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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,Os3, 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 *C 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 (CDCl3) 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 **C 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.

O O 22 023 25
35 20 0/21\/ Wi\o 27
n=2-5
1 3

2

(@]
36
6 0l 7V 12_. 16 18
o 0/5\/ i\”/s\)llﬂ\o 11 15 17
0 13
14

Figure 1. The most probable structure of 2-EtHex/MA/DEG/PET/EG/MA/2-
EtHex plasticizer

FTIR spectrum of 2-EtHex/MA/DEG/PET/EG/MA/2-EtHex plasticizer is
given on Flgure 2
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Figure 2. FTIR spectrum 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-dg): 0.78-0,89, 1.00-1.03, 1.20-1.39 (m, 28H, C(14)H,,
C(13)H,, C(15)H3); 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)H,, 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);

3C 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)).
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Flgure 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

Figure 4. The structure of TAC with numeration of the atoms of interest

'H NMR (DMSO-dg): 1.93-1.94 (s, 6H, 2 x C(1)H3), 1.95-1.97 (s, 3H,
C(3)H,), 4.06-4.4.21 (dd, 4H, 2 x C(6)H,); 5.11-5.16 (m, 1H, C(5)H).

3C NMR (DMSO-ds): 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).
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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 AVeyn % 0 %

2- 8 3.4 E 6 1 28.
EtHex/MA/DEG- ' ( 6 ] 28.

TAC 1 9 E 4 € 44,
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1 ( 4 € 43.

" Oxygen percent was calculated as substraction

After plasticizer synthesis the production of PVC re-granulates, using
synthesized plasticizers, was performed. First, waste PVC 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 m\a\nually (Figure 6).

Figure 6. omixer (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
Is 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 PVVC 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 1.8 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 48.3
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 PVC/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 OF WORLD 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.
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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
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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.
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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)
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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
consequences 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 M18x1,5 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 ppeafance 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
Nr Brace sloeve centerlines centerlines on centerlines, | diameter
' I T /1, 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 diSarrnnaeItI:rStcb Cylindrical |Hardness’ d;r?nae[[l:rstb Cylindrical Hardness?

No. ' /0/, mm HB ’ [0/, mm HB

mm 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
1s 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. 2 Vertical orientation [1]

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.
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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 kd/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
(Fe,B) 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:

D=D,- e, 1)
where T —temperature, K;
D, —frequency factor, m?/s;
Q —activation energy, J/mol;
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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:

d=,/Dy-t-er 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, 3° 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) $=870°C,t=4h,b) $=870°C,t=8h,c) $=970°C,t=4h

Table 1
Boride layer thickness, um
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=vD-vt (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:

InD=In Do—(%)-% (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.

37



(]
h
<

[

=]

S
*
o0
~J
=
o
@}

Boride layer thickness, pm
=) >
(=] [
>
o
=1
=
A3

Boride layer thickness, pm

0 2 4

6 8

Boronizing duration, h

a)

*870°C

200 +—
m920°C /
150 + A970°C

100 /
50

0,0 0,5 1.0 L5 2,0

Square root of boronizing duration, h'?2

b)

2,5

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.

Growth rate constants for boronizing of C15 steel

Temperature, °C D, m%/s
870 3,455 x 107
920 8,874 x 107
970 1,802 x 10

Table 2

Dependence between natural logarithm of growth rate constant and
reciprocal values of boronizing temperature is given in fig. 3.
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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 =\/3,02 .10* - t-e RT (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 CuAI-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 vy,
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 t4 and s, 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]:

2
a=o,721-3\/':'(k1+k2)'d1'd2, p0=0,918-3\/(k - (dl+d2j, (1)

d,+d, d,-d,

L+k, )’

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]:
a=0,721-3/F-d-(k, +k,), P, =O,918-3/L2 (2)
dz '(k1+k2)

Hertz’s results of pressure in a spherical bearing (fig. 1, ¢) can be calculated
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

./"'-"- l‘\
- ‘\. _J
/ e
/ / \
— VS
(RN A

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

45



v = 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

[

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 Cagak. 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 $26 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 (¢5 to $20) 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 <®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 (Fya), 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 Fy,; must cause permanent plastic
deformations and must be significantly less than the tear force (Fyg), the term (1) [2]:

Frai<Fid (1)

f(L) T2 | T2

- |
[l Tl

Lii

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

— 2 — state under calibration load (Fya < Fyig);

— (3') — state under load (without load) after calibration.

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

Lii = Loj + 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 Lg;, an expression (3):

Lsi = Loi + ALy — Al (3)

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 (L+), an expression (4):

L= 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)

b max
gEmE
a
L/

7/

b min

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
d,) [1]. Based on this we can determine the actual rate of the coupled step (T,),
the expression (5) [1, 2]:
Ti=ti+t,+d +d; (5)
When tightening, total length deviation can be determined by the expression
(6), [1, 2]:
AT, =7F 1,484 - |57 + &2, (6)

where: & — is allowed deviation of the step chain;
oy — 15 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]:
At = /W (7)

Ad= [rmzzes 8)

Minimum deviation of the chain length can be determined by using the
expression (9), [1, 2]:
AL = 0,545 - AT, - 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.

A 4
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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:

[1 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;

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

[J 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

55



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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3HAUYEHHS TA TPEHIU PEAJIIBALIL BIBHEC-OCBITH B CUCTEMI
BE3IIEPEPBHOI'O HABYAHH/I.

Ipoananizosano 3HaueHHs, CYmHicmb 1 OCHOBHUX hopmu peanizayii OizHec-oceimu 6
cucmemi be3nepepeHoco HABYAHHA YNpoooedic dcumms. Ha ocnosi nposedenoco 00cniodicenHs
3A3HAYEHUX MeMOOONOSTUHUX ACNEKMI8 6CMAHOBNIEHO OCHOBHI MPeHOU peanizayii OizHec-oceimu Ha
CYYACHOMY emani po3eUmK) CyCRiIbCMed, MINCHAPOOHO20 MA BIMYUSHAHO20 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.

Opranizamiero 00’€lHAHMX HAIllil 3 MHUTaHb OCBITH, HAYKU 1 KYJIbTYpH
(FOHECKO) Bm3naueno XXI CT. SK CTOJITTS OCBITH, OCHOBHHMM 3aBJaHHSIM
VOPOJIOBXK SIKOrO € «HaBuuThUCS edexkTuBHO HaBuatucs» [l1]. Tak, ocBita Ta
HAaBYAHHS CTAlOTh OCHOBOIO HE JMINE ISl BUPIMICHHS TJ00albHUX MpoOaeM
JIIOJICTBA, a U ISl PO3BUTKY MHUCIICHHS KOKHOTO YJIEHA COLllyMY, 1110 3a0€3MeYUTh
CTJIM PO3BHUTOK, OPIEHTAIII0O Ha MailOyTHe, TpaHcpopMalilo A0 3MiH CBITY Ta
KOMIIETEHTHICHOI Opl€HTAallll KOKHOTO.

CydvacHi TeHJIeHLIi Ta MEePCIEeKTUBU PO3BUTKY PUHKY Ipalll, BCEOXOIUTIOI0Y1
TpeHau Tiobamizailii, iHQopMaTu3aimii Ta Oi3HEC-BIJHOCHH CBiI4aTh PO
HEOOXIJHICTh MIATOTOBKH, TMEPEMIArOTOBKM Ta O€3MepepBHOrO0 HABYaHHS
MPEICTaBHUKIB JLJIOBOTO CEPENIOBUINA, 3HAHHS, HABUKW Ta BMIHHS SIKUX OYIyTh
BIJINOBIJIATH YCIM HEOOXIHUM 3amuTaM 1 MoTpedaM, IO CHOCTEepPIraloThCs Ha
CBITOBOMY W BITYM3HSHOMY piBHI. Y pe3yJbTaTi I[bOTO, Y HUHINIHIX yMOBaXx
CIIOCTEPITAEThCS JIOCUTh BUPAKEHAa KOHIENTyallbHA 3MiHA AKIIEHTIB B aCIEKTI
MiTOTOBKH MPAIiBHUKIB, 3IaTHUX ITOBHOIO MIipPOIO BiJIITOBIATH KOMIICTCHTHICHIUM
OUIKYBaHHSM MDKHAPOAHUX 1 HaIIOHAJLHUX KOMITAHIM, OpraHizamii o0
3a]y4eHOTro TMepcoHalmy. Y JaHWX YMOBax JOCHTHh BaXKIMBOIO CTA€ 3aTHICTH O
HaOyTTs1 Oe3mepepBHOT OCBITH YMPOJOBXK YChOTO KUTTS, OCOOJIMBO B KOHTEKCTI
013HEC-OCBITH, OCHOBHOIO METOIO SIKOi € 3a0€3IMeUeHHsI MiATOTOBKH MIKHAPOIHOT
Ta HAI[lOHAJIILHUX O13HEC-EJIT.

BaxxnuBo BIAMITHTH, IO B CY4aCHMX YMOBaX HECTaOUIBHOCTI TNI00AIbHOIO
CepelloBHUIla ICHyI0Ua cucTeMa Oe3nmepepBHOI OCBITH 3arajoM, siK 1 1 CKJIajoBa
Oi3HEeC-0CBITa 30KpeMa, MarTh 3a0e3MedyBaTd CTaduil 3B'SI30K 13 peabHUM
CEeKTOpOM y cdepi II0BOI AISUIBHOCTI, y TOMY YHCII 3a PaxyHOK ydacTi y
peanbHuX mpoekTax [2—4].

PesynpTaTH mpOBEACHOTO aHai3y ICHYIOUHMX CKOHOMIYHHUX JIOCITIIKCHB
CBiYaTh, U0 OJHUM 13 0a30BUX pecypciB 3a0€3MEUEHHS PO3BUTKY IMOTEHIIIATY
nepcoHany oOIpYHTOBaHO € mpodeciiiHO opraHi3oBaHa Oi3Hec-ocBiTa. OcoOJIMBO
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BaYXJIMBOT'O 3HAUEHHS 11 peasnizamist s YKpaiHu, U0 Y HaIll Yac XapaKTepU3yeThCs
HecTauer KBali(pikoBaHUX YIPaABIIHCHKUX TMpAIIBHUKIB y OaraTthox cdepax
C€KOHOMIKH, BeICHHS Pi13HUX (OPM IOCIIOAAPCHKO1 AISIIBHOCTI.

BaxnmBoro 3HaueHHs B JIOCHIKEHHI poJil 013HEC-OCBITH Y CY4aCHUX YMOBAX,
aHaji31 OCHOBHMX ITIIXO/IB 1 MPHHITUIIB 11 peaii3allii B KOHTEKCTI 0e31epepBHOTO
MIBUIIEHHS KOMIIETEHTHICHOTO PiBHS MalOTh HAyKOBI Tpalli Ta JOCIIIKEHHS
3aKopAOHHUX 1 BiTum3HsHux BueHux Kumar P. [2], Lincoln J., RizaC. [5],
Krishnamurthy S. [6], IlIxmapyk K. [4], Komaposa O.A. [7], Baronosa O.I'. [8].
[IpoTe, He3BakKarOYM Ha JIOBOJI 3HAYHY KUIBKICTh HAyKOBHX POOITY JaHOMY
HanpsAMKY, NHUTaHHS JOCIKSHHS POJI Yy CYY4aCHOMY CYCHUIBCTBI, CYTHOCTI,
METOJOJIOTIYHUX 3acaji peajisallii, OCHOBHUX TEHICHIIIM peaii3allii Ta pO3BUTKY
013HEC-OCBITH B KOHTEKCTI IMIUIEMEHTAIlll Oe3MepepBHOT OCBITH 3aJIUIIAIOTHCS
aKTyaJIbHUMHU.

Metoro AOCHIKEHHsSI € aHaji3 3HA4YeHHS, CYyTHOCTI Ta OCHOBHHMX (opM i
TEHJEHIIA peanizallii Oi3HEeC-OCBITMU B CHCTeMi O€3MepepBHOIO HABYAHHS
YIPOJOBXK SKUTTS.

OngnuM 13 BH3HAYAJIBHUX HANPSAMKIB CY4YacHOI CHUCTEMU 3a0e3MeUeHHS
Oe3rnepepBHOi OCBITH, 30KpeMa 3aKJiaJ[aMyd BUIIOI IIKOJIU, € IUPOKE MONIUPEHHS
MPaKTUKKA peaitizailii mociayr Oi3Hec-OCBITH. SIK CBITYUTH MPAaKTUYHUN JIOCBIiJ,
naHa (opMa OCBITHBOI AISUTBHOCTI, HE 3Ba)KalOYM Ha IUIaTHY (opMy HaBUaHHS B
OTBIIOCTI BUMAAKIB, KpiM MependadyyBaHUX KOMIIETEHTHOCTEH Yy BUIJISIL
3arajibHUX 1 CIIEIlajli30BaHUX 3HAaHb 1 HABUKIB JI0JaTKOBO Jal0Th 3MOTYy HaOyBaTu
B TpoIleCl 3aHATh HOBI KOPHUCHI JIJIOBI 3B’SI3KM Ta 3HahoMmcTBa. SIK CBiI4YaTh
cydacHi nadi [9, 10], mparHeHHs A0 pO3YMIHHS CYTHOCTI Ta cnenudiku BeIeHHs
Oi3HECYy y CyYacHHX YMOBax IIOIIUPIOETHCS HE JIMIIE Ha YIOPABIIHINB 1
(dlHaHCHUCTIB, a W TPEICTaBHUKIB TEXHIYHMX CHEIaJlbHOCTEH, 30Kpema
MPOrpaMiCTiB, TMPOMUCIOBIIIB, 1HXEHEPIB, KOHCTPYKTOPIB, TEXHOJOTIB 1
MPEICTaBHUKIB I00YBHOI raiy3i, Ta chepu mociyr, 30KpemMa TOPTiBIi.

Oco0065MBO BXKJIMBOTO 3HAYEHHS MPOIIEC peaizallii 013HeC-0CBITH HAJIEKHOTO
piBHS $KOCTi, 10 Oyjae BIANOBIIATA KpallMM CBITOBHUM 1 €BPOINECUCHKUM
MpakTUKaM, HaOyBa€e B KOHTEKCTI MpueqHaHHS BiTYM3HAHMX 3BO Ta iHmMX
OCBITHIX oOprasizaimiii gm0 BuUMOr HOpM boloHChKOrO mpolecy, 3abe3nedeHHs
TPYJOBOI ~ MOOLIBHOCTI  HAaceJeHHs Ha  I00albHOMY  piBHI,  3arajibHO
IHTErpalifHOrO MparHeHHs YKpaiHW I[I0JAO0 NpPOBEICHHS pedopM y HAMNPIMKY
IMIJIEMEHTALli NEePEeIOBOr0 MIKHAPOJIHOTO JOCBIAY CTBOPEHHS I'PYHTOBHOI 0asu
JUUIS TIOBHOLIIHHOTO PO3KPUTTSI 3710HOCTEN 1 HaBUKIB OCIO MpU BUKOHAHHI HUMHU
NOMNepeIHbO BU3HAYEHUX (PYHKIIA HA PUHKY Mpalli, 30KpeMa B MEBHIA cdepi
O13HEeC-IISIJILHOCTI.

3rilHO 3 JaHUMH MPO CyYaCHI TEHAEHII] PO3BUTKY JAaHOTO pUHKY [2, 9, 10]
013HEC-0CBITa IO MPABY BBAXKAETHCS HAMOUTBIIT TUHAMIYHUM CETMEHTOM OCBITHBOT
JTISTIBHOCTI, M0 OOYMOBJICHO TIj00almi3alli€el0 e€KOHOMIYHHUX BIJTHOCHH MIXK
OpraHizaiisiMid yChOTO CBITY, TOTpeOi1 B KBali(PiKOBAaHUX YMPABIIHCHKUX Kajapax i
BHCOKUM PIBHEM PO3IIMPEHHSIM YaCTKU MOCIYT Yy 3arajbHii cTpykTypi. HunimHiM
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4acoM IIl OCBITHI TTOCITYTH HAJAIOThCS 3aKJIaJlaMy BUIIOI OCBITH, O13HEC-IITKOJIaMH,
OpraHizaiisiMy, 10 3aiiMalOThCsA MPOBEACHHSM TPEHIHTIB 1 CeMiHaApiB Yy JaHiil
cdepi, Tomo. OCHOBHOIO MepeBarolo, 1o CBIIYUTh Ha KopucTh 3BO npu HamaHHi
nociyr 013HeC-OCBITH € HAasBHICTh Y HUX BHUCOKO MIJTOTOBJIEHOTO Ta OCBIYEHOIO
KaJIpOBOT'O CKJIaJly, HAyKOBO-AOCHITHUIIBKOI 0a3u, HAYKOBUX PECYPCIB, OKPEMUM
O13HEC-IIIKOJIaMU — 3aJTy4eHHS BIJOMUX O13HEC-TpEeHEPIB 1 OalaHC CIiBBITHOIICHHS
[[1HA/AKICTb.

BaxxnuBo BIiAMITUTH, IO SIK CBIAYATH NMpakTUIHUEN focBig [3, 9-12], y Ham
yac IpU HaJaHHI OPOPUILHUMH 3aKJIaJlaMd IOCIYyr OIi3HEC-OCBITH B SKOCTI
MeJiaTOpiB BKe€ HAOYTOTO TOCBITYy aKTHBHO JOJYyYAIOTHCS YCITIITHI TMPEICTaBHUKU
MpaKkTUIHOI cepu, 30KpeMa MPOMHCIOBOCTI, JOTICTUKH, 30yTy, (hiHAHCOBOTO,
MapKeTUHroBoro puHKy, [T, momrtwku, croopty, moy-0i3Hecy. OCHOBHUMU
HanpsIMKaM#u pOOOTH, J0 SIKUX 3IHCHIOETHCS 3alydeHHS LUX CTEHKrojaepiB, €
CHilbHAa po3poOKa HABYAIBHMX 1 TEMaTUYHUX IUIAHIB, BUMOT JO OYIKYBaHUX
3HaHb, BMIHb 1 KOMIIETCHTHOCTEH MalOyTHIX CIICHIaNICTIB, MiArOTOBKA SIKHUX
MIPOBOJIUTHCSA, 3MICTOBHOTO HAIOBHEHHS, METOMAIB 1 ()OpM BHUKIAJAHHSA KYpCIB 1
3aHITh, HAJArO/PKCHHS MEXaHI3MYy HPOJYKTUBHOIO BIANPAIIOBAHHSI HA0yTHUX
3HaHb 1 HABUKIB Yy TMPOBIAHUX OpraHizamisx 1 YCTaHOBax, IO 3JIHCHIOIOTh
JUSTBHICTG B MpakTuuHid cdepi. e, y cBoro udepry, nae 3mory 3a0e3mnedyBaTu
BUITYCK (DaxiBIiB, sIKi OYIyTh MPUCTYNATH IO BUKOHAHHS pOOOYMX OOOB’S3KIB 3
MIHIMaJbHUM TE€PMIHOM, HEOOX1THUM JIJIsi CTaXXyBaHHS Ta TPyA0BO1 axanTailii. J{o
MPOBEJCHHS MPAaKTUYHUX 3yCTpidel mnpu HamaHHi OI3HEC-OCBITU  JaHI
NPEACTABHUKUA 3aJly4alOThCS B IEPEBAXKHO B pojl  Oi3HEC TpEHEpiB, KOYYIB,
TBIOTEPIB, O13HEC KOHCYJIBTAHTIB 1 €[BaliCepiB TOIIIO.

Baprto Takox 3ayBakWTH, IO MPOIIO3HINI B CETMEHTI HAJaHHS HaBYAIHHUX
O13HEeC-MOCIYyT YBECh Yac PO3LIUPIOIOTHCA 3a PAXyHOK TOSIBU HOBHX YCTaHOB 1
oprasizaiiif, siki yce OUIbIlIE pPO3IMHUPIOITH reorpadiuHy MPEACTaBICHICTh Y
pI3HMX KpaiHax, MPOBOASATH PI3HOMAHITHI MApKETUHTOBI Ta 1HII aKIii /71 OLIBII
MIOBHOTO 3a/TydeHHs 3100yBa4iB ocBiTH [9, 10].

Ha ocHoBi mpoBeneHoro anamizy mxepen [3, 9-12] BcTaHOBJIEHO, IO
OCHOBHMMH TpEHJaMHu peaiizailii 013Hec-OCBITH Ha Cy4aCHOMY €Talll pPO3BUTKY
CYCIJIbCTBA, MI>KHAPOHOTO Ta BITYU3HIHOTO PUHKY TIpaIlll €:

®  [IOUIUPEHHS 3aCTOCYBaHHS ITU(POBUX TEXHOJIOTIH,

® [IMPOKE 3aCTOCYBaHHS IHHOBALIMHUX 1 €KCHEPUMEHTAIbHUX METOMIB
HABYaHHS,

e  ajanTalis y4O00OBHX KypCiB JI0 1HIUBIIyaJbHHUX MOTPEO 3aMOBHUKIB,

e  cremiamizalis HaBYaJbHOTO MaTepiany mij creunudiky MNeBHHUX cdep
CKOHOMIKH,

® CHCTEMHO KOHIIGHTPOBAaHOI ¥ TEe3UCHOI Tmojaadl 1H(popMauii Mmpo
MEXaHI3MHU peajtizallli yrnpaBIiHChKOI MOJITUKHU 3 aKIIEHTOM Ha MPaKTU4YHY chepy
3aCTOCYBaHHS,
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®  3arajbHOrO CKOPOYEHHsSI TPHUBAJOCTI TEpMiHy HaB4YaHHS Ha Oi3Hec-
nporpamMax 4epe3 IMparHeHHs MaKCUMajlbHO IIBUIKO 3aCTOCOBYBATH OJIepKaHi
3HAHHS TpPU PO3B’SI3aHHI HASBHUX MpoOJEeM 1 3aBllaHb, IO CTaBISATHCA MeEpe.
CTPYKTypaMH BeJIeHHsI O13Hecy,

®  3aCTOCYBAaHHS €JEMEHTIB JIMCTAHLIMHOTO HaBYaHHS JUIsl HAJAaHHS 3MOTH
ampoOartii po3poOOK B yMOBaxX peaybHOI iX IMITJIEMEHTAITI

Takum dYMHOM, Ha OCHOBI TPOBEICHOTO OCIIDKEHHS MOKHA 3POOUTH
BUCHOBOK, 1IN0 KOHIICMINS OI3HEC-OCBITHM € aKTyaJlbHOIO JUIsl peaizarlii
MDKHApOJAHUMU Ta BITYM3HSIHUMH OCBITHIMH OpTaHI3allisIMH, Y TOMY YHCH1
3aKjalaMi BMILOI OCBITH, a OCOOJMBO Yy 3arajlbHOMY TpeH/Al 3abe3nedeHHs
€BPOIEUCHKOT TMOJITUKA HaBYaHHS YIPOJOBXK YCbOIO KHUTTS Ta TPYIOBOI
MOOUIBHOCTI HaceleHHA. PO3BUTOK JaHOTO CErMEHTY HaBYaJlbHO-OCBITHBOI
JISJIBHOCT1  JIO3BOJISIE  CYTTEBO  3a0€3MEUYUTH  SAKICTh  (haxoBOi  IIJATOTOBKHU
CHEIIANICTIB Ha PpUHKY, Yy Tepmry 4epry, y cdepax yhOpaBiIiHHI Ta
aJIMIHICTPYBaHHS, MEPENpOQUIIOBAaHHS Ta IOBHOI[IHHE PO3KPUTTS 3110HOCTEH
(haxiBIliB 1HIINX ragy3ei eKOHOMIKH.

[lepcrieKTHBHUM  HampsIMOM  MOJAJIBIINAX  JOCHIKEHb €  aHami3 i
JOCTIPKCHHSI OCHOBHHX METOJOJOTIYHMX acCHeKTIB peamizaiiii O0i13HEeC-OCBITH B
cucTeMi 3a0e3nedeHHs 0e3nepepBHOIO HaBYaHHS TPYIOBUX KaJpiB.

CIIMCOK ITOCUJIAHb

1. UNESCO. International Bureau of Education. Twenty first century skills. URL:
http://www.ibe.unesco.org/en/glossary-curriculum-terminology/t/twenty-first-century-skills

2. Kumar P., Kumar A., Palvia Sh., Verma S. Online business education research:
Systematic analysis and a conceptual model. The International Journal of Management
Education. 2019. V. 17. Is. 1. P. 26-35.

3. Awumwowxo [.II., Bonooasuux B.C., Cenoeonosa JI.I, Cuu T.B. Inmepaxmueni
Memoou HAGUAHHA Y 8UWIl WKOI: MoHozpaghis. Xapkie. Buo-eo leanyenxa 1.C. 2022. 189 c.

4. Hlxknapvk K. Bisnec-oceima 6 ymogax enobanvnoi necmabinonocmi. Bicnuxk KHTEY.
2016. Ne4. C. 178-186.

5. Lincoln J., Riza C. Authentic assessment in business education: its effects on student
satisfaction and promoting behaviour, Studies in Higher Education. 2018. V. 43. Is. 3. P. 401-
415

6. Krishnamurthy S. The future of business education: A commentary in the shadow of
the Covid-19 pandemic. Journal of Business Research. 2020. V. 117. P. 1-5.

7. Komaposa O.A. Bunepeooicaroua oceima: yini ma npiopumemu po3eumky. bisnec
Ingpopm. 2015. Ne4. C. 22-28.

8. Baeonosa O.I', Topnunuu O. B. bi3nec-oceima 5K YUHHUK IMnaemMenmayii
exonomixu 3nanwv. Economics Bulletin. 2017. Ne3. C. 142-154.

9. Kniouesvie menoenyuu povinka mpyoa: uccredosanue EY Ukraine. URL
https://prohr.rabota.ua/ryinok-truda-ukrainyi-tendentsii-ey-ukraine/

10. Cumyayus na ykpaunckom puvinxe mpyoa: Couckamens gvloupaem pabomooamers,
a wne mnaobopom. URL : https://112.ua/statji/situaciya-na-ukrainskom-rynke-truda-soiskatel-
vybiraet-rabotodatelya-a-ne-naoborot-461790.html

11. How Can Business Schools Develop Leaders? URL
http://aom.org/DevelopL eaders/

12. Skill-Building Through Business Education URL
https://ssir.org/articles/entry/skill_building_through_business_education

60


http://www.ibe.unesco.org/en/glossary-curriculum-terminology/t/twenty-first-century-skills
https://prohr.rabota.ua/ryinok-truda-ukrainyi-tendentsii-ey-ukraine/
https://112.ua/statji/situaciya-na-ukrainskom-rynke-truda-soiskatel-vybiraet-rabotodatelya-a-ne-naoborot-461790.html
https://112.ua/statji/situaciya-na-ukrainskom-rynke-truda-soiskatel-vybiraet-rabotodatelya-a-ne-naoborot-461790.html
http://aom.org/DevelopLeaders/
https://ssir.org/articles/entry/skill_building_through_%20business_education

YJIK 629.735.45
AptemoB B.JO., Ounmyk C.I'. (Vkpaina, m. Kpamamopcwox, J[JIMA)

BUKOPUCTAHHSA CYYACHHUX 3ACOBIB KOHTPOJIIO
3YBYACTUX KOJIIC B MAIIIMHOBY 1YBAHHI

B pobomi nokaszano, wo euxopucmantsa 3y008UMIpIO8ATLHUX MAUUH O03BO0JIAE CYMMEBO
3MEHUUMU 3a2aNbHY KIIbKICMb 8UMIPIOBANbHUX NPUNLAOIE U 00380JIAE BUMIPIOBAMU YUTTHOPUYHI,
KOHIUHI, Yeps sauHi 3youami Kojeca ma 4eps siku 3 8UCOKOI0 MOUHICIIO.

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 >KUTTEBOTO IMKIY BHUPOOIB MAIIMHOOYTyBaHHS,
30KpeMa PEeIyKTOpPiB, 3aJIeKUTh BiJ SKOCTI iX BUTOTOBJICHHS. BUroTOBIEHHS
3y04acTUX KOJIC B MAIIMHOOYTyBaHHI BHMAara€ BUKOPHUCTaHHS PI3HOMAaHITHOTO
METaJIOPI3aIbHOTO  OOJIaJIHaHHS, TEXHOJIOIIYHOTO  OCHAILIEHHS, PI3aJIbHOTO
1HCTPYMEHTA Ta 3aC001B BUMIPIOBAHHS.

B npomeci KOHTposto 3y04acTHUX KOJIIC BHKOHYIOTH KOHTPOJb HOPM
KiHEMaTHYHOI TOYHOCTI, HOPM TJIABHOCTI, HOPM KOHTaKTy, O0KOBHii 3a30p [1].

Bzarami cranmapt BusHavyae 24 1moxuOKH, 110 HEOOX1THO KOHTPOJIIOBATH. 7
MOXUOOK BU3HAYAIOTh KIHEMATHUYHY TOYHICTh, 7 MOXMOOK BU3HAYAIOTh IJIABHICTH
po0OoTH, 4 MOXMOKM BHU3HAYAIOTh TOYHICTh KOHTAKTy 3yOI[IB, OOKOBUH 3a30p
BU3HAYAETHCS 6 mapaMeTpamu.

JUiss  BUMIPIOBaHHS ~ KOXKHOTO  TapamMeTpy B MalIMHOOYayBaHHI
BUKOPUCTOBYIOTh TPAAMIIIIHI TIPUIIATU KOHTPOIIO 3y0UacTUX BIHIIB: MpUiIad IS
KOMILJIEKCHOTO ~ OJHONPO(UIBHOTO  KOHTPOJIIO; MpWiIax aisi  abCOIIOTHOTO
BUMIPIOBAHHS HAKONMHWYEHOI TMOXMOKM KpOKY; TpPWIaad sl  BIJIHOCHOTO
BUMIPIOBAHHS HAKONMHMYEHOI MOXMOKM KpOKYy; KiHEeMaTomip; 3yOOMIpHUU
MIKPOMETp JJii KOHTPOJIIO 3arajibHOi JOBXHHH HOpMaii; HopMajemip s
BU3HAUYCHHSI BIIXWUJICHD BiJI HOMIHAJILHOTO 3HAYEHHS JOBKHHU 3arajibHOI HOpMaJi;
OleHieMip; mpuiaa AJ ABOXMPOQPIILHOTO KOHTPOIIO (MIKLIEHTPOMIP); XBUIIEMIP
(17T KOHTPOJIIO LMKIIYHOI TMOXUOKH); €BOJBBEHTOMIP; KPOKOMIp HaKJIaJHHIA;
XOJIOMIp (I71s1 KOHTPOJIO JIiHIT 3y0a); 3y00oMip 3MIIIEHHS; TaHTeH3yOOoMIp.

HasBHiCT, BCIX BHIIE3raJaHUX MPUIAAIB TMPUBOAUTH JO TOTO, IO
METpOJIOTIuHA J1abopaTtopiss MIANMPUEMCTBA TOBHHHA MAaTH  MIATOTOBJICHHUX
METPOJIOTIB, 3a0e3MedyBaTi KOHTPOJbHUMH 3aXOJaMH MEXaHOCKJIaJalbHI IIEXH,
10 BUKOHYIOTh BUTOTOBJICHHS 3y0UacTHX KOJTiC.
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Icaytoui  TpamuuiHi  TOpWiIagd AN BUMIPIOBaHHS — MOTPEOYIOTh
MOTEPEAHBOI0 HANAIITYBAHHSA KBaTI(PIKOBAHUMH CHELiaiCTaMH B METPOJIOT1UHIN
nabopatopii. Yac Ha BuUMIpIOBaHHS MOXe OyTm HabaraTo MeEHIIE dYacy Ha
HaJIaroJKEHHsI IPUIIay.

Jlist 3a0e3neueHHs BHCOKOI TOYHOCTI BUMIPIOBaHb OCTAHHIM 4YacoM Ha
MAIIMHOOYIIBHUX MIANPUEMCTBAX MOYaIM BUKOPUCTOBYBATH CY4YacHI 3aco0u
BUMIPIOBAaHHA  MapaMeTpiB  3yOuactux  komic. TomMy  BUKOpHCTaHHS
3yOOBHMIpPIOBAJIBHUX MAaIIUH JO3BOJIE€ BUPIILIUTH NMPOOIEMHU, 1110 BUHUKAIOTH IpU
TpaJULIAHUX METO/1aX BUMIPIOBaHHS.

Bbynp-gkxa 3y00BHMIpIOBaJIbHA MAllIMHA € 3aCO00M aHAIITUYHOIO KOHTPOJIIO
BIIXWIEHb 3yOuacToro BiHIS. BukopuctanHs 3yO0OBHMIPIOBAJbHUX MAIlUH
3a0e3nevyye ONTHUMANbHY SIKICTh KOHTPOJIO Ta TMPEACTaBICHHS pe3yJbTaTiB
MIepeBIPKHU MapaMeTpiB 3y04acToro BIHIIA.

Hanpuknan, 3yooBumiproBanbHa wmamuHa ¢ipvu Mahr (Himeuuwna) B
IpoLeCl KOHTPOJIIO BUKOPUCTOBYE BHUMIPIOBAJIbHUN WIYI, KMl CKaHye OOKOBY
MoBepxHI0 3y0a mo npodutto (puc. 1, a), mo miHii 3yda (puc. 1, 6), mOCI1I0BHO
TOPKAETHCS BCIX OOKOBUX CTOpiH 3yOiB (puc. 1, B). Pe3ynbTaToM 1uX BUMipIOBaHb
€ BHU3HAYCHHS MNOXUOKKM mpodimo, moxuOka iHIT 3y0a, BIIXWICHHS KpOKIB,
noxuOKa pajiaibHOro OUTTS.

Pucynox 1 — BumiproBanus npodiito, JiHii 3yda Ta KpoKy
Ha 3y00BUMIpIOBaIbHIN MamuHi [1]

Hanpuknan, npu BuMipioBaHHI Npoduito 3yd0a MOXHA OTPUMATH KPHUBY
JiHifo (puc.2, a), aHaI3 SKO1 J03BOJISE OIIHUTH MOXUOKY mpodito (puc. 2, 0).
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Pucynok 2 — BumiproBanus rpoditto (a), omiaka moxuoku mpodimro (6) [1]

BHUCHOBOK
Buxopucrtanssi 3y0OOBUMIPIOBIBHUX MAILIUH J103BOJISIE CYTTEBO 3MEHIIUTH
3arajbHy KUIBKICTh BHUMIPIOBAJIbHUX TMpPWIAAIB W JO3BOJISIE BHMIPIOBATU
UWIIHAPUYHI, KOHIYHI, 4YepB’A4YHI 3yOuaTi Kojieca Ta 4YEPB’SIKU 3 BHUCOKOIO

TOYHICTIO.
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BUKOPUCTAHHSA MATHITHOPEOJIOI'TYHUX EJIACTOMEPIB B
TEXHIYHUX ITPUCTPOSAX

Y ecmammi posenanymo, wo coboio yAaeusaoms MacHimopeoiociuti enacmomepi, i3 4020
B0HU CKNAOAIOMbCsl ma 5Ki  npossisaoms  egexkmu, ix cymuicms. Maenimopeono2iuni
enacmomepu (MPE) npedcmasnsaromes coboio0 KIAc «pO3YMHUX» MEEpOUx MAacHimoaKmueHUX
mamepiania, 61ACMUBOCHI AKUX MOJICHA pe2ynioeamu 3a 00NOMO20H0 308HIUHbO20 MACHIMHO20
noas. Posensinymo cyuachi po3pooxu 015 3acmocy8anHs Y MauuHo0y0y8aHHi.

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.

[Topanpiiie MiABUIIEHHS SKICHUX MOKAa3HUKIB BEPCTATHUX IMPUCTOCYBAaHb B
MaIMHOOY/yBaHHI TOB’SA3aHO 31 30UIBIICHHSAM iX TOYHOCTI, (PYHKIIIOHAJIBHOCTI,
THYYKOCTI Ta MOKJIMBOCTI BIPOBAJKEHHS B KiOep(di3uuHi cucteMu. BractuBocTi
pPO3YMHUX MaTepiaiiB, sKi TOB’s3aHl 31 3MIHHUMHU (PI3UKO-MEXaHIYHUMHU
XapaKTepUCTUKAMH, MOXYThb JIOMMOMOITH B PO3pOoOIll TEXHOJOTIYHOI OCHACTKHU
HOBOT'O MTOKOJIIHHS.

[IpoTsiroM ocTaHHIX AECATHIITH CHOPMYBAJIOCS HOBITHE HAYKOBO-TEXHIYHE
CHpsIMYBaHHS, 110 OEJIHYE HAYKOB1 IOCATHEHHS KOJIOiNHOI (P13UYHOI X1Mii, (P13UKH
MarHeTu3My Ta eJeKTpoMexaHiku. B pe3ynpTaTi HAyKOBHX Ta MPAKTUIHHUX
JIOCITIJIKEHb CTBOPEHO HOBE MOKOJIIHHS MarHiTOKEpOBAaHWX MartepiatiB, pi3uyHi Ta
(GyHKIIOHATBHI BIACTUBOCTI SKUX IJIECIIPSIMOBAHO PETYNIOIOTHCS MPU BIUIUBI Ha
HUX MarHiTHHUX TOJIB.

Memorw pobomu € Orig Cy4yaCHUX JOCHIDKEHb B Taily3l pO3poOKu
MarHiTHUX €JaCTOMEPIB Ta iX 3aCTOCYBaHHS B TEXHIYHUX 00’ €KTax.

Marnitopeosoriuni enacromepu (MPE) mpexacraBmsitore coboro  kiac
«PO3YMHUX» TBEPAUX MArHITOAKTUBHUX MaTepiaiiB, >KOPCTKICTh SKUX MOXHA
peryyoBaTH 3a JOMOMOTOI0 30BHINIHBOTO MarHiTHOro mois. CkiagaroThes 3
0i0cyMiCHOI a00 CTIMKOI 0 arpeCHMBHOTO 30BHIIIHBOTO CEPENOBUILIA MOJIMEPHOL
MaTpHIIl 13 BOIPOBAKEHHSIM MIKPO- 200 HAHOPO3MIPHUX (PepOMArHiTHUX YACTUHOK
3ajTi3a, OKCHIy 3aji3a Ta iHmwux. ExactoMepu 31aTHi MPOSIBISTH TaM'aTh (OpMH Ta
MarHiTOpeoJIOTi4HI ePEeKTH.
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Marnitopeonoriuanii edekt [1] oOyMOBICHUI CTPYKTYPHU3AIIE€I0 YaCTHHOK
npu po3MIIIeHHI enacToMepy B moii. Bin BigOyBaeTbcs Mg BIUIMBOM JBOX
(dakTOpiB: €TACTUYHOCTI MATPHIIl Ta MATHITHUX B3a€MOJIIM.

Ile onmuiero BnactuBicTio MPE € wmarnitogedopmaniiinuii edpexr [2],
CYTHICTh SIKOTO 1 ToJIsITa€ y 3MiHI ()OpMHU Ta PO3MIPIB €JacTOMEpy IpHU BIUIMBI
Mar"iTHoro mnoisi. B emactomepi, po3millleHOMY B MarHiTHOMY TOJi, MarHiTH1
MOMEHTH YaCTUHOK OpIEHTYIOTbCA y Hampsimi mois. B pesynpraTi aumosns-
JUTIOJIBHOT ~ B3a€MOAIT  MIDXK ~ OJIHOCHIPSIMOBAaHMMH MAarHiTHUMH ~ MOMEHTaMu
YaCTUHOK, OCTaHHI MparHyTh BUIIMKYBATHUCS B JIAHIIOKKUA B3JIOBXK HANPAMY
30BHIIIHBOTO TOJISI. Y TMPYXHIM MaTpuill HE BiOYBAa€TbCS YTBOPEHHS 3JIUTHX
JIAHITIOKKIB YaCTUHOK, OJTHAK HABITh HEBEJIMKOTO 3MINICHHS YaCTHHOK Y MaTPHIII
JIOCTaTHBO JJIs1 3MiHM (JOpMHU Ta po3Mipy 3pa3ka. 3MiHa (hopmu 3pa3ka MoB's3aHa i3
3MIHOIO pO3TalllyBaHHS MAarHiTHUX YaCTHHOK YyCepeauHl MoJjiiMepHOi maTpuli. Y
cBOI#l poOoTi [3] aBTOpM MpOBEIU AOCIIIKEHHS Mar"iTozeopmailii MarHiTHHX
€JIaCTOMEPIB.

Pa3owm i3 marsiTogedopmaniiiuM eheKToM CHOCTEPIraeTbCsl €PEKT Mmam'ari
¢opmu [4]. B BiicyTHOCTI 30BHIITHLOTO MAarHiTHOTO MO AeopMaliii MarHiTHOTO
enactoMepy OOOpOTHI, TOOTO enacToMep BIJHOBIIOE CBOIO GopMy IiCHs
BUMKHEHHS 30BHIIIHHOTO MEXAHIYHOTO HaBaHTaKeHHs. OJHAK Yy 30BHINTHBOMY
MarHiTHOMY TIOJI MEXaHIYHE HABAaHTAXEHHS TMPHU3BOJUTH JI0 HE3BOPOTHIN
nedopmMaiiii enactomepy.

[Ile omuuM MeXaHIYHUM €(QEKTOM, IO CIOCTEPITaEThbCsl B MarHiTHUX
enactomepax, € edpekr Ileiina [5]. Lle 3anexHICTP MOAYJSL 3CYyBY MAarHiTHOTO
eJacToMepy, M0 3HaXOAUTHCS B MAarHiTHOMY IOJi, Bl aMIUNTyAu aedopmarii.
[Ticnst qoCsATHEHHS ACSKOTO HACMYECHHS 3HAUCHHS aMIUTITY U Aedopmaliii, MOIYJIb
INPYKHOCTI PpI3KO 3MEHIIYEThCS. Y TOM K€ Yac MOAyJlb BTpaT JocCsrae
MaKCHUMAaJIbHOTO 3HAYEHHS B TOW MOMEHT, KOJIU MOAYJIb MPY>KHOCTI MTOYHHAE P13KO
3MeHInyBatuca. byno BusBieHo, mo edekt I[lefiHa 3HaYyHO 30UIBIIYETHCS Y
30BHIIIHBOMY MAarHiTHOMY TMOJ, a TakKO0X 3MIHIOETbCS Yy pa3l LUKIIYHOTO
HaBaHTAKEHHS 1 JOCITac HACUYEHHS MIC/I KUIBKOX ITUKJIIB.

Tak, crocoBHO npaktnuHoro BukopuctanHss MPE Ta ix edekTiB, y poOoTi
«BukopuCcTaHHs IHTETIEKTyaAIbHIUX MaTEePialliB y By3JIaX CUCTEMH MIAPECOPIOBAHHS
MEPCIEKTUBHUX BIMCHKOBUX TYCEHHYHMX 1 KOJICHUX MamuH» [6] aBTOpaMu
oOrpyHtoBaHo 3actocyBanHsi MPE y By3nax miBICKM MEPCIEKTUBHUX 1 CEPIMHUX
BI'KM, 3 MeTO0 CHpouIeHHs! KEPYBaHHS 1X XapaKTepUCTUKaMH Ta 3a0e3MeYeHHs
iMm HOBUX MoOXJuBOcTeH. Ha mnpuxmami mnOpyKHHX IMIApHIPIB  MiABICKA
oponetrpancnoprepa bTP—4 mpencraBneno 3acrocyBanHs mmapHipiB i3 MPE mns
peasizallii KepyBaHHS KOPCTKICTIO IiJIBICKH.
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Tumu x aBTOpamu, y poOOTI «3acTOCyBaHHS MAarHiTOPEOJIOTIYHUX
eIacToMepiB JUIsi KEPYBaHHS XapaKTEPUCTUKAMHU CHUCTEMHU TIPECOPIOBAHHS
KOJIICHUX TPAHCIIOPTHHUX 3aco0iB» [7], MOCTaBlieHa MeTa OCHIKEHHS BIUIUBY
KepyBaHHA TMPYXKHUMH Ta JAeMOPYIOUUMU  XapaKTEPUCTHUKAMU  CHUCTEMHU
1JIPECOPIOBAaHHS HAa OCHOB1 BUKOPHCTAHHS Mar”iTOPEOJIOTIYHHUX €J1acTOMEpPIB Ha
TJIABHICTh X0y KOJIICHMX TPAaHCIOPTHHUX 3ac00iB. 3a pe3yjbTaTaMu poOoTH OyII0
pO3po0IEHO, JOCTIIKEHO Ta 3amaTeHTOBAHO KOHCTPYKINI NPYXHHUX IIapHipiB
BXKEJIIB IIJIBICKM 3 MarHiTOPEOJIOTTYHUMH eJlacToMepaMu. BuU3Haue€HO BITHOCHI
MEX1 3MIHM MOJYJIB TMPYXHOCTI Ta BTpaT AaHUX IIapHIPIB MpHU 3I1HCHEHHI
KepyBaHHA XapaKTepUCTUKAMHU TMIJABICKA JJis  3a0e3MeueHHd  MiABUIICHHS
MJIABHOCTI XOAY KOJIICHOTO TPAHCIIOPTHOTO 3ac00y.

Y pob6oti Bonommna B.H. «MexatpoHHa cucreMa 3aTHCKy TOKapHOTO
Bepctata 3 YIIK 3 MarHiTopeonoriyHuM cepeoBUIeM» [8] po3rIsIHYTO 3aTUCKHI
MexaHi3mMu  BepctaTiB 3 UIIK 13 BUKOPUCTOBYETHCS MAarHiTOPEOJIOTTYHHUX
MaTepiaiu 31 CXOXXKHUMH 1O €JIaCTOMEPIB BIIACTUBOCTAMH. ABTOPOM MPOBEAECHO
MOJICITIOBAHHS  TEOMETPUYHHX Ta  CHJIOBHX  XapAaKTEPUCTHK  MPUCTPOIO
NEPEMUKAHHS PEKUMIB POOOTH BUXOASYM 13 XapaKTEPUCTUK MArHITOPEOJIOTIYHOT
PIIMHYU, BEIMYUHA MAarHITHOTO TOJIA, IJIOMII POOOYOro 3a30py MIkK CTaKaHAMH.

Sx migcymok, Oyna 3amporioHOBaHA MeEXaTpOHHA CHUCTEMa 3aTUCKY 13
OPUCTPOEM  NEPEMHUKAHHS  PEXHUMIB  poOOTH 3  MAarHiTOPEIOrOriYHUM
CEpEIOBHUIIEM, sIKA MA€E PsJl CYTTEBUX IEpPEBar, cepell SKuX: CHeproeeKTUBHICTB;
KOMITaKTHICTh; JIETKICTh KEPYBaHHS POOOTOI0 3aTUCKHHUX EJIEMEHTIB; 3/IaTHICTb
HIATPUMYBATH HEOOX1JIHY CHIIy 3aTUCKYy O€3 MiJIBEICHHS €HEprii Micisl 3aTUCKY;
MO>KJIMUBICTh KOHTPOJIIO 1 PETyJIOBaHHS CHJIM 3aTHUCKY; MOXIIMBICTH aBapiitHOTO
OJIOKyBaHHS OOCPTAaHHS IIIITHHICIS.

BUCHOBKHU

B nanuii yac BHBYEHHS MAar”iTOPEOJOTIYHMX €JIaCTOMEPIB TEPEBAKHO
chOKyCOBaHO Ha JTOCII/IXKEHI ONTUMAJIBLHOTO CKJIaAy MaTrepiany JUisi KOHKPETHOTO
MPAKTUYHOTO 3aCTOCYBaHHS. ICHYIOTH pO3pOOKH aMOPTH3ATOPIB, JCSIKI 3 SIKUX BIKE
3HAMIITN 3aCTOCYBAHHS Y aBTOMOOUIBHINA MPOMHUCTIOBOCTI. Binnanene ynpasiaiHHSI
BJIACTMBOCTSIMH  €J1aCTOMEPIB 32 JIOMOMOTOI0 MAarHITHOTO TIOJII  JIO3BOJISIE
BIIPOBA)KYBaTH iX y o0jacTh OIOMEIMUMHU. AKTIOATOPU Ha OCHOBI
MarHiTOPEOJIOTIYHUX €JTaCTOMEPIB MOTJIM O 3HAWTH 3acTOCYBaHHS y PI3HUX
rary3sax BiJi poOOTOTEXHIKH J0 MIKpPO(IIOiANKU. 3aCTOCYBAaHHS €JaCTOMEPIB HE
BUMAara€ BEJIMKUX CEHEPreTUYHUX BUTpAT, aje J03BOJISE IIBUIKO 1 OOOPOTHO
KEepyBaTH €JIEMEHTOM IMPHUCTPOI0, IO 3yMOBIIOE IIUPOKY TMEPCHEKTUBHICTh iX
BUKOpUCTaHHA. KpiM TOro, MarHiTOpEOJIOTIYHI €J1acTOMEpPU  CTAHOBJIATh
BeNMMYE3HUN 1HTepec 1 Juisi  (yHAAMEHTAIBHUX JOCHIKeHb. BoHu €
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KOMITIO3UTHHMH MartepiajaMu, 10 CKIQJaloThCA 3 0e3idl  B3aEMOJII0YHMX
€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 - quide 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 aiven 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/JHU 3HUKEHHA BIIJIUBY ABPASUBHOI'O
SHOIIYBAHHS HA ECEKTUBHICTDb POBOTHU JAETAJIEN
TPYHTOOBPOGHUX MAIIIUH

Ilposeoeno  nopiensAnbHUU — aHAN3  AILIMEPHAMUSHUX  BAPIAHMIE  NIOBULYEHHS
3HOCOCMIUKOCMI POOOUUX NOBEPXOHL Oemanell Mexanismie i mawun. Poszensnymo nepesacu
eNeKMPOKOHMAKMHUX Memo0ie 8i0HO6NeHHs Oemaniel mawuH. Jlocniodceno mamepianu Ous
HAaHeCeHHsI 3HOCOCMIUKUX NOKPUMMIE ma NOKA3AHO (QYHKYIOHANbHI nepesacu KOMHOZUYIIHUX
mamepianie  CMOCOBHO  NIOBUWEHHST  eKCHIYamayitHoi  cmitukocmi — 8IOHOGNEHUX — B)3]i6
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 nanuii wac mpu oOpoOul rpyHTY At 0OpOOKH CLIBCHKOTOCIIOAAPCHKUX
KyIbTyp 3aCTOCOBYIOTH 0e3miy rpyHToo6po6an MAIlIKH, a came KyJIbTHBaTOPH,
po3nyn1yBaq1 CIBaJIKM Ta MOCIBHI KoMIuiekcH, Tomo [1]. YmMoBu ekcmutyararii
pLKYYMX JeTalled He MOXKHAa Ha3BaTU NPOCTUMH — BOHU 3HAXOIATHCA Y
0e3nocepeTHbOMY KOHTaKTI 3 a0pa3MBHUMHM YaCTUHKaAMH, 110 BUKJIMKAIOTh
IHTEHCHBHE 3HOIIYBaHHS, 3aTYIUIEHHS PLKYYUX KPOMOK, 3MiHYy (opMu 1 SK
HacHiIok mpodumo Ta pobouux pos3mipiB. Excrutyarariisi 3HOIIEHHX POOOYUX
OpraHiB Bele [0 MNaAiHHSA SKOCTI BUKOHYBaHUX pOOIT, 3pUBY arpoTEXHIYHHMX
TEpMiHIB BHUKOHAHHS ONEpaliii, 3pOCTaHHS MPOCTOIB TEXHIKH, MPSAMUX Ta
HEMPSIMUX BUTPAT, 3HIKEHHS KIJIbKOCTI OTPUMAHO1 TOBapHOI MPOIYKITii [2, 3].

Metoro poOGOTH € JOCHKCHHS  ICHYIOUMX  METOMIB  ITiABHIICHHS
eKCIUTyaTalliHOI CTIMKOCTI AeTajiel Ta By3J11B IPYHTOOOPOOHUX MAILIUH 3 TOUYKH 30PY
e(peKTUBHOCTI 0OpaHOi TEXHOJIOTII 3 ypaxyBaHHSIM YMOB €KCIUTyaTallii 001aTHaHHSI.

[linBuIlleHHS  3HOCOCTIMKOCTI  JIOCSITAEThCS  PI3HUMH  CIIOCOOaMH,
CTIPAMOBAHUMH a00 Ha 3HI)KEHHS IIBUJIKOCTI 3HOIIYBaHHs, a00 Ha 3HUYKEHHS
MIKIJIMBUX HACTIAKIB TIPOIECY 3HOIIyBaHHS jeraneid. Mo mepuioi rpymu
BITHOCUTBCS METOJ CaMO3aroCTPeHHs pi3aibHUX Jie3, 0 3a0e3neuye BHUOIPKOBE
3HONIYBaHHS pPOOOYOi KPOMKHM IHCTPYMEHTY, MpHU SKOMY 30epiraerbcs HOTo
onTuManbHa ¢dopma ad0 pihKyda BIACTHBICTh. Y JEAKHUX BHUIAJKaX BHUHUKAE
HEOOXITHICTh 3a0€3MEeUEHHS PErJaMEHTOBAHOTO XapaKTepy 3HOLIYBaHHS, KOTPUN
J03BOJIUTH ChOpMyBaTU HEOOXITHUU penbed Ha pobOodUiil MOBEpxHI ab0 KpOMIIL,
30epiru npu bOMY 3aJaHuil MpOo(dUIb MPU 3HOIIYBAHHI 1HCTPYMEHTY A0 KIHIISA
TEpMiHy HOro eKcnnyaTaui'f HBOFO MOXIIMBO JIOCATTH TPUBAPIOBAHHAM OMOPHUX
TaKUX €JIEMEHTIB K CMYT, ;1p0T113 [4]. TligBuImUTH 3HOCOCTIHKICTh, 3a0€3MCUNTH
YMOBH [l CaMO3aTOYyBaHHS 1 30epexeHHs] HEOOXITHOro MPO(UI0 TaKOXK €
MO>KJIMBUM TPU BUTOTOBJICHHI Jie3 pOoOOYMX OpraHiB I'PYHTOOOPOOHMX MAalluH 3
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HAIUTaBIEHUM pOOOYMM IapoM 3MIHHOI TBepAocTi. Pi3HOBHIOM Takoro
HAIUIaBIIIOBAHOTO Marepiany € OaraTomapoBUN KOMIIO3UT 3 PI3HUMHU (YHKIISIMU
mapiB. OTpumaHHS 0aratomapoBOro CTaJ€BOTO0 KOMIIO3UTY 13 3aJaHUMHU
BJIACTUBOCTSAIMHU — JIOCUTH CKJIaJHE TEXHOJIOTIYHE 3aBAaHHA. Bigomi MeToau, Taki
SK HAaIJIaBJICHHS, XIMIKO-TepMidyHa 00poOKa, HE MAIOTh MOKJIMBOCTI IMOJYYHUTH
OaraTomapoBuil cTaleBHl KOMMIO3UT 3 podounM mapom 0,1-0,3mMm npu 3aranpHii
mupuHi 1-5mm. Tpanuiiiine po3kouyBaHHS B TOHKI JIMCTH 1HCTPYMEHTaJIbHUX
cTajeil 3 MOJaNbIIMM 3'€IHAHHSIM MIapiB 3BApIOBAaHHSM, MAWKOIO Ta MaKETHOIO
MPOKATKOIO /I OTPUMAHHA 0araromiapoBOro CTAJCBOTO KOMIIO3MTY — JOCHTh
TPYAOMICTKa TEXHOJOTisA. AHai3 mTepaTypHHx JaHUX Ta BUPOOHHYMIL JI0CBI1]T
JI03BOJISIE JIaTH KOPOTKY XapaKTEPUCTHKY ICHYIOYMM METOZAM BIIHOBIICHHS Ta
3MIIIHCHHS JIeTaJIel MaIlliH JOCITIKYyBaHOTO Kiacy (tab:.1) [4].

Tab6n. 1 — CyuyacHi METOIU BITHOBJICHHS IPYHTOOOPOOHOTO THCTPYMEHTY

Criocobu BIJHOBJIEHHS Henoniku
l. [IeperouyBaHHA pixyuux | Pi3ke 3MeHIIeHHS poOo4doi MOBEpXHI
IIOBEPXOHb IHCTpyMEHTa, 1[0  MPU3BOJUTH  JIO

30UTBIIICHHSI €HEPTOBUTPATH, MOTIPIICHHS
AKOCT1 OTPUMAHOI MPOAYKIIIi.

