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Dlugosz
Czestochowa,

Abstract: The article examines the theory and mechanisms of the
functioning of the digital currency (cryptocurrency) market, reviews the
latest publications of international scientists and experts, analyzes the
digital currency market and its impact on both global and Ukrainian
economy and financial system, the formation of trends and perceptions of
circulation currencies, separation and connection with the real economy,
defines methods of evaluating the effectiveness of investing in
cryptocurrency assets on the global financial market, as well as
opportunities and risks related to the use of cryptocurrency in the digital
economy. Outlines of the Ukrainian digital currency market development,
overcoming problems, ways of their solving, and certain conclusions are
made. The article uses informational, comparative, institutional, complex
approaches, and also adheres to the principles of objectivity, specificity,
and systematicity, which give opportunity for a detailed and
comprehensive study of the digital currency market. In the long term, the
global digital economic development of each country may depend to a
large extent on how well it adapts to the digital currency market. The
analysis of the global cryptocurrency market reveals that the growing need
for transparency and operational efficiency of financial payment systems,
growing demand for remittances in developing countries, increasing
market capitalization and strengthening data security are the main factors
contributing to the development of the digital currency market. It was
investigated that digital currencies as a means of payment are not yet
sufficiently widespread in Ukraine due to the uncertain position of state
authorities. The development of digital currencies in the country is mainly
related to the investment activity of representatives of the IT sector in this
financial instrument. It is assumed that by increasing consumer
confidence, promoting it with the help of marketing techniques and tools,
strengthening the security of this entire system and clarifying its legal
status, it will gradually be integrated into the overall national and global
financial system.

Keywords: digital currency, cryptocurrency, volatility, virtual currency,
investment, benefits, risks, real economy.
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Abstract: The article examines the theory and mechanisms of the functioning of the digital currency
(cryptocurrency) market, reviews the latest publications of international scientists and experts,
analyzes the digital currency market and its impact on both global and Ukrainian economy and
financial system, the formation of trends and perceptions of circulation currencies, separation and
connection with the real economy, defines methods of evaluating the effectiveness of investing in
cryptocurrency assets on the global financial market, as well as opportunities and risks related to the
use of cryptocurrency in the digital economy. Outlines of the Ukrainian digital currency market
development, overcoming problems, ways of their solving, and certain conclusions are made. The
article uses informational, comparative, institutional, complex approaches, and also adheres to the
principles of objectivity, specificity, and systematicity, which give opportunity for a detailed and
comprehensive study of the digital currency market. In the long term, the global digital economic
development of each country may depend to a large extent on how well it adapts to the digital currency
market. The analysis of the global cryptocurrency market reveals that the growing need for
transparency and operational efficiency of financial payment systems, growing demand for
remittances in developing countries, increasing market capitalization and strengthening data security
are the main factors contributing to the development of the digital currency market. It was
investigated that digital currencies as a means of payment are not yet sufficiently widespread in
Ukraine due to the uncertain position of state authorities. The development of digital currencies in
the country is mainly related to the investment activity of representatives of the IT sector in this
financial instrument. It is assumed that by increasing consumer confidence, promoting it with the help
of marketing techniques and tools, strengthening the security of this entire system and clarifying its
legal status, it will gradually be integrated into the overall national and global financial system.
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Introduction

Virtual economy based on the circulation of digital currencies is extensively developing in the
context of global digital technologies development and innovations, along with real economy. The
maturing of financial relations in the process of digitization contributed to the evolution of cryptology,
its synthesis with economic research and the formation of new forms of financial instruments, namely
financial exchanges - cryptocurrencies.

Currently, digital currencies do not have a significant impact on the functioning of traditional
currencies, this situation is expected to change in the future. Banks and private companies have great
interest in their use, and the number of legal entities which accept digital currencies as a means of
payment for services is constantly increasing, as well as the number of transactions. At the same time,
it should be pointed out that digital currencies are unique and special in terms of their potential as
financial investments, i.e. assets. According to Bobby Lee, the founder of Litecoin, "cryptocurrency
can completely change the world of money. It can make money more accessible to everyone and
reduce the influence of centralized banks on businesses and people in general” (Sergeenkov. 2023).
John Carney, former chairman of the US Federal Reserve System adds: "cryptocurrency has the
potential to significantly affect the world economy, both positively and negatively. On the one hand,
it can decentralize the financial system, make financial services more accessible and transparent, lead
to the growth of international trade, economic growth, and greater competition. On the other hand,
cryptocurrency can be used to finance the shadow economy and circumvent government sanctions. It
could have serious implications for international security and the economy" (Brown, 2018).
Regarding international security, Christine Lagarde noted: "many cryptocurrencies are too opaque
for regulators, some are vulnerable to hacker attacks, but much of this is due to technical issues that
can be resolved over time" (Lagarde, 2017).

However, unlike fiat currencies, cryptocurrencies do not have stable purchasing power in the
long term. In an interview with The New York Times in 2018, Bill Gates said: "Cryptocurrency is a
very interesting technology, but it's still at an early stage of development. I don't think it's ready to
replace traditional currencies right now, but it has the potential to change the way we make payments"
(Gates, 2018).

Besides the abovementioned, the holders cryptocurrencies cannot carry out a series of payouts
to their, unlike other investment instruments such as real estate, stocks and bonds. On the other hand,
digital currency can provide investors with income through changes in market value. This factor is
one of the main drivers of market demand for certain digital currencies, but there are also certain risks
associated with its use in the digital currency market.

The current geopolitical situation (the war between Russia and Ukraine), according to Larry
Fink (the head of Black Rock, one of the largest investment companies in the world in terms of
manageable assets (more than $10 trillion), can have a positive effect on digital currencies, as it
forces countries to reassess its currency dependence, namely: a thoughtfully designed global digital
payment system can improve the settlement of international transactions, reducing the risks of money
laundering, corruption and the costs of cross-border payments" (Kulishov et al., 2023).

Regarding the development and legalization of cryptocurrency in Ukraine, according to
Mykhailo Fedorov, Minister of Digital Transformation of Ukraine: "we want to create the most
favorable conditions for the development of crypto-business in Ukraine, so that global crypto
companies could enter Ukraine legally and conduct business using the banking system, and
Ukrainians - declare and protect their income in virtual assets" (Chainalysis Team, 2022).

The introduction of the cryptocurrency market in Ukraine opens a completely new stage in the
development of fintech innovations in the country and secures its status as one of the key European
drivers of the latest financial technologies and services, is on the threshold of the transformation of
the global financial system into "Money 3.0", and cryptocurrencies CBDC, NFT and other digital
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assets will become a new stage in the evolution of finance, replacing fiat (Kulishov et al., 2023).
The review of scientific publications shows the relevance of the digital currency market
research in the conditions of the digital economy.

Materials and Methods

The principle of systematicity is crucial in the research. Besides, the following general scientific
methods were used during the research: content analysis, induction and deduction, descriptive,
retrospective, comparative, generalization and grouping. The classification method was applied in the
analysis of sources and literature, as well as for theoretical and methodological analysis in
determining the essential characteristics of the key concepts of digital currency research. The method
of content analysis was applied to the analysis of official documents, and the method of analysis and
synthesis was used during the processing of existing literature. The complex use of various methods
and approaches in the work contributed to a more objective study of the topic.

Research information base: data from international statistics, official resources of Knoema,
Statista, scientific publications and materials of international congresses and conferences on the
subject under study, reference and information publications, official websites about cryptocurrencies
and other materials.

Results
Analysis of the global and Ukrainian cryptocurrency markets

The growth of the number of different digital currencies in the world shows the natural interest
and relevance of the cryptocurrency market as a whole. By the beginning of 2022, there were more
than 10,000 cryptocurrencies in the world, while nine years ago this number had been about 150 times
smaller. At the same time, not all cryptocurrencies can be called successful projects, since only 20
cryptocurrencies provide 90% of the market capitalization of all cryptocurrencies (Statista, 2023). 1t
should also be emphasized that the index is not cumulative, but reflects the number of active market
offers traded on exchanges. In April 2022, the total market capitalization of all cryptocurrencies
amounted approximately to 2 trillion USD, of which 700 billion USD accounted for Bitcoin (Morris,
2022).

Great Britain (18%), the United States (12%), Canada and Japan (6% each) account for the
largest share of cryptocurrency exchange operations. The United States (34%), Great Britain (15%),
Germany, Switzerland and China (6% each) are ahead of the number of cryptocurrency wallets. In
China, the development of the cryptocurrency market does not depend on the activities of financial
institutions, which are prohibited from conducting transactions with such instruments. The USA and
Great Britain lead the ranking by the number of payment transactions (15% each), followed by South
Korea (10%), China, Australia, Mexico and Argentina (4% each) (Scheifler, Gostrik, 2020).

In developing countries, a relatively large share of the population owns cryptocurrencies, which
is shown in table 1.

Regarding the development of the Ukrainian cryptocurrency market as an integral part of the
international cryptocurrency market, it is worth mentioning that the use of digital currencies in
Ukraine has almost reached the level of the USA, Western Europe and Southeast Asia. According to
experts, more than 5.5 million people, or 12.7% of the Ukrainian population currently own
cryptocurrencies, and we are among the top three in terms of the number of users of various electronic
wallets. For example, the Ukrainian cryptocurrency exchange Kuna reported that SMEs can rotate up
to USD 5 million worth of cryptocurrency per week, while the volume of retail cryptocurrency trading
is about USD 800,000 per day (TripleA Global Digital, 2022), and according to the Office of Effective
Regulation (Better Regulation Delivery Office) research, Ukraine has entered the top ten countries in
terms of the number of cryptocurrency users, the amount of funds raised through the ICO has reached
100 million US dollars (Plachevskyi, 2018).
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Table 1. Cryptocurrency Ownership Data

Number of people

Country owning . Per.centage o
cryptocurrency of population owning cryptocurrency, %
1 2 3

Ukraine 5565 881 12,73
Venezuela 2941 502 10,34
Singapore 549 903 9,40
Kenya 4 580 760 8,52
USA 27491 810 8,31
India 100 740 320 7,30
South Africa 4215944 7,11
Nigeria 13 016 341 6,31
Colombia 3122 449 6,14
Vietnam 5961 684 6,12
Thailand 3629713 5,20
United Kingdom 3360 591 4,95
Brazil 10373 187 4,88
Pakistan 9051 827 4,10
Philippines 4360 579 3,98
South Korea 1942 933 3,79
Peru 1233 892 3,74
Australia 857 553 3,36

Note: Source was developed using (TripleA Global Digital, 2023).

The importance of the cryptocurrency market for Ukraine is also reflected in the assessment of
the company Chainanalysis, which is engaged in blockchain analysis. According to the estimates,
Ukraine is among the 10 countries where miners were able to earn more than 400 million US dollars
and 10 billion hryvnias from the sale of bitcoin coins (Cherkashyn, 2021). In the US, miners earned
$4 billion from the sale of Bitcoin coins, while in China - only $1.1 billion (Sereda, 2021). As a
percentage of GDP, the share of profit from the sale of Bitcoin in Ukraine is significant and amount
to about a quarter. In the US, this figure is about 0.02% (4 / 20937 x 100% = 0.019%), and in China,
the share of profits from the sale of Bitcoin in GDP is less than one hundredth (1.1 / 14723 x 1 00%
=0.007% ). However, Chinese miners account for approximately 65.08% of the global production of
the Bitcoin cryptocurrency (Kaloudis, 2021). Thus, in Ukraine, the share of profit to GDP from the
sale of Bitcoin is high, more than 10 times as high as the absolute and relative indicators of the main
economically developed countries, which indicates the effectiveness of mining in our country.

The volume of bitcoin cryptocurrency in the cryptocurrency market as of the end of 2021 was
43.63% (Bitcoin Rich List, 2023), therefore, we are considering the characteristics of crypto wallets
for this cryptocurrency and the distribution of Bitcoin cryptocurrency owners addresses and coins in
Ukraine in table 2.

Table 2. Distribution of Bitcoin owners addresses and coins in Ukraine

Percentage of Percentage of coins

Balance, BTC Addresses addresses Coins USD o
(total), % (total),, %
(0-0,001) 21003672 51,81%(100%) 4309 Bitcoin 174 949 994 0,02% (100 %)
()
[0,001-001) 10071550 284 Of’)(48’19 38069 Bitcoin 1545580196 0,2 % (99,98 %)
0
()
[0,01-0,1) 6156834 117 ;")(23’34 198 946 Bitcoin 8077 197876 1,05 % (99,78 %)
0
[0,1-1) 2495548 6,16% (8,16%) 774 197 Bitcoin 31432284 174 4,09 % (98,73 %)
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[1-10) 664793 1,64 % (2 %) P20 68695427628 8.93 % (94,64 %)
[10 - 100) 130122 0,32 % (0,36 %) 4]§isti05ir219 172 g?? T35 2045 9% (85,71 %)
[100 - 1000) 13567 003%(004%) 5o PSSO 20,55 % (63.26 %)
5259 606 213 539 361
_ o o o o
[1000-10000) 2039 0,01 % (0,01 %) 5900 e 27,76 % (42,71 %)
[10 000 - 100 - 2168 178 . .
200, 81 0% (0 %) s 88 027 747037 11,44 % (14,95 %)
[100:000 - 1 000 4 0%(0%) 664320 Bitcoin 26971307678 3,51 % (3,51 %)
000)

Note: Source was developed using (Bitcoin Rich List, 2023)

Table 2 reveals that 2% of addresses control 94.6% of all Bitcoin coins. Taking into
consideration that Bitcoin addresses are not "accounts" and that a single user can own multiple
addresses, the concentration of Bitcoin cryptocurrency in the hands of a limited number of people
could even be higher.

Traditional stock prices and total asset value reflect the overall health of a company is quite
well. In the case of cryptocurrencies, this relationship is more ambiguous. Cryptocurrencies have no
liquid and tangible assets. Besides, very limited intangible assets that can support and justify their
current share price and market capitalization (Figure 1).

Tronix (TRX) Others 12%

%

2
Tether (USDT)
2%

EOS

2%

Ethereum (E
10%

Bitcoin (BTC)
56%
Ripple (XRP)

12%

Figure 1. The global cryptocurrency market structure by capitalization as of 2021
Note: Source was developed using (Review 2023 from Binance Academy, 2023).

Therefore, in the conditions of digitalization in the financial markets, a wide range of digital
currencies is offered, which are of great interest both to the general public and to investors who wish
to invest in the rapidly developing market segment.

Methods of evaluating the effectiveness of investing in cryptocurrency assets in the global
financial market

Digital currency is a new and unusual asset class with unique characteristics which requires a
special approach when investing in it. However, in addition to the risks described below, the high
volatility of this asset class and the excessive use of cryptocurrencies for speculative purposes
immediately attracted attention, which became the main driver of the aforementioned volatility. Due
to the weak regulation, trust was also low in this market (Sheets, Wang, 2019).

The price of cryptocurrencies on exchanges depends on supply and demand and can increase
or decrease at any time due to a decrease or increase in demand. It can also change dynamically due
to social or political factors. Indicators of different levels of profitability and risk in certain investment

14



Scientific and practical journal "Economics and technical engineering"

time horizons are analyzed in the table. 3.

Table 3. The maximum, minimum and average monthly returns of Bitcoin at each point in time,
as well as an indicator of the risk degree

Investment horizon MaXil;li:lI:ll’no}:mthly Minil;ilgl(;’lg/:nthly Ave?i%led?l;:thly Risk, %

1 month 591,79 -88,46 31,55 95,39

3 months 634,24 -28,33 38,96 92,75

6 months 1022,22 -11,33 60,04 169,26

9 months 737,34 -7,52 48,63 104,73

1 year 1021,40 -4,67 69,09 158,94

1 year 3. months 1114,46 -2,42 87,02 179,23

1 year 6 months 1089,13 -2,37 114,88 205,96

1 year 9 months 1001,01 -1,92 141,37 232,99

2 years 1410,26 -0,79 171,84 260,83

2 years 3. months 4030,59 -0,90 286,18 591,43
2 years 6 months 9317,06 1,85 394,85 1286,98
2 years 9 months 344224 1,93 375,09 706,22
3 years 12624,85 2,83 744,84 2152,05

3 years 3 months 9003,42 3,54 687,33 1652,71
3 years 6 months 10157,74 8,58 790,81 1960,82
3 years 9 months 7849,77 8,10 689,78 1436,61
4 years 6464,36 18,88 760,96 1243,50
4 years 3 months 8088,96 32,42 943,28 1551,37
4 years 6 months 4825,64 154,66 1038,70 1044,72
4 years 9 months 4762,06 154,51 1413,12 1105,72
5 years 7541,36 181,45 1803,38 1758,20

Note: Source was developed using (Performance of Bitcoin, 2023).

The maximum monthly return is 12624.85%, which is extremely high. In their turn, the risk
indicators of Bitcoin are also hundreds of times as high as those of other investment assets. At the
same time, the uncommon behavior is that, unlike other assets, the risk increases significantly during
longer investment periods (Zakharkin at al., 2017).

The dangers of cryptocurrency markets are mainly related to threats to financial markets,
namely:

- lack of any regulation of the cryptocurrency market by financial regulators, as they are
deprived of a real opportunity to influence the virtual sources of cryptocurrency formation effectively;

- complex nature of cryptocurrencies makes it impossible to recognize them as money, currency
or monetary value, electronic money, securities or monetary surrogates, which is the basis for claims
by financial regulators in a number of countries, including Ukraine;

- extremely large number of various cryptocurrencies (over 2,500) with very different technical
and financial characteristics; unpredictability, extreme dynamism and high volatility of
cryptocurrency rates (especially those which are in the greatest demand);

- the fact that cryptocurrencies are not considered to be bank deposits guaranteed by the state
deposit guarantee fund, and therefore, the return of funds invested in cryptocurrencies cannot be
guaranteed,

- the need for technical prerequisites for organizing the circulation of cryptocurrencies and,
accordingly, related technical risks;

- the possibility of using cryptocurrencies to finance criminal or terrorist activities, money
laundering or financial pyramids (Zymovets, 2017).
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However, there are other types of investments related to cryptocurrencies. For example, many
modern exchanges such as Binance also offer cryptocurrency deposits. These types of investments
provide investors with income in the form of interest on invested funds. exchanges and corresponding
ratios of cryptocurrency assets available to investors are listed in the table 4.

Table 4. Deposit rates on international exchanges

Exchange name Interest rate, %
1 2
Agru.io 7%

14.5% - on ordinary cryptocurrencies

Crypto.com 10% - on stablecoins
Nexo.io 16%
Binance.com 5-20% - depending on the cryptocurrency

Note: Source was developed using (Performance of Bitcoin, 2023).

Exchanges guarantee the payment of interest when concluding a deposit agreement, this does
not mean that cryptocurrency deposits are risk-free. The main risk is that investors open deposits in
cryptocurrencies, which are highly volatile currencies. Interest payments are guaranteed by the
exchange, but there is no guarantee that the value of the cryptocurrency in which the investor opens
a deposit will not change.

Therefore, according to the level of risk that the investor is ready to take, cryptocurrency
exchanges offer various deposits, and depending on the possibility of early termination of the deposit
agreement, they distinguish between flexible and closed deposits:

- flexible deposits offer investors a lower interest rate, which allows them to withdraw their
funds earlier;

- closed deposits offer higher interest rates, but do not allow early withdrawal.

Some cryptocurrencies are divided into high-risk and low-risk deposits. Cryptocurrencies with
high volatility, new or low trading volumes have higher interest rates and shorter minimum holding
periods, but are considered riskier because they are more prone to price fluctuations. Cryptocurrencies
with low volatility and high trading volume, which are tied to fiat money or more stable
cryptocurrencies, also have their own deposits, which offer investors lower interest rates and longer
minimum deposit terms, and are compensated by being more protected from price fluctuations
(Grechany, 2022).

Many Ukrainian experts advise to consider cryptocurrencies as part of the investment portfolio
(5-10%) and to assume that this asset is a high-risk one, being very unpredictable. One more tip is to
invest in any high-risk asset only that amount that investors which you are ready to lose. That is why
experts are still cautious about this investment tool.

The best strategy for investors is to stop looking at traditional investments as "the only option
worth considering" and build a portfolio of alternative investments. Alternative investments are
investments in products and markets created by decentralized financial protocols, as well as in digital
currencies themselves.

Advantages and issues of using digital currency in Ukraine

The undoubted advantage of digital currencies is the flexibility of payments, since transactions
can be made anywhere in the world at any time. Transactions in cryptocurrencies do not require the
opening or maintenance of a bank account and are characterized by low maintenance costs. The
advantages and disadvantages of using cryptocurrencies in the world are listed in the table. 5
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Table 5. Advantages and disadvantages of using cryptocurrencies in the world

Ne Advantages Disadvantages

High level of security - cryptocurrencies cannot be
forged due to the blockchain security system.
Technical difficulty of mining - the currency can be
used only if it is acceptable and technically adequate.

Technical difficulty of mining- the currency can
be used only if it is acceptable and technically
adequate.

Decentralization - it is affected by the absence of an

emission center.

Exchange rates are not influenced by anyone and are Unreliable investments due to large and rapid
determined by the conditions of supply and demand. exchange rate fluctuations.

Investments are unreliable due to large and rapid

exchange rate fluctuations.

Transparency - all transactions with electronic money

are stored in the database for an indefinite period, so

all network users have the opportunity to check the New opportunities and tools for tax evasion, new
balance of their cryptowallet. Criptocurrencies are money laundering schemes.

new opportunities and tools for tax evasion, new

money laundering schemes.

Speed and convenience - opening a bank account is

much more difficult than an electronic wallet. On the

other hand, the speed of transactions with There is no way to suspend or cancel
cryptocurrencies is much higher and the fees are transactions.

lower. There is no way to suspend or cancel

transactions.

BTC is used to buy and sell goods and services, as well
as to pay dividends. The risk of high volatility turns
Bitcoin into a highly volatile asset from an economic
point of view

The risk of high volatility turns Bitcoin into a
highly volatile asset from an economic point of
view.

Note: Source was developed using (Molchanova, 2014)

It should be emphasised that as far as digital currencies in Ukraine are there is an imbalance
between the economic realities of the market and the legislation, which complicates the creation of
formal institutional rules that regulate the procedures of issuance and circulation of cryptocurrencies,
and increases possible risks at the macro and micro levels (Ludvig, 2023). The National Bank of
Ukraine initially equated cryptocurrencies with monetary surrogates that have no real value and
prohibited their use by individuals and legal entities. However, after extensive consultations with the
Bitcoin community, in 2016 Ukraine signed a memorandum of understanding to launch a system of
decentralized online auctions in public institutions at the municipal and local levels for the
privatization, leasing and licensing of state property. The concept of the E-Ukraine e-governance
portal aimed at interaction between citizens, business and the state was also presented (Memorandum
on the implementation of the "E-Auction 3.0" system, 2016), and the Ukrainian Stock Exchange
became the world's first platform for trading cryptocurrency futures (Bitcoin futures trading started
at the Ukrainian Stock Exchange, 2016).

Currently, there are also a number of real estate sellers in Ukraine who offer to pay in
cryptocurrency. However, due to the low level of regulation of cryptocurrency transactions at the
legislative level, both sellers and buyers have valid concerns about the risks. Some law firms believe
that exchange agreements where cryptocurrency is the currency can be easily challenged in court
(Zavalniuk, 2021).

The emergence of cryptocurrencies in the economy of Ukraine and their use by market
participants has its own characteristics, which are displayed in table 6.

Table 6. Advantages and disadvantages of using cryptocurrency in Ukraine

Advantages of using cryptocurrency Disadvantages of using cryptocurrency
Freedom from government interference Absence of legislative restrictions on the status or
cryptocurrencies circulation
Anonymity The risk of being involved in illegal activity at the cryptocurrency
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market.

Protection of personal data Uncertainty as for the possibility of legal rights protection
regarding cryptocurrencies

Freedom in payment Non-recognition of validity of smart contracts executed in
electronic form.

Investment tool Hacker attacks

Low maintenance cost Loss of passwords and access to electronic wallets can result in
complete loss of cryptocurrency

Reduction of corruption risks No opportunity to contribute cryptocurrency to the authorized
capital of legal entities

Speed Risk of emission decentralization

Reliability Issues in using for some non-professional users

No necessity to open or maintain a bank account  High volatility of the exchange rate
for transactions.
Portability Opportunities for financing of illegal activities

Note. Source was developed using (Vasylchak, 2017; Samokhodskyi, Shelest, 2018)

The only means of exchanging cryptocurrency into other values should be cryptocurrency
exchanges, which procedure should be determined by the National Bank of Ukraine. Before the
adoption of this draft law, any activity using cryptocurrencies in Ukraine is considered illegal. The
bill also requires cryptocurrency exchanges to identify each entity that conducts transactions with
cryptocurrency through its intermediaries (Andrushchenko, 2021).

The issue of cryptocurrencies taxation in Ukraine is a crucial one. On the one hand, the
cryptocurrency tax has the right to exist, but on the other hand, it is unclear what it can be. You can,
definitely, take 20% for the benefit of the state from each transaction related to cryptocurrency, but
under such conditions, no one will use it. The introduction of a clear and transparent regulatory
mechanism solves many difficulties, but it also creates new ones.

Another problem with the legal regulation of cryptocurrencies in Ukraine is its ambiguity in
the whole world. Countries with strong economies and currencies are adopting cryptocurrencies as a
means of payment and a financial asset. Countries with weak economies and unstable currencies seek
to support their currencies by restricting cryptocurrencies as a means of payment and allowing them
only as a medium of exchange.

For example, in some US states, cryptocurrencies are recognized as money transfers in
payment systems. In Germany, bitcoin is acknowledged as a unit of account, while in Japan it is
accepted as legal tender. In Europe, cryptocurrencies are mostly equated with electronic money, but
are considered to be a means of exchange not a legal tender. In China, Bitcoin transactions are
prohibited for banks, but allowed for private individuals. Bitcoin is a form of payment in Canada. In
Spain, the Bitcoin system is recognized as an official payment system. Bolivia, Ecuador, Thailand
and Vietnam have banned the use of cryptocurrencies directly.

Such ambiguity in the approach to cryptocurrencies in different world countries creates
additional problems in determining their legal status. It means necessity for Ukraine to develop its
own approach to the legal regulation of cryptocurrencies and give them a special legal status based
on the current state of the country's legislative and economic development (Nakonechny, 2017).

As for the political, economic, humanitarian and legal advantages, it becomes clear that
cryptocurrencies and blockchain technology are turning into a breakthrough innovation that can
fundamentally change most aspects in life of Ukrainian communities. And if that happens, we'll have
full control over our finances and be free to choose who we send money to for minimal fees.

Digital currencies are showing a steady increase in investment, capital and interest in the
industry in general. The best way for any country, including Ukraine, to become part of such relations,
regardless of the political situation, is to create the following:

- an arbitration body, to be regulated at a fairly liberal level,

- a fair tax system not subjected to pressure;

- a monetary system which is practically impossible to manipulate and introduction of a free
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market.

The use of digital currencies in online payments is becoming more and more popular both in
the world and in Ukraine. Despite this fact, there are still a number of obstacles that delay the
integration of digital currencies into existing payment systems.

Conclusions

In addition, characterizing Ukraine as a country where the digital currencies are spreading
broadly, it should be emphasized that Ukraine has the potential to become a global cryptocurrency
"hub" for startups and international technology companies. Such a scenario would definitely be a
great driver for the growth of the country's economy and the digital sector development. However, it
is of paramount importance for national regulators in this sector to provide analytical infrastructure
for protecting consumer rights and preventing fraud.

To sum up, digital currencies and assets play an important role in the era of digitization and the
development of Internet technologies, as more and more transactions go digital, opening up new
opportunities and advantages in the global financial system, the real digital economy and society in
general. They could form the backbone of a highly efficient new digital payment system by enabling
broad access, and they may also help to provide strong data governance and privacy standards.
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Abstract: Ensuring global international security requires a thorough study
of threats that negatively affect processes in countries around the world.
Given the nature of threats, the goal of security research is to timely
identify, overcome an existing or prevent a potential threat by partially or
completely neutralizing the impact of threats. In connection with global
challenges to the modern system of international security, the concept of
individual and collective security in the world is being revised. This is
forcing the countries of the world and military-economic blocs to
reconsider their defense policies, focus on increasing military budgets and
developing new defense strategies. Identification, analysis and forecast of
global challenges in the modern system of international security are very
important and relevant. The purpose of the article is to identify the
problems and prospects for countering the global challenges of the modern
international security system. The development of geopolitical relations
in the modern world is determined by current global security problems
that directly or indirectly affect all countries of the world. The modern
world is faced with many challenges that require not only a defensive
response, but also countermeasures aimed at eliminating not only the
problems themselves, but also the risk factors caused by these problems.
The main attention should be focused not only on countering threats, but
also on developing preventive measures to overcome the possible
consequences of an increase in new global and regional risks to national
security. It has been proven that the main global challenges to international
security are: military actions between countries and frozen conflicts,
economic globalization, competition for resources, climate change and
environmental problems, mass uncontrolled migration, technological
changes and cybersecurity, international terrorism and extremism. The
result of overcoming existing or preventing potential global threats is the
protection of national and international interests and ensuring the
sovereignty of states.

Keywords: security, globalization, environmental security, global
security, energy security, demographic aspect of security, social security

22


mailto:ete@duet.edu.ua
https://ete.org.ua/
mailto:izmyar@ukr.net
mailto:yegorova_ig@duet.edu.ua

Scientific and practical journal "Economics and technical engineering"

JEL: D80, L98

Global challenges to modern international security system

Yaroslav [zmailov
Prof. DSc, State Tax University, Irpin, Ukraine
e-mail: izmyar@ukr.net

ORCID ID: 0000-0003-4853-205X

Iryna Yegorova
Assoc. Prof. PhD, State University of Economics and Technology, Kryvyi Rih, Ukraine
e-mail: yegorova_ig@duet.edu.ua

ORCID ID: 0000-0002-7800-2810

Abstract: Due to global challenges to the modern system of international security, the concept of
individual and collective security in the world is being reconsidered. It forces the countries of the
world, military-economic blocs to review their defense policy, to focus on increasing military budgets
and developing new defense strategies. The definition, analysis and forecast of global challenges in
the modern system of international security is very important and relevant. The purpose of the article
is to determine the problems and prospects of countering the global challenges of the modern
international security system. The development of geopolitical relations in the modern world is
determined by urgent global security problems that directly or indirectly affect all world countries.
The modern world is faced with many challenges that require not only a defensive reaction, but also
countermeasures in order to eliminate not only the problems themselves, but risk factors caused by
these problems. The main attention should be focused not only on countering threats, but also on the
development of preventive measures to overcome the possible consequences of increasing new global
and regional risks to national security. It has been proven that the main global challenges to
international security are as follows: hostilities between countries and frozen conflicts, economic
globalization, competition for resources, climate change and environmental problems, mass
uncontrolled migration, technological changes and cyber security, international terrorism and
extremism.

Keywords: security, globalization, environmental security, global security, energy security,
demographic aspect of security, social security

Introduction

The current geopolitical situation in the world is characterized by a number of complex
challenges affecting stability and security at the global level. The international balance of power is
changing due to the active military aggression of the Russian Federation against Ukraine, Israel's war
against the Gaza Strip, and the tense atmosphere of relations between the Democratic People's
Republic of Korea and South Korea, China, and Taiwan. The civilized world condemned the Russian
Federation's aggression against Ukraine, imposed sanctions, and is helping Ukraine with weapons
and finances. Sanctions also had a reverse negative economic effect on the countries that imposed
them. China's influence on world processes is growing rapidly, at the same time, due to active political
processes, the role of the United States on the world stage is being reconsidered and the positions of
regional states such as India, Brazil, and Iran are being strengthened. The traditional unipolarity of
the world is changing and gradually giving way to a more dispersed and multipolar system of world
politics which leads to a change in international alliances, an increase in regional conflicts and
unpredictability in international relations among the world countries. Tense relations among the
countries of the world and military actions have become a catalyst for changes in international
relations, security policy and geopolitical strategies.

Due to global challenges to the modern system of international security, the concept of
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individual and collective security in the world is being rethought. It forced NATO countries to review
their defense policies, focusing on increasing military budgets and developing new defense strategies.
The definition, analysis and forecast of global challenges in the modern system of international
security is very important and relevant.

Materials and Methods

In the course of the research, the following methods were used: dialectical, generalization,
comparison, system analysis, observation of economic activity, graphic, etc.

Results

Theoretical and methodological aspects of ensuring the economic security of the state are
studied by the science of economic security - ecostate (from the English ecostate, economic security
of state). The object of ecostate research is the security of the state, society, regions, enterprises and
individual citizens, which is determined by the state of the economy. The subject of the study is the
conceptual basis of the formation of economic security, general laws of its development, principles
and main directions of provision (Andruseac, 2016).

The most large-scale armed conflicts that arose on the planet after the Second World War have
not stopped until now, and the more local ones have entered the phase of frozen conflict, some have
been localized or even stopped completely. Fig. 1 shows the countries and the duration of armed
conflicts on their territories after the Second World War.
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Figure 1. Countries and the duration of armed conflicts on their territories after the Second
World War (as of February 2024), years (Imperial War Museums, 2024)

From fig. 1 it is obvious that India and Israel have been operating in armed conflict for the
longest time (75 years).

The modern geopolitical landscape is characterized by a number of complex challenges
affecting stability and security at the global level.

1. Military actions between countries and frozen conflicts

2. Economic globalization, on the one hand, promotes economic growth and development, but
on the other hand, it increases inequality and creates new tensions. Competition for resources,
including energy and water, is becoming more intense, which may lead to new conflicts and the
strengthening of nationalist and protectionist sentiments.
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3. Climate changes and environmental problems. Climate change threatens the stability of the
entire planet, causing extreme weather conditions, rising sea levels, and affecting food security. These
changes can lead to mass migrations, regional conflicts and increased social tensions.

4. Technological changes and cyber security. The rapid development of technology creates
new opportunities for development, but also leads to new threats, such as cyber attacks on critical
infrastructure, the spread of disinformation, and the influence of electoral processes. This creates new
challenges for national and international security.

5. International terrorism and extremism. Terrorist groups such as Islamic State and Al-Qaeda
continue to pose a significant threat. Radicalization through the Internet and global migration flows
complicate the fight against terrorism and contribute to the spread of extremist ideologies.

6. Growth of international migration. Conflicts, economic crises, and climate change cause
massive population displacements. This causes tensions in host countries, promotes the growth of
xenophobia and nationalism, and threatens international stability.

Economic sanctions often include measures such as trade restrictions, financial embargoes,
bans on the export or import of certain goods, and freezing of foreign assets. They can be aimed at
individual companies, sectors of the economy, government bodies or even entire countries. The
purpose of such sanctions is to influence the economic situation and political decisions of the target
country, demanding a change in its behavior.

The hostilities in Ukraine and the Middle East have had a negative impact on the world's
energy security. Gas and oil prices have risen significantly due to concerns about potential supply
disruptions and sanctions imposed on the Russian Federation.

Developed countries which implemented sanctions began to look for alternative sources of
energy resources in order to reduce dependence on Russian supplies. This has led to increased demand
for oil and gas from other regions, such as the Middle East and North America. This diversification
of supplies is one of the key areas of market adaptation to new realities. This actualized measures to
ensure the developed countries of the world energy security and the transition to renewable energy
sources. Many countries have begun to invest more actively in wind, solar and other alternative
energy sources in an effort to reduce their energy dependence.

At the same time, rising energy prices have led to rising inflation in many countries, affecting
the cost of living and economic stability, which, in its turn, necessitated government interventions
and regulation aimed at protecting consumers and supporting the economy.

Consequently, changes in energy prices, the search for alternative energy sources and
reconsidering energy security policy is to affect the global economy and international relations for
many years to come.

Sanctions also hit hard not only on the aggressor, but also brought negative consequences for
the countries that impose them, due to interdependence and globalization. Such consequences may
include losses to own companies, loss of sales markets, rising prices and reduced global economic
stability. The reaction of financial markets to similar geopolitical crises is often characterized by
increased volatility, changes in investment priorities and reassessment of risks.

Today's international security situation in the world has actualized the issue of food security
at the global level. She showed how important it is to have diverse sources of supply and promote the
sustainability of agricultural supply chains. Some countries have already begun developing strategies
to ensure greater independence from imported agricultural products by investing in their own
agriculture and developing alternative sources of supply.

In addition to the direct humanitarian component, an important aspect of international security
is the migration crisis and support for military refugees. Many countries have expanded their
programs for refugees, providing them with shelter, medical care, education and social support.

The main components and indicators of a comprehensive approach to assessing the security
indicators of the countries of the world are presented in fig. 2.
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The main components and indicators of a comprehensive approach to assessing the security
indicators of the countries of the world

Demographic aspect of national security. Measured by indicators such as birth rate,
death rate and natural population growth, life expectancy, population health status,
and health care systems.

Social aspect of security. This is a decent and high-quality standard of living of the
population regardless of the influence of internal and external threats. The main
indicator is the HDI, Human Development Index

A 4

Scientific and technical aspects of security. The security indicator is the volume and
structure of costs for scientific research and development

Environmental aspect of safety. Emissions of polluting substances into atmospheric
air, generation of waste by types of economic activity and in households, general
supply of primary energy, etc.

A 4

The military-economic aspect of security. As an indicator, it is proposed to choose
expenses for financing the needs of the state's national defense

\ 4

Globalization aspect of security. Globalization index KOF, Coefficient of coverage of
imports by exports, Specific weight of funds of foreign investors in the total volume of
investments in fixed capital

Energy aspect of safety. Analysis of sources of supply of energy resources in order to
overcome dependence on the import of fuel and energy resources from certain
countries, primarily the Russian Federation

Food security aspect. Analysis of security and dependence on food imports. Analysis
of the agrarian sphere, the condition of agricultural lands and the balance of land use
and livestock breeding, etc

Figure 2. The main components and indicators of a comprehensive approach to assessing the
security indicators of the countries of the world

Every country in the world needs to monitor and maintain the proposed indicators within certain
parameters, which will allow managing these indicators to ensure the security of the countries of the
world. It is proposed to take the following directions to ensure security, which will include clear
parameters and indicators that will allow monitoring the security of the country in the conditions of
global challenges of the modern international security system. Eight main aspects of ensuring the
security of the countries of the world are proposed:

1. Demographic aspects of national security. It characterizes the state of protection of the state,
society and the labor market from demographic threats, which characterizes the processes of
reproduction of the population according to its main structural elements. Demographic security is
usually measured by indicators such as fertility, mortality and natural population growth, life
expectancy, population health and health systems. The demographic situation in the country is
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sufficiently reflected by such an indicator as the depopulation ratio. It testifies to the size of the
country's population decrease, in which the birth rate is insufficient to compensate for the death rate,
which is an obvious threat to the economic security of the state in the demographic sphere from the
point of view of reproduction of the state's human potential. The depopulation coefficient is calculated
as the ratio of the number of births to the number of deaths for the same reporting period (year). The
threats are the reduction of the birth rate, the increase in mortality and the aging of the population,
depopulation, labor migration of the population.

2. Social aspect of security. Social security of the state is understood as such a state of
development of the state, in which a decent and high-quality standard of living of the population is
ensured regardless of the influence of internal and external threats. As an indicator of the social aspect
of the economic security of the state, it is proposed to use the Human Development Index (HDI)
(Khodzhaian, 2017). This indicator is published in the annual reports of the UN, is a comprehensive
indicator of life expectancy, literacy, education and standard of living, and indicates that the state is
lagging behind the optimal characteristics according to each of the specified criteria (average life
expectancy, literacy of the population and continuous coverage of youth in education, average annual
income per capita at purchasing power parity). The human development index provides a
comprehensive picture of the effectiveness of government policy in the social sphere and can be
considered as an adequate indicator of the level of compliance of the social aspect of the state's
economic security with world standards.

Threats are a high level of poverty, social inequality and high differentiation of the population's
incomes, deterioration of the physical, psychological and genetic health of the population, low
educational and professional level of the population.

3. Scientific and technical aspects of state security. The level of scientific and technical
development of the country plays an important role both in ensuring its international competitiveness
and the level of welfare of society. At the same time, the more import-dependent and raw material-
based the domestic economy is, the more important is proper funding of fundamental and applied
research, which can help reduce its dependence on other subjects of the global economy and,
accordingly, strengthen national security. Commonly used indicators of the effectiveness of scientific
and technical research in the country are: the number of performers of scientific research and
development, the dynamics and structure of scientific research and development by sectors of activity,
the volume and structure of financing costs for the implementation of scientific research and
development, the specific weight of costs for the implementation of R&D in the GDP of the country
etc. Of course, from the point of view of evaluating the effectiveness of government policy in the
scientific and technical sphere, the level of expenses for financing science is quite indicative, but
since this indicator is defined as a share of GDP. Therefore, as an indicator of the state of safety of
the scientific and technical sphere, it is proposed to choose such an indicator as the share of enterprises
that implement innovations in the total number of industrial enterprises. The threats are the
accumulation of technological backwardness, the reduction of budgetary support for science and
innovative investments of enterprises, the disruption of relations between the real sector of the
economy and scientific institutions, and the loss of personnel potential in the scientific and research
sphere.

4. Environmental aspects of safety. Industry causes significant damage to the environment both
globally and at the level of individual states. The security of countries in terms of the ecological
sphere is the protection of the vital interests of man and citizen, society and the state, which ensures
the sustainable development of society, the timely detection, prevention and neutralization of real and
potential threats to national interests in the spheres of the functioning of natural monopolies, the use
of subsoil, land and water resources, minerals, protection of ecology and natural environment.
Environmental indicators recommended by the UN and produced by state statistics agencies include:
emissions of pollutants into the air, application of mineral and organic fertilizers, generation of waste
by types of economic activity and in households, general supply of primary energy, etc. In our
opinion, the state of the natural environment of the state is sufficiently reflected by such an indicator
as the volume of emissions of pollutants into the air from stationary and mobile sources, 1000 tons /
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year. Threats are uncontrolled emissions of pollutants into the air, an increase in waste by types of
economic activity.

5. The military-economic aspect of security. Military and economic security is an integral
component of the national security of any state. At a time when military force continues to be a
determining element of the state's ability to defend its national interests, ensuring the necessary level
of military security guarantees the sovereignty, territorial integrity and inviolability of the state from
encroachments with the use of military force (Saganiuk, 2007). It is under the condition of sustainable
economic development that it is possible to solve all other tasks of ensuring national security.
Military-economic security can be represented as the ability of the military economy to support the
military power of the state and to realize the military-economic potential in the scope and terms
stipulated by the governing documents of the state (4bramova, 2015). It is proposed to choose the
costs of financing the state's national defense needs as an indicator for assessing the state of the
military-economic aspect. The level of these costs should be sufficient to ensure the state's defense
capability as its ability to defend itself in the event of armed aggression or armed conflict. The threats
are the loss of financial independence in solving socio-economic issues, the limitation of the state's
access to foreign markets, the budget imbalance in the conditions of the financial resources shortage
of the state, the significant level of dollarization of the economy in the conditions of the growth of
the external debt of the state, the increase in the total amount of the state debt.

6. Globalization aspect of security. Globalization processes are the basis for the emergence and
escalation of certain external threats to the security of the national economic system, as well as a
source of new opportunities for its development, which makes it expedient to consider aspects
(manifestations) of globalization from the point of view of constructive and destructive influence.
From the point of view of impact on the economic security of the state, the globalization of
international economic relations has such manifestations as a new level of interdependence and
interpenetration of economic systems and transnationalization of the world economy. According to
the results of the assessment of the strength of the correlation between the sub-indices of the KOF-
index of globalization and the indicators of the economic development of the countries of the
statistical sample, the hypothesis was confirmed regarding the absence of a direct statistical
relationship between the level of the state's involvement in the world economy and its economic
growth, which allows us to consider the deepening of globalization processes as a source of additional
threats for the economic security of the state. In order to develop the idea of the ambiguity of
globalization role in ensuring the state economic security , scientists and specialized organizations
are actively developing synthetic indices of globalization, which are designed to provide a
comprehensive assessment of the multifaceted manifestations of this process - the Kearny index (The
A.T. Kearny / Foreign Policy Magazine's Index), the KOF index of globalization (KOF Index of
Globalization), Maastricht Globalization Index (The Maastricht Globalization Index), New
Globalization index (The New Globalization index), CSGR globalization index (The Center for the
Study of Globalization and Regionalization's Globalization Index) (KOF Globalization Index, 2024).
With these indicators, it is possible to objectively measure the degree of involvement of the country
in the system of the world economy. Transnationalization has a two-way impact on the development
of the national economy, and can be both a source of threats and new opportunities for its
development. With a sufficient degree of objectivity, the level of transnationalization of the national
economy reflects the specific weight of foreign investors' funds in the total volume of investments in
fixed capital, which was chosen as an indicator of the investment component of the state's economic
security.

7. Energy aspect of safety. The state of the economy, which ensures the protection of national
interests in the energy sector from existing and potential threats and makes it possible to meet the real
needs of the population and the national economy in fuel and energy resources. Threats are energy
dependence on oil and gas imports, ineffective use of fuel and energy resources, insufficient rates of
diversification of their supply sources

8. Food security aspect. The level of food security of the population, which guarantees socio-
economic and political stability in society, sustainable and high-quality development of the nation,
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family, individual, as well as sustainable economic development of the state. The threats are the
unsatisfactory quality of domestic agricultural products, the price inaccessibility of certain food
products for certain segments of the population.

Conclusions

It was determined that security is a complex category that characterizes the ability of a national
or international system to neutralize the negative impact of various threats in order to protect national
or international interests and ensure the sovereignty of states.

It is proven that the main global challenges to international security are: hostilities between
countries and frozen conflicts, economic globalization, competition for resources, climate change and
environmental problems, mass uncontrolled migration, technological changes and cyber security,
international terrorism and extremism.

Ensuring global international security requires a thorough study of threats that negatively affect
processes in the countries of the world. Given the nature of the threats, the purpose of security
research is to timely identify, overcome an existing or prevent a potential threat, through partial
neutralization or complete neutralization of the impact of threats. The result of overcoming existing
or preventing potentially possible global threats is the protection of national and international interests
and ensuring the sovereignty of states.

The expediency of ensuring international security for every country in the world to analyze and
monitor the main aspects of ensuring security and maintain indicators in certain parameters, which
give opportunity to manage the level of security of the country in conditions of global challenges to
the modern international security system, is justified. They are identified as follows: demographic
aspect, social aspect, scientific and technical aspects, environmental aspect of safety, the military-
economic aspect, globalization aspect, energy aspect, food security aspect.
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Abstract: The article is devoted to the study of some issues of teaching students in the specialty
"Accounting". The disciplines that were taught to future accountants in the 50s, 70s, 80s and in
independent Ukraine are examined. The distinction between mandatory (fundamental) disciplines and
auxiliary (elective, credit) disciplines is clearly demonstrated. The author compares the disciplines
that have been taught and are taught to students, future accountants, from the 50s to the present. The
author emphasizes the need for a systematic study of the curricula of higher education institutions
(using the curriculum in the specialty "Accounting and Analysis of Economic Activity" of the Kyiv
Institute of National Economy named after D.S. Korotchenko, approved in 1982) with a view to
rethinking the number of disciplines, determining the hours (active and passive), and the sequence of
teaching disciplines. Some issues are revealed regarding the disciplines that could be removed from
the curriculum (second foreign language, physical education) and transferred to optional ones.
Instead, the curriculum could be filled with separate disciplines (professional ethics of accountants
and auditors, organization of accounting and reporting, etc.) to acquire professional competencies.
Any revision of the current curriculum should be based on one thing - what new requirements to
accounting and reporting, to the accountant, what changes have occurred in the country and in the
world! And what kind of accountant is needed today, and most importantly for the future, with what
knowledge and skills for practical work.

Keywords: accounting, education, higher education institutions, fundamental disciplines, auxiliary
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Introduction

Accounting, namely its organization and regulation, is constantly changing. There are
fundamental, unchanging postulates, and there are provisions, standards, and methods that are
updated and changed. Therefore, the question arises as to what exactly students, future accountants,
should be taught in higher education institutions today so that they can improve themselves
throughout their professional lives and always be competent in their field.

The main thing, we believe, is to teach students to develop and have their own professional
judgment on any accounting issues, not only during their studies, but also throughout their
professional practice based on scientific and methodological knowledge and practical skills.

Historically, it is believed that there was once a practical activity in accounting. Everyone kept
records as it was convenient for them. Then someone (Benedetto Cotrugli, Fra Luca Bartolomeo de
Pacioli) hypothesized that it was possible to systematize practical activities, that is, to logically
summarize the practical experience of the people involved, based on a deep insight into the essence
of the phenomenon under study and to reveal its certain patterns. Over the years, this process has
been improving. As a result, today accounting is a generalization of practical phenomena using
scientific methods.

Results
If, at least, we proceed from the very definition of the term in the Law of Ukraine "On

Accounting and Financial Reporting in Ukraine" (On Accounting and Financial Reporting in
Ukraine, 1999) - "accounting is the process of identifying, measuring, registering, accumulating,
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summarizing, storing and transmitting information about the activities of an enterprise to external and
internal users for decision-making" - it is easy to determine what exactly a student needs to be taught.

So, accounting is:

-process - what process, why?

-detection - by whom, how, when?

-measurement - how, by whom, by what methods, ways, techniques?

-registration - how, where, when, by whom?

-accumulation - how, where, why?

-generalization - how, why?

-storage - where, how?

-transferring - how, in what form, to whom, where?

-information - what kind of information?

-about the company's activities - what kind?

-to external users - to whom?

-and internal users - to whom?

-to make decisions - what decisions, for what purpose?

And this is only the primary knowledge - the theory (basics) of accounting. Next, it is worth
mentioning that accounting is systemic. And it is a system as a set of integral elements and
interrelationships between them. Then further questions are added about the need to study and
disclose many aspects!

Let's try to give honest answers to ourselves. After completing the practical courses for
accountants (2-6 months of training), will a person be able to be an accountant? Yes! Will he be able
to independently study financial reporting standards, accounting policies of the enterprise, the
taxation system in the enterprise, etc. Yes! But! Will he/she be able to understand and quickly and
easily rethink the application of certain financial reporting standards, application of principles,
application of rules in accounting policy, concepts and basics of management accounting, changes in
the taxation system? Will he/she be able to exercise his/her own professional judgment? Will he/she
be able to fulfill the tasks of management and leadership, which will often change under the influence
of economic phenomena? I think not. The reason is the lack of specific basic (fundamental)
knowledge that enables further independent development. To be honest, you must admit that not all
university graduates can do this right away! But the question here is different, deeper: who taught,
what exactly was taught, and how/how long was it taught?

There were many creative, innovative and interesting things in the educational process, for
example, at the Kyiv National Economic University named after Vadym Hetman. For example, at
one time, disciplines with an exam were called "sciences" and those with a test were called "academic
disciplines." What has changed besides the names? Nothing! But the idea was so right! Because, for
example, accounting can be divided into professional practice - "accounting" and scientific activity -
"accounting". And, for example, if we call "Accounting Theory" a science, it will be quite fair!

And teaching can be viewed from several perspectives. 1. Accounting as a science. 2.
Accounting as a practical professional activity. There are several scientific directions of development
of accounting theories: legal, economic, analytical, balance sheet. The issues of development or
genesis of directions and approaches can be taught to future scientists - graduate students and doctoral
students. Accounting methods and their scientific and practical application - for teaching students.

For students - Accounting Theory should give a complete picture and understanding of what
exactly is happening and why - to teach students to develop and have their own professional judgment
not only during the period of study, but throughout their professional life. In other words, Accounting
Theory should be a set of postulates, methods, limitations/exceptions used in the study of accounting,
its maintenance, and in the preparation of financial and management reports. Moreover, the basic
knowledge "laid down" should further contribute to individual professional development!

Scientific component. Any science has its own object, subject, and methods. Accounting
methods include: documentation, inventory, valuation, calculation, accounts, double entry, balance
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sheet, reporting. Other methods are also used, but they are general scientific methods for accounting,
for example, modeling.

Having basic knowledge of accounting methods, in the future, an accountant will easily
navigate the ways in which they are applied. If laws, instructions, rules in accounting policies,
financial reporting standards, reporting itself (financial, operational/management, statistical)
change..., he will not have any problems in rethinking the changes and further activities.

Professional practical activity. Its teaching can be considered based on functions. Accounting
has only one function - informational! But an accountant has several functions: informational,
controlling, analytical, making management decisions within his or her competence, preparing draft
management decisions for management, and prognostic. By the way, the latter is little researched in
science and is promising for practical professional activity!

Future accountants should be able to "see the whole picture" of the enterprise (model), all the
main production and business processes. There is a very famous example: the planet Earth was seen
only by astronauts, but the globe of the Earth was seen by almost everyone! Similarly, any large
enterprise has been seen by a few, but everything that happens on a daily basis must be "seen" (as on
the globe) and known by an accountant. And assuming that we, as teachers, never know where our
students will work in 10 or 25 years, it is necessary to provide them with basic knowledge of
professional activities for almost all major business processes.

For example, it is in the theory of accounting that one can study the main processes: accounting
for the formation of an enterprise, accounting for the acquisition of means of production, accounting
for production, accounting for sales, accounting for liquidation/reorganization/division/merger of an
enterprise. This is practically studied now, but in Financial Accounting, where several processes are
studied in parallel at once.

Let's take a look at a brief history of accounting education. What disciplines/subjects/science
have accountants been taught in higher education institutions over the years?

For this purpose, we will take data from five real sources:

Supplement to the Diploma (higher education) of the Lviv Institute of Trade and Economics,
specialty "Accounting", issued in 1957.

Supplement to the Diploma (higher education) of the Odesa Institute of People's Economy,
specialty "Accounting", with specialization in industrial accounting, issued in 1975.

Supplement to the Diploma (higher education) of the Kyiv Institute of People's Economy named
after D.S. Korotchenko, specialty "Accounting, control and analysis of economic activity", issued in
1990.

Supplement to the Bachelor's degree (higher education) of the State Higher Educational
Institution "Kyiv National Economic University named after Vadym Hetman", specialty "Accounting
and Audit", issued in 2011.

Curriculum of the Educational and Professional Program "Digital Accounting" of the Kyiv
National Economic University named after Vadym Hetman, specialty - Accounting and Taxation,
specialization - Digital Accounting, approved in 2018.

It should be noted that the holders of the first three degrees later became Doctors of Economics
and professors with specialized education. The holder of the fourth is a PhD in Economics with a
specialized education.

The names of the disciplines in Tables 1 and 2 are given as in the documents on higher education
or in the curriculum, and are compared horizontally as close in content.

Why two tables? The first one is disciplines, mostly with an exam or with a differentiated test.
They were and are usually considered to be the main, basic, fundamental ones! The second one is
credit courses - secondary, auxiliary, highly specialized... .

You, as well as I, will find it strange that some things used to be different when considering and
analyzing the disciplines from the tables! For example, in the 1950s, future accountants were not
taught mathematics! Instead, many legal subjects were taught! And so on. But there were different
times and different requirements, and plus the Soviet party ideology!
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Table 1. Disciplines with an exam or a differentiated test

Source 1 Source 2 Source 3 Source 4 Source 5
Fundamentals of
Marxism-
Leninism
General history of
state and law
History of the
State and Law of
the USSR
Theory of state
and law
Logic
Organization of
the USSR Court
and Prosecutor's
Office
Latin language
State criminal law
Soviet judicial law
Roman law
Soviet civil law
History of the History of the
CPSU CPSU
Economic Economic
history history
ROM and Mathematical
programming programming
Social and
economic
statistics
Financing and Financing and
lending to lending to the
industry industry
Medical training
for girls and
boys Civilian
defense
Fundamentals of Technology Technologies of
technology and basics and the industries
merchandising most important
industries
Calculation of
the cost of
industrial
production

Organization of
accounting and
analysis of
economic
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activity in

industry
Informatics
History of the
modern world
Psychology and  Psychology and
pedagogy pedagogy
Marxist-Leninist Marxist-Leninist Philosophy Philosophy
philosophy philosophy
General course Higher Higher Higher
of higher mathematics mathematics for mathematics
mathematics economists
Political economy Political Political Political
economy economy economy
Ukrainian Ukrainian
literature Studies
Sociology
Probability Probability Probability
theory and theory and theory and
mathematical mathematical mathematical
statistics statistics statistics
Economic Economic Regional
geography of the geography economy
USSR and
foreign countries
Culturology
Soviet state law Soviet law Soviet law Jurisprudence Law
Political Science
Economic General theory ~ General theory Statistics Statistics
statistics of statistics of statistics
Organization and Organization Economics, Enterprise Entrepreneurship
planning of and planning of  organization and economics
industrial industrial planning of an
enterprises enterprises industrial
enterprise
Microeconomics  Microeconomics
Macroeconomics Macroeconomics
Economic and Applied Economic and
mathematical modeling mathematical
modeling modeling
Accounting Accounting Accounting General theory of
theory theory (theory) accounting
History of
Economics and
Economic
Thought
Economics of
people’s
economic
branches
Marketing Marketing
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Economics of Personnel
labor and social management
and labor
relations
The economics of National
socialist industry economy
and agriculture
and trade
Accounting of the ~ Accounting in Accounting in Financial Financial
main branches of  industry with the industry accounting 1 accounting of
the national basics of assets
economy accounting in
other sectors of
the economy
People's economic
planning
Life safety
Finance and credit Finance and Money and credit
credit
Finances Finances
International International
economy economy
Financial Financial
accounting 2 accounting of
liabilities
Management Management
Accounting in Digital
banks accounting in
banks
Accounting in Digital
budgetary accounting in
institutions budgetary
institutions
Accounting in
foreign countries
Organization of =~ Mechanization Hardware and Information Programming of
mechanized of accounting software of systems in accounting and
accounting and computing automated accounting taxation systems
operations control systems analysis and
control
Management Management
accounting accounting
Audit Audit
Analysis of Analysis of Analysis of Analysis of Business analysis
economic activity economic economic economic activity
activity activity
Psychology
psychological
and pedagogical
cycle

Applied
computer science
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Introduction to
the specialty

Corporate
taxation system

Integrated
information
systems in
accounting and
taxation

Enterprise
reporting in the
digital economy

Digital audit

Table 2. Courses with credit (including those chosen by the student from a larger number of
electives or all available electives in the curriculum)

Source 1 Source 2 Source 3 Source 4 Source 5
Selective - not Selective - not Selective - not Selected All available
available available available dusciplines selective

disciplines
Soviet
administrative
law
State Law of
People's
Democracies
Accounting
equipment
Revision and Revision and Control and Fundamentals of
control control revision economic control
Scientific Scientific
communism communism
Economic Industry statistics
statistics
Theory of Theory of
economic activity economic
analysis analysis
Money

circulation and
credit in the
USSR

Planning the
economic and
socialist
development of
the USSR

The economic
mechanism of
developed
socialism
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Organization of
management of
the national
economy

Planning of the
national economy

Economics and

planning of the

agro-industrial
complex

Economics and
organization of
logistics

Automated
industry
management
systems

Accounting in
other sectors of
the economy

Accounting by
type of economic
activity

Fundamentals of
scientific research

Methodology and
organization of
reporting

Fundamentals of
scientific atheism

Fundamentals of
scientific atheism

Office work and
correspondence

Ethics and
aesthetics

Physical training

Physical training

Physical training

Physical training

Foreign
language

Foreign language

Foreign language

Foreign language

Foreign language

Communication
processes in
education

Performance
psychology and
educational
management

Methods of
teaching
economics

Political economy

2

Enterprise
economics 2

Organization and

management of
production
processes
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Internet
technologies in
business
Finances of the  Enterprise finance
USSR
Stock market
Depository
activities
Internal business  Internal business
control control
Forensic Forensic
accounting accounting
expertise expertise
Accounting Accounting
policy of the policy of the
enterprise enterprise
Trading in
securities

Accounting and
reporting of small
businesses

Digital economy

Information law

Political Science

History of
Economics and
Economic
Thought

Professional
foreign language

Infographics and
info design in
economic
research

Big data in
economic
research.

Sociology

Legal regulation
of economic
activity

E-procurement

Basics of
information
security and
information

protection

Digital
technologies in
accounting
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Tax accounting
and reporting

Internal audit

Professional
ethics and
communications
in digital
accounting and
auditing

Intelligent data
analytics

It is worth making some conclusions after reviewing these tables. First of all, we can say that it
does not matter what disciplines are taught to accountants from those that are not related to
accounting. 2. Of course, there are the most basic disciplines. These are the following: accounting
theory, financial accounting, management accounting, financial reporting, organization of
accounting, accounting policy, professional ethics, etc.

These are the disciplines that determine the basic competence of a future professional
accountant. Many interesting works of both scientists and teachers are devoted to the issues of
accountants' competence: (Vyhivska, & Makarovych, 2018), (Minister of Education and Science of
Ukraine 2018), (Pushkar, 2001), (Chyzhevska, (2007).

However, in order for an accountant to comprehend the issue, even starting with the theory of
accounting, it is necessary to provide him with the basic disciplines that will enable him to study the
theory of accounting. These include, first of all, such disciplines as political economy and business
economics. With regard to enterprise economics, this is an extremely important issue of studying this
discipline because the student will be able to immediately "see" what processes are taking place at
the enterprise physically, what is happening there, and then he will understand what is subject to
accounting. For example, the processes of setting up an enterprise, the process of purchasing raw
materials, the process of production, the process of selling finished products, or the sale of works and
services.

This is not to say that such disciplines as finance, marketing, international economics,
microeconomics, and macroeconomics should not be taught to accounting students. They should be
taught, and they must be taught. Perhaps in some other form or more appropriate for practical
application by accountants. But I believe that these are not the basic/fundamental ones for
accountants.

We should also pay attention to the need to teach accountants mathematics and statistics. There
have been attempts to create "Mathematics for Accountants"! Yes, there were. But for some reason
they did not take root.

As for such disciplines as physical education and a foreign language, there are many questions.
Yes, indeed, international practice shows that this is necessary. But this can be done in a very simple
way. It is possible to exclude physical education and foreign languages (especially a second foreign
language) from the curriculum, and thus use the hours that will be freed up to study professional
disciplines. If students prefer to engage in physical education outside the curriculum, they have all
the opportunities: there are gyms, swimming pools, tennis courts... let them do it. There is no need to
abolish or liquidate the Department of Physical Education, it should exist.

As for foreign languages. Different universities have different approaches to learning foreign
languages. For example, there are universities where everything is taught in the language of the
country, and there are those where separate international groups have been created in parallel, and
disciplines are taught, for example, in English. And there are some interesting nuances. For example,
when a Ukrainian teacher teaches a discipline in English to a Ukrainian student in Ukraine!

That is, there are some questions about disciplines that could be removed from the curriculum
(second foreign language, physical education) and transferred to optional courses. Instead, the
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curriculum could be filled with individual disciplines (professional ethics of accountants and auditors,
organization of accounting and reporting, etc.) in order to acquire real professional competencies.

