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PRODUCTION OF PVC REGRANULATES BASED ON PLASTICIZERS
FROM RECYCLED POLY(ETHYLENE TEREFTALATE) (PET)

This paper presents methods for the synthesis of glycolysates from recycled poly
(ethylene terephthalate) (PET) by depolymerization using diethylene glycol (DEG) in the
presence of FASCAT 4100 catalyst, followed by a treatment with maleic anhydride, and finally
with 2-ethylhexanol (2-EtHex), which resulted in product 2-EtHex/MA/DEG/PET/EG/MA/2-
EtHex, intented for the use as a plastisizer. Furthermore, synthesis of plasticizer triacetin was
performed using Amberlyst 15 as catalyst. The obtained glycolysates and plasticizers were used
for the production of regranulate based on waste poly(vinyl chloride) (PVC) to obtain an
expanded mass of PVC homogenized with glycolysate/plasticizer. After that, additional
homogenization and regranulation is performed using a twin-screw extruder. These procedures
and test results of the obtained regranulates and products indicate that the proposed technology
offers a solution to the problem of waste PET and PVC through transesterification in order to
obtain  glycolysates based on PET and DEG, as well as plasticizers 2-
EtHex/MA/DEG/PET/EG/MA/2-EtHex used in the processing of PVC waste into regranulates.

1. INTRODUCTION

Global consumption of plastic materials has increased dramatically in recent
years. Recycling is the most widely used method of dealing with waste plastic and
preventing plastic pollution in the environment [1]. Mechanical recycling is a
physical process in which plastic waste is cut, shredded, or washed into granulates,
flakes, or pellets of appropriate quality for manufacturing, and then melted to make
items by extrusion. The reproduced material can also be blended with neat material
to improve results [2].

The properties of virgin and recycled thermoplastics, recycling techniques,
and applications of various types of thermoplastic products such as HDPE, LDPE,
PVC, PET, and polypropylene (PP) with improved properties based on
modifications using environmentally friendly materials for sustainable use to save
human existence from threats of ecological and social degradation [3]. There are
various recycling technologies for materials such as iron, steel, aluminum, and
other metals, pulp and paper, plastics, glass, building materials, industrial
byproducts, and others, as well as various recovery and collection methods [4].
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Spectroscopic, morphological, and rheological properties of recycled
polyethylene terephthalate (PET), polyethylene (PE), and polyvinyl chloride
(PVC) polymer blends were investigated. Different mixtures of these polymers
were created by varying the composition of PET. Each recycled mixture contained
recycled polymers as well as the compatibilizer ethylene propylene diene monomer
(EPDM). According to rheological characterization, the melt flow index (MFI)
decreases with increasing PET concentration in PE/PET/PVC recycled mixtures. It
has also been discovered that the PET content of recycled mixtures increases,
resulting in pseudoplastic behavior [6].

PET glycolysis is one of the most studied PET depolymerization processes
[7]. In the absence of catalysts, however, this is extremely slow. PET glycolysis
was carried out in the presence of metal acetates [8, 9], titanium phosphate [10,
11], solid superacids [12, 13], metal oxides such as NiO, Fe;Os, or TiO,, and other
additives. PET depolymerization can be accomplished through a variety of
methods, including hydrolysis, aminolysis, and alcoholism. Alcoholism is
accomplished through the use of ethylene glycol, diethylene glycol, propylene
glycol, and dipropylene glycol [12].

The research looked at the thermal and mechanical properties, as well as the
chemical structure, of four different polymers (PE, PP, polyASA, and PVC) to see
if recycled polymers have the same properties as the original polymers and can be
used in the same applications. The amount of stabilizers in recycled polymers was
significantly less than in virgin polymers, indicating that not enough stabilizers
were added during the recycling process [14].

M. E. Elsiddig et al. created shoe soles out of recycled plastic waste. PVC
(polyvinyl chloride) waste injection and extrusion grades were mixed with three
different formulations, and the optimal PVC mixture composition (extrusion /
injection; 70/30) provided good mechanical and physical properties of the soles
[15]. Shoe soles made of polyvinyl chloride and organic cellulose were also
manufactured [16].

The tests given in this work are designed to evaluate the mechanical
properties of PVC utilizing PET plasticizers. PET plasticizers were characterized
using Fourier transform infrared spectroscopy (FTIR) and NMR spectroscopy. The
plasticizer added in this way is intended to improve the PVC material's mechanical
qualities.

2. EXPERIMENTAL PART

2.1. Materials

To remove all traces of impurities and residual adhesives, the PET waste
was cut into small pieces and washed with detergent and ethanol. For waste PET
depolymerization, diethylene glycol - DEG - and Fascat 4100 catalyst were used.
For the synthesis of plasticizers, maleic anhydride (MA) (Sigma-Aldrich,
Germany), 2-ethyl-1-hexanol (RKS Composites), glycerin and acetic acid (Zorka
Pharma, Serbia) were used.
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2.2. Synthesis of PET-based plasticizers (2-(2-(((E)-4-((2-ethylhexyl)oxy)-4-
oxobut-2-enoyl)oxy)ethoxy)ethyl (2-(((E)-4-((2-ethylhexyl)oxy)-4-oxobut-2-
enoyl)oxy)ethyl) terephthalate; 2-EtHex/MA/DEG/PET/EG/MA/2-EtHex)

PET-based plasticizer was synthesized by depolymerizing diethylene glycol
(DEG) modified with maleic anhydride and 2-ethyl hexanol as follows: In a 100-
liter reactor, 5.12 kg of diethylene glycol was gradually added to previously
measured PET (16.7 kg, 86.1 mol). The reaction is carried out over 4 hours with a
gradual increase in temperature to 205-210 °C from the time all PET is dissolved,
and 0.15 kg of Fascat 4100 is used as the reaction catalyst. The reaction mixture is
cooled to 90 °C after glycolysis, and nitrogen is introduced via the internal middle.
Hydroquinone dissolved in absolute methanol was added (7 g in 1 ml of ethanol,
0.02 wt. %), followed by 17 kg of maleic anhydride (MA, 173.3 mol). The reaction
is carried out for 30 minutes at 90 ° C before gradually increasing to 150 °C. When
the temperature reached 150 °C, 22.54 kg (173.4 mol) of 2-ethyl hexanol was
added. To aid the esterification reaction, 0.189 kg of tetrabutyl titanate (0.3 %
TBT) was added. After 1 hour of esterification, toluene was added to remove
azeotropic water, and the temperature was raisen to 210 °C. When 2.8 1 of water
(expected 3.23 1) was removed from the reaction mixture, the nitrogen bond was
removed and the reactor was vacuumed and distilled until the temperature dropped
to 90-100 °C (distillate ceases to separate).

2.3 Synthesis of triacetin (propane-1,2,3-triyl triacetate, TAC)

Synthesis of triacetin was performed using Amberlyst 15 catalyst. In the 10 |
four necked round bottom reactor equipped with Dean-stark separator, mechanical
stirrer, nitrogen gas inlet tube, condenser and thermometer were added 1.84 kg (20
mol) of glycerol, 4.2 kg (70 mol) of acetic acid and 100 g of an acid ion exchange
resin (Amberlyst 15, Merck), After addition of 500 ml of cyclohexane the reaction
mixture was heated at 90 ‘C. After 24 hours, the reaction mixture had an acid
number of 24 and the reaction temperature was increased to 100 °C. The
esterification catalyst was separated off by filtration and was kept for further use.
The cyclohexane was distilled off, and residual solution was distilled at vacuum (1-
2 mm Hg) at a product temperature of 70-72 °C. The faint yellow TAC was
obtained in 96% yield (viscosity 21 s in a DIN cup 4 at 20 °C). The results of
elemental analysis, FTIR and NMR data are in accordance with literature.

2.4. Methods of characterization

FTIR (ATR-FTIR Nicolet iS10 (Thermo Scientific) spectrophotometer was
used to analyze the structural properties of the obtained glycolysis based on PET
with a resolution of 4 cm™).

'H and BC NMR analysis — *H NMR spectra were recorded on a Bruker
Avance 111 500/125 MHz instrument, with 1H NMR spectra recorded at 500 MHz
and *C NMR spectra recorded at 125 MHz. Spectra were collected in 5 mm
cuvettes filled with deuterated chloroform (CDCls) or deuterated
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dimethylsulfoxide (DMSO-dg) at room temperature. Chemical shifts in *H NMR
spectra are expressed as ppm (8) values relative to TMS (tetramethyl silane) and
solvent residual signal in 3C NMR spectra. The acid value (AV) was evaluated
according to ASTM D3644, while hydroxyl value was determined according to
standard acetic anhydride method. Elemental analysis was performed using Vario
EL 111 CHNOS Elemental Analyzer.

3. RESULTS AND DISCUSSION

In the first step of PVC re-granulate production a plasticizer, based on PET
glycolysis and TAC, was synthesized. The probable structural formula of 2-
EtHex/ MA/DEG/PET/EG/MA/2-EtHex plasticizer with numeration of the atom of
interest is given on Figure 1.
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Figure 1. The most probable structure of 2-EtHex/MA/DEG/PET/EG/MA/2-
EtHex plasticizer

2

FTIR spectrum of 2-EtHex/MA/DEG/PET/EG/MA/2-EtHex plasticizer is
given on Figure 2.
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Figure 2. FTIR spectrrurh of the synthetized 2-
EtHex/MA/DEG/PET/EG/MA/2-EtHex plasticizer

Figure 2 depicts representative FTIR spectra of synthesized PET-based
plasticizers. The structural changes after waste PET depolymerization and
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esterification with MA and 2-ethyl hexanol were identified using FTIR
spectroscopy. The low absorbance due to hydroxyl group indicate successful
esterification with 2-ethyl-1-hexanol. Aromatic C-H stretching vibration was
visible as a shoulder at 3056 cm™. Asymmetric and symmetric stretching
vibrations of the methyl and methylene groups were observed in the region 2957 -
2873 cm, while bending vibrations were observed at 1456 and 1377 cm™. The
band at 1716 cm™ was assigned to the stretching vibration of the ester carbonyl
group. Also, the bands at 1264, 1246 and 1099 were assigned to C-O stretching
vibration from ester and ether groups. Out-of-plane C-H aromatic deformation
vibration was noticed at 728 cm™.

Results of the *H and *C NMR analysis of the plastizicer based on product
of PET glycolysis with DEG esterified MA and with 2-ethyl-1-hexanol are:

'H NMR (DMSO-ds): 0.78-0,89, 1.00-1.03, 1.20-1.39 (m, 28H, C(14)Hs,
C(13)Hz, C(15)H,); 1.62-1.66 (m, 2H, C(12)H and C(28)H); 3.37-4.92 (m, 16H,
C(11)H,, C(27)H,, C(5)H,, C(6)H2, C(19)H,, C(20)H,, C(21)H,, C(22)H,); 6.41,
6.90 and 6.92 (m, 4H, C(8)H, C(9)H, C(24)H and C(25)H); 7.93-8.08 (m, 4H,
Hen);

13C NMR (DMSO-dg): 11.60 and 14.18 (C(14), C(18), C(30) and C(34));
23.5-23.8 (C(17), C(33), C(13) and C(29)); 39.8 (C(12) and C(28)); 61.6-69.2
(C(11), C(27), C(5), C(6), C(19), C(20), C(21) and C(22)); 129.4-130.6 (C(1),
C(2), C(3) and C(4)); 132.0-132.5 (C(8), C(9), C(24) and C(25)); 165.8-166.9
(C(7), C(10), C(23), C(26), C(35) and C(36)).

[¥a) g g NNNNNN % NNNNNNNNNNNNNNNNN & g MMMMM
838530 aRT RO NRNNMMMANHSARREARLILT TN M
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
Ay oy i b B A
|
/
i
‘ "
\
| I ‘ ’ ‘ “ "
I i
|, I ‘ i
‘ | ‘
pﬁ x LW N
\ \ NTFARIAT U W \ \
" A vl TV )W y AN
PRRE— '\___,______)Ul_JW.m ___;,‘___—____.’A\;J\J‘ JW WAL MY e A AN VU A

=

&) B = N T T

10.44/]
= 16.84
7.60

O o o
- < N _hihRNHA0OWV®MOO VO <] 1
- o

8.5 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 2:5 2.0 1.5 0 0.5

1 (ppm)
Figure 3. *H NMR spectra of the 2-EtHex/MA/DEG/PET/EG/MA/2-EtHex
plasticizer
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The structure of propane-1,2,3-triyl triacetate plasticizer is given on Figure
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Figure 4. The structure of TAC with numeration of the atoms of interest

'H NMR (DMSO-de): 1.93-1.94 (s, 6H, 2 x C(1)Hs), 1.95-1.97 (s, 3H,
C(3)Ha), 4.06-4.4.21 (dd, 4H, 2 X C(6)Hz); 5.11-5.16 (m, 1H, C(5)H).

13C NMR (DMSO-d): 20.66, C(1): 20.85 C(3); 62.33 C(6), 69.22 C(5),
170.08 C(4) and 170.39 C(2).

(?

1200

Figure 5. FTIR spectrum of the triacetin

FTIR spectrum of TAC is presented on Figure 5. Small peak, corresponding
to asymmetric and symmetric stretching vibrations of the methylene groups, was
observed at 2982 cm™, while bending vibrations were observed at 1440 and 1370
cm™. The band at 1736 cm™ was assigned to the stretching vibration of the ester
carbonyl group. Also, the bands at 1209 and 1046 were assigned to C-O stretching
vibration from ester groups.

Table 1 displays HV, AV values and results of elemental analysis of both
plasticizers.

Table 1. HV, AV values and results of elemental analysis of PET/DEG
plasticizer

plasticizer H AVexp. % %

2- 8 3.4 6 7 28.
EtHex/MA/DEG- ' 6 7 28.

TAC 1 9 4 6 44,
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1 4 6 43,

“Oxygen percent was calculated as substraction

After plasticizer synthesis the production of PVC re-granulates, using
synthesized plasticizers, was performed. First, waste PVVC floor was grinded using
a sieve with a pore size ranging from 1 mm to 20 mm. The ground waste is dosed
into a hot mixer manually (Figu

Figure 6. o mixer (10 L) for PVC melting and homogenization with
plasticizers (left) and PVC re-granulates produced by injection molding (right)

When mixing, the temperature begins at 30 °C. During the mixing process, a
plasticizer is added. A plasticizer of 2 kg of waste PVC depending on the desired
hardness. When the temperature reaches 35 °C, the plasticizer is added to a mixer,
but only for up to 5 minutes, during which it is mixed with waste PVC. The batch
1s discharged into a cold mixer when the temperature reaches 115 °C and after 40
min of homogenization. Because the mass from the upper mixer is hot and doughy,
it is converted into a floury form by cooling and bringing to a temperature of 45 °C
after being added to the cold mixer. It is then discharged from the lower mixer in a
state that allows it to be used as a raw material in the production of the final
product, i.e. regranulate. There is no waste produced during this process, and the
semi-finished product has none of the characteristics of a dangerous product and is
ready for further use and the production of final products, or it can be processed to
produce regranulate (Figure 6).

Comparisons of PVC material to which synthesized plasticizers from waste
PET were added were performed. The obtained properties are given in Tables 2
and 3.

Table 2. Characteristics of the product obtained from PVC regranulate in the
ratio of 100 kg PVC/20 kg 2-EtHEx/MA/DEG/PET/PG/MA/2-EtHex

Chemical properties
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Acids - concentrated Good
Acids - diluted Good
Alcohol Good
Bases Good
Aromatic hydrocarbons Good
Fats and oils Good
Halogens Good
Ketones Good
Mechanical properties

Elongation ASTM D638 (%) 95
Tensile strength ASTM D638 51 MPa
Bending resistance ASTM D790 56.9 MPa
Compressive  strength ASTM 512
Young’s modulus ASTM D638 3.2 GPa
Modulus of elasticity ASTM 18 GPa
Shor hardness 68

Izod toughness (J m?) 26
Physical properties

Density (g cm?) ASTM D792 1.45
Flammability Self-extinguishing
Limiting oxygen index (%) 21.7
Refractive index 1.541
Resistance to UV radiation Good
Water absorption (%) <0.6
Water absorption- within 24 h (%) 0.72

ASTM D570

Table 3. Characteristics of the product obtained from PVC regranulate in the

ratio of 100 kg PVC/20 kg (1:1) 2-EtHEx/MA/DEG/PET/PG/MA/2-EtHex: TAC

Chemical properties

Acids - concentrated Good
Acids - diluted Good
Alcohol Good
Bases Good
Aromatic hydrocarbons Good
Fats and oils Good
Halogens Good
Ketones Good
Mechanical properties

Elongation ASTM D638 (%) 98
Tensile strength ASTM D638 48 MPa
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Bending resistance ASTM D790 53.7 MPa
Compressive  strength ASTM

D695 483
Young’s modulus ASTM D638 3.0 GPa
Modulus of elasticity ASTM

D790 1.5 GPa
Shor hardness 62
Izod toughness (J m?) 23
Physical properties
Density (g cm?) ASTM D792 1.43
Flammability Self-extinguishing
Limiting oxygen index (%) 19.55
Refractive index 1.538
Resistance to UV radiation Good
Water absorption (%) <0.4
Water absorption- within 24 h (%) 0.70

ASTM D570 '

In general, according to all phyco-chemical and mechanical properteis it can
be concluded that similar behavior could be observed in relation to chemical
properteis, and better ones with respect to mechanical and physical properteis.

4. CONCLUSION

This research presented methods for waste PET depolymerization, with the
aim of synthesizing glycolyzates that were further used for the production of novel
plastisizers for waste PVC. Two kinds of plastisizers were made, and structural
analyses performed using FTIR and NMR confirmed successful depolymerization
and esterification. Elemental analysis was in accordance with the calculated
structure in both cases. After the mixing and regranulation with recycled PVC,
chemical resistance analysis showed that mixtures with both plastisizers resulted in
a final material with good chemical resistance on typical aggressive chemicals.
Mechanical tests showed that the addition of 2-EtHEx/MA/DEG/PET/PG/MA/2-
EtHex to PVC resulted in better mechanical properties, although both plastizisers
show promising results. High Young’s modulus values of 3.2 GPa for PV(C/2-
EtHEx/MA/DEG/PET/PG/MA/2-EtHex and 3.0 GPa PVC/TAC indicate that both
materials can withstand high deformation resistance. The findings from this study
prove that the recycling of PET into plasticizers and further incorporation into
another thermoplastic polymer enables sustainable production cycle, with the focus
on environmental protection and reduced dependence on oil-based chemicals.
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VOLATILITY OFWORLD STOCK EXCHANGE IN CRISIS SITUATION

The largest stock exchange today is the New York Stock Exchange (NYSE). The
consequences of the crisis and political events are reflected of the crisis and political evevents
are reflected on that stock exchange. Indices began to rise, much faster than the actual stock
prices of those same companies. Investors were attracted by the high share price and expected
further growth. The stock index is a basket of specially selected stocks. The stock exchange idex
aims to show the direction and intesity of the movements of the value of shares that make up
undex. Stock exchange indices are indicators of statistical instruments of stock exchange markets
and are displayed daily. Having these facts and indicators, the autors of this paper, by
comparative analysis of given periods, performed research and measurements in established
crisis situations. The aim of this paper is to show the function of the stock market and its
reaction. The results of the survey of bezan indices largely allow us to see the impact of stock
exchanges in the crisis period on the transmission of instability.

1. INTRODUCION

The stock exchange is the basic institution of any developed economy. The
stock exchange has an impact on economic flows, economic structures, political,
social and legal structure of developed economies. The most famous are the New
York Stock Exchange, the London Stock Exchange and the Tokyo Stock
Exchange. The characteristic for stock exchange business on a global level in 24-
hour operation. Budgets when it comes to daily trading on all stock exchange can
be expressed in hundreds of bollions of US dollars (Pordevi¢, 2015).

The New York Stock Exchange (NYSE) is the most famous and largest
stock exchange in the world. There is a main room within the parquet where shares
are traded with active shares and a smaller part of the parquet where bonds and
inactive shares are traded. Members of the stock exchange of 1366 of them can
participate on the floor in the trade of active and listet shares (Mileti¢, 2016).

All investitors who want to trade shares must give an order to a brokerage
firm. In order to execute the order, the brokerage firm contacts the commission
broker in the trading room. Commission brokers for purchase orders receive a
commission. When the commission broker overbookes the orders, he takes over
the broker on the floor who executes the orders.

The London Stock Exchange was founded in 1802. In 1995, the Alternative
Investment Market was formed on the London Stock Exchange, where young
companies that are not sufficiently developed are traded. Previously, there was a
market for opinions on foreign exchange, stock, stocks and indices. It is now part
of Eunext.

The Tokyo Stock Exchange was founded in 1878 and is the largest stock
exchange in Japan and Asia. Bonds, stocks and financial derivates are traded on the
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Tokyo Stock Exchange. It is divided into three parts. The first includes shares of
the most famous and highest quality companies. The second represents stock with
milder listing criteria. The third includes the turnover of foreign securities.

2.  STOCK EXCHANGE INDICES

Stock market indicies are indicators that summarize the performace of stock
markets and are most ofen formed and presented on a daily basis. The importance
of one stock exchange index is reflected in the fact that its movement shows the
percentage change of the entire stock market. Having these fact in mind, the autors
processed the tree most important stock exchange indices in the period from 2005
to the beginning of 2022. Comparative analysis of empirical data yields the results
that will be presented in this paper.

The Standard & Poor’s 500, hereinafter referred to as the S&P 500, in the
world’s most famous stock exchange index. It is the best measure of the American
stock market. This stock exchange index in the basket unites 500 leading
companies from the United States.

Dow Jones Industrial Average hereinafter referred to as DJIA. It was creted
by the editor of the Wall Street Journal, Charles Dow. DJIA is the oldest market
index in the United States. It has existed since 1897, when it was used to calculate
the average of activities such as industry and railways. Today, an average of 30
shares of the strongest industial companies are expressed.

The Nikkei was first introduced in 1949. Represents the average share price
on the Tokyo Stock Exchange 225 shares are used to calculate it. The possibility of
replacement annually is 6 shares. Six stocks come in and six come out of the
package.

3. RESULTS

The research was conduced on the basis of public data from the site
www.macrotrends.net. Data were taken for the period from 2005 to the beginning
of 2022. The parameters of all indicies were taken at the close of each year.

NIKKEI & DJIJA

40000

35000
30000
25000
20000
“—/
15000 /
10000 = N

5000
0

RS

H o AN B OB 0O DN DD
H D P S DS S D S
A S S S ST S S

©
N
D

A
2
D

%
s
2

S N e V)
S
e i

DIUA NIKKEI

Figure 1.: Trends in Nikkei and DJIJA index in the period from 2005 to the
beginning of 2022 (source: to the autor based on data www.macrotrends.net)

Figure 1. je shows the movement of the DJIJA an Nikkei indices in the
period from 2005 to the beginning of 2022. Based on the above, we can see that te

22


http://www.macrotrends.net/
http://www.macrotrends.net/

crisis siuation that began with the economic crisis at the end of 2002 has a
signifcant impact on the decline of the stock indices DJIJA and Nikkei index there
was a decline in 2012. After this period, both stock exchange indices have been
growing until the crisis situation caused by Covid-19 pandemic at the end of 2019.
After this fall, the indices rose again.
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Figure 2.: Trends in the Nikkei and DJIJA index in the period from 2002 to
2014 (source: to the author based on data from www.macrotrends.net)

In figure 2. due to a clearer overview, the observatio was made in the period
from 2005 to 2014. In this view, we see the decline of the index until 2009. The
Nikkei had a significant drop in 2012.

In figure3. the autor also show the period from 2015 to the beginning of
2022. The indices had a decline in 2019, and then the value of the presented stock
exchange indices continuosly increased. These two indices were taken for
comparasion due to similar values.

DJUJA & NIKKEI

40000

35000
30000
25000
20000

———
15000

10000
5000

o
2015 2016 2017 2018 2019 2020 2021 2022

DIUA NIKKEI

Figure 3.: Trends in the Nikkei and DJIJA index in the period from 2015 to
the Dbeginning of 2022 ( source: to the author based on data
fromwww.macrotrends.net)

The following iteration in figure 4. shows the movement of the world’s most
famous stock exchange index, the S&P 500. This index has been specially treated
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by the author because it represents the 500 most important companies in the United
States. It can also serve as a general example of market reaction to crisis situations.
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Figure 4.: Movement of the S&P 500 index in the period from 2005 to the
beginning of 2022 (sorce: to the author based on data from www.macrotrends.net)

The S&P 500 index responds to crisis situations from 2008 to 2010 it
recorded a decline in the index, followed by growth. The decline in the index is
also noticeable during the Covid-19 pandemic. This is followed by a sharp rise in
the index until the beginning of 2022. The crisis caused by war in Ukraine will be
the subject of future research in order to have a clearer view of the reaction of
stock exchange indices.

4. DISCUSSION

The aim of the research and development of this paper is to show the
reaction of stock excange indices in crisis situations. Based on this research, we
can see that the well-know world stock exchange indices recover quickly after
crisis situations, and then their growth starts. This is important for future investors
to have a clear picture of index movements and market reactions. In the long run ,
investing trough stock is profitable because after the crisis, the market recovers and
grows.

The Belgrade Stock Excange has two indices BELEXIine and BELEX15.
BELEXIine is positioned as the basic index of the Belgrade Stock Exchange with
the aim of describing capital movements as accurately as possible. This index most
accurately determing the capital market because it includes the 100 best shares in
its basket. According to the rules, there can be between 70 and 150 companies in
this basket, the condition for inclusion in this basket is that shares were traded for
at least of one hundred trading days in the previous four months, says MaliSi¢
(2007).

BELEX15 is a market capitalization weighted index, which is not adjusted
for dividend payments. It is not protected from the dilution effect that occurs due to
the payment of dividends. BELEX15 is weighted exclusively by the market
capitalization that is in free float. BELEX15 consists of shares that are traded by
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the method of continuous trading and that have met the criteria for entering the
index basket, belives Mileti¢ (2016).

5. CONCLUSION

Stock market operations are the basic indicators of the financial market in
every country. The development of stock exchange business creates chances for
the development of the entire economy. Indices S&P 500, Nikkei, DJIJA show us
how the market reacts in developed countries and how the market itself overcomes
crisis situations.

During the Covid-19 pandemic, many stocks fell unrealistically, and with
the exit from the isolation of individual countries, the indices recorded
consolidation and then growth. The best time to invest in the stock market is when
many withdraw funds under the emotions that currently overwhelm them. Long-
term investments in stocks is always very profitable. This will be the topis of some
of the future works where the autor will compare stock market indices, values and

yields ogf gold and precious metals.
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INFLUENCE OF ERP IMPLEMENTATION ON FOUNDRY EFFICIENCY

In this paper the role of ERP (Enterprise Resources Planning) computer program in the
production of pressure cast parts for the automotive industry is analyzed. The monitoring of
engine holder casting has been done by phases in order to record and select the scrap by the
place of appearance. The characteristic tests are performed on the holders as well as on the steel
sleeves after the heat treatment simulation. On the basis of the lab tests, it is determined that the
causes of scrap occurring lie in the choice of melting temperature of melted aluminum. The
whole production process monitoring is important for the increase of financial effects through
the lowering of scrap and savings on tool costs, as well as for lowering of indirect losses during
the machine delay.

Faulty and for proper use unusable castings, which do not fulfill the norms
or with the buyer agreed terms of delivery, represent the scrap [1, 2]. In the
foundry, the scrap is manifested in material, energy and labor loss. During the
pressure casting of Al die casting carriers, steel sleeves are suffused into them and
a thread is cut in afterwards. During the cutting of the threads not only the wear of
the cutter is observed but also their breaking. As a consequence of that, not only
that the costs are rising (the price of cast also) but from quality casted carriers
scrap is often made. The goal of ERP implementation is monitoring of the
production supply (unfinished production).

The implementation of ERP is analyzed on the example of one foundry of
pressure casting. In this foundry, the pressure casting equipment was installed,
capacity of 250 casts per day.

A few years ago, a special automatized and robotic production cell was bought.
The crucial factor in making the decision for acquiring this equipment was the fact
that in the car industry a trend of increasing number of Al castings was noticed [3].
Beside small mass, anticorrosive and good mechanical characteristics are also
expected from those castings. Also, additional education of the responsible foreman
and workers on melting and casting is required. The goal was to predict the
conseqguences of possible technological indiscipline and/or work disregard.

After adoption of production process and successful first series, the
problems occurred during the machining of castings by cutting the threads in
suffused metal sleeves. Therefore, detailed tracking of the whole production
process was performed with the usage of ERP. It is important to lead the
technological process in that way that the casting reaches satisfactory mechanical
properties in casted condition, that means without additional heat treatment.

Beside the chemical compound and structure of alloy, it is important to
uphold the temperature of casting alloy in determined limits. The optimal
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temperature of alloy depends primarily on the procedure of pressure casting,
choice of casting tool temperature, as well as on the shape and dimensions of cast.

Geometric-dimensional characteristics with strict tolerance measures are
required from the carriers (together with sleeves) is shown in fig. 1. Car engine part
carriers are made by pressure casting of Al-alloy marking AISi9Cu3(Fe)L226 [4]
made from secondary aluminum. Ingot is melted at ~ 780 °C and the recommended
temperature of alloy pouring into cast is between 680 to 710 °C. Thereby, the alloy
suffuses around two steel sleeves. The casting is being cooled with oil emulsion to
~ 300 °C and after that on air. The needed temperature of tool and suffusing system
goes from 200 to 250 °C. The whole procedure is automatized. Machining of
carriers by thread cutting into steel sleeves is done on the machine with two heads;
the threads are cut in simultaneously. Two steel sleeves are suffused in the carrier
(and a thread M18%1,5 mm is cut in afterwards). According to [5] in the annealed
state of delivery this steel (C45E+A) must have hardness max 207 HB, and in
normalized (C45E+S) max. 255 HB. Measured hardness varies from 250 to 270 HB
during which it was not noticed that there is any influence of the place of testing on
the measured values.
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Fig. 1 The Aluminum carrier design with its geometric-dimensional
characteristics

It is noticed that during the cutting in the M18 thread into the sleeves, some
breaking of the cutter occurs. Sometimes the cutter gets broken after 20 threads or
its cutting edges get damaged. The image of broken and damaged cutters is shown
in fig. 2. With sequence number 1) thread cutters with TiC protective coating are
marked, and with sequence number 2) thread cutters with protective coating TiN
are marked.
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Fig. 2 The 'ppeérance of damaged cutters prior to thread cutting in the sleeve

With detailed control of breaking surfaces of the cutters, the following was
noted: 1) the cutters broke at the angle of = 45°, this indicates that the condition of
the basic material of the cutter is such that it gives satisfactory strength, otherwise
the break would be vertical; 2) locally jamming of the cutter basic material is
noticed as a result of straining bigger than the limit of basic material; 3) carriers with
the broken cutter represent scrap; 4) delay because the cutter replacement
significantly increases the costs and disrupts the production ,,rhythm”.

For the needs of researching of scrap occurring causes it has been randomly
chosen: 5 castings — carriers before thread cutting, and 10 raw (as delivered) steel
sleeves. Those samples are taken for chemical compound, structure, hardness and
dimensional control tests for determination of sample problem occurring during the
thread cutting in the sleeve. The goal is simulation of heat treatment conditions to
which sleeves are exposed during suffusing of Al alloy. Two temperatures of sleeves
heating are chosen: 1) 730 °C, as higher temp. which gives ,,better casting to alloy;
2) 690 °C, as temperature suitable for alloy AISi9Cu3(Fe).

Testing results are shown in table 1 and in table 2. The control was made on
3D device MERLIN 1100 TWIN STAR. Diameters of sleeve holes (and
cylindrical) have been controlled in two spots: 1.=d; at depth of 8mm; 2.=d, at
depth of 25 mm (*Mean value of three measurements).

Table 1
Results of 3D control of sleeves in Al carriers
Carrier| CYlindrical /0/,mm | Parallel of | Verticality of | Spacing of |  Smallest
arrier . ; . .
centerlines centerlines on centerlines, | diameter
Nr. Brace sleeve )
I T /I, mm casting head, mm mm (], mm
1 0,010 0,0006 0,0384 0,0527 50,1621 16,4147
2 0,036 0,0033 0,0214 0,0145 499116 16,3393
3 0,0077 0,0015 0,0388 0,0107 50,0415 16,3921
4 0,0131 0,0167 0,0798 0,0341 50,0260 16,3478
5 0,0127 0,0070 0,0138 0,0073 50,0443 16,3885
Table 2
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Results of dimension control and measurement of hardness of steel sleeves after
simulated heat treatment

Steel SLEEVES "ANNEALED", 730°C SLEEVES "ANNEALED", 690 °C
Sleeve d;rrr:]iltlsrst Cylindrical |Hardness? d;nr:]aeltleerst Cylindrical Hardness*
No. [0/, mm HB [0/, mm HB
1, mm 1, mm
1 16,4637 0,0059 271 16,4596 0,0158 248
2 16,3709 0,0126 264 16,3653 0,0097 260
3 16,4151 0,0143 274 16,4203 0,0164 281
4 16,4063 0,0094 259 16,3985 0,0083 230
5 16,4408 0,0132 268 16,3487 0,0119 256

By smallest diameter (request according to documentation: min. 16,350, max.
16,450 mm. The results of 3D control of Al carriers indicate the following: 1)
perpendicularity of centerline in sleeves on head at all 5 castings is within allowed
tolerances; 2) the spacing of centerline holes in all 5 sleeves is within allowed
deviations; 3) the measured diameter of sleeve hole at 3 of 5 shortly annealed sleeves
is smaller than minimally allowed for thread cutting M18x1,5.
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OPTICAL MEASUREMENTS OF SURFACE ROUGHNESS CUT WITH
WATERJET

The paper describes method for optical measurement of surface roughness (Ra) with
computer vision. The equipment for roughness measurement is expensive, and the process itself
is also time-demanding. This study is focused on the design of an instrument for non-destructive
measurement and the determination of the roughness class by computer vision. The instrument
needs to be of simple design, cost accessible and safe in practical application. It is intended for
the fast determination of the roughness class of work specimens obtained by water jet cutting,
and the setting of cutting parameters in accordance with the obtained results. The principle of
instrument operation is based on measuring the intensity of the visible light spectrum reflected
from the surface of the specimen and the correlation between these values and the measured
roughness values.

Reliable measurement of surface roughness (Ra) is critical to quality control
in a wide range of manufacturing processes. The purpose of this project is to
design a simple, cost accessible device for non-invasive measurement of Ra in
process of waterjet cutting. This device must capture the intensity of visible light
reflected by a set of controlled surfaces and correlate this value to a measurement
of Ra for cutting parametars (cutting speed, abrasive flow, depth of cut and
pressure).

Many surface roughness measurement devices currently exist in industry.
There are three main categories: stylus-type contact measurement instruments, non-
contact laser measurement devices, and non-contact white light measurement
devices. All three are currently used in a variety of applications to analyze surface
roughness among other surface properties of varying types of material.

Non-contact surface measurement devices using white light are much less
common in industry. These devices utilize the established technique of
interferometry with white light along with a CCD camera to analyze surface
roughness of varying materials. This process involves emitting white light on both
the test surface and a high-precision reference surface, capturing these images with
the CCD camera and superimposing these images in order to get an accurate
analysis of the surface. One major drawback of this particular device is the necessity
of a high-precision reference surface. This can prove to be especially inconvenient
when analyzing materials over a large variety of surface finishes [1].

Waterjet cutting is often used during fabrication of machine parts. Waterjets
are fast, flexible, reasonably precise, and in the last few years have become friendly
and easy to use. They use the technology of high-pressure water or a mixture of
water and an abrasive substance being forced through a small hole to concentrate an
extreme amount of energy in a small area (fig. 1, a).
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While cutting with water is possible for soft materials, the addition of an abrasive
turned the waterjet (abrasivejet) into a modern machining tool for all materials.

In fig. 1, b is showed dependences between the cutting speed and surface
quality (Ra).
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Fig. 1 Typical design of a pure waterjet nozzle (a) [3]; dependence of the
surface quality (Ra) and cutting speed (b) [2]

The method of delivering light, orientation between light source and sensor,
Is the most important factor to consider. Light dispersion affects the accuracy and
repeatability of measurements. It also affects the versatility of the sample areas it
can measure and the cost.

In order to address the concerns of working distance and the problems
associated with a changing distance, as well as having a compact design, an
attractive set-up is a vertical orientation. If the light is collimated, it does not need
to be focused at an exact distance from the sample. This reflected light, less than
25 % of the magnitude of the original light source, less because the sample is not
assumed to be a perfect mirror, but is captured by the optical sensor, which sits off
to the side. This orientation is the most compact. The amount of light captured by
the sensor in the vertical orientation is not affected by the working distance,
because there is no angle of incidence. This set-up also requires that the light
source be especially bright, because it will lose at least 75 % of its magnitude from
two passes through the beam splitter [1] (fig. 2).

Prototype box was designed to assembly light source (purple led), arduino
microcontroller, beam splitter, signal led and usb camera. It is critical to have
sufficient clearance between the device and the sample. Prototype box was
designed in solidworks and exported in STL format for 3D printing. It is made of
Acrylonitrile butadiene styrene (ABS) and it is consist of two main compartments
(fig. 3). One compartment (larger) is for light source, Arduino microcontroller,
beam splitter, signal led and the other one is for usb camera. A computer equipped
with our LabVIEW interface must be connected to the web cam housed inside box
during use.
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Fig. 3 Prototype box design

The primary function of device is to receive human commands and output
results. Device is constrained to accomplish this by measuring the intensity of
reflected light, including the three main functions: providing light to the surface
(LED), capturing reflected light (Usb camera), and processing the captured image
(LabVIEW). Application logic is showed in flowchart (Fig. 4).
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Fig. 4 Application flowchart
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GUI is designed to simplify user action and monitoring over device
measuring (fig. 5). User needs to perform following steps. First, the user needs to
physically position the device directly above the surface being measured.

After the prototype is positioned correctly, turn “ON” switch to power on light
source, then use “Snap” button on the GUI to capture an image, and choose ROI (type
and position) which is shown with green color on third window. ROI type can be area
or line. In order to ensure that the user captures an image of the desired surface region,
there is a “Live Image” window featured on the GUI to allow the user to see the
potential image to be captured. Lastly, the user turn on the “Process” switch to activate
aplication process of the captured image and output Ra value.

Aplication has ability to save captured images (raw) in local maps and done
software processing later or save already processed images together with results.

Fig. 5 Graphical user interface (GUI)

CONCLUSION

After final testing and measurement of test samples, a prototype device for
determining the class of roughness using computer vision has shown that the
extensive software solutions and the equipment with very affordable cost can be
used to build the device, which in certain conditions of production, can replace
very expensive and sophisticated equipment.

Computer vision system allows the user to check the measurements in the
production without interrupting the production process.

Advantage of a designed computer vision system is that it does not require
big investments, additional training of workers or major changes in the existing
production process. The system for determining the grade of roughness is proposed
as a possible solution for facilities with serial production, where without
interrupting the process can check the status of samples and then, if necessary,
adjust the settings on the machines.
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For more precise surface roughness classes, further testing and equipment
upgrades are needed.
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DETERMINATION OF FREQUENCY FACTOR AND ACTIVATION
ENERGY FOR BORONIZING OF C15 STEEL

Kinetics of boride layers formation on C15 carbon steel has been investigated in this
paper. Pack boronizing is carried out at a temperature range of 870-970 °C in durations of 4-8 h.
Average thickness of obtained layers ranges from 65,3 to 215,5 um. Values of frequency factor
(3,02 x10* m?/s) and activation energy (195,43 kJ/mol) are determined by means of Arrhenius
equation. Based on these values, empirical expression showing functional relationship between
boride layer thickness and boronizing temperature and duration has been obtained.

Boronizing is surface treatment in which boride atoms, due to small diameter
and high mobility, at elevated temperatures diffuse into metal surface and form
intermetallic compounds with atoms of base metal. Obtained layers, borides, are
extremely hard which improves surface resistance to abrasive wear. Moreover,
boronizing also improves resistance to adhesive wear and to corrosion in non-
oxidizing weak acids, alkalis and molten metals [1]. All mentioned means, that with
proper selection of boronizing and material, boronizing could extend machine part
lifetime for 3 — 10 times [2]. Boronizing is most suitable for carbon and low alloyed
steels, but it can also be applied on Ni, Co, Ti, W and Mo based alloys and sintered
hard materials. Boronizing of carbon steels is usually carried out at temperatures 800
- 1050 °C and treatment durations 1 — 12 h. Obtained layer may consist of one phase
(Fe2B) or can be dual-phased (FeB + Fe,B). Although FeB is harder (1800-2100
HV) than Fe,B (1400-1600 HV), it is not desirable because of its brittleness [3-6].
Boronizing can be carried out in solid, liquid or gaseous media, and the most
frequently used is pack boronizing. Many of process parameters (i.e. boronizing
temperature and time, boron potential, substrate material) affect boronizing. In order
to obtain desired properties of boride layer, it is very important to establish the
process parameters. In this study, influence of boronizing temperature and duration
with respect to average boride layer thickness obtained on C15 steel is analysed
through application of Arrhenius equation.

Boronizing is thermo — chemical diffusion process. Diffusion in solids is
thermally activated process of mass transfer related to atoms movement driven by
a concentration gradient. Kinetics of diffusion layer growth can be analysed taking
into account Fick laws or by a method based on Arrhenius equation. In this study,
boronizing kinetics is analysed through use of Arrhenius equation:

Q.
D=Dy- € &, 1)
where T —temperature, K;
D, —frequency factor, m?/s;
Q —activation energy, J/mol,
35



R —the gas constant, J/(mol-K).
Most of diffusion processes obey the law described by:

d?=D -t 2
where : d —diffusion layer thickness, m;
D — growth rate constant, m?/s;
t — diffusion duration, s.

Growth rate constant is also called diffusion coefficient or diffusivity.
Considering (1) and (2), following equation can be derived:

_Q
d :\/Do't'e RT (3)

Through usage of (3), and by knowing the values of frequency factor and
activation energy, it is possible to predict diffusion layer thickness in dependence
on diffusion temperature and duration.

Pack boronizing of C15 steel is carried out in Durborid 3 solid agent at 870,
920 and 970 °C, for 4, 6 and 8 h. According to selected parameters, 32 factorial
design with 3 repeating of each case is defined, and 27 specimens with nominal
dimensions @16x7 mm have been cut. After boronizing, all specimens were
longitudinally cross-section cut and prepared for metallographic examinations
(ground using up to 1000 grit emery paper, alumina polished and etched with 3 %
nital). Metallographic examination revealed that borides formed on steel surface
are compact and have pronounced saw-tooth morphology (fig. 1). Higher share of
pearlite, apparent in diffusion zone, is result of increased content of carbon which
is suppressed from the surface due to growth of boride layer. Average boride layers
thicknesses are determined by metallographic line method and results are presented
in table 1. Table 1 clearly shows that boride layer thickness increases with
increasing boronizing duration and temperature. Although boride layer thickens
increases with the increase of duration and temperature, growth rate slows down
with the increase in duration, which corresponds to earlier studies [1, 4]. Since
carbon does not dissolve in iron borides, it is suppressed under boride layer to
create "carbon barrier" in diffusion zone, which slows down the growth of boride
layer.




a) b) C)
Fig. 1 Microstructure of boride layers, magnification 200:1
a) [1=870°C,t=4h,b) [1=870°C,t=8h,c) [1=970°C,t=4

Table 1
h Boride layer thickness, pm
t=4h t=6h t=8h
870 °C 65,3 93,4 97,4
920 °C 111,9 148,2 152,3
970 °C 165,5 208,0 215,5

As previously stated, there is a parabolic dependence between diffusion
layer thickness and diffusion duration (2). In other words, equation (2) shows
linear dependence between square of diffusion layer thickness and diffusion
duration, and constant of proportionality is growth rate constant. Taking the square
root of (2) gives:

d=vVDt 4)

Equation (4) shows that the thickness of diffusion layer linearly increases
with square root of time.

Dependence between growth rate constant and diffusion temperature is
described by an Arrhenius equation (2). Taking the natural logarithm of equation
(2) it follows:

|nD=mD¢§)$ (5)

Equation (5) reveals linear relationship between natural logarithm of growth
rate constant and reciprocal diffusion temperature, where Q/R is the slope of
straight line and InDy is intercept of straight line and ordinate axis.

Since boronizing is diffusion process, it should obey parabolic law (2), i.e.
its modified version (4), as well as Arrhenius equation (1), i.e. its modified version
(5). Fig. 2a) shows the change in boride layer thickness with respect to boronizing
duration and Fig 2b) boride layer thickness as a function of square root of
boronizing duration.
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Fig. 2 Boride layer thickness as a function of: a) boronizing duration; b)
square root of boronizing duration

The graphical representation in fig. 2, a confirms that diffusion rate
decreases in time. It also shows parabolic dependence between boride layer
thickness and boronizing duration. All mentioned is in accordance to (2). Plot in
fig. 2, b confirm that thickness of diffusion layer linearly increases with square root
of duration, which is in accordance to (4). Slope of each straight line in fig. 2, b
represents square root of growth rate constant at given temperature. Estimated
growth rate constants are given in table 2.

Table 2
Growth rate constants for boronizing of C15 steel
Temperature, °C D, m?/s
870 3,455 x 1013
920 8,874 x 1013
970 1,802 x 1012

Dependence between natural logarithm of growth rate constant and
reciprocal values of boronizing temperature is given in fig. 3.
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26.8 ; ‘
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276 \\
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Fig. 3 Natural logarithm of growth rate constant as a function of reciprocal
boronizing temperature
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The plot in Fig. 3 reveal linear dependence between natural logarithm of
growth rate constant and reciprocal value of boronizing temperature and confirm
that boronizing follows Arrhenius equation (1), i.e. its modified version (5).
Consequently, activation energy and frequency factor are estimated from the slope
and y-intercept of the extrapolated straight line in Fig. 3. The frequency factor is
3,02 x10™* m?/s and the activation energy is 195429 J/mol. If considering equation
(3) and determined data, expression for boronizing of C15 steel in observed
temperature range and duration is derived as follows:

195429

d="302-10% -t-e ar (6)
CONCLUSION

Boride layers formed on C15 steel are compact and have pronounced saw-
tooth morphology. The thickness of boride layer strongly depends on boronizing
temperature and duration. Increase in boronizing temperature and/or duration
increases boride layer thickness. The use of kinetic method based on Arrhenius
equation has confirmed diffusion nature of boronizing. Frequency factor and
activation energy values have been determined, and empirical expression for
boronizing of C15 steel has been derived. This expression is convenient for
technological and industrial application, and could be used for estimation of boride
layer thickness in dependence on boronizing temperature and duration.
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INFLUENCE ON THE WORKABILITY OF PRODUCTS WITH WELDED
SURFACES

The research investigated properties of aluminum bronze welded to structural steel St 52-3 N.
Surface material CuAl-A3 was welded in one and two layers. There were dimension, metallo-graphic
examination of structures and hardness measured before and after heat treatment and after
pressurization of tested specimens. It was determined that the specimens achieved the best perfor-
mance by welding two layers of surface material, by postweld heat treatment and by “hammering“.

Aluminum bronze, both forged and cast, can be welded. In order to achieve
good results, producers of filler materials recommend electric arc welding under
protection of inert gas. As a rule, postweld heat treatment is recommended to
remove residual stresses, as well as to improve corrosion resistance [1]. Al bronze
has a low friction factor, which, in the conditions of metal/metal contact, can
contribute to lowering of the scuffing risk. By assuring the adequate hardness of
filler layer, it is possible to increase its wear resistance. The paper presents
properties of surfacing by welding in two layers with filler material CuAl-A3 [2].
Specimens were processed by postweld heat treatment and subjected to hardening
by simulated "hammering™ under different pressure loads. The research aim was to
determine dependence of surfaced layer on selected parameters of
thermomechanical processing by analyzing the structure and results referring to
thickness and hardness of the surfaced layer. With the development of technology
and new types of filler material, there were preconditions made for more intensive
usage of surfacing when producing parts for various purposes, when necessary to
prevent transfer of carbon steel particles to corrosion resistant Cr-Ni steel.

Parameters of surfacing aluminum bronze on steel were defined on the basis
of recommendations of filler material producers. In order to perform experiment,
the surfacing speed was 0,6 m/min, surfacing voltage was 22 V and current was
200 A, [3]. The base material was preheated to a temperature of 150°C. By Metal
Inert Gas procedure, base material St 52-3 N [4] was surfaced with two layers of
aluminum bronze CuAl-A3, according to AWS A5.7 class ER. Surfacing was
performed with the aim to minimize the amount or to avoid the presence of base
material particles in the upper layer.

There were three groups of specimens prepared out of the surfaced plate.
Specimens were marked by 1, 2 and 3, as follows:

— the group 1 of specimens was not submitted to postweld
heat treatment or any other treatment after surfacing;
— the group 2 of specimens was heat-treated after surfacing.
Heat treatment was selected in accordance with the diagram of Cu-Al
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condition, as shown in the Figure 1. Heating was performed in electric
chamber furnace, at 600 °C for 2 hours, and then cooled by air stream;

— the group 3 of specimens was heat-treated after surfacing
and then pressured under 100+400 KN with the aim to simulate
,hammering".

On the specimens it was necessary:

- to check the presence of base material particles in the first
and second surfaced layer by metallographic analysis of cross-section;

- to measure dimensions and hardness by HV1 on the
cross-section before and after heat treatment of specimens and after
pressurization (‘“hammering”), in order to determine influences of
thermomechanical process on the properties of surfaced layers.

The testing machine Amsler was used to perform pressurization of surfaced
layers in tested specimens. Pressure forces were within the range of 100+400 kN.
Pressurization with force of 300 kN resulted in significant increase of values for
hardness if compared to the values of initial measurements.

Heat treatment after surfacing was required for several reasons. The most
important reason is found in the fact that because of slow cooling, there were [,
brittle crystals formed in the surfaced layer, which are prone to corrosion.
Furthermore, heat treatment can reduce residual stress, which can contribute to
occurrence of strain corrosion [5].

Results of hardness, measured by the HV1 method before and after heat
treatment, indicate the increase of hardness value in the fusion zone, marked by C.
It was noticed that there were no changes in levels of hardness in specimens after
heat treatment if compared to those achieved after surfacing.

CONCLUSION

Experiment results indicate the need for careful selection of parameters of
surfacing, parameters of postweld heat treatment and size of the force while
,hammering* the surfaced layer. Analysis of experiment results led to conclusion
that selection of parameters can enable achievement of surfaced layer with
properties that can be also “insulated”, in the sense of separating carbon steel from
corrosion-resistant Cr-Ni steel in conditions of adhesion contact. Homogenized
upper layer of aluminum bronze without base material particles can be achieved by
surfacing and machine processing of surfaced layer to the thickness of ~6 mm. If
wanting to process the surfaced layer by machine to lower thickness, for example
under 4 mm, it would be necessary to determine maximum thickness of the first
surfaced layer. That thickness would represent a limit under which surfaced layer
should not be processed, and it would be necessary to perform surfacing in two
layers. In addition, further research can be directed towards checking of influences
of fusion zone on the properties of surfaced layers under conditions of tensile and
shear stresses.
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CONTACT STRESSES IN ELASTIC AREA AND THEIR IMPACT ON
THE CALIBRATION OF CHAINS WITH RINGS

This paper presents, in literature, well known expressions for the determination of
contact stresses and deformation at the point of contact of two elastic balls. The contact stress
has been analyzed in the calibration rings process of mining chain (19x120) mm in the area of
elasticity. The problem is solved numerically using the finite element method (FEM) taking into
account the effects of friction, and the obtained results are shown graphically and as an
attachment, of this analysis, there has been shown the appearance of mechatronic devices.

Contact problems and methods of solving them earlier were based on
approximate dependencies and are predominantly used the results obtained by
experimental tests. But, due to the change of boundary conditions (with an increase of
compression force) contact problems basically are nonlinear. Specifically, when two
bodies are in contact the touch is on point or line, in the absence of the force of mutual
pressure. However, in the effect of the force, due to elastic deformations occur
touching (contact) surfaces, on which act stresses that we call the contact. These
stresses are of a local nature and stresses fall rapidly with distance from the center of
the contact surfaces, which can be seen from the results of research by many authors,
[1,2]. As far back as 1881, Hertz gave the analytical solution of such a contact
problem taking into account the mutual pressure of two elastic bodies [2].

The development of numerical methods, based on (FEM), considerable
progress also was made in the numerical simulation of such problems. Still, the
complexity of the configuration structure, as well as inclusion in the analysis of
material nonlinearity often represents a problem in the analysis of stress state with
the FEM method. All this is due to the complexity of the mathematical description
of the boundary conditions at the point of contact of two bodies during loading.
The author of this paper will analyze changes of stress at the point of contact, in
professional practice, for transmission of power and motion of frequently used
mechanical elements - chain with rings. Researches on the subject of elasticity of
metal were processed in the papers [5-13].

The studies were conducted by analyzing stresses in the elastic area of
mining ring chains (19x120) with its "calibration" [3, 4]. Assuming that the
dimensions of the contact areas are small compared to the radius of curvature of
the contact surfaces, the pressure force acts in the direction of the normal to the
contact surface and as if on the surface of contact takes place only normal stresses.
There will be presented the results in 3D parametric model in the program of Pro
ENGIENEER previously being discreted the model [3, 4].
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Problems of contact in most cases can be reduced to elementary cases and
their analytical expressions can be found in the relevant technical literature [1-3].
By analyzing the contact model of mining ring chains we’ll present analytical
expressions for the dimensions of the contact surfaces (a) and a maximum contact
stress (po) in case the pressure of two elastic balls [2].

Two elastic balls of radius R; and R, (Fig. 1.) of a different material, elastic
modulus E; and E;, Poisson’s coefficients [ 11 and [z, are touching at a point O and
have a common tangential plane (z = 0). When both balls along the O, axis are
thrust by force F, the surroundings of contact points O is deformed by spreading
with increasing force. As the deformation is symmetrical about O, axis and the
projection of the contact surface is a small circle of radius (a). The maximum
contact stresses occurs in the center area, and is calculated using the following
expression (1) [2]:
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Fig. 1 Mutual pressure of two elastic balls.

In case of elastic balls pressue on elastic semi-plane (fig. 1, b) is applied the
term (2) [2]:
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Hertz’s results of pressure in a spherical bearing (fig. 1, ¢) can be calculated
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using, in literature, the well-known term (3), [2]:
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Calibration is performed by stretching the chain by force of certain intensity,
resulting in permanent plastic deformation, so the chain length increases, as well as
the contact surface between the ankles of the chain [3]. Based on the given drawings
with indicated dimensions is created 3D parametric geometric model of the chain
links (fig. 2), in the Pro-ENGINEER program. With a change of few parameters,
this model can be used to represent chains of all possible dimensions.

Abstraction of model has already been made at this stage but due to the
existence of geometry and loading symmetry (via two cross-sectional plane),
which passing through the axis of the chain, as well as cyclic symmetry along the
length of the chain, the model is reduced to the segment (fig. 3).

Fig. 2 The set of two ankles of chain created in Pro-ENGINEER program

Fig. 3 The final reduced chain model, which takes into account all existing
types of geometry and loads symmetry

For the purpose of rapid analysis of pure elastic model, the discretization of
model was done in the Pro/ENGINEER program (fig. 4 to 7). The model is divided
into two zones in the zone, where one of these zones, intended for the development
of a finer mesh, is located below the expected area of contact between the links.
The rest of the model is aimed at making coarse mesh. There were used the
elements of tetrahedron shape with linear interpolation functions, which meet the
needs of such defined analysis. These elements, otherwise, are not recommended
for analysis involving plasticity [3, 4].

As noted above, in order to compare results with theoretical models, first was
performed stress chain analysis, whereby the rings were joint by purely elastic
material, the modulus of elasticity E = 200000 N/mm2 and Poisson’s coefficient of
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[1 = 0.3. The schedule of equivalent stresses in the elastic area, as well as their
schedules around the place of contact are illustrated by (fig. 6 and 7) [4].

Fig. 4 Discretization of chain Fig. 5 Fine mesh zone, below
(FEM) elastic area the surface in contact

fe

Fig. 6 The scﬁ;éd'ule of equivalent Fig. 7 The schedule of

stresses being analyzed in the field of  equivalent stresses around the
elasticity contact zones

For the purposes of the Morava district economy, and more, at the TF of
Cacak was developed, due to of applied experimental studies, mechatronics
system for program stresses of various metal structures MECHATRONIC TF-
1000/10 [4]. It is intended for static and dynamic stresses, strengthening of
metal structures, their calibration, as well as experimental verification of the
above mentioned theory. For its physical realization is used the optimally
designed support structure, modern electronic-computer with modern software
support, as shown in fig. 8 [4]. The basic hypothesis from which it proceeds is
that for achieving the functional links of displacement (deformation) and force
(stress) is possible their software control and management thanks to the
feedback according to state [4].

______

Fig. 8 The functional scheme of the device for programming the stress of
metal structures
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CONCLUSION

In defining the boundary conditions of contact stresses analytical analysis
should take into account the nature of contact of two bodies and their
characteristics (materials, processing, etc.) while using the FEM these problems are
generalized. Distribution of von Mises equivalent stress gives a picture of the stress
that occurs due to contact of two elastic bodies where it is clear that they are the
largest in the contact center. The developed device is a true example of
mechatronics systems.
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CONSTRUCTION AND PRODUCTION SPECIFICS OF CHAINS WITH
RINGS AND MECHATRONICS SYSTEM CONTRIBUTION IN THE
IMPROVEMENT OF THE SAME

Significant use of chains with rings, of varying quality, we find both in modern mining
machinery and in devices and machinery of general purpose. The place of their application
determines the usable qualities, in the true sense of these words. It, in particular, refers to the
choice of materials, methods of making and methods of bringing it to a more accurate geometry
of rings. This implies their calibration and thermal treatment after that. The paper analyzes the
influencing parameters on the quality of special importance to the method of calibration, as well
as the recommendations, taken from the literature, the allowable tolerances measures of rings
and, therefore, the finished chain. Using the mechatronic devices "MECHATRONICS TF-
1000/10, developed at the TF of Cacak, will be presented the possibilities of calibration of the
chains and verification of exactly the same quality treatment chains of the Serbian chain
producers Proleter from Arilja.

With respect to the place of application, rings with chains of circular cross
section, can be classified on the uncalibrated and calibrated. This paper will analyze
the problems in the development and operation of the chains, which are used, with
the responsible devices and various technical systems i.e. on the calibrated chains.
The special emphasis refers to the calibration process and opportunities provided by
developed devices at the Technical Faculty in Cadak. It provides: calibration, static
and dynamic testing of various devices and components, control and traceability of
functional device parameters (force, speed, frequency). All this is allowed by built-
in measuring and control equipment, all in the service of documenting and verifying
the quality of the production of various samples. Researches on the subject of
elasticity of metal were processed in the papers [5-13].

Chains with rings are an important subsystem of modern construction and
general purpose devices. They use various kinds, types and structural forms of
different quality of workmanship, which is shown by their rough division:

— chains of general purpose (uncalibrated chains): made with simple
technologies and greater tolerances, without special tests and application of a less
responsible place of installation;

— calibrated chains for special application conditions: are made of complex
technology and require both calibration and thermal processing. Dimensions of
rings must be made in a narrow tolerance fields and high resistance to wear and the
core must be toughened. Therefore, the production of calibrated chains require
special growing technology, as well as taking care of other no less important
parameters: the choice of materials and the quality control at all stages of
development, the formation of a chain link of rings and its knitting, welding of
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rings and fraying edge of welding, calibration of chain, thermal processing of
chain, control and testing.

The links of the ring chains are loaded with complex stress, so that the rings
are stressed:

— on the flat part: to the stretching and bending;

— on the curve to: bending, shearing and contact stress;

— on the welding site to: stretching and bending (specially on the inside);

— on the flat part: to contact stress (due bumped into the sprocket, etc).

For these reasons, calibrated chains must be made of materials that must
meet high structural requirements of tensile strength, shear and contact stress (at
the site of contact of rings and sprockets), as well as increased requirements for
dynamic durability and resistance of fractures shock loads. Therefore, surface of
ring chains must be of increased hardness, fit of rings as correctly as possible and
as much as possible contact surface, correct geometry but toughened core.

Calibration (tensile) force must be precisely defined so that it does not cause
lasting (excessive) deformations and is performed before the final heat treatment in
annealed state of the chain. It is achieved by increasing the contact area and
mechanical structural reinforcement material of the ring production. In addition to
calibration, in making high-strength chains, account must be taken on:

— Choice of materials for production of rings: include high-alloyed steels
for hardening or cementing and starting materials are calibrated rods or wires;

— Bending of ring chains: it can be achieved in hot and cold state all
depending on the diameter of the starting material and mechanical characteristics.
It is customary to bend the materials to cool up to a diameter of (126 and over this
point in the hot state [1-3];

— Welding of the ring chains: is used the pressure for creation of the joining
forces;

— Electro-reistant butt welding: in the contact zone it leads to increased
inflow current resistance, leading to a warming and both bonding and welding is
accomplished by axial compressive force. Modern machines for welding of the
ring chains, for the diameter of the blank ([J5 to [120) mm, operate on the principle
of electro-resistant welding pressure [2, 3];

— Electro-arched welding: is the procedure used for individual treatment, as
well as methods of repairs of the ring chains. Gas welding treatment of rings is
used in the chains of the material of the less responsible structures. For the
production of chains with rings including the preparation diameter [1@26 is applied
the technique of electro-arched welding sparks.

Calibration of chains is essential technology component and a guarantee of the
accuracy of its dimensions as a prerequisite for reliable and lasting operation of a chain
in exploitation conditions. Calibration method involves bringing the geometric
dimension (length and width of ring chains), as well as total linear dimensions sets of
chains on a specific measure. Calibrated are by 5, 7, 9 and in chains up to 1 m is
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calibrated with the calibration force the whole chain. The principles of calibration are
shown in fig. 1, and is characterized by the following methodology [3, 4]:

— set of the chain is tightened by the appropriate force (Fka), with which is
the same suffers elastic-plastic deforming which is manifested by increase of its
total weight;

— upon relieif and stoppage of the force effect is achieved the desired rates
of the chain set.

Referring to fig. 1 can be seen that there is a lot of wastage of chain segment
length, although their rates are within the limits of tolerance. A wide tolerance
zone of sets chains (rings) during operation is resulting in uneven operation of
conveyer, resulting in reduced service life. All this gives the character itself to
calibration process, both in terms of reducing the deviation of the geometric shape
(less wastage of the basic rings dimensions) and increase of wear resistance. The
first problem is solved by constant improvement of production technology, in
which certainly calibration has an important place, and the second problem is
solved by the choice of materials and heat treatment [3-5].

The structure of the prepared material of rings should ensure that the rings be
uniformly shaped (deformed plastically) at stretching. It’s performed before the heat
treatment in annealed state. Calibration force Fyy must cause permanent plastic
deformations and must be significantly less than the tear force (Fyig), the term (1) [2]:

Fral [ Fig 1)

() T2 | T2

-
;—I s 'r—l

Fig. 1 Graphic view of "scattering" of the length domensions at calibration
chain rings or set chains
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— 1(1") [J state under workload prior (without workload after calibration);

— 2 [J state under calibration load (Fial < Fiid);

— (3") [J state under load (without load) after calibration.

Calibration force causes an increase in chain length Ly, whose initial rate is
L.i, for the value of elastic-plastic deformation ALy, an expression (2):

Lyi = Loi + ALy (2)

Then the chain (or chain segment) is unloaded up to the workload while the
same due to elastic deformation, now has a real measure L, an expression (3):

Lsi = Loi + ALk — Al

Project requirement is that the actual length of the chain to be within the
tolerance field (Ly), ie. Ls (after calibration) to be within the medium length
tolerances of the length (Lt), an expression (4):

Ls O Lt (4)

Thermal treatment: Chains of general purpose after welding are annealed or
hardened and the chains of a larger capacity are improving, hardening, and in most
cases released. High resistant calibrated chains are cemented, providing surface
hardness (up to 750HV) and a depth of up to 2 mm. This provides high wear
resistance and the core is characterized by clear toughness and hardness (about 450
HV) [4].

Control and testing of chains: They include, in addition to conventional,
automated acceptance testing where the chains are labeled in the proper manner.
All this is accompanied by an appropriate protocol on testing as document quality
(material preparation, method and test method, used equipment).

Rings have a step (t), the diameter (d), the width (b), as can be seen from fig.
2. In the fig. 2, a and fig. 2, b are shown an appearance of coupled chain and
sprockets. Faults in the making and the deviation rates are given in fig. 2, as well
as wearing of the chain and sprocket leading to shock ring chains on sprocket teeth
which causes additional dynamic forces and reduces the lifetime of the chain, as
well as their durability. Its damage and breakdowns status are due to intense wear
and tear, as well as due to incorrect geometry of the characteristic parameters (t, d,
b)

a)
a) characteristic dimensions of rings; b) appearance of chain in coupling
with sprocket
Fig. 2 Typical geometric characteristics of the chain

After coupling with teeth of the sprocket, the chain must meet the
longitudinal internal measure T1, whose dimensions can be seen in fig. 2, b.
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Very important is the control and calculating parameter (T1=2[t). Experience
from service shows that the mechanical destruction of the chain, despite the
impact of the working environment, results as a consequence of internal
differences of linear dimensions (of the horizontal ring step t; and vertical t), as
well as of calibrated preparation of two adjacent rings (horizontal d; and vertical
dy) [1]. Based on this we can determine the actual rate of the coupled step (Ty),
the expression (5) [1, 2]:
Ti=t1+t,+d+do (5)
When tightening, total length deviation can be determined by the expression
(6), [1, 2]:
AT;=%1,484 DV(SZT(SZ, (6)
t

where: [t — is allowed deviation of the step chain;
(14— Is allowed deviation of the calibrated diameter of chain.

By measuring the basic parameters of the chain rings (t or d) can be
determined an error or another parameter, ie. They can be determined by using the
exprssion (7) and (8), [1, 2]:

— JAT?-22-Ad?

At =T (7)
— JAT?2-2.2-Ad?

Ad=+ ”s (8)

Minimum deviation of the chain length can be determined by using the
expression (9), [1, 2]:
AL =0,545 [1 ATy [ n, 9)
where: AT; — allowed deviation of the step chain after coupling;
n; — the number of chain links in the metered length.

It is made in the form of spatial frame of dimensions 1,4x1,2x30 m, with
the possibility of fixing the stationary part of the traverse, fig. 3 [5]. The
movable part of the device (trolley) with rotary rolls (wheels of SL150) is
movable parallel lead on the cast carrier U20. The supporting part of the
structure is founded on profiles U14 every 2.5 m in length and further stiffened.
Testing parts with reception devices are fixed to movable and immovable part of
the device, and tensile force is depending on the length of the test by means of
two hydraulic cylinders. The maximum tensile force of 1000 kN can be
achieved at a distance of 5 m, 500 kN at a distance of 8 m and 300 kN at a range
of 22 m [5].

As an example of using the program mechatronic devices is the calibration
chain of MI ,Proleter - Arilje. Same by dimensions and other technical
characteristics meets a Serbian standard test procedure and the system step by step
provides the calibration protocol. To record the rates of etalon is used encoder force
of 100 kN, the appearance and location of the installation shows fig. 3 [5]. Based on
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the recorded initial linear dimensions, in accordance with the expression (2) the
program provides that "overtaking" is implemented in accordance of expression (3).
Obtaining time dependence of force, idle, as well as their comparative values are
given in the form of diagrams and statistic transparent protocol.

FREQUENT <
REGULATOR
PROPORTIONAL POWER SUPPLY 24V || POWER SUPPLY 24V
AMPLIFIERS UNSTABLE STABLE
A 4 v *
HYDRAULIC » | PRESSURE |4
POWER UNIT *'| SENSOR
WALK
SENSOR|@ s |rsssassnrusssmsnnsnsnnnsnsins
ENGINE TESTING 1
MACHINE WALK
pEon OUTPUT
v + ; UNIT
FORCE || FORCE || FORCE 2> INPUT
SENSOR || SENSOR | | SENSOR ? UNIT
1 2 3 MEASURING| | MEASURING q
| — »| SiGNAL || SIGNAL SLESERA
| AMPLIFIER 1| | AMPLIFIER 2 "

]

XY
- PRINTER € | PRINTER |€— PC

b)

Fig. 3 Appearance (a) and steering system (b) of calibrator testing machine
MECHATRONIC TF 1000/10
CONCLUSION
Recommendations for the manufacturing and control of ring chains

parameters points out to the complexity of manufacture. Literature and
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eksplotacioni indicators show that calibration has the most significant impact on
the quality of calibrated chains [1-3]. Development of the device was
implemented and supported by the Ministry of the Republic within the
framework of the project "Development of methodology and equipment for
mechanical testing of elements and complex structures with the aim of
determining the quality of products in mechanical and electrical complexity".
Experience in its implementation has shown justification of investments. This
was confirmed by all the tests carried out so far (MMC-Kolubara, Electric Power
Industry of Serbia and Montenegro, etc.).
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FEATURE SOFAPPLICATION OF SHS-PROCESSES FOR
IMPLANTATION OF SURFACE OF MACHINE PARTS.

The article considers the combined method of hardening, due to the fact that less time to
achieve the specified characteristics of the part consumes less energy, or to implement the
method requires less expensive equipment. A method for improving performance is proposed.

To bring mechanical engineering to the proper level, it is necessary to
improve the quality of manufactured products. To do this, it is necessary to follow
the latest scientific developments in world science. One of the modern methods of
improving the performance of machine parts, cutting tools, foundry equipment is
the use of SHS coatings. This method allows you to replace energy-intensive
chemical-thermal treatment (cementation, nitriding, boring, etc.) with less energy-
intensive and no less effective surface hardening of machine parts. This method
allows to increase performance characteristics such as strength, wear resistance,
corrosion resistance.

SHS-processes to this day remain not fully studied phenomenon. SHS is a
high-intensity exothermic interaction of chemical elements in the condensed phase,
capable of spontaneous propagation in the form of a combustion wave

The main property of SHS reactions is the release of large amounts of
energy during the reaction. Due to this, there is a greater reduction in energy costs
for the implementation of the processes of modification of performance.

Often the methods of obtaining special, functional coatings and properties of
the working surfaces of machine parts are combined.

The advantages of combined methods of obtaining special, functional
coatings and properties of the working surfaces of machine parts are:

(] due to the combination of several processes or physico-chemical actions,
there is an increase in processing efficiency, reduction of resource costs, reduction
of inter-shop and inter-operational movements. Reduction of the main time due to
the simultaneous flow of several technological processes;

[0 formation of unique materials in the process of SHS reactions (carbides,
nitride, etc.);

[] in most cases it is a waste of processing in reactors and furnaces,
respectively, the possibility of processing any type and size of parts.

The application of protective coatings on the working surface of the material
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by the method of SHS is carried out both in the combustion mode and in the mode
of thermal self-ignition.

The paper describes a method of increasing the wear resistance of steels by a
combined method of hardening. The essence of the method is as follows: at the
beginning of the experiment it is necessary to run in to activate the surface layers,
ie create dislocations. The next stage is spraying on the surface of the parts of the
powder mixture based on copper. The last stage - processing in the corona
discharge. Corona discharge has two properties: thermodiffusion and
electrodiffusion. Since the main factor is temperature, thermodiffusion occurs. Due
to thermal diffusion, intergranular diffusion occurs.

On the basis of experiments and research, we get results. We measure the
hardness and roughness after the operations and compare these parameters with the
initial ones.

CONCLUSIONS

The article presents a combined method of strengthening the surfaces of

parts. When using this method, an increase in hardness and roughness is expected.
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3HAYEHHS TA TPEHIU PEAJII3ALILL BI3BHEC-OCBITU B CUCTEMI
BE3IIEPEPBHOI'O HABYAHH/I.

Ilpoananizosano 3Hauenus, cCymuicme i OCHOBHUX hopmu peanizayii OisHec-ocgimu 8
cucmemi be3nepepeHoco HABUAHHS YNpooosdc dcumms. Ha ocnosi nposedenozo 0ocniodrcenms
3A3HAYEHUX MEMOOOI02TUHUX ACNEeKMI8 BCMAHOBIEHO OCHOBHI MpeHOU peanizayii Oi3Hec-0ceimu Ha
CYUACHOMY emani po36UmKY CyCRiIbCMBA, MINCHAPOOHO20 MA BIMYUZHAHO20 PUHKY NPAY.

The role, essence and basic forms of business education’s realization in the system of
lifelong learning were analyzed. Based on the study of these methodological aspects, the main
trends in the implementation of business education at the present development stage of society,
international and domestic labor market were identified.

Opranizaiiero 00’€IlHaHUX Halllii 3 MHUTaHb OCBITH, HAYKU 1 KYJbTYypH
(FOHECKO) BusnayeHo XXI CT. SK CTOJITTS OCBITH, OCHOBHHUM 3aBIaHHSM
YOPOJOBXK SKOTO € «HaBYUTHCS edexkTuBHO HaBuatucs» [1]. Tak, ocBita Ta
HABYaHHS CTAlOTh OCHOBOIO HE JIMIIE ISl BUPIMICHHS IIOOAIBHUX MPoOieM
JIOACTBA, @ M JJI1 PO3BUTKY MHUCIICHHS KOXXHOIO YJIeHa COLIlyMY, L0 3a0€3MeYuTh
CTaJIM PO3BUTOK, OpIEHTAIlII0O Ha MailOyTHe, TpaHcopMallilo 10 3MiH CBITY Ta
KOMITETEHTHICHOI Opi€HTAaIlli KOKHOTO.

CydacHi TeHJIeHLIi Ta NePCIEeKTUBU PO3BUTKY PUHKY Mpalli, BCEOXOILTIO0YI
TpeHau rhodamizamii, 1HPopmaTu3aiii Ta OI13HEC-BIIHOCUH CBiAYaTh MpO
HEOOXITHICTh MIATOTOBKH, MEPEMIIrOTOBKM Ta O€3MepepBHOrO0  HABYAHHSA
MPEICTAaBHUKIB JIJIOBOTO CEPENOBHUILA, 3HAHHS, HABUKUA Ta BMIHHS SKUX OyayTh
BIIMOBIZATH YCIM HEOOXIAHUM 3amutraMm 1 NoTpedam, IO CIOCTEpIraroThCs Ha
CBITOBOMY i BITYM3HSHOMY DpiBHI. Y pe3yJibTaTl LbOTO, y HHUHIIIHIX yMOBax
CIIOCTEPITAETHCS JIOCUTh BUPAKEHA KOHIENTyaJlbHA 3MIHA AaKIEHTIB B AacCMeKTI
M1TOTOBKH MPAIIBHUKIB, 3JJaTHUX TTOBHOIO MIPOIO BIAMOBIIaTH KOMIETEHTHICHUM
OUIKYBaHHSIM MDKHApOAHUX 1 HAI[IOHATBHUX KOMIMAaHiN, opraHizamiil 11010
3aJIy4eHOTro MepcoHaly. Y JaHUX yMOBax JOCUTh BaXKJIUBOIO CTAa€ 3JATHICTH IO
HaOyTTa Oe3mepepBHOI OCBITU YIPOJOBXK YChOTO JKHUTTS, OCOOJMBO B KOHTEKCTI
013HEC-OCBITH, OCHOBHOIO METOIO SIKOi € 3a0e3MeYeHHs MiATOTOBKH MiKHAPOIHOI
Ta HAIlOHAJILHUX O13HEC-€JIIT.

