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ANALYSIS OF THE TRANSSHIPMENT OF GRAIN AND FEED
PRODUCTS THROUGH THE SEAPORTS OF UKRAINE IN
SPECIAL CONDITIONS

Statement of the problem in general. In modern conditions, the
market needs changes in the logistics of food supplies (feed and grain)
based on an assessment of the capabilities of producers, ports and other
types of transport. In addition, the elevator capacity within the country
should allow the necessary reserves to be accumulated.

If we estimate the export potential of agricultural enterprises located
in a 300-kilometer zone, from where grain can be efficiently delivered by
road transport to the ports of the Sea of Azov (Mariupol and Berdyansk),
it amounts to 3.2...3.5 million tons [1]. For the period from July 2020 to
May 2021, grain exports (excluding processed products) from Mariupol
and Berdyansk amounted to 2.3 million tons through the ports of the Sea
of Azov, including the Mariupol port [2].

Analysis of recent researches and publications. According to the
State Statistics Service, in 2019 the production of feed (excluding premix-
es) in Ukraine amounted to 6348.6 thousand tons. This result is the lowest
in the last six years, if in 2013 it was 6751.4 thousand tons, then by 2019
decreased by 6 % or 402.7 thousand tons. During this period, there were
only 2 years (2014 — 6826.8 thousand tons and 2018 — 6632.7 thousand
tons) when production showed an increase in the total volume to him
(Fig. 1).

Over 6 years, the production of finished feed for pigs (20 %) and cat-
tle (21 %) decreased by a fifth, and by 2019 it amounted to
1107.2 thousand tons and 566.1 thousand tons, respectively. The produc-
tion of fodder not included in other categories decreased by almost half
(by 44%) — 452.5 thousand tons in 2019. And only fodder for poultry
showed a growth of 10 % over six years, and in 2019 it amounted to
4,222. 8 thousand tons. According to the Alltech Global Feed Survey, in
2020 the production of feed in the world decreased by another 1.07 %, to
1.13 billion tons [3]. African swine fever (ASF) and a reduction in pig
feed in the Asia-Pacific region are cited as the main cause. The nine lead-
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ing fodder producing countries are the USA, China, Brazil, India, Mexico,
Spain, Japan and Germany [4-7].

6,76 overall decline -
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Fig. 1. Dynamics of compound feed production in Ukraine for 7 years, min. tons

The USA is the largest fodder-producing country in the world, pro-
ducing 214 million tons of products. It is mainly feed for cattle
(61.09 million tons), poultry (48.53 million tons) and pigs (44.86 million
tons).

In the region of Latin America, the growth was 2.2 %, up to
167.9 million tons. Brazil remains the leader in the production of fodder in
the region and ranks third among world producers. The main types of
production are fodder for poultry (32.1 million tons) and pigs
(17.0 million tons). The top three, Brazil, Mexico and Argentina, continue
to produce the majority of feed in Latin America and account for 76 % of
regional production.

Europe remains a relatively sluggish region with a slight increase of
0.2 % compared to 2019. The top three feed producers in Europe include
Russia (40.5 million tons), Spain (34.8 million tons) and Germany
(25.0 million tons). At the same time, the production of fodder for pigs
leads in all three countries.

In 2019, feed production in the Asia-Pacific region fell by 5.5 %,
mainly due to African swine fever and a significant reduction in pig feed
production. In China, fodder production decreased by almost 20 million
tons, to 167.9 million tons.
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Africa continues its strong growth with a 7.5 % increase in produc-
tion, with all major species showing positive growth. The top five feed
producing countries in the region account for 75 % of feed production in
Africa and are South Africa, Egypt, Nigeria, Morocco and Algeria.

Poultry feed remains the number one product on the Ukrainian mar-
ket. In 2019, its share is 67 %, which is explained by both the develop-
ment of the Ukrainian poultry market and the growth of poultry meat con-
sumption. Fodder for pigs occupies 17 %, cattle — only 9 %. Mostly, the
main producers of compound feed in Ukraine are large agro-industrial
vertically integrated holdings. The TOP-10 companies produce almost
60 % of all compound feed in the country [8].

It is impossible to save all the harvest in the country. Almost half of
the agricultural products produced in Ukraine are export potential, which
must now be realized in order to prevent hunger in the world and ensure
the inflow of foreign currency to Ukraine. Therefore, with the help of the
UN and Turkey, "grain corridors™ through the Black Sea ports are open
and functioning.

The main domestic manufacturers of compound feed are presented in
Fig. 2.
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Fig. 2. Distribution of the feed market among companies in Ukraine, %

The top 10 feed producing countries in the world in 2020 according to
the Alltech version [3] look like this (Fig. 3):
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Fig. 3. Distribution of the world compound feed market in 2020, million tons

In the modern conditions of socio-economic development of the agro-
industrial complex of Ukraine, the feed industry occupies a special place.
The production of compound feed is an intermediate link in the produc-
tion chain: supplier of raw materials (agricultural enterprises, farms) —
processor (compound feed enterprises) — consumer (poultry and livestock
complexes). Therefore, the compound feed industry is one of the founda-
tions of providing the population with meat products. The underestimation
of the importance of the compound feed industry and the decline of the
entire agro-industrial complex of Ukraine for 90 years of XX century had
a negative impact on the economic efficiency of the compound feed in-
dustry, the destruction of the industry's capacities, a decrease in produc-
tion volumes, reorientation to other types of activities, bankruptcy and the
closure of most enterprises.

Therefore, research and the search for ways to increase the economic
efficiency of the functioning of feed industry enterprises are particularly
relevant today. There is a growing need to apply a comprehensive ap-
proach to the formation of new mobile small and efficient enterprises en-
gaged in the production of compound feed. During the last ten years, the
agro-industrial complex was engulfed by crisis phenomena. They were the
most destructive in animal husbandry and the industries that provide it,
fodder production and in the production of compound feed. Low-quality
compound feed: grain components make up more than 70 % on average,
which is much higher than the recommendations of EU standards.
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The development of the compound feed industry is an integral condi-
tion for raising domestic animal husbandry to the level of competitiveness
of economically developed countries. Increasing production efficiency is
an economic consequence of the process of continuous improvement of
production factors, the source of which can be both intensive and exten-
sive factors of the reproduction process. Based on the fact that the combi-
nation and interrelationship of the main components, reserves, directions
and factors of increasing the efficiency of the development of the feed
industry can be considered as ways of its growth, we note that the growth
of the final production results should be achieved by increasing its main
factors and increasing their return. The compound feed market has
changed significantly: many new companies have appeared recently.
Fierce competition in the market has a positive effect. The main stimulat-
ing factor today is "price-quality"” [9].

According to experts, the growth of fodder production will be ade-
quate to the growth of animal husbandry needs. And their deficiency will
still be covered by the import of feed components. In modern conditions,
fodder producers need to find any form of integration with livestock com-
plexes. This is explained by the fact that the mass share of compound feed
consumed in the country falls on agricultural complexes. Feeding with
compound feed is economically beneficial for them. Speaking about the
prospects of domestic fodder production, it is worth noting that in many
respects the industry depends on state support: effective subsidies, effec-
tive lending rates, and risk insurance in animal husbandry.

The development of the enterprise development strategy should be
based on the economic assessment of the production activity of business
entities. In the conditions of an ever-increasing shortage of resources (es-
pecially energy) and an incredible increase in their cost, it is necessary to
take into account the effect of the release of resources. In addition, it is
advisable to use the level of risk based on the estimate of the break-even
volume of sales as the main evaluation criterion for the formation of a
favourable ratio of the cost to the sale price. The economic mechanism of
enterprises must develop continuously, smoothly and without sudden
changes.

There is considerable competition in the regional market for trans-
shipment of grain and oil cargo, some of whose players use not always
honest methods in their work. In Ukraine, Mykolaiv ports, elevators of the
Nibulon company in the Zaporizhia region, and river terminals in the
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Dnipropetrovsk and Zaporizhia regions take on large volumes of grain
cargo [10].

As for the European compound feed market, it should be noted that
the share of grain crops in the total amount of raw materials is about 50 %
(in Ukraine, 65...70 %). Thus, according to Toepfer International, about
80 million tons of European fodder grain were used for the production of
compound feed. The main producers of compound feed products on the
European market are: France — 15 % of the total output, Germany —
14.5 %, Spain — 13.2 % [11].

Europe is the second largest compound feed market in the world. The
total volume of feed production in Europe in 2019, according to the Al-
letch global survey, amounted to 249.4 million tons, and in the Asia-
Pacific region — 367.6 million tons. In total, the countries of the European
Union (EU) produced 153.4 million tons of fodder, and the rest
(96 million) by countries that are not part of the EU-28, including Baltic
Country (29 million) and Turkey (19 million) [3].

Considering the size of the livestock and animal feed sector, the EU is
the second largest feed consumer after China and far ahead of the US and
Brazil. Grains make up the majority of feed in the EU, accounting for
around 70 %, followed by oilseeds around 25 %. The EU accounts for
18 % of all feed grain used worldwide, and although the volume of feed
grain in the EU has slightly increased over the past 10 years, other regions
have shown higher growth rates [12].

According to Strategyie Grains estimates, about 60 % (166 million
tons) of grain was used for feed in the EU in 2019/20. The rest was fed
directly on farms.

Over the past four years, the amount of wheat used in feed has in-
creased from 45 million tonnes in 2016/17 to 54 million tonnes in
2019/20, with the majority of wheat grown in the EU.

In addition to cereals, 56 million tons of oilseeds are used for feed in
the EU, which makes the EU the second largest consumer of oilseeds in
the world after China.

The amount of oilseed meal and meal consumed in the EU increased
by 1 % per year during the last five years. However, other countries such
as China (+3 %) and the US (+2 %) showed stronger growth.

Soy flour, cake and meal make up 58 % of all oil products used in the
EU. Soybean production in the EU has doubled over the past four years to
2.4 million tonnes, but this is enough to meet only 5 % of soybean meal
needs. In 2019/20, the EU imported 21 million tonnes of soybean meal, of
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which 60 % came from Argentina, 33 % from Brazil, 5 % from Paraguay,
and the rest from the USA, India and China.

In addition, almost 13.5 million tonnes of soybeans are imported and
processed in the EU, with around 50 % coming from Brazil and almost
30 % from the US.

The production of rapeseed in the EU decreased, therefore the import
of agricultural products increased, exceeding 4 million tons in 2016/17
(+20 %). At the same time, in 2019/20, the total consumption of rapeseed
decreased in favour of rapeseed meal — 13 million tons.

The European animal feed industry also buys 2.5 million tons of palm
oil from Malaysia, less than 500 thousand tons of fish, flax and cotton
meal, as well as 3 million tons of gluten, a by-product from the wet grind-
ing of corn for the starch industry, and another 3.5 million tons of distill-
er's dry grains from the ethanol industry.

In recent years, the volume of purchases of protein mixtures by the
EU has increased and is increasing its share. In 2019/20, about 2.2 million
tons of them were used, which is 1.8 million tons more than the year be-
fore [11, 12].

The Guardian notes that according to the Food and Agriculture Or-
ganization of the United Nations (FAQ), wheat production in the Europe-
an Union is expected to fall by millions of tonnes compared to last year,
with far greater losses in the south of Europe than the north. Agricultural
production in France has been severely affected — losses of more than
20 % of the grain harvest are expected. Italy could lose 13 % of wheat,
and Great Britain — 12 %. Across the EU, wheat production is forecast to
decrease by 10 million tons, or about 10 %. In 2022, Ukraine will lose its
crops by 30...50 % due to the war [13].

"Everything that is raw material costs two or three times more than it
did a year and a half ago," warned Rafael Neves, administrator of Ovopor,
a Milagres company in the municipality of Leiria, which, in addition to
egg production, produces animal feed. The administrator of the company
since its foundation in 1984, Rafael Neves, watches with some disbelief
the "crazy expenses" that are fixed from 2021.

If at the end of 2020 the price of grain, namely corn, was about
180 euros per ton, then a year later it was already at the level of “200 and
many, almost 300 €", the increase is explained by the increase in demand
for due to the easing of restrictions, imposed by the pandemic, the in-
crease in logistics costs, Russia's military aggression in Ukraine, the ener-
gy crisis, climate problems affecting grain production in South America,
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as well as the supply of a large amount of grain from China on the way to
self-sufficiency in meat production [14].

"With this crazy war we are living in, we had an increase of 200 and a
lot to be now at 400 euros per ton," he told the Lusa Rafael Neves agency.
According to the head of Ovopor, the animal feed sector in Portugal is
"very dependent on corn and wheat from Ukraine", and for many months
of the year "a large part of the corn consumed" is Ukrainian corn.

Jaime Pizarra, Secretary General of the Portuguese Association of
Compound Feed Producers (IASA), said that the war in Ukraine only
exacerbated the "crisis" that the sector was already experiencing. He men-
tioned that 30...40 % of grain produced in Ukraine is in Portugal.

"It was a time when we imported a lot of corn from Ukraine and were
waiting for corn from Brazil, which arrives in June. We have an obligation
— and we do — to contact suppliers to find alternatives to this corn and
other raw materials,” such as canola or sunflower.

"Since we have raw materials as the main cost item, it affects the en-
tire food chain. If we don't have viable businesses with profitability that
can survive, they will collapse," he warned [15].

In the case of Avenal, a pet food (dog and cat) company based in
Aroeira, in the municipality of Leiria, the increased costs are already felt
in the final product.

If in January 2022 the prices for animal fodder were already revised,
then this month they increased by about 20 %, company administrator
Ulisses Mota said. The company, which is estimated to make €30 million
this year, is growing by "double digits" annually, and is recording ever-
shrinking margins in the face of rising costs [16].

Formulation of the problem. Mobilization and use of significant
available reserves for improving the efficiency and development of the
feed and elevator industry of the south-eastern region of Ukraine, as con-
firmed by analytical calculations, make it possible to increase the produc-
tion of high-quality and cheap basic types of food by 2.5...3 times, to form
the necessary fund of food products for further meeting the needs of the
domestic market and creating their powerful export potential.

Presentation of the main research material. Today, the feed indus-
try of Ukraine has the opportunity to produce high-quality products that
would meet the requirements of modern foreign breeding. However, nega-
tive factors restrain the development of the industry. The way to solve this
problem is the development, adoption and introduction of the Law of
Ukraine "About Feed", which should become the basis for the further
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development of the regulatory and technical base and the compound feed
industry, this law will open unlimited horizons for the production of high-
ly profitable poultry and livestock products.

In the eastern regions of Ukraine, the total gross harvest of grain and
leguminous crops is 30...35 % of the total volume of production in the
country and has increased by 21 % over the past few years. The expansion
of the acreage under grain crops and the increase in their yield contribute
to the increase in the production of grain crops in the region. In 2020/21, 5
regions of eastern Ukraine — Donetsk, Zaporizhzhya, Luhansk, Dniprope-
trovsk, Kharkiv — collected a total of 15.2 million tons of grain: wheat,
barley, corn and peas. About a third of this figure will be used for domes-
tic consumption, the rest — the export potential of the region, which is up
to 10 million tons. That is, a total of about 10 million tons per year can be
exported only from these 5 regions.

A fifth of all elevator capacities of Ukraine is located in the east. Of
the 25 granaries built in the country last year, 9 new elevators and one
river terminal appeared in the eastern region. Most of them are in the
Dnipropetrovsk and Kharkiv regions, many companies are building eleva-
tors and production facilities in the Ukrainian-controlled territories of the
Donetsk and Luhansk regions [17].

The mobilization of reserves for increasing the efficiency and devel-
opment of elevator capacities of Ukraine will ensure the delivery of high-
quality food. Last season, 2020/21, Ukraine exported 48.8 million tons of
grain and oil crops. In the current 2021/22 season, as of February 23,
Ukraine exported 43 million tons of grain and legumes. Such data are
provided by the Ministry of Agricultural Policy. Overload volumes are in
Table 1.

Before Russia's attack on our country, the main volumes of grain ex-
ports in Ukraine were sent to buyers through the ports of Mykolaiv and
through the ports of Southern Odesa and Chornomorsk. In total, this is
95 % of grain cargoes exported by sea. Mariupol and Berdyansk account-
ed for another 5 %. For the most part, grain was transported to seaports by
rail. Export of grain to the EU, which takes place by rail and road
transport, according to USA, accounts for 5 % of all Ukrainian grain ex-
ports (by land and sea). Since the beginning of hostilities on the territory
of Ukraine, the export of grain through port terminals has been stopped.
Despite the fact that ports in these conditions are inferior in logistics to
rail and road transport, sea transportation is in demand due to its low cost
and connection between continents.
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In Ukraine, according to Elevatorist.com Map of Elevators [1], the to-
tal elevator capacity before the start of the Russian aggressor’s attack on
our country amounted to more than 57 million tons. And the grain and oil
crop harvest in 2021, according to the State Statistics of Ukraine, reached
107.38 million tons (as of December 1, 2021) and it still needs to be de-
livered from the field to various consumers. That is, even if you use all
these capacities plus the possibility of storage "in sleeves”, it is impossible
to save the entire harvest in the country without export. Now, due to the
war, the storage capacity will be significantly reduced. The map of mili-
tary operations is constantly changing, so it is difficult to predict which
elevators may be in the "gray zone".

As of March 22 of this year, the elevators of Sumy region, parts of
Kharkiv region, Chernihiv region, Zaporizhzhia, Donetsk regions,
Luhansk region, and parts of Kyiv region can be excluded from the logis-
tics chain. All the capacities located in the war zone are estimated to be
more than 22 million tons. Competition among agricultural producers
within Ukraine also has a negative impact.

The elevators of the western regions will be the most interesting for
storage, if the existing situation on the fronts is maintained. As of March
22, they have the following capacities: Transcarpathian region —
111.45 thousand tons; Chernivtsi region — 234 thousand tons; Volynsk
region — 887 thousand tons; Lviv region — 1,050 thousand tons; Rivne
region — 1,054 thousand tons; Ivano-Frankivsk region — 527 thousand
tons; Ternopil region — 1,837,000 tons; Khmelnytsk region  —
3,000 thousand tons.

That is, the total storage capacity of the western regions is about 9
million tons. Now, regardless of the war, elevators are being built in these
regions, but this will not significantly change the situation.

According to the Ministry of Agricultural Policy, the remaining
amount of grain to be exported is 17 million tons. Of these, approximately
10 million tons are corn, and about 6.7 million tons are sunflower and its
processing products (oil, meal, husks). 730,000 tons of soybeans remain,
these are residues that, in addition to the necessary consumption, can be
processed into meal and oil. That is, if we talk about agricultural goods,
17 million tons should be exported, mainly through sea ports.

To export all this grain, there are several challenges to overcome.
First, it is necessary to distribute cargo transportation from three to
12 border points. Secondly, to solve the problem of transshipment of grain
and oil from Ukrainian broad-gauge wagons to European narrow-gauge
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wagons. Separately, the Ministry of Agricultural Policy together with the
Ministry of Infrastructure are working on simplifying the procedure for
the export of grain by motor vehicles [1].

According to the website Elevatorist.com [1], the certified elevator
capacity in Ukraine is about 45...50 million tons. Currently, 65...70% of
elevators are morally and physically outdated and do not meet modern
requirements for grain storage, efficiency of receiving and shipment, etc.
In recent ten years, Ukraine has confidently entered the top five world
grain exporters, which allows our country to steadily replenish its gold
and currency revenues [18].

A modified exponential equation [19] can be used as time trend mod-
els:

y =k +aexp(-bx), 1)
where y — estimated (forecasted) value of grain transshipment vol-

ume, thousand tons;

k, a, b — empirical coefficients determined by the method of the
smallest squares;

x — time factor (year).

The basis of structural analysis and synthesis to increase the accuracy
of data processing is based on a typical equation of numerical values, for
example, of the form [20], which is an equation of excess dimensions with
a linear function of the transformation of dimensions:

{Xil}: {XO}{UQI,(X1+X0)}_{U1/(X0)}’ (2)
U300+ )= U5 (%)

where xi, X2, X3, — physical values of measurements with dimensions:
{x}={xo},

{x}={xi} and {xs}={xi}+{xo}; {Xir} — mykana izuuna BenuunHa;

Ui, Uz, Uz — BcraHoBIIeHI 00’ €1HaHI (TIepeTBOpEHi 3MiHHI) BETUUNHH
BUMIDIB.

At the same time, structures of the implicit form are equations of ex-
cess dimensions, represented by independent variables xi, Xo, Xi+Xo, ... and
functions Ui, Uz, Us, ..., which are connected by an equation of the form
F(Xi, Xo, Xit+Xo, ..., U1, Uz, Us, ...):0.

Ukraine is traditionally the leader in food supplies in the world. It is
necessary to end the military conflict in Donbas region as soon as possi-
ble, to return to control all captured territories of Donetsk, Luhansk re-
gions, and Crimea, and then carry out humanitarian demining of these
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territories. The return of the temporarily occupied territories to the control
of Ukraine will add 1...2 million tons to the existing export potential and
will improve the entire supply chain from the field up to the seas in the
region and in the whole country [8].

Conclusions and prospects for further researches.

1. According to experts, the export potential of agricultural enterprises
of the Sea of Azov region alone is 3.2...3.5 million tons of cargo.

2. According to the State Statistics Service, for 2019, the production
of fodder in Ukraine amounted to 6,348.6 thousand tons. It is impossible
to preserve all this product in the country, it is necessary to export it to
consumers all over the world, primarily to Africa and Asia.

3. The Top 10 companies — leaders in the production of compound
feed in Ukraine were demonstrated. The top three includes: MBP, Ukrain-
ian grain, Ukrlandfarming.

4. The world market of grain and fodder production is analyzed. It is
expected that in 2022, production in Europe will decrease by millions of
tons, primarily in Ukraine by 30...50% due to the war, in the EU coun-
tries, wheat production is predicted to decrease by 10 million tons, or by
about 10 %.

5. Companies are forced to look for other ways of supply and other
suppliers of food raw materials to meet the demand for agricultural prod-
ucts.

6. About 20 % of all elevator capacities of Ukraine are located in the
East of Ukraine. Of the 25 granaries built in the country in 2021, 9 new
elevators and one river terminal appeared in the eastern region.

7. Analyzed volumes of transshipment of grain cargoes through the
sea ports of Ukraine over the past seven years. In total, more than 90 % of
these cargoes were exported by sea.

8. The total elevator capacity of Ukraine before the start of hostilities
amounted to 57 million tons, and all capacities located in the war zone are
estimated to be more than 22 million tons, that is, more than a third.

9. According to the Ministry of Agricultural Policy, the remaining
amount of grain to be exported is 17 million tons, however such of prob-
lems must be overcome.

10. The return of the temporarily occupied territories to the control of
Ukraine will add 1...2 million tons of grain to the existing export potential.
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SELF-ORGANIZATION OF NANO-SIZED METAL-
CONTAINING LUBRICANT ADDITIVES

Introduction

Effective lubrication between rubbing surfaces is required to reduce fric-
tion and wear. Conventional lube oils traditionally contain a package of addi-
tives that significantly improve their tribological properties. Antiwear and
load-carrying additives improve boundary lubrication and reduce wear of the
rubbing surfaces due to the formation of quasi-liquid crystalline layers on
them [1]. Such structured layers with molecular ordering determine the tribo-
logical characteristics of the friction units [2,3].
Problem statement

Recently, significant improvement in the tribological performance of lube
oils has been achieved with the application of nano-sized metallic powders
[4,5]. Metal oxide nanoparticles form self-repairing, ultrastrong and ductile,
antiwear and antifriction adhesive tribo-coats, characterized by excellent tri-
botechnical characteristics [6]. This is explained by the high specific surface
energy of nano-sized materials that interact with the friction surfaces and
form protective films. A highly effective wear protective gear, offered by
Nanovit Research [7], contains nanoparticles of Al,05, SiO, and C providing
a combined cleansing, antiwear and additional lubricating effect [8].

Research analysis

Research, conducted on the marine diesel engines of a cargo ship [9],
demonstrated an increase in the compression pressure, cleaning of the bearing
shells from the deposits, a decrease in consumption of lube oil and fuel, and
significant extension of the lube oil service life when NanoVit mixture had
been added to the lube oil.

Despite the fact that effects from the use of nano-sized particles in lubri-
cating fluids have been explained by the self-assembly of films, the mecha-
nism of formation of the tribo-coats has not been sufficiently highlighted.

The aim of this paper is to describe the generation of nano tribofilms on
the rubbing surfaces within the concept of self-organization in nonequilibrium
systems [10].

Nanomaterial process
Practically all nanosystems are thermodynamically unstable; they are de-
veloped under conditions far from equilibrium. Substantial disequilibrium
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allows for spontaneous nucleation, while external action stops the growth and
aggregation of the formed nanoparticles. The properties of nanomaterials
depend to a large extent on the size of their parts. Thus, to obtain materials
with good functional properties, it is necessary to use a fairly narrow distribu-
tion of the size of particles.

Methods for producing nanomaterials may be divided into several groups.

The first group includes mechanical-physical crushing methods (ball-
milling) of production which allow obtaining nanoparticles during the de-
composition of solids under the mechanical stresses, and during joint grinding
of mutually insoluble components in planetary-type mills.

The second group consists of so-called high-energy methods based on the
rapid condensation of vapors under conditions that preclude aggregation and
growth of the formed particles. The process of nanomaterials in this group
may vary depending on the method of evaporation and stabilization of nano-
particles. Evaporation can be performed using plasma excitation, laser abla-
tion, electric arc, or thermal action. Condensation is carried out either in the
presence of surfactants the adsorption of which on the surface of a particle
slows down the growth (vapor trapping), or on a cold substrate when the
growth of particles is limited by the diffusion rate, or in the presence of an
inert component [11]. These methods allow obtaining nanomaterials of vari-
ous sizes.

The third group comprises chemical methods. The most common methods
are based on the formation of ultra-fine colloidal particles in solution as well
as the production of nanomaterials using sol-gel synthesis.

It should be pointed out that the use of the materials, produced from free
nanoparticles and nanostructures, is very difficult due to the metastability of a
substance in a nanocrystalline state. This is related to an increase in the spe-
cific surface area of the nano-scale particles that results in the growth of the
compound chemical activity and the intensification of the aggregation pro-
cesses. To prevent the aggregation of nanoparticles and to eliminate the influ-
ence of external action (e.g. oxidation by atmospheric oxygen), the nanoparti-
cles are embedded in a chemically-inert matrix.

Open thermodynamic system

According to the laws of classical thermodynamics, the evolution of a
physical system should lead to an equilibrium state that corresponds to a
complete system disorder.

For an isolated system

dS/dt>0,

and in equilibrium, the entropy S reaches its maximum. Therefore, there is no
spontaneous formation of an ordered structure in an isolated system on a mac-
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roscopic level as such a process corresponds to a decrease in entropy. Thus,
the processes of self-organization cannot be described in the context of equi-
librium thermodynamics [12].

However, ordering is observed for a number of non-equilibrium systems.
To describe the processes occurring in such systems with sufficiently high
accuracy, the concept of an open system has been introduced. The change in
entropy of an open system consists of two components [10]

ds =ds, +dS,

where dS, > 0 is the increase in entropy of a system due to the ongoing
processes, and dSg is the entropy flow caused by the exchange of energy or
matter with the surroundings; this component does not have a definite sign.
The decrease in the entropy of such an open non-equilibrium system is possi-
ble:

dS =(dS, +dSs) <0

Hence, during the redistribution of energy between the elements of open
thermodynamic systems, a fraction of energy may be expended on the in-
crease of system ordering. It is should be emphasized that such a situation
may develop only in non-equilibrium conditions, otherwise dS, =dSg =0.
Processes in nonequilibrium systems

If a system in stable equilibrium is affected by external factors that bring it
out of this state then, according to the Le Chatelier-Brown principle, the pro-
cesses, counteracting the applied change, appear in the system. According to
Onsager’s hypothesis, with minor deviations from the equilibrium, there is a
linear dependence between the generated flows and applied forces:

J :zLikXiXk
k

However, the thermodynamic system loses stability when deviating
from the equilibrium state [10], and then small fluctuations can lead to
self-organization resulting in the formation of new spatial and time struc-
tures that do not develop at the equilibrium. Such examples in hydrody-
namics [11] are presented with the structuring of convective streams in
cells (Rayleigh-Benard convection - Fig. 1), and with symmetric vortex
structures at turbulent flow around a body (a Karman vortex street - Fig.
2).

A horizontal vessel filled with liquid is heated from below. A temperature
gradient is created between the bottom and the surface leading to the fluid
chaotic convective streams. When the threshold value of the temperature
gradient is reached, chaotic flows self-organize into ordered structures (Fig.
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1-a) resulting in a “honeycomb structure” on the surface of the liquid (Fig. 1-
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Fig 1. Rayleigh-Benard convection: a — Fig. 2. Self-organization at the generation of
self-organization of liquid chaotic streams Karman vortex street.

(side view), b — “honeycomb structure” on

the liquid surface (top view).

Such processes are only possible for the substances in a discernible
nonequilibrium state, and formed structures continuously hold their form and
retain the properties. Karman vortex streets are another example of self-
organization associated with symmetric structures. Behind a slow-moving
body chaotic flows arise; when a body speeds up, the point vortex pairs are
generated in a staggered order at equal distances from each other.

It should be noted that structures may form, hold the shape, and retain
their properties only in an open system that is far from the thermodynamic
equilibrium.

Nanodispersed powder with the developed surface is characterized by the
energy inhomogeneity that may be enhanced by the size reduction of the
powder particles and other special techniques.

As a result of self-organization, the interaction between nano-additives
and friction surfaces leads to the formation of a tribo-coats of superior contact
strength, enhanced ductility, and good thermal conductivity. Besides that, at
low speeds, such films reduce friction and wear, increase the actual contact
area of interacting surfaces, and protect them from seizure.

T e

Nanomaterials for tribological applications

Among the nanomaterials which are used for industrial applications and
may, in particular, significantly increase the service life of ship’s equipment,
are molybdenum disulfide, nanodiamonds, and nanodispersed powders of
metals and their oxides.
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Molybdenum disulfide, formed by micron-sized polycrystals, is widely
used as a solid lubricant [13] and lubricant additive due to its lamellar struc-
ture. The research revealed that molybdenum disulfide nanopowder may form
tribo-coats on interacting surfaces [14].

The formed films exhibit high elasticity and ductility in a contact zone
with the operating medium. Wear-resistance of interacting surfaces increases
from 4 to 20 times (depending on the operating conditions) compared to mi-
cro-sized MoS; crystals due to the physical adsorption of MoS; particles
caused by Van der Waals forces, and due to the mechanical implantation of
nano-sized MoS; crystals into the metal surfaces. Similar results are observed
for molybdenum and tungsten (MoW,) coatings 4 nm thick.

Fig. 3-b

Fig. 3. Optical micrographs of ball wear scars (top) and flat tracks (bottom):
a — base stock PAO, b — PAQO + nano Al20s. [20]

Nanodiamonds, formed by carbon atoms, are used for generation of wear-
resistant coatings on interacting surfaces [15,16]. Besides that, nanodiamonds
play an effective role in erosion reduction in engines [17].

Testing of a ‘supermaterial’ — nanotube fiber — proved that it is thousands
of times stronger than steel. In addition, nanotubes are used as powder fillers
for hardening in powder metallurgy. Only a few percent of nanotubes, intro-
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duced into aluminum powders, dramatically increase the strength of the ele-
ments compared to those made of steel.
Aluminum oxide Al,O3 nanopowder, introduced into the engine lubricating
system, increases oil lifetime and reduces components wear rate [18, 19] by
forming tribo-coats on friction surfaces.

Ball-on-flat wear experimental research [20], conducted using synthetic
motor oil base stock polyalphaolefin (PAO) and its blend with Al.O3 (Fig. 3),
showed a significant decrease in the wear of interacting surfaces: reduced
contact spot and narrowed wear track.

Experiments carried out by NanoVit Research [9] have shown that nano-
particles of Al,05, SiO, and C dispersed in the motor oil form antiwear and
antifriction tribo-coats on the rubbing surfaces. The main features of the tribo-
logical experiments with motor oil 5W40, concentrated with 20 mg of Na-
noVit mixture (Fig. 4), are associated with the stable temperature in the fric-
tion zone and oscillations of the friction coefficient compared to the experi-
ments with the lube oil that does not contain nanoparticles of Al,05, SiO, and
C.
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Fig. 4. Dependence of the friction coefficient on the test time
at different loads for the conventional motor oil 5W40 and motor oil 5W40
with 20 mg of NanoVit mixture.

It should be noted that significant growth of the friction coefficient and
appearance of the oscillations occur at the load of 1500 N. It can be assumed
that starting from 1500 N the viscosity of the lube oil does not play a signifi-
cant role in the lubrication, and tribological behavior of the friction triad is
mostly determined by the properties of the frictional boundary layers. There-
fore, the oscillations of the coefficient of friction for NanoVit motor oil can
be associated with the decrease of the distance between the rubbing surfaces
resulting in the wear of the protective nano tribofilms on the friction surfaces;
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the heat dissipated due to the friction restores the protective coatings for an
account of self-organization.

Conclusions

Self-organization of non-equilibrium systems has been described and ana-
lyzed within the concept of an open thermodynamic system. It has been
shown that the protective antiwear and antifriction tribo-coats self-assemble
on the surfaces of friction pair as a result of non-equilibrium processes occur-
ring in the contact zone. Tribological behavior of nano tribofilms, associated
with the oscillations of the friction coefficient between the mating surfaces
indicated on the self-organization processes occurring in the contact area
under load when energy is dissipated in the boundary friction state.
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SPECIAL ASPECTS OF PARAMETER MANAGEMENT
OF LOW CETANE FUEL INJECTION

Statement of the problem in a general form. The problem of in-
creasing of combustion efficiency for a heat engine (diesel, gas turbine,
etc.) has been solved for about a century, because economic, power and
environmental indicators depend on it. In addition, which is no less im-
portant in relation to the stated indicators, the efficiency of combustion
and the rate of fuel burnout in the specified coordinates at the designated
time interval in the combustion chamber determine strict requirements for
the used fuels in terms of thermophysical parameters that affect atomiza-
tion, evaporation, and mixing with oxidizer . Hence, there are restrictions
on the use of alternative fuels for heat engines, such as gas condensate,
etc.

The solution of this problem is important for the national economy of
Ukraine, especially when solving the problems of energy independence of
the state. The acute shortage of fuel has firmly taken its position and dic-
tates prices for almost everything (water, bread, heat, etc.) and can be-
come the main argument in special conditions. From this follows the im-
portant scientific and technical task of weakening this factor - to find op-
portunities and scientifically justify their implementation by preparing of
burning of alternative fuels so that the power, economic and environmen-
tal indicators of the engines would be at the standard level.

Analysis of recent research publications.

At present, one of the most relevant global trends in the field of en-
gine construction is a comprehensive solution to the problems of fuel effi-
ciency and environmental friendliness of internal combustion engines,
which is taking place against the background of dieselization of the world
fleet of motor vehicles [1]. The majority of specialists in this field agree
that the raw material resources for the production of motor fuel have a
tendency to be exhausted. The two main ways to overcome the problem,
which is being transformed into a global energy crisis, are the use of re-
newable energy sources, in particular, alternative fuels of biological origin
(pure or mixed) and increasing the efficiency of the use of chemical ener-
gy of motor fuel by improving the design of the internal combustion en-
gines, application of energy recovery systems, rationalization of models of


https://www.multitran.com/m.exe?s=oxidizer&l1=1&l2=2

2022 — Ne 44 Cyonosi enepeemuyti yCmanosxu 29

their operation, etc. [2]. The first of these ways is currently implemented
with insufficient speed, since each of the types of alternative motor fuels
has disadvantages caused both by the peculiarities of the process of ob-
taining raw materials for its processing of raw materials into fuel, and by
the need to make significant changes in the design of internal combustion
engines [3, 4 ]. As for the second way, the main problem for its imple-
mentation is that the designs of modern internal combustion engines are
approaching the limits of their capabilities, as well as the limits for its
improvement [5-7].

Setting the task. We offer a solution to the tasks using an additional
power supply system in the form of a vortex mixer-evaporator [8]. The
vortex vaporizer mixer works on the energy of waste gases and allows the
use of cheap, relatively standard, low-cetane fuels, for example, stable gas
condensate.

But the use of high-viscosity fuels in piston engines is complicated by
the fact that their thermophysical parameters are significantly different
from traditional fuels, which requires a careful approach when evaluating
the formation of a fuel mixture - atomization, evaporation and mixing
with an oxidizer. In addition, the high sulfur content poses additional chal-
lenges, especially regarding the environmental cleanliness of exhaust gas-
es [9].

Presentation of the main research material.

Low-cetane alternative fuels differ from standard diesel by the param-
eters that determine the geometric characteristics of the torch (spray angle,
torch range) and by the thermal-physical parameters that determine the
quality of the spray, that is, the Weber and Laplace criteria

d
We = 22 @
6”
d.p;o,
Lp =1, )
H,

which are of great importance in the organization of the fuel combus-
tion process, and estimate the average droplet diameter is estimated ac-
cording to the differential injection characteristic, such as an average vol-
ume diameter of the droplet [10]

d,=A, ey (L) 3)

where A, a,bare constant coefficients;
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¢ — fuel density;

d, —nozzle diameter;
o, —surface tension;
M, — dynamic viscosity;

v — fuel flow rate from the sprayer nozzle.
Analysis of equations (1 — 3) shows that the most controlled argument
is the fuel flow rate, which is equal to

L= :um\/pz\/ Ps — P (4)

where g, is the flow coefficient of the atomizer nozzle;
p, — fuel pressure in the sprayer;

p. —gas pressure in the cylinder during the injection period.

The pressure change in the cylinder during the injection period can be
neglected, and the rate of change of pressure in the sprayer can be given
by differential equations

dp, _ 1 2f}e‘“L(&+e‘“L -w) g _dal (g
d'Z' ﬂva ! z (T—Ar) dT g dT

where £ is fuel compressibility;

V, —volume of fuel in the nozzle atomizer;

o — damping factor of fuel velocity waves;

L is the length of the high-pressure pipeline;

fp , f., , — cross-sections of the pipeline and needles along the clos-
ing cone, respectively;
h, — movement of the needle;

n
W _ A—ab pk —al W 1 - -
e =€ T+e . - P,— Velocity wave in the at-
T-AT

omizer cross-section;
z=W - p, —acoustic resistance of the atomizer;

At —transport delay;
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/ 2
g_q = ,ufs(hn) —/ Ps — P, — the differential characteristic of up-
T Pn

risking;
p, — fuel pressure in the volume of the nozzle of the injection valve,

which is determined by integrating the equation of the rate of change of
pressure in the indicated volume

ap, 1 {f ﬂ(1—a)+( nj—h—dq”ja—hpk—mee“LWT} :
r z

de AV | “dr dr
(6)
where VK is the volume of the injection valve fitting;
fi, f, — cross-sectional area of the valve along the unloading belt and
the plunger, respectively;
hk, h — valve and plunger movement, respectively;
o —single function;

%=(ﬂf ), /piwlpu - Pew — differential fuel consumption

through the cut-off windows of the sleeve of the plunger pair;
(yf )0 — effective cross-section of cut-off windows;

p., — fuel pressure in the above-plunger volume before closing the
cut-off windows;

p, Iis the fuel pressure in the underplunger cavity, which is deter-
mined by the differential equation

dp 1 dh dh dq
o S| f S f, 1) (1), (7
. ﬂvﬂ[ndr kdrj< 0)-%h40),

where V, is the volume of the underplunger cavity.
In equations (6, 7) and further:

Onpuh, <h,; v V, npuh, <h, ;

- TV +Y, npuh, =h,

1npuh, >h, ;
where h, is the movement of the valve to the exit of the unloading
belt from the saddle channel.
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To close equations (3 — 7), it is necessary to introduce regulated and
controlled functions, that is, kinematic and dynamic parameters of moving
precision pairs of fuel equipment:

is the differential equation of motion of the nozzle needle

d’h, 1
dZ‘z =m_(pffn_5nhn_|:n>; (8)

n
is the differential equation of motion of the discharge valve
2
ah, :1|:fk(pn - pk)+ Z[ f, an_ dhk_dqnjo'_é‘khk - Fvi| , (9)

de?  m, de  “dr dr
is the differential equation of motion of the plunger
dh
—=6bn-k 7+uv,_, 10
dr e (10)

where m,, m, is the mass of the needle and valve (together with the
1/3 mass of the spring), respectively;

9,0, — stiffness of the springs of the injector needle and the injection
valve, respectively;

F,, F, — pre-tightening forces of the valve and the injector needle, re-
spectively, which determine the nature of the pressure waves at the en-
trance to the pipeline and the differential injection characteristics;

N — camshaft rotation frequency;

v, — the speed of the plunger at the time of closing the cut-off win-
dows.
The value of the angular coefficient k(p is determined by the profile of

the cam, which provides movement to the plunger. For example, for a
convex cam profile, the movement and speed of the plunger are described
by the equations:

h=a,p* +b,p+c;;

dh

T

where aj,bj,cj :>k¢,j - for the linear sections of the cam profile.

11
=6n(2ajgo+bj), 4y

Then the movement of the plunger by the angle of rotation of the cam
will be shown in the form:
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a; b; C; 0
055 0,00 0,00 ~h=0-28
h=|0,66|-10°0? +|-0,54/-10%p +| 0,06 m9, = 23731
0,24 258 o518 "9 =37-59
167 239 6,45 — ¢, =55-72°
(12)

In this way, we obtained a mathematical model for calculating chang-
es of parameters, spray quality and differential characteristics of fuel in-
jection, from which it is clear that the controlled arguments are the stiff-

ness of the springs of the injector needle 6, and injection valve 5, , the
force of pre-tightening the valve F, and injector needle F, , and moving

the valve to output of the unloading-shaft belt from the channel of the
saddle hko. Along with these arguments, the controlled function should

take into account the fuel pressure in the atomizer:

1 (dag, dq
p, = j( ¢ _ p]dr, (13)
AV, dr  dr
where 7, is the duration of injection;
d
% — differential fuel consumption through the injector.
T

Conclusions and prospects for further research.
The analysis of the system of equations (1 — 11) shows that with a de-
crease in the frequency of rotation of the camshaft n, the injection speed
will be insufficient to achieve the required spray quality due to a decrease

inspeed U (4), because the fuel pressure in the sprayer p, will sharply
decrease, and the increase in stiffness of the injector needle o, and injec-
tion valve springs J, , as well as the pre-tightening force of the valve F,

and injector needle F, will act in the opposite direction (5). This analysis

allows you to take into account the peculiarities of management of the
injection parameters, which is confirmed by experimental studies and
consists of the following:
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— the start-up mode and small cyclic feeds are provided with the nec-
essary parameters of injection and ignition by using the parallel operation
of the vortex evaporator-mixer;

— electromagnetic and electrodynamic drives of the nozzle needle al-
low to obtain the specified injection speed of small cyclic feeds (up to 12-
18 mm?®/cycle) and the quality of spraying in the range of the average vol-
ume diameter of the drops within 15-20 microns.

— in the case of using a separate double supply pump with a cam drive
of the plunger with volumes of 80 mm?/cycle and more, the first dose of
30-40 mmd/cycle should be injected into the intake manifold at the begin-
ning of the compression process in the cylinder.
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Introduction

The problem of reducing greenhouse gas (GHG) emissions in the
maritime sector are currently important. The share of shipping emissions
in global anthropogenic emissions was 2.89% in 2018 [1]. The main con-
tribution to GHG emissions (indirect emission) on the marine fleet gener-
ates the main and auxiliary engines, and boilers during fuel combustion as
well as incinerators [1, 2]. However, marine merchant and passenger ships
have another significant source of direct GHG emissions, which is cur-
rently not directly regulated and considered as not mandatory inventory —
hydrofluorocarbons (HFCs) refrigerants emissions from refrigeration and
air conditioning systems. It should be highlighted, that reduction of the
direct GHG emissions for marine refrigeration systems is the most diffi-
cult among all types of refrigeration systems.

According to the 4th IMO GHG Study [1], the total refrigerant emis-
sions (international, domestic, and fishing) correspond to 18.2 million
tonnes CO»-eq., which is an increase from the 15.7 million tonnes CO,-eq.
emitted in 2012. HFCs emissions in the EU from ships in 2007 amounted
to 232 metric tons or 361 kilotons of CO--eq. [3].

The emissions of three main GHGs — CO,, CH4, and N.O — of total
shipping (international, domestic, and fishing) were estimated as 1076
million tonnes CO--eg. in 2018 compared to 977 in 2012 (9.6% increase)
[1]. The emission of main GHG (CO;) was estimated as 1056 million
tonnes CO,-eq. in 2018 compared to 962 in 2012 [1]. Nowadays, such
GHG as HFCs refrigerants are not accounted in the results of the interna-
tional shipping emissions calculation. However, the six gases initially
considered under the UNFCCC process include HFCs — all refrigerants
(excluding ammonia and COy), that utilize in marine refrigeration.

A direct contribution of marine refrigeration to GHG emission

Due to the physical properties of refrigerants, it is very difficult to
control their leakage during the repair and maintenance of vapor compres-
sion refrigeration equipment. Additional problems are concerned with the
operating conditions for marine refrigeration systems. The main reason for
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the high level of refrigerant leakage from marine refrigeration systems,
compared to land-based, is agreed to be the exposition of vibrations from
sea-waves. This is made worse because there is often no crewmember
onboard skilled in refrigeration. In this case, leakages are not repaired but
simply refrigerant is topped up to the system [3].

The emission factor for air conditioning systems and refrigeration sys-
tems with direct expansion (pure cargo and "other" ships) is estimated at
40% per year [3]. For indirect systems (ships with passengers), a leakage
of 20% per year is assumed [3].

The annual refrigerant leakage rate for marine refrigeration equipment
could be as high as 20 to 40% [4]. The typical value of leakage is 30 %
[4].

The service experts from the two leading European suppliers of ship
air conditioning/refrigeration equipment (York, Germany, and Grenco,
The Netherlands) estimate annual use-phase refills on merchant ships to
range from 20 to 40% and from 35 to 40%, respectively [3].

According to the Dutch “Inventory Refrigerant Emissions Sea Ship-
ping” for the year 2000 the “yearly leakage rate of merchant shipping
amounts to 33% and 39% for fishing” [3].

After reviewing the Scandinavian ship owners about refrigerant refills
in their vessels in 2006 the average refill per ship was estimated as 38.3%
(for 36 vessels with air conditioning and provision refrigeration) [3].

In a survey on 2006 refrigerant refills in 10 Baltic ferries, the annual
leakage rates average 21.2% for the indirect air-conditioning systems and
25.1% for the direct refrigeration systems [3].

In [5], the average annual leakage rate for Swedish passenger and car-
go vessels was estimated as 18.9% and 29.5 % in 2015, correspondently,
and 11.9 % and 22.3 % in 2016, correspondently.

In all considered in [3, 5] cases, the high variability in individual refill
refrigerant rates (annual leakage rates) was mentioned for each analyzed
passenger ship and each cargo vessel - from 1% to 62%.

For comparison, the leakage rates of air-conditioning systems of rail
vehicles were estimated at 5% per year [3]. In [4] annual leak rates for
road transport are proposed to accept 20 % per year (15...23 %). This
value is significantly lower for other types of refrigeration equipment and
application [4].

The report [6] states that every 10 % loss of refrigerant in a ship’s re-
frigeration system increases energy consumption by up to 20 %. Refriger-
ant leaks result in more energy needed to deliver the necessary level of
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cooling and could contribute to higher emissions from the ship (indirect
emissions resulting from consumption of electricity). Although the numer-
ical values are questionable, this statement should not be completely ig-
nored. A large number of operation factors, including optimal refrigerant
charge, affect on efficiency and energy consumption of refrigeration
equipment.

Low-GWP refrigerants for marine refrigeration

International environmental legislation shows a steady increase in the
restrictions on the use of high-GWP refrigerants.

According to MARPOL Annex VI (Regulations for the Prevention of
Air Pollution from Ships, Regulation 12 — Ozone-depleting substances)
from January 1, 2020, the use of chlorine-containing refrigerants is pro-
hibited in refrigeration equipment on ships. That is, the problem of the
replacement of ozone-depleting refrigerants in marine refrigeration
equipment can be considered solved. But the current requirements of
MARPOL Annex VI concerning the HFC high-GWP refrigerants focus
mainly on accounting the refrigerants consumption and safe handling.
Moreover, requirements for the replacement of the high-GWP refrigerant
with low-GWP are not declared in MARPOL Annex VI.

Besides, according to the Kigali Amendment to the Montreal Proto-
col, the most common refrigerants in marine refrigeration (R134a, R404A,
R407F, and similar) should be phased out because of the high GWP. But,
according to IMO (International Maritime Organization), there are no
mandatory requirements on GWP value for refrigerants on board ships.

In 2014 a new EU Regulation on F-gases, Ne 517/2014, was adopted
and applied from 1 January 2015. Besides strengthening the existing leak-
age prevention measures it also limits the production and use of F-gases.
The regulations concerning leakage prevention, record keeping, and certi-
fication, still do not apply to ships, while the recovery regulation does.
There is also a general obligation (for all types of plants) to avoid uninten-
tional HFC leakages. However, there is a service ban on existing marine
refrigeration systems operated with high GWP refrigerant ships. Equip-
ment on an EU-flagged ship using an HFC with a GWP > 2500 and an
amount corresponding to 40 tonnes of CO; equivalents is prohibited to be
recharged with new refrigerant after 1 January 2020 and with recycled
refrigerant after 1 January 2030 [7].

Legislation on the use of high GWP agents in marine propulsion is
expected to be strengthened, so it is necessary to be prepared in time for
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the transition to the use of “new” generation low GWP refrigerants. Stated
on the above-mentioned and in view of the fact that the supplementary
section of the regulation [8] on air pollution reduction recommends the
use of refrigerants with GWP < 2000, there are only a few possible alter-
native refrigerants for marine vapor compression systems: R407C (GWP
= 1), R134a (GWP =1 430), R717 — ammonia (GWP = 0), R744 — carbon
dioxide (GWP = 1). Prospective refrigerant R290 — propane (GWP =5) is
forbidden to be used in the vessel’s refrigeration equipment (except the
cases when a mass of the refrigerant charge is less than 150 g), as they are
class A3 hazard refrigerants (fire hazardous) [9]. Other prospective refrig-
erants are considered to be newly introduced agents such as R32 (GWP =
675), R1234yf (GWP = 4), R1234ze (GWP = 7). But they all do belong to
the A2L class (mildly flammable). Concerning the possibility of using
A2L class flammable refrigerants, there is no information given in sources
[8] and [9]. But in [10] it is advised that the A2L class refrigerants should
not be applied to retrofit existing refrigeration systems.

By [8, 9], only HFCs, or in other words ‘natural’ refrigerants such as
R717 (ammonia NHs) and R744 (carbon dioxide CO2) can be used as a
refrigerant in marine refrigeration plants.

R717 has not found itself to be used as a refrigerant in air condition-
ing systems and refrigeration equipment for provision chambers and is
also used infrequently in specialized high-capacity vessel refrigeration
equipment. The use of R744 as a refrigerant is an area of very active de-
velopment. There are already some examples of the actual implementation
of refrigeration systems in the maritime industry that use R744 (CO,) as
the refrigerant. For example, there is a very small amount of shipping
containers that are currently equipped with refrigeration R744 units [11].
But such systems are not yet common practice. Moreover, CO2 as a re-
frigerant requires a fundamentally different design of the refrigeration
system compared to HFCs, so its utilization is possible only in case of a
complete replacement of the refrigeration system or on new built vessels.
Concerning the above-mentioned, it should be stated that the price for
such CO; system tends to be 2 or 3 times higher than for a similar capacity
HFC system [6]. Besides, the poor energy efficiency of R744 is a serious
barrier as the vessel power generation is tightly constrained by Owners'
regulations [11].

It can be assumed that in the nearest future mixed refrigerants such as
R407C type might be widely used in the vessels' refrigeration systems
which are currently in operation. But, in its turn, they also need an alterna-
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tive to be found, because the existing requirements and limit levels of
direct emissions from marine refrigeration plants are expected to become
stricter.

Possible technical solutions to reduce direct emissions during
the operation of marine refrigeration systems
The current situation with the available on the market refrigerants in-
dicates that the existing standards might be changed towards the possibil-
ity of using flammable substances in marine refrigeration systems (this
trend is already observed, for example, in the EU in 2022 the issue of
allowing the utilization of class A2L refrigerants in railway transport is
being considered). Moreover, there are already a number of scientific
papers on the topic of the possibilities of using flammable refrigerants in
marine refrigeration equipment [12, 13]. In mentioned studies it was re-
ported, that the inconvenience coming from refrigerant flammability and
explosion risks can be overcome through some measures such as enclos-
ing operations, ensuring local exhaust ventilation in the location of leak-
age, the use of special equipment, etc. For example, Heinen & Hopman
proposes an evident technical solution for onboard refrigeration systems
with flammable refrigerants: “By placing the cooling system inside a cas-
ing, the possible explosive atmosphere is located inside the casing when
leakage occurs. By using a fan, the casing can be ventilated so the mixture
of gas and air can be discharged outside the casing” [14]. However, there
is no information on whether such a solution has been implemented in
practice for the vessel's refrigeration system. Such technical solution along
with the use of R290 refrigerant is quite possible, first of all, for air condi-
tioning systems. However, the requirements for utilizing flammable re-
frigerants onboard have not been developed yet (except ammonia, which
can be used in systems of high capacity, but not for air conditioning sys-
tems). As was already mentioned in the paper, generally flammable re-
frigerants (like hazard class A3 refrigerants — flammable) are prohibited
from being used in vessel refrigeration plants, except when the mass of
the refrigerant charge is less than 150 g, according to the source [9]. How-
ever, the PRS (Polski Rejestr Statkow) rules [15] note that “The refriger-
ants of group 111 (flammable, such as R290) may be used, upon agreement
with PRS, only for refrigerating plants of liquefied gas carriers where the
cargo is used as refrigerant”. At the same time, in [15] it was mentioned
that refrigerating plants operating on group Il or 111 refrigerant (mildly or
highly flammable) shall be installed in separate gas-tight spaces.
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It should be noted that the flammable refrigerants utilized in indirect
refrigeration systems will contribute to the reduction of the refrigerant
leakage rates by up to 90% compared to direct systems, due to the com-
pact design and significantly shorter refrigerant lines [5]. In the meantime,
unfortunately, indirect refrigeration systems have inherent lower energy
efficiency in comparison with refrigeration systems with direct evapora-
tion.

Another perspective way to reduce direct greenhouse gas emissions
from marine refrigeration equipment is the introduction of a cascade vapor
compression-steam ejector refrigeration plant. The most preferable can be
considered the use of R744 (COy) refrigerant in the first stage (vapor
compression part) [16, 17] since R744 performs poorly in tropic regions
with high sea and/or air temperatures. However, if we talk about steam
ejector systems, the issue of choosing a refrigerant with a low GWP re-
mains relevant, at the same time, indirect greenhouse gas emissions from
the process of electricity consumption are significantly reduced (when
using waste heat, which can be found in the sufficient amount on vessels).
However, mentioned particular branch of research requires further study.

When implementing a new refrigerant or a new refrigeration system,
it is advisable to apply an economic, energy, and environmental compara-
tive analysis in order to justify the feasibility of the adopted technical
solution for improving energy efficiency and reducing the environmental
impact of the new option comparing to the traditional one [18, 19].

Conclusion

This brief review allows us to state the following conclusions:

- the issue of choosing an alternative refrigerant with a low global
warming potential for marine vapor compression refrigeration systems is
quite complicated, additional challenges are associated with the require-
ments of standards that impose certain restrictions on the use of flamma-
ble substances as the refrigerants in marine refrigeration plants;

- it is important to keep aware of changes in the refrigeration industry
standards as they are changing rapidly in order to meet the demands of
today's shipping industry and global environmental legal regulations;

- the service of the existing onboard refrigeration systems may move
to a refrigerant with intermediate GWP, such as R407C (retrofit proce-
dure), but the use of flammable low GWP alternative agents is unlikely
for currently operating refrigeration systems;
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- the sea-freight ships with refrigerated holds tend to use R717 (with
brine secondary), R404A, or R407C; there will be expected a few new
ships due to the ongoing shift to container vessels, but they likely are go-
ing to use indirect systems with R717 or R744; applying the flammable
refrigerants, such as R290 propane, is not expected,;

- in the new vessel’s refrigeration systems of small and medium ca-
pacity for various purposes, it is preferable to use CO, as a refrigerant or,
in the long-term prospect, there is a possibility of introducing the indirect
refrigeration systems with secondary coolant which operate with flamma-
ble refrigerants as R290, however, this solution requires further study and
standardization.
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OPTIMIZATION OF WEAR OF SHAFT-SLIDING MATING
SURFACES OF SHIPBORNE TECHNICAL DEVICES (STS)

Parts statement of the problem in general form and its relation to
important scientific or practical tasks

In researches of O.A.Bannikh, V.V.Berezovskaya, H.Burns,
V.M.Blinov, R.Boucher, V.G.Gavrilyuk, Yu.N.Goichenberg, L.Zhekova,
L.M.Kaputkina, L.G.Korshunova, M.V.Kostina, V.G.Prokoshkina,
D.Rauers, C.Rashev, J.Tervo, M.A. Filippov and others have shown the
prospects of achieving high strength, ductility, corrosion resistance and
wear resistance of stainless steels through the introduction of significant
concentrations of nitrogen. In connection with the development of new
classes of economically alloyed high-nitrogen steels, an in-depth analysis
of the tribological properties of nitrogen-bearing steels (including cast
steels) under various conditions of contact loading seems relevant.

Deformation of material microvolumes under conditions of
simultaneous influence of external compressive and shear stresses, active
development of the rotational mechanism of plasticity lead to appearance
of nanocrystalline friction structures (NFCS) in a thin (up to 10 microns)
surface layer. It is of interest to consider possibilities of formation of
NCST on a surface of iron alloys (including high-strength and low-plastic)
not only at adhesive, but also at abrasive wear.

NCST formed in various metals and alloys are often characterized by
relatively close average values of fragment sizes and the degree of their
misorientation. However, these morphologically similar structures, as a
rule, have different tribological and strength properties. In this regard, the
guestion of interrelation between the parameters of the initial structure of
iron alloys (type of crystal lattice, alloying level of the solid solution, the
presence of strengthening phases, etc.) and the properties of NCST is
important. The solution of the problem of further significant increase in
the tribological and service properties of iron alloys can be associated
with the creation in their surface layer of NCST of optimized chemical
and phase composition, defectiveness level, possessing high strength,
toughness, ability to intensive plastic deformation, as well as large
adsorption, diffusion and chemical activity.

