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Abstract. The rubber and plastics industry is increasingly becoming an important industry.
Polymers are used in almost all areas of material production and non-productive sphere. Demand
for finished products made of polymeric materials from the most important consumer industries is
growing steadily: construction, transport, agriculture, medicine, etc.

Polymer and rubber products are becoming more and more sophisticated, but at the same
time methods of waste management and disposal are being developed and complicated. Over time,
they can no longer be used for their intended purpose, so they are discarded and sent to landfills,
while polymers and rubber are valuable construction materials and their reuse will be positive not
only for the environment but can also be a profitable branch of the agro-industrial complex. .

The generation of significant amounts of rubber and polymer waste leads to unorganized
storage in landfills or uncontrolled dispersal in the natural environment, which increases the level
of environmental hazards in the surrounding areas as a result of harmful substances from rubber
and plastic into the environment.

This article investigates the methods of processing polymer and rubber waste by improving
technologies for their processing into secondary raw materials. The relevance of polymer waste
processing methods is determined. Types of recycling and stages of polymer waste processing are
discussed. The life cycle of rubber is analyzed and the analysis of existing technologies of
utilization and processing of rubber waste is carried out. Stages of rubber waste processing are
substantiated. Pyrolysis technology for rubber waste processing is described. Taking into account
the information obtained, conclusions were made and the characteristics of the studied composite,
which includes sand, rubber and polymer, were determined.

Key words: rubber-technical products, polymer waste, utilization, pyrolysis, composite.

Formulation of the problem

In recent years, countries around the world have begun to pay considerable
attention to the problem of using production and consumption waste, which is
generated in ever-increasing quantities.

Mankind is living in an age of consumption - the production of a wide range of
goods is only increasing.

Today, polymers are the most common raw material in many areas, as a result of
which they have replaced more expensive raw materials - natural wood and metal.
The cheapness of the material, the technical parameters of plastic doomed it to
popularity.

The widespread use of plastic products has raised a number of questions about
the disposal of plastics, which has lost its practical interest. The main problem is that
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the period of natural decomposition of plastic is from 100 to 400 years, and as a
result, traditional burial in landfills does not solve the problem [1].
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Fig.1. Percentage of waste in Ukraine.

Thermal destruction leads to the release into the atmosphere of harmful
substances that are not excreted from the human body. The best option is recycling, ie
recycling of plastic.
Plastic mass (plastic) - artificially created materials based on synthetic or natural
polymers. They are formed at elevated temperatures, at a time when they have high
plasticity. Raw materials for the production of polymers are oil, natural gas, coal,
shale [2].
Plastics have a fairly low density (0.85-1.8 g / cm2), which contributes to their
significant demand. This feature of plastic significantly reduces the weight of parts,
in addition, they have high corrosion resistance and a wide range of other properties.
Plastics make it possible to successfully use them for the manufacture of plain
bearings, because they have good anti-friction characteristics. The high coefficient of
friction of some plastics allows them to be used for brake devices. Some plastics have
specific properties: high electrical and thermal insulation properties, high
transparency, etc. [1].
An important advantage of plastics is the ability to process them into products in
the most productive ways with a coefficient of material utilization of 0.9-0.95 -
casting, extrusion, etc. [4].
The disadvantages of plastics include:
 low strength, hardness and mechanical rigidity;
* large value of the coefficient of linear thermal expansion (~ 15 x 10—-5 K — 1);
* creep, especially in thermoplastics;
» low heat resistance (most plastics have an operating temperature not higher
than 200 ° C, and only some can operate at 300... 400 ° C),

* low thermal conductivity (500-600 times less than metals),

 tendency to aging (loss of properties under the influence of heat, light, water
and other factors) [2].

When the aging process occurs, polymer products lose their elasticity and
strength while increasing their mechanical stiffness and fragility. The ability of a
material to large back deformations is called elasticity. This term is physically similar
to elasticity, but the former is used for amorphous and the latter for crystalline bodies

13].
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The hardness of plastics according to the Brinell method is 30... 200 MPa [2].

Many polymers have an amorphous (glassy) state, such polymers are called
resins.

Plastics may contain a certain amount of crystalline phase, which increases the
strength, stiffness and heat resistance of the polymer. In the production of plastics
using mainly synthetic resins [3].

In addition to polymer raw materials, plastic products can be filled with fillers,
plasticizers and special additives that give plastic certain properties.

Fillers (reinforcing components) can be organic or inorganic substances in the
form of powders (graphite, wood or quartz flour), fibers (paper, cotton, asbestos,
glass) or canvases or sheets (fabric, paper, wood veneer). Fillers increase the strength,
wear resistance, heat resistance and other properties of plastics. Their share in plastic
can reach 40... 80% [2].

Plasticizers are introduced to increase the plasticity and elasticity of plastics
(glycerin, castor or paraffin oil, etc.) [2].

Additives can be:

 stabilizers - substances that slow down aging (soot, sulfur compounds,
phenols);

* lubricants - substances that eliminate the adhesion of the material to the mold,
increase its fluidity, reduce friction between the particles of the composition
(wax, stearin, oleic acid);

* dyes - substances that give plastic products a decorative look (ocher, etc.);

» catalysts - substances that accelerate the hardening of plastics (urotropin,
metal oxides);

* flame retardants - substances that reduce the flammability of polymers (eg
antimony compounds);

* antistatic - substances that prevent the occurrence and accumulation of static
electric charge in products made of polymeric materials;

* pore formers - substances that decompose during heating, releasing resin-
foaming gases, resulting in the formation of pores and foams with a porous
structure.

Plastic waste also includes worn tires, which are one of the most heavy-duty
polymer wastes. Automotive industry It has developed a lot in recent years, and as a
result there has been an increase in total waste [4].

Used rubber should be classified as industrial waste. Millions of tons of waste
are generated during the wear of rubber products. Most of them are used car tires
(tires of trucks, cars, agricultural vehicles, tractors, motorcycles and special vehicles),
as a rule, are subject to disposal. Their suppliers are industrial and private farms, as
well as administrative institutions [5].

Tires of fleets of industrial enterprises and administrative institutions in the
framework of general technical and repair work are subject to regular replacement
every 1-2 years. Tires of private cars have a service life of 60-80 thousand km, which
corresponds to an average of 3 years of operation. This also includes conveyor belts,
household rubber products, shoes. 700-750 kg of new rubber can be made from 1 ton
of worn tires [5].
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Rubber crumb from car tires is used in the production of roofing materials,
available in the form of mastic, rolls and plates. It can also be used in the production
of bio-resistant thermal insulation material for floor insulation, car interiors, tractors.

Rubber crumb is a valuable raw material for the manufacture of various building
materials and is widely used for the preparation of rubber-asphalt mixtures in road
construction. Worn tires can be used to produce adsorbent and ion exchange
materials. lon-exchange materials made of crushed rubber are suitable for wastewater
treatment from ions of some metals with 99.5 percent efficiency, and adsorbents - for
collecting spilled oil from the water surface and purification of waste oils [5].

Crushed rubber can be used as a backing layer when growing plants by
hydroponics or in a mixture with soil to increase soil fertility. Whole worn tires can
be used to strengthen river banks and canals from erosion, create depreciation barriers
on dangerous roads, strengthen dumps in mines, as well as for decorative purposes
[6].

The purpose and objectives of the study

The aim is to solve the problem of recycling polymer and rubber waste by
improving the technology for recycling.

To achieve this goal you need to solve the following tasks:

1. Determine the relevance of methods of processing polymer waste;

2. Analyze existing technologies for the processing of rubber waste.

3. Justify the parameters of the mechanism for recycling of polymer and
rubber waste. waste.

Analysis of recent research

Today the problem of polymer waste disposal is quite relevant, high oil prices
(raw materials for polymer production), the global energy crisis, the state of the
environment encourage the development of effective recycling systems of spent
polymers, which in conditions of oil shortage become a valuable raw material and
energy resource [4] .

Methods of plastic waste recycling

Wastes from the production, processing and operation of some polymers can be
recovered to the original synthesis products and returned to industry. This method is
the most promising direction of polyurethane (PU) waste disposal, as their
incineration is unprofitable, and pyrolysis is accompanied by the release of toxic
gases [8].

Table 1. - Methods of processing polymers and obsolete products.
Method

Brief description
name
This method of recycling plastic waste is the decomposition of polymers by
. acids with a simultaneous effect on recyclable raw materials at high
Hydrolysis

temperatures. The most common way of recycling plastic abroad. There are
different methods of hydrolysis - the most efficient, expensive, using catalysts.

Processing involves the use of glycols - special alcohols. These alcohols contain
Glycolysis | hydroxyl groups. To carry out the required reaction, two conditions must be
met: maintain a high temperature and choose the right catalyst.
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This method of waste disposal consists in deep polymerization and splitting of
plastics using ethanol. Without the presence of special reactors that maintain a
temperature of 15 degrees and a pressure of 1.5 MPa, to recycle plastic in this
way will not work.

Methanolysis

Simply put - thermal destruction. That is, the decomposition of raw materials by
heat treatment without oxygen. The output is the initial monomer. The
technology of this method of polymer processing allows not to sort raw
materials before recycling.

Gyrolysis

These recycling methods, with a well-established process, minimize harmful
emissions and waste, but these physico-chemical options have expensive and
complex processing technology, which requires the presence of highly qualified
specialists [11].

Mechanical method

In Ukraine, mechanical recycling is used - a method based on the physical
grinding of processed raw materials.

It should be noted that in this process the plastic does not lose its properties.

The peculiarity of the method is that there is no need to buy expensive
equipment and hire specialists for it.

For modern lines involved in machining, the following is suitable for recycling:

The output is several species products [9].

By
.

The most promising for further implementation are granules and flex. In
addition to the high demand for this secondary raw material, the technology of
production of granules and flex is the least complex. For flex it is ordinary crushing,
for granules - extrusion.

Flex are polymer flakes, which are consequently used for the manufacture of
fiber, plastic containers and other products.

Granules are widely used on an industrial scale, so secondary raw materials of
this type are in high demand.

The cost of pellets is also out of competition [9].

Stages of polymer waste processing

At processing of plastic on secondary raw material first of all it is subjected to
sorting further the following stages of recycling are realized:

1. Grinding of recycled material.
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2. Agglomeration - sintering of polymers into small particles.
3. Granulation of mass - production of granules of different fractions in special
equipment [8].

*

Fig. 3. Ready granulate

Purified ground polymer (flex) or agglomerate can be sold as a final product.

Due to the thermal effect of plastic as a secondary raw material can be recycled
no more than 4-5 times, because when exposed to high temperatures, the properties of
polymers deteriorate.

The raw material obtained by recycling is used in the production of fibers for
carpets, synthetic clothing and threads (about 30% of all recycled materials).

About 70% of recycled plastic is used in the production of polyester fibers,
which are later used to insulate sportswear, sleeping bags, as a filler for soft toys.

After the last cycle, as a rule, plastic is used in road construction [11].

Tire life cycle

The life cycle of tires can be divided into six stages:

Manufacturers and retailers establish rules for the return, retreading and
replacement of tires to reduce tire waste and take responsibility for accepting tires for
disposal or recycling [5].

High-quality maintenance and timely replacement of tires during use by
consumers affects the wear of tires and safety of their operation.

Proper manufacturing and quality delivery reduce the amount of waste in
production.

The development of strategies for the disposal of tires, their incineration, or the
processing of waste into new products, creates viable enterprises, and implements
public policy.

Product developments and innovations such as component improvements and
tire breakdowns will extend their service life, reduce replacement rates, improve
consumer safety, and reduce the number of tires in waste.

Direct distribution through retailers, reduces inventory time and ensures that
customers will be properly informed about the service life and safety of products [5].

Technologies for processing and utilization of rubber waste

Recently in Ukraine the use of rubber products is becoming more intensive - the
amount of waste is increasing accordingly.

Waste rubber products can be divided into industrial waste and consumer waste.
Wastes from the production of rubber products are accumulated at enterprises that
produce rubber technical products, car tires, rubber footwear [7].
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Wastes from the production of rubber technical products are divided into:

* waste rubber compounds;

 unvulcanized rubber waste;

* vulcanized rubber waste.

The main, most common type of consumer waste is depreciated tires. In the
world, the production of car tires consumes half of the synthetic rubber produced
(more than 15 million tons per year), and eventually all the tires produced after some
time fall into the trash. The service life of car tires is less than the service life of most
rubber products [7].

[ o 8 "

Fig 4. Worn tires

Tire recycling, or rubber recycling, is the process of recycling used tires that can
no longer be used on vehicles due to wear or damage. Tires are a problematic source
of waste due to the large volume of production, durability of tires and their
components, which is an environmental problem. They can take up a lot of space in
landfills because they are very durable and non-biodegradable.

In 1990, it was estimated that more than 1 billion used tires were stored in the
United States. In 2015, only 67 million tires were in storage. From 1994 to 2010, the
number of recycled tires in the European Union increased, from 25% of annual
emissions to almost 95%, with about half of the tires used going to energy, mainly in
cement production. New technologies such as pyrolysis and de-vulcanization have
made tires recyclable despite their durability and quantity. The end products of tire
recycling include alternative fuels, new rubber products, playground coatings, new
tires and rubber, and asphalt modifiers [10].

Why is it necessary to recycle rubber products?

Used car tires are hazardous wastes of the fourth class. It contains 15 toxic
compounds, most of which are carcinogens that cause cancer. Their concentration in
rubber exceeds the concentration of toxins in exhaust gases. The release of toxins
occurs even during storage of rubber products.

The process of decomposing rubber dumped in landfills takes more than 100
years. Rain washes toxins into the soil and groundwater. Thus harmful substances get
into a human body, causing oncological pathologies. Disposal of rubber products by
incineration leads to the transfer of hazardous compounds into the air. Tire
production accounts for a significant share of oil, the supply of which 1s limited and
not renewable. Therefore, the proper disposal and recycling of rubber products is
important for maintaining an acceptable environmental condition, natural resources
and human health [10].
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How is the processing of rubber products?

Tires with textile cord are processed mechanically. It is implemented in the
following sequence:

1. cutting the side ring;

. coarse grinding;
. average grinding of the obtained parts;
. grinding into particles of 1-0.5 mm;
. scattering of crumbs with cord separation.

All stages of work take place at specialized enterprises with the help of high-
tech equipment.

Processing of tires with a metal cord occurs on other principle:

. cutting of an onboard ring;

. cutting into 3-4 parts;

. coarse, then medium crushing;

. electromagnetic extraction of the metal cord;
. final crushing into particles of 1-0.8 mm,;

. removal of textile cord;

. separation of crumbs.

The resulting crumb is then used in the production of regenerate, in some cases
replaces rubber. It is also used to make new products: tires, shoes, building materials,
floor coverings for agricultural and warehouse premises, car mats, under-rail gaskets,
mudguards, wheels of household carts and more [10].

Various technologies are used in the world for the processing and disposal of
rubber waste and worn car tires. These technologies involve the use of worn tires and
rubber waste to produce energy by burning, shredding tires and rubber waste to
obtain rubber crumbs, powder and regenerate.

Burial of tires in landfills is not desirable, as 75% of their volume is a cavity that
quickly fills the valuable space of the landfill. Tires can collect methane gas, and as a
result become floating, or rise to the surface like bubbles. Due to the similar effect of
bubbles, tires can damage the insulating material between waste horizons, which are
installed to keep sewage from landfills from contaminating local surface and
groundwater.

Shredded tires began to be used in landfills as a replacement for other building
materials, as a material that is easily filled with gas in ventilation systems, drains,
collection systems and operating tabs. Crushed tire material can also be used for
covers, coverings, or daily landfill cover. Used car tires as a material for shelter and
filling are also cost-effective, because the tires can be crushed on site, rather than
importing other materials [10].

Tire dumps pose a great danger to the environment and a risk to health. Tire
fires can start very easily, and burning can take months, creating significant air and
soil pollution. Recycling reduces the number of tires in storage. Stacks of tires, which
provide shelter for pests and serve as a breeding ground for mosquitoes that can
spread disease, also pose an additional health risk.

Illegal landfills of used tires pollute ravines, forests, deserts and wastelands;
which has led in many states to the creation of rules and laws that require proper
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management of delivery and acceptance of used tires [11].

Fig. 5. Rubber waste landfill

Unfortunately, the storage and recycling of tires is sometimes associated with
illegal activities and lack of environmental awareness.

Undamaged worn tires are often used in the construction of artificial reefs, for
example, off the coast of Australia, the company "GoodYear" has created an artificial
reef with 15 thousand tires, off the coast of Florida - with 215 thousand tires.
Artificial reefs made of tires are also available in New Zealand, Greece, Japan,
Jamaica and other countries. Sea water is not polluted.

Sometimes worn tires are used as protective elements, for example when
strengthening slopes from erosion processes. In this case, the slopes are covered with
tires, cover them with soil and sow grass.

The use of worn tires for energy from an environmental point of view is
ambiguous, because it is associated with the release into the atmosphere of large
amounts of zinc and sulfur. However, in order to dispose of tires and obtain
additional energy in the world, tire burning is widely used.

The main reason for the use of methods of burning tires for energy in many
developed countries - the lack of effective technologies for integrated processing of
tires to obtain high quality products.

Bridgestone / Firestone technology has been used as a fuel in the cement
industry and has been used successfully in Japan since the early 1980s. This
technology 1s implemented as follows: whole or cut into pieces tires are fed into an
upgraded rotary kiln, metal cord, located in the tires, partially replaces the iron ore
needed in the production of cement [7].

Old tires can be used as an alternative fuel in the production of Portland cement,
a key component of concrete. Tires are usually fed to cement kilns by pumping them
into the top of the kiln heater, or by dropping them into a slot in the middle of a long
wet kiln. In any case, high gas temperatures of 1000 - 1200 °© C cause almost
instantaneous, complete and smokeless combustion of tires. In addition, the tires can
be crushed to a size of 5-10 mm, and in this form they are fed into the combustion
chamber of the precalciner. Iron and zinc from tires are chemically included in
cement.
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However, in Switzerland, the company "Jura cement works". Stopped burning
tires in cement kilns due to environmental pollution by combustion products. In the
United States, only 12 of the 200 existing kilns burn worn-out tires, despite the fact
that the cost of retrofitting coal kilns to replace worn-out tires is relatively small. fuel
for a long time [7].

Usually tires are not recycled, but burned, but today the search continues and to
find them useful. One of the options: crushed tires, as a rubber crumb, is added to the
hot melt of asphalt, as a modifier - in the processing of asphalt pavement, and as a
filler for concrete with Portland cement. Tires can also be converted into other tires.
Tires can be cut and used in beds as mulch to retain water and prevent weeds. Some
of the "green" buildings, both private and public, were made from old tires.

Pyrolysis can be used to convert tires to combustible gas, oils, solid semi-coke
residue, and low-grade soot that cannot be used in tire production. A pyrolysis
method has been developed that allows the production of activated carbon and high-
quality carbon black [7].

Products made of tires

Tires can be reused for many purposes, although in most cases they are burned
to produce heat. As of 2003, according to a report by the Environmental Protection
Agency, 80.4% of used tires in the United States are either recycled or used for useful
purposes, which is about 233 million tires per year. Assuming that the weight of one
is approximately 10.2 kg, according to a 2003 report, the total weight of tires used
was 2.62 million tons.

One of the options for recycling tires involves the production of alternative
products for sale. New products derived from used tires create greater economic
activity than incineration or other low-level production, while reducing waste flow
without creating excessive pollution and emissions from recycling.

Metallurgical plants can use tires as a source of carbon, replacing coal or coke in
steel production.

The process of stamping and cutting tires is used to make some goods. For
example, for the manufacture of sandals or an additional layer of the base of the
pavement, connecting together the cut side walls to form a flexible mesh [10].

Finely ground rubber crumb can be used for paving projects and similar
purposes. Types of products for paving: rubber, modified asphalt, concrete modified
rubber, and as a replacement in general. Examples of rubber molded products are
carpet or lining, bumpers, decks, bumpers, blocks at railway crossings, livestock
coatings, rubber bricks for sidewalks, moving lying cops.

Rubber can be fused with plastic for products such as pallets and railway
sleepers. Sports and recreational areas can also be paved with shock-absorbing
rubber-molding materials. Rubber from tires, crushed to medium size can be used
directly as a rubber coating. Rubber crumb can also be used as a filler, alone or in a
mixture with coarse sand, in coatings such as synthetic lawn.

Shredded tires are widely used in civil engineering. They can be used as a filler
for retaining walls, backfill for collector wells of landfill gas, backfill of landslides
during repairs, as well as a material for damping vibrations of railway tracks [11].

Tires are also often recycled to cover basketball courts and new footwear.
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The main results of the study

Pyrolysis of tires

The pyrolysis method of recycling used tires is a technology in which whole or
shredded tires are heated in a reactor in an oxygen-free atmosphere. In the reactor, the
rubber softens, then the rubber polymers break down into smaller molecules.
Eventually, these small molecules evaporate and leave the reactor. The resulting
vapors can be used immediately to generate electricity, or condensed into a fatty
liquid, which is then usually used as fuel. Some of the resulting molecules are too
small to condense. They collect as gas, which can also be burned as fuel. Minerals
that were part of the tires, about 40% by weight, are removed as solid ash. If the
process is done properly, pyrolysis of tires is a clean process with little emission and
waste, however, there may be concerns about air pollution by incomplete combustion
products, which were recorded in cases of burning tires [12].

The properties of gases, liquids and solids depend on the type of raw material
and production conditions of the process. For example, all tires contain fiber and
steel. Shredded tires contain more steel, and most of the fibers are removed.
Processes can be periodic or continuous. The energy required to decompose rubber
includes the use of directly obtained fuel gas stove, electrical induction similar to
ovens that are heated by electricity or a microwave oven. Catalysts are sometimes
used to accelerate decomposition. The choice of raw materials and process can affect
the cost of finished products.

The historical problem of pyrolysis of tires 1s a solid mineral residue, which
accounts for about 40% of the original mass. Steel impurities can be pre-removed
with magnets for recycling. The solid material that remains, the so-called "charm",
has no important use other than the probable low-carbon fuel. "Charm" is used
instead of technical soot, which is used to strengthen and increase the wear resistance
of tires. The solid residue also consists of minerals used in the rubber industry. This
high volume of tire pyrolysis components is a major obstacle, although this topic
continues to be a source of innovation [12].

Processing by pyrolysis - a modern way of bottling tires and other rubber
products. It is successfully used abroad, but is not very popular in Ukraine yet.

Pyrolysis - the most cost-effective way of processing rubber from used tires and
other rubber products, while not polluting the combustion gases environment.

=%

F.;g 6. Pyrolysis-of rbber products
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Pyrolysis technology proceeds as follows:

The tires are pre-divided into front and side by means of a boring machine.

Cut tires are loaded into a special container (retort), which is sealed and placed
in the oven.

The furnace is heated to 450 C° and the pyrolysis process begins, during which
gas is released. When the decomposition of raw materials is completed, the retort is
removed and replaced with a new one.

After cooling for several hours, the container is unloaded, separating the carbon
residue from the metal cord.

The procedure differs from conventional combustion by the lack of oxygen
required for combustion [12].

Under such conditions, chemical reactions take place, as a result of which
gaseous oil fractions are released from the tires, and carbon powder and cord remain
in the furnace.

Production is waste-free, because all pyrolysis products are used in industry,
bringing good profits.

Output products:

* liquid fuel;

* carbonaceous residue;

* pyrolysis gas;

» metal cord tires.

Each product obtained can be sold in various sectors of the agro-industrial
complex.

Fluid output

The liquid obtained at the outlet during the pyrolysis of rubber - synthetic oil,
similar in composition to natural.

With additional processing, it can replace many fuels and lubricants - gasoline,
diesel fuel, oil and more.

In the United States, more than 100 million used tires are converted to diesel
every year fuel, and one tire is equivalent to 30 liters of oil [12].

As a last resort, untreated pyrolysis oil from tires can be used as fuel for stoves
and boilers.

Solid carbon-containing residue is used in various fields: in the manufacture of
certain rubber products (eg, conveyor belts or new tires); in paint and cement
production - as a dye; used as a sorbent instead of activated carbon; can serve as a
solid fuel or a component for liquid fuel.

Pyrolysis gas is a volatile component resembling natural gas.

The main part of it during the operation of pyrolysis equipment is converted into
a liquid fraction, and the non-condensable residue is used to support the combustion
of the furnace.

Metal cord is the core of the tire, the only component that does not change
during pyrolysis.

The reinforcing material of car tires is a high-quality steel, which with additional
processing is successfully used as a knitting wire or is remelted.
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Fig. 7. Synthetic oil from recycled tires

The composition of the simplest pyrolysis unit is as follows: Crucible, which is
loaded with raw materials - tires; combustion chamber where heating takes place; a
heat exchanger in which pyrolysis gas condenses into a liquid fuel [12].

Processing of rubber tires with high-performance ultrasound

Waste rubber is a toxic, non-biodegradable material, making it an environmental
and economic problem. Ultrasonic desulcanization is a fast and efficient method of
waste rubber waste disposal, which allows reuse of waste [12].

Ultrasonic recycling of rubber tires is a relatively simple process that has been
successfully tested. Linear process scaling of ultrasonic tire processing makes it
possible to treat large volumes of industrial scale at economical costs. The problem of
rubber waste Rubber waste Rubber causes significant environmental problems due to
their toxicity and non-decomposition. Their vulcanized crosslinking of carbon
structure and toxicity imposes an environmental burden.

Conventional methods of rubber disposal are uneconomical, not
environmentally friendly, and new rubber material made from recycled rubber shows
low quality, as the main polymer chains of rubber waste are changed and weakened.
Since tires are part of the most problematic sources of waste, environmental and
economic methods or recycling are needed [12].

Pyrolysis and desulcanization are the most successful processing processes for
tires. Progress in tire recycling is essential to halt the environmental burden of rubber
tires and helps reduce tire dumping. Ultrasound treatment can enhance and improve
both modern tire recycling, pyrolysis, and desulcanization processes.

Ultrasonic desulcanization of rubber

With the help of ultrasonic desulcanterization, sulfur-sulfur and sulfur-chemical
bonds in the tires there is a splitting, which leads to a soft rubber melt. This ultra-
generated rubber melt can be recycled and shaped into new rubber products, such as
new tires [13].

The main advantage of ultrasonic devulcanization is much less heat is required.
First, parts of the waste are heated to about 400 ° F or 200 ° C, then fed with a screw
feeder through a stream of cells, where the rubber waste is juiced with high
performance ultrasound under high pressure.

During ultrasonic deculturation, the rubber is transformed from the previous
solid state into a very viscous substance. Intense ultrasound disrupts the three-
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dimensional network of vulcanized elastomers rapidly. Ultrasonic treatment of
chemical bond decisions takes only a few seconds. Juicy rubber melts can be
reinforced with drugs and fillers and be molded into new rubber products.

Pyrolysis wastes can be upgraded by zoning them in hydrochloric and
hydrofluoric acids in order to obtain pyrolysis carbon black. Ultrasonic treatment can
successfully upgrade pyrolysis waste from tire waste to the high added value of black
commercial carbon. Ultrasonic post-pyrolysis treatment thus improves the overall
efficiency of the pyrolysis plant significantly [13].

High-precision rubber extraction system using near-infrared technology.

Extracted rubber of high purity is transferred for use in a new role of recycled
raw materials.

Extracted and recycled high-purity resources are given new life as "resource-
oriented products".

Fig. 8. xtraétéd rubber

Recycled rubber is used in interior parts of air conditioners, refrigerators and
induction hobs. Vacuum insulation, which uses fiberglass obtained from the
processing of cathode ray tubes of televisions, is used in new refrigerators.

The problem of recycling worn-out car tires and obsolete rubber products is of
great environmental and economic importance for all developed countries. The
irreversibility of natural crude oil dictates the need to use secondary resources with
maximum efficiency, ie in place of garbage mountains we could get a new industry
for our region - commercial waste processing [12].

One of the most promising methods of disposal is pyrolysis - thermal
decomposition of organic compounds without access of air.

Given that the tires of cars and trucks change on average every 2-3 years, the
scale of subsidence in landfills is more than significant. Thus, according to the State
Motor Transport Research and Design Institute (Kyiv), in Ukraine the annual
increase in worn tires is 200 thousand tons. At the same time, only a small share of
this material is processed at specialized enterprises in Ukraine - up to 14 thousand
tons, ie about 7%.

In the process of pyrolysis of car tires, waste rubber products and / or
polyethylene, valuable products are released: Pyrolysis fuel, carbon residue (carbon
black), metal cord and pyrolysis gas.

Liquid Pyrolysis Fuel is an analogue of dark petroleum furnace fuel. This is a
high-calorie fuel. The amount of heat released when burning 1 kg of liquid pyrolysis
fuel is 5% more than when burning 1 kg of fuel oil. One kilogram of furnace fuel
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replaces 1.18 cubic meters in terms of heat energy. natural gas. This fuel has the
highest quality analog of fuel oil M-100, while surpassing it in its technical
characteristics and properties (table 2) [10].

Table 2. - Characteristics of pyrolysis liquid:

Property Indicator

Density at 20°C 920 kg / m3

Ash content 0,11%

Mass fraction of water no more 1,0%

Mass fraction of sulfur is not more 1,5%

Mass fraction of mechanical impurities 0,2%

Flash point in a closed crucible 41°C

The pour point is not higher 35°C

The heat of combustion is lower 42 MJ / kg (9,996 kcal / kg)
The heat of combustion is higher 50.5MJ / kg (12,019 kcal / kg)

This type of fuel is intended for use in power thermal installations (kilns of
drying complexes, heat generators, steam generators and other vodka-combustion
devices), as well as in road construction works. It is used as a liquid fuel for boilers,
as a substitute for furnace fuel.

Pyrolysis equipment

The installation is a set of equipment that provides thermal destruction
(decomposition into low molecular weight components without access to oxygen) of
carbohydrate waste. The main process equipment is mounted on frames and has the
dimensions of a 20-foot sea container. The installation 1s quite resistant to
atmospheric temperatures, so it can be placed not in an insulated building. Control of
technological equipment is carried out from the operator's control panel [12].

, - SRR U W
Fig. 9. Installation for rubber pyrolysis

The installation of thermal destruction of car tires includes technological units of
pyrolysis and condensation, as well as an automated control system for equipment
with start-up valves.

The pyrolysis unit includes: pyrolysis furnace, pyrolysis chamber (reactor),
furnace, combined burner with compressor, smoke extractor, chimney.

The condensing unit includes: a filter of pyrolysis gases with a fan, a condenser
unit with a circulating water pump, an air cooler and an expansion tank, a gas-liquid
separator, a water seal, a storage tank, a liquid fuel pump.
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The principle of operation of the installation

Raw materials through the lid are loaded on the pallet into the chamber
(chamber volume - 25 m3), where the pyrolysis process takes place when heated
without access to oxygen. Heating to a maximum operating temperature of 450-520C
in the chamber is carried out by a burner installed in the furnace. The pressure in the
chamber is regulated by the rate of temperature rise. The discharge of flue gases into
the atmosphere is carried out through the chimneys.

The results of the study of samples for compression and wear

The use of recycled rubber and plastic products is possible in the manufacture of
composites. Composite materials are a special class of structural materials in which
the filler is present in our case, sand and rubber are connected to the polymer by
mixing at high temperature. The filler can be from 40 to 80% [8,9].

Polymeric composite materials suitable for the production of parts by the
method of injection molding, extrusion, or compression, composites include three
components: organic or mineral filler; synthetic or organic thermoplastics or mixtures
thereof; a set of chemical additives that improve the properties of the mixture of the
final product.

Today, composite materials are mainly used for siding, fencing systems,
transport pallets, window fittings and other products are only experimental in nature,
such as railway sleepers and polymer beams [8§].

Testing of experimental materials for compression allowed to determine the
highest values in samples with 50% rubber and polymer sand content.

Table 3. - The results of the study of samples for compression.

No Compressive strength, MPa

B 50/50 60/40 70/30 80/20 100
1 22,00 19,75 15,6 12,65 10,45
2 21,98 21,00 16,73 13,95 9,12
3 22,47 19,10 18,15 14,80 10,00
Average 22,15 19,95 16,8 13,8 9,85
max 22,47 21,00 18,15 14,80 10,45
min 21,98 19,10 15,6 12,65 9,12

250

§
100
50

—8—50/50 ——60/40 -o-.r;{au —4—80/20 ~@-100/0

Fig.10. Graph of deformation of samples.

Table 4 shows the results of compression tests. It shows the value of the yield
strength of the material and the deformation of the sample at a given force.
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Table 4. - Test results of compression samples.

Deformation Samples, effort, MPa
L, mm 50/50 60/40 70/30 80/20 100
1 100 85 63 42 29
2 190 163 134 104 71
3 192 185 159 129 96
4 181 172 163 144 94
5 186 169 161 135 90

From the graph it is seen that there is a decrease in the yield strength of the
sample material by reducing the filler (sand) from 50/50 to 100/0 in the mixture in the
range of 196.13 ... 98.06 MPa.

The dependence of the yield strength of the composite material on the content in
the sample of polymer and sand are shown in Figure 11

30
20
10

0
50/50

80/20 100

Fig. 11. The dependence of the yield strength of the material on the polymer
content in the mixture.

From the graph it is obvious that the yield strength of the material decreases
with a decrease in the content of filler (sand and rubber) from 50/50 to 100/0 in the
mixture in the range from 196.13 ... 98.06 MPa.

The wear value of the composite material depending on the duration of the test,
the percentage of sand, rubber and polymer in the composite mixture is shown in
table 5.

Table 5. - The dependence of the degree of wear of the sample on the test time
and the composition of the composite.

The ratio of . Research time, L Height of the
Ne in order . Depreciation, g
components min sample, mm
1 360 0,01 20,10
50/50 2 720 0,03 20,07
3 1080 0,06 20,01
1 360 0,03 20,65
70/30 2 720 0,06 20,5
3 1080 0,11 20,40
1 360 0,07 20,48
100 2 720 0,14 20,32
3 1080 0,20 20,20
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The analysis shows that the greatest wear are samples of pure polymer 0.07 g for
360 min, and the least wear samples of composite material with a ratio of 50/50
components wear of the sample is 0.01 g 360 min.

The test results are displayed in the form of a graph of the degree of wear on the
wear path, for the ratio of polymer to sand 50/50, 70/30 and 100/0.

0,4
0,35
0,3

0,25 o™
" o= 50/50

0,2
70/30
0,15 100/0

01 -

0,05 —ge?

o @RE
0 200 400 600 800 100012001400160018002000

Fig. 12. Graph of the dependence of wear of the composite material on the path
of friction.

Conclusions

The use of polymer and rubber waste in further production is one of the main
components of any production process. To do this, the waste is processed into
secondary granular material or directly into products.

The use of secondary material from polymers and rubber as a raw material
allows to obtain a significant environmental and economic effect in the manufacture
of products.

Processing of polymers and rubber is a complex, high-tech process. During this
process, crushers for polymers and rubber are used, as well as specialized equipment,
such as agglomerators, polymer granulators, as well as extrusion machines and
pyrolysis plants.

Wastes from the production, processing and operation of some polymers can be
recovered to the original synthesis products and returned to industry.

Methods and technological modes of processing significantly affect the
properties of products.

The technology of production of composite materials is connected with the
study of the influence of the filler on the properties of the synthetic polymer. Sand
and rubber as a filler can partially or significantly change the physical and
mechanical properties of composite materials.
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Anomauisa. I'anyzv eupoonuymea eupobis 3 2ymu ma niacmmacu éce oOinvuie Habysae 03HAK
sadcaugoi  eanysi  indycmpii. Ilonimepu 3acmocogyromecs NpaKmuyHo 6 YCIX HANPAMKAX
mMamepianvpHo2o 8upodoHuymea i HesupoobHuuoi cgepu. CmabinbHo 3pocmae nonum Ha 20Mosi
8UPOOU 3 NONIMEPHUX Mamepianié 3 00KY HAUBANCIUBIUUX 2ATY3eli-CNodcueayis: 0yoieHuymaa,
MPAHCnoOpmy, CilbCbKO20 20CRO0APCMEa, MeOUYUHU Ma iH.

Bupobu 3 nonimepie ma cymy cmaiome 6ce 0Oinbul OOCKOHANUMU, ale OOHOYACHO 3 YUM
PO38UBAIOMBCS MA YCKIAOHIOIOMbCSA MeMoOU NOBOOIHCEHHS 3 8i0X00amu ma ix ymunizayis. 3 uacom
BOHU GJCE He MOJCYMb BUKOPUCTNOBYBAMUCL 30 NPAMUM  NPUSHAYEHHAM, MOJNC BOHU
BUOPAKOBYIOMBCA | BIONPABIAIOMbCA HA CMIMMEIBANUWA, 8 MOU YAC AK NONIMepu ma 2yma €
YIHHUMU KOHCMPYKYIUHUMY Mamepiaiamu i iX nosmopHe SUKOPUCMAHHA OyOe NO3UMUGHUM He
auwe Ol HABKOMUWHBLO20 —Ccepedosuwd, a U Moxyce Ccmamu Npubymrkogorw  2any33io
aAzcpapHONPOMUCIO08020 KOMNILEKC) .

Ymeopenns s3uaunux o06’emie 2ymomexuiuHUX ma NOAIMEPHUX BI0X00I8 NPU3800UMb 00
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Heop2aHizo8ano20 ix CKIAOYBAHHA HA 3641UWAX YU HEKOHMPONbOBAHO20 PO3CIIOBAHHI Y
NPUPOOHOMY cepedosuwyi, Wo NIOBUWLYE PiBeHb eKON02IYHOI Hebe3neKu Ha NPUIe2iux mepumopisx 6
pe3yibmami NOMPAnIsaHHA WKIOIUBUX PEHOBUH 13 2YMU MA NAACMUKY ) O0BKLILIA.

B oaniii cmammi docnioxcyiomvcs memoou nepepoOKu NONIMEPHUX Ma 2YMOBUX 8i0X00i8
WLAXOM B80OCKOHANEHHs MEXHONIo2il O iX nepepobKu y 6mopuHHy ceposuHy. Busnauenno
aAKmMyanvbHicms Memoois nepepooxu noiimeprHux 8i0xoois. Posenanymo euou peyuxiiney ma emanu
nepepooKu noaimeprux 8ioxodis. I[Ipoananizosano Hcummesutl Yuki 2ymu ma npoeeoeHull anauis
ICHyIOYUX MexHONo2Il ymunizayii ma nepepooxku 2eymosux 6ioxodie. QbzpyHmosarHo emanu
nepepobxu 2ymosux 6ioxodis. Oxapakmepe308ana mMexHoN02isi Nipony3y Ol NepepoOKU 2YMOBUX
8i0x00i8. 3 @paxyeanuam ompumanoi iHgopmayii, 3pobOieHi GUCHOBKU MA BUHAYEHHO
Xapaxmepucmukuy 00CHi0H#CY8AHHO20 KOMNOZUMY 8 CKIAO AKO20 6X005iMb NICOK, 2yMd ma nouimep.

Kniouogi cnosa: cymo-mexuiuni 6upoodu, nonimepri 6ioxoou, ymunizayis, nipouis, KOMno3um.

Cratpsa otnpasiena: 18.02.2022 r.
[Tanaguituyk 10.B., Tenstauk N.A.
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Anomauia. Y pobomi pozensioaemvcsi meopemuyHi OCHO8U NOEOHAHHSA 080X CHOCODIB
06pobnenns. Posenanymo npoyec o6pobnenHs pi3anvbHux HAACMUH 3 HAOMEepOoi Kepamiku 3a
00NOMO2010  Y320024CeHOi  83ae€MO0ii  8ibpayii ma maenimuozco noas. Ilidibpano maeHimHo-
abpazusHull IHCmMpymeHm wooo BiOPO-MAcHIMHO-a0PA3UEHO20 00pOoONeHHs. 3anponoHO8aHO
WMYYHI aimMasu y SKOCMi aOpazusHoeco Mmamepiary wo Mmoxce Niosuwumu npooyKMuGHicmy

npoyecy.

e Oympumaﬂo niosuweHHs npodykmusHocmi npoyecy y 2 — 2,5 pazu. Ompumano noKpaweHHs
wopcmrxocmi nosepxui 0o Ra 0,11 — 0,12 6 nopisuauni 3 giopayiinum o06podnenuam. Jlana
Xapakxmepucmuxka ma 6usieleHd poib MACHIMHO-AOPA3UBHO20 NOPOWIKY WO 3abe3neuye OCHOBY
abpasuénoco IHCMpYMeHmy npu  8iOpo-MAHIMHO-AOpA3USHOMY 00pobnenHi. Bupiweno wo
3ACMOCYB8AHHI Yb020O CHOCODY € OOYIIbHUM U000 00POONEeHHS PI3ANbHUX NIACUH 3 HAOMBepOoi
KepamiKku.

Knrowuosi cnosa: macnimuo-abpa3usHull NOpoOwoK, WopcmKoOCmi NOGEPXHi, NPOOYKMUBHICb
npoyecy, uimy4Hi ajimasu, pi3ailbHuul LHCmpymeHm.

Beryn

@di3uyHa CYTHICTh BIOPO-MarHiTHO-aOpa3uBHOI OOpPOOKM Yy BHUPOOHUUOMY
MIpOIIEC] MOJIsTaE B TOMY, IO BiJl BiOpaliifHOTO BIUIMBY B poOOUii KaMepi 1 JHISIMU
Mar”iTHOI 1HIYKIIT BiI IHAYKTOpa BUHUKAIOTh CUJIM €JIEKTPOMEXaHIuHl Ta MEXaHI4Hi
Ta BOHM IOBUHHI B3a€MOIISTH.

HaarBepai kepaMmiuHi MIaCTMHHU - € MaTepial, KUl Mporpae mo TBEPAOCTI
TUTBKH aJIMa3HUM MartepiajiaM. Tomy oOpoOIeHHST HaaTBEPAOl KEPaMiKH € TOCTATHBO
BAXKHM TIPOIIECOM. EKcIiepuMeHTaabHI JOCTIIHKEHHS OOpOOJICHHS HaaTBEpO0l
KepaMiKH 3a JOIOMOTOI0 BiOpallii Mmoka3anu MO3UTHBHI pe3ysbTaTtu. byna oTpumaHna
SKICTh MTOBEPXHI pi3aIbHUX IIACTUHU mopcTKicTio Ra 0,19-0,22. Ane B cBOili OCHOBI
BiOpalliiine 0OpoOJIEHHSI MICTUTh MIKPOY/Iapy IO MOBEPXHI Pi3ajibHUX MJIACTUHU, L0
3HAYHO MOTIPUIY€E CTAaH MOBEPXHI. TaKoX MpHU MPOLIEC] MOXKE CKOJIOBATUCS 1 pi3aibHa
KpOMKa, a ¢ MiABUIIY€E BiIOpakiBKy 1HCTpyMeHTy. llepen mocnmigHukamu mocrajia
npoOjemMa MOKpAIEHHA SKOCTI TOBEPXHI Ta MiJABUIICHHS MPOAYKTHBHOCTI
o0poOnenHs1 B 1ioMmy. Take 3aBnaHHs Moxe OyTH BUPIMIEHO SK YAOCKOHAJICHHAM
ICHYIOYMX, TaK 1 CTBOPEHHSM NMPUHLMIIOBO HOBUX TEXHOJIOT1M 0OpOOKH HaJITBEpIUX
KepaMiuHUX MaTepiaiB.

OcHOBHM TEKCT

Bupimiennsam npo6ieMy TiABUINEHHS MPOIYKTUBHOCTI 1 SIKOCTI Pi3aIbHUX
MJIACTUH 3 HAJITBEPJI0i KepaMiKH € MO€JHAHHS BIOpAIIfHOTO Ta €IEeKTPOMArHiTHOTO
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BIUIMBY — JOMOITHUCS NPUTHPAHHS JAETajeil 3 HaATBEPAOi KepaMiKu Ta OTpUMAaTH
JOCUThH BUCOK]I TOKa3HUKHU 3 AKOCTI Ta MPOAYKTUBHOCTI 0OpOOIECHHS.

OCHOBOIO JUII CTBOPEHHS HOBHX TEXHOJIOTIM € pe3yJbTaTh OCTAaHHIX
JOCHIIKEHB MIOA0 B3a€MO/I1 €IEeKTPOMAarHiTHOTO MOJIs 3 pi3HUMU MaTepiaiami [1].

TeopeTnuHi OCHOBU MO€AHAHHS TAaKUX PI3HUX BUAIB 0OpOOJIECHHS YKIAAarOThCs
B HACTYITHOMY:

— MPOJIYKTUBHICTH OOPOOJIEHHS NIPU MOEAHAHH] CIIOCO01B, B MOPIBHSHHI 3
BiOpaIiiHuM 00pOOJIEHHSM, MIABUILYETHCS B 2-2,5 pa3u;

— MOKpaIieHHs SKocTi moBepxHi 10 Ra 0,11-0,12;

— 3HWKEHHS BEJIMYMHU HAIpyKeHO-AedopMoBaHOro crany Bin 697 Mlla npu
BX1JTHUX TapameTtpax a0 409 MIla

— MIABUIILYETHCS CTIUKICTh IHCTPYMEHTY 3 p13aJIbHUMU TUTACTUHAMM 13 HAATBEPAOI
KepaMiKu;

— KOMIUTEKCHUI MarHiTHHUH 1 BIOpOAMHAMIYHUH BIUIMB HA JETANb IHTCHCU(DIKY€E
nporuec 0OpoOKH 11 HOBEPXHEBOTO MIApy MO0 HAATBEPAUX KEPaMIuHUX
MatepialiB, sIKl BOJOAIIOTh KOMILIEKCOM BUCOKHX €KCILTyaTallliHIX
BJIACTUBOCTEM.
3a JIOMOMOTOI0 MArHiTHOrO TOJii B poOOYOMYy KOHTEHHEpi (bopMyeTLCﬂ

a6pa3HBHHH 1HCprMeHT 3 MAarHiTHO-a0pa3uBHOTO TMOPOUIKY Ta JOMIIIOK 1
3’SBIISAIOTHCSA CHJIM Pi3aHHS MpHU PycCl IUIACTHH, a HEOOXITHI MJIACTUHAM Po0OoUl PyXH
HAJAI0ThCS BiOpalli€to.

Yepes BIJACYTHICTh KOPCTKOTO KIHEMATHMYHOTO 3B'I3Ky MDK JETallio 1
THCTPYMEHTOM, IIBUKOCTI PYXy JeTajel mij ai€ro BiOpariiiHoro cuiau pizHi (puc. 1).
Bibparis Oyje mpoiToBXyBaTH KepaMiKy uepe3 yUliIbHEHUN adpa3uB 1 MBUAKICTD il
MpoxXoJy uepe3 alpa3wBHI 3epHa Oyjae 3ajexaTd BIiJ CTYNEHS YIIUIbHEHHS
abpa3uBHUX cTOBMIB. B pesynpTaTi Oyae BiaOyBaTHucd MpoleC IHTEHCHUBHOI abo
MOMIpHOi 00pOOKH, MPUYOMY, B KOXKHIN 13 YACTHUH POOOYOi KaMepHu B 3aJIEKHOCTI HE
TUIBKU BIJ] YUIIJIbHEHHS aOpa3sMBHMX YaCTUHOK, @ W BiJ HAsSBHOCTI TI€l YM 1HIIOI
YaCTKHU B JIJaH1 KOHKPETHIN 4acTHHI poO0Y0i KaMepH.

Buxopucranas TpaguiiiiHux aOpa3uBHUX MaTepialdiB B SKOCTI Pi3ajbHOTO
iHcTpymeHty npu BiIMAO HeMmoxivBe, Tak sK aOpa3wB HE TUIBKU pl3aJIbHUMA
MaTepiai, a i TOBUHEH OyTH MaTepiajioM 3 BACOKUMHU MarHiTHUMHU BJIACTUBOCTSIMU.

OCHOBHOIO BIIACTUBICTIO BIOPO-MarHiTHO-aOpa3WBHUX MOPOIIKIB € yTPUMAHHS
aJIMa3HOi CKJIaZIOBOI y (pepoMarHiTHoMy marepiaii. L{e icToTHO BIuiMBa€ Ha CTIHKICTb
3epeH TMOpOIIKY MpH BIUIMBI TEPMIYHUX 1 MEXaHIYHMX HaBaHTa)XeHb. Baxiuse
3HaYEHHS MAa€ TaKOXX MIKPOTBEPAICTh, (OopMa YAaCTHHOK, TEXHOJOTIYHICTh Y
BUTOTOBJIEHHI 1 BapTICTh MAarHiTHO-a0Opa3WBHOTO MIKCY. TakMM YMHOM, B SIKOCTI
pi3asibHUX eneMeHTIB npu BIMAQO BUKOPUCTOBYIOThCS (DEPOMArHITHHIA IMOPOLIOK
®EPOMAII i ity anmasu mapku ACM 20/14.

Bua pobouoro cepeaoBuila Mae HaHOUIbIINIA BIUIMB HA IHTEHCUBHICTh IPOLIECY
00po6ku mpu BIMAO, Tomy mipu IpoBeIeHH1 AOCTIKEHb OyB BUSHAYCHHUH IIUPOKUIA
Jlara3oH MaTepiajiB, 0 BUKOPUCTOBYBAIMCS B SIKOCTI poO0YOTo cepeoBuia [2].

[IpaBunpuuii BUOiIp MarHiTHO-aOpasuBHuUX mnopomkiB (MAIl) € ogHum 13
HaWBaXJIMBIMKX (PAKTOPiB, 10 BIUIMBAIOTh HA SIKICTh, MPOAYKTUBHICTH 1 BapTICTh
abpa3uBHOi 0OpoOkM B Mar"iTHoMy Tmomi. OCHOBHMUMH  (hi3UKO-XIMIYHUMHU
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BJIACTUBOCTSMH, 10 BU3HAYaKOTh SKicTh MAII, €: MarxiTHi BJIacTUBOCTI, TBEPAICTD,
peakiiifHa 31aTHICTh MO BIJHOUICHHIO 70 OOpoOIIOBaHOTO BHPOOY, MIIHICTB,
cTpyktypa dactTuHoK. [Ipu BIMAO B moCTIHHUX MarHiTHUX MOJSAX, PYHKITIEIO SKUX €
¢ikcyBanHs yactuHok MAII 'y HepyxoMoMy cCTaHi, KpiM MaKCHUMaJbHOI
HAMarHi9YeHOCTI YaCTKW TOBHHHI BOJIOAITH SKOMOTA OLIBIIIOK MAarHiTHOO
MPOHUKHICTIO B poOounmx moisax. lle mo3Bonsge JoCSIrTd  MakCUMaIbHOI
HamaraiueHocti MAII y BIAHOCHO HEBHUCOKHMX MAarHITHHUX IMOJISIX, IO CIPOIIYE
KOHCTPYKIIIO €JICKTPOMArHiTHOI CUCTEMH BepcTaTa, 103BOJISIE 3MEHIIIUTH ii rabapuTu

13].

SO\

N\

N\

DN

OSSO S NSO

|

1 — poboua kamepa, 2 — 3pasku 3 [ICTM; 3 - nanpamox 0ii 8ibpayii; 4 — cmoenuuxu
IHCmpymenmy, 5 — JiHil e1eKMPOMASHIMHO20 NOAs, 6 — NPYIHCHI ONOPU.
Pucynok 1 - Cxema pyxy 3pa3kiB B po0o4iii KaMepi nmpu il MATHITHOIO MOJIA Ta

BiOponpHCKOpEeHHH.
Asmopcobka po3pobka

[Ipu BiIMAO ¢epoMarHiTHHII TMOPOIIOK HE MOXE BHUCTYNATH B SKOCTI
CaMOCTIfHOTO  pPO0OOYOTrO, aOpa3WBHOTO CEPEIOBUINA, OCKUIBKHA  BOJIOIIOYH
HEBUCOKMUMH  (P13MKO-MEXAHIYHUMM  BJIACTMBOCTSIMM HE 3[aT€H CaMOCTIHHO
3M1MCHIOBATH O0OpOOKY TaKMX TBEPAUX MaTepiajiB, K pi3ajibHI KOMIIO3UTH Ha OCHOBI
[TKHB.

Pons depomarniTHoro mnopomky npu BiMAO Bu3HAYaeThcsi HE TUIBKH
3MaTHICTIO (POpMyBaHHS CEpelOBHINlA B MArHiTHOMY IO, a W yTpUMaHHS Ha
CBOEPITHUX IUIONIAJIKAX Ha SKUX MOJKJIMBE PpO3TallyBaHHS ajIMa3HOTO IOPOIIKY,
SAKUH 1 371ACHIOE Oe3mocepeIHh0 00poOKy moBepxoHb Kommo3uTiB 13 [TKHB.

B skocti mobaBku n0 abpa3uBy BHKOpuUCTOBYBamucs rpanyiun Al,Os; ¢dopmo-
po3Mipom - 5x5 mm (puc. 2).
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O = SR T
PucyHnok 2 - I'panyan 3 okcuay amomiliio (Al2O3).
Iocepeno: [2]

Takoxx s 301IbIIIEHHS TPOIYKTUBHOCTI 1 IKOCTI OOPOOKH BUKOPHUCTOBYBABCS
cuHTeTHUHHUM anma3z ACM 20/14 [4].

HeoOxigno BigzHauutu, mo MAII 3abe3nedye BHCOKONMPOAYKTHUBHY 1 SIKICHY
00poOKy Jmeraniedd, KoJM B Mpoleci oOpoOKH BiOYBAEThCA CYIUIbHE PIBHOMIpHE
3alOBHEHHS TIOPOIITKOM p0oO0YO0i 30HH.

BucHoBku

Takum 4MHOM, BUKOPUCTAHHS B1IOPO-MarHiTHO-a0Opa3uBHOTO OOPOOJIEHHS 11010
HAJTBEP/I0i KEpaMiKi JOCTaTHHO OOTPYHTOBAHO, BUIIPAB/IAHO Ta CBOEYACHO.

1. Tloemnano AB1I cxemMu OOpOOJICHHS 1 3a0€3MeYeHO JTOMIHYBAaHHS TMPOIECY
MpUTHPaHHS 0€3 yaapis.

2. Bubpano maraitHo-abpa3uBHuii matepian — DEPOMAII 200/100.

3. [TixBuIeHO TPOYKTUBHOCTI 00poOIeHHs y 2 — 2,5pa3u.

4. ITigBuieHo SKicTh 00poOeHHs (B IOPIBHIHHI 3 BIOpaIiitHuM 00pOoOICHHSM)
HaJTBep10i kepamiku 110 Ra 0,11 - 0,12.
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Abstract. The paper discusses the theoretical foundations of the combination of two
processing methods. The process of processing a cutting plate made of superhard ceramics with the
help of a coordinated interaction of vibration and magnetic field is considered. A magnetic-
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abrasive tool for vibro-magnetic-abrasive processing has been selected. Artificial diamonds are
proposed as an abrasive material, which can increase the productivity of the process. An increase
in the productivity of the process by 2-2.5 times was obtained. An improvement in surface
roughness up to Ra 0.11 - 0.12 was obtained compared to vibration treatment. The characteristic is
given and the role of the magnetic-abrasive powder, which provides the basis of the abrasive tool
during vibro-magnetic-abrasive processing, is determined. It was decided that this method should
be used for processing cutting inserts made of superhard ceramics.

Key words: magnetic abrasive powder, surface roughness, process productivity, artificial
diamonds, cutting tool.
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Abstract. Nowadays, problems and diseases of the gastrointestinal tract have received huge
scales. Common diseases include inflammation of the thick and thin intestine, gastritis, pancreatitis,
bleeding, Crohn's disease, polyps, and many others. A large number of the above-mentioned
pathologies need to be diagnosed in time for further treatment. One of the modern and new methods
of diagnosis of the gastrointestinal tract is video-capsular endoscopy endoscopy, currently there is
a small number of models of capsular endoscopy endoscopic, but in all of them there is one
common problems, none of them provides such level of analysis of neoplasms as the usual
endoscopy in combination with biopsy, or ultrasound diagnostics. Because of this, this technology
requires a new solution that will allow to study the gastrointestinal trak in more detail with the help
of video capsules.

Key words: GIT, capsular endoscopy endoscopy, acoustic - vieokapsulnyj endoscope,
gastrointestinal - intestinal tract, ultrasonic radiation, diagnostics, block-scheme, pyezokristol,
contrast.

Introduction.