I believe that it would be worthwhile to "rewind" the history of curriculum development in
higher education institutions in accounting for 40 years and see what happened then, what it looked
like, what were the hours, what was the sequence of teaching disciplines? See Figures 1 and 2.
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Figure 1. The curriculum for the specialty "Accounting and Analysis of Economic Activity" of
the Kyiv Institute of National Economy named after D.S. Korotchenko, approved in 1982
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Figure 2. The curriculum for the specialty "Accounting and Analysis of Economic Activity"
of the Kyiv Institute of National Economy named after D.S. Korotchenko, approved in 1982 -
reverse side

Why the plans of the 1980s! Because they were the basis for the curricula of higher education
institutions in independent Ukraine! Soviet communist disciplines were thrown out and modern ones
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were added, including those formally borrowed from foreign universities. But sometimes it even
happened that yesterday's teacher of "Scientific Communism" was already teaching "Religious
Studies."

First, we need to analyze the structure of the curriculum that existed before the collapse of the
Soviet Union, and second, we need to analyze the sequence of teaching disciplines, as well as
parallelism (in some curricula, the disciplines "Accounting in Banks" and "Accounting in Budgetary
Institutions" were taught simultaneously, which was too difficult for students to understand), and then
we need to see all the changes that have taken place to date. And most importantly - what was the
number of disciplines and hours provided for their study! How many lectures and how many practical
ones!

But all this should be done with one thing in mind - what new requirements for accounting, for
the accountant himself, what changes have taken place in the country and in the world! And what
kind of accountant is needed today, and most importantly for the future, with what knowledge and
skills for practical work.

Another very interesting aspect of educational activities is who exactly gives lectures and
conducts practical classes. Imagine if a person who has never crossed the threshold of an enterprise,
who has never worked in accounting for at least a year, comes to students and teaches them how to
keep accounting records, how is that? The question arises, can this person teach students accounting?
Yes, but only from what he knows, and he knows it exclusively from textbooks or lecture materials
from other teachers. And this is retransmission! As you can see, there are questions not only about
disciplines.

Conclusions

The article examines some issues of teaching students majoring in accounting. The disciplines
that were taught to future accountants in the 50s, 70s, 80s and in independent Ukraine are considered.
Thus, it is possible to study the genesis of accountants' education in relation to the requirements of
time and economic situation.

The clearly demonstrated distinction between compulsory (fundamental) disciplines and
auxiliary (elective, credit) disciplines clearly shows at what time which disciplines were considered
major and which were secondary.

The author emphasizes the need for a systematic study of the curricula of higher education
institutions (using the illustrative example of the curriculum for the specialty "Accounting and
Analysis of Economic Activity" of the Kyiv Institute of National Economy named after D.S.
Korotchenko, approved in 1982) with a view to rethinking the number of disciplines, determining the
hours (active and passive), and the sequence of teaching disciplines. Some issues are revealed
regarding the disciplines that could be removed from the curriculum (second foreign language,
physical education) and transferred to optional ones. Instead, the curriculum could be filled with
separate disciplines (professional ethics of accountants and auditors, organization of accounting and
reporting, etc.) to acquire professional competencies.

Any revision of the current curriculum should be based on one thing - what new requirements
to accounting and reporting, to the accountant, what changes have occurred in the country and in the
world! And what kind of accountant is needed today, and most importantly for the future, with what

knowledge and skills for practical work.
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partnership as a result of these partnership relations is determined. The
need for the development of domestic enterprises through the
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determined due to several prerequisites, among which, thanks to strategic
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the elimination of disparities in the standard of living and economic
potential between them is satisfied. The necessity of ensuring sustainable
development in the conditions of global environmental challenges and
limited resources in order to take into account the needs of future
generations is substantiated. The main aspects of increasing the
competitiveness of domestic enterprises on the market have been studied,
as consumers are becoming more aware and prefer products and services
that meet the principles of sustainable development. The advantages of the
development of enterprises through the establishment of strategic
partnerships with higher educational institutions and the state, the main of
which are access to the latest technologies and scientific achievements,
have been established: as a way to improve their products and production
processes; professional development of employees through various
education and training programs; support from the state, its stimulation for
the introduction of environmentally friendly technologies and practices.
Organizational measures in the field of strategic partnership to improve
the activities of enterprises are recommended, such as the creation by the
state of a favorable environment for business, development of the
regulatory and infrastructural base, creation of favorable conditions for
entrepreneurship; activation of investments in higher education and
scientific research in order to create an innovative environment and
increase competitiveness; expansion and support of small and medium-
sized enterprises by state programs to support small and medium-sized
enterprises to ensure a more even distribution of financial resources
between regions.
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medium-sized enterprises by state programs to support small and medium-sized enterprises to ensure
a more even distribution of financial resources between regions.
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AHoOTalig. Y cTaTTi JOCIIIPKEHO OCHOBHI HANpsIMH AiSUTBHOCTI NMPOMHUCIIOBUX IiJIIPUEMCTB Ta
MOXKITUBOCTI iX Koormepaii Ta 00’€IHaHHS 3 BUIIMMH HaBUATBHUMH 3aKJIaJlaMd Ta JIEPKaBOIO Y
BUMAJKY, KOJM BOHM MAalOTh CHUIbHI IHTEpecH Ta CTpaTerii pO3BUTKY. Bu3HaueHo pousb
CTpPATETiYHOr0 MapTHEPCTBA SIK PEe3yJIbTATy LIUX MAPTHEPCHKUX BiTHOCHH. BU3HaueHO HEOOXiAHICTh
PO3BHUTKY BITUM3HSHUX MiIMPUEMCTB HUISTXOM PO30y/IOBH €KOHOMIKH CTAJIOT0 PO3BUTKY B YKpaiHi
3aBJSKU KUIBKOM MEPEyMOBaM, Cepell SKHX 3aBJISKH CTPATEri4HOMY MApTHEPCTBY 33 0BOJIBHAETHCS
norpeba y 30aaHCOBAaHOMY PO3BHUTKY PErioHIB YKpaiHH, JIIKBIAIis JUCTIPOIIOPIIHN y PIBHI KHUTTS
Ta EKOHOMIYHOMY TMOTeHLialdl MK HUMH. OOIpyHTOBaHO HEOOXiIHICTH 3a0€3MEUYEeHHs CTaJoro
PO3BHUTKY B YMOBAaX IJI00aJIbHUX €KOJIOTTYHUX BUKIIUKIB 1 pECYpPCHOT 0OMEKEHOCTI 3311 BpaXyBaHHS
notped MaiOyTHIX MOKOJIiHb. BUBYEHO OCHOBHI aCHEKTH IiJIBUIICHHS KOHKYPEHTOCIIPOMOKHOCTI
BITYM3HSHUX MIANPUEMCTB Ha PUHKY, OCKUIBKH CIIOKHBadl CTalOTh BCE OLIBII YCBIAOMIIEHUMH 1
BiJIalOTh TEpeBary MpOAyKIii Ta MOCIyram, siKi BiANOBiAAalOTH NPUHLKIIAM CTaJOTO PO3BUTKY.
BceraHoBineHo mepeBaru Bil PO3BUTKY MIANPHEMCTB HIUIAXOM YCTAHOBJICHHS CTPAaTEriyHUX
MapTHEPCTB 3 BUIIMMHU HAaBUAIBHUMH 3aKJIaJaMH 1 JIEpKaBOIO, TOJIOBHUMH 3 SKHX € JIOCTYI JO
HOBITHIX TEXHOJIOT1H Ta HAYKOBUX JOCSTHEHb: K CIOCIO MOKpaIIeHHs iIXHbO1 MPOIYKIii Ta MpoIeciB
BUPOOHMIITBA; MiJBUIIEHHS KBai(ikalii IpariBHUKIB Yepe3 pi3HOMaHITHI IPOrpaMH HaBYAHHS Ta
MiTOTOBKY; MATPUMEKA 3 OOKY JAepiKaBH, i1 CTUMYITFOBAHHS JJIsI BIPOBAKEHHS €KOJIOT1YHO YHCTUX
TEXHOJIOT1H Ta MpakTHK. PEeKoMEeHJ0BaHO opraHizaliifHi 3ax0u y cdepi cTpaTeriyHoro napTHepCTBa
JUIS BIOCKOHAJCHHS MiSUTBHOCTI MIJIPUEMCTB, TakKi SK CTBOPEHHS JEP>KaBOI CIPHUSTIMBOTO
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cepenoBuia s Oi3HECY, PO3BUTOK pEryJIATOPHOI Ta 1H(QPACTPYKTYpHOi Oa3u, CTBOPEHHS
CIPUATIMBUX yYMOB ISl MIANPUEMHHUITBA; AKTHBI3allisd IHBECTHLINH Yy BHILY OCBITY Ta HayKOBI
JOCIIJDKEHHS 3a1A CTBOPEHHS 1HHOBAIIITHOTO cepeloBUILa Ta I IBUILIEHHS
KOHKYPEHTOCIIPOMOXKHOCTI; PO3MIMPEHHS Ta MIATPUMKA MaluX Ta CepeAHiX MiJIpUEMCTB
Jep>KaBHUMHU TPOTrpaMaMy MiITPUMKHA MaJIUX Ta CEPEAHIX MiINPUEMCTB Ui 3a0e3MeueHHs OibIl
PIBHOMIPHOTO pO3MOALTY (DIHAHCOBUX PECYpPCIB MiXK periOHaMHU.

Kiro4oBi cioBa: mianpueMcTBO, YHIBEpCUTET, Aep)kKaBa, CTpaTerisi, MapTHEPCTBO, KOOIEpaisd,
00’€JHaHHS, CTAIMNA PO3BUTOK, CTpATETi4YHE TapTHEPCTBO.

Beryn (Introduction)

Peanii cboroseHHs cBi4aTh MPO HEBIAMOBIAHICTH OCBITHIX MpOTpaM MOoTpedaM pUHKY Mpari,
yepe3 M0 0araTo BUITYCKHHMKIB BHIIMX HaBUAJIbHUX 3aKJIa/iB 3aJIMIIAIOTHCS 11032 YBaroko
poboTonaBiiB, a00 HaBiTh, MPUCTYIHBILHU J0 CBOiX CIY>KOOBUX OOOB’SI3KiB, HE MAIOTh PO3YMIHHA
3MICTy KOHKPETHOTO BHPOOHHUYOTrO MPOIECy Ha MiANPUEMCTBI, 00 3 IIMM HE 3IMITOBXYBAJIUCH aHI Y
Teopii, aHi Ha MPaKTHLI MiJ] Yac HaBYaHHSA. Y 3B’S3Ky 3 LUM, caMe e€()EeKTUBHE HaJlaro/KCHHS
CTPATETiYHOTO0 MApPTHEPCTBA MDK CyO’€KTaMH TOCIOJApIOBaHHA Ta BUIIMMU HaBYaJbHUMU
3aKJIa/IaMU 3a MITPUMKHU JIEpyKaBU MOXE CTaTH CIIocoOOM BuUpilleHHA i€l npobiemu. OTxe, Tema
CTaTTi € aKTyaJIbHOIO B KOHTEKCT1 Cy4YaCHOTO €KOHOMIYHOTO PO3BUTKY Y KpaiHH Ta HEOOXITHOCTI st
I[LOT'O 3POCTaHHA KUTbKOCTI NEPCHEKTUBHUX BUCOKOKBANi(PIKOBAHUX MOJIOIUX (haxiBIIiB.

Tox, rOTOBHOIO METOIO CTaTTi € JOCIHIPKEHHS MEXaHi3My CTPaTeridyHOro MapTHEPCTBA MiX
BITYM3HSIHUMHU CyO’€KTaMU TOCIIOIAPIOBAHHSA, JIEPYKABOIO Ta BUIIMMHU HAaBYAJBHUMHM 3aKJIaJaMH 3
ypaxyBaHHSIM OCOOJIMBOCTEH EKOHOMIYHOTO PO3BUTKY OKPEMHX pPETioHIB YKpainu. [l ocarHeHHs
i€l METH BaXJIMBO BHUSBUTH NEPEAyMOBHM IIOSBM Ta 3alpONOHYBAaTH OpraHi3amiiiHi 3axoau
BJJOCKOHAJICHHSI CTPATEriyHUX NapTHEPCTB MiIMPUEMCTB; OOIPYHTYBATH JAOLUIBHICTb, BU3HAYUTH
NepeBary BiJl CTBOPEHHS 1IbOTO «CTPATETIYHOTO MAPTHEPCHKOTO TPUKYTHUKA.

Marepiaan Ta metoaun (Materials and Methods)

VY mporeci BHBUEHHsS CTPATEriyHOTO IMAPTHEPCTBA MK CyO’€KTaMu TOCHOJapIOBaHHS,
Jep>KaBoOI0 Ta BUIIMMHU HaBYAJbHUMH 3aKJIaJaMHd HaMH OyJI0 BUKOPHCTAHO TaKi 3arajJbHOHAYKOBI
METONM, SK: aHaji3 Ta CHHTe3, NeAYyKIsS Ta IHAYKIsA, CUCTeMaTH3allisl, Yy3arajibHCHHS,
XPOHOJIOTIYHUHN, TOPIBHAIBLHUH.

PesyabTaTn (Results)

KoHKypeHTOCTIPOMOXKHICTh Oy/ib-sIKO1 JepXaBH Ha CBITOBOMY DPHUHKY Ta SIKICTh JKHUTTS il
HaceJIeHHs 0e3MocepeIHbO 3aJIeXKaTh BiJl piBHs MpodeciiHol miAroToBkH KaapiB. OHUM 13 CydacHUX
CBITOBUX TPEH[IB € HHU3bKUI piBEHb TOTOBHOCTI CTYICHTIB 70 POOOTH B pealbHOMY Oi3Heci Ta
MOTHBAIIi] /10 3araJlbHOOCBITHBOIO Ta MPO(eciitHOro PO3BUTKY, iX HE3HAHHS CYKYIMHOCTI SKOCTEH,
AKl IiHYIOTH poOoTonaBli. MoJoai JIOAM YacTO MEPEOIiHIOITh BaXJIUBICTh KPEATHBHOCTI M
TMAEPChKUX SKOCTEH, OJHAK HEIOOIIHIOITh BIIACHY AaJaNTUBHICTh Ta KOMAaH/IHI HaBHUYKH
(Mykolaichuk, 2021).

CyTTeBoto  mpoOiemMor0  OiMBIIOCTI BUIYCKHUKIB BUIIMX HABYAIBHUX 3aKIadiB €
HEBIAMOBIAHICTH OCBITHIX IporpaM mnorpedamM puHKY Ipalli, 10 CIPUYHHSE BiAIPBaHICTh iX 3HAHb
BiJl IPAKTUKU. TOMY B IKOCTI BUXO/Y 13 TaKOi CUTYaIlli € JOLUIIHHUM BIIPOBAHKEHHS TyalbHOT OCBITH
(Hryshyna, 2023), mo nependadae moeIHaHHS HABYAHHS CTYICHTIB 3 HABYAHHSIM Ha pOOOYUX MICIIIX
Ta 0a3yeThCs HA BIJHOCHHAX CTPATEriuHOrO TApTHEPCTBA MDK MIANPUEMCTBAMH, BHIUMH
HaBYAJbHUMU 3aKJIa/laMH.

JletanbHU aHalli3 ICHYIOYMX OCBITHIX HpPOTpaM Ta CIIBBITHOLICHHS X 3MICTY i3 3alUTamMH
poOOTONABIIIB TOKa3aB IEBHY HEBIAMOBIAHICTH OCBITHIX HporpaM mnorpedamM pHHKY Mparl, 10
MIPOSIBIISIETHCS Y TAKUX BaKIMBHX aCIEKTaX:
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1. 3acrapini HaBYaJIbHI IJIAaHU:

* IPOrpaMu HE OHOBIIIOIOTHCS BYACHO, HE BPAXOBYIOUH IMHAMIYHI 3MiHH HA PUHKY Ipalli;

* BUITYyCKHUKM BOJIOJIIOTh 3HAHHAMH Ta HaBHYKAMH, sKI HE BINOBINAIOTH aKTyaJbHUM
norpedam poOOTO/IABIIIB;

* HEJIOCTaTHS yBara NpuaulIseTbCcs PO3BUTKY M'IKUX HaBUYOK (soft skills), Takux sixk KputuuHe
MUCIICHHSI, KOMYHIKallisl, KOMaHaHa poboTa, KpeatuBHIicTh (Guerrero, 2019).

2. Hecraya mpakTUYHOTO IOCBiY:

* HaBYaHHs 0a3yeThCsl HA TEOPETUYHUX 3HAHHAX 3 MiHIMAJIBHOIO MPAKTUYHOIO MiATOTOBKOIO;

* HEJJOCKOHAJIa CUCTEMa CTaKyBaHHS Ta MPAKTHUKH;

* BUITYCKHUKHU HE MalOTh HEOOX1THUX MPAaKTUYHUX HABUYOK JJI1 BAKOHAHHS pOOOTH.

3. Henockonaia cucrema rpogopieHTarii:

* BiICYTHICTh €(DEKTUBHOI cUCTEeMH IPOGOpPIEHTAIII] Yy IIKOJIAX TA YHIBEPCUTETAX;

* CTYJICHTH HE MalOTh YITKOT'O PO3YMIHHS CBOiX IHTEPECiB Ta 3110HOCTEH;

* HeMIpaBWIbHUIA BHOIp mpodecii MpU3BOAUTH 1O HE3aI0BOJEHOCTI pOOOTOI0 Ta HU3BKOT
MPOAYKTUBHOCTI.

4. He36anmaHCcoOBaHICTh MK KUTBKICTIO BUITYCKHUKIB Ta MOTpeOaMU pUHKY:

* MIepeBUITYCK (axiBLiB y JSSKUX Taly3sX IpU HECTadi KaJpiB B iHIINX;

* HEJJOCKOHAJIa CUCTEMa MTPOTHO3yBaHHS OTPEO PUHKY Ipalli;

* BUnycKkHUKN HE MOXKYTbh 3HAaUTH POOOTY 3a CHeNiaIbHICTIO.

5. Hu3bkuii piBeHb CIiBIIpaLli MK 3aKJIaaMU OCBITH Ta POOOTOAABIISIMU:

* HEJJOCTaTHA KOMYHIKallisl Ta CHIBIpAI MK OCBITHIMH 3aKJIaJJaMH Ta MiJIPUEMCTBAMU;

* poOoToaaBIi He OepyTh y4acTi y po3poOLii OCBITHIX IIporpam;

* BUITYCKHUKH HE BIJNOBIAIOTh MOTpedaM Ta OYiKyBaHHAM POOOTOABIIIB.

VYci BuIlleHaBEAEHI aCMEKTH HEBIANOBIAHOCTI OCBITHIX Mporpam morpedaM pHHKY Iparli
CIPUYMHSIOTH 10 TAKUX HETaTUBHUX HACIIAKIB Y AepKaBi, SK:

* BUCOKHUH piBeHb 0e3p00ITTA cepes; Moo

* HU3bKa KOHKYPEHTOCIIPOMOXHICTh YKPaTHCHKOI €KOHOMIKH;

* BiATIK KBaJi(hiKOBAaHHUX KaJIPiB 32 KOPJIOH.

VY 3B’s3Ky 3 IIM, BBa)Ka€MO, 1[0 TOJIOBHUM CIIOCOOOM BHPIIIICHHSI MPOOIEMH HEB1IMOBITHOCTI
OCBITHIX Iporpam norpedam pHUHKY Ipalli MO>Ke CTaTH CTpaTeriyHe MapTHEPCTBO Mk Cy0’eKTamMu
rOCHOJIapIOBaHHs, BUIIMMH HaBUYAJIbHUMU 3aKJIaZlaMU Ta JepxkaBoto. Lle o3Hauae, 1110 e 1yanbHoi
OCBITM HENOCTAaTHbO, IPUHIMIIOBO BAXJIMBUM BBAXAEMO YTBOPEHHS CaM€ «CTPATETivyHOTO
MapTHEPCHKOTO TPUKYTHUKA», IO Tependadae yyacTb TPETbOTO YYaCHHMKA Yy LUX BIJIHOCHHAX -
Jep KaBH.

CyTHICTh CTpaTeriyHOro MapTHEpPCTBa BOAYaEMO Yy JIOBFOCTPOKOBIM CHIBHpali Mix
HiANPUEMCTBAMH, JIEPKABOIO Ta 3aKJIaAaMU BUIIOI OCBITH; 00'€JHaHHI 3yCHJIb Ta PECypcCiB s
JOCSITHEHHS CIUIBHUX 1I1JICH; a TOJIOBHE - CTBOPEHHS CHHEPT€TUYHOTO e(PEKTY, SIKUH Jjae Olible, HixK
CyMa 3yCHiIb KO)KHOTO Y4aCHUKA.

OTxe, TOJIOBHOIO METOIO CTPATEriyHOr0 MapTHEPCTBA € MiArOTOBKA KBaNi(hiKOBaHUX KaJpiB,
AK1 BIJMOBIZAIOTh MOTpedaM puHKY mpari. KpiM Toro, e CTBOpEHHS MOXKIUBOCTI Ul PO3POOKH
IHHOBAIlIMHUX TPOMYKTIB Ta MOCIYr Ta MiABUIIECHHS KOHKYPEHTOCHPOMOXHOCTI BITUYHM3HSHHUX
HiANPUEMCTB Ta EKOHOMIKH YKpaiHU B LIJIOMY.

Cepen ocHOBHHX (OpPM CTpaTeriyHoro MapTHEPCTBA MK MiIMPUEMCTBAMH, JEPKABOIO Ta
3aKJIaJJaMU BUIIIOI OCBITH BapTO BUUIHTH:

1. CribHI JOCTITHUIBKI POEKTH.

2. CraxxyBaHHs Ta MPaKTHKA CTYIEHTIB HA MIANPHEMCTBAX.

3. Po3poOka Ta BIpoBaP)KeHHSI HOBUX OCBITHIX ITPOTrpaMm.

4. CtBopeHHs criibHUX Kadeap Ta madbopaTopiil.

5. dinaHcoBa MiATPUMKA 3 OOKY MiIIPUEMCTB.

[HTerparis AyallbHUX CUCTEM OCBITH B Cy4YacHI PHHKH Tpalli Bce Oibllle BUBHAETHCA AK 3aci0
MiABUIIEHHS MPOAYKTUBHOCTI TMpalli Ta MOAOJAHHS PO3PUBY MK TCOPETUYHUMH 3HAHHSAMHU Ta
NpaKTUYHUMU HaBW4kamu. [lozaBiiiHa oOcCBiTa MO€AHYE akaJeMiyHe HaBYaHHS 3 NPAKTUYHUM
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JOCBIZIOM, YacTO Yepe3 YUHIBCTBO a00 CTa)XyBaHHS, 100 MiATOTYBaTH CTYACHTIB 10 BUMOT Cy4acHOi
pobouoi cuiu.

JlocmiKeHHsT HayKOBIIIB Y IIbOMY HampsiMi CBi4aTh, 10 MO/BIMHI MPOrpaMu Y4HIBCTBA, SKi
BKJIIOYAIOTh OUbIIE JHIB HaBYaHHS HAa MICIIX, JalOTh yYaCHHKaM KOPOTKOCTPOKOBI MEpeBard Ha
PHUHKY Ipami. Y4HI CUCTeM MOABIMHOT OCBITH MOBIIOMIISIOTH PO BUCOKY 3aJI0BOJICHICTh TAKUMH
acrieKTaMu, K BIJIHOCHHH 3 BHKJIaJauyaMH Ta Oe3leyHe poOode CcepefioBUIle, a EKCIepTH
BiJJ3HAYAIOTh TIepeBary AyajabHOI OCBITH Y PO3BUTKY CHEIiaIbHUX KOMIIeTeHUIN (Zhang, 2023).

JlyanbHa ocBiTa € e(QEeKTHBHOIO Yy BHpIIIEHHI AucOalaHCy TPYIOBHX DPECYpCiB y pi3HHUX
CEKTOpaxX €KOHOMIKH, MOKPAIIEHH] MOKa3HUKIB 3aiHATOCTI Ta MiABUILEHHI PIBHA KUTTS HACEICHHS
(Neyt, 2020). Tox, AyalbHa CUCTeMa OCBITH IOB’s3aHa 3 IMiJBUIICHHAM PIiBHS MpalLleBIaIITYBaHHI
BUITYCKHHUKIB 1 PO3IIISA€THCS K (PAKTOp MOJEpHi3allii MapTHEPCTBAa MK HaBYAJIbHUMH 3aKJIaAaMU
ta poboronaBusmu (Grabowska, 2023). JlyanbHe HaBYaHHS BIANOBITAE MOTpedaM pPUHKY,
MOEAHYIOUM  aKaZeMiyHl 3aHATTA 3 1npodeciiHoi0 pobOTOI0, IO Bexe [0 PO3BHUTKY
HiANPUEMHUIIBKOTO CTaBJICHHS Ta MPo(eciiHUX KOMIETEHIIH y cTyneHTiB (Synchak, 2020).

Punok mpani ciry’kuTh miaatopMor0 [Uis OTpHUMAaHHS HAaBUYOK 1 3HaHb, a MOJBIWHA OCBiTa
cnpusie npodeciiiHiii  MOOUIBHOCTI Ta TOTEHLIMHO 3MEHIIye MpogeciiiHy ITUCKpPUMIHAIIIO
(Anisimova, 2019).

Hami 3’dcyeMo, SIKHM YHHOM IMIANPHEMCTBA OTPUMAIOTh JOCTYH JO KBamipikoBaHUX
POOITHHKIB 3aB/ISKH TAKOMY CTPATEriuHOMY MAapPTHEPCTBY.

Cepen ToMOBHHMX CIOCOOIB JIOCTYIy CyO’ €KTiB TOCHOAApIOBAaHHS 110 KBali(hiKOBaHUX
POOITHHKIB Yepe3 cTpaTeriune napTHEPCTBO, SKi, B CBOIO YEpTy, MependavaroTh HU3Ky e(peKTUBHUX
Tl yCiX YYaCHHKIB, CIIiJl BUAUIATH HACTYITHI:

1. CriBrpans 3 3aKJ1alaMu OCBITH:

* Po3poOka OCBITHIX MporpaM: MiANPHEMCTBA MOXYTh CHIBIPAIIOBATH 3 3aKJIaJaMU OCBITH,
06 po3poOUTH OCBITHI MpOrpamy, siKi BIAMOBIAAIOTH ixHIM moTpedaM. Lle MoxyTh OyTH CHiibHI
KypCH, CTa)KyBaHH Ta MPAKTHUYHI IPOTPaMHU.

* YyacTh y HaBYaJIbHOMY MpOIleci: MiAMPHUEMCTBA MOXYTh OpaTH ydacTb y HaBUAIbHOMY
npolieci, HaJalouy eKCIEpTiB Ul YWTaHHS JICKILIN, MPOBEJCHHS MaiCcTep-KiIaciB Ta OLIHIOBAHHS
3HaHb CTYJICHTIB.

+ dinaHCcOBa MIATPUMKA: MIANPHEMCTBA MOXYTh HaJaBaTH (PiHAHCOBY MiATPUMKY 3aKJajaM
OCBITH JUIsI MOJIEpHI3alii MaTepialbHO-TEeXHIUHOI 0a3u, CTHIEHMAIH A CTYIEHTIB Ta PO3BHUTKY
iHHOBaNiitHUX nporpam (Kravchenko, 2023).

2. CtBopeHHs criibHUX Kadeap Ta madbopaTopiii:

* CnisibHi Kadenpu: CTBOPEHHS CHIIBHMX Kadeap 3 MiAIpUEMCTBAMHU JIO3BOJISE 3aKIajaM
OCBITH rOTyBaTH (axiBIliB 3 HEOOXiTHUMHU 3HAHHSIMHU Ta HABUYKAMHU.

* CninibHi  1abopaTtopii: CTBOPEHHsI CHUIBHUX JIaOOpaTopiii Ja€ MOXJIMBICTh CTYJICHTaM
OTPUMYBAaTH MPAKTUYHUNA JOCB POOOTH 3 HOBITHIM 00JalHAHHSIM Ta TEXHOJIOTISIMHU.

3. IlpoBenieHHs! KOHKYPCIB Ta OJIIMITIa:

* [IpoBeieHHSI KOHKYpCIB Ta OJIMIIIAJ: TPOBEJACHHS KOHKYPCIB Ta OJIMIIIAA J03BOJISIE
HiANPUEMCTBAM 3HAWTH TaJaHOBUTHX CTYJEHTIB Ta 3alIPOIIOHYBATH IM pOOOTY.

* HamanHs rpaHTiB: HaJaHHS IPAHTIB CTYACHTAM JJISl IPOBEACHHS JOCHIKEHb a00 pPO3pOOKH
IHHOBAIIIITHUX TIPOEKTIB.

4. CoiBmpausg 3 KaJIpOBUMH areHLiSMHU: CIIBOpad 3 KaJApOBUMHU areHIisIMH, SKi
CHeUiaNi3yl0ThCsl Ha Mig00pi MepcoHaly Ui MEeBHUX Taly3ed, MOKe JOMOMOITH MiJIpUEMCTBAM
3HANTH KBaJi(PiKOBAaHUX POOITHHKIB.

5. Po3BuTOK OpeHay poOOTONABIIS: MiMTPHUEMCTBA, SIKi MAaIOTh CUIIBHHI OpeH T poOOTONaBIIA, €
OLTBII TPUBAOIMBUMHU JUTS KBaJTi(PiKOBAaHUX KaJPiB.

[Ipu upomy BcinsKa MIATPUMKA AEp)KaBU (SK PETYJIATUBHOIO, OpraHi3aliiHOro, Tak 1
(biHaHCOBOrO XapakTepy) LUX BIAHOCHH 3HAYHO MiJABHUIIUTH €(PEKTHBHICTH TAKOTO CTPATETIYHOTO
napTHEPCTBA.

AKIIEHTYeEMO yBary Ha mepeBarax /sl cy0’ €KTiB TOCIOAApIOBAaHHsS Ta ACP)KaBHUX OpPraHiB
JOCTYITy 710 KBaJi(hiKOBaHUX POOITHUKIB:
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* MJIBUIICHHS MPOAYKTUBHOCTI mpaui (KBajidikoBaHi pOOITHUKH OUIBII MPOTYKTHUBHI, IO
MO>KE TPU3BECTH JI0 30UIBIICHHS TPUOYTKY MiANPUEMCTBA 1 TOXOLY ACpP>KaBU y BUTIIAIL MMOJATKIB
BIJITTOBIJTHO);

* MJIBUIICHHS KOHKYPEHTOCIPOMOXHOCTI  (IIANPHEMCTBA, $KI MAlOTh JOCTYN JO
KBaJTi(hikOBaHUX POOITHHKIB, € OLIBII KOHKYPEHTOCTIPOMOKHUMH Ha PUHKY

* 3HIDKEHHS BUTPAT (3aBASKH aBTOMaTHU3allii Ta ONTUMI3allii MPOIECIB MiANPHEMCTBA MOXKYTh
3HU3UTH BUTPATH);

* iHHOBaliil (kBayi(hikoBaHI POOITHUKM MOXKYTh T€HEpPYBaTH HOBI i7ei Ta po3poOisaTH
IHHOBAIiIfHI TPOAYKTHU Ta MOCIYTH).

Ha cporosiHi MokHa B)K€ HABECTH JIEKIJIbKA YCHIIIHUX MPUKIIAAIB CTPATET1YHOTO TApTHEPCTBA
B YKpaiHi, 30Kkpema, 1ie ocTiHa cmiBnpans [T-koMmnaHiil 3 yKkpaiHCbKUMU yHIBEpCUTETaMH, IPOEKT
«/lyanbHa ocBiTa», CTBOPEHHS KJIacTEPiB Ta IHHOBAIIMHUX LIEHTPIB.

Hlono Kpusoro Pory, To BapTo HaBecTH SCKpaBUH YCHIIIHUN TNPHUKIAJ CTPATEriuHOTO
naptHepcTBa - mpoekT «HoBa @alpuka» MK myOTiYHUM aKIIOHEPHUM TOBapUCTBOM
«ApcenopMirran Kpuswuii Pir» Ta Jlep>kaBHUM YHIBEPCUTETOM €KOHOMIKH 1 TEXHOJIOTIH (mapTHep
MIPOEKTY, SIKMH BiINOBIIA€ 32 pO3pOOKY Ta peasiizallilo OCBITHBOI POrpamMH).

Merta MpoeKTy: MiAroTOBKa KBaNi(piKOBaHMX KaJpiB Ui HOBOT'O Cy4aCHOTO BUPOOHMIITBA —
¢dabpuku orpyakyBaHHs, ska Oynyerbes «ApcenopMirran Kpusuii Pir»; 3a06e3nedenHHs
HiANPUEMCTBA KOMIIETEHTHUMH Ta MOTHBOBAaHMMHU MpALliBHUKAMU 3 HEOOXITHUMHU 3HAHHIMH,
HaBUYKaMU Ta JOCBIIOM.

XapaKTepUCTUKU OCBITHBOI IPOTPaMH:

* TpuBamnicTs: 2 pokH.

» dopmMmart: ayasibHa OCBITA, IO MOEAHYE TEOPETHYHE HABUAHHS B YHIBEPCHUTETI Ta MPAKTUYHE
HABYaHHS HA MiIPUEMCTBI.

* CnenianbHOCTi: «l amy3eBe MamIMHOOYyAyBaHHS Ta NMPHUKIaTHA MeXaHika; «MeTamypris»;
«EnexktpoenepreTrka, eneKTpOTeXHIKa Ta €JIeKTpOMEeXaHika», «ABTOMATH3allisl Ta KOMH'IOTEPHO-
IHTETpOBaHi TeXHOJIOTI1», «[ IpHUIITBOY.

[lepeBaru /it y4aCHHUKIB:

* Oe3koIIToBHEe HaBuaHHs: «ApcenopMirran Kpusuii Piry oruadye HaB4aHHS CTYJCHTIB 3a
nporpamoro "Hosa ®abpuxka";

* cydacHe O0JIaJHaHHS: MPAKTUYHE HaBYaHHS Oy/e MPOXOAUTH HAa HOBITHbOMY OOJIaJHAHHI,
sIKe BUKOPHUCTOBYETHCS Ha (paObpuIli orpyIKyBaHHS;

* TapaHTOBAHE NPAICBIALITYBAHHS: MICIs 3aKIHYEHHS HAaBUAHHS BHUITYCKHUKU MPOTPaMu
«HoBa ®abpukay» rapaHTOBaHO OTPUMYIOTh poOOTY Ha mignmpueMmcTBax «ApcenopMitran Kpusnit
Pir».

* CTUIICH/IISA: CTYACHTH MPOTPaMu OTPUMYIOTh CTHIIEH/IIO Bi «ApcenopMirtan Kpusuii Piry.

Jlnst ydacTi B LbOMY MPOEKTI Oa)karounM HEOOXITHO 3apeecTpyBaTHCS (3allOBHUTH OHJIANH-
dopmy Ha caiiti «ApcenmopMirran Kpusuii Pir» abo B mnpuiimManbhiii komicii JlepxaBHOrO
YHIBEPCUTETY €KOHOMIKH 1 TEXHOJIOTiH) ,a MOTIM MPOWTH KOHKYPCHHMH BiOip (KOHKYpC BKIIOYA€e
TECTYBaHHs 3 MaTEMAaTHUKU Ta YKPaiHCHKOT MOBH, a TAKOX CITiBOECiLy).

OTxe, MaTepianoM Li€l CTATTI XO4EeMO MiAKPECIUTH MEpeBard CTPATETiYHOrO MapTHEPCTBA
caMe Yy KOHTEKCTI ()OpMyBaHHS HE IPOCTO JAyalbHOI OCBITH, @ CTBOPEHHS «CTPATETiYHOTO
MapTHEPCHKOT0 TPUKYTHUKA» 32 YUACTIO ACP)KaBU, B IKOMY BCl YUaCHUKH OTPUMAIOTh CBOi BUTO/M.
Tax, ans miANPUEMCTB — 11 JOCTYM 10 KBai(hiKOBaHUX KaApiB; po3po0OKa IHHOBAIIHUX MTPOYKTIB
Ta MOCIYT, MiIBUIICHHS! KOHKYPEHTOCIPOMOXKHOCTI. J[11st 1eprkaBu: 3HMKEHHS 0€3pO0ITTS; pO3BUTOK
€KOHOMIKH; MiIBUIIICHHS MPECTHXKY OCBITH. J{JIs1 3aKiIa(iB BUILIOT OCBITH: MOJIEPHIi3allisi HABYAbHUX
nporpam; MOKpAIIeHHS MaTepialbHO-TEXHIYHOI 0a3M; MiJABUIICHHS KOHKYPEHTOCIIPOMOXKHOCTI Ha
CBITOBOMY PUHKY.

AKIIEHT Ha y4acTi JIep’KaBU y CUCTEMi TyaJbHOI OCBITH, SIKYy IOCTYIOBO BIPOBAKYIOTh Ha
VYKpaiHi, CTBOPEHHSI CBOEPITHOTO «CTPATETIYHOTO MAPTHEPCHKOTO TPUKYTHHUKA» 3yMOBICHHH TUMHU
raJbMylOYMMH BUKIMKAaMH Ha [UIAXY JO PO3BUTKY CTpPATEri4YHOTO MAapTHEPCTBA, IO
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CIIOCTEPITaloThCsl B Cy4aCHHMX PUHKOBHX yMoBax. Cepel HHX: HEIOCKOHAIICTh 3aKOHO/IABCTBA;
OropokparTisi; HeaocTaTHA (DiHAaHCOBA MiATPUMKA; HU3bKa MOTHUBAIIS YYaCHUKIB TApTHEPCTBA.

[lomonaHHs BKa3aHUX BUKIUKIB BOA4aeMO y BIIPOBAKEHHI HACTYNHUX TOJOBHUX IIIJISAXIiB
PO3BHUTKY CTPATEri4HOr0 MapTHEPCTBA B YKpaiHi:

- BIIOCKOHAJICHHS 3aKOHO/IaBCTBA (CTBOPEHHS CIIPUSATIMBUX YMOB Ul PO3BUTKY IMaPTHEPCTBA;
3a0e3neyeHHs MPo30POCTi Ta MiA3BITHOCTI);

- TIiABHMIIEHHS MOTHUBAIl yYacHHUKIB (po3poOKa CTUMYJIB s yd4acTi y MapTHEPCTBI;
iH(pOpMYBaHHS PO NEPEeBary Ta yCHilIHI NPUKIAIH);

- pO3BUTOK iH(ppacTpyKTypu (CTBOpeHHS IuIaTGOpM A CHIBIpAIli, OpraHizallis CHUIBHUX
3ax0/liB);

- MiJBUILEHHS KBasi(ikawii (HaBYaHHS Ta TPEHIHTH U1 yYaCHHUKIB MTAPTHEPCTBA);

- OHOBJICHHSI HABYAJIBHUX IUIAHIB Ta MPOrPaM 3 YpaxyBaHHSIM MOTped PUHKY Mparlli;

- MOCUJICHHS PAKTUYHOT CTIPSIMOBAHOCTI OCBITH;

- PO3BHTOK CHCTEMH MPOdopieHTALliT;

- YIOCKOHAJICHHS! CUCTEMH ITPOrHO3yBaHHA NOTPeO pUHKY Ipalli;

- MOCUJICHHS CHIBIpAIli MiX 3aKJIa/laMH OCBITH Ta poOOTO/IABLISIMU 32 YYACTIO IEP/KaBU.

Bucnosku (Conclusions)

CrpareriyHe NapTHEPCTBO MK MiIMPUEMCTBOM, JEpPKAaBOIO 1 3aKJIaJaMU BHINOi OCBITH €
BOXJIUBUM (PAaKTOPOM PO3BUTKY €KOHOMIKH Ta OCBITH YKpaiHu. HeoOXiqHO CTBOPHUTH CHPHUSATIUBI
YMOBHU JJIsl PO3BUTKY TaKOro MapTHEPCTBA. YCIHIIIHA peali3allis CTPAaTeridYHOTO IMapTHEPCTBA
J03BOJIUTH YKpaiHi CTaTH KOHKYPEHTOCIPOMOXHOIO Ha CBITOBOMY PHHKY.

CrpareriyHe MapTHEPCTBO MiX MiANPUEMCTBAMH, JEPKABOIO Ta 3aKJIaJaMHU BUIIOI OCBITH €
e(peKTUBHUM CIIOCOOOM BUPILIECHHS MPOOIEMH HEBIAMOBITHOCT OCBITHIX MPOrpaM NoTpedam pHHKY
mpaii. 3aBASKY CIITLHUM 3yCHJUISIM MOKHA TIATOTYBAaTH KBaihiKOBaHUX KaJIPiB, sIKi BiAMOBIIAl0ThH
notrpedaM eKOHOMIKH, Ta CTUMYJIIOBAaTH PO3BUTOK Y KpaiHH.

CrpareriyHe MapTHEPCTBO MiX MiANPUEMCTBAMH, JEPKABOIO Ta 3aKJaJaMHU BHUIIOI OCBITH €
e(pEeKTUBHUM CIIOCOOOM OTpPUMAaTH JOCTYH A0 KBaJi(piKOBaHUX pOOITHUKIB. 3aBISKU TaKOMY
NapTHEPCTBY MIANPHEMCTBA MOXKYTb HIJBUIIUTH CBOIO KOHKYPEHTOCIPOMOKHICTH, 30UIBLIMTH
npuOYTOK Ta CTUMYJIIOBATH PO3BUTOK EKOHOMIKH.

BripoBa/pkeHHsT IyanbHOI OCBITH MOKE CIPHATH IHTErpamii MOJoAI Ha PHHOK Tpari,
3HIDKEHHIO PiBHA 0e3po0iTTs, 3a0e3MeYeHHI0 MiArOTOBKM BHCOKOKBAIi()iKOBAHUX CIEI[IaNiCTiB.
dinancoBa nuBepcudikailis B IyalbHii OCBITI Ma€e BHpIIIAIbHE 3HAUCHHS ISl TOKPAIEHHS SKOCTI
MiATOTOBKY BUITYCKHHKIB 1 Y3TOJKEHHS OCBITHIX ITpOrpam 3 rpadikamu Ta norpedbamu podoToaaBIIS.

Cuctemu MoABIMHOT OCBITH MPONOHYIOTH HaiHE PIIIEHHS I MOJepHi3allil MPOAYKTUBHOCTI
Tpaili, Ha/Ial0ouu CTyACHTaM MMOE€THAHHS TEOPETUIHHX 3HAHb 1 MPAKTUIHOTO HOCBiAY. Takuii OCBITHIM
MiIXi HE TUTHKK 3aJ0BOJIBHSIE CTYICHTIB 1 POOOTOAABINB, aje W BUPINIYE MIMPII €KOHOMIYHI
npobaemH, Taki ik 0e3po0iTTs Ta AucOananc kBamidikamii B pi3sHUX CEKTOpax. Y CHixX 1yaabHOI OCBITH
y (opMyBaHHI KOMIIETEHTHOI Ta aJanTUBHOI pPOOOYOi CHUJIM OUYEBMAHUN Yy PIZHHUX Taly3sx
MIPOMHUCIIOBOCTI Ta KpaiHaX, M0 pOOUTH 11 I[IHHOI MOJEIUIIO0 NJs OCBITHBOTO Ta €KOHOMIYHOTO
PO3BHTKY.

HeBianoBigHiCTh OCBITHIX MporpaM moTpedaM pUHKY Ipali — Iie cepilo3Ha mpolriema, ska
norpedye KOMIUIEKCHOTO BupimeHHs. CHOUIBHUMH 3YyCHWIUISIMH JIEpP’KaBH, 3aKJIadiB OCBITH Ta
pPOOOTOIABIIIB MOXHA MTPUBECTH OCBITHIO CUCTEMY YKpaiHU Yy BIMOBIJHICTH 0 Cy4aCHUX BUKIIUKIB
Ta notTped eKoHOMIKHU. ToxX, TUIIe JyanbHOT OCBITH HEAOCTATHHO, TPUHIUIIOBO BAXKITMBUM BBAXKAEMO
YTBOPEHHS CaMe «CTPATEriyHOr0 MapTHEPCHKOIO TPUKYTHHKA», IO Mepeadadyae y4acTb TPETHOTO
yJacHMKa y LIUX BITHOCHHAX - JICPKABH.
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Abstract. The content of the article reflects the importance of logistics
development in the context of modern challenges for Ukrainian enterprises,
in particular, in the conditions of geopolitical tensions and military
operations. The authors consider the problem of availability and reliability of
logistics routes for the import of raw materials, in particular bentonite clay,
and single out the strategy of local extraction as a more sustainable option in
such conditions. The article analyzes the difficulties associated with the
importation of bentonite clay from distant countries due to restrictions in sea
traffic through the Black Sea ports. The authors substantiate that local mining
on the territory of Ukraine is a more reliable option in conditions of
geopolitical uncertainty. It has been established that these factors lead to
significant delays in deliveries and increased logistics costs, which can
seriously affect the economic efficiency of pellet production. The article
examines the aspects of revitalization of logistics chains aimed at providing
Ukrainian producers of iron ore pellets with bentonite clay. This analysis
includes economic efficiency, assessment of difficulties and risks associated
with the blockade of Black Sea ports, research on alternative logistics routes
and their reliability, stability of supply, continuity of production and
contribution to the national economy. The strategy of local extraction of
bentonite clays on the territory of Ukraine gives opportunity to Ukrainian
enterprises to minimize the risks associated with logistics, ensuring the
continuity of production and supporting the national metallurgical industry in
the conditions of a changing geopolitical situation. A comprehensive analysis
of the above-mentioned factors was carried out, which makes it possible to
make a choice in favor of local extraction of bentonite clays. This choice
provides Ukrainian metallurgical enterprises with optimal production
conditions in the face of modern challenges and restrictions.

Keywords: industrial enterprise, mining and metallurgical complex,
revitalization, management, logistics link, route, import, raw materials,
production.
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Abstract: The content of the article reflects the importance of logistics development in the context
of modern challenges for Ukrainian enterprises, in particular, in the conditions of geopolitical tensions
and military operations. The authors consider the problem of availability and reliability of logistics
routes for the import of raw materials, in particular bentonite clay, and single out the strategy of local
extraction as a more sustainable option in such conditions. The article analyzes the difficulties
associated with the importation of bentonite clay from distant countries due to restrictions in sea
traffic through the Black Sea ports. The authors substantiate that local mining on the territory of
Ukraine is a more reliable option in conditions of geopolitical uncertainty. It has been established that
these factors lead to significant delays in deliveries and increased logistics costs, which can seriously
affect the economic efficiency of pellet production. The article examines the aspects of revitalization
of logistics chains aimed at providing Ukrainian producers of iron ore pellets with bentonite clay.
This analysis includes economic efficiency, assessment of difficulties and risks associated with the
blockade of Black Sea ports, research on alternative logistics routes and their reliability, stability of
supply, continuity of production and contribution to the national economy. The strategy of local
extraction of bentonite clays on the territory of Ukraine gives opportunity to Ukrainian enterprises
to minimize the risks associated with logistics, ensuring the continuity of production and supporting
the national metallurgical industry in the conditions of a changing geopolitical situation. A
comprehensive analysis of the above-mentioned factors was carried out, which makes it possible to
make a choice in favor of local extraction of bentonite clays. This choice provides Ukrainian
metallurgical enterprises with optimal production conditions in the face of modern challenges and
restrictions.
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AHoTanig: 3MIiCT cTaTTi BigoOpakae BaXKIUBICTh PO3BUTKY JIOTICTUKM B KOHTEKCTI CyYacHHUX
BUKJIMKIB JUISI YKPaiHCBKUX TMIANPHUEMCTB, 30KpEMa, B YMOBAaX TCONOJITHYHUX HAIPYKEHb Ta
BIMCHKOBUX Jil. ABTOpU pO3IJLAAI0TH NPOOIEMy TOCTYNMHOCTI Ta HAaAIHHOCTI JIOTICTHYHHUX
MapuIpyTiB IS IMIIOPTY CUPOBHHHUX MaTepiaiiB, 30KpeMa OCHTOHITOBUX IJIMH, Ta BUOKPEMIIIOIOTh
CTpATETiI0 JIOKAIBHOTO BUJOOYTKY SIK OLTbII CTINKUNA BapiaHT y TAKMX YMOBAX.

V cTaTTi NpOBEACHO aHai3 TPYAHOILIB, TOB'I3aHMUX 13 3aBO30M OCHTOHITOBHX IJIMH 13 AAJICKUX KpaiH
yepe3 OOMEKEHHSI B MOPCHKOMY PYCi 4epe3 YOPHOMOPCHKI MOPTU. ABTOPU OOTPYHTOBYIOTH, IO
JIOKaJIbHUI BUI0O0YTOK HA TEPUTOPIi YKpaiHu € OUTBbII HaJIfHUM BapiaHTOM B yMOBAX I€OIOJIITHYHOT
HEBU3HAUYEHOCTI. BCTaHOBIIEHO, 110 11I YUHHUKU MPU3BOJATH /10 3HAUHUX 3aTPUMOK Yy MOCTaBKax Ta
MiABUIIEHHS JOTICTUYHUX BHUTPAT, II0 MOKE CEPHO3HO BIUIMHYTH HAa €KOHOMIUHY €(EKTHUBHICTbH
BUPOOHHUIITBA OKATHUIIIB. Y CTAaTTI PO3MJIAHYTO ACHEKTH peBiTali3aiii JOTICTUYHHUX JAHIIOXKKIB,
CTIPSIMOBAHUX Ha 3a0€3MEUCHHs YKPATHCHbKMX BUPOOHHKIB 3a1i30pyIHUX OKATHUINIB OEHTOHITOBUMHU
rmuHaMu. Lleft aHami3 BKJIIOYA€E E€KOHOMIUHY €QEeKTHBHICTh, OLIHKY TPYAHOILIB Ta PHU3HUKIB,
MOB'SI3aHUX 3 OJIOKAI0I0 YOPHOMOPCHKHMX IOPTIB, JOCHIKEHHS aJbTEPHATUBHUX JIOTICTHYHHUX
MapuipyTiB Ta iX HaIiHHOCTI, CTIMKICTh MMOCTAaBOK, O€3MEpepBHICTH BUPOOHUIITBA Ta BHECOK Y
HaI[lOHAJIbHY EKOHOMIKy. CTpaTeris JOKaJbHOTO BUAOOYTKY OCHTOHITOBMX IJIMH Ha TEPHUTOPIi
VYkpaiHu 103BOJIsIE YKPAiHCHKUM MiJIPUEMCTBAM MiHIMI3yBaTH PH3HMKH, MOB'SA3aHi 3 JIOTICTHKOIO,
3abe3neuyroun 0e3nepepBHICTh BUPOOHMIITBA Ta MIATPUMYIOUH HALlIOHAJIBHY METANypriiiHy Taity3b
B yMOBaxX MIHJIMBOi T'€OMONITUYHOI cuTyarii. [IpoBeeHO KOMIUIEKCHUI aHami3 BHIE3a3HAUYCHUX
(axTopiB, 1110 103BOJIsIE€ 3pOOUTH BHOIp HA KOPUCTH JJOKATLHOTO BUJI00YTKY OCHTOHITOBHX I'TuH. Llei
BUOip 3a0e3rnedye yKpaiHCbKI MiANPUEMCTBA METATYpPriliHOI rany3l ONTUMaJbHUMH YMOBAaMHU
BUPOOHUIITBA B YMOBAX Cy4aCHHX BUKJIHMKIB Ta OOMEKEHb.

Kiro4oBi cjioBa: mpoMucioBe MigNIpUEMCTBO, TIPHHUO-METATYPTiHHUI KOMIUIEKC, peBiTami3allis,
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yIpaBIIiHHSA, JIOTICTUYHA JIaHKa, MapUIpyT, IMIIOPT, CHPOBHHA, BUPOOHHIITBO
Beryn (Introduction)

Tema nocmiKeHHs 30cepeKeHa Ha JIOTICTUYHOMY CeKTopi B YKpaiHi, BUBYarOud HOTro
MOTOYHUI CTaH, BUKJIMKU Ta TEPCHEKTHBH PO3BUTKY. 3Ba)KalOUM HA BHU3HAUYAIbHY 3HAYYIIICTb
METaypriiHOi Ta FipHUYO]I ray3eil MpOMHICIOBOCTI B eKOHOMIIl YKpaiHu, akTyaJTbHUM MUTAHHSIM €
HaJIarO/DKEHHsI MEXaHi3My peBiTaiizallii BITYM3HSIHOI JIOTICTUYHOI CHUCTEMH 3a1Js €(hEeKTUBHOTO
(GYHKLIOHYBaHHS Ta PO3BUTKY IIMX Tajy3el B yMOBax BIIPOBA/KEHHS TEXHOJIOTTYHUX IHHOBALIN Ta
BIUIMBY T€ONONITUYHUX MOAINA. Y 3B’SI3KY 3 IIUM, iICHY€ HEOOXiAHICTh CTPATETIYHOTO IJITaHYBaHHS Ta
BJIOCKOHAJICHHS 1HQPACTPYKTYpH JUIsl PO3BUTKY PUHKY JIOTICTUYHHX IOCIYT B YKpaiHi.

JlorictuuHa cuctemMa B YKpaiHi CTUKA€THCS 31 3HAUHUMU 3arpo3aMu Yepe3 TPUBaroyi BiiicbKOBI
Iii, 3 HEOOXITHICTIO OCTI/KeHb Ui MiHIMIi3alil pU3UKIB 1 BCTAHOBJICHHS NPIOPUTETIB IS
BiJTHOBJICHHSI, BKJIIOYAIOYH JIIOJCHKUI (akTop, Oe3neky iH(pacTpyKTypH, 3aKOHOJABYl 3MiHH Ta
e(eKTHBHE MapTHEPCTBO. 30KpeMa, iCHYIOTh MpolieMu y cdepi iMOopry OCHTOHITOBHX TJUH 3
nanekux KpaiH, Takux sk IHmais uym ['pemis, 1m0 3yMOBJIEHO HECTaOUIBHICTIO B pETiOHI Ta
0OMEKEHHSIMH B MOPCHKOMY pYCi Uepe3 YOPHOMOPCHKI MOPTH.

MeToro cTarTi € BUBYEHHS MEXaHI3My Ta PO3KPUTTS OCOOIMBOCTEH (PYyHKIIOHYBaHHS
JIOTICTUYHOI CHUCTEeMHM B YKpaiHi [uid e(QeKTHBHOTO OOCIYroBYBaHHS TipHHYO-METAIypriiHOTO
KOMILIEKCY YKpaiHH, BU3HAUCHHS MOXKJIMBOCTEH Ta aJbTepHATHUB 11 peBiTai3aiii.

Marepiaan Ta metoaun (Materials and Methods)

VY mporieci BUBUEHHS MOXKJIMBOCTEH peBiTali3aliil JOriCTUYHUX JIAHOK MiANPHEMCTB T1pHUYO-
METaNypriiHOr0 KOMIUIEKCY YKpaiHu HamMu OyJl0 BHMKOPHCTAaHO METOAM CHCTEMaTH3allil Ta
y3arajibHEHH:, HOPIBHUIbHUI METO, METOIM €EKOHOMIYHOT'O 1 CTATUCTUYHOT'O aHali3y, eKCIIEPTHOTO
MIPOTHO3YBaHHSI.

PesyabTaTn (Results)

ITonii ocrannix pokiB (mangemis Covid-19, pociiicbko-ykpaiHCbka BiifHa) IUKTYIOTb
HEOOXIHICTh NepeopieHTallli 30BHIIIHFOCKOHOMIYHHX 3B S3KIB Y HampsMi iHTerparii HalioHaJIbHO1
EeKOHOMIKH B €BpOIeEHchke cepenoBuie. Yepes 1ie BBaKAaEMO 3a JOLIIbHE MPUIUIUTH 3HAUHY YBary
MUTAHHIO OLIHKH €(EeKTUBHOCTI JIOTICTUYHOTO MEHEIKMEHTY SK Ha pIBHI TNPOMHUCIOBOTO
MiANPUEMCTBA, TaK 1 Ha piBHI YKpaiHu B uiiomy. Ha npouec hopmyBanHs MexaHi3My JOTiCTHYHOT
CHCTEMH NPSMUM YHHOM BIUTMBAE 1IHTETPAIlisi CBITOBOI €KOHOMIKH, PO3BHUTOK TPAHCIIOPTHUX MEPEK
1 CBITOBOT'O PHHKY JIOTICTUYHUX MOCIYT, HOTJIMOICHHSI MIXXHAPOTHOTO TIOJLTY Tpalli.

Bin piBHs ajanTamii JOTiCTUYHOT CUCTEMH MIANPHUEMCTB TIPHHYO-METATYPTiHHOTO KOMILIEKCY
VYkpaiHu 10 HOBUX YMOB, 30KpeMa JuCTaHIiiHOrO pexumy pobotu (Kozlova, 1., 2022) Garatbox
Cy0’€KTiB rOCTIOIapIOBaHH 3AJIEKHUTh X MPUOYTKOBICTh Ta peHTA0ENbHICTh. TaK0X BAPTO TOBOPUTH
1 PO TIEBHE 3MIIMIEHHS AKIEHTIB IMiJ Yac YKJIAJCHHS JIOTOBOPIB: MPIOPUTETHICTH MOMKIHBOCTI
BIJITPABUTH MPOIYKIIiI0 BYACHO Ta 0€3 MOIIKOKEHb HABITh Mepe]] MpruBadIuBoO miHot. Lei dakr
CBIAYUTH PO MPUPOJIHO CTBOPEHHUM HA PUHKY PO3BUTOK JIOTICTHYHOTO MEHEKMEHTY.

[IpoTe icHy€e HU3Ka KIIOUOBHUX MEPELIKO AJISl PO3BUTKY JIOTICTUKHU B YKpaiHi, came I[i MOMEHTH
notpeOyroTh peBiTalizaii y nepiry yepry. Cepes HUX CIIiJi BUIUINTH: 3pOCTaHHS BAPTOCTI HATUBHUX
MaTepialiB, BUCOKI BiJICOTKH 32 KPEAUTAMHU, TPOTAIMHU Y 3aKOHOJABCTBI, @ TAKOXK HEBIMOBIIHICTh
skocti gopir (Yevtushenko, 2023). Bce 1e icTOTHO BIUIMBaE Ha €(PEKTUBHICTH TPAHCIIOPTHO-
JIOTICTUYHHUX TPOIIECIB.

Moo iMmnopTy OeHTOHITOBUX IKH 3 [HAiT Ta I'penii Takok BUHUKAIOTh CEPHO3HI TPYIHOILII:

1. Biiina B YkpaiHi:

* OJIOKyBaHHS MOPCBKHMX TOPTIB YKpaiHM 3HA4YHO YCKJIAQJHIOE Ta 3A0POXKYE IMIOPT
OCHTOHITOBMX IJIMH;
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* 3aTPUMKM Ta JOAATKOBI BUTPAaTH Ha NEPEBE3CHHS 4epe3 albTepPHATUBHI MapUIpyTH
(aBTOMOOLITBHI, 3aTI3HUYHI);

* HEOOX1/IHICTh MOIIYKY HOBHX ITOCTaYaJIbHUKIB Ta MAPLIPYTiB MOCTaYaHHS.

2. 3pocTaHHs LiH:

* 3pOCTaHHS I[IH Ha MajbHE, TPAHCIOPTHI MOCIYTH Ta CTPaxyBaHHS 3HAYHO 30UIBLIYIOTH
BapTICTh IMIIOPTY;

* HeCTaOLIbHICTh KypCiB BAIIOT TAKOX HETAaTUBHO BILIMBA€E Ha LIHU;

* 3MCHILICHHS PEHTa0EIbHOCTI BUKOPUCTaHHS OEHTOHITOBUX TJIMH [UIi YKpaiHCHKHX
i ITPUEMCTB;

3. Jlorictiuni npoOiemu:

* 3aTPUMKH IIOCTABOK 4epe3 BiHCHKOBI Aii, OOMEXEHHs MPOIYCKHOI 3[aTHOCTI KOPAOHIB Ta
Yepry Ha MPOMYCKHUX MyHKTAaX;

* HecTaua TPAHCIIOPTHHUX 3aCO0IB Ta BOJIIB;

* YCKJIaHEHHS 3 OOPMIICHHSM JOKYMEHTIB Ta CTPaxyBaHHSIM BaHTAXIB.

4. Pu3uku 3puBY NOCTaBOK:

* BilicbKOBI Aii, popc-MakopHi 00CTaBUHU, OJITUYHA HECTAOUIBHICTh B KpaiHaX-eKCIopTepax
MO>KYTbh IPU3BECTH JI0 3pUBY MTOCTABOK;

* HEOOX1/IHICTh MOIIYKY albTEPHATUBHUX MOCTAYAIbHUKIB Ta MAPIIPYTiB MOCTAYaHHS.

5. 3MiHa XapaKkTepUCTHUK OEHTOHITOBUX TJIMH:

* IPU TPAHCIIOPTYBaHHI Ha BEJHMKI BIJCTaHI XapaKTEPUCTHUKH OCHTOHITOBHX TJIMH MOXYTh
3MIHIOBATHUCS,

* HEOOX1/IHICTh PETEBHOI'0 KOHTPOJIIO SKOCTI OCHTOHITOBUX IJIMH MPH IMITOPTI.

6. HeoOxianicTh ananTaii 10 HOBUX YMOB:

* YKpaTHCHKHM IiIPUEMCTBAM, SIKI IMIIOPTYIOTh OCHTOHITOBI ITTUHH, HEOOX1THO aJanTyBaTUCS
710 HOBUX YMOB BeJICHHS Oi3Hecy;

* MIOIIYK HOBUX MapTHEPIB, PUHKIB 30yTy Ta METOAIB pOOOTH.

7. BIopoKpaTU4Hi MepenIKoIu:

* YCKJIaJHEHHS 3 O(OPMIICHHSIM J[03BOJIB, CEPTU(IKATIB Ta IHIIUX JOKYMEHTIB,

* JI0IaTKOB1 BUTPATH Yacy Ta KOIITIB.

8. HeoOximHICTh MOIIYKY HOBHX PUHKIB 30yTy:

* BiiiHa B YKpaiHi npu3Bea 10 CKOPOUEHHs BHYTPIIIHBOTO PUHKY 30yTy OCHTOHITOBHUX TJIMH;

* HEOOX1/IHICTh MOIIYKY HOBHX PUHKIB 30yTy /Ul €KCHIOPTY.

i tpynHoim poOnsTh IMIOPT OCHTOHITOBUX TiMH 3 IHAil Ta I'pewii pu3nKoBaHUM Ta
€KOHOMIYHO HEBUTIIHUM. YKpPaiHCHKUM HiANPHEMCTBAM PEKOMEHIYEThCS IIyKaTH ajJbTePHATHUBHI
JDKeperia MmocTadaHHs OCHTOHITOBHMX TIJIMH, HaNpHKiIaz, B KpaiHax €C. BaxiauBo 3a3Ha4MTH, L0
CHUTYaIlisl TOCTIIHO 3MIHIOETHCSI, TOMY BaXKJIMBO OHOBJIIOBATH 1H()OPMAILIIIO PO TPYIHOILI Ta PUUKH,
MOB'sI3aHi 3 IMITOPTOM OEHTOHITOBHX TJIMH.