2. [TigBumeHHs TBepaocTi | [Ipu3BOIUTE A0 3HMKEHHS IACTUYHOCTI
MaTtepialy piKY4YOro IHCTPYMEHTa| Ta yAapHOiI B'S3KOCTI, IO HE3aJI0BLIBLHO
TEpMOOOPOOKOI0  (YMM  BHUIIA| MO3HAYAETHCS HA POOOTI 1HCTPYMEHTY B
TBEPIICTh, TUM JIOBIIE IHCTPYMEHT | YMOBax [ii yAapHUX Ta 3TUHAIBHUX
30epira€  CBOi  EKCIUTyaTalliifHi | HAaBaHTaXEHb

BJIACTUBOCT!I)

3. TanpBaHiyHe HaHeceHHs IapiB| [lyxkuii HaHeceHWil MWap 3 HU3BKUMHU
MeTaty (HIKENIOBaHHS, | MEXaHIYHUMHM  BJIaCTHBOCTAMH  SIK 32
XPOMYBAHHS) MIIHICTIO, TaK 13a 3HOCOCTIHKICTIO; HU3bKa
MIIHICTh ~ 3YEIUIEHHS 13  IOBEPXHEIO
IHCTPYMEHTY; WIKIUIMBICTh BUPOOHUYOTO
IIPOLIeCy; TPYIHOII YTHITi3allii BITXOIiB

4. Meranizariis Huspka MILHICTb 3YETICHHS 3
MOBEPXHEI0 BUPOOY; OTPUMAHMI 11ap Mae
BUCOKY KpHUXKICTh 1 HE BHUTPUMYE
yIapHUX HABaHTaXCHb; BHCOKI
BHYTPIIIIHI HAPYTH APy
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5. T'a3oTepmiuHe HarIaBICHHS TpyaHoui  peryjiOBaHHS  TEIJIOBOTO
IPOLECY, BHACIIAOK YOIo 3'SBISETHCA
3aJIEKHICTh MIIHOCTI Ta 3HOCOCTIMKOCTI
HAIUTABIIGHOTO Iapy BiA KBamigikarii
pOOITHMKA;  TEpMIYHUN  BIUIMB  Ha
CTPYKTYpy Me€Taly, 4YacTl BUIAJKHU
BIJIIIYCKY Ta Mepenatsy OCHOBHOTO METay

6. ludysiiine 3BaproBaHHS TpuBanuii 4yac 3BaproBaHHA (OJIHU3BKO
5XB.), TPOTATOM  SKOTO  MOJKJIMBE
3pOCTaHHS 3€pHAa MeETaly T i€l
TEeMITepaTypH; CKIAJHICTh 00JaHAHHS Ta
BHCOKA BapTiCTh MPOIIECY

7. ENexTpoyroBe HaljiaBiICHHS Po3unHenHs  3minHioouoi  Qasu B
OCHOBHOMY MeETaJl; TepMIYHA BIUIMB Ha
JieTanb; MIJBUILEHE Ta30MUIOBUAICHHS
Ta  pO30pU3KYBaHHS; HE  3aBXKIU
3a0e3MneuyeThCs nepexij YacTUH
3HOCOCTINKOI (Da3u B HAIUIABJICHH 1Iap

8. 3amiHa BiJNpanboBaHuX JeTanei | Benuki BUTpaTH Ha 3amacHi YacTHUHH,
HOBHUMH, WIO0 TOCTaBISIOTHCS SIK | BapTICTh  KOTPUX  SIBJIAE  TIOJIOBUHY
3aImacHi YaCTUHU 3arajJbHUX BHTpPaT Ha PEMOHT, IO
MOTIpIIye peHTA0CIBHICTh 0018 THAHHS

Komno3uiiitHe MNOKPUTTS, WO CKIAJAE€ThCS 3 TUJIACTUYHOI MeTajeBoi
MaTpUIll Ta TYrOIUIABKUX KEpaMiYHMX YaCTMHOK — HAlOBHIOBAYiB, HaW4acTille
OTPUMYIOTH PI3HUMH CIOCOOaMHM HAaIUIaBJIEHHS (€JIEeKTPOIJIaKOBOi, Ta30BOi,
JyroBOi, 1HAYKIIINHOI Ta 1H.). OgHak piakodasHi NpolecH, iX HAsBHICTb MAa€ Takl
HEJIONIKH, SIK 3HAYHWHA TEPMIYHMM BIUIMB HA METaJl OCHOBH, MOTIPIIEHHS BUXIIHUX
BJIACTUBOCTEH 1 CTPYKTYpH TMOPOIIKOBUX MaTepialiB, OOMEXKEHICTbh BHOOPY
CKJIaJIOBUX  TMOKPUTTSA.  bimpmmicte 3  mMX  HEJOMIKIB  BUICYTHA — TIpU
€JIEKTPOKOHTAKTHOMY HAIUIABJICHHI, SIK OJIHOMY 3 METO/AIB TBEPAO- Ta PIJIKO-
TBEpO(a3HOi TEXHOJOTIT HAHECEHHsI MOKPUTTIB, LIO BIAPI3HAETHCS MIHIMAIBHOIO
30HOI0 TEPMIYHOTO BIUIMBY Ha JIE€Tallb, BIJCYTHICTIO HEOOXITHOCTI BUKOPUCTAHHS
3aXMCHOI aTMoc(epu Ta BIJIICYTHICTIO BHUIIPOMIHIOBAHHS 1 Ta30BUAUICHHS. [Iporiec
€JIEKTPOKOHTAKTHOT'O HarUIaBJICHHS XapaKTePU3yEThCS KOPOTKOYaCHUM
BUCOKOIIBUAKICHUM HarpiBanHsM (1o 800—1000°¢) matepiany, 10 HAIJIABISETHCS,
Ta OCHOBHOTO Metany 1o temmeparyp 1400-1600°C ta CHMIIOBUM BITMBOM POJIUKIB-
enexktpoxiB. HarpiBanus BIJI6YBa€TBC$I 32 PaxyHOK TIPOIYCKAHHA CTPYMY, IIO
TeHEPYETHCA JPKEPETIOM CTPYMY B IMITYJIbCHOMY PEXHMI, Yepe3 MakeT-marepial, uio
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NpPUBApIOEThCSA, 1 OCHOBHMM MeTaj, IO TMOMIMIAETbCA MDK — €JIeKTpOoJaMu
3BapIOBAJIbHOL eneKTpOKOHTaKTHm Maimunu [4, 5]. EJIeKTpOKOHTaKTHe HaIUIaBJICHHS
HAJICKUTh JI0 TPOIECIB 3 SCKPAaBO BHUPAKEHUM CHJIOBUM 1 TeMIIepaTypHUM
aKTUBYBaHHSM. BenmuunHa CUIOBOTO BIUIMBY MPH 1IbOMY Ha 2-3 TOPSAKM BUIIA, HIXK
y BUMAQJIKY [IEHTPATI30BaHOTO 1HIYKIIHOTO, BIOPAIIITHOTO Ta THIIMX TEXHOJOTTYHUX
BapiaHTIB OTPUMAHHS TOKPHUTTIB. [Ipy 1bOMy MIBUAKICT HArpiBaHHS IIapy, IO
HATUIABJISIETHCS. MOXKE CATATH JIEKUTbKA TUCSY TpaayciB B cekyHay. [loenHanHs 1BOX
aKTUBYIOUUX (DAKTOPIB TO3BOJISIE 3/11MCHIOBATH MPOIIEC HATUIABIICHHS B CEPETHHOMY B
100 pasziB mBualIe, HLK HpU in[yKuiﬁHOMy croco01 HaHeceHHS TOKpHUTTA. [lpu
LOMY ¢i3uKo-MexaHiuyHa BIACTUBICTD OTPUMAHOIO Ha HOBerHl mapy BHpoOy, 1110
BIJTHOBJIFOETHCH, (SHOCOCTII/IKICTB TBCpI[lCTB MOPUCTICT 1 T..) 3ajexaTb BiJl
TEXHOJIOTTYHUX TMapaMeTpiB TpoIecy, sIKi HEOOXIMHO BHUOMpAaTH 3 ypaxyBaHHIM
BIUIMBY aKTUBYIOUMX (PaKTOPiB, TAKUX, SIK CHJIOBE Ta TeMIIEpaTypHEe aKTUBYBaHHS.
CunoBe aKkTUBYBaHHS 3a0€3MEUyeThbCsS BIUIMBOM €JEKTPOJy Ha Marepiai, IIio
HAIUIABJISIETBCS,, B 30HI HAIUIaBlieHHS. [CHye MiHIMalbHA BEJIMYMHA THUCKY, LIO
BU3HAUAETHCS HU3KOIO YMOB. [lo-miepie, THCK 0OMEXYeThCsl 3HAYCHHSM, TIPU SIKOMY
miap, 110 HAIJIABISIETbCS, MNpUKMAE JOMYCTUMUN EJIEKTPOoOoIip, M0 3a0e3neuye
HEOOXIJTHY €JIEKTPONPOBIAHICTE (TOOTO TPOXOKEHHSI CTPyMy uepe3 Iap He
BUKJIMKAE MEPETPIBY OKPEMUX AUISHOK 3 iX PO3IUIABIECHHSIM Ta BUOYXOBOTO BUKUIY
YACTHHU METATy Y BUTJISIII Kparlenb); MO-Apyre, TUCK BU3HAYAE€THCS BETMYHHOIO, TIPH
KOTp1i BIH Ma€ aKTUBYIOUYH BIUIMB Ha MPOIIEC HAIUIABICHHSI.

Takum 4YMHOM, TeMmIepaTypHE aKTHBYBaHHS BH3HAYA€ThCS pIBHEM Ta
XapakTepoM 3MIHM TEMIEpaTypyd B 30HI HalUIaBIEHHSA. PiBeHb Temreparypw,
PO3MOJILT MO IIapy 1 AETall, MBUIKOCTI HArpiBaHHS 1 OXOJIOKEHHSI, 0arato B 4omy
OOYMOBJIIOIOTh ~ XapakTep TMpOTIKaHHSA JUQY3IMHUX TPOIECIB  HAIUIABJICHHS,
BU3HAYAIOTh PIBEHb 3aJIMIIKOBUX HANpYy>KE€Hb Y TIOKPUTTI Ta J€Taji, Ha/Ial0Th BILIMB
Ha (pOpMYBaHHS E€KCIUTyaTallliHUX BJIACTUBOCTEH MOKPUTTS, 10 HAHOCUTHCSA. Tomy
BUSBJICHHSI  (DYHKI[IOHAJILHOTO  B3a€EMO3B'SI3KY  (haKTOpIB  TEMIIEPaTypHOIO
AKTUBYBAHHS 3 PSKUMHUMH TapaMeTpaMH €JIeKTPOKOHTAKTHOTO HarlIaBJIeHHS (CHiia
CTpyMy, LIBUIKICTb MEPEMIIIEHHS POJMKA 1 T..) JO3BOJMTH KepyBaTh (Di3HKO-
XIMIYHUMH MpOLIecaMU, IO MPOTIKAIOTh NPU HAIJIaBJIECHHI, 1 BU3HAYaTH TUM CAMUM
(b13UKO-XIMIYHI BIACTUBOCTI TOKPUTTSL.
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OCOBJMBOCTI NPOTHUAII HEI'ATUBHOI'O BIIJIUBY POBOTHU3AIIII
BUPOBHUIITBA HA ®I3UYHUU CTAH JIIOUHI.

Y pobomi nokazano, wo pobomuszayiero Oocsieacmuvcs epexmusHicms Yy 06a2amvox
2any3sax OOHOYACHO | MOJCe BUHUKHYMU CUHEP2eMUYHA eheKMUBHICIb, KOIU pobomu 3 0OHI€l
2any3i NPaKmuyHo pepopmyoms 2any3v. Ane npu ybomy cmpaxicoae 3auHamicms arooeu. /lesxi
acnekxmu Maubymuvoi cghepu 3auHAMOCMi AKMyanizyioms HANPAMOK CAPA8 w000 NiOGUUEeHHS
Gizuunoi akmusnocmi arodell ma ix 3aHAMb 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 (haKTOpaMU TMPOTPECY CYCHUIBHOTO BUPOOHUIITBA € —
BIIPOBAPKCHHSI HOBUX MPOTPECUBHUX TEXHOJIOTIH, aToMaTH3allid Ta poOoTU3aIlis,
3HIDKEHHSI JIOJII pYYHOi Tpaili B HbOMY - BHUCYBalOTh 1 OYIyTh BHCYBAaTH HOBI,
3HAYHO BUIIl BUMOTH JI0 aJalTaliifHuX 3110HOCTEH JIFOAUMHH, 10 HOro (hizMuHOrO
310poB's. ToMy coliajibHa yCTaHOBKA CYCHIJIBLCTBA HA MMIJIBUILIEHHS PiBHS (i3UYHOT
aKTUBHOCTI JIFOJIeH SIK 3ac00y 3MIITHEHHS 3I0POB'A, JOCSITHEHHS MacoBOi (h13UYHOT
JIOCKOHAJIOCTI 1 POCTYy Ha Il OCHOBI BUPOOHUUTBAa Mpali Ta OCOOHCTOrO
OJaromnoJryydsi O3Hayae KpoOK BIIEpPE/I B peastizaiii ryMaHicTHaHoi el [1].

HoBa cepena xu3HenesTEIbHOCTH JIIOJAMHU BU3HAYa€ OCHOBHI BHUMOTHU J10
HOBUX pOOOTIB — iX MOXJIMBICTh 1 3[aTHICTb BOYJOBYBAaTHUCS B ICHYIOUY
TEXHOJIOTIYHY JIIHII0 Ta /ab0 CTBOPIOBATU BJACHY HOBY TEXHOJIOTIYHY Cepeay
(;iHiro) gy BOYZOBYBaHHSI JIIHIA HACTymHUX pOOIT, KpUTEpiiB e(hEeKTHUBHOCTI
poOOTH ISl KOKHOI oTpaciu. Takok BeayThCs OCHIIKEHHS 3 pallioHami3aIli ta
0araroyHKIIOHATBLHOCTI POOOTH  JBOWHOTO TpPHU3HAYEHHS. Y  MIJICYMKY
poOoTizailii gocaraeTbcsi €pEeKTUBHICTh y 0araTboX rajxy3siX OJHOYACHO 1 MOXKeE
3'SIBUTUCS «CHUHEpPreTHYHa eQEeKTUBHICTh», KOJIM pPOOOTH 3 OJHIET ramys3i
MPaKTUIHO PehOPMYIOTH raay3b.

Tepmin «IIpomucnoBicts 4.0» OyB BukopuctaHuii Ha [‘aHHOBEpPCHKIN
Buctasil B 2011 rogy y 3B'A3Ky 3 KOMIUIEKCHUMU KiOep(]i3WUHUMU CUCTEMaMU, B
axux [T-cuctemu Ha BCIX CTalisIX BUPOOHUYOI IIEMTOYKU 00'€THAHI B OJTHYCETh JJIsI
B3a€EMOJIIi 3 IHIIUM B PEXUMI PEAbHOIO 4Yacy 1 CaMOHACTPOWMKHU. PO3BUTOK i€l
MPOMUCIIOBOCTI  TpaHC(HOPMYyE BCIHO apXITEKTypy CBITOBOI E€KOHOMIKH Ta
HaIllOHAJILHOTO TOCIO/IapCTBA.

Taki «po3yMHi» BUPOOHMIITBA OTPUMAIOTh IIJIUM HAOOPOM BIIMIHHUX
BU3HAHB!
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-MaTd BIPTyaJbHY KOO, $Ka JO3BOJUTh MPOBOJUTH CUMYJIALIIO
TEXHOJIOTIYHUX TPOIIECIB Ta BIJACTEKYBaTH €(PEKTUBHICTb POOOTH HAOYIb-IKOMY
BUPOOHUYOMY €Tarli;

-CaMOCTIHHO TIpUHMATH PillICHHS.

Bci nmpopuBHI  JOCHIDKEHHS, HAIUIGHI Ha «IPHXKOK» Ha HACTYNMHUU
TEXHOJIOTIYHUM PIBEHb, PO3IIMPIOIOTh KOPJOHHW III3HAHHS CBITY, BHUPIIIYIOTH
ri100aabHI MPOoOJIEMH, BIIKPUBAIOTh HOBI MOXKJIMBOCTI, ajieé pa3oM 3 TEMOI, BOHU
BIICYTHI TI€BHI BHUKJIMKK Ta YIpo3u ypsaam, Oi3Hecy, Oe€3MeKHu, 3/I0pOB'io,
0COOMCTOI JKUTTS Ta CBOOOIH CBIJIOMOCTI Ta BOJI1 JTIOJAUHU, BKIIOYAIOUH:

— HOBI ITUTI 1 3aBJaHHS BIHHM MK MammHamMu (poOOoTamu) 1 JIOJBMH 32
MIPaBO JIFOJICH KUTHU BITLHOIO JYXOBHOO KU3HBIO U Pa3MHOXKATHCS,

— TOTAJIBHYIO POOOTHU3AIUIO TIPOIECIB JKUTTS JIIOAWHHM, 5K 3 YpaxyBaHHIM
TpaHchopMariitHux moTped MOoTpeOye HOBOTO MEHEHKMEHTY B3a€MOMIl MIiXK
JIFOABMHY 1 CAMUMH TEXHOJIOTIAIMHU

— OypHBII POCT YENOBEYECKOTO IIO3HABATEIBHOTO TOTEHIMATIA M
NOTEHIIMAJIa  CaMOpPa3BUTUA  POOOTOB  (IPOEKT  cymepkommbioTepa  «Mr.
Computer»);

— CTBOPEHHS CYNEPIHTENEKTYalbHOI CUCTEeMH — TJI00aJbHOTO MO3KY, SIKE
BUHUKAE TICIJISI BIAKPUTTS HOBUX BHUOB €HEPTII.

OTU W Jpyryue BbI30BBI HOBOW THOPUAHOW CpENbl, T.€. CPEIbl CIUSHUS
MCKYCCTBEHHBIX M O10JIOTIYHHMX CHUCTEM €Ille MaJI0 BUBYECHI, ajie BX)KE€ BU3HAYUIIUCS
iX JesiK1 0COOIMBOCTI. HAMPUKIIA!

-OTpUMaHHs NpUOYTKIB B TIOpUIHIN Cepelll HE 3B'A3Y€ThCA 3 TPaAULIIITHUMU
dbopmamu Oi3HeECY;

-TOBApU Ta MOCIYrM pOOOTIB aBTOMAaTUYHO BOYAOBYIOTHCS B ICHYIOUY
TEXHOJIOT1YHY JIiHIIO Ta/ab0 CTBOPIOIOTH HOBY TEXHOJIOTIYHY cepeny (JIiHiI0) A
BOYIOBYBaHHS JIIHI HACTYITHUX POOIT;

-poOOTH CTBOPIOIOTH HOBI KpUTEPii €hEKTUBHOCTI Ta CTAHAAPTU JIJIsI KOKHO1
raysi.

Hapsiny 3 nium, BUKIMKaOTh 1 BAMOTH J0 KOHKYPEHTOCIIPOMOKHOCTI KpaiH-
JiAepiB 'y HOBOMY Kibepcpesi, BHU3HA4YalOTh PIBEHb JE€P)KaBHO-TEXHOJIOTTYHOI
Oe3MeKkr B €MOXYy «IIECTOr0 TEXHOYKJIaaa», BKIIOYAIOUM BIHHY, COIlaJIbHY,
MOJIITUYHY Ta €KOHOMIYHY CTallIbHICTh, 3JaTHICTh 3aXUIATH KpaiHy B HOBUX
riOpuaHNX 1 0€3KOHTAKTHUX KiOEpBOMHAX.

JIronuHa BUHYXJEHHO Mi3HAE€ MOXJIMBOCTI CBOTO MOJAJBIIOTO 1ICHYBaHHS,
BIDKMBAHHS 1 TIpOrpecy B L€l HOBOi kubOep-cpene. PuHoOuHU 3anuT Ha pobOoTH
3MIHIOE JMHAMIKY Ta CTPYKTYpY CBITOBOi eKOHOMiku. [lonb3yBaHHs poOoTamu
BEJIC JI0 MIBHJIKOTO HAPOCTAHHS KPUTHYHOTO OOCSTIB 3HAHb HACCIICHHS CBITY IS
IIBUKOTO PO3BUTKY B HOBOMY TEXHOJIOTIYHOMY YKJIaJ, a JUIsl HeaIallTOBAaHUX JI0
HOBOTO CepeloBHIA TpoMaAsH OyJe OOMeXeHHH MJOCTYNm JI0 PO3MOILLY
I'POMAJICBKHX OJ1ar.

CporosmHi  BiJI3HAYAEThCS TOKpAIIEHHS B psAal  chepu  AISUTBHOCTI
«CTIOPTUBHUX KIYOiB 1 CaJIOHIB KpacwW» TPAIUINIHHO 3HAXOIUTHCS B «3EJICHIN
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30HI», TO3UTUBHUWA HAaCTPOM MOXKHA BIA3HAUUTH Yy cdepl  mpoaaxy,
MeauIHA/ papMaIieBTUKA Ta MapKeTUHTY, pekiamu, PR. Haimenee BneBHeHO Ha
PUHKY B1I4yBalOTh ceOe CHeIalicTH, 3aHAaTi B cepi — «CtpaxyBaHHs», « Bucmimii
MEHEKMEHT» Ta «YTPaBIiHHA MEPCOHAIIOM, TPEHIHTH». MeHble apyrux 0osrcs
YBOJLHEHUN HaYMHAIOIIME CICIHATUCTBl M TpencraButenn cdepbl «Hayka,
oOpa3oBaHHe». Maibke TIOJOBHHA COICKaTeNeld TOTOBI 3HWU3UTH CBOI 3apIUiaTHI
OYIKyBaHHS JUJIA TOro, 00 3HalTH poOoTy. HailbiibIny TOTOBHICTh 10 3HUKCHHS
CBOIX 3apIUIATHUX OYIKYBAaHUX 3asABISIOTH MOYMHAIOTH CIEIIATICTH Ta POOOUHiA
nepcoHan. A BOT MEHIIE BChOTO Ha TaKy MEpYy COTJAcHBbl MONUTH MEIUYHUM
TparfiBHAKaM.

VY BCIX 1HIIHUX MEPEKOHAHHSIX B TOMY, 110 3MOKETE 3HAWTH POOOTY B yMOBax
poboTu3arlii - MPeACTaBHUKHU 1HAYCTPIii COPTy Ta Kpacu. ToMmy, pO3BUTOK I[bOTO
HANpPSMKY B podeciiiHOT OpieHTallil MOJIO/A1 € IPUPUTETHHUM.

CIINCOK TIOCUJIAHD
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-e7877e014all
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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).

= @ |

L

g '\7
1227222

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.
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YK 669.013.002.5:531.3
I'pumenxo /1L, beiirya O.0., beiirya B.O. (Vkpaina, m. Kam’sancoke, JJATY)

CTIMKICTH 3BYPEHOTI'O PYXY 3UJIEHOBAHOI'O
KOHTEMHEPOBO3A 3 BYT'EJIbHOIO PAMOIO Y IOINEPEYHIN
TIOIIMHI

Pospobonena mamemamuuna mooenv 36ypeHo2o pyxy 3uleHO8AHO20 KOHMEUHepo8o3a 3
0y2enbHO pamMor NpuU  HAABHOCMI ACUMEMPUYHUX KIHEMAMUYHUX 30ypeHb, BUKIUKAHUX
HepiBHOCMAMU MEeXHO02IYHUX Jopie. Ompumana i 00TPYHMOBAHA yM0BA NONEPEeUHOi CMIUKOCmI
KOHmMelHeposo3a y 30YpeHOMY pYyCi Memooamu aHANIMUYHOI MeXaHiku, wo 0ae MONCIUBICb
obupamu pedxcumu pyxy KOHmMenuHepoeosie 8 YMo8ax mexHoa02IYHUxX 0opie.

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.

[locTaHnoBka mpoOsieMu. 3AIMCHEHHST TEXHIYHOTO TMEepeo30pOEHHS  Ta
NOJANBLIOr0 MiAKWOMY MNPOJYKTHUBHOCTI Mpail B YOPHIA METalyprii HEPO3PUBHO
IIOB’513aH1 3 YIOCKOHAJIEHHSM CTPYKTYPH 1 SIKOCTI IPOMMCIOBOrO TpaHcmopty. Ha
HANPUEMCTBAX, K1 OYYIOThCS Ta PO3MIUPIOIOTHCS, 3’ ABJISIIOTHCS TEXHOJIOTIUHI JIiHIi,
Je TpaJuUIAHUN 3aJI3HUYHUIA TPAHCIOPT BUTICHSAETHCS OUIBLI THYYKHM Y CBOEMY
BUKOPHUCTaHHI TEXHOJIOTTYHUM CIIEABTOTPAHCIIOPTOM.

Awnanis OCTaHHIX yOJIIKaIIH. Ha IUISHKAX MIePEBE3CHHS
KPYMHOTA0ApUTHUX INTYYHUX BaHTAXKIB, y TOMY YHUCJI1 KOHTEHHEpIB, MAaKETIB,
MIJIJTOHIB, BUKOPHCTOBYIOTHCS CITCIIABTOTPAHCIIOPTHI 3aCO0M 3 BaHTAKOMIIHOMHUMHU
npuctposmMu  [1 - 3], miIAOMHO-TPAHCTIOPTHI MAIIMHU 3 TMOPTAILHOIO HECYYOIO
crcteMoro [4,5], crenaBTOTpaHCIIOPTHI 3aco0M 3 OyreNbHOI y TUIaHi pamoro [6,7].
OctanHi 31 34JIEHOBAaHOIO KOMITOHOBKOIO YSIBJISIFOTBCSI HAHOUTBIIT YHIBEPCATHHUMH Ta
MEePCIEKTUBHIUMH, MaIOYH Ha yBa3l 0araroriaHoBe BUKOPUCTAHHS TsraviB (puc.l).

XapakTepHOIO  OCOOJNMBICTIO ~ KOHTEWHEPOBO3IB €  HAsSBHICTH  BHCOKO
PO3TaIIOBAHOTO IIEHTPAa MacH, IO Pa3oM 31 CHEM(IUHUM HABAHTAKCHHSM J0]1A€
npo0JIeMHr CTIMKOCTI 30ypeHOro pyxy y nomnepeuHiil miomuHi. OCHOBHUM JKEpeoM
MONIEPEYHMX KOJIMBAHb CUCTEMHM € aCHUMETPUYHI KIHEeMaTH4Hi 30ypeHHs 3 OOKy
HepiBHOCTeN aoporu. CiiJl 3a3HaYMTH, 1O BY30J 3YIILTIOBAHHS PO3TAILIOBYETHCS Ha
PiBHI OCI MIABICKA HAMIBIIPUYENa, 1110 KOHCTPYKTUBHO MPOCTO BUKOHATH, 1 Y TAKOMY
pa3i KOJIMBaHHS HaMIBIpPUYENa Ta TAraya y MornepeyuHii MIOMMHI MOXHA PO3IIIsIaTH
K HezasexHi. Ha il migcTaBl po3riisgaeMo TOTMEpedHi KOJIMBAHHS HaIllBIIPUYEIIa
34JI€HOBAHOTO KOHTElHEpoBOo3a 0e3 ypaxyBaHHsA TArada. Bigomi poOoTH
Becenosa I'.I1., I'ycromsicoa A.M., Komvakosa B.I. [8], Jlobaca JL.I'., Bamenka
FO.JI. [9] npucBsueHi TOCTIKEHHIO TMHAMIKH CUCTEMU «TATad-MPUYI, aje BOHU
HE pO3IJIAJAI0Th MONEPEUHI KOJIUBAHHSI OKPEMUX JIAHOK.
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Buknag OCHOBHOro wareplaay JOCHUDKESHHS.

1

1 — koHTelHEep; 2 — TAray; 3 — HAMIBIPHUYIN 3 OYTeJIbHOIO PaMOI0; 4 — JIO)KEMEHT

Pucynok 1 — 3usieHOBaHU KOHTEHHEPOBO3 3 OYTeIbHOIO PaMOI0

DopMyJIFOBaHHS PaHIIIEe HE BUpIIIEHUX 4YacTuH. Ha piBHI po3risiHyTUX poOIT
HEBHPIIIEHOI0 YaCTUHOO 3arajbHOi MpoOJIeMU € OOIPYHTYBAaHHS YMOBH MONEPEYHOI
CTIMKOCTI 34JICHOBAaHOTO KOHTEHHEPOBO3a 3 OYreJIbHOIO paMoI0 Y 30ypeHOMY pYCi.

Metoto paHoi poOOTH, TaKMM YHWHOM, € OTPUMAaHHsS Ta OOIPYHTYBaHHS
YMOBHU MOTMEPEYHOI CTIMKOCTI 3WICHOBAHOTO KOHTEHHEPOBO3a 3 OYyTrelIbHOIO PaMolo

y 30ypeHoMy pycl.

Ha puc.2 300paxenuii

1 — xoHTEIHEep; 2 — MpaBUli JOHXKEPOH paMu; 3 — MpaBe KOJIECO MiJIBICKU
HamiBrpuyena; 4 — npaBuil JOKEMEHT; 5 — JIBHM JIOXKEMEHT;
6 — niBe KoJieco MiABICKU HaMiBIIpUYena; 7 — JIIBUM JIOHKEPOH paMHu

Pucynox 2 — 3unenoBanuii KOHTEHHEPOBO3 HA BUTIISA 3331y

KOHTEHHEPOBO3 Ha BUTJISII 33a1y. bynemMo BBakaTu, M0 KiHEMAaTH4HI 30ypeHHS
JUIOTH JIMIIIE Ha MPaBy MiJBICKY HaIiBIPHUYETIA.
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PiBusinHa 30ypeHoro pyxy otpumyemo y ¢opmi piBHsSHHA Jlarpamka
JIPYTOro poay
i oT B or B oll N
dt{ aq; ) oq; aq;

ne T — kiHeTU4Ha eHepris cuctemu, JIx;

11 — moTeHIianbpHa eHepris cuctemu, JIK;

q; - J-a y3arajgpHeHa KoopanHaTa,M (pajn);
Q; — J - a ysaranbHeHa cuia HEKOHCEPBATUBHOTO MoXokeH s, H (H-m).

YV Takomy pasi Q¢ =Y, Q,=0, Oe Y —BepTUKaJIbHE NEpPEMIIIECHHS
HaIBMIpUYena, a 6 — KyT MOBOPOTY HaIIBIpUYENa y MONEPEUHii MIIOIINHI.

KineTnuHa eHeprisi CUCTEMHU:

.2 32 2
T My +ICO L mev | @)
2 2 2

Je M, — CyMapHa Maca HaliBIpH4ena, Kr;

|, — cyMapHHMII MOMEHT 1HEpLii HalliBIIpUYena BIJHOCHO MO30BXKHBOI OCl, KA

2.
IPOXOAUTH YEPE3 LIEHTP MACU CUCTEMH, KI"M";
V — MIBUJKICTb PYXy CUCTEMH, M/C.

[loTeHmianbHa €HEPrisi CHCTEMH PEali3yeTbCsl EHEPri€l0 CTHUCHEHOTO
MOBITPS Yy LIMHAX KOJIIC, TPUIIMA€e HACTYITHUIA BUTIISI;

1= (y ~1,0F + 52 (y+1,0-1, ) 3)

ne C,, —pazianbHa XKOPCTKICTh IIMHU Kojleca HamiBnpuiena, H/m;
|, — MOJIOBMHA KOJI1I HAMIBIIPHYENa, M;

h, —migiioM mpaBoro Koseca HaiBIPUYENa Ha HEPIBHOCTAX CHHYCOINaIbHOTO
npoQuIo, M.
VY 3araqibHOMY BUTJISIII MOYKHA 3aIUCaTH
. 27X
hn :ho Slnl—, (4)
0
ne h, —BuCOTa HEPIBHOCTEH, M;
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h, — aMILTITYIHE 3HAa4€HHA IPO(]1II0 HEPIBHOCTEH, M;
X —abcryca anpokcuMyrodoi (QyHKIIIT HepIBHOCTEH, M;
|, — IOBXKHHA CIHYCOIH, KA allpOKCUMY€ (DYHKIIIF0 HEPIBHOCTEH, M.

[Ipu pyci cuctemu

X =Vt. (5)
3 ypaxyBaHHsIM BUPa3y (5) MiioM ITPaBOTO KOJIeca HaImiBIIPHYENa JOPIBHIOE

. 21V
0
HCXTYIO‘-II/I CHJIaMHU HCKOHCCPBATUBHOI'O IMOXO/PKCHHI, HiI[CTaBJIHEMO BUpa3u

KIHETUYHOI Ta IMOTEHIIATBHOI eHeprii y piBHsHHS Jlarpamxka apyroro poxay (1).

OO0’eHyrOUM OTpHMAaH1 BHpPA3H, 3alMCYEMO MeEpIIe 1 Apyre aupepeHuianbHi
PIBHSHHS:

m.y+2C,y=C,h,. (7)
|.6+2C, I?0=C,l h, . (8)
[epenmcyemo piBusHHS (7) 1(8) 3 ypaxyBaHHsIM Bupasy (6):
m.y+2C,,y =C,hysin @t; 9)
0
1,6+2C, 120 =C,I_hy sin ?t. (10)

0
3anucyemo piBHsHHS (9) Ta (10) 3 BBeIeHHSIM HOBUX MTO3HAYEHD

. 2 C . 21V
Y+ pyy:m—“‘hosml—t, (11)
c 0
, 2C, . . .
A€ py =——> — KBaJpaT BJIACHOl KPYI'OBOl YaCTOTH CHUCTCMH IIO Y3araJIbHCHIN

c
KOOPJMHATI V, C *;
6+ p20 = C;“'K hy sin ?t, (12)
c 0

2
2C | . . -
—¥E _ gBagpaT BIACHOI KPYroBOi YaCTOTH CHCTEMHU TIO y3arajlbHEHIH

c

2
Ae Py =
KoopauHaTi 0, ¢ 2.

Po3B’si3anns piBasiHB (11) Ta (12) MaroTh HACTYTHUYN BUTIISI:
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y=Cycosp,t+Cysinpyt+ PN sm( ) t—wlj, (13)
lg

2
me| Py +

C,l.h 21V
_ - O -
0 = C5cos pyt + C, Sin pyt + < sin I t—w, | (14)
| 2 4nv 0

c| Mo |2
0

[lepmri nBa nomanku y Bupaszax (13) ta (14) onmucyroTh BiUTBHI KOJIMBAHHS
CHUCTEMH, SKi BHU3HAYAIOTHCS TIOYATKOBMMH YMOBAMH 1 dYepe3 [esKuil dac
MPAKTUYHO 3HHUKAIOTh. JIMIIAIOTHCS BUMYIICHI KOJIMBAHHSA, SKi OMHCYIOTHCS

HAaCTYITHUM YHHOM:

C,h . [ 2nv
y = 0 > sm{ t—wl], (15)
2 4tV Io
Mc| Py — |2
0
0= Cm'KhOZ : sin(znvt—\yzj. (16)
2 4rtcv |0
IC G 2
lo

besnocepenubo 3 Bupaszy (16) oTpumMyemMo YMOBY BTpaTH CTIHKOCTI
HaIlIBIpUYena y TOMNEepeyHid IUIOMIMHI MPU ACUMETPUYHOMY KIHEMATHYHOMY
30ypeHH1

4752V2
Pe 7 =0 (17)
0

a00 micyIs PO3KPUTTS BJIACHOI KPYTOBOI 4aCTOTH P,
2 2,2
2C, | A4nv
2
I, 15
3BIIKM OTPUMY€EMO KPUTHYHY IIBUIAKICTH V,,, IPHU SKIA HAacTynae BTpara
CTIMKOCTI HamiBIpUyena KOHTEHHEPOBO3a y ONEepeyHi TUIONTUHI:

11, [C
v, =-K0 |~ 19
= W/ZIC (19)

BucHoBku. TakuM YMHOM, OTpPHUMaHO 1 OOIPYHTOBAHO YMOBY IOMNEPEYHOI
CTIAKOCT1 34JICHOBAHOTO KOHTEMHEPOBO3a 3 OYreIbHOI0 PaMoI0 y 30ypeHOMY pyci
IUITXOM MaTeMaTHYHOTO MOJIEIIOBAHHS METOaMH aHATITUYHOT MEXaHIKH, 110 Ja€
MO>KJIMBICTh OOMpATH PEXKUMHU PyXy KOHTEHHEPOBO3IB B yMOBAaX TEXHOJIOTTYHHMX
nopir. Ilogana po0OoTa Mae WIMPOKI TEPCHEKTUBU MOJATBIIUX JTOCTIKEHb
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IPOMHUCIIOBOTO TPAHCHOPTY 3 HETPAOUIIMHUMH KOMIIOHOBKAMH Ha ILISAXY
CTBOPEHHS JI0BEPILEHUX 3Pa3KIB.
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PO3POBKA CUCTEM KOHTPOJIIO HA OCHOBI HEHPOMEPEXI JIJI51
CTIMKOCTI BAIITOBUX KPAHIB

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

B pobomi poszensnyma memoouka ynpasniHHa npueooamu OAuMosUx Kpauie O
30epexcenns cmitukocmi. Pozenanymo emanu po3eumky npucmpois 0s 3abe3neueHus be3nexu
Oawmosux Kpanie ma UsAGIEHO ix HeOONIKU. 3anponoHO8AHO cucmemy, 3aCHOBAHY HA Memooax
WMYYH020 THmeneKkmy. 3anponoHo8aHo WAXU NOOANbULOL 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 npoOaemu

BamtoBuii kpaH € BaXJIMBUM OOJIaHAHHSAM ISl BEJIUKHX OyIiBEIbHUX
IPOEKTIB, 1 B OCHOBHOMY BHKOPUCTOBYETbCS MJIA TEPEHECEHHsS OYIIBEIbHUX
MarepiaiB  Ta O00’€KTIB 1O TOPU3OHTAIl Ta BepTUKaial. BiH mmpoko
BUKOPUCTOBYETHCS, OCKUIBKM MOr0 JIETKO BCTAHOBUTH 1 HE Ma€ OOMEXEHb Y
POCTOP1 Jisi HOpMaJIbHOI poOOTH. OCTaHHI POKH MU CTalIM CBIJKaMH 3POCTaHHS
KUIBKOCT1 TIPOEKTIB PO3BUTKY 1HPPACTPYKTypHU Ta OAIITOBUX KpaHiB. barTosi
KpaHu, Oyay4d BHCOTHOI TMIJHOMHOIO CIOPYJI00, MAarOTh UYTJIMBICTH 10
eKCIUTyaTallliHUX HaBaHTa)keHb. HaBaHTa)keHHs, 110 J1OTh Ha OAIlITOBI KpaHH, €
CYKYIIHICTIO MOCTITHMX Ta HEHOPMOBAHMX CKJIAJIOBUX.

besneka ekcrutyartaiii 0amToBOro KpaHa 3aj€XUTh BiJI CTIMKOCTI 10
HEHOPMOBAaHMX  CKJIAQOBUX HABaHTAXEHb HA  METAJIOKOHCTPYKIlif0.  Jlms
30epeKeHHsI CTIMKOCTI OalTOBOrO0 KpaHa HEOOXIAHO PO3pPOOMTH MPUCTPIM A
cTabuII3alii HOro NoJI0KEHHS MPU CKIIAJJOBUX HABAHTAXKEHb, 1110 HE HOPMYIOThCS.

VY 1iit poOOTI poO3rIsIIat0THCS HEHOPMOBAHI BITPOB1 HABAHTAKEHHS.

BiTtpoBe HaBaHTa)XGHHS € TICPEBAKHOK €0, 10 HABaHTaXY€
METaJOKOHCTPYKIIIFO OalTOBUX KpaHIB, BHACIIIOK TMepeBaXaHHS 11 Hal
CTAaTUYHUMH HABAaHTAXXEHHSMHU 1 TOMY KOHCTPYKIIi OallTOBUX KpaHIB OCOOJIMBO
YyTJIUBI J0 BIUIMBY BITpY. BiTpoBe HaBaHTaXX€HHS € BUIIAJKOBHM IPOIIECOM.
[TopuBHM, 10 BUHMKAIOTH 3 BHUIIQJKOBOIO TOBTOPIOBAHICTIO 3 PI3HOI €HEprii,
30UTBIITYIOTh TEPEKUAATBHIN MOMEHT 1 BUKJIMKAIOTh JIOJATKOBE HABaHTAKEHHS
METaJIOKOHCTPYKIII OAITOBUX KpPaHIiB.

Cnin 3BaOXWUTH, 10 PUBMK TMaJiHHS OalTOBUX KpaHIB BiJ BITPOBUX
HaBaHTaXEHb ICHYE HE TUIBKM IS BITPSHOI MICIIEBOCTI, ajie ¥ JJisi paioHIB 13
3MCHIIICHUMH BITPOBHMMH HaBaHTaXEHHsAMHU. lle 3yMOBIE€HO THM, IO BIiTpOBE
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HABAHTAKEHHS € TPOIECOM 3 EHEPrOEMHUMHU TOPUBAMH, IO BHUIAIKOBO
BUHUKAIOTh, K1 30UIBIIYIOTh IEPEKUIATIBHIUI MOMEHT.

MOXJIMBICTh ~ BUHMKHEHHS  HEOE3MeYHUX  JUHAMIYHUX  BITPOBUX
HABAHTAXKEHb 1CHY€ JOCHTh CYTT€BO, WO MIATBEPKY€ETbCA OaraTopiyHUMU
CIIOCTEPEIKEHHSAMH, JIO0 TOTO K € TSHCHIIIS 10 3pocTaHHs [1].

AHaITi3 0CTaHHIX JTOCIIKEHD

B tenepiHiii yac BeayThCs AOCTIIHKEHHS KEPYyBaHHS CUCTEMOIO OallITOBOTO
KpaHy, SKE BKJIIOYA€ aJalnTHBHE KepyBaHHS [2], ¢opmyBaHHS kKomaHx [3-4],
HEHPOHHY Mepexy [5], KepyBaHHS IUIaHYBaHHSM IOCWIECHHS [6] Ta NMPOTrHO3HE
KepyBaHHs MoAeso [7]. 3 iHmoro OOKy, aqTOPUTMU HEYITKOI JIOTIKH TaKOX
IIMPOKO 3aCTOCOBYBAJHCS JUII KOHTPOJIO BiOparlii B pi3HHX cucteMax [8-12].
YropaBiaiHHS aJIrOpUTMAaMH HEUITKOI JIOTIKM Ma€ CWIbHY aJanTUBHICTh 1 HE
BUMAara€ TOYHOI MOJIEI KEPOBAHOTO 00’€KTa 3aBMSIKM CBOEMY IHTEIEKTYIbHOMY
Metony [13]. 3a3Buuail iCHyrOYi METOAM KEpyBaHHSA JUIS CKJIATHOI CHCTEMHU
pO3po0JIeHI HA OCHOBI JIiHEApHW30BAaHOI CHCTEMHOI JNMHAMIKH, 1 OUIBIIICTh 3 HHUX
BUMararTh TOYHOT'O 3HaHHSA Mojeni [2]. Ha BiaMiHy BiJ IIbOTO, HEUITKO JIOT1YHE
KepyBaHHA Ma€ TepeBary, sika 3aMIHIOE POJIb MAaTeMAaTUYHOI MOJIEN HEYITKOIO
MOJICJIUTIO, 3aCHOBAHOIO Ha TMpaBWiax, MOOyJAoBaHUX Yy ¢opMari SKIIO-TO/II.
3anponoHOBaHO PI3HOMAHITHI KOHCTPYKII KOHTPOJIEPIB aJTOPUTMIB HEUITKOI
JIOTIKH B cHCTeMax OarmtoBux KpaHis [8-10,14-15].

Haii0inpm1 mommpeHuMu NPUCTPOSIMU KOHTPOJIIO CTIMKOCTI BIJl BITPOBHUX
HAaBAHTAKE€Hb POOOYOro CTaHy € PI3HOBUAM OOMEXKYyBadiB BAHTAKOMIANOMHOCTI.
{1 mpuiagu NpauoTh Y 1HAUKATOPHOMY PEXHUMI, TOOTO, y pa3l BUHUKHEHHS
aBapifHOi cUTyaIllli B1JOYBA€ThCA 3HECTPYMJICHHS BAHTAXKOIIIMOMHOI MAaIllWHHU,
NpU MiAioMi BaHTaXy BWIIE BlJ HOMIHAJIBHOTO - 1€ € YMOBOIO 30€peKEHHS
CTIMKOCTI. AJle 32 KpUTHYHOI MIBUAKOCTI BITPY BiAOYBA€TbCS JIMILE OMOBIIICHHS
MalmHicTa (3BYKOBE, CBITJIOBE) 0O€3 BIUIMBY YMPABIIHHS BaHTAXOIIIHOMHOT
MaITuHU.

Cucrema BITPOBOTO 3aXMCTy 3aCHOBaHA Ha peecTpallli MBUIKOCTI BITPY Ta
yTPUMaHHI  MEPEeCYBHOTO  BaHTKOMIAINMAIBHOTO KpaHa  MPOTHYTIHHUMU
3axXBaTaMH.

Henounik cuctem BITPOBOTO 3aXUCTY — MPUBEICHHS B 110 3aXHCHUX 3aXO/IIB
micysl peecTpailii HeOe3MeYHNX MapaMeTpiB BITPOBUX HABAHTAXKEHb, BIJICYTHICTD Y
OOMEXyBayiB  BaHTAKOMIAMOMHOCTI  (YHKIII  KOHTPOJNIO  CTIMKOCTI 10
nepekuganHsa. PimeHHS -  BOPOBADKEHHS B QITOPUTMH  YIIPaBJIiHHS
BAHTAKOMIAMOMHUMHM MallMHAMU (QYHKLII EeKCTpamoJisiii Ha OCHOBI HEHpo-
HEYITKOI JIOT1KH.

Cucrema 3abe3nedyeHHs CTIMKOCTI TMOBUHHA BUKOHYBaTH  (YHKIIL
3a0€3IeUeHHs] KOHTPOJTIO IMapaMeTpiB 0alITOBOrO KpaHa Ta BITPOBUX HABaHTAXKEHb
1 BUpOOJISATH CUTHAIM YIIPABIIHHS HA MEXaHI3MHU MTPUBOJIIB.

O0'exTOM JOCITIIKEHHS € CTalllOHAPHI Ta MepecyBH1 OAIITOB1 KPaHH.

Meroto nanoi poboTu € 3abe3medeHHs] CTIMKOCTI OaIlTOBUX KpaHIB MPH
HEHOPMOBAHMX 3OBHINIHIX BIUIMBaX 3 BHUKOPUCTAHHAM METOJIB IITY4YHOTO

86



IHTETIEKTY.

Bukiaa ocHOBHOTO maTepiainy

JUist  3aBHaHb MPOTHO3YBaHHS MapaMeTpiB  BITPOBOTO HABAHTAKEHHS
BUKOPHUCTOBYETHCS HEUITKA JIOTIKA, IITYy4YHI HEHPOHHI MEpexi, HEeMpoHeuiTKa
JIOT1KA.

[IpuHuuMn 3acHOBaHMI Ha KOPUTYBAaHHI IOJIOKEHHS IMOBOPOTHOI YaCTUHU
0amITOBOrO KpaHa LI0JI0 HANpPsIMY BITPY Ta BHJIauy MOINEPEIKyBaJbHUX CUTHAIIIB
Ha MEXaH13MHU IS IPUMYCOBOI 3MIHU KyTOBOTO MOJIOXKEHHS TOBOPOTHOI YACTHHHU.

Cucrema Oe3lekd 3acHOBaHA Ha HEHPOMEPEKEBOMY Ta JIOTIYHOMY
anroputMax. HempomepekeBuil anropuTM BUKOPUCTOBYETHCS Il IPOTHO3YBAHHS
3HAYCHb HAMPSMY Ta MIBHAKOCTI BITPY, a JIOTIYHHUNA aJITOPUTM — JIJISi BU3HAYCHHS
HeOe3MeuHo1 MIBUAKOCTI BITPY (Ha OCHOBI MPOTHO30BAHMX 3HAYEHB) y MOPHBI Ta
yIpaBIiHHS MPUBOJAAMH 3 METOIO 3aBYACHOTO IMEPEBEICHHs OAIITOBOTO KpaHa B
Oe3reyHe MOJ0KEHHS.

Cuctema Oe3meku OaITOBUX KpaHIB CKIQAAEThCA 3 IMMJCHCTEMU 300Dy
iH(popMmallli npo mapamMeTpu BITPY Ta MapaMeTpu OaIITOBOrO KpaHa, MiJCUCTEM
HEHPOMEPEKEBOTO MPOTHO3YBAHHS Ta yNpaBliHHS npuBojgaMu. CTpyKTypHa cxeMa
npejcTaBieHa puc. 1.

Cuctema 3abes3neyeHHst
CTiNKOCTi 6alITOBOro KpaHa

/\

Migcuctema 36opy iHdopmauii Mipcuctema Migpcuctema
npo napameTpu BITPY Ta »l HeiipomepexeBoro KepyBaHHS
nanamaTnia AAalITARANA KNAHA nporHoayBaHHﬂ anBoﬂ'aMM
MpuBig nosopoTy MpwuBig BUNbLOTY
©aLwToBOro KpaHa 6awwToBOro KkpaHa

Puc. 1. CtpykrypHa cxeMa cucteMu Oe3MeKu 0anToBOro KpaHa

[lincucrema 300py iH(poOpMalli Npo nHapamMeTpd BITPY Ta MapameTpu
0amToOBOrO KpaHa CKJIQJA€ThCAd 3 JATUMKIB, Oarato 3 SKUX € B ICHYIOUOMY
oOMeKyBadl BaHTAXOMIAMOMHOCTI — IaTYUK MIBUIKOCTI BITPY, MOJIOKEHHS CTPLIIH,
BHUCOTH MIIAOMY TakKa, BWIbOTY Traka. JlogaTkoBo OamToBUid KpaH HEOOXIHO
OCHACTUTH JATYMKOM HAMpsIMy BITPY.

[Tincucrema HeHpoMepeKEBOIO MPOTHO3YBAHHA Ta YIPABIIHHS MPUBOJAMU
0aITOBOrO KpaHa 3aCHOBaHA Ha MPOMUCIOBOMY KOHTPOJIEPI.

YMoBoro  Oe3neku €  BHUJadya  MIJCUCTEMOI0  HEHPOMEpEKeBOro
MPOTHO3YBAHHS CUTHATY YIPABIIHHA Ta HOTO OOPOOKH IMiICUCTEMOIO YIIPABIIHHS
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JUISL  CTIpaIllbOBYBaHHS TPHUBOJIB JO BHUHUKHEHHS KPUTHYHOTO MOMEHTY
nepeKkuIaHHs BiJl IOPUBIB BITPY.

HefipoceTeBa Moenb sl IPOrHO3YBaHHS € HENiIHIMHOIO aBTOPErpeciiHOI0
3aJIe)KHICTIO BHILY:

Xnp () =x(¢ — A),..x(t — ND)) ,

e Xy, (f) — nporHo3zoBane 3HaueHHs; x(¢ — A),..x(t — NA)) — nonepenHi

3HAQYCHHS, BHUMIPSAHI 3 KpPOKOM A (KpOK JHUCKpeTH3allii 3HaueHb, IO
PEECTPYIOTHCS).

[IporHo3yBaHHS peani3yeTbcsi Ha OCHOBI HEHpOMEpEex eBOi Mojenl 3
naM'aTTIO, SIKOKO BUCTYTAE JIIHIS 3aTPUMKHU Hacy.

Ha puc. 2 a npezacraBieHa CTpyKTypHa cXeMa MPOTHO3YBaHHS IIBUAKOCTI
BITpY, Ha pHUC. 2 O — CTPYKTYpHA CXeMa MPOTHO3YBAHHS HATIPSIMKY BITPY.

JIisi iporHO3yBaHHS IIBHJKOCTI Ta HANPSIMKY BITPY BHKOPHUCTOBYEMO
HEHPOMEpEeXKy TMPSIMOTO TOMUPECHHS 3 JIHIEI 3aTPUMKH, CXEMH SKHAX
IpeCcTaBIIeHl Ha puc. 3 Ta 4.

Y mpoMHUCIOBHIA KOHTPOJEP 3aKJIaJCHO ajJrOpPUTM 3aBYACHOTO KEpyBaHHS
IPUBOJIAMH TIOBOPOTY Ta/ab0 3MiHU BUJIBOTY. AJITOPUTM MPU3HAYECHUMN JIJIS BU1a4l
CUTHAJly yNpaBliHHS Ha OCHOBI HeillpoMepekeBoi Mozeni  (mporpama
HEeHpoMepeKEeBOI MOJIENI 3alKcaHa B Mam'siTh KOHTPoOJIepa) 1 3HAYCHHS 3HAUCHHS
JATYMKIB IIBUJKOCTI 1 HampsiMKH BiTpy. Ilpu mnporHozyBanHi HEOE3MEUYHOTO
MOPUBY Ta HOTO HANIPSIMKY KOHTPOJIEp (popMye cUrHAT YIIPaBIiHHS, IO HAJIXOUTh
Ha TMPUBII MOBOPOTY Ta/ab0 TMpPUBII 3MIHM BWIBOTY TakKa, JJsi PO3BOPOTY
MOBOPOTHOI YAaCTHHHM OAallITOBOTO KpaHa y HaNpsIMKYy MPOTHO30BAHOTO TMOPHUBY
BITpY. SIKIIIO pO3BOPOT BiIOYBAETHCS 3 BaHTAXKEM, TO HEOE3NMEUHUX MPUCKOPEHD
BaHTa)Xy HEMae€, OCKUIBKH PO3BOPOT MPOBOJIWTHCS 3a3[aNETih 3 HOMIHAIBHOIO
KyTOBOI IIBUAKICTIO.

v(t) Jlinis v(t-NAL)
3ATPHMKH Heiip p
qacy

o) inist Q(t-NAY @, (0)
IATPUMKH Heiipomep )
gacy € (t5 i

a
Puc. 2. CTpykTypHi cXeMH HEUPOMEPEIKEBOI MOEI1 MPOTHO3YBAHHS
IIBUJIKOCTI BITPY (@) Ta HanpsIMKH BITPY (0)
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v(t-1)

v(t-2)

Yt

v(t-3)

Puc. 3. Cxema HelipomepekeBoi MOJIENI MPOrHO3YBAHHS MIBUAKOCTI BITPY: 1 —
JIHIs 3aTPUMKH 3 BiABOJAaMU; 2 — MPOMDKHHUM I1ap; 3 — BUXigHui map; V(t) —
IIOTOYHE 3HAUYEHHS LIBUAKOCTI BITPY; V,,(t) — IpOrHO30BaHe 3HAUCHHS MIBUAKOCTI
BITPY; V(t — 1)...v(t — 3) — noniepeAH1 3HaYEHHS IBUAKOCTI BITPY;
w(1)1=1..w(1)3-15.W(2)1 —=1...W(2)15-1 — BaroBi KoedII1€HTH;

D1...D3 — enemenTtH miHii 3aTPUMKH

0(t-2)

9,0

P(t-14)

B

P(t-15)
'

Puc. 4. Cxema HeiipomepekeBoi MOJIeN MPOrHO3YBAHHS HaNpsMy BIiTpy: 1 —
JHIA 3aTPUMKH 3 B1IBOJIaMU; 2 — IPOMDKHHM 1m1ap; 3 — BUXIAHUM map; ¢(1) —
IIOTOYHE 3HAUCHHS HANPAMY BITpPY; @,,(t) — IpOrHO30BaHE 3HAYECHHS HAIIPSIMY

BITPY; @(t — 1)...p(¢t — 15) — monepeH1 3HaYEHHS HATIPSIMY BITPY;
w(1)1—1..w(1)15-10,W(2)1—1...W(2)19—] — BaroBi KOePiIieHTH;
D1...D15 — eneMeHTH JiHIT 3aTPUMKH
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Cucrema 6e3neKkd aBTOMAaTHYHO BTPYYA€TbCA B POOOTY MAIIMHICTA JIMILE
MpU MPOTHO3YBaHHI HEOE3MEYHOI1 MIBUAKOCTI BITPY, IO MEPEBUILYE TOMYCTUME
3HAYEHHS.

Cucrtema po3pobieHa Jj1s1 3a0e3nedeHHsT cTablIbHOCTI 0allTOBOIO KpaHa B
poboyomy cTaHi. Y HepoOO4YOMYy cTaHi OAlITOBUI KpaH CTIMKIIIMI 10 BITPOBUX
HABAHTAKEHb 3a PaxyHOK MEHINOi MapyCHOCTI. Y HepoOOYOMYy CTaHI TpPHUBAE
30upaHHs iHGoOpMaIlli Mpo mapamMeTpu BITPY, 1€ IIJBHIINYE TOYHICTH MPOTHO3Y
HEOE3MEeUYHNX TMOpHUBIB Yy CTaHi OamToBOrO KpaHa. MOoXIHMBE KOPUTYBaHHS
MOJIO’KEHHS OAIITOBOrO KpaHa B HEpOOOUOMY CTaHI 32 YMOBH MIJKIIOYEHHS HOTO
JI0 MEPEeX1 )KUBJICHHS TTICIIs 3aKiHYCHHS 3MIHHU.

Jl1st 3amo06iraHHs BiIMOBH CUCTEMH O€3TEKH 3aCTOCOBYIOTHCS TaKi Jii:

- HaBuanus HeiipomepekeBUX alrOpUTMIB;

- IUTAHOBO-TIOTIEPEIKYBAJIbH1 TIEPEBIPKH HEHPOMEPEIKEBUX AITOPUTMIB.

JUIsi BUKOHAHHS TMEpPUIOTO IYHKTY HEOOXIIHO CTBOpUTH 0a3zy JaHuX
napameTpiB BITPY MICIEBOCTI, Je Oyjae ekcIulyaryBatucs OamToBuil kpaH. baza
JAaHUX TIOBMHHA MaTH 3HA4YEHHS TapaMeTpiB BITPY 3a TPUBAIUMN TEpiojl
CIIOCTEPEKEHHSI 3 PI3HUMHM KpoKamH peecTpauli. [lami mpoBOIUTHCS HaBYaHHS
HEHPOMEPEKEBUX AITOPUTMIB B J1aOOPATOPHUX YMOBAxX Ha MOYATOK €KCIUTyaTarlii
OamroBoro kpasa. [1oTiM KOHTpoJIep 13 HABYCHUMH aJITOPUTMaMU I AKITI0YAE€ThCS
10 madu ynpasiaiHHS 0AIITOBOTO KpaHa.

[Ipu mnpoBeneHHI NEPEBIPOK HEUPOMEPEKEBUX AJITOPUTMIB IMIJI  Yac
eKCIUTyaTallii 0alToBOTO KpaHa, MOXJIMBE Moro JoHaBuaHHs. [le mo'si3aHo 3 TUM,
10 y npoueci poOoTH 0aITOBOro KpaHa 0asza JaHWX MapameTpiB BITPY MOCTIHHO
MIOTIOBHIOETHCSI.

besnepepBHUII KOHTPOJIb 3 €KCTPANOJALIEI0 TapaMeTpiB JUisl MailOyTHHOTO
CTaHy JO3BOJIMTh peali3yBaTH 3alo01KHUN 3aXHUCT, KU 3a0e3nedye paHHE
BUSBJICHHS HEOE3IICUHUX TTOPHUBIB BITPY.

BucHoBku

[IpeacraBinena cuctema 3abe3MEUYEHHS CTIMKOCTI, IO BUKOHYE (QYHKIIIT
3a0€e3MeUeHHs] KOHTPOJIIO IMapaMeTpiB OAITOBOTO KpaHa Ta BITPOBUX HABAHTAXKEHB
Py HEHOPMOBAHWX 30BHINIHIX BIUIMBAX 3 BUKOPUCTAHHSAM METOJIB IITY4YHOTO
1HTEJIEKTY.

[Topanpiia po6oTa 3BOAUTHCA O MOPIBHSHHS PE3yJbTaTiB POOOTH CHCTEM
yIpaBJiHHS, MOOY/IOBaHMUX HA METOJaX: HEYITKOi JIOTIKH, IITYYHUX HEUPOHHHUX
Mepex 1 HeUPOHEUITKOI JIOTIKHU.
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OCOBJIMBOCTI CTBOPEHHSA MEXAHOCKJIA TAJIBHUX.
BUPOBHULTB JJISI BATATOHOMEHKJ/IATYPHUX CUCTEM.

B pobomi noxaszano, wu po3zeumox SuUpoOOHUUO-EKOHOMIYHUX I COYIANbHO-EKOHOMIUHUX
cucmem NOBUHHA PO32TAOAMUCA 8 HEPO3PUBHOMY B3AEMO3B'A3KY | 6I0N0GIOHO 00 3AKOHIE
PO36UMKY  BeNUKUX —cucmem. 3000ymms  MAKCUMAIbHO20 egekmy Oii makux cucmem
CYNPOBOOIAICYEMBCSL MIHIMI3AYIEIO PecypCis, o sumpaiaomsbCsi Ha 00CACHEeHHsl 8Ce HOBUX Yilell.
L]e 3a80aHHsL BUPIULYEMBbCA WLTIAXOM ONMUMANbHO20  VYNPAGLIHHA NOCMIUHO
NePeHanazo0Hcy8aHuMU PeKoHpieyposanumu CUCeMaMU MEeXHON0IYHUX MAUUUH.

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.

3abe3neyeHHs PO3BUTKY BUPOOHUYO-€KOHOMIYHUX CHCTEM  PI3HOTO
OpU3HAUYCHHS B CYYaCHHMX YMOBax TMOTpedye ypaxyBaHHS HACTYIHHX
0COOJIMBOCTE: MOTOK 3aMOBJIEHb HA MPOIYKIII0 BUPOOHHUO-€KOHOMIYHHUX CUCTEM
€ 0araTOHOMEHKJIATYPHUM MAaJOCEpPIiHUM 1 I1HAUBIAYAJIbHUM HEOOMEXKEHOrO
IpU3HAYEHHS; OO0NaJHAHHS MaWOyTHIX BUPOOHUYO-€KOHOMIYHUX  CHUCTEM
NOBUHHOTO MAaTH HEOOMEKEHy onepaliiiHy THY4YKICTb, HO NIpH LbOMY MaTH
1b0BE (YHKIIOHAJIbHE NMPU3HAYEHHS; 3aBAaHHS (YHKIIOHAJIBHOI J1arHOCTHKHU
NOBUHHI OyTH CHpPSIMOBaHI Ha LIBHUJKOMAII0 1 OTPUMAaHHS MOCTIHHO OHOBIIIOBAHOI
1H(popmarrii mpo go6pe Ta ciadko GopmarnizoBani GakTOpH, 110 JiFOTh B CUCTEMAX;
iH(popmariiiine 3a0e3rneueHHs TMOBMHHE Oa3yBaTUCS Ha OTpUMaHHI 1 00poOII
BEJIMKMX MACHBIB JJaHUX B peaibHOMY yaci [1,2].

[TepcniekTrBa 3acTOCYBaHHS MOOUTHHUX 1HTENIEKTYaIbHUX POOOTIB JO3BOJISIE

MOJMBUTHUCS Ha YMOBHU Oprasizaiii BUPOOHHYOTO MpOLEeCy IeXy 3 MOy Ha
MOOUIBHICTh HE TUIBKM 3 OOKY THYYKOCTI 32 TE€XHOJIOTTYHMMH MOXJIHBOCTSIMHU
oOnamHanHsl. Takoxk, 3 SBISETHCS MOXJIMBICTh TEPECYBAHHS TEXHOJIOTTUHOTO
oOnaaHaHHs (MOOUIBHUX IHTENEKTYaIbHUX TEXHOJOTYHUX MAIIIHMH), 32 TOTPeOoIo,
Ha BHPOOHWYl MUISHKK JUIS BUKOHAHHS TEXHOJOTIYHUX oOIepanii, ado Ha
CKIAJaJIbHY UISTHKY IS TePEKOMIIOHYBaHHS 3a motpeboro. JinmsHKu, 110
OyIylOThCS 3 TPAAMIIIAHOIO CXEMOK BCTAHOBJICHHS OOJaJHaHHS, TOBUHHI
BUKOHYBAaTH CBOi (YHKLIi 3 3aJ0BUIbHIM 3aBAaHTAXXEHHSIM, OPIEHTYIOCS Ha Ty
MPOIYKITIIO SIKa Ma€ CTaOUIbHMIA XapaKTep yMOBaX PUHKOBOI €KOHOMIKH. 3MiHA
HOMEHKJIATypU BHPOOIB BUKJIMKYIOTh 3MIHM BHMOT JO KOMIIOHYBaHHS JIJTBHUIIb
nexy. TakuM YHHOM CTa€ OYEBUIHUM, IO TPAAUINIAHI CXEMH OpraHizarlii
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BUPOOHMIITBA 3 YCTATKYBAaHHSM, sIKE BCTAHOBIICHO Ha (hyHAaAMEHTaX HEMPUUHATHO.
Ane, oOnamHaHHS pI3HOTO TNpU3HAUYEHHS MoOXxe OyTh mnoOynoBaHo Ha 0asi
PYXJIUBHX MEXaHi3MiB MapalieJbHOI CTPYKTYpH, 3a0€3MeUyI0our HE TUIbKU BEIHKY
amapaTHy THYYKICTb, HO 1 (QYHKIIIOHQJIbHY aJanTUBHICT, Ha  0asi
0ararokaHaJbHOTO 1 OaraTOKOHTYPHOIO YIPAaBIIHHS 3a JONOMOIOI CHCTEM
aBTOMATHYHOTO yripaBiiHHs [3].