An important part of the human digestive system is the gastrointestinal tract (GI
tract). Its functions include the evacuation of processed food by the stomach through
the intestines, mechanical, enzymatic processing of food and absorption of nutrients
derived from food into the body. At each stage of the passage of food through the
gastrointestinal tract there is a possibility of some disorders and failures, such
disorders can cause various pathologies of the gastrointestinal tract. Globally, these
problems can negatively affect the human body as a whole [1]. If we take into
account the period from 1990-1999 to 2010-2022, the incidence rates of the
gastrointestinal tract among people aged 18-50 years increased significantly from
(9.13 /100,000 to 12.89 / 100,000). This confirms the trend of a significant increase
in the incidence of gastrointestinal disease (IRR) 1.41 (95% CI 1.27-1.57; p <0.001)
in people aged 18 to 50 years [2]. There are many methods of gastrointestinal
examination (classical endoscopy, colonoscopy, X-ray diagnosis, magnetic resonance
imaging, computed tomography, ultrasound, ultrasound, biopsy, various types of
laboratory tests), but none of these methods provides a full range of information
about the problems, and have a high level of patient discomfort.

Development of classification of gastrointestinal research methods
To determine the optimal decision for the choice of research method, the analysis of
existing gastrointestinal research methods was carried out and our own classification
was developed (Fig. 1).

The method of diagnosis, capsule endoscope can solve the problem of studying
the walls of the gastrointestinal tract at the desired level of detail, collect data from
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some critical places, diagnose remotely, which can not provide other methods [3].

Gastrointestinal research methods

v v I v v
Endoscopic / . . .
Laboratory research P . . Radiation Gastrointestinal
— methods |  laparoscopic - Blopsy |  diagnostics imaging
research
. Performed during Contrasting liguids are Magnetic resonance
] Coprogram ] Invasive ] another procedure ™ used imaging
R
- - Ultrasound
Respiratory test for H. > Gastroscopy Endoscopic biopsy Cholecystography N -
L »| - diagnostics
4 Pylori
- Colonoscopy Laparoscopic biopsy Irigoscopy
—»] Blood test
| —»  Recoromanoscopy Surgical biopsy
Do not use contrast
) —» agents / {minimum
Chaol i hy
L  General blood test | Cholangiopancreatography “» Separate procedure doses)
Biochemical o L Endoscopic pH-metry
ENEL em'glioad”a ysis 0 Liver biopsy E Computed temography

—»  Slightly invasive

E Laparoscopy

—> Not invasive

E Capsule endoscopy

Figure 1 - Classification of gastrointestinal research methods

Fine-needle aspiration
biopsy

Thick-needie biopsy

Source: developed by the authors

Analysis of the problem and ways to solve it

The analysis of existing modern technical solutions of capsule endoscopes and
their characteristics is carried out (table 1). After the analysis, the tendency of modern
models to solve problems related to battery life, the quality and number of frames, as
well as the weight of the models became apparent [4]. But there is another equally
important problem, the solution of which is ignored. The inability to analyze the
tumor, as to take the analysis of problem tissue using the method is not possible, and
the video camera provides only a superficial analysis of the walls of the
gastrointestinal tract.

This problem can be solved by modifying the capsule endoscope by adding
several modules to the video capsule (Fig. 2). To perform ultrasound and video
diagnostics, the capsule must contain modules such as an ultrasound transducer and a
video camera with a light source.

Given the fact that we need to get a circular image, our ultrasonic emitter must
rotate, so another module must be a rotating mechanism that will be connected to the
power supply and oscillating inertial mechanism.
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Table 1. Existing model of video capsule endoscopes

Model Size Weight Viewing | Number Work Image
name Producer (mm.) © angle | of frames time quality look
} £ ) (/ sec.) (hours) | (pixels)

SUO | IntroMedic | 1124 | 3.2 170 3 12| 320x320 | g )
o —
ECI Olympus 11/26 3,8 145 2 8 256x256 qoﬁ"‘“ﬁ
PillCam | Given 1126 | 345 156 2 8 256x256 PillCary

SB2 Imaging
Jinshan <
82%33& Science 13/28 6 140 2 9 256%256 @
P Technology

Source: developed by the authors

capsule endoscope

Wireless receiver '

Battery '
Memory module '

"Receiver block

Processor ' ’

|

A . !
1 Video camera with | Receiver block

‘. light source ’ y

]

, - e e A oA
1

Ultrasenic w 0 VT teemmemmm e ee
' fransducer ‘

Figure 2 - The principle of capsular endoscopy
Source: developed by the authors

With the help of an oscillating inertial mechanism and an electric drive, our
capsule is set in motion, thus creating a cyclic alternating force of inertia directed
along the entire axis of the housing to move the device along the gastrointestinal
tract. In order for its movement to be directed, on the outer part of the body there are
structural elements in the form of oblique teeth, which in turn create a alternating
force of resistance when moving back and forth. All processes are regulated by the
controller. To transmit information (video and ultrasound images) to the doctor, the
capsule additionally has an information transmission module and a receiver for
feedback (receiving commands to the controller) [3,4].

Selection of the illuminating layer

The last modification for the proper operation of our ultrasonic module should
be an acoustic window in the body of the capsule. The material from which the
protector (enlightening layer) will be made must meet several of our requirements: it
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must protect the transducer from the gastrointestinal tract and damage, and it must be
non-toxic to the human body.

Among the materials that meet our requirements are biocompatible methyl
methacrylate (PMMA), with impedance, which is an important indicator for the tread.
This value corresponds to most video capsule endoscopes on the market [4].

Image quality

One of the important issues that need to be addressed to understand the
effectiveness of this modification is - a very high-quality image can add this capsule
endoscope.

The most important indicators of image quality [5] are the ratio of the contrast of
the obtained ultrasound image to noise (SNR). Phantom research has shown that an

image with a sufficient CNR for us is possible in this modification using a
4700kg _ 7340m
m3 ' P s

piezoelectric crystal LN piezocrystal (p = ). As a result, average

SNR data of 6.5, 4.3 and 3.3 were obtained, which are sufficient values for a legible
image for a doctor.

Summary and conclusions

This paper analyzes modern methods of gastrointestinal tract research, analyzes
existing diagnostic methods, and selects the most promising method that has many
advantages over others - capsule endoscopy. A review of modern working solutions
of capsule endoscopes, which are already used in practice by doctors, and found a
drawback - the inability to obtain more detailed information about the tumor. The
offer of the decision of the given problem, and its theoretical realization is put
forward. In further work, this idea will be developed, with attempts to technically
implement the theoretical solutions that were mentioned in this paper.
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Anomayia. Y naw uac, npobremu ma 3aX60pPHOGAHHS WIIYHKOBO — KUUIKOBO20 MPAKMY
ompumanu geauyesni macumadu. Ceped po3noBCO0NCEHUX 3AXBOPIOBAHL MOJNCHA BUOLIUMU NPO
3ananenHs Mo6CMOi ma MOHKOI KUWKU, 2acmpumu, NaHKpeamumu, kposomedi, xeopoba Kpoma,
noninu, ma Oaeamo iHwux. Benuxy KinbKicmv i3 32a0aHux X60poO HeO0OXIOHO CB0EYACHO
diaenocmyeamu 01  noO0anbuioco aikyeanusa. QOOHUM 3 CYYACHUX MA HOBUX Memooi
0IACHOCMYBAHHA WLIYHKOBO-KUWUKOBO20 MPAKMY € 6I0eOKANCyIbHA eHOOCKONIA, Hapasi ICHye
HegenuKa KilbKicmb Mooenell KancyibHux eHOOCKONi8, aie 8 YCiX HUX € OOHA CNilbHA npobrema,
HCOOEH 3 HUX He HAOAE MAaKull pieeHb aHanizy HOBOYMEOPEHHS, AK 0d€ 36UYALHA eHOOCKONIsA 8
KoMOinayii 3 Oioncieto, abo ynempaseykosoi odiacHocmukorw. Yepez ye, O0ana mMexHON02is
nompebye H08020 pileHHs, AKe HA00ACmb 3M02y Dbl 0eManlbHO BUBYAMNU WUTYHKOBO — KULUKOBULL
Mpax 3a 00NOM0o2010 8i0e0Kancyil.

Kniouosi cnoea: LIIKT, kancyibha eHOOCKORIs, aKyCMUYHUll - 8ieOKANCYIbHUL eHOOCKON,
WITYHKOBO — KUWIKOBULL MPAKM, YIbMpAa3gyKo8Ull 6UNPOMIHI08AY, OiacHOCmuKa, O10K-cxemd,
n’€30Kpucmai, KOHMpPACMHICMb.
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Abstract. This article substantiates the analysis of existing methods of blood collection was
carried out and their classification was developed. the structural and functional diagram of the
biological tissue puncture is proposed for the fingerprint sampling: which contains a system of
searching and detecting vessels using machine vision and automatic selection of the required
volume of blood sample. The developed 3D models of skin perforation module for blood collection
in automated biometric system.

Key words: capillary blood, biometric identification, biological tissue puncture, automatic
system, dynamic methods, automatic module, blood sampling, perforation, classification of
methods, modeling.

Introduction. Nowadays, blood indicators are widely used for accurate
diagnosis of diseases, which are indicators of the state of the human body and the
efficiency of certain biological systems and organs. Blood tests are one of the fastest
and most accurate ways to diagnose. Many complications arise from the puncture of
biological tissues related to sterility and hygiene, the identification of veins or
capillaries, the depth of the puncture, as well as problems caused by human factors
[1-3]. The situation requires global solutions for the implementation of which the
development of automated systems for biological tissue puncture and blood
collection, which will ensure safe and fast this procedure, ease of use and reduce the
burden on medical staff. The combination of such systems with biometric patient
identification [2,3] will provide a qualitative result.

The authors performed 3D modeling (performed in the SolidWorks computer-
aided design system) of an automated blood collection system with patient
identification by PPG signal (Fig.1) where the red line shows the perforation module
[4,5], but the perforation unit is shown conditionally.

Fig. 1. General view automated system for blood collection with biometric

identification
Source: developed by the authors
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The aim of this work is to create an automated module for skin perforation with
automatic blood collection, which will allow you to safely and conveniently perform
quality disease diagnosis and health monitoring.

Classification of blood collection methods

In the work was reviews and analyzes existing blood collection methods and
develops a classification based on the characteristics of their use, as shown in Fig 2.
The main characteristic is the type of blood for which the device is used. These types
are: arterial, venous and capillary. Capillary blood collection methods allow them to
be used more widely than arterial and venous blood, as they are simpler, and use tools
for puncture (scarifiers, lancets, nano-needles, etc.), as well as allow sampling outside
medical institutions.

The main difference in the methods is the automation of the process, so the
method of puncture distinguishes mechanical devices: laser Er: YAG 2940 nm,
lancets, nanonears, automated disposable scarifiers. The main disadvantage is that the
successful blood collection procedure is most influenced by the qualifications and
experience of medical staff. The problem of human influence can be solved with the
help of automated systems that perform the puncture of biological tissue and blood
collection without interfering with the process of the health worker.

by blood type in terms of mobility

automatic mechanical arterial — stationary
. .
laser perforation * lancets venous mobile
[
needle perforation e nanoneedles —T—
e scarifiers

Fig. 2. Classification of blood collection methods
Source: developed by the authors

Automated systems differ in the methods of tissue perforation (laser or needle)
and are divided into stationary and mobile (portable).

Structural and functional diagram of the perforation module for automated
blood collection

Despite the perfection of automated devices, engineers face problems in
designing these modules. It is necessary to ensure the sterility of each subsequent
procedure and accurate determination of the location of the vessel.

It was proposed to develop a scheme of the finger perforation module, shown in
Figure 3, consisting of power supply, diode, capillary detection unit, positioning unit,
substance indication unit and variable perforation unit and blood sample collection.
This module works as follows. The position of the blood vessel is determined by
passing light from the diode, through the finger and focusing with the capillary
detection unit, which in turn consists of two chambers. The module is controlled by a
microcontroller, which is located in the control unit, which sends a signal to the
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identification unit of the blood vessel, represented by the emitter and receiver of near-

infrared light (camera 1 and camera 2) [6,7].
If a vessel is found, the microcontroller sends a signal to the positioning unit,
which consists of two stepper motors, which moves the variable unit of perforation

and blood collection relative to the two coordinate axes (Fig.4).

power supply control unit

CMOS CMOS
camera 1 camera 2 motor 2

capillary detection module

positioning module

biological object puncture unit
(finger)
liquid indication
blood collection o3

unit

replaceable perforation
and blood collection unit

Fig. 3. Structural and functional diagram of the semi-automatic system of
perforation of biological tissue and blood collection
Source: developed by the authors
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. S
2 % L |
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Fig. 4. Module of perforation of skin for blood collection: I - microcontroller; 2,3
- motor 1(2); 4 - nut; 5 - the piston; 6 - camera, 7 - NIR LED; 8 - cover; 9 - body, 10
- cassette; 11 - guide; 12 - needle; 13 - test tube, 14 - sealant; 15,16 - screw M2
(M3); 17 - outer case; 18 - protective plate; 19 - stand

Source: developed by the authors
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Then the tissue is punctured with the help of a nanoneedle and after the motor
reaches the extreme position, the microcontroller sends a signal to reverse (Fig.5).

Fig. 5. The replaceable block of perforation
Source: developed by the authors

The needle comes out of the tissue and with the help of the vacuum that arises
between the object of blood collection and the attachment of the needle due to the
design of the module body, the vessel is filled with blood for further analysis.
Sterility of the device is provided by the replaceable block of perforation.

Summary and conclusions

It can be concluded that the development of an automated blood sampling
module for an automated biometric system will help to obtain high-quality samples
for successful blood testing and reliable and timely diagnosis.
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Anomauia. Y Oawuiti cmammi 0OIPYHMOBAHO AHANI3 ICHYIOYUX Memodie 3a0opy Kposi ma
po3pobnena ix Knacughikayis. 3anponoHo6ano CMpPYKMYpHO-QYHKYIOHANbHY CcXemy NYHKYIQ
Oiono2iunoi mKaHuHu 01 3a00py 6i0OUMKI6 NANLYIE: AKA MICmMumb cucmemy NOwyKy ma
BUSIBIIEHHSL CYOUH 3a OONOMO20H0 MAWUHHO2O 30pY Ma aA8MOMAMUYHO20 Ni0O0pY HeoOXiOH020
00’emy 3paska kposi. Pospobneno 3D modeni mooyns nepgopayii wkipu Ons 3a60py Kposi
aBMoMamu308aHi OiomempuiHi cucmemu.

Kniouogi cnosa: xaninapra kpog, biomempuyna ioenmugixayis, 6io102iuHa NYHKYIs MKAHUH,
asmMomMamuyHa cucmema, OUHAMIYHI Memoou, asMoOMAMUYHUll MoOYab, 3a0ip Kpoei, nepgopayis,
Kaacughikayis Memoois, MOOen08aAHHS.
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Abstract. An overview of the LoRaWAN network was identified, the advantages and
disadvantages of its use were identified. The analysis of technical characteristics of the wireless
data transmission system to solve the problem of building intelligent power supply systems is
performed. Estimated data on the speed of information transmission of broadband radio signals are
given. The form of the linear-frequency modulation signal in the time domain at different spectrum
expansion coefficients is given. The complex signal at the output of the Fourier transform unit is
calculated according to the LoRa signal receiver scheme carrying the physical layer data block.

Key words: LoRaWAN network, linear frequency modulation, broadband radio signal, power
supply system.

Introduction.

The creation of intelligent power supply systems involves the use of intelligent
electricity meters that monitor the state of the network, namely the measurement and
transmission of both quantitative indicators of electricity and qualitative indicators
such as power factor, harmonic composition of currents and voltages in the grid, the
share of reactive power [1, 2].

The creation of such intelligent power supply networks makes it possible to
provide adaptive solutions in the field of electricity generation from alternative
energy sources, as well as the management of active filter-compensating devices. To
build such a network, it is necessary to study the possibilities of using different
physical data interfaces between measuring devices and the network driver. One of
such options is the use of LoRaWAN networks [3, 4]. LoRa (Long Range)
technology was developed to adopt and promote the LoRaWAN protocol as a single
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standard for low-power global networks [5, 6]. The LoORaWAN network consists of
the following elements: application server, network server, gateway and end device

(Fig. 1).
[ Application server }

4

[ Network server ]

% Ethernet, WiFi, 3G, 4G

C Gateway ]
%} Modulation LoRa
End device ] C End device ) C End device ] ( End device )

Figure 1 — LoORaWAN network architecture

The LoRaWAN network has a star topology, so end devices communicate with
the network's central server through gateways that form transparent bridges. This
approach assumes that the gateways and the central server are managed by the
network operator and the end devices by the subscribers. Subscribers have the ability
to transparent bidirectional and secure data transmission to end devices [7, 8].

The advantages of the LoRaWAN network include:

— long range (up to 10...15 km) signal transmission compared to other wireless

technologies used for telemetry;

— low power consumption of end devices, thanks to the minimum energy
consumption for the transmission of a small data packet;

— high penetrating power of radio signal in urban development when using sub-
GHz frequencies;

— high scalability of the network in large areas;

— no need to obtain a frequency license and a fee for the radio frequency
spectrum, due to the use of unlicensed frequencies.

The disadvantages of the LoRaWAN network include:

— relatively low bandwidth, which varies depending on the technology used at
the physical level (ranging from several hundred bit/s to several tens of
kbit/s);

— delay in data transmission from the sensor to the final application due to the
time of radio signal transmission (can range from a few seconds to several
tens of seconds);

— lack of a single standard that defines the physical layer and access control for
LPWAN wireless networks;

— spectrum noise risks of the unlicensed frequency range.
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LoRa is considered a very promising technology, which should become an
integral part of the huge market of devices with an industrial base of support [9, 10].
It is believed that LoORaWAN is a technology that complements LTE variations with
the intention of serving different application segments [11, 12].

LoRa technology combines the method of LoRa modulation in LPWAN
wireless networks and the open LoRaWAN protocol [13, 14].

The key advantages of LoRa technology are:

— possibility of autonomous operation of end devices up to 10 years from one AA
battery due to ultra-low power consumption of LoRa modems (in data reception
mode — from 9.7 mA, in transmission mode — from 40 mA, in sleep mode —
200 nA);

— high noise immunity due to the possibility of demodulation of signals at the
level of ~ 20 dB below the noise level.

LoRa is known as an affiliate-level technology that, using its own extended-
spectrum technique, modulates signals in the subGHz ISM band. The applied method
of using the technique of radio-modulation Chirp Speed Spectrum (CSS) to propagate
a narrowband input signal to a wider bandwidth provides bidirectional
communication [15, 16].

Thus, the creation of a data transmission system in intelligent power supply
systems with the integration of LoRa technology is an urgent unsolved task.

The purpose of the work is to analyze and study the technical characteristics of
the wireless data transmission LoRa technology, which will improve the data
transmission system in intelligent power supply systems. To achieve the purpose, the
following tasks were set:

— to analyze the technical characteristics of the wireless data transmission system;

— to calculate the speed of information transmission of broadband radio signals.
Main text.

The physical radio interface of LoRa is based on the use of broadband radio
signals with base B. This type of radio signal has two main features:

— the spectrum width of the B radio signal is much greater than the data rate Ry;

— the correlation function is much narrower than the correlation function of the
narrowband radio signal with the base B~1.

Frequency redundancy of a broadband radio signal causes its high resistance to
interference, and narrow correlation function — high accuracy of time synchronization
[17, 18].

Broadband radio signal LoRa i1s a signal with linear-frequency modulation
(LFM) or CSS (Chirp Speed Spectrum). The frequency of the CSS radio signal can
both increase (up-chip) and decrease (down-chip). Mathematically, the chirp signal is
given as an expression [19, 20]:

x(t):AO-cos(a)O-t+§-t2), (1)

where wo — central (carrier) frequency of the radio signal; u — the rate of change of
the frequency of the radio signal.
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BW
H=" 2)
T;ym
where BW — radio signal spectrum width, T, — radio signal duration.
2SF
T = , 3

where SF — spectrum expansion coefficient.

Spectrum expansion coefficient SF’ determines the bit size of the data symbol (in
bits) transmitted via the radio interface over time Zyn.

In the Table 1 shows data on the data rate at a frequency of 125 kHz for
different encoding speeds [21, 22], calculated by the expression:

BW
R,=SF - S 4

Table 1 — Calculation data on the speed of information transfer

Ry SE7 SF8 SF9 SF10 SF11 SF12
CR =1 bit/s
(without coding 6,835.94 | 3,906.25 | 2,197.27 | 1,220.70 | 671.39 | 366.21
FEC)
CR = 4/5 bit/s 5,468.75 | 3,125.00 | 1,757.81 | 976.56 | 537.11 | 292.97
CR = 4/6 bit/s 4,557.29 | 2,604.17 | 1,464.84 | 813.80 | 447.59 | 244.14
CR =4/7 bit/s 3,906.25 | 2,232.14 | 1,255.58 | 697.54 | 383.65 | 209.26
CR = 4/8 bit/s 3,417.97 | 1,953.13 | 1,098.63 | 610.35 | 335.69 | 183.11

In Fig. 2 shows the appearance of the linear-frequency modulation in the time
domain. In Fig. 3 and Fig. 4 shows the spectrum with BW = 125 kHz and a base equal
to 128 (spectrum expansion coefficient SF'=7) and 4096 (spectrum expansion
coefficient SF = 12), respectively.

1.0

o6 | N A

PP SRR U W SO DO L WO LS O S S R A A A

-0.2

-0.6

--------------------------------------------------------------------

-1.0

0 1 2 3 4 5 6 7 8 9
Figure 2 — Linear-frequency modulation signal

t, ms

LoRa transmitters generate CSS radio signals with a spectrum width (BW) of
125, 250 or 500 kHz. At a fixed width of the spectrum of the BW radio signal, the
change of its base is carried out due to the change of the duration 7, and the rate of
change of the frequency u (Fig. 5).
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Figure 3 — The spectrum of the linear-frequency modulation signal (B = 128)
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Figure 4 — The spectrum of the linear-frequency modulation signal (B = 4096)
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Figure 5 — CSS radio signals

LoRa technology uses an asynchronous receive-transmit mode, in which the
transmitter can start generating a radio signal at any time. In this case, you need a
mechanism that synchronizes the receiver with the signal from the transmitter. The
preamble preceding each session is used as such a mechanism. The preamble includes
a sequence of symbols that allows the receiver to detect transmitter activity,
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determine the spreading factor (SF) used by the transmitter, and perform symbolic
synchronization. The duration of the preamble is a configurable value and should be
not less than 7 + 2 - 75, where T determines the maximum time the receiver is in a
state of "sleep", 7> — determines the search time of the receiver preamble.

After the preamble is completed, the word synchronization (Sunc Word) and the
physical level data block. The length of the sync word is set from 1 to 8 bytes. The
LoRa specification defines a number of Sync Word specific values — 0x34 for public
networks, 0x12 — for private networks and 0xC194C1 — for channels with FSK
modulation.

In Fig. 6 shows the general structure of the frame, which provides the
transmission of one block of data.

The mechanism of operation of the preamble detector is based on the use of a
matched filter, the pulse response of which is integrated with the CSS radio signal in
the frequency domain and has a mirror image of it in time [23, 24]:

h(t):Al-cos[a)n-(ﬂym—t)—g-(fw—t)zj. (%)

\E requency

BW

Data block

~ - Captures the beginni Time
. Provides firame detection : aptures the beginning
= o of a data block

Preamble
Figure 6 — Structure with transfer of one block of data

The principle of transmission of information symbols of the physical level data
unit (PHY DATA UNIT) using the broadband radio signal LoRa is the frequency

offset e/*“** relative to the reference linear-frequency modulation radio signal

M) where k=0, 1, 2, ..., 25 is the information symbol, SF bit size (Fig. 7)
25, 26].

-

-COS| @ -t+Aa)-k-t+ﬁ-t2
AO n 2 >

x(r)= (6)
Ao-cos(a)n-t+Aa)-k-t—BW-t+§-t2].

The dependences of the radio signal frequency on the LoRa time of the frame
are shown in Fig. 8.

The scheme of the receiver of the LoRa signal, which carries the data block of
the physical level, is shown in Fig. 9.
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Figure 7 — Transmission of data block information symbols
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Figure 8 — Modulated signal frequency

According to Fig. 9 reference linear-frequency modulation signal is determined
by the expression:

c(t):Al-cos(a)H-t+§-t2J. (7)

The de-chirped signal is determined by the expression [27, 28]:

4,4 cos(Aw-k-t)+cos(2-a)H-t+Aa)-k-t+,u-t2),

(1) 5 (8)

cos(BW—Aa)-k-t)+cos(2-a)H -t+Aa)-k-t—BW-t+,u-t2).
The characteristics of the output signal and de-chip signal are shown in Fig. 10
and Fig. 11 respectively.
Rejecting in the expression for y(¢) the second terms in curly braces (as high-
frequency components) obtain:

- et

2 cos([BW—Aa)-k]-t). ®)
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C(f)

X(t)=x(1)+n (1)
>@

y(t) =y(t)+n, (1)

C )

+ Y (@)=Y ‘(@)+N, (o)
Function making decision Z(co)

¥ @=0.. 2147 @=5%.8w)

Y Ze)=Z) N, ©)

Search for the maximum value of the function E(a))

k—;)max Z(w=w, ) =MAX[Z(w)]
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Figure 9 — Scheme of the receiver of the LoRa signal
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Figure 10 — Characteristic of the output signal
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At the output of the Fourier transform unit (FFT") obtain a complex signal:
. T,

sm[(a) — Awk)- 0}
© ] - Aa)k) 2

V()= ] o(r)- e ar =2t _
= (a)—Aa)k)-z0

+
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Figure 11 — Characteristic of de-chipped signal

Next, get rid of the last two terms, which have a significant impact in the field of
negative frequencies and almost no effect in the field of positive:

Y (0)=Y(0)+Y,(0); (11)
T
o sin{(a)—Aa)k)-O}
(o)=L —2; (12)
(a)—Aa)k)-zo
) sin{(a)—(BW —Aa)k))- (];ym;T())}
A ] a)— BW Aa)k)) 0+2T

(a)—(BW — Aa)k))-
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The signal at the output of the FFT unit is shown in Fig. 12.

----------------------------------------------------------------------------

96 120 144 168 192 216 | 240 n
ZFSH—k

Figure 12 — The signal at the output of the FFT unit

In order to avoid overlapping of two terms Y +(a)) at different values of %, an
inequality must be satisfied [29, 30]:

Aa)<%. (14)
Therefore,
BW
SF+1
p 2Tk 6
0~ 2SF+1 sym* ( )

The next step calculates the decision function Z (w), which is the sum of the
modules of the function Y; (w) and the function Y, (), mirrored relative to the point
w = BW:

Z(0)=Y(0)+Y,(BW —0)~Y" (0)+Y" (BW -w), (17)

where w = O%

Finally, determine the value of the information symbol k£ decoded by the
receiver.

To do this, find the frequency w at which the decision function Z (w) acquires
the maximum value (@Wmax):

Z(0=w,,)=MAX|Z(0)]; (18)
a)max
k== (19)

In Fig. 13 shows the functions making decisions Z (n) for different values of &.

For the successful operation of any information exchange system requires
mutual synchronization of the receiver and transmitter, which allows you to
determine the time limits of reception and transmission of the entire data block (or
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frame) and single characters.
Z(n)
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Figure 13 — Function making decision Z (n) for kj...ks

Summary and conclusions.

Based on the research, the following conclusions can be drawn:

— the analysis of technical characteristics of wireless data transmission system is
carried out and it is proved that on the basis of LoORaWAN technology it is possible to
create a system of accounting of consumption and analysis of quality of electric
energy in intelligent power supply systems;

— the calculation of the data rate of broadband radio signals is given and it is
established that for the successful functioning of any information exchange system it
1s necessary to synchronize the receiver and transmitter in order to determine the time
limits of reception and transmission of the whole data block and single symbols.
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Anomauia. Ilposeoeno oenso mepexci LoRaWAN, eusnaueno nepesacu ma HeOONiKu ii
BUKOpUCMAHHSA. BUKOHaHO auaniz mexHiunux xapaxmepucmux 6e30pomogoi cucmemu nepeoadi
0anux 01 GupiuleHHs 3a0adi NnodY008U ITHMENeKMYANbHUX CUCeM  eleKMPONOCMAYaAHHS.
Ilpugedeno pospaxynxoei Oami 3a weuoxkicmio nepeoaui IHopmayii  WUPOKOCMY208UX
paodiocuenanis. Hasedeno uensio cueHany AiHiliHO-4acmomHoi MOOyIAYyii 6 yacosii ooracmi npu
Pi3HUX Koeghiyienmax po3wiupents cnekmpy. Bionogiono oo cxemu nputimaya cuenany LoRa, wo
nepeHocums 010K OaHUX (Di3UUHO2O DIi6HSA, PO3PAXOBAHO KOMNIEKCHUU CUCHA HA BUX00I 00Ky

nepemeopenus Pyp’e.
Kniwowuosi cnosa: mepesca LoRaWAN, ninitino-uacmomua MoOOYIAYIA, WUPOKOCMY208ULL

padiocuenaﬂ, cucmema eeKkmponocmadantsl.
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Abstract. The article provides a brief overview of the basic principles of wastewater treatment
by hydrodynamic cavitation and considers its advantages. In particular, the provision of the
necessary degree of purification with minimal energy costs is considered. In addition, the results of
theoretical and experimental studies for the development of the technology scheme concept to
intensify the process of treatment of dairy industry sewage with the use of hydrodynamic cavitation
method are presented. The regularity of change in processing time and influence of cavitation
mechanisms on technological parameters of milk whey and wastewater has been established. It is
determined that the cavitation method of wastewater treatment can used as an independent method
and combined with other methods.

Key words: scheme of technology, cavitation method of purification, milk whey, wastewater.

Introduction.

In recent years, the requirements for the content of pollutants in production
waste have been increasing. In particular, in the wastewater of dairy industry
enterprises that fall into treatment systems. These effluents are a complex
polydisperse system and belong to the category of highly concentrated (organic
pollution) and class IV hazardous substances (little dangerous) [1, 2]. Sewage wastes
of the dairy factory consist of industrial waste products — water from rinsing, sludge,
permeate, salty milk whey, production and sanitary defect and is cleaned at local
treatment plants of the enterprise in accordance with the requirements of regulatory
documentation in the field of water supply and sewerage at the enterprise [2—4]. After
which they enter water bodies or the city sewerage system.

Research methodology.

This article considers the concept of a scheme technology for the intensification
of the wastewater treatment process of the dairy industry using controlled
hydrodynamic cavitation. In practice, the phenomenon of hydrodynamic cavitation
occurs in hydraulic systems, where the fluid liquid enters to zone of local narrowing
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with subsequent expansion, for example, in diaphragms, locking and regulating
devices and others. In industrial conditions for obtaining hydrodynamic cavitation,
special devices are used — cavitators in the form of impeller or turbines, which turn
mechanical energy into hydraulic energy by creating cavitation on vanes.
Hydrodynamic cavitation creates strong discrete-impulse dynamic effects on the
disperse system that is processed. It also creates a directed effect on micro- and nano-
levels on submolecular structures, cells of microorganisms, controls the kinetics of
heat transfer and mass transfer processes, the course of chemical and biochemical
reactions in solutions. The influence of hydrodynamic cavitation on the
intensification of heat transfer and mass transfer processes, the course of chemical
and biochemical reactions in heterogeneous systems can be determined using
mathematical models of the process of formation and growth with the subsequent
evolution of steam and gas bubbles, the dynamics of the bubble ensemble [4—6].

The main criterion of efficiency and practical feasibility of using controlled
hydrodynamic cavitation is to increase the productivity of the technological line
while reducing energy costs.

Wastewater treatment it carried out at objects of periodic action — devices and
ponds. This reduces the quality of the cleaning process, which depends on the
possibility of its automation, the controllability of the impact throughout the volume
of the object. The use of hydrodynamic cavitation to intensify the process of
wastewater treatment in continuous devices will reduce cleaning time, energy costs,
reduce production areas, metal consumption, carry out wastewater treatment without
the use of chemical reagents or reduce their use.

To develop the scheme of technology (Figure 1), we used a cavitation reactor for
grinding fibrous materials [7]. The liquid part of 1 cavitation reactor consists of a
impeller (cavitator) planted on the shaft of an electric motor 2 equipped with a

frequency converter, a standard confusor, neck (diameter 55 mm, length 67.5 mm)
and diffuser.

Fig. 1 - Scheme of cavitation reactor
1 — flowing part; 2 — electric motor; 3 — reservoir

According to the results of preliminary studies of the hydrodynamic
characteristics of impellers for the technological process of wastewater treatment, an
impeller with a diameter of 45 mm selected (the ratio of the impeller diameter to the
neck diameter is 0.67). Such parameters provide satisfactory generation of steam and
gas bubbles and the ability to adjust their diameter and evolution at a given fluid
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speed in the neck of 6.8+8.2 m/s and pressure in the impeller area of 0.15+0.22 MPa.

The study carried out with the duration of processing 90 s and different values of
the number of cavitation — 1.8; 0.6 and 0.3 on two liquids. The first is milk whey (is
one of the largest pollutants of wastewater — 1 ton of milk whey pollutes the reservoir
as 100 m?® of household effluent [1]) with chemical oxygen consumption indicators of
75 mg/1 and biological oxygen consumption 53 mg/l. The second — wastewater of the
dairy plant (without domestic, rain and drain drains) with chemical oxygen
consumption indicators of 1440 mg/l and biological oxygen consumption 1200 mg/I1.
Experiments were carried out at a liquid temperature of 20°C. The study used
standard and special methods [8, 9] to assess the technological parameters of milk
whey and wastewater. The results of experimental studies were process by methods
of mathematical statistics [10].

During the study, the influence of processing time in cavitation conditions on
the dispersion of the fatty phase of milk whey with a fat content of 0.2%, the effect of
purification of milk whey by fat, suspended substances, chemical oxygen
consumption and biological oxygen consumption studied.

It is known [6] that the dispersion of the fat phase occurs during the first seconds
of processing, after which the balance between the processes of dispersion and
coalescence is established.

Analysis of the obtained fractional distribution of the size (diameter) of fat drops
of milk whey (Figure 2) shows that with a processing time of 90 s and the number of
cavitation 0.3, the average diameter of fat drops is 2.6 microns. At the same time, the
vast majority are fat drops with a diameter of less than 2 microns.
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Fig. 2 — Fractional distribution of the size (diameter) of fat drops of milk whey
after 90 s of cavitation treatment at different values of the number of cavitation:
l-06=03;2—-0=0.6;3—0=1.8
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Figure 3 shown the results of the study of the effect of cavitation treatment
duration (at the value of the number of cavitation 0.3) on the effect of purification of
milk whey by fats, on suspended substances, chemical oxygen consumption and
biological oxygen consumption. It is established that with an increased duration of
processing, the concentration of fat decreases by 22%, suspended substances by
15+18%, chemical oxygen consumption by 8+10% and biological oxygen
consumption by 3+5%.
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Fig. 3 — Dependence of the effect of purification from the duration of cavitation
treatment a - milk whey; b - sewage:
1 — of fats; 2 — in suspended substances, 3 — by chemical oxygen consumption;
4 — by biological oxygen consumption

Figure 3b shows the results of the study with similar treatment parameters for
the effect of wastewater treatment of fats, suspended substances, chemical oxygen
consumption and biological oxygen consumption.

From the resulting dependence, it can be seen that with a duration of cavitation
treatment of 6090 s with a cavitation number of 0.6+0.3, the concentration of fat
decreases by 20+25%, suspended substances by 22%, chemical oxygen consumption
12+15%, biological oxygen consumption by 9+12%.

Conclusions.

The results of conducted experimental studies on the study of regularities of
purification of milk whey, sewage in cavitation flow show that the effect of
purification during cavitation can be, achieved in a short time than in turbulent
stirring. The above results of the study and methodology can be considered as the
basis for further study of the cavitation method of wastewater treatment, which can
potentially be used as an independent method and in combination with other methods
of purification.
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Anomayia. B cmammi nageoeHo KOpomKuil 021510 OCHOBHUX NPUHYUNIE 0OPOOKU CMIYHUX 800
MemoooMm 2i0poOuUHaAMiuHOl Kasimayii ma posenaHymo ii nepeeacu, 30Kpemd, 3a0e3neyeHHs
3a0aH020 CMYNEHI0 OYUCMKU NpU MIHIMATbHUX eHepeemuyHux 3ampamax. Takodc 6 podoomi
HABEO0eHO pe3yIbmamu meopemudHux ma eKCnepumeHmanroHux 00CiiO#CeHb 3 po3poOKY KoOHYyenyii
cxemu mexuono2ii i iHmencugikayii npoyecy ouuwjeHHs 8i0X00i8 SUPOOHUYMBA CMIYHUX 800
MOJIOYHOI NPOMUCTIOBOCME 3 3ACMOCYBAHHAM Memoody 2i0poOuHamiyHoi kaeimayii. Bcmanosnena
3AKOHOMIpHICIb, 3MIHU YAcCy 00poOKU ma 6nau8y KAGiMAayillHuX MeXaHi3mié Ha MeXHOA02IYHI
napamempu cupoeamku MOJIOKa ma cmiuHi 6o0u. Busnaueno, wo xasimayitinuii Memoo o4uujeHHs
CMIYHUX 600 MOMNCHA BUKOPUCMOBYBAMU 5K CAMOCHMIUHUL Memo0 makx i 8 NOEOHAHHI 3 THUUMU
Memooamu.

Knrouosi cnosa: cxema mexuonoeii, kagimayiuHuti mMemoo OYUWeHHs, CUPOBAMKA MOJOKA,
cmiuHi 600U.
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Annomayusn. B pabome nposeden ananusz uUcCmouyHuKo8 o00OpA308aHUL OMPAOOMAHHBIX
ANNEKMpOoIuUmos8  2ajlb6aAHUYECKO20 npou%odcmea. Tokasana Heobxooumocmos pa30€ﬂbH020
omeeoeHus NPOMbIEHbLX CMOYHbIX 600 U ompaéomaHHblx NEKmMpoaumos C ux I’lOCJZé()_)ﬁOIM@IZ
nepepabomkou. Ilpedcmagnenvl  803MOJICHbIE — 8APUAHMBL  NEPEPADOMKU  OMPAOOMAHHBIX
INIEKMPOTIUMOE. Hpe()ﬂoafcena NPpUHYUNUAIbHAA mexHoocuvecKka cxema nepepaéommt
0mpa60maHHblx JIEKMPOIUMO8 YUHKOBAHUA C NOJNYHYEHUEM NUSMEHNOE. chanoeﬂeHo, umo
nuzmenntvl, NnoJjy4€HHsvle U3 0mpa60maHHbzx INIEKMPOIUMOE8 YUHKOBAHUA, NO C60UM CBOUUCMBAM
(MGCCOGCZ}l 007151 OCHOBHO20 KOMNOHEeRma, maccoeas 0015 GOC)OPCZCWI@OPMME)IX eeuecme, 6€JZM3HG,
ocmamox nocie npoceusanusi Ha cume Ne 0056) ne ycmynarom npouzeooum 8 Hacmosujee 8pems
HA MUpPpOB0OM DblHKE bOenvimM nuSMeHmam Ha OCHO8e gbocqbama YUHKA.

Pesynomamor  nposedenuvix ucciedosanuii No360J8M pPACUUPUMb CbIpbedyio 0a3y O
npou3800Cmea NUSMEeHMOo8, a mMAaKdce pewums npoodiemy nepepabomku ompadomaHHbIX
INIEKMPOIUMOE cAlb8AHUHECKO2O npouseodcmea.

Knrwuesvie cuoea: 2ajlb8arHUuvYecKkoe np0u3eodcm60, YUHKOBAHUE, 0mpa60maHHblL?
aneKmpoaum, nepepaboma, nuemenm, gocgham yuuka.

Beryniienue.

['anpBaHWUYECKHE TOKPBITHS HAIUIM IIMPOKOE NPUMEHEHHE B PA3JIMYHBIX
OTpacisiXx  MPOMBIIIJICHHOCTH:  aBTOMOOMJIBHOM H  CEJIbCKOXO3SIMCTBEHHOM
MalTUHOCTPOCHUH, AaBHAIMOHHO-KOCMUYECKONW TMPOMBINIJICHHOCTH, TPUOOPO- W
CYJOCTPOCHHUHU, METAuI000paboTKe, MEIUIMHCKON MPOMBIIUIEHHOCTH U JIp.
Homenkiiatypa HAaHOCUMBIX MMOKPBITHM 3aBUCUT OT LIEJIEBOTO HA3HAYCHUA U3Aenui. B
1IEJIOM TI0 BUJIaM MOKPBITHN 00BEM MPOW3BOJACTBA paclpeesieTcsl B MPOIEHTHOM
COOTHOILIEHUH CIEAYIOIMM o0pa3zoM: nuHkoBanue — 40...50 %, HukenupoBaHue —
8...10 %, menuenue — 7...8 %, xpomupoBanue — 7...8 %, kanmupoBanue — 4...5 %,
nyxenue — 3...4 % u apyrue — 15...33 % [1].
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OnHoOMl M3 aKTyallbHbIX MPOOJIEM TallbBAHUYECKOTO MPOU3BOJICTBA SIBIISAETCS
MOCTYIUIEHUE B OKPY>KAIOIIYIO CPEy COCTMHEHUN TSMKEIbIX METAJJIOB B PE3YJIbTATE
ero pynkunonuposanus [2, 3]. CornacHo mikajie ctpecc-hakTopoB MO BO3IEHCTBUIO
Ha YEJIOBEYECKUIN OPraHU3M HMOHBI TSKEIbIX METAILUIOB HAXOIATCA HA MEPBOM MECTE
(136 GamnoB), 3HAUUTENHLHO oOmepexas pasznuBbl Hedptu (72 Oamna), XUMHUYECKUE
yaoOpenus (63 6amna) u paauoakTuBHbIE 0TX0 b1 (40 6amioB) [4].

HauGonbiee Bo37eiCTBHE TalbBaHMYECKOE TIPOM3BOJICTBO OKa3bIBaeT Ha
rugpocdepy BCIEACTBUE OOJBIIOT0 KOJIUYECTBA CTOYHBIX BOJI, IEPBOE MECTO Cpelr
KOTOPBIX MO 00beMy 00pa3oBaHMsS 3aHUMAIOT IPOMBIBHBIE CTOYHBIE BOJbI. OHHU
00pa3yroTCs MPU MHOTOYUCIIEHHBIX OMEPaIlMsIX MPOMBIBKHU JIeTaleld MEXy CTaIusIMU
TEXHOJIOTUYECKOTO TMpollecca W XapaKTEPU3YIOTCS OTHOCUTEJIBHO HEOOJIBIION
KOHIIEHTPALMEN HMOHOB TSDKENBIX METAUIOB (MAKCUMAJIBHO 10 5 T/aM°, OOBIYHO
0,1...1 r/am*) [3], HO 3HAuYMTENBHBIMM OOBEMAaMHU. B cOCTaB MPOMBIBHBIX CTOYHBIX
BOJI BXOJAT CBOOOJHBIE MUHEPAJIbHBIE KHUCIJIOTHI, IIEJIOYU, COJIM I[MHKA, HUKEJS,
MeJId, KaAMUS U IPYTUX METAJJIOB B 3aBUCUMOCTH OT BUJ]a HAHOCUMOT'O MOKPBITHSI.

JInsi OYMCTKM MPOMBIBHBIX CTOYHBIX BOJI TajJbBaHUYECKOrO MPOU3BOJICTBA
pa3zpaboTaHo OOJbIIOE YHCIO METOAOB: XMMHUYECKUN (pEareHTHBIM) METOJ,
rajbBaHOKOAryJIsIus, AIEKTPOKOATYJISIUA, copOIus, HMOHHBIN oOMeH,
ANEKTPOUATN3, OOPATHBI OCMOC, YAbTpaQUIbTpalivsi, MEMOpPaHHBIA METON U Jip. B
pamkax [‘ocymapCTBEHHOM IIpOrpaMMbl Hay4dHBIX ucclenoBanui «MexaHuka,
TEXHUYECKass JIMAarHOCTHUKA, METAJUIyprus», moanporpaMmbsl «[ anpBaHnuecKue
TEXHOJIOTMM U o00opynoBanusi» [5], Ha Kadenpe NPOMBIIUIEHHON HKOJIOTUU
benopycckoro  rocyaapCTBEHHOIO0  TEXHOJOTMYECKOTO  YHMBEpPCUTETa  ObLIO
MPOBEJICHO 00cCIieIoBaHUE OOOPYJAOBaHUS U TEXHOJOTUM OYUCTKH CTOYHBIX BOJI
raJIbBAHUYECKUX LIEXOB (YUACTKOB) O€JIOPYCCKUX MpeAnpUsiTHil. B0 ycTaHOBIIEHO,
YTO Ha BCEX MPEANPHUATHIX UCIOJIB3YIOTCS TAKUE METO/Ibl OUUCTKHU, KaK peareHTHbIN,
ANEKTPOKOATYJIANMS M TallbBaHOKOAryJsamus. WX oOmmMM HEZOCTaTKOM SBIISIETCS
oOpa3zoBaHue OOJIBIIIOTO KOJIMYECTBA OCAJKOB CTOYHBIX BOJ. Takxke B MOCIEAHEE
BpeMmsi B PecnyOnuke benmapych mosydaer pacmpocTpaHEHHE Croco0 CTaTHYECKOM
rajlbBAaHOKOATyJISIIMM, COBMEIIICHHOW C 3JIEKTPOMOHHOM cemapanuer. B gactHoCTH,
Takoi crnocod pazpadoran OO0 «DnekTpoTeke» (r. MUHCK) U BHEIPEH JUIsl OUYUCTKH
CTOYHBIX BOJI TrajabBaHuueckoro mnpousBoiacTBa Ha OAO «MuHCKUNA 3aBOJ]
«TEPMOIIIACT», VII «3aKuc» OO «benTU3» (r. ITunck), OAO «bopucoBckuii
3aBoji arperatoB», OAQO «I'poJHEHCKUI 3aBOJ TOProOBOr0 MAIIMHOCTpoeHUs». Ha
HEKOTOPBIX  TPEANPHUATHSAX  JJI1  JOOYNCTKA  IMPOMBIBHBIX  CTOYHBIX  BOJ
rajbBaHUYECKOI0 MPOU3BOICTBA UCIIOIB3YIOTCS COPOIITMOHHBIE METO/IBI.

Taxke B pamMKax BBINOJHEHUS  BBIIIEHA3BAHHOM NPOrpaMmbl  OBLIO
YCTaHOBJICHO, YTO B OOJBIIMHCTBE CIIy4aeB BMECTE€ C MPOMBIBHBIMH CTOYHBIMH
BOJaMU Ha OYHUCTHBIE COOPYKEHMSI TOCTYMalOT OTPaOOTAHHBIE DIEKTPOJIUTHI,
KOHIICHTpAIU MOHOB TSHKEIbIX MeTaioB B KOTOphIX B 50...100 pa3 Beimie [5] u
cocrapiger 100...150 r/mm® [6, 7]. OmHako, BCIAEACTBHE MX Majoro o0beMa M
MEePUOIUYHOCTH 00pa3oBaHMs, OTPAOOTAHHBIM DJIEKTPOJIUTAM TabBAHMYECKOTO
MIPOU3BOJICTBA B HACTOSIIEE BpeMsl HE yJAENseTcs JIOKHOTO BHUMaHus. Bmecte ¢
TEeM, XOTS 00BEM COpachIBAEMBIX OTPAOOTAHHBIX JJIEKTPOIUTOB COCTABIISIET BCETO
2...3 % ot oO0mero KOJU4ecTBa CTOYHBIX BOJ TallbBAHUYECKOTO MPOM3BOJICTBA,
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UMEHHO C HUMHU Ha OYUCTHBIE coopykeHus noctynaet oT 40...70 % 3arps3Hstounmx
BeIiecTB [8].

[Ipy rpamMOTHON HKCIUTyaTallMd >JIEKTPOIUT MOMXKET CIYXHUTh JIOCTaTOYHO
mmTenbHOoe BpeMsi. OCHOBHOUM MPUYMHON MOTEPU €T0 PaOOTOCIIOCOOHOCTH SIBIISIETCS
3arpsA3HEHUE BPEIHBIMU TMPUMECSIMHU (MOHAMHU METAJUIOB, IMPEXKJE BCEro, Keyesa,
OPTraHUYECKUMU COCTUHEHUSIMH, TPOAYKTaAaMHU Pa3NIOKEHHsS OJieckooOpa3zoBaTesei,
cMauuBaTeleil W JIp.), KOTOpbIE MOMaJat0T B BaHHY BCJEACTBUE XHUMHUYECKOTO
B3aMMOJICUCTBHS IIEKTPOIUTA C 00padaThIBAEMBbIMU M3ACIUSIMH JIUOO B pe3yibTaTe
MOCTYIUICHUS WX W3 TpeAmecTByrommx BaHH. C  1elbl0  BOCCTAaHOBJICHUS
paboTOCIIOCOOHOCTH 3JIEKTPOJIUTHI MOJBEPratoTCs perenepanuu. Peanuzanus 3Toro
nmpolecca, Kak MpaBUJIO, OCYIIECTBISECTCS IMYTEM CO3[aHUS  HENpPEpPBhIBHO
(YHKIMOHUPYIOIIETO  3aMKHYTOT'O  KOHTYypa  «TEXHOJIOTMYECKas  BaHHAa  —
pereHepaloHHas ycTaHOBKa». KolnuecTBO LMKIIOB pereHepaluyd BEJIUKO, OJHAKO
OTPAaHUYEHO BCJEACTBUE HAKOIUIGHUSI MpHUMECEH, YyJaJeHUEe KOTOPbIX HE
MPEJCTABIACTCS BO3MOXKHBIM. 3aME€HA 3JIEKTPOJUTOB HA PA3TUYHBIX MPEATPUITUAX
MPOUCXOJIUT C PA3IMYHON MEPUOJUYHOCTBIO — OT OJIHOTO pa3a B HEAENIIO JO OJHOTO
paza B HECKOJIBKO JieT [5]. 3aMeHy 3JIEKTPOJIMTOB OCYILIECTBISIOT TaKXKe B CiIydae
M3MEHEHHUSI HX COCTaBa, HalpuMep, MPU CMEHE HOMEHKJATYypbl BBIMYCKAaEMbIX
W3JIeTUH, TIPU TIepeXo/ie Ha HOBBIE 0J1€CKO00pa30BaTEeH | T. I,

BBICOKOKOHIIEHTPUPOBAHHBIC CTOYHBIE BOJABI TEPHOIUYECKA O0Opa3yroTcs B
BaHHAX YJIaBIMBaHUS (BaHHAX HEMPOTOYHON NPOMBIBKM). BaHHa ynaBiIuBaHUS
UCIIOJIb3YETCsl JJII CHIXKEHHSI BBIHOCA KOMITIOHEHTOB JJIEKTPOJIUTa B TMPOMBIBHBIC
CTOYHBIE BOJBI, a TAaKXKE JJIsI BOCCTAHOBJIEHHMS] OOBEMa BJIEKTPOJIUTA BCIEICTBUE
ucnapeHus npu HarpeBe BaHHbL. Cojep’kaHH€ KOMIIOHEHTOB B pacTBOpax BaHH
yJIaBJIMBaHUS MPONOPIUOHAIBHO UX COIEPKAHUIO B AJIEKTPOJIUTE U MPHU TOCTATOYHO
nuTenbHoM padbote mocturaet oT 30 % [6] 10 50 % [9] oT koHIIEHTpalK B paboueM
anekTposute. [Ipu HOCTHXKEHUHM 3TUX 3HAYEHUM MPOU3BOIAT 3aMEHY 3arpsi3HEHHOU
BOJAbl B BaHHAX HEMPOTOYHON MPOMBIBKH, YTO TMPUBOAUT K OOpa30BaHUIO
KOHIICHTPUPOBAHHBIX ~ OTPAOOTAaHHBIX PACTBOPOB, OJM3KMX TO COCTaBy K
OTpa0OTaHHBIM JJIEKTPOJUTAM, KOTOPBHIE B JaJbHEHINIEM B JaHHOW pabOTe TaKxKe
OyIyT paccMaTpuBaThCA Kak OTPaOOTaHHBIC AJICKTPOJIUTHI.

Kpome »sToro, orpaboTaHHBIE 5SJIEKTPOJUTHI OOpa3ylOTCS TMPU MPOBEACHUU
MJJAHOBBIX PEMOHTOB 00OpYIOBaHUS (HAMpUMEp, MPU CIUBE KyOOBOTO OCTaTKa
KaCCETHBIX (PUIIBTPOB, UCIOJIb3YEMbIX B CUCTEME PETE€HEPAIU JJIEKTPOIUTOB).

Takum 00pa3oM, HCTOYHUKAMH O0Opa30BaHUS OTPAOOTAHHBIX SJIEKTPOIUTOB
SBJISIFOTCS. HEMOCPEACTBEHHO BAHHBI HAHECEHMS TajlbBAHWYECKUX TMOKPBITHI, BaHHbI
yJIaBJIUBaHUS, a TAKKE CUCTEMbI PEreHepaIliy AIEKTPOIUTOB MPU UX PEMOHTE.

[IpoGnema oOpa3zoBaHus OTPAOOTAHHBIX AJIEKTPOJIUTOB OCOOEHHO aKTyalbHa
s kpynHbeix npeanpustaii (OAO «MuHCkuii aBToMoOWIbHBIM 3aBoa, OAO
«Munckuii  TpaktopHbiii  3aBon»y, OAO «bBEJIA3», OAO «benopycckuit
Metamutyprudeckuii 3aBom», OAO «AMKOJOP» u ap.), MOCKOIBKY TIpH OOJIBIITUX
o0beMax TPOU3BOJCTBA WX KOJWYECTBO BO3PACTACT BCIEIACTBUC YBEITHYCHUS
CKOPOCTH UX 3arpsi3HEHUSI.

B HacTosiee BpeMs Ha pa3IUYHBIX MPEATPUITHIX OTPAOOTAHHBIE SJIEKTPOIUTHI
OTHOCAT JINOO K CTOYHBIM BOJIaM, JTUOO K JKUJIKUM OTXOAaM. DTO CBSI3aHO C TEM, YTO
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B JICHCTBYIOIIEM 3aKOHOJATEIbCTBE OTCYTCTBYET YETKOE pPAa3rpaHUUYEHUE MEXKIY
MOHSTUSMU «KOHIICHTPUPOBAHHBIE CTOUYHBIE BOABDY U «OKUIKHE OTXOAB». [loaTomy
Ha MHOTHX MPEANPUATHSIX OTPaOOTaHHBIC JJICKTPOJIUTHI PACCMATPUBAIOTCS Kak
CTOYHBIE BOJBI U COpachIBalOTCS Ha OYHCTHBIE COOPYXEHHSI COBMECTHO C
MIPOMBIBHBIMUA CTOYHBIMH BOAAMH. JTO 3aTPYAHSIET pabOTy OUYUCTHBIX COOPYKCHHM
BCJIE/ICTBUE MEPUOJNYECCKOTO MOBBIIIICHUS KOHIICHTPAIIUN 3arPsSI3HSAIONINX BEIIECTB B
CTOYHOM BoOjae MO0 TpeOyeT 3HAYMTEIBHOTO KOJUYECTBA YHCTOW BOABI IS
MIPEIBAPUTEILHOTO pazbaBicHHS KOHIICHTPUPOBAHHBIX O0TpabOTaHHBIX
ANIeKTpouTOB. KpoMe 3Toro, ¢ 0TpaOOTaHHBIMH JJIEKTPOJIUTAMH TEPSIOTCS IICHHBIC
AeUIMTHBIE METAJUIBI, & TAKXKE yBEJIMYUBAETCS KOJMYECTBO OCAJIKa CTOYHBIX BOJ,
oOpa3yroImierocs MNpH XHUMHUYECKOM (pEareHTHOM), SJEKTPOKOATYJISIIMOHHOM U
ralbBaHOKOATyJIIIIMOHHOM ~ METOJaX O4YHMCTKH, KOTOPBIE HCIOJB3YIOTCA Ha
OOJIBIIMHCTBE MPEANPUITUM.

B cootBerctBum ¢ Knaccudpukatopom oTxom0B, 00pasyronmxcs B PecrmyOnmke
benapycr [10], oTpaboTaHHBIE pACTBOPHI DSJIEKTPOJHUTOB SBISIOTCS OTXOJIAMH
npon3BoACTBa. [IpoBeIeHHBIN aHAMN3 CTATUCTHYECKOW OTUYETHOCTH MPOMBITUICHHBIX
OpennpusaTHii mokasai, uro B PecnyOmuke bemapych Tonbko 26 mpeanpustail (u3
oonee 140) wWHBEHTApHU3UPYIOT OTPAOOTAHHBIE JJICKTPOIUTHI B KAYECTBE OTXOJIOB
npousBojcTBa. Kitacc omacHocTr 0TpaOOTaHHBIX JEKTPOJIUTOB HE YCTAHOBJIEH, UTO
KOCBEHHO CBUJICTEIHCTBYET O TOM, YTO JAHHBIM OTXOJaM HE YIEISIETCS IOCTATOYHO
BHUMaHus [10].