BaxxnuBo BIAMITHTH, 110 B CY4aCHMX YMOBax HECTaOUIBLHOCTI IJ100abHOTO
Cepe/IoBHUIIA ICHYIOYAa CHUCTeMa Oe3lepepBHOI OCBITH 3arajioM, K 1 ii CKJagoBa
0i3HEeC-0CBITa 30KpeMa, MaroTh 3a0e3nedyBaTh CTalUMi 3B'SA30K 13 peaJbHUM
CEeKTOpPOM y cdepl II0BOI AISUIBHOCTI, Y TOMY YHCII 3a paxyHOK ydacTi y
peanbHuUX mpoekTax [2—4].

PesynbraTi mpOBENEHOTrO aHaNi3y ICHYIOYHMX EKOHOMIYHUX JOCIIiIKEHb
CBIYaTh, U0 OJHUM 13 0a30BUX pecypciB 3a0e3MEUYeHHsS PO3BUTKY MOTEHIATY
nepcoHanay oOrpyHTOBaHO € mpodeciiiHo opraHizoBaHa Oi3Hec-ocBiTa. OcoOIUBO
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BKJIMBOTO 3HAYEHHS 11 peaizaiiis 1l YKpaiHu, 10 Y Halll 4ac XapaKTEePU3YEThCS
HecTauer KBali(pikoBaHUX YIPaBIIHCHKMX TMPAIIBHUKIB y OaraTthox cdepax
€KOHOMIKH, BEJICHHS Pi13HUX (HOPM TOCIOIAPCHKOT TISITBHOCTI.

BaxxinBoro 3Ha4eHHs B JOCIIKEHHI pOJjIi O13HEC-OCBITH Y Cy4acHUX YMOBaX,
aHaJli31 OCHOBHUX MiJIXOJiB 1 MPUHIUIMIB 1i peanizailii B KOHTEKCTI 0e3mepepBHOTO
MIJBUIIICHHS KOMIIETEHTHICHOTO PIBHS MarOTh HAyKOB1 Ipalll Ta JOCIKEHHS
3aKOpPJAOHHMX 1 BiTuM3HAHMX BueHuX Kumar P. [2], Lincoln J., Riza C. [5],
Krishnamurthy S. [6], HIxnsapyk K. [4], KomapoBa O.A. [7], Baronora O.I". [8].
[IpoTe, He3Bakar0UM Ha JIOBOJII 3HAYHY KIUIBKICTh HAYKOBUX pPOOITY JTaHOMY
HaIpsMKYy, MHUTAHHS JOCHIPKEHHS POJII Y CY4aCHOMY CYCIUJIBCTBI, CYTHOCTI,
METOJIOJIOTIYHUX 3acaj] peaii3allii, OCHOBHUX TEHACHIINA peaii3aiii Ta pPO3BHTKY
O13HEC-OCBITH B KOHTEKCTI IMIUIEMEHTallli Oe3mepepBHOI OCBITH 3aJIMIIAOTHCS
aKTyaJbHUMU.

MeToro JOCHIKEHHSI € aHall3 3HAa4eHHs,, CYTHOCTI Ta OCHOBHHMX (opM 1
TEHJEHUIA peami3alii Oi13HEeC-OCBITU B cHCTeMl O€3MepepBHOIO HABYaHHS
YIPOIOBXK JKATTS.

OngHuM 13 BH3HAYAIBHUX HAMNPSIMKIB Cy4YacHOiI CHCTEMH 3a0e3MedYeHHS
Oe3rnepepBHOi OCBITH, 30KpeMa 3aKjiaJiaMi BUIOI IIKOIH, € IIUPOKE MOIIUPEHHS
MPaKTUKKU pealizallii Mmociayr O13HeC-OCBITH. SIK CBITYUTH MPAKTUYHUN JOCBIJ,
naHa GopMa OCBITHBOI JISUTBHOCTI, HE 3Ba)KalOUu Ha IUIATHY (JOpPMY HAaBUAHHS B
OUIBIIOCTI BWUMANKIB, KpiM TMepeadauyyBaHUX KOMIIETEHTHOCTEH Yy BUIJIAII
3arajbHUX 1 CIeliali30BaHUX 3HAHb 1 HABHUKIB JIOJATKOBO JAIOTh 3MOTy HaOyBaTu
B TIpoIleCl 3aHATh HOBI KOPHUCHI JIUJIOBI 3B’SI3KM Ta 3HaoMcTBa. SIK CBigYaTth
cyyacHi aadi [9, 10], mparHeHHs1 10 PO3yMIHHSI CYTHOCTI Ta ClieUU(IKA BEACHHS
Oi3HECY y Cy4YaCHHUX YMOBax IMOUIMPIOETbCS HE JIMIIE Ha YNPABIIHIIB 1
¢diHaHCHCTIB, @ ¥ TPEACTaBHUKIB TEXHIYHMX CHELIaIbHOCTEH, 30KpeMa
IPOrpamicCTiB, MPOMUCIOBIIIB, 1HXEHEPIB, KOHCTPYKTOPIB, TEXHOJOIIB 1
MpeICTaBHUKIB I00YBHOI rany3i, Ta chepu mociyr, 30KpemMa TOPriBIIi.

Oco061BO BaXXJIMBOTO 3HAYEHHS TIPOIIeC peaiizallii 013HeC-0CBITH HAJIEKHOTO
pPiBHS SKOCTI, IO Oyjae BIANMOBIZATH KpallUM CBITOBUM 1 €BPONEHCHKUM
MpakTUKaMm, HaO0yBa€ B KOHTEKCTI NpuUeIHAaHHA BITYM3HIHUX 3BO Ta i1HImMX
OCBITHIX oOpraizaiiii gm0 BuUMOr HOpM bojoHChKOTO Tpoliecy, 3abe3rneueHHs
TPYIOBOI  MOOLTBHOCTI  HACEJNICHHS Ha  [IO0adbHOMY  piBHI, 3arajabHO
IHTErpallifHOTO TparHeHHs YKpaiHu IIOJ0 MPOBEACHHS pedopM y HANPIMKY
IMIUIEMEHTAIlli MepeIoBOr0 MiKHAPOJIHOTO JIOCBIAY CTBOPEHHS IPYHTOBHOI 0a3u
JUUISl TIOBHOLIIHHOTO PO3KPUTTS 3710HOCTEH 1 HaBUKIB OCIO MpU BUKOHAHHI HUMH
NomnepeHb0 BU3HAUEHUX (QYHKLIM Ha PUHKY Mpali, 30KpeMa B MeBHiN cdepi
O13HEC-IISILHOCTI.

3rilHO 3 JaHUMHM MPO CYYACH1 TEHAEHII PO3BUTKY NAHOTO PUHKY [2, 9, 10]
013HEC-0CBITa MO MPaBy BBAXKAETHCS HAUOUIBII JUHAMIYHUM CETMEHTOM OCBITHBOL
JISUIBHOCT1, 10 OOYMOBJIEHO Trjo0ai3alli€l0 E€KOHOMIYHUX BIIHOCHUH MIXK
OprasizauisiMid YChbOro CBITY, OTpeOi B KBaJII(PIKOBAHUX YMPABIIHCHKUX Kaapax i
BHUCOKHM PIBHEM PO3IMIUPEHHSIM YACTKH TOCTYT Y 3araibHii cTpyKTypi. HunimHimM
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4acoM I1i OCBITHI MOCIYTH HAJAIOThCS 3aKJIalaMu BUIIOI OCBITH, O13HEC-IIIKOJIaMH,
OpraHizaiisiMy, M0 3aiiMalOThCA TPOBEACHHSM TPEHIHTIB 1 ceMiHapiB y AaHId
cdepi, Tomo. OCHOBHOIO TIEpeBaroko, Mo CBITIUTL Ha KopucTh 3BO npu HamaHHI
nocayr 013HEC-OCBITH € HAasBHICTh Y HUX BHUCOKO MIATOTOBJICHOTO Ta OCBIUEHOTO
KaJpOBOTO CKJIaay, HAyKOBO-AOCTIIHUIIBKOI 0a3u, HAYKOBUX PECYpPCiB, OKPEMHUM
013HEC-IIKOIaMH — 3alTy4eHHs BIIOMHX Oi3HeC-TpeHepiB 1 OanaHC CIiBBIAHOIICHHS
[IHA/SKICTb.

BaxxnuBo BiAMITUTH, IO SIK CBIIYMTH NMPaKTHUYHHMKN T0CBia [3, 9—12], y Ham
yac TpHW HaJaHHI NPOGITPHUMHU 3aKjIaJaMH TOCIYr OI3HEC-OCBITH B SIKOCTI
MeAiaTopiB Bike HAOYTOTrO JOCBIAY aKTUBHO JOJTYYarOTHCS YCHIIIHI MPEICTaBHUKU
IpakTHUHOI cepHu, 30KpemMa MPOMHUCIOBOCTI, JOTICTHKH, 30yTy, (hiHaHCOBOTO,
MapkeTHHroBoro punky, [T, momituku, cmnopry, moy-0i3Hecy. OCHOBHUMH
HampsIMKaMu pPOOOTH, O SKUX 3IACHIOETHCS 3aJIy4€HHS IMX CTEUKTOJIIEePIiB, €
CHiJlbHAa pO3poOKa HABYAIBHMX 1 TEMATUYHUX TIUIaHIB, BUMOT IO OYIKYBaHHUX
3HaHb, BMIHb 1 KOMIICTEHTHOCTEH MaHOyTHIX CIEIialiCTIB, MIATOTOBKA SKHX
MIPOBOJUTHCSA, 3MICTOBHOTO HAIOBHEHHS, METOAIB 1 (hOpM BHKIAJIaHHS KypCIB 1
3aHITh, HAJAro/DKEHHS MEXaHI3My IPOJYKTUBHOIO BIJIIIPAIIOBaHHS HAOyTHX
3HaHb 1 HABUKIB Yy MPOBIJHUX OpraHizaiisix 1 YCTaHOBax, IO 3/1ACHIOIOTH
JSTBHICTh B MpakTuuHid cdepi. Lle, y cBoro depry, nae 3mory 3abe3nedyBaTu
BUITYCK (DaxiBIiB, sIKi OyJIyTh MPUCTYNATH 10 BUKOHAHHS POOOUYMUX OOOB’SI3KIB 3
MIHIMQJIBHUM TE€PMIHOM, HEOOXITHUM JJIsl CTaXKyBaHHS Ta TPyAOBOi aaanraii. o
NPOBENCHHS MPAaKTHUYHUX 3ycTpiyed mNpu HajgaHHI OI3HEC-OCBITUM  JIaHi
NPEICTAaBHUKUA 3a]y4alOThCs B TMEPEBAXXHO B poil OI3HEC TpEHEepiB, KOYUIB,
TBIOTEPIB, O13HEC KOHCYJIBTAHTIB 1 €IBaliCEpIB TOIIO.

BapTto Takox 3ayBaXUTH, IIO TPOMO3MIII B CETMEHTI HaJaHHS HaBUAIHHHUX
O13HEC-MIOCIYT YBECh 4YaC PO3LIMPIOIOTHCS 3a PAXyHOK IMOSBM HOBUX YCTaHOB 1
oprasizaiiiif, siki yce OijbIlle PO3MIMPIOITh reorpadiuHy MNpeACTaBICHICT Y
pI3HHMX KpaiHax, MPOBOJSATH PI3HOMAaHITHI MAPKETHHIOBI Ta 1HIII aKIii A OLIbII
MOBHOTO 3ay4yeHHs 37100yBauiB ocBiTH [9, 10].

Ha ocHoBi mpoBeneHoro anamizy mxepen [3, 9-12] BcraHOBIeHO, IO
OCHOBHMMH TpEHJaMH peajizaiii Oi3HEeC-OCBITH Ha Cy4aCHOMY eTarll PO3BUTKY
CYCIJIbCTBA, MI>KHAPOJAHOTO Ta BITUM3HSIHOTO PUHKY MpaIll €:

®  [OUIMPEHHS 3aCTOCYBaHHA ITU(POBUX TEXHOJOTIH,

® IIMPOKE 3aCTOCYBAHHS I1HHOBAIIMHUX 1 €KCHEPUMEHTAIbHUX METO/IIB
HaBYaHHS,

e  ananTauis yuO0oBUX KYPCIB JI0 IHAUBITyaIbHUX OTPEO 3aMOBHUKIB,

e  cremamizaiis HaBYAIBLHOTO Marepiany min creuudiky mneBHux cdep
E€KOHOMIKH,

® CHUCTEMHO KOHIIGHTPOBaHOI ¥ Te3ucHOi momaul iHQopmMallii mpo
MEXaHI3MH peajizallii yIpaBJIiHChKOI MOJITUKH 3 aKIIEHTOM Ha MpakTU4YHY chepy
3aCTOCYBaHHS,
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®  3arajJpbHOr0 CKOPOYEHHS TPUBAJIOCTI TEPMIHY HaBYaHHA Ha Oi3Hec-
nporpamMax 4epe3 IMparHeHHs MaKCUMaJbHO INBUJKO 3aCTOCOBYBATH OJEprKaHI
3HAHHS TIPU PO3B’S3aHHI HASBHUX MPOOJEM 1 3aBlaHb, IO CTaBIATHCS TEPE.
CTpYKTypaMu BeJICHHsA O13Hecy,

®  3aCTOCYBaHHs €JIEMEHTIB IUCTaHIIMHOTO HABYAHHS IS HAJaHHSI 3MOTH
ampo0Oartii po3poOOK B yMOBaxX peaibHOI iX iMIIJIEMEHTAITii

TakuM 4YMHOM, Ha OCHOBI MPOBEACHOIO JOCTIIKEHHS MOKHA 3pOOUTH
BUCHOBOK, III0 KOHIEMIlis O13HEC-OCBITH € aKTyallbHOI I peai3arii
MDKHApPOJHHMM Ta BITUU3HSHUMH OCBITHIMHM OpTaHi3allisiMU, y TOMY 4YHCII
3aKjaJlaMi BHINOI OCBITH, a OCOOJMBO Yy 3arajbHOMYy TpEeHIl 3a0e3neueHHs
€BPOIEUCHKOT TOJITUKA HABYaHHS YNPOJOBXK YCbOIO IKUTTA Ta TPYIOBOI
MOOUIBHOCTI HaceleHHA. PO3BUTOK JIaHOTO CETMEHTY HaBYajlbHO-OCBITHBOL
JISJIBHOCT1  JIO3BOJISIE  CYTTEBO  3a0€3MEUUTH  SKICTh  ()axOoBOi  IMIATOTOBKH
CHEIaJICTIB Ha pUHKY, y Mepumy uepry, y cdepax yopaBiIiHHA Ta
aJMIHICTPYBaHHS, NEPENpOPUIOBAHHS Ta IOBHOLIHHE PO3KPUTTA 3A10HOCTEH
(axiBLIB IHIIMX Tay3eid €eKOHOMIKH.

[lepcieKTHBHUM  HampsMOM  TMOAQNBIIAX  JOCITIMKEHbh € aHalmi3 1
JOCITIJIKEHHSI OCHOBHMX METOJIOJIOTIYHMX AacCHeKTIiB peaiizaiii Oi3HEeC-OCBITH B
cucTeMi 3a0e3neueHHs 0e3MepepBHOrO HaBYaHHS TPYIOBUX KaJpiB.
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BUKOPUCTAHHA CYYACHHUX 3ACOBIB KOHTPOJIIO
3YBYACTUX KOJIIC B MAIIIMHOBY 1YBAHHI

B pobomi nokaszano, wo euxopucmanHs 3y008UMIpIO8ATbHUX MAUUH O03BO0JIAE CYMMEBO
3MEHUUMU 3a2aNbHY KIIbKICMb 8UMIPIOBANbHUX NPULAOIE U 00380JIAE BUMIPIOBAMU YUTTHOPUYHI,
KOHIUHI, Yeps ayHi 3youami Kojeca ma 4eps siki 3 8UCOKOI0 MOUHICIO.

The paper shows that the use of gear measuring machines can significantly reduce the
total number of measuring instruments and allows you to measure cylindrical, conical, worm
gears and worms with high accuracy.

3a0e3ne4eHHs] TPUBAJIOr0 KUTTEBOIO LUKIY BHPOOIB MalIMHOOYAYyBaHHS,
30KpeMa PEIyKTOpiB, 3aJIEKUTh BIJ SAKOCTI iX BHMIOTOBJEHHsS. BUTroTOBIEHHS
3y04acTUX KOJIC B MAIIMHOOY/yBaHHI BHUMAara€ BUKOPUCTaHHS PI3HOMaHITHOTO
METaJOpI3IbHOTO  OOJaJHAHHS, TEXHOJOTIYHOrO OCHAIICHHS, PI13aJbHOTO
1HCTPYMEHTA Ta 3aC001B BUMIPIOBAHHS.

B mpoueci KoHTpomo 3yO4yacTMX KOJIC BHMKOHYIOTh KOHTPOJIb HOPM
KIHEMAaTUYHOI TOYHOCTI1, HOPM IUIaBHOCTI, HOPM KOHTaKTy, O0KoBHii 3a30p [1].

Bzarami cranmapt BusHayae 24 moxuOKu, 110 HEOOXITHO KOHTPOJIIOBATH. 7
NOXUOOK BMU3HAYAIOTh KIHEMATHYHY TOYHICTh, 7 MOXUOOK BU3HAYAIOTH IJIABHICTh
po0OoTH, 4 MOXMOKM BHM3HAYAIOTh TOYHICTH KOHTAKTy 3yOLliB, OOKOBUI 3a30p
BU3HAYAETHCS 6 mapaMeTpamu.

JUiss  BUMIpIOBaHHS ~ KOKHOTO  TapaMmMeTpy B MaIlIMHOOYIyBaHHI
BUKOPUCTOBYIOTh TPAAMIIIIHI TIPUJIATU KOHTPOJIO 3y0UacTUX BIHIIIB: MpUIad JJIs
KOMILJIEKCHOTO ~ OJHONPO(UIBHOIO  KOHTPOJIO; Tpwiax aias  abCOJIOTHOTO
BUMIPDIOBAaHHS HAKOMMYEHOI TOXMOKM KPOKYy; TMpUiiagd JJis BIJHOCHOIO
BUMIPIOBAHHS HAKOMHYEHOI TMOXMOKM KPOKYy; KiHemMaTomip; 3yOOMIpHUM
MIKPOMETp JUJIE KOHTPOJIIO 3arajibHOi JOBXHHH HOpPMaii; HOpMajeMmip s
BU3HAYCHHSI BIIXWUJICHD BiJl HOMIHAJIBLHOTO 3HAYEHHS JOBKHHU 3arajabHOI HOpMaJi;
OleHieMip; mpuiIax AJig ABOXNPOPIILHOTO KOHTPOIIO (MILKLIEHTPOMIP); XBUJIEMID
(7. KOHTPOJIIO LMKIIYHOI TMOXUOKH); €BOJBBEHTOMIP; KPOKOMIp HaKJIaJHHI;
XOJIOMIp (IJ1s1 KOHTPOJIO JIiHIT 3y0a); 3y00oMip 3MIIIEHHS; IITAHT€H3YOOMIp.

HasBHicT, BCiX BUINE3rafaHUX MNPUIAAIB MPUBOAUTH JO TOTO, IO
METpOJIOTIuHA J1abopaTtopiss MIANPUEMCTBA TMOBHHHA MAaTH MIiATOTOBJICHHUX
METPOJIOTIB, 3a0e3MedyBaTi KOHTPOJbHUMH 3aXOJaMU MEXaHOCKJIaJalbHI IIEXH,
10 BUKOHYIOTh BUTOTOBJICHHS 3y04acTHX KOJTiC.
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[cHyroul  TpaaMmIiiHI  TpWUiIagud IS BUMIPIOBaHHA  TMOTPEOYIOTh
MONepeAHHLOTO HAJIAIITYBaHHS KBadi(DiKOBaHUMU CIIEIialiCTaMU B METPOJIOTTUHIN
nabopatopii. Yac Ha BHUMIpIOBaHHA MoOXKe OyTm Habarato MeHIE dYacy Ha
HAJIaroJKCHHSI IPUIIATy.

Jlist 3a0e3neueHHs BUCOKOI TOYHOCTI BHUMIPIOBaHb OCTAHHIM YacoM Ha
MAIIMHOOYIIBHUX TMIANPUEMCTBAX IIOYaJM BUKOPHCTOBYBaTH Cy4acHi 3acobu
BUMIPDIOBaHHA  TapaMeTpiB  3yOuactux  Komic. ToMy  BHUKOPUCTaHHS
3yOOBUMIPIOBIBHUX MAIIUH J103BOJISI€ BUPIIIUTH MPOOJIEMH, 1110 BUHUKAIOTH TIPU
TpaJAMIIIITHUX METOJ]aX BUMIPIOBAHHS.

bynp-sxa 3y00BHMIpIOBaIbHA MAIlIMHA € 33CO00M aHATITUYHOTO KOHTPOIIIO
BIIXWJIEHb 3yOuacToro BIiHIM. BukopucTaHHi 3yO0OBHUMIPIOBAJIBHUX MAIIUH
3a0e3nevyye ONTHUMANbHY SKICTb KOHTPOJIO Ta TMPEACTAaBICHHS pe3yJbTaTiB
NepPEeBIPKU MapaMeTpiB 3y0UacToro BIHIIS.

Hampuknan, 3yOoBumiproBanbHa MammHa ¢ipmu Mahr (Himeuuwna) B
IpoLeCl KOHTPOJIKO BUKOPUCTOBYE BHMIPIOBAJIHUN MMM, SAKUH CKaHy€e OOKOBY
MoBepxHI0 3y0a no npodutto (puc. 1, a), mo miHii 3yda (puc. 1, 0), MOCIIIOBHO
TOPKAETHCS BCIX OOKOBUX CTOpIH 3yOiB (puc. 1, B). Pe3ynpTaTomM HHUX BUMIpIOBAHB
€ BHU3HAYCHHS MNOXMOKU mpodimto, moxuOka miHII 3y0a, BIAXWUICHHS KPOKIB,
noxuOKa pajiaibHOro OUTTS.

Pucynox 1 — BumiproBanus npodutto, iHii 3y0a Ta KpOKy
Ha 3yOOBUMIpIOBaJIbHIN MaiuHi [1]

Hampuknan, npu BumipioBaHHI mpodiao 3yda MOXHA OTPUMATH KPUBY
JiHio (puc.2, a), aHaII3 IKO1 J03BOJISE OIIHUTH MOXUOKY mpodito (puc. 2, 0).
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Pucynok 2 — BumiproBauus npodino (a), ominka moxuoku mpodiaio (0) [1]

BUCHOBOK
Buxopucrtanssi 3yOOBUMIPIOBIIBHUX MAILUH JI03BOJISIE CYTTEBO 3MEHIIMTU
3arajbHy KUIBKICTh BHUMIPIOBAJbHUX TMpUJIaAIB ¥  J03BOJSE BUMIPIOBATH
UWIIHAPUYHI, KOHIYHI, 4YepB’s4yHI 3y0uyaTi Kojieca Ta 4YEpB’SIKU 3 BHUCOKOIO

TOYHICTIO.
CIIMCOK ITIOCUJIIAHDb
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BUKOPUCTAHHA MAT'HITHOPEOJIOTTYHUX EJIACTOMEPIB B
TEXHIYHUX ITPUCTPOAX

Y ecmammi posensnymo, wo cobow yaenaomo MAacHIMopeonio2iuti eiacmomepi, i3 4020
B0HU CKIadaiomvbcsi ma sAKi npossusaomes  epexmu, ix cymuicmo. Maenimopeono2iuni
eracmomepu (MPE) npeocmasnaioms cobol0 Kiac «pO3YMHUXY» MEEPOUX MASHIMOAKMUBHUX
mamepianie, 61ACMUBOCMI AKUX MOJICHA Pe2yno8amu 3a 00NOMO2010 306HIUHBLO20 MACHIMHO20
noas. Posensinymo cyuachi po3pooxu 0s 3acmocy8anHs Y Mauuno0y0y8aHHi.

The article considers what are magnetorheological elastomers, what they consist of and
what effects they have, their essence. Magnetorheological elastomers (MPEs) are a class of
"smart" solid magnetically active materials whose properties can be regulated by an external
magnetic field. Modern developments for application in mechanical engineering are considered.

[lopanplie MIABUILEHHS SKICHUX MOKAa3HUKIB BEPCTATHUX IMPUCTOCYBaHb B
MallIMHOOYAyBaHHI TOB’SI3aHO 31 30UIBIIEHHSAM iX TOYHOCTI, (PYHKIIIOHAJIBHOCTI,
THYYKOCTI Ta MOJIMBOCTI BIPOBAJKEHHS B Kibep(diznuHi cucteMu. BractuBocTi
pPO3YMHUX MaTepiaiiB, SKi TMOB’s3aHl 31 3MIHHUMHU (HI3UKO-MEXaHIYHUMU
XapaKTepUCTUKaMH, MOXXYTh JOINOMOITH B PO3pOOLl TEXHOJOTIYHOI OCHACTKU
HOBOT'O MTOKOJIIHHS.

[IpoTsiroM ocTaHHIX AECATUIITH C(HOPMYBAIOCA HOBITHE HAYKOBO-TEXHIYHE
CIpsIMYBaHHS, IO MOEIHYE HAYKOB1 JOCSITHEHHS KOJIOTAHOT (P13MYHOT XiMii, (P13UKH
MarHeTU3My Ta €JIEKTPOMEXaHIKM. B pe3ynbTrari HayKOBUX Ta MPAKTUYHHUX
JOCITIJIKEHb CTBOPEHO HOBE MOKOJIIHHS MarHiTOKEpOBAaHUX MarepianiB, pi3uyHi Ta
(byHKIIOHATBHI BIACTUBOCTI SIKUX IIJIECTIPSIMOBAHO PETYNIOIOTHCS MPU BIUIMBI Ha
HUX MarHiTHHUX TOJIB.

Memorwo pobomu € OIS Cy4aCHUX JOCHIKEHb B Traiy3l po3poOKH
MarHiTHUX €JaCTOMEPIB Ta iX 3aCTOCYBaHHS B TEXHIYHUX 00’ €KTaX.

Marnitopeosoriuai  enactomepu (MPE) mnpencraBisitorb co0oro  Kiac
«PO3yMHUX» TBEPJUX MArHITOAKTMBHUX MAaTepiajiB, MKOPCTKICTh SIKUX MO>KHA
peryyitoBaTH 3a JOMOMOTOK 30BHINIHBOTO MarHiTHOro mnois. CkiagaroTbes 3
0i0cyMicHOI ab0 CTIMKOT 10 arpeCMBHOTO 30BHIIIHBOTO CEPEAOBHINA MOJIIMEPHOT
MaTpHI 13 BOPOBAHKEHHSIM MIKpO- 200 HAHOPO3MIPHUX (PEPOMATHITHUX YACTHHOK
3aj1i3a, OKCHAY 3aili3a Ta iHmux. Exactomepu 31aTHI IpOsBIATH aM'siTh GOpMH Ta
MarHiTOpeoJIOTi4HI €PEeKTH.
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Maruitopeosioriuauii edekt [1] o0yMOBIEeHU CTPYKTYpU3aIlI€l0 YAaCTUHOK
NpUu PO3MIIIEHH] elacToMepy B Tmoii. BiH BigOyBaeTbcs TiJ BIUIMBOM JIBOX
(bakTOpiB: €TACTUUYHOCTI MATPHIIl Ta MATHITHUX B3a€MOJIIM.

e onnuieto BnactuBicTio MPE € wmarnitonedopmariitnuii edexr [2],
CYTHICTBH SIKOTO 1 TMOJIATa€ y 3MiHI (OPMH Ta pO3MIPIB €IacToMepy MpU BILIUBI
Mar"iTHoro mnoisi. B enactomepi, po3milleHOMY B MarHiTHOMY TOJIi, MarHiTHI
MOMEHTH YAaCTHMHOK OpPIEHTYIOThCS y Hampsami nojs. B pe3ynbrari IUIonb-
JUTIOJIBHOT  B3a€MOJIT  MDK  OJHOCHPSMOBAHUMHM MAarHITHUMH MOMEHTAMH
YaCTUHOK, OCTaHHI MParHyTh BHINWKYBATHCS B JIAHITIOKKH B3JOBX HANpsIMy
30BHIIIHBOTO TOJS. Y TPYXKHIM MaTpullli HEe BiJOYBa€ThCS yYTBOPEHHS 3JIUTHUX
JIAHIIOKKIB YACTUHOK, OJIHAK HABITh HEBEJIMKOTO 3MIIICHHS YAaCTUHOK y MaTpHIIi
JIOCTATHBO JJIs1 3MIHU (JOpPMH Ta po3Mipy 3pa3ka. 3mMiHa ¢GopMH 3pa3Kka MoB's3aHa i3
3MIHOIO PO3TalllyBaHHS MAarHiTHUX YaCTUHOK yCEpeMHI MOJIMEPHOI MaTpuil. Y
CBOill po0OTI [3] aBTOpU MPOBEIU MOCTIIXKEHHS MarHitogedopMaliii MarHiTHUX
€JIaCTOMEPIB.

Pazom i3 marHiTonedopmaiiiauM epexToM crocTepiraeThecsi eheKkT mam'sTi
dbopmu [4]. B BiICyTHOCTI 30BHIIIHBOTO MarHiTHOTO MoJis Aehopmaliii MarHiTHOTO
enactoMepy OO0OpOTHI, TOOTO enacToMep BIJIHOBIIOE CBOIWO GopMy Iicis
BUMKHEHHS 30BHIIIHHOTO MEXaHIYHOTO HaBaHTaKeHHS. OJHAK y 30BHINTHHOMY
MarHiTHOMY TIIOJl MEXaHIYHE HaBaHTAKEHHS NPHU3BOAUTH JO HE3BOPOTHIN
nedopmMaiiii enactomepy.

[Ile omuuM MexaHIYHUM €(EKTOM, IO CIHOCTEPITa€ThCS B MAarHITHUX
enactomepax, € edekr Iletina [5]. Ile 3anexxHicTh MOAYJS 3CYBY MarHiTHOIO
eJacToMepy, 10 3HaXOAUTHCS B MAarHiTHOMY MOJ1, BiJ aMIUNITYyad Aepopmariii.
[Ticnst qoCsSITHEHHS AESKOTO HACMYEHHS 3HaUYCHHS aMIUTITy U Aedopmaliii, MOIYJIb
MPYXKHOCTI PI3KO 3MEHINYEThCS. Y TOM JKE€ 4Yac MOIyJib BTpaT Jocsrae
MaKCUMAaJIbHOTO 3HAYEHHS B TOM MOMEHT, KOJIU MOJTYJIb MPY>KHOCTI MOYUHAE PI3KO
3MeHIyBatuca. byno BusiBieHo, mo edekt IleiiHa 3Ha4YHO 30UIBIIYETHCS Y
30BHIIIHBOMY MAarHiTHOMY TIOJIl, @ TAaKOX 3MIHIOETbCA y pa3l LHUKITYHOIO
HaBaHTAKEHHSA 1 JOCsITac HAaCUYEHHS IICIA KUIBKOX IIHUKJIIIB.

Taxk, crocoBHo mpakTuyHOro Bukopuctanus MPE Tta ix edekriB, y poboTi
«BukopucTaHHs IHTENIEKTyaIbHUX MaTepialiB y By3JiaX CUCTEMU IT1IPECOPIOBAHHS
MEPCICKTUBHUX BIMCHKOBUX TYCEHHYHHMX 1 KOJICHHMX MamuH» [6] aBTOpaMu
oOrpyHroBano 3acrocyBanHsi MPE y By3nax miJBICKM MEPCIEKTUBHUX 1 CEPIMHUX
BT'’KM, 3 MeTOI0 ChpoIeHHsI KEPYBAHHS iX XapaKTEPUCTHUKAMU Ta 3a0e3MeueHHs
iMm HOBMX MOXIuBocTed. Ha mpuknagi mnpyXHUX MApHIPIB  MiABICKH
oponetrpancnoprepa bTP—4 mpencraBneno 3acrocyBanHs mapHipiB i3 MPE mns
peaizalli KepyBaHHS )KOPCTKICTIO IiJIBICKH.
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TumMu x aBTOpamu, y poOOTI «3acCTOCYBaHHS MAarHiTOPEOJOTTUHUX
eJacToMepiB JUIsl KEPYBAHHS XapaKTePUCTUKAMH CHCTEMH II1JIPECOPIOBAHHS
KOJIICHUX TPAHCIIOPTHHUX 3aco0iB» [7], MOCTaBiIeHA MeTa MOCHIKEHHS BIUIUBY
KepyBaHHA TMPYXHHAMH Ta JAeMOPYIOYMMH  XapaKTEPUCTUKAMU  CHCTEMU
HiAPEeCcOPIOBaHHS HAa OCHOBI BUKOPUCTAHHS MarHiTOPEOJOTIYHUX €IacTOMEpiB Ha
IJIABHICTh XOJIy KOJIICHUX TPaHCHOPTHUX 3ac00iB. 3a pe3ysibTaraMu poOboTH Oyi0
pO3pOOJICHO, MOCTIIKEHO Ta 3alMaTeHTOBAHO KOHCTPYKIT NPYKHHUX IIIApHIPIB
BaKEJIIB MIBICKM 3 MarHITOPEOJOTIYHUMHU eJacToOMepaMH. BHU3HAYE€HO BiTHOCHI
MEX1 3MIHM MOJYINIB TMPYKHOCTI Ta BTpaT JaHMX MIAPHIPIB TpU 31HCHEHHI
KepyBaHHA XapaKTepUCTUKaAMHU MIABICKA g 3a0€3MEeUeHHs]  MIJBUIIEHHS
IJIABHOCTI XOAY KOJIICHOTO TPAHCIIOPTHOTO 3aC00Yy.

Y pob6oti Bomommna B.H. «MexaTponHa cuctema 3aTHCKy TOKapHOTO
Bepctata 3 UIIK 3 MarHiTopeosoriyHuM cepeoBUIleM» [8] pO3TisHyTO 3aTHUCKHI
mexaHismMu  BepctaTiB 3 YIIK 13 BHUKOPHUCTOBYETHCS MarHiTOPEOJIOTTYHUX
MaTepiaiu 31 CXOXXHUMHU JO0 €JIaCTOMEpPIB BJIACTUBOCTAMH. ABTOPOM IPOBEAECHO
MOJCITIOBAHHS  TEOMETPUYHMX Ta  CHJIOBHX  XapaKTePUCTHUK  IPHUCTPOIO
MEePEMUKAHHS PEXKUMIB POOOTH BUXOASYM 13 XapaKTEPUCTUK MArHITOPEOJIOTIYHOL
PIIMHYU, BEIMYUHA MAarHITHOTO TOJIA, IJIOIII POOOYOro 3a30py MIkK CTaKaHAMH.

Ak mizcymok, Oyia 3ampoloOHOBaHA MEXaTpPOHHA CHCTEMa 3aTUCKY 13
OPUCTPOEM  TEPEMHKAHHS  PEXKUMIB  pPOOOTM 3  Mar”iTOpPEIOroriyHUM
CEPEIOBUIIEM, SIKA MA€E PSAJ CYTTEBUX IEpPEBar, cepell sIKUX: eHEProe(eKTUBHICTS;
KOMITaKTHICTh; JIETKICTh KEpYyBaHHsS POOOTOI0 3aTUCKHHUX €JIEMEHTIB; 3/IaTHICTh
MIATPUMYBATH HEOOXIJIHY CHIIy 3aTHUCKYy O€3 MiJIBECHHS €HEpPTii Micis 3aTHCKY;
MO>KJIUBICTh KOHTPOJIIO 1 PETYJIOBAaHHS CHJIM 3aTUCKY; MOXIIUBICTH aBapiitHOTO
OJIOKYBaHHS OOCPTAaHHS IIIITHHICTIS.

BMCHOBKU

B nanuii yac BUBYEHHS MAarHiTOPEOJIOTIYHUX €JIaCTOMEPIB MEPEBAKHO
c(hOKyCOBaHO Ha JIOCHIPKEHI ONTUMAJIBLHOTO CKJIAJy Marepiainy Jijisi KOHKPETHOTO
MPAKTUYHOTO 3aCTOCYBaHHS. ICHYIOTH pO3pOOKH aMOPTH3aTOPIB, ACSKI 3 SIKUX BXKE
3HAMIILTN 3aCTOCYBAHHS Y aBTOMOOUIbHIM MTPOMUCIIOBOCTI. Bijanene ynpapiiHHS
BJIACTMBOCTSIMH ~ €1aCTOMEpPIB 32 JOMOMOIOK) MArHITHOTO TOJS  J03BOJISIE
BIIPOBA)KYBaTH iX y oOjacTte OloMeIMIIMHHM. AKTIOATOPH Ha OCHOBI
MarHiTOPEOJIOTIYHUX €JIACTOMEPIB MOTJIM O 3HAWTH 3aCTOCYBaHHSA Yy PIZHHUX
rajry3sx BiJi poOOTOTEXHIKH 1O MIKpOQIIOiTUKHA. 3aCTOCYBaHHS €IacTOMEpIB HE
BUMara€ BEIIMKUX CHEPreTHYHUX BHUTPAT, alieé JO3BOJISAE€ IMIBHAKO 1 0OOPOTHO
KEepyBaTH EJIEMEHTOM MPHUCTPOIO, IO 3YMOBIIOE IIUPOKY TMEPCIEKTUBHICTh iX
BUKOpUCTaHHA. KpiM TOro, MarHiTOpeodOriyHI €JacTOMEpU  CTAHOBIATH
BENMYE3HUN 1HTepec 1 i (GyHAAMEHTAIBHHX JOCHIKeHb. BoHM €
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KOMITO3UTHUMH  MaTepiajlaMH, 110 CKJIQJaloThCid 3 Oe3/idl  B3aEMOJIIF0YNX
€JIEMEHTIB.
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CONTROL OF THE METHOD OF APPLICATION OF ANTIFRICATION
COATINGS.

The article presents an overview of the combined processing method, a schematic
diagram of the experimental setup and a description of the processes studied during the
experiment.

Ordinary materials are not always able to meet the requirements for parts of
machines operating in extreme operating conditions. High-quality structural
materials, if they can meet such requirements, may turn out to be too expensive [1,
2].

Difficulties that arise are removed by applying coatings with a thickness
from fractions of a millimeter to several millimeters on the surface, which can
provide the required performance characteristics of the parts [1].

However, there are a number of problems associated with the application
and operation of anti-friction coatings. One of the significant reasons for the failure
of the surface layer is poor adhesion of the surface layer, porosity, etc. During
operation, with an increase in temperature, all indicators of mechanical strength
decrease near the surface layer [2].

Consider the disadvantages of several basic coating methods.

Surfacing is the application of coatings in layers of several mm thick from a
molten filler material to a melted metal surface of a product.

Disadvantages of surfacing technology:

- the possibility of changing the properties of the deposited coating due to
the transition of the base metal into it.

— change in the mechanical composition of the base and deposited material
due to the oxidation of alloying elements [3].

Spraying is a process consisting in heating the sprayed material with a high-
temperature source. Flaws:

— instability of sprayed coatings to impact mechanical loads;

— anisotropy of properties of sprayed coatings [3].

Thus, it can be seen that the application of anti-friction coatings on the
surface of parts has a number of disadvantages associated primarily with the
features of the coating method. To solve these problems, a combined coating
method is considered. Aimed at the fact that between the coating and the substrate
material there would be an adhesion-diffusion interaction.

When considering the combined method of applying antifriction coatings,
the adhesion between molecules inside the lead rod and diffusion in the contact
zone of the lead rod and the substrate material are analyzed. In this case, these
physical phenomena counteract each other.

For the experiment, a scheme was developed, shown in Fig.1
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1- workpiece;. 2 - guide roller; 3 - rod; 4 - drive roller; UB - control unit
Fig. 1 Scheme of the experimental setup

Lead will be used as a coating material, in the form of a rod, and the
substrate material will be structural steel.

The steel roller is given a rotational motion at a constant speed, from above,
a lead rod is fed onto it. The wire feed force is constant. Lead rubs against the
surface of the roller and a small part of the material of the rod is transferred to the
workpiece. With this mode of operation, a diffusion interaction will occur between
the bar and the roller, which pulls out microscopic pieces of lead from the bar,
transferring them to the workpiece. Diffusion is counteracted by adhesion between
the lead molecules in the bar, and when these forces are balanced, the process will
stop. Lead molecules will stop escaping onto the workpiece material. This balance
can be disturbed by electrical impulses supplied by the control unit. To study the
effect of current parameters on the diffusion-adhesion interaction, the control unit
regulates the pulse frequency and duty cycle (pulse action time) of the current.

By changing the above current parameters, it will be possible to reduce the
adhesion of lead and increase diffusion in the zone of contact between the
workpiece and the rod, which will make it possible to apply relatively thick layers
of antifriction material to the workpiece.

The advantages of this method are that it will be possible to apply a
significant layer of anti-friction material without resorting to temperature, chemical
or any changes in the applied material.
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CYYACHI METO/JU 3HW’KEHHS BIIVIMBY ABPASUBHOI' O
S3HOIIYBAHHS HA EOEKTUBHICTDb POBOTU JAETAJIEN
TPYHTOOBPOGHUX MAIIIUH

Ilposedeno  nopieusibHull  aHANi3  AlbMEPHAMUBHUX — 8APIAHMIE  NIOBUWEHHS
3HOCOCMIUKOCMI pOOOYUX NOBEPXOHb Oemaiell Mexaizmie i mawun. Pozensmymo nepesacu
e1eKMPOKOHMAKMHUX Memo0ie GiOHO8NeHHsA Oemanell mawun. [Jocniodceno mamepianu Ons
HAHeCeHHs. 3HOCOCMIUKUX NOKPUMMIE ma NOKA3aHO (DYHKYIOHAIbHI nepesazu KOMNO3UYIUHUX
mamepianié  CMOCO8HO  NIOBUWEHHS  eKCHIYamayitiHoi  cmitikocmi — 6IOHOGNIEHUX  8Y3]i8
IPYHMOOOPOOHO20 0OIAOHAHHS.

The comparative analysis of alternative variants of increase of wear resistance of
working surfaces of details of mechanisms and cars is carried out. The advantages of
electrocontact methods of restoration of machine parts are considered. Materials for wear-
resistant coatings have been studied and the functional advantages of composite materials in
relation to increasing the operational stability of restored units of tillage equipment have been
shown.

B nanuit yac mpu o0poOii IpyHTY AJiE 0OOpOOKH CLIBCHKOTOCTIOAAPCHKUX
KyIbTYp 3aCTOCOBYIOTH 0e3miu rpyHT006po6HI/Ix MAIlINH, a CaMe KyJIbTHBATOPH,
po3nymyBaq1 CIBJIKM Ta MOCIBHI KOMIUIEKcH, Tomo [1]. YMoOBHM ekcrutyaTarii
pLKYYMX JeTajJled He MO)KHAa Ha3BaTU IPOCTUMU — BOHM 3HAXOASTHCS Y
0e3nocepelHbOMY KOHTaKTI 3 a0pa3sMBHUMHM YAaCTUHKAMM, LI0 BUKJIMKAIOThH
IHTEHCUBHE 3HOUIYBAaHHS, 3aTYIJICHHS pi)quI/Ix KPOMOK, 3MiHy (opmMu 1 K
Hachnigok mpodiio Ta podbounx p03M1p1B Excrutyaraitisi 3HOIIEHHX po6oq1/1x
opraHlB BEJe /0 MaJiHHA SKOCTI BHKOHYBaHUX pOOIT, 3pHBY arpoTEeXHIYHUX
TEPMiHIB BHKOHAHHS onepaum 3pOCTaHHs  MPOCTOIB TEXHIKH, NOpSIMHX Ta
HEMpPsMUX BUTPAT, 3HUKEHHS KIJIBKOCTI OTpI/IMaHOI TOBApPHOIL npo;[yKun [2, 3].

Metoro pobGOTH € JOCHIKEHHS ICHYIOUMX METOMAIB  IiJBUIICHHS
eKCIUTyaTalliiHOT CTIMKOCTI IeTanei Ta By3IIiB IPYHTOOOPOOHHMX MAIIUH 3 TOYKU 30py
e(eKTUBHOCTI 00paHOi TEXHOJIOTIT 3 ypaXyBaHHSIM yMOB €KCILTyaTallli 00JJaHaHHS.

[TinBuIeHHS  3HOCOCTIMKOCTI  JIOCATA€THCS  PI3HUMH  CIIOCOOaMH,
COpSIMOBAaHUMHU a00 HAa 3HWKEHHS IIBUIKOCTI 3HOLIYBaHHS, a00 Ha 3HUKEHHS
HIKIJJIMBUX HACHIJIKIB TpoLecy 3HollyBaHHS Jnertaneil. [lo mnepmoi rpymnu
BIJIHOCUTBHCS METOJI CaMO3arOCTPEHHS pi3alibHUX Jie3, 10 3abe3nedye BUOIPKOBE
3HOITYBaHHS PO00Y0i KPOMKH IHCTPYMEHTY, MpPHU SKOMY 30epiraeTbCs MOro
onTuMalibHa ¢opma abo piKyda BIACTHBICTh. Y JI€AKUX BHUIIAJKaX BUHUKAE
HEOOXITHICTh 3a0€3MEeUCHHS PETJIaMEHTOBAHOTO XapaKTepy 3HOITYyBaHHS, KOTPUN
J03BOJIUTH ChOPMYBaTU HEOOXIMHUN penbed Ha poOOUil MOBEpPXHI ab0 KPOMIIi,
30epirmy npu oMY 3aJaHui NpouTb MPU 3HONIYBAHHI IHCTPYMEHTY /10 KIHLSA
TepMiHy Horo ekcruryartauii. [{boro MOXIMBO AOCATTH MPUBAPIOBAHHIM OMOPHUX
TaKUX EJIEMEHTIB sIK cMyT, ApoTiB [4]. [liABUIIIMTH 3HOCOCTIHKICTH, 3a0e3meunTu
YMOBH ISl CaMO3aTOYyBaHHS 1 30epeeHHS HEOOXiTHOTO MPOQUII0 TaKOK €
MO>KJIMBUM IPU BUTOTOBJIEHHI JIe3 pOOOUYMX OPraHiB IPyHTOOOPOOHMX MAaIIUH 3
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HaIUIaBJICHUM POOOYMM IIapoM 3MIHHOI TBepAOCTi. Pi3HOBHIOM TakKoro
HAIUIaBIIIOBAHOTO Martepiany € 0araTolmapoBUi KOMIIO3UT 3 PI3HUMH (QYHKLIIMU
mrapiB. OTpuManHsi 0araTomapoBOro CTaJ€BOrO0 KOMIIO3UTY 13 3aJaHUMH
BJIACTUBOCTSIMU — JTOCUTh CKJIQJHE TEXHOJOTIYHE 3aBAaHHs. Bimomi mMetoau, Taki
K HaIUIaBJICHHS, XIMIKO-TE€pMidyHa 00poOKa, HE Jal0Th MOXKJIMBOCTI MOJYYUTH
OaraTomapoBuil cTaneBuil KOMIO3UT 3 pobounm mapom 0,1-0,3MM npu 3aranbHii
mmpuHi 1-5mm. Tpaguniiine po3KOYyBaHHA B TOHKI JIUCTH 1HCTPYMEHTAJIbHUX
CTaJiel 3 MOJANBIIUM 3'€IHAHHSIM IIapiB 3BapIOBaHHSIM, MaKOI0 Ta MaKETHOIO
MPOKATKOIO I OTPUMAHHS 6araTomapOBoro CTaJIEBOTO KOMIO3UTY — JOCHUTH
TPYAOMICTKA TEXHOJOTIsA. AHami3 mTepaTypHHx JaHUX Ta BI/Ip06HI/ILII/II/I JI0CB1
JI03BOJIAIE JIATH KOPOTKY XapaKTEPUCTHKY ICHYIOYMM METOJIaM BIJHOBJICHHS Ta
3MIIHEHHS JeTale MaIluH JOCIIKYBaHOTo Kiacy (tabu. 1) [4].

Tabn. 1 — CyyacHi MeTOIM BIAHOBIJIEHHSI IPYHTOOOPOOHOTO IHCTPYMEHTY

CnocoOu BIJTHOBJIEHHS Henomiku
1. [TepeTouyBaHHs pixkyunx | Piske 3meHIIeHHs poOouYoi MOBEpXHI
MOBEPXOHb IHCTpYMEHTa, 10  [PU3BOJIUTH  JIO

30UTbLIEHHSI €HEPrOBUTPATH, MOTIPIIECHHS
SAKOCT1 OTPUMAHOI MPOAYKIIIi.

2. [TigBumeHHS TBepaocTi| [Ipu3BoauTh 10 3HMKEHHS IIACTUYHOCTI
MaTtepiany piKydoro IHCTPYMEHTa| Ta yAApHOi B'S3KOCTI, IO HE3aJ0BUIBHO
TEpMOOOPOOKOI0  (4MM  BHIA| MO3HAYAETHCSI Ha POOOTI 1HCTPYMEHTY B
TBEPICTh, TUM JIOBIIIE 1HCTPYMEHT| YMOBaX [ii yJapHUX Ta 3THHAIBHHUX
30epira€  CBOi  EKCIUTyaTailiiiHl| HaBaHTaKEHb

BJIACTUBOCT!I)

3. TanpBaHiuHe HaHeceHHs mmiapiB| [lyxkuii HaHeceHMH IIap 3 HHU3BKUMHU
MeTainy (HIKEJIOBaHHS, | MEXaHIYHUMHU  BJIACTUBOCTSIMU  SIK 34
XPOMYBaHHS) MILIHICTIO, TaK 132 3HOCOCTIMKICTIO; HU3bKa
MILHICTh  3YEIUIEHHS 13 TMOBEPXHEI0
IHCTPYMEHTY; WIKIJJIUBICTE BUPOOHUYOIO
MpolLecy; TPYAHOILI yTHII3alli BIIXOA1B

4. Merami3anis Hwusbka MILHICTE 3YeIICHHS 3
MOBEPXHEI0 BUPOOY; OTPUMAHHI IIap Mae
BUCOKY KpHUXKICTb 1 HE BHUTPUMYE
yIapHUX HABaHTaXXCHb; BHCOKI
BHYTPIIIIHI HAPYTH APy
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5. 'azoTepMiuHe HAIUTaBICHHS TpynHOmi  peryiroBaHHS  TEIJIOBOTO
MPOIIECY, BHACIIIOK YOTO 3'SBIISETHCS
3aJICKHICTh MIITHOCTI Ta 3HOCOCTIMKOCTI
HaIUIaBJICHOTO IMapy BiJa KBamidikarii
poOITHMKA;  TEPMIYHMM  BIUIMB  Ha
CTPYKTYpPY METaly, 4YacTi BUIAIKU
BIJITYCKY Ta Mepenaly OCHOBHOTO METaTy

6. Iudy3iiine 3BaproBaHHS TpuBanuii 4ac 3BaproBaHHs (OJU3BKO
5XB.), TPOTATOM  SKOTO  MOJXKIIUBE
3pOCTaHHS 3€pHAa METAly A €0
TEMIIEPATypH; CKIAIHICTh OOJIaTHAHHS Ta
BHCOKA BapTiCTh MPOIIECY

7. EnexTpoayroBe HariaBJIeHHs Po3unnenHa  3MinHmO04oi  (dasm B
OCHOBHOMY MeETaJl; TepMIYHA BIUIMB Ha
JeTalb; MIJBUIICHE Ta30NMWIOBUIICHHS
Ta  po30pU3KYBaHHS;  HE  3aBXKIU
3a0e3neuyeThCs nepexij YacTUH
3HOCOCTINKOI (ha3u B HATUTABJICHUI 1Iap

8. 3amiHa BiAMpanboOBaHMX JeTaicii| Bennki BUTpaTH Ha 3amacHi YacTHHH,
HOBUMH, IO TIOCTaBISIIOThCA SK| BapTICTh  KOTPUX  SIBISIE  TOJIOBUHY
3aracHl YaCTUHU 3arajlbHUX BHUTpaT Ha PEMOHT, IO
NOTIpUIy€e PeHTA0ENbHICTh 00JIaTHaHHS

Kommo3suiiiiHe MOKpUTTA, WO CKIAAAEThCS 3 TUIACTUYHOI METaJIeBOi
MaTpHIll Ta TYTOIUIABKUX KEpaMiYHMX YAaCTHHOK — HANOBHIOBAuiB, HaiyacTiiie
OTPUMYIOTh PI3HUMHU CIIOCOOAMU HAIUIaBJICHHS (EJIEKTPOIILJIAKOBOI, Ta30Bo1,
JyroBO1, IHAYKIIHHOI Ta 1H.). OgHaK pinkoda3zHi MpoILEeCcH, X HasIBHICTh Ma€ Taki
HEJIOJIIKH, SIK 3HAaYHUN TepMIYHUI BIUTMB Ha METajl OCHOBH, MOTIPIICHHS BUX1THUX
BJIACTUBOCTEN 1 CTPYKTYypU TMOPOIIKOBUX MarepiaiiB, OOMEXKEHICTb BHOOpY
CKJIAJOBUX  MOKPUTTS. bimpmiicte 3  OUMX  HEAONIKIB  BIACYTHA  NpH
CJICKTPOKOHTAKTHOMY HAIUIABJICHHI, SK OJHOMY 3 METOJIB TBEPJO- Ta PIIKO-
TBep0(a3HOI TEXHOJOTii HAHECEHHS MOKPHUTTIB, MO BIAPIZHAETHCS MIHIMAIHHOIO
30HOI0 TEPMIYHOTO BIUIMBY Ha A€Tallb, BiJICYTHICTIO HEOOX1AHOCTI BUKOPUCTAHHS
3aXMCHO1 aTMOCc(epH Ta BIJCYTHICTIO BUIIPOMIHIOBAHHS 1 razoBuauieHHs. [Iporec
€JIEKTPOKOHTAKTHOTO HaTUIaBJICHHS XapaKTepU3y€eThCs KOPOTKOYaCHUM
BUCOKOIBUAKICHUM HarpiBanHsaM (10 800—1000°/¢) maTepiaity, 10 HaMJIaBISETHCS,
Ta ocHOBHOTO MeTainy Ao temnepatyp 1400—1600°C ta criioBUM BILJTUBOM POJIMKIB-
enekTpoaiB. HarpiBanHs BIOYBa€TbCsl 3a pPaxyHOK IMPOIYCKaHHS CTPyMy, WIO
TeHEPYETHCS JPKEPESIOM CTPYMY B IMITYJIbCHOMY PEXHMI, Yepe3 MakeT-Marepiall, 1o
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NPUBAPIOETHCSA, 1 OCHOBHUM MeETall, IO TMOMIIIAETHECA MK €JIEeKTPOJAMHU
3BapIOBAJILHOT €JIEKTPOKOHTAKTHOI MamiHu [4, 5]. EnekTpokoHTaKTHE HAIJIaBICHHS
HAJICKUTh JO TPOIECIB 3 SICKPAaBO BHPAKEHUM CUJIOBHM 1 TeMIIepaTypHHUM
aKTUBYBAaHHSIM. BenuunHa cUI0BOro BIUIMBY MPU I[OMY Ha 2-3 MOPSIIKU BUINA, HIK
y BUNQJAKY LHIEHTPaTI30BaHOTO 1HAYKIIIHHOTO, BIOPAIIHOTO Ta 1HIIIMX TEXHOJIOTIYHUX
BapiaHTIB OTpUMaHHA MOKPHUTTIB. [Ipu 1bOMYy HMIBUAKICTH HArpiBaHHA MIapy, IO
HAIUTABIIIETHCS MOKE CATATH JACKIIbKA TUCAY IpaayciB B cekyHay. [loenHanHs 1BOX
aKTUBYIOYMX (PAKTOPIB 103BOJISIE 3IMCHIOBATH MPOIIEC HATUIABIICHHS B CEPETHHOMY B
100 pa3iB mBHALIE, HIX MPU iHJ:[yKuiﬁHOMy croco61 HaHeceHHs! MOKPUTTS. [Ipu
LBEOMY ¢bi13uKo-MexaHiuHa BJIACTUBICTb OTPUMAHOI'O Ha HOBerHl mapy BUPOOY, 110
BIJIHOBJTIOETHCA, (3HOCOCTII/IKICTL TBepI[lCTB MOPUCTICTh 1 T.1.) 3aJ€XKaTh BIJ
TEXHOJIOTIYHUX TMapaMeTpiB Mpolecy, AKi HEOoOXiAHO BUOUpATH 3 ypaXyBaHHSIM
BIUTUBY aKTUBYIOUUX (DPAKTOPIB, TAKMX, SIK CHJIOBE Ta TEMIIEpATypHE aKTHUBYBaHHSI.
CusoBe axkTHUBYBaHHsS 3a0€3MEUy€ThCS BIUIMBOM €JIEKTPOJIY Ha Matepiai, IIo
HAIUJIaBJISETHCS, B 30HI HaIIaBieHHSA. ICHye MiHIMaibHa BEJMYMHA THUCKY, IIO
BU3HAYAETHCSI HU3KOIO YMOB. [lo-1iepiiie, THCK 0OMEXYEThCSI 3HAUEHHSIM, IIPU IKOMY
map, 10 HaIIaBJs€TbCs, MPUUMAE JOMYCTUMHHN €JIEeKTPOOIip, Mo 3abe3neuye
HEOOXIJTHY €JIEKTPOIPOBIAHICTS (TOOTO MPOXO/KEHHS CTPyMy depe3 Iap He
BUKJIMKAE MEPErPiBY OKPEMHUX JUISHOK 3 X PO3IUIABICHHIM Ta BUOYXOBOTO BUKULY
YAaCTUHH METAITy Y BUIJIAA1 Kpallellb); I0-ApyTe, THCK BU3HAYAE€THCS BEJIMYUHOLO, IPH
KOTp1il BIH Ma€ aKTUBYIOUMH BIUIMB HA IPOLIEC HATUIABJICHHS.

Takum dYnWHOM, TeMmIepaTypHE aKTHBYBaHHS BH3HAYAE€ThCS pIBHEM Ta
XapakTepOM 3MIHM TEeMIIEpaTypd B 30HI HarulaBieHHs. PiBeHb Temmneparypu, ii
PO3IO/ILI O 1Iapy 1 IeTal, IMBUAKOCTI HArPiBaHHS 1 OXOJIOIXKEHHS, 0arato B 4oMy
OOYMOBIIIOIOTh ~ XapakTep TMpOTiKaHHS AUQY31MHUX MPOLECIB HaIJIaBJICHHS,
BH3HAYAIOTh PIBEHb 3aJIMIIKOBHUX HAMPYXXEHb Y MOKPUTTI Ta JETalli, Ha/lal0Th BIUIUB
Ha (OPMYBaHHS €KCIUTyaTallIHUX BIACTUBOCTEH TOKPHUTTS, 1110 HAHOCUTHCS. TomMy
BUSIBJICHHS  (DYHKIIOHAJBHOTO  B3a€EMO3B'S3KY  (DaKTOpPIB  TEMIIEPATypPHOTO
aKTUBYBaHHS 3 PSXKUMHUMU MapaMeTpaMu eIEeKTPOKOHTAKTHOTO HAIUIABIICHHS (CHiia
CTpyMy, IIBHUJKICTh MEPEMIIICHHS pPOJIMKA 1 T.1.) JO3BOJHUTH KEpyBaTH (Pi3UKO-
XIMIYHUMU TIPOLIECaMH, 0 MPOTIKAIOTh NMPHU HAIUIABJICHHI, 1 BA3HAYaTH THM CaMHUM
(b13MKO-XIMI4HI BIIACTUBOCTI MTOKPUTTSI.
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OCOBJIUBOCTI MPOTUJIIT HET ATHUBHOTI'O BILIUBY POBOTU3AIIII
BUPOBHUIITBA HA ®I3UYHUU CTAH JIIOUHI.

V' pobomi nokazano, wo pobomusayicio 0ocsA2acmuvcsa epekmugHicms y 06azamvox
2any3ax 0OHOYACHO | MOJCe UHUKHYMU CUHEep2emuyHa eqheKmusHicmo, Koau pobomu 3 OOHI€D
2any3i npaKmu4Ho peghopmyroms 2any3s. Ane npu ybomy cmpadxcoac 3aunamicms aooeu. /lesaxi
acnekmu MaubymHvoi cghepu 3aiHAMOCMi aKkmyanizyioms HANPAMOK CHPA8 WoO0O0 NIOBULYEHHS
@izuunoi akmuernocmi ar0oell ma ix 3aHsams CHOPMOM.

The paper shows that robotization achieves efficiency in many industries at the same time
and synergistic efficiency may appear when works from one industry practically reform the
industry. But at the same time, employment suffers. Some aspects of the future sphere of
employment actualize the direction of affairs to increase the physical activity of people and their
sports.

OO0'exTuBHUMH (DaKTOpaMU TMPOTPECy CYCHUIBHOTO BHPOOHHIITBA € —
BIIPOBA/PKCHHSI HOBUX MPOrPECUBHUX TEXHOJOTIH, aToMaTH3allis Ta poOoTH3aIlis,
3HIDKEHHSI JIOJII PYYHOI Mpaili B HbOMY - BHCYBaIOTh 1 OyIyTh BUCYBaTH HOBI,
3HAYHO BUIII BUMOTH JI0 aJalTallifHUX 3110HOCTEH JIFOAWHU, J0 Horo (pi3udHOro
30poB's. ToMy coliajibHa yCTaHOBKA CYCIIUILCTBA HA MiABUIICHHS PiBHS (Pi3nyHOT
aKTUBHOCTI JIFOACH K 3ac00y 3MIITHCHHS 3I0POB'S, JOCSITHEHHSI MacOBOi (hi3HIHO1
JIOCKOHAJIOCTI 1 POCTy Ha I[ii OCHOBI BHUPOOHHWIITBA TIpami Ta OCOOMCTOTO
OJlaronoayyysi O3Ha4a€e KpoOK BIepe]] B peati3alii r'yMaHiCTU4HOi 17ei [1].

HoBa cepena xu3HenesTEIbHOCTH JIFOAMHU BU3HAYa€ OCHOBHI BUMOTH 0O
HOBUX POOOTIB — IX MOXJIMBICTh 1 3AaTHICTb BOYJOBYBATHCSI B ICHYHOUY
TEXHOJIOTIYHY JIIHII0 Ta /a00 CTBOPIOBATH BJIACHY HOBY TEXHOJIOTIYHY cepelry
(;iHiro) ans BOYJIOBYBaHHSI JIHIA HAcTymHUX POOIT, KPUTEPIiB €PEeKTUBHOCTI
poOOTH I KOKHOI oTpacyiu. Takok BeXyThCs OCTIKEHHS 3 paljioHam3alli ta
0aratodyHKIIOHATBLHOCTI POOOTH JBOWHOTO TMpPU3HAYCHHS. Y  MIJICYMKY
poOoTizailii gocsraeTbcs €dEeKTHBHICTh Y 0araThOX rajy3siXx OJHOYACHO 1 MOXKe
3'SIBUTUCS «CHUHEpPreTHYHa eQEeKTUBHICTh», KOJIM POOOTH 3 OJHIE€I Tamys3i
MPAKTUIHO PehOPMYIOTH ramys3b.

Tepmin «IIpomucnoBict 4.0» OyB BuUKOpUCTaHUW Ha [aHHOBEPCHKIM
BuctaBil B 2011 rogy y 3B'A3Ky 3 KOMILJIEKCHUMH KiOEpPI3UUHUMU CUCTEMaMH, B
axux [T-cucremMu Ha BCIX CTalisIX BUPOOHUYOT 1IeTTOYKH 00'€THAaH1 B OJIHYCETh JJIS
B3a€EMOJIIi 3 1HIIMM B PEXUMI PEAJbHOrO 4acy 1 caMOHAcTpOoWku. Po3BUTOK 1€l
MPOMUCIIOBOCTI  TpaHC(OpPMYyE BCIHO apXITEKTypy CBITOBOI E€KOHOMIKH Ta
HaIlIOHAJIBHOTO TOCIIOIapCTBA.

Taki «po3yMHi» BUPOOHMIITBA OTPUMAIOTh IITUM HAOOPOM BIAMIHHHUX
BU3HAHbD:
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-MaTH BIPTyaJbHy KOMIilO, $SKa JO3BOJUTh MPOBOAUTH CHUMYJISIIIIO
TEXHOJIOTIYHUX TPOIIECIB Ta BIACTEKYBaTU €(PEKTHUBHICTh POOOTH HAOYIb-SIKOMY
BUPOOHUYOMY €Tarli;

-CaMOCTIHHO MpHUMaTH PIIICHHS.

Bci nmpopuBHI  JOCHIDKEHHS, HAIICHI Ha «IPUKOK» Ha HACTYITHHH
TEXHOJIOTIYHUM PIBEHb, PO3IIMPIOIOTh KOPJOHHU IMI3HAHHS CBITY, BHUPIIIYIOThH
r100aapHI MPOoOJIEMH, BIIKPUBAIOTh HOBI MOXJIMBOCTI, ajieé pa3oM 3 TEMOIO, BOHU
BIJICYTHI TI€BHI BHUKJIWKH Ta Yrpo3ud ypsjaam, Oi3Hecy, O€3NeKu, 3J0pOB'I0,
0COOMCTOT JKUTTS Ta CBOOOIY CBIJOMOCTI Ta BOJI1 JIFOJUHH, BKIIIOYAIOUH:

— HOBI I 1 3aBJaHHS BIMHM MDK MammHamu (poOoTaMM) 1 JIIOJABMH 3a
MIPaBO JIFOJICH KUTHU BITLHOIO JYXOBHOTO )KH3HBIO 1 Pa3MHOKATHCS,

— TOTaJbHYIO POOOTHU3ALIMIO MPOIIECIB KUTTA JIIOJWHH, KA 3 YpaxyBaHHIM
TpaHchoOpMaIiitHuX TOTped TNOTpedye HOBOTO MEHEMKMEHTY B3a€EMOIi MiX
JIFOJIbMH 1 CAMHUMU TEXHOJIOT1SIMU;

— OypHBIH POCT YEIIOBEYECKOTO TIO3HABATEIBHOTO IMOTCHIMAIA |
NOTEHIIMAJIa  CaMOpPa3BUTUA  POOOTOB  (IIPOEKT  CYMEpPKOMIIbIOTEpa  «MTr.
Computer»);

— CTBOPEHHS CYMEPIHTENEKTYalbHOI CHUCTEMH — TJI00abHOTO MO3KY, SKE
BUHUKAE TICJISI BIAKPUTTS HOBUX BHUJIOB €HEPTTIi.

OTU W Jpyrde BbI30BBI HOBOW THOPUAHOW Cpenbl, T.e. CPElbl CIUSHUS
HMCKYCCTBEHHBIX M O10JIOTIYHHMX CHUCTEM €Ille MaJi0 BUBUECHI, ajie BXKE BU3HAYUIIUCS
iX JesiKl 0COOJIMBOCTI. HAMPUKIIA:

-OTpUMaHHs NpUOYTKIB B TIOpUIHINA cepelil HE 3B'A3y€ThCs 3 TPAAULI HIHUMH
dbopmamu Oi3HeCy;

-TOBApM Ta IMOCIYTd pOOOTIB aBTOMAaTUYHO BOYAOBYIOTHCS B ICHYIOUY
TEXHOJIOTIYHY JIHIIO Ta/ab0 CTBOPIOIOTH HOBY TEXHOJOTIYHY cepeny (JiHiI0) A
BOY/IOBYBaHHsI JIIHIM HACTYITHUX POOIT;

-poOOTH CTBOPIOIOTH HOBI KpUTEPIi €PEKTUBHOCTI Ta CTAHAAPTH JIJIST KOXKHOT
ramysi.

Hapsiny 3 1iuM, BUKIMKAIOTh 1 BUMOTH JI0 KOHKYPEHTOCTIPOMOXKHOCTI KpaiH-
JiaepiB 'y HOBOMY KiOepcpelll, BHU3HAUaIOTh PIBEHb JEpPKaBHO-TEXHOJOTIYHOT
Oe3MeKkr B €MOXy «IIEeCTOTO TEXHOYKIAna», BKIIOYAOYM BiliHY, COIliaJbHY,
MOJIITUYHY Ta €KOHOMIYHY CTAOUIbHICTh, 3/AaTHICTh 3aXMILATH KpaiHy B HOBHUX
riOpuaHUX 1 0€3KOHTAKTHUX KiOepBOMHAX.

JlronuHa BUHYXJEHHO M13HA€ MOKJIMBOCTI CBOTO MOJAJIBIIOIO 1CHYBaHHS,
BIDKMBAHHS 1 TIpOrpecy B 1i€i HOBOi kubOep-cpeae. PuHouHui 3anuT Ha poboTH
3MIHIOE UHAMIKy Ta CTPYKTYpYy CBITOBOi ekoHOMikH. [lonb3yBanHs poOoTamu
BEJIC JI0 IMIBUIKOTO HAPOCTAHHS KPUTHYHOTO OOCSTIB 3HAHH HACEJICHHS CBITY JJIA
MIBUKOTO PO3BUTKY B HOBOMY TEXHOJIOTIYHOMY YKJIaJ, a JUIsl HeaIalTOBAaHUX 0
HOBOTO CEpelioBUILA TpoOMaAsiH Oyae OOMeXeHHl MJOCTylm [0 pO3MOILLY
IPOMAJICBKHX OJ1ar.

ChorogHi  BiJI3HAYAETHCS  TMOKpAIICHHS B psial  chepu  MisUTbHOCTI
«CTIOPTUBHUX KIYOIB 1 CaJOHIB KpacwW» TPAAUIINHO 3HAXOIUTHCS B «3€JEHIN
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30H1», TIO3UTHMBHUM HACTpOM MOXKHA BIJBHAYUTH Yy cdepl nOpogaxy,
MeauuuHI/ papMaleBTUKU Ta MapKeTuHry, pekiamu, PR. HaiMenee BneBHeHo Ha
PUHKY BiA4yBalOTh ce0e CrelianicTy, 3aHiTl B cepi — «CtpaxyBaHHs», «Buciimii
MEHEKMEHT» Ta « YTPaBIIHHS MEPCOHATIOM, TPEHIHTHW». MeHblle Ipyrux 60arcs
YBOJBHEHUN Ha4YMHAIOIINE CHCHMATUCTBl W TpenactaButenu cdepol «Hayka,
oOpa3oBaHue». Maiike TOJOBHHA COICKaTeNel TOTOBI 3HM3UTH CBOi 3apIUIaTHI
OYiKyBaHHS JJIsl TOTO, 1100 3HaWTH poOoTy. Haitbinblry TOTOBHICT 10 3HMKEHHS
CBOIX 3apIUIATHUX OYIKYBAaHHMX 3asBIISIOTh MOYMHAIOTH CICHIANICTH Ta pOOOUYUi
nepcoHas. A BOT MEHIIE BCHOTO Ha TaKy MEpy COTJAcHbl MONUTH MEIUYHUM
TIpaIliBHUKAM.

VY BCiX IHIIMX NEPEKOHAHHAX B TOMY, IO 3MOXKETE 3HANTH POOOTY B yMOBax
poboTu3arlii - NMpeACTaBHUKH 1HAYCTPIii ciopTy Ta Kpacu. Tomy, pO3BUTOK I[LOTO
HaANPSMKY B MpodeciitHol opieHTallii MOJOA1 € TPUPUTETHHUM.

CIINCOK ITOCUJIAHDb
1.https://www.kspu.edu/FileDownload.ashx/%D0%9B%D0%B5%D0%BA%D1%86%D1

%96%D1%97_ %D0%A4%D0%9A%D0%A0%D0%93%D0%9D.PDF?id=928ba3d5-5038-
4b8e-89df-e7877e014al1l
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UDC 621.791.92
Goncharova N.S. (Ukraine, Kramatorsk, DSEA).

PROTOTYPING OF PRODUCTS WITH THE USE OF ELECTRO
SPARK DOPING.

The article considers and describes the created molding unit, which builds a layered part
of a rod material that is continuously fed into the molding zone in the form of molten
microspheres, by heating with a strong electric current.

In industrial production, especially in high-tech knowledge-intensive
industries such as mechanical engineering, radio electronics, automotive, along
with traditional technologies, ultra-modern methods of forming parts are
increasingly used.

Thus, one of the most effective methods of obtaining high-quality products
from metals and alloys is the cultivation of blanks and parts. In foreign practice,
this technology is called Direct Metal Fabrication. The principle of forming
products with this technology is layer-by-layer cultivation of the product by
welding or sintering the powder material. As a result, you can get parts of complex
shape, which are simply impossible to make by conventional casting methods.

We have developed a completely new installation that will allow you to
grow parts of different configurations. The essence of its work is as follows: the
material in the form of molten microspheres, which are continuously fed into the
zone of formation, using a concentrator of strong electric currents and applied to
the treated surface by a stream of compressed air. The high-frequency power
supply is a standard high-frequency electric current generator.

The part is grown with the help of a material that is fed in the form of a wire
into the growing zone and under the action of an electric current is transformed
into microspheres of the melt material. The formation of the part is due to the
reciprocating movement of the working body and its movement in the coordinates
P1 and P2 with a limit on the distance A, which allows in conjunction with the
regulation of current to ensure the adaptability of the process (Fig. 1).

- © y

i

e z
[ ]

B - grandmother; B1 and B2 - solenoid outputs; C
- solenoid; D - part that is grown; E - electrode;
M - wire

Fig. 1 Installation diagram
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With this technology, the part is created by adding new layers to existing
ones, and this is radically different from traditional methods of processing
workpieces by cutting, when from the workpiece, "cutting off the excess", get

ready-made detail. New methods help reduce material costs and increase
productivity, which is very important when creating prototypes and finished parts.

The invention is aimed at solving the problem of growing parts by the
method of forming. Such a wide interest in this topic can be explained by the high
technical and economic characteristics of the method, which allows you to
reproduce a layer of almost any thickness, different chemical composition, as well
as physical and mechanical characteristics.

CONCLUSIONS

The article considers and describes the created installation of forming, which
builds a layered part of the rod material. The application of the proposed method
allows you to save material during manufacture, as well as to produce parts of
complex configuration.

REFERENCES

1. Grabchenko A.1., Vnukov YU.N., Dobroskok V.L., Pupan' L.I., Fadeev V.A. In-
tegrirovannye generativnye tekhnologii: Nauch.posobie: — Har'kov: NTU «HPI», 2011. — 416 s.

2. Kovalevs'kij S. V., Onishchuk S. G., Tulupov V. L, Starodubcev 1. N. Novi kombi-
novani metodi obroblennya robochih poverhon' detalej mashinobuduvannya: Monogra-fiya: —
Kramators'k: DDMA, 2013. — 196 s.

3. Kovalevskij S. V. Eksperimental’'nye issledovaniya elektroimpul'snogo
uprochneniya detalej mashin / S. V. Kovalevskij, V. I. Tulupov, YA. S. Azarova // Nejro-setevye
tekhnologii i ih primenenie: Materialy mezhd. nauchno-tekhn. konf. «NSTiP — 2008» v g.
Kramatorske 10 dekabrya 2008 g. — Kramatorsk. — 2008. — S. 45-49.