The possibility of nanostructuring in the cold state not only of
relatively plastic, but also of high-strength, hard-deformable alloys (for
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example, hardened steels) distinguishes frictional processing from such
methods of production of bulk nanocrystalline materials as equal-channel
angular pressing, torsion under pressure, multi-axial deformation.

Frictional treatment, which is one of few real methods of formation of
nanocrystalline state in materials with martensitic structure, which is the
basis of high-strength tool, die and structural steels, gives an opportunity
to conduct a systematic study of strength and tribological properties of
nanocrystalline martensite of different composition. Such alternative
methods of nanostructuring of high-strength materials as various ball
treatments (shot blasting, SMAT, etc.) and ultrasonic treatment with a
pulsating tool form a different stress-strain state in the surface layer under
the action of impact influences than in case of frictional treatment carried
out in sliding friction conditions. Since frictional impact can destroy
(wear) the material, it is important to identify the optimal machining
conditions that ensure the accumulation of maximum strain in as thick a
surface layer of alloys as possible.

Wear resistance is a multifactorial parameter and its prediction on the
basis of standard measured properties (hardness, mechanical properties) is
often erroneous, since these characteristics are often not reliable criteria of
wear resistance of STS parts surfaces. Assessment of wear resistance of
ship parts and units in production conditions is extremely difficult.
Therefore, in order to ensure high serviceability of wearing ship parts and
tools, along with the development of materials and methods of their
effective hardening, it is important to create non-destructive ways of wear
resistance prediction.

The purpose of this study is:

to study changes in the structure and hardening of carbonaceous a-
martensite under different frictional loading conditions, including at
reduced (down to -196°C) temperatures;

in study of influence of carbon content in martensite, presence of
residual austenite and carbide phases on wear resistance and strain
hardening under different types of wear of carbonaceous, low-alloy and
cemented steels.

Key words: ship equipment, martensite transformation, nanostruc-
turing, nanocrystalline martensite, frictional effects, "shaft-sliding
bearing" mating.



2022 — Ne 44 CyOHosi enepeemuyni ycCmaHo8Ku 47

Summary of the main material of the study

Qualitatively identical character of changes of a profile of X-ray lines
of tetragonal martensite in the conditions of friction in the environment of
nitrogen at room and negative temperatures (fig. 1), and also the similar
level of hardness of surfaces of friction formed at temperatures from
+20°C to -196°C (fig. 2) show that the processes of deformation dynamic
aging in tetragonal martensite, which are purely deformational in nature,
actively develop even at low (to -196°C) temperatures, when the diffusion
mobility of carbon atoms in martensite is extremely low. In this case, the
dislocations are mobile and capture carbon atoms during their movement.

hardening from 810°C,
cooling (-196°C)

friction at -196°C
friction at -75°C
friction at +20°C
| | | | | |
54 55 56 57 58 0, degr.
Fig.1.Retgene diffractograms of martensite lines of U8 steel in the

undeformed state and after frictional loading with a carbide indenter.
H,HPa

12
10
gk
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4 1 1 1 1 1 L A: A
100 200 300 400 Tvacai, °C

Fig.2.Effect of tempering temperature (2 h) on the microhardness of friction-
hardened U8 steel: 1, 2, 3 correspond to loading temperatures -196, -75, +20°C;
4 - initial quenched state.
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Change of frictional loading temperature in the range from +20 to -
196°C has no noticeable influence on the character of dependence of high-
carbon steel surface hardness on tempering temperature (see fig. 2). The
main reason for the observed increased heat resistance of friction
deformed martensite of steel U8 is the high bonding energy of
dislocations with carbon atoms, which ensures preservation of strong
fixing of dislocations in martensite during tempering, as well as frictional
heating, as evidenced by the experimental data on the increased wear
resistance of hardened steel U8 under high-speed friction without and with
lubrication.

Residual austenite in hardened high-carbon steels is not only inferior
in abrasion resistance to unlubricated cooling martensite but also provides
the maximum level of wear resistance in conditions of micro cutting
(corundum wear) after high-temperature (> 1000°C) hardening. This is
due to the partial transformation of austenite under loading into highly
dispersed (nanocrystalline) deformation martensite, as well as the positive
effect of austenite on fracture toughness. The resulting strain martensite
contains the same amount of carbon as high-carbon austenite, and is thus
an unconducted martensite with high hardness and the ability to
intensively harden during wear. A sharp drop in the intensity of y->a
transformation along the depth of the surface layer was recorded in
1100°C-hardened U15 steel (with an initial austenite content of 65-70
vol.%) subjected to abrasive impact, while a significant proportion of
austenite in layers 5 um thick (45 vol.% v ), 1 pm thick (20 vol.% y) and
in the wear products (20 vol.% vy) was retained. In contrast to the corun-
dum test, the increase in the amount of metastable residual austenite to 60-
70 vol.% when the quenching temperature is increased to 1000-1200°C
leads to reduction of wear resistance due to the reduction of the positive
role of the "framework" of cooling martensite plates in limiting the
processes of polydeformation (fatigue) fracture of the steel surface.

Low tempering in the temperature range of 100-250°C causes sharp
decrease in resistance of steels with high-carbon martensite structure to
abrasive (fig. 3) and fatigue wear, despite the relatively slight decrease in
hardness of hardened steels at low-temperature tempering due to their
hardening by e-carbide phase.
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Fig. 3. Effect of tempering temperature on HRCe hardness and abrasion
resistance ¢ of laser quenched steels (45Kh, 65G, U8) and in water from 1000°C
(U10) with subsequent cooling at -196°C (U8, U10).

The fall of wear resistance is caused by the reduction of carbon
concentration in a-solid solution at low tempering and, as a consequence,
the reduction of the effect of the positive influence of strain dynamic
aging of martensite on the strain hardening and wear resistance of steel
surfaces. Thus, the hardening ability during abrasive wear of low-
temperature (at 200°C) martensite is 2-2.5 times lower than that of
tetragonal high-carbon martensite.
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Fig. 4. Influence of tempering temperature on hardness HRCe, amount of residual
austenite y in structure and abrasive wear resistance ¢ of steel U15:

1 - hardening from 1100°C;

2 - quenching, temp. -196°C
Optimization of low-temperature tempering aimed at keeping as much
carbon in martensite as possible is an important reserve for increasing
wear resistance of steels. The alloying elements (Mo, V, Mn, Si, Cr, Ni in
quantities up to 4 %), as well as excess cementite do not eliminate the
drop in wear resistance of tool and cemented steels at low tempering.
However, alloying makes it possible to significantly increase the wear
resistance of iron-carbon alloys at medium (300-450°C, Si) and high
(600°C, V and Mo) tempering temperatures. Figure 4 shows that the
metastable residual austenite in an amount up to 70 vol.% effectively
slows down the decline in abrasion wear resistance of hardened iron
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alloys in the low tempering temperature range, at which the austenite
retains its thermal stability and, accordingly, increased wear resistance,
which is not inferior to the wear resistance of un tempered tetragonal
martensite. The level of abrasive wear resistance of high-carbon steels
increases with the increase in the volume fraction of tempering carbides,
but depends little on the degree of coagulation of cementite, the presence
of graphite inclusions in steel and on grain size.

The main reasons for the increased wear resistance of iron alloys
hardened by laser or electron-beam exposure are:

1) effective suppression of martensite self-tempering, which provides
it not only great initial hardness, but also the best conditions for the
development of deformation dynamic aging;

2) the possibility of formation of a significant amount of metastable
residual austenite due to high-temperature (up to melting) heating of the
surface. After tempering, no significant no significant differences in the
behavior of laser and volume hardening structures of 45Kh, 65G, U8,
ShKh15 and 20KhNZA (cemented) steels.

High wear resistance in sliding friction conditions of ferrite-
martensitic structures of incomplete laser hardening of low-carbon steels
has been established due to formation on the surface of a high-strength
supporting "framework" of martensitic areas arising on the place of
former pearlitic colonies. At friction with lubrication the formation of the
increased tribological properties of two-phase laser hardening structures is
also promoted by the appearance of oil-retaining micro-cavities in the
place of worked-out ferrite areas.

The notions of increased wear resistance of carbon-saturated
metastable martensitic and austenitic structures were used in the
development of two new methods of heat treatment of STS parts made of
cemented steel. Resistance of the bearing unit to their abrasion and
contact-fatigue wear is increased due to laser hardening of ball and roller
racetracks of the bearing unit and optimization of low tempering mode
(after volume hardening), which form in cemented steel the structure of
high-tetragonal martensite with some amount of metastable austenite.
Both methods provide for the possibility of cold treatment to reduce the
share of austenite and increase the load-carrying capacity of the cemented
surface.

In order to develop the technology of laser hardening of STS
crankshafts a set of studies aimed at increasing the wear resistance and
resistance to fatigue failure of high-strength cast iron VCh60-2 using the
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treatment with continuous radiation of CO2 laser and subsequent
thermomechanical operations (tempering and surface plastic deformation
by running-in) was carried out.

The possibility of wusing highly sensitive eddy-current and
coercitimetric methods to assess the wear resistance of structural, tool,
bearing, cemented steels and high-strength cast iron subjected to laser or
volume hardening, cold-treatment and tempering has been established.
High efficiency of eddy-current method application for detection and
certification of wear resistance layer formed on the surfaces of steels and
cast irons during hardening is shown.

Conclusions

1. The positive effect on the wear resistance of deformation
dynamic aging of tetragonal martensite and deformation transformation of
metastable residual austenite can be effectively used to increase the
resistance to adhesion and abrasion wear of high-alloys containing a
significant amount of high-strength special carbides in the structure.

2. The influence of carbon content in martensite, presence of
residual austenite and carbide phases on wear resistance and strain
hardening under different types of wear of carbon, low-alloy and
cemented steels is shown.
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OCOBJIMBOCTI POBOTHU JIYBPUKATOPHUX CUCTEM
CYJHOBHUX JOBI'OXOJOBHUX JIBUT'YHIB

The abstract

The publication is devoted the decision of an actual problem increase
efficiency operation of ship diesel engines by perfection processes greas-
ing of cylinders.

The outcomes bench and service tests of existing systems of lubrica-
tion of barrels of ship long-stroke diesel engines are submitted. The main
lacks of process of motion of oil in a system are established, and the char-
acteristics of this process are determined.

Keywords: ship diesel engine, greasing system, greasing channel,
greasing process, cylinder, piston, a piston ring.

st 3a0e3nedeHHs 3MalyBaHHS MIJIIHAPIB YCi CyTHOBI Maioo0opoT-
Hi In3eli 00MagHyIOTECS TyOPUKATOPHUMHU CHCTEMaMH. 3a 9acoM Tojadi
MacJia 0 BIIHOIICHHIO JIO TIOJIOKEHHS MOPIIHS 1[I CUCTEMHU MOAUISIOTHCS
Ha JIBa TUITH — CHHXPOHI30BaHi Ta HECHHXPOHI30BaHi.

Mertoro cuHXpOHi3allii € 3a0e3redeHHs MmoJadi Macia B Iepioj Mmpo-
XOJPKEHHS TOPLIHEBUX Kilelb 4epe3 IMOsIC PO3TalIyBaHHS MaCTHIBLHHX
otBopiB. Taka momada BBaXKA€TbCS OUIBII JOCKOHAIOK, MPOTE JO Te-
NEPILIHBOro Yacy y cBiTOBiH mpakTuui excrutyaTtanii JIBC mmpiue Buko-
PHCTOBYIOTBCSI HE CHHXPOHI30BaHI CHCTEMH, 110 MOSCHIOETHCS TIOPIBHIHO
MPOCTIIIOK TX KOHCTPYKIIIEHO.

Sk moka3yrTh pe3yabTaTH PO3KPUTIB MHUIIHAPIB CYJHOBUX TBUTYHIB
1 aHaJmi3 HarapiB, y HAX MPUCYTHI CIiAM 3yCTpiui MacTuia 3 GIYHOIO TO-
BEPXHEIO TOJIOBKU TOPIIHS 1 HATUPU Ha J3€PKajIi HUIIHIPA, 10 CBiT4aTh
PO HASBHICTH 3a0pyIHEHb SKi 3alOBHIOIOTH 33a30pU MK T'OJOBKOIO
MOPIIHS 1 A3epkaioMm mwiiaapa [1,4].

Crij 3a3HaYUTH 3yCWILIS JIBUTYHOOYIIBHUX (DipM CIIpSIMOBaHI Ha BH-
NaNieHHS JIOPKOK Harapy UUISIXOM BCTAHOBJICHHS y BEpPXHIM YacTHHI
BTYJKH KiIbIg-cKpeOka puc.l, JiaMeTpoM TpPOXH MEHIIMM BiJ
BHYTPILIHBOT'O JiaMeTpa IIiHAPA.
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Puc. 1. Crneuianbhe kinbie y apurynis RTA

CkpeOok Mpu3HAYCHUW JJIs BUAAJICHHS Macia, M0 TMOTPaluB Ha
IUISHKY TOJIOBKM BHILE MEPLIOr0 KOMIPECIHHOro Kinbls. SIK MOKa3yloTh
eKCIUTyaTalliiHi criocTepexeHHs [2,5], AificHO Kiiblie-CKpeOOoK mepemiliae
Maclio, 0 MOTPAIIsi€ HA TOJIOBKY, 1 Harapy, 10 YTBOPIOIOTHCS TaM, HIK-
4e, B paiioH 1-T0 KOMIIPECIHHOTO KiTBIIS.

OpHak 1€ TPU3BOAMWTH O CKYITYEHHS [WX HArapiB BUINE KiIbIA
puc.2 i monajaHHs ix y 3a30p MK HUM 1 BTYJIKOIO, IO CIIPUSIE 301IbIICH-
HIO a0pa3MBHOTO 3HOCY JI3€pKajia i MOPIIHEBUX KiJIellb.

OTxe, MOCTaBIeHA METa BHUSBUJIACS HE JOCATHYTOO, IO MOXE OyTH
3pO3YMIJIO BIJICYTHICTIO JOCII/DKEHb BIUIMBY 3alpOIIOHOBAHOI TeoMeTpil
KaHaJly Ha IPOILEC BUXOAY Maciia B IWIIHIP, 0e3 AKHUX I[i 3MIHU € 3BUYali-
HUM IHTYiTUBHUM PilLICHHSIM.
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Puc.2. XapakTep HarapoyTBOpeHb Ha TOJIIBIII TOPLIHS (a) Ta HATUPAHb HA J3ep-
KaJi BTynku (0) y JOBroXoIOBHUX IBUTYHIB.

JocnimkeHHs: CUCTEMH 3MAalllyBaHHS LTIHAPIB TOBIOXOJOBUX IBH-
TYHIB TIOKa3ajy, 10 Maclio HAAXOJUTh y IHJIIHIP Ha KOXKHOMY OOOpOTI
HEBEJIMKUMH TOPLISMHE, TPUIOMY HOTO BHXIiJ HA A3EPKANO BTYJIKH BiIOY-
BAE€THCS, MUHAIOYM MAaCJIOPO3IION1IbHI KaHABKH, Y BUIVIAII By3bKOi BEpPTH-
KaJbHOI CMYTH.

BurikaHHs Maciia BiOyBaeThCs 3 BIIPMBOM BiJl J3€pKayia LMIIHIpA,
31 mBuakoctamu 0,4- 1,0 m/c, puc.3, i cynpoBomKyeTbcst pOpMyBaHHIM
KOPOTKOI'O CTPYMEHS, SIKMA BUCTYNA€ MO0 IUIOLIMHU 3Pi3y BHXiJAHOTO
oTBOpY Ha 20-25 MM, a MoTiM (0JJHOYACHO 31 BTPATOO MIBUIKOCTI) TOCTY-
MOBO OMYCKAETHCS BHU3, HE BTPAYAIOUH 3B'I3KY 3 A3EPKATIOM.

CrpyMeHe BUTIKaHHA Macjla MPUBOIUTH 10 HAOXOIDKEHHS HOro Ha
HepoOouUi MOBEpXHi TOJOBKHU TMOPIIHS, & OTKE 1 10 Hee(peKTUBHOTO BHKO-
PUCTaHHS MacJia B IMJIIHIPI.

Ha puc.4 HaBemeHO mpuKiIag OCUMIOIpaMHM HpOLECY Macionojadi
Yyepe3 OAMH 3 MaciIomiABOIHMX KaHaiiB. OcumiorpadyBaHHS OKa3alo,
110 MTOYATOK HAJXOKEHHs MAaCTHIIa B IMUTIHAP npumaaae Ha 340° m.x.B.

Ha nepmomMy 000poTi LuKITy Maciomnoiaqi TPUBATIICTh HaIXOIKESHHS
MacTWJIa B IHWIIHAP CTaHOBUTH 280°m.K.B. 3MEHIIICHHS BEIHMYUHHU XOMY
IUTyHKepa (LIUKJIOBOI MOAavi MacTHiIa) MPU3BOIUTE JI0 3MIILIEHHS MoYar-
Ky Mojadi MacTWja B HWIIHAP Ta 3MEHIICHHS TPUBAIOCTI moxaui. Tak,
OpU X0l TUIyHXepa JyOpHKaropa piBHOMY 3 MM Macjo HaAXOIHUTh Y
nutiaap (Ha 1-My 000poTi 1uKIy) npotsaroM 260° 1.K.B., IPU [BOMY I10-
4yaToK nojadi 3mimyerscs 10 300° m.k.B. 33 BMT.
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Puc.3. HIBuaxocTi pyXy MacTHiIa Ha BUXOJI 10 LUJIIHAPY.
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Puc.4. Ocrunmorpama mMacionoadi JIyOpHKaTopoM.

Ha npyromy o0opoTi MKy MOYaTOK HAaJXOIKEHHS MacTHiIa 3 KaHa-
7B mpunaaae Ha 345°M.K.B., IPH IbOMY TPUBANICTh Mepuioi (asu mMacio-
MoJiadi CTaHOBUTH 45°TL.K.B., a Jipyra (a3za MOYNHAETHCS 3 TIO3HAYKH 75°TI.
K.B. 1 3aKkiHuyeTbes Ha 130° m.x.B. miciss BMT.
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OTtxe, 3aranbHa TPUBAIICTH MACIONOAYi HA JPYTOMy 000POTI HUKITY
MEHIIIe, HiXK Ha nepmomMy i ctanoBuTh 100°m.k.B. Ha ApyroMy (OCTaHHB-
OMY) 000POTI IUKITY MaCJIOIOoAadi.

[IpuBix CHHXPOHI30BaHOI CUCTEMH 3a0e3Medye poOOUHiA XiJ| TUTYHKE-
pa nmyOpukaTopa 4epe3 OAUH 000pOT IBUTYHA, HAJXOKEHHS K MacTWIa B
UWIIHAP BiIOYBA€THCS HA KOKHOMY XOJi HMOPIIHs. PerynspHe BHTiKaHHS
Maclia 0OyMOBJIGHO NMPUTOTYBaHHSIM B KaHajl ra3oMacTUIBHOI CyMmilii,
sKa B MPOMDKKAX MK IMITyJbCaMH THCKY Ta3iB PO3MHUPIOETHCS 1, THM
caMMM 3a0e3leuye HaIXOMKCHHS Macjia Ha A3€pKalo HEBEJIHKHUMHM IIOpP-
LISIMH.

O06pobka ocumiorpaM T03BOJMIIA BCTAHOBUTH, IO B yCHOMY Jiara-
30HI 3MiHM OCHOBHHUX ITOKa3HUKIB pOOOTH cHCTEMH B poOOYHMX yMOBax
iCHy€ HACTYyIHE KiJbKiCHE CIiBBiJHOIICHHS BUTPATH Macliia o obopoTax
LUKy MacJIoIoJiavi: Ha MepuioMy o0OpoTi BUTpadaeThes 55-65% macia
BiJI IIMKJIOBOI IMOAayYi, a Ha IpyroMy — BiAmoBigHO 45-35%.

TakuM YMHOM, BCTaHOBJICHO, IO y JOCTIPKYBaHUX JIBUTYHIB iCHYE
HEPIBHOMIPHICTh HAJXOKEHHS Macia 3a 000pOTaMu, Sika B OCHOBHOMY
eKc-IuTyaTauiiinomMy pexxumi pocsrae 30%.

CyMilleHHSI OCIMIIOrPaMHt 3 PyXOM HOPIIHS, TO3BOJISIE BU3HAYUTH Ha
SKi TIOBEpXHi, 1 B SIKi Mepioan BinOyBaeThcs JiCHE BUTIKAHHS Macia.
BceraHoBiieHO, 1m0 MOYATOK BWTIKaHHA Macia B OWIHIP BiAOyBaeTbcs,
KON 4-¢ IMOpIIHEBE KiIbLE MEPETHHAE MOSC PO3TAlIyBaHHS MAacSTHUX
oTBOpiB npu pyci nopuras 70 BMT. [lounHaiouu 3 1bOro MOMEHTY i Ipo-
TroM HacTynHuX 400I1.K.B., TIOKH MOPIIEHb MPOJIOBKYE PyX Bropy, Mac-
J10, 10 HAJXOAWUTH B NWJIIHIP, CTIKA€ BHU3 IIiJl OTBIp, HE 3yCTPIYaOUUCh 3
MOPIIHEBUMH KiTbLISIMHU.

ITomanpmmii pyx NopiiHs y 3B0poTHOMY HarnpsaMKy 10 HMT npusse-
JIe IO 3yCTpivi KiJIeI[b 3 MacyioM, IO CTiKae€ BHU3, i TIEPEMIIlIeHHS HOro B
HWKHIO 9acTUHY BTyJKH. Ha apyromy o0opoTi nmukity Maciornoaadi, Kijb-
KicTh Maciia, MOJAHOTO Yy BEPXHIO YACTHHY BTYJIKH, 3MEHIIUTHCS B
MOPIBHSHHI 3 MEPIINM 00epTOM Yepe3 CKOPOUYCHHS Tepioy Maciomno iadi,
a TaKOX MaJiHHS THCKY B HarHiTaJIbHOMY TpyOOmpoBOJi, 00YMOBJIEHOTO
YaCTKOBMM HOT'O PO3BAHTAXKECHHSM BiJI Maclia, 0 HAJIXOAHUTh Y IHIIH/D
Ha 1-My o0opoTi. TpuBaicTh Mojayi MacTUIa B HUXKHIO YaCTUHY BTYJIKH
3aJIMIIAETHCS TAKOIO CaMoIo, K Ha 1-My 000pOTi UKITY.

Ha ocHoBHOMY eKcmilyaTauiiHOMy PEXHMi Yy BEPXHIO YaCTHHY BTYJI-
ku noctymnae 40% mactuna, a B HIKHIO - 50%. Ilpy 1boMy HIKHA YacTH-
Ha BTYJKH cTaHoBHTH 70% Bciel poOo4oi moBepxHi A3epKajia HHIIHIPA, a
BepxHs BiAnoBigHO - 30%. Buxonsun 3 yMOBH PiBHOMIPHOTO PO3MOJIiITY
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Macjia 0 BCii poOodUili MOBEpPXHI ITWIIHIpA, HIKHSI YaCTHHA BTYJIKH
Hegootpumye 20% macna, a BepXHs - Ma€ HaUIAIIOK HOTO, B KUTBKOCTI
10%, mo BU3HAaYa€ BUHECEHHS HOTO 3 MPOAYBHUM MOBITPSIM.

TakuM 4YHHOM, JAOCHIJ)KyBaHa CHCTEMa Ma€ HEPiBHOMIPHICTh
pO3MOiTy Macia MiX BEPXHBOIO 1 HIDKHBOIO YaCTHHAMHU IHJIIHAPOBOI
BTYJIKH.

BukoHaHi HOCTiIKEHHSI CUCTEMH 3MallyBaHHA 31 IITATHUM JIyOpHKa-
TOPOM J03BOJIMJIN BUSIBUTH OCHOBHI HEOJIIKH CUCTEMH, SIKi ITOJIATat0Th:

® y pyci MacTHJIa 10 JA3epKalli [IUIiHAPa MUHAIOYH KaHABKH;

" HEepiBHOMIPHOMY HAJIXOJDKCHHI HOTO 3a 000pOTaMH IMKIIY MaciIoIo-
Jiaui;

" HEBIANOBIAHICTE MIX KITBKICTIO Macja PO3MOALICHUM IO A3epKany i
IJIONIC0 POOOYOi TTOBEPXHI BTYJIKH, PO3TAIIOBAHOI BUINE 1 HHXKYE OT-
BODIB.

HocmimkenHs mpouecy Macionoziadi cucremoro "Anbga" depes
3MillleHI Bropy KaHaju 3IIHCHIOBAIMCS B CKCIUIyaTalliiHUX YMOBax Ha
noBroxonoBux AsuryHax ¢ipmu MAN — B&W Ha pisHHX pekuMax ix
pobotn. EkcriepuMeHTH CyNpOBOKYBAINCS PEECTPAIIEI0 BCIX HEOO-
X1IHUX TIapaMeTpiB poOOTH CHCTEMH.

Ha pwuc.5 HaBeneHO mpUKIaa OCIMIIOTPAMH i3 3aITUCOM IiHCHHX MO-
MEHTIB BUTIKaHHS Macia. AHali3 MOKa3ye, MO B eKCIUTyaTaliiHuX yMO-
Bax CTpyHHHI BuXin Macna (JtiHiss MB) Moxe BinOyBarucs B 1,2 i Ginblie
MPUHAOMIB SIK TICIS TEPHIOrO IMITyJIbCy, TOOTO Ha BHUCXIJIHOMY XOJi
MTOPIITHS, TaK 1 Mics APyroro, ToOTO Ha XOJi, IIO BiJIMOBia€ PO3MIUPEH-
HIO Ta3iB y IUIIHIPI.

OpHak, CTpyHHHUN BHXiJ] Maciia BiJI0yBa€ThCS TIJIBKU MPH MaJIiHHI TH-
CKY IMITyJIBCIB, 8 OTIKE, MiCTs TIEPIIOTO - MAJIOTO IMITYJIbCY MACIIO YacTKO-
BO TOJA€THCS B pailOH OCTaHHIX KijJielb i Ha TPOHK, a MICHS APYroro -
BUIIIE KiJIelb, IEPEBAYKHO HA OIYHY IMOBEPXHIO 1 JTHUIIE TOJOBKH MOPIIHS,
110 1 MiATBEPIKEHO EKCILUTyaTallifHUMH CIIOCTEPEKEHHIMU.

BaxxnuBo Bim3HAYUTH, IO CTPYHHUIA BUXiJ Maclia BilOyBa€eThCs 1 pH
HEPYXOMOMY ILIyHXepi JiyOpukaTopa (JiiHis X11), a e 03Hayae, 110 BHTi-
KaHHS MacJia B WIHIP HE € Pe3yIbTaTOM HOTO XOIy.

3 ocumiorpamMy BUIUTMBAE, IO Y TOCTiIKYBaHOI CHCTEMH MOMEHT BH-
TOKY Macjia 3 MaCTHJIBHOTO OTBOPY BU3HAYAETHCS HE XOJIOM IUIYHXKEpa, a
piBHEM MIPOTUTHUCKY ra3y 3 00Ky mumingpa [3,4].

OTxe, MpH iCHYIOUMX KOHCTPYKLIAX HAarHiTAIBHOTO TPAKTy CHUCTEM
3MallyBaHHs, BUTIKaHHS Macila B LWIiHIp BigOyBaeTbci TUIBKU TPH
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MajiHHl IMIYJIbCIB MPOTHUTUCKY TasiB, IO IiIOTh B 00JIACTH MACTHJIbHUX
OTBOPIB.

- |7|4-.|m TR TR I L e T R R T N R I LRI TUETE, o Ok & e N T TR T N T R TTR (RT3

I, MM

Puc.5 OcﬁnnorpaMa Macionozaadi cucremoro "Asbda'.

3icTaBNsAOYM OCHMJIOTPAaMH TPOIECIB MOJadi Macia, OTpUMaHi Ha
CTeHIi, 3 OCIHJIOrpaMaMH Jii rasiB OTpUMaHUMH Oe3lmocepeHhO Ha
JBUTYHAX, 3 JIOCTaTHIM CTYNEHEM TOYHOCTi MOJKHA OLIHWUTH CIPaBXHIiH
MOMEHT BHXOJy MacTwWia B IWIiHAp. B pe3ynbTari Takoro 3icTaBieHHS
BCTaHOBJICHO, 1[0 y JHU3€JiB 3 BEPXHIM pO3TALIyBaHHAM MAacCTHJIBHUX OT-
BOPIB BUTIKaHHS Ha BUCXiTHOMY XOJi mopmrHs (nepmia (haza) moYnHAETh-
cs B miamaszoni 330...350° m.x.B., a Ha HU3XiAHOMY (pyra dasa) - B miamna-
30Hi 50...70° m.K.B.

VY mepuiii ¢a3i yacTMHA MacTHJIa HAaIXOIUTh y paloH Kilenb 1 Ha
TPOHK, TOMY € TIJICTABH CTBEP/KYBaTH, IO Mojavya B Il (azi B OCHOB-
HOMY 3a0e31euye 3MallyBaHHS [HITiHApa.

VY npyri#t ¢aszi BUTiKaHHS BiAOYBa€ThCS, KOJIM MOPILEHb IOYNHAE HTH
il OTBOPH 200 BUSBISIETHCS 3HAYHO HIDKYMM 32 HUX. Y [IbOMY Ta YacTH-
Ha Maclia, O y aHaJi30BaHUK MMepioj] HaXOIUTh 3 BIIPUBOM BiJ| J3epKa-
J1a, IOTIa/1a€ Ha TOJIOBKY MOPLIHA Ta ii AHUILE, 1 CTAHOBUTH NPSAMi BTPATH.

Crin 3a3HaunTH, 10 y JOCHIKYBaHUX AM3ENIB apyra ¢asza momaui
CYNIPOBOJIKY€EThCSI OUTBII €HEPrifHUM CTPYHHHH BUXOJIOM MAacia, SIKUi
BiOyBa€ThCSl MpPU HEPYXOMOMY ILIYHXKEpl JyOpHKaTtopa i 3aKpHUTOMY
Kjanadi mrynepa. [IppuoMy MmBUAKICTH BUTIKaHHS Maciia B IUJIIHIP MO-
ke JIOCSTaTH JIEKIIBKOX METpIB 3a CeKyHAy, puc.6. Lle € noka3zom BincyT-
HOCTI MPSIMOTO 3B'SI3KY 1 Oe3mocepeHbOi ydacTi KOHCTPYKIi JyOpHKa-
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TOPHOI CHCTEMH, PO3TAIIOBaHOI MO0 INTyIepa y (OpMyBaHHI IpoIecy
BHTIKaHHS Maclia B IWIIHAP, TOOTO IeH Ipollec He BU3HAYAETHCS IMapa-
METpaMHU B MaCIJIOPOBO/II Mepe/T KIIaraHoM.
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Puc.6. XapakTepucTHKH pyXy MacTHja Ha BUXOJI B LIMJIIHID
pu mojadi cucreMoro "Anbga"

ExcrniepiMeHTaIbHO BCTAHOBIIEHO, IO Hi JOBXKHMHA MaciONPOBOAY, Hi
THCK Tiepe]] Oe3MOBOPOTHUM KIIAIIAHOM, HE 3MIHIOIOTH KiJIBKICTh Macia,
10 HAJAXOUTh Y LWJIIHAP 3 BIAPUBOM BiJI 3pi3y BUXIJHOTO OTBODY.

BizyanpHi ciocTepeskeHHs 1 KiHOKaapu (pHc.7), oTpuMaHi Oe3roce-
PEAHBO Ha NBUTYHI, MiATBEP/KYIOTH NaHI JIAOOPATOPHUX JOCIHIHKEHb 1
HAOYHO [MOKAa3YIOTh, IO ITiJ] Ti€0 IMITYJILCY TUCKY ra3iB, 110 i€ 3 poOoUo-
ro IWIIHIPA Ha BUIbHIA MOBEPXHI Maclia, [0 3HAXOIUThCS y KaHalll, BH-
HUKA€ XBUJIBLOBUH PyXMacCTHJIA.

IMpu pizkoMy MagiHHI THUCKY Y 3pi3y MAacisHOTO KaHaly Mija i€l
EHepril pO3LIMPEHHS 3aMKHYTHX OOCSTIB razy pyx (popMyeThCs 3 KaHAIly
10 LWIIHAPA 1 CYNPOBOIKYETHCS CTPYHMHUM BHXOJIOM YacTHHHM Macia 3i
3HAYHOIO IMIBHJKICTIO 3a MEXi 3pi3y KaHaimy. YacTHWHa, IO 3aIdIIniacs,
CTIKa€ IO CTiHII BTYJIKU. AHalli3 pe3ynbTaTiB KIHO3HOMKH IOKa3ye, IO
MOMEHT MOYaTKy CTPYHHOTO BHXOJy NpHUIIaJae Ha MepioA pyxXy HepIIoro
KUTBIIS i TOSIC OTBOPIB IMiJ] Yac pyXy HOro Ha pO3IIMPEHHI B LIMIIiHIPI.

[epepaxyHok 4acy (hikcOBaHOTO MPOIECY O BiIHOIIEHHIO JIO MOJIO-
YKCHHSI TTOPIIHS B IUIIIHAPI TIOKa3ye, MO0 MepioJl 3MiHU TIOYaTKy CTPYHHO-
ro BUXOAY Ha pO3IIMPEHHI KoJIuBaeThesa B Mexax Big 90 no 1000 moBopo-
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Ty KOJIIHYacTOTO BaJly ABMI'YHA. [ 0JIOBKa MOpIIHA B IIeH mepioa 3Haxo-
muthest Ha 400-800 MM HIDKYE MAaCTHIILHAX OTBOPIB.

3icTaBieHHs MX PE3yJbTATIB 3 OTPUMAHUMU Pi3HUMHU METOIAMHU, I0-
Kazye, 10 Jiana3oH CTPYWHOTO BUXOAY YKIAAA€ThCS B OHI 1 Ti K rpagy-
CH KyTa IMOBOPOTY KOJIHYACTOTO Bajy. 3BiJICH BHILIMBAE, IO MOPIIiT Mac-
7a, 0 HaJiiIIa 3 BiAPMBOM Bijl A3epKaia BTYJKH B MEPioA, U0 PO3IIIs-
Ja€ThCsl, MoTagae B 00'eM pob0UOro HUIiHApPA 3 BUCOKOIO TEMIIEPATYPOIO
razy (400-500°C) i BUKOpPHCTOBYETHCS HENPOIYKTHBHO, 30LITBIIYIOUN
HarapoyTBopeHHs Ha netamsx LI i B BumyckHoMy TpakTi. KinbkicHO 1151
nopitist craHoBUTH 30-40% Bij yci€el IIUKIOBOT moIayi.

IIpm pyci mopmiHA Ha CTHUCK Yy TEpioA pyXy KOMIIPECiHHUX Kileub
Bropy IOJI0 MAacIOIOABOAIINX OTBOPIB THUCK rasy, mo Ji€ B o0iacTb
KaHaly, TaKoX nanae i popMmyeTbes Apyra nojaya macia B HHJIIHID, sKa
MPUIAIa€ YaCTKOBO B PaiiOH HWKHIX MOPIIHEBUX Kilelb i B OCHOBHOMY
Ha TpoH nopuHs. Ha nto nomady npunanae He 6inbme 15-20% muxiioBoi
Mop1ii.

TakuM yMHOM, TOZaYa Macjia Ha JIiHIl PO3MIUPEHHS 3 BiJPUBOM HOTO
BiJl 3pi3y KaHATy MpW 3HAXOIKEHHI MOPIIHSA 3HAYHO HIDKYE IMOosca Mac-
JOTIOAAOIINX  OTBOPIB  BKa3ye HAa HEJOCKOHANICTh KOHCTPYKIIi
HATHITATBHOTO TPaKTy CHUCTEMH 1 CaMoro mpolecy Moaadi macia B
OWTHIP, MO MICTUTh B CO0i OCHOBHHM pE3epB ITiJBUINCHHS €KOHOMIiY-
HOCTi JBUT'YHA 32 BUTPATOIO LMIIHAPOBOTO MacTwia. HaknanaHHs KpruBoi
PYXy HOPIIHS Ha OCHMJIOTPaMy MPOIECy Maciomno/iadi mokasye, o nova-
TOK BHUTIKaHHsA Macia (0ym3bko 10% Bij MKIIOBOI MOAaui) Ha J3€pPKajo
(minis MB) BinOyBaeThcst B miarazoHi 230-2600 1.K.B., 10 00yMOBIICHUN
HU3bKUM TUCKOM T'a3iB IPOTHUIIIOUNX PyXy Macia.

B noganemomy, 3 335 o 3550 1m.K.B., MPOTATOM SIKUX KiJIbIISl 3HAXO-
ISTHCS BHIIE MACISIHUX OTBOPIB, B LMJIIHAP HAIXOAWUTH ONMU3bKO 35%
Macia Bijg Bciel mogadi. Y mpomixkkax mMixk 355 i 150m.k.B., mogaga macina
B LWIIHJP MEPEPUBAETHCS BEJIUKAM IMIYJIbCOM MPOTHTUCKY Ta3iB, SIKUH
nocarae 3 Mlla. YactuHa macina, 1o 3aJHIIMIOCs, HAAXOAUTh Ha APYTro-
My 00OpOTi, B Ti X MPOMIXKH, IO i Ha NEpHIOMY, 3 KUIbKICHUM
criBBigHOIIEHHM 15 1 25%.

Le BM3HaUYa€e CKUAAHHS BEIMKOI KITBKOCTI MACTHIIA y TIPOAYBHI BiKHa,
MiAMOPIIHEBUI MPOCTIp, a TaKOX BHHECEHHS HOro 3 MpOIyBHHUM IIO-
BiTpsiM. Hanani nacraiots mepepBu (Ha 2-4 000poTax) y HaIXOIDKEHHI
MacTHJIa Ha JI3epKallo, yepe3 CITyCTOILICHHS KaHAIy B pe3yJbTaTi BUKHIY.
Crin 3a3Ha4uMTH, IO PyX IUIYHXKEpa 1 BIAKPUTTS KiamaHa 3a0e3MedyroTh
JIMILIE MOYaTOK BUTIKAHHA Macia B LMJIIHIApP, MPOTE OCHOBHA HOTO Kilb-
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KICTh HaIXOIUTh Ha J3EPKANO 1 TPH HEPYXOMOMY IUIYHXKEpPi, a TaKOXK
3aKpUTOMY KJIaIaHi.
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Puc.7. KiHokanpu nporecy macionojadi cuctemoro "Asbda"

B pesynbraTi ekcriepuMeHTalIbHUX TOCTiIKEHb BCTAHOBJICHO:

1. HagxomkeHHs Macia B WWIIHIAP 3 KaHATy 3a KJIANaHOM ILITylepa
3IACHIOETHCS B PE3yJIbTaTi B3a€MOJIII ra3iB 3 MacjiioM B I[bOMY KaHai 1
CYIIPOBO/IKYETHCSI CTPYHHHM BHXOJIOM YaCTHHH Maclia Ha HepoOodi mo-
BepxHi neraneii LT, mo npu3BoAuTE 10 MpsIMUX HOTO BTPAT;
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2. ButikanHg Macia 3 KaHaJIy Ha J3epKajio BiIOYBAETHCSI B OCHOBHO-
My TIOB3 KaHaBOK, IO HE CIPHUSE PIBHOMIPHOMY HOTO PO3MOAUTY II0
UWIIHAPY 1 3yMOBJIOE CKHIAaHHS Maciia y BiKHa, IMiINOPIIHEBUN IPOCTIp 1
BUHECEHHS 3 IPOAYBHHUM TOBITPSIM;

3. CrpyitHuil BuXim macina, o BiAOyBaeTbCs HA JiHII PO3MIUPEHHS,
3IIACHIOETBCST B 00Cs131 poOOUOro LMMiHApPA NPU MOJOXKEHHI MOPIIHS
HWKYE KaHATIB i CTAHOBUTH OCHOBHY YacTHHY Maciia, sike HepamioHaJbHO
BHKOPHCTOBYETHCS B IMUTIH/PI, 30UIBIINYE BiIKJIAJACHHS HAarapy, MOTipIrye
CTaH OWJIIHApPA 1 3HIKYE TEXHIKO-€KOHOMIYHI ITOKa3HUKHA POOOTH JBHTY-
Ha;

4. ITomaga MacTHIIa PY CTUCKAHHI B IMTIHPI IIPHUIIaa€ YJaCTKOBO HA
HWKHI KUTBII 1 B OCHOBHOMY - Ha TPOHK TopinHA. [Ipy mpomMy mae miciie
HEpIBHOMIpHa TMoJlaya MacTWia Mo o000poTax Ta HeNpONOPLiHHUHA
PO3MOAIN HOTO MK BEPXHBOIO Ta HIKHBOIO YaCTHHAMH JI3€pPKala.
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T'onixos B.A., Hikonbcekuii B.B., JleBincekuii M.B., Hikonbcekuii M.B.,
Cnoboasuiok M.B.
Harmionansuuit YHiBepcuteT «Oecbka MOpChKa akaaeMis»

MOJEPHIBAIIA CHCTEMH BIJJTAJIEHOI'O YIIPABJIIHHSI
TA KOHTPOJIIO ABAPIMHOI'O JU3EJIb-I'EHEPATOPA
HABYAJIBHOI'O MAIIIMHO-KOTEJIBHOI'O BIJAIJIEHHS

B naBuanpHOMYy MammHO-KoTedpHOMY BiaminenHi (HMKB) nario-
HaJILHOTO yHiBepcuTeTy «OliechbKa MOpPChKa aKaaeMis» BUKOPHUCTOBYETh-
cs apapiiami am3enb-reHeparop (AJI) Bim xommanii Kohler momens
S0EOZD mnoryxsictio 50 kBT, 10 ckmagy skoro BXOAWTh au3enb John
Deere 4045TFM75 3 wactororo obepranus 1500 06/xB (puc. 1) y Mmopch-
KOMY BUKOHaHHI. OHaK /i1 BUKOPUCTAHHS B Psii TUCIMILIIH Kadenpu
TEeXHIYHOI ekcinryaTamii (ioTy, 30kpema «TexHiuHe OOCITyroBYBaHHA,
JiarHOCTHKA Ta PEMOHT CYyJJHOBUX TEXHIYHUX 3aCO0iB» BiH HE PUAATHHI,
OCKIJIbKM HE Ma€ MOKJIMBOCTI BUBOJIY SIK OCHOBHHX ITapaMeTpiB, TaK 1 JUIs
BiJIJAJIEHOTO YIPAaBIiHHI, IO A€ 3MOTY ONEPAaTUBHOMY IepCOHANY (Ma-
IIMHHIA KOMaH[i) MPHCKOPEHOTO OINEpyBaHHS MapaMeTpaMyd pOOOTH.
Crig 3a3Ha4uTH, IO B JCIKUX BHUIAJKaX Ha CyJHAX HE MAa€ MOXKJIHBOCTI
interpamii AJIl" B cymaoBy SCADA — cructemMy, OCKIIBKH BOHH € aBTOHO-
MHHMH NIPUCTPOSMH. Bce 11e He 3HiMae BUMOTH MOSKJIMBOCTI BiJTaJICHOTO
YIpaBITiHHS HAMU.

Pncyﬁ(;K 1-AIl: 1 — qusens; 2 — reHepTop, 3- nnyLT ynpaBni;IH;{, 4 —nyneT
YIipaBJI1HHS HABAHTaXXCHHAM I'€HEpaTopa
Jo ckiamy TenepiniHboi cucremu yhpaBiaiHHasg ALl +BXoasTh
MyJbT YIPaBIiHHS (pHC. 2, &), Ta MyJIbT JUCTAHIIHHOTO YIIPaBIiHHS (PHC.
2, 0), sKHI T €THYETHCS 3a JOMOMOTOIO JIPOTIB.
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Pucynox 2 — A/Il': a — 61ok ynpaBimiHHS; O — MyIbT JUCTAHIIIHHOTO YIIPaBITiHHS

[Ipu BuKOHaHHI KadeapalbHOI HAYKOBO-JIOCTIIHOI TEMU 3 METOIO
3a0e3neyeHHs BijmaneHoro ynpaeminas AJ[[" Ta KOHTpoOIIO Horo mapame-
TpiB Ha Cy4acCHOMY TEXHOJOTIYHOMY PiBHi OyJIO MMOCTaBJIEHO 3aBIAAHHS —
3abe3neunty nepegady iHpopmanii nmpo ctanAAI' 3 HMKB 1o yu6oBoro
KJIacy, SIKHH 3HAXOIUThCS Ha iHIIOMY moBepci. Ciij 3a3HA4YMTH, IO
mia’€HAHHA 10 CUCTEMH YNPABIiHHA SIK IU3€JIEM, TaK 1 TeHepaTopoM He
MOKJIMBE, 110 TIPUBEIIO 0 YCKIIaJHEHHS 3aBJaHHs.



2022 — Ne 44 CyOHosi enepeemuyni ycCmaHo8Ku 66

Hamwu po3pobiieHa CTpyKTypHa cXeMa CUCTEMH BiJJAJICHOTO YIIPaB-
nminHA Ta KoHTpomo mapamerpie AJII’ HMKB (puc. 3), mo ckmagy sikoi
BxoauTs A/, po3rammoBanuii Ha epIoMy TOBepci OyAiBIIi HABYATIHLHOTO
kopiycy B npuminierHi HMKB, ta koM’ otepHuii kiac, sIKHid po3Tamio-
BaHWH Ha apyromy mosepci. [Ipu po3polii cxemu rocrnogapchbKuMu Bif-
ninamu yHiBepcuTeTa Oyl BUCYHYTI BUMOTH: He 3[IiHCHIOBATH CBEPIIH-
JTBHUX PpOOIT B KOHCTPYKWii yuboBoro kopmycy. ToMmy uist 3miCHEHHS
3B’SI3Ky MK MpuMileHHAME OyB 00paHuii 38’5130k 3a goromorow WiFi.
JI1st KOHTPOJIST 9acTOTH 0OEPTIB JU3ETS TOJATKOBO HA ITKHWB KOJIHYIACTO-
ro Baimy OyB BcTaHOBIEHUH aaTdumk oOeprtiB. Ilin’eqHaHHS mporpamHO-
JIOTIYHOTO KOHTpoJepa a0 cucremMu ymnpaeiinHI AJ[[T Oyino BUKOHaHO
OPOTaMH Yepes3 MyJbT AUCTAHLIIHHOTO YIPaBIiHHA 3 JOTPUMAHHIM BUMOT
€JIEKTPOMArHiTHOI CyMiCHOCTI.

] Le] L D]
[ [ T [
RS485
—

SWIiTCH

PLC % I mogepx ayn. HMKB

ALY v Jn3enpHuit
Temepatop ABHTYH

1\ Ilanens
KepYBaHHI
HaBaHTAKEHHAM

Pucynok 3 — CTpykTypHa cXeMa CUCTEMH BiJJIaJICHHOTO YIPBIIIHHS Ta KOHTPOIIIO

napametpiB AJII' HMKB: M — monitop; I1K — nepconansuuii komn’1otep; PLC —

MpoTpaMHO-JOTiyHIH KoHTposep; AITY — auctanmiitauii mynasT ynpasminas; [TY
— myneT ynpasiiaas; HMI — qrognHo-MamuHERH iHTEpdEiic

[Ipu BuOOpi oOnazHaHHA A MOJEpHI3alil CUCTEMH BiJaleHOTO
ynpasiiHHs Ta KOHTpouto nmapamerpiB A/II" mepeBara Oyna HajaHa oOna-
naennio kommanii Phoenix_Contact (HimeuunHa), 3 SIKOIO yHIBEpCHTET



2022 — Ne 44 CyOHosi enepeemuyni ycCmaHo8Ku 67

CHiBIIpaoe muIsxoM ydacri B mporpammi EAuNet 3 2010 poky. B pamkax
1i€ei mporpamu Oynu OONafHEHI JBa HABYAIBHHUX KJIACH, a OLTBIIICTh BH-
KJIa/1aviB crienianizoBanoi kadeIpu MpoHilia CTaKyBaHHS B BUIIE HA3Ba-
Hil KOMTaHii.

Ha mepmomy etami octanHBOi ZOPOOKH [1st 00poOKHM iH(OpMaii 3
JaT4yriKa 4acToTh 00epTiB OyIo 3a1issHO oOnagHeHHs BUMycKy 201X pokis,
a came 6ok Frequency transducer — MCR-F-UI-DC, 3a gomomMoroo sxo-
ro BimOyBayocs BUMIPIOBaHHS YacTOTH OOEpTIB MU3ENs, Ta MPOrpaMoBa-
uuii soriuauii koutposep ILC 150 cepii 3 BOymoBanum Web-cepBepom
Ui BimoOpakeHHsI cTaHy TexHoijoriuHoro mpouecy Ta GSM kanamom
3B s3Ky. OnHAK, Mpu crpoOi i’ eqHATHCSA 10 KOHTPOJEepa 3a JOIOMOTOI0
cmaprdoHy abo aiipoHy Ha BIAMIHHY BiJ IMEPCOHAIBHUX KOMIT IOTEPiB
BimoOpaxkeHHs iH(opmarii He BigOynocs. Tomy Oyino npuadane oOnaj-
HaHHS HACTYIHOTO MOKOJiHHS 3 KoHTposiepom PLCnext Control AXC F
2152 (puc.4), Web-cepBep sKOro Tpamioe IIia YIOpPaBIiHHIM MOBH
HTML 5, 1o nano 3Mory BiATBOPEHHS NOKa3HUKIB HA MOOUIBHUX TPUCT-
POSIX BiJl pi3HUX BUPOOHUKIB.

q
3
§
=
4 H
N3
4
o
z
=1

Pucynoxk 4 — OGnagHaHHS Bil Phoenix_Coﬁtact Ha 0a3i
PLCnext Control AXC F 2152

Ha puc. 5 HaBeneno 1opo6GOK MOJIEpHI30BaHOI CUCTEMH YIIPaBIiHHS
Ta KOHTPOJIIO TMapaMeTpiB Ha 0a3l MpPOrpaMOBAaHOTO KOHTPOJIEPY
ILC 150 GSM/GPRS Ta ceHcopHOIO MaHEIII0 BiJJOOpa)KeHHs 3 BOy10Ba-
HOM omepariiiHoro cuctemoro Windows CE.
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Pucynok 5 — JIopoOok cuctemu ynpaBiiHH

B Tabauii | HaBemeHO HOMEHKIIATYPY OOJNAMHEHHS Y CKIaji KOHTPOJIEPY

PLCnext Control AXC F 2152.

Tabmuus 1 — HomeHknatypa oGagHaHHS, sSIKE YBIIUIO IO CKJIaXy MOJIEpHi30Ba-
HOI CHCTEMH YIIPaBIiHHS Ta KOHTPOIIO IapaMeTpiB

Ne .
e ApPTHKYIT HaiimMenyBanms
1 (2404267 |AXC F 2152: Konrponep PLC Next
2 [1088136 |AXL F BP SE6 bazosuii moayns Axioline Smart Elements
3 11088062 AXL SE Al4 | 4-20 Moayns anamoroBoro Bxomy Axioline Smart
Elements
4 11088104 AXL SE Al4U0-10 Moayns ananoroBoro Bxoay Axioline Smart
Elements
5 1088126 AXL SE A04 U 0-10 Moxyne ananmoroBoro Buxoay Axioling
Smart Elements
6 loss131 AXL SE CNT1 ®yukumionamshuit Momaynas Axioline Smart
Elements
7 088127 AXL SE DII6/1 Moayns nmuckpernoro Beomy AXxioline Smart
Elements
8 11088129 AXL SE DO 16/1 Moayns muckpernoro BuBoay Axioline Smart
Elements
9 2902992 |UNO-PS/1AC/24DC/60W: Txkepeio xusnenns UNO
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Jlns mporpaMyBaHHsI OyJIO BUKOPHCTaHE MporpaMHe 3a0e30eueHHS
Programming software - PLCNEXT ENGINEER [1] aptukya Ne1046008

(puc. 6).
(o0t ]

About
Product and contact information

PLCnext Engineer 2021.9 (Build 4.12.200.0)
u Safety Engineering Platform Version 2021.9.10988.0

B copyrignt 2021

PHOENIX CONTACT GmbH & Co. KG
Flachsmarkistrale §

32825 Blomberg, Germany
Phone: +49 (0) 52 35/3-00
Fax:  +49(0) 52 35/3-4 12 00

E-Mail info@phoenixcontact com
. Web. v phoenixcontact com

Product information and downloads:
www phoenixcontact netiproduct/ 1046008

Phoenix Contact Security Vuinerabiity Management (PSIRT):
W phoenizcontact comipsirt

. This application is based on third-party modules with specific copyright
and license information. Click for details.

oK

a)
CodeMeter WebAdmin C

SYSTEMS

Dashboard Container ~ License Monitoring ~  Diagnosis v  Configuration ~  Info

W Al Container PlLCnext Engineer Basic License (130-671071012) @ © = english(us) -
C [icnext Engineer Basic 130-671071012 CmActLicense/UFC 3.00 @
= Licenses A CmContainer Info User Data
Name PLCnext Engineer Basic License
Serial Number 130-671071012
CmContainer TYPQ CmActLicense/UFC 3.00
Status @ Enabled
System Time (PC) 2022-10-23 09:45:53
System Time (CmContainer) 2022-10-23 09:45:53
Certified Time (CmContainer) 2017-01-21 14:50:57 G

Current Server: localhost (127.0.0.1) i WebAdmin Version: 7.30
FEms B DHEC &

Pucynok 6 —- PLCNEXT ENGINEER: a — xourponsna inpopmaris crocoBHO
MIPOTPaMHOTO 3a0e3MnedeHHs; 0 — iHopmaIrist po JiIeH3ito

Ha puc. 7 npuseneno ¢parMeHT BikoHHOI Qopmu iHTepdeiicy Ka-
HaJly YIpaBliHHSA 3 peajizaiiero pexumy Start-Stop ta BimoOpaskeHHs
o0epriB kojiHuacToro Bainy AJII.
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Bl PLCoxt Engineer - CaisersiPubliciDocuments\PLCrext EngineorProjectsiPROJECT! - 73.01.2022.pewer

w-Dx
axcF 2152 | HMI Page o

3 & PLCnext Companens & Programs (0}

3 & Wetwork (505)

g s

REEER

PI/IcyHOK 7 — Intepdeiic IpoeKTy B IPOrPaMHOMY CEPEIOBHILI PLCNEXT
ENGINEER

TakuM YMHOM, TOCTaBJICHE 3aBIaHHsS [0 MOJIEPHI3allii CHCTEMHU
YIPaBJIiHHS Ta KOHTPOJIO MapaMeTpiB Ha MepuioMy erari BHKoHaHa. Ko-
mauau [Tyck / Cromm ABUTYHA Ta BiZOOpakeHHs 4acTOTH OOEpTaHHS BijaT-
BOPIOETHCS HA MOOUTBHUX TPUCTPOSIX Ta MEPCOHATBHUX KOMIT IOTEepax.

Hpyruii eranm MoxaepHizarii Oyne cnpsMOBaHUI Ha MOJIEPHI3AIliI0
CHCTEMH OXOJIOJDKSHHS JM3eJIsl, OCKUIBKU 3apa3 OXOJIOJDKEHHS 3/IHCHIO-
€ThCS BOJIOK 3 MICBKOI'O BOJOMPOBiAY (po3xia ctaHoBuTh 70 JaUTpiB 3a
XBUJIMHY).

CIIMCOK BUKOPUCTAHUX JKEPEJI
1.Programming software — PLCNEXT ENGINEER [Internet]. Available
from:  https://www.phoenixcontact.com/uk-ua/produkcija/programming-
software-plcnext-engineer-1046008.
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Harmionaneauit yHiBepcuteT «Oechka MOpChKa aKkaeMish»

JTOCJII)KEHHS IMTPOIECY IUKJITYHOI'O PYHHYBAHHSA
EJIEMEHTIB KPIIVIEHHA CYJHOBUX EHEPTETUYHUX TA
JOINOMI’KHUX YCTAHOBOK

IlocTanoBka 3amavi. Y mporieci AOCHTIKEHb SKi IPYHTYIOThCS Ha
MaTepiaji HaBeIeHOMY Y JaHid CTaTTi HEOOXiTHO MPEICTaBUTH CTPYKTY-
Py Mojeni BTOMHOTO PyHHYBaHHS criocTUpUraeMoro o6’exra. HeooxigHo
BIJICTEKHATH Ta OOTPYHTYBATH CTaJil 3apO/HKEHHS, YTBOPIOBAHHS, Ta 3pOC-
TaHHA TPIIIMH B €JIEMEHTAaX CYJHOBUX CHEPreTHUYHHUX Ta JOIMOMIXHHMX
KOHCTPYKIIiH, SIKi MafOTh KOHLIEHTPATOPH HATIPYT.

AHaJi3 ocTaHHix gocaimkens i myoaikamiii. [locriliHe migBUIICHHS
BUMOT IIOJI0 SKOCTI BUTOTOBJICHHS CYITHOBUX KOHCTPYKILIiH, BAKOHAHHSA iX
PEMOHTIB, i3 3aCTOCYBAHHSIM Pi3HHX METOJiB 3BapIOBAaHHS, 3yMOBIIOIOTh
HEOOXIZHICTh YpaxyBaHHS crieli]iku yTBOpeHHs Ne(EeKTIB Ta PO3POOKH
METO/IiB BUSIBIICHHSI 3aKOHOMIpHOCTEH iX po3BHTKY. OCOONHBY pOJbh TYT
rpaloTh METOJUKH MPOTHO3Y CTaHy METaJOKOHCTPYKIIiH 3a il eKcIuryaTa-
mii [1]. Oco0iuBo 1ie MUTaHHS BUSBISETHCS aKTyadbHUM JJIs MPAKTUKA
eKCIUTyaTallii CyeH Ta X €HepreTMYHUX YCTAaHOBOK XapaKTEPHUX KOHT-
PAacTHOIO AMHAMIKOIO Pi3HOCHPSMOBAHUX HAaBaHTAXEHb, L0 BHUIIPOOOBY-
I0ThCS, JIIOTh Y JIOKAJLHOMY 00CSI31 MeTally, 3 YTBOPEHHSIM MaKpOHEC-
TUTOIIHOCTH Ha BIJICTaHI BiJi BEPIIMHU KOHIIEHTpPATOpa MiCIsl [UKIIIB Ha-
BaHTa)XE€HH: [2].