B cnydae oTHeceHus: 0TpaOOTaHHBIX JIEKTPOIUTOB K SKMJIKUM OTXO/JAaM BCTAE€T
BOIIPOC O NPABOMEPHOCTH CcOpoca MX HA OUYUCTHBIE COOPYKEHUS M Jiajiee B
KaHaJIM3alMoHHbIe ceTu. Ha mpeanpustusix cOpoc oTpabOTaHHBIX JIEKTPOJUTOB HA
OUMCTHBIE COOPYXKEHHUS pacCMaTpPUBAIOT Kak OO€3BpPEKHBAHUE OTXOJOB, IMOA
KOTOPBIM B COOTBETCTBUMU C 3akoHOM PecmyOmuku benapycs «OO0 oOpaiieHuu ¢
OTXOJIaMI» TTOHUMAIOT JESITEIIbHOCTh, HAMPABJICHHYIO HA 00pabOTKy, CKUTAHUE WU
YHUYTOXKEHHUE OTXOJIOB HHBIM CIOCOOOM, B T. Y. MPHUBOMSIIYI0O K YMEHBIICHHUIO
00BEMOB OTXOAOB M (WJIM) JUKBUAAIIMM WX OMACHBIX CBOMCTB (32 HCKIIIOUCHHUEM
JESITEIbHOCTH TI0 3aXOPOHEHHUIO OTXOJ0B), HE CBS3aHHYIO C UX HCIOJIb30BAHUEM.
OnHako, COTJIacCHO 3aKOHOAATENIbCTBY, 00 OOpaIIeHUH ¢ 0TXOAaMH 00E3BPEIKUBAHKE
OTXOJIOB JIOJDKHO OCYIIECTBISITHCS HUCKITIOUUTEIIBHO HAa 00BEKTaX 00E3BPEKUBAHUS
OTXOJI0B, KOTOPBIE MOJIEkKAT 00513aTEIBHOIN rOCYJapCTBEHHOM perucTpaliii.

ITo cocrosauio Ha Havano 2022 roma B Peectpe 0OBEKTOB 00€3BpEKMBAHMS
oTX0/10B U PeecTpe OOBEKTOB HCIOIB30BAHUSI OTXOJOB OTCYTCTBYIOT OOBEKTHI
00€e3BpeKMBAHUS U UCIIOJIb30BAHUS OTPAOOTAHHBIX DJIEKTPOJIUTOB.

Takum oOpa3zoM, 0TpaOOTaHHBIE HJIEKTPOIUTHI, XapPAKTEPUIYIOIIUECS BHICOKUMHU
KOHIIEHTPALMAMH HOHOB TskeNbIx MeTamios (100...150 r/am?), 6o cOpackiBaroTcs
Ha OYHMCTHBIE COOPY)KEHHS COBMECTHO C NMPOMBIBHBIMH CTOYHBIMH BOJAaMH, JIHOO,
pexe, OTBOIATCS OTACNIbHBIM IIOTOKOM € OCIEAYIOIUM 0o0e3BpexuBanueM. B o6onx
Clly4asiX MPOMCXOJUT OOpa30BaHHME OCajKa, KOTOPHI B OOJBIIMHCTBE CIIy4acB
XpaHUTCS Ha TEPPUTOPUU TPEANPHUATHS W C KOTOPBIM TEPSIOTCS I[EHHBIC
nepunuTHbie MeTauibl. [loaTomy Takoit cmoco® oOpareHus ¢ OTpaOOTaHHBIMU
ANEKTPOJIUTAMU  TAbBAHMYECKOTO TPOW3BOJICTBA  SIBISIETCS  BPEMEHHBIM |
BBIHY)KJICHHBIM, U CJIE€IyeT UCKaTh CHOCOOBbl mepepaboTku  OTpabOTaHHBIX
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AJNIEKTPOJIUTOB,  KOTOpPbIE  HEOOXOAMMO  paccMaTpuBaTh  KaK  BTOPUYHBIM
MAaTEPUAIIbHBIN pECypC.

B nactosmee Bpemsi HanOoJiee paclpOCTPAHEHHBIMH MOKPBITHUSMH SBIISIOTCS
IMHKOBBIE. JlJI1 MX HAHECEHWS! MCHOJIb3YIOTCS Pa3IMYHbIE THUIIBI JJIEKTPOJIUTOB, U3
KOTOPBIX HanOOJIbIIee pacpOCTPAHEHNE TOTYUMIH XJIOpHUIHO-aMMOHUHBIE [11].

B mHacTosmiee BpeMsi CyHIECTBYeT HE3HAUUTEIbHOE KOJMYECTBO padoT,
MOCBSIICHHBIX TepepaboTke OTpabOTaHHBIX 3JEKTPOJIMTOB, B TOM UHCIE
OTpa0OTAHHBIX JIEKTPOJIUTOB IUHKOBAHUSI.

B psne pabot npennaraercd U3BIEKATh [IUHK U3 OTPAOOTAHHBIX AJIEKTPOIUTOB
unHKoBaHuA [ 12—14] u pacTBOpOB BaHH ynaBiauBaHus [9, 15] MmeTonom anekTposnsa.
[TokazaHo, YTO IMHK OCAXKIAETCS B BUAE MEIKOKPUCTANIMYECKOTO, KOMITAKTHOTO,
IUIOTHOCUEIUIEHHOTO C TOBEPXHOCTbIO OCaJKa, CTENEeHb W3BJICUYEHHUS] KOTOPOIo
cocrasisiet nopanka 95 % [12].

Psn paGor mo mepepaboTke OTpabOTaHHBIX JJICKTPOJIMTOB TabBAHUYECKOTO
IPOU3BOJCTBA TMOCBSIIEH IIOJYYEHUIO HAa HMX OCHOBE COEJUHEHUMN, KOTOpBIE
IpeiaraeTcsi UCHoJib30BaTh MJI MPUTOTOBJICHUSI AJIEKTPOJHMTOB TallbBAHUYECKOTO
IIPOU3BOJICTBA, ISl 3AIIUTHI JPEBECUHBI OT THUEHUS, B KAU€CTBE MUKPOYI0OpEHHUS B
CEJIbCKOM XO3HCTBE, B KAUECTBE MUKPOIJIEMEHTHON 100aBKM K KOpMaM >KUBOTHBIX,
JUISl IOJTYYEHUSI pa3IMYHbIX COeAMHEHN nHKa [16, 17].

B HekoTophix paboTax OMHCHIBAIOTCS CIOCOOBI MEPEpadOTKU OTPaOOTAHHBIX
ANIEKTPOJUTOB ILIMHKOBAaHUS C OOpa30BAHMEM MAJIOPACTBOPUMBIX COEAMHEHUI,
KOTOPbIE MOTYT OBITh MCIIOJIb30BaHbI B KAUECTBE OCHOBBI JJIS [TOJIyYEHHUSI TUTMEHTOB.

Tak, B [18, 19] mpennaraercsi mepepabaTbhiBaTh OTPAOOTAHHBIA AIEKTPOIUT
OUHKOBAHMS C TIOJyYEHHEM OKcajlaTa I[MHKa C HCIOJIb30BAHUEM B KaueCTBE
OCaJUTENsl IIABEJIEBOM KHCIIOTBI, OKCAlIaTOB Kajlus, HAaTpus, aMMOHHUS WA UX
BOAHBIX PACTBOPOB. ABTOpAaMH 3asiBJIEHA BO3MOXKHOCTh MPUMEHEHHS MOJyYEHHOIO
OKcaJlaTa IIMHKa B KAaueCTBE MHUIMEHTA, OJHAKO HE MPUBOMASTCS MUTMEHTHBIE
CBOMCTBa, moATBepkaatomue 3T1o. Hemocrtatkamu 3TOro crocoba Takxke SIBISIOTCA
JUTMTENILHOCTh TIporiecca (10 3 CyTOK) M BBIOpPOC aleToHa Ha CTaauu MPOMBIBKH
ocajika.

B [20] mnpenmnaraercs mosy4aTh NHTMEHTHBIE TACThl M3 OTPAOOTAHHBIX
AIIEKTPOJIUTOB LUHKOBAHUS. DJIEKTPOJIUT IUHKOBAHUS 00pabaThIBAlOT PacTBOPOM
00e3KupHUBaHusi, OCHOBHBIMA KOMIIOHEHTaMHU KOTOPOTO SIBISOTCSA (pocdat HaTpus
Na3zPO4, kapoonat Hatpus Na,COs, rugpokcus HaTpusi NaOH, oMbLIeHHBIE KUPBI U
npyrue npumecu. Ilpomecc oOpabGotku mpoBoawnu npu pH=6,5...8,0 wu
CTEXMOMETPUYECKOM COOTHOLIEHUU (ochar-uoHOB M HOHOB ILIMHKA WMJIM HUKEJS.
[TonmyyeHHbIl OCalOK TOCIE NPOMBIBKM aBTOPHI MpeiaraloT HUCIMOJb30BaTh B
KayecTBE MUTMEHTHOM MacThl OEJIOro 1BETA.

Bbicokass KOHUEHTpalusi HMOHOB IIMHKAa B OTpaOOTaHHBIX dJIEKTPOJIUTAX
LMHKOBAaHUS MO3BOJIAET MPEANOJIOKUTh NEPCHEKTUBHOCTh UX HCIOJNb30BAaHUSA IS
IIPOU3BOCTBA TUTMEHTOB.

YuureiBas, uto B PecniyOnrke benapych OTCyTCTBYEeT MpOU3BOACTBO MTUTMEHTOB
U TPOMBIIUIEHHOCTh CTpPaHbl MOJHOCTBIO pabOoTaeT Ha MPHUBO3HBIX IUTMEHTAX,
JUTSI YMEHBIIIEHUST 00beMa WX HMMIIOPTA, a TaKXKE Il CHIDKEHUS BO3JEHCTBUS
rajbBaHMYECKOIO MPOU3BOJCTBA HAa OKPYKAIOIIYIO CPEly aKTyaJbHbIM CTaHOBUTCS
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MOJIydeHHEe THUITMEHTOB Ha OCHOBE OTXOJOB MPOU3BOJCTBA, B YAaCTHOCTH, U3
OTpabOTAHHBIX JIEKTPOJIUTOB TATHBBAHUYECKOTO TIPOU3BOJICTBA.

Hamu Obutn mccnegoBaHbl OTpaOOTaHHBIC SJEKTPOJUTHI MUHKOBaHUS (O3I1])
psina OemopyCCKMX TPEANPUATAN W YCTAHOBJIEHBI YCJIOBHS HaubOojee IOIHOTO
U3BJICYEHUS HWOHOB IMHKAa u3 Hux [21, 22]. Ha ocHOBaHMHM MpPOBEICHHBIX
HCCJICIOBaHUM OblJIa TIPEIJIOKEHA TEXHOJOTUYECKass CXeMma TMOJTy4YeHUs OelbIX
UHKCOAEPKAIINX MUTMEHTOB (PUCYHOK).

Cxema mnepepabotku ODJIL] Bkirowaer B ceOs cienyromue cTaguu: coop,
ycpeaHeHue u KoHTpoJib coctaBa OD1l; ¢puiabTpoBaHue; ocaxaeHUEe HOHOB IMHKA U3
ODIl; crapeHue ocajka MOJ CJIOEM MAaTOYHOIO pacTBOpa; OTIEJIEHUE OcajKka OT
MaTOYHOTO  pacTBOpa; TMPOMBIBKA OCajJKa OT  BOJOPACTBOPUMBIX  COJICH;
00€3BOKMBAHUE 0CAJIKA; CYILIKA U TepMOOOpaboTKa ocaaka (Ipu HEOOXOAUMOCTH).

B cBsa3u ¢ tem, uro oOpazoBanne ODl] Ha pa3IWyHBIX MOPEINPUATUIX
MPOUCXOJNUT C PA3TUYHONU TMEPUOJUYHOCTHIO, a TAaKXKEe OTPAOOTAHHBIE PACTBOPHI
XapaKTEepU3yIOTCS  Pa3jIMYHOM  KOHIIGHTpalMed WOHOB  IIMHKA, Haubojee
MpUEMJIEMBbIM BapUaHTOM SIBJISIETCS HAKOIUIEHUE ompeseneHHoro oobema OO (He
MeHee 5 M),

B OompmmucTBe ciiyqaeB B ODIl mpucyrctByer ocamox (PKCO), xoTopbrit
oOpasyeTcsi B pe3yJibTaTe THAPOIN3a UOHOB Keje3a, MPUCYTCTBYIOMIETO B KaU4eCTBE
3arpsA3HAIONIEH NPUMECH BCIEJICTBUE KOHTAaKTa »BJEKTPOJIUTA C IMOBEPXHOCTHIO
oOpabaTbiBaeMbIX H3ACIHN (pUCYHOK). JlaHHBIA OCAJOK IIOCJAE TPOMBIBKH OT
BOJOPACTBOPUMBIX COJIEM M BBICYIIMBAHUS MOXET OBITh HCIIOJIb30BAaH B KAueCTBE
CBIPBS JJIsI OJTyYESHUS KEIE30COoAepKaIIX MUTMEHTOB.

OcaxJeHnue HMOHOB IIMHKA OCYIIECTBIISETCS HACBIIMIEHHBIM  PAacTBOPOM
dbocharom Hatpus g0 pH 8,5 (cooTHOIIEHHE OCAAUTENS U OCAXKIaeMOTro KaTroHa 1,6)
¢ mocnenyomuM nojgkuciennem 1o pH 6,7...7,1. PactBop ocanutens q1o3upyercs B
peaktop ¢ Mmemankou, rae Haxomutcs ODL, mpu 3TOM 00paszyercs cCycreH3us
MaJoOpacTBOPUMBIX coequHeHud 1mHKa (dochara mnuHKa u ¢ocdara ITMHKA-
amMoHus1). B mporecce crapenus B TedeHue 30 MHUHYT MPOUCXOAUT OoOpa3OBaHUE
YeTKO OPOPMIICHHBIX KPUCTAIUIOB, PU 3TOM OCaJI0K XOPOIIIO CEAUMEHTUPYET Ha THO
peakropa. Ocamok HEOOXOIMMO OTAEIUTh OT MAaTOYHOTO  pacTBopa C
UCIIOJIb30BaHUEM (PUITBTP-TIpecca UiTu BaKyyM-(uiIbTpa.

B mpomnecce nepepadotku OD1] kpoMe meneBsix coenuHeHuit (cmecu docdara
nuHka u ¢ocdara IUHKA-aMMOHHUSI) OOpa3yrOTCs PacTBOPUMBIC COJIU (XJIOPHUI
HaTpus), KOTOPhIE MOTYT OCTaBaThCsl B KOHEUHOM MPOYKTE U OKA3bIBATh HETATUBHOE
BIIMSIHUE Ha ero kadyectBo. IloaToMy HEoOXOAMMO MPOBOJIUTHL IPOMBIBKY
ITOJIyYE€HHOTO 0CAJIKa BOJOM METOAOM MATUCTYIIEHYATON TPOTUBOTOYHON IPOMBIBKH.

O06e3BOKMBAaHME OCaJKa MOXHO IPOBOJUTH C HCIOJb30BAHUEM allapaToB
BAaKYyMHON WM HamopHou ¢unbTpanuu (BakyyM-puibtp, dunbtp-npecc). Cyiika
MOJyYEHHOI0 OCaJika MPOUCXOIUT B TeueHue 3—4 yacoB npu temiieparype 80 °C ¢
MCIIOJIb30BaHUEM MOJIOYHOU CYIIUIIKH.

TepmooOpaboTka MOMYYEHHOrO OcCajJKa B  JABYXCTYNEHYATOM  PEXKHUME
(BeLepkKa rpu Temmepatype 380 °C B Teuenue 1 yaca, BbIIEpIKKA IPU TEMIIEPAType
505 °C B Teuenue 1 yaca) mpuBoaUT K 0OpazoBaHuto cMecu pocdara u audocdara
[MHKA. AMMHAK, BBIJCJISIIONIUICS MPU pa3lioKeHUU NUHK-aMMoHui (ocdara (0,09 T
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aMMuaka Ha | TOHHY oOcaJka), pEeKOMEHAyeTcs morjiou@are B abcopOepe
TapenbyaToro THMA C T[OJYyYEHHEM AaMMHUAYHOW BOJbI, KOTOpas MOXKET
MCIIOJIb30BATHCS IPU MTPOU3BOJICTBE a30THBIX YAOOPEHUH.

l0elif] i
021
031, =

0211 AKCO

B3

4

10

On

On

Pucynoxk — llpunuunuanbHas cxema nepepadorku OJL ¢ moryyennem
NUTMEHTOB
1 — ycpeonumens O3L]; 2 — punomp,; 3 — pacxooHas emMKoCms pacmeopa
ocaoumens; 4 — pacxoonas eMKoCcmb CONAHOU KUCIOMbl, § — peakmop 0caxcoeHusl;
6 — ccycmumens, 7 — punomp-npecc; 8 — npomvieamensv-ceycmumensv, 9 — cyuunibHast
kamepa, 10 — snexkmpuueckas neus; 11 —waposas mervnuya, 12 — cumo.

031] — ompabomannvwiii snekmpoaum, #KCO — dcenezocooepacawuti ocaoox,; PO —
pacmeop ocadumensi, MP — mamounwiii pacmeop; @ — ¢purempam, O1—0s — ocadok
nocie npomwieku,; IIBi—IIBs — npomvisnasn 6oda, Qg1 — 0cadok nocie hunomposanus

00 npomuleku, Ogpz — npomsvimwiti 0cadok nocie guromposanust, Qs — 8bICYUIEHHBLLL

nuemenm,; On — NPOKANEHHbIU NUCMEHM

[Tocne TepmMooOpaboTKU TpeOyeTcs JOMOTHUTEILHOE JUCTIEPIUPOBAHUE OCAIKa,
KOTOpPOE PEKOMEHAYETCSl OCYIIECTBISATh C HCIOJb30BAaHHUEM IIAPOBON MEJBbHHUIIBI.
ToHMHY MOMOJa KOHTPOJMPYIOT BenMunuHOM octarka Ha cute Ne 0056, koTopas He
nomkHa rpessimath 0,02...0,05 %.

Kuzakas ¢aza mocie orneneHus OT Hee Ocajka IMOCTYNMaeT Ha COBMECTHYIO
OYUCTKY C TPOMBIBHBIMH CTOYHBIMH BOJAaMU TaJIbBAHWUYECKOTO TMPOM3BOACTBA HA
CYIIECTBYIOIINE OUYUCTHBIC COOPYKEHHUS.

Ha ocHoBanum pacuera maTepuaibHOro Oamanca mpoiecca nepepadorku OOL]
OBUIM OTpeAeNieHbl PACXOIHBIE HOPMBI OCHOBHBIX BHJIOB CBHIPhSl U MaTepUajoB AJis
nepepaboTku 1 M ODI1 u s MOJy4YeHUs: | Kr IMHKCOAEpXkAaIlero MUIMEHTa W3
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OD2I] (Tabmuiel 1 u 2).

ITo oeHOYHBIM TaHHBIM B Pecny6inke Benapycs o6pasyercs nmopsiaka 110 m° B
ron ODIl. IIpu mepepaboTke yKa3aHHOTO 00BEMa COTJIACHO PACXOJHBIM HOPMaM
MOXHO MOJy4duTh mnopsaka 8,7 T B rox nurmeHta cocraBa Zn3(POs), 4H,0,
ZnNH4PO4 u 7,4 T nurmenta coctaBa Zn3(POs),, Zn,P,O7 (c ydyetoMm moteps npu
MIPOKAJIMBAaHUU, KOTOPBIE COCTABIAOT 15,2 %).

Tabauna 1 — Pacxoanbie HOPMbI OCHOBHBIX BHIOB ChIPbs H MATEPHAJIOB /ISl
nepepadorku 1 m* OII]

HaunmenoBanme coIphsi, MaTepUaioB Hopwma pacxona
®docdar Hatpust (NazPOy), kr 88,1
Kucnora consnas (36% HCI), ov? 324
Boga, v’ 2,96

Tadanna 2 — PacxoaHbie HOPMbI OCHOBHBIX BU/IOB ChIPbSl U MATEPHUAJIOB ISl
nojgyuyenusi 1 Kr nmHkcoaep:kamero nurmenra us OJ11

HanmMeHnoBanwue ChIphsi, MAaTepUaiOB, JHEPTOPECYPCOB Hopwma pacxona
OD11, nm? 12,7
®docdar Hatpus (NazPOy), r 1096,9
Kucnora consnas (36% HCI), cm? 403.,4
Bopna, nv? 36,8

[Tepepabotka 110 m*> ODII mo npemnaraeMoil TEXHOIOTUM IIO3BOJIUT CHU3MTH
KOJIMYECTBO 00pa3yIoIIerocsi B MPOIecce OYMCTKU CTOYHBIX BOJA Ocajaka Ha 5,8 T 1o
CYXOMY BEIIECTBY BCIICJICTBHE MPEIOTBpAIICHHs cOpoca Ha OYUCTHBIE COOPY KCHUS
oTpabOTaHHBIX JIEKTPOIUTOB. [IpH onpenereHN: KOIUYECTBa OCaJKa CTOYHBIX BOJI
UCXOAWIN W3 TOro, 4uro B PecnyOnmke bemapych s OYHMCTKH CTOYHBIX BOJ
rajlbBAaHUYECKOTO TMPOM3BOJCTBA MPHUMEHSIETCS B OCHOBHOM PEareHTHBIH METOH C
ucrosib30BaHueM wu3BecTKoBoro moiioka Ca(OH),, M HOHBI TSKENBIX METAIIOB
OCaKIAIOTCS IPEUMYIIIECTBEHHO B BHJIe THAPOKCUAOB. KOHIIEHTpaIMi0 MOHOB IMHKA
MPUHUMAJIM PAaBHOW CpeHEW KOHIIEHTpAIlMM MOHOB ITMHKA BCEX HCCIICIOBAHHBIX B
po6 ODL] — 34,7 r/mm°.

[TonyueHHbIe MaTepuaibl IO CBOUM CBOMCTBAM HE YCTYIAIOT MPOU3BOJUMBIM B
HACTOAIIEE BpeMsi Ha MHUPOBOM pBIHKE O€lbIM NMUTMEHTaM Ha OcHoBe (docdaTa
[IMHKA: MaccoBasi JI0JIsl OCHOBHOTO KOMIOHEHTa (46...49 % B nepecuere Ha ZnO nis
o0pa31oB nocie BeicymuBanus, 52...54 % B nepecuere Ha ZnO 11 00pa3loB MOCie
NPOKAJIMBAHM), MaccoBas JOJs BOJOPAcTBOpUMBIX BemlecTB (He Oosiee 0,1 %),
o6enmuzHa (95...98 %), ocrarok nocie npocenBanust Ha cute Ne 0056 (ne 6oxee 0,05
%) u ap.

[Tonyuennsie MaTepwasibl OBLTM anpoOMPOBAaHBI B KA4eCTBE IMHUTMEHTA JIJIS
OKpAaIlIMBaHUsl TJa3ypu IS KEePaMHUECKHX W3JCIHH XYJA0KECTBEHHO-OBITOBOTO
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Ha3HAYEHMs, YTO IMOATBEPXKAAETCA  PE3yJIbTaTaMU  OIBITHO-IPOMBIIUIEHHBIX
ucneitTanuit Ha YII «KomOuHAT neKopaTUBHO-NPUKIAAHOTO MCKyccTBa UM. A. M.
Kuienko». g 3TOro ucnosib30Bajiach ONbITHAS MAapTUS MaTepuala Maccor 5 Kr C
6enuznoit 97 %. VcnpiTaHus mUrMeHTa mpoBOAMINCH Ha OECIBETHOU (IIpOo3pavHoil)
¢dpurroBanHoi riazypu Ne 189, nmurment BBoawau B konuuyectBe 10 u 12 mac. %.
[Tomosr rya3ypu OCYHIECTBISUICS B IIAPOBOM MEJIbHULIE, HAHECEHUE TIJIa3ypu Ha
U3JIEHSI OCYIIECTBISIOCh METOJaMH HalbUIeHUs U OKyHaHHs. OOXKUT MTPOU3BOIUICS
B KAMEPHOM 3JIEKTpHUECKOM meuu npu temrneparype 960 + 5 °C. bpumn momaydeHsl
oOpa3ibl 0enoro IBeTa XOpOUIEro KayecTBa, YEepErnoK He mpocBeuuBalcs. bennsHa
MOJIyYeHHBIX u3aenuit — 78 % (Mpu HaHECEHUH TJIa3ypu METOJIOM HambuieHus) u 80
% (py HAaHECEHUH TJ1a3ypHu METOJOM OKYHAHUS).

JIJist moJTy4eHHBIX TUIMEHTOB ObLI pa3zpadboran npoekt TY BY 100354659.116—
2017 «ITurmeHT KEpaMUYECKUI IS OKPAIIMBAHUS TJIa3yPU U MACTUKID.

OneHka 3KOJIOro-35KOHOMHYECKMX ITOKa3aTelled IpeaiaraeMoil TEXHOJIOTHH
MOATBEPXKIAET II€JI€CO00Pa3HOCTh  OpraHu3ali  MepepadoTKu  OTPaOOTaHHBIX
AJIEKTPOJIUTOB raJIbBAHUYECKOTO MPOU3BO/ICTBA.

3akJil04eHue ¥ BBHIBOABI.

B pabote mnpoBeneH aHadM3 HCTOYHHKOB 0Opa3oBaHUS OTPaOOTAHHBIX
AJEKTPOJIUTOB TaJIbBAHUYECKOIO IPOU3BOJICTBA, KOTOPBIE SBISIOTCS KUIKHUMH
OTXOJIAMH U XapaKTEPU3YIOTCA BBICOKOW KOHUEHTPALMEN NOHOB TSKEJIBbIX METAJIIOB.
Ha ocHOBaHMM NpPOBENEHHBIX MCCIEIOBAHUN YCTAHOBJIEHBI YCIOBUS Haubosee
MIOJIHOTO M3BJIEYEHHS] HOHOB LIMHKA U3 OTPAOOTaHHBIX AJEKTPOIUTOB, YTO MO3BOJIUT
MPEAOTBPATUTh 3AJMOBOE TMOBBIIIEHUE KOHIEHTPALMH HOHOB TSKEJBIX METAIJIOB,
CTaOMJIN3UPOBATH PAOOTY OYMCTHBIX COOPYKEHUM, CHU3UTh OOBEMBI 00PA3yIOLIXCS
OCaJIKOB CTOYHBIX BOJ. [lpemyiokeHa NpUHIMIMAIbHAS TEXHOJOTMYECKas CXeMa
nepepaboTKU OTPabOTAaHHBIX JEKTPOJMTOB LIMHKOBAHUSA C MOJyYEHHEM IMUTMEHTOB
Oenmoro uBera. Peanmuzanusa npeninaraeMoil TEXHOJIOIMH MO3BOJIUT PEUIMTH 3ajady
MMIIOPTO3aMEIIEHHs] [TUTMEHTOB, NPOM3BOJACTBO KOTOPBIX B HACTOSLIEE BpEMs B
PecnyOnuke benapych OTCyTCTBYET.
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Abstract. The paper analyzes the sources of formation of waste electrolytes from galvanic
production. The necessity of separate disposal of rinsing waste water and waste electrolytes with
their subsequent processing is shown. Possible options for processing waste electrolytes are
presented. A basic technological scheme for processing waste zinc electrolytes with obtaining
pigments is proposed. It has been established that pigments obtained from spent zinc electrolytes, in
terms of their properties (mass fraction of the main component, mass fraction of water-soluble
substances, whiteness, residue after sieving on a sieve Ne 0056), are not inferior to white pigments
based on zinc phosphate that we currently produce on the world market.

The results of the research carried out will make it possible to expand the raw material base
for the production of pigments, as well as to solve the problem of processing waste electrolytes from
galvanic production.

Key words: galvanic production, zinc plating, spent electrolyte, processing, pigment, zinc
phosphate.
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AHoTaui. Mema. Buznauumu 6iomempuyHi NOKA3HUKU POCIUH WABTIT MYCKAMHOI 3ATIeHCHO
8I0 cmMpOKY cigbu ma HOpMU 8UCIBY HACIHHA. Bcmanogumu Kopenayititi 368 a3Ku Midc NOKA3HUKAMU
CMPYKmMypu pOCIUH WABTII MYCKAMHOI 3a71eHCHO 8I0 docnioxcysanux gaxkmopis. Pezynomamu. Y
cmammi HageoeHo OioMempuyHi napamempu wasnii myckamuoi 8 cepeonvomy 3a 2019-2021 poxu
3a eupowyysanus 6 ymosax 3axionozo Jlicocmeny. Ha opmyeannus eenuuuHu noKasHuKa
NPOOYKMUBHOCMI POCIUH WABTIT MYCKAMHOI, MAKUX 5K, KLIbKICMb CYY8imb HA POCAUHI, Macd
Cyysimo, Maca pociuHu, Maca AUCmKié OLnbull 6Naue Malad HOpMAa 6uciey Hacinusa 8 Ke/ea 3a
8eCHAH020 CcmpoOKy ciedbu. Kinvkicms cyyeimv wimyk HA pPOCIUHI 34 BECHAHO20 CMPOKY Cigou
Koausanacs 8 cepedHbomy 6 medxcax 6i0 104,1 oo 95,2, a npu oCiHHbOMY GIOMIUeHO 3MEHUIEeHHS.
nokasuuxa 6io 103,6 oo 93,1 wmyk. Bcmanoaneno, wo maca cyygimos 3a eCHIH020 CMPOK) Cigou
Koausanacs é medxcax 6io 35,6 0o 4,8 epam, a 3a ocinubo2o — 6i0 5,3 00 4,1 epam. Maca pociunu 3a
OCIHHb020 CMPOKY cisbu Oyna 6 mexcax 6i0 16,8 00 9,2 epam, a 3a 6ecHsaH020 8i00YN0CA 30iNTbULEHHS
6i0 17,8 0o 11,6 epam. Maca nucmkis 3a 6ecHano20 cmpoky cisbu oyra 6 medxicax 6i0 5,9 0o 4,2
epam, a 3a ocinnbo2o nocmynanacs Ha 0,3 epama.

IIposedenuti kKoperayiiHutl AHAli3 3a1eHCHOCII MIJNC 8BUCOMOI0 MA MACOI0 POCIUH, KINbKICIIO
CyYeimo ma Macorw cyygimv 3 pOCIUHU; MACOI0 POCIUHU I MACON JTUCMKIE WIABLII MYCKAMHOL
noKaszae, w0 36 ’A30K MIdC OO0CHIONHCYBAHUMU NOKA3HUKAmu cunvHull. Koegiyienm kopenayii
konusascs 8 medicax 6io 0,96 oo 0,99. Bucnosku. Bcmarnogieno, wjo ceped 080X 00CHIONCYBAHUX
CMpoKie cigbu Oibul egheKMmUHUM BUABUBC BeCHAHUL (K8imeHb). Buxopucmanus pisHUX HOpM
8UCIBY HACIHHA NOKA3ANO0, WO ONMUMANILHI OIOMEempPUdHi NOKAZHUKU OMPUMAHO 34 HOPMU BUCIBY
Hacinua 8 ke/ea; ma yux eapianmax OioMempuyHi NOKA3HUKU POCIUH 3d BECHAHO20 MA JIMHbO20
CMPOKY CigbU icmomHo nepesunyysan KOHMpPOoIbHUU 8apianm.

Knrwowuosi cnoea: wasnis myckamua, cmpox ciebu, HOpMa 6Ucigy HACIHHA, OiOMempuyHi
NOKA3HUKU, KOPEIAYIUHUL AHAI3.

Beryn.

[Tasmist myckatHa (Salvia sclarea Labiatae) € TpaB’sSIHUCTOIO POCIUHOI POJIUHU
ryOolBITHX, TaKOX BOHa OarartopiyHa JiiKapchka, edipoodiiiHa KyabTypa [1].
CyuBiTTs masiii MalOTh CUJIBHUM apoOMaTHUM 3amax, y 3B'SI3Ky 3 UM edipHa oJis
3aCTOCOBYETHCS Y BUCOKO fAKicHUX mnappymax [2—4]. B Typuii BUKOPUCTOBYIOTH
IaBJIII0 SK TpaB’sHUM Yall mo0 MNOJErmuTH NUTYHKOBUN Oulb, MOCTaOUTH OUIb
pEBMATU3MYy, 3aXUCTUTH MEUIHKY [5], TakoX sK 3aci0 MpoTH aiapei, 3aCOKIAIMBUN
npenapar [6], akuii Mae aHTUMIKpOOHY [7—8], aHTUBIpyCHY nifo [9], Ta 3aCTOCOBYIOTh
K 3HEOOTIOI0UNH, Kapo3HKytounit 3aci0 [10—12] sikuii BrummBae Ha 0OMiHI IPOTIECH
Oprasi3my.

B ymoBax 3axinnoro JlicocTemny miaBiist MyckaTHa BUBUEHA HE IOCTaTHbO, OTHKE
JOCIIIKEHHS 3 TEXHOJIOT1i BUPOITYBaHHS I€1 KyJIbTYPH € aKTyaJIbHUMH.
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B TypeuunHi BHUBYQIKMChH JIIKyBajbHI BJIACTHMBOCTI IaBJii MYCKaTHOi, SKi
nokazanm eheKTUBHY aHTUMIKpoOHY o [13, 14]. B yMoBax mocymmmBoro KiimMaTty
MiBIHS YKpaiHd MPOBECHO JTOCIHIKEHHS 3 MUTAHb BIUIUBY KIIMAaTUYHUX YMOB Ha
¢dbopMyBaHHS BpOKal0 CYIBITH IMaBiii MyckatHoi [15]. BuBuanuch cTpoku ciBOH 3a
pI3HOT IIUPUHUA MDKPSAIb Ha YPOXKAWHICTh Ta BMICT OJii B CYUBITTAX IIABil
MyckaTHo1 [16].

OcTanHIMHU pOKaMU Cepel MUTaHb TEXHOJIOT1i BUPOITYBaHHS IIABIIT MyCKaTHOI
BUBYAJIMCh MUTAHHS TEPMIHIB CIBOM, BIJCTaHI MIX POCIMHAMHU B PSAAKY, IIUPUHU
MDKpsIb Ta iH. [17-20].

Mera pociigskeHHsi — BHU3HAY€HHS OIOMETPUYHUX TOKA3HUKIB IABIIL
MYCKaTHOI 3aJIEKHO BiJl CTPOKY CIBOM Ta HOPMHU BHCIBY HACIHHS 32 BUPOILYBAaHHS B
yMoBax 3axigHoro Jlicoctemy.

Marepian i Meroauka gociigkeHb. JlOCTDKEHHS BUKOHYBaJIOCS Ha
JOCTITHUX JUITHKAax Kadeapu CaJiBHUITBA 1 BUHOTpaJapcTBa, 3eMiepoOCcTBa Ta
I'pYHTO3HABCTBA [lOMITBCHKOTO JIEP’KAaBHOTO arpapHO-TEXHIYHOTO YHIBEPCUTETY
(3apa3 3akian Buioi ocBiTH «IlOMITBCHKUM ACp)KaBHUM YHIBEPCUTET». Y JOCHTiIL
BUBYAJIMCS HACTYIHI (hakTopu: GakTop A — CTPOK CiBOM (BECHSHMUIA, JIITHIN); haKkTOp
B — nopma BuciBy Hacinusg (4, 6, 8 Ta 10 kr/ra). O6nikoBa mioma HiasHku 50 M2,
[ToBTOpHICTH YOTHpPUpPa30Ba. Bcl 00111KH, CIOCTEpeKEHHs Ta aHaJI3H 31HCHIOBAIKCH
BIJITTOBIJTHO 3araJIbHONIPUHHSATHX METOJTUK.

OcHOBHA YacTHHA.

biomeTpuyHuii aHami3 maBiaii MyCKaTHOI MPOBOAMIM 3a MOKa3HHUKaMH: BHCOTA
pPOCIMHU, KUIBKICTh CYIBITh, Maca CYIBITh, Maca JHCTKIB 3 pPOCIMHM Ta Maca
pocnunu. Hamni mocnimkeHHsl, BAKOHaHI B yMoBax 3axigHoro Jlicoctemy, BUSBWIU
3QJICKHICTh MTOKA3HUKIB IIABJII1 MyCKATHOI BiJ] JOCIIII)KYBaHUX YNHHHKIB.

Taboauus 1 - BiomeTpryHi MOKA3HUKHM POCJIMH MIABJIII MyCKATHOI 32JI€2KHO Bijl
CTPOKY ciBOM Ta HOPMU BHCIBY HaCiHHA (cepedne 3a 2019-2021 pp.)

TlokazHuk
Hopma Bucora KinpkicTh Maca cynsits, Maca Maca nucTKiB,
BUCIBY POCIIMHY, CM CYLBITh Ha r pOCIuHY, T r
HACIHHSA, POCIIHHI, T
kr/ra (B) | Becus | Jlit- | Becus | Jlit- | Becus | Jlit- | Becus | Jlit- | Becusa | JliT-
HUI Hil HUI Hil HUI Hil HUH Hil HUH Hil
@A) | A @A) | A @A) | A @A) | A @A) | A
4 98,7 95,1 95,2 93,1 4.8 4,1 11,6 9,2 4,2 3,9
6 (K)* 101,5 | 98,7 99.4 98,2 5,1 4,7 12,8 12,5 4,8 4,7
8 105,3 | 103,1 | 104,1 | 103,6 5,6 5,3 17,8 16,8 5,9 5,6
10 103,6 | 100,1 | 100,3 | 101,3 5,4 5,1 15,1 14,6 5,4 5,3

IHpumimka: K* — konmponws (6ecHanuii cmpok cigou, Hopma eucigy HAcinHs 6 ke/2a)

3 tabmuimi 1 BugHO, MmO B cepeaHbomy 3a 2019-2021 poxu HaANOLIBII
Brcokopocii 105,3 ¢M pocivHM 1IaBiii MycKaTHOT OyJiM Ha BapiaHTI HOPMHU BHCIBY
HACiHHS 8 Kr/ra 3a BECHSHOTO CTpOKy ciBOu. Haiimenm Bucokopocmi pociunu 95,1
CM 3aBBHUIIKH C(HOPMYBAIHCH 3a JITHHOIO CTPOKY CiBOM HOPMOIO BHUCIBY HaciHHS 4
Kr/ra.
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Ha ¢dopmyBaHHS BeNIMYMHU TOKA3HHMKA MPOAYKTUBHOCTI POCIHH, TakKuX SIK,
KUIBKICTh CYIBITh Ha POCIHMHI, Maca CyIBiTh, Maca JHCTKIB Ta Maca POCIHHH
OUTBPLIMI BIUIMB Maja HOPMa BHCIBY HAcCiHHS 8 Kr/ra 3a BECHSHOI'O CTPOKY CIBOM.
KinbKicTh CyIBITH Ha POCIIMHI 32 BECHAHOTO CTPOKY C1BOM KOJIHMBAJIACs B CEPEIHBOMY
B Mexkax Big 104,1 mo 95,2, a 3a nmiTHROTO BimOyJocs 3menmenHs Bix 103,6 qo 93,1
MITYK.

Maca cyuBiTh 32 BECHSHOTO CTPOKY CIBOM KoJMBajlacsi B Mexax Bif 5,6 10 4,8
rpam, a 3a JITHbOTO CTPOKY Bix 5,3 no 4,1 rpam. Maca pociuH 3a JIITHROTO CTPOKY
ciBOM B cepeHbOMY KoJiMBajacs B Mexax Big 16,8 mo 9,2 rpam, a 3a BECHSHOTO
B110ys10cs 30ubmeHHs Big 17,8 qo 11,6 rpam. Maca IUCTKIB 32 BECHSIHOTO CTPOKY
ciBOu Oyia B Mexkax Bija 5,9 no 4,2 rpam, a 3a JiTHbOTO Bif 5,6 10 3,9 rpam.

Kopensiiinuii aHaniz mokasas, 110 3B’SI30K MiXK BHCOTOIO POCJIHMH Ta MacorO
POCJIMH 3a BECHSHOTO Ta JITHBOI'O CTPOKY CIBOU € CHJIbHUM, ToMy 1o r =0,96 Ta r
=0,99. Ockinbku kputTepit daxtuyamii (t) ckmamae 4,8 ta 9,9, mo Oinbime
TEOPETHYHUX 3HAYCHB t)95(4,30), TO 3B’S30K MiK BUCOTOIO POCIMH Ta MacOI POCIUH
noCcTOBipHUH (TabI. 2).

Tabaunus 2 - KopensiniiHuii aHaJi3 32J1€5KHOCTI MOKA3HUKIB MiZK BUCOTOIO TA
MAaCOI0 POCJUHU (cepedne 3a 2019-2021)

Bucora Maca Bigxunenus JoOyTox KBagparu BiaxuneHpb
pocCiHvHH, | POCIHHH, I BiJIXWJICHB : >
cM (X) Y) X-x Y-y (X-x)* (Y-y) (X-x) (Y-y)
Becusuuii cTpok ciBou
98,7 11,6 -3,58 -2,73 9,74 12,78 7,43
101,5 12,8 -0,78 -1,53 1,18 0,60 2,33

105,3 17,8 3,02 3,48 10,51 9,15 12,08
103,6 15,1 1,32 0,77 1,03 1,76 0,60
x=102,28 | y=14,33 - i 22,46 24,29 22,43

r=0,96; S;=0,2; t.=4,8

JIiTHiii cTpOK ciBOM

95,1 9,2 -4,15 -4,08 16,91 17,22 16,61
98,7 12,5 0,55 0,78 0,43 0,30 0,60
103,1 16,8 3,85 3,53 13,57 14,82 12,43
100,1 14,6 0,85 1,33 1,13 0,72 1,76
x=99,25 y=13,28 - - 32,04 33,07 31,39

r=0,99; Si=0,1; t:=9.,9

Kopensmiitnuii aHai3 mokasaB, 110 3B’S30K MK KIUJIBKICTIO CYIIBITH IITYK Ha
POCJIMHI Ta MacOI0 CYIBITh 32 BECHSIHOTO Ta JIITHBOT'O CTPOKY CiBOU criibHUH, T =0,96
ta r =0,99. Tomy kputepiii paxtuunuii (t) cknanae 4,8 ta 9,9, mo 3Ha4YHO OiIBIIE
TEOPETHUYHUX 3HAYCHB t)95(4,30), 3B’SI30K MK KIJTBKICTIO CYI[BITh IITYK HAa POCIHHI
Ta Macolo CyIBITh OCTOBipHMIA (Ta0I. 3).
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Taoauus 3 - 3a/1e’KHOCTI MOKA3ZHUKIB MIK KIJIBKICTIO CYIIBITH TA MACOK0 CYUBITH

3 POCJMHH, (cepedne 3a 2019—-2021)

KinpkicTh Maca Binxunenns Jo6yToK KBanpatu BinxuneHb
CYIBITh Ha | CYIBITh, T BIIXUJICHB 5 5
pocnuHi, (Y) X-x Y-y (X-x)* (Y-y) (X-x) (Y-y)

mT (X)
Becusauii cTpok ciBou
95,2 4,8 4,55 0,43 1,93 20,70 0,18
99.4 5,1 -0,35 0,13 0,04 0,12 0,02
104,1 3,0 435 0,38 1,63 18,92 0,14
100,3 54 0,55 0,18 0,10 0,30 0,03
x=99,75 y=5,23 - - 3,71 40,05 0,37
r=0,96; S,=0,2; t,=4,8
JIiTHiii cTpOK ciBOM
93,1 4,1 -5,95 -0,70 4,17 35,40 0,49
98,2 4,7 -0,85 -0,10 0,08 0,72 0,01
103,6 53 4,55 0,50 2,27 20,70 0,25
101,3 5,1 2,25 0,30 0,67 5,06 0,09
x=99,05 y=4,80 - - 7,20 61,89 0,84

r=0,99; Si=0,1; t:=9,9

Taoauus 4 - KopeassuiiHuid aHa1i3 3aJ1€KHOCTI MOKA3HUKIB MIZK MacOI0 POCJIMH
Ta MACOI0 JIUCTKIB, (cepedne 3a 2019-2021)

Maca Maca Binxunenns Jo6yToK KBanpatu BinxuineHb
POCIUHU, T | IHUCTKIB, T BIIXUJIEHD
(X) (Y) X-x Y-y (X-x)* (Y-y) (X-x)? (Y-y)
Becusinuii ctpok ciBOu
11,6 4,2 2,73 -0,88 2,38 7,43 0,77
12,8 4,8 -1,53 -0,28 0,42 2,33 0,08
17,8 59 3,48 0,83 2,87 12,08 0,68
15,1 54 0,77 0,33 0,25 0,60 0,11
x=14,33 y=5,08 - - 5,92 22,43 1,63
r=0,98; S=0,2; t.=4,9
JIiTHIi cTpOK ciBOM
9,2 3,9 4,08 0,98 3,97 16,61 0,95
12,5 4,7 0,78 0,18 0,14 0,60 0,03
16,8 5,6 3,53 0,73 2,56 12,43 0,53
14,6 5,3 1,33 0,43 0,56 1,76 0,18
x=13,28 y=4.88 - - 7,23 31,39 1,69
r=0,99; $=0,1; t=9,9
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Hani tabmuii 4 cBiuaTh, MO 3aJEKHOCTI MK MAacol POCIMHU Ta Macolo
JUCTKIB KOPEJSIIMHOTO aHaji3y 3a BECHSIHOTO Ta JITHHOTO CTPOKY CiBOM € CHIIBHOIO,
ockinbku 1 =0,98 ta r =0,99. O1xe, kputepit paktuunuii (t;) ckaagae 4,9 ta 9,9, mo
€ OlIbIe TEOPETUYHUX 3HAYCHB t)9s5(4,30), TOMy 3B’S30K MIXXK MAacolw pPOCIUH Ta
MAacoI0 JINCTKIB € JOCTOBIPHUM.

BucHoBku.

BupouryBanHs masiii MycKaTHOI € TOIUIBHUM B yMoBax 3axigHoro Jlicocremy.
OntumanpHl OGlOMETPUYHI MOKAa3HUKH IIaBIli MYyCKaTHOI OTPUMAHO 3a BECHSHOTO
CTPOKY CIBOM HOPMOIO BHCIBY HAaCiHHS 8 KI/ra, KiUJIbKICTh CYLBITH Ha POCIHHI Ha
1bOMY BapiaHTi ctaHoBuia 104,1; Maca cyuBiTe 5,6 rpam; Maca JUCTKIB 5,9 TpaM Ta
Maca pocaunu — 17,8 rpam.
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Abstract. Aim. Determine the biometric parameters of clary sage plants depending on the
time of sowing and seeding rates. Establish correlations between the structures of clary sage plants
depending on the studied factors. Results. The article presents the biometric parameters of clary
sage on average for 2019-2021 growing in the Western Forest-Steppe. The formation of the value
of the productivity of clary sage plants, such as the number of inflorescences on plants, weight of
inflorescences, plant weight, leaf weight, was more influenced by the seed sowing rate of 8 kg/ha in
the spring sowing period. The number of inflorescences on plants during the spring sowing period
ranged on average from 104.1 to 95.2, and in autumn there was a decrease in the rate from 103.6
to 93.1 pieces. It was found that the weight of inflorescences during the spring sowing period
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ranges from 5.6 to 4.8 grams, and in autumn from 5.3 to 4.1 grams. The weight of the plant in the
autumn sowing period ranged from 16.8 to 9.2 grams, and in the spring there was an increase from
17.8 to 11.6 grams. The weight of leaves in the spring sowing period ranged from 5.9 to 4.2 grams,
and in the autumn it was inferior to 0.3 grams.

The correlation analysis of dependence between height and weight of plants, the number of
inflorescences and the mass of inflorescences from the plant,; the weight of the plant and the weight
of the leaves of clary sage was carried out and it showed that the relationships between the studied
indicators were strong. The correlation coefficient ranged from 0.96 to 0.99. Conclusions. It was
found that among the two studied sowing dates, spring (April) proved to be more effective. The use
of different sowing rates showed that the optimal biometric indicators were obtained for sowing
rates of 8 kg/ha; in these variants, the biometric indicators of plants in the spring and summer
sowing period significantly exceeded the control variant.

Key words: clary sage, sowing time, rate of sowing seeds, biometric indicators, correlation
analysis.
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Annomauin. B cmammi npoeedenuii 02150 npoyecy paginayii onii. [lpoananizosani ioxoou,
Wo OompuMyloOmvbCs 6 pe3yibmami OuUWeHHs Oaii 8i0 CYNYMHIX O0OMIWoK, ix nepepoodoka i
3aCMOCy8aHHA 8 HAPOOHOMY 20CHOO0ApPCMEl. 3anponoHo8aHO BUKOPUCAHHA BIONPAYbOBAHUX
BI0OIIbHUX — 2MUH Ol BUPOOHUYMBA  Kepam3umogoco epasito. 3amina  Oe@iyumuux i
00p0208APMICHUX HAGMONPOOYKMIE, KI GUKOPUCMOBYIOMb 68 MeNnepiuHtill 4ac npu 8U20moeieHHI
Kepam3umosoco 2pasiio, Ha 8i0npayboeari 6i00LIbHI 2IUHU 00360 IUMb POSUUPUMU CUPOBUHHY A3
OpP2aHiuYHUX 000ABOK.

Knrouosi cnosa: onis, 8iobintosanus, 8i00LIbHI enunu, paginayis, ioxoou.

Berym.

BropunHMMH MaTepialbHUMHU pecypcaMy Ha3MBAaIOTh BIIXOAM BHUPOOHMUIITBA,
AK1 Ha TEMEePIIHbOMY €Tarl PO3BUTKY HAYKH 1 TEXHIKH MOKYTh OyTH BUKOPHUCTaHI B
HapOJAHOMY IOCIOJAPCTBI B AKOCTI MOTEHLIHHOT CHPOBHHH YU JI0AATKOBOI MPOIYKIIII.

Jlo HUX B Mepuly 4Yepry BiIHOCSTHCS BIAXOAM BUPOOHHUIITBA, SIKI 3aJIUIIAIOTHCS
MiCIIsi BUKOPUCTAHHSI CUPOBUHH 1 JIOTIOMIXKHUX MaTepiajiB JJii OTPUMAHHS OCHOBHOI
CHUPOBUHU JJAHOTO BUPOOHUIITBA, & TAKOX CYMYTHS MPOIYKIIiS, sIKA OTPUMYETHCS B
mpolieci BUPOOHMIITBA MApajeNbHO 3 OCHOBHOIO NPOAYKIIEID YH B PE3yJbTaTi
J0JTaTKOBOI MPOMUCIIOBOI IEPEPOOKHU BIJIXOIIB.

BropunHuMU npoyKTaMu XiMI4HOI padiHaliii poOCIMHHUX Ol €:

— TiApaTamiiHuii ocas;

— COAICTOK;

— BUANpalboBaH1 BiAOUIbHI TJIUHH;

— BIAIpaIboBaH1 MOPOIIKK (QUIETPYBAIbHI KUPHI;

— TIOTOHH JIe30/10pallii;

— TpoMuBHI Bojau (Y BUNIAAKY 3aCTOCYBaHHS IPOMHUBAHHS OJIii).

[Tepepobka BimxomiB padiHallii i mepeTBOpEeHHs iX B MPOIYKTH, SIKI MPUAATHI
Ui TOJANbIIOTO BHUKOPUCTAHHS, € BaXJIMBOIO 3a/Jadyer0  OJIMHO-)XKUPOBOI
MIPOMHMCIIOBOCTI.

Ha pi3aux cranisx padinauii (rigpararis, HelTpamnizauis, aacopOuiitna oopoOka
(BIOOUTIOBAaHHSA),  BUMOPOXYBaHHS,  JI€30[10pallisl)  yTBOPIOIOTHCA  BTOPHUHHI
MatepiaiabHl pecypcH, B polieci NepepoOKH KX MOXKYTh OyTH OTpUMaH1 MPOAYKTH,
K1 MalOTh TOBAPHY 1 CIIOKUBYY LIIHHICTb.

[Ipu po3rasal TUTaHHS IPO 3aCTOCYBAaHHA TI€l YW 1HIIOI TEXHOJIOTT YTHIIi3allii
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NOOIYHMX TPOJIYKTIB HEOOXITHO TPOBECTH PETEIbHUN aHalli3 3 TOYKH 30py
MOMEpEeHIX KalliTalOBKIAJAEHb, SAKOCTI OTPUMAHUX MPOAYKTIB, e€(PEeKTUBHOTO
BUKOPHUCTAHHS €HEPropecypciB 1 €KOJIOTTYHOT OE3MeKH.
IMocranoBka mpobGaemu. BupueHHs mnpolecy BiIOUTIOBaHHS COHSIIHUKOBOI
oqii 1 BIACTUBOCTEH BIAOUTBPHUX TJIMH JO3BOJIMJIM HAMITHTH JACSKI HAnpsIMU B
nepepoOIli 1 BUKOPUCTAHHI BiIIIPAIlbOBAaHUX BIAOUIBHUX TJIMH.
Jlnst BUPOOHMIITBA KEPaM3WTOBOTO TPaBil0 3aCTOCOBYIOTHCS KHUPOBMICHI
OpraHiyHi pe4yoBUHU. 3amiHa AePIUUTHUX 1 JOPOTrOBAPTICHUX HA(TONMPOIYKTIB, 5K
BUKOPUCTOBYIOTh B TEMEPIIIHIA Yac MPU BUTOTOBJIEHHI KEPaM3UTOBOIO I'paBiio, Ha
BIJIITpA[bOBaH1 BiIOLIbHI MIMHU J1030JUTh PO3IIMPUTH CUPOBUHHY 0a3y OpraHIdYHUX
100aBOK.
BukiaaeHHsi 0CHOBHOTO MaTepiaJy.
3 METOI0 OTpUMaHHs 0€3B1AXOHOTO TEXHOJIOTIYHOTO MPOIECY OUUILECHHS OJIIH
MPOBE/ICHa JIabopaTopHa TMEpPeBipKa MOXKIMBOCTI BUKOPHUCTAHHS BIIIPAI[bOBAHOTO
MOHTMOPHWJUIOHITA B BUTJISI OPraHIYHOI JTOOABKH MJIi OTPUMAHHS KEPaM3UTOBOIO
rpaBiio.
OTpumaHHS MOPUCTOI CTPYKTYPU KEPAM3UTY JOCATAETHCS 32 PAXyHOK CITyYCHHS
Ipy TEPMIYHIA 00pOOIIl TTUHUCTOT CHPOBUHHU Ta3aMH, IO YTBOPIOIOTHCS.
3aranpHe 1 KiHIIEBE Ta30BIIUICHHS 1 CIIyYeHHS IMiIBUIILY€ETHCS MTPU BHECEHHI B
[JIMHUCTI TIOPOJIM OpPraHIYHUX M00aBOK, B SIKOCTI SIKMX MOXYTh OyTH BHKOPHUCTaHI
BIJINpaIlbOBaH1 aJICOPOCHTH.
JlocnmipkeHO Ha CHOYYEHHS TpU PI3HOBUAM TJIMHUCTOI CHUPOBUHH, SKI
BUKOPUCTOBYIOTHCA Ha JAIIOYMX 3aBOAAX, & TaKoK HOBI BUAM cupoBHHH (CymcChbKa
mHa 1 rmHa [HlemuniBebkoro 1 [lleGenincbkoro poosuil). Sk opraHiyHa go0aBKa
BUKOPHUCTOBYBajdach KpHUXTa 1 TpaHyJla TaJIATOPCKiTa Ta aKTUBOBAHOTO
MOHTMOPHWJUIOHITA MICJSl OUMIIICHHS 0J1i1 (MacoBa yacTka xxupy — 45%).
B TaGauiil 1 HaBeneHi eKkciepuMeHTallbHI daH1, sIK1 JJ03BOJISIOTh OIIHUTH BILIUB
Ha SIKICTh KEpaM3UTOBOTO TPaBil0 BHECEHMX JI0 CKJAAy CYMIllll BiIIpanbOBaHUX
OJIIEBMICHHUX aJICOPOCHTIB.
BcraHoBiieHI TEXHOJIOTIYHI MapaMeTpyd OTPUMAHHS KEPaM3HTOBOIO TpaBilo 3
BUKOPUCTAHHSAM JUIsl TIOKPAIEHHS CIYYEeHHsS TIJIMH J00aBOK BIAMpallbOBaHUX
a71IcOpOCHTIB (Ha OCHOBI MAJIMTOPCKITa 1 MOHTMOPUJIJIOHITA).
B pe3ynbTaTi npoBeneHux JOCIiKEHb BCTAHOBJICHI:
— onTUMajbHa KIIBKICTh 00aBOK cKianae,%o:
a) ms [lleGenincekoi runan — 2-3;
0) ms LlemuniBebkoi TuHN — 3-4;
B) 11t CyMCBKOI IIUHU — 2-3.