VYnpaBiiHHS BUKOHABUUMHU PyXaMU TEXHOJIOTTYHUX MalllHa 3 MEXaHi3MaMu
napajiefibHOT CTPYKTYpPH SBJIsIE COO0I0 CKIIAJIHY 3aady, PIIIEHHS SKOi MOXke OyTH
OTPMMAHO Ha OCHOBI pIIIEHHS 3a7a4 KIHEMAaTUKUd Ta JIMHAMIKM BHKOHABYUX
MexaHi3MiB. B pesynabTaTi MOXYTh OYTHM CTBOpPEHI YMOBH [JII TOYHOTO
MO3UIIIOHYBaHHSI POOOYMX OpraHiB BUKOHABUYMX MEXaHI3MIB MPU ONTUMAJIbHHUX
MIBUAKOCTAX 1 MPUCKOPEHHAX iX pyxiB Mo 3axaHid Tpaektopii. [lpu mpomy
BUHHUKAE TOTpeOa 3a0e3leueHHs aBTOMATUYHO! JIarHOCTHKW BHYTPINIHBOTO 1
30BHINIHBOTO COIIaIbHO-€KOHOMIYHOTO OTOYEHHS BUPOOHWYUX cucteMm [l mmx
117l CUCTEMU YTIPABIIIHHA MOBUHHI OyTH OCHAIIEH] IHPOPMATUBHUMH CHCTEMaMU
ineHTudikarii 00'exTiB [4].

Bxxe po3pobiieno wmeton iAeHTU(]IKAIIl TMMOJOXKEHHS, KIHEMaTUYHUX 1
JTUHAMIYHUX TIapaMeTpiB MEXaHI3MIB 3 KIHEMAaTHKOIO MapayielibHOI CTPYKTYpi, 3
SKUX CKJIQJIAlOThCS MOOUIBHI ~ TEXHOJIOTIYHI ~ MAIIMHU-POOOTH. 30YKEHHS
KOHCTPYKIII1 EKCIIEPUMEHTAIIBHOTO TEXHOJIOTTYHOTO MaluuHU-po0oTa
MaJOMOTY)KHIUM AaKyCTUYHHM CHTHAJIOM 3 PO3MOJIOM CHUTHAJiB OJHAaKOBOI
aMIUTITYIA J03BOJISIE BCTAHOBIIOBATH 3alexXHOCTI F(A,t)=x(t),y(t),z(t), ne F(A,t)
— 30ymkyrounii curnai, X(t),y(t),z(t) — koopauHaTH aKTyabHOIO TOYKH 00'ekTa. L1
JaH1 MOKYTh OYTHM BHUKOPHCTaH1 JJIS YIPABIIHHS MO3UI[IOHYBAHHIM BHUKOHABUOT
JAHKU MEXaHI3My 3 MapajeiabHOi KIHEMAaTHKO. Y 3B'A3Ky 3 IIUM, METOIO
MPEJICTABICHOTO JOCITIIKEHHS € M1TBEP>KCHHS MOKJIUBOCTI
0araToKOMIIOHEHTHOTO aHaII3y MapamMeTpiB 00'eKTiB (MPoIleCiB 1 oOmaaHaHHM). Sk
1H(OpMATUBHE JKEPENIO JIarHOCTUYHOTO CUTHAIY, CJiJI BUKOPHUCTOBYBATH HOTO
aMIUTITY/THO-4aCTOTHY XapaKTEPUCTUKY BJIACHHUX KOJUBAaHb 00'€KTa B XBHIHOBOMY
(akyCcTHYHOMY, YIBTPa3BYKOBOMY, PaJl04acTOTHOMY) Jiara3oHi.

Bce e opmye ysiBIIeHHS MpO CITHOBUM XapakTep MOOyA0BH BUPOOHUUUX
CUCTEM, J€ BHPOOHMYI JUISSHKA CTBOPIOIOTHCS 32 MHTTEBUM 3aMOBJICHHSIM:
CTPYKTypa OOJIafHAHHS B BUTJIAAI MOOUIBHUX IHTENEKTyaTbHUX TEXHOJOTIYHUX
MalluH, $KI KOMIIOHYIOTBHCS BIJNOBIAHO BHpPOOYy, SKUH TIOBUHEH OyTH
BUTOTOBJIEHUN. HacTyrmHe 3amMOBIeHHS MOTpeOye peanizaiiio MUKy po30upaHHs
Ta CKJIQJaHHS HOBHMX KOHQIrypamidi TeXHOJOTiyHMX MarmH [5,0mmoékal
HUcrounnk ccblikd  He HaigeH.]. CitboBuil  XapakTep KOMIIOHOBKH
pekoH(pIrypyeMoro oOJagHAaHHS MOXKe TependadaTd BUTbHE PO3MIIMIECHHS
oOyagHaHHs 0Oe3 mpuB'A3ku A0 wMicug. [Ipuw oMy 3poctae  HEOOXIJIHICTh
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MOCTIHHOTO BUPIIIEHHS 3aBJaHb JIOTICTUKU. Lle 3aBoaHHS BUPILIYETHCS IUITXOM
ONTUMAJIBHOTO yIpaBIiHHS MOCTIHHO NepeHanaroKyBaHUMU
PEKOH(ITypOBaHUMHU CUCTEMAMH TEXHOJIOTTYHUX MAIIUH.
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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

N
a

=

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
processed in the environment of the corona discharge.

7

pem—] 6
1 4 2 )
: / S |
?\_H 5N —{rney
i

O AN

3

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.

REFERENCES

1. Koncepciya razvitiya camorasprostranyayushchegosya vysokotemperaturnogo
sinteza kak oblasti nauchno-tekhnicheskogo progressa, CHernogolovka, Territoriya, 2003, 368
str., ISBN 5-900829-21-9, Otvetstvennyj redaktor A.G. Merzhanov.

2. Samorasprostranyayushchijsya vysokotemperaturnyj sintez: teoriya i prak-tika.
CHernogolovka, Territoriya, 2001, 432 str., tabl. ill., ISBN 5-900829-18-9, Ot-vetstvennyj
redaktor A.E. Sychev

3. Vol'pe B. M., Evstigneev V. V., Muhachev A. B., Garkol' D. A. Primenenie vy-
sokoskorostnoj yarkostnoj pirometrii dlya issledovaniya fazovoj dinamiki SVS- processov /
Problemy promyshlennyh SVS-tekhnologij. Trudy Mezhdunar. nauchno-tekhnich. konferencii. —
AItGTU - Barnaul: 1zd-vo AItGTU, 1994. — S. 37-47.

4. A.G. Merzhanov. Samorasprostranyayushchijsya vysokotemperaturnyj sintez:
Dvadcat' let poiskov i nahodok. — CHernogolovka: ISMAN, 1989. — 91 s.
5. A.G. Merzhanov. Processy goreniya i sintez materialov. — CHernogolovka:

ISMAN, 1998. — 512 s.

6. E.A. Levashov, A.S. Rogachev, V.1. YUhvid, I.P. Borovinskaya. Fiziko-himicheskie
i tekhnologicheskie osnovy samorasprostranyayushchegosya vysokotemperatur-nogo sinteza. —
M.: Binom, 1999. — 176 s.

7. A.G. Merzhanov Tverdoplamennoe gorenie. — CHernogolovka: ISMAN, 2000. —
224s.

97



VIIK 621-192

KissnoBcbkmii M.B., IluBinga H.I, . Komuatumii 1.0., 3yeB 1.O. (Vkpaina, m.
Kpusuii Pie, Kpusopizvkuil nayionanvHuil yHigsepcument)

BUBIP METOJIB PO3III3BHABAHHA TEXHIYHOI'O CTAHY
KOHTAKTYIOUMX IIOBEPXOHbB 3 BUKOPUCTAHHSM MMOBIPHUX
O3HAK JIATHOCTHUYHOI'O CUT'HAJY

Bmpama npayezoamnocmi mawun, aKi marome 00CMAMHIO MEXHIYHY OOCKOHANICMb,
8I00YBAEMbCSL NEPeBadCHO uepe3 Npoyecu 3HOULeHHA POOOYUX NOBEPXOHb pIi3HOI QisuuHol
npupoou 3  pI3HOI0  IHMEHCUGHICMIO  6NAUBY KOHCMPYKMOPCLKUX, MEXHOJI02IUHUX —ma
excnyamayitinux —¢akmopis. Bumpauanus pecypcy obnaowamns 'y Oinvwiocmi eanysei
8i00Y6a€MbCA BHACTIOOK HACMYNHUX, XAPAKMEPHUX Ol YMO8 3ACMOCYB8AHHS, 0eCMPYKMUBHUX
npoyecie oemaineti MEXAHi3Mié ma ix NOBePXOHb.

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
CrupaTucs Ha 100pe po3poOIIeHHI armapaT Teopii po3Mi3HaBaHHs 00pasiB.

[IpuitaaTo s BCiX O0'€KTIB JIIarHOCTMYHOTO KOHTPOJIO BCTAHOBIIOBATH
HactynHi kimacu ctaHiB: W(!) - mouarkoBe (eranonue); W(2,..n-1) - mpomixHi;
W(n) - rpanuune.

KoxHuii kiac craHiB BH3HadaeThcsi o3Hakamu U], ToOTO icHYe
¢dynkmionansHa 3anexsicts Wi =P(U1.... Uj).

3HaueHHs O3HaK s kiacy crtaHiB W(i) Bu3HA4YaeTbcs 3 TEXHIYHOI
JIOKyYMEHTAIlli JJIi YMOB MapaMeTPUYHOI JIarHOCTUKM 1 B XOJil HABYAJIbHOIO
€KCIIEPUMEHTY JIJIsl IHTErpalibHOT BIOPOAKyCTUYHO1 J1arHOCTUYHOT iHpopMallii.

O3Haky, MO0 BUKOPUCTOBYIOTHCS MOXHA PO3AUIMTA HA JIETEPMIHOBAHUM,
IMOBIpHI, JoriyHi. /[0 n1eTepMiHOBaHUX BITHOCSATHCS KOHKPETHI YUCIIOBl 3HAYCHHS
napamMeTpuyHOl JIarHOCTUKHU (TeMmIeparypa OJIMBH, KOPIYCHUX JETaleH, THCK,
BUTpATa MAaCTUIBHOT PIAMHM 1 T.7.). [0 IMOBIpHUX BITHOCSTHCS XapaKTEPUCTUKU
BUITAJIKOBUX TMPOIIECIB BIOPOAKTHUBHOCTI O00'€KTIB, IO M1arHOCTYIOThCcsA.  Jlo
JIOTIYHMX O3HAK BIAHOCATHCS O3HAKH, IO HE MAalOTh SIKICHOTO BHUpaXeHHs. BoHu
SBJISIOTH COOOI0 JIYMKH SIKICHOTO XapakTepy THIly HasBHOCTI a00 BIJCYTHOCTI
JICSIKMX BJIACTUBOCTEH.

AJTOpPUTM pO3IMi3HABAaHHS OLIHIOE Mipy OJM3BKOCTI CYKYNHOCTI O3HAK J0
paHille TEeBHMX KJAaciB CTaHIB, SKI 30€piraroThCs B NaM'ATi JA1arHOCTUYHOI
cucteMd. CyKyITHOCTI TOTOYHHUX JIarHOCTUYHHMX O3HAK BHU3HAYAIOTh TOYKY B
npukMmeTHomy mnpoctopt Ui=(Uil,...Uin), sika CHiBBIAHOCUTHCS 10 TOYKH PIZHHUX
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KJIaciB CTaHIB 3a [JOIIOMOIOI0 3araJibHOBXMBAHUX IIOKAa3HUKIB BIICTAaHI B
MPUKMETHOMY IPOCTOPI:
B1JICTaHb 110 XEMIHTY

d; = Ui —Uy), (1)
k=1
n
: : _ 2qU2 .
€BKJI1JIOBA BiJICTaHb, dij =[>_ U, —-U jk) 1" itn (2)
k=1
Touykn B MPUKMETHOMY IIPOCTOpI, AKI BH3HAYalOTh (DIKCOBAaHI TEXHIYHI
CTaHH B YMOBaX EKCIEPUMEHTY OTPUMYIOTh CTATUCTHYHE YCEePEIHEHHS BUOIPOK 3
OJTHUX YJICHIB:

[ I I
Us ={U/1Y U, 113U, /13U, }, (3)
k=1 k=1 k=1

Po3nizHaBaHHS TEXHIYHUX CTaHIB MEXaHI3MiB IMOBUHHO CYMPOBOKYBATUCS
OILIIHKOIO TOYHOCTI MPOIEAYp MOPIBHAHHS 1 OOTPYHTYBaHHS BIJIMOBIHOTO KJIacy
CTaHiB.

JUis  knacugikamii CTaHiB  MEXaHI3MIB  OCOOJMBO MpPU BUKOPHCTAHHI
IMOBIDHUX O3HaK PEKOMEHIYETbCSI BUKOPHUCTATH [l] CXOXKICTh BEKTOPIB O3HAK.
HaiiOu1b11 BXXMTKOBOIO MIPOIO CX0’KOCTI € KOCHHYC KyTa @jj MK Bekropamu Ul i
Uj, IKuit MO>KHA MPEJACTABUTH BEIMUYUHOIO HOPMOBAHOT (PYHKITIT KOPEJISAILIIi:

kz; UikUjk

R.. = cos @, =

124

7 z , (4)
[(2 UG U]

3anponoHOBaHy Mipy CXOXOCTI 3pYyYHO BHUKOPHCTATH IPU 31CTaBIIECHHI
XapaKTepUCTUK YacOBHX BHUIIQJKOBHUX IIPOIIECIB, SKI BMIMIAIOTh 3HAYCHHS O3HAK
KJIACIB CTaHIB, 110 PO3MI3HAIOTHCS.

Kpim TOro, mpy BUKOPUCTaHHI IMOBIPHUX O3HAK BUNAJAKOBUX BEIUYMH, 5K
BUpIIIAJIbHI MPaBUja, 3aCTOCOBYIOThH TeOpeMy rinote3 abo Gpopmyny baiieca:

> PMDRUY...UD)

ne Wi - i- po3mi3HaBaHMA CTaH;
Ui....Un - pakTuuHi 03HaKH CTaHy;
P(Wi) - iMOBIpHICTb pO3ITi3HABAHOT'O CTaHY.

Bubopy BiOpoakyCTMYHMX [IIarHOCTUYHUX O3HAK Tepelye BUBYCHHS
CTATUCTUKU BiIMOB. KoXHOMY BWIJIAly BIIMOBHM CTAa€ y BIJAIMOBIJAHICTh O3HAKa
CTaHy 1 Mipa HOro KUIbKICHOTO BUMIPIOBaHHS.

3 MeTOow MiHIMI3allll MapuipyTy pO3Mi3HABAaHHS TEXHIYHUX CTaHIB MpH
MPOBEICHHI JIOCTI/PKEHb BCTAHOBIIEHA JIOCTaTHS €(QEKTUBHICTH KPUTEPIIO
“BimcTani XemiHra”, sIKHHA MPOUIIOB MacIITaOHI BUMIPOOYBAHHS 1 BIPOBAHKCHHIM
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JUI KOHTPOJIIO MPOLIECIB CHpalioBaHHs 30aradyBanbHOro obmaguanus. [lepen
BUOOPOM KpUTEPIIO pPO3IMI3HABAHHS CTaHIB OO0JagHAHHS BCl O3HAKH JOLIIBHO
PO3JIUIMTH Ha TPYNH B 3JIEKHOCTI B/l IIBUIKOCTI PO3BUTKY JedekTiB. 1 - rpyma -
CXOIUTIOBAHHS ~ KOHTaKTYIOUHMX  IOBEPXOHb, AK€ MOXE BHUABUTBCS  fK
JABUHOMOIOHUM TIpoIieC, 0 MPUBOANTH A0 HAA3BUYANHO-aBapIMHUX CUTYaIliH 1
TpUBAIUX TMpocToiB. [lapameTpw curHamdy, 10 MICTUTh I1H(pOpPMAIIO PO
3apOJKEHHS 1UX Je(dEeKTIB MAIOTh MaJly €HEPrOEMHICTh 1 BUMAraioTh 3aIy4eHHS
MaTEeMaTHYHOTO amapary Uil aHali3y MHTTEBUX 3HAaY€Hb BIOPOAKYCTHUHHX
nporiecis [3].

Haii6inpm  iHQopMaTHBHUM B IbOMY BHIAJIKy € €KCIIEC MpOIlecy.
ExcriepyMeHTanbHO BCTAHOBJIGHO, 10 3HAYEHHS E€KCLECYy XapaKTepusye
mapaMeTpu Tporecy TepTs B MAIUOHUKY. MOMEHT TepTs HOPMAJIbHO
MPALIOIYOro MiAIIUITHAKA KOB3aHHS Ma€ XapaKTep CTAllOHAPHOTO KOJIMBAJIBHOTO
Ipolecy, EHeprisi S[KOro IMepeAaeTbcss Ha Kopmyc miamunauka. CydacHi
I’ €30KPUCTAJIEB] NIEPETBOPIOBAYl 3J]aTHI BJIOBJIOBATH KOJUBAHHS MaJONOTYKHHUX
JDKEepeNn KOJIMBAaHb, N0 SKUX MU BIIHOCUMO pEaKTUBHMA MOMEHT TepTs B
MIITATTHAKY .

BUHUKHEHHS O3HaKu 3aaupy CIPUYMHSAE TOPYLIEHHS CTallOHAPHOCTI
KOJIMBAJIBHOTO IPOLIECY, 110 € BaXJIMBUM JDKEPEJIOM J1arHOCTUYHOI 1H(popMalii.
OCKITbKM PO3BUTOK 3a/JUpy Mae€ JIaBUHOMOMIOHUI XapakTep L0 MPUBOAMTH JI0
aBapiiHOro pyilHyBaHHS (CXOIUIIOBaHHIO) KOHTaKTYIOUHMX MOBEPXOHb, HEOOXITHO
BUOpATH MapamMeTpu MIarHOCTUYHOTO CUTHAITY IO MAalOTh BUCOKY YYTJIMBICTH JO
CTal[IOHAPHOCTI KOJMBAIBHOTO Ipoliecy. AKICHI 1 KIIbKICHI 3MIHH Yy BIOPOCUTHAILY
IIPU MOSIB1 O3HAK 3aiaHHs, IO MPUBOAUTH 0 3aJUPy MIJIIUITHUKA 1 3aKJIMHEHHIO
BaJly BUSBJISIIOTHCS B 3MiH1 ()OPMHU IILTBHOCTI IMOBIPHOCTI aMILTITY BIOPOCUTHATY
1 Koe(Ill€HTA eKCIECY

E,=(11/ 6%)-3 , ne = j1 - neHTpanbHUI MOMEHT YeTBEPTOTO MOPSIAKY

00

e = MYIX (O = m(OF}= [IX(0) - m(O)] Fp(x, )
2 I 1 2
o = ImNZ{Xi (tj _m(tj)} (7)
JI71s1 By3bKOCMYTOBOTO CUTHAJIy Ha BJIACHIM YacTOTI MiJIIWITHUKA 3HAYCHHS
Ex nns HOpMallbHO TMpallOI0uOro migmunauka jaopisHioe -0,. ..,0,04. s
ne(eKTHOro cTaHy XapaKTepHO MiIBUIIEHHS KoediiieHTa exciecy Ha 30...35 nb.
BucHoBkwu.

1. OCHOBHUM JerpaiaiiiiHuM SBUIIEM, 10 MPUBOIUTH JI0 PANTOBUX BiJIMOB
map TepTS B MEXaHIYHMX Tiepenadax Yd MeXaHI3MaxX € 3HOIIEHHS pPOoOOoUYrx
MOBEPXOHbB, M0 YCKIAAHIETHCS PO3BUTKOM JIOKATHHUX JE(EKTIB KOHTAKTYHOUHUX
MOBEPXOHb TUITY BUIIEPOICHHS ab0 3a1upy.

2. IcHye 1Bi TPy METOJIIB JIarHOCTUKY Ha3BaHMX aedekTis [1,2]:

mepiia - OpIEHTYEThCS HA BWIYYEHHS IarHOCTUYHOI 1Hopmarii 3
CKJIQJIOBUX CHUTHAJIIB B 30HaX OCHOBHMX YacTOT BUMYIIICHUX KOJIMBaHb; 2 - Tpyma
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OpDIEHTYEThCS Ha 1H(GOpPMAIIF0O B 30HAX BIACHUX YacTOT MEXaHI3MYy
(BuMiproBasibHOI cucTeMu). OOuaBa miAXoau 0a3yrThCsa Ha TOMy (hakTi, IO
BUHUKHECHHS 1 PO3BHUTOK IOIIKO/PKCHh KOHTAKTYIOUHMX TIOBEPXOHb 32 YacoM
HaIPAIIOBaHHS ~ MEXaHi3My CYIPOBOKYETHCS TOSBOIO Yy BiOPOAKyCTUIHOMY
CUTHAJIl CIUIECKIB 1 yJIapHUX IMITYJIbCIB. 3 PO3BUTKOM JE€(PEKTYy 1HTEHCUBHICTD
yAapHUX IMIYJbCIB 3HAYHO 3pPOCTA€, CIPUUYMHSIOYN 30UIBIICHHS aMILIITYIHOI
Moyl (AM) OCHOBHHMX 4acTOT 30Y/IXKEHHS MPH MITTIHTY 1 30UIbIICHH] 1HIEKCY
gacToTHOI MOAyJ Il (HM) TuX ke 9acTOT IpH 3aUpi.

Jlpyra rpyna MeTOAIB NpuU3HAu€Ha A 1JeHTH(IKalii MOIMIKOIKEeHb, AKI
pPO3BUBAIOTHCA MOBUIBHO. J[7s1 TakWx MpOLECIB TOBHICTIO NPUIATHI KpUTEpii
“BimcTani XemiHra” 3a JaHUMH 3acO0IB aKyCTUYHOTO KOHTPOJIO CIIEKTpPaIbHHUX
CKJIAJOBUX aKyCTHYHHX TIPOIECIB y TOEMHAHHI 3 CTaTHYHUMH TapaMeTpaMu
(GyHKIIIOHYBaHHSI MEXaHi3My. Y HEBH3HAUEHUX BUMAAKaX MPH 3aCTOCYBaHHI OTO
METOJly TpaHUYHE 3HAYCHHS IWHAMIYHUX J1ama3oHIB JJia Kiacudikaiii BiIMOB
OTpUMaHE Ha OCHOBI ICHYIOYOTO TIOJIOKEHHSI, 3T1JTHO 3 SIKUM 3MiHA O3HAKU Ha 6 110
BBAYKAETHCS ICTOTHOIO.
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VIIK 621-192

KissnoBcbkmii M.B., Husinga H.I., 3yeB 1.O. (Vkpaina, m. Kpueuii Pie,
Kpusopizvruii nayionanvnuil ynieepcumemn)

MIJIBUIIEHHSI HAJJIMHOCTI POBOTHU MAIIIUH I'NPHAYO-
METAJIYPTTAHOI'O KOMILIEKCY BIBPOJIAT'HOCTUYHUM
MOHITOPUHI'OM IX TEXHIYHOI'O CTAHY

B nposedenux OocniodceHHsx 008edeHo, wjo Haubinbul iHOOPMAMUSHUM | eDeKmueHUM
MemMoOoM 30epedceHHs: pecypcy MAWUH € MIHIMI3ayii eHepeemuyHoe0 pieHs 83aeMO0ii enemMenmia
MEXAHI3MI8 BIONOBIOHO 00 NEPEBANCAIOYUX NPOYECIB IX NOUKOONCEHHS MA NPOBEOEHHS MEXHIUHO20
00C1Y208Y8AHHS YU PEMOHMY OONAOHAHHA YV pa3i, KOIU NPoyecu NOUWKOONCEHHS 0OYMOBUIU
00CsACHEHHSl eHepeemuyHo20 Oap'epy iX IHMEHCUBHO20 NPOMIKAHHSL.

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.

OCHOBHMM JerpajaliiHuM SIBHILEM, 10 NMPUBOAUTH A0 PANTOBUX BiJIMOB
map TepTd B MEXaHIYHUX IMeperadax 4M MeXaHi3MaX € PO3BUTOK JIOKaJIbHUX
ne(EeKTIB KOHTAKTYIOUMX TMOBEPXOHb THUITy BULIEPOJeHHs a0o 3aaupy. IcHye nBi
TPyl METOMIB JIarHOCTUKM Ha3BaHuX AedekTiB [1,2]: 1 - opieHTyeThcs Ha
BUJTYYCHHI J1arHOCTUYHOI iH(GOpMAIlil 3 CKJIaJ0BUX CUTHAIIB B 30HaX OCHOBHHX
4acTOT BUMYIICHHX KOJIMBaHb; 2 - TpyINa OPIEHTYEThCS Ha 1HPOpPMAIIIO B 30HAX
BJIACHUX YaCTOT MEXaHi3My (BUMipIOBaIBHOT CUCTEMH).

O6uaBa migxoau 0a3yrOThCA HAa TOMY (PaKTi, IO BUHUKHEHHS 1 PO3BUTOK
MOIIKO)KEHb KOHTAKTYIOUMX TOBEPXOHb 3a YAaCOM HANpAaLIOBaHHSI MEXaHI3My
CYNPOBO/IKYETHCSI TOSBOIO y BIOPOAKyCTUYHOMY CHUTHAJl CIUIECKIB 1 YIapHHX
IMITyJIbCIB. 3 PO3BUTKOM J€(PEKTy IHTEHCUBHICTh YAAPHHUX IMITYJIbCIB 3HAYHO
3pocTae, CIPUYMHSAIOUN 30UTBIIEHHS aMILNTyaHoi Moayismii (AM) OCHOBHHX
4acTOT 30y KCHHS MIPH MITTIHTY 1 30LIBIICHHI 1HASKCY 9YacTOTHOT Moyl (UM)
TUX K€ YaCTOT MPH 3a]IUPi.

JlocuTh YYTIWBOIO O3HAKOIO JIOKAJTBHUX JEe(PEKTIB € N-MipHI BEKTOPH,
copMoOBaHi 3 CKJIQIOBMX OrmHarouoro crnekrpa (AM a6o UM) opaniit 3
BUMYIIIEHUX YaCTOT ACPEKTHOTO By3Ja.

VY 00o0x Bumaakax B CIIEKTP1 KOJIUBAJIBLHOTO MPOLIECY B TPAHUIISIX BUMYIICHOT
YaCTOTH f6 3'ABISIOTHCS a00 MOCKITIOIOThCs KomOiHariiHi yactotu (kf +/- 1 f1), K, |
=1,2,.., 110 CBITYUTH MPO PO3BUTOK JIOKAJIILHOTO Je(EKTY.
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IMmynbcHA TOCHIAOBHICTh Mynbcalliil HaBaHTakeHHs F(t) Tunmy ynapHux
0o0ypeHb, BUHUKAIOUMX NPU MMONAJAaHHI JJOKAIbHOTO Je(eKTy B 30HYy KOHTAKTy a0o
B MOMEHT CXOIUTIOBaHHSI KOHTAKTYIOUMX MOBEPXOHB, BUKJIMKAE BIATYK MEXaHIYHOT
CUCTEMHU Ha BJAacHIN 4acToOTl Ae()EeKTHOrO By3Jia Y BUTJISII OCHIMIIIOIOYUX KOJIUBAaHb
turty AUM. CrekTp BIATYKY CKJIQJHOT MEXaHIYHOI CUCTEMHU 3 N-MipaMu CBOOOIU
Ha KOPOTKI IMITYJIbCH € IIMPOKOCMYTOBUM, 1 HailKpalle Ha Takoro POAY BIUIUBY
BIATYKYIOTBCSL BJIACHI YaCTOTH CYCIAHIX 10 JpKepena 30yIDKeHHS BY3IIB
MexaHi3My. HaifOispia amMIniTy1a BiITyKy CIIOCTEPIraeThes Ha OAHIN 3 BJIACHHUX
4acToT Je(EeKTHOTO By3JIa.

CriBcTaBJIEHHS MOXKIMBOCTEH HABEACHUX METOJIB OPIEHTYE Ha BUKOHAHHS
MOHITOPUHTY TUIbKM Ha OCHOBI ()YHKIIOHAJIBHUX METOMIB JIarHOCTHKH, SK1
3a0e3meuyoTh 0e3po30ipHy iMeHTH(]IKAIlI0 TEXHIYHOTO CTaHy oOjagHaHHS Oe3
BUBOJTy OT0 3 €KCIUTyaTarlii 3@ METOJIOM HaKOMMYEHO1 BUOIPKU y3arajJbHIOI0YOTO0
napaMerpa TeXHIYHOrO CTaHy sIK 4yacoBoi (yHKIii. Buxoasuu 3 BuMor 10 BUOOpPY
METOJy MOHITOPUHTY TEXHIYHOTO CTaHy BCTAHOBJIEHO, 10 HAWOUIbII
1H(QOpPMATUBHUM, HAHOUIbII YYTIMBUM METOJOM OIEPATUBHOI OI[IHKH y PEXKHUMI
peasbHOro Yacy MPOIECIB CIPAIIOBAHHS MEXaHI3MIB, 110 BUKIMKAIOTh JOJIaTKOBI
BUTPATU €HEpPrii MPUBOAY, € METOJA OIHKH CTYNEHIO 1 I1HTEHCUBHOCTI
CHpALIOBaHHS 3a KPUTEPIIMU POCTY MOTY>KHOCTI KOJUBAIBHOIO 30yIXKEHHS 30HU
B3a€EMOJIII JIeTajeil MeXaHI13MIB IpPH MOSABI, PO3BUTKY ACPEKTIB Ta HAKOMUYECHHS
MOIIKOKEHD Bif ix mii [1].

3 ormany Ha LEed BHCHOBOK BM3HAUYEHO, 110 METOAM  BIOPOAKYCTUYHOI
JIarHOCTUKU HAMOUIBIN BiAMOBIIaIOTh BCTAHOBJICHUM BHUMOTaM, 3a0e3nedyrouu
KOHTPOJIb TEXHIYHOTO CTaHy OIEpaTUBHO, 03 po30upaHHs 1 JIEHIEBIIE
aIbTEpPHATUBHUX METOIB. MeToa BiOpOAIarHOCTUYHOTO MOHITOPUHTY 3pYYHUUI
TAM, 10 OO'€KT [IarHOCTUKA B LBOMY BHUIAJKy MAa€ OJHOMIPHUW MPOCTIP
JarHOCTUYHUX O3HAK, a caM JIarHOCTUYHHI mapameTp ,,X ~ 1HTerpajbHO BUpaXkKae
BILJIMB HA TEXHIYHHUM CTaH 00JIafHaHHs 0aratbox Moro nedexTiB 1 HeCIpaBHOCTEH.

Lleli BUCHOBOK MiATBEPKYIOTh AOCHIPKEHHS 1HIMX aBTOpiB. Tak B [2]
BCTAHOBJICHO, 10 B 3MiHI CTPyMy cTartopa BigoOpaxkaeTrbcs Ounst 16% Beix
nedexriB, Temmnepatypu neperpiy 20 %, BiOpartii 80 %.

JllarHOCTUYHY OIlIHKY BIUIMBY JOJIATKOBHX EHEPreTUYHUX BUTPAT Ha
3a0€3MeUeHHs] TPaIe3JaTHOCTI TEXHOJIOTIYHMX arperariB JAOIIILHO TPOBECTH 3
BUKOPUCTAHHSAM  BHU3HAYCHOTO  KPUTEPII0  EHEPreTUYHOro  3abe3meueHHs
npane3aaTHoCTi ,,X .

B npoBeaeHux mocimiKeHHSIX 3po0iieHa crmpoda OIIHUTH TEXHIYHHH CTaH
MaIllMHU BUXOSIUM 3 IEPeAyMOBH, 110 B 3ayexHocTi R(t)=L(x, t), ne L- omepatop
3B'SI3Ky (hakTOpHOTO mpocTopy X 1 MPOCTOPH MapaMeTpiB Mpare3aaTHocTi R,
MarTh (PYHKIIOHAJIbHI CHiBBiAHOIIEHHSA. [le MoXiMBe, SKIIO BUKOPUCTATU
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MHOXMHU CTaTHYHUX TapaMeTpiB THUIY TEMIeparyp, TUCKY 1 1H., MIO
BU3HAYAIOTHCS JIJIs1 KOHKPETHOI MAalllMHU, y TOE€JHAHHI 3 1HTETPaJbHOIO OI[IHKOIO
JUHAMIYHUX peakiii MalluHu, MeXaHi3My abo By3na Ha ii pobounii mporec. Lli
JWHAMIYHI peakilii € pe3yJbTaToM B3a€EMOJII JeTajeii MeXaHi3My B IIpoIlieci Horo
(GYHKIIIOHYBaHHS 1 SBJISIOTH COOOK0 MEXaHIYHI KOJUBAHHSA 1 MPYXKHI XBHII
MAaIluHU, 110 PO3MOBCIOKYIOTHCS M0 KOHCTPYKTHUBHUX enemeHTax. Lli peaxirii
IHCTPYMEHTAJIbHO BHUMIPIOIOTHCS Y BUIIISAAI (I3UYHUX TapaMeTpiB: 3MIIIEHb,
IIBUIKOCTEH, MPUCKOPEHb KOHTPOJIBHUX TOYOK MAITUHH.

3r1JIHO 3 MPUMHATOIO KOHIICIIIIEI TUHAMIYHI IIPOILIECH B TEXHOJIOTTYHIN ab0
CHEPreTUYHINA MaIluHI MTOCHUJIIOITHCS a00 3MIHIOIOTHCS TPHU MO0sAB1 aedekTiB abo
HecrnpaBHOCTe. PeecTpaiisi TUHAMIYHUX peakiii BUKOHYETHCS 3a JOIIOMOTOIO
BIJIMTOBITHUX BUMIPIOBAILHUX 3ac00iB. TakuM YMHOM, IPUIHATO BBaXKaTH [4], 110
GYHKIIIOHYIOUMH MeXaHi3M Tpeba po3misiAaTH K JeIKUM TepeTBoproBad A
napaMeTpiB HOro TEXHIYHOI'O CTaHy I B IapaMeTpy TUHAMIYHUX Peaklid uj ToOTO:

(X}=A{R}, (2)

e - {X}={xj( V- x, (9} BekTop O3HAK TEXHIYHOTO CTaHy B N-MipHOMY
NPUKMETHOMY MPOCTOPI.

Takum 4MHOM NTOAATKOBI BUTPATH €HEPrii CTalOTh IpornopuiiHumu ,,.X° i
MOYTb OyTH BU3HAYEHUMU 32 HACTYITHUM BUPA3OM :

E = [IX(f)Pdf (2)
ne - E , X, f - BiANOBiZHO TOBHA EHEpris, aMIUITyAa 1 YacToTa

KOJIMBAJILHOTO 30Yy/IKEHHSI MAITUHU
BigHocHo BiOpaliiHOrO CTaHy MallMH 1 MEXaHi13MIB MOTPIOHO 3ayBa)KHUTH,
IO iJIeaTbHO CTBOpPEHA 1 Halaro/ykeHa MallHa He Mae€ JDKEpeN KOJIMBAIBHOTO
30y KeHHsI, TOOTO Tpairoe Oe3 BiOpariii. [losiBa BiOpariiii 3acBiguye Mpo MOSBY
nedeKTiB, MOIIKOIKEHb, 0 3MIHWIMA TEXHIYHI TapaMeTpyd MallluHU, 1[0 BUMarae
JIOIATKOBUX BUTpAT €HEprii Ha 30epeKeHHS JAMHAMIYHOI PIBHOBArM MEXaHi3MiB
Py BUKOHAHHI poO04oro npotecy. PiBeHb A0MMycTUMOT BIOpallii periaMeHTyeThCs
CBITOBUMH 1 peTiOHAIBbHUMHU cTaHmapTamu, Hanpukiaax [SO 10816, 2372, VDI
2056, DIN 45655. HocnimkeHHs npoBeaeHHl B [3] mokaszanu, M0 MPUHIIUIIOM
MPU3HAYEHHS TPAaHUYHUX HOPM BiOpallii B OCHOBHUX CTaHIapTax € periaMeHTallis
MOTYXHOCTI, [0 BUTPAYa€ MPUBIJ Ha 30y/UKEHHS BIOpallli MEXaHi3My, B IKOMY, B
HACJIIJIOK HEHAJIE)KHOTO HAJarOKEHHS, CIPAIfOBAHHS, MOIIKOKEHb, 3MIHUIUCH
napaMeTpu O0amaHCyBaHHS, JKOPCTKOCTI, BIaCHI YaCTOTH Pe30HaHCYy. TakuM 4YMHOM
JIOCSITHEHHSI TPAaHWYHOTO PiBHS BiOparii MammmHu, abo poOoTa Ol TpaHUYHHUX
PIBHIB, CBIIYMTH MPO IOJATKOBI BUTpATH eHeprii mpuBoay (1o 15%) .
Lleli BUCHOBOK, MpU CHOPUUHSATI PIBHS KOJUBAIBLHOTO 30YyJKEHHS MAaIIWHH,
SK YHIBEpCAIBHOTO KPUTEPIIO, IO KOPETIOETHCS 3 BETUYMHOIO TOJIATKOBUX BUTPAT
104



eHeprii NpUBOAY, MNPHUBOAUTH JO TMPOCTUX LUIIXIB 3MeHIIeHHA 10 15%
SHEProBUTPAT, 32 PAXyHOK OpTraHi3allli eKciuTyararmii 3 MiHIMaJIbHUMHU PIBHEM
KOJIMBAJILHOTO 30y/KeHHS MexaHi3MiB. JlogaTkoBO mpu Takii  oprasizarii
eKCIUTyaTallli BIA€TbCS CKOPOTHTH a0 25-30% ekcrulyaTaliiHuX BUTpaT B
cobiBapTOCTi BUpOOHUIITBA [4].
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Kanmenko C. A., Pymsinnesa 1O. 0., CaBuenko /1.0., Uymak A. O. (Vkpaina,
M. Kuig, Incmumym naomeepoux mamepianie im. B. M. baxyns HAH Ykpainu)

PO3POBKA KOHIENIIT CTBOPEHHSI KOMIIO3UTIB I3 IIKHB
I'PYIIN BL, APMOBAHUX OKCUJAHUMU TA BE3OKCUIHUMU
BOJIOKHAMMH TYT'OIIVIABKHUX CITIOJIYK

Incmpymenmu i3 KOMNO3UMIE HA OCHOBI NONIKPUCMANIYHO20 KYOIuH020 HImMpuody 0Oopy
(IIKHB) wupoxo euxopucmosyromscs npu 00podyi demaneti, 00poOKa AKUX XapaKxmepusyemocsl
yoapHumu HasanmadcenHamu. Hassnicmv imnynbcnoeo Hasanmasjicenus 30i1buye KOHMAaKmHui
HanpysjicenHs 00 080X pazig, wWo 00YMOBIIOE DPYUHYBAHHS [HCmMpymeHmy. Bionogiowo, icHye
HeoOXiOHICMb 8 CMBOPEHI KOMNO3UMIB HOBO20 NOKONIHHA 3 NIOBUWEHUMU (DIZUKO-MEXAHIUHUMU
enacmugocmamu. B pobomi npeocmasneno xonyenyiro cmeopenHs HOGUX THCMPYMEHMANbHUX
komnosumis i3 I[IKHB epynu BL, 6 o0cHO8y sKOI NOKIAOeHO apMy68aHHs MIKPOBOJIOKHAMU
MY20NNABKUX CHOLYK PI3HOI (i3uK0-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.

Ilocmanosxka npobaemu. lacrpymentu 13 IIKHB 3aBmsku  dizuko-
MEXaHIYHUM BJIACTUBOCTSIM IIMPOKO BUKOPUCTOBYIOTHCS JIJISi MEXaHIYHOT 0OpOOKHU
(TouinHs, ¢pe3epyBaHHs) AeTaled, A SKUX XapaKTepHUW HEPIBHOMIPHHIMA
npunyck. Jlo Takux BHUpOOIB HanexaTh JAeTalll OTPUMaHl JUTBOM, JAeTall
BIJIHOBJICHI HAIUTABOYHUMHU TOKPUTTIMH, SKI MPU3HAYCHHI JJII METadypriiiHoi 1
ripHUYO0-30aradyBajibHOI MPOMHUCIOBOCTI; p0O3’€MHI YaCTUHU OJIOKIB IMIIIHIPIB Ta
rojoBok ['BLl nBHUryHIB BHYTpIIIHBOIO 3rOpaHHs Ta 1H. Taki AeTam dYacTo
OpallolTh B YMOBaxX 3HAYHUX YAApPHUX Ta TEIUIOBUX HABAaHTAXKEHb Ta
XapaKTepU3yrThCSl CKJIATHOIO TEeOMETPI€0 BUPOOIB 3 KOJUBAHHSMU 3HAYEHb
MPUITYCKy Ha 00poOKy Ta HEPIBHOIO 30BHINIHKOIO MTOBEpXHEH0. Ha moBepxHi Takux
BUpPOOIB YacCTO CHOCTEPITa€eTbCsl AUCHEPCHO-3MIIHEHA «KIpKa» IiABUIIEHOI
TBEPJIOCT1, HaCUUeHa a0pa3sUBHUMHU BKIIOYCHHSIMU.

Kpim TOro, mmpoke 3acTOCyBaHHS B CyYacHIl TPOMHUCIOBOCTI 3HAXOMSTH
YKAPOCTINKI Ta KapOMIIHI CIJIaBH Ha OCHOBI 3ai3a ado Hikemo tuiy Inconel 718.
Taki maTepiaii XapaKTEPU3YIOThCSI BHUCOKOIO MIIHICTIO, B’SI3KICTIO, BUCOKOIO
HIUTHHICTIO TEIUIOBOTO TMOTOKY, 10 T'€HEPYIOThCS B 30H1 Pi3aHHS, 1HTEHCHUBHOIO
TpUOO-XIMIYHOIO B3a€EMOMIEI0 3 1HCTPYMEHTAIILHUMH KOMIIO3UTaMH, IO CTa€
IPUYUHOIO iX CTPIMKOrO BUXOAY 3 Jiaay. KOHTakTHI THCKH mpu 0OpoOIll Takux
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meraneil  craHoBiATh  3400-4800 H/MMPpM  HASBHOCTI  IMITYJIBCHOTO
HAaBAaHTA)XCHHA, TUHAMIYHHM KOE(IIIEHT 301IblIye KOHTAKTHI HAMpPYKEHHS IO
JIBOX Pa3iB, 1110 00YMOBJIIOE PYHHYBaHHS IHCTPYMEHTY.

BiamoBimHO, icHye HEOOXITHICT, B CTBOPEHI KOMIIO3UTIB Ha OCHOBI
[TIKHbB HOBOTO MOKOJIIHHS 3 MABUIIEHUMH (h13UKO-MEXaHIYHUMHU BJIACTUBOCTSIMH,
mo 3abe3nevarb BHUCOKOIIBHIKICHY OOpPOOKYy MarepialiB B yMOBaxX yIapHHX
HaBaHTaXEHb 13 3a0€3MeUEHHSM BIJIIMOBIIHOI SIKOCTI 00pO0ICHOT TOBEPXHI.

Ananiz ocmannix oocnioxcens i nyoaikayiv. Ha cborogH1 B CBITI po3p00JIeHO
Ta 3aCTOCOBYETHCS JBI TPYNMH HAATBEpAMX KOMMo3uTiB Ha ocHOoBi KHB -3
Bucokum BH (>80%) ta Huspkum BL (45-75%) BMicToM HaaTBepaoi
¢paxmii 3eper cBN Ta 3B'KOI0 Ha OCHOBI HITPUAIB Ta KapOiAiB TYTrOIUIABKUX
metaii (TiN, TiC, TiCN, VN, WN Ta inmr.), a Takok Co, Al, AIN, SizN4 [1, 2].

Komnozutn rpymun BH  marote  CTpykTypy, 1O  XapaKTepU3YIOThCS
Oe3nepepBHUM KapkacoMm 13 3epeH cBN po3mipom 5-10 MKM 3 MIITHUM KOT€31HHUM
3B’S3KOM Ha TPaHUIISX, 110 OOYMOBIIIOE BUCOKI MEXaHIYH1 BIACTUBOCTI TAKOTO TUITY
Matepianis: TBepaicTh (3238 I'Tla), TpitmHOCTIMKICTD (8—12 MIla-m"?), minmicts Ha
saruH g0 1200 MlIla [3, 4]. Jlo takux xommno3uTiB Hajnexxatb AMB90 1 DBASO
(«ElementSix»), N90 «Megadiamond», cepis MBR («Mikpobop»), KB90
(«TaeguTurn») BN100, BN600, BN700, BN80O («SumitomoElectricy), Kidoput-1
ta bopcunit, Bupoonuursa IHM im. bakyns HAH VYkpainu. JlaHi iHCTpymeHTH
epekTHBHI Mpu 00poOIll 13 JWHAMIYHUMH HAaBAaHTAKEHHSMH, aje IIBHUJIKO
3HOIITYIOTHCSI TIPM 3aCTOCYBaHHI B Jliala30H BHCOKOMIBUAKICHOTO pizaHHs (200250
M/XB) Yy 3B’SI3KY 3 IHTEHCUBHOIO XIMIYHOIO B3aEMOJIIEI0 3 0OPOOIIIOBAHUM MaTepiaioM
[5, 6].

JUist  BUCOKOIIBHIKICHOI 00poOku po3podneno kommnoszutu 13 [IKHB
rpynu BL, kxepamiuHa MaTpuIlsd SKUX HabaraTo cTaOiabHIIIA 10 XIMIYHOT B3a€MOJIIT
3 00pOOJIOBaHMM MaTepiajioM — HaBITh B YMOBAaX BHCOKUX IIBUIAKOCTEH 1
TeMIlepaTyp B KOHTaKTHii 30H1. [Ipu BucokomBuakicHiit 06pob1t (200-250 m/xB)
3arapTOBaHUX CTaJiel HE CIOCTEPIraeThes AU y31MHOr0 pO3ZYMHEHHS 3EPEH 3B'A30K
tumy TiC ta TiN, siki BUCTYNal0Th KapKacoM, 110 MiHIMI3y€ 3HOIITYBaHHS OCHOBHO1
HaaTBepAOi Gazu. OCHOBHUM MPUHITUIIOM MOOYI0BU CTPYyKTypu BL KOMIO3UTIB €
MIHIMQJIBHO-MOXJIMBUIA po3mip 3epeH c¢BN (1-3 mxMm) Ta papiOHO3epHHCTA
MaTpHIl, 10 MIJIbHO 0ob0ysArae HanTrBepay ¢dasy [7, 8]. Jlo cyuacHux marepiamiB
uiei rpynu Hanexkat SECO CBN100, CBN50, Sumitomo BNC 2010, BNC 2020,
ElmentSix DHA 650, SandvikCoromant CB7015, CB7025 Ta nesxi Mapku, IO
Bupo6JsieHi B IHM: Kibopurt-3 ta Kibopur-4.

IIpr BHCOKIM CTIMKOCTI, OCHOBHHUM HEIOJIKOM KOMIIO3UTIB 3 HH3bKUM
BMicTOM 3epeH cBN € HegocTtaTHs MINHICTB: 3a TPIMIUHOCTIAKOCTI 33—
5 MIla-m"? mimicTs Ha 3rHH, SIK npasuio, He nepeBuurye 800 Mlla, TBepaicTh
TaKMX MaTepiajiB TaKOXK 3a3BUYail HUK4Ya y opiBHsAHHI 3 BH rpymoro — menme 30
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I'Tla, mo Ha maHuii yac oOMeXXye 00JIacTh X 3aCTOCYBAaHHS YUCTOBOK O0OpPOOKOIO
3arapToBaHUX CTaJel Ta skapocTiiikux cruiasis [9, 10].

DopmyntosanHs paniule He BUPIULEHUX YACMUH 3a2abHOI npobiemu. AHami3
YUCIIEHHUX MyOmikaIiii mpucBsiueHux cTBopeHHI0 kommo3utiB 13 [IKHB 3a
JIOTIOMOTOI0  TPAJUIIAHUX TEXHOJOTIH TEepMOOAPUYHOTO CHIKAHHS CKJIAJHHUX
CYMIIIIEH pO3TISHYTO TOCTaTHRO JAeTalbHO. [IpoTe, i€l omepkaHHS KOMIIO3UTIB 13
[IKHb rpynu BL 3 miaBumieHuM# (¢i3MKO-MEXaHIYHHUMH BIIACTUBOCTSIMH, SIKI
JIOCATAIOTHCS 32 PaXyHOK apMyBaHHS MIKPOBOJIOKHAMH PI3HHUX XIMIYHUX CIOJYK,
NPUJIIJICHO HEJIOCTAaTHBO YBAary.

Dopmymosanns yineti cmammi. MeTor0 AaHOT poOOTH € po3poOKa KOHIIEIIIT
ctBopeHHst kommno3uTiB i3 I[IKHB rpynu BL 3 migBumeHuMu MexaHIYHUMH
BJIACTUBOCTSIMU  JIJI1 ~ BUCOKOC(HEKTUBHOI  OOpPOOKHM  BaXKOOOPOOJIFOBAHMX
MaTepialiB 3 yAapHUMH HaBaHTAKCHHSIMH, IIJITXOM IIOIIApPOBOTO apMyBaHHS
MaTpHIl KOMITO3UTY OKCUHUMU Ta OE30KCUTHUMHU MIKPOBOJIOKHAMHU TYTOIIJIAaBKHX
CIIOJTYK, 1110 JJO3BOJUTH MMiABUIIUTH MILHICTh, TPIIIMHOCTIHKICTh T4 3HOCOCTIMKICTh
1HCTPYMEHTY.

Buknao ocnosnoco mamepiany. Cepen HamnpsSMKIB — yJTOCKOHAJICHHS
eKcIuTyaramiiinux BiaactuBocteil iHcTpyMeHTIB 13 [IKHB € cTtBopeHHs1 koMIO3uTIB
3 JI0JIaBaHHSIM apMYIOUHUX MIKPOBOJIOKOH TYTOIUIAaBKUX CHOJYK, IO JIIIOTh MO3a1y
(GPOHTY PO3MOBCIO/HKEHHS TPINIUHU Ta € OUlblll €()EKTUBHUMHU, MPOTE MalKe HE
BUKOPHCTOBYBAJIKCS JJIsi MaTepiaiiB Ha OCHOBI HITpuay Oopy. Tak, JOCIIIKEHHIO
BIJTUBY apMYIOUHX BOJIOKOH Ha MIKPOCTPYKTYpY Ta BIACTHBOCTI HAATBEPIUX
KOMIIO3UTIB MPHUCBSIYEHA BKpall OOMEKeHa KUIBKICTh POOIT, MPH YOMY OCHOBHA
yacTMHA TaKuX poOIT TPHUCBAYEHA CaMe€ apMyBaHHIO BHCOKOBAPTICHUMU
mikpoBojiokHamu  SIC  [11-13]. TIlpore, BHCOKa BapTICTh JaHUX BOJIOKOH,
0OyMOBJIEHA CKJIAJIHICTIO MPOIECY KOHTPOJIIO TOMIIIOK i Yac iX BUTOTOBJICHHS,
3MYUIY€ JOCIIIHUKIB IIYKATH 1HILI BUIA BOJOKOH.

PesynbpraTn monepennix pooir [14-16] mokaszanu, Mo OJHUMH 3 HAWOLIbII
KOHKYPEHTO 3[IaTHUX € OKCHJIHI MIKpOBOJIOKHA. 30KpeMa, 301IbIICHHS BMICTY
MikpoBoJiokoH Al,O3, M@,B,053 5 1o 15 06. % 1m0 kommo3uty Ha ocHOBI ¢cBN 31
3B’s3k010 TaN mpuBOIMIO 7O MOHOTOHHOTO 3MEHIIEHHS 3HOCY pPo00Yoro
IHCTPYMEHTY, HE JUBISYUCh Ha Jemo HWK4y K|c TaKMX KOMIIO3UTIB, IO
MOB’5I3aHO 3 pi3HUIEIO0 KoedirieHTiB TepmiuHoro HanpyxkeHHs (KTP) Bonmokna Ta
MaTPUYHOTO MaTepiany. 3 1HIIOro OOKY, IIKaBUM TaKOX € TOH (DaKT, 110 3pa3Ku 3
nonaBaHHsIM  MikpornopommkiB  Al,O; Mamu  gento  Bumil  3HadeHHS Kc, HiX
KOMITO3UTH 3 aojaBaHHsIM Al,Osw, mpote, 3pa3ku 3 H0JaBaHHAM MIKPOIOPOIIKIB
JIEMOHCTPYBaJM CKOJIOBAHHS HAaBITh IMMiJI 4YaC HU3BKUX IMIBUAKOCTEH poOOTH
pizanbHOTO 1HCTpYMEHTY (80 00./XB), B TOM 4Yac SK apMOBaHI MiKPOBOJOKHAMU
Al,O3w 3pa3ku moka3yBajii BUCOKY CTIHKICTh JI0 yIapHUX HABAHTAXXCHb HABITh 3a
BHCOKHUX IBUAKOCTeH pizanHs (200 06/xB) puc. 1.
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apmosarnux mikpogoaoxuamu 3paskie ¢BN — TaN — Al — SiCw (8), cBN — TaN — Al
— SisNgw (0) ¢cBN — TaN — Al — Al,Osw (2) ¢BN —TaN — Al — Mg,B,0sw (e)

B uinomy, HampsMKoM pilmieHHS [poOjeMu  3a0e3MeyYeHHs TaKuX
BJIACTUBOCTEH IHCTPYMEHTAILHUX KOMIIO3HTIB, SKi O JO3BOJWIM TIPOBOIUTH
00poOKy TIpM 1HTEHCHUBHUX 3HAKO3MIHHUX TEPMOOAPUYHUX HABAHTAKEHHSIX
JUHAMIYHOTO THUIMY 1, OJHOYACHO, BUCOKIN MIBUIKOCTI Pi3aHHS € PO3poO0Ka HOBUX
KOMIIO3UTIB, IO MOEAHAIOTH y co01 Halkpaii xapaktepuctuku BL ta BH rpym, a
came: 3 omHOTO OOKy — MaTtuMyTh BHCOKy wMinHicTh (TRS>800 MIla) Ta
tBepaictb (HV>32 I'TIA), 3 iHmoro — 0y1yTh TEPMOXIMIYHO CTaOLITBHUMH.

Bkazane MOXJIMBO peanizyBaTH LUIIXOM  IOIIAPOBOIO  apMyBaHHS
CTPYKTYpH KOMITO3UTIB OKCHIHUMH BosiokHaMmu crionyk Al,Osw, Mg,B,0sw, siki €
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XIMIYHO IHEPTHUMHM Ta HE B3aEMOJIIOTh 3 KHCHEM Ta OOpOOIIOBaHUMU
MarepiajlaMi Ha OCHOBI 3ajii3a, MPOTE, CJIiJ 3a3HAYUTH, [0 IPU TEeMIlepaTypi
pizanHsa Buie 1200 °C MoxnIuBe MaJiHHA MEXaHIYHUX BJIACTHBOCTEH, a TaKOXK
NepeKpucTamizamis OKpPEMUX CIOIYK 3 YTBOpPeHHSM a3 3 HHU3bKUMU
TEPMOMEXaHIYHUMH BIACTUBOCTAMU. {11 HIBETIOBaHHS 3MEHIICHHS MEXaHIYHHUX
BJIACTUBOCTEH KOMIIO3UTY TIpU Temmeparypax pizanHs Ouisme 1200 °C
MPOTMOHYETHCS T0AaBaTH Iap OE30KCHJIHMX MIKPOBOJIOKOH Ha OCHOBI CHOJYK
SiCw Tta Si3gN4w, siKi XapaKTepu3yIOThCS BHITUMH MEXaHIYHUMHU BIACTHBOCTSIMHU
(MIKpOTBEpAOCTi, TPIMIMHOCTIMKOCTI, Ta BHIOI TEMIIEPATYpH MEPEKPHUCTATI3aIlii)
MpoTe MiAJAIOTBhCS XIMIYHIA B3aeMofii 3 00poOdoBaHMM MartepiaioMm. B
KIHIIEBOMY paxyHKy Oyze CTBOpEHO OararomiapoBuii komrno3uT Ha ocHoBi [IKHB
apMOBaHUI MIKpPOBOJIOKHAMHU OKCHIHUX Ta 0€3 OKCHJIHUX CHOJYK B SIKOMY KOXEH
nrap Oyje BUKOHYBATH MEBHI (PyHKIIT — 3MEHIIEHHS XIMIYHOT B3a€MO/IIi (OKCHUTH1
MIKpPOBOJIOKHA) Ta MiABUILIECHHS (HI3UKO-MEXaHIYHUX BJIACTUBOCTEH (O€30KCHIIHI
MIKpPOBOJIOKHA), BKa3aHa apXiTeKTypa Ta XIMIYHUH CKJaJd  KOMIIO3UTY
JIO3BOJIUTH 30UTBIINTH TPAHUII0 MIIHOCTI HA 3TWH, IO JIO3BOJUTH MPOBOAUTH
00poOKy B yMOBax JAMHAMIYHUX HABAaHTAKE€Hb OJHOYACHO 3a0€3MeUy0uH TOJIOBHY
nepeBary BL rpymu inctpymentiB 13 [IKHB — Bucoky criiikicTh 10 XiMI4HO1
B3a€MOJIIi 3 OOpOOJIOBAHUM MaTtepiajJoM Ipu 00poOIll MIMPOKOI HOMEHKJIATYpHU
Cy4acCHHUX MaTepialiB.

Bucnosku. B po6oTi mpencraBieHa KOHIEIMIIS CTBOPEHHS HOBOTO THITY
komno3utiB 13 [IKHB rpynu BL, mnomapoBo apMOBaHMX OKCHUIAHUMH
mikpoBosiokHamMu  Al,Osw, MQ,B,0Osw 1 3MeHIeHHs XiMidHOT B3aeMoOmii 3
00pOOIIFOBaHUM MaTtepiaioM Ta 0e30KCHIHUMHU MikpoBoslokHaMu SICW ta SizNsw
JUISL  TiABUIIEHHS — (PI3UKO-MEXAHIYHHUX  BJIACTUBOCTEH  KOMIO3UTY  IpHU
TemriepaTypax pizanng > 1200 °C, 1m0 q03BOJMTh CTBOPUTH PI3aJIbHI IHCTPYMEHTH
13 [IKHb rpynu BL 3 migBuiieHor CTIHKICTIO 0 XIMIYHOT B3a€MOIl 3
00poOIIOBaHUM MartepiaioM Ta BHCOKHUMH b13uK0-MeXaHIYHUMHU
XapaKTEPUCTUKAMU, IOCTATHIMU JIJIsl POBEJICHHS OOPOOKH B YMOBAaX JMHAMIYHHUX
HaBaHTaXXE€Hb HA MIBUAKOCTAX pizaHHA 10 200 M/XB.