He3Baxkarouu Ha Te, 110 B TEOPIi Ta HA MPAKTHII BiZOMI Pi3HI pe3yJib-
TaTd JOCHIDKCHb BiIOOpaXyBaHMX EKCIUIyaTallIMHUX HaBaHTaXCHb Ha
3BapHi 3'€HAHHS, 1 IMTAHHS ONHUCY KIHETUKW yTBOPEHHS TPIILIUH CTOCOB-
HO KOHCTPYKLIiK TPAHCTIOPTHUX MAITHH 1 MeXaHi3MiB, PO3KpUTO HEAOCTa-
THBO [3]. ToMy B 1i#f CTATTI PO3TIAAAIOTHCSI OCOOJIMBOCTI BTOMHOTO pYH-
HYBaHHS 3BapHUX 3'€/IHAHb, 1110 BUKOPHCTOBYIOTbCA B KOHCTPYKLISIX CyI-
HOBHX JOIIOMDKHUX MEXAHI3MIB.

He noBHICTIO pOo3KpHTE MHUTAHHS MITOTOBKY 3pa3KiB Ta iX eKcrpeme-
HTaJIbHI BUITPOOYBaHHS SIKI IPOBOJMJIKMCH BiJIIMOBIIHO /10 METOIUKHU, Ha-
BeJICHOI B pPO0OOTI [4].

IToTpebye oOrpyHTYyBaHHS OKpPEMHUX MOMEHTIB O0'€IHaHA MOJEIb
BTOMHOTO PYHHYBaHHS BKIFOYal04Ya MOJIeNi 0arato i MajoIMKIOBOI BTO-
MU TOIIKO/KEHOTO MaTepialy, a TAKOXX yMOBa, 110 BU3HAYAE [TOYATKOBUH
PO3Mip MakpOTpILIMHY 1 XapaKTepu3ye Mepexia Bif mepuioi craaii BToM-
HOTO pyWHYBaHHS J10 APYyToi [5].
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AHaJi3 1moka3aB HEMOBHE Y3TODKEHHS CKIIAIOBUX 00'€THAHOI MOJEITi
JOCATAETHCA Ha OCHOBI BUKOPHCTAHHS €IMHOTO IiIXOAY A0 OMFHCY TpoIie-
Cy HAaKOITMYCHHS IOIIKO/PKEHb Ha Pi3HUX CTaJisIX BTOMHOT'O PyHHYBaHHS,
B OCHOBY SIKOTO TIOKJIAJICHO YSIBJICHHS Mpo jAedopmaiiiiiHe po3myIIeHHS,
3yMOBIIEHE MaKpO Ta MIKPOIIACTHYHOIO Aedopmariieto [6].

Jlist BUpilIeHHs MUTaHHS Y3TOPKEHHS CKJIAZIOBUX 00'€ JHAHOT MOJEIi
MPEJICTABICHOTO BUIIE, HABEJCH aHa/li3 OMKCY BILIMBY HEOJHOPIIHOCTI
HanpyxeHo-nedopmoBanoro crany (HJIC) Ha BToMy B KOHIIEHTpaTopax 3
MaJHM pajJiycOM KPWUBW3HU y BEPIIMHI, A0 SKHUX BITHOCATHCS Ie(eKTH
3BapHUX IIBiB, BUKOPUCTOBYETHCS IHTETpaJIbHE (hOPMYITIOBAHHS KPUTEPItO
pyHHYBaHHS:

[0(x, N)dV = 6
Mo

ne - Vo MiHiManbHui 00csT MaTepialy, B IKOMY MOKJIMBUN PO3BHTOK
MpoLeCy HAKONMYEHHS BTOMHHX YIIKO/DKEHb, N - YHCIIO IMKITIB HaBaH-
Ta)KeHHSI.

[TpoTsKHICTE Y370BXK OCI KOHILIEHTPAaTOpa XapakTepH3YEThCS CTPYK-
TYPHO 3aJIS)KHHM IapaMeTpOM MaTepialy 3HaueHHS SKOTO HaJIXOIHTh 3
BHIIPOOYBaHb Ha MUKJIIYHY TPIMIMHOCTIHKICTH [7]. 3HAUeHHS MapameTpa
BU3HAYAETHCS SIK BiICTaHb, HA SIKi aMILIITY1a HAIPYTH J0CSTae 3HAYCHHS
MeX1 BTOMH TIpH po3Maxy koedinieHTa inTeHcuBHOCTI Hanpyr (KIH), o
JOPIBHIOE TIOPOTOBOMY 3HAYEHHIO.

Meta nocaigxennsi. OCHOBHOIO METOIO JIOCHIIKCHHS € aHalli3 Bke
ICHYIOUHX METOJMK Ta JOCIKEHb y Tally3l BTOMHOI'O pyHHYBaHHS 3pa3-
KIB Ta €JIEMEHTIB 00IaTHAHHA.

Oco0mMBO HEOOXIHO TPUAIUTH yBary BTOMHOMY PYHHYBaHHIO B
o0csirax, IO TMEPEeBUIIYIOTh MICNIs YTBOPEHHS MaKpPOHECIJIONIHOCTI Ta
CYIPOBOJDKYETHCSI OJIHOYACHO PO3BUTKOM JIBOX HPOILECIB - BTOMAIO 11032
30HOI0 PyHHYBaHHS Ta 3pOCTAHHSM TPIIIMHH B MOIIKOJHKEHOMY Martepia-
Ji.

Takox HEOOXiHO NOCTIIUTH KPUTEPid pyHHYBaHHS JIOKaJIbHOTO 00-
CSITy MeTaly 3 YyTBOPEHHSIM MaKpPOHECIUIOIIHOCTI Ha BiJICTaHi BiJ BepIIU-
HU KOHIIEHTpaTopa Ticiisl IIMKIIiB HaBaHTakeHHs. [Ipu BUKOHaHHI A0CITi-
JOKEHb HEOOXIJHO BU3HAYMTHU 3aJISKHICTh MIXK BEJIMYMHOIO JehopMariiii-
HOTO PO3IYIIyBaHHS Ta pOOOTOI0 MIKPOHAIIPYT HA NUISXY MIKpO- Ta MaK-
poIUTacTUYHOTO AeopMyBaHHS Ta BU3HAYUTU KIHETHYHI CHiBBiJIHOIICH-
HSl.


http://www.vak-referat.ru/referats/0/3/f1
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BuxnagenHss matepiany aociimkenHs. J[ocoipKyBaHHS BUKOHYBa-
Tuch 3 ypaxyBaHHsIM monpaBku JIx. P. Ipeina [12] ©Ha mepeposmomin
HaIpyr y BEpIIWHI TPIIIMHUA B PE3YJIbTATi IUIACTUYHOTO JePOpPMYBaHHS
BHpa3 JIs TapameTpa HaOyBa€e BUTIISAY:

d =|(AK,y, 11 - 7)o +(AKy, 120, )] 27

V nanniii opmymi AKsk-- e moporose 3HaYEHHS 3apPOKEHHS Ta
BUHUKHEHHS TPIILIMHH.

Pesynbratu qocmimkeHb PO3BUTKY BTOMHOTO MOIIKOIKECHHS Ta YTBO-
PEHHS MaKpOTPIIIMHU B KOHLEHTPATOPi, MOKa3yIOTh, LIO IMOYATKOBUH
PO3MIp MaKpOTPIIMHA, MO YTBOPIOETHCS, Y3TOIKYETHCS 31 3HAYCHHSIM
napameTpiB.

Tabmurs 1. [TopiBHSIHHSA eKCIIEPUMEHTAIBHAX Ta PO3PaXyHKOBUX
3Ha4YeHb MMapaMeTpiB

d
Gy d
s Gp2 SKCIepHMeHT AK
Martepnan (MIIa) | pacuet
(o | (MITa) MM (MITa-M'?) .
NA<10° | N >10° [p=11 =0
6 0.13 0.22
J16T 12 340 0,13 03 126 110 5 0,12
24 0.13 0.4
M161T1 | 185 400 0.18 0.18 120 | 105 6 0.17
08kn 3 280 025 025 147 | 134 7.8 0.26

Po3BuUTOK Mpoliecy HAKOMMYCHHS! BTOMHHUX YIIIKOJDKEHb 3aJIeXKHTh BiJ|
TPaHUYHHUX YMOB JIJISl JIOKAJIBHOTO 00'eMY 1, OTXKE, KOHTPOJIOBATUMEThCS
HarmpyraMmu Ta faedopMallisiMi Ha BiZICTaHI BiJ| BEpIIMHNA KOHIIEHTPATOPA.
Lle mo3Bossie 3anmcaTu BUpa3 Ui e(eKTUBHOTO KoedilieHTa KOHIEHTpa-
uii Hanpyru y Bursgi: 4 =404 /A0, tae AG, - pozmMax HOMIHANIBHHMX
Hanpyr. Y Tabnuii | HaBeJeHO MOPIBHSHHS PO3PAXYHKOBHX 3HAUYCHD
napamerpa 3 JaHUMH EKCIIEPUMEHTIB, HaBEACHUX Y PI3HUX TEXHIYHHX
JITEpaTypHHUX JKEpesax.

[TinBuieHHsT 3HAUYEHHS MapameTpa 31 30UIbIICHHSM TOBIIMHH 3pa3ka
Ta 3pOCTAaHHAM YHUCIIa LUKIIB 0 PYHHYBaHHS MOSICHIOETHCS MEPEXOJ0M
BUAY HaNpyXeHO-Ie(GOpPMOBAHOTO CTaHy B MiANOBEpXHEBUX IIapax y
BEPIINHI KOHIIEHTPATOPa BiJI IMJIOCKOTO HANPYKEHOTO CTaHy JIO0 TUIOCKOT
nedopmariii [9].
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[TopiBHSIHHS PO3PaxXyHKOBHMX 3HA4Y€Hb C(PEKTUBHOIO KoedilieHTa
KOHLICHTpALll HapyrH 3 €KCIePUMEHTAIbHUMH aHUMH, HaBEJCHUMH B
JiTeparypi, mokasye iX JOCHTh TapHy 3Ty Ul CTajel Pi3HHUX KiaciB. Sk
MPUKIA] Ha MAIIOHKY | MPeaCcTaBICHO MOPiBHSIHHS €KCHEPUMEHTAIBHIX
JaHUX 3 PO3PaxyHKOBOIO KPMBOIO Ha MEXI BTOMH 3aJie)KHO Bim paiiyca
KpYrOBOT'O OTBOPY B INTOCKHX 3pa3kax i3 ctami 10X13.

i
(=1

b _!‘-J
= L

[e—
Ly

1,0 - -
0 0,5 ] 1,5 2 rg (van)

Puc. 1. - 3anexnicTs KoedinieHTa KOHIIEHTPAIIIl HATIPYTH BiA paziycy OTBOPY.

BromHe pyitHyBaHHS B 00csrax, 1o MepeBUIIYIOTh, ITICJIS YTBOPEHHS
MaKPOHECIUIOIMIHOCTI  CYIPOBO/UKYETHCS OJIHOYACHO PO3BUTKOM JIBOX
MPOIIECiB - BTOMA 11032 30HOK PYHHYBAHHS Ta 3pOCTAHHS TPIIIMHU B TIO-
KO KeHOMY Matepiani [10].

Kpurepiii pyiiHyBaHHS JIOKQIEHOTO 00CSTY METally 3 YTBOPEHHIM Ma-
KPOHECIUIONTHOCTI Ha BiJICTaHI BiJi BEPIIMHA KOHIEHTPATOpA TICIS IHK-

B HABAHTAXEHHs 3amucyerbes sk:  OCGN+) =0« Benpunna nepopma-
LiAHOTO PO3MYIIEHHA MOB'I3aHa 3 POOOTOI0 MIKPOHAIPYr Ha HUIIXY
MIKpO- Ta MaKpOIUIACTUYHOTO NeQOpPMYBaHHS Ta BH3HAYAETHCS KIHETHY-
HUMH CIIBBIIHOIIEHHSMH, PO3BUHEHUMH B Tiparsix [11].

JuckpeTHe 301IbIIEeHHS JOBXHWHHU TPIIIMHA HAa BEIWYMHY IICIS LHK-
JiB HABaHTa)XEHHS BiZ0yBa€ThCs NMPHU BUKOHAHHI B 00JIACTI BEPIIMHU TPi-
IIMHUA KPUTEPII0 JIOKAILHOTO pPYyWHYBaHHS, WO TNPUAMAE BHUIIIS:

0(ce, ) = 6s. T8 B(Ge,1) =0y + 0 () + 67 (Gemne) s By
HAKOMWYeHEe B PE3yNbTaTi IHUKITYHOro jJeOpMyBaHHsS B KOHIICHTPATOPI
Hanpyr Ha Mepurii craaii BTOMHOrO pyHHYBaHHS, 110 BU3HAYAETHCS JUIS
x=I+ce, 05 (ce)

PO3IYIIEHHS,

TOYKH 3 KOOPAUHATOIO -pO3MyIICHHS Y HABaHTAXKCHHI.
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Ha mepmiii cTajii BTOMHOro pyiHYBaHHS 301IbIICHHS PO3MIpiB MaK-
POHECIUIONIHOCTI y BEPUINHI KOHIIEHTPATOPa 31 30UTBIICHHSM YUCIIA ITHAK-
JiB HAaBaHTa)XEHHS OyJe BU3HAYATHCS KOOPAWHATAMH TOYOK, B SIKUX ITOC-
JIOBHO BUKOHYETHCSI KpUTEPiii BTOMHOT'O pyHHYBaHHS 1 XapakTepu3yBa-
TUCh MIBHJKICTIO. 31 3pOCTaHHSIM MaKpOHECIUIONTHOCTI B 11 BepuIuHi (Gop-
myBatumetsess H/IC, xapakTepHuil [uis MakpOTPIIMHKA Ta BU3HAYAIOUUM
il mBuAKicTs 3pocTanHs. KpuTtepiem mepexody Bif mepmioi crajii BTOM-
HOT'O pYHHYBaHHs 1O JIPYroi, 0 BU3HAYa€ 3 PO3PAaXyHKOBOI TOUKH 30pYy
MOMEHT YTBOPEHHSI MaKpOTPIIIWHY, € PIBHICTH . PO3B'13aHHs 1aHOTO piB-
HSIHHS 1II0JIO BiJICTaHi JIa€ IOYaTKOBUW PO3MIp TPIIUHHU.

ExcnepumeHTanpHe AOCTIIKEHHS 3apOKEHHS TPIIIMHM B KOHLICHT-
paTopi Hanpyrd B yMOBaxX MaJOLMKIOBOI BTOMU BUKOHAHO Ha MPSIMOKYT-
HUX 3pa3kax 3i crani Ct3, Mo MaloTh y BepIINHI KpalloBOTO Haapi3y Kpy-
rOBE OTBOPH 3 MPOTOUKO (MuB. MaytoHOK 2). [IpuitHsra gopma 3paszka
JI03BOJIIE OTPUMATH MPOTSDKHY 30HY LMKIIYHUX IUIACTHYHMX Jedopma-
1IiH, 1110 TIOJIETIIYE CIIOCTEPESIKCHHS 3a POIIECOM pyHHYBaHHS BTOMU [ 14].
[Mapamerpu HJC y BepIlMHI KOHIICHTPATOpa PO3PaxOBYBAIMCS 3 JIOIO-
MOTOI0 YHCEJIbHOI NPOLEAYPH AOCIIIKCHHS.

ot

Puc. 2. — ExcriepuMeHTanbHAN 3pa30K MPOBEACHHS JOCIIIKCHb.

Pe3syabTaTtu nocaigxenns. Ha mamoHKy 3 mpeacTaBiieHAN XapaKTep
3MiHU JOBXHMHH TPIILWHH, IO PO3BUBAETHCS BiJl KPard OTBOPY, 3aJIEKHO
BiJl yKMclia IUKJIIB HABaHTAKEHHA. 3 OTPUMAHUX JAaHUX BHIUIMBAE, ILO
MICJIS YIOBLIBHEHOTO MOIIMPEHHS PYyHHYBaHHS BTOMM Ha BIACTaHb Bij
BEpIIMHM KOHLEeHTparopa 1,1 MM BinOyBaeThcsa cTpuOkonoaiOHe migpoc-
TaHHS TPILIMHY 1 MOJAIbIIE 11 MPUCKOPEHUH PO3BUTOK.
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Puc.3. I'padik npouecy pyHHYBaHHS 3pa3Ka.

Takox 3a mifcyMKaMy BHIIPOOYBaHb OTpPHMaHi JTaHHI IO 110 30epe-
JKEHHSI TIOCTIMHOT BeNWYMHA po3Maxy Aedopmariif. KineMaTuuHy 3aiex-
HICTb Ta MCHILY JOBrOBIYHICTb MAlOTh 3paskH, BUNPOOYBaHi 3 XapaKTepH-
cTUKOIO0 acuMeTpii R=0 (Bia Hy/IbOBOrO MyJIbCYIOUOrO HABAHTAKEHH:). IX
JOBIOBIYHICTh BUSIBHJIACSI BABIUI HMDXKYOIO TOPIBHSHO 3 JOBTOBIUHICTIO
3pa3kiB pu BUMIPOOYBaHHI 3 R= -1, 1110 Bka3ye Ha MEPCICKTHBHICTh TAKO-
ro mig0Opy MaTtepianiB BAKOPUCTOBYEMHUX JJIsl BATOTOBJICHHS KOPITYCiB Ta
€JIEMEHTIB KPIIUIEHHSI CYIHOBHX CHEPreTMYHHMX Ta IOTOMIKHUX yCTaHO-
BOK.

BucHoBKw.

1. Otpumadi B pe3ybTaTi BUNPOOYBaHb aHi, HABECHI B CTAaTTi, Hil-
TBEP/KYIOTh TMO3UTHUBHUMA JIOCBiJl 3acTOCyBaHHs cTaneid mapok 10X13 i
09I"2C npu BUTOTOBJICHHI CYJHOBHUX KOHCTPYKIIIH CXMJIBHUX J0 MaJIOIIH-
KJIOBUX HABaHTa)XEHb.

2. llpencraBneHa i omucaHa B Il CTATTi MiAXOQW JO BH3HAYEHHS
pYHHYBaHHS B KOHLEHTpPAaTOpax HANpyT OIUCYE €KCIIEPUMEHTaJbHI CIIO-
CTEpPEeIKEHHS Ta 3aKOHOMIPHOCTI, SIKi JI03BOJISIFOTh BU3HAYHTH MOYATKOBUIMA
PO3Mip BTOMHOI MakpOTpILIMHU, BPaXOBYIOUM BIIMB Ha 3POCTAHHS Tpi-
LIMHU HAaKOIIMYEHUX BTOMHHX YIIKO/KEHb 1 JAIOTh MOXIIUBICTh BUKOHA-
TH PO3PaxyHOK Pecypcy KOHCTPYKIIiI, 1[0 BKJIIOYAIOTh CTAil yTBOPEHHS
Ta 3pOCTaHHS.

3. 3acTtocyBaHHS B IKOCTI OCHOBHOT'O MaTepially Malodoro CTpyKTypy
AyCTEHITHOI'O, Ta ayCTEHITHO — ()EPUTHOrO KJacy J03BOJIUTH JOCSITH
MaKCHMaJIbHUX 3HAYCHb €KCILIyaTal[iitHOT CTIMKOCTI JeTaeil mpalrordux
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10.31653/smf44.2022. 79-87
Kospminux M. A., Koncrantigos O. L.
Hamionansuuit YHiBepcuteT «Onecbka MOPChKa aKaieMis

OIIHKA JOIIJIBHOCTI 3BACTOCYBAHHS X0OJIOJUJIBHOI'O
ATEHTY B 3AJIEXKHOCTI BIJI YMOB EKCILTY ATAIIIT

B HuHimHIA Yac mporecu 3MiH KJIIMaTHYHUX YMOB Ha HaIIii miaHeTi
BIJIITPalOTh Bce OUTBITY 3HAUYIIICTE. | 1151 TEHIEHITIST TOCHUITIOETHCS 3 POKY
B pik. Cepen (axTopiB BIUIMBY PO3TISAAIOTHCA, SK HAHOLIBII BaXIIWBI,
MapHUKOBUN €(eKT, TOOTO 30UIBIICHHS KUTBKOCTI MAapHUKOBHX Ta3iB B
atMmocepi, 3okpema CO», Ta pydHYBaHHS 030HOBOTO IIapy HAIIOI IUTaHEe-
T [1].

3axoau BIUIMBY Ha nepumii hakrop oroBopeHi B Kiorcbkomy mpoTo-
koii 1o Pamounoi xoneenmii OOH mpo 3MiHu kiimary. 3axoiu, 00
apyroro ¢axkTopy, Bu3HaueHi MOHpeaIbChbKUM MPOTOKOJIOM.

BpaxoByroun Te, 10 3aCTOCYBaHHSIM XOJOMIBHHX YCTAaHOBOK, SIK B
MPOMHCIIOBOCTI, TaK i B TOBCSAKACHHOMY JKUTTI JIIOJICBKOTO CYCHIBCTBA
MIOCTIHO 3POCTaE, a B AKOCTI pOOOYMX PEUOBHH B TAKUX YCTAaHOBKAX 3a-
3BUYail BUKOPUCTOBYIOTHCSI PEUOBUMH, 10 33a3HAYAIOTHCS BHILE3TaJaHU-
MU MDKHApOJHHMH JTOKYMEHTaMH, B Tpoleci BHOOpy pobouoi peyoBUHH
— XOJIOMMJIBHOTO areHTy CJiJ KOMIUIEKCHO OIiHIOBATH i1 BILUIUB HA 3€MHY
atMocdepy.

3 iHmoro 00Ky He0OXiTHO 3BEPHYTH yBary Ha eHEepreTHuHy eek-
THUBHICTH XOJOAMWIBHOI YCTAHOBKH BPaXOBYIOUH ii MPU3HAYECHHS Ta YMOBH
eKCIUTyaTallii B 3aJIe)KHOCTI Bl 00paHOTO XOJIIOAUIBHOTO areHTy [2,4].

Haijininm 3HadeHHA AOCTATHHO BEJIHKOI KIJIBKOCTI ITOKA3HHUKIB
3/IaTHI CTBOPIOBATH aHTAaroOHICTHYHI YMOBH IIiJl 4ac 0OpaHHsI KOHKPETHOTO
XOJIOAWIBHOTO areHTy, 110 BUMAarae BiJl MPOEKTaHTa MOIIYKiB ONTHMAb-
HOTO pillIeHHS, K€ B HAHOLIBIIOMY CTYTIeHI, Oy/ie BiMOBiIaTH BCiM Hasl-
BHHUM BUMoOTaM [2].

OpHuM 31 HUIAXiB PO3B’si3aHHA NpoOieMu Oyjo O OTpUMaHHSA KOM-
IUIEKCHOTO KPUTEPilo OLIHKU Uil OOpaHHS XOJOAMJIBHOTO areHTy, SIKUH
Ou BpaxoBYBaB, SIK OTO BILIMB Ha MPOIECH B aTMocdepi, TaK i BUKOHAHHS
TEXHOJIOTTYHUX BUMOT [3].

3HIKEHHS KUTBKOCTI 030HY B 3€MHil aTMmocdepi, sSIK BiJIOMO, € Hac-
JAKOM HAJXOJKEHHS TaJOTEHIB, SIKi € CKJIaIOBOI0 YaCTHHOIO XJIOP(TOp-
BYIJICLIB, JI0 SKUX BIJIHOCUTHCS 3HAYHA YAaCTHHA TPAJIUIIHHUX XOJIOIUIIb-
HUX areHTiB. Taka BIACTUBICTh IIMX PEUOBHH OIIIHIOETHCS KOe(DillieHTOM
o3oHOpyiHyrouoro noreHuiary ODP (Ozone Depletion Potentional), mo
smiHroeTbes Big 1 (100%), 11 HaMOLIBII MOIIMPEHOTO B MUHYJIOMY CTO-
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piyui R12, 10 0 maist GLIBLIOCTI XOJOIUIBHUX areHTIB, 110 3aCTOCOBYIOTh-
ca vui (R 507, R 404a Tta inm) [1].

Jlis OLiHKY BIUTMBY Ha MapHUKOBHH €(EKT 3aCTOCOBYIOTh KOC(IIliEHT
rnobanpHoro notemwtinas GWP (Global Warming Potentional), B sikocTi
0azoBoro 3HaueHHs Oyyo mpuiiHsITo GWP=1 ans R 11, sikuid Moxe 3Mi-
HIOBATHCA Iy’Ke B LIMPOKHUX MexKax BiJ 1 A0 OLIbII HIXK TPbOX THCSY y R
404a, KUl TeX BUKOPUCTOBYETHCS B JIESKUX CYAHOBHX XOJOAWUIBHUX
YCTaHOBKaXx.

[l ocTaTouHOro ypaxyBaHHS BIUIMBY (DYHKIIOHYBAaHHS XOJIOAWJIb-
HOi YCTaHOBKM Ha TMAapHUKOBHH e()eKT B HHUHINIHIA Yac PEeKOMEHAYIOTbH
3actocoByBartu nokasuuk TEWI (Total Equivalent Warming Impact), sikuit
BPaxoOBY€ HE TUIBKH BIUIMB XOJOJWIBHOTO areHTy, aje i BIUIMB KiJTbKOCTI
EHeprii, sIka BKUBAETHCS XOJIOJMIBFHOIO YCTAaHOBKOIO 33 BECh 4ac €KCILTY-
aTarii.

TEWI =GWP -M + a - B,

e M — 3aranbHa Maca XOJOAUIBHOTO areHTy, BAKHHYTOTO JI0 aTMOC-
(bepu i yac eKcruTyarailii, KT;

0. — KITbKICTh JBOOKHCY Byriento (CO-), Mo HAAXOIUTh A0 aTMocde-
pu mig yac BupoOku 1 kBt ronunn eHeprii, kr/kBT roauHa;

B — 3aranbHe elneKTpOBXHUBAaHHS XOJOJMIBLHOT YCTAHOBKHM 32 BECh 4ac
eKcIUTyaTarii, KBT.

He Ba)kko 3poOWUTH BHCHOBOK, III0 HABEJCHI BHUIIEC MOKA3HUKU Ta X
MOPIBHSHHS 3 YMOB BUKOPHCTAHHS Pi3HUX XOJOJWIBHHX arcHTiB HE JO-
3BOJIAIOTH OLIHUTH €(EKTUBHICTH €KCIUTyaTalii XOJIOIMIBHOI YCTaHOBKH
Ta 11 KOHKPETHUH BIUIUB HAa HABKOJIMIIHE CEPEIOBUIIIE.

Jlnst OinbIl HATJISTHOTO IOPIBHSHHS BJIACTUBOCTEH XOJIOAMIBHUX
areHTiB 00epeMo JIOCTaTHHO MOLIMPEHI B TPAHCHOPTHUX XOJOAMIBHUX
ycranoBkax: R 407¢, R 134a, R 410a, R 507. Y skocti 6a30BOr0 Ais 110-
piBHSHHS 0yJ10 00paHO XONOAMIBHUMN areHT R 22, axuii i B HUHINIHIN Yac
11e, MOKIIMBO 3yCTPITH B TPAHCTIOPTHUX XOJIOJMIBHUX YCTaHOBKAX.

Tabmus | — BracTHBOCTI XONOAMIBHHUX areHTIB

HCFC 22 | HFC 407c | HFC 134a | HFC 410a | HFC 507
1 2 3 4 5 6
Cknan Yucra Heaseo- Yucra Heaszeo- Aszeot-
pPEUOBH- | TPOIHA PEYOBHHA | TpOITHA porHa
Ha R22 CyMIII: R 134a CyMiT: CyMIII:
(madTop- | 23% R 32, | (Terpa- 50% R 32, | R125
XJI0p- 25% R ¢roperan) | 50% R 125 | (50%)
METaH) 125, 52% R143a
R134a (50%)
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1 2 3 4 5 6

ITuroma [IpakTru- Huxuye, Bucoxka Maitxe

MacoBa HO Taka x, | HbxyR 22 | 169 K y R22

XOJIOAOMPO- 163 sk yR22 | ta R407C 164

JYKTHB- 165 153

HICTB,

kJK/Kr

Xonoauie- Cepen- Huspkuit Bucoxuii Huspkuit Huspkuit

Hull koedi- HIil 3,05 3,47 3,07 2,83

LIEHT 3.3

Po6oumnit Cepen- CepenHiii Huzpkuit Hyxe Cepen-

THCK, MITa Hil 1,28 0,77 BUCOKHM Hil
1,19 1,87 1,29

Temmnepa- Bucoxka Cepenns Hwuspka Bucoxka Bucoxka

Typa HarHi- +78 +64 +52 +74 +70

tauHs, 0C

TeMHeP a Bincyr- Bucoxkuit Bincyrniit | Hyxe Bincyr-

TypHUIA e 0 N e

i Hil -5°K HI/I3ISKI/II/I - | HiH

0,2°K

IToTenmian

PYHHYBAHHA | g 5 0 0 0 0

030HOBOTO

mapy 3emui

ODP

TTorenmian

JI00ATLHOTO

MTOTETUTIHHS 1700 1600 1300 1720 3900

GWP

HFC — xononuinbHi areHTH, 1o He Mictath xiopy (Cl);

HCFC — xomnouiibHi areHTH 10 CKIaay skux BXoauTsb xiop (Cl).

OO0wuparoun nmapaMeTpH, MO JO3BOJSIOTh OIIHUTH €PEKTUBHICTH BU-
KOPHUCTaHHS XOJIOJIMJIBHOT YCTAHOBKH, IEPIII 32 BCE, CIIiJ] 3BEPHYTH YBary
Ha XOJOAWILHUN KOe(DILIE€HT, SIKUH OLIHIOE CITIBBIHOIICHHS BiJIBEICHOIO
BiJl 00’€KTYy TeIIa 0 BUTPATH eHeprii Ha 3aificHenHs mporecy (&) [3].
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3 KOHCTPYKTHUBHOI TOYH 30py BAXJIUBHMH ITOKa3HUKAMH € THCKH
KoHaeHcanii (P.) Ta BUMApOBYBAHHS (Peyn) VIS 33JaHUX TEXHOJOTTYHUX
YMOB €KcCILTyaTalii, Koe(ilieHT mojavi KOMIpecopy A.

EnepreTuyHi BUTpaTH MOIIMBO OLIIHUTH 33 3HAYEHHSIMHU TEOPETHYHOT
Nq, iaEKatoproi N;, edextuBHOI N. MOTY)KHOCTEW Ta MOTYKHOCTI Ha
Baity eneKTpoaBUryHa Ng.,. 2.

Posrnspatoun BUMagKy 3aCTOCYBAaHHS OOpaHMX Uil MMOPIBHSHHS XO-
JOAWIBHUX areHTiB MpPU CTAaHIAPTHHX YMOBax, TOOTO: TeMmeparypa BH-
napoByBanHs to=-15°C; Temneparypa konnencauii t,=+30°C; toe=-
5°C; Temmepatypa mepeoxonomKyBaHHs t,,=+25°C, MOXKIMBO OTpUMATH
BIJIMTOBI/THI 3aJIEKHOCTI, IO XapaKTepU3YIOTh B3aEMOBITHOCHHU Ta 3MiHY
o0paHuX ISl TIOPiBHSIHHS NTApaMETPiB.

NOTYHHICTE

4
/\‘A;g/‘\—\,—f 2- [jiAcHmii
o XOAOAMAEHUA

I
/I 2 . | Ne,gn,En.en. 1-Edextuena
]

-“/ roedilieHT
.
< a 3- Oikchuii
30 -25 -20 -15 10 5 0 SNEKTRUSHIR
XOMOAMABHUA
1 KoedilieHT

Puc. 1 — I'padivni 3anexHOCTI eKCIUTyaTaIllTHAX MapaMeTpiB BiJ TEMIEpaTypu
BUNapoByBaHHA Wi R 134a

1 1 -EdertueHa

) V Ne ,en,&n.e1. MOTYHHICTE

2
3
2 2 - DificHmi

HONOGMALH WA

roedidieHT
i T T T T T i
-30 25 -20 15 -10 -5 ]
3 - DifAcHwMi
ENEKTRHYHMA
% HONOGMABH WA
noediuieHT

Puc. 2 — I'padiuni 3amexKHOCTI eKCIDTyaTaliiHUX MapaMeTpiB BiJ TemIepa-
TypH BHIApOBYBaHHA s R 407¢
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U mow

1
= * A__...-"""—_ 5

-30 -25 -20

[« IR R I Y

1 - EderTusHa
NOTYHHICTH

Ne ,£n1.£1.e1.

2 - OiAcHKiA
XONOAMNBHWIA
koediuieHT

3 - OiAcHKiA
EeNERTDMHHME
XONOAMNBHWA
koediuieHT

Puc. 3 — I'padiuni 3anexHOCTI eKcIuTyaTaliiHUX apameTpiB Bijl TeMIeparypu
BUITApOBYBaHH: U1 R 410a

&
Ne,En,En.en.

1. EdextveHa
NOTYHHICTE

2= OificHuii
XONOAMABHMIA
roedidieHT

3= OiACHMA
ENEKTPUYHKMA
XONOAMAEHUA
roeditieHT

Puc. 4 — I'pacdiuni 3a5€:KHOCTI eKCIUTyaTalliiHUX apaMeTpiB Bijl TeMIeparypu

BUIapoByBaHHs 11 R 507

OtpuMani rpadiyHi 3aJ€KHOCTI JO3BOJISIOTH 3POOUTH IOIEPETHIO
OLIIHKY €HEPreTHYHOI JOIINBHOCTI 3aCTOCYBaHHS OOPaHUX JJIST PO3TIISITY
XOJIOJUJIBHUX areHTIB B 3aJIS)KHOCTI BiJl TEXHOJIOTIYHHX YMOB.

Tak, npu BiIHOCHO BUCOKHX TeMIIepaTypax BHIApOBYBaHHs (OIH3bKO

ao

0 °C) nowmitHi nepesaru mMae R 134a, omHAK, 3i 3HIKEHHAM TeMIIe-

patypu 10 -25 °C Ginbm 6axannm crae R 507, 3aB1skn HalBHIIOMY 3HA-

YCHHIO XOJIOIUIBHOIO KOEe(DiIlieHTYy.
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Jermmo iHakImuit XapakTep Ma€ CIiBBIIHOIICHHS €KCIUTyaTalliiHIX ma-
pameTpiB MpH CTaHAAPTHUX YMOBaXx, IO LTIOCTPYE TicTorpama HaBeaeHa

HAa PUCYHKY 3.
1-Rr13435
4 A 2-R407c
3 | 3-R4103
4- RSU?
7 -
1 | l '

En.en

Puc. 5 — [NopiBHSAHHS eKCIUTyaTaliiHUX MOKAa3HUKIB ITPU CTAaHJAPTHUX YMOBAX
BpaxyBaHHS TiIbKM eKCIUTyaTalliiHUX MOKa3HHUKIB B Mpoleci oOpaH-
HSl XOJIOAWJIBHOTO areHTy AJIsl 3aCTOCYBAaHHS B KOHKPETHIH XOJIOAMIIBHIN
YCTaHOBIII HE TOCTATHBO IS KiHIIEBOTO BHCHOBKY. SIK T 4ac mpoekTy-
BaHHS, TaK 1 y BUIAJKaX HEOOXIMHOCTI 3aMiHU XOJIOJUJIBHOIO arcHTY
Ba)KJIMBE 3HAYCHHS MAIOTh THCKU KOHAeHcAIlT (Py), BUApOBYBaHHS (Peun)
Ta iX cmiBBiHOIIEHH. Ha pucyHKy 6 HaBe/ieHa ricTrorpama, o LTFCTpye
CHIBBITHOIICHHS 3raJlaHUX TUCKIB MPH CTAaHAAPTHUX YMOBAX.

2,5
o 2
=
2
=
=15
£
% .PH
T 1 A Pewn
[~
=
=
o
=
o5

o -

R134a R407c R410a R507

Puc. 6 — ITopiBHSIHHS THCKIB KOH/IGHCAIIi Ta BUTTAPOBYBAaHHS
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Buxonsum 3 BUIIEBHKIAJEHOTO MOXIHWBO IiHTH JO BHCHOBKY, IIO
pu 00paHHI XOJOIMIBHOTO areHTy IS 3aCTOCYBaHHS B KOHKPETHiH XO-
JIOJUIBHIA yCTaHOBLI MPH KOHKPETHUX YMOBaX JOLILHO BPaxOBYBATH SIK
MiHIMYM TpH TpyIu (QaKTOPiB:

" BIUIMB Ha 3eMHY atMocdepy;

" cHepreTuyHa e(heKTHBHICTD XOJIOJUIBHOT YCTAHOBKY;

" KOHCTPYKTHMBHI BUMOTH JIO €IEMEHTIB XONOJHIBHOI YCTAHOBKH.

B skocti werBepToro ¢akropy OakaHO BpaxOBYBaTH BapTiCTh €KC-
IUTyaTtamii XoJIoAWIBHOTO 00JalHAHHS, B TOMY YHCHI 1 LiHY XOJOJUIBHO-
T'O areHry, Mo 0OUPa€eThCA.

B HuHImHIA Yac KOMIUIEKCHHMM IIOKa3HHK, SKHH OHM I03BOJIMB
NPUAHATH PIlIEHHS 3 ypaxyBaHHSM 3rajlaHux (PakTopiB HE iCHYe, X0ua,
MOJKIJIMBO CTBEPXKYBaTH, 110 HOr0 HAsBHICTh 3HAYHO crpourye (hopmy-
BaHHS 3aBJIaHb, K HA €Tali MPOEKTYBaHHS, TaK 1 eKCIUTyaTaIlii, a TAKOX y
BHITIAJKy HEOOX1THOCTI MO/IepHi3allii.

B sikocTi MOKa3HMKIB, [0 BH3HAYAIOTHL E€KOJIOTIYHICTE XOJOIHUILHUX
areHTiB JIOIUIFHO 3aIpOoNoHyBaTh Taki moka3Huku sk GWP Ta ODP, 3na-
YeHHA SKUX BIZOMI Id MaibKe BCIX XOJOMWJIBHUX AareHTiB Ta HE
MOB’s13aHi 3 €HEPTETUYHOI0 €PEKTHBHICTIO Ta KOHCTPYKTMBHUMH YMHHU-
KaMH.

Eneprernuna e(eKTHBHICTh XOJNOIWIBHOI YCTAHOBKH MOJIIHBO OIli-
HUTH 32 3HAYEHHSM XOJIOJWIBHOTO KOE(DIIli€HTY € Ta BUTPATOIO EIIEKTPH-
9HOT MOTYXKHOCTI Ngoo (MOKIIMBO 3aCTOCYBaHHSI €(PEKTHBHOI MOTY>KHOCTI
N., mo He Oynme 3/iliCHIOBATH MPHUHIMIIOBOTO BIUIMBY Ha OJIep>KaHi BU-
CHOBKH).

KOHCTpYKTHBHI 0COOJIMBOCTI XOJOAMJIBLHOTO OOJIaHAHHS B LIJIOMY
MOJKJIUBO OIIIHUTH 32 3HAYCHHSMH THUCKIB BUNIAPIOBAHHS Py, 1 KOHJICHCA-
uii P« xoedimieHTa momadi koMmrpecopa 4.

[Tpy BU3HAYEHHI KOMIUIEKCHOTO MOKAa3HMKA CIIiJ| BPaxyBaTH MOKIIH-
Bocti BunazakiB, koamu ODP=0, a TakoX J0OCTaTHLO BEJIMKI 3HAYCHHS
GWP. V 3B’s3Ky 3 IIUIM TIPOMIOHYETHCS TIPU PO3PAXYHKY YHUCEIHLHOTO 3HA-
YeHHS KOMIUIEKCHOro ToKa3Huka 3actocyBatu ODP,= ODP+1 Tta
GWP,= GWP - 10°,

TakuM YMHOM, JUIsl BU3HAYEHHSI KOMIUIEKCHOTO TIOKa3HMKA AOLIBHO-
CT1 3aCTOCYBaHHS XOJOIWJIBHOTO areHTy MOJJIMBO 3alpOIIOHYBAaTH Ha-
CTYIHY 3aJIS)KHICTb:
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&P -1

R' — sun
GWP, -ODP, -P, -N,

PesynbTatu po3paxyHKy aiisi 0OpaHUX JUIsl TOPIBHSHHS XOJOTUIEHUX
areHTiB HaBeAeH] B Ta0auy 2.

Tabnuns 2 - 3HaueHHS KOMIUIEKCHOTO KOE(DIIlIEHTY IPH PI3HUX TeMIeparypax
BUITAPOBYBAHHS

K
R134a R407c R410a R507
toun (°C)
-25 0,024 0,017 0,02 0,0097
-20 0,05 0,018 0,027 0,011
-15 0,049 0,023 0,033 0,012
-10 0,064 0,03 0,031 0,018
5 0,1 0,03 0,027 0,02

AHaIi3yroun 3Ha4eHHS! KOMIUIEKCHOTO MOKa3HUKa TP 3MiHI He-
00XiJHOT TeMmepaTypd BUIAPOBYBAaHHS MOMIJIHMBO 3pPOOHTH MOMEpeHi
BHUCHOBKH, 110 10 AOLIJIBHOCTI BUKOPUCTAHHS TOI'O YM 1HIIOI'O XOJIOIUIIb-
HOTO areHTy B 3aJIeKHOCTI BiJl TEXHOJIOTIYHUX BUMOT.

Ha nepmmii normsin 3acrocyBannst R 134a Oyne HaiOunbn Oaxa-
HHUM 32 OyZIb-SIKHX T€XHOJIOTIYHUX YMOB, OJIHAK BPaXOBYIOUH BHCOKE 3Ha-
YeHHs ToTeHiany riaodamsHoro norertinas (GWP=1300) cmin mrykatu
oMy 3aMiHy Y BHTJISIAI XOJOJMIBHOTO areHTy 3 MEHIIUMH 3HAYCHHSIMHU
GWP.

MoXnMBO B SIKOCTI ajbTepHATHBH CHia po3riasgath R 32
(GWP=675), R 513a (GWP=631), R= 450a (GWP=605) ta R 1234
(GWP<1), ane y BumagKy MOJEPHi3allil IiF0U0i XOJOAMIBHOI YCTAHOBKU
TaKe pilleHHs MOXKe OyTH HENPUATHUM Y 3B’S3KY 3 BUCOKMMH 3HAUCHHS-
MH THCKiB, TaK, HATIPMKJIAJI, TIPH TeMIepaTypi BunapoByBanHs -25°C Tuck
y BUIApHHUKY Oyze csaratu 3,2 Oapa, a Tak KOHJeHcallil — maibke 19 Gapis
s R 32. o mo xomomunbHOro areHty R 1234, To BiH miaxoguTh A0
BUKOPHUCTAHHS 38 TEPMOJMHAMIYHUMH BJIACTUBOCTSIMH, ajieé Ha CHOT'O/IHi-
IIHIA JIeHb HOro IiHa Maibke B BiciM pa3iB Bumia HiX y R 134 a. Kpim
TOro HeoOXiTHO BPaxyBaTH BiJICYTHICTh HAKOITMYEHOT'O JIOCBITY BUKOPHC-
TaHHs 3raJjaHuX aJbTEPHATHBHUX XOJOIWJIBHHX areHTiB B CEpelHiX Ta
KPYITHUX, 32 XOJOJONPOMYKTUBHICTIO, XOJOJWIBHUX YCTaHOBKAX, SIKi
XapakTepHi I MOPCHKUX CYJICH.
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MoOXJIMBO BUKOPHUCTAHHS METOMY OIIIHKHM JOMUIBHOCTI BHOOpY
XOJIOJMIBHOTO areHTy 3a JIOMOMOTOI0 KOMITJIEKCHOTO TIOKa3HUKA JUIsS BU-
MaJKiB TOPIBHAHHS OyAb-SKOI TPYNMU HasiBHUX XOJOIWIBHUX AarcHTIB,
OUIBII TOTrO, 32 HEOOXITHOCTI, MOKIIMBO BHECTH JIO 3alpPOIIOHOBAHOI 3a-
JISKHOCTI JIOAATKOBI IOKa3HUKH, HAMPUKIIAM, TATOMY XOJIOJOMPOTyKTHB-
HICTb Ta I[IHOBUI IMOKA3HUK.
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10.31653/smf44.2022. 88-92
Hynmiep O.IL
Hamionansnuii yHiBepeuteT «Omecbka MOPChKa aKaieMis»,
AHAJII3 XAPAKTEPUCTHUK TOITIKOBOI'O ITPUCTPOIO
3 YPAXYBAHHSAM SIBULLIA TEPEMIXHOCTI HOTOKY

AHoTanis. Po3rnsHyTa MOXJIMBICTH BHKOPUCTAHHS MaTeMaTHYHOI
MOJIeJi, OCHOBaHOI Ha TOHSTI «BiJHOBJICHO» KOHIIGHTpALii maiuBa Ta
SIBULIA TIEPEMIXHOCTI ra30BOTO IOTOKY AJIsl BU3HAUCHHS IOBHOTH CIIAJIIO-
BaHHJ MNalMBa B TONKOBHUX IPHUCTPOSIX CYAHOBUX KOTIiB. Po3paxyHkun
MiATBEPIUKEHI pe3ylbTaTaMi eKCIePUMEHTAIbHUX TOCTIIKEHb TOIKOBO-
ro IMPUCTPOI0. MakcuMaibHI 3HAYCHHS MOBHOTH CIATIOBAHHS MNaJMBa
JOCATAETHCA AJIS 3HAYeHb KOeilieHTy HaUUIIKY moBiTps o= 1,1+1,3.

IMocTtanoBka mpodjemMu B 3arajbHoMY BUrJsiAi. OTHUM i3 TIpUKIIa-
JTHUX TTUTAaHb BUKOPHCTAHHS MAJIMBa € BU3HAYCHHS! OCHOBHOT'O TTOKa3HUKA
TOIIKOBOI'O IPUCTPOIO - MOBHOTH CIIAJIFOBAHHS MalMBa, sIKAa BU3HAYA€ 3a-
JISKHICTh TeMIepaTypu MOTOKY (TEIUIOBUX BTpaT) Bia KoedillieHTa Hal-
JIUILKY TIOBITPS 1 5IKa € MpeAMETOM AOCIiIKEHHS B JaHili poboTi. Bigomo,
10 MOBHOTA CHAJIOBaHHA IAJMBa B poOoYMX 00JacTsAX mpolecy 3ae-
KUTH Bi cTaHy oOmacteit 3 "yrcTuM" MOBITPAM 1 3 "4MCTHM" MaTHBOM.
L1i 065acTi yTBOPIOIOTHCS B HACIIOK €KEKIIii CITyTHOTO ITOTOKY TOBITPS 3
MOJAJIBIION0 X TypOylizali€ro 3a paxyHOK MOIEPEYHOro nepenany IBuU-
JIKOCTI.

[ToBHOTa criatOBaHHS MAMBA BBAYKAETHCS OCHOBHOIO XapaKTEPUCTH-
KOI0, O/IHAaK B yMOBaxX €KCIUTyaTarii ii mpsMe BU3HaYeHHsT HeMoxJiuBe. Lle
MOB'A3aHO, MEPILI 3a BCE, 31 CKIAOHICTIO aHANi3y CKaJSIPHOI CTPYKTYpH
MIPOLIECY 1 BIICYTHICTIO HEOOXiJHIX TTOTOKOBHX JTaHUX.

L1 xapakTepuCTHKa 3a3BUYall BU3HAYAETHCS €KCIIEPUMEHTAIILHO TPH
JOBOJIOYHMX POOOTaxX TOMKOBHX INPHUCTPOIB SIK 3AJIEKHICTh TEIUIOBHX
BTpAT BiJl KoeillieHTa Ha UTHIIKY TTOBITPSL.

3aBaaHHsAM JIOCIIDKEHb 0yJI0 po3po0ka MeTo/aa i BU3HAYCHHS I10-
BHOTH CHAJIOBaHHs IajvBa B 3aJICKHOCTI BiJ KoedillieHTa HaJIUIIKY
MOBITPsI 32 AONIOMOT'OI0 TIOKA3HUKA «B1IHOBIICHA» KOHIEHTPALIiS MMalnBa.

AHani3 ocraHHix nocaimkens i myoaikamiii. HoBi HaykoBi TeopeTH-
YHI JOCHIJKeHHsST Tiporiecy ropinHs [1,2,3,4,5], siKi BpaxOBYIOTh BILIHB
SIBULIA TMEPEMIXHOCTI TypOYJIIEHTHOTO MOTOKY Ha (hi3MKO-XIMiuHiI meper-
BOpPEHHS MajiBa, BUAUICHHS TEIUIa, PyX 1 3MILIyBaHHS Ta3iB Jal0Th MOX-
JUBICTH 10 HOBOMY OIIHIOBATH 3aBEPILICHICTh BKa3aHUX IPOIIECiB, a B
pe3ysabpTaTi HOBHOTY CHAIIOBaHHS MajiuBa. B HUX oTpuMaHi HOBI 1aHi, 10
3MIHWJIN YSIBIIEHHS PO PO3BUTOK HPOLECY HA PI3HHUX CTAIisX 1 peXuMax.
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BBeneHHS MOHATTS «BITHOBIICHOT» KOHIICHTpAIII] IMajuBa Z SKiCHO 3MiHHU-
JI0 caMy TEOPIir0 TOPIHHS, IO JAa€ MOKIMBICTh PO3POOKH HOBUX MiIXOIiB
JUTSL BUPIIICHHS NPUKJIAJHUX NMUATaHb TPU CHATOBaHHI nayimBa. «BimHoB-
JICHa» KOHIICHTpAIlis nanupa [ 1] BU3HaA4Ya€eThCs M0 GopMyIi

_ StC,—Cyt+1
T o1+st
Il Cm U C¢ — KOHIICHTpAIIl TaiuBa 1 MOBITps; St - cTeXioMeTpUIHUN
koe(DillieHT 3rOpsSHHS NAJINBA.
B po6otax [1,3] 3ampomnoHoBaHO BHAUISATH TPH OOJIACTI, SIKi BHACITI-
JIOK TIEPEPUBYACTOCTI MPOIIECY 3MIITyBaHHS PO3LICHI MEKaMH, 110 BH-
MaIKOBO 3MiHIOIOTh CBOE MOJI0KEHHS:

00J1acTh YHCTOTO MOBITPS;

0071aCTh 3 CyMIIIIIIO MPOIYKTIB 3rOPSIHAS 3 MTAaJTHBOM,

o0macth TypOyneHTHOTO Au(y3iHHOTO TOPIHHS.

B nepmmx nBoX 00sacTsAX KOHIEHTPALIIO CKIaJOBUX NMPHHHATO BBa-
JKaTH HE3MIHHUMH, a 00JacTi TOpiHHA MOTIK TypOyJEHTHHUH 31 3MiHOIO
KOHIIEHTPAIIT MK HYJIEM 1 JISIKUM 3HAYCHHSM Zo.

Sx Bimomo [1], MATTEBI 3MiHU TOJIOKEHHS MEX 00JacTh TYpOYJICHT-
HOTO au(y3iHHOTO TOpIHHSA TPU3BOJATH JO YTBOPEHHS MEPiOAMIHUX
CTPYKTYp, SIKi MalOTh PO3MIPH, CIIBPO3MIpPHI 3 MacIITa0OM 30HU 3MIIIy-
BaHHSI, 1 XapaKTEePU3YIOThCS TIOPIBHSIHO 3HAYHUM YacOM iCHYBaHHSL.

Taki CTpyKTYypH MarOTh JETEPMiHICTCHKi BIACTHBOCTI, OI[IHIOBAaHHS
CTaHy SKHX JO3BOJISIOTH 110 HOBOMY IIAXOIMTH J0 BU3HAYCHHS MOBHOTH
CTaJIIOBaHHS NaJINBA.

Buknaa ocHoBHoro martepiany. O6nacts TypOysieHTHOro audysiii-
HOTO TOPIiHHS YTBOPIOETHCS B HACIIZOK 3MIlIyBaHHS CYMYTHIX TOTOKiB
MOBITPsI 1 Mas¥Ba 31 3MiHOI0 KoHIeHTparii 0+Zo. [To yMOBi piBHOBaxXHOCTI
Z=Zst, BUAUIAIOTH 00J1aCTi 3 Pi3HUM CTAHOM HPOIIECY FOPIHHS BiAMOBITHO
U1 Z>27st Ta Z<Zst.

[loBHOTa 3ropsiHHA naymBa Oyne BU3HAYATHCSA IiICYMKOBUM CTaHOM
TypOyJIeHTHHUX o0lacTell Mpouecy Z>Zst Ta Z<Zs, B SKUX HOTO CKaJIgpHA
CTPYKTypa MOTOKY BiJIMiHHA.

PosrnsiHeMo mpornecc 3 ypaxyBaHHSM SIBHILA IIEPEMIXHOCTI JJIsl CKa-
JISPHUX TIOJIB 1 «BIJHOBJICHOD» KOHIICHTpPALIiI0 MajuBa.

SIK BiZIOMO TIOBHOTa CHAJIOBAHHS IMANMBa BU3HAYAETHCS O BUPA3y
JUIs1 TETUIOBOTO OaaHCy NpoLecy TOpiHHS B a1iadaTHUX yMOBax
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Ine

P
Q.G
1 Moxe OyTH BHpakeHa uepe3 KOe]iIieHT Ha UIMIIKy TOBITPS o 3
ypaxyBaHHSM 3aJICKHOCTI JIJIsl 3MiHU CHTAJIBITI1

’r]:

B 1+ aSt) - ¢p Ty
= 7
H
SIKi, B CBOIO 4EpTy, OJIHO3HAYHO MOB'SI3aHI 3 «BIJIHOBJICHOI0» KOHIICH-
Tparlito majausa [5]

= (1-2) . @ Cp'Tng = (-2
1-zge z' Q) 1-zg¢

Li 3amekHOCTI NAIOTh MOKIJIMBICTH OKPEMO BHUKOHATH PO3PAXYHKH
MOBHOTH 3TrOPSIHHS ITAJIUB I o0JIacTe 3 2>7s Ta Z2<Zst.

Jns BupineHnX obnacTeil mpu Z>Zs; cepeqHe 3HAUYCHHS KoeilieHTy
HA/IJTUIIKY TOBITPSI BUZHAYAETHCS 110 3aJISKHOCTI

a _ (1-iz4z50)/2) 225
C {1=251 (Z+zge)

a 3MiHA eHTabMil

Cp - T _ (1—(z+z5)/2

Yz _
Q. 1—zg
BiamoBigHo mpu Z<zsy KoeillieHT HAUIMIIKY TOBITPS BU3HAYAETHCS
10 3aJIEKHOCTI

1-2g:/2
a, = (1-zs¢/2)
(1-2zst)
a 3MIHA €HTaJIbITIi
CpTpe z
fo Zst

[lo HaBegeHUM 3aJEKHOCTAM MOJEINI JUI TONKOBOTO MPHCTPOIO 3 PO-
TaniiiHOI0 (HOPCYHKOIO 1 BIIMOBIJHOIO «BiJIHOBIEHOIO)» KOHLEHTPALI€I0
nanuBa (+zo BUKOHaHI PO3PaxyHKH TOBHOTH 3TOPSHHS JUIsl MMajuBa i3
CTeXIOMETPHUYHUM KoedilieHToM St=14,7, pe3ynbTaTi SKUX NpeacTaBlieHi
Ha puc.l.
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Sk BuaHO i3 puc. 1 po3paxoBaHe 3HAUCHHS MaKCUMAIbHOI MOBHOTH
CTHIAJTIOBAHHSA TAJIMBA JTOCITAETHCS IS 3HAUYCHHS KOEQIIiEHTy HAIJIUIIKY
moBiTpsa o=1,1+1,3, mo BiAmOBigae SIK JaHUM EKCILTyaTaIlii Tak i eKciie-
pUMEHTAJIbHUM JaHuMH [8], OTPUMAaHUMH Ha JJIS TOIKOBOTO MPHUCTPOIO
CyZIHOBO1 KOTJI0BOiI ycTaHoBKM KW100.

BucHoBKH i mepcrneKTHBH MOAAJIbIIMX AOCHiTKeHb. [IpoBemeni
JOCIIPKEHHSI IO3BOJISIIOTH 3pOOUTH HACTYITHI BUCHOBKH.

1 OTtpuMaHni pe3ysibTaTH J03BOJISIOTh BBXKATH JOLUJIBHUM OLIBII Jie-
TAJILHOT'O TOCHI/DKEHHS 3alIPOIIOHOBAHOTO METOAY Uil PO3LIMPEHHS KOH-
TPOJIIO TIPOLIECY CIAIIOBAHHS ITaJIMBA.

2. Po3pobrnena Mojienis Moxe OyTH BUKOPUCTaHA TP MPOBEJCHHI MO-
PIBHSJIBHOI OIIHKY €(DeKTUBHOCTI CyTHOBUX TOITIKOBUX ITPUCTPOIB.

3. ExcriepuMenTH, 10 Oyid BUKOHaHI Ha CyJHOBOMY JONOMiIXHOMY
koTii KW100 migrBepanimm MOXKIHBICTh BUKOPHCTAHHSI OTPUMAHOTO Me-
TOJy ISl TOCII/IKEHHSI TIPOLIECy MaJiBa.
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Mapneit B.B.
Hamionansnuii yaiBepcuteT «O1ecbka MOPChKa aKa1eMisi»

BUKOPUCTAHHA B CYJHOBHUX JU3EJISIX ITATABHUAX
CYMILIEHA OO CKIIALY AKUX BXOIUTD ITAJINBO
BIOJIOTTYHOI'O TIOXOJKEHH

IlocTanoBka mpo6JieMH B 3arajibHOMY BUIJIsIAI. PO3BUTOK Cycmiib-
CTBa Ta TEXHIYHOT'O MPOrPECY HEMOXIINBUI O3 BUPOOHUIITBA Ta CIIOXKU-
BaHHS eHeprii. OCHOBHHM €HEPTETUIHHM JDKEPEIIOM € KOPUCHI KOTTaTHHU
(Byrimns, HadTa Ta ra3), MPUPOIHI 3aMac SKUX MIOPIYHO CKOPOUYIOTHCS
[1-3]. Kpim Toro, 3ropsiHHSI BYIJICBOJHEBOTO MallBa CYIPOBOKYETHCS
MOTPAIUISIHHAM B atMocepy Ta Tigpocdepy HeOe3MeUHUX XiMIYHUX CIIO-
JIyK Ta 3a0pyHIOI0YHX pedoBUH [4-6]. YacTuHa MUX CIIOIYK € TOKCHYHHU-
Mu (Hacammepen okcuau azoTy NOx, oxcuam cipku SOx, MOHOOKCHI
Byriaemio CO), yactuHa crpuse 3MiHi kiaiMary (miokcua Byriaemo COa,
ByraeBonHI CmHn, 1m0 HE 3ropinu, «gopHuii» Byriens C). Y 3B'13Ky 3 UM
OCTaHHIMU POKAMHU aKTHBHO PO3BUBAETHCS aJbTEPHATHBHA EHEPreTHKa
(Ipu ILOMY BHUKOPHCTOBYETHCSI TeOTEpMallbHA €HEPTisl, COHSYHA CHEPTis,
SHepTisl BITPY) Ta PO3pOOISIOTHCS aNbTEepHATHBHI MaluBa (HacamIiepen
MaJIMBa, OTPUMaHi 3 POCIMHHOT CHPOBHHH).