— ONTUMAJILHUNA Yac CIyYeHHS, XB.:
a) mis [lleGeninchkoi raunau — 5;
0) ns LlemuniBcbkoi ruHU — 6;
B) /u1si CyMCBKOI ITMHU — 4-5.

— ONTHMaJIbHa TeMIepaTypa ciyuenns, °C:
a) ms [leGenincbkoi rauam — 1110-1120;
0) ms LllemuniBepkoi rmmaN — 1150-1160;
B) 11t Cymcbkoi riuau — 1130-1140.
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— inTepBan crnydenns, °C:
a) s [le6enincekoi rmuan — 100-110;
0) ms LllemuniBepkoi rimmHN — 50-60;
B) 111 Cymcbkoi riuHu — 100.

Ta6auus 1 — 3anexHICTh cepeAHBOI TYCTHHH KEPaM3UMTOBOI0 I'PaBilo Bij
MAacOBOI YaCTKH KHPY B BIANPanbOBaHUX a/1COPOEHTAX.

KinpkicTh Cepe/IHs TYCTHHA KEPaM3MTOBOTO IPaBilo, I/cM>
nmobaBkH, % Macosa gacTka MacosBa gacTka Macosa gacTka Macosa gacTka
KUpy Kupy KUpy KUpy
30% 40% 50% 60%
Temnepatypa criydenss 1120 °C, 1 - 5 xa.

1,0 - 0,63 0,54 0,47

2,0 - 0,395 0,37 0,38

3,0 0,46 0,34 0,325 0,31

4,0 - 0,345 0,3 0,29

5,0 0,43 - - -

B pesynbTarti npoBeaeHux 1a00paTOPHUX AOCTIIKEHb IECTH PI3HOBUIB INIMH
JUI OTPUMaHHS KEpaM3UTOBOTO IPaBil0 MOXKHA JJaTH MO3UTHUBHY OLIIHKY MPHUIATHOCTI
BIIMIPAIlbOBAHUX  OJIIEBMICHUX  aJCOpPOCHTIB  JJii BHUPOOHMIITBA  TIOPUCTUX
HaIlOBHIOBAYiB.

Takoxx Oyia po3poOJieHa TEXHOJIOT1s, IIPH AKINA BiAMpalboBaHa BiI0UIbHA TJIMHA
(macoBa uacTtka xupy, % — 23,5) BUKOPHUCTOBYBajach B SIKOCTI J0OAaBKH TIpHU
BUPOOHUIITBI OyjaiBenpHOro BamHa. Jlo BamHsSIKy JoAaBajach BiJNpalboBaHa
BIIOUIbHA TJIMHA B KiIbKocTl 10% Bix Macu, cyMill BUMaOBajiacs B eyl HpH
temneparypi 1200 °C. Yac BunamoBanss ckiaanas 40 xB. B pe3ynbTari BUIAIIOBaHHS
OTpUMaHe BAITHO, sIKE BIJIOBi1a€ BUMOTraM HOPMATHUBHOI JOKYMEHTAIlIi.

BucHoBk#u i npono3uirii

1. BinmpaiiboBaHi 0J1i€BMICHI aJICOPOCHTHU € €PEKTUBHUMU T00aBKaMU MpU
OTpUMaHH1 KEPaM3UTOBOIO TPaBIio.

2. PospobiieHa TeXHOJOTISE BHUPOOHUIITBA KEPaM3UTOBOIO
3aCTOCYBaHHSM B SIKOCTI 30aradyBaya BiIparibOBaHUX BIAOUTEHUX TJIMH.

3. 3amina gAedIUUTHUX 1 JOPOTUX TOBAPHUX HAPTOMPOAYKTIB, SKi
BUKOPUCTOBYIOTHCS B TEMEPIlIHIM Yac, Ha BHILIEBKa3aHl JA00aBKU JO3BOJIUTH
PO3LIMPUTH CUPOBUHHY 0a3y OpraHIyHUX JTI00ABOK.

4. 3anpomoHOBaHI CHOCOOM yTWJI3allli BIANPalbOBAaHUX aJICOPOEHTIB IS
BUPOOHHUIITBA KEPaM3UTOBOIO TpaBito 1 OyJiBesnbHOro BamHa. Lle gae MOXIUBICTDH
BBKATH TEXHOJIOTII0 OYHWIICHHS COHSIIHUKOBOI OMii MPUPOJHUMH JUCIICPCHUMHU
MarepiajlaMH €KOJIOTTYHO YUCTOO 1 0€3BIIX0THOIO.
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Abstract. In the paper, an analysis of the modern state of methods of purification of sunflower
oil from concomitant impurities is carried out. The main tasks of the oil-fat industry as a holistic
system of management and production of food raw materials and food products are outlined. The
requirements for quality and features of production of vegetable oil are highlighted, the main
criteria for its choice by consumers and place in a healthy lifestyle system. The basic most common
methods of refinement of oil are specified. The use of natural disperse minerals of Ukrainian
deposits are proposed as adsorbents. The technology of production of bleached vegetable oil is
developed and scientifically substantiated.

Key words: oil, whitening, adsorption, technology, impurities.
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WAYS TO EXPAND THE RANGE OF FISH CULINARY PRODUCTS OF
INCREASED BIOLOGICAL VALUE FOR INSTITUTIONS OF THE

HOSPITALITY INDUSTRY
[IJISIXY PO3IIMPEHHS ACOPTUMEHTY PUBHMX KYJIIHAPHUX BUPOBIB
MIBUAIIEHOI BIOJIOTTYHOI IIHHOCTI ST 3AKJIANIB THAYCTPIi
TOCTUHHOCTI
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Anomauia. B npeocmasneniti pooomi HageoeHo pe3yibmamu CME0OpPeHHs peyenmypu 3pas
«3pazu pubni 3 yubynero-nopeily 3 nioguweror bionoiunow yinnicmio. Ilpoananizoeano ximiunui
CKIAO OCHOBHOI CUpOSUHU cmpasu — 0i1020 amypy i 008e0eHO0 1020 nepesazu y peyenmypHomy
cknaoi. Iliomeepooicena ModCIUGicms BUKOPUCMAHHA Y SAKOCMI (DYHKYIOHAIbHUX [H2PedieHmig
cmpasi yubyni-nopero, Mu20aIbHO20 MOIOKA, 2peyano2o 6opouHa, Ac€yb nepeneaunux. /focnioxceno
Op2aHONICNMUYHI  NOKA3HUKYU CMPABU, pPO3PAXOBAHO NOMCUBH), EHepeemuyHy YIHHICMb ma
MIHEepanbHO-8IMAMIHHUL CKIA0 cmpasu «3pazu pubHi 3 yubyiero-nopeiy.

Kniouosi cnoea: 3pazu Ooucoki, Oinuil amyp, yubyns-nopetl, MucoaibHe MOJOKO, 2peyane
bopowino, aliys nepeneauti, 0io102iYHa YIHHICMD

Beryn

VYsBRIeHHs PO Te, U0 CTAaHOBUTH 3/I0pPOBE XapuyBaHHsI, 3aJ1eKaTh Bija reorpadii
Ta 3BUYAIB, @ TAKOXK BiJ] pO3yMIHHS CYyTHOCTI XapuyBaHHs. OfHaK y 6aratbox KpaiHax
KIHIIEBOIO METOI0 XapuyyBaHHs JIIOJAUHU € 3a0€3MeUYeHHs] ONTUMAaJIbHOTO 370POB'S Ta
3HWKEHHS PpU3MKY XpOHIYHMX 3aXBOPIOBaHb, TaKUX SK CEpPLEBO-CYANHHI
3aXBOPIOBaHHS Ta pak, a TakKoX 3anoOiraHHs KJIAaCUYHUM 3aXBOPIOBAHHSM,
MOB'sI3aHUM 3 J1e(DIITUTOM MOKUBHUX PEYOBUH [1].

J1ist 3a0e3neyeHHs 3J1aro/I)KeH0i poOOTH OpraHi3My JIOAUHU NOTPIOHE SKICHE Ta
Oe3reyHe XapyyBaHHS — 1€, Hacammepen, BXKHUBaHHS PI3HOMAHITHUX MPOIYKTIB
(YHKIIOHATBHOTO TMPU3HAYEHHS, $KI MaloTh 3aJaHl CIOXHBHI BJIACTUBOCTI 1
30aJ1aHCOBAHUN CKJIAI.

OcranHIM 4YacoM, BelMKa yBara NpHUIUISETHCA PO3poOIll KyTiHApHUX PUOHUX
BUPOOIB 3 IIJIBUIICHOIO O10JOTIYHOI0 IIIHHICTIO Ha OCHOBI BITYM3HSHOI PHOHOT
CUPOBMHHU, B pelenTypax SKHX BUKOPHUCTOBYIOTbCS HETpaJMIIiHI JpKepena
010JIOTIYHO AaKTUBHUX PEYOBHH, SIKI 3a0€3MEUyIOTh ONTHUMAJIBHUN XIMIYHUW CKJIa]
roToBoi nmpoaykiii [2,3,4].

OcHoBHHUII MaTepiaJ.

3pa3u JOHCBHKI BUTOTOBJISIIOTHCS 3 MOPCHKOI Ta MPICHOBOJHOI pUOH, 30KpeMa :
TPICKH, X€Ka, oceTpa, OlIyru, cyaaka, coma. Jlo ckiany dapiiry 3pas, 3a perentyporo,
BKJIFOYEH1 HACTYIHI IHTPEAIEHTH: LMOYyJs pimyacta, MaprapuH CTOJIOBUH, cyxapi,
AL Kypsdl, MeTpylika (3eyeHb), OopowmHo mmieHnyHe [5]. Bigomo, mo 3pasu
JOHCBbKI MAOTh HEBHCOKY XapyOBY LIHHICTh 1 CEPEIHI OPraHOJIENTHYHI MOKA3HHUKHU.
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3 METOI0 TMOJO0JIAaHHS IUX HEIOJIKIB, 3alpOINOHOBAHO MOJU(IKyBaTH TpaJaMIiHHY
perenTypy 3pa3 JOHCHKUX MUISXOM TOBHOI 3aMiHM PUOHOI CUPOBHHHM Ta YaCTKOBOT
3aMiHM ckiafoBux (apiry. OcoOMBOI0 03HAKOIO HOBOI CTpaBU «3pa3u puOHI 3
nuoynero-mopei» € ii 6araToPpyHKITIOHATIBHICTh. 3aMiHA TPAIULIMHUX CKIIATHUKIB
perentypu Ha OUTbII LIHHY CUPOBHHY MPU3BOIUTH 10 MiJIBULICHHS MEBHOTO DSy
MOKA3HHUKIB: MICUJICHHS CMaKy Ta 3araxy, ONTUMi3alii XIMIYHOTO CKJIaJy CTPaBH.

st BupoOHHMIITBA 3pa3 «3pa3u pubHI 3 HUOYJICIO-TIOpEH», SK OCHOBHY
CUPOBHHY BUKOPHUCTaHO OUIMNA aMmyp, KM € 00’€KTOM IITYYHOI'O PO3BEJICHHS Y
BoAoWMax Ykpainu. M'aco 1i€i puOM XapaKTepu3yeTbCs BUCOKMMHU XapuyOBUMU
SKOCTSMM - HIKHE 1 )KUpHE 3 OaraTuMm XiMidHuUM ckiagoMm. Y 100 r m’sica Gisioro
amypy MICTUThCs: OUIKIB -18,6 T; kupiB -5,3 T; MiHEpaIbHUX PEYOBHUH: Kajio-316,8
Mr ; ochopy -269,7 mr; marHito- 32 Mr; Kajblito — 25,7 mr; Bitaminu: Bi- 0,14 mr;
B,- 0,12 [6]. Binuit amyp Moxe OyTH BiJIHECEHUM O CUPOBHUHHU 13 BUCOKUM BMICTOM
Oinka. YKupwu 11i€l pubM XapakTepU3yIOThCS 3HAYHOIO KUTBKICTIO MOJIHEHACUYEHUX
KUPHUX KUCIOT. M'sico O10ro amypy JIETKO 3aCBOIOETHCSI OPraHi3MOM 1 TOMY HE
pPOOUTH BEJIMKE HABAHTAKEHHS Ha IIUTYHKOBO-KUIIIKOBHUM TPaKT.

VY SKOCTI OCHOBHOTO (D)YHKIIOHAJIBHOTO IHTPEIIEHTY Yy peuentypi ¢apury 3pa3
«3pazu pubHI 3 1UOYJIEI-MIOpei» 3alpONOHOBAHO BHUKOPUCTAHHS  OBOYEBOI
cUpoBHHH — 1Oy - opet (Allium porrum), sika BiJIpi3HSIETHCSI BUCOKAM BMICTOM
coJiel Kaiito, Kanblliio, Gochopy, MarHio, 3ajiza, a TaKOX BITaMiHIB — aCKOPOIHOBOT
KHUCJIOTH, TiaMiHy, pubodiadiny touro [7]. [TopiBHsIIBHA XapaKTEepPUCTHKA XIMIYHOTO
CKJIaly JesSKUX ITMOYJICBUX OBOYIB Ta iX €HEPreTUYHO! IIHHOCTI MpeACTaBieHa y
tabnuii 1, [8]. HaBeneni maHi cBig4aTh, 110 MepeBaror MUOYII-Ope € 3HAYHUN
BMICT Kaubllito 1 Bitaminy C. Bimomo, 1mo 3aBiasgku OaratoMy BiTaMIHHO-
MIHEpaJIbHOMY CKJIaAy IUOYJs-TIoped BIJHOBIIOE POOOTY MEYIHKU, MOKPAILYE BIJITIK
KOBYl, CTHUMYJIIOE TPaBJEHHS, MPU LOMY, HAa BIAMIHY BIJ LUOYJI pIMYacToi Ta
UOYJIi-11a70T, HE MOIIKO/DKY€E IITYHOK [9].

Tadouanus 1 - XiMiuyHUH CKJIA Ta eHepreTU4HAa HiHHICTH NM0YyJIeBUX OBOYiB HA

100r [8]
E _ MinepaJubHi Biraminm, mr o
2 - Pe4Y0BHUHH, MT = . K
2 - [ = =Y
- -~ =~ = q
E = =~ (=) =9 =z
g 2 2| & o E =
= = = @ = £ 3
2 A|%| S| K |CaMg| P| B | B |C $E &
§ =) =
Hubyns |y 4165182117531 | 14 |58 |0.05]0,02| 10 | 40.2/168.197
pimyacTa
Hubyns-— | o1 651631225 87| 10 | 58| 0.1 | 0,04 35 | 35.0/146,649
nopeu
Hubynsa-— 5 0,15/9,7 (334 | 37| 21 | 60|0,06]|0,02| 8,0 |50,95/213,175
m1ajJoT
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HoBumu iHrpeaientamu y perentypi dapiry 3pa3 «3pa3u pubHi 3 1udyliero-
nopei» € MOJIOKO MUTJaIbHE , OOPOIIHO rpeyaHe 1 AU NepeneanHi, BHECEHHS SIKUX
MO’KE€ MIJBUIIUTH O10JIOTIYHY I[IHHICTH CTPaBH Ta MOKPALIUTH ii OpPraHOJICTITUYHI
BJIACTUBOCTI.

Pe3ynapTatu MOpIBHAHHA XIMIYHOTO CKJIAAy HOMYJSPHUX BUIIB POCIUHHOTO
MOJIOKa, HAaBEICHUX y TaOmuIll 2, MOKa3yroTh, L0 uid 30aradyeHHs 3pa3 pUOHUX
JOULIFHO BHUKOPHCTOBYBAaTH MOJIOKO MHIJAJIbHE, SIKE MICTHTh 3HAayHY KUIBKICTb
KaJibIlit0, MarHito, pochopy [10].

Tadumnus 2 - XiMiYHUH CKJIAJ TAa eHePreTU4YHA WiHHICTh NOMYyJISIPHUX BUAIB
pocauHHOro MoJioka Ha 100r [10]

o - MiHepaibHi . . «
o - Biraminu, Mr =R
S | =] = PEYOBHHH, MI -
=E£ | g £ 2 =53
- R= B2 X
25 22| B *F
S = B %| 2| K | Ca Mg | P | B | B | C %'Er i
2 > = <
== =
Murganene | 3,2 19,3 12,2 129 | 51,3 | 41,3 |81,7| 0,04 | 0,11 | 0,05 {105,3/440,575
Kokocose | 1,6 (20,8/5,6 232 | 4 32 [ 59]0,02] - |0,03|216/903,744
Coese 3,3(1,75/ 5,8 118 | 25 | 25 | 52 | 0,06 0,07 | 0,08 |52,15/218,196

CyyacHUMU OCIIDKEHHSIMH JOBEICHO, 0 MIICHUIIS 1 MPOAYKTH 3 HET MOXKYTh
OyTH MPUYMHOIO HE TUIBKH IIeJiaKil YM 1HIIMX MaTOJIOTi, BOHU TaKOX MOXYTh OyTH
NPUYMHOIO HaMpI3HOMAaHITHINIMX peakiid B opraHi3mi JoauHu. Hanpuknazg, Tak
3BaHl komrnoHeHTH FODMAPs — ¢pykraHu — 3amyckaioTh KOMIUIEKC pPeakilii,
nmoB’si3aHuX 3 cuHapoMoM TonapazHenoi kumku (CIIK), 1 HaBiTh 1HOI BUKIMKAIOTH
cepito3Hy ocmoTuuHny giapero [11]. Tomy y penentypi 3pa3 «3pa3u pubHi 3 nulyIeto-
ropei»  JIolJIbHA MOBHA 3aMiHa MIIIEHUYHOTO OOpOITHA HAa rpedyaHe, sSIKe HEe TUIbKU
HE MICTUTh TJIFOTEH, aji€ 1 Ma€ IepeBary 3a XiMiyHUM ckiiajaom (tadm.3) [12].

AHani3 XIMIYHOTO CKJIaJy S€lb KypsUMX 1 MepeneanuHux, SKuil MpeacTaBiIeHUN
y Tabauii 4, TOBOAUTH, [0 BMICT MarHito, BiTaMiHiB B; 1 B, y nepenenmuaux sutsx
3HA4YHO OUIBIINE HIK y KypsAUHX, TOMY Yy perentypi 3pa3 «3pa3u puOHi 3 HUOyIICI0-
Mopei» 3 METOIO MiJIBUIIICHHS 010JI0T14HOI IIIHHOCTI CTpaBM MPOBEJICHA ITOBHA 3aMiHa
S€1b KypSYUX Ha MEepenenHi.

OuiHKy OpraHoJIEITUYHUX MOKa3HUKIB 3pa3KiB 3pa3 JOHCHKUX (KOHTPOJIb) 1 3pa3
3 «3pa3u pubHiI 3 HUOYJICIO-MOPei» MPOBOIMINA 3a PO3pOOJIEHOI0 S-TH OaIbHOIO
IIKajaor. Pe3yiapTaTH OpraHoJICNITUYHOI OINIHKH, SKiI TMpeAcTaBieHi Ha puc.l.
CBiT4aTh, MO0 3pa3oK 3pa3 «3pa3u puOHI 3 MUOYJICIO-TIOpei» Mae OIBINY TUIONLY
MOPIBHSHO 3 KOHTposieM. TakuM YuWHOM, MOAMQIKAIIS TPAAUIINHOI pElenTypH
3a0e3nedye OTpUMaHHS BUPOOIB 3 TAPMOHIMHIUMU OPraHOJECNTUIYHUMU TTOKA3HUKAMU.
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Taoannga 3
XiMIYHMI CKJIA TAa eHepreTHYHa HiHHICTHh 0OPOIIHA MIIEHUYHOrO i rPeYaHoro
Ha 100r [12]
~ i . =
o iHepaJbHi c . .
S =~ = E p Bitaminu, mr Z A a
= 5 O I I~ PEeYOBHHHU, MT = 5 '§(
= 2 £ £ & 2 E =
RE |2 5| E SZ:
© 3 K |Ca | Mg| P B: B: = il

IMmennune | 10,8 | 1,3 (69,9 122 | 18 | 16 | 86 | 0,17 | 0,04 | 334,5/1399,55

I'pevane |13,6|1,2(71,9| 130 | 42 | 48 | 250 | 0,4 | 0,18 |352,8/1476,16

Ta6nuus 4
XiMIiYHMI CKJIaJ TA eHepreTHYHa WiHHICTh siEb KypPAYMX i epeneJuHuX HA
100r [12]
P <
.| = = Minepaibhi Bitaminn, 5 o5 K
= - s | X = = 5(
= = | =] 9 PEYOBHHH, MI Mr =S
= £ £ 8 2 E =
= 8 |& 2%
Z| K |[Ca|Mg | P |B|B | Z5X
Kypstui 12,711,5/0,7| 140 | 55| 12 |1920,07| 0,44 | 334,5/1399,55
[Tepenenuni | 11,9 (13,110,6| 144 | 54 | 32 |218/0,11| 0,65 |167,9/702,439

s KOHTPONBHHHA 3pa3oK IOCTi Ky BaHHI

30BHIIIHIA BHIITAI
4.8
4.7

4,7

4.6
4.8 4.5

. 4.6 .
BHIUIA Ha 310Mi KOIip

4,7
4.6

4.5 4.5

4.7

3aax CMaK
4.7

Puc. 1 Ilpodinorpama opranojienTHYHUX MOKA3ZHUKIB SIKOCTI 3pa3KiB 3pa3

AOHCBKHX (KOHTPOJIb) I 3pa3 «3pa3u pulHi 3 uudyJier-nopein»

Penentypuuit cknan 3pa3 «3pa3u puOHI 3 IUOYJICHO-TIOpE», HABEICHO Y
TabmuIi 5.
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Taoauus S - Penentypa 3pa3 «3pa3u pudHi 3 undyJsie-nopei»

No

nop.

Hasea cuposunu

Maca cuposunu, 2

bpymmo Hemmo

Bionosgionicms cuposuru
HOPMAMUGHIU
Jokymenmayii

binuit amyp

302 145

JACTY 7972:2015 «Puba
Ta puOHI IPOAYKTH»;

Hubynsa nopeit

50 21

JCTY8595:2015
«ubyns-nopeii cBixka.
TexHi4H1 YMOBHY;

Mosoko murnainHe

JACTY ISO 9001 ISO
22000

Cyxapi

JACTY 8708:2017 Cyxapi
MaHipyBaJIbHI

Situs nepernenuHi

lwr 10

JACTY 4656:2006 «Sliins
nepernenuHi. TexHiuHi
YMOBIY;

[etpymika (3eneHn)

JACTY 8645:2016 3enenp
MEeTPYIIKH, CeJIepU Ta
KpOIly CyILIEHa.

bopouHo rpeyane

JACTY 7702:2015
«bopouHo rpeuane.
TexHi4H1 YMOBHY;

Jnis 3pa3kiB 3pa3 JOHCHKHX (KOHTPOJb) Ta «3pa3u pubHI 3 1uOyJIero-nopein
pPO3paxOBaHO Xap4yoOBY Ta EHEPreTHUYHY I[IHHICTh, BMICT MIHEPAJbHUX PEYOBHH 1
BiTaMiHiB (Tabymig 6).

Tadauus 6 - XapyoBa Ta eHepreTH4Ha HiHHICTh, BMICT MiHEPAJIbHUX PEYOBHUH i
BiTaMiHiB B 3pa3kax 3pa3 JOHCbKHUX (KOHTPOJIb) i 3pa3 «3pa3u puoHi 3

nuoyJer-nopen»

N . 3pa3u 10OHCHKI «3pa3u puoHi 3
HaijimeHyBaHHSA NOKMBHOI .
MPR— (koHTpOJB), 1/100 T nuoyJie-nopein),
NMPOAYKTY r/100 r mpoayKTy
1 2 3
binku 19,1 30,0
Kupu 11,3 9.8
Byrnesoau 36,6 7,2
KanopiiinicTs, kkan/k/[x 324,4/1349,5 236,6/984,3
MiHepaJyibHi peYOBUHHU
Kaumiii 286,5 587,2
Kanpiii 44,1 82,2
MarHuii 46,1 63,2
dochop 259.8 454,0
Biraminu, Mr/100r npoaykry
Bitamin B, 0,1 0,26
Bitamin B, 0,1 0,27
Bitamin C 5,6 16,37
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Sk BUJHO 3 PO3paxyHKIB 3MiHA CKJIaJIOBUX TPAAMIIIAHOI pelenTypH IMpHu3Beia
70 301IbIIEHHS Y HOBIM CTpaBl BMICTY OLIKY, MiHEpaJbHUX PEYOBHUH 1 BITaMIHIB, 110
0oOyMOBJIEHO OaraTMM HYTPIEHTHUM CKJIQJIOM BXiqHOI cupoBuHH. EHepreTmdna
I[IHHICTh CTPaBU 3MEHIIIIACh Maiike B 1,4 pasu.

Ha puc. 2 mpencraBieHi MOPIBHSJIBHI PE3ylbTaTH BU3HAYEHHS 3aJ0BOJICHHS
1000BO1 MOTpeOM y MiHEpaTbHUX PEUYOBHHAX 1 BITaMIHAX JOPOCJIOTO HACEJICHHS
(kiHKM 1 4oyioBiKM) mpu crnoxuBaHHi 100 r 3pa3 MOHCBKUX (KOHTPOJb) Ta 3pa3
«3pa3u pubHi 3 UOyIeto-mopei» BIAMOBIIHO 10 pexomenaalii MO3 Ykpainu.

3am0BONICHHA 1000BOI TOTPeOH v BiTaMiHaX 1 MiHEpPaTbHHX PEeUOBHHAX
(s xiHok I - V rpyma)

60
53.38
50
o\; 40 37.83
=
o
=
230 2605
E 23.39
z 21.65
=t 20
& 20
12.64
9. 22
10 7.47 7.69 6.25
4, 0] I
. [
Bl B2
BMicT MiHEpanTbHEX PedOBHH, % Bil ﬂoﬁoBm nmpeﬁn BuicT BiTaminiB ,% Bin m0b0BOT HOpMH
¥ 3pasy JOHCHKI(KOHTPONL) B 3pasy puOHI 3 mHOYIeo-nmopeit

3am0BONICHHA 1000BOI TOTPeOH v BiTaMiHaX 1 MiHEpPaTbHHX PEeUOBHHAX
(s xiHok I - V rpyma)

60
53.38
50
o\; 40 37.83
=
o
=
230 26.05
= 23.39
z 21.65
=t 20
& 20
12.64
10 747 % 22 7.69 6.5
4, O] I
O .
Bl B2
BuicT MiEepanbHEX pedoBHH, % Bim ﬂoﬁoBm nomeﬁn Buict BiTaminis % Bin noboBoi HopMH
¥ 3pasH JOHCBKI(KOHTPONL) = 3pasy pHOHI 3 mHOYIeo-nmopeit

Puc. 2 3axoBoJieHHst 1000BOI NOTPEOH TOPOCTOr0 HACEJIEHHS Y MiHEPaJIbHUX
peyoBHHAX i BiTaminax npu cnoxkuBanHi 100 r 3pa3 10HCbKHX (KOHTPOJIb) i
3pa3 «3pa3u pulHi 3 nudyJie-nopein»
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AHai3 giarpam puc. 2 CBIIYHTH, 1110 pUOHI KyJTiHapHI BUpoOu «3pa3u pudHi 3
nuOyJeIo-Mopei» MaloTh BHUII MOKA3HUKU 3aJ0BOJICHHS J1000BOI mOTpedu Yy
MiHEpaJIbHUX PEYOBHHAX 1 BITaMIHAX SK JJISl YOJIOBIKIB, TaK 1 JJIs KIHOK MOPIBHIHO 3
3pa3aMu IOHCbKUMH (KOHTPOJIb).

BucHoBku.

JloBeieHO AOIIBHICTE MOAU(IKAIT TPAAUIIIIHOI perenTypu 3pa3 JOHCHKUX 3a
paxyHOK TIOBHOi 3aMiHM OCHOBHOi CHPOBHHHM Ha (ije O1710ro amypy, 4acCTKOBOI
3aMiHU CKJIaJ0BUX (apiry Ha [MUOYIII0-TIOpeid, MOJIOKO MUTJaIbHE, OOPOIITHO TpeyaHe
1 siUg TmepenenvHl A MONIMIICHHS X OpPraHoJISNTHUYHUX XapaKTepUCTUK Ta
MIIBUIIEHHSA 010JIOTTYHOI [[IHHOCTI.

BcranoBneno, mo y puOHuUX BuUpoOax «3pa3u puOHI 3 LUOYJIEIO-IOpEe»
MOPIBHSAHO 13 3pa3aMd JIOHCBKMMH (KOHTPOJb) MiJABUILYETHCA BMICT OUIKY,
MIHEpaJIbHUX PEYOBHUH 1 BITAMIHIB 32 paxyHOK 0araToro XiMi4yHOTO CKJaay BXI1JHUX
KOMITOHEHTIB. EHepreTuyHa 1iHHICTh CTpaBU 3MEHIWIACh Maixe B 1,4 pas3u.

BusnaueHo ctymiHb 3a0e3medeHHs JA000BOT TMOTpeOM y HYTpIEHTaxX IS
JIOPOCJIOro HaceleHHs (KIHOK 1 YOJIOBIKIB) cTpaBu «3pa3u puOHI 3 UOyIer0-Topei»
y TaKMX K KaJiH, Kajbllii, Maraii, ¢gocdop, Bitaminu By, B,, C.

OTmxe, 3pa3u «3pa3u pubHI 3 HUOYIICIO-TTOpe» MOXKYTh OyTH BUKOPHCTaHI JIJIs
PO3IIMPEHHS] ACOPTUMEHTY PUOHMX KyJIIHApHUX BUPOOIB 3aKjaaiB PECTOPAHHOTO
rocrojiapcTBa 1 PEKOMEHIOBaHI Ui IIMPOKOTO KOJa CHOXKMBa4iB 1HAYCTpIi
XapuyBaHHS.
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Abstract. The presented work presents the results of creating a recipe for "Fish dishes with
leeks" with high biological value. The chemical composition of the main raw material of the dish -
grass carp is analyzed and its advantages in the recipe composition are proved. The possibility of
using leeks, almond milk, buckwheat flour, buckwheat eggs and quail eggs as a functional
ingredient in the dish has been confirmed. The organoleptic parameters of the dish were studied,
the nutritional, energy value and mineral-vitamin composition of the dish "Fish dishes with leeks"
were calculated.

Keywords: Zrazy dons'ki, grass carp, leeks, almond milk, buckwheat flour, quail eggs,
biological value.
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V]IK 664.16
SAFETY ISSUES OF EMULSION FOOD SYSTEMS WITH SUGAR

GLYCERIDES
MUATAHHSA BE3NEKA EMYJILCIMHIUX XAPYOBUX CUCTEM I3
YKPOTJIIIEPUIAMUA
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c.c.s., as.prof. / K.x.H., 0oy.
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Anomauia. B pooomi nagedeno ma 062080peno pe3yiomamu 8UHAUEHHs b6e3neKu ma AKocmi
eMYIbCIUHUX XAPHUOBUX cucmem i3 yykpoaiiyepuoamu. Buxonano Mikpooiono2iunuil ananiz aKocmi
COyCi8 3 pPI3HUM 8MICMOM YyKpoeriyepuois. Busnaueno 6 ix cxnadi HaseHicmb MIKPOOP2AHIZMI6
BI'KIl, MAD®AM, Opidxcodcie i nIicHABU, KUCIOMOIOYHUX MA CHOPOYMEOPIOIOUUX Oaxmepii.
Haseoeno nopiensanns odepoicanux oanux 3 nokaswuxamu, wo zameepodiceni JJCTY, wo ceiouumo
npo 6e3nexy ma UCOKY 4uUCmomy 0OCIIOHUX 3DA3KIE.

Knrouosi cnosa: xapuosa beznexa, yykpoeniyepuou, MikpoOioio2iuHull aHauis.

Beryn. Lykporminepuan 3apeecTpoBaHi sik XxapyoBa qob6aBka E474, no3Bosena
y €BpomneiicbkoMy COr031 JIJIsl BUKOPUCTAaHHS B SIKOCTI eMyJbraropa i crabiiizaTopa
OJIIHHO-BOJAHMX €MYJIbCIH y Psifii XapuoBUX MpOAyKTiB. Bona 30epirae B s3KiCTh 1
MOJTIMIITY€E€ KOHCUCTEHIIIF0 XapuoBUX MPOAYKTIB [1-5].

Buxopucranas xap4yoBoi J00aBKH J03BOJISIE PO3LUIMPUTH ACOPTUMEHT CTpasB,
MOKPAIIMTHU iX 30BHILIHIA BUTIIA] 1 3arajibHe 0(QOPMIICHHS: apoMaTt, CMakK, JOMOBHUTH
XIMIYHMM CKJIaJ], TIABUIIATHA O10J0TIUYHY IIHHICTh CTPaB Ta iX XapuoBy Oe3MeKy.

Hykporminepuan MarTh MepeBard mnepen Oararbma I1HIIMMH KOMEPIIHHUMHU
eMyJbraTopamu. Bapiaiiieto OCHOBHUX 1 JOTIOMIKHUX PEareHTiB, iX CIiBBIAHOIICHHS,
YMOB Ta TpPUBAJIOCTI Nepediry peakiii MOXXHa OTpUMaTH [100aBKy, WIO0 Mae
rigpodineHo-nminodineauit  6amanc (I'JIb) B mexax 1-16. Ilykporminepuau 3
HU3bKkUM 1 BucokuM [JIb moOpe ¢yHKIIOHYIOTH B emyJibcii Boga B odjii (B/0) Ta
eMyJibcii omist y Boji (0/B), BiamoBiaHo. Ile o3Havae, Mo Bapito0uu CKIAAOM JAHOTO
eMyJIbraTopa MOKHA 3pOOMTH TPOIYKT 13 Hamepena 3aganuMm 3HadyeHHsM [JIb s
KOHKpPETHOT emylibcii. Takum YMHOM, 37aTHICTH ITyKPOTJIIEPHJIIB TMPAIIOBATH Y
mupokomy giama3oHi ['JIB pobuth iX He Tinmpkm “iealbHOI0O”, a Ie W JOCHUTh
KOHKYPEHTOCIPOMOKHOIO T0OABKOIO 3 €MYJIbI'YIOUMMH BIACTUBOCTIMU [2-4].

EmynbciiiHuil coyc sBiiie co0O0 CKIIaJHy OaraTOKOMIIOHEHTHY, CTIMKY Y
mupokomy mianazoni temnepatyp (Big 0 mo 18 °C), apiOHOAMCIEPCHY eMYJIbCIIO,
BUTOTOBJIEHY 3 pa(iHOBAaHUX, JE€30/I0POBAHMX O 3 JOJABAHHSIM €MYJIbraTOpIB,
cTab1/113aTOPIB, CMAKOBUX JI00ABOK Ta MPSHOLIIB.

Meta po60TH — BU3BHAYUTH SIKICTh Ta O€3MEKY EMYJIbCIHHUX XapUOBUX CUCTEM 3
YKpOJTiIEepUAaMHu.
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O0’exkTH Ta MeTOAM HOCHiIKeHHA. Po3polOiieHO pelentypy emysbCiiiHOro
COyCy 13 TOAaBaHHSM IYKPOTJIIEPUIIB JJIs TACUICHHS eMYJIbIyI0U0i il ICHYI0YOoTro
eMyJIbraTopa sie4HOTO YKOBTKA. J[J1s1 JOCHIIPKEHHST Xap4yoBOi O0€3MeKn eMyJIbCiiHOT i
XapyoBOi J00ABKM BHUTOTOBJICHO IIICTh 3pa3KiB €MYJIbCIHHOTO COyCy 3 PI3HOIO
KOHIICHTPAITIEIO IYKPOTMIEepuIiB: B 2,5 T 10 12,5 1, a TaKoK KOHTPOJIBHHI 3pa30K
0€3 IyKpOTTIIEPH/IIB.

OCHOBHUMH MMOKa3HUKAMH SKOCTI XapuyOBOTO MPOIYKTY € HOT0 MiKpOOi0JI0TidHA
YUCTOTa, TOMY KpIM OPraHoOJICNTUYHUX Ta (PI3UKO-XIMIYHUX aHami3iB  OyJio
MPOBEICHO MIKPOOI0JIOT1UHI MOCIBY HA PI3HUX CEPEIOBUIINAX.

Mikpo0ioJIoTiuHl  TOCIBM  MPOBOAMWJIM  3TIJTHO  ICHYHOYHMX METOJUK Ha
cepenoumax: EHJIO, ITA (menrtonnmii arap), UBA (yHiBepcanpHuii arap), OSA
(anenbcuHOBUI arap/OyiaboH) [6].

Pe3ynbTatH Ta iX 00roBopeHHsi. Pe3ynbrat MiKpOOIOJIOTIYHUX JOCHTIIKEHB
HaBEJICHO Ha PUCYHKY 1.

Pucynok 1 — Mikpo0ioJioriuynmii nociB Ha cepeoBHIILi:
a) EHJ]O; 6) 114, B) UPA (aepobu), t) UPA (anaepobu); n) OSA;
€) 308HIWHIU 8U2TIA0 MIKPOOP2AHIZMI8 NPU 30L1bULEHH]
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Hani pucynky la cBimuath, mo Ha cepepoBuii EHJO y Bcix mociigHux
3paskax BiacyTHi Mikpoopranizmu rpynu BI'KII; va cepemosumi ITA (pucynok 16)
¢bikcyeThCsl HEBENMUKA KUTBKICTh MikpoopranizmiB rpynu MAMDAM, arne iX KUTbKICTh
HE Hece MIKOAM JJIsl OpraHiaMmy JrofauHu; Ha cepenoBuili UBA (pucyHok 1B, T)
BIICYTHI JpXKMKI Ta IUIICHABA Y BCIX JOCHITHUX 3pa3kax, aHaepoOHi
MIKpOOpraHi3Mu (QikcyroTbesi y 3paskax Nel, 2, 3, 6, kpim 3pa3kiB Ne4 1 No5. Ha
pucysky 1a (cepemoBuiiie OSA) y BCIX 3pa3Kkax HasBHI KUCJIOTOYTBOPIOIOYI OakTepil
Yy HEBEJMKIA KITBKOCTI, 110 HE HECe IIKOAW JJIsl OpraHi3My JIOJUHU, a MOXKE
MIPU3BECTH JI0 OKUCHEHHS 1 YaCTKOBOTO TICYBaHHS MPOIYKTY.

JlaH1 MiKpoO10JIOTTYHHUX MOCIBIB Ha PI3HUX CEPEAOBUIIAX HABEIEHO Y TAOJIHIII.

Taduuusa — Mikpo0ioJ1oriyHi MOCiBM HA PI3HUX CepeI0OBHIAX

Ne | EHJO ITA UBA (ae) | UBA (ane) OSA
130; manu4ku 31 cnopamu,
criopu OauussipHi(He
PO31yBalOTh KIIITUHY) 216; 516; 246;
1 0 PO3MIIIEHI IIEHTPATHHO MaAJINYKHU MaJNYKA | DAJIUYKU O€e3
a00 cyOTepMiHAIILHO 6e3 criop 6e3 crop criop
(Tpoxu 3MillEeHa J10
KIHIIS)
10;
9; mannuky | 10; magmaku
2 0 60; manuuku 6€3 crop NaJIMYKU
6es criop 6e3 criop 6e3 criop
26; maganuKu
412;
4; manuuKu 6e3 crop,
3 0 999; nmanmuuku 6€3 crop MAJIMYKU
0e3 cmop 30UparoThCs
0e3 crop
y JIAHITFOKKHU
8; mayMYKu 31 CIIOpamu,
(ciopu OalwIIsIpHi HE
PO3/LyBIOTE KIITHEY) 6; maTu4Ku 2; IaTu4Ku
4 0 PO3MIiIIIeH] IIEHTPaIbLHO ’ 0 ’
: 6e3 criop 6e3 criop
a00 cyOTepMiHAIBHO
(Tpoxu 3MmilIeHa 10
KIHIIS)
5 0 10; manuuku 6€3 crop 6, mamxu 0 2; manHKm
0e3 crop 0e3 crop
) 73; 85; 160;
40; manuuku 6e3 crop,
6 0 ManYKH NaJNYKy | TAJIHYKH 0e3
30UPAIOTHCS Y JTAHIIFOKKH
6e3 ciop 6e3 crop Criop

Ax BuHO 3 TaOMUI U1 JOCHIAHUX 3pa3kiB coyciB Ned 1 NeS crnoctepiraerbcs
BIJICYTHICTh MikpoopraHizmiB rpynu BI'KII, npixkmxiB 1 IUTICHABH, aHaepoOOHUX
MIKpPOOpPIaHi3MH, ajie¢ y HEBEJIUKIN KIJILKOCTI HasiBHI KUCJIOTOYTBOPIOKOY1 OaKkTepii Ta
MikpoopraHizmu rpynu MAGAM.

Ha pucynky 2 HaBeleHO pe3yjbTaTd SKICHOTO aHaIi3y JOCHITHUX 3pa3KiB Ha
HasBHICTh CLIOPOYTBOPIOIOUMX OakTepii 3a qonomororo NBB-b.
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PucyHnok 2 — SIkicHuii aHa i3 J0CIITHUX 3pa3KiB 10 (a) Ta micuas (0)
BHUSIBJICHHS CIIOPOYTBOPIOKYNX OaKTepii

S BUAHO 3 PUCYHKY 2 MO3UTHBHY peakiito aanu 3pa3ku Nel, Ne2, No3 Tta Neb.
CnopoyTBoprorounx OakTepiil He MICTATh 3pa3ku coyciB Ned4 ta Ne5, mio cBiUHUTH
PO 1X BUCOKY YHUCTOTY.

BucHoBku.

1. Pe3yabpTat Mikpo010J0TI4HOTO aHalli3y CBIIYATh PO BUCOKY YUCTOTY COYCIB
13 IYKpOTJIIEpUAAMH Ta MOXJIHMBICTh iXHBOTO BUKOPHUCTAHHA Y TIPOMHCIOBHUX
KUTBKOCTSIX.

2. SIkicHUW aHaNli3 Ha HASBHICTh CHOPOYTBOPIOIOYHMX OaKTEpiil CBIMYUTH MPO
BHUCOKY YHUCTOTY coyciB 3pa3kiB Ne 4 1 5, mo mictars uykporminepuaiB 10,0 1 12,5
r/100 r, BIAIIOBIJTHO.
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Abstract. The results of determining the safety and quality ofemulsion food systems with sugar
glycerides are presented and discussed. Microbiological analysis of the quality of sauces with
different sugar glyceride content was performed. The presence of microorganisms BGKP, MAFAM,
veast and mold, fermented milk and spore-forming bacteria was determined in their composition. A
comparison of the obtained data with the indicators approved by DSTU, which indicates the safety
and high purity of the prototypes.

Key words: food safety, sugar glyceridas, microbiological analysis.
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V]IK 633.812:631.5(477.43+477.85)
BIOMETRIC INDICATORS OF NARROW-LEAVED LAVENDER

DEPENDING ON THE APPLICATION OF GROWTH BIOSTIMULATORS

IN THE CONDITIONS OF THE WESTERN FOREST-STEPPE OF UKRAINE
BIOMETPHUYHI IOKA3HUKHA JJABAHIM BY3bKOJIMCTOI 3AJIEAKHO BIJI
3ACTOCYBAHHS BIOCTUMYJISITOPIB POCTY B YMOBAX 3AXITHOT'O

JICOCTENY YKPAIHM

Kusakovska N.M./ KycakoBcbka H.M.

postgraduate / acnipanm

Khomina V.Ya./ Xomina B.S1.

doctor of agricultural sciences, Professor
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AHortanisgs. Mema. Busnauumu Kpawuii cmpok 3a20MO6KU JHCUBYIE MA GCMAHOSUMU GNIUG
biocmumynsamopie pocmy Ha YKOPIHEHHs JHCUBYie ma GopmysanHs OIloOMempudHux NOKA3HUKIG
POCIUH NIa8AHOU BY3bKOIUCMOI Npu upowyeanni 6 ymoeax 3axionozo Jlicocmeny Ykpainu.
Pesynomamu. Y cmammi HnagedeHO 6i0COMOK YKOPIHEHHS MHCUBYIE N1ABAHOU BV3bKOIUCMOI 34
PO3MHOMNCEHHS HCUBYIOBAHHAM 3ANENHCHO 6i0 CMPOKY 3A20MO6KU HCUBYIE mMda 3ACMOCYBAHHS
biocmumynamopis pocmy pociur Kopnesin ma Bumnen. Bcmanoeneno, wo 6inbu echexmusnum 6ys
CMPOK 30A20MOBKU HCUBYIB — NICHA YBIMIHHA MAMOYHUX POCIUH (TUNEHb) NOPIBHAHO 13 8ECHAHOIO
3aeo0moekoio  Jcusyie  (keimeuv). Ceped 060X 3aCMOCOBYBAHUX — OIOCMUMYIAMOPIE  OinblU
epexmusnum eusasuscs npenapam Kopuegin, 3acmocy8anus AK020 CHpusno ykopinenuio 98%
acusyie, wo Ha 17% nepesuwysano koumponvHuu eapianm (b6e3 npenapamy). Ilpu eusnauenni
OioMempUYHUX NOKA3HUKIE 008e0eHd eheKMUBHICMb 3ACMOCY8AHHA OIOCMUMYIAMOPIE POCMY
Kopnesin ma Bumnen. Bcmamnoeneno, wo onmumanvHuil egexm ompumano 6i0 npenapamy
KopHnesin, 3acmocysanns aKk020 cnpusino nepesuienHio KOHmpoabH020 6apianmy 3a NOKAZHUKAMU:
sucomu pociun — Ha 4,2 cm (11,5%), wupunu kywa — na 4,6 cm (13,6%,), 0dosxcunu konocy — na 0,9
cm (21,4%), kinvkocmi einox 1-2o nopsaoxy — na 4,8 wm (14,9%), xinexocmi cyysimo — na 6,0 wm
(4,2%) ma xinbkocmi keimok & cyysimmi — na 4,4 wm (15,0%). Bucnosku. Jlasanody 8y3vronucmy
OJoyinbHo supowgysamu 8 ymosax 3axionoeo Jlicocmeny Yxpainu. [lpu pozmuooicenHi n1aeanou
8Y3bKOIUCOL HCUBYIOBAHHAM OLIbUL eheKMUBHUM OV8 CIMPOK 3A20MOBKU HCUBYIE — NICTIS YBIMIHHSL
MAMOYHUX POCIUH (TUNEHb) HOPIGHAHO 13 BECHAHOI 3A20MOBKOI0 JHCUBYIE (K8imeHb), Oinbu
epexmuenum eusaeuscs npenapam Kophesin, 3acmocy8anHs AK020 cHpusno ykopinenHio 98%
arcusyis, wo Ha 17% nepesuwyysano xommponvnuil eéapianm (6e3 npenapamy). Biomempuunuil
amaniz nokasae, wo Kpawui epexm noxazas npenapam Kophesin, na yvomy eapianmi pociunu
cghopmysanucsy OibU BUCOKOPOCTE, 3 OIILULOI UWUPUHOK KYWd, O0BICUHOI KOJIOCY, KLIbKICHIO
2iNoK 1-20 nopsoKy, KilbKicmio cyysims ma KGIimox y cyysimmi.

Knwouosi cnosa: 1nasanoa 8y3vbKOIUCMA, POSMHONCEHHS IHCUBYIOBAHHAM, OIOMempuyHi
NOKA3HUKU, OIOCMUMYTIIMOP POCMY.

Berym.

Perynstopu pocty 3HaxoasTb Bce OUIbIIE 3aCTOCYBaHHA B CYYacHHX
TEXHOJIOTISIX BUPOOHUIITBA MPOAYKIIi pOCIMHHULTBA. [0 HUX HaleKaTh MPUPOJHI 1
CUHTETUYHI OpraHivyHi CHOJYKH, SIKI Y MaJluX /J03aX aKTUBHO BIUIMBAIOTh Ha OOMIH
PEUYOBUH POCJIHMH, BHUKJIMKAIOYM CTUMYJIALII0 a00 NpUrHIYeHHS iX pocTy 1
MopdoreHesy.
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3acTocyBaHHA O10CTUMYJISITOPIB POCTYy — 1€ OJWH 13 3ac00iB IMiABUIIECHHS
MPOIYKTUBHOCTI PI3HUX KYJbTYp. B IIbOMYy HampsiIMKy ChOTOJIHI BUKOHYETBHCS DS
ngociikeHb. Tak, 3a pesynbratamu jpociixkernb B.M. Ilpokonuyka Ta iH. Oyio
BCTAHOBJICHO, WLI0 3a JAaHUMH aHajizy OIOMETPUYHUX MOKA3HUKIB CAMILIUTY
BIYHO3EJICHOTO, BUCOTA HAJ3€MHOI YACTHHU JKHMBI[IB HA BapiaHTI 3 BUKOPUCTAHHSIM
«Kopnesina» cranosuna 2,8 cM. [1]. I'openoB O.0. nokasas, 110 Npu 3aCTOCYBaHHI
ctumynaropa «KopHeBiH» HaBiTh 3a Manux KoHreHTpamii (0,5 /1) BigOyBaeThCs
YTBOPEHHsSI KOpeHIB BUIbXH [2]. ToMmy mig [i€l0 1bOro mnpenapary pOCIUHU
Haiikpaie BKopiHiOThCA. Oxpymko C.€. mpoBena AOCHIIKEHHS 13 3aCTOCYBaHHIM
CTUMYJISTOPY pocTy «Bummem» Ha oBouyeBMX KynbTypax. Haiikpami pesyibTatu
3a0e3Meymyio BUKOPUCTAaHHS I[bOTO TMpemnapary [js 3aMOuYyBaHHS HACiHHS Ta
TpUpa3oBe OOMPUCKYBAHHS KYyJbTYp MPOTATOM BEreTaiii. YpoKalHICTh CTOJOBOrO
Oypska 3pocia Ha 11,4-12,2%, a mopkBu Ha 13,2—13,7%, TOBapHICTbH BIJIMOBIAHO Ha
4% 1 6% [3]. B cBoix mocmikenusax C.€. OkpylIKo 3acBIIYHIIA, IO 3aCTOCYBAHHS
CTUMYJIATOPIB POCTY BeI€ 10 3pPOCTaHHS BPOXKAWHOCTI ¥ TOBAPHOCTI KayCTH
outoronmoBoi. Halikpamyi pesynbTati 3a0e€3Meunio BUKOPUCTAHHS Ipernapary
«Bumrien» s 3aMOYyBaHHS HACiHHS 1 TpUpa3oBe OOMPHUCKYBAaHHSA POCIHH.
VYpoxkaiiHicTh KamycTu OinorosioBoi copty Jumepcbka 7 3pocia Ha 8,5-11,8%, a
copty XapkiBchKka 3umoBa Ha 6,3—10,1%, a ToBapHICTb 30LIbIINIIACS BIAMOBIIHO Ha
4 % 1 2%.[4]. Ipuna Ckoporusic y CBOIX JIOCHII)KCHHSX BH3HAYMIIA BILUIWB
perynasitopa pocty «KopHeBIH» Ha TMpoIeC YKOPIHEHHS KUBLIB TPOSH/I.
KopeneyTtBopeHHs BiAOyBajiocsi WIBUAIIE i OyJI0 YKOPIHEHO HaWOLIbIIY KIJIbKICTb
KUBLIB, 00poOnennx mnpenaparom «KopueBin». Kamoc nepmmM mouas
YTBOPIOBATHCS HA 3pi3axX TPOSIHA TPYIH BUTKUX TPosH. Llew mporec Takok mpoTikaB
HIBUIIE B pOCIHH, 00pobsiennx «KopuesiHoM» [5].

Bumie Bukiamene cBimuuTh PO €(DEKTUBHICTH [ii BKa3aHWX O1OCTUMYJISTOPIB
MpU BUPOIIYBAaHHI PI3HUX KYyJIbTYp, MPOTE MOCIIKEHHS B IIbOMY HAaINpsSIMKy Ha
KyJbTYpl JIaBaH/Ia BY3bKOJUCTA HaM HE BIJIOMi, TOMY NHUTaHHS € aKTyaJbHUM 1
noTpedye MeTaaTbHOrO BUBYEHHS.

Mema oOocnidxceny — BU3HAUYCHHS YPOXKAWHOCTI JaBaHIU BY3bKOJIUCTOI
3QJIEKHO BiJ] 3aCTOCYBaHHS O10CTUMYJISTOPIB POCTY.

MarepiaJ i MeTOANKA TOCTIIZKEHb.

JlocmKeHHST BUKOHYBAJIMCh Ha JIOCTIIHUX AUITHKaX Kadeapu cajiBHUIITBA 1
BUHOTPAJapCTBa, 3eMJIEpOOCTBA Ta TIPYHTO3HAaBCTBA [lOAIMBCHKOTO AEpKABHOTO
arpapHO-TeXHIYHOTO yHiIBepcuTeTy (3apa3 3akimany Buioi ocBiTH «llominbchkuii
JIEp>)KaBHUM YHIBEPCUTET»). BUKOHy€BaBCS MOCHTIA: CTPOK 3aroTOBKHM JKHBIIIB 3a
po3MHOXKEHHS BigramyxeHHsmMu (dakrop A): 1 mitaiit (;unens), 11 BecHsamit (11
nekana kiTHs); Oioctumynstop (dakrop B): Kopuesin, Bummen. Bcei o6mikwy,
CIIOCTEPEKEHHS Ta aHali3W BHUKOHYBAJIWCH BIAMOBIAHO JIO 3arajbHOBITOMHX
METO/IMK, 30KpeMa: arpoTEeXHIKY BHPOILYBaHHS, >KUBIIOBAaHHS MPOBOAMWIA 32
MeTonuko Jep:KaBHOTO COPTOBUIIPOOYBAHHS CLIbCHKOTOCIOAAPCHKUX KYJBTYD,
1989 [6]; deHONOTIUHI CHOCTEPEKEHHS 1 CTPYKTYpPY PEHpOIyKTHUBHUX OpraHiB
POCIIMH  JIaBaHAM  BY3bKOJIUCTOI MPOBOAMIM 32 METOAMKOI MPOBEACHHS
KBaM(iKaliitHOT eKCHepTU3U COPTIB KBITKOBO — JEKOPATUBHUX, €(IpOOTINHUX,
JKApChKUX Ta JIICOBUX POCIHMH Ha MPUAATHICTH J0 NMOmMpeHHs B Ykpaini, 2007. [7];
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CTATUCTUYHMIM aHalli3 pe3yJIbTaTiB JAOCHIIKEHb MPOBOAMIA 3 BUKOPUCTAHHSIM
MPUKIIAAHOT KOMIT I0TepHOI mporpamu Statistica-6 (Adbudu A.A., 1982; Dpmantpayt
3.P.,2003;) [8, 9].

[lonepeaHuk B HamMX OOCHIHPKEHHAX — O3uMa miueHuns.. Ilicia 30upanHs
norepeHNKa IMPOBOIWIN JIYIIEHHs cTepHi, uyepe3 10—15 nHiB mose oOpoOisiiu
repOiuaom Tpeduman, uyepes 10 1HIB JIyIIEHHS MOBTOPIOBAIM KOPITYCHUM
nymuinsHUKOM. [licns rsoro BHOCHU MiHepanbHi (NjooP100Ka0) ¥ opraniuni qodpusa
(40 1/ra). [lnanTakHy opaHKy MpoBOJAWIM Ha TIuOunHy 45 cMm. Ilicns opanku 350
BUPIBHIOBAJIM 1 3aJMIlIaIy Ha 3umy [10].

OcHOBHA yacTHHA.