VY mpoueci pesiTamizamii JOTICTUYHHUX JIAHOK MIiANPHUEMCTB TIPHHYO-METAITYPTiHHOTO
KOMIUIEKCY YKpaiHU BaXJIMBUM € BpaxyBaHHS TAKOTO iHHOBAI[IHHOTO YMHHHKA, K TEXHOJOTIUHI
JNOCATHEHHS, Taki sk 3D-Bi3zyaumizamis, OJok4eiitH, OE3MiIOTHI JiTadbHI amapaT, O€3MUIOTHUH i
eJIEKTPUYHMIA TpaHcropT 1 3D-apyK, BU3HAHI BaXKIIUBUME TPEHIaMU B ceKTopi Jorictuku (Karpenko,
2017), sixi MarOTh IOTEHITIaJ [Tl ONTUMI3allii MeTOo1iB 30epiraHHs Ta JOCTaBKU BaHTAXKIB.

JlorictuuHa iH(ppacTpykTypa B VYKpaiHi IUHAMiYHO pO3BHBAETHCS 3 KOHIEHTPAII€IO
noricTuyHuX 1eHTpiB (Kozlova, 2022) y KIIOYOBUX PETiOHAX; OJHAK POCIHCHKO-yKpaiHChKa BiifHa
3aBJajia 3HAYHOI IIKOJU JIOTICTUYHIM HEPYXOMOCTI, III0 3yMOBIIIO€ HEOOX1THICTh CTBOPEHHSI HOBUX
perioHaJbHUX JIOTICTUYHUX IEHTPIB. Y JOTICTUYHIN cucTeMi YKpaiHU CIIOCTEpIraeThCst 3pyLICHHS B
01K 301TBIIIEHHS] aBTOMOOUIBHOTO TPAHCIIOPTY Ta 3MEHIIIEHHS 3aTI3HUYHOTO TpaHcnopry (Grygorak,
2017), npuyomMy e(pEeKTHUBHICTb YIPaBIIiHHS JIOTICTUKOIO Ma€ BUpILIAIbHE 3HAYCHHS JJIs aJanTanii
70 3MiH y TOPTOBEJIbHUX BiJIHOCHHAX 1 TaKUX BUKJIHKIB, Kk maxaeMis Covid-19 ta pociiiceko-
yKpaiHChKa BiifHa.

€ oueBHIHUM, L0 CTPYKTYpa Ta TEHACHII YKPAaTHCHKOTO PUHKY JIOTICTHKH TOCIIIKYIOThCS
U1 HAYKOBOT'O PO3YMiHHS Ta MPUUHATTS IHBECTULIIHHUX PIIIeHb, 3 aKIIEHTOM Ha MICTKICTh PHHKY Ta
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TeHACHIII po3BUTKY (Yevtushenko, 2023). OCKiNbKM JIOTICTUYHHM TOTEHIIAN YKpaiHH
BUKOPUCTOBYETHCS HEAOCTATHRO, BUTPATHU HA JIOTICTUKY B HAIlIOHATHHOMY BaJIOBOMY BHYTPIIIIHHOMY
NPOAYKTI € BUIIMMHU, HIK y €BPONEHCHKHX KpaiHax, IO BKa3y€ HAa MOXJIMBOCTI JJISi 3pOCTAHHS
JOTiCTUYHOTO ayTcopcunry (Kalyuzhna, 2022) Ta pO3BUTKY PUHKY.

TpaHCOPTHO-JIOTICTUYHA MIATPUMKA YKPAiHCHKUX TMPOMUCIOBUX MIANPHEMCTB  Mae
BUpIIIAIIbHE 3HAYEHHS JJIs1 CBOEYACHOT'0 Ta HEMOUIKOKEHOT'0 BiIBAHTAXKEHHS POIYKIIIT 3 aKIIEHTOM
Ha MOKPAIEHH] SKOCTI TPAHCIIOPTHHUX MOCIYT Ta iHTerpauii cydyacHUX iH(OpMAIIfHUX CHCTEM IS
KpaIoro yrnpasiHHS MaTepiaJbHUMHU MOTOKAMHU Ta TPAHCIIOPTHUMH IporiecaMu. CeKTOp JOTiCTUKU
B YKpaiHi 3HaXOJUTHCS Ha PO3IOPINOKI, KOJIH TEXHOJIOT1UHI IHHOBALlIi MPOTOHYIOTh MOKIMBOCTI JJIs1
IpoTpecy, a FeOnoJITHYHI BUKIMKH Ta AeiUUT iHPPaCTPYKTypH CTBOPIOIOTH 3HAUHI MEPEIIKOIM.
JlOCHiDKeHHS MIKPECTIOE HEOOXIHICTh CTPATEriyHOr0 PO3BUTKY, MOKpAIEHHS YMpaBIiHHS Ta
1HBeCTHULIH B iHQPACTPYKTypy IJIs MiABUILICHHS €(EKTUBHOCTI JIOTICTUYHOI CUCTEMH Ta iHTerparii B
rno0anbHi JIAHIIOTM TOCTaBOK. 3alpoBaj/PKEHHS HOBUX TEXHOJOTIM 1 CTBOPEHHS MOTY>XKHHUX
perioHaJbHUX JIOTICTUYHHX IIEHTPIB € KIIOUOBUMH ISl BiTHOBJICHHS Ta 3pOCTaHHS CEKTOpA.

OTxe, B yMOBax Cy4YacHUX BHKJIHKIB, 3 SKHUMHU CTHKAIOThCS YKpAiHChKI MeTamypriiHi
HiANPUEMCTBA, TEMa peBiTaNi3allii JIOTICTUKM CTae HaJI3BHYaiHO akTyanbHOlO0. Lleil mporec mae
3HAYHUU BIUIMB Ha KOHKYPEHTOCHPOMOXKHICTB Taly3i Ta ii CTIMKICTh O 30BHIIIHIX (haKTOpIB.

OCHOBHI BUKJIMKH:

* 30poiiHa arpecis Pocii ICTOTHO ycCKJIagHMIa JIOTICTHYHI JIAHIIOXKKH JJIs1 YKpaiHChKHX
MeTanypriB. bBiIokyBaHHS MOPCBHKHMX TIOPTiB, PYHHYBaHHS i1H(PACTPYKTYpH Ta 3aJli3HUYHOTO
CTOJIY4EHHS 3MYCWIH HiANPHEMCTBA IIIYKATH albTepHATUBHI MapUIPYTH JJISl €KCIIOPTY MPOAYKLIIi;

* 3pOCTaHHS IIH Ha MaJbHE, a TaKOX HA TPAHCIOPTHI IMOCIYTH ICTOTHO MOJOPOXKYAIO
JIOTICTHKY;

* 3MiHa TOMUTY Ha METATypriiiHy NpPOAYKIIO Ta I[IHOBI KOJWUBAaHHS Ha CBITOBOMY PHHKY
noTpeOyI0Th THYYKOI JIOTICTUKY [Tl a[janTarii 10 HOBUX YMOB.

Cepen OCHOBHUX HamlpsIMiB peBiTaii3allii JOriCTUKA BOAYaEMO HACTYIIHI:

1. luBepcudikartist MapmpyTiB:

* epexiJ] Ha aJbTepHATHBHI MAapIIPYTH €KCHOPTY, Taki K 3aJi3HUYHI Ta aBTOMOOUIbHI
nepeBe3eHHs uepes kpainu €C;

* PO3BUTOK MYJbTHMO/IAJIBHUX IIEPEBE3CHb 3 BUKOPUCTAHHAM JEKUIBKOX BUIIB TPAHCIIOPTY;

* BUKOPHUCTaHHS MOpTiB JlyHaliCbKOTO periony.

2. OnTuMi3alis JaHIIOTiB MOCTaYaHHS:

* BIPOBAKCHHS LIU(PPOBUX TEXHOJIOT1H IS BIACTEKEHHS Ta MOHITOPUHTY BaHTaXIB;

* AaBTOMATHU3AIlIsI CKJIAJICHKUX OTEpaIliif;

* CIiBIpal 3 JOTICTUYHUMU ONIEPAaTOPaMH ISl ONITUMI3allil MapiIpyTiB Ta BUTPAT.

3. [linButienas eeKTUBHOCTI:

* BIIPOBAKCHHS CUCTEM lean-MeHEePKMEHTY ISl ONTHMI3allii JIOTICTHYHUX MTPOLIECIB;

* 3HIDKEHHS CKJIAQJICHKHX 3aIaciB;

* PO3BUTOK BJIACHOI TPAHCIIOPTHOI IHPPACTPYKTYPH.

4. IuBectu1lii B iHHOBALi:

* BIIPOBA/PKCHHSI HOBUX TEXHOJIOTIM, TaKWUX SIK OJIOKYCHH, IS IMiJBHUIIEHHS MPO30POCTi Ta
OC3MEeKH JIOTICTUKH;

* BUKOPUCTAHHS MITYYHOTO 1HTEJIEKTY [yl MPOTHO3YBAHHSI IIOMUTY Ta ONTHUMI3allli MapIIpyTiB;

* PO3BUTOK JIOCIIJKEHb Ta PO3pO0OK B c(hepi JOTICTUKH.

OTxe, cepen mepeBar peBiTanizanii JOriCTUKA MOXHA BUIUTNTH HACTYITHI:

* 3HIDKEHHSI JIOTICTUYHHUX BUTPAT;

* IiJIBUIIEHHS KOHKYPEHTOCIIPOMOXKHOCTI;

* 301JIBIIEHHS €KCTIOPTHOTO MOTEHITiANY;

* CTIHKICTB /10 30BHILIHIX (paKTOPIB;

* epeKTHBHE BUKOPUCTAHHS PECYPCiB.

3ayBa)kUMO, III0 PEeBITAJII3allis JIOTICTUKY — 1€ HE TIPOCTO TUMYACOBUI 3aXif, a i cTpaTeriyHa
HEOOXIJHICTD JJIS1 YKPaiHCHKUX METalyprifHuX MiANpHEMCTB. BripoBakeHHS HOBUX JIOTICTHYHHUX
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pillieHb JOMOMOJKE raiy3i MOJ0JaTHh CydYacHI BHUKJIMKHM Ta CTaTH OUIBII CTIMKOIO 10 MaiOyTHIX
MOTPSICIHb.

Cain mam’siTaTy, 10 MPOoOJIeMH, MOB'sI3aH1 3 TPAHCIIOPTHO-JIOTICTUYHOIO CUCTEMOIO B YKpaiHi,
BIUIMBAIOTh Ha €(PEKTUBHICTh BHYTPILIHBOI Ta MiXKHapoIHOI TopriBii (Kovalyk, 2020). Baxmusoro €
po3poOKka Ta BIPOBAKCHHS CTpaTeridi, CIPsIMOBAaHUX Ha TMOKpalleHHS 1H(pacTpyKTypu Ta
BUKOPUCTAHHS CY4aCHUX TEXHOJIOTIH y JOTICTUYHMX mporecax. Hukue mogaHo Kijibka MOKIMBUX
3ax0JIiB JUIsl BUPILICHHS [UX TPOOIeM:

1. Po3BuTOoK iH(pacTpyKTypH, 110 BKJIIOYaE B ceOe OyAIBHHLITBO Ta MOJEPHI3alil0 JIOPIT,
3aJIi3HUIb, MOPTIB, a€PONOPTIB Ta IHIIMX TpaHCTIOPTHUX 00'ekTiB. [lokpamienHs iHpacTpykTypu
J03BOJIUTH 3MEHILIUTH Yac Ta BUTPATU Ha TPAHCIIOPTYBAHHS TOBApIB.

2. Buxopucranus iH(pOpMaIifHUX TEXHOJOTIH, a/pke BaXKJIUBO CTUMYJIOBAaTH YKpaiHCHKI
MIPOMHUCIIOBI I ITPUEMCTBA BUKOPHCTOBYBATH iH(pOpMaiiiHi cucremu, Taki sk SRM, ERP (enterprise
resource planning) Tomo. Ile nomomoxke 30UMBIINTH €()EKTUBHICTH YHPABIIHHA JOTICTUYHUMHU
npolecaMu, ONTUMI3yBaTH 3arlac Ta 3HU3UTH BUTPATH.

3. HaBuaHHs Ta miATpUMKa BEJIMKUX MMPOMHUCIOBHX IiIMIPUEMCTB: JiepKaBHA BiIaja MOBUHHA
3a0e3MeunTH HaBYalIbHI Ta KOHCYJbTALIWHI MpOrpamMH JIJsl YIPaBIIHIIB Ta iX MPAIiBHUKIB 100
BUKOPUCTAHHS CyYaCHUX TEXHOJIOTIH.

V miif cuTyanii HaaA3BUYAHO 3HAYYIIOI0 € pOo3poOKa 1 BIPOBAKEHHS CTPATEr1YHOIO IUIaHY
PO3BHUTKY JIOTICTUKM Ma€ BKJIIOYATH I[IUPOKUH CIEKTp 3axoJiB, TAaKUX K HOJIMIICHHS
1HPPACTPYKTYpH, CIPUSHHS IHHOBALISM Y TaTy31 TEXHOJIOT1H Ta yIpaBIiHHS, BUPIIICHHS MPOOJIEM 3
JETICIATUBHUMH HOPMaMH, @ TaKOXX PO3BUTOK KaJpPOBOTO MoTeHIiany. TibKU 3 BBEACHHSAM LUX
3ax0/[iB MOKHA 3a0€3MEUUTH CTIMKUI PO3BUTOK TPAHCIIOPTHO-JIOTICTUYHOTO CEKTOPY B YKpaiHi.

Buninumo aexinbka BaXIUBUX acnekTiB (Vykliuk., 2023), mo noBrHHI OyTH B OCHOBI MiTXOIB
Jep>KaBHOT MOJIITUKHU 7151 CTUMYJIIOBAHHSI IHBECTHIIN y TPAaHCHOPTHO-JIOTICTUYHY Taly3b B YKpaiHi:

1. CTBOpeHHsSI CHpPUSATIMBOTO iHBeCTHIIHHOro kiimaty. Lle Bkirouae B cebe 3axomm 3i
CTPOILICHHS aJMIHICTPaTUBHHUX TPOLEAYp, 3HIDKEHHS OIOpOKpaTH4YHHUX Oap'epiB, 3abe3nedeHHs
po30pocTi Ta CTaOIIBHOCTI ympaBiiHHA. Taki 3axoau 3allyyaloTh NPHUBATHUX IHBECTOPIB Ta
CTBOPIOIOTH YMOBH JJIS IXHBOT'O YCITiXY.

2. ®opMyBaHHA 3aKOHOJABYMX IEpPEeIyMOB JUId KOHLECIHHMX noroBopiB. KoHueciini
JIOTOBOPU MOXYTh OyTH €(EKTUBHHM IHCTPYMEHTOM JJisi NPUBAOJICHHS 1HBECTUIH y PO3BUTOK
TpaHCHOPTHOI iH(pacTpykTypu. BoHU 103BOJSAIOTH MPUBATHUM 1HBECTOpPAM OTPHUMYBATH IIpaBa Ha
eKCIUTyaTallilo Ta PO3BUTOK iH(YPACTPYKTYypH HA MEBHHUM TEPMiH, 1[0 CTBOPIOE CTUMYJ AJISl IXHHOTO
1HBECTYBaHHS.

3. IIpocyBaHHs IPOEKTIB criibHOTO iHTepecy it €C ta YKpainu. Y4acTs y mporpamax, Takux
sk Neighborhood Investment Facility (NIF) ta Connecting Europe Facilities (CEF), Mmoxxe Hagatu
VYkpaiHi foctyn 10 ¢iHaHCYBaHHS JJIS1 PO3BUTKY TPAHCHOPTHOI iHPPACTPYKTYPH Ta IMiABUIICHHS ii
CYMICHOCTI 3 €BpONIEHCHKUMH CTaHAAPTAMHU.

4. BropoBa/pKEeHHS CHUCTEM YIpPaBIiHHSA O€3MEKOI0 TPAHCHOPTY 3a €BPOINEHCHKUMHU
crangaptami. Lle ronomorke He JuIe MiJBUIINTH Oe3MeKy Ha JOPOrax Ta iHIIMX BUIIB TPAHCIIOPTY,
ajie ¥ CTBOPUTH CHPUSATIMBUN KIIMAT Uil 1HBECTHIM, OCKUIBKM IHBECTOPH 3a3BHYall IIYKaIOTh
Oe3reyHe cepeioBUIIE AJISt CBOiX MPOEKTIB.

3arayibHUI MiAXiJ MOJIATa€ y TO€AHAaHHI pedopM B 3aKOHOJABCTBI, CTBOPEHHI YMOB JUIS
MPUBATHHUX 1HBECTUIIIN, 3a]Ty4eHH] IO MporpaM Mi>KHAPOIHOT CIIBIIpalli Ta MiABUIIEHHI CTAaHIAPTIB
ympasiiHHs Ta 6e3nexu. Li 3axo1u MaroTh MOTEHIIia] CTBOPUTH CIPUSATIMBI YMOBH JUIS peBiTaizamii
TPAHCHOPTHO-JIOTICTUYHOI Taly3i B YKpaiHi.

KoHKpeTHUM TPpUKIaZOM MOXJIMBOI peBiTamizalmii JOTICTUYHUX JIAHOK BITYU3HAHUX
MIPOMHCIIOBUX MIANPUEMCTB MOKE OyTH IIepeXiJl Ha BAKOPUCTAHHS YKPAaiHCHKUX OCHTOHITOBHX IJIMH
B MeTanypridHux mnporecax. Ha cporoani, miampuemcTBa ykpaincekoro I'MK B Oinbmiiii mipi
3aKyMOBYIOTh OCHTOHITOBI TJIMHM TPEUBKOrO0 Ta IHAIMCHKOTO TOXO/DKCHHS, IO B YMOBAaX,
MIPOaHaJI30BaHUX BUILE, BUMArae CyTTEBUX JI0IaTKOBUX BUTPAT Ha JIOTICTHKY. B Toil sxe yac, mepexin
Ha BUKOPHCTAHHS BITYU3HSIHOI CUPOBHHU HE TIJILKHU JI03BOJIUTH CKOPOTHTH JIOTICTUYHI BUTPATH, ajie
1 JacTb BIAMOBIOHMNA IMIyJbC A PO3BUTKY CYMDKHHUX ramy3edl B wmertamyprii. KoHkperHi
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PO3paxyHKH MOTEHIIAIBHOTO €KOHOMIYHOTO e(heKTy IIaHYEThCS HABECTH B JPYTil YAaCTHHI I[LOTO
JIOCIIKEHHS.

Bucnosku (Conclusions)

OTxe, MiIBUIICHHS SKOCTI TPAHCIOPTHHX MOCIYr B YKpaiHi, peBiTamizamis JOTiCTHYHOI
CHCTEMH B IIUJIOMY € KPUTUYHMM acCHEeKTOM Il MOKPAIIEHHS KOHKYPEHTOCIIPOMOXKHOCTI
HiANPUEMCTB TIPHUYO-METAITYPriifHOTO KOMIUIEKCY YKpaiHU Ha MibKHapoaHoMmy puHKY. Lle moxe
BKJIIOYATH HE JIUILE TIOKpAIEeHHs CTaHy iHQPacTPyKTYpH, a i BIPOBAKEHHS CyYaCHUX TEXHOJIOTIN
Ta CTaHAAPTIB YIPABIIHHS.

[TigBHUIIEHHS] OCBIYEHOCTI MiIPUEMIIIB 11010 IHPOPMALIHHIX CUCTEM, TakuX Ik SRM, Moxe
JOMIOMOTTH 1M Kpallle po3yMiTH MEepeBaru BUKOPUCTAHHS IMX TEXHOJOTIH JUIs IXHBOI MiSUTBHOCTI.
3abe3mnedeHHs JOCTYIY 10 HABUAIBHUX PECYPCIB Ta KOHCYJIbTAIllN 3 eKCIIepTaMHt Y Lii 0071acTi MOXe
CTUMYJIIOBATH ITiIIPUEMIIIB BIIPOBAHKYBATH HOBI MiIXO/IM Ta TEXHOJIOTIT Y CBOIO POOOTY.

JlocmipKeHHs 1 BUBYCHHS KpaIIMX MPAaKTUK 1HIIMX KpaiH y raily3i TpaHCIIOPTHO-JIOTICTUYHUX
CHCTEM MOX€ HaJaTH LIHHUHA JOCBiJ Ta 111el A BAOCKOHAJCHHS BITYM3HIHMUX cHCTeM. BaxinBo
TaKOX CTBOPUTH CTUMYJIH JJIsl IHBECTULIIN y PO3BUTOK Ta MOJIEPHI3ALIiI0 TPAHCTIOPTHO-JIOTICTUYHOT
iHppacTpykTyp  YKpaiHM 3 MeTOl0  3a0e3meueHHs ii  BHUCOKOI  €(EeKTHBHOCTI  Ta
KOHKYPEHTOCTIPOMO>KHOCTI.

[IpucyTHICTh CTpATEriyHOIO IUIAHY peBiTani3amii JOTiCTUYHUX JAHOK IiIIPUEMCTB TipHUYO-
METaNypriiHOro KOMIUIEKCY YKpaiHM Ha JepKaBHOMY PiBHI € Jyke BaXJIUBUM. HasgBHICTH 4iTKOi
cTpaTerii pO3BUTKY JIOTICTHKHM JOTOMara€ y MpOTHO3yBaHHI Ta ajanTauii 1o 3MiH y cdepi
TPAHCHOPTY Ta JIOTiCTUKU. be3 Takoi cTpaTerii kpaiHa MOXe BTPAaTUTH MOXKIIMBOCTI 17151 €()eKTUBHOTO
BUKOPUCTAHHS PECYPCiB Ta MPOCYBAaHHS BIEpPE] y KOHKYPEHTHOMY CBITI.
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AHoTanigs. Y mudpoBy enoxy TexXHIYHA IH)KEHepis BaxiauBa Juia Bukopuctanus I Ta
KPUITOBAJIIOTH B ONTHUMI3allii MOJATKOBUX CUCTEM 1 MiJBUILEHHI ehekTuBHOCTI iHTex-0i3Hecy. LI
J0TIOMarae aBTOMATU3yBaTH IPOLECH OMOJATKYBAaHHS, 3HW)KYIOUM BHTpPATH W MiJBUILYIOYU
e(peKTHBHICTh TOAATKOBUX OpraHiB. KpHUIITOBAIIOTH BiJKPHBAIOTH MOMJIMBOCTI ONTUMI3aIlil
MOJJATKOBUX CUCTEM, 3a0e3Medylour Mpo30picTh 1 ePeKTHBHICTh (iHAHCOBHX TpaH3akmiil. IIpote
UG POBi3allis CTUKAETHCS 3 BUKIIMKAMU: 3HaYHI BUTPATH Ha MOJIEPHI3aIlil0 CUCTEM a/IMIHICTPYBaHHS
MOJATKIB 1 PU3UK BUTOKY KOH(IASHIIHHNX AaHuX MaTHUKIB. 111 Moske paiioHanmizyBaTu MpoOLECH,
3MEHIIUTH IOMUJIKH 1 MiIBUIIIUTH AOTPUMaHHs BUMOT B onojaTkyBanHi. Anropurmu LI ananizyors
BEJIMKI 1aH1, BUSBIISIIOTH 3aKOHOMIPHOCTI Ta TOTEHIIMHE YXWJICHHS BiJ CIIJIaTH, 320€31eUy0un TOUHY
OLIIHKY MOJAaTKiB 1 Kpamui 30ip noxoxiB. Yar-6otu nHa ©Oasi Il HamaioTe nepcoHasizoBaHy
NIATPUMKY TUTaTHUKaM. KpuUNTOBamOTH MPOMOHYIOTH MPO30puil croci® (iHaHCOBUX oOmeparlii,
3a0e3neuyround HEe3MiHHI 3alMcu TpaH3akKUiid 3aBAsIKM OJOKUYEHHY, IO CIpHs€ 3BITHOCTI M
JOTPUMAHHIO BUMOT. BITpOBaPKEHHSI X TEXHOJIOTIH Y OJAaTKOBUX CUCTEMAax BHUMarae iHBECTHLIN
B iH(QPACTPYKTYypy, IporpaMHe 3abe3reyeH s Ta HaBYaHHA NepcoHaty. IlogaTkoBi opraHu MaroTh
MOJIEpHI3yBaTH cucTeMH i iHTerpyBatu pimenHs LI Ta OnokueiiHy. 3aHETIOKOEHHS 3 MPHBOIY
KOH(}1IEHIIIITHOCT] 1aHuX 1 KibepOe3nekn CTBOPIOIOTh BUKIMKU B 3aXHUCTi 1H(OpMALii MIaTHUKIB.
1100 moM'SIKIIUTH 11i BUKIIUKH, HEOOX1/1H1 3aX0/1 KibepOesneku, CyBopi MPOTOKOJIN 3aXUCTy TaHUX
Ta peTelbHE HABYAHHS TPAIliBHUKIB, SKi MaOTh JJOCTYN [0 KOH(IACHIIMHUX BIJOMOCTEH.
HeszBaxaroun Ha TpyaHoui, interpais 111 Ta KpunToBagtoT MOXKE 3HAYHO IMiIBUIIUTH IPO30PICTh,
e(EeKTHBHICTD 1 CIIpaBeUIMBICTh OMOJIATKyBaHHA B HAHOMIMKIOMY Maif0yTHROMY 1 CTaTH KITFOYEM 10
MOJIEpHi3allii HOJAaTKOBUX CUCTEM yChOTO CBITY.

Kiro4oBi cjioBa: TexHiYHA iH)KEHepis, IITYYHUH IHTENIEKT, KPUNTOBAIIOTA, (DIHTEX, OMTUMI3ALlis
MOJJATKOBUX CUCTEM, (iHaHCOBA €(PEeKTUBHICTH, LU POBI3aLLis.

Beryn (Introduction)
VY cydacHOMy m)pOBOMY CBITI, JIe TEXHOJIOT1i HEBIIMHHO PO3BUBAIOTHCS, TEXHIUHA 1HXKEHEPIs

BiJlirpa€e BaXXJIMBY POJIb Y BUKOPHUCTaHHI IITYYHOTO IHTENEKTY Ta KPUOTOBAIIOT JJIS OMTHUMIi3awii
MOJJATKOBUX CHUCTEM 1 CHpusi€e MoJinimeHHio (inancoBoi edexkruBHOCTI (PiHTex-0i3HECY. Lndposi
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iHHOBAIi1 TpaHC(HOPMYIOTH (PiIHAHCOBHUIT CEKTOP, BIIKPUBAIOUU HOBI MOKIIMBOCTI Ta (pOpMyrOUr HOBI
BUKJIMKH.

HITy4yHnii iHTEIEKT € MOTYKHUM 1HCTPYMEHTOM JUIsI aBTOMaTH3allii Gi3HeC-IpoIeciB, 30KpeMa
y cdepi onomaTKyBaHHsA. BHUKOpHCTaHHS alropUTMIB MAIIMHHOTO HABYaHHS Ta aHAJ3y BEIHKHX
JaHUX JTO3BOJISIE TMABUINUTH €(PEKTUBHICTH MMOJAATKOBOTO aIMIHICTPYBaHHS, 3MEHIIIUTHA BUTPATH Ha
00poOKy iH(popMarlii Ta BUSBUTH NOTEHIIHHI BUMAAKH 1axpaiicrsa. Kpim Toro, mTy4Huid iHTEIEKT
MO>KE JIOTIOMOTTH Yy TIPOTHO3YBaHHI MOAATKOBUX TEHAEHIH, 0 CHPUATHME KpaIIOMy IUIaHyBaHHIO
Ta po3poOLli CTpaTeriii y ramy3i ornoiaTKyBaHHS.

[Mopsim 13 IUTYYHUM IHTENEKTOM, KPHUITOBAIIOTH BiJAKPUBAIOTH HOBI TOPHU3OHTH JUIA
(biHaHCOBUX TEXHOJOTIH. [lenieHTpati3oBaHa Npupoia KpUITOBAMIOT 3a0e3nedye OUIbITY PO30PicTh
Ta e(eKTUBHICTh (hiIHAHCOBUX OIEpalliii, 103BOJISIOYH TPOBOAUTH TpaH3aKIii O0e3 mocepeHuUKiB. Lle
CTBOPIOE HOB1 MOKJIMBOCTI JJISl ONITUMI3ALlil MOAATKOBUX CUCTEM, 3MEHIIYIOUN PU3MKH IIaXpaicTBa
Ta CIIPOULYIOYH MPOLECH CIUIATH MOIATKIB.

Opnak 1mudpoBizallis TakoX Hece 3 OO0 BUKIMKH, TaKi SK 3Ha4HI OIOJKETHI BUTPATH Ha
MOJICPHI3aLlil0 CUCTEM aJIMIHICTPYBaHHS MOJATKIB Ta PU3MKH BUTOKY KOH(iAEHIIIHOIT iHpopmarii
Ipo IUIATHHUKIB mojatkiB. Tomy BaxiIuMBO po3poOuTH e(EeKTHBHI cTparerii Ta MeXaHi3MH, sKi
J03BOJIATh MaKCHMaJbHO BHKOPHCTATH IMEPEBAarv TEXHOJOTiH, OJHOYACHO MIHIMI3yIOUHM MOXIIUBI
PHU3UKH Ta 3a0e31euyiouu 0e3neKy JaHHX.

VY 11bOMy KOHTEKCTI TeXHIUHA 1H)XXEHEpis BiAIrpae KIIOUOBY pOJb, OCKUIBKH CaMe 1HXEHEpH
BIJNIOBIAIOTh 3a pO3pOOKY Ta BIPOBAPKEHHS HU(POBUX pIlIeHb, SKI MOEAHYIOTh IITYYHHUN
IHTENIeKT, KPUITOBAIIOTH Ta IHII I1HHOBAIIWHI TEXHOJOTII. IxHst pobota € HEOOXITHOI IS
CTBOPEHHS HalIHHUX, O€3MEeYHNX Ta €()EKTUBHUX CUCTEM, 3[aTHUX 3aJI0BOJIBHUTH MOTpedH (iHTeX-
0i3Hecy Ta MOJaTKOBUX OpPTaHiB.

Takum 4MHOM, TOCTIKEHHS POJIi TEXHIUHOT 1H)KEHepii, IITYYHOTO IHTEJIEKTY Ta KPUITOBAIIOT
B ONTHMI3allii MOJATKOBUX CHCTEM 1 MOJIMIIeHHI (iHaHCOBOi e(eKTHBHOCTI (iHTeX-0i3Hecy €
aKTyaJbHUM Ta B@XJMBHM JUII PO3YMIHHS MalOyTHIX TeHACHLINH IuQpoBoi TpaHchopmarii y
¢binaHcoBOMY ceKTopi Ta chepi OmoAaTKyBaHHS.

Marepiaan Ta metoan (Materials and Methods)

Jnist ipoBeieHHsI JOCIKeHHs Oy BUKOPUCTAaHI TakKi MaTepiaiu:

- HAyKOBi CTaTTi Ta myOmikamii y ramy3i (iHAHCOBUX TEXHOJOTiH, HU(ppOBOi iHXKEHepii,
IITYYHOTO 1HTEJIEKTY, KPHUIITOBAIIOT Ta OMOAATKyBaHHs. Lle 103BOIMIIO MPOBECTH IPYHTOBHUM OTJISIT
ICHYIOYOI JIiTepaTypH Ta BUSBUTH OCTaHHI TEHACHLIT y JOCHIKyBaHiil chepi.

- 3BITH Ta AOCIIXKEHHS IPOBITHUX KOHCAITUHIOBUX KOMMaHil, Takux sk McKinsey, Gartner,
IDC rta inmmx. Lli marepianu 3abe3neumsnn AOCTYH 10 aKTyaJbHOI CTaTUCTHKH, HMPOTHO3IB Ta
eKCIEePTHHUX OLIHOK LI0J0 BIUIMBY HHU(POBUX TEXHOJIOTIH HA Pi3HI rayry3i eKOHOMIKH.

- naHi 3 odiliiiHuX BeOpecypciB AepKaBHUX OPraHiB, BKJIIOYAIOYM TOAATKOBI CIyXOU Ta
perynstopu ¢inaHcoBoro cextopy. Lli gaHi 103BOIMIN OLIHUTH OTOYHHM CTaH Ta BUKIMKH y cepi
OIOJIaTKyBaHHSA Ta (piHTEX-013HECY.

- iHpopmanis 3 BeOCaWTIB Ta 3BITIB (DIHTEX-KOMIaHiM, fKi BIPOBA/PKYIOTh I1HHOBALIWHI
pilleHHS HAa OCHOBI IITyYHOTO IHTEJIEKTYy Ta KPUNTOBAIOT. lle momomorio mpoaHalizyBaTH
MPAaKTUYHI MPHUKIIAAA 3aCTOCYBAHHS [IUX TEXHOJOT1H.

[Tpu npoBeeHH1 TOCTiIKEHHSI BUKOPUCTOBYBAJIUCS PI3HOMAHITHI METOU:

- CHCTEMHHH aHalli3 - JJIs1 BUBUCHHS B3a€MO3B'S3KIB MK TEXHIYHOIO 1H)KEHEPIEI0, ITYYHUM
IHTEJIeKTOM, KPUIITOBAIIOTAMH Ta iX BIUIMBOM Ha IMOJATKOBI CUCTEMH Ta (iHAHCOBY €(PEKTHBHICTh
¢inTex-0izHecy.

- IOPIBHSUIBHUM aHalli3 - JUIS MOPIBHSHHS PI3HUX MIAXOIB 10 BUKOPHUCTaHHA IU(PPOBUX
TEXHOJIOTiH y cepi OMoIaTKyBaHHS Ta BUSABJICHHS iX IE€peBar i HEAOMIKIB.

- KUTbKICHMI aHali3 - JUisi 0OpOOKHM CTAaTHCTUYHHMX JaHUX, MOB'SI3aHUX 3 BIIPOBAKCHHIM
IITYYHOTO IHTEJIEKTY, KPUIITOBAIIOT Ta 1HIINX IHHOBALIN y Taiy3i (piHaHCIB Ta OMOIATKyBaHHS.
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- METO/IM MOJICNIOBAaHHS Ta MPOTHO3YBaHHA - Ui OLIHKM MalOyTHBOTO BIUIUBY IU(PPOBUX
TEXHOJIOT1 Ha MOAATKOBI cucTeMu Ta (piHTEeX-013HEC.

- eKCHEpTHI OI[HKH - A7 OTPUMaHHS JYMOK (axiBIIB Ta MPAaKTHUKIB y cdepi (iHAHCOBUX
TEXHOJIOT1H, IN(POBOI IHXKEHEPIT Ta OMOIATKYBAHHSI.

KoMmb6inariss pi3HOMaHITHMX MaTepialliB Ta METOMIB JO03BOJWIA TPOBECTH TIPYHTOBHE
JOCIIJKEHHS Ta OTPUMATH BCeOlYHE PO3YMIHHS pOJIi TEXHIYHOI iH)KeHepii, IITyYHOrO IHTEJIEKTY Ta
KPUNTOBAIIOT B ONTUMI3AIi] MOJATKOBUX CUCTEM 1 MOJIMIIEHHI (piHAHCOBOI €PEeKTUBHOCTI (iHTEX-
Oi3HecCy.

PesyabTaTn (Results)

B enoxy uudposizaiii, posib TeXHIYHOI iHXEHEpii B ONTUMI3allii MOJATKOBUX CHUCTEM Ta
noJiinmeHHi ¢GpiHaHcoBOi eheKTUBHOCTI (hiHTeX-0i3HECY CTa€ MPEeAMETOM aKTHBHOTO OOTOBOPEHHS
cepel HAyKOBIIIB, 1HXEHEpIB, €KOHOMICTIB Ta NPEICTaBHHUKIB Oi3HEC-CIUIBHOT HAa HAyKOBO-
NPaKTUIHUX KOH(pEPEeHIisAX, B 3aco0ax MacoBoi iH(opMarlii To1o.

[HCTpyMEHTH BUKOPUCTAHHS IITYYHOT'O 1HTEJIEKTY Ta KPUITOBAIIOTH B C(epi OMOJATKyBaHHS
JI03BOJISIIOTh aBTOMATU3yBaTH OaraTo MpOIEciB, MOB’A3aHUX 3 0OPOOKOIO MOJATKOBOI iH(popMaii,
II0 CIpUsi€ 3MEHIIIEHHIO KIJTbKOCTI TOMMJIOK Ta 3aTpaT yacy Ha aHaui3 1iei inpopmarii. (An Empirical
Study of User Adoption of Cryptocurrency Using Blockchain Technology: Analysing Role of Success
Factors like Technology Awareness and Financial Literacy, 2022).

Amnani3 myOmikarii, moB'si3aHuX 3 KpunrtoBamoTamu B mepiox 2015-2021 pokiB (puc.l),
CBIIYUTH PO 3POCTAIOUHH iHTEpeC 10 IUPPOBHUX BATIOT Y (piHaHCOBUX TexHOJOTrisX. Lle € HacmiakoM
MOCTIHHOTO PO3BUTKY LBOTO CETMEHTY PUHKY Ta MOIIYK HOBUX MOKJIMBOCTEH JJISi BIPOBAKCHHS
KPHUITOBAIIOT Yy Pi3Hi chepr eKOHOMIKHU Ta Oi3Hecy.

25,000
20,000

15,000

LJJJ“J

2015 2016 2017 2018 2019 2020 2021

m altcoins M cryptocurrencies bitcoin

Pucynoxk 1. [TyGnikanii, moB'sa3ani 3 KpunroBaitoramu B nepiog 2015- 2021 pokis
Jlxepeno: Applying Artificial Intelligence in Cryptocurrency Markets: A Survey

CyuacHi TeXHOJIOT1i, TaKi sIk cMapTHOHU, MOOUIBHUH IHTEpPHET, CollialbHi MEPEXi, JO3BOJISIOTH
30MpaTH Ta aHai3yBaTH BEJIMKI OOCATH [aHHWX, L0 BUKOPUCTOBYIOTHCS [UIS CKOPUHTY Ta
NPONOHYBAHHS TIEPCOHANI30BAaHUX TMOCIYr abo NpOAYKTIB mnoTeHuiHuM kmieHtam (Digital
engineering, 2022).

[lItydHuii iHTENEKT Ta 4YaT-00TH CTBOPIOIOTH MOXKIUBOCTI JUIsl aBTOMaTH3allii 0araThox
(iHAHCOBUX MOCIYT, BKJIIOYAIOUM BUSBIICHHS Ta MONEPEIKEHHs IIaxpaiicTBa. Bukopuctanus mux
IHCTPYMEHTIB B aIMiHICTPpYBaHHI IOATKIB CIIPHsI€ aBTOMATH3AIIi1 IIbOTO ITPOLIECY, 1110, B CBOIO YEPTY,
3abe3neuye MiABUIIEHHS (ickambHOI e(EeKTUBHOCTI CHCTEMH aIMIHICTPYBaHHS IUIATEXKIB
MOJIaTKOBOTO Xapaktepy (Machine Learning (ML) and Artificial Intelligence (Al) services, 2022).
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JlocmipkeHHs 3aranbHoi Kiacudikamii KOHIENIIH MTYYHOTO IHTENEKTy Ta iX MiAKaTeropii
(puc.2), akTyanizye BaXJIMBICTh PO3yMiHHS PI3HOMAHITHOCTI MiJXO/1B 10 BUKOPUCTAHHS ILITYYHOTO
IHTETIEKTY B Cy4aCHUX TEXHOJIOTIYHUX PIIICHHSIX.

Artificial Intelligence

Neural Networks

Deep Learning

Deep Reinforcement
Learning

Pucynoxk 2. 3aranpHa ki1acugikaris KOHLIENIIH ITy4YHOro IHTENIEKTY Ta iX MiJKaTeropin
Jlxepeno: Applying Artificial Intelligence in Cryptocurrency Markets: A Survey

PazoMm i3 HOBMMH MOJIMBOCTSMH, 110 BUHHMKAIOTh B PE3yJbTaTi 3aCTOCYBAaHHS OCSATHEHb
TEXHIYHOI 1HKeHepii, IITYYHOT0 IHTEJIEKTY Ta KPUITOBAIIOTH B IIPOIIECi aIMIHICTPyBaHHS MOJATKIB,
BUHUKAIOTh HOBI BUKIIMKH. L{e BKITIO9ae 3HauH1 OFOKETHI BUAATKH HAa MOJISPHI3AIlI0 Ta peati3allio
NPOEKTIB  JUDKUTATI3AIil CHUCTEeMH aaMIHICTpYBaHHS TIOJATKiB, a TaKOX HMOBIPHICTb
HECAHKIIIOHOBAHOTO BUTOKY KOH(}iAEHIIIHOI iH(pOopMaIlii Mpo MIaTHUKIB NOJATKIB Ta OCOOIUBOCTI
ix rociogapcebkoi aismbHOCTI (Making sense of bitcoin, cryptocurrency and blockchain, 2022).

Takum 4rHOM, HEOOXITHO PO3pOOUTH €(PEeKTHUBHI CTpaTerii Ta MeXaHi3MHU JUIsl ONTHUMI3aLii
MOJIATKOBUX CHCTEM 1 TOMNIMmIeHHss (iHaHCOBOI eQEeKTUBHOCTI (iHTEX-0i3HECY, BPaXOBYIOUH
MO>KJIMB1 BUKJIUKH Ta PU3HKH.

B ocraHHi pokM TexHIYHA IHXKEHEpisd, IITyYHHH IHTENEKT Ta KPHUITOBAIIOTH 3HAYHO
PO3BUHYIHUCS, 0COOJIMBO B enoxy mudposizamii. Och AesKi MPUKIAAN, TOCTIKEHHS Ta HOBUHU B ITUX
raimy3sx:

- Hltyynuii inTenekr y Oi3neci: Lltyunuii inTenekt (Al) cTaB BayKIMBUM 1HCTPYMEHTOM ISt
ornrtuMizarii 6i3Hec-mpoueciB. Hampukman, mocmimkenss, nposeaene B CIIIA, mokazamno, mo Al
MO’KE€ 3HAYHO MOKPAIIUTH €()EeKTUBHICTH Oi3HECY, J03BOJIUTH ONEPATUBHO pearyBaTH Ha IIBUAKO
3MIHIOBaHE 30BHIIIHE cepeoBuiie Ta motpedbu kimieHTiB (What is artificial intelligence in finance?,
2022).

3a manumu IBM Global Al Adoption Index 2022, 35% komnaHiii BUKOPUCTOBYIOTh IITYYHHHA
iaTenekt (L) y 6i3neci, a me 42% DOCTIKYIOTh MOXJIMBOCTI MOTO 3aCTOCYBaHHS. 3a JTaHUMU
aMEpUKAHChKOI KOHCANTUHTOBOI kommaHii Gartner, y 2018 pori rimobanbHa BapTiCTh Oi3HECY,
MOB'S13aHOI 31 IITYYHUM 1HTEJICKTOM, olliHIoBanack B $1,2 TpiH. Y 2022-My 1s mudpa 3011bu1ach
10 $3,9 tpnu. (Global Al business value to reach $3.9 trillion in 2022: Gartner, 2022).

- Al B ¢inancoBiit cdepi: Al BUKOPHUCTOBY€EThCS JUIsl onTHMi3auii (piHAHCOBHX CHCTEM Ta
nokpamieHHs (inancoBoi epexTuBHOCTI (piHTEX-013Hecy. Lle Bkimouae B cebe Bukopuctanus Al s
aBTOMaTH3alii MPOIECiB, TAKUX K aHali3 PU3UKIB, YNpaBiiHHA noprdeneM Ta inme. HITyunnit
IHTETIeKT CTaB OJJHUM 13 OCHOBHHX JpaiiBepiB 3pocTaHHs (piHaHCOBOTO cexTopa. SAkimo Ha 2020 pix
o0csT bOT0 PUHKY OIliHIOBaBcs y 7,91 mupa nonapis, To 10 2030 poky BiH gocsrHe 26,67 mipa, 3a

69



Scientific and practical journal "Economics and technical engineering"

cepenHbopigHOro Temiy 3poctanHs 23,17% (Machine Learning (ML) and Artificial Intelligence (Al)
services).

[IporHo3Hi NOKa3HUKH TJI00AJBHOTO TEHEPATUBHOI'O IITYYHOTO IHTENEKTY Ha PpHUHKY
¢dinancoBux TtexHosorii g0 2032 poky (puc.3) € CBITYEHHSM MOTEHIIMHHUX NEpPCHEeKTHB iX
BUKOPHUCTAHHS JUIsl aBTOMATH3aIlii Ta onTUMi3allii () iHaHCOBUX MPOILIECIB Y MaOyTHHOMY.

Global Generative Al in Fintech Market
Size, by Component, 2022-2032 (USD Million)
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Pucynok 3. IIpornos no 2032 poky. I'mobanbHuii TeHEpaTUBHUMA IITYYHUH IHTEIEKT PUHKY
(iHAHCOBUX TEXHOJIOT1H

Jlxepeno: Generative Al in Fintech Market Size to Exceed US$ 6.2 Bn by 2032: Report by
Market.us

- KpunroBamortu, Taki sk Bitcoin ta Ethereum, ctamum BaxiaMBUMH iHCTpYMEHTaMH ISt
npoBeieHHs (hiHAaHCOBUX orepauiil. BoHM 103BOJISIOTE MPOBOAUTH TpaH3aKiii Oe3rmocepeHb0 MiXK
CTOpoHaMH, 0e3 rmocepeIHuKiB, Takux sk Oanku (What is market cap?).

KpunropuHok CTpiMKO pO3BHBA€THCS, HOTro KariTalizalis BXKe MepeBUINmIa 2,2 TPUIbHOHH
nonapiB. MinbiOHM 1HBECTOPIB INYKAlOTh HACTYMHY MEPCHEKTHUBHY KPHUITOBAIIOTY IS
inBectyBanHs (What is market cap?).

- TexHiuHa iHXKEHEpis: B 00JacTi TEXHIYHOI 1HXKeHepii Oylo 3poOJeHO 3HAYHI MPOTrpecH,
0c0011BO B 001acTi po3poOKH HOBUX MaTepialliB Ta TEXHOJOTIH. [HxKeHepis MpoaoBXKye BITMBATH
Ha nudposuii cBiT. KoMmaHii mrykaroTh ciocoOM BUKOPUCTAHHS ACTICHTPAII30BAHUX TEXHOIOTIH IS
BIIPOBA/KEHHsI 1HHOBAIIHUX pIillleHb Ta MOKpAIIeHHs cBOiX MpoaykTiB (Aligning the benefits of
decentralization).

I[i mpukmagy MoKasyloTh, SIK IITYYHUH IHTEIEKT, KPUIITOBAJIIOTH Ta TEXHIYHA 1H)KEHEpis
MOXYTb OyTH BHUKOPHCTaHI Ui TOKpAILEHHs PI3HUX acleKTiB CYCIiIbCTBA, BKIIOYAIOYM Oi3HEC,
¢dinaHcH Ta iHKeHepio. BoOHM TakoX MiJKPECTIOTh BaKIMBICTD MPOJOBKEHHS JOCTIKEHb Ta
iHHOBAIIIH B X 00JaCTsIX Ta BIAKPUBAIOTH HOBI MOXJIMBOCTI JUis Oi3HeCy, piHAHCIB, IHBECTHIIIN Ta
TEXHOJIOTIH.

3HaueHHs QiHTEX Y cdepi onmogaTKyBaHHs 00yYMOBIEHO BUKOPUCTAHHSIM HOBITHIX TEXHOJIOT1H,
110 JI03BOJISIFOTH aBTOMATH3yBaTH 0AraTo MpoIIeciB, MOB'I3aHUX 3 00IIKOM Ta CIIATOIO MoAaTkKiB. Lle,
B CBOIO 4epTy, MPU3BOAUTH /0 MiABUIICHHS €()EKTUBHOCTI CUCTEMH OMOAATKYBaHHS Ta 3MEHIICHHS
BUTpAT SK /s IUIATHUKIB, Tak 1 JUIs JAepkaBu. DIHTEX-KOMOaHii akTHBHO pPO3pOOIISIOTH
IHCTpYMEHTH, SIKi JIOTIOMAaraloTh IUIATHUKAM IOJATKIB 3IIHCHIOBATH OIUIATY MOJATKIB y PEXUMI
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OHJIAMH, a TaKOX aHali3yBaTH Ta ONTHMI3yBaTH CBOI MojaTKOBi 3000B's3anHs (Making sense of
bitcoin, cryptocurrency and blockchain).

OnHUM 3 KJIIOYOBHMX IHCTPYMEHTIB, SIKI BUKOPHUCTOBYIOTbCA B cdepi (iHTEX, € ITYyIHUN
iHTEeNeKkT. Y (iHAHCOBUX IMOCIyrax BiH MOXKE€ BUKOHYBATH Di3Hi (YHKII{, Taki SIK aBTOMaTH3aLlis
MIPOLIECiB, BUSBJICHHS IIAXPaliCbKUX OIeparliii, aHalli3 JaHuX Ta MiAr0TOBKA 3BiTiB. B omogarkyBanHi
IITYYHUH 1HTENEKT MOKe OyTH BUKOPUCTAHUHN JJIs aHANI3y Ta ONTHUMI3allii MOJAaTKOBUX 3000B'A3aHb
¢bi3nunux 1 pugnaHux ocid (An Empirical Study of User Adoption of Cryptocurrency Using
Blockchain Technology: Analysing Role of Success Factors like Technology Awareness and
Financial Literacy). Kpim Toro, ¢iHTeX-KOMIaHii 3aCTOCOBYIOTH YaT-00T TEXHOJOTIi, sKi
J03BOJISIIOTH IJIATHUKAM IIOJIATKIB 3BEpTATHCA 3a KOHCYJbTAllisIMM Ta iH(OpMAIli€l0 3 MUTaHb
(bYHKI10HYBaHHS 110/1aTKOBOTO 3aKOHOIABCTBA.

3 HaOUIBII MEPCIEKTUBHUX HANPSAMIB PO3BUTKY (iHTEX B YKpaiHi € MOJEpHi3allisl KOHTAKT-
uenrpy AIIC, posmmpeHHs (yHKIIOHATYy e-KaOiHeTy IUIaTHHKa IOAATKIB Ta OHOBJICHHS HOTO
iHTepdeiicy kopucryBaua (Making sense of bitcoin, cryptocurrency and blockchain). Takox
TUTAHY€ETHCSl 3allyCK HOBOTO (hopMaTy CIpoIieHoi cucrteMu omoaatkyBaHHi «Smart @OIID» Tta
3alpoOBa/PKEHHS  eNeKTpOHHOTO ayauty (E-ayaut) 3a [10mMOMOro eJeKTpPOHHOTO CTaHAApTy
3BITHOCTI JJ1s1 OOMiHY JTaHUMHU OyXTanTepchbKoro o0miky (An Empirical Study of User Adoption of
Cryptocurrency Using Blockchain Technology: Analysing Role of Success Factors like Technology
Awareness and Financial Literacy).

HesBaxaroun Ha mepeBaru (iHTex y cdepi omoiaTkyBaHHs, iCHYIOTh TaKOXX BUKIMKH Ta
pPHU3UKH, TOB'SI3aHI 3 BHUKOPHCTAaHHSIM IUX TexHojorii. Hampukman, kibepOesmeka 1 3axuct
NEPCOHATBHUX JaHUX € BAXIIMBUMH MHUTAHHAMH, SKi MOTPeOyIOTh cepiio3Horo ysaru. Kpim toro,
HEOOXIJTHO BpPaxOBYBAaTH JOCTYIHICTb (IHTEX-IHCTPYMEHTIB Uil PI3HHUX TPyl HACENCHHS, SKi
MOXYTh OyTH MEHIIE Opi€EHTOBaHI Ha BUKOpUCTaHHA HUppoBux TexHomorii (What Is Business
Efficiency & How Can You Improve It?).

B minomy, po3BuTOK (iHTEX B cepi onogaTKyBaHHS MOKE NMPUHECTH 3HAYHI KOPUCTI IS
TUTATHUKIB MTOJIATKIB 1 IEP>KaBH, @ TAKOXK CIPUATH ITiIBUIIEHHIO (DiHAHCOBOT 'PaMOTHOCTI HACEJICHHS.
Jis  mocsTHEHHST MaKCUMaibHOI e(eKTHBHOCTI Ta O€3MeKu HEOOXiMHO TPOJOBKYBATH
BJJOCKOHAJIIOBATH 1 PO3BHBATH HOBITHI TEXHOJOTii, a TAKOX BPAaXOBYBAaTH BUKJIMKH 1 PU3HMKH, SIKi
BUHUKAIOTH MpH 1X Bukopuctandi (10 Tips To Improve The Financial Efficiency of Your Business).

Jlnist opraHiB Jep>KaBHOTO yNpaBIiHHA (QIHTEX-peCypcH JOMOMAratoTh YHUKHYTH IIOMUJIOK ITPH
o0JIIKy Ta CIUIaTH IMOJATKiB, a TAKOX J03BOJIAIOTH BUKOHYBATH 1€ B OUIBLI MPOCTHH 1 3pyYHUN
crnoci6. Kpim TOro, ¢iHTEeX-IHCTpyMEHTH MO03BOJIAIOTH IJIATHUKAM MOJATKIB OTPUMATH Oiiblie
iHpopMalii mpo cBOi MOAATKOBI 3000B's13aHHS Ta ONTUMI3YBaTH CBOIO IMOAATKOBY cUTyailito (How to
Measure Financial Efficiency: 8 Ratios for Evaluating Your Business).

Hes3Baxaroun Ha mepeBaru (iHTEX-IHHOBAIiM, CIiI MaM'sTaTu Mpo mpoOsieMu Oe3MeKH Ta
KOH(1ICHIIIITHOCT] TaHMUX, SKI MOKYTh BUHUKHYTH IPU BUKOPUCTAHHI BIATOBIAHUX 1HCTPYMEHTIB.
Tomy BaximMBO oOMpaTH BIAMOBIAHI (IHTEX-pecypcH, IO 3a0e3MeuyloTh HAMIMHUN 3axHCT
NEPCOHATBHUX JaHMX Ta JOTPUMAHHS NPHUHLHUIIB 30epiranHs Ta oOpoOku iH(opmauii (Digital
Engineering: What Is It & Examples).

VY miacymKy, 3pocTaiounii BIUIMB (piHTeX-iHHOBaliif Ha cdepy ONOAATKYBaHHS CIIPHUSE
MiABUIIEHHIO €(DEKTUBHOCTI CUCTEMH OIOIATKyBaHHS, CKOPOUEHHIO BUTPAT Ta MOJIMIIECHHIO SIKOCTI
00Ky Ta CIUIaTH MOJAATKIB SIK JUIsl IJIATHHUKIB, TaK 1 JIsl OPraHiB JAepKaBHOTO ympaBiiHHSA. OqHAK
BXJIMBO MaM'sITaTu Mpo npodieMu Oe3neku Ta KOH(IIEHIIMHOCTI JaHuX, SIKi MOXXYTh BUHUKHYTH
IpU BUKOPUCTAHHI BIANOBIAHUX IHCTpYMEHTIB (Digital Engineering Overview, Tools and Best
Practices).

[licns po3rysagy TOJNOBHUX HampsMKiB Iudposizamii y cdepi ¢inanciB (puc.4), MoxHa
BHU3HAUMTHU KIFOYOBI TEXHOJIOTIUHI Ta IHHOBAIIWHI TEHACHIIi, SIKi BILTUBAIOTH HA TpaHCHOPMAIIiIO
(iHAHCOBOTO CEKTOpY Ta CHPUSIOTH BIPOBAKCHHIO HOBUX LU(MPOBUX pIllIeHb A ONTUMI3aIil
(iHaHCOBUX MPOIIECIB.
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Pucynok 4. 'onoBHi HanpssMKH IudpoBizalii y chepi pinanciB
Jlxepeno: Blockchain Technology and Artificial Intelligence Together: A Critical Review on
Applications

dinancoBi TtexHonorii (fintech) - wme iHHOBaWiHI I1HCTPYMEHTH Ta TIOCIYTH, SKi
BUKOPUCTOBYIOTHCS JJIs1 YIPABIIHHS OCOOMCTUMU 200 KOPIIOPATUBHUMH (hiHAHCAMU, OTLJIATH ITOCITYT
Ta IHBECTHII. BOoHU moneruryoTs npouecH, NoB's3aHi 3 piHaHCaMH, 1 JO3BOJISIOTH YIIPABISATH HUMH
Oimpmr edexkTuBHO 1 OesmeyHo. OAHUM 3 KIIIOYOBUX AaCMEKTiB (IHAHCOBHX TEXHOJIOTIH €
BUKOPUCTaHHA MITy4HOTo iHTeNeKTy (Al) Ta mammuanoro HaBuanusa (ML) (Global Al business value
to reach $3.9 trillion in 2022: Gartner).

Ili TexHomOTii JO3BOJISAIOTH ABTOMATH3YBAaTH 0araTo MPOIECIB, TaKUX SK aHANII3 JaHUX,
BUSIBJICHHSI IIaXpaiCTBa, MiArOTOBKA 3BITHOCTI Ta MPUHHATTA pilleHb. Y pe3ynbTari, (iHAHCOBI
orepariii CTaroTh OiTbII MBUAKUMHU, eQPeKTUBHUMU 1 Oe3neunumu (Machine Learning (ML) and
Artificial Intelligence (Al) services).

@DiHaHCOBI TEXHOJIOTI] TAaKOXK BKJIIOYAIOTh B ce0€ Taki IHCTPYMEHTH, K €JIEKTPOHHI IUIaTexi,
KPUNTOBAIIOTY, MOOUTbHI OaHKIHI-I0IaTKU 1 aBTOMATH3aLliI0 MpoIleciB Topripii Ha Oipxki. Bee me
NPU3BOJAUTH 1O TOJIMIICHHS PIBHS OOCIYrOBYBaHHS KII€HTIB, 3HM)KEHHS BUTpAT 1 MiJBUIICHHS
6e3nexu (pinancoBux omepaiii (Making sense of bitcoin, cryptocurrency and blockchain).

B minomy ¢iHaHCOBI TEXHOIOTII BiIrparoTh BaXIJIMBY POJb Y PO3BUTKY Cy4acHUX (hiHAHCOBUX
cucteM, 3abe3nedyroun ix eQeKTHBHICTh, Oe3meKy i MocTynHicTh (An Empirical Study of User
Adoption of Cryptocurrency Using Blockchain Technology: Analysing Role of Success Factors like
Technology Awareness and Financial Literacy).

TakuM 4MHOM, IITYYHUN 1HTEIEKT 1 KPUITOBAIIOTHI TEXHOJIOTII BiAIrpaloTh BaXKJIMBY POJIb B
ontuMmizamii (iHaHCOBHX CHCTEM, MiABUIIEHHS iX e(eKTHBHOCTI Ta Oe3MeKH, IO JO03BOJISIE
MOJIIIIUTH MPOLECH YNPaBIIiHHSA (iHAHCAMH Ta IHBECTUIH. Y 3B'I13Ky 3 IIUM, (P iHAHCOBI TEXHOJIOT 1]
OyAyTh MPOJOBKYBATH PO3BUBATHUCS 1 BIPOBAKYBATHCA B pi3HI chepu (HiHAHCOBOI IisUTBHOCTI, 110
3a0e3MeunTh MiJBUIICHHS SIKOCTI OOCIYyrOBYBAaHHS KJII€HTIB 1 3HM)KEHHS BUTpAT Ha (hiHAHCOBI
omnepartii (10 Breakthrough Technologies 2024).

PesynbraTi porHo3y J0OXOIB BiJl PUHKY 4aT-00TiB MO BchboMy cBiTY 3 2018 mo 2027 pik
(puc.5) cBimyaTh Mpo 3pocTarody HOIMYJSPHICTH Ta 3HAUEHHS 4aT-00TiB Y CyYaCHUX TEXHOJIOTTYHUX
pileHHsX, 0COOIMBO B rany3i (piHAHCOBUX MOCIYT, AKi CIPUAIOTH aBTOMATH3allii Ta MOKPALICHHIO
00CITyroByBaHHS KIII€HTIB.
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Pucynok 5. [Iporuos no 2027 poky. Jloxoau Bix puHKY 4aT-00TiB 110 BchboMy cBIiTY 3 2018 o
2027 pik
Jxepeno: Chatbot market revenue worldwide from 2018 to 2027

[ITy4Huii iHTENEKT MOYKE BUKOPUCTOBYBATHUCS /ISl aBTOMATHU3aIlli Ta OMTUMI3aIlil MOAaTKOBHX
nporeciB. Hanpuknan, Al moxe nomomortu B ifgeHTU(IKaLii MOJATKOBHX INaxpaiB, aHami3i
MOJATKOBUX JAHUX Ta NMPOTHO3YBaHHI MOAATKOBUX TpeHIIB. Lle Mo)ke JOMOMOITH MOJAaTKOBUM
OpraHam MparmroBaTh OLTBIT e(HEKTHBHO 1 TOUHO.

[ tyynwuii inTenekt (Al) Bigirpae BaxIuBy pojib B ONITUMI3allil TOAATKOBUX CUCTEM YEpe3:

- aBTOMATH3AIliI0 MMOJATKOBHX IporeciB: Al Moxke aBToMaTu3yBaTH 0araTo pyTHHHHX 3a/ad,
MOB'SI3aHUX 3 MOJATKOBUM ajMiHicTpyBaHHAM. Lle Moxke Bkitouatu 30ip 1 0OpoOKy MMOJAaTKOBUX
JeKapaliii, BU3HAYCHHsI MOAATKOBHX 3000B's3aHb Ta BUKOHaHHs aynuty (Digital Engineering
Overview, Tools and Best Practices).

- BUSIBJICHHS TIOJATKOBOTO IIaxpaicTBa: Al Mojke BUKOPHCTOBYBATHUCS Ul aHAJI3y BEITHKHX
00CsTiB JaHUX Ui BUSBJICHHS INaxpaiicbkux cxeMm. Lle Moxke JOMOMOITH MOJAaTKOBHUM OpraHaM
BUSIBIIAITA Ta 3aro0iraTéd MogaTKOBOMY IMaxpaicTtBy (An Empirical Study of User Adoption of
Cryptocurrency Using Blockchain Technology: Analysing Role of Success Factors like Technology
Awareness and Financial Literacy).

- IPOTHO3YBaHHS MMOJJATKOBUX TPEHAIB: Al MOke BUKOPUCTOBYBATHCS ISl aHAJII3Y ICTOPHYHUX
MOJATKOBUX JAHMX Ta MPOTHO3YBaHHS MaWOyTHiX TpeHaiB. lle Moke IOMOMOITH MOJATKOBUM
opraHam IUIaHyBaTW Ta po3poOnatu edextusHi crparerii (Machine Learning (ML) and Artificial
Intelligence (Al) services).

- migBUINEHHS e(pEeKTHUBHOCTI: 3aBIAsSKM aBTOMaTH3allii Ta aHamiTuili, Al Moxe gomomMortu
MOJATKOBUM OpraHaMm mnpaioBaTu Oinbil edektuBHO. lle Moke 3MEHIIMTH BHUTpaTH Ha
aJIMIHICTPYBaHHS MMOJATKIB Ta MiABUIIUTH 3arajbHy e(peKTHUBHICTh moaaTkoBoi cuctemu (What is
market cap?).