OpnHuM 13 ajJbTepHATUBHHUX BHJIIB NaNKUBa € Oloau3enbHe maauBo. Ha
BIJIMIHY BiJ JTU3EJIBHOTO MaJIMBa Ha HAPTOBIM OCHOBI, 010M3C/IbHE MAJIH-
BO BUPOOISETHCA 3 BiJHOBIIIOBAHUX OPTaHIYHHUX J[Kepes, HOro OCHOBHI
eKCIUTyaTalliifHi XapakTepUCTHKHU (TYCTHHA, B'I3KiCTh, TEMIEpaTypa clia-
Jaxy, HWK4a TeIJIOTBOPHA 3/IaTHICTh) MOXKHA MOPIBHSTH 3 aHAJIOTTYHUMH
MOKa3HUKAaMHU JU3EIbHOr0 NajluBa — 1€ J03BOJISIE BUKOPHCTOBYBATH HOTO
B OLMBIIOCTI Cy4acHHWX Nu3enbHHUX NBUTYHIB [7-9]. Ilpm mpomy HaykoBi
PO3pO0OKH, 1110 MiATBEPPKYIOTh €()EKTUBHICTh BUKOPUCTAHHS 010/113€1b-
HOTO TMAJIMBA JJISl CYJIHOBHX JIM3ENiB, MAIOTh MOOJMHOKHN XapakTep; pe-
KOMeHJauii 00 BUKOPUCTAHHS CyMillleil AU3eIbHOro Ta 010AU3eIbHOTO
MaJIMBa HE MAIOTh CUCTEMHOTO Ti1X0/1y. BUKOpUCTaHHS ajbTepHATHBHOTO
nanuBa (30KkpeMa OiomannBa) B E€HEPreTHYHHX YCTAaHOBKAaX MOPCHKHX
CYICH perjaMeHTYEThCSl PEKOMEHIAIisIMA BUPOOHHKIB HanuBa. [Ipu 1mpo-
My BKa3ylOThCS JIMIIE MiHIMaJbHI Ta MakCHMallbHI KOHLEHTpauii Giomna-
JIMBA y MaJMBHINA CyMIIll, TIPU SKUX 3a0e31euyeThes 3ropsiHHs. EQexTus-
HICTh HOT0 BHUKOPHCTAaHHSI 0E3MOCEpPEeIHbO 3aJEKHUTh BiJl KOMIIETCHTHOC-
Tel CyIHOBOI'O €KiMaXy Ta HAasBHOCTI PEKOMEHIAIill MIOAO0 TEXHOJOTIi
3aCTOCYBaHHS OlomaliiBa Ha Pi3HUX EKCIUTyaTalliiHUX peXUMax poOOTH
T3S
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AHaJi3 ocTaHHIX gocaixkeHb i myoJikaniii. OCHOBHIMH KOMITOHE-
HTaMH, 10 BUKOPHCTOBYIOTHCS MIPH BHPOOHHUITBI O10IM3ENA, € KUPH Ta
OJ1ii, OTpUMAaHi 3 POCIMHHUX Ta TBAPUHHHX XKHUPIB, XIMIYHHNA CKJIAJ SKUX
He3Ha4yHo Bifpi3HseTbes [10-11]. B pesynbraTi eTepudikaiii y npucyTHo-
cTi MeraHony abo eraHoOdy, a TakoX Kataimizaropa (y Burmsagi NaOH,
KOH, NaOCH3; a6o KOCHz3) i pe4oBUHH pearyoTh 3 YTBOPCHHSIM MO-
HOAJKIIOBUX eQipiB, TakoX BimoMux sk Ologmszens. Jami OGiomusensHa
(haza 1OJATKOBO OYHIIAETHCS 3a JOTIOMOTOIO TUCTHIIAIT Ta MEMOPaHHOTO
noziny [12-14]. PocaunHi oii SIK MOTOPHI MaJMBa MOYKHA BUKOPHUCTOBY-
BaTH SIK Y YACTOMY BUTJISIAI, TaK 1 B CyMillli 3 AU3EIBHUM Ta IHIIUMU HaQ-
TOBHMH TIaJTMBaMU, a TaKOX 13 TA30BUMH KOHACHCATAMH, CIIUPTaMH, edi-
paMu Ta IHIIUMH aJbTEPHATUBHUMH MaluBaMu. J[KepesoM pOCIHMHHHUX
OJIi#i citykaTh OJNiHHI KyJNbTYpH, B HaciHHI ab0 TUIOaxX SIKUX MICTSATBCS
pocnuHHi xupu. J[o oniiHUX BIAHOCUTBCS Ounbine 150 BHIIB pOCIUH, 3
SIKUX BUPOOJSIOTH POCIMHHI OJii. 3alie)kKHO BiJl KIIMAaTUYHAX yMOB Ta
JOCTYIHOCTI BHPOIILYBAaHHS, CUPOBHHOIO JUISI BUPOOHUIITBA 0i0AM3EIIO
MOXYTh OyTH pi3HI POCIHHHI OJii — BiJl OMUBKOBOI OJIii IO TBApPUHHOTO
xupy. JmHaMika CBITOBOTO BHPOOHHWIITBA POCIMHHHUX OJIi 3a OCTaHHI
II'AITh POKiB HaBeZeHa y Tabmuti 1.

Ta6nuus 1/ CBiToBe BUpOOHHUIITBO pocianHHKX omiit, 2016/17...2021/22 pp., MiH.
TOHH

2016/17 2017/18 2018/19 2019/20 2020/21

[TanemoBe 65,3 70,5 74,2 73,0 72,9
Coese 53,8 55,2 56,0 58,5 59,4
Pimaxose 27,5 28,0 27,7 28,0 29,1
COHAIIHNKOBA 18,3 18,6 19,6 21,2 19,1
[ManeMosiipoBe 7,6 8,3 8,6 8,5 8,4
Apaxicose 57 59 59 6,2 6,4
BasoBHsHE 4.4 51 50 5,2 48
Koxkocose 3,3 3,6 3,6 3,6 3,4
OiuBKOBE 2,5 3,3 3,2 3,1 2,9

Pazom 188,4 198,4 203,8 207,3 206,5

bruzeko 87,4 % cBiTOBOrO BUPOOHHUITBA POCIMHHUX OJiM MpUnagae
Ha MaJbMOBY, CO€BY, PAliCOBY Ta COHSIIHUKOBY odii, pemrty 12,6 % — Ha
apaxicoBy, OaBOBHSHY, OJIMBKOBY, KOKOCOBY Ta MaibMOsIpOBY. besymoB-
HO, O1JTpIIIa YaCTHHA [LOTO 0OCSTY BUKOPUCTOBYETHCS Y Xap4OBiii IpOMU-
cioBocTi. OfHAK, YacTHHA OJii BUKOPHCTOBYETHCS K CHPOBMHA Ul BU-
poOHuITBa OlomanuBa. PimakoBa ouisi 3alimMae Tpere Miclie 3a 00CSToM
BUPOOHUIITBA y CBITI MICJsA MaJbMOBOI Ta COEBOI. Y CTPYKTYpi CBITOBOIO
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BUPOOHHUIITBA POCIMHHUX Ol y ce3oni 2020/21 p. Ha piMmakoBy OJIit0
npumano 6xu3eko 14,1 % punky (29,1 mun. Torn). [lpn npomy, mia Bu-
poOHUITBA O10JM3EIBHOTO TAJIMBa, HAHAKTUBHIIIE BUKOPUCTOBYETHCS
came pimakoBa ouis [15]. ¥ pi3sHHX POCIMHHHUX OJisIX MICTUTBCS pi3HA
KUTBKICTh JKHPHUX KHCIIOT, IO MPU3BOJIUTE O TEBHOI BIIMIHHOCTI B iX
XapaKTepUCTUKax. J[eski XapaKTepUCTUKHU POCIUHHHX OJIid, SIKi BUKOPH-
CTOBYIOTHCS AJIs BUPOOHUITBA 0i0M3eIBHOTO MajiBa, HABEACHO y Tald-
i 2.

Ta6muipst 2/ XapakTepUCTUKH POCITUHHHX OJIii

. Biampa-
Ouniz KaHonm Kykypyn- | Iamsmo- | Pimako- | Coesa LIbOBaHA
(KaHaJACHKUIA . . . .
. 3s1Ha OJI1sA Ba OJI1sd Ba 0J1isA oI pociiMHHa
pinax) oJtist
BwicT cipku, ppm 2 4 2 4 2 5
Kinematnyna
B'SI3KICTh MIPH 4,38 4,19 4,61 4,50 4,26 4,80
40°C, cCrt
Temneparypa 153 171 163 | 169 | 159 | 161
cnanaxy, °C
IleTaHoBE YHCIIO 61,5 60,9 50,5 54,7 52,3 48,5
I'ycTuna, kr/m® 883 883 873 879 882 879
Huxua TennmotBop-
Ha 3/1aTHICTB, 38900 39900 | 37300 | 37600 | 37000 | 37600
kJx/Kr

VYci pociiMHHI MajrBa MalOTh CXOXKI OJMH 3 OJJHUM OCHOBHI XapakTe-
PUCTHKH — TYCTUHY, TEMIIEpaTypy crajaxy, HHXK4Yy TEIUIOTBOPHY 37aT-
HicTb. Ilpu 3ropsHHI BoHM BUALILIOTH mpubau3Ho Ha 10...12 % meHme
TEeIUTa, HK JU3ebHE MajdruBO Ha HaTOBid OcHOBI. CTaHAApTIB JJs Tel-
JIOTH 3rOpsIHHS MAaJMBa 3 OJIii He iICHY€, MPOTe OLIBII BICOKA TEIUIOTBOPHA
3[aTHICTh TAJIMBA € BAXJIMBOIO BIIACTUBICTIO, IO BUKOPUCTOBYETHCS i
Yyac BU3HAYECHHI iX sKocTi [16-18].

AMepHKaHCbKe TOBapHUCTBO 3 BHIIPOOYBaHb Ta MatepiaiiB (American
society of testing and materials — ASTM) sik OCHOBHY XapaKTE€PUCTUKY
SKOCTI HajJuBa Ha OCHOBI POCIMHHHMX OJIii BHU3HAYA€ IIETAHOBE YHCIIO.
Crnenudikanis ASTM D6751 Bkazye Ha MiHIMaJbHE IleTaHOBE YHCIO 47
JUISL POCIIMHHOTO MaJIMBa. Y Ci MajnnBa Ha OCHOBI POCIMHHUX OJiH, MIPUTO-
TOBaHI 3 CHPOBHHH, 110 HAHYACTIiIlle BUKOPUCTOBYETHCS, IEPEBULIYIOTH 1L1€
3HAYEHHSI.

BiaMiHHOIO OCOOJIMBICTIO TAJIMB 3 OJIii € MiHIMAJIBHUN PIBEHb BMICTY
cipku. Ile 03BONISIE BUKOPUCTOBYBATH iX Yy CIEIAIbHUX EKOJOTIYHHX
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paifoHax — 30HaX KOHTPOJIIO eMicii okcuaiB cipku (Sulphur emission con-
trol areas — SECASs) [19-21].

ExonoriuHa epeKTHBHICT> BUKOPUCTAHHS OlonanuBa TaKOXK XapakTe-
PHU3YETHCS MEHIIOKO KiJIbKICTIO BYTJIEKUCIIOTO ra3y, IO YTBOPIOETHCS 32
tioro sropsiHHES. [Ipu cnamoBaHHI TpaauIliiiHe MaTUBO BUPOOISE BEIUKY
KUTBKICTh BYTJICKHCIIOIO ra3y, SIKHH BBa)KAETHCS MAPHUKOBUM Ta3oM Ta
MPUYMHOI0 YTPUMAaHHS COHSYHOTO Teria Ha riaHeTi. CriantoBaHHS BYT1JI-
7 Ta HAQTH MiIBUIIYE TEMIIEPAaTypy Ta BUKIUKAE TI00ANbHE MOTEIUIiH-
Hs. BukopucranHs OiomaniBa 3MEHINTy€e BIDIMB ITAPHUKOBHUX Ta3iB Ha J0-
BKits [22-24].

VY pi3HUX HAYKOBUX JOCTIDKEHHIX MICTATHCS CyTEpedwInBi aHi mIo-
JI0 KiJTBKOCT1 BUKH[IB OKCHIIB a30Ty NOx IpH BUKOPUCTaHHI 0i0au3enb-
Horo manwBa. L[ HEBiAMOBIMHICTH MOB'SI3aHa 3 BapiaTUBHICTIO €KCIIEpH-
MEHTY, THUIIOM Ha()TOBOTO MaJiBa, a TAKOXK YMOBaMH MPOBEJICHHS SKCIIe-
pUMeHTY (KOHIIEHTpaIli€ro OiomanrBa B MaJUBHIN CyMIIIi 3 MaIUBOM Had-
TOBOTO TIOXO/KCHHS, PE)KUMaMU pOOOTH AM3eNsl, OCOOIMBOCTSAMHU Ta Xa-
paKTepUCTUKAMH HOTO CHCTEM OXOJIOPKEHHS Ta BUIYCKY Ta3iB).

ITocTaHoBKa 3aBAaHHA. SK IIPaBUIIO, EKCIUTyaTalLis IU3€]IiB BUKIIIO-
YHO Ha aJbTEPHATUBHHUX NaJUBaxX HE BUKOHYeEThCs. JlaHi mamuBa MaroTh
MEHIIY B'A3KICTh, a X 3HIDKEHA TEIUIOTBOPHA 3JIaTHICTh HE J03BOJISIE
OTPUMATH HEOOXiTHY IJIs TIepeMillieHHs OPIIHS Ta 00epTaHHS Bally €He-
priro. ToMy B CyHOBiii €HEpPreTHUIll BUKOPUCTOBYETHCS CYMIII TPaIuIliii-
HOTO Ta aJbTePHATHUBHOIO NayivBa. HaitOibI mpocTuii crnociod 1o1aBaHHs
AIBTEPHATUBHOTO MAJIMBA JI0 TPATUIIHHOTO — OE3MOCEPEIHBO B CYAHOBIN
MAJIMBHIA CHCTEMI Tepe]l MoJavyer0 MAIMBHOI CyMIlli B MWIIHIAD AU3EIs.
KoHueHnTparist ajpTepHaTUBHOIO MajMBa MAJIMBHOI CyMillli CTaHOBUTb
5...30 % [25].

Haiioinpm 1omilkHO BUKOPHUCTAHHS MAJMBHUX CYMIIIEH, IO MiCTATh
Iu3eNbHe MajIuBO Ta 0i0MalMBO, Y CyJHOBHUX CEPeIHHOOOEPTOBUX IU3e-
nsix notyxHicTio 400...700 kBT, siKi BUKOPHCTOBYIOTBCS SIK JIOTIOMIXKHI
JIBUTYHU. Y TakOMy pasi MpH 3arajbHOMY CepelHbOMY HaBaHTa)KEHHI Ha
cynHOBY enekTpocraniito 250...550 kBt no6oBa BuTpara moaiOHUX Majim-
BHUX cyMirnien CTaHOBUTH 1200...2500 KI/100y. IIpu
20...25% koH1eHTpaIlii 0ionaiyBa MajauBa B MaJUBHIN CyMilln #oro 1000-
Ba BuTpata He nepeBuirye 500...650 kr/noOy. Ilpu aBTOHOMHOCTI IUTa-
BaHHs 25...30 ni6, moaiGHi 00csTH MOXKYTh OyTH HOCTaBlieHI B OaraTbox
MOPCHKHX MOPTax 1 30epiratucs Ha 0opTy cyana [26, 27]. Takox HeoOXi-
JTHO 3a3HAYMTH, 110 AOTIOMDKHI JBUTYHH BCTAHOBIIIOIOTHCS HA BCiX CyAax
y KiIbKOCTI 2...4 1 MalOTh KOXKHY CBOIO MAJIMBHY cucTeMy. Lle no3Boisie
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BapifOBaTH BUKOPHUCTAHHS OiomanmBa, a TAaKOX IIOJICTTIYE 3aBIAHHS BH-
3HAYEHHS ONTHMAaJIBHOI KOHIICHTpAIlii Oi0maniBa B MaJUBHIN CyMili.

3aBmaHHAM JOCHTIKEHHs OyJI0 BU3HAYCHHS BIUIMBY ManuBa 010JIOTi-
YHOTO MOXO/KEHHSI Ha €KOHOMiYHI Ta €KOJIOTi4HI TOKa3HUKHU CyIHOBOTO
I3 Ta BU3HAYCHHS 32 IIMMH [TOKa3HUKaMH ONTHMAaIbHOI KOHIICHTpALi1
010AM3eTBHOTO ManyMBa Ha PI3HUX EKCIUTyaTalilHUX pPEXHMax poOOTH
CYAHOBOTO AU3EIS.

Buxiag ocHoBHOro Mmatepiany. Jlochmi/UKeHHS BHKOHYBAJIHCh Ha
crenianizoBaHoMy cynHi aenseiirom 10820 ToHH, 1110 31HCHIOBAIO KOPO-
TKouacHi (mpotsirom 4...6 THIB) Hepexoau MK IOpTamH, B SKUX Oyna
nepeadadyeHa MOKIMBICTh [TOTIOBHEHHS! 3a1aciB albTEPHATUBHOIO MAJIMBA.
Sk take BUKopucTOBYBasoch Oionanmmeo B99.9 FAME, mo cknamaeTses 3
99,9 % 6ioauzenpHoro manusa Ta 0,1 % muzensHoro nanuea kiacy Ultra-
Low Sulfur Diesel fuel (3 maguuspkum BMmicToM cipku S=0,03 %). Sk
«0a30Be» BUKOPHCTOBYBaJoch maianBo DMB, mo pexkomeHmoBaHO st
CepeTHLOOOEPTOBHX TN3EIIB, SIKi BUKOHYIOTh (YHKII TOTOMIXKHHUX JIBU-
ryHiB. BmicT OlonmanuBa B majWBHOI CyMilli 3MIiHIOBaBCS B MeEXKax
5...20 % Bix 3araipHOIO 00’ €My.

JocnipkeHHsT BUKOHYBAJINCSI HAa CYTHOBUX CEpPEeIHbO-00CPTOBHX -
semsx SDC-17A Tier Il Daihatsu Diesel 3 HacTynmHIMH OCHOBHHMU Xapa-
KTEPUCTHUKAMHU:

niametp muniaapa — d=0,17 wm;

xizg mopurHs — $=0,27 m;

gacroTa obepranas — N=1000 xB2;

HOMiHAJTbHA MTOTYXHICTh — Newon=490 kBT;

KUTBKICTh IWITIHPIB — iy =5,

10 Y KUTBKOCTI TPHOX IITYK BXOJHWIIN JIO CKJIaJy CyIHOBOI JOMOMIiXK-
HOi €HepreTMYHOl yCTaHOBKHM. [IpMHIMIOBa cXxeMa MalWBHOI CHCTEMH
JM3eITiB TIOKa3aHa Ha puc. 1.

[TanuBHA HHCTEpHA OJJHOTO 3 AM3EIIB HE 3MIHIOBAJIACH Ta LIEH JAHM3ETh
excrutyatyBaBesi Ha nanuBi DMB (3 B’si3kicTio 8 cCt i BMicTOM CipKH
0,08 %) Ta BBakaBCsl «KOHTPOJIBHUMY. [0 TATMBHUX CHCTEM JIBOX iHIINX
JIM3EITiB JIOJJATKOBO BCTaHOBIIOBAIOCH OONIaIHAHHS, IO JTO3BOJISIIO BHKO-
pHCTOBYBaTH B HUX Oiomanuso [28].
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Puc. 1. TIpuHIunoBa cxema MajJuBHOI CHCTEMH CYJIHOBHX JU3ETIB
5DC-17A Tier Il Daihatsu Diesel:
1 — BuTpaTHA MANMBHA OUCTEPHA; 2 — MATUBHUN QLIETP TpyOOro OUUIIICHHST,
3 — manuBHUM QUTBTP TOHKOTO OYHUINEHHS, 4 — TATMBHUN HACOC; 5 — AH3Eb;
6 — nucTepHa Oiomanusa; 7 — go3aTop; 8 — MIKpOKOHTpoIep; 9 — BUTpaToMip

3 Burparnoi nmcrepHu | nanuso DMB uepes ¢inbtp rpyboro oum-
IIeHHS 2 IPSIMYBaJIO JI0 TAIIMBHUX HacociB 4 au3eniB 5. JlomaTkoBo o4n-
LICHHS NanuBa 3abe3nedyBanock 3a jgonoMoro ¢insrpa 3. Konryp mo-
Jladi MmajvBa JI0 MepIIoro Ju3elis He 3MIHIOBABCsI Ta JU3eIb eKCILTyaTyBa-
Bcg Ha mainusi DMB. B’a3kicTs majguBa I03BOJISIE I0IaBATH B HHOrO 010-
nanuBo (3 B’s3kictio 10 ¢cCr). BMmicT GionanvBa B MaiwMBHIA CyMili 3Mi-
HIOBaBcsi B iHTepBani 5 ... 20 %, manuBHA cywmiml MmojaBaiacs A0 JIBOX
IHIIMX JU3EJIB, B KOHTYD SIKUX JOJATKOBO BCTAHOBJIFOBAJIUCS IHUCTEPHA
OiomanmBa 6, mo3atop 7 i BuTparomip 9. HeoOxifgHa KinmbKicTh OiomanuBa
B MaJIMBHOI CyMillli 3a0e3nedyBanach 3a JIOMOMOIOK MIKPOKOHTpoJepa 8,
BUKOPUCTAHHS SIKUX JIEHb BiJl JIHS MOIIUPIOETHCS B CYTHOBHX €HEPTETHY-
HUX ycraHoBkax [29, 30].

Kpurepiem exonomiuHocTi pobotu qusens Oymna obpana nmutoma ede-
KTUBHA BUTpata nanusa De [31]. Sk ekosoriuHi mokasHUKH POOOTH Cy/I-
HOBUX JIM3€/IiB NPHAMAINCh KOHLUCHTPALisA OKCHIAIB a30Ty C,, Ta

00’€eMHMI BMICT OKCHJTy Byrieno C., B BUIMYCKHHX rasax [32, 33].

IMutoma edekTrBHA BUTpaTa MajnBa De BH3HAYAIACh 3a JAOTOMOTOIO
CYJIHOBHX BHUMIPIOBaJbHHUX 3aC00iB. — BUTpPATOMipa, BCTAHOBJIICHOTO Ha
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MaricTpali MigBeeHHS MajliBa 0 MMaJUBHOTO HACOCY BHCOKOTO THCKY, a
TaKOX TaliMepa, Ta pO3paxoByBaliacs 3a 3aIeKHICTIO

b, =~
Nﬂ

epex

ne Gr — romdHHa BUTpATa MajuBa, KI/TOJ, 10 BU3HAYAETHCS 3a BUpa-
30M

V; — 06cAr nanuBa, o OPOKIILIIO Yepe3 BUTPATOMIp, M,

p — I'yCTHHA NaJKBa IIPH BiAMOBIAHIN Temmeparypi, Kr/m?;

t — yac, MPOTSTOM SIKOTO MPOBOJMBCS €KCIIEPUMEHT Ha BiJIOBITHOMY
pexxuMi poOOTH JU3es, FO;

N”  — MOTY)XHICTh AM3ENS, Ha Pi3HUX pexumax pobotu, kBT, sxa

epe
BH3HAYAIACH 32 JIOMIOMOTOI0 SIEKTPOHHOTO O0JIQJIHAHHS, PO3TAIIOBAHOTO
B IIEHTPAIHHOMY MTOCTY YIPABIiHHSI MAITUHHOTO BiJTiJICHHS.

Ilin yac mpoBeJAcHHSI EKCIEPUMEHTIB KOHIICHTpAIlis OKCHIIB a30Ty
NOx, a Takox 00’ emumi BMicT CO2 B BUITYCKHHX Ta3aX KOHTPOIOBAJICH
3a momoMororo razoanamizaropa Testo350XL (BupodnuirTBa Himewunnmn),
110 JT03BOJISIE€ BU3HAYATH KOHIIeHTpallil HacTynHuX pedoBuH: CO2, Oz, Na,
NOx, CHs, HC, SO, HS, a Takox TeMrepaTypy, BOJIOTiCTh, IIBUAKICTS i
TudepeHIliaTbHAN THCK BUMIPIOBAHOTO cepenoBuina [34].

Jns  mepepaxyHKy BHMIpsiHOI 3a JONOMOIOI0 Ta3oaHalizaTopa
Testo350XL xonmentpamii NOx, [ppm], (1o Bu3Hayamace B ppm abo B
MIH ') B Taky, 1o BignosimHo mo Bumor Annex VI MARPOL Bu3naua-
eTbes B 1/(kBT-rox), 32 1OMOMOrO0 BUTPATOMIpY BUMIipIOBajach BUTpATa
BUITYCKHUX ra3iB, Ggr, KI/TOM, Ta lali BUKOHYBaBCS PO3PaxXyHOK KOHIIEH-
tpaiii NOx, [kr/rox]:

NO, [KF/FOJI] = —NOX_[D P ni “Gor
limNO,,

e limNOx — makcumansHO MOXITHBE 3HaueHHs KoumeHTtpairii NOx,
0 BHM3HAYAEThCS 3a TrazoaHamizatopom Testo350XL (20007 abo
3000 Myt B 3aJ1€KHOCTI Biji 0OPaHOTO Jiana3oHy BUMIpIOBAHb).

[Micns yoro, 3 ypaxyBaHHSIM 3HA4YEHHS €()EKTUBHOI MOTYKHOCTI JIH3e-
mst NZ ., HeoOXinHa B po3mipHocti Kr/(kBrroxn) konuentpauis NOx Bu-

3Ha4vaJiachb AK:
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NO [kr/rox]
N2 '

epex

NO, =

Burpara BUITyCKHUX Ta3iB BUMIpIOBAIACh 3a JOMOMOTOK BUTPATOMi-
pa MT100S ¢ipmu «Siemens AG» (Himewunna). Burpatomipm cepii
MTI100 BigHOCSTBCS MO0 6araroToukoBHX (i3 KiIBKICTIO BUMIpIOBaJbHUX
30H/IB BiJ 2 10 8) MacoBUX BUTPATOMIpIB MOBITPS i ra3iB, sIKi NPALIOIOTH
3a TPUHIMIIOM TETUIOBOTO pO3CiloBaHHA. YyTIMBICTH BUTPATOMIpiB
MT100 crarosuts 0,07.. 0,2 M*/c, po6oua TemmepaTypa — 10 450° C, mo
3abesnedye ix (QYHKI[IOHATIBHICTh Y BCHOMY Jialma3oHi €KCIUTyaTalliifHIX
HaBaHTaXeHb au3ens. Butpatomipy MTI100 Ta razoanamizatopu
Testo350XL BimmorigatoTe BumMoram CHcTeMu Oe3MepepBHOTO MOHITO-
punry Bukuais (Continuous Emission Monitoring System — CEMS) Are-
HTCTBa 3 OXOPOHM HABKOJHIIHBOTO cepemosuiia (Environmental Protec-
tion Agency — EPA).

AHai3 BUIYCKHHX Ta3iB BUKOHYBABCS B Ta30BUIYCKHIM Marictpaii
Ha Bigcrani 10 M Bix Micis BUXO/y rasiB 3 ra30TypOOHarHeTaya, mo Bif-
nmoBigano BuMoraM TexHiuHOTo KojeKkcy 3a NOx.

[loxnbka y BUMiprOBaHHI BUTpaTH Tra3iB, 10 BU3HAYABCS BHTPATOMI-
pom MT100S, e nepesumryBana 0,5 %; moxubka y sumipi emicii NOx y
BHITYCKHHX Tra3ax, [0 BUKOHyBaiach razoaHanizaropom Testo350XL cra-
HoBuia £1,0 %; moxuOka y BHU3HAUEHHI NMUTOMOI e€()EeKTUBHOI BHUTpPATH
naJyMBa He nepesuilyBana £2,5 %.

Ilin gac mpoBeJeHHS MOCHIDKEHHS s 3a0e3MeUeHHs] CIOKHUBAYiB
CHEPTI€I0 eKCILTYyaTyBaBCs «KOHTPOJILHUI» Jn3eNnb (0 BUKOPUCTOBYBAB
nanmueo DMB) Ta oxun, abo aBa iHmmX (B SKMX BHKOPHCTOBYBAaIach Cy-
mim nanmuBa DMB Ta Giomanua). [du3eni, Ha sSIKHX BUKOHYBAJIHCS €KCIIe-
PUMEHTAIBHI TOCIiPKEeHHS, 3a0e3MedyBaiy MOTYXHICTIO MOCTiiHI TPYyNH
cnokuBauviB. JlOCHiKCHHS BUKOHYBAJIMCh B Jiaa30Hi HaBaHTa)XXCHb Ha
nuzens (0,3...0,8)Newow.

Ilepen mo4aTKOM NMPOBEACHHS €KCIEPUMEHTY BCI IN3€Ji MaIH MOPiB-
HSHUH MOTOpECYpC MaJMBHOI anapaTypH, JeTaled IHUIIHIPOBOi IpyIH,
MiJAMUITHAKIB PyXy, 8 TaKOXX OJHAKOBUHM TEXHIUYHHHA CTaH. Y BHIIQJIKY
3MiHI KiJIBKOCTI CIIO}KMBA4iB €HEPrii Ta IX MOTYKHOCTI HeoOXiJHe HaBaH-
TaXESHHsI TIePEPO3MOIUIIIOCS Ha JU3ENi, M0 HEe 3aJisHI B €KCIEPUMEHTI,
MIPU [BOMY JIM3€lTb, Ha SKOMY TIPOBOJIMIIHCS JOCIPKEHHS, eKCILTyaTyBaB-
csl Ha MOCTIHHOMY HaBaHTaxeHHi. KpiM Toro, miz yac mpoBeeHHs eKciie-
PUMEHTY Ha Ju3ei MiATPUMYBAIUCS HOCTIHHI TeMIepaTypHi peKUMH B
crcTeMax 3MallyBaHHS Ta OXOJIo/pKeHHs. [1iJ] yac mpoBeieHHs eKcIiepu-
MeHTy au3elnb npotsrom 1,0...1,5 roquH npaioBaB Ha MOCTIHHOMY HaBa-
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HT2)KEHHI MPOTATOM SIKMX BUKOHYBAJIOCh BUMIPIOBaHHS OCHOBHUX Mapa-
METpIB 1 ycepenHeHHs OTpMMaHHX 3HadeHb. lle 3abe3medyBano KOpEKT-
HICTh MPOBEJCHHS JIOCIIPKEHB 1 MOXKIIUBICTh 31CTaBICHHS BUMIPiB, BUKO-
HaHMX Ha Pi3HHUX AM3EIX. Y 3B’S3KY 3 BEIMKUM YacOM MPOBEACHHS eKC-
MEPUMEHTY 1HEPUiWHICTh BHMIpPIOBaHHS BHUTpATH Ta3iB (XapakTepHHi
HE/IONIIK BUTPATOMIpiB TEIUIOBUX BUTPATOMIpiB, OO KJIACy SIKMX BiJTHO-
cutbest Burparomip MT100S) moBHicTIO HiBenmtoBaiacs i He BIUIMBaNa Ha
pe3yJbTaTH. 3a TAKMX YMOB TaK0XK MOCTIHHOI MOXIIUBO BBaXKATH KOHIIE-
utparnii CO, ta NOx B BunmyckHuX ra3zax. [loxuOka B HaBaHTa)KEHHI ITiJ|
Yac mepexony OU3els 3 OJHOTO CTalIor0 PeXKUMY A0 IHIIOTO HE MepeBH-
mryBana +1,5 % [35].
Pesynbratu mociipkeHHs HaBeaeHi B Ta0. 3-5.

Ta6muiyst 3/ Tlutoma edekTHBHA BUTpaTa najiusa, r/(kBt-rom), 1t maauBHOT
CyMillli pi3HOTO CKJIay

Pexam DMB+5% | DMB+10 % | DMB+15 % | DMB+20 %
pobotu DMB . . . .
OiomannBa OlomananBa Oiomnanusa Oiomnanusa
T3S
0,3Nesom 211 218 223 227 229
0,4Nenom 207 213 216 220 221
0,5Nesom 202 207 210 213 214
0,6Nesnom 198 202 203 204 206
0,7Nenom 194 196 197 198 199
0,8Nesom 195 198 199 200 201

Ta6muus 4/ KoHneHTpaliist OKCH/IIB a30Ty Y BUIYCKHHUX rasax, r/(kBrt-roxm), mst
MAJMBHOI CyMillli pi3HOTO CKJIaay

PS%KOHT“:I oM@ | DMB+5% | DMB+10% | DMB+15 % | DMB+20 %
P OiomajiMBa OiomajivBa OiomaanBa OiomaanBa

JIA3EIIs
0,3Nexom 7,78 7,48 6,72 6,21 6,83
0,4Nexom 8,03 7,52 6,86 6,28 6,93
0,5Nexom 8,21 7,63 6,96 6,32 7,07
0,6Nexom 8,36 7,74 7,05 6,38 7,17
0,7Nexom 8,48 7,82 7,11 6,42 7,25
0,8Nexom 8,58 7,88 7,17 6,47 7,31

3a pesynbraTaMy EKCIEPHMEHTIB MOOyIOBaHI Aiarpamu, IO BiJO-
Opa)karoTh 3MiHM TUTOMOI €()EeKTUBHOI BUTPATH MaiuBa (pHc. 2, a), eMicii
NOx (puc. 2, 6) Ta 00’emuoi koHneHnrpamii COz B BUIYCKHHX ra3zax
(puc. 2, 8) nust pi3HUX YMOB eKciuryaTauii cyaHoBoro ausens SDC-17A
Tier 1l Daihatsu Diesel.
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Puc. 2. BanexxHocTi OKa3HUKIB poboTH musens SDC-17A Bix HaBaHTaXCHHS i
4yac BUKOPUCTaHHS MajuBa pizHoro ckiany: 0 — DMB;
1 - DMB+5 % 6iomnanusa; 2 — DMB+10 % 6Giomanusa; 3 — DMB+15 % Giomau-
Ba; 4 — DMB+20 % Giomanusa;
a — IITOMa BUTpaTa NMajuBa; O — eMicis OKCHJIIB a30TYy; 6 — 00’ €MHUI BMICT OK-
CHJTy BYTJICIIO B BUITYCKHHX ra3ax
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Tabnwms 5. O6’eMHUI BMICT OKCHIY BYTJICITIO B BHITYCKHHX ra3ax, %, IS Man-
BHOI CyMiIlli pi3HOTO CKIaIy

Pexmm DMB+5% | DMB+10 % | DMB+15 % | DMB+20 %
pobotn DMB . . . .
Oiomanusa OiomanuBa Olomanusa Olomanusa
U3eIIst
0,3Nexon | 6,05 5,86 5,72 5,36 4,78
0,4Neson | 6,25 6,05 5,86 5,52 4,83
0,5Neson | 6,48 6,27 5,93 5,69 4,97
0,6Neon | 6,69 6,45 6,12 5,79 5,12
0,7Newow | 6,92 6,51 6,31 5,93 5,22
0,8Neson | 7,29 6,75 6,52 6,12 5,36

BimHocHi 3MiHu koHueHTparllii okcuaiB a30ty ANOx Ta 00’eMHOrO
BMicTy okcuny Byriemo ACQO; B BHUIYCKHUX ra3axX, a TaKOX MUTOMOI
edekTuBHOT BUTpaT nanusa Abe po3paxoByBaUCh 32 BUpa3aMH

NOYV® —NOJ° COY™® —coS®

DMB DMB
NOy )

ANO, = :100%, ACO, = -100%,

6io DMB
_ be _be

e 6io
be

Ab -100%,

ne NOYY®, NOS%°, bP“® b — koHueHTpauis OKCHLY a30Ty B BHILY-

e
CKHHUX Ta3ax Ta MUTOMa eeKTUBHA BUTpaTa MaJIMBa IIiJ] 4YaC eKCILTyaTarii
mu3ens Ha nanuei DMB Ta 6iomanusi, 1/(kBTt-rox);
COM®, COS°— 00’eMHMI BMICT OKCHJY BYTJIELIO B BUITyCKHHMX Ia3ax
i Yac excrutyaTamii agu3ens Ha maauei DMB ta Gionanusi, %.
OTtpumaHi 3HaYeHHs y3arajbHeHi y Ta0ux. 6 - 8, a TakoX BifoOpakeHi
Ha JliarpaMax, HaBeJICHUX Ha puc. 3.
Tabnmusg 6
BinHocHe 30iblIeHHS TATOMOT €()eKTHBHOT BUTPATH aIUBa, %, IJIs MaTHBHOT
cyMilll pi3HOTO CKiIay

Pexum poboTH DMB+5% | DMB+10 % | DMB+15 % | DMB+20 %
M3EIIs OiomaanBa OiomaanBa OiomaanBa OiomaanBa
0,3Nenon 3,32 5,69 7,58 8,53
0,4Nesou 2,9 4,35 6,28 6,76
0,5Nenom 2,48 3,96 5,45 5,94
0,6Nenon 2,02 2,53 3,03 4,04
0,7Nenowm 1,03 1,55 2,06 2,58
0,8Nenon 1,54 2,05 2,56 3,08
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Tabmmrs 7. BitHoCHE 3MeHIIIEHHST KOHIICHTpAIlil OKCHIIIB a30Ty Y BUITYCKHHX
razax, %, AJsl NAJMBHOI CyMiIi Pi3HOTO CKIIagy

Pexxum pobotu DMB+5% | DMB+10 % | DMB+15 % | DMB+20 %
IIN3EIs OiomannBa OlomannBa OlomannBa OlomannBa
0,3Neuon 3,86 13,62 20,18 12,21
0,4Neuon 6,35 14,57 21,79 13,7
0,5Nenon 7,06 15,23 23,02 13,89
0,6Nenon 7,42 15,67 23,68 14,23
0,7Neuon 7,78 16,16 24,29 14,5
0,8Neuon 8,16 16,43 24,59 14,8

Tabnms 8. BigHocHe 3MeHIIeHHS 00’ €MHOTO BMICTy OKCHIY BYTJICIIO B BUITYC-
KHUX raszax, %, JUlsi aJuBHOI CyMillli pi3HOTO CKIamy

111

yw 20 25ANO,, %
5
i

Pesxxum pobotu DMB+5% | DMB+10 % | DMB+15 % | DMB+20 %
IN3Es OilomanuBa OlomanuBa OlomannBa OlomannBa
0,3Nexom 3,14 5,46 11,4 20,99
0,4Nexom 3,20 6,24 11,68 22,72
0,5Nexom 3,24 8,49 12,19 23,30
0,6Nexom 3,59 8,52 13,45 23,47
0,7Nexom 5,92 8,82 14,31 24,57
0,8Nexon 7,41 10,56 16,05 26,47
Ab, % ANO,, %
8 25
6 20
v 4 I v I
10
AN s
N
A% 8 6 4 &\}J 2 4 [6 8Ab.% ANO,, %2
4
6

Ab., %

ANOy, %
0)
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Puc. 3. /liama3oH BiTHOCHOT 3MiHU MOKa3HUKIB pobotu ausens SDC-17A Bin
HaBaHTAXXCHHSI IiJ1 4YaC BUKOPUCTAHHS MAJIMBHOI CyMillli pi3HOro ckiany: 1 —
DMB+5 % 6ionanusa; 2 — DMB+10 % 6ionanusa; 3 — DMB+15 % 6ionanusa; 4
— DMB+20 % 6ionanusa;

a — 301ITBIIIEHHS] TUTOMOI BUTPATH TAJINBa; O — 3MCHIIICHHS eMicii OKCHIIB a30Ty;
6 — 3MEHIIEHHS 00’ €MHOTI0 BMiCTy OKCHAY BYTJICIIO B BUITYCKHHUX ra3dax

BucHoBKH i mepcrneKTHBH MOAAJIbIIMX AOCHiTKeHb. [IpoBemeni

JOCIIPKEHHSI JO3BOJISIOTH 3pOOUTH HACTYITHI BUCHOBKH.

1. B cynHOBUX AM3ENAX CEPeAHbOI MOTYXKHOCTI, IO BHUKOPHCTOBY-
IOTBCS K JIOTIOMIXKHI, MOXKIIMBO BHKOPHCTOBYBATH MMAJHMBHI CyMillIi, 10
CKJIaJy SIKMX BXOJSITh NATUBO HA()TOBOTO MOXOJPKEHHS (SIK OCHOBHA Yac-
THHa, MacoBa aoys sikoi ckmagae 80...95 %) Ta manuBo Oi0JIOTIYHOTO
MOXO/KeHHs (3 MacoBoro nonero S...20 %). [limroToBky noaioHUX masu-
BHUX CyMillleli JTOIIIbHO BUKOHYBAaTH B CY/JHOBOI MAJMBHOI cHCTEMi 0e3-
MOCEPeIHBO Mepe]] iX MoAauero 0 NWITiHPIB AU3EIsL.

2. BuxopucTaHHs B CyJHOBHUX JHU3EJSIX TaTUBHAX CyMilllel 0 CKIIaay
SIKUX BXOJUTH IMAJIMBO OI10JIOTIYHOTO ITOXOKEHHS CITPHSE TOJIMIICHHIO
CKOJIOTTYHUX TOKa3HMKIB 1X po0oTH. J[OCHIDKEHHIMH BCTAHOBJICHO, IIIO
s 5...20 % koHueHTpallil najvuBa 0i0JOTIYHOTO MOXOJKCHHS B CKJIajl
MNaJIMBHOI CyMili 1 Iiama3oHi eKCcIUTyaTaliiHUX HaBaHTa)KEHb Ha CyTHO-
Buit nuzens SDC-17A 30...80 % HOMiHaIBHOI MOTYXHOCTI CHOCTepira-
€TbCSl 3MEHINCHHS KOHIIGHTpAIlil OKCHJIIB a30Ty Y BHIIYCKHUX Tra3ax Ha
3,86...24,59 % Ta 3MeHIIeHHs] 00’ €MHOTO BMICTy OKCHIY BYIJICLIO B BU-
MyCKHUX raszax Ha 3,14...26,47 %. 3MeHmeHHs 00’ €MHOTO BMIiCTY OKCHUAY
BYIJICIFO B BHUIIYCKHHX ra3ax 3IiHCHIOETHCS MPOIOPIIHHO MiABUILIECHHIO
BMICTY OlomanvBa B CKJIQJi TaJMBHOI CyMIIlll Ha BCIX eKcIUTyaTaliiifiHuX
pexuMax au3ens. 3MEHIIEHHs eMicii OKCHIIIB a30Ty HaiO1IbII eheKTHBHO
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3niricHIoeThes min yac 10...15 % xoHmeHTpaii GiomanuBa B CKIai Majiw-
BHOI cymimii 3 manruBoM Ha(pTOBOTO Moxo/keHHA. CaMme 10 KOHIIeHTpa-
mito (st Oyab SKUX HaBaHTakeHb ausens SDC-17A) nponoHyeThcs BBa-
KATH HAHOUTBII ONTHMAIBHOIO 3 TOYKU 30py 3a0€3MEUCHHS SKOJIOTIYHUX
MTOKa3HUKIB pOOOTH JAHM3EIIA.

3. BUKOpHUCTaHHS MaTUBHUX CYMIIIEH 10 CKJIaQy SKUX BXOJUTH IIa-
JIUBO O10JIOT1YHOTO TOXOJPKCHHS MPHU3BOJIUThH JO IMiJBUIICHHS THTOMOI
BHUTPATH IajNBa, 10 3MEHIITyE €KOHOMIYHICTh poOOTH Au3ens. 3 MiaBH-
LIEHHSIM BMicTy Glonanusa B nanuBHOI cymimi 3 5 10 20 % nutoma edex-
TUBHA BUTparTa nanua 3poctae Ha 1,54...8,53 %. [Ipu upoMy HalibinbIIe
3poctanHs — 3,32...8,53 5 BiamoBinae HaBanTaxkeHHIO 30 %, HaliMeHIIe —
1,54...3,08 % naBantaxenHto 80 % 3a ymoBoro 20 % BMicTy Oionanusa B
ckianai nanuBHOi cyMimii. [ig yac HaBaHTaxkeHHsS 40...50 % 30UIbIICHHS
MUTOMOI BUTpATH NaiuBa gocsrae 6,76 ta 5,94 % BianoBigHo. Y 3B’53Ky 3
MM, MiJ Yac HaBaHTaXeHHS au3els B miana3zoHi 30...40 % IouiabHO
BUKOPHUCTAHHS NMaMBHHUX cyMiieil 3 BMicToMm Oionanusa 5...10 %. Ilepe-
BUIICHHS L€l KOHIEHTpAIil CYTTEBO 3HMUKYE EKOHOMIYHICTH poOOTH IH-
3e71sl.

[lomanpmii AOCHIIKEHHS JOUIMFHO CHOPSIMOBYBATH Ha BU3HAYCHHS
BIUIMBY OiomanuBa Ha SIKICTh MPOIECY 3rOPSHHS MalWBHOI CyMilli Ta Ha
TEPMOAMHAMIYHI TOKA3HUKH MIPOIECY 3TOPSHHSL.
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Manaxos O.B., fuenko M.B., Macnos 1.3., HaiinsonoB A.l, I'enues B.B.
Harmionansauii yHiBepcutet “Ojiecbka MOpPChbKa akajieMis”

PEJKUMM B3AEMO/IIi MOTOKY 3 MWITHAPUYHUM
TPYBOIIPOBOJAOM, IO PYXAE€THC 3 KOJIMBAHHSIMH Y
BEPTUKAJIBHIM IVIOIIWHI

Ilixm gac pobOTH CyseH OCHOBHA MpobiemMa B 3a/1adi B3aEMOIl pyxo-
MOTO TIOTOKY MOPCBKOi BOZM 200 TOBITPS 3 THYYKHUM LITIHIPHIHUM TPY-
0ONpOBOAOM, IO 3AIMCHIOE KOJNMBANBHI PyXH, MOJSIra€ y BiJCYTHOCTI
HEOOXIMHUX MaHUX IIOAO PO3MOMLTY TiIpo- abo aepoAMHAMIYHHX CHII
y310BXK 00TiuHOi ToBepxHi. Llel po3nomin moBrHEH OYTH 3aBXKIU BilO-
MUl B 3aJI€XKHOCTI BiZ (hopM mapameTpa OOTIUHOI TTOBEPXHi 1 KyTa aTaku
MOTOKY PiJJMHH, IO Habirae.

Jlo Ba)UIMBOTO acIeKkTy TiIpoauHaMidHOI B3a€EMOJI] MOTOKY 3 IHITiH-
JOPUYHUM TPYOONpPOBOAOM ab0 TPOCOM BiIHOCHUTHCS BUHHKHEHHS KOJIU-
BaHb NpU BigpuBi BUXOpiB. Tak 3rigHO 3 pesynbTatamu podotu [1] konu-
BaHHS 3aBXKIM MAlOTh JOKAIBHHN XapaKTep 1 MOXKYTh MOIMINPIOBATHCS HE
Ha BCIO JIOBXKHHY TPYOOIIPOBO.Y.

[ KpUBOMIHIMHUX THYYKHX TpyOONpOBOMIB MiclieBa HOpMaibHa
CKJIaJI0Ba BiJHOCHOI MIBHIKOCTI OOTIKamO4yoro moTOKy Vn BH3HAYA€THCS
KOODP/IMHATOI0 BHTHHY, TOOTO KOOPAWHATOIO, IO BiINOBiIA€ BiIXHICHHIO
TpyOM BijJ pPIBHOBaXXHOTO cTaHy. Bij BenmunHM V, 3aleXuTh MicieBa
cuna KapmaHna i ToMy CHHXpPOHi3allis 4aCTOTH 3pUBY BHXOpPIB HA KOHKpeE-
THIW TUISHIN TpyOH 3i CBOEIO YaCTOTOO ii KOJIMBaHb TE€K MOXKE MAaTH JIH-
e JIOKAJBbHUIM MiclieBuil xapakrep. Ha omHUX AUISHKAax TPyOOIPOBOIY
4acToTa 3pUBY BUXOPIB MOXKE JOPIBHIOBATH BJIACHIN YacTOTI HOr0 KOJIH-
BaHb, a Ha IHIMUX AUITHKAX TPyOOIPOBOIY BOHA MOXe 301IbITyBaTHUCS 31
3POCTaHHSM BEJIMYMHH MIBUAKOCTI V.

3pUB BUXOpIB 3 KPUBOIIiHIITHOT TOBEpXHI 00TiYHOI TpyOH abo Tpoca €
CIIPOIEHUM TIOSICHEHHSIM MEXaHi3My BHHUKHEHHS KOJMBAaHb THYYKOTO
TpyOonpoBoay B moroui. B nroMy BUnaaky mpuiimaersces, mo cuinu Kap-
MaHa, sIKi 3IBISIOTHCS TP 3pUBI BUXOPIB, OYAYyTh CIPSIMOBAHI IepIieH-
JMKYJSIPHO JI0 MICIIEBOT HOPMAIILHOI CKJIaJOBOT IIBUIKOCTI MOTOKY. Came
Ii CUJIM MOYMHAIOTH MPUBOIUTH A0 KOJIMBAJIBHOIO PyXy THYYKHH TPyOO-
MPOBiA 1 NPU3BOIATH MiJ Yac BiAPUBHOIO OOTIKAHHS JO BUHMKHEHHS JO-
JMATKOBUX IMiIAOMHHUX CHJI, SIKI 1 J1al0Th Ha BUXOAl €(eKT aBTOKOJMBaHb
(0 € He 3aTyxXar4uMH, TATONYIOYUMH, 31 3MIHHOKO aMILTITYI0!0 1 T.1.).

IIBuAKICTH MOTOKY, L0 HAOIrae, € OIHUM 3 THX OCHOBHHX (pakTopis,
SIKi BIUIMBAIOTh HA YacTOTY BiJIPHBY BHXOPIB 3 MOBEPXHI IHIIHIPUIHOTO
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TpybomnpoBoay. [lomioHMI BIIMB H0Ope MOKa3aHO Ha MaMOHKY 1. BiH
y3saTHi 3 poO0TH [2] 1 HA HBOMY BHJIHO, IO JUISI BCIX TPHOX JOCHIPKEHUX
TpyOOTIPOBOAIB 3aJIC)KHICTh YAaCTOTH BiPUBY BHXOPIB BiJ HIBHIKOCTI
MOTOKY MOe OyTH anmpoKCMMOBaHa 3a JIOTIOMOTOI0 JIiHiiiHOTO 3aKoHy. Ha
rpadiky TakoXX BHIHO, IIIO 3MEHIIEHHS aiaMeTpa TPyOW € MO3UTHBHUM
(hakTOpOM 71l 3MEHIIICHHS YaCTOTH KOJIMBAHHS TPYOHM OCKUIBKH Ti K caMi
YacTOTH BiIPHBY BUXOPIB CIIOCTEPIralOTHCS B [OMY BUMAJKY MPH 3HAYHO
OUTBIMX MBUAKOCTAX. Tak, HAMpUKIaA, Uit TpyOou 3 miametpom 1,42 m
gacTtoTa BiapuBy 2 I’ Mana micue mpu mBHAKOCTI moToky 0,282 m/c, a
i TpybonpoBoay 3 piamerpom 1,02 M mBuakicts ctanosuia 0,392 m/c,
T00TO. cTana 6inpmroio y 1,39 pasis.

V,m/e

0,4

0,35

03

0,25 -

0,2

0,15
0,1 / Ve
0,05 7% -

0 0,5 1 1,5 2 fTu

Pucynoxk 1. BrmB OIBUAKOCTI MMOTOKY HAa YaCTOTY 3PUBY BHXOPIB Bi IIH-
JHAPUYHOTO TpyOompoBoay [2].
1-D=142m; 2-D=122m; 3-D=1,02Mm.

B tomy Bumazky, KoiM 3a paxyHOK B3a€MOZil 3 IMOTOKOM THYYKHH
MWIIHAPUYHUA TPYyOONPOBIJ] TOYMHAE BHKOHYBAaTH KOJHMBaIBHUU Pyx
0OTiKaHHS OTO MOBEPXHI B’KE HE MOXKHA PO3IIIAAATH K CTalioHapHe. B
LBOMY BHIIQ/IKy HEOOXiJHO BK€ PO3TJSIATH BUIAIOK, IO MOBEPXHS KO-
JIUBAETHCS. Y BHITAJKY KOJIM ITiJ] Ji€I0 MOTOKY, 1110 Habirae BigOyBaeThCs
HecTallioHapHe BiJipuBHE OOTIKaHHs IHIiHIpa (SKUH MPH OMY 31iiic-
HIOE BUMYILEHI TapMOHIYHI KOJIMBAaHHS B HANpPSIMKY, IEPIEHIUKYISAPHO-
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My IO OCi CHMETpii IOTOKy, 10 Habirac) MOKJIMBE OTPHUMAHHS TPHOX
XapaKTepHHUX PEeXUMIB Horo oOTikanHs. [lo BuIy po3moaity mosiB mBUA-
KOCTI Ta THCKY NOOJHM3Yy TpyOM Ii PEKUMH Mik COOO BiIPI3HAIOTHCS
AKiCHO. IXHs KiJIbKiCHA BiJMiHHICTH 100pe OMUCYEThCS MEKAaMH BiAMOBi-
mauX yncen CTpyxais.

SIK1I0 YacTOTy KOJIMBaHb THYYKOTO TPyOOIPOBOIY MO3HAYHUTH UYepe3
f1, @ 9acTOTy BiZIpMBY BHUXOPIB MPHKOPAOHHOTO ILIAPY BiJ HOT0O MOBEPXHI
sk T, To 1Ba yncaa CTpyxans MOKHA 3aITUCATH Y BUTIISII

d

Shl = fl \7 (1)
d

Shy = f, (2)

ne d — miamerp TpyOonpoBoOay, M, V — MIBUAKICTH TOTOKY, M/C.

BusHauanbHuM Kputepiem € grcio Ctpyxaist Shi i B oMy BHIAAKyY
BCI TPU PEKUMH OOTIKaHHS HWIIHIPUYHOTO TPYOOIPOBOLY MAarOTh TaKi
0c00JIMBOCTI:

[epmumii pexxum.

0<Sh;<0,04 — xoMBaHHSA THYYKOTO TPYOOIPOBOAY HE HAMAIOTH KO-
HOTO BIUIMBY YacTOTY CXOJy BUXOpIB 3 HOro moBepxHi, T00TO Shy He 3a-
JIKHUTH BiJ Sh1 1 BUKOHY€ETHCS HEPIBHICTD

=1, (3)

Hpyruii pexxum.
0,04<Sh;<0,1 - 3a paxyHOK KOJHMBaHb T'HYYKOTrO TPyOOIpPOBOIY

BiJOYBA€THCS YAaCTKOBE "3aXOIUICHHA" MPUKOPIOHHOTO MIapy, IO BigpH-
BA€ETHCS, 3 3aTSATYBAHHAM OJMDKHBOT BUXPOBOI CTOPOHH 10 JJOHHOI 4acTH-
HU TOBepXHi TpyOu. [Ipu mboMmy 4YacToTa BiJ[pMBYy BHXOpPIB Ta 4acToTa
KOJINBaHb THYYKOTO TPYyOONpOBOAY YacTKOBO HE 30iraroThCsi, ajne Ipu
EOMY Y TIEPIIOMY HAOIKEHH]

fi=f,. (4)

TpeTiit pexum.

Sh;>0,1 - BinOyBa€eThCs MOBHE "3aXOIUICHHS" YaCTOTH 3pHBY BHXOPIB.
YucenpHl 3HAYEHH [[i€] 4aCTOTH ITOYHMHAIOTH ITOBHICTIO 30iraTucs 3 yac-
TOTOIO KOJIMBaHb THYYKOTO TPYOONPOBOAY B MOTOI. Y IIbOMY BHIIQJIKY
BUKOHYETHCS PIBHICTD

f,="1, . (5)
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3rifgHo 3 pe3yiapTaTaMu poboTH [7] KOIHMBAHHS Till, IO MAIOTh IOTa-
HOOOTIUHMH TPodie € camMo30yIIMBAMHE 1 BIOHOCSATHCS IO ABTOKOJH-
BaHb. Lle oNOXKEeHHS € CrpaBeAIMBHUM SIK NTpU O€3BIAPUBHOMY, TakK i IpU
BiJpUBHOMY OOTiKaHHI THYYKOTO LMJIIHAPUYHOTO TPYOOIIPOBOY.

Y ToMy BHIAKy, KOJH PYXOMHH THYYKHHA TPYOOIPOBIiT B3a€EMOIE 3
MMOTOKOM, II[0 Ha0irae, 4acToTa 3pUBY BHUXOPIB 3 HOTO IMIIHIPUYHOI T10-
BEPXHI JIIHIHHO 3aJIe)KUTh BiJl IIBUAKOCTI MOTOKY. Y PEXKHMAaxX JOKPHU30-
Boro o6OTtikaHHA cepenne 3HaueHHs Ctpyxans mpu 40<Re<105 cranoBHUTH
Sh=0,2.

