ne109083, MIIK BO1F 11/00, B24B 31/00.
Maimuna ass 06pobku geraneit / 3amoboBebkuiit M.I'.,
ITanaciok 1.B., 3asBHUK Ta naTeHTOBIaCHUK KHiBChKUM
HaIllOHAJIbHUK YHIBEPCUTET TEXHOJOTIH Ta OU3aifHy -
Neu201601467; 3asB. 18.02.2016, omy6. 10.08.2016,
Oroi1. Ne 15;
7. M. Marigo. Discrete Element Method Modelling of
Complex Granular Motion in Mixing Vessels:
Evaluation and Validation: dissertation EngD / M.
Marigo. - The University of Birmingham, UK., 2012;
8. M. Marigo, D. L. Cairns, M. Davies, M. Cook, A.
Ingram, E. H. Stitt. Developing Mechanistic
Understanding of Granular Behaviour in Complex
Moving Geometry using the Discrete Element Method.
Part A: Measurement and Reconstruction of
TurbulaMixer Motion using Positron Emission Particle

30

References
1. Pershin, V., Odnolko, V., & Pershina, S. (2009).
Pererabotka sypuchikh materialov v mashinakh
barabannogo tipa [Processing bulk materials in
drum type machines]. Moscow: Mashinostroenie
[in Russian];
2. Valuiskii, V. (1965). Prodvizhenie sypuchikh
produktov cherez naklonnyi baraban [Promotion of
bulk products through an inclined drum]. Izvestiia
vuzov. Pishchevaia tekhnologiia — News of
universities. Food technology, 1, 139 — 142 [in
Russian];
3. Shumakova, T., Shapovalov, V., & Gutko, Iu.
(2011). Instrument dlia vibroabrazivnoi obrabotki
detalei: monografiia [Vibro-abrasive machining
tool: monograph]. Lugansk: Noulidzh [in Russian];
4. Burmistenkov, O. (2007). Vyrobnytstvo lytykh
detalei ta vyrobiv z polimernykh materialiv u
vzuttievii ta shkirhalantereinii promyslovosti:
monohrafiia [Manufacture of cast details and
articles of polymeric materials in the shoe and
leather industry: monograph]. Khmelnytskyi:
KhNU [in Ukraine];
5. Kopin, V., Makarov, V., & Rostovtcev, A.
(1988). Obrabotka izdelii iz plastmass [Plastics
processing]. Moscow: Khimiia [in Russian];
6. Zaliubovskyi MG, Panasiuk I'V (2016). Mashyna
dlia obrobky detalei. [Machine for processing
parts]. Ukrainian patent, no. 109083;
7. Marigo, M. (2012). Discrete Element Method
Modelling of Complex Granular Motion in Mixing
Vessels: Evaluation and Validation: dissertation
EngD. [in English];
8. Marigo, M., Cairns, D., Davies, M., Cook, M.,
Ingram, A., & Stitt, E. (2010). Developing
Mechanistic Understanding of Granular Behaviour
in Complex Moving Geometry using the Discrete
Element Method. Part A: Measurement and


http://www.irbis-nbuv.gov.ua/cgi-bin/irbis_nbuv/cgiirbis_64.exe?Z21ID=&I21DBN=REF&P21DBN=REF&S21STN=1&S21REF=10&S21FMT=fullwebr&C21COM=S&S21CNR=20&S21P01=0&S21P02=0&S21P03=A=&S21COLORTERMS=1&S21STR=%D0%A8%D1%83%D0%BC%D0%B0%D0%BA%D0%BE%D0%B2%D0%B0%20%D0%A2$
http://www.irbis-nbuv.gov.ua/cgi-bin/irbis_nbuv/cgiirbis_64.exe?Z21ID=&I21DBN=REF&P21DBN=REF&S21STN=1&S21REF=10&S21FMT=fullwebr&C21COM=S&S21CNR=20&S21P01=0&S21P02=0&S21P03=A=&S21COLORTERMS=1&S21STR=%D0%91%D1%83%D1%80%D0%BC%D1%96%D1%81%D1%82%D0%B5%D0%BD%D0%BA%D0%BE%D0%B2%20%D0%9E$