KpunroBamora, sk iHHOBaliiiHa (piHaHCOBAa TEXHOJIOTiS, MOXKE€ MaTH 3HAYHUI BIUTUB Ha
¢inTex-0izHec. Bona Moxe 3a0e3MeyUTH HOBI MOXKIIMBOCTI JUIS TpaH3akIlid, iHBECTHULIN Ta
¢binaHCyBaHHS, SKI MOXKYTh HOJIMIIUTH (HiHAHCOBY €(hEKTUBHICTb.

[licna anamizy eBOJIONIl KIIEHTCHKUX iHTepdeiiciB y cdepi ¢inanciB (puc.6), MoxHa
BHU3HAYWTH TEHACHIII] y BAOCKOHAICHHI CTIOCO0IB B3a€MO/I1 KIIIE€HTIB 3 (DiHAHCOBUMHU MOCITyTaMHU, 10
CIPUSIOTh TIOKPAIlEHHIO KOPUCTYBAI[bKOTO JIOCBIy Ta 3a0e3meuyroTh Oilbll e(pEeKTHBHY
KOMYHIKaIli}0 MK KJIi€eHTaMU Ta (JiHAHCOBUMH yCTaHOBAMU
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Open banking, open application

The eVOIUtion of programming interfaces (2015)
. Chatbots, conversational interfaces, voice
FUS{!OmeI' Interfaces assistants (2010s) 21st
century
AL Contactless and cardless systems (2000s)
Mobile payments (2000s), mobile wallets (2008)
Internet banking (1990s), online banking (1990s — 2000s)
Automatic teller machines (1970s) 20th
century
Credit cards (1940s - 1950s) and point-of-sale systems (1980s)
Electronic payments (1870s), wires (1910s), automatic clearing houses (1970s),
direct deposits (1970s)
Checks (800s), negotiable checks (1500s), preprinted checks (1760s) Pre-20th
century

Banking tents, remp|es, bricks and mortar (4th = 1st millennium BCE)

Credit: Gary Gensler | MIT Sloan

Pucynok 6. EBomonist kiieHTChKUX iHTEpdECiB y cdepi (iHaHCIB
Jlxepeno: Fintech, explained

KitouoBuME acnieKTamMH BIUIMBY KPHUIITOBAIIOTH Ha (iHTEX-013HEC MOKHA BBAXKATHU:

- HOBI MOJIMBOCTI JJis TpaH3akiiii: Kpunrosamoru, Taki sk Bitcoin ta Ethereum, HagaroTh
HOBI CHOCOOM TMPOBEJCHHS TpaH3aKIii, $SKi MOXYyTh OYyTHM IIBHAKMMH, OC3MEUHINIMMHU Ta
eeKTUBHIIIUMHU, HIXK TpaauiiHi metoau (Making sense of bitcoin, cryptocurrency and blockchain).

- JIOCTYN 70 TI00aJbHUX PHUHKIB: KpUNTOBAMIOTH MOXYTh TOMOMOITH (DiHTEX-KOMITaHIIM
OTpUMATH JIOCTYN JO TJIO0ATbHUX PHUHKIB, OCKIIBKM BOHH HE 3aJekKaTh BiJ TPagUIIIHIX
OaHkiBchkux cucteM (Digital Engineering Overview, Tools and Best Practices).

- iHHOBaLii B 00sacTi piHaHCOBUX mocayr: KpunToBaioTH MOXKYTh CTUMYJTIOBATH 1HHOBAIIT B
o0acTi (hiHaHCOBUX MOCTYT, HAAAIOYH HOB1 MOXKITUBOCTI JIS TUTATIXKHUX CUCTEM, TIO3HK, IHBECTHUIIIH
ta iHmmoro (An Empirical Study of User Adoption of Cryptocurrency Using Blockchain Technology:
Analysing Role of Success Factors like Technology Awareness and Financial Literacy).

- PEeryJISITUBHI BUKIMKH: KpUIITOBAIIOTH TaKOXK CTABIATH NIepel COOO0I0 PErYIISITUBHI BUKIHUKH.
dinTex-KOMIMaHii MOBHUHHI HABUYMUTHUCS IMPALIOBATA B PAMKax PETYJIATUBHOIO CEPEIOBHUINA, SKE IIIe
dopmyetbes (10 Tips To Improve The Financial Efficiency of Your Business).

[udporizamis 3MiHIOE CrOCIO, SKUM MH HPOEKTYEMO, OYIyeEMO Ta BHKOPHCTOBYEMO
TexHousorii. TexHi4yHI iH)XK€Hepu MOBHHHI aJanTyBaTHCA 0 IMX 3MiH, BHKOPHCTOBYIOYM HOBI
IHCTPYMEHTH Ta TEXHOJIOT1, TaKi sIK IITYYHUH IHTEJIEKT Ta KPUITOBAIIOTA, JJIsl BUPIIIEHHS CKJIaJHUX
npobuem:

- mudpoBe MPOEKTYBaHHS Ta MojentoBaHHsA: CydacHi 1H)KEHEpHI MPOEKTH BUKOPUCTOBYIOTH
U(POBi IHCTPYMEHTH JUIs POEKTYBAHHS Ta MOAETIOBaHH. Lle 103BoIsie iHKEHEepaM CTBOPIOBATH
OB TOYHI Ta JIETalli30BaHi MPOEKTH, a TAKOXK MPOBOAUTH BUIPOOYBaHHA Ta aHalli3 B IU(POBOMY
cepenoBwili nepen ¢pizuuHo0 peanizaiieto (Digital Engineering: What Is It & Examples).

- aBToMaru3anis Ta podotusauis: L{udposi TexHOIOTIT 103BOAIOTH aBTOMATU3yBaTH Oarato
IH)KEHEpHUX TMPOIECiB, IO 3MEHIIyE IMOMHJIKMA Ta MiJIBUILYE NPOAYKTUBHICTh. PoOoTH30BaHI
CUCTEeMH MOXYTh BHKOHYBaTH CKJIQ/IHI 3aBIaHHs 3 BUCOKOIO TOUHICTIO Ta edektuBHicTiO (Digital
Engineering Overview, Tools and Best Practices).

- inTepHer peueit (IoT): IoT 3'ennye ¢izuuni puUCTpoi 3 IHTEPHETOM, IO TO3BOJISIE 30MpaTH,
aHaJi3yBaTH Ta BUKOPUCTOBYBATH JaHi Ha HOBHM croci0. lle moxke BkimouaTn B ceGe Bce, BiX
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MOHITOPUHTY CTaHy OOJagHaHHS JO ONTHUMI3alii eHeprocrnoxxuBaHHs B OyniBmsax (10 Tips To
Improve The Financial Efficiency of Your Business).

- ITYYHUH 1HTEJEKT Ta MalIMHHE HaBuaHHs: L{i TeXHOMOTiT MOXYTh TOTIOMOITH iH)XXEHEpaM
aHaJi3yBaTH BEJIMKI 00CSTH JaHUX, POOUTH MPOTHO3U Ta aBTOMATU3yBAaTH pillIeHHS. BOHH MOXYTh
OyTH BUKOPUCTAaHI B Pi3HUX 00JIACTSX, Bl ONTHMi3allii JJIOTiICTUYHUX MapUIPYTiB A0 PO3POOKH OiIbII
e(eKTUBHUX CUCTEeM 0XOJOo/KkeHHS (An Empirical Study of User Adoption of Cryptocurrency Using
Blockchain Technology: Analysing Role of Success Factors like Technology Awareness and
Financial Literacy).

- kibepbesneka: 3 pocrom mmdpoBizaiii 3poctae i morpeda B 3axXHCTI HUPPOBUX CUCTEM.
[mxeHepy MOBHHHI pO3POOIATH CHCTEMH 3 ypaxXyBaHHSM KibepOesneku, m100 3aXMCTUTH AaHI Ta
iHpacTpyKTypy Bia nmoreHuiitnux 3arpo3 (What is artificial intelligence in finance?).

PesynbraTi 1OCHIIKEHHSI TEXHOJOTIYHOTO CTEKY (IHTEX-TEXHOJIOTiH (puc.7), JO3BOJISIOTH
BU3HAYUTU KIIIOYOBI KOMIIOHEHTHM Ta IHCTPYMEHTH, $IKI BUKOPUCTOBYIOTbCS Yy (iHAHCOBHX
TEXHOJIOTISIX JJISl ONTHUMI3allii MPoLeciB, 3a0e3neueHHs Oe3MeKH Ta MOKpaIieHHs (PiHAHCOBUX MOCITYT
U1 KOPUCTYBAYIB.

The fintech Blockchain, emerging technologies L‘;g‘:  ieed
technology |
stac k Sensors, telematics
Open application programming inferfaces r:vl-:Pe"ing
Artificial intelligence, machine learning, natural language
processing
Cloud
: Current table
Mobile il
Internet
Money, account |edgers, joint stock companies, markets, derivatives, electronic messaging, In the
credit cards, securitizations, efc. beginning

Credit: Gary Gensler | MIT Sloan

Pucynok 7. TexHonoriuynuii cTek GpiHTEX-TEXHOIOTIH
Jlxepeno: Fintech, explained

HITy4Huii iHTENEKT Ta KPUNTOBAIIOTA MOXXYThb JOIMOMOITH (DIHTEX-KOMIAHISM MiJABULIUTH
CBOIO (iHaHCOBY e(deKTUBHICTh. IIITyuHUI 1HTENEKT MOXKE JOIMOMOTTH B aBTOMAaTH3allii MPOIIECiB,
3MEHIIECHH] MOMHIJIOK Ta MiJBULICHHI MPOJYKTUBHOCTI, TOII SIK KPUIITOBAJIOTA MOXKE 3a0e3MeunTn
HOBI MOJKJIMBOCTI JUIs TpaH3akKUid Ta iHBecTHLid. Taka TeXHOJOris MOXXe 3HAYHO IMOKPALIUTH
¢biHaHCOBY €()EKTUBHICTD HIIAXOM:

- aBToMaTH3allii (hiHaHCOBUX mpoIieciB: TexHoOoril, Taki SK ITYYHUH IHTEJEKT Ta MAIIUHHE
HaBYaHHS, MOXKYTh aBTOMaTU3yBaTH 0araTo pyTHHHHUX (DiHAHCOBUX MPOLIECIB, SMEHIIYIOUYH IOMIIKA
Ta miABUINY0YN poayKTuBHICTE (10 Tips To Improve The Financial Efficiency of Your Business);

- aHamizy AaHuX: TeXHOJOTii aHali3y JaHUX MOXYTh JONOMOITH (DIHAHCOBMM OpraHi3alisiM
Kpallle pO3yMITH CBOI JIaHi, BUSBJIATH TEHAEHIIT Ta pooutu oOrpyHToBaHi piteHus (What Is Business
Efficiency & How Can You Improve It?);

- 3aCTOCYBaHHS MUPPOBHUX I1aTexiB: LIupoBi maT>kHi CUCTEMH, Taki K KPUIITOBAIIOTH Ta
MOOUTBHI TJIaTeXi, MOXKYTh 3pOOMUTH TpaH3aKLii MBUAIIMMHU, ACMIEBIIUMHU Ta 3pydHimmmu (US
Crypto Payments);

- poboTu3arii npouecyanbHoro apromatu3yBanss (RPA): RPA mosxe Oyt BUKOpUCTAHO IS
aBTOMaTH3alii pyTHHHUX (PIHAHCOBUX 3ajay, TaKuX K 00poOKa iHBOICIB ab0 3BITIB PO BUTPATH,
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[0 JI03BOJISIE CHIBPOOITHHKAM 30CEPEIUTUCS Ha OUTbIN CKIaAHUX 3anadax (How to Measure
Financial Efficiency: 8 Ratios for Evaluating Your Business);

- BUKOpUCTaHHA OnokueiiH: TexHonoris Moxe 3a0e3nmeyuTH Oe3neKky Ta MPOo30piCTh IS
(biHaHCOBUX TpaH3aKIliil, 110 MOXe MOKpaIIUTH NoBipy Ta edexTuBHicTh (Making sense of bitcoin,
cryptocurrency and blockchain).

Bucnosku (Conclusions)

Po3BUTOK TexHIUHOI iH)KEHEepii, IITyYHOTO 1HTEJIEKTY Ta KPUIITOBAIIIOT B €MoXy Iudposizamii
BIJIKpUBA€ HOBI MOXIIMBOCTI Ji ONTUMIi3allii MOJATKOBUX CHCTEM 1 TOJNIMIICHHS (iHAHCOBOI
epeKTHBHOCTI (piHTEX-0i3HECY.

PazoMm i3 HOBUMHU MOKITUBOCTSIMH, 1110 BUHUKAIOTh B PE3YJIbTATi 3aCTOCYBAHHS LIUX JOCSITHEHb,
BUHUKAIOTh HOBI BUKIIMKH. L{e BKITIOYae 3HauH1 OFOKETHI BUAATKH HAa MOJISPHI3AIlI0 Ta peati3allio
MPOEKTIB  JiDKUTAMI3AIii CHCTEeMH aJMIHICTPYBaHHS TMOJATKIB, a TakKoX HMOBIPHICTb
HECAHKIIIOHOBAHOTO BUTOKY KOH(iAEHIIIHOI iH(pOopMaIlii Mpo MIaTHUKIB NOJATKIB Ta OCOOIUBOCTI
X rocrnoapchbKoi AisIILHOCTI.

Tomy, 6e3cymHiBHO, y XXI cTOMITTI O1IBIIICT CEPBICIB MOJATKOBOTO 0OCITYrOBYBaHHS MAalOTh
NEePeXOAUTH B IIU(PPOBHIA GopMart, 10 CTBOPIOE 3pyyHi Ta KOM(POPTHI YMOBH B3a€MO/Ii1 IIATHUKIB
MOJATKIB Ta MOAATKOBUX OPraHiB, CIPOILYE Ta BJOCKOHAIIOE MPOLEC aJAMIHICTPYBaHHS IOJATKIB.
[Tpu 11bOMy BaXJIMBO, 1100 OCTATOYHI PIIIEHHS MPO 3aMPOBAIKEHHS HOBUX TEXHOJIOT1H, MpoIeciB
aBTOMaTH3aii ab0o 3MiHy (YHKIIOHATYy MpUAMANUCS MIiCHs JeTaTbHUX EKCIEPTHUX OOTOBOPEHB,
KOHCYJIBTAIli}l Ta OTOKEHB 13 O13HEeC-CIiIBbHOTOI0. Le Jomomorxke 3a0e3mednTH, 1o HOB1 TEXHOJOT11
Ta iHHOBAIil Oy/1yTh BUKOPHCTOBYBATHUCS €(heKTUBHO Ta OE3MEeYHO, MPUHOCIYHN KOPUCTH SIK Oi3HECY,
TakK 1 CyCHUJIbCTBY B IIIOMY.

Crin 3a3HaYUTH, 110 BaXIIMBOIO CKJIJI0BOIO YCHIIIHOI IIM(poBOi TpaHchopmarllii moaaTkoBoi
cUCcTeMH € 3abe3nedyeHHs KibepOe3neku. 3 ypaxyBaHHAM HMOBIPHOCTI HECAHKIIIOHOBAHOTO BUTOKY
KOH(}ineH1iitHO1 iH(pOopMallii PO TIATHHUKIB MOJATKIB Ta 0COOIMBOCTI 1X rOCIONAPChKOT isSTBHOCTI,
HEOOXiTHO BJJOCKOHAIUTH 3aX0/H 3 Kibep3axucty. Lle Bkiitouae B cebe po3poOKy Ta BIPOBAKEHHS
CY4acHUX TEXHOJIOTiM MHU(pyBaHHA IaHWX, MOHITOPHHIY Ta BHSBICHHsS KiOep3arpos, a Takox
MIOCUJICHHS Ki0ep Tiri€eHu cepesi KOPUCTYBAYiB CUCTEMH.

Kpim Toro, BayxIMBO mam'siTaTy Mo COLiaIbHUI acekT HudpoBoi TpaHchopmallii MOAATKOBOT
cucremu. [Ipu BHpoOBa/UKEHHI HOBHX TEXHOJOTIM Ta MpoIeciB aBToMaru3alii, HEoOXiTHO
BpPaxoBYBaTH MOJJIMBI COLIaJdbHI HACHiAKH, 3a0€3MeuYyloud JOCTYMHICTh Ta 3pO3YMLTICTb
HOBOBBEJICHb [UI BCIX BEpCTB HaceleHHsA. lle crnpusthMe NiABMIICHHIO TOBIpHM TPOMAISH 10
MOJIATKOBOT CHCTEMH Ta MiATPUMIII i1 IETiTUMHOCTI.

OTtxe, ans ycmimHoi nudpoBoi Tpanchopmarlii HoJaTKoBOT CUCTEMHU HEOOX1THO MOEIHYBATH
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Abstract: The relevance of the topic "Development of an Android
application for controlling a smart greenhouse on Arduino" is due to the
opportunities offered by the field of automated device development, as
well as the attention to this field of IT development, both by specialists
and users who have certain tasks in production, in business, at home and
other areas whose needs can be solved with the help of these technologies.
Therefore, the purpose of the research is development of the device, the
software for it, and production of a mobile application for controlling the
created device. Using the developed device, software and its application,
you can create, for example, an automatic greenhouse, which will save
time and resources with maximum return. During the study of the
automation of the processes of control and management of environmental
parameters, the requirements that must be fulfilled during the automation
of the receipt and processing of sensor readings were clearly formulated.
On the basis of the analysis of the already conducted research works, the
main functional components that should be inherent in any automated
control system with the possibility of remote control have been selected.
In the process of research, the need to use the integrated development
environment Arduino IDE and Android Studio is substantiated. Arduino
IDE is designed to write, compile, and load programs into Arduino
microcontroller memory, and Android Studio is the official Android
application development tool based on JetBrains' IntelliJ IDEA software.
The process of creating the device is fully described, with a step-by-step
review of each element and the sequence of actions. The program code is
provided and the principle of operation of all its components is described.
The principle of operation of the Android application is also demonstrated.
It contains information about the state of the greenhouse (temperature and
humidity) and has the ability to turn on cooling both automatically and
manually. Information is presented in the form of graphs that change
dynamically.

Keywords: Arduino; Android; Bluetooth; data transfer.
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Abstract: The relevance of the topic "Development of an Android application for controlling a smart
greenhouse on Arduino" is due to the opportunities offered by the field of automated device
development, as well as the attention to this field of IT development, both by specialists and users
who have certain tasks in production, in business, at home and other areas whose needs can be solved
with the help of these technologies. Therefore, the purpose of the research is development of the
device, the software for it, and production of a mobile application for controlling the created device.
Using the developed device, software and its application, you can create, for example, an automatic
greenhouse, which will save time and resources with maximum return. During the study of the
automation of the processes of control and management of environmental parameters, the
requirements that must be fulfilled during the automation of the receipt and processing of sensor
readings were clearly formulated. On the basis of the analysis of the already conducted research
works, the main functional components that should be inherent in any automated control system with
the possibility of remote control have been selected. In the process of research, the need to use the
integrated development environment Arduino IDE and Android Studio is substantiated. Arduino IDE
is designed to write, compile, and load programs into Arduino microcontroller memory, and Android
Studio is the official Android application development tool based on JetBrains' Intelli] IDEA
software. The process of creating the device is fully described, with a step-by-step review of each
element and the sequence of actions. The program code is provided and the principle of operation of
all its components is described. The principle of operation of the Android application is also
demonstrated. It contains information about the state of the greenhouse (temperature and humidity)
and has the ability to turn on cooling both automatically and manually. Information is presented in
the form of graphs that change dynamically.
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AHoranis: AxryanbHicTh Temu «Po3pobka Android - mogatka /Ui KepyBaHHS PO3YMHOIO TEIUTHIICIO
Ha Arduino» 3yMOBIEHa MOXIUBOCTSAMH, IO NPOMOHYE cdepa po3poOKH aBTOMATU30BAHUX
MPUCTPOIB, a TaKOX yBaroko 1o wiei ramysi IT - po3pobok, sk (axiBiiB, Tak 1 KOPUCTYBaUiB, 110
MaloTh MEBHI 3aBJaHHS HAa BUPOOHUITBI, B Oi3Heci, mOOyYTI Ta iHIIUX cdepax, yui MoTpedu MOXKHa
BUPIIIATH 32 JOTIOMOTOI0 JaHUX TEXHOJOTid. ToMy METOI0 MOCHiHKEHHS € po3poOKa MPUCTPOIO,
IIPOTPaMHOTO 3a0e3MeUeHHS 10 HhOTO Ta PO3pOOKa MOOLITBHOTO TOIATKY Uil KEpYyBaHHS CTBOPEHUM
npuctpoeM. Kopucryiounch po3po0ieHIM MPUCTPOEM, IPOTPAMHUM 3a0€3MEYEHHAM Ta JOJAaTKOM
710 HBOT'O, MOYKHA CTBOPUTH, HAIIPUKJIIAI, aBTOMAaTHYHY TEIUIUIIIO, 1110 J103BOJIUTH 3a0IaIUTH Yac Ta
pecypcu 3 MakCHMajbHOIO Bimmauero. Ilpu mocmipkeHHI aBTOMAartu3alii MpOIEeciB KOHTPOJIIO Ta
KepyBaHHI NapaMeTpamMH cepeloBHIa Oynu 4YiTKO c(OpMyJIbOBaHI BHMOIH, IO MOBHMHHI
BUKOHYBATHCh MPU aBTOMATH3allii HaIXOIKEHHS Ta 00poOKH mokasiB ceHcopiB. Ha ocHOBI ananmizy
BXKE MPOBEACHUX JOCHITHUX POOIT BHIIEHO OCHOBHI (DYHKI[IOHANbHI KOMIIOHEHTH, SIKi MOBHHHI
OyTH mpuTaMaHHi Oyab-Kiii CHCTEM]1 aBTOMaTH30BaHOTO KOHTPOJIIO 3 MOKJIMBICTIO TUCTAHIIITHOTO
KepyBaHHS. Y TpoIleci JOCHTIKEHHsI OOIPyHTOBAaHO HEOOXIAHICTh Y BUKOPHUCTaHHI IHTETPOBAHOTO
cepenosuina po3podku Arduino IDE ta Android Studio. Arduino IDE npu3naueHo 7151 HAMCaHHS,
KOMITUIALT Ta 3aBaHTa)KEHHsI [TPOrpaM B MaM'siTh MiKpokoHTposiepa mwiat Arduino, a Android Studio
— 1e oQimifiHuN 1HCTpYMEHT po3poOku nonaTtkiB mius Android, 3acHOBaHWE Ha MPOrpaMHOMY
3abesneuenHi IntelliJ IDEA Bix JetBrains. [ToBHicTIO omucanuii mpoiec CTBOPEHHs MPHUCTPOIO, 3
MOETAIMHAM PO3TJISIOM KOKHOTO €JIEMEHTa Ta IMOCHTiIOBHICTIO Aiil. HamaHo mporpaMHuii kox Ta
OTNMCAaHUN MPUHLHUI POOOTH yCiX HOr0 KOMIIOHEHTIB. Tako MpoAeMOHCTPOBAHO MPUHIIMIT pOOOTH
Android - nonatka.

Kurouosi cioBa: Arduino; Android; Bluetooth; nepenaya nanux
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Beryn (Introduction)

Po3ymHa Temmuis — 1€ TEIUIMLA, IO Ma€ MIKPOKOHTPOJEpU, CEHCOpU Ta CIHEIiaJbHHM
nporpamMHui 107aToK. TakoX po3yMHY TEIUIMIIO YaCTO CHHXPOHI3YIOTH 1 3 IHIIMMHU TE€XHIYHHUMHU
pIlIEHHSMM, HANpUKIaJA, AaBTOMAaTHYHUMH CHCTEMaMH TIOJUBY. MIKpOJATUUKA MOXKYThb
KOHTPOJIIOBATH BEJIMYE3HUH MacuB (aKTOpiB: TeMIeparypy, BOJIOTICTh Ta SKICTb TIPYHTY,
ocBiTieHHA. JlomaTkoBO 3 iX J0MOMOror (IKCylOTh JaHi NMPO 3pPOCTaHHA POCIWH, KUIBKICTh
MECTULIUIIB, BAKOPUCTAHHS J0OpUB 1 T.1. 310pany iHpopMallito MOXKHa HaIICIaTH Ha JOKaJIbHUN a00
xMapHuii cepBep. KoHcosp BeO aaMiHICTpaTOpa JO3BOJISE HAATOKYBAaTH MapaMeTpH CUCTEMU Ta
CHUHXPOHI3yBaTH 11 3 IHIIMMHU PIICHHAMHU. A J0JAaTOK Ha MOOUIBHOMY MPHUCTPOi 30Mpae 3BITH PO
CTaH KyJIbTYp Ta YMOBH y TEIUIHIIi, TeHEPYE MONEPEIKEHHS, AKIIO SIKUICh MOKAa3HUK HE BiAMOBIAA€E
HopMi. CydacHi TEXHOJOT1] JO3BOJSAIOTh CTBOPUTH PO3YMHY TEILTUIIO 3 0€3pOTOBOIO Meperadeto
JaHUX, 10 JTO3BOJUTH 3a0INAWTH Ha JAPOTOBOMY 3'eqHaHHI. «P0O3yMHE CUIbChKE TOCIIOAapPCTBO
CTaBUThH TEepesl COOOI0 METy MaKCHMAaJIbHO aBTOMATH3yBAaTH CUIBCHKOTOCIONAPCHKY isJIbHICTS,
HiABUIIUTH YPOXKANHICTB 1 SIKICTh MPOAYKLIi (Samoilenko,. 2020).

I xoua BHpOILIYBaHHS PI3HUX KYJbTYP B TEIUIMYHUX KOMIUIEKCAX € OJHHUM 13 HaWOUIbII
C€HEPrOBUTPATHUX TPOLECIB y CUTBCHKOMY TOCIIOAAPCTBI, aje 3aBASKH OUIbII TOYHOMY KOHTPOJIIIO
YMOB BHPOIIYBAaHHS POCIIHH, TETUIUIl JO3BOJSIOTH 3a0€3MEeUUTH OiIbII BHCOKY BPOXKAWHICTH Ha
KBaJpaTHUI METp Ta OUIbILI AKICHY MPOIYKIIIIO.

AnroputMu (YHKIIIOHYBaHHSI TaKMX KOMIUIEKCIB 3aCHOBaHUI Ha BiIXuieHHI abo 30ypeHHI
peryolo4oi BEJMYMHU (TEMIIepaTypa, BOJOTICTh, OCBITIEHHS 1 T.4). /[lng perymroBaHHS
TEMIIEpaTypPHOTO PEXHUMY EJEKTPUUYHUX HarpiBadyiB 3acTOCOBYIOTHCS B OCHOBHOMY CHCTEMH
aBTOMATHYHOI cTabumi3amii B SIKUX PEryJIATOp MHIATPUMYE MOCTiiiHE 3HAYEHHS PEryJbOBaHOIO
napaMeTpy Ta CHCTEMH IPOTPaMHOTO PEryJIIOBAaHHS, sIKI 3MIHIOIOTH MapaMeTp IO MOMEpPeIHbO
3aJJaHOMY 3aKOHY B 4aci (Baranov, & Bielikov, 2021).

OCHOBHUM OOMEXEHHSIM TPU BUKOPUCTaHHI JATUMKIB € CKJIAJHICTh iX XapaKTepUCTUK Ta
kaiopyBanHs. Lle 00yMOBII€HO rinepenacTHIHUMH XapaKTEePUCTUKAMU MaTepiaiB, [0 BUKIUKAIOTh
HEJIIHIAHICTD, BEJNMKHMHA TicTepe3uc, MOB3YYicTh 1 JApeid, 110 NpuU3BOAUTH 10 TeHEpYBAaHHS
HECTOAIBaHO1 (PI3MYHOI MOBEIIHKU Ta €JICKTPUUHUX peakUiil qaTyukiB. L{i HEJOMIKM yCKIaAHIOIOTh
BUKOPUCTaHHA JaT4yuKiB. [Ipu mporpaMyBaHHI KOHTpOJIEpa BaXJIMBO YSBIISATH, IO 3MiHA MPOLECY
nepedyBaTuMe OuIsi MeXI CHpalbOBYBaHHsS, HEMHMHYyuYe BiIOyBaTUMETbCA SIBUIIE KOPOTKHX
NepexodiB Ty U i Ha3aj 3a rpaHuy4Hy JdiHito (“Ops3kor”). s mo36aBiaeHHs cucteMu Bif "Ops3KoTy"
npu 30JMKEHHI 3 JIIHIEI0 KOPAOHY BUKOPHCTOBYEThC "30Ha HeuyTimBocTi" abo "l'ictepesuc” (Bin
rpen. hysteresis — BiZicTaBanHs1, 3ami3HeHHs ). ToOTO MpH NepeTHHI BIANOBIAHOTO MOPOTra NOPYIICHHS
CTaOIbHOTO CTaHy CHCTEMH (CIpalboOBYBAaHHS) BUHHUKAe Oe3 3aTpUMKH, a 3HUKAE JHIIE TpPU
nepeTuHi 30HM licTepe3ucy. [Hakmie kaxkydu, 3a OJHHMX 1 THX K€ 30BHIIIHIX YMOB CTaH O0'€KTY
JOCIIJKEHHST MOKe OYTH pi3HUM, 3aJIeKHUM BiJl Oro cTaHy B monepeaHi MOMeHTH yacy (Hadetska,
Dubnytskyi, Kushneruk, Filatova, & Khodyriev, 2021).

OnHUM 3 BEJIMKHUX HENOJIKIB € HeNpaBHJIbHE HAJAIITYBaHHS CHUCTEMHM, 4Yepe3 sIKy MOXKHa
BTPAaTUTH BeCh ypoxail. ToMy 10 aBToMaTH3aIii MOTpiOHO MiAXOAUTH AyXke BianosinansHo (Bilous,
2017). Y Oynp-skuif MOMEHT 4acy KOPHCTYBay MOBHHEH MaTH MO>KJIMBICTh NEPEBECTH yIPaBIIHHS
IPOIIECOM B PYYHOMY pEXHMi, TOOTO B3STH YIpaBIiHHS IpoliecaMu Ha ceGe. Pyune kepyBaHHs
JaTYMKaMH, HE3BaKAIOUM HA BEJIMKY TPYAOMICTKICTh Yy MOpPIBHSAHHI 3 TOBHICTIO AaBTOHOMHHM
KEepYBaHHSIM, BUSBIIETHCS 1HOJI OUTBII €(hEKTUBHIIIMM 32 PaXyHOK TOTO, IO CHCTEMa yNpaBIiHHS
HE 3aBXX1H 3/11HCHIOE TPABUIIbHI PillIEHHS.

Marepiaan Ta metoan (Materials and Methods)

CTBOpeHHs TPOEKTYy TOTpeOye BUKOPUCTaHHS cepenoBuil po3poOku Android studio Ta
Arduino IDE, a Takox miatu Arduino 3 eJleMeHTaMH: AaT4MK Temrepatypu Ta Bojorocti DHT11,
mucruieir LCD1602, Bluetooth moxyns HC-06. [ToGyToBa TexHika - HarpiBau Ta BeHTWIATOP OyIyTh
HiAKIoyaTucs yepe3 ogHokaHansHi Mmoaymi pene (RELE-1x5V).
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PesyabTaTn (Results)

InTerpoBane cepenoBume po3podku Arduino IDE (PucyHox 1) mnpusHaueHo mans
HAMUCAHHS, KOMITUIALII Ta 3aBaHTaKEHHS BIACHUX IMPOTpaM B TMaM'sTh MIKPOKOHTPOJIEpA, IIO0
BcTaHOBJICHUH Ha miaTi Arduino-cymicHoro mpuctpor. OCHOBOIO cepeloBHUIIa pO3pOOKH € MOBa
Processing/Wiring — e, ¢aktuuno, 3Bu4aiiHuii C++, IOMOBHEHHMH NPOCTUMH 1 3pO3YyMUIMMHU
GyHKUiIMU A1 KepyBaHHS BBEICHHSM/BUBEICHHAM Ha KoHTakTax (Kryvomos, O.M., Kuzmenko,
Y.V., & Kuzmenko, S.V. 2016). IcayroTh Bepcii cepenoBuina s oneparliitaux cuctem Windows, Mac
OS Ta Linux, a octansro Bepcito cepenouia Arduino IDE 3aBxnu MoxHa 3aBaHTaKUTH 31 CTOPIHKA
o(iniiHOTO CaiTy.

) sketch_mar09a | Arduino 1.8.19 T
®aiin Mpaska Cketu Wrnctpymentsr Momotus
EE| >

sketch_mar09a

18 void setup() {
2 // put your setup code here, to run once:

6B void loop() {

// put your main code here, to run repeatedly:

Arduino Uno Ha COM14

Pucynok 1. Bikno Arduino IDE

MoxIMBOCTI cepefioBUIlla MporpamyBaHHs Arduino Moxe OyTH 3HA4HO PO3IIMPEHO 3a
JIOTIOMOT0I0 BUKOpPHCTaHHs 010110TeK. bibmioTekn po3mupiooTh GyHKIIOHATBHICTD IPOrpam yepes
peanizaliio nesKuil J0AaTKOBUX (YHKIIN, HAPUKIad, poOOTH 3 anapaTHUMHU 3aco0aMu, QyHKIIT 3
00pobui naHux Tomo. Psg 6i0Ii0TEK BCTAHOBIIOETHCS ABTOMATHYHO Pa3oM i3 CepeOBHUINEM
PO3pOOKH, TAKOK MOKHA 3aBaHTAXXyBaTH a00 CTBOPIOBATH BJIacHi 0101i0TEKH.

Android Studio — 6e3xommroBHe cepenoBuiie po3podku Ha ocHoBi IntelliJ IDEA (international
data en-cryption algorithm), o HagarOTh iIHTErpPOBaHi IHCTPYMEHTH AJIsl pO3POOKHU Ta HAJIaroHKEHHs
noxatkiB it wiargopmu Android (Pucynox 2).

3HAWTYH PUNAAK

ttem 1
Subitem 1

Item 2
Sub item 2

ftem 3 devicesListView

Subitem 3

item 4
Subitem 4

Temneparypa

humidityChart

Pucynok 2. [atepdeiic po3poOku cepenoBHUIIIa MPOrpaMyBaHHs
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Android Studio 6yno npencrasneno 16 tpasus 2013 poky Ha koHdpepentii Google 1/0, a micns
penizy npuiinuio Ha 3Miny iariny ADT mnsa mmargopmu Eclipse. Android Studio mictuts: Android
SDK (software development kit), incTpyMeHTH 1151 po3po0OKH JU3aiiHy, TECTYBaHHS 1 HaJaroHKeHHSI.
B ocHoBy poGouoro nporecy Android Studio 3aknagenuii koHuENT Oe3mepepBHOI iHTErpariii, 1o
JI03BOJISIE Bifipa3y BUSBUTHU HasiBHI mpobiem (Krasnorutskyi, Zhuk, Kazmirov, & Martyniuk, 2022).
Jlnst po3poOKU MpOrpamMHOro 3abe3neueHHs] BUKOpUCTOBYIOThca MoBU Kotlin ta Java. MoBa Java
HaOyBa€ MOMYJIAPHOCTI Ta YacTO BUKOPUCTOBYETHCS MpHU po3podui 3acTocyHkKiB aiast Windows
Mobile, Android, Bada, Palm OS i BlackBerry OS (Ichanska, & Ulko, 2020).

Po3pobka Bi3yanbHOT CKJIQ0BOI MpOrpamMu BiIOYBa€eThes B pefakTopi daitmy gpopmary ".xml",
o € ¢ailyioM po3MITKU JJIs BUBEJEHHs iH(popMallii Ha ekpaH cMapTdoHa. Y TaHOMY penakTopi €
MO>KJIMBICTh nepeMukanHs Mix "Pexumamu" po3pobku: Code, Split, Design. "Code" € TekcToBUM
pemakTopoM JaHoOro (Qailly, B SKOMY IO3HA4eHI PO3MIIIEHI Ha KOHCTPYKTOpi o0'ekTu (iXHi
BIIACTHBOCTI, KOOPAWHATH 1 T.1.). "Design" € Bi3yaJIbHUM pEJaKkTOpOM, J€ PO3MIIIEHHS Ta 3MiHa
00'exTiB BiOyBaeThcst "Ha OKO", TUM CaMHUM IMpPEICTABISAIOYM TE, SKUM y MailOyTHbomy Oyne
iHTepdeiic kopuctyBaua. "Split" - e KOMOIHOBaHMI pEeXHM, IO PO3AUISE €KpaH HABILI, OJHY
YacTUHY SKOro 3aiiMae pexxuM "Code", a iHmy - "Desgin", Hanaoun GyHKIIIOHAT 000M.

KomnonenTn amapatnHoi vactunm. [lepenaua 3HaueHb 3 JaTyuka (TeMmIeparypu Ta
BOJIOTICTh) Oe3mocepesHh0 B AHIPOIA-01aTOK BUKOHYEThCS uepe3 Bluetooth-monyns (Medvediev,
Khotskina, Khodukin, Dashko, & Kravchuk, 2023)

LCD1602

CumBONBHI AucCIUIe] BUKOPHCTOBYIOTHCS B CHUCTEMax JIOMAIIHBOI Oe3MeKkd, poOOTOTEXHilll,
6arato(yHKI10HAIbHUX MPUCTPOSX, TOPTOBUX aBTOMATax 1 TypHIKeTaX IPOMaJICbKOTO TPAHCIIOPTY.

CumBonpauit nucruieit LCD1602 (PucyHoxk 3) BHKOPHCTOBYETHCS il BiJOOpa)KeHHS
iHpopMaii Big KOHTpoJepa Ta CEHCOPIB y TEKCTOBOMY (opMmarti. Jlucruieit ckiaiaeTbes 3 MaTpHUL
pinkokpucraniunoro aucruies (LCD) i1 BinoOpaskae nBa psiiku o 16 cMMBOIIB O1J1I0T0 KOJILOPY Ha
CHHBbOMY TMiJCBiuyBaHHI. Matpuis aucries miakimodeHa no kontposnepa Hitachi HD44780,
3ATHOTO BiAOOpakaTu pAn LUQp, JTATUHCHKUX CUMBOJIB 1 MPOIINTI APYKOBaHI 3HAKU. Y MaM'ATi
JMCIIess MOKHA CTBOPUTH JI0 BOCBMH CIICLIANbHUX CUMBOJIB. KOXXE€H CHMBOJI CKJIAaIa€eThbes 3
KBajgpara po3MipoM 5 x 8 mikceniB. [Tpu po3mipi moxyns 80x36x15 MM po3mip BuauMoi obiacti
ckiamae 64.5 x 14.5 mm. Hampyra xuBieHHs MOAyJs 5 BOJBT, a poboua temmeparypa 0 ~ 50°C.
[Tpartoe 31 crangapTHOIO 6i0mioTekoro LiquidCrystal.

VSSVDDVORSRWE DODI D2 D3D4 D5DED7 A K
| —_——

[

Pucynok 3. lucnneit LCD1602

Moayabs peae. Monynb pene onmHokaHanbHuii — 5V, 10A, 250V (Pucynok 4) — ue
OJTHOKAHAIBHUN MOAYJh penie Ha 5B, mo kepyeThcs 3a momoMororw koHtpoiepa Arduino. Lleit
peneitHuii MOyJIb PU3HAYCHUHN Il KepyBaHHS SIK MOCTIHHHUM, TakK 1 3MiHHUM CTPYMOM BEITHKOI
cuni. OKpiM caMoro pelie, MOyJIb TAKOXK MICTHTh ONTOEIEKTPOHHE PIIIEHHS 3 TPAH3UCTOPOM, KUK
3axuiae kaemMu Arduino BiJ CTpUOKIB HaIIpyTry Ha KOTYIIII.

84



Scientific and practical journal "Economics and technical engineering"

Pucynok 4. Moayns pene

XapaKTepUCTUKHU:
Hamnpyra xusnenns: 5 B
Crtpym cnioxkuBanHs: 15 MA ... 20 MA
Curnan BMukanus: 0 B (HM3bKUil piBeHb)
KinbkicTs pesne: 1 mir.
Tum pene: eneKTpoMeXaHIYHHHA
HowminanbHuii cTpyM HaBaHTaxeHHs: 10 A
KomyrtoBana nanpyra: 250VAC, 30VDC

Pozmipu: 43 x 20 x 18 Mmm

PoGoua Harpyra B 5 BOJIBT J03BOJISIE BUIBHO MiJIKIIOYAaTH MOAYJb A0 Arduino, a KepoBaHHMA
nepeMuKay, 1o 3a curaajgoM Arduino nepeMuKae cepeHii KOHTaKT MK IBOMa KpailiHIMU PO3MUKAE
a0 3amuKae naHmor. /s niakmodeHHs 10 Arduino BUKOPUCTOBYIOTHCS 3 KOHTAKTH: IBa KOHTAKTH
skuBJieHHs (5B Ta Gnd) Ta KOHTAKT ynpaBmiHHSI, SIKUN MITKITOYAE€THCS 10 MU(GPOBOTO BUBOIY Ha
iari. Ha camomy perne 3 iHIIO1 CTOPOHHU € 1€ TPU KOHTAKTH, ajie JIsl IiAKIIIOUEHHS HaBaHTaKCHHS
BUKOPUCTOBYIOTHCSI /IBA 3 HUX, a IHIIMH 3aJHMIIAETHCSA BUIBHUM (BCEpEIUHI penie MOB'sI3aHMM i3
3a3emiieHHsiM). ToMy y pa3i yBIMKHYTOro pene BinOyBaeTbcs 3aMuKaHHS KOHTakTiB COM
(3aranpHui) Ta NC (HOpMajabHO 3aMKHEHH) 1 CIOXHMBAaY BMHKAETHCSA, a BHMKHEHOTO pelie
3aMUKalOThCS 1HII KOHTaKTH — COM (3aranbamii) Ta NO (HOpMalibHO PO3IMKHEHUH).

Jlo MiHYCIB JaHOTO THUITy pelie¢ MOKHa BIJHECTH BEIMKE CIIOXKHBAHHS CTPyMy Ta Maiy
JKUBYYICTD y pa3i BEIMKUX HAaBAHTAKECHb.

Peanizanisi yacTuHn npoekty Ha Arduino. BMukanus aktuBye nporec inimiamizamii. [Ticus
il 3aBepuieHHA — JaTuuk Temmepatypu Ta Bosoricti (DHTI11) 30upae mgaHi y HaBKOJIMIITHBOMY
cepenoBulli Ta Biampasise ix a0 miatd Arduino UNO, ne BinOyBaeTbcsi 00poOka OTpUMaHOl
iHpopmanii Ta nmoxanblie BiampasieHHs ii uyepe3 Bluetooth moxyns Ha Android momatok. Takox
NpUAMAETHCS PILICHHS, II0JI0 BCTAHOBJICHHS MOTPIOHMX 3HaUY€Hb CUTHAJIB Ha MiHH, IO KEPYIOTh
pobourMHU enneMeHTaMu (HarpiBau Ta KyJep). BiInoBiHO 10 OTpUMaHUX CUTHAIB POOOYi €IeMEHTH
MEPEMUKAIOTHCS MK 1X poOoYnM Ta HepobounM ctaHoM. Lli Bka3iBKM MOXYTh OyTH BiJpeaaroBaHi
KopuctyBadeMm uepe3 Android momaTok Ta micis 4oro BimmpasiieHi depe3 Bluetooth mo mmartm
Arduino UNO. IloTouyHi moka3u TeMmepaTypH Ta BOJIOTOCTI TakoX BimoOpaxkatoTscst Ha LCD
nuctuiei (Pucynok 5).

Jnst peneidHOro yNpaBliHHSA HAWNPOCTINIMIA aJrOpUTM Iependavae JHIIE JBa CTaHa
(«yBIMKHEHO» Ta «BUMKHEHO):

if (temp < 24.0) digitalWrite(Pin_rele, 1),
else digitalWrite(Pin_rele, 0);
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Leit kox MPOCTO BKJIIOYAE pelie, KOJIM YMOBHA TeMIIepaTrypa HiK4e 24 rpaiayciB, i BUMHUKAE,
KOJIM BOHA BHIIA. SIKIIIO BUKJIMKATHU LIeH KoJ 03 3aTPUMKH a00 TaiiMepa, TO MOYKHA OTPUMATH e(heKT
«OpSA3KOTY» B MOMEHT YBIMKHEHHS Ta BUMKHEHHS pejie, OCKUIBKU IIyMH BUMIPIOBaHb HOCTIIHO
3MIHIOBaTUMYTh pe3yJbTaT yMOBU. ToOTO 3HadeHHs Tpeba Oyae QinbTpyBaTH, I00 30UTBLIIMTH
CTaOUIbHICTh CUCTEMH.

o TemF 28 C
" Huriidits 317

PucyHok 5. AnapaTHa 4yacTuHa MPUCTPOIO Y 300pi

HaiinpocrimmMm crioco6oM CTBOPEHHS HOPMAJIBHOTO PEJIEHHOT0 PerysiTopa € nepios poooTu
perysropa. Moro MoxHa peani3yBaTu sk 3aTPHMKOIO, TaK i TaiiMepom. [Himmii ciioci6 — ricrepesuc
(Pucynok 6), mo 103BoJIsi€ e OuTbIe 3MEHIIUTH KUTBKICTh MIEPEMUKaHb pelie 1 HaBiTh M030yTHcs
OINUTYBAHHS 1O TaiiMepy, 110 MiABUIIYE PEAKLil0 CUCTEMU Ha 3MiHH, 30€pIriy MpH bOMY XOPOIILY
CTIMKICTh 0 IEPEUTKOI.

Bi -
KH

ri

cT
ep
e3

[l

Pucynok 6. BcranoBneHHs peine

Iicrepesuc noinse «BCTAHOBICHHS» Ha J1BA (TPOXH MEHIIIE 1 TPOXH OLIbIIE), 10 YTBOPIOIOTh
po3Mip BikHa ricTepe3ucy, abo 3HaueHHs rictepe3ucy (A). 3a3BuYail 3HAYCHHS TiCTEPE3UCY
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TeMIepaTypHu BCTaHOBIIOETHCS B Miana3oHi Bix mtoc 3 °C no mtoc 5 °C. (Yevseienko, & Kachanov,
2022). Jlorika poOOTH MOJATaE B TOMY, 100 YTBOPUTHU 00JIACTh, BCEPEINHI IKOi CUCTEMA PyXa€eThCs
3a IHEpLIEI0 BiJl OCTAHHBOT'O MEPEMUKAaHHS 1 MEePeXOauTh B HOBUHM CTaH TUIBKU MPU BUXOAL 3 IIi€i
obuacTi (BKJIIOYATH pelie Ha HarpiBaHHS HIKYE HUOKHBOI JIiHI1, 1 BAMMKATH TUIBKH BHIIE BEPXHBOI).
AJne ciin BpaxyBaTH 1 Te, IO JOJaBaHHS TiCTEPE3UCY 3MEHILIY€E HE TUIBKU KUJIBKICTh MEPEeMHUKaHb
pene, a i TOUHICTh. Y KO riCTepe3nuc MOKHA peati3yBaTH, HAPUKIIa1, TAKUM YHHOM:

#define PIN _rele 2

float controlPoint = 24.0; // ecmanosenHs

float hyster = 2; // wupuna gixna cicmepe3sucy

static bool releState = false;

if (temp < (controlPoint - hyster )) releState = true;

else if (temp > (controlPoint + hyster )) releState = false;
digitalWrite(PIN _rele, releState),

Peanizanisn Bi3yanbHoi ckiagoBoi Ha Android. PosrmsiHemMo po3nin 3 eJeMeHTaMH
po3tamoBaHUMH Ha ekpaHi — “Component Tree” (PucyHok 2). MoxxHa 6a4uTH Mepesik HaCTyTHUX
KOMIIOHEHTIB:

1. RelativeLayout — 1ie pocTip A7l MaiOYTHHOTO TOJIOBHOTO MEHIO, MAaKET, B IKOMY MOXHa
MOPSAKYBATH MPEICTABICHHS/BIPKETH Y BIAMOBIIHOCTI 3 MOJOKEHHSAM 1HITHUX MPECTaB/BiIKETIB.
Bona He 3anexuTh BiJl TOPH3OHTAJILHOTO Ta BEPTHKAIBHOIO TNPEACTABICHHS, 1 L€ MOXHA
YIOPAIKYBATH 3a MOTJISJIOM PO3POOHHKA.

2. Button — ue inTepdeicHI KOMIIOHEHT, KHOIKA, KU HaJa€ KOPUCTYBAUeBl MOXKIIMBICTD
BUKOHATH TIEBHY J1i10, KOJIM BiH B3a€MOJIi€ 3 HUM METOJ0M HATUCKaHHS, 110 MPU3BOIUTH 10 3aITyCKY
3aKJaieHoi GyHKIi.

DiscoverButton — 1eil eleMeHT KepyBaHHS SIBJSiE COOOI0 KHOIIKY, IO BUKOHYE (DYHKIIiO
OHOBJICHHSI CITUCKY ICHYIOUMX TPHUCTPOIB JUIS MiAKIIOYEHHS 10 Bluetooth moOnmmu3y KOMIIOHEHT
DevicelListView.

3. ListView — 1ie yacTuHa iHTepQeiCy, sfKa M03BOJISE BimoOpakaTu Mepellik eIeMEHTIB Ha
ekpaHi npuctporo. Lli enemMeHTH MOXyTh OyTH TEKCTOBMMH PsIKAMH, 300paKEHHSAMM Ta IHIIMMHU
BUJaMU KOHTEHTY. KopHucTyBau Moxe MPOKPY4YyBaTH L€l CIIMCOK Bropy Ta BHH3, 100 MEPErIIHYTH
BCi eneMeHTH. Lleil KOMITIOHEHT J03BOJISIE CTBOPIOBATH JUHAMIYHI CIHMCKH, SKi MOXYTh OyTH
3allOBHEHI JaHUMH 3 MacHuBY 4H 06a3u 1anux. Kpim Toro, Bu Mo)keTe HaJIallITyBaTH 30BHILTHIM BUTIIS
KO>KHOTO €JIEMEHTa CITUCKY, 1100 3p00UTH HOTo 3pyYHHM Ta NPUBAOIMBHUM JJIs1 KOPUCTYBAya.

DeviceListView — 1eil KOMIIOHEHT € JUHAMIYHMM CIIMCKOM, IO Hajae iH(opMariio mpo
npuctpoi Bluetooth, no sxux MoxkHa 3'egHaTucs. CHHCOK OHOBJIIOETHCA 3a JIOTIOMOTOIO
DiscoverButton.

4. TextView — 11e KOMIIOHEHT 1HTEp]ecy, sIKUI BioOpakae TEKCT Ha €KpaHi NMpUcTporo. Bin
PO3MIIIY€ETHCS HAa TIPOCTOPI Ta BIITpae posib TEKCTOBOTO MOKAKYHUKA.

TemperatureTextView — BinoOpaxkae TemMrepaTypy y HOTOYHOMY Haci.

HumidityTextView — BinoOpaxae BOJOTICTh Y TOTOYHOMY Yaci.

TextViewl — Binirpae pojb BKa3iBHUKA MiHIMAJIbHOI TEMIIEPATYPH.

TextView2 — Binirpae pojb BKa3iBHUKAa MAKCUMAaJIbHOT TEMIIEPATYPH.

5. ConstraintLayout — 1ie crioci6 oprasizailii e1leMeHTiB iHTepdeiicy y 101aTKy, IKUil J03BOJIsIE
CTBOPIOBaTH THYYKI Ta aJanTHBHI MakeTH. BiH BUKOpUCTOBYye OOMEXeHHS (constraints) mis
BU3HAYCHHS TOJOXKEHHS Ta PO3MIpY KOXKHOTO €JIE€MEHTa IIOA0 IHIIMX eJIEMEHTIB Ha ekpani. Lle
JI03BOJISIE JIETKO CTBOPIOBATH MAaKETH, SIKI MOXKYThb aJIalTyBaTUCS IO Pi3HUX pO3MIpiB €KpaHiB Ta
opieHraniii mpuctpoiB. Lleii kKoMmoOHeHT 3a0e3rnedye THYYKICTh 1 3PYYHICTh Yy TPOEKTYBaHHI
iHTepdeiiciB g JoAaTKiB. Y pa3si BiH rpae posib MaciTaOyBaHHS Ipadikib.

6. GuidelLine — 1e eneMEHT MakeTy, SKHi BUKOpUCTOBYeTbcs B ConstraintLayout nns
KepyBaHHS PO3TAIlyBaHHIM iHIIUX eIeMeHTiB. BiH € HEBHIMMOIO JIIHIET0, IKY MOKHA PO3MICTHTH Ha
€KpaHi 1 MpHB'sI3aTH O MEBHOTO TOJIOKEHHS a00 eneMeHTa. BUKOHYE pojib CTBOPEHHS MEXKI MiX
KOMIIOHEHTaMH.
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7. MPAndroidChart - e uyacTuHa iHTepdelcy KOpUCTyBaya, SIka BHUKOPHCTOBYETHCS ISt
BOYOBYBaHHs TpadikiB 1 Jiarpam, cTBOpeHHUX 3a jgomnomoroto 0iomioreku MPAndroidChart. e
KOMIIOHEHT JI03BOJIsi€ BioOpaxkaTu Tpadikd Ta JiarpaMd TNpsSMO Ha €KpaHi MPHUCTPOIO,
3a0e3neuyroun Bizyalizalliio JaHuX JJis1 KOpUCTyBaya.

TemperatureChart — BinoOpaxae rpadik Temrneparypu y HOTOYHOMY Yaci.

HumidityChart — Binobpasae rpagik BOJIOTOCTI y TOTOYHOMY Yaci.

8. Seekbar — ue enemeHT iHTepdelicy KOpUCTyBaua, KM sBiIsg€ COOOI0 MOB3YHOK, SKUN
KOPHCTYBa4 MOKE MEPETATYBATH B3I0BK TOPU3OHTANIBHOI OCi. SeekBar 3a3BHuail BUKOPUCTOBYETHCS
U1 BUOOPY YMCIIOBHX 3HAUY€Hb Y 33JaHOMY Jiala3oHi, TAKUX SK TYYHICTh, CKpPaBiCTh, 4ac 1 T. JI.
KopucTtyBau Moke mepeTaryBaTé MOB3YHOK BIIIBO a00 BIIPAaBO JUIsl 3MIHM 3HAUEHHS, K€ MOXKHA
BUKOPUCTOBYBATH B JOAATKY.

Seekbar — BcTaHOBIIOE MiHIMaJIbHE 3HAUEHHS TEMIIEPATyPH.

Seekbar2 — BCTaHOBITIOE€ MaKCUMaJIbHE 3HAUEHHS TEMIIEPATypH.

IIpu cTBOpeHHI mporpamMu Oyiu TaKoX BUKOPUCTaHI CTOpPOHHI O0i0mioTeku, sKi He €
CTaHJAPTHOIO BEPCi€I0 CepejoBMINA NporpamMyBaHHsA. Mpmerbcs mpo MPAndroidChart — ue
610moTeKa, sSika T03BOJISIE CTBOPIOBATH KPACHBI Ta IHTEPAKTHBHI Tpadiku Ta aiarpamMu y J0JaTKax.
Bomna Hanae pi3ni Tunu rpadikis, Taki K JTiHIHHI, KPYTrOBi, CTOBIYACTI Ta 1HIII, @ TAKOK MOXKIIUBOCTI
HAJIAIITYBaHHA IXHBOTO 30BHIIIHBOIO BHIJIALY, KOJHOPIB, MaciiTaOyBaHHS Ta 1HTEPAKTHBHOCTI.
3aBnsKkd il 610mi0Teni MOXHA Bi3yalli3yBaTH JaHi MPOrpaMu Tak, 00 KOPUCTYBa4Yi MOTJIH JIETKO
3pO3YyMITH Ta aHaJi3yBaTH iHPOPMALIIO.

Kpim moxxiuBocTeit, npucyTHix IntelliJ IDEA, B Android Studio peanizoBano Kijibka QyHKIIIH,
TaKWX SIK HOBa YyHi(iKOBaHa MiJcHCTEMa CKJIAaJaHHsS, TECTYBAaHHS 1 PO3rOpTaHHS 3aCTOCYHKIB,
3acHOBaHa Ha iHcTpyMmeHTapii Gradle 1 minTpumyroua BUKOPUCTAaHHS 3aco0iB 0e3 mepepBHOI
iarerpanii (Kozub H, Kozub Yu., Mohylnyi, & Zhukov, 2021).

B3aemoniss 3 ©OibmioTrekamu BinOyBaeTbcs uepe3 cuctemy Gradle - 1e 1HCTpyMEHT
aBTOMaTH3alii 30MpaHHA Ta YHpPaBIIHHA 3aJICKHOCTAMU y TpPOEKTax. BiH 103Boisie KepyBaTu
MIPOIIECOM CKJIAJIaHHS MPOEKTY, BKIIOYAIOUN KOMITUIALIIO, TECTYBaHHS, ITAKYBaHHS Ta pO3TOPTaHHS.
Gradle BuxopuctoBye neknapatuBauii DSL (Domain-Specific Language) i onucy ckiafaabHUX
cKkpunTiB. BiH Takox 3a0e3nedye 3pyuyHe YHpaBIiHHA MPOEKTAMM Ta iX 3anexHocTsmu. Komn
JOJA€ThCSl CTOPOHHS 010i0TeKa 10 mpoekTy 4epe3 Gradle, moTpiOHO BKa3aTH ii iM's Ta Bepciio y
¢aiini cueHapito CKIaJaHHS NPOEKTY, skui Ha3uBaeThes "build.gradle". Gradle nmotim 3aBaHTaxye
10 0i0JI0TEKy 3 IIEHTPAJBHOTO CXOBHINA, 110 HA3MBAETHCS PEMO3UTOPIEM, 1 oJa€ i O BalIoro
npoekty. Lle BinOyBaeThCsi aBTOMAaTHYHO, KOJIM 3aIyCKAEThCA NPOIEC CKIAJaHHA MPOEKTY abo
cuHxpoHizauii Gradle y cepenoBuii po3poOku. ITicis 1iporo MoxHa BUKOPUCTOBYBATH (DyHKITIOHAI
i€l 0106J10TEKN y IPOEKTI1, BUKIIMKAIOUHU i1 METO/IM Ta KJIACH y KOJI.

Aaroputm podotu Android nomarky. Ilepexomsunm 10 po3poOkM AOAATKY MOTPIOHO
3BEpHYTH yBary Ha HOro ajJropuT™M po3poOKH, MOCHIIJOBHICTh B sIKiil OyAyTh J10/1aBaTUCS €IEMEHTH
Ta BCTAHOBJICHHS iX B3aeMoiii Mixk coboro. Ilepmum enementom O6yae RelativeLayout — GyHIaMEHT,
IO MpPEACTaBIsie COOOI0 MPOCTIp A MaiOyTHHOro po3MilIeHHS KOMMOHEHTIB. [lepen Tum, sk
PO3MIIIYBaTH €JIEMEHTH [T MaiiOyTHROI TporpamMu, OTPiOGHO HAMKUCATH KO/, 110 BKIIOYA€ HAJaHHS
JI03BOITY OJIATKY JUTS B3aEMOJI1 3 Bluetooth, 11e BUKIIMKAHO THM, 110 3 METOIO O€3MEeKH JJaHi 103BOJIH
HE HAJAIOThCS 32 3aMOBUYBAHHSAM, III0 BHMAarae CTBOPEHHS IEBHOTO KJacy, B SKOMYy OyIyTb
NpOMKCaHi JJaHi T03BOJY, L0 BKIIIOYAIOTh TaKi MPOLIECH B3a€MOJII SK MEpEeBipKy Ha MPUCYTHICTDH
Bluetooth Ha cmapTdoHi Ta #oro craryc, Mouryk JeBaiciB, MiIKIOYEHHS, 00poOKa, OTPUMAaHHS 1
BiJllIpaBieHHs AaHuX. [Ticist 9oro Bxke MOCHIATUCS HA TaHWUW KJIac NPU HAMKMCAHHI KOAY B3a€MO/IIT
€JIEMEHTIB, MOB'SI3aHUX 3 HEOOX1IHICTIO BAKOPUCTOBYBATH J1aH]1 (PYHKIIII.

Tak camo, mepen poOOTOI0 MPOrpaMu MOTPIOHO HAMKMCATH KOA, SIKUM OyAe MpOBOIAUTH
niepeBipky Bluetooth Ha ioro cratyc (on\off), 1 SKI0 Ha MPUCTPOI BiH BUMKHEHHIA, TO Ha €KpaHi
KOpUCTyBada 3'SBHJIOCS TOBIJIOMJICHHA 3 MPOMNO3ULIEI BKIIOUUTH Bluetooth, skpa3 TYT Bxke
3HAZ00MBCS KJ1ac JO3BOJY 3raJlaHHid BUIIIE.

Jamni Bxe e po3mimieHHs 00'ekTiB y npoctopi. [lepmiumMu KOMIOHEHTaMHu B IbOMY OyIyTb
DeviceListView, sgKkuii HaJaBaTUMe KOPUCTYBAaue€Bi JOCTYIMHI MOoOMU3y mpucTporo Bluetooth,
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MOKA3YI0YH, 3pyYHUN I B3a€EMOJII CIIMCOK, a 32 HUM - KOMIIOHEHT DiscoverButton, KHOIIKY, siKa
OHOBJIIOBATUME LIEU CIIUCOK.

Hactynuumu komnoHeHTamu OynyTh Buctynatu 1emperatureTextView ta HumidityTextView,
K1, OTPUMYIOUH JaHi Bluetooth 3 puUCTPOIO aBTOMAaTHUYHOI TETIIHII, BiI0OpaKaTUMYTh iHPOPMALit0
PO TEMIIEPaTypy Ta BOJIOTICTh HA TOTOYHUI MOMEHT.

[Ticns uporo ine posminieHHs ConstraintLayout, 610Ky, BcepeInHi SKUX OyayTh pO3TaIllOBaHi
rpadikd 3MiHM TapaMmeTpiB 3 IUIMHOM 4acy, a came IemperatureChart — 1yia Temmepatypu i
HumidityChart — nns Bonorocrti, a Takox GuideLine s 3an100iraHHs] HAKIIAJACHHIO OJMH Ha OJTHOTO
JIBOX TIOTIEPE/IHIX KOMIIOHEHTIB.

Tempa2 Tempa2

Temnepatypa

Bonora

Temnepartypa:

Bosnora:

JopaTok xo4e BBiMKHYTH Bluetooth

3a60poHnTH Oossonutn

a)

Tempa2

DISCOVER DEVICES

HC-06
WS-1688

QCY-T1C

Tempa

|m
N

DISCOVER DEVICES

HC-06
Ws-1688

QCy-T1C

MAILASEN MAILASEN

Temnepatypa —

Bonora

B) r)
Pucynoxk 7. Eranu po6otu 3 Android nogatkom

OcTtaHHIMH KOMIIOHEHTaMH OyyTh SeekView, oqMH 3 AKUX BIANOBIAA€ 32 3aJJaHy MiHIMAJIbHY
TeMIepaTypy, a IHIIMA — 32 MaKCHUMaJbHY, SIKUI 13 TIOB3YHKIB 3a IO BiANOBigae OyJe BKazyBaTH
KOMITOHEHTH 1 extView, mo Hang Humu (Min 1 Max).