3rigHo 3 pe3yapTaTaMH €KCIEPUMEHTANBHUX AOCIHiIKEHb, OMHCAHUX
y po6oTi [3] SKIIO CHOCTEpPIraeThCsi CHHXPOHI3AIlisS YaCTOTH 3PUBY BHXO-
piB 3 YaCTOTOIO BUTBHHUX KOJHMBAaHb THYYKOTO TPYyOOTpPOBOIY, TO BOHA
30epiraTUMEThCS 1 31 3pOCTAHHSAM HIBUAKOCTI MMOTOKY, 1110 Habirae V. Me-
*a MoJiOHOT CMHXPOHI3aLii 31 3pOCTaHHS MIBHKOCTI 30BHIIIHBOTO TOTO-
Ky HaONMHKEHO MOXe csraT 3HaueHb 1,25V. YV 1mpoMy BHIIAAKy MaTHMeE
MicCIle 3pOCTaHHs aMILTITYIHOTO 3HAYEeHHS HecTalioHapHux cui Kapmany,
a BEJTMYMHA aMILTITY/IX X CUJI MOKe 3poctath 10 50%.

3rigHO 3 eKCNEPUMEHTAILHUMH JOCHTIDKeHHIMH poOiT [4, 5] BmacHi
YacTOTH KOJHMBAaHb THYYKUX TPYOOTPOBOJIIB MPH iX EKCIUTyaTallil il BO-
JIOF0 0e310CepeIHhO BU3HAYAIOTHCS JIOBKHHAMU 3aHYPCHHUX ITiJ] BOAY
ninsuok. IX umcenpHi 3HaYenHs mianasoHax goBxuH Bix 40 10 120 MeTpis
BIJIMOBiIal0Th iHTEpBaiaM yacToT KoiuBaHb Bix 0.05 go 1.32 I', mpudo-
My MEHIIIUM JIOBXKHHAM BiJIIIOBIIal0Th OLIbIII 3HAYCHHS YaCTOT KOJIMBAaHb
1 HaBIaKH.

Y X0l CHHXpOHI3aIlil 4acTOT KOJIMBaHb NMPHUEHAHA Maca IMITHAPUY-
HOTO TPyOOIPOBOy BUXOJUTH HA CBOI CTalliOHApHI 3HAYECHHS Yepe3 TpH-
BasHii mepioy uacy. Moro BenmunHa HaGaraTo Giblna 3a yac BIACHHX 60
BUMYIICHUX KOJHMBaHb TpyOompoBoay. Lleif BHCHOBOK IOCHTH HAOYHO
JIEMOHCTPYETHCS YHIBEpCAIBHUM TpadikoM Ha MamoHKY 2. BiH B3sdTHii 3
pobotu [6] i Ha HhOMY TIOKa3aHO, SIK 3MIHIOETBCSI B Yaci MpHEIHAHA Maca
MMOCTABJICHOIO BIIOIEPEK MOTOKY MKOPCTKOTO HUJIIHAPa. AHAJII3 HaBeICHOT
KpHUBOi TIOKa3ye, IO NPH iJEHTUYHUX 4Yuciax PelHonbaca mpuegHaHa
Maca Takoi Tpyou mopiBHioe m=0,01 Tinbku uepe3 190 cekyHn micis 1mo-
YaTKy pyxXy pifuHH. Takuii TpUBaNWid mepioji BUXOIy Ha CTal[iOHApHE
3HA4YeHHS Oe3MOocepeHbO BU3HAYAE HEOOXIAHICTH OOJIKY NpUETHAHOT
MacH TpH KOJIMBAHHAX TPyOOmpoBoAy. Y Aiama3oHax 4acy KOJHMBAaHHS
TpyOu 110 CKJIamae B yMoBax poboTu cyaHa MeHine 20 cekyHJ el mapa-
MeTp OyJie 3aBKAM HECTAL[IOHAPHHM.
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Pucynoxk 2. 3MiHa y 4yaci npueHAHOT MacH 1ij| yac o0TikaHHs TpyOu [6].

Takox i3 rpadika BUAHO, IO HOro 4ncesbHa 3MiHa (Ha rpadimi B Me-
HIIy CTOPOHY) MOXe BimOyBarucsi OUTbIN HiK yrpuui. Jns modaTkoBoi
OIIHKY BEIUYHMHU MPUETHAHOI MAacH THYYKOTO MHJIIHAPUIHOTO TPYOOII-
POBOJY Y pa3i MOMEPEYHOTO OOTIKaHHS B aBTOMOJEITHFHOMY PEKUMI, T€O-
peTHYHE 3HAYEHHs BEIMYMHU MPHUETHAHOT MacH MoXe OyTH 3HaiIeHo 3a
BUPA30M

2

m=r-, (6)

a mMacca 3MIIeHOol PiInHH, KaK:

m = p) W U

ne Wi — o0csru piivHu Ta 3aHypeHoT YaCTHHU TPYOOTIPOBOLY

V pa3i 00TiKaHHS MOBHICTIO HEPYXOMOTO Tijla I 1B BEJIMUMHHU MAIOTh
CKJIaZaTUCSL.

Ha onuHWYHY NOBKUHY KOXKHOTO €JIeMEHTa THYYKOTO TPYOOTPOBOY
P HOTO OOTIKaHHI MOTOKOM B'SI3KO1 PiIMHU, 1[0 HE CTHCKAETHCS, 3aBXKIN
JiI0Th TUIBKM TPU 3MiHHI CHJIM TUHAMIYHOTO NMOXO/KEeHHs. BoHu € mpoe-
KIIiSIMH BEKTOpa TiJAPOJMHAMIYHOI CHIJIM peakilii MOTOKY i KOXKHa 3 HHX
OKpeMO:
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Fx - BeKTOp pO3MOAiICHOI T1APOAMHAMIYHOI CHIIA JOOOBOTO OIOpPY.
Bin 3aBk a1 J1€KUTh Yy TUIOMINHI, SKa € MEPIEHIUKYIISIPHOIO IO OCi CUMET-
pii rHY4KOTr0 TpyOOIPOBOY Ta PO3PAXOBYETHCS 5K

2
F-c, 2 p 8
X X 2 ( )

ne Cx — koedillieHT onopy; p — UIUIbHICTS BOAW; V - MIBUIKICT MIOTO-
Ky, o Habirae; D — 30BHILIHIN AiaMeTp TPYyOH.

Fv - BexTop migiioMHO1 cvuii. BiH 3aBKIu MEpPIEHINKYISIPHAN 0 Be-
KTOpY cHir 1000BOTO omopy. Bektop migitoMHoi crmu Moke OyTH po3pa-
XOBaHUM SIK

pV*
F, =C,=-D 9)
ne Cy — koeimieHT miaAOMHOT CHIITH.

Fup - BexTOp TigponuHamMiynoi cuii. Hanmpsamok aii 1i€i cunm 3aBxan
30ira€Tbcs 3 CAMETPIEI0 10 THYYKOTO TPYOOIIPOBOY.

VY pasi ekcrryatariii CyZJHOBOTO TPyOOITPOBOAY IIiJl BOJOKO IO 3a3Ha-
YEHUX TPHOX CHJI 3aBXKIH JIONAETHCS YETBEPTa CHjla — MOCTiliHA CUIIA BU-
LITOBXYBaHHS YM cuiia ApxiMesa.

F, = pgW (10)

Jie g — MPUCKOPEHHS BUILHOTO MajiHHsA, M/c2; W — 00'eM 3aHYpeHOT
YaCTHHH TPYOOIpOBOIY, M3.

[Ipu po3paxyHKy CHIIOBOTO HaBaHTAXKECHHSI, SIKE HA/IA€ PYXOMHI MOTIK
Ha THY4YKU# TpyOONpOBiJl, OCHOBHA Mpo0ieMa MOJsrae B 3aJIe)KHOCTI CHII,
10 PO3PaXOBYIOTHCS, IIPH BEITUKUX MEPEMIIIEHHIX 00TIYHOT TOBEPXHI BiJl
MEPIINX MOX1THUX IUX MepeMineHb. Taka 3a1eHICTh BU3HAYAETHCS 3Mi-
HOIO Opi€HTAaIlil eIEMEeHTIB THYYKOT0 TPyOOIpOBOIy IO BiJTHONIEHHIO 0
MIOTOKY, 1[0 HA0Irae, i BILIMBOM €KPaHYIOUOi MMOBEPXHI BiJ KOPIYCY CyIHA
abo penbedy MOPCHKOro JHA. Y OLNBLIOCTI BUMAIKIB NMPH €KCILTyaTawii
THYYKOTO CyITHOBOTO TPyOONpPOBOLY B YMOBAaX MOPCHKOTO XBHJIFOBaHHS I
(dakTopu HOCSTH IMOBIpHICHUH Xapaktep. Takox CIiji BpaXxOBYBAaTH, IO
SKIIO B pO3paxyHKax ITHOPYIOTbCA e(eKTH, IMOB'A3aHi 3 MiABHILEHOIO
THYYKICTIO CyTHOBOTO TPYOOIPOBOAY L€ MOXKE MPHU3BOAUTH A0 3aBUIICH-
HsI OLIIHOK HOr0 KOMIICHCYIOYOi 3JaTHOCTI B KiJIbKa pas3iB.

CrporieHa cxema 3aJiadi npo MiJIBOJHY eKCILTyaTallil0 THYYKOTO TPY-
00onpoBOAy y MPOCTOPi MK KOPIYCOM CYZAHA i MOPCBKUM JTHOM y JABOMi-
pHIH TOCTaHOBIII BiJIIOBIIa€ MOro OOTIKAHHIO MK JBOMAa ILIACTHHAMH.
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OCKUTBKY Yepe3 HaBaHTKEHHS, [0 BUHUKAIOTh, TPYOOIPOBI B OYaT-
KOBOT MWITHApUYHOI Gopmu Oyae nmpuitmMatu emincoigay Gpopmy HeoOXia-
HO BPaxOBYBaTH 3MiHYy HOrO OMOPY B 3aJ€XKHOCTI BiJl CTYNEHS 3MiHH
CHIBBIAHOIIIEHb MK IBOMA ITIBBICSIMH eiririca. Cxema Takol 3amadl [oka-
3aHa Ha MAIIOHKY 3 a BEJIMYMHA OMOPY THYYKOTrO TPYOONpOBOJY B 3ara-
JTHEHOMY BUIJISIIII MOXKe OyTH 3Hai/ieHa 3a BUPa30M

1(a)°
16z |1 - =2
i, 3 L]
F = k1+a2k2
X 2 5
1oV | 2.06776 - 0.4244 ? -0.6902?

(11)

N\
~ L N\

Pucynoxk 3. Cxema 3aa4i Juist poOOOTH THYYKOI TPYOU MiXkK
KOPITYyCOM CY/IHa 1 MOPCBKUM JTHOM
1 — mMopchKe 1HO; 2 — THYYKHUI TpyOOIpoBia; 3 — KOpIryc cyaHa.
ne ki i Ko — KoHCTaHTH, 1110 3aeKaTh BiJ GopMH Tifa; | - BIJICTaHb BIJ
HeHTpy chepoina 10 HAWOIMIKIOT CTIHKY; ¢ — pajliyc MOMepeyHoro nepe-
pi3y (mepneHAnKYISApHOro A0 BEPTUKAIBHOI Oci Z); a - JOBXHHA IiBBici,
PO3TaIIoOBaHOI B3J0BXK BEPTUKAJIBHOI OCi Z; b - moBkmHa miBBici, po3Ta-
IIOBAHOI B3JI0BXK IO3/I0BXKHBOI 0ci Z.
SIK1I0 MOTIK PiIMHM PO3MIIAAATH SK JBOBUMIpPHUH, TO Y pa3i CHMeET-
PUYHOIO pO3TallyBaHHA TPYOONPOBOAY IO BiJHOMIEHHIO 1O KOPIYyCY
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CyIHa i MOPCBHKOTO JHA KOHCTAHTH K1 i K2 MOJKyTH OyTH 3HaliZIeHi 3a BUpa-
3aMu

k== (12)
T
k, = P (13)
a Bupa3 (11) Moke OyTH CIIPOIIEHO A0 HACTYITHOTO BUIY
32 1/a)°
VA I
3 Y 3 (]
X 3 (14)

1 — 0.568 T‘ + 0,146 T
ne i — xoedimieHT auHAMIYHOT B’sA3KOCTi; | — BenwumHa 3a30py Bifg
LIEHTpa TPYOHU J0 KOPITyCy CyAHa a00 MOPCHKOTO JHA.

VYci quHaMivHI XapaKTEpPUCTUKU THYYKHUX TPYOOIPOBOMIB Ta iX KpH-
TUYHI TIapaMeTpH, TOOTO. MOETHAHHS MK MapaMeTpaMu KOHCTPYKINI Ta
napameTpamu MOTOKY, IO MPU3BOIUTH 10 HECTIMKMX PEKUMIB KOJIHBAHb,
BU3HAYAIOTHCS TIOYaTKOBHM HalpyKeHHM cTaHoM. Lleit cTan Hacammepen
BHU3HAYAETHCA MI€I0 TiAPOAWHAMIYHHX a00 aepoAMHAMIYHHMX CHJI, IO Ii-
10T Ha OOTIYHY KOHCTPYKIIIO B ii MOTOYHOMY BPiBHOB&)KEHOMY CTaHi.
3MiHa TaKoro CTaHy, HANPHUKIA] MPH 3MIlIEHHI TOTOKOM THYYKOTO TPY-
OOIPOBOY B HOBE TOJIOKEHHS 1 MPOSIBI B IbOMY BUIIAJKy CHIIM TSHKKOCTI
JlacTh PIBHOBAry, sika Oy/ie XapaKkTepu3yBaTHCh BKE CBOIM HOBUM Harpy-
JKEHUM cTaHoM. J[J1s HhOro Bxke OyJie CriocTepiraTUcs 30BCIM 1HIIIE OChOBE
3yCHIUIS, @ OT)KE, 1 PI3HUH CIIEKTP YaCTOT KOJIMBAHb.

YMoBa HacTaHHS TiIPOJMHAMIYHOTO PE30HAHCY BHSBISIETHCSA Y PiB-
HOCTi XapakTepHOI YacTOTH 3pHBY BHUXOPIB i3 YaCTOTOIO BJIACHUX KOJIU-
BaHb TPYOOIPOBOIY MOKE OYTH 3alMcaHa siK

v=20 (15)

JIe vV —4acTOoTa KOJIMBaHb TpyOH; @ — XapakTepHa 4acToTa 3pHBY BHXO-
piB.

Bennuuna XxapakTeprCTHYHOI YaCTOTH 3pUBY BUXOPIB O JIIsl IMITiH/-
pHUYHOTrO TPYOOIIPOBOAY MOKE OYyTH 3HaiIeHa SIK

Sh-Vv
0=—F~ (16)
D

ne Sh —gucno Crpyxanst; V — mBuaKicts notoky; D — niameTp TpyOwu.
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VY ToMy BHITaJKy, KOJIM THYYKANA TPYOOIIPOBI IMTIHIPHIHOTO TIEpe-
pi3y 3a3Ha€ 3rUHANFHI HAaBaHTAKEHHS BUHHUKAE OITip Y HOTO MONepedyHOMY
nepepizi Moxke OyTH OLiHEHO SIK J00yTOoK El, ne E - MOIlyb IPYKHOCTI, a
| - ocbOBHIT MOMEHT iHepitii, cM*.

B mipoMy BUTIaAIKy JKOPCTKICTh THYYKOI TPYOH Oyzie THM BHIIOIO, UM
Oinbia BenmuunHa |. OChOBHI MOMEHT iHEPIIii B IEpIIIOMY HAOIMKEHHI (3
moxuoOKor0 110 20%) MOKe OIIHIOBATUCS 3a EMITIPUYHOIO (OPMYJIIO0

_#(p, g sfs an

ne D, — miameTp yMOBHOTO MIPOXOy THYYKOTO TPYOOIPOBOAY, M; 0 —
TOBIIMHA CTIHKY THYYKOTO TPYOOIIPOBOIY B HEHABaHTA)KEHOMY CTaHi, M.

[Tpu 3ruHaHHI Y KOXHOMY IOIIEpEYHOMY Tiepepisi THyYKoro TpyoOorl-
poBoay OyIyTh 3MiHIOBATHCS KiJIbIIEBI HAmpyru. SIKIIO BcepeauHi Tpyou
THCK ITOTOKY CTAaHOBHTH BETMUMHY P TO moyaTkoBe 3HaYE€HHS TaKHX KiJlb-
LEBUX HAMPYKEHb MOXKHA OI[IHUTH 33 BUPA30M

, _Pb,-25) 18
Xy 25 ( )

SlkicTh poOOTH THYYKOTO TPYOOIIPOBOAY MOXKE OIIHIOBATHCS 32 JI0-
MOMOTOF0 KoedilieHTa HaaiiHOCTI. BiH 103B0IIsIE BpaxoByBaTH Habip BCix
KpUTEpIiB, 110 MPU3BOAATH 10 BHXOJY 3 JIaTy poO0OYOi MOBEpPXHiI TPyOOII-
pPOBOJy MmiJ 4ac Horo ekcruryatarii. UuM Bumle 3HaveHHs KoedilieHTa
HAJIMHOCTI, TUM SIKICHIIIIE EKCILIYaTy€eThCs TpyOa.

BucHoBkn.

KonuBanHs, 0 BUHHUKAIOTH MPH BiAPUBI BUXOPIB, 3aBXKIU HOCATH
JIOKaJbHUN XapakTep 1 MOXKYTh He MOIIUPIOBATHCS HA BCIO JIOBXKHHY TPY-
OompoBoay. ToMy CHHXpOHI3aIlisl YaCTOTH 3pUBY BUXOPIB Ha KOHKPETHIH
TUTSTHIT TpyOU 3 BIIACHOIO YaCTOTOXO ii KOJMBaHb HOCUTH TIJTHKHU JIOKAITb-
HUH MICLIEBUH XapaKTep.

3MeHIIeHHs JiaMeTpa TpyOr MPHU3BOAWUTH 10 MaliHHS YaCTOTH KOJIH-
BaHHs TPYOH, OCKIIBKH Ti CaMi 4aCTOTH BiIpHBY BUXOPiB OYIyTh CIIOCTE-
piraTics mpHu 3HAYHO OLNBIIUX IMIBUAKOCTAX MOTOKY, IO HATiKae. 3alex-
HICTh YaCTOTH BiJIPUBY BHXOPIB BiJ| MIBHJKOCTI MOTOKY, IO HaOirae Ha
THYYKUH LWTIHAPUYHUE TpyOOINpOBif, anpoOKCUMYEThCS JiHIMHUM 3aKo-
HOM.

BrniacHi 4acTOTH KONMBaHb THYYKHX TPYOONPOBOJIB ITiJ| Yac iX eKc-
Iutyatamii mijg BoJoo 0e3nocepeHb0 BU3HAYAIOTHCS JOBXHHAMHM TiJIBOJI-
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HUX JiISHOK. IX drcenbHi 3HAaueHHs dianma3oHax JoBkHH Bix 40 1o 120
METpiB BiAMOBiAa0Th iHTepBaxy dactoT Bix 0.05 mo 1.32 I'm, mpudomy
MEHIIIMM JIOBXXMHAM BiIMOBIAIOTh OUIBII 3HAYCHHS YacTOT KOJUBAaHb 1
HaBIaKH.

SlkicTh poOOTH THYYKOTO TPYOOIIPOBOAY MOXKE OIIHIOBATHCA 3a JI0-
MOMOTor0 Koe(illieHTa HaliHHOCTI, SIKMH BpaXxoBYe BCi KpHUTEpii, 10 Mpu-
3BOAATH 10 BHUXOAY 3 €KCIuTyartamii po0o4oi MOoBEpXHi TPyOONpPOBOAY.
UnmM HMKYe HOT0 3HAYeHHSA, THM SKICHIIIE eKCILTyaTyeThes Tpyoa.
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Harmionaneauit yHiBepcuteT «Oiechka MOpChKa aKkaieMish»

BU3HAYEHHA TUHAMIYHUX HABAHTAKEHD I YAC
3MIHH PEXXUMIB MAIIEHHSI TPEHNU3IMHUX ITAP
ITAJIMBHOI AITAPATYPU CYJHOBHUX JIU3EJIIB

IlocTanoBka npodiieMu B 3arajJibHOMY BULJIsAi. B TemepimHiii gac
OCHOBHHUM JDKEPEIIOM €Heprii CyTHOBUX JBHUTYHIB BHYTPIIITHHOTO 3TOPSH-
Hs ([IB3) € nadToBe nmanupo. Ilpu 11boMy HaBiTh 3 ypaxyBaHHSIM PO3BHUT-
Ky Ta BUKOPHCTaHHS B CyJTHOBii €HEpreTHIl albTepHATHBHUX COPTIB Ma-
nuBa (Hacamrepesa NMairBa 0i0JOT1YHOTO TTOXOHKEHHS Ta Ta30BOTO TajH-
Ba) caMme pifKe BYTJICBOJHEBE MaNKWBO Oyle NOMiHYBaTHME IMOPIBHSIHO 3
HUMHM y HaiOmmxue gpecstumitts [1-3].

HeonHopaszoBo 3a3Hauanocs, Mo cepes XapaKTEepPHUCTHK ITajliBa Tpa-
JUIIAHO BiJ3HAYAETHCS HOTO B'SI3KICTh, TEMIIEPATypHU Cliajaxy Ta CaMo-
3aliMaHHs, BMICT CIpKH, a TaKOXX TEIUIOTBOpHA 3IaTHicTh. llpu mpomy
MIPAKTUYHO HIKOJIM HE OIIHIOETHCS TaKa XapaKTePUCTHKA TalluBa SK 37aT-
HiCTh 10 MameHHs [4-6]. Came 3maTHICTB 10 MaIICHHS 3a0e3Meuye SKiCHY
Ta HafiiiHy poboty nanuHOI anapatypu (ITA) B3, sika y cBoto yepry €
OJTHUM 13 BINIMOBIAaNbHUX BY3JiB OyAb-IKOTO ABHUTYHA. [IOHATTS «3mat-
HICTB JI0 MAaIlleHH: MMajiBa HE aKTyaJlbHE IS «00'€MHUX 30H» MaJIHBHOI
cucreMu (TpyOOIIPOBOIIB MepekauyBaHHsl, (QUIBTPIB, CenapaTopiB TOIIO),
32 BUHSATKOM T'BHHTOBHUX 1 IIECTEPHUX MAJUBHUX HACOCIB, B AKHUX IaJIHBO
ITiJ] 9ac CBOTO PyXy HaJae Jif0 3 MAIlleHHS Ha KPOMKH TBHHTIB 200 IIeCTi-
pHs. OnnHak Ui eneMeHTiB [TA BHCOKOTO THCKY, JIe 3a30p MiXK IOBEpX-
HSIMH, 110 KOHTaKTYKTh MK CO00I0, BU3HAYAETHCS JACKIIBKOMa MIKpOME-
TpaMHu, TOHATTS «3IaTHICTh J0 MAIlleHHS MajiuBay € OUTBII HiXK aKTyallb-
HUM.

AHaJni3 ocTaHHIX A0caiKeHDb i mybJikauii. Y psai poOiT, mo npu-
CBSYCHI MUTAHHAM JIOCIIPKEHHS TOBEIHKMA BYTJIEBOJHEBUX pinuH (TMa-
JIMBA Ta MacTUja) MOOJIM3Y METAJIEBHX IMOBEPXOHb, OyII0 BU3HAYEHO Has-
BHICTh OCOOJIMBOi PIIKOKPUCTAIIYHOI CTPYKTYPH, TPH SIKOI MOJIEKYIU
PIIMHU MalOTh OpIEHTAIlIHY BIOPSIKOBAHICTh 1 XapaKTepPH3YIOThCs KBa-
3iKkpucTamiyHuMu BractuBocTsamu [7-9]. [l [IB3, ne HaiiBupasHiie Mo-
JKYTb MPOSBIIATUCS TaKi BIACTHBOCTI, B TIEPIIY YEPry, € MapH TEPTS Bal —
BKiIauin miamunauka [10, 11], mopiiHeBe Kijgblle — BTYJKa IHIIIHIPA
[12, 13], maymxep 3070THUKA — BTYJIKA MATMBHOTO HACOCA BUCOKOTO THC-
ky (ITHBT) [14, 15].
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YV nuraHH]l 3a0e3meueHHs 3MaTHOCTI IO MAICHHS MaJIWBa BaXKIUBY
POJb BITITParOTh CHJIM THCKY, IO PO3KIMHIOE, SKi BHHUKAIOTh B YMOBaxX
TPAaHUYHOTO MaleHHA (XapaKTepHOro Ui MapH IUTyHXKEp — BTYJIKa
[THBT).

IloctaHoBka 3aBaaHHsl. OCHOBHMMH BY3JIaMM TEpPTS HaJUBHOI CHC-
TEMH CYAHOBOTO JH3€IIs, SIKi MPALIOIOTh B PEKUMI TPAHUYHOTO MaIllleH-
Hs1 / rpaHuuHOro Tepts € npeuunsiiini mapu [THBT Tta po3nuitoBauis dop-
cyHok. IIpouecu TepTs Ta 3HOUIyBaHHS, LI0 NEpeOiraroTh y HACOCHUX
enemenTax [1A, HagarOTh BUPIMIATLHUN BIUIMB HA TPUBAIICTH O€3BiIMOB-
HO1 poOOTH BCi€l MAIMBHOI CHCTEMH Ta €KCIUIyaTalliiHUX XapaKTePHCTUK
JAB3. ToMmy BH3HaueHHS 3MiHM HaBaHTa)XeHb Ha eneMeHTH [IA BucCOKoro
THUCKY HEOOXiZHO BHMKOHYBaTH 32 YMOBHM CTPYKTYPHHX XapaKTEPHUCTHK
MaJINBA, IKe 0OJHOYACHO BUKOHY€E (QYHKIIIT MallICHHS MPENH3iHHUX Tap.

Buxnan ocHOBHOT0 MaTepiaJy.

[Iponecu Tepts B [IA mpoTikaroTh y CKIAIHAX YMOBaX, MOB'SI3aHUAX 3
TUM, TIO:

® HACOCHI €JIeMEHTH NaJMBHOI anapaTypH BHUCOKOTO THCKY 3iic-
HIOIOTh 3BOPOTHO-TIOCTYNANIBHUHN pyX [16, 17];

e IBUAKICTH KOB3aHHS TuryHxkepa y Brymmi [IHBT mocrtiitHO 3Mi-
HroeTbes [18, 19];

e MacTWIbHUM CEpeAOBHUIIEM € BaXKKI HaluBa 3 B'S3KICTIO A0
100 cCr, mo 3HaxoasThCs 3a TemnepaTyporo 90...110°C [20, 21];

e Temmeparypa JeTanell MajJuBHOI anapaTypu BHCOKOI'O THCKY 3Mi-
HIOETBCS B Mexax 50...200°C [22, 23];

e HOpMaJbHE HaBaHTAXXEHHS Yy By3JlaX TEPTS Yy IUIOIIMHI KOB3aHHSA
3MIHIOETBCS 38 CHHYCOITAIbHAM 3aKOHOM [24, 25].

OpHouacHO 3 MM, exciryarauis 1A HeoOXigHO BUKOHYBaTH 3 ypa-
XYBaHHSM €KOJIOTIYHHX BHMOT 0 CYJHOBUX au3eiiB [26, 27] Ta cymHo-
BHX CHEPreTHYHHX yCTaHOBOK [28, 29].

YV IIHBT i po3numoBayax GopcyHOK NMpeuu3iiHi Aerani, sKi nepemi-
MIAFOTHCS MOJI0 OJIH OJTHOTO Ta MAJMBO, SIKE 3HAXOAUTHCS B 3a30pi MiXK
HUMH, YTBOPIOIOTh Tpialy TepPTs MeTall — MACTHJIBHUH IIap NaiuBa — Me-
tan [30]. Y mpoueci podotu aerani [TA 3HOIIYIOTHCS, Y Mipy 4OT0 3pOC-
Ta€ pauiajbHHHA 3a30p MK BTYJIKOIO Ta IUTYH)KEPOM, a TaKOXX MiCIIEBI
3a30pH, OJTHOYACHO TOTIPIIYETHCS MPOIIEC MOJIavi MMajiuBa Ta CyMIlIOYT-
BOpEHHS, MaJa€ TiIpaBiiuHa MUIBHICTD TpiaAu TepTa. 3MiHA TeOMEeTpHY-
Horo mpo¢imo mnymxeprux nap [THBT npusBoguts 10 migBHILEHOTO
3HOCY IIUX €JIEMEHTIB, 3HWKCHHS X HaJIIHHOCTI Ta MiJBUIICHHS BUTPATH
nayuBa. Y 3B'A3KYy 3 UMM OYyJH 1 3aJIMILAIOTHCS aKTyaJIbHUMH TEOPETHYHI
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Ta eKCIEPUMEHTAIBHI TOCIIHKEHHS, CIIPSIMOBaHI Ha TiABUIICHHS €KCILTY-
atamiitaol HagiitHOCTI [TA cymHOBuX Am3emniB. llepcrieKTHBHUME y ITHOMY
HaIpsMi € METOAM Ta 3aCO0H, 110 JO3BOJISIOTH ITiIBUIIUTH JIOBrOBIYHICTh
ITA 3a paxyHOK ympaBiiHHS TPUOOTEXHIYHMMH IpoIecamu, 1o mepeoi-
raroTh Ha ii poOOYMX MOBEPXHIX. AHAJ3 YMOB pOOOTH THITOBOTO By3Ja
TEpTs MaJMBHOI amapaTypu MOKa3ye, IO Ha HbOro Ai€ cuia Pr, ska 00y-
MOBJICHA CTHCHEHHSM TAJIMBA 1 HE JIe)Kada Ha OJHIN OCi 3 pyUIiitHO CH-
7ot Py, 110, y CBOIO 4epry, Mopsii 3 KOHCTPYKIIHHUMU OCOOTHBOCTSIMU
MPU3BOIUTH 10 IOPYIIEHHS CIiBBICHOCTI TUTYH)KE€pa Ta BUHUKHEHHS HEB-
PIBHOBa)XKEHUX paiaibHUX CHJ Py, SIKM BUKJIMKAIOTH MiJBUILEHE 3HOIIY-
BaHHs miykepa [31, 32].

PosrnsiHeMo BIUIMB mepenany THCKY MalliBa Ta ACIKUX KOHCTPYKIH-
Hux napametpiB aeraneit [IHBT na mopyiieHHs iX CHIBBICHOCTI, HEXTYIO-
YH TIPY [IbOMY CHJIAMH 1HEpIii, CUJIOK TSKKOCTI IUTyH)KEpa Ta NaluBa, a
TaKOX MIOPCTKICTIO TIOBEPXOHb TepTs. [IpUImycTUMO TakoxK, IO B KiJbIie-
BOMY 3a30pi Mae Miclle JlaMiHapHUH MOTiK piaumHu. [lpumyctumo, 1mo
TUTYH)KEp TPaBHIBHOT IMIIHAPHYHOI (HOPMH pPO3TALIOBAHMI CITiBBICHE

HEPYXOMO B OTBOpi BTYJIKH 1 Tiepenaa TUCKY PiIuHH AP sa TIOBKUHOFO
CTIIONYYeHHS 3aJTUIIAETHCS MIOCTIHHAM 1 3MIHIOEThCS JIiHIITHO, TOOTO.

AP=P,-P,

ne P1 ta P, — BUCOKHUI Ta HU3LKUM THUCK MAJIMBA.
VY pa3i npaBUIBHOI MWITIHAPUYHOI (GopMu JeTaneil miyHxep 3aiiMe
KOHIIEHTPUYHE TIOJOXEHHS IOJ0 OTBOPY BTYJKH, i B IIbOMY BHIIAJIKY

CyMapHi pajiaibHi THCKH F’r1 Ta F’Ir2 OyAyTh OJHAKOBI 3a BEJIMYWHOKO 1

piBHI, TOOTO

P.=R, = nrl%,
1e I — paziyc IIyHKepa.

SKmio crocrepiraeTbes CIOTBOPEHHS LMIIHAPUIHOI (POPMH TUTyHXKE-
pa i BTYJIKH, 2 MAKPOT€OMETPUYHI BIIXMIICHHS JIeTalleil MAIWBHOI amapa-
TYpH YTBOPIOIOTHCS SIK Y MPOIIECi BUTOTOBJICHHS, TaK 1 B Pe3yJbTarTi Hepi-
BHOMIPHOTO 3HOIIYBaHHS NpPU EKCIUTyaTalii, THCK MaluBa Ha ILTYHXXEp
OyJie HepiBHOMIPHHM 1 MpHU3BeJIe 0 3MIIICHHS Ta TepeKic B 0TBOPi BTYJI-
ku (puc. 1).
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Puc. 1. Cxema cniony4enns BTyJIKH Ta IUTyHKeEpa:

@) 3 HAOLITBIIIOI0 OCHOBOIO KOHYCA, PO3TAIIOBAaHUM 3 OOKY BEPXHBOTO TOPIIT
T'OJIOBKH, 6) 3 HAaMEHIIIOK0 OCHOBOIO KOHYCa, pO3TallilOBaHUM 3 60Ky BEPXHBOT'O
TOPUS I'OJIOBKU

[Tpu po3MileHHi B OTBOPI BTYJIKH KOHYCHOTO TUTyHXepa (HalOiibia
OCHOBaA SIKOTO PO3TAIIOBaHa 3 OOKY BEPXHBOTO TOPII TOJOBKH) TEpepi3
3a30py Ta THUCK PiAMHHU B 3a30pi 110 JOBXKUHI CIIOIY4YeHHS OYIyTh 3MiHHU-
Mu puc. 1, a. Jlnst enementapHoro 3a30py (UIIMHA) TOBKUHOIO X, BHCO-
TOIO 10 Pajiycy S i LIMPUHOO MO y3i Kona d® CripaBeyIMBO TOTOKHICTS,
110 3B'I3y€ TPAi€HT TUCKY 3 TPAJIEHTOM BUTPATH NAJIMBA, 110 MPOTIKAE B
OJMHHLIIO Yacy uepes3 MepeTHH, MEePIEeHANKYIIIPHE TIOTOKY, TOOTO

dp 12z dg

dx S? do’
Je — 00'eM pifnHH, 110 TPOTIKA€E Yepe3 MIIOILY 3a30Py 3 MIHUPHHOIO JTy-
", 110 JopiBHIOE dw;
S — pagianbHui 3a30p

S=R-r,



2022 — Ne 44 Cyonosi enepeemuyti yCmanosxu 125

R — pamiyc BTymKH.

EnemenTapHa pamianpHa cmia, IO i€ HA KOHYCHHU IUTyHXKEp, BiCh
SIKOTO 3MiII[eHA IIOJI0 OCi OTBOPY BTYJKH Ha BEIMYMHY CKCLCHTPUCHTETY
¢ 1 Haii0inploIa OCHOBa KOHyca pO3TalloBaHa 3 OOKY BEPXHBOTO TOPIA
TOJIOBKH, BU3HAYA€ThCS 3a (hopmytoro (muB. puc. 1, a)

AP(S, +h +ecosf)

-€c0s6do,
2S, +h+ 2ecosb

dR, =2r|PR -

e € — eKCIIEHTPHCHUTET;

0 — kyT;

do=rdé.

[loBHa Benmn4rHA HEBPIBHOBAXKEHOI pajiallbHOI CHUTH, IO /i€ Ha KO-
HYCHUH TUTyHXKEpP 3 HalOLIBIIIOI0 OCHOBOIO, PO3TAIIOBAHOO 3 OOKY BEpX-
HBOT'O TOPLA I'OJIOBKH, BU3HAYAETHCA 3a piBHHHHHM

_mlAP | 25+h

dP,
de (25, +h) —4e?

HespiBHOBakeHi pamialbHi CHIIH, 1[0 BUHUKAIOTH, 3MYIIYIOTh KOHYC-
HUH TUTyHXKEP 3 HAaHOUIBIIIO OCHOBOIO, PO3TAIIIOBAHOIO 3 OOKY BEPXHBOTO
TOPLIS TOJIOBKH, 3aiiHATH PIBHOBaXKHE IMOJIOKEHHS y 3a30pi. O/HaK, B pe-
3yNbTari Jii HEBPIBHOBRXEHUX paTialIbHUX CHJ TUTYHXEp 3MilllyBaTH-
METbCA B 3a30pi Ta NEPEKOLTYBATUMETHCS 100 OCI BTYJKH. 31 301/IbIIeH-
HSIM EKCLICHTPUCUTETY Ta NMEPEKOCYy 3pOCTaTUME OIip NEepeMillleHHIO TITy-
HXXepa. YCyHEHHs TUTYH)Kepa BiIOyBaTHMEThCS JIMIIE MeXax HalMEHIIO-
r'o 3a30py, TOOTO. 3230py Mi’K OTBOPOM BTYJIKH Ta HAWOLIBIINM pO3MipoM
niaMeTpa IIyHXepa.

EnemenrtapHa HeBpiBHOBaXKEHA pajianbHa cuia 0Py, 110 i€ Ha KOHY-
CHHH TUTyHXep, BiCh SIKOTO 3MillleHa I0JI0 0Ci OTBOPY BTYJKH Ha BEJIMYH-
Hy €KCLEHTPUCHUTETY € 1 HaliMeHIa OCHOBa PO3TalloBaHa 3 OOKY Bepx-
HBOTO TOPIIS TOJIOBKH (puc. 1, 6) i BU3HAYAETHCS 3a PIBHAHHIM

AP(S, —h+ecos6)
h
IloBHa BenMYMHA HEBPIBHOBa)XEHOI paiiaibHOI Cwid P, 10 Ji€ Ha

IUTYH)KEp, HaliMEHIIa OCHOBA KOHYCa SIKOTO PO3TallOBaHa 3 OOKY BepX-
HBOTO TOPIIA TOJIOBKH, BUBHAYUTHCA 32 (HOPMYIIOI0

-€0s0do.

dR, =2rl-| R+
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HespiBHOBakeHa pajianbHa cuja B IIbOMY BHIIQJKY TAaKOX MEpeMi-
aTuMe TUTYH)Kep y piBHOBa)KHE TOJIOKEHHS B 3230Pi, a BHACIHIIOK HEPiB-
HOMIPHOTO PO3IMOILTY WX CHJI IO JOBXHUHI, CIIOIy9eHHS BiI0YBaTUMETh-
csl epeKolIyBaHHs IuTyHxkepa. [lig yac po3raimryBaHHi TUTyHXepa 3 Haid-
MEHILIOI0 OCHOBOIO KOHYCa 3 00Ky BEpXHBOTO TOPLISI TOJIOBKH 3CYB 1 mepe-
Kic oci mmyrkepa Oyne 3AiiCHIOBATHCSA B MeXax HaHOIUIBIIOTO 3a30py 1O
JOBXHHI CHOJy4eHHs. Tak SIK Jis HEBPIBHOBaKEHO! padiajibHOI CHIIH
BiZOyBa€ThCsI Mij] 4ac poOOYOTo X0y TUTYHXKEpa, € MiICTaBH MPUITYCTHTH,
IO TTiJT BIUTMBOM ITi€] CHIIH TUTYHXep Oy/e mepeMilmaTtics B pagialbHOMY
HaNpsIMKy OPOTATOM KOXKHOTO MOJBIHHOTO XO.y.

30IMKCHHIO MTOBEPXOHb JIETAJe MapH TEpTs MPOTHIIE OMip Iapy
MajwBa, 0 BUHUKAE TpH boMy. CTymiHb 30MMKEHHS 3alIe)KHUTh BiJl
KoH(iryparii MoBEepX0OHb, IO TPYThCS, NeTallel TUTYH)KEPHOI IMapH, IIBH-
JIKOCTI TIEPEMIIIICHHSI, B'I3KOCTI MaJiMBa 1 BEJIUYMHU 3a30py. 31 3MEHIIICH-
HSIM JIOBKMHH TOBEPXHi TEPTsI TiAPOJUHAMIYHUI THUCK 3HUKYETBCS MPO-
MOPIIHHO KBaApaTy JOBXWHHU. Ha minsHKax BHIMOK, 3amaJWiH, 30BHIII-
HBOTO KaHally MaJnBa, MaJTUBHUX OTBOPIB, Y BEPXHIH i HUKHIA MEPTBHX
TOUKaxX pyxy IUIyH)Xepa TiApoJUHaMIiYHAN PyX HE BUHUKAE 1 TUTyHXKep Ha
WX JUITHKAaX MPUXOAUTH Y Oe3rmocepeHiil KOHTAKT 3 BTYJKOIO ITiJI JTi€I0
HEBPIBHOBAKEHOT pajiajbHOI CHJIM, IO BMHHUKAE BiJl Iepenagy THCKY
najuBa. Y MbOMY BHIAAKY Ma€ Miclie TepTsS TPaHUYHE MaIllCHHSI.

I1ix yac TpaHUYHOrO MAIICHHS MOBEPXHI AeTaliell, MO CIOIYYatoThCs
MK c000r0, po3aisieHi mapom mamuBa 3aBToBmIKH 0,1...0,5 mxm. Hase-
HICTh TPAaHWYHOTO Iapy a00 I'PaHUYHOI IUIBKH 3HIDKYE CHIIy TEpTS B
MOPIBHSHHI 3 TepTsM 6e3 MacTwia B 2...10 pa3iB i 3MeHIIye 3HOITYBaHHS
cronydeHux nosepxons B 102...10* pasis.

MinHiCTh TpaHWYHOI IDIIBKM MajuBa 0araTo B YOMY 3aJI€KUTh Bill
MPUPOAM TAIMBa Ta HAsSBHOCTI Y HHOMY AKTUBHHX MOJIEKYN JOMIIIOK.
[lanuBa, 10 BUKOPHCTOBYIOTHCS B CYAHOBHX IHU3EJISAX, € MEXaHIYHOIO
CYMILILIIO Pi3HUX BYTJIEBOJHIB, SIKI MalOTh BKJIIOYEHHSI OPraHIYHUX KHUC-
JIOT, CMOJI, & TaKOX IOBEPXHEBO-aKTHBHHUX PEYOBHH. Y 3B'3KY 3 IIUM
MaJINBa, K 1 MAacTUIIa, YTBOPIOIOTh Ha METAIEBUX MOBEPXHSAX TPAHUYHY
(a3y KBa3iKpUCTAIIYHOI CTPYKTYPH TOBILMHOIO 10 3...5 MKM, LI0 BOJIOJI€E
MIITHMM 3B'I3KOM 3 IIOBEPXHEIO i MO3I0BKHBOI0 Koresiero [33-36].

BucHOBKH Ta mepcneKTHBH NoAajbimmx xociimkens. Y [THBT i
po3nmToBadax GOPCYHOK MPENH3iiiHi AeTai, Mo NepeMilllaloThCs BiTHO-
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CHO OJMIH OJTHOTO 1 MaJMBO, IO 3HAXOIUTHCSA B MPOMDKKY MK HUMH, yT-
BOPIOIOTH TpiaAy TEpTS MeTal — MACTWIBHHN IMap HaliMBa — MeTal. Y
nporeci poboru aerani [1A 3HOIIYIOTBCS, Y Mipy YOTO 3pOCTaE paiaib-
HUI 3a30p MK BTYJIKOIO Ta IUTYH)XEPOM, a TaKOXX MICLIEBi 3a30pH, OJJHO-
YaCcHO TOTIPIIYETHCS MPOIIEC [TOIavi MaINBa Ta CYyMIIIOYTBOPEHHS, MaIae
TipaBiivyHa OIUIBHICTD TPiaJn TEPTHL.

Ilix wac poborum ITHBT Ha mnmyHxkep, 1m0 3AIHCHIOE 3BOPOTHO-
MMOCTYNAIBHUHN PyX, IIF0Th HEBPIBHOBAXEHI pajiaibHI CHIJIH, SKi BUHHUKA-
IOTh B PE3YNbTaTI Mepenagy TUCKY PiIWHU, HEPIBHOMIPHOCTI IMIBUAKOCTI
BiTHOCHOTO MeEpEeMillleHHS MOBEPXOHb, IO TPYTHCS, 1 KOHCTPYKTUBHHUX
0cOOJIMBOCTEH eTanell K INTyH)KepHOI MapH, Tak i CHOIyYeHHS KyJadoK
PO3MOAIIBHOTO Baly — POJIMK TOBKAya.

I[Tix yac akTUBHOTO XOJy IUIyH)KEpa Tepenaj THCKY PiAWHU HaiO1ib-
1I€ BIJIMBA€ HA BHHUKHEHHS! HEBPIBHOBAXXCHUX palliaIbHUX CHII i HA HOTO
3MimIeHHs B OTBOPi BTYJKH. [lif 9ac XomocToro xoay miyHxepa nepemnas
TUCKY PIAMHU MPakTH4YHO BiacyTHid. KpiM Toro, mpu BimHOCHOMY Iepe-
MillIeHHI MK TIOBEPXHSIMH, IO TPYThCA, ACTAlCH Tpiaau TEpPTs BUHUKAE
TiApOMIMHAMIYHUN THCK IHapy piawaH. ['impoauHaMivHU THCK, HEPiBHO-
MIpHO PO3MOIiIEHHUI TTIOBEPXHEIO TEPTS, TAKOXK MPU3BOAUTH JI0 3MIIICHHS
IUTYH)KEpa B OTBOPI BTYJKH 1 Mepepo3noily paaianbHuX 3a3opi. [lpu
MOPYIIEHH] CITIBBICHOCTI MiX IUIYHXXEPOM 1 BTYJIKOIO Ta 3a HAsSBHOCTI
BIJIXVJIEHB BiJl MAJIIHAPUIHOCTI JIeTaeld CTBOPIOIOTHCSI YMOBH ISl HEPiB-
HOMIPHOTO 3HOIITYBaHHS. AKTHBHUM 3ac000M TIOTNEPEKEHHS IIbOTO SIBU-
IIa € YTBOPEHHS B 30HI TEPTsI OPIEHTOBAHOI CTPUKTYPH MOJIEKYJISIPHOTO
Iapy najguBa, 0 BUKOHYIO (DyHKIIT MallleHHs Ta TonepemKye Oesmoce-
PeAHIi KOHTAKT MPEIeH31HNX map.
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Harmionansauii yHiBepeutet «O1echka MOPChKa aKaaeMishy

AHAJII3 OCHOBHHUX CITOCOBIB 3HUKEHHA EMICIT
OKCHUAIB A30TY AU3EJIB CYJEH MOPCBKOI'O TA
BHYTPIIIHBOT'O BOJAHOI'O TPAHCIIOPTY

IMocTaHoBKa MpodJeMu B 3arajbHOMY BUIJsiai. HampsMku Broc-
KOHAJICHHS 3 Cy4YacHUX JM3ETiB B JIAHWUH 4Yac BH3HAYAIOTHCS 3HAYHOIO
MipOIO €KOJIOTIYHUMH CTAHIAPTaMH, CYTTEBO BiAPi3HAIOTHCS B 3aJI€KHOC-
Ti Bifg 00'€KTiB, Ha SKi BCTAHOBIIOIOTHCS Aw3eni. Tomy mpu po3poOri
po0oY0Tro TMpolleCcy €HepreTHYHOI YCTAHOBKHU MOTPIOHO BPaxoBYBaTH HE
TiIABKH HEOOXIJHICTh OTPUMaHHA BHCOKMX TEXHIKO-€KOHOMIYHHUX TMOKa3-
HUKIB JU3ENiB, @ i BUMOTH, SIKi BUCUBAIOTh JI0 MAJMBHOI amaparypu Ta
IHIIMX €JIEeMEHTIB Nu3eis 1o 3a0e3leueHHI0 3HIMKEHHS TOKCUYHOCTI BU-
MyCKHUX Ta3iB BIAMOBIAHO O €KOJOTiUuHUX cTaHaapriB. lle moxe Oytu
JOCSITHYTE IUISIXOM BUKOPHCTAHHS:

nukay Mimrepa 3 BUCOKHM (OCTaHHIM 9YacoOM BCE YACTIllIe JBOX-
CTymiHYacTUM) HaaayBom [1, 2];

PELUPKYJISILii BUITYCKHUX ra3iB [3, 4];

BUKOPHUCTaHHS CHCTEM MO3AMMIIHAPOBOTO OUHIIEHHS Ta3iB (CENeKTH-
BHOTO KaTaJiTHYHOTO HeWTpasizaTopa Ta ¢GilbTpa TBEPAUX YaCTHHOK) [5,
6];

3aifMaHHS BiJl CTUCHEHHS TOMOT€Hi3ipoBaHHOTO 3apsay [7, 8];

1oj1a4i BOJONaaIMBHUX eMyJibeiit [9, 10].

BennunHa eheKTUBHHX 1 €KOJIOTIYHUX MapaMeTpiB JBUTYHA BU3HAYA-
€TbCSl HOTO POOOYHMM MPOIECOM, SKHU 3aJIKHUTh BiJl CYKYMHOCTI Pi3HHX
YUHHUKIB: KOHCTPYKTOPCHKO-TEXHOJIOTIUHUX, PEryJIbOBAHUX, PEKUMHUX,
ekcrutyaramiiaunx [11-13].

AHaJi3 ocTaHHIX gocaixKeHb i my0Jikaniii. Bpomosx ocTaHHROTO
JNECATHIIIITTS TPOBIIHUMHU KOMITaHISIMH, 10 OyAYIOTh JBHUTYHHU, BEJacs
IHTEHCHBHA JTOCIITHHUIIbKA 1 TIPOEKTHE-KOHCTPYKTOPChKa podOTa 1o Tepe-
KJIaJy CyIHOBHMX JM3CJIiB Ha JCIIEBI BaXKKi MajMBa 1 3HWKCHHIO eMicii
BUXJIOITHHUX Ta3iB Y 3B'SI3KY 13 3pOCTAIOUUMH BUMOTaMH 3aXUCTY JOBKIJIIS.
[apanensHO BUpilIyBagucs 3aBAaHHS MO MiABUILEHHIO HAOIHHOCTI 1 ede-
KTHBHOCTI JABUTYHIB, 3HW)KCHHIO SKCIUTyaTalliiHUX BUTPAT 1 MiBUIICHHIO
nosrosiunocri [14-16].

B nmanwuii yac nns BCiX JABHUTYHIB BCTaHOBIIOIOTHCS €KOJIOTIYHI CTaH-
JapTH, sIKi ICTOTHO PO3PI3HSIOTHCS SIK MO KUIBKOCTI HOPMOBAHUX TOKCHY-
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HHAX KOMITOHEHTIB, TaK 1 M0 X TPaHUIHO JOIYCTUMHM PIiBHSIM B 3aJICIKHO-
CTi Bij pu3HaveHHs aBuryHa [17-19].

Crnoco6u 3umkeHHs KoHIeHTpalis NOx B BUIIYCKHUX Ta3ax MOJiIs-
I0THCSl HA TICPBUHHI Ta BTOPHHHI. [0 MEpBMHHMX Halle)KaTh 3aXOIH IO
ONITHMI3allii MPOIECY CYMIIIOYTBOPEHHSA, TI0Jjadi 1 TOPIHHA TaNNBa, a Ta-
KO BIIOCKOHAJICHHSI KOHCTPYKLi1 MaJUBHOI anaparypu. BropunHi coco-
Ou (cenexkTUBHE 200 HECENIEKTUBHE KaTaJliTUYHE BiJHOBJICHHS) 3a0e3Iie-
YyIOTh OYHWIICHHS BHUITYCKHUX Ta3iB, SKi YTBOPIINCH B IMIIHAPI TU3EIA,
mepen ix 6e3mocepeaHiM BHITYCKOM B aTMoc(hepy B JOJATKOBO BCTAHOB-
JICHUX CIIelialbHUX MPUCTPOsX (peakTopax) [20-22].

ITocTanoBka 3aBAaHHs. B fmanwii yac akTyalbHUM € 3aBIaHHS
MOIIYKY MUIAXIB TOMIMIIEHHS ¢(QEeKTHBHUX 1 EKOJOTIYHUX MNapamMeTpiB
JBUTYHA 32 TEXHOJIOTIYHUMH 1 PETyIIOBATbHUMHE MTOKa3HUKAMHU.

Bennunna eheKTUBHUX 1 €KOMOTIYHHUX MapaMeTpiB IBUTYHA BU3HAYA-
€ThCS HOTO pOOOYMM TIPOLECOM, SKHH 3al€KUTh BiJl CYKYITHOCTI PI3HHUX
YHHHUKIB: KOHCTPYKTOPCHKO-TEXHOJIOTTYHUX, PEryJIbOBaHUX, PEKUMHUX,
eKCIUTyaTallifHAX.

Bukiaan ocHoBHOro Mmartepiajy. Po3rinsHeMoO Ta BUKOHYEMO OIlIHKY
OCHOBHHUX METOJIB, IO 3a0€3MeUyl0Th 3HW)KCHHS €MICii OKCHIIB a30Ty
JIM3eITiB CYICH MOPCHKOTO Ta BHYTPIIIHHOTO BOAHOTO TPAHCIIOPTY

OpHUM 3 IHTEHCHBHO PO3BHBaIOYMX HANPsSIMKIB 3HIKEHHS emicii NOx
€ 3aCTOCYBAaHHS TPOIECY 3aliMaHHS BiJl CHMUCHEHHS 20MO2EeHI308AH020
sapsady (PCCl — Premixed Charge Compression Ignition). Peamizaris
mpotiecy PCCI 3aifiCHIOETBCS IIIIXOM MaKCHUMaJIbHOTO ITiIBUILIICHHS CTe-
MeHi TOMOTeHi3allil CyMillli MajvBa Ta HOBITPS IO IMOYATKY 3rOPSIHHS OC-
HOBHOI mopiii majguea, mo0 YCYHYTH 30HHU JIOKQJBHOIO Mepe30araueHHs
cymimn kucHeM. Lle cknaaHe 3aBmaHHs, K€ BUPINIYETHCS HMUISXOM ONTH-
Mi3amii (oopMU BITyCKHUX KaHaJIiB, KAMEPH 3TOPSHHS, KOHCTPYKIIil CUCTe-
MU T0/Ia¥i MalMBa, CTYICHS PEIUPKYISLIl BUITyCKHUX Ta3iB, IapameTpiB
cucremu HaayBy. Texunosoris PCCI 3a6e3neuye 3umxenHs emicii NOx
Ha 35...50 %.

[lig wac 3acrocyBanHs yuxiy Miniepa 3MiHIOIOTBCS a3y ra30BHITyC-
KHYy. Y JBUTYHa, IO Mpalloe 3a UUKJIOM TpuHKIIEepa, BIIYCKHUI KianaH
3akpuBaeTbest uepe3 40...60 rpagy moBopoty kominyaroro Bany (ITIKB)
micns HWKHBOT MepTBOi Touku (HMT) mns 3abesnedeHHs 10aTKOBOTO
3aMOBHEHHSI MWIIHAPA MOBITPsM (o3apsiaku). Y nukim Mimiepa BIyck-
HUl kinanaH 3akpuBaerbes B piana3oni 0...100 rpax I[IKB, no HMT. Lle
3HWKYE TEMIIEPaTypH y KiHLI CTUCHEHHS 1 BIANOBIIHO MAaKCUMAJIbHY Te-
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MIiepaTypy 3ropanss. [{ukim Mimiepa po3riasgacTbes K CrociO 3HAYHOTO
(mo 45...50 %) 3umxenns Bukuais NOx.

3HMKEHHS TEMIIEPAaTypH BUIYCKHHX ra3iB Ma€ i HEraTUBHI HACTIIKH.
B npomy BUTNaIKy 3MEHIIYETHCS MOTYXHICTh TYpOiHU TypOOKOMITpEecopa
Ta MOTIpIIyeThCA €(PEeKTHBHICTD pOOOTH CHCTEMH HaJayBa, OCOOIMBO Ha
Manux HaBaHTaKeHHAX. J[s kommeHcauii 3HIKEHHS Macu IMOBITPS, IO
HAJAXOIWTh B IMJIIHIPU Y€pe3 PaHHE 3aKPUTTS BIYCKHOTO KJlamaHa, MoT-
piOHO MiABHINEHHS THCKY HaunyBy a0 0,5...0,6 MIla. Take migBUIeHHS
TUCKY HalKpallle peayli3yeThCsl 3aCTOCYBAHHAM JIBOXCTYIIEHEBOI CHCTEMU
HatyBy. Le cripusie 3poctanHtio koedinienty kopucuoi nii (KK/I) cucre-
MU HaJlyBY.

Texnomnoris cerexmusroi kamanimuunoi Hetimpanizayii NOx 3 BUKO-
pHCTaHHSIM SIK pearcHra amiaky Oyna 3anarenroBana Engelhard Corpora-
tion B CIIIA B 1957 p., miciis 90ro akTHBHO BUKOPHCTOBYETHCSI B @BTOMO-
OinpHIN mpomuciioBocti. 3 1999 p. cucreMa CeNneKTHBHOTO KaTaTiTHYHOTO
BigHosienus (Selective Catalytic Reduction — SCR) BnpoBamkyeTsest Ha
JU3eNsIX CYJeH MOPCBHKOTO Ta BHYTPILIHBOTO BOJXHOTO TpaHcmopTy. Cuc-
tema SCR nependavae BUKOPUCTAHHS KaTajli3aTopa Ha OCHOBI KaTaliTH4-
HO aKTHBHHUX CITOJIyK METaNiB MEPEXiJHOI BAIIEHTHOCTI (HANPUKIIAI, TICH-
TaoKcuay BaHadito V20Os) Ha KepaMiYHHX HOCISIX KPHCTAIIYHOI CTPYKTYpH
1 peaizye MPOTiKaHHS JBOX OCHOBHHX pEakIlid 3 YTBOPEHHSAM a30Ty Ta
BOJU:

(NH,),CO+H,0 — 2NH, +CO,,

2NH, +2N0+%o2 — 2N, +3H,0.

IMpunnun aii cuctemu SCR 3po3yminuii 3 puc. 1.
Cleaned gas
H,O+N,

. NO, sensor
Control unit

SCR reactor

Dosing pump

Reagent

diesel

Puc.1. Cxema nii cuctemu SCR i oYnIneHHS BUITyCKHUX Bil oMimok NOx
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HeoOximHO Bim3HAUnTH, 10 10 ocTaHHKOrO acy SCR i ckpybepu po-
3TIISIAAHCS SIK JOAATKOBI 30BHIIITHI OMIIi{ 10 €eHePTeTUYHNX YCTAaHOBOK. B
JaHWH| Yac i arperatd OYMCTKU BHUITYCKHUX ra3iB IIHOOKO 1HTETPOBaHi B
KOHCTPYKLIIO IBUTYHA 1 € HOT'O HEBIJI'€EMHOIO YaCTHHOIO.