JKEPEJIO ®IHAHCYBAHHSA

PobGoty BukoHaHo 3a ¢iHaHcoBoi miaTpuMku HaiioHansHO1 akagemii HayK
VYkpainn B pamkKax BHUKOHaHHS NpoekTy «Po3poOka Ta mociikeHHsS HOBHUX
KOMIIO3UTIB HA OCHOBI KYyOIYHOTO HITpUAY OOpYy [JIsi OCHAIICHHS pPI13ajJbHUX
1HCTPYMEHTIB, SIK1 3aCTOCOBYIOTHCS B YMOBAaX yJApHUX HABAHTAXKEHb» (I0TOBIp No
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JOCJILIKEHHA AKOCTI EJIEKTPOOCA/I’KEHHSA MIJIT HA
ITOBEPXHI BUPOBIB 3D-/IPYKY V¥ 3AJIEZKHOCTI BIJI MATEPIAJTY
YKPATHCHBKUX BUPOFHUKIB

Y pobomi sucsimneno npobiemy 2anib8aHiuHO20 e1eKMPOOCAONHCEHH MeMAie Ha 8UpodU
3D-0pyky. Poszensinymo 3aKopOoHHi pobomu, y SAKUX NOKA3AHO 60aii cnpobu GUKOHamu
0CAOMCEeHHsl [3 Memol CMBOPeHHs 6UpOoOI6 DISHOMAHIMHO20 NPUSHAYEHHS, HA Mamepianax
3aKOPOOHHUX 6UPOOHUKI6. Buseneno OJeghiyum awnanocivnux 0ocniodcenb Ha mamepianiax
VKPAIHCOKUX SUPOOHUKIE | NOCMABIEHO Memy GUSYUMU MOJNCIUBICIb BUKOHAMU 2ANb68AHIYHI
NOKpUmmsl 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, sSiki BUKOPUCTOBYIOTH JJII CTBOPEHHS JI€Tajedl y MOJIOJIOMY
HaMpsIMKy MamuHoOyayBaHHsT — 3D-nmpyii, MaroTh JOCUTh BHUCOKI MEXaHIYHI
XapaKTepUCTUKU. BOHU ayXe NMEepCHeKTUBHI NIl BUTOTOBIICHHS BIAMOBIIATIBHUX
JeTajgell MallliH, OJHAaK, Y HUX € HEJOJIK MOB’S3aHUU 3 XIMIYHOKO CTIMKICTIO,
CTIMKICTIO 10 yibTpadioieTy, a TaKOXK 30BHIIIHIA BUIIISA MIacTUKY. [ligBummTu
TaKl XapaKTepUCTUKU BUPOOY MOKHA MIJISXOM MOJAJIBIIOI 00OpOOKU Micis IPYKY,
HAlpUKJIaJ], HAHECTH  METaJlleBe€ TOKPUTTS Ha  TOBEPXHIO  METOJIOM
CICKTPOXIMIYHOTO OCAIHKCHHS.

OcHOBHOIO MTPOOIEMOIO €IEKTPOOCAKEHHSI MeTalliB Ha BUpoou 3 D-1pyKy —
BUCOKHM €JIEKTPUYHUM OIMip MaTepialiiB, SSKMM CHUIBHO HOT0 TaIbMy€ OCaJKEHHS
a00 1HO/I1 30BCIM YHEMOKJTUBITIOE.

VY bGaratbox poOoTax pO3MISIHYTO SIK HAHECTH MeTayeBe MOKpUTTA Ha 3D-
JPYK 31 PI3HOI METOI0: Y MEIUUMHCHKUX LIISAX, ISl BUTOTOBJIEHHS €JIEKTPOIIB
pi3HOr0 TMpHU3HAYEHHS, eleKTpoHiku. Y [1] aMepuKaHChKi  JAOCIHITHUKH
BUKOPUCTOBYBaTH JBoMarepiadbHuil 3D-apyk 13 TPOBIAHUM  KOMIIO3UTOM
PLA/Miai Ta 130JIIIHHOI0 HUTKOIO 3 aKpHJIOHITpHII-OyTamieH-ctupony (ABS) 3
HACTYITHUM CEJICKTUBHUM TaIbBaHIYHUM HAHECEHHSM MPOBITHUX JIOMEHIB IIapaMu
MIJI1 Ta HIKeJIo A1 cTBOpeHHs 3D-npykoBanux cxeM. ['pyna aBropis 13 Cinramypa
1 Yexii [2] B3suM CTpHIKHI, HaApyKoBaHi 3 koMmro3uty PLA/rpaden, 1 BukoHamu
cpibHe ranbBaHOTpadis 3 HACTYNHUM  BIJOUTIOBAHHSIM  XJIOPUAOM TSI
BUTOTOBJIEHHS 3D-npykoBaHux enektponaiB. Y [3] BuxkopuctoByBaiu 3D-apyk 3
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JIBOX MarepiajiB JAjs CTBOPEHHS ENEKTPOXIMIYHMX MPOTOYHUX KIITHH 3
iHTerpoBanuMu  enektpoaamu PLA/rpadeny, m01aTkoBO TajlbBaHI30BaHUMHU
30JI0TOM, IIO0 BHKOPUCTOBYETHCS IUISI €JIEKTPOXIMIYHOTO BUSBICHHS KaTEXOJIB.
Agtopu 13 bpazunii [4] B3sum aucku, 3D-HanpykoBani 3 komno3uty PLA/rpadesn,
1 MoamdikyBamu iX ImapamM# 30JI0Ta, TJIATHHW Ta TaNaIif0 IS BUTOTOBJICHHS
CIICKTPOJIIB I CJICKTPOOKUCIICHHS ThinepuHy. HemomaBHo y poGoti [5]
OImyOJTiKyBaM BCEOIUHE JOCTIIKCHHS TaJlbBaHIYHOTO TMOKPUTTA Migmio 3D-
JPYKOBaHUX 00’€KTiB, BUTOTOBJICHUX 13 KOMIO3UTHUX HUTOK PLA/mini, PLA/caxi
ta PLA/rpadeny. Kim Ta in. [5] HampykyBaau JiHIMHI CTPHIKHI 32 JOIOMOI'OIO
TPphOX HasBHMX y mnpoaaxy mnposimHux HUTOK (Electrifi, Black Magic 1 Proto-
Pasta), mo0 pgocaiauTH BIUIMB MaAiHHSA TIOTEHINIAly Ha  OJHOCTAITHE
eJIEKTPOOCaKeHHsT Mial. [lutomuit omip HaApPYKOBaHMX CHIAIB CTaHOBHUB
0,025 Om-c™m s Electrifi, 1,18 Om-cm g Black Magic 1 10,83 Owm-cm st Proto-
Pasta. Byyio HaHeceHO MiAb rajJbBaHIYHUM MOKPUTTSAM Ha CTPUIKEHb, M1J € THABIIN
ONIMH KIHElb CTPWXHIO (BKpUTOro Ag-MacTow) [0 JDKEpesia KUBJICHHS 1
3anypuBiy ciij B enekrpomit CuSO,4-H,SO, 11t BUKOHAHHS raibBAaHOCTATHYHOTO
CICKTPOOCAKCHHS Mi/Il.

[Tomi6Hux mocmipkeHs 13 MarepiagamMu s 3D-nIpyky  yKpaiHCBKHX
BUPOOHMKIB HE 3HANIEHO, OJHAK, KOMEpPLIMHO AOCTYyNHI Marepiaiv B YKpaiHi
TIEepIIT 3a BCE YKpaAiHCHKi. TakuM YMHOM, MeTa MOAAIBIINX JAOCTIIKEHD € TOIIYK,
3aKylKa 1 crpoOu eneKTpoocaKeHHsT Mial Ha BupoOax 3D-apyky ykpaiHChKHX
BUPOOHUKIB, HANIPHUKIIaJ, komianii 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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JOCJIIIZKEHHA MATHITOPE3OHAHCHOI'O TEXHOJIOI'TYHHOI'O
BIIJIMBY HA 3MIHU ATOMHO-MOJIEKYJIAPHOI'O PIBHSA
HEMETAJIEBUX MATEPIAJIIB

B pobomi npusooamuvca pesyrbmamu ekcnepumMenmanbHoi nepegipKu HAs8HOCMI 3MiH
AMOMHO-MONIEKYIAPHO2O DIBHS HeMemaneeux mamepianié (opeaniume CKIO | mMeKcmouim) 8
pe3yibmami MacHimope3oHancHoi 00podku. Iliomeeposcena eghekmuenicms BUKOPUCTIAHHS

MA2HIMHO20 NOJISL 8 POJIE PIBHOMIPHO20 NOMOKY OJIsl BNAUBY HA 0OPOONI08AHUL Mamepiail.

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.

Po3pobka eHepro- Ta pecypcos30epirarouumx TEXHOJIOTIM 3a paxyHOK
HAyKOMICTKMX 1 KOMOIHOBAaHHMX METOJIB OOpOOKM — 3amopyka CTIHKHX
KOHKYPEHTHUX MepeBar Ha PUHKY MalIMHOOYAIBHOI HPOAYKUII Ta ii YCHIIIHOT
koMmepiiamizamii. Ilepen mignpueMcTBaMU TOCTAa€ 3aBAaHHS 3HAXOMKCHHS
ONTUMAJIbHUX PIlIEHb HA CTUKY BHCOKMX BHMOT JIO eKCIUTyaTal[iiHuX
BJIACTUBOCTEH BHPOOIB 3 TOTpedaMH pecypco30epekeHHs. YCHilmHe HOoro
BUPIIIEHHS 0a3y€ThCsl HA KOMIUJIEKCHUX JIOCITIIPKEHHSX, MOB'SI3aHUX 13 pO3POOKOI0
1 3aCTOCYBaHHSIM Yy BHUPOOHMIITBI TEXHOJIOTIYHUX METOJIB, IO JO3BOJSIOTH
HiecnpsiMOBaHO (OPMYBAaTH CTPYKTYpY 13 3aJaHUMH  (PI3UKO-MEXaHIYHUMU
BJIACTUBOCTSIMU. 3HAYHA 4YacTHHA IIMX METOMAIB TOB'Si3aHa 13 3aCTOCYBaHHSIM
BIUIMBIB IIOJIIB P13HOT IPUPOIH.

JIocmiKeHHsT OCTaHHIX POKIB B 00JIaCTi MarHiTONMOJhOBHX BIUIMBIB [1-3]
NIATBEPAKYIOTh, 110 30BHIIIHI €HEPreTU4yHl MOJs MOXYTh Ha SKICHOMY piBHI
BIUIMBATH Ha CTPYKTYpy 1 MeEXaHI4HI BJIacTUBOCTI MatepianiB. HemoctaTHs
BHUBYCHICTh MEXaHI3MiB, M0 CYNPOBOMKYIOTH Tporiecu wmoaudikamii [4],

3YMOBITIO€ HEOOX1IHICTh MPOBEICHHS BIAMOBIIHUX JOCIIIKEHDb Y IbOMY HaIpsMi.
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MeTtoro aaHoi poOOTH € eKCIepUMEHTATbHE BHSBJICHHS HASBHOCTI 3MiH
aTOMHO-MOJICKYJISIPHOTO PIBHS MaTepialiB B pe3yJbTaTl Mar”iTOpe30HaHCHOI
00pOOKH.

JIist TpoBeneHHsST AOCTIIHPKCHHS BHKOPHUCTOBYBAjacsi EKCIEpPUMEHTAIbHA
ycTaHoBKa (puc.l, a), KOHCTPYKIIiSl 1 NpUHOMI [ii SKOI HACTymHI. 3pa3ok
BCTAHOBIIIOETHCS MK JIBOMAa HEOJMMOBHMH MarHitTamMu. Mix 3pa3koM 1 BepxHIM
MarHiTOM pO3TalllOBaHU CTPYMO3HIMAay: KOHTAKT MPOXOAMUTH IO M’ €30Kepamill,
HaHeceHIW Ha miakIaaky. LiIpHICTE KOHTaKTy 3a0e3MeuyeThesl MPUTHCKAHHAM
MarHiTHOO cwioto. IudpoBmit curran 6imoro mymy (bII) momaeTscs Ha BXif
migcwioBada Hu3bkux dactor ([THY) mortyxknictio 300 Bt. Ha Buxomi
nigkimoueHo pesuctop R=4 Owm. IlupoxocmMyroBuil CurHai, SKMM BHCTYIa€
B10Op0O30y/IKyBaveM, 3a JIOMOMOTOI0 KJIEMH MOAAETHCS Ha MAarHiT 6€3MOCEPEeIHbO Y
BUTJISIII  MOJAYJIHOBAHOTO IIMM CUTHAJIOM CTPyMy. 3ampolioHOBaHa cxeMma
€KCIIEpUMEHTAJIbHOI YCTAHOBKM peaji30BaHa Ha MPUKIIAIl 3pa3KiB 3 OpraHIgYHOro

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

Lmpymosima

KonubBarms MKkpoYacmuHok
// 3paska

G /7/-/9’/_?0[75/77/>

7
Jpazox / //

PUBHOMHUL MOZHITIHUL RO /

a)

\ Headumoly
MacHIL

CTpyMo3HIMaY

HeommoBi
MAarHiTH

Heommosl
MAarHITH

6)
Puc. 1 ExcnepyMeHTallbHa YCTAaHOBKA: a) IPUHIUIIOBA CXEMA,
0) mocaigHUIIbKA peai3allis Ha 3pa3Ky 3 OPraHigyHOTO CKIIA;

B) JOCIIAHUIIbKA pealli3allisi Ha 3pa3Ky 3 TEKCTOJITY
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O0pobka 3paska 3 oprckia TpuBaia mpoTsiroMm 30 XB, 3 TEKCTONITYy —
npotsiroM 40 xB. 3 iHTEepBaioM y 5 XB 3HIManocs 1o 10 BUMIpiB TBEpOCTI 3pa3Ka.

KoxeHn BuMip xapakTepu3ye TOUKY 3 MEBHOIO MMOBIPHICTIO pj, 110 BU3HA4YeHa 3a

dbopmymoro [5]:

p; =

HB.

y

10
Y HB,

=1

v 2Py =1

ne HBj; — 3HaueHHs TBEpAOCTI j-ro BUMIpY AJIS 1-TO IHTEpBaIy 4acy.

(1)

Jlami A KOKHOTO 1HTEpBally 4Yacy OOpOOKH pPO3paxoBaHO MOKa3HHUK

iHopmaruBHOCTI |; 32 popmyroro [5]:

10
Ii = JZ_:l(pU 'Iogz py)

()

[Toka3HUK eHTpOIMii pO3MIANAETHCA SIK TMOKa3HUK 1H()OpPMATUBHOCTI 3

npoTHIC)KHUM 3HakoMm. CepemHi

3HaA4YCHHA TBGpI[OCTi

3a 10 BuMipamu 1

pO3paxoBaHl 3HAUYECHHs 1HPOPMATHUBHOCTI JJI KOKHOTO 1HTEpBally 4acy 0OpoOKu

JUTSL 3pa3Ka 3 Oprekiia HaBeeHO B TaOnmil 1, 41 3pa3ka 3 TEKCTONITY — B TaOJIHUII

2.
Tabmuus 1  Pe3ynpraTé eKCHEPUMEHTAIBHOTO JIOCIHIDKEHHS (3pa3okK 3
OPTaHiYHOTO CKJIa)
Yact, xB 0 5 10 15 20 25 30
HB,¢p, MIla 156 173 180 191 180 185 183
| 3,3205 | 3,3210 | 3,3142 | 3,3217 | 3,3190 | 3,3218 | 3,3210

Tabmuus 2  Pesynbraté eKCIEPUMEHTAIBHOTO JOCTIDKEHHS (3pa3ok 3

TEKCTOJIITY)
Yac t,
0 5 10 15 20 25 30 35 40
XB
HBCCp1
176 183 193 198 198 195 179 172 172
MIla
I 3,3218 | 3,3216 | 3,3218 | 3,3219 | 3,3219 | 3,3217 | 3,3206 | 3,3213 | 3,3217
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Pesynbratu AocCHiKEHHS UTIOCTPYIOTh TpadiuHi 3aleXHOCTI TBEPIOCTI
(HB) Bix wacy oOpoOkwu (t) mms 3pa3ka 3 oprckia (puc.2, a) i 3pa3ka 3 TEKCTOJITY
(puc.2, 6) ta 3anexnocti iHpopmaTuBHOCTI (I) Big yacy oOpoOku (t) anis 3paska 3

oprckia (puc.2, B) i 3pa3ka 3 TEKCTOJITY (pHUC.2, T).

250
150
100
HB, HB, 50
MIa 0 MMa 0
0O 5 10 15 20 25 30 0 5 10152025303540
t, xB t, xB
—a&— HBcep — & —HBmin —a&— HBcep - ® = HBmin
- @ — HBmax - ® - HBmax
a) 0)
3,324 3,322
3,322
3,32 3,3215
| 3,318 I
3,316 3,321
3,314
3,312 3,3205
0O 5 10 15 20 25 30 0 5 1015 2025303540
t, xB8 t, xB8
B) r)

Puc. 2 I'padiuni 3anexHocTi: a) 3anexuicte HB=f(t) ms 3paska 3 oprckia;
0) 3anexxuictb HB=f(t) nns 3paska 3 Tekcromiry; B) 3anexHicts |=f(t) mns 3paska 3
oprekia; r) 3anexHicts 1=f(t) m1st 3paska 3 TekcTomiTy

MiHiMyM €HTpoOMii BIANOBIIa€ MAaKCUMAJIbHOMY 3HAYEHHIO TBEPJOCTI,
JOCSTHYTOMY Ha 15-# XBUIMHI OOPOOKH.

BHUCHOBKHA
B pesyabTari  mpoBEAEHOTO  JIOCHIPKEHHS  MIATBEP/KEHO  BIUIMB
MarHiTOpe30HaHCHOi O0OpOOKM Ha 3MIHM  ATOMHO-MOJIEKYJISIPHOTO  PiBHSA
MmatepianiB. [Iporec 3MilHEHHS CYNIPOBOIKYETHCS CHaJaHHIM €HTPOIMIl — 3pocTae
BIIOPSIKOBAHICTh 00’€KTa BHACHIAOK YNOPSAKYBAHHS JIOMEHIB, YIIUIbHEHHS
JTUCITOKALIIH.
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Pesynbratu €KCIIEpUMEHTAIILHOTO JTOCITIJKEHHS M ITBEPIKYIOTh
e()EeKTUBHICTh BUKOPHUCTAHHS MArHITHOTO TOJISI B POJII PIBHOMIPHOTO MOTOKY JIJIst
BIUTMBY Ha OOpoONIOBaHWN Marepiay, O[O0 JJO3BOJSE 3HAYHO PO3LIHMPUTH
TEXHOJIOTIYHI MOXJIMBOCTI KOMOIHOBaHOi 00’€éMHOI OOpOOKH Ta OKpEeCIIoe
MEPCIIEKTHBH  CTOCOBHO  MOXJIMBOCTI ~ OTPUMaHHS  3aJJaHOTO  KOMIUICKCY
EKCIUTyaTallliHUX XapaKTePUCTHUK, KEPyBaHHsS 30BHINIHIMH 1 BHYTPIIIHIMU
BJIACTUBOCTSIMU BUPOOIB — HE JIUIIIE METAJIEBUX, a 1 OyAb-SIKUX THIIUX.
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METO/I IHXKEHEPII IOBEPXHI HA OCHOBI JE®OPMYIOUYOI'O
HNPOTAI'YBAHHSA

Pozenanymo nanpamox poseumky memoois iHoiceHepii nosepxui Oemaneu MawiuH —
cmeopeHHs 2ibpuOHUX mexHono2il. Bukopucmanns maxkux mexuono2ii 0038018€ NOEOHY8AmMuU
nepesazu pisHUX Memoois, 8 Momy YUcii MoOughikayii noeepxHi ma HAHeCeHHs NOKPUMMIE 3
OinbUL BUCOKUMU eKCnyamayiunum enacmusocmamu Odemaneu. Ha npuxnadi obpodxu 2ines3
yunindpis /[B3 doseoena epexmusricms 3anponono8anol 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.

HamnpsiMkoM cy4acHOro MammHOOYAyBaHHS, 1110 BMILIY€E€ PO3BUTOK B1JIOMHUX
1 CTBOPEHHS HOBHMX TEXHOJIOTIM BIUIMBY Ha IIOBEpXHEBUU IIap Jerail, €
VOpPaBIIHHSA 1X CKJIaJ0M, CTPYKTYpPOIO 1 BIACTHUBOCTSIMH, SIK€ OTPUMAJO
BU3HAYCHHS «IHXKEHEPIsl MOBEPXHI JeTaneit mammny [1].

Ha croroaui BijioMi Oisibllie ABOXCOT METOAIB 1HXKEHEpii [2], Kl TOIIIBHO
KJacu(ikyBaTH TaKUM YHMHOM: HAHECEHHS MOKPUTTIB, MOJU(DIKyBaHHS
MOBEPXHEBOTO IIapy, TEXHOJOTIYHI 1 KOMOiHOBaHI1 (r10puaHi) Metoau. [Ipu nbomy
O0COOJIMBY yBary JOCHIIHMKIB 3aCIyrOBYIOTh pPIi3HI TEXHOJIOTII HaHECEHHS
nokpuTTiB. lle moB’s3aHe 3 TUM, IO 3 TOYKH 30py MIABUIICHHS HAAIMHOCTI 1
pecypcy HeoOXiaHO, 00 KOKHA JIeTallb HEe3aJIeXKHO Bl MaTepialy BUTOTOBJICHHS
Maja 3aXMCHE TOKPHUTTS BIAMOBIJHO 10 CBOTO MPSMOTO MPHU3HAYEHHS Ta YMOB
excrutyararii [3]. Matoun psig nepeBar (ToBuuHy 0,005+5 MM; BUCOKHI PIBEHb
(b13MKO-MEXaHIYHUX BIACTUBOCTEN; PO3pOOJIEHI YCTaTKyBaHHS 1 TEXHOJOTIYHE
OCHAILIEHHS), TIOKPUTTSI BCE X HEAOCTATHbO HAAIMHO YTPUMYIOTHCS Ha OCHOBI,
BUMAararoTh (IHIIIHOI MEXaHIYHOi OOpOOKH, CTBOPIOIOTH BEJIMKUN TPATIEHT
IIKIJIMBUX 3aJIMIIKOBUX HampyxeHb. MeTtonu uucToBoi ((iHIIIHOI) 00poOKHU
JeTaneil XoJoAHUM TutacTudHuM jaedopmyBanHaM (XII[I) B mpoMy IiaHi MaroTh
ICTOTHI TilepeBaru, a came: 3a0e3MeuyloTh CHPHUSTIUBUN  MIKPOPEIHED
00poOI0BaHOI MOBEPXHI, 3MIIIHEHHSI TOBEPXHEBOTO IIAPY 1, SIK HACIIJIOK, BUCOKI
eKCILTyaTalliitHl BIaCTUBOCTI.

be3ymMoBHO, 1110 KOKEH TEXHOJOTIYHUN METO/IB BIUIMBAE HA EKCIUTyaTalliifHi
BJIACTUBOCTI TIOBEPXOHB JCTaJICH MAIlIMH Yepe3 KOMIUIEKC TEOMETPUIHUX 1 (Pi3UKO-
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MEXaHIYHUX XapaKTePUCTHK MOBEPXHi, B MEpIIy Yepry, TOYHICTb, HIOPCTKICTH,
ONOpHY  IUIONIY, MIKpOpenbed, Makpopenbed, MOPUCTICTh, TBEPIICTb,
MIKpOTBEP/ICTh, 3aJUIIKOBE HANPYKEHHS, MIKPOCTPYKTYpPY, TEKCTYpY, aare3iiHi
BJIACTUBOCTI, MIITHICTb 3UEIJICHHS 3 OCHOBOIO, PECYPC BUKOPUCTAHOT TNIACTUYHOCTI
Ta 1H. Y 3B'I3KYy 3 IIUM HAMOUIbII €PEeKTHUBHUM MPOIECOM 1HXKEHEpIi MOBEPXOHb
JeTaliel MallMH, $K B OCHOBHOMY, Tak 1 Ha BTOPHHHOMY (PEMOHTHO-
BITHOBJIIOBAIbHOMY) BHUpPOOHMIITBI, € TiOpuaHi TexHozorii. ['iOpuani mertomu
MPUITYCKAIOTh OTPUMaHHS HOBOTO e(eKkTy Bija Jii Ha JeTayb JBoMa abo OuIbIe
PI3HOPITHUMH TPOLIECaMHU, 1110 HAJIEKATh JI0 OJHIET a00 PI3HUM rpymnaM iHxKeHepili
noBepxHi [4].

OpHuM 3 IPUKIIAIIB BUKOPUCTAHHS T1OpUIHUX METOIB 1HXKEHEpii MOBEpXHI
€ pO3poOJIeHUI TEXHOJIOTIYHUI mpoiec OOpoOKH Tiib3 IMIIHAPIB JIBUTYHIB
BHYTPIIIHBOIO 3TOpaHHS 3 BUKOpucTaHHsM Meroay XIIJI — nedopmyrodoro
NpPOTATYBAaHHA 1 HAHECEHHS TMOKPUTTIB —  (IHIMHOI  aHTUGPUKIIHHOT
6e3abpaszuBHoi 00pooku (DABO) [5].

[Hoennanns XIIJ 1 ®ABO no3BosuB po3poOUTH €(EKTUBHUN BapiaHT
TEXHOJIOTTYHOTO TpoLecy 0OpoOKK BHYTPIIIHbOI MOBEPXHI T'ib3U HMumHApiB JIB3
13 ciporo MoAM(phiKOBAaHOT'O YABYHY.

[TopiBHsAHHA (I3UKO-MEXaHIYHUX XapaKTEPUCTUK TOBEPXHEBOIO IIapy,
o0poOyieHNX 3a 0a30BOI0 TEXHOJIOTIEID (PO3TOUEHHSI 1 XOHIHTYBaHHA) Ta 3
BUKOPUCTaHHAM TiOpuau3aiii MeroaiB (mpotsaryBanHs 1 ®ABO) noka3ano BeIukKy
PI3HUINIO MK HUMHU (puc.l).
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Puc.1. Po3noais TBepAOCTI 32 TOBIIMHOK CTIHKHU T'ib3W LMIiHAPIB J(B3 npu
00poO11i: a — 3 BUKOPUCTAHHSAM NPUHLMIIB T10pHUIn3alii (e — miciasi NpoTAryBaHHs; A
— micnst npoTsaryBadHas 1 @DABO); 6 — 3a 6a30BUM TEXHOJIOTTYHUM MPOIIECcOM [5]

JlocImiKEHHST TEOMETPUYHUX XapaKTEPUCTHK TTOBEPXHEBOTO IIapy, a TAKOXK
iXx 3MiHM B Tpoleci OOKaTKM 1 eKCIUTyaTallii TaKoXX TOKa3alio IepeBary
KOMOIHOBAHOT TE€XHOJIOTIi: OTpUMaHUN MIKpOpesibed MoBEepxHEBOTO mapy (puc.2)
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sBIIsi€ cOO0I0 OMOPHI TUIOLIAKH, SIKI YEPTYIOThCS 13 BHAJAMHAMU, 110 BUKOHYIOTH
pOJIb 3MaNIyBaJbHUX PE3EPBYapiB MPU €KCILTyaTalli.
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Puc.2. Tlpodinorpamu MikpoHepiBHOCTEH poOovoi moBepxHi Tuib3u JIB3
nicist oOpoOkH: a) 3a 6a30BUM TexHOIOTiYHUM Tporiecom; 0) XITJ] + ®DABO [5]

AHani3 TEXHIKO-€KOHOMIYHHUX pPO3paxyHKIB IOKa3aB, L0 BUKOPHUCTaHHS
TEXHOJIOTIYHOTO TPOLECY Ha OCHOBI TriOpuan3alii METOJIB IHXKEHEpli MOBEPXHI
JI03BOJIMB 30UIBIIMTH MNPOAYKTHUBHICTH OOpOOKM OTBOpY 10 4 pa3iB, 3HU3UTU
BUTPATU Ha IHCTPYMEHT B 3 pa3u, W0 NPU3BOAUTH IO 3HUKEHHSA COOIBApTOCTI
BIJIHOBJICHHS TUIb3U NpUOIU3HO B 4 paszu. PO3riasHyTHI TEXHOJIOTTYHMIA MpOIEC
3a0be3reuye OTpPUMaHHS poOOOUYOi MOBEPXHI TIIB3U 3 MOJIMIICHUMHU (I3UKO-
MEXaHIYHUMHU 1 TPUOOJOTTYHUMH XapaKTEPUCTHKAMU 1 IOPCTKICTIO, OJIM3bKOIO 110
eKCIUTyaTaIiifHoi.
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YK 621.9.02
Hapniu IL.B., Kingenko M. 1. (Vkpaina, m. Kpamamopcwok, [{/[MA)

®I3UYHA CYTHICTH IIPOLIECY MATHITHOI OBPOBKH

Haoana poboma npucesuena O00cCniodceHHI0 NUMAaHb NOG'A3AHUX 3 NIOBUUJEHHAM
eKCNIyamayitiHux — 81acmueocmell  [HCMPYMEHMI8 3  WBUOKOPI3ANbHUX CMANel  UWASAXOM
MACHIMHO-IMNYILCHOI 0OPOOKU, WO Npeocmasnae cobol0 NOEOHAHHS eNeKMPOMACHIMHO20 |
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 npanumit yac B TeopeTMuHHX poOOTaX 1 MpaKTUIl MAIIMHOOYTyBaHHS
OTPUMYIOTh PO3BUTOK MHUTAHHS, TOB'SI3aHI 3 TEXHOJOTIYHUM 3MII[HEHHSIM
MOBEPXHEBUX IIAPIB IHCTPYMEHTY 1 3MIHOIO iX BIACTUBOCTEH B MOTPIOHOMY
Hanpsmi [1].

OnHuM 13 OCHOBHUX HAIpsMKiB ()13MYHOI TEXHOJIOTIT Ha Cy4YacHOMY €Tarll B
0o0JacTi MIABUIICHHS CTIMKOCTI OCBHOBOTO I1HCTPYMEHTY € MarHiTHa oOpoOka
IIBUJIKOPI3aJIbHUX CTalei[2].

AHali3 JiTepaTypHHX JaHUX TIPO OCOOJMBOCTI Ta (PI3UUHY CYTHICTH
MPOLIECY MAarHiTHOI OOpOOKM TOKa3ye, 10 MarHiTHO-IMIyJbCHa OOpoOKa sBII€
cO00I0 TMOEIHAHHS  EJIEKTPOMArHITHOTO Ta TEPMOJIMHAMIYHOTO  CIIOCOOIB
yIPaBIiHHS HEPIBHOBAXKHOIO CTPYKTYPOIO PEYOBHUHH [3].

Pa3oM 3 TUM MOKU 111e HEMAE 1 €IMHOTO, BCEOIUYHO MIATBEPAKEHOTO MOTJISAY
Ha TPUYMHH, 10 BUKIMKAIOTH 3MIHY €KCIUTyaTallMHHMX BJIACTUBOCTEH PIKY4dOro
IHCTPYMEHTY B PE3YJIbTATi BIUIMBY IMITYJILCHOTO MarHiTHOTO MOJISI.

Meroto pobotu € Ha 0a3i BIIOMUX TEOPETHUYHMX YSBIICHb MPOAHAII3yBaTH
NPUYUHM M1JIBUILIEHHS CTIMKOCTI 1HCTPYMEHTY B PE3yJIbTaTl BIUIMBY MAarHIiTHOTO
OIS

[IpoOnemMa BIIOCKOHAJIEHHSI TEXHOJOTIYHUX MPOIECIB MEXaHIYHOI OOpOOKH
JeTanel OCbOBUM I1HCTPYMEHTOM 3 IIBUIKOPI3AIBbHOI CTaidi, 10 3a0e3MeuyroTh
BHUCOKY MPOJYKTUBHICTh, MIHIMAJIbHY COOIBapTiCTh, BHUCOKY TOYHICTb, 3a/aHy
AKICTh Ta KCIUTyaTalllifH1 BJACTUBOCTI JIeTaliel MallllH, € Ty>Ke aKTyaJbHOIO.

[TominiieHHss BiIacTUBOCTEH y (epoMarHiTHUX JeTaneil, [Ki NpOoHIUIH
MarHiTHO-IMIyJIbCHY 00poOKy (MIO) nocsraeThcsi 3a paxyHOK CHPSMOBaHOT
OpieHTaIlli BITBHUX EJEKTPOHIB PEYOBUHH 3OBHINIHIM IOJIEM, BHACIIAOK YOTO
30UTBIITY€ETHCS TEIJIO- 1 €JEKTPOIPOBIAHICTE MaTepiany. B3aeMopis iMIyIbCHOTO
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Mar"iTHOTO TOJS 3 JAETaUII0 3 CTPYMONIPOBITHOTO MaTepiany BinOyBa€TbCs TUM
IHTEHCHUBHIIIIE, YMM BHILE CTPYKTYpHA 1 eHEPTeTUYHA HEOAHOPIIHICTh PEYOBUHH.

Enepretnunuii craH (QepomMarHeTMKa BH3HAYAETHCA CHEPIETUYHOIO 1
KBaHTOBOIO B3a€MOJIIE€I0 MAarHITHUX MOMEHTIB BCIX 30BHIIIIHIX €JIEKTPOHIB aTOMIB
PEUOBHMHH, 1110 YTBOPIOIOTH KOHKPETHY JI€TalIb.

MosxHa BU3HAYUTH €HEPreTUYHUM CTaH @ KOHKPETHOTO aromMa METaly 3
ypaxyBaHHSIM Horo 30y/UKEHHS 30BHINIHIM MAarHITHUM TOJIeM 3a TaKolo
3aJICKHICTIO

@ =(x,y,z,t)-S(L)-Ps. (1)

ne D(x,y,2,1) _ SHEpPreTUYHUI CTaH MaTepially Macoro M mpu o0 00’emi V;

S(L) _ HE PIBHOBAKHUU CTaH aTOMIB PEUYOBUHH, 3[JaTHUX 3MIHIOBATH HOTrO
M1J] €0 30BHIIIHBOTO MArHiTHOTO MOJIsl CEPEAHBOT HAMIPYKEHOCTI;

Ps=xh/2 _ XapaKTEPHU3y€e MAarHITHY €HEePrito LHUX aToMiB [9].

[Ipu BUTOTOBJIEHHI peanbHUX JeTaled y Marepiaii HEpIBHOMIPHO
KOHIICHTPYETHCS JIesiKa KUIbKICTh HAJJIUIIKOBOI eHeprii F, 31 301IbIIEeHHAM SKOi
3pocTae HMOBIpHICTh pyiHYBaHHS jneTan P

3actocoByroun MIO, MoOXHAa 3HAYHO 3MEHUIUTH HAJJIMIIKOBY E€HEPIik0
Matepiaiy, MoB's13aHy 3 KOHIIEHTPALI€0 BHYTPIIIHIX 1 TOBEPXHEBUX HANpPYKEHb B
KOHKPETHIN JeTal, 1 3HU3UTU J0 MIHIMYMY HMOBIPHICTb ii TOJIOMKH.

JIns 3MeHIIeHHs 3HAauyeHHs I B Marepiami KOHKPETHOTO iHCTPYMEHTY

HEOOXIJTHO 3aTPaTUTH JESAKY KUIbKICTh €JIEKTPOMArHITHOI €Heprii WO, SIKa MOXKE
OyTH BU3HAYCHA 3 PIBHSHHSA:

W, =K, - K, [[[ mdm-V, -V, - " - dg
e , (2)

ae Ky KO€(]IIIEHT, [0 BPaXOBY€ BIUIUB KOHLEHTpAL[ll OBEPXHEBUX 1

BHYTPIIIHIX HANpyXe€Hb Ha CTIMKICTh 1HCTPYMEHTY: KOE(DILIEHT MOB'A3aHUN 3
KOHCTPYIOBAaHHSIM 1 TEXHOJIOTI€I0 BUTOTOBJICHHS AeTani. s cTaapHUX Jeranei

Ki=1,5...2,5;
Kz _ Koe(dilieHT, o BpaxoBye BTpaTu eHeprii npu MIO nerani.
K2=3,0. ..5,5 s yecranoBku MIVYPI [64];

¢ _ dbyHKLIs, 10 BigoOpakae Pi3uKo-MexaHI4H1 BJACTUBOCTI MaTepiaiy;
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N — moKa3HWK, IO BpPaxoBye HAAIWHICTH merani. J[is craapbHUX neranew,
MPALIOIYHX MPU CTATUCTUYHUX HAaBaHTa)XeHHAX, N=2.

Enepriss MarHiTHOro mojsi, IO PO3BUBAETHCS COJIEHOINAaMU MAarHiTHO-
IMITYJIbCHUX YCTaHOBOK, BU3HAYAETHCS:

W:KZ-(BH)-V’ 3)

e K2 _ Koe(dillieHT, o BpaxoBye BTpaTu eHeprii npu MIO;

B — marniTHa 1HyKIIis B costeHoimi, Tit;

H — HampyXeHICTh MarHiTHOTO MO, A/M;

V — 006'eM pocTOpY, A€ KOHLEHTPYETHCS MarHITHE 1MoJie, M3.

[Tpu MIO 3a yac iMIyJIbCy B COJICHOI/Il YCTAHOBKU BUALISAETHCS €HEPris Wo
MarHiTHOTO TIOJIS, IKa PO3MOIUIIETHCS B OCHOBHOMY HACTYITHUM YHHOM:

W, =K, '(Wl +W2) 4)

K .. .
ne % — KoeQIieHT HEBPaXOBAaHWX BTpAT EHEPTii, IO 3aJICKUTH BiJ
B3a€MOIHIYKIIIT TIOJISI IeTalll 3 TI0JIEM COJICHOI/Ia;

Wi _ €HEpris, U0 BUTPAYAEThCS HA HAMarHiuyBaHHA aetani, Jx;
W2 _ EHepris, 10 BUTPAYAE€ThCS HA JIOKAJbHUM HarpiB aeraini, [[x.

Enepris Wl, 10 BUTPAYAETHCA HA HaMar"iuyBaHHs JAeTalli, MPOMOpIliiHA
BEJIMUMHI HAaMarHiyeHocTi M 1 3aJIeKUTh B1J BIACTUBOCTEHN MaTepiay:

W =K3-V
17737 ¥, ()
ne Ks _ Koe(DiIieHT, MO BPaxOBYE €JICKTPOMATHITHI BJIACTUBOCTI
Marepiaiy.

JIns KOXKHOi CTajdl ICHy€ TMEBHA BEIMYMHA HAMPYXKEHOCTI IMITYJIBCHOTO

MarHiTHOTO TIOJIS, & OTXKE, 1 BEJIMYMHA MAarHiTHOI eHeprii Wl, sIKa TIOTJIMHAETHCS
MaTepialloM HPOTAroM yacy o6poOku ! i MakcHManbHO MoKpaltye Horo MexaHiuHi
Ta TEXHOJOTIYHI BIACTUBOCTI. [IpMyoMy MiX MIJBHMILEHHAM CTIAKOCTI AeTam 1
MarHiTHOI TPOHUKHICTIO ICHY€ KOpeJsiiiiHa 3aJeKHICTh. IMIyJIbCHE MarHiTHE
10JIe, B3aEMOJIIFOYH 3 MaTepiajioM JieTaji, 3MIHIOE 11 TEIUIOBI Ta €JIeKTPOMAarHiTHI
BJIACTHBOCTI, TIOKpally€e CTPYKTYypy 1 eKCIUTyaTalliiiHi XapakTepUCTUKH, IO
MOKJIaJICHO B OCHOBY TE€XHOJIOT1i MarHiTHOTO 3MIITHEHHS.
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[Ipu marHiTHIA 00pOOII meTani BHACTIIOK HEOAHOPITHOI KPUCTATIYHOI
CTPYKTYpU B Hili BUHUKAIOTh BHXPOBI CTpyMU. BHUXpPOBi cTpyMu 0OyMOBIIOIOTH
MarHiTHe IOoJie 1 JIOKaJbHI MIKpOBIXpi, SIKI B CBOIO Yepry, HarpiBaioTh IUISHKA
HABKOJIO KPUCTAIITIB HANIPY>KEHUX OJIOKIB 1 HEOAHOPITHOCTEH CTPYKTYpPH METaIy.
Y wMicusgx KOHIIEHTpalli 3aJMIIKOBUX a00 BTOMHHUX Hampyr, TMOB'S3aHUX 3
TEXHOJIOT1€I0 BUPOOHHIITBA, 0OpOOKHM a00 eKCIuTyaTallii AeTaji TeIioTa, HaBeIeHa
npu MIO BHUXpOBUMH CTpyMaMH, YacTKOBO 3MEHIIYE HAAJUIIKOBY EHEPIriio
CKJIaJIOBUX KPHUCTAIITIB 1 3€peH CTPYKTYpH 3pa3ka OCOOJHMBO B 30HI KOHTAKTY
HaIpPY>KEHUX IUISTHOK.

OnHOYacHO 3 TEIUIOBUMHM IMPOIECAMU 33 PaXyHOK IMITYJIbCHOTO MarHiTHOTO
noJjisi B MeTalli BiAOYBAa€ThCsl MOJISIPHA OpIEHTALll CIIHIB EJIEKTPOHIB aTOMIB,
pO3TalIoBaHUX B 00JaCTi KOHTAKTy KPHUCTAJITIB 1 3€peH CIUIaBiB, BHACHIIOK YOTO
MOTINIITYIOTHCS MEXaH1YH1 BIACTUBOCTI MaTepiay.

JIist  3aBepIIeHHs BHYTPIIIHIX IMPOIIECIB, TMOB'SI3aHUX 3 PO3CIFOBAHHAM
€JICKTPOMArHiTHOI €Heprii B Marepiali Jerainl HeoOxigHuih wac T, sxkui
3MIHIOETRCS BIJ 5 710 24 TOAUH.

Yac BUTPUMKHM I1HCTPYMEHTY 31 MIBHJAKOp13ayibHOI ctam micas MIO B
CIOKIHHOMY CTaH1 BU3HAYAETHCS M0 EMIIIPUYHOMY PiBHSIHHIO:

r_Kd K m
H ‘I Kd) Vm, (6)
ne K — koedimient, mo 3amexuTh BiA BIACTHBOCTEH MaTepiamy
1HCTPYMEHTY;

M — maca IHCTPYMEHTY, FpaM.;
H — Hanpy>XeHICTh MOJIsi COJICHOIIa YCTaHOBKH, KA/M;
Vi _

d/I

00'eM MeTay iIHCTpYMEHTY, CM3;

— BIJJHOILICHHS JIIaMETPy 1HCTPYMEHTA 10 HOTO AOBKUHU;

Km/ Ko _ BIJIHOIIIEHHSI MAarHITHOI MPOHUKHOCTI MaTepiany 1HCTPYMEHTY
JIO MarHiTHOI IPOHUKHOCTI (hEepUTYy.

VY CBITNII PO3IJSHYTHX BHUUIIE YSABIEHb MPO (DI3UYHY CYTHICTH MPOLECY
MarHiTHOI OOpOOKH JeTajneil MO)KHa 3pOOMTH BUCHOBOK, o MIO sBise coboro
KOMITJIEKCHUM BIUITMB Ha Marepiajdl MarHiTOCTPUKIIMHUX IMPOIECIB 1 MEXaHIYHUX
nedopmarliii, TEIIOBUX 1 €JIEKTPOMATHITHUX BUXPOBUX MOTOKIB, JIOKAJI30BaHUX B
MICIISIX ~KOHIIEHTpAIlli MAarHiTHOTO TIOTOKY, a TaKOX CHCTEMYy IPOIIECIB,
HaIPaBJICHO OPIEHTYIOUUX «CHIH-XapaKTEPUCTUKI» 30BHIIIHIX €JIEKTPOHIB aTOMIB
METajJiB MPUKOPAOHHOI 30HU KOHTakTy 3epeH. B munomy MIO nependauae
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MOEJHAHHS €JEKTPOMArHiTHOTO 1 TEPMOAMHAMIYHOTO CHOCOOIB yMpaBIiHHS HE
PIBHOBa)KHOIO CTPYKTYPOIO PEYOBHHH.

Opuaum 3 HenonikiB MIO € Taki gaxTopu, sk c1a0kuii BIUIMB HA MaTepialy,
[0 MarpTh IMOMEPEIHbO IMOJIMNIIeHy (I3MUHY CTPYKTYPy 1 TEXHOJOTIUHY
CTaO1IbHICTb, MOB'I3aHY 3 MPOIIECOM BUTOTOBJICHHS JCTaJl.
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YK 622.673:[531.391+539.4]
Onumenko C.B., Koaocos [A.JI. (Vkpaina, m. /[ninpo, HTY «/[11»)

METOJAHUKA PO3PAXYHKY I'OJIOBHOI'O I'YMOTPOCOBOI'O
KAHATA 3A YMOB EKCIVIYATAIII B HIAXTHUX CTOBBYPAX 3
IHOPYHMEHOIO 'TEOMETPI€IO

Po3pobneno memoouxy po3paxyHky niocko2co 2ymompoco8020 KAHAmMa 3 Ypaxye8aHHAM
BNAUBY 1020 NO3AYECHMPOBO2O POMAZY MA NOWKOONCEHH MPOcosoi ocHosu. Pospobneno
MeXHIUHI 8UMOeU 00 KOHCMPYKYIi NAOCKUX 2YMOMPOCOBUX KAHAMIE Ma HOPMU IXHbO2O
8i00paAK0BYBaAHHS Ol BUNAOKY BUKOPUCMAHHA Y CMOBOYPAX 3 BIOXUNEHHAMU HANPAMHUX 810
NPOEKMHO20 CIAH).

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.

[TocTanoBka 3amaul JOCHIIKEHHS. ['yMOTpOCOBI KaHATH BUTOTOBJISIOTH 3
OKpEMHX NapaiebHO YKJIaJeHUX Ta 3allPECOBAHUX B I'yMOBY 00OJIOHKY TpOCiB. IX
BUKOPUCTOBYIOTh B MIJIWOMHUX MaiiMHax. BHacmigok 3HOCYy oOJagHaHHS
HaIpsIMHI MAHOMHOT YCTAaHOBKA MOXKYTh BUKPHBIISTHCS, TPOCU PYHHYBaTHCS —
po3puBaTucsi. BUKpUBIEHHS HanpsMHUX NOPU3BOAUTH JO TMO3AIEHTPOBOIO
pPO3TATHEHHS Tpoca. BCTaHOBICHHS OCHOBHHX €KCIUTyaTaI[iIHHUX IapaMeTpiB
HaIpy>KeHO-1e(OPMOBAHOTO CTaHy ILIOCKOTO T'YMOTPOCOBOTO KaHaTa BUKOHAHO B
poborax [1-4], mpore 3amauy po3pOOKM METOJHMKH PO3PaXyHKy ILIOCKOTO
TYMOTPOCOBOTO KaHaTa 3 ypaxyBaHHIM BIUTUBY MOTO MO3aIlEHTPOBOTO PO3TATY Ta
MIOIIKO/DKEHHST TPOCOBOI OCHOBH ISl BUIIQJIKy BUKOPHUCTAaHHS y CTOBOypax 3
BIIXUJICHHSIMU HAIIPSIMHUX B1J] TPOEKTHOTO CTaHy, PO3B’A3aHO HE OYJIO.

Metoro naHoi poOOTH € po3poOKa METOIMKH PO3PAaxXyHKY IJIOCKOTO
TYMOTPOCOBOTO KaHaTa 3 ypaxXyBaHHSM BIUIMBY WOTO TMO3aI[EHTPOBOIO PO3TATY Ta
MOIIKO/KEHHSI TPOCOBOI OCHOBM 3a YMOBHM €KCIUTyaTalli y CcTOBOypax 3
MOPYIICHO TeMeTpiero. MeTouka npru3HadeHa JijIsl BA3HAYCHHS BTPATH MIITHOCTI
KaHaTa, 3yMOBJICHOT BKa3aHUMU YHHHUKAMHU.

VY BuUmajKy BiICYTHOCTI BUKPHUBIIEHb KaHaTa, PO3PUBIB MOTO TPOCIB, CHIIA
pO3TATY KaHaTa MPAKTUYHO PIBHOMIPHO PO3MOIICHA TOMIXK yCiMa HOro TPOCaMHU.
3CcyB BEKTOpa HAaBAaHTAKCHHS KaHATa HAa BEMMYMHY A B HOTO IUTOIIMHI TPU3BOIUTH
JI0 3MIHHOTO B3/I0OBXK KaHarta (OCl X) HACTYNMHOrO PO3MOJLTY CHJI PO3TATY MOro
TpociB 3 po3mipamu 1<i <M [1]

(el3 X, P X)cos( ™ )B

M +1 +£
(eB L_ePLl_op L)W M’

pi=E FA (1)
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2
b b C
ne L — momxkuna kanata; B=,-——+,[| — | ——;
a 2 a a

2
cos(n M j—cos( & ij(d +1) M
wo_ M+l M+1) t ;a:4E2FIt2cos(n j(lvl ~1);

(ZE | (M -1)p? +Gth(d +t)2jB M+1
o ol 24

R MO S T

b — toBmmHa kanata; d — miamerp Tpoca; t — BiACTaHb IMOMIX Tpocamu, F —
Ioia nepepizy Tpoca; £ — npuBeAeHU MOyJb MPY>KHOCTI Matepiainy Tpoca; G —
MOJYJIb 3CYBY TYMHU; / — MOMEHT 1HEpIIii epepi3zy Tpoca.

3anexHicTh (1) 103BOJISIE BCTAHOBUTH HaBaHTa)KEHHsI OY/Ib-SIKOTO Tpoca Ha
BIJICTaHI X BiJ THepepidy MiABimIyBaHHS (Oapa®aHa), BIANOBIAHO BU3HAYUTHU
pO3M0AUTM KOe(DILiEHTIB KOHUEHTpALll HAapYEHb B3/10BXK TPOCIB

B X, P X ( 7T j
e” "t +e COS B
_EFAM( ) M+1)"  p(L=%)

3ieH.d — _

P (eBL—eBL—zsL)W P
Jie p — IUTOMA Maca KaHata; P — po3paXyHKOBE HaBaHTaKECHHS.
be3 ypaxyBanHsi Macu KaHaTa, HalOUIbllle HABAaHTAXCHUM KpaliHId TpoC B

nepepizsi x=L. KoediieHT KOHUEHTpallii HamnpyXeHb B I[bOMY BHUIAJKY
BU3HAUYAETHCS 3JIEKHICTIO

BL, -BL n M
. CEFAM (e +e )COS(M +1)B+1
3ien.max — P (eB l—_e_B L _2 B L)W .

K , (2)

B mnpoueci ekcruryaTtanii MOXJIMBUNA PO3PUB Oylb-SIKOTO Tpoca, B Oyib-
sKoMy mepepisi. byneMo BBakaTH, 110 YIIKOJIXKEHO AESIKUN TPOC, IO MAE HOMEP
©®. Po3puB posramoBaHo Ha Binctadi | g0 micus npueananHs — Oapabana. [is
BU3HAYCHHS Koe(]illieHTa KOHIIEHTpAllli HampyXeHb, 3yMOBJIEHOTO pPO3PHUBOM
Tpoca, BU3HAYAEMO HACTYMHI KOe(Dili€eHTH

Uo - : 7?1”2%(I))(1+ezsm<Ll>)’ <

o26m(-1) , o2Bm(LT)

M=

1
Bm €0S(pm (© -0, 5))2
m=1
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Ug cos(pm (©-0,5))

An = N
Bml Bml
MePml [ €™ +e
oBml , gBm(2L-1)
3a popmymamu
"G | Bl
Ksionor= D, (Ameﬁm —-B,e Pm )Bmcos(um((a—l,S)),
m=1
M -1 | o
Ksiono2 = Z (AmeBm - B, Pm )Bm cos(um(®+0,5))
m=

BU3HAUNUTH KOE(DIIIEHTH KOHIIGHTpAllli HampyXeHb B Tpocax, CYMDKHHX 3
VIIKO/DKEHUM. bibliie 3HadeHHs 1 Oy/ie IIyKaHUM MaKCHUMaJbHUM Koe(]illieHToM
KOHIIEHTpAIlli HAaIIPY>KEHb B 3ITHYTOMY KaHaT1 3 YIIKOJKEHUM TPOCOM.

VY pa3i HasSBHOCTI JEKUIbKOX PpO3pHUBIB Tpeda MEepeBIPUTH MOKIUBICTD
BBA)KATH, 1[0 B3a€EMHUN BIUIMB JBOX OJIMKHIX TMOMIX COOOI0 PO3PHUBIB TPOCIB
BIJICYTHIN. YMOBa NEPEBIPKU MOJISITA€E B TOMY, IO BIJCTaHb MOMIX TEpepizaMu

: hEF :
VIIKO/KEHb TPOCIB Ma€ He OyTH MEHIIOI 3a BEIUYMHY 5 Gp ab0 moMmixk

Gb

YIIKO/PKEHUMHU TPOCAMHU € CIM HEYIIKOKEHHUX.

Bukonani Bume Ta momepeadi [2, 3] JOCHIIKEHHS JTO3BOJISIOTH
chOpMyITIOBaTH TEXHIUYHI BUMOTH JI0 KOHCTPYKIIi1 IMJIOCKUX TYMOTPOCOBUX KaHATIB
Ta HOPMHU IXHBOTO BiJIOPAKOBYBAHHS.

3aranpHa KOHCTPYKIIiS MJIOCKOTO T'YMOTPOCOBOTO KaHaTa (mapHa KUIbKICTh
TPOCIB,  MOYEProBe  pO3TALIYBAHHSA  TPOCIB  MNPOTHIEKHOIO  HAMPAMKY
3aKpy4dyBaHHS, KOHCTPYKIlSI TpPOCIB, MaTepiaii TOKPUTTA JAPOTYy, 3 SKOTO
BUTOTOBIIAIOTH TPOCH KaHaTa, JIaMETPU TPOCIB, KPOK IXHHOTO PO3TAIIyBaHHS B
KaHaTi, TYMOB1 CyMillli, TOBIIMHU OOKJIQJUHOK) Ma€ BIAMOBIIATU PO3POOJICHOMY
psAAy KOHCTPYKTHMBHUX TnapameTpiB (TaOi. 1). BuieBkazaHe 3yMOBJIEHO
JOLIIBHICTIO YHI(iKalli KOHCTPYKIIMA KaHAaTIB, TEXHOJOTIA Ta OOJagHAHHS IS
ixHporo BUroTOBICHHs. KaHat Ta TpocH B HbOMY MaroTh OyTH CYLIJTbHUMHU.

MiHiMallbHa Ta MaKCUMaJlbHa KUIBKICTh TpPOCIB B KaHaTli MaroTh
BU3HAYATHCS BIANOBIAHO JIO TEXHIYHUX MPOMO3UIIN I[MIOA0 PEKOHCTPYKIIT
[IaXTHUX TJHOMHHUX YCTAaHOBOK I/ BAKOPUCTAHHS TYMOTPOCOBUX KaHATIB [4].

Kinmi TpociB kaHata MawTh OyTH BKpPUTI IIAPOM TyMOBOI CyMimll 3
HACTYMMHOIO IXHBOKO BYJKaHi3alicro. TOBIIMHA IIapy TyMH HE TIOBHHHA
BIJIPI3HATHCS BiJl TOBIIMHU OOKJIaguHKUA. Po3mipu yTBOpeHUX OOpTIB KaHaTa
MaloTh BIJIMOBIIATH po3MipaM OOPTIB, MepeadadyeHuX KOHCTPYKIIE0 0a30BOTO
KaHaTa.

Kanat no 6apabany mae OyTu NMpueTHAHUM HE MEHII HIXK TPhOMa TJIaHKAMH
NPUTUCKAHHSA, PIBHOMIPHO pO3TallOBaHMMHM 10 Koiy Oapabana. Cuna
NPUTUCKAHHA MAa€ MEepPEeBUINYBaTU JOOYTOK KOE(DILIEHTY TEPTS Ta MAKCUMAIbHOI.
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BaHTaKOMIHOMHOCTI MamuHK [4]. [Inanku MOXyTh OyTH IPUTHCHYTI OONTaMH.
KaHat 10 KOpHCHOTO BaHTa)Xy Ma€ OyTH MPUETHAHUNA TAKUM YHHOM, 1100 paiyc
3rUHY KaHaTa He OyB MEHIIIUM 3a TPHUIIIATH JiaMeTpiB KaHaTa.

VY BuUmagKy BHUKOPUCTAHHS KaHaTa y CTOBOypi 3 BIIXWIJIEHHAMH WOrO
HAIPSIMHUX BiJl MPOEKTHOTO CTaHy, Tpeba BPaxoBYBaTH (3MEHIITYBAaTH) AOMyCTHME
HaBaHTaXXE€HHS OOCPHEHO IPOMOPIINHO BEJIWYMHI Koe]illieHTa KOHIICHTpaIli

HaIpy>XeHb
BL, B |_) M
<«  _EFA w e COS(M +1)B .

ne M — KUIBKICTh TPOCIB B Iepepi3l HaOiraHHs KaHaTa Ha OapabaH 3a 3CYBY
MOCYJIMHU B HAIlIPSIMHUX Ha BEJIUYHY A.
VY pasi yHIKOIKEHHS TOpoca, 10 Mae HoMep O, AOMyCTUME HABAHTAKECHHS
Mae OyTH 3MEHIIEHE OOCPHEHO MPOIMOPIINHO OUIBIIOMY 3 HIDKYE BU3HAUYECHHUX
JIBOX KOe(IIli€HTIB
M-1

K3i2H.®1 = Z (Ameﬁml - Bme_BmI )Bm COS(Hm (® _1’5));
m=1
M -1 | |
Ksiono2 = Z (AmeBm - Bme_Bm )Bm COS(Mm (@ + 0,5)),
m=1
e
Am _ UO COS(Hm(G)—O,S)) | Bm :_AmeZBml |
eBmI + e_BmI
MePm!| 1
eBml , gBm(2L-1)
Ug = M Ksizne .
M-1 2(1+ezl3m(—|))(1+eZBm(L—I))
®-0,5
mZ::]-Bm COS(Mm( )) ezﬁm(_l) +62[3m(|__|)

VY pasi HasgBHOCTI JEKUIbKOX pPO3PHBIB, Tpeda MNEPEBIPUTH MOKIUBICTD
BBAXKATH, 10 B3a€EMHHUI BIUIMB JIBOX OJIMKHIX MOMIX COOOI0 pPO3pPUBIB TPOCIB,
BIJICYTHIM. YMOBa NEPEBIPKU MOJISITAa€ B TOMY, LIO BIJCTaHb MOMIX MEpepizaMu

. hEF :
VIIKO/)KEHb TPOCIB Ma€ HEe OyTH MEHIIOIO 3a BEJIMYMHY 5 [—— , a00 MOMIX

2G b

YIIIKOJPKEHUMH TPOCAMH € CIM HEYIIKOPKCHHUX.

VY pa3i HeBHKOHAHHS YMOB BiJHOCHO 3HAY€Hb JIOMYyCTUMHUX HAaBaHTAKCHbD,
KaHATH MAIOTh OyTH BiIOPaKOBAaHUMHU.

BucnoBku. [l 3a0e3nedeHHs] Mpaie3gaTHOCTI KaHATIB Ta IMiJABUIICHHS
piBHS €(EeKTUBHOCTI BHUKOPUCTAHHS ¢ eKCIUlyaTaliiHOI O€3MeKu Cy4acHHX
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MIAXTHUX MIJAOMHUX YCTAHOBOK 3 TOJIOBHAMH TYMOTPOCOBUMH KaHaTaMH, Y
poOOTI pO3pOOJICHO METONMKY PO3PaxyHKy IUIOCKOTO TYMOTPOCOBOTO KaHaTa 3
ypaxyBaHHSIM BIUIMBY HOTO TMO3AIIEHTPOBOTO PO3TSTHEHHS Ta MOMIKOHKEHHS TPOCOBOI
OCHOBH 1 TE€XHIYHI BUMOTHU 1O KOHCTPYKIIli IJIOCKMX T'YMOTPOCOBHX KaHATIB Ta
HOPMH iXHBOTO BiIOPaKOBYBaHHS ISl BUMAQJKYy BHKOPHUCTAaHHS y CTOBOypax 3
BIIXWJICHHSIMU HAIMPSMHUX BiJl IPOEKTHOTO CTaHY.
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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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VJIK 621.9.06(072):62-231

Minropunii H.A., CoanueB O.B., Ky3neno K0.M. (Hayionanvnuii mexuiunuii
yHigepcumem Yxpainu «Kuiecokuu noaimexuivnuu iHcmumym imeHi leops
Cikopcbko20»)

PO3IIUPEHHS ®YHKIIOHAJBHUX MOXKJIUBOCTEM I'BPUIHUX
3D-IPUHTEPIB MOJYJIbHOI KOMIIOHOBKH HA OCHOBI
MEXAHI3MIB NAPAJIEJBHOI CTPYKTYPU

Bukonanuu amaniz 6ioomux mexHiyHUX pilleHb, WO 3ACMOCOBYIOMbCA 8 KOMHOHOBYI
2ibpuonux 3D-npunmepis mooynvHoi komnonosku Ha ochosi MIIC. Ilpoananizosani npobaemu,
KD BUHUKAIOMb 8 Yill cqhepi, ma 6KA3AHI MONCIUBL WIAXU IX GUpIUeHHs. 3anpononosami
Kkracugikayis i MOOYIbHUL — NpuHyun  nobyooeu  ID-npunmepie 3 po3UUPEHUMU
@DYHKYIOHATLHUMU MONCTUBOCAMU 3 BUKOPUCMAHHAM CUCMEMHO-MOPEON02IUHO20 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-n1pyk abo «aguTUBHE BUPOOHMIITBO» - MPOIEC CTBOPECHHS IIIICHUX
TPUBUMIPHUX O0O0'€KTIB MPAKTHUYHO OyAb-SIKOI F€OMETPUYHOI (POPMU Ha OCHOBI
uudpoBoi Mmozeni [4,8]. BiH 3acHoBaHMii Ha KOHIENIii noOymoBU 00'€kTa
MOCTIJOBHO HAHECEHWMM IlIapaMH, 110 BiJoOpa)kaloTh KOHTYpPH MOJIEJIL.
®daktnyHO, 3D-ApyK € MOBHOI MPOTHIICKHICTIO TAKUX TPAAHULIMHUX METOIB, K
CyOTpakTUBHE BUPOOHUUTBO, /¢ (hopMyBaHHS BUPOOY BIJOYBAETHCS 3a PAXyHOK
BUJIAJIEHHS 3allBOro Matepiaiy, Hanmpukiaa, gpesepyBaHHsM. JlizepoM B LbOMY
HalpsIMKy  3T1IHO NMaTeHTHO-1HOPMAIIMHUX  JOCIIKECHb BBa)KacThCS
amepukaHncbka kopmopariss 3D Systems [10], me B 1986p. UYapns3 Xamn
3armaTeHTyBaB TexHOJOTiI0 crepeoditorpadii (mareHt Ned 575 333). Bupibd, a6o
«MOZENb», TPOBOJUTHCS BUAABIIOBAHHSAM  («EKCTPY31€H0») 1 HaHECEHHSIM
MIKpOKpaIielb PO3IUIABICHOTO TEpPMOIUIacCTUKa 3 (OPMYBAHHSM MOCIIIOBHUX
IapiB, 110 3aCTUTAIOTh BiJIpa3y MICIs €KCTPY/TyBaHHS.