Kopinb y pocnunu — 11e ik pyHmaameHT OyauHKy. BianoBiaHo, YuM MIIHIIIUHN 1
CUJIBHIIIUM KOPiHb, TMM CTIMKIIIAa 1 MPOAYKTUBHIIIA Oyne pocivHa. OgHak depe3
pi3H1 (aKTOPH NPOLEC KOPEHEYTBOPEHHSI MOKeE OyTH YNOBUIBHEHUM. SIK mpaBuiio, 11e
B1IOYBA€ETHCS Uepe3 HEBIAMOBITHUN a00 BUCHAKEHWM TPYHT, MOTOJHUX yYMOB a0o
NPy HEMPABWILHOMY JOTJSAAl. TakoX pPOCIMHU MOXYTh BiAUyBaTH NpOOJIEMH 3
KOpPEHEYTBOpEHHs MiJ yac mnocaaku. Po3p'szatu nany npoOiemy MmoxiauBo. [lns
I[bOTO TMOTPIOHO BUKOPUCTOBYBATH CIEIlalibHI MperapaTH, SKi CIPUSIOTH
KOPEHEYTBOPEHHIO Ta YKOPIHEHHIO POCIHH Y BIAKpUTOMY IpyHTi. Jlo Takum X
mpenapariB BiIHOCATh Oloctumynsaropu KopHeBiH, Bummnen ta ixmi. 3a maHumu
OpUTIHATOPIB TMpernapaTiB Ta HAYKOBIIB, [0 BHUIPOOOBYBAIM iX €(EKTHUBHICTH,
o0poOka Ol0CTUMYJIATOpPaMH, 3aBASKA (OPMYBAHHIO MII[HOI KOPEHEBOI CHCTEMH,
CHOpPUSIE MIJBUILIECHHS CTIMKOCTI POCIHMH 1O HECHPUSATIMBUX (PAKTOPIB, CTHUMYJISLII
LBITIHHS, TIABUIIEHHIO IMYHITETY POCIHH, (POPMYBaHHIO OLIBIIOrO radiTyCcy pOCiuH,
30KpeMa MOKPAILICHHIO O10METPUYHUX MOKAa3HUKIB POCIUH Ta MOKA3HUKIB CTPYKTYpH
YpOXKaro.

Hamn ngocnimkeHHss nepeadadanu crnoci0 po3MHOMXKEHHS JKUBISIMU, K1 Malld
3€J€HUN KOJIp. 3aroTOBISUTM JKUBIIl TICJIASA BIAUBITAHHS Ha MAaTEPUHCHKIN
POCIMHI, a TAKOXX paHO-HaBeCHi. J{Jig yKOpiHEHHS XKUBIIB HE0OX1qHO Onu3bko 1,5
Mmicsaii. Ha xuBusgx Oyino chopmoBaHO IO JAeKiIbKa BY3JiB, JOBXHHA — OLISA
10 cM. BucamkyBanu KUBIIl Y TPYHTOCYMIIll, OTEPEIHHO OOPOOUBIIHN PO3YUHOM
3 J0JaBaHHAM O10CTUMYJATOPIB . He ciij nomyckat mepe3BOoJIOKEHHS, TTOJTUBU
NPOBOJUTH MPH MiJCUXAaHHI BEPXHBOrO miapy rpyHTocymim. Ilepmri gui — cmin
TPUMAaTH y 3aTiHKY, a IOTIM — IIPX PO3CITHOMY OCBITJICHHI.

3a pesyiapTaTamMH AOCTIKEHb KpaldM CTPOKOM 3aroTOBKHM JKHMBIIB OYB
JiTHIM (JIUMEHB), BIACOTOK YKOPIHEHHS JKUBIIIB HAa KOHTPOJHHOMY BapiaHTi
ctaHOBUB 76, mo Ha 5% mMepeBUIyBajJo IMOKAa3HUK YyKOPIHEHHS J>KMUBIIB 3a
BECHSTHOTO CTPOKY 3aroToBKH (KBiTeHB) (Tabm. 1).

[Ipu 3acTocyBaHHiI Oi0CTHMYJSATOpPIB OinbII €pEeKTUBHHUM OYyB mpemnapar
KopHeBiH, 3a AKOT0 BiICOTOK YKOPIHEHHS >KUBIIIB MPHU JITHIN 3arOTOBII CTAHOBUB
98, mo Ha 19% mnepeBulIyBalo KOHTPOJIb, a MPU BECHSIHIN 3aroTOBI MOKA3HUK
NepeBullyBaB KOHTpoJibHUN BapiaHT Ha 17%. [lpemapat Bumnen 3abe3ne4yun
BIJICOTOK YKOpiIHEHHs >KMBIIB BiAmoBiHO 90 Ta 83, TOOTO 3 TEpEBUIIEHHSIM
KOHTpoJIiB Ha 11 Ta 8%.

Komu yxopiHeHi >xuBIl CcHOPMYBaJIUMCh B POCIMHH, iX BHCAIKYBaIU Yy
BIJIKDUTUNA TPYHT, IMOMNEPEAHHO OOPOOUBIIM CTIHKM MOCAIKOBOi SIMH TOPOIIKOM
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KopueBiny Ta po3unHoMm Bummneny. Crnijx BIAMITUTH, IO BapiaHTH JOCIITY, Ha SKUX
BUKOPHUCTOBYBaJIM O10CTUMYJISATOPH, BHUPI3HSUIUCH B KOHTPOJBHOTO BapiaHTy
KpanmMu O010MeTpUYHUMU TMoKa3HuKamMHu. OTxe, Kpamuil epekT mokaszaB mpernapar
KopneBin, Ha 11bOMy BapiaHTI POCIMHH C(HOPMYBAIUCH OUIBII BHUCOKOPOCTT — 3
NEPEeBUILEHHSAM KOHTPOJO0 Ha 4,2 cM, 3 OUIBIIOI IIUPUHOIO KYIIA, JTOBXKHHOIO
KOJIOCY, KIJIBKICTIO TUIOK 1-r0 MOpSIAKY, KUIBKICTIO CYLBITH Ta KBITOK y CYILBITTI
(Tabn.2). Makcumanbuuii koedimieHT Bapiauii 9,7% OyB y MOKa3HMKa JOBXHHA
KOJIOCY, B CEPEIHHOMY 32 POKH JOCIIPKEHh ONTUMAIBHUM 5,1 cM 11e#l oKa3HUK OyB
3a 3actocyBaHHs KopHeBiHy, epeBUIlIeHHS KOTpoIto ctanoBmiio 0,9 cM, a BapiaHTa 3
Bumnienom — 0,3 cMm.

Tadauusa 1 - YKopiHeHHS )KUBIIB JJABaHIU BY3bKOJHMCTOI 32JI€5KHO BijJl
CTPOKIB IX 3ar0TOBKH Ta 0iocTUMYJAATOPIB pocty, % (2019-2021 pp.)

Ctpok bes bioctumynsarop (B)
3arOTOBKM | IIperapary Kopuesin Bumnen
KUBIIB (A) | (KOHTPOJB) {axr. T 0 {axr. T 10
KOHTPOJIIO KOHTPOJIIO
KBiTeHB 76 93 17 85 9
Jlunienp 81 98 17 91 10

Taoauus 2 - BioMeTpru4Hi NOKa3HMKHU POCJIUH JAaBAHAM BY3bKOJIHCTOI
3aJ1e5KHO BiJl 3aCTOCYBaHHSA 0i0CTHMYJISITOPIB pocTy,
(cepenne 3a 2019-2021 pp.)

bes [Ipenapart
[Toka3Huk oiocTu- Kopuesin Bumnen v,
o
(Zggfggﬁs) dakrt. |+ 10 dakT. | £ 10 7
KOHTP. KOHTP.

BucoTa pocinunu, cMm 36,5 40,7 4,2 38,9 2,4 5,4

[[lupuHa Ky1ia, cM 33,8 38,4 4,6 35,7 1,9 6,4

JloBXKMHA KOJIOCY, CM 4,2 5,1 0,9 4,8 0,6 9,7

KinpkicTh riiok 1-ro 32,1 36,9 4,8 35,0 2,9 6,9
NOPSJIKY, IIT

KinbkicTh CylBIiTH Ha 140 146 6,0 144 4 2,1
POCIIHHI, T

KinpKiCTh KBITOK B 29.3 33,7 4,4 32,1 2,8 7,0
CYUBITTI, IIT

BaxnmuBuMH MOKa3HUKaMHU CTPYKTYPH YPO>KalHOCTI JJaBaHIHM BY3bKOJHMCTOI
€: JIOBXKWHA KOJIOCY, KUJIBKICTh CYILIBITh Ha POCIHHI Ta KIJIbKICTh KBITOK B CYIIBITTI,
OCKIJIBKM caM€ CYIBITTS € CHPOBHHOIO i1 OTpuMaHHs edipHOi odii.
OnTuMaipbHUMHM BKa3aHl TIOKa3HUKM OyJIM Yy BapiaHTi 13 3acTOCYBaHHSIM
o0ioctumyssitopa KopHeBiH, KiJIbKICTh CYILBITh MEpPEBHUIyBajla KOHTPOJb Ha 6,0
HITYK Ha POCJIMHI, & KUIBKICTh KBITOK Yy CYLBITTI — Ha 4,4 WITYyK, IO € JOCUTH
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cyrTeBuM. [Ipenapar Bumnen Tex 3a0e3ne4uB nepeBUILEHHS KOHTPOJIIO 3a BCciMa
TOCTIKYBAaHUMH O1OMETPUYHUMH TIOKa3HUKaMU, 30KpeMa IMOKa3HHUK KIJIBKOCTI
CYILBITh Ha POCIJIMHI MEPEBUIIYBAaB KOHTPOJIb B CEPEIHbOMY 3a TPH POKU — Ha 4
HITYKU.

OckiabkH 610METPUYHI MOKa3HUKHU MAlOTh Pi3HI OJUHUII BUMIPY, MIpHUOABKH
70 KOHTPOJIIO, OTPUMaH1 BijJ 3aCTOCYBaHHS O10CTUMYJIATOPIB JAOLUIBHO MOJATH Y
BificoTKax. TakuM YMHOM, HAWOIIbII MIHJIWBUMHU MOKAa3HUKAMH OYJIH: KUIBKICTh
riJ0K 1-ro mopsaaky, KijgbKIiCTh KBITOK Y CYILBITTI Ta JOBXHHA KOJOCY, BIJICOTOK,
1[0 CKJIaJiaB MEPEBUIICHHS KOHTPOJIIO KOJUBaBcs B Mexax 9-21,4 (puc.1).

9,5

T KoK & T, T N 15

L . 28
KinbKicTb cyuBiTh, WT RS 472

KinbkicTb rinok 1-ro nopagry, wt _9 14,9
B KO0y, M e —_ 1,4
LD KyLL12, | 13,6
BucoTa pociimHK, cm —65 11,5
0 5 10 15 20 25

Bumnen M KopHesiH

Puc.1. IIpub6aBKH 10 KOHTPOJIIO 32 0iOMeTPUYHMMH NMOKAZHUKAMMU JIABAHIH
BY3bKOJIMCTOI, OTPUMAHI HA BapiaHTaX 3aCTOCYBAaHHS 010CTUMYJISITOPIB POCTY,
% (cepeane 3a 2019-2021 pp.)

MakcuManbHi npuOaBKU A0 KOHPOJIO 32 BCIMa MOKa3HUKAMH CTPYKTYpHU
pPOCIMH JlaBaHAM BY3bKOJHMCTOI OTPUMaHO Yy BapiaHTax 3acTOCYBaHHS
o6ioctumynstopa KopueBin. HaiiOinpmr BaromMuil BIJIMB MaB IIpenapar Ha
JOBXXKUHY KOJIOCY, Iiell moka3Huk 3pic Ha 21,4%, Tomi sK y BapiaHTax
3aCTOCYBaHHs npenapary Bummnen noka3Huk cTaHoBUB 14,2%.

BucnoBku.

JlocTipKeHHSIMHA BCTAHOBJICHO, 110 MPH PO3MHOXKEHHI JIABaHIN BY3bKOJIHCTOI
KUBLIIOBAaHHSAM OUIbII €PEKTUBHUM OYB CTPOK 3arOTOBKHU KMBI[IB — MICJISI I[BITIHHS
MAaTOYHUX POCIWH (JIMIEHb) MOPIBHSIHO 13 BECHSIHOIO 3arOTOBKOIO KUBIIIB (KBITEHb).
Cepen nBox 3acTocoByBaHMX OloctumynsiTopiB: KophHeBiH Ta Bumnen Ouiblun
edeKTUBHUM BHsBHUBCS TmpemapaT KopHEBiH, 3acTOCYBaHHsS SIKOTO CIPHUSIO
yKOpiHEHHIO0 98% »xuBIIB, 0 Ha 17% mnepeBulyBano KOHTPOJIbHUN BapiaHT (0e3
npenapary). biomeTpuunuii aHami3 mokasaB, IO Kpanuil epeKT MokaszaB npernapar
KopHeBin, Ha 1bOMYy BapiaHTi POCIWHU CGHOPMYBAIMCH OUIBII BUCOKOPOCHI, 3
OUTBIIIOI0 TIMPUHOIO KYyIIA, JOBXKHHOIO KOJIOCY, KUIBKICTIO TUIOK 1-r0 MOpPSAKY,
KUIBKICTIO CYIBITh Ta KBITOK y CYIIBITTI.
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Abstract. The purpose is to determine the best time for harvesting cuttings and to establish
the influence of biostimulators of growth on rooting cuttings and the formation of biometric
indicators of narrow-leaved lavender plants when grown in the Western Forest-Steppe of Ukraine.
Results. The article shows the percentage of rooting of lavender cuttings for propagation by
cuttings depending on the time of harvesting cuttings and the use of biostimulators of plant growth
Kornevin and Vympel. It was found that the term of harvesting cuttings was more effective - after
flowering of mother plants (July) compared to spring harvesting of cuttings (April). Among the two
biostimulants used, Kornevin proved to be more effective, the use of which contributed to the
rooting of 98% of cuttings, which is 17% higher than the control variant (without the agent). In
determining the biometric indicators, the effectiveness of the use of growth stimulants Kornevin and
Vimpel has been proven. It was found that the optimal effect was obtained from the agent Kornevin,
the use of which contributed to exceeding the control variant in terms of: plant height - by 4.2 cm
(11.5%), bush width - by 4.6 cm (13.6%), ears length - by 0.9 cm (21.4%), the number of branches
of the Ist order - by 4.8 pieces (14.9%), the number of inflorescences - by 6.0 pieces (4.2%) and the
number of flowers in the inflorescence - by 4.4 pieces (15.0%). Conclusions. Narrow-leaved
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lavender should be grown in the Western Forest-Steppe of Ukraine. When propagating narrow-
leaved lavender by cuttings, period of cuttings after flowering mother plants (July) compared to
spring cuttings (April) was more effective, Kornevin was more effective agent, the use of which
helped to root 98% of cuttings, which is 17% higher than the control variant without preparation).
Biometric analysis showed that the best effect was shown by the agent Kornevin, in this variant the
plants formed taller, with a larger bush width, ear length, number of branches of the Ist order,
number of inflorescences and flowers in the inflorescence.

Key words: narrow-leaved lavender, propagation by cuttings, biometric indicators,
biostimulator of growth.
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DYNAMICS OF CORN GRAIN HUMIDITY DEPENDING ON STORAGE

CONDITIONS
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Anomauin. Y cmammi HagedeHO pe3ynrbmamu O0O0CHIONCeHHs 3MIHU B80]1020CMI 3epHA
KYKYpyo3u mpuox 2iopudis, supowenux 8 ymosax Iloniccsa Yxpainu, 3anexcno 8i0 cnocobdie ma
mepminie 30epicanHs. Bcmanoeneno, wo HA iHMEHCUBHICMb 3MIHU 801020CMI 3epHA KYKYPYO3U
cymmegiue 6nausaoms Ccnocoou 306epicamHs, NOPIGHAHO 3 COPMOBUMU  OCOOIUBOCHAMU.
Hocniooceno, wo 3a mpuganoeo 36epicaHHs 3epHa KYKYpyo3u y 0azamoulapoux NONiMepHUX
PYKABAX, KOMUBAHHS 1l020 801020CMI MIHIMANbHI Ui 6i00yearombcst y mexcax 0,2-0,3 %.

Kniouoegi cnosa: xykypyosa, 3epro, 2ibpuo, saKicmo, 80102iCMb, YMO8U 30epieanHs

Kykypyn3a — oCHOBHA KyJIbTypa Ha CBITOBOMY Ta YKPaiHCbKOMY PUHKY, TOTUT
Ha $Ky MIOpPIYHO CTaOUIBbHO 3pocTae. [HKomM mepioy 30epiraHHs 3epHa MOXKE
MEePEBUIIYBATH MEPI0J WOro BUPOIILYBaHHS 3a bOT0, HAKOMUYYIOTHCSl BEIUKI MapTii
3epHa PI3HOTO LJILOBOTO MPU3HAYEHHS, SIKI TOTPEOYIOTh MIBUAKOI cTadumizamii. Jis
rapaHTyBaHHs TIPOAOBOJIBUOT OE3MEKH, MOKIIMBOCTI €KCIIOPTYBAHHS 3epHA MPOTIATOM
POKY 3a BUTIIHUMH I[IHAMH, Ba)KJIMBE 3HAUYEHHS Ma€ OpraHizallis MpaBUILHOTO HOTO
30epiranns [1,4].

MOoXIHMBICTh TPUBAJIOTO 30€piraHHs 3epHa KyKypyI3U 3aJeKUTh Bl OaraTbox
dakTopiB, cepell SKUX BAXKIMBE 3HAYCHHS MAlOTh COPTOBI OCOOJIMBOCTI, MiATOTOBKA
roro a0 30epiranHs Ta 6e3nocepeIHL0 YMOBU 30epiranus [2].

Haiinommupenimum cmocoboM 30epiraHHs 3€pHa KyKypyA3W Ha CbOTOJHI €
30epiraHHs CyXOTo 3epHa HACUIIOM Y CTalllOHAPHUX CXOBUIIAX. Y 3B’A3KY 13 3HAUHUM
30UTbLIEHHSIM BaJOBUX 300pIB 3€pHAa MPOTATOM OCTaHHIX POKIB BIJUYBAE€THCA
ne(IIUT CTallOHAPHUX CXOBHIL 1 BUPOOHHMKM BCE YACTIIIE BUKOPUCTOBYIOTH IS
30epiraHHsl TMOJIETWICHOBI pyKaBu. BupimanbHuMm ¢GakTopoMm, 10 BHU3HAYaAE
IHTEHCUBHICTh MPOXOJDKEHHS  (h1310JIOTIYHUX TMPOIECIB I Yac AOpOOKH
30epiraHHs 3epHa, HE3aJIe)KHO BiJl TUITY CXOBHIIl Ta COPTOBHX OCOOJIMBOCTEH, € HOTO
BOJIOTICTh [2,4]. ToMy AOCHI)KEHHS BIUIMBY YMOB, T€pMiHY 30€piraHHsl Ta COPTOBUX
0COOJIMBOCTEM Ha 3MIHM BOJIOTOCTI 3€pHa KYKYPY/I3H, € aKTyaJIbHUMH.

MeToauka A0CaiKeHb.

Hocaimkenns B ymoBax CBK "3opsp» UepHiriBcbkoi 061acTi, sike po3TalioBaHe
B 30Hi1 [lomiccs nmpotsirom 2020-2021 pp. [l BUKOHAHHS TTOCTaBICHUX 3aBJaHb OYJIO
MPOBEAEHO JBO(GAKTOPHUN MOCHIJ, A SIKOTO BUKOPUCTAIM 3€PHO KYKYpYI3H
1HO3EMHOI CeJeKIli MPOBIIHUX CceNeKUiiHuid KkommaHiii, a came: JKC 3770
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(opurinarop kommnaHis MoHcanTo) (koHTposib), Kanbitonc (KBC) ta ®enom
(Cunrenta). Bei gocmimkyBani riopuau 3aHeceHi 10 Peectpy copTiB pociaun y 2016
p., IOIIKPEH] Yy BUPOOHUITBI Ta MPUAATHI Ui BUPOIIyBaHHS Ha 3€pPHO B YMOBax
[Tomices.

AHaii3 SAKOCTI HaciHHA Ta Oe3locepeqHbo JAociigHe 30epiraHHs Horo
IPOBOAWIM B HaBUAJIbHO-HAYKOBIHM J1abopaTtopii kKadenpu TexHOJOTii 30epiraHHs,
nepepoOKH Ta craHfapTu3auii npoaykuii pociuHHunTBa iM. mpod. b.B. Jlecuka
HVBIll VYkpainum 3a 3araipHOnpuiiHATAMH MeToaukamu [3]. 3epHo 30epiranu
npoTsIroM 9 MICSIB y CyXOMY CTaHI B YMOBax 3BHYHOIO CXOBHWIIA (KOHTPOJIb) Ta
MOJICTFOBAJIM YMOBH 30€piraHHs y 6aratonapoByx MOJIMEPHUX MIIITKAX.

Pexxum 30epiraHHs 3epHa B CyXOMY CTaHI, SIKMH 3aCTOCOBYBAJIA B JOCIIIIPKCHHS
3a 000X croco0iB 30epiraHHs, 3aCHOBaHUM Ha BUCYIITYBaHHI 3€pHA J0 CyXOro CTaHy,
BBEJICHHS MOr0 y CTaH TIIMOOKOro KcepoaHadio3y. IHTEHCHBHICTh JUXaHHS 3€pHa Ta
BCIX KOMITOHEHTIB 3€pHOBOi Macu 3a IIhOTO 3HAYHO YIMOBUILHIOETHCS. Kpim ToTO,
BIJICYTHICTb BIJIBHOI BOJIOTM YHEMOKJIMBIIIOE PO3BUTOK MIKPOOPTaHi3MIiB Ta
3anobirae ncyBaHHIO 3epHa [4]. Tomy came Takuii pexum 30epiraHHs €
HaWTOMIMPEHINIMM He TUTHPKU B HaII{ KpaiHi, aje i CBITI.

Pe3yabTaTn n0c/ixKeHb.

Bigpasy micis 30upaHHS BOJIOTICTH 3€pHA 3ajekala BiJ COPTOBUX
ocobnmBocTel 1 kommBanacs B mexax 20,4-25,0 %. CyTTeBO HMKYOIO, MTOPIBHSHO 3
KOHTpOJIEM, OyJia BOJIOTICTh 3epHa Tiopuay d@enomen — 20,4 %, mo Ha 4,6 % MeHile,
HDK y 3epHa riopuny JAKC 3730. Jlns goBeaeHHS 3€pHa O CTIMKOrO CTaHy,
MIJITOTOBKK MOT0 0 TPUBAJIOrO 30epiraHHs, BiJipazy MiCJsl HAJAXOHKEHHS Ha TIK
MPOBOAMIIH IOPOOKY.

3epHO KYKYpYJ3H JOCTIPKYBAaHUX T1IOpU/IIB 3aKiiajlajii Ha TpUBaJie 30€piranHs
3 BoJorictio 13,2-14,2 %. IIpotarom nepiogy 30epiraHHs Leld MOKa3HUK 3a3HABAB
MOMITHUX 3MIH Ta 3aJeXaB SK BIlJ COPTOBUX OCOOJMBOCTEH, Tak 1 CHOCOOIB
30epiranus (puc. 1).

BusiBieHo, 10 Ha 1HTEHCHBHICTh 3MIHM BOJIOTOCTI  CYTTEBIIIE BIUIMBAIH
Croco0u Ta CTPOKU 30epiraHHs, MEHII MOMITHO — COpTOBI ocobnuBocTi. [IpoTsirom
nepuioro  micsitgg  30epiraHHs  BiAOyBajduCs HEMOMITHI KOJIMBaHHS BOJIOTOCTI,
(BimOyBasiocsi He3HauHe 3HIKEeHHS y Mexkax 01 %) Tomy Ha aiarpami mpejcTaBieHO
naHi 10 30epiraHHs Ta yepe3 TpH Micslll (Apyruit o0ik).

Sk cBiyaTh aHl AOCIIHKEHb, BOJOTICTh AOCIIAKYBAHOIO 3€pHA YCIX TrOpUaiB
MPOTArOM MEPIIMX TPhOX MICALIB 30epiraHHs 3HMKyBaslacd. BiquyTHim 3MiHUA Oyiu
y 3epHa, mo 30epiraiocs B ymMoBax 3Bu4aiftHoro cxosuma — Ha 0,4-0,5 %, mopiBHO 3
MOYaTKOBMM 3HaueHHSM. Bomoricts 3epHa, mo 30epiragocst y pykaBax, MPOTATOM
IILOTO TIepioay 30epiraHHs, 3HUKYBAJIACS HE TaK CYTTEBO — Yy cepenuboMy Ha 0,2 %.
VY 1eit mepioy 061Ky 3epHO BCixX TiOpuaiB Oyio Haicyximmum: 12,7-13,8 % B ymoBax
3BuyaiiHoro cxosuma Ta 13,0-14,0 — y momieTusieHoBUX Mimkax. MokHa 3po0OuTH
BHUCHOBOK, III0 MPOTATOM IMEPIIMX TPHOX MICSAIIB BOJIOTICTh 3€pHA Yy 3BHYANHUX
CXOBHMIIIAX 3MEHIIYEThCA IHTEHCHUBHIINIE, HIK y pykaBax. lle MoxHa MOSACHUTU
npolecaMu MicaI30MpaibHOTO JO3piBaHHA, 110 BiAOYBarOThCsA y 3epHI. OUeBUIHO,
IO CHOPHUATIAUBIIIUMU IS X TPOXOJKEHHS y IIeH mepioJl € yMOBU 3BHUYAMHOIO
CXOBHIIIA.
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AKC 3770 (KoHTpob) KaHbHoHC deHomeH

B 3bepiraHHA B yMOBax 3BM4AHHOrNO cxoBuWa (KoHTpoAb) [ 3bepiraHHa y NoAIMEPHUX pyKaBax

Puc. 1. /luHamMika BOJIOTOCTi 3¢epHA KYKYPYA3H Pi3HUX riOpUAiB 3aJ1€:KHO Bij
crnoco0y ta repminy 30epiranns (%), ypoxai 2020 p.

[Tim gac HacTymHOTO 00Ky Yepe3 6 MICSIIB BUSBUIM ITiABUIICHHS BOJOTOCTI
BCIX 3pa3KiB, OulIbllle MOMITHE y 3€pHIi, 110 30epiraaucs B yMOBaxX 3BHYAWHUX
CXOBHWIIN, — TOPIBHAHO 3 momepenHiMm Tepminom Ha 0,3-0,5 %. VY 3paskax, 1o
30epiranucst 6€3 AOCTyIy KUCHIO B MOJIMEPHUX TMaKeTaX, BOJIOTICTh Yyepe3 6 MICAIIIB
30epiraHHsl Te€X. 3pocTayia, ogHaK He Tak cyrreBo — Ha 0,1-0,2% 1 konmBanacs B
Mexkax 13,2-14,1 %. HaiiBuiie 3Ha4eHHS IOTO MOKa3HMKAa B yCl MEPIOau OOIIKY
oyno y 3epna riopuna IAKC 3770 (koutpoisb) — 14,1%, a HaliHuxkve — y ridopuaa
®denomeH — 13,2 %.

VY mporeci mojganabIoro 30epiraHHs TaKOXK BUSBWIM ITABUIIEHHS BOJIOTOCTI
3epHa ycCIX TiOpUIIB, CYTTEBINIE y THUX, L0 30epirajocs B yMOBax 3BUYANHOTO
cxoBumia. Ilix gac kiHmeBoro 00Ky, yepe3 9 MicAIliB, BOJOTICTh MiIBUIIYBaIacs
MOMITHIIIE, TOPIBHSAHO 3 MOMNEpenHIM o0mikoM, y cepennbomy Ha 0,5-0,6 % B
yMoOBax 3BuUYaiiHOro cxoBuia Ta Ha 0,2-0,3 % — y mosieTuieHOBUX MakeTax. Ha
KiHellb 30epiraHHs HalBHILA BOJIOTICTh Oyjla Yy 3€pHa KOHTPOJILHOTO BapiaHTy,
riopuaa JIKC 3770 3a iioro 30epiraHHsi B yMOBax 3BHYaiHUX cxoBuul, — 14,6 %, a
HaliMeHIa — riopuna @eHomeH, 1o 30epirangocs y pykasax, — 13,5 %.

OTxe, BOJOTICTh 3€pHA KYKYPY/I3H MPOTATOM 30€piraHHs JeI0 3MIHIOETHCS 1
3aJIeKUTh HE TUIBKHU BiJ] TEPMIHIB, a ¥ crocoOiB 30epiranns. [IpoTsrom meprimx
TPHOX MICSIIIB BIIOYBA€TbCS 3HUKEHHS IILOTO TMOKA3HWKA, 110 MO>KHA TMOSICHUTHU
npolecamMu micns30upanbHoro go3piBaHHs. Haiicyxime 3epHo Oyno B Tibpuaa
denoMeH vepes Tpu Micslli 30epiranHsa B yMoBax 3BuuaiiHoro cxosuia — 13,0 %, o
Ha 0,8 % wmeHme, mopiBHAHO 3 KOHTpojeMm. Hagami Bomoricte y BCIX 3pa3kax
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3pocTajia, OMITHIIIE Y 3€pHa, 1110 30epirajgocsi B 3BUUaiiHUX yMoBax. HaitBosoriiie
3epHO MPOTATOM YChOTO mepioay 36epiranns O0yino y riopuaa AKC 3770 (koHTpOIb)
yepe3 9 micsiiB 30epiraHHs B yMOBax 3BHUaiiHOro cxosuiia — 14,6% — na 0,7-0,9 %
O1JIbLIIe, MOPIBHIHO 13 36pHOM 1HIIUX T1OPUIIB.

[TomiTHINI KOJMMBAHHS BOJIOTH BHUSBICHO 3a 30€piraHHs 3epHa B YMOBax
3BUYAHUX cXOBUII. To0TO, crioci6 30epiraHHs y MOJIMEPHUX MaKeTax, 0 MOCITIOE
30epiraHHsi y NOJBOBHUX YMOBax y OaraTomiapoBUX pyKaBaX, MIHIMI3ye 3MIHH
BOJIOTOCTI 3€pHa MPOTITOM MOro 30epiraHHs, KOJIUBaHHS i1 B1IOYyBalOTHCS y Mexax
0,2-0,3 %.

OnHak, BOJIOTICTh 3€pHa BCIX JOCIHIIKYBAaHUX 3Pa3KiB HE3aJIEKHO Bijl CIIOCOOY
MPOTSIrOM yChOTO TEpioay 30epiraHHs He NEepeBUIIyBajia JOMYCTUMHX JUIs
Kykypym3u 15 %. 3epHo 30epirajii y CyXOMy CTaHi 3a BOJIOTOCTI Ha IOYaTKy
30epiranns 13,2-14,2, a B kinmi Horo — 13,5-14,6 %. Taka BoJsioricTh 3a0e3nedye
HiATPUMaHHS y CTaOUIBHOMY CTaH1 OPraHOJIENTUYHHUX MOKA3HHUKIB, YHEMOKIIMBIIIOE
BTpaTU SKOCTI 4epe3 MisUIbHICTh MIKIJUTMBUX MikpoopraHi3miB. Ilig gac kiHIeBOro
aHaji3y 3€pHO BCIX JOCTII)KYBaHMX 3pa3KiB OyJOo y 3J0pOBOMY CTaHi, Majo
XapakTepHU OJMCK, 3amax Ta cMak, 0yJio 0€3 O3HaK MPOPOCTAHHS, TUTICHSBIHHS Ta
1HIINX BIJIXUJIEHD.

BucnoBku.

3MIHM BOJIOTOCTI 3€pHA 3aJIeKUTh BiJl TEPMIHIB Ta CHOCOOIB 30epiraHHs.
[IpoTsiroM mepmux TPhOX MICSIIB BiA0YBa€ThCA 3HMKEHHS BOJIOTOCTI, 110 MOXHA
MOSICHUTH TpolecaMH Micisi30upanbHoro go3piBanHs. Halicyxime 3epHo Oyiio B
riopuga deHoMeH yepe3 TpU Micsill 30epiraHHs B yMOBax 3BUYAHHOIO CXOBHUIIA —
13,0 %, mo Ha 0,8 % MeHIe, MOPIBHSIHO 3 KOHTpoJeM. Hanani BoJOricTh y BCIX
3pa3kax MiJBUIIyBaJIacs, 0OCOOJUBO y 3€pHA, 110 30epirajiocs B yMOBaxX 3BUYAWHUX
cxoBumlax. 30epiraHHsi 3epHa y OararomapoBHX pyKaBaX, 0€3 JOCTYIy KHCHIO
J03BOJIUTH MIHIMI3YBaTH MIJBUILIEHHS BOJIOTOCTI 3€pHA y MPOIECi MOro TpUBAJIOro
30epiraHHs, KOJMBaHHS BiI0yBatoThes y Mexax 0,2-0,3 %.
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Abstract. The article presents the results of the study of changes in the moisture content of
corn grain of three hybrids grown in the Polissya region of Ukraine, depending on the methods and
terms of storage. It was found that the intensity of changes in corn grain moisture is significantly
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influenced by storage methods, compared with varietal characteristics. It was investigated that
during long - term storage of corn grain in multilayer polymer sleeves, fluctuations in its humidity
are minimal and occur in the range of 0.2-0.3%.

Key words: corn, grain, hybrid, quality, humidity, nature, storage conditions
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Abstract. Tracking and informing on the progress of a food product is the basis for ensuring
the identification and proper management of all relevant hazards and risks of food production at
each link within the food chain. It was found that the content of toxic elements, pesticides,
radionuclides of the studied batch of fresh-frozen fish complied with paragraph 3.1., And
microbiological - paragraph 3.1.2 "Mandatory minimum list of studies of raw materials, products
of animal and plant origin, feed, feed, vitamin preparations, etc., which should be carried out in
state laboratories of veterinary medicine and the results of which are issued veterinary certificate
(f-2) ", approved. State Department of Veterinary Medicine of the Ministry of Agrarian Policy of
Ukraine 03.11.1998, Ne 16 (as amended on 18.11.2003, Ne 87, registered in the Ministry of Justice
on 28.04.2004, Ne 549/9148). The amount of mesophilic aerobic and facultatively anaerobic
microorganisms (KMAFanM) was 30x103 CFU / g (norm - 1x105 CFU / g), BGKP (coli-forms) in
0.001 g, pathogenic microorganisms (including salmonella), Listeria monocytogen and
Staphylococcus aureus in 0.01 g - not isolated. The content of radionuclides Cs137 was <6.7 Bq /
kg at the norm of not more than 130 Bq / kg, Sr90 - <4.2 Bq / kg (norm - not more than 100 Bq /
kg).

Key words: nutrition, fish promotion, products, toxicity, pesticides, quality, food safety,
pollutants.

Introduction.

Control and supervision of products of animal origin ensures the safety of all
food products during their production, transportation, storage, processing and
circulation, suitability for consumption, compliance with the requirements for safety
and quality [1], ensures compliance with labeling rules in accordance with DSTU
4518- 2008 "Food. Labeling for consumers ", which came into force in Ukraine on

01.11. 2008 and regulates clear requirements for packaging and labeling of products
[2].

Food safety is a priority at all stages of the food chain - "from the field - to the
table". According to the Law of Ukraine "On Food Safety and Quality", producers
and companies of the food chain are responsible for the safety of animal products [1,
3, 4]. The food safety risk assessment has the following steps: hazard identification;
hazard characteristics; assessment of expectations; risk characteristics.

The level of development of society and awareness of food problems have
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turned food safety into an international problem. The WHO and other international
bodies have been working hard on these issues for over 40 years.

Today in our country the content of various toxicants in food is monitored. The
state monitoring program identifies groups of pollutants that are subject to control.
Among the dangerous toxicants that can accumulate in food include pesticides,
radionuclides, heavy metals and others. Regulators must fully fulfill their
responsibilities to ensure safety and reduce the risks associated with food
consumption.

It is known that there are about 6 million chemical compounds in the
environment, 90% of which are of synthetic origin. The vast majority of them are
xenobiotics [6].

The entry of xenobiotics into the environment is associated primarily with
anthropogenic pressure on ecosystems - increasing industrial production, the use of
environmentally hazardous technologies in production, the accumulation of
hazardous toxic waste, chemical chemicals and more. In the environment, xenobiotics
undergo transformation processes, which change their physicochemical properties,
migration ability, toxicity to living organisms. In most cases, the mechanisms of
ecosystem self-regulation are insufficient for the complete transformation of toxic
substances into non-toxic compounds, which has negative environmental
consequences [3].

Transformation of xenobiotics in the environment greatly complicates the
environmental regulation of various pollutants. The negative impact of xenobiotics on
living organisms is due to both direct toxic effects and their accumulation in various
parts of the food chain, resulting in a sharp increase in the concentration of hazardous
substances in living organisms [1]. Xenobiotics can affect almost all body systems:
cardiovascular, nervous, excretory, respiratory, reproductive, gastrointestinal and
hematopoietic organs. Xenobiotics include substances that can inhibit the synthesis of
DNA and RNA, and those that have mutagenic, teratogenic and carcinogenic
properties [5].

The urgency of the problem.

Food control is a mandatory regulatory action carried out in the process of
ensuring the implementation of laws and other regulations on food by state or local
authorities in order to protect consumer rights.

The security of food and food raw materials is one of the crucial components of
economic and social security of each state and is determined by the country's ability
to effectively control the production and import of safe and quality food on a
universally recognized basis. However, food safety is very closely linked to the safety
of the environment, depending on it and influencing it during production. The main
principles of safety and quality regulation are contained in the Law of Ukraine "On
Basic Principles and Requirements for Food Safety and Quality", Regulation (EC) of
the European Parliament and of the Council Ne 178/2002, which sets out general
principles and requirements of food law . [1].

Traceability helps to obtain information on the suitability, history and source of
food and does not make them safe, but it is a management tool that ensures safety and
allows action to be taken if raw materials or products prove unsafe (eg withdrawal or
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recall).

Material and methods of research.

The aim of our work was to determine the content of some pollutants of
chemical (heavy metals, pesticides, radionuclides) and biological (microbiological
indicators) origin in live commercial fish and compare the results with the
requirements of current domestic documents. The material for the study was live
commercial fish (crucian carp, carp, silver carp), grown in various private fish farms
in the Chernivtsi region. The analysis of the content of xenobiotics in frozen fish
products was carried out (identification numbers 0003161 / 1/13, 0003161 / 2/13,
0003161/ 3/13)

Research results.

The standards of traceability of fisheries and aquaculture products are: three
standards developed by the Norwegian Institute of Fisheries and Aquaculture on the
basis of consensus for registration and exchange of traceability information in the
seafood network (aquaculture standard, caught fish standard and technical
standard);CEN(EKC) TraceFood (TraceCore XML — electronic exchange of
traceability data).

The purpose of traceability - identification of responsible organizations in the
food chain, maintaining safety and / or quality of fishery and aquaculture products,
compliance with technical conditions of the customer, establishing their origin or
source, facilitating verification of specific product information, providing information
to relevant stakeholders and customers, compliance any local regional, national or
international legislation or regulations, where appropriate - improving the efficiency,
productivity and profitability of the organization, facilitating the withdrawal or recall
of products.

According to Directive 96/23 of 29.04. 1996 on measures to control certain
substances and their residues in live animals and products of animal origin, an
important part of quality control and food safety for the vast majority of EU countries
is the monitoring of xenobiotic residues in the environment (soil, water, agricultural
product).

Establish acceptable levels and frequency of detection of contaminant residues.
Such an analysis makes it possible to make changes in the policy of export and
import of food products. Monitoring programs are based on European documents
such as EU Regulations Ne 178/2002 and Ne 882/2004, Council Directive 86/363 /
EEC, the provisions of the Recommendations of the EU Commission Ne 2006/26,
which provide for the coordination of its programs aimed at compliance with the
maximum -permissible levels (MDR) of agricultural products. At present, the issue of
organizing, implementing and controlling integrated multi-annual monitoring plans
developed in accordance with the requirements of the Regulation of the EU
Parliament and Council Ne 882/2004 is very important for European countries.

The implementation of the tracking system provides an opportunity to identify
the origin of raw materials and the place of its processing at any specified stage of the
food chain from production to sale, in accordance with the objectives of inspection
and certification of fishery and aquaculture products, rinciples of tracking (tracking)
of products as a tool in the system of control and certification of food products,
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regulated by the requirements of CAC / GL 60-2006.

The key elements of the traceability system are: an exclusive list of suppliers;
receiving information at the entrance and keeping records (supplier, supplier batch
code, operator batch code); batch separation during processing and storage, when
batches of raw materials (batch coding of the final product) change; sending
accompanying records (consignee, batch code of the supplier; storage of records and
return (minimum period).

In the case of any fishery and aquaculture consignment, the operator must
ensure that the management and accounting process is in place to keep, as far as
practicable, the integrity of the information provided to the operator by the fishery
supplier; transmission of information on shipment to the consignee, which further
allows the operator to identify the supplier and any traceability information
transmitted to the operator by the supplier.

Table - The content of xenobiotics in the batch of commercial fish

Indexes
Actual content Norm
Plumbum 0,132 +0,06 1,0
Cadmium 0,031 £1.4 0,2
Arsenic 0,98 =+1,3 5,0
Mercury 0,012 +0,2 0,5
HCH o-isomers 0,001 +0,04 0,2
4,4-DDD 0,001+0,2 0,2
4,4-DDT 0,001 +£0,2 0,2
4,4-DDE 0,001 +0,1 0,2

It was found that the mass fraction of lead in the studied samples of fresh-
frozen fish products was 0.132 mg / kg (norm - 1.0 mg / kg), cadmium - 0.031 mg /
kg (0.2 mg / kg), arsenic - 0.98 mg / kg (5.0 mg / kg), mercury - 0.012 mg / kg (0.5
mg / kg). The content of HCG a-isomers - <0.001 mg / kg (0.2 mg / kg), HCG -
isomers - <0.001 mg / kg (0.2 mg / kg), HCG y-isomers - 0.001 mg / kg (0, 2 mg /
kg); 4.4-DDT - 0.001 mg / kg (0.2 mg / kg) 4.4-DDE - 0.001 mg / kg (0.2 mg / kg);
4,4-DDD - 0.001 mg / kg (0.2 mg / kg).

The amount of mesophilic aerobic and facultatively anaerobic microorganisms
(KMAFanM) was 30x103 CFU / g (norm - 1x105 CFU / g), BGKP (coli-forms) in
0.001 g, pathogenic microorganisms (including salmonella), Listeria monocytogen
and Staphylococcus aureus in 0.01 g - not isolated. The content of radionuclides
Cs137 was <6.7 Bq / kg at the norm of not more than 130 Bq / kg, St90 - <4.2 Bq /
kg (norm - not more than 100 Bq / kg).

Conclusions.

1. Monitoring and information on the progress of a food product shall be the
basis for ensuring the identification and proper management of all relevant hazards
and risks of food production at each link within the food chain.
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2. According to the content of toxic elements, pesticides, radionuclides, the
tested batch of fresh-frozen fish corresponded to item 3.1., And according to
microbiological - item 3.1.2 "Mandatory minimum list of studies of raw materials,
products of animal and plant origin, feed, feed drugs, etc., which should be carried
out in state laboratories of veterinary medicine and based on the results of which a
veterinary certificate is issued.
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Anomauia. Biocmedwcennss ma iHOpMY8aHHA 3a XOOOM MOBAPONPOCYBAHHA XAPUOBO20
NpoOyKmy € OCHOB0IW O 3abe3neyeHHsi iOenmu@ikayii ma HANedCHO20 Kepy8aHHs 6cima
BIONOGIOHUMU HeDe3NeUHUMU YUHHUKAMU Ma PUSUKAMU BUPOOHUYMEA XAPY08020 NPOOYKM) HA
KOJICHIU TAHYT Y MeHCax Xapu08020 NaHYI02a.

Bcmanoeneno, wo 3a eémicmom MOKCUUHUX eleMeHmis, necmuyudis, padioHYKIIOI8
docnidocysana napmis pubu ceidcomopodiceHoi gionogioana n. 3.1., a 3a MiKpobionociuHuMU
—n. 3.1.2 «0608’13k068020 MIHIMAILHO20 NEPENIKY OOCAIONCEHb CUPOBUHU, NPOOVKYIT MEAPUHHO2O
ma POCIUHHO20 NOXOONCEHHS, KOMOIKOPMOBOI CUPOBUHU, KOMOIKOPMIB, GIMAMIHHUX Npenapamie
ma iH., AKI CAI0 NposoouUmu 6 OepIHCABHUX 1abOpamopisax 6emepuHapHoi MeOuyuHu i 3a
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pe3yiomamamu  AKUX ~BUOAEMbCS  8emepunapHe ceiooymeo  (p-2)», 3ame. [lepoicasrum
OdenapmameHmom eemepunaproi meduyunu Minicmepcmea acpapuoi noaimuxu  Ykpainu
03.11.1998, Ne 16 (3i sminamu 6io 18.11.2003, Ne 87, zapeecmp. y Minwocmi 28.04.2004, Ne
549/9148). Kinvkicms me30¢hinohux aepodHux ma axyibmamuerHo aHaepoOHUX MIKPOOP2aHizMie
(KMADAuM) cxnana 30x103 KYO/e (nopma — Ix105 KYOye), BI'KII (xonri-¢hopmu) 6 0,001 2,
NAMO2eHHUX MIKpOOpeanismie (y momy uucii carvmonen), Listeria monocytogenes y 25 2 ma
Staphylococcus aureus y 0,01 e — ne sudinerno. Ymicm paoionyxnioie Cs137 cmanosue < 6,7 br/ke
3a Hopmu He Oinvue 130 br/ke, Sr90 — < 4,2 br/ke (Hopma — He binvwe 100 Bbr/ke).

Knwuosi cnosa: xapuysamms, moeaponpocyeanusi  puba, NpoOYKyis, MOKCUUHICHD,
necmuyuou, AKicmo, Oe3neuHicms npooyKmis, 3a0pyOHI08AIbHI PEYOBUHIU.
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COMPUTER SIMULATION OF THE COMBINED VEGETABLE PROTEIN

RECIPE FOR ATHLETES NUTRITION
KOMIT'IOTEPHE MOJAEJIOBAHHSA PELEIITYPU KOMBIHOBAHOI'O
POCJIMHHOI'O TPOTEIHY AJIsI XAPUYBAHHSI CIIOPTCMEHIB
Stetsenko N.O. / Crenenko H.O.
c.c.s., as.prof. / K.x.H., 00y.
ORCID: 0000-0001-6710-024X
Goyko 1. Yu. / T'oiiko L.IO.
c.t.s., as.prof. / k.m.H., 0oy.
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National University of Food Technologies, Kyiv, Volodymyrska str. 68, 01601
Hayionanvnuii ynisepcumem xapuoeux mexnonoeiu, Kuis, eyn. Bonooumupcoka 68, 01601

Anomayia. B pobomi po3enanymo axmyanbHiCmb CMEOPEHHS NpOmeinié KOMOIHOBAHO20
CKNA0y HA OCHO8I pPOCIUHHOI cupoeuHu. Ilposedeno oyiHIO8AHHA AMIHOKUCIIOMHO20 CKOpY ma
NOKA3HUKIE 0i0N102IuHOI YiHHOCMI OINKI8 coi, nuwenuyi ma 2opoxy. [loxazano, wo 011 nioguuenHs
emicmy NiMIMOBAHUX HE3AMIHHUX AMIHOKUCIOM OOYLIbHO KOMOIHY8amu OilIKu 3epHOo8uUx i 60006ux
Kkynemyp. Llnaxom komn iomepHo20 MOOEN08anHs peyenmypu pOCIUHHO20 NPOMEIHY GU3HAYUEHI
ONMUMANBHI CRIBBIOHOUEHHS MACOBUX YACMOK CUPOBUHU Y CKIAOI KOMOIHOBAHO20 NPOOYKMY: OIIOK
nwenuyi — 50%;, 6inox copoxy — 40%, 6inox coi — 10%. Bcmanosneno, wo npu maxii peyenmypi
CKOp Nnepuioi HiMimoeanoi He3aMIHHOI AMIHOKUCIOMU, SKOI0 € MEemIOHIH+YUCMUH, MaKCUMAIbHO
Habnuxcenuti 0o 100% i Oopisuioe 94,1%, pisenv 3aceorearnocmi 6inky cmanosums 83,2%, a
Koegiyienm Haoauwikogocmi € MiHimanbHum i Oopieuwoe  7,2%. Takooxc npu  yvbomy
cnocmepieaemvbcsi ONMUMANbHe CRIBBIOHOUEHHS MIJC MAKUMU HE3AMIHHUMU AMIHOKUCTIOMAMU, K
mpunmoghan ma memionin+yucmun — 1:3,07. Takum yunom, KOMOIHY8AHHA DOCIUHHUX OLIKI6
00360.71€ NOKPAWUMU NOKAZHUKU 0I002IYHOI YIHHOCMI POCIUHHO20 NPOMEIH08020 NOPOWIKY, AKUL
Modice Oymu echeKmugHO BUKOPUCMAHUL ) XAPYYBAHHI CHOPHICMEHIS.

Kniouosi cnoea: pociunnuii 0i10K, 6ion02iuHa YiHHICMb OLIKY, KOMOIHY8AHHS, KOMN T0OmepHe
MOO€N08AHHS, 20POX,COsl, NULeHUYSl, CHOPICMEHU.

Beryn

CydacHa 610xiMis, HyTPUIIOJIOTIA Ta (Pi310JI0TisI MAOTh HE3amepeyHi JoKa3u,
0 BCl JKUTTEBI MPOLIECHM OpraHi3My JIOAMHH TIOB’Si3aHI 3 MEPETBOPCHHIMHU
IPOTOINIa3MATUYHUX 1 AAEpPHUX OUIKIB Ha PIBHI KIITHUH Ta TKaHMH. HemocraTHe
HAJXO/KEHHS OUIKy a00 OKpEeMHX aMiHOKHCIOT 3 TKel MPU3BOAUTH A0 O1IKOBOT
HEJIOCTATHOCTI, BUKJIMKAIOYM CEPHO3HI TMOPYILIEHHS B OpraHi3Mmi y pe3yJbTaTi
aucOallancy MIXK CUHTE30M Ta po3naaoM Ouiky [1]. [Iporpecyrounii cBiTOBHI JOCBIA
pPO3BUTKY OLIKOBOI 1HXKEHEpli, 3HaHHS y Taly3l (QyHIaMEHTaJbHUX AOCIIIKEHb
BJIACTUBOCTEH 1 CTPYKTYPH, a TAKOXK 3pocTaroya norpeda y Oiakax s 3a0e3nedeHHs
aKTUBHOTO CIOCOOY HUTTsI, 3MEHIICHHS 3aXBOPIOBaHb, XapuyBaHHS CIIOPTCMEHIB,
CTBOPEHHSI (DYHKI[IOHAJIBHUX Ta CIELIaJbHUX MPOIYKTIB CTBOPIOIOTH MEPEAYMOBH
JUTsL pO3pOOJICHHSI HOBUX TEXHOJIOT1H Xap4oBUX O1IKIB [2].

binku TBapMHHOTO TOXOKEHHS € HAaWJOPOKUYMMHM, aje CBITOBE BHPOOHHIITBO
0000BUX Ta 371aKOBUX KYJIbTYP BXKE B HAMOMMK4Yl NECATWIITTS MOXE 33JI0BOJIbHUTH
noTpely JIOAWHHU Yy O1IKOBOMY XapuyBaHHI. OJHaK 4acTO aMIHOKHMCIOTHUH CKJIa
pPOCIMHHUX OUIKIB HEe 30amaHcoBaHu# 1 moTpedye kopuryBaHHs. [lepeBara HagaeThCs
COEBUM O17IKaM MpU OJHOYACHOMY PO3IIUPEHH] JTOCHTIKEHb 3 TIMO0KOI MepepoOKu
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IHIIUX BUJIB POCIMHHOI CHPOBHHU (3€pHOOOOOBI, OJIHHI KYyJIbTYpH, BIJIXOIU
nepepoOku (HPYKTiB, AT TOIIO) 3 BUAUICHHSIM MOBHOIIIHHUX OiKiB [3]. [Ipu nbomy
bakTopamu 17151 BUOOPY CUPOBUHU € KUIBKICTh, 010JI0T14HA LIHHICTb, (DYHKL10HAIbHI
BJIacTUBOCTI Ta Oe3meka OuikiB. CydacHi HampsMKH pPO3BUTKY HepepoOHOi
MPOMHUCIOBOCTI  BKJIIOYAIOTh PO3POOKY TEXHOJIOTIM OIIKOBUX MPOIYKTIB 3
ATbTEPHATUBHUX BUIB CLIHCHKOTOCIIOAAPCHKOI CHPOBUHH (TOPOXY, HYTY, aMapaHTy)
Ta BTOPUHHUX MPOIYKTIB iX MEPEPOOKH.

Metoo poOOTH € pPO3pOOJICHHS pPElEnTypd KOMOIHOBAHOTO POCIUHHOTO
MpOTEiHy 3  MiJIBUIICHOI  OlOJIOTIYHOIO  IIHHICTIO Ta  KOMILUIEMEHTapHUM
aMIHOKHCJIOTHHUM CKJIQJIOM.

OCHOBHHUIT TEKCT.

B poboTi BUKOpHCTaHO XIMIYHHMI METOJ| OILIHIOBaHHSA O10JIOT1YHOI LIHHOCTI
OIKy TUISIXOM  PO3PaxXyHKY aMIHOKHMCJIOTHOTO CKOPY, TOOTO TIOpPiBHSHHS
aMIHOKHUCIIOTHOTO CKJIaly OUIKY JOCHII>)KyBaHOT CUPOBHHHM 32 JaHUMHU aBTOPIB [4] 3
BUIMOBITHUMH TIOKa3HUKAMHU €TaJOHHOrO OLIKY, CKJIaJ SKOr0 MaKCHMaJIbHO
BIJINOBIJIa€ TOTpebaM opraHi3My JOIUHU [5].

VY poboti po3paxoByBasin amiHOKUCIOTHHN ckop ACy (%), KOKHOI HE3aMIHHO1
aminokuciotu (HAK) 3a dhopmymoro (1):

_ THAK, B 100r ominroBanoro 0Ounka

100 (1)

¥ rHAK B 100r eTtastoHHOrO OULTKA

Busnauanu piBeHb 3aCBOIOBAHOCTI OIIKYy MPOAYKTY, TOOTO KOe(ili€HT
YTHIITAPHOCTI aMiHOKUCTOTHOTO ckiany U, % 3a hopmyroro (2):

8
;HAKek
U= ACMiH _8 (2)
D HAK
k=1

8
e AC,ix — ckop nepmioi nimitoBanoi HAK; > nak, — cymapuuii Bmict HAK B Gisnky
k=1

8
nponykry, r/100 r 6inky, » HAK, — cymapuuii BMict HAK B eranonHomy Oinky,

k=1
r/100 r 6inKy.
PospaxoByBasm koedirienT HammMmKOBOCTI HAK, Gy, ik MacoBy wacTky HAK
B 100 r 61Ky, sika BUKOPHUCTOBYETHCSI OPraHi3MOM He pallioHajabHO, hopmyia (3).

8 8 8
Z (HAK, —A4C HAK ;) Z HAK, - AC,,, - Z HAK,,
k=1 k=1

(9) = k=1 = 3

MIH MiH

ne ZHAK ta ZHAK — Bmict HAK B mocmikyBaHOMY Ta €TaTOHHOMY OLJIKY.

Bbyno mnpoBeneHo TOPIBHSAHHS aMIHOKHMCIOTHOro mpoduio (pucyHok 1) Ta
PO3paxyHOK aMIHOKHUCIOTHOTO ckopy (Tabmuis 1) TphoX PpOCAMHHUX OIUIKIB:
MIIEHUIl, TOpoXy Ta coi. BcraHoBieHo, mo O1IKM BCIX KYyJbTYp HajeXaThb 0
ITIOBHOIIIHHHMX, OCKUIBKY MICTATB BC1 HE3aMIHHI1 aMIHOKHCIJIOTH.

HaiiBumuii BMICT OUIKY CIIOCTEpIra€ThCcs B COi, a HaWOUIbIIA KIJIBKICTh
HE3aMIHHUX aMIHOKHCIOT — Yy Tropoci. [lepmoro mIiMITOBaHOIO HE3aMiHHOIO

ISSN 2567-5273 111 www.moderntechno.de



Modern engineering and innovative technologies Issue 19 / Part 1

aMIHOKHUCJIOTOI OUIKY MIIEHUI € JICUIIUH, APpYyrot — ji3uH. g 0000BUX KYJIbTYp
aminokucioTHuii ckop (AC) neinuuay Ta mizuHy mepesunrye 100%, a mepiioro
nimitoBanoto HAK e merionin+uuctun, npuuomy i 6inky nenuni AC miei HAK
outbmii 3a 100%. OtTxe, 3a NPUHIUIIOM KOMIUIEMEHTAPHOCTI aMIHOKHCIOTHOTO
CKJIaly IIJISXOM KOMOIHYBaHHS POCIMHHHMX O1JIKIB MOXKHA KOMIIEHCYBaTH Ae(iluT
okpemux HAK Ta mominmmTu 610J0T14HY HIHHICTH O1JIKY KOMOIHOBAHOTO MPOIYKTY.
[Toxa3Huku O610JIOTIYHOT I[IHHOCTI JOCHTI/DKCHUX POCIMHHUX OUIKIB HaBEICHI Yy
Tadmum 2.