IIpo6memoro 3actocyBanHs SCR € ix poboTta B 3uMoBHil yac abo B
MOJISIPHUX paiOHAaX, KOJMU MOTPIOHO 3aCTOCOBYBATH CIeEUialbHI 3aXOH,
MOB'A3aHi 3 3amo0iraHHsAM 3aMep3aHHs. BOJHOTO PO3YMHY CEUOBHMHH, IIO
BIIOPCKYETHCS B 00’ €M BHITYCKHUX Ta3iB.

Edexrunicts podotn SCR 3anexuTs Bif TemmepaTypu BUITYCKHHX
rasziB. 3a3Bu4ail Ha Majux HaBaHTaXeHHsIX au3ens SCR BimkiarouaeTbes
IIJSIXOM IPUNMHEHHS 1107191 PO3YNHY CEYOBHHH ISl BUKJIIOYCHHS BUKH-
IiB aMiaKy B 3B'SI3Ky 3 HH3BKOIO €()eKTHBHICTIO pOOOTH KaTali3aropa.
3a3BHuail MiHIMAJIbHI TEMIIEPATYPH BiAIpallbOBAaHUX ra3iB 3HAXOIAUTHCS B
niana3oni 260...340°C, xoua 6araTo CHCTEM MOXYTh MpPAIfOBATH MPOTSI-
TOM KOPOTKOTO 4Yacy MpH OiNbIl HU3BKUX TemnepaTtypax. @ipmu Hitachi
Zosen i MAN-Diesel po3po6nsrore SCR, siki ycHilmIHO MparioTh Ha
HaBaHTaxeHH] nu3enis 10 %.

EdexruBnicts SCR, momo oummeHHs BumyckHuX rasiB Big NOx,
moxke pocsrata 90...95 %. B nanwmii yac cucremun SCR edexTuBHO BHKO-
PHUCTOBYIOTHCSI B aBTOMOOITBHOMY TPAaHCHOPTi. 3acCTOCYBaHHSI CUCTEMH
SCR s oumIeHHs BUITYCKHUX T'a3iB CyJHOBHX JU3€JIiB HOCUTb OJUHNY-
HUHN XapakTep i 0OMeXyeThCsl BUCOKOIO BapTicTio peakropa. Kpim Toro,
BEJIMKI MacoOBi TIOKA3HUKHU PEaKToOpa i HEOOXIIHICTh HOTO YCTAHOBKH HaJ
J3elieM, 3MIHIOIOTh METAlICHTPUYHOT BUCOTY CY/HA, IO MOXKe OYTH KpH-
THYHO B YMOBaX XBHITIOBaHHS MOPSL.

Haii6inpm norivHuM, eeKTHBHAM 1 TEXHIYHO OOTPYHTOBAHHMM IILTIS-
XOM PO3B’s3aHHS MPOOJIEM EKOJIOTIYHOI OE3MeKH JBUTYHA € CIeIliaibHe
yoockonanents pobo4ozo npoyecy. Y MOBH 1epeOiry npouecis, 10 BUHH-
KaloTh B MWJIIHJAPI, BH3HAYAIOTh IHTEHCHUBHICTh YTBOPEHHS IKiIJIUBUX
PEYOBHH.

Bukuay TBepAMX YaCTHHOK IHIIIIOIOTHCS MPOIIECAMH YTBOPEHHS ca-
X1, Ha TIOBEpXHi 5IKO1 aOCOpOYIOTHCS MIKIAIUBI PEYOBUHH, SIKI € MPOAYK-
TaMH HEMOBHOTO 3TOPSIHHS TanuBa. MexaHi3M yTBOPEHHS Caxi B Kamepi
3TOPSIHHSL JIM3€Iisl TIPEJICTABIISETECS K BHUCOKOTEMIIEPATYPHUN KPEKiHT
Kpareib PO3MUICHOrO MalnuBa, CKOPOUYCHHS BHKHIIB TBEPIUX YACTHHOK
MOKe OyTH JIOCATHYTO B OCHOBHOMY IIUISIXOM 30UJIBIIEHHS JUCIEPCHOCTI
PO3NMITIOBAHHS MAJIMBa 32 PaXyHOK IiJIBUIIECHHS THCKY BIIOPCKYBAaHHS Ta
OlTpII PIBHOMIPHOTO PO3MOALTY HajluBa 3a 00’€MOM KaMepH 3TrOpaHHS,
YHUKAaIOUH ITiABULICHUX KOHLIEHTPAllii B IPUCTIHKOBHX 00JIACTSIX.
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JlpyruM HOpPMOBAaHHM IIKiJZITMBUM HPOJYKTOM y BHITyCKHHX Ta3ax
mzens € okcuau a3oTy NOx, yTBOPEHHsS SKHMX TakoX Oe3nocepeqHbo
MoB'sA3aHe 3 yMOBaMHu mepeliry mporecy 3ropsiHHs. [IparHeHHs 1o 3HH-
KEHHSI MUTOMOI BUTPATH NajluBa NPU3BOIUTH IO MiIBUIICHHS AWHAMIY-
HOCTI TPOIIeCy TETIOBHIUICHHS 1, K HACTIIOK, A0 3pOCTaHHS MakCHUMa-
JBHUX TEMIIEpaTyp B UMK, piBeHb SIKUX ponopuiiHii Tepmiunomy KK/
uukny. [Ipu npoMy IIBHAKE 3pOCTaHHS TeMmepaTyp poOodoro Tija 1o
JMOCATHEHHSI MAKCIMYMY B IIFUTIHAPI TU3€Jsl BU3HAYAE KITbKICHY XapaKTe-
PHCTHKY YTBOPEHHS OKCHIIIB a30Ty, a pi3ke 3HIKEHHS TeMIlepaTypH BHU-
MYCKHUX Ta3iB HA TaKTi PO3IIMPEHHS HE 3aJMINaE 4acy Ha mepedir peak-
i BimHOBIEeHHS NOx.

Ilo cTocyeThCst BMICTY B BUITYCKHUX Ta3aX OKCHIIB CIpKH, TO IX Killb-
KIiCTh 3aJIC)KHUTH TUTBKH BiJI CKJIay NaluBa, i CkopoueHHs1 BUKUAIB SOx He
Moke OyTH JOCSTHYTO IIJISIXOM BIUIMBY Ha TepeOir mpornecis, 110 BUHU-
KarOTh B IMTIHIIPI.

TakuM 4MHOM, TiJ Yac PO3risiay OCOOIMBOCTEW OpraHizaiii MasoTo-
KCUYHUX TPOIECIiB, 10 BUHUKAIOTH B IWIIHAP] AM3ENs, B MEPLIy 4Yepry
MOCTA€ 3aBJAHHS TOYHOTO YIPABIIHHS 3aKOHOM I10/1adi MajiBa, IO BH-
3HaYa€ JUHAMIKy NPOIeCy TeIUIOBUAUICHHA. Lle 3aBIaHHS J03BOJISIOTH
YCIIIIIHO BUPINIYBaTH KEPOBaHI akyMyJISITOpPHI cucteMu mojadi Common
Rail Systems (CRS), 3natHi 3a paxyHOK (pOpMyBaHHs 0araToCTyIiH4acTo-
r0 YIOPCKYBaHHS MaJMBa peajli3yBaTh MPAKTUYHO OYIb-SIKHI 3aKOH TeTl-
JIOBU/IIJICHHS.

He MeHI BayKIMBHM acIeKTOM Oprasizailii po00o4oro mporecy Hu3b-
KO TOKCHYHOTO JW3eIs € 3a0e3MeYeHHs ClelialbHUX YMOB 3rOpSTHHS 11~
KJIOBOT I10J1adi MajuBa B Kamepi 3ropstHHs. OCKIJIbKH YTBOPEHHS OKCUAIB
a30Ty € BHUCOKOTEMIIEPAaTYpPHUM MPOIECOM, CTAa€ aKTyaJlbHUM BHKOpPHC-
TaHHS METOJIB CTPHMYBaHHS 3POCTaHHS TEMIEparyp poOOYoro Tina B
LATHIIPI.

st Ginbin TIMOOKOT ajanTallii XapakTepUCTHK JBUTYHA J0 BCIX pe-
KHUMiB pOOOTH BHKOPUCTOBYETHCS TEXHOJIOTISI €JICKTPOHHOTO YIIPaBIIiHHS
3MiHOIO (a3 razoposnoainy — Variable Valve Timing (VVT). Enexrponne
VIpaBIIiHHS MPOLECOM ra3000MiHy B JM3EIHLHOMY JIBHT'YHI JIO3BOJISIE TIO-
JUIIIATY MTPOLECH OYMINEHHS IMIIHIPA BiJl BUITYCKHUX ra3iB 1 HAIIOBHEH-
HSl LWIIHApPA CBDKMM 3apsiioM AJsl BCHOTO IIBHJIKICHOTO 1 HOTYKHOTO
niama3oHy Horo poOoTH.

Haii6inpmr npocto i epekTrBHO cucteMa 3MiHM (a3 ra3opo3moiny
pearizyeTbcs B pas3i 3aCTOCYBaHHS MEXaHi3My 3 JBOMa PO3NOAUIBHUMU
BaJlaMH, KOJIM KOXKEH KYJIa4YKOBHH BaJl KEPYE CBOEIO TPYIOI0 KIANaHiB —
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BIIyCKHUX 1 BunyckHux. lle no3Bosise 3a0e3neynTu KepoBaHU OBOPOT
OyIb-IKOT0 3 PO3MOAUTFHUX BaJiB HA HEOOX1THUH KYT.

Hapiiine, criiike Ta moBrocrpokoBe BukoHaHHs BuMor Tier III mpak-
TUYHO HEMOKIIUBO 0€3 suKkopucmanus 6 KOHcmpykyii ouseins nepughepiii-
HUX npucmpoig, 1Mo 3a0€3MeUyloTh JOJATKOBE 3POCTAHHS IOKAa3HMKIB
exoJoriuHoi Oe3nekn cydacHoro ausens. llepudepiitni mpuctpoi, mo-
nepiie, MO3BOJISIOTh 3MIHIOBATH CKJIaJ CBDKOTO 3apsiay LHJIiHApa B 3a-
Oe3leueHHsT JOCATHEHHS MaKCHMaJIbHOI €KOJIOrIYHOI Oe3IleKH, 1, II0-
IpyTe, poOIsATh MOJATKOBE OUYWIIEHHS BUITYCKHHX Ta3iB BiJ IIKiIJIUBHX
KOMIIOHEHTIB Tiepe]l BUKHIIOM B atMochepy.

Anemepramueni nanuea Ui TEIUIOBUX JABUTYHIB TPAAMULINHO PO3IILA-
Janacs 3 MO3UIli CKOPOUSHHSI eKCIDTyaTallifHuX BUTpaT a0o B IUIaHi BH-
KOPHCTaHHS [TOHOBIIIOBaHUX JDKEpeN TeryioBoi eHeprii. Houii mormns Ha
IbTEPHATHBHI MMAIMBA MPOAWKTOBAHUI BUMOTaMH JI0 3a0e3MeUeHHS eKO-
JIOTIYHHUX MOKA3HUKIB POOOTH Cy/IeH MOPCHKOTO Ta BHYTPIIIHHOTO BOJTHO-
ro TpaHCHOPTy. Buxomsiuu 3 11p0ro, OLIBIIICTE BUPOOHUKIB PO3TIISLAAI0TH
MPUPOAHUHN Ta3 SIK €KOJIOTIYHO YHCTE MAalIHMBO, SIKE MOXeE 3a0e3MednuTH
BUMOT'H IOA0 BUKHIIB:

® OKCHJIB CipKH 4epe3 BiJICYTHICTh CIpKU B IPUPOIHOMY Ta3i;

e BYIIEKUCIOTO Tra3dy 3a paxyHOK MajJoro BMICTy BYIJIeLb-
BYTJIEIICBUX 3B'S3KiB B TAJIMBi, NMPU 3rOpaHHI SKOTO KiHIEBI MPOAYKTH
3TOPSIHHS 3MIIIYIOTHCS 10 YTBOPEHHSI BOJISTHOI MTapH;

e HE3ropiIMX BYTJICBOHIB i TBEPAUX YaCTHHOK [23].

LluM 3yMOBIIOETBCS 3pOCIUH iHTEpPEC OO0 PO3POOOK IBOXMATUBHHX 1
ra3oBUX [IBUTYHIB. YCIHIIIHE BIPOBAKEHHS OTPUMYIOTH ABOXIAINBHI
cucreMl HU3bKOro TUCKY ra3y (LP-Gas), mo peanizyloTh TOMOTCHHUIA
MpoIiec 3TOPSIHHS MaJuBa (pHC. 2), TAKOXK i CHCTEMH ra3y BUCOKOTO THCKY
(HP-Gas) 3i 3ropsiHHSIM reTeporeHHoi cymimii (puc. 3).

Diesel ‘Diesel

LP-Gas
Air =) =53

R R

Puc. 2. [TpuHImn 1ii ABOXIATWBHOT CHCTEMH B JBOX BapiaHTax
(Diesel Mode i Gas Mode) 3 razom Husbskoro tucky (LP-Gas)

Diesel Mode
Gas Mode
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i | Diesel Diesel | || HP-Gas
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Puc. 3. IlpuHiun Aii 1BOXNATUBHOI cCCTeMH B [BOX BapiaHTax (Diesel Mode i
Gas Mode) 3 razom Bucokoro tucky ((LP-Gas, 1o 35 MlIla)

Diesel Mode
Gas Mode

IlepeBara ra3oBUX ABUTYHIB IEpea TU3EIHHIMH IT0 eMiCii IIKiITHBIX
KOMITOHEHTIB (BIAMOBITHO 1O OCITi/KEHBb, IIO BHUKOHAHO (HipMOIO
Yanmar Ha npuknaai qusenst EYG26L) nagana Ha puc. 4.

SOx-PM C

100 00 100
80 6% 9% 80
60 60 60
40 40 40
20 20 20

i -_
Diesel Pure Gas Diesel Pure Gas Diesel Pure Gas

Puc. 4. 3MeHIIEHHS IKIJIMBUX PEYOBUH Y BUITYCKHUX Ta3aX Ta30BOT0 JBUT'YHA
EYG 26L iz yac BukopuctanHs au3ensHoro nanusa (Diesel) ta razosoro manu-
Ba (Pure Gas)

O,
&27%

g

BucHOBKH Ta MepCHeKTHBH MOJAJNBIIMX J0CHIIXKeHb. SIK OCHOBHI
crocoOu, M0 CIPHUSAIOTH 3HIKEHHIO €MICii OKCHJIIB a30Ty JU3EIiB CyIeH
MOPCBHKOTO Ta BHYTPIIIHBOTO BOJHOTO TPAHCHOPTY Ta BHUKOPHUCTAHHS
SIKMX MOXJIMBO Ha JIU3ENSIX, IO 3HAXOJATHCS B €KCILTyarallii, HeoOXiJTHO
BU3HAYMTH HACTYIIHI:

1) 3acTocyBaHHS CEJIEKTUBHOIO KaTalliTHYHOro Helrpamizaropa SCR,
o 3a6esmneuye 90...95 % 3umxenns Bukuais NOx;

2) mepeBeICHHS IM3elliB Ha BUKOPUCTAHHS T'a30BOTO IMAJWBa CIIPHSE
3HW)KEHHIO KOHIEHTpalil OKCHAIB a30Ty B BHUIIYCKHMX ra3ax Ha
85...90 %;

3) 3abe3meuenns mepebiry pobOUOro NHKIAY IU3EIsT 3a I[HKIOM
Minnepa nmpu3BoauTh 110 45...50 % 3HmKeHHs eMicii okcuiB azoty NOx;
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4) 3a yMOBOIO peaizallii mporecy 3aiMaHHs BiJ CTHCHEHHS TOMOTe-
Hi30BaHe 3apsity J0caraeTbes 3HmKeHas BUKuIiB NOx Ha 35...50 %.
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Cromsapuk T.O.
Harmionaneauit yHiBepcuteT «Oiechka MOpChKa aKkaieMish»

IMPOTrHO3YBAHHSI MEXAHIYHHUX BTPAT B CYJHOBUX
JU3EJSIX

IMocTtanoBka nmpodiemMu B 3araibHOMY BUIJIsAi. [IBUTYHU BHYTI-
ITHHOT'O 3TOPSHHS MOPCHKUX CyNeH (In3eri) € HaHMOMMPEHIINM THIIOM
E€HepreTHYHNX YCTaHOBOK. ChOTOAHI AM3elll BUKOPHUCTOBYIOTHCS Ha BCIX
TUTIaX CYZCH, BKIIOYAIOUH SIK BITPUJIBbHI, TaK i CyAHA 3 SACPHOIO yCTAaHOB-
koro. [Ipu mpoMy 3a CBOIM IpHU3HAYECHHSIM BOHU MOXKYTh OyTH T'OJIOBHUMH
(SKIIO IXHS MOTYXHICTh NEpeacThcs Ha TPEOHNH TBUHT) Ta JOMIOMIXKHU-
MU (KOJIM TXHS MOTY>KHICTh BUKOPHCTOBYETHCS €JICKTPHYHHM TEHEpaTo-
pom). OyHKIIIOHYBaHHS CYHOBHX JTU3EITIB 3a0€3M1eUYEThCS PI3HUMH CHC-
TEMaMH, OJHIEI0 3 SKUX € CHCTeMa MAIleHHS. | 0JJOBHUM KOMIIOHEHTOM
i€l CHCTEMH BBaXKA€THCSI MOTOPHE MACTHIIO, SIKE BHUKOHYE (YHKIIi sIK
MaIleHHSI, TaK 1 oxonomkenHs [1-3].

PoGoTa MOTOpPHOTO MacTWiIa y CyAHOBUX AW3EISAX CYHPOBODKYETHCS
3MIHOIO HOT0 (hi3UKO-XIMIYHOTO CTaHy, Y TOMY 4HcHi nedopmartiero. s
MOTOpPHOTO MacTWia, IO 3HAXOIUTHCA Yy 30HI KOHTAKTY, XapakTepHi oc-
HOBHI O3Haku Aedopmarii: HASBHICTh MPHUKIAECHOI 330BHI MEXaHIYHOI
CWJIA Ta 3MiHA CTPYKTYPHOI ()OPMH, IIO TOJSTAE y 3MIlEHHI YaCTHHOK
Tiza (y JaHOMY BHIIaIKy MOJICKYJI MacTH/Ia) OHE 10 oaHoro [4-6].

MariieHHs: paMOBUX 1 MOTHUJILOBHX IMIJUIUITHUKIB CYAHOBUX JIU3EIIiB
CYIPOBOJDKYETHCS BUTOKAaMH MacTHJIa 31 CIIONYYEHHS BKJIQIMII-BAJ, Y
3B'3KYy 3 THM, IO B JJAHUX TOYKaX KOHTYp MAIEHHS CTa€ BiKPHTHUM, a
MaCTHJIO MiJJIA€ThCsl BHYTPIIIHBOI (BiJl HUPKYIALIHHOTO HAcoca) i 30BHi-
IIHBOI (Bi/] THCKY Baly Ta IIaTyHa) cuiioBoi il (puc. 1).

==

AR AN

Puc. 1. Pyx macTnia B LMpKyJISLIHHIHM ccTeMi ManieHHs (pparMeHr):
1 — paMOBHIi T AMKITHAK; 2 — MOTHJIBOBHI i IIIMITHUK; 3 — TOJIOBHUM ITijI-
HIATHUK
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Mactuio, sike 3HaXOJUThCA Yy INO€AHAHHI BKJIAIUII-Bal, 3a0e3redye
TiApaBIiuHy MIUTBHICTS 1 3amobirae Oe3rmocepeTHbOMY KOHTAKTY Ii€l mapu
TepTs. 30UIBIICHHIO TigPaBIivyHOI MIUTBHOCTI CIIPHUAIOTH CHIIM TOBEPXHE-
BOT'O HATATY, 10 BUHUKAIOTh HA MMOBEPXHI MACTUIIbHOI IUTIBKH MPH KOHTA-
KTi 3 TOBITPsHOIO (Da30r0. Benwmumaa mux cHiI IpOTOpIiiHA 3HAYCHHIO
KpaoBUX KyTiB 3MouyBaHHs O (puc. 2).

=
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Puc. 2. BiiuB kpaifoBuX KyTiB 3MO4yBaHHs 0 Ha ()OpMy MacTHIIBHOTO IIApY:
a — Ha noBepxHi (yy — TOBIIMHA APy MOTOPHOTO MACTHJIA);
6 — y TpuOOCIIONyYCHHI

30UIbIICHHS KpalloBUX KyTiB 3MOYYBaHHS SIK Ha BIIKPUTIN mo-
BepxHi (Ha Mexi (a3 MeTaa-MacTHIIO-TIOBITPA), TaK 1 MiXK TOBEPXHSAMU (Ha
MeXi (a3 MeTan-MacTUIIO-MeTall) CIPHsIE MiJBUIICHHIO CHJIH TTOBEpXHE-
BOTO HATATY, 3MEHIICHHIO MPOTIKaHHS MAacTWiia, MiJBUIICHHIO HECydol
3IaTHOCTI MacTWIBHOTO miapy [7-9]. [linBumieHHs BUTOKIB y TO€IHAHHI
BKJIQJTUIII-BAJI 3MEHIIYE AeMIT(YIOUi BIIACTUBOCTI MACTHJIA, 1[0 MOXKE ITPH-
3BECTH JIO ITIJIBUIIICHOTO 3HOCY BKJIQJIMIINIB 1 301IBIIICHHS BUTPATH MAaCTH-
na Ha Burap. Kpim toro, mpu npomy (depe3 301UIbIIESHHS CHITH TEPTS MiX
MTOBEPXHAMH, IO BCTYMAIOTh Y 0e3MmocepeHii KOHTaKT), 301IbIIyIOThCS
MeXaHi4Hi BTPaTH, a TaKOXK 3HWKYETHCS €(QEKTHBHA TMOTYXHICTh JU3EIIS
[10, 11]. Takum YrHOM, MiABUIIEHHS TiAPaBIiYHOI MITHHOCTI TpHOOCIIO-
Jy4eHHs BaJ-MacCTWIbHUH MIap-BKJIAJUII MiAMIMIHAKA (SIKe MOXKe OyTH
3a0e3reueHe 3a PaxyHOK 301IbIIEHHsS KpaloBUX KYyTiB 3MOYYBaHHS Ma-
CTHJIBHOT ITIBKH) CHPUsE 3HWKEHHIO MEXaHIYHUX BTpAT, [0 BUHUKAIOThH
y CyJHOBUX AM3EIISIX MiJ 4ac OTPUMAaHHS KOPHUCHOI pOOOTH.

AHaji3 ocTaHHiX mociailkeHb i myOaikamii. 3abe3nedeHHs HaIik-
HOI Ta Oe3rneyHoi poOOTH CHCTEM MAICHHS TPOHKOBUX JH3EJIB CyJICH
MOPCBHKOI'O TPAHCHOPTY MOXKIIMBE LIJISIXOM KEPYyIOUOro BIUIMBY a00 Ha
MeTajieBl MOBEepXHi (UMJIIHAPOBY BTYJKY, MOPIIHEBI KiNbLs, BKJIAQAMII
MiAMUITHAKIB) a00 Ha MacTHio. Kepyrounii BIUTMB HA METaJIeBl TOBEPXHI
MOKE 3/11HCHIOBATHUCS:
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1) muIAXxoM iX BUTOTOBJIEHHS ab0 HaHECEHHS Ha HUX ITOKPUTTIB i3 Me-
TaJiB i3 BUCOKOIO TBEPAICTIO — MOIIOIEHY, XpOMY, MiJli, THTaHY, BAaHAIIO
[12-14];

2) HaHECCHHS Ha HUX PETYJISIPHOTo Mikpopenbedy [15-17];

3) 3MmiHor0 iXHBOI TeomeTpii [18-20].

Hani meronu 3a0e3neuyioTh MOTPiOHUM e(eKT, OAHAK MaloTh IMEBHI
HEJONIKA. Y MepHIoMy BHMAAKY MiABHIIYETHCS TBEPIICTh JIOKAIBHUX
IUISTHOK JeTaneld nau3ens (BepXHbOI YaCTWHW MHJIIHAPOBOI BTYIKH, KpO-
MOK TIOPIITHEBOTO KiNbIlf), M0 3MeHmIye ix 3Hoc [21]. OmHak, BapTicTh
METajiB, 0 HAaHOCATHCS Ha MOBEPXHIO, CYTTEBO IMEPEBHLIYE BapTICTh
CTaJIeBUX CIUIABIB, 3 SKUX BUTOTOBILFOTHCS JAeTaii an3eins. Jpyra TexHo-
JIOTisI 3HIDKYE KOE(DIiEHT TEPTS MIXK IMOBEPXHAMH Ta 301JIbIIY€ iIHTEHCHB-
HICTh pyXy MacTia Mk HUMH. [Ipu npomy noTpiGHe crierianbHe 0bma-
HaHHJ, siKe 3a0e3Meuye NOCTiiHY MIMOUHY Ta OJHAKOBHH KPOK HAHECEHHS
penbeduux cmyr [3]. ¥V TpeThOMY BHIAJKy BUKIIOYAIOTHCS CYXHil 1 Tpa-
HUYHUH, Ta TOCTIHHO 3a0e3MmeuyeThCs TiAPOINHAMIYHAN PEeXUM 3Mally-
BaHH B TpiaJi MeTan-mactuio-Merai. OfHaK Ipy [bOMY 3MiHa reoMeTpil
JeTanell 3HKY€E IXHIO MIIHICTE [22]. Y 3B'I3KY 3 IIMM HaBEJIEHI TEXHOIIO-
rii MarOTh MMOOAMHOKHI XapaKTep.

Kepytoua fisi Ha MOTOpHE MACTHJIO, 110 BUKOPUCTOBYETHCS B CHUCTE-
Max MallleHHsS TPOHKOBUX JIHU3EIB CyIeH MOPCHKOTO TPAHCIIOPTY, 3IiMc-
HIOETBCS IIUIIXOM PO3YMHEHHS B HOTr0o 00Cs31 creniaabHux mpucaiok. Lle
AKTHUBYE MIKMOJICKYJISIPHI CHJIM MAacTWiIa Ta CIpHUs€ BUHUKHEHHIO JIO/aT-
KOBOTO PO3KIMHIOIYOr0 THCKY B MacTWJIBHOMY Inapi. BukopucraHHs
JaHOi TEXHOJIOTIi BUMAarae MmonepeHOro BU3HAYECHHsI ONTUMAaIbHOI KOH-
HEeHTpallii NPUCaToK B MacTHIII, @ TAKOX YCTAHOBKU B CHCTEMi MalleHHS
JI0/IATKOBOT'O O0JIaiHAHHS, siKe 3a0e3redye 103yBaHHs npucaaku [23, 24].

OpHuM 13 croco0iB Kepyroyoro BIUIMBY Ha Tpiaay MeTan-Macio-
MeTall € HAHECEHHSI Ha METaJIEBY ITOBEPXHIO CIICI[iaJbHUX PIIKUX aHTHQ-
PUKIIHUX MOKpUTH [25]. TIpu mboMy depe3 MOCHIIEHHS MiXKMOJIEKYJIISp-
HUX B3a€MOJI1 3MIHIOEThCS CTPYKTypa MAacTHIILHUX TUTIBOK, IO 3a0e3re-
4yye HaJiiiHy Ta Oe3neyHy poOOTy TPOHKOBHX AM3EIIB CYAE€H MOPCHKOTO
TPaHCHOPTY.

Hageneni TexHoMOriT po3poOsUTUCs Ta BIIPOBAHKYBAIUCS JUISL aBTO-
MOOITBHOTO Ta 3aJi3HMYHOI'O TPAHCIOPTY, a TAKOX IJIsl CTalioHapHOT
SHEepPreTHKH (Iu3eliB Ta TypOiH TEIJIOBUX Ta €NEKTPUYHUX craHmii). Li
TEXHOJIOTIT He HAOYJIM MOIIMPEHHS IS AU3ENIiB MOPChKUX cyjaeH. Hacam-
nepe 1e NOB'sSI3aH0 3 aBTOHOMHICTIO pOOOTH MOPCHKUX CYyJIEH Ta iX eHep-
FEeTUYHUX YCTAaHOBOK, a TAKOX 3 NEPIOAMYHMMHU 3aMiHAMH CYyIHOBOTO
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exinaxy. [lepire oOMexye JOriCTHKY (BUHHKAIOTh IIPOOJIEMH 3 OCTaB-
KOIO Ha Cy/IHa HEOOXiMHUX MaTepialiB), APyTe 3MYIIy€e MPOBOAUTH TPEHi-
HTH JUIS CYJHOBUX 1HXKEHEPIB 3 €KCIUTyaTallii CIeIliaibHOTO 00JIaIHaHHS
[26].

KommrekcHi mociimkeHHs (SKi TO3BOJISIOTh BCTAHOBUTH B3a€MO3B'S-
30K CTPYKTYpHHX XapaKTEPUCTHK MOTOPHHUX MacTHI 3 MEXaHIYHHMH
BTpaTaMH CyIHOBHX JIM3ENiB, & TAKOX BUKOHYBAaTH NMPOTHO3YBAaHHS MeXa-
HIYHUX BTpAT y CYAHOBHX JHM3EISIX UYepe3 XapaKTEPHUCTUKH MOTOPHOTO
MacTHJIa), MalOTh MMOOJWHOKHI XapakTep Ta HE MalTh CHCTEMHOTO ITiJi-
XOAy 10 PO3B’sI3aHHSI Li€l MPOOIeMH.

IlocTanoBka 3aBaaHHs. 3aBIaHHSIM JOCHIUKEHHS OyJ0 BCTaHOB-
JICHHSI B3a€MO3B 3Ky MK CTPYKTYPHUMH XapaKTEPHCTHUKAMHU MOTOPHHX
MacTWJ, 10 BHKOPHUCTOBYIOTHCS B CYJHOBHX AM3EISIX, 3 MEXaHIYHUMHU
BTpaTaMy, 110 BUHHUKAIOTH I Yac Mepeaadi MOTYKHOCTI BiJl TU3ENs 10
CTMOXHMBAYiB CHEprii, Ta BU3HAYCHHS MOKA3HUKY MOTOPHOTO MACTHIIA, 32
SIKUM MO>XJIMBO BUKOHYBATH TPOTHO3YBAaHHSI MEXaHIYHUX BTpPAT B CyIIHO-
BUX JIM3EIISX.

Bukian ocHoBHOro mMarepiany. JlocnipKeHHS BUKOHYBAJIHCh y JIBa
eTanu:

1) y HaykoBiii naboparopii BUBYAIKCS CTPYKTYpHI XapaKTEPUCTUKH
PI3HUX MOTOPHUX MAacTWJI — KPaOBHX KYTiB 3MOYYBaHHsS 0, a TaKOXK TO-
BIIUHH [IaPy MOTOPHOTO MAcTHIA Uy,

2) Ha MOPCHKOMY TPAHCIIOPTHOMY CYJIHi BHBYABCS BIUIHB MOTOPHHX
MacTHJI i3 PI3HMMH CTPYKTypPHUMH XapaKTepUCTHKaMH Ha MEXaHiuHi
BTPATH CyTHOBOTO JIM3EIIs.

BusHaueHHs KpalHOBHUX KYTiB 3MOUYyBaHHS 0, a TAaKOK TOBLIMHH IIapy
MOTOPHOTO MacTHJIA Oyy MOXKIHBE EIINCOMETPUYHHM CIIOCOOOM, IIUIIXOM
aHali3y CBITJIOBUX MPOMEHIB, IO BiJOMBAIOTHCS BiJi MacTWIa Ta BiJl IMO-
BepxHi. B maHuii 4ac iCHYIOTh €JEKTPOHHI eNNCOMETPUYHI YCTaHOBKH,
IO JIO3BOJISAIOTH BUKOHYBaTH BHMIPIOBAHHS IIMX TOKA3HHKIB 3 BHCOKOIO
TOYHICTIO.

JocnipkeHHs: BUKOHYBalnuCh aisi MoTopHHX Mactuin Total Lub
Marime AURELIA Tl 15/30 ta LukLub Marime NAVIGO TPEO 15/30.
OCHOBHI XapaKTepUCTUKA MOTOPHUX MacCTHJI HaBeAECHO y Ta0u. 1.

OnTrYHUM METOAOM eNirncoMeTpii O0yJi0 BU3HAYCHO 3HAUCHHS Kpano-
BUX KYTiB 3MOYYBaHHS Ta TOBIIMHH MACTWJIBHOTO Inapy. BusHadeHHs
KyTiB 3MOYYBaHHSI Ta TOBIIUHH MACTHJIBHOTO APy BUKOHYBAJIOCS IS
o0'emy mactuia (piBHOTO 2 MJI), HAHECEHOTO Ha METAJIEBYy IOBEPXHIO,
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BIMIOTIpOBaHy 3a BHCOKUM KjacoM TOYHOCTI. Ili BenmnumHU HaBeACHI y

Tabm. 2.
Ta6muus 1. OCHOBHI XapaKTePUCTHKH MOTOPHUX MAaCTHI™
S Pe— Total Lub Marime LukLub Marime NAV-
AURELIATI 15/30 IGO TPEO 15/30

Kmac SAE 30 30
T'yctuna npu 15°C, kr/m® 910 898
B’s3xicts mpu 100 °C, cCt 14,1 11,5
3aranpHe Jy)KHE YHCIIO0

(TBN) Y 14,2 14,2
Temneparypa nanaxy, °C 230 230

[MpumuTka: * — manai MOTOpPHI JOBUTFHO BH3HAUYEHI SK MOTOpPHE Mac-
TIIo 1 Ta MOTOpHE MacTUIIO 2
Tabmuus 2. CTpyKTYpHI XapaKTepUCTHKA MOTOPHHX MaceJ

TToxa3Huk

MotopHe mactuiio 1

MoTopHe macTuio 2

KpaitoBoi kyT 3MouyBaHHs, 0, rpan 20,4 17,5
TOBIIMHA MACTHIBHOTO MIAPY, Uy, MM 3,9 2,6
Homorpamu, 110 BigoOpakaloTh CTPYKTYpHI XapaKTepHUCTUKH MOTOP-
HUX MaCTHWJI, HaBeJIeHI Ha puc. 3.
> dMM’
rpag MM
) 3,5
1
10 1 3,0
ML
5 -

MOTOpHe MacCTHIO

Puc. 3. CTpykTypHi XapaKTepHCTUKH MOTOPHUX MaCTHII
Hpyruii eran gociiykeHb BUKOHYBaBCS HA MOPCBKOMY CYZIHI Kiacy
Multipurpose Vessel nenseiitom 27540 TOHH, JTONOMIXKHA CHEPreTHYHA
YCTaHOBKa SIKOTO CKJIaJaacs 3 TPbOX OJHOTHITHUX CyTHOBUX CEPEIHBOO-
O6oporHux au3eniB Yanmar 6EY 18AL 3 HacTynmHUMH XapaKTepUCTUKAMU:
miameTp 1tinapa — 180 mMm;

xi1 mopirast — 280 Mum;

yacrora ooepranHs — 1000 06/xB;
HOMiHaJIbHA MTOTYKHICTB — 800 KBT;
nuToMa BuTpara nanmmsa — 193 r/(kBr-ron).
Excrmyarartist 1u3eniB MpOBOAMIIACS 3 BUKOPUCTAHHSM CyJTHOBUX T1a-
auB RME180 Ta DMAULS. IxHi OcHOBHI XapaKTepHCTUKH HaBeJicHi B

Tadi. 3.
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Tabmnuus 3. OcHOBHI XapaKTEPUCTUKHU CYIHOBHUX IaJIMB

IToxa3HMK RME180 DMAULS
T'yctuna npu 15°C, kr/m® 935 879
B’s3xicts mpu 50 °C, cCr 72,4 5,75
Bwicr cipkn, % 0,42 0,065
Hwmxua TermmoTBopHa 30aTHICTH, KJK/KT 41750 42380

Excruryatamist nu3eniB mif dac mepeOyBaHHSA CylHA y CIIEHiadbHIX
ekoJIoriyanX parioHax (Sulphur emission control area — SECA) mpoBoau-
nacst nanuBi DMAULS [27-29]. ITix yac po0oTH 1mo3a eKOJIOTiYHIUMH pa-
foHamu BUKOpucTOBYBasocs manuBo RME180 [30-32]. TTotpebu cymHa B
eleKTpoeHeprii  3abe3meuyBanmucs omHuM (y pasi HaBaHTXEHHS O
500 xBrt) ab0 nBOMa mapanenbHO MPALIOIYUMHU JU3esaME (y pasi HaBaH-
taxxeHHs mouay 500 kBt). ociimkeHHs: BUKOHYBaJIM Ha pexuUMax po0o-
TH, KOJU BUKOPUCTOBYBaNWCS ABa nuieni. IlapamenpHa pobora am3eniB
3a0e3redyBana piBHUN pO3MOJiT HABaHTaXKEHHS MK HUMH. Tperid au-
3enb abo mepeOyBaB y craHi stand-by, abo excrutyaTyBaBcs Ha HEOOXij-
HOMY HaBaHTaXeHHi (y pasi, Ko AJis 3a0e3MeYeHHS MTOTYKHOCTI CIIOXKH-
Ba4iB OyII0 JOCTAaTHHO OIHOTO NW3ENs), PU IBOMY HEpIINi Ta APyTuit
JTU3EIT1 HE SKCIUTYaTyBaJIHCS.

3a0e3neyeHHs PeXKUMIB MAIICHHS JUIsl JU3EIIiB MOAI0HOTO THITY MOXK-
JUBE 3a JOMOMOTOI0 PI3HUX MOTOPHUX MAacCTWJ, SKi MarOTh B'SI3KICTh
12..17 cCr, nyxne uymcno 14..17 MrOH/r i BigHOCATBCS A0 Kiacy
SAE 30...40.

Juzeni Manu 3aranbHy ManuBHY cucTeMy (TpHU sAKid yci Tpu nuzeni
eKCIUTyaTyBaJUCsl Ha OJJHOMY COPTIi ITaJuBa) Ta aBTOHOMHI CHCTEMH Ma-
meHHs. Lle 103Boso uist IBOX AM3EIIB, HA SIKHX BUKOHYBAJIUCH JOCII-
JOKEHHSI, BUKOPUCTOBYBATH Pi3HI MOTOpHI MacTmia. B cucremi omHOTO 3
IU3EeTiB BHKOPHCTOBYBaJlocs MoTOpHe Mactwio Total Lub Marime
AURELIA TI 15/30, B cucreMi MallleHHsI IPYroro — MOTOPHE MacCTHJIO
LukLub Marime NAVIGO TPEO 15/30. O6uaBi MOTOpHI MacTHjIa PEKO-
mennoBani ¢ipmamu Wartsila, MAN-Diesel, Caterpillar MaK, Yanmar,
Daihatsu, Himsen /11 BAKOpHCTaHHS B CYIHOBHX TPOHKOBHX JTU3EIISIX.

[epen movaTkoM eKCIIEPUMEHTIB Ju3eli epeOyBaiil y OJTHAKOBOMY
TEeXHIYHOMY cTaHi. Ha au3ensx Oyiu mepeBCTaHOBIIEHI IeTalli IIITiHIAPO-
MOPIIHEBOI TPynu (BTYJKM LIIIHAPIB, MOPIIHI, MOPLIHEBI KUIbIS) Ta
KPUBOIIMITHO-IIATYHHOTO MEXaHi3My (IIATyHH Ta BKJIAJMII MOTHJIEBUX
i AMUITHUKIB).

JocnipkeHHs: BUKOHYBAJIHMCS IMiJ 4aCc OKEaHCHKUX IEPEeXOfiB CyaHa,
TPHUBAJICTh IKUX cTaHoBWia 12...18 nHiB. [Ipu nbomy (y 3B'I3Ky 3 BiCyT-
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HICTIO MAHEBPOBUX Ta LIBAPTOBUX PEXHUMIB, a TAKOK BaHT)KHUX Ollepa-
i) eKCIuTyaTallis Au3ediB BimOyBajacs 0e3 cTpuOKOmoAiOHOI 3MiHU Ha-
BaHTaxeHHs [33, 34].

Cran manuBHOI amapatypu (MajJMBHUAX HACOCIB BHCOKOTO THCKY Ta
(hopcyHOK), a TaKOX 1i perymoBaiibHI MapaMeTpu (THCK HAarHITaHHSA, KyT
MOYaTKy IMojavi ManrBa) BCiX JU3eiB OyIu iICHTUYHI.

VY cucremMax MaileHHs Ta OXOJOMKEHHS JU3eIiB MiATPUMYBAJIHCS OJ1-
HAKOB1 3HAa4YEHHS TeMIepaTrypu Ta TUCKy. Ilepen moyatkom excnepuMeH-
TiB Y IUPKYJSIIIHHAX CHCTEMaX MaIleHHS AW3eTiB OyJI0 MOBHICTIO 3aMi-
HeHo macTuino. KoMmeHcarisi BUTpaTH MacTHUjla Ha BUTAp I KOKHOTO 3
mu3eniB BukoHyBajacs B o0cs3i 100 mitpiB wepes 100 romuH excriryaTa-
mii.

s BUKOHAHHS 3aBAAHHS JOCHTIHKEHHS IMiJ] Yac TPOBEACHHS EKCIIe-
PUMEHTY BH3Ha4yaBcs MexaHiuHUi koedimieHT kopucHoi aii (KK/) auze-
JI — Mm, @ TaKOXK (ikcyBanucs 3HaueHHsS TBN mMacTuia y BiANOBiqHI ya-
coBi iHTepBany ioro poborn. BuszHauenus mexaniunoro KK/ 3miticHio-
BaJoCSd METOAOM IIOCTiifHOI BUTpaTH TanvBa, Bu3HaueHHs TBN wmacma
BUKOHYBAJIOCSI B CYIHOBIM TexHiuHid Jsaboparopii ¢ipmu Cylinder
Scrape-Down Oil Analysis BiIHOBiITHO 0 PEKOMEHIOBAHUX TEXHOJIOTIH
Ta mociigosHocTi [35, 36].

ITix yac mpoBeAeHHS eKCIIEPUMEHTY KOHTPOJIb Ta JIiarHOCTyBaHHS Te-
XHIYHOTO CTaHy MacTHJIa BUKOHYBAIKCH HIJISIXOM TPHPAa30BOTO BH3HAYEH-
Hs1 BN 3 inTepBasiom Binbopy npob 1 roa. YcepenHeHi 3HaUEHHS Ofepika-
HUX pe3yJbTaTiB eKCIIEPUMEHTY HaBeIeHO B Ta0II. 4.

Tabmmms 4. 3vina BN ta ABN MoTopHHX Macen 3a pi3HHX YMOB €KCIIEPUMEHTY

Yac, ron MotopHe MacTuio 1 MotopHe MacTiiIo 2
’ BN ABN, % BN ABN, %
100 14,1 0,70 14,0 -1,41
200 13,7 -3,52 13,6 —4,23
300 13,1 —7,75 13,0 —8,45
400 12,8 —-9,86 12,6 -11,27
500 12,6 -11,27 12,3 -13,38
600 12,3 -13,38 11,9 -16,20
700 12,0 -15,49 11,5 -19,01
800 11,8 -16,90 11,0 —22,54
900 11,5 -19,01 10,7 —24,65
1000 11,3 -20,42 10,4 —26,76

s Beix iHTepBaniB BumiproBanb (Bix 100 1o 1000 roaun) 3HaYeHHS
BN 111 MOTOPHOIO MacThiIa 2 MEePEBHUIYBAJIO aHAJIOTIYHE 3HAYCHHS IS
MotopHoro mactuia 1. [lopiBHsuibHY oninKy 3MiHM BN MoTOpHHMX MacTHi
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MO>KHa BHKOHATH 32 BiTHOCHOIO BennunHOO ABN, sika BU3HauaeThcs 3a
BHUpa3oM

M -100%,

om
ne BNy, BNyoy — 3HauenHss BN y neBHMIT pOMiXOK 4acy Ta HOMiHa-

JIbHE 3HAYCHHSL.
3uauenHs ABN HaBeneni B Ta0u. 4. 3a 3HaueHHsMH TabJ1. 4 mo0yI0-
BaHI HOMOIpamH, 1o BigoOpaxkatoTsh 3MiHy BN ta ABN mMoTopHHx mac-
I — puc. 4, 5.
BN

ABN =

14—

13-

12

11—

10 2 |

0 200 400 600 800 1000 ¢,ron

Puc. 4. 3mina BN cyJHOBHX MOTOPHHX MaCTHII:

1 — moTopHe mMacTuiio 1; 2 — MOTOpHE MacTwio 2
200 400 600 800 1000 ¢,ron

1

0

_25 -
ABN,
%

Puc. 5. Binnocue 3umxkenHst ABN cyTHOBHMX MOTOPHHMX MacTHII
1 — moTopHe MacTiiio 1; 2 — MOTOpHE MacTHIIO 2
Busnauenns mexanigydoro KK/ BukoHyBajaocs Ha pi3HHUX, ajie PIBHUX

MiX cOOOF0 HaBaHTAXKECHHSX CyTHOBUX Ju3eliB (B mianazoni 40...75 % Bifg
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HOMIHAJBHOTO 3HAYeHHs). 3HadeHHS MexaHigHoro KKJI HaBemeno y
Tabm. 5.
Tabmuus 5. 3mina mexaniunoro KK/ nm, %, cyanoBoro auzens Yanmar

6EY18AL
3a PiI3HUX YMOB €KCIICPUMEHTY

HapanrtaxeHnss Mortopue Mmactu- | MoTopHe MacTu-
Yac, rox A

Ha guseni, % mo 1 J10 2
100 55 87,7 84,5
200 50 86,3 83,0
300 40 83,8 80,1
400 45 84,1 80,7
500 60 87,7 84,8
600 60 87,6 84,8
700 75 88,6 86,3
800 70 88,3 85,8
900 75 88,7 86,3
1000 65 88,1 85,3

Bignocne 3umxenns: mexaniyHoro KK/ Anm mig yac BUKOpUCTaHHS
MOTOPHOTO MacTHJa, CTPYKTYPHI XapaKTePUCTHUKHU SIKOTO (KpaloBUH KyT
3MOYYBaHHS Ta TOBIIMHA IIapy) MAOTh MEHIII 3HAYEHHs, MOXKHA po3pa-
XYBaTH 32 3QJIC)KHICTIO

Aﬂm — MNm1 —MNm2 -100%,
nml
J€ Mm1, Nm2 — MexaHiuani KKl npyu BUKOpHUCTaHHI MOTOPHUX Macell
1 i 2 B 0JHaKOBUI POMIXKOK dacy, %o.
3HaueHHS Anm IS PI3HOTO Yacy eKCIUTyaTallii CyJTHOBOTO JH3eNs
Yanmar 6EY 18AL naBeneno y tabnuti 6.

Tabmus 6. BigaocHe 3HMkeHHs MexaHigHoro KKJI Anm, cynHOBOTO nu3ens

Yac, rox Anm, % Yac, rox Anm, %
100 3,65 600 3,2
200 3,82 700 2,6
300 4,42 800 2,83
400 4,04 900 2,71
500 3,31 1000 3,18

3a pesynbTaTaMu TaOIHIb 5 Ta 6 MOOYA0BAaHO HOMOTPaMH, HABEACHI
Ha puc. 6.
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3

Ang, %
Puc. 6. Pesynbratu exciepuMenty: Nm — Mexaniunuid KKJ1, %; Anm — BizHOCHE
3HKeHHs Mexanignoro KK/, %

Ilim gyac mpoBemeHHS AOCHTIHKEHb eKCILTyaTallisl JU3eliB BUKOHYBaIa-
Csl BIANOBIMHO O MpaBWJ TEXHIYHOI eKCIuTyaramii, 0e3 MeXaHIYHUX Ta
TEIUIOBHUX IEPEeBaHTAXKCHb. 3HAYEHHSI BCIX KOHTPOJBHOBAHHX IMapaMeTpiB
Ju3ens epedyBalii y A0MyCTUMOMY JTiara3oHi.

BucHOBKH Ta nepcrneKTUBH NMOAAIbIIMX JOCTIIKEHbD.

1. MotopHi MacTuia, sSiKi BAKOPUCTOBYIOTECS B IIUPKYISIIHHAX CHUC-
TeMax MalleHHs CYJHOBUX JM3eIIiB, IOBUHHI 3a0e3euyBaTy TiIpaBIiuyHy
IIUTBHICTE y Tpiajli MeTal-MacTuiIo-MeTal. [[boMy CpustoTh Taka CTpYK-
TypHa XapaKTepUCTHKa MOTOPHOTO MAacTWIIa, SIK KpalOBHI KyT 3MOYyBaH-
Hs 0.

ONTUYHUMU JOCIIPKEHHSIMHA BCTAHOBJICHO, IO IMiBUILIEHHS Kpano-
BUX KyTiB 3MOYyBaHHs O crpuse 30UIBIICHHIO TOBIIMHA MAaCTHIBLHOTO
mapy Oy, IO YTBOPIOETHCS HA TIOBEPXHI METaIy.

Hns cynnoBux MortopHux MacTui (3okpema Total Lub Marime
AURELIA TI1 15/30 ta LukLub Marime NAVIGO TPEO 15/30) crpyk-
TYpHI XapaKTEepUCTUKU NepeOyBalOTh Y TAKUX MEXKaX:

KpaiioBuii Kyt 3MouyBanHs 0=17,5...20,4 rpax;

TOBI[UHA MACTHIILHOTO Mapy Jywv=2,6...3,9 MM.

2. KOMIUIEKCHUMH JTOCHIJDKEHHSIMH BCTAHOBJIEHO 3B'SI30K CTPYKTYp-
HUX XapakTepUCTUK MOTOPHHX MAcTWJI 31 3MIHOIO iX eKcITyaTalliiHuX
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XapaKTepPUCTUK Ta MEXaHIYHIMH BTpaTaMH, 0 BUHUKAIOTH IIiJ] 9ac mepe-
Jaqi KOPUCHOI TIOTYXHOCTI CITO)KMBayaM eHeprii. SIK 11l MOKa3HUKH BUKO-
PUCTOBYBAJIMCS 3aJHUINKOBE JIy)kHE yuciio macina BN i mexaniuanii KKJ|
TTU3EITST M.

i1 MOTOpHOT'O MacTuia, IKe Ma€ HACTYIHI CTPYKTYPHI XapaKTepHc-
TUKHU: KpaloBU# KyT 3MouyBanHs1 ©=20,4 rpaj, TOBIIMHA MacIsSHOTO IIa-
py dwv=3,9 Mm 3a 1000 roauH ekcrutyaranii Ha pi3HUX PeKUMAxX 3HHKCH-
Hs 3QJIMIIKOBOIO JIy’)KHOTO 4dmcia MacTuia craHosutb ABN=20,42 %,
3mina MexaniyHoro KKJI 3Haxoautbcs B Mexxax nm=83,8... 88,7 %.

Jns  mMoropHOro MacTwia, 3 Xapaktepuctukamm: 0=17.5rpan,
dw=2,6 MM  adamoriuni mapamerpu craHOBiIATE: ABN=26,76 %,
Nm=380,1...86,3 %.

3. HaBeseHi pe3ysibTaTi H03BOJISIFOTh 3pOOMTH BUCHOBOK IPO MOYIIH-
BICTh /IIalHOCTYBAaHHSI MEXaHIYHUX BTPAT CYAHOBHX JAM3ETIB 32 CTPYKTYp-
HUMH XapaKTEPUCTUKAMU MOTOPHOTO MAaCTHIIA, SIKE BHKOPUCTOBYETHCS B
HOTO0 cHCTeMi MalleHHs, a TAKOK BUCYHYTH HACTYITHY HayKOBY TiOTE3y —
MOTOpHI MacTuia 3 OUTBII BUPAKECHUMHU CTPYKTYPHUMHU XapaKTepUCTHUKA-
MU 320€31MeuyroTh MEHIIII MeXaHiYHI BTpAaTH MiJ Yac Tmepenadi KOPUCHOI
po0oTH crioKuBa4aM eHeprii.
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Ilecromanos K. O., Xaie H. O., Xuiesa O. 5.
Harmionaneauit yHiBepcuteT «Oiechka MOpChKa aKkaieMish»

AHAJII3 1O0UIJIBHOCTI 3ACTOCYBAHHS KOMITPECOPHO-
EKEKTOPHOI XOJIOAUJIbHOI MAILIMHU Y CYTHOBIA
CUCTEMI KOHAULIIOBAHHS ITIOBITPA

Beryn

[TapokoMmrpeciiiHi XOJOMMIbHI MAIlWHH, IO MPAIIOI0Th 32 PaxyHOK
CIIOKUBAHHS CJICKTPOEHEPrii, B JaHUI Yac € MPaKTHYHO IEPEBAXKHUM
THTIOM XOJIOAWIBHUX CHUCTEM, IO 3aCTOCOBYIOTHCS y CYIHOBIH Tairy3i s
KOHJWINFOBaHHS TOBITPS Ta OTPUMaHHS MmTy4HOro xojoxy. Crmix 3Bep-
HYTU yBary, 1o XOJOJIWIbHI CUCTEMH Ha CyJaxX CIIOKHBAIOTh JIOCTATHHO
BEJIMKY KUIBKICTh enektpoeHeprii. Kpim Toro, Bimomo [1, 2], mo Ginb-
IIICTh BUKUIB MTAPHUKOBUX Ta3iB BiJl Cy/THOBUX XOJOIMIBHUX YCTAaHOBOK
€ HenpsiMuMHU, To0TO Bukuau CO; MOB’s13aHi 3 BUPOOHHUIITBOM €JIEKTPOE-
Heprii, sika mepeBayKHO BUPOOIISETHCS AU3ETb-TeHEPaTOPAMHU.

OpHUM 13 TIEPCIIEKTUBHUX MUIAXIB MiJBUIICHHS €()EeKTUBHOCTI MMapo-
KOMITPECIHHUX XOJOAMIFHIX MAIIWH € IX TIO€IHAHHS 3 TeIDIOBUKOPHCTO-
BYIOUMMH TapPOCIKEKTOPHUMH XOJOJMIBHUMHU MAaIllMHAMH, SKI B SIKOCTI
JDKepenna TeIJIOTH MOXYTh BHKOPHUCTOBYBaTH CKHIHY Teruiory. Ha
MOPCHKHX TOPTOBUX CY/JHAX € BEJWKI KiJbKOCTI CKHJHOI TEIUIOTH, SKa
JI0C1 yTUJII3y€eThess B MOBHINM Mipi [3, 4]. TexHiuHI MOMXJIHMBOCTI Ta €KO-
HOMIYHA JIOIJIbHICTh BUKOPUCTAHHS CKUHOTO TeIlia 3ajie)KaTh BiJ| HOro
SIKOCTI, SIKa TIePEeBaKHO BH3HAYAETHCS TemIeparyporo — tadi. 1. B cyx-
HOBIH eHepreTHlll NepeBakHa KUTBKICTh JPKeped BTOPUHHOI TEIUIOTH Mae
HU3bKY SIKICTh 3a TeMIlepaTypoio. ToMy JOCUTh NMEPCICKTUBHUM, 1HTEpe-
CHUM Ta B Till e Yac CKIIQJHUM 3aBIaHHAM HAayKOBOTO JIOCIHIDKEHHS Y
HampsMy TiABUIIEHHS €(eKTUBHOI YCi€l eHepreTHYHOI CUCTEMH CY/HA €
OIliHKA JOIIIBHOCTI Ta TEXHIYHOT MOXKIIMBOCTI YTHIII3AIlisl CaMe HU3KOIIO-
TEHIITHOI CKUIHOI TEIUIOTH.

BropuHHE Teruio Ha CyaHI MOXE YTWJII3yBaTHCS JUIsi BUPOOHHUIITBA
JIOJTATKOBOIO IITYYHOTO XOJIOY, 1110, 0€3yMOBHO, 301J1bIIye €(heKTUBHICTh
BHUKOPHUCTAHHS MIEPBUHHOTO NalMBa Ha cyaHi [5]. TyT BelHKi nepcrekTu-
BH MalOTh TEIUIOBUKOPHCTOBYIOUYH XOJIOJAMIbHI MAIlIMHU, HAIPUKIIA]] EXKe-
KTOpHi. ExXeKkTop, sIKuii BUKOPUCTOBYETHCS SIK TEPMOKOMIIPECOP, HE Ma€
PYXOMHX YaCTHH, TOMY TaKd CHCTEMH OUIbII MPOCTI Y KOHCTPYKINI Ta
eKcIuTyaTtanii Ta OUTbII KOMIAKTHI, HIK IHII TEMJIOBUKOPHUCTOBYIOUH
xonoauibHi cuctemu. OnHak KKJ] eXkeKTOpHHUX cHCTEM He JTyXKe BUCOKUN
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y MOPIBHSAHHI 3 a0COPOLIHHUME, TaM OCOOJIMBO 3 MapOKOMIIPECIHHUMHU,
10 € TX OCHOBHUM HEJIOJIIKOM.

Tabmuis 1 - [liana3oH Temriepatyp OCHOBHHX JDKEPEN CKHIIHOTO TETI-
Jla CyTHOBUX €HEPTeTHYHHX Ta JOTIOMIKHUX YCTaHOBOK [4]

xepeno Temnotu InTepBan  Tem-
miepatyp, °C

IHceneparop 850...1200

BinxigHi ra3u IBUTYHIB 200...500

[IpoxyBHE MOBITPs (BHXiX 3 KOMIIpEcopa) 100...160

Boma 0xonoxeHHs IBUTYHIB 70...125

Haii6inbin qomiIbHUM 3 TOUKH 30pY TEXHIYHOI peaisallii Ha CyHi €
YTHUITI3aMis TeTUIOTH TapsiauX MOTOKIB PIAMHM, a He ra3y. Ale 3a3BHYai
Taki MOTOKH MalOTh HE JOCUTh BUCOKY TemIieparypy. TemmepaTypa Boau,
o oxoyomkye ABUryH ckiangae 80...90 °C, mo € 1ocuTh CTaHAAPTHOIO
BEJTMYMHOKO JUIsl OLTBIIOCTI NBUTYHIB. THUM HEe MEHII, s EAKUX JIBOTIA-
JMBHHUX 1 Ta30BUX JBUTYHIB TEMIIEpaTypa BOIU AJISI OXOJOMKEHHS OJI0B-
Ku OJOKY HWTiHAPIB Moxe mocsratd 125 °C mpu Tucky 3...4 Gap [6].
Term1o, M0 BiABOAUTECS BOJIOIO, KA OXOJIOMKYE NU3ENbHUIN IBUTYH (BOJa
3 COpPOYKH JBUTYHA), 3a3BUYall BUKOPHUCTOBYETHCS B T€HEPATOpi MPiCHOI
BOAM a00 CKHUIAETHCA B HABKOJHWIIHE CEPENOBUINE Yepe3 TEIUIOOOMIHHH-
k. He3akaroum Ha Te, M0 1€ JPKEPEJIO TEIUIa HU3bKOI SKOCTI, TEILIo
BOJM B COPOYIIi € BEJTMKUM 3a KUTBKICTIO 1 IIOCTIHO JOCTYITHUM Ha CYyJIHI
] 9ac poOOTH ABUTYHA.