[Tpu BiIKPHUTTI IpOTpamMH, SKILO HA IPUCTPOI HE 3anmyieHo Bluetooth, 3'IBUTHCS MOB1IOMICHHS
3 MPOMNO3MILIEI0 YBIMKHYTH L0 (yHKIito Ha cmaprdoni (Pucynok 7a). Ilicnms 3rogm — mepen
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KOPUCTYBa4deM 3'SBIISETbCS T'OJOBHE MEHIO NMPOTPaMH, /1€ PO3TAIIOBAHUN OJUH KOMIIOHEHT — L€
KHOIIKa OHOBJICHHS MOIIYyKY NpUcTpoiB (Pucynox 76). Ilicist HaTHCKaHHS Ha Hel 3'SBJISE€THCS CIIHUCOK
3 HassBHUMH NOOJIM3Y NPUCTPOIB 3 yBIMKHEHUM Bluetooth apantepom (Pucynok 78). [Ipu BuGopi
noTpiOHOro, a came TEIUIUIl, 3a HATUCKAHHSAM BiJOyAEThCS MIAKIIOYEHHS N0 MPHUCTPOIO, IO
CYIIPOBOJUKYETHCS CIpUM MiJICBIYyBaHHSIM BHOpPAaHOTO NPHUCTPOI0 B mpoueci 3'ennanus. Ilicms
YCHINIHOTO BCTAHOBJICHHS 3'€qHaHHS, Ha eKpaHi cMmapTdoHa Uepe3 KOMIOHEHT TextView
BiJOOpaXaTUMYThCS J1aHi PO Temrepatypy i Bosoricts (Pucynox 7r).

JluHamiKy 3MiHM TeMIepaTypH Ta BOJOTOCTI BCEpEAMHI MPUMIIIEHHS B TOTOYHOMY 4aci
JIEeMOHCTPYIOTh Tpadiku B HUXKHIM 4acTuHI ekpaHa. (PucyHok 8).

3HAUTU NPUNAON

HC-06
WS-1688
QCY-T1C

MAILASEN

femnepartypa: 24°C

Bonora: 44%

28 W DataSet Label 48 B DataSet Label
21 36
14 24
7 12
o 1 Temperature Chart 0 Humudity Chaet
o a 8 12 16 20 o S 10 15 20 25 30

Pucynok 8. I'padik 3MiHM TemmepaTypu Ta BOJIOTOCTI

Bucnosku (Conclusions)

Pe3ynbraToM BUKOHAaHHS POOOTH € Tpane3laTHUH mpucTpii Ha 6a3i miatu Arduino Uno,
porpaMHe 3a0e3MeUeHHs 10 HhOro Ta MoOUThHUHN Android - momaTok. 1{i KOMIOHEHTH B3aEMOIIIOTh
Mk c00010: 311HCHIOIOTH OOMIH JaHUMHU Ta 0OPOOJISAIOTH 1X JJIS MOAAJIBIIOTO BiAMIPAaBICHHS IEBHUX
KOMaH]l poOOYNM €JIEMEHTaM B aBTOMATUYHOMY PEXKHMI.

Jns peamizamii 3agadi Ta CTBOPEHHS B3aeMOJii MK IulaTdpopmMamMu OyJIO BHKOPHCTAHO
Bluetooth - 3B’s130k 3a momomororo moxyias HC-06 Tta inTerpoBaHoro Momyist y cMmapTQoHi
KopucTyBada. Tako Ui CTBOPEHHsS caMoro npuiaay 3Hagoowmucs miata Arduino Uno, maTumk
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Bosioru Ta tTemnepatypu DHT11 nnst 30upanns nanux, LCD nucnneit ans BuBeneHHs iHpopmaiii,
BEHTHJISATOP JUI OXOJIOJKEHHS, Ta HarpiBay.

Byno cTBOpeHO MmpHCTpiid, AKHI MOXHA IHTETPyBaTH Yy MPHUMILICHHS HEBEIUKOTO 00’ €My, 110
JI03BOJISIE PETYJIIOBAaTH BHYTPIIIHIO TEMIIEPATYpy Ta BOJOTICTh 3a MOTPEeOH KOPUCTYyBaya.

Takox ogHUM 3 pe3ynbTaTiB cTaja po3podKa MOOUIBHOTO 104aTKy Ha matdopmi Android 3a
noromororo Android studio. [lomaTok 103BOJIsiE BUBOAWTH Ha €KpaHi MOOUIBHOTO MPHUCTPOIO
KOpHUCTyBaya iH(pOpMaIliio PO MOTOYHI MOKa3d CEHCOPIB, Ta 3MIHIOBATH MapaMeTpH 3a MOTpeOH B
PYYHOMY PEXKHUMI.

Jnst po3poOku koMmriutekcy Oyium oOpani miaardgopmu Arduino IDE ta Android Studio. VY
NEpUIOMY CTBOPIOETHCS IMpOorpamHe 3abes3mnedyeHHs 10 Iuatd Arduino, a B apyromy — J0JaTOK
Android. JleranbHO OomMCcaHUI anroput™ po3poOku, Ail mpuiaay Ha 0asi Aruino Ta MOOUIBHOTO
Android - nogatky. [Ipuauun B3aemoii 060X miaardopM MoJaHo B ONMUCY TaOJHIIi, 10 IEMOHCTPYE
OCHOBH, SIKi JJO3BOJIAIOTH MPAIIOBATH K NMPHIAAY, TaK i 10AaTKy 3aBasku Bluetooth - momyiio.

[TponemoncTpoBaHo nmpuHimn podotu Android - nonarka, oro BUrisA: iHTepdeic Ta iforo
KOMIIOHEHTH.

Takum 4MHOM, CHCTEMa 3a THIIOM - pO3yMHA TEIUIUIA. MIATPUMYE ONTUMANbHI TapaMeTpH B
MPUMIIIEHHI 32 MOXJIMBICTh B OYyIb-fKi Yac AWCTAHIIWHO BiJICTEXKYBATH TOKAa3W CEHCOPIB Ta
KOPUT'YBaTH IPaHUYHI PiBHI TEMIIEPATypH Ta BOJIOTOCTI.
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Abstract: Disadvantages that occur when powering the traction
motors of mine contact electric locomotives from a pulse width
converter (PWC) due to significant current pulsations are given:
significant current and moment pulsations and skidding of the wheel
pairs of the electric locomotive in the mode of displacement.

An analysis of known methods of reducing current pulsations of traction
motors, such as the use of reactors in the armature circuit of motors,
increasing the frequency of the pulse converter, determined their
insufficient efficiency. On the basis of the conducted analysis, a number
of shortcomings of known methods of reducing current pulsations and
their non-compliance with existing requirements were revealed. Thus,
the use of reactor engines connected in series in the armature circuit
leads to significant power losses in them. Increasing the frequency of the
pulse-width converter requires an individual selection of the optimal
frequency value for each type of electric locomotive and in any case
leads to an increase in switching losses in the converter, which in turn
leads to a decrease in the quality of electrical energy.

The proposed method of separate power supply of the traction motors of
the two-engine drive of the mine electric locomotive from two PWC
instead of the existing parallel one. Comparative studies of the proposed
method of separate power supply of traction motors with a time shift in
the operation of pulse width converters for half the period of the
operating frequency with the applied parallel connection were
conducted. On the basis of the conducted research, the effectiveness of
the proposed method has been proven.

It is shown that the maximum value of traction current ripples occurs at a
duty cycle of 0.5 and at a frequency of 300 Hz does not exceed 10%, and
taking into account the shift in time in the operation of converters for
half the period of their operating frequency, traction current ripples at the
indicated frequency will not exceed 5% .

Keywords: traction motor, pulse width converter, separate power
supply, harmonic current components.
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Abstract: Disadvantages that occur when powering the traction motors of mine contact electric
locomotives from a pulse width converter (PWC) due to significant current pulsations are given:
significant current and moment pulsations and skidding of the wheel pairs of the electric locomotive
in the mode of displacement. An analysis of known methods of reducing current pulsations of
traction motors, such as the use of reactors in the armature circuit of motors, increasing the
frequency of the pulse converter, determined their insufficient efficiency. On the basis of the
conducted analysis, a number of shortcomings of known methods of reducing current pulsations and
their non-compliance with existing requirements were revealed. Thus, the use of reactor engines
connected in series in the armature circuit leads to significant power losses in them. Increasing the
frequency of the pulse-width converter requires an individual selection of the optimal frequency
value for each type of electric locomotive and in any case leads to an increase in switching losses in
the converter, which in turn leads to a decrease in the quality of electrical energy. The proposed
method of separate power supply of the traction motors of the two-engine drive of the mine electric
locomotive from two PWC instead of the existing parallel one. Comparative studies of the proposed
method of separate power supply of traction motors with a time shift in the operation of pulse width
converters for half the period of the operating frequency with the applied parallel connection were
conducted. On the basis of the conducted research, the effectiveness of the proposed method has
been proven. It is shown that the maximum value of traction current ripples occurs at a duty cycle of
0.5 and at a frequency of 300 Hz does not exceed 10%, and taking into account the shift in time in
the operation of converters for half the period of their operating frequency, traction current ripples at
the indicated frequency will not exceed 5%.
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AHoranis: HaBeneHi HeOMIKH, 1[0 MAOTh MICIE MiJ Yac KHUBJICHHS TATOBUX JBUTYHIB IIaXTHHX
KOHTAKT-HUX €JIEKTPOBO3IB BiJ MIMPOTHO-iMIyibcHOro mneperBopioBada (IIIIT) uepe3 3nHauHi
nyJbcamii CTpyMy: 3HauyHI IyJbcalii CTpyMy Ta MOMEHTY Ta OyKCYBaHHS KOJICHHMX TIap
€JIEKTPOBO3Y B peKuMi Horo 3pyuieHHs 3 Micus. [IpoBeneHuii aHami3 BiIOMUX METOMIB 3HIKEHHS
nyJbcaliid CTpyMy TATOBHX JBMIYHIB, IK TO 3aCTOCYBaHHS PEaKTOPIB B SKIPHOMY KOJIi JIBUTYHIB,
HiABUIIEHHS YacTOTH IMIIYJIbCHOTO NEpEeTBOPIOBAYa BH3HAUMIA 1X HEAOCTaTHIO eekTuBHicTh. Ha
MiJICTaBl MPOBEICHOTO aHAJI3y BHUSIBICHUU Sl HEIOMIKIB BiIOMUX METO-AIB 3HIKCHHS MyJbCaIlii
CTpyMy Ta 1X HEBIJMOBIAHOCTI iCHYt0OUMM BUMOTraM. Tak, 3aCTOCYBaHHsI IMOCIIIOBHO BBIMKHEHUX B
AKIpHE KOJIO JIBUTYHIB PEaKTOPIB MPU3BOAUTH 10 3HAYHUX BTPAT MOTY>KHOCTI B HUX. [linBUIIEHHS
YacTOTH  LIMPOTHO-IMIYJBCHOTO  NEpeTBOpIOBauYa  MoTpedye  iHIWBIAyalbHOTO  BUOOpY
ONTUMAJIFHOTO 3HAYEHHSI YaCTOTH VI KOXKHOT'O TUIy eJIEKTPOBO3Y 1 B OyIb SKOMY pasi Bejae 10
30UIbIICHHS KOMYTAIIHHUX BTpaT B MEPETBOPIOBAYi, 110 B CBOIO YEPry Bele J0 3HMKEHHS SKOCTI
CJIEKTPUYHOI eHeprii. 3amponoOHOBAaHMN METOJX PO3IUIBHOTO JKMBJICHHS TATOBUX JBHUTYHIB
JBOJBUTYHHOTO NMPUBOY LIAXTHOTO eNeKTpoBo3y Bif aBox LI 3amicTh icHYIOYOTr0 mapaneabHOro.
[TpoBesneHi MOPIBHSUIIBHI TOCTIKEHHS 3alPOIIOHOBAHOTO METOJY PO3JLIBHOTO KUBJICHHS TATOBUX
IBUTYHIB 31 3CYBOM 3a 4YacoM y pPOOOTI HIMPOTHO-IMIYJIbCHUX II€PETBOPIOBAYIB HAa IMOJOBHHY
nepiogy pobodoi 4acTOTH 3 3aCTOCOBYBAaHMM MapajelbHUM 3'enHaHHsIM. Ha mifcTaBi nmpoBeIeHUX
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JOCHIUKeHb JOBEJeHa €(EeKTUBHICTh 3allpONOHOBAHOTO Meroay. llokasaHo 10 MakcUMalbHe
3HAYEHHS MyJbCalliil TATOBOTO CTPyMy Mae Micue npu ckBaknocti 0,5 1 mpu vacroti LHIIT 300 I'g
He mepesuinye 10%, a 3 ypaxyBaHHSM 3JBHTY y 4aci B poOOTi NEpeTBOPIOBAYIB Ha IMOJOBHHY
nepiony ix po0ouoi yacToTH MmyJbcallii TArOBOro CTPYMY Ha BKa3aHil 4acTOTI HE mepeBUIIaTh 5%.

Kuro4oBi ciioBa: TAroBuii IBUTYH, IMPOTHO — IMITYJIbCHHMA MEPETBOPIOBAY, PO3ALIHLHE JKUBIICHHS,
TapMOHIIHI CKJIaIOB1 CTPyMY.

Beryn (Introduction)

JXXuBneHHS TATOBMX [BWUTYHIB IIAXTHUX KOHTAKTHMX €JEKTPOBO3IB  BiJ IIMPOTHO-
IMITyJIbCHOTO TIEpPETBOpPIOBaYa BHMKJIMKAIOTH 3HAYHI MyJbcalii CTpyMy Ta MOMEHTY, IO, B CBOIO
4yepry, MpU3BOIUTH 10 OYKCYBaHHS KOJIICHUX Hap €JIEKTPOBO3Y B PEKUMI HOT0 3pyIICHHS 3 MICIIS Ta
HEIOBUKOPHUCTAHHS Horo menHoi Macu (Sinchuk O.M., Chumak V.V., Yerzhov O.V., 1988, Debilyi
V.L. Suchasni, 2002). Kpim Toro, mymnbcanii cTpyMy CTBOPIOIOTH y JIBUTYHI JOAATKOBI BTPaTH Bif
3MIHHOI CKJIaJIOBOi CTpyMy Ta MOTipIIyIOTh YMOBH KOMYTaIlii Ha kojekTopi (Sinchuk O.M., et al,
2006, Zakharchenko D. D., Rotanov N. A. Tiahovi, 1991). OkpiM 1bOTO, SIKICTh €JIEKTPHUUHOL
eHeprii Oyna 1 3aJMIIAETbCs BaXJIMBOIO Ta YAcTO JOCHIKYBAaHOIO MPOOJIEMOI0 B CHCTEMax
eleKTpuyHOi TsAru. Hampukian oOMekeHHs MIOA0 TapMOHIHHOTO 3a0pyAHEHHS mepeadadeHa y
craunapti IEEE-519-1992 (IEEE: Piscataway, NJ, USA, 2014).

Jns oOMeXeHHsI MyJbCcaliid CTpyMy y SIKIDHOMY KOJI TATOBHUX JBHUIYHIB BCTAHOBIIOIOTh
peaktopu. IIpu bOMY 3HMXKYIOTBCS ITyJbCalii MOMEHTY ABHUTYHIB 1 BTpaTH BiJl 3MiHHOI CKJIaJI0BOT
CTpyMy, OJIHAK BTpaTH B peakropax 3HmwxkaroTh KKJ| enexrponpuBona B minomy (Pasko O.V.,
2004.). HasBHiCTh peakTOpiB BeJe MO 3HAYHOTO 30UIBIICHHS MacH Ta 00’ €My eJIeKTpooOIa HaHHS,
10 CTBOPIOE JIOJIATKOBI TPYAHOILI 3acCTOCYBaHHS IMITyJbCHHX IeperBoproBauiB (Pasko O.V.
Kombinatoryka skhem tiahovoho elektropryvodu zminnoho strumu, 2004.). Iammii criocid 3HIKEHHS
PiBHS MyJbcalliil MONATae y MiJBUIIEHHS YaCTOTH IHUPOTHO-IMITYJILCHOTO NepeTBopioBava (Sinchuk
O.M., et al, 2006). Onnak, nigsuienHs yactotu LI Bene 1o 3011bIIeHHST KOMYTALiTHUX BTpaT B
NEpeTBOPIOBAYl Ta MOTIPIIYIOTh YMOBHM KOMyTalii Ha Kosektopi (4. V. Agunov et al, 2021). Y
[[OMY BHITAJIKy HEOOX1THUH 1HANBIAyanpHIN BUOiIp ontuManbHoi yactotu LI s koxHOTO THITY
eJIeKTpoBo3y. ToMy oueBHMIHA HEOOXITHICTH 3MEHIIUTH MyJbcalii CTpPyMy IHIIUM LUIAXOM — 0e3
BCTAaHOBJICHHS PEaKTOpiB, a CcaMe M[UIAXOM pPO3JIUIBHOTO JKUBJICHHS TATOBHX JBHUTYHIB
JBOJBUTYHHOTO MPHUBOJTY IIAXTHOTO eJ1eKTpoBo3y Bia aBox LIIIT 3amicTs icHYI0UOro mapaneabHOro.

TakuMm 4YnMHOM, HEAOCTaTHS €(EKTHBHICTH BIJOMHUX METOMIB 3HM)KEHHS IyJbCAIlli CTpyMy
TATOBUX JBHUIYHIB HIAXTHUX KOHTAKTHUX EJIEKTPOBO3IB 3 IIHPOTHO-IMITYJIbCHUM PETYJIIOBAaHHIM
MiATBEPKY€E HEOOX1THICTh 3HAXOKCHHSI OLIBIII ONTUMATBHUX PIIICHb.

PesyabTaTn (Results)

[Ipy MWUPOTHO—IMITYJIBCHOMY METOJI PEryJIIOBaHHS [BOJBUTYHHOI'O TPHBOJY [IAXTHOTO
€JIEKTPOBO3Y MOJKJIMBE 3aCTOCYBAaHHS SK IMAapajelbHOr0 TaK i PO3IUIBHOTO 3'€JHAHHS TATOBUX
IBUTyHiB. Bu3HauambHUM (akTOpoM miJ 4Yac BUOOPY CXEMH 3'€IHAHHS TATOBHUX JBUTYHIB €
3HWKECHHSI PIBHS MyJbCallid CTpyMy 1, BiOBITHO, BTPAT MOTY>KHOCTI B KOHTaKTHIN Mepexi Ta
3a0e3neueHHs HaiifHOT poOOTH eNeKTPONPUBO/LY IAXTHOTO EIEKTPOBO3Y.

[Tix yac BuOOpy palioHaTbHOI CXeMH 3'€THAHHS TATOBUX JBUTYHIB IIAXTHUX €JIEKTPOBO3iB
HEOOXiTHO BpaxoByBaTH, IO pPO3JUTHHE S>KUBICHHS TATOBUX MABUTyHIB Bim asox LHIIT mae
MO>KJIMBICTh 3CYHYTH CHJIOBI IMITyJIbCH CTpyMmy oaHoro 3 asox IIIIIT BiaiHOCHO IHIIOTO Ha MEBHY
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yacTUHy mepiony pobouoi wacroru. Ha puc.l HaBeneHi aiarpaMu 3MiHH CTPyMYy B KOHTAaKTHiM
Mepexi MiJ Yac IIHUPOTHO-IMITYJIbCHOTO pPEryJIIOBaHHS JBOABHTYHHOTO IPHUBOAY IIAXTHOTO
enektpoBo3y K-14Y (aBurynu moctiiiHoro ctpymy mnociigoBHoro 30ymxenns JHT-46/33M) s
psly 3HAYeHb CKBAXXHOCTI MPH MapajelbHOMY 3'€JHaHHI Ta PO3IUIBHOMY >XUBJIEHHI TATOBHUX
nBuryHis. [Ipu npoMy 7Sl pO3AUSIBHOTO JKUBJICHHS JBUTYHIB CHUJIOBI IMITYJIBCH CTPyMY 3CYHYTI Ha
MIOJIOBUHY Tepiogy poOou0i YacTOTH.

3Ha4YeHHsl CTPYMIB NpU MPHUUHATOMY A 000X BUMAJAKIB MPSIMOKYTHOI (pOpMi iMITyJIbCIB
CTpyMy BH3Ha4arOThcad (BUKIIOUatoun Bumagok it y = 0,5 ta y = 0,75 puc.16) HacTynHoIO
CHCTEMOIO PIBHSHb:

{il(t) = 2I;ynpul0 < t <yT
i,(t) = 0npuyT <t <T (1)

["apMOHiiiHI CKJIaIoOBI CTPyMy 3HAXOAATHCS PO3KIANCHHAM 3aJaHuX pPiBHAHb (1) KpuBHX
cTpyMy y TpuroHoMmerpudHuii psn @ypwe (Korn H., Korn T., 1974.). Po3knananns y psag @ypbe
MOKe OyTH BUKOHaHO 3 BUKOpucTaHHAM ¢(yHkuii Yomma (Liang T., O'Connel R.M., Holt R.G.
1997). Otpumani koediuieHTH psiny Pypbe BUZHAYAIOTHCS BUPA3AMU:

1 T . T . 2 T
%= 2| i @at + [ ip0de| =2 [ Ipdt = 215y

(2)
a, = %[IOVT i1(t) cos inw tdt + fyTT i,(t)cosn wltdt] = %Sin nwyT =
21 . _
— sinn 2my; ) (3) i
ANE ; ; , 21;
by =2 [ Jy () sin(newyt)dt + [ i (t) Sm(na)lt)dt] SE

cosnw,YT] = % [1—cos2nmy] @)

AMITTITY1a n-1 TApMOHIMHOT CKIaI0BOT CTPYyMY
— 2 2
Iym =+ a%, + b%,. (5)

[Ticnst migcTaHOBKM KOEQILi€HTIB a, Ta b, y (5) 1 BIANOBIAHUX MEPETBOPEHb OCTATOYHO
OTPUMAEMO

21 .
Lym = n—gsm(nny). (6)

OyHKIIIOHATBHUN BUPA3 U CTPYMY IIiJ] 4aC PO3IUILHOTO KUBJICHHS ABUTYHIB (puc.10) Ta y
< 0,5 aHanoriyHWii HaBEJACHOMY BHILE, OJHAK CJiJl BPaXOBYBAaTH, II0 aMILIITyAa CTpyMy 1 mepiof
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HOro TOBTOPEHHS 3MEHIIYIOThCS BIBIYI 1 CKJIAAyTh BignoBigHo [ Ta 71/2. Ammiityna n-i
rapMOHIHHOI CKJIaJ0BOI CTPYMY Y IbOMY BUIAJIKy BU3HAYAETHCS BUPA30OM

Lym = 111_1171 sin(2nmy) (7)

[Tix yac po3ainbHOrO >KMBIEHHA NIBUTYHIB Ta Y = 0,5 (puc.10) B KOHTaKkTHIH Mepexi
BIJICYTHS 3MiHHa CKJIaJ0oBa CTpPyMy, a y BuUmaaky y > 0,5 MOXHa CKOpPHCTaTHCS MOINEpEeIHIMH
Bupazamu. JlilicHO, SIKIIO Bich abCIMC KPUBOI CTPyMY MiAHATH Ha BENMUMHY, piBHY I (puc.16, y =
0,75), To mpu BOMY KpPHUBI CTPyMy, II0O OTPUMYEMO, 33 XapaKTepOM 3MIHHM BiJIMOBINAIOTH DALY
nornepeaHix. OueBUAHO, 110 B IbOMY BUIAJIKY I1E€PioJ] MOBTOPEHHS CKIanae 7/2 mpu CKBaXXHOCTI y =
2t;/T, a aMIITiTY1a TApMOHIHHUX CKJIaJJOBUX BH3HAYA€ThCs BUpazoM (7).

1 y=0,1 ] Ik y=0,1
"1 T | "t e 7
A 1i
_| y=0,25 y=0,25
I ot sl
A YZO,S [ﬂ
y=0,5
=
S
I ti _ Vt Vt
A y=0,75 I y=0,75
=
S
:t >
2) 6) t

Pucynoxk 1. Jliarpamu 3MiHHM CTpyMy B KOHTaKTHiM Mepexi: a) i 4ac mapaneiabHOro 3'€THaHHS
JIBUTYHIB €JIEKTPOBO3Y; 0) miJI yac iX po3AUTEHOTO )KUBJICHHS.
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Ha puc. 2 HaBeneHi 3Ha4e€HHS aMILUTITY/] IEPILOi, APYToi Ta TPEThOI FapMOHIMHUX CKJIQJOBUX
CTpyMy B 3aJIe)KHOCTI BiJl CKBA)XHOCTI JUI NapajelbHOro 3'€HAHHS JBUTYHIB Ta y pasi iX
PO3IUIBHOTO XUBJIEHHS. [Ipy 11bOMY TapMOHIHHMUMH CKJIaJJOBUMHU CTPYMY BHUIIIE TPETHOTO MOPIIKY
MO’KHa HEXTYBaTH 4epe3 X He3HauH1 BEJIMUMHU.

MakcumanbHe 3HaYeHHSI aMIUTITY/1 TApMOHIMHUX CKIIAJIOBUX CTPYMY B KOHTAKTHIA MEpexi y
pa3i pO3ALTPHOTO JKMBJICHHS IBUTYHIB y JiBa Pa3d MEHIIE Yy MOPIBHAHHI 3 MaKCUMaJbHUMH
3HAYEHHSAMHU X aMIUIITYJ OpU TapaneilbHOMy 3'€JHAHHI JBHUTYHIB 32 YMOBH 3CYBY CHJIOBHX
iMIynbeiB cTpyMy ogHoro 3 aBox LHIIT BitHOCHO 1HIIOTO HA MOJIOBUHY IEpioay poOoUu0i YacTOTH.

Lim/In /‘

0,4

e
/
f\ T
ro Y
L

/

0.1 03 0,7 0.0 9
IZm/IH
0,4
1
02 N\ yd
/v\ 2
0 8
0.1 0.3 7 0.9
[3m/[17
03
1
/ s S
0,1 v
0 !

0,1 0,3 0,5 0,7 0,9

Pucynok 2. AMIiiTy 11 rapMOHIHHUX CKJIaJOBHX CTPYMY B KOHTAKTHIN Mepexi (i yac
pPOOOTH OHOTO ENEKTPOBO3Y):
a,0,B — TepIia, Ipyra Ta TpeTs rapMOHiHI CKJIaJI0B1 BIAMOBIAHO; 1 — mapanenbHe 3'eTHaHHS
IBUTYHIB; 2 — pO3IIJIbHE TX )KUBJICHHS.
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[Tin yac pO3AUTLHOTO XUBJICHHS IBUTYHIB BIJOYBA€ThCS CYTTEBE 3HIDKEHHS JOJATKOBUX
BTPaT MOTY)XHOCTI, XapaKTepHUX, B OCHOBHOMY, JJs IYCKOBUX CTPyMiB MpH IIUPOTHO —
IMITyJIbCHOMY peryJIIOBaHHI. Y pasi mapaieiabHOro 3'€HaHHS ABUTYHIB BTPAaTH B KOHTAaKTHIN
MEpexi IiJ 4ac MyCKy eJIeKTPOBO3Y B MOYATKOBUH nepion Horo pymanus (y = 0,1...0,2) npubnuzno
y 2 pa3u MEepeBUIIYIOTh BTPATH MOTYXHOCTI Y HOPIBHSIHHI 3 BUIPSAMIIEHUM MOCTIHHUM CTPYMOM 1
OpU TPOTSHKHUX KOHTAKTHUX MeEpeXkax MOXYTh IPHUBECTH [0 HEOOXIJHOCTI 3aCTOCYBaHHS
KOHTAKTHOTO ITPOBOJY OLIBIIOTO MEPETHHY.

Kpim Ttoro, mpu oOrpyHTYBaHHI palliOHQIbHOI CXeMH 3'€JHaHHS TSATOBHX JIBUT'YHIB
HEOOXiTHO BpaxoBYBaTH MOXIIMBICTh 3HI)KEHHS PIBHA IMyJIbCAlliil pe3yJIbTYIOUOrO TATOBOTO
3yCHJUIA, SIKI BUKJIMKaHI MyJbCallisIMUA CTPYyMY IiJ Yac IIUPOTHO-IMITYJILCHOTO peryitoBaHHs. [Ipu
napajienabHii poOoTi JBUTYHIB MiJ yac npoBigHoro intepsaty LLIIT BinOyBaeThCs migcyMOBYBaHHS
nyJbcanid 000X JBHUTYHIB €JEKTPOBO3Y 1 MyJbCallis pe3yJbTYIOUOrO TATOBOTO 3YCHUIUIS 3pOCTAE
(dhakTU4YHO B JBiYi.

[Tix yac po3ALTLHOTO KUBIEHHS JIBUTYHIB 31 3CYBOM CHJIOBHX IMITYJIBCIB CTPYMY OJIHOTO 3
nasox IHIIT BigHOCHO iHIIOrO Ha MOJIOBMHY MEPioAy POOOYOi YACTOTH MyJIbCallis Pe3yJbTyIUOro
TATOBOTO 3YCWJUISI BU3HAYAETHCS SIK PI3HUI MyJbCallii CTpyMiB OKpEMHX JBHUIYHIB. 30KpeMa, B
o0yacTi MakCHMMalbHOI Mysbcalii KokHoro 3 ABHryHiB (y = 0,5) mynbcallisi pe3yabTyIouoro
TATOBOTO 3YCWJIISL NPH OJHAKOBUX MapaMeTpax ABHTYHIB 3 ypaxyBaHHSIM 1HEpLii €JIeKTPOBO3Yy
TEOPETUYHO MOXKe OYTH BiICYyTHS B3arali.

CrocoBHO crenudikyd MAXTHUX YMOB, IO XapaKTEPH3Y€ThCS BIJHOCHO HHU3BKUM pPIBHEM
130741111 €eKTPUYHUX MAIIMH Ta €JIEKTPOOOJIaJHAHHS B IIOMY, CX€Ma PO3IUIBHOTO >KHUBJICHHS
JBUTYHIB TIPU TOBHOi aBTOHOMHOCTI CUCTEMH IIUPOTHO — IMIYJBCHUN MEPETBOPIOBAY — TATOBUIA
JIBUTYH Ta BIJCYTHOCTI E€JEKTPHUYHOrO 3B'SI3Ky MDK IBHUTYHOM 1 IEpeTBOpIOBaueM 3alesmneduye
3HAYHO OLIBIIY HAAIHHICTH pOOOTH €NEKTPOBO3Y.

Sk BUIUIMBa€ 3 BUKJIAJEHOTO, PO3UIbHE >KUBICHHA [BUTYHIB INIAXTHUX  KOHTAKTHHUX
€JIEKTPOBO3IB JI03BOJISIE 3HAYHO 3MEHILIMTH BTPATH MOTY>KHOCTI B KOHTAKTHIA MEpexi, 3HU3UTU
nyJjbcanii CTpyMy TpU 3HIDKEHHI MyJbCalliidl pe3yslbTyIouoro TATOBOTO 3yCHIUIS €EKTPOBO3Y Ta
MIIBUIIATHA HAAIHHICTh HOTO pOOOTH.

OpHak, 3aUIIAEThCA HACTYITHE MUTAHHS: SKOIO MOBHHHA OYTH ONTHUMalibHA poboyYa 4yacToTa
HIIIT 3 Touku 30py MiHIMI3amii SK IMyJbCaliii CTpyMy TSATOBUX JBHUTYHIB €JIEKTPOBO3Y Tak i
KOMYTAI[IfHUX BTpaT B IEPETBOPIOBAYI.

Bigomi anamitruHi gociimkeHHs ontuManbHoi yactotu LI (Sinchuk O.M., et al, 2006)
MPOBOJIMIINCH JJIsl IPUBOJY aKyMYJIATOPHOTO eleKTpoBo3a AMS/, sikuil € OCHOBHUM ISl BT UIBHUX
maxt ( Ounbme 80% BiJ 3arajnbHOTO MapKy JOKOMOTHBIB) 1 Ma€ JBa JBUTYHH MOTYXHICTIO 14 kBT
KOXKHUM.

B 3anizopyaHuX maxtax Ha TENEpIlIHI Yac OCHOBHHM € KOHTaKTHHH eleKTpoBo3 Tuiy K-
14V, sixuii Mae ABa JBUTYHH MOCTIHHOTO CTPYMY MOCIiAOBHOTO 30y KEHHS MOTYXHICTIO
46 kBT xoxHUH. AHATITUYHI JOCTiKeHHs: ontuManbHoi yactotu LI myist mpuBoay enekTpoBo3y
K-14YV 3niticHioBanuck 3a Metoaukoro (Sinchuk O.M., et al, 2000).

CrporieHa cxema CHJIOBOTO KoOJja €JIEKTPONpPHUBOAA 3 IMIIYJICHHUM MEPEeTBOPIOBAYEM
HaBeJIeHa Ha PUCYHKY 3.

JKuBnenHs koHTakTHOT Mepexi 300paxene EPC Eg. [IBuryn 300paxkenuit EPC Ewm, onmopom
R= Rwm+ Ry 1 ingykruBHIicTIO L= LM+ Ly sikopst Ta 0OMOTKM 30y KEHHS BiNOBIAHO. IMITyIbCHMIA
nepeTBopioBay npejacraBieHuil ineansHuM kimoueM VT (IGBT — moxyns) 1 ineanbHUM HYJIBOBUM
niogoM Vo, 4ac BMUKaHHS Ta BUMUKAHHS SIKUX, & TAKOXK X BHYTPIIIHIM OMip JOPIBHIOE HYJIIO.

[Ticns Bmukanna VT Ha iHTepBamni ioro mposinHocti mig gieto pizHocti EPC (Eg - Em) y
CHJIOBOMY KOJII T€4e CTPYM I, SIKAH BH3HAYA€ThCS CyMapHMUM oOmopoM R Ta cymapHOio
igayktuBHicTIO L. [Ticnst BuMkHeHHs V1 cTpyM ABUTYHA ip Teue uepe3 HyJIboBHM Aiof Vo.
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Po3paxyHkoBi cxemu Ha iHTepBanax npoBigHocTi VT 1 Vo HaBeeHI Ha PUCYHKY 4.
BuxinHi piBHAHHS NMEPEeXiJHUX MPOLECIB MUTTEBUX 3HAUYEHb CTPYMiB KOHTAKTHOI MEpPexi iy
(xmroua) VT ta HyneoBoro mioaa ip Vo:

Eum
1o

Pucynok 3. CripoiieHa cxema CHIIOBOTO KOJIO e1eKTponpuBoja enekrpososy K-14V 3 HIIIT

o=t L e (=) i (=3)

o = —E?M [1 — exp (— %)] +iexp (_ %)max (®)

Jie: T — MocTiifHa yacy HaBaHTaxkeHHs (Tt = L/ R), ¢;
1min, Imax — BIATIOBITHO MaKCHUMaJIbHE 1 MiHIMaJbHE MUTTEB] 3HAYCHHS CTPYMY HaBaHTa)KEHHS.
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Ewm Ewm

a) 0)

Pucynok 4. Po3paxyHKoBi cxemMH Ha iHTepBanax t, (a)i to (0)

I'pannyHi ymOBH:
ia(t = te)max 0(t = to)min

)
ne: t,— inrepsan nposigHocTi kmoya VT (t. = qT), c;
to - iHTepBaJI IPOBIAHOCTI HyIBOBOTO ioxa Vo, to = (1-q)T, c.
VY cBoto yepry:
q — CKB&XKHICTb IMITYJIbCiB MpOBiHOCTI Kimtoya VT;
T — nepiog LLIII, c.
BukopucroByoun rpaHndHi yMoBH (9), 3HAX0IUMO:
t
. Eg 1—exp(—7“) Eym
R 1-exp(-%) R (10)
p( T) max
t T
i Eg exp(—?o)—exp(—;) Eym
R 1—exp(-L R (11)
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Ai = iE—G 1—exp(—%“)—exp(—%o)+exp(—§)
el

s enextpoBo3y K-14Y mpu wacrori LI 300 'y moka3sHUKH CTYTNEHIO BCiX €KCIIOHEHT Y
Bupasi ( 12) menme 3a 0,08:

MiN 0y (12)

fa < 0,08; b~ 0,08; L <0,08,
T T T

TOMY Iieii BUpa3 MOYHa CIIPOCTHUTH 3a I0MOMOroro Habmmkenusexp(—x) =~ 1 — 0,9443x +
0,2734x2, axe nae HaWOLIBITY aGCOMIOTHY ITOXUOKY:

A=2510mpu 0 <x<In2,2.
Kopucrtyrounch Buille HaBeACHUM HaOIKeHHIM, Bupa3 (11) mpuitme HaCTYHUI BUTIISA

Ai =B T 2009

e (13)

R = 2,435—%

[Ipuiimemo koedimieHT mynbcaiiii crpymy taroBoro asuryna K;= 0,1, tobto 10 %, Tomi sk
NPUAHATHIA Ha CHOTOJIHI KOe(illi€HT My Ibcalliil A IMaXTHUX eIeKTPoBO3iB ckianae 20%.
KoeditienT mynbcariii crpymy ABUTyHa:

Al 1 T 1-
ki=—=—._.q(—q31 (14)
2y qo T 2/435-—
RI . . . ) ..
rae qo = —Mmax _ cxBaXHICTb IMITYyJIbCIB MPOBIJHOCTI i/l YacC MYCKY €JIEKTPOBO3Y.
3 Bupasy (14) 3Haxonumo
2,435q0k;T
— qoKi (15)
doki+q(1—q)

3BijicKM BU3HAYAEMO aHATMITHYHY 3anexHicTb yactotu LI Big mapameTpiB TATOBOro Kojia i Bif
JIOITyCTUMOI IyJIbcallii CTpyMy JIBUTYHA:

_1_ qok1+q(1—q)
f=7=0411"22— (16)

Amnanizytoun Bupas (16), orpumaemo vactory LI enexrponpuBony enekrpososa K-14Y 278
I'u. Iogansmomy npuitmaemo fyr = 300 ' B TIroBOMy peskumi.

PesynbraTu gocmipkeHp HaBeneHi y Tabnuii 1 Ta rpadidHO mpeacTaBiIeHi Ha PUCYHKY S.

Tabmuusa 1. 3anexsicte KoedilieHTa myibcalii cTpyMy ki TATOBOTO JBUTYHA BiJ
ckBaxknocti LUIIT mpu f'= 100,200 i 300’11 B TATOBOMY pekumi

Pexum 3HauyeHHs Yacrora IIIM, f[I'u |
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CKBA’KHOCTI ¢ 100 200 300
IMocainoBHe 3’€MHAHHS IBUT'YHIB 0,3 0,0407 0,0312 0,0275
0,4 0,0683 0,0524 0,0411
0,5 0,0721 0,0543 0,0439
0,7 0,0621 0,0437 0,0363
0,9 0,0324 0,0237 0,0174
K4
0,16+
100 Iy
0,144
012 1 200 Iy,
0,1 4+
300y
0,08
0,06 T
0,041
0,024
% # % i % i % % >
0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,9

Pucynok 5. 3anexxHicTh KoedilieHTa myIbcaliii CTpyMy TATOBOTO JBUTYHA BiJ] CKBaKHOCTI IIPU

gacrorax LIIIT /= 100,200 i 30011 B TATOBOMY peXuUMi

Sk chipye 3 Tabnuui 1 Ta pUCyHKY 5, MaKCHMMajbHE 3HAUEHHS IyJIbCALlil TATOBOTO CTPyMYy Mae
miciie mpu ckBaxksocti 0,5 i mpu wacroti LHIIT 300 I'm we mnepeBumrye 3amanux 10%, a 3
ypaxyBaHHSIM  pPO3AUIBHOTO 3'€IHAHHA TATOBUX JBUIYHIB 31 3IBUIOM Y dYaci B poOOTi
NEpeTBOPIOBAYIB Ha MOJOBHUHY IMeEpioAy IiX poOO0Y0i 4acTOTH Myjbcalii TArOBOIO CTPYyMy Ha
BKa3aHii 4acToTi He mepeBHIaTh 5%, 110, B CBOIO Yepry, TapaHTye HaJlliliHy poOOTy KOJEKTopa

TATOBHUX I[BI/IFYHiB .
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Bucnosku (Conclusions)

JloBeZieHO, IO pAaliOHAJBHOI0 CXEMOIO 3'€IHAHHS TATOBMX JBHUTYHIB JIBOJBUTYHHOTO
MPUBOY IIAXTHOTO KOHTAaKTHOTO EJIEKTPOBO3Y € CXeMa 3 iX PO3IUIBHUM JKUBJICHHSIM 332 CHCTEMOIO
IIMPOTHO-IMITYJIbCHUN NEPETBOPIOBAY — TATOBUH JABHUTYH 31 3CYBOM 3a 4acOM y poOOTI IKUPOTHO-
IMIyJIbCHUX TIEpETBOPIOBAUIB Ha IOJIOBHHY Iepiofy pobodoi yactoTu. Take pimieHHsS JO3BOJISIE
YHUKHYTH 3aCTOCYBaHHS PEaKTOpIB y SKIPHOMY KOJi TSTOBHX JBUTYHIB 3 METOIO 3HIDKCHHS
nyibcanid crpymy. BusHauena onrtumansHa po6oua uwactora LHIIT mis enextpoBozy K-14V 3
TOYKHM 30pY MiHIMi3awii sIK MyJbcamiil cTpyMy HOTro TATOBUX JBHMIYHIB TaK 1 KOMYTaIlilHUX BTpaT B
neperBoproBayi. [lomaneini MOCHIPKEHHS JOLITBHO HANpPaBUTH HA MIABHINEHHS HAIIHHOCTI
3alpONOHOBAHOTO METOJly 3HMKEHHS MyJIbCallii CTPYMYy TSATOBUX JBUTYHIB LUISXOM JOCSTHEHHS
MOBHOT aBTOHOMHOCTI CHUCTEMM IIMPOTHO-IMIYJIbCHUH TEpeTBOPIOBaY — TATOBUU JBHUTYH Ta
BIJICYTHOCTI €JIEKTPUYHOTO 3B'SI3KYy MK JIBHUTYHOM 1 IEpETBOPIOBAYEM, IO IMiJIBUIIUTH HAAIHHICTDH
pPOOOTH CUCTEMH B IIJIOMY. Ta 1 MiJBUIIEHHS YaCTOTH IIMPOTHO-IMITYJILCHOTO IEPETBOPIOBAYA.
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Abstract: The article analyzes the reasons for the growing research
interest in the technology of loading lump anthracite of different fractions
into a blast furnace to increase its efficiency. It is shown that loading blast
furnaces with additional lump anthracite can be an effective way to
improve the technical and economic indicators of their operation,
especially on furnaces that work without the technology of pulverized fuel
injection. It was noted that the traditional directions of development of
iron smelting technology in blast furnaces practically mastered. At the
same time, the problem of improving the quality of iron ore raw materials
has not yet been fully resolved. A conclusion was made about the need for
a new type of iron ore raw material, which would combine the best
properties of agglomerate and pellets and would not have their negative
features. A number of technologies for the production of a new type of
iron ore raw material have been developed - fluxed local specs from iron
ore concentrates of various degrees of enrichment, with an increased iron
content compared to agglomerate and pellets and with an increased
residual carbon content. A comparison of technological parameters of
production and metallurgical characteristics of agglomerate, pellets and
the developed unfluxed mono-raw material was made. If two technologies
are combined: loading of lump anthracite into the blast furnace for partial
replacement of coke and mono-raw material , namely, local specs with a
high content of iron and residual carbon, then analytical estimates show
that, for example, when loading into furnace No. 9 with useful volume of
5000 m® up to 70 kg/t of lump anthracite, blowing up to 60 m>/t of natural
gas and using local specs with a residual carbon of 2.85 % and an iron
content of 70.45 %, it is possible to reduce coke consumption to 322.68
kg/t of cast iron and increase furnace productivity to 12733 t/day, which
can be compared with the best indicators achieved in the world when
blowing PCI, but without large capital costs.

Keywords: pulverized coal; anthracite; sinter; pellets; fluxed local specs;
coke consumption.
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Abstract: The article analyzes the reasons for the growing research interest in the technology of
loading lump anthracite of different fractions into a blast furnace to increase its efficiency. It is shown
that loading blast furnaces with additional lump anthracite can be an effective way to improve the
technical and economic indicators of their operation, especially on furnaces that work without the
technology of pulverized fuel injection. It was noted that the traditional directions of development of
iron smelting technology in blast furnaces practically mastered. At the same time, the problem of
improving the quality of iron ore raw materials has not yet been fully resolved. A conclusion was
made about the need for a new type of iron ore raw material, which would combine the best properties
of agglomerate and pellets and would not have their negative features. A number of technologies for
the production of a new type of iron ore raw material have been developed - fluxed local specs from
iron ore concentrates of various degrees of enrichment, with an increased iron content compared to
agglomerate and pellets and with an increased residual carbon content. A comparison of technological
parameters of production and metallurgical characteristics of agglomerate, pellets and the developed
unfluxed mono-raw material was made. If two technologies are combined: loading of lump anthracite
into the blast furnace for partial replacement of coke and mono-raw material, namely, local specs
with a high content of iron and residual carbon, then analytical estimates show that, for example,
when loading into furnace No. 9 with useful volume of 5000 m? up to 70 kg/t of lump anthracite,
blowing up to 60 m3/t of natural gas and using local specs with a residual carbon of 2.85 % and an
iron content of 70.45 %, it is possible to reduce coke consumption to 322.68 kg/t of cast iron and
increase furnace productivity to 12733 t/day, which can be compared with the best indicators achieved
in the world when blowing PCI, but without large capital costs.
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AHoOTamig: Y craTTi mpoaHali3oBaHI MPUYUHM 3POCTaHHA JOCHITHHUIIBKOTO I1HTEpecy IIoJ0
TEXHOJIOT1i 3aBaHTa)KEHHS KyCKOBOTO aHTPALUTY Pi3HOI (pakiii B JOMEHHY Mid I MiABUIICHHS
edexTuBHOCTI ii poboTu. [lokazaHo, 0 3aBaHTaXCHHS JOMEHHUX TEYel JOAATKOBHM KYCKOBUM
aHTPAIIUTOM MOKE OyTH €()eKTUBHUM CIIOCOOOM MOKPAIEHHS TEXHIKO-€KOHOMIYHMX TOKAa3HUKIB 1X
po6OTH, OCOOIMBO Ha MMeYax, SKI MPaIIOIOTh 0e3 TeXHOJOril BIyBaHHS MHJIOBYTUIBHOTO MajUBa.
BinznaueHo, 1o TpaaulliiiHi HaIPSIMKH PO3BUTKY TEXHOJIOTIi BUIIJIABKU YaBYHY y JJOMEHHHUX Ie4yax
MPAaKTUYHO OCBOEHO. [IpHu mpomy mpobiema MigBUILEHHS SIKOCTI 3a1i30pyIHOI CUPOBUHH IOBHOIO
MipOIO MOKH 110 HE BUpilleHa. BukoHaHUi MOPIBHAIBHUMA aHaMi3 TPAAULIHHUX BUIB 3a1i30pyIHOT
CHUpOBHHHU. P0O3p00IEHO HU3KY TEXHOJIOTiH BUPOOHMLITBA HOBOTO BHUIY 3alli30pyAHOI CUPOBHHU —
o(rocOBaHUX JIOKAJIBHUX CIIEKIB 13 3aJ1I30pYAHUX KOHILIEHTPATIB PI3HOTO CTyMEHs 30araueHHs, 3
ABUILIEHUM, TIOPIBHSIHO 3 arJIoMepaToM Ta OKaTUIIIAMHU, BMICTOM 3ajli3a Ta 3aJUIIKOBOTO BYTJIELIO.
BukoHaHO MOpIBHSAHHS TEXHOJOTIYHUX MTapaMeTpiB BUPOOHUIITBA Ta METAyPTiHUX XapaKTEPHUCTUK
arjaoMepary, OKaTHIIIB 1 po3poOsieHOi 0¢II0COBaHOI MOHOCHUPOBUHH. SIKIIO MO€IHATH [BI
TEXHOJIOTIi: 3aBaHTAXHUTU B JOMEHHY Ii4 KyCKOBOTO AHTPAIMTY IJIsi YAaCTKOBOI 3aMiHU KOKCY Ta
MOHOCHPOBHMHU — JIOKJbHUX CHEKIB 13 MiABUIIEHUM BMICTOM 3aji3a Ta 3aJUIIKOBOTO BYTJICIIO, TO
aHAJITHYHI OI[IHKH MMOKa3yl0Th, 1110, HAPUKIAJ, IPU 3aBaHTAKEHHI y mid Ne9 kopucHUM 00’ eMoM
5000 M> 10 70 KI/T IIMATKOBOTO aHTPAIMTY, BAyBaHHi 10 60 M>/T IIPUPOIHOTO ra3y Ta BAKOPUCTAHHI
JIOKAaJIbHUX CIIEKIB 3 3aJMIIKOBUM ByrieueM 2,85 % ta Bmictom 3amiza 70,45 % wMoxiuBe
CKOpPOYECHHS BUTPATH KOKCY 10 322,68 Kr/T 4aByHY Ta 301IbLICHHS MPOAYKTUBHOCTI meyi 10 12733
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T/100Y, 116 MOXHA TOPIBHATHU 3 KPALIMMHU ITOKA3HUKAMU, TOCITHYTUMH Yy CBiTi npu BayBaHHi [1BII,
asie 06e3 BeJIMKHUX KaliTaJIbHUX BUTPAT.

Karo4oBi cjioBa: muioByriibHE NaluBO; aHTPAILMT; arjioMepaT; OKaTHIli; o¢III0OCOBaHI JOKaIbHI
CIIEKH; BUTpATa KOKCY

Beryn (Introduction)

3a oCTaHHI POKHM CIIOCTEPIraeThcs 3pOCTAaHHS JOCTIAHUIBKOTO 1HTEPECY N0 BUKOPHUCTAHHS
aHTpAIUTy Pi3HOT (paKIlii Ajs MiABUINEHHS €()EeKTUBHOCTI JOMEHHOI IJIaBKU, MPO IO CBIAYUTH
HU3Ka myomikamiii Ha 1o Temy (Yang, 2021, Li, 2022, Shen, 2016). B po3pi3i npeacraBneHoi podoTu
HaMOIBIIUI IHTEpeC TMpPEeNCTaBIsA€ TEXHOJIOTiS BHUKOPUCTAHHS caMe KYCKOBOI'O AaHTPALUTY.
3aBaHTa)XEHHS TOMEHHHX I1e4Yeil 10JaTKOBUM KyCKOBUM aHTPALUTOM MOXKE 3MEHILUTH CIIOKHBAHHS
KOKCY, 0COOJIMBO MPH POOOTI TOMEHHOI 1eui 0e3 TeXHOJIOT11 BIyBaHHs MUJIOBYTUJILHOTO MaJIHBa, 1 11e
Moke OyTH e()eKTUBHUM y MOKPAIIEHH] TEXHIKO-€KOHOMIYHHUX ITOKA3HUKIB POOOTH MiAIPHEMCTBA 32
MEeBHUX eKCIUTyaTtaniduux obmexenb (Lyalyuk, 2017), (Ren, 2013), (Amdur., 2008). Ilpu
ONTUMAJIBHIN KINBKOCTI aHTpAaLUTy Ta MPaBUJIbHIA CXEMi 3aBaHTAXXKEHHS 3aJi30BMICHOI YaCTHHU
IIMXTH TOKPAILIYIOTHCS BIACTUBOCTI CaMOpO3M SKIIEHHS Ta IUJIABJICHHS IIWXTH, BiANOBIJAI0YU
BUMOTaM BUPOOHHIITBA YaBYyHY 0€3 LIKOIH JUIsl IPOAYKTUBHOCTI eyl (Lyalyuk, 2016).

Benuky poinb Bifirpae i CHiBBiJHOIICHHS MAJWBHUX KOMIIOHEHTIB 11032 3aJI€KHICTIO BiJ X
¢pakuii. AHTPaUT, KOKCOBUHN Ipi0’sI30K Ta iHINI MapKHd TOHKONOJPIOHEHOTO BYT1/UIS MalOTh Pi3Hi
BJIACTUBOCTI, SIKi BIULTUBAIOTh HA IXHIO PUIATHICTH AJISl BAYBAaHHS B JOMEHHY ITi4, IPHYOMY aHTPAIUT
JIEMOHCTPYE CHIPHUATIUBI XapaKTEPUCTUKU TOPIHHA Ta pPeakUiiHy 3JaTHICTh HPU NPaBUIBHOMY
CHIBBIHOIIEHHI y CyMmiml 3 IHIIMMHM HaduBHUMH pAoOaBkamu (Jin, 2021). 1llomo KycKOBOTO
aHTPAILUTY, TO 301IbIICHHS HOr0 YaCTKU B MAJUBHIM YaCTHHI IIMXTH BIUIMBAE HA MPOIIECH 3TOPAHHS
NaJiiBa Ta BUKUIU B aTMOc(epy, MIPHUUOMY, IIPU CITiBBITHOLIEHHI 65:35 M)XK KOKCOM 1 aHTPaLUTOM
CIIOCTEPIraloThCsl ONTUMANIbHI TOKAa3HUKH POOOTH JOMEHHOI Tedi NpU HOMIHAIBHUX PYyTHHUX
HABAaHTA)XCHHSIX, a CIIBBITHOMIECHHS 75:25 PEeKOMEHIIOBAHO ISl CTa0lIbHOI pOOOTH MPU HUZBKUX
PYIHHMX HaBaHTaXeHHsX (Shengli, 2009).

be3zanepeuna epeKTUBHICTh TEXHOJIOT1] BUKOPUCTAaHHS KYCKOBOT'O aHTpAIMTy OyJjia ToBeIeHa
B IepIIiif YacTuHI npeacTaBieHoro gocuipkenus (Chuprynov, 2023).

OCHOBHI HampsIMKA PO3BUTKY TEXHOJOTI] BUIUIABKM YaBYHYy Yy JOMEHHHX Ie4ax Oyiu
BU3HAYEHI IlIe Y MHUHYJIOMY CTOMITTI. JI0 HMX BimHOCHIM 30UTbIICHHS 00’€My TOMEHHHX IeYei,
MiABUILIEHHS TEMIEPAaTypH rapsayoro QyTTs, 30araueHHs AyTTs KHCHEM, MiIBUIIICHHS TUCKY ra3y Ha
KOJIOIIHUKY, BAYBaHHS B 1Y IPUPOIAHOTO Ta KOKCOBOTO Ia3iB, Ma3yTy Ta MHJIOBYTUIBHOTO MAaJHBa,
ONTUMI3AIlI0 PO3MOJALTY UIMXTOBUX MaTepiajiiB Ha KOJIOIIHUKY 13 3aCTOCYBaHHAM HOBHX
3aBaHTa)KyBaJIbHUX MPUCTPOIB, BAOCKOHAJICHHS PO3IMOJIUICHHS Ta30BOr0 MOTOKY B TOPHI JOMEHHOI
nedi, aBTOMaTH3alLliio JOMEHHOT IJIaBKU. B manuii yac 3a3HadeHi BUILE OCHOBHI HANIPSIMKH PO3BUTKY
TEXHOJIOT1i BUIUIABKU YaBYHY Y JJOMEHHHX Ie4axX MPAKTUYHO OCBOEHO.

[Tpobnema miIBUIIEHHS SKOCTI 3a1130pYAHOT CHPOBHUHH IIOBHOIO MipOIO TIOKH 110 HE BUPIIlIEHA.
KopinHe noiinieHHs pyJIomiAroToBKY A0 PiBHS, IO BiANOBIJa€ BUMOTaM CY4YacHOTO JIOMEHHOTO
BUPOOHUIITBA, € OJHUM 13 HaWBXIMBINIUX 3aBAaHb, TaK SIK BUPIMICHHS Ii€i mpoOiieMu €
BH3HAYaJIbHOIO YMOBOIO IOCATHEHHSI BUCOKMX TEXHIYHUX Ta EKOHOMIYHHX [TOKa3HUKIB BUPOOHHIITBA
yaByHy (Liu, 2015).

VY 1bOMy HaNpsIMKY I[IKaBUMH € HE TUIbKU OCTaHHI PO3POOKHU B HAPSMKY ITOKPALICHHS SKOCTI
TpPaIULIMHUX BUAIB 3aMi30pYAHOI CHUPOBHHM — arjoMmepary Ta okarumiiB (Cavaliere, 2014),
Kawanari, 2011), (Kasai, 2011), ane i TexHONOTii BUPOOHUIITBA 1 3aCTOCYBAHHS HOBUX BUJIB
MiATOTOBJIEHOI 3ali30pYJHOI CHPOBHMHH, fka O Maja MEBHI IepeBard HaJa arioMepaToM Ta
OKAaTHUIIIaMHU, 1 B TOH ke yac He Maja 0 ix HeraTuBHUX puc. Hanpukian, nepcrneKTUBHOIO € TEXHOJIOT 1S
BUKOPUCTAHHS 3aJ1130pyAHUX BYTJICLIEBMICHIX OpPUKETIB 13 HAHOPO3MipHUMHU yacTUHKaMu Fex0s, 1o
MOX€ 3HA4YHO 30UIBIIUTH IIBUAKICTh BIJHOBICHHS 3alli3a Ta MpHU3BEAE [0 IiIBUIICHHS
eHeproeeKTUBHOCTI B JoMeHHii niedi (Koichi, 2015).

OxpiM BUpIlIeHHS NpoOJIeM pallioHAJILHOTO BUOOpPY 3aMiHHMKIB Kokcy (Jianliang, 2023),

110



Scientific and practical journal "Economics and technical engineering"

(Raygan, 2010), (van Straaten, 2019), nepcrieKTUBH TiABUIICHHS €()EKTUBHOCTI IOMEHHOI TJIABKU
3HAYHOIO MipOI0 BU3HAYAIOTHCS YAOCKOHAJICHHSAM TEXHOJOTIH MIATOTOBKH 3a1i30PYAHOT CUPOBUHH.
BpaxoByroun BulleckasaHe, MiABUIIECHHS €(PEKTUBHOCTI JOMEHHHUX Medel Moke OyTH TOCATHYTO
[IISIXOM TOE€THAHHS JEKUIBKOX TEXHOJIOTIYHHUX PIIIeHb — 3aBaHTa)KEHHS KYCKOBOT'O aHTPAIUTYy Ta
3aCTOCYBaHHS HOBUX BH/IIB 3aJ1130pYHOI CHPOBHHHU.

Marepiaan Ta metoan (Materials and Methods)

VY mpoueci qociikeHHs OyB NMPOBENCHUN aHAIi3 JIITEPAaTypH IIOJO ACIEKTIB 3aCTOCYBaHHS
TEXHOJIOTIi BIyBaHHA INHJIOBYTUIBHOTO TMAlKBA, 3aBAHTAKEHHS KYCKOBOTO aHTPALUTY 1
BUKOPUCTaHHA  aJbTEPHATUBHUX METOMIB 3MEHIICHHS BHUTpAaT Kokcy. s crhiBCTaBICHHS
e(EeKTHUBHOCTI PI3HUX TEXHOJIOTIH BHUKOHAHI PO3pPaxXyHKH Ta 3poOJieHE NOPIBHSIHHA TEXHIKO-
€KOHOMIUHHX IIOKa3HHMKIB poOOTH HOMeHHHX nedeil Ne6, Ne7 (kopucHuMm 06’ emom 2000 m*) i Ne9
(kopucauMm 06’emom 5000 M?) mpU BUKOPHCTAHHI B INMXTi aHTpAmUTy Ta O(IIOCOBAHOT
MOHOCHPOBHMHU — JIOKAJIBHUX CIEKiB 3 MiABUIICHUM BMICTOM 3aJ1i3a Ta BYTJICIIO.

PesyabTaTn (Results)

Ha ITAT "Apcenopmirran - Kpusnii Pir" mianyerscst OyaiBHULITBO (aOpUKu 3 BUPOOHUIITBA
OKATHIIIB 3 METOI0 BUBEJIEHHS 3 €KCIUTyaTallii cTapux 1eXiB 3 BUpOOHULITBA arjoMepary. dabpuka
Oyne BupoOuiaTu okarumr ocHoBHicTIO 0,4-0,5 n.oa. [TnanyeTscss BUKOPUCTAHHS B IIUXTI JOMEHHOT
nedi Ne9 1o 70 % obmaneHux OKaTHILIB.

SIk BiIOMO, MOPIBHSHO 3 arjioMepaToM, OKAaTHIIl MalOTh MEpeBarv: OJHOPIAHICTH (HOpMHU Y
KUJTbKa pa3iB HIDKYHMIA BMICT Jpi0’ 3Ky, OLTbII BUCOKMIA BMICT 3aii3a. OJlHaK 1i epeBaru OKaTHILIB
peati3yloThCsl HE MOBHOIO MipOIO, IO TOB'SI3aHO 3 TEXHOJIOTIYHOK HEMOXKIIUBICTIO BUPOOHHIITBA
oKaTuIIiB HeoOXiaHOi ocHOBHOCTI (1,2-1,3 A.0/1.), IpM BUTOTOBJIEHHI 13 3aJ1130py/THOT'O KOHLIEHTPATY
3 BMicTOM Si02 > 5 % uepe3 By3bKUi iHTEpBaJl TEMIIEPATYp iX MJIABJICHHS IT1J1 4aC TEPMO3MILHEHHS,
HECTIPUATIUBUX OCOOIMBOCTEH TXHBOI OBEIHKH B MPOLIEC] 3aBaHTAXEHHS B JOMEHHY ITi4, a TAKOX
MIPY BiJIHOBJICHHI Ta TUTABIICHH] B JOMEHHIH Tedi.

VY mporieci 3aBaHTaXEHHS B M4 OKaTHIII, 1110 MaIOTh HAWMEHIIUH Ky T PUPOIHOTO YKOCY 3 YCiX
KyCKOBHMX KOMIIOHEHTIB IIMXTH (KOKC, arjomepar i 6arara KyckoBa py/a) i BACOKY CHITy4iCTh, MEHIII
PIBHOMIPHO PO3MOIUISIOTHCS Ha KOJIOIIHUKY JJOMEHHO] TIeUi, Ha BiIMiHY BiJI arJioMepary, 110 3HIKY€
PIBHOMIPHICTH PO3IMOICHHS IIUXTH, 1 BIATIOBIAHO, Ta3y IO Mepepizy HTOMEHHOI rnevi. Y ToH ke yac
ra30MPOHUKHICTh OKPEMO B3ATOTO APy OKATHUIIIIB HUXKYE Fa30IPOHUKHOCTI OTHAKOBOT'O 3 HUM IIapy
arJaoMepary, 1o MOB'SI3aHO 3 YTBOPEHHSIM YaCTUHKAMH KYJISCTOT (GOpMHU OUIBII IIJIBHOT YITAKOBKH.
[igpaBniyHui omip HEPYXOMOTO IIAPY OKATHUINIB y YOTHPHU pa3u OUTBIINI 3a OIip TaKoro X Iapy
[IMXTH B JOMEHHIH Tedi.