4. Hejfec, M. L. Proektirovanie processov kombinirovannoj obrabotki / M. L. Hejfec.
— M. : Mashinostroenie, 2005. — 272 s. : il. (Biblioteka tekhnologa). — ISBN 5-217-03171-9
5. http://mastermodel.ru/articles/selective-laser-sintering
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YJIK 669.013.002.5:531.3
I'pumenko /I.1., Beiirya O.0., beiirya B.O. (Vkpaina, m. Kam aucoeke, J{/TY)

CTIMKICTH 3BYPEHOI'O PYXY 34JIEHOBAHOI'O
KOHTEMHEPOBO3A 3 BYT'EJIbHOIO PAMOIO Y NIOIIEPEYHIN
TUIOIIWHI

Pospobnena mamemamuuna moodenv 36ypeHo20 pyxy 34leHO8AHO20 KOHMEUHEPO8O3d 3
0y2eIbHOI0  pamor Npu  HAAGHOCMI  ACUMEMPUYHUX KIHeMAMUYHUX 30VpeHb, GUKIUKAHUX
HepiGHOCMAMU MeXHON02IUHUX dopie. Ompumana i 0OIPYHMOBAHA YMOBA NONEPEUHOI CMIUKOCMI
KOHMEUHEepo8o3a y 30ypeHoMy pyci Memooamu aHATIMUYHOI MeXaHiku, wo 0ac MOMCIUBICMb
obupamu pesxicumu pyxy KOHmMenuHepososis 8 yMo8ax mexHou02IYHUX Oopie.

The mathematical model of articulated container truck with band loop frame disturbance
motion by asymmetrical kinematic disturbance of uneven technological roads has been worked
out. The condition of cross stability for container truck under disturbance motion by methods of
analytical mechanics has been receiver and based for selection conditions of container truck
motion on the technological roads.

[TocraHoBka mpoOaeMu. 3MIMCHEHHS TEXHIYHOTO MEPeo30pOEHHS Ta
NOJAJIBLIOr0 MIAAOMY MPOAYKTHBHOCTI Ipalll B YOPHIM METalyprii HEPO3PUBHO
MOB’513aH1 3 YAOCKOHAJIEHHAM CTPYKTYpH 1 SIKOCTI IPOMHUCIOBOro TpaHcnopty. Ha
HANPUEMCTBAX, SIKI OyyIOThCS Ta PO3LIMPIOIOTHCS, 3 SIBISIOTHCA TEXHOJIOTTYHI JITHII,
7€ TPaJuUIAHANA 3aJII3HUYHUN TPAHCHIOPT BUTICHSETHCS OLIBII THYYKUM Y CBOEMY
BUKOPHCTAHHI TEXHOJIOTIYHUM CIELIABTOTPAHCIIOPTOM.

AHari3 OCTaHHIX yOJTiKarin. Ha JUISTHKAX TePEBE3CHHS
KpYyMHOTa0ApUTHUX INTYYHHUX BaHTAXIB, Y TOMY YHCJI1 KOHTEWHEpIB, IMAKETIB,
I1/JIOHIB, BUKOPUCTOBYIOTHCS CIIEIIABTOTPAHCIIOPTHI 3aCO0M 3 BAHTAXKOI THOMHUMHU

npuctposimu 11 - 37, M1IIOMHO-TPAHCTIOPTHI MAaIlIWHU 3
MOPTAIILHOIO HECy4or0 cucteMoro [14,501, crenaBToTpaHCIOPTHI
3aco0u 3 OyrenpHOIO y TuIaHi pamoro [16,7(]. OcraHHi 31 3WJIEHOBAHOO

KOMITOHOBKOIO YSIBJISIFOTHCSI HAMOLIBII YHIBEPCATTbHUMU Ta MEPCIEKTUBHUMM,

Mar4M Ha yBa3i 0aratorjiaHoBe BUKOPUCTaHHS TsAradiB (puc.l). XapakTepHoro
OCOOJIMBICTIO  KOHTEHHEpPOBO3IB € HasIBHICTbBHCOKO PO3TAIlIOBAHOTO
LEHTpa MacH, 10 pa3oM 31 CieHu(PIYHUM HaBaHTAXKEHHSAM J0Ja€ MpodIeMu
CTIMKOCTI 30ypeHOro pyxy y nonepeuHii miomuHi. OCHOBHUM JKEPEIOM
MONEPEYHUX KOJMBaHb CUCTEMU € ACUMETPUYHI KiHEeMaTH4H1 30ypeHHS 3 OOKYy
HepiBHOCTeN noporu. Ciiijy 3a3HAYUTH, 10 BY30J1 3HITUTIOBAHHS PO3TAIIIOBYETHCS Ha
PiBHI OC1 MiJIBICKH HAIIBIIPUYETIA, III0 KOHCTPYKTUBHO MPOCTO BUKOHATH, 1 Y TAKOMY
pa3i KOJIMBAHHSI HAITIBIIPUYETIA Ta TsIradya y TOMEePEYHii TUIOIIMHI MOYKHA PO3TIIsAaTH
K He3ajexkH1. Ha 1iif mijcTaBi po3riisaeMo IMorepeyHi KOJIMBaHHS HaIliBIIpUYeIa
34JIEHOBAaHOTO KOHTEWHEepoBo3a ©Oe3 ypaxyBaHHS TsArada. Bigomi poGotu
Becenosa I'.I1., I'yctomsicoa A.M., Konmmaxosa B.I. [18(], Jlo6aca JL.I'.,
Bamenka FO.JI. [19[] npucBsueHi TOCTIHKEHHIO TMHAMIKY CUCTEMU «TsATad-
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MIPUYII», ajie BOHU
HE PO3TIISAAIOTH MMONIEPEYH] KOJMBAaHHS OKPEMUX JIAHOK.
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1 — koHTelHEp; 2 — TATa4; 3 — HAMIBIPHUYII 3 OyTeIHHOI0 PaMOI0; 4 — TOKEMEHT
Pucynok 1 — 3usieHOBaHUN KOHTEHHEPOBO3 3 OYTEIbHOIO PaMOI0

@opMyIIIOBaHHS paHille HE BUPIMIEHUX YacTUH. Ha piBHI pO3riasiHyTHUX poOIT
HEBUPILIEHOIO YaCTUHOIO 3arajibHOI MPOOJIeMH € OOIPYHTYBaHHS YMOBH IOIIEPEUHOT
CTIMKOCTI 34JICHOBAaHOTO KOHTEHHEPORBO3a 3 OyreIbHOI0 PaMoI0 Y 30ypeHOMY pYCi.

MeTtor0 naHoi poOOTH, TaKMM YHHOM, € OTPUMaHHs Ta OOIPYHTYBaHHS
YMOBH MONEPEYHOI CTIMKOCTI 3UJIEHOBAHOTO KOHTEMHEPOBO3a 3 OYreIbHOI0 PaMoIo
y 30ypeHoMy pycl.

Buknaag ocHoBHOro Marepiany pociaiypkeHHs. Ha puc.2 300paxeHuit
KOHTEHHEpPOBO3 Ha BUIJISAAI 33aay. byaemMo BBakaTH, 10 KIHEMaTH4H1 30ypeHHs

JUIOTh JIMIIE Ha MPaBy M1JBICKY HaMBIPHUYEIIA.
1

1 — xoHTElHEp; 2 — MpaBUil IOHXEPOH paMu; 3 — IIPaBe KOJIECO MABICKH
HaImBIIpUYena; 4 — mpaBui JOKEMEHT; 5 — JIIBUH JTO)KEMECHT;
6 — nmiBe KoJeco MiABICKU HaMiBIpUYena; / — J1BUM JJOHKEPOH paMu

PucyHok 2 — 3usieHOBaHUN KOHTEHMHEPOBO3 Ha BUTJISII 3331y
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PiBHsiHHA 30ypeHoro pyxy oTpumyemo y Gopmi piBHsHHS Jlarpanxka
JPYroro poay

d 0 oTH 10, 1

‘ [] E Il% QJ ! ( )

. O
H 0
ne T — KiHeTU4YHa eHeprig cuctemu, JIx;

11 — moTteHIianpHa eHepris cucremu, Jx;

q; —J-a y3araibHeHa KOOp/IMHATA,M (paj);
Qj — J - a y3aranbHeHa cHJIa HEKOHCEPBATUBHOTO NoxoukeHHs, H (Hm).

Y Takomy pasi @, 0y Oz, 1e Yy —BepTUKaibHE MCPEMIIICHHS

HaIBMOpUYena, a [| — KyT HOBOPOTY HamiBIpUYeNa y MONepeyHii MIOIIHHI.

Kinetuuna eneprist cuctemMu:

my? Y O
T= CT L2 ma2 (2)
2 2
Je m, — CyMapHa Maca HarlBIpHYera, Kr;

|, — cymMapHuii MOMEHT 1HepIIii HaniBIpruYena BiTHOCHO MO3J0BXHBOI OC1, sIKa
IPOXOAUTE Yepe3 LEHTP MACH CUCTEMH, KT [ M2

V — MIBUJKICTh PyXy CUCTEMH, M/C.

[loTeHliaibHA €HEPrisl CHCTEMH pPEali3y€eThCSl EHEPri€l0 CTHCHEHOTO
MOBITPS Yy LIMHAX KOJIIC, TPUIIMA€e HACTYITHUIA BUTJIISI;

C C
HD_mDy DDZD WDyDD Dz’ (3)
1 I h,
2 ) 2 :
ne C,, —paniajibHa )KOPCTKICTh IIMHU KoJieca HamiBnpuyena, H/m;
|, — IIOJIOBMHA KOJIi1 HaIlIBIIPUYENa, M;

h,, — oM mpaBoro KoJjieca HamiBIPHUYENa Ha HEPIBHOCTAX CHHYCOIIaIbHOIO
mpodiTro, M.

VY 3arajibHOMY BUIJISIII MOKHA 3aITUCaTH
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ne h, —BucoTa HepiBHOCTEH, M;

h, [
ho

sin

201X

lo

(4)
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hp — aMILTITY/THE 3HaUY€HHs NPOQ1II0 HEPIBHOCTEMH, M;

X —abcIpca anpokcuMyro4oi (yHKIIii HEpIBHOCTEH, M;

lo — JOBXKKHA CIHYCOI/IH, sIKa anmpoKCUMY€ (QYHKIIIF0 HEPIBHOCTEH, M.
ITpu pyci cucremu

X [ vt. ®)
3 ypaxyBaHHsIM BUpa3y (5) miiioM MpaBoro Kojieca HarmiBIpUUeria JOPiBHIOE

. 200V
h, [ hySin___t. (6)
n 0
lo
HexTyroun cunamu HEKOHCEPBATHBHOTO MOXOKCHHS, IMiJICTABIISIEMO BUpPa3U
KIHETUYHOI Ta MOTEHIIAILHOT eHeprii y piBHsHHA Jlarparka apyroro poxay (1).

O06’enHy0YM OTpUMaHi BUPA3M, 3alUCYEMO Tepuie 1 Apyre AudepeHiiiaibHi
PIBHSIHHSL:

mey'[2C,y [ C,h, (7)
|C'D' u 2QM|KDZD | h. (8)
D C u K n
[Mepercyemo piBastHEs (7) 1 (8) 3 ypaxyBanusm Bupasy (6):
. 20V
m.y12C,Yy [ sin__ t; )
C.,.ho |
| TT02C 120 1hsin fDVt. (10)
1C -
¢ w K wk 0

ly
3anmcyemo piBHsHHS (9) Ta (10) 3 BBeieHHSIM HOBHX TTO3HAUCHD

.. C . 200V
Y[ p?y O “h sin t, (11)
2C y mc ° I0
2 w -
A p y b~ _ KBaJpaT BJIACHOI KPYroBOI YaCTOTUM CHUCTEMH IO y3araJbHEHIN
mC
KOOPJMHATI y, C2;
. C,I . 200v
0 p2?0 [ ~** h sin t, (12)
R
, 2C I2 ‘
ne [] —#-% — xBaapaTr BJIACHOI KPYroBOi YaCTOTH CUCTEMHU MO y3arajbHEHI
P I

xoopauHaTi [, ¢,
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Po3B’s3anns piBHsaHb (11) Ta (12) MaroTh HACTYIHUN BUTJISI:
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. 20V []
n

yOCcosp €0 sinpt C..ho to o, (13)
O O
' ’ i ! 'ﬁcDQ 4DZV2‘ 0 o 1D
B
S
0 . [020v U
10 C cosp €l sinpt C..lho Sin to . (14
. o 0
A ,0p 40 0k 0
]
0 d ‘27&
0 b O

[Tepmri aBa momanku y Bupaszax (13) ta (14) onucyroTh BUIbHI KOJIMBAaHHS
CHUCTEMH, SKi BH3HAYAIOTHCS IMOYATKOBUMH YyMOBaMH 1 dYepe3 JesKHi dac
MPAKTUYHO 3HHUKAIOTh. JIMIIAIOTBCA BUMYIICHI KOJWBAHHSI, $KI OIMUACYIOTHCS

HaCTyHHI/IM YUHOM.
in 1 200v 0

y O C,.ho si to o, (15)
B O
mC@ o [ 41022 0 IO 0
N
o
. [120v [
00 C,.1.ho sin to . (16)
B , 0
1P podtd? 0O 0
0
00—
O b O

besnocepennbo 3 Bupazy (16) orpumyeMo yMOBY BTpaTH CTIHKOCTI
HaIlBIpUyena y MOMEpeyHid IUIONIMHI MPU aCUMETPUYHOMY KIHEMATUYHOMY
30ypeHHI1

, A0V
Py >,—=0 (17)
l5
a0o miclis pO3KPUTTS BJIACHOT KPYTOBO1 YaCTOTH P
2C 12 40772
wk [——1[10. (18)
I Iy

3BIAKM OTPUMYEMO KPUTHUYHY IIBUIKICTb V,p, IPU K1 HACTYyNA€ BTpara
CTIMKOCTI1 HaIlIBIIpUYeIla KOHTEMHEPOBO3a Y MONEPEYH1N IUIOIIHHI:

v Lo [Cur (19)
SRR
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BucHoBku. TakuM YHMHOM, OTPUMAHO i OOTPYHTOBAHO YMOBY IOTIEPEUHOT
CTIHKOCTI 34JICHOBAHOTO KOHTEHHEPOBO3a 3 OYTeIhbHOIO paMoio y 30ypeHOMY pyci
IIIIXOM MaTeMaTHYHOTO MOJICTIOBAHHS METOJIaMHU aHAJIITHYHOI MEXaHIKH, IO JIA€
MOJKJIMBICTh OOMpPATH PEKUMH PyXy KOHTEHHEPOBO3IB B YMOBAX TEXHOJOTIYHHX
nopir. Ilomana pob6oTa Mae MHMPOKI MEPCHEKTUBH MOMAIBIINAX TOCHTIKEHb
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MPOMHUCJIOBOTO TPAHCIOPTY 3 HETPAAUMUIAHUMU KOMIIOHOBKAMH Ha MUIIXY
CTBOPEHHSI IOBEPIICHUX 3Pa3KIiB.

CIIUCOK ITOCUJIAHb
1. Texuonociuni i KOHCMPYKMUBHI napamempu Hecydux cucmem NOPMAIbHUX NiOUOMHO-
mpancnopmuux mawun | O.0. Betieyn ma in. /[ninpoosepocuncox: JJITY, 2007. 167 c.
2. Jlocniosicenns ma eubip muny wecy4oi cucmemu asmockpanogosa 3 U — nooionoro pamoio |

0.0. beticyn ma in.: mamepiaru Midxcnap. nayk.-mexwu. Kough., m. /[uinponemposcok, 28—31
acoem. 2013p./1., 2013. C. 138-141.
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YK 621.873.3
J3epxuncbkuii I.B., KaccoB B. 1. (Vkpaina, Kpamamopcok, [/IMA)

PO3POBKA CUCTEM KOHTPOJIIO HA OCHOBI HEUPOMEPEXI JIJISI
CTIMKOCTI BAIITOBUX KPAHIB

DEVELOPMENT OF NEURAL NETWORK-BASED CONTROL
SYSTEMS FOR THE STABILITY OF TOWER CRANES

B pobomi pozenanyma memoouka YnpaguinHa NpU0OaMu OAWMOBUX KpAHié O/
30epexcents cmitikocmi. Po3zenanymo emanu po3e6umky Npucmpois 01s 3abesneuenus Oes3nexu
bawmosux Kpanie ma 8us8NeHo ix He0oNiKU. 3anponoHO8aHo cucmemy, 3aCHOBAHY HA Memooax
Wmy4Ho20 inmenexmy. 3anponoHo8ano WisxXu no0aIbuWoi po3pooKU memu.

The paper considers the method of control of tower crane drives to maintain stability.
The stages of development of devices for safety of tower cranes are considered and their
shortcomings are revealed. A system based on artificial intelligence methods is proposed. Ways
to further develop the topic are suggested.

[TocTanoBka npobsieMu

BamtoBuil kpaH € BaXJIUBUM OOJIAJIHAHHSAM [IJIi BEJIUKUX OYJIBEIbHUX
IIPOEKTIB, 1 B OCHOBHOMY BHUKOPUCTOBYETHCS JUIsl TNEPEHECEHHS OyaiBEIbHUX
MarepiainiB  Ta OO0’€KTIB 1O TOPU3OHTaJIl Ta BepTUKaIl. BiH MmUpoKo
BUKOPUCTOBYETHCSI, OCKUIBKA HOro JIErKO BCTAHOBUTHU 1 HE Ma€ OOMEXEHb Yy
POCTOP1 JIsi HOpMaTIbHOI poOOTH. OCTaHHI POKM MU CTaJId CBIJKAMHU 3POCTaHHS
KUIBKOCT1 TIPOEKTIB PO3BUTKY 1HGPACTPYKTypH Ta OamToBHX KpadiB. bamitosi
KpaHu, OyAy4dud BHUCOTHOIO TIJHOMHOIO CIOPY/IOK, MAlTh YYTJIUBICTH 0
eKCIUTyaTallliHUX HaBaHTa)keHb. HaBaHTakeHHs, IO Jit0Th Ha OAIITOBI KpaHH, €
CYKYITHICTIO TTOCTIMHUX Ta HCHOPMOBAHHMX CKJIQJIOBHX.

besneka ekcruryaramii 0amrToBOro KpaHa 3ajieKWTh BT CTIMKOCTI [0
HEHOPMOBAHHMX  CKJIQJIOBUX HaBaHTAXEHb Ha  METAJIOKOHCTpyKIito. s
30epeKeHHs] CTIMKOCTI OamTOBOro KpaHa HEOOXITHO pO3pOOUTH MPUCTPIN AJid
cTabii3alli Horo MoJI0XKEHHS MPU CKJIAJOBUX HABAHTAXKEHb, 1110 HE HOPMYIOTHCS.

V 1iit pobOTI pO3rasAatOThCA HEHOPMOBAH1 BITPOB1 HABAHTAXKEHHS.

BitpoBe HaBaHTaXeHHS € TEPEBAXHOIO €0, M0 HABAHTAXYE
METaJOKOHCTPYKLIIO OallTOBUX KpaHIB, BHACIIJIOK MEpeBaKaHHA 1ii Haj
CTaTUYHUMM HABAaHTAXEHHSMU 1 TOMY KOHCTPYKIII OallITOBUX KpaHIB OCOOJIMBO
YyTJIMBI O BIUIMBY BITpY. BiTpoBe HaBaHTaXEHHsS € BHIIQIKOBUM IPOLIECOM.
[TopuBHu, 10 BUHHMKAIOTH 3 BUIIAJIKOBOIO TOBTOPIOBAHICTIO 3 PI3HOI €HEPrii,
30UTBIITYIOTh TEPEKUATHHIN MOMEHT 1 BHKJIMKAIOTh JOJATKOBE HABAHTAKCHHS
METaJOKOHCTPYKIII OAITOBUX KpPaHIiB.

Crnig 3BaXWTH, IO PU3UK TMAagiHHA OallTOBMX KpaHIB BiJl BITPOBUX
HaBaHTAXXEHb ICHYE HE TUIbKH JUIsl BITPSHOI MICIEBOCTI, aje W g pailoHiB 13
3MCHIIICHNMH BITPOBUMH HaBaHTOXKCHHSAMH. lle 3yMOBIIGHO THM, IO BITPOBE
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HABAHTAXKEHHA € TMPOIECOM 3 EHEPrOEMHUMMHU TOPUBAMH, IO BHUIAIAKOBO
BUHUKAIOTh, K1 30UIBIIYIOTh IEPEKUIAIBHIUI MOMEHT.

MOXIUBICTH BUHHUKHEHHS HeOe3meYHuXx IUHAMIYHUAX BITPOBUX
HAaBaHTa)XEHb ICHYE JIOCHUTh CYTTE€BO, IO MIATBEP/DKYEThCS OaraTOPIYHUMHU
CIIOCTEPEKEHHSIMH, JI0 TOTO K € TSHIEHITI 10 3pocTanHs [1].

AHaIT3 0CTaHHIX JOCHIKEHD

B tenepimHiii yac BeAyThCS JOCTIKEHHSI KEpyBaHHS CUCTEMOIO OaIlITOBOTO
KpaHy, fSKE BKJIIOYA€E aJanTHBHE KepyBaHHsA [2], ¢dopMyBaHHsS kKomaHjm [3-4],
HEHPOHHY Mepexy [S5], KepyBaHHS IUIAHYBaHHSM IOCWJIEHHS [6] Ta NMPOTrHO3HE
KepyBaHHs Mojeio [7]. 3 iHmIOro OOKy, aJrOPUTMH HEYITKOI JIOTIKHM TaKOX
IIMPOKO 3aCTOCOBYBAJIMCS JUIsl KOHTPOJIO BiOpaIii B pi3HHX cucTemax [8-12].
VYrpapimiHHS aarOpuTMaMHM HEYITKOI JIOTIKM Ma€ CHJIbHY aJalTUBHICTh 1 HE
BUMAarae TOYHOI MOJIEIl KEpOBAHOTO 00’€KTa 3aB/ASIKM CBOEMY IHTEJIEKTYaJlbHOMY
meroay [13]. 3a3Buuail iCHyrO4i METOAM KEPYyBaHHS JUIsl CKIIQJHOI CHUCTEMH
pO3po0JIeHI HA OCHOBI JIIHEAPHU30BAHOI CHCTEMHOI JMHAMIKH, 1 OUIBIIICTh 3 HUX
BUMararoTh TOYHOTO 3HaHHSA Mojenl [2]. Ha BigMiHY BiJ 1IbOro, HEYITKO JIOT1YHE
KEpyBaHHA Mae€ IepeBary, sKa 3aMIHIOE pOJIb MATEMAaTHUYHOI MOJEJI HEYITKOIO
MOJICJUTIO, 3aCHOBAHOK) Ha TMpaBWIax, MOOyAOBaHUX Yy ¢opmaTi SKIIO-TOII.
3anponoHOBAaHO PI3HOMAHITHI KOHCTPYKIII KOHTPOJIEPIB QJITOPUTMIB HEYITKOI
JIOTIKH B CUCTeMax OamToBux kpaHis [8-10,14-15].

Haii01npm1 mommpeHuMu OPUCTPOSIMU KOHTPOJIO CTIMKOCTI BiJl BITPOBUX
HAaBAHTAKEHb POO0OYOro CTaHy € PI3HOBUIM OOMEKYBaylB BaHTAXKOIIIHOMHOCTI.
{1 mpuiagu NpauioTh Y 1HAUKATOPHOMY PEXUMI, TOOTO, y pa3l BUHHKHEHHS
aBapiiHOI cuTyallii BiIOYBa€ThCS 3HECTPYMJICHHS BAHTAKOIMIIAOMHOI MAaIIWHH,
NPy MiAioMI BaHTaXy BHIIE BIJ HOMIHAJBHOTO - II€ € yYMOBOI 30€peKCHHS
CTIMKOCTI. AJle 32 KPUTUYHOI IIBUIKOCTI BITPY BIAOYBAETHCS JIUIIE OMOBIIICHHS
MalmHicTa (3BYKOBE, CBITJIOBE) 0O€3 BIUIMBY YIpPaBJIiHHS BaHTAKOMIAHOMHOI
MaIIHH.

Cucrema BITPOBOTO 3aXMCTy 3aCHOBaHA Ha peeCTpallli MIBUIKOCTI BITPY Ta
yTPUMaHHI  MEPECYBHOTO  BAaHTAXKOMIAINMAIBHOTO KpaHa MNPOTHUYTIHHUMU
3aXxBaTaMH.

Henomnik cuctem BITPOBOTO 3aXUCTy — MPUBEJICHHS B [0 3aXMCHUX 3aX0JI1B
nicist peectpailii HeOe3MeYHUX MapaMeTpiB BITPOBUX HAaBAHTAXEHb, BIACYTHICTh Y
OoOMEXyBayiB  BAHTAKOMIAHOMHOCTI  (DYHKIIT  KOHTPOJK  CTIMKOCTI  J0
nepekuganHsa.  PimeHHS -  BOPOBaDKEHHS B QITOPUTMHM  YIIPaBIIiHHS
BAaHTAKOMIAHOMHUMH MamiHaMi (YHKII eKCTparoJsiii Ha OCHOBI HEWUpo-
HEYITKO1 JIOT1KH.

Cucrema 3abe3nedeHHs CTIMKOCTI TNOBHMHHA BHUKOHYBaTH  (DyHKLIi
3a0e3MeUYeHHs] KOHTPOJIIO MapaMeTpiB OalTOBOrO KpaHa Ta BITPOBUX HABAHTAKEHD
1 BUpOOJISATH CUTHAJIA YIIPABIIHHS HA MEXaHI13MHU MTPUBOJIIB.

O0'exTOM TOCITIIKEHHS € CTAI[IOHAPHI Ta MePeCyBH1 OAIITOBI KpaHHU.

Meroto nmanoi poboTu € 3abe3reueHHs CTIMKOCTI OamTOBUX KpaHIB IMPHU
HEHOPMOBAaHMX 30BHIIIHIX BIUIMBaX 3 BUKOPUCTAHHSM METOMIB IITY4YHOTO

91



THTEJICKTY.

Buxitag ocHOBHOTO MaTepiary

JIist  3aBmaHb TPOTHO3YBAHHS IapaMETPiB  BITPOBOTO HABAHTAKCHHS
BUKOPHUCTOBYEThCS HEUITKAa JIOTiKA, INTYy4YHI HEHPOHHI Mepexi, HeHpOoHEeUiTKa
JIoriKa.

[TpuHIMIT 3acCHOBaHWI Ha KOPWUTYBAaHHI ITOJIO)KCHHS MMOBOPOTHOI YaCTHUHU
0amTOBOrO KpaHa II0A0 HANpsSMY BITPY Ta BUIA4y MOIMEPEIKYBATbHUX CHTHAIB
Ha MEXaHI3MH ISl IPUMYCOBOT 3MiHU KyTOBOTO MOJIOKEHHS TTOBOPOTHOI YaCTHHH.

Cucrema Oe3mekd 3acHOBaHa Ha HEUPOMEPEKEBOMY Ta JIOTIYHOMY
anroputMax. HelipomepekeBuil alropuTM BUKOPHUCTOBYETHCS ISl TPOTHO3YBaHHS
3HAYCHb HAMNPSIMY Ta IMIBUAKOCTI BITPY, a JIOTIYHUN aITOPUTM — ISl BUSHAYCHHSI
HeOe3MeuHo1 MIBUAKOCTI BITPY (Ha OCHOBI MPOTHO30BAaHMX 3HAYEHb) y MOPHUBI Ta
yIpaBIiHHSA MPUBOJAAMH 3 METOIO0 3aBUACHOTO IMEPEBEACHHs OAIITOBOTO KpaHa B
Oe31MevyHe MOJI0KEHHS.

Cuctema Oe3rmeku OalITOBUX KpaHIB CKIAJAETHCA 3 MIACUCTEMH 300Dy
iH(dopMallli npo mapameTpu BITpY Ta MapaMeTpu OalToOBOro KpaHa, IiJICHCTEM
HEHPOMEpEKEBOTO MPOTHO3YBAHHS Ta YIpaBIiHHS MpuBoaaMu. CTPyKTypHa cxema
npejcTaBieHa puc. 1.

Cuctema 3abe3neyeHHst
CTiikoCTi 6aLITOBOro kKpaHa

/\

Mincuctema 36opy iHdopmaii MNiacuctema MNigcnctema
npo napameTpu BiTpy Ta > HeMpoMepeXeBoro KepyBaHHs
napameTpu 6awTOBOro KpaHa NPOrHo3yBaHHs npvBoaamm
MpuBig nosopoTy MpuBig BUNbLOTY
6aLUTOBOro KpaHa 6aLuToBOro KpaHa

Puc. 1. CtpykTypHa cxema cucTeMHu Oe3MneKu 0anToBOro KpaHa

[lincucrema 300py iHdoOpMmanii mpo mnapameTpu BITPY Ta MMapaMeTpu
0amToOBOr0 KpaHa CKJIAJa€ThCA 3 JATYMKIB, Oarato 3 SKUX € B ICHYIOUOMY
oOMeKyBayl BAHTAKOMIAMOMHOCTI — JaTYUK MIBUAKOCTI BITPY, MOJOKEHHS CTPLIH,
BHUCOTH MIIWOMY Taka, BWJIbOTY raka. JlogaTkoBo OamToBUil KpaH HEOOX1THO
OCHACTUTH JATYMKOM HAMpSIMy BITPY.

[lincucreMa HEMpPOMEPEIKEBOTO MPOTHO3YBaHHS Ta YIPABIIHHS MPUBOJAAMU
0aITOBOrO KpaHa 3aCHOBaHA HA IPOMHUCIOBOMY KOHTPOJIEPI.

YMoBoI0O  Oe3meku €  BHAaya  MIJCUCTEMOI0  HEMpOMEPEeKeBOTro
MIPOTHO3YBAHHS CUTHAIIY YIIPABIIHHA Ta HOT0 0OOPOOKH MICUCTEMOIO YIIPaBIIHHS
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JUIL  COpPAlbOBYBaHHS NPUBOJIB JI0 BHUHUKHEHHS KPUTUYHOTO MOMEHTY
nepeKkuaHHs BiJl IOPUBIB BITPY.

HeiipoceTeBa Moenb /it MPOTHO3YBAHHS € HENIHIKHOIO aBTOPETPECITHOI0
3aJICKHICTIO BUTY:

Xnp (1) [ X(t—A),..x(t —NA)),

e Xyp () — mporHososane suauenus; X(t — A),.X(t — NA)) — monepeani
3HAYCHHS, BHUMIPSAHI 3 KpokoM A (KpoK JWCKpeTu3allii 3HaueHb, IO
PEECTPYIOTHCS).

[IporHo3yBaHHs peai3yeTbcsi Ha OCHOBI HeMpomepexeBoi MojaeNi 3
NaM'STTIO, SIKOIO BUCTYTIA€E JIiHIS 3aTPUMKH Yacy.

Ha puc. 2 a mpencraBineHa CTpyKTypHa cXema MPOTHO3YBaHHS IIBHUAKOCTI
BITPY, Ha puC. 2 6 — CTPYKTypHa cXeMa NPOTHO3yBaHHs HANPSAMKY BITpY.

JUis TporHo3yBaHHsS IIBUJKOCTI Ta HANPSAMKY BITPY BUKOPHCTOBYEMO
HEHpoMepexKy MpsMOro IMOIMIMPEHHS 3 JIHIEI0 3aTPUMKH, CXEMU SKHX
Ipe/cTaBlieHl Ha puc. 3 Ta 4.

VY npoMuCIOBHI KOHTpOJIEp 3aKJIaJIEHO aJrOPUTM 3aBYACHOTO KEPYBAaHHS
IPUBOJAMH TIOBOPOTY Ta/a00 3MIHU BHJIBOTY. AJITOPUTM MPU3HAYEHUH AJ1s BUIayl
CUTHAJy yNpaBliHHS Ha OCHOBI HeHpoMepexeBoi Mozeni (mporpama
HEeWpOMEpeKEBOi MOJIEII 3allMcaHa B MaM'aTh KOHTPOJEpa) 1 3HAUYCHHS 3HAYCHHS
JATYMKIB IIBHUJKOCTI 1 HampsMKH BiTpy. llpu mnporHozyBaHHi HeOE3MEHYHOIO
MOPUBY Ta HOTO HAMPSIMKY KOHTpoJiep (OopMy€e CUTHAI YIIPABIIHHS, 1[0 HATXOAUTh
Ha TMpUBIA MOBOPOTY Ta/ab0 MpuUBIA 3MIHM BWJIBOTY Traka, M1 PO3BOPOTY
MOBOPOTHOT YAaCTWHU OAIITOBOTO KpaHa y HAMPSMKY MPOTHO30BAHOTO TMOPHBY
BITpY. SIKIIO pO3BOPOT BiIOYBAETHCS 3 BAHTAXKEM, TO HEOE3NMEUHUX MPUCKOPEHb
BAaHTAXXy HEMA€, OCKILJIBKH PO3BOPOT MPOBOAUTHCS 3a34AJErib 3 HOMIHAJIBHOIO
KyTOBOT IIBUKICTIO.

v(t) ‘ Jlinis v(t-NAt) Vi)

3aTPUMKH Heiipomep .
nacy J € (1)

o) Jimis | @(t-NA?) @, ()
3aTPUMKH Hei

yacy L &,(t)

6
Puc. 2. CTpykTypHIi CXeMH HEUPOMEPEIKEBOTI MO TPOTHO3YBAHHS
HIBUKOCTI BITPY (2) Ta HAIpSMKH BITPY (0)
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v(t-1)

v(t-2)

vt

v(t-3)

Puc. 3. Cxema HelipoMepexeBOi MOJIeT1 MPOTHO3YBaHHS MBHUIKOCTI BiTpy: 1 —
JIHIS 3aTPUMKH 3 BiIBOAaMU; 2 — MPOMIKHHH 11ap; 3 — BuXiguui map; V(t) —
NOTOYHE 3HAYCHHS IBUAKOCTI BITPY; V() — MporHO30BaHE 3HAUEHHS MIBUAKOCTI
BITPY; V(t — 1)...v(t — 3) — noniepeAH1 3HaYEHHS MIBUAKOCTI BITPY;
w(1)1-1...w(1)3-15,W(2)1-1...W(2)15-1 — BaroBi KoedirieHTH;

D1...D3 — eneMeHTH JiHIT 3aTPUMKH

Q(t-1)

9(t-2)

9,0

QO (t-14)

Q(t-15)
L

Puc. 4. Cxema HeilpoMepekeBO1 MOJIEN1 MPOrHO3YBAHHS HaNpsAMy BITpY: 1 —
JIHIS 3aTPUMKH 3 BiJIBOJIaMU; 2 — IPOMDKHMM map; 3 — BUXIAHUM map; ¢(?) —
MIOTOYHE 3HAUCHHS HAMPSIMY BITPY; @,,,(t) — MpOrHO30BaHE 3HAYCHHS HAIIPSIMY

BITPY; @(t — 1)...(t — 15) — monepeHi 3HaYCHHS HAMPAMY BITPY;
W(l)l_l...W(1)15_10,W(2)1_1...W(2)10_1 — Barosi KOG(l)iLIiGHTI/I;
D1...D15 — enemeHTH JiHIT 3aTPUMKH
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Cucrema 0e3neky aBTOMAaTUYHO BTPYYA€THhCS B pOOOTY MalIWHICTA JIUIIE
MpU MPOTHO3YBaHHI HEOE3MEYHO!1 MIBUAKOCTI BITPY, IO MEPEBUILYE TOMYyCTUME
3HAYCHHS.

Cucrema po3pobiieHa s 3a0e3neueHHss cTabUTbHOCTI 0aIrToBOro KpaHa B
pobouomMy cTaHl. ¥ HepoOOYOMy CTaHi OAIITOBUN KpaH CTIMKIMIWNA O BITPOBUX
HABAHTAXKEHb 3a PAaxyHOK MEHINOi MapyCHOCTI. Y HEpoOOYOMY CTaHl TpUBAE
30upanHs iHGoOpMalii Mpo mapamMeTpu BITPY, 1€ MIJABHUILYE TOYHICTH IPOTHO3Y
HeOE3MeYHUX TMOPUBIB Yy CTaHl OamToBOro KpaHa. MOXIKMBE KOPUTYBaHHS
MOJIOKEHHST OAIITOBOTO KpaHa B HEpOOOYOMY CTaH1 3a YMOBH MIJKIIOUEHHS HOTO
JI0 MEPEeX1 KUBJICHHS MICIS 3aKIHYCHHS 3MI1HH.

Jl1st 3amo0iraHHs BIIMOBHU CHCTEMH O€3MEKH 3aCTOCOBYIOThCS TaKi JIii:

- HaBuanHs HelipoMepekeBUX alrOpUTMIB,;

- IUTAHOBO-TIOTNIEPEKYBAJIBbH1 IEPEBIPKU HEHPOMEPEIKEBUX aTOPUTMIB.

JUIsi BUKOHaHHA TMEpPUIOr0 MYHKTY HEOOXIIHO CTBOpUTH 0a3y JaHuX
napameTpiB BITPY MICIEBOCTI, Je Oyae eKkciutyaryBatucst OamToBuil kpaH. basza
JAaHUX TIOBMHHA MaTH 3HAYEHHS TapaMeTpiB BITPY 3a TPUBAIMN Tepioj
CIIOCTEPEKEHHSI 3 PI3HUMHM KpoKamH peecTpauli. [lam mpoBOAUTHCS HaBYaHHS
HEHPOMEPEKEBUX AITOPUTMIB B J1aOOPATOPHUX YMOBAX Ha MOYATOK EKCILTyaTallii
OamroBoro kpasna. IToTiM KOHTpoJIep 13 HABYEHUMH aJITOPUTMAMU IMiIKIHOYAETHCS
70 madu ynpasiaiHHS OAITOBOTO KpaHa.

[Ipu mnpoBeneHHI MNEPEeBIPOK HEUPOMEPEKEBUX AJITOPUTMIB I  Yac
eKCIUTyaTallii 0alToBOTO KpaHa, MOXKJIMBE Moro qoHaBuaHHs. [le moB'si3aHo 3 TUM,
0 y npoueci po0oTH 6amToBOro Kpana 0asa JaHHX MapameTpiB BITPY MOCTIHHO
HOTIOBHIOETHCH.

besnepepBHUiI KOHTPOJIb 3 EKCTPAMOJSAIIEI0 TapaMeTPiB Il MailOyTHHOTO
CTaHy JO3BOJIMTH peaizyBaTh 3amoODKHUN 3axUCT, SKUWA 3a0e3nedye paHHE
BUSBJICHHS HEOE3IIEUHUX TTOPHUBIB BITPY.

BucHoBku

[IpeacraBinena cuctemMa 3a0e3MEUYEHHSI CTIMKOCTI, IO BUKOHYE (YHKIIII
3a0e3MeUeHHs] KOHTPOJIIO MapaMeTpiB OAlITOBOTO KpaHa Ta BITPOBUX HABAHTAXKEHb
IpyU HEHOPMOBAHMX 30BHIIIHIX BIUIMBAaX 3 BUKOPUCTAHHSAM METO[IB IITYYHOIO
THTEJICKTY.

[Topanbiia po6oTa 3BOAUTHCA O MOPIBHSAHHS PE3YJbTATIB POOOTH CUCTEM
yIpaBJiHHs, MOOY/IOBaHMX HAa METOAaX: HEUITKOI JIOTIKH, IITYYHUX HEUPOHHMX
MepeX 1 HEMPOHEUITKOT JIOTIKH.
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VIK 621.9

Hyxk B.I, Koporuenko B.E., Kopaiaescbka O.C., Kopaaescbkuii C.B.
(Ykpaina, Kpamamopcwok, JJ/IMA).

OCOBJIMBOCTI CTBOPEHHA MEXAHOCKJIA TAJIBHUX.
BUPOBHULTB IS BATATOHOMEHKJ/IATYPHUX CUCTEM.

B pobomi noxazano, wu po3sumox 6UpoOHUHO-eKOHOMIYHUX | COYIATbHO-EKOHOMIYHUX
cucmem NOBUHHA pO32NAOAMUCH 8 HEPO3PUBHOM) B3AEMO38'A3KY 1 GIONOBIOHO 00 3AKOHIG
PO36UMKY  GeIUKUX —cucmeM. 3000ymms MaKCUManbHo2o eghekmy Oii  makux cucmem
CYNPOBOOIAUCYEMbCS MIHIMI3AYIEIO PeCcypcCis, Wo BUMPAYAOMbCs HA O0CACHEHHS 8Ce HOBUX Yiell.
L]e 3a60aHHA BUPIULYEMBCA WLLAXOM ONMUMANLHO20  YNPAGIHHA HOCMItIHO
NEePeHanazo0NCy8aHUMU PeKOHPI2ypoSAHUMU CUCTIEMAMUY MEXHOIO02IYHUX MAULUH.

The paper shows that the development of production-economic and socio-economic
systems should be considered in an inseparable relationship and in accordance with the laws of
development of large systems. Achieving the maximum effect of such systems is accompanied by
minimizing the resources spent on achieving new goals. This problem is solved by optimal
management of constantly reconfigured reconfigured systems of technological machines.

3a0e3nedeHHs]  PO3BUTKY BUPOOHUYO-€KOHOMIUYHHUX CHCTEM  PI3HOTO
OpU3HAUYCHHS B CYYaCHHMX YMOBax IMOTpedye ypaxyBaHHS HACTYIHHUX
0COOJIMBOCTEH: MIOTOK 3aMOBJICHb HA MPOIYKI[i}0 BUPOOHUYO-E€KOHOMIYHUX CHCTEM
€ 0araTOHOMEHKJIATypHUM MaJIOCepIHHUM 1 I1HAWBIAYyaJIbHUM HEOOMEKEHOTO
NpU3HAYEHHS; OO0NaJHAHHSA MalOyTHIX BUPOOHHYO-EKOHOMIYHHX  CHCTEM
MOBUHHOTO MaTH HEOOMEXKEHy oOmnepaliiiHy THYYKICTb, HO IpPH LBbOMY MaTu
ITh0BE (YHKIIOHATBHE MPU3HAYCHHS; 3aBIaHHA (DYHKIIIOHAJTBHO! J1arHOCTHUKU
MOBUHHI OYTH CIPSMOBaHI Ha MIBUAKOMIIO 1 OTPUMAHHS IMOCTIHHO OHOBIIOBaHOI
1H(popmarrii mpo go6pe Ta cinabko GpopmarnizoBani GakTOpH, MO IIIOTh B CUCTEMAX;
iHdopmarriiine 3a0e3rnedeHHs TOBUHHE Oa3yBaTHUCAd Ha OTpPUMaHHI 1 0OpoOI
BEJIMKNX MACHBIB JaHHUX B peaibHoMY 4vaci [1,2].

[TepcniexkTrBa 3acTOCyBaHHSI MOOUTBHUX THTEIEKTYyaIbHUX POOOTIB 103BOJISIE

MOJWBUTHUCS HAa YMOBHU OpraHizaiii BUPOOHHUYOTrO MPOIECYy IeXy 3 MOTJIsAy Ha
MOOUIBHICTh HE TUIBKM 3 OOKY THYYKOCTI 32 TEXHOJIOTTYHMMH MO>KJIUBOCTSIMU
oOnamHanHs. Takox, 3’SIBISAETbCA MOXKIUBICTH TIEpEeCyBaHHS TEXHOJOTIYHOTO
oOnaaHaHHs (MOOUIBHUX IHTENEKTYaJIbHUX TEXHOJOTTYHUX MAIIUH), 33 MOTpeboro,
Ha BHPOOHWYI MUISHKK JUIS BUKOHAHHS TEXHOJIOTIYHUX oOIlepamiii, abo Ha
CKJaJajdbHy MAUISHKY JJs TEepEeKOMIIOHYBaHHS 3a mnoTtpeboro. JUisHKuM, 110
OyIylOThCS 3 TPAAMIIAHOI CXEMOK BCTaHOBJIEHHS OOJaJHAHHS, TMOBUHHI
BUKOHYBAaTH CBOi (DYHKIII 3 33J0BUIbHIM 3aBaHTAKEHHSAM, OPIEHTYIOCS Ha Ty
MPOIYKIIIO SIKa Ma€ CTaOUIbHMIM XapakTep yMOBaX PHUHKOBOI €KOHOMIKH. 3MiHa
HOMEHKJIATypU BHUPOOIB BUKJIMKYIOTh 3MIHH BUMOT JO KOMIIOHYBaHHS JIUJTBHUIIb
nexy. TakuM YMHOM CTa€ OYEBHIHHUM, IO TPATWIIAHI CXEMH OpraHizaiii
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BUPOOHMIITBA 3 YCTATKYBAaHHSIM, SIKE BCTAHOBJICHO Ha (DyHJaMEHTaX HEMPUUHSITHO.
Ane, oOnagHaHHS PI3HOTO TMPU3HAYEHHA MOXe OyTH moOyaoBaHO Ha 0a3i
PYXJIUBHX MEXaHI3MiB MapajielbHOI CTPYKTYpH, 3a0€3MeUyloun HE TUIBKH BEJIHUKY
amapaTHy THYYKICTb, HO 1 (yHKUIOHaNbHY aJanTUBHICTH Ha  0a3l
OaraTokaHaJbHOTO 1 OaraTOKOHTYPHOTO YINPAaBIiHHSA 3a JOMOMOTOI0 CHCTEM
aBTOMATHYHOTO YIIpaBiHHA [3].

VYnpaBiiHHS BUKOHABUUMHU PyXaMU TEXHOJIOTTYHUX MallMHA 3 MEXaHI3MaMu
napajielibHOT CTPYKTYPH SIBJIsIE COOOI0 CKJIAQHY 3aj]iady, PIIICHHS SIKO1 MOXe OyTu
OTPMMaHO Ha OCHOBI DIIIEHHS 3aJa4 KIHEMaTUKU Ta JAMHAMIKM BHUKOHABYMX
MexaHi3MiB. B pesymbrari MOXyTh OYTH CTBOpEHI YMOBH [JIsi TOYHOTO
MO3UIIIOHYBaHHSI POOOYMX OpraHiB BUKOHABYMX MEXaHI3MIB MPHU ONTUMAJIBHHUX
IIBUJIKOCTSX 1 TPUCKOPEHHSX iX pyxiB mo 3adaHid Tpaekropii. Ilpu mpomy
BUHUKAE TMOTpeOa 3a0e3reueHHs aBTOMATHYHOI JIarHOCTUKH BHYTPIIIHBOTO 1
30BHILUIHBOTO COLIAJIbHO-€KOHOMIYHOTO OTOYEHHS BUPOOHMYMX cucteM s 1mux
L1JI€H CUCTEMU YNPABIIIHHS MOBUHHI OYTH OCHAIIEH] 1HHOPMAaTUBHUMHU CUCTEMAMHU
imenTudikairii o0'ekTiB [4].

Bxe po3pobiieno wmeron imeHTH(dIKAIi TOJIOXKEHHS, KIHEMaTUYHHUX 1
JUHAMIYHUX TIapaMeTpiB MEXaHI3MiB 3 KIHEMAaTHUKOIO MapajelibHOi CTPYKTYpi, 3
SKUX CKJIQAalOThCsl MOOUIBHI  TEXHOJIOTIYHI ~MAaIMHU-POOOTH. 30y IKCHHS
KOHCTPYKIII1 €KCIIEPUMEHTAIILHOTO TE€XHOJIOTTYHOTO MalIMHU-poOoTa
MaJOMOTY)KHAUM AaKyCTUYHHUM CHTHAJIOM 3 pPO3MOJIJIOM CHUTHANlIB OJHAKOBOI
aMILTITYJI J03BOJISIE BCTAHOBIIIOBATH 3alie)kHOCTI F(A,t)=x(t),y(t),z(t), ne F(A,t)
— 30ymKyrounii curnai, x(t),y(t),z(t) — KoopauHATH aKTyalbHOIO TOYKU 00'ekTa. 111
JlaHl MOXKYTh OYTHM BUKOPHWCTaHI JUIsl YIPaBJIIHHS MO3UIIIOHYBAHHSIM BHUKOHABYOI
JAHKU MEXaHI3My 3 MapajiebHOI KIHEMAaTHKOK. Y 3B'S3Ky 3 ILUM, METOIO
IIPEACTABIICHOTO JTOCITIJIKEHHS € H1ATBEPAKECHHS MO>KJIUBOCTI
0araToKOMIOHEHTHOTO aHaII3y MapaMeTpiB 00'ekTiB (mporieciB 1 obmagHaHHs). Ak
1H(OpMaTUBHE JKEPENIO T1arHOCTUYHOTO CHUTHAY, CJiJ] BUKOPUCTOBYBAaTH MOTO
aMILTITY/THO-4aCTOTHY XapaKTEPUCTHKY BJIACHHUX KOJMBaHb 00'€KTa B XBHIHOBOMY
(akyCcTUYHOMY, YIBTPa3BYKOBOMY, PaJl0o4acTOTHOMY) Jiara3oHi.

Bce e popmye ysBieHHS Tpo CITHOBHUM XapakTep MOOYI0BH BUPOOHUUYUX
CUCTEM, J€ BHUPOOHMYI JIJISSHKH CTBOPIOIOTHCS 33 MUTTEBUM 3aMOBJICHHSIM:
CTpYKTypa OOJIaJJHAaHHS B BUIJIAAI MOOUIBHUX IHTEIEKTYaJbHUX TEXHOJOTTYHUX
MallMH, $KI KOMIIOHYIOTbCS BIAMOBIZHO BHUPOOYy, SKUM TOBUHEH OyTH
BUTOTOBJIEHUN. HacTymHe 3aMOBJIeHHS MOTpedye peanizaliiio MUKIY po30HupaHHs
Ta CKJIAJaHHS HOBUX KOH(QIrypamid TeXHOJOryHUX MamuH [5,0mudka!l
HUcTrounuk ccbuiku He HaiijgeH.]. CiTbOoBUH  XapakTep KOMIIOHOBKH
pekoH(pIrypyeMoro oOIagHaHHS MOXe IepeadadaTd  BUIBHE  PO3MIIICHHS
oOnagHaHHs Oe3 mpuB's3ku g0 wici. [lpu 1mpomy 3poctae  HEOOXIIHICTH
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MOCTIHHOTO BUPINIEHHS 3aBaHb JIOTiCTUKU. Lle 3aBmaHHS BUPINIYETHCS ILIITXOM
ONITUMAIIEHOTO yIIpaBITiHHS MOCTIHO NepeHaIaroPKyBaHIMHU
peKOH(DIrypOBaHUMH CHCTEMAMH TEXHOJIOTTYHUX MAIITHH.
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UDC: 621.774.001

Khmelova Y.O. (Ukraine, Kramatorsk, DSEA).

FORMATION OF PROPERTIES OF WORKING SURFACES OF
MACHINE PARTS ON THE BASIS OF APPLICATION OF TERMITIC
MIXTURES.

In the statistical representations, the method of solving the problem of increasing the
exploitation of the power of machine parts by way of winning term sums. The advantage of this
method is energy savings for the account of a point application of thermal energy.

It is known that the problem of efficiency of machines and mechanisms can
be solved by technological quality assurance of the surface layer. This is due to the
fact that the connection of machine parts occurs on the working surfaces. For this
reason, their destruction usually begins at the surface. The most important
characteristics of machine parts depend on the condition of the surface layer - wear
resistance, strength, corrosion resistance, tightness, so it is necessary to ensure its
high performance as much as possible.

In order for Ukraine's mechanical engineering to take place on the world
market and become a worthy competitor to such manufacturers as China, the EU
and the United States, it is necessary to improve the quality of manufactured
products. The use of conventional chemical-thermal treatment has long been an
inefficient and costly method of hardening, which results in heat treatment not
only the work surface but also the whole part, leading to uneven distribution of
internal stresses and, consequently, cracks. Therefore, it is necessary to use a
method that will increase productivity, improve the quality of manufactured
products, as well as reduce its cost. One of the modern and effective methods of
improving the performance of machine parts is the use of thermite exothermic
reactions (TER), which are based on the use of thermite mixtures to initiate an
exothermic reaction.

Thus, the aim of this work is to study the influence of thermite mixtures on
the formation of the performance properties of the surfaces of machine parts, as
well as to determine the most optimal temperature for TER [1-7].

The essence of this method is to use the effect of combustion of the thermal
mixture as a source of heat released as a result of combining the processes of
corona discharge and TER. Thus, the temperature released during the combustion
of the thermite mixture is transported by the flow of electrons to the surface of the
part. Smoothing was used as a finish, which improved the quality of the surface by
reducing roughness and increasing hardness.

PG-19M-01 bronze powder was used as the thermite mixture, which is a
compound of copper with other components in smaller quantities. Applying this
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mixture as a coating will allow the surface layer to have high antifriction
properties.

1: 4 2
i

O

Fig. 1 Spraying scheme: 1 - cartridge 3 cam; 2 - the center of the rear
headstock of the machine; 3 - combined sprayer; 4 - detail d = 52.5 mm; L = 50
mm - the distance from the nozzle to the part; n = 315 rpm - speed;

The experiment is as follows: the sample is subjected to pre-turning on a lathe
with a carbide cutter. Then, with the help of a combined sprayer, the thermite
mixture is applied to the roll with ten strips in a uniform layer, and the number of
layers corresponds to the serial number of the belt. After measuring the thickness of
the layers, the part is installed on the machine, the electrode is fed and the shaft is
processeilin the environment of the corona discharge.

7
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Fig. 2 Scheme of experimental installation: 1 - cartridge 3 cams; 2 - the
center of the rear headstock of the machine; 3 - electrode; 4 - part d = 52.5 mm
coated; 5 - power supply; 6 - ammeter; 7 - high frequency current generator; n = 40
rpm - speed,;

After treatment with TER, the samples were smoothed. A carbide smoother
is used as a tool.
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Hardness and roughness measurements were also performed using devices
such as the ETM-01 electronic hardness tester and the TR-200 profilometer
profilometer, respectively.

CONCLUSIONS

The purpose of the work was to develop a method of strengthening the
working surfaces of machine parts using TER.

To obtain the required hardness and wear resistance of the working surfaces
of machine parts, the method of hardening due to the effect of combustion of
thermite mixture as a heat source, resulting from a combination of corona
discharge and TER, which is a scientific novelty.

The TER method allows to increase the surface hardness of the part, which
allows to use it for the manufacture of critical parts with increased hardness and
wear resistance of the surface layer with unstrengthened core.
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BUBIP METOIIB PO3II3BHABAHHA TEXHIYHOI'O CTAHY
KOHTAKTYIOUNX MTOBEPXOHb 3 BAKOPUCTAHHSAM MMOBIPHUX
O3HAK JIATHOCTHYHOI'O CUT'HAJIY

Bmpama npayezoamnocmi mawun, axi maromv O0OCMAMHIO MeEXHIUHY OOCKOHANICMb,
8i00Y6aAEMbCA NEPEBAINCHO Hepe3 Npoyecu 3HOULeHHS POOOYUX NOBEPXOHb pIi3HOI izuunoi
npupoou 3  pi3HOW  IHMEHCUBHICMIO  GNIUBY KOHCMPYKMOPCLKUX, MEXHONO2IYHUX ma
excnyamayitinux —¢gakmopie. Bumpauannus pecypcy obnaouamns 'y Oinbwiocmi - eanyse
8i00Y8aEMbCsL BHACTIOOK HACMYNHUX, XAPAKMEPHUX OJisl YMO8 3ACMOCYBAHHS, 0eCMpPYKMUBHUX
npoyecie oemaneti MeXaHizmie ma ix n0BepxXoHb.

The loss of serviceability of machines that have sufficient technical perfection is mainly
due to the wear of working surfaces of different physical nature with different intensity of design,
technological and operational factors. The consumption of equipment in most industries is due to
the following, typical of the conditions of application, destructive processes of parts of
mechanisms and their surfaces.

3amaya po3mi3HaBaHHS KJIACIB TEXHIYHMX CTaHIB, MPUPOJHO, IMOBHUHHA
criupaTucs Ha 100pe po3poOIIeHHI arapaT Teopii po3mi3HaBaHHs 00pa3iB.

[Ipuitasato nmst BCix OO0'€KTIB JIIarHOCTUYHOTO KOHTPOJIIO BCTAHOBIIIOBATH
HactynHi kmacu ctaniB: W(!) - mouatkoBe (eranonue); W(2,...n-1) - mpomixHi,
W(n) - rpanuuHe.

Koxuuit kimac craHiB BH3HadaeThCsi o3Hakamu Uilj, ToOTO icHYye
¢dyukuionansHa 3anexsicte Wi =P(U1  Uj).

3HaueHHs O3HaK i kiacy crtaHiB W(i) BU3HA4YaeThcs 3 TEXHIYHOI
JOKyMEHTalli Jjs yMOB MapaMeTpUYyHOi JIarHOCTUKH 1 B XOJiI HABYAJIBHOTO
€KCIIEPUMEHTY JIJIsl IHTErpaJIbHO1 BIOPOAKYCTHYHO1 A1arHOCTUYHOT 1H(pOpMAlii.

O3Haku, 10 BUKOPUCTOBYIOTHCS MOXHA PO3JIUIMTH Ha JETEPMIHOBAHHIA,
IMOBIpHI, JIoT14Hi. JI0 AE€TepMIHOBAHHUX BITHOCSTHCS KOHKPETHI YHCIIOBI 3HAYCHHS
napamMeTpUyYHOl J1arHOCTUKHU (TeMIlepaTypa OJMBH, KOPITYCHUX JeTalied, THUCK,
BUTpATa MACTUIBHOT PIAUHU 1 T.11.). Jl0 IMOBIPHUX BIJHOCSTBHCS XapaKTEPUCTUKU
BUIAJIKOBUX TIPOIECIB BIOPOAKTUBHOCTI 00'€KTIB, M0 JiarHOCTYyIOThbcs. Jlo
JOTIYHMX O3HAK BIAHOCATHCS O3HAKH, IO HE MAIOTh SKICHOTO BHUpakeHHs. BoHm
SBIISIIOTH COOOI0 TYMKH SIKICHOTO XapakTepy THIy HasBHOCTI a00 BiACYTHOCTI
JICSIKMX BJIACTUBOCTEH.

AJTOPUTM pPO3Mi3HABAHHS OLIHIOE MIPY OJIM3BKOCTI CYKYIHOCTI O3HAaK J0
paHillle TEeBHMX KJAciB CTaHIB, SKI 30epiratoThCs B NaM'ATi JA1arHOCTUYHOI
cuctemu. CyKymHOCTI MOTOYHHMX JIarHOCTUYHHUX O3HAK BHU3HAYAIOTh TOYKY B
npukMmetrHomy npoctopi Ui=(Uil,...Uin), sika cmiBBiIHOCUTHCS A0 TOYKH PI3HUX
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KJIaClB CTaHIB 3a [JOIOMOIOI0 3arajbHOBXKMBAHUX [OKA3HUKIB BIACTaHI B
MPUKMETHOMY TIPOCTOPI:
BiJICTaHb 10 XEMIHTY

dij O] LU (1)
] (Ui ),
ki1
CBKJIIJIOBA BiJICTaHb, U )21v2 1T (2)
oo Y
ij ik jK
k1

Toukn B OPUKMETHOMY MPOCTOpPi, SKI BH3HA4YalOTh (DIKCOBAHI TEXHIYHI
CTaHH B YMOBaX EKCIIEPUMEHTY OTPUMYIOTh CTATHCTUYHE yCEPEAHCHHS BUOIPOK 3
OJTHUX YJICHIB:

U OO, YU, YTV, 3)

2
ki1

Po3nizHaBaHHS TEXHIYHUX CTaHIB MEXaHI3MIB MOBUHHO CYIPOBOIKYBAaTHUCS
OILIIHKOIO TOYHOCTI MPOIEAYp MOPIBHAHHS 1 OOTPYHTYBaHHS BIJIMOBIHOTO KJIacy
CTaHIB.

Jnst  xnacudikaiii CcTaHiB  MeXaHI3MIB  OCOOJIMBO TMPU BUKOPUCTaHHI
IMOBIDHUX O3HAK PEKOMEHAYEThCS BHKOPHUCTATH [l] CXOXKICTb BEKTOPIB O3HAK.
Haiou1b1m B)XKMTKOBOIO MIPOIO CXOKOCTI € KOCHUHYC KyTa [lj; Mk BekTopamu Ul 1
Uj, KM MOKHA MPEACTABUTH BEIMYUHOIO HOPMOBAHOT (PYHKI[IT KOPEIIALIi:

E UikU jk

R [ K 1
C(_)_Sl:l = ) (4)

[( Z;U )(kZ‘iu )

3anponoHOBaHy MIpy CXOXOCTI 3pYyYHO BHUKOPHCTATH IIPU 31CTaBIICHHI
XapaKTepUCTUK YaCOBHX BHUIIQJIKOBUX IIPOIIECIB, SKI BMIMIAIOTh 3HAYCHHS O3HAK
KJIACIB CTaHIB, 110 PO3MI3HAIOTHCS.
Kpim TOro, nmpu BUKOPHCTAHHI IMOBIPHHUX O3HAK BUMAJKOBUX BEIUYHUH, SIK
BUpIIIAJIbHI MPaBUja, 3aCTOCOBYIOThH T€OpeMy Tinote3 abo Gpopmyny baiieca:
P(W/a) PMW) P (U,....UR) | (5)

™ P(W)P(U°,...U°)
i i 1 n

[
ne Wi - I- po3mi3HaBaHUi CTaH;
Ui...Un - pakTu4HI 03HAKK CTaHY;
P(Wi) - IMOBIpHICTb PO3MI3HABAHOTO CTaHY.

Bubopy BiOpOakyCTHYHHMX [TIarHOCTUYHHUX O3HAK IEepeye BHUBYCHHSA
CTaTUCTUKU BigMOB. KOXKHOMYy BHIIISIIy BIIMOBU CTa€ y BIANOBIAHICTH O3HaKa
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CTaHy 1 Mipa HOTo KiJIbKICHOTO BUMIPIOBaHHS.

3 MeTor MiHIMI3alii MapHipyTy po3Ii3HABaHHS TEXHIYHUX CTaHIB IMpHU
NPOBEJCHHI JIOCIIPKEHb BCTAHOBJECHAa JOCTaTHS €(EKTUBHICTH KPHUTEPIIO
“BigcTani XemiHra”, sKuid MpoOMIIOB MaciITaOHI BUMPOOYBaHHS 1 BIIPOBAKEHHI
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JUIsL KOHTPOJIIO TPOLIECIB CHpalloBaHHS 30arauyBaibHOro oOnanHaHHsA. Ilepen
BUOOPOM KpUTEPIIO pPO3Mi3HABAHHS CTaHIB OO0JagHAHHA BCl O3HAKH JOIIBHO
PO3AUTUTH Ha TPYIH B 3aJI€KHOCTI BiJ] IIBUAKOCTI pO3BUTKY AedekTiB. 1 - rpyna -
CXOIUTIOBaHHS ~ KOHTAKTYIOUMX  TOBEPXOHb, SK€ MOXE BHSIBUTHCI  SIK
JaBUHOMOAIOHUHN TPOIIEC, 110 TPUBOJUTH A0 HAA3BUYANHO-aBapiiHUX CHUTYaIliH i
TpUBaIMX MpocToiB. I[lapamerpw curHamy, MmO MICTUTHh I1H(OpMAIiO PO
3apOJKEHHS IIUX JA€(PEKTIB MaOTh Maly €HEPrOEMHICTh 1 BUMAaraloTh 3aJy4€HHS
MaTEeMaTHYHOTO amapary [Jjis aHajli3y MHTTEBUX 3HAUY€Hb BIOPOAKyCTHUYHUX
nporecis [3].

Hait6inpmr  iHpOpMaTUBHUM B IOMY BHIAAKy € €KCIeC IIpoIiecy.
ExcriepuMeHTanbHO  BCTAHOBJICHO, IO 3HAYCHHS EKCIECY XapaKTepHU3ye
mapaMeTpu Tporecy TepTs B MIAIIUOHUKY. MOMEHT TepTs HOpPMaIbHO
MPALIOIYOro MiIITUITHIKA KOB3aHHS Ma€ XapakTep CTAI[lOHapHOTO KOJUBAJIBLHOTO
MpOIECy, €HEepria SKOro MepenaeTbcsi Ha Kkopmyc miamunauka. CydacHi
I’ €30KPUCTAJICBlI NIEPETBOPIOBAYl 37aTHI BJIOBJIIOBATH KOJMBAHHS MaJIOMOTY>KHHUX
JDKepen KOJIMBaHb, N0 SKUX MH BIAHOCUMO PEAaKTHBHHA MOMEHT TEpTS B
ITUITHUKY.

BuUHUKHEHHSI O3HaKM 3aqUpy CIPUYMHSAE TOPYUIEHHS CTallOHAPHOCTI
KOJIMBAJIBHOTO TIPOLIECY, IO € BAXKJIMBUM JKEPEJIOM A1arHOCTUYHOI 1H(OpMaIii.
OCKIJIbKM PO3BUTOK 3aJUpPy Ma€ JIaBUHOMOMAIOHUI XapakTep L0 HPUBOAUTH J0
aBapiiHOTO pyiHYBaHHS (CXOIUTIOBAaHHIO) KOHTAKTYIOUMX MOBEPXOHb, HEOOX1THO
BUOpATH MapamMeTpu 1arHOCTUYHOI'O CUTHANY IO MAalOTh BUCOKY YYTJIMBICTH IO
CTaI[lOHAPHOCTI KOJIMBAJIILHOTO Mpouecy. AKICHI 1 KUIbKICHI 3MIHH Y BIOPOCHUTHATY
IIPU MOSB1 O3HAK 3aiaHHs, 10 MPUBOAUTH 10 3aJAMPY IMiAIIUITHUKA 1 3aKIMHEHHIO
BaJly BUSIBIISIFOTBCS B 3MIHI (JOPMU IIIIIBHOCTI IMOBIPHOCTI aMILTITY BIOPOCUTHATY
1 Koe(Illl€HTA eKCIECY

E=(040%-3, ne = [J - neHTpaibHUi MOMEHT YETBEPTOrO TOPSAIKY

4
e MRDX@ EmOTY - rx ) 0 ml et )
[
920 0im CH{x @t O ) @)
m(t
N i j
JI71s1 By3bKOCMYTOBOT'O CUTHAJIy Ha BJIACHIN YacTOTI MiJIIUWITHUKA 3HAYEHHS
Ex nnsg HOpManpHO TMpaIodoro miamumHauka gopiBHoe -0,. ..,0,04. Jlns
ne(eKTHOTO CTaHy XapaKTepHO MiABUIeHHS KoedimienTa ekciiecy Ha 30...35 ab.
BucHoBku.

1. OcHOBHUM JerpajialliiHuM SIBUILIEM, [0 TIPUBOIUTH J0 PANTOBUX BIAMOB
nap TepTsS B MEXaHIYHUX IMepeladyax Yu MeEXaHi3Max € 3HOIICHHS pPoOOYMX
MOBEPXOHb, IO YCKIIATHSAETHCS PO3BUTKOM JIOKAJIBbHUX JE(EKTIB KOHTAKTYIOUUX
MOBEPXOHb TUITY BUIIEPOICHHS ab0 3aupy.

2. IcHye nBI Tpynu METOIIB NIarHOCTHKY Ha3BaHUX aedekris [1,2]:

mepiia - OPIEHTYEThCS HA BUJIYYEHHS JIarHOCTUYHOI 1H(Mopmarii 3
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CKIIadOBHX CUTHAJIB B 30HaX OCHOBHUX YacTOT BUMYIICHUX KOJIMBAHb, 2 - rpyma
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OpIEHTY€TbCSI Ha 1HQoOpMaIlil0o B 30HAaX BJIACHUX YacTOT MEXaHI3MYy
(BuMiproBasibHOI cucTeMu). OOuaBa MiAXoaud 0a3yrTbCs Ha TOMy (akTi, IO
BUHUKHEHHSA 1 PO3BUTOK IMOIIKO/PKEHb KOHTAaKTYIOUMX IIOBEPXOHb 3a YacoM
HANpaLIOBaHHs MEXaHI3My CYHPOBOKYETHCA TOSIBOIO Y BIOPOAKyCTHUHOMY
CUTHAJl CIUIECKIB 1 YAapHUX IMIYJbCIB. 3 PO3BUTKOM Je(PEKTy 1HTEHCHUBHICTH
yIapHUX IMITyJIbCIB 3HAYHO 3pOCTA€, CHPUUYUHSIIOYM 30UTBIICHHS aMILTITYIHOI
monyaiii (AM) 0OCHOBHUX 4acTOT 30y/PKEHHS MPH MITTIHTY 1 301IbIIEHH] 1HIEKCY
gacTOoTHOI MOy ALl (UM) THX K€ 9acTOT IIPH 3aHpi.

Jlpyra rpyna MeTOIIB MpH3HA4Ye€Ha s 1AeHTU(IKAIil MOUIKOMKEHb, SKi
PO3BUBAIOTHCS TMOBUIBHO. JIJIsI TakWX MPOIECIB TMOBHICTIO MPUJIATHI KpUTEpii
“BigcTani XemiHra” 3a JaHMMH 3acO0IB aKyCTUYHOTO KOHTPOJIO CIEKTPaIbHUX
CKJIQIOBUX aKyCTHUHUX NPOIECIB Yy IMOEAHAHHI 3 CTaTUYHMMU TMapaMeTpaMu
(GYyHKI[IOHYBaHHSI MEXaHI3My. Y HEBH3HAUCHUX BUMAAKAX MPHU 3aCTOCYBAHHI IIbOTO
METOJy TpaHWYHE 3HAYEHHS IWHAMIYHUX J1ama3oHIB g kiacudikaiii BiIMOB
OTpPUMaHE Ha OCHOBI ICHYIOYOT'O MOJIOKEHHS, 3T1JIHO 3 IKMM 3MiHa O3HAKU Ha 6 10
BBA)KAETHCSI ICTOTHOIO.
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VIK 621-192

KissnoBcbknii M.B., Husinga H.I., 3yeB 1.0. (Vkpaina, m. Kpueuu Pie,
Kpusopizvkuii nayionanvruil ynieepcumem)

NIJIBUIIEHHS HAJIMHOCTI POBOTU MAIIIMH T'TPHUYO-
METAJIYPTTAHOI'O KOMILIEKCY BIBPOJIATHOCTUYHUM
MOHITOPUHI'OM IX TEXHIYHOI'O CTAHY

B nposedenux docniosxcennsx 008edero, wjo HatOiibul iHHOpMaAmMueHUM i epexmueHum
Memooom 30epedcents pecypcy MAuuH € MiHIMI3ayii eHepeemuuHo20 PieHs 63AEMO0II eleMeHmis
Mexauizmie 8i0N0BIOHO 00 NEPesaAICAIOUUX NPOYECi8 iIX NOUKOOICEHH MA NPOBEOEHHS MEXHIUHO20
00CNY208Y8AHHA YU DPEMOHM)Y OONAOHAHHA V pasi, KOAU NpOYecu HOUWKOONCEHH 00YMOBUNU
00CsACHEeH s enepeemudno2o b6ap'epy ix iHmeHcueHo20 NPOMIKAHHL.

Studies have shown that the most informative and effective method of conserving machine life
is to minimize the energy level of interaction of mechanism elements in accordance with the
predominant processes of damage and maintenance or repair of equipment when damage processes
have reached the energy barrier of their intensive flow.

OCHOBHUM JierpajalliiHUM SIBUIIEM, 110 MPUBOAMUTH JO PAanNTOBUX BIiJAMOB
map TepTS B MEXaHIUYHUX Iepeladax YW MeEXaHi3Max € PO3BUTOK JIOKATbHUX
ne(eKTIB KOHTAaKTYIOUMX MOBEPXOHb THITy BULIEPOJIeHHs a0o 3aaupy. IcHye nBi
rpynu METOMIB JlarHOCTUKHM Ha3zBaHux JaedekTiB [1,2]: 1 - opieHTyeTbcs Ha
BUJTYYCHHI JIarHOCTUYHOI iH(pOpMAIlil 3 CKIaJOBHX CUTHAIIIB B 30HAX OCHOBHUX
YacTOT BUMYIIEHUX KOJMBaHb; 2 - rpyna OpPIEHTYEThCS HA 1H(OpMAaIi0 B 30HAX
BJIACHUX YAaCTOT MEXaHI13MY (BUMIPIOBAJILHOI CUCTEMHU ).

O6uaBa migxoau 0a3yrOThCA HAa TOMY (PakTi, IO BUHUKHEHHS 1 PO3BUTOK
MOIIKO)KeHb KOHTAKTYIOUMX MOBEPXOHb 3a YAacOM HAMNpAIIOBAaHHS MEXaHI3My
CYNPOBO/IKYETHCSI TOSBOIO Y BIOPOAKYCTUYHOMY CHUTHAJ CIUIECKIB 1 yAapHHUX
IMITyJIbCIB. 3 PO3BUTKOM JA€(PEKTy 1HTEHCHUBHICTh YJAPHUX IMIYJILCIB 3HAYHO
3poCTa€, CHPUYUHSAIOYM 30UIBIICHHS aMIUNTYIHOI Moaysiili (AM) OCHOBHUX
4acTOT 30y/KEHHS IPH MITTIHTY 1 30UIbIIEHH] 1HJEKCY YacTOTHOI MoayJsiii (UM)
TUX )K€ YaCTOT MPH 3aUPi.

JlocuTh YyTIWMBOIO O3HAKOIO JIOKAIBHUX JAEPEKTIB € N-MIipHI BEKTOPH,
chopMOBaHI 3 CKJIQIOBUX OTHMHAK4Yoro cmekrtpa (AM abo UM) ogpniit 3
BUMYIIICHUX YaCTOT Ae()EKTHOTO BY3Ja.

VY 000X BUMAaKaX B CIIEKTPi KOJUBATHHOTO MPOIECY B TPAHUIIIX BUMYIIIEHOT
YaCTOTH f6 3'SIBJIAIOTHCS a00 MOCHITIOIOTHCS KoMOiHamirHi wactotu (Kf +/- 1 1), k, |
=1,2,.., 10 CBITYUTH MPO PO3BUTOK JIOKATHHOTO JTe(HEKTY.
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IMmynibCHA TOCIIIOBHICTh MyJibcallii HaBaHTaxeHHs F(t) Tumy ynapHux
00ypeHb, BUHUKAIOYUX NPH TOMA/IaHHI JIOKAJIILHOTO J1Ie(PEeKTy B 30HY KOHTAKTy a0o
B MOMEHT CXOILTIOBAHHS KOHTAKTYIOUUX MOBEPXOHb, BUKJIMKAE BIATYK MEXaHIYHOI
CHCTEMHU Ha BIACHii 4acToTi 1e(h)eKTHOTO By3Ja Y BUIJISAII OCIMIIIOIOUNX KOJMBAaHb
tunty AUM. CrekTp BIATYKY CKIaJHOI MEXaHIYHOI CHCTEMH 3 N-MipaMH CBOOOIU
Ha KOPOTKI IMITYJIbCH € HIMPOKOCMYTOBHM, 1 HalKpalle Ha TaKoro pojJly BIUIUBY
BIITYKYIOTBCSL BJIACHI 4YaCTOTH CYCITHIX JO JpKepena 30Y/DKeHHs BY3JIiB
MexaHizmy. Haiibinpia aMIuniTya BIATYKY CIIOCTEPIra€ThCsl Ha OHIN 3 BIACHUX
4acToT 1e(heKTHOTO By3Ja.