AxktyanbpHicTh. ChOroAHI MU KMBEMO B 4ac 4-01 IPOMHCIOBOI PEBOJIIOLIT
(rak 3Banoi Industrie 4.0). Yci mpoBigHi BUPOOHHMKH, KOMIIaHIT HaMararoThCs
MaKCUMAaJIbHO CIIPOIIYBAaTH BUPOOHUYI JIAHLIIOTH, JJISl JOCSITHEHHS MaKCHMaJIbHOT
MPOJYKTUBHOCTI Ta THYYKOCTi. ToMy cydacHe BUPOOHHULITBO OpIEHTYETHCS Ha
CUHTE3 HayKH, BHUPOOHHMIITBA, OCBITM Ta cdepu HagaHHsA nociayr. OCHOBHUMHU
pUCaMH 1€ OpIEHTAIlI] €:

- IligBuIieHHS TPOYKTUBHOCTI BUPOOHUIITBA;

- 3MeHIIeHHsT ydYacTi JIIOJIMHA Yy  BUPOOHHUITBI  (aBTOMAaTH3aIlis
BUPOOHHMIITBA);

- [linmBuieHHs sIKOCT1 HaTaBaEMOI MPOAYKIIIT;
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- 30UIBIICHHS TEXHOJIOTIYHOCTI TMPOIIECIB 31 3MEHINCHHS CKJIAJHOCTI Ta
MICTKOCTI 00JIaJTHaHHS, 1110 MOTPiOHE;
- 3MEHIIICHHS BUTPAT Ha BUPOOHUIITBO, JIOTICTHUKY.

ToMy HanaromKeHHsI HOBOTO MPOTYKTUBHOTO BUPOOHHUIITBA BUMArae HOBUX
niaxoaiB g0 Heoro. I[loTpiGHO BpaxoByBaTH HOBI (PAKTOpH Ta BUKIHUKU TpHU
Mi100p1 TEXHOJIOT11, TEXHOJIOTIYHUX MPOIECIB Ta 001aaHaHHA. TakoX OKpIM BxKe
3BUYAHUX BUMOT, TaKWUX SK TPOJYKTHUBHICTh, SKICTh, Oe€3meka, MOTPiOHO
BpaxoByBaTH 1 HOBI, MpUTaMaHHi 4-Tiil mpoMucioBiit peBomtowii «IHmyctpis 4.0»,
a came: EKOJIOTIYHICTh, €HEeProe(PeKTUBHICTh Ta 3a0IIAJIMBICTh (3MEHIICHHS
MeTanoeMKOCTI Tomo). Came 11l BAMOTH, 110 HE MpUTaMaHH1 BUPOOHUITBY XX-TO
CTOJITTSI, MOTPEOYIOTh MOIIYKY HOBUX PILICHb.

CaMe mosiBa Ta PO3BUTOK OaratodyHKI[IOHaTbHUX 3D-TpUHTEPIB MOXKe
BUPIIINTY Ta BXKE BUPIIIYE MOCTABJICHI 3aBJAaHHS T4 BUMOTH.

Amxe TexHonorii 3D-apyKy BHKOPHUCTOBYIOThCS y Oaratbox cdepax: s
MPOTOTUIYBaHHS 1 PO3IMOAUICHOTO BUPOOHUIITBA B apXITEKTYypl, OY/IBHMIITBI,
POMUCIOBOMY  JU3aiiHi, = aBTOMOOUIbHOI, = A€pPOKOCMIYHOI,  BIHCHKOBO-
MIPOMHUCIIOBO1, 1HKEHEPHOI Ta MEIUYHINA rany3sx, Ol0iHKeHepli (11 CTBOpPEHHS
MITYYHUX TKAHUH), BAPOOHUIITBI MOJHOTO OJSITY 1 B3YTTH, IOBEIIPHUX BUPOOIB, B
OCBIiTI, reorpadiunux iHGOPMAIIHUX CHCTEMaX, Xap4yoBOi MPOMHUCIOBOCTI Ta
Oaratbox 1HIMX cepax. | 3 KoKHUM pokoM cdepa iX 3aCTOCYBaHHS TUIBKH POCTE,
0 MOXKHA HaIJISIIHO MOOAYUTH 3 rpadika BIIOMOTO CTATHCTUYHOTO 1HTEPHET-
nopTtaiy «Statistay (puc.1).

Leading uses of 3D printing from 2015 to 2020

&= Frototype &= Proof of concept Production = ResearcheducationRAD Mechanical'spare parts
Personal inleresthobby =e= Tooling » Markeling sample Art'Jeweliery Fashion
= Medicaldantalprosthesis o Mass production =e= Other o= Relall sales o= None of the Above

Bouces Acdtional Intorraton

Pucynok I — Eeontoyisa eukopucmanus 3D-0pyky 6 piznux cghepax 3 2015 no
2020p. (Statista 2020)

137



Mertoto naHoi pobotu € po30ip Ta aHaTI3 BIIOMUX KOMITIOHOBOK T10pHIHUX
3D-npuHTEPIB MOAYJIBHOI KOMIIOHOBKHM, CTBOPEHHMX Ha OCHOBI MeEXaHI3MIB
napaiensHoi ctpyktypu (MIIC). Pob6oTa nokiinkana mokasaTu Mmiixoau CTBOPEHHS
HOBOT'O 00JIaJHAHHS, BPaXOBYIOUM HOBI BUMOTH, K1 JTUKTYIOTh «IHIycTpis 4.0» 1
«Iupyctpis 5.0», uo HabmuxaeTbes. Jlo METH TakoX BIJHOCUTHCS M1JBUIIEHHS
TEXHIKO-€KOHOMIYHUX MOKa3HUKIB 1 PO3MIUPEHHS (DYHKIIOHAILHUX MOXJIMBOCTEN
MajorabapuTHUX 1HTENEKTYadbHUX 3D-TIpUHTEPIB 3 KOMIT IOTEPHUM KEpyBaHHSIM
33 PaXyHOK CHHTE3y HOBHX KOHCTPYKIIN. [Is1 AOCATHEHHS MOCTaBICHOI METH:
BUKOHAHUH aHai3 BiJIOMHUX KOMIIOHOBOK 1 KOHCTpyKIiii 3D — npuHTepiB[12], ix
KIHEMaTUYHHUX CXEM, THITIB, METOJIIB CHHTE3y HOBUX KOHCTPYKIIiH.

HactynHi nocnipkeHHs MOKIWKaHI chOpMyITIOBaTH MiAXOAU Ta MPOLIECH
IPOEKTYBAaHHS TEXHOJOTIYHOTO OOJIaHAHHS 3 BPaxyBaHHSM Cy4aCHHX BHUMOT Ha
NPUKIAII BUKOPUCTAHHS aJUTUBHUX TEXHOJOTIH [4,7], KapkacHUX KOHCTPYKIIH
HECy4YHX CHUCTEeM [6] mpu CYyTTEBOMY MIJABUIICHHI MIBUAKOCTI MEpPEeMIlICHHS
pobounx opraniB (PO), 30kpema, 3a paxynok MIIC [3,5,6] i 3acrocyBaHHI
MOAYJbHOTO mpuHuumy [1,2], skuil 703BOJSE 3MEHIIMTH Yac Ta BUTPATH Ha
IPOEKTYBaHHS, CKJIaJaHHA 1 IEpeHaIaroKeHHsA. APKe OCHOBHOIO IPOOJIEMOIO Ha
nanuit dac 3D-npyky SIBISETbCA Yac Ta Maja MPOMYyKTUBHICTB. Ll mpobOiema
BUHUKAE Yepe3 MaJll MIBUAKOCTI pobouoro oprany 3D-npuntepiB. Po3podka x 3D-
npunHTepiB 3 MIIC y 3HauHii Mipi BUpimIye 10 podaemy. [IpuBoau nepemiiieHb
B MIIC 3HaxonaTbcsl HA HEPYXOMIN CHCTEMI, 11O JO3BOJSE 3MEHIIUTH 1HEPLITHI
CWJIM MEXaHI3My Ta 30UIBIIWTH BEJIWYMHU TMPUCKOPEHb. Takox oOJagHaHHA 3
MIIC notpeOye MeHIIy KUIBKICTh MaTeplajxy /Jisi BHUTOTOBJIEHHsS ( MeEHIa
METAJIOEMKICTB), MPUUOMY pOOOUYMN 00'€eM 3alMINAETHCS HA PIBHI 3 I1HIIUMU
KOMITOHOBKAMH IPUHTEPIB.

B ocHoBy npoekryBanHs 3D-npuHTepa Ha 0a3i Tpuriaigy (puc.2, a,0) abdo
TeTparjainay (puc.2, r) IOKIaJAeHO MOAYIbHUN MpuHIMI [1], ToOTO neski merani
Ta BY3JU € YHI(QIKOBaHUMH 1 CTaHJAPTHUMH, a JIEIKi TOTPEOYIOTh BUTOTOBIICHHSI.
Jlnst  yCyHEHHS MOKJIMBOCTI TOXMOOK Tmpu ckiananHi 3D-mpunTtepa ciia
CIIPOEKTYBAaTH KOXXHHUH BY30J OKpemo. AJje TOTpiIOHO BpaxoByBaTH YcCi
KIHEMaTH4HI 3B'S3KU Ta TapH.

e LI\

X) TPHrIAAI IHPAMNIATEHEIR

€) TpHUraafi npHsMaTHYeCKH 3) TeTparaaiy MUPIIATs MR

Pucynox 2 — Komnono6xu na ochogi Mexaunizmié napaieibHoi cmpykmypu
muny «mpueaaioy abo mempaziauo
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Takox 3D-npuntepu Ha ocHoBi MIIC (Hanmpukiam TUIY «TPUTIIANIT»)
MOXYTh BHUCTyNaTH, K npuctpoi 3D-ckanyBanHs. Texnonorii 3D-ckaHyBaHHS
00'€eKTIB B TIPOCTOpI  SIBJISIIOTBCS  CHOTOAHI  JIy’Ke€ TMEPCHEKTUBHOIO  Ta
nporpecyrouoro cheporo. L{i mpuctpoi Bce yacTiine 3aCTOCOBYIOThCS y BCe OUIBIIIN
KUTBKOCTI cdep JIOACBKOro >KUTTI. [l moOyaoBu 00'€éeMHOI Mojelni MOKHA
BUKOPHUCTOBYBATHU PI3HI METOJM, HaINpukiaa BukopuctoByroun CAD-nporpamu,
ane came 3D-ckaHepu MOJIETIIYIOTh Ta MPUCKOPIOIOTH 1I€H MpoIiec.

Jliist ctBOpeHHs npucTpoiB 3D-ckaHyBaHHS MOKe OyTH BUKOPUCTAHO Oarato
pI3HOMaHITHHX TexHIK [2,3,5-7]; KOXXHa TEXHOJIOTiSI Ma€ CBOi OCOOJIMBOCTI,
OOMEKEeHHsI 1 BUMArae pi3HUX BUTpPAT. BUTbIIICTE OOMEXEHb CTOCYIOTHCS BUIB
00'eKTiB, SKI MOXYTh OyTH OIM(pPOBaHi, SKI JOCI HE BHUPIMIEHI 0 KIHI.
Hanpuknian, OUIBLIICTE ONTHYHUX TEXHOJIOTIM MaTHUME CKIAJHOMI 3 00pOOKOIO
ONMUCKYUYHX, A3EpPKATbHUX a00 MPO30pHX 00'€KTIB, a MPOMHCIOBA KOMII'IOTEpHA
ToMorpadisi Moke BHUKOPUCTOBYBAaTHCh sl 1moOyaoBu uudposux 3D-moxpenei,
3aCTOCOBYIOYM HEPYWHIBHMM KOHTpOJdb. Mojenl, BHUIOTOBIEHI aJIUTUBHUM
METOJIOM, MOXYTbh 3aCTOCOBYBATHUCS Ha OyJlb-IKOMY BUPOOHHYOMY €Talll, K JJis
BUTOTOBJICHHS JIOCHIJHUX 3pa3KiB (IIBHJKE NPOTOTUITYBaHHS), TaK 1 B SKOCTI
caMuX rOTOBHX BUPOOIB (IIBUJIKE BUPOOHUIITBO).

Opniero 3 OCHOBHUX TpoOsieM cydacHuX 3D-mpuHTepiB  SIBISIOTHCS
MarepiaiM, a caMe iX HE CIPOMOXHICTb BUKOPHUCTOBYBATH YBECh CIEKTp
JOCTYITHUX MaTepiaiiB, ajKe ICHYe€ iX ChOTOJHI Oe€3liyu, a JesIKl IO CBOIM
XapaKkTepUCTUKAM BOPUTYJ HAOIU3WIKMCS 10 MeETaliB, cTajied. OIHUM 3 TaKuX
MarepiaiB (mactukis) € PEEK. Horo xapakTepucTUKH BIPHUTYI HAOIH3HIIHCA JO
XapaKTEPUCTUK JESIKUX CTalled. A yChOro ICHy€ BEIMYE3HA KUIbKICTh PIZHHX
IIaCTHKIB 711 ApyKy, Hanpuknan: PETG, ABS, PLA, NYLON Ta 6e3mi4 iHmmx.

[HIIOIO  Ccepiio3HOI MPOOJIEMOI0 € SKICTh TOBEPXHI JeTajl Micis
BUTOTOBJIEHHA. Maiie BCl OTpUMaHi JIeTajl NOTPIOHO MMiIJaBaT MOCTOOPOOIIi.

AHami3ytoun ICTOPUYHUN PO3BUTOK TaKOi CKJIATHOI TEXHIYHOI CUCTEMHU SK
BEpCTaT, TapHUM PINICHHSIM BHINE3a3HAUYCHUX TMPOOJIEM € PO3IIHUPEHHS
MOXJIMBOCTEH cydacHux 3D-mpunTepiB, NUIIXOM 3a0€3MEUYEeHHS] aBTOMATHYHOT
3aMIHM 1HCTPYMEHTIB, aHAJOTIYHO BEpCTaTy, aje€ 3 ypaxyBaHHAM BHMOT JI0
IIBUJIKOCTI Ta METOMAIB JAPYKy. TakuM YMHOM II€ MPHU3BEJIO 0 CTBOpeHHSIM 3D-
OPUHTEPIB 3 BOYJOBAHOIO CHUCTEMOIO 3aMiHM I1HCTPYMEHTY Ta CHCTEMOIO
MEXaHIYHOi OOpOoOKH. A came 3 IHTErpali€l0 yCiX MOJYJIB, TaKUX, SK: MOIYJl
cranaaptHoro apyky (comma 0.1-0.8 mwm), Moayni s IpyKYy KOMIIO3UTHUMH
MarepiasiaMi (3~ aOpa3sUBHUMH  TYIOIUIABKUMH  COIUIAMH 1 MPSAMUMU
EKCTpyZepaMu), MOJYJI i BUCOKOMPOIAYKTUBHOTO JPYyKy (cormia ao 2.5 mm),
MOJYJl ISl IPYKy T'paHyJbOBaHUM IIJIACTUKOM Ta BHUCOKOIIBHAKICHI IITIMHJENI
JJ1s1 0OOpOOKM BUTOTOBJICHUX JIeTaJeH.
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Taka cucrema y mnoeananHi 3 3D-npuntepoM 31aTHa 3a0e3MeUUTH
MPOAYKTUBHINIY pOOOTY 3 BEJIUKOK KIJBKICTIO ICHYIOUHMX MarepiajiB Ta
KOMOIHYBAaTH Pi3HI MpoliecH (aJUTUBHUN Ta CyOTPaKTUBHUM).

SIK BUHO aIMTHBHE BUPOOHUIITBO CTPIMKUMH TEMIIAMHU PYXa€ThCA BIEpeN 1
BCce OuIbllle PI3HUX KOHCTPYKIINA 1 mpukiaaiB  3D-mpuHTEpiB MU MOXKEMO
nobaunTh Ha PUHKY CBITy. JlocmipkeHHs B Iill cdepl BeAyTbCs yIapHUMU
TEMIIaMH, CTBOPIOIOTHCS HOBI Marepiayii Ta KOMIIOHOBKU. Metoau Apyky
YIOCKOHAIIOIOTHCS, a J0 TOCIHYr aJUTHBHOTO BUPOOHMIITBA 3BEPTAETHCA BCE
Oinpiie kommaHiil. barato Momoaux Ta MEPCHEKTUBHUX I1H)XXKEHEPIB 3BEPTAIOThH
CBOIO yBary Ha IIf0 HilIy.

B pesynbTari momanbmivX JOCHIIKEHb MOXYTb OyTH CTBOpPEHI JJs
Cy4yaCHOTO BHMPOOHHUIITBA BITUM3HSHI KOHKYPEHTOCHPOMOXHI Mozeni 3D-
OPUHTEPIB, B TOMY 4YHUCII MYJIbTU(QYHKIIOHANBHUX. TOMy, AaHUN HamMpsSMOK
JOCITIJIKEHb € aKTyaJIbHUM 1 HEOOXIJIHUM I PO3BUTKY MalIuHOOYAyBaHHS HE
TITBKH B YKpaiHi, ajie 1 3a 1l MekaMu. XOpOIIUM MPUKIIAJOM IIbOTO € YKpATHChKUN
craprarn SmartZavod (puc.3), 1o 3aliMaeTbCst PO3pOOKOI0
6aratoyHKI10HAIFHOTO MPOMHCIOBOTO 3D-npuHTEpa, y4acTh B TEXHOJIOTTYHOMY
mporieci SKoro JiroauHa Opatu He Oynae. binbine Toro, 3aBAsKH HOBIM CHCTEMI
3MIHU IHCTPYMEHTY, MPUHTEP HE JIUIIE CTBOPIOE JIeTali, a MOXe 1 00poOsaTH X

9.

]

N

Pucynok 3 — Konyenm noenicmrwo aemomamu3zosano2o 2iopuonozo 3D-
npuHmepa MoO0yJIbHOi KOMHOHOBKU HA OCHOBI MeXAHI3Mi8 NapanienbHoi
cmpyxmypu SmartZavod CEH/ (Oemanizayis 6y3nie ma piznux incmpymenmis
NPpUX08aHa 3 MIpKY8aHsv 36epicanHs KOMePYItiHOI maemMHuyi)
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BucHoBok. Bukonanmii aHami3 BIiIOMUX TEXHIYHUX PIMICHb, IO
3aCTOCOBYIOTHCS B KOMIOHOBII TOpuaHuX 3D-nipuHTEpiB MOTYIHHOT KOMIIOHOBKHU
Ha ocHoBl MIIC. IlpoanamnizoBani npoOjemu, siki BUHMKaIOTh B LIk cdepi, Ta
BKa3aHI MOXIJIMBI NUIAXM 1X BHUPIIICHHS. 3amporioHOBaHI Kiacudikaiis 1
MOJYJBbHUN  TMPUHIMI  TOOYJIOBH 3D-npuHTEpPIB 3  PO3IMIUPEHUMHU
(GYHKITIOHATEHUMH MOXKJIMBOCTSIMH 3 BHKOPUCTAHHSIM CHCTEMHO-MOP(}OIOTIYHOTO
MIJIXOY.
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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:

[J Technological Equipment TE;

[1 auxiliary equipment (Auxiliary Equipment) -AE;

[J 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:

TEXy; 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, - FSxyy, SSxy, SSxy, -~ .S'.S':Jr:ygn‘

Txy, Txy,-- Txy,
-4

X |FSxz; FSxz,--- FSxz;, S5xz, 5SSxz,--- 585xzg,
FSyz, FSyz,--- FSyzy, SSvyz, SSyz,--- SSyz,,

= M’

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;

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

1 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:

[ 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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Popov A.O. (Ukraine, Kramatorsk, DSEA).

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 ym
on the Ra scale (Fig. 2).

/ 9 8 i 6 5 L 3 2 1

> — b—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 ITPOI'PAMHOI'O KEPYBAHHS HABYAJIBHUM
I'HYYKUM BUPOBHNYUM MOJAYJIEM HA OCHOBI ARDUINO, GRBL
TA PYTHON

3anpononosano cnocib peanizayii cucmemu npoOSPAMHO20 KepPYBAHMA HABYANbHUM
SHYUKUM 8UPOOHUYUM MoOYaem, akull ckradaemoves 3 sepcmama CNC 3018 Pro ma poboma na
ocnosi Arduino UNO. Cnocib ocnosanuii na euxopucmanni mosu npoepamysanns Python ma it
naxemis pySerial i pyFirmata ozs cmeopenns npoepamu repyeanns, wo euxonyemocs K i
e3aemooie 3 inmepgeticavu GRBL i StandardFirmata, sxi suxonytomscs mixkpoxonmponepamu
sepcmama i poboma. Cnocib xapaxmepusyemuscs npoCcmomor peanizayii, HU3bKow 8apmicmio
komnonenmie I'BM ma wupoxumu mosxcaueocmamu 3a605ku mogi Python ma it 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.

['ayuki BupoOHuYi cuctemu (I'BC) no3BossitoTh €(DEKTUBHO BUPIIIYBATH
npo0JIeMH 3MCHIIICHHS BUPOOHUYMX BUTPAT B YMOBaX CEpiiHOro BUpOOHHUIITBA [1-
3]. I'BC ckimagarotbes 31 3'€IHAHUX TPAHCHOPTHUMHU JIHISMA THYYKHX
BupoOHnunx monaynie (I'BM), sk mpaBuio, Ha OCHOBI BepcTaTa 3 YHCIOBUM
nporpamauM kepyBaHHsM (UIIK) ta mpommuciioBoro pobota-mMaHimyasTopa, IO
YCTAHOBIIIOE Ta 3HIMAa€E 3aroToBKy 3 BepcTara [2]. ABtomatmunuii pexum ['BC
JO3BOJISIE  OpraHi3yBaTH O€30He BHUPOOHMIITBO 3 MIHIMI3AI[l€0 BUTPAT HA
3apo0ITHY IUIATy Ta 3MEHIIEHHSIM BIUIMBY JHOJACHKOro (paktopa. I'nyukicte I'BC
JIO3BOJIIE 1X JIETKO TMepenporpaMmyBaTé 1 mepeoOsagHaTH JJisi BUIMYCKY 1HIIUX
Bupo6iB [2, 3]. Ane monsrts rHydkocti 'BC moxke Oyrum i mupmmm [2].
Cxnagnicte BuB4YeHHs ['BC cTyneHTamu B 3akjiagax OCBITH MOB'Si3aHa 3 IXHBOIO
BHCOKOIO BapTICTIO — HE KOXKEH 3aKJIaJl Ma€e MOXJIMBICTh iX npuadaru. Ilporte
HaBuaiabHi ' BC MoxxHa cTBOproBaty 3a goromororo Hemoporux CNC-poyTepiB Ta
HaBYaJIbHUX POOOTIB-MaHIMMyJISTOPIB.

Opnnum 3 Haiinemesimx CNC-poyrepiB € TproxockoBuit Bepctar CNC 3018
Pro, sxuii moxHa npumbatu Ha AliExpress 3a minoro opierroBHo 180 $. Bin
npu3HaueHu# s ppesepyBaHHS a00 BUPI3aHHS J1a3€pOM HEBEIUKUX JeTane 3
MaTepiaiiB, MO JIErKO OOpOOJSIOThCS pi3aHHSAM (IepeBO, MIACTUK). Pyx momadi
3a0e3neuyroTh Tpu KpokoBi aurynu 42HS34-13D (NEMAL7). Jlns kepyBaHHS
BepcratoM BukopuctoByerbcsi 1minata CNC-CAMTOOL-V3.5 Ha ocHOBI
mikpokoHTposiepa Atmel ATMEGA 328P, B sikuii 3aBanTaxkeHo niporpamy GRBL
1.1f , 3 apaiiBepamu KpoKkOBUX ABUTYHIB A4988.
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GRBL [4] - wme 0e3KOIITOBHE BHCOKOIPOJAYKTUBHE MpPOTPaMHE
3a0e3MeYeHHs] 3 BIIKPUTHM BUXITHUM KOJOM [UIsl KEPYBaHHS TPHOXOCHOBUMU
Bepcraramu 3 UIIK, mo moxke mpairoBaTtd Oe3mocepenHho Ha 1iaTi Arduino.
GRBL nanucanuii Ha BUCOKOONTUMI30BaHii MOBI C 3 BUKOPUCTAHHAM (DYHKIIIH
yinie ATMEGA 328P, o BukopucroByioThes B Arduino UNO [5]. Bin 3gatamii
MIATPUMYBaTH dYacToTy KpokiB moHan 30 kl'1 1 3abesneuye 4YUCTUN MOTIK
Kepylouux IMIyibCciB 0e3 TpemriHHs. [uTepmperatop G-komy pealizye
niaAMHOKUHY cTaHaapTy LinuxCNC 1 6e3 mpobieM TiATPUMYETHCS OUIBILIICTIO
CAM-1HCTpyMEHTIB.

[Iporpama Candle 1.1.7 [6] € kouTposiepom GRBL 1.1 3 Bizyanizaropom G-
Koay. BoHa mae BiAKpUTHN BHUXIAHHMI KOJ, CTBOpEHA 3a JOMOMOTOI0 rpadidHoi
6i10miorekn Qt Ta mpamoe Ha Windows/Linux x86. OcHOoBHUMH (YHKIISIMU
nporpamu €. ympasmiHHsg BepcrtatoM 3 UIIK ma 6a31 GRBL 3a momomororo
KOHCOJIbHUX KOMaHJI, KHOMOK Ha BiKHI Ta IU(POBOI MaHENi; KOHTPOJb CTaHY
BEpCTaTa; 3aBaHTAXEHHS, peAaryBaHHs, 30epekeHHs Ta BijnpaBka (daiiniB G-komy
Ha BepcTaT; Bizyamizaiis daiiniB G-komy.

HaitnermeBmuit podot-maHimymnsrop [7], sskuii MokHa pua0aTH OPiEHTOBHO
3a 20 $ y Burmami HaObOpYy IS CaMOCTIHHOTO — CKJIaJaHHS, MICTUTD
mikpokoHTposiepny 1miary Arduino UNO, Bupizani ma CNC-nazepi akpuiiosi
JeTaii Ta yoTupu Hegopori cepporpuBoan SGI0, siki 6e3nocepeHio mil'eHaH1 10
Arduino UNO. TounicTh po0oTa € 3a70BUTLHOIO JIJI HAaBYAJIbHUX IIJICH.

Hes3Baxaroun Ha HasBHICTh 0aratboX pecypciB npo nporpamyBanns Arduino
[8, 9], moBom BaxkKO 3HAWTH TPYHTOBHY 1 WUIICHY iH(OpMAIIO Mpo
nporpamyBaHHs ' BM Ha 0a31 Takoro o6yaJHaHHs SKOIO-HEOYb Cy4aCHOIO MOBOIO
porpaMyBaHHs HaJIBHCOKOTO piBHs, 30kpema, Python. 3acTocyBanHs Takoi MoBH
JO3BOJIUTh ~ TIOJIETIIIUTA CTBOPCHHS aBTOMATHM30BAaHOI CHUCTEMH KepyBaHHS
HaBuaigbHOi ['BC. IcHytoul HaBuaibpHI MaTepianid mpo mporpamyBaHHs Arduino
MoBoto Python [10-12] e onucyroTs oco0nuBoCTel nporpamyBanns ' BM.

Meror poboTH € cTBOpeHHS MOBOKO Python cuctemu kepyBaHHS MPOCTOTO
HapuasibHOro I'BM, 110 ckmamaerncst 3 Bepctara CNC 3018 Pro Ta nmpomMuciioBoro
po6ota Ha ocuosi Arduino UNO.

Y  wMikpokonTposep Arduino UNO poGora aBTOpaMu 3aBaHTaXKECHO
nporpamy StandardFirmata, sika 103BoJisi€ KepyBaTH MPUCTPOSIMH Yepe3 Mporpamy,
10 BUKOHYETHCS Ha MEPCOHATBHOMY KOMIT'IOTEpi, Ta MOXe OyTH CTBOpeHa Oyb-
SKOI0 MOBOIO TMPOTpaMyBaHHS, IO MATPUMYE TMepeAady JTaHUuX dYepes
TIOCJTIIOBHHI TOPT Ta MPOTOKOJI mepemayi ganux Firmata [13]. B Arduino UNO
MOJKHA 3aBaHTaXHMTH IO Mporpamy 3a goromoror Arduino IDE 3 menio File >
Examples > Firmata > StandardFirmata. B manoMy Bumaaky 3acTOCOBaHO
00’ €KTHO-OPIEHTOBAaHY MOBY IPOTpaMyBaHHS 3arajbHOro npusHaueHHs Python 2.7
3 maketamu pySerial [14] ta pyFirmata [15]. Takuii crocib kepyBaHHS POOOTOM
JI03BOJIsIE YHUKHYTH HEOOX1THOCTI MporpaMmyBaHHS KOpPUCTYBaueM
MikpokoHTpoJsiepa Arduino, ycyBae OOMEKEHHS Ha HOro maii OOYHCIIIOBasbHI
pecypcu Ta J03BOJISIE 3aCTOCYBaTH yci mepeBaru Python — 3pyunicTs 1 mpocToTa
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MOBH, i1 HAJIBUCOKUH PiBEHb, MOXJIMBICTb ITiJT € THAHHS Oy1b-skux Python-nmakeris,
30KpeMa, JIJIsl MAITMHHOTO 30pY Ta MAIIMHHOTO HaBYaHHSI.

Jlns mporpaMyBaHHsS poOOTa aBTOpaMU CTBOPEHO mporpamy prog.py [16],
ska cTBOpIOoE 3B’s30K 3 Arduino Uno mnuisxom BukopuctaHHs pySerial Ta
pyFirmata, ycTaHOBIIO€ MOYAaTKOBE IMOJOXKCEHHS poOOTa i, y pa3i HATHUCKy Ha
kiaBiaTypi kiasimi (BmiBo, BrpaBo, Brepx, Buus, PageUp, PageDown, Home,
End), 30inbmye abo 3MeHIIye KyT MOBOPOTY @; BIATOBIIHOTO CEPBONPUBOAY Ha
onuH Tpamyc. dparMeHT KOy i€l TpOorpaMH JJis BHCTABJICHHS poOOTa B
MOYATKOBE TMOJIOKEHHS, M0 BiAmoBimae kytam (8;=90°, a,=50°, a;=90°, a,=150°)
MOKa3aHo HIK4Ye. B HhOMY s1, s2, s3, s4 — 00’ €KTH CEPBOMPHUBO/IIB, K1 A’ € THAHI
10 BiamoBigHux nmudposux miHiB iatu Arduino UNO.

from pyfirmata import Arduino, util

time=util.time # pnAa CTBOPEHHA 3aTPUMOK 4acy
board = Arduino('COM15', baudrate=57600) # nnata Arduino UNO
sl=board.get_pin('d:3:s") # cepsonpuBip Ha 3-my uudppoBomy niHi
sl.write(90) # noBepHyTM Ha 90 rpaaycis

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 poOOT onuHSAETHCSA B 3a1aHOMY TOJIOKEHHI, KOPUCTYBay HaTHUCKATe
kiaBimy P, mo6 3amam'sTaTd MOTOYHI KyTH cepBOnpuBoAiB. Lli Kytu y BUTIAII
KopTexy (ay, 8y, 8z, 84) AOJAOTHCS IO CIIMCKY P, IO 1 SIBJIsIE COOO0I0 MpOrpamy Jyis
KepyBaHHA poOOTOM. SIKIIIO KOpUCTYBay 3aBEPIIMB MPOTPaMyBaHHs, BIH HATUCKAE
kiaimry ESC 1 Moxe 30epertu 1ieii cnicok. Jlami mei criucok BUKOPUCTOBYETHCS Y
nporpawmi, mo kepye ' BM. Huxde nokazaHna 4acTuHa 1bOTO CIIHCKY:

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

Oynkiis  key_handler BUKJIMKAEThCS IIJI 4Yac HATUCKY KiaBilll Ha
kiaBiatypi. [{utouncnoBuit ko kiasii 30epiraeTbesi B aTpuOyTi keycode 00’€kTa
event. JlokanpHa 3MiHHa s — II€¢ OO0 ’€KT TMOTOYHOTO CEPBOMPUBOIY, a st —
Benu4MHA 3MiHU KyTa. [loTouHuii Kyt 30epiraeTbcsi B aTpuOyTi value. DyHKINSA
addPoint ogae KOPTEX KYTiB (83, y, 83, 84) IO CIIUCKY P.

def key_handler(event=None):
if event: # AKWO KnaBiwa HATUCHYTa
k=event.keycode
print "keycode=", k
if k==39: s=s1; st=-1 # <BnpaBo>
elif k==37: s=s1; st=1 # <BniBO>
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elif k==40: s=s2; st=-1
elif k==38: s=s2; st=1
elif k==34: s=s3; st=-1
elif k==33: s=s3; st=1
elif k==36: s=s4; st=-1 # 3akpuTn <Home>
elif k==35: s=s4; st=1 Bigkputn <End>
elif k==27: print P; board.exit(); r.destroy(); return P #
Buxip <Esc>
elif k==80: return addPoint() # popatTu Touky <P>
else: s=None
if s:
s.write(s.value+st) # noBepHyTM Ha KyT s.value+st
time.sleep(0.1)
print s.value

<BHU3>
<BBepx>
Ha3sag <PageDown>
Bnepepn <PageUp>

R K

[Ilo6 mporpama pearyBaja Ha TMOii KiIaBiaTypu BOHA IIOBUHHA MaTd
rpadiunmii 1HTepdeiic. HainpocTimmii cmocid CTBOPUTH Taky Mporpamy —
BUKOPHUCTATH CTaHIapTHY 0i0aioTexy TKinter:

import Tkinter as tk

r = tk.Tk() # cTBOpPUTM BiKHO
r.bind('<Key>', key_handler) # nos’s3atu noaiw <Key> 3 ¢yHKuUi€w
r.mainloop() # oyikyBaTu nopii

Sk mpaBmwio G-KoJ TiepenaEeThcs 3 TEPCOHATBHOTO KOMI'IOTEpa Ha
MIKPOKOHTPOJIEp 3 BHUKOPHCTAHHSAM ITOCIIJOBHOTO IMOPTY, HANPHKIAJ, 3 TaKHX
nporpam sik Candle, ame Takox Moxke OyTw nepemaHuii 3a gomomoror Python-
MOJTyJIs1, 1110 BHUKOpHCTOBYe makeT pySerial [17]. Po3pobieHa aBTopamu nmporpama
main.py [16], mo kepye [I'BM, BHKOpPHCTOBYE MOmIOHUI  MOIYJIb
(mysimple_stream.py [16]) nmnas kepyBaHHS BepCcTaTOM Ta CIHCOK progl,
OTPUMaHU#l MporpamMoro Prog.py, is kepyBaHHsS poOotom. IIporpama main.py
yCcTaHOBMIOE 3'eHaHHs 3 maTor Arduino po6ora ta GRBL-mmatoro Bepcrara
(BUKOpHCTOBYIOThCS Pi3HI TOCHimOBHI nopTH, Hampukiag COM15 i COM14),
YCTAHOBITIOE TIOYATKOBE IMOJIOKEHHsI po00Ta, BUKOHYE TIEPITy YaCTUHY MPOrpaMHu
poboTa JiyIsl YCTaHOBKHM 3aroToBKHM Ha BepctaT (progl[:11]), BukoHye G-kom s
BEpCTaTa Ta BUKOHYE JIPYTy YaCTHHY MpOrpamMu poOoTa ISl MePEeMIllieHHS] TOTOBOT
nerani 3 Bepcrara (progl[11:]). Lli naii MoXyTh OyTH MOBTOPEHI JIOBUIBHY
KUIBKICTh pa3 B 3aJIEKHOCTI B KUIBKOCTI JAeTajieil, 1o MmoTpioHO oOpoOuTH.
OcHOBHA YacTHHA KOAY TIOKa3aHa HIDKYE:

import mysimple_stream

for i in range(1l): # 3amicTb 1 BBeAiTb KinbKiCTb NOBTOPiB UMKAY
runProgram(program=progl[:11]) # nepwa 4YacTuHa nporpamu poboTa
mysimple stream.run("grble.gcode") # ponomixHui G-kopg
mysimple_stream.run() # OCHOBHUM G-KOp,
runProgram(program=progl[11:]) # ppyra 4YacTtuHa nporpamm poboTa
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board.exit()

Tyt runProgram(program) — (DyHKIIISI JUIsi BUKOHAHHS IMporpamMu poOoTa,
sKa OTPUMY€E CIIMCOK KOPTEXKiB 3 KyTaMu. BoHa N1 KO)KHOTO KOPTEXKY y CIHUCKY
program BUKINKae (PyHKIIO move(s, p) IS KOXKHOTO KyTa p CEPBOIPHBOIY S.
@OyHKIISI move TOBUILHO MOBEPTAE CEPBOIPHBIA S Ha KYT p 3 WOTO MOTOYHOTO
MOJIO’KEHHS. {7151 IbOTO BUKOPUCTOBYETHCS aITOPUTM MOKPOKOBOTO MOBOPOTY (Ha
1°) 3 HEBENMKOI 3aTPUMKOIO BKIHIII KOXXHOTO KpOoKy. DYHKIS run MOZYJs
mysimple_stream BukoHye G-koa Ha Bepcrari. BoHa MoXke OTpuMyBaTH Ha3BY
TeKkcToBOTO (aitny 3 G-kogoMm. Skimo Ha3BU HEMAE, TO BUKOHYETHCS KO y (aiii 3
Ha3Boto grbl.gcode. ®parmMeHT Takoro Koy mokKa3zaHo HUXKYE:

N10 GO0 X-2.754 Y2.872 Z1.
N20 G01 Z0. F100.
N30 X-4.872 Y1.686

N40 GO0 X0 YO Z25
N50 M30

[lepen BUKIMKOM OCHOBHOTO G-KOJly AE€KOJU CHiJi BUKIMKATH JOMOMDKHUM,
sk e mnokazano Bumie. ®aitn grbl0.gcode wmicTuTh KOMaHAM TEpPEMIllICHHS
IHCTpYMEHTa 3 0e3IeyHO0i Z-KOOpAUHATH B poOoUy CUCTEMY KOOpJauHAT, T.0 sKOi
3HAXOJMTHCS Ha MOBEPXHI «3arOTOBKH:

N10 GOo Z-25
N20 M30

JUis Hanaro/keHHs poOoYoi CHCTEMH KOOPAMHAT HUIIXOM HEpEeMILEHHS
iHCTpYMeHTY B 11 T.0 Ta TectyBanHss G-koy BUKOpHcTOBYyBaiu nporpamy Candle.

Ha puc. 1 nokazano naByanbauii 'BM, a Ha puc. 2 — 3B’SI3KM KOMIIOHEHTIB
I'BM. Ha Bineo [18] moka3aHo poOoTy mi€i cucteMu. [[iist CpoIleHHsT HaBYaIbHOT
3amayl 3aMicTh (pe3n OyJ0 BHKOPHUCTAHO MapKep, KUl pUCye Ha 3aroToBLI
3amady (irypy. 3arotoBka KpilmuThCs JO CTOJIA BepcTara 3a JOMOMOTOI0 MAarHiTy.
VY iHmIOMYy BUNAAKY CI1J Nepea0auuTh CrellaJbHUi TPUCTPINA A 3aKpIIUICHHS
3arOTOBKH, SIKM TPHBOJUTHCS B IO 32 JOTIOMOTOI0 TIEBHOTO aKTyaTopa 3a
curHasiom 3 Arduino. Kox mis Bepcrata 3 UIIK mMoxke OyTH CTBOpEHHE BpY4HY Y
BUIMAAKYy HECKIaaHOI 00poOku abo 3a momomororo CAM-mporpamu. B manomy
BUIIAJIKY 3alporpaMyBaTH TaKy €JINTUYHY TPAEKTOPIIO BPYUHY MpPOOIEMATUUIHO,
ToMy s aBToMartusarii reHeparii G-xomy Oyno Bukopuctano CAM-momynb
FreeCAD [19].
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v .

PHcyH'ok- 1 - i—IaEqaﬁﬁﬁﬁﬁ r BM, SIKUM Kepye pbépbéneHa nporpama

-~

!'nain.py * MK (Python + pySerial
mysimple stream |¢ + pyFirmata)
Py
G_:D CNC 3018 Pro + Po6or +
bl cglde » CNC-CAMTOOL Arduino UNO
Brol-e (GRBL) (StandardFirmata)
Candle
» POTPAMA 1 | prog.py e
poboTa

Pucynok 2 — 3B’s13ku komnoHeHTie ' BM

BucHoBku. 3amnpomnoHoBaHmii croci6 mporpamHoro kepyBaHHs ['BM
XapaKTEPHU3YEThCSI TPOCTOTOIO peatizallii, HU3bKOI BapTIiCTIO KOMIOHEHTIB ' BM
Ta IMUPOKUMH MOXKIIMBOCTSMH 3aBIsKi MOBI Python ta i makeram. Y mepury depry
HOro TmJaHyeTbcsi BUKOPUCTOBYBaTHM B HaBuaibHUX MHuisIX. Ilpote, y pasi
3aCTOCYBaHHs OLIbII HAAIMHOrO 00JIafHAHHA 1 Crnoco0iB mepenayi MUppOBUX
JTAaHUX, BIH Ma€ MEPCHEKTUBHU 1 B IPOMHUCIOBOMY BUKOpHUCTaHl. B MailOyTHROMY
IJIAHYEThCS pealizyBaTH CUCTEMY aBTOMATHYHOTO KOHTPOJIIO, JomnoBHUTH ['BM
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UDC: 621.774.001
Romanchenko S.P. (Ukraine, Kramatorsk, DSEA).

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 pum.

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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UDC 621.789
Romanchenko S.P. (Ukraine, Kramatorsk, DSEA).

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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UDC 621.914.5

Rudakova K.A. (Ukraine, Kramatorsk, DSEA).

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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CamconoBa T.M. (Biookpemnenuii cmpykmypHuti niopo3oin «Cnos sincoKui
Gaxosuii koneddc Hayionanvnoeo asiayivinozo yuisepcumemyy, m. Clo8 siHCbHK,
Vrpaina)

THO®OPMAIIMHO-KOMIT'FOTEPHI TEXHOJIOI'TI ITPH
BUKJIIAZJAHHI EKOHOMIKHA

Buxopucmanna ingopmayitino-komn 1omepHux mexHon02ill, 6 HABUANIbHOMY NpPOYec,
30i16ULYE MONCIUBOCIT NOCMAHOBKU HABYAILHUX 3A80AHb | YNPAGIIHHA NPOYECOM iX BUKOHAHHSL.
Inghopmayitino-komn romepui  mexnonoeii.  00360110mb  AKICHO — 30IUCHIOBAMU  KOHMPOJIb
OIAIbHOCMI CMYOeHmis, 3a0e3neuydu npu YboMy HYYKICMb KepyB8aHuHs HABUANbHUM NPOYECOM.
Ceped HU3KU cydwacHux nioxodi@ 00 HABYAHHA 6a2oMe Micye 3aumae OUCMAHYIHA dopma
HABYAHHA — HOBA (PopMa OC8IMHBLO20 Npoyecy, AKA 0A€ 3MO2Y GUUMUCA MA HAOAE YMOBU O/is
AKICHOI pobomu | cnputinamms ingopmayii.

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 cporonmi Bce OLIbII OMITHA OPIEHTOBAHICTh B CTOPOHY IHCI)OpMaLIII/IHO-
KOMIT’ FOTEPHUX TEXHOJOT1i, IINPOKO BUKOPHCTOBYETHCS JUCTAHIIHE HaBYaHHS B
pe3ynbTaTi iHhopMaTH3allli Cyc-IiibCTBa 1 peOPMyBaHHS CUCTEMU OCBITH.

Y cydacHHMX yMOBax YKpaiHa IOCTYIIOBO MEPETBOPIOETHCS B iH(OPMALiiiHY
Jep’KaBy, 0 NPU3BOAUTH JI0 3HAYHOrO 30UIbLICHHS Hepenu(y BUMOT' {010
BHKOPHCTAHHS 1HPOPMAIfHIX Ta KOMII'IOTePHUX TEXHOJOTIH, IPAKTHIHO, B yCiX
rajry3ax AisSUIbHOCTI JIFOIMHU, 30KPEMA 1 B OCBITI.

AKTyanpHICTh  JaHOi TeMH  OOyMOBIEHAa  CTPIMKMUM  PO3BUTKOM
1H(pOpMaIITHO-KOMIT FOTEPHUX TEXHOJIOTA Ta iX BOPOBAKEHHSIM B HaBYaIbHUI
mpolec, fKl Horo yaockoHamowTh. Peamizaimis mpouecy iHdopmaru3amii Ta
3aCTOCYBAaHHS €JIEKTPOHHOI OCBITH SIK HE-TIEPEPBHOTO Ipolecy € e(PeKTHUBHUMU
TEXHOJIOT1IMH.

[lutanHs BrpoBaKeHHS €(EKTHBHUX TEXHOJOTIM y HAaBYAJIBHUN MPOIIEC
posrnsganocs me B 20-x pokax XX cr. y npausx bextepera B., IlaBnosa I.,
VxTomcrkoro A., Ilamnpkoro C.

[HHOBAIIMHI TIeAaroriyHi TEXHOJIOTIT B opraHizallii HaBYaJIbHO-BUXOBHOI'O
polecy, y BU- IMUX HABYAJIbHUX 3aKJaJaX, PO3TISJAINCh B JIOCHIIKEHHSIX
bormanosoi 1., bognapa B., F0X6epr O., €smokumoBa O., Koznoscekoi I.,
Cunopenka C., Cn06oz[er0Ka A. Ta IHIIHX.

IH(l)OpMaI_III/IHO KOMIT'IOT€PHI TEXHOJIOTII — 1€ NOporpamMHe M amapaTHe
3a0€3MEeUYCHHSI TepP- COHAIBHUX KOMIT FOTEPIiB, TEXHOJOTIT 00poOKH, 30epeKeHHs,
BiOOpYy Ta mpencTaBieHHs i1H(QopMa-Iii, TIIOOaJbHA KOMITIOTEpHA Mepeka
[HTepHeT Ta iH1IE.
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Mertoro  crarTi €  3anmpoBa/pKeHHS  1H(OPMAaLIHO-KOMIT IOTEPHUX
TEXHOJIOT1i, 30KpeMa JTNC- TAHIIIMHKUX, JJIs1 3a0€3MeUeHHS SIKICHOT OCBITH B BUIIMX
HaBYAJIbHUX 3aKiaziax.

Cy4acHuil CTaH pO3BUTKY CYCILIBCTBA XapaKTepU3yeThCs Pi3KUM
3POCTAHHAM iH(GOpMAIHIX MOTOKIB HE TUTBKM B 3ac00ax MacoBOI iH(OpMALi,
ame i y cdepi BUPOOHMUTBA, HAYKH, KyJIbTypH. SIKIIO JIOHeJaBHa CTYIIIHb
PO3BUTKY CyCIIIBCTBA BH3HAYABCS CTYICHEM WHOro IiHAycTpiamizamii, TO Ha
CbOT'0JIHI BU3HAYAETHCS CTyNeHeM 1H(popmaTu3aii [1].

Bucoxwuii piBens iHbopmaTu3arlii i B ocBiTu. Komm’torep cTtaB HeBiJl’ €eMHUM
aTpuOyTOM HaBYaNbHUX 3akiaaiB. OOpobutu iH@oOpMaliiiHi mOTOKH 6€3
3aCTOCYBaHHS KOMII FOTEpa HEMOKIH-

Bo. Komm’torep, B iHQOpMaLIHUX TEXHOJIOTISIX HAaBYAHHS, BUKOPHUCTOBYIOTH SIK
OJIMH 3 €(PeKTUBHHUX 3aC00IB OOMIHY 1Hq)opMaLueIo

Komm’rotep BuKOHYe ¢yHKIIT poO0YOro IHCTPYMEHTY: 3aco0y HIATOTOBKH
TEKCTIB Ta iXx 30epekeHHs; TEKCTOBOTO pelakTopa; IpadiyHOro peaaKTopa;
O0YMCITIOBAJILHOT MalIMHM; 3aco0y MojentoBaHHSA. DyHKIII0 00’€KTa HaBYaHHS
KOMII'FOTEp BUKOHY€ IpU IMPOTpPaMyBaHHI; CTBOPEHHI MPOrPaMHUX MPOIYKTIB;
3aCTOCYBaHHI PI3HUX 1H()OPMALIHHUX CEPEeTOBUILI.

3 _PO3BMTKOM  Ta  BNPOBA/DKCHHAM iH(opMaLiiHO-KOMIT IOTEPHHX
TEXHOJIOTIM CTano MOX-JMBUM 1 BUKOPUCTaHHS [HTEpHET-pecypcy y BUKIAJaHHI
€KOHOMIKH, [0 € BAYKJIUBUM 3aBJIaHHSIM.

Kowmm’torepuzariiss HaB4aHHS, 30KpeMa E€KOHOMIKH, MOTpeOy€e HAasIBHOCTI
CHellaJbHO OPraHi-30BaHOi KOMII FOTEPHOI HaBuyajdbHOI mporpamu. [IpoBeaeHHs
3aHATTSA 3 BUKOPUCTAHHAM 1H(OpMa- IIHHO-KOMII IOTEPHUX TEXHOJIOTiN BUMAarae
BIJl BHKJIaJjaya IE€BHOI MIATOTOBKH, 30KPEMa BHUKOPUCTaHHS PI3HOMAHITHOTO
MPUKJIATHOTO IMIPOTPAMHOTO 3a0€3MEYCHHS.

YuM mmpiie 3acTOCOBYIOTHCS HOBITHI KOMII' FOTEpHI TEXHOJIOTII B IMpoleci
BUBYCHHS CKOHO-MIKH, THM C(CKTHBHIIIMMU € Pe3ynbTaTd HaBYaHHS. CTYyICHTH
KOPHUCTYEThCS €IEKTPOHHUMHU Mare-piajlaMd, BUKOHYIOTh 3aBlIaHHS, TECTH,
CKJIaJIal0Th Oi3Hec-TutaHu. Ha MynbTUMEMIMHIN AOMII MpO-XOJISTh npe3eHTaui'1'
TeM KypCcy CKOHOMIKH. IHTepHeT-pecypcH BHKOPHMCTOBYIOTHCS Ha 3aHATTAX 3
CeKOHOMIKH [JIsl 3aCBOEHHS MaTeplany, UTIOCTparltii, MOBTOPEHHS 1 TepeBipKH
OTPUMAaHMX 3HaHb, aKTyasi3alii Ta 3aKpIIJICHHs 3HaHb.

PI3HOMaHITTA TEOPETHYHHX CKOHOMIYHMX 3HAHb, 3aCTOCYBaHHsA IX Ha
NPAKTHUL, YMiHHS aHAII3yBaTH CKOHOMIYHI CHTyaull, p06HTH NEBHI OOYUCIIECHHS,
OymyBaTH rpadikd, pO3yMiTH CTAaTHCTHKY, 3araJKOBiCTh CYYaCHHX JOCIi/DKCHB,
OCOOJMBOCTI KHUTTSI HACEJNCHHS PI3HUX KpaiH, iX-Hii E€KOHOMIYHHW PO3BUTOK,
TOCTpl €KOJIOTIYHI Ta JAeMmorpadiyHi mNpoOJeMH ChbOTOACHHS, Bce 1€ — 3
BUKOPUCTAHHSAM TMPOrpaMHHUX 3aco0lB, TAKUX SK EJIEKTPOHHI MIJIPYYHUKH U
HaBYaJIbHI MOCIOHMKHM, MYJbTUMEIINHI EHIMKJIONEeAli, [0 BIAKPUBAE IOCTYI
CTYJIEHTaM JI0 BEJIMKOTO 00’€My HOBOI in)opMaui'l' sKa B TPAAULIMHOMY BUTJISIII
(Ha marepoBiif OCHOBI), MPAKTHYHO, HE peani3yeTses. Lle crpuse BUXOBAaHHIO B
CTYICHTIB 31aTHOCTI Bi4yBaTH, 6aunTH np06neMH IIIMpOKO BHKOPHC- TOBYIOTECS
[HTepHEeT-pecypcH A MATOTOBKH JIEKIIiH, HAOUHOTO MaTeplany y BUTJISII CXEM,
KapT, CTBOPEHHS MYJIbTUMEIINHUX TIPe3eHTAIlIi Oy/Ib-IKOT TEMH.

Takum uuHOM, 1H(MOPMAIIHHO-KOMIT IOTEPHI TEXHOJOTIi MiJIBHIYIOThH
e(EeKTUBHICTh HABYAJILHOIO mpolecy. EleKTpoHHe HaB4aHHS Oa3yeThCs 1 Ha
3aCTOCYBaHHI JUCTAHUIMHUX TEXHOJOTIH, SIKl J03BOJIAIOTH OpPraHi3yBaTH IPOIIEC
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HABYAHH, SIK TIPOLEC B3aeMO/Ii1 CTy,Z[CHTiB Ta BHKIIaJ[a4a, CTy,Z[CHTiB MK COO0OI0,
HE3Ba)XAr04M Ha 1X (i3MYHE PO3MIMICHHS Y IPOCTOPI Ta Yac; BprI/IBaIOTL JOCTyT
10 HABYAIBHUX MatepialiB 3 OyAb-fKOro MicLi Ta B 6ym> sk vac. Po3BuTOK
JMCTAHIIHOI OCBITH HE BHUIIAIKOBHIl — I1e 3aKOHOMIPHICTb aJlanTarii OCBITH [0
Cy4aCHHX yMOB: BUKOHATH COLIalIbHE 3aMOBJICHHS CYCIIIBCTBA O3 0COOIMBUX
MaTepiallbHUX BTPAT 3 OOKY JepiKaBu. I[HCTaHmHHe HABYaHHS PO3IJISIAIOTEH SIK
CYKYIHICTh 1HGOpMAIIHHUX TEXHOJOrIH, sKke O0a3yeThbCs HAa BHUKOPUCTaHHI
KOMIT FOTEpPiB, €IEKTPOHHMUX MIAPYYHHUKIB 1 Take iHIIe. Lle i poOuTh nucraHiiiine
HaBYaHHS TexHoJoriero HaBdaHHa XX| cTopivusi.

XapakTepHUMHU pucamu € THYYKICTh, MOIYJBHICTh, EKOHOMIYHA
¢(peKTHBHICTh, KOOPIAMHALIIHA POJIb BHKIaJa4ya, BHKOPHCTAHHS CIICLiali30BaHHX
¢dopM 1 3aco0iB HaBYaHHS, ajle BCE X Taku Hiska (popMa HaBYAHHS HE 3aMIHUTH
HABYaHHS B ayzn/ITopu 31 CTyACHTAMU.

I IMCTaHNIMHOIO OCBITOO PO3YMIOTh IIMPOKUI CIIEKTP OCBITHIX MpOrpam
1 KypciB, TOYHMHAIOYM BiJ KypcCiB MiABUINCHHS KBamidikailii, mo HE MaroTh
aKpeauTallii, 3aKiHUYylOYM aKpeIWTOBAaHMMU NPOrpaMaMH BHIIOI OCBITH, SKi
peanizyloTb MOXJIMBICTh TICHOTO CIIJIKYBaHHSI CTYJICHTIB 31 CBOIMU BHUKJIaIadyaMu 1
OJTHOKYPCHUKAMH, SIK 1€ BlI[6yBa€TBC$I npu o4HOMY HaB4aHHI. [|ns 3a0e3meueHHs
edeKTUBHOI B3aeMOJii MpHU I[I/ICTaHHII/IHOMy HABYaHHI BUKOPUCTOBYETBCS LM
CIIEKTP 3ac00iB: IHTEPAKTUBHI KOMIT IOTCpHI TpOrpam, PI3HOMaHITHI CEpBiCcH
Internet, enextponna noiura, TenedoH, daxc 1 3Buyaiina nomra [2].

BlJIBIHlCTB METOJUK BUKJIaJaHHS nependayae O0e3nocepeiHe CHUIKYBaHHS B
yMOBaxX ayJUTOPHUX 3aHSTh, B MOBHIA MIpl SKUM BIJANOBIIalOTh BeO-TIaTgopma
Zoom ta Google cepsicu: Blogger, Google Classroom. Be6-miardgopma Zoom
BUKOPHUCTOBYETbCS, IEPEBAXHO, JUIsI NPOBE- JEHHS JEKIH 3 J10JaTKOBUM
BUKOPUCTAHHSAM NPE3CHTALlI}, BileOMaTepiaiB Ta TaKe iHIIe.

3a J0mOMOror cepsicy Blogger peani3yeTbCs BHKOHAHHS IMPOCKTIB 3
JUCLMILTIHU: CTBOPCHHS BE0-KBECTIB, 1110 CIIPUSE IMIABUIICHHIO Y CTYJCHTIB PIBHS
camoopranizailii, po3BUBa€ HaBHUKH POOOTH B TPYMi, CIOPUSE PO3BUTKY TBOPUUX
3110HOCTEH.

Beb - cepric Google Classroom gae MOXIUBICTE CTBOPUTH ITOBHOIIIHHE
BIpTyaJIbHE OCBITHE cepefoBHIlE. BipTyanbHe OCBITHE CEpEIOBHUIIE MOKHA
TPAKTyBaTH K HaBYAIbHE OHJIaH-CepeIoBUIle, CHenu(IuHuil  BIAKPUTHI
JUHAMIYHUHN TPOCTIp peam3au11 OCBITHBOTO TIpotecy [3].

JIucTaHIliiiHI TEXHOJOTIi HE 3aBXIHM € TMEPEIIKOA00 I HaJAaHHS SKICHOI
OCBITH, a CTBOPIOKOTh i yMOBH JUIsi OBOJNOJIHHS HOBHMH HaBHYKaMH, B yMOBax
(POBUX TEXHONOTIH, B OCBITI, B Peaisix CbOTOACHHSL.

JlucTtaHIiiiine HaBUYaHHS — 1€ TEXHOJIOTiS, IO 0a3yeThCs HA MPHUHIIUIIAX
BIJIKDUTOI'O HaBYaHHS, IIMPOKO BUKOPUCTOBYE KOMIT FOTEPHI HaBYAJIbHI IPOrpamMu
pI3HOTO TPHU3HAUEHHS Ta CTBOPIOE 3a JOMOMOIOI0 CYYaCHHMX TEIEKOMYHIKallii
1H(opMmaIliiiHe OCBITHE CEpEOBHUIIE VISl MMOCTAaYaHHS HABYAJIBLHOTO MaTepiany Ta
CHiKyBaHHA. JlucraHuiiiHe HaBYaHHS Mae€ HM3KY I[epeBar IMepej I1HIIMMHU
¢opmamn HaB4aHHs. Tak, MPAaKTUYHO, HE BUXOLSIYH 3 JIOMy YH HE MOKHMIAK0YH
CBO-T'O POOOYOro Miclisl, MOKHA HlI[TpI/IMyBaTI/I perJ'I}IpHI/II/I KOHTaKT 3 BUK/IajlaueM
3a JIOTIOMOTOI0 Te- HeKOMYKaHII/IHI/IX TEXHOJIOT1H, Y TOMY YHCII BiJI€03B 3Ky, Ta
OJIep>KyBaTH HaBYAJILHUN MaTepiai B €IEKTPOHHOMY BHUTJISIII.
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Bukopucranus Mepexi Internet 1ae MOXIMBICTH ONEPATUBHOTO TOCTYIY 10
1H(bopMau1HHHx pecypciB HAaBYANIBHOTO 3aKiajy Ta MOXIUBICTE €(EKTUBHOI
B3a€MO/II1 «BHKIIagau-CTyAeHT», 5K B Online, tak i B offline pexxumax.