ISSN 1813-6796 print

Mexamponni cucmemu. Enepeoepexmuenicmos ma

. Pecypcozbepesrcennsn
ISSN 2617-9105 online . .
BICHHK KHYTI N2 (132), 2019 Mechatronic L?ystems. Energy Efficiency &
Resource Saving

Tracking, CMES: Computer Modeling in Engineering
& Sciences, Vol. 59, No. 3 (2010), pp. 217-238;

9. C. Mayer-Laigle. Mixing dynamics for easy flowing
powders in a lab scale Turbula mixer / C. Mayer-Laigle,
C. Gatumel, H. Berthiaux // Chemical Engineering
Research and Design Volume 95, March 2015, P. 248-
261;

10. I. Panasyuk. Driving machine shaft angular velocity
impact on motion conditional change of granular
medium in working reservoir for components
compounding and process / Igor Panasyuk, Mark
Zalyubovskiy // Metallurgical and Mining Industry —
2015. — Ne3. — P. 260-264.

ZALIUBOVSKYI MARK
markzalubovskiy@gmail.com

ORCID: https://orcid.org/0000-0001-6258-0088
Open University of Human Development « Ukrainey

SMIRNOV YURIY

ysmirnov.03@gmail.com

ORCID: https://orcid.org/0000-0003-2303-9832
National Aviation Universit

Reconstruction of TurbulaMixer Motion using
Positron Emission Particle Tracking. CMES:
Computer Modeling in Engineering & Sciences.
[in English];

9. Mayer-Laigle C., Gatumel, C., & Berthiaux, H.
(2015). Mixing dynamics for easy flowing powders
in a lab scale Turbulamixer. Chemical
Engineering Research and Design. [in English];
10. Panasyuk, 1., Zalyubovskiy, M. (2015). Driving
machine shaft angular velocity impact on motion
conditional change of granular medium in working
reservoir for components compounding and
process. Metallurgical and Mining Industry, Vol. 3,
260 — 264 [in English];

IGOR PANASYUK

panasjuk196 1 @gmail.com

ORCID: https://orcid.org/0000-0001-6671-4266
ResearcherID: D-4255-2017

Kyiv National University of Technologies & Design
KLAPTSOV YURIY

klaptsov.y@knutd.com.ua

ORCID: https://orcid.org/0000-0002-1731-5733
Kyiv National University of Technologies & Design

MALYSHEV VICTOR
viktor.malyshev.igic@gmail.com

ORCID: https://orcid.org/0000-0003-2756-3236
Open University of Human Development « Ukrainey

EKCIIEPUMEHTAJIBHE JOCJIJI)KEHHS ITPOIIECY OBPOBKH JIPIBHUX
MOJIMEPHUX JETAJIEN B MAIIIUHI 31 CKJIAJJTHAM ITIPOCTOPOBUM PYXOM
POBOYO0I EMKOCTI
3AJIIOBOBCHKHUH M. T.!, TAHACIOK 1. B.2, CMIPHOB I0. 1.3, KJIAIII{OB I0. B.2,
MAJIMIIEB B. B.!,

! Biokpumuii misicnapoonuii ynisepcumem po3sumxy moouHu « Vkpaina»

2 Kuiscokuii nayionanshuil yuisepcumem mexnonozit ma ousaiiny
3Hayionanvnuil asiayitinuii ynieepcumem

Mema. Excnepumenmanvhe 6usHA4eHHs OCHOBHUX MEXHON0TYHUX NAPAMEmMPIE NONIPYEAHHS OPIOHUX
nonimMepHux Oemanell GiNbHUM aAbOPA3UBOM y Guenali 2pamyn y €MKOCMAX, WO BUKOHYIOMb CKAAOHULL
nPOCmMOoposuUll pyx.