CriBcTaBlIeHHSI MOXKJIMBOCTEH HaBEJIEHUX METOIB OpPIEHTY€ HA BUKOHAHHS
MOHITOPHHTY TIIbKM Ha OCHOBI (DYHKIIOHAJIbHUX METOMAIB J1arHOCTUKH, SIKI
3a0e3mneuyoTh 0e3po30ipHy imeHTH(]IKAII0 TEXHIYHOTO CTaHy OOJiagHaHHS Oe3
BUBOJAY MOro 3 eKCIulyaTallii 3a METOJJOM HaKOIMYEHOI1 BUOIPKH y3arajbHIOIUYOro
napaMerpa TEXHIYHOTO CTaHy K yacoBoi (yHKuIi. Buxoasuu 3 BUMor 10 BUOOpy
METOJly MOHITOPUHTY TEXHIYHOTO CTaHy BCTAHOBJICHO, 1[0 HAWOUIBII
1H(HOpPMATUBHUM, HAWOUIBII YYTIMBUM METOJOM ONEPATHBHOI OLIHKH y PEXKUMI
peaJbHOro Yacy MpOoIECIB CIPAlIOBaHHS MEXaHI3MIB, 1[0 BUKIMKAIOTH J10JaTKOBI
BUTpPATU €HEPrii MPUBOJY, € METOA OIIHKM CTYNEHI0 1 1HTEHCHUBHOCTI
CHpaLIOBaHHS 3a KPUTEPIIMU POCTY MOTY>KHOCTI KOJIMBAJILHOTO 30Y/PKEHHS 30HU
B3a€EMOJIII JieTajeil MexaHI13MIB IpPH MOsBI, PO3BUTKY AEPEKTIB Ta HAKOIMUYEHHS
MOIIKO/KEHb Bij iX 1ii [1].

3 omiaay Ha I BUCHOBOK BHU3HA4Y€HO, IO METOAU BIOPOAKYCTUYHOI
JIIarHOCTUKM HAWOUIBII BiATOBIIAIOTh BCTAHOBJICHHM BHMOTaM, 3a0€3MCUYIOUH
KOHTPOJIb TEXHIYHOTO CTaHy OINEpaTWBHO, 0e€3 po30upaHHs 1 JCIIEBIIE
aIbTEPHATUBHUX METOAIB. MeToa BIOPOAIarHOCTUYHOTO MOHITOPUHTY 3pYYHUI
TAM, 1[0 O0'€KT JIarHOCTUKM B I[bOMY BHMAJAKy MAa€ OJHOMIPHHMI MPOCTIp
JIarHOCTUYHUX O3HAK, a CaM J1arHOCTUYHUH mapametp ,,X ~ 1HTerpajbHO BHPAXKAE
BILJIMB Ha TEXHIYHHUM CTaH 00JIafHaHHA 0aratbox Moro nedexTiB 1 HeCIIpaBHOCTEH.

Lleli BUCHOBOK MiATBEPIKYIOTh AOCHIDKEHHS 1HIIMX aBTOpiB. Tak B [2]
BCTAHOBJICHO, IO B 3MiHI CTPyMy cTaropa BigoOpaxkaeTbcs Ouist 16% Bcix
nedekTi, Temneparypu neperpipy 20 %, Bioparii 80 %.

JllarHOCTUYHY OIlIHKY BIUIMBY JOJAaTKOBUX €HEPreTHYHUX BUTpAT Ha
3a0€3MeUeHHs] TPAIe3qaTHOCTI TEXHOJIOTIYHUX arperariB JOIIILHO TPOBECTH 3
BUKOPDHCTAHHAM  BHU3HAYCHOTO  KPUTEPIl0  EHEPreTUYHOro  3abe3meueHHs
npane3aaTHoCTi ,,X .

B mpoBeaeHux AocimipKeHHSX 3po0iieHa crpoOa OLIHUTH TEXHIYHUN CTaH
MAaIlTiHU BUXOJSTYH 3 MEPEyMOBH, 110 B 3ajexHocTi R(?)=L(x, t), ne L- oneparop
3B'SI3Ky (pakTOpHOrO mMpocTOopy X 1 MPOCTOPH MapaMmeTpiB Mpare3naTHocTi R,
MarTh (GYHKI[IOHAJIBHI CHIBBIIHOIIEHHS. [le MoXIuBe, SKIIO BUKOPHUCTATH
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MHOXMHU CTaTUYHUX TIapaMeTpiB THUIY TeMIepaTryp, THCKYy 1 1H., IO
BU3HAYAIOTHCS N1 KOHKPETHOI MalllWHHU, Y TIOE€THAHHI 3 IHTErPajbHOK OIIHKOO
JUHAMIYHUX PEakiii MalluHu, MeXaHi3My abo By3na Ha ii poboumii mpouec. Lli
JUHAMIYHI peakiii € pe3yapTaToM B3aeMO/Ili JeTanell MeXxaHi3My B IpoIeci Horo
(GYHKIIIOHYBaHHSI 1 SBISAIOTH COOOI0 MEXaHIYHI KOJUBAaHHSA 1 MPYXKHI XBHII
MAaIIMHH, 10 PO3MOBCIOKYIOTHCS MO KOHCTPYKTHBHHUX eneMeHTax. Lli peakiii
IHCTPYMEHTAJIbHO BHUMIPIOIOTBCS Yy BUIVIAAI (PI3MUHHUX IMapaMeTpiB: 3MIIICHbD,
IIBUKOCTEH, MPUCKOPEHb KOHTPOJBbHUX TOYOK MAITHHHU.
3r1IHO 3 MPUIHATOIO KOHIEMIIEI JUHAMIYHI ITPOIIECH B TEXHOJIOTTYHINA a00
CHEPTreTUYHIN MaIllMHI MOCUIIIOIOTHCS a00 3MIHIOIOTHCS TP MOsABI IeexTiB abo
HecrnpaBHOCTe. PeecTpaiiisi nUHaAMIYHUX peakiii BUKOHYETHCA 3a JOMOMOTOIO
BI/IMOBITHUX BUMIPIOBAJIBLHUX 3aC001B. TaKuM YMHOM, MPUMHATO BBaXkatu [4], 110
GyHKIIOHYIOUMH MexaHI3M Tpeba po3MsanaTd sIK JeIKUd TepeTBOproBad A
napaMeTpiB HOro TEXHIYHOTO CTaHy [i B IapaMeTpu JUHAMIYHUX peakiii Uj TOOTO:
(X} =A(R}, (1)
ne - {X}={x % x,(9} BekTOp O3HAK TEXHIYHOTO CTaHy B N-MipHOMY
NPUKMETHOMY MPOCTOPI.
TakuMm 4YMHOM NTOAATKOBI BUTPATHU €HEPrii CTalOTh HponopuiiHumMu ,,.X° i

MOJXYTb 6YTI/I BHU3HAYCHHUMMU 34 HACTYIITHUM BHPA30M !
L

E (1 []IX(f)2df )
[
ane - E , X, f - BIiINOBiAHO IOBHA EHEPTisd, aMIUIITyJa 1 YacToTa

KOJIMBAJIbHOTO 30y IKEHHSI MAalIUHU

BigHocHo BiOpaliifHOTO CTaHy MallWMH 1 MEXaHI3MIB MOTPIOHO 3ayBa)KUTH,
IO 1JIealbHO CTBOPEHA 1 HaJlaro/pKEHa MallliHa HE Mae JDKEpes KOJIMBaJIbHOTO
30y/KeHHsI, TOOTO Tpaitoe Oe3 BiOpaiiii. [losiBa BiOpariii 3acBiguye mpo MOSBY
ne(eKTiB, MOMIKOIKEHb, 1110 3MIHWJIA TEXHIYHI MapaMeTpu MalluHU, 110 BUMAarae
JIOAATKOBUX BUTpAT €HEPrii Ha 30€peKeHHs JAMHAMIYHOI PIBHOBArM MEXaHI3MiB
IpY BUKOHAHHI poO04oro mnpoiecy. PiBeHb JomycTUMOI BiOpallli periaMeHTy€eThCs
CBITOBUMHU 1 perioHaIbHUMHU cTaHaaptamu, Hampukiaa [SO 10816, 2372, VDI
2056, DIN 45655. [ocmimkeHHs TpoBeneHHI B [3] mokaszaid, 10 MPUHIIMIIOM
MPU3HAYEHHSI TPAHUYHUX HOPM BI1Opallii B OCHOBHHMX CTaHIapTaxX € perjaMeHTallis
MOTYXHOCTI, 110 BUTpayae MPUBIJA Ha 30yJKEHHs BiOpalii MeXaHi3My, B SIKOMY, B
HACJIIJIOK HEHAJIC)KHOTO HaJIarO/PKEHHS, CIPAIOBAHHS, MOLIKOIKEHb, 3MIHUINCH
napameTpu OaaHCyBaHHS, )KOPCTKOCTI, BJIaCHI YaCTOTH pe30HaHCy. Takum 4rmHOM
JIOCSITHEHHSI TPAHWYHOTO PiBHS BiOpaiii MamuHu, abo poboTa OuUls TpaHUIHUX
PIBHIB, CBIIUUTH MPO JAOJATKOBI BUTPATH eHeprii mpuBoay (10 15%) .

Lleli BUCHOBOK, MpU CHOPHUUHSATI PIBHS KOJUBAIBLHOTO 30YJKEHHS MAaIIWHH,
SK YHIBEPCAJILHOTO KPUTEPIIO, IO KOPETIOETHCS 3 BEIMYMHOIO JOJIATKOBUX BUTPAT
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eHeprii MpuBOAY, NPUBOIUTH JIO MPOCTUX NUIAXIB 3MeHIEeHHS 10 15%
C€HEProBUTpAT, 3a PaxXyHOK oOpraHizailii ekcruiyaramii 3 MiHIMaJbHUMH pIBHEM
KOJIMBAJILHOTO 30y/KeHHs MexaHi3miB. [lomaTkoBo mpu Takiil opraxizamii
eKCIUTyaTallii BAAEThCA CKOPOTHUTH 10 25-30% ekcIuTyaTamiiHUX BHUTpaT B
co0iBapTOCTI BUPOOHUIITBA [4].
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VJIK. 621.9.02

Kanmenko C. A., Pymsnnesa 1O. 1O., Capuenko J1.0., Uymak A. O. (Vkpaina,
M. Kuig, Incmumym naomeepoux mamepianie im. B. M. baxyns HAH Ykpainu)

PO3POBKA KOHIEMNIIII CTBOPEHHS KOMITIO3UTIB I3 IKHB
I'PYIIN BL, APMOBAHUX OKCHU/IHUMU TA BESOKCUJIHUMHU
BOJIOKHAMMH TYT'OINVIABKHUX CITIOJIYK

Incmpymenmu i3 KOMNO3UumMié HA OCHOBI NOJIKPUCMANIYHO20 KYOIYHO20 HImMmpuody oOopy
(IIKHB) wupoko suxopucmogyiomscs npu oopodyi demaret, 06pooKa SAKuUxX Xapakmepusyemucs
yoapHumu Haeanmadcenuamu. Hassnicmv imnynrocno2o Hasanmasjicenus 30ibuye KOHMAKMHI
HanpysicenHss 00 080X paszie, WO 00VYMOBIIE DYUHYBAHHA IHCmMpyMeHmy. Bionoesiono, ichye
HeoOXiOHIiCMb 8 CMBOPEHi KOMNO3UMIE HOB020 NOKOJIHHA 3 NIOBUWEHUMU DI3UKO-MEXAHIYHUMU
eracmugocmamu. B pobomi npedcmasneno KoHyenyiro cmeEopeHHs HOBUX [HCMPYMEHMATbHUX
komnozumie i3 IIKHE epynu BL, 6 ocno8y AKoi NOKNAO0eHO apmy8anHs MIKPOBOJIOKHAMU
MY20NIABKUX CROLYK PI3HOL (i3uKo-XiMIYHOI npupoou.

Tools made of composites based on polycrystalline cubic boron nitride (PcBN) are widely
used in the processing of parts, the processing of which is characterized by shock loads. The
presence of a pulse load increases the contact voltage up to two times, which causes the
destruction of the tool. Accordingly, there is a need to create a new generation of composites
with improved physical and mechanical properties. The paper presents the concept of creating
new instrumental composites from PcBN group BL, which is based on microfiber reinforcement
of refractory compounds of different physical and chemical nature.

llocmanoska npooaemu. Inctpymentu 13 I[IKHB 3aBasku  ¢i3uko-
MEXaHIYHUM BJIACTUBOCTSIM IIUPOKO BUKOPUCTOBYIOTHCS JIJISi MEXaHIYHOT 00pOOKHU
(TouinHs, ¢dpe3epyBaHHs) JACTaleid, Uil SIKUX XapaKTepHUW HEPIBHOMIPHUMN
npunyck. Jlo Takux BHUpOOIB HanmexaTh JAeTall OTPUMaHl JIMTBOM, JAeTai
BIJIHOBJICHI HAIJIABOYHUMU TMOKPUTTSAMHU, AKI MPU3HAUCHHI JJIsi METATypridHOl 1
ripHUYO0-30aradyBajibHOI MPOMHUCIOBOCTI; pO3’€MHI YaCTUHU OJIOKIB I[MJIIHJAPIB Ta
rogoBok ['Bl] nBuryHiB BHYTpPIIIHHOTO 3ropaHHs Ta iH. Taki JeTam YacTo
OpaliOTh B YMOBaX 3HAYHUX YAApHUX Ta TEIUIOBUX HABAaHTAXEHb Ta
XapaKTEPU3YIOThCSA CKIIAIHOI0 TEOMETPI€I0 BHUPOOIB 3 KOJMBAHHAMHU 3HAYEHD
NPUIYCKY Ha 00pOOKy Ta HEPIBHOIO 30BHIIIHBOIO MOBEpXHEI0. Ha moBepxHi Takux
BUPOOIB 4YacCTO CIOCTEPITa€TbCS JTUCHEPCHO-3MIIHEHA «KIpKa» MiABUIIEHOI
TBEPAOCTI, HACHYeHa aOpa3uBHUMU BKIIOUCHHIMH.

Kpim TOro, mmpoke 3acTOCYBaHHsS B Cy4acHI MPOMMCIOBOCTI 3HaXOASTh
YKAPOCTINKI Ta >KapOMIITHI CTUIaBH Ha OCHOBI 3aii3a abo Hikemnto tuiy Inconel 718.
Taki maTepiayii XapaKTepU3YIOThCS BHCOKOIO MILHICTIO, B’S3KICTIO, BHUCOKOIO
HIUIBHICTIO TEIJIOBOTO MOTOKY, 110 T'€HEPYIOThCS B 30HI pi3aHHs, 1HTEHCUBHOIO
TpUOO-XIMIYHOIO B3a€EMOMIEID 3 IHCTPYMEHTAIbHHUMH KOMIIO3UTaMH, IO CTa€e
NPUYHUHOIO iX CTPIMKOro BUXOAy 3 JaAay. KOHTaKkTHI TUCKH IIpH 0OpOOILll TaKHX
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meraneii  craHoBaATH  3400-4800 H/MM? mpu  HAasBHOCTI  iMITyJIECHOTO
HAaBAaHTA)XCHHA, JUHAMIYHUM KOEQIIIEHT 30UIbIIye KOHTAKTHI HAMpPYXKEHHS OO
JIBOX Pa3iB, 10 00YMOBJIIOE PYWHYBaHHS IHCTPYMEHTY.

BignoBigHo, iCHye HEOOXIJIHICTh B CTBOPEHI KOMIIO3UTIB Ha OCHOBI
[IKHb HOBOTO MOKOIIHHA 3 MIABUIICHUMH (H13UKO-MEXaHIYHUMU BJIACTUBOCTSIMH,
mo 3abe3nedaTrb BUCOKOIIBUAKICHY OOpOOKYy MarepialiB B yMOBax yAapHUX
HaBaHTaXXEHb 13 3a0€3MeUEHHSM BIJIIOBIIHOI SIKOCTI 00pO0ICHOT TOBEPXHI.

Ananiz ocmanHix docniodcens i nyonikayit. Ha cborogHi B CBITI pO3p0o0JICHO
Ta 3aCTOCOBYETHCS Bl TPYNU HaATBEpAMX Kommo3uTiB Ha ocHoBi KHb — 3
Bucokum BH (>80%) ta wnm3ekum BL (45-75%) BMicroM HaaTBepmoi
dpakiii 3epen cBN Ta 3B'sKk010 Ha OCHOBI HITPUAIB Ta KapOiiB TYTrOIUIaBKUX
metaiiB (TiN, TiC, TiCN, VN, WN ra inmr.), a Takoxx Co, Al, AIN, SizN4 [1, 2].

Komnosutu rpynu BH MawoTeh CTpykTypy, 110 XapaKTepHU3yHOThCS
6e3nepepBHUM KapkacoM 13 3epeH cBN po3mipom 5-10 MKM 3 MIIIHUM KOT€31HHUM
3B’SI3KOM Ha IPaHULISIX, 110 00YMOBIIIOE BUCOKI MEXaHI4H1 BIIACTUBOCTI TAKOT'O TUITY
marepianis: TeepicTh (3238 I'Tla), TpimuHocTiiikicts (8—12 MITa-MY?), MinHicTs Ha
3arud 10 1200 MIla [3, 4]. o takux xommo3utiB HajexaTb AMB90 i DBASO
(«ElementSix»), N90 «Megadiamond», cepis MBR («Mikpo6op»), KB90
(«TaeguTurn») BN100, BN600, BN700, BN80O («SumitomoElectricy»), Kidoput-1
ta bopcunit, Bupoonunrea IHM im. bakyns HAH Vkpainu. [lani iHCTpymMeHTH
eekTuBHI mpu 0O0poOIl 13 JUHAMIYHUMU HABAaHTAXKEHHSAMH, aJie IIBUJIKO
3HOINYIOTHCS TIPU 3aCTOCYBAaHHI B Jiaa3oH BUCOKOIMBHAKICHOTO pizanHs (200—250
M/XB) Y 3B’SI3KY 3 IHTCHCUBHOIO XIMIYHOIO B3aEMO/II€I0 3 00POOIIFOBAHUM MaTepiaioM
[5, 6].

Jlist  BUCOKOMIBHAKICHOT 00poOku po3pobieHo kommo3utu 13 [IKHB
rpynu BL, kepamiuHa MaTpulls skux HabaraTto cTabUIbHINIA O XIMIYHOI B3a€MOIL
3 00pOOJIIOBAaHMM MAaTeplajioM — HaBiTh B yMOBaX BHUCOKHX IIBHAKOCTEH 1
TeMmrepaTyp B KOHTakTH1H 30Hi. [Ipu BucokomBuakicHi 00poo1i (200—250 m/xB)
3arapTOBaHUX CTAJIEH HE CIIOCTEPIraeThes NU(Py31iiHOr0 pO3UMHEHHS 3€pPEH 3B'I30K
tuny TIC ta TiN, sKi BUCTYarOTh KapKaCOM, 1110 MiHIMi3y€ 3HOIITYBaHHS OCHOBHOT
HaaTBepAoi ¢azu. OCHOBHUM MPUHLHUIIOM MOOYI0BU CTPYKTYpu BL KOMIO3HTIB €
MIHIMQJIBHO-MOXJIMBUM po3Mip 3epeH c¢BN (1-3 Mkm) Ta npiOHO3epHHCTA
MaTpulis, U0 MIUIbHO obJyisrae HanTBepay ¢asy [7, 8]. Jlo cydacHux marepiasiB
miei rpymu Hanexxatb SECO CBN100, CBN50, Sumitomo BNC 2010, BNC 2020,
ElmentSix DHA 650, SandvikCoromant CB7015, CB7025 Tta nesxi mMapku, 110
Bupo6sieH1 B IHM: KibopuTt-3 ta Kibopur-4.

[Ipu BHCOKIN CTIMKOCTI, OCHOBHMM HEIOJIKOM KOMIIO3UTIB 3 HHU3bKUM
BMicToM 3epeH CBN € HemoctaTHs MIIHICTE: 3a TPIMIMHOCTIMKOCTI 3—
5 MIla-mMY? minmicTs Ha 3ruH, sk npasuio, He nepesumrye 800 MIla, TBepaicTh
TaKMX MaTepiaiiB TaKOXK 3a3BUYail HIbK4a y mopiBHsAHHI 3 BH rpymoto — menme 30
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I'Tla, mo Ha maHuii yac oOMeXXye 00JIacTh X 3aCTOCYBaHHSI YUCTOBOK OOPOOKOIO
3arapTOBaHUX CTaJel Ta KapocTiikux crasis [9, 10].

Dopmyniosanns paniue He GUPIUIEHUX YaCMUH 3a2ailbHoi npodiemuy. AHami3
YUCIIEHHUX NyOmiKkamiii mnpucBsdyeHux crBopeHHio kommno3uTiB 13 [IKHB 3a
JIOTIOMOTOI0  TPAJIULIMHUX TEXHOJIOTIM TEepMOOAPUYHOTO CIIIKaHHS CKJIQHUX
CYMIIIIEH PO3TISHYTO TOCTAaTHRO AeTaibHO. [IpoTe, i7el ogepkaHHsS KOMIIO3UTIB 13
[IKHb rpynu BL 3 migBumieHumM# (i3uKO-MEXaHIYHUMU BJIACTUBOCTSAMHM, SKi
JIOCATAIOTHCA 32 PaxyHOK apMyBaHHSI MIKPOBOJOKHAMH PI3HMX XIMIYHHUX CIOJYK,
MPUILIEHO HEOCTATHLO YBAaru.

Dopmynrosanns yineu cmammi. MeToro 1aHoi poO0TH € po3poOKa KOHIICTIIIi1
ctBopeHHs: kommo3utiB 13 [IKHB rpynmu BL 3 migBuiieHUMH MeXaHIYHUMHU
BJIACTUBOCTSIMU  JII1 ~ BHCOKOC()EKTUBHOI  OOpOOKH  BaKKOOOPOOIIOBAaHUX
MaTepiamiB 3 yIapHHUMH HaBaHTAKCHHSIMH, MUIIXOM TIOMIAPOBOTO apMyBaHHS
MaTpHIll KOMITO3UTY OKCUJTHUMU Ta O€30KCUTHUMU MIKPOBOJIOKHAMHU TYTOIJIABKUX
CIIOJIYK, 1110 JTO3BOJIUTH MiABUIIUTU MII[HICTh, TPIIIMHOCTIMKICTh Ta 3HOCOCTIMKICTD
THCTPYMEHTY.

Buknao ocnosnoco mamepiany. Cepen HampsMKIB  yIOCKOHAJICHHS
eKcIUTyaTaliitHux BiractuBoctet iHcTpyMeHTiB 13 [IKHDB € cTBopeHHs KOMIO3UTIB
3 JI0JIaBaHHSIM apMYIOUHUX MIKPOBOJIOKOH TYTOTUIABKUX CHOJYK, IO JIIOTh MO3ay
(GpOHTY PO3MOBCIOHKEHHS TPIIUHU Ta € OUIbII €(PEKTUBHUMH, MPOTE MaikKe HE
BUKOPHCTOBYBAJIKCS Il MaTepialliB Ha OCHOBI HITpUIY Oopy. Tak, JOCIIKEHHIO
BIUTUBY apMYIOUMX BOJIOKOH Ha MIKPOCTPYKTYPY Ta BIIACTHBOCTI HAJITBEPIUX
KOMITO3UTIB MPHUCBAYEHA BKpail 0OMeEXeHa KUIbKICTh pPOOIT, MPU YOMY OCHOBHA
YacTMHA TaKUX pOOIT TMPHUCBSIYEHA caMe€ AapMyBaHHIO BHCOKOBApTICHUMH
MmikpoBosiokHamu SiC  [11-13]. Tlpore, BHCOKa BapTICTh JaHUX BOJIOKOH,
00OyMOBJIEHA CKJIQJIHICTIO MPOIECY KOHTPOJIIO JOMIIIOK 1] Yac iX BUTOTOBJICHHS,
3MYUIY€ JOCIIIHUKIB IIYKATH 1HILI BUIA BOJOKOH.

PesynpraTtn momepenHix poOit [14-16] mokazanm, M0 OJHUMHU 3 HAWOUTBII
KOHKYPEHTO 3/IaTHUX € OKCHJIHI MIKpOBOJIOKHA. 30Kpema, 301IbIICHHS BMICTY
MikpoBookoH Al;O3, M@2B205 3 5 1o 15 006. % mo kommo3uty Ha ocHOBI cBN 3i
3B’s13k010 TaN mnpuBOAMIIO 7O MOHOTOHHOTO 3MEHIIEHHS 3HOCY poO0Yoro
IHCTpYMEHTY, HE JUBJISYUCh Ha JAemo Hwk4yy K¢ Takux KOMIIO3UTIB, IO
MOB’SI3aHO 3 PI3HULEI0 KoediuieHTiB TepMiyHOro HanpyxeHHs (KTP) BosokHa Ta
MaTpPUYHOTO MaTepiaiy. 3 1HIIOTO OOKYy, IIIKABUM TaKOX € TOW (pakT, 110 3pa3KH 3
noaaBaHHsIM MikpornopommkiB Al,O; Mamu nemo Buili 3HaueHHS Kje, HIXK
KOMITO3UTH 3 jJojaBaHHsIM Al,Osw, mpoTe, 3pa3ku 3 J0JIaBaHHIM MIKPOTIOPOIIIKIB
JIEMOHCTPYBAJIM CKOJIFOBaHHS HAaBITH IMMiJ 4Yac HU3BKUX MIBUAKOCTEH poOOTH
pizanbHOTO 1HCTpyMEeHTY (80 00./XB), B TOW Hac sIK apMOBaHI MIKPOBOJIOKHAMH
Al,O3w 3pa3ku moka3yBaiu BUCOKY CTIMKICTh JI0 yIapHUX HABAHTa)KCHb HABITh 32
BHUCOKHUX IIBUAKOCTEH pizanHs (200 06/xB) puc. 1.
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Puc. 1. 3anesxcnicmo enubunu 3uocy 6i0 emicmy MIKpOBOJOKOH (a) ma
Mmopgonozia 3Hocy Heapmosanoz2o 3paska cucmemu cBN — TaN — Al (6) ma
apmosanux mikposonoxnamu 3paskie CBN — TaN — Al — SiCw (s), cBN — TaN — Al
— SisNgw (0) cBN — TaN — Al — Al,O3w (2) ¢cBN — TaN — Al — Mg;B,0sw (e)

B uinomy, HampsAMKOM pilieHHS 1poOjieMu 3a0e3MEeUeHHS TaKux
BJIACTUBOCTEH IHCTPYMEHTAIILHUX KOMIIO3UTIB, $Ki O JO3BOJIMJIA TIPOBOIUTH
00poOKy TIpM IHTEHCHUBHUX 3HAKO3MIHHUX TEPMOOAPUUHMX HABAHTAKCHHSIX
JWHAMIYHOTO THUITY 1, OJHOYACHO, BUCOKIM IMIBUAKOCTI pi3aHHS € PO3pOOKa HOBHUX
KOMIIO3HUTIB, IO MOEAHAIOTH Y co01 Haikpall xapaktepuctuku BL ta BH rpym, a
came: 3 OogHOro OOKy — MaTtuMyTh BHCOKY MimHicTh (TRS>800 MIla) Ta
tBepaicTh (HV>32 I'TIA), 3 iH1I0TO — Oy1yTh TEPMOXIMIYHO CTA0ITLHUMM.

Bkazane MOXJIMBO peai3yBaTH ILUISIXOM  [OIIAPOBOTO  apMyBaHHS
CTPYKTYpH KOMITO3UTIB OKCHIHUMHU BosiokHamu crionryk Al,Osw, Mg2B,0sw, siki €
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XIMIYHO 1HEPTHUMU Ta HE B3aEMOJIIIOTh 3 KHUCHEM Ta OOpOOIIOBAHUMHU
MarepiajlaMi Ha OCHOBI 3ajli3a, MPOTE, CIiJ 3a3HAYUTH, IO TPH TeMIepaTypi
pizanns Bumie 1200 °C MoXJIMBe TaJiHHSI MEXaHIYHUX BIIACTHBOCTEH, a TaKOX
NEpEeKpUcCTami3allisi OKpEeMUX CHOJYyK 3 YTBOpEHHsSM ¢a3d 3 HHU3BKUMU
TEPMOMEXaHIYHUMHU BIIACTUBOCTSIMH. JIJis HIBEIIOBAaHHS 3MEHIICHHS MEXaHIYHUX
BJIACTMBOCTEH KOMIIO3UTY TMpU TeMmieparypax pizanHs Ouisme 1200 °C
IPOTMOHYETHCS JI0JIaBaTH IMIap OE30KCHUAHMX MIKPOBOJIOKOH Ha OCHOBI CIIONYK
SiCw Ta SisNsw, sSiKi XapakTepU3yIOThCSl BUIIUMU MEXaHIYHUMH BIACTUBOCTAMU
(MIKPOTBEPAOCTI, TPIIIMHOCTIMKOCTI, Ta BHUILOI TeMIIEpaTypH MepeKpUCTai3allii)
MpoTe TMIAJAIOThCSA XIMIYHIA B3aeMojii 3 00poOsiroBaHMM MaTepiagoMm. B
KIHIIEBOMY paxyHKy Oyjie CTBOpeHO OaratomapoBuii komno3uT Ha ocHoBl [IKHB
apMOBaHHUM MIKPOBOJOKHAMU OKCHUIHUX Ta 0€3 OKCHJIHUX CIOJIYK B SIKOMY KOKEH
map Oyje BUKOHYBATH TEBHI (YHKIIT — 3MEHIIICHHS XIMIYHOI B3a€MOJI1i (OKCHJIHI
MIKPOBOJIOKHA) Ta MiJBHUIIECHHS (PI3MKO-MEXaHIYHUX BJIACTUBOCTEH (O€30KCHIHI
MIKpPOBOJIOKHA), BKa3aHa apXiTeKTypa Ta XIMIYHMA CKJIaJl KOMIIO3UTY
JIO3BOJIUTh 30UIBIIMTH TPAHMIIO MIITHOCTI HA 3TUH, 110 JO03BOJUTH MPOBOJAUTH
00poOKy B yMOBaX AMHAMIYHMX HABAHTAXEHb OJIHOYACHO 3a0€3MEeUyI0OUH TOJIOBHY
nepeBary BL rpynu iHctpymentiB 13 IIKHB — Bucoky criiikicTh 10 XiMI4HOi
B3a€MO/IIi 3 0OpOOJIOBAaHMM MaTepiajJoM IMpU 0O0poOIl MIMPOKOI HOMEHKIIATYpU
Cy4acCHHUX MaTepialiB.

Bucnosexu. B po0OoTi mpencraBieHa KOHUEMI[S CTBOPEHHS HOBOIO THILY
komno3utiB 13 [IKHB rpynu BL, mnomapoBo apmMoBaHUX OKCHIHUMU
MikpoBoiokHaMu Al,Osw, MQB,Osw 11 3MeHIeHHST XIMIYHOT B3aeMOMil 3
00po0IIIOBaHMM MaTepiajioM Ta 0€30KCHUIHUMHU MiKpoBoJiokHaMU SiCw Ta SizNaw
Ui TABUIIEHHS — (I3UKO-MEXaHIYHMX  BJIACTUBOCTEH  KOMIIO3UTY  IIpH
Temneparypax pizanas > 1200 °C, mo 103BOIHTH CTBOPUTH pi3alibHI IHCTPYMEHTH
13 [IKHb rpynu BL 3 migBuieHor CTIHKICTIO /0 XIMIYHOI B3aeMOJli 3
00poOIIOBaHUM MaTepiaioMm Ta BHCOKHUMH (b13UKO-MeXaHIYHUMU
XapaKTEPUCTUKAMU, TOCTATHIMU I TIPOBEJICHHS 0OpOOKH B yMOBaX JUHAMIYHUX
HaBaHTaXXE€Hb HA MIBUAKOCTAX pizaHHA 10 200 M/XB.

J/KEPEJIO ®IHAHCYBAHHSA

Po6oty BukoHaHO 3a (hiHaHCOBOI MiATpUMKHU HarloHanbHO1 akagemii HayK
YkpaiHu B paMKax BHUKOHaHHS MpoeKkTy «Po3poOka Ta AoCHimKEeHHS HOBUX
KOMIIO3UTIB HA OCHOBI KYyOIYHOTO HITpUAY OOpYy [Js OCHAUIEHHS pIl3aJIbHUX
1HCTPYMEHTIB, SIKl 3aCTOCOBYIOTHCS B YMOBAX y/IapHUX HABAHTAXKEHb» (I0TOBIp No
11/01-2022(4)) (IpOEKT-TIEPEMOXKEIb KOHKYPCY TPOEKTIB HAYKOBO-TOCIITHUX
po0Oit Mmonoaux yueaux HAH Vkpainn).
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YK 621.357
Kpasuosa /I.1O., bounap O.B., Komuarnmii I.B. (Vkpaina, Kpusuii Pie, KHY)

JOCIKEHHA AKOCTI EJIEKTPOOCA/IZKEHHA MIJAI HA
ITOBEPXHI BUPOBIB 3D-APYKY ¥ 3AJIEXKHOCTI BII MATEPIAJTY
YKPAIHCbKUX BUPOGBHUKIB

YV pobomi sucsimneno npobiemy 2anb8aHiuHO20 eleKmpOOCAOHCEHH MEMaie Ha eupoou
3D-0pyky. Pozenanymo 3aKopOOHHi pobomu, y AKUX NOKA3AHO 60ali CHpoOU GUKOHAMU
OCAOJCEHHST 13 MemoK CMBOPEeHHS 6UPO0O0I68 pPIZHOMAHIMHO20 NPUSHAYEHHS, HA Mamepianax
3AKOPOOHHUX BUPOOHUKIE. Buseneno Oeghiyum aumano2ivHux O0CII0NCeHb HA Mamepianiax
VKPAIHCOKUX BUPOOHUKIB [ NOCMABIEHO Memy BUBYUMU MONCIUBICIb BUKOHAMU 2ANbB8AHIYHI
NOKpUMmMs Ha YKPAIHCbKUX Mamepianax.

The paper highlights the problem of galvanic electrodeposition of metals on 3D printing
products. Foreign works are considered, which show successful attempts to perform deposition
on the materials of foreign manufacturers. There is a shortage of similar research on the
materials of Ukrainian manufacturers and the goal is to study the possibility of performing
galvanic coatings on Ukrainian materials.

Marepianu, sSiKki BUKOPUCTOBYIOTH JJIi CTBOPEHHS J€Tajel y MOJOIOMY
HaMpsIMKy MamuHoOyayBaHHsT — 3D-npyii, MaroTh JOCHUTh BHUCOKI MEXaHIYHI
XapaKTEepUCTUKU. BOHU JyXe NMepCHeKTHUBHI JJIi BUTOTOBJICHHS BIAMOBIIAIBHUX
JeTajgel MallliH, OJHAaK, Y HUX € HEJOJIK MOB’S3aHUN 3 XIMIYHOIO CTIMKICTIO,
CTIMKICTIO 10 yabTpadioneTy, a TaKOXK 30BHIIIHIA BUMIISA] TIacTuky. [liaBummTu
TaKl XapaKTepUCTUKU BUPOOY MOXKHA IIJISIXOM MOJANbIIOI 0OpOOKHU MICis JIPYKY,
HalpuKJaJ, HAHECTH  METAJIeBE€  MOKPUTTS  HAa  TOBEPXHIO  METOJIOM
CICKTPOXIMIYHOTO OCaHKCHHS.

OcHOBHOIO MTPOOJIEMOIO €IEKTPOOCAKEHHSI METalliB Ha BUpoOu 3D-apyky —
BUCOKHM €JIEKTPUYHUM OMip MaTepialliB, KU CUIBHO HOTO TajibMy€ OCaJKEHHS
a00 1HO/I1 30BCIM YHEMOKJTUBITIOE.

VY 6Garathox poOOTax pO3MJISTHYTO SIK HAHECTH MeETajeBe MOKPUTTS Ha 3D-
JIPYK 31 PI3HOI0 METOH: y MEIUUMHCHKUX LUIAX, AJ1 BUTOTOBJIEHHS €JIEKTPO/IIB
pPI3HOTO MpPHU3HAYEHHA, €NeKTpoHikU. Y [1] aMepukaHCbKlI JOCIHITHUKH
BUKOPUCTOBYBaTH JBoMarepianbHuil  3D-apyk 13  MPOBIAHUM  KOMIIO3UTOM
PLA/mini Ta 130JA1IHHOI0 HUTKOI 3 aKpWIOHITpWI-OyTamieH-ctupony (ABS) 3
HACTYITHUM CEJICKTUBHUM TajbBaHIYHUM HAaHECEHHSIM TIPOBIIHUX JOMEHIB IIapaMu
MiJIl Ta HiKero i cTBopeHHs 3D-npykoBanux cxem. I'pyna apropiB i3 CiHramypa
1 YUexii [2] B3sIM CTpHXKHI, HagpyKoBaHi 3 komno3uTy PLA/rpaden, 1 Bukonanu
cpibHe ranmbBaHOTpadis 3 HACTYMHUM  BIJIOUTIOBAHHSM  XJIOPUAOM  JJIs
BurotoBiieHHs 3D-apykoBanux enektpoxiB. Y [3] BukopucroByBamu 3D-apyk 3
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JIBOX MaTepiaigiB JJisi CTBOPEHHS EJIEKTPOXIMIYHMX MPOTOYHHUX KIITHUH 3
iHTerpoBaHuMH  enekTpogamu PLA/rpadeny, m0AaTKoBO TajbBaHI30BaHUMU
30JI0TOM, III0 BUKOPHCTOBYETHCS ISl CICKTPOXIMIYHOTO BUSBJICHHS KaTEXOJIB.
ABtopu 13 bpazumnii [4] B3sun nucku, 3D-HagpykoBani 3 komno3uty PLA/rpaden,
1 MoamdikyBamu iX ImapamM 30J10Ta, TJIATHHU Ta TaJdamif0 ISl BUTOTOBJICHHS
CICKTPOAIB ISl €JIeKTPOOKHCICHHs Tiinepuny. HemonaBHo y poGoti [5]
onyOJiKyBajau BceOlYyHE JOCHIDKCHHS TajbBaHIYHOTO MOKPUTTS Mupaw 3D-
JPYKOBaHMX 00’ €KTIB, BUTOTOBJICHUX 13 KOMITO3UTHUX HUTOK PLA/Mini, PLA/caxi
ta PLA/rpadeny. Kim Ta 1H. [5] HagpyKyBaidu JiHIMHI CTPHXKHI 3a JOIMOMOTOIO
TPhOX HasABHHUX y mponaaxy nposiguux HuTOK (Electrifi, Black Magic 1 Proto-
Pasta), mo06 gocmiauTH BIUIMB MajiHHA TMOTEHI[AJly HA  OJHOETAIHE
€JIEKTPOOCAKEHHST Mijl. [luTomMuil omip HaApyKOBAaHUX CIIJIIB CTaHOBUB
0,025 Om-cMm s Electrifi, 1,18 Om-cm mis Black Magic 1 10,83 Owm-cm s Proto-
Pasta. byno HaHeceHO MiJb rajabBaHIYHUM MOKPUTTAM Ha CTPYXKECHb, 1]’ €THABIIN
OJIMH KIHEIb CTPWXHIO (BKPUTOTO Ag-TIAaCTOI0) 0 JDKepena >KUBJICHHS 1
3aHypuBIIH ciij B eneKTpomiT CUSO4-HoSO, 115t BUKOHAHHS TallbBAHOCTATUYHOTO
€JIEKTPOOCAIKCHHS MI/Il.

[ToxiOHux mocmipkeHs 13 Marepiasamu it 3D-ApyKy  YKpaiHCBKUX
BUPOOHMKIB HE 3HAMJIEHO, OJIHAK, KOMEPIINHO JOCTYIHI Marepiaau B YKpaiHi
nepI 3a Bce YKpaiHChKi. TakuM YMHOM, MeTa MOAAIBIINX JOCTIHKEHb € TOIIYK,
3aKyINKa 1 CIPOOM €NIEKTPOOCAKEHHS MiAl Ha BUpoOax 3D-ApyKy yKpaiHChKUX
BUPOOHUKIB, Hanpukiaa, komnanid Pochatok Filament [6], Plexiwire [7].
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ACOUSTIC DIAGNOSTICS OF QUALITY OF ASSEMBLY OF
MULTIPOLTED JOINTS.

The article presents the rationale for the use of acoustic methods to determine the
tightening force of threaded connections, which is necessary for the technological operations of
assembling mechanisms and machines during their production or repair, which is especially
important for ensuring the quality of multi-bolt connections.

An objective assessment of the performance and safety of technical objects
containing threaded connections is, in most cases, impossible without reliable
information about the forces acting in the parts to be connected [1]. The simplest
tightening force control devices, such as torque wrenches, have large errors [2].

Currently, non-destructive testing methods are increasingly being used, in
particular, acoustic testing methods. However, the scope of acoustic methods can be
expanded and used to study the tightening force of bolted joints. This method has
the advantage of being used in production conditions [3].

The method for determining the stress state of a part is based on the elastic-
acoustic effect. Its essence lies in the calculation of linear dependences of the
velocity of elastic waves on stresses, the reliable experimental determination of
which became possible with the advent of modern ultrasonic and electronic
measuring equipment [4].

Thus, acoustic methods can be applied to control multi-bolt critical
connections.

Complex assembly joints consist of many elements, each element has its own
mass and resonant frequency. By applying an acoustic signal to a part, you can see
the spectrum of each element, including bolted connections. In our opinion, two
methods can be used as a stimulating effect supplied to a controlled object:

1 pulse - a method in which the object is subjected to a single excitation
(mechanical, electromagnetic);

"1 spectral - “white noise” is applied to the part, with the help of which the
resonant frequencies of all connections are obtained.

The first method has a significant drawback - the speed of the process is very
high, and, consequently, the flow time is so short that it is not possible to record
complete information about the process.

Using the second method, the time and speed of the process are unlimited,
which makes it possible to obtain complete information about the object [5].

The reflected spectrum of a multi-bolt connection makes it possible to
determine its resonant frequency under voltage. By changing the tightening force,
it is possible to determine the nature of the change in the resonant frequencies of

the bolted connection at one or another steady value.
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Thus, knowing the change in the frequencies of the elements in a simple
connection, it can be assumed that the same changes will occur in a complex
structure, but the number of resonant frequencies will depend on the number of
bolted connections..
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JOCJIIKEHHA MATHITOPE3OHAHCHOTI'O TEXHOJIOI'THHOI'O
BIIJIMBY HA 3MIHU ATOMHO-MOJIEKYJIAPHOI'O PIBHSA
HEMETAJIEBUX MATEPIAJIIB

B pobomi npusoodamuca pezyiomamu eKcnepuMeHmanbHoi nepesipKu HAsA6HOCMI 3MIH
AMOMHO-MOJIEKYNAPHO2O DIGHS HeMemanesux mamepianié (opeauiune cKi0 i mMeKcmonaim) 6
pe3yibmami MacHimope3oHancHoi obpobku. Iliomeepdicena epexmusHicms SUKOPUCMAHHS

MA2HIMHO20 N0/ 8 POJIi PIBHOMIPHO20 NOMOKY OJisl BNIUBY HA 0OPOOIIOSAHUI Mamepiall.

The paper presents the results of experimental verification of changes in the atomic and
molecular levels of non-metallic materials (organic glass and textolite) as a result of magnetic
resonance processing. The efficiency of using the magnetic field as a uniform flow to affect the
processed material is confirmed.

Po3poOka eHepro- Ta pecypco30epiralouux TEXHOJOTIM 3a paxyHOK
HAyKOMICTKMX 1 KOMOIHOBaHMX METOJIIB OOpOOKM — 3amopyka CTIMKHX
KOHKYPEHTHUX TepeBar Ha PUHKY MAaIIMHOOYIBHOI MPOAYKII Ta i yCHIIIHOI
koMmepiiamizamii. Ilepen migmpuemMcTBaMu MOCTAa€ 3aBIAAHHSA 3HAXOJKEHHS
ONTUMAJIBHUX PIIEHh Ha CTUKY BHCOKMX BHMOT 10 €KCIUTyaTaIlliiiHuX
BJIACTUBOCTEH BHPOOIB 3 TOTpedaMu pecypco30epekeHHs. YCHmilmHe HWOoro
BUPIIIEHHS 0a3y€ThCsl HA KOMIIEKCHUX JOCTIPKEHHSIX, TIOB'SI3aHUX 13 PO3POOKOIO
1 3aCTOCYBaHHSIM Yy BHUPOOHHUIITBI TEXHOJOTIYHHUX METOJMIB, IO JIO3BOJISIOTH
HiJIecOpsiMOBaHO (OpPMYBaTH CTPYKTYpy 13 3aJaHUMHU  (PI3UKO-MEXaHIYHUMHU
BJIACTUBOCTSAMHU. 3HAYHA YacTHMHA IMX METOAIB TIOB'3aHAa 13 3aCTOCYBaHHSIM
BIUIMBIB IIOJIIB P13HOT IPUPOIH.

JIocmiKeHHST OCTaHHIX POKIB B 00JIACTI MarHiTOMOJbOBHX BILIMBIB [1-3]
MiATBEPKYIOTh, 110 30BHINIHI €HEPreTHYHI TOJII MOXYTh Ha SKICHOMY piBHI
BIUIMBATH Ha CTPYKTYpPy 1 MEXaHIuHI BJIACTUBOCTI MatepianiB. HemocraTHs
BUBUYCHICTh MEXaHI3MiB, IO CYIPOBOJXKYIOTh Tpouiecu wmoaudikamii [4],

3yYMOBJIIO€ HEOOX1HICTh TPOBEICHHSI BIATIOBIHUX JOCIIKEHB Y IIbOMY HAMPsIMi.
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Meroto naHoi poOOTH € eKCIEepUMEHTAJIbHE BUSIBICHHS HAsBHOCTI 3MIH
aTOMHO-MOJIEKYJISIDHOTO PIBHSA MaTtepiajiB B pe3yJibTaTi MarHiTOPE30HAHCHOT
00poOKHU.

JUisi TIpoBEeNEHHSI JOCIHIIKEHHSI BUKOPHCTOBYBAJIACAd EKCIIEPUMEHTAIbHA
ycTaHoBKa (puc.l, a), KOHCTPYKIIS 1 NPUHIMI [ii SIKOi HACTYIMHI. 3pa30K
BCTAHOBIIIOETHCA MK JBOMa HEOJMMOBHUMH Mar"iTamu. MiX 3pa3koM 1 BEpXHIM
Mar"iToM pO3TallOBaHUN CTPYMO3HIMad: KOHTAKT MPOXOAMTH IO I €30KEpamilli,
HaHeceHIW Ha miakiaaaky. {iTbHICTE KOHTAKTy 3a0e3MedyeThCsl MPUTHUCKAHHAM
MarHiTHOWO cwioro. [udposuit curnan 6igoro mymy (BII) momaerscs Ha BXin
migcwioBada Hu3bkux dactor ([THY) mortyxknmictio 300 Br. Ha Buxomi
nigkimoueHo pesuctop R=4 Om. IIupokocMyroBuil CurHall, SIKMM BHUCTYIA€
B10Op0O30y/IKyBaveM, 3a JIOMOMOTOI0 KJIEMHU MOJAETHCS Ha MArHiT 0€3MoCcepeHbO Y
BUIJIAJI MOJAYJIBOBAHOTO IIMM CHTHAJOM CTpyMy. 3ampOlOHOBaHa CXeMma
eKCIIEPUMEHTAIbHOI YCTAHOBKHM pealli30BaHa Ha MPUKIIAJl 3pa3KiB 3 OpPraHI4YHOIO

ckia (puc.1, 0) 1 Tekctomity (puc.l, B).

) LmpymosHimay

72 5
/ KonuBanms MkposacmuHoK
// 3paska

|}F‘-‘Y§Z//WJ ﬂwﬁwﬁm/>

\; Headuroby
MacHImY

/
Jpazox / //

FIBHarprug MazZHImEG oMK /

a)

CTpyMO3HIMAY

Heommosi
MAarHiTi

Puc. 1 ExciepuMmeHTanbHa yCTaHOBKA: a) IPUHIIMIIOBA CXEMa;
0) mocCIiTHUIIbKA pealtizallis Ha 3pa3Ky 3 OPTaHIYHOTO CKIIA;

B) JIOCJIITHUIIbKA pealli3allisi Ha 3pa3Ky 3 TEKCTOJITY
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OO0pobOka 3pa3ka 3 oprckia TpuBaia mpoTsroM 30 XB, 3 TEKCTOMITYy —
npotsarom 40 xB. 3 iHTepBaJIOM y 5 XB 3HIMaiocs 1o 10 BUMIpiB TBEPAOCTI 3pa3Ka.

KoxeHn BuUMIp XapakTepusye TOUYKY 3 MEBHOIO WMOBIPHICTIO pi, 110 BU3HAYEHA 3a

dbopmyioro [5]:

HB;
P =10 ] [l (1)
[] HBU» Py 1;

jn1

ne HBj; — 3HaueHHs TBEPJOCTI j-T0 BUMIpY AJI i-TO iHTEpBaIy 4acy.

Jlami 711 KOXKHOTO IHTEpBally dYacy OOpOOKHM pO3paxoBaHO IMOKA3HUK

iHpopmatuBHoCTi [; 3a popmyroro [5]:

10
I, U D(pij Hlog, P ).

jr1

(2)

[Toka3Huk eHTpomii pO3MISIAAETbCS K TIOKAa3HUK 1H(QOPMATHUBHOCTI 3

OpOTUIIeKHUM 3HakoM. CepenHi

3HaYeHHsA TBepAocTi 3a 10 BuMipamu 1

pO3paxoBaHl 3HaYEHHS 1HPOPMATHBHOCTI AJI1 KOXKHOTO IHTEpPBAIYy 4acy 0OpoOKH

JUIS 3pa3Ka 3 Oprckia HaBeAeHO B TaOiwmill 1, s 3pa3ka 3 TEKCTOJITY — B TaOJIHIT

2.
Tabmuusg 1 Pe3ynbTaTul €KCIIEPUMEHTAIBLHOTO JOCHIHKEHHS (3pa3okK 3
OpPTraHIYHOrO CKJIa)
Yact, xB 0 5 10 15 20 25 30
HBcep, MITa 156 173 180 191 180 185 183
I 3,3205 | 3,3210 | 3,3142 | 3,3217 | 3,3190 | 3,3218 | 3,3210
Tabmuusg 2  Pe3ynbTaTu €KCIIEPUMEHTAIBLHOTO JOCHIHKEHHS (3pa3okK 3
TEKCTOJITY)
Yac t,
0 5 10 15 25 30 35 40
XB
HBcep,
176 183 193 198 198 195 179 172 172
MlIa
I 3,3218 | 3,3216 | 3,3218 | 3,3219 | 3,3219 | 3,3217 | 3,3206 | 3,3213 | 3,3217
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PesynbTaT JOCHIDKEHHS 1UIIOCTPYIOTh TpadivyHi 3alie’KHOCTI TBEPJOCTI
(HB) Bix wacy o06poOku (t) st 3pa3ka 3 oprckia (puc.2, a) 1 3pa3ka 3 TEKCTOJITY
(puc.2, 6) ta 3amexHocti iHGopMaTtuBHOCTI (I) Bix wacy oOpoOkwu (t) mist 3paska 3

oprckia (puc.2, B) i 3pa3ka 3 TeKCTOJITY (puC.2, T).

250
200 - ‘ | = ‘— | —
- ~
150
100
HB, HB, 50
MlIla 0 MIla 0
0O 5 10 15 20 25 30 0 510152025303540
t, xB t, xB
—a— Hecep — & - HBmin —a— HBcep - & - HBmin
- ® Hsmax - = HBmax
a) 0)
3,324 3,322 /"__“\l
3,322 ‘ X
332 3.3215 "~ \ /
| 3,318 | \ /
3,316 3,321
Sl \/
3,312 3,3205
0O 5 10 15 20 25 30 0 510152025303540
t, xB tf, xB
B) r)

Puc. 2 I'padiuni 3anexxnocTi: a) 3anexnictb HB=f(t) nys 3pa3ka 3 oprekia;
0) 3anexuicte HB=f(t) s 3paska 3 Tekctomity; B) 3anexHicts |1=f(t) mist 3paska 3
Oprckia; ) 3anexkHictb [=f(t) s 3pas3ka 3 TeKCTOMTy

MiHIMyM eHTpomii BIANOBIa€ MaKCUMaJbHOMY 3HAY€HHIO TBEPAOCTI,
NOCSITHYTOMY Ha 15-i XBUIMHI 0OpOOKH.

BMUCHOBKU
B pesyapTari  mpoBeAEHOro  JOCHIPKEHHS  MIATBEPIKEHO  BIUIWB
MarHiTOpe30HaHCHOI OOpoOKM Ha 3MIHM aTOMHO-MOJIEKYJSIPHOTO  PiBHA
MmatepianiB. [Iporiec 3MiITHEHHS CYPOBOIKYETHCS CIIAaHHIM SHTPOMIT — 3pOCTa€
BIIOPSIKOBAHICTh 00’€KTa BHACHIJOK YHOPSAIKYBAHHS JOMEHIB, YIIIJIbHEHHS
JTUCIIOKAIIH.
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Pesynbratu eKCIIEPUMEHTAIBHOTO  JIOCIIIKSHHSI MiATBEPIKYIOTh
€()EeKTUBHICTh BUKOPHUCTAHHS MATHITHOTO IOJISi B POJII PIBHOMIPHOTO MOTOKY JIJIst
BIUTHBY Ha OOpOOJIOBAaHWU MaTepiayl, IO JO3BOJISAE€ 3HAYHO PO3IMIHPUTH
TEXHOJIOTIYHI MOMJIMBOCTI KOMOIHOBaHOI 00’€MHOI OOpPOOKM Ta OKpPECIIOE
NEPCIIEKTUBH  CTOCOBHO  MOXJIMBOCTI ~ OTPUMAaHHS  3a/laHOTO  KOMIUIEKCY
eKCIUTyaTallliHUX XapaKTepPUCTUK, KEpPyBaHHS 30BHIMIHIMA 1 BHYTpPIIIHIMU
BJIACTMBOCTSIMU BUPOOIB — HE JIMIIIE METAJIEBUX, a 1 OYIb-sIKUX 1HIIHUX.
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METO/I IHXKEHEPII IOBEPXHI HA OCHOBI JE®OPMYIOUYOI'O
HNPOTAI'YBAHHS

Poszenanymo mnanpsamox pozeumky memooie indiceHepii nosepxwi Oemaneu MAwun —
cmeopeHHs 2i0pUOHUX MexHOoNo2IU. Bukopucmanns maxkux mexHonoziitl 00360/11€ NOEOHY8AmMuU
nepesazu pisHUX Memooie, 8 MOMy YUCIi MOOUQpIKayii noBepxHi Mma HAHEeCeHHs NOKPUMmia 3
Oinb BUCOKUMU eKCHIyamayiuHum eracmusocmamu Odemaneti. Ha npukiadi obpobxu 2inw3
yunindpis /[B3 doseoena epexmusricms 3anponono8anoi KOMOIHO8AHOI MeXHOI02I].

The direction of development of methods of engineering of a surface of details of cars -
creation of hybrid technologies is considered. The use of such technologies allows to combine
the advantages of different methods, including surface modification and coating with higher
performance properties of parts. The efficiency of the proposed combined technology is proved
on the example of processing of cylinder liners of internal combustion engine cylinders.

HarmpsiMkoMm cy4acHOro MammuHOOYyBaHHS, 110 BMIIIYE PO3BUTOK BIIOMUX
1 CTBOpPEHHS HOBHUX TEXHOJIOTIH BIUIMBY Ha TOBEPXHEBHM IIap JeTam, €
YVOpaBIIHHSA 1X CKJIAQJOM, CTPYKTYpPOIO 1 BJIACTUBOCTSIMH, SIKE€ OTpPUMAJIO
BU3HAYCHHS «IHXKEHEPIsl MOBEPXHI JeTaneit mammny» [1].

Ha croronHi BijioMi OijbIle JBOXCOT METO/IIB 1HXKEHEpIi [2], sKi JOIIIBHO
KJacu(ikyBaTH TAaKUM YHMHOM: HAHECEHHS  MOKPHUTTIB, MOJU(DIKyBaHHSA
MOBEPXHEBOTO IIapy, TEXHOJOT14HI 1 KOMOIHOBaHi (Ti0puaHi) MeToau. [lpu pomy
0COONMBY yBary JOCHIIHHMKIB 3aCIyTOBYIOTh PI3HI TEXHOJOTIl HaHECEHHS
nokpuTTiB. lle moB’s3aHe 3 TUM, IO 3 TOYKU 30py MHIABMUIEHHS HAAIMHOCTI 1
pecypcy HeoOXiaHo, 00 KOKHA JIeTallb He3aJeKHO Bijl MaTepialy BUTOTOBJICHHS
Majia 3aXMCHE MOKPUTTS BIAMOBITHO JO CBOTO MPSMOTO MPHU3HAYEHHS Ta yMOB
excrutyararii [3]. Marouu psig nepeBar (tomuny 0,005+5 mMm; BUCOKUN PiBEHb
(b13UKO-MEXaHIYHUX BIIACTUBOCTEN; pO3pOOJIEHI YCTAaTKyBaHHSI 1 TEXHOJIOT1UHE
OCHAILIEHHA), TIOKPUTTS BCE X HEAOCTAaTHbO HAAIMHO YTPUMYIOTHCSI Ha OCHOBI,
BUMArarTh (IHIIMIHOT MEXaHIYHOi OOpOOKH, CTBOPIOIOTh BEIUKHUA Tpaal€HT
MIKIJJTMBUAX 3aJIMIITKOBUX HampyKeHb. Metoau 4ucToBOi ((iHIMHOI) 00poOKM
JeTane XOJoMHUM TutacTHuHuUM jaedopmyBaHHsM (XII/) B mipoMy miiaHi MaroTh
ICTOTHI TepeBaru, a came: 3a0e3MeuyroTh CHOPUATIUBUNA  MIKpOpPEIbed
00poOI0BaHOI MOBEPXHI, 3MII[HEHHSI TOBEPXHEBOrO MIApy 1, K HACHIIOK, BUCOKI
eKCILTyaTalliitHl BIaCTHUBOCTI.

be3ymMoBHO, 1110 KOKEH TEXHOJOTIYHUN METO/IB BILUIMBAE HA €KCILTyaTaIliiHl
BJIACTUBOCTI MIOBEPXOHB JIETAJIC MAIIIMH Yepe3 KOMIUIEKC TeOMETPUYHUX 1 (pi3uko-
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MEXaHIYHUX XapaKTEPUCTHK MOBEPXHI, B MEPIIy Yepry, TOYHICTh, MIOPCTKICTD,
OTMOpHY  IUIOIly, Mikpopenbed, Makpopenbed, TMOPUCTICTh, TBEPICTh,
MIKpOTBEPIICTh, 3aJUIIKOBE HAMPYXKEHHS, MIKPOCTPYKTYPY, TEKCTYpy, aAre3iiHi
BJIACTHBOCTI, MIITHICTh 3YETJIEHHS 3 OCHOBOIO, PECYPC BUKOPUCTAHOI MJIACTUYHOCTI
Ta iH. Y 3B'A3Ky 3 LMM HalOUTbII e)EeKTHBHHI MPOLIECOM I1H)KEHEpil MOBEPXOHb
JeTane MamuH, SK B OCHOBHOMY, TaK 1 Ha BTOPUHHOMY (PEMOHTHO-
BIIHOBJIIOBAJIbHOMY) BHMPOOHHUIITBI, € TiOpuaHi TexHosorii. ['OopumHi meToau
IPUITYCKalOTh OTPUMaHHS HOBOTO e(eKTy BiA i Ha aeTanb aBoma abo Oinblie
PI3HOPITHUMU TPOLIECaMU, L0 HAJIEkKATh 10 OJHIET a00 PI3HUM TpylaM 1HKeHepii
noBepxHi [4].

OpHuM 3 NpUKIIAIiB BUKOPUCTAHHS TOPUIHUX METO/IIB 1HXKEHEPIl MOBEPXHI
€ Ppo3poOJIeHHWH TEXHOJOTIYHHMM TIporieC OOpOOKM TUIb3 IUJIIHJIPIB JBUTYHIB
BHYTPILIHBOTO 3rOopaHHs 3 BUKOpuUcTaHHAM Metony XIIJI — nedopmyrouoro
NpPOTATYBAaHHA 1 HAHECEHHS TMOKPUTTIB —  (PIHIHOI  aHTU(PUKLIINHOI
6e3abpaszuBHoi 00pooku (DABO) [5].

[Moennanns XIIJ] 1 ®ABO no3BonuB po3pobutH ehEeKTUBHUN BapiaHT
TEXHOJIOTTYHOTO TpoIecy 00pOOKU BHYTPIIIHBOI MMOBEPXHI Tib3W IMIiHApiB [IB3
13 ciporo MoK (phiKOBAaHOT'O YABYHY.

[lopiBHSAHHA (I3UKO-MEXaHIYHUX XapaKTEPUCTUK IOBEPXHEBOrO LIapy,
o0poOsieHMX 3a 0a30BOI0 TEXHOJIOTIEI (PO3TOUECHHS 1 XOHIHTYBaHHS) Ta 3
BUKOPUCTaHHAM Ti0Opuau3aiii MetoAiB (mpoTsaryBanHs 1 @ABO) nokasano BeluKy
PI3HUINIO MK HUMHU (puc.1).

HV. [Tla
BN
N
e A
24 W
ST . - —

0

20
) ar aqz a3 L mm

Puc.1. Po3moain TBep0CT1 32 TOBIIMHOIO CTIHKH TUIb3M IMtiHApiB JIB3 npu
00poOI1Ii: @ — 3 BAKOPUCTAHHAM MPUHIINIIB T10puau3artii ([ — micis mpoTsAryBaHHS;
[} — micnst mpoTsiryBadHs 1 DABO); 6 — 32 6a30BUM TEXHOJIOTTYHUM MPOIECOM [5]

JloCDKEHHSI TEOMETPUUYHHUX XapaKTEPUCTHUK MOBEPXHEBOTO IIapy, a TaKOK
iX 3MiHM B TMpoleci OOKaTKM 1 eKCIUTyaTallli TakKoXK IIoKas3ajao IepeBary

KOMOIHOBAHOT TEXHOJIOT1i: OTpUMaHHI MiKpopebed MOBEPXHEBOTO mapy (puc.2)
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ABJIIE COOOI0 OMOPHI TUIOMIA/IKH, K1 YEPTyIOThCA 13 BIAAMHAMU, 10 BUKOHYIOTH
POJIb 3MANyBAJIbHUX PE3EPBYapIB MPU EKCILTyaTallli.

F’A‘ \ /“f/\l /\/A}, \/_J""\

. p— i N .

V'V I/ \/

0)
Puc.2. IIpodinorpamu MikpoHepiBHOCTENH poOOYOi MOBepXHi rinb3u B3
niciig 00poOKu: a) 3a 6a30BUM TexHosoriyHUM nporecoM; 0) XITJ[ + DABO [5]

AHani3 TEeXHIKO-€KOHOMIYHHUX pPO3pPaxyHKIB II0Ka3aB, 110 BHUKOPUCTAHHSA
TEXHOJIOTIYHOTO MPOLECy Ha OCHOBI riOpuau3alli METOAIB 1H)XXEHepli MOBEPXHI
JO3BOJIMB 30LIBIIMTH MPOAYKTHBHICTH OOpOOKM OTBOpPY 110 4 pa3ziB, 3HU3HUTH
BUTPATU Ha 1HCTPYMEHT B 3 pasu, L0 NPU3BOJIUTH JI0 3HMXKEHHS COO1BapTOCTI
BIJIHOBJIEHHS T11b3U NMPHUOJIM3HO B 4 pa3u. PO3MIIAHYTHUH TEXHOJOTIYHUN MPOILIEC
3abe3reuye OTPUMaHHS poOOYOi TOBEPXHI TUIb3W 3 TMOJINIICHUMH (Di3UKO-
MEXaHIYHUMH 1 TPUOOTIOTIYHUMHU XapaKTEPUCTUKAMHU 1 MIOPCTKICTIO, OJIM3BKOIO 710
eKCIUTyaTaIliHO1.
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®I3UYHA CYTHICTb IPOLIECY MATHITHOI OFPOBKH

Haoana poboma npucesuena 0o0cniodcenHo numaHvb NO8'SI3aHUX 3 NIOBUUEHHAM
eKCNIYyamayitiHux — 81acmueocmell IHCMPYMEHMIi8 3  UWBUOKOPI3AIbHUX —Ccmanell  ULIAXOM
MACHIMHO-IMNYIbCHOI 00POOKU, WO Npeocmasniac codor NOEOHAHHA eNeKMPOMASHIMHO20 i
MEPMOOUHAMIYHO20 CNOCODI8 YNPABTIHHA He PIBHOBANCHOIO CIMPYKMYPOIO PEYOBUHU.

This paper is devoted to the study of issues related to improving the performance of tools
for high-speed steels by magnetic pulse processing, which is a combination of electromagnetic
and thermodynamic methods of controlling the non-equilibrium structure of matter.

B npanuwii yac B TeopeTMUHHMX poOOTaX 1 MPaKTUIl MANIMHOOYTyBaHHS
OTPUMYIOTh PO3BUTOK TIUTAHHS, IMOB'SI3aHI 3 TEXHOJIOTIYHUM 3MIIHEHHSIM
MOBEPXHEBUX IIAPIB IHCTPYMEHTY 1 3MIHOIO iX BJIACTUBOCTENl B MOTPIOHOMY
Hanpsmi [1].

OmHuM 13 OCHOBHUX HAMNpsAMKiB (h13MYHOI TEXHOJIOTIT HAa Cy4acHOMY €Tarll B
0o0JacTi MIABUIICHHS CTIMKOCTI OCBhOBOTO I1HCTPYMEHTY € MarHiTHa oOpoOka
IIBUJIKOPI3aJIbHUX CTalei[2].

AHani3 JiTepaTypHUX JaHUX MpPO OCOOJHUBOCTI Ta (PI3UYHY CYTHICTb
MPOIIECY MAarHiTHOi OOpPOOKM TOKa3ye, IO MarHiTHO-IMIyJbCHa 00poOKa SBIIsIE
co00I0 TMO€AHAHHS  E€JEKTPOMATHITHOIO Ta TEPMOJMHAMIYHOTO CHOCOOIB
YIOPABIIHHS HEPIBHOBAXKHOIO CTPYKTYPOIO PEYOBHUHH [3].

Pa3oMm 3 TUM MOKU 111€ HEMAE 1 €AMHOTO, BCEOTYHO MIATBEPKEHOTO MOTJIISTY
Ha TPUYUHH, [0 BUKJIMKAIOTH 3MIHY €KCIUTyaTallliHUX BIIACTUBOCTEH PIKYYIOTrO
IHCTPYMEHTY B PE3yJIbTaTi BIUIMBY IMITYJILCHOTO MAarHiTHOTO MOJIS.

Mertoto po6otu € Ha 0a3i BIJOMHUX TEOPETHYHHMX YSBJICHb MPOAHAI3yBaTH
NPUYMHM M1JIBUILIEHHS CTIMKOCTI 1HCTPYMEHTY B pe3yJIbTaTl BIUIMBY MarHiTHOTO
TIOJIS.

[IpoOnemMa BIOCKOHAJICHHS TEXHOJOTIYHUX MPOIECIB MEXaHIYHOI OOpOOKH
JeTanel OCbOBUM IHCTPYMEHTOM 3 IIBHUIKOPI3AIbHOI CTaii, MO 3a0e3MedyoTh
BUCOKY TPOJYKTUBHICTh, MiHIMalbHy COOIBAPTICTh, BHUCOKY TOYHICTh, 3aJaHy
SKICTh Ta €KCILTyaTalliiiH1 BJIaCTUBOCTI JIeTalel MalllH, € 1y>K€ aKTyaJIbHOIO.

[TonminmieHHss BiacTUBOCTEW y (EPOMATHITHUX JAETalied, $KI MNpONILIN
MarHiTHO-IMIyJIbCcHY 00poOky (MIO) nocsiraerbcsi 3a paxyHOK CHPSIMOBAHOI
Opi€eHTaIlli BITBHUX EJEKTPOHIB PEYOBHMHHU 30BHIINIHIM IOJEM, BHACIITOK YOTO
30UTBIITY€ETHCS TEIUIO- 1 €JIEKTPOIPOBIAHICTh MaTepiany. B3aemomis iMImyasCHOTO

131



MarHiTHOTO TOJIA 3 JACTA/UII0 3 CTPYMOIIPOBITHOTO Martepiayly BiIOYBa€ThCS TUM
IHTEHCHUBHIIIIC, YUM BHIIIE CTPYKTYPHA 1 EHEpreTUYHA HEOJHOPIIHICTh PEYOBUHHU.

Enepretnunuii craH QepomMarHeTMka BHU3HAYAETHCS CHEPrEeTHYHOIO 1
KBaHTOBOIO B3a€MOJII€I0 MAarHITHUX MOMEHTIB BCiX 30BHIIIHIX €JIEKTPOHIB aTOMIB
PEYOBHHHU, 1110 YTBOPIOIOTH KOHKPETHY JETAIb.

Mo>xHa BH3HAUUTH C€HEPreTUYHHN cTaH @ KOHKPETHOro aToMa MeTay 3
ypaxyBaHHSIM Horo 30y/DKEHHS 30BHINIHIM MAarHiTHUM TOJIeM 3a TaKolo
3aJICKHICTIO

® 0 dlIxyz,tLHOSHLLID Py (1)

ae ®Lixy,z,th €HEepPreTUYHUI CTaH MaTepialy Macor M mnpu 06 00’emi V;

St _ HE PIBHOBXHUI CTaH aTOMIB PEYOBUHU, 3JaTHUX 3MIHIOBATH HOTO
L[]
1T TIEF0 30BHINTHLOTO MArHiTHOTO TOJISl CEPEIHBOT HAMPY>KEHOCTI,
PShD /2 _ XapaKTepU3y€e MarHiTHy €Heprito 1ux aTomis [9].
U

[Ipy BHUrOTOBIIEHHI peaJbHUX JeTaled Yy MmaTepiajii HEpIBHOMIPHO
KOHIICHTPYETHCS JIesIKa KUIBKICTh HAJJIMIIKOBOI eHeprii F, 31 30UIbIIEHHAM SIKOi
3pocTae HMOBIpHICTb pyiiHyBanHs nertani P .

3actocoBytoun MIO, MoOXHA 3HA4YHO 3MEHIUUTH HAIJIUIIKOBY E€HEPIiIo
Matepiany, MoB'sI3aHy 3 KOHIIEHTPALI€0 BHYTPIIIHIX 1 TOBEPXHEBUX HANPYKEHb B
KOHKPETHIN JeTal, 1 3HU3UTH JO0 MIHIMyMY HMOBIPHICTb ii TTOJIOMKH.

JIns 3MeHIIEHHs 3HaueHHs F B Marepiani KOHKPETHOTO iHCTPYMEHTY

HEOOX1JTHO 3aTPATUTH JIE€AKY KUIbKICTh €JIEKTPOMArHiTHOI EHeprii WO, AKa MOXeE
OyTH BU3HAY€HA 3 PIBHSHHSA:

W, DK, mdm 0O Dg¢"C

K, a0 Ve Vo dp o )
L]
e
e Ky _ KOe(]iIlIEHT, 110 BPaXOBYE BIUIMB KOHIIEHTPAIllIM MOBEPXHEBUX 1

BHYTPIIIHIX HANpy»Xe€Hb Ha CTIMKICTh 1HCTPYMEHTY: KOE(DILIEHT MOB'A3aHUN 3
KOHCTPYIOBAaHHSIM 1 TEXHOJIOT1€H0 BUTOTOBJIEHHs AeTaii. s crampHUX JeTaei

Ki=15...2.5;
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Kz _ KoeQiLi€eHT, 110 BpaxoBye BTpatu eHeprii npu MIO nerani.
K2 =3,0...5,5 nna ycranosku MIVYPI [64];

b dbyHKIIis, 1110 BimoOpakae Ppi3MKO-MeXaHIuHI BIIACTUBOCTI MaTepiay;
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N — moka3HUWK, MO0 BPaxOBYE HAMIWHICTh AeTami. J[Ji1 cTalbHHMX meTanew,
MPAITIOI0YNX TP CTATUCTUYHUX HaBaHTaXEeHHsX, N =2.

EnHepriss Mar”iTHOrO MO, IIO PO3BUBAETHCS COJEHOIJAMH MAarHITHO-
IMITYJIbCHUX YCTaHOBOK, BU3HAYAETHCS:

WOKy, O LIBHLIOV 3)

ne K2 - KoeQilli€eHT, 0 BpaxoBye BTpatu eHeprii npu MIO;
B — marniTHa iHIYyKIisS B coyieHoii, To;

H — Hanpy»eHicTh MarHiTHOTO 1moJjs, A/Mm;

V — 00'em mipocTopy, 1€ KOHIIEHTPYETHCSI MarHiTHE MOJIe, M3.

[Tpu MIO 3a yac IMIyJIbCY B COJIEHOI/1 YCTAHOBKHM BUAUISIETHCS €HEPTis Wo
MarHiTHOTO MOJIs, IKa PO3NOAUIAETHCA B OCHOBHOMY HACTYITHUM YHMHOM:

W, 0K, LW, OW, [

(4)
1€ Ko _ KOe(IL[IEHT HEBpPaxXOBaHUX BTpaAT €HEPrii, MO 3aJeKUTh BIJ
B3a€EMOIHIYKIIIT ITOJIS I€Talll 3 IOJIEM COJIEHOI/A;
Wy _

€HEeprid, 0 BUTPavYaeThCs Ha HaMarHiuyBaHHs getani, JIK;

Wa _ EHEPTisl, 0 BUTPAYAETHCS Ha JIOKAJTBLHUN HArpiB nerani, k.

Enepris Wl, 0 BUTPAYAETHCS HA HAMArHidyBaHHs JETalll, MPOMOpIliiHa

BEJIMUMHI HAMAarHi4eHoCcTi M 1 3aJIeKUTh B1J] BJACTUBOCTEH MaTepiany:

W, OK3z OV
1203 =Y, ()
e Ks _ KOe(illl€EHT, 10 BpPaxoBYeE €JICKTPOMAarHiTHi BJIACTUBOCTI
Marepiany.

JIns KOXKHOI CcTalli ICHY€ MEBHA BEJIMYMHA HAIMPYKEHOCT1 IMITYJIbCHOTO

MarHiTHOTO TOJISI, @ OTXKE, 1 BEJIMUMHA MAarHiTHOI €Heprii Wl, sIKa MOTJIMHAETHCS
MaTepiazoM MpoTAroM dacy o6pobku ! i MakcuManbHO MOKparye #oro MexaHidHi
Ta TEXHOJOTIYHI BiacTHBOCTI. [IpuyoMy MiX MiIABUIIEHHSIM CTIMKOCTI nIeTaii i
MarHiTHOIO TPOHUKHICTIO ICHYE KOpEeNsIliiiHa 3aJeKHICTh. IMITyJIbCHE MarHiTHE
MoJjie, B3aEMOJIIIOYM 3 MaTepiajioM JeTajl, 3MIHIOE 11 TEIJIOBI Ta €JIEKTPOMAarHiTHI

BJIACTUBOCTI, TMOKpallly€ CTPYKTYpy 1 eKcCIUlyaTalliiHl XapakTEepUCTHKH, IO
MOKJIAJICHO B OCHOBY TE€XHOJIOT1l MAarHITHOTO 3MIITHEHHS.
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[Ipu wmaruHiTHIM 00pOOIl JAeTaJi BHACTIAOK HEOJHOPIAHOI KPHCTATIYHOL
CTPYKTYpPH B Hii BUHUKaIOTh BHUXPOBI CTpyMHU. BHXpOBI CTpyMH OOYMOBIIIOIOTH
MarHiTHE TOJI€ 1 JIOKaJdbHI MIKpOBIXpi, SIKI B CBOIO Yepry, HarpiBaioTh AUISHKU
HABKOJIO KPHUCTAJIITIB HAMIPY>KEHUX OJIOKIB 1 HEOTHOPITHOCTEH CTPYKTYPH METAIy.
Y Micufx KOHLEHTpamlii 3ajJuIIKOBMX a00 BTOMHHMX Hallpyr, MOB'SI3aHUX 3
TEXHOJIOT1€0 BUPOOHHUIITBA, 00poOKHK ab0 eKcIuTyaTallii Jetajii TerioTa, HaBeJaeHa
npu MIO BUXPOBUMH CTpyMaMH, YaCTKOBO 3MEHIIYE HAJJIUIIKOBY €HEPIiio
CKJIQIOBUX KPHUCTANITIB 1 3€pEeH CTPYKTYypU 3pa3ka OCOOIMBO B 30HI KOHTAKTY
HANPY>KCHHUX JUISTHOK.