Takum 9uHOM, 3aCTOCYBaHHS 1Hq)0pMaumHo KOMIT IOTEPHUX TEXHOJIOTIH, B
OpraHisariii HABYaJIbHOTO MPOLECY, AO3BOJISE IiIBHUIIUTH GCI)CKTI/IBHICTB HaBYaHHS
i 3a0€3MeYUTH KOHTPOIb 3HAHb, POSMIMPUTU 00CAT PONIOHOBAHOI HABYAJILHOT
iHpopmarii, JomoMara€ PpO3BHTKY INi3HA- BAlbHOI MISIBHOCTL CTYZACHTIB,
HIMPOKOMY PO3KPUTTIO iX 3a10HOCTEH, aKTHBi3alii pO3yMOBOi MJiSIBHOCTI Ta
1HTEpecy J0 MPeAMETY BUBUCHHS.

BUCHOBKHM

Bl‘[pOBa,ZDKeHHSI iH(opMaLiHO-KOMIT IOTEPHHUX TEXHOJIOTIN y MeAaroridHuii
MPOLEC BHUILOI KO € HEOOXiAHOK YMOBOO [UIsl PEAbHOTO MiJBHILICHHS SIKOCTI
HAaBUYaHHS, CIPSMOBAHOCTI Ha MIATOTOBKY (haxiBIsl 3MaTHOTO ITOBHOITIHHO
peanizyBatu cebe B yMoOBax 1H¢)0pMau1I/IH0r0 cycminbcTBa. BrpoBajukeHHs
U(POBUX TEXHOJOTIH, B OCBITHIA TPOIEC, ICTOTHO NPHUCKOPIOE Tepemady i
3aCBOECHHSI  3HaHb, CHpUSA€ TMIABUIICHHIO SKOCTI HABYaHHA  CTYJICHTA,
ypi3HOMaHiTH10€ HOTO IISJIBHICTh HAa 3aHATTI, IO Ja€ MOXJIMBICTh MalOYTHIM
(baxiBISIM YCITIITHO 1 MIBHIKO aalTyBaTUCS B CyHacHOMy CYCIIUIBCTBI.

Takum 4MHOM, 3aCTOCYBaHHSI 1H(1)0pMau11/IH0 KOMII'FOTEPHHMX TEXHOJIOTH 1y
JUCTaHLIiHIA (OpMI HAaBYAHHS € HEBIJ'EMHOIO CKIIAI0BOIO CYYacHOI OCBITH. Ix
BUKOPHCTAHHS J1a€ MOXJIHMBICTh IMJBHIIATHA SKICTh OCBITH, 3a0€3MEUUTH
HABYaJIbHO-BUXOBHUI TIPOILIEC, MIABUIIUTUA TIpOodeciiiHy MO61JII>HICTI>, AKTHUBHICTH 1
MOTHBALIIO IO HABYAIBHOI JISJIHOCTI, 32 IKMX CTYJE€HTU BUUTHUMYTHCS HE TUIBKU
3aCBOIOBATH 3HAHHA, a ¥ CAMOCTIMHO iX 3/100yBaTH, BUKOPUCTOBYBAaTH OTpPUMaH1
3HAHHS MiJ] YaC HAaBYAIBHOTO MPOIECY Ta y MOBCIKIECHHIN JiSTTLHOCTI.

OTxe, HA CHLOTOJHINIHINA JICHbD, J:[I/ICTaHuiﬁHa OCBITa IIBHIKO PO3BHBAETHCS
Ta BJIOC- KOHAOETBCS. 3aMPOBA/PKYIOTHCS HOBI Cy4acHi TEXHOIOTIT ISl TOTO, 100
OCBITHI mporec 3 OyAb-sIKOT MUCHMUIUIIHM OYB 3pYYHHM Ta SKICHUM JIs

NIArOTOBKM MalOyTHIX (paxiBIIB PI3HUX Tally3€eu.
CIIUCOK ITOCUJIAHb
1. Typociu A. M., Ilosoposuwk H. 1., Camconos B. B. Inghopmamuxa ma inghopmayitini
mexHnonoeii : niopyunuk. Xapxkis, 2007. 352 c.
2. Kozap M. M. Bipmyanvuuii ynisepcumem : Hagu.-memoo. nocio. Jlesie : Jlbsigcvruti
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YK 621.941-229.3: 621.317.38

Canon C.II., Kocmau O.I1., Baacwok B.A. (Hayionanvnuii yuisepcumem
« YepHnizciscoka nonimexuixa», m. Yepnicis)

ITOKA3ZHUKHU EHEPI'OCIHIO’)KUBAHHA, SIK IHCTPYMEHT
MOHITOPUHI'Y IHTEJIEKTYAJIBHUX IHNITMHAEJBHUX BY3J1IB

OcHOB8HOI0 KOHYENnyien eepcmamie Ho8020 NOKONIHHSA € MONCIUBICINb IHMENEKMYANIbHO20
MOHIMOPUHSY MA KEePYBAHHA 1020 8Y31amu. 3aCmOoCy8aHHs NOKA3HUKIE eHep2OCHONCUBANHS, K
IHCMpPYMEeHmy MOHIMOPUH2Y CMAHY WNUHOEIbHUX B8Y3118 00360JA€ 30IUCHIO8AMU MAKUU
MOHIMOPUHE He 8MPYUAIOYUCh 8 KOHCMPYKYIIO WNUHOETbHO20 8y31d. B pobomi npeocmasneno
0271510 MOJICIUBOCHENU 3ACNOCY8AHHA OAHUX NPO CHONCUBAHY NOMYNHCHICMb MA CUTY CHPYMY
NPUBOOHO20 OBUSYHA 8 SAKOCMI IHCMPYMEHMI8 MOHIMOpUHeY CMAHy ma YNpaeniHHA
IHmMeneKmyanrbHUMU WRUHOETbHUMU 8Y3NAMU.

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 mnpoOJsemu. [HTENeKTyanbHI IINHHAEII € OCHOBHUMH
KOMIOHEeHTaMu HoBoro mokomiHHi SMART-BepcTariB, siKi PO3MMPIOIOTH iX
(yHKLIOHAJIBHI MOJIMBOCTI B HalpsSIMKY BHUMIPIOBAHHS 1 JIOKaJbHOI OOpOOKHU
JAHUX TpO iXHI MapaMeTpu y BIANOBIAHOCTI 0 MNapajurMu Kioep-(iznyHux
cucteM y pamkax Industry 4.0. OCHOBHOIO KOHIICHIIIEI0 BEPCTATIB HOBOTO
MOKOJIIHHSL € MOJKJIUBICTH 1HTEJIEKTYaJbHOTO MOHITOPUHIY Ta KEpPYBaHHS HOro
By3JaMu. BiAMOBIAHO CTBOpPEHHS 1 HOCHIKEHHS (QYyHKIIOHATBHUX MOKIIHUBOCTEH
IHTEJIEKTyJIbHUX ~ IIMUHACIBHUX  BY3JIB ~ HAWOMMKYMM  YacoM  OyayTh
aKTyaJIbHUMHU.

[HTEeNneKTyanpHl IMUHAETBHI BY3JIM MepeAdadaroTh IHTETPaIliio Pi3HUX
JATYUKIB, SKI 37aTHI BU3HAYATH JIWHAMIYHI XapaKTEPUCTHUKH, EKCIUTyaTarliiHi
napamMeTpu, CTaH IIMUHIES Ta Tmpoiecy oO0poOku. (OcoOIMBOCTI MPOIECIB
MeXaHIYHOI OOpOOKHM pi3aHHSIM, KOHCTPYKI[iSI Cy4aCHUX BHCOKOIIBUIKICHUX
IIMAH/IETBHUX BY3/TiB BHOCSTH IE€BHI OOMEXKEHHS Ta BUMAararoTb KOMITAKTHOT
1HTerpauii 1 ONTUMAJIBLHOTO PO3MILIEHHS AATYMKIB, MPUBOAIB, KOHTPOJEPIB Yy
CTPYKTYpl I1HTENEKTYaJIbHUX IIMUHJCIBHUX BY3/IiB. 3aCTOCYBaHHS MOKA3HUKIB
CHEepProCIOKUBAHHS, K 1HCTPYMEHTY MOHITOPUHTY CTaHy IIMUHACIBHUX BY3IIiB
JO3BOJISIE 3/IIMCHIOBATM TAKUM MOHITOPUHI HE BTPYYalOUUCh B KOHCTPYKIIIIO
HIMTUH]IETHHOTO BYy3J1a.

AHaJIi3 ocTaHHIX JOCTiIKeHb i myoikanii. 3ampononoBana B po06oTi [1]
eHepreTUyHa MOJeNIb TEXHOJIOT1YHOI CHCTEMH omepallii Moke OyTH 3acTOCOBaHa
SK OCHOBAa METOJWKH OIIIHKA €HEProeeKTHBHOCTI OCHOBHUX Ta JOTMOMIDKHHX
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MPOIIECIB, IO PEai3yIOThCS BUKOHABYMMHU BY3JIaMH Ta CHCTEeMaMH OOpOOHHX
BEpCTAaTIB, 30KpeMa MIUHICIbHUMH By3J1aMU TaKOX.

B monorpadii [2] po3pobiena MeToiuka (QyHKI[IOHAILHOTO 11arHOCTYBaHHS
eHeproe)eKTUBHOCTI ~ ACUHXPOHHUX  €JEKTPOJBUTYHIB 32  PE3yJbTaTaMH
BUMIPIOBaHb EKCIUTyaTalliiHUX TapaMeTpiB (CTpyMiB 1 Hampyr). IlokazaHo, 1110
3alpONOHOBAHA METOJMKA MOXE 3aCTOCOBYBATHUCS B CHCTEMaxX MOHITOPHUHTY,
(GYHKIIOHATIBHOTO JIarHOCTYBAaHHSA, a TaKOX HJisi MPOBEACHHS MOPIBHSIBLHOI
OLIIHKK €HEeproe(eKTUBHOCTI PI3HUX THMIB ACHHXPOHHUX EJIEKTPONPUBO/IIB,
30KpemMa i OI[IHKM EHEpProeeKTUBHOCTI TMPHUBOMAIB INMUHICIBHUX BY3IIB
MeETaJIOpi3aIbHUX BEPCTATIB.

3anponoHoBaHa B po0OoTi [3] Monenb A OLIHKK 1 MPOTHO3YBaHHS
TEOPETUYHOTO CIIOKMBAHHA €HEprii B Tmpoleci (Qpe3epyBaHHS Moxe OyTu
MPUKJIAAOM TiAXOAY JJIT PO3POOKH MOJIENICH €HeProCIIOKUBAHHS 1HIITMX TPOIIECIB
00pOOKH.

@®opMyJTIOBAHHA PaHillle HEBHPIIICHUX YACTHH 3arajbHOI NMpolJieMu.
Crin BIAMITUTH, IO KOXKEH BEPCTaT, KOXKEH MOoro By30J ad0 cucTeMa MaroTh CBOI
IHAMBIAyallbHI ocoOmmBOCTI. He icHye nBOX aOCONIOTHO OJHAKOBHUX 3a BcCiMa
napamMeTpaMH BEpCTaTiB a0 MIMUHEILHUX BY3iB. Lle 3yMOBIE€HO aHI30TpPOIIE0
BJIACTUBOCTEH MartepiajiB, 3 SKUX BOHU BUTOTOBJICHI, PO3CIIOBaHHSM MOKA3HUKIB
TOYHOCTI 00pOoOKM 0a30BMX Ta BUKOHABUMX ITOBEPXOHBb JIeTajeil BEpCTaTiB,
noXuOKaMH CKJIaJaHHs, YMOBaMHU 1 peKMMaMH eKcrutyaTtaunii Tomo. IlacmopTHi
pe3yabTaTu BUIIPOOYBaHb BEpCTaTa HA TOUHICTh AOCOJIFOTHO JIOCTOBIPHI JIMIIE B
yMOBax, Jie BepcTaT BuUIpoOOByBaBcs. [[I mMoka3sHUKM B Tpolleci eKCILTyaTalli
€BOJIIOLIOHYIOTh. [IpyuoMy He BCl aOCOJIIOTHO MPOTHO30BAHO 1 JAJIEKO HE
JHIAHAM YUHOM. MOAYJIBHUN TPHUHIIMI KOMIIOHYBAaHHS BEPCTATIB JIO3BOJISE
KOMOIHYBaTH 1 CTBOPIOBATU BEPCTATH MiJi KOHKPETHI BUMOTH 1 YMOBU OOpPOOKH.
[IpydoMy 116 TOBUHHO 3AIMCHIOBATHCH MAaKCHMAJbHO INBHAKO. ToMy BKpai
BKJIMBO MaTH MAaKCHUMAaJbHO JIOCTOBIPHY 1H(OpPMAIIIO TIPO CTaH By3ja (MOIYJIs),
1ioro GyHKITIOHAIBHI MOKIIMBOCTI, TTIOKa3HUKH 1 XapaKTePUCTUKHU. BianmoBiaHo s
MaKCUMaJbHO TOYHOTO JIIarHOCTYBaHHS CTaHy By3Jla Bepcrarta MOTpiOeH
KOMITJIEKCHUM TIJX1Jl, SIKHA TPYHTYEThCS HA IHTErpaiii CUTHAJIIB 3 PI3HUX
BUMIPIOBAYiB Ta JaTyuKiB. B TOBHIN Mipi 1€ BIAHOCUTHCA A0 IINMUHICIBHUX
BY3IiB, SIK KJIFOYOBOTO €JIEMEHTY B TIpolieci OpMOYyTBOPEHHS TOBEPXOHb.

MeTo10 podOTH € OrJsiJ MOMXIUBOCTEH 1 JOIIJIBHOCTI 3aCTOCYBAaHHS
MOKA3HUKIB CHEPTOCTIOKMBAHHS, TAaKWUX SIK CIIO)KMBaHAa ITOTY)KHICTh Ta CHJIA
CTpyMy MPUBOJHOTO JBUTYHa B SIKOCTI IHCTPYMEHTIB MOHITOPUHIY CTaHy Ta
YIOPABITIHHS 1HTEICKTYaTbHUMH MITUHACIBPHIMH BY3JIaMH Ta TIPOIIECaMH 00pOOKH
pi3aHHsM.

Bigomo, 1m0 MeTroau BUMIPIOBaHHS JMHAMIYHUX XapaKTEpPUCTHUK Ta
EKCIUTyaTalifHUX TMapaMeTpiB IIMUHACTFHUX BY3JIB TOUISIOTHCS HA TPsSMI Ta
Hernpsimi. [Ipsimi MeTonu BUMIPIOBaHHS MarOTh OUIBII BUCOKY TOYHICTb, TOM1 SIK
HEMpsiMI METO/IM MEHII CKJIaJH1, ajie OlIbIN MPUIATHI JJII MOHITOPHHTY CTaHy Ta
1HTEerpamii B CUCTEMH YMHPABIIHHS 1HTEJEKTYaJIbHUMH LIMUHACIBHUMH BY3JIaMU.
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[4]. IcHye Oararo HempsMUX METOMIB MOHITOPHHTY BiOpamiid, pi3aJbHOTO
IHCTPYMEHTY, CTaHy MIANIUITHUKIB IINUHACIBHOTO BYy3Jla, TOYHOCTI, SIKOCTI,
MPOJYKTUBHOCTI OOpOOKM pi3aHHsIM. [IpakTM4HO BCI BOHH 3acCHOBaHI Ha
BUMIPIOBaHHI CHJI Pi3aHHS YM IHIIUX (PI3MUYHMX BEIUYUH, OTPUMAHUX SK MMOX1THI
Bil cun pizaHHa. Cepel TakMX MOXHA Ha3BaTH 3HAYEHHS CTPYMY/TIOTY>KHOCTI
JIBUTYHA TIPUBOJY T'OJIOBHOTO PYXY, 3TMH/IIEPEMIIIEHHS IHCTPYMEHTIB 1 KpYTHUM
MOMeHT. Taki CuUCTeMH MOHITOPUHTY, 3aCHOBaHI Ha TOMY MPHUHIMUII, IO
CTPALIOBAaHHS PI3JIbHOTO 1HCTPYMEHTY, KOJHMBAHHS MPUITYCKY 1 XapaKTEPUCTHUK
3aroTOBKH, BiOpailii, HECIIPaBHOCTI HIMHHAEIHHOTO By3Jia TOILIO B TEpEeBaXKHIN
OUTBIIOCTI BUKIWKAIOTH 301TBIICHHS BIJIMOBIAHUX CKJIQJOBUX CHUJIM pi3aHHA. A
MOJIOMKH PI3aJbHOTO 1HCTPYMEHTY NPOSBISIOTECA Y BHIJISAL PO3PUBIB  abo
IMITyJTbCHUX 3MiH B OJIHIM a00 KUIBKOX KOMITOHEHTaX CHJIH pizaHHs [4, 5].

Perenepariiiini  aBTOKOJIMBaHHA 1 BUMyIIeHI BiOparlii, 3yMOBIJIEHI
TEXHOJIOTIYHUM  HaBaHTWKEHHSIM  O€3MOCepe/lHbO  BIUIMBAIOTH HA  SIKICTb
00poOII0BaHOT TOBEPXHI, 3HUKEHHS TEPMIHY CITY>KOU pi3aJIbHOTO IHCTPYMEHTY Ta
eKCIUTyaTallliiHOro pecypcy ImnuHaens. Takl KoauBaHHs 3a3BUYail BUMIPIOIOTHCS
aKcelepoMeTpaMu, SIKi, 3aJIeKHO BiJI TEXHOJOTIYHUX OCOOJIUBOCTEH MpoIecy
00poOKH, 3aKPIMUIIOIOTECS Ha 3aroTOBIN a00 Kopirycl mmnuness. Bibparii Ta cuim
pizaHHA Oe3MOCepeIHhO IMOB’s3aHi. A 3MiHA 3yCHJUISL pi3aHHsS Oe3mocepeaHbo
BIJIOOpaKAETHCS HA BEJIMYMHI CIOKUBAHOT TMOTY)XKHOCTI JBUTYHOM TPHUBOIY
TOJIOBHOTO PyXy BepcTata. ToMy BHMIpIOBaHHS MOKa3HUKIB €JIEKTPOCHOKMBAHHS
MO’KHA 3aCTOCOBYBATH JUIS BHU3HAUEHHS 3MIHU 3yCHJIb PI3aHHA 1 SIK HENPSMUUN
croci0 MOHITOPHHTY Ta KepyBaHHsS BIOpali€l0 Ta IHIIMMU TpOIECaMH B
TEXHOJIOTT4H1A 00pOOIIOI0YI CUCTEMI.

['onoBHa nepeBara MOHITOPUHTY BIOpalliil HA OCHOBI BUMIPIOBAHHS CTPYyMY
ab0 CHOKMBAHOI MOTYXHOCT1 JIBUTYHA MOJISITAa€ B TOMY, IO METOJ HE MOTpelye
JATYMKIB BIOparlii, a BUMIPIOBAJLHUN amapar HE Mmopyurye mpoiec oopodku. B
poboTax [6, 7] 3a 1OMOMOT0I0 BUMIPIOBAHHS CTPYMY JABUTYHA MPUBOJY IIMTHHICIIS
3MIIIICHIOBABCSI MOHITOPUHT BiOparliii B mporiecax gppesepyBanns. Jis mokparieHHs
pE3yNbTaTiB MOHITOPUHTY BiOpallii CUTHAIK CTPYMY/TIOTY>KHOCTI JBUTYHAa MOYHA
00'eTHYBATH 3 IHIIMMHU CHTHAJIAMH, HANPUKJIAJ TAaKHUMHU SIK aKyCTHYHA emicis [8].
He3Bakatouu Ha mepeBaru CUTHAIIIB CTPYMY/TIOTYKHOCTI, BaXKKO 32 JIOMOMOTOIO iX
3a0e3MeunTy MOHITOPUHT BiOpallii B peaibHOMY 4aci uepe3 HEeBEIUKY 3aTPUMKY B
yaci MDK MOSIBOIO BiOpauiid Ta oTpUMaHUMHU curHasiamu. KpiMm Toro, mijBHILEHI
TEMIEPaTypH, BIACTUBI €IEKTPUUYHUM JIBUTYHAM, 3MIHIOIOTH CUTHAJ CIIOKHBAHOI
MOTY>KHOCTI, 1110 MOYK€ BIUTHHYTH HA TOYHICTH BHSIBJIICHHS BiOparii [4].

OCHOBHOIO TIEpEBarold BHUKOPHUCTAHHS CTPYMY/TIOTY>KHOCTI  JBUTYHA
NPUBOJY IIMUHACILHOTO By3Ja B SKOCTI TMOKA3HUKIB JJIsi MOHITOPHHTY CTaHY
IHCTPYMEHTY, € Te€, II0 BOHM HE NOTPeOyIOTh BTPY4YaHHS B KOHCTPYKIIIIO
pi3aJbHOrO 1HCTPYMEHTY, PO3MIILIEHHS YyTIMBUX €JIEMEHTIB B 30HI pi3aHHsA abo
nepepuBanHs mporecy pizanus [9]. 3okpema B poborax [10, 11] BcTaHOBIEHO
KOPEJSILIAHY 3aJI€KHICTh M1’ 3HOCOM IHCTPYMEHTY Ta CTPYMOM JIBUTYHA MPUBOAY
MIMUHJENS B mpoleci ¢pesepyBaHHsA. OKpIM 3HOCY IHCTPYMEHTY 3a CTPYMOM
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JIBUTYHA MPUBOJY IIITHHJIEIS MOKHA BCTAHOBUTH TOJIOMKY 1HCTpymeHTy [12]. B
po6oti [13] po3pobiieHO MOJEIb MOHITOPHHIY CTaHy pPi3ajbHOTO IHCTPYMEHTY
INUSIXOM 00’€HAHHS CUTHAIIB KUIBKOX JAaTYMKIB Ha OCHOBI HEHPOHHOI MEpexl.
OaHuM 13 BXOJIB 3alpoOINOHOBaHOI Mojeli OyB CHUTHal CTPyMy MPUBOIY
mmuHaens. Ha KopucTh 3acTOCyBaHHS CTPYMY/TIOTY)KHOCTI JBUTYHA TPUBOIY
IIMMAHIETHPHOTO BYy3J7a B SKOCTI TOKA3HWKIB MOHITOPHHTY CTaHy pi3albHOTO
IHCTPYMEHTY CBIIYUTh MOXJIMBICTh cydyacHux cucteM UIIY namaBatu moctym 10
BHYTPIIIHIX CUTHAJIB, TaKUX SIK MOTY)XHICTh JBUTYHa Ta cTpyM. Lle 3a0e3meuye
MOJKJIMBICTh 1HTETpallii CHCTEM MOHITOPUHTY CTaHy pi3aJIbHOTO 1HCTPYMEHTY SK
monyiniB y cuctemu YITY.

[loka3HUKH  €HEpProeeKTUBHOCTI  JO3BOJSAIOTH  OLIHUTH  KOPUCHE
(eexTBHE)  BHUKOPHUCTaHHS  EHEPreTUYHHUX  PECYpPCiB  TEXHOJOTIYHUM
o0JaHaHHSAM B IIJIOMY Ta HOTO OKPEMHUMH BY3JIaMU JIJISl JOCATHEHHS HEOOX1THUX
MOKA3HUKIB TOYHOCTI, MPOJYKTUBHOCTI. BuOip moka3Huka eHeproepeKTHBHOCTI
3aJIeKUTh BIJI XapakTepy poOOTH oOOJaJHaHHS, WOro TEXHOJIOTIYHUX Ta
KOHCTPYKTUBHHUX OCOOJIMBOCTEN TOLIO.

OCHOBHUM  TOKa3HUK  €HEProeeKTUBHOCTI — MHUTOMA  BUTpaTa
enexTpoeHeprii E, BU3HaYaeThCA:

E =

W
" on
ne W — moBHa BUTpaTa €JIEKTPOCHEPrii 00IaIHAHHSIM MPU BUTOTOBJICHH1 OJUHUIII
npoaykiii, KBT roj;
N — 00CAT BUTOTOBJICHOI MPOAYKIIIT (YUCIIO JeTaNeH), IIT.

3a koedimientom kopucHoi mii (KK][) mMokHa BU3HAUUTH EHEPreTHYHI

BUTpAaTH oOOJIaHaHHS Ta Moro By3diB Ta cucrteM. KKJ[ enexrponpuBomy
MIMUHACIBHOTO By3Jla BU3HAYAIOTh 3T1THO BUPA3Y:

W, ,

WH

]7:

ne W,., — cHoxxmBaHa IOTYKHICTb enekTpoeHeprii mpusoxoM IIIB B mpoueci
bopMOYTBOPEHHSI 3a ITUKIT 00pOOKM eTali-peacTaBHuKa, KBT ro;

W, — moBHa cnoXuBaHa MOTYKHICTH eyekTpoeHeprii mpusogom B 3a nwmkin
00poOku, kBT ro.

[Tpu BUTIPOOYBAaHHSAX IHTEJICKTYadbHUX INMUHICIBHUX BY3JiB, K OKPEMHX
MOJYJIB TEXHOJIOTIYHOrO OOJaJHAHHS, KOPEKTHIE 1 3py4yHIlle BHU3HAYaTH HeE
W, ¢, @ Wy - CIIOKMBaHY IOTYXKHICTb €JIEKTPOCHEPTii INHUHACIBHAM BY3JIOM Ha
XOJIOCTOMY XOy:

LW
WH

N
I
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ne W,, — crmoxuBaHa MOTYKHICTb €JEKTPOEHEprii IIMUHICIbHUM BY3JIOM Ha
X0JI0OCTOMY XOAy, KBT rog.

3umwxkennss KK/ npuBoay HINMUHIEIRHOTO BY3Ja MPU HE3MIHHUX YMOBaXx
0oOpoOKM Ta BETMYMHAX TEXHOJOTIYHUX HAaBaHTAXEHh MOXKE CBITUHTH TIPO
3pOCTaHHS BUTPAT €JIEKTPOCHEPrii B pexkuMi xonoctoro xony W,,, koau o0poOka
He 3miicHIOEThes. [IpruunHamMy IbOTO MOXYTh OYTH JTOJAaTKOBI BHTpaTH €HEPrii,
3YMOBJICHI MiJABUIICHUM TEpPTSAM, TpPaHUYHUM 3HOIIYBAHHSM, TPYKHUMHU
KOJIMBaHHSIMH, TETUIOBUMU MPOIECAMH TOIIIO.

Takum unHOM, eHEeproeeKTUBHICTh OOJIAHAHHS, HOTO BY3JIB Ta CHUCTEM,
MPOIECIB MEXAHIYHOI OOPOOKHU OIIHIOIOTHCA ILISXOM PEECTpallli eleKTPUIHOTO
CIIO)KMBAHHS BCIX MOMJIMBUX €JIEMEHTIB, SIKI BIUIMBAIOTh Ha IMOKa3HUKHU
(GYHKIIIOHYBaHHS 3a BU3HAUYCHUI MPOMIKOK 4Yacy, IKUW BIAMOBi/Ia€ OCHOBHOMY Ta
JTOTIOMIDKHOMY Yacy Ha 0OpoOKY 3aroTOBKH TIEBHOI JOBKHUHH.

B  naykoBo-mochmigmiii  poOori [14] BHKOHyBalIHMCh  JOCIIIKECHHS
€JIEKTPUYHOIO CIIOKMBAHHS OCHOBHHUX €JIEMEHTIB MPEHU31HHOr0 TOKApHOTO
BepcTaTa 3 MIMUHAENIEM Ha TiApaBliuyHuX onopax (puc. 1.)

I =L I OTOKM ENEKTPUYHOTO CTPYMY :

\ i a - N0 [Kepen CNoXWBaHHA TOKapHO-TBUHTOPISHOMO BepeTaTy;
I 6 - NO p¥epen CNOXUBaHHA riapaBnivHOl CTarUil,

TokapHO-rBUHTOPI3HUI
Bepctat YT16A

=ﬁo &O 5

2 3 4 5
Puc. 1 — Cxema eleKTpUYHOTO CIIO’KUBAHHS OCHOBHUX €JIEMEHTIB BEpCTaTta 3
HIMUHACIBHUM BY3JIOM 3 T1paBIidYHUME oropamu: 1 — enexrporinada Bepcraty; 2
— €JIEKTPOIPUBOJ, TOJIOBHOTO PYXY (IIOCTIHHOTO CTPYMY); 3 — €JIEKTPOABUTYH
MIPUMYCOBOIO MOBITPSIHOTO OXOJOKEHHS; 4 — €JIEKTPOJIBUTYH JJIs1 TPOKAYyBAHHS
MaCTUIIbHO-0X0J0/1Kyt040i piguHu (MOP); 5 — enekTpoaABUTyH IPUCKOPEHOT
nojayi; 6 — MICIIEBE OCBITJICHHS;7 — €JIEKTPOJBUTYH HACOCHOI YCTAHOBKH; 8 —
€JIEKTPOABUTYH TEIIIOOOMIHHUKA

Ha puc. 2 cxemaTM4yHO HaBEIEHO CIIOXKMBAHHS TOTY>KHOCTI MPUBOAOM
TOJIOBHOTO pyXy IIMHUHJENS, IPUBOJAOM Hacoca TiIPaBIIYHOT CUCTEMH KUBJICHHS
MIMUHACIBHUX OTIOP, Ta MPUBOAOM MPUCKOPEHOT 1moadi mpu oOpooii.
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W, kBt
5S¢ 10¢ T oen S5c¢ S5c¢

[y | g | —en T—

[IPUCKOPEHi
XOmH 3

TIPHUBO |

} } Haco}CH‘a CTaHIIIs } !

Puc. 2. — YacoBa giarpama CroKMBaHO1 MOTY>KHOCTI 3a IIUKJI 0OpOOKH OHI€T
3arOTOBKH

[TocmimoBHICTP BUKOHAHHS TEXHOJOTIYHUX NPHHOMIB TIpu 00poOmi: ty —
MOYATOK, BKJIIOYAETHCS HACOC TIIPaBIIYHOI CUCTEMHU; I3 — BKIIIOYAETHCS MPUBO/I
TOJIOBHOTO PYXY Ta HACTPOIOIOTHCA MOTPiIOHA YacTOTa 00epTIB MIMUHENHS; T, - {3 —
1HTEepBajJ 4yacy poOOTH MpuUBOAa MpUCKopeHoi mojadyi; ty - {5 — iHTepBan yacy
pi3aHHs (00poOKM) 3aroToBKY; 15 - s — IHTEpBaAN Yacy poOOTH MPUBOJIa TOJIOBHOTO
pyXy Ha XOJOCTOMY XOAY Iiciigi OOpOOKM 10 BIAKIIOYEHHS >KUBJICHHS; t; —
BIJIKJIFOYEHHS HACOCY >KUBJICHHS T1IPaBIIYHOI CUCTEMH IIMUHEIBHUX OTOpP.

300paxkeHa Ha puC. 2 ailarpamMa BKa3ye Ha MOKIIMBICTH 3aCTOCOBYBATH
CIOKHUBAHY €JIEKTPUYHY MOTYXHICTh K IHCTPYMEHT MOHITOPUHIY MPOLECIB B
TEXHOJIOT1YH1i 00pOOII0I0Yii cCUCTEMI.

[IpoBeneH1 €KCIIEpUMEHTH B PEXKUMI XOJIOCTOTO XOAy MpU BapirOBaHHI
4acTOTOI OOepTaHHS INMUHACNS Ta BEJIWYMHOIO JUCOaIaHCy JAO3BOJWIN
BCTAHOBUTU 3aJICKHICTh 3MIHU CIIO)KMBAHHS €JEKTPUYHOI €HEprii MNpHUBOJIOM
IIMUHJETLHOIO By3JIa Ha XOJOCTHX XOJlax MPU 3MiHI 4acTOTH OOepTaHHS N Ta
HeBpiBHOBaKeHOCTI D, TeXHOIOTIYHOTO HaBaHTa)KeHHs (puc. 3).

Puc. 3 — 3asiexHiICTh CITOXKUBAHOT €JIEKTPUYHOT €HEPrii MPUBOJIOM IIMTUHACIBHOTO
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By3J1a B1JI YaCTOTH OOEpTaHHs N Ta HEBPIBHOBAXKEHOCT1 0OEPTOBHUX €JIEMEHTIB
TEXHOJIOT14HO1 00po0OIIot0U0i cuctemu D,

3 OTpUMAaHMX pe3yJbTaTIB BUIHO, IO HEBPIBHOBAXEHICTh OO0EPTOBHX
CJIEMEHTIB IIMUHAEIBLHOTO BY3Ja, SKa BUHUKAE BHACHIJIOK He30aJaHCOBAHOCTI
3ar0TOBKH, P13aJbHOTO 1HCTPYMEHTY a00 MOILIKOHKEHHS IIMUHJES OJIHO3HAYHO
BUKJIMKA€ 3POCTaHHS EJIEKTPUYHOIO CIOXKMBAHHS TMPUBOJIOM IIMUHACHS TNpU
301JIbIIIEHH] YaCTOTH 0OepTaHHS.

[Ipu mocmimKeHHI MOKAa3HWKIB C€HEPrOCIIOKUBAHHS IIMUHACIBHUX BY3IIIB
MaKCUMaJbHO TMOTPIOHO BpaxoByBaTW OKpemi ctamii iXx poOoTH, sKi
XapaKTEePU3yIOTh TMPOIECH CHEPreTHYHUX BHUTpar. Pe3ymbratm  OaraThox
JOCTIPKeHb  TOKa3yloTh, WIO0 MIArOTOBYI Ta 3aKIIOYHI e€Tamd  poOoTH
MIMUHACIBHOTO BY3JIa CKIAMAl0Th OIIBITY YacTUHY CHEPreTHYHHX BHUTpAT B
yMOBax OOpoOKH, a B TMpoleci pi3aHHSA 3arajbHl CHEPreTUYHI BTpPATH
30UTBIITYIOThCS Jinie Ha 5...20 %.

BucnoBku. [{udpoBi TeXHOOTIT Ta IITYYHUI THTEIEKT CTalOTh HEB1I €MHOIO
YacTUHOIO MamrHOOynyBaHHs. KoHIemIis 1HTeNeKTyalbHUX —Smart-ImuHICIIB
nependavae 3acTOCyBaHHS BOYJOBAaHUX JIATUYMKIB, SIKI TEBHOIO MIPOIO OOMEKEHI
KOHCTPYKTUBHUMH OCOOJIMBOCTSIMHU IIIHUHACIS Ta HEOOXIAHICTIO MIiHIMI3yBaTh
pI3HOTO poOAYy TMPUEAHAHHS [0 UIMUHAEIBLHOTO By3Jda. ToMy BHMIPIOBAHHS
CTPYMY/TIOTY>KHOCTI JIBUTYHA, SIK HEMPSIMUN CMOCIO BU3HAYEHHS €KCIUTyaTallliiHUX
napaMeTpiB Ta JMHAMIYHUX XapaKTEPUCTUK IIMHUHICILHOTO BYy3Ja 3aCIyTrOBYIOTh Ha
yBary 1 MOJAJBIIMA PO3BUTOK B HANpsAMKY IHTerpaiii i3 3aco0amu IITYyYHOIO
IHTEJIEKTY, TAKUMH SIK IITY4YH1 HEHPOHHI MEpEexI.
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Y]IK 621.002:621.9.01
Cunok .M., KoBaneBcbkuii C.B. (Vrpaina, m. Kpamamopcoxk, [{/IMA)

SABE3IIEYEHHA POSMIPHUX ITAPAMETPIB B JKUTTEBOMY HUKJII
BHUPOBIB MAIIIMHOBY/1YBAHHA

B pobomi nokaszano, wo Komniekche 8paxyéanHs OONYCKi6 HA 3A20MOBKY, 3MIH PO3MIpY
NPUnycKie abo KOMNEHCYIOUUX JIAHOK NPU3800ums 00 NepepaxyHKy yciei cxemu, ii cmpykmypu
mexHo102ii 8upody oemaneti i 8y31i6 mawiun. Tomy suHuKae nompeba cmeopeHHs Memooy, AKULL
003801UMb NPOSHO3YBAMU 3MIHU CIMAHY 00 ekma (Oemarni, 8upody) y 3a1erHcHOCmi 8i0 3MiH BCIX
BHYMPUWHIX | 308HIWHIX nApaMempie 6UpOOHUYMEA.

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 mapameTrpiB NpoOAyKIii, BUPOOHHMIITBA 1 TEXHOJOrII MOCTIIHO
nigsuinytoTecsa. Ilepen 3amyckoMm BUpOOy [0 BHIOTOBJIEHHS 1 €KCILTyaTarlil
NOBUHEH OyTHM BHUKOHAaHUM BEJIMKUN OOCAr MIATOTOBYMX POOIT TNOB'SI3aHHUX,
30KpeMa, 3 TEXHOJIOTIYHOIO MiATOTOBKOI BUPOOHUIITBA. Bin sikocTi Ta riaubOuHu
OINpallOBaHHSI MPOEKTYBAaHHS 3aJIEKUTh €(EKTUBHICTh BUPOOHHUIITBA 1 BUTPATH,
NOB'A3aH1 3 peKOH(DIrypali€ro 1 onTuMi3aniero. TeXHOJIOT4Ha MiIT0TOBKA BKIIIOYAE
PO3MIpHMI aHali3 — 1€ CYKYIHICTh PO3PAaXyHKOBO-aHATITUYHUX MPOLENYp, IO
3MIICHIOIOTHCS] TIPU PO3pOOII Ta aHaI31 KOHCTPYKIIM 1 TEXHOJOTIYHUX IPOIIECIB
[1].

Jlo po3MipHOTO aHali3y HajeXaTh MUTaHHS, MOB'S3aHl K 3 PO3POOKOIO 1
aHaII30M KOHCTPYKI[IHA, TaK 1 MUTaHHS, MOB'S3aHI 3 PO3POOKOI0 TEXHOJOTIYHUX
MPOIIECiB, aHAII30M TPOLECIB CKIAJaHHS — TepeBIpKa 30MpaHHS CKIAJATIbHUX
OJIMHUIIL, BUOIp BUIY CKiIagaHHs. MeTa — 3a0€3MeUnuTH SKICTh Ta TEXHOJIOTTYHICTh
BUpOOIB, OTPUMAaHHS PO3MIpIB, MPUIYCKIB Ta TPAaHWYHUX BiaxuieHs. Lle crpuse
MIHIMi3alli BUTpAT BUPOOHULTBA MpHU 3a0€3MEUYEHH] SKOCTI B KUTTEBUX ILUKJIIIB
BUPOOIB MaIMHOOYyBaHHS [2, 3]. ToOMy MOBMHEH NPOBOAUTHCS KOMILIEKC POOIT,
0 CKJIAJIA€ETHCA 3:

— noOy0BH po3MipHuX cxeM TII;

— BUSBJICHHS 1 (piKcallisi B3a€EMO3B's13K1B BCIX PO3MIPHHX MapaMeTpiB;

— BUSBJICHHS PO3MIPHUX IIUJICH Ta MpU3HAYEHHSI OOIPYHTOBAHUX JOIMYCKIB 1
MIHIMQJIBHO HEOOX1HUX MPUITYCKIB;

— PO3paxyHKy CepeaHiX 1 MIHIMaIbHUX TPUITYCKIB, BU3HAUYCHHS
HOMIHAJIBHUX 3HAYCHb ONEpaIliiHIX PO3MIPIB TOIIIO.

be3 1poro npoekTyBaHHS ONTUMAIBHUX TEXHOJIOTTYHUX MPOLIECIB 3BOJIUTHCS
0 YKPYIHEHOTO TPOEKTYBaHHS Ha pIBHI THUIOBUM TEXHOJOTI], OCKUIbKU
PO3MIpHUI aHai3 MOB'A3aHUN 3 KOHTPOJIEM TOYHOCTI 1 METPOJIOTI€0, MOB'I3aHUN
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13 3a0e3meueHHsIM po3MipiB 1 MiHIMI3ali€0 BUTpaT (puc.l.).

[TpoGiema po3MipHOTO aHaJi3y MOB'sI3aHa 3 TPYIHOIIAMHU:

— PO3paxyHKYy JIHIHHMX 1 JlaMeTpaibH1 KOHCTPYKTOPCHKHUX 1 TEXHOJOTTYHUX
PO3MIpiB, BIIXUJICHB;

— pO3paxyHKy TOYHOCTI CKJIaJaHHS;

HEMOBHOIO  aBTOMATH3allli po3paxyHKy, HEOOXITHICTh M0OYyI0BU
300pakeHb PO3MIPHUX CXE€M, HEBU3HAUCHICTh HAMPSIMIB JIJAHOK PO3MIPHOT JIAHITIOTa
IPU PO3PAXYHKY TEXHOJOTTUHUX PO3MIPIB;

— BEJIMKY TPYAOMICTKICTh MTOTIEPETHBO1 MiATOTOBKH BUX1IHUX JTAHUX;

— CaMOCTIMHOT MIATOTOBKM JaHUX TEXHOJOTOM, BH3HAYAIOUM OPIEHTOBHI
TEXHOJOTI4HI PO3MIpH, KBAJITET, TOMYCKH Ha TEXHOJIOT1YHI PO3MIpH 1 MPUITYCKU
Ha 00pOOKY;

BCTAHOBJICHHSI PO3MIPHUX 3B'SI3KIB MIISAXOM TOOYIOBH  JIIHIHHUX
PO3MIPHUX JIAHIIOTIB 1 JIAHIIFOT1B BITHOCHUX MTOBOPOTIB;
— BHCOKOIO TPYAOMICTKICTIO PO3MIPHOTO aHaji3y dYepe3 YHCICHHICTh

PO3MIpPHHX JIAHITIOT1B.
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Pucynox 1 — Bzaemo3ss’si30x posmipnoeo ananizy 3 KIIB

Ponp TexHomora momnsArae y 3a0e3reueHH] CTBOPEHHS U ICHYBaHHS TaKUX
naniori. IlobdynoBa rpad-cxemM Ha OCHOBI PO3MIPHOIO aHaji3y J03BOJISIE
NepelT A0 TaKOro MPEeACTaBICHHS BHpPOOY, KOJU CIUIBHO PO3IJIAIAI0ThCS
KOHCTPYKTOPCHKI1, TEXHOJIOTIYHI Ta ONEpaliiiHi po3MipH, AOMYCKU Ta iX KBaJITETH.
CxknanHicTh ii BUKOPUCTAHHA WBOTO TMOJSATa€E y TPYIOMICTKOCTI CTBOPEHHS
3arajbHOI CXeMl, sIka BPaxOBYE 3aroTOBKY, BUTOTOBJIEHHS, CKJIQJaHHS 3 THIIUMU
eJIEeMEHTaMHM Ta 3MIHM TI1J] 4Yac eKCIuTyaTallii.

[cHyrounii MeToa rpadoaHaTITHYHOTO PO3PAXYHKY — METOJT BIJACTEKECHHS 3a
PO3MIpPHUM JIAHIIIOTOM JIeTajll Ha KOXXHOMY eTami >XKuUTTeBoro nukiy. Ha iforo

OCHOB1 MOJKJIMBO ONTUMI3YBAaTH PO3MIPH Ta MPHUIYCKH, TUM CAMHUM BIUTMBATH Ha
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CTaH Ta fAKICTh JeTall Ta MoBepXOoHb. OJHAK, KOMIUIEKCHE BpaxyBaHHS 3MiH
(IOMyCKM Ha 3aroTOBKY, 3MIHA PO3MIpYy MNPUIYCKYy ab00 KOMIIEHCYIOUOi JIAHKH)
NPU3BOAUTL JO TMEepepaxyHKy yciei cxemu, ii CTpykrypu. HemoxauBo
BIICTe)KYBaTH  BHYTpIIIHI  (I3UKO-MEXaHI4YHI  BJIACTUBOCTI  (BHYTpIIIHI
HaIpy>KeHHs, TOBEpXHEBa Ta 00’€éMHA TBEPIICTb, TPIIMHU Ta AedexTh). Tomy
BUHUKAE TOTpeOa CTBOPEHHS METONY, SIKHM J103BOJIUTH MPOTHO3YBATH 3MIHH CTaHy
00’ekTa (JieTaii, BUpoOy) Y 3aJISKHOCTI BIJl 3MIHU 30BHIIITHIX TTapaMeTpiB.

Bupi6 mammHOOymyBaHHS, SIK YacTMHA 3HApPSIb Mpalll, HAIpaBJICHO Ha
3a0€3MeUeHHs] BUITYCKY MPOAYKINi. SIK MpoyKIlis, BiH 3a0e3medye 3aJ0BOJICHHS
noTped CIOKUBAYIB.

Tomy, okpema omTHMIi3alisi KOXXKHOTO €Tamy He 3a0e3nedye MOoTpiOHOTO
piBHS KOHKYpPEHTHOI 3/IaTHOCTi, OCKUIbKH €(eKT BiJl 3MIH HE BpPaxOBYIOTHCS B
IHIMUX eTamax >KUTTEBOrO IUKIy. Tomi IiipoBa (PYHKINS MpOIECy TOBUHHA
BUTJISAJIATH SIK CyMa OMNTHMI3aIlli KOXHOTO €Tany 3 BaroBUMHU KoeQilliEHTaMH.
BaxxnuBuM € CTBOpPEHHS YHIBEPCAJIBHOTO KOMILUIEKCHOTO METONY YIPaBIiHHS
KUTTEBUM ITUKIIOM.

OOpobOka petaneil 3a TEXHOJIOTIYHMMH MpOIEcaMu, IO TmependadyaroTh
ONTHUMI3alliI0 >KUTTEBOTO IUKIY BHUPOOIB MalIMHOOYyBaHs, MOBMHHA, HA HAaII
MOTJISZl, HA BepcTaTax 3 MapajeibHOI KIHEMATHUKOK JUIsl 3MEHIICHHS BapTOCTI
BUTOTOBJICHHS, 3MEHIIIEHHA 4Yacy OOpoOKH Ta MIABUIICHHS SIKOCTI BUTOTOBJICHHS
MPOAYKIIIi.
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CUTHATYPHUM NIJIXII JJIA YIIPABJIIHHS )KUTTEBUM LIUKJIOM
BUPOBIB MAIIMHOBY IIBAHHS

Busnaueno Oocsenenns ma nepcneKmueHi HANPAMKU BUKOPUCHAHHA CUSHAMYPHO2O
nioxo0y 01 YNPAGNIHHA JICUMMEBUM YUKIOM 8UPODI8 MAWUHOOYVOYBAHHAHA NIOCMAsi
OMPUMAHHL OOCMOBIPHOI dlacHOCMUYHOT THOpMayii Ha 6CIX emanax dNCUMMEBO20 YUKILIB
supobis. Ilokazani nepcnekmusHi HANPAMKU BUKOHAHHS NOOAILUUUX HAYKOBUX OOCIIONCEHD, SKI
Modcymy  Oymu  00CsieHymi 8 pe3yibmami  8UKOPUCMAHHA — IHHOBAYIUHUX — MeXHOJI02Il,
CNPAMOBANHUX HA NIOBUWYEHHSL HCUMMEBO2O YUKITLY 8UPOOIE MAUUUHOOYOI6HO20 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 BHU3HAYAETHCS SK BIAMOBIIHICTH MapaMeTPiB MeEXaHI3MY
BUMOIraM TE€XHIYHOTO 3aMOBJICHHSI, TaK 1 3JaTHICTIO MAlllMHU BUKOHYBaTHU 0a30B1
byHKIIi TPOTArOoM 3a3HAayeHOro dYacy. Bijg MpaBWIBHOTO TEXHIYHOTO PIIICHHS
3aJIEKUTh TPOTYKTUBHICTh 1 KOHKYPEHTOCIIPOMOXHICTh BUPOOHHUIITBA.

['0710BHOIO 3a/1adyero TEXHOJIOTa € 3a0e3MeYEHHs JOBIOBIYHOCTI €JIEMEHTIB
MEXaHI3My y MeXax 3aJlaHuX JIOMYCKIB 3 MaKCHUMaJbHOK EKOHOMIEIO pEeCypCiB.
VYrpaBiiHHS JOBrOBIUHICTIO BIIOYBAETHCS 32 PAXyHOK YNPABIIIHHS TEXHOJOTIELO, a
came mapameTpamMu Ta 00’€KTaMH, sIKi MPUUMAIOTh y4acTh Y TEXHOJIOTTYHOMY
npoueci. BaxiuBuMm € BCEOIYHHMII KOHTpPOJIb €JIEMEHTIB MeXaHI3My Ha CcTafll
BUTOTOBJICHHS, OCKIJIbKM BOHU HamlpsMy BIUIMBAIOTh Ha SKICTh CKJIAJaHHS Ta yac
excrutyaraiii. B 11poMy HanpsMKy HalBaKJIUBIMIIKUM € 3a0€3ME€UEHHSI PO3MIPHUX
napameTpiB BUpOOIB MAIMHOOYTyBaHHS Ha MPOTS31 iX JKUTTEBUX ITUKIIIB.

ManoButpatHuM, 3 OOKY 4aCOBHX, MaTepiaibHUX Ta €HEPTETUYHHUX BUTPAT,
€ BUKOPHMCTAHHS CUTHATYp O0’€KTIB PI3HOI NPHUPOAM Ta PIZHOTO MPU3HAYEHHS.
CurnaTypHuidl TiAXi[ y BU3HAYEHHI MapaMeTpiB Il 3HAWIIOB 3aCTOCYBAaHHS Yy
pazioyiokaili, 3axucTi mnporpamMHux (Qaitnie, wmeauruHi Tomo. OmHak, Ie
OOMEXY€EThCSl  PO3IMI3HABAHHAM Ta 1ACHTH(]iKamiel0o o00’€KkTa MO0 Tpymam,
BU3HAYCHHSI HAJIEKHOCTI JI0 IEBHOTO KJactepy. Tomy, mocrae npobiaeMa po3pooka
METOJMKHA JIarHOCTYBAaHHS CTaHy O0’€KTa MalIMHOOYIyBaHHS AJIs yNpPaBIiHHS
KUTTEBUM LIMKJIOM BUpPOOY Ha MIACTaBl CUTHATYP 00 €KTIB SIK iX BIACHUX BIATYKIB.

Ha mincraBi mnomnepeAHiX MOMIYKOBUX pOOIT BUKOHABISIMU OKPECIIEHI
HAnpsSIMKH TEPCIEKTUBHUX TIOIIYKOBO-aHANITUYHUX,a TAKOX TEOPETUYHHUX 1
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EKCTIIEPUMEHTAILHUX POOIT JJIsI CTBOPEHHsI MOJIefiel onTuMi3allli 1HHOBAIIHHUX
TEXHOJOTI  CTBOpEHHS 1  YHpaBIiHHS  JKUTTEBUM  LHUKJIOM  BHUPOOIB
MalrHOOyyBaHHsA. ToMy, TOCTIKEHHs 3100yTKIB BITYU3HSIHUX Ta 3aKOPJIOHHUX
HAYKOBI[IB B CTBOPEHHI yMOB, KOJM CTaH BHpOOIB MpH BHUTOTOBICHHI Ta
eKCIUTyaTallii MoB’sI3aHUi 3 BUIPOMIHIOBAHHSM a00 BUKOPUCTAHHSM XBHJIbOBUX
BIUIMBIB Pi3HOI MPUPOIH € IIIIIKOM aKTyaJIbHUMHU.

KonkypeHTOCTIpOMOXKHICT BUPOOY, SIK 1 opraHizailii, BU3HAYAETbCS HE
TUIBKKM TapameTrpamMu  sKocTi [1] (HamidHICTh, PEMOHTOINPHAATHICT, SKICTb
MOBEPXOHb, CTPOK Oe3MepepBHOI POOOTH TOIIO), ajie ¥ MIBUAKICTIO pearyBaHHsS Ha
noTpedu pUHKY, Yac BiJ CKIaJaHHS TEXHIYHOrO 3aBJaHHS JI0 3allyCKy Ha PUHOK,
CTPOK BUTOTOBJICHHS | OJMHMII MaIlllMHK, eKCIUTyaTallii, yTuiizamii [2].

Tobto, x)utteBuit 1ukn Bupody (OKIIB), sx mociigoBHICTE 0OMEXEHOTO
YHClia €TamiB KiHIIEBOTO 32 YaCOM IIUKIIIYHOTO MPOLIECY, € OCHOBOIO KOHKYPEHTHOT
31aTHOCTI [3] 1 Ha SKICTh BHUPOOY MOKHABIUIMBATH 4Ye€pe3 CTBOPEHHS CHUCTEMHU
1H(pOopMaIIiHOrO CyNnpoBOAY MamuHU Ha Bcix ertanax uoro XL [4]. Ha ocHoBi
poOiT [3] 3amponoHOBaHI YKPYIMHEHI CXEMHU >KUTTEBOTO IUKIY JETali Ta BUPOOY
0e3 ypaxyBaHHs CTBOPEHHS HOBOIO BUpOOy Ha 0a3i craporo (puc. 1,2).

Pibotb QuHUIDHARHOT RPY-
damuoc Bupody

Paza 1 Paza 2 @aza 3 Paza 4
lpoexmybanug Buzomobnerns Ekcnayamayia Ymunizouia
repﬂ//wa o6podka

4 ——
d -
A
-
-

L

PUHKLIOHOMBH
ROKPUTIA

1 1
Yoproba  Yycmoda Onopadxybanssa
00podka  pdpodka o0podka

Pucynox 1 — Vkpynuena cxema srcummegozo yukiy oemari

Pibers QuHUioHansHol npu-
Jamocmi Bupody

Paza 1 ®Paza 2 Paza 3 Paza 4
lpoexmybarna Buzomobnenss Exenmyamayin Ymunizayia

Texwiwne oocnyzobybarys

ma Goensg \
7T \
Eoass Pemosm

/ Bunpodybanns \

Nidzomobra | \
conadobyx  onadanns  KOHTpOn

Pucynok 2 — Vkpynuena cxema srcummesozo yuxny
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XKL nmerami po3riagaeTbcsi 3 MOMEHTY IPOEKTYBAHHS TEXHOJOTTUHOTO
mporiecy A0 Horo moBHOI yTuiizarii. PiBeHb (QyHKIIOHAJIBHOI TPUAATHOCTI
dbopMyeThCs 3a paxyHOK TpoekToBaHoi kKOHCTpykmii 1 TII, a Takox meTomiB Ta
PEXKUMIB MeXaHO- Ta TepMooOpoOKu. Ilicis nporo piBeHb JHIIE 3HMKYEThCS 0€3
MOJKJIMBOCTI PeMOHTY. JIOBXXKMHA Ta KyT HAaXWIy MNPSAMOi BU3HAYAETHCS SAKICTIO
MOTNePEIHIX €TaIllB Ta YMOB €KCILTyaTaIllii.

®da3u NpOEKTyBaHHS, BUTOTOBJIEHHS Ta YTWII3alii MOBUHHI 3aliMaTu
MIHIMyM 4Yacy 1 3a0e3medyBaTH BHCOKI MOKa3HUKH (piBEHb (PYHKIIIOHAIBHOI
NPUIATHOCTI, HAJIMHICTh, HHU3bKa COOIBapTICTh, Oe€3meuyHa  yTUiIi3alls,
ONTUMAJIBHUM PIBEHb KOEPIIIEHTY BUKOPUCTAHHS MaTepialy TOIIO), a eTam
eKCIUTyaTalii HU3bKUUA KyT Haxuiy. lle 3a0e3nedyBaTtvMe piBeHb KOHKYPEHTHOI
CIPOMO>KHOCTI BUpoOy (MaIInHu, By3ja, JeTall).

KutTteBuil KA BUpPOOYy CXOXKUN 10 HUKITY JIeTall — CKIaJaeTses 3 2 ¢a3
CTBOPEHHSI YMOB BHCOKOTO PiBHS ()YHKIIOHAJIBHOI NMPUAATHOCTI (IIPOEKTYyBaHHS,
BUTOTOBJIEHHS), (pa3u Horo 3MeHueHHs (ekcruryaTtauis).Ognak, Ha Biagminy KL/,
XKII BupoOy mependauye peMOHTH [JIsi MOBEPHEHHS Ta IMIJABUIICHHS PIBHS
BIJIHOCHO 0a30BOT0 BapiaHTY IICJIsl BUTTPOOYBAHHS.

AKTyaJIbHUMU € METOAM, SIKI JIO3BOJISIFOTh BUKOHATH KOMIUIEKCHY OLIIHKY
cTaHy OO’€KTy 3a PpI3HUMH [apameTpamMu (T€OMETPUYHI XapaKTEPHUCTHKH,
HIOPCTKICTh, MIIHICTh, HASBHICTh, THUN 1 po3mip nedextiB Ttomo). Jlo Hux
BHUCYBAIOThCS BHUMOTM O€3KOHTAaKTHOCTI, IIBUAKOMAII, MOXJIMBOCTI pPOOOTH Yy
peanbHOMY uacl. I[IpukmazmoMm Moxe ciyryBaTd JiazepHa AePEKTOCKONid, sKa
JIO3BOJISIE 3HAXOJIUTH TOBEPXHEB1 TPIIIMHU, NeDEKTH 3BapHUX 3 €JHAHB 1 Pi3b0,
3HOC MOBEpPXHI, FTEOMETPUYHI PO3MipU 00’€KTy, MIOPCTKICTh Tomio. [IpoTte, Taki
METOJM MAalTh CYTTEBUN HENOJIK — MacuBHE abo BapTicHe oOmanHanHs. Lle
MPU3BOAUTL JI0 3HUXKEHHS MOOUIBHOCTI Ta TIJBUINECHHS BapTOCTI oOMepallii
KOHTPOJIIO.

OkpiM KOHTPOJIO CTaHy SKOCTI JeTaneil, iCHye mnorpeda KOHTPOJIIO
CKJIaJlaHHsl BY3JIIB Ta BUPOOY IIJIIXOM KOHTPOJIO TO3UIIOHYBAHHS OKPEMHUX
€JIEMEHTIB PO3MIPHUX JIAHLIOTIB (OAWH BIHOCHO OJHOTO, JIO(MTH MIKIETATISIMHU,
NO3ULIOHYBaHHSA BY3JiB y Kopmoyci Tomo). KoHTponb BupoOy mnepen
eKCIUTyaTaIli€ro, TOOToO BUMPOOYBaHHS, IPOBOSTH 3 METOIO NMPUPOOATYyBaHHS Tap
TEpTs, BAMIPIOBaHHS BIOpallii, piBHS IIIyMy TOLIO.

Bupimmt 1m0 npoOieMy  MOXKJIMBO — 3aCTOCYBAHHSIM  1HCTPYMEHTIB
MamuHHOro 30py. Komm’rotepna o00poOka 1 po3mi3HaBaHHA OO0 €KTIB 3a
JOTIOMOTOI0  Me€XaHi3MiB (OpMYBaHHS 1 BHUBEIEHHA 300pa)xeHb JO3BOJISIE
MIJBUIMTH PIBEHh aBTOMATH3aIlli HAa BUPOOHUIITBI, BUKIIOUUTH CyO €KTHBHI
YUHHUKUA T Yac OI[IHKM NapameTpiB, 3MEHILIUTH PECYpPCOMICTKICTh oOreparii
KOHTpOJIIO [5].

Ha ocHoBi anaiiza yncneHHux poOiT Oyna oOpaHa igeHTHdIKallis 00’ €KTIB
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MamuHOOyAyBaHHS 3a iX curHatypamu. CurHatypa —Habop XapakTEpPUCTHK
BIIOMTOrO BiJ LI CUTHAIY Ta MPUUHATOTO 3acO000M criocTepexeHHs. s Toro,
06 igeHTUdiKyBaTH (4u ayTeHTU(DIKyBaTH) 00’ €KT, MOTPIOHO MOPIBHATH HOTO 3
eTaJIOHOM a0 CHCTEMOIO 3pa3KiB. Y MaIIMHOOYAYBaHHI MEBHUN THI 1HPOpMAIli
(3pa3ku MeTady N0 Ta micias OOpoOKH, 3pa3Kh CTPYKTyp Micias OOpoOKH Ta
HAaHECEHHsI (DYHKIIOHAJIBHUX TOKPUTTIB TOIO), 30epiraloTbcs y BUTIAIL
dboTtorpadiii, OCKIJILKH BIITBOPEHHS 1X Y PeaIbHOMY KHTTI PECYPCOEMHE.