BuxopucTtanHs B CKJIaJi NIMXTH JOMEHHUX Teuei BETUKOT KUTBKOCTI 3a1i30pYJHIUX OKATHUIIIB
JOCUTh YacTO MPHU3BOIUTH 10 PO3BUTKY NepuepiiHOro X011y medi, 3HWKEHHS CTIMKOCTI 3aCUITHUX
amapartiB, J0 YTBOPEHHS HECTIHKOro 'rapHicaxy'; 30UIbIIEHHS [IBUAKOCTI pYyHHYBaHHS
BOTHETPUBKOI (yTEpiBKH, CYTTEBOTO 3pOCTAaHHS KIJIBKOCTI IMPOTapiB XOJOIMJIBHHUKIB, a TaKOX
MICIIEBHM pO3irpiBaM Ta pO3pHBaM KOXKYXIiB y HW)KHIH YacTHHI LIaXTH, po3Mapi Ta 3aruTiuHUKaX.
[epionnyni pyiiHyBaHHS “TapHicaxy’ CHPUYMHAIOTH MACOBHM BUXIJ 3 €KCIUTyaTallii MOBITPSHUX
¢bypM 1 HaBiTH aMOpasyp.

Kyt npupoanoro ykocy okarumii Ha 8-10° MeHIIe KyTiB yKOCY arjioMepary i Kokcy. Y 3B'3Ky
3 TUM, 10 OKaTHIII MalOTh BEJIUKY TEKYUiCTbh, IIPH 3aBaHTAKEHHI B 114 BOHU YaCOM PO3TAIIOBYIOTHCS
Ha KOJIOIIHUKY HE TaM, KyAM IX HaMaraimoTbCs 3aBaHTAXHUTHU TEXHOJIOTH, a 30CEPEKYIOTHCS B
MOHMKEHHI MpOoQUII0 3aculy. SIKIO MIBUAKICTb pyXy MaTepiaiiB BUILE Oinsg CTiH, 30UIbIICHHS
YAaCTKM OKATHIUIB y INUXTI MPU3BOIUTH 10 "MiJBaHTaxeHHsA" mepudepiifHoi yaCTUHU Tedi, a Ipu
OUTBIIIN IIBUAKOCTI ONMyCKaHHS IIMXTOBUX MaTepiajiiB B OChOBIH 30HI OKATHIL 30CEPEKYIOTHCS B
HeHTpi. I B ToMy, 1 B IHIIOMY BHIAJKy MOPYIIYIOTbCS Ta30JWHAMIUHUM, TEIUIOBUH Ta IIJTaKOBUN
PEKUMU JOMEHHOI [IJIABKH.
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Kpim Toro, BUKOpUCTaHHS B IIMXTI HEO(IIIOCOBAHUX 1 HU3bKOOCHOBHHMX OOMAJICHUX OKATHILIB
CMUIBHO 3 BHUCOKOOCHOBHHMM arjioMepaToM MPHU3BOJHUTH 10 CYTTE€BOI HEPIBHOMIPHOCTI (Di3MUHHUX
XapaKTepUCTHUK 3ai30pYAHUX MarepiajliB y BUCOKOTEMIIEpPATypHill B'3KO-TNIACTUYHIN 30HI CTaHy
MaTepiasliB y JOMEHHIN Tedi, BUKJIMKAIOYH MiABUILEHHS HUKHBOTO MEpenaay TUCKY 1 CTBOPIOIOYU
3arpo3u HWKHIX MiJBUCaHb. BUpOOIsITH K OOManeHi oKaTuil 3 HEOOXiTHUMU I TOMEHHOI Tedi
ocHoBHicTiO (1,2-1,3 1.011.) 1 ONTUMAIBLHUMU METATYPTiHHUMH XapaKTEPUCTUKAMHU 13 3aJ1130pyTHUX
KOHIIEHTpATIB 13 BMicTOM Si02 > 5 % TEXHOJIOT1YHO HEMOXKIIUBO.

Bce nepepaxoBaHe BUMarae BUKOPUCTaHHA CIICLIAJIbHUX NMPUIOMIB 3aBaHTaKEHHS OKATUIIIIB,
0COOJIMBO TMPH iX YaCTI B 3aMi30pyAHIM YacTHHI MUXTH 10 70 %, SIK LIe MIaHyeThCs HA JOMEHHIN
nedi Ne9 TTAT AMKP. lle nomaTkoBo MOCHINTH NepudepiiHuil MOTIK Ta3y 3 HEraTUBHUMU
HaCIZIKaMH, 110 BUIUIMBAIOTH 3BIJICH, AK € 1 0e3 TOro cepio3HMMHU NpHU BUKOPHUCTaHHI Ha Teui
TEXHOJIOT11 3 BAYBAaHHIM MUJIOBYT1IBHOTO MAJKBA.

CBoro wvacy micnsa npoBeleHHs Ha KomOiHaTi “KpuBopixcTaip” HHU3KH HayKOBO-IOCIHITHUX
po6it Kpuopizpkum daxynasrerom JIMertl Ta iHcTUTYTOM “MexanoOpuopmer” Oyio po3poOiieHO
TEXHOJIOTIIO PalliOHAJIbHOTO 3aBaHTAKEHHS KHUCIMX OKAaTHINIB y cyMmimi 3 arsomeparoMm. Llg
TEXHOJIOT1s I03BOJIHJIA 30UTBIIUTH KUTBKICTh OKATUIIIB Y MIMXTI ToMeHHOI niedi Ne9 1o 40-50 %, ane
MIEPEBUIIICHHS I[LOTO CITIBBITHOLICHHS, HaBiTh 3a PO3POOJICHOI0 TEXHOJIOTIEI0, MPU3BOAMIIO 0
posnaay xony takoi Benukoi neui (Lyalyuk, V., 2021).

Hnst edpexkTuBHOI poOOTH JOMEHHOI Tedi MOTPIOCH OJHOPITHUM 3a XIMIYHUM CKJIaJIOM Ta
KpyMHICTIO MOBHICTIO odmocoBanmii (CaO/SiOz = 1,2-1,3 n.ox. 1S BUKJIIOUEHHS 3aBaHTAXCHHS B
4 BamHsKy), okyckoBanui (10-60 Mm) 3amizopyHuil MaTepian 3 €eKOHOMIYHO JOUITBHUM BUCOKUM
BMICTOM 3aJli3a, 3 MaKCUMAJIbHO JOCSIKHUM TP KOHKPETHOMY BHPOOHHIITBI Marepialy BMICTOM
3aJUIIKOBOTO BYTJICIHIO, MiHIMAJTbHUM BMICTOM KpEeMHE3eMy Ta MIKI[UIMBUX JOMIIIOK Ta 3
ONITUMAJIbHUM BMICTOM KOPHCHUX 100aBOK. Takor0 MOHOCHPOBHHOIO JUIsl IOMEHHO] TJIaBKH MOXKYTh
OyTu orocoBaHi 3a1i30py/AHI JOKaNBHI crieku (puc. 1), po3po0IieHi 3a ydacTi aBTOPIB I1i€1 CTATTI.

L Ll
70 o3 4526 7879 10111213 S q8om

M =

Pucynok 1. OdarocoBaHi TOKaIbHI CIIEKH

Po3pobneH0 HM3KY TEXHOJIOTiH BUPOOHHUIITBA HOBOTO BHIY 3ai30pYAHOT CHPOBUHH —
o(IrocOBaHUX JIOKAJIBHUX CIIEKIB 13 3aJ1I30pYAHUX KOHILIEHTPATIB PI3HOTO CTyMEHs 30araueHHs, 3
MiBUIIICHUM, TTOPIBHSHO 3 arioMepaToM Ta OKaTUIIIAMU, BMICTOM 3aJli3a Ta 3 IMiIBUIEHUM BMiCTOM
3aJUIIKOBOIO  BYTJIEII0. PO3po0NeHO TakoK TEXHOJOT0 BHPOOHHUIITBA  KOMIUIEKCHOTO
OrpyAKOBAHOTO 3aJ1i30pY/JHOTO MaTepiaiy 3 MiABHIIEHUM BMICTOM 3ai3a Ta 3aJIUIIKOBOTO BYTJICIIO
— 3QJII30BMICHOI TIOBHICTIO O(QIIFOCOBAHOT MOHOCHPOBHHHM JJIsi JIOMEHHOI TUIABKH, IO BOJOJIIE

112



Scientific and practical journal "Economics and technical engineering"

KpalluMH METaTypriiHUMH BJIACTUBOCTSAMH, NPUTAMAHHUMH OKPEMO arjoMepaTry Ta OKaTHIIaM
(Lyalyuk, 2021).

CyTHICTh HOBOI TEXHOJIOTII MOJIATAE B MIATOTOBII TPHOX LIMXT: JBOX 3 BUCOKOIO (Buie 1500
°C) 1 onHiero 3 HU3bKOIO (HIkue 1250 °C) TemmnepaTypaMu IJIaBJIEHHS, 3 SIKUX HICISA PO3ALILHOTO
OTpYyAKYBaHHS CKJIaJa€ThCs CyMIIl JJIS [TOJANBIIOT TEPMOOOPOOKH Ta OTPUMAaHHS JIOKAJIbHUX CIIEKIB.

B sikoCTi BUCOKOTEMITEPATypHOI IIUXTH BUKOPUCTOBYBAJIMCS METaJIi30BaHi OKATHUIII, pyau abo
ix cymim 31 crymeHeM Metamizauii 5-95 % kpymuictio 10 0-18 MM, a TakoXX TBepjae MHaIUBO
(anTpauut) kpynsictio 0-18 MM, mnonepeaHbo 0OpoOJeHE peareHTOM JUIsS  ITiJIBUIICHHS
rizpo¢inpHOCTI #oro moepxHi. CHiBBiAHOIIEHHS MDK IIMMH MaTepialaMd MiATPUMYBAJIoOCsS B
niarmazonax 10-90 % wmeranizoBaHoro marepiany Ta 90-10 % aHTpauuTy, 3aJ€XHO BiJ 3a1aHOTO
BMICTY 3aJTi3a Ta BYTJICIIO B TOTOBOMY IPOAYKTI.

Ha moBepxHIO KOXKHOTO 3 LIMX MaTepiajiB HaKouyBajaCch OOOJOHKa TOBIIMHOIO 4-8 MM 3
HU3bKOOCHOBHOI, BHCOKOTEMIIEPATYPHOI TOHKOMOAPIOHEHO IMXTH (3aJi30pyIHUI KOHIEHTpAT,
MarHi€BMiCHHH ()1roCc, OEHTOHIT) 10 JOCATHEHHS KPYIMHOCTI CHPUX OKaTHILIB §-25 MM.

HuszpkoTeMmneparypHa MUXTa CKIafanacs i3 3aj1i30pyAHOT0 KOHLEHTPATY, (IIIoCcy — BaITHSAKY,
mo 3abesneuye HeoOXimHy (1,2-1,3 1.071.) OCHOBHICTH BCHOI'O TOTOBOTO MPOAYKTY (JIOKaJBbHUX
CTEKiB) Ta OCHTOHITY. 3 M€l MIUXTH OTPUMYBAIM CHpl OKaTHIIi KpymHicTio 8-14 mm. Bucoko- i
HU3BKOTEMIIEPATypHi CHpl OKATHIII 3MILTyBaJHCA MPH BMICTI B CyMil cyMu nepumx 55-88 % i
apyrux — 45-12 %, micisg dYoro miggaBalvCs TepMOOOpOOIll 3a TPaTUIIHHUM PEKUMOM
TEPMO3MIITHEHHS OKATHIIIIB.

VY Tabn. 1 HaBeneHI MOPIBHSUIbHI TEXHOJOTIUHI MapamMeTpy BHPOOHHIITBA Ta METAIypriiiHi
XapaKTePUCTHKH, BUPOOJICHUX MPOMUCIOBICTIO arjJoMepaTiB 1 OKATHUIIIB, a TaKOX PO3poOIIeHOT
JOMEHHOI 3ali30pyJHOI O(]IIOCOBaHOT MOHOCHMPOBMHH. BurpoOyBaHHS mMOKaszaiw, IO NpHU
BUPOOHHUIITBI JOMEHHOT MOHOCHPOBHMHH — JIOKAJIbHUX CIIEKiB HAa 00TaNIOBaIbHi KOHBEEPHIN MaIINHI
IUIE TEPMO3MIIIHEHHSI OKATHINIB MUTOMAa MPOXYKTHBHICTH arperaTty BUINE, HDK Yy BHUPOOHMITBI
arJaoMepaty Ta oONajeHuX OKATHIIIB, a TUTOMI BUTPATH €HEPTOPECypPCiB HUXKUI.

Tabauusa 1. TexHONOriuyHI MOKAa3HMKM BHPOOHMIITBA Ta METATYypPriiiHI XapaKTepHUCTUKU
OrpyJKOBAaHUX 3aT130pYJHUX MaTepiajiB JOMEHHOI IIaBKH

IIpomucaoBi orpyakoBani 3amizopyana
MaTepiajan, 110 BUPOOIAIOThCH MOHOCHPOBHHA —
. o¢rocoBaHi
. IIpomucnosi .
n IMpomucaosi . JIOKAJIBbHI.
OKa3HUKH . Heo()II0COBaHi Ta
o¢irocoBani . CIIeKH 3
o¢rocoBani .
arjioMepaTu B .. MiABUIIEHUM
. . OKATHIII B Pi3HUX . .
pi3Hux Kpainax . BMICTOM 3aJi3a Ta
KpaiHax
BYTJIEIIO
IIuTOMa OpOAYKTUBHICTB, T/(M2-TOx) 1,1-14 0,8-1,2 1,1-1,7
[Muroma BuTpara temotu, MJDx/T 1947-2452 367-840 391-728
[MuToMa BUTpaTa eNCKTPOCHEPTii, KBT TOJ/T 43,1-71,3 38,7-69,5 37,2-59,5
Bwicr, %:
Fesar. 51,2-64,1 61,5-65,8 63,5-75,6
FeO 9,1-15,6 1,3-5,4 7,6-15,7
SiO2 3,7-10,4 0,9-7,7 2,143
BYIJICLIIO 0 0 1,6-3,8
OcnoBHicTh (Ca0/Si02) TOTOBOTO MPOAYKTY, .0, 1,2-1,8 0,03-1,25 1,25-1,5
Bwmicr kiacis, %:
60-100 MM 23,7-35,6 0 0
20-60 MM 34,3-55,9 0 84,5-71,8
5-20 MM 12,3-7,8 94,8-98,2 13,1-24,8
0-5 MM 20,4-8,1 5,2-1,8 2,2-3.4
MirHicTs Ha cTUCHEHHS, KH/OK. HE 1838 He BIBHAYACTECS
(ICTY ISO 4700:2005) BU3HAYAETHCS o © BHSHATACTRC

Minnicts B 6apabani, % (ACTY ISO 3271:2005):
Ha yzaap (+5 Mm)
crupanHicth (0-0,5 mm) 57,4-93,1 92,4-97,1 95,8-96,5
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13,6-2,6 5,8-1,1 3,2-2,7
Minnicts nipu BigHOBIEHH], % (JACTY 3202-95):
MiIHICTb (+5 MM) 37,8-62,2 53,5-95,8 89,9-93,2
crupanHicts (0-0,5 mm) 10,4-9,8 47-2,1 6,3-3,9
lazompoHwKkHICTE Ta  ycagka  Imapy  IpHu
BimHOBNeHHI, (JICTY 3205-95):
ycajka mapy, % 15-18 12-67 13-19
nepenaj THcKy, I1a 68-71 108-154 60-72
Ig(sil){ueBI/H‘/'I cTyminb BimHOBICHHS, %0 (ACTY 3204- 65.1-96,0 72.8-91.4 85.3-87.4
KyT npupoaHoro ykocy, rpaf. 38-41 23-32 36-42

Oxucnenss apioHUX (0-1,5 MM) 4aCTUHOK METaTI30BaHUX MaTEPialiB 1 TBEPJOTO MANBa, SKUI
3HAXOJIATHCS B OOOJIOHIIL, 1 HE € 3apOJIKaMU OKATHIIIB, 3HUKYBAJI0O BMICT KUCHIO B TEIJIOHOCIT, 10
mudyHayBaB BcepeauHy okaTtumry. KpiM Toro, mpu 30UIbIIEHHI IIBUAKOCTI HAarpiBaHHS Ta
oxonmomkeHHs Big 100 go 500-600 °C/xB B okuchIOBanmbHIN atMmocdepi mporecy TepMOOOpPOOKH
CTYHiHb OKMCJICHHS 3ajli3a METaJi30BaHMX MaTepialliB Ta BYIJICLIO TBEPAOrO MajvBa BCEpEAMHI
HakaTaHo1 00OJIOHKH HaBITh 3HWKYBaJHCs. TOMy BMICT 3aj1i3a Ta 3aJIMIIKOBOTO BYTJICIIO B TOTOBOMY
npoaykTi OyB miaBumeHnM. Ciil 3a3HaYUTH, 110 pO3pOOIeHa MOHOCHPOBHHA MOYKE BUPOOIISATHCS B
JI0YMX I[€XaX 32 OCHOBHOIO TEXHOJIOTi€I0 BUPOOHUIITBA OOMAJICHUX OKATHUIIIB i3 HEBEIUKOI X
PEKOHCTPYKIIIETO.

SIKIIO MoeqHATH JIBI TEXHOJOTIi: 3aBaHTaXEHHS B JOMEHHY Ii4 KyCKOBOT'O aHTPALUTY IS
9aCTKOBOI 3aMiHU KOKCY Ta MOHOCHPOBHHHU — JIOKAJILHUX CIEKIB 13 MiIBUIICHUM BMIiCTOM 3aji3a Ta
3aJIMIIKOBOTO BYTJICIIO, TO aHAJITHUYHI OLIIHKH TIOKa3YIOTh, 110, HANPUKJIA, IPH 3aBAaHTAXKCHHI Yy MY
Ne9 kopucaum 06’ emom 5000 M 10 70 KI/T KyCKOBOTO aHTPALMTY, BAYBaHHi 10 60 M>/T IpUPOAHOrO
ra3y Ta BAKOPUCTaHHI JIOKQJIbHUX CIIEKIB 3 3JIMIIKOBUM ByTieneM 2,85 % Tta Bmictom 3amiza 70,45
% MO>JIMBE CKOPOUEHHS BUTPATH KOKCY /10 322,68 KI/T yaByHY Ta 301JIbIIEHHS IPOAYKTUBHOCTI eyl
1o 12733 1/mo0y, 1mo MOXHA MOPIBHATH 3 KpAaIUMH MOKa3HWKaMH, JAOCSATHYTHMH Yy CBITI Ipu
BayBanHi [IYT, ane 6e3 BeMKUX KamiTalbHUX BUTPAT (TA0II. 2).

Tabauusa 2. Po3paxyHKOBI TEXHIKO-€KOHOMIYHI MOKa3HUKH poOOTH JoMeHHOI rmedi Ne9 npu
BUKOPUCTaHHI B INHXTI AHTPAIMTy Ta O(MIIOCOBAaHOI MOHOCHPOBHHU — JIOKAIBHUX CIEKIB i3
MiBUIIICHUM BMICTOM 3a1i3a Ta BYTJICIIIO

AT Ne9
Hoxazumicu baza Po3zpax. =K, kr/T £,
T/000y

[TponyKkTUBHICTB, T/100Y 9826
[TpuBeneHa NpoyKTHBHICTb, T/100Y 12733
Butparu xokcy, Kr/T 426,8
[TpuBeneHi BUTpaTH KOKCY, KI/T 322,7
Butparu anTpanury, Kr/t 56 70 -12,6
BMicT ByrJIenio B JIOKaJIbHUX clIeKax, % 0 2,85
KiTbKiCTh 3QJIMIIKOBOTO BYTJICIIO B JIOKAIBHUX CIEKaX, KI/T 0 46,4 -37,12
Bwicr Fe y Beiid mmxTi, % 54,9 70,45 -66,4 +2597
IlyTTs: BUTpara, M>/xB 7812

THUCK, K[1a (Ham.) 337

Temneparypa, °C 1090
Butparu npupossoro razy (I11), M/t 87,1 60 +21,7
Butparni xoediuieHTH, Kr/T:
3aJi3Ha pyJa 0 0
armoMepat ALl Nel 134,4 0
arnmoMepat ALl Ne2 1192 0
okarumn [TiBal"3K 300,3 0
CKparl MeTaneBUi 51,3 0
mnuiak 30araueHui 56,4 0
BaITHIK 28,0 0

JIOKAJIbHI CIIEKU 0 1626,7 -5,97 +137,56
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OCHOBHICTb IIUTAKY, 1.0, 1,22
SxicTh KOKCy, %: BoyOra 3,73
3051a 11,2
cipka 0,63
M25 87,6
MI10 7,0
+80 MM 7,9
-25 MM 3,6
CSR 54,9
CRI 31,3
@pakuis -5 MM %: arnmomepar AL Nel 17,96 0
armoMepat ALl Ne2 4,8 0
okarum [TiBal'3K 3,98 0
JIOKaJIbHI CIIEKU 0 3,98
Cepennpo3BakeHa dpakiris -5 MM, % 5,73 3,98 -3,73 +171,9

Amnanoriuno Ha medi Ne7 xopucauMm 06’emMom 2000 M? MOXIIMBE CKOPOYEHHS BUTPATH KOKCY
10 310,8 kr/T yaByHy Ta 301TbIIEHHS MPOXYKTUBHOCTI Tiedi 10 4730,4 1/m00y (Tabm. 3), a Ha medi Ne6
(THM k€ KOPHUCHUM 00’ €MOM) MOKJIMBE aHAJIOT1UYHE CKOPOUEHHS BUTPAT KOKCY 110 317,4 Kr/T 4aByHY

Ta 301IBIIEHHS MPOIYKTUBHOCTI nedi 10 4665,5 1/100y (Tabdin. 4).

Tabauusa 3. Po3paxyHKOBI TEXHIKO-€KOHOMIYHI MOKa3HUKH poOOTH JTOMEHHOI redi Ne7 mpu
BUKOPUCTaHHI B INHXTI AHTPAIMUTy Ta O(MIFOCOBaHOI MOHOCHPOBMHU — JIOKAIBHUX CIEKIB i3

MiBUIIICHUM BMICTOM 3aj1i3a Ta BYTJICIIIO

JII Ne7
Hoxazumicu baza Po3pax. =K, kr/T £,
/100y
[TponyKTUBHICTB, T/100Y 3570
HagenieHa npogyKTHBHICTB, T/100y 47304
Butparu xokcy, Kr/T 430,2
Hagenena BuTpaTa KOKCy, KI/T 310,8
Butparu anTpanury, Kr/t 61,9 70 -7,29
BMicT ByrJIenio B JIOKaJIbHUX cIIeKax, % 0 2,85
KiTbKiCTh 3QJTMIIKOBOTO BYTJICIIO B JIOKAIBHUX CHEKaX, KI/T 0 53,5 -42.8
Bwicr Fe y Beiid mmxTi, % 56,08 70,45 -61,8 +872,0
IyTTs: BUTpara, M*/xB 3363
THUCK, K[1a (Hamm.) 236
Temneparypa, °C 1028
Butparu npupossoro razy (1), M/t 72,3 60 49,84
Butparni xoediuieHTH, Kr/T:
3aJi3Ha pyJa 4,3 0
armoMepat ALl Nel 1560,6 0
arnmomepat ALl Ne2 317,0 0
oxarumi [TiBHI 3K 0 0
CKparl MeTaneBUi 35,8 0
1IaK 30araueHni 0 0
BAaITHSIK 14,6 0
JIOKAJIbHI CITEKH 0 1877,6 -3,14 +52,1
OCHOBHICTb IIUTAKY, 1.0, 1,14
SxicTe KOKCy, %: BoyOTa 4,3
3051a 11,8
cipka 0,5
M25 85,8
M10 8,2
+80 MM 7,6
-25 MM 7,0
CSR 54,5
CRI 32,9
@pakuis -5 Mm %: arnmomepar AL Nel 11,41 0
armoMepat ALl Ne2 6,92 0
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okarum [TiBal'3K - 0
JIOKaJIbHI CIIEKU 3,98 3,98
Cepennpo3BakeHa dpakiris -5 MM, % 10,6 3,98 -14,24 +236,3

Tabauusa 4. Po3paxyHKOBI TEXHIKO-€KOHOMIYHI MTOKa3HUKH pOoOOTH JOMEHHOI redi Ne6 mpu
BUKOPUCTaHHI B HIMXTI aHTPAaLUTy Ta O(IIOCOBAaHOI MOHOCHPOBHHM — JIOKAJBbHHX CIHIKIB i3
MiJBUIIICHUM BMICTOM 3a1i3a Ta BYTJICIIO

JII Ne6
Hoxazuuicu ba3a Po3pax. =K, kr/Tr  #I1, /100y
[TponyKTUBHICTB, T/100Y 3571
Hagenena nponyKTHBHICTB, T/100y 4665,5
Butpara xokcy, Kr/t 426,5
HagenieHi BUTpaTH KOKCY, KI/T 3174
Butparu anTpanury, Kr/T 58,3 70 -10,53
BMicT ByruIenio B JIOKaJIbHUX cIIeKax, % 0 2,85
KisIbKicTh 3aJIMIIKOBOTO BYTJICHIO Y JIOKAJIbHUX CIIEKaX, KI/T 0 48,4 -38,72
Bwicr Fe y Beiif mmxTi, % 56,3 70,45 -60,3 +859,0
IyTTs: BUTpara, M>/xB 3001
THUCK, K[1a (Hamm.) 226
Temneparypa, °C 1013
Butparu npupossoro razy (1), M/t 78,5 60 +14,8
Butparni xoediuieHTH, Kr/T:
3aJi3Ha pyJa 12,9 0
armoMepat ALl Nel 1308,3 0
arnmoMepat ALl Ne2 390,9 0
oxarumi [TiBHI 3K 0 0
CKpar MeTaneBUi 37,2 0
HIaK 30aradeHni 0 0
BaITHIK 1,9 0
JIOKAJIbHI CIIEKU 0 1699,2 -0,4 +3,39
OCHOBHICTb IIJIAKY, 1.0/ 1,12
SxicTe KOKCy, %: BoyOTa 3,9
3051a 11,8
cipka 0,5
M25 86,2
M10 8,0
+80 MM 6,9
-25 MM 7,1
CSR 55,4
CRI 33,8
@pakuis -5 MM %: arnmomepar AL Nel 11,5 0
armoMepat ALl Ne2 7,05 0
oxarumi [TiBHI 3K - 0
JIOKaJIbHI CIIEKU 3,98 3,98
Cepennpo3BakeHa dpaxiris -5 MM, % 10,48 3,98 -13,9 +232.1

Bucnosku (Conclusions)

VY naHuii yac TEXHOJIOTISl JOMEHHO] IJIaBKHU 3 BAYBAaHHIM NMWJIOBYTUIHHOTO MajKBa 3a0e3meuye
y CBITOBIM MPaKTULI HAMBHII TEXHIKO-€KOHOMIUHI MOKa3HUKHU POOOTH JOMEHHHX Ie€4Yei, OHaK Y
3B'SI3KY 3 BUCOKMMH KalliTAJIbHUMH BKJIJICHHSMU IIPH BITPOBAKEHHI TeXHOJIOT11 3 BayBaHHsM [1BIT
BOHA CTA€ EKOHOMIYHO e€()EeKTHBHOIO ITPU MiHIMAJIbHINA MUTOMIN BUTPATI MUIOBYT1IbHOTO NanuBa 200
KI/T 4aByHY, IIO TEXHOJIOTIYHO BAaXXKO OCATTH. KpiM 1poro st ii BUKOPUCTaHHS HEOOXimHe
3a0e3neueHHs TUIaBKU SKICHUMH KOKCOM Ta 3ali30pYJHOI0 CHPOBHHOIO, IO TaKOX MOB'SI3aHO 3
MIJBUIICHUMH BHUTpaTaMH. BWKOHaHI JOCHIPKEHHS T[IOKa3ald, M0 TEXHOJOTis CHUIBHOTO
3aBaHTa)KEHHS KYyCKOBOTO AHTPALMTY 1 OQIIFOCOBAHMX JIOKAIBHUX CIIEKIB 3aJjaHOT OCHOBHOCTI 3
3aJIMIIKOBUM BYTJICLIEM 1 MIJBUILEHUM BMICTOM 3aji3a CHUIBHO 3 BIyBaHHSAM OOMEXEHOI KiJIbKOCTI
MPUPOHOTO Ta3y MOXKE KOHKYPYBATH 32 BUTPATOIO KOKCY 3 KPALIMMHU Pe3yIbTaTaMH, JOCATHYTHMU
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IpyU BAYBAaHHI MWJIOBYT'UIBHOTO MAJMBa, ajlié NMPU LBOMY EKOHOMIUHI Ta TEXHOJIOTIYHI PU3UKU
MiHIMaJbHi.
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Abstract: The main factors affecting coal freezing are considered. It is
shown that the treatment of coal concentrates with chemical additives
reliably prevents them from freezing in winter during transportation. Coal
can be easily unloaded from railway wagons without high energy costs for
heating in special garages. Calcium and magnesium chlorides (bischofite),
as well as acetates of metals of group IA and IIA, have been investigated
as anti-freezing agents. The method is based on the fact that the inter-cube
moisture is replaced by a solution with a low eutectic freezing point, and
the resulting ice is characterized by a defective structure, flaky structure
and, as a result, low mechanical strength. In order to find new reagents,
sodium, potassium, calcium and magnesium acetates, as well as a mixture
of calcium and magnesium acetates, were investigated. Attention is
focused on their physicochemical characteristics, methods of production
and introduction into coal concentrate, as well as their impact on the
freezing process. Our research shows that acetates match — and in some
cases surpass — metal chlorides in their ability to prevent the freezing of
coal. They are also minimally corrosive, have negligible environmental
impact, and break down with the release of heat, which may ensure more
uniform heating over the thickness of the batch. Metal acetates are safe for
most surfaces, including concrete, metal and wood. They are
biodegradable by bacteria, non-toxic and do not cause any noticeable
corrosion of metals. Studies show that acetates are as good as, and in some
cases better than, metal chlorides in preventing coal from freezing. It has
been found that the freezing point depends on the way the salt was
produced in the coal layer. In particular, if the salt production reaction
produces gas, the freezing point is reduced by 1.2 °C. The results show
that the best way to reduce freezing point is by using mixed calcium and
magnesium acetate, which can be obtained from natural dolomite, due to
its synergistic effect. Thus, metal acetates are the best alternative to metal
chlorides in preventing the freezing of coal on rail transportation in winter.

Keywords:. coal, transportation, freezing, anti-freeze agents, chlorides,
acetates.
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Abstract: The main factors affecting coal freezing are considered. It is shown that the treatment of
coal concentrates with chemical additives reliably prevents them from freezing in winter during
transportation. Coal can be easily unloaded from railway wagons without high energy costs for
heating in special garages. Calcium and magnesium chlorides (bischofite), as well as acetates of
metals of group IA and IIA, have been investigated as anti-freezing agents. The method is based on
the fact that the inter-cube moisture is replaced by a solution with a low eutectic freezing point, and
the resulting ice is characterized by a defective structure, flaky structure and, as a result, low
mechanical strength. In order to find new reagents, sodium, potassium, calcium and magnesium
acetates, as well as a mixture of calcium and magnesium acetates, were investigated. Attention is
focused on their physicochemical characteristics, methods of production and introduction into coal
concentrate, as well as their impact on the freezing process. Our research shows that acetates match
—and in some cases surpass — metal chlorides in their ability to prevent the freezing of coal. They are
also minimally corrosive, have negligible environmental impact, and break down with the release of
heat, which may ensure more uniform heating over the thickness of the batch. Metal acetates are safe
for most surfaces, including concrete, metal and wood. They are biodegradable by bacteria, non-toxic
and do not cause any noticeable corrosion of metals. Studies show that acetates are as good as, and
in some cases better than, metal chlorides in preventing coal from freezing. It has been found that the
freezing point depends on the way the salt was produced in the coal layer. In particular, if the salt
production reaction produces gas, the freezing point is reduced by 1.2 °C. The results show that the
best way to reduce freezing point is by using mixed calcium and magnesium acetate, which can be
obtained from natural dolomite, due to its synergistic effect. Thus, metal acetates are the best
alternative to metal chlorides in preventing the freezing of coal on rail transportation in winter.
Keywords:. coal, transportation, freezing, anti-freeze agents, chlorides, acetates
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AHoTauis: Po3risiHyTO OCHOBHI (pakTOpH, SIKi BIUIMBAIOTH Ha 3Mep3aHHs Byruwis. [lokaszano, mo
00poOKa BYT1JIbHUX KOHLEHTPATIB XIMIYHUMU 100aBKaMHU HaJIIHO 3amo0irae ix 3Mep3aHHIO B3UMKY
i yac TpaHCHOPTYBaHHs. Byrijuig jgerko BUBaHTAXYETbCS 13 3aJi3HUYHUX BaroHiB, 0€3 BETHKHX
SHEepProBUTpAT Ha OO0IrpiB y CHeLialbHUX rapakax-TeIisikax. Y sSKOCTI 3aC00iB MPOTH 3MEp3aHHs
Oynu TOCTIKEeH], XJIOpUIU Kajblito i MarHito (0imodiT), a Takox aneratu Metaiis [A Ta IIA rpynu.
Croci6 3acHOBaHMII Ha TOMY, IIO MDKKYCKOBAa BOJIOTA, 3aMIIIYyEThCS PO3YMHOM 3 HHU3BKOIO
eBTEKTHMYHOIO TOYKOIO 3aMep3aHHs, a JIiJ, LI0 YTBOPUBCH, XapaKTePU3YETbCA IePEKTHOIO
CTPYKTYPOIO, JTYCKaTOIO0 OYyZOBOIO 1 B pe3yJbTaTi I[bOT0O - MaJIOI0 MEXaHIYHOIO MILHICTIO. 3 METOI0
MIOIIIYKY HOBUX PEAreHTIB TOCIIHKEHO alleTaT HATPIi0, Kallito, KaJbI[il0 Ta MarHil0, a TAKOX CyMIII
aleTaTiB KaJjbllil0 Ta MarHilo. YBary 30CepeKeHO Ha iX (i3UKO-XIMIUHUX XapaKTEpUCTHKAX,
crioco0ax OJepXKaHHA Ta BBEIEHHS Yy BYTUIBHUH KOHILEHTpAT, a TAaKOX iX BIUIMBY Ha IpOLEC
3Mep3aHHA. AIleTaTd MeTaliB Oe3nedHi A OUIBIIOCTI MOBEPXOHb, 30KpeMa OETOHY, METaly Ta
nepeBa. Bonu 610710Ti9HO pO3KIIAAAIOTHCS M1 Ai€t0 OaKTepiil, HETOKCHYHI 1 HE BUKIMKAIOTh TOMITHO1
Kopo3ii MeTamiB. JloCTiIKEHHS MOKa3yI0Th, IO alleTaTH He MOCTYMAIOThCS, a B JESKUX BHITAIKAX i
MEPEeBEPIIYIOTh XJIOPUIM METaJiB 3a 3/aTHICTIO 3amo0iraTéd 3aMep3aHHIO BYTrUUIs. BusBieno, 1o
TeMIepaTypa 3aMep3aHHs 3aJeXKHUTh BiJ CIOCOOY, SIKMM BiIOyBajocsi OTPUMaHHA COJi y IIapi
Byrijuli. 30Kpema, SIKIIO B pe3yJIbTaTi peakiii OTPUMAaHHS COJi YTBOPIOETHCS ra3, TO TOYKa
3aMep3aHHs 3HWKyeTbcss Ha 1,2 °C. Pe3ynpTatu NokasyloTh, LI0 TEMIIEpaTypy 3aMeEp3aHHS
HaWKpalie 3HW)KYBaTd 3a JOMOMOIOI0 3MIIIAHOTO aleTary KajbI[il0 Ta MarHilo, SKUd MOXKHA
OTPHUMATH 3 IPUPOTHOTO JOJOMITY, 3aBASIKH CUHEPTETUIHOMY €EKTY.

Karwuosi ciaoBa (Keywords): Byrimis, TpaHCHOPTYBaHHS, 3Mep3aHHSA, MPO(]iIaKTHUHI 3aco0H,
XJIOPU/IY, alleTaTH

Beryn (Introduction)

[Tpobnema 30epekeHHSI CUIIKOCTI BYTUUIS B yMOBaxX XOJIOJHOTO KJIIMaTy Terep Moxe OyTH
JIETKO BHUpIIIEHa 3a JOMOMOTOI0 Pi3HUX MPO(QITaKTUYHUX 3ac00iB, SKI KOHTPOJIOIOTH MpOIEC
3MEep3aHHs.

Byrimuia no6yte 3 Hazxp 3emii 31e0u1bmoro Bosiore. Komu npouec BunoOyTKy Ta nepeBe3eHHs
BiIOYBA€TbCSA MpPH HU3BKUX TEMIIEPATypax, KPUCTAIU JIbOAY «CKICIOIOTH» KYCKH MIX COO0OI0,
YTBOPIOIOYM CYLUIBHUH MOHOJIT, fAKiM MOTPIOHO po3ApOOMTH 3a JONOMOIOI0 pYHHIBHHUX,
TPYAOMICTKHX 1, 3pEIITO0, TOPOTHX OIEepariiil.

3ano0irTy 31MIAaHHIO Ta 3MEP3aHHIO YACTUHOK BYT1JUIS MK COOOI0 B XOJIOJHUX Ta BITPSAHUX
yMOBaxX MOXHa 3a JOMOMOTOK XIMIYHHMX 3aco0iB, II0 KOHTPOJIOIOTH 3Mep3aHHs. Taku 3acodu
3MIHIOIOTH TIpolec (OpPMyBaHHS JIbOJAY Ha TOBEPXHI Ta YCEpEIHMHI IIMATKIB BYTUUIA CYTTEBO
3HIWKYIOUH 3B'A3YIOUMH e(PeKT 4acCTHHOK JIboy. ToMy Ha MOpo3i X0Y 1 BiIOYBa€ThCcs 3MEp3aHHS
BYT1JUISA, aJIe HOTO YACTUHKY HE 3JUIAI0THCS, 10 JO3BOJISIE MPALIOBATH 3 HUM y Oy1b-SIKy IOT0Ty a00
3a Oy/Ib-SIKO1 BOJIOTOCTI.

Jlist 30epeskeHHsI CUIIKOCT] BYTUUIS IPY HETATUBHUX TEMIIEpaTypax MOYKHA BUKOPUCTOBYBATH:
MOTIEPETHIO CYIIKY 10 Oe3MeYHOI BOJIOTOCTi; MPOMOpPOKYBAaHHS BOJIOTOTO BYTLIS; PIBHOMIPHY
00poOKy Byrijuisg B Maci, a TaKOX JHMIIA Ta CTIHOK HAIiBBaroHiB Ta miatdopM npopiIaKTHIHUMU
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3aco0amMu Pi3HOI MPUPOJH. Y SIKOCTI OCTAHHIX 3aCTOCOBYIOTh XIMi4HI PEYOBHHH MiHEpPaIBLHOTO 200
OpPraHiYHOTO TOXO/KEHHs, L0 YTBOPIOIOTH HE3aMep3arodi po3uuHi, abo KpUCTamu JbOoAy 3i
3HMKEHOIO MIIHICTIO. ByTijuis MoKHa MOIIAPOBO TEPECHIIATH HETAIIEHHUM BAIHOM, XJIOPUAAMU
KaJIbI[i10, KaJlito a00 MarHiio, M0 TaKOK BUKOHYIOTh 0OMAaCIIOBaHHS JHUINA Ta CTIH HAMIBBAaroHy Ta
w1aTopMu MiHEpaJbHUMHU Ta KaM'SHOBYTUJIBHMMH MacjaMH Ta IHIIMMHU peareHTamMu Ha(ToBOTrO
noxo pkeHHs (Yue, 2019)

HenotpumanHsa 3axoiiB 1100 3arnoOiraHHs 3MEp3aHHS BYTUUIS HPU3BOAUTH JI0 PI3KOTO
3pOCTaHHS BUTPAT Y BaHTAX0OJEPXKYBayiB, 00OYMOBICHUX HEOOXIIHICTIO MPOBEACHHS J101aTKOBUX
orepauii i3 3a0e3MeYeHHs MOKIJIMBOCTI BUBAHTaKEHHs 3MEP3JI0r0 BaHTaXxy Ta ix Hacmigkamu. Lle
BUKOPUCTaHHA TaK 3BaHMX TapaXiB-TEIUIAKIB, 1 MEXaHIYHE BHBAHTAXEHHS 3 OYMIICHHSAM
BHYTpPIIIHBOI TOBEpXHI HAamiBBaroHa, Ta BUTPATH, NOB'A3aHI 3 BHUMYLICHUM IPOCTOIOBAHHSIM
PYXOMOTO CKJIay.

3Mep3aHHs BYTJUIA 3a3BHUail IOYMHAETHCS BXKE MIPHU TEMIIepaTypi moBiTps Hk4e MiHyc 2 °C.
Ane rnmubuHa MpoMep3aHHA NpPHU i TemmepaTypi HEBEJIMKa, TOMY IO BCEPEIUHI MacH BYTULIA
MOCTIMHO BUALISETHCS TEIUIO, MO0 TEPENIKOKAE 3MEP3aHHIO BYTULIS B MOBEPXHEBOMY IIapi.
I'muOuna mpomep3aHHs Ta MILHICTh 3MEP3JIOTo Iapy 3ajekaTh BiJ iHIUBIAYalIbHUX OCOOIUBOCTEH
NaJINBa, HOTO BOJIOTOCTI, TEMIIEPATypH MOBITPS, TPUBAIOCTI Jii HU3bKUX TeMmepartyp (An, 2022).

Ha rnmubuny npomep3aHHs IOMITHO BIUTMBA€E CHITOBHIA MTOKPHB, SIKUH HIOHU YTEIUTIOE TOBEPXHIO
1 3MEHIIy€e CepeqHIo INIMOMHY mpomep3aHHs. [ TuOWHU mpoMep3aHHs BYTULIS 32 CTaTUCTUYHUMU
JTaHUMU JUTs pI3HUX TeMIieparyp HaBeneHi y Taoum. 1.

Ta6auus 1. [mubuna npomep3aHHs BYT1/UIS B 3aJIEKHOCTI BiJl TEMIIEpaTypH.

Temmeparypa, °C I'niubuna Temmneparypa, °C [u6una
NpoMep3aHHs, M NpoMep3aHHs, M
0-(minryc 10) 0,2-0,5 (minryc 20)-( miayc 30) 0,8-1,0
(minyc 10)-(minyc 20) 0,5-0,8 HIK4e Minyc 30 6inpm 1,0

3HayHMIA BIUIMB HA ITMOMHY Ta MILHICTh TPOMEP3aHHs Mae Bosiora. Bosora noBiTpssHO-CyXoro
BYTiJUIA 1 YaCTHHA BOJIOTH, KA 3HAXOIUTHCS BCEpEAMHI TPIIIMH 1 MOp, Maike HE BIUIMBA€E Ha
3Mep3aHHs nanuBa. Taky Bojory Ha3zuBaioTh Oesneunoro (Ws). Ha mpakrtuiii 3a 6e3nedyny BoJIOTicTb
NpURMaOTh MaKCHMAJIbHY BOJIOTICTh, NPH SKIM OXOJOKEHE MaJuBO Ie 30epirae CHIKICTb.
3HayeHHs1 0€3MEeYHOI BOJIOTOCTI 3HMKYEThCA 31 30UIBIICHHAM CTYINEHs Byriedikarii Byrimis: s
KaM'ssHOT'O BYT1JIJIS1 BOHA IPUOJIN3HO OLIHIOETHCS B 4-8 %; Oyporo Byrimis rpymu b3 — 18-22 % 1 ans
b1 ta B2 — 28-33 % (T1a61.2).

Ta6auusa 2. MinimansHa 6e31meyHa BOJIOTICTh ASSIKUX MapOK BYT1ILISL.

Mapxka Byrinis Be3neyna BoJiorictb, % Mapxka Byrinis Be3neuyna BoJiorictb, %
Oype Byrims b1 32-35 XK 5,5-8,5
Oype Byrimns b2 25-33 K 3,5-5,0
i 13 Ic 5,0-6,0
r 7,0-8,5 I 5,0-7,5

Amnani3 HaBeleHUX y Ta0J. 2 JaHUX MOKa3ye, M0 I BYTULIS MIX MIHIMaJIbHOIO BOJIOTICTIO,
IIPU SIKIH CTIOCTEPIraeThes 3MEp3aHHs, Ta TIrPOCKOMIYHOIO BOJIOTICTIO ICHY€E JOCUTH YITKO BUPaXKeHA
nponopuiiHicTs. Tak, 1 6yporo Byriuis mapku b1 MiHiManbHa BOJIOTICTh 3Mep3aHHs MPUOIU3ZHO
B 3,5-4,0 pa3u BHILE TirpockomiuHoi; s 0yporo Byriyuis mapku b2 i b3 Bona B 3 pasu Ounbiia 3a
TirpoCKOMIYHY 1 7151 KaM'ssHOTO BYTriuit — y 2,5-3,0 pasu.

Ha 3nadenHs 6e3meYHOl BOJOTOCTI ACSAKHHA BIUIMB MAlOTh 30JIbHICTh, MPUPOJIA MiHEPAIbHUX
JOMIIIOK, TPaHyJIOMETPUYHHUNA CKJIaJ] MaJnBa. SIKIIO BMICT BOJIOTH Y BYTULIl Oinblne O6e3rmeyHoil Ha
20-25 %, manuBO 3MEpP3a€ThCS B HEMIIIHUNA MOHOJIT, a npu 30utbmeHHi Ha 30-40 % BinOyBaeTbcs
YTBOPEHHS MIUIBHOTO, Mail’ke MOHOJITHOTO Mep3isika. MIIHICTh OCTaHHBOTO 30LTBIIYETHCS 31
3HMKCHHSIM TEMIIEpaTypd Ta 30UIBIICHHSAM 4acy BIUIMBY HHU3bKHX TEMIIEPATyp Ta AMCIEPCHOCTI
nanuBa (Ingram, 1984). CoproBe Byriuis, 0 HE MICTUTh Ipi0 3Ky, MpU po3Mipi KyCKiB BHIIE 25
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MM 3a3BHYail He 3Mep3aeThcsa. EXCriepuMeHTanbHO BCTAHOBJICHO, IO HA JIIJ, SIKIH 3B'sA3y€ OKpeMi
YACTUHKU BYTUIS Y MOHOJIT, MEPETBOPIOETHCS TUIBKM 30BHIIIHSA, a00 BuIbHA, Boyora. Bona
3amep3ae Bxe Mpu MiHyc 2-4 °C 1 BU3Ha4ya€ BIACTUBOCTI MEP3JIOTO BYT1ILIS.

VY mpomeci 30epiraHHs Ta TpAHCIOPTYBAaHHS BYIUUIA 3/4aTHE TOTJIMHATA BOJIOTY 3
HaBKOJIMIIHBOTO CEPEeIOBHINA, 10 301IbIIye B HHOMY BMICT 3B’A3aHOi Bojoru. Hacammepen ne
3aJISKUTH BiJl TEMIIEPATyPH Ta BIIHOCHOI MPY>KHOCTI BOJsHOI mapu y noBitpi. [lornmuHanus Bonoru
3 TIOBITPS BiI0OYBA€THCS MOCTYIOBO, Ta CIIOBUIBHIOETHCS 0 MEKH TIPOCKOMIYHOCTI.

3HIWKEHHS BOJIOTOCTI BYTULIS pa3oM 31 3HIKEHHSIM 30JbHOCTI Ta CIPYMCTOCTI IIUXTH, €
B)XIIMBOIO MPOOJIEMOIO. [i BUpIlIEHHS 03BOJISAE 3HU3UTH 00 €MU TIEpPEBE3eHHs y BUITIAAI 6anacTy
Ha/IJTMIIKOBOI BOJM, @ TAKOXK 3a00IrTH 3Mep3aHHIO BYTULIs y HalliBBaroHax y 3uMoBuii nepioz. Le
J03BOJIUTH 3MEHIIUTH MPOCTOIOBAHHS BAaroHIB Nepe] BHUBAHTAKEHHSM, MOJIMIIUTH TEXHIKO-
CKOHOMIUHI TOKa3HUKH KOKCOXIMIYHUX 3aBOIB, TEIUIOBUX EJEKTPOCTAHIIl Ta MPOMHUCIOBUX
KOTEJIBHUX, a TAKOXK HE JOMYCKAaTH HAAHOPMATUBHI BUKUIM Y JOBKULIS Ta MOMIMIIATHA YMOBH Tpalli
(Sun, 2018; Li, 2021).

IIpu 30epiraHHi BYTriuLIs, HE3aJEKHO BiA MHOro Mapku MiJ BIUIMBOM OKHCHEHHS,
CIIOCTEPITaeThCsl 3MiHA HOT0 TEXHOIOTIYHHUX BJIACTHUBOCTEH. J{J1s1 yHOBIIbHEHHS! OKUCHEHHS BYT1JLIS,
SK IPOAYKTY ByrJiedikalii NpUpoIHUX 3IMIIKIB, (TOOTO SIK MaTepially MPUPOJHOTO TOXOIKEHHS)
fioro MoxkHa 30epiraTv mpu MiHYCOBHX TeMmmepartypax. Y poboti (Miroshnichenko, 2014) mono
JOCIIJKEHHS 3MIHH TEXHOJIOTTYHUX BJIACTUBOCTEH BYT1/UISA B Pi3HI MOPU POKY MPHUITYCKAETHCS, 110
CE30HHE 3HWKEHHS TeMIepaTypu BYTUUIS Tepe] KOKCYBAaHHSIM IO3UTHUBHO BIUIUBAE HAa 3MiHY
TOBILMHY TUIACTHYHOTO IIApy Ta AKOCTI KOKCy. Lle mae mizcTaBu mpUIycKaTy, M0 3aMOPOKyBaHHS
BYT1JUIS B3UMKY MOK€ HOJIMIIUTH HOTO TEXHOJOTIYHI BIACTUBOCTI.

Onnak y pobGortax (Sipild, 2012; An, 2023) 3a3Ha4yeHO, LI0 PO3MOPOKYBAHHS BYTLUIA 1
MoJJaJIbIIIe HOro CyIIiHHS NMPU3BOIATH 0 HOTO pO3KIaay Ta yTBOPEHHIO PeaKIiifHO31aTHOT MOBEPXHI
BYTiJUIS, L0 CHpHsi€ OUIbII JIETKOMY OKHCHEHHIO 1 BUBITPIOBAHHIO. 3aMOPOXKYBaHHS BYT1/UIS
BUKJIMKA€E PO3MIMPEHHS MIKPOTPIIIMH YCepeANHI BYT'ULIS Ta MPU3BOAMTH JI0 OTIPIICHHS MEXaHIYHO1
mirHocTi. Ilix yac 3amep3aHHs Bojiora MIrpye 3 MOBEpXHI BriMO ByrinbHOro 3epHa. [lami mpu ii
3aMep3aHHi BiOyBaeTbCsl 30UIBIICHHS 00’ €My JbOY OUTBII HIX Ha 9 %, 110 MOXKE MPU3BECTH 10
MEXaHIYHOTO pyWHYBaHHS BYTiUIbHOTO MaTepiaiy.

CyuacHi AOCHIKEHHS BIUIMBY LUKIIYHOTO 3aMOPOXKYBAaHHS/PO3ZMOPOKYBAaHHS, OJHO3HAYHO
NEPEeKOHYIOTh, IO LI omepamii pyHHYIOTh CTPYKTypy BYTULIS, BIUIMBAalOTH Ha IeTporpadiuHi
BJIACTUBOCTI BYTUIIS, HA PO3MOJLI 1 3B’ SI3HICTH MOP 1 TPIIIMH, @ TAKOX MiJBUILYIOTh TPOHUKHICTD
Byrijuis. [licast 25 mukiiB 3aMOpOXKYBaHHS/PO3ZMOPOKYBAaHHS sl TPhOX BUAIB Byriuis (Oyporo,
KaM’SIHOTO Ta aHTPAIMTy) BCTAaHOBIEHO, IO KOE(Ili€HT MiABUIICHHS 3arajlbHOT IMOPUCTOCTI
HaMOLIBIIUI 711 KaM’SIHOTO, a JUId aHTPALUTy — HaWMEHIIUH. Y LiJoMy NpH TPaHCIOPTYBAHHI 1
30epiraHHi TePMOIJIACTUYHI BJACTUBOCTI KaM'SHOTO BYTLJUIS MOTIPIIYIOTHCS, TOMY 3arOCTPIOETHCS
NUTAHHSA PO NPUAATHICTH TaJOr0 BYTUUIA JUIS TOAAJBIIOTO BHKOPHCTAaHHS Y BHUPOOHMIITBI
METaIypPriiHOTO KOKCY.

VY naHuil yac iCHYIOTh PO3UMHH COJIEH, IKI €(EKTHBHO 3HMXKYIOTh TEMIIEPATypy YTBOPEHHS
asony. Hanmpuknan, 2-4 % BoaHI po34vHU (GOpMiaTy HATPIIO 3HIKYIOTh TEMIIEPATypy 3aMep3aHH
10 minyc 5-10 °C. IX mHUpoKo BHKOPUCTOBYIOTH y OYMIBHHITBI Ta XONOAMIbHIH TexHiri. OaHak
KaHIEPOTreHH] BIACTUBOCTI (popMiaTy HATPIiIO 3MYIIYIOTh O MOLIYKY HOBUX BHCOKOE()EKTUBHUX 1
Oinbin Oe3neunux pedoBuH (Qin, 2022).

3 HaBeleHHUX JaHMX y Tabia. 3 ciiaye, IO TPUTIApPAT aleTaTy HATPII0 332 CBOEIO 3JATHICTIO
3HMKYBATH TEMIIEpATypy 3aMep3aHHs BOJAHUX PO3YHMHIB OMU3bKUHI 10 (hopMiaTy, a XJIOpHUIU METaIliB
IIPU CXOKMX KOHIIEHTPALISAX 3HAYHO MOCTyNaroThes. Teopist knacTtepHoi OyA0BU BOJM mependadae
K CTPYKTYPHY OJMHUIIIO — KJIAcTep, SKid CKJIAQAA€ThCs 3 KJIAaTpariB, MPUPOJA SIKUX 0OyMOBIEHA
JaNeKUMH KyJIOHIBCbKUMH CHIIaMU. Y CTPYKTYpi KJIacTepiB 3aK0/10BaHa iHpopMallis Ipo B3a€EMOII0
MDK MoOJeKyJamMu Bonau. Bopa, mo ckiagaetscst 3 0e3idi KiacTepiB, YTBOPIOE 1€papXiyHy
MIPOCTOPOBY PIIKOKPUCTANIIYHY CTPYKTYPY (Zenin, 1994, Emoto, 2005). Y 3B'sI3Ky 3 IIUM €IEKTPOHHA
CTPYKTYpa COJIbOBHX KOMILIEKCIB, II0 YTBOPIOIOTHCS MPH MIKMOJICKYJISIPHIA B3a€MOJIii KJIacTepiB
BOJIY 13 COJISIMM, MOXe€ BIUTMHYTH Ha BCIO CTPYKTYPY BOJIHO-COJILOBOT CUCTEMH.
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Ta6auus 3. Temneparypa 3aMmep3aHHs BOJHUX PO3YHMHIB COJIEH Pi3HOI KOHIIEHTpALi.

Cousb Macosa Temnepartypa Coub Macogsa Temneparypa
4acTKa 3amep3anHs, °C 4acTKa 3amep3aHnHs, °C
coJi, % coJi, %

HaTpiH XJI0pua 8 -3,7 HaTpii 4 -8,0
26 -10,1 ¢dopmiat 8 -10,1
aMOHIH XJI0pua 23 -5,1 HaTpii 4 -7,1
KaJIbIi XJIOpUJT 70 -12,4 anerar 8 -10,0
reKcarigpar TpHTiApaT
16 -10,2

AHauni3 eneKTPOHHOI Ta reOMETpUYHOI Oy/I0BH KOMIUIEKCIB Ha OCHOBI areraty Ta ¢opmiary
HATPIiIO 3 AUMEPOM BOJM MOKAa3aB IACHTUYHICTh IIMX KOMIUIEKCIB. B acomiarax HaTpieBUX coliei 3
JMMEPOM BOJAM (€IEMEHTApHOIO0 JIAHKOIO KJIACTepa) YTBOPIOETHCS IIECTHWICHHA CTPYKTYpa MiX
KOHTAKTHOIO 10HHOIO TapoI0 MOJIEKYJIU CoJIi Ta numepy Boau (puc. 1 a, 6). [IpoBeneHo nmopiBHAHHS
3aps/iiB Ha aToMmax, JOBXKUH 3B'SA3KiB, BaJCHTHUX KYTiB, Oap'epiB oOepTaHHS aTOMIB TiApOTEHY
HABKOJIO 3B'S3KIB Yy BUXIJHUX AMMEpax Ta KOMIUIEKCAaX, a TaKOXX BH3HAYCHI MOBHI €HEPril s
MIPOILIECIB YTBOPEHHS KOMILIEKCIB 13 BUX1THUX PEYOBHH.

Na_ 9216 O
0.253 H T~
115%4 >« Yz
c1/p‘@0/ me—c N
T8 0.098 AN
0.230 \ Q O—H
\ H | /
HIL" 057760169 H H

DR H
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Pucynok 1. Kommiekc Hatpito XJ10puay 3 JBOMa MOJEKyJIaMU BOIU (@), KOMIUIEKC aleTaTry
HATPIO 3 IBOMa MOJIEKyJIaMu Bou (0)

Y KOMIUIEKCaxX CIOCTEePIraeThes MoA0BKeHHs BaieHTHUX HO-3B'A3KiB y MOPIBHAHHI 3 BUTbHUM
aumepoM Bix 0,096 um 1o 0,098 um. BanentHuii kyT y aumepi nopisHioe 180°, a B ctpykTypi 3 NaCl
Ta COJMISIMU KapOOHOBUX KHCIIOT BiH 3MEHIIYEThCS BIAMOBIAHO 10 159,5° Ta 158,1°.

3MiHHM 3ap4/IiB Ha aTOMaxX TiIPOTreHy Ta OKCUIeHY 000X MOJIEKYJI BOJH B CTPYKTYPi KOMILIEKCY
HECYTh BaXIJIMBY i1H(OpMaLi0 PO MPOLECH MoJspu3auii 3B'A3KiB, IO MPU3BOIATH A0 3MiHU
BAJCHTHHUX KYTIB AUMeEpa. Y KOMIUIEKCI 3 HATpiil XJIOPUIOM MO3UTUBHO 3aPS/KEHHUI aTOM HATPIlo
B33a€EMOJII€ 3 aTOMOM OKCUTEHY AUMeEpy, BHaCIiOK 4Oro HEraTMBHOTO 3apsij HAa aToOMi OKCHIEHY
3HWKYeTbcd 10 Minyc 0,95 (y BimpHOMy numepi — minyc 0,88). Banentnuit OH-3B'si30k
MOJISIPU3YEThCSA. BHACIIIOK 4Oro aroM OKCUTeHy Oepe ydacTb Y yYTBOPEHHI BOJHEBOTO 3B’S3KY,
TaKO’K CTa€ OUTBII HETaTUBHUM (3apsij1 3HIKYeThes Bix Minyc 0,83 1o minyc 0,91). Aromu rigporeny
MOJIEKYJT BOJM, 11O BXOJATHh J0 KOMIUIEKCY, 32 PaxyHOK MoJsipu3auii 3B’s3Ky HaOyBalOTh OibII
MO3UTHUBHOTO 3apsiay. ['inporen acomiiioBanuil 3 xsopom, HaOyBae 3apsn +0,48 (Ha BiAMIHY BiX
+0,43), ane y atromi ['inporeny, acoliiioBaHoMy 3 MOJICKYJIOIO BOAU Y AUMEDI, 3apsi]] 3MIHIOETHCS BiJl
+0,47 no +0,54. Jlemo Oinbiue 30UIBIIYIOTHCS 3apsAad HA aToMax y KOMIUIEKCI alleTaTy HaTpiio i3
ZIBOMa MOJICKYJIaMH BOJIM: 3apsijl HA aTOMI T1pOTeHy, acoLliOBaHUN 3 OKCUT€HOM KapOOKCHIIaTHOT
rpynu, 30inbmmBcs g0 +0,54 (6yB +0,43), a aToM rigporeny, 1o 6epe yyacTb B yTBOPEHHI BOJTHEBOTO
3B'SI3KY 3 1HIIOIO MOJIEKYJIOI0 BOIH, Mae 3apsan +0,54. OueBuaHO, 110 BEJIMKA MOISIPHU3ALLis 3B'SI3KIB
JUMepa BOJM Ma€ MiCIle B KOMILJIEKCaX 3 alleTaToM Ta (hopMiaToM HATPIIO.

Pi3HuIs eHepriii KOMIJIEKCOYTBOPEHHS OLIHIOETHCS 33 (HOPMYIIOI0:

AEKOMHJI = Z(EBMX - EKOMrm)a (1)

Xoua TOKa3HUKH EHEprii BiIPi3HAIOTHCS HE3HAYHO, 3a CTAOUIbHICTIO KOMIUIEKCH MOYKHA
pO3TalIyBaTH B Psi:
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AEmcooNa)(-38,4 kkan/monb)>AE(cH;coona)(-38,3 kkan/mons)> AENach(-38,1 kkan/mMoinsb), (2)

[IpuyoMy YTBOpEHHs IMKJIIYHOTO TETpamepy BOAM 3 IBOX IMMEPIB €HEPreTUYHO MEHIIE,
BiporiTHO  (AEremanep = — 26,7 KKal/MOJIb), IO BKa3y€ Ha MOJIHMBICTH pO3Maay KiIacTepiB 3
YTBOPEHHSIM CTIHKHX COJTOBHX KOMIUIEKCIB.

Bbap'ep obepranHs aroma TifporeHy, SKHH 3B'I3aHUIl 3 XJIOPOM y KOMIUIEKCI 3 HaTpieMm
XJIOpUI0M, HaBKOJIO BojHeBoro HO-3B's3ky (puc. 1 a) mae HesHauHy BennuuHy (11,72 xJ[/Momb).
[Tpu boMy BennumuHa 6ap'epy oOepTaHHs Maibke B 2 pa3u 30unbinyeTbess B HO-rpyri, sika 3B's13aHa 3
OKCHUTE€HOM aIleTaTHOTO a00 opMiaTHOTO KUCIOTHOTO 3amuiKy (Tabdm. 4). L{i BIAMIHHOCTI B €HEpTisiX
Oap'epiB oOepTaHHsS TNpH 3HIDKEHUX TEeMIIepaTypax BiIirpaloTh AyK€ 3HAUYHY pOJIb, CIPHIIOYU
O BOYJOBYBAaHOCTI CTaOUIPHMX KOMIUIEKCIB B KJIACTEPHY CTPYKTYpy, 1 BIUIMBAaIOTh Ha
MOJISIPHICTH MOJIIKJIACTEPHOT CTPYKTYPHU BOJIH.