OnHOYacHO 3 TEMJIOBUMU MPOIECAMH 32 PaXyHOK IMITYJIbCHOT'O MarHiTHOTO
moJisi B MeTalli BiAOYBA€ThCsl MOJISIpHA OPIEHTALIS CIIHIB EJIEKTPOHIB aTOMIB,
pO3TaloBaHUX B 00JaCTi KOHTAKTy KPHUCTAJITIB 1 3€peH CIUIaBiB, BHACIIIOK YOTO
MOJIIMIITYIOTHCS MEXaHIYH1 BIACTUBOCTI MaTepiaiy.

JIist  3aBeplIeHHs BHYTPIIIHIX TMPOIIECIB, MOB'SI3aHUX 3 PO3CIIOBAHHIM
€JIEKTPOMArHITHOI €Heprii B Marepiaji JAetail HeoOXimHud yac T, daxui
3MIHIOETRCS BIJ 5 710 24 TOAUH.

Yac BUTPUMKHM I1HCTPYMEHTY 31 MIBUAKOpi3anbHOi crtanml micias MIO B
CIOKIHHOMY CTaH1 BU3HAYAETHCS IO EMITIPUYHOMY PiBHSIHHIO:

el
¢ m, (6)
e K — Koe(iIieHT, 10 3aJie’KUTh BiJl BJIACTUBOCTEH Marepiaiy
THCTPYMEHTY;

M — Maca IHCTPYMEHTY, TPaM.;
H — Hanpy»XeHicTh NOJIsi COJICHOI]a YCTaHOBKH, KA/M;

Vi _ o6'em MeTaay IHCTPYMEHTY, CM3;
d/l BIIHOIIEHHS 11aMETPy IHCTPYMEHTA /10 HOr0 TOBXKUHH;

— BIJHOILIEHHS] MarHiTHOI MPOHUKHOCTI MaTepialy 1HCTPYMEHTY
JI0 MarHiTHOT MPOHUKHOCTI (hepuTy.

VY CBITJII PO3MIAHYTUX BUIIE YABICHb MNpO (I3UYHY CYTHICTH MpPOLECY
MarHiTHOI OOpOOKH JeTajeil MOKHa 3pOOUTH BUCHOBOK, 110 MIO sBisie co0Ooro
KOMILJIEKCHUM BIUIMB Ha Marepiajl MarHiTOCTPUKIIHHUX MPOLECIB 1 MEXaHIYHHX
nedopmariiii, TEIIOBUX 1 €IEKTPOMArHITHUX BUXPOBHUX MOTOKIB, JIOKAJ130BaHUX B
MICIISIX KOHIIEHTpAIlil MAarHiTHOTO TIOTOKY, a TaKOX CHCTeMY TIpOIIECiB,
HaIPaBJICHO OPIEHTYIOUUX «CHIH-XapaKTEPUCTUKW» 30BHIIIHIX €JIEKTPOHIB aTOMIB
METajJiB MNPUKOPJOHHOI 30HM KOHTaKTy 3epeH. B uimomy MIO mnependauae

135



MOETHAHHS EJICKTPOMArHiTHOTO 1 TEPMOJAMHAMIYHOTO CIOCOOIB YIIPaBJIIHHS HE
PIBHOBaXHOIO CTPYKTYPOIO PEUOBUHH.

Opnnum 3 HenonikiB MIO € Taki ¢akropu, ik caOKui BIUIMB Ha MaTepiaiu,
[0 MarpTh IMONEPEIHbO IMOJIMIIEeHyY (I3MUHY CTPYKTYPYy 1 TEXHOJOTIUHY
CTaO1IbHICTD, MOB'I3aHY 3 MPOIIECOM BUTOTOBJICHHS JCTal.

CIIMCOK ITOCHJIAHb
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YK 622.673:[531.391+539.4]
Onumenko C.B., Konocos JI.JI. (Vkpaina, m. /[ninpo, HTY «/[11»)

METO/IUKA PO3PAXYHKY I'OJIOBHOI'O I'YMOTPOCOBOI'O
KAHATA 3A YMOB EKCILTYATAIIIl B IIAXTHUX CTOBBYPAX 3
IMOPYHIEHOIO 'EOMETPICIO

Po3pobneno memoouxy po3paxymky niockoco 2yMOmpoco8020 KAHAMA 3 YPAXYBAHHAM
BNAUBY U020 NO3AYEHMPOBO2O PO3MAZY MA NOUWKOONCEHHS MPocoeoi ocHosu. Pospobneno
MeXHIUHI BUMOcU 00 KOHCMPYKYIL NIOCKUX 2YMOMPOCOBUX KAHAMIE MaA HOPMU IXHbO2O
8I00pAK08Y8aHHsL O BUNAOKY BUKOPUCMAHHA V CMOB0OYPAX 3 GIOXUNEHHAMU HANPAMHUX 6i0
NPOEKMHO20 CINAHY.

A method for calculating a flat rubber-cable rope considering an effect of its eccentric
elongation and cable base breakage is developed. Technical requirements for a structure of a
flat rubber-cable ropes and norms of their rejection for a case of use in shafts with guide
deflections are developed.

[TocranoBka 3anmaui pocmikeHHs. ['yMOTpOCOBI KaHaTH BHUIOTOBJISIIOTH 3
OKpEMHX MapajebHO YKIaJeHHUX Ta 3allPecOBaHMX B TyMOBY OOOJIOHKY TPOCIB. IX
BUKOPDHCTOBYIOTh B MIAMOMHUX MalllMHaxX. BHacmiok 3Hocy oOJajgHaHHS
HanpsMHI HIIHOMHOI YCTaHOBKM MOXXYTh BUKPUBIISITUCS, TPOCH pYyHHYBaTHUCA —
po3puBaTucsa. BUKpUBIEHHA HanpsMHUX NPU3BOAUTH [0 IO3aLEHTPOBOIO
pPO3TATHEHHS! Tpoca. BCTaHOBIEHHS OCHOBHUX EKCIUTyaTalllHHUX MapaMeTpiB
HaIPY>KEHO-1€(OPMOBAHOTO CTaHy IJIOCKOTO TYMOTPOCOBOTO KaHAaTa BUKOHAHO B
poborax [1-4], mpoTe 3amady pO3pOOKHM METOAMKHA PO3PAXyHKY ILIOCKOTO
IYMOTPOCOBOI'O KaHATa 3 ypaxXyBaHHSIM BIUIMBY MOIO MO3aLIEHTPOBOTO PO3TArY Ta
MOIIKOJ/I)KEHHSI TPOCOBOI OCHOBM JUJISi BUIIAJKy BUKOPUCTaHHS y CTOBOypax 3
BIIXUJICHHSIMU HaIIPSIMHUX BiJ] TPOCKTHOTO CTaHy, PO3B’A3aHO HE OYJI0.

Metoro naHoi poOOTH € po3poOKa METOAMKH PO3pPaxyHKy IJIOCKOTO
IYMOTPOCOBOI'O KaHATa 3 ypaxyBaHHSIM BIUIMBY MOIO ITO3aLIEHTPOBOIO PO3TArY Ta
NOILIKO/)KEHHSI TPOCOBOI OCHOBM 3a YMOBM eKCIUTyaTalii y cToBOypax 3
MOPYIICHO TeMeTpiero. MeToauka nmpu3HayeHa Jjis BU3HAYCHHS BTPATH MIITHOCTI
KaHaTa, 3yMOBJIEHOI BKa3aHUMHU YHHHUKAMHU.

VY BUMAJKy BiICYTHOCTI BUKpPUBIIEHb KaHaTa, pO3pUBIB HOro TPOCIB, cuia
pPO3TATY KaHaTa MPAKTUYHO PIBHOMIPHO PO3MOAIIIEHA TOMIX yciMa MOro TpOCaMHu.
3CyB BEKTOpa HaBAaHTAKEHHS KaHATA Ha BETUYMHY A B MOro TUIOUIMHI PU3BOJIUTH
710 3MIHHOTO B3JIOBXX KaHaTa (OCi X) HACTYIHOTO PO3IMOMLIY CHJI PO3TATY HOTro
TpociB 3 po3mipamu 101 [ M [1]

01 0

0 X
De )ém QCOS -

%iDEFD MO 0O (1)
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b — toBmmMHa kaHaTa; d — miameTp Tpoca; t — BiaCTaHb IMOMIK Tpocamu, F —
IoIa nepepizy Tpoca; £ — mpuBeeHU MOay/Ib MPYKHOCTI MaTepiany Tpoca; G —
MOJYJIb 3CYBY T'yMU; [ — MOMEHT 1HEpIIii mepepizy Tpoca.

3anexHicTh (1) 103BOJISIE BCTAHOBUTH HABaHTAXKEHHs OY/Ib-SKOT0 Tpoca Ha
BIJICTaHI X BiJ Tiepepidy miaBimyBaHHs (OapabaHa), BIANOBIAHO BU3HAYUTH
po3noALTN KoedimieHTiB KOHueHTpauu Hanpyn(eHL B3JIOBX TPOCIB

X D
e g £k%
U U
DL O x[
Koizui £ M e @
1,
D
p e 50 g[lw P

e

ne [] — nuroMa Maca KkaHata; P — po3paxyHKOBE HaBaHTaKEHHSI.
be3 ypaxyBanHsi Macu kaHaTa, HalOUIbIlIe HABAaHTAXEHUW KpaiHIN TpocC B
nepepizsi x = L. KoedimienT koHIeHTpalii HamnpyXeHb B 1[bOMY BHIAJKY
BHU3HAYAETHCS 3aJI€KHICTIO
00M [
a0 5] ] cos 0

[& Olpe 9
Ksiznmax E FO & j 1.
O -

L
[] L
P [Je g0 to2oiw
B mporeci ekcrutyaTaiii MOMJIMBUNA PO3pUB Oyab-SKOTO Tpoca, B OyIb-
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sKOMy Tiepepisi. byaemo BBakaTu, 110 yIIKOKEHO AESKUI TPOC, 10 MaE HOMEP
©®. Po3puB posramoBaHo Ha BifcTaHi | 10 Micus npuemHanHs — OapaGana. [is

BU3HAYCHHS Koe(]illieHTa KOHIICHTpAIlli Hampy»XeHb, 3yMOBIICHOTO PO3PHUBOM
TpOca, BU3HAYAEMO HACTYMHI KOeIlieHTH

M K.;
UO 312H.DD - - o ’ (3)
o M (l].@2 m [)( 100e m?
[] [] (][]
n mC;SD m &200m O 1 20m ILOID
05[]

mO1
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BU3HAYUTH KOE(IIEHTH KOHIEHTpAIlll HaMpy>KeHb B TpOCax, CYMIXKHUX 3
yIIKO/>)KeHUM. binbiine 3HaueHHs 1 Oyje NIyKaHUM MaKCUMalIbHUM Koe]ilieHToM
KOHIIEHTpAIlli HAaIIPY>KEHb B 3ITHYTOMY KaHaT1 3 YIIKOJKEHUM TPOCOM.

VY pa3l HasBHOCTI [JEKUIBKOX pO3pUBIB Tpebda MEpEeBIpUTH MOKIUBICTb
BBa)KaTH, 110 B3aEMHUN BIUIMB JIBOX OJMKHIX MOMIK COOOI PO3PHUBIB TPOCIB
BIJICYTHIM. YMOBa MEpPEBIPKU MOJIATAaE B TOMY, IO BIACTaHb MOMIXK IMepepi3aMu

: hEF .
VIIKOJKE€Hb TPOCIB Ma€ HE OyTHM MEHILIOK 3a BEJIMYMHY O >Gp abo moMIX

Gb

YIIKOJIP)KEHUMHU TPOCAMH € CIM HEYIIKOPKEHUX.

Bukonani Bume Ta mnonepeaHi [2, 3] JOOCHIIKEHHS JO3BOJISIOTH
chOpMyITIOBaTH TEXHIUYHI BUMOTH JI0 KOHCTPYKIIii IJIOCKUX TYMOTPOCOBUX KaHATIB
Ta HOPMHU IXHBOTO BiJIOPAKOBYBAHHS.

3aranpHa KOHCTPYKIIIS IUIOCKOTO TYMOTPOCOBOTO KaHaTa (MapHa KIJTbKICTh
TPOCIB,  TMOYEProBE  pPO3TAIIyBaHHS  TPOCIB  TPOTUJIICHKHOTO  HAMPAMKY
3aKpy4dyBaHHS, KOHCTPYKIisl TPOCIB, Marepiadd TMOKPUTTS JpOTy, 3 SKOTO
BUTOTOBIIIFOTh TPOCH KaHATa, JiaMeTpU TPOCIB, KPOK IXHHOTO PO3TAITyBaHHS B
KaHaTi, TYMOB1 CyMillll, TOBUIMHUA OOKJIQJMHOK) Ma€ BIJAMOBIAATH PO3POOICHOMY
pAoy KOHCTPYKTMBHMX TnapameTpiB (Tabmn. 1). BuineBkazane 3yMOBIIEHO
JOIIIBHICTIO YHi(IKaIlli KOHCTPYKIIH KaHATIB, TEXHOJOTN Ta OOJaaHaHHS IJIs
iXHBOTO BUTOTOBJIEHHs. KaHaT Ta TpocH B HBOMY MarOTh OyTH CYIITLHUMH.

MiHiMallbHa Ta MaKCHMallbHa KUIBKICTh TpPOCIB B KaHaTi MaloTh
BU3HAYATUCS BIJAMOBIAHO JO TEXHIYHMX TMPOMO3UIIN IMOA0 PEKOHCTPYKIIi
MIAXTHUX M1JHOMHUX YCTAaHOBOK ITi]] BAKOPUCTAaHHS TYMOTPOCOBUX KaHATIB [4].

Kinmi TpociB kanata MawTh OyTH BKPUTI IMIAPOM TyMOBOI CyMimii 3
HACTYIHOIO IXHBOKO BYJIKaHi3alic0. TOBIIMHA IIapy TyMH HE TIOBHHHA

BIJIPI3HITHCS BiJl TOBIIMHU OOKIaAWMHKUA. Po3mipu yTBOpeHuX OOpTIB KaHarta
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MarTh BIJIMOBIATH PO3MipaM OOpTiB, mepeadadyeHuX KOHCTPYKIEW 0a30BOro
KaHaTa.

Kanat no 6apabany mae OyTu NMpueTHAHUM HE MEHII HIXK TPhOMa TJIaHKAMH
NPUTUCKAHHSA, PIBHOMIPHO pO3TallOBaHMMU 1O Koiy ©Oapabana. Cuina
NPUTUCKAHHA Ma€ TEPEBUIIYBATH JOOYTOK KOS(IIIEHTY TEPTS Ta MAaKCUMAIILHON.
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BaHTaXoImiAiioMHOCTI MamuHu [4]. [aHKu MOXKyTh OyTH NPUTHCHYTI OOJITAMH.
KaHat 10 KOpHCHOTO BaHTaXy Ma€ OyTH MPUETHAHUA TAKUM YUHOM, 11100 pajaiyc
3rUHY KaHaTa He OyB MEHILIUM 3a TPUJLATH JA1aMeTpiB KaHaTa.

Y BumaAKy BHUKOPUCTaHHS KaHaTa y CTOBOYpl 3 BIAXWJIECHHSMH MOro
HANPSIMHUX B1Jl MPOEKTHOTO CTaHy, Tpeba BpaxoByBaTH (3MEHIIIYBaTH) AOMYCTUME
HABAaHTAKEHHA OOEPHEHO MPOIOPIIHHO BeTWYHMHI KoedilieHTa KOHIICHTpaIlii
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VY pa3i ymkomkeHHsl Topoca, 0 Mae HoMep O, TomycTUME HaBaHTaKEHHS
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VY pasi HasgBHOCTI JEKUIbKOX pPO3PHBIB, Tpeda NEPEBIPUTH MOKIUBICTb
BBA)KATH, IO B3aEMHHUI BIUIMB JIBOX OJMXHIX MOMIDK COOOIO PO3PHUBIB TPOCIB,
BIJICYTHIH. YMOBa MEpPEBIPKU TOJIATAE B TOMY, IO BIJCTaHb MOMIXK IMepepizaMu
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: hEF .
VIIKO/PKEHb TPOCIB Ma€e He OyTH MEHIIOIO 3a BEJIMYMHY O >Gh abo MMoMiX

Gb

VIIIKOPKEHUMH TPOCAMH € CIM HEYIIKOKEHUX.

VY pa3i HeBUKOHaHHS YMOB BIJHOCHO 3Ha4Y€Hb JIOMYCTUMHUX HABAHTAXKEHb,
KaHaTH MalOTh OyTH BiIOPaKOBaHUMHU.

BucnoBku. [lns 3a0e3nedeHHsT Mpaie3JaTHOCTI KaHATiB Ta ITABUIIECHHS
piBHA e(EeKTUBHOCTI BHUKOPHUCTaHHS ¥ eKCIUTyaTalliiiHoi Oe3MeKku CydacHUX
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MIaXTHUX MiAHOMHUX YCTaHOBOK 3 TOJIOBHUMH T'YMOTPOCOBMMHU KaHaTaMH, ¥y
po6oTi po3pobIEHO METOAMKY PO3PaXxyHKY IUIOCKOTO T'yMOTPOCOBOIO KaHata 3
ypaxyBaHHSIM BIUIMBY HOTO TIO3aIIEHTPOBOTO PO3TATHEHHS Ta MOLIKOKEHHS TPOCOBOT
OCHOBH 1 TE€XHIYHI BUMOTH JO KOHCTPYKIII IJIOCKUX TYMOTPOCOBHUX KaHAaTIB Ta
HOPMHU iXHBOTO BiAOpPaKOBYBAaHHS AJIsi BHUIIAJKy BHKOPHUCTaHHS y CTOBOypax 3
BIIXWJICHHSIMHU HaIPSIMHUX BiJ] POEKTHOTO CTaHYy.
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UDC 621.9.047.7
Palaguta O.V. (Ukraine, Kramatorsk, DSEA).

METHOD OF STRENG THE NING WORK SURFACES OF
MACHINE PARTS.

The article considers the method of strengthening the working surfaces of machine parts.
Namely electroplating, an electrochemical method of applying protective coatings on the
working surfaces of parts. The proposed method can significantly increase the wear resistance of
the surface layer and improve the operational reliability of machine parts.

The performance of machines depends on the wear resistance of parts. It is now
established that 70% of machine failures depend on the wear of parts, so strengthening
their work surface plays a special role in ensuring the life of various products.

One of the modern methods of improving the performance of machine parts is the
use of electrochemical methods of applying protective coatings on the working surfaces
of parts. Namely, electroplating, which is an electrochemical method by applying metal
coatings on electrically conductive material to give it certain properties: protective anti-
corrosion, protective-decorative, decorative. It is used to increase the corrosion resistance
of parts made of different materials, as well as their performance and decorative
characteristics. With the help of galvanic lines, metal coatings are applied by
electrochemical method to products.

The method involves the technological process of galvanic deposition of alumina
of the working surface of the part with the simultaneous impact on the part of the
vibration of a certain frequency and amplitude. The machined parts will have increased
wear resistance of the working surfaces of machine parts.

The method is as follows. There is a process of galvanic deposition of alumina of
the working surface of the part with simultaneous exposure to the part vibration with
resonant frequency. The essence of the method is that the deposition of alumina on the
working surface of the part occurs by means of a galvanic cell in which aluminum is
oxidized in the electrolyte. As a result, an aluminum film is formed on the workpiece,
which is very thin, 50-100 nm thick, so you should consider only the width and length,
because a fairly small thickness will not affect the size tolerance.

The proposed method has the following advantages. The deposition process is
carried out without the use of heat treatment and high frequency currents (HDC), while
increasing the durability of the part with minimal energy consumption. The deposition
process is carried out while simultaneously vibrating the part with a resonant frequency,
due to which the connection of the aluminum matrix and the iron matrix will take place,
the resulting layer will be homogeneous in area. Thanks to aluminum, the corrosion
resistance of the working surface of the part will increase.
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YJIK 621.9.06(072):62-231

Higropuuii H.A., Connnen O.B., Ky3nenos HO.M. (Hayionanvruii mexuiunuii
yuigepcumem Yxpainu «Kuigcokuu nonimexuivnuu iHcmumym imeHi leops
Cikopcbko20»)

PO3IIUPEHHS ®YHKIIOHAJBHUX MOKJIUBOCTEM I'BPUTHUX
3D-IPUHTEPIB MOJYJbHOI KOMIIOHOBKH HA OCHOBI
MEXAHI3MIB APAJIEJIbHOI CTPYKTYPU

Bukonanuu amaniz 6ioomux mexuiuHux piuieHb, WO 3ACMOCO8YIOMbCS 6 KOMHOHOBYI
2iopudnux 3D-npunmepis mooyavHoi komnonosxku Ha ochosi MIIC. Ilpoananizosani npodremu,
AKI BUHUKAIOMb 8 Yill cghepi, ma 6KA3aHI MOMNCAUG] WIAXU IX eupiuleHHs. 3anponoHosami
Kiacughikayis i MOOYIbHULL — NpuHyun — nobyoosu  3ID-npunmepie 3 po3wUpEHUMU
DYHKYIOHATLHUMU MONCTUBOCTIAMU 3 BUKOPUCTAHHAM CUCMEMHO-MOPPONI02IUHO20 NIOX0DY.

The analysis of known technical solutions used in the layout of hybrid 3D-printers
modular layout based on MPS. The problems that arise in this area are analyzed, and possible
ways to solve them are indicated. The classification and the modular principle of construction of
3D-printers with the expanded functionality with use of the system-morphological approach are
offered.

3D-nmpyk abo «aauTHBHE BUPOOHHUIITBO» - MPOIEC CTBOPEHHS IUTICHUX
TPUBUMIPHUX OO'€KTIB MPAKTUYHO Oy/Ab-5IKOi NeOMETPUYHOI (POpMU Ha OCHOBI
nudpoBoi Moxeni [4,8]. BiH 3acHoBaHMii Ha KOHIeEHIli moOymoBH 00'€kTa
MOCJIIJIOBHO HAHECEHMMH IIapaMH, M0 BiJIOOpa)»aloThb KOHTYpU MOJEIIL.
®daktuyHO, 3D-ApyK € MOBHOIO MPOTUIICKHICTIO TAKUX TPAAMIIIHHUX METOIIB, SIK
CyOTpakTUBHE BUPOOHUIITBO, Jie¢ (popmyBaHHSI BUPOOY BIIOYBAETHCS 3a PaxyHOK
BUJIAJICHHS 3aliBOro martepiany, Hanmpukiaja, (ppesepyBanHsMm. JligepoMm B 1bOMY
HampsIMKy  3T1IHO  MaTeHTHO-1H(OpMAaliiHUX  JOCHIIPKEHb  BBAXKAETHCA
amepukancbka kopropauis 3D Systems [10], me B 1986p. Yapnp3z Xamn
3aMaTeHTyBaB TEXHOJOTI0 crepeositorpadii (matent Ned 575 333). Bupid, ado
«MOJIeNIbY, TPOBOJUTHCS BUAABIIOBAHHAM («EKCTPY3i€I0») 1 HAHECEHHSIM
MIKpOKpaIielb PO3IUIABJICHOTO TEepPMOIUIACTUKA 3 (DOPMYBaHHSM TMOCIITOBHUX
1apiB, 110 3aCTUTAIOTh BiJIpa3y MICIs €KCTPY/TyBaHHS.

AxkTtyanbpHicTh. ChOro/IHI MU KMBEMO B 4ac 4-0i MPOMHCIIOBOT PEBOJIIOLIT
(trak 3BaHoi Industrie 4.0). Yci npoBigHI BUPOOHHMKH, KOMIIaHII HAMararoThCs
MaKCHUMAaJIbHO CIIPOIIYBAaTH BUPOOHWYI JIAHITIOTH, JJIs JOCATHEHHS MaKCHMaIbHOI
MPOJYKTUBHOCTI Ta THYYKOCTi. TOoMy cyyacHe BHUPOOHHULITBO OpIEHTYETHCS Ha
CUHTE3 HayKH, BHUPOOHHIITBA, OCBITU Ta cdepu HamaHHi mociayr. OCHOBHUMU
pucamu I1i€l Opie€HTAaIli] €:

- IligBuIieHHS TPOAYKTUBHOCTI BUPOOHUIITBA;

- 3MEeHUIeHHs y4YacTi JIIOJIMHU Yy  BUPOOHUITBI  (aBTOMAaTH3aLis
BUPOOHUIITBA);

- IligBuIIeHHS SIKOCTI HAJABAEMOT MPOAYKIIIT;
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- 301IblIEHHS] TEXHOJIOTYHOCTI TPOIIECIB 31 3MEHIICHHS CKJIQJHOCTI Ta
MICTKOCTI 00JIaJTHaHHS, 1110 MOTPiOHE;
- 3MeHIIeHHS BUTPAT Ha BUPOOHUIITBO, JIOTICTHKY.

Tomy HamaromkeHHs HOBOTO MPOIYKTUBHOTO BUPOOHMIITBA BUMAra€ HOBHX
niaxoaiB 10 Hboro. [loTpiGHO BpaxoByBaTH HOBI (PAKTOPH Ta BHUKIMKH MpU
mi100p1 TEXHOJIOTIi, TEXHOJOTIYHUX MPOIECiB Ta oOJjagHaHHs. TaKkoX OKpiM BKe
3BUYAHUX BHUMOT, TaKUX SK TMPOJAYKTHUBHICTh, SKICTh, Oe€3meka, IMOTPIOHO
BpaxOBYBaTH 1 HOBI, IpUTaMaHH1 4-Tiii mpoMucIIoBiil peBororli «luaycTpis 4.0»,
a caMe: EKOJIOTIYHICTh, C€HEProe(EeKTUBHICTh Ta 3aO0IIQUIUBICTh (3MEHIICHHS
MeTaioeMKOCTI To1o). Came 11i BUMOTH, IO HE MPUTaMaHHI BUPOOHHUIITBY XX-T0O
CTOJITTS, HOTPEOYIOTh MOIIYKY HOBUX PIIICHb.

Came mosiBa Ta PO3BUTOK OaraToyHKIIOHAIbHUX 3D-mpuHTEpiB MOXeE
BUPILIUTH Ta BXXE BUPIIIYE MOCTABJICH] 3aBJAAHHS Ta BAMOTH.

Amxe TexHosorii 3D-IpyKy BHUKOPHUCTOBYIOThCS Yy OaraThboX cdepax: ais
MPOTOTUIIYBAaHHS 1 PO3MOIIJICHOTO BHUPOOHUIITBA B apXiTEKTypi, OYHIBHHUIITBI,
MPOMUCIOBOMY  JU3aiiHi,  aBTOMOOUIBHOI, = A€POKOCMIYHOi,  BIMCHKOBO-
MIPOMUCIIOBOT, 1HXKEHEPHOI Ta MEIUYHINA Taimy3six, OloiHkeHepii (A1 CTBOPEHHS
MITYYHUX TKAHWH), BUPOOHUIITBI MOJHOTO OJIATY 1 B3YTTs, IOBEJIPHUX BUPOOIB, B
OCBITi, reorpadiuHux iHGOpPMAIITHUX CHUCTEMax, Xap4yOBOi MPOMMCIOBOCTI Ta
Oaratbox 1HIMX cepax. [ 3 KoKHUM pokoM cepa iX 3aCTOCYBaHHS TUIBKU POCTE,
0 MOXXHAa HarJISIIHO MOOa4yuTH 3 rpadika BIOMOTO CTATUCTUYHOIO 1HTEPHET-
nopraiy «Statista» (puc.1).

Leading uses of 3D printing from 2015 to 2020

&= Frototype "= Proof of concept Production <= Researcheducation RAD Mechanical'spare parts
Personal inleresthobby =e= Tooling Markeling sampie ArtJeweliery Fashion

= Medical'dantalprosthesis o Mass production =e= Other o= Relall sales o= None of the Above

Bouces Acdtional Ivtorraton

Pucynok 1 — Esonoyis suxopucmaunns 3D-0pyky 6 pizuux cgpepax 3 2015 no
2020p. (Statista 2020)
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Mertor aaHoi poOoTH € po30ip Ta aHaji3 BIJOMUX KOMIIOHOBOK T1OpHIHHMX
3D-npuHTEPIB MOJYJBHOI KOMIIOHOBKH, CTBOPEHHMX Ha OCHOBI MEXaHI3MiB
napayensHoi cTpyktypu (MIIC). Po6oTa mokimkaHa moka3aTs MiAX0AN CTBOPECHHS
HOBOTO OOJaJIHaHHS, BPaXOBYIOUM HOBI BUMOTH, SIKI TUKTYIOTh «lHmycTpis 4.0» 1
«Iamyctpis 5.0», mo HabmmxkaeThes. Jlo METH TakoXX BITHOCHTHCS I1IBUIIECHHS
TEXHIKO-€KOHOMIYHUX MOKa3HHUKIB 1 PO3MUPEHHS (YHKIIOHAIBHUX MOKJIMBOCTEH
MajorabapuTHUX 1HTENEKTyadbHUX 3D-NpUHTEPIB 3 KOMI IOTEPHUM KEPYyBaHHSIM
3a paxyHOK CHUHTE3y HOBHMX KOHCTPYKIH. JJIsi JOCSTHEHHS MOCTaBJICHOI METHU:
BUKOHAHUM aHajli3 BIAOMHX KOMIIOHOBOK 1 KOHCTpYKIiA 3D — mpunTepiB[12], ix
KIHEMaTUYHHUX CXEM, THITIB, METOIB CUHTE3y HOBUX KOHCTPYKIIiil.

Hactynni gocmipkeHHsT MOKJIMKaHI cOpMyITIOBaTH MiAXOAM Ta MPOIECH
MIPOCKTYBAHHS TEXHOJIOTTYHOTO OOJaJHAHHS 3 BpaxyBaHHSIM Cy4aCHUX BHMOT Ha
NPUKIAlI BUKOPUCTAHHS AJAUTHBHUX TEXHONOTIH [4,7], KapKacHUX KOHCTPYKIIN
HECy4YHX CHUCTEeM [6] mpH CYTTEBOMY NIABUIIEHHI IIBUJKOCTI IEPEMIIICHHS
pobounx opraniB (PO), 3o0kpema, 3a paxynok MIIC [3,5,6] 1 3acTocyBaHHI
MOJyJIbHOrO npuHIMNy [1,2], SKuid [103BOJSE€E 3MEHIIUTH Yac Ta BUTPATH Ha
MPOEKTYBaHHS, CKJIaJIJaHHS 1 TIepeHaNaroKeHHs. A/pPke OCHOBHOIO MTPOOIEMOI0 Ha
nanuit yac 3D-npyky SIBASEThCS Yac Ta Maja TpOAyKTUBHICTh. Lls mpoGiema
BUHUKAE Yepe3 Mall MBUAKOCTI pododoro oprany 3D-npunrtepiB. Po3pobdka x 3D-
npunTepiB 3 MIIC y 3HauHii Mipi Bupillye 1o npodiaeMy. [IpuBoau nepemiiieHb
B MIIC 3HaxomsThCsd HAa HEPYXOMIH CHCTEMI, IO JO3BOJISIE 3MEHIIUTH 1HEPIIHHI
CIWJIM MEXaHI3My Ta 30UIbIIUTH BEJIMYUHU NPUCKOpEHb. Takoxxk oOaJHaHHA 3
MIIC mnotpeOye MeHIIy KUIBKICTh MaTepiady Jyisi BUTOTOBJICHHS ( MEHIa
METAJIOEMKICTB), MPUUOMY poOOUYMi OO0'€eM 3alMINAETHCS HA PIBHI 3 1HIIUMHU
KOMITOHOBKAMH TPUHTEPIB.

B ocHoBy npoektyBanHs 3D-nipuHTepa Ha 0a3i Tpuriaiay (puc.2, a,0) abo
TeTpariaiiy (puc.2, T) HOKJIaAeHO MOAYJbHUHN nipuHumn [1], ToOTO Aeski aeTani
Ta BY3JIM € YHI(IKOBAHMMHM 1 CTAHIAPTHUMHU, a JAESKI MOTPEOYIOTh BUTOTOBJICHHS.
JInst ycyHEHHS MOKJIMBOCTI MOXMOOK mpu ckianaHHi 3D-mpuHTtepa ciif
CIPOEKTYBAaTH KOXXHHMM BY30J OKpeMo. Ase TmOTpiOHO BpaxoByBaTH YcCi
KIHEMaTH4HI 3B'S3KU Ta TapH.

rz

b £

X) TPHraafi] MHpaMIIATBHER

¢) Tpuraafin npaaNnaTHYecKHi 3) TeTparaafiy MUPIEMIATEMBIR

Pucynox 2 — Komnonosku na ochogi Mexanizmie napaieibHoi CmpyKmypu
muny «mpueaaio» abo mempaziaio
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Takoxx 3D-npuntepu Ha ocHoBI MIIC (Hanpukiag TUIY «TPUTTANT)
MOXYTh BHUCTyHaTH, K OpucTpoi 3D-ckanyBanHsa. Texnosorii 3D-ckanyBaHHS
00'€KTIB B TPOCTOpl SBISIOTBCA CHOTOAHI JAyXXe TEpPCIEKTUBHOIO  Ta
nporpecytouoro cdeporo. Li mpucTpoi Bce gacTiie 3aCTOCOBYIOTHCS Y BCE OUTBIIIIMA
KUTBKOCTI cep mroacbkoro kutTa. [ns moOymoBu 00'eMHOT Mozaeni MOXKHa
BUKOPHCTOBYBATH PI3HI METOJM, Hampukiaj BukopuctoBytoun CAD-mporpamu,
ane came 3D-cKkaHepH MOJIETIIYIOTh Ta MPUCKOPIOIOTH LEW MPOLIEC.

Jlnst ctBopeHHs npUcTpoiB 3D-ckaHyBaHHS MOXe OyTH BUKOPHCTAHO 0ararto
piI3HOMaHITHHX TexHIK [2,3,5-7]; KOXKHa TEXHOJOTII Ma€ CBOI OCOOJMBOCTI,
OOMEKEeHHsI 1 BUMarae pizHUX BUTpaT. BiIbLIICTE 0OOMEXEHb CTOCYIOTHCS BH/IIB
00'ekTiB, SKI MOXYTh OyTH oOIM(pPOBaHi, SKI J0CI HE BHUPIMIEHI A0 KIHIA.
Hanpuknan, OUIBLIICTE ONTHYHUX TEXHOJOTIM MaTUME CKIAIHOLI 3 00pOOKOI0
OJIMCKY4YUX, O3€pKaTbHUX a00 Mpo30opux OO'€KTIB, a MPOMUCIOBA KOMII'FOTEpHA
ToMorpadisi MOke BUKOPUCTOBYBAaTUChH Ajisi MoOynoBU mudpoBux 3D-monenet,
3aCTOCOBYIOYM HEpPYWHIBHUM KOHTpOJb. Mojeni, BUTOTOBJIEHI aJUTUBHUM
METOJIOM, MOXYTb 3aCTOCOBYBAaTHUCSA Ha OyAb-IKOMY BHUPOOHHYOMY €Tami, SIK JUIs
BUTOTOBJICHHS JOCTITHUX 3pa3kiB (IIBUAKE MPOTOTUITYBAHHS), TaK 1 B SIKOCTI
caMuX rOTOBHX BUPOOIB (IIBUJIKE BUPOOHUIITBO).

OpHiero 3 OCHOBHUX MpoOneM cydacHuX 3D-IpUHTEpIB SBISAIOTHCS
Marepiaiy, a camMe iX HEe CIPOMOXKHICTh BHUKOPHUCTOBYBAaTH YBECh CIIEKTP
JOCTYITHUX MaTepiamiB, ajke ICHye iX ChOTOJHI 0e3md, a Jeski IO CBOIM
XapaKTEepUCTUKAM BIPUTYJ HAOIM3WIMCS 0 MeTaliB, crajeil. OIHUM 3 TaKuX
martepianis (r1actukiB) € PEEK. loro XapakTepHCTHKU BIPHUTYI HAGIU3UINCS JO
XapaKTEPUCTUK JESIKUX cTalled. A yChOTO ICHY€ BelMYe3Ha KUIBKICTh PI3HUX
nacTukiB s Apyky, Hanpukiand: PETG, ABS, PLA, NYLON Ta 6e3m14 1HIIUX.

[HIIOIO  Cepiio3HOI MPOOJIEMOI0 € SKICTh MOBEPXHI JAeTalll  MICHs
BUTOTOBJIEHHA. Maiie BC1 OTpUMaHi JIeTajl NOTPIOHO MiiIaBaT MOCTOOPOOIIi.

AHami3ytoud 1ICTOPUYHUN PO3BUTOK TAKOI CKJIAJIHOT TEXHIYHOT CHUCTEMH SIK
BEpCTaT, TapHUM pIIIEHHSIM BHUIIE3a3HAYEHUX MpoOJeM € PO3LIUPEHHS
MOKJIMBOCTEH cydacHUX 3D-mpuHTepiB, HUIAXOM 3a0e3MeueHHs aBTOMATUYHOI
3aMIHM 1HCTPYMEHTIB, aHAJOTIYHO BEpCTaTy, aje 3 ypaXyBaHHSIM BHUMOT O
MIBUAKOCTI Ta METOAIB JApYyKy. TakuM 4MHOM Ii€ MPHU3BEJIO O CTBOPEHHSM 3D-
OPUHTEPIB 3 BOYJOBAHOI CHCTEMOIO 3aMiHH I1HCTPYMEHTY Ta CHCTEMOIO
MeXaHIYHOi OOpoOKU. A caMe 3 IHTErpami€lo ycix MOJIYJIB, TaKHX, SK: MOJIYJI
cTtanaaptHoro napyky (comma 0.1-0.8 mwm), Momymni afs APYKY KOMIO3UTHUMU
MarepiasiaMi (3 aOpa3sUBHMMH  TYIOIUIaBKUMHU  COIUIaMH 1 TOPSIMUMH
eKCTpyiepaMu), MOAYJl Jii BUCOKONMPOIYKTUBHOrO APYKYy (cormia g0 2.5 mm),
MOJYJ JUIsl IPYKY TpaHyJIbOBAaHUM IIJIACTUKOM Ta BHCOKOIIBUIKICHI IIMUHACTI
JJ1s1 0OOpOOKM BUTOTOBJICHUX JIeTaJeH.
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Taka cucrema y mnoenHanHi 3 3D-mpuHTepoM 3aaTHa 3a0€3MEUUTH
NPOAYKTUBHIIIY PpOOOTY 3 BEJIHMKOK KUIBKICTIO ICHYIOYHMX MartepiaiiB Ta
KOMOIHYBaTH pi3Hi nporiecH (aAUTUBHUN Ta CyOTPAKTUBHHUIA).

SIK BUIHO aAUTHBHE BUPOOHUIITBO CTPIMKUMH TEMIIAMH PYXa€ThCs BIEpes i
Bce OuIbllle PIZHUX KOHCTPYKIN 1 mnpukianie 3D-IpUHTEPIB MH MOXKEMO
nobaunTu Ha PUHKY cBity. [ocimijpkeHHs B 1ik cdepl BeayTbCs yIapHUMH
TEMIIaMH, CTBOPIOIOTHCS HOBI Marepiaii Ta KOMIIOHOBKH. MeToau JpyKy
YIOCKOHANIIOIOTECSA, a JI0 MOCIYr AJUTUBHOTO BUPOOHUIITBA 3BEPTAETHCS BCE
OinpIe KoMmmaHik. barato Mooaux Ta TEPCIEKTUBHUX 1HXKEHEPIB 3BEPTAIOThH
CBOIO yBary Ha L0 Hilly.

B pesynbpTari momanmblMX JOCHIIKEHb MOXYTh OYTH CTBOpEHI Ui
Cy4yaCHOTO0 BHpOOHHWIITBA BITYM3HSHI KOHKYPEHTOCTIpOMOXHI1 Mmozem 3D-
OPUHTEPIB, B TOMY 4YHUCH MYyIbTUQYHKIIOHATIbHUX. TOMy, HaHW HampsIMOK
JOCTIPKEHb € aKTyaJdbHHM 1 HEOOXITHMM HJisi PO3BUTKY MAIIMHOOYAYBaHHS HE
TIIBKY B YKpaiHi, ane 1 3a ii Mexamu. XOpOILIUM MPUKIIAJIOM IIbOTO € YKPaTHCHKUIA
craprar SmartZavod (puc.3), 111(0) 3aiiMaeThCs PO3pOOKOI0
0araTo(pyHKI10HAIBHOTO MPOMHUCIOBOro 3D-npuHTEpa, yyacTh B TEXHOJIOTTYHOMY
MpoIiecl SKOro JiroAuHa Opatu He Oyxae. bidgbine Toro, 3aBAsikM HOBIM CHCTEMI
3MIHU IHCTPYMEHTY, MPUHTEP HE JIMIIIE CTBOPIOE JIETall, a MOXEe 1 00po0OIaATH X

N

Pucynok 3 — Konyenm nognicmrwo agmomamuzosano2o 2iopuonoco 3D-
npuHmepa MoOyJibHOi KOMNOHOBKU HA OCHOBI MEXAHI3MI8 NapaneibHoi
cmpyxmypu SmartZavod CEH1 (0emanizayis syznie ma piznux incmpymenmie
NPUX08AHA 3 MIPKYBAHb 30epicanHs KOMePYIUHOI maeMHUYT)
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BucnoBok. BukoHaHuii aHami3 BIIOMHUX TEXHIYHMX pIllIEHb, IO
3aCTOCOBYIOTBHCSI B KOMITIOHOBIII T10puIHUX 3D-nipuHTEpiB MOy IBHOT KOMIIOHOBKH
Ha ocHoBi MIIC. IlpoananizoBani mpobnemu, siKi BUHUKAIOTh B Il cdepi, Ta
BKa3aHI MOJJIMBI NUIAXM 1X BHUpIMIEHHS. 3ampornoHOBaHi Kiacudikamis 1
MOZYJIbHUI MIPUHIIUIIT noOy10BU 3D-npunTepin 3 PO3IIUPEHUMU
(GYHKI[IOHATbHUMHU MOXJIUBOCTSIMU 3 BUKOPUCTAaHHSIM CHCTEMHO-MOP(OIOTIYHOTO
IXOdY.

CIIUCOK ITOCUJIAHb
1. Aepecamno-mooynvne mexuonociune oonaonanns. / [Ilio ped. FO.M.Kysueyosa] —
Kiposoepao: Imexc JIT/], 2004. — 4.1 - 442 c., 4.2-286 c.
2. Kpuorcaniscoxuu B. A., Kysueyos FO. M., Bansascexkuii 1. A., Cxknapose P. A.Texnonociune
0061a0HanHs 3 napanenvHoo Kinemamuxoio: 11i0 peo. FO. M.Ky3ueyosa. — Kiposozepao, 2004. —
449c.
3. Connyes O.B., Kysueyos FO.M. Cmeopenns 3D-npunmepa Hna 6a3i mpuenatoa 3
BUKOPUCMAHHAM Memoody Mopgonociunoeo awnanizy // 30ipuux me3 Haykoeux oonogiodeil II
Bceykpaincovkoi inmepnem-xongepenyii m. Cesepoooneywk, 27-28keimusn 2017 p. — 172 c.
4. Charles Bell. 3D Printing with Delta Printers — Apress, 2015
5. SmartZavod Tackles Fully Automated Multimaterial Manufacturing. /Erexmponnuii pecypc] —
Peoicum oocmyny: https://www.fabbaloo.com/news/smartzavod-tackles-fully-automated-
multimaterial-manufacturing
6. 3D Systems Press Release (1998) Thermolet. 3D Systems. Worldwide Corporration HQ,
26081 Avenue Hall, Valencia, California, USA.

153


https://www.fabbaloo.com/news/smartzavod-tackles-fully-automated-multimaterial-manufacturing
https://www.fabbaloo.com/news/smartzavod-tackles-fully-automated-multimaterial-manufacturing

UDC 658.51:004.8
Piddubny S.A. (Ukraine, Kramatorsk, DSEA).

NEURO-NETWORK OPTIMIZATION OF 3D-COMPOSITION OF
FLEXIBLE MANUFACTURING SYSTEMS.

On the basis of a spatial-functional analysis of a variety of options for production
systems, a model for finding optimal layout solutions in terms of the reduced power criterion is
proposed. The proposed approach is implemented based on the creation of neural network
models with a qualitative assessment of the layout factors.

One of the effective ways to increase labor productivity in the aviation and
engineering industries is the automation of production processes based on the use of
flexible production systems (FPS) built on the basis of multi-purpose machine tools
with numerical control (CNC). The creation (synthesis) of the HPS layout is carried
out at an early design stage after studying the design and technological requirements
for the manufacture of body parts, the basic technological process, determining the
production program and economic efficiency indicators. This design stage is the most
critical, since the success of the project as a whole largely depends on the correct
choice of the FMS layout [1-5].

Traditional layouts of production sites are based on the principle of
accessibility of service personnel and workers to technological machines in order to
ensure production and repair cycles.

With the development of production automation and with the increase in the
cost of workshop space, which is part of the cost of production, the optimization of
layout solutions for flexible production systems is an urgent task.

Optimization of layout solutions is a task of decomposition of the elements of
the production system, taking into account the capabilities of these elements and
limitations.

To describe opportunities and limitations, it is advisable to use a systematic
approach, where these elements, opportunities and limitations would be presented in
a single model. A formal description of the initial data for system modeling is
proposed in the following form:

] Technological Equipment TE;

1 auxiliary equipment (Auxiliary Equipment) -AE;

] transport system (Ferry System) -FS;

|| storage system (Storage Systems) - SS.

Spatial layout solutions are elements of a three-dimensional (X, y, z) coordinate
system, of which two are mandatory, layout options can have such solutions:

TEXxy; TExz; TEyz.

Similarly:

AEXxy; AExz; AEyz,
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FSxy; fsxz; FSyz;
SSxy; SSxz; SSyz.

The optimal layout is a solution described by a set obtained as a result of the
following actions:

AExy, AExy,--- AExy,
Txz, Txz,-- Txz, AExz, AExz,--- AExz,
Tyz, Tyz,--- Tyz, AEyz, AEyz,--- AEyz,
FSxy, FSxy, - FSxy,, S5xy, SSxy, - S55xvy,
FSxz, FSxz,--- FSxz,, SSxz, SSxz,--- SS5xzj,
FSyz, FSvyz,--- FSyz,, SSyz, SSyz,--- S88vz,,
= M,

Txy, Txv,-- Txy,
X

X X

Where M is the set of solutions satisfying condition R.

As an enlarged criterion, the criterion of energy costs can be taken (for a
period of time t, this can be work A or power N of the system. The power N / n
referred to the unit of output, where n is the volume of output in quantitative or value
terms, can be taken as the objective function F.

For neural network modeling, Hop-field networks should be used, giving each
element of the system a qualitative sign of the presence or absence of an element,
denoting the presence as 1, and the absence of an element in the system as 0. Taking
the constraint n = n0, the perspective layout of the flexible production system is
determined in the space x,y,z of equal dimension.
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PRINCIPLES OF CREATION OF TECHNOLOGICAL EQUIPMENT OF
THE NEW GENERATION.

The work is aimed at creating a new generation of machine tools with mechanisms of a
parallel structure, and is based on the use of advanced information technologies and intelligent
computer systems.

The goal of modern mechanical engineering is to manufacture high
quality products at minimal cost, with a constant increase in the
complexity of the geometric shapes of parts and their accuracy, with high
requirements for mating surfaces and their properties, product performance
and operating conditions [1, 2].

The purpose of the work is to formulate the basic principles of the
proposed concept of creating new generation machine tools based on the
mechanisms of a parallel structure (MPS) of a modular layout.

Relevance of the topic. Currently, technical studies based on the
mechanisms of the parallel structure are being developed. Their part
includes machines - bipod, tripod, pentapod, hexapod, “scissors"”. Their
feature is the mechanism, which is two platforms connected by a movable
telescopic rod. This mechanism has:

1 high positioning accuracy of the working body;

"1 high speeds of movement;

1 relatively low maintenance and repair costs;

- higher reliability;

1 a high degree of unification of mechatronic units, which ensures
the manufacturability of the machine and its constructive flexibility.

The authors of works [2, 4, 8] point to the evolutionary component
to create new mechanisms of the parallel structure. At the same time,
solutions are needed to combine or bring together the technological layout
of the machine, which is determined by the composition of technological
transitions and their combination in time with the design layout, depending
on the set of modules and their location [5, 6, 7].

In particular, machine tools with parallel kinematics are a promising
alternative to traditional metalworking equipment [3, 4]. Spatial MPS on rods of
variable or constant length make it possible to provide the executive body (AO)
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with up to 6 degrees of freedom with an unchanged structure of the mechanism,
perform accelerated linear movements with simultaneous orientation relative to the
processing object, allow the AO of the machine to perform de- delicate and precise
manipulations with the processing object. The capabilities of technological
equipment with MPS are too wide, they can perform almost all types of work
related to the processing, assembly, testing and control of products. Machine tools
with MPS are able to replace bulky machining complexes for medium and small
parts, and in some cases completely replace traditional layout machines due to their
versatility [3, 4, 8-10].

They highlight the main advantages of the parallel structure mechanisms
[10]:

- have smaller masses;

1 have increased rigidity;

71 implement simultaneously (in parallel) the transfer of energy from the
leading link to the driven link by several kinematic chains and mechanisms;

71 provide rational distribution of movements and loads between several
Kinematic chains;

1 form a closed spatial contour of increased rigidity;

“1 built on the basis of non-cantilever structures.

Thus, the process of optimal design of a machine tool as a technical system
is complex, multi-level, multi-criteria, multi-extremal and in a multiply connected
area, starting from an idea (operation principle) and ending with a technical
solution in the form of a materialized structure [7, 8].

Their feature is:

"1 use of frame structures of load-bearing systems;

"1 aggregate-modular layout principle;

1 use of intellectual technical and computer systems.

The creation of mechanisms for a parallel structure determines the level of
development of production. At the same time, it is necessary to take into account
market trends and the evolution of technical systems; technological ones are
among the criteria. Taking into account the principles of consistency (expediency)
and evolution along with the well-known principles of the theory of inventive
problem solving [11] allows us to state that the technological processing of parallel
kinematics mechanisms is a good alternative to the current approach to equipping
the competitiveness of production.
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EXPERIMENTAL RESEARCH OF SURFACE STRENGTHENING OF
WORKING SURFACES OF MACHINE PARTS BASED ON PROCESS OF
NAKOCH PROCESS.

The article considers the course and results of experimental studies of the process of
rolling the working surfaces of machine parts with a roller with a circular profile. The influence
of the angle of intersection of the axis of the roller relative to the axis of the workpiece on the
quality of the working surface.

The reliability of the machines is directly related to the quality of the surface
layer of the parts. Loss of machine parts is usually due to the destruction of the
surface layer. The increase in the service life of the parts is possible due to the
improvement of the mechanical characteristics of the surface layer, as well as the
roughness of the surface itself by means of surface plastic deformation.

Surface plastic deformation is a method of finishing-strengthening treatment
without chip removal by deformation of microroughnesses and microdefects of the
layers of material adjacent to the surface [1, 2].

To date, there are many methods of PPD - smoothing, vibration smoothing,
shot blasting, rolling spherical, cylindrical and circular roller and others. These
methods of surface treatment have their advantages: provide quite stringent
requirements for roughness, surface hardness, increase the wear resistance of
machine parts and resistance to corrosion, reduces the cost of production (saving
material resources and energy consumption)

However, for some parts (which have structural or technological voltage
concentrators, leaks, fillers, etc.), traditional PPD schemes may not provide more
stringent requirements for fatigue strength and durability. Previous studies have
shown that in addition to compressive stresses, shear stresses can occur in the
surface layer if the roller axis is rotated by a certain angle to the part axis. This
reduces the impact of internal stresses and improves the quality of reinforced
surfaces [3].

In order to confirm theoretical research, clarify the initial data and expand
the results of theoretical analysis in the laboratory of the Department of TM
conducted experimental studies of the process of rolling and removal of
characteristic parameters of surface quality of machine parts after strengthening the
surface layer.

The experiment was performed on the machine 1K625 and consisted in the
study of the effect of changes in the working feed and the angle of intersection of
the deforming roller on the quality of the working surface.
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The experimental equipment (Fig. 1) consists directly of the deforming roller
1, which is installed in the holder 2, which is fixed in the tool holder (Fig. 1, b).
The roller has the ability to scroll in the holder at a certain angle y and is pressed
against the surface of the shaft 3 by a spring 4, which was pre-tared. Shaft 3, made
of steel 40HN, is fixed in the chuck 5 of the machine and pressed by the rear
headstock (not shown in the diagram). The force with which the roller is pressed
against the surface of the workpiece is 100 kg.

Fig. 1 General view (a) and scheme of experimental equipment (b) during
rolling

The workpiece for experimental research was pre-processed on a lathe
1K625 with a working feed at spindle speed. The treated surface was divided into 9
equal sections with a hardness of 250... 275 HB and a surface roughness of 2.5 um
on the Ra scale (Fig. 2).

/ 9 8 1 6 5 L 3 /i 1

Fig. 2 Sketch of the workpiece

The division of the workpiece at the site level was in accordance with the
plan of the experiment. Rolling under certain modes took place at each section.

After rolling, the workpiece was removed from the machine and mounted on
prisms, where the surface of each section was studied separately. In particular, the
surface hardness readings were taken using a small electronic hardness tester
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ETM-01 and the surface roughness readings with an electronic profilometer-
profilograph TR200.

According to the results of the experiment it was found that to achieve more
rigid roughness it is necessary to choose a negative angle of intersection of the axis
of the roller in accordance with the selected modes of operation of the machine.
Also, rolling the surface with a negative crossing angle allows you to choose faster
operating modes of the machine to achieve the required quality indicators of the
surface to be treated.
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CUCTEMA ITPOTPAMHOI'O KEPYBAHHSA HABYAJIbHUM
I'HYYKUM BUPOBHUYUM MOJAYJEM HA OCHOBI ARDUINO, GRBL
TA PYTHON

3anpononosano cnoci6 peanizayii cucmemu NnpoSPAMHO20 KepPYBAHHA HABUALHUM
CHYUKUM BUPOOHUUUM MOOYIeM, saKkull ckradaemucs 3 eepcmama CNC 3018 Pro ma poboma na
ocHosi Arduino UNO. Cnocib ocHosanutl Ha 6UKOpUCMAaHHi Mosu npoepamysanus Python ma it
naxemie pySerial i pyFirmata 0131 cmeopenHs npocpamu KepysauHs, wo euxkonyemovcs IIK i
63aemooic 3 inmepgeticamu GRBL i StandardFirmata, siki 6ukoryromscs MiKpoKoHmpoiepamu
sepcmama i poooma. Cnocib xapaxmepuzyemuscs npoCmomor0 peanizayii, HU3bKow 8apmicmio
komnonenmie I’ BM ma wupoxumu modxicarueocmsamu 3a6805Kku mogi Python ma ii nakemanm.

A method for implementing a program control system for a training flexible
manufacturing module, consisting of a CNC 3018 Pro machine and a robot based on Arduino
UNO, is proposed. The method is based on the use of the Python programming language and its
pySerial and pyFirmata packages to create a control program executed by a PC and interacting
with the GRBL and StandardFirmata interfaces executed by the machine and robot
microcontrollers. The method is characterized by ease of implementation, low cost of FMM
components and wide possibilities due to the Python language and its packages.

I'ayuki BupoOHuui cuctemu (I'BC) mo3BomsitoTh €pEeKTUBHO BHUpIITyBaTH
poOIeMu 3MEHIIICHHS] BUPOOHUYUX BUTPAT B YMOBaxX CEpIHHOIO BUPOOHUIITBA [1-
3]. I'BC ckmamamoThesi 31 3'€AHAHUX TPAHCIOPTHUMHU JHHIAMH THYYKHX
BupoOHnunx wmonaynie (I'BM), sk mpaBuio, Ha OCHOBI BepcTara 3 YHCIOBUM
nporpamauM kepyBaHHsM (UIIK) ta mpomwucioBoro poOoTa-maHIynsTopa, Io
YCTaHOBJIIOE Ta 3HIMA€ 3aroTOBKY 3 Bepcrara [2]. ABromatuuyHuii pexkum ['BC
JI03BOJISIE  OpraHi3yBaTuh Oe€3Jto/lHe BUPOOHUIITBO 3 MIHIMI3alll€l0 BUTpaT Ha
3apo0ITHY IUIATy Ta 3MEHIIEHHSIM BIUIMBY JIOJChKOro (paktopa. I'nyukicte I'BC
JIO3BOJIAE 1X JIETKO NEpenporpaMmyBaTv 1 TMepeoOJialHATH Il BUITYCKY 1HIIUX
BUpoOIB [2, 3]. Ane monsaTTs rHyukocti ['BC Moxe Oytu 1 mmpmmum [2].
Cxknagnicte BuBYeHHs ['BC cTyneHTamu B 3akjajax OCBITH MOB'Si3aHa 3 iXHBOIO
BHCOKOIO BapTICTIO — HE KOXKEH 3aKjaJ Mae MOXJIUBICTH ix mpuupdatu. [Ipote
HaBpuasibHI 'BC MoHa cTBOproBaTu 3a gonomororo Hepoporux CNC-poyTepiB Ta
HaBYaJIbHUX POOOTIB-MaHIMMyJISTOPIB.

Opnum 3 Haitnemesmux CNC-poytepis € TppoxocboBuii Bepctar CNC 3018
Pro, sxmii moxkxaa mpunOatu Ha AliExpress 3a 1minoro opiertoBHo 180 $. Bin
npu3HaueHu s ppe3epyBaHHS a00 BUPI3aHHS JIa3€pOM HEBEIMKUX JeTalied 3
MaTepiaiiB, MO JIETKO OOpOOJSIOThCS pi3aHHSAM (IepeBO, IUIACTUK). Pyx momadi
3abe3neuytoTh Tpu KpokoBi nBurynn 42HS34-13D (NEMA17). [ns kepyBaHHS
BepcratoM BukopuctoByetrbcsi miatra CNC-CAMTOOL-V3.5 Ha 0CHOBI
mikpokoHTposiepa Atmel ATMEGA 328P, B sikuii 3aBanTaxxeHo nporpamy GRBL
1.1f , 3 npaiiBepamu KpokoBuX aBuryHiB A4988.
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GRBL [4] - 1ue Oc3KOMITOBHE BHCOKOIPOAYKTHUBHE IPOrpaMHE
3a0€3MeUeHHs] 3 BIAKPUTHUM BHUXIJIHUM KOJOM JUIsl KEPYBAaHHS TPHOXOCHOBUMU
Bepctatamu 3 UIIK, mo moke mpartoBatu Oesmocepenubo Ha 1iaTi Arduino.
GRBL nanucanuii Ha BHCOKOONTHMI30BaHii MOBI C 3 BHUKOPUCTaHHIM (DyHKIIIN
giniB ATMEGA 328P, mo BukopuctoBytotbest B Arduino UNO [5]. Bin 3patamii
OiATpUMYyBaTH 4acToTy KpokiB moHan 30 kI 1 3abe3nmeuye YUCTHI MOTIK
Kepylo4yux IMIyibCciB 0e3 TpemriHHs. [aTepmperatop G-komy peami3ye
niaMHOKUHY cTaHaapTy LinuxCNC 1 6e3 mpobiieM HiATPUMY€ETHCS OUIBIIICTIO
CAM-iHCTpyMEHTIB.

[Iporpama Candle 1.1.7 [6] € kouTposiepom GRBL 1.1 3 Bizyanizaropom G-
Koxy. BoHa mae BiAKpUTHN BHUXIAHMIA KOJ, CTBOpEHA 3a JOMOMOTOoI0 TpadidHOi
010miorekn Qt Ta mpamoe Ha Windows/Linux x86. OcHoBHUMH (YHKIISIMU
nporpamu €: ympaBiminHg BepctatoM 3 UIIK ma 6a31 GRBL 3a momomororo
KOHCOJIbHUX KOMaHJ, KHOMNOK Ha BIKHI Ta LHU(POBOiI IMaHENl; KOHTPOJb CTaHy
BEpCTaTa; 3aBaHTAXXEHHs, peJaryBaHHs, 30epe:KeHHsl Ta Bianpaska (aitnis G-koxy
Ha BepcTaT; Bizyanizauis gainiB G-komy.

Haiinemesmmit poOoT-maHinyasatop [7], skuil Mo>kHA TIpUI0aTH OPIEHTOBHO
3a 20 § y Bunmm HaGopy IS CaMOCTIHHOTO  CKJIQJaHHSA, MICTHTh
MikpokoHTpoJiepHy Mmiaty Arduino UNO, Bupizani Ha CNC-nmazepi akpuioBi
JeTani Ta 4oTupu Henopori ceponpuBoau SGI0, ki Ge3nocepenHio mij'eIHaHl 10
Arduino UNO. TouHnicTs po0OoTa € 3aJI0BUIBHOIO JJIsI HAaBYAJIbHUX IT1JIEH.

He3Baxaroun Ha HasBHICTH OaratboxX pecypciB Mpo nporpamyBanHs Arduino
[8, 9], moBOIl BaXKO 3HANTH TIPYHTOBHY 1 LUIICHY 1H(OpPMALi0 Mpo
nporpamyBaHHs [ BM Ha 6a31 Takoro o0y1alHaHHA SKOI0-HEOYIb CY4aCHOIO MOBOIO
nporpaMyBaHHSI HaJIBUCOKOTO piBHsI, 30kpeMa, Python. 3acTocyBanHus Takoi MoBU
J03BOJIUTh  TIOJIETIIMUTH CTBOPEHHS aBTOMAaTH30BAaHOI CHCTEMH KEpyBaHHS
HaBuaiabHOi ['BC. IcHyroul HaBuanpHI MaTepiaiid Mpo mporpamyBaHHs Arduino
MoBoto Python [10-12] e onucytoTh oco0nuBoCTel nporpamyBanns ' BM.

Metoro poOoTH € cTBOpeHHs1 MOoBoro Python cuctemu kepyBaHHS POCTOTrO
HaBuasibHOro I'BM, 1o cknagaetnes 3 Bepcrara CNC 3018 Pro ta mpoMuciioBoro
po6ota Ha ocHOB1 Arduino UNO.

Y wmikpokonTposiep Arduino UNO pobGora aBTOopamM 3aBaHTaXKEHO
nporpamy StandardFirmata, sika 103BoJisie KEpyBaTH MPUCTPOSIMHU Yepe3 MPOTrpamy,
10 BUKOHYETHCSA Ha MEPCOHATBHOMY KOMIT'IOTEPi, Ta MOXKe OyTH CTBOpEHa Oyib-
SKOI0 MOBOIO TPOTpaMyBaHHS, IO MIATPUMY€E Tiepeaady [aHuX uepes
MOCJIIJIOBHUMA TOPT Ta MpoToKoa nepenayi nanux Firmata [13]. B Arduino UNO
MOXHa 3aBaHTAXUTHU 110 mporpamy 3a gonomororw Arduino IDE 3 menio File >
Examples > Firmata > StandardFirmata. B pganoMy Bumagky 3acTOCOBaHO
00’€KTHO-OPIEHTOBAaHY MOBY IIPOTpaMyBaHHS 3arajbHOro npusHadeHus Python 2.7
3 makeramu pySerial [14] Tta pyFirmata [15]. Takuii crioci6 kepyBaHHS poOOTOM
JTI03BOJISIE YHUKHYTH HEOOX1THOCTI porpaMyBaHHS KOpPUCTYBaueM
MiIKpOKOHTpoJiepa Arduino, ycyBae OOMEXEHHS Ha MOro maii OOYMCITIOBAIbHI
pecypcH Ta JI03BOJIIE€ 3acTOoCcyBaTH yci mepeBaru Python — 3pyunicTs i mpocrorta
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MOBH, 11 HAJIBUCOKUH PIBEHb, MOXKJIMBICTH MiJI'€JHAHHS Oyb-akux Python-makeris,
30KpeMa, /IS MAIIMHHOT'O 30PYy Ta MAallTHHHOTO HaBYaHHSI.

Jlna mporpaMmyBaHHSI poOOTa aBTOpaMu CTBOPEHO mporpamy prog.py [16],
sgKa CTBOpIOE 3B’A30K 3 Arduino Uno mmsixoM BHKOpUCTaHHS pySerial Ta
pyFirmata, ycraHoBItO€ TOYaTKOBE TMOJIOKEHHS poOOTa i, y pa3i HATHUCKYy Ha
knaBiatypi knasimn (BmiBo, BrpaBo, Bepx, Buusz, PageUp, PageDown, Home,
End), 36inpmrye abo 3MeHIIye KyT MOBOPOTY a; BIAMOBIIHOTO CEPBOMPUBOIY Ha
onuH rpamyc. dparMeHT KOy IIi€l TporpaMu IS BHUCTaBICHHS poOoTa B
MOYaTKOBE IMOJIOKEHHS, 10 BiAmoBigae Kytam (a1=90°, a;=50°, a3=90°, a,=150°)
MoKa3aHo Hik4de. B Hbomy sl, s2, s3, s4 — 00’€KTH CEpBOINPHUBOIIB, K1 Mij’ €IHAHI
710 BIAMOBIIHUX UG poBuX miHiB miiatu Arduino UNO.

from pyfirmata import Arduino, util

time=util.time # 11 CTBOPEHHS 3aTPUMOK 4acy board
= Arduino('COM15', baudrate=57600) # miara Arduino UNO sl=board.get_pin(‘d:3:s)#
cepBompuBia Ha 3-My EdpoBomy minHi S1.write(90) # nmosepHyTH Ha 90 rpaayciB
s2=board.get_pin('d:5:s")

s2.write(50)

s3=board.get_pin('d:6:s")

s3.write(90)

s4=board.get_pin('d:9:s’)

s4.write(150)

Konu poGoT onuHSIETHCS B 33JJaHOMY IOJOKEHHI, KOPUCTYBad HATHCKAWUTE
kjapimy P, mo6 3anmam'sTaTé moTo4HI KyTH cepBonpuBoaiB. LI Kytu y Burisii
KOpTeXYy (a1, a2, a3, &4) IOAAIOTHCS JI0 CIMCKY P, IO 1 SABJISIE COOOIO MPOTrpamy IS
KepyBaHHSA POOOTOM. SIKIIIO KOPUCTYBay 3aBEPIINB MPOrpaMyBaHHs, BIH HATUCKAE
kiaBimy Esc 1 Moxe 30epertu 1iei cucok. Jlami meit ciucok BUKOPUCTOBYETHCS Y
nporpawmi, mo kepye ' BM. Huxde nmokazana yacTHHA IIbOTO CIHUCKY:

P=[(90, 64, 90, 150),(176, 64, 90, 150), ... , (90, 50, 90, 150)]

Oynkiis key_handler BUKIIMKAEThCS 11T 4ac HATUCKY KJIaBIII HA KJaBiaTypi.
[{imouncnoBuit Koa KiaBimi 30epiraeTbesi B aTpuOyTi keycode o0’ekrTa event.
JlokanbHa 3MiHHA S — 1€ 00 €KT MOTOYHOTO CEPBOIIPUBOAY, a St — BEJIMUYMHA 3MIHU
kyta. [lorounuii kyt 30epiraeTbcsi B arpuOyti value. @ynkuiga addPoint monae
KOPTEX KYTIB (a1, 8, a3, 84) 10 CIIUCKY P.

def key_handler(event=None):
if event; # SKIIO KJIaBilia HATUCHYTA
k=event.keycode
print "keycode=" k
if ==39: s=s1; st=-1 # <smpaBo> elif
==37: s=s1; st=1 # <pniBo>
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elif k==40: s=s2; st=-1 # <uu3> elif k==38:
$=s2; st=1 # <BBepx>
elif k==34: s=s3; st=-1 # nazag <PageDown> elif k==33:
s=s3; st=1 # Bnepen <PageUp> elif k==36: s=54; st=-1 #
3akput <Home> elif k==35: s=s4; st=1 # Bigkputn
<End>
elif k==27: print P; board.exit(); r.destroy(); return P # puxig <Esc>
elif k==80: return addPoint() # noxatu Touxky <P> else: s=None
ifs:
s.write(s.value+st) # moBepHyTH Ha KyT S.value+st
time.sleep(0.1)
print s.value

[Ilo6 mporpama pearyBaja Ha MOJli KJIaBiaTypu BOHA TOBHHHA MaTH
rpadiuamnii iHTepderic. Halnpocrtimmii cnoci0 CTBOPUTH TakKy MOpoOrpamy —
BUKOpHUCTaTH cTanaaptHy 010miotexy Tkinter:

import Tkinter as tk

r=tk. Tk() # CTBOPHUTH BIKHO

r.bind('<Key>', key handler) # nos’s3atu noxiro <Key> 3 dynxiiero r.mainloop()
# ouiKyBaTH MOAIT

Ax npaBuno G-koA NEPENAETBCA 3 IEPCOHAIBHOIO KOMITIOTEpPa Ha
MIKPOKOHTPOJIEP 3 BUKOPHCTAHHSM IIOCIIJJOBHOTO TOPTY, HANPUKIAA, 3 TAKUX
nporpam sik Candle, ane takox moxke OyTu nepenaHuii 3a monomororo Python-
MOYJIs, 110 BUKOpHUCTOBYe makeT pySerial [17]. Po3pobiena aBropamu nmporpama
main.py [16], mo kepye I'BM, BukopucroBye moOmIOHHH  MOJIYJIb
(mysimple stream.py [16]) mus KepyBaHHS BEpCTaTOM Ta CIHCOK progl,
OTPUMaHHUM MPOrpaMol0 prog.py, Iis KepyBaHHA poborom. IIporpama main.py
yCTaHOBMIOE 3'enHaHHs 3 miaTtoro Arduino po6ora tTa GRBL-mmaroro Bepcrara
(BUKOPHUCTOBYIOThCSI pI3HI MOCHIAOBHI moptH, Hanpukiaaa COMI1S5S 1 COM14),
YCTaHOBJIIOE TIOYATKOBE TMOJIOKEHHSI po00Ta, BUKOHYE TEPITY YaCTUHY MPOTpamMu
po0oTa JyIsi yCTAaHOBKM 3aroTOBKM Ha BepctaT (progl[:11]), Bukonye G-kon st
BEpCTaTa Ta BUKOHYE JAPYTY YaCTUHY MPOTpaMu poOOTa Il TIepeMIlIeHHs] TOTOBOT
netani 3 Bepcrara (progl[11:]). L1 aii MoxxyTh OyTH MOBTOPEHI NOBUIbHY KIJIBKICTb
pa3 B 3aJIEKHOCTI BiJ KUIBKOCTI Jerajneil, mo noTpiOHo oO0podutu. OcHOBHa
YacTHHA KOAY NOKa3aHa HIKYE:

import mysimple_stream
for i in range(1): # 3amicTh 1 BBEIITh KiJIBKICTh TOBTOPIB ITUKITY
runProgram(program=prog1[:11]) # mepia yacTuHA MporpamMu podoTa
mysimple_stream.run("grbl0.gcode™) # nonomixkuuit G-xox mysimple_stream.run()
# ocnoBHuit G-koj runProgram(program=prog1[11:]) #
JIpyra 4acTHHA MPOTrpaMu podoTa
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board.exit()

Tyt runProgram(program) — dbyHKIIISI Il BUKOHAHHS TIpOrpaMu poboTa, siKa
OTPUMYE CIHCOK KOPTEXIB 3 KyTamMH. BoHa Il KOXKHOTO KOPTEXKY Y CITHCKY
program BHKJIHMKAaEe (YHKIIFO move(s, p) A KOXKHOTO KyTa p CEpPBOMPHUBOMAY S.
@OyHKIsT move MOBIIHPHO TOBEPTAE CEPBOIPHBII S HA KYT p 3 HOTO MOTOYHOTO
MOJIO’KEHHS. {7151 IbOTO BUKOPUCTOBYETHCS aITOPUTM MOKPOKOBOTO MOBOPOTY (Ha
1°) 3 HEBEIMKOI 3aTPUMKOK BKIHIII KOXXHOTO KpokKy. DYHKINS run MOTyJIs
mysimple_stream BukoHye G-kox Ha BepcraTi. BoHa MOXe OTpUMYBAaTH Ha3BY
TeKCTOBOTO (aitmy 3 G-koaoM. SKImo Ha3BU HEMa€e, TO BUKOHYETHCS KOJ y (dhaiii 3
Ha3Boto grbl.gcode. dparMeHT TakOTro KOAY MOKa3aHO HUXKYE:

N10 GO0 X-2.754 Y2.872 Z1.
N20 GO01 Z0. F100.
N30 X-4.872 Y1.686

N40 GOO X0 YO0 225
N50 M30

[lepen BuxiMkoM oCHOBHOTO G-KOJy J€KOJIU CJIiJl BUKJIUKATH JOTIOMIXKHUMH,
ak 1e mnokazaHo Bumie. ®aiin grbl0.gcode MicTuTh KOMaHIM TEpeMIllIEHHS
IHCTpYMEHTa 3 0e3MeyHO01 Z-KOOpJAUHATH B poO0OUy cucTeMy KoopauHat, T.0 sSKoi
3HAXOJAUTHCS Ha MOBEPXHI «3arOTOBKI:

N10 GO0 Z-25 N20
M30

Jlisg HanarokeHHs: poO040i CHUCTEMHM KOOpAMHAT LUIAXOM IEpEeMIIEeHHs
1HCTpyMeHTY B 1i T.0 Ta TectyBaHHs G-KOy BUKOpHCTOBYBaiau nporpamy Candle.