Curnatypu, y 3arajJlbHOMY pO3yMiHHI, 3HAWIIUIM 3aCTOCYBaHHS Mailbke y
KOKHIM CydacHi ramy3i, sfika IOB’S3aHa 31 CIIJKyBaHHSIM, CIOCTEPEKEHHSIM,
3aXHMCTOM Ha OCHOBI MeTOIB imeHTH]iKaIlii 00’exTiB [6]. JlilicHO, OCKIIbKH, Y
Oyapb-sKii ~ MammHI  TpUCyTHI  BiOparii, 3a  aMIUIITyHO-4aCTOTHUMU
XapaKTEePUCTUKAMUKOTPUX MOXHA 3/IIHCHIOBATH J1arHO3 Mpale31aTHOCTI MallluHH,
il cTtaHy i, mpu HEOOXiTHOCTI, MPU3HAUYUTU peMOHT. lle monerurye mpoueaypy
npo(IIaKTUKKA 1 TONEPEeKEHHS BIJMOB, PAlTOBHM XapaKTep SKUX € YacTOo
NPUYMHOIO CEPUO3HMX aBapiil 3 Baxkumu Haciinkamu. [latentu [7, 8] moBomsTh
MO>KJIUBICTh O€3KOHTAKTHOT'O 3HATTS PO3MIPIB METANIB 3a JOMOMOIOI0 30yKEHHS
Ta BU3HAYCHHS PE30HAHCHOI YaCTOTH JI€TAaJIl.

Takox, nedexrtu neranei (BiA MIIUIMITHUKIB 10 3’€IHAHb 3 HATATOM) MalOTh
BIUIMB Ha TapMOHIMHI CKJIaJ0BI YacCTOTHOIO CIEKTPY TI€HEPOBAaHUX HUMHU
BiOpaniiiHux npouecis. i rapMoHiiiHI CKIIa0B1 3MIHIOIOTBCS 3 POCTOM AE(PEKTIB
[9, 10]. Bysmu 1 MammMHA TaKOX JIarHOCTYIOTBCS 3a  JIOIIOMOTORO
BIOPOAKYCTHYHOIO CUTHAIYy Ta aHaiidy curharyp. lLle 103BoJisie MiIBUIIUTH
HAJIMHICTh MEXaHi3My 31 3HIKEHHAM Cco01BapTOCTI olepauli, MOB’s3aHOI 3
BIJTMOBOIO BiJl pO30MpaHHs I Bi3yaJIbHOTO KOHTPOJIIO SIKOCTI MOHTaxy [11, 12].
Taka MeTonrKa I0MOMarae AiarHOCTyBaTH MEPBUHHMIA CTaH BY3JIIB 32 JOTIOMOTOIO
crieKkTpy BiOpartii [13].

OCHOBHI BUMOTH TOJISITAIOTh Y 3a0e3MeYeHHI IIJTICHOCTI MaTepiainy Micis
KOHTPOJIF0;  MPOCTOTa  CTBOPEHHS  30yIKYIOUOTO  CUTHANly;  BIJICYTHICTh
JI0JIATKOBOTO BIUIMBY Ha CTaH 00 €KTY.

O6poOka cuTHaTYyp pi3HOTO TIOXO/DKEHHS Ta IIPOTHO3YBaHHS CTaHY
HAJXO0/IKYBaHOIO 00’ €KTY MOYKE€ BUKOHYBAThCS 3a JIONMOMOI0OI0 HEHPOCUMYJIALIIT Ha
OCHOBI1 0araTOBUMIPHOI alipOKCHUMallli TaHUX.

Bubip TexHosoriii 1 METOIIB KOHTPOJIIO SIKOCTi, Oprasizaiis poboTu i
HAaBYaHHS, OIllHKAa €(EKTUBHOCTI KOHTPOJIIO € HEBIJ €EMHUMH CKJIAJOBUMHU
3a0e3nedeHHs piBHA Ta ynpasiiHHs enementamu JKI[B 3rigHo 3ampomnonpoBaHoi
KoHIIemnii (puc. 3).
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Pucynok 3 — Konyenyisn KI|B
Peaxiii HaBKOJIMIIHBOTO  CEPENIOBMINA, BHUKJIUKAHI  TEXHOJIOTTYHUMU

BIUTUBAMH Ha 00'€KT HECYTh y coO1 1H(pOpMaIlil0 PO TeOMETPUYHI Ta CTPYKTYPHI
napameTpu, (I3MKO-MEXaHI4YHI BIACTUBOCTI 00’ekTy. Tomy, mig Ji€ero
30y/KYIOUOTO BIUIMBY 110 1H(QOpPMAIII0 MOXHA OTpUMaTH 1HGOpPMAIIIIO 100
MOTOYHOI'0 CTaHy SIK BUPOOY MAIIMHOOYIyBaHHS, TaK 1 €JIEMEHTIB TE€XHOJOT14YHOI
cucteMu (piKy4yuil IHCTPYMEHT, OCHACTKa, Bepctar). Taka iHpopMallisi € OCHOBOIO
ontumizaiii MatepiaiiB 00’e€kTiB BupoOHuUITBa, Ta eramiB KB (mpoexTyBaHHS,
BUT'OTOBJICHHSI, €KCILTyaTallis).
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VIIK 621.865.8

CokoanoBa O.A., Buciaoyx C.II. (Vkpaina, m. Kuie, HTYY «KIIl im. leops
CikopcbKko20»)

A0 IIMTAHHA TOYHOCTI ITIO3UIIOHYBAHHSA TPOMUCJIOBUX
POBOTIB

Haoano knacugixayito npomucnosux pobomis ma y3a2anvHeHy ix )yHKYiOHANbHY cxem).
Ilpusedeno nepenik nOXuboOK NPOMUCIO8020 pOOOMA, WO BUHUKAIOMb We 3 MOMEHMY
3aKaAa0eHHs1 1020 KOHCMpYKyii. PozenaHymo ma npoamanizoeano memoou 3aOe3neyeHHs
MOYHOCMI NPOMUCTIOBUX pOoOOMIE. 3anponoHoBaHO HAUOLIbUW OOYITbHUNL MemOoO KepyB8aHHs.
POOOMOM - HA OCHOBI ULMYYHUX 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 HIUPOKO BUKOPUCTOBYIOThCS HpomuciaoBi podotu (I1P)
Ta MaHinmynamiiai  podotn (MP) g BHKOHAHHS — IHPOKOTO  CHEKTPY
TEXHOJIOTIYHUX 3aBJlaHb, TaKWX SIK TIEPEMIIICHHS TMPEIMETIB PI3HOI Barw,
3BaprOBaHHA, COPTYBAaHHS 32 PI3HUMHU O3HAKaMU TOIIIO.

EBostoriiss HAHOTEXHOJIOT1H MOCTIMHO BUCYBa€ HOBI BUMOTH JIO 1€ O1IBIIOT
TO4HOCTI Ta mnoBToproBaHocTi [IP. Ilpore pobGoTn He 3aBkau 3a0e3MeuyroTh
HEOOXIJTHY KOPCTKICTh Ta Hapa3l He 3/JaTHI 3a0e3Me€YUTH MIKPOHHY TOYHICTH Ta
HA/IBUCOKE MO3UII0HYBaHHS.

Po3BUTOK pOOOTOTEXHIYHOI IHAYCTPIi Ta HAHOTEXHOJOTIA TMOKa3zye, IO
TpaJMIIiiHI METOAuM pOOOTU30BAaHMX  KOMIUIEKCIB  CTalOTh  BCE  OUIbBII
Manoe(eTUBHUMHU ISl BHUPIIICHHS BaXJIMBUX NPAKTUYHUX 3aBaaHb. [lo HHX
BIIHOCSTh MEIWYHI MAHIMyJSAIli, KOCMIYHI TEXHOJOTi, a TaK0XX TEeXHOJIOTIYHI
npoiiecu 0OpoOKHM aeTaned CkiIaaHoi reoMeTpii Ta GOpMyBaHHS IMX MOBEPXOHB
poOOYHMM THCTPYMEHTOM TOIIIO.

OpHuM 3 BapiaHTIB BUPIIICHHS TIPOOJIEMH TOYHOCTI € aHaji3 MOXUOOK, sKi
MO>KJIMBO T4 HEMOXJIMBO YCYHYTH Ta K1 BIUTMBAIOTh HA TOUYHICTh MO3UITIOHYBAHHS
poOOTIB Ta BUKOPUCTAHHS OUIBII JOCKOHAIMX MeTomiB kepyBaHHs [IP, 1o
JT03BOJISITH BPaXOBYBATH YC1 30BHIIIHI 30ypeHHS Ta KOMIICHCYBATH KOHCTPYKIT iHI
Ta BUPOOHUY1 TOXUOKH.

TakuM 4MHOM, METOIO JJaHO1 POOOTH € JOCIIJKEHHSI METO/IIB 3a0€3MeUCHHS
TOYHOCTI MO3ULIIOHYBAaHHS BUX1/IHO1 JJAaHKU 32 BUKOHAaHHA pyXoBux (yHkuii [1P Ta
BUOIp HAOUIBIII PaIliOHAILHOTO.

[IpomucioBi pobOTH — 1€ OPOrpaMoBaHl MEXaHI4HI MPUCTPOi, IO
BUKOPHUCTOBYIOTHCSl ISl BUKOHAHHS CKJIAHUX, HEOE3MEYHHX Ta MOBTOPIOBAHMX
3aBlaHb 3 BEJMKOI0 TOYHICTIO. Y3arajbHeHa (yHKIIOHalIbHA  CcXeMa
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MIPOMHUCIIOBOTO POOOTa MpecTaBieHa Ha pucyHKy 1. HaitOimbin po3moBCIOHKEHOO
cxemoto kimacudikarii [1P € [1]:

- 3a XapakTepoM BUKOHYBaHUX TEXHOJIOTTYHHUX OTepalliii;

- 3a BUJOM BUPOOHUIITBA,;

— 3a CHCTEMOIO KOOPJAWHAT PYKH MaHIMyJISITOPA,;

- 3a BaHTaKOIIIHOMHICTIO;

- 3a TUIIOM CUJIOBOTO MPUBO/LY;

- 3a BUJOM IMPOTpaMu;

— 3a XapaKTepOM KEpyBaHHSI TOIIIO.
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Puc. 1. Y3aranbHeHa ¢yHKLiOHabHA cxeMa Npommc/ioBoro pobora.

MpoTe ana 6inbworo po3ymiHHA MP ix KpalLe NoAiAUTK Ha TPM OCHOBHI KaTeropii, Wo micTATb CBOI
niasmuam [2]:

o AtomatuuHi [1P.

— [Iporpamui. Jlana peanizaifisi € JAEMIEBOIO, OCKIJIBKH MPOTPAMYy€EThCS
CTaJIOI0 TIPOrPaMor0, HE Ma€ Ha COOl CEHCOPIB Ta BUKOPUCTOBYETHLCS /IS TIPOCTUX
oreparii.

— AnantuBHI. JlaHWM BHUJI Ma€ CEHCOpPH Ta psAJ IporpamM, IIo
n03BoJIsIt0Th [P aHamizyBaTu cuTyalilo Ta IpUMMaTH PIIIEHHS B 3aJIEKHOCTI BiJl
30BHIIIHBOTO CEPEIOBUIIIA, alle B MeXaxX 3aKJIaJeHOol mporpaMu. € OIbII TOUHUMHU
MOPIBHSHO 3 MPOrPAMHHUMH.

- HapuanyBani. Taki IIP wmaroTe 34aTHICT HaByaTtucs , TOOTO
BUKOHYBAaTH TIE€BHI Jii B 3aJ€KHOCTI BiJ| MOMEpPEIHhOr0 HaBuyaHHS. Hampukian,
CTBOPIOETHCS TIOPSIOK JiH, 110 3aKJIaIA€ThCS y OJIOK KepyBaHHS PoOoTa.

— [aTenexryanphi. [logiOHI poOOTH y SKOCTI KEpyrouoi Mporpamu
MaloTh IITY4HY HeWpoHHy Mepexy (IIIHM) Ta mMoxyTh crpuiiMaTé 30BHIIIHE
CEpeIOBUIIE 3a JIOTIOMOTOI0 CEHCOPIB, a He Jtofel. € KOMOIHAIIEI0 alalTUBHUX

[P ta Tux, mo HaByarTbcs. OCHOBHA BIAMIHHICTh — MPOMMCIOBUN POOOT Mpu
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npuiiMae pillleHHs CaMOCTIMHO Ta HE Mae€ 3a3Jajerib MPOMHUCAHOTO CLIEHAPII0
[MOBEIIHKH.

o biorexniuni [1P.

- Komanani. IloaioHi poOOTH-MaHINYJISTOPH JUCTAHIIINHO KEPYIOThCS
OTEepaTOPOM.

- -KomipyBainbhi. [lanuii Bug MaHIIyASTOPIB KOMIIOE 3aJjaHy MOBEAIHKY
oreparopa B 3aJlaHUIl MOMEHT 4acy.

- HamiaBromaTuyuni. J[y1g kepyBaHHS orepaTopy HEOOXiAHO 3adaTh
TIIBKM TIEPEMIILIEHHsI OpraHy MaHIMyJsATOpa, a Jajli CUCTeMa caMa Ipopaxye
HEOOX1/TH1 pyXH Ta 3a HEOOX1THOCTI CKOPUTYE iX.

o IarepaktusHi [1P.

- ABtomaTtuzoBani. lle  poboTu, g€  UEpPryrOTbCS  PEKUMU
aBTOMATUYHOI'0 KEPYBAHCHKOTO MPOIECy 3 O10TEXHIYHUMHU.

- CymnepsizopHi. Taki [1P BUkoHy10Th poOOTY aBTOMAaTUYHO 32 3aJaHUM
[IUKIJIOM, OJHAK TEPEeMIIICHHS BiJ OJHOrO €Taly 10 IHIIOIO BUKOHYETHCS 3a
KOMaH 1010 orepaTopa.

— HMiamorosi. ABTOMaTh4Hi poOOTH, 110 B3aEMOMAIIOTH 3 ONEPATOPOM,
BUKOPHCTOBYIOYH MOBY IEBHOTO piBHs. Hampukian, koMmaHau TOJI0COM.

He3Baxarouu Ha BENHMKY KUIBKICTh TUIIB pOOOTIB y HUX € MEPEeNiK CIUIbHUX
MOXHUOOK, 1110 MOXYTh Ta HE MOXKYTh OYTH YCYHEHI:

- reOMETPUYHI TOXUOKU;

- TEIJI0B1 TOXUOKH;

- MMOXHOKH, BUKJIMKAHI JII€I0 CUJI TSHKIHHS;

- MOXHOKH CHCTEMH KEPYBAHHS;

- MOXUOKH CEHCOPIB;

- MMOXUOKH TTPUBO/IIB;

- NOXUOKM, BHUKJIMKaHI 30BHIIHIMU 30y/KeHHSIMH  (BlOpawlisiMu
BEPCTAaTIB, 3MIHOIO TEMIEPATYPH OTOUYIOUOI0 CEPEIOBHIIA TOIIO).

TouHicTh pOOOTIB BU3HAYAETHCA MOXUOKAMHM  TO3UI[IOHYBAaHHS  Ta
noxuOkamMu KyToBOi opieHTarii. [loxuOku TO3UIIOHYBaHHS BU3HAYAIOTHCS
MOXUOKaMH CEHCOPIB Ta CHCTEMH KEpPYBaHHS, TEXHOJOTIYHUMHU BIIXUJICHHSIMU
pPO3MIpPIB JIAHOK MAaHIMyJISTOPa, 3a30paMH y KIHEMAaTHYHHUX Mapax MaHIMyJsTopa,
TEeMIIEpaTypHUMHU Ta IPY>KHUMHU JedopmarlisiMu JaHok Touro [3].

OcHoBH1 moka3Huku TouHOCTI [1P mpeicraBieno Ha pucyHKy 2.
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Puc. 2. [Toka3HUKH TOYHOCTI pOOOTIB.

Meroau 3a0e3ne4eHHsI TOUHOCTI IPOMHUCTIOBUX POOOTIB.

1. [lepmyM Ta HaWOLIBII [d1€BUM METOAOM Ha NEpPIIMX eTanax €
YTOYHEHHsI PILICHHS NpsMOI Ta OOEpHEHOi 3ajady KIHEMAaTHUKH, IO JI03BOJISIE
po3paxyBaTd TMOXMOKY TO3UIIIOHYBaHHS LEHTPY pyxomoi mmiatdhopmu. s
BUPIIIEHHS MPSAMOI 3a/Jadl KiIHEeMaTUKHM HEOOXIHO 3HAaTH TOYHI T€OMETPUYHI
napaMeTpu po0oTa, a JJisi 3BOPOTHOT — TPAEKTOPIIO PYXY MIATHOPMHU.

2. JI71st BU3HAYEHHSI paliOHaIbHOI CTPYKTYpH Ta napametpis [1P ogqaumu
3 e(eKTUBHUX METOMIB MIJABUIICHHS TOYHOCTI € 3aCTOCYBaHHS METOJIB
CTPYKTYPHOT'O Ta NapaMeTPUYHOTO CUHTE3Y.

3. Taxosx 1151 3MEHIICHHS TeMIIEpaTypHUX Ae(opmarliii € BAKOPUCTAHHS
cuctemu oxosiopkeHHs [IP, mo 3anpononoBano Ilputmioy [4], a Cemnrpen [5]
NPOJAEMOHCTPYBaB, MI0 BHYTPIIIHE OXOJIO/KEHHS pPOOOTa MOXKE 3MEHIIUTH
MOXHUOKY 3MIHU JOBXUHU oriopu Ha 50%.

4, Jlnst  moKpamieHHsT  aNropuTMy Ta  NPOIEAypH  KaliOpyBaHHS
BUKOPHUCTOBYIOTHCSI Pi3HI METOJM Ta MPOLEAYPH, HAMPUKIAI, METOJl HAWMEHIIINX
kBajapartiB. [Ipore Bu3HavanbHUi (PaKkTOp MArOTh IYMU BUMIpPIB, IO BUHUKAIOTH B
mpoiieci KamiOpyBaHHS Ta MOXKYTb MPU3BECTH JO PE3YJIbTATIB, KOJU PIBHSHHSA
MOJIeJIi HE MOKHA BHUPIIIUTH, a00 MoJienb Oyze 3aJ0BOJBHATHA HE yCi OOMEXEHHS
cucremu. [{o Toro x KaniOpyBaHHs TyKe YyTIUBE JO BUOOPY MOJIOKEHHS poOoTa,
B SIKOMY BOHA BHKOHYEThCS. [IpUIHATO, IO ONTHUMATbHUM € BHOIp TOJOKEHHS
o0JIM3y TpaHUIll poOOYOTro MPOCTOPY.
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S. Bukopuctanus  OuTbIl  JOCKOH&IMX  JABUTYHIB.  Haifwacrime
BUKOPHUCTOBYIOTHCSl HACTYMHI JIBUTYHHU: CHHXPOHHI 1 ACHHXPOHHI JABUTYHH Ta
KPOKOBI JIBUTYHHU.

ACHHXPOHHI JABUTYHHM Tipiie (QYHKI[IOHYIOTh B YMOBax poOOTH 31 3MIHHUM
CTPYMOM, aH1kK 3 MOCTIHHUM, OCKUIBKU PYIIIHHUNA MOMEHT 3aJICKUTh HE TIJILKHU BiJl
CTpyMy B CTaTopi, a TaKOX BiJ IIBUIKOCTI OOepTaHHS Baldy, a CTPyM, IO
1HAYKOBAaHO B POTOpi, PEryjtoBaTd Baxko. [IpoTe NBUTyHHM MOCTIMHOTO CTpyMy
TaK0X MalOTh HEJOJIKU — BeJuKka Maca. [1oTyXHICTh Ta 00€pTOBUI MOMEHT TaKUX
JBUTYHIB Ha OJIMHULIIO MacH J1y>K€ MaJi, a 3HU3UTH Macy HE MO>KHA, OCKLIIbKU BOHA
BU3HAYAETHCS OLIBIIOI0 YACTUHOK HECYYOi KOHCTPYKIIII.

[lepeBaraMyu CHHXpPOHHUX [BHUIYHIB € T€, 10 MAarHiTH PO3TAIlIOBaHO B
poropi, a oOOMOTKM — B CTaropi; 3aMiCTb CHCTEMH KOJEKTOP-IIITKA
BUKOPUCTOBYETHCS HQIIMHUNA EJICKTPOHHUN TPUCTPIA KOMyTarlii, B SKOMY
HOJIETILIEHO BiABeNEHHs Teruia. Hemomikom ke € Te, 1m0 iX pyXOMUH MOMEHT
CHJIBHO 3MIHIOETHCS Yepe3 HEBEIHMKE YUCIo ¢as3.

3a KOHCTPYKIIIEI0 KPOKOBI ABUTYHH € CHHXPOHHUMH JBUTYHAMH Ta MArOTh
ycl iX He#oJiku Ta nepeBard. [Ipore mepen IHIIMMU CUHXPOHHHMH JBUTYHaMU
KPOKOBI1 JIBUTYHU MalOTh IIEPEBAry y BUCOKIH TOUHOCTI NEPETBOPEHHS LIU(PPOBOTO
€JICKTPUYHOIO CUTHANy Y JUCKPETHI KYTOBI IMEPEMIIIEHHS pOTOpa; JBUTYH 3a
KOXXHUH IMITyJIbC 00€pTA€ThCS HA MEBHUM (PIKCOBAHMI KYyT; MOXYTh 3a0€311€UYUTH
MajeHbKHi Kpok (10 400 KpokiB Ha OJMH 00EpT — TIOpUIHI KPOKOBI JBUTYHH);
MOKYTh 3a0€3I€UNTH BUCOKY TOUHICTh YaCTOTH OOEpPTaHHS.

Cucrema KepyBaHHsI, 110 BUKOPUCTOBYETHCS Y KPOKOBHX JBUTYHAX, TAaKOXK
Ma€e CyTTEBI IepeBaru Mepej 1HIIMMHU MPHIalaMy, 10 BUKOHYIOTH Ti caMi abo
cxoxi (¢yHkiii. Hanpukian, BiCyTHE HaKOMWYEHHS TMOXUOOK TMOJIOKEHHS;
KPOKOBI JIBUTYHH CYMICHI 13 Cy4aCHMMHU HU(GPOBUMHU MPUIAaMU; BIJICYTHIN
3BOPOTHIM 3B'A30K, IO 3a3BHYall € HEOOXIIHUM JUIsl KEPYBaHHS PO3TAIIyBaHHIM
a00 4acToTOI0 00EpTaHHS.

6. BuOip Oinbin gorminbHOro Metony kepyBaHHs. JloOpe mimiOpanuit
METOJI KEpyBaHHS JO3BOJII€ KOMIIEHCYBAaTH OUIbIy YacTUHY NOXHOOK, IO
BUHUKAIOTh MPU KOHCTPYIOBaHH1, BUTOTOBJIEHHI Ta ekcruryaraiii [1P.

IcayroTh pi3Hi kiacudikaiii crnocobiB kepyBaHHs. HaltmomupeHimmmi €:

Knacudikarist 3a criocodom kepyBanHs [6]:

— nporpamHi. KepyBaHHSI BUKOHY€ETHCS 3a 3a3/1aJI€TiIb MPOMUCAHOIO MTPOTPaMOIo.
— aganTuBHI. KepyBaHHs peanizyerbes y GyHKLIT Bl 1HPOpMALIii PO NOTOYHUMA
CTaH Ta 3MIHU y HaBKOJIUIIIHBOMY CEPEIOBUIII Ta caMOro po0oTa, 10
OTPUMYETHCS B TIPOLIEC KEPYBAHHSI BiJ] CCHCOPHUX MPUCTPOIB.

— IHTeNeKTyallbHI. AJaNTUBHI BIACTUBOCTI PO3BUHYTI J0 PiBHS. 10 BIANOBIIAE
IHTENEeKTYallbHIN A1STIbHOCTI JIFOJIUHH.
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[To Mmipi ydacTi JIOAMHU-ONEpaTOpa B MPOLECI KepyBaHHS PO3PI3HSIOTH
aBTOMAaTHYHE, aBTOMATH30BaHE Ta Py4HE.

3a TUMOM pyXy BUKOHABCHKHX CHCTEM OyBaloTh Oe3mepepBHI (KOHTYpHI),
JMCKPETHI1, MO3HUIIMHI (KPOKaMH «BiJ TOUKH JO TOYKHW») Ta AUCKPETHI LIUKJIOBI (3
KPOKOM IO KOXKH1M KOOpJAMHATI) ClIOCOOU KEpyBaHHS.

3a KepOBaHMMH 3MIHHUMHU PO3PI3HAIOTH CHUCTEMHU KEpPYBAaHHS MO3UIIIEIO,
CHUCTEMH yMPaBICHHSI MOMEHTOM Ta CUCTEMH KepyBaHHS IIBHUJIKICTIO.

CucreMu mporpaMHOro KepyBaHHS pOOOTIB NMEPBUHHO OyiM 3al03UYEHI 3
cucreM UIIK TeXHOJIOTIYHOro yCTaTKyBaHHS, IPOTE MPOMHUCIOBI pOOOTH 3HAUHO
CKJIaJIHIIIE, aHDK, HAIIPUKJIAJ], BEPCTATH, MEPII 3a BCE Yepe3 Te, 110 MAIOTh OLIbIITY
PYXJIUBICTh Ta 3B’S3HICTh ycCiX JaHOK. CHCTEMH NpPOrpaMHOTO KEepyBaHHS
poOoTaMu TPYHTYIOThCS Ha HaWOULIBII MPOCTOMY METOMAlI KepyBaHHs 0e3
3BOPOTHOIO 3B 513Ky 0€3 ypaxyBaHHs 3MIHU CTaHy 30BHIIIHBOIO CEpPEAOBHINA, 3
SKUM B3aeMoJil€ poOOT. TakKUM YMHOM CHCTEMHU KEpyBaHHS JAHOTO TUITY MOXJIUBO
3aCTOCOBYBaTH TUIBKH 32 TMOBHICTIO JIE€TEPMIHOBAHUX Ta HE3MIHHUX MPOTITOM
YChOTO MPOLIECY KEpPyBaHHSI 30BHIINIHIX yMOBax poOOTH, a TaKOX IMapaMeTpax
camoro po6ota ta Horo npu3Ha4eHHs (OCHOBHOT (PYHKIIIT).

AnanTuBHE KEpyBaHHS 3a3BUYall MPEICTABIAETbCS SIK (QYHKIIS TapaMeTpiB
30BHIUIHBOTO CEPENOBUINA, 3aBASKH YOMY MOXJIMBE TaK0X 3a0e3leueHHs
JIOCSITHEHHSI METU KEPYyBaHHs 332 HEMOCTIMHUX a00 HEMOBHUX alplOpHUX JAHHUX
npo 11 napameTpu. Taki cHCTeMH KEpyBaHHS MOXYTbh BUKOpHUCTOByBatucs Ha [IP
JUIsL 3aXOIUICHHS JOBUIBHO PO3TAIIOBAaHMX a00 pPYXJIMBUX MPEIMETIB 3aBISKU
HABEJCHHIO Ha HUX 3aXOIUIIOI0YOI0 MPUCTPOIO; BUOIP 1 3aXOIUICHHS MPEIMETIB 3
psy IHIIMX 3a TEBHUMHU O3HaKaMu (po3mip, ¢opma, KOJIp TOIO); YHUKAHHS
HemnependaueHuX MEeperIKol TOImo. BUKOHAHHSA Takoro poay 3amad mependadae
BUKOPUCTAHHS CEHCOPHUX NPUCTPOiB. Jljig OUIBIIOI TOYHOCTI pO3Mi3HABaHHS Ta
MO3UIIOHYBAaHHSI CEHCOPHI MPUCTPOI MOBHHHI MaTH BUCOKY PO3JAUIbHY 3aTHICTh
Ta CTIAKICTH A0 3a0pynHEeHb. TakoX MPUKIATOM CUCTEMH aJalTUBHOTO KEPyBaHHS
€ cucTeMa KepyBaHHS MIPOMHUCIOBUM POOOTOM JIJIsl IYTOBOTO 3BapIOBAHHS TOIIIO.

[aTeneKTyanpHe KepyBaHHS € OiIbII JTOCKOHAIUM Ta CKIAJHUM METOJIOM
KEpyBaHHA MOPIBHSAHO 3 aganTUBHUM. [l 1HTENEKTOM pO3yMi€ThCs 3arajibHa, B
OCHOBHOMY  TIPHpPOJKE€HA IMi3HABaJbHA  3/IaTHICTh, BKIIOYAIOUM  YMIHHS
oOpoOroBaTH  1H(GOpPMAIIiI0 TIPO HABKOJMIIHE CEpPEOBUIINE 3 IOOYI0BOIO ii
MoJiesiel Ta BUKOPUCTOBYBATH OTPUMaHy 1H(OpMaIIito U1l IUIaHyBaHHS MOBEIIHKU
B YMOBax $IBHOI HEMOBHOTH 1H(OpMallii Ta 30BHIIIHbOI OOCTaHOBKH, 3MIHU SIKO1
HIKoM HenepeaOauyBaHi. [IpuHIMNOBa BIAMIHHICTH I1HTENEKTY IITY4YHOIO Ta
MPUPOIHBOTO TIOJISATAE Y TOMY, IO MEPIINA IMITY€E IPUPOJIHINA IHTEIEKT TUTHKH B
YaCTUHI PINICHHS TEBHOTO TUIMY TBOPYMX 3aBlaHb, TOJMI SK MPHUPOAHINA OLIBII
JIOCKOHAJMK Ta yHiBepcanbHuil. Cepell TUMOBUX 3aBJaHb ITYYHOTO 1HTEJIEKTY €,
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HAIpPUKIIAJ, IrPOBi, NMEPEKIa] 3 OJHIET MOBHM Ha I1HINY, peAaryBaHHS MOMMIIOK Y
TEKCTI 1 1HII1 MOA10HI 3aBAaHHs, Jie mepedip BapiaHTIB He € MOXKIUBUM. CTBOpEHHS
MOJIeJl JIIOJCHKOTO MO3KY Ta PO3rajKa Mpolecy MUCICHHS — 1€ (yHIaMeHTalIbHa
npobJieMa MTYyYHOTO 1HTEIEKTY [7].

JIs CTBOpPEHHS INITYYHUX HEUPOHHUX MEpexk I 00J1acTi poOOTOTEXHIKU
BUKOPHUCTOBYETHCA MiJX1A OMU3BKUN 0 €BPUCTHUYHOTO 1 MOJSTae B MOCTYIOBOMY
HAKOMHMYEHHI TPHUBAaTHUX EBPUCTHYHUX 3HAXIMOK [UIsI BUPIMICHHS OKPEMHX
KOHKpeTHUX 3anad. [lepenbavaerbcs, MO0 CyMa TaKMX YAaCTKOBHX pIlIeHb 3 iX
HAKOMMYCHHSM MiABUIIUTH PiBEHb MITYYHOTO 1HTEJIEKTY, 10 IPU3BEAE A0 OUIBIION
TOYHOCTI HOTO PIIlICHb.

Mix cucTtemMamM# IHTEJNEKTYaJIbHOTO Ta aJalTUBHOTO KEPyBaHHS HEMae
pi3koi Mexi. [HTeneKTyaabHI CHUCTEMH € pe3yJIbTaTOM PO3BUTKY aJalTHBHHUX
CUCTEM Yy CEHCl PO3LIMPEHHS MOXIJIMBOCTEH ABTOHOMHOI'O BHKOHAHHS OLIbII
CKJIa/IHAX Ta KOMIUIEKCHUX 3aJjad Y HEBU3HAUEHOMY CEPEJIOBHILII 1 32 BCE OLIBIIOT
HEMOBHOTH 1H(pOPMAIIii, [0 BUMAraeThCsl 111 BUKOHAHHS X 3a]1a4.

butbmiicte mapameTpiB  3aal0ThCs L€ HA  €Tanl  KOHCTPYHOBaHHS
IIPOMHUCIIOBOTO po0OOTa Ta B OUIBLIOCTI BUIAJIKIB HE MOXYThb OyTH 3MIHEHI B
npoueci Horo excrutyatanii. KaniOpyBaHHsl, HapuKiaa, MPOBOAUTHCS 32 IEBHUMHU
alropuTMamMu. 3a3BUuai, KaJgiOpyBaHHS NPOBOAUTHCA KOJU HAKOIMMYMIIACS
noxuOka. 3a3Buyail HAUIPOCTIIIMM METOJOM € MOBEPHEHHS POOOYOro OpraHy B
«HYJIBOBY» MO3HULIIO.

CucremMu KepyBaHHS TaK0>XK MOKHA 3MIHIOBATH 32 MIHIMaJbHUX 3MIH CaMOTO
[1P. BuOip HalOLIbII TPUHHATHOI CHUCTEMM KEpPyBaHHS JO3BOJISIE€ 3MEHIIUTH
NOXMOKM, L0 BUHUKIM Ha €Tamax KOHCTPYIOBaHHsS Ta BUPOOHMLTBA. Takox B
npoliec eKcIuTyaraiii BUHUKA€e 30BHIIIHINA 30yprorounid BIUIMB, SKUH CKIIaJHO
nepeadaynuTH 3a3aaleriib, TOMy Ha BHPOOHUITBAX YacCTillEé BUKOPUCTOBYIOTh
allariTUBHE a0 1HTENEKTyallbHE KepyBaHHs. AJIaliTUBHE BUKOPUCTOBYIOTHCS, KOJIH
yCl 30BHIIIHI BIUIMBH MOXJIMBO TepeAdauyuTH 3a3/ajeriib Ta BpaxyBaTd MpU
nporpamyBaHHi. [IpoTe yacTime 3a Bce MPUCYTHI TakKoXk 30yprorodl BIUIMBH, SIKI
HEMOXXJIMBO MependayuTh Ta BpaxyBaTdh, abo iX 3abaraTo, TOX CTBOPIOBATHU
aIalITUBHY CUCTEMY KepyBaHHS 3aHAJTO JOPOTO Ta BIATYK Mporpamu Oynie 3HAUYHO
JOBIIH. 3a TAKOTO BUMAAKY PO3POOIISIOTHCS 1HTEICKTyalIbHI CHCTEMH KepyBaHHS,
0 JIO3BOJISIIOTH 3a0€3MEeUUTH HEOOXIJHY TOYHICTh Ta WIBUAKICTh BIATYKY
Iporpamu.

TakuMm 4yWHOM, TOYHICTH MO3UIlIOHYBaHHA [IP B poOOTOTEXHIIll € OJHIEIO 3
HaWBaXIUBIMKX TpoOsieM. HaBiTh 3apa3 BOHM BHUKOPHCTOBYIOTHCS Yy OaraThox
rajmy3six, Takux sIK MalllHO-, JITaKo-, PaKeTo- Ta MPUJIaA00yayBaHHsS Ta 1HIIMX
obnactax mpommucioBocTi. Posnoecromkenns [IP ta MP 103BoiauTh migBUIIATH
AKICTh TMPONAYKIII, a TakoX BHUCYBa€ HOBI BUMOTM JI0 iX TOYHOCTI Ta
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BIATBOPIOBaHOCTI. [IpoTe BUCOKOTOYHI «3 3aBOJY» pOOOTH MalOTh BHCOKY IIiHY,
ToMy Oarato BHUPOOHULITB HE MOXYTh iX cOOl JO3BOJIUTH. A OTXKe, HEOOX1THO
oOpatu TOW BHJ HIBEJIIOBAHHS MOXMOKH, IIO0 HE MOTPEOYBATHCS BUCOKOTOYHHUX
JeTaneil Ta CKiIaJaHHs, Ta HE 3aJeKaTHUME Bl KIHEMAaTHYHOI CTPYKTYpU poOoTa
Tomo. ToMy HaMOUIBII JOIIILHUM € BUOIp 1HTEIEKTYaJIbHHUH METOJ] KepyBaHHS,
mo 3a3Buyaii 0asyerbcs Ha I[IIHM, mis BupimieHHS CKIAQJHUX 3aBAaHb, €
3a3BUYail HEMOJKJIMBO TEpea0auYuTH yCi BIUIMBH HA CHCTEMY, a TaKOX SKIIO
iH(opMallis 3 HaBKOJIMIIHBOTO CepeOBHUINA MIHIMAJILHO IMOBHA, abo ii B3araii
HeMae. [le 103BONIMTH 3a MEHIIMX OOYMCIIOBAILHUX MOTYXHOCTEW 3a0e3MeuuTH
HEOOX1IHY TOYHICTb IMO3UIIIOHYBAHHS 32 BUKOHAHHSI CKJIQIHUX OTepallii.

[lepcnekTBaMu  TOAANBIIUX  JOCTIIKEHb €  PO3POOJICHHS  METOTY
MiBUIICHHSA TOYHOCTI MO3UI[IOHYBaHHS MPOMHCIOBUX POOOTIB Ha 0a3i MITy4HHUX
HEUPOHHUX MEPEX 13 3aCTOCYBAHHSAM YHUCEIIbHUX METO/IB ISl ONTUMI3aIlli BUOOPY
CTPYKTYPH MEPEKI.
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VJIK 621.791.

Tpembau 1.0. (Vkpaina, m. Kpamamopcwok, [IpAT « HKM3», /[/IMA), I'punsb O.I'.
(Ykpaina, m. Kpamamopcox, /[/IMA)

MYJIbTU®A3ZHA CTPYKTYPA"I.\./IAHFAHOBQi CTAJII - 3AIIOPYKA
INIABUIIIEHHA 11 3HOCOCTIMKOCTI

Ilokazano, wo 20106HOKW NpuyuHOlO 8Ux00y i3 nady demaneu 3i cmani 110131 €
3Houtysanns. Cmpykmypa cmabilbH020 aycmeHimy npuzeooums 00 HU3bKOI 3HOCOCMItiIKOCmI 6
ymMoeax —abpasuenozo  3HoCy. Badciueum i nepcnekmu@HUM — HANPAMKOM — CY4ACHO20
Mamepiano3Hascmea € CMEOPeHHs Mamepianie 3 CMpyKmypo MemacmabiibHOW AyCMEeHIMHOK
ma aycmenimHo—KapOiOHOI0 CIMPYKMYpPOI0, W0 003805€ NIOGUUUMU 3HOCOCMIUKICIb 8 YM08AX
abpaszusHo2o 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 ctaib 110I'13J] mmupoko 3aCTOCOBYETHCS y
MamuHOOYAyBaHH1 JUIsi BUTOTOBJIEHHS JIeTajiedl, IO MpaloTh B YMOBax
1HTEHCHUBHOI'O a0pa3MBHOIO Ta yIapHO-abpa3zuBHOTO 3HOCY [1].

Ile oOymoBneHO ii YyHIKaJbHUMHU BIIACTUBOCTSIMH, 30KpPEMa, BUCOKUM
OIIOPOM TOBEPXOHb B J1€(POPMOBAHOMY CTaH1 aOpa3MBHOIO 3HOCY B INOEJHAHHI 3
BHUCOKOIO IIJIACTUYHICTIO Ta MIIHICTIO.

3natHicth ctam  lagduipaa  3MIiNHIOBAaTHCS IMiJ  BIUIMBOM  YJApHUX
HAaBAHTAXKEHb POOUTh 1i B psAAl BUMNAJIKIB MPAKTUYHO HE3aMIHHOIO ISt
BUTOTOBJICHHA J€Talied, 1[I0 NpaliolTh NpPU IHTEHCUBHUX JIMHAMIYHUX
HABAHTAKEHHSX.

IIpu excrutyatamii [1] BumBkiB 31 ctami 110I'13JI cnoctepiraeTbes cyTo
abpa3uBHUI 3HOC (3y0 KOBIIA €KCKaBaTOpa, 3HIMAJIbHHUM >KOJ00, IIHEK MUY),
ylIapHO-aOpa3uBHUN 3HOC 31 3HAYHMMH YAAPHUMHU HABAHTAKCHHSIMH (OpOHS,
KOHYCHI 1 IIIOKOB1 AP0OapKH, KyJIbOBI MIIMHU), a0pa3uBHO-YIapHUI 3HOC 3 MAJTUMU
yIAapHUMHM HaBaHTAKECHHSIMHU (HOX1 Oynbpao3epa, >KOJIOOM TMiJ  IOKOBUMHU
npobapkamu).

AHaJ3 eKcrutyartamii 3HOCOCTIMKMX BuJWBKIB 31 crtam 110T'13J1 [1],
HE3Ba)KalOYM Ha Pi3HI yYMOBH iX poOOTH, TMOKa3ye, IO TOJIOBHOI MPUYHHOIO
BUXOJY iX 3 JIaJy € 3HOLIYBaHHS B MPOLECI CTUPAHHS MPH 3ITKHEHH] 3 a0pa3uBHUM
MartepiajioM. 30WUTKH BiJ MPOCTOIB YCTATKOBAaHHS BHACHIJIOK 3HOCY OKpPEMHX
JeTaneil Ta BUTPATU HA WOrO PEMOHT MOXYTh MEPEBUIYBAaTH BapTICTh JETajei.
[IpaBwibHUN BUOIp CIUTaBIB I BUTOTOBJICHHS JETajleil, SKI I1JJaI0ThCS
IHTEHCUBHOMY 3HOCY, BU3HA4Ya€ €KOHOMIYHY €(EKTHBHICTh 1 TPUBAIICTh POOOTH
TOTO YH IHILIOTO YCTAaTKOBAHHSI.
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HenocraTtHs 3HOCOCTIKICTh cTabumpHOrO aycrteHity cram 110013J1
MPU3BOAUTH O HEOOX1THOCTI 3aCTOCYBAHHS JJIsl YMOB 3HOIIIYBAHHS 3aKPITJICHUM 1
HaIlB3aKpIIJIECHUM a0pa3uBOM KOMIUIEKCHOI MAaTpHIll, 110 MICTHTh ayCTEHIT 1
MapTeHCUT. BU3HaUeHHS ONTHMAJIBHOTO CIiBBITHOIICHHS (a3 MapTEeHCUT/ayCTEHIT
3QJICKUTH BiJ] KIJTBKOCT1 M BJIACTUBOCTEN TBEpJ01 (ha3H, a TaKOXK BiJ HASIBHOCTI Ta
BEJIMYMHU YJApHOTO HAaBAHTAKEHHsS. YuM BOHO Oinblie, TUM OLIbIle B CILIaBl
NOBUHHO OyTu aycreHiTy. [Ipu 1boMy peKkOMEHIyeThCs, 100 MapTEHCUT OyB
HU3bKOBYyTJICIeBUM. lle moB'sa3aHe 3 TUM, IO MOBEPXHS TAKOTO Marepiary Mae
BHCOKY OMNIPHICTh a0Opa3suBHOMY 3HOIIYBaHHIO, @ HAsBHICTh B’SI3KOi ayCTEHITHOI
CEpIIEBUHU 3a0e3Meuye BiACYTHICTh TPIITUH 1 BIIKOIIB MeTaiy [2].

OpHuM 3 HaWBAXKJIMBINIMX HAMpPsIMKIB Cy4yaCHOTO MaTepiajo3HAaBCTBA €
CTBOpPEHHSI MaTepialiiB 3 METacTaOlIbHUMH CTPYKTypaMHu, SIKi € CHHEPreTUYHUMHU
cucremami [3, 4].

JIo CMHEpreTHYHUX CUCTEM 3 MOBHOIO MiJICTABOI0O MOKHA BIJHECTH CTall 3
MeTacTablIbHUM  aycTeHITOM. HalOinpin BakJIMBY pOJb B ajanTaiii Ta
dbopMyBaHHI iX BIACTUBOCTEH TpalOTh JUHAMIYHI MapTEHCUTHI NIEPETBOPEHHS Ta
(a00) nBIMTHMKYBaHHS, IO MPOTIKAIOTh MPU HABAHTAXKEHHI, & TAKOX CTPYKTYpHI
3MIHU: YTBOPEHHS Je(PEKTIB YIMaKOBKH, 3OUIBIICHHS IMUIBHOCTI JUCIOKAIIIM,
no/ipiOHeHHs 3epHa, GOpMYBaHHS CyOCTPYKTYpH, IMHAMIYHE cTapiHHA [4].

B cepenuni 50-x pokiB mMunyjioro cromitts I. H. boraueBum Ta P. I.
MuHiieM BHCJIOBJIEHA 1 peaji3oBaHa HAA3BMYAHO IUIAHA i7esd [5], cyTh sKoi
noJyisraja B BUKOPUCTAaHHI MapTEHCUTHUX IIEPETBOPCHH HE 10 3MIITHIOBAHOT
00poOKHM cTasiell 3 METaCTaOIbHUM ayCTEHITOM, SIK 1€ OyJI0 3a3BUYail MPUKUHATO, a
IpyU HABaHTaXEHHI B Mpoueci BUIPOOYBaHb MEXaHIYHUX BIJIACTUBOCTEH 1
eKCIUTyaTallii.

[um Oyna Bu3HaueHa [5] HOBa 00JacCThb BUKOPUCTAHHS METACTaO1JIbHOIO
ayCTEeHITY [JJisi TIABUIICHHS OIMOpPY TMOBEPXHI MaTepialiB  KOHTAKTHOMY
JTUHAMIYHOMY HABAHTAKEHHIO, SKE peai3yeThCsd TPU MEXaHIYHUX BHAAX
3HOITYBaHHS, 30KpeMa, pu aOpa3uBHOMY 3HOCI.

AHani3 JiTeparypHux jpkepen [6-8] CBITUUTH, 110 BUCOKY 3HOCOCTINKICTH B
yMOBax aOpa3sWBHOTO 3HONIYBAHHS IIOKAa3ylOTh MaTepiaii 3 HEeCTaOUIbHOIO
ayCTEHITHOI0, ayCTEHITHO-KApOIJHOI CTPYKTYpPOIO, a TaKOX 31 CTPYKTYpPOIO
MapTEHCUTY 3 HECTAOUTbHUM ayCTEHITOM. 3HOCOCTIMKICTh METaTy 3aJICKUTh TaKOXK
BIJI TUITY 1 KUTBKOCTI KapOiAHOi (a3u, kapOoOopuaiB, HITpUIIB 3aii3a. JleroBanuii
ayCTEHIT 32 MILHICTIO NTOCIAa€ MPOMIXKHE MICLIE MK (PEPUTOM 1 MAPTEHCUTOM, MAE
3HAYHYy B'S3KICTh, OJIU3bKI MapaMmeTpu I'PAaTKU 3 KapOiAHOW (a3oro, 110 CIpUsie
KpaloMy 3aKpilUICHHIO KapOiliB B OCHOBI Marepiaidy, THM CAMHUM MiJABUIILYE
yaapHo-aOpa3uBHY 3HOCOCTIMKICTH [2].

30UIbIICHHS 3HOCOCTIMKOCTI CTajIe 31 CTPYKTYpPOIO METacTabiIbHOTO
ayCTEHITY 3HAMIIJIO JOCTAaTHE OOTPYHTYBAaHHS 3 TO3UIIINA €HEPreTHYHOI Teopii B
pob6oti B.C. TlomoBa 31 cmiBpoOiTHukamu [8]. Tpanchopmariis cTpykTypu
KOHTAKTHOI TOBEpPXHI JeTajil, IO 3HOUIYEThCS, 3IIHCHIOETHCS B pe3ysbTari
nepenayi ii eHeprii BiJ 4acTok abpa3uBy a0o Bia abpa3uBHOro Tina. PyliHyBaHHS
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MMOYMHAETHCS KOJM B JIOKAUIBHOMY OOCS31 KOHTAKTHOI TIOBEPXHI BiI0OyBAETHCS
MOTJIMHAHHS €Heprii TPaHWYHOI BEJIMYMHM, SIKA BU3HAYAETHCS CUJIAMH 3B'SI3KY B
MeTajl, 0 3HOUIYEThCA 1 €HEProEMHICTIO (Pa30BO-CTPYKTYPHUX NEPETBOPEHb.
[lepeTBopeHHst y—0 BiAOyBaeTbcd 1O MAPTEHCUTHOMY MEXaHi3My, IO
3MIIMCHIOETHCS B MPUKOHTAKTHO-ITIOBEPXHEBOMY IIapi MpH 3HOIIYBAaHHI, HE BUMAarae
Jy’)Ke BEJIHMKHUX BUTpAT €HEprii, BOHO BAIrpae CYTTEBY pOJb B MIABUIICHHI
3HOCOCTIMKOCTI CcIuiaBiB [9].

YTBOpeHHsT MapTeHCUTy AedopMallii MPU3BOAUTH A0 TMOSBU BHYTPIIIHIX
HAnpy>XeHb CTHUCKY B KOHTaKTHO-TIOBEPXHEBOMY O00CS31 METaldy, OXOIICHOMY
MapTEHCUTHUM TIepeTBOpeHHsM. Ha iX pemakcariiro 301TbIIYETHCS CIOKUBAHHS
eHeprii abpa3uBHOTO B3a€EMOJIi1, B Pe3yJbTaTl YOTO 3HMKY€ETHCS 3arajibHa BUTpaTa
eHeprii Ha YTBOPEHHS B KOHTaKTHO-TIOBEPXHEBOMY IIapi cTajl sS4eicToi
JTUCIIOKAIIIHHOT CyOCTpYKTypu 3 TPyOMMH MEXKaMH, a TaKOX Ha MOJAJIbIINN
PO3BUTOK MIKpPO- 1 MaKkpOTpIlIMH, L0 BUKIUKAIOTh pyHHYyBaHHA MeTaiy. Lle i
CIIy>KUTh MIPUUMHOIO M1IBUILIEHHS 3HOCOCTIMKOCTI cTani [9].

B npotieci MapTeHCUTHUX NTEPETBOPEHB, IO MPOTIKAIOTH PU HABAaHTAKEHHI,
B1I0YBa€ThCS HE TIIBKU 3MIIHEHHS, 10 OyJIO 3arajbHOBIJIOMO, ajie 1 pejakcaris
HaIpy>KeHb, 0 3a0e3nedye MiABUIIEHY Mpale3/laTHICTh MIKPOOO'eMIB MeTaly.
KpiM TOro, Ha po3BUTOK AeQopMaliiHUX NEPETBOPEHb BUTPAYAETHCS 3HAUHA
YacTWHA €HEeprii 30BHIIIHBOTO BIUIMBY, 1, BIIMOBIAHO, MEHIIA ii YacTKa Wae Ha
pyvinyBaHHs [10].

[lepcieKTUBHUM € HAYKOBHUW HAINPSIMOK, 3TIAHO 3 SIKAM JUIS TT1IBHILIEHHS
MEXaHIYHMUX 1 CJIy>KOOBHUX BJIACTUBOCTEH CIUIaBIB PI3HUX KJIACIB 1 MPU3HAYEHHA B
HUX HEOOXIIHO CTBOpIOBaTH OaraTo(azHy CTPYKTYpY, B SIKIM MOpPsA 3 TaKUMHU
CKJIAJOBUMHU SIK MAapTEHCUT, O€iHIiT, Qepur, KapOiauM, KapOOHITPUIH,
IHTEpMETAIIIIA Ta 1HIL, TOBUHEH OyTH OTpUMaHUN MeTacTabiIbHUI ayCTEHIT, 1110
3a3Ha€ MAPTEHCUTHI MEPETBOPEHHS MPU HaBaHTaKE€HH1. BaxknuBo ynpaBistu Horo
KUIBKICTIO Ta cTaOUIBHICTIO [3, 4].
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VJIK 004.896:621.7.044 (075.8)

Tpersik B. B., Panosos B. /I., [Ipuxoabko C. O., yasra M. O. (m. Xapxis,
HAY (XAl)

MNPOTPAMHUI PO3PAXYHOK TEXHOJIOT'TYHUX TAPAMETPIB J1J151
IITAMITYBAHHS JINCTOBUX JETAJIEA HA ITIPEC-TAPMATI

B cmammi posenanymi numanHs BUKOPUCMAHHA  IMAYAbCHUX MEXHOA02IU 05
8U2OMOBTIeHHs Oemaieli asiayiliHux O8USYHIG - WMAMNYB8AHHA CKIAOHUX TUCMOBUX Oemaell Ha
npec-eapmami. Ilpeocmaenena roncmpykyis npec-eapmamu. IIpoananizosaui nepesacu i
HeOoiKU IMRYIbCHO20 Memooa wmamnysanusa. Haeedena expanna ¢opma pospodaenol
npozpamu i pe3yibmamu mexHoI02iYHuUxX pospaxynkis. Haseoena expanna gpopma pesynomamis
PO3PAXYHKI8 OUCHEPCIlIHO20 | pespecitiHoeo aHali3i8 3aledCHOCmi pobomu 6i0 MOoSWUHU
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 koHcTpykilii aBialiiHUX JBUTYHIB HEMaJIO JIOCHUTh CKJIQJHUX JIMCTOBUX
JeTanei, Kl MOTPIOHO BUTOTABIIOBATH 3 BHUCOKOMIIIHMX MaTepiaiiB 3 BUCOKOIO
CTYIIHHIO TOYHOCTI. Taki aetani abo OTpUMaTu TOCUTh CKIIAJTHO 1 HE €KOHOMIYHO,
a00 iX 30BCIM HE MOXKJIMBO BUTOTOBUTH Ha TPaJMLIIITHOMY 00JIaJHAHHI.

B cBiit yac [1] B XAl Oyno po3pobiieHO 0O0jagHAaHHS 1 TEXHOJIOTII, SIKI HE
BTpayarOTh HEOOXIMHOCTI 1 B TemepimHui yac [2]. J{as BUKOHAHHS CKIIaJIHMX
TEXHIYHUX YMOB TOTPIOHI TOYHI PO3pPaxXyHKH TEXHOJIOTIUHUX IapaMMETPiB.
CnpaBa B TOMY, III0 BUCOKI HaBaHTaKEHHsI B JJOCUTh Majuil yac (Mikpo abo Mifi
CUKYHIHM) Ne()OpMYyIOTh 3arOTOBKY JIOCUThH CKJIAIHO. 3’SIBISIOTHCS MPOOIeMHU 3
YTPUMAaHHSIM CTIAKOCTI 3aroTOBKH 1 JedopMalliifHe mojie Mae AyXKe CKIIaTHUN
XapakKTep.

ToMmy BHUKOpHCTaHHS IMITYJIBCHUX TEXHOJIOTiM TOTpedye HEOoOXiTHUX
pPO3paxyHKIB 1 B IpsiMil, 1 B 3BOPOTHIN 3a/1a4ax TEXHOJOTTYHUX PO3PAXYHKIB.

[Ipec-rapmara € MO€AHAHHSIM TrapMaTh (€HEPreTUYHOTO BY3Ja) 3 MPECOBUM
OCHAILIEHHSAM (€HEPIe€TUYHUM BY3JIOM).

[Ipomec TiIpOJMHAMIYHOTO ITAMITyBaHHS;, TPYHTYEThCS HA HACTYIHHUX
TPUHITUTIAX

- SIBUIIA TIAPOAMHAMIYHOTO yJapy, 110 BUHHMKAE B PIJIMHI MpU nepenadi i
KIHETHUYHOI €HepTii TBepI0T0 TiNa (CHapsaa), o BoJjoaie mBuakictio 50...250 m/c;

- eeKTI CaMOBUILHOTO 3aMUKAHHS 3a30piB MPHU IMITYJILCHOMY MiABUIIICHHI
TUCKY B HEYIIUIbHEH1H (opMyroUiil Kamepi.
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Ha puc. 1 mokazana cxema mpuCTpOIO JIsl IITAMITyBaHHS Ha Ipecc-rapMarTi.
13
14
15

1
/1[]
9

Puc. 1. Cxema npucTpoto ANA WTaMNyBaHHI HA Npec-rapmari

XapakTepHUMHU OCOOJIMBOCTSIMH LILOT'O IPUCTPOIO €:

- HasABHICTh MDK O0OpOOJIIOBAIBHUM  1HCTPYMEHTOM  (CHapsioMm) 1
00p00JIIOBAHOIO ICTAJUIIO MPYKHBOTO MEPEAAI0UOTO CepeoBUIIA (PIAUHHM);

- BIACYTHICTh Y (OpMYIOUlil KaMepi SKHX-HeOylb YIIUIbHEHb B3araji
a00 HasABHICTh TUIbKH YUIUIbHEHb, 110 YTPUMYIOTh PIJWHY BIJ NEPETIKaHHS B
MOPOKHUHY MIJK 3arOTIBKOIO 1 MATPHUIICIO (10 MOCTPLIY).

OCHOBHI €JIeMEHTH KOHCTPYKIli Mpec-rapMaTv: MaTpuil 1, 3aroroBka 2,
oOMexxyBad mporiecy ¢hopMmyBaHHS TpyO 3, mepeaaroue cepeioBHIne 4, MepexiTHUK
cToBOypa 7 13 3MMBHUM 5 1 HamoOBHIOIOYMM 6 mTynepamu. s rpymna eneMeHTiB
CKJa/la€ TEXHOJIOTIYHY 30HY HpHcTporo. EHepreTmuHuil By30s1 CKJIala€eThCs 13
cToBOypa 9, cHapsima 10, marponnuka 12 1 ¢dikcyrodoro 3B'si3ky 11 (Ha cxemi €
MOKAa3aHW y BUTIIAI IITU(TA, IO 3p13a€THCSA MPH MOCTPLIL), 3apsiay nopoxy 13 1
IIyCKOBOTO MexaHi3My 14, 3MOHTOBaHOTO Ha 3aTBOpi 15.

TexHonoriuyHuil mpoluec MmTaMIyBaHHs MOJIArae B HacCTynHoMmy. B martpuiito
1 BCTaHOBIIOIOTH 3arOTOBKY 2, MOPOXHHUHY 3arOTOBKH 1 MEpPEeXiIHUK CTOBOypa 7
HAIOBHIOIOTH pifuHOI0 4 uepe3 mryrep 6. 3a BIACYTHOCTI YIIUIBHEHb piAnHA Y
dbopmyrouy KaMepy MOJaeThes 0e3MepepBHO, 10 3a0e3rnedye KUBJICHHS 3a30piB 1
HIATPUMKY 11 piBHS, BU3BHAYYBAHOT'O MOJIOKEHHSM 3JIMBHOTO LITYIIEpa S.
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[Ipu mocTpim TUCKOM TOpOoXoBUX Tra3iB cHapsa 10 3puBaerbes 3
dopcyrouoro 38'a3ky 11 1 po3roHuThes B kKaHail cToBOypa. CHapsiji, 110 Mae 3amac
KIHETUYHO1 €Heprii, BXOJUTh B NEpPeXiAHUK cTOBOypa 7 1 3aBlae yaapy o pijauHi
4. B pinuHI BUHHMKA€e THCK, IO BIUIMBAE€ Ha 3aroTOBKY 2, sika JaepopMyeTbes 1
HaOyBae ¢opmy rorToBoi merani. Cama mpecc-rapMara € HaIiBaBTOMATHYHOIO
YCTaHOBKOIO, TOMY B ii KOMIUIEKT BXOJSTh CUCTEMHU YIPABIIHHS - TiIpaBiivHa 1
eJIEKTPUYHA, K1, B3a€EMOAII0YH, 3a0€3MeUyI0Th POOOTY Mpec-TapMaTd B PyYHOMY 1
HAIIBaBTOMAaTUYHOMY PEKMMax [0 CTPOTO MEBHOMY Harepe/l 3aJaHOMY ITHKITY.

Bci arperatu 1 eleMeHTH CHUCTEM YMpaBIIHHSA PO3TallloOBaHI B MYJbTI, 3a
BUHATKOM BHUKOHABYMX TIAPOLMMIIHAPIB 1 KIHIEBUX BHUMHMKAUIB, III0 BXOJATh B
KOHCTPYKIIito npec-rapMatu. [lomaya pinuau y popmyrouy Kamepy 311HMCHIOETHCS
3a JIOTIOMOTOI0 CrenianpHOi cuctemMu. Bonma HarHitaeTscss mommor 3 0Oaxa,
pPO3TAlIOBAHOIO B HWXKHIA YacTUHI MIJCTaBU. B KOHCTpyKUii mNpec-rapmaru
JIOMYCKA€ThCSl BUKOPUCTOBYBAaHHsS. 3apsAaiB jgo 15..18 r, mo Bianosizae
KiHeTHuHiil eHeprii cHapsiga 2,3...2,7 kJIx. [i cnoxuBana enepris - 2 kBT, Hanpyra
B Mepexi - 380 B, tuck B rizpocuctemi - 3,5...6,0, MIla.