Ta6auus 4. EnepreTnyni napaMeTpu acoliaTiB BOAU Ta COJEH.

MougekyasipHa cucreMa Eneprist komniiekcoyrBopenss, k/[x/Moss  Enepreruunmii 6ap’ep o6epTanHs,
KJ’K/MosIb

NaCl-2H.0 -159,41 11,71

HCOONa-2H>0 -160,67 22,18

CH;COONa-2H.0 -160,25 22,18

2H,0-2H,0 -111,71 21,76

TakuM 4yMHOM, pe3yNbTaTH, OTPUMaHi 3 KBAHTOBO-XIMIYHOTO aHaJli3y COJIbOBUX KOMILUIEKCIB
1010 TEMIIEPATypH 3aMeP3aHHsI BOAHUX PO3UUHIB COJIEH TOBHICTIO Y3TO/DKYIOTHCS Mk CO00I0.

3011bIIEeHHS KOHLIEHTPAIli1 HATPil XJIOPUIY Y BOAHOMY CEpPEIOBHILI MPU3BOIUTH 10 3HIKCHHS
TEeMIepaTypu 3aMep3aHHS PO3YMHY, L0 JIETKO TIOSICHIOETHCS 3HIKEHHSAM Oap'epy oOepTaHHA
MOJIEKYJ BOJM B IPUCYTHOCTI coui. ToOTo, urM OibIlie BOMHUX AUMEPIB B3a€MOJII€ 3 MOJIEKYJIaMH
COJIi, TUM aKTHUBHIIIE 00EPTAIOTHCS MOJIEKYJIM BOJIU Ta PO3YMH Ba)kue NepeBecTH y TBepaunit ctaH (Li,
2023).

HeonHo3HayHa 3a1€KHICTh TeMIIEpaTypu 3aMep3aHHs BiJ KOHIEHTpAIlii CIIOCTEPIraeTbes y
BUIA/IKy BOJHHMX PO3UMHIB Ha OCHOBI KapOOHOBUX cosied. [Ipy He3HauHMX KOHLIEHTPALSX BOHHU
e(EeKTHUBHO 3HIDKYIOTh TEMIIEpaTypy 3aMep3aHHS PO3YHHY, MPOTE i3 30UIBIICHHAM KOHIIEHTpAIl
oI 8 % TeMmepaTypa 3aMep3aHHs PO3UUHY 3HIXKYETHCS AyXe ciaadko. Taky TeHAEHIiI0 MOKHA
MOSICHUTH TOCUJICHHSM MDKMOJICKYJIIPHUX B3a€MOJIA y KOMIUIEKCaX KapOOHOBUX cCoOJed i3
KJIacTepaMy BOJM, II0 HE BIUIMBAE Ha Oap'ep oOepTaHHS, ajle MOXKE MEPEIIKOKAaTH MOYaTKOBIN
cTaii KpucTamiszalii BOIHUX KJIaTpaTiB.

[IpoBeneHi MOCHIHKEHHS TOKa3aliM, IO Mall KOHIEHTpallli ameraty HaTpilo e(eKTUBHO
3HWKYIOTh TEMIIEpaTypy 3aMep3aHHS BOJHHMX pPO3YMHIB y TIOPIBHSAHHI 3 aHAJIOTIYHUMU
KOHIICHTPALISIMU XJIOPUY aMOHII0, HATPiIO Ta KaJbLIIO.

Byriuis 06poGiene npodinakThyHUMU 3aco0aMu Moxe OyTH 3aBaHTa)KEHE y BaroHu 0e3
BTparT. SIKIo ByTULIS HE MPUIUIIATUME JI0 CTIHOK 1 THUIIIA BaroHiB, TO 3BITLHUTHCS 10 20 % eMHOCTI
BaroHiB, 3MEHILIAIOTHCS BTPATHU MPH MEPEBE3CHHI BYT1LIS.

VY 3B'S13Ky 3 IIUM pO3poOKa HOBHX MPO(IIAKTUYHHUX 3ac00IB 3 MOMNINIICHHS eKCIulyartamii Ta
€KOJIOTIYHUMHU BJIACTHBOCTSIMH € aKTYaJIbHUM 3aBJIaHHSIM.

Marepiaan Ta metoau (Materials and Methods)

V akocTi 00’ ekTy qociikeHHs OyB oOpanuit 3pazok Byriuist ¢ppakuii 0-3 mm BosoricTio 12 %.
Byrimuis oOpo6siin po3YMHOM XJIOpHIY METaly Ta MOMIIIAIN y MUJIiHAPHYHY €MHICTh PO3MipOM
50x50 mm 6e3 muuma. [lo meHTpy 3pa3ska MpOKJIaJald 130JbOBAaHUN MOMIBIHUIXJIOPHIOM JPIT
niamerpom 0,5 mm. LmmiHap 3 ByriyuisiM BUTPUMYBAJIH Y XOJOJWIBHUKY MIPH TeMIepaTypi Minyc 15
°C ynponosx 12-14 roguH 10 MOBHOTO 3MEP3aHHS.

125



Scientific and practical journal "Economics and technical engineering"

Jani nuniaap BUMaiy 3 XOJOIMIBHOI KaMepH 1 MmiBinryBanuy 3a apiT. Komu apit Bucnuzas 3
BYTiJUIs, 1LI€ BIANOBIAAJIO TeMIepaTypi po3MopoxyBaHHS. Temmeparypy ¢ikcyBaiu, TOCTiAN
MOBTOPIOBAJIM HE MEHIIE 10 4 pa3iB, [UIsl OTPUMAHHS JOCTOBIPHUX PE3yJIbTATIB.

PesyabTaTn (Results)

Sk mpodimakTUuHi 3acO0M HAa OCHOBI COJIed HEOpraHiuHUX Ta OpPraHiYHUX KHUCIOT
3aCTOCOBYBAIM XJIOPUAM KaJlbIlif0, MarHifo, HATPilO, BOAHI EBTEKTHUKH, II0 3aMep3ar0Th MpH
HETraTUBHHX TeMIIEpaTypax

o minyc 10 °C no6pe npartorots: Hatpiit xiopun (NaCl) — texniuna cinb; nmotam K2COs;
Hatpiii HiTpur (NaNQOy); kaneiiii mitpat (Ca(NOs)2); Hatpiit cynbdar (NaxSOs); cymim conei
(HiTpat, HITPUT, XJIOpUJ KaJbLi0); HATpiil TioCynb(ar Ta poAaHiJ; KOMILIEKCH EIEKTPOJITIB,
MoaH(]iKOBaHI CEUOBUHOIO.

[Tpu BUKOpPUCTAaHHI PO3YUHIB LIUX COJIEH BOJIOTa BYT'ULIS 3MILIYETHCS 3 PO3UMHOM COJIi, SIKHH
Ma€ HU3bKY TOUKY eBTeKTHKH. JIiJl, SK1il yTBOpUBCA, Ma€ 1e(heKTHY CTPYKTYpY, Jiyckary OyloBy Ta
HEBEJIMKY MEXaHIYHY MIIHICTb.

BukopuctanHs HaTpilO XJIOPHUIY Y SKOCTI MPOdiIaKTHUYHOTO 3ac00y Ma€ psii HEIOJIKIB: IO-
nepiie, Kopo3isi METaJleBUX IOBEPXOHb, MO-JIPYTe, IPUCYTHICTD JIy>)KHUX METAJIB y METATyprifHOMY
KOKCi OyJle HeraTUBHO BIUIMBATH Ha JIOMEHHHM MpoIiec.

B ymoBax myke HU3BKHX TEMIIEPATyp MPOIMOHYETHCS 3aCTOCYBAHHS KaJBIIO XJIOPULY, SKHHA
BHECEHUH JI0 CITUCKY PEareHTiB IJIs OOpOOKM BYTULIsI, MiHEpaIiB, CTIHOK Ta JHUIIA BATOHIB IiJ] 4ac
NepEeBE3CHHS 3aII3HUYHUM TpaHcnopToM (Zhai, 2017). TemnepaTypa 3amMep3aHHsS BOJAHOTO PO3YUHY
XJIOpUY KaJbllilo 3aJIeXKHUTh Bil KOoHIEeHTpalii coni. TemnepaTypa 3amep3anns Big minyc 30 °C no
MmiHyc 50 °C mpocsiraeTbes y By3bKOMY iHTepBai KoHIeHTpauii Big 25 % m0 30 %.

XJ0pH KaJIBLII0 MOXXHA BUKOPHUCTOBYBATH y BUTIIAII po3uuHy abo y cyxomy BUrisiai. [lpu
3aCTOCYBaHHI CYXOi COJIi pO3YMH YTBOPIOEThCS y CAMOMY BYTULII 3a paxXyHOK BOJIOTH Byriuii. I B
TOMY 1 B IHIIOMY BUNAJKY (POPMYETHCSI PO3UHH 3 TEMIIEPATYpPOIO 3amep3anHs 10 Minyc 55 °C. [lns
HAMKpaIoro pe3yabTaTy peKOMEHAYEThCS Ha 0OpOOKY HWXKHIX IIApiB BYTriUIs BUKOPHUCTOBYBATH
HaBKOJIO 25 % Bix yci€l KITBKOCTI XJIOPUAY KaJbIliio, a Aaji PelTy — PIBHOMIPHO PO3MOIUISIOTH Y
Maci Byruui. Heonikom € cuiibHa KOpO3is METaIiB.

MeHI KOpO3iiHMM € pO3YMH MarHiidl XJIOpUAy, sIKii MO)KHAa BUKOPUCTOBYBATH y BUTJISAIL
npupoanoro oOimodity (MgCl-6H20). B Ykpaini € nekinbka pomosuin Oimodity — [TontaBceke,
YepHirichbke.

PesynbraTi nocnifiB i3 BUKOpHCTaHHsS MarHito xiopuay (Oimoc¢ity) HaBeneHi Ha puc. 2.

Beenenns y Byrimuisa 4-5 % 0imogity 3HWKYE TeMIepaTypy 3amMep3aHHs MpHOIU3HO 10 MiHyC 14-
15 °C.

—{ll— Po3unH xopuy Martiro Byrimis 06poGiieHe XJI0pHaoM MarHito
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MacoBa 9acTKa XJIOpHIY MarHiro, %

Pucynoxk 2. Temneparypa 3mep3anHs Byriuisi, 00podieHoro 6imodirom.

OO6pobka Byriuis nMpopiIaKTUYHUMHU 3ac00aMu HaJIWHO 3aXUIA€ BYT1/UIA BiJl 3MEp3aHHS Y
3MMOBHH yac mpH 30epiranHi Ta TpaHcropTyBaHHi. HeBenrke miBUIIEHHS COOIBApTOCTI BYTiIIA 32
paxyHOK BHTpaT Ha OOpOoOKy BYTUUIS y NOCTayalbHUKIB NEPEKPHETHCS 3HIKEHHAM BHUTpAT Ha
00irpiB BaroHiB y crnokuBauiB Byriuis (Shmeltser, 2021).
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Cepen opraHiuHUX CHOJYK MEPCIEKTUBHUMU BBaXAIOTHCS AIleTaTH, BOAHI PO3YMHU SKHUX HE
KpHUcTani3yoTbes 10 Minyc (60-70) °C. Hocmigu Oynu MpoBeACHI AJs aleTaTiB HATpilo, Kalilo,
KaJIBI(IFO Ta MarHilo.

Arneratu HaTpilo Ta KaJiio JOAaBaly JI0 BOJOTOro BYTilIs y CyXoMy BUIJIsAL. BunpoOyBaHHS
alleTaTiB HATPIiIO Ta KAJIiI0 MPOBOAMIIH 32 METOIUKOIO aHAJIOT1YHIi BUKOPUCTAHHIO XJIOPUIY HATPIIO.

Comi momaBanu B KinmbkocTi 1,5; 2; 3; 4,5; 5,5 % Bix macu Byriuia Bojorictio 12 %. ani
NpUBE/CHI B TaOIHII 5.

Tabauus 5. 3anexHicT TeMnepaTypH 3amep3anns Byriust (gppakuis 0-3 M, Bosoricts 12 %)
B1JI MACOBOI YaCTKH alleTaTiB KAIII0 Ta Marxiro.

CH3COOK CH3COONa

Macosa Temneparypa Macosa Temneparypa MacoBa Temneparypa Macosa Temneparypa
4acTKa 3Mep3aHHA 4aCcTKa 3Mep3aHHA 4acTKa 3Mep3aHHA 4acTKa 3Mep3aHHA
coami, %o  Byrimasa, °C  codqi, % Byrijis, °C coami, %  Byrimasa, °C  coui, % Byrisis, °C

L5 -4,5 3.5 -8,6 1,5 -4,3 3.5 -8,5

2,0 -5,0 4,8 94 2,0 -5,2 4,8 -8,5

2.5 -6,4 5,5 -10,6 2.5 -6,8 5,5 -8,5

3,0 -7,6 3,0 -8,0

SIkmio y ameraTy Kanliio TeMIepaTypa 3aMep3aHHsS PO3YHMHY 31 30UIbIIEHHSM KOHIEHTpAIii
PO3UMHY 3MEHIIYEThCA, TO JUISL alleTaTy HATPIIO MICHsl TOCSITHEHHS KOHIEeHTpalii 8 % TtemmnepaTtypa
3aMep3aHHs PO3YHHY 3aJIUIIAETHCS MOCTIHHOIO.

[lepeBaroro anerariB € MeHIIIa arpeCUBHICTb 110 BiHOIIEHHIO /10 HABKOJHUIIHBOTO CEPEIOBIIa
Ta MEHIIA KOpO3iliHAa aKTUBHICTH MOPIBHSHO 3 XJIOpUAAMH. AIETaTH HENIKIUIUBI Ui OLTBIIOCTI
MOBEPXOHb, BKIIOYAIOUM OETOH, MeTaj, JepeBHY. BOHM MaiOTh HM3bKY TOKCHYHICTH Ta IIBUIKO
O10pYHHYIOTBCS i/ €0 OAKTEPiid.

Sk Oy70 3a3HaueHO, KaJii aleTaT OKa3aB 3a0BIIbHI Pe3yJIbTAaTH 3 MOTIEPEKEHHS 3MEP3aHH
Byriuil. OpHak 1€ ciib rpynu MmertaiiB [A rpymu, BMICT SKHX y KOKCi HeOaxaHui. Bimbmn
6e3neuynnmMu € coiti MeraniB IIA rpynu. Marsiid Ta KanbIliif - aneratd MO>KHa BUKOPUCTOBYBATH Y
BUTJISL CyXuX conieil abo po3umHiB. OTpuMaTH ix MokHa 3 okcuIiB Ta 60 % ourosoi kucnotu. [lpu
PO3UMHEHHI y BOJIO31 BYTUIISA COJi yTBOPIOIOTH PO3YMHH, SIKI MAalOTh HHU3BKI TeMIepaTypHi
3aMep3aHHs.

JlaHi 3aJ1eKHOCTI TeMIepaTypy 3MEp3aHHs BYTULIS BiJl KUIBKOCTI alleTaTiB KaJlbLlil0 Ta MarHito
npuBeeHI B Tabmui 6.

Tabauus 6. Temneparypu 3aMmep3aHHs BYTiuis 00po0IeHOro Kablliil Ta MarHiil aneraramu.

(CH3COO):Ca (CH3COO):Mg

Macosa Temneparypa Macosa Temmneparypa Macosa Temneparypa Macosa Temneparypa
4aCcTKA 3Mep3aHHS 4aCcTKa 3Mep3aHHS 4acTKa 3Mep3aHHs 4acTKa 3Mep3aHHA
comi, %  Byrimasa, °C  codqi, % Byrijis, °C comi, %  Byrims, °C  codai, % Byrijis, °C

1,5 -6,3 4,0 -11,0 1,5 -7,0 4,0 -11,8

2,5 -84 4,5 -11,8 2,5 -9,2 4,5 -12,6

3,0 -9,5 5,0 -12,4 3,0 -10,3 5,0 -13,2

3,5 -10,2 5,5 -13,1 3,5 -11,1 5,5 -13,9

[lepeBaroro IUX peareHTIB € X MEHIIA arpeCUBHICThH MO BiAHOIICHHIO 0 HABKOJIHUIIHBOTO
cepeIoBUINa Ta MEHINIA KOPO3iifHa aKTUBHICTh MOPIBHIHO 3 XJIOPHIaMH METAJIiB.

[TopiBHIot0uM 1aHi Ta01. 5 Ta Ta61.6 MOXKHA 3pOOUTH BUCHOBOK, IO AI[€TaTH J00pEe MPaIioIoTh,
AK Tpo]iTaKTUUHI 3ac00M MPOTH 3MEp3aHHS BYTiUIA. AJie aleTariB Kalbllil0 Ta MarHito Tpeba
3HAYHO MEHIIIE, 110 POOUTH iX BUKOPUCTAHHS OLIbIIT €eKOHOMIYHHM.

ATleTaTH KaNbIli0 Ta MarHil0 MOXHA OTPUMATH O€3MOCePEHRO B APl BYT1UIS BOJOTICTIO 12
% wmacoro 500 r. Tak, B X0/ AOCHIPKEHHS BYT1/UIS PETEIbHO MEpeMillyBald 3 KanbLii a00 MarHin
okcugamH. [lani, He TPUIUHIIOUM MEpPEeMilTyBaHHs A0 cymimni, goxaBaimu 60 % OLTOBY KHCIOTY.
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MacoBy udacTky aneratiB 3MiHioBanu Big 1,0 % m0 6,0 %. Po3paxyHok mokasye, 110 HaBiTh IpU
MaKCUMAaJIbHOI KIJIBKOCTI COJIl BOJIOTICTh BYTULIS MiABUILY€EThCS uiie Ha 1 %.

[Tpu nopiBHSAHHI JaHUX Ta0I. 6 Ta 7 Cligye, IO HE3AIEKHO Bif CIOCOOy BHECEHHS COJi 10
BYT1JUISL TEMIIEPATypa 3MEP3aHHs HE 3MIHIOEThCSL.

Tabauusa 7. Jlani po3paxyHKy KiJIbKOCTI OKCHAIB MeTanmy Ta 60 % OLTOBOI KHUCIOTH Ta
TeMIepaTypa 3Mep3aHHs BYT1JUIS.

(CH3COO):Ca (CH3COO):Mg

Macosa Maca Maca Temnepatypa MacoBa Maca Maca Temnepartypa
4acTKa CaO, KHCJI0TH, 3Mep3aHHA 4acTKa MgO, KHCJI0TH,  3Mep3aHHH
coui, %o r r Byriss, °C  coui, % r r Byrijis, °C

1,0 1,8 6,4 -5,5 1,0 1,4 7,0 -5,8

1,8 3,2 11,5 -6,0 1,8 2,5 12,5 -7,3

2,5 4,4 15,7 -8,5 2,5 3,5 17,5 -9,1

3,0 5,3 19,0 -9,8 3,0 4,2 21,2 -10,4

4,2 7,4 26,5 -11,8 4,2 5,9 29,5 -12,5

5,0 8,9 31,8 -12,6 5,0 7,0 35,0 -13,5

Jliis oTpuMaHHS KajbIliii a00 MarHii armerariB MO>KHA 3aCTOCYBATH OUIBII CTiHKi, HI’)K OKCUJIH,
kapOonaru. Ilpu B3aemonii kapOOHATIB 3 KMCIIOTOIO, Ha BIMiHY BiJl OKCHJIB, CIIOCTEPIra€TbCs
BUJIUICHHSI BYTJICKUCIIOTO Ta3y. SIKIo ras He Oy/Jie BUXOJUTh HA30BHI, a 3aJIUIIATHCS y Maci By,
TO MO’KHA CIIOCTEPIraTH, 110 BiH Oy/e BIUTMBATHU Ha TEMIEpaTypy 3MEp3aHHS.

Jnist 3MEHIIEHHS! BUXOAY a3y 3 00’ €My BYTUUIS MEepeMilllyBaHHS OyJ0 3BEIEHO JI0 MIHIMyMY,
TOMY 3pa30K JUTHIIM Ha TPU YACTHH, KOXKHY 3 SIKUX PETEJIbHO MEPEMIlIyBaId 3 KApOOHATOM KaJbLIi0
ab0 MarHiio, a MOTIM 10 KOXKHOi YaCTHHI 00EpeKHO 0JaBalIM KHCIOTYy (Tabi. 8). AHami3 JaHUX
Tab1.8 Mmokasye, U0 OTPUMaHHA aleTaTiB 13 KapOOHATIB MPHU3BOIUTH /10 3HMWKEHHS TEMIepaTypH
3Mep3aHHs ByTriuist Maibxke Ha 1 °C, y OpiBHAHHI 3 BUKOPUCTAHHSM alleTaTiB, ki OyJIu OTpUMaHi 3
okcuaiB. MoskHa 3p0OUTH BUCHOBOK, IIIO 1€ BiJI0OYBA€THCS MiJ] BILIMBOM BYTJIEKHCIIOTO rasy, SKUN
3aJIMIIAETHCS PO3UMHEHUM. MOJXKIIMBO, III0O OCHOBHA Maca raszy IpH PO3YMHEHHI y BOJI yTBOPIOE
JBOJISTHI KPUCTANIIYHI CTPYKTYPH 3 MOJIEKYJI BOJH Ta ra3y, Tak 3BaHi ra3oBi riipatu. OnuH 00’ eM BoaH
MOJKe 3B’SI3yBaTH y TiipaTHuil cTaH npuOmmu3Ho 164 o6’emy razy. ['a3 yrpumyerbcs B Kapkaci
JBOJSTHOTO KPHUCTATY 3a PaxyHOK BIJHOCHO ciIaOKMX MDKMOJIEKYJSApHHX cuil Ban-nep-Baanbca.
KonuenTpartis rigpaTHoi (opMH 3pocTae MpU 3HWKEHH] TEMIIEPaTypH, Ta IHTEHCUBHICTh YTBOPEHHS
riipatiB 301IBIIY€THCS.

Tabauusa 8. Jlani po3paxyHKYy KIUIBKOCTI KapOOHAaTiB MeTaly Ta OLTOBOI KHCJIOTH Ta
TeMIepaTypa 3Mep3aHHs ByT1JUIS.

(CH3COO):Ca (CH3COO):Mg

Macosa Maca Maca Temneparypa MacoBa Maca Maca Temneparypa
4acTKa CaCoOs, KHCJIOTH,  3MeEP3aHHS 4acTKa MgCO:s3, KHCJIOTH,  3Mep3aHHA
coui, %o r r Byriss, °C  coui, % r r Byrijis, °C

1,0 3,5 4,2 -5,7 1,0 33 4,6 -5,9

1,8 6,3 7,5 -6,9 1,8 5,9 8.4 -8,0

2,5 8,7 10,5 -9,2 2,5 8,2 11,7 -9,8

3,0 10,4 12,5 -10,5 3,0 9,8 13,9 -11,4

4,2 14,6 17,5 -12,6 4,2 13,7 19,5 -13,6

5,0 17,5 20,9 -13,9 5,0 16,3 23,3 -14,7

Komu temmeparypa moBiTpss Mae MO3WTHBHI 3HAYCHHS, TO Ha TOBEpXHI OyiabOalIKu raszy
YTBOPIOETHCS OAHOPITHA, AOCTaTHBO WIIbHA TifpaTHa IuTiBKa. Ilpu HeraTwBHINW Temmeparypi
ra3oriipaTHi yTBOPEHHS Ha TOBEPXHI JbOAY OUIBII KPUXKi, 3 BEIMKOIO KuibkicTio mop. Ilpum
temmeparypi Bix minyc 8 °C go minyc 10 °C HakomuueHHS TigpaTiB BiIOyBalOCs MIBHUIIIE, HIXK B
iHTepBaii Temneparyp Bifg 3 Minyc 3 °C Ta mumoc 2 °C.

lgpatu MiX BYIJIIEKHCIMM Ta30M Ta BOJOIO, SIKI YTBOPIOIOTHCSI Ha MOBEPXHI JbOIY MalOTh
pUXJIy Ta MOPUCTY OYIOBY, IIO CHpHUsie 30€PEeKEHHIO CHIIKOCTI BYTiUIA. Y 3pa3Ky BYIULIA, SKHH
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HAaCHYCHHI ra30M, MOBEpXHA ByTriyuid Oy e B3aemo it 3 CO2, a He 3 MEp3JI010 BOJIOIO 1, SIK HACIIJIOK,
HOro pO3YMHEHHS Y BOJII PU3BE/E 1O 3MEHIIEHHS TEMIIEPaTypH 3MEep3aHHsL.

Kanpmiii Ta Maruiid - ameraTts, A00pe Mpauo0Th SK NPoQiTaKTHUHI 3aCO0H, Ta TOKa3alH
BUCOKY aKTUBHICTh. OJIHAaK Il peareHTH B YKpaiHi BUPOOISIOTHCS JIMIIE SIK MEAWYHI IpenapaTH,
TOMy OyJIO 3alpOIIOHOBAHO BUKOPHUCTaHHS CyMIllli alleTaTiB KaJlblil0 1 MarHilo y CIHiBBiIHOLICHHI
1:1, siky nerko otpumatu 3 mpupoaaoro goiomity CaCO3-MgCOs. ITokmaau 10I0MITIB 3HAXOAATECS
B JloHenpkoi o0nacTi Ta B 3akapnarTi.

Kpim Toro, couti B cymilni MOXYTh HiICHIIIOBAaTH Ait0 ofHa oxHoi. Tak, Hampukiazn, 34,4 %
PO3UMH aleraTy MarHilo Mae TeMIeparypy eBTeKTHKH MiHyc 29 °C, a B cyMillli 3 HITpaTOM MarHito
(1:1) — minyc 38 °C. AueratHy cyMilll OTPUMYBAJIU 3 TIOPOIIKY J0JIOMITY 1 60 % OLTOBOT KUCTIOTH:

CaCO3- MgCOs + 4CH;COOH = Ca(CH3COO), + Mg(CH;COO), + 2H,0 + 2COy, (3)

Jani oTpuMaHMii PO3YMH MO 3BHYAMHIA METOAMLI 3MillyBanud 3 BYruuisM. PesynbraTn
eKCIIEpUMEHTY NpHBeIeH] B TaOIuIi 9.

Ta6auusa 9. Temneparypa 3Mep3aHHs BYTiuis, ike 00pOOJICHO CYMIMIIIIO aleTaTiB KalbIliio
Ta MarHio

MacoBa yacTka Temneparypa MacosBa yacTka Temnepartypa
couti, % 3mMep3aHHs, °C couti, % 3mMep3aHHs, °C
1,0 -7,1 2,5 -11,4
1,8 -85 3,0 - 133

3 tabn. 9 cumigye, M0 MpU BUKOPHCTAaHHI CyMillll cOJIel TemIieparypa 3Mep3aHHS BYTULIA
3HWKYEThCs npuOmm3Ho Ha 20-23 %. Lle miaTBepaKye BUCHOBOK, IO CYMIII aleTaTiB KaJbIIo 1
MarHito 3a0e3nedye 3HIDKEHHS TEMIIEpaTypd 3a pPaxyHOK CHHEPreTHMYHOi [ii KOMIIOHEHTIB.
Kom0iHarisi opraniuHux coJieil 3aBakae MEPETBOPEHHIO BOJU Ha KPUCTAIH JIbOY, YCKIIAIHIOIOUN
MO>KJIMBICTB 3400y TTsI IPABUIIBHOI KPUCTANIYHOI CTPYKTYPH KPUCTALY JIBOLLY.

OCHOBHOIO TIepeBarol0 CyMillli aleTaTiB, BBAKAETbCA ci1abka Kopo3iiiHa nisg Ha meTan. Tak,
BTpaTa METaJly METAJEBUX CTPUKHIB YIPOJIOBXK 7 MICALIB B PO3YMHI CyMillli aleTaTiB ckiajnana 3
%, y IOPiBHSHHI 3 PO3YMHOM couielt xiopuaiB — 15,3 % Ta nuctunboBanoro Bojoto — 1,2 %. Ipxa y
BCIX BMIIJKaX Ha CTPIDKHAX IMoyana 3'ABISATHCA 4Yepe3 Tpu TIKHI. Ha CTpmkHAX, 3aHypeHUX B
PO3UMH CYMIMIi alleTaTiB yTBOPIOETHCS TOHKA 1 IIUTbHA OKAJMHA, a HAa CTPIKHAX B PO3YHMHI COJI
XJIOPHU/IIB — TOBCTA 1 pUXJIa.

[lepeBaroro anerariB € Takox ix exojoriuna 6e3meka. [Ipu 3acTocyBaHHI XJIOpUAY KaJbLiO
Uit 0OpoOKM BYTULIS, SIKE Jalli BUKOPUCTOBYETHCS NIl KOKCYBaHHS Ta MiJAA€ThCS Tii BUCOKUX
TeMIIepaTyp, MOXKIIMBUM € PO3KIIAJ] KaJbIii XJIOPUAY Y MIPUCYTHOCTI KUCHIO MOBITPS 1 Mapy BOJU:

2CaCly + Oz = 2Ca0 + 2Cl, (4)

2CaCl + H,0 =2CaO + 2HC], (5)

VY npucytHocTi SiO2 abo Al2O3 npu BUCOKHX TemmepaTypax OyIyTh IPOXOJUTH peaKilii:
2CaCl, + 2810, + Oz = 2CaSi0s + 2Cly, (6)

2CaClh + 2A1L0s3 + Oz = 2Ca(AlO2): + 2CL, (7)

ITomitHe po3kiananus CaClyy cyxomy 1 Bosoromy mnoBiTpi 0yae npoxoautu Buine 3a 830 °C,
y npucytHocTi SiO; — Bume 3a 720 °C, y npucytHocti Al2O;3 Buie 3a 800 °C.

3 peakiiit (4-7) cmigye, MO MPH BUCOKUX TEMIIEpaTypax KOKCYBaHHS MOKJIMBHHA PO3KIIAJ
KaJIbIIH XJIOPHULY, BUAICHHIM BEJIUKOI KUIBKOCTI XJIOpY, SIKUH Y IPUCYTHOCTI PO3IIEYEHOTO BYT1IIIS
MO>K€ YTBOPIOBATH JioKCcHH. Lle moripirye ekoioriuni yMoBH BUPOOHUIITBA.
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Po3kian rigpaTy MarHito XJI0puay BilOYBa€eThCs 32 CXEMOIO:

MgClL-6H,0 20 — 60 °C - MgCly:4H,0 90 °C » MgCl-2H,0 119,5 °C — MgCly'H,O
505 °C — MgO + 2HCL, (8)

ITpu Temneparypax Buiie 505 °C moxnuBe BuaiIeHHs razonoaionoro HCI.

AtetaTy Ha BiIMiHY BiJ] XJIOPH/IiB MalOTh HU3bKY TOKCHYHICTb, ITiJ JI€I0 TPYHTOBUX OaKTepiit
MOBHICTIO PO3KJIAMAIOThCSI YMPOMOBXK MICALS Ta MAlOTh JOCTaTHRO HU3BKY TEeMIIepaTypy
poskinananus (tabmn. 10).

Ta6auus 10. Temnepatypa po3kiay alerarTis.

Ha3ga peyoBunn Temnepartypa Ha3ga peyoBunn Temnepartypa
po3kaaganus, °C po3kaaganus, °C
HATpiH amerar, 120 KaJbIlill alerar, 160
KaJIii anerar, 292 MarHii arerar, 323

IIpu po3kiagaHHi aneTariB  HATPiII0 1 KaJlilo BigOyBa€TbCs CHOYATKY BUIAJCHHS
KpHUCTaTi3aliifHOT BOH, a MOTIM PO3KJIaZaHHs 3 YTBOPEHHIM KapOOHATIB 1 alleTOHY:

2CH;COOK-H>0 135 °C = 2CH3COOK 475 °C = K2CO3 + CH3;COCHs, (9)

Arerar Kaibliilo Ta MarHito poskiagaeTses npu remneparypax 160 °C ta 323 °C BianosiaHo,
TaKO’K 3 YTBOPEHHS alleTOHY, SKil IIBUKO 3rOpaE:

Me(CH3COO), = MeCOj; + CH;COCH3, (10)

3a eKoJIoriYHOI0 e()EeKTUBHICTIO PEareHTH Ha OCHOBI alleTaTiB HE MAlOTh aHAJOTIB. AleTaTHi
peareHTH Oe3MnedHi s JIFOJAWHHU, MIA3eMHUX BOJI, TBAPHH Ta POCIUH. AIIETaTH MPOXOJATH MOBHY
010JIECTPYKIIit0 B BOAHUX CUCTEMAaX YIPOOBXK OOMEKEHOTO Yacy.

Bucnosku (Conclusions)

OxapakTepr3oBaHi OCHOBHI cmocoOu Ta 3aco0M TOMEpeHKEHHS 3MEp3aHHs BYTULIS TpU
TPaHCIOPTYBAHHI: 3HEBOAHEHHS Ta CYIIKa BYTUILISL, IEPEMOPOKYBAHHS BYT1UIS, PO3MOPOXKYBaHHS y
CHeUiaIbHUX TapakaX, a TaKOX 3 BUKOPUCTAHHAM MPO(DITAKTUYHUX pEarceHTiB OPraHidYHOTO Ta
HEOPTraHIYHOTO MOXOKEeHHs. Bu3HaueHo, mo cepen 6araTbox crmoco0iB mpodinakTuku i 60poThoH 3
pUMEpP3aHHAM, BAKOPUCTAHHS MPO(]ITaKTHUHUX 3aC001B € HAHOUTBII e(hEKTUBHUMHU.

B saxocTi 3aco0iB poTy 3Mep3aHHs OyJIU JTOCIIIKEH1, XJIOPUIH KalbIiio 1 MarHito (6imodir),
a TaKoX alerari METAIB.

Croci6 3acHOBaHMH Ha TOMY, IO MIKKYCKOBa BOJIOTa, 3aMIIIYyE€TbCS PO3YMHOM 3 HU3BKOIO
eBTEKTHMYHOIO TOYKOIO 3aMep3aHHs, a JIiJ, LI0 YTBOPUBCH, XapaKTEePU3YETbCA IePEKTHOIO
CTPYKTYpOIO, JIyCKaTol OyIOBOIO 1 B Pe3yJbTaTi I[OTO — MAaJIOI0 MEXaHIYHOI MilHicTio. [Ipu
MOJaJbIIIOMY TIIBUIIEHHI KOHIEHTpAIii XJOPUAIB HWXKY€ EBTEKTHYHIA TOYKH IIiJIBHUILYETHCS
TeMmIepaTypa 3Mep3aHHs, TOMY HEOOXiTHO MiaidpaTd ONTHUMajabHI KOHIEHTpaulii XJIOpUAIB, SKi
3aJIe’KaTh BiJl TEMIIEPATYPHUX YMOB 1 IPaHyJIOMETPUYHOTO CKIIQAy BYTLILIIS.

JlocnmipKeHo BIUIMB alleTaTiB METaliB Ha 3MEp3aHHs BYTU/UIA Ta MOPIBHIHHA iX 3 XJIOpUIAMH
MeTaniB. BuzHnaueHo, 110 BCi COJIi 3MEHIIYIOTh TEMIIEPATypy 3MEp3aHHs BYTiUIs JOCUTH 100pe, aie
BCTaHOBJICHO, 110 alleTaTiB B TIOPIBHSHHI 3 XJIOPUIAMU HEOOXITHO JT0/IaBaTH MEHIIIE.

Takox 3a €KOJOriyHOI e(EeKTUBHICTIO peareHTH Ha OCHOBI alleTaTiB HE MAaroTh aHAJIOTIB.
AnuetatHi peareHTH Oe3MeyHi IS JIIOJUHHU, MiA3EMHHUX BOJI, TBAPUH Ta POCIMH, BOHU MPOXOISThH
MOBHY 010JIECTPYKIIiIO y BOJHUX CHCTEMaX YIPOAOBXK OOMEKEHOr0 TepMiHy yacy. 3aBIsKH 3aMiHi
XJIOPHU/IIB Ha AIleTaTH yCyBaIOThHCs MPOOIEMH, MOB'I3aH1 3 XJIOPUCTUM 3a0pYJHEHHSM CTIYHUX BOJI Ta
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Abstract: There is a growing demand for the flat-rolled steel products. In
today's market we have the task for heavy engineering, which has a target
making of equipment for such steel products manufacturing. At the same
time, machines and mechanisms that are not directly involved in metal
rolling, but ensure the performance of other operations are important
components of the entire technological process and are aimed at producing
metal products with specified characteristics constitute a significant part
of the equipment produced for rolling mills of metallurgical enterprises
specializing in the flat-rolled steel production. Among them, shears for
longitudinal and transverse shearing, which are used to produce flat-rolled
metal products of a given shape and size play a major role. Meanwhile,
shears with single-slope (guillotine) and double-slope (chevron) knives
usually used for metal strips and sheets transverse shearing and being the
most complex equipment on rolling mills shearing lines are widely used.
Therefore,timely and correct cost determination of such shears is very
important in the context of machine-building production, developing
technical and commercial proposals. A specialist ought to be able to
determine their metal consumption in advance. Therefore, in this paper, a
mathematical dependence allowing determining the shears metal
consumption, taking into account the maximum shearing force and the
maximum allowable width of the metal rolling was obtained based on the
analysis of available data on the main characteristics of known shears.
Meanwhile, further refinement and adaptation of the obtained dependence
may be appropriate to use it in the automation tools development for
designing the technology of shearing flat-rolled metal products with slope
knife.
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AHoTanisgs: B ymoBax CydyacHOTO pUHKY, CHOCTEpIraeThCsl 3POCTAHHS IOMHTY Ha IUIOCKHMA
METaJIONPOKAT, TOMY BHUTOTOBJCHHS OOJaJHAHHS A BUPOOHMIITBA TAaKOi METAJONMPOAYKLIi €
aKTyaJbHOIO ITPOOJIEMOIO BaXKKOT0 MalIMHOOy 1yBaHHA. B ToOH e yac, 3HaYHy YaCTUHY 00JIaJHaAHHS,
CTBOPIOBAHOT'O JJIsl MPOKATHOTO BUPOOHMIITBA METATYPriiHUX MiAMPUEMCTB, IO CIELiaNi3yIOThCs
HA BUTOTOBJICHHI IUIOCKOTO METAJIONPOKATy, CKIAJAal0Th MAIIMHUA Ta MEXaHI3MH, SIKi HE 3ajlisHi
Oe3mocepeIHbO TPHU TPOKATII MeTaly, ajne 3a0e3nedyloTh BHUKOHAHHS IHIIUX OIeparii, ki €
BOXJIMBUMH CKJIQJIOBUMH BCHOT'O TEXHOJOTIYHOIO TPOLECY Ta CHPSMOBAaHI Ha OTPUMAaHHS
METANONPOAYKIIIT 3 3aJaHUMHU XapakTepucTukaMu. Cepe HUX BOKIIMBE MICIIE 3aiMaIOTh HOKUII JIS
MO3/I0BXKHBOTO Ta TIOMNEPEYHOr0 PO3pPi3aHHA, SKI 3aCTOCOBYIOTHCS JJSl OTPUMAHHS IUIOCKOTO
METAaJIONPOKAaTy 3a1aHoi popMu Ta po3Mipis. [Ipu 11bOMy HIMpOKEe BUKOPUCTAHHS OTPUMATTU HOXKHUII
3  ogHOCXWIMM (TUTBHOTHHHMM) Ta JBOCXWIMM (IIEBPOHHUM) HOXEM, SKi, 3a3BUYAi
BUKOPUCTOBYIOTHCSI JJIsl TONEPEYHOro po3pizaHHsA mTad abo JUCTIB 1 € HaWOUIBII CKIIQAHUM
oOliaiHaHHAM JIiHIA pO3pi3aHHA NPOKATHUX cTaHiB. TomMy B yMOBax MamIMHOOYAIBHOTO
BUPOOHHUIITBA, TIPU PO3POOII TEXHIKO-KOMEPLUIHHUX MPOIO3UIIii, BETUKY POJIb MAa€ CBOEYACHE Ta
KOPEKTHE BU3HAYCHHS CO0IBapTOCTI TAKMX HOXKMULG. Lle moTpedye HasBHOCTI y (axiBLsi MOKIUBOCTI
MOTIEPETHHOT0 BU3HAUCHHS iX METalloeEMHOCTI. ToMy B Mexax JaHol poOoTH Ha 0a3i MpoOBEIEHOTO
aHai3y HasBHUX JaHUX 10 OCHOBHHMM XapaKTEpUCTHKAM BIJIOMHMX HOXMHIb, Oyla OTpHMaHa
MaTeMaTHYHA 3aJIEKHICTh, SIKA JIO3BOJIIE BH3HAUATH METAJIOEMHICTh HOXHUIb 3 YypaxXyBaHHSIM
MaKCUMAaJIbHOI CUJIM PO3pi3aHHs Ta MAaKCUMAaJIbHO JOMYCTUMOI IIUPHUHU MJIOCKOTO METAJIOMPOKATY.
[Tpu oMy Mo’ke OyTH AOIIBHO IMOJANbIIE YTOYHEHHS Ta aJanTalis OTPUMAHOI 3alIe)KHOCTI 3
METOIO 11 BUKOPUCTaHHA IpHU po3poOi1li 3ac00iB aBTOMATH3AIII1 TPOEKTYBAHHS TEXHOJIOTIT pO3pi3aHHs
IUIOCKOTO METAJIONPOKATY MOXUIUM HOXKEM.

KirouoBi ciioBa: MIoCKHii METAJONpPOKAT; HOXUIl; PO3pi3aHHS; COOIBAPTICTh; METATIOEMHICTH;
3aJIKHICTb.

Beryn (Introduction)

[Tnockuit MeTaonpoKar € 3HaYHOI0 YaCTHHOIO MPOIYKIIil MEeTalypriiiHOro BUpOOHUIITBA, ITPH
IIbOMY, B YMOBaxX CYYacCHOTO pHHKY, CIOCTEpIraeThCsl CTIMKMHA pICT MONMUTY Ha LEH BHUI
MeTaNonpoAyKIiii. B naHux ymoBax € HEOOXiHICTh MOCTIHHOTO BAOCKOHAJICHHS OOJaJHAHHSA, SKE
BUKOPUCTOBYETHCS JUII BUPOOHMLITBA IUIOCKOTO METAJONPOKATy, 3 METOI0 30UIBIICHHS HOro
MPOAYKTUBHOCTI Ta MiJBUILEHHS SIKOCTI TOTOBOI MpOAyKIii. TakuM YWHOM, BUTOTOBJICHHS TaKOTO
o0JIaJIHAHHS € aKTyaJIbHOIO ITPOOIEeMOI0 BAXKKOTO MAITMHOOYAyBaHHS.

Bepyun 10 yBaru cranuii po3BUTOK METaIypriiHOro BUpOOHUIITBA, TIEpe/l MAIIMHOOYTiIBHUMH
HiANPUEMCTBAMH MOCTA€ 3aBJJaHHSA CBOE€YACHOI PO3POOKH aKTyalbHHUX Ta €(PEKTUBHUX DIllICHb PU
MPOEKTYBAaHHI 00JIaIHaHHS, BAKOPHCTOBYBAHOTO [T BUPOOHUIITBA TNIOCKOTO MeTajomnpokaty. [lpu
IIbOMY 30CEpEKEHICTh HAa BUTOTOBJICHHI KOHKYPEHTOCIPOMOXHOTO OOJaTHAaHHA € KIIOYOBUM
(akTOpOM PO3BUTKY MAIIMHOOYAIBHOIO BHPOOHMIITBA, OJHAK BHUMAara€ 3aCTOCYBAaHHS Cy4acHHX
nigxoniB (Sukov & Byvshev, 2013), sixi 30Kkpema mnepeadadaroTb aBTOMATH3ALII0 BUPOOHHYMX
nporeciB. Lle 103BossiE 3HAUHO CKOPOTUTH 4Yac HEOOXITHUH Ha MPOEKTYBAHHS Ta BUTOTOBJICHHS
o0aiHaHHSI.

[Ipu BUTOTOBJICHHI METATYpriiHOrO OO HAHHS, BEUKY POJIb MA€ aJeKBATHE Ta BUBAXKCHE
BU3HAYCHHS COOIBApPTOCTI CTBOPIOBAHOIO OOJaJHAHHS, IO JO3BOJIAE IPYHTOBHO Ta CBOEYACHO
pearyBaTh Ha MOXJIMBI 3MiHM KOH'IOHKTYpH puHKY. IIpu 1mpomy ¢axiBusgM 3 NpPOEKTYBaHHS
o0JIaJJHaHHS YacTO JOBOAMUTHCS MIATH B YMOBaX OPCTKUX OOMEXEHb 4acy, TOMY HIBHJIKICTh
NPUAHATTA pilIeHb Ha0yBa€ BETUKOTO 3HAa4YeHHsS. Lle 3yMOBIIIOE HEOOXiAHICTH CTBOPEHHS
MaTeMaTUYHUX MOJEJICH Ta MpOrpaMHUX MPOIYKTIB HA IX OCHOBI, SIKi JOTIOMOXYTb OUTBII IPYHTOBHO
npuiMaTH SKICHI PIllICHHS B YMOBaX BUPOOHHUIITBA TA 3MEHIIUTH MOXKJIUBICTh 30UTKIB.

Crhin 3a3HAauMTH, IO 3HAYHY YaCTUHY OOJIQJHAHHS, CTBOPIOBAHOTO JJISI TPOKATHOTO
BUPOOHMLITBA METATYPriiHUX MIANPUEMCTB, CHPSIMOBAHMX HAa BHUTOTOBJICHHS IUIOCKOTO
METaJIONPOKATy, CKIaJal0Th MALIMHUA Ta MEXaHI3MH, SIKi HE 3a/ifHi Oe3MOCepeHbO MPH MPOKATII
MeTalry, aile 3a0e3NMedyloTh JOTPUMAaHHS TMOKA3HUKIB SKOCTI (SKi € Ba)XJIMBUMH CKIIAJOBHMH
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PUHKOBOT BapTOCTI METAJOMpPOKATy) Ta, SK HACHIIJOK, OTPUMAHHS METAJONPOAYKIIi 3 3aJaHUMH
XapaKTepUCTUKAMHU. 3arajoM cam MpoIec BUPOOHMIITBA TNIOCKOTO METaJIONpoKaTy, Oe3rnocepeiHbo,
CIpSIMOBaHUI HA OTPUMAHHS TOTOBOTO JIUCTA 200 MTabu BUCOKOI SIKOCTI 3 MiHIMAaTbHUMH BUTPATaAMU
1 MakCHMaJIbHOIO MPOAYKTHUBHICTIO. 3HAuHy YacTKy MPOAYKLIi SIKy BHUIIyCKa€ MeTamypriiHa
MIPOMHUCIIOBICTh CKJIA/IA€ TIOCKUHA METAJIONPOKAT TOBIIUHOIO Bix 5 10 80 MM, mmpuHOIo Big 600 no
4800 MM, a TakoX IUIMTH TOBIIHHOIWO 10 160 MM (Koh, 2022). ]Ins BUPOOHHIITBA TaKOTO
METaJIONPOKATy BHUKOPHCTOBYIOTH MPOKATHI CTaHU BEJIMKOI OJMHUYHOI MOTYKHOCTi, MPHU LILOMY
3aJIe)KHO BiJl PI3HUX YMOB (HAMPHUKIAJA, MAPKH CTalll) TEXHOJIOTIYHUI MPOIleC BUPOOHUIITBA MOXKE
CYTTEBO BIIPI3HATHCA, OHAK HE3AJIEKHO Bil 00paHOi TEXHOJIOTTYHOT CXeMHU BUPOOHHIITBA TIIOCKOTO
METaJIONpPOKaTy, BOHA, 3a3BUYaif, Imependavac BUKOHAHHS OIEpalid po3pi3aHHI 3 METOIo
3abe3neueHHs 3a1aHoi (opMu Ta po3MmipiB rorooi mpoxaykmii. Lli omepaumii, sk mpaBuio, €
CKJIaJJOBOI0 YAaCTHHOIO TEXHOJIOTIYHOTO TPOLECY, BUKOHYIOTHCS Ha 3aBEpLIAIbBHUX CTadisX
BUPOOHMITBA IJIOCKOTO METAJIONpPOKAaTy 1 MaloTh Oe3lmocepeiHid BIUIMB Ha SKICTh TOTOBOI
npoaykuii. Tomy mocTiiiHe BIOCKOHANCHHS TEXHOJIOTIi Ta OOJaJHAHHS MPOLECIB PO3pi3aHHS
TUIOCKOTO METAJIOMPOKATY € BaKIMBOIO CKJIAJOBOIO OTPUMAHHS KOHKYPEHTOCIPOMOXHOT MPOTYKIIii.

Omepariii po3pi3aHHs TaKOXX MOXYTh 3aCTOCOBYBATHCH Ul PO3JUICHHS Ha MipHI YaCTHHU
PO3KaTiB Ha MPOMDKHUX €Tarax TeXHOJOTIYHOTO MPOLECY MPOKATKH, ajie OUIbII BaXKJIUBY POJIb, IS
3a0e3neueHHs SKOCTI METATONPOIYKIil, MAalOTh Olepalii po3pi3aHHs MPOKATy Ha MipHI TOBXUHU Ta
00pi3aHHs G1YHUX KPOMOK IJIOCKOTO METAJIONPOKATY I yTBOPEHHS KiHIIEBOT (hOpMHU. 3 €0 METOIO
orepauii po3pi3aHHs, HacamIiepell, 3aCTOCOBYIOTh JUIS BHUAAJCHHSA IEPEIHBOTO 1 3aJHBOTO
HEKOHAMIIIHUX KiHIIB po3Katy (puc. ).

Pucynok 1. ®oTo HEKOHIUIIMHUX KiHIIIB PO3KATYy, AKi MiJUIAraloTh 00pi3aHHIO

Jiis peamizamii omepariii po3pi3aHHs, A0 CKJIaay CYYacHHX MPOKATHUX CTaHIB BKIIOYAIOTh
pizHOMaHITHe OONaJHaHHS, a PO3IUIOBHIA TPOIEC MOXKE 3IIHCHIOBATUCS SIK MEXaHIYHHM, TaK i
TepMiyHUM crocobamu. CiliJy 3a3HAYMTH, [0 MEXaHIYHUH CHOCI0 pO3pi3aHHSA € HaWOUIBII
epeKTUBHUM, a HOro peanizailis MOXe 3IIHCHIOBaTHCS NUISIXOM pi3aHHS, KOJH BigOyBaeTbCs
YaCTKOBE BUIANICHHS METaly 3 30HU po3aieHHs (Ishchenko A.A. & Kapustin S.V 2023), abo nuiasxom
3[IBUTY METally, 0€3 4aCTKOBOTO BUIAJICHHS METay 3 30HH PO3IIICHHS.

Peanmizauis po3nizoBoi omepaiii MEXaHIYHMM CIOCOOOM IIUISIXOM  3/BHUTY  JTO3BOJISIE
OTPUMYBATH METAIOTPOAYKIIIFO BUCOKOI SIKOCT1 3 MAKCUMAILHOO MPOTyKTUBHICTIO 1 MiHIMAJIbLHUMU
BTpaTamu MeTany. KpiM TOro, 3acTOCyBaHHsI TaKOro CIIOCOOY pO3pi3aHHS J03BOJSE BUKIIOYUTH
MO>KJIMBICTh BUHUKHEHHS HEpPIBHOMIPHOCTI MEXaHIYHHUX BJIACTUBOCTEH MO TNEpPETHHY TOTOBOTO
IUIOCKOTO METAJOMpPOKaTy, Ka Ma€ Miclie P 3aCTOCYBaHHI TEPMIYHUX CIOCOOIB pO3pi3aHHs, fKi,
SK MPaBUJIO, TIepe10adaloTh JIOKAJIIbHE MEepPerpiBaHHs MeTajy, 10 3arajloM CyTTEBO 3HMKYE SKICTb
TOTOBOT MPOJIYKIIIi.

MexaHiuHuil crnoci® po3pizaHHA IUIOCKOTO METAJONpPOKATy UUIAXOM 3/ABHTY, 3a3BHYai
nependadae BUKOPUCTAHHS HOXHUID pisHOTO TUNY (Vishtak & Kobylyansky, 2015). Ilpu upsomy ciia
3a3HAYMTH, 10 HOXKUII, SIKI BAKOPHUCTOBYIOTHCS B JIIHISAX PO3Pi3aHHS MPOKATHUX CTAHIB € MAITMHAMU
OJTHMMH 3 HAMOUIbII CKIIAJIHUX N0 KIHEMATHUIII Ta KOHCTPYKLIi, 110 BXOASTH B KOMIUIEKC TPOKATHOTO
crana. Taki arperaT (HOXHIIi) CYTTE€BO PI3HATHCS 3a MPU3HAUCHHIM, KOHCTPYKII€IO Ta MPUHIUIIOM
aii. 30kpema, po3pi3HIIOTh HOXKHUIII IS TOTIEPEUHOTO 1 TO30BKHBOTO po3pizanHs. J{o nepiioi rpynu
30KpeMa BITHOCATHCS HOXHIN 3 TOXWIMM HOXeM (TUIBHOTHHHI), SKi 3aCTOCOBYIOTHCS IS
MOTIEPEYHOT0 PO3pi3aHHs SIK IUIOCKOTO Tak 1 coproBoro wmetanonpokary (Grechany, 2017).
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KOHCTPYKTHBHO HOXHUIIl 3 MOXWJINM HOXKEM JJIsl PO3pi3aHHS IJIOCKOTO METAJIONpOoKary OyBaroTh
JIBOX TUMIB: BIAKPUTOTO (TIOKAa3aHOTO HA pHUC. 2, a) Ta 3aKpUTOro ( IOAAHOTO Ha puc. 2, 6).

1
T

i

a) 0)

Pucynok 2. CxemHu TUTBHOTHHHHUX HOXHIlb, BiIKpuUTOro (a) i 3akpuroro (0) TwUIiB, sKi
BUKOPHUCTOBYIOTHCS AJISL PO3PI3aHHS IIIOCKOTO METAIONPOKATY

Jnst peanizarii onepartii monepeyHoro po3pizaHHs y MOTOI MPOKATHOTO CTaHY 3aCTOCOBYIOTh,
NepeBaKHO, HOXKMIII 3aKPUTOTO TUITY, SIKI MAaIOTh JIBI CTAHUHHU, 3'€/IHAH] 3HU3Y TPAaBEPCOI0. Y MPOCBITI
MK CTaHMHAMHU MEPEMIIIYEThCS CYNOPT 13 3aKPIIJICHUM HAa HbOMY HOXOM, MPHU I[LOMY PYXOMHUM
Moyke OyTH SIK BEpXHi, TaKk 1 HUKHIA HDK. 3aCTOCYBaHHS JJIs1 pO3Pi3aHHS INIOCKOTO METAIONPOKATy
MOXHUJIOTO HOKa 3a0e31euye, MOCTYOBUH JIOKAIbHUI KOHTAKT MK HOXKEM Ta METAJIONPOKATOM, 110
3HIDKYE CHIIy PO3pi3aHHS 32 paxyHOK 30iTbIICHHS HEOOXITHOTO Xoay Hoxa. I[Ipu mpoMy MOCHTH
PO3MOBCIOIKEHUM € BUKOPUCTaHHS HOXKHUIb 3 KyTOM HaxmiIy HOXa B Mexax 2°...3°. B Toli ke yac
KyT Ounbiie 5° BHKOPHCTOBYETHCS JIOBOJII OOMEKEHO 4Yepe3 3aJMIIKOBI jaedopMariii y BUIIISII
CKPY4yBaHHs INIOCKOT'O PO3Pi3yBaHOT'O METAJIONPOKATY, a TAKOXK YTBOPEHHS BUITYKIIOCTI 200 BUTUHY
BY3bkux mtad (Gustafsson et al., 2016).

Ha pucynky 3, B AKOCTI NpUKIaxy, NPEACTaBICH] TIBHOTHHHI HOXUII 3 HIDKHIM PYXOMHM
MOXHJIUM HOXeM KOHCTpykuii HoBokpamaTtopcbkoro wmamuHoOyzAiBHOro 3aBoay («HKM3y,
M. Kpamatopcbk, Ykpaina). Lli HOXHI mpu3HadeHi Uil MONEPEYHOro pPO3pi3aHHS IUIOCKOTO
MeTanonpokary ToBMHOKO 6...10 MM Ta mupunoro 800...1800 mm. Ilpm npomy KyT Haxuiy
HWKHBOI'O HOKa CKJajaae 2°.

5
0 000
5530 0 000 °

= U4

Pucynok 3. KoHCTpyKIlisi HOKUI AJIs1 TOTIEPEYHOT0 PO3Pi3aHHs TIOCKOTO METAJIONPOKATY 3
HIDKHIM pyXoMuM noxunuM HoxxeM («KHKM3», m. Kpamatopcebk, Ykpaina)

Crig 3a3HaYUTH, 10 TOCHTH YACTO JUIS MOMEPEYHOTO PO3pi3aHHs MIOCKOTO METANIOMPOKATY
BUKOPUCTOBYIOTh OUTBII CKIAQIHWA Yy BHUTOTOBJICHHI JBOCXWIMN HIXK, SKAW Ie HA3UBAIOThH
«meBpoHHUMY. Cxema po3pi3aHHs TUIOCKOTO METaJONpOKaTy TaKMM HOXKEM IMOKa3aHa Ha puc. 4.
Taxka peanizariist mpolecy MOMEPEYHOTO PO3Pi3aHHs MIOCKOTO METAJIONPOKATy MAa€ MEBHI MepeBaru
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B MTOPIBHSHHI 3 PO3pi3aHHAM 3BHYAHUM T'UIBHOTHHHUM HOXKEM. 30KpeMa, B IaHOMY BHUITAJKY, JTUCT
3aiiMae OLbII CTIMKE TMOJOXKEHHS BHACHIJOK BPIBHOB)XEHHS T'OPU30HTAJIBHHUX CKJIAJOBHX CHIIU
pO3pizaHHs, IO MOTEHIIIMHO A03BOJIAE 30UIBIIUTH KYT HaxXWiIy poOOYMX KPOMOK Ta 3MEHIIUTH
HEOOXiHY BEJIMYMHY MEPEMILICHHS HOXa MPH PO3pi3aHHi.

e I

PucyHnok 4. Cxema po3pizaHHs IUIOCKOTO METAIOMPOKATY JBOCXMINM (IIIEBPOHHUM) HOXKEM

VY SKOCTI MPUKIIAAY MOXHA MPUBECTH HOXKHII, AKI MpeacTaBieHi Ha pucyHky S. LIi Hoxwi
TakoX po3pobieHi ciBpobiTHHKamMu « HKM3», Ta nependavaroTb BAKOPUCTAHHS IEBPOHHOTO HOXA
IUI TIOTMIEPEYHOr0 PO3pi3aHHA IUIOCKOTO METAJIONPOKATy TOBIIMHOKO 5...25 MM Ta HIMPUHOIO
1000...2350 mwm. Ilpu mpoMy KyT HaxXuily HOXHJIUX TMOBEPXOHb, NMPH BUKOPUCTAHHI IIEBPOHHOTO
HO’XKa, CTAHOBUTH 3°.

= =3
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PucyHnok 5. KoHCTpyKIlis HOXKHIIh AJIs IONEPEYHOTO PO3Pi3aHHs IIOCKOTO METAJIOMPOKATY 3
meBpoHHUM HOXeM («HKM3», m. Kpamaropcrk, YkpaiHa)

OTxe, HOXKMLI U MOMEPEYHOI0 PO3pi3aHHS IUIOCKOTO METaJONMpPOKaTy € BAXIUBUM Ta
3aTpe0yBaHUM O0JIaJIHAHHAM, SIK€ BUKOPHCTOBYIOTH MPU BUPOOHHUIITBI IUIOCKOTO METAJIOMPOKATY.
Ix BUTOTOBNEHHS, B yMOBaX MAIIMHOOYIIBHOTO BHPOOHMITBA, MOTPeOye, IPH PO3POOLI TEXHIKO-
KOMEPIIHUX MPOIMO3UIiil Ha MOCTaBKy OOJaTHAHHSA JiHIM PO3pi3aHHS IUIOCKOTO METaJONpPOKaTy,
30KpeMa HOXKHIIb 3 MOXUIMM HOXEM, MaTu 1HCTPYMEHTH JJIsl BUKOHAHHS a/IeKBaTHOI MOINEpeIHbO1
OIIIHKU HAsSBHUX TEXHIKO-€KOHOMIUHUX pimieHb. L[ BuMora motpedye Bill iHKEeHEPa-KOHCTPYKTOpa
JOCUTH IIUPOKOTO Ta BCEOIYHOTO PO3YMIHHS SIK CAMOT'0 TEXHOJIOTIYHOTO MPOLECY PO3pi3aHHs, TaK i
TEeXHIYHUX pillleHb, 110 MOXYTh OyTH BHMKOpHCTaHI Ui HOro BAOCKOHaleHHA. Kpim Toro, €
HEOOXiHICTh MOAETIOBAHHS IIMPOKOTO CIIEKTPY MOXIIMBUX MPUITYCTUMHUX YMOB peatizallii mporecy
PO3pi3aHHS 3 METOIO0 BCTAHOBJICHHS 3arajlbHUX BUMOT Ta BUSBJICHHS ONTHUMAJIbHUX TEXHOJOTTYHUX
napametpiB (Grechany et al., 2021). BinnosimHo 1e, nepeabavae po3poOKy Ta BUKOPUCTAHHS
MaTeMaTHYHUX Mojenei mporecy po3pizanus (Gustafsson et al, 2014). Jlani monmeni MaroTh
BpPaxoBYBaTH SKICHy Ta KOMEpIiiHYy CKJIaJOBy BHUIOTOBJICHHS OOJIaJHAHHS JJs1 PO3pi3aHHSA
METaJIONPOKATY.

BoueBup, 110 €HEprocusoBi MOKA3HUKHU oOrepalii po3pi3aHHs € BarOMUMH (akTOpaMH, sKi
BIUIMBAIOTh Ha COOIBapTiCTh OOJamHaHHA. 30KpeMa, Ui TpOLecy MOMNEepeyHOro po3pi3aHHs
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IUIOCKOTO METAJIONPOKATY Ha HOXKHIIX 3 IIOXUIMM HOKEM, OJTHUM 3 HaBAXKIIUBIIINX TEXHOIOTTYHUX
napaMeTpiB € MakCUMallbHa cuiia po3pizaHHs. [Ipu 1iboMy, 3 oIy Ha iICHYIOUl METOJUKH, MOXKHA
CTBEpKYBATH, IO 15l BEJIMUMHA 3aJICKUTH BiJl KOMIUIEKCY OB’ I3aHUX TEXHOJIOTIYHUX MapaMeTpiB
MIPOLIECy PO3pi3aHHS, SIKi BKIIOUYAIOTh TOBIIMHY T4 MEXaHIUHI BIACTHBOCTI METAIIONPOKATY, & TAKOX
KyT HaXWIy HOXa. MakcHMasbHi 3HAYEHHS CUJIM PO3Pi3aHHA MalOTh Miclie PH PO3pi3aHHi IIOCKOTO
METAJIONPOKATy MaKCHUMAaJIbHOI 3aKJIaJJeHOI B MIPOEKTI TOBIIMHM Ta 3 MAKCUMAJIbHUMU 3HAYCHHIMU
MEX1 MIITHOCTI pO3pi3yBaHOTO MaTepiaiy.