Ha puc. 1 nokazano naBuansuuii 'BM, a Ha puc. 2 — 3B’S13KM KOMIIOHEHTIB
I'BM. Ha Bineo [18] nokazano po0oTty 1i€i cuctemu. {51 criporieHHs HaBYaJIbHOI
3amayl 3aMicTh (pe3n OyJ0 BHKOPHUCTAHO MapKep, KU pUCYye Ha 3aroToBLI
3aady (irypy. 3aroToBka KpIimHUThCS JO CTOJIa BepcTara 3a JOMOMOTOK MAarHity.
VY iHmIOMYy BUNAAKY CIiJI Nepea0adyuTH CrelialbHUM MPUCTPIM IS 3aKpIIIICHHS
3arOTOBKHU, SIKMM NPUBOAUTHCA B [0 32 JOINOMOTOK IEBHOTO akTyaTopa 3a
curHasioM 3 Arduino. Kox mst Bepcrara 3 UIIK moke OyTtu cTBOpeHUI BpyUYHY Y
BUMAJKY HECKJIagHOi 00poOku abo 3a momnomoroto CAM-mporpamu. B nanomy
BUIAJKY 3alporpamMyBaTH TaKy €JIINTHUYHY TPAEKTOPIIO BPYUHY MPOOIEMATHYHO,
ToMy Ui aBTomaTusauii reHepauii G-xomy Oyno Bukopuctrano CAM-momysib
FreeCAD [19].
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Pucynox 1 - AHaB“IEAIJIB”HI/I.I\/i AFBM, SIKUM Kepsle po3po0ieHa nporpama

_rnain.p\,r + MK (Python + pySerial
mysimple_stream |¢ + pyFirmata)
-PY
G_:O CNC 3018 Pro + Po6or +
bl c:de » CNC-CAMTOOL Arduino UNO
grble (GRBL) (StandardFirmata)
Candle
» POTPANME i, 1 progpy |«
poboTa

Pucynox 2 — 38’s13ku kommoHeHTiB [ BM

BucHoBku. 3anpomnoHoBaHMi crocid mporpamHoro kepyaHHs ['BM
XapaKTEPHU3y€EThCSI TPOCTOTOIO peatizallii, HU3bKOI BapTICTIO KOMIOHEHTiB ' BM
Ta IMHUPOKUMH MOXJIMBOCTSIMU 3aBsiki MOBI Python Tta ii makeram. Y nepiry uepry
HOTO TMJIaHY€THhCSI BHUKOPUCTOBYBATM B HaBUalbHUX 1UIsAx. [Ipore, y pasi
3aCTOCYBaHHS OLIBIN HAAIMHOTO OONamHAaHHA 1 Crmoco0iB mepenadi 1UbpoBUX
JTaHUX, BIH Ma€ MEPCHEKTUBH 1 B MPOMHCIOBOMY BUKOpHCTaHi. B mailbyTHROMY
MJIAHYETHCA peajizyBaTh CUCTEMY aBTOMAaTHYHOTO KOHTPOItO, aAonoBHutu ['BM

167



BIJICOKAMEPOIO Ta AJITOPUTMOM MAIIUHHOTO 30pYy JUIs PO3Ii3HABaHHS 3aroTOBOK
pob6oToM. O3HAHOMUTHUCH 3 KOJAOM MPOrPaMHM, JOJYYUTHUCH O MPOEKTY, a TAKOXK
3JIMIITUTH CBOT MoOakaHHs Ta 3ayBakeHHs MokHa Ha GitHub [16].
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GALVANIC MECHANICAL CHROME CHROME AS A METHOD OF
INCREASING THE WEAR RESISTANCE OF WORKING SURFACES OF
PARTS

The article considers the method of galvanic-mechanical chromium plating to increase
the wear resistance of friction parts and to restore the size of parts that are underestimated due
to wear or violation of the technology of their processing.

In modern mechanical engineering and repair production, galvanic-
mechanical chromium plating is widely used to increase the wear resistance of
rubbing parts and to restore the dimensions of parts that are underestimated due to
wear or violation of their processing technology. Usually, for these purposes, thick
(more than 0.1 mm) chromium coatings are used, which are built up at significant
current densities to speed up the process. Such coatings are subject to a set of
requirements that all known methods for producing chromium coatings satisfy only
partially. First of all, the disadvantage of most methods is that as the thickness of
the coating increases, its roughness sharply increases. To eliminate it, a laborious
operation of grinding the surface of the coating is required, which inevitably
sharply increases microfracturing, porosity of the coating, which is the cause of
insufficient corrosion resistance and protective ability of chromium coatings. After
grinding, a micro-relief of the coating is obtained, which contributes to the rapid
wear of the counter body, for example, the rubber seal on the shock absorber rod.

One of the technological methods for increasing the wear resistance of the
working surfaces of parts is the method of galvanic-mechanical chromium plating,
which consists in the fact that in the process of chromium electrodeposition, the
resulting coating is periodically affected according to a given mode by a rotating
honing head made of a metal insoluble during anodic polarization and which is the
anode of a galvanic bath . The rotation of the honing head creates intense mixing
of the electrolyte, which allows the use of a high cathode current density. The
effect of hones on the coating makes it possible to achieve uniformity of the
coating and obtain a roughness of Ra 0.1...0.05 um.

The disadvantage of this method is that the grain size of the abrasive
determines the degree of surface roughness of the coating. The fine-grained
abrasives used in this case are characterized by a low removal rate and therefore
cannot smooth out the unevenness of the coating, which grows at a high rate at
high current densities. Thus, in this case, insufficiently high quality of the coating
IS obtained.

The closest method in terms of purpose, technical essence and the achieved
result is the method of galvanic-mechanical chromium plating of cylindrical
products, including the mechanical impact of the tool on the workpiece during
electrolysis at a current density of 10-500 A/dm2, with its relative movement
relative to the workpiece and rotation of the product or tool.
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Mechanical action is carried out with a mineral ceramic tool with a polished
surface at a pressure of 0.05-3 MPa. In this case, the relative movement of the tool
relative to the workpiece is carried out at a speed of 30-200 bits. x./min,
mechanical action is carried out at a circumferential speed of rotation of the tool or
product 0.9-5 m/min and an electrolyte temperature of 58°C or 18-30°C,
depending on the composition of the electrolyte. The use of this method makes it
possible to obtain, according to the author's certificate, a better chromium coating,
namely the 14th class of surface cleanliness, with a microhardness of 850-1250
MPa, a wear resistance of 1.6 mg, adhesion to the base metal of 25-30%, a uniform
distribution of the coating along the length of 2- 5 um, with a potential difference
between the instrument and the sample of 1.8 V.

The disadvantage of this method is that it does not always allow you to get a
high-quality coating, which is indicated in the copyright certificate. When using
the method, it is possible to obtain a low-quality coating with insufficient
uniformity of the distribution of the coating along the length of the product,
insufficient thickness and surface finish, microhardness, wear resistance and
adhesion to the base metal. This is explained by the fact that this method does not
provide for the use of an adjustable contact pressure on the workpiece surface, that
IS, it does not provide for the use of a tool made in the form of freely rotating and
freely moving rollers of a given weight relative to their own axis, located at an
angle relative to the axis of the workpiece, which produce better smoothing of both
internal and external cylindrical surfaces.

At the same time, the modes are not optimal and do not always provide
better coverage. In addition, this method is not suitable for chromium plating of
long cylindrical products, which is also its disadvantage. This method does not
provide for measuring the thickness of the coating during its application, which
also leads in some cases to obtaining a coating of underestimated or overestimated
thickness, which adversely affects the quality of the resulting coatings and limits
the use of this method.

The technical problem solved by the latest invention is the creation of a
method for galvanic-mechanical chromium plating of cylindrical products, which
provides a better coating due to the implementation of controlled contact pressure
on the surface to be treated and the use of optimal modes for implementing the
method. In addition, the technical task of this method is chromium plating of long
cylindrical products and obtaining coatings of a strictly specified thickness.

The method of galvanic-mechanical chromium plating of cylindrical
products, including the mechanical impact of the tool on the workpiece during
electrolysis, occurs at a current density of 10-500 A/dm2. In the process of
processing, the tool moves relative to the workpiece and rotates the workpiece,
mechanical action is carried out at a workpiece rotation frequency of 60-120 rpm
and an electrolyte temperature of 50-70°C. The tool is made in the form of rollers
freely rotating and freely moving relative to their own axis, with the smallest angle
between the axis of the workpiece and the axes of the rollers within 20-90° and the
weight of each of the rollers within 1-50 g, while the movement of the tool relative
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to the workpiece is carried out at a speed of 15-250 dv. x./min and the amplitude of
the movement of the tool, determined by the formula:

A=D+2D,
where A is the amplitude of the tool movement;
D is the maximum roller diameter.

The maximum relative movement of the rollers along their own axis is not
more than the length of the roller. According to the invention, the mechanical
action is carried out on the supported cylindrical product.

During the chromium plating process, periodic measurements of the coating
thickness are carried out. A high-quality chromium coating is obtained due to the
fact that an adjustable contact pressure is applied to the surface to be treated. Due
to the free rotation and free movement of the rollers with the smallest angle
between the axis of the workpiece and the axes of the rollers within 20-90 ° and the
weight of each of the rollers within 1-50 g, a mechanical effect on the surface to be
coated is regulated by the angle of inclination and the weight of the rollers in the
specified range. products. At the same time, due to the forces of friction and
movement of the tool, free rotation and free movement allow you to constantly
change the contact zone, while most of the surface of the rollers is involved in
processing. The contact point is blurred over the surface of the rollers, as a result,
the blur spot increases to 2-5 mm and the quality of the machined surface
improves. At the same time, wear of the rollers is reduced and the service life is
increased. In this case, the relative movement of the tool relative to the workpiece
IS carried out at a speed of 15-250 bits. h./min and the amplitude of movement of
the tool, determined depending on the diameter of the roller according to the
formula A=D-2D. All this contributes to the best smoothing of the "combs" of
chromium formed during coating, and provides a coating that is evenly distributed
along the length of the product, the necessary microhardness, wear resistance and
adhesion to the base metal. As a result, a better coating is obtained when applied to
both the inner and outer cylindrical surfaces of the workpiece.

The implementation of the maximum relative movement of the rollers along
their own axis at a length no greater than the length of the roller ensures that the
contact patch is washed out in both directions, which also improves the quality of
the coating. The implementation of mechanical action on the supported cylindrical
product provides the possibility of processing long cylindrical products. In
addition, during the chromium plating process, the measurement of the thickness of
the coating is carried out, which is carried out periodically so as not to damage the
coating. This allows you to consistently obtain a coating of the required thickness,
which also improves the quality of the applied coating.

The process of galvanic-mechanical chromium plating is carried out on a
special installation that provides the application of a chromium coating on the
treated surface of a cylindrical product with simultaneous mechanical action on the
deposited chromium layer. The installation must provide reliable electrical contact
of the workpiece with the source of technological current, carried out through the
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switching system of the installation. The design of the installation should provide
the possibility of rotation of the chrome-plated product and reciprocating
movement of the tool with the necessary pressing of the rollers (working elements)
of the tool to the surface to be treated in order to continuously mechanically impact
them on the chrome-plated surface during the entire process. In this case, the
smallest angle between the axis of the workpiece and the axes of the rollers is
provided within 20-90 ° and the weight of each of the rollers is within 1-50 g.

The design of the tool should ensure reliable constant contact of its rollers
with the chrome-plated surface of the product during the chromium plating
process. To process internal cylindrical surfaces, the tool rollers must be made with
a spherical outer surface. For processing outer cylindrical surfaces, the rollers must
be made cylindrical. In this case, the rollers are made of a non-conductive material
of the required hardness, for example, ceramic. The installation provides two
positions: loading and working. In the loading position, the design of the
installation ensures quick assembly and disassembly of the workpieces in the
centers outside the zone of contact with the electrolyte. In the working position, the
tool is in contact with the workpiece surface, which is washed by the electrolyte.

The machined surface can be both internal and external cylindrical surfaces.
The structural elements of the installation in contact with the electrolyte must be
made of chemically resistant materials. The remaining structural elements must be
reliably protected by a coating resistant to chromic acid vapors. The design of the
installation ensures the maximum relative movement of the rollers along its own
axis at a length not exceeding the length of the roller. When processing long
cylindrical products, the body of the product is supported, for example, by means
of support rollers located outside the electrolyte bath, and the product can move in
the bath as the chromium coating is applied.

CONCLUSIONS

Thus, the method of galvanic-mechanical chromium plating of cylindrical
products provides a better coating when processing cylindrical, including long
cylindrical products. This is achieved through the use of a tool made in the form of
freely rotating and freely moving relative to its own axis rollers of a given weight,
located at an angle relative to the axis of the workpiece, and more optimal modes
of implementation of the method. This method also allows chromium plating of
long cylindrical products and ensures the production of coatings of a strictly
specified thickness. At the same time, by reducing the wear of the rollers, their
service life is increased, which has a positive effect on the application of the
method.
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METHOD OF LOCAL STRENGTHENING OF STEEL PARTS.

The article considers the method of local strengthening of steel parts, due to the fact that
often to achieve the specified characteristics of the part consumes less energy and increased
ability to change properties under the influence of temperature. The proposed method can
significantly increase the wear resistance of the surface layer and improve the operational
reliability of machine parts.

To bring mechanical engineering to the proper level, it is necessary to
improve the quality of manufactured products. To do this, it is necessary to follow
the latest scientific developments in world science. One of the modern methods of
improving the performance of machine parts, cutting tools, foundry equipment is
the use of electromechanical processing (EMO). This method allows to increase the
performance characteristics, such as strength, wear resistance, corrosion resistance
[1-3].

Electromechanical processing (EMO) of metal parts is one of the modern
science-intensive technologies. It is characterized by a complex multifactorial
interaction of phenomena of different physical and chemical nature that occur in the
system "tool-product”. This necessitates a systematic approach in the development
of this technology, including process analysis and on its basis the choice of optimal
ways to implement EMO to obtain products with predefined for specific operating
conditions service properties [4, 5].

The paper proposes a method of local hardening of steel parts, which consists
in creating a corona discharge field on the machining surface using an electrode
made of material implanted under the action of superimposed electric voltage with
a given potential difference. As a result, an ordered technological environment is
created in the technological space, in which the formation of the surface layer of the
working surface of the part is carried out.

The method is as follows. A constant or pulsed voltage with a given potential
difference is applied to the surface of the part to be strengthened. Machining modes
are set on the lathe and tool part. The processing scheme is presented in fig. 1. The
current supply is not through the tool, which leads to a significant increase in
temperature, but through the conductive cord corona discharge, while the applied
potential difference of additional sources of current promotes the transfer of
electrode ions to the sample surface and due to potential differences ions are
implanted to the surface. Thus, the structure of the surface layer of the future
working surface is streamlined.
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1 - detail; 2 - electric current; 3 - power supply; 4 - high voltage generator;
5 - corona discharge electrode; 6 - working electrode; 7 - corona discharge

Fig. 1 - Scheme of local strengthening of steel parts

On the basis of experiments and research, we obtained results that indicate a
change in surface stability during the wear test.
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FEATURES OF FORMATION OF THE TRAINING TRACTOR OF THE
TOOL IN THE WORKING ZONE OF THE HEXAPQOD.

The article presents an analysis of the features of the formation of the trajectory of the
tool in the working area of the hexapod. Recommendations are given on the use of a
mathematical apparatus for modeling the executive movements of a hexapod.

The development of the machine-building industry of Ukraine requires the
improvement of the means and methods of shaping machine parts and their control
[1]. A promising direction in the creation of technological machines, including for
machining, is the use of equipment based on mechanisms with parallel kinematics
[2, 3]. Their features are: high structural rigidity; achievable accuracy of working
movements with low (in comparison with traditional equipment) metal
consumption [1-3].

Currently, machine tool firms widely offer hexapod and tripod machines,
however, their use is associated with the complexity of controlling actuators to
ensure a given trajectory of movement [4, 5].

Currently, the number of works in this direction is limited. This, in our
opinion, is due to the fact that there is a need to solve direct and inverse problems
of geometric design of dimensional bonds in classical representatives of
mechanisms with parallel kinematics - hexapods [5].

No less complex problems arise in the mechanisms of tripods, pantopods,
and rotopods. The solution of problems of geometric design becomes even more
complicated when moving from an ideal scheme of a mechanism with parallel
Kinematics to its practical implementation.

The trajectory is given by a set of linear and angular coordinates of the
current position of the tool as a function of time t. In this case, the position of the
ends (hinges) of the controlled rods of the mechanism should be taken into
account.

Such optimization of the trajectory improves the quality of the machine
under consideration, since due to the absence of a reverse of the drive motors,
transient processes are reduced, which potentially reduces the likelihood of self-
oscillations.

It can also be noted that such optimization can be carried out not only at idle
run of the tool between technological operations, but also during its operation. This
is due to the fact that different lengths of rods can correspond to the same position
of the working tool in the hexapod design, and by choosing them accordingly, you
can achieve the optimal trajectory.
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THO®OPMAIIMHO-KOMIT'FOTEPHI TEXHOJIOI'Ti ITPHA
BUKJIAJAHHI EKOHOMIKH

Bukxopucmanns ingpopmayitino-xomn 1omeprHux mexHoao2il, 6 HABUAIbHOMY NpPOYeci,
30L1bULYE MONHCIUBOCINT NOCMAHOBKU HABUANbHUX 3A80AHb | YNPAGIHHA NPOYECOM iX BUKOHAHHSL.
Ingpopmayitino-xomn 'romepni  mexnono2ii.  003601510Mb ~ SAKICHO — 30IUCHIOBAMU  KOHMPOb
OisAnbHOCMI cmyOenmis, 3abe3neyyouu npu YooMy HYYKICMb KEePYBaHHs HABYATbHUM NPOYECOM.
Ceped Hu3zKku cydacHux nioxoo0i@ 00 HABYAHHS 6dcoMe Micye 3aumae OUCMaHyiuHa Gopma
HAaBYaHHA — HO8A (hOpMa OCBIMHLO20 Npoyecy, AKA 0A€ 3MO2Y BYUMUCA MA HAOAE YMOBU O
AKICHOT pobomu i cnputinamms iHghopmayii.

The use of information and computer technologies in the educational process increases
the possibilities of setting educational tasks and managing the process of their implementation.
Information and computer technologies allow high-quality control of students' activities, while
providing flexibility in managing the educational process. Among a number of modern
approaches to learning a, distance learning plays a significant role — a new form of educational
process that allows you to learn and provides conditions for high-quality work and perception of
information.

Ha cporoisi Bce OLIBII MOMITHA OPi€HTOBAHICTH B CTOPOHY 1H(1)0pMau1HHo-
KOMIT’ FOTEPHUX TEXHOJIOT1i, IIMPOKO BUKOPHCTOBYETHCS NMCTAHIIIHE HABYAHHS B
pe3ynbTaTi iHhopMaTH3allli Cyc-ibCTBa 1 peOPMyBaHHS CUCTEMHU OCBITH.

V¥ cyuyacHux ymMmoBax YKpaiHa MOCTYIOBO IEPETBOPIOETHCS B 1IHPOpMALIHY
JepKaBy, IO MPHU3BOJIUTH JO 3HAYHOTO 301IBIICHHS nepeniKy BUMOT I110]10
BHKOPHCTaHHs! 1H(OPMALIHIX Ta KOMII FOTePHHX TEXHONOTIi, IPAKTHYHO, B YCIX
rajy3sx AisUTbHOCTI JIFOJIUHU, 30KpemMa 1 B OCBITI.

AKTyanpHICTh  JaHOI TeMH  OOyMOBJIEHA  CTPIMKHUM  PO3BUTKOM
1H(}OpMAIITHO-KOMIT FOTEPHUX TEXHOJOT1A Ta 1X BIPOBAJKEHHSM B HaBUYAJIbHUN
mpolec, Kl Horo yJaocKOHamwoKTh. Peamizaiis mpouecy iHdopmaTuzauii Ta
3aCTOCYBaHHS €JIEKTPOHHOI OCBITU SIK HE-TIEPEPBHOTO MpoIlecy € ehEeKTUBHUMU
TEXHOJIOT1SIMHU.

[lutanHs BHpoBaKeHHS €(EKTUBHUX TEXHOJOTIM y HAaBYAJIBHMHA IPOIIEC
posrnsganocs me B 20-x pokax XX cr. y npausx bextepera B., IlaBnoma I.,
VxTomcrkoro A., Ilamnekoro C.

[HHOBAIIMHI TIearoriyHi TEXHOJIOTIi B OpraHizaiii HaBYajJbHO-BHXOBHOTO
NpoIecy, y BHU- IIMX HABUAIBHUX 3aKjiafax, PO3MIISAAINCh B JIOCIIKEHHSIX
bornanoBoi 1., bomnapa B., T'ox6epr O., €Bmoxumoa O., Kosznoscwkoi I.,
Cunopenka C., Ciio0oeHIoKa A. Ta 1HIIHX.

[HpopMaIiitHO-KOMIT FOTEpHI TEXHOJOTIi — i€ MporpaMHe ¢ amapaTHe
3a0€3MEeUCHHSI MepP- COHAILHUX KOMII IOTEPiB, TEXHOJOTIi 00poOKH, 30epeKeHHS,
BiOOpY Ta TpencTaBlieHHs 1H(poOpMa-ilii, TIoOaJbHA KOMIT IOTEPHA MEpPEKa
[HTepHeT Ta iH1IE.
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Metoro  crarTi € 3aMPOBaJIKCHHS 1H(1)0pMaumHo KOMIT’ FOTEpHUX
TEXHOJIOT'1H, 30KpeMa JAMc- TAaHUIWHUX, 1J1s 3a0€3MeUeHHs IKICHOI OCBITH B BHUILUX
HaBYaJIbHUX 3aKIagax.

Cy4acHuil ~CTaH PO3BUTKY  CyCHIIBbCTBA XapaKTepU3yeThes PI3KUM
3POCTAHHAM iH(pOpMALIHUX TOTOKIB HE TLIBKHM B 3aC00ax MacoBoi iH(popMarii,
ae 1 y cdepl BUpOOHMITBA, HAayKH, KyJIbTypu. SIKIIO JIOHENAaBHA CTYIIHb
PO3BUTKY CYyCIIIbCTBA BH3HAYaBCsl CTYNECHEM HOro iHAycrpiamisamii, TO Ha
ChOT'OJIHI BU3BHAYAETHCS CTYIICHEM 1H(1)opMaTH3au11 [1].

Bucokuii piBeHb iH(popMaTu3arii i B ocBiTH. KoMIT'1oTep cTaB HeBi €MHUM
aTpuOyTOM HaBYaNbHUX 3akianiB. OOpobutu iHpopMaIiiiHi TOTOKH Oe3
3aCTOCYBaHHS KOMIT FOT€PA HEMOXKIIH-

Bo. Komm’rorep, B 1HQOpMaLIMHUX TEXHOJIOTISAX HABYAHHS, BUKOPUCTOBYIOTh K
OIVH 3 epEKTHBHUX 3ac00iB 0OMiHY iH(OpMALIi€TO.

Komm’ I0TEP BUKOHYE ¢byHKIIT pob60OYOro 1HCTPYMEHTY: 3aco0y MiArOTOBKU
TEKCTIB Ta iX 30€peKeHHs; TEKCTOBOTO pENAKTopa; rpadiuHOTO pPEeNaKkTopa;
O0YMCITIOBAJILHOT MalIMHM; 3aco0y MojentoBaHHSA. DyHKII0 00’€KTa HaBUaHHS
KOMIT'IOT€p BUKOHYE MpHU MPOTpaMyBaHHI; CTBOPEHHI MPOTPAMHUX MPOAYKTIB;
3aCTOCYBaHHI PI3HUX 1H(OOPMAIIIHHUX CepeIOBUIII.

3 _PO3BHTKOM ~ Ta  BHPOBAUKCHHAM iHOpMALIIHO-KOMIT IOTEPHHX
TEXHOJIOT1M CTajio MOX-JIMBHM 1 BUKOPHUCTaHHs [HTepHET-pecypcy y BHKIIAJaHHI
€KOHOMIKH, 110 € BaXKJIMBUM 3aBJIaHHSIM.

Komm’rorepusaliiss HaB4YaHHS, 30KpeMa E€KOHOMIKH, NOTpedye HasBHOCTI
CHELaJIbHO OpraHi-30BaHOi KOMIT'IOTEpPHOI HaByalbHOI mporpamu. [IpoBeneHHs
3aHATTS 3 BUKOPUCTAHHAM 1H(POpMa- LIHHO-KOMIT IOTEPHUX TEXHOJIOTI BUMAarae
BIJl BHUKJaJaya IIE€BHOI IMIJTOTOBKH, 30KpEMa BUKOPUCTAaHHS pPI3HOMAHITHOIO
IPUKIJIAJHOTO IIPOTrPAMHOI0 3a0€3MEUECHHS.

YuM mupIie 3acTOCOBYIOThCS HOBITHI KOMIT IOT€PHI TEXHOJIOTIi B MpoOLEC]
BHUBUYEHHSI €KOHO-MIKH, TUM €(PEKTUBHIIIMMH € pe3ysbTaTH HaBuaHHS. CTyAeHTU
KOPHUCTYETbCS €JIEKTPOHHUMU MaTte-piajlaMd, BHUKOHYIOTh 3aBJIaHHS, TECTH,
CKJaAaroTh Oi3Hec-maHu. Ha MynpTUMeEniiHIi TOomii mpo-XOAsaTh Mpe3eHTallli
TEM Kypcy €KOHOMIKU. [HTepHeT-pecypcu BHUKOPUCTOBYIOTHCS Ha 3aHATTIX 3
€KOHOMIKHM [JIsl 3aCBO€HHS Marepiaiy, UIIOCTpallii, MOBTOPEHHS 1 NEpeBIpKU
OTPUMAaHUX 3HaHb, aKTyali3alllil Ta 3aKPIIJICHHS 3HAHb.

PI3HOMaHITTS TCOPCTUYHHX CKOHOMIYHHX 3HAHb, 3aCTOCYBaHHS IX Ha
MPAKTHIL, YMIHHS aHAII3yBaTH GKOHOMIYHI CHTYyallii, POOMTH MEBHI OOYHCICHHS,
OymyBatu rpaQikd, po3yMiTH CTAaTHCTHKY, 3arafKOBICTh Cy4aCHHX IOCIiKCHB,
OCOOJIMBOCT] KUTTSI HACEJCHHS PI3HUX KpaiH, iX-HI# EKOHOMIYHHMI PO3BUTOK,
rocTpi €KOJIOTIYHI Ta jAemorpadiyHi npoOJieMd ChOTOJEHHS, Bce MLEe — 3
BUKOPUCTAHHSAM TIPOTPaMHHUX 3aco0iB, TaKWX $K EJICKTPOHHI MIAPYYHUKU U
HaBYaJIbHI ITOCIOHHUKH, MynLTHMez[iﬁHi SHIUKJIONEMll, IO BiI[KpI/IBaG JIOCTYII
CTYACHTAM JI0 BEIMKOro 00’eMy HOBOI 1H(pOpMaIi, sika B TpagUUifHOMY BUIJISAL
(Ha manepoBiif OCHOBI), MPAKTUYHO, HE pealisyeThes. Ile crpusie BUXOBaHHIO B
CTYICHTIB 3/JaTHOCTI BIA4yBaTH, Oa4UTH npo6neMH [Inpoko BUKOPHUC- TOBYOTHCS
[HTepHeT-pecypen U MiATOTOBKH JICKIiH, HAOYHOTO MaTep1aJ1y y BUTIISII CXEM,
KapT, CTBOPEHHS MYJIbTUMEIINHUX IIpe3eHTallii Oy1b-SKOi TEMH.

Takum duHOM, 1H(OPMAIIHHO-KOMIT IOTEPHI TEXHOJIOTIl TMiABUIILYIOTh
e(peKTUBHICTh HaBUAIBHOIO TMpolecy. EnekTpoHHe HaBuaHHs Oa3yeTbcsl 1 Ha
3aCTOCYBaHHI JMCTAHLIMHUX TEXHOJOTIH, SIKI JO3BOJIAIOTh OPraHi3yBaTH IMPOIIEC
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HABYAHHS, AK IPOIEC B3a€MOJIIT CTYJCHTIB Ta BUKIaJa4a, CTYACHTIB Mixk c0000,
He3BaXKal04H Ha 1X (i3U4HE PO3MIILICHHS y MPOCTOPI Ta Yaci; BlI[KpI/IBaIOTB J0CTy
0 HABYAIBHUX MaTepialis 3 6ym,-;11<0ro MicIsl Ta B 6YI[L KUl yac. Po3BUTOK
JCTaHIIHHOI OCBITH He BHMAJKOBUI — II¢ 3aKOHOMIPHICTh ajanTaiii OCBITH 10
CY4aCHMX YMOB: BUKOHATU COLIa/IbHC 3aMOBIICHHS CYCIIIBCTBA 03 OCOOIMBHX
MAaTepialbHUX BTPAT 3 OOKY ACpiKaBH. I[HCTaHLuHHe HaBYAHHS PO3IJIANAIOTH SIK
CYKYIHICTh 1H(OpMaLIHHUX TEXHOJOTIM, sKe 0a3yeTbcs Ha BUKOPHCTAHHI
KOMIT FOTEpiB, €IEKTPOHHMX IMIIPYYHHUKIB 1 Take iHIIe. Lle #f poOuTh nucraHiiiiine
HaBYaHHS TexHoJoriero HaBuaHHg XX cTopiuus.

XapakTepHUMHU pucamu € THYYKICTh, MOJYJBHICTb, EKOHOMIYHA
e(heKTUBHICTh, KOOPIMHALI{HA PONIb BHKJIa[a4a, BUKOPUCTAHHS CIICIiali30BaHUX
¢opM 1 3ac001B HaBUaHHS, A€ BCE K TAaKU HisKa (popMa HaBUAHHS HE 3aMIHUTh
HaBYaHHS B ayz(HTopn 31 CTYICHTaMH.

I1ix MCTAHIITHOO OCBITOIO PO3YMIOTh IIMPOKHIA CIICKTP OCBITHIX MPOrpam
1 KypciB, NMOYMHAIOUM BiJ KypciB MIJBUIICHHS KBaiiikalii, 1m0 He MaroTh
aKpeIuTalli, 3aKiHYyloYH aKpEeJUTOBAHUMU MPOrpaMaMH BHINOI OCBITH, SKi
peani3yroTh MOXJIUBICTh TICHOTO CIUIKYBAHHSI CTY/ICHTIB 31 CBOIMHU BUKJIaJadyaMHu 1
OJTHOKYpPCHUKaMH, SIK 1€ Bm6yBaeTLc;1 OpyU OYHOMY HaB4aHHi. [y 3a0e3neyeHHs
eekTHBHOT B3a€MOZIi HpH I[I/ICTaHI_III/IHOMy HAaBYAHHI BHKOPHCTOBYETBCS LILIHM
CIICKTP 3aCO0IB: IHTEPAKTUBHI KOMII IOTCpHI TpOrpamH, pI3HOMaHITHI CepBicH
Internet, enexTponHa nomira, TenedoH, pakc 1 3BuvaiiHa momra [2].

binpuricte METOAMK BUKIIAaHHS nepeadadae 0e3ocepeHE CIIUIKYBaHHS B
yMOBaxX ayJIUTOPHUX 3aHSTh, B TIOBHIA Mipi SKUM BIANOBIAAIOTh BeO-miatopma
Zoom Tta Google ceppicu: Blogger, Google Classroom. Be6-tatdhopma Zoom
BUKOPHUCTOBYETHCS, IEPEBAXHO, JUIsI MpPOBe- JCHHS JEKIi 3 J10AaTKOBUM
BUKOPUCTAHHSM NPE3CHTALlI}, BileOMaTepiaiB Ta TaKe iHIIe.

3a nomomororo cepsicy Blogger peamisyeThcs BHKOHAHHS IIPOCKTIB 3
JUCLMILTIHU: CTBOPCHHS BE0-KBECTIB, 1110 CIIPUSIE MIABUIICHHIO y CTYJIEHTIB PIBHS
camoopranizailii, po3BUBa€ HaBHYKH POOOTH B TPYIIi, CIPHUIE PO3BUTKY TBOPUHX
3110HOCTEH.

Beb6 - cepic Google Classroom jae MOXJIMBICTH CTBOPUTH MOBHOI[IHHE
BIPTyaJIbHE OCBITHE CEPEAOBHILIE. BipTyanLHe OCBITHE CEpEJOBUIIE MOKHA
TPAKTyBaTH K HaBYAIbHE OHJIaH-CEPEIOBHINE, CIEIUPIYHUN BIIKPUTUN
JUHAMIYHUHN TPOCTIp peam3au11 OCBITHBOTO TIporiecy [3].

JIucTaHLIHI TEXHOJIOTIl HE 3aBXIU € MEPEIIKOJOI0 JJsl HaJlaHHS SKICHOT
OCBITH, @ CTBOPIOIOTh 1 YMOBHU JUIsl OBOJIOJIHHS HOBHUMM HaBHYKaMH, B YMOBax
M(POBUX TEXHOJIOTIH, B OCBITI, B peajisix CbOTOICHHS.

JlucraHIiiine HaBYaHHA — 1€ TEXHOJIOTiS, IO 0a3yeThCs Ha MPUHIIUIIAX
BIJIKDUTOTIO HaBYaHHS, IIMPOKO BUKOPUCTOBYE KOMIT FOTEPHI HaBYaIbHI MpOTrpaMu
PI3HOTO MpPHU3HAYCHHS Ta CTBOPIOE 3a JOINOMOTOH CYYaCHHX TEICKOMYHIKarliii
iHpopMmalliiiHe OCBITHE CEPENOBUIE [UIS IIOCTAYaHHS HABYAIBHOTO MaTepialy Ta
crinkyBaHHsA. JlucTaHIiifHe HaBUaHHS Mae€ HU3KY I[epeBar TMepea  1HIIMMHU
¢opmamn HaB4aHHs. Tak, MPAaKTUYHO, HE BUXOLSIYH 3 JIOMy YH HE MOKHJIAI0YH
CBO-T'O poOOUYOT0 MICIIS, MOXKHA anpHMyBaTH peryn;{pHI/H/I KOHTaKT 3 BUK/IajlaueM
3a JIOTIOMOTOI0 Te-JIEKOMYKAI[IHIX TEXHOJOTiH, y TOMY YHCHi BiZI€03B’sI3Ky, Ta
OJIep>KyBaTH HaBUAJIbHHUM MaTepiall B €JIEKTPOHHOMY BUTJISAL.
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BukopucTanms Mepexi Internet 1ae MOXINBICTB ONEPATUBHOTO AOCTYILY [0
1H(bopMaumHI/Ix pecypciB HAaBYAIBHOIO 3aKiajy Ta MOXKIMBICTh C(QEKTHBHOI
B3a€MO/II1 «BUKIIaau-CTyICHT», K B online, Tak 1 B offline pexumax.

Takum 9rHOM, 3aCTOCYBaHHS 1H(bopMau1HHo KOMIT FOTEPHUX TEXHOJIOTIN, B
OpraHisarlii HABYaJIbHOTO MPOLECY, LO3BOIISIE MIABUIIUTH e(beKTHBchTL HaBYaHHSI
1 3a0e3meunTH KOHTPOIb 3HAHB, POBLIMPUTH OOCSAT POMOHOBAHOT HABYAILHOT
iHpopMmarllii, Jomomarae pO3BHTKY IIi3Ha- BaJbHOI disUTBHOCTI CTY/CHTIB,
IIUPOKOMY PO3KPUTTIO iX 3/10HOCTEH, aKTUBi3allli pPO3yMOBOi MisJILHOCTI Ta
1HTEpeCy 10 MpeAMETY BUBUCHHS.

BUCHOBKU

BnpoBamkenns iHpopMaiiiHO-KOMIT FOTEPHUX TEXHOJOTIH y TeAaroriyHuii
MIPOIIEC BUIIOI IITKOJIA € HEOOX1THOIO YMOBOIO JIJISl PEAIbHOTO ITiIBUILIEHHS SIKOCTI
HaBYaHHS, CHPSMOBAHOCTI Ha MIJATOTOBKY (haxiBIs 3JaTHOTO TOBHOIIIHHO
peamizyBatd cebe B ymoBax 1HGOpPMAIIITHOTO CYCHUJIbCTBA. BripoBamkeHHS
U(POBUX TEXHOJOTIH, B OCBITHIM MpOIEC, ICTOTHO MPHUCKOPIOE TMepeaady 1
3aCBOEHHS  3HAHb, CHpPUSAE MIABHUINECHHIO SKOCTI HABYaHHS  CTYJEHTA,
ypi3HOMaHiTH10€ HOTro JISJIBHICTh HA 3aHATTI, IO J1a€ MOXJIMBICTh MaHOyTHIM
(daxiBUAM YCIIIITHO 1 MBUIKO aaNTyBaTUCS B CydacHoMy CYCIUIbCTBI.

Takum 4MHOM, 3aCTOCYBaHHS 1H(1)opMau1HHo KOMII’FOTEPHHUX TEXHOJIOTIH 1y
JHUCTaHIIiHIA (OpMI HaBYAHHS € HEBIJ'€MHOIO CKIIALOBOIO CY4acHOI OCBITH. Ix
BUKOPUCTAHHS J1a€ MOXJIMBICTh MJABHIINTH SKICTh OCBITH, 3a0€3MCUNUTH
HABYaJIbHO-BUXOBHUI TIPOLIEC, MIABUIIUTHA TTPOdeciiiHy MOOUTbHICTh, aKTUBHICTS 1
MOTHBAIIIIO IO HABUAJIBHOI JISTTBHOCTI, 32 KX CTYJIEHTU BUUTUMYTHCS HE TUIBKU
3aCBOIOBATH 3HAHHS, & I CaMOCTIHHO iX 31100yBaTH, BUKOPHCTOBYBATH OTpHMaHi
3HAHHS M1J] YaC HaBYAIHHOTO Tporecy Ta y MOBCSIKICHHIN JTISITBHOCTI.

Omxe, Ha CHOTOJHILIHII JCHb, IUCTAHLINHA OCBITA IIBUIKO PO3BUBAETHCS
Ta BJIOC- KOHAJIOETBCSL. 3alPOBAIKYIOTHCS HOBI Cy4acHI TeXHOIOTII st TOTO, 100
OCBITHI mporec 3 Oyab-sSKOi AMCHUIUIIHK OYyB 3pYYHHUM Ta SKICHUM s
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Canon C.II., Kocmau O.Il., Buaacwok B.A. (Hayionanehuii yHisepcumem
«YepHiziecoka nonimexnikay, m. Yepnicie)

ITOKA3ZHUKHU EHEPI'OCIIO’)KUBAHHA, SAIK IHCTPYMEHT
MOHITOPHUHI'Y IHTEJEKTYAJBHUX INITUHAEJBHUX BY3JIIB

OcHOB8HOI0 KOHYENnyieio eepcmamis H08020 NOKONIHHA € MONCIUGICMb IHMENEeKMYATbHO20
MOHIMOPUHSY MA KePYBAHHS U020 8V31aMU. 3ACMOCYB8aHHs NOKAZHUKIE eHepeOCNONCUBAHHSL, 5K
IHCMpPYMEeHmy MOHIMOPUH2Y CMAHY WNUHOEIbHUX 6Y3/118 00360JA€ 30IUCHIO8AMU MAKUll
MOHIMOPUHE He 8MPYUAlOYUCL 8 KOHCMPYKYII0 WNUHOENbHO20 8Y31d. B pobomi npedcmasneno
0271510 MOMNCIUBOCMEU 3ACMOCYBAHHA OAHUX NPO CHONCUBAHY NOMYICHICMb Ma CULY CIMPYMY
NPUBOOHO20 OBUSYHA B8 SAKOCMI IHCMPYMeHmi6 MOHIMOPUH2Y CMAaHy ma YAPAGIiHHSA
IHMeneKmyanbHUMU WNUHOCTbHUMU 8Y3TAMU.

The ability to intelligently monitor and control its components is the basic concept of the
new generation of machine tools. The use of energy consumption indicators as a tool for
monitoring the condition of spindle units allows such monitoring without interfering with the
design of the spindle unit. An overview of the possibilities of using data on power consumption
and current of the drive motor as tools for monitoring the condition and control of intelligent
spindle units is presented in the paper.

IlocranoBka mnpoOJemu. [HTENEKTyaldbHl IINUHAEII € OCHOBHUMH
KOMIIOHEHTaMU HOBOro mnokojiiHHd SMART-BepcTartiB, $Kli pO3MIMPIOIOTH 1X
(yHKLIOHAJIBHI MOKJIMBOCTI B HANpsSMKY BHUMIPIOBAHHS 1 JIOKaJbHOI OOpOOKH
JAHUX Tpo iXHI MapaMeTpu y BIANOBIAHOCTI 10 NapajurMu Kioep-(pi3uuHuX
cucteM y pamkax Industry 4.0. OCHOBHOIO KOHIEHIIEID BEPCTATIB HOBOTO
MOKOJIIHHSL € MOJKJIMBICTh 1HTEJEKTYaJIbHOIO MOHITOPUHTY Ta KEpyBaHHSA MOro
By3JlaMu. BiAMOBIAHO CTBOpPEHHS 1 AOCTIIHKEHHS (DYHKIIIOHATBHUX MOYJIMBOCTEH
IHTENIEKTyIbHUX  INMUHJACIBHUX  BY3JIB  HAaWOMMKYUM  9acoM  OyayTh
aKTyaJbHUMU.

[HTEeNneKTyanbHl IMMUHAEIBbHI BY3JM MepeadadaroTh I1HTETpalliio pPi3HUX
JATYUKIB, SKI 37aTHI BHU3HAYaTH JWHAMIYHI XapaKTePUCTHKH, CKCIUTyaTaIiiHi
napamMeTpu, CTaH IIMUHJAETS Ta mporecy o00poOku. OcoOIMBOCTI MPOIECIB
MeXaHIYHOI OOpOOKHM pi3aHHSIM, KOHCTPYKIliS CY4YaCHUX BHCOKOIIBHJIKICHUX
IIMMAHJIETBHUX BY3/iB BHOCITH TEBHI OOMEXKEHHS Ta BHUMAararoTh KOMITAKTHOI
1HTerpauii 1 ONTHUMAJIbHOIO PO3MIIIEHHS JaTYMKIB, MPHUBOJIB, KOHTPOJIEPIB Y
CTPYKTYpl 1HTEJIEKTYaJIbHUX IIMUHICIBHUX BY3JiB. 3aCTOCYBaHHS TOKa3HUKIB
CHEepPrOCIOKUBAHHS, SIK IHCTPYMEHTY MOHITOPWHTY CTaHy INMUHICIBHUX BY3JiB
JO3BOJISIE 3/IIMCHIOBATH TaKWW MOHITOPUHT HE BTPYYAarOUUCh B KOHCTPYKIIIO
HIMUHACIBHOTO By3JIa.

AHaJIi3 OCTaHHIX J0CTizKeHb i myOaikamniid. 3anpornonoBana B po6orti [1]
eHepreTuyHa MoJIejb TEXHOJIOTIYHOI CHCTEMHU Omepallii Moxke OyTH 3acTOCOBaHa
SK OCHOBAa METOJWKU OI[IHKM €HEProe(PEeKTHUBHOCTI OCHOBHHMX Ta JOMOMIKHUX
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MPOLIECIB, IO PEeai3yloThbCs BUKOHABYMMHU BY3JIaMH Ta CHCTEMamMu OOpOOHHMX
BEpCTAaTIB, 30KpeMa MIUHICIbHUMH By3J1aMU TaKOXK.

B monorpadii [2] po3pobiena MeToanka PyHKITIOHAIBHOTO T1arHOCTYBaHHS
eHeproe(PeKTUBHOCTI ~ aCHMHXPOHHHMX  €JCKTPOABUTYHIB 3a  pe3yibTaTaMu
BUMIPIOBaHb EKCIUTyaTalliiHuX mnapamerpiB (ctpymiB i1 Hampyr). [lokaszano, 1o
3allpOIIOHOBAHA METOJMKAa MOXXE 3aCTOCOBYBATHCS B CHCTEMax MOHITOPHHTY,
(YHKI[IOHaTBFHOTO JM1arHOCTYBaHHS, a TaKOX JUIsl MPOBEACHHSA MOPIBHSUIBHOI
OIIIHKM €HEProe()eKTUBHOCTI PI3HUX THUITIB ACHHXPOHHHUX EJICKTPOIPUBO/IIB,
30KpeMa i1 OIIIHKM eHeproeheKTUBHOCTI IPHUBOJIIB IIIMHUHJCIBHUX BY3JIIB
MeTaJIOpi3aJIbHUX BEPCTaTIB.

3anponoHoBaHa B poOOTi [3] Mojenb sl OLIHKKM 1 MPOTHO3YBaHHS
TEOPETUYHOTO CIIOXUBAaHHS €HEprii B mporeci Qpe3epyBaHHS MoOxke OyTH
MPUKIIAJAO0M TIAXOAY ISl PO3POOKU MOJieNiel eHEeproCOKMBAHHS 1HIIUX MPOIIECIB
00poOKH.

@®opMyJIIOBAHHA paHillle HEBUPILICHUX YACTHH 3arajibHOI MpoOdJjeMu.
Crnil BIAMITUTH, IO KOXKEH BEPCTAT, KOKEH MOro By30J1 a00 cUCTeMa MaroTh CBOi
IHAUBIAyallbHI 0coOnuBOCTI. He icHye nBOX aOCONIOTHO OJHAKOBUX 3a BCIMa
napaMeTpamMH BepcTaTiB a0o0 IIMUHAEIBHUX BY3IiB. Lle 3yMOBIEHO aHI30TPOIMI€0
BJIACTUBOCTEN MarepiajiB, 3 KX BOHU BUTOTOBJICHI, PO3CIIOBAaHHSM MOKA3HUKIB
TOYHOCTI O00poOKM 0a30BMX Ta BHUKOHABYMX IIOBEPXOHb JIeTalied BEpPCTATIB,
NOoXMOKaMHU CKJIaJaHHS, YMOBaMH 1 peXMMaMu eKcIutyaTaiii tomo. [lacrnoptHi
pe3ynbpTaT BUIPOOYBaHb BepcTaTa Ha TOYHICTH aOCOJIOTHO JOCTOBIPHI JIMIIE B
yMOBax, A€ BepcrarT BuUIpoOoByBaBcs. LI moka3HMKM B mpolieci eKcIulyaTaiii
€BOJIIOLIIOHYIOTh. [IpnyoMy He Bci aOCOJIIOTHO MPOrHO30BAaHO 1 JAJNEKO HE
JTIHIAHUM YuHOM. MOJyNbHUN TPUHIUI KOMIIOHYBAaHHS BEpCTaTIB JI03BOJISIE
KOMOIHYBaTH 1 CTBOPIOBATH BEPCTATH IiJ KOHKPETHI BUMOTH 1 YMOBHU OOPOOKH.
[IpyyoMy 116 TOBUHHO 3IHMCHIOBAaTHCh MaKCHUMAJIbHO MIBUAKO. ToMy BKpai
BAKJIMBO MaTH MaKCHUMaJIbHO JIOCTOBIPHY 1H(OpMaIii0 Mpo CTaH By3Ja (MOIYJS),
HOro (PyHKIIIOHAJIbHI MOKJIMBOCTI, MOKA3HUKH 1 XapaKTepUCTUKU. BiMmoBIIHO 1Jis
MaKCUMaJbHO TOYHOTO JIarHOCTYBaHHS CTaHy By3Ja BepcTrara MOTPIOeH
KOMITJIEKCHUM TIJX1JI, SIKHA TPYHTYEThCA Ha IHTErpalii CUTHATIB 3 PIZHHUX
BUMIPIOBAYiB Ta JaTydKiB. B TOBHIN Mipi 1€ BiJHOCHUTHCS 10 IIIMHHACIBHUX
BY3JIiB, SIK KJIFOYOBOTO €JIEMEHTY B TIpolieci (OopMOYyTBOPEHHS TOBEPXOHb.

MeTow pobdoTH € OIS MOXKIMBOCTEH 1 JOIUIBHOCTI 3aCTOCYBAHHS
NOKa3HUKIB EHEPrOCHOKMBAHHA, TaKUX SK CIOXHBaHAa IOTYXXHICTh Ta CHJIA
CTpyMy HPHUBOJHOTO IBUTYHA B SIKOCTI IHCTPYMEHTIB MOHITOPUHTY CTaHy Ta
YIPaBIiHHS 1HTENEKTyaJlbHUMHU HIMUHASIBHUMHU By3J1aMH Ta MpoliecaMu 00poOKu
PI3aHHSM.

Bigomo, 1o MeToaud BHUMIPIOBaHHS JAWHAMIYHMX XapaKTEPUCTUK Ta
eKCIUTyaTalllfHUX MapaMeTpiB IIMUHACIbHUX BY3JIB MOJUISIOTHCS HA MPsAMI Ta
HernpsaMi. [Ipsmi MeToan BUMIPIOBAHHSI MarOTh OUIbII BHCOKY TOYHICTb, TOA1 SIK
HEeMpsMi1 METOAM MEHII CKJIaJIHi, ajie OUIbII MPUAATHI JJI1 MOHITOPUHTY CTaHy Ta
1HTEerpauii B CUCTEMHU YIPaBJIIHHS 1HTEJNEKTYaJbHUMH HIMUHACIBHUMH BY3JIAMHU.
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[4]. IcHye ©Oaratro HenpsMHX METOJIIB MOHITOPUHTY BIOpalliid, pi3aJbHOTO
IHCTpYMEHTY, CTaHy MIAMIMITHUKIB IINUHAEILHOTO BY3ja, TOYHOCTI, SKOCTI,
OPOAYKTUBHOCTI 0OpoOKM pizaHHsAM. [IpakTHuHO BCi BOHM 3acHOBaHI Ha
BUMIPIOBaHHI CUJI Pi3aHHS YM 1HIIKX (I3MYHUX BEIWYUH, OTPUMAHUX SIK TMOXI1JIHI
Big cun pizanHsa. Cepen TakMX MOXKHA HA3BaTH 3HAYEHHS CTPYMY/TIOTYXHOCTI
JBUTYHA MPUBOAY TOJIOBHOTO PYXY, 3THH/TIEPEMIIICHHS] IHCTPYMEHTIB 1 KpyTHHIA
MOMEHT. Taki CHCTEMH MOHITOPHHTY, 3aCHOBaHI Ha TOMY MPHHIIMII, IO
CHpALIOBAaHHS PI3JIbHOTO 1HCTPYMEHTY, KOJHMBAHHS MPUITYCKY 1 XapaKTEPUCTHK
3aroTOBKH, BiOparlii, HECIPAaBHOCTI IIMUHAEIFHOTO BY3Jia TOIIO B TMEPEeBaXKHIN
O1TBIIOCT] BUKJIMKAIOTh 30UIBIICHHS BIAMOBITHUX CKJIQJIOBUX CUJIM pi3aHHA. A
MOJIOMKH PI3aJIbHOTO 1HCTPYMEHTY HIPOSIBIISIOTBCS Y BUIJISAL PO3pPUBIB 200
IMIIyJIbCHUX 3MiH B O/IHIM a00 KUIBKOX KOMIIOHEHTaX CHJIM pi3aHHA [4, 5].

PerenepaniiiHi  aBTOKOJIMBaHHA 1 BHUMYIIEHI BiOpauii, 3yMOBJEHI
TEXHOJOTIYHUM  HABAaHTAKEHHSM  O€3MOCEepPEHhO  BIUIMBAIOTH HA  SIKICTH
00poOII0BaHOI OBEPXHI, 3HUKEHHSI TEPMIHY CIIY>KOHM Pi3aJIbHOTO IHCTPYMEHTY Ta
EKCIUTyaTallliiHOTO pecypcy WmuHaens. Taki KoJUBaHHS 3a3BHYail BUMIPIOIOTHCA
aKcelepoMeTpaMu, SKi, 3aJIEKHO BI1J TEXHOJIOTIYHHX OCOOJHMBOCTEH MpOIECy
00poOKH, 3aKpIIIIOIOTECA Ha 3aroToBLi ado Kopmyci mmnuHAend. Bioparii ta cuim
pi3aHHsI Oe3MOCepeHhO MOB’s3aHil. A 3MiHA 3yCWJUISL pi3aHHs Oe3MocepeaHbo
BIIOOpa)kaeThCS HAa BEJIMYMHI CIHOKMBAHOI MOTYXHOCTI JABUTYHOM IPHUBOIY
rOJOBHOTO pyXy Bepcrara. ToMy BHMIpPIOBAHHS MOKA3HUKIB €JIEKTPOCIIOKUBAHHS
MO’KHa 3aCTOCOBYBAaTH JUIsl BU3HAUEHHS 3MIHM 3yCUJIb pI3aHHS 1 SIK HENpAMUN
CHoci0 MOHITOPMHTY Ta KepyBaHHS BiOpalli€lo Ta IHIIMMH [poLecaMd B
TEXHOJIOT14H1i 00p00II0I0Yiil cCUCTEMI.

['onoBHa mepeBara MOHITOPHHTY BiOpalliif Ha OCHOBI BUMIPIOBaHHS CTPYMY
ab0 CHOKMBAHOI MOTYXHOCTI JIBUTYHA MOJSrae B TOMY, IO METOJ HE MOTpedye
JATYMKIB BIOpallli, a BUMIPIOBAJILHUN amapar He mopyllye mpoiec oOpoOku. B
poOoTax [6, 7] 3a 10NOMOTO0 BUMIPIOBAHHS CTPYMY JABUTYHA IPUBOY IITUHAEIIS
3/1ICHIOBABCSI MOHITOPUHT BiOpalliii B mpouecax ¢ppesepyBaHHs. st HoKpalieHHs
pE3yNbTaTiB MOHITOPUHTY BIOpAIlii CUTHAIM CTPYMY/TIOTY>KHOCTI JIBUTYHA MO>KHA
00'eTHYBaTH 3 IHIIMMU CUTHAJaAMU, HANIPUKJIA] TAKUMHU K aKyCTHYHA emicis [8].
He3Bakatouu Ha repeBaru CUTHaNIB CTPYMY/TIOTY>KHOCTI, BaJKKO 32 JOTIOMOTOIO 1X
3a0e3MeYnT MOHITOPUHT BiOpallii B pealbHOMY 4aci 4epe3 HEBEJIUKY 3aTPUMKY B
gaci MK TOSIBOIO BIOpalliii Ta OTpMMaHUMHU CHTHaJamMHu. KpiM TOro, mijBHILCHI
TEMIEPATypHU, BIACTUBI €NEKTPUUYHUM JIBUTYHAM, 3MIHIOIOTh CUTHAJ CIOYKHMBaHOI
MOTYXHOCTI, 1110 MOK€ BIUTMHYTH HAa TOYHICTh BUSIBJIEHHA BiOparii [4].

OCHOBHOIO TIEpPEeBarold BUKOPHUCTAHHS CTPYMY/MOTY>KHOCTI  JIBUTYHA
NPUBOJY INMUHACILHOTO By3Ja B SKOCTI MOKA3HUKIB JII MOHITOPUHTY CTaHy
IHCTPYMEHTY, € Te€, 110 BOHM HE MOTPeOYIOTh BTPYYaHHS B KOHCTPYKIIIO
PI3JIBHOTO IHCTPYMEHTY, PO3MIIIEHHS YYTJIMBUX €JIEMEHTIB B 30H1 pi3aHHA a0o
nepepuBaHHsl mpouecy pizanHs [9]. 3okpema B poborax [10, 11] BcTaHOBIEHO
KOPEJISILIIHY 3a1€XKHICTh MI)K 3HOCOM IHCTPYMEHTY Ta CTPYMOM JIBUTYHA MPUBOIY
mmuHAens B mporeci ¢pesepyBaHHsA. OKpiM 3HOCY IHCTPYMEHTY 3a CTPYMOM
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JBUTYHA TIPUBOMAY IUTMUHJEIS MOXHA BCTAHOBUTH MOJIOMKY 1HCTpyMeHTY [12]. B
po6oti [13] po3pobieHo Mojellb MOHITOPUHTY CTaHy Pi3aJIbHOTO 1HCTPYMEHTY
HUIAXOM 00’€HAHHSA CUTHAJIB KUIBKOX JAaTYMKIB HA OCHOBI HEHPOHHOI MEpEeixi.
OpgauM 13 BXOMIB 3ampONOHOBAHOI MOJENl OyB CHUTHAI CTPyMy MPHUBOAY
mmuHaenss. Ha kopucTh 3acTocyBaHHSA CTPYMY/IOTY>KHOCTI JBUTYHA MPHUBOJIY
MIMUHACIBHOTO BY3JIa B SIKOCTI TOKA3HHWKIB MOHITOPHHTY CTaHy pi3aJIbHOTO
IHCTPYMEHTY CBITYUTHh MOXJIMUBICTh cydacHux cuctem UIIY wamaBatu moctym Ao
BHYTPIIIHIX CUTHAJIB, TAKUX SIK MOTYXHICTh JBUTYHa Ta cTpyM. Lle 3abe3meuye
MOJKJIMBICTh 1HTETpallii CUCTEM MOHITOPUHTY CTaHY Pi3aJIbHOTO 1HCTPYMEHTY SIK
MoxyJiB y cuctemu UITY.

[loxa3sHuku  eHeproeeKTUBHOCTI  JO3BOJISIIOTH  OIIIHUTH  KOPHCHE
(eexTBHE)  BHKOPUCTaHHS  EHEPreTUYHHUX  PECypCiB  TEXHOJOTTYHUM
oOJaHaHHAM B IIJIOMY Ta HOTO OKPEMUMH BYy3JIaMU JIJIsl TOCATHEHHS HEOOXITHUX
MOKa3HUKIB TOYHOCTI, MPOAYKTUBHOCTI. Bubip mokasHuka eHeproe(eKkTUBHOCTI
3QJICKUTH BIJI XapakTepy poOoTH oOJagHaHHS, MOro TEXHOJOTIYHUX Ta
KOHCTPYKTHUBHHUX OCOOJIMBOCTEN TOILIO.

OcHOBHMI  TIOKa3HUK  €HEpProe(eKTUBHOCTI — MHUTOMa  BUTparta
eniekTpoeHeprii Ey Bu3HavyaeThes:

E oY
Y oon
ne W — noBHa BUTpaTa €JIEKTPOEHEPrii 00aJHaHHAM MIPU BUTOTOBJICHHI OJMHULIL
npoaykiiii, kBT roxu;
N — 00csAT BUTOTOBIIEHOT MPOAYKIIIT (YMCIIO AeTallei), IIT.

3a koegimientom kopucHoi aii (KKJ/[) mMokHa BH3HAUWTH EHEPreTHYHI
BUTpAaTH oOONaJHaHHS Ta Moro By3diB Ta cucteM. KKJ[ enextponpuomy
[IMTUH]IETHHOTO By3J1a BU3HAYAIOThH 3T1THO BUPA3Yy:

W
0 ]—=2
WIY

ne W.4 — croxkuBaHa NOTYXKHICTh elekTpoeHeprii mpusonoMm IIIB B mpoueci
GbopMOYTBOPEHHSI 3a UK OOPOOKH JIeTai-ipeicTaBHuKa, KBT roxm;

W — moBHa cmo)uBaHa MOTYXKHICTh eliekTpoeHeprii nmpuBogom IIIB 3a 1ukn
00poOku, kBT ro.

[Ipu BUNpOOYBaHHSX IHTENEKTYAIbHUX IIMUHACIBHUX BY3JIB, K OKPEMHUX
MOJYJIB TEXHOJIOTIYHOrOo OOJaJHAaHHS, KOPEKTHIIIE 1 3pYy4Hillle BU3HAYaTU HE
We 4, @ Wy - CHIOKMBaHy HOTY>KHICTb €JIEKTPOEHEPrli IIUHAEIBHUM BY3JIOM Ha
XOJIOCTOMY XOy:

SRR ISl
WH
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ne W,, — cmoxuBaHa TOTYXXHICTh EJIEKTPOCHEprii IIMUHICIBHUM BY3JIOM Ha
X0JIOCTOMY XOAy, KBT rog.

3amkerds KKJ[ mpuBoay mmwHAETHHOTO By3jda MPH HE3MIHHUX YMOBax
00poOKM Ta BENIMYMHAX TEXHOJIOTIYHMX HABAHTAKEHb MOXE CBIAYATH TIPO
3pOCTaHHSI BUTPAT €JIEKTPOCHEPTii B pexkumi xomoctoro xomy W,,, ko o0poOka
He 3AiiicHIoeThes. [IpuunHamMu 1Oro MOXYyTh OYTH JOJATKOBI BHUTpPATH €HEPTii,
3YMOBJICHI TIABUIICHUM TEPTSIM, TPAHUYHUM 3HOIIYBAaHHSM, MPYKHUMH
KOJIMBaHHSIMH, TETUIOBUMH TIPOIIECAMH TOIIIO.

Takum yrHOM, eHeproeeKTUBHICTh OOJaJHAHHSA, HOTO BY3JIB Ta CHUCTEM,
MPOIIECIB MEXaHIYHOI OOPOOKH OIIIHIOIOTHCS IUISIXOM peeCTpallli eIeKTPUUIHOTO
CTIOKMBAaHHS BCIX MOXJIMBHX €JEMEHTIB, $Ki BIUIMBAlOTh HAa TOKa3HUKH
(GyYHKIIIOHYBaHHS 3a BU3HAYCHUH MPOMIKOK 4acy, iKW BIANIOBIJIa€ OCHOBHOMY Ta
JIOTIOMKHOMY 4acy Ha 0OpoOKy 3arOTOBKH TIEBHOI TOBKHHHU.

B HaykoBo-mocmigHid  poGoTi  [14] BUKOHYBaJIUCh  JOCIIIKEHHS
CIICKTPUYHOTO CIOKMBAaHHS OCHOBHHUX €JIEMCHTIB MPEIU3IHHOTO TOKapHOTO
BepcTaTa 3 MIMUHAENIEM Ha TiApaBliyHuX onopax (puc. 1.)

I E‘neKTquHa MOpoXa | TMOTOKN ENEKTPUYHOTO CTPYMY :

| a - [0 [Kepen CnoXuBaHHA TOKaPHO-TBUHTOPISHOIO BepcTaTy;
6 - 0O pxepen CnoXuBaHHA rigpaBnivHOl CTaHUiT,

TokapHO-rBUHTOPI3HUN
a Bepctat YT16A

:=‘o Eo -]

2 3 4 5
Puc. 1 — Cxema e’nekTpUyHOro CIOKMBAHHS OCHOBHUX €JIEMEHTIB BEpCTaTa 3
HIMUHACIBHUM BY3JIOM 3 T1PaBIIYHUMHU onopamu: 1 — enekTporiada BepcTarty; 2
— JIEKTPOIIPUBO/I FOJIOBHOTO PyXY (MOCTIHHOTO CTPyMY); 3 — €JIEKTPOABUTYH
MIPUMYCOBOTO MOBITPSHOTO OXOJIOHKCHHS, 4 — €IEKTPOABUTYH JIJIsl POKAYyBaHHS
MaCTUIIbHO-0X0J10/1Kyt0401 piauHu (MOP); 5 — enexkTpoaABUTyH MPUCKOPEHO1
nojaui; 6 — MICLIEBE OCBITJIEHHS;7 — €JIEKTPOABUTYH HACOCHOI YCTAHOBKH; 8 —
€JIEKTPOJABUTYH TETIIOOOMIHHUKA

Ha puc. 2 cxeMaTn4yHO HaBEIEHO CIOXXHBAHHS TOTY>KHOCTI TPHUBOIOM
TOJIOBHOTO PYyXy IIMUAHJENS, MPUBOJAOM Hacoca TiIPaBIiuHOI CUCTEMH >KHBJICHHS
HIMUHETBHUX OTIOp, Ta MIPUBOJIOM MTPUCKOPEHOI Moadi mpu oOpooiIIi.
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W. kBT
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[ Wt el Ml —
PUCKOPEHI
xomn 3

TIPHUBO|

: : HaCO}CH‘lc'l CTaHIIA } :

Puc. 2. — YacoBa aiarpama Cro>KMuBaHOi MOTY>KHOCTI 3a LUK 0OpOoOKH OHi€T
3arOTOBKU

[TocnioBHICTh BUKOHAHHSI TEXHOJOTIYHUX MTPUHOMIB Ipu 00poodii: ty —
MOYATOK, BKJIKOYAETHCS HACOC TIAPABIIYHOI CUCTEMH; t; — BKIIIOYAETHCS MPUBOA
TOJIOBHOTO PyXy Ta HAaCTPOIOIOThCS MOTPIOHA yacToTa 00epTiB WNUHAENS; T - 13 —
IHTEpBaJ 4Yacy poOOTH MPHUBOAA MPUCKOPEHOi mopaui; ts - ts — 1HTEpBanm yacy
pi3aHHs (00poOKM) 3aroToBKY; 15 - ts — IHTEpBAT Yacy poOOTH MPUBOAA TOJIOBHOTO
pyXy Ha XOJOCTOMY XOAy Iiclid OOpOOKM 10 BIAKIIOYEHHS MXUBIEHHS; t7 —
BIJIKJIFOUEHHS HACOCY >KMBJICHHS T1JIPaBIIYHOI CUCTEMH LIMUHIEIBHUX OIOpP.

3o0pakeHa Ha puc. 2 jAlarpamMa BKa3ye Ha MOXMJIMBICTh 3aCTOCOBYBATH
CIOXKMBAHY €JIEKTPUYHY MOTYXKHICTh SIK 1HCTPYMEHT MOHITOPHHIY MpPOLECIB B
TEXHOJIOT14H1i 00p0OII0I0Yiil cCUCTEMI.

[IpoBeneH1 €KCIEPUMEHTH B PEXKHUMI XOJOCTOTO XOJy NpH BapilOBaHHI
YacTOTOI OOEpTaHHS INMUHJENS Ta BEJIUYUMHOIO JUCOANAHCY JO3BOJIMIM
BCTAHOBUTH 3aJICKHICTh 3MIHM CIIO)KMBAaHHS €JICKTPUYHOI CHEprii MpHBOJAOM
IIMUH/ETLHOIO BY3JIa HAa XOJOCTHUX XOJaX MNpPH 3MiHI 4acTOTH OOEpTaHHA n Ta

Puc. 3 — 3asie’kHICTh CIIO’KUBAHOI €JIEKTPUYHOI €HEPTii MPUBOAOM HIMUH]IETBHOTO
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BYy3JIa B1JI 4aCTOTH 0OepTaHHS N Ta HEBPIBHOBAXKEHOCTI 00OEPTOBUX €JIEMEHTIB
TEXHOJIOT1YHOT 00p00IIIOI0U0i cucTeMU Dy

3 OTpUMaHHMX pe3yJbTaTIB BHJHO, 0 HEBPIBHOBAKEHICTh 0OEPTOBUX
CJIEMCHTIB IIMHUHACILHOTO BYy3Ja, SIKa BHHHKA€ BHACTIIOK HE30aJaHCOBAHOCTI
3arOTOBKH, Pi3aJIbHOTO THCTPYMEHTY ab0 MOLIKOKEHHS IIMUHJICIS OJHO3HAYHO
BUKJIMKAE 3POCTaHHS EJICKTPUYHOTO CIOKMBAHHS TPHUBOJOM IIMUHACIS TIpU
301JIBIIICHH] YaCTOTH OOepTaHHS.

[Ipu mociniKeHHI MOKAa3HUKIB E€HEProCTOKMBAHHS HIMUHACIBHUX BY3JIB
MaKCHMaJIbHO TIOTpiIOHO BpaxoByBaTH OKpeMi cTajaii ix poOoTH, SKI
XapaKTepU3ylTh TMPOLIECH EHEepreTHYHUX BUTpar. Pe3ynbratu OaraThox
JOCTIPKeHb  TOKa3yloTh, WLI0 MIArOTOBYI Ta 3aKiIlO4HI eTamu  poOoTH
MIMUHACIBHOTO BYy3Jla CKIAMAlOTh ORIy YacCTUHY CHEPreTHUYHUX BHUTpPAT B
ymoBax oOOpoOKM, a B TMpouecl pi3aHHS 3arajbHl EHEPreTH4YHl BTPATH
30UTBIIYIOThCS JiHie Ha S...20 %.

BucnoBku. [{udpoBi TEXHOIOTIT Ta IITYYHUH IHTEJIEKT CTAIOTh HEB1/I €EMHOIO
YAaCTUHOK MalMHOOyAyBaHHA. KOHUENIs 1HTENCKTyalbHUX Smart-IImuHIETIB
nependavyae 3acTOCyBaHHS BOYJAOBaHUX JATYMKIB, SIKI TIEBHOIO MIPOIO OOMEXKEHI
KOHCTPYKTUBHUMH OCOOJIMBOCTSIMU IIIIHUHJEISA Ta HEOOXIJHICTIO MIiHIMI3yBaTH
pI3HOrO poAy TMpPHUEAHAHHS JO IIMUHIAEIHLHOTO By3Jda. ToMmy BHMIPIOBaHHS
CTPYMY/TIOTY>KHOCTI JIBUTYHA, K HEIPSIMUN CIIOCIO BU3HAYCHHS CKCIUTyaTallliHUX
napameTpiB Ta TUHAMIYHUX XapaKTEPUCTUK IIMTUHACIBHOTO By3Ja 3aCIyTOBYIOTh Ha
yBary 1 MOJajibIIMi PO3BUTOK B HAIpPSMKY IHTErpaili 13 3acob0amMu IITYyYHOTO
IHTEJIEKTY, TAKUMU SIK IITYy4YHI HEUPOHHI MEPEXKI.
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3ABE3IIEYEHHA POSMIPHUX TAPAMETPIB B )KUTTEBOMY HUKJII
BHUPOBIB MAIIIMHOBY/1YBAHHA

B pobomi nokaszano, wo komniexcue 8paxy8anHs 0ONYCKie HA 3A20MOBKY, 3MIH PO3MIDY
NpUnycKie abo KOMNEHCYIOUUX JaHOK NPpU3800ums 00 NepepaxyHKy yciei cxemu, ii cmpykmypu
mexHo102ii 8upody demarneil i 8y31i6 Mawiun. Tomy uUHUKAE nOmMpeda CMEOPEHHS MemOoOy, KUl
003601UMb NPOSHO3Y8AMU 3MIHU CMaHy 00 ekma (Oemani, 8upoby) y 3a1eHCHOCH 8i0 3MiH 8CIX
BHYMPUWHIX | 308HIUHIX NAPAMEMPI8 BUPOOHUYMEA.

The paper shows that the comprehensive consideration of tolerances on the workpiece,
changes in the size of allowances or compensating links leads to a recalculation of the entire
scheme, its structure, the technology of manufacturing parts and components of machines.
Therefore, there is a need to create a method that can predict changes in the state of the object
(parts, products) depending on changes in all internal and external parameters of production.

Bumorun g0 mapamMerpiB MpoOJyKLii, BUPOOHUITBA 1 TEXHOJOII MOCTIHHO
nigsuinyoTeca. Ilepen 3amyckom BuUpoOy 10 BHUTOTOBJIEHHS 1 €KCIUTyaTauli
NOBUHEH OyTHM BHUKOHAaHUM BEJIMKUM OOCAT MIATOTOBYMX POOIT TOB'SI3aHHUX,
30KpeMa, 3 TEXHOJIOTIYHOIO MiATOTOBKOK BUPOOHUIITBA. Bix sSKOCTI Ta riuOuHU
OINpaIIOBaHHSI NPOEKTYBAHHS 3aJIKUTh €()EKTUBHICTb BUPOOHMIITBA 1 BHUTPATH,
NOB'sA3aH1 3 peKOH(DIrypari€ero 1 onTumizauiero. TeXHOIOorYHa MiAr0TOBKA BKIIOYAE
PO3MIpHMI aHalli3 — 1€ CYKYINHICTh PO3pPaxyHKOBO-aHAJIITUUYHUX HPOLEAYp, IO
3MIIHCHIOIOTHCS] TIPH PO3pOOII Ta aHai31 KOHCTPYKIIHM 1 TEXHOJOTTYHUX IMPOIIECIB
[1].

Jlo po3MipHOrO aHaji3y HajieaTh MUTAHHS, MOB'SI3aHI SIK 3 PO3POOKOIO 1
aHaII30M KOHCTPYKIIIM, TaKk 1 MUTaHHS, MOB'SI3aHI 3 PO3POOKOI0 TEXHOJIOTTYHHUX
MPOIIECiB, aHATI30M TMPOIIECIB CKIAJaHHs — IepeBipka 30MpaHHS CKIIaJadIbHUX
OJIMHUIIL, BUOIp BUIY CKiadaHHs. MeTa — 3a0€3MeUnTH SKICTh Ta TEXHOJIOTIYHICTh
BUpOOIB, OTPUMAaHHS PO3MIpIB, MPUIYCKIB Ta TPAaHUYHUX BiaxujeHsb. Lle crpuse
MiHIMI3aI1li BUTpAT BUPOOHUIITBA MPHU 3a0E€3MEUCHHI SKOCTI B KUTTEBUX IUKJIIB
BUPOOIB MaIMHOOYAyBaHHS [2, 3]. TOMy MOBHHEH IPOBOJUTHUCS KOMIUIEKC POOIT,
IO CKJIAJIA€ETHCA 3:

— noOyoBH po3mipHux cxem TII;

— BUABJICHHS 1 (DIKcallisl B3aEMO3B'SI3KIB BC1X pO3MIPHUX MapaMeTpiB;

— BUSIBJICHHS PO3MIPHUX LIUJIEH Ta MpU3HAYEHHS! OOIPYHTOBAHUX JOMYCKIB 1
MIHIMQJIBHO HEOOX1JHUX MPUITYCKIB;

— PpO3paxyHKy CepeaHiXx 1 MIHIMaIbHUX TPUITYCKIB, BHU3HAUYCHHS
HOMIHAJIBHUX 3HAYCHb OINEPaIliiHIX PO3MIPIB TOIIIO.

be3 1poro nmpoekTyBaHHs ONTUMAJIbHUX TEXHOJIOTTYHUX MPOIIECIB 3BOAUTHCA
70 YKPYIHEHOTO TPOEKTYBaHHA Ha PIBHI THUIOBUHA TEXHOJ]OTI], OCKUIBKU
PO3MIpHUI aHaI3 MOB'A3aHUIN 3 KOHTPOJIEM TOYHOCTI 1 METPOJIOTI€I0, MOB'I3aHUIN
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13 3a0€3IeUeHHIM pOo3MipiB 1 MiHIMI3aIli€ro BUTpaT (puc.l.).

[Ipo6yiema po3MipHOTo aHaMi3y MOB'A3aHa 3 TPYIHOIIIAMM:

— pO3paxyHKy JIIHIMHUX 1 AlaMeTpaibHl KOHCTPYKTOPCHKUX 1 TEXHOJIOTTUHUX
PO3MIpiB, BIIXUJICHB;

— pO3paxyHKy TOYHOCTI CKJIaJaHHS,;

— HEMOBHOIO aBTOMAaTH3allli pPO3paxyHKy, HEOOXIAHICTb MOOYA0BU
300pakKeHb PO3MIPHUX CXEM, HEBU3HAUCHICTh HAIIPSMIB JJAHOK PO3MIPHOI JIAHITFOTa
MIPU PO3PaAXYHKY TEXHOJOTTUHUX PO3MIpIB;

— BEJIMKY TPYJOMICTKICTb MOIEPEIHBOI MIATOTOBKY BUXITHUX JTAHUX;

— CaMOCTIHHOT MIATOTOBKM JaHUX TEXHOJOTOM, BH3HAYAIOYM OPIEHTOBHI
TEXHOJOTI4HI PO3MIPH, KBAJITET, TOMYCKH Ha TEXHOJIOT1YHI PO3MIpH 1 MPUITYCKU
Ha 00pOOKY;

— BCTQHOBJICHHS PO3MIPHUX 3B'SI3KIB IIISIXOM MOOYAOBH JHIMHUX
PO3MIpPHUX JIAHIIIOTIB 1 JIAHIIOT1B BITHOCHUX MTOBOPOTIB;

— BHCOKOIO TPYAOMICTKICTIO PO3MIPHOTO aHali3y 4Yepe3 YHUCICHHICTh
PO3MIpPHUX JIAHITFOT1B.
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Pucynox 1 — Bzaemoss 'sa30k posmiproco ananizy 3 KIB

Ponb TexHosora mosdrae y 3a0e3NeueHH] CTBOPEHHS W ICHYBaHHS TaKUX
naHiori. I[loOdynoBa rpad-cxemM Ha OCHOBI PO3MIPHOTO aHali3y JO03BOJISIE
neperiTd A0 TaKoro IMPEeJCTaBICHHS BUPOOY, KOJM CIUIBHO PO3TJISAIAI0ThCS
KOHCTPYKTOPCHKI, TEXHOJIOTIYHI Ta ONepariiiii po3MipH, AOMYCKH Ta X KBAJIITETH.
CknagHicTh ii BUKOPUCTAHHS ILIbOTO TMOJSTa€ Yy TPYAOMICTKOCTI CTBOPEHHS
3arajibHO1 CXeMi, fIKa BpaXxOBY€ 3arOTOBKY, BUTOTOBJICHHS, CKJIAJaHHS 3 1HIIMMHU
eJIEMEHTaMH Ta 3MIHU 1] 9Yac eKCIUTyaTallii.