Mertoro [aHOTO AOCIHiKEHHsI OyJa MOIepeaHs OIiHKa JOLIIBHOCTI
MOJIEpHi3allil MapoKOMIIPECIHHOT XOJNIOIMILHOI MAIIMHKA Y CKIIaJi CYJHO-
BOI CHCTEMH KOHIUIIIIOBaHHS MOBITPS 32 PaxyHOK 3aMiHM KOHZIEHcaTopa
BOJISTHOTO OXOJIOJDKEHHSI Ha TEIUIOBUKOPHCTOBYIOUY €XKEKTOPHY XOJIO0-
TWIIBHY MallvHY, SKa B SKOCTI JDKepela TEIJIOTH BUKOPHCTOBYE BOAY 3
CHCTEMH OXOJIOJDKEHHS JIBUTYHA, 3 METOIO 3HIKCHHS TEeMIIEpaTypH KOH-
JeHcalil MapoOKOMIIPECiiiHOT CTYNEeHI Ta 3HWKEHHS €JIEKTPOCHOXHBAHHS
CHCTEMH KOHJIWIioBaHHs. /)i BUpIIIEHHS MMOCTaBICHOI METH y PoOOTi
OyJI0 3aIIaHOBaHO BHKOHATH MOPIBHSUIBHUE aHAIi3 eNeKTPOCIIOKUBAHHS
MapOKOMITPECiHOT XOJMIONMWIbHOT MamuHK (0a30BUi BapiaHT) Ta KOMOIHO-
BaHOI KOMIIPECOPHO-EKEKTOPHOT XOJOAMIBHOI MAITUHK TIPU PI3HUX TEM-
nepaTypax y BUMAPHUKY-KOHJIEHCATOPI.
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O0’€eKT nocinKeHHs Ta BXiIHI JaHHI 11 aHATI3Y
B sixocTi 06’€exTa anamnizy (6a3oBoro BapiaHTy) OyB 0OpaHHN TUIOBUN
CYJIHOBH KoHaUITiOHEep ToBiTps BupobuunTea HI AIR KOREA Co., Ltd.,
SIKMH B SIKOCTI XonofgoarenTy BukopuctoBye R404A. IloreHuian riaobanb-
uvoro notemieHHs (GWP) ans R404A ckimamgae 3920, 110 € T10CHTh BHUCO-
KOIO BEIMYMHOIO, TOMY y MaiilOyTHbOMY OyzZe moTpiOHa Horo 3amiHa Ha
IBTEPHATUBHUM XOJOAOAreHT. XOJOAONPOAYKTUBHICTh Ta CIIOKMBaHA
KOMITPECOPOM TIOTYKHICTh TIPH TEBHHUX MapaMeTpax poOOTH KOHAHITIOHE-

Py TOBITps HaBeIEHO B Tabunuili 2 (3a JaHUMU BUPOOHUKA).

Tabmums 2 - XoJ0ZONPOAYKTUBHICTh Ta CIIOKHBaHA KOMITPECOPOM
MOTY>KHICTh KOHIMIIIOHEpa

Temneparypa Bou Ha BXO/Ii B KOHJICHCATOP 36 °C
Temmeparypa KOHACHCAIIT X0JI0A0areHTy 42,4 °C
TemmnepaTypa BUIIapOBYBAHHS XOJIOJJOAT€HTY 7,2 °C
X0J1010NPOYKTUBHICTh 174,1 kBt
[ToTyXHICTB, CIOXKHBaHA KOMIIPECOPOM 40,5 kBt

EnexTpocnoxuBaHHA KOMIIPECOPOM MAapOKOMITPECIHHOT XOJI0ANIBHOI
MAaIllMHY OL[IHIOBAJIOCS MPU CTalIMX Mapamerpax il poOoTH, HaBEelCHUX B
Tabu. 2. B cxeMi KoHAMIIIOHEpA, 110 PO3TIIAIAETHCS, HASBHUI pereHepa-
TUBHUI TEIJIOOOMIHHHK, TOMY SIK JOJJaTKOBI MapameTpu OyIio MpUHHATO
neperpiB mapiB xonogoareHTy y BumapHuky | °C, mepeoxooIKeHHs
PIAKOTO XOJOJ0AareHTY B pereHepaTHBHOMY TeriooOMinHuKy 5 °C. Ten-
nodizuuHi BacTuBOCTI XonogoareHTy R404A Gyno Bu3HaveHo 3a [7].

B sikocTi anbrepHaTHBHOTO BapiaHTy Oyna oOpaHa KOMOiHOBaHa KOM-
MIPECOPHA-SKEKTOPHA XOJIOAMIbHI MallnHa [8, 9], siky MOXHa po3riisgaTu
SK KacKaJiHy, JIeé TTapOKOMIIPECiifHa XOIOJMIIbHA MallliHA € HUKHIM Kac-
KaJoM (CTyIIeHIO), a eKEKTOpHa — BepXHiM. [IpuHIIMIOBa cxema 3arnpomno-
HOBaHOI KOMOIHOBAHOI XOJIOAWILHOT MAIlIMHKA HABEICHA Ha puc. 1.

B sikocTi mkepena TEMIOTH €KEKTOPHOI CTYIEHI 3apOIIOHOBAHO BH-
KOPHCTOBYBAaTH BOJAY 3 CHUCTEMH OXOJIOJUKEHHS IBUTYHA, TEMIIepaTypa
SKOi MOKe 3a0e3MeUnTH TeMIepaTypy KHIIiHHS XOJOJOareHTy B TeHepa-
topi 85 °C. Cnig 3a3HauMTH, [0 TEMIIepaTypa reHepallii Ha MpaKTHII
MOJKE BIJPi3HATHCA Bill MPUUHATOI K B MEHILy CTOPOHY, TaK i B OinbmIy.
Tomy micis nonepeaHbpo1 OLIHKY AOLIIBHOCTI BUKOPUCTAHHS €KEKTOPHOT
CTyNeHI OyayTh MOTPiOHI JOAATKOBI BapiaTHBHI PO3PAaXyHKH JJISI Pi3HUX
TeMIeparyp reHeparii.
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Pucynok 1 - [IpuniumnoBa cxema KOMOIHOBaHOT KOMIIPECOPHO-EKEKTOPHOT X0JI0-
JWJIBbHO1 MallIUHU

TemmepaTypa KOHIEHCAIl XOJIOI0AreHTY Y KOHAEHCATOPI €XKEKTOp-
HOI CTyIIeHI MPUHHATA TaKOIo, SIK JJs 0azoBoro Bapianty — 42,4 °C. Tyt
CJIiJ 3BEpHYTH yBary, 110 TEMIIEpaTypa BOAHM, IO OXOJOIKY€E KOHICHCA-
TOp, 3aJCKUTh BiJ paliOHy TUIaBaHHS CyJHA Ta MOXKE 3MIHIOBaTHCS Y
MEHIIy CTOPOHY BiJ TpHIHATOI. B TakoMy BHNAAKy Ui MiATPUMKH
cTabinpHOI poOOTH yCi€l €KEKTOPHOI CTYIEeHI TeMIeparypy KOHAEHcAIl
JOUTBHO MiATPUMYBATH MOCTIHHOIO 32 paXyHOK aBTOMaTHYHOTO PETYIIIO-
BaHHsI BUTPATH 0XOJIO/PKYBaJIbHOT BOJIH.

TemmnepaTypa KUOIHHA XOJOJOAreHTY Y €XEKTOPHIH CTyHeHi A
ananizy Oyna BuOpana B inTepBaiui 20...30 °C, npu npomy TemiepaTypa
KOHJICHCAIIIT XO0JIOJI0areHTy KOMIIPECIHHOI CTyIeH] Oy/e 3MIHIOBATHCS B
inTepsani 25...35 °C, BiamoBigHo.

i eXeKTOpHOI XOJOAMIBHOT MAIIMHK B SIKOCTI XOJIOJOAreHTy Oyio
obpano R1233zd(E). Bubip rpyHTyBaBcs mepin 3a BCe Ha BHMOTax J0
XOJIO/IOAreHTIB CyYaCHUX CYJHOBHX XOJIOJMIILHMUX CUCTEM Ta Ha BENUUiHi
KPUTUYHOT TeMIlepaTypu Ta TeMIEepaTypd HOPMAIbHOTO KHUITIHHS.
Haxanp, 3 mMpUYMHM HEMOKJIMBOCTI BUKOPHUCTAHHS y CYAHOBIH XOJO-
IWIBHIM TeXHI roproynx poboumx Tia (okpiM amiaky) [10], Bubip ams-
TEPHATHBHUX XOJIOI0AreHTIB AJIsl €KEKTOPHOI XOJOAMIBHOI MAIIMHU J10-
cuth HeBenukuil. XonogoareHT R1233zd(E) Bonoaie HU3bKUM 3HAUEHHIM
noTeHIiany raodansHoro noterieHHss GWP= 1 Ta € HEropro4ow peuoBH-
HOt0 [11]. OcroBuum Henomikom R1233zd(E) € #ioro Bucoka BapTicTh Ta
TOM (hakT, 10 BiH LIe PiIKO 3aCTOCOBYETHCS Y XOJIOIMILHOMY 001 HaHH]
Ta MOTaHO MpPEACTABICHUI Ha PUHKY. AJie BIACTUBOCTI HoOro jobpe 1o-
ciijpkeni [7, 11], Ta omyOnikoBaHi HayKoBi poOOTH, sIKi MMOKa3ylOTh Tep-
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cunektuBu BukopuctaHHs R1233zd(E) y eXeKTOpHUX XOJIOIHIbHUX Ma-
mmumHax [12, 13].

Bennuuny xoedimnienta exekxii 0yi0 OLiHEHO 3a METOoAHuKOIo [14] 3
ypaxyBaHHsIM Terodiznunux BiactuBocteid R1233zd(E) [7].

[loemHani TepMOIUHAMIYHI ITUKIIH 32 IKUMH PEaTi3yI0ThCS MPOIECH Y
MapOKOMPECIHHIN Ta €KEKTOPHIM CTYNeHAX KOMOIHOBaHOI XOJOAMIBHOL
MallliHU HaBeZeHi Ha puc. 2. BysnoBi Toukn Ha pucyHky 1 Ta 2
BIJIOBIAAI0Th OZJHA OJHIM.
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PucyHok 2 - CxemarnuuHe 300paykeHHs TEPMOAMHAMIYHUX [IUKJIB 33 IKUMH pe-
ATI3YIOTHCSI MPOIECH Y MAPOKOMITPECIHHI XOJOJMIbHIM MaluHI (HUKHS CTY-
NeHb KOMOIHOBaHOI CHCTEMH — roJIyOuil KoJIip) Ta eXEeKTOPHIN XOJI0AMIbHIi
MarvHi (BepXHs CTYIeHb — KPacHUH KOJip)

Pe3yabTaTu aHaji3y Ta ix 00ropopeHHs

Byno BUKOHAHO PO3PaxyHOK MOTYXKHOCTI KOMIIpEcopa IapoKOM-
MpPEeCiifHOI XOJIOMMIFHOT MAIlIMHU Y CKJIAJli CUCTEMH KOHAWIIFOBAHHS TPH
napamerpax, HaBeJleHHX B Tabnwuili 2 Ta orpuMano 3HaYCHHS Niounp=42,9
KBT, 1110 6JIM3bKO 10 3asBJICHOT BUPOOHMKOM IOTYKHOCTI (Tab1. 2).

Pesynbpratu po3paxyHKy MOTYKHOCTI KOMIIpecopa KOMOIHOBaHOI CH-
CTEeMH MNpH PI3HUX TeMmIeparypax KOHJEHcalil HaBeJIeHO Ha pHc. 3.
3MEeHIIeHHS] TIOTYHOCTI KOMIpecopa MpH 3HWKEHHI TeMIlepaTypu KOH-
JeHcalii € SBHUM eeKToM. AJe CIlijJi BpaxoBYBaTH, 10 B cXeMi KOMOIHO-
BaHOI XOJIOAMJIBHOI CUCTEMH, Ha BiIMiHY Bi napokommpeciinoi (6a3oBuit
BapiaHT), HasBHI JEKiJIbKa HACOCIB: XKMBHJIbHUH HAcOC XOJIOZOAreHTy,
HACcOC raps4oi BOJM reHeparopa. Tomy J04aTKOBO OylO BUKOHAHO PO-
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3paxyHOK MOTYXXHOCTI IMX HACOCIB INPH HASBHUX MACOBHX BHUTpaTax
pimua Ta pu KK/ xxuBinsHOTO Hacocy 0,5 Ta Hacocy raps4oi Boau 0,8.
[ToTyXHICTh HacOCy TapsA40i BOAM OYJIO BUBHAYCHO OPIEHTOBHO, TOMY IO
BOHa Oyjie 3aJieXaTy BiJl KOHCTPYKIll TeHEPaToOpy, TOMY Y MOJAIBIIOMY
OTpHMaHe 3HA4YCHHS MOTpeOye YTOYHECHHs. 3araibHa CIIOKHWBaHA MOTYXK-
HICTh KOMOIHOBAHOi KOMITPECOPHO-EKEKTOPHOI XOJIOAMUIBHOI MAaIIHMHU
MIPH Pi3HUX TEMIIEPATypax y BUIAPHUKY-KOHJCHCATOPI HABEJACHO HA PHUC.
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Pucynok 3 - Po3paxyHKOBI 3HaY€HHSI MOTYKHOCTI KOMOIHOBaHOT KOMIIPECOPHO-

€XKEKTOPHOT XOJIOAWIBHOI MallIMHK NIPU PI3HUX TEMIIEpaTypax KOHAEHcaIl X0-
nopoareHTy R404A y napokoMIipeciiiHiii cTyneHi 3 TapoKOMIPECIHHOI0 X0J10-
JIIIBHOIO MalIHO0 (0a30BHil BapiaHT)

AHani3 oTpuMaHUX pe3ynbTaTiB (puc. 3) A03BOJSIE 3pOOUTH BHUCHO-
BOK, III0 HABITh 3 ypaxyBaHHSIM J[0JIATKOBOTO €HEPrOCIOKUBAaHHS HACO-
camMH KOMOIHOBaHOI CHCTEeMH, ii 3arajbHa MOTYXHICTh MEHIIIE, HIX Y Ta-
pokomIpeciitHoi (6a30BOT0 BapiaHTy) MPH YCiX PO3TISTHYTHX TEMIIEPAaTy-
pax y BUNApHUKY-KOHAeHcaTopi. Tak, mpu TeMmepaTypi KOHIEHcalil Xo-
JIOJIOATeHTY Yy KoMmpecopHiid crymeHi 35 °C (temmneparypi KUIiHHS Y
exxekTopHii cryreni 30 °C) 3arajgbHe eHeproCIOKUBaHHS Y TIOPIBHSHHI 3
0a30BuUM BapiaHTOM 3MeHIIyeThCsl Ha 8 %. [Ipu 3HMKEHHI TemmepaTypu
kouzaercatlii 10 30 °C ta no 25°C, noTy>KHOCTI KOMOIHOBaHOI XOJIOIUIb-
HOT cucteMu Bxke Ha 22 % Ta 43 % MeHIle, BiJIOBIIHO, HIX TPaIULiiHOT
MapoKOMIIpeciiiHol. AJsie mojasblle 3MEHUICHHS! TeMIlepaTypu KOHJEeHCa-
1ii BK€ HEMOXXJIMBO 3 TEXHIYHMX NMPUYMH, MOB’S3aHMX, HEplI 3a Bce, 31
CTaliILHOIO POOOTOO KOMITPECOpA.
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OTpumaHuil pe3ysNbTaT MOKa3ye MOIIIBHICT IMOAAIBIIOTO  JO-
CII[UKEHHS y HampsMy OIIIHKH MEPCIEeKTHB Ta TEeXHIYHUX MOXKIUBOCTEH
BIIPOBA/IKCHHSI KOMOIHOBAaHHX KOMIPECOPHO-EKEKTOPHUX XOJIOIMIBHUX
CHCTEM Yy CyJHOBY CUCTEMY KOHAMIiIOBaHHA moBiTps. HaBenena pobora €
JUIIEe TIePIIAM IMaroM y oMy Hampsmy. llpu omiHmi morykHOCTI
KOMOIHOBaHOI CHCTEMH B BHKOHAHUX pO3paxyHKax HE BPaxOBYBaJoOCH,
10 KOHACHCATOP EKEKTOPHOI CTymNeHi Oyae mMaTu OuTbIIii po3Mip, HiXk
KOHJICHCATOp TapOKOMITpeciitHoi MarmuHu (6a30BOr0 BapiaHTa), 3aBISKH
OUIBIII BUTpaTi XOJOIOATeHTY €KEKTOPHOTO KOHTypy. ToOTo # Hacoc
OXOJIOMKYBaJbHOI BOIM Oyme mMaTu Oinblry HmOTyXHicTe. Kpim Toro, He
BpaxoByBaJlacsi OinbIa BapTicCTh KOMOIHOBAaHOI CHCTEMH y TOPIBHSIHHI 3
TPaIUIIHHOIO MTAPOKOMITPECIHHOI0 CHUCTEMOIO. TakoX, CHiJl 3BEpHYTH
yBary Ha Te, o xosuonoareHT R404A B cuily BEIMKOro 3HaUYCHHS MMOTEH-
miany TI00anbHOTO MOTEIJICHHS MOBHHEH MOCTYMOBO BUBOJIWTHCS 3 BU-
KOPDHCTaHHS y CYOHOBUX XOIOAWIbHHX cuctemax [15]. Tomy cumin
PO3TIISIHYTH MOXKJIMBICTh 3aCTOCYBaHHS allbTEPHATHBHUX pOOOUYUX TN 3
HU3BKUM TIOTEHIIANOM TJI00aJbHOTO MOTEIUTIHHS y KOMIPECOPHIN CTy-
neni. Takox IOUITBHO PO3IJISHYTH BIUIMB TEMIIEPATYpPH Tapsiuoi BOIH
(sKa € oKepenoM TEeIUIOTH IS TeHepaTopa) Ha €HepreTHYHI MOKa3HUKU
KOMOIHOBaHOT XOJIOMJIBHOI CHCTeMH. Bif3HaueHi HEMOMIKU MpeacTaBie-
HOT poOOTH BKa3yIOTh HAa aKTyalbHICTh OOPAHOTO HAIPSIMY Ta BiAKpHUBa-
0T MPOCTIP A7 MOJANBIINX JOCHIPKEHb.

BucHoBkn

[IpoanainizoBaHO AOIIBHICTE BUKOPUCTAHHS KOMOIHOBAaHOT KOMIIpe-
COPHO-€XKEKTOPHOI XOJIOJMIILHOI MAaIlllMHU 3aMiCTh TPaJUIiiHOI Tapo-
KOMIIPECIHOT Y CyIHOBi CHCTEMi KOHAMIIIIOBAHHS TMOBITps. B skocTi
JDKepesa TEIUIOTH sl TeHepaTopa €XEKTOPHOI CTYMEHi 3alpolOHOBAaHO
BUKOPUCTOBYBaTH BOJAY OXOJO/KEHHS TOJOBHOTO JIBUTYHA, SIKa MOXE
3abe3neuntu TemmepaTypy renepanii 85 °C. Jlns ananizy Oyno oOpaHO
CYTHOBHI KOHIMIIIOHED 3 XOJIoAonpoaykTuBHicTio 174,1 kBT1. OnineHo
MOTY>KHICTh KOMOIHOBaHOI CHCTEMH IPU TEMIIEpaTypi KOHIEHcalii X010~
JIOAreHTy KOMIPECIHHOT CTymHeH twno=25...35 °C (BpaxoByBajacs MOTY-
XKHICTh KOMIIPECOpa, a TAKOX HACOCIB XOJOAOAreHTy Ta BOJIU T€HepaTo-
pPYy) Ta HOPIBHSHO 3 MOTYKHICTIO TpaAWLiiiHOI MapOKOMIpPECiiHOi X0J0-
TUIbHOT MammHA TpU teno=42,4 °C. Ilokazano, mo mpu twu=35 °C y
KOMIIPECOPHIH CTyIeHi (TeMIeparypi KHITIHHS Y eXeKTOpHil cryreHi 30
°C) 3arayJibHE €HEpProcClOKMBaHHS Yy MOPIBHAHHI 3 TPaJULiKHOIO Mapo-
KOMITPECIHHOI0 MAIIMHOK 3MeHIIYeThes Ha 8 %. [Ipu tions 30 °C Ta 25°C,
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MOTY>KHOCTI KOMOIHOBaHO{ XONOAMIBHOI cucTeMu Ha 22 % ta 43 % wmen-
1€, BiANOBIIHO, HIK IS TPATUITIHHOT ITApOKOMIIPECIHHOI.

OTpumaHuil pe3ynbTaT BKa3ye Ha MEPCIEKTUBHICTh OOPAHOTO CHOCO-
Oy migBHUIIEHHS €(DEeKTUBHOCTI CyJHOBOI XOJIOMWIBHOI TEXHIKH, aje MOo-
TpiOHUN TOJANBIIHIA OUTHII TITMOOKHUN aHaJI3, 3 MapajieIbHAM ypaxyBaH-
HSIM YCIX TEXHIYHHUX TPYAHOILIB pealizalii 3anporoHOBaHOTO PIILICHHSI.
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PE®EPATH

Maoeii B.B. BUKOpUCTaHHS B CyTHOBUX JH3EIAX MAIUBHUX CyMiIIei
JIO CKJIQJTy SIKUX BXOJIUTH MAJTMBO O10JI0T1YHOTO ITOXOIXKEHHS

Po3rnsiHyTa MOXJIMBICTH BUKOPUCTAHHS B CYJHOBUX AW3EISIX IaIHB-
HUX CyMIIIEH 0 CKIagy SKUX BXOAWUTH MAIWBO Oi0JOTIYHOTO MOXOMKEH-
Hs. HamaHo orisin cBiTOBOTO BUPOOHHWIITBA T4 OCHOBHHX EKCILTyaTamiid-
HUX XapaKTepUCTUK POCIMHHHX OJIiH, SIKI BUKOPHUCTOBYIOTHCS B €HEpre-
TUYHUX YCTaHOBKAaX fK aJbT€pPHATHBHE NManuBo. J[oBeneHO, 0 HAHOIIbII
JOUITBHUM BUZOM POCIMHHOI OJii, SIKY MOXXJIMBO BHKOPHUCTOBYBATH B
CyMilli 3 OU3eIbHUM MAJUBOM JAJISl MOAAIBLIONO 3rOPSHHS B CyTHOBUX
IBUTYHAX BHYTPILIHBOTO 3TOPSIHHA € PillakoBa. 3aBIaHHSAM JOCHIKEHHS
OyJ1I0 BH3HAUYEHHS BIUIMBY IaJKMBa O10JIOIiYHOTO MOXOKECHHS HA €KOHO-
MIiYHI Ta EKOJIOTIYHI MMOKa3HUKU CYIHOBOTO JW3e/s Ta BU3HAYCHHS 3a
MU TIOKa3HUKaMHU ONTHUMAlbHOI KOHIIEHTpaIlii 0i0M3eTbHOTO TallnBa
Ha pi3HUX EKCIUTyaTaliiHuX pexXnuMax poOoTH cymaHOBOro nusens. Jlocii-
JOKCHHS BUKOHYBJIMCh Ha  CHCI[iaJli30BaHOMY CyIHI JEIBEHTOM
10820 ToHnH, 1m0 3AIHCHIOBAIO KOPOTKOYACHI (TpoTsroM 4...6 AHIB) mepe-
XOJU MK TIOPTaMH, B SIKMX Oyia mepemdadeHa MOXKIUBICTh IIONOBHEHHS
3araciB aJlbTepHATUBHOTO NaluBa. Sk Take BUKOPHCTOBYBAJIOCH Oiomau-
Bo B99.9 FAME, mo ckmagaetses 3 99,9 % OGioausennLHOro ImajanBa Ta
0,1 % nuzenphoro manuea kiacy Ultra-Low Sulfur Diesel fuel (3 vaguu-
3pkuM BMicToM cipku 0,03 %). Sk «0a30Be» BHKOPHUCTOBYBAJIOCH MAINBO
DMB, 1o pekoMeHI0BaHO Uil CepelHhOOOSPTOBUX AM3ENIB, sSKi BUKO-
HYIOTh (YHKIi IOTMOMDKHHX ABUTYHIB. BmicT OiomanmuBa B TaJMBHOT
cyMimn 3MiHIOBaBcs B Mexax 5...20 % Bin 3araigpHOro o6’emy. Jocii-
JDKEHHSI BUKOHYBAIIUCS HA CYIHOBHX CepeHb000epToBUX ausensx SDC-
17A Tier Il Daihatsu Diesel.

JocmimkeHHsIMEI BCTaHOBJICHO, 10 1A S...20 % KOHIIEHTpaIlii maim-
Ba 010JIOTTYHOIO MOXOKEHHS B CKJIAAl HAJMBHOI CyMIIIn 1 Jiama3oHi eKc-
TUTyaTalifHuX HaBaHTaXXeHb Ha cyaHoBui mqu3ens 5DC-17A 30...80 %
HOMIHAJIBHOI MOTY>KHOCTI CIOCTEpIraeTbcs 3MEHIICHHS KOHIEHTpauil
OKCHJIIB a30Ty Yy BHITYCKHUX ra3ax Ha 3,86...24,59 % Ta 3MeHIICHHS
00’€MHOTO BMICTY OKCHAY BYIJIEHIO B BHUIYCKHMX Tra3zax Ha
3,14...26,47 %. TakoX BCTaHOBJICHO, 10 BUKOPUCTAHHS MAJMBHUX CY-
MilIel 0 CKany SIKUX BXOJUTD MAIUBO O10JIOTIYHOr0 MOXOKEHHS MpHU-
3BOJIUTH JIO MiJBHUIICHHS MTUTOMOI BUTPATH MAJIMBA, IO 3MEHIIYE €KOHO-
MIYHICTb POOOTH JU3eiis. 3 MiIBUIICHHSIM BMICTy OiomainBa B MaJMBHOT
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cymimn 3 5 mo 20 % muTtomMa eeKTHBHA BHTpaTa NalliBa 3pOCTaE Ha
1,54...8,53 %. Ilpu npoMy Haiibinbme 3poctansas — 3,32...8,53 5 Biamo-
Bifgae HaBantaxxenaio 30 %, maiimenme — 1,54...3,08 % HaBaHTa)KEHHIO
80 % 3a ymoBor 20 % BMicTy OionaiivBa B CKJajli MaauBHOI cymimmi. [Tix
yac HaBaHTaxeHHA 40...50 % 30iIbpIIeHHs TUTOMOI BUTPATH TMaIHMBa JI0-
csarae 6,76 Ta 5,94 % BinnoBigHO. Y 3B’A3KY 3 IIUM, IIiJ1 4aC HaBaHTa)KCH-
Hs au3ens B npianazoHi 30...40 % JOIINBHO BUKOPUCTAHHS IMaTMBHHUX
cymimieit 3 BMicToMm OiomammBa 5...10 %. [lepeBumeHHs nel KOHIIEHTpa-
1Iii CyTTEBO 3HIMKYE EKOHOMIYHICTh POOOTH IH3ETIS.

Madey V.V. The use of fuel mixtures in marine diesel engines, which
include fuel of biological origin

The possibility of using fuel mixtures in marine diesel engines, which
include fuel of biological origin, is considered. An overview of the world
production and main operational characteristics of vegetable oils used in
power plants as an alternative fuel is provided. It has been proven that the
most appropriate type of vegetable oil, which can be used in a mixture
with diesel fuel for further combustion in marine internal combustion
engines, is rapeseed oil. The task of the study was to determine the influ-
ence of biological fuel on the economic and environmental indicators of a
marine diesel engine and to determine the optimal concentration of bio-
diesel fuel based on these indicators in different operating modes of a
marine diesel engine. The research was carried out on a specialized vessel
with a deadweight of 10,820 tons, which made short-term (within 4...6
days) transitions between ports, in which the possibility of replenishing
stocks of alternative fuel was provided. As such, B99.9 FAME biofuel
was used, consisting of 99.9% biodiesel and 0.1% Ultra-Low Sulfur Die-
sel fuel (with an ultra-low sulfur content of 0.03%). DMB fuel, which is
recommended for medium-speed diesels that perform the functions of
auxiliary engines, was used as the "base". The content of biofuel in the
fuel mixture varied within 5...20% of the total volume. The research was
carried out on marine medium-speed diesel engines 5DC-17A Tier Il
Daihatsu Diesel.

Research has established that for a 5...20% concentration of biological
fuel in the fuel mixture and a range of operating loads on a 5DC-17A ma-
rine diesel engine of 30...80% nominal power, a decrease in the concentra-
tion of nitrogen oxides in exhaust gases by 3.86...24.59% is observed and
reducing the volume content of carbon monoxide in exhaust gases by
3.14...26.47%. It was also established that the use of fuel mixtures, which
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include fuel of biological origin, leads to an increase in specific fuel con-
sumption, which reduces the efficiency of diesel operation. With an in-
crease in the content of biofuel in the fuel mixture from 5 to 20%, the
specific effective fuel consumption increases by 1.54...8.53%. At the same
time, the largest growth - 3.32...8.53 5 corresponds to a load of 30%, the
smallest - 1.54...3.08% to a load of 80% under the condition of 20% bio-
fuel content in the fuel mixture. During a load of 40...50%, the increase in
specific fuel consumption reaches 6.76 and 5.94%, respectively. In this
regard, when the diesel is loaded in the range of 30...40%, it is advisable
to use fuel mixtures with a biofuel content of 5...10%. Exceeding this
concentration significantly reduces the efficiency of diesel operation.

KawuoBi cioBa: cynmHOBUH Iu3enb, NaduBO OiOJOTIYHOTO IOXO-
JDKEHHSI, TATMBHA CyMIlll, €KOJIOTI4HI TTOKa3HUKU pOOOTH CYJIHOBOTO JIU-
3eJsl, eKOHOMIYHI MTOKAa3HUKHA POOOTH CYJHOBOTO IW3EIs, EMICisi OKCHIIIB
a30Ty, eMicis OKCHIB BYTJICIIO, TUTOMA BUTPATa MalnBa

Key words: marine diesel, fuel of biological origin, fuel mixture, en-
vironmental indicators of marine diesel operation, economic indicators of
marine diesel operation, emission of nitrogen oxides, emission of carbon
oxides, specific fuel consumption

Cmonspux T.0O. 1lporHo3yBaHHSI MEXaHIYHUX BTpaT B CYIHOBHUX IH-
3eJIsIX

Po3risiHyTa MOXKIHMBICTH IIarHOCTYBAaHHS MEXaHIYHMX BTPAT CYIHO-
BUX JIM3ENIB 32 CTPYKTYPHHUMH XapaKTE€PUCTHKaMHU MOTOPHOIO MacTuia,
sIKE€ BUKOPHCTOBYETHCSI B HOro cHcTeMi MalleHHs. SIK MexaHi4Hi BTpaTu
npuiiMaBcst MeXaHIYHUH Koe(illieHT KOPUCHOT il qu3ems, SIK CTPYKTYpHIi
XapaKTePUCTUKM MOTOPHOTO MacTWiIa — KpaloBHH KyT 3MOYyBaHHS Ta
TOBIIMHA IIapy MOTOPHOTO MacTwia. BucyHyTu Ta JoBeleHa HayKoBa
rifnore3a — MOTOPHI MacTHjIa 3 OUIBII BUPAKCHUMHU CTPYKTYPHUMH XapaK-
TEPUCTHKAMHU 3a0e3MeUyI0Th MEHIII MEXaHiYHi BTPATH TiJ 4ac nepeaadi
KOPHCHOI pOOOTH CITOKUBa4YaM €HEPrii.

JlocipkeHHs] BAKOHYBIMCH B HAYKOBOT J1TabopaTopii Ta Ha CYJTHOBUX
CepeaHbOOOEPTOBUX JU3ENAX. 3aBJaHHAM JOCII/PKEHHS OYyJO0 BCTaHOB-
JICHHS B3a€MO3B’S13KY MK CTPYKTYPHHMH XapaKTEPUCTHUKaAMHU MOTOPHHX
MacTWJI, L0 BHKOPHUCTOBYIOTHCS B CYJHOBHX AM3EISIX, 3 MEXaHIYHUMHU
BTpaTaMi, 110 BUHHUKAIOTH I Yac Mepeaadi MOTYKHOCTI BiJ AU3ENs J0
CIOXMBaYiB €HEprii, Ta BU3HAUYEHHs IMOKA3HUKY MOTOPHOIO MacTHJja, 3a
SIKUM MO>XJIMBO BUKOHYBaTH IPOTHO3YBAaHHS MEXaHIYHUX BTpPAT B CyIHO-
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BUX Au3ensax. [lociimKeHHsT BUKOHYBAJIMCH y JIBA €TalM: Y HAyKOBIiH J1a-
Ooparopii BUBYANUCS CTPYKTYpPHI XapaKTEPUCTUKH PI3HUX MOTOPHHX
MacTHJI — KpallOBUX KyTiB 3MOUYyBaHHS, & TaKOX TOBLIMHHU 1Py MOTOP-
HOTO MAacTHJIa; HA MOPCHKOMY TPaHCIOPTHOMY CYyIHI BHUBYABCS BILIHB
MOTOPHHX MAcTWJ i3 PI3HAMHU CTPYKTYPHHMH XapaKTePUCTUKaMU Ha Me-
XaHIYHI BTPaTH CyTHOBOTO JH3EIsl.

KommiekcHUMHU JOCHTIPKEHHSAMH BCTAHOBJICHO 3B'S30K CTPYKTYPHHX
XapaKTePUCTUK MOTOPHUX MACTHJI 31 3MIHOIO iX eKCIUTyaTallifHIX Xapak-
TEPUCTHUK Ta MEXaHIYHUMH BTpaTaMH, IO BHHHUKAIOTH i Yac Iepemadi
KOPHCHOI TOTY)KHOCTI CHOXXKMBadaM eHeprii. Sk Ii MoKa3HUKH BHUKOpU-
CTOBYBAJIMCS 3JIMIIKOBE JIy>)KHE YUCIIO Macia 1 MeXaHIdHuiA KoedimieHT
KOpHCHOI il mu3ens. s MOTOPHOTO MacThiia, sIKe Ma€ HACTYITHI CTPYK-
TypHI XapaKTePUCTHKH: KpaioBuil KyT 3MouyBaHHsS 20,4 rpall, TOBUIMHA
MacisiHoro mapy 3,9 mm 3a 1000 roauH excruryaraliii Ha pi3HHX peKuMax
3HIDKEHHS 3aJUIIKOBOTO JIY>)KHOTO YHCia MacTwia craHoBuTh 20,42 %,
3MiHA MEXaHIYHOTO KOe(ili€HTy KOPUCHOI Aii 3HAXOOUTHCS B MEKAxX
83,8... 88,7 %. Jlns MOTOpHOrO MacTuia 3 KpaOBUM OM 3MOYYBaHHSI
17,5 rpanx Ta TOBIIMHOIO MACTHIIBLHOTO IIapy 2,6 MM aHAJIOTidHI apaMer-
pu craHOBIATH 26,76 % Ta 80,1...86,3 %.

Stoliaryk T.O. Prediction of mechanical losses in marine diesel en-
gines

The possibility of diagnosing the mechanical damage of ship diesel
engines for the structural characteristics of the engine oil, as it is victori-
ous in the engine system, has been examined. As a mechanical waste, the
mechanical coefficient of the engine core of a diesel engine is taken, as is
the structural characteristics of the engine oil — the marginal cut of the
lubrication and the body of the engine oil ball. A scientific hypothesis has
been brought to light — motor oil with more pronounced structural charac-
teristics will ensure less mechanical waste and an hour of transmission of
core robots to energy savings.

The studies were carried out in the scientific laboratory and on the
ship's medium speed diesel engines. According to the results of the inves-
tigation, interrelationship between the structural characteristics of engine
oils, which are found in ship diesel engines, with mechanical losses,
which is blamed on the transmission of tension in the diesel engine to the
reduction of energy, is attributed diesels. The investigations were carried
out at two stages: at the scientific laboratory, the structural characteristics
of various motor oils were studied - the marginal rinds of urination, as
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well as those of the motor oil ball; on a marine transport vessel, the injec-
tion of engine oils with different structural characteristics on the mechani-
cal inputs of a marine diesel engine was observed.

Comprehensive studies have established a link between the structural
characteristics of motor oils and the change in their operational character-
istics and mechanical losses, which are responsible for the transmission of
the core tension to the energy savings. As these indicators, the residual
alkalinity of the oil and the mechanical efficiency of the diesel engine
were used. For motor oil, if there may be advancing structural characteris-
tics: the marginal cut of the lubrication is 20.4 degrees, the thickness of
the oil ball is 3.9 mm for 1000 years of operation in different modes of
reducing the excess puddle number of the oil to become 20.42 %, the
change in the mechanical coefficient between 83.8...88.7 %. For motor oil
with a marginal cut of the lubrication of 17.5 degrees and a thickness of
an oil ball of 2.6 mm, similar parameters become 26.76% and
80.1...86.3%

Kuaro4oBi cioBa: cy1HOBUH qU3€b, CUCTEMa MAIICHHSI, MOTOPHE Ma-
CTHIIO, CTPYKTYPHI XapaKTEPUCTUKH MOTOPHOTO MAacCTHIIA, KPAaoBUH KyT
3MOYYBaHHS, OCTaTOYHE JIy’)KHE YHCIO, MEXaHI4HI BTpaTH, MEXaHIuHil
Koe(ilieHT KOPUCHOT il

Key words: marine diesel, lubrication system, motor lubricant, struc-
tural characteristics of motor lubricant, marginal cut of the lubrication,
total base number, mechanical losses, mechanical efficiency

Kozytskyi S.V. and Kiriian S.V. Self-organization of nano-sized metal-
containing lubricant additives

Recently, significant improvement in the tribological performance of
lube oils has been achieved with the application of nano-sized metallic
powders. Metal oxide nanoparticles form self-repairing, ultrastrong and
ductile, antiwear and antifriction adhesive tribo-coats, characterized by
excellent tribotechnical characteristics. This paper presents a study of self-
organization in nonequilibrium systems and its tribological applications.

Practically all nanosystems are thermodynamically unstable; they are
developed under conditions far from equilibrium. Substantial disequilibri-
um allows for spontaneous nucleation, while external action stops the
growth and aggregation of the formed nanoparticles. The nonequilibrium
thermodynamic system loses stability when significant deviating from the
equilibrium state, and then small fluctuations can lead to self-organization
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resulting in the formation of new spatial and time structures that do not
develop at the equilibrium.

The formation of protective coatings on the rubbing surfaces from the
nanoparticles has been explained by the ongoing nonequilibrium process-
es occurring in open thermodynamic systems. Under the load, metallic
nanopowders, dispersed in lubricating fluids, form antiwear surface pro-
tective tribofilms of superior strength and enhanced ductilityro The
formed films exhibit high elasticity and ductility in a contact zone with the
operating medium. Wear-resistance of interacting surfaces increases from
4 to 20 times (depending on the operating conditions) compared to micro-
sized MoS2 crystals due to the physical adsorption of MoS2 particles
caused by Van der Waals forces, and due to the mechanical implantation
of nano-sized MoS2 crystals into the metal surfaces. Similar results are
observed for molybdenum and tungsten (MoW?2) coatings 4 nm thick. The
operational reliability of the frictional units, determined by the self-
restoring tribo-coats, has been explained by self-organization of nanopar-
ticles of metal oxides on the friction surfaces for an account of dissipated
energy under load.

Keywords: nanoparticles, specific surface energy, nonequilibrium sys-
tem, self-organization, self-restoring tribofilm.

Kosuyvkuii C. B. , Kipisn C. B. Camooprani3zaifisi METaJliYHUX HAHO
pasMipux 100aBOK /IO MACTHIILHUX METepiaiB.

OcTaHHIM 4YacoM 3HAayHE MOKpPALIEHHS TPUOOJOTIYHMX XapaKTepHC-
THK MacCTHJIBHHX MartepianiB Oylio JOCSATHYTO 3aBISKH 3aCTOCYBaHHIO
HAaHOPO3MIPHUX METAJICBHX IOPOIIKiB. HaHOUaCTHHKU OKCHAY MeTairy
YTBOPIOIOTH TPUOOTIOKPHUTTS, IO XapaKTePU3yIOThCS YyJOBUMHU TpUOOTE-
XHIYHUMU XapaKTePUCTUKaMU. Y Miil poOOTi MPeACTaBIEHO JTOCIIHPKEHHS
camooprasizaiii B HepiBHOBRKHUX CHCTeMax Ta ii TPHOOJIOTIYHI 3acTOCY-
BaHHSI.

[IpakTHuHO BCi HAHOCHCTEMH TEPMOJWHAMIYHO HECTaOilIbHI; BOHU
PO3BHBAaIOTLCS B YMOBaX, JIAJICKUX BiJl piBHOBaru. HepiBHOBaXkHa TepMoO-
JMHAMIYHA CHCTEMa BTpayae CTIWKICTh NMPH 3HAYHOMY BIIXHWICHHI Bij
CTaHy PIBHOBArw, i TOA1 HeBeNMKi (QUIyKTyalii MOXKyTh MPU3BECTH JI0 Ca-
MOOpTraHi3allii, o MPU3BeJIe J0 YTBOPEHHS HOBUX IMPOCTOPOBO-4ACOBUX

YTBOpEHHS 3aXMCHUX MOKPUTTIB HA MOBEPXHSAX TEPTS 3 HAHOYACTH-
HOK TIOSICHIOETHCS] TPUBAIOUYMMH HEPIBHOBXKHUMH IIPOLIECAMHU, 110 BiOY-
BAIOTHCS Y BIAKPUTHUX TEPMOAMHAMIYHUX cucTeMax. [lig HaBaHTaXEeHHIM
MeTaJieBl HAHOMOPOIIIKH, TUCTIEPTOBaHi B MACTHJIBHUX PiJUHAX, YTBOPIO-
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FOTh TIPOTH3HOCHI ITOBEPXHEB1 3aXHUCHI TPUOOIUTIBKA BUCOKOI MIITHOCTI Ta
migBuIIeHoi miacTuaHocTi. ChopMoBaHi IITIBKH MarOTh BUCOKY €TacTHY-
HICTh 1 IJIACTHYHICTh B 30HI KOHTAKTY 3 pOOOYHMM CEpEIOBHIIEM. 3HOCO-
CTIMKICTh B3a€MOJIIFOUMX TIOBEPXOHB 30UIbIITyeThCS Bif 4 10 20 pasiB (3a-
JIS)KHO BiJl YMOB €KCILTyaTallii) OpiBHSIHO 3 MiKpokpucTaiamMu MoS; 3a
paxyHoOK (i3n4HOl aacopOIii yacthHOK MoS,, BUKIIMKaHOI ciwiiamMu Ban-
nep-Baanbca, Ta 3a paXyHOK MEXaHIYHOI IMIUIAHTAIii HAHO- KPUCTAJIA
MoS; posmipy B meraneri moBepxHi. [lomiOHI pe3ynbTaTd crocrepira-
IOTBCA JJI IOKPUTTIB 3 MoniOaeHy ta Bonbppamy (MoW>) ToBmmHOIO 4
HM.

Haniftaicte poboTH By37iB TEPTS, 10 BU3HAYAETHCS CAMOBIIHOBIIO-
BaHUMH TPUOOTIOKPUTTSIMH, TIOSCHIOETHCS CAMOOPTaHI3aIli€l0 HAHOYACTH-
HOK OKCHJIIB METaJiB Ha TIOBEPXHAX TEPTS 3a PaXyHOK PO3Ci€HOI eHeprii
117 HaBaHTAXKEHHSM.

Kniouogi cnosa: HaHOYACTHHKH, MMATOMA TIOBEPXHEBA CHEPTis, HEPIB-
HOB&)XHA CHCTEMa, CaMOOpraHisailisi, TpHOOILIIBKA, IO CaMOBIIHOBIIO-
€TBCS.

Knayo JLB., Jlebeoee b.B., Menvnux A.A. CrienianbHi aceKTH YII-
PaBJIiHHS MMapaMeTpaM¥ BIPUCKYBaHHS MajvBa 3 HU3bKUM IETAaHOBUM
YHUCIIOM.

3anmporoHOBaHO METO]] aHaNi3y IMapaMeTpiB YIPHUCKYBAaHHS IMalnBa B
JU3EJIbHUX JIBUTYHAX 13 JIOJIATKOBOIO CHCTEMOIO >kuBiieHHS. Ha mijcrasi
3aMpONOHOBAHUX PIBHSAHB JIOBEACHO MOXKIIMBICTh BPaxyBaHHS 0COOJIMBO-
CTe mapaMeTpiB YIPUCKYBaHHS albTePHATHBHOTO MATUBA.

Hoseneno, mo s 3abe3neueHHs OesnepeOiifHOI poOOTH u3ens,
SIKUM TPaIlo€ Ha HU3BKOILIETAHOBOMY ITAJIMBI, HA PEXKUMI 3aIyCKy HE0O-
XiIHI TIapaMeTpy YIPHUCKYBaHHS Ta 3aliMaHHs JOCATAIOTHCS 3a JIOTIOMO-
TOI0 TapajerbHoi poOOTH BUXPOBOTO BUIIAPOBYBaya-3MilllyBaya;

EnexTpoMarHiTHuil Ta eJIeKTpOJMHAMIYHUI MPUBOAN TOIKU (POPCYH-
KM ZI03BOJISIIOTH OTPUMATH 33J[aHy MBUAKICTh YIIPUCKYBAHHS MaJHX IHUK-
n0BuX nojad (mo 12-18 mm%/mukn) i AxicTs PO3NMICHHS B Jiara3oHi ce-
peAHbOro 00’ €eMHOTO JiamMeTpa Kparenb y Mexax 15-20 Mxwm.

VY BHIIQJIKy BHKOPHCTAaHHS PO3JUIBHOI TOJBIMHOI MOJa4ui HACOCOM 3
KYJIauKOBUM TIPMBOJIOM ITUTYHKepa B 00’ emax 80 MM3/1uKi i Ginbiue mep-
ma jg03a 30-40 MM3/IMKI MOBMHHA YNPHCKYBAaTHCS Yy BCMOKTYBaIbHHUI
KOJIEKTOp 200 Ha MOYaTKy MpoIecy CTUCHEHHSI y IUIIHAPI.
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Knaub L.V., Lebedev B.V., Melnik A. A. Special aspects of parameter
management of low cetane fuel injection.

A method of analyzing fuel injection parameters in diesel engines
with an additional power supply system is proposed. On the basis of the
proposed equations, the possibility of taking into account the features of
alternative fuel injection parameters has been proved.

It has been proved that to ensure smooth operation of a diesel engine
running on low-cetane fuel, in the start-up mode, the necessary parameters
of injection and ignition are achieved with the help of parallel operation of
the vortex evaporator-mixer;

Electromagnetic and electrodynamic drives of the nozzle needle allow
to obtain the specified injection speed of small cycle feeds (up to 12-18
mm?3/cycle) and the quality of spraying in the range of the average volume
diameter of drops within 15-20 microns.

In case of using a separate double supply by a cam-driven plunger
pump in volumes of 80 mm3/cycle and more, the first dose of 30-40
mm?3/cycle should be injected into the intake manifold or at the beginning
of the compression process in the cylinder.

Khliyeva O., Sorokin R., Stukalenko O. A direct contribution of ma-
rine refrigeration to anthropogenic greenhouse gases emission - a short
review

The direct contribution of marine refrigeration systems to anthropo-
genic greenhouse gases emission is discussed in the study. A review of the
annual leakage rate of refrigerants from marine refrigeration systems is
presented. The prospect of low-GWP refrigerants for marine refrigeration
systems is considered. The approaches of decrease the direct contribution
of marine refrigeration systems to total greenhouse gases emission are
discussed.

Keywords: Refrigerant — Greenhouse Gas (GHG) — Refrigerant Leak-
age — Global Warming Potential (GWP)

Xaiesa O. A., Copokin P. P., Cmyrkanenko O.M. llpsmuii BHECOK
MOPCHKHX CYJHOBHX XOJIOJMJIBHUX CHCTEM y aHTPONOTCHHI BHKHJY Tap-
HUKOBHX Ta3iB - KOPOTKUH OTJIISI

VY poGOTi pO3rINAETHCS MPSIMUN BHECOK MOPCHKHX CYIHOBHX XOJIO-
JWITBHUX CHCTEM JIO aHTPOIIOTEHHHUX BUKUJIIB MAPHUKOBHX Ta3iB. HaBene-
HO OTJIST PIBHA PIYHUX BUTOKIB XOJIOZOAreHTIB 3 MOPCHKHX CYIHOBHX
XOJIOAWIBHUX CUCTEM. PO3IIISIHYTO MEpCleKTHUBH MEPEeXoay Ha BHKOPHC-
TaHHSI Y MOPCHKUX XOJOJMIBHHUX CHCTEMaxX XOJOJOAareHTiB i3 HU3bKUM
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MTOTEHITIAJIOM TJIOOAIBHOTO TOTETUTiHAS. OOroBOPIOIOTHCS IMAXOMH OO0
3HIDKEHHS MPSIMOTO BKJIAy MOPCHKHX XOJIOAMIBHUX CHCTEM Y 3araibHi
BUKH]IM TTAPHUKOBUX T'a3iB.

Kimrouogi ciioa: XonmonoareHt — [lapaukoBuii ra3 — Butoku xomomo-
areHty — [loTeHmian rio0amsHOTO MOTEIICHHS

Kypasnvos 0.1, Obepmiop K.JI, Kocmiouenxo €.@. Onrmmizaiis
3HOUIYBAaHHS TOBEPXOHb Map «BAJ-TIIIIUITHAK KOB3aHHSI» JAETalel cyn-
HOBUX TexHIYHMX 3aco0iB (CT3).

BuxonaHo BUBYEHHS 3MiH CTPYKTYPH 1 3MII[HEHHS BYTJICIIEBOTO O.-
MapTeHCUTY TIPU PI3HUX yMOBaX (PPUKIIHHOTO HABAHTAXKEHHS, B TOMY
YHCII IPH 3HWKEHUX (10 -196°C) Temneparypax.

JaHi CTpyKTYpHI 3MiHU ICTOTHO BIUIMBalOTh Ha OE3MEYHE 1 KOHTp-
JIOpUPYEMOE BHKOPHUCTAHHS PI3HUX PEXHUMIB (PPUKIIHHOTO HABAHTAXKEH-
Hs. lle, cBOE€O 4epror, BIUIMBA€E JOBrOBIYHICTh, HAJIMHICTH 1 Mpares3-
JIATHICTH 3'€IHAHb «BAJI-IIIAIIUITHUK KOB3AHHD).

CucremMaTHyHe BHBYCHHS CTPYKTYpHHX (DaKTOpiB, IO BHU3HAYAIOTh
3HOCOCTIHKICTh CIUIaBiB 3aii3a € HAayKOBOIO OCHOBOKO MJISI PO3POOKH
epeKTHBHUX cMoco0iB TepMiuHMX, AedopMamiifHuX i1 KOMOIHOBaHHX
00poOOK cTarnell i 4aByHIB, a TaKOXX PEKOMEHJAIlill MO0 ONTHMi3allil
CKJIaJly 1 CTPYKTYpH MaTepiaiiB MIBUAKO3HOIIYBaHI JIeTalli MallluH i TpH-
JaJliB TAKOX 1IHCTPYMEHT.

[TokazaHo, 110 Y BHCOKOJETOBAaHMX BYIJICLIEBMICHHUX CILIaBax 3aji3a
(mBHUIKOpi3aANBHI CTalli, BUCOKOXPOMHUCTI CTali 1 YaByHH) MeTacTabiuIbHI
CTPYKTYPH BHCOKOBYTJICLIEBOIO MAapTEHCHTY 1 3aJHIIKOBOTO ayCTEHITY
BOJIOJIIIOTH OiJIbIII BUCOKUM OIOPOM aJre3iiHOro i abpa3uBHOTO 3HOLIY-
BaHHS TMOPIBHAHO 31 CTAaOUTLHUMH CTPYKTypamMH BHCOKOBIIITYIIEHOTO
MapTEHCHTY.

[TokazaHo, MO0 KOPOTKOYACHWH BiANAN TOHKOILIACTHHYACTOTO
HepJiTy, Io He 3MiHIoe MopdoJtorito i aAucnepcHicTs KapOinHoi hasu, ane
yCcyBa€ HaJUIMIIKOBUI BMICT BYTJeuio B ¢eppuTi i miaBuiieHy aedext-
HICTh IIEMEHTHTY, BUKIHMKA€ 3MEHIICHHS 3JaTHOCTI JIO0 3MIIIHEHHS IPH
TepTi 1 pi3ke 3HWKEHHS 3HocoTeK. [Ipy 1pOMy Mae Mmiciie MOpyIIeHHS
crniBBigHOUmeHHs THIy Xoma-IleTya Mi>k THMYacoBHM OIIOPOM pPO3PUBY
a0o0 Hampyroro pyiHyBaHHS Ta BEJIMYHHOIO MIKIUIACTMHYACTOI BiJIICTaHI B
MEePITITI.
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[MokazaHo BIUIMB BMICTY BYIJICIIO B MapTEHCUTE, HASBHOCTI 3aJIMIII-
KOBOTO ayCTeHITy 1 KapOimHux (a3 Ha 3HOCOCTIMKICTH i AedopmariiiHe
3MIIIHCHHSI TIPY Pi3HUX BHUJAaX 3HOIIYBaHHS BYIJICHIEBUX, HU3bKOJIECTOBA-
HHX 1 IEMEHTOBAHUX CTAJIEN.

BcTanoBiieHO TO3UTHUBHUHN BIUIMB Ha 3HOCOCTIMKICTE AchOpMaIiifHO-
ro JMHAMIYHOT'O CTapiHHSA TETParoHAJLHOIO MapTeHCUTY 1 nedop-
MAIiifHOT0 MEPETBOPEHHS METacTabiIbHOTO 3aJIHIIKOBOTO ayCTEHITY, IO
MOke OyTH e(h)eKTHBHO BHKOPHCTAHO IS TiABUINEHHS OTOPY aare3iHo-
ro i abpa3WBHOTO 3HONTYBAaHHS BHCOKOJIETOBAaHMX CIUIABIB, SIKi MICTATH B
CTPYKTYpi 3HaYHY KUIBKICTh CIEI[iaJIbHUX KapOiJiB.

Zhuravlov Yu.l., Obertiur K.L., Kostyuchenko Ye.F. Optimization of
wear of shaft-sliding mating surfaces of shipborne technical devices (STS)

The study of changes in the structure and strengthening of carbon a-
martensite under different conditions of frictional loading, including at
low (up to -196°C) temperatures.

These structural changes have a significant impact on the safe and
controlled use of various modes of friction loading. This, in turn, affects
the durability, reliability and performance of the “shaft-plain bearing”
connections.

A systematic study of the structural factors that determine the wear
resistance of iron alloys is the scientific basis for the development of
effective methods for thermal, deformation and combined processing of
steels and cast irons, as well as recommendations for optimizing the
composition and structure of materials for wear parts of machines and
devices, and also a tool.

It is shown that in high-alloy carbon-containing iron alloys (high-
speed steels, high-chromium steels and cast irons) the metastable
structures of high-carbon martensite and residual austenite have a higher
resistance to adhesive and abrasive wear compared to the stable structures
of highly tempered martensite hardened with special carbides.

It is shown that short-term annealing of thin-lamellar pearlite, which
does not change the morphology and fineness of the carbide phase, but
eliminates the excess carbon content in ferrite and the increased
imperfection of cementite, causes a decrease in the ability to harden
during friction and a sharp decrease in the wear resistance of
hypereutectoid and eutectoid steels. In this case, there is a violation of the
Hall-Petch type relationship between the tensile strength or fracture stress
and the value of the interlamellar distance in pearlite.
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The influence of the carbon content in martensite, the presence of
residual austenite and carbide phases on the wear resistance and
deformation hardening during various types of wear of carbon, low-alloy
and cemented steels is shown.

A positive effect on the wear resistance of dynamic deformation aging
of tetragonal martensite and deformation transformation of metastable
residual austenite has been established, which can be effectively used to
increase the resistance to adhesive and abrasive wear of highly alloyed
alloys that contain a significant amount of special carbides in the
structure.

lTonikoe B.A., Hixonvcoxuii B.B., Jlegincoxuu M.B., HixonvcoKuil
M.B., Croboosiniox M.B. MopepHi3allisi CHCTEMH BiJJIaJICHOTO YIIPaBJIiH-
HSl Ta KOHTPOJIIO aBapiiHOTO JU3eNb-TeHepaTopa HaBYAILHOTO MAIWHO-
KOTEJIFHOTO BiIIiJICHHS.

B HaBuanbHOMY MAaIIMHO-KOTENFHOMY BiJJIIJIEHHI HAI[iOHAIEHOTO
yHiBepcuteTy «Ofecbka MOpPChKa akaJeMis» BHKOPHCTOBYETHCS aBapiid-
HUI qu3esb-reHeparop Bix kommanii Kohler y mMopchbkoMy BHKOHaHHI.
OpHak 11 BUKOPUCTAHHSA B PSINli IUCIUILIIH, 30KpeMa « TexHiune o0ciy-
TOBYBaHHSI, IIalrHOCTUKA Ta PEMOHT CyHOBUX TEXHIYHHX 3ac00iB» BiH HE
MIPUIATHUH, OCKITEKA HE Ma€ MOKJIMBOCTI BUBOJY OCHOBHHX ITapaMeTpiB
JUTS BiJIAJIEHOTO YIIPABIIiHHS Ta KOHTPOJIIO.

B po6oTi apryMeHTOBaHO JOBEJACHO HEOOXITHICTh MOJEPHI3aIll CHC-
TEMH YIPaBIiHHS 332 PaxyHOK BHKOPHCTAaHHS CYy4acHOTO OOJNajHaHHS 3
MOJKITUBICTIO BiZJOOpaKeHHS TEXHOJIOTIYHOTO IPOIECY B PealbHOMY 4Yaci
3a JIOIOMOT0I0 MOOUTBHHUX MPUCTPOTB.