Jlist 3miMiCHEHHST MPOIeCy IITaMIyBaHHS HEOOXIAHO pPO3paxyBaTH 3apsij
IIOpPOXY Ha MEPIIOMY 1 JPYroMy Mepexoaax Mo CIpOLIEHI METOAMII, IO T03BOJISIE
3HAWTH 3pa3KOBY BEJIMUUHY 3apsiiy, sIKa MOTIM KOPEKTYEThCA €KCIIEPUMEHTAIBHO
32 JOMOMOIOI0 OJHOro-IBOX MocTpimB. [loTpiOHMII THUCK BH3HAYa€ThCS MNpU
BCTAHOBJICHHI 3QJIEKHOCTI, 110 3B'SI3y€ 30BHIMIHI CUJIU 3 TOJIOBHUMH HANpPyTaMH i
nedopmallissiMi 11 YTBOPEHHsSI HaWXapakTepHIMX reomMeTpudHux ¢opm. La
3aJIeKHICTh BCTAHOBIIIOETHCS HA IMIJICTABl MOJOXKEHb TEOPIi MPYKHO-TIIACTUYHOI
nedopmarlii TOHKOCTIHHMX 000JIOHOK SIPOBUHU HACTYMHUX JTOMYIIEHHAX:

- THUCK 3 OOKy Tmepenarouoi CepeloBHINE Ha 3aroTiBKy pPIBHOMIPHO
PO3IOIICHE;

- HampyXeHH CTaH MOXKHA paxyBaThd OE3MOMEHTHUM TUIOIIMHHO-
HANpPY>KeHUM Y 3B'SI3KY 3 TUM, 110 3aTOTiBKa IOCTaTHHO TOHKA;

- Marepiaj 3aroTiBKM OJHOPIAHMM, HECTUCKYBAHM, BOJIO/II€ PIBHOMIPHUMU
MEXaHIYHUMH BIACTUBOCTSIMU IO TOBIIUHI 1 TUTOIT.

3B'S130K 30BHIIIHIX 1 BHYTPIIIHIX CUJI Ha 3aTOTOBKM BHU3HAYAETHCS CYMICHUM
piteHHsM piBHsSHHS Jlaruaca (piBHSHHSI pIBHOBAru), yMOBH MOCTIHHOCTI 00'emMy 1
YMOBH IJIACTUYHOCTI.
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B pesynbrari pillleHHS CHUCTEMH PIBHSHB 1 OOJIKY psjga T€OMETPUYHHUX
CHIBBITHOIIIEHh BHW3HAYAETHCS TMOTPIOHUH THUCK, PO3PaXyHOK SKOTO MOXKHA
BUPa3UTH HACTYITHOIO 3aJICKHICTIO

pPoSehf 2 1)
f R, R,

VY pasi, KOoJM IITaMITyBaHHSA MPOBOAMUTHCS 3 TPyO4yacTol 3aroTOBKU Ha
nepLoMy nepexoii, popMyiia CIpOILYETbCS TaK:
ZBGS S0 rO
R

P=

3apsii TOpOXYy BUTPAYAETHCA Ha MOBIIOMJICHHS CHAPSy KIHETUYHO1 €HEeprii,
JIOCTaTHBOI JUIsl 3A1MCHEHHS TPOIECy INTaMITyBaHHS, TOOTO BOHAa ITOBHMHHA
JIOPIBHIOBATH CyM1 BCiX POOIT, BUPOOIIOBAHUX B KaMepi Mpec-rapMaTi:
Eom =A

ko HexTyBaTH BTpaTaMu €Heprii, To po0oTa, sKa 3aracaeTrbCi B
TEXHOJIOT14HIi 30H1 MMPUCTOSI, MOXKE OYTH MIPEICTABIICHA 3 IBOX CKJIAJ0BHX:

A=Agt Ay,

ne  Ami - pobora miuacTU4HOI Aedopmailii 3aroToBKH; AX - poboTa Ha
CTUCHEHHS P1MHI.

Posrasiuemo mporiec 0OMiHy €HeprisiMu B TepexiHUKy ctoBOypa. CHapsia

13 MBHUJIKICTIO Vou = Vs 3aBJa€ yaapy Mo MOBEpXHI PIUHU 1 CTBOPIOE B Hill THCK
D. Tlpu upoMy pinguHa pyxy BCIIJI 3a 3aroTiBKOIO, IO AePOPMYETHCS,
3aIOBHIOIOUN JIOJATKOBUN 00'€M, 110 YTBOPUBCS, B TiApaBimiuHid kamepi. Kpim
TOro, i 00'€M 3MEHIIYEThCS YHACTIAOK CTHCHEHHS, TOMY MeXa pIIMHU B
NEePeXiIHUKY CTOBOYpa 3MIILYETHCS BiJl TOYATKOBOTO MOJOXKEHHs.  Pobora,
CKOIOBaHa CHAPSIOM IO 3CYBY PiIMHU PO3PAXOBYETHCS TaK:
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A = PAW,
e AW — 006’em nepexiiHUKa, 10 3BUIBHAETHCS BIJ] PIIUHH.

P, . P - : S
Xait ! i "2 - THck B pimuHi, BiMOBiIHO HA MOYATKy i B KiHIIi Iporecy
macTUYHOiI aedopmaritiga 3arotiBku. CrovyaTky CHapsifi CKOIOE poOOTY BUKIIIOUHO

JUTSL CTHCHEHHSI PiIUHY (HA BETMYUHY A Wl).
[Tpu oMy HE0OXiIHY pOoOOTY MOKHA PO3paxyBaTH 3a (popMyIIor0

0

A :PlAwl PP W

' 2 2E
Ha etani gedopmaiiii 3aroTiBKy CHapsij 3BUIbHAE BiJl PIAMHU 00'eM
AW, = AW, £ AW,,,
ne AWsar - nepBUHHHI 00'€éM MOPOXHUHU MK 3arOTIBKOIO 1 MaTPHIICIO;

P, P,

AWK - BenuunHa 3MIHH 00'eMy PIAVHU BiJ THUCKY 0 THCKY
[Ipu oMy 3atpauyerbest podoTa

A:LZPZAWWiAAm.

Tyt K - 3MIH TIOTEHIIIMHOI €Heprii pIIMHU MPU CTUCHEHHI ii Ha
BenmunHy AWik.

Cymapna po6oTta, 3po0JieHa CHapsIIOM 3 MOYaTKy MPOIECy

P +P
_PAW L AA 2+ AW

K 3ar”

A
B wmiit ¢popmymi nepiii gBa wieHH € poOOTOr0 A, IO 3aTPAUYyETHCS Ha
CTBOPEHHS B PIJIMHI TUCKY P2, sika BU3HAYa3ThCs 3T1AHO BUPA3y
P? W

= = P2.
« = F npu P =P

x

Toni popmyna st po6OTH TpUiMa€e BUTIIS;
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P2 W
A=t Wo PP, AW,
2E. 2

Jlam oTpumMaemMo

2 (P2W, P +P
m, | 2E, 2

CH

V =

a

2 AWS ar

ne Vi - mBUAKICTh CHApsIa Ha BUXO/II 13 cTOBOypa (AyabHA IMIBUIKICTH);

M, - maca cHapaaa.

3apsan nopoxy BuzHavaeThbes yepes KIIJ ctoBOypHOi cuctemu 1 cuitu
nopoxy f:

A
0=—,
nf
a 3a HaIBHOCTI OaJICTUYHOI XapaKTepUCTHKa TMpec-rapMatd - 3a ii

. m_ .V
JIOTIOMOTOI0 TI0 Bijomum i 2 [2].

Ha puc. 2 1 3 npencrapieHi ekpanHi GopMUA 1 TEXHOJOTIUHI PO3PAXYHKHU
JUISL TIapaMeTpiB  TEXHOJOTIYHOTO TPOIECY BHUTOTOBJICHHS JIMCTOBOI JeTall
aBianiifHoro nBuryHa. Po3po6iiena nporpama 3axuiieHa aBTOPCbKUM CBIJJOIITBOM.

[340302.0909

na
p_Bo, SJru( y ] p [mesorii7
2 R R Pas IR [rym— |

Puc. 2. Expanna dopma 151 po3paxyHKiB TEXHOJIOTIUHUX MTApaMETPiB
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Puc. 3. Expanna ¢opma pe3ysbTaTiB JUCIEPCHOTO Ta PErPECUBHOTO
aHaJi3y JaHUX 3JIEKHOCTI pOOOTHU Bij TOBIIMHU JETall

[IpeacraBneni Marepiad MOXYTh OYTH BIPOBAKEHI B KypCOBOMY 1
JUIJIOMHOMY NPOEKTYBaHHI, B HAYKOBUX PO3pOOKax, a TAKOXK Ha MIANPUEMCTBAX
aBlalifiHOrO NMPOoQUIIO.

[IpyHUMIIOBO 30BHIMIHIMU JIKEpENaMH €HEprii Mmpu po3roHl cHapsjaa 3a
JIOTIOMOTOI0 TTPOTIOHOBAHOTO €HEPTrOBY3Jia MOXKYTh OYTHU (32 BUHATKOM IMOPOXOBHX
ra3iB): PpO3LIMPEHHS CTUCHEHOTO TOBITPS, BUIIAPOBYBAHHS 3pIHKEHOr0 rasy,
pO3IIMPEHHs]  MeperpiToi  mapu, TOpPIHHA  KHCHEBO-Ta30BOi, Ta30- Ta
MAJTUBOTIOBITPSIHUX Ta30MOAIOHUX Tra3iB, MPOJYKTIB €HEPTrii pi3HUX MEXaHIYHHX
CUCTEM (AMHAMIYHUX, TMPYXKHUX, IHEPUIMHUX TOIIO), IMITYJIHCHO-BAKyyMHI,
CJICKTPOMArHiTHI, TpaBiTalllifHI Ta 1HIII CUCTEMH, IO 3a0e3MeUyroTh HEOOX1THUI
HABAHTAXXyBaJbHUH BIUIMB Ha PIIMHY B PO3TIHHIN Kamepi.

[{s TexHOIOTISI MOKE OYTH BUKOPHUCTAHA JIJIsl MPOCTHUX 1 CKIAAHUX JINCTOBUX
3aroTOBOK IIUIOTO psiJia TEXHOJIOTIYHUX omeparlii [3].
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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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JOCJIIZKEHHA CKJIA/THOCTI CTBOPEHHA 3ACTOCYHKY
MOBOIO ITPOI'PAMYBAHHSA MTACKAJIb VIS PO3PAXYHKOBHUX
ITIOTPEB IHHKEHEPA-MEXAHIKA

V' pobomi eucsimneno npobremy pYMUHHUX PO3PAXYHKI8 V MEXAHIYHIU IH)ICeHepil.
Tloxasano nepesacu i HeOONIKU ICHYIOUUX NPOSPAMHUX NPOOVKMIE NPUSHAYEHUX O ix
nojecueHHs. 3anponoHo8aHo CMeopreamu 61ACHI 3ACMOCYHKU i3 GIOKpUMUM KOOOM OJs
BUPIUEHHS 8Y3bKUX 3a0ay IHJCeHepa-mexanika. [Ipoananizosano ckiaouicmo ancopummizayii
ma npozpamyeanis 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.

OOuuncIiieHHs, K1 BUKOHYIOTh 1HXXKE€HEpPU-MEXAHIKM, YaCTIIIE 32 BCE JOCHTH
IPOCTI, ajie 00’ €MHI MO KUIBKOCTI MATEMAaTHYHUX ONeparlii, MICTATh y co01 Oararo
3MIHHUX, TIONPABKOBUX KOE(DIIIEHTIB, TaOMM4YHUX BeauuuH, Tomo. IIlo0
OOJIETIIMTHU LI PYTUHHI pO3paxXyHKH MOYKHA BUKOPHUCTOBYBATH T'OTOBE MPOTrpamMHe
3abe3neueHns (I13): Tabmuuni npouecopu [1, 2], cucteMu KoMl FOTEpHOI anreOpu
[2], Tomro. BHacmimok kKoMepIiiHOCTI Ta yHiBepcanbHOCTI Takoro [13 BoHO Mae
MEBHI HEMOJIKU: HEOOXITHICTh Aoporo kymyBatu II3, BiICYTHICTH MOKJIUBOCTI
BUKOPUCTATH JE€sAKI MaTeMaTW4yHl OMNepailii, He 3aBXIU IOCTYNMHHM LUKIIYHUN
ornepaTop, HEOOXIIHICTh BHECEHHS TAaOJMYHMX JaHUX 1 0aratbox creuudiaHux
dbopmynl Bpy4yHY, HEOOXIJHICTb HaBYaHHS CHIBpOOITHHKIB 1 camomy II3, 1
pO3pOOJEHUMH  MPOEKTaMU  aBTOpaMH, pO3pOOJIEHUH MPOEKT MOXKe He
BIJIKpUBATHCS Ha 1HIIIOMY KOMIT FOTEp1 Ta 1H.

S0 ogHOTO pazy po3pOOUTH MPOTPaMHU 13 BIIKPUTUM KOJOM JIJIsi TIEBHUX
BY3bKHX 3aJlay 31 3py4yHUM iHTepdeiicoMm, TO IMOJAEHHA poOOTa 1HXKEHEepa MOXKe
cTaTu OuIbII TBOpYa, OLIBII CHOPSMOBAaHA HAa BHUPINIEHHS 1HXKEHEPHUX 3a/1ay
HiIMPUEMCTBA, CKOPOTUBIIM 4Yac Ha po3paxyHku. Hampuknan, y pobdortax [2-4]
IPOIOHYEThCSI poOOTH po3paxyHku wmoBamm C#, C++, MathLab. IlepeBaru
OKpeMHX 3aCTOCYHKIB: (peH/yti Ta 103a0uUTbHUI 1HTEp(dENC, SKUN 1HTYITUBHO
3pOo3yMUTMH  MpogecioHaTy MeXaHiKy, HaBITh TaKOMY, SIKUH KOPHUCTYETHCS
3aCTOCYHKOM BIepie, O€3KOIITOBHUI 1 (YHKIIOHAIBHO THYYKHH, SKIIO
KOPHUCTYBATHUCS 3aCTOCYHKaMH y BIAKPUTOMY KOJi, 3aCTOCYHOK IIBHUJKO TMPAIIO€
HaBiTh Ha cinabkomy [IK. Xoya 1 € HEeBenMKMl HEAOJIK: HEOOXITHICTh 1HXEHEPY
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3HAaTU MOBY MIporpamyBaHHs Ha 6a3zoBoMy piBHi. Lle muTanHs 6yn0 pO3TIASTHYTO Y
crarti [2], ne Oyma cmpoOa JOBeCTH, IO IHXKEHEpaM MeXaHiKaM ClIifi BUBYATH
porpamMyBaHHS 13 JEKUIBKOX MPUYKH.

Mera poboTu nossirae y Tomy, o0 po3pooutu I13 15 po3paxyHKy TUIIOBOi
3amavl A 1HKEHepa-MallMHOOYIIBHUKA 1 IpoaHali3yBaTH, fKi OMEepaTopu Ta
OlepaHaud 3HAAOOWIUCS NN I[bOTO, OIIHUTH iX CKJIQJHICTh AJITOPUTMIB Ta
HEOOX1IHUN PiBEHb BMIHb POTPaMyBaTH.

JlocmiKyroun JaHe MUTaHHS Yy Cy4yaCHUX HAyKOBHMX CTAaTTAX 1 HA pecypcax
13 3aCTOCYHKaMHU 13 BIAKPUTUM KOJIOM HaMH OYJI0 3p00JIEHO BUCHOBOK, 1110 TaKOTO
POy JOCIHIKEHHSI BUKOHYBAJIOCS NIy>)K€ Majo, a MOJIOHMX 3aCTOCYHKIB Mailke
HEMae y BUIbBHOMY JIOCTYTII.

Mogoro nporpamyBanns Ilackanb y cepenoBuil nporpamyBaHHs Lazarus
HaMH OyJI0 po3pOo0JIEHO 3aCTOCYHOK (puc. 1), sikuil 0OUMCITIOE AJIsT TIIUITHUKIB,
Kl CIIy’)KaTb IMIATPUMKOIO BEAYYOi BaJI-IIECTEPHI PEAYKTOpa, MOCAIKH
BHYTPIIIHBOTO KUIbILSI HAa BaJl Ta 30BHIMIHHOTO KUIBIS y KOPIYC, BUKOHYE
NEPEeBIPKY MOCAJA0BOTO 3a30py IO HaMOLIbIIOMY HATATY OOpaHOi MOCAJKH,
KPECIUTh CXEMH 1HTEpPBAJIIB IOMYCKIB 00OpaHUX MOCAJIOK.

B Incoming data — O e

Main pararneters:

Bearing : 6-220
R= kH - radial lead
A= ICI kH - axial load

Type of action:| Strong blows, overload, 300% w

Type of the case:

r= |7 mm - radius of the edges of the inner ring

= ICI ® - angle of contact of the rolling elements with the raceway

Mext step

Pucynok 1 — BikHO BBeJIeHHS BX1THUX JaHUX

VY xo0i po3po0KK 4acTO BUKOPHUCTOBYBABCS MOBHHMI yMOBHHUE oreparop if,
HAPUKIIA], Y PAIKAX:
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if spos>0 then

begin

showmessage('BuzHadeHe qoaTHe 3HaY€HHS [TOCAI0OBOTO 3a30pY, CBITYUTH MPO
T€, 110 MIX TUTAaMH KOYEHHS Ta OITOBUMH TOP1KKAMU € 3a30p. 3HaYUTh BUOpaHa
mocajKa IMiIIMITHAKA Ha BaJl 33/I0BOJIBHSE €KCITyaTalliiHUM ToTpebamMu, 3a30p y
Takomy pa3si gopiBHioe€: '+ floattostr(Spos) +'Mxm');

end

else begin

showmessage('3a3op BiCyTHiH, 00EpiTh MOCATKY 13 MEHIIIUM HATATOM BHYTPIIITHE
kisbite - Ban'+floattostr(spos)+Floattostr(deltaD));

end;

Moro BHUBYCHHA BXOAWTh Yy HAHIIPOCTINy INPOrpamMy IIKLIBHOTO KYpCY
nporpaMyBaHHS 1 3a3BU4ail 100pe 3acBOIOETHCS. BiH Hali3acTOCOBYBaHIIIUI cepen
yCiX OIepaTopiB.

B TaBnuua 9 - O *

Inner diameter D = 23mm
Load intensity Pr =H/mm

Inner diameter Pr Pr Pr Pr
13-20 <300 300-1350 (1350-1600 | 1600-3000
80-180 <600 600-2000 | 2000-2500 | 2500-4000
180-360 <700 700-3000 | 3000-3500 | 3500-6000
360-630 <900 900-3500 |3500-4500 | 4500-8000
Fit Js6 kb mé né

Pucynok 2 — BikHo 13 Tabunnero peaiizoBaHor0 komrnoHeHToM StringGrid

Po3pobistoun 3acTocyHOK Oy10 CTBOPEHO KiJIbKA TaOIHUIIb 13 CTAaHAAPTHUMU
IHTepBAJIaMH JIONYCKIB I IIBUAKOTO IIA00PY IOCAJ0OK BHKOPUCTOBYIOUH
StringGrid (puc. 2). BiH € Tpoxu ckIamHIMM Ui poOOTH, HIXK MPHUMITHBHI
xommoHeHtn Label, Button, Edit, ame nyxe edekTuBHMIA 181 podoTH 13
TaOTMYHUMH JTAHUMHU.

Pe3ynbraTomM poOOTH 3aCTOCYHKY € 3BIT Ha puc. 3. IlincymoByroun: Oynu
3aCTOCOBaHl HECKJIAJHI KOMaHAM YMOBHOI'O OIEpaTopy, KOMIOHEHTH (QopMu
Label, Button, Edit, StringGrid, HaiinpocTii apupMeTHdHi OorepaHId. 3arajaoM i3
TOYKH 30pYy aITOPUTMI3allli Ta MPOTpaMyBaHHS TMPOEKT Ta PO3PAXyHOK € HE
CKJIAJHUM, TPALEBUTPATHUM € TUIBKKM JAu3aiiH iHTepdeiicy. OTxke, yMiHb
porpaMyBaTH JOCTaTHHO HAaBITh 31 MIKIJIBHOTO KypCy TPOXH IiJICUIICHOTO
YHIBEPCUTETCHKUM KypcoM. A MoxiauBocTi MoBH Ilackanp Ta cepefoBuina
po3pobku Lazarus € mocuTh (YHKI[IOHATBHUMH JJIi TEXHIYHOTO 3aCTOCYBaHHSI,
0COOJIMBO JIJIs1 IOYATKIBLS Yy POrpPaMyBaHHI.
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VY nojanbiux MpoeKTax Ciia po3BUBaTH (QYHKIIOHAT JAHOTO 3aCTOCYHKY Ta
pO3pOOJISIT  HOBI 3aCTOCYHKHM [IJIi OOYMCIICHHS 1HIIUX 3aJa4 MeXaHIYyHOl
imkenepii. JloBecTH, Mo mporpamMyBaHHS BIIACHUX IH)KEHEPHHUX KaJbKyJATOPIB
n00pe onTuMI3ye poOOTYy 1 3yCHIUI 1H)KEHEpa-MexaHika Ha po0odoMy Miclii,
3MEHIIUTH KUTHKICTh BUMAIKOBUX IOMHUJIOK, PO3BAHTAXKUTH B PyTHHHOI pOOOTH.

B 3gir = 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 mMm

Angle of contact of rolling elements =0

Selected tolerance fields:

For D = 100 Ford = 180

+25

+3 +35
Is7

h5 +0
15 h7

-35

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 pe3ysbTaTiB po3paxyHKy
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CHUHTE3 TA ®A30BUM CKJIAJI HAHOCTPYKTYPHHUX ILJTIBOK
METAJI-®YJIEPUT-METAJI

YV oaniti pobomi nposedero 0250 CmpyKmypHux eracmusocmell gyiepumy, cunmes ma
00Ci0dHCeHH s Gazoeoco  cknady MOHKONIIGKOBUX Mamepianie Meman-Qyiepum-mema.
Enexmpono-mikpockoniuni - 0ocnioscenns nposedeni 0ns nuiekosoi  cucmemu  Ni/Cgo/Ni. B
pesyabmami 00ciiodcentst 0y euznauenutl nepioo kpucmaniunoi pamku I'I{K-Cgo ma I'LIK-NI, ski
sionosiono cmarnosunu 1,417 um ma 0,353 wm. CepeoHiti posmip Kpucmanimié 0s NIIBOK
@ynepumy ma Ni 6ionosiono cmanosus 4 um ma 20 um. Ompumani pezyibmamu maiu 0oope
V320024CEHHSL 3 OAHUMU THUWUX 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/Cgo/Ni film system. As a result of the study, the period of the crystal lattice of
FCC-Cg 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 ¢ynepur — MOJEKYISPHUA KpPUCTal 3 TPaHEHEHTPOBAHOIO
kyoiuHoto (I'LIK) kpucramigroro rpatkoro (puc.la) abo npocroro kybiunoro (I1K)
KPUCTAIIYHOIO TPaTKol. BiH yTBOpIOETHCSA SIK MPOIYKT O0'€MHOI MOsiMepu3alili
chepruHuX BYIJIENEBUX MOJeKyl dynepeHiB (puc.16). Otpumanuii marepiai
MOBHICTIO 30epirae CTPYKTypy IPOCTOPOBUX KapKaciB, sIKI MalOTh aHOMAaJIbHO
BHCOKY JKOPCTKICTb Ta TBepaicTh [1]. OcTaHHe 103BOJISIE 3aCTOCOBYBATH (YJICPUTH
B MAIIMHOOYAYBaHHI B SIKOCTi 3MillHIOBAJIBHMX IOKPUTTIB, MacTWi Tomio. Koro
YHIKaJIbHI BJIACTHBOCTI OOYMOBJIOIOTH 3HAYHHM 1HTEpeC [UIsl 1HXKEHEpIB Ta
marepianosHaiie [1-5]. Takum dYMHOM MeETOI JaHOi POOOTH OyJI0 BUBUCHHS
METOJIMK OTPUMAaHHS, BJIACTHUBOCTEM IUIBOK (yJIEepUTy Ta AOCHKEHHS 1X

CTPYKTYPHO-(Pa30BOTO CKIIATY.

Puc. 1. Kpucraniuna crpykrypa ¢yiaeputy (a) Ta moiekyau Cgg (0) [2]

VYV 1990 p. Kperumep B. ta Xadpdman JI. B omuiit 13 maboparopiii [HcTUTyTY
212



https://ru.wikipedia.org/wiki/%D0%9C%D0%BE%D0%BB%D0%B5%D0%BA%D1%83%D0%BB%D1%8F%D1%80%D0%BD%D1%8B%D0%B9_%D0%BA%D1%80%D0%B8%D1%81%D1%82%D0%B0%D0%BB%D0%BB
https://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D0%BB%D0%B8%D0%BC%D0%B5%D1%80%D0%B8%D0%B7%D0%B0%D1%86%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%A1%D1%84%D0%B5%D1%80%D0%B0
https://ru.wikipedia.org/wiki/%D0%A3%D0%B3%D0%BB%D0%B5%D1%80%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%9C%D0%BE%D0%BB%D0%B5%D0%BA%D1%83%D0%BB%D0%B0
https://ru.wikipedia.org/wiki/%D0%A4%D1%83%D0%BB%D0%BB%D0%B5%D1%80%D0%B5%D0%BD
https://ru.wikipedia.org/wiki/%D0%A5%D0%B0%D1%84%D1%84%D0%BC%D0%B0%D0%BD,_%D0%94%D0%B6%D0%BE%D0%BD

saneproi izuku y M. ['eiinensOepr (Himeuunna) Brepie CriocTepiraid TBEpIHid
¢byneput. Sk amorponmHa ¢dopMa YHCTOrO BYIJIEIIO II€H MaTepian MPUHIIMIIOBO
BIJIpi3HsAEThCS Bl anmMazy Ta rpadiry. Ilepion kpucrtamiunoi rpatku ['LK-Cg
cTaHOBUTH a = 1,417 HM, a cepenniil miamerp Moiekyiu Qynepeny — 0,708 Hw,
BiJICTaHb MK cycigHiMu Mosekylamu — 1,002 um. ['yctuna dyneputy — 1,7 r/em?,
10 3HAYHO MEHIe rycTuHH Tpadity (2,3 r/cm®) Ta anvasy (3,5 r/em®) [2]. 1le
MOB'SI3aHO 3 TUM, 1110 MOJIEKYJIU (yJiepeHy, pO3TallloBaHl y By3Jax rpat Qynepury,
MOpOXKHUCTI. Y  Tabmuii 1 HaBemeHO neski daHi Mpo (Pi3UYHI KOHCTAHTH IS

bynepury.

Tabnuys 1
®iznuni koHcTanTu s pyaepury Ceo[3]

Beanuuna 3HayeHHs
ITocTiitna rpatku (I'TIK) 14,17 A
Bigcrans Cgo— Cgp 10,02 A
Enepris 38°s13ky Cgp — Ceo 1,6 eB
['yctuHa 1,72rem”®

MonekyisipHa rycTuHa

1,44 x 10%t em®

N3otepmiuna ctucausicts (300 K)

6,9-10 v

Temneparypa nepexony [IK-T'IIK 261 K
OO0'eMHUli KOE(]ILIIEHT TEPMIYHOTO 6,1-10° K™
PO3IIMPEHHS

Pabota Buxoy 4,7 eB
Temneparypa Jlebas 185 K
TemnonposiaHicTs (300 K) 0,4 Br-mK™
EnexrponposianicTs (300 K) 1,7-107 cm™
Temmneparypa niaBieHHs 1180 °C
EnTanenis cyOmimanii 167 xJIKMOIB
JlienekTpruyHa nocTiitHa 4.0-4.5

OCKUIBKH BIZIOMO TPO MOXJIHMBICTH YTBOPEHHS (QyJIEpUTYy B TPHUPOTHUX
yMOBaxX Horo kiacu@ikyrOTh K MIHEpaJIbHUN €JIEMEHT TPYNU BYIJICLIO. 3aB/IsKU
TOMY, II0 MOJIEKYJIH Y HbOMY 30JIMXKEHI, 3 HUX MOXYTh JIETKO OyTH OTpHUMaHi
pi3HI OJiroMepH Ta MmodiMepHi (a3u Mij €0 CBITIA, OMPOMIHEHHS €JIEKTPOHAMU
abo tHcky. Sk mpuknan npu THCKy g0 10 I'Tla orpuMano Ta oxapakTepru30BaHO
opTopoMOiIUHy (a3y, M0 CKIAJAEThCS 3 JIHIMHUX JIAHIIOXKKIB MOB'I3aHUX MIXK
co00I0 MOJIEKYJ, a TaKOX TETparoHalbHy Ta poMmOoeaApuyHy ¢aszu, Mo
CKJIaIal0ThCA 3  IIapiB  TETparoHajbHOI Ta  T'EKCAaroHaJbHOI  MEpexK
MDKMOJIEKYJIIPHUX 3B'A3KIB, BIAMNOBIAHO. ICHYIOTH JaHi Mpo YTBOPEHHS 3
byneputy GpepomMarHiTHUX MojaiMepru3oBaHuX (a3 (MarHITHUN BYIJICIh) IMij AIEI0
TUCKYy Ta Temnepatypu [2]. IcHyBaHHs Takux (a3 Moxke OyTH TMOB's3aHe 3
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YTBOPEHHSIM Je(eKTIB, MPUCYTHICTIO JOMIIIKOBUX aTOMIB Ta YaCTUHOK, a TaKOX 3
YaCTKOBUM pYyHHYBaHHSIM MoJieKyn Cegp.

3aBIsSKM BUCOKIM CTaOUIbHOCTI (yJNEpeHiB MOXHA TOBOPUTH Mpo (Pa30BoOi
niarpamu - QyliepeHy SK CaMOCTIMHOI PEYOBHMHM — XIMIYHOI CIIOJIYKH, IO
CKJIaJIa€ThCSA 3 aTOMIB KapOony (puc. 2a). Ha maniii ¢a3oBiii miarpami BUAHO, 110 3a
aTMocepHOro THUCKY 3HIKEHHS TemrepaTrypu g0 260 K mpusBoguTh 0
opieHTaliiHoro (asoporo nepexony y ¢ynepurti, B skomy ['IIK meperBoproeTscs
[1K. ITpupona 1poro mepexomay 0OyMOBJICHA 3IaTHICTIO MOJIEKYJI JISTKO 3MIiHIOBATH
CBOIO BIJHOCHY IIPOCTOPOBY Opi€eHTaIliro mpu TemioBoMy pyci [3]. 3okpema,
OCKUTBKH CHJTM B3aeMOJIii M MoJeKylaMu Cgy B KPHUCTATI Majli, a CUMETPIs JTyKe
BHCOKa, TO Tipu Temmeparypi Bume 260 K monekymu ¢ynepeHy o0epTaroThes
(mractianmii kprctan). Yactora obepranms npu T = 300 K cranoButs ~ 10™ I,
[Tpu 3umxenni Temneparypu (T < 260 K) obepranust monekyn Cgy NPUIHHIETHCS.
ITIpu T = 260 K BinOyBaeThcs 3MiHa KpUCTaMUHOI CTpyKTypu ¢yneputy I'TIK—IIK
(azoBwuit nepexig 1-ro poay) 3 0OJTHOYACHUM 3aMOPOKYBAaHHSIM 00€pPTAILHOTO PYXY
MOJIEKYJ1 BHACHIJIOK 30UIBIIEHHS €HEeprii MIKMOJEKYJsIpHOi B3aemomii. OTxe
HU3bKoTeMIleparypHa (daza pyneputy mae [1K kpucramiuny rparky.
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Puc. 2. ®a3oBa piarpama (a) Ta THUCKM HACHYEHHMX MapiB JJIA PI3HUX
¢ynepHis (6) [3]

Crig BIAMITHTH, TIIO BHACTIAOK BUCOKOI JIETIOHUOCTI (yJIEpeH IyKe 3pYUHHIMA

JUISiT BUKOPHUCTAHHS B TIUIIBKOBUX TEXHOJOTIAX. BaxmuuMm ¢akTopoM yis
MPaKTUYHOTO 3aCTOCYBaHHsI (DyJepeHy € MOXKJIUBICTh CUHTE3Y BHCOKOJIOCKOHATIUX
KOHJICHCATIB Ha HWOTO OCHOB1, OCKUJIBKM B PsJil BUIAJKIB CTYIiHb JOCKOHAJIOCTI
GyNepuTOBUX TUIIBOK BU3HAYA€ CTAOUIBHICTH Ta OJHOPIAHICTH iX BJIACTUBOCTEU B
o0’emi koHzeHcaTy. [lpum 3HAYHO HWXKYMX Temreparypax (QyJaepuTr Jerko
cyOsIiMye, TII0 TIOSICHIOETHCSI TTOPIBHSHO ciia0kumu Ban—nep—BaanbcoBumu cunnamu
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MDKMOJIEKYIISIPHUX 3B'SI3KIB Ta MaJIOI0 €Hepriero cyOmimMarili, 1o ctaHoBuTh 1,86 eB
Ha Mousiekynny. Ha puc. 20 npuBeeHO 3HaU€HHSA TUCKY HACUYEHHUX MapH I PAILY
dbynepenis [3].

[Topsin 3 M, QyaepuTH AOCUTH CTIMKI XIMIYHO 1 TEPMIYHO, X04 1 € (a3oro,
TEPMOJIMHAMIYHO HEBHTIJIHOIO 1100 Tpadity. BoHu 30epiraroTh cTablIbHICTH B
iHepTHIN aTtMocdepi ax g0 temmeparyp Omuszpko 1200 K, 3a skux BigOyBaeThcs
yTBOpeHHs rpadity. [lpu tuckax nmonan 10 I'Tla Ta Temmneparypax monaa 1800 K
BIZIOYBa€ThCS YTBOPEHHS aliMa3HUX (a3, IpUYOMy 3a MEBHUX YMOB MOXYTb OyTH
OTpUMaHI HAHOKPHUCTANIYHI anMa3d. 3a3HayaloTh, IO YTBOPEHHS anMasiB 3
bymieputy BiOYBaeTbCcs 3a HIDKYMX TEMIIEpPAaTyp TMOPIBHSIHO 3 IpadiToM.
YTBOpeHHs piaKkoi a3y A0 HUX TemrepaTyp Hemae. Y MPUCYTHOCTI KHCHIO BXKe 3a
500K cnocrepiraerscsi momiTHe okuciaeHHs 3 yTBopeHHsM CO 1 CO,. XimiuHiii
JECTPYKIli (DyJIepUT TAaKOXK CHpPHSIE HASBHICTH CHIIIB PO3YMHHHKIB. DyUIepuTH
JIOCUTH JIETKO PO3YMHSIIOTHCS Y HEMOJSIPHUX aPOMATUYHUX PO3YMHHUKAX Ta Y
cipkoByrieri CS; [2].

dopMyBaHHS IUTIBOK, CTPYKTypa SIKMX BHM3HA4aeThCcsl ciaaOkumu Ban-aep-
BaanbcoBa cunamu, npen'siBisie 0coOIMBI BUMOTH 10 CTBOPEHHS PIBHOBRKHUX YMOB
KOHJEHcalii. Y 3B'I3Ky 3 LKUM Ccepel METOMAIB OTPUMaHHsS (yIepUTOBUX
KOHJICHCATIB BUCOKOTO CTYIEHSI KPUCTAIIYHOCTI HAaHOUIBIIOTO MOMIMPEHHST Ha0yIu
MeTOoJIi cyOmiMallli B 3aMKHYTOMY 00’€Mi, METOJIM raps4oi CTIHKH, MOJIEKYJISIPHO-
npomeHeBoi emitakcii [1-3]. Tlpm 1boMy KpuUCTamiyHi TUTIBKH BIaBajoOCH
copMyBaTH B OCHOBHOMY TUIbKM Ha OPIEHTOBHUX MIKJIAJKaX, TAKUX SIK CIIIOJA,
MOHOKPHCTAIIYHUN KPEMHIN Ta 1H. BUpOIlIeH1 TaKUM YMHOM IUTIBKHM 3a3BUYail Malln
pO3MIp KpHUCTAMTIB OIM3bKO 1 MKM 1 YacTo XapaKTepU3yBaJUCS SICKPaBO
BUpaxeHoro TekcTyporo (111).

B naniii po6oti tutiBkoBi cuctemu Ni/Cgo/Ni Oynu orpuMaHi y BakyyMHiH
kamepi  ycranoBku BVYII-5M wmetogom cyOmimarii (ynepuToBoi HaBaXKU B
KBa3i3aMKHEHOMY 00’eMi. SIK MiIKJIAQIKA BUKOPHCTOBYBAIM MOHOKPUCTATIUHI
miactuau NaCl. Tlepex Ta micis KOHAEHcAIl IUIIBOK (QyJIepUTy A0JATKOBO OYJI0
ocamkeno miiBku ['TIK-Ni. Takum 4rHOM MH 3amo0iraiu MmojxiMepusallil IIiBOK
dbyneputy mi €0  eJIEKTPOHHUX MPOMEHIB MiJ Yac MPOBEJACHHS EJIEKTPOHHO-
MIKPOCKOMIYHUX J0oCTikeHb (puc.3). PosrinsHemo pe3ynabTaTd €IeKTPOHHO-
MIKPOCKOIIIYHUX  Ta enekTpoHorpadiunux pociimkens ([TEM-125K) mmiBok
dbyneputis. PesynbTatil po3mmdpyBaHHs €IeKTPOHOTPAMU JJIs TTIBKOBOI CUCTEMU
Ni/Cgo/Ni (prc.30) HaBegeHO y TabmuII 2.
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Puc. 3. MikpocTpykrypa IUIiBKH ¢yaepuTy (a) Ta eJeKTpoHOoTrpaMa Bif
kpuctasiorpadidyanx rmwionmH IIiBkoBuX cucteM Ni/Cg/Ni  (6). Crpinkoro
BIIMIYEHUN JudpakIiiiHuil MakcUMyM BiJ kpucrtaiorpadiunoi miomuau (111)
I'IIK-Ceo

Tabnuys 2

PosmudpyBanus ejekrpoHorpamMu miiBkoBoi cucremu Ni/Cgy/Ni

Ne |1, B.o.|dhkl, am| hkl |a, am| Da3za < a >, HM

1| C. | 0818 |111|1,417|TLIK- Cgo

2 |ramo| 0,246 | - - NiOy

3 | I.C.| 0,204 |1110,353| TLIK-Ni K- CDa;}OlBIZH“;I CKIaJL: O
: -Cgo T+ -N1 + caom N10Oy,

4 | cep. | 0,177 |200(0,354 FHI.<-N1 a (TLIK-Ni) = 0,35320,001 1,

5 |ramo| 0,148 | - | - | NiOx | 4 (TOK-Cg)=1,417+0,001um

6 | cep. | 0,125 [2200,353| TLIK-Ni

7 | cep. | 0,106 [3110,352| TLIK-Ni

C — cuibHa; JI.C. — nyxe cuiibHa; cep. — CepeaHs

Ananiz mikpoctpykTypu ttiBkoBux cuctemMu Ni/Cgo/Ni (puc.3a) mo3Bomus
BU3HAYUTH CEPENIHIA pO3MIp KPUCTANITIB OKpemux mapiB. [[ns miiBok Qynepury
ta T1iBok Ni BiH BiAmoBigHO cTaHOBUB 4 HM Ta 20 HM. OTpuMaHi pe3yJIbTaTH MajIu
J00pe y3roKeHHS 3 TaHUMHU poOiT [4-6].

OTxe, B yMOBax TEXHOJIOTTYHOrO BakyyMy B mUriBKOBii cuctemiit Ni/Cego/Ni
dbopmytorbes Hactynuui dazoBuii cknan: ['IK-Cgy + THK-Ni + caigu NiO,. IIpo
yrBOopeHHs ['TIK-Cgyo CBITUUTH HASBHICTH JEKIUIBKOX AUQPPAKIIIHHIX MAKCUMYMIB
Bil BiAMoBigHUX KpucTtaiorpadiunux rmiomuH (111) Ha enextponorpamax. Ciin
BIIMITUTH, III0 METOIO IIOJAJBIIMX JOCHIIDKEHh BBaXKa€MO HEOOXIJIHICTH
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3aCTOCYBaHHSI pEHTreHorpagpiyHux ado CIEKTPOMETPUUYHHUX METOIB [5,6] aHami3y
($ha30BOTO CKJIATy TUTIBOK (PyJIepuUTy.
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BIGPAIIIMHU BILJIUB HA ITIOKA3HUKU SIKOCTI BUPOFBIB
MAIINHOBY/ABAHHA

B pobomi npedcmasneni pezyribmamu 4ucio8020 MOOen08AHHS NAPAMEMPIE KYIbKOBO2O
gibpamopa  3a0ns  3a0e3neueHHs  8iOpAYiiHO20  MEXHON02IYH020 HA  CMaH  6upoois
MEXAHOCKNA0ANIbHO20 BUPOOHUYMEA.

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.

OpnuMm 13 mapameTpiB, 32 SKMM BHU3HA4YalOTh SAKICTh JAETall, € HapameTp
HanmidHocti [1]. HagiiiHicte — BnacTuBicTh BHpPOOY 30epiratu 3HAYCHHS
BCTAHOBJICHUX MMapaMeTpiB (PYHKIIIOHYBaHHS Y MeXaX MPOTATOM 3a/IaHOTO Yacy.

[TapameTpu SIKICHOTO Ta KUIbKICHOTO XapakTepy (popMyroTbCs Ha eTamnax:

1) mpoekTyBaHHS BUPOOY Ta TEXHOJIOT BUTOTOBJICHHS;

2) BUTOTOBJICHHS T4 KOHTPOJIIO;

3) ekcrutyatartii.

Omneparrii MexaHoOOpOOKH, BHACIIJIOK CHJIBHOIO BIUIMBY Ha Marepiai,
MPU3BOJAATh 0 30UIBIICHHS BHYTPIIIHIX Hampyr y marepiani [2]. [dane saBuie,
MO3ke OyTH aOCOJIFOTHO HETaTUBHUM a00 MO3UTUBHUM, OCKIIBKU:

1) BHYTpiIIHI Hampyru MarTh NO3UTHUBHHUI XapakTep IJs BUTOTOBJICHHS
OPYXKWH Ta IHIIUX BUPOOIB, MPUHLMUI J1i SKUX 3aCHOBAHUW Ha BUKOPHCTAHHI
BJIACHOTO HATIPY>KEHOTO CTany [3];

2) BHYTpIIIHI  HAOpYXEHHS CTUCHEHHS  JI03BOJISIIOTH  MIJABUIIMTH
eKCIUTyaTalliiiHi  XapaKTepUCTUKH (MIJBUILYETHCS BUTPHUBANICTb, KOPO3IMHY
CTIMKICTB, MPYKHICTH MaTepiany) [3];

3) BHYTpIIIHI HaOmpyXE€HHS PO3TATYBaHHS HETaTMBHO BIUIMBAIOTh Ha 1HII
MeTajeBl BUPOOH, OCKUIBKM IMPOBOKYIOTH PO3BUTOK TPIIIMH 1 PO3TPICKYBaHHS,
NPUCKOPEHHS YTBOPEHHSI KOPO3ii Ta pyliHYBaHHs MaTepiaiy [4].

Tomy, NpoBOAMTHCS HU3KA KOHCTPYKTUBHUX 1 TEXHOJIOTTYHHUX 3aXOJIiB,
HaIpaBJIEHUX Ha 3MEHIIEHHsS 3aJMIIKOBUX Hanpyr. HaiOinbil nepcrnekTUBHUM
METOZIOM, SIKHi Ma€ Majy KiJbKICTh HEIOJIKiB, € BiOpooOpoOka [5, 6]. o ii
nepeBar BiJHOCUTHCS:

— HU3bKUU PIBEHb €HEPreTUYHUX BUTPAT;

— HU3bKUU PIBEHb YaCOBUX BUTPAT;

— YHIBEPCAJIbHICT;

— KOMMNAaKTHICTH Ta MOOUILHICTE 00JIaJHAHHS,

— BIJICYTHICTh OKQJIMHM, [IJIAKIB.

Henomniku metony:
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— HEOOXIJIHE crelianbHe 001aJHaAHHI;

— BiOpallii € MKIATMBUM BUPOOHUUUM (PaKTOPOM;

— JU1sl TabapUTHUX JIeTalie HeoOX1THO CTBOPIOBATH CIIeIliajIbHe 00IaHAHHS
Ha OCHOBI I10JI1 YaCTOTHUX BIOpaIlii.

[THeBMaTnuHi BiOpOBO30YIKyBadl BHUKOPUCTOBYIOTH C€HEPIil0 CTHCHEHOTO
MOBITPS Ta XapaKTePU3YIOTHCS IIMPOKUM Jialla30HOM 3MIHM 4YacTOT, aMILTITY] 1
3yCWJUIS,  TPOCTOTOI0  PETrYyJIOBaHHS,  MOXIHMBICTIO  BUKOPHCTaHHA Y
BUOYXOHEOE3MeYHNX yMOBax [7].

KynbkoBi mHEBMaTH4HI BiOpOBO30YIKyBadl T€HEPYIOTh BiOpalllii 4aCTOTOIO
no paecatkiB tucsy ['1. BiOpaiiis BUKIMKA€ThCSA: BIUIMBOM BiJ IIEHTPOBOI CHIIU
Kynbku 2 (puc.l) Ha KUIBIEBI MOPUKI 3; pyX KYyJbKH IO KOy OOYMOBIICHO
BITUBOM CTHCHEHOTO TIOBITPS, IO MOAAEThCs uepe3 coruio 1. [TosiTps 3 kopmycy
BUXOJHTH Yepe3 oTBopH 4 [7].

Pucynok 1 - KynpkoBuii nHeBMaTH4UHMM B10Op0o30ymxyBay:1 - como; 2 -
KyJKa; 3 - KUIbLEBA JOPIkKKA; 4 - OTBIp ISl BUITYCKY MOBITPS

OcHoBHI TapameTpu BiOpo30yIKyBaya:

1) paniyc kaHaiy KinbiieBoi Jopikku (R, m);

2) niametp Kysbku (di, M);

3) mMaca kyibku (M, KT)po3paxoBy€EThCs 3a GOPMYIIOL0:

4 3
m=Vc-p=5m1 P (1)
ne V,, — 00’eM KyIbKH M
Tx — padlyc KyJbKH, M;
p — WIIBHICTh CTai, KF/M3;
f — wacrota BiOpariii, ['m:
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(2)

F.— 3ycuuis pobotu BiOparopa, H:

F,=f?-4-7% R -my (3)

P — THCK CTUCHEHOTO TOBITPS, 10 MOJIAETHCS, Oap.

[ToOymoBana Homorpama it Bu3HaueHHs 3ainexHocred Fa(f) ta f(P)

IpPEICTaBIICHa Ha pHC.2.
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Pucynox 2 — Homorpamma i aB3Ha4eHHS! TEXHPOJIOTTYHUX TTapaMeTPiB

KyJIBKOBOTO BiOpaTopa.
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HAIIPY)KEHUM CTAH EJIACTOMIPHOI OBOJIOHKHA
T'YMOTPOCOBOI'O KAHATA BIJI HEPEJAYI TATOBOI'O 3YCHJLISA

Ilobyoosano mooenv 63aemMo0ii Mpoci6 AK OCHOBHUX MAL06UX elleMeHmié Kanama ma
bapabana niOUOMHOI MawiuHu, WKIGI6 noaicnacma, wo 003608€ BUIHAYAMU POOOMY CUl
O0eqhopmyeants enracmuytoi 000NIOHKU 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.

[ToctanoBka 3amaul gociimkenHs. [lepenaya TsroBoro 3ycwuis Bij OapabaHa
TATOBUM €JIEMEHTaM T'yMOTPOCOBOI'O KaHaTa — TpocaM, BIIOYBA€ThCS 32 PaXyHOK
Harpy>Ke€Hb 3CYBY, 110 BUHUKAIOTh B TYMOBI OOOJIOHIII KaHaTa Mpu ii B3aEMOZII 3
noBepxHeo OapaGana. HampykeHHs 3CyBy BHHMKAIOTh B MaTepiajli KaHara, SK
HaciIoK cuil TepTs. OCTaHHS 3aleXUTh BiJ THCKY KaHarta Ha OapabaH. 3arajqbHUNA
Halpy»XeHU! CTaH CJi PO3MVIAATH SIK CTaH, 3yMOBJIEHUH /BOMAa YMHHUKAMH —
CUJIaMU 3CYBY Ta CHJIaMH TUCKY, 1110 BUHUKAIOTh MIOMDK OapabaHOM Ta KaHATOM.

B nocnimkeHHsIX Hampy:KeHO-1e(OpMOBAaHOIO CTaHy IUIOCKOIO KaHaTta 3
ypaxyBaHHSM HOTro mpocTopoBoro aehopmyBaHHs [1-2] He po3rigmaBcs MexXaHi3M
PO3MOTY HAPY>KEHb B €1aCTOMIPHIA OOOJIOHIII Bl Tepeaadl TArOBOrO 3yCHILIS
Ha IPUBOJHOMY OapabaHi, 1110 3yMOBIIIOE aKTyaJIbHICTh 3aaul.

Mertoto nanoi poOOTH € BCTAaHOBJICHHS 3aJIKHOCTI PO3IOALTY HANpPYKEHb B
MaTepiaii eJacCTUYHOI 000JIOHKH TYMOTPOCOBOTO KaHaTa, 3yMOBIICHUX MEpPeIavyeto
TATOBOT'O 3yCHILIA.

Kanat yTBOpeHHIl CHUCTEMOIO MapajieslbHUX, PO3TAIIOBAHUX 3 MOCTIMHUM
KpOKOM TpociB. BupixkeMo 3 kaHata yacTUHY T'yMOBOi 000i0HKH. [IpuiiMemo, 110
il cTopoHa, sika B3aemojie 3 OapabaHOM, HEpYXOMO 3akpimieHa. [{umiHapuyHii
MOBEPXHI, IO B3a€EMOJIi 3 TPOCOM HAJaMO OJWHUYHE MEPEMILIEHHS, TPOCH
pO3TaIIoBaHi B TUIONIMHI CUMETPii KaHarta (puc. 1).

Jis 1moOyAoBaHOT CXEMH, 3 YypaxXyBaHHSM OJIMHUYHOIO MEpEeMIIlEeHHS,
Ma€eMO HACTYITHI TPAaHUYHI YMOBU
z=0, uy=uUy=U,=0; (1)

z=b, Z,=X,=2,=0; (2)
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y_i,oszsb_dAb_d+dszsb,Y =X, =Y, =0;

2 2 2 Uy 3)
(z—b/22+(y—t/2)2:(d/2)2, uy=1 uy=u,=0;
y=0, Yy=Xy=Y,=0. (4)

Pucynok 1 — Cxema yacTuHu 000JI0OHKH KaHATa

XapakTep HaBaHTaXXEHHsI TYMOBOT'O €JIEMEHTY BiJNOBIJA€ 3CyBHOMY. 3ajiaya
miocka. [lepemMillieHHs B HAPSAMKY OC1 X 3a/I0BOJIBHSIOTH p1BHsIHHIO Jlammaca

2 2
T T g, (5)

0z oy

Pimenns (5), sk i B po6oTi [1] Oyaemo mykatu y hopmi
M ch (qm Y) T
u= ————2-8in| qnZ+—= |+ TX+Up, 6
mZ::lAm sh(qmt/2) (qm 2) 0 (©)
. m . . .

ne Ay, — crama iHTerpyBaHHS, ( =% T — piBHOMIPHO PO3MOALICHE JTOTHYHE

HaBaHTAXCHHsA, Up— MEPEMILICHHA 3pa3Ka, SK )KOPCTKOIO TLIA.

[Ipuitnsata dopma pimeHHS 3370BOJBHAE YCIM TpPaHUYHHM YyMOBaM 3a
BUHATKOM (3). BukoHaHHS OCTaHHBOT YMOBH 320€311€UYMMO, BUSHAYHMBIITN HEBIIOMI
CTali 13 CHUCTEMHU aireOpaidyHuX pPIBHSIHb, MPUWHSBIIM 3HAYCHHS BETUYUHHU M.
[Topsimok cucTeMH pIBHSHB MOPIBHIOE KUIBKOCTI TOYOK, IO PO3TAIIOBaHI Ha
MOBEPXHI I'yMOBOTO 3pa3Ka, IIPH MO/LIi Horo 1mo ToBuMHI b Ha M yacTuH

A=pYy, (7)
IS
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2 i+t, )
ch| gn Lt (d]—b— Ph| (M

2 2 2 M

M
Bij=— 2
m=

t™M 8
1 h (8)
S (Qm Zqum
. 2
1+t
p . : .
- M TS|n(qm(|+tp)+§j,

'yj =1, tp—

2
M

HOMEp TOYKH, IO BIAMOBIJAE TOYIl, PO3TAIIOBaHIM HA MOBEPXHI

- . . t
T'YMOBOTI'0 3pa3Ka, sIKa B3aEMOMIE 3 TPOCOM Ta AJIS1 SIKO1 KOOpJAHWHATa JOPIBHIOE Y = E .

Bupas nns mepeminiens rymMoBOro 3paska (6) Ta 3akoH ['yka 03BOJSIIOTH
BU3HAYHUTH JIOTUYHI HAMPY>KCHHS

(QmY) ( J
=G Z A (qmt/Z)COS OmZ+= |Gm +T; 9)
M- sh(dmY)tm .. m
=G Z A,“Wsm(qmz+§), (10)

ne G — Moaynb 3cyBY MaTepially eJ1lacTUYHOT OO0JIOHKH KaHaTa.

OTpuMaHi 3aJIe)KHOCTI CTAHOBJISITh MOJENb HaIpyKeHO-1e(hOPMOBAHOTO
CTaHy €JIaCTUYHOI 0O0JIOHKM KaHaTa MPH HOTO HaBAaHTAKEHHI JOTUYHUM 3yCHIUISIM
Ha OpUBOJAHOMY Oapabani, abo mpu Horo aedopmallisix, BUKIMKAHUX TEPTSIM B
ormopax IIKiBa Tojicracrta. 3aleXHOCTI MOoOyaoBaHI IS OJUHUYHOIO
nepeMilieHHs Tpoca.

[Ipu maniii AOBXMHI Iyr'M KOHTAKTy KaHaTa Ta MIKiBa, BEJIMYHUHA 3CYBY
Tpoca BIJHOCHO TOBEpXHI Oapabana 3Ha4yHO Oublma 3a gedopmailii TpPOCiB
BHACJIIZIOK 3MIHM BEJIMYMHHM iX HaBaHTQXCHHsS Ha 1y3i koHTakty |. Bka3zane
JIO3BOJISIE BB&)XATH BEJIMYMHY 3CYyBY TpPOCIB BIJIHOCHO TIOBEpXHI OapabaHa
HE3MIHHOIO Ha yCiil ay3i.

BuszHaunmo KOpCTKICTh HAa 3CYB YAaCTHHM KaHaTa HIMPUHOIO, 10 CTAHOBUTH
MOJIOBUHY KPOKY YKJIaJaHHs TPOCIB, K 3HAYEHHS IHTErpasly TOTHYHUX HAaIPYKEHb

Ha JIJISTHII KOHTPAKTy KaHaTa Ta IIKiBa OJUHWYHOI JOBKUHU

t/2
Q=] ypdx.
0
XKopcTkicTh 000JIOHKM KaHaTa Ha 3CyB Ha JUISHIN B3aeMojii 3 OapabaHoM

(mKiBOM)
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t/2

C.=2IM | y,dx, (11)
0

ne | — moBxuHa Tyru KOHTaKTy KaHaTa Ta IIKiBa.

PobGorta cun gedopmyBaHHS Ha AUISHIN B3aeMOii 3 OapaGaHOM (ITKiBOM)
BIIOYBa€ThCS MpU 3MIHI CHJIM 3CYBY BIJl HyJIs OO0 MakcumyMmy. lictepe3ucHi
SBUIIA, IO BiIOYBAIOTHCS B Marepiaiai OOOJOHKH, 3HAYHO TMEPEBUIIYIOTh TaKl
SBUIIIA B METAJIEBOMY KaHaTi. bynemo BBaxkaTH, 1110 BOHU MPU3BOATH J0 JIIHIHHOT
BTpaTU CHEprii miJi 4yac B3aeMojli kaHaTa 3 OapabaHoMm. PazoM 3 KOpHCHOIO
po0OTOIO0 3aTpayeHa eHeprisi Ha MEPEMIIICHHs KaHATa CTAHOBUTH

2
Qr:CT(PZZ—%)"'(PH_Pa)I’ (12)
41 [ y, dx
0
ne €. — Koe(]ImIeHT PO3CIIOBaHHS €Heprii Ae(OpMyBaHHS €1aCTUYHOI OOOJOHKH

KaHaTa IIpH 3CyBY TPOCIB BIIHOCHO Oapabana (wmkiBa), . <1.

Toni xoedimieHT KOPUCHOI A1l HA MIKIB1 TEPTH, 3 ypaxyBaHHsM Bupazy (10),

CTaHOBHUTDH
P, —P,)l
N, = C (P (PH)Z 3) _ (13)
LA MR P, —P,)I
4|t}26g sh(dmY)am . ( n) +R=R)
Am sin| qmz + - |[dx
0o ma  sh(dmt/2) 2
Abo
-1
_ G(P—Ps)
i R sh(qH y)qg o (4
477Gy Ammmsin[qmz+jdx
0 m1  sh(amt/2) 2

IIpu B3aemoxii kaHara 3 (yTepoBaHMM IIKIBOM 3aKOHOMIPHOCTI
nedopmyBaHHsT (PyTEpiBKM IIKiBa 3aJUINAIOTHECS HE3MIHHUMU. BromB dytepiBku
MOKHA BpaxyBaTH YCEPETHUBIIM BJIACTUBOCTI Marepialy OOOJOHKM KaHara Ta
dbyTtepiBku OapabaHa, IPUMHSBIIN OCEPETHEHE 3HAYCHHS MOIYIIS 3CyBY 3a DoixToM
JIBOX KOMIIOHEHT 3 MOJIYJISIMU 3CYBY Matepiairy 00osioHku kaHata (G;) Ta ¢yrepiBKu
(G2)

G=09G, +09,G, +.., (15)

e ¢,,¢,,... — BLTHOCHI 00’ €MHI CKJIaJJOB1 KOMIIOHEHTIB B MaTepiai.
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OTpuMaHa 3aJeXHICTh MOKa3ye, IO MPH MaduX JOBXKHUHAX IyT B3a€MOJIl
KaHaTa 31 IIKIBOM JIOBXKMHA CYTTEBO BIUIMBA€ Ha KOE(DIIIEHT KOPUCHOI Al IIKiBa
TEpTS MITAOMHOI MAalIMHU. 3POCTaHHS MKOPCTKOCTI €IaCTUYHOI OOOJIOHKHM KaHaTta
MIPU3BOIMTH JI0 3pOCTaHHs KoedillieHTa KOPUCHOI JIii MIKiBa.

BucHoBku. CTBOpeHHs MIAMOMHHUX MAIlMH 3 MIiHIMaJIbHUM MEpeAaTOYHUM
YHUCIOM PEAYKTOpa, BKIIOYHO 3 O€3peAyKTOPHUMH MPUBOJIAMH, MOXE OyTH
3MIMCHEHO  IUIIXOM  KOMIUIEKCHOTO — BHUPIIICHHS  MUTaHHA  3aCTOCYBaHHS
TYMOTPOCOBUX KaHaTiB, apMOBaHMX TPOCAMU MalMX JiaMeTpiB, 3aCTOCYBaHHS
OapabaHIB 3MEHIIICHOTO JllaMeTpy (3 Majiol0 JIyror KOHTAaKTy OapabaHa 3 TATOBUM
OpPraHoOM MiHOMHOI MallIMHK) Ta CUCTEMH TOJIICHACTIB 3 IJIOCKUM TSATOBUM OPTraHOM.
[ToOynoBana Mozenb B3a€EMOJII TPOCIB — OCHOBHUX TATOBHUX €JIEMEHTIB KaHaTa Ta
Oapabana miiiOMHOI MaIllMHY, IIKIBIB MOJICIIACTa, JO3BOJISIE BU3HAYATH POOOTY CHII
neopMyBaHHSI €1acCTUYHOI OOOJOHKM TyMOTPOCOBOTO KaHata. Mojenb BpaxoBye
pajlyc IIKiBa MoJjicracTta, IMKiBa MiOMHOI MAaIllMHU 31 MIKIBOM TEPTsS, MEXaHI4Hi
XapaKTEepPUCTUKU MaTepially €lacTUYHOI OOOJOHKH, ii (QopMmy, 3aliekHY BiA
KOHCTPYKIIli KaHaTa Ta JIO3BOJISIE OIIHIOBAaTH BIUIMB BKa3aHHX MapaMmeTpiB Ha
e(pEKTUBHICTh KOHCTPYKIIII MIMOMHOI MaIlIMHU, 30KpeMa KOeIIiEHTy KOPUCHOT 1.
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