BianoBiTHO METaIOEMHICTh HOXKMIIB IS TOTIEPEYHOr0 PO3Pi3aHHs TIOCKOTO METAJIONPOKATY
Oyzne 3amexard BiJ IIMPUHU PO3PI3yBAHOIO JIMCTa YW IITaOW, Ta MEXaHIYHMX BIACTUBOCTEH
MaTepially 3 SIKOTO BOHHM BHrOTOBIEHI. OTXe, NpPU TNPOEKTYBaHHI HOXHUIb BAKJIMBO MaTu
MaTeMaTHUYHy MOJIeTh 3aJIeKHOCTI METAJIOEMHOCTI TPOEKTOBAHWX HOXHUIL Bl 3HAYCHHS
MaKCUMAaJIbHOI CHJIM PO3pi3aHHs Ta IIUPUHHU PO3Pi3yBAaHOIO IUIOCKOTO MeTajonpokary. HasBHIiCTh
TaKol MaTeMaTHYHOI MOJENI JA03BOJIUTH OUIBII OOTPYHTOBAHO Ta 00’ €KTUBHO NMPHUIMATH PILICHHS
IIPU BUCYHEHHI TEXHIKO-KOMEPLIHHUX MPOIO3UIIii Ha MOCTAaBKY 00JIalHaHHS MIPOIIECY MOIEPEUHOTO
PO3pi3aHHs MJIOCKOTO METAJIONPOKATY.

Marepiaan Ta meTtoan (Materials and Methods)

B ymoBax MammHoOyiBHOrO BUPOOHUIITBA, P TONIEPEIHIH OIiHII cOO1BAPTOCTI HOMXKHIID JIS
MIOTIEPEYHOTr0 PO3pi3aHHA IUIOCKOTO METAJONpOKaTy, HEOOXIJHO MaTu YSABICHHA Mpo iX
METaJIOEMHICTD, 1[0 Ha JaHOMY €Talll YSABJISETHCS MOXJIMBHM JIMIIE IIISAXOM MOILIYKY CXOMXHX
aHaJIOTIB, TA MOAAJBINOI EKCIIEPTHOI OIIHKH 3 ypaxyBaHHIM yAUIbHOI cobiBapTocTi. OqHAaK Takui
MiAX11, 0COOIMBO B YMOBAX KOPCTKHX OOMEXEHb Y 4aci, MOXKe MPU3BECTHU JI0 CYTTEBOT MOXUOKH U
BHU3HAUEHHI COOIBAPTOCTI Ta, SIK HACIITOK, 3MEHILIEHHIO PeHTA0EIbHOCTI BUPOOHUIITBA, a00 HABIThH
OTPUMaHHIO 30UTKOBOTO KOHTPAaKTy. ToMmy, ImpH po3poOli TeXHIKO-KOMEpLIHHUX MPOMO3UIliil Ha
MOCTaBKY 0OJaJHAHHS JHIA pO3pi3aHHS IUIOCKOTO METAJIONpPOKaTy MPOKATHUX CTaHIB, JOLIIBHO
BUKOPUCTOBYBAaTH MaTE€MaTU4HI MOJEN, SIKi JO3BOJSIOTH MONEPEAHbO OLIHIOBATH METAJOEMHICTD
MPOEKTOBAHUX HOXHIIb B 3aJI€KHOCTI B/l TEXHOJIOTIYHUX YMOB peaiisalii po3aiioBoi omnepartii.

[IpoBenenuit aHamiz maHux 3 mkepena (Leonov et al., 1972) no3Bosse oTpuMatu Habip
OCHOBHHX TE€XHOJIOTIYHHX ITapaMeTpPiB BIIOMHUX HOXKHIb 3 TOXHIIUM HOXEM, SIKi BAKOPHUCTOBYIOTHCS
U po3pi3aHHs IUIOCKOro MertanonpokaTy. ChopmoBaHuil Habip NaHMX, SKHA NpPEACTAaBICHUN Y
Tabmui 1, Moxe OyTH BUKOPUCTaHHMH Ui OTPUMaHHS MaTEMAaTUYHOI MOJEII PO3MOALTY 3Ha4eHb
METaJIOEMHOCTI HOXHIIb B 3aJIE)KHOCTI BiJl MAKCUMAJILHOI CHJIM PO3pi3aHHs Ta HaWOUIBIIOT IIUPUHU
PO3pi3yBaHOr0 MIIOCKOTO METAIONPOKATY.

Tabauusa 1. TexHonoriuHi mnapamMeTpy BiJOMHUX HOXHUIb 3 TOXWJIMM HOXEM, SKi
BUKOPUCTOBYIOTBCS [T PO3Pi3aHHsI IIOCKOTO METAIONPOKATY

N Monens MakcumManbHa [upUHa MakcuMmalpHa TOBIIMHA Kyt Maca
3/m BiJIOMHX PO3pi3yBaHOTO TLTOCKOTO PO3pi3yBaHOTO TLTIOCKOTO Haxuity BiJOMMX
HOXKHITH METANONPOKATY, MM METAJIONPOKAaTy (TIPU MEXi HOXa HOXKHIIb, KT
mirHOCTI 500 MITa), MM

1 HB331 1600 2,5 1°20' 3100
4

HI'474 2000 4 1°20' 3600

3 H3218 2000 6,3 1°30' 5360
6

4 H3218 3200 6,3 1°30' 10000
b

5 H3121 2000 12,5 2°10' 8650

6 H3211 3200 12,5 1°40' 20000

7 HB478 3200 16 2°10' 24000

8 H481A 3200 20 2°10' 33150

9 H482 3200 25 2°50' 37900

10 HA483 3200 32 3° 40570
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11 2513 4000 6 1°10' 15400

12 4310 3000 13 1°45' 16100

13 6210R 3000 16 1°45' 26300

14 6210 3000 20 2°20' 26300

15 10010 3000 25 3° 35500

16 100- 3000 32 3°20' 37200
10-S

Crhin 3a3HayuTH, MO A OTPUMAHHS aJE€KBATHOI MaTeMaTW4YHOI MOJIENi, METaJOE€MHICTb
HOXUIIb JIOUUJIBHO NPEJCTaBUTH Y CHIBBIAHOIICHHI /0 MAaKCHMaJbHO JOMYCTHMOI IIWPHHU
PO3pi3yBaHOr0 MIIOCKOT'O METAIONPOKATY.

TakuM 4YMHOM, BUKOPHUCTOBYIOUM JaHi 3 Tabnuii 1 Ha mo4yaTKoBOMY eTami OyB OTpUMaHMN
BIJIMIOBITHUM PO3IIOJILI, SIKUH MpeicTaBleHuil Ha pucyHky 6. [Ipu 1ipoMy 3HaYEHHS MaKCHUMAaJIbHOI
CHJIM PO3PI3aHHS pPO3PAaX0OBYBAIOCH 3 BUKOPUCTAHHSAM METOIMKHU MoAaHo1 B poboTi (Seleznov, 2013)
BiJIMOBITHO 10 XapaKTEPUCTUK HOXKHIIh BKa3aHUX B TaOuwili 1.

12 4 L J

10 A

M/B

(o] 500 10‘00 15‘00 20‘00
N
Pucynok 6. Po3nosisn 3Ha4eHb MacH iICHYIOUUX HOXKHI M (TIpeACTaBICHOI y CIiBBIIHOLICHHI
710 MaKCUMAaJIbHOI MIMPHHU B III0OCKOT0 METAJIONPOKaTY) B 3aJIEXKHOCTI BiJl BEJIMYMHU MAaKCUMAIIbHO
JOMmycTUMOI cvuti po3pizaras N (kH)

3arayibHUI aHaI3 PO3MOJILTY, PEACTABICHOTO HA PHC. 6, JO3BOJISIE MOTIEPETHHO BCTAHOBUTH,
0 MK 3a3HAYEHWMHU BEIMYUHAMH JIHCHO BOAYa€ThCS SIBHO BUPAKEHUN 3B 530K, SKUW Mae
HENIHIHHUM XapakTep, aje Moke OyTH BCTAaHOBJICGHHH 3a pPaxyHOK 3aCTOCYBaHHS IpOLEAYypU
mineapusamii. Ilpy 1bOMY OYEBHAHO, IO M OMHCY 3aJIEKHOCTI MOXe OyTu mimiOpanHwmii
MaTeMaTUYHUN BUpa3, SKUHA JO3BOJIMTH BHU3HAYATH METAJIOEMHICTH IMPOEKTOBAHUX HOXHLL 3
ypaxyBaHHJIM MaKCHUMAJIbHO JOMYCTHMOTO 3HAUYEHHS CHJIM PO3pPi3aHHA Ta MaKCUMAaJbHOI HIMPUHH
PO3pi3yBaHOr0 IJIOCKOr0 MeTanonpokary. Lle B mopangsmomMy Moxke OyTH BUKOPHUCTaHO, B yMOBax
MaIMHOOYIIBHOTO BUPOOHUIITBA, TPU PO3POOII TEXHIKO-KOMEPUIHHUX MPOMO3HUIIIH Ha MOCTAaBKY
o0J1aiHaHHS JIiHINA pO3pi3aHHS IUNIOCKOTO METAJIONPOKATY.

PesyabTaTn (Results)

Ha 6a3i mpoBeneHOro aHajizy XapakTepUCTHK BiJOMUX HOXHIIb JUIS PO3pi3aHHS IUIOCKOTO
METAaJIONPOKATy MOXUIIMM HOXKEM, B paMKax JlaHoi poOoTu Oyiia OTpMaHa MaTeMaTH4YHA MOJIENb, 110
OINUCY€ 3aleKHICTh MAacH MPOEKTOBAHMX HOXWLL M (TpencTaBieHOi Yy CHIBBIAHOMIEHHI 10
HaOLIpIIOl JAOMYCTUMOI IIMPUHH B po3pi3yBaHOrO IUIOCKOTO METAJIONPOKATy) BiJ BEJIWYMHU
MaKCUMAaJIbHOI CHIIK po3pizaHHs N. Lls 3anexHiCTh Mae HACTYTTHUIN BUTIISAL:
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M
—=0,39+0,04- N In(N),

B (1

ne M — Maca HOKHUIb JUTsl pO3pi3aHHs MIIOCKOTO METANIONPOKATY MOXUINM HOXKEM, KT.;

B — MakcuMansHO AOMyCTUMA HIMPUHA PO3PI3yBAaHOTO IIIOCKOTO METAIONPOKATY, MM.
N — MaKCHMaJbHO JIOMyCTHMa CHJia po3pi3anHs, KH.

IIpy 1LOMY OKpEeMO CIiJl 3a3HAUYWUTH, IO KOHCTaHTW piBHAHHA (1) BU3HaAvamHMca 3
BUKOPUCTaHHSAM METOAY HaMEHIIUX KBaJIpaTiB.

Ha pucynky 7, U1 HAOUHOCTI, IPEACTaBICHUIN ONIEPETHHO OTPUMAHUIN PO3IOILT (IUB. puUC. 6)
pa3oM 3 BIJNOBIIHOIO 3AJEKHICTIO, OTPUMAHOIO 3a Aomomororo Bupasdy (1). SxicTe orpumanoi
MaTeMaTHYHOT MOJIEJIi 3araJIbHO MOKHA OI[IHUTH Ha MiICTaBl BU3HAYCHHS KOSQIIIEHTY NeTepMiHAaIlii,
SKUH B AaHOMY BHIIaAKy ckiaamgae R’ = 0,963, mo CBiIUuTh IpO BUCOKY MIpy 3aJI€KHOCTI Bapiarii
MacH MPOEKTOBAHUX HOXKHIIb BiJl 3HAUEHHS MAaKCUMAJIbHOI CHIJIM PO3pi3aHHS.

14
-
-
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-
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Pucynok 7. MonenboBaHuii Ta peaJbHUNA PO3MOALTH 3HAUEHb MAacH HOXHIb M (TipecTaBieHol
y BIJHOIIEHHI1 /10 MAaKCUMAJIbHOT IIUPUHU B, p0o3pi3yBaHOT0 IJIOCKOTO METAJIONPOKATY) B 3aJICKHOCTI
BiJl BETMYMHU MAaKCUMAJIBHO JIOMyCTUMOI cuiu po3pizanss N (kH)

3 Bupazy (1) oueBUAHO, IO TSI BU3HAYCHHS METAIOEMHOCTI MPOEKTOBAHUX HOXKHIID IS
pO3pi3aHHS TUIOCKOTO METAIOMPOKATY MOXHINM HOXKEM OCTaTOYHO MOK€ OyTH BHKOPUCTAHHIA
HaCTyITHUN MaT€MaTUYHUN BUpAa3:

M =B(039+0,04- N -In(N)), (1)

Buxopuctanss Bupasy (2) 103BOJISIE TONEPEIHBO OLIHUTH METATOEMHICTh MPOEKTOBAHMX
HOXUIIb JUIS TIOTIEPEYHOT0 PO3pPi3aHHs IUIOCKOTO METAJIONPOKATy MOXUIUM HOXEM, 110, B YMOBax
MaIMHOOYIIBHOTO BUPOOHMIITBA, J03BOJIUTH OUIBII OOIPYHTOBAHO BHCYBaTH HOBI Ta KOpEryBaTu
HAasBHI TEXHIKO-€KOHOMIYHI pIlIEHHS WIOAO BHUTOTOBJICHHS Ta TOCTAaBKH OOJIAHAHHS JIiHIM
MIOTIEPEYHOT0 PO3pPi3aHHA TNIOCKOTO METAJIONPOKATY.

Takox Bupa3 (2) B mojanbuioMy Moke OyTH BUKOPHUCTaHWN MPU CTBOPEHHI MPOTPaMHOTO
3a0e3neueHHs], fKe IMOTEHIIHO M03BOJINTh (axiBLSAM OTpPUMATH 3pYy4HUH iHTEepdeiic s
aBTOMATH30BAaHOTO PO3PAaXyHKYy HEOOXIAHHWX TEXHOJOTIUYHUX IapaMeTpiB IMPOLECY pO3pi3aHHs
IUIOCKOTO METAJIONPOKaTy HA HOXUIMX 3 MOXWIMM HOXEM, SKHH, 3aBISKU IPOBEIACHOMY
JOCHIJUKEHHIO, MOXe OyTH JONOBHEHUH MOXJIMBICTIO TPOTHO3YBaHHS  METaJIOEMHOCTI
MIPOEKTOBAHUX HOXKUIG. Lle Moxe OyTH BUKOPUCTAHO JIJIs1 BU3HAYECHHS ONTUMAIbHUX TEXHOJIOTTYHUX
YMOB peaizaiii TpoIlecy IOMEePEYHOr0 pO3pi3aHHs IUIOCKOTO METAJONPOKaTy, Ta OIIHKH
MO>KJIMBOCTI 3MEHILIEHHSI COOIBapTOCTI MPOEKTOBAHUX HOXKHUIID 3 YPaxXyBaHHSM MOKJIMBOTO BILIHBY
HAa SKiCTh TOTOBOI MPOYKIIii.
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Crin 3a3Ha4yMTH, M0 OTPUMAaHAa MaTeMaTHYHA MOJAEIb IMOTEHLIHHO MOXKe OyTH BUKOPUCTaHA
MIPH IPOEKTYBAHHI HOXKUITH JIJIS IIONIEPEYHOTO PO3Pi3aHHS SIK 3 OJJHOCXWINM (TUTLHOTUHHUM), TaK 13
OBOCXWIMM (IIIEBPOHHUM) HOKEM, OCKUIBKH Ii HOXHI[l JOCUTh YaCTO MAIOTh CIUIbHI OCHOBHI
KOHCTPYKTHBHI O3Haku Ta mnpuHmmn naii. Ilpu npomy, epekTHMBHE BHUKOPHUCTaHHS OTPUMAHOI
MaTeMaTU4HOI MOJENi, B JaHOMY BHUIAJKy, MOXXe NOTpeOyBaTu Ii MOAAIBIIOTO YTOYHEHHS Ta
ajanTamii mij =i THIM HOXUIb. Lle Moxe OyTu 0co0IMBO KOPUCHO TPU HEOOXITHOCTI BUCYHEHHS
TEXHIKO-KOMEPUIMHUX MPONO3HLIH, sIKi Iepe0adaloTh BUTOTOBJICHHS HOXKHULb PI3HUX TUIIIB.

Bucnosku (Conclusions)

Hooxuni juis po3pi3aHHs IUIOCKOTO METAJIONPOKATy € HEBiJI'€MHOIO CKIIAJI0BOI0 KOMILIEKCY
TEXHOJIOTIYHOTO 00JIaJIHAaHHs MPOKATHOI'O BUPOOHUIITBA JHCTOBOIO MeTany. ['0J0BHOIO 3a1aueto
MaIMHOOYIIBHOTO BUPOOHHIITBA, TPU PO3pOOICHH] TEXHIKO-KOMEPLIHHUX MPOIO3UIIIH Ha TOCTaBKY
oOyaiHaHHSA JiHIN po3pi3aHHs MPOKATy B YMOBaX NMPOKATHUX CTAHIB, € CTBOPEHHS MOXKIUBOCTEH 1151
IIBUJIKOTO T4 MAaKCHMaJbHO TOYHOTO BHU3HAYEHHS COOIBApTOCTI MPOIOHOBAHOI'O TEXHOJIOTTUHOTO
obmagnanus. lle moTpebye HasBHOCTI y 1H)KEHEPA-KOHCTPYKTOpPA MOXKIMBOCTI MOIEPETHHOTO
BHU3HAYCHHS METAJIOEMHOCTI MPOEKTOBAHUX HOXKHIIb, SIKi € OCHOBHOIO CKJIAZOBOIO 00JIaTHAHHS JIiHIH
PO3pi3aHHs MJIOCKOTO METAJIONPOKATY.

Ha Tenepimniii yac nonepeaHe BU3HAYECHHS METAIOEMHOCTI HOKHUIIb JJIs1 PO3pi3aHHs IIOCKOTO
METAJIONPOKATy MOXKIIMBE IIISXOM EKCIEpPTHOI OLIHKH, SKa TPYHTYEThCS Ha ICHYIOUHMX aHaJIorax.
OnHak Takui miaxig moTpedye y3aradbHEHHS Ta CHUCTEMaTH3allii, 100 BUKJIIOUUTH EJIEMEHTU
Cy0’€KTUBI3MY Ta MOXIIUBICTh CyTTEBOI MOXMOKM NMpPU BU3HAUYEHHI cOOIBApTOCTI 0OIaHAHHS 1, SIK
HACJIJIOK, TiABUIIUTH DPEHTA0ENbHICTh BHUPOOHUITBA. ToMy B Mexkax naHoi poboTu Ha 0asi
MIPOBE/ICHOTO aHANI3y HAassBHUX (DAKTUYHMX JAHUX I10 OCHOBHUM XapaKTEPUCTHKAM BiJIOMHX HOXKHIIb,
Oyna po3poOieHa MaTeMaTUYHA MOJIENb, sIKa J03BOJISE€ BU3HAYATH METAJIOEMHICTh MPOEKTOBAHUX
HOXKHIIb 3 TOXWJIUM HOXKEM, Ta 3/1aTHA BPaXxOBYBAaTH MaKCUMAIIbHY CHITY PO3pI3aHHS Ta MAaKCUMAJIbHY
[IMPUHY PO3Pi3yBaHOTO TUIOCKOTO METAJIONPOKATY.

OTtpumana MaTeMaTUYHA MOJIEIIb MOXe OyTH e()EeKTUBHOIO ITPU 3aCTOCYBAHHI JJIS TOTIEPETHBOT
OLIIHKM METAJIOEMHOCTI IPOEKTOBAHUX HOXKUIIb TIPH PO3POOII TEXHIKO-KOMEPLIHHUX MPOMO3UIIiil Ha
MOCTaBKYy 00J1aIHaHHS JIiHII po3pi3aHHs MIOCKOTO METAJIONPOKATy Ha HOKHUIIX 3 MMOXUIIUM HOXKEM.
3 i [DOHOMOrOK MHOTEHIIHHO MOKE BU3HAYATUCI METAJOEMHICTh HOXHIL SK 3 OJHOCXHIAM
(TiTbHOTHHHUM), TaK 1 JBOCXWJINM (IIEBPOHHMM) HOxeM. [Ipu 1mpomy Moke OyTH HeoOXinHe
MOJAJIbIIE YTOYHEHHS OTPUMAHOI 3aJIe)KHOCTI LUIAIXOM PO3IIMPEHHS Ta aKTyaji3alii BUXiIHOTO
Habopy TaHMX.

BukopuctanHs OTpUMaHOi MaTeMaTHYHOI MOJENl J103BOJsiE OLIbII  €(PEeKTHBHO Ta
o0rpyHTOBaHO C(HOpPMYyBaTH COOIBapTICTh HEOOXIAHMX /O TPOEKTYBAHHS HOXHIb Ta OILIHUTH
MO>KJIMBICTh 3MEHILIEHHS iX KIHIIEBOI BApTOCTI 3 ypaxyBaHHSIM METAJIOEMHOCTI OOJIaHAHHS Ta
OCHOBHHX TEXHOJIOTIYHMX MOKAa3HHKIB Omeparii po3pizaHHs IJIOCKOTO MeTanonpokary. Kpim Toro,
MOJKJIMBE IMOJIANIbIIIe BUKOPUCTAHHS OTPUMAHOI MAaTeMAaTUYHOI MOEN IpU po3poOIll MporpaMHUX
3ac00iB aBTOMAaTH30BAHOTO MPOEKTYBaHHA TEXHOJOTil PO3pi3aHHs IUIOCKOTO METaJIONpOKaTy Ha
HOXUISIX TTOXMITUM HOXKEM.
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Abstract: Many years of experience in the operation of coarse cone
crushers of the type KKD 1500/180 at a number of enterprises of
Metinvest Kryvyi Rih has shown that when mineral raw materials are
loaded into the flowing part of the crusher feed path, uneven feeding
occurs as a result of large elongated pieces hanging in the intake pit, which
leads to significant periods of idle and unproductive operation of crushers,
resulting in significant unproductive costs for their elimination. The aim
of the work was to conduct laboratory studies related to determining the
reduction of the probability of formation of stable forms of material
suspension when loading it into a coarse crusher. To achieve this goal, an
empirical-analytical research method was used, where the hypothesis was
put forward that the probability of the appearance of hang-ups in the
crusher feed path can be significantly affected by the configuration of a
specially configured deflector grate located in the intake pit of the raw
material fed by weight to the crusher entrance.To test this hypothesis,
laboratory devices have been developed that can simulate the processes of
material suspension in the crusher feed path in two-dimensional and three-
dimensional forms.As a result of the laboratory experiments, it was found
that the configuration of the deflector grid does affect the probability of
hang-ups in the feed path and their probability of hang-ups in the two-
dimensional laboratory setup was reduced by 20%, and in the three-
dimensional one - by 24.1% compared to the currently existing crusher
feed path.The analysis of the results shows that the lowest probability of
hang-ups in the three-dimensional laboratory model is provided by a
transverse grate in a row with one longitudinal rod. Moreover, the contour
formed by the entry points of the transverse rods of the grating into the
side wall of the receiving pit should be equidistant to the contour of the
rock cushion on the same wall. The distance between the equidistant and
the forming curve should be at least two maximum rock block sizes.The
use of such a grid can significantly reduce unproductive downtime of the
crusher and significantly reduce the material costs involved in the process
of crushing mineral raw materials.

Keywords: crusher; feed path; probability of sticking; deflector grate;
equidistant.
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Abstract: Many years of experience in the operation of coarse cone crushers of the type KKD
1500/180 at a number of enterprises of Metinvest Kryvyi Rih has shown that when mineral raw
materials are loaded into the flowing part of the crusher feed path, uneven feeding occurs as a result
of large elongated pieces hanging in the intake pit, which leads to significant periods of idle and
unproductive operation of crushers, resulting in significant unproductive costs for their elimination.
The aim of the work was to conduct laboratory studies related to determining the reduction of the
probability of formation of stable forms of material suspension when loading it into a coarse crusher.
To achieve this goal, an empirical-analytical research method was used, where the hypothesis was
put forward that the probability of the appearance of hang-ups in the crusher feed path can be
significantly affected by the configuration of a specially configured deflector grate located in the
intake pit of the raw material fed by weight to the crusher entrance. To test this hypothesis, laboratory
devices have been developed that can simulate the processes of material suspension in the crusher
feed path in two-dimensional and three-dimensional forms. As a result of the laboratory experiments,
it was found that the configuration of the deflector grid does affect the probability of hang-ups in the
feed path and their probability of hang-ups in the two-dimensional laboratory setup was reduced by
20%, and in the three-dimensional one - by 24.1% compared to the currently existing crusher feed
path. The analysis of the results shows that the lowest probability of hang-ups in the three-
dimensional laboratory model is provided by a transverse grate in a row with one longitudinal rod.
Moreover, the contour formed by the entry points of the transverse rods of the grating into the side
wall of the receiving pit should be equidistant to the contour of the rock cushion on the same wall.
The distance between the equidistant and the forming curve should be at least two maximum rock
block sizes. The use of such a grid can significantly reduce unproductive downtime of the crusher
and significantly reduce the material costs involved in the process of crushing mineral raw materials.
Keywords: crusher; feed path; probability of sticking; deflector grate; equidistant.
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AHoTauis: baratopiuyHuii 1OCBiJ eKcIUTyaTamii KOHYCHUX ApoOapoK KPYMHOTO JAPOOJICHHS THUITY
KKJI 1500/180 Ha psini mignpuemMcTB KoMmnaHii «MetiaBect» y micti Kpusuii Pir nmokasas, 1mo npu
3aBAHTAXCHHI MIHCPAIIbHOI CHPOBHHH Y IPOTOYHY YaCTHHY JKHBHILHOTO TPAKTY APOOAPOK BUHUKAE
HeplBHOMlpHa il momaya B pe3yJbTaTi 3aBHCAHHS BEJIMKHX IIMATKIB TOJOBXEHOI (opMu B
npUuiMaNbHIf SMi, BHACTIIOK IBOTO CIIOCTEPIraloThCs CYTTEBI MEPIOAM XOJIOCTOI 1 HEMPOAYKTUBHOT
po6oTu ApoOapoK, M0 MPU3BOIAUTH 10 CYTTEBUX HEMPOAYKTUBHUX BUTpAT HA iX yCyHEHHS. MeToro
poboTu Oyino MpoBeACHHS JabOpaTOPHMUX IOCHIIKEHb, MOB’A3aHUX 3 BU3HAYCHHAM 3MCHIICHHS
HMOBIPHOCTI YTBOPEHHsI CTIHKUX (pOpM 3aBHCaHHS MaTepiajdy MpU 3aBaHTaXEHHI HOro B KOHYCHY
apoOapkKy KpymHOro apoOsieHHs. i JOCSATHEHHS IOCTaBJICHOI METH BHKOPHCTOBYBABCS
eMITIpUYHO-aHATIITHYHUN METOJI AOCIIPKEHHS, 10 MATBEPUKYE TINOTE3y MPO HMOBIPHICTH MOSBU
3aBHCaHb B TPAKTI )KUBJICHHA JPOOApKH 1 HA 1€ MOXE CYTTEBO BILTMHYTH KOH(Iryparis creriaabHo
3KOH(ITYypOoBaHOi Je(IEKTOPHOI PEUIITKH, PO3TAIIOBAHOI B MpPUHMANbHIA SMI CHPOBHHH, IO
MOJIA€ThCS CHJIOI0 Bard Ha BXiJ y ApoOapky./lns mepeBipku BUCYHYTOI rinmoTe3u Oyiu po3poOIieHi
71a00paTOpHI MPUCTPOT, B AKUX MOXKYTh MOJICITIOBATHCS MPOLIECH BUHUKHEHHS 3aBUCAHHS MaTepiany
B TPaKTi JKUBJICHHS JpoOAapKu B JBOMIPHIM Ta TpUBHUMIpHIA Gopmax. Y pe3ynpTaTi NpOBeIEeHUX
71a00paTOPHUX EKCIIEPUMEHTIB BCTAHOBIICHO, IO KOHQirypamis pediaeKTOpHOI pemriTKu AiHCHO
BIUIMBA€ Ha WMOBIPHICTh MOSBM 3aBUCaHb B TPAKTi JKUBJICHHSA 1 IX MMOBIPHICTh 3aBHCaHb B
JBOBUMIpPHIH J1abopaTopHiii ycTaHoBII Baanocs 3HM3UTH Ha 20%, a B TpuBuMipHid — Ha 24,1%
MOPIBHSHO 3 ICHYIOYMM Ha JIaHUH yac TPaKTy >KUBJICHHA ApoOapku. AHalli3 OTPUMAaHUX Pe3yJIbTaTiB
MoKasye, 110 HaiiMeHII1a IMOBIPHICTh 3aBHCaHb Y TPUBUMIpPHIi TaOOpaTOpHii MOJeli a€ monepevyHa
pelriTka B OJMH P 3 OJHUM TOB3JOBXKHIM CTpkHEM. [IpudoMy KOHTYp, YTBOPEHHH TOUYKaMH
BXOJly TOIEPEYHHX CTPIKHIB PEUITKH Yy OOKOBY CTIHKY NpUAMAaNbHOI SIMHM, TOBUHEH OyTH
eKBIJJUCTAHTHUM KOHTYpY IMOpPOJAHOI MOAYIIKM Ha Ty X CTIHKY. BifcTaHb M €KBIJUCTAaHTOIO 1
KPHUBOIO, 1110 YTBOPHJIACS, MOBUHHA JIOPIBHIOBATH HE MEHIIE, YUM JBOM MAaKCHUMAaJIbHUM pO3MipaM
nopoHoi Opuiy. BukopucTaHHS Takoi pemliTKU MOXKE CYTTE€BO 3HU3UTH HENPOIYKTHUBHI MPOCTOI
ApoOapKH 1 CyTTEBO 3MEHILIUTH MaTepialibHi BUTPATH, SIKi HAYTh Ha IpoIiec APOOICHHS MiHEpaTbHOT
CHUPOBHHH.

KarouoBi ciaoBa: npobapka; TpaKT >KUBJICHHS; WMOBIPHICTH 3aBHCaHHS; Ae(ICKTOpHA PEIIiTKa;
eKBIJJCTAHTA.
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Beryn (Introduction)

[Iporiec miaroToBku BHAOOYTOI MiHEpalTbHOI CHPOBHHM Ha BEJIHKUX 3alli30pyAHUX
HiANPUEMCTBAX MOYMHAETHCS 31 CTali KPYMHOro APoOJIeHHS Ha KOHyCHHX JIpobOapkax tumy KKJ/I-
1500/180. 3actocyBaHHS B MK NEpeaiTy MIHEpaIbHOI CHPOBHHH KOHYCHHX JIpoOapok
MOSICHIOETBCSL TUM, IO IIi ApoOapKM MAalOTh 3HAUHY IEpeBary mnepei IHIIMMU KOHCTPYKLISMHU
Ipobapok, a came: BHUCOKa IMPOAYKTUBHICTb, SKa TMOSICHIOETHCS BIJCYTHICTIO XOJIOCTOTO XOIY,
Oe3nepepBHUM MPOIIeCOM APOOICHHS, 311HCHIOBAHHUM, SIKIIO Y 11 31B IOCTIHHO MOAA€THCS HEOOX1/THA
MiHepalbHa CHPOBHHA.

Ha mnignmpuemcrBax, 1o 3aiiMaroThCsl 30aradeHHsSM 3alli30pyAHOI CHUPOBUHH, HAINPHKIIAT,
kommaHia «MerinBect» y KpuBomy Po3i poOuth Bce HeoOXigHe, 100 3a0e3neyuTd Taky
Oe3nepepBHy Mojadyy cUpoBHHHM Ha Bxoal no apobapoxk KKJI-1500/180. Ilpore, sik moxasye
MPaKTHKA, TOCATTH Oe3NepepBHOI Mojadi MiHEepalbHOI CUPOBHHM Ha BXOJI B APOOApKy BIAETHCS
JIAJIEKO HE 3aBXIH, TOMY LIO BiI[6YBa€TBCH 3aBHCaHHS B PE3yJbTaTi 3aKIMHIOBAaHHS HaAHOLIbII
KPYITHUX IIMATKiB CHPOBHHHU Ha BXOZl /10 ApoOapku. BHACHIIOK IIbOTO CHOCTEPIraloThCs CYTTEBI
nepiofn  XoyocToi i HerOI[yKTI/IBHOI pobotu apobapoK HaBiTh JO MOMEHTY 3BUIBHEHHS
NpURMaNIbHOT SIMU BiJI 3aBaJIiB.

3aBany, BHACIIZOK 3aBUCAHHA TipChKOI MOPOIM, MOXOAATH BiJ TOro, 10 BHI00yTa ripchbka
1opoJa, siIka BUBAHTAXKYETHCS 3 JAyMIIKapiB 10 NpUAMalbHUX M JApobapok (auB. puc. 1), mae
IIMPOKUNA PO3KHUJ Y po3Mipax Ta ¢opMi IIMATKiB MiHepalbHOI CUpOBUHH. HemHuHyuYa HasBHICThH
BEJIMKHUX IIIMATKiB TOJOBXEHOI ()OpPMH MiHEPaJbHOI CHPOBHHM HPU3BOAMTH IO BHUIIAJIKOBOTO
YTBOPEHHSI 3aBHCaHb y KaHaJl >KUBJICHHSA, a PO3OMpaHHS BUHHUKIMX 3aBUCAHb 3a JIOTIOMOIOIO
KpaHOBOTO OOJaJHaHHS, HAaBiTh 3a BUCOKOTO MpodecioHami3mMy orepaTopiB, MPU3BOAUTH IO
BITUyTHHUX BUTpAT 4acy.

Pucynok 1. 3miBa HampaBo, 3BEpXy BHU3 — MPOIEC MOCIIJOBHOI JIKBiAalii 3aBHCAaHHS B
KUBHJIBHOMY TPaKTi IpoOapKu

Bkazani 00cTaBHHHM HE [03BOJISIOTH MPOBOJUTH OE3MEPEepBHUN MPOIEC PO3BAHTAKEHHS
JyMITKapiB, 3aMOBHEHHSI MPUUMATIBHOI SIMH JOBEPXY CTa€ HEMOXIJIMBHM 4Yepe3 HECIIPOMOXKHICTh
JICTaTHCS A0 3aBUCIIMX IMATKIB TI1/I TOBIIEIO MaTepially, 0 3HAXOAUTHCSA B siMi. Bee 11e mpu3BoauTh
IO TOTO, 110 OCHOBHA TiepeBara Apobdapok tumy KK/ He Moxe OyTH MOBHICTIO peaTizoBaHa.
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Taxum ynHOM, TpOOIEMa 3MEHIICHHSI HMOBIPHOCTI (POPM 3aBHCAaHHS IIMATKOBOT MiHEPaJIbHOT
CHPOBHHH, 1110 BUTIAIKOBO YTBOPIOIOTHCS, € Iy’KE€ aKTYyaJIbHOIO.

[IpobnemaM 3aBHCaHHS CHIIKMX MaTepialliB MPHUCBAYEHO 0araTo HayKOBUX Ta 1H)KEHEPHUX
JNOCTPKEHb K BITYM3HAHMX TaK 1 3aKOpAOHHUX  aBTOpiB  (Loveikinetal,  2010),
(Kompanieishchykovetal., 2017),(Volokhetal., 2019). Onnak q0CTiIKeHb, IO CTOCYIOTHCS 3aBUCAHb
CHUIIKOTO MaTepially MpH 3aBaHTAKEHHI HOTO B KOHYCHI Apo0apKu KPYMHOTO IpOOJICHHS MPOBEICHO
He Oyr10.

3 HaBeEeHOIr0 BHUTIKAE, IO JUIS 30UIbIICHHS €(peKTUBHOCTI pOOOTH BCHOTO LUKITY IPOOICHHS
MiHEpalIbHOI CHUPOBUHH MOTPIOHO CYTTEBO 3MEHIIMTH MMOBIPHICTH YTBOPEHHS CTIHKHX (hopMm
3aBucanHs. Came Ha 11e OyB CIIPSIMOBAHHIA 3aITPONOHOBAHUN TPUCTPiH (Ie(IIeKTOp), PO3IIIHYTUH Y
CTaTTi, 10 JO3BOJIAE CTPYKTYpyBaTH MaTepiall y NpuiMalbHi sIMi.

Mertoro po6otu Oysi0 MpOBENEHHS J1a0OPaTOPHUX JAOCIIIKEHb, OB’ A3aHUX 3 BHU3HAUYCHHSIM
3MEHIIEHHS! KIMOBIPHOCTI YTBOPEHHs CTIMKUX ()OpM 3aBHCaHHS MaTepialy NP 3aBaHTaKEHH1 HOTo B
KOHYCHY ApoOapKy KpyITHOTO APOOJICHHS.

Marepiaan Ta metoan (Materials and Methods)

3aBaHTa)XEHHS MiHEpaJIbHOI CHPOBUHU B JApOOApKy KPYMHOTIO IPOOJIEHHS MPOBOIUTHCS
CaMOIUIMBOM Y i1 BIAKpUTHIA 31B Mif Ai€to cuim rpasitarii. [Ipu npomy 3iB ApoGapku po3TalIoByEThCS
B JHUMI TpuiiManbHOi sIMH, a cama japo0Oapka BCTaHOBJIEHA min sMmoio (Smyrnovetal., 2012),
(Smyrnovetal., 2013,) (Sokur et al., 2017), (Sokur et al., 2020). Y KyTOBUX 30HAX SIMU YTBOPIOETHCS
MOyIIKA 3 IpiOHOKYCKOBOI CHPOBHHH, a CTIHKH MOAYIIKH YTBOPIOIOTH MPUHMANIbHY BUPBY, KyIH 1
3aCUNA€THCS MiHEpalbHA CHPOBUHA 3 TyMIIKApiB.

MiHepasibHa CHPOBHMHA BOJIOTICTIO 10 5%, 10 TOJA€ETHCS Y BUPBY, MAa€ CYTTEBUN PO3KU 3a
¢dopMOIO 1 KpYMHICTIO 11 IIMATKIB, SKHM MOXXHA CIIOCTEpiraTH Ha puc. 1 Ta rpaHyJIOMETPUYHOMY
CKJIaay, IKWH HaBeJeHO y Ta0um. 1.

Ta6auus 1. ['panyaoMeTpudHuil BMICT CHPOBHHHU y JyMITKapi

Kpynnictb, MM 1200 1030 860 690 520 350 180 10

anocn.pm BMicCT (1)3 00’ emi, 0 1 1 5 3 18 25 25 17
crnocrepiraerbcs, %

3aBaHTa)XEHHS TaKOrO PI3HOPIAHOTO 3a KPYIHICTIO 1 (OPMOIO IIMATKOBOTO Marepiany
NPU3BOJAUTH JI0 TOTO, IO B JESIKUX BHUMAJIKaX IIMAaTKA CHPOBHUHHU YTBOPIOIOTH CTali (opmu
3aBucaHHs. llpu 1bOMY >KUBJIEHHS JpOOAapOK NPUIHMHAETHCS, IO MPU3BOJAUTH JIO CYTTEBHUX
pecypcHux BTpaT. Bzarani uepe3 yTBopeHHsI ()OpM 3aBHCAHHS B TPAaKTi KHUBJICHHS €(EKTUBHICTDH
PYIOIIATOTOBKU CYTTEBO 3MEHILTY€EThCS, IPU [IbOMY TaKe 3MEHILIEHHS Ma€ MMOBIpHICHUI XapakTep.

3 Teopii AMOBIpHOCTEH BiZIOMO, IIO0 HAa HWMOBIPHICTh HECIPHUATIMBOIO Pe3yJbTaTy MOXKHA
BIUIMHYTH, SKIIO CTBOPUTH HEBHUIAIAKOBUNA po3mofin naeskoi BenuuuHu (Sliusarchuk,2005),
(Naikoetal., 2020).

BHacniok Toro, 1o Opuiin nepeBa’kHO MarOTh BUAOBKEHY (HOpMY, 3'SBISETHCS MOXKIIMBICTD
BCTAaHOBUTH JAE(IEKTOpP BHU3HAYEHOT KOHCTPYKIIii, 3a JOIMOMOTOI0 SKOT'O BJIACThCS HPUMYCOBO
CTPYKTYpYBaTH TOTIK HIMAaTKOBOi CHPOBHMHHU y TpUHMalbHY BHPBY 3a mapameTpoM ix dopmu i
posranryBaHHs. [lediekTop B MMPOKIA YacTUHI MPUIMAaNbHOI BUPBH 3arajbMy€ PyX BHKIIOUHO
BEJIMKHMX HIMATKIB, 3aJIMIIAI0OYM MOXJIUBICTh yCIM IHIIMM, OUTBHII APIOHMM IIMaTKaM, pyXaTHUCs
6e3nepemkoHo. JpiOHi mmMatku OynyTh MOTIMHEHI IpoOapKO0, a BEJIMKI, MPUHUIIOBIIN 10 3iBY
apoOapku mi3HilIe ApiOHUX, MATUMYTh MEHIITY HMOBIPHICTh YTBOPEHHS (hOPM 3aBHCAHHS 32 paXyHOK
BUKJIAJICHHS B ITIOTOKY 3a HAIIPSIMOM JI0 3iBY.

Konuenuist neduekropa mnossrae B TOMy, 110 Y BUPBY, BCTAHOBIIOETHCS PEIIITKA 31 CIIEI[iaIbHO
nigiOpaHuMu mapaMeTpamu, sIKi YMOBHO HaBeneHi Ha puc. 2. [lapamerpamu permniTku SBISIOTHCS

PO3Mip KOMIpKH PEIITKH (d ) Ta BiICTaHb (h ) MiX i spycamu. BennunHy BU3HaUEHHS TapaMeTpiB
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PEeNITKH sl JOCATHEHHS HaWMEHIIOol HMOBIPHOCTI 3aBUCAaHHS PYIOHOI MOpoau OyJio METO
CHEIIIbHO MOCTABICHUX EKCIIEPUMEHTATBHHIX JOCIIIKEHb.

Pucynoxk 2. [lpuHuMmoBa cxema NPUCTPOIO S CTPYKTYPYBaHHA IIOTOKY KYCKOBOTO
MaTepiary pu HOro 3aBaHTaXE€HHI y 31B ApoOapKu

PesyabTaTn (Results)
Jlnst mpoBEACHHS TMONEpeNHiX JOCHiIKeHb BIUIMBY KOHQIryparii pemniTku aediaexropa Ha

HMOBIpHICTh 3aBHCaHHS pyAHOI mopoau Oyina 3poOieHa croyaTtky JBOBHMipHa JabopaTopHa
ycTaHoBKa (puc. 3).

Pucynok 3. 3aranpHuil BUJ IBOBUMIPHOI TaOOpAaTOPHOI YCTAHOBKH 1 €IEMEHTIB IMITYIOUUX
MaTepian (31iBa), M0 TiATOTOBIEHI 10 MPOBEACHHS JOCIiKESHb

[i nBOBUMIpHiCTH OnpaBaaHa TUM, 1O OyIb-AKy (OpPMY MIPOCTOPOBOTO MACHBY MOKHA yABUTH
CYKYIHICTIO HOTro MmIockux (opM MO BiAMOBIIHUM IepepizaM. Y JaHOMY BHUMAJIKy BUKOPHUCTaHO
MOB3/I0BXKHIN NIepepi3 Mo MJIOUIMHI CUMETPIl NIPUIMAaIbHOT IMH.

JlaGopaTopHa ycTaHoBKka Oynia BUKOHaHa B MacmTadi 1:46 mo BiAHOIIEHHIO O pO3MipiB, IO
BKa3aHi Ha KPECJICHUKAX MPUIMaIbHOI IMH IpoOuiabHOI dadpuku. JlabopaTopHa ycTaHOBKA (JIUB.
puc.3) CKIIaAa€eThCs 3 IBOX MapajelbHUX IUIACTUH, OHA 3 IKUX € Tpo3opoto. [ImacTunu po3ramoBani
OJTHa BiJl OJTHOI Ha BiAcTaHi 6 MM 1 yTBOPIOIOTh MK co0010 miinHy. [ImacTuHu BeepeauHi MiTHHA
MalOTh TOBEPXHi, M0 y 3a3HaYeHOMY MaciuTadi BiJNOBINAIOTH KOHTYypaM MPOTOYHOI YAaCTHHU
npuiiManbHOI BUPBH, 1 OOTIUHMKA BEpPXHBOI Omopu Apobapku. s 3aBaHTa)KEHHs IIIJIMHA Mae
METaJIeBUI JIUCT, 3aBISKU SKOMY B Hei BHUIAJKOBUM YHMHOM 3aCHIIA€THCS Martepial, M0 IMITye
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peanbHi TOJOBXKEHI KYCKM MiHEpaJbHOI CHpPOBMHH. Marepiajd MNpeAcTaBisie cO0O0I0 BiAPI3KH
CTaJIeBOrO JPOTY AiaMeTpOM 5 MM 1 MaiOTh JOBXHHY Ta KOHLIEHTPAIl0 Y BiAMOBIIHOCTI 3
IpaHyJIOMETPUYHUM CKJIAZIOM TipCHKOi OPOIH.

OOu/Bi MIACTUHU MAIOTh HACKPI3HI OTBOPH, PO3CBEP/UICHI, SIK IIOKA3aHO HA PUCYHKY. B Oy/b-
SKHI 3 IIMX OTBOPIB MOXKHA BCTABJIATH IBSAXU J1aMETPOM 2 MM, IO € iMiTali€ro Tija 1eIeKToOpHOT
pemriTku. Po3mip 1 KOHIIEHTpalig MaTepiany MacmTaboBaHO 3a A0noMoro ¢ororpadiit mopoau y
ayMOkapax. Y Tabuuii 2 npeAcTaBiIeHO rPaHyIOMETPUYHUNA CKIIa] TOCTiIXKYBaHOTO MaTepiay.

Tabauus 2. ['panyIoMeTpUYHUN CKIIQJ JOCTIKYBaHOTO MaTepiary

KpynHicTh ejieMeHTy, MM 40 35 30 25 20 15 10 5

BignocHuii ]:"MICT B 06o €Mi, 1 1 5 8 18 25 25 17
10 cnocTepiraerbesi, %

ExcniepuMeHTH moJisirainy y miipaxXyHKy KMOBIPHOCTI YTBOPEHHS 3aBHCaHb MPH TiM YW 1HIIIH
KOH(pirypamii BcTaHOBIeHMX UBAXiB. Ciix 3a3HAa4uTH, IO HA pI3HUX eTamax JadopaTopHi
JOCTIPKEHHST MPOBOJWINCH CEPIsIMU MO ACKUTbKA JOCTIAIB B KOXHIA 3 HUX 1 IX KUIBKICTH IS
OTpPUMaHHS JIOCTOBIPHUX IMOKA3HUKIB BU3HAYAJIACh Y BiIMOBIIHOCTI O BUMOT T€Opii MaTeMaTUYHOT
craructuku (Vasylenkoetal., 2011), (leremenkoetal., 2013).

B Tabn. 3 mpencraBieHi pe3ynbTaTd IOCHIIKEHb, 10 OYyiIM NpOBeNeHi Ui pi3HOMaHITHUX
KOH(}irypariii po3milieHHs LBsXiB J1a00paTOpHOi YCTAHOBKU Ta BU3HAYCHA HMOBIPHICTh YTBOPEHHS
3aBHCaHb B KOXKHOMY 3 BUMA/IKIB JUIsI TBOMIPHOi MOJEIII.

Tabauusa 3. Pe3ynpTatu 1OCTiIKEHb PO 3HWKEHHS 3aBUCAHb B JE(IIEKTOPHIN PEIIiTKU Bil
PO3MIIICHHS LBSXIB JBOMIpHINA MOIET1

KinbkicTh
Ne Cepii . . . - S
. CXCMa pO3Ml]J.leHHH OBAXIB eKCHepHMeHTlB 13 I/IMOBlleCTL
eKCIepUMeHTIi . o
B Ha MaKeT1 yCTaHOBKI/I 3aBHCAHHAMMU B 3aBHCaHb, A)
cepil

1 A 14 46,7

L J [ 2 L 2 L ] L J L ]
2 oo io 13 43,3

-0"00--4;-- 00 --00 -9 -
3 oo 13 433
4 PRI R 13 26,7

[ [ ]

6 . e e 12 40
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® [ 2 L ) )
9 -00- - 00 00 - 00 O

oo 16 50,3

SIK BUIHO 3 HABEOCHHMX pE3yJIbTaTiB, KOHQIrypalis pPO3MIIICHHS IBAXIB Je(IEKTOPHOI
PELIITKH MOX€E CYTTEBO 3HU3UTH MMOBIPHICTh BHHUKHEHHS 3aBUCAHb Y TPAKTI )KUBICHHS JPOOapKH.
Tak, po3ramryBaHHs YOTUPHOX IBSAXIB B IIEHTPI PELIITKH JA03BOJIAE€ 3HU3UTH MMOBIPHICTh 3aBHCaHb
10 26,71 % (nuB. 4 eKCIIEpUMEHT).

[Ticnsa npoBeeHHs eKCIIEPUMEHTIB 3 IBOBUMIPHOIO MOJIEIIIIO Oy BUKOHAHI €KCIIEPUMEHTH 3
3aCTOCYBaHHAM TPHUBHUMIPHOI J1a0OpaTOpHOi YCTaHOBKH, SIKA IJIsi OJHOTO 3 cepii eKCIEepUMEHTIB
HaBeJIeHa Ha puc. 4.

Pucynok 4. JlaboparopHa Mojeib Ui IIOCTOI cepii eKCIIepUMEHTIB, fKa Jaja HaMEeHIIY
HMOBIpHICTh BHHUKHEHHSI 3aBUCaHb MaTepiary

JlaboparopHa ycTraHOBKa BUKOHaHa B Macmrabi 1:80 mo BigHOMIEHHIO 10 pO3MIpiB
NpURMaNbHOT AMU APOOHIIEHOT (haOpuKH.

Jlnisi CTBOpEHHS 3aBaHTaXKyBaJbHOI BUPBU OyB 3aCTOCOBAaHUI IPaHITHHM BiJCIB, y SIKOTO KyT
MPUPOJHBOTO BiJIKOCY 30iraeThes 3 3ai3HOI0 PyIOI0 ApiOHOI (Ppakiiii, 110 € pyTHOIO MOAYIIKOIO Y
npuiiManbpHid  aMi. Monenb TakoX Mae OTBOPU B CTiHKax KopoOy, sl BCTaHOBJICHHS
3aropoKyBaJIbHUX €JIEMEHTIB JIe(JIEKTOPHOI PELIITKH.

B sxocti MaTtepiany OyB BHKOpPHCTaHHH meOiHb, (hopMa i TpaHyJTOMETPUYHHUNA CKIIAJ] SIKOTO
MacITabyroThCs 3 BMICTOM 3aJi3HOI pyAM y JyMIIKapax Ta HaBeIeHHi B Tab. 4.

Tabauus 4. ['panyIoMeTpuvHUN CKIIaJ] MaTepiaty, BAKOPHCTAHOTO y JOCIiIaxX

Kpynnicte mmarkis,
MM

31 22 18 15 12 8 7 6 5

Bwmicr, % 3,2 3,2 6,5 6,5 3,2 97 22,5 194 258

Bceboro Oyno nposeneHo 21 nmonepeaHix eKCriepuMeHTIB BiAMOBIAHO A0 MIECTH KOHDIrypartii
periTku. Pe3ynbTraTi eKcriepuMeHTiB HaBeJIeHO B TalIl. 5.

3a pe3yabTaTaMy €KCIIEPUMEHTIB OyJI0 BU3HAUEHO, 1110 HAWMEHIITy HMOBIPHICTh 3aBUCAHb Ma€e
KOH(}Iryparisi pemriTku 3 MI0CTOl cepii eKCIePUMEHTIB, sika ckiana 28,6%.
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Jani 6ynu mpoBeieHi 11e JOAaTKOBI 62 eKCIIEpUMEHTH caMe 3 Ii€l0 KOH(DIrypali€o peniTKy,
a TaKOX /ISl IOPIBHSIHHS CTUTHKY K€ IS BUTIAJKY 3 TIOBHOIO BiJICYTHICTIO PEIIITKH.

VY naHoMy BHNAAKy IpH BIpPOTITHOCTI JOCTOBIpHOro pe3ynbTaty 95 % 1o Kputepito
«IPOXIMHUM YU HEMPOXiTHUI» KaHal >KUBICHHA JpoOapku, Oyio NpoBeneHO Bchoro 83
EKCIIEPUMEHTH, 3a pO3paxyHKamu 3rimHo 3 (Nechaievetal., 2005), (Hryshchuk, 2008), (Tusheva,
2014). Po3paxyHKHM HMOBIpDHOCTI IOSIBM 3aBUCAHHS B TPakTi ApoOapku i LUX IBOX Cepid
eKCIIEpUMEHTIB HaBEJICHO B Ta0J. 6, 1abopaTopHa MOJEIb IS €KCIIEPUMEHTIB, K1 1Al HailMeHITy
HMOBIpHICTh BUHUKHEHHS 3aBUCaHb, [TI0OKa3aHa Ha puc. 4.

Tabauus 5. Pe3ynbraTi eKCriepuMEHTIB 3 TPUBUMIPHOI MOJENi

C . KinbkicTh
XeMa pPo3TAIIYBAHHS CTPUKHIB eKCIEPHME o
Ne o HUmosipHicTh
oo HTIB 13 0
Cepii . 3aBHCaHb, %o
T'onoBHUIH BUJ Buj 3 60Ky 3aBUCAHHS
MH B cepil
|
|
—— O ————— S -0 - ———-
T ommees
|
|
1 i e ek L L L SN SR 12 51,7
|
3
O GO -G~ OO ___. R
|
i
o0 ¢ 0 ° o ¢ 0o Py
i
I
2 O-—O—-&-—¢ o(;; ° G- —0--0 - ece--——-—- 14 6697
i
b-o0o-0--0-e <‘, ® -0 o--0-¢
i G A
———b-p—-0—p———-——0-—————0-H--b--Pp-———- 5
I et 11 52,4
O--¢-—p——¢-¢p--0--0-d-——--0-9 O I
| |
o —o—h—————— o-————— -0 —— i
e & —————=
i |
|
4 —— e **‘*"%f—%”*ﬂ?**{*" - — 17 81,0
| i
77777 0--0-—p——0- o——c‘w——cb—(b——o——o—offf o | o
‘ |
o e o o o oo ¢ ¢
______ 5 ___
5 —— G -0—-O- 8=} @O —— @G — O e 12 42,9
o ¢ -0 o -0 ¢ 0 ¢ 00 ¢ o)
|
g —o—o—————— N ahcats S bty —
_____ _.?_______
|
6 6o o e ded 6 0 00 p— s — 14 28,6
|
————— ¢-0-o--¢-0-0--0-0--¢--p-0-—~ 777@47%7777
|
|
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AHauni3 OTpUMaHUX pe3yJIbTaTiB MOKa3ye, 10 HAalMEHIITy HMOBIPHICTb 3aBHCaHb y TPUBUMIpHii
nabopaTOpHii MOJIE € TONepevHa PEIliTKa B OJMH Psi/l 3 OJHUM ITOB3/IOBKHIM cTprkHeM. [Ipudomy
KOHTYD, YTBOPEHHI TOUKaMH BXOJy MOTIEPEUHUX CTPHXKHIB PELIITKH Y OOKOBY CTIHKY IMpUHMaIbHOI
SIMU TIOBUHEH 6yTH €KBITUCTAaHTHUM KOHTYPY HOPOIHOIT MOJAYIIKH HA Ty X CTIHKY. SIK BUJHO 3 pHC.
4, BiACTaHb MK EKBIJMCTAHTOIO 1 YTBOPIOIOYOIO KPHBOIO, IO YTBOpHJIACS, IOPIBHIOE IBOM
MaKCUMAaJIbHUM PO3MipaM MOpOIHOT OpriIH.

Tabauus 6. 3aranbHi pe3yIbTaTH 3a ypaxyBaHHIM JOJAaTKOBUX €KCIIEPUMEHTIB

KinbkicTh
Cxema po3TallyBaHHS HINMAKOK B —— o
Ne . HNmoBipHicTH
i3 o
Cepii . 3aBHCaHb, %
T'o10BHUM BUJ Bun 3 60Ky 3aBHCAHHSIMH B
cepii
]
|
b0 ———-
5 + ______
|
]
1 s e A N 43 51,8
I
|
- i - A PR S
]
———b PP ————-0-——————-G &P —-
6 oG- 0068 OG- ——————— 23 27’7

0--0-—0——0-Pp-—0--Op—d--0--0-¢

Jns peamizamii TEXHIYHOTO pIIIEHHS 3alpollOHOBAaHOTO 3a cxeMor Ne 6, B SKOCTI
KOHCTPYKTHBHOT'O MaTepiany oOupaeMo 3alli3HUYHY peiiky P75.

MoHTax peliok BUKOHYETBCS 3a IEBHUM MOPSAKOM, IKUH HaBEACHUH Ha pHcC. 5. A caMme, peiika
1 BKIamaeTbes MO3AO0BXKHBO. IIicis 4Oro BCTAHOBIIOIOTHCS HAa KPOHIUTEHHM 1 10 Hel y By3iax
NEPEeTUHY MPHUEIHYIOTHCS HIDKHI MOTepeyuHi peku 2 1 iX yB’si3Ka y By3JaX IMEepeTUHY BUKOHYETHCS
3a TOTIOMOTOIO MK HOI JeTajl 3HU3Y, Ta CKOO 3BEpXY, SAKi CTUCKAIOTHCS Pi3bOOBUM 3’ € THAHHSAM
(nuB. puc. 6).

v /

Pucynok 5. Cxema ykiagku peiok
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PucyHok 6. 3B’ 430K peloK 13 3aXUCHUM KOXKYXOM

By3nu 3’eqHaHHA 3aXUIIAIOTHCSA HWITIHIPUYHUMHU KOXYXaMHM, BHYTPIIIHSA MOPOKHUHA SKUX Y
po6oYOMYy CTaHi 3aBaIIOIOThCS JIpiOHOIO (ppakitiero. OCTaHHIMU BCTaHOBIIIOIOTHCS TONIEPEUHI PEUKH
3 BepxHboro piBHA. [lpu excmyararii aedIeKTOPHOT PEUITKH OApa3y Micias i MOHTaxy KyTH
NpURMaNIbHOT SIMH 3aCHUNAIOTBCS PYAHUM MaTepiajoM, YTBOPIOIOYM PYJIHY MOAYIIKY Y BHIJISII
3aBaHTa)KyBaJIbHOI BUPBU 3 MPUPOJHUM YKOCOM CTIHOK, IO JIO3BOJISIE 3py4HIlIe 3pyiHYyBaTH 200
BWIYYUTH HeraOapuTHI IIMAaTKH pPI3HOMAHITHUMU MeTonamMu 1 3acoOamu. (Terentiev,2018),

(Novak,2020).
Bucnosku (Conclusions)

VY mporeci npoBefeHUX Ja0OpaTOPHUX MOCHIKEHb BIEpiIe 3po0sieHa crpoda BUPIMIUTH
po6IeMy 3MEHIIEHHS CYyTTEBUX HEMPOAYKTUBHHUX BTPAT Yacy, SIKa Ma€ Miclie IPU MoAa4i BUXiTHOT
CHPOBHMHHU Ha BXiJl B KOHycHY npobapky KKJI-1500/180 BHacmiIoK BUHUKHEHHS 3aBUCaHb OKPEMHX
KPYITHUX MIMaTKIB CUPOBUHHM y MTPOTOYHIM YaCTHUHI )KUBUIIBHOTO TPAKTY IPOOAPKHU.

Briepiie BucynyTa rinoresa, 1o Ha UMOBIpHICTb MOSIBU 3aBUCaHb B TPAKTI )KUBJICHHS APOOAPKH
MOXKE€ CYTTE€BO BIUIMHYTH KOHQIrypalis cHeuiaJbHO CKOH(]IrypoBaHOI Ae(IEKTOPHOI pELIITKH,
PO3TaIIOBAaHOI B NpUHMAaIbHIHN SMi CHPOBHHH.

Jlnsi mepeBipKM BUCYHYTOI TINOTE3M MPOBENEHI EKCHEPUMEHTAIbHI JOCTIIKCHHS BIUTUBY
KoHpiryparii aedaeKTopHOI pPeuIiTku Ha WMOBIPHICTh YTBOPEHHS 3aBHCAHb B TPAKTi JKUBJICHHS
IpoOapKH.

PesynbraT mpoBeleHUX J1a0OpaTOpPHUX JOCHIIKEHb IIOKa3ald, M0 KOHQIirypamis
ne(IeKTOPHOI PelNTKH JIICHO BIJIMBA€ Ha WMOBIPHICTH IMOSIBM 3aBHCaHb Y TPAKTi JKUBJICHHS —
HMOBIpHICTh YTBOPEHHS 3aBHCaHb B JBOBHMIPHIH 1a00paToOpHili YCTaHOBII BJAJIOCS 3HHU3UTU Ha
20%, a B TpuBUMIpHiil — Ha 24,1 % BIAHOCHO iICHYIOUOTO Ha JaHHUH Yac TPAKTy >KUBJICHHS APOOAPKH.

AHani3 OTpUMaHMX pe3yJbTaTiB JOBOAUTH, IO HaWMEHIIy WMOBIPHICTh 3aBHUCaHb Yy
TPUBUMIPHIA 1a00paTOpHIA MOJENI Ja€ MOMepevYHa PEIIiTKa B OJUH PSAI 3 OAHHM IOB3OBXKHIM
cTprwkHeM. [IpyyoMy KOHTYp, YTBOPEHHI TOUKaMU BXO/Y MOTIEPEUHUX CTPHIKHIB PEIIITKH Y OOKOBY
CTIHKY NPHUMMaJIbHOI MU MOBUHEH OyTH E€KBIAMCTAHTHUM KOHTYPY MOPOJHOI MOAYIIKH Ha Ty X
CTiHKY. Bincranb MiX EKBIAMCTaHTOIO KPHBOIO, IO YTBOpWJIACS, TMOBMHHA JOPIBHIOBAaTH IBOM
MaKCUMAaJIbHUM PO3MipaM MOpoIHOT OpriIH.

Ha ocHOBi pe3ynbTaTiB JOCHIHKEHb 3alPOMOHOBaHA KOHCTPYKTHBHA cXxeMma Je(IIeKTOpHOL
PELIiTKY 3 11 KOHCTPYKTUBHUMHU €JIEMEHTAMH, 10 JJO3BOJIHUTH CYTTEBO 3HU3UTH HEMPOAYKTHUBHICTDH
MIPOCTOT KOHYCHOT IpOOapKu KPYIHOTO APOOIICHHS.
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