=
=]

BmicTt HAK,

r/100r 6inky 9
8
7 L4
6 | - L1
5 | - | —. | —d
4 L1 L | I | L 1
B [TweHuusn
3 | - — — —i —d —y — |
M [opox
2 | - | - | - L1 | - | - |
Con
1 | - — — —d — — | — —d —
v] T T T T T T IL
> > > > > 2 2> >
~ N & ﬂ\\"—’\b & S q,‘b‘\\ S
5 & SF 2> il &
& o x RN ~ 3
) 2> o AQ
s )
)
g.\é 0
)
<&

Pucynok 1 — ITopiBHAJIbHUI aHAJI3 BMICTY He3aMiHHUX aMiHOKHCJIOT y

POCJIMHHUX OiIKaX
Asmopcovka po3pobka

Tadoauus 1 — AMIHOKHCJIOTHHI CKOP OJIKIB NMILIEHHMITi, TOPOXY Ta coi, %

HasBa [Tenunms T'opox Cos
Jlevn 50,2 117,8 104,0
[3omeiinuna 180,1 136,3 118,2
MeTioHIHHIUCTHH 123.4 81,4 86,3
Jlizun 55,9 141,2 114,9
Tupo3un+deninanania 135,3 158,0 152,2
Tpeonin 78,4 105,0 90,4
Bamin 93,9 101,4 101,7
Tpuntodan 120,1 91,9 129,7
3araJibHUH BMICT O1IKY 10,3 23,1 34,9
A6m0pCbKa pO3p06KCl

Haii611b1m1 30a1aHCOBaHUM BUSIBUBCS O170K COI, SKMH Ma€ HaWBHIIE 3HAYCHHS
KOE(IIIEHTY YTWIITApHOCTI OUIKYy Ta HalMeHIIe — Koe(illeHTy HaJIMIIKOBOCTI
aMIHOKHUCJIOTHOTO cKJ1aay. Haifripii nmokazHuku Oyiau oTpUMaH1 Jijis OUIKY MIICHUIT.
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Jly>)ke HEBUCOKMM € ckop mepioi jimiToBaHoi HAK nelnuny, 1o cBig4uTh Mpo
HU3bKHUI PIBEHb 3aCBOEHHS SIK OKPEMUX aMI1OKHCIIOT, TaK 1 OUIKY B I[LIIOMY.

Tadoanus 2 — Iloka3HukM 6i0J10TiYHOI HIHHOCTI POCIMHHUX OUJIKIB

Bwmict :
CupoBuHa | OiNKy, A((;:)m’ U,% | Cuap % Tpiana HAK
o TpunTodaH | JIi3WH | METIOHIH
ITmenumga | 10,3 50,2 51,0 34,40 1 2,58 3,58
I'opox 23 81,4 67,1 17,94 1 8,42 | 3,10
Cos 349 | 863 76,1 11,13 1 4,85 | 231

Aemopcvka po3pooka

Jlis MOAENMIOBaHHS PELEnTypH POCIUHHOTO MPOTETHOBOIO MOPOIIKY MPOBEIU
KOMIT IOTEpHE MOJIEIOBaHHS, B SIKOMY 3MIHIOBAJIM MacoBl YacTKU OLIKIB Pi3HOTO
MOXO/KEHHS, BHU3HAYAJM aMIHOKUCIOTHHM CKJIaJ, AaMIHOKHCIOTHMHA CKOp Ta
MOKA3HUKH O10JIOT1YHOI I[IHHOCTI OTPUMAHOTO OUTKY KOMOIHOBaHOTO MpOoAyKTy. s
MOPIBHSIHHS BUKOPUCTOBYBAJIM OUIOK COi K TaKWii, 10 MaB HailKpallll MOKa3HUKH
61oJioriyHOT IIHHOCTI. Bigomo, 110 1ei OUI0K Mae HaJJIMIIKOBY KIJIBKICTh JESIKUX
aMIHOKHUCJIOT Yy TOPIBHSHHI 3 €TaJOHHUM O1JKOM, TOMY JOJIaBaHHS MIIIEHUYHOTO
OlKa MOX€E MO3UTUBHO BIUIMHYTH Ha 3HMXKEHHS HAJUIMIIKOBOCTI aMiHOKHUCIOTHOIO
ckinany. B Toi ke uvac, OLIKM cOi Ta TOpoxXy OUIBII CXOXI 3a aMIHOKHUCIOTHHUM
npodineM, TOMy iX KOMIUIEMEHTApHICTh € HIK4YOI0. B pe3ynbrari mpoBeaeHux
AOCTI/PKeHb OyJI0 BCTaHOBJICHO, IO MOCTYNOBE 30iTbIIEHHS MAacOBOi YaCTKU
MIIEHUYHOTo O1IKY y KOMOIHOBaHOMY IPOTEiHI MO3UTUBHO BIUIMBAJIO Ha 3POCTAHHS
ckopy nepioi JimitoBanoi HAK ta koedirienTy yTuiaiTapHOCTI OUIKY.

Byno Bu3HaueHO ONTHUMAalbHE CIIBBIAHOIICHHS MAaCOBUX YaCTOK POCIMHHUX
OUIKIB, sike CTaHOBUTH: MieHuIs — 50%; ropox — 40%; cos — 10%. 3a Takux ymoB
ckop mepmoi JgimitoBaHoi HAK, skooo € MeTIOHIH+HIUCTHH, MaKCHMalbHO
Habmokennit 1o 100% 1 nmopiBaioe 94,1% (mns Ounky coi OyB 85%); piBeHb
3aCBOIOBAHOCTI 011Ky 3pocTae Ha 7% 1 popiBHIoe 83,2%, a macoBa yactka HAK, ski
BUKOPUCTOBYETBHCS B OpraHi3Mi HEPALiOHAIbHO (KOE(ILUIEHT HAIJIUIIKOBOCTI), €
MIHIMAQJIBHOK 1 JOpiBHIOE 7,2%. Takoxk HpH IbOMY CHOCTEPIraeTbCcsl ONTHUMANbHE
CHIBBIAHOLIEHHS MDK TaKMMH HE3aMIHHUMHU aMIHOKHUCJIOTaMH, SIK TpunropaH Ta
MeTioHIH+IMCcTHH. [Ilpn HOpMaTuUBHOMY 3HaueHHI 1:3 (QakTHUYHUN pe3ynbTar
ctaHoBUTh 1:3,07. TakumM 4YMHOM, KOMOIHYBaHHSI POCIMHHHMX OLJIKIB JI03BOJIMJIO
MOKPAIUTH MOKa3HUKU 010J0TTYHOT IIIHHOCTI POCIMHHOTO MPOTETHOBOTO MPOPOIIKY
(pucyHoK 2).

Pocaunnuit npoTein 3 KOMOIHOBAaHUM CKJIAJIOM MOXe OyTH BUKOPUCTaHUH y
XapyyBaHHI CIIOPTCMEHIB Ta MPU BUPOOHUIITBI CHEIIaIbHUX XapYOBHUX MPOAYKTIB 3
MIJIBUIIICHUM BMICTOM OUIKy. BimoMo, 1110 meBHA KUIBKICTh CHOXKHBAYiB, SIKI BEIyTh
3I0POBUIN CITOCIO KUTTS 1 3aHMArOThCSI CIIOPTOM, BIJIMOBJISIFOTBHCS BiJI CIIOYKHMBaHHS
IPOJYKTIB TBAPUHHOTO TMOXOKEHHsS. 3 YypaxXyBaHHSIM pHU3HMKY iX 3a0pyIHEHHS
aHTUOIOTUKAMHU  Ta  TOPMOHAJIBHHMH  Mpenaparamd,  PO3MOBCIOKEHOCTI
HEMEPEHOCUMOCTI MOJIOYHHX MPOIYKTIB, & TAKOXK XBHIIIOIOUUX CIOKHMBaYiB MPoOIeM
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€TUYHOTO CTaBJCHHS 10 TBAapHWH, MOXHa MPOTHO3YBATH, IO POCIMHHHUNA TPOTEiH,
SKUW Ma€ BHUCOKI TMOKA3HWUKHU O10JI0TIYHOT I[IHHOCTI 1 3aCBOIOBAHOCTI, Oyae MaTu
MOTUT HA PUHKY MPOIYKTIB JJIsl 3I0POBOTO 1 CIIOPTUBHOTO XapUyBaHHSI.

o 100,00 -

90,00 -+

80,00 -+

70,00 -

60,00 - M MMweHuus

50,00 o M [opox

40,00 Con

30,00 - B KombBiHoBaHWiA npoTeiH
20,00 -

10,00 A

0,00

ACMIH KoediuieHT KoediuieHT
YTUAITAPHOCTI HaAUNLIKOBOCTI

Pucynok 2 — Iloka3HuKH 0i0J10Ti4HOI HIHHOCTI OUIKIB POCJMH Ta KOMOIHOBaHOIO

POCJIHUHHOIO NPOTEIHY
Aemopcovka po3pobka

3aK/104eHHs Ta BUCHOBKH.

B po6oTi Oysi0 po3rIsIHYTO aKTyalbHICTh PO3POOJIEHHS PEIEnTyp POCITUHHUX
MPOTEiHIB 31 30aJaHCOBAaHUM BMICTOM HE3aMIHHHUX aMIHOKHMCIOT. byJio BcTaHOBIIEHO,
0 JUIA LbOTO MOKHAa BUKOPHCTOBYBaTH BITUM3HSIHY CHPOBHHY, a caMe OUIKH
MIICHMIIl, TOPOXY Ta COi NMoe€qHaHHsS skuX y cmiBBigHOmeHHI 50:40:10 mo3Bossie
OTpUMaTH OUIOK 3 BUCOKHMMH MOKa3HHUKAMHU O10JIOTIYHOI IIIHHOCTI 1 3aCBOIOBAHOCTI.
Takuii mpoaykT Oyjie KOPUCHUM ISl XapuyBaHHS CIOPTCMEHIB Ta JIIOJICH, K1 BEAYTh
3I0POBHM CIOCIO MKUTTS 1 CHIAKYIOTh 32 KUIBKICHUM BMICTOM Ta SIKICTIO OlJIKa y
palioH1 XxapuyBaHHS.
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Abstract. The paper considers the relevance of creating combined composition proteins based
on vegetable raw materials. An assessment of the amino acid score and indicators of the biological
value of soy, wheat and pea proteins was carried out. It has been shown that in order to increase
the content of limited essential amino acids, it is advisable to combine the proteins of cereals and
legumes. By computer simulation of the vegetable protein recipe, the optimal ratios of the mass
parts of the raw materials of the combined product were determined: wheat protein - 50%, pea
protein - 40%; soy protein - 10%. It has been established that with such a formulation, the scor of
the first limited essential amino acid, which is methionine+cystine, is as close as possible to 100%
and is equal to 94.1%, the level of protein digestibility is 83.2%, and the redundancy coefficient is
minimal and equal to 7.2% . Also, there is an optimal ratio between essential amino acids
tryptophan and methionine~+cystine - 1:3.07. Thus, the combination of plant proteins can improve
the biological value of plant protein powder, which can be effectively used in the nutrition of
athletes.

Key words: vegetable protein, biological value of protein, combination, computer simulation,
peas, soybeans, wheat, athletes.
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Anomauin. CinbcbKo2o0cnodapcvKi opeanizayii ma ix KepiGHUYmMeo WoOHS HAMA2AOMmMbCs
sHaumu iHgopmayito (3HAHHA) YV BeqUKUX 0azax Oamux Oas nputHamms Oi3Hec-piuleHb.
InmenexmyanvHuyl aHaniz OAHUX 3A60AKU KPAWOMY YNPAGNIHHIO MA AHANIZY OAHUX MOJiCe
00NnoOMO2MuU  CilbCbKO2OCNOOAPCOKUM Op2aHizayiam ompumamu Oinbuwiuti npubdymox. Texnonoeis
8U000ymKy Oanux (data mining) 3abe3neuye OpicHMOBAHUN HA KOPUCYBAYA OOCMYN 00 HOBUX |
NPUXOBAHUX 3AKOHOMIPHOCMEL Y OAHUX, HA OCHOBI AIKUX 2eHEePYIOMbCsl HO8I 3HAHHA, AKI MOXCYMb
0onomo2cmu y NpUUHAMMI ONePaAmusHUX pilleHsb 0Jia CilbCbKO20CNO0OAPCLKUX NIONPUEMCME.

Knrouosi cnosa: cinbcoke cocnooapcmeso, Data Mining, ananiz 0anux.

Berym.

CygacHe CUIbChKE TOCIIOJAPCTBO CTHUKAETHCA 3 HOBUMH MPOOIEMaMU, TaKUMH
SK 3pOCTAaHHS HACEJICHHs, MIChbKa aryioMmepariisi, 1eiruT pecypciB, 3MiHa KIiMaTy Ta
VOpaBIiHHS BIIXOJaMU 1 BCl Il 3aBJaHHS BHUMAararOTh HOBATOPCHKUX PIIICHb.
TexHonoriyHUM PO3BUTOK MOKE T'paTH TYT BIAMOBIIHY 1 BU3HAYaJbHY POJIb, 4 cCaMe
3a JOTMIOMOTOI0 1HHOBAIIMHUX METOJIIB TIOB'S3aHUX, HAMNPUKIAZ, 3 PO3YMHUM
CUIBCBKMM  TOCHOJApPCTBOM. PO3yMHI NPakTUKH  CUIBCBKOTO  T'OCHOJApPCTBA
PO3TIISIAIOTECS K HAWOUIbII BIAMOBIAHI CTpaTerii ajanTalli, sKi B MEPCHEKTHUBI
JIO3BOJIATH JIOCATTH TPOJOBOJIbUOT OE3MEeKH, BOJHOYAC MOM SIKIIYIOUM KIIIMATHYHI
3MmiHu. lle nocsiraerbest 3aBASKM 30€pEXKEHHIO MPUPOJHUX PECYpCiB 1 CTIMKOCTI
KUTTEBO BAXKJIMBUX €KOCUCTEMHHUX MOCIYT. Po3ymMHe CUIbChKE TOCIOIAPCTBO — 1I€
HU3KAa 1HCTPYMEHTIB, $SIKI JIONOMAaraiTh KEpPyBaTH CLIbCHKOTOCHOJAPCHKUMHU
pecypcaMu Ta POCIMHHUIITBOM. BOHO TICHO TIOB’Si3aHE 3 BHKOPUCTAHHSIM TaKHUX
TEXHOJIOT1H, K [HTepHeT peuelt, reoinopMalliiiHi CUCTEMH, CEHCOPH, POOOTOTEXHIKA
1 mryannit intenexr [1], [10], [11], [12].

Po3yMHe cifibChbKe TOCMOMApCTBO MAa€ Ha METI COPUSITH OLIBIIN CTIHKOCTI Ta
MIJBHUIIUTH MPOJTYKTUBHICTh CUIBCHKOTO T'OCIOAApPCTBA, MOAOJIATH HACTIAKA 3MIHU
KJIIMaTy Ta 3MEHIIUTH BUKUIM MapHUKOBUX Tra3iB [2]. ¥ cydacHMX yMoOBax 3MIHU
kiimaty [3] iHHOBawii [4] MarTh BUpINIATbHE 3HAYEHHS U1l JOCATHEHHS ILJIeH
CTaNoro po3BUTKY [5]. B clIbCHKOTOCNOAAPCHKUX MIANPUEMCTBAX, a CaMme B
KOOIEpATUBAaX, PO3YMHE CLIbCHKE TOCHOJAPCTBO € (YHAAMEHTOM JUIsl MIATPUMKH
BUPOOHUKIB B TIPOIECl CUIbChKOrocmoaapchkoi mudpoBizamii [6]. B mpoieci
MOKPAIEHHSI CTIHKOCT1 CLILCHKOTOCIIOAAPCHKOI0 CEKTOPY LIISAXOM OLIBII PO3YMHOTO
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CIJIBCBKOTO FOCIIOIApCTBA, MIAMPUEMCTBA (a caMe KOMIIaH1i, TOBapHCTBA, acolliallii Ta
KOOTIepaTHBHU) BIAIrparOTh BCE OUIBII BH3HAYAJIbHY pOJb. AJle aJanTUBHICTDH
dbepMepiB 10 HOBUX TEXHOJOTIYHUX BHUMOT MOXE OYyTH Ba)KKOIO, OCOOJMBO IS
HEBEJHMKUX TocmojapcTB 1 cimeiHux ¢epm. Tomy ponp koomepaiii Moxe OyTu
BEJIMKOIO MiAMOTOI0 JJIs iX 3aJy4YeHHs A0 HOBUX TEXHOJOTTYHUX BUMOT. [lapanensHo
3 IUM TIPOLIECOM CLIbCHKOTOCTIOAAPCHKOI M(poOBi3allli, AepkaBH1 yCTaHOBU OBUHHI
OyTH TOTOB1 I peaiizailii CTparerid, Kl MiABUIIYIOTh OpPraHI3aIlil0 arpapHOro
CEKTOpa, MiJIBUILIEHHS Pi1BHS poO0TH (hepMepiB, a TAaKOK 3a0X0UYBATH TEXHOJIOTTUHUN
TpaHcep B HAYKOBOMY CITIBTOBApHCTBI, K IJISI OKPEMUX MiAINPUEMCTB, TaK 1 JJIs
cekTtopy 3araimoMm. Opranizaiis CUTBCHKOTOCIOIAPCHKOTO CEKTOpa 1 HaBHUYKU
oKpeMux (pepmepiB, Ha ChOTOJHI € BHU3HAYAIBHUM (PAKTOPOM ISl OUIBII CTIHKOTO
PO3BUTKY CLIBCHKOTO Tocrnoaapcetsa [7]. Bei mi acnektu OyayTh BUPIIAIBHUMU IS
e(eKTUBHOI MOJIEpHI3allli arpapHOro CEKTOPY B TMEPCHEKTUBl OUIBII CTaJoOro
po3Butky [10], [11], [12].

IIpo6aemu 3actocyBanns Data Mining B CijibCbKOMY roCoJapCTBi.

[ndopmartiitni TexHoNOTii Bce OUIbIIE CHPUSIOTH CHUCTEMHOMY TMIIAXOAY [0
BUpIIIEHHST arpapHux mnpobseM. Jloctyn mo moTpiOHO1 i1HoOpMmarllii mae 3Mmory
MIATOTYBAaTH TOYHI 3BITH, HANMPUKIAJ, PO BUKOPUCTAHHS 3aXUCHOTO OOJagHAHHS,
KUIBKICTh TOAMH POOOTH MalIMHU HA TEBHIM KyJIbTypli a00 KUIbKICTh HailMaHOI
ce30HHOT poOouoi cwimu. CilbChbKe TOCMOAAPCTBO 0Oarare  Pi3HOMAHITHOIO
iH(popMarli€eo, Mo 00yMOBIIOE HEOOXITHICTh BUKOPUCTAHHS CYyYaCHHUX TEXHOJOTIN
aHamizy  JaHuUX. 3a  JIONOMOTOK  IHTEJEKTyalbHOTO  aHalizy  JaHHuX
CUIBCHKOTOCIIOAAPChKl OpraHi3anii MOXYThb OTPUMYBaTH OIMCOBY Ta MPOTHO3HY
iHpopMarito a8 MIATPUMKU TpuMHATTS pimeds [9], [10], [11], [12]. 3aramom
pe3yJIbTaTH IHTENEKTYaJbHOTO aHAII3Y JAHUX MOKYTh OyTH BUKOPHCTAHI B MEPILY
yepry i BUPINIEHHS HACTYNMHUX 3a7a4: CETMEHTAllil PHUHKIB 1 KJI€EHTIB;
imeHTudikamis IMIHHUX 1 TOTEHIIMHUX KJIIEHTIB B MaWOyTHBROMY; JOCIIKEHHS
MPUYMH B MOBEIHII KIIEHTIB; BU3HAYEHHSI CTPYKTYpPHU I[iH JJI1 OKPEMHX CETMEHTIB
KIIEHTIB; iAeHTU(IKaIis Mano3a0e3NeyeHnuX IIJIaTHUKIB, CTBOPEHHsS MNpoQiiB
KJIIEHTIB; BU3HAYCHHSI YCIIITHOT TAKTUKY ISl YTPUMAaHHS 1 3aTy4YeHHsI KJT1€HTIB.

VYl clmbChKOrocnoapcehKki MiANMPUEMCTBA MOTPEOYIOTh MPOPECIHHOTO aHATIZY
CUILCHKOTOCTIOIAPCHKUX JIAHUX 1 1EM MPOIEC € JOBIOCTPOKOBHUM 1 JIy>KE€ JOPOTHM.
CUIbCBKOTOCTIOTAPCHKI  IMIJANPUEMCTBA  JIy’KE€ OpIEHTOBaHI Ha BUKOPUCTAHHS
1HGOpMaIlii PO PUHKHU CLIBCHKOTOCIIOAAPCHKOT MPOAYKIIii, TOMY YMIHHS 3HAXOAUTH 1
BUKOPHCTOBYBAaTH JaHl Uil OTPUMaHHS KOPHCHOI 1H(popMmamii 1 e(hekTHBHOTO
CUIBCBKOTO TOCHOJApCTBA € 3aMOpPyKOI0 YCMIXy BCIX CLILCHKOTOCTIOAAPCHKUX
nianpuemMcTB. CiIbChKOTOCHOAAPChKl 1H(GOpPMALIIHI CUCTEMH MICTATh BEIMYE3HI
oOcsru 1H(popmalii, BKIOYaod 1H(GOPMALIi0 PO CLIHCHKOTOCIOAAPCHKI KYJIbTYPH,
MOKYTIIIB, PUHKH Ta 1HIIE. 3a JOMOMOI0I0 CyYaCHUX METOJIB aHalli3y JaHUX MOXKHA
3HaWTH B il 1HGOpMaIli KOPUCHI MOJENi, SIKI MOXYTh OyTH BHUKOPUCTaHI s
MoAaNBIIMX JOCHIKEHb Ta PO3POOKM aHANITUYHMX 3BITIB. Jly)ke BaXJIMBUM
MUTaHHAM € Te, SIK KJIacU(IKyBaTU TaKy BEIMKY KUIbKICTh JaHMX. ABTOMAaTHYHA
Kiacudikaiis 3I1MCHIOETbCS Ha OCHOBI MOJIOHOCTI HasBHOI B JaHUX. Taka
Kjacu@ikaiis KOpHUCHA JIMIIE B TOMY BHIAJIKy, SKIIO OTPUMaHUN BHCHOBOK €
OPUIUHATHUM i1 arpoHomMa abo KIHIIEBOTO 3aMOBHUKAa. Tak mpoOiemy
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IPOTrHO3YBaHHSI BPOKAMHOCTI MOKHA BHPIIIMTH 3a JOMOMOTOI0 IHTENEKTyaJbHUX
METOJIIB aHalli3y JaHUX, MPU LbOMY BCS JOCTyHHa 1HGOpMaIlis JIEKUTh B OCHOBI
HAOOPY JlaHUX, SIKI MOKYTh OyTH BUKOPHUCTaHI1 JJi1 BUBYEHHS CIIOCO0IB KiIacu(ikarii
BPOKaHOCTI Ta BUPOOHUIITBA B MallOyTHHOMY.

B o6nacti CLIbCHKOTrOCIOAAPCHKUX AOCHIIKEHb, I1HTENEKTyaJlbHUNA aHali3
JaHUX TIOYMHAETHCS 3 TINOTE3W 1 pe3yJdpTaTH MaioTh OyTH CKOpPUIOBaHi, 11100
BIMOBIIaTH MMiK Timote3i. lle BiApI3HAETHCS B CTAHAAPTHOI MPAKTUKH aHATI3Y
JaHUX, Ka MPOCTO MOYMHAETHCS 3 HAOOPY JaHUX 0e3 BUAMMOI TioTe3u. Y TOW Yac
K TpaJuiiitHI BUA0OYTOK JaHUX CIPSIMOBAHUN Ha MOOYAOBY MOJENICH 1 BUSHAYCHHS
TEHJICHI[II B HaOopax [aHMX, IHTEJEKTyaJlbHUU aHali3 CUIbChKOTOCIOAAPChKUX
JaHUX O1IbII C(hOKYCOBaHUM HA MOOYAOBI CUCTEMH BEJIMKUX JTaHUX, sIKI BUIAISIOTHCS
3 Mojesiel 1 TeHjaeHiii. Toi ¢akT, 10 CTaHAapT 1HTEJIEKTYaJbHOrO aHali3 JaHUX
O1IBII 30CEPEKEHUIN Ha OIMKCI, a HE Ha MOSICHEHHI 3aKOHOMIPHOCTEH 1 TeHJICHIIIH €
THM, W10 TMOMIHOIIOE PIZHUIIO MK CTaHIAPTHUM 1 CLIBCBKOTOCIIOIAPCHKUM
Buo0yTkoM nanux [10], [11], [12].

Tpynnomui 3acrocyBannsi Data Mining B CijibCbKOMY rocnoaapcTsi.

Po3BuTok 1H(pOpMaIIHHUX TEXHOJOTI B CiibcbkoMy rocmogapcTsi [10], [11]
Terep J03BOJISIE CTBOPIOBATH EJEKTPOHHI 3alHMCH TPO KITIEHTIB, SKI OTPUMYIOTHCS
[IUIIXOM MOHITOPUHTY KJI€HTIB. L{I eneKkTpoHHI 3amucu BKIIOYAIOTh PI3HOMAHITHY
iHdopmarrito: aeMorpadiuHi JaHl TpPO KIEHTIB, 3BITH MPO Mepedir MpOaaxis,
JIOKJIQJIHI BIIOMOCTI MPO OOCTEKEHHSI MOCIBIB, BUKOPUCTAHI 3aCO0M 3aXUCTY POCIHH,
JlaH1 MONEPEIHbOI CIBO3MIHU, Ta 1HIIE. [HpopMaliiiHa cucTeMa 3arajioM aBTOMaTU3YeE
Ta CHpOoIy€e poOOUUid MPOIEC CUILCHKOTOCIOAAPCHKUX MIAMPUEMCTB, HA ChOTOJHI
po3po0IsieHO 0arato METOAIB Il aBTOMAaTUYHOTO BU3HAYCHHS MPaBUJI 1 BIAHOCHH 13
HAaOOpIB JaHWUX 3 METOI0 CHPOIICHHS MPOBEIACHHS TPYAOMICTKHX 1 TMOMIJIKOBUX
MPOIECIB IS OTPUMAHHS 3HAaHb 3 eMHOIpUYHUX JdaHuX. OCKUIBKM Il METOIU
JIOCTOBIPHI, IMIJAKPIMIJIEHI TCOPIEIO Ta aJCKBATHI OUIBIIOCTI JAHUX, 1X BUKOPHCTAHHS
Ha BUPOOHMIITBI 3aJIEKUTh TUIBKU BiJi TOTOBHOCTI TOCMOAAPCTB OOPOOISTH peasbHi
nani. IaTerparmis  TexHosorii Data Mining B iHGOpMaIliHI  CHUCTEMHU
CIJIbCHKOTOCIIOIAPCHKUX OpraHi3alliil 3HUXKY€E CyO'€KTUBHICTh B IPUNUHATTI PillieHb, a
TaKOX JI03BOJISIE OTPUMYBATH HOBI KOPHUCHI CLIbChKOTrocnoAapchbki 3HaHHs. CydacHi
MPOTHO3HI MoOJiel 3abe3leuyoTh HaWKpally MIATPUMKY 3HaHb 1 JOCBIY JJIs
MpAaIiBHUKIB CLILCHKOTO TOCHOJApPCTBA. 3arajoM MpoOJjeMy MpPOTHO3YBAHHS B
CUThCBKOMY TOCTIOJJAPCTBI MOXKHA PO3IIIUTH Ha ABI ¢asu: dasy HaB4aHHS Ta (dazy
OpUMHATTA pimieHb. Ha ertami HaBuaHHS BenMMKUil HaOlp JaHUX MEPETBOPIOETHCS B
3MeHIIeHN HaOip AaHux. KidbKiCTh XapakTepUCTUK 1 O0'€KTIB B IIbOMY HOBOMY
cnpoiieHoMy Habopi € Habarato MeHIa, HiXK B OpHUTiHAILHOMY Habopi, a mpaBuia,
CTBOpEH1 Ha I[bOMY €TaIli, BUKOPUCTOBYIOTHCS AJIs MPUIHATTS OUThII TOYHHUX PIIICHb
Ha HACTYIMHHUX eTanax. 3HOBY c(pOopMOBaHMI HaOlp JaHMX OyJe BUKOPHCTOBYBATHCS
JUIsl TeHepallii MPOTHO31B, KOJIM 32 JOMOMOI'OI0 MEBHOTO aIrOPUTMY MPOTHO3YBAHHS
3 SIBJISIIOTBCS HOBI BapiaHTH MO 3 HEBIIOMUM pe3yibTaTamu. Lleit anroputm
MOPIBHIOE XAPAKTEPUCTUKH HOBOTO O0’€KTa 3 XapaKTepUCTUKAMHU OO0 €KTIB,
MpPEJCTAaBICHNX Yy BHOpaHOMYy HaOopi JaHux. Y pasi 30iry HOBOMY 00’€KTy
MIPUCBOIOETHCS PE3YJbTAT, SIKAUWA JOPIBHIOE BIJMOBIIHOMY 00’€kTy B Habopi. Meta
IHTEJIEKTYaJIbHOTO aHaji3y JaHUX Yy CUIbCbKOMY TOCHOJApCTBI - MMOOYyAyBaTH
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IIPOTHO3HY MOJICJIb, sika OyJia 6 3p0o3yMijia KOPUCTyBayaM 1 sKa MpeJICTaBIIsIE HAIHHI
INPOTHO3M Ta JOMOMara€e arpoHOMaM MOKPAIIMTH CBOi MPOTHO3M 1 MPOLEAYpH
IUIaHyBaHHS OOpPOOKM CLIBCHKOTOCHOJAPCHKUX KYJIbTYp. BuHHKaIOTh CcKiaaHi
MUATAHHSA: Y4 JOCTAaTHHO JAHUX Ta BIAMOBIAHUX MPOTHO3HHUX XaPAKTEPHUCTHK IS
noOy/10BU NMPOTHO3HOI MOJIEN1 MPUUHATHOT TPOAYKTUBHOCTI, SIKHI ICHY€ 3B'I30K MIX
aTpubyTaMu Ta pe3yibTaTaMu, YU MOXKJIMBO MOOYIyBaTH HECTaHAAPTHY KOMOIHAIIIO
91 B3a€MO3B'SI30K Mk aTpuOyTamu, ab0 OTpuMaTh TEBHI Oe3mocepenHi GakTopH 3
BUXIJHUX aTpUOYTIB, SIKI MOXKYTh MiJABUIIMTH MPOTYKTUBHICTH MPOTHO3HOI MOJENI.
KitouoBUM NHUTaHHSIM Yy MpOIECi YNPaBIiHHSA SIKICTIO CUIBCHKOTO TOCIOAApCTBa
BHUCTYTAE SIKICTh JaHUX, CTAaHAAPTIB, IJIaHIB Ta METOJIIB OOPOOKHU JJaHUX.

YucnenHi npoOieMu NePeiKoKaTh BUKOPUCTaHHIO TexHouorii Data Mining
y CUIBCBKOMY T'OCHOJAPCTBI, aje¢ BHUpIIIaibHa MPoOJeMa IHTEIEKTYaJIbHOTO aHajizy
JAHUX Y CUTbCHKOMY T'OCIOJIApCTBI MOJISITAa€ B TOMY, 110 BUX1IHI JIaH1 Ay>K€ BEJTUKI Ta
HEOJHOPIAHI Ta MOKYTh OYyTH OTPHUMaHI 3 PI3HOPIAHUX HKkepen. OOcAr 1 CKIaaHICTh
CLTbCHKOTOCTIONIAPCHKUX TAHUX € OJTHIEI0 3 MIEPEIIKO/] JJIs YCIIIITHOTO aHaIli3y JaHUX.
BiacyTni, HemilicHi, cynmepewinBi a00 HeCTaHJAPTHI JaHl, HANpUKIaJ, YaCTHHU
nesikoi iHQopMarllii, 3amucaHoi B pI3HHX QopMarax 3 PIZHUX JKEpesl JaHuX,
CTBOPIOIOTH BEJIMKY MEPEIIKOAY JJI YCHIITHOTO aHali3y JIaHUX.

BucnoBku.

[HTENnekTyanpHUl aHaMI3 JaHUX Y CUIBCBKOMY TOCIOJApCTBI MOXe OyTH
OOMEKEHUW y NTOCTYMI 0 JIaHWUX, OCKUIbKM BUXIJHI JaHl 4acTO ICHYIOTh B PI3HUX
cepeloBUILAaX 1 cucTtemMax. ToMy JaHi MOBMHHI OyTH OTpUMAaHI Ta IHTETPOBaHI Mepea
noyaTkoM ix aamizy. [loOymoBa cXOBWIN JaHUX ISl 1HTENEKTYaJIbHOTO aHATi3y
JAHUX MOXKe OyTH Jy’Ke JOpOruM 1 TpuBaiauM mporecoM. CiIbCbKOTOCIOIAPCHKI
opraHizailii, II0 3ailMalOTbCA PO3BUTKOM CHUCTEM aHaji3y [JaHUX, MOBUHHI
BUKOPUCTOBYBAaTH BEJIMKI IHBECTHUIIHI pecypcu. [IpoekT ajig 1HTENeKTyalabHOro
aHai3y JaHUX MOKE 3a3HATH HEBJAul 3 PSAAY JIOCUTh MPOCTUX MPUYUH, TAKUX SIK
BIJICYTHICTb IMATPUMKH 3 OOKY KEPIBHMUIITBA, HEJOCTATHIN JIOCBIJ 1O aHAIII3y JaHUX,
He3alllKaBJIeHICTh arpOHOMIB Ta HecTada mpodeciiHuX MOCTYT.

[HTENnekTyanbHUl aHaMi3 JaHUX 3aBISKU KpalloMy YIPAaBIIHHIO Ta aHai3y
JAHUX MOYKE JONMOMOTITH ClIBCHKOTOCIIOAAPCHKUM OpTraHi3alisiM OTpUMaTH OUIbIINN
npuOyTok. BukopucroByroun TtexHiky Data Mining, oTpumaHl 3HaHHS MOXHa
BUKOPUCTOBYBATU [UIsl MPUUHATTSA YCHIIIHUX pPIllIeHb, SKI CIPUATUMYTH YCHIXY
CLIbCHKOTOCTIONAPCHKOI Opranizamii Ha puHKY. /s oprasizamiii me oauH 13
KJIFOUOBUX MOMEHTIB JJII CTBOPEHHS CBO€I Oi3Hec-cTparerii. OCHOBHUN MOTEHITIAT
MOJIATA€ Y MOXKJIMBOCTI BUBUEHHS MTPUXOBAHUX 3aKOHOMIPHOCTEH y Habopax JaHUX B
cimbchKOTOCTIONApChKid  chepi. OTpumaHi 1 3aKOHOMIPHOCTI MOJETl MOJKHA
BUKOPHUCTOBYBAaTH JJis J1alrHOCTUKU CTaHy BpO’XKal0, IMPOTHO3YBAHHS PO3BUTKY
PUHKY, MOHITOPHMHTY IUIATOCIPOMOKHOCTI KJi€HTIB. Buxopucranus texniku Data
Mining B CUIbCHKOTOCTOIAPCHKUX OpTraHi3allisiX JI03BOJIMTh CTBOPUTH YMOBHU JIJIsI
NPUIHATTS aJ€KBATHUX PIIIEHb 1 TUM CAMHUM JIOCATHEHHS! KOHKYPEHTHOI MepeBary.
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Abstract. Every day, agricultural organizations and their management try to find information
(knowledge) in large databases for business decisions. Data mining through better data
management and analysis can help agricultural organizations make more money. Data mining
technology provides user-oriented access to new and hidden patterns in data, which generate new
knowledge that can help make operational decisions for agricultural enterprises.

Key words: agriculture, Data Mining, data analysis.

ISSN 2567-5273 120 www.moderntechno.de



Modern engineering and innovative technologies Issue 19 /Part 1 (N§

http:// www.moderntechno.de/index.php/meit/article/view/meit19-01-006
DOI: 10.30890/2567-5273.2022-19-01-006

YK 681.514.675:622.24
FUZZY-SIMULATION OF DRILLING MESSURE PRESSURE CONTROL

PROCESS AT THE INPUT IN THE WELL
FUZZY-MOJEJKOBAHHS MPOLHECY KEPYBAHHSA TUCKOM BYPOBOI'O
PO3YUHY HA BXOAl1 Y CBEPJIOBUHY
Lahoida A. / Jlaroiina A.L.
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Lahoida L. / JIaroiina J1.1.
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Ivano-Frankivsk National Technical University of Oil and Gas,
Ivano-Frankivsk, Karpatska, 15, 76019
leano-Dpankiecokuil HAYiOHATLHUL MEXHIYHUL YHIBepcumem Hagpmu i 2asy,
leano-Dpanxiscok, eyn. Kapnamcoka 15, 76019

Anomauin. Pozenanymo npoyec npomuaHus c8eposiogunu, KOmpuil 8i0HOCUMbC 00 KIACY
HecmayioHapHux OUHAMIYHUX cmoxacmuyHux o0'exmis. Ilpeocmasneny pobomy cnpsamoeano Ha
VOOCKOHANEHHSI MAMeMAMUYHOI MOOeni cucmemu a8moMamuiyHo20 Kepy8aHuHs I3 Ypaxy8aHHAM
obMmedicenb Wo0o NomyHcHocmi OypPoB8oi HACOCHOI YCMAHOBKU.

Hocniooceno, wo €ounum cnocobom 0N NIOBUWEHHA AKOCMI KepYBAHHs ABNAEMbCS
3aCMOCY8AHHA CKAAOHIWUX pe2ylAmopie, Kompi 0036014mMb 0ewjo 3MEHWUMU He2amueHUll 6Nus
3aNi3HEeHHA.

Bcmanoeneno, wo Fuzzy-Il[/[-pecynamopu 3abe3neuyroms cymmeso Kpawyi NOKAZHUKU
AKOCMI a8MOMAMUYHO20 KEPYBAHHS NOPIGHAHO 13 NPOMUCTIOBUMU ABMOMAMUYHUMU CUCHEMAMU,
AaKI nooyoosani na Ill-pecynamopax, a came nepepezynoeanusa 0 % i mpusanicmv nepexionozo
npoyecy 20 ¢ y wmupokomy 0ianazoni 3MiHU 308HIUWHIX 6NIUGIE A MAKONC NAPAMEMPIE CUCTNEMU.

Ompumani pesyromamu AGIAIOMbCA KOPUCHUMU A  BANCIUBUMU OCKIIbKU O0360JIA10Mb
nioguwumu  ePeKmuBHicms MexXHONI02IYHO20 Npoyecy KepyBaHuHs MeXHIYHOW 2iOpABIiuHON0
CUCTEMOI0 NPOMUBAHHSL 2IUOOKUX C8EPOIOBUH ) NPOYECT IXHbO2O NO2NUOTIEHHSL.

Knrwouosi cnosa: mooento6anHs, NpOMUBAHHA CE8EPONOBUH, De2YIAMOp, MUCK HA 6X00i 6
C8epONI0BUHY, KePYBAHHSL.

Beryn

OpaHo0 3 HaWBAXIMBIMKX MPOOIEM 711 HATOra30BUX KOMIAHIN AUBISTYUCH 13
TOYKH 30pYy CBITOBOI MpaKTHKa aBTOMAaTH3allli TEXHOJIOTTYHOTO Mpolecy OypiHHS
CBEPJJIOBUH SIBISIETHCSI 30LIBIICHHS NPOAYKTHBHOCTI Tpolecy OypiHHS a TaKOX
3MCHIIICHHS] €HEPrOCTOKMUBaHHs. J[Js BUpIIIEHHS MAHOTO 3aBJaHHS HAJA3BUYANHO
BKJIMBOIO SIBJISIETHCSI aBTOMATH3allisl MPOIIECY MPOMUBAHHS CBEP/JIOBUH. 3a3HAYECHI
SIBUIIIA BUKJIMKaHI THM, IO TiIPOCHCTEMa MPOMHBAHHS CBEPIJOBUHU HAJICKHUTH JI0
KJIacy JOBOJI CKJIAJIHMX HENHIMHUX HECTAI[lOHAPHUX JAWHAMIYHUX CTOXACTUYHUX
00’ekTiB, KOTpl (PYHKIIOHYIOTH 3a YyMOB amnpiOpHOi a TaKoX TMOTOYHOI
HEBU3HAYCHOCTI 11010 MapamMeTpiB Ta CTPYKTypu. BOHM TakoXX BOJOJIIOTH
MOTYXHICTh HacociB 600 Ta pgekonu Oinblie KBT a TakoXX JOCHUTh BEJIHKY
TPAHCIIOPTHY 3aTPUMKY, KOTpa JIIHIMHO 3pOCTa€ 3a MIpOI0 30UIBIIEHHS TIUOWHU
CBEP/IJIOBUHH.

HasBHi cuctemu ctabinizaiii THCKY OypOBOTO PO3YHMHY Ha BXOJll Y CBEPJIOBUHY
3/1€01TBIIIOTO BIAPIZHSIIOTHCS CTPYKTYPOIO PETYJISITOPIB, KIIBKICTIO TU3ENIB, HACOCIB,
KOPETYBAJIbHUX MPUCTPOIB, @ TAKOXK TUTIAMHU €JICKTPONpUBOAiB. Po3pobieHi cuctemu
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peani3yloThbcsl 3a JIOMOMOrOI0 3aCTOCYBaHHA Ha OYpOBUX YCTAHOBKAaX CIELIAbHO
po3pobnenux [1I-perynstopis.

Ha nanuii yac s kepyBaHHS HENEPEPBHUMU TEXHOJIOTTYHUMHU MPOLECAMH Y
HadTOra3zoBii ramdy3l TPOMHUCIOBOCTI BC€ OUIBIIE 3HAXOMATH 3aCTOCYBAaHHS
nporpaMoBaHi KOHTpoJiepH. [laHl KOHTpoJiepH IalOTh MOKJIMBICTH peaii3oBYBaTH
CUCTeMHU KepyBaHHs 13 Fuzzy-perynstopamu.

OTOX crnuparoyich Ha BUIIE CKa3aHE aKTyaJIbHUM € MPOBEJIEHHS J10JIaTKOBUX
JOCHIDKeHb, 5Kl OyJayTh CIHpsSMOBaHI Ha YyTOYHEHHS MaTeMaTU4YHOI MOJel
TEXHOJIOTIYHOTO TPOIECYy TPOMHBAHHSI CBEPIJIOBUHH a TaKOX CTBOPCHHS
edexktuBHOTO Fuzzy-perynstopa, sxkuii OyJe MNpU3HAYEHUN [JIs1 PEryJrOBaHHA
po060TOI0 OYpPOBOT HACOCHOT YCTAHOBKH.

OCHOBHHUI1 TEKCT.

AHnaniz ocmanHix Oocniodcenv i nyonikayiu. BUKOHAHWN aHaATI3 HasSIBHUX
TEOPETUYHUX JIOCHIKEHb, SIK1 MOB’sA3aHl 13 onTuUMIizalliero OypinHs [1] a Takox i3
MPAaKTUYHUM JIOCBIJIOM €KCIUTyaraiii OypuUJbHUX YCTAaHOBOK [2] TMOKa3aB, III0
ONTUMAaJIbHI PEKUMU OYpIiHHS 3a3BUYAM JIOCATAIOTHCS Y BHUIAJKYy MaKCHUMaJIbHO
JIOMyCTUMOIO OCbOBOTO 3yCHJUISIX Ha J10JI0TO. MOXIMBe MIATPUMAaHHS 3a3Hau€HUX
3yCWJb 3a3BMYail 3aJ€KUTh B1Jl CTYNEHs OYMILEHHS OYpHIIbHOI 30HU BIiJ HasBHUX
MPOIYKTIB pyHHYBaHHS Tipcbkoi mnopoau (mmamy) [3]. 3a3HadyeHuil mporiec
BUKOHYETHCSI TEXHIYHOIO TIJPABIIYHOI0 CUCTEMOIO MPU3HAYCHOIO JUIsI MPOMHUBAHHS
cBep/IoBUH. ['0JIOBHMM 1i CKJIaJJOBUM €JIEMEHTOM SIBISEThbCS OypoBa HacoCHa
YCTAHOBKA, fKa Ma€ BEJIUKY MOTYXHICTh [4 - 6]. ['oloBHOI0 3amayero Takoi
YCTAHOBKHU SIBJISIETBCSA CTaOUII3allisl BCTAHOBJIEHOTO 3HAYEHHS THUCKY OYpOBOIo
pPO3UMHY MpU BXOAl Y CBEPIJIOBHMHY. 3 METOIO ii BUPIIIEHHS BUKOPUCTOBYIOTh
3aMKHEHY CHCTEMY aBTOMAaTHYHOTO PETYJIOBaHHS HACOCHOIO ycTaHoBkoro i3 IlI-
PETYJIATOPOM.

Bucynyrta npoOiema aBTOMaTUYHOTO KEPYBaHHSI CYTTEBO YCKIIAJHSAETHCS TUM,
0 JMHAMIKA TEXHOJOTIYHOTO TIPOIeCYy TMPOMHUBAHHS CBEPAJIOBUH 3a3BUYail
HEB1JIOMa, a BIJMOBIIHO TMPOIIECH KOTPl PEryJIoIThCS HE MOXHA BBaXaTH
He3anexkHuMu. [Iporiecn BUMIpIOBaHHS y OUIBIIOCTI 3 BHUIIAJIKIB € 3HAYHO
3allyMJICHUMH, a HaBaHTAXEHHS PO3BUBAETHCS Yy 4Yacl. SIKII0O TOBOPUTH Yy
3araJjpHOMY TO 3a3HAayeHUN Mpolec (QYHKIIOHYE 3a YMOB ampiopHOi a TaKOX
MOTOYHOI HEBU3HAYEHOCTI MO0 MapaMeTpiB a TaKOX CTPYKTYPH 32 YMOBU BIUIMBY
3aBaJl, SKI SABIAIOTbCS HEAOCSHKHUMH g  BuMipioBanb [7]. Came Tomy
XapaKTePUCTUKHU PETYJISTOPIB 3HAYHO TMOJIMIIYIOTHCS 3a JOMOMOTOI0 BUKOPHUCTAHHS
Fuzzy-noriku [7, 8], TeHETUYHUX ANTOPUTMIB Ta IUTYYHUX HEHPOHHUX Mepex [9].
3a3HaueHi MeETOaM MarTh Ha3By «Soft computing», MmO MIAKPECTIOE IXHIO
MO>KJIUBICTB ONIEPYBAHHSI HETIOBHUMH a TAKOX HETOUHUMHU JaHUMH. OJUH KOHTPOJIEp
MO’K€ 3aCTOCOBYBaTHM KOMOIiHamir0 HacTymHuX MertoniB: Hewpo-IIIJ, dazi-ITI/,
Helpo-dazi-ITII-perynsTopu 13 TEHETUYHUMHU AJITOpUTMaMu [9] To1o.

3naunuM HepomikoMm Fuzzy a Takox HelipoMepeKeBHUX KOHTPOJIEPIB SBISETHCS
CKJIQJHICTh IXHIX HaJallTyBaHb, sSKa TOB’S3aHa 13 CKIAIHICTIO CKJIaJlaHHS 0asu
MPaBUJI @ TAKOK HABYAHHSM IITYYHOI HEHPOHHOT MEpexi.

VY poboti [10] HaBeneHO pPO3pOOJIEHHS METOAYy CHUHTE3y KackagHoro Fuzzy-
peryniaropa, KOTpPHM MOXE BpaxoBYBaTH OOMEXKEHHS HasgBHMX MPOMIDKHUX
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KOOpPJIMHAT BEKTOpa CTaHy CHUCTEMH Ta B TOW CaMHUM Yac Ja€ 3MOTy OTPUMATH JIEAKY
MoCTiiiHY CTpyKTypy Fuzzy-perymstopa. Takox oTpumana MOAANBIIANA PO3BUTOK
TEOopis HEUITKOrO YNpaBJIiHHS sfKa MOBS3aHA 3 PO3POOKOI0 METOAy cuHTE3y Fuzzy-
perynaropiB KoTpi MatoTh Bu Takari-CyreHo i3 3aCTOCYBaHHSAM CTaHJIAPTHUX (HopM
Ui PO3MOAUTY KOPEHIB XapaKTEpUCTUYHOIO TOJIHOMA, IO B CBOIO Yepry
3a0e3neymsio GopMyBaHHS HEOOX1THOTI TUHAMIKKA POOOTH CUCTEMH KepyBaHHS.

MosxHa TakoXX CTBEpJKyBaTH, IO Y HAyKOBIM JiTepaTypi (aKkTUYHO HE
0OrOBOPIOIOTHCS MIJIXO/IM CTOCOBHO CHUHTE3Y CUCTEM KEPYBAaHHSI, 1110 PO3BUBAIOTHCS Y
4acl a TAKOK MAlOTh CYTTEBY TPAHCIIOPTHY 3aTPUMKY.

Ha ocHOBI BcTaHOBiEHMX (aKTIB MOXKEMO CTBEPIXKYBaTH, 110 HaOyBae
0COOJIMBOI BaXJIMBOCTI @ TaKOX IMMOTpPeOye MOKIAIHOTO JOCIIHKEHHS Mpoodiema
CTBOPEHHSI aBTOMATM30BAHOI CHCTEMHU KEpPyBaHHS MpOLIECOM cTaluIi3alii TUCKY
OypOBOr0 pO3YMHY Ha BXOJ1 Y CBEpP/IOBHHY.

Memoto cmammi € po3pobka Fuzzy cucremu kepyBaHHS THCKOM OypOBOTO
pPO3UMHY Ha BXOJ1 Y CBEPJIOBHHY, KOTpa MOKJIMKaHa MOKPAILUTH MOKA3HUKHU SIKOCTI
npouecy NOrIUONeHHS HapTOBHX a TAaKOXK Ta30BUX CBEPAJIOBHUH B peEaTbHOMY
MaciTadi Jacy.

Pezynomamu oocniosxcens. 3a3Buyail cUCTeMH aBTOMAaTUYHOI'O PETYJIOBaHHS Y
HadTOra3zoBi MPOMUCIOBOCTI OyAyIOThCS HA OCHOBI BUKOpUCTaHHS TUNOBHUX [I- Ta
[l — anropuT™MiB aBTOMAaTUYHOTO PEryjioBaHHS. Take iXHE 3aCTOCYBaHHS MOKHA
MOSICHUTH TPOCTOTOI IXHBOTO HaJalITyBaHHA. JlaHI perynsiTopy MOXYTb
3a0€3MeunT  HEOOXIHYy  JUHAMIYHY  TOYHICTh CHUCTEMH  aBTOMATHUYHOTO
PETYJIIOBAHHS, aJl€ TOJOBHOIO IXHBOIO MEPEBArOI0 ABIISETHCS POOACTHICTh. 3a3HAYEHI
QITOPUTMH  SBJIAIOTHCSA TNpalle3gaTHUMU MpU PI3HUX Bapialisix XapaKTepUCTHK
KEpOBAaHOTO 00’€KTa a TaKOX BIAXWICHHSX BiJI MEBHUX ONTUMAJIbHUX 3HAYCHBb
napaMeTpiB HANAIITYBAHHS PETYJsATOpa MNPU OJHOYACHOMY 30€pEeKEeHH1 JOCTATHHOT
AKOCTI CHUCTEM aBTOMaTH4HOro perymoBaHHga [11]. OcHoBHUM crnocoOom
NiJBUIICHHA MOKAa3HUKIB SKOCTI MEPEXITHOTO MPOLECY SBISIETbCA YCKIIQJHEHHS
QITOPUTMY peryJitoBaHHs. Po3riasiHeMo uisi TpUKIIaa TMEpexifHy XapaKTePUCTUKY
HaCOCHOI yCTaHOBKHM Y 8-6M-A2, KoTpa npeacraBiieHa Ha pUCYHKY 1.

1,200
1,000
0,800
0,600
0,400
0,200
0,000
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0 5 10 15 20 25 30 35 40 45 50 55
t,c
Puc. 1 IlepexinHa xapakTepucTHKA OYPOBOI HACOCHOI YCTAHOBKH
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Ak pe3ynabTar MPOBEACHOI arpoKcUMallli oTpuMaau Taky (QYHKINIO Iepenadl
OypOBOi HACOCHO1 YCTaHOBKHU:

) !

= e
21,7495* +6,739s +1  ’

(1)

1e =1 ¢ - yac 3ami3HeHHs.

3 MeTor0 3IIMCHEHHS aHaji3y MOKa3HUKIB SKOCTI CHCTEMH aBTOMAaTHYHOTO
pEeryJIIoBaHHS THUCKYy OYpOBOTO PO3UMHY Ha BXOJl y CBEpJUIOBHHY IOOYJI0BaHO
IMITaliifHy MOJIeJIb B IporpaMHOMYy cepenoBuil Matlab — Simulink (puc. 2).
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Eh =]
.

Puc. 2 Crpykrypa II1/I-peryasTopa 3 ¢a3i-60,10koM aBTOMATHYHOT O
HajamryBanHsa B Matlab

XX
o \ fuzzpid Kp
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1
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Puc. 3 Crpykrypa BxoaiB-BuxoaiB II1/I-peryasitopa 3 ¢a3i-6.10xom: e=[-0,3;0,3];
ec=[-0,3;0,3]; K,=[-0,03;0,03]; Ki=[-0,03;0,03]; Ka=[-0,3;0,3]

Jnis peamizanii Takoi CTPYKTYpH MOOYIOBAHO TPUMIpHY TaOJHIIO MPaBUI Y
BIJIMOBIAHOCTI 3 TphOMa CKJIAOBUMH B piBHsAHHI TunoBoro III/[-perymnsitopa, siki
HaBeZIeHo y Tabmuusax 1 — 3.

Taoauusa 1 - baza npaBua ais Kp Tabauus 2 - basa npasui aas K,
K ec K ec
" INLINM|NS| Z | PS|PM| PL " INL|NM|NS| Z | PS |PM|PL
NL|PL|PL ([PM|PM|PS| Z | Z NL|NL|{NL|{NM|NM|NS| Z | Z
NM|PL|PL |PM|PS|PS| Z | Z NM|NL|NL [NM|NS|INS| Z | Z
NS |[PM|PM |PM |PM| Z | Z | NS NS |NL(NM|NS |NS| Z | PS | PS
e| Z |PM|PM|PS| Z | NS |NS|NM e| Z NMINM|NS| Z | PS |PM|PM
PS|PS|PS| Z |NS|NS | NM|NM PSNM|NS| Z |PS|PS |PM| PL
PM|PS| Z | NS |NM|NM|NM| NL PM| Z | Z |[PS|PS|PM|PL | PL
PL| Z | Z (NM|\NM|NM|NL | NL PL/Z | Z PS|PM|PM|PL | PL
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Tabymus 3 - baza npasua aas K,

K ec
‘ INLINM|NS| Z |PS |PM|PL

NL | PS|NS|NL |NL|NL |NM| PS
NM|PS | NS |NL |NL | NL INM| PS

NS| Z | NS |[NM|NM| NS | NS
e| Z | Z [NS|NS|NS|NS|NS

PS|\Z2 | Z | Z | Z | 7Z | Z
PM|PL|NS|PS|PS|PS|PS|PL
PL|PL|PM|[PM |PM|PS|PS | PL

NN N

[Toka3HUKH SIKOCTI MpecTaBieH] y Tabmui 4.

Taoauus 4 - [lokasauku sskocti CAP HACOCHOI0 YCTAHOBKOIO

Tun perynsaropa Yac perymoBanns | [lepeperysiroBaHHs
ITI-perynsitop 31 10
Fuzzy-111[I-perynsitop 20 0

Ha oHOBI CTpyKTypu HaBelIeHOI Ha PUCYHKY 2 Ta JaHuxX Taomuip 3.1 — 3.2
cuHTe3oBaHo  cTpyktypy [IJl-perymsropa 3  (a3i-0J0kOM aBTOMATUYHOTO
HajamTyBaHHs KoedimienTiB B Matlab, Ta moOynoBaHO mepexiJiHy XapaKTepUCTHUKY,
sKa HaBeJieHA HA PUCYHKY 4.