IcHyrounii MeToa rpadoaHamiTHYHOTO PO3PAXYHKY — METOJI BIJICTEHKEHHS 3a
PO3MIpPHUM JIQHIIOTOM JIeTaJli Ha KOXXHOMY eTalll >KUTTEBOro Hukiy. Ha #oro
OCHOB1 MOJKJIMBO ONTHUMI3YBAaTH PO3MIpU Ta MPUITYCKH, TUM CAMHUM BIUIMBATH HA
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CTaH Ta SKICTh JeTalli Ta MOBepXoHb. OJHAK, KOMIUICKCHE BpaxyBaHHS 3MiH
(momycKM Ha 3aroTOBKYy, 3MiHa PO3MIPy HPHUIYCKY a00 KOMIICHCYHOYOi JaHKH)
OpU3BOIUTH JI0 TEpPEpaxyHKy yciei cxemu, 11 CTpykTypu. Hemoxmuso
BIICTe)KYBaTH  BHYTpIIHI  (i3UKO-MEXaHIYHI  BJACTUBOCTI  (BHYTpIIIHI
HaIpy>XKCHHs, MOBEpXHEBa Ta 00’€MHa TBEpHAICTh, TpilMHU Ta nedext). Tomy
BUHUKAE MOTpeda CTBOPEHHS METOY, SIKHM 103BOJIUTH MPOTHO3YBATH 3MIHU CTaHY
00’exTa (meraii, BupoOy) y 3aJIe’KHOCTI Bijl 3MIHH 30BHIIIHIX TTapaMeTPiB.

Bupi6 mamumHoOyayBaHHS, SK 4YacTHMHA 3HApsAb IIpalli, HalpaBJIEHO Ha
3a0€3MeUeHHs] BUITYCKY MPOAYKINi. SIK MpoyKIlis, BiH 3a0e3medye 3aJI0BOJICHHS
noTped CIOKUBAYIB.

Tomy, okpema onTuMizallisi KOXKHOTO €Taly HE 3a0e3reduye MOoTpiOHOTO
piBHS KOHKYpPEHTHOI 3/1aTHOCTi, OCKUIbKH €(eKT BiJ 3MiH HE BPAaXOBYIOTHCA B
IHIMUX eTamax >»KUTTEBOrO HUKIy. Toal MiTkoBa (YHKIlS TPOIECy IOBUHHA
BUTJISIIATH SIK CyMa ONTHUMI3allii KOXKHOTO €Taly 3 BaroBUMH Koe(illiEeHTaMH.
BaxxnuBUM € CTBOpPEHHS YHIBEPCAJIBHOTO KOMIUIEKCHOTO METOY YIpaBIiHHS
KUTTEBUM ITUKIIOM.

OOpobOka neraneil 3a TEXHOJOTIYHUMHU TIpolleCaMM, W0 IepeadadaroTh
ONTHUMI3allI0 XUTTEBOTO IUKIY BUPOOIB MaIIMHOOYAyBaHs, IMOBHUHHA, HA HAIl
MOTJISZl, Ha BepcTaTax 3 MapalieJIbHOK KIHEMAaTHUKOKO IS 3MEHIIEHHS BapTOCTI
BUT'OTOBJICHHS, 3MEHIIIEHHS 4Yacy OOpOOKHM Ta MIJBUINEHHS SKOCTI BUTOTOBJICHHS
IPOAYKIIII.

CIHIUCOK ITOCUJIAHDb
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CUTHATYPHUMM MIAXIJI AJISI YIIPABJIHHSA )KUTTEBAM IIUKJIOM
BUPOBIB MAIIMHOBY IIBAHHSA

Busnaueno oOocsaenennsa ma nepcnekmueHi HANPAMKU BUKOPUCHAHHA CUSHAMYPHO2O
nioX00y O YNPAGNIHHA HCUMMEBUM YUKIOM BUPOOI8  MAWUHOOYOYBAHHAHA NIOCMAsi
OMPUMAHHL 0OCMOGIPHOI OlacHOCMUYHOI THpOpMayii Ha BCIX emanax MHCUMMEBO2O UYUKIIB
supobis. Iloxkazaui nepcnekmusHi HanpAMKU BUKOHAHHSA NOOAILULUX HAVKOBUX OOCHIONCEHb, 5K
Modicymb  Oymu  QocsieHymi 6  pe3yabmami  8UKOPUCMAHHS  THHOBAYIUHUX — MeXHOL02Il,
CIPAMOBAHUX HA NIOBUWYEHHSL HCUMMEBO2O YUKTLY BUPOOI8 MAUUHOOYOIBHO20 8UPOOHUYMEA.

Achievements and perspective directions of use of the signature approach for
management of a life cycle of products of mechanical engineering on the basis of reception of
the reliable diagnostic information at all stages of a life cycle of products are defined.
Perspective directions of further scientific researches which can be reached as a result of use of
the innovative technologies directed on increase of a life cycle of products of machine-building
manufacture are shown.

Sxictb BUpoOy BH3HAYAETHCS SK BIANOBIIHICTh MapaMeTPIB MeEXaHI3My
BUMOT'aM TEXHIYHOI'O 3aMOBJICHHS, TaK 1 3/IaTHICTIO MalllMHU BUKOHYBaTH 0a30BI
(GyHKLII TPOTArOM 3a3HAYEHOro 4vacy. BiJ mpaBWIBHOIO TEXHIYHOIO PIIIEHHS
3aJIEKUTh IPOTYKTUBHICTD 1 KOHKYPEHTOCIIPOMOXHICTh BUPOOHHUIITBA.
['omoBHOIO 3amadero TEXHOJIOra € 3a0e3leYeHHs] JOBIOBIYHOCTI €JIEMEHTIB
MEXaHI3My y MeXax 3aJlaHuX JOIMYCKIB 3 MaKCUMAJIbHOIO €KOHOMIEI PECYpCIB.
VYrpaBniHHS TOBMOBIYHICTIO BiIOYBA€THCS 32 PAXyHOK YIPABIIHHS TEXHOJIOTIEI0, a
came mnapamMeTpamMu Ta 00’€KTamH, SIKI NPUUMArOTh y4acTb y TEXHOJIOTIYHOMY
nporieci. BaxiuBum € BCeOIYHMIT KOHTPOJbL EJIEMEHTIB MEXaHI3My Ha cTafli
BUTOTOBJICHHS, OCKIJIbKA BOHHU HANpsSMY BIUIMBAIOTh Ha SKICTh CKJIQJaHHS Ta 4ac
ekcrutyaraii. B 1ipoMy HanpsiMKy HaWBaKJIMBIMIIUM € 3a0€3MEUEeHHS PO3MIPHHUX
napameTpiB BUPOOIB MAIIMHOOYTyBaHHS HA MPOTS31 iX )KUTTEBUX LIUKJIIB.
ManoBuTpaTtHuM, 3 OOKY 4aCOBHX, MaTEPIAJIbHUX Ta EHEPreTUYHUX BUTPAT,
€ BUKOPUCTAHHS CUTHATYp 00’€KTIB Pi13HOI MPUPOJU Ta PI3HOTO NMPU3HAUYEHHS.
CurnatypHuii TAXi[ y BU3HAYECHHI MapaMeTpiB Il 3HAWIIOB 3aCTOCYBAHHS Y
pajiosiokailii, 3axucTi TporpamMHUX ¢aimiB, wmeauiuHi Tomo. OnmHaK, 11e
OOMEXY€EThCS  pO3MI3HABaHHAM Ta 1AeHTU(]IKamiel0o 00’€kTa MO Tpymam,
BU3HAYCHHS HAJIGKHOCTI JI0 IEBHOTO Kiactepy. Tomy, moctae nmpobiema po3podka

METOJIMKH JIIarHOCTYBAHHS CTaHy 00’€KTa MAIIMHOOYTYyBaHHS JJI YNPaBIIHHS
KUTTEBUM ITUKIIOM BUPOOY HA MMiJICTaBl CUTHATYP 00’ €KTIB 5K 1X BIACHUX BIATYKIB.

Ha migcraBi mnomepenHix TMOUIYKOBUX pOOIT BUKOHABILSIMU —OKpECIIEH1
HaNpsSMKA TEPCIEKTUBHUX IOIIYKOBO-aHAMITUYHUX,a TAaKOX TEOPETHYHUX 1
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EKCTIIEPUMEHTAILHUX POOIT ISl CTBOPEHHS MOJeNield OonTuMi3allii 1HHOBAIlIMHUX
TEXHOJOTIM  CTBOpEHHS 1  YHpaBIiHHS  JKUTTEBUM  LHUKJIOM  BHPOOIB
MamuHOOyayBaHHs. ToMy, TOCTIKEHHS 3100yTKIB BITYUM3HSIHUX Ta 3aKOPJAOHHHUX
HAyKOBIIIB B CTBOPEHHI yMOB, KOJH CTaH BHpPOOIB TNpPU BUTOTOBICHHI Ta
eKCIUTyaTallii MoB’si3aHU 3 BUIPOMIHIOBAHHSM a00 BUKOPUCTAHHSM XBHJIBOBHX
BIUIMBIB Pi3HOI MPUPOIH € IIIIIKOM aKTyaJIbHUMHU.

KonkypeHTocpoMoKHICTh BHpOOy, SK 1 opraHizaiii, BH3HAYa€TbCci HE
TUIBKKM TapameTrpamMu skocTi [1] (HaxmilHICTh, PEMOHTONPHUAATHICTH, SKICTh
MOBEPXOHb, CTPOK Oe3MepepBHOI pOOOTH TONIO), ajlie i MIBUAKICTIO pearyBaHHs Ha
noTpedbu pUHKY, Yac BiJ CKJIQJaHHSA TEXHIYHOTO 3aBJIaHHS JO 3allyCKy Ha PUHOK,
CTPOK BUTOTOBJICHHS | OJMHUII MAaIlIMHM, SKCILTyaTalli, yrumizarii [2].

To6to, xurreBuil nukn BupoOy (OKLIB), sk mocmigoBHICTE OOMEXEHOTO
Yuclla €TaliB KIHIIEBOIO 3@ YaCOM LUKIIYHOIO MPOLIECY, € OCHOBOIO KOHKYPEHTHOI
3natHoCTI [3] 1 Ha fAKICTh BUPOOYy MOXHABIUIMBATH Yepe3 CTBOPEHHS CUCTEMHU
1H(pOopMaIIiHOrO CyNnpoBOAYy MallMHU Ha Bcix ertanax uoro XKL [4]. Ha ocHoBI1
poOit [3] 3amporoHOBaH1 YKPYIHEHI CXEMH KUTTEBOTO LUKy JeTall Ta BUPOOY
0e3 ypaxyBaHHsI CTBOPEHHSI HOBOTO BUpOOyY Ha 0asi crtaporo (puc. 1,2).

Piberb @yHyIoHaRHOI rpU-
damHacmi bupody
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XKL nerani po3rasgaeTbcsi 3 MOMEHTY NPOEKTYBAHHS TEXHOJIOTIYHOTO
mporiecy J0 Horo moBHOI yruiizaiii. PiBeHb (yHKIIOHANIBHOI MPUIATHOCTI
bopMyeThCs 3a paxyHOK TpoekToBaHOi KOHCTpykmii 1 TII, a Takox MeTomiB Ta
PeXKHUMIB MEeXaHO- Ta TepMooOpoOKu. Ilicis 1boro piBeHb JMIINEC 3HMKYEThCS 0e3
MOJKJIMBOCTI PeMOHTY. JIOBXXKMHA Ta KyT HaXWy NpPsIMOi BHU3HAUYAETHCS SIKICTIO
MONePEHIX €TaIllB Ta YMOB €KCILTyaTallii.

da3u NpOEKTyBaHHs, BUTOTOBJIEHHA Ta yTWIi3allli MOBHHHI 3aiiMaTH
MIHIMyM 4Yacy 1 3a0e3nedyBaTd BHUCOKI TMOKa3HHKU (piBEHb (PYHKIIIOHAJIHHOI
NPUJATHOCTI, HAJIIMHICTh, HHU3bKa COOIBApTICTh, O€3MeuHa  YyTWJII3aIlis,
ONTUMAJIBHUM PIBEHb KOEPIIIEHTY BUKOPUCTAHHS MaTepialy TOILI0), a eTam
eKCIUTyaTalii HU3bKUMA KyT Haxuiy. lle 3a0e3nedyBarume piBeHb KOHKYPEHTHOI
CIIPOMOXKHOCT1 BUPOOY (MalIHU, By3JIa, JETal).

XKutreBuii UK BUPOOY CXOXKHUI O IUKITY AeTalll — CKIIaJaeThes 3 2 (a3
CTBOPEHHSI YMOB BHCOKOT'O PIBHsS (DYHKI[IOHAIBHOI MPUAATHOCTI (IIPOEKTYBaHHS,
BUT'OTOBJIEHHS ), (pa3u HOro 3MeHIeHHs (excruryaramis).Onnak, Ha BiaMiny XKL/,
KL BupoOy mnependadyye peMOHTH [JIsi NOBEPHEHHS Ta MIABUIIEHHS PIBHA
BIJIHOCHO 0a30BOTr'0 BapiaHTy MiCJsl BUIIPOOYBaHHS.

AKTyaJTbHUMH € METOJH, SKi JO3BOJISIOTh BHKOHATH KOMIUICKCHY OIIHKY
cTaHy OO’€KTy 3a PpI3HMMH TMapameTpamMu (T€OMETPUYHI XapaKTEPUCTHKH,
HIOPCTKICTh, MIIHICTh, HAsBHICTb, THHO 1 po3mip naedextiB Touio). o HuX
BHUCYBAIOThCSI BHUMOTH OE3KOHTAKTHOCTI, IIBUIKOIIi, MOXIIHUBOCTI POOOTH Y
peanbHOMYy uaci. llpukmazmoMm Moke ciyryBaTtu JiazepHa AePEKTOCKOINs, SKa
JT03BOJISIE 3HAXOJIUTH MOBEPXHEBI TPIIMHM, N€(PEKTH 3BaApHUX 3’€IHAHBb 1 Pi3bO0,
3HOC MOBEpPXHI, TEOMETPUYHI PO3MipU 00’€KTy, MIOPCTKICTh Tomio. [Ipote, Taki
METOJM MaloTh CYTTEBUU HEAOJIK — MacUBHE abo BapTicHe oOnagHaHHs. lle
MPU3BOJANTL JIO0 3HUKEHHS MOOUIBLHOCTI Ta TIJABHINCHHS BapTOCTI omepariii
KOHTPOITIO.

OkpiM KOHTPOJIO CTaHy SIKOCTI JeTajneil, icHye moTpeba KOHTPOIIO
CKJIaJaHHs BY3JIB Ta BUPOOY LUISIXOM KOHTPOJIIO MO3UIIOHYBAHHS OKPEMHUX
€JIEMEHTIB PO3MIPHUX JIAHLIOTIB (OAMH BIAHOCHO OJHOTO, JIO(PTH MIKIETAISIMHU,
MO3UIIIOHYBAaHHSA BY3JIB y Kopmyci Tomo). KouTpons BupoOy mnepen
eKCIUTyaTalli€ro, TOOTO BUMIPOOYBAHHS, MTPOBOASTH 3 METOIO MpHpoOaTyBaHHS Tap
TepTs, BUMIPIOBaHHS BiOpaIlii, piBHS IIIyMy TOIIIO.

Bupimmti 1m0 npoOieMy  MOXKIMBO — 3aCTOCYBaHHSIM — 1HCTPYMEHTIB
MamuHHOTO 30py. Komm’rotepHa o00poOka 1 posmi3HaBaHHS O0’€KTIB 32
JIOTIOMOTOI0  MEXaHi3MIB (OpPMYBaHHS 1 BHUBEIEHHS 300pak€Hb JO3BOJISIE
MIJBUIMTH PIBEHb aBTOMATH3allli HAa BUPOOHUIITBI, BUKIIOYHTH CYyO €KTHBHI
YUHHUKHA TI1J] 4ac OI[IHKM TapaMeTpiB, 3MEHIIUTH PECYPCOMICTKICTh OTeparliii
KOHTPOJIIO [5].

Ha ocHoBi aHaniza ynciieHHUX poOiT Oyia oOpaHa ineHTudIKais 00’ eKTiB
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MamMHOOyAyBaHHS 3a iX curHatypamu. CurHatypa —Habop XapaKTepUCTUK
BIIOUTOrO BiJ LIl CUTHAIY Ta MPUMHATOTO 3aCO00M criocTepexeHHs. s Toro,
o6 iaeHTudikyBatu (un ayTreHTU(]iKyBaTH) 00’ €KT, MOTPIOHO MOPIBHATH HOTO 3
eTaJIOHOM a00 CHCTEMOIO 3pa3KiB. Y MalIMHOOYIyBaHHI MEBHUN TUM iH(OpMAaIIii
(3pa3ku MeTaly N0 Ta Ticas OOpOOKH, 3pa3Kh CTPYKTYp Micias OOpoOKH Ta
HAHECEHHsI (PYHKIIIOHAJBHUX MOKPHUTTIB TOIIO), 30€piraroThCsi Yy BHIJISAL
dboTtorpadiii, OCKIJILKH BIITBOPEHHS 1X Y PEaTbHOMY KHTTI PECYPCOEMHE.

Curnatypu, y 3araJpHOMY PO3YMIiHHI, 3HAWIUIM 3aCTOCYBaHHS Maibke Yy
KOXKHIM CydacHI rajy3i, sika IOB’s3aHa 31 CIIJKYBaHHSIM, CIIOCTEPEKEHHSIM,
3aXMCTOM Ha OCHOBI MeTOMIB ifeHTH(ikawii 00’ekTiB [6]. JliliCHO, OCKIJIbKH, Y
Oynb-aKIi  MamMHI ~ TPUCYTHI  BiOpamii, 3a  aMIUITYJIHO-4aCTOTHUMH
XapaKTEPUCTUKAMUKOTPUX MO>KHA 31MCHIOBATH JI1arHO3 MPaIre31aTHOCTI MalTuHH,
il crany 1, mpu HEOOXITHOCTI, NMPU3HAYUTH PeMOHT. lle monermye mpomeaypy
npoUIAKTUKYA 1 TOMEPEPKEHHS BiJIMOB, PaNTOBHIl XapakTep SKHUX € YacTolo
INPUYMHOIO CEPHO3HUX aBapiil 3 BaXkUMH Hachiakamu. [larentu [7, 8] noBoasTH
MO>KJIUBICTh O€3KOHTAKTHOTO 3HATTS PO3MIpPIB METAJIIB 3a JIOMIOMOTOI0 30y IXKEHHS
Ta BU3HAYCHHS PE30HAHCHOI YaCTOTH JI€TAJII.

Takox, nedextu aeraneit (Big MiIMIKAITHAKIB 10 3’€IHAHB 3 HATSITOM) MalOTh
BIUIMB Ha TAapMOHIMHI CKIJIaJ0BI YaCTOTHOTO CHEKTPY TI€HEPOBAaHUX HUMHU
BiOpariiinux nporeciB. L{i rapMoHiitHI CKJIa0B1 3MIHIOIOTHCS 3 POCTOM JIe(DEKTIB
[9, 10]. By3mum 1 MamMHUM TakKoX JIarHOCTYIOThCS 34  JIOMIOMOTOIO
BiOpOAKyCTHYHOTO CHUTHAJIy Ta aHajidy curHaTyp. lle mo3Boisie miaBUIIHATH
HAJIWHICTh MEXaHI3My 31 3HIKEHHAM CO0IBapTOCTI omepallii, MOB’s3aHOi 3
BIJIMOBOIO B1Jl pO30MpaHHs sl BI3yalbHOIO KOHTPOJIIO SIKOCTI MOHTaxy [11, 12].
Taka meTo/MKa jJomoMarae JiarHoCTyBaTH MEPBUHHMM CTaH BY3JIIB 3a JIOTIOMOTOIO
cnekTpy BiOpauiii [13].

OcCHOBHI BUMOTHU MOJSTAIOTh Yy 3a0€3MedYeHH] LUTICHOCTI Marepiany Micis
KOHTPOJIF0;  MPOCTOTa  CTBOPEHHS  30yMKYIOUOrO  CUTHANY;  BiJICYTHICTb
JI0JIATKOBOTO BIUIMBY Ha CTaH 00 €KTY.

O6poOka curHaTyp pi3HOrO TMOXO/PKEHHSI Ta TPOTHO3YBAaHHS CTaHy
HAJIXO/HKYBAHOTO 00’ €KTY MOKE€ BUKOHYBAThCS 3a JIOMTOMOTOI0 HEUPOCUMYJISALIIT Ha
OCHOBI OaraTOBUMIPHOI alipOKCUMAaIlii IaHKX.

Bubip TexHosOriii 1 METOAIB KOHTPOJIO SKOCTI, Oprasizaiis poOoTH 1
HaBYaHHS, OIllHKA €(EKTUBHOCTI KOHTPOJIO € HEBiJA EMHUMH CKJIAJOBUMH
3abe3reueHHs piBHS Ta ynpasiiiHHs eneMmeHTamu JKI[B 3rigHo 3ampornoHpoBaHOi
KoHmenii (puc. 3).
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HWuTreBni uuen eupody —ob'exTa
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Pucynox 3 — Konyenyisa KI[B
CepeloBUINA, BHUKIHMKaHI

TEXHOJIOTTYHHUMHU

BIUTUBAMH Ha 00'€KT HECYTh y coO1 1HQOpMAIlII0 MPO T€OMETPUYHI Ta CTPYKTYpHI

napameTpH,

(d131KO-MEXaHIuHI

BJIACTUBOCTI OO’ €KTY.

Tomy,

Mg  JI€H

30y)KYIOUOTO BIUTUBY 110 1H(GOpPMAII0 MOXKHA OTpUMaTH 1HGOpPMAIlIO0 MO0
MOTOYHOI'0 CTaHy SIK BUPOOY MAIIMHOOYyBaHHSI, TaK 1 €JIEMEHTIB TEXHOJOTTYHOL
cucTeMu (piKy4duid IHCTPYMEHT, OCHACTKa, BepcTaT). Taka iHdopMmallisi € OCHOBOIO
onTuMmizauii MarepianiB 00’e€kTiB BUpoOHuULTBa, Ta eramB KIIB (mpoexkTtyBaHHS,
BUTOTOBJICHHS, EKCILTyaTaIlis).
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CoxosoBa O.A., Bucinoyx C.II. (Vkpaina, m. Kuie, HTYY «KIII im. leops
Cikopcbko20»)

A0 IUTAHHA TOYHOCTI ITIO3UIIOHYBAHHSA ITPOMUCJIOBUX
POBOTIB

Haoano knacugixayito npomuciosux pobomis ma y3a2aibHeHy ix QYHKYIOHANbHY cXeM).
Ilpugedeno nepenik nOXUOOK NPOMUCNIO8020 pOOOMA, WO BUHUKAIOML We 3 MOMEHMY
3aKknia0eHHsi 1020 KoHcmpykyii. Poszensinymo ma npoauanizosano memoou 3abe3neueHms
MOYHOCMI NPOMUCTOBUX POOOMIG. 3anponoHO8aHO HAUOLIbUW OOYLIbHUL MemooO Kepy8aHHs
POOOMOM - HA OCHOBI UIMYYHUX HEUPOHHUX MepPedC.

The classification of industrial robots and their generalized functional scheme are given.
The list of errors of the industrial robot arising from the moment of laying of its design is
resulted. Methods of ensuring the accuracy of industrial robots are considered and analyzed.
The most expedient method of robot control is offered - on the basis of artificial neural networks.

B cydacHOMy CBITI HIMPOKO BHUKOPUCTOBYIOTHCS TpomuciioBi podotu (I1P)
Ta MaHImyysiiHl  poborn (MP) nanga  BUKOHaHHS IIMPOKOTO  CHEKTPY
TEXHOJIOTIYHUX 3aBJlaHb, TaKWUX SK TEPEeMIIICHHS TMpPEeaMETIB pI3HOI Barw,
3BapIOBaHHS, COPTYBAaHHS 32 PI3HUMU O3HAKaMH TOIIIO.

EBostoriiss HAHOTEXHOJIOTIH MOCTIMHO BUCYBa€ HOBI BUMOTH JIO 1€ O1IBIIOL
ToyHOCTI Ta moBToptoBaHocTi IIP. Ilpore poboTu He 3aBxau 3a0e3MeuyrOTh
HEOOXIJTHY KOPCTKICTh Ta Hapa3l He 3JaTHI 3a0€3MEeYUTH MIKPOHHY TOYHICTH Ta
HABUCOKE MO3UI1I0HYBaHHS.

Po3BUTOK pOOOTOTEXHIYHOT 1HAYCTPii T4 HAHOTEXHOJIOTIM MOKa3ye, IO
TpaJMIIiiHI METOAu  pOOOTU30BAaHMX  KOMIUIEKCIB  CTalOTh  BCE  OUIBII
MajJoe(ETUBHUMHU MJII BUPIMICHHS BAXJIMBUX MPAKTUYHUX 3aBAaHb. Jlo HuX
BIIHOCSTh MEAWYHI MAHIMyJISAIli, KOCMIYHI TEXHOJOTIi, a TaK0X TEXHOJOTIYHI
mpoiiecu 00poOKHM jAeTanel CKIIaaHOI reoMeTpii Ta (GopmMyBaHHS ITUX MOBEPXOHb
poOOYHMM THCTPYMEHTOM TOIIIO.

OpHuM 3 BapiaHTiB BUPIMICHHS MPOOJIEMH TOYHOCTI € aHall3 MOXUOOK, SIKi
MO>KJIMBO T4 HEMOXJIMBO YCYHYTH Ta SIK1 BIUIMBAIOTh HA TOYHICTh MO3UIIIOHYBAaHHS
poOOTIB Ta BUKOPUCTAHHSA OUIBII JOCKOHAIMX MeTOoAIB KepyBauHsa I[IP, mro
JI03BOJISITH BPaXOBYBATH YC1 30BHIIIHI 30ypEeHHS Ta KOMIIEHCYBaTH KOHCTPYKITIHHI
Ta BUPOOHUY1 TOXUOKH.

Takum 4MHOM, METOIO JJaHOI POOOTH € AOCIIPKEHHS METO/IIB 3a0e3MeUeHHS
TOYHOCTI MMO3UIIIOHYBAaHHS BUX1/IHO1 JJAaHKU 32 BUKOHAHHS pyXxoBuX (pyHkiii [1P ta
BUOIp HAOUIBIII PaIliOHAILHOTO.

[IpomucioBl pobOTH — 1€ NOPOrpaMoBaHl MEXaHI4HI MPUCTPOi, MIO
BUKOPHCTOBYIOTHCS IS BUKOHAHHS CKJIQTHUX, HEOC3IEYHUX Ta IOBTOPIOBAHMX
3aBlaHb 3 BEJMKOIO TOYHICTIO. Y3arajpHeHa (YyHKI[IOHAaJbHA CXeMa
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MIPOMUCIIOBOTO poOoTa mpejcTaBiieHa Ha pucyHKy 1. HaitOo11b11 po3moBCIOIKEHOIO
cxemoto kimacudikarii [1P € [1]:

- 3a XapakTepOM BUKOHYBAaHUX TEXHOJIOTTYHUX OMNepalliii;

— 3a BUJOM BUPOOHUIITBA;

- 3a CUCTEMOIO KOOPAMHAT PYKH MaHIITyJISITOPA,;

- 3a BAaHTAKOIIAHOMHICTIO;

— 3a TUTIOM CHJIOBOTO TIPUBOJLY;

— 3a BHJIOM ITPOTPAMHU;

- 3a XapaKTepoM KepyBaHHS TOIIIO.
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Puc. 1. Y3aransHeHa QyHKIiOHANbHA CXeMa IPOMHICIOBOTO po0OTa.

IIpote anst Ginbinoro posyminss [P ix kpalie MoIiMUTH HA TPH OCHOBHI KaTeropii, mo Mictsth cBoi minBumu [2]:

o AtomatuyHi [1P.

— [Iporpamui. Jlana peamnizaliisi € JIEHIEBOIO, OCKUIBKH TPOTPAMYETHCS
CTaJIOI0 TIPOTPaMOI0, HE Ma€ Ha CO0l CEHCOPIB Ta BUKOPUCTOBYETHCS JIJIsi TIPOCTUX
oTiepalrii.

— AnantuBHi. JlaHWi BHUJI Mae CEHCOPHM Ta psAJ MOporpam, Iio
n03BosIt0Th [P aHamizyBaTu cuTyalilo Ta IpUMMaTH PIIIEHHS B 3aJIEKHOCTI BiJl
30BHIIIHBOIO CEPEIOBUIIA, aJIe B MEXax 3aKJaJeHo1 mporpamu. € OLIbII TOUHUMU
MOPIBHSHO 3 MPOrPAMHHUMH.

— HapuanyBani. Taki [IIP wmaroTh 34aTHICTP HaBYaTHUCS , TOOTO
BUKOHYBAaTH TI€BHI il B 3aJIKHOCTI BiJl MOINEpPEAHHOT0 HaBuaHHA. Hampuxman,
CTBOPIOETHCS MOPSAOK 1M, 110 3aKIaIa€ThCs Y OJIOK KepyBaHHs poOoTa.

— [arenexkryanphi. [lomiOHI poOOTHM y SKOCTI KEpYyHOUOi MporpaMu
MalTh IITY4HY HeWpoHHy Mepexy (ILIHM) Tta moxyTh cnpuilMaTH 30BHIIIHE
CEpeIOBUIIE 3a JIOMIOMOTOI CEHCOpIB, a HE JroJiel. € KOMOIHAIIEID aanTUBHUX
[1P Ta Tux, mo HaByarThbcs. OCHOBHA BIIMIHHICTh — MPOMUCIOBUNA pOOOT IpH
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npuiiMae pIilIEHHS CaMOCTIMHO Ta HE Mae€ 3a3Jalierifb MPOIMUCAHOTO CIEHAapiI0
[MOBEIIHKH.

o biorexuiuni [1P.

- Komangni. [ToaiOHi poGOTH-MaHIMyIATOPU AUCTAHLINHO KEPYIOTHCA
OTIEPaTOPOM.

- -KonipyBanpHi. Jlanuit Bua MaHIMyJATOPIB KOIIIOE 3a7jaHy MTOBEIIHKY
orepaTopa B 3aJlaHUIl MOMEHT 4acy.

— HamiBaBromaTuuni. [lnsi kepyBaHHS oOIepaTopy HEOOXITHO 3amaTv
TIIBKM TIEPEMILICHHS] OpraHy MaHIMyJIsAaTopa, a Jali CHUCTEeMa caMa Mpopaxye
HEOOX1/IHI PyXH Ta 32 HEOOX1THOCTI CKOPUTYE iX.

o [arepaktusHi [1P.

- ABtoMaruzoBani. Ile  poboTu, 1€  UYEpPrylOThCS  PEKUMU
aBTOMATUYHOT'O KEPYBAHCHKOTO MPOIECy 3 O10TEXHIYHUMHU.

- CymnepsizopHi. Taki [1P BukoHYI0TH poOOTY aBTOMaTUYHO 32 33JJaHUM
IUKJIOM, OJHAK MEpPEeMIIICHHsI BiJ OJHOTO €Tamy JI0 1HIIOTO BUKOHYETHCS 3a
KOMaH/I0I0 oTepaTopa.

— JiamoroBi. ABTOMaTU4HiI pOOOTH, IO B3aEMOIIIOTH 3 OINEPATOPOM,
BUKOPHCTOBYIOYM MOBY II€BHOTO piBHs. Hampukiia, KoMaH 1 TOI0COoM.

He3Baxaroun Ha BEJMKY KUIBKICTh TUITIB pOOOTIB y HUX € TIEPENTiK CHIJIbHUX
MOXHOOK, 1110 MOXYTh Ta HE MOXKYTh OYTH YCYHEHI:

- re€OMETPUYHI MOXHOKH;

- TETJI0B1 TOXUOKH;

- MOXHOKH, BUKJIMKAH1 J1€F0 CHJI TSOKIHHS,

— MOXUOKH CUCTEMHU KePYBaHHS,

— MOXUOKH CEHCOPIB;

— MOXUOKHU MTPUBO/IIB,;

- MOXUOKH, BUKIMKAHI 30BHIIIHIMUA 30y/KeHHSIMHU  (BiOpauisiMu
BEPCTATIB, 3MIHOIO TEMIIEPATYPH OTOUYIOUOTO CEPEIOBHUIIA TOIIIO).

TounicTe poOOTIB BU3HAYAETHCA IMOXHOKAMH  TO3UIIIOHYBaHHS  Ta
noxuOkamMu KyToBOi opieHTarli. [loxuOku TMO3UIIIOHYBAaHHS BU3HAYAIOTHCSA
MOXUOKaMH CEHCOPIB Ta CHCTEMH KEpYyBaHHS, TEXHOJOTIYHUMHU BIIXWUJICHHSIMU
pPO3MIpPIB JIAHOK MaHIMYJISITOPA, 3a30paMH y KIHEMAaTUYHUX TMapax MaHIMyJIaTopa,
TEMIIEpaTypHUMHU Ta IPY>KHUMHU JedopmariisiMu JaHOK Toto [3].

OcnoBH1 nokazuuku TouHocTi [1P npeacTaBieno Ha pucyHky 2.
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| Moxndra. BMKnMEaHa cUmow
TAKIHHA

A

MoxKBEE CHCTEMK KEPYBaHHRA

Moxdka NO3NULIOHYBaHHA,
LD BUIHAYAETRCA BNACHOK
nNoxXuaKow NpWEDIS

h 4

Te0OMETPMYHI NOXUTKK £

FOKEZHWEM TOYHOCTI
podoTie

Hairipwui 3 ToukK 30py
TOUHOCTI MONOWEHHA

I
r

Tennoei gedopmalii

h 4

OvHaMiMHI noxuDem o Moxudk ceHcopis

Puc. 2. Iloka3HUKH TOYHOCTI pOOOTIB.

Meronu 3a0e3ne4eHHs] TOYHOCTI TPOMUCTIOBUX POOOTIB.

1. [lepmm Ta HaWOLIBII AIEBUM METOJOM Ha IMEPIIMX €Tamax €
YTOYHEHHsI PILICHHS NpsAMOi Ta OOEpHEHOI 3ajady KiIHEMAaTUKH, IO JO03BOJISE
po3paxyBaTu TMOXMOKY TO3ULIOHYBaHHS LEHTPY pyxomoi mmiatdpopmu. g
BUPILIEHHS MPsAMOI 3aJadl KIHEMATUKU HEOOXIJHO 3HATH TOYHI TE€OMETPHUYHI
napaMeTpu po0oTa, a JJisi 3BOPOTHOT — TPAEKTOPIIO PYXy MIATHOPMHU.

2. J1Jist BU3HAUEHHS pallioHaIbHOI CTPpYKTYypH Ta napametpiB [P oqnumu
3 e(peKTUBHMX METOJIB IIJIBHMINCHHS TOYHOCTI € 3aCTOCyBaHHS METOJIB
CTPYKTYPHOTO Ta TapaMETPUYHOTO CHHTE3Y.

3. Taxosx 115t 3MEHIIICHHS TeMIIepaTypHuX AedopMalliii € BUKOPUCTAHHS
cucremu oxojomkenus [IP, mo 3ampomonoBano Ilputmioy [4], a Cemnrpen [5]
IPOJAEMOHCTPYBaB, WLI0 BHYTPIIIHE OXOJIOMKEHHS po0OTa MOXKE 3MEHIIUTU
MOXUOKY 3MIHU JOBXUHU oniopu Ha 50%.

4, JUiss  TOKpalieHHs airopuTMy Ta MNpOUEAYpH  KamiOpyBaHHS
BUKOPHUCTOBYIOTHCSI Pi3HI METOAU Ta MPOLEAYPH, HAMPUKIIAA, METO] HaWMEHIIINX
kBajapartiB. [Ipore BU3HavanbHUi (paKTOp MaAOTh IIYMU BUMIpIB, 1110 BUHUKAIOTh B
mpoiieci KajgiOpyBaHHS Ta MOXYTh MPU3BECTH A0 PE3YIbTATIB, KOJIU PIBHSHHSA
MOJieJIl HE MOKHA BUPIIINTH, a00 MOJENb Oy/e 3a/0BOJIbHATH HE YC1 OOMEKEHHS
cuctemH. Jlo TOro  KajgiOpyBaHHS AYy>K€ YyTJIUBE 10 BUOOPY MOJIOKEHHS poOOTa,
B SKOMY BOHAa BHKOHYETHCS. [IpUAHATO, IO ONTUMAIbHUM € BUOIp TMOJIOKCHHS
o0JIM3y TpaHUIll poOOYOro MPOCTOPY.
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5. Bukopucrannss ~ Outblll  JOCKOHaNWX  JABUTYHIB.  Haifuacrime
BUKOPHCTOBYIOTbCSI HACTYIHI JIBUTYHHU: CHUHXPOHHI 1 ACHUHXPOHHI JBUTYHHM Ta
KPOKOBI JIBUTYHHU.

ACUHXpOHHI JBUTYHH Tipiie (yHKI[IOHYIOTh B YMOBax poOOTH 31 3MIHHUM
CTPYMOM, aH1kK 3 TOCTINHUM, OCKUIbKH PYIIIHHUNA MOMEHT 3aJIKUTh HE TUTBKH BiJ
CTpyMy B CTaTopi, a TaKOX BIJ IIBUIKOCTI OOEpTaHHS Baldy, a CTPyM, IO
1HAYKOBAaHO B POTOpI, PEryJOBAaTH BaXKKO. IIpoTe ABUIyHM MOCTIHHOTO CTpymy
TaK0X MarOTh HEJOJIKU — Benuka Maca. [1oTyxHICTh Ta 00€pTOBUI MOMEHT TaKUX
JIBUTYHIB Ha OJIMHUIIIO MAcH Jy>K€ MaJi, a 3SHU3UTH Macy HE MOHa, OCKIJIbKA BOHA
BU3HAYAETHCS OUTBITIOI0 YaCTUHOK HECYY0i KOHCTPYKITII.

IlepeBaraMy CHUHXpPOHHHUX JBHUIYHIB € T€, II0 MAarHiTH pO3TAallOBaHO B
poTopi, a OOMOTKM — B CTaTopi; 3aMiCTh CHCTEMH KOJICKTOP-IIITKa
BUKOPUCTOBYEThCSI HAIIMHUN €JIEKTPOHHMA TMPUCTPIA KOMyTarlii, B SKOMY
MOJIETIIEHO BiABeAeHHS Teruia. Hemomikom ke € Te, MO iX pyXOMHA MOMEHT
CHWJIBHO 3MIHIOEThCS YEPE3 HEBEIUKE YUCIO (as.

3a KOHCTPYKIII€I0 KPOKOB1 ABUTYHH € CUHXPOHHUMH JABUTYHAMH Ta MarOTh
ycl iX HenoJiku Ta nepesaru. [Ipore mepen 1HIIMMHM CHUHXPOHHUMH JIBUTYHAMHU
KPOKOB1 JJBUT'YHU MalOTh IIEpEBary y BUCOKINA TOYHOCTI EPETBOPEHHS LU(POBOrO
€JIEKTPUYHOIO CHUTHAIY Yy JUCKPETHI KYTOBI NEPEMIIIEHHS pOTOpa; ABUTYH 3a
KOXXHUH IMITyJIbC 00€pTAEThCS HA TEBHUM (PIKCOBAHUI KYT; MOXKYTh 3a0€3M1€UNUTH
MajeHbKHi Kpok (10 400 KpokiB Ha OAMH 00EpT — TIOPHUIHI KPOKOBI JBUTYHH);
MOKYTh 3a0€31€UNTH BUCOKY TOUHICTh 4YaCTOTH OOEpPTaHHS.

Cucrema KepyBaHHsI, 110 BUKOPUCTOBY€EThCSA Y KPOKOBUX JIBUTYHAX, TAKOXK
Ma€e CyTTEBI IepeBard Mnepej 1HIMMMHU MpHIaJaMy, 10 BUKOHYIOTH Ti caMml a0o
cxoxi (¢yHkiii. Hanmpukian, BiACyTHE HAaKOMWYEHHS TOXUOOK TMOJIOKEHHS;
KPOKOBI JBUTYHH CYMICHI 13 Cy4yacHUMHU IUGPOBUMH TMPWIAIaMU; BIJICYyTHIN
3BOPOTHIN 3B'A30K, 110 3a3BUYail € HEOOXIIHHUM JJIsi KEPYBAHHS pPO3TalTyBaHHSIM
ab0 4acToTOI0 00EpTaHHS.

6. Bubip Oinbin momiasHOro Metony kepyBaHHs. JloOpe mimiOpanuii
METOJI KEpyBaHHA JO3BOJISIE KOMIIEHCYBAaTH OUIbIly YacTUHY IOXHOOK, IO
BUHUKAIOTh MPU KOHCTPYIOBaHH1, BUTOTOBJICHH1 Ta eKcruyarairii [1P.

[cayroTh pi3HI Kinacudikalii cnoco6iB kepyBanHs. HalnmomupeHimmm e:

Kiacudikariist 3a ciocobom kepyBaHHs [6]:

— nporpamHi. KepyBaHHsI BUKOHYETBCS 32 3a3/1aJI€TiIb MPOIMCAHOIO0 MTPOTPaMOIO.
—aganTtuBH1. KepyBaHHs peanizyeThesl y QyHKIIIT BiJ iHGOpMALlii PO MOTOUYHUN
CTaH Ta 3MIHU Y HAaBKOJIMIIIHHOMY CEpPEIOBHUIILIl Ta CaMOoro po0oTa, 110
OTPUMYETHCS B TIPOIIECI KEPYBAHHS Bl CCHCOPHUX MPHUCTPOIB.

— IHTeNIeKTyalIbHI. AJaNTHBHI BIACTUBOCTI PO3BUHYTI 10 PIBHS. 11O BIAMOBIIA€E
IHTEJIEKTyaJIbHIH MisUTbHOCTI JTFOJUHHU.
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ITo mipl ydacti JOAUHU-ONIEpaTOpa B MpPOIECT KEPyBaHHS PO3PI3ZHAIOTH
aBTOMaTHUYHE, aBTOMAaTHU30BaHE Ta PyUHE.

3a TUIIOM pyXy BHKOHABCBKHX CHUCTEM OyBaroTh Oe3mnepepBHI (KOHTYpHI),
JMCKPETHI1, TO3UIIMHI (KpOKaMH «B1J] TOUYKH JO TOYKH») Ta JUCKPETHI ITUKIIOBI (3
KPOKOM IO KOKH1M KOOpJAMHATI) CIOCOOU KEpyBaHHS.

3a KepOBaHMMH 3MIHHUMHU PO3PI3HAIOTH CUCTEMH KEpPYBAHHS MO3UIIEIO,
CHUCTEMH yMPaBICHHSI MOMEHTOM Ta CUCTEMH KepyBaHHS IIBUJIKICTIO.

CucremMu mporpaMHOro KepyBaHHS pOOOTIB MEPBUHHO OyiM 3aro3UyeHI 3
cucteM UIIK TexHOJIOTIYHOrO yCTaTKyBaHHS, MPOTE MPOMUCIOBI POOOTH 3HAYHO
CKJIAJHIIIe, aH1XK, HAIPUKJIIaJl, BEPCTaTH, MEPII 3a BCE Yepe3 Te, 110 MAIOTh OUIBIILY
PYXJIUBICTh Ta 3B’S3HICTh YyCiX JaHOK. CHCTeMH MPOrpaMHOTO KEpyBaHHS
poOoTaMu TPYHTYIOTBCS Ha HaWOUIBII MPOCTOMY METOMAlI KepyBaHHsA 0e3
3BOPOTHOTO 3B’s13Ky 0O€3 ypaxyBaHHSI 3MIHM CTaHy 30BHIIIHBOI'O CEpENOBHUIIA, 3
SKUM B3a€Mojii€ poOOT. TakMM YMHOM CHUCTEMH KEPYBaHHS JAHOTO TUILY MOKJIUBO
3aCTOCOBYBaTH TUIBKH 3a TOBHICTIO JETEPMIHOBAHMX Ta HE3MIHHHMX MPOTITOM
YChOTO TPOLIECY KEPYBaHHS 30BHINIHIX yMOBax poOOOTH, a TaKOX MapameTrpax
camoro po6ota ta Horo npu3HayeHHs (OCHOBHO1 (yHKIIIT).

AJnanTUBHE KEpYBaHHS 3a3BUYall IPEICTABIAETHCA SIK (DYHKIIiSI TapamMeTpiB
30BHIUIHBOTO CEPENOBUIIA, 3aBASKM YOMY MOXJIMUBE TaKOX 3a0€3MeUEeHHs
JIOCSITHEHHSI METU KEpPYBaHHS 3a HEMOCTIMHUX a00 HEMOBHUX anplOpHUX AaHUX
po 1l napameTpu. Takl CUCTEMHU KepyBaHHS MOXXYTh BUKOpUCTOBYBaTucs Ha [P
JUIsL 3aXOIUIEHHS JOBUIBHO pO3TAaIllOBaHUX a00 PYXJIMBHX HPEIMETIB 3aBISKU
HABEJICHHIO HA HUX 3aXOIUTIOIOYOTO MPHUCTPOI0; BUOIP 1 3aXOIUICHHS MPEIMETIB 3
psdy IHIIUX 3a TIEBHUMU O3HaKaMu (po3mip, ¢dopma, KOJIp TOIO); YHUKAHHS
HernependaueHuX TepernIKol Tomo. BUKOHAHHA Takoro poay 3aaad mepemdadae
BUKOPUCTAaHHSA CEHCOPHUX MPHUCTPOIB. [t OUIBIIOT TOYHOCTI pPO3MI3HABAHHS Ta
MO3UIIIOHYBAaHHS CEHCOPHI MPUCTPOI MOBUHHI MaTH BUCOKY PO3IUIBHY 37aTHICTDH
Ta CTIAKICTH 70 3a0pyaHeHb. TakoX MPUKIIaIoM CUCTEMHU aallTUBHOTO KEPYBAHHS
€ cucTeMa KepyBaHHS MTPOMHUCIOBUM POOOTOM ISl AYTOBOTO 3BAPIOBAHHS TOIIIO.

[HTEeNeKTyanbHe KepyBaHHS € OiIbII JOCKOHAIMM Ta CKJIQJHUM METOIOM
KEpyBaHHA MOPIBHSAHO 3 aganTUBHUM. Ili1 1HTEIEKTOM pO3yMI€ThCS 3arajibHa, B
OCHOBHOMY TPHUPO/KEHA TI3HaBajlbHa  3JaTHICTh, BKIIOYAIOYM  yMIHHS
oOpoOmtoBat 1H(MOPMAIlI0O TPO HABKOJUIIHE CEPEJAOBUINE 3 MOOYIOBOIO il
MoJieiel Ta BUKOPUCTOBYBAaTH OTPUMaHy 1H(QOPMALIIO JJIs IJIaHYBaHHS MOBEIIHKH
B yMOBax $IBHOI HEMOBHOTH 1H(OpMAIlii Ta 30BHIIIHBOI OOCTAHOBKH, 3MIHU SIKOI
HUIKOM HemepeaOadyBaHi. [IpuHIMIOBAa BIAMIHHICTH I1HTENEKTY IITYYHOIO Ta
MPUPOIHBOTO TOJIATAE Y TOMY, IO MEPIIUNA IMITY€ IPUPOIHINA IHTEIEKT TUTHKH B
YaCTUHI PINICHHS TIEBHOTO THUIy TBOPYUX 3aBJaHb, TOMI SIK MPHUPOIHINA OLIBII
JIOCKOHAJMK Ta yHiBepcanbHUil. Cepeq TUMOBUX 3aBJaHb IITYYHOTO 1HTENEKTY €,
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HaIpUKJIaJ, IrpoBl, MEepeKyia 3 OAHIET MOBU Ha 1HIIY, pelaryBaHHS MOMWJIOK Y
TEKCTI 1 1HII 1oA10H1 3aBAaHHs, Jie Tiepedip BapiaHTIB HEe € MOXKIUBUM. CTBOPEHHS
MOJIeJ1 JIIOJICBKOTO MO3KY Ta pPO3rajKa Mpolecy MUCIEHHS — 1ie (pyHaaMeHTaIbHa
npobJieMa MITY4HOTO 1HTENEeKTy [7].

JIns CTBOpPEHHS IITYYHUX HEUPOHHUX MeEpex Il 00J1acTi poOOTOTEXHIKU
BUKOPHUCTOBYETHCA MiJX11 OMM3BKUN O €BPUCTHUYHOTO 1 TOJSATAE B MOCTYIIOBOMY
HAKOMMYEHHI MPUBAaTHUX EBPUCTHUYHUX 3HAXIMOK [JIsI BUPIMICHHS OKPEMHX
KOHKpeTHUX 3anay. llepenbavaerncs, 10 cymMa TakKUX YaCTKOBUX pIllIEHb 3 1X
HAKOMMYCHHSM MIABUIIUTH PIBEHb MITYYHOTO 1HTEIEKTY, 110 IPU3BEAE A0 OUIBIIOT
TOYHOCTI HOTO PIIIICHb.

Mix cucTtemMamM I1HTENEKTYalbHOTO Ta aJalTUBHOTO KEPYyBaHHS HEMae
pi3koi Mexl. [HTeneKkTyalbHI CHUCTEMH € Pe3yJIbTaTOM PO3BUTKY aJdalTHBHUX
CUCTEM Y CEHCl PO3IIMPEHHS MOKJIMBOCTEH ABTOHOMHOIO BUKOHAHHS OUIbII
CKJIaIHUX Ta KOMIUJIEKCHUX 3aJja4 Y HEBU3HAUEHOMY CEpEOBHILI 1 3a BCe OLIbIIOT
HEMOBHOTH 1H(OPMAIIii, [0 BUMAraeThCsl 11 BUKOHAHHS X 3a]1a4.

butbmiicte  mapameTpiB  3aal0ThCs 1€  HA eTall  KOHCTPYIOBaHHS
MIPOMUCIIOBOTO poOOTa Ta B OUIBIIOCTI BUIIAJKIB HE MOXYTh OYTH 3MIHEHI B
npoueci Horo excrutryaTarii. KaniOpyBaHHsl, HaIpuKiaa, MPOBOAUTHCS 3a IEBHUMU
aNropuTMaMH. 3a3BUuai, KamiOpyBaHHS TPOBOAMTHCS KOJIM HAKOMUYMIIACS
noxuOKa. 3a3BUyail HAMMPOCTIIIMM METOJOM € MOBEPHEHHS POOOYOro OpraHy B
«HYJIBOBY» MO3HIIIIO.

CucreMu KepyBaHHS TaKOX MOYKHA 3MIHIOBATH 3a MIHIMQJIBHUX 3MiH CaMOTO
[IP. BuOip HaiOIpII NPUHHATHOI CHCTEMH KEpYyBaHHSA JO3BOJISIE 3MEHILIUTH
NOXMOKM, 10 BUHUKIW HA e€Tamax KOHCTPYIOBAaHHS Ta BHUPOOHUIITBA. Takox B
mpolieci eKcIutyaTallii BUHUKA€ 30BHIMIHINA 30ypIOIOYHI BIUIUB, SIKUM CKIIAIHO
nepeadayuTH 3a3aaleriib, TOMy Ha BUPOOHHUIITBAX YACTIII€ BHKOPUCTOBYIOTH
aJlariTUBHE a00 1HTENeKTyallbHe KepyBaHHS. AJJaNTHBHE BUKOPUCTOBYIOTHCS, KON
yCl 30BHILIHI BIUIMBH MOXJIHMBO MepeAdauyuTy 3a3dajieriib Ta BpaxyBaTh NpH
nporpamyBaHHi. [IpoTe yactie 3a Bce MPUCYTHI TAKOX 30yprOr0Yi BIUIMBH, SIKI
HEMOXJIUBO TepeadaunuTu Ta BpaxyBaTd, a0o iXx 3a0araTo, TOX CTBOPIOBATU
aJIaliITUBHY CUCTEMY KepyBaHHS 3aHaJTO JOPOTo Ta BIATYK Mporpamu Oyjae 3HaUHO
JOBIIMI. 3a TAKOTO BUIAJKY PO3POOIISIIOTHCS IHTEJIEKTYalIbHl CUCTEMU KEPYBAHHS,
0 JI0O3BOJISIIOTH 3a0€3MeUUTH HEOOXIJHY TOYHICTh Ta IIBUIKICTH BIATYKY
IPOTPaMH.

Takum yMHOM, TOYHICTH TO3UIlIOHYBaHHA [IP B poboToTexHili € ofHie0 3
HalBa¥UIMBIMIKUX TIpoOsieM. HaBiTh 3apa3 BOHM BUKOPUCTOBYIOTHCS Yy OaraThoXx
rajnyssix, Takux sK MallMHO-, JITaKO-, PaKeTO- Ta MPHIaJo0yayBaHHS Ta I1HIIUX
obnactsax mpomucioBocti. Posnoscromkenns [IP ta MP mo3BoiauTh migBUIINATH
AKICTh TPOJYKIli, a TaKoXX BHUCYBa€ HOBI BHUMOTM JO iX TOYHOCTI Ta
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BiATBOpIOBaHOCTI. [IpoTe BHCOKOTOUYHI «3 3aBOJy» pOOOTH MalTh BHUCOKY IIiHY,
TOMy Oarato BHUPOOHMIITB HE MOXYThb iX COOl JO3BOJUTU. A OTKE, HEOOX1IHO
oOpatu TOW BHJ HIBEJIOBAHHS MOXUOKH, IO HE MOTPEOyBATHCS BUCOKOTOYHUX
JeTane Ta CKIaJaHHs, Ta HE 3aJeKaTHME BiJ KIHEMaTHYHOI CTPYKTYpH poOOoTa
Tomo. ToMy HaWOINbII AOIIBHUM € BHOIP IHTEJICKTyadbHUI METOJ KEpYyBaHHS,
mo 3a3Buyail Oaszyetbcs Ha I[IIHM, mms BupilieHHS CKIaAHUX 3aBliaHb, 1€
3a3BUYall HEMOXKJIMBO Mepen0aYnTh ycl BIUIMBM Ha CHCTEMY, a TaKOX SKIIO
iH(popMallis 3 HABKOJMIIHBOTO CEPEJOBHUINA MIHIMaJIbHO TMOBHA, abo 11 B3araii
HeMae. [le m03BOIMTH 3a MEHIIMX OOYMCITIOBAIBHHUX IMOTYKHOCTEH 3a0e3meunTd
HEO0OX1IHY TOYHICTh IMO3UI[IOHYBAHHS 32 BUKOHAHHS CKJIQTHUX OTepallii.
[lepcnexkTBaMu  MOAANBIIUX  JOCHIDKEHb €  PO3POOJICHHS  METOIY
MIJIBUIIICHHS TOYHOCTI MO3UIIIOHYBaHHS MPOMUCIOBUX POOOTIB Ha 0a3l MTYYHUX
HEHPOHHHUX MEPEXK 13 3aCTOCYBAHHIM YHCEIIbHUX METOIB JUIsl ONTUMI3allli BUOOPY

CTPYKTYPH MEPEKI.
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VJIK 621.791.

Tpembau 1.O. (Vkpaina, m. Kpamamopcwok, [IpAT « HKM3», J[/IMA), I'punsb O.I'.
(Ykpaina, m. Kpamamopcwox, J[JIMA)

MYJIbTU®A3HA CTPYKTYPA"I.\./IAHI‘AHOBOJ CTAJII -3ATIIOPYKA
INIABUIINEHHA 11 3HOCOCTIMKOCTI

Ilokazano, wo 2on106HOI0 npuyuHolO 6uxody i3 nady demaneu 3i cmani 110'13J] €
3Howyeanns. Cmpykmypa cmabiibHo20 aycmeHimy npu3eo0ums 00 HU3LKOI 3HOCOCMIIKOCMI 8
ymogax —abpasugHoz2o 3HOCy. Baoswnusum i nepcnekmueHuM — HANPAMKOM — CYYACHO20
Mamepianio3Hascmea € CmeopeHHs Mamepiaiié 3 CMpyKmypoo MemacmabiibHOW ayCcmeHimHo0
ma aycmerimHo—KapoOioHow CMpyKmypoio, ujo 00360J5€ NiOSUWUMU 3HOCOCMIUKICMb 8 YMOBAX
abpaszueHo20 3HoCy.

It is shown that the main reason for failure of steel parts 110G13L is wear. The structure
of stable austenite leads to low wear resistance under abrasive wear. An important and
promising area of modern materials science is the creation of materials with a structure of
metastable austenitic and austenitic-carbide structure, which allows to increase wear resistance
in abrasive wear.

BucokomanranoBa aycteHiTHa ctanb 1100'13J] mmpoko 3acTOCOBYETHCS Y
MamuHOOyAyBaHHI JJIsi BUTOTOBJIEHHS JIeTajeil, IO TMpaiioTh B YMOBaxX
1HTEHCHUBHOI'O a0pa3MBHOIO Ta yAapHO-abpa3suBHOTO 3HOCY [1].

Ile oOymoBieHO 1i YHIKQJIBHUMH BJIACTHUBOCTSIMHU, 30KpEMa, BHCOKHUM
OIIOPOM TIOBEPXOHb B JA€POPMOBAHOMY CTaHl aOpa3sMBHOTO 3HOCY B IMOE€IHAHHI 3
BHUCOKOIO TJIACTUYHICTIO Ta MIIHICTIO.

3natHicTh cTam lagduibga  3MINHIOBATUCS il BIUIMBOM  yJIApHUX
HAaBAHTAKEHb POOUTH 1i B psAl BHUNAAKIB NPAKTUYHO HE3AMIHHOK s
BUTOTOBJICHHS J€Tajied, 10 NpaliolTh 0OPU IHTEHCUBHUX JIMHAMIYHHX
HABaHTA)KCHHSX.

IIpu excrutyatamii [1] BummBkiB 31 ctani 110I'13JI crocrepiraeTbes cyTo
abpa3uBHUN 3HOC (3y0 KOBIIA €KCKaBaToOpa, 3HIMAIBHUHN KOJ0O, HIHEK IMHITY),
yIapHO-aOpa3uBHUN 3HOC 31 3HAYHUMM YAAPHUMHM HaBaHTKEHHSIMU (OpoHs,
KOHYCHI 1 IIIOKOB1 Ap0oOapKu, KyJIbOB1 MJIIMHH ), a0pa3uBHO-yIapHUN 3HOC 3 MAIIUMHU
yIAapHUMHM HaBaHTAXKEHHSIMHU (HOXK1 Oynbpao3epa, >KOJIOOM TMiJg IIOKOBUMHU
JIpobapkamm).

AHami3 ekcrutyaTailli 3HOCOCTIMKMX BHMIUBKIB 31 ctami 110013J1 [1],
HE3BAXKAIOYM Ha PI3HI YMOBM iX pOOOTH, TMOKa3ye, IO TOJOBHOI MPUYHHOIO
BUXOJY iX 3 JIaJly € 3HOILIYBAHHS B MPOLECI CTUPAHHS MPHU 31TKHEHHI 3 a0pa3suBHUM
MarepiaioM. 30UTKU BIJ MNPOCTOIB YCTATKOBAaHHS BHACIIJOK 3HOCY OKPEMHX
JeTaneil Ta BUTpATH HAa MOr0 PEMOHT MOXYTh MEPEBUIIYBATU BapTICTh JETajel.
[IpaBwibHUN BUOIp CIUIaBIB JJIs BUTOTOBJIEHHS JeTalied, SKi MAJar0ThCs
IHTEHCUBHOMY 3HOCY, BH3HA4a€ €KOHOMIYHY €(EeKTHUBHICTH 1 TPUBAJICTh pOOOTH
TOTO YM 1HILIOTO YCTATKOBAHHSI.
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HenocratHst 3HOCOCTIMKICTH cTaOUIbHOTO aycteHity crtam 110013J1
MPU3BOJAUTH O HEOOX1THOCTI 3aCTOCYBAaHHS /ISl YMOB 3HOIITYBaHHS 3aKPITUICHUM 1
HAIB3aKpIJICHUM a0pa3uBOM KOMIUIEKCHOI MATpHIl, 0 MICTUTh ayCTEHIT 1
MapTEeHCUT. Bu3HaueHHs ONTUMAIBHOTO CHIBBITHONIECHHS (a3 MapTEHCUT/ayCTEHIT
3aJIeKUThH BiJ KUTBKOCTI M BIaCTUBOCTEH TBepnOi (a3u, a TaKoX BiJ HAsIBHOCTI Ta
BEITMYMHHU YIApPHOTO HABAHTAKEHHsS. YnM BOHO OumbIe, TUM OijbIIe B CILIaBi
NoBUHHO OyTu aycTeHiTy. [lpu 1mpomy pexomeHayerbes, 1mo0 MapTEeHCHT OyB
HU3bKOBYTJIeNeBUM. lle moB'sa3aHe 3 TUM, 1[0 TOBEPXHS TaKOrO MaTepialy Mae
BHCOKY OIMIPHICTh a0pa3suBHOMY 3HOIIYBAaHHIO, @ HAsBHICTb B’S3KOi ayCTEHITHOI
CEPIIEBUHM 3a0e31edye BiICYTHICTh TPIIUH 1 BIAKOIIB MeTamy [2].

OpgHuM 3 HaMBaXJIMBIIIMX HANPSIMKIB CYy4acHOrO0 MaTepilajlo3HaBCTBA €
CTBOpPEHHSI MaTepialliB 3 METacCTaOUTbHUMHU CTPYKTypaMH, sIKl € CHHEPreTHUHUMU
cucremMami [3, 4].

JIo CHUHEPTreTUYHHX CHUCTEM 3 TIOBHOIO IMiJICTABOI0 MOXKHA BIAHECTH CTajl 3
MEeTacTaOUIbHUM aycTeHiTOM. HalOinpln BakJMBY poJib B ajamnramii Ta
dbopMyBaHHI iX BIACTMBOCTEH TI'palOTh JTWHAMIYHI MAapTEHCUTHI MEPETBOPEHHS Ta
(a00) nBITHUKYBaHHSI, 10 MPOTIKAIOTh MPH HABAHTAXXEHHI, a TaKOX CTPYKTYpHI
3MIHU: YTBOPEHHS JIe(EKTIB YIAKOBKH, 30UIBIICHHS IIUIBHOCTI JUCIOKAIIIH,
noipiOHeHHs 3epHa, (GOpMYBaHHS CyOCTPYKTYpH, IMHAMIYHE cTapiHHA [4].

B cepeauni 50-x pokiB munynoro cromirts [. H. borawesum Ta P. L
MuHiieM BHUCJIOBJIEHA 1 peali3oBaHa HaA3BUYANHO TUTiAHA i7es [S], cyTh sKOi
moJisiraia B BUKOPHUCTAHHI MapTEHCUTHHX NEPETBOPEHb HE N0 3MIIHIOBAHO1
00poOKHM cTasiel 3 MeTacTadlIbHIUM ayCTEHITOM, SIK Lie OyJI0 3a3BUYall TPUIHATO, a
IpyU HABaHTaXEHHI B Mpolecl BUIPOOYBaHb MEXAHIYHUX BIIACTUBOCTEH 1
eKCILUTyaTarlii.

[um Oyna Bu3HayeHa [5] HOBa 00JIaCTh BUKOPUCTAHHS METACTaOUILHOTO
ayCTEHITY [JJisi MIABUIIEHHS OINOpPY TIOBEPXHI MaTepialiiB  KOHTAKTHOMY
JUHAMIYHOMY HABAHTAXKEHHIO, SIKE€ pEANI3yeThCAd TP MEXaHIYHUX BHJAX
3HOITYBaHHS, 30KpeMa, pu aOpa3uBHOMY 3HOCI.

AHaI3 mTepaTypHUX JKepel [6-8] CBIIUNTD, III0 BUCOKY 3HOCOCTIUKICTH B
yMOBaxX a0Opa3WBHOTO 3HOIIYBAaHHS TIOKAa3ylOTh MaTepiaii 3 HECTaOUIbHOIO
ayCTEHITHOI0, ayCTEHITHO-KapOITHOI CTPYKTYpOI, a TaKOoX 31 CTPYKTYpOIO
MapTEHCUTY 3 HECTAOUTbHUM ayCTEHITOM. 3HOCOCTINKICTh METATy 3aJI€KUTh TAKOXK
BIJl TUIY 1 KIJIBKOCTI KapOiaHOi (ha3u, kapOoOOpuaAiB, HITPUIIB 3aii3a. JleroBanuii
ayCTEHIT 32 MILHICTIO NTOCIAa€ MPOMIXKHE MICLE MK (PEPUTOM 1 MAPTEHCUTOM, MAE
3HAYHY B'A3KICTh, OJIM3BKI MapaMeTpu IPaTKU 3 KapOigHOIO (a30ro, IO CIpUsE
KpaloMy 3aKkpilJIeHHIO KapOiJiB B OCHOBI Marepiaqy, TUM CaMHUM IIiJABHUILYE
yaapHo-aOpa3uBHY 3HOCOCTIMKICTH [2].

30UIbIICHHS 3HOCOCTIMKOCTI CTajedl 31 CTPYKTYpOK METacTablIbHOIo
ayCTEHITY 3HAWIIIO JOCTAaTHE OOTPYHTYBAaHHS 3 TO3UIIM €HEPTEeTUYHOI TEeopii B
po6oti B.C. TlomoBa 31 cmiBpoOiTHUKamu [8]. Tpanchopmariiss cTpykTypu
KOHTAKTHOI TOBEpXHI JeTajil, IO 3HOUIYEThCS, 3IIHCHIOETHCS B pe3yNbTari
nepenayi il eHeprii BiJ yacTOK abpa3uBy a0o0 BiJ aOpa3uBHOTO Tija. PyliHyBaHHS
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MOYMHAETHCS KOJM B JIOKAILHOMY OO0CS31 KOHTAaKTHOI IOBEPXHI BI1J0YBAEThCS
NOTJIMHAHHSL €Heprii IPaHUYHOI BEJMYMHM, SIKA BU3HAYAETHCS CHUJIAMHU 3B'A3KY B
MeTaji, M0 3HOMIYETHCS 1 €HEPrOEMHICTIO (ha30BO-CTPYKTYPHUX MEPETBOPCHbD.
[leperBopenHst Yy—a BiAOYBAa€TbCS MO MApTEHCUTHOMY MEXaHi3My, IO
3IACHIOETHCS B IPUKOHTAKTHO-TIOBEPXHEBOMY IIIapi PU 3HOLITYBAaHHI, HE BUMAarae
Jy’KE€ BEIMKUX BHUTpAT €HEprii, BOHO BIAITpAa€ CYTTEBY pPOJb B IiJBUIICHHI
3HOCOCTIMKOCTI CIIaBiB [9].

YTBOpeHHsT MapTeHcuTy aedopmallii Npu3BOAUTH O MOSBU BHYTPIIIHIX
HAnpy>XeHb CTUCKY B KOHTAKTHO-TIOBEPXHEBOMY OO0CS31 MeETaldy, OXOIUICHOMY
MapTEHCUTHUM TIepeTBOpeHHsM. Ha iX penakcaiito 3017bITYETHCS CIIOKHUBAHHS
eHeprii abpa3suBHOTO B3a€MO/Ii1, B pe3yJabTaTl YOTO 3HIKYEThCS 3arajibHa BUTpaTa
eHeprii Ha YTBOPEHHS B KOHTAaKTHO-TIOBEPXHEBOMY Iapi cTajl sA4eicToi
JUCIIOKAIIHHOT CyOCTpYKTypu 3 TPyOMMH MEXKaMH, a TaKOX Ha IOJaIbIIANA
PO3BUTOK MIKpPO- 1 MakpOTpIIIMH, 10 BUKIUKAIOTh pyWHyBaHHs Metainy. Lle i
CIY’KUTh IPUUMHOIO 1JIBUILIEHHS 3HOCOCTIHKOCTI cTamti [9].

B nporieci MapTEeHCUTHUX MEPETBOPEHB, 1110 MPOTIKAIOTh MPU HABAHTAXKEHHI,
B1I0YBa€ThCSA HE TIIBKU 3MIIHEHHS, 10 OyJIO 3arajbHOBIJIOMO, ajie 1 peakcariis
HaIpy>KeHb, 110 3abe3nedye MiABUIIEHY Mpale3laTHICTh MIKPOOoO'eMIB MeTamy.
KpiMm Toro, Ha po3BUTOK JedopMalliiHuX TMEepEeTBOPEHh BUTPAUAETHCA 3HAUHA
JacTHHA €HEPTii 30BHINIHBOIO BIUIMBY, 1, BIAMOBIAHO, MEHINA il 4acTka e Ha
pyiinyBaHHs [10].

[TepcrieKTHBHUM € HAyKOBHM HANpPSIMOK, 3TiTHO 3 SKUM IS TIABUIICHHS
MEXaHIYHMUX 1 CIIy>KOOBHX BJIACTUBOCTEHM CIUIABIB PI3HUX KJIACIB 1 MPU3HAYECHHS B
HUX HEOOXIJIHO CTBOpIOBaTH OarartodazHy CTPYKTYpY, B SIKill MOpSJ 3 TaKUMH
CKJIAJOBUMHU SIK MapTEeHCUT, OeiHIT, ¢eput, kapOiau, KapOOHITPUIH,
IHTEpMETAIIIIA Ta 1HILI, TOBUHEH OYTH OTPUMAHUN METAaCTAaOUIbHHUI ayCTEHIT, 110
3a3Ha€ MAapTEHCUTHI MEPETBOPEHHS MTPU HABAHTAXKEHHI. Ba)XMBO yrpaBisiTh HOTO
KUIBKICTIO Ta cTaOUIBHICTIO [3, 4].
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YJIK 004.896:621.7.044 (075.8)

Tpersik B. B., Panoaos B. /I., [Ipuxoasko C. O., lyasra M. O. (m. Xapxis,
HAY (XAl)

MPOI'PAMHMI PO3PAXYHOK TEXHOJIOTTYHUX ITIAPAMETPIB JIJIS
IITAMITYBAHHSI JINCTOBUX JETAJIEA HA IIPEC-TAPMATI

B cmammi posenanymi numauHs ~ BUKOPUCMAHHA  IMAYILCHUX  MEXHON02IU  OJs
8U2OMOBIIeHHs OemaJieli asiayiliHux O8USYHIG - WMAMNYB8AHHA CKIAOHUX JTUCMOBUX Oemalel Ha
npec-eapmami. Ilpeocmaenena roncmpykyis npec-eapmamu. Ilpoananizosani nepegacu i
HEOONIKU [IMNYIbCHO20 Memoda wmamnysants. Hasedena expanna opma pospobaenoi
npozpamu i pe3yabmamu mexHonr02iYHux pospaxyukis. Hasedena expanna ¢hopma pezyromamis
PO3PAxyHKiI8 OUCNEPCIliIHO20 [ pecpeciliHoco aHaNi3i8 3aledCHOCmi pobomu 6i0 mMoGUUHU
3a20MOBKU HA NEPULOMY NepexOOi.

In article considered questions of the use of impulsive technologies for making of details
of aviation engines - punching of difficult sheet details on press-cannon. Presented construction
of press-cannon. Analysed advantages and disadvantages of the impulsive punching. Resulted
screen form of the developed program and results of the technological computations. Also,
attached screen form of computation results and regressive analyses of variance of dependence
of work from the thickness of purveyance on the first transition.

B koHcTpykiiii aBialiifiHUX JBUTYHIB HEMalO JOCUTh CKJIQJHUX JMCTOBHUX
JeTanei, Kl MOTPIOHO BHUTOTABIIIOBATH 3 BUCOKOMIIIHUX MaTepiajiB 3 BHUCOKOIO
CTYMIHHIO TOYHOCTI. Taki aetani abo OTpUMaTH JOCUTh CKIIAJHO 1 HE €KOHOMIYHO,
a00 iX 30BCIM HE MOXKJIMBO BUTOTOBUTH HA TPaJAMLIIITHOMY 00JIaJHAHHI.

B cgiit yac [1] B XAl 6yno po3po6iieHo 00s1aJHaHHS 1 TEXHOJOTII, Kl He
BTpayalOTh HEOOXIAHOCTI 1 B TemepimiHuid 4dac [2]. JlJisi BUKOHAHHS CKJIaJAHUX
TEXHIYHUX YMOB TMOTPiOHI TOYHI PO3PAXyHKH TEXHOJOTIYHUX TapamMMETPiB.
CnpaBa B TOMY, III0 BUCOKI HaBaHTa)XCHHS B JIOCUTh Majuil yac (Mikpo abo Miji
CUKYHIH) N1e(OpMYyIOTh 3arOTOBKY JOCHUTH CKIIQTHO. 3’SIBISIOTHCS MPOOJIEMH 3
YTPUMAaHHSIM CTIAKOCTI 3aroTOBKH 1 jedopmailiiiHe ToJie Mae yKe CKIIaJIHHMA
XapakTep.

ToMmy BHKOpHCTaHHS IMITYJIBCHUX TEXHOJIOTiN TOTpedye HEOOX1THUX
pPO3paxyHKIB 1 B IpsIMiii, 1 B 3BOPOTHIN 3a/1adyaX TEXHOJOTTYHUX PO3PAXYHKIB.

[Ipec-rapmara € MOETHAHHIM TapMaTh (€HEPTeTHYHOTO BY3Jia) 3 MPECOBUM
OCHAILIEHHSAM (€HEPreTUYHUM BY3JIOM).

[Ipomec TiIpoJMHAMIYHOTO IITAMITyBaHHS;, TPYHTYEThCS HA HACTYITHHUX
MIPUHIIAIIAX

- SIBUIIA TIAPOAMHAMIYHOTO yJapy, 10 BUHHUKAE B PIWHI MPU mepenadl ik
KIHETUYHOT €HEepTii TBEpAO0ro Tija (CHapsaa), mo BoJiofie mBuakicTio 50...250 M/c;

- eeKTl CaMOBUILHOTO 3aMUKAHHS 3a30piB MPHU IMITYJILCHOMY MiBUIICHHI
TUCKY B HEYIIUIbHEH1H (opMyroUiil Kamepi.
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Ha puc. 1 nokazana cxema NpucTporo Jisl IITaMITyBaHHS Ha IIpecc-rapMari.

Puc. 1. Cxema npucTporo 1715 ITaMITyBaHH1 Ha pec-rapMari

XapakTepHUMHU OCOOIMBOCTSIMU LILOT'O TPUCTPOIO €:

-  HasABHICTh MDXK OOpOOJIOBaJIbHUM I1HCTPYMEHTOM  (CHapsiaioM) 1
00pOo0JIFOBAHOIO ICTAIUTIO MPYKHBOTO MEPEIAIOYOTO CepeAoBUIIA (PIAUHM);

- BIZICYTHICTH Y (hOpMYIOUiil KaMepl SKUX-HeOyab YIIIIbHEHb B3araii
a0b0 HasgBHICTh TUIbKH YUIUIbHEHb, 110 YTPUMYIOTh PIJMHY BIJl MEPETIKAHHS B
MOPOKHUHY MIXK 3arOTiBKOIO 1 MaTPHUIICO (10 MOCTPLITY).