Memoouxka. Ilposedeno excnepumenmanbhe OOCHIOMNCEHHS npoyecy 00poOKu OpiOHUX NOAIMEPHUX
Oemanetl abpasueom y 6unsioi GilbHUX SPAHYNl 6 MAuiuni, poboya €MKOCMI 5KOi BUKOHYE CKIAOHUILL
NPOCMOPOBULL  PYX, 01 GUSHAYUEHHSA PAYIOHATLHUX YMOG HONIPYBAHHS, De3VIbmamu eKCnepumeHmy
CUCMEeMamu308aHo 3a O0NOMO2010 Npocpamno2o 3abesnevents Microsoft Excel-2016, no6ydosano 6ionogioui
epagixu Ha oCcHOGI anpoxcumayii OaHuXx.

Pesynomamu. Ha ocnogi npogedenoco excnepumeHmanvbHo20 OO0CHiONCeHHs npoyecy 00pooOKu
OpibHUX nonimepHux demanell 8 MAWUHI 31 CKIAOHUM NPOCTNOPOBUM PYXOM POOOUOI EMKOCTI 8CIMAHOBIEHO
PAYIOHATbHULL PENHCUM PYXY CUNKO20 POOOU020 cepedosuiya, AKUll 3abe3nedye HatOinbuly iHMeHCUBHICb
nozipyeanus demaneu. Ilokazano iHMEHCUBHICMb GUKOHAHHA MEXHONIOIYHUX ONepayitl NOAIPYEAHHS NpU
peanizayii KackaoHo2o ma 8000CHAOHO20 DENCUMIB PYXY CUNK020 pobou020 cepedosuuja. BcmanosieHo
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pedicum pyxy cunko2o pobouo2o cepeooguwa, npu peanizayii K020 IHMeHCUBHICMb NOJPYEAHHs Oemanet
oyoe Hatimenwioro. ExcnepumenmanvHo 6cmanoéneHo, wjo 6 €MKOCmi, KA Mae NponopyitiHo Oinbuli
2eoMempuyHi napamempu, npoyec 06poOKU 3atmamume MeHule 4acy.

Haykoea noeusna. Bcmanosneni 3aKOHOMIpHOCMI 6NIUGY 2e0MEMPUYHUX napamempie poboyoi
EMKOCMI, WO UKOHYE CKIAOHUL NPOCMOPOBULL PYX MA PEdCUMI8 pYXy CUNKO20 pobOoY020 cepedosuuja Ha
IHMEeHCUBHICb NPoYecy NOAPYEants OPIOHUX ROTIMEPHUX Oemaneli abpa3usom y Uil GilbHUX ePAHYIL.

Ilpakmuuna 3nauumicmes. Ompumani HACMAHOBU WOO00 peanizayii GiONOBIOHO20 DENCUMY DYXY
CUNKO20 poboUu020 cepedoguiya, wo 3abe3neyyioms iHmeHcugHe NOXIPy8aHHs OPIOHUX NOTIMEpHUX Oemaneti
BINLHUM AOPAZUBOM Y 8UNADT SPAHYI 8 MAWUHT pOO0UA EMKOCMI AKOI GUKOHYE CKAAOHUU NPOCHOPOBULL DYX.

Knwuoei cnosa: nonipysanms, poboua emkicms, 8inbHull abpazus y Gueisioi 2panyi, noaimepHi oemaii.

SKCHEPUMEHTAJBbHOE UCCJEIOBAHUE MPOIIECCA OBPABOTKH MEJIKAX
MOJIMMEPHBIX JETAJIEl B MAIIMHE CO CJIOKHBIM MPOCTPAHCTBEHHBIM
JIBUKEHUEM PABOYEl EMKOCTH
3AJTIOBOBCKHUI M. T.!, TAHACIOK . B.2, CMAPHOB I0. 1.3, KJIAMIOB 10. B.2,
MAUJIBIIIEB B. B..,
10prblmblﬁ Me.WC()yHClpO()Hbluv YHUeepcumem pazeunus 4ejioeexkd «YKpauHa»

?Kuesckuii nayuonanbiblil ynusepcumenm mexnono2uti u Ou3aina
3Hayuonanouuiii asuayuonnstii ynueepcumen

Iens. Dxcnepumenmanvroe onpeoenenue OCHOBHbIX MEXHOIOSUYECKUX Napamempos NOIUPOBAHUS
MENKUX NONUMEPHbIX Oemariell c60000HbIM abpa3UEOM 6 8UOe SPAHYI 8 eEMKOCMSAX, GINOTHAIOUUX CTOINCHOE
NPOCMPAHCMEEHHOE OBUICEHI.