Po3pobiieHa CTpyKTypHa cxeMa MOJICPHI30BaHOI CUCTEMH YIIPaBJIiHHS
Ta KOHTpOJIIO MapaMeTpiB aBapiifHOro au3eb-TeHepaTropa B JadopaTop-
HUX yMOBax, a TaKOX 3J[IHCHEHO BUOIp 00NaJHAaHHS, 30KpeMa MPorpamMo-
BAHOTO JIOTIYHOTO KOHTpoJsiepy 3 BOymoBanuM \Web-cepBepom Bij Komiia-
uii Phoenix_Contact. Po3po6iieno ¢parment intepdeiicy oominy indop-
Malli€lo MiXK aBapiiHUM JU3elb-TeHEPaToOpoM i MOOUIBHUM MPUCTPOEM B
nporpamuomy cepenosuiii PLCNEXT ENGINEER.

[IpoBeneHi BUNPOOYBaHHS JOBEINM MOXIUBICTh BUKOPHUCTAHHS 00pa-
HOro oOjaxHaHHS Ui BiJOOpaKEHHS B peaJlbHOMY yaci MpOLECiB, fKi
BiZOYBarOTHCS IPU POOOTI aBapiiHOTO AN3EIb-TEHEPATOPA.

KurouoBi ciioBa: aBapiiiHuii au3eib-T€HEPATOP, CUCTEMA BiIIalICHO-
ro ympaeiiHHS Ta KoHtpomto, Kohler, Phoenix_Contact, EduNet,
PLCnext Control.
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ymir Golikov, Vitalii Nikolskyi, Maksym Levinskyi, Mark Nikolskyi,
Mykola Slobodianiuk. Emergency diesel generator remote control system
upgrade in training engine room.

In training engine room of National University «Odessa Maritime
Academy» Kohler marine emergency diesel generator is being used.
However, it is not suitable for utilization in a number of disciplines, in
particular «Maintenance, diagnostics and repair of ship’s technical equip-
menty, because it does not have the feature of outputting basic parameters
for remote control.

The necessity of upgrading remote control system through the use of
modern equipment with the possibility of displaying the technological
process in real time using mobile devices has been proven in this article.

Structural diagram of upgraded control system for emergency diesel
generator parameters control in laboratory conditions was created. Selec-
tion of equipment, in particular, programmable logic controller with built-
in WEB server by Phoenix Contact company has been made.

A fragment of the information sharing interface between an emergen-
cy diesel generator and a mobile device in PLCNEXT ENGINEER inte-
grated development environment has been developed.

The conducted trials proved the possibility of using selected equip-
ment to display in real time the processes that occur during the operation
of the emergency diesel generator.

Key words: emergency diesel generator, remote control system,
Kohler, Phoenix_Contact, EduNet, PLCnext Control.

Kosanenxo 1.B., Tromionux C.B. JIoCIiDKEHHS MPOLECY HUKIIYHOTO
pYHHYBaHHS €JICMEHTIB KPIMJICHHS CyTHOBUX CHEPreTUYHUX Ta AOTOMIXK-
HUX YCTaHOBOK

VY cTarTi npeacTaBiieHO OMUC MOOYJ0BU MOJIeNli BTOMHOTO pYyHHYBaH-
Hsl, IO TIOEJHYE CTaJlii YTBOPEHHS Ta 3POCTAaHHS TPIIIMHU B €JIEMEHTaX
CYJTHOBHX KOHCTPYKIIii 3 KOHIICHTPATOPaMH HATIPYT.

OTtpumaHi pe3ysbTaTH MiITBEPKYIOTh BUCIOBIIEHI MIpKYBaHHS PO
Te, 1110 MPHU 3HAKO3MIHHOMY MPYXKHO-TUIACTUYHOMY Je(QOpMyBaHHI BHUKO-
PUCTaHHA B SKOCTI MaTepianxy JJisi BUTOTOBIIEHHS OOJIaJHHAHHS MEHBII
MIIIHOTO MeETally, HE MOXE MiABUIIUTH OIOPY MAJIOIMKIOBOI BTOMH.
Bisbliie TOro, BAKOPUCTAHHS METATy 3 Iy’ HU3bKOI MEKEI0 TUIMHHOCTI
MOXK€ TPU3BECTH JO ICTOTHOTO 3HWKCHHS JIOBIOBIYHOCTI KOMIIO3HIIII.
ExcriepuMeHTH TakoXX IMOKa3ylTh, IO 3apOKEHHS PYHHYBaHHS B Me-
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TaJji, SKIIO CYIUTH PO HBOI'O 3 MOMEHTY IOSBU TPIIIUHHU JOBXUHOK 1-2
MM, HACTa€ 3HAYHO paHime, HiXk ciig Oylio O4ikyBaTH BiATIOBITHO IO TEO-
pii Mencona-Kogdina .

Takox y cTarTi MOKa3aHO IO NPH BIAMOBITHOMY Mig0OPI KOMIIO-
3UMIHHAX Tap MOXKHA YHHUKHYTH 3HAKO3MIHHOTO IUTACTUYHOTO aedop-
MyBaHHS B 3pa3kax i BUNpoOyBaHHA.[Ipy 1iboMy, ofHAK, MeTall IbOTO
miapy MOKE BiAYyBaTH MpPYKHE MOBTOPHO-CTATHYHE Ae(OpPMYBaHHS 3
JESTKOI0 ACHMETPI€I0 ITUKITY.

HocmimkeHHsT BIDIMBY acHMETpii HUKIY HA OIIp 3apOUKEHHSA pPyH-
HyBaHH: IPOBOJUIIM Ha 3pa3kax ['pocca-Crayra.

YV craTTi moka3aHo IO MPH BH3HAYCHHI 3HAYCHHS IMapamMerpa 3i 30i-
JBIICHHSIM TOBIIMHHM 3pa3ka Ta 3pOCTaHHSAM YHCIIA IUKITIB 10 PyHHYBaHHS
MOSICHIOETBCSL TIEPEXOAOM BUAY HANpPYXKEHO-IePOPMOBAHOTO CTaHy B
3pa3kax y BEpILIMHI KOHIIEHTPATOpa BiJl TNIOCKOTO HAIPY>KEHOTO CTaHy IO
II0CKO1 Aedopmarii.

VY moBHOMY 00CS31 PO3KPUTO TMOPIBHSHHS PO3PaxyHKOBHX 3HAa4YeHb
epeKTHBHOTO KoedillieHTa KOHIEHTpallil HAMpyryu 3 eKCIepUMEHTaIbHU-
MU JTaHUMH, HaBEJICHUMH B JIITEPaTypi, BUKOHAHO IX 3piBHSHHS Ta IOKa-
3aHO iX JIOCHTB TapHY 3rOfy Ul CTaled pi3HUX KJIAciB. A TaKkoX Mpel-
CTaBJICHO MOPIBHSIHHS EKCIEPUMEHTAILHUX JaHHX 3 PO3PaXyHKOBOIO
KPUBOIO Ha MEXi BTOMH 3JIEXKHO BiJ pajiiyca KpyroBOro OTBOPY B IIJIOC-
KHX 3pa3kax i3 cram 10X13.

KirodoBi cioBa: KOMI'IOTEpHE MOJICNIOBaHHS, pPyWHYBaHHS BTOMH,
MIKpO Ta MakpoIUIaCTH4Hi Jedopmallii, 3BapHUi 1IOB, Ae(eKkTH, Tpimu-
HOCTIHKICTb.

Kovalenko 1., TutunikS.V. The article presents a description of
the construction of a fatigue failure model that combines the stages
of crack formation and growth in the elements of ship structures
with stress concentrators.

The obtained results confirm the expressed reasoning that, with sign-
changing elastic-plastic deformation, the use of a less durable metal as a
material for the manufacture of equipment cannot increase the resistance
to low-cycle fatigue. Moreover, the use of a metal with a very low yield
strength can lead to a significant decrease in the durability of the composi-
tion. Experiments also show that the nucleation of destruction in metal,
judging from the moment of the appearance of a crack 1-2 mm long, oc-
curs much earlier than expected according to the Manson-Coffin theory.
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The article also shows that with the appropriate selection of composite
pairs, it is possible to avoid plastic deformation in the test samples. At the
same time, however, the metal of this layer can experience elastic repeat-
ed-static deformation with some asymmetry of the cycle.

The study of the effect of cycle asymmetry on the resistance to frac-
ture initiation was carried out on Gross-Stout samples.

The article shows that when determining the value of the parameter
with an increase in the thickness of the sample and an increase in the
number of cycles to failure, it is explained by the transition of the type of
stress-strain state in the subsurface layers at the top of the concentrator
from a plane stress state to a plane strain.

A comparison of the calculated values of the effective stress concen-
tration coefficient with experimental data given in the literature is fully
disclosed, their comparison is made and their fairly good agreement is
shown for steels of different classes. A comparison of experimental data
with the calculated curve at the fatigue limit depending on the radius of
the circular hole in flat samples made of 10X13 steel is also presented.

Key words: computer modeling, fatigue failure, micro and macro-
plastic deformations, weld, defects, crack resistance.

Koszvminux M. A., Koncmanminog O. 1. O1iHKa TOIUTBHOCTI 3aCTOCY-
BaHHS XOJIOAWJILHOTO areHTy B 3aJIS)KHOCTI BiJI yMOB €KCIUTyaTallii.

[MuTaHHs BIUIMBY BJACTHBOCTEH XOJIOAMJIBLHUX areHTIB Ha aTMOCchepy
HaIoi MTAHETH B HUHINIHIA YaCc MArOTh BEJIbMH BEIHMKE 3HAYCHHS MPHU
MPOCKTYBaHHI, EKCIUTyaTallii Ta MOJCPHI3aIlil CHCTEM OXOJOKCHHS, 10
3aCTOCOBYIOTBCS Ha TPAHCIIOPTI.

YuHHUKAMH, SKi BpaXoBYIOTh 1ieil BiutuB € nokasuuku GWP (Global
Warming Potentional), ODP (Ozone Depletion Potentional), TEWI (Total
Equivalent Warming Impact). OcranHiii, B IesIKOMY CTYICHI, BpPaxoBye
SHEPrOBUTPATH IIiJl Yac eKCILIyaTallil X0J0IUIbHOTO 00JIaHAHHS.

BogHouyac HampsMOK TOB'Si3aHWE 31 3HMKCHHSIM CHEPrOBUTPAT Ta
MIBUIIECHHS €HEeProe(eKTHBHOCTI B MPOIIECI SKCILTyaTallii X0J0IuIbHOT
YCTaHOBKH 3aJIMINAETHCS aKTyalbHUM.

HaiiGinpm mpoctuM Ta 3pyYHHM TPU TPAKTHYHOMY BHKOPHCTAHHI
MOXKe OYTH METOJI, IO JO3BOJUTH 3POOUTH BUCHOBOK IPO JOIUIBHICTH
BUKOPHUCTAHHS TOI'O YH IHIIOIO XOJIOJAUIBHOIO areHTy 3 YpaxyBaHHSAM SIK
€KOJIOTIYHUX, TaK 1 GHEPreTHYHUX YHHHUKIB.
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JocsarayTy i€l 1T, B MEBHIH Mipi, TO3BOJSE 3aCTOCYBaHHS KOM-
IJIEKCHOTO TIOKAa3HWKA, IPH BHU3HAYEHHI SKOTO BPaXOBYIOTHCS 3HAYEHHS
GWP ta ODP, oy BpaxyBaHHS €HEPrOBUTpAT — 3HAYEHHSI XOJIOJAUIBHOTO
Koe(illieHTY Ta MOTPIOHOI MOTYKHOCTI XOJIOMUIBHOTO OOJIaJHAHHS, JIs
BpaxyBaHHS KOHCTPYKTHBHHX BHMOT 10 OOJaJHAaHHS - 3HAYEHHS THCKiB
BUIIAPIOBAHHS 1 KOHJCHCAIT Ta KOe(illi€HT 1Mo1a4yi KOMITpecopa.

KnrouoBi croBa: 030HOBHI 1ap, TApHUKOBUI eeKT, EHeproBUTPaTH,
eHeproe()eKTUBHICTh, XOIOIWIHPHAN areHT, KOMIDIEKCHUN MTOKa3HUK.

Kozminykh M., Konstantinov O. Evaluation of the expediency of the
use of the refrigerant depending on the operating conditions.

The issue of the influence of the properties of refrigerants on the at-
mosphere of our planet is currently of great importance in the design, op-
eration and modernization of cooling systems used in transport.

The factors that take into account this impact are GWP (Global
Warming Potential), ODP (Ozone Depletion Potential), TEWI (Total
Equivalent Warming Impact). The latter factor, to some extent, takes into
account energy consumption during the operation of refrigeration equip-
ment.

At the same time, the trend related to the reduction of energy con-
sumption and increasing in energy efficiency in the process of operation
of the refrigeration plant remains relevant.

The most simple and convenient in practical use can be a method that
will allow us to make a conclusion about the feasibility of using a particu-
lar refrigerant, taking into account both environmental and energy factors.

To achieve this goal, to a certain extent, it is possible to use a complex
indicator, in the determination of which the values of GWP and ODP are
taken into account, to take into account energy consumption - the value of
the refrigeration coefficient and the required capacity of the refrigeration
equipment, to take into account the design requirements for the equipment
- the value of evaporation and condensation pressures and the compressor
volumetric efficiency.

Key words: ozone layer, greenhouse effect, energy consumption, en-
ergy efficiency, refrigerant, complex indicator.
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Duldier O.P. Analysis of the combustion device characteristics taking
into account the phenomenon of flow intermittency.

The possibility of using the method of evaluating the completeness of
the combustion process in combustion devices as a function of the
completeness of its combustion is considered, which determines the
dependence of the flow temperature (heat loss) on the coefficient of
excess air using the concept of "recovered" fuel concentration. It is shown
that the main condition for using the method is the selection of regions of
the process in which its scalar structure is different. At the same time,
these areas are separated by narrow zones where the laws of combustion
and the scalar structure of the process are changed. The composition of
the combustion products and the temperature are determined under the
condition of its thermodynamic equilibrium. The process is considered
taking into account the phenomenon of intermittency for scalar fields us-
ing the variable "restored" fuel concentration. Due to the fact that the ef-
fect of the intermittency of the turbulent flow on the physical and chemi-
cal transformations of the fuel, heat release, movement and mixing of
gases, is indirectly taken into account, the method makes it possible to
evaluate the completeness of the combustion process in a new way, and as
a result it affects the completeness of fuel combustion. At the same time, a
gualitative change in the theory of combustion makes it possible to devel-
op new approaches to solve the applied problems of fuel use. An example
of the calculation of a combustion device with a rotary nozzle showed that
the maximum completeness of fuel combustion is achieved for the value
of the excess air coefficient a=1.1+1.3, which corresponds to both operat-
ing data and experimental data that were obtained for the combustion de-
vice of the KW100 ship boiler plant.

Keywords: "restored" fuel concentration, completeness of fuel
combustion, the phenomenon of intermittency, stoichiometric coefficient
of fuel combustion, coefficient of excess air.

Lynodiep O.I1. AHani3 XapaKTEpUCTHK TOIKOBOTO MPHUCTPOIO 3 ypaxy-
BaHHSIM SIBUIIA TIEPEMDKHOCTI MTOTOKY.

Po3srnsiHyTa MOKIMBICTE BHKOPHUCTAHHS METOJY OILIIHIOBAaHHS 3aBep-
LIEHOCTI MPOLECy TOPiHHS B TONKOBUX MPHUCTPOSIX SIK 3aJI€KHOCTI IOBHO-
TH HOro CHATIOBAaHHS, SIKA BU3HAYAE 3aJEXKHICTh TEMIEPATypH HOTOKY
(TerutoBHX BTpar) BiJ Koe(illieHTa HAIUIIKY MOBITPS 3 BUKOPUCTAHHIM
MOHATTS «BI1IHOBJIEHOT» KOHUEHTpauii nanusa. [lokazaHo, 110 OCHOBHOIO
YMOBOIO BHKOPHCTaHHS METOJY € BUIUIEHHS 00JacTell Mmpouecy B SIKHX
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HWOTO CKalsipHA CTPYKTypa BimMiaHa. [Ipm mpomy 11i oGyiacTi po3miieHi
BY3bKHMH 30HaMH, JI¢ 3MIHIOIOTHCS 3aKOHU TOPIHHS 1 CKaIsIpHA CTPYKTYpa
nponecy. Ckiaa MPOAYKTIB TOPiHHA 1 TeMIlepaTypa BHU3HAYAIOTHCS 3a
YMOBH MOTO TepMOAWHAMIYHOI piBHOBaru. [Ipouec po3risHyTo 3 ypaxy-
BaHHIM SIBHINA TEPEMDKHOCTI IUIS CKAIAPHUX IIOJIB 3 BHKOPHUCTAHHSIM
3MIHHOI «BiTHOBJICHOT» KOHLIEHTpaLilo MajluBa. 3 OrJsAy Ha T€ LIO OMO-
CepeIKOBAaHO BpPaxOBAaHO BIUIMB SBHIIA IMEPEMIKHOCTI TYypOYJIEHTHOTO
MMOTOKY Ha (pi3MKO-XiMiUHI IEPETBOPEHHS MANNBA, BUIICHHS TEIA, PyX 1
3MINTyBaHHA T'a3iB METO/]I Ia€ MOXUIMBICTH IO HOBOMY OIIHIOBAaTH 3aBep-
LICHICTH MPOLECY TOPiHHA, a SIK pe3yJbTaT Ha MOBHOTY CHAJIIOBaHHS Ta-
nuBa. [Ipu ipoMy sikicHaA 3MiHA Teopii TOPIHHS 1a€ MOXIIHBICTh PO3POOKH
HOBHX ITiTXOJIiB /IO BUPIIICHHS MPUKIAIHUX MUTAHb BUKOPUCTAHHSI MTaJIH-
Ba. [Ipukian po3paxyHKy TOINKOBOTO HPUCTPOIO 3 POTaliliHOIO (HOpCyH-
KOIO [T0Ka3aB 10 MaKCHMalbHa [TOBHOTA CIIAIIOBAHHS MalUBa JAOCITAETh-
csl ATl 3HaYeHHs Koe(ilieHTy Haanumky nositps a=1.1+1.3, mo Bigmo-
BiJIa€ K JaHMM EKCIUTyaTallii TaKk i SKCIePUMEHTAILHUM JaHUMH, SKi
OyJn OTpUMaHi Ha AJIsl TOIIKOBOTO MPUCTPOIO CYAHOBOI KOTJIOBOT yCTaHO-
Bk KW100.

KitrouoBi cnoBa: «BigHOBIIEHA» KOHIEHTpAIlisl MAIKMBa, TOBHOTA CIIa-
JIOBAHHA TAaJKBa, SBUILE TEPEMIKHOCTI, cTeXioMeTpu4Hui KoeddilieHT
3TOPSIHHS TAJINBa, KOe(Pili€eHTY HAUTUIIKY TOBITPSI.

Lllecmonanos K. O., Xnies H. O., Xnicea O. . AHani3 nomiabHOCTI
3aCTOCYBaHHS KOMIIPECOPHO-EKEKTOPHOI XOJIOAWIBHOI MAIMHU Y CYIHO-
Biif CHCTEMi KOHAWIIIFOBaHHSI TTOBITPS

AKTyalbHICTH poOOTH TIOB’s13aHa 3 HEOOXIAHICTIO TiABHUINEHHS e(hek-
TUBHOCTI CYJHOBOI XOJIOIMJIbHOT TEXHIKH 3 METOIO0 3HWKCHHS EJICKTPO-
CIOXKMBAHHS Ta eMicii mapHUKOBUX ra3iB. l[IpoaHanizoBaHO MOIIBHICTH
BUKOPHCTAaHHS KOMOIHOBAaHOI KOMITPECOPHO-EKEKTOPHOI XOJIOAUIHHOT
MAalllMHU 3aMiCTh TPAJAMIIIHOT MapoOKOMIIPECiiHOI y CyIHOBIl cHCTEMi
KOHJIMIIFOBaHHs MOBITps. CUCTeMa, 110 PO3IIIAIAEThCSA, CKIATAETHCSA 3
JIBOX XOJIONWJIBHHUX MAIIMHU: MTAPOKOMITPECIHHOT 1 €XKEKTOPHOI, e KOH-
JICHCATOp MepIIol Ta BUIAPHUK APYroi € OJHUM TEIJIOOOMIHHMKOM. B
SIKOCTI JDKepesia TEIJIOTH I TeHepaTopa €KEKTOPHOI CTYIIEHI 3aIporio-
HOBaHO BUKOPHUCTOBYBaTH BOJy OXOJIOJDKEHHS TOJIOBHOTO JIBUT'YHA, sKa
MoKe 3a0e3neuuTr TeMmeparypy remepauii 85 °C. Po6o4oio peuoBHHOIO
€XKEKTOPHOI cTyreHi 0yno oopano xomomoareHT R1233zd(E) 3 npuunzu
HOT0 HHU3BKOTO MOTEHI[ialy TI00aJBHOTO MOTEIUICHHS Ta HETOpPHOYOCTI.
Hns anamizy Oyno oOpaHO CYAHOBMH KOHIMIIOHED 3 XOJIOIONPOIYK-
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tuBHICTIO 174,1 ¥BT1. O1iHeHO MOTYXHICTh KOMOIHOBAaHOI CHCTEMHU TIPHU
TeMIieparypi  KOHZIEHcallli XOJOJOareHTy KOMIPECiHHOiI  CTymeHi
tkoan=25...35 °C (BpaxoByBajacs MOTY>KHICTb KOMIIpECOpa, a TaKOX
HACOCIB XOJIONOAreHTy Ta BOAW T€HEPaTOPY) Ta MOPIBHSHO 3 MOTYKHICTIO
TPaTUITIHOT TTApOKOMITPECIMHOI XOJIOAMIIEHOI MaITuHu TpH tkoHn=42,4
°C. Ilokazano, mo npu tkorn=35 °C y KOMIpecopHili cTymneHi (Temmnepa-
Typi KUMiHHA y exkekTopHil cTyneni 30 °C) 3araibHe eHepProcnoXHUBaHHS
y TOpIBHSHHI 3 TPaaWIiHHOI0 MAapPOKOMIPECIHHOI MAIINHOI 3MEH-
mryetbest Ha 8 %. Ilpu tkonn 30 °C ta 25°C, noTy)HOCTI KOMOIHOBaHOI
XOJNOAUIBEHOI cucteMu Ha 22 % Ta 43 % Menile, BiAMOBIAHO, HIXK IS
TpaauuiHoi mapokommpeciitHoi. [loganmpire 3MEHIIEHHS TeMIeparypu
KOHZCHCAIlli HEeNOIIbHO 3 TeXHIYHMX mnpudnH. OTpUMaHUN pe3yibTar
BKa3ye Ha MEPCIEKTUBHICTH OOpaHOro Croco0y MiABHINEHHS e(EeKTHB-
HOCTI CYJHOBOT XOJIOJUJIBHOT TEXHIKH, ajie MOTPIOHMH MOAAIBIINNA OiIbIII
TAOOKWA aHami3, 3 MapalelbHIM YpPaxXyBaHHAM YCiX TEXHIYHHX TpPY/-
HOIIIIB peajtizallii 3alporoHOBAHOTO PIlICHHS.

Kitro4oBi ciioBa: CynHOBa XOJOAMIbHA TEXHIKa, KOMOIHOBaHa KOM-
MIPECOPHO-EKEKTOPHA XOJIOJMIbHA MAaIlliHA, TOTEeHIial TJI00aTbHOTO
MOTETJICHHS XOJIOJJ0aTeHTY, EHEPreTHIHA €(DEKTHBHICTS.

Shestopalov K., Khlizev N., Khliyeva O. Analysis of the feasibility of
using a compressor-ejector refrigeration machine in the air conditioning
system of the ship

The relevance of the work is related to the need to increase the effi-
ciency of ship refrigeration equipment in order to reduce electricity con-
sumption and greenhouse gas emissions. The expediency of using a com-
bined compressor-ejector refrigeration machine instead of a traditional
vapor-compression one in the ship's air conditioning system is analyzed.
The considered system consists of two refrigeration machines: vapor
compression system and ejector one, where the condenser of the first sys-
tem and the evaporator of the second one constitute the same heat ex-
changer. As a heat source for the generator of the ejector stage, it is pro-
posed to use the main engine cooling water, which can ensure a generat-
ing temperature of 85 °C. The refrigerant R1233zd(E) was chosen as the
working fluid of the ejector stage due to its low global warming potential
and non-flammability. A ship air conditioner with a cooling capacity of
174.1 kW was selected for the analysis. The capacity of the combined
system was evaluated for the condensing temperatures of the refrigerant of
the compression stage tcond=25...35 °C (the power of the compressor,
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refrigerant pump and generator water pump power consumptions were
taken into account) and it was compared to the power of the traditional
vapor compression refrigerator at tcond=42.4 °C. It is shown that at
tcond=35 °C in the compressor stage (evaporating temperature in the ejec-
tor stage is 30 °C), the total energy consumption is reduced by 8% com-
pared to a traditional vapor compression machine. At tcond of 30 °C and
25 °C, the capacity of the combined refrigeration system is 22% and 43%
less, respectively, than for the traditional vapor compression system. Fur-
ther reduction of the condensing temperature is impractical for technical
reasons. The obtained result indicates the perspective of the chosen meth-
od of increasing the efficiency of ship refrigeration equipment, but a fur-
ther deeper analysis is required, taking into account all the technical diffi-
culties of implementing the proposed solution.

Keywords: ship refrigerating equipment, combined compressor-
ejector refrigeration machine, global warming potential of the refrigerant,
energy efficiency.

3inuenko C., @omin O., bopoyu T., 3inueno O. AHami3 TiepeBaHTa-
KEHHS 3epHa Ta KOPMOBHUX IPOAYKTIB depe3 MOPCHKI MOPTH YKpaiHU B
0COOJIMBUX YMOBax

BukoHaHo aHani3 nepeBaHTAKEHHS 3€PHOBHUX NPOIYKTIB Yepe3 MOp-
CBbKi MOPTH YKpaiHu Ta mojaiblie iX TPaHCIOPTYBAHHS CyJHAMH MOPCh-
KOTO TpaHcmopTy. HaBejeHi cTaTHCTHYHI JaHi €IeBaTOPHHUX IMOTY>KHOC-
Tel OCHOBHHX NOPTiB A30BChKOT0 Ta YOpPHOTO MOpS, 8 TAKOK TPAHCTIOP-
TyBaHHs iXHBOT MpoAyKuii 10 kpaiH Adpuku, €Bponu Ta A3ii. Buznaue-
HO, 110 MaibkKe MOJOBMHA CLIBCHKOTOCIIONAPCHKOI MPOAYKIii, 110 BUPOO-
JIAEThCS. B YKpaiHi — 116 eKCHOPTHUN MOTEHINAN, SKUW 3apa3 HeOOXIiTHO
peanizyBarty, 00 He JomycTUTH rosiony y CBiTi Ta 3a0€3MeUnTH NPUILIUB
1HO3eMHOI BaJIOTH B YKpainy — upomy crpusie nigrpumka OOH Ta Type-
YYUHH y BIJKPHUTTI Ta (YHKIIOHYBaHHI «3E€PHOBHX KOPHIOpPIBY» uepes
BiTun3HsAHI YopHOMOpCHKI TopTH. Ha mpukiami po3BUTKY arponpoMuc-
JIOBOTO KOMIUIEKCY JOBEACHO, IO y CYyYaCHHX YMOBaxX COLialbHO-
€KOHOMIYHOTO PO3BHUTKY YKpaiHU BUPOOHUIITBO Ta MOJAIbINA peai3allis
MOPCHKUM TPaHCIIOPTOM 3€PHAa € HAWBAXIMBIIMMU 3aBIaHHIMHU. TOoMy
JOCIIDKEHHSI Ta TOIIYK HUIAX1B MiABUIICHHS €KOHOMIYHOI eeKTHBHOCTI
(YHKLIOHYBaHHS JIAHLIOKKA BUPOOHUITBO 3€pHA — TPAHCIIOPTYBAHHSA 10
MOPCBHKHX TIOPTiB YKpaiHW — TPaHCIOPTYBaHHS MOPCHKAM TPaHCIIOPTOM
70 iHO3eMHHUX HOPTIB CHOT'OJHI OCOOJHMBO akTyaslbHe. TakoX 3pocTae
HEOOXIHICTh KOMILIEKCHOTO MiAX0Ay 10 (OpMyBaHHS HOBUX MOOUTBHHX
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ManuxX Ta €(PEKTUBHUX IMIIMPUEMCTB, SKi 3aiMalOTHCS BHUPOOHHUIITBOM
KoMOikopMiB. Ha OCHOBI CTaTHCTHYHUX JAaHUX CBITOBHX BHPOOHHUKIB 3€p-
Ha Ta JorictmuHux kommadii Alletch, Milagres, Strategyie Grains,
Toepfer International BuBYeHO OMHAMiKy Ta PO3pPOOJIEHO MPOTHOCTUUHY
MOJIeTh CBITOBOTO MOpChKOro Tpadiky 3epHa. [lokazano, mo mMobimizaris
Ta BUKOPUCTAHHS 3HAYHUX HAsIBHUX PE3EPBIB €JIEBATOPHOI MPOMHCIOBOC-
Ti YKpaiHM J03BOJUTH 30UIBIIMTH BUPOOHWITBO SIKICHUX Ta JCIIEBHX
OCHOBHHUX BUJIIB TIPOJIOBOJILCTBA Y 2,5...3 pasu, chopMmyBaTu HEOOXiTHUI
(hoHI TPOMOBOILYMX TOBAPIB LISl MOMAIBIIOrO 3a0e3NMeueHHs TOTped
BHYTPIIIHBOTO PUHKY Ta CTBOPEHHS IX MOTYXHOTO €KCIIOPTHOTO MOTEHIIi-
aiy. HaBegeHo maHi ekcriepriB, 3TiHO 3 SKMMH €KCIIOPTHHU ITOTEHINAl
JUIIE CUIBCHKOTOCIOAAPCHKUX —mignpueMcTB IIpmas3oB's cTaHOBHTH
3,2...3,5 mutH. ToHH BaHTaxiB. [lokazaHo, 10 BeCh LIl MPOAYKT 30eperTH
B YKpaiHi HEMOXXJIHMBO, HOTO HEOOXiJHO EeKCIIOPTYBaTH CIIOKHBa4aM Yy
BcboMy CBiTi, Hacammepen no Adpuku Ta Asii. [IpoanamizoBaHo cBiTo-
BUH PUHOK 3€PHOBOi Ta KOPMOBOI MPOAYKIii, 3riTHO 3 SKUM JO KiHIII
2022 poky BHpOOHHMLTBO 3epHa B €Bporli Ta YKpaiHi, sk ii CKIamoBoi,
ckopotutbes Ha 10 %. OgHOuacHO MpoaHai30BaHO OOCATH TPaHCIIOPTY-
BaHHJ 3E€PHOBUX BAaHTAXIB 4YEPe3 MOPCHKI MOPTH YKpaiHM NPOTArOM
OCTaHHIX ceMH pokiB. Ha ocHOBI 1bOoro BcTaHOBIIEHO, mo noHaa 90 %
3€PHOBUX BAaHTAXIB TPAHCIOPTYETHCS CyJHAMHU MOPCHKOTO TPaHCIIOPTY.
VY 3B'i3Ky 3 MM po3po0JIeHO peKOMEHAAIl 100 BiHOBJIEHHS Ta Tij-
BUIIEHHS €KCTIOPTHOTO MOTEHINay 3epPHa MOPCHKUMH MOpTaMH Y KpaiHH,
SIKUIM MOe 3pocTd Ha 1...2 MJTH. TOHH.

Knwuogi cnoea: cynHa MOPCbKOTO TPaHCIIOPTY, MOPCHKI MOPTH YK-
paiHy, IepeBaHTaXXEHHsI 36PHOBUX BaHTaXiB, TPAHCIIOPTYBAHHS 3€PHOBHX
BaHTaXiB, MOPCBHKI MEPEBE3CHHs, MPOTHOCTHYHA MOJIENIb CBITOBOTO MOP-
CBKOTO Tpadiky 3epHa

Zinchenko S., Fomin O., Bordun T., Zinchenko H. Analysis of the
transshipment of grain and feed products through the seaports of Ukraine
in special conditions

The analysis of the transshipment of grain products through the sea-
ports of Ukraine and their further transportation by sea transport vessels
was carried out. The statistical data of the elevator capacities of the main
ports of the Azov and Black Seas, as well as the transportation of their
products to the countries of Africa, Europe and Asia are given. It has been
determined that almost half of the agricultural products produced in
Ukraine is an export potential that now needs to be realized in order to
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prevent hunger in the world and ensure the inflow of foreign currency into
Ukraine - this is facilitated by the support of the UN and Turkey in the
opening and operation of "grain corridors™ through domestic Black Sea
ports. On the example of the development of the agro-industrial complex,
it has been proved that in the current conditions of the socio-economic
development of Ukraine, the production and further sale of grain by sea
transport are the most important tasks. Therefore, research and search for
ways to improve the economic efficiency of the functioning of the grain
production chain — transportation to the seaports of Ukraine — transporta-
tion by sea to foreign ports are especially relevant today. There is also a
growing need for an integrated approach to the formation of new mobile
small and efficient enterprises engaged in the production of animal feed.
Based on the statistical data of world grain producers and logistics com-
panies Alletch, Milagres, Strategyie Grains, Toepfer International, the
dynamics has been studied and a predictive model of the world maritime
grain traffic has been developed. It is shown that the mobilization and use
of significant available reserves of the elevator industry of Ukraine will
increase the production of high-quality and cheap basic types of food by
2.5...3 times, form the necessary fund of food products to further meet the
needs of the domestic market and create their powerful export potential.
The data of experts are given, according to which the export potential of
only agricultural enterprises of the Azov region is 3.2...3.5 million tons of
cargo. It is shown that it is impossible to store all this product in the
Ukraine, it must be exported to consumers around the world, primarily to
Africa and Asia. The global market for grain and feed products has been
analyzed, according to which, by the end of 2022, grain production in
Europe and Ukraine, as its component, will be reduced by 10 %. At the
same time, the volumes of transportation of grain cargo through the sea-
ports of Ukraine over the past seven years were analyzed. Based on this, it
was found that more than 90 % of grain cargo is transported by sea
transport vessels. In this regard, recommendations have been developed to
restore and increase the export potential of grain by the seaports of
Ukraine, which can increase by 1...2 million tons.

Key words: sea transport vessels, sea ports of Ukraine, transshipment
of grain cargoes, transportation of grain cargoes, sea transportation, prog-
nostic model of global sea traffic of grain
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3abnoywvxuii FO.B., Cacin A.C. Bu3HaueHHS IWHAMIYHUX HaBaHTa-
JKEHb TIi] 9ac 3MIHA PEKHUMIB MAIleHHS MPEIU3IMHNX Map MaJINBHOL ara-
paTypu CyIHOBHX THU3EIiB

3a3HavyeHo, O B TEMEPIlIHii Yac OCHOBHUM JDKEPEJIOM €Heprii cy-
HOBHUX JBUTYHIB BHYTPIIITHHOTO 3TOPSHHS € HA(TOBE MaINBO, IKE OKPIM
roJIOBHOI (DyHKIIi — BUIUIEHHS €Heprii Mij 4ac 3TOPSHHS, TAKOXX BUKOHYE
1Ie OIHY BaXKJIMBY (YHKIIIO — MallIeHHS NPeU3iHNX Map MaluBHOI amna-
parypu. 3 ypaxyBaHHSIM CYYaCHHX BHMOT, IIO BHCYBAIOThCS IO ITaMBa
0COONMBY yBary MoTpiOHO MPUIUIATA Takoi XapaKTEPHCTHUIl MaluBa SIK
30aTHICTH 10 MameHHs. [IpumnymeHo, mo came 31aTHICTh 0 MalleHHS
3a0e3nedye SKiCHY Ta HafAiiiHy poOOTy ManuBHOI amapaTypl IBUTYHIB
BHYTPIIITHBOTO 3TOPSHHS, sIKa Y CBOIO YEPTy € OJHUM i3 BiJMOBiTaIbHIX
By3uiB Au3ens. [ligkpecieHo, 1o y naJuBHOMY HacOCi BUCOKOTO TUCKY Ta
(dopcyHKax 10 € OCHOBHUMH €JIEMEHTaMH MATUBHOI arapaTypu OCHOBHY
po0OOTYy BUKOHYIOTH MpENU3iiHI JAeTai, sSKi MepeMilarThCs MO0 OJUH
OJTHOTO Ta TMAaJMBO, SIKE 3HAXOJUTHCS B 3a30pi MKk HUMH. CaMe BOHHU YT-
BOPIOIOTH Tpiagy TepTs MeTan — MAcCTHIBHHWHA HIap MmanuBa — MeTan. Y
3BSI3KY 3 UM OYJH 1 3aJUIIAIOTHCS aKTYaTbHUMU TEOPETHYHI Ta €KCIIe-
PUMEHTAaIbHI TOCIIPKEHHS, CIIPSMOBaHI Ha TiJBHUIIEHHS €KCIUTyaTalliii-
HOi HAAIMHOCTI MaJMBHOI anmapaTypu CyIHOBUX au3eniB. [lepcriekTHBHU-
MU y [[OMY HampsiMi € METOIM Ta 3acOo0H, IO TO3BOJSIOTH ITiIBUIIATH
JIOBTOBIYHICTh ITAJIUBHOI armapaTypH 3a paxyHOK YIPaBIiHHS TPHOOTEXHi-
YHUMU MPOIecaMH, 10 MmepediraloTh Ha il poOOYMX MOBEpXHSIX. 3a3Haue-
HO, IO 1] Yac poOOTH MAIMBHOTO HACOCY BHCOKOTO THUCKY Ha TUTYHXEp,
0 3/1CHIOE 3BOPOTHO-TIOCTYNAILHUHN PyX, NIIFOTh HEBPIBHOBAXKEHI paji-
aNbHI CHJIH, SIKI BUHUKAIOTH B Pe3yJIbTaTi mepenaay TUCKY PiIuHH, HEePiB-
HOMIPHOCTI IIBUAKOCTI BiTHOCHOTO MIEPEMIIIIEHHS TIOBEPXOHb, 10 TPYTh-
csl, 1 KOHCTPYKTUBHUX OCOOJIMBOCTEH JIeTanel sIK IUTyH)KepHOI MapH, Tak i
CIIOJTyYeHHS KYJIa4OK PO3MOAIIBHOIO Baly — poJMK ToBkaya. [lix gac
aKTHUBHOTO XOJy TUIYHXKepa TepenaJi TUCKY PiMHU HaiOinbplie BIUIMBaE
Ha BUHUKHEHHsI HEBPIBHOBRKEHUX PaialIbHUX CHJI 1 Ha HOTO 3MilllEHHS B
oTBOpi BTyJKH. Ili1 yac Xxoa0cTOr0 X0Ay IUTyHXepa nepenaj THCKY Pilu-
HU TPaKTUYHO BijIcyTHIH. KpiM Toro, npu BiIHOCHOMY TepEeMIllIeHHI Mik
MOBEPXHSIMH, IO TPYTHCS, JATANEH TpiaJid TEPTs BUHUKAE T'iIPOAMHAMIY-
HUH THCK 1apy piauHH. ['iZpoanHamMiuHUi THCK, HEPIBHOMIPHO PO3IOIi-
JICHUH TIOBEPXHEI0 TEPTA, TAKOXK MPHU3BOJAUTH 10 3MILIEHHS IUTyHXepa B
OTBOpiI BTYJIKH 1 MEpepo3MOAiTy pajianbHUX 3a30piB. [Ipu mopymeHHi
CHIBBICHOCTI MIXK IUTyHXEPOM 1 BTYJIKOIO Ta 3a HasBHOCTI BIIXWJICHb Bij
LWIIHAPUYHOCTI JIeTajeld CTBOPIOIOTHCS. YMOBH JUIS HEPIBHOMIPHOTO
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3HOIIyBaHHs. [loBeJeHO, 10 aKTUBHUM 3acO00M IONEPEKEHHS LbOTO
SIBULIA € YTBOPEHHSI B 30HI TEPTSl OPIEHTOBAHOI CTPYKTYPHU MOJIEKYJISIPHO-
ro mapy majiuBa, 10 BUKOHYIO (yHKIIi MalIeHHs Ta MOMepeaKye Oe3mno-
cepe/iHii KOHTAKT MpeleH31iHuX map.

KirouoBi cjoBa: cyaHOBHi Ou3€ib, CyIHOBE NAIUBO, MAaJHBHA ama-
paTypa, NaIMBHUN HAacOC BHCOKOTO THUCKY, MAallleHHS JeTajeil CyIHOBOIO
Iu3ensi, MaCTUIIBHUI IIap, Opi€eHTOBaHa CTPYKTypa HaiuBa, AWHAMIYHI
HaBaHTA)KEHHS

Zablotskyi Yu.V., Sagin A.S. Determination of dynamic loads during
the change of lubrication modes of precision pairs of fuel equipment of
marine diesel engines

It is noted that at the present time the main source of energy for ma-
rine internal combustion engines is petroleum fuel, which, in addition to
the main function of fuel — releasing energy during combustion, also per-
forms another important function — lubrication of precision steams of fuel
equipment. Taking into account modern requirements for fuel, special
attention should be paid to such a characteristic of fuel as the ability to
lubricate. It is assumed that the ability to lubricate ensures high-quality
and reliable operation of the fuel equipment of internal combustion en-
gines, which in turn is one of the responsible components of a diesel en-
gine. It is emphasized that in the high-pressure fuel pump and injectors,
which are the main elements of the fuel equipment, the main work is per-
formed by precision parts that move relative to each other and the fuel that
is in the gap between them. It is they who form the friction triad metal —
lubricating layer of fuel — metal. In this regard, theoretical and experi-
mental studies aimed at increasing the operational reliability of the fuel
equipment of marine diesel engines were and remain relevant. Promising
in this direction are the methods and means that allow to increase the du-
rability of the fuel equipment due to the management of tribotechnical
processes that take place on its working surfaces. It is noted that during
the operation of the high-pressure fuel pump, unbalanced radial forces act
on the reciprocating plunger, which arise as a result of the fluid pressure
drop, the non-uniformity of the speed of the relative movement of the
rubbing surfaces, and the design features of the parts as a plunger pair, as
well as the combination of cams of the camshaft - roller of the rammer.
During the active stroke of the plunger, the fluid pressure drop has the
greatest effect on the occurrence of unbalanced radial forces and on its
displacement in the bushing hole. When the plunger is idling, there is
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practically no fluid pressure drop. In addition, when the parts of the triad
of friction are moved relative to each other between the rubbing surfaces,
the hydrodynamic pressure of the liquid layer arises. Hydrodynamic pres-
sure, unevenly distributed over the friction surface, also leads to dis-
placement of the plunger in the bushing hole and redistribution of radial
clearances. In the event of a misalignment between the plunger and the
sleeve and in the presence of deviations from the cylindricity of the parts,
conditions for uneven wear are created. It has been proven that an active
means of preventing this phenomenon is the formation of an oriented
structure of the fuel molecular layer in the friction zone,

Key words: marine diesel, marine fuel, fuel equipment, high-pressure
fuel pump, lubrication of marine diesel parts, lubricating layer, oriented
fuel structure, dynamic loads.

Caein C.B., llobepesicruii P.B. AHani3 OCHOBHUX CITIOCOOIB 3HWKCHHS
eMicii OKCH/IIB a30Ty JTU3EIIB CyIeH MOPCHKOTO Ta BHYTPIIIHBOTO BOJHO-
T'0 TPAHCIIOPTY

BukonaHOo aHai3 OCHOBHHX CIIOCOOIB 3HWKEHHS €MICii OKCHIIB a30TY
JM3ENIB CYA€H MOPCHKOTO Ta BHYTPIIIHHOTO BOIHOTO TpaHCHOpTY. Bu-
3HAYEHO, IO 3HIDKCHHS TOKCHMYHOCTI BUIYCKHHX Ta3iB Le MOXe OyTH
JOCSTHYTO IUISXOM BHKOPHUCTaHHS:IIMKIY Mimiepa 3 0JHOYaCHUM BHCO-
KHM HaJayBoM (200 IBOXCTYMIHYACTHM HAJTyBOM), 3a0€3MEUEHHSIM pe-
MUPKYJSAIiT BUTYCKHUX Ta31B, BUKOPUCTAHHIM CHCTEM IMO3alMITIHIPOBOTO
OYHIIICHHS Ta3iB (CEJICKTUBHOIO KAaTAIITUYHOTO HelTpaiizaropa Tta (ijib-
Tpa TBEPAMX YACTWHOK), 3a0e3MeUYeHHsIM 3aiiMaHHs BiJl CTHCHEHHS TOMO-
TeHI30BaHOTO MOBITPSHO-TIAJIMBHOTO 3apsily, CTBOPEHHSIM Ta BUKOPHC-
TaHHSIM BOJIOTIAJIMBHUX €MYJbCii. 3a3Ha4eHo, M0 B JaHWH 4Yac JJs BCiX
CYTHOBHX JU3EIiB BCTAHOBIIOIOTHCS €KOJOTIUHI CTaHAAPTH, SIKi iICTOTHO
PO3PI3HAIOTHCS 32 KUTBKICTIO HOPMOBAHUX TOKCHYHHX KOMIIOHEHTIB Ta X
TPaHUYHO JIOMYCTUMHUM PIBHAM B 3JIE)KHOCTI Bijl XapakTEPUCTUK JBUTY-
Ha. OCBITJICHO KOMIUIEKTAIlis, OCOOJIMBOCTI pOOOTH Ta MepeBaru HacTyIl-
HUX TEXHOJIOTIi Ta CUCTEM, 1110 BUKOPUCTOBYIOTHCS 3 METOIO MiATPUMAHHS
€KOJIOTTYHOCTI POOOTH CyJIeH MOPCHKOTO Ta BHYTPIIIHBOTO TPAHCIOPTY:
TEXHOJIOTIs, M0 3a0e3Meuye Mpolec 3aiMaHHs BiJi CTUCHEHHS TOMOTEHI-
30BaHOTO 3apsy; TEXHOJIOT, Mo 3a0e3nedye nepedir podbov4oro MUKIy B
HWTHIPI AU3eNs 3a MUKJIOM Miljiepa; TEXHOJIOTIS CeJICKTUBHOI KaTalliTH-
YHOI HeWTpasi3allii OKCHUIIB a30Ty; CUCTEMH, IO CIPHUSAIOTH YIOCKOHA-
JICHHIO po00doro mpoiecy (aKyMyJsITOpHI CHCTEMH IoJadi HaauBa, CHC-
TEMH eJIEKTPOHHOTO YNpPaBIiHHS 3MiHOIO (Da3 razoposnoiny, nepudepii-
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Hi TIPUCTPOI CYMIIIOYTBOPEHHS Ta OYUINCHHS BHITYCKHHX Ta3iB). Takox
PO3IIIIHyTa MOXKJIMBICTE BUKOPHCTaHHS aJbTEPHATUBHUX BHIIB IAJIHBA.
PosrnsiHyTa Ta BHKOHAHA OLIHKA OCHOBHHMX METOIB, IO 3a0€3MeuyroTh
3HW)KEHHS eMicii OKCHIB a30Ty AW3ENiB CYAEH MOPCHKOTO Ta BHYTpIll-
HBOTO BOAHOI'O TpaHCIOPTY. IIpu 1bOMy BCTaHOBIICHO, IIO 3aCTOCYBAHHS
CENIEKTUBHOTO KaTaJiTHYHOTO HeiTpamizaTopa, mo 3abe3neuye 90...95 %
3HW)KEHHS BUKU/IIB OKCHJIIB a30TY; MEpEeBEICHHS ANU3ENiB Ha BUKOPUCTaH-
HSl TA30BOTO TAJMBa CHPUSIE 3HWKEHHIO KOHLEHTPALili OKCHUAIB a30Ty B
BUITYCKHHX raszax Ha 85...90 %; 3a0e3neueHns nepediry po6o4oro muKity
u3enst 3a ukiIoM Mimtepa npusBoauth 10 45...50 % 3HWKEHHS eMicii
OKCH/IIB a30Ty; 3a YMOBOIO peaji3allii mporecy 3aiiMaHHS BiJ{ CTHCHEHHS
TOMOTEHI30BaHOTO 3apsAy AOCATAETHCSA 3HWKEHHS €MICii OKCHIIB a30Ty
Ha 35...50 %.

KuarouoBi cjioBa: cyHOBHIA JTU3eNb, AJIUBO JJIS CYJHOBUX JU3CIIB,
€KOJIOTIYHI MMOKa3HUKH POOOTH JU3ENiB, €MICisi OKCHAIB a30Ty, MallMBHA
C€KOHOMIYHICTh

Sagin S.V., Poberezhnyi R.V. Analysis of the main methods of reduc-
ing the emission of nitrogen oxides from diesel engines of marine and
inland water transport vessels

An analysis of the main methods of reducing the emission of nitrogen
oxides from diesel engines of marine and inland water transport vessels
was performed. It was determined that reducing the toxicity of exhaust
gases can be achieved by using: the Miller cycle with simultaneous high
supercharging (or two-stage supercharging), ensuring exhaust gas recircu-
lation, using out-of-cylinder gas cleaning systems (selective catalytic con-
verter and particulate filter), providing compression ignition homogenized
air-fuel charge, creation and use of water-fuel emulsions. It is noted that
currently environmental standards are established for all marine diesels,
which differ significantly in terms of the number of standardized toxic
components and their maximum permissible levels, depending on the
characteristics of the engine. The equipment, features of operation and
advantages of the following technologies and systems used to maintain the
environmental friendliness of sea and inland transport vessels are high-
lighted: technology that ensures the ignition process from the compression
of a homogenized charge; technology that ensures the course of the work-
ing cycle in a diesel cylinder according to the Miller cycle; technology of
selective catalytic neutralization of nitrogen oxides; systems contributing
to the improvement of the work process (accumulator fuel supply systems,
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electronic gas distribution phase change control systems, peripheral de-
vices for mixing and cleaning exhaust gases). The possibility of using
alternative types of fuel is also considered. Considered and evaluated the
main methods that ensure the reduction of nitrogen oxide emissions from
diesel engines of marine and inland water transport vessels. At the same
time, it was established that the use of a selective catalytic converter,
which provides a 90...95 % reduction in nitrogen oxide emissions; the
conversion of diesel engines to the use of gas fuel helps to reduce the con-
centration of nitrogen oxides in exhaust gases by 85...90 %; ensuring the
operation of the diesel engine according to the Miller cycle leads to a
45...50 % reduction in the emission of nitrogen oxides; subject to the
implementation of the ignition process from the compression of the ho-
mogenized charge, a reduction in the emission of nitrogen oxides by
35...50 % is achieved.

Keywords: marine diesel, fuel for marine diesels, environmental per-
formance indicators of diesels, emission of nitrogen oxides, fuel efficien-

cy
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MHNPABUJIA OPOPMJIEHHA I HIOJAHHSA PYKOIINCIB AJISA
3BIPHUKA «CYJHOBI EHEPTETUYHI YCTAHOBKW»

HaykoBo-TexHiuHMit 30ipHUK HalliOHAJIBHOTO YHiBepcuTeTy «Omecbka
MopchKa akanemisn» «CymIHOBI €eHepreTHdHi YCTAaHOBKH» € HAyKOBHM BH-
JaHHSAM, B SIKOMY MOXYTbh MyOJIiKyBaTHCh OCHOBHI Pe3yNIbTaTu AHMCEpTa-
UiHHUX POOIT 3 MPOQIIIO CYyAHOBOT CHEPTETHUKH.

CratTs MOBMHHA BiANOBIATH MpaBUiaM 0GOPMIICHHS HAYKOBHX CTa-
Tel 1 MICTUTH TIOCTAaHOBKY MPOOJIEMH B 3araIbHOMY BHUTJISIL Ta 1i 3B'SI30K
3 BXXJIUBUMU HAYKOBHMH 200 MPAaKTUUYHUMHU 3aBIAAHHSIMH, aHaji3 OCTaH-
HIX JOCHTI[KeHb 1 MyOIiKamiid 3a TeMOI CTaTTi, POPMYIIOBaHHS I
cTarTi (TIOCTAaHOBKY 3aBIaHHS), BHKJIAJ OCHOBHOTO Marepiamy 3 Heo0-
XiIHUMH OOTPYHTYBaHHSIMH, BUCHOBKH Ta MEPCIEKTHBH MOAATBIINX JO-
CJTiJPKEHb.

Pykomnuc nmogaeTbes Ha eIeKTpOHHOMY HOCil y ¢opMmaTi *.doc 3 mame-
POBOIO Komi€ero 1 pedepaTamMul Ha YKpPaiHCHKiH, pOCIMCBKil Ta aHTIHCHKIN
MOBaX, po3MipoM He Ouibine 2 MB, mianucaHo BciMa aBTOpamu, 3 KOH-
TakTHOIO iH(opmamieto: anapecwu, Tenedorn. OOcar craTTi — 10
0,5 aBTOpCHKOTO apKylia 3 ypaxyBaHHSIM LUTIOCTPAIiid, ITiIMATIOHKOBHX
MIIUCIB 1 pedepary.

®dopmat manepy AS (148%210) Vei mons — 16 mm. Teker - yepes 1
inTepBain, Times New Roman, 11 rt; Tabmuiii, 3arooBKHA TaOJIUIb, MijI-
MaTrOHKOBI mignucu — 10 .

Ha mepmiii cTopiHii pykonucy MOBHHHI OyTH BKa3aHi HACTYITHI eje-
meHtu: iHgexc YJK; @IO aBropiB; HallMeHyBaHHS 3aKiiagy, B SIKOMY
BUKOHYBaJlacsi po00OTa; Ha3Ba CTATTi, aJjpeca eIeKTPOHHOI OIITH aBTOPIB.
3aronoBok ctarTi odopmisiTH 3a cTrieM 3aronoBok 1, kernb 11 oT, 6e3
MIEPEHOCY, YCi MPOMHCHI, iHTepBat: epex — 8 0T, micis — 2 mT.

Hanpukinoi pykomucy HaBOIUTBCS pedepar Ha TpPbOX MOBax —
YKpaiHCBKil, pociichKill, aHrmichkii, mo mictute IO aBTOpiB, Ha3BY
CTaTTi, CKOPOUCHHH 3MICT Ta KIIFOUOBI CJIOBA.

SIK1o pykonuc He € MOBHICTIO aHTJIOMOBHHM, BiH CYIPOBOKY€ETHCS
AHOTAIlI€I0 HA aHTMIIHCLKIA MOBI oOcsroMm He menme 1800 3HakiB, BKIIIO-
Yarouu KIIFOYOBI CIIOBA.

3MiHHi, QyHKUii, BEKTOpH, MaTpULi i T.M. OGOPMIISIOTHCS JTaTHHCH-
KM mpu@TOoM. 3MiHHI BUKOHYIOTHCS MOXHMJIMM LIPUPTOM, BEKTOPH —
HaMIBXUPHUM, 0e3 Haxmily; TpelbKi CHMBOIM — Y BCiX BUNaJKax 0e3
HaXWily; iHAEKCH: JIATUHCHKI — 3 HaXWJIOM, KUPWINYHI — O0e3 Haxuiy.
Po3mipu B Mathtype: ocaoBamit — 11 nr, 30insmenuii — 16,5 nr, innexc
— 7 1T, cybingekc — 6 nr. Y BCiX BHIIQJKax po3MiTka (GopMyn y Kormii
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pyKkorucy 000B's3koBa. HymepyroThest TUIbKH Ti GOPMYJIH, Ha K1 € TOCH-
nmaHHSA B TekcTi. DopMynn BiIAINSIOTECS BiA TEKCTY PSIAKAMH BHCOTOIO
2 uT. Yci popmynu noBunHi OyTn HaOpaHi B Mathtype. Oaununi ¢izuu-
HUX BedaudnH moBuHHI Biamosigatu JACTY 3651.0-97, ACTY 3651.1-97,
JACTY 3651.2-97 "Metposnoris. Oguaui ¢Gi3WYHAX BEIHYUH" 1 MaTH
3arajbHONPUHHSTI TO3HAYCHHS.

Tabmutli cijg po3TanioByBaTH Ha OHIM CTOPIHIN KpiM BUNAJKIB, KO-
Ju Tabmuis 3aiimae Oinbiie 1 cropinku. 3aronoBok — 10 oT, 6e3 mepeHo-
cy, iHTepBal mepes — 8 0T, micis — 2 NT, OCHOBHHUN MPUQPT TaOIUI —
10 nT. MantoHKH BiAIUISIFOTHCS Bil TEKCTY 3BEpXY iHTEpBaIOM & MT, BiA
Ha3Bu — 2 nT. Ha3a mamonka — kernb 10 nt, 6e3 mepeHocy, iHTepBan
miciast — 8 or. Ha Bci Tabmuiii 1 MadroHKHM TOBWHHI OyTW TOCWIIAHHS B
TEKCTI CTaTTi y CKOPOUCHOMY BUTJISAII (Ta0JI.).

ImocTparii, siki miATOTOBJEHI B rpadiyHUX peaaKkTopax, AOAAI0THCS B
SIKOCTI OKpeMuX (aifitiB y BuxigHoMy ¢opmati. Po3mip HanmciB moBHHEH
3abe3neuyBaTH ixHi0 unTaHicTh (8-10 mr). [{ns ckaHOBaHMX MAaJIOHKIB
JIOJTAETHCS OPUTIHAM Y TYIII Ha OUTOMY Mamnepi T0CTaTHROI IiibHOCTI. Ha
3BOPOTI BKa3y€ETHCSI HOMEP 1 MPUHAIEKHICTh IO CTATTI.

bibmiorpacdiyni onvicu MOBHWHHI BiAMOBigaTH AirounM BuMoram. llo-
CUJIAaHHA Ha JIITepaTypHi JxKepena y TeKCTi 0pOpMITIOIOTECS Y KBaAPaTHUX
JyKKax 3 BKa3aHHSIM HOMepa JpKeperna.

KonTaktHa indopmartis - e-mail: ivanovichlzh@gmail.com
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Cy/IHOBI €HEPreTHYHI YCTAHOBKH:
HAyKOBO-TEXHIYHUH 301pHUK.
Bunyck 44.
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