1.2 T T T T T

1 -

0.8 i - - - | -

0.6

0.4

T

02 - | 1 1 1 1 -

0 1 1 1 1 1
0 10 20 30 40 50 60

Puc. 4 MoaenwBannus CAP 3 Fuzzy-II1/I-peryastopom

AHaji3 OTpUMaHUX pe3yJbTaTIB JAa€ 3MOTY CTBEpIKYBaTH, IO 3aCTOCYBaHHS
Fuzzy-xontponepa 13 Ill/[-perynsitopom Hamae MOXIUBICTh OTPUMATH CUCTEMY
KEepyBaHHS THUCKOM OypOBOTO pO3YMHY Ha BXOl Y CBEP/JIOBUHY 13 CYTTEBO 1HIIMMHU
BJIACTHUBOCTSIMHU.

Bucnosku.

B pe3ynbpTaTi BUKOHAHOTO IMITAIIHHOTO MOJICITIOBAHHSI BCTAHOBJICHO TTOKA3HUKHU
AKOCTI TMEpexXiTHUX IMPOLECIB CUCTEMHU cTabumizamii THUCKYy OypoBOro pO34YMHY Ha
BXOJll Y CBEPJIOBUHY, KOTpa MoOy/0BaHa Ha OCHOBI BUKOPHUCTAHHS PI3HUX THUITIB
perymsaropiB. OpepkaHi pe3yJdbTaTH HAAAIOTh MOXJIHMBICTh CTBEPIKYBATH, IIIO
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3acrocyBaHHa Fuzzy-IIlJ[-perynaropiB  Hajgae 3MOry CyTTEBO IOKpallyBaTH
JAMHAMIYHI XapaKTepUCTUKU KepyBaHHsS cucTeMd. [IopiBHIHO 13 BUKOPUCTOBYBAHUM
[1I-peryasTopoM MIBUAKOIIS CUCTEMH MiIBUIIY€ThCs Ha 11 cexyH.
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Abstract. The process of well washing, which belongs to the class of non-stationary dynamic
stochastic objects, is considered. The presented work is aimed at improving the mathematical model
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of the automatic control system, taking into account the limitations on the power of the drilling
pumping unit.

It has been investigated that the only way to improve the quality of control is to use more
complex regulators, which will reduce the negative impact of delays.

It was found that Fuzzy-PID controllers provide significantly better quality of automatic
control compared to industrial automatic systems based on PI controllers, namely 0%
overregulation and transient duration of 20 s in a wide range of changes in external influences and
System parameters.

The obtained results are useful and important because they allow to increase the efficiency of
the technological process of control of the technical hydraulic system for washing deep wells in the
process of their deepening.

Keywords: modeling, well washing, regulator, well inlet pressure, control.

Cratts Bignpasnena: 28.01.2022 p.
© Jlaromnna A.l., Jlaroiina JI.I.
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Abstract. Recently, volumes of works related to complex diagnostics and assessment of the
technical condition of building structures, buildings and structures are growing significantly. Quite
often there is a situation when performers do not have the opportunity to study the technical
documentation for buildings and structures operated for a long time before examination. Such
works are distinguished as an independent direction of construction production, covering a range
of issues related to ensuring the operational reliability of buildings, repair and restoration work,
reconstruction and development of project documentation.

Keywords:. building, foundation design, expert system, confidence factor, damage defect,
reliability index.

Introduction.

Recent years are constantly growing volumes of work related to complex
diagnostics and assessment of the technical condition of building structures, buildings
and structures. Quite often there is a situation when performers do not have the
opportunity to study the technical documentation for buildings and structures
operated for a long time before examination. Such works stand out as an independent
direction of construction production [1, 2].

Inspection of buildings and structures includes the following complex of
tasks [3]:

* preliminary inspection of the object;

* visual examination;

* instrumental examination;

« additional surveys (geology, geodesy, foundation disclosure);

* determination of bearing capacity of structures and other calculations;

« analysis, comparison and generalization of survey results;

* conclusions and recommendations.

One of the directions in the implementation of a set of tasks for the safe
operation of buildings and structures is the examination of foundation structures.
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This task includes:
» generalized assessment of specific foundation structures;
» generalization of partial coefficient calculation over foundation structures.

Modeling of reliability of foundation structures.

On the basis of the analysis, chains of logical removal of the building
foundations are created. To solve this problem, experts independently give a
probabilistic estimate based on their own experience [4].

The results of the logical output of the knowledge base are represented in the
form of a damage tree - a hierarchical classification of types of damage.

In the course of logical output over the facts that make up the assumptions of the
rules, logical operations are performed. As a result, complex conclusions are created.

The confidence coefficient method is based on heuristic observations derived
from expert work: first, in traditional probability theory, the sum of event
probabilities and its negation is one; but in practical activity, the assessment of the
event's authenticity does not mean that this event is simultaneously evaluated for
errors; Secondly, knowing the rules themselves is more important than knowing
algebra for their computation.

A measure of confidence is an informal assessment, which the expert adds to the
conclusion, for example: "probably it is," "maybe," "definitely," "nothing can be
said" and so on.

A measure of confidence describes a human (subjective) estimation of a causal
probabilistic measure. System performance is determined by the quality of the rules.

The advantage of the confidence coefficient method is largely to use sufficiently
short sequences of combined rules and use fairly simple hypotheses. The
disadvantages include the complexity of determining in many cases the coefficients
of confidence, the lack of theoretical justification of the results.

The essence of fuzzy logic from the confidence factor is:

- using linguistic variables (instead of numerical);
- relations between variables described by fuzzy statements;
- complex relationships are determined by fuzzy algorithms.
The confidence factor is calculated according to the following rules:

1) with logical connection And between facts /| and P :

C(R A Py) = min(C(R),C(P)): 1)
2) with logical connection OR between the facts of F} and P :
C(R v Py) = max(C(R),C(Py)). @)

The coefficients of confidence are attributed not only to the facts, but also to the
rules. Denote the confidence factor of the rule through Cr. The coefficient Cr
corresponds to the degree of truthfulness of the conclusion of the rule under true

assumptions. If the assumptions are characterized by a Cp =1 confidence
coefficient, the C,, conclusion confidence coefficient is calculated by the formula:
C, = Cp -Cr. (3)

Table 1 presents the basis of the rules of defects of the expert system for the
constructive element of foundations.
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Defects in the structure of foundations are considered as facts that create a rule
assumption, so we determine the total coefficient for foundations according to the

type (1, 2):
CF(FAA FB)=min(0,2;0,3)=0,2;
CF(FANFB)v FD)=max(0,2;0,4)=0,4;
CF(((FANFB)v FD)v FK v FF) =max(0,4;0,65;0,75)=0,75 > CFlipen-
We assume that the coefficient of confidence of the rule CFr = 0,8, then:
CF, . =CF_. -CFr=0,75-0,8=0,6.

BHUCH npen

Table 1 - Base of rules of defects of the expert system for the constructive
element of foundations

Elements | Formalized recording Rule base for logical output chain
Foundations | If F4 1 FVto FC - if the blind area (F4) cracks and no blind spot
(FB) then blind area damage (FC);
If FC1 FD then FE - if damage to the blind area (FC) and traces of

moisture in the walls of the basement (/D) then the
subsidence of the foundation (FE);

If FE i1 FK and FF - if the subsidence of the foundation (FE) and mass
then FL through cracks to the entire height of the building
(FK) and the wiping of the soil in the basement
(FF) then the settling of the building (FL).

Figure 1 shows the chain of logical output during the expert system for the
constructive element "Foundations."

Figure 1 - Logical output chain when working expert system for constructive
element ""Foundations"
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Correspondence of the state of the structure to the confidence factor is presented
in Table 2.
Table 2 - Coefficients of confidence of normative state of foundation

structures
No Normative status Confidence
factor
1 IT — satisfactory 0,00....0,25
2 II/IIT — satisfactory, bordering on unsuitable for 0,25....0,50
normal operation
3 IIT — unsuitable for normal operation 0,50.....0,75
4 IV — emergency 0,75.....1,00

In the future, a more general approach is proposed related to the calibration of
static methods and methods for investigating uncertainties.

In the partial coefficient method, the basic variables (i.e., actions, resistance
characteristics and geometric characteristics of foundations) are obtained by using
partial coefficients and the calculated values are checked, which should ensure that
there are no exceeded corresponding boundary states during the examination of the
basement element [5].

Numerical values for partial coefficients can be determined in two ways:

* based on calibration, based on long-term experiments and construction

structures.

* based on statistical assessment of experimental data and field observations.

(this should be done within probabilistic reliability theory).

Schematic review of various available methods of calculation formulas
calibration for partial coefficient (boundary states in the examination of the technical
condition of foundations) and relations between them are presented in Figure 2 [6].

Probability calibration procedures for partial coefficients can be divided into two
main classes:

- fully probabilistic methods (level III);

- First Order Reliability Methods (FORM) (Level II).

In both Level II and Level III methods, a measure of reliability with probability
should be identified

Pi=(1-Py), 4)
where P, — probability of viability; Pf — probability of destruction in relation to the
considered form of destruction within the appropriate base period.

If the estimated probability of destruction is greater than a predetermined value,

then the design of the constructive element should be considered unsuitable.
In Level II procedures, an alternative measure of reliability is conditionally

determined using the reliability index [3, which is associated with Pf ;
Pr=0-(-B). 5)

where @ — cumulative function of the standard normal distribution.
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Figure 2 - General image of reliability methods

The likelihood of a foundation structure being destroyed by an Pf can be

expressed through the efficiency function of ¢ so that it is assumed that the structure
will withstand a load without breaking if the g > 0 is destroyed if ¢ <O:

Py =Py (q<0). ©)
If ¢ has a normal distribution, 3 is taken as:
B=n, /o, (7)
where [, — average; G, — standard deviation.

Conclusions.

1. For strength parameters of materials and structures, as well as uncertainties of
models, a lognormal distribution or Weinbull distribution is usually used;

2. Normal distribution is usually used for the own weight of the structure;

3. When considering inspections that are not associated with fatigue, a normal
distribution is used for variable actions to simplify. The distribution of extreme
values would be more acceptable.

The actual frequency of destruction cases depends greatly on human errors
(human factor), which are not considered in the calculation of partial coefficient.

Thus, g does not necessarily provide indication of the actual fracture frequency

of the structure.
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Aunnomauyusn. B nocieonee epems 3HauumenvHO pacmym ob6vemvl pabom, CeA3aHHble C
KOMNJIEKCHOU OUACHOCMUKOU U OYEHKOU MEeXHUYECKO20 COCMOSIHUSL CMPOUMETbHbIX KOHCIPYKYUL,
30aHUll U coopydceHutl. JJ0BOIbHO YACMO GO3HUKAEm CUMYayus, K020d UCNOIHUMENU He UMEerOm
BO3MOJNCHOCMU Neped 00C1ed08aHUeM UYUUMb MEXHUYECKYl0 OOKYMEeHMAayuro HA 30aHUs U
COOpYIICEeHUs, IKCHIyamupyemble 8 medenue OnumenbHo2o epemenu. Taxkue pabomel 8bl0ensomcs
KaK camocmosimenbHoe HAnpasienue CmpoumenbHo20 npousso0Ccmead, 0Xeamvléaoujee KOMIIEKC
B0NPOCOB, CBA3AHHBIX C ObecneueHuem 3IKCNYAMAYUOHHOU HAOEHCHOCMU 30aHUl, NposedeHuem
PEMOHMHO-80CCMAHOBUMENbHBIX pabom, pabom ¢ peKoOHCmpYKyuel u paspadomkou npoeKmHoul
O0OKyMeHmayuu.

Knrouesvie cnoea: 30anue, pynoamenmnas KOHCMPYKYUS, IKCHePMHAS — CUCmeMd,
K03 Puyuenm ysepennocmu, degexm nogpexcoeHus, UHOEKC HAOeHCHOCTU.
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Anomauin. Y pobomi npogedeHo 00CniOdiceHHs npodiemu 3a0e3nedenHs CUPOBUHOW md
mamepianamu xapuogozo nionpuemcmea. Ilpeocmaeiena mamemamuyHa Mooeib NOCMAYAHHS
CUPOBUHU MA MAmMepianié 8i0 Pi3HUX NOCMAYANLHUKIE 3 Memoto Minimizayii eumpam. IIposederno
aumaniz memodie ma aneopummie GUPIUEHHs 3a0a4 ONEePAMUBHO-KAIEHOAPHO20 NIAHY8AHHS HA
xapuosux nionpuemcmeax. Ilpogedenuii ananiz noxazaé OoYilbHiCMb NOCOHAHHA e8PUCMUYHUX MA
MEMaAe8PUCMUYHUX ANI2OPUMMIB, W0 OYOYMb NOKAAOeHT 8 cucmemy RIOMPUMKU NPULHAMMSL PIlUEHb
0J151 NiIONPUEMCING XAPHOBOI 2aLY3i.

Knwuosi cnosa: ynpasninns eupoOHUymeom, NiAHY8AHHS, MamMeMamuyHe MOOen08aAHHs,
€BPUCMUYHI ANCOPUMMU.

Beryn.

HisbHICTE  OyJb-IKOTO MNPOMMCIIOBOTO  IMIANPUEMCTBA MOXHA YMOBHO
PO3IUIMTH Ha JBl YaCTHHHU: TepIia - 11e 6e3rmocepeIHb0 BUpOOHUYHN Mpoliec, Ipyra -
(hiHAaHCOBO-EKOHOMIYHA JIsUIBHICTh TMianpueMcTBa. Bumorum no iHdopmaiiitHux
CUCTEM 1I0J1I0 (DIHAHCOBO-€KOHOMIYHOI JiSUIBHOCTI MalOTh CBOKO  CHEHU(IKY.
BupoObHMYa AisUIBHICTH BEJIMKOTO MIANPHEMCTBA BKIIOYAE O€3114 TEXHOJOTIYHUX
nukiiB. [Ipy 1IbOMy CHOXUBA€THCA Pi3HI BUAM CHPOBUHU (K BHXIJHE, TaK 1
MPOMIXKHE), M0 MOTpeOy€e KOHTPOJIIO TEXHOJOTIYHUX JIAHITIOKKIB Ha BCIX eTarax.
BunukHeHHss 30010 B TEXHOJOTIYHOMY IIMKJIlI MOXE TMPU3BECTH JI0 BAXKKHUX
¢iHaHcOBUX 30UTKIB, a TaKOX NPU3BOAUTH JO BHUXOAY 13 Jaay oOIaJHAHHS.
BiAmoBiiHO KOHTPOJb MOBHMHEH 3/IMCHIOBATHCS B peaJbHOMY 4aci 1 Oe3mepepBHO,
[0 BHUCYBa€ BUMOTH JO TIPOJYKTUBHOCTI aBTOMATH30BaHUX 1H(OpMaIliIiHO-
KEPYIOUMX CHUCTEM, TapaHTii SKOCTI MOCAYr 1 iX HamaliHOCTI. BTiM HamilHICTH 1
3aXMIIEHICTh CUCTEM HE B MEHINIM Mipi MOTPiOHI 1 A (PiHAHCOBO-EKOHOMIYHOI
JUSJIBHOCTI, Tak SK OOCST BXIJHUX 1 BUXIJHUX (PIHAHCOBUX TMOTOKIB, a TaKOXK
LHUPKYJIIOI0YMX BCEPEIHHI MIANMPUEMCTBA qyKe Bequkuii [1, 2, 3].

OpHi€l0 3 OCHOBHHMX 3aJad € 3ajada JIOricTa 13 3a0e3MeyYeHHs CUPOBHHOIO
BUPOOHHYOTO TIPOLIECY JJISI BAKOHAHHS 3aMOBJICHb.

AHaJI3 JiTepaTypHHUX JKepes

JIo OCHOBHMX CHCTEM yNpaBJIIHHS 3alacaMu BIAHOCATh CUCTEMU: 3 (PIKCOBAHUM
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PO3MIpOM 3aMOBJICHHS; 3 (PIKCOBAaHUM IHTEPBAJIOM 4Yacy MIXK 3aMOBJIEHHAMHU (3
(b1KCOBaHOIO MEPIOAWYHICTIO 3aMOBJICHHS). YCl 1HIII CHUCTeMH O0a3yroThCs Ha iX
ocHoBI [1]. Haif0inp11 nomupeHoro € cucrema 3 (pikCoBaHUM PO3MIPOM 3aMOBJICHHS.
VY Hiil po3Mip 3aMOBJICHHS € TIOCTIMHOIO BEIMYUHOIO, SIKA HE 3MIHIOETHCS 32 YKOJTHUX
YMOB pOOOTH CHUCTEMH, a YEproBi IOCTaBKU 3A1MCHIOIOTHCS Yepe3 HEepIBHOMIPHI
iHTepBanu yacy. Hemomikom cuctemu 3 (DIKCOBAaHMM pPO3MIPOM 3aMOBJICHHS €
HEOOX1/IHICTh CUCTEMaTHYHOTO OOJIKY PyXy 3aJIMIIKIB MaTepialbHUX LIHHOCTEH Ha
CKJIaJll 3 METOIO HEJIOIMYIIEHHSI MOMEHTY JOCSTHEHHS “TOYKU 3aMOBJICHHS, a TAKOXK
HEOOX1AHICTh CTAJIOTO 3arOTIBEIBLHOTO MEPIOAY.

VY cucremi 3 (IKCOBAaHUM IHTEPBAJIOM Yacy MIXK 3aMOBJICHHSMHU MPOAYKIIiS
3aMOBJIIETbCS. 1 HAIXOIWUTh Ha CKJIQJ 4epe3 OJHAKOBI MPOMIKKUA Yacy, a po3Mip
3aMOBJICHHSI PETYJIFOETHCS 3aBISIKA 3M1HI BEJIMYMHU MAPTIi MOCTABKHU.

Perymiorounmu mapameTpamu i€l CHCTEMH € MaKCUMaJIbHHUHN Oa)kaHUH 3arac Ta
1HTEpBaJl 4acy MIXK JBOMA 3aMOBJICHHSIMU UM YEPTOBUM HAIXOIKEHHSIM TOBapYy.

OcHoBU JOTICTUKM BHKJIaAeHO B pobortax [amkuHchkoro A. M. [4] Ta
Kampuenko A.I. [5]. Pob6ora ®ecenko K.E. mnpucesuena TtexHoJOTil
TPaHCHIOPTYBaHHS MarepialbHUX pecypciB. DopMyBaHHS JOTICTUYHOI KOHIIEMIIT Ha
OCHOB1 OIIIHKM 1HHOBAIlIMHUX PHU3HMKIB PO3TISHYTO B poboTi [6] aBTOpa
3axapoBa K. B. OnmHak B 1ux poOoTax HE BpPaxOBYETbCA crenudika KOHKPETHUX
rajiysei, a came moisiokornepepooHoi. ABrop I'pumosa 1. FO. y po6oTi [7] po3risiHyna
poOJIeMU YIpaBIiHHS 3amacaMu JUisl MOJoKonepepoOHux mianpueMcts. J[x. Koiine
B po0OTI BHM3HAYMB OCHOBHI HAINpPSIMKH PO3BUTKY JIOTICTUKA HA MPOMHUCIOBHUX
mignpuemMcTBax. [lpobiieMa ynpaBiiHHS MOCTaYaHHS CUPOBUHHM PO3IIIAAETHCA Y
npausgx M. IN'opnona, €. Korana, O. HoBikoBoi. OCHOBHI METO0JIOT1YHI MIAXOU 10
YIOpaBIiHHS MMOCTAYaHHSAM Ta MAaTeMaTH4HI MOJEN JIOTICTUYHUX 3aKOHOMIPHOCTEHN
BUKIIJIeH]1 y poboTax 3akopaoHHuX aBTopiB: J[x. [xoncon, O. Yaiir, k. [lamipo
Ta iH. [7].

Sk mokazaB aHali3, 3a3HavyeHa MpoOJieMa JIOTICTUKM IOCTadyaHHS B Teopii
BITYM3HSIHOTO MEHEKMEHTY po3poOjieHa HeIOoCTaTHhO. BpaxoByrounm Buie
3a3HauYCHE, aKTYaJIbHUMU 3aBJIaHHAMU € TOIITYK MiAXOIB JJIs 3A1HCHEHHS KIJIbKICHOT
OIIIHKHM, aHajli3y Ta IMPOTHO3YBAaHHS PI3HUX BapiaHTIB CTpaTerii yIpaBIiHHS
MOCTaBKaMM 3a JIOTICTUYHOIO KOHIlenIi€to. [IuTanHs ymnpaBiiHHS MOCTa4yaHHSM B
JIOTICTHYHIA CcHCTEMI 1 pPO3pOOKM BIAMOBIIHOIO METOAUYHOTO amapary s
BITYM3HSAHUX MIANPUEMCTB MOTPEOYIOTh B HAIl Yac MOAAIBIIONO OMPAIbOBYBAaHHS B
HaMpsIMi po3pO0JICHHS CETIEKTUBHUX MPUKIAAHUX Mojeseit. Cepiio3He MmiAmpUeEMCTBO
HEPIAKO € KOHTJIOMEPATOM KIJTBbKOX HE3aJICKHUX OJHWH BiJl OJHOTO, aje IMOB'S3aHUX
BUPOOHUITB. 3alleXXHO BIJ PO3MIPIB MIAIPUEMCTBA 1 Taily3l, B $SKiil BOHO
CHeIali3y€eThCsl, KUIBKICTh IIMX BHPOOHMITB MOXe BapitoBaTucs. BinHocHa
aBTOHOMHICTh BCIX BHUPOOHHMIITB OJHAK MOTpeOye IiXHIO 3JIaroJKeHy pooOoTy 1
CIIPSDKEHICTh TEXHOJOTTYHHUX ITUKIIB. Y 3B'SI3KY 3 IIMM HEOOXITHO CTBOPIOBATH PSiI
HE3aJIeKHUX OJIMH BIiJ OJAHOTO aBTOMATHM30BAHMX IMIJACHCTEM 1 3abe3nmedyBaTH iX
IHTETpaIio Mix cobo0ro.

MareMaTH4HAa MOJeJIb ONITUMI3allil BUTPAT HA MOCTAYAHHS CHUPOBUHH

OCHOBHOIO 33/1a4€t0 MIANPUEMCTBA € OTPUMAHHS MAaKCUMAJIBLHOTO MPUOYTKY Bij
3aJIOBOJICHHS TIOMHUTY, SIKa «IOJSTae» y BUKOHAHHI 3aMOBJICHb Ha BUTOTOBJICHHS
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IPOJYKIli B MMOBHOMY aCOPTHMEHTI Ta 00CsA31 y 3aJaHOMy IMPOMIXKKY 4acy. Tomy
ITE0BOIO (pyHKINiEt0 Oyme ¢yskiisg (1), MmO omucye pi3HUII0 MK OTPUMAHHSIM
npuOyTKy (BiJ MpOAaHOT MPOAYKIIii) Ta CyMapHUMHU 30MTKaMHU 3a KOXKEH MepioJ ¢ .
T 1 V
F:Z Z Cgpiz*xiz_van’ — max (1)
t=1 \_i=l v=l
ne ¢ — MOMEHT 4acy, skuii €1’
T — nnaHoBUM MEPIOT;
[ — BHJI TIPOJTYKIIii, IITO BIATIOBiTa€ 3aMOBJICHHIO, SIKUH 1 € [
I — 3arajgbHa KUIBKICTH 3aMOBJICHB,
cgp, — IiHA MPOJIAXy OJUHUII i—20 BULy TOTOBOT MPOAYKIIii HA MOMEHT 4acy f;

x, — 00cAr i—e0 BUIY TOTOBOI MPOAYKIiT Ha MOMEHT 4acy !, MOBUHHO OyTH

it

0<x,,

4 . . .

me. — CyYMapHl BUTPATH IIPHU BUI'OTOBJICHHI [—T'O0 BUAY MNPOJAYKI1l HA MOMCHT
v=1

yacy ¢,
f,; — YaCTKOBUH V- KpUTEPIiid U1 { — r0 BUIY MPOAYKILIi HA MOMEHT 4acy f;
V — HOMEp YaCTKOBOTO KPUTEPIIO;
J — KIIbKICTh YaCTKOBOTO KPUTEPIIO.
OCHOBHMM KpuUTEepieM 3 MiHIMI3allli BUTpaT Ha TPUAO0AHHA Ta JOCTaBKY
HEOOX1JHO1 KITBKOCTI CHPOBMHHM Ta MaTeplaiB y PI3HUX IOCTAYadbHUKIB IS
BUT'OTOBJICHHS { — IO BUY MPOAYKIIIl HA MOMEHT 4acy ! € (2).

flti - Zj:i((csjp + Cpsjp )* VSjp)_) min > (2)

j=1 p=1
Ie cs, — LiHa OJUHUII j-TO BUIy CHPOBUHH Ta MaTEPIalliB y p-TO MOCTa4aIbHHKA,
cps,, — BapTICTh NIEPEBE3CHHS OJUHUIII j-TO BHJy CUPOBMHH Ta MarepiamiB BiJ p-

ro NoCTa4aJIbHUKA,
vs,, — 00CAT j-r0 BUy CUPOBMHM Ta MaTE€PiajiB BlJl p-TO MOCTa4alIbHUKA,
J — KIJIbKICTh BUIB PECYPCIB;
P — KIbKICTh MOCTa4aIbHUKIB.

Ha momeHT yacy ! HeOoOXigHO 3a0e3MeYUTH AOCTAaTHIO KUIBKICTh CHUPOBHHHU,
HEOOX1IHOT JJI1 BUTOTOBJICHHS X, 0OCSTY TOTOBOI MPOAYKIIIi.

P
s, =V, 3)
p=I

ne vs, — 00cCAr j-ro BMJy CUPOBUHU Ta MaTepialiB Bijl p-To MOCTa4YaIbHHUKA,
14

", — MIHIMAJIbHUK OOCAT j-ro BUIY CUPOBUHH, HEOOXIIHMH Uil BUTOTOBJIEHHS

J
ycCi€l mpoayKiii Ha MOMEHT vacy ¢, V, = Z(xﬁ *vsnij), Ie vsn, — HEOOXITHUH 00CsT j-
j=1

r'0 BHJIy CUPOBHHH JIJI1 BUTOTOBJICHHS OJMHMUIII [-TO BUY MPOMYKIIIi.
HeoOximHo BpaxoByBaTH, M0 OKpPeMI TMOCTaYaJbHUKA MOXXYTh Ha TEBHUMN
nepiol yacy He MaTH MOXKIJIMBOCTI 3a0€3MedYuTH MpUI0aHHsS HEOOXiIHOI KUIBKOCTI
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NIEBHOTO BHUJy MaTepiajiB, TOHi JOBEIETHhCS IOKYIOBYBaTH IIEH BHI pecypcy y
THITIOTO MOCTaYaIbHUKA 32 HOTO IIHAMH. Taka yMOBa ONMUCY€EThCS GopMyInoro (4).

VS i SVD 4
ne vs, — 00CAr j-ro BUIY CUPOBUHM Ta MaT€pialliB BiJ p-ro IOCTadalbHUKA Ha

MOMCHT 4acy f;
Vp » — MaKCHMMaJIbHUH JOCTYITHHMHA OOCAT j-IrO BUJy CUPOBMHM Ta MaTepiaiB y p-

ro nocTayaJibHUKa Ha MOMEHT Yacy .

OOO0B’S13KOBO BpPaxOBYEThCSI TEPUTOpIajbHE PO3MILIEHHS MOCTayalbHHUKA Ta
TPAHCIIOPTHI BUTPATH Ha JIOCTABKY pecypciB. SKIIO Taki BUTPAaTH MEPEBULIYIOThH
NEBHY BU3HAYECHY BEJIMYMHY, TO MIANPUEMCTBY JIOLIBHIIIE NPUAOATH CUPOBUHY Ta
Marepiaii y 1HIIMX TOCTAYaJIbHUKIB 3a BHUIIMMM I[IHAMH, aj€ 3 MEHIIUMU
TPAHCTIOPTHUMHU BUTpaTaMu. Taka yMOBa OMUCYETHCS OOMEKEHHSM (5).

J
218 *v8, < CT (5)
j=1
ne  vs,, — 00CAr j-ro BUIY CHPOBHMHM Ta MaTepialiB Bill p-ro MOCTa4albHMKA Ha
MOMCHT 4acy f;
cts,, — BapTICTh TPAHCIOPTYBaHHs OAMHMII j-rO BUJY CUPOBHUHHM Ta MaTepiajiB

BiJI p-TO MIOCTavaIbHUKA HA MOMEHT 4acy f;
CT;, — MakCHUMaJbHUN JOCTYIHHUII 0OCST j-TO BHIY CHPOBHHHU Ta MaTepialiB y

p-TO TOCTavYaTbHUKA HA MOMEHT 4acy f.
OOcArM mOCTaBOK HE MOXYTh MaTH BiJi’€MHI 3HAUECHHS Ta MalOTh HACTYIIHE
oOmexxeHHS (6).
OSvsjpt,jzl..J,p:]..P, (6)

[TlinmpuemcTBO BUNyckae [ BHUIIB MNPOAYKIli, BUKOPUCTOBYHOUHM J BHUJIIB
pecypciB. Ilpu mpoMy BIZOMI 3amacu KOXHOIO j-TO BUAY pecypey (Bj), BUTpaTH
KOXKHOT'O BUJly PECYPCY Ha BUITyCK OJMHMII KOXHOTO i-I0 BUIY IPOAYKIIi (vsn, ).

3ajgada Mae psii KJIACUYHUX OOMEXKEHb, a caMe: OOMEKEHHs Ha BMICT CKJIAJIIB
BUPOOHUYUX Ta perioHaJbHUX; OOMEKEHHS Ha Yac BUKOHAHHS, OOMEXCHHS 3a
BaptricTio. [loOynmoBaHa MaremaTUyHa MOJIeNb BIIHOCUTBCS 10 NP-moBHMX
OaraTokpuTepialbHUX KOMOiHATOpHMX 3a1ad. HeoOximHo 3a0e3reunuTu HE TUIbKU
ONTUMI3ZAIII0 3a IUIbOBOK (YHKIIED, a ¥ 3a MOXIHUBICTIO OTPUMYBATH YCi
ONTHMaJIbHI BapiaHTU. B pe3ynbTaTi NpoBeAeHUX AOCTIIKEHb JITEPATYPHUX JKEpe
Oyno 3po0JEHO BUCHOBOK TMPO JIOIIIBHICTh BUKOPHCTAHHS META€BPUCTUIHUX
MOMYJIAIMHUX aJITOPUTMIB OJKUIT Ta Ka)KaH1B JJIsl PO3B'sI3aHHS 3a71adl BUTOTOBJICHHS
Ta PO3MOJUICHHS CHUPOBMHU Ta TOTOBOI MPOAYKII y miamoroBomy pexkumi 3 OITP
(ocobo10 sika TIpuitMae pilieHHs).

OrJsii OCHOBHUX aJITOPUTMIB BUpillIeHHsI MOAiIOHOT 3a1a4i

Buau anropuTMiB, 3a JIOIMOMOIOIO SKHX pPEaTi3yIOThCS 3ajJadi JaHOTO THIIY,
MOAUIAIOTHCS HA: TOYHI; €eBPUCTUYHI, META€BPUCTUYHI.

TouHI aNropuTMH — ANTOPUTMHU, SIKI MPOMOHYIOTh BUPAXOBYBATH BCl MOKJIMBI
pilieHHsl, MOKM He OyJe JOCSITHYTO Kpamoro 3 Hux. Yepe3 Te, M0 3amaya
BIIHOCUTBHCA A0 Kiacy NP-ckiaaHOi, TOYHI alrOpUTMH MOXYTh OyTH BUKOPHCTaHI
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TUIBKHU JJIS 33724 3 MaJIOKO KIJIBKICTIO BX1IHMX JaHWUX, TOMY BOHU HE MIIXOMSTh JJIs
BUPIIICHHA peallbHuX 3a1a4 [8-12].

MeTaeBpruCTUYHI aITOPUTMH BUKOPUCTOBYIOTHCS Y TIOIIYKY PIIICHHS 3a7a4, JJIs
AKX JOCTYIHO JIyK€ Majo JOMOMDKHOI 1HQoOpMmarlii, aje iCHye ONTHUMAaJIbHO
HaOmmxeHe pimeHHsa. HaifuacTtiime BHUKOPUCTOBYIOTH Takl META€BPUCTHYHI
QITOPUTMHU: MypalMHuid anroput™ (ant algorithm); imitamist Biamany (deterministic
annealing); renernyHi anroputmu (genetic algorithm); taly-momryk (tabu search)
[12-14].

EBpuctuyni anroputMu — 1€ ajJropuTMH, NOOYyJOBaHI Ha JESKOMY IpaBMIIl
(eBpUCTHLI1), SIKE HE 3aBXKJIU MAa€ CTPOTY MaTeMaTUYHY OCHOBY, a TaKOX 3a0e3Meuye B
OLIBIIOCT] BUMAJKIB PIlIEHHS HAOJMKEHE JO TOYHOro. Takl alropuTMH CIpPOMOKHI
3HAUTH pIIEHHS NpOoOJEeMH, ajle HE TapaHTYIOThb WOro ONTHUMAJbHICTh, aJlKE €
HaOJIMKEHUMH 1 HETOUHUMHU. BOHU 3HAaXOASATh A1MCHO HaMKpalle pillleHHs, ajie BOHU
BCE OJHO OyJyTh HA3WBATHCS €BPUCTUYHUMHU JI0 THX TIp, MOKU HE Oyne 0BEIEHO,
IO pIllIEeHHs AiMCHO Haiikparne. EBpUCTHYHI anropuTMu AUIITHCS Ha: ABOGA3Hi
QITOPUTMH; KOHCTPYKTHBHI aITOPUTMH; MOKpalytoul anroputmu [13-15].

Pe3yibTaTH Ta BUCHOBKHU

Otxe, mpoaHaNI3yBaBIIM ICHYIOUl QJITOPUTMH ONTHMI3allii, MOXXHA 3pOOHUTH
BHUCHOBOK, IO JIOIIJIbHO BUKOPUCTATH KOMOIHOBaHI €BPUCTUYHI Ta METACBPUCTHYHI
QITOPUTMH TOIIYKY, 10 MOXYTh 3a0€3MeunT e()EKTUBHICTh IMOIIYKY PIIICHHS 3a
KOPOTKHM 4ac.

[IpoBenenuii anai3 JiTepaTypHUX JKEpEN Ta pe3ysibTaTH BIACHUX JOCHIIKEHb
JAl0Th 3MOTY CTBEP/UKYBAaTH MPO JOIIIBHICTh BUKOPUCTAHHS KOMOIHOBaHMX
E€BPUCTUYHNX Ta METACBPUCTHYHUX AJTOPUTMIB IMONIYKY, II0 MOXYTh 3a0€3MEUUTH
€(EeKTUBHICTh TOIIYKY PIIIEHHS 32 KOPOTKHM 4Yac B 3aJIC)KHOCTI BIJl MapaMeTpiB
3a/1a4l 3a0€3MeUeHHs] MOCTaYaHHS! CUPOBHHH.

B pamkam HaykoBo-mochigHoi pobotu kKadeapu iHOOPMATUKA TOBOPHUTHCS
BIJIOYBAETHCSI CTBOpPEHHS 1H(MOPMAIIHHOT CUCTEeMH MIATPUMKH MPUUHSATTS PIIICHb,
mo Oyne Oa3syBarucs Ha BHUKOPUCTaHHI EBPUCTUYHMX Ta META€BPUCTUUHUX
QIropuTMax M iX KOMOIHAIISAX JJI1 BUPIIMICHHS 3a]a4d YMNPaBIIHHS IiANPUEMCTB
xapuoBoi ranysi. [lmaHyeTbCsi BUKOPUCTaHHS 3a3HAYEHOI CHCTEMH [UJISl BLIJALTY
MaTepialbHO-TEXHIYHOTO 3a0e3MeUeHHs, BUKOPHUCTOBYIOUM 3a3HAYECHI aJIrOpUTMH,
dbopmyBaTtu Tpadiky TOCTayaHHS CHPOBUHM Ta MaTepiaigiB g 3a0e3MeueHHs
ONTHMAJIPHOTO BUKOHAHHS 3aMOBJICHb Ha BUTOTOBJICHHSI POTYKIII1.
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Annomauun. Ilpeyeoenmnoe npago — npasosas cucmemd, 6 KOMOPOU OCHOBHbIM
UCMOYHUKOM NpABa NPU3HAemcsi cyO0eOHblll npeyedeHm — peuleHue, 8blHeCeHHoe No KaKoMYy-1ubo
deny, o06sa3amenvHO 07 6cex Cy008 PASHOU U HUWLEU UHCMAHYUU NPU DPACCMOMPEHUU UMU
amanocuuHvlx Oelr. B cayuae npumenenuss npeyeoeHmHoU cucmemvl Npasa cyobu 005A3aHbl
PYKOBOOCMBOBAMBCS  BbIHECEHHLIMU PEUEHUAMU CUMYAMUBHO HOXOHCUX Oell, NPUHABAS UX
UCTMUHHOCb U NPABOMEPHOCMb, HE MO2Ym OMCMYNAmy Om HUX 0axce Npu HAIUduu HeKOmopblx
npomuseopeuusvix paxmopos. Bospacmarowee uucio aumanocuumvix peuwieHull CMAHOBUMCS
obpemeHumenbHbiM Oisl IKCNepma, eciu UMelomes omauyus no cyujecmay oein. [na obecneuenus
00CMOBEPHOCMY  NPUHAMUSL peuleHull 8 cucmeme npeyeoeHmHo20 Nnpasa paccmampueaemcs
cunmes amcamobns Heupocemesvix Mooesell pAacno3HABAHUS CMeneHu BUHOBHOCMU CYObeKkma
uccne0o8anusi N0 COBOKYNHOCMU NpeyedeHmos npeobiCmopull, HAKONJIEHHbIX 8 06a3ze OaHMbIX.
3a0aua npumnamus cy0ebHo20 peuieHus c80OUMCs K PACHO3HABAHUIO KIACCO8 8 NPOCMPAHCMEE
HOMUHAIbLHLIX NpUsHakos. Paccmampusaemcs gopmuposanue nepeyHs Npu3HaKo8 u3z Habopa
npeyeoenmos COOMEEemMCcmeylowux momy Uil UHOMY peuleHuro cyoa U 3anoJHeHue UCXOOHOU
maoauysbl, 8 KOMOPOU KIACCAMU SBNAEMCs peuieHue (6UHOBEH-He BUHO8EH), A NPUSHAKAMU —
Hanudue iy omcymcmeue coomeemcmayiouux ycaogui. Onucana QyHKYuoHaibHas 3a8UCUMOCb
cmenenu 8uHbl cydvekma om Habopa cumyayuti ¢ NpuUMeHeHUueM MeXHOLO2UU NPUHYOUMETbHO2O0
obyuenusi ueupocemei. IlIpakmuueckas 3HAYUMOCMb Pe3YIbMAMO8 UCCIe008AHUA COCMOUM 6
CO30aHUU NPOCPAMMHO20 UHCMPYMEHMAapUsl OJisl NOOOEPIHCKU NPUHAMUS peuleHUli 8 npeyeoeHmHoll
cucmeme npaea u CO30aHUU OONOJIHUMENLHO20, HEe3A8UCUMO20 OMm CYObeKMUUsMa, KaHaid
npuHamus  peweHutl. Paspabomannas mexwHonio2us, MemoOUdecKuti, aneoOpUMMUYEcKUll U
NPOCPAMMHBIU UHCIPYMEHMAPUL NO360AAI0M AMOMAMUUPOBANb AHANU3 U NPUHAMUE CYOeOHbIX
peulenuti, MUHUMUSUDYS GIUSAHUE YelloBeuecKko20 ¢hakmopa, uYmo O0BbeKMUBHO Nosbludem
aemopumem u 0ogepue K cyo0eOHol cucmeme 61acmu.

Knrouesnie cnosa: cyoebnas cucmema, npeyeoenmuoe npaso, 8uHa cybvekxma, Helupocemesas
Mo0enb, aneopumm 00pamHo20 pacnpocmpaHeHus OWUOKU.

Beryniienue.

AHIJIO-CaKCOHCKasi IPaBOBas CHCTEMA OCHOBAaHAa Ha MPELEACHTHOM IIpaBe.
IIpenenenTHoe mpaBo — MpaBOBasi CUCTEMA, B KOTOPOW OCHOBHBIM HCTOYHUKOM
rpaBa MPU3HAETCS CyJEOHBINA MPELENEHT — PellIeHUE, BHIHECEHHOE M0 KaKOMY-JIH00
neny, 00s3aTeNbHO [JII BCEX CYJOB pPABHOW U HUBIIEHM WHCTAHIUU TpHU
paccMOTpeHUM UMM aHaorudHbix jAen [1-4]. IlpeuneneHTtHoe mpaBo o00Jamaer
OTIPENICICHHOM 0053aTEILHOCTBIO, KOTOpas MPOSBIAETCS B O0O0S3aHHOCTH CyAeH
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PYKOBOJICTBOBATbCSl BBIHECEHHBIMH PCELICHUSAMM CHUTYaTHBHO IIOXOXHX JI€ll,
HEBO3MOKHOCTH OTCTYIATh OT HUX AK€ MPU HAJTMYUH HEKOTOPBIX MPOTHBOPEUUBBIX
(GakTOpoB, BIMAIOMIMX HA [EIECO00pPa3HOCTh U chpaBeMBOCTh. Cyapsi mpu
pPacCMOTPEHHH BOINPOCOB, YK€ TMOJYyUYMBIIUX CYJIEOHbIE pEIICHUs, JOJDKEH
IIPU3HABATh UX UCTUHHOCTH U MPABOMEPHOCTH [3-4].

[TocTOSIHHO BO3pacTarllee YUCIO AHAJIOTMYHBIX PEMIEHUH CTaHOBUTCS
OOpeMEHUTENbHBIM JUUISI HKCIEPTa, €CIM MMEIOTCS MHOTOYMCICHHBIE OTJIWYHS IO
CYILECTBY Jied. DTO MOPOKIAET IPOTUBOPEUUBOCTD B MOJIX0/I€ K MPUHSITHIO PEILICHUS
U CTaBUT JKCIEPTa Mepes] BHIOOPOM: YKIOHUTHCS OT MPELECHTa U OTKJIOHUTH €ro,
€CJIM UMEIOTCS OTJIMYMS 10 CYUIECTBY KOHKPETHOM cuTyanuu. B xone paccMoTpeHus
KaKoro-Jm0o jena 3KCIepTy HEBO3MOXKHO YUYECTh BCE KACAIOIIMECS €ro MPEeLeIeHTHI,
YTO 00yCIaBIMBAET MOSBICHUE KOH(MIUKTYIOUX, IPOTUBOPEUUBBIX petieHul [2-4].

DTOro HejpOCTaTKa JUIIEHbI aBTOMAaTU3UPOBAHHBIE HEUPOCETEBBIE IKCIIEPTHHIE
CUCTEMBI, TaK Kak OHHM OIEpUPYIOT BCEMH HAKOIUIEHHBIMH 3HAHUSMHU
(mpeueneHTaMu), COXpaHEHHBIMH B 0a3ax JAaHHBIX, U HE OFPAaHUYEHbl HU MaMATHIO,
HU OBICTPOJICHCTBHEM B aHAJIM3€ BCETrO BO3MOXKHOI'O MHOXKECTBa MpeEIeAcHTOB [5].
TouyHOCTh mOCTHraeTcsi MOCPENCTBOM OOJIBIIOrO KOJIMYECTBA JIed B OTYETaX. IJTO
M03BOJIIET TOBOPUTH O PENPE3CHTATUBHOCTH BBIOOPKU MPUMEPOB U J1A€T OCHOBaHHE
yTBEPKIaTh, 4YTO NPUHYIUTEIbHOE OO0yueHHE HEWpOCeTeBbIX Mojeieil B Oaszuce
aHAJIOTUYHBIX CYJIEOHBIX PEUICHUI Ha BCEM MHOXECTBE 3a(pUKCUPOBAHHBIX JEJI, JaeT
OOBEKTHBHYIO OCHOBY [JIsl CHHTE3a HEWPOCETEBBIX CHCTEM aBTOMATHUYECKOIO
MPUHATHUS PEIICHUI B paMKaX MPELEeJeHTHOr o Mpasa.

eab uccaenoBaHus.

Jlist oOecrieyeHus TOCTOBEPHOCTH, OMEPATHUBHOCTH, OECKOMIPOMHUCCHOCTH M
TOYHOCTH TPHUHATHS pEIIEHUH B CyIeOHOM cucTeMe NpeleeHTHOro IIpasa,
MpeAJIaraeTcsl CUHTE3UPOBATh aHCAMOJIb HEUPOCETEBBIX MOJENIEH pacro3HABAHUS
CTENIEHH BUHOBHOCTM (MM HE BUHOBHOCTH) CyOBEKTa MCCIEAOBAHUA IO
COBOKYITHOCTU IMPELEIEHTOB TNPEAbICTOPUM, HAKOIUIEHHBIX B 0a3e JaHHbIX.
[TpenMeTHBIN crienuanucT — HKCIEPT COCTAaBIISIET MEpPEYeHb NMPU3HAKOB K3 Habopa
IIPELEACHTOB COOTBETCTBYIOIIUX TOMY WIM MHOMY PELICHUIO CyJa W 3aIOJIHSET
UCXOAHYI0 TaOJuIly, B KOTOpPOW KjaccaMu SIBJISIETCS pelleHUe (BUHOBEH — HE
BUHOBEH), a NMPU3HAKaMHU — HAJIWYUE WM OTCYTCTBHUE COOTBETCTBYIOLIUX YCIIOBHI.
Nmerommiics andaBUT NpU3HAKOB MPU CYILIECTBYIOIIEM MHOKECTBE NPELEICHTOB
npeasicTopun [6] MO3BOJIIET CBECTU 3aady HNPHHATHS CYIAEOHOro pEIICHHS K
pacIio3HaBaHHUIO KJIACCOB B MPOCTPAHCTBE HOMHUHAJBHBIX MPU3HAKOB [7], Tak Kak
Jefa paccMaTpUBAKOTCS  OJHOTHIHBIE MO  yciaoBur 3aaanus. C  yderom
CYILECTBYIOIIE NPAKTUKH TMPUHATHAA CYAEOHBIX PEHIEHU 10 COBOKYIHOCTHU
OJIHOTUIHBIX mpeneaeHToB [1,2] menecooOpa3HO pemUTh 3Ty 3ajadyy Ha OCHOBE
OPUHYAUTEIBHOTO OOydYeHHUsi aHcaMOJIsi HEHpOCETeBBIX MOJETeH pa3nuyHOU
IIapaJiurMbl, APXUTEKTYpPBI, CIOKHOCTM M CHUHTE3UPOBATh CETh KAK WHCTPYMEHT
IPUHATHS PELICHUs Ha OCHOBE OTHECEHMsI HA0Opa UCCIIEyEMbIX PU3HAKOB JaHHOTO
CyOBEKTa K COOTBETCTBYIOIIEMY Kilaccy. B mpeameTHol 0051acTH 3TO COOTBETCTBYET
YCTAHOBJICHUIO CTETIEHU BUHBI (MJIM HEBUHOBHOCTH).

Takum 00pa3oM, KOHEUHOH 1IeJIbI0 MCCIIEIOBAHUS SBIISETCS CUHTE3 aHCcaMOJIs
HEHUPOCETEBBIX MOJENEH TMOANEPKKA TMPUHATUS pElIeHUsT B  MPOCTPAHCTBE
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OJHOTUIIHBIX IPU3HAKOB C YKa3aHWEM WX HAJIW4YMsS WU OTCYTCTBHUS B KaXIOU
KOHKpETHOM cutyaruu. Ilpu 3TOM HX HamuuMe WM OTCYTCTBHUE (PUKCUPYETCS B
HOMHMHAJIbHOM BBIPDQKEHUU (CHMBOJIAMH) M MOXET OBbITh JIETKO MPEACTaBICHO
TabaugHo [5,8].

MaTteMaTH4ecKasi IOCTAHOBKA 3a1a4H.

C Touku 3peHHs (opMmaiM3anMM TOpolecca paclo3HaBaHUS — KJIacCOB
(OTBETCTBEHHOCTH CYOBEKTa) HEOOXOIMMO TIOCTPOUTH OTOOPAKEHHUE BXOJIHOTO
BEKTOpa JAHHBIX Ha PE3yJbTAaT 3KCIEPTHU3bI, ANMPOKCUMHUPYIOIIEE 3aBUCUMOCTD
“Hanuune (akTopoB — BBIBOJ . B 00mieM ciyyae mpu3HAKW M KJIAcChl B JAHHOU
3a/iaye SBISIOTCS BEKTOPHBIMU BEJIMYMHAMMU:

Y@= FIX@O], (1)
rae Y(f) — HoMmep Kiacca COCTOSTHUSI CyOBbekTa; X(f) — BEKTOp TEKYIIMX 3HAYCHHMA
BXOJHBIX TPHU3HAKOB; F — (yHKUMOHANI mpeoOpa3oBaHUS MAacCHBa NPU3HAKOB B
HOMEp Kiacca. B ocHOBY kiaccudukaiuy npeajgaraercs mojJoKUTh UCIIOIb30BaHHUE
o0ydaeMoil HMCKYyCCTBEHHOW HEWPOHHON CeTH ¢ OOpaTHBIM pPACIPOCTPaHEHHEM
OLIMOKYU KaK HHCTPYMEHTA aBTOMAaTU4YECKOI'O Paclo3HABaHMsI KJIACCOB.

dopManusyeM 3a1ady pacliO3HaBaHMs KJIaCCOB B IIPOCTPAHCTBE YCTAHOBIICHHBIX
MPU3HAKOB BBIPAXKEHUEM:

Max F(S,X) npu d<9,, (2)
rae F(S,X) — pemaromiee NpaBWIO pPAclO3HABaHMs KJIACCOB S B IPOCTPAHCTBE
NpU3HAKOB X; s € S, S — MHOXKECTBO PACIIO3HABAEMBIX (CUTYalLlUi) OTBETCTBEHHOCTH

cyObekTa; x € X, X — MHOXKECTBO BXOIHBIX (JaKTOPOB; O — CTENEHb aJ€KBATHOCTH
MOJIEH; O — JIOMYyCTUMBIE OIINOKH 00yUCHHUS MOAETICH.

CoBOKYITHOCTh  BXOAHBIX (akTopoB X "={xi,X2,....Xxn} € X COBMECTHO C
andaBUTOM  KJIAcCOB  00ECMEYMBAIOT  peaju3allMi0  HM3BECTHOTO  IpaBuIia
pacnio3HaBanusi o0Opa3oB [3]. CyObekT ¢ HaOOpOM NPU3HAKOB MPHUHAIICKUT K

COOTBETCTBYIOILIEMY Kjaccy, ecnu ¢yHkuus npaspononodus L{w,{w,}) nocturaer
MaKCHUMaJIbHOT'O 3HAYEeHHUS, T.€.:

a)g € Qk , CCJIN L(C(), {a)g}) =Sup L(Ct), {a)l}) (3)
rie X = {Xp,., X, } €X, mpu s1OM L(®,{®,}) — NpaBuiO OTHECEHMs CTeNEHH
OTBETCTBEHHOCTH CyOBEKTa @), K COOTBETCTBYIOLIEMY KJIACCy; @), — MHOXKECTBO

BO3MOXKHBIX COCTOSIHUM CyOBeKTa (p, g) B MPOCTPAHCTBE MPU3HAKOB (k,/) MpH BceX uX
BO3MOJKHBIX COUCTAHUSIX (@, Dy )-

AnnpoxkcuManuss (PYHKOHMH CTENEHH OTBETCTBEHHOCTH CYObEKTa B
NMPOCTPAHCTBE 3a(pUKCUPOBAHHBIX IPU3HAKOB

HeilipocereBe MonenupoBaHHe B 3ajaye OLICHKHA CTEIIEHW OTBETCTBEHHOCTH B
CyJIeOHOM pelIeHNH 0a3upyercs Ha U3BECTHOM TeopeMe O MpeAcTaBlIeHUH (PyHKIHUU
HECKOJIbKUX apTyMEHTOB Uepe3 CyMMY KOMIO3UIMM (yHKIUN OAHON MepeMEHHON U
ee ajanTanuu K HeiipocereBoMy dopmary XexT-Hubcena [5]:

H
y(x) =a) v (wl-lxl + WinXy + .ot Wy X, + ui), 4)
i=1

rne H — MomHOCTh oOyuaromeld BBIOOPKH, «,v— TapaMeTpbl HEUPOCEeTH, 71—
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KOJINYECTBO HEUPOHOB, W;|, W,y ,..., W;, — BECOBbIE KO3(DPULINEHTHI HEUPOHOB.
IIpu sTOM yTBEp}KAaeTCs, YTO CYLIECTBYET Takod Habop umcen H,n,a,v;,u

Ipu KOTOPBIX (YHKIMS y anmpoKCUMHpyeTcs psiaoM (4) Ha Bcei oOnactu ee
OTIPENICJICHUSI U MOXET ObITh peajrM30BaHa C IMOMOIILIO TPEXCIOWHOW HEUPOHHOM
ceTH C J0OOW Hamepes 3aJaHHOW TOTPEIIHOCThI0 [5]. DTo  Kiaccwdeckoe
OOIIETPUHATOE MOJOKECHHUE, UOO0 SBISETCS OCHOBOW BCEX MOCIEAYIOIIMX MPOIICAY].
JleficTBUTEIbHO, €CM YAAeTCs YCTAaHOBUTH JETEPMUHHUPOBAHHYIO aHATUTHYECKYIO
CBS3b BCEH COBOKYIHOCTH BBIOPAHHBIX MPHU3HAKOB C HAOOPOM YCTaHOBJIEHHBIX
KJIACCOB (CTETNIEHBIO OTBETCTBEHHOCTH), TO 3aJja4a CBOJIUTCSA K peaan3allii MPOCThIX
WHCTPYMEHTAJIBHBIX ~ TPOIEAyp TMPUCBOCHUS HOMEpa Kiacca COBOKYITHOCTH
MPU3HAKOB, MOCTYIAIOIIMX Ha BXOJl CHHTE3UPOBAHHOM MO/IEIIH.

OOGyuaronas BRIOOpPKA MO YCIOBUIO 33J1aud peajiu3yeTcsi B HOMUHAJIBLHOM BHJIE
(cuMBOJIaMM) U TIpeJICTaBlIeHa TaOJIMYHO, KaK MOKa3aHo Ha (parmente (puc. 1.):

3 4 5 T i T B ] 10 11
B a ar A ar a ar ] a & ar
Vari | var2 | Ward | Verd | War5 | War | Va7 | Va8 | Vam Varit e\

.
3
=

— s i (T}

-l 1S S
LT e R e e A e
- O -S

- st D
= R Wl = I =
= o000 0 =0 =
O S e B
0 O P
O =000 =0 =0
Sog- oo —-o-

o=

Puc. 1. Bua ¢pparmenra 00y4armero MHOKeCTBA IPUMEPOB MPeAbICTOPUH

CreneHp BHHBI MOXET MMETh pas3jMyHble rpajganuu. B Hamem ciywae i
JEMOHCTpAllMd pabOTOCIOCOOHOCTH TEXHOJIOTMM B3ST IpPOCTOM Bapuant: | —
BUHOBEH; ) — He BUHOBeH. Hanmmuue win oTCyTCTBHE B JI€NI€ TE€X WM MHBIX YCIOBHM
(pakTopoB) Tak xe pukcupyercs uudppamu 1, 0 (Haauuue, OTCyTCTBUE).

AHajMTHYeCKOe npeAcTaBIeHue MoAu(pUKAIUN KOIPPUUHMEHTOB CeTH

Moaudukanuss CHHANTHYECKOTO MHOXKECTBA HEWpoceTH Oasupyercs Ha
nepedope BceX BO3MOXKHBIX BapHMAHTOB COUYETAHHI BECOB CHHAIICOB IO AJITOPUTMY
OOpaTHOTrO pacHpOCTpaHEHUs! OMIMOKH OCYLIECTBIISIETCS HAa OCHOBE TI'PaJUEHTHOTO
Metona [S]:

W't =w' —n- grad EW") (5)
OE (k
(()) (5a)

r7ie W — MacCHB CHHANTHUYECKUX KOA(PPUIIUEHTOB; ¢ — HOMEP BbIXOJa HEpoHa B n-M
ciioe; i — HoMep BX0J1a HEMpOHa B 11-M CJIOE; 71 — HOMEp CJIOS CETH.
OkoHyaHue nporuecca o6yquH;1 OHpCI[CJ'I}IGTC}I I[OCTI/I}KCHI/ICM YCIIOBUAL:

—Z Z(yl] dy):>m1n(5<50) (6)
mn j=1i=l

WIIH w%) (1)= w, (1 =D+ Aw,(Z @), w,t-)=w,(+a

rZie y;j — TEKyIlee COCTOSIHUE CyOBeKTa; d; — pe3yspTaT 00yueHUs (OTKJIMK) CETH Ha
J-M BBIXOJI€, TIpH i-M MpUMepe 00ydaromiei BEIOOpKH; j =1,n — HOMEp BBIXOJa CETH,
i=1,m — HOMep mpumepa; m, n — pPa3MEPHOCTb MAacCHMBa NPUMEPOB M YHCIA
BBIXO/IHBIX JICMEHTOB CETH.
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Takum oOpazoM, B pe3yibTaTe MNPUHYIUTEILHOTO OO0y4YeHUS aHcaMOJIs
MOJIeTIell Ha pEenpe3eHTaTUBHON BBIOOPKE MPUMEPOB U3 CyACOHON MpPaKTUKH
OJTHOTUITHBIX CHUTYyallMd peaqu3yercs ajropuTM OOpaTHOTO pPaclpoCTPAHEHUs
OIIUOKH JTO TOCTUKEHUS yCIOBUSA (6).