OCHOBHI €JIEeMEHTH KOHCTPYKILIi mpec-rapmaTH: marpuus |, 3arotoBka 2,
oOMexxyBad mpoiiecy ¢hopMmyBaHHs TpyO 3, mepeaaroue cepeioBuiie 4, mepexiTHUK
cToBOypa 7 13 3MIMBHMM 5 1 HAMOBHIOIOYMM 6 mTynepamu. L{g rpymna eixemeHTiB
CKJa/la€ TEXHOJIOTIYHY 30HY MpHUCTporo. EHepreTMuHui By30J1 CKJIAAA€ThCs 13
ctoBOypa 9, cHapsina 10, matponnuka 12 1 ¢ikcyrodoro 3B's3ky 11 (Ha cxemi €
MOKa3aHWil y BUIIISAAI ITU(TA, 110 3pI3a€ThCs MPHU MOCTPLI), 3apsaay nopoxy 13 1
yCKOBOTO MeXxaHi3My 14, 3MOHTOBaHOTO Ha 3aTBopi 15.

TexHoJ0rYHUH Npouec IITaMITyBaHHS MOJSTae B HACTynmHOMY. B marpuiito
1 BCTaHOBIIOIOTH 3arOTOBKY 2, MOPOXHUHY 3arOTOBKHU 1 MEPEXIIHUK CTOBOypa 7
HAIOBHIOIOTh PIAUMHOI0 4 yepe3 mTyuep 6. 3a BiACYTHOCTI YUIUIbHEHb PiIMHA Y
dbopmyrouy Kamepy MoJaeThcsi 6€3nepepBHO, M0 3a0e3euye KUBICHHS 3a30PiB 1
MIATPUMKY 11 piBHS, BUBHAUYBAHOTO MOJIOKEHHSIM 3JIMBHOTO IITYIIepa 5.
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[Ipu mocTpuli THUCKOM TIOpPOXOBHMX ra3iB cHapsg 10 3puBaeThes 3
dopcyrouoro 3B'sa3ky 11 1 po3roHUTHCS B KaHal cToBOypa. CHapsi, 1Mo Mae 3amac
KIHETUYHOI €Heprii, BXOAUTh B MEPEXITHUK CTOBOYpa 7 1 3aBjae yaapy Mo piauHi
4. B piauHi BUHUKA€e THUCK, IO BIUIMBA€ Ha 3aroTOBKY 2, sfka JAeQOpMyeThCs 1
HaOyBae QopMy roroBoi naerani. Cama mnpecc-rapMara € HaIiBaBTOMATHYHOIO
YCTaHOBKOIO, TOMY B ii KOMIUJIEKT BXOJSATh CUCTEMHU YIPABJIIHHS - TiApaBlivHA 1
CJICKTPUYHA, SIK1, B3AEMOJIIIOYH, 3a0€3MeUyI0Th POOOTY Mpec-rapMaTi B PyYHOMY 1
HAIIBaBTOMAaTHYHOMY PEKMMax IO CTPOTO MEBHOMY Harepe/l 3aJaHOMY ITHKITY.

Bci arperatu 1 eleMeHTH CHCTEM YIPaBIiHHS PO3TAIIOBaHI B MyJbTi, 3a
BUHSATKOM BHUKOHABUYMX TIAPOLMIIHAPIB 1 KIHIIEBUX BUMHKAUiB, [0 BXOJSTH B
KOHCTpPYKIIito npec-rapMatu. [lonaua piguau y ¢popmyrouy kamepy 3A1HCHIOEThCA
3a JIOTIOMOTrOK0 CHeliaibHOI cucTeMd. Bopa HarHiTaerbcs mnommnow 3 0Oaka,
pO3TalIOBaHOTO B HIDKHIM YacTHWHI MiACTaBU. B KOHCTpyKLii mpec-rapmaTu
JOMYCKA€ThCSl BUKOPUCTOBYBAaHHS. 3apsAaiB g0 15..18 r, mo Bianosigae
KiHeTHuHiil eHeprii cHapsna 2,3...2,7 kJIx. [i cmoxusana enepris - 2 kBT, Hanpyra
B Mepexi - 380 B, Tuck B rizpocuctemi - 3,5...6,0, MIla.

JUis 301MCHEHHsT MpoLiecy IITaMITyBaHHS HEOOX1IHO poO3paxyBaTH 3apsij
[OpPOXY Ha MEPIIOMY 1 IpYroMy Mepexojax Mo CIpoIeHId METOIUII, 1110 J03BOJISE
3HAWTH 3pa3KOBY BEJIMYMHY 3apsijly, SIKa MOTIM KOPEKTYEThCS €KCIIEPUMEHTAIbHO
3a JIOMIOMOTOI0 OJHOTr0-IBOX mocTpumB. [lOoTpiOHMII THCK BU3HAYAETHCS NPU
BCTAHOBJIEHH1 3aJIEKHOCTI, 110 3B'SI3y€ 30BHIIIHI CHJIA 3 TOJIOBHUMH HaIpyramu 1
nedopmallisiMd i YyTBOPEHHSI HalXapakTepHIMX reoMeTpudyHux @opm. L
3aJIEKHICTh BCTAHOBIIIOETHCSI HA MIJICTaBl MOJIOKEHb TEOpIii MPYKHO-IMIACTUYHOI
nedopMailii TOHKOCTIHHUX 000JIOHOK SIPOBUHH HACTYIHUX JOMYIIEHHSX:

- THUCK 3 OOKy Imepearouoi CepeloBHINNEe Ha 3aroTiBKy PIBHOMIPHO
PO3IOIIICHE;

- Hampy)XeHMH CTaH MOXKHa paxyBaTH O€3MOMEHTHHM ILIOLIMHHO-
HANpPY>KEeHUM Y 3B'SI3KY 3 TUM, 110 3arOTiBKa IOCTAaTHHO TOHKA;

- Marepiaji 3aroTiBKM OJHOPIAHHUM, HECTUCKYBAHUI, BOJIO/I€ PIBHOMIDHUMU
MEXaHIYHUMU BJIACTUBOCTSIMU IO TOBIIWHI 1 IUIOI.

3B'S130K 30BHIIIHIX 1 BHYTPIIIHIX CHJ HA 3aTOTOBKH BU3HAYAETHCSI CYMICHUM
pimneHHsM piBHsAHHS Jlamaca (piBHSHHS piBHOBAaru), yMOBU MOCTIHHOCTI 00'eMy 1
YMOBH TUTACTUYHOCTI.
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VY pasi, Koo mWTaMOyBaHHS MPOBOAUTHCA 3 TPyO4acToi 3arOTOBKM Ha
nepioMy nepexoii, Gopmyiia CIpoIIy€eEThCS TaK:
200,51,
ri Ri

P

3aps MOpoXy BUTPAYAEThCA HA TOBIJOMIICHHS CHApAly KIHETHYHO1 €HEeprii,
JOCTaTHBOI JUISI 3AIMCHEHHS TIPOIeCy INTaMITyBaHHS, TOOTO BOHA ITOBHHHA
JIOPIBHIOBATH CyM1 BCiX POOIT, BUPOOIIOBAHUX B KaMepi Mpec-rapMaT:
Ewm =A.

SIKmo HeXTyBaTW BTpaTaMu €Heprii, To po0oTa, sKa 3amacaeTbCcsi B
TEXHOJIOT1YH1i 30H1 TPUCTOSI, MOKe OyTH MpEACTaBIICHA 3 IBOX CKJIaJOBUX:

A=A+ Ax,

ne  Ami - poboTa miaacTU4yHOI Aedopmarliii 3arotoBku; Ak - pobdoTa Ha
CTUCHEHHS P1MHI.

Posrisitnemo mporiec 0OMiHY €HeprisiMu B MepexiiHUKy cToBOypa. CHapsn

13 IIBUJIKICTIO Veu = Va 3aBJa€ yAapy Mo MOBEPXHI PIAMHU 1 CTBOPIOE B HiMl THCK
D. Ilpu npomypiguHa pyXy BCHII 3a 3aroTiBKOIO, M0 JAeQopMyeThCs,
3aIOBHIOIOUN JIOJATKOBUN 00'€M, 110 YTBOPUBCS, B TiApaBiiuHii Kamepi. Kpim
TOro, ii 00'€eM 3MEHIIYETbCS YHACTIJIOK CTUCHEHHS, TOMY MeXa pIIMHU B
MEePEXiTHUKY CTOBOYpa 3MIIIYETHCS BiJl TOYATKOBOTO MOJOKEHHA.  PoborTa,
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CKOIOBaHa CHAPAJIOM 1O 3CYBY PILAMHHU pO3PaXOBYETHCS TaK:
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A =PAW,
ne AW — 006’ eM TiepexiHUKa, 110 3BIILHIETHCS BIJl PIAUHH.
Pl P,

Xai 1 - TUCK B P1AMHI, BIAMOBIAHO HA MOYATKYy 1 B KIHIII MPOIECY
IaCTUYHOI fedopmariist 3aroTiBku. CrodaTKy CHapsii CKOIO€ POoOOTY BHKIFOYHO

. W,
HJs1 CTUCHCHHSA P1LOIVMHA (Ha BCIIMYNHY )

[Tpu mboMy HEOOX1AHY pOOOTY MOKHA PO3paxyBaTH 3a (OPMYIIOO

P,O0OW, P> W
AAl—0O-Lt—2o
2 2E,

Ha erani nedopmariii 3arotiBku cHapsij] 3BUIBHSE BiJl piIMHU 00'€M
AW2 = AWy £ AWy,

ne AW3sar - nepBUHHUN 00'€éM MOPOXHUHU MK 3arOTiBKOIO 1 MAaTPUIICIO;

P,

. : . P
AWx - BeuurHa 3MiHU 00'eMy P1IUHU B1J] TUCKY 10 THUCKY 2

[Ipu npomy 3atpauyerbest podboTa

P, 1P,
[

A W, O HA,.

T

A

Tyr K - 3MIH MOTEHIIIAHOT eHeprii piIMHU TIPU CTUCHEHHI ii Ha

BenunHy AWiK.

Cymapna po6ota, 3po0sieHa CHapsI0M 3 OYaTKy MPOIIeCy

PDW _|_P
A - OO A L OW

2 XK 2 3ar*

B miit popmyi nepini aBa uieHH € poO0Tor0 A, IO 3aTpavyy€eThCs Ha
CTBOPEHHS B piauHi TUCKY P2, sika BU3HA4Ya3ThCs 3T1HO BUpa3y
Pz W
A, U pu P = P2.
2E

K

Toni hopmyna as poOOTH TpUITMAE BUTIISIA:
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PPW P [P

A[]-2 o +-1 2 DW3ar.
2E 2
Jami oTpumaeMo
2 OPPW P 0P 7]
VHD [ 2 o0 ] 1 2 DW3arD.
en [ 2E>1< 2 []

ne Vi - MBUIKICTh CHapsla Ha BUXO/I1 13 cTOBOypa (yJIbHA IIBUIKICTD);

M, - maca cHapsa.

3apsn nmopoxy Bu3HaudaeThes yepes KIIJl ctoBOypHOi cucteMu 1 cumm

nopoxy f:
A
00 :
O f
a 3a HagBHOCTI OaliCTUYHOI XapakTEepUCTUKA TMpec-rapMartd - 3a ii

) m. .V
JOIOMOrOIO 10 BijomMum ¥ 1 2 [2].

Ha puc. 2 1 3 npencraBieHi ekpaHHi GOpMHU 1 TEXHOJIOTIUHI PO3PAXYHKHU
JUIsL TapaMeTpiB  TEXHOJOTIYHOTO TPOLECYy BUTOTOBJIEHHS JIMCTOBOI JeTal
aBialiifHoro ABUryHa. Po3po0iena nporpama 3axuiieHa aBTOPCbKUM CBIJOILITBOM.

Puc. 2. Expanna dopma aiist po3paxyHKiB TEXHOJOTIYHUX MTapaMeTpiB
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o c1t -
Ypasrene Y — CO* X 0 [ios231 o1 [51254 PezyInTaTsl UCTIEPCHOHHOIO aHATH3A PETPECCHBHOMN 3aBHCHMOCTEIO
MEKIY IBYMA MepEMEeHHENMH

Hcrounux UYnucro Cyania KBaJpaTos Cpexnuit xeagpat | F-oTHomenne
H3MEHYHBOCTH cTenmeHeH
CBOJOIE!
Perpeccua 1 o V" (\/\ 62 My, =8, e I\Ip!r
“ 1 Sper b AT per @2
= Se
[1297628,229 [1297828,229 E]
b Ocratox (-2) i A2 S
. aci — [ .1
O ’Socw_z(}z ¥ o e By
1 ﬁ
2312,47235457446 12203 ReReey
Cyvania @i-1) i 2
1 =NV v T
E— Sa= R =Y)
T
1297628.223
- OuncTuTe TaBauuy
i Tabuua BxoaHbIX AHHBIX Tafinuua aaHHbIX peperpeccun
: 1 2
: M Nokasare 01000 1.0000 10 01000 1.0000 10
08 1 01000 27.1 01000 25372278
3 & 02000 762 02000 73780951
03000 1462 03000 152.786196
01 1 10 Oueris ‘ 5 ‘ 8 | 04000 2353 0.4000 244.490743
x T 05000 3442 05000 352.075193
7 g 06000 4701 0.6000 474.280861
07000 6126 0.7000 £10.157336
Nureiinan Crenenan Keaapatiiran Cronbko rpacukos nokasare 7 [2 08000 7708 0.8000 758.951304
09000 9436 0.9000 920.044361
1.0000 1130.4 1.0000 1092.916330
Mo ocuateusce  [Pagora Ha aedopMysanHA saroToskM Ha newony nepexoai (1K)
s [Tuaumna 3aroToBku (M)

Mokasate OumeTuTs
MNokasate OumcTuTe

Puc. 3. Expanna ¢opma pe3ynbTaTiB JUCIIEPCHOTO Ta PETPECUBHOTO
aHaJI3y JaHUX 3aJIEKHOCTI POOOTH BijJ TOBIIMHU JACTal

[IpeacraBneni marepiaid MOXYTh OYTH BIPOBA/KEHI B KypCOBOMY 1
JTUTIJIOMHOMY TMPOEKTYBaHHI, B HAYKOBUX PO3poOKax, a TaKOX Ha MiAMpPUEMCTBAX
aBlariiHOroO NMPOoQUIIO.

[IpyHUMIIOBO 30BHIIIHIMU JKEpENaMu €Heprii IpH pO3rOHI cHapsia 3a
JIOTIOMOT'O10 TTPOIIOHOBAHOTO €HEPIrOBY3JIa MOXKYTh OyTH (32 BUHSATKOM MOPOXOBUX
rasiB): PpO3LIMPEHHS CTUCHEHOTO IMOBITPS, BUIIAPOBYBAHHS 3PIIKEHOTO rasy,
pO3IIUPEHHsS]  TeperpiToi  mapu, TOPIHHS  KUCHEBO-Ta3oBOi, Tra3o- Ta
NaJIUBOMOBITPSIHUX Ta30MOAI0HMX Ta3iB, MPOAYKTIB €HEprii pi3HUX MEXaHIYHUX
CUCTEM (IUHAMIYHUX, TPYXKHUX, ITHEPIIMHUX TOIIO), IMIYJbCHO-BAKyyMHI,
CJICKTPOMArHiTHI, TpaBiTalllifHI Ta 1HIII CUCTEMH, IO 3a0€3MeUyIoTh HEOOXiTHUM
HABAHTAXXyBaJbHUHN BIUIMB Ha PIAUHY B PO3TIHHIN Kamepi.

[{s TexHOMOTIsE MOXKE OYTH BUKOPHUCTAaHA JJISI MPOCTUX 1 CKIIAHUX JINCTOBUX
3arOTOBOK IT1JIOTO psiia TEXHOJOTIYHHMX omepartii [3].

CIIUCOK ITOCHUJIAHb
1. Ilpucmpiii ons 6anvyio8aHHs Ma WMAMNYSAHHSA HA Npec-eapmami, NameHm Hd
KopucHy mooenv Nel27798, onybnikosanuti MIIK B21D 26/06 (2006.01), B21D 26/02 (2018.01)
onyonixosanuu 27.08.2018, boa.Ne 16.
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UDC 658.51:004.73

Turkenich I.S. (Ukraine, Kramatorsk, DSEA).

METHOD OF EDITING NON-RIGID PLANE DETAILS.

The method of mechanical straightening of parts is laborious and importantly subject to
control. A new method of straightening non-hard parts in an electromagnetic field is being
promoted, which allows for the reduction of the front imperfections, to complete the work
efficiently, without requiring great expenses, and increasing the productivity of the preparation
of parts.

In today's machine-building, it is possible to grow rapidly to the quality of
the preparation of machine parts, which calls for the need for a variety of riz-
nominal methods in order to ensure the task parameters of the quality of
production.

During mechanical processing of machine parts, internal stresses are created
in the surface balls. Under the hour of operation of machines, these parts are
included, under the influx of vibrations and the changeable thermal waves of the
rear, the internal stresses in the materials of the parts are redistributed, which leads
to deformations and a decrease in the strength of the working functions. Larger
deformations are blamed for mechanical processing of non-hard high-precision
parts, for example, the guide rails of metalorizal verstats, guide rails, plungers of
the steam pumps, etc. In connection with cym, in technological processes, the
preparation of these parts is carried out many times old after the skin type of
mechanical processing (finishing, milling, grinding). As a rule, piecemeal antiquity
increases the technological cycle of preparation, reduces productivity and stabilizes
excess voltages not in the new world.

For the uniqueness of this negative phenomenon, there are a lot of ways,
which can be grouped according to its indication to:

- ways to ensure the reduction of excess stresses in the metal;

- ways to ensure the equalization of internal voltages without any significant
change after the change.

The first methods have been known for a long time and are widely used in
machine-building, but there may be shortfalls, the main one is the impossibility of
a complete reversal of excess stresses, which in the final result will lead to
excessive deformations during mechanical processing.

There are other ways to make a number of technological devices in your
warehouse, like vicorist during mechanical processing of non-hard parts. Rational
distribution of allowances, methods of front overprinting of the blank in the
direction of transferring deformation after processing, a method of controlling the
deformation by the rational force of cutting Ru [1, 2]. In the final operations, for
example, when flat grinding with vicarious ferromagnetic powder as a
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compensator for cob deformation of the part, a method of compensating for
warpage by surface plastic deformation, both with one-sided processing, and with
two-sided ones [3]. In this way, all methods, like advancing to another group, are
based on the alignment of the equally important steel in the details of the piece
local intrusion of additional excess stresses, as they compensate for those that were
forfeited by the allowance of the metal.

Correction of corrections, which are blamed through the distortion of details
in the minds of the minds of the minds, is carried out for an additional editing
operation, as it is important to control the management and not always give a
positive result.

Thus, the search for new highly efficient methods of stabilizing the quality
of parts in the preparation of an actual problem of machine-building-bath.

The method of work is the development of a method that allows you to
compensate for the compensation of internal excess stresses and improve the
physical and mechanical power of working surfaces of parts, as well as of all
materials. In addition, the method takes a minimum of an hour to complete it, you
will need to obtain a simple possession that can easily be installed at the
technological line of processing.

Let's take a deep breath - infusing magnetic winds on the physical and
mechanical power of the material of parts, changing high-frequency voltages,
changing them pulsating thermal winds, static voltages.

We have carried out a series of experiments on the correction of flat parts in
an electromagnetic field.

The object of research is steel 20X, dimensions L x B x H =100 x 20 x 6
mm. The cob openings due to the straightness of the surface fH were in the range
of 0.05...0.1 mm. In addition, small in the presence of the standard bar, it is
impossible to see the planes in the form of straightness.

Details, fixed on the standard plate, were ruffled between the poles of
magnets in such a way that the magnetic whirl penetrated them in a diametrically
straight line. To the ends of the parts through clamps 3 a change strum is supplied.
Electric strum vzaimodie z linear magnetic field and by the same time you click on
the mechanical changes of parts in the magnetic field. A stronger magnetic field
causes a change in the structure of the surface ball of the part, for example,
dispersion or coagulation of carbide stocks, which causes a re-spread of the
internal excess stresses. The superfluous austenite under the influence of the
magnetic field goes over to martensite, which causes changes in volume, which
adds to the redistribution of the superfluous stress.

The electric field under the ohmic support of the part creates a change in the
thermal field both in the surface ball and in the central volume, which also causes
the stabilization of excess voltages. Magnetostrictive high-frequency coving of the
bulk metal of the part calls for details of the grains, which improves the physical
and mechanical features of the parts [4].
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The eyes were sharpened according to the thickness in an electromagnetic
field, after which the freezing of excess deformations fr was made.

The greatest effect of processing in the electromagnetic field is achieved at
the processing hour t = 3 ¢, that is 195 sec, with an increase in the hour to 6 cycles,
it is more likely to be achieved in the field with the cob.

VISNOVKI

In this way, from a physical point of view, the gap of excess deformation in
case of rose-placed gaps and cob deformation in a magnetic field can be explained
by the fact that the magnetic effect is caused by metal, which is the maximum
internal stress o, the decal changes the modulus of elasticity) [4], so E zbilshuetsya.
According to the theory of pure bending (Hooke's law) the change of the fiber € is
due to the fact that it is on the actual line of the neutral ball, which is healthy:

e=o/E.

To increase the modulus of elasticity during magnetization to lead to a
change in the effective tension of the fiber €, so that the correction of the cut is
required.

As long as the optimal time of exposure to the electromagnetic field, it can
be explained that the increase in temperature causes a thermal effect, which will
require further investigation.
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YJIK 621.8
®paiimoBuy A.B., Kpasuoga /I.10., bounap O.B. (Vkpaina, Kpusuii Pie, KHY)

JOCJIIIZKEHHSA CKJIIAJJHOCTI CTBOPEHHA 3ACTOCYHKY
MOBOIO ITPOI'PAMYBAHHA ITACKAJIB VIS PO3PAXYHKOBHUX
HOTPEDB IHHKEHEPA-MEXAHIKA

Y pobomi eucsimneno npobremy pYMuHHUX PO3PAXYHKIE )y MEXAHIUHill IHJICeHepii.
Ilokazano nepesacu i HeOONIKU ICHYIOUUX NPOSPAMHUX NPOOYKMIE HNPUSHAYEHUX O  iX
noneculenHs. 3anponoHO8aHO CMBOPIBAMU 6IACHI 3ACMOCYHKU (3 GIOKpUMUM KOOOM OJid
BUpIWEHHs 8Y3bKUX 3a0ay iHdceHepa-mexanika. llpoananizosano cknaouicms aneopummizayii
ma npozpamy8ants NOOIOHUX 3ACMOCYHKIB.

The paper highlights the problem of routine calculations in mechanical engineering. The
advantages and disadvantages of existing software designed to facilitate them are shown. It is
proposed to create your own open source applications to solve the narrow problems of a
mechanical engineer. The complexity of algorithmization and programming of such applications
is analyzed.

OO0uuclieHHs, SKI BUKOHYIOTh 1H)KEHEPU-MEXaHIKM, YacTillle 3a BCE JIOCUTh
IPOCTI, ajie 00’ €MHI MO KIJIBKOCTI MaTEMaTUYHHX OIepalli, MICTAITh y co01 OaraTto
3MIHHUX, TIONMPAaBKOBUX KOE(DIIIE€HTIB, TaOMMYHUX BeauuuH, ToImio. I1[06
OOJIErIMTH 1l PYTHUHHI PO3paXyHKH MOKHAa BUKOPHCTOBYBATH I'OTOBE MPOTPaMHE
3abe3nedenHs (I13): Tabmuuni mpouecopu [1, 2], cucteMu KOMII’ IOTEPHOI anreopu
[2], Tomo. BHacmimok KOMepIIHHOCTI Ta yHiBepcalbHOCTI Takoro I13 BoHO Mae
MEBHI HENIONIKU: HEOOXITHICTh Joporo KymyBaTu 13, BilCYTHICTH MOKIJIMBOCTI
BUKOPHUCTATH JICSIKI MaTeMaTH4YHI omepallii, He 3aBXKIW IOCTYIMHUN UKIIYHUM
orepaTop, HEOOXIIHICTh BHECEHHS TAOJIMYHUX JaHMX 1 0araThoX crerudiuHux
dbopmysl Bpy4dHy, HEOOXIJTHICTh HaBYaHHSA CHIBPOOITHUKIB 1 camomy II3, i
pPO3pOOJIEHUMH  TIPOEKTAaMH  aBTOpaMH, pO3POOJICHUH TMPOEKT MOXKE He
BIJIKpUBATHCS Ha 1HILIOMY KOMII FOTEpI1 Ta 1H.

S0 ogHOTO pasy po3poOUTH MPOTrpaMHu 13 BIAKPUTUM KOJOM JIJIsi TIEBHUX
BY3bKUX 3aJlay 31 3py4YHHUM iHTepdeicom, TO MoJeHHa PoOOTa 1HXKEHEpa MOXKE
cTaTu OinbII TBOpYa, OIIBII CHPSMOBAHA Ha BHPIIMIEHHS I1HXXEHEPHUX 3a1ad
HiJIMPUEMCTBA, CKOPOTHUBIIM Yac Ha po3paxyHku. Hanpuknanm, y poborax [2-4]
MPOTIOHYEThCST poboTu po3paxyHku wmoBamu C#, C++, MathLab. IlepeBaru
OKpPEMHUX 3aCTOCYHKIB: (PpeHmIl Ta 103abinbHUN i1HTEpdenc, SKU 1HTYITUBHO
3pO3yMUTHM  TIpodecioHany MeXaHIKy, HaBITb TaKOMY, SIKMH KOPUCTYETHCS
3aCTOCYHKOM BIIepIle, O€3KOIUTOBHUN 1 (YHKIIOHAIBHO THYYKHH, SKIIO
KOPHUCTYBATHUCS 3aCTOCYHKaMHU y BIIKPUTOMY KOJIi, 3aCTOCYHOK IIIBHJKO MPAITIOE
HaBiTh Ha crnabkomy [IK. Xoua 1 € HeBenMKUN HEOJIK: HEOOXITHICTh 1HXKEHEPY
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3HaTH MOBY NpOrpaMmyBaHHs Ha 0a3oBoMy piBHi. Lle muTanHs Oyn0 po3risHYTO y
crarTi [2], ne Oyna cmpoba moBecTH, IO 1H)XKEHEpaM MeEXaHIKaM CIiJ BHUBYATH
porpaMyBaHHS 13 JEKUTBKOX TTPHYHH.

Merta poboTu nosisirae y Tomy, o6 po3pooutu [13 a1 po3paxyHKy THIIOBOT
3ada4l JUIS 1H)KEHepa-MalliHOOYIIBHHUKA 1 TpoaHali3yBaTH, Kl OIEpaTopu Ta
ONEpaHy 3HANOOWIMCS JJIsl 1bOTO, OIIHUTU iX CKJIAJHICTh aJITOPUTMIB Ta
HEOOX1THUI piBEHb BMIHb MPOTPaMyBaTH.

JlochiKyroun JaHe MUTaHHS y CydyaCHUX HAyKOBHUX CTATTIX 1 Ha pecypcax
13 3aCTOCYHKaMHU 13 BIIKPUTUM KOJIOM HamM# OyJ0 3p00JIeHO BUCHOBOK, III0 TAaKOTO
POy AOCIIKEHHS BHKOHYBAJIOCS Ty)KE€ Mayio, a MOAIOHMX 3aCTOCYHKIB Maiike
HEMa€ y BUIBHOMY JOCTYTII.

Mogoro nporpamyBanHs Ilackane y cepenoBumli nporpamyBaHHsi Lazarus
HaMH OyJI0 pO3pOO0JIEHO 3aCTOCYHOK (puc. 1), sikuit 00UMCIIIOE ISl TIIUITHUKIB,
Kl CIy)XaTb MIATPUMKOIO BEAYYOi BaJI-LIECTEPHI PEAYKTOpa, TMOCAJIKH
BHYTPIIIHBOTO KUIbLSI HAa BaJl Ta 30BHINIHBOTO KUIBISL Y KOPIIYC, BHUKOHYE
NEPEBIPKY MOCAJA0BOIO 3a30py IO HANOUIBIIOMY HATATY OOpaHOi IOCAJKH,
KPECIUTh CXEMH 1IHTEPBAJIIB TOMYCKIB 00paHUX MOCAJIOK.

B Incoming data — O e

Main parameters:

Bearing : 6-220
R= kH - radial load
A= I:l kH - axial load

Type of actiu:.n:| Strong blows, overload. 300% w

Type of the case:

- angle of contact of the relling elements with the raceway

Mext step

Pucynok 1 — BikHO BBeIeHHS BXiTHUX JTaHUX

VY xoni po3poOKM 4acTO BUKOPHCTOBYBABCS MMOBHUI YMOBHHUI oriepaTop if,
HAIMPUKIIA, Y pAaKax:
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if spos>0 then

begin

showmessage('BuzHaduene qoaTHe 3Ha4€HHS [TOCAI0BOTO 3330y, CBIAYUTH PO
T€, 0 MIX TiJTaMH KOYCHHS Ta OITOBUMH JTOPIKKaMU € 3a30p. 3HaYUTh BUOpaHa
nocajiKa IMiIUITHIKA Ha BaJT 33/I0BOJIBHSIE EKCILTyaTalliiHIM ToTpebamu, 3a30p y
TakoMy pa3i gopiBHioe: '+ floattostr(Spos) +'Mxm');

end

else begin

showmessage('3a3op BincyTHiH, 00epiTh MOCAKY 13 MEHILIUM HATSTOM BHYTpIIIHE
kisbite - Ban'+floattostr(spos)+Floattostr(deltaD));

end;

Moro BuBYEGHHS BXOAUTH Y HAWNPOCTINIy MHPOrpamMy MIKiTBHOTO KypCy
nporpaMyBaHHS 1 3a3BU4ail 100pe 3acBOIOETHCS. BiH Hali3acTOCOBYBaHIIIUI cepen
yCiX OIepaTopiB.

B TaBnwua 9 - O *

Inner diameter D = 23mm
Load intensity Pr =H/mm

Inner diarmeter Pr Pr Pr Pr
18-80 <300 300-1350 |1350-1600 | 1600-3000
80-180 <G00 600-2000 | 2000-2500 | 2500-4000
180-380 <700 700-3000 |3000-3500 |3500-6000
360-630 <800 900-3500 |3500-4500 | 4500-3000
Fit Js6 % mé né

Pucynoxk 2 — BikHo 13 TabmnuIiero peanizoBanorwo koMmmnoneHntom StringGrid

Po3pol6sitoun 3acTocyHOK OyJ10 CTBOPEHO KiJIbKa TaOJIUIlb 13 CTAHAPTHUMU
IHTepBAJIaMH JOMYCKIB JJIsl IMIBUAKOTO TMIiA00pY TMOCAJ0K BHUKOPUCTOBYIOUHU
StringGrid (puc. 2). Bin € Tpoxu ckiamHimmM s poOOTH, HIK TPUMITHBHI
komrioHeHTu Label, Button, Edit, ame nyxe edextuBHMI a1 poOOTH 13
TaOJIMYHUMH JAaHUMH.

PesynbraTom poboTu 3actocyHKy € 3BIT Ha puc. 3. [lizcymoBytouu: Oynu
3aCTOCOBaHI HECKJIAJHI KOMaHId YMOBHOI'O ONEpPaTopy, KOMIIOHEHTH (QopMHU
Label, Button, Edit, StringGrid, HainpocTimn apupMeTnyHi ornepaHu. 3arajaom i3
TOYKH 30py aIrOpuTMi3aiii Ta TporpaMyBaHHS TMPOCKT Ta PO3PAXyHOK € HE
CKJIAJHUM, TMPALEBUTPATHUM € TUIBKA Ju3aiiH 1HTepdeiicy. OTxe, yMiHb
mporpamMyBaTH JIOCTaTHRO HAaBITH 31 MIKUIBHOTO KypCy TPOXH TiJCHUICHOTO
YHIBEPCUTETCBKUM KypcoM. A MoxiauBocTi MoBHM Ilackamb Ta cepenoBuiia
po3podbku Lazarus € AOCUTh (PYHKIIOHAIBHUMHM JJII TEXHIYHOTO 3aCTOCYBaHHS,
0COOJIMBO /ISl TOYATKIBIS y IPOTPaMyBaHHI.
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VY mojanpnx MpoeKTaxX Ciiji po3BUBATH (PYHKIIIOHAT TaHOTO 3aCTOCYHKY Ta
pO3pOOIATH HOBI 3aCTOCYHKH Jisi OOYMCICHHS IHIIMX 33Jad MEXaHI4HOi
imkenepii. JloBecTu, 10 MporpaMyBaHHS BIIACHUX I1HXKEHEPHHUX KaJbKYJSTOPIB
no0pe onTuMizye poOOTy 1 3yCWIIs 1H)KEHepa-MeXaHika Ha pPo0odoMy MicIli,
3MEHIIUTH KUTbKICTh BUMIAJKOBUX TOMUJIOK, PO3BAaHTAXKUTD BiJl PyTUHHOI pOOOTH.

B 3giT = O X

Report about calculation of bearing fitment 6-220 with the following initial data:

Radial load R = 19 kH
Axial load A = 0 kH

Inner diameter D = 100 mm
Outer diameter d =180 mm

Angle of contact of rolling elements =0

Selected tolerance fields:

For D = 100 Ford = 180

+25

+3 +35
Is7

h5 +0r

Clearances and tensions are respectively equal to:
Nmax = 40 mkm

Nmin = 3 mkm

Smax = 70 mkm

Smin = 0 mkm

Fitment clearance Sfit =27,2916666666667 1

Finish work
Pucynok 3 — BikHO pe3ynbTaTiB pO3paxyHKy
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Yayc O.C., Maprunenko IM., bypux LII. (Vkpaina, m. Konomon,
Konomoncoxuii incmumym CymY)

CHUHTE3 TA ®A30BUI CKJAJ HAHOCTPYKTYPHUX ILJIIBOK
METAJI-®OYJIEPUT-METAJI

YV oaniu pobomi nposedeno oennd cmpykmypHux eracmusocmell (yiepumy, cunmes ma
docniodicents  (hazo8020 CcKAady MOHKONIIBKOBUX —Mamepianie meman-@yiepum-meman.
Enexmpono-mikpockoniuni 0ocniodcenuss npogedeni ons naiekosoi cucmemu Ni/Ceo/Ni. B
pesynbmami 00cnioxicenHs 0ye susnavenutl nepioo kpucmaniunoi pamxu I'IIK-Ceo ma I'LIK-NI, sixi
gionogiono cmanoguiu 1,417 wm ma 0,353 um. Cepeouiti posmip xpucmanimie 0/ NiiBOK
¢ynepumy ma Ni 6ionosiono cmanosus 4 um ma 20 um. Ompumani pesyromamu maiu 0oope
V32000ICeHH sl 3 OAHUMU THWUX POOim.

This paper reviews the structural properties of fullerite, synthesis and study of the phase
composition of metal-fullerite-metal thin film materials. Electron microscopic studies were
performed for the Ni/Ceo/Ni film system. As a result of the study, the period of the crystal lattice of
FCC-Ceo and FCC-Ni was determined, which were 1.417 nm and 0.353 nm, respectively. The
average crystallite size for fullerite and Ni films was 4 nm and 20 nm, respectively. The obtained
results were in good agreement with the data of other works.

Binomo, mo ¢Qynepur — MOJEKYISpPHUN KPUCTald 3 TIPAHELEHTPOBAHOIO
kyo1uHowo (I'IIK) kpucramiynoro rparkoro (puc.la)_adbo npocrtoro kyoiunorw (1K)
KPUCTAJIIYHOIO IPATKOI0. BIH yTBOPIOETHCS K MPOAYKT 00'€MHOI HOJiMepu3allii
chepuyHUX ByrieneBux mojekyn dynepeHiB (puc.10). OTtpumanuii Martepian
MOBHICTIO 30epira€ CTPYKTYpy MPOCTOPOBUX KapKaciB, sIKI MarOTh aHOMaJIbHO
BUCOKY JKOPCTKICTh Ta TBepIicTh [1]. OcTaHHE M03BOJISIE 3aCTOCOBYBATH (PyJICPUTH
B MAIIMHOOYIYBaHHI B SKOCTi 3MIl[HIOBAIbHHX MOKPUTTIB, MACTHJ TOlI0. Moro
YHIKaJIbHI BJIACTUBOCTI OOYMOBIIIOIOTH 3HAUYHMMA IHTEpPEC HJs 1HXKEHEPIB Ta
Mmartepiano3HariB [1-5]. Takum yuHOM MeTOO AaHOi poOOTH OyJi0 BHUBUYCHHS
METOJMK OTPHMMAaHHS, BIJIACTUBOCTEW IUIIBOK (yJeputy Ta AOCHI/DKEHHS 1X
CTPYKTYpHO-()a30BOro CKiaay.

Puc. 1. Kpucraniuna crpykrypa ¢ynepury (a) Ta mosekyiu Ce (0) [2]

VY 1990 p. Kperumep B. ta Xaddman JI. B oxniit i3 mabopatopiit [HcTHTYTY
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sanepHoi ¢izuku y M. ['eiinensoepr (HiMeuunHa) Brepie criocTepirajiv TBEpAUi
bynepur. Sk ajgorpomHa ¢dopmMa YMCTOTO BYIJICIIO I Marepiall MPUHIUIIOBO
BiZpi3HsAEThCS Big anmazy Ta rpadirty. Ilepiog kpuctamiunoi rpatku ['LIK-Ceo
ctaHoBUTh a = 1,417 HM, a cepenniil miametp moiekymu ¢ynepeny — 0,708 HMm,
BIJICTaHb MiXk cycinHiMu Monekyiamu — 1,002 am. ['yctuna ¢pynepury — 1,7 r/em?,
o 3HAYHO MeHImIe rycTuHu rpadity (2,3 r/em®) ta anmaszy (3,5 r/cem?) [2]. Le
MOB'SI3aHO 3 THUM, III0 MOJICKYJI (PyJepeHy, po3TalioBaHi y By3Jax 1pat Qylepury,
NOpPOKHUCTI. Y Tabmuui 1 HaBeAeHO A€kl AaHi mpo (PI3WYHI KOHCTAHTH MJif

bynepury.

Tabnuys 1
®iznuni koHcTaHTH 1015 PyJepurty Ceo [3]
Besnuuna 3HaYeHHs

[Tocriitna rpatku (I'LIK) 14,17 A
Biacrans Cep— Ceo 10,02 A
Enepris 38’ s13xy Ceo — Ceo 1,6 eB
['ycruna 1,72 r-cm?
MoeKyspHa rycTHHa 1,44 010 cm’®
M3orepmiuna crucnusicts (300 K) 6,9-10°1 m?H?
Temnepatypa nepexony [TIK-T'TIK 261 K
OG'eMuMii  KOe(iLiEHT TEPMIYHOTO 6,1:10° K*
PO3LIMPEHHS
PaGoTa Buxomay 4.7 eB
Temmneparypa Jlebas 185K
Temnonpoginicts (300 K) 0,4 Br-m-K*
Enexrponposignicts (300 K) 1,7-107 cm™
TemmepaTypa IUIaBIeHHS 1180 °C
EnTansnis cyomimarnii 167 xJ[>x Mo
JlienekTpruyHa MocTiiHa 40-45

OCKUIbKH BIJJOMO TPO MOKJIMBICTH YTBOPEHHS (yJlepUTy B MNPUPOTHUX
yMOBaxX MOro KjIacu@ikyrTh K MIHEpaJbHUN €JIEMEHT TPYIU BYTJICII0. 3aBIsSKH
TOMY, IO MOJICKYJM Y HbOMY 30JIFDKEHI, 3 HUX MOXYTh JIETKO OyTH OTpHUMaHi
pi3HI oiroMepu Ta mojiMepHi ¢asu MiJl A€ CBITIA, ONPOMIHEHHS €JIEKTPOHAMHU
abo Tucky. Ak npuknan npu tacky g0 10 I'Tla otpumaHo Ta oxapakTepU30BaHO
opTopoMOiIuHy a3y, 10 CKIAAAEThCA 3 JIHIMHUX JIAHIFOXKKIB TIOB'SI3aHUX MIXK
co00I0 MOJIEKYJ, a TaKoX TeTparoHallbHy Ta pomoOoenpuuny ¢asu, 1o
CKJIaIal0ThCA 3  IMapiB  TETParoHaJibHOI  Ta  IEeKCaroOHAJIbHOI  MEpex
MDKMOJIEKYJIIPHUX 3B'A3KIB, BIAMOBIAHO. ICHYIOTH JaHI TpO YTBOPEHHS 3
byneputy ¢GpepoMarHiTHUX MoJiMepru30oBaHUX (a3 (MarHiTHUN BYTJElb) Mid JI€0
TUCKY Ta Temmeparypu [2]. IcHyBaHHs Takux (a3 Moxe OyTH IMOB'sI3aHE 3
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YTBOPEHHAM JIe(DEKTIB, MPUCYTHICTIO JIOMIIIKOBUX aTOMIB Ta YaCTHHOK, a TAKOX 3
YaCTKOBUM pyHHYBaHHSIM MoJieKyn Ceo.

3aBAsIKM BUCOKINA CTaOUIBHOCTI (yJlepeHiB MOKHa TOBOPUTH Mpo (Ha3oBoOi
nmiarpamMu  (QylepeHy SK CaMOCTIMHOT pPEUYOBHHM — XIMIYHOI CHOJYKH, IO
CKIIQTAEThCS 3 aTOMIB KapOoHy (pwuc. 2a). Ha naniii (a3osiii giarpami BUAHO, 1110 32
aTMoc(epHOro THCKY 3HIDKEHHS Temmepatypu g0 260 K mpusBoauts [0
opieHTaliiHorO (hazoBoro nepexony y ¢ynepuri, B skomy I'LIK nmeperBoproerses
[1K. ITpupona uporo nepexoay oOyMoBiI€Ha 3JaTHICTIO MOJIEKYJ JIETKO 3MIHIOBaTH
CBOIO BIJIHOCHY NPOCTOPOBY OpI€HTallll0 MHpu TemioBomy pyci [3]. 3okpema,
OCKUJIbKU CHJIM B3a€MOJIIi MK MoJiekyliaMu Cgp B KPUCTaJIl MaJli, a CHMETPIs TyXKe
BHCOKa, TO mpu Temreparypi Buiie 260 K monekynu dynepeHy obepTaroThes
(macTuunmil kpuctan). Yactora obeprannsa npu T = 300 K cranosuts ~ 102 I,
[Tpu 3umxenni Temnepatypu (T < 260 K) o6epranns moinekyn Ceo IPUIHHIETHCS.
ITpu T = 260 K BinOyBaeTbcs 3MiHa kpucTamiuHoi cTpyktypu Qyieputy ['TIK—IIK
(pazoBuii nepexia 1-ro poay) 3 OTHOYACHUM 3aMOPOKYBAHHSIM 00€PTAIBHOTO PYXY
MOJIEKYJl BHACHIAOK 30UIBIIEHHS €HEprii MDKMOJEKYJSIpHOiI B3aemofli. OTxe
HU3bKOTEMIEpaTypHa (aza pynepury mae 11K kpucramiyny rpaTky.
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Puc. 2. ®dazoBa nmiarpama (a) Ta THCKM HAaCHYEHUX TMapiB I Pi3HUX
dynepnis (0) [3]

Crig BIAMITUTH, 110 BHACTIOK BHUCOKOI JIETIOYOCTI (DyJIepeH AyxkKe 3pyUHUI
JUISI BUKOPHCTAHHS B IUIIBKOBHUX TEXHOJOTIAX. BaxnmuBum ¢akTopoM Iis
MPAKTUIHOTO 3aCTOCYBaHHS (YJIEPEHY € MOKIUBICTh CHHTE3Y BUCOKOJIOCKOHATUX
KOHJICHCATIB Ha MOTO0 OCHOBI, OCKUIBKM B PsJii BHUITQJIKIB CTYIiHb JTIOCKOHAIOCTI
GylepuTOBUX TUTIBOK BU3HAYA€ CTAOLIBHICTh Ta OJHOPITHICTH iX BIACTUBOCTEH B
o0’emi koHaeHcary. Ilpu 3HAYHO HIKYUX TeMIiepaTypax (QyJaepur Jerko
cyOiMye, 110 OSICHIOETHCS TOPIBHSHO ciabkumu Ban—nep—BaanscoBumu cunamu
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MDKMOJICKYJIIPHHUX 3B'SI3KIB Ta MaJIOK0 €HEepriero cyOimMariii, 1o ctaHoBuTh 1,86 eB
Ha MoJieKyy. Ha puc. 20 npuBeneHO 3HAUEHHS] TUCKY HAaCUYEHUX Mapu JJIA PSAAy
dynepenis [3].

[Mopsn 3 1um, GynepuTH AOCUTH CTIHKI XIMIYHO 1 TEPMIYHO, X0 1 € (pa3oro,
TEPMOJMHAMIYHO HEBUTIIHOIO 1110710 rpadity. BoHu 30epiraioTh CTaOUIBHICTH B
iHepTHIH aTMocdepi axx a0 Temmeparyp Onuszbko 1200 K, 3a skux BinOyBaeThCs
yTBopeHHs rpadity. [Ipu tuckax nmonasn 10 I'lla ta remneparypax monan 1800 K
B1JIOYBA€ETHCSI YTBOPEHHA aaMa3HUX (a3, MpUYOMY 3a MEBHUX YMOB MOXYTh OyTH
OTpMMaHI HAHOKPUCTAJIYHI ajaMa3u. 3a3HauyaloTh, IO YTBOPEHHS aimas3iB 3
bymieputy BiAOYBaeThCAd 3a HWXKYMX TeMIIepaTyp IMOPIBHAHO 3 rpadiToM.
YTBOpeHHS piakoi ga3u A0 HUX TeMIepaTyp Hemae. Y MPUCYTHOCTI KUCHIO BXKE 3a
500K cnocrepiraerscsi moMitHe okucieHHa 3 yTBopeHHAM CO 1 CO,. XimiuHii
JIECTPYKIii (DyJIepuT TaKoX CHUpUSE HASBHICTH CIIJIB PO3UYMHHUKIB. DyimepuTu
JIOCUTH JIETKO PO3UMHSIOTHCA Y HEMOJSIPHUX apOMAaTHYHUX PO3YMHHHUKAX Ta Y
cipkopyrrenti CS; [2].

@dopMyBaHHS IUTIBOK, CTPYKTypa SKHUX BU3HA4Ya€Thcs CiaOkuMu Bau-mep-
BaanwcoBa cunamu, npe'siBisie 0COOIMBI BUMOTH JI0 CTBOPEHHS PIBHOBKHUX YMOB
KOHAEHcalli. Y 3B'A3Ky 3 IIUM cCepel METOAIB OTPUMaHHSA (YyJIECpPUTOBUX
KOHJICHCATIB BUCOKOT'O CTYIEHSI KPUCTAIIYHOCTI HAaHOUIBIIIOTO MOMIUPEHHS HAOyIH
MeToaM CyOJiMallii B 3aMKHYTOMY 00’€Mi, METOJIU rapsyoi CTIHKH, MOJICKYJIIPHO-
npomeneBoi emitakcii [1-3]. Ilpu 1npomMy KpuCTamiuHi IUIBKA BAABalIOCA
chopMyBaTH B OCHOBHOMY TUIBKM Ha OPIEHTOBHMX MIJKJIAJIKAX, TAKUX 5K CIIOJA,
MOHOKPHUCTAJIIYHUN KpEMHIN Ta 1H. BUponieHi TakuM Y4MHOM IUTIBKH 3a3BUYail Majil
pO3MIp KpHUCTAMTIB OJM3bKO 1 MKM 1 4YacTo XapaKTepu3yBaJIUCS SICKPaBO
BUPAKEHOI TekcTyporo (111).

B naniit po6oti mumiBkoBi cucteMu Ni/Cgo/Ni Oynu oTpuMaH1 y BaKyyMHIN
kamepi yctaHoBku BVYII-5SM wmetomom cyOmimarii ¢ynepuToBoi HaBaXKA B
KBa3i3aMKHEHOMY 00’emi. SIK MIAKIaJAKA BUKOPUCTOBYBAIM MOHOKPHUCTAIIYHI
mnactuau NaCl. Tlepen Ta micis KoHaeHcallii IiBOK (QyIEpPUTy J10JaTKOBO OYJI0
ocapkeHo 1Bk ['TIK-Ni. Takum ynHOM MU 3amo0iraiyd moJriMepHu3arii TUTiBOK
bynepuTy mia €0 €IEKTPOHHUX MPOMEHIB TMiJ] Yac MPOBEIACHHS €JIEKTPOHHO-
MIKPOCKOIIIYHUX JOCHKeHb (puc.3). PosrisiHemMo pe3yibTaTH €JIeKTPOHHO-
MIKPOCKOIIIYHUX Ta enekTpoHorpadiunux mocmimkens ([TEM-125K) mmiBok
dbyneputis. Pe3ynbraTu po3mmdpyBaHHs €IEKTPOHOTPAMHU ISl TUTIBKOBOT CUCTEMU
Ni/Ceo/Ni (puc.36) HaBeIeHO y TaOauIIi 2.
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Puc. 3. MikpocTpykTypa IIiBKu ¢yneputy (a) Ta eJIeKTpOHOTpaMa Bij
Kpuctajgorpapiyaux ImiomMH IIiBKoBUX cucTeM Ni/Cgo/N1 (0). CTpuikoro
BiIMIUCHUIN MU(pakIiiHUil MakcuMyM Bif kpuctanorpadiunoi mmoman (111)
I'IK-Ceo

Tabnuys 2

Po3mudgpyBanns ejiekTpoHorpamvu miiBkoBoi cucteMu Ni/Ceo/Ni

Ne (1, B.0.|dhKI, am| hKkl [a, am| Da3a <a> HM

1| C. | 0,818 |111|1,417|T'LHIK- Ceo

2 |rano| 0,246 | - - NiOy

3 | A.C.| 0,204 |111(0,353| T'TIK-Ni MR- d)a;EBI?ﬁquaﬂ{ NG
. -Ceo + -NI + cimigm NIOy,

4 | cep. | 0,177 |200|0,354 FHI-< Ni a (TLIK-Ni) = 03530001 rim,

5 |ramo| 0148 | - | - | NiOx | 4 (T'LK-Cg) = 1,417+0,001am

6 | cep. | 0,125 |220|0,353| I'LIK-Ni

7 | cep. | 0,106 |311(0,352| I'LIK-Ni

C — cunpna; [[.C. — nyxe cunpHa; cep. — Cepeans

AHamiz MIKpocTpykTypHu mutiBKoBuX cucteMu Ni/Cgo/Ni (puc.3a) m03BOJIMB
BU3HAYUTH CEPE/IHIA pO3MIp KPHUCTAIITIB OKpeMHX IIapiB. [[is muaiBok Qyneputy
ta 11iBok Ni BiH BiamoBigHo ctaHOBHB 4 HM Ta 20 HM. OTpuMaHi pe3y/IbTaTh Majld
n00pe y3roKeHHs 3 TaHUMU poOiT [4-6].

OT1xe, B yMOBaX TEXHOJOTIYHOTO BakyyMy B IuTiBKOBi# cuctemiit Ni/Cego/Ni
dbopmytrorbes Hactynuui dazoBuii ckian: ['IK-Cg + TIIK-Ni + cimigu NiOy. IIpo
yrBopeHHs ['TIK-Cgp CBITUUTH HASBHICTH MEKUIBKOX AUGPPAKIIHHUX MaKCHUMYyMIB
BiJl BiAMOBiAHUX Kpuctanmorpadiunux miomuH (111) Ha enextponorpamax. Cifg
BIIMITUTH, IO METOI MOJAJbIINX JOCHIJUKEHh BBa)XaEMO HEOOXIJIHICTH
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3aCTOCYBaHHS peHTreHorpadiyHux abo CeKTPOMETPUUYHUX METOIB [5,6] aHamizy
($ha30BOTO CKJIay IIIBOK QyJIEPUTY.

CIIUCOK ITOCUJIAHb
1. Ilpoyenxo 1. FO. Hanomamepianu i nanomexuonozii 6 erekmponiyi : niopyunux / 1. FO.
Ilpoyenxo, H. I. Lllymakosa. — Cymu : Cymcovkuii Oepocasnuii ynigepcumem, 2017. — 151 c.

2. https://uk.wikipedia.org/wiki/@yrepumu — @yrepumu, oama docmyny: 28.05.2022 p.
3. Effect of rotational speed on the interfacial nano-structural evolution and friction

behavior of hydrogenated fullerene-like carbon (FLC) films in vacuum / J. Shi, W. Wang, J.
Yang et al.// Tribology International. —2021. V. 154. — P. 106746-7.

4. A low-stress, elastic, and improved hardness hydrogenated amorphous carbon film / Q.
Wang, D. He, J. Zhang, // J. Nanomater. — 2015. — Vol. 2015. — P. 543631-5.

5. Structural properties and IR-spectroscopy of Ni- and Fe-based heterogenous metal films /
M.M. Ivashchenko, I.P. Buryk, B.M. Khudenko //Proceedings of the 6-rd International

Conference «Nanomaterials: Applications & Properties-2016», Lviv, Ukraine, September 14-19.
— V.5 Ne 1. —Sumy : SSU, 2016. — P. 0INTF12-4.

230


https://uk.wikipedia.org/wiki/Ð¤ÑƒÐ

YK 621.757:621.7.08
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BIBPAIIIMHUI BIIJIUB HA TIOKA3ZHUKHA SIKOCTI BUPOBIB
MAIINHOBY/IBAHHSA

B pobomi npedcmasneni pesyrbmamu yucio8020 MOOEN08AHHA NAPAMEMPI8 K)IbKOBO2O
gibpamopa  3a01s  3a0e3neyeHHss  GIOPAYIUHO20  MEXHONO2IYHO20 HA  CMAH  8Upoois
MEeXaHoCKIa0anbHo20 8UPOOHUYMEA.

The paper presents the results of numerical modeling of the parameters of the ball
vibrator to ensure the vibration of the technological state of the products of mechanical
assembly production.

OnnuM 13 mapaMeTpiB, 3a SKMM BHU3HAYAIOTh SKICTh JIETall, € MapaMmeTp
HamiiHocTi [1]. HamiliHicTh — BiacTHBICTE BUpOOy 30epiratd 3HAYEHHS
BCTAHOBJICHUX MMapaMeTpiB (PYHKIIOHYBAaHHS Y MeXaX MPOTATOM 3a/IaHOTO Yacy.

[TapameTpu SKICHOTO Ta KIJIBKICHOTO XapakTepy (OpMYyIOThCS Ha eTarax:

1) mpoekTyBaHHS BUPOOY Ta TEXHOJIOTi1 BUTOTOBJICHHS;

2) BUTOTOBJICHHS Ta KOHTPOJIIO;

3) ekcruyarartii.

Omneparrii MexaHoOOpOOKH, BHACTIJOK CHJIBHOTO BIUIMBY Ha Matepial,
MPU3BOJATH 10 301IBIICHHS BHYTPIIIHIX Hampyr y marepiani [2]. [lane sBuie,
MOXke OyTH aOCOIOTHO HETAaTUBHUM a00 TO3UTUBHUM, OCKUJIBKU:

1) BHyTpIlIHI HANPYTH MarOTh MO3UTHBHUN XapakTep AJIi BUTOTOBJICHHS
NPYKUH Ta IHIIMX BUPOOIB, MPUHLMI [1i SKUX 3aCHOBAHWW HAa BUKOPHUCTAaHHI
BJIACHOTO HANPy>KEHOTO CTany [3];

2) BHYTpIIIHI  HAaNpYXCHHS CTHCHEHHS  JO3BOJSIOTH  IIJIBUIIUTH
eKCIUTyaTalliiiHl  XapaKTepUCTUKH (MIJBUILYETHCS BUTPHUBANICTb, KOPO3IMHY
CTIMKICTB, MPYKHICTh MaTepiany) [3];

3) BHYTpIIIHI HANPYXXCHHS PO3TATYBaHHS HETaTUBHO BIUIMBAIOTH HA I1HIII
MeTajeBl BHUPOOH, OCKUIBKM IMPOBOKYIOTH PO3BUTOK TPIIIMH 1 PO3TPICKYBaHHS,
NPUCKOPEHHS YTBOPEHHS KOPO3ii Ta pylHyBaHHs MaTepiany [4].

Tomy, NmpoBOAWTHCS HU3KA KOHCTPYKTHBHUX 1 TEXHOJOTIYHUX 3aXOiB,
HaIpaBJICHUX Ha 3MEHIICHHS 3aJIMINIKOBUX Harpyr. HalOinbIn mepcrneKTUBHUM
METOJIOM, KM Ma€ Maly KUIbKICTh HEJOJIIKIB, € BiOpooOpoOka [5, 6]. Mo ii
nepeBar BiJHOCUTHCS:

— HU3BKUH PIBEHb CHEPTETUYHHUX BUTPAT;

— HU3bKUH PIBEHb YaCOBUX BUTPAT;

— YHIBEpCaJIbHICTb;

— KOMITAaKTHICTh Ta MOO1JIbHICTE 00JIaJHAHHS,

— BIJICYTHICTh OKaJIMHHU, IIJIAKIB.

Henomniku metony:
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— HeoOX1He crelniaiabHe 00Ia HaHHS;

— BiOpallii € MIKIIJTMBUM BUPOOHUYHUM (PaKTOPOM;

— nnst TabapUTHUX AeTajeil He0OXiTHO CTBOPIOBATH CIEIlialbHE 001 JHAHHS
Ha OCHOBI I10JI1 YaCTOTHUX BIOpaIlii.

[THeBMaTnuHi BiOpOBO30OYKyBadli BHUKOPUCTOBYIOTh C€HEPIil0 CTHUCHEHOI'O
MOBITPS Ta XapaKTEPU3YIOThCS IIMPOKUM Jialla30HOM 3MIHU YacTOT, aMILTITY] 1
3yCWJUIS, TPOCTOTOI0  PETyJTIOBaHHS,  MOXJIMBICTIO  BUKOPHUCTaHHS Y
BUOYXOHEOE3MeyHnX yMoBax [7].

KynbkoBi mHeBMaTH4HI BIOPOBO30Y/I)KyBaul T€HEPYIOTh BiOpaIlii 4acTOTOIO
o necaTtkiB Thcsd [, BiOpallisi BUKIHMKAEThCS: BIUIMBOM BiJI IIEHTPOBOI CHIIM
Kynbku 2 (puc.l) Ha KUTBIEBI JOPUKII 3; pyX KYyJbKH IO KOy OOYMOBIIEHO
BIJTUBOM CTHCHEHOTO TIOBITPS, IO MOAAEThCs uepe3 comuio 1. [TosiTps 3 kopmycy
BUXOJHTH Yepe3 oTBopH 4 [7].

Pucynok 1 - KynpkoBuii mHeBMaTHUHUHN BiOp030ymKyBay:1 - corio; 2 -
KYyJKa; 3 - KUIbLIEBA JOPIkKKA; 4 - OTBIp ISl BUITYCKY MOBITPS

OcHoBHI TapaMeTpu BiOpO30yIKyBaya:

1) paniyc kaHany kinbieBoi qopixkn (R, m);

2) niametp Kyabku (dg, M);

3) maca KyJbKH (Mg, KI')pO3PaxOBYETHCS 3a POPMYIIOLO:

4 3
m:VK°p:3—1t-‘rK * P, (1)

ne V,, — 00’ eM KyJIbKH M,
T« — PaJlyC KyJIbKH, M;

p — WIUTBHICTH CTaJ, Kr/M°;
f — wacroTa BiOpariii, ['m:
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P-105-7‘K2 ]

f=N )

4mRmy
Fa— 3ycuins pobotu Bibparopa, H:

Fo=f?-4-m*-R-m 3)
P — THCK CTUCHEHOTO TOBITPS, IO MOJIAETHCS, Oap.

[ToOymoBana Homorpama s Bu3HaueHHs 3anexHocred  Fa(f) ta f(P)
npe/cTaBiIcHa Ha puc.2.
—0—f(R=20) —@—f(R=30) —o f(R=40) —@—f(R=50)
110
100 ol | 114 .
90 /
80 1/ A

70 /

Fa,H
N

60

50

20

30

20

50 190 210 230

P, 6ap

-10

-12

14

-16

-18
—0—f(R=20) —@—f(R=30) ©—f(R=40) —@—f(R=50)

Pucynox 2 — Homorpamma j1st aB3Ha4eHHSI TEXHPOJIOTTUHUX MTapaMeTpiB
KYJIBLKOBOTO BiOpartopa.
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YK 622.673:[531.391+539.4]
Yeuean T.0., Konocos I.JI. (Vrpaina, m. ninpo, HTY «/[11»)

HAIIPY)KEHU CTAH EJJACTOMIPHOI OBOJIOHKHA
I'YMOTPOCOBOT'O KAHATA BIJ IIEPEJAYI TATI'OBOI'O 3YCHJLJIA

Ilobyoosano mooensb 83aemo0ii Mpoci@ AK OCHOBHUX MA206UX eleMeHmi8 Kanama ma
bapabana niouoMHOI MAwUHU, WIKIGI8 NOXICNACMA, WO 0036014€ BUHAYAMU POOOMY CUl
0ehopmysaHHs enacmudHoi 000JIOHKU 2YMOMPOCOBO20 KAHAMA.

A model of interaction of cables as main tractive elements of a rope and a drum of a
hoisting machine, hoist pulleys, which allows determining work done by forces of deformation of
an elastic shell of a rubber-cable rope.

[TocranoBka 3amaui gocuimkeHHs. [lepemxada TaroBoro 3ycuiiis Bij 6apabana
TATOBUM €JIEMEHTaM I'yMOTPOCOBOI'O0 KaHaTa — TpocaMm, BIIOYBAE€ThCS 32 PaXyHOK
HaIPY>KEHb 3CYBY, 10 BUHUKAIOTh B TYMOBI 0OOJIOHILII KaHATA TpPH ii B3aEMOIII 3
noBepxHer Oapabana. HampyxeHHs 3CyBy BMHMKAIOTh B MaTepiajll KaHaTa, SK
HaCHIiJI0K cui TepTsa. OcTaHHs 3aJ€KUTh BiJl TUCKY KaHaTa Ha OapalaH. 3aranbHUM
HAIMPY>KEHUW CTaH CHiJ] pO3TJsAaTH SIK CTaH, 3yMOBJICHUN JBOMa YMHHUKAMH —
CHJIaMU 3CYBY Ta CUJIAMH THCKY, IO BUHUKAIOTh IOMIXK OapabaHOM Ta KaHaTOM.

B nocnimkeHHsIX HampyX’eHO-1e(pOpMOBAaHOTO CTaHy IUIOCKOrO KaHata 3
ypaxyBaHHSIM HOTO MPOCTOPOBOTO AepopmyBaHHs [1-2] HE pO3TIIsAaBCA MEXaH13M
PO3MOTY HaPY>KEeHb B €aCTOMIPHIM OOOJIOHII BiJl Mepeayl TATOBOTO 3yCHUILIS
Ha IpUBOJHOMY OapadaHi, 1110 3yMOBIIIOE aKTyaJIbHICTh 3a/a4i.

MeTtoto naHoi poOOTH € BCTAHOBJIEHHS 3aJIEKHOCTI PO3MOALUTY HANpyKeHb B
MaTepiaii eJacTUYHOI 000JIOHKH T'yMOTPOCOBOT'O KaHaTa, 3yMOBJICHHX TEpelayeio
TATOBOT'O 3yCHILIAL.

Kanat yTBOpeHUN CHCTEMOIO MapajielbHHUX, PO3TAIIOBAHUX 3 MOCTIMHUM
KpOKOM TpociB. BupixkeMo 3 kaHaTta 4yacTUHY T'yMOBOi 000J0HKH. [IpuiiMmemo, 110
il cTopoHa, sika B3aeMmojie 3 OapabaHoMm, HepyxoMmo 3akpirieHa. [{umiuapuunii
MOBEPXHI, IO B3aEMOJIi 3 TPOCOM HAJlaMO OJMHUYHE TEPEMIIIECHHS, TPOCH
pO3TaIIOBaHi B TUIONIMHI CUMETPil KaHata (puc. 1).

Jlis moOyAaoBaHOT CXeMH, 3 YypaxXyBaHHSM OJMHUYHOIO MEpeMillleHHS,
Ma€eMO HACTYITHI TPAHUYHI YMOBU

z0O  uy Ouy Ou, O0; (1)
Oz X, 0z.0 @)
Z ] 0;

b,
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1 b pn .
éD , 00z [0 E_Edmm Yx O Xy [y [10;

2 2 2 (3)
JzOb/20020y0t20020 ug 0 uy Duy O
Cld /2012, 1 0;
yo Yy O Xy DYy 0o (4)

0,

Pucynok 1 — Cxema yacTuHu 000JIOHKU KaHaTa

XapaKTep HAaBAHTAKCHHA 'YMOBOI'O CIICMCHTY BiI[HOBiIIae 3CYBHOMY. 33,[[3‘{3
IIJIOCKA. HezpeMiHleHHﬂ B HAIIPpAMKY OCi X 3a10BOJIBHAKOTDH piBHHHHI'O Jlaruiaca
T2u - Doy
0

O
X
[z 2 0. )

Ly
Piwenns (5), sx i B pﬁ6OTi [1] é}ﬁ[eMO nrykatu y ¢opmi

M ch z0— [OTx 6
uDDA Amy N, A (6)
Mg /01 ™ b 0
mO1 [ [

LIm . . .
ne Ap — crama interpysamns, 9. O , T — pIBHOMIPHO pPO3NOALIEHE JOTHYHE

b

HABaHTAXXCHHs, Ug— MEepEMILIEHHS 3pa3Ka, K )KOPCTKOTO Tija.

[Ipuitnsata ¢dopma pileHHS 3aJ0BOJIBHSIE YCIM TPaHUYHUM YMOBaM 3a
BUHATKOM (3). BUKOHaHHS OCTaHHBOI YMOBH 3a0€3M€UUMO, BU3HAYMBIIN HEBIIOMI
CTall 13 CUCTEMHU anreOpaiyHUX pIBHSIHb, NPUUHSIBIIM 3HAYEHHSA BENMYMHU M.
[Topsimok cucTemMu pIBHSHB JOPIBHIOE KUTHKOCTI TOYOK, IO PO3TAIIOBaHI Ha
MOBEPXHI T'YMOBOT'O 3pa3Ka, IpH MOiTi Horo mo ToBiuHi b Ha M yacTux

AD 0P, 7)
aec
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[] 2 4|l 5 0
B 2 2 M O
2 M Un O g
O 00— []
- 0
4 M sh™  tM [ 8)
mi1 q
] m%b L m
_ 0 0
HZ Htp [] 0O
O Tsing g i Oty L] 0 —p;
[l
oM N 2 1]
[j 01, t,— HOMEep TOYKH, IIO BIJMOBIJAE TOYILI, PO3TAIIOBaHI HA MOBEPXHI

t
I'YMOBOI'O 3pa3Ka, AKa B33€MOI[i€ 3 TPOCOM Ta IJIA SIKO1 KOOpAHAaTa I[OpiBHIOC y n E :

Bupa3 mis nepemimensb rymoBoro 3paska (6) ta 3akoH ['yka J103BOJISIOTH

BU3HAUYUTU I[OTI/ItIHi HaHp}I)KeﬁHSI 0
x 0GM A v cog g zl™ T ©)
t

o[ (] m ZD m

mU[] ] L]

sh
ququmsian ZDQD, (10)

M
Y, UCT Anshilgmtl . O om 0

mO1 [ [

ne G — Moy 3CYBY MaTepiainy el1acTHIHOI 000JTOHKH KaHaTa.

OTpuMaHi 3aJIe)KHOCTI CTAHOBJISTH MOJIEIh HaNpy)keHO-Ae(hOPMOBAHOTO
CTaHy eJaCTUYHOI OOOJIOHKH KaHaTa MPU HOro HaBaHTAKEHHI JOTHYHUM 3yCHILISIM
Ha TpUBOAHOMY Oapabani, abo mpu ioro nedopmarisx, BUKIUKAHUX TEPTSIM B
ormopax IIKiBa TMoOJicrnacTta. 3aleXHOCTI MOOyAOBaHI JJisl  OJUHUYHOIO
nepeMilieHHs Tpoca.

[Ipun mamiit AOBXMHI AYTM KOHTAKTy KaHaTa Ta IKiBa, BEJIMYMHA 3CYBY
Tpoca BIAHOCHO TIOBEpXHiI OapabaHa 3HayHO Oinmbina 3a aedopmarlii TPOCiB
BHACJIIJIOK 3MIHM BCJIMYMHHU I1X HaBaHTaXCHHS Ha J1y3i koHTakty |. Bkasane
JI03BOJISIE BB&XATH BEIUYMHY 3CYyBY TpOCIB BIHOCHO IOBepxHiI OapabaHa
HE3MIHHOIO Ha yCiil ay3i.

Bu3HaunMo KOpPCTKICTh Ha 3CYyB YACTHHU KaHATa IIMPHUHOIO, 10 CTAHOBUTH
MOJIOBUHY KPOKY YKJIaJIaHHS TPOCIB, SIK 3HAYEHHS IHTErpaly TOTUIHUX HAMPYKECHb
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Ha JUISTHIII KOHTPAKTy KaHaTa Ta IIKiBa OJUHUYHO1 TOBXKUHU
t/2

Ci= [ yzdx.
0

KopcTkicTs 000JI0HKM KaHaTa Ha 3CyB Ha AUISHIN B3aeMojii 3 6apabaHoOM
(mKiBOM)
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t/2
Co=2l [y, dx, (11)

M 0
ne | — moBxkuHaA 1yrM KOHTAKTy KaHaTa Ta IIKiBa.

PoGorta cun nedopmyBaHHS Ha AULIHIN B3aeMoii 3 OapabaHoM (IIIKiBOM)
BiIOYBa€eThCS MpPU 3MiHI CHJIM 3CYyBY Bil HyJsS 10 Makcumymy. ['icTepesucHi
SBUIIA, IO BiIOyBAlOTHCS B Marepiajai OOOJOHKH, 3HAYHO MEPEBHUINYIOTh Taki
SIBHIIlA B METAJICBOMY KaHaTi. byneMo BBakaTH, 110 BOHU MPHU3BOAATH JI0 JIHIHHOT
BTpaTU C€HEprii mijJg yac B3aeMoli kaHaTa 3 OapabaHoMm. Pa3oMm 3 KOpPHCHOIO
po0OTOIO 3aTpaveHa eHeprm Ha TMEepeMillICHHs KaHaTa CTAHOBHTH

P, 0P, ]2
Qu I —gm—— LR, 0P LI, (12)
Ho 41y, dx
[l
0
ne — KOe(IIIEHT PO3CIIOBAHHS €HEpTii AepOpMyBaHHS €J1aCTUYHOI 0O0JIOHKU

[]
KaHaTa IIpY 3CyBY TPOCIB BimHOCHO Gapabana (mkisa), [~ [J1.

Toni koedirieHT KOPUCHOI A1l HA MIKIBI TEPTS, 3 ypaxyBaHHsIM Bupaszy (10),
CTaHOBUTH

ap P, 0P, | (13)
[ ﬁHDIH 5
O P, O P

ﬁ%immp P,

AlDGO m- M sinp gz aph Ddx
0 shl lgmt/2L] O 21]
m(J
1
A0O
% DDm
0 mC shiofuyPa o 010 . 14
] ﬂz t/@ GVID D D 1P "”S|n q 7 [ ‘ ( )
70 N N 0

IIpu B3aemonii kanara 3 (¢yTepoOBaHUM MIKIBOM 3aKOHOMIPHOCTI
nedopMyBaHHsl (QyTepiBKU IIKIBa 3aJUIIAIOTHCS HE3MIHHUMH. Bruue ¢yTepiBku
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MOKHa BpaxyBaTH YCEpEIHMBIIM BIIACTHBOCTI Marepialy OOOJIOHKM KaHaTa Ta
¢byrepiBku OapabaHa, NPUHHSABIIN OCEPEIHEHE 3HAYCHHS MOYJIs 3CYBY 32 DOHXTOM
JIBOX KOMITOHEHT 3 MOJTYJISIMH 3CyBY MaTepiany 00osioHku kaHata (G1) ta hyrepiBku
(G2)

GD0,G,00,6,0.. (15)
ne [11,[2,... — BimHOCHI 00’ €MHI CKJIaJI0BI KOMIIOHEHTIB B MaTepiai.
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OTprMaHa 3aJeXHICTh MOKA3ye, IO MPU MaIUX JOBXHMHAX AyT B3a€MOIIl
KaHaTa 31 IIKIBOM JIOBXHHA CYTTEBO BIUIMBA€ Ha KOe(iliEHT KOPHCHOI il IIKiBa
TEPTs MAKOMHOI MAIIMHU. 3POCTAHHS KOPCTKOCTI €IaCTUYHOI 0OO0JIOHKM KaHaTa
PU3BOJIUTH 10 3pOCTAaHHS KOe(iIlieHTa KOPUCHOI il IIKiBa.

BucHoBku. CTBOpEeHHsI MIJHOMHHUX MAIllMH 3 MIHIMaJbHUM MEpPEAATOYHUM
YHUCIIOM PEAYKTOpa, BKJIIOYHO 3 O€3peAyKTOPHHMHU MPHUBOJAMH, MOXE OyTH
3MIACHEHO  [UISIXOM  KOMIUIEKCHOTO  BHPIIICHHS TMHTaHHSA  3aCTOCYBAaHHS
TYMOTPOCOBHX KaHaTiB, apMOBaHUX TPOCAMHU MallUX J1aMEeTpiB, 3aCTOCYBAHHS
OapabaHiB 3MEHIIIEHOTO JIIaMETPY (3 MaJIOI0 TYror KOHTaKTy O6apabaHa 3 TATOBUM
OpraHOM MiIHOMHOI MaIlIMHU ) Ta CUCTEMHU IOJIICIIACTIB 3 IJIOCKUM TATOBUM OPTraHOM.
[ToOynoBaHa mMoenb B3a€EMOJIT TPOCIB — OCHOBHUX TATOBUX €JIEMEHTIB KaHATa Ta
OapabaHa miIHOMHOT MallIMHU, IIKIBIB MMOJIICHIACTA, JO3BOJISIE BU3HAYATH POOOTY CUII
nedopMyBaHHS €IaCTUYHOI 000JIOHKM TYMOTPOCOBOTO KaHaTa. Mojenb BpaxoBye
pajiyc IIKiBa MOJiCracTa, MKiBa MiAHOMHOT MalllMHU 31 IIKIBOM TE€PTS, MEXaHI4Hi
XapaKTEPUCTUKU MaTepialy €JacTUYHOiI OOOJIOHKH, ii (opMy, 3aJIeKHY Bij
KOHCTPYKILIi KaHaTa Ta JO3BOJISIE€ OIIHIOBATH BIUIMB BKa3aHUX MapaMmeTpiB Ha
eeKTUBHICTh KOHCTPYKIIT MAHOMHOT MaIlllMHU, 30KpeMa KOe(IIIEHTY KOPUCHOT Jii.
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