Memoouxa. Ilposedeno sKcnepumenmanbHoe uUccie0osanue npoyecca 00OpaOOMKU  MeIKUX
noauMepHuIX Odemaineil abpasueom 6 eude CGOOOOHBIX ZPAaHYI 6 MauiuHe, pabouas emKOCmb KOMOpOU
BBLINONHAEI  CNIOJICHOE HPOCMPAHCMEEHHOe O8udiceHue, Ol  ONpeoeleHuUs PAyUOHATbHBIX  VCI08ULL
NOAUPOBAHUS.

Pesynomameut. Ha ocrose nposedennoeo IKCnepUMEHMAIbHO20 UCCIe008AHUs npoyecca 00pabomKu
MEIKUX NOTUMEPHBIX Oemaell 8 MAuUHe CO CLONCHBIM NPOCIMPAHCIMBEHHBIM 08UdCEHUeM paboyell eMKOCmU
YCMAHOBNEHO PAYUOHAIbHBLL PENCUM OBUICEHUSI Cbinyuell pabouell cpedvl, KOmopwlii obecnevusaem
HAUOONLULYIO — UHMEHCUBHOCMb — Noauposanusi  demaneti.  Ilokazano  UHMEHCUBHOCMb — BbINOJIHEHUS.
MEXHONIOSUYECKUX ONnepayuti NOAUPOBAHUS NPU PeAnU3AYUU KACKAOHO20 U B0OONAOHO20 PEHCUMOB OBUINCEHUS.
coinyuell paboueti cpedvl. Ycmauosnen pexcum O0BUdICeHUsl cuinyuel pabouel cpedvl, Npu peanuzayuu
KOMOPO20 UHMEHCUBHOCTb NOIUPOBKU Oemaliell 6yoem HaumeHbulel. IKCNePUMEHMAIbHO YCMAHOBLEHO, YO
8 eMKOCMU, KOMOopas umeem nponopYUOHAIbHO O0IbuULILe 2e0MempUiecKue napamempsl, npoyecc 0opabomku
0yOdem 3aHUMamMb MeHblULE BDEMEHU.

Hayunan mHoeusna. Ycmanogienbl 3aKOHOMEPHOCMU GIUSAHUA 2e0OMempUdecKux napamempos
pabouetl eMKocmu, GbINOAHANOUEU CIOHNCHOE NPOCIMPAHCIMBEHHOE OBUNCEHUE U PEHCUMOB OBUINCEHUSL CHINYYell
pabouetl cpedbl Ha UHMEHCUBHOCHb NPOYECCA NOTUPOBKU METKUX NOJUMEPHBIX Oemanell abpazueom 6 guoe
CB0OOOHDIX 2PAHYIL.

Ilpakmuueckas 3nauumocmo. I[lonyuennvlie YCMAHOBKU NO Pearu3ayuu  COOMEEmcmeyoue2o
pexcuma 0sudicenus coinyuel paboueil cpedvl, obecneuugaiowue UHMEHCUBHOEe NOTUPOBAHUE METKUX
HOMUMEPHBIX Oemdanell c80DOOHbIM abpA3U6OM 8 Gude 2PAHYI 8 MawluHe, paboudas emMKOCMmb KOmOopou
BbINOIHAEN CIIONHCHOE NPOCMPAHCNBEHHOE OBUMNCEHUE.

Knrwouesvie cnosa: nonuposanue, pabouas emkocms, c60000HbLIL AOPA3UB 8 8UOe 2PAHYI, NOTUMEPHbIE
oemanu.
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