Hanee ¢duxcupyercs aHcaMOib pe3yJIbTATUBHBIX MOJACNICH MO0 3HAYCHUSIM
TpeOyeMoii MPOU3BOAUTEIBHOCTH U JOIYCTUMBIM 3HAUY€HUS OIIMOOK Ha 00yvarouiem
¥ TECTOBOM MHOYKECTBAX.

DKCTepuMEHTAIBHBIE UCCIIEIOBAHUS NIl Pa3IMYHBIX BapUAHTOB Pa3MEPHOCTH
BEKTOpa BXOJHBIX MPHU3HAKOB W MOIIHOCTH BBIOOPKH MPUMEPOB B IIEJIOM TOKa3aH
YCTOMYMBYIO CXOJIMMOCTBH TMpollecca OOy4YeHHUsi K JIONYyCTHUMBIM 3a MNpPUEMIIEMOE
BpeMs, OTPAKEHHOE YKCIIOM 310X MPU BU3yaJIU3al[UU pe3yJIbTaToB (puc. 2):

NPaduuk obyveHms ansa [6. MLP 3-3-3]
HYucrno caernaHHBIX 3anox 18

[lonst owww6ok

BeiGopkun:
—— O6y4amouwas
Bnoxn obyveHuns —— TecToBasa

Puc. 2a. Buzyanusanusi JTMHAMUKH UTEPALMOHHOIO NpoLecca 00y4yeHust
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Puc. 26. Buzyanusanusi JTMHAMUKH UTEPALMOHHOIO NpoLecca 00y4eHust

NHCTpyMEHTAIBHO MPOEKT PEeAM3Yy€eTCs CTAaHAAPTHBIM IMAKETOM TEXHHUYECKOIO
aHaJIn3a JIaHHBIX [5].

Takum oOpazom, HeilpoceTeBoe oOecrneueHue MPUHITHUS PELICHUH B cHUCTEME
MpeLeIEHTHOrO NpaBa peaju30BaHO B 0a3nce MCKYyCCTBEHHBIX HEHPOHHBIX cCeTei B
Cpelie CYIIECTBYIOIIMX [TAKETOB HEMPOAMYJIITOPOB U PEATU3YETCS KaK MPUIIOKEHHE B
IpPOrpaMMHOM KOJI¢ TaKeTa TEXHUYECKOro aHajau3a. AJIEKBAaTHOCTh AaHCaMOJIs
Mozenel  gocturaerca  oOecrieueHueM — TpeOyeMoil  MpPOM3BOAMTENIBHOCTH U
JOIYCTUMBIX OIIMOOK Ha 00yYarolieM, KOHTPOJIbHOM M TECTOBOM MHOKECTBAX.
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BriBOALI

s HelipoceTeBOro oOecreueHusi MPUHATHS pPElIeHuH B TMpPeleAeHTHON
CHUCTEME MpaBa HEOOXOAMMO HaWTH (YHKIIMOHAJIBHYIO 3aBUCUMOCTH CTEIICHH BUHBI
cyObekTa oT Habopa cuTyarui. DTa 3amada pelieHa TPUMEHEHHEM TEXHOJOTUU
NPUHYAUTEIFHOr0 00y4eHHs HelpoceTel M peann3oBaHa aHcambiieM MoOeled Kak
3aJ1a4ya pacro3HaBaHus 00pa3oB.

[IpakTueckass 3HAYMMOCTb PE3YJbTATOB HCCIEJOBAHUS COCTOUT B CO3JaHUU
MpPOrPaMMHOTO  MHCTPYMEHTAapus JJs TOJJCPKKU MPUHATHS  pPEIICHUH B
MPELUEICHTHOW CUCTEME NpaBa M CO3JaHHUM JOINOJHUTEIBHOrO0, HE3aBUCHUMOIO OT
CyObeKTHBU3MA, KaHala TMpUHATAA pemieHuil. Pa3paboTaHHas TEXHOJIOTHS,
METOAUYECKUM, AITOPUTMUYECKUN U IPOrpaMMHBIA WHCTPYMEHTApUU MO3BOJISIOT
aBTOMATU3MPOBATH AHAJIN3 U MPUHATUE CYACOHBIX PEIICHUN, MUHUMU3UPYS BIUSHUE
YeJoBeUecKoro (hakTopa, 4TO OOBEKTHMBHO IMOBBIIIAET ABTOPUTET W JIOBEPUE K
Cyn1eOHOM CHCTEME BIIACTH.
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Abstract. Case law is a legal system in which judicial precedent is recognized as the main
source of law, it is a decision made in any case that is binding on all courts of equal and lower
instance when they consider similar cases. In the precedent system of law judges are obliged to be
guided by the decisions made in similar cases, recognize their truth and legitimacy, and cannot
deviate from them even in the presence of some conflicting factors. An increasing number of similar
decisions becomes burdensome for the experts if there are differences on the merits of the cases. To
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ensure the reliability of decision-making in the case law system, the synthesis of an ensemble of
neural network models for the guilty recognition is considered based on a set of prehistory
precedents accumulated in the database. The task of a judgment making is reduced to recognizing
classes in the space of nominal features. The article considers the formation of a feature list from a
set of precedents corresponding to a particular court decision and filling in the initial table, in
which the classes are the decision (guilty or not guilty), and the features are the presence or
absence of relevant conditions. The functional dependence of the guilty degree on a set of situations
is described with using the technology of neural network forced learning. The practical significance
of the results is creation of the software tools for decision-making support in the case law system
and creation of an additional, independent of subjectivism, decision-making channel. The developed
technology, methodological, algorithmic and software tools make it possible to automate the
analysis and adoption of judicial decisions, minimizing the influence of the human factor, which
objectively increases the authority and confidence in the judicial law system.

Key words: case law, judicial precedent, guilty, network model, error back propagation
algorithm.
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Abstract. The analysis of the factors influencing ecological and economic indicators of work
of automobile internal combustion engines is carried out in the work. The current state of the
automotive market and the share of cars equipped with internal combustion engines are shown. The
search for ways to optimize the working processes of engines in order to improve their
environmental friendliness and efficiency. It is shown that some methods do not require additional
investment, and some require intervention at the state level. Prospects for further use of motor
vehicles with internal combustion engines are reflected.

Key words: engine, internal combustion engine, car exhaust, pollutants, environmental
friendliness.

Introduction. Mankind has long questioned the greening of the car. As you can
see, every year the requirements for automotive exhaust gases are constantly
increasing. Today, almost all car companies have fully electric or hybrid cars in their
lineup. Beginning in 2019, Daimler stopped developing new types of internal
combustion engines. More and more cities in different countries are introducing a ban
on entry into their central part not only for cars with diesel engines, but also with
internal combustion engines in general [1]. At the same time, many car companies are
declaring plans to stop production of cars with internal combustion engines and
switch to environmentally friendly drive.

The future of electric cars. At least that's what various experts often say. But it is
not necessary to bury cars equipped with internal combustion engines prematurely.

Main text

Competition for the use of electric motors or internal combustion engines in the
automotive industry is intensifying. The share of cars that use electric drive is
constantly growing. Thus, during the first half of 2021, more than 350,000 new
electric vehicles were registered in the European Union, of which almost 150,000
were in Germany. Even more common are various hybrids - more than 1 million
pieces. However, it should be noted that the number of purchased cars with internal
combustion engines running on gasoline is stable and is within 2.25 million units,
which is much more than the purchased electric cars and hybrids combined almost
three times. In contrast to gasoline, the share of cars running on diesel fuel is
declining sharply and is already on a par with hybrids [2]. This trend is explained
primarily by the large number of different incentives from states and producers.
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The desire to abandon the use of ICEs that run on fossil fuels is not new.
Different countries of the European Union have set different time frames, for
example, Norway plans to stop selling such cars in 2025. In July this year, the
Ministry of Infrastructure of Ukraine proposed to amend the Law of Ukraine "On
Some Issues of Importation into the Customs Territory of Ukraine and the First State
Registration of Vehicles", namely to phase out the first state registration in Ukraine
of cars equipped with internal combustion engines. Thus, to ban the import of used
cars with diesel engines to Ukraine from 2027, and from 2030 - all other cars running
on fossil fuels. At the same time, the introduction of an environmental tax on CO,
emissions is initiated.

The need to approximate the real performance characteristics of modern internal
combustion engines to international standards of exhaust gas toxicity requires the use
of all possible reserves to improve their environmental friendliness. The latter
depends not only on certain design parameters, but also on their production and
subsequent operation.

Experience shows that the following greening reserves should be considered
really effective:

- increase the accuracy of manufacture;

- maintenance of the technical level of engines in the process of their operation,

due to the timely passing of technical inspection and repair;

- optimization of operating modes during operation.

The working processes that take place in the cylinders of internal combustion
engines at any steady state of operation always have some differences. This is due to
the presence of design deviations of both individual parts and assembly units as a
whole. There are many reasons for such deviations, such as errors in the equipment
on which the parts were made, changes in the size of the cutting tool during its
operation, measurement errors, the human factor and so on.

There are cases when the engine, composed of parts of good quality, in the
process of testing does not meet technical standards. Obtaining higher accuracy of
machining of parts in practice is faced with the impossibility of technological support
or economic feasibility of such production. Therefore, bringing the engine parameters
to technical requirements is ensured by introducing additional compensating elements
into its design or appropriate adjustment of individual systems.

Emission control at the stage of production of internal combustion engines has
caused a complication of control technology. Because it requires a more thorough
study of the impact of control values on the environmental friendliness of engines.
Studying the impact of each factor individually is a complex process, as there is a
significant relationship between different factors and operating parameters.
Therefore, the main factors are taken into account for each type of engine. Then
conduct a study of the functional relationships between them and the performance of
engines. According to the conducted researches construction of mathematical models
which provide finding of optimum ways of regulation of these or those parameters is
carried out. In this regard, the optimization of work processes in engines at the stage
of running-in is a real method of improving their environmental friendliness.

The next step in improving the environmental friendliness of internal
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combustion engines is to maintain their proper level under operating conditions. This
can be achieved by improving diagnostics and service. Thus, engines that are in
operation for a long time and are improperly maintained are characterized by worse
fuel economy and environmental friendliness than new ones. This can be explained
by wear of engine parts in general, and especially the fuel supply system, gas
distribution mechanism, ignition, cylinder-piston group, as well as deposits of
deposits, increasing mechanical losses during friction and so on.

The thermal state of the engine has a significant effect on the toxicity of exhaust
gases. The lowest level of exhaust gas toxicity is observed at the coolant temperature
in the range of 80 — 90 ° C. Therefore, measures to green internal combustion engines
should include regulation of the cooling system. The technical condition of air supply
units and fuel equipment plays an equally important role. At first glance, minor
general malfunctions lead to an increase in benzopyrene exhaust gases up to 5 times.
And malfunctions in the ignition and fuel supply systems can increase benzopyrene
emissions by up to 100 times. Thus, as we see, operational malfunctions are dominant
in the formation of environmental performance of internal combustion engines.
Therefore, first of all it is necessary to pay attention to diagnostics and service of
these units. And above all, it must be carried out at idle, because it dominates the
operation of internal combustion engines. However, we must not forget about the
diagnosis of engines under load, which can ensure the detection of previously
unnoticed faults.

The environmental performance of internal combustion engines can be both
objective and subjective. For example, the driver's driving style has a significant
impact on the cost-effectiveness of transportation. And since the amount of emissions
directly depends on the amount of fuel consumed, it can be argued that the subjective
traits of the driver affect the environmental friendliness of vehicles. How does car
congestion affect its environmental friendliness? This issue must be considered in its
various regimes. The greatest impact on the load of the car has at the time of its
acceleration, so studies show that when you increase the load on the car from zero to
nominal toxic emissions increase up to twice.

Determining the effect of load on the toxicity and efficiency of car engines was
carried out in the process of acceleration and steady movement of the car, as during
deceleration the car engine goes into forced idling, and the amount of harmful
substances in emissions per unit path depends on braking intensity.

During the acceleration of a car with a capacity of 10 tons equipped with a
gasoline engine, up to speeds of 50; 70 and 90 km / h. with increasing load from zero
to 10 tons, fuel consumption increases by 1.36 ... 1.61 times, CO emissions - 1.29 ...
1.52, CnHm - 1.09 ... 1.23, NOx - by 1.76 ... 1.93 times. Due to the fact that the load
on the car is different, there is a question in assessing the impact of this indicator on
the environmental and economic components of the transportation process during
acceleration.

At steady motion at a speed of 50; 70 and 90 km / h. The amount of car load has
almost no effect on pollutant emissions. These results can be explained by the
presence of a significant reserve of power during steady movement of the car. Thus,
as we can see, when the load is reduced, there is a significant increase in fuel
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consumption and emissions of harmful substances per unit of transport work. In other
words, increasing the utilization rate of passenger capacity and carrying capacity of
vehicles with internal combustion engines during their operation is a significant
reserve for improving the economic efficiency of their use and reducing emissions of
pollutants into the environment. In this regard, one of the main tasks of specialists
who plan transportation and selection of rolling stock is to minimize the movement of
unloaded vehicles, which is quite effective by greening internal combustion engines
during their operation, which does not require additional costs. implementation.
Another reserve for greening internal combustion engines is to reduce the power
consumption of the latter. This type of loss occurs when various parts and
components fail, both the engine and the car as a whole during operation or improper
maintenance or repair.

Another important factor influencing the environmental friendliness of internal
combustion engines is road conditions. The latter is a large group of factors that
affect the mode of movement of the wvehicle, and hence its economic and
environmental characteristics. However, it should be noted that the trucking company
does not have the ability to directly influence the state of road conditions, and
therefore there is a need for state regulation of this issue.

Summary and conclusions.

Having analyzed the car market, we can safely say that it is too early to bury
cars equipped with internal combustion engines. However, every effort should be
made to reduce the environmental damage from their use. Greening of internal
combustion engines should start with their design and production. Continue
throughout the service life, through timely technical inspections and repairs, as well
as the selection of optimal operating modes.
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Anomauia. Y pobomi pozenanymo eiemeHmu, wo oopmyoms mpancnopmmue o06cny208y8anHsl
NPOMUCTIO8UX nionpuemcme. Becmanoeneno, wo onepayii anmasiconepepodOku € npogioHumMu ma
CKAA0arms CUCEeMHUL YUK, K OCHOBHULL NOKASHUK IHMe2PO8aHOi 102ICMUYHOI cucmemu «mo4Ho
6 CMpPOK», WO BU3HAYAE E€OUHUL EeKOHOMIYHUU pe3VIbmam MmMpaHCNOPMHO20 00CNY208)68aAHHS.
Po3pobneno nonosicenns ma memoo yOOCKOHANeHHS Op2aMizayii npoyecie 8aHmasiconepepooxu,
3ACHOBAHUL HA MeMOO0NI02I] BUPOOHUUO20 MEHEOHCMEHMY COCOBHO YMO8 POOOMU SPAHCHOPMHO-
sanmaxcHux Komnuekcie. lle dae mooicaugicmes po3podasimu HO8I MPAHCNOPMHI MEXHONO02I i3
3aCMOCYBAHHAM eKOHOMIYHIUUX MPAHCNOPMHUX 3AC00I8 — IOKOMPAKMOPIS.

Knrwuoei cnosa: 3anisHuunuii mpawcnopm, pyxomuil CcK1ao, J102iCMuyHe YNpAaeliHHS,
sanmasiconepepooKa, CUCmeMHUll YUK, T0KATbHULL YUK, MPAHCROPMHA TMEXHOJLO02IA.

Beryn. [lianpuemcTBa pi3HMX Tady3ed MPOMUCIOBOCTI, IO OOCIYTOBYIOTHCS
3QJII3HUYHUM TPAHCHOPTOM, ICTOTHO PI3HATHCA 3a BUPOOHMYOI MOTYXKHICTIO Ta
BEJIMYMHOIO J1000BOro BaroHonotoky. Ilpu mpomy nocuth Benuky rpymy (10 60%
3arajibHOi KIJIbKOCT1) CKJIaJIal0Th BUPOOHUY1 Ta PEMOHTHI MIANPUEMCTBA, Oy 11BEIbHI
Ta MOoCcTavyabH1 (pipMHU, MIAMTPUEMCTBA arpOIPOMHUCIOBOr0 KOMIUIEKCy. Jlo 1€l rpynu
MOYTb OyTH BIJTHECEHI TEPUTOPIAILHO BIIOKPEMIIEH] JOTIOMIXKHI Ta PEMOHTHI LIEXH,
a TaKoX CKJIAJChbKI KOMIUIEKCHM METalTypriiHuX, MallMHOOYJIBHUX Ta I1HIIUX
nignpuemMcTB. Croau HajexaTh TaKOX MAMPUEMCTBA MPOMUCIOBOTO 3aJI3HUYHOTO
TPAHCIIOPTY, K1 31HCHIOIOTh TPAHCIIOPTHE OOCITYTOBYBaHHS KUTBKOX MIIPHEMCTB
PI3HHX TaTy3ei.

30BHIIIHE TPAHCIOPTHE OOCIYTOBYBAaHHS IUX MIANPUEMCTB TMPOBATUTHCSA 3
BUKOPHCTAHHSAM BaroHiB ONEpaTopiB-TIepeBI3HUKIB. BHYTpIllIHI IEpeBE3€HHS HOCSATH
JOTIOMDKHUM XapakTep, 0OMeXeH1 32 00CATOM Ta BUKOHYIOTHCS y BJIACHUX BaroHax
[1].

Ha xoXxHOMy 3 HHMX CKJajlacs CBOSI CHCTEMa TPaHCIOPTHOTO OOCIyrOoBYBaHHS,
o0 0a3zyeThCs Ha BUPOOHMUMX BUMOTAX Ta YMOBax ekciutyataiii. TpaguuiiiHo BoHa
MOJISITa€ B TOCJIIJIOBHOMY BHKOHAHHI BCHOT'O KOMILJIEKCY TEXHOJIOTIYHUX oOmepariii
IpU PI3HUX BUJAX pOOIT: NpHUOMI Ta BUBAHTAKEHHI 3aBAHTAXXEHUX BaroHIB,
HAaBAHTAKEHHI MOPOXKHIX BAroHIB Ta iX BIANPABIICHHI, @ TaKOX MHpUiioMi abo 37aui
MOPOXKHSKA, 1 XapaKTEPUIYETHCS LIUKITYHICTIO ONIEPALIiil MPOLECY.
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[lenTpanbHOIO Ta HAWOUIBII BUTPATHOIO JIAHKOIO OOCIYyrOBYBaHHA €
BaHTaxkornepepoOka, sika, K MPaBUI0, 3 BUPOOHUYHUM MPOIIECOM Oe3MocepeiHbO HE
MOB'sI3aHa Ta 3/A1MCHIOETHCA y TPAaHCHOPTHO-BaHTaXHUX Komiuiekcax (TBK) ckimanis 3
OpuiioMy CHpPOBHHM Ta BIJBaHTaXEHHS TOTOBOI mpoaykuii. BiamoigHo 10
NPUMHATOT TEXHOJIOrli BaHTaomepepoOka mnepeadadae IOCHTIIOBHE BHUKOHAHHS
MOBaroHHOr0 HAaBaHTAKEHHSA-BUBAHTA)XCHHS BaHTaXy, SK MPOBIIHOI omeparii,
JOTIOMDKHUX OTepanii (3BaKyBaHHsI, O3yBaHHS, KPIMJIEHHS BaHTaXy Ta 1H), a
TaK0XX TPAHCHOPTHUX ONepalliid, 6e3nocepeIHpO MoB'sI3aHuX 3 HUMH. Ha 111#f ocHOBI
dbopMy€eETbCS TPUBAIICTh IUKIY BUKOHAHHS KOMIUICKCY OIlepalliii, K OCHOBHOTO
napameTpa BaHTaKOIEPEPOOKH.

VY BUpOOHMYMX YMOBAX, 10 MOCTIITHO 3MIHIOIOTHCS, HA POOOTY MIANPUEMCTBA Ta
HOro TpaHCHOpPTHE OOCIYroBYBaHHS BIUIMBAaIOTh PI3HI 30BHINIHI Ta BHYTPIIIHI
¢dakTopu (3MiHa OOCSTIB BUPOOHMIITBA, HEPIBHOMIPHICTh MOAadl Ta MPUOUpPAHHS
BaroHiB, KOJHMBAHHS OOCSTIB MpUIOMY Ta BIJANpPABJICHHS BaHTaXIB Ta iH.). BoHu
BIUIMBAIOTh Ha MPOIIEC BAHTAXKONEPEPOOKU Ta MPU3BOJATH JO MOPYIIEHb TEXHOJIOT],
3001B y poOOTI 1, SIK HACHIJIOK, IO 301IBIICHHS TPUBAJIOCTI BUKOHAHHS omepailiil. Y
3B'SI3KYy 13 3a3HAUYCHUM BWHHUKAIOTh MDKOIEpAIliiHI OYIKyBaHHS Ta TPHUBATICTh
BUPOOHUYOTO IIUKITY CYTTEBO 301IBIITY€THCA.

[HmMM muTaHHSAM, 10 BU3HAYA€ BUTPATH HA TPAHCIOPTHE OOCIYrOBYBaHHS
HiANPUEMCTB, 10 PO3IIISAAIOTHCS, € TUIl TATOBOIO 3ac00y, L0 3aCTOCOBYETHCS IS
TPAHCIIOPTHO-BAaHTAXXKHUX  omepaiiil. JlaHi 3 ekcrulyaraiii TeloBO3iB MpH
oOMexeHnX 00cAraXx BaHTaXOMEPEPOOKH MOKa3yI0Th, M0 3a MOTYXKHICTIO Ta CHUJIOIO
TATM BOHHM BUKOPUCTOBYIOThCA Jniie Ha 25 — 30 %, a s 3a0e3nedyeHHs iXHbO1
MOCTIIHOI TOTOBHOCTI MIANPUEMCTBA 3MYIIEHI YTPUMYBAaTH pE3EPBHUM MapK
nokomoTuBiB. [lonepeaHs omiHKa MOKa3ye, M0 eKCIUTyaTallis, yTpUMaHHS Ta PEMOHT
TEIUIOBO3HOTO MMAapKy € OCHOBHOI cTarTero BUTpar (mo 65 — 70 %) Ha ixHe
TpaHCIIOPTHE 00CITyTOBYBaHHS [2].

BianoBigHO 10 BHINEBUKIAJICHOI METOI0 POOOTH € po3poOKa OCHOBHHUX
MOJIOKEHb Ta METOAY BIOCKOHAJICHHSI OpraHi3allii MpoIeciB BaHTAXKONEPEPOOKH Ta
Ha 1[I OCHOBI TIJBHUIICHHS €(QEKTUBHOCTI  YIPaBIIHHA  TPaHCIOPTHUM
00CITyroByBaHHSIM BUPOOHUIITBA.

AHam3 JIoCaipKeHb 1 MyOJiKalii mokas3aB, 10 MOPYIICHI MUTaHHS YaCTKOBO
BUCBITJIIOIOTHCSI B OOMEKEHOMY YHCII JKEeped Ta B CHCTEMHOMY BUIJISI MPAKTUYHO
HE OTPUMANM HAJEXKHOI OIIHKHK. Po3rmsgaroun mi myOmikalii y Mexxax MOCTaBICHOT
METH CJI1]] 3a3HaYUTH HACTYIIHE.

[Tporrecu BaHTaxkomepepoOKH MiJ Yac TPAHCHOPTHOTO OOCIyrOBYyBaHHS
BUPOOHMYUX 1 CKJIAACHKUX 00'€KTiB Oyso po3risHyTo me y pobdorax mpod. A.O.
CwmexoBa [3, 4]. ABTOp BIEpIIe 3a3Hayae, MO y BUPOOHUYMX MpoLecax Npu
($a30BOMy MEpPETBOPEHH! «BAaroHOMOTOK - BaHTAXOIOTIK — BaroHOMOTIK», IO
BKJIIOYA€ BUKOHAHHS BaHTA)XKHO-BUBAaHTA)XYBAJIBHUX Ta TPAHCIOPTHUX ONEpalliil,
YTBOPIOETHCSI BUPOOHWYUN  (TEXHOJOTIYHUM) IMKJ, SKUH XapaKTepU3yeEThCs
TPUBAIICTIO Ta TOBTOPIOBaHICTIO. Bka3yeTbcsa, 110 e(PEKTHBHICTh MPOIECY
BaHTAXXOIEPEPOOKH Ma€e peanbl30BYBATUCH 3a PaxXyHOK (POpMyBaHHS Ta ONTHUMI3AIIl]
BUPOOHUYOTO MUKy Ta 3a0€3MeYeHHs] HOTO B3a€MOJIIl 3 TPAHCTIOPTHUMH ITUKIIAMH B
€JIMHIN JTOTICTUYHINA CUCTEMI.
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Y poboti [5] mokazaHo, 10 MPH BaHTAKOIEPEPOOIl KOMIUIEKC BaHTAXHUX,
JOTIOMDKHMX Ta TPAHCIOPTHUX OMNeEpaliidl BHUKOHYETHCS TOCTIOBHO, MPOIIEC
XapaKTEPU3y€EThCSl PIZHUM YHCIOM Ta TPUBAIICTIO OIEpaiiid, a WOro pPO3BUTOK
BiIOYBAa€ThCSA  B3JOBX TOTOKY. Bkadyerbcs, 10 MIATPpUMKA TPOIECY Y
BIIOPSKOBAHOMY CTaHI ab0 Moro opraHizarlisi MOBHHHI 3a0€3MeYyBaTUCS IUIbOBUM
VOpaBIiHHSAM, a B OCHOBY JOCIHIDKEHHS TPOIECY BAHTAKOMEPEPOOKH Mae
MPUHAMATUCh METO/I0JIOTISI BUPOOHUYIOTO MEHEKMEHTY .

B ocranuiii mepiox myOmikaiii 100 TATOBUX 3ac00iB MPOMMCIIOBOTO
TPAHCIIOPTY CTOCYIOTHCS TEPEBAXXHO TEXHIYHOTO CTaHy JIOKOMOTHBHOTO TapKy,
yAOCKOHAJIEHHSI KOHCTPYKIIi1 TeIJIOBO31B, aKTyati3alli IpaBuil TATOBUX PO3PAXyHKIB
Ta 1H. [6, 7, 8]. BoagHouac Taki BaXJMBI TUTaHHS, SK YMOBHM €KCILTyaTallii,
TEXHOJIOT14YHI BUMOTH, & TaAKOXX €(EKTUBHICTh BUKOPUCTAHHS ICHYIOUMX TEMJIOBO3IB
Ha PI3HUX BHJAX TPAHCHOPTHOI POOOTHU JOCIHIJIPKEHO, OI[IHEHO Ta BHUCBITICHO B
miTepaTypl HemocTatHbo. lle yckimamHioe HEOOXiTHY ONTUMI3AIII CTPYKTYPH
JIOKOMOTHBHOTO MAapKy MPOMUCIIOBUX TT1ITIPHUEMCTB.

VY BupiiieHHi i€l mpoOJeMu 3HAYHHUM 1HTEPEC MPEACTABIISE TOCBIT 3apyOIKHUX
KpaiH. B ocranHiif nepioa npu TpaHCIOPTHOMY OOCITYyTOBYBaHH1 MIJIMPUEMCTB PI3HUX
rajiy3eii TpPOMHCIOBOCTI 3aMICTh TEIJIOBO3IB TMOYaId IIUPOKO 3aCTOCOBYBATH
CIeliabHI TATOBI 3aCO0M — JJOKOTPAKTOpH [9].

Takum yuHOM, TSI BUPIIIEHHS MOCTABJICHOI MPOOJIEeMH HEOOX1THO CTBOPEHHS
€(EeKTUBHOI  JIOTICTUYHOI CHUCTEMH YHPABIIHHSI MPOLUECOM  TPAHCIOPTHOIO
0o0CIyroByBaHHs, fiKa B yMOBax BIUIMBY 3OBHIIIHIX Ta BUPOOHWYMX (PAKTOPIB
3a0e3MeYnTh BUKOHAHHS KOMIUIEKCY BaHTQXHUX, JOMOMDKHHX Ta TPAHCIOPTHUX
omepauiii y paMKax  TEXHOJOTIYHOrO  pENIAMEHTY 13  3aCTOCYBaHHAM
eHepro30epiraroyrx TPaHCHOPTHUX 3aCO01B.

OCHOBHHUI1 TEKCT.

[IpoBenenuit anamiz mMoka3aB, MO0 IEHTPAJIHHOI JIAHKOK TPAHCIOPTHOTO
00CITyroByBaHHS MiJNPUEMCTBA € BY30J B3a€MOJIi BUPOOHHUIITBA Ta TPAHCIIOPTY —
BaHTaxkonepepoOka. I[Iporec BanTaxonepepoOku sBisiE cOO0K HAOIp TEXHOJOTTYHO
MOB'A3aHUX CTPYKTYPOIO, Y3TOJKEHUX 32 TPUBAIICTIO 1 HMKJIIYHO MOBTOPIOBAHUX
orepaniil 13 BUBAHTAKEHHS CHUPOBUMHU YM HABAaHTAKEHHS MNPOAYKIIi, a TaKOX
CYNyTHIX iM JOIMOMDKHHUX 1 TPAaHCIOPTHUX oOllepalliii. BiH BUKOHY€ThCS 13 3aJ1aHOIO
nmapTiero BaroHiB (y cepeanbomy 5 — 10 oa.) Ta y CTpPOKH, IO BHU3HAYAIOTHCS
BUPOOHHIITBOM.

OTxe, 'y  KOXHOMY  KOHKPETHOMY  BHIAJKy  BaHTa)xorepepoOka
XapaKTepU3y€eThCs [IEBHOK CTPYKTYPOO Ta TPHBANICTIO BUpoOHHdoro nukiy (7))

OcHOBHA TpaHCIIOPTHA POOOTa BUKOHYETHCA HA MIATOTOBYOMY Ta 3aKIHOYHOMY
eTarnax oOCIyroByBaHHS MiMPUEMCTB. Y NEPIIOMY BUIIAJKy BOHA BKJIIOYA€E OMeparii
3 MpUIOMY 13 30BHIIIHBOI MEpeXi, MIATOTOBKY, po3(hopMyBaHHSA-POPMYBaHHsS Ta
NOJJaHHS IMapTii BaroHiB Ha HAaBAaHTA)KCHHSA-BUBAHTAXEHHS. Y JIpyroMmy -
MPOBOJIUTHCA MPUOMpAHHS TMICHsS BaHTAXHUX Olepaliid, eKCHeAUpYBaHHI Ta
nepeaya napTiid BaroHiB Ha CTaHIII0 MPUMUKaHHS.

Peamizamiss  ¢QyHKIIH  XapakTepU3Ye€ThCs  TOCHTIJIOBHICTIO BUKOHAHHS Ta
[UKIIYHOK TOBTOPIOBAHICTIO Omepalliid, 1Mo J03BoJisi€ chOpMyBaTU CTPYKTYpY Ta
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BU3HAYUTH TPUBAIICTh TEXHOJOTIYHUX IIMKJIIB TEPEepOOKHM BaroHOMOTOKIB Ha
migrorosaomy (7,") Ta 3akmounomy (7, ) eramnax.

JUist  mianpueMCTB, IO PO3TISAAlOTbCS B pOOOTI, OCHOBHUM METOJIOM
opraHizaiii iX TpaHCHOPTHOrO OOCIyroByBaHHS € cucTeMHMi. Bin mnepenbauae
BUKOHAHHS BChOTO KOMIUICKCY MIiATOTOBUMX OIeEpalliii, BaHTaKOIEepepoOKH Ta
3aKJIIOYHUX Olepauii, aki GopMyIOTh CTPYKTYpY Ta TPUBAIICTh CUCTEMHOTO IUKITY

(T,). OTxKe, CHCTEMHHH LMK BH3HA4Yae TOJOBHHH IIOKA3HUK TPAHCIOPTHOIO

00CIIyroByBaHHsI - 00OPOT BaroHiB 30BHINIHBOIO MapKy 1 BUPAKAETHCS HACTYITHOIO
3aJIEKHICTIO:
Te=T" +T;+T, Mun (1)

ToMy mIsi KOXKHOTO BaroHONMOTOKY HIANPUEMCTBA Mae (opmyBaTucs CBid
CUCTEMHMH IUKJ, SKUW BigoOpakaTUMe, HacaMmmepen, crneuudiudi yMOBHU
BaHTaXOMEPEepoOKU. TakuM YMHOM, TEXHOJIOTIYHO BIAMPAIbOBAHUA CUCTEMHUM KT
BAaHTAXOIMEPEPOOKH CJI1JI BBaKaTH OCHOBOIO JUIsI BIOCKOHAJIEHHS OpraHizarii
TPAHCIOPTHOT'O MPOIECY Ta MIJBUILIEHHSA €(EKTUBHOCTI YNPABIIHHS TPAHCHOPTHUM
00CITyTOBYBaHHSM TiAIPUEMCTB.

Y 3B'I3Ky 13 3a3HaueHuUM, €QEeKTHBHI pe3yJIbTaTh  TPAHCIOPTHOTO
0o0CITyroByBaHHA MOXYTb OyTH JOCATHYTI MNP BHUKOPUCTAHHI MPHUHIUIIB
IHTEIPOBAaHOI  JIOTICTUKA 13 3aCTOCYBAHHSIM  HACKPI3HOTO  YHPABIIHHS
BaroHOMOTOKAaMHM, CIPSIMOBAHMMH Ha MIHIMI3AII0 3araJlIbHUX JIOTICTUYHHX BUTPAT
TPAHCHIOPTY MPOMUCIIOBHUX MIAMPUEMCTB. [HaKIIe KaXy4du, HEOOXiMHO chOpMyBaTH
JUTSI KOYKHOTO BaroHOMOTOKY IHTETPOBAHY JIOTICTHYHY TEXHOJIOTiIO, 10 Tependadae
TEXHIYHE, TEXHOJIOTIYHE Ta OpTraHi3alliiHe CIIOJIy4eHHS BCIX JaHOK 3 BHPIIICHHSM
JOKaJIbHUX 3aBJIlaHb KOXXHOTO 3 HHUX, a TaKO0X CTBOPEHHS €IMHOI CHCTEMH
yIpaBIiHHS.

Y BIANOBIAHICTH 13 BUIIEBUKIAJEHHUM B OCHOBY PO3POOKH 1HTETpOBAHOI
JIOTICTUYHOI TEXHOJOT1T MPUAMAETHCA METOO0JIOT1SI BUPOOHUYOT0 MEHEHDKMEHTY, sIKa
PO3BHUBAETHCSI CTOCOBHO yMOB poOotu TBK mignpueMcTB, a y SKOCTI KIIFOUOBHX
MOKAa3HUKIB JIOTICTHYHOTO MEHEHKMEHTY TMPUHAMAIOThCSl MPOAYKTHBHICTH Ta
e(eKTUBHICTh (DYHKIIIOHAIbHUX IIUKJIIB TPAHCIIOPTHOT'O OOCITyTOBYBAHHS.

OCHOBH1 TMOJIOKEHHS II1€1 METOJO0JIOrli BUXOAATH 3 TOTO, IO OpraHi3allis
npoiiecy abo piBeHb BHYTPIIIHBOI BIIOPSIKOBAHOCTI Ta y3TrOIKEHOCT1 B3aEMOI11 HOTO
omepaiiii  JOCITraeTbCsd NUIIXOM (OPMYBaHHS  ONTUMAJIBLHOTO  BUPOOHUYOIO
(byHKIIOHATBHOTO) MUKITY. Y TPAKTHUIl TPOMHUCIOBUX MIAMPUEMCTB PI3HUX Taly3ei
3aCTOCOBYETHCS TPU OCHOBHUX BHJIM Oprasizaiii BUPOOHMYOTO MpOIECYy y daci:
OCTIAOBHUM (PO3A1IBHUMN), TApaICIbHO-TIOCIIIOBHHUM (3MIIIaHMH ), TapaieTbHUM.

B nanuit yac nis TpaHCIIOPTHOI pOOOTH, 1110 BUKOHYETHCS MPU OOCITYTrOBYBaHHI1
HIIMPUEMCTB, Y TOMY YHCJIl MIPU BaHTAXXOIEPepoOIli, OCHOBHUM BHIOM OpTraHi3allii €
MOCJIIJIOBHUNA METOJ, SIKMM XapaKTepU3Y€ThCSd MAaKCUMAIbHOI TPHUBAJICTIO Ta
HaWO1IBIIMMH TPAHCTIOPTHUMH BUTPATaMHU.

[TapanensHuii MeToa niepeadavae olHOYACHE BUKOHAHHS POOIT 3 YCiX omepailii,
TOOTO YHCJIO JeTajlie JOpIBHIOE KUIBKOCTI omepari. lle 3HauyHO CKOpouye
TPUBAIICTh 0OPOOKH MapTiii BUpPOOIB, TOOTO TPUBAIICTh UK. {15 peanizaiii MeTH,
MOCTaBJICHOI y pOOOTi, MPOIMOHYETHCA 3aCTOCYBaHHS HOBOTO CIOCO0y opraHizari
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TPAHCIIOPTHOTO OOCIYyroBYyBaHHs BHUpPOOHMYMX OO0'€KTIB, WLI0 3aCHOBaHMM Ha
MOTOKOBOCTI ~ BUPOOHMYO-TPAHCIOPTHUX  mporeciB.  [IpomoHoBanuii  meton
ONTHMI3aIi1 BAPOOHUYOTO LIUKITY MOJISITa€ Y HACTYITHOMY.

VY cTpykTypl BUPOOHMUYOTO LIMKITY HaWOLIbII TPUBAJIOIO € BaHTa)XKHA Oreparis i
il MO’KHAa PO3AUTUTH Ha KUIbKa MapajelbHO BUKOHYBAaHUX TaKTiB. 3 1HIIOTO OOKY,
BaHTa)korepepoOKa MPOBOJUTHCS 32 HOPMATHBHOIO TEXHOJIOTIEIO 13 BCTAHOBJICHOIO
MapTIiEI0 BaroHiB, sSiKa 3a HEOOX1THOCTI MOKe OYTH TOJIJIEHA HA TPYNH 13 KPaTHUM
gucjaoM BaroHiB. ToMy B OCHOBY METOJy CHUHXpPOHI3allii omepariid mporecy
BaHTa)KOMEepepoOKU MPUNMaOThCs (POPMYBaHHS Ta ONTHUMI3alLlisl TAKTY BUPOOHUYOIO
LMKITY, 1110 BAKOHYIOTbCS Y HACTYMHIN MOCI1JOBHOCTI.

[TapTisi BaroHiB, W0 MiJJISiTa€ BAaHTAKHUM OIEpallisiM, MOAUISETbCS HAa KpaTHE
yucino rpyn (k) 3 pi3HOW KUIBKICTIO BaroHiB (m). [ns koxHOro BapiaHTa
BHU3HAYAIOTHCS HOPMATUBHI 3HAYEHHS TPHUBAJIOCTI BaHTAXHOI (¢ ) Ta cymyTHIX (7]

1¢1') onepariiii. OnTuMaibHa TPUBAIICTh BAHTAXKHOI OMepallli TAaKTy BCTAHOBIIIOETHCS

HAa OCHOBI BapiaHTHOI 1AeHTU]IKAIli 3a3HAYEHUX TOKA3HUKIB IIUISIXOM  iX
BUPIBHIOBAHHS JIJIs TIE€BHOT KUJIBKOCTI BaroHiB 3a CITIBBITHOIIIEHHSIM:
t! > (! +t)) nnst 3HaueHHs (m) (2)
Tonai TpuBamicTh TaKTy BaHTaXXOMEPEPOOKH CTAHOBUTHME:

T T T T
t"=(t +t, +1), XB 3)
Ha ocHoBi oTpuManux naHux (m, t') TpPUHAMAETbCS KUIBKICTh TakTiB Yy
BUPOOHUYOMY ITMKJII BAHTAXKOTIEPEPOOKHU:

T, 3)

Takum ymHOM, 3amPONOHOBAHUN MeEpeXia Ha MapajeibHUM crocid opraxizamii

BaHTaXoIepepoOKH 3abe3neuye CyTTeBE 3HIKEHHS 4acy BUPOOHUYOIO IUKIY MpH
3MEHILEHH] KIJIbKOCTI BArOHIB Y MAaHEBPOBUX CKJIa/1aX.

Y  BuUpOOHMYMX yMOBaxX CTa€ OYEBHUJIHUM, 10 I TPAHCIOPTHOTO
oOCITyroByBaHHS  MIANPUEMCTB  (IMIYHKTIB  BaHTaXOMEpepoOKH) 3aCTOCYBaHHS
MaHEBpPOBHUX TEIUIOBO31B 3 MMiJIBUIIIEHUMH MOTYXKHICTIO 1 MAaCOIO € Jy>KE€ BUTPATHUM 1
HeBHIpaBaaHuM. [Ipu JOCHTH BHUCOKOMY 3aBaHTa)KEHHI JIOKOMOTHBIB 3a YacoM,
(akTUYHO peasli3oBaHa MOTYXHICTh MpH 1X poboTi He nepesuinye 160 — 180 k.c., a
HeoOXIIHa 34ilTHA Maca CTaHOBUTH 12 — 15 T [2].

Po3poOnennii MeTon oprasizaimii BaHTaXONEPEpPOOKH Ui MPOMMCIOBUX
HiAMPUEMCTB, @ TAaKOXK PE3yJbTaTH aHaIi3y 3aKOPJOHHOTO JOCBIAY MOKa3yIOTh, IO
JUISET YMOB TIPOMHCIOBOTO TPAHCIIOPTY pO3B'SI3aHHS IIHOTO 3aBJaHHS BHUMAarae
3aCTOCYBaHHS HOBOTO MMiaxoay. BiH mossrae y 3amiHi TEIUIOBO31B Ha UM HHUB3II
TPAHCTIOPTHUX TEXHOJIOT1H HA EKOHOMIYHIIII TATOBI 3aCO0MU.

bararopiuHa ekcrutyaTarlisi TOKaszajlia Tpare3aTHICTh Ta e(QEKTUBHICTh
JIOKOTPAKTOPiB,  SKI  3aMIHWJIM  TIOTY>XKHI  TErjoBo3W. BoHu  edekTuBHO
BUKOPUCTOBYIOTbCSI Ha PI3HUX TPAHCHOPTHUX OMEPalisiX BaHTaXOMEPEepoOKH Ta
MEePEBE3CHHI PI3HOMAHITHUX BAHTAXKIB HA PyJAHHMKAX, METATYpPriMHMX 3aBojax Ta
MIIIPUEMCTBAX IHIIUX Taly3eil MPOMUCIOBOCTI, Y MOPCHKHUX Ta PIYKOBUX MOPTaxX Ta
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iH. IIpu mpoMmy, Ha 0OaratboX MIANPUEMCTBAX JIOKOTPAKTOPU CTAHOBIIATH Maibke
MOJIOBUHY JIOKOMOTHBHOTO TMAapKYy.

3apyOiKHHMI JOCBi BUKOPUCTAHHS JIOKOTPAKTOPIB IIOKa3aB, IO BHUCOKHIA
€KOHOMIYHUM ePEeKT BiJ IXHbOTO 3aCTOCYBaHHS JIOCSATAETHCSA 32 PAXyHOK:

a) 3a0e3NeyeHHs y MexaX HEeoOXiHUX MapaMmeTpiB BEJIUYUHHU CHIM TATH Ta
MOTYHOCTI JIJIs1 3aMIHU TEIUIOBO31B HA OUIBIIOCTI BUIB TPAHCIIOPTHOI poOOTH;

0) CKOpOYECHHS eKCIUTyaTaIlliHUX BUTPAT BiJl 3HWKCHHS BUTPAT Ha JTU3CIIbHE
MajJuBO Ta MAaCTWJIbHI MaTepiaiu (EHepropecypcu), a Takok Ha BCl BUIU TEXHIYHOTO
00CIIyrOByBaHHSI Ta PEMOHTIB;

B) MOXJIMBICTh BHKOHAHHS JIOAATKOBOTO OOCSTY TPaHCHOPTHOI POOOTH SIK
KOJIICHUM TsTad.

3a pesynbraramu  JociikeHb  Kadenpor  «TpaHCIOpPTHI — TEXHOJIOTIi
mignpuemcts» JBH3 «lIpna3oBchbKOro Aep:KaBHOTO TEXHIYHOTO YHIBEPCUTETY»
MIITOTOBJCHO BUXiAHI BUMOruM Ta crminbHO 3 TOB «IIK® A3soBmammpom» (M.
Mapiynons) Ta XapKiBCbKUM TPAKTOPHUM 3aBOJOM OYJIO pPO3pOOJIEHO Ta CTBOPEHO
MaHeBpoBui Tarad TM1.175. ¥V sxocTi #ioro 6a3u Oyino NpUWHATO KOJICHUN TPAKTOP
XT3-150K-09 na komb6iHOBaHOMY X011y [10].

[upoxi mpoMuUCIOBI BUMPOOYBAHHS MAaHEBPOBOTO TAraya Ha METATypridHOMY
koMOiHaTi, [ 3K Ta B yMOBax MOpPCHKOTO MOPTY MiATBEPIUIN HOTO Mpale31aTHiCTh Ta
BHUCOKI eKCIUTyaTaIliiHO-TeXHIYH1 SKOCTI. € BCI MJICTaBU BBa)KaTH, 110 MaHEBPOBUI
TATa4-JJOKOTPAKTOP MOBHOIO MIPOIO BIAMNOBiAa€ BUPOOHHMYKUM BHUMOTaM MiJIPHEMCTB
1 MOXe€ 3a CBOIMHM MapaMeTpaMH 3aMIHIOBAaTH MAaHEBPOBI TEIJIOBO3M Ha HU3LI
TpaHCHOpPTHUX pooiT [11].

3HayHa BIAMIHHICTh €KCIUTyaTal[liHUX YMOB Ta TE€XHOJOTTYHHUX IPOLECIB, IO
JII0Th Ha TIANPUEMCTBAX, BUMAraTUMyTh IOETAITHOTO BBEIEHHS B POOOTY HOBHUX

3aCTOCYBAHHAM HOBUX TPAHCIIOPTHHUX eHepro36epirafquX TEXHOJIOT1H.

BucHoBkwM.

1. Ha migcraBi JAOKJIQQHOTO BHBYEHHS CYYacHOTO CTaHy, MPOBEICHUX
JTOCITIKEHB Ta 3apyOIKHOTO JIOCBIY 3alpPONOHOBAHO CUCTEMHUMN MiAX1]1 10 TUTaHHS
MIIBUINCHHS  €(QEKTUBHOCTI  TPAHCIOPTHOTO  OOCIYrOBYBaHHS  IIJANPUEMCTB
npomuciioBocti Ta AIIK. B ioro ocHOBY NOKJIaJ€HO JIOTICTUYHY €IHICTb
TPAHCIIOPTHOTO OOCIIyTOBYBaHHS, 1110 Mepeadadae CroMydeHICTh TEXHIKH, TEXHOJIOT 1T
Ta opra”izauii MpoIecy, 3HIKEHHS EHEProBUTpPAT Ta (OpPMYBaHHS CHUCTEMH
yOpaBiiHHA, [0 3a0e3nedye Horo (YyHKIIOHYBAaHHS Y PI3HHUX 3aJaHUX TEXHIKO-
€KOHOMIYHUX MMOKa3HUKAX.

2. TloemeMeHTHO PO3TISHYTO TPAHCIIOPTHE OOCITYTOBYBaHHS ITiIITPUEMCTB.
BusnaueHo  JOKaJibHI Ta  CHCTEMHI IMKIM 3  BHJAUICHHSAM  OTepailii
BaHTaXKOMNEPepOoOKH, K MPOBIAHOI, 110 BU3HAYAE TPUBAIICTh 3HAXOJKEHHS BaroHIB
30BHIIIHBOTO MAPKY HA IPOMUCIOBUX HIANMPUEMCTBAX.

3. 3ampomoHOBaHO  CHOCI0O  BIOCKOHAJIEHHS ~ OpraHizaiii  IpoIleciB
BaHTAXOIMEPEepOOKH, 3aCHOBAHMN Ha CHHXpOHI3AIlll omepalii, 1o 3ade3nedye
PIBHICTh iX TPHUBAJOCTI 32 YaCOM YW KpPaTHICTh Hail TpuBaiimioi omeparii, Mo y
pe3yJbTaTi NPU3BOJUTH JO TIOTOKOBOCTI Tporecy. MeToa 3acHOBaHUN Ha
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pO3paxyHKy TpPHUBAJIOCTI TaKTy, SK BH3HAYaJIbHOMY TIIOKa3HHUKY IIPOIECY
BaHTAKOTIEPEPOOKH.

4. TlpoBemeHi IOCHIKEHHS TMOKAa3ylOTh, IO JUIsi YMOB IPOMHCIIOBOTO
TPAHCIIOPTY pIMIEHHS TIOCTaBJICHOTO 3aBJaHHS BHUMAara€ 3acTOCYBaHHS HOBOTO
nigxoay. Bin mossrae y 3aMiHi TETJIOBO31B HA MUTIHA HUBII TPAHCIIOPTHUX TEXHOJIOT1H
IIIMPUEMCTB Ha €KOHOMIYHIIII TATOB1 3aCO0H - JIOKOTPAKTOPH.
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Abstract. The paper considers the elements that form the transport service of industrial
enterprises. It has been established that cargo handling operations are leading and form a system
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cycle, as the main indicator of an integrated just-in-time logistics system that determines a single
economic result of transport services. Provisions and a method for improving the organization of
cargo handling processes based on the methodology of production management in relation to the
working conditions of the cargo-cargo complexes have been developed. This makes it possible to
develop new transport technologies using more economical vehicles - locotractors.

Key words: railway transport, rolling stock, logistics management, cargo processing, system
cycle, local cycle, transport technology.
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Anomayia. B pobomi poszensioaromvci nepeeacu  CMEOPEHHA Md — GUKOPUCMAHHA
MPAHCNOPMHUX KOPUOOpi6 Ha mepumopii Ykpainu ma 6xo0dxcenus ix 00 MIdHCHAPOOHOT
mpancnopmuoi cucmemu. Lleti npoyec 8U3HAHO NpiOpUMEMHUM 3A2ATTbHOOEPHCABHUM HANPAMOM
PO3BUMKY MPAHCNOPMHO-00POAHCHbO20 KomniaeKkcy Yxpainu. Bueione eeocpaghiune nonowcenms
Yrpainu na nepemuni winsaxie 3 €eponu 6 A3ilo, nepenacuyeHHs €8pONEUcbKUx MpancnOpmHuUx
83718 CMBOPIOE NepedyMosu O0s iHmezpayii mpaHcnopmuoi mepedci Ykpainu 6 MidicHapooHy
MPAHCNOPMHY CUCMeEMY, A il NOMYAHCHA MPAHCNOPMHA CUCTeMA Mma IHpacmpyKmypa, Has6Hicmb
HAYK0B8020 U OCBIMHbO20 cepedosua pooaamo ii NOMEHYItiHO Npusadiueoro O 3al1VUeHHS
cucmemy MiHCHApOOHUX MPAHCNOPMHUX KOPUOOPIB.

Knwuoei cnoea: koumetinep, mpaHcnopmui KOpuoopu, IiHMepMOOAdIbHI Nepege3eHHs,
opeaHizayis nepeeezeHv, CYOHO, NOPM, pelic, BAHMANC, KOHMEUHEPHi Nnepese3eHHs, NOPMOosi
sumpamu, UMpamu 3a peuc, Nopmosi 30opu.

Beryn

TpchnopTHi KOPHUJIOpYM BUKOHYIOTH POJIb KPOBOHOCHHMX CYIMH Y CBITOBHX
1HTerpariiHux nporecax. OcHoBHI (pyHKIIIT CYJacHUX TPAHCTIOPTHHX KOPHUJIOPIB —
JI0CTaBKa BaHTaX1B HAWKOPOTIIMM MUIAXOM 1 MakCHUMajlbHO IIBHAKO. [Ipu mpomy
BUKOHYIOTbCSI W Takl omepanli, sIK NepeBaHTAXKEHHS BAHTAXIB 3 OJHOTO BUIY
TPAHCIIOPTY Ha 1HIIMI, OOpOOJICHHS, TaKyBaHHs, COPTYBaHHS TOIIIO.

TpancnoptHa cucreMa YKpaiHU MpejcTaBieHa MPaKTUYHO YyciMa BHUAAMHU
HA3eMHOT0 (3aJTI3HUYHUM, aBTOMOOLIBHUM), BOJHOTO (MOPCHKHUM, PIYKOBHUN),
NOBITPSHOrO (aBlaliiHUM, BEPTONITHUM) 1 TpyOompoBimHOro (HadTo-, razo- i
aMI1aKoOINpPOBO/IM, TPAHCIOPTYBAHHS XIMIYHUX PpPEUYOBUH) TpaHcnopty. OIHUM 3
OCHOBHMX HAamNpsIMKIB PO3BUTKY TPAHCHOPTY B YKpaiHI € ydacTb B Oprasizaiii,
GyHKIIOHYBaHHI Ta PO3BUTKY MI>XHAPOIHUX TpaHCIOpTHUX Kopuaopis (MTK).

OCHOBHMH TEKCT.

Muxuaponuuii Tpancnioptauii kopunop (MTK) — 1e komruiekc Ha3eMHUX Ta
BOJAHUX TPAHCHOPTHUX Marictpajeil 3 BIANOBIAHOI 1HGPACTPYKTYporO Ha
BU3HAYEHOMY HAmpsSMKY, BKIIOYHO 3 JONOMDKHUMHU CHOpYJamH, MiJ'i3HUMU
HUIIXaMH, TPUKOPIOHHUMH MNEPEX0JlaMi, CEPBICHUMHM NMYHKTaMH, BaHTAKHUMHU Ta
MAaCaXUPCbKUMHM  TEpMIHAJIAMH,  YCTaTKyBaHHAM Ui  YIOPaBIIHHA  PYXOM,
OpraHizaliifHO-TEXHIYHUMH 3aX0JlaMH, 3aKOHOJIaBUMMU Ta HOPMATHUBHUMU aKTAMH,
K1 3a0e3Mevyr0Th MEPEBE3EHHS BaHTAXKIB Ta MACaKUPIB HA PiBHI, 110 BiJAMNOBIIAE
BUMoOram €Bporneicbkoro cmiBToBapucta. [Hmmmu cinoBamu, MTK — cyKynHicTbh
pI3HUX BHUIIB TPAHCIOPTY, IO 3a0€3MeuyloTh 3HAYHI TEPEBE3EHHS BAaHTAXIB 1
MacaXupiB Ha HAPSIMKAxX 1X HAMOLIbIIOT KOHIIEHTPALIIi.
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VYyacte VYkpainu B OYyHIBHUITBI MDKHAPOAHUX TPAHCIOPTHUX KOPHUIOPIB
(MTK) cnpusie 3HayHOMY TIONIMIIEHHIO BCIX TEXHIYHUX  XapaKTEPUCTHUK
MPOXO/UKEHHSI BaHTAXy 1 MACaKUPOMOTOKIB, CTBOPIOE 10 1 MIIH poOOYHX MICIIb.
Taxox 3pocTae HIOpIYHMIA AOX1A BIJ TPaH3UTY BaHTaXIB, 30LIBIIYETHCS MOJATKOBI
HAJXO/DKCHHS B eKcIuryaTtarii I1mx 00'ekTiB  1H(GPACTPYKTypH, ICTOTHO
MO’KBABJIIOETHCS €EKOHOMIYHA aKTUBHICTh MPUJICTIIMX TEPUTOPIH.

B Vkpaini 3ammaHoBaHO pPO3BHBAaTH JUISHKKA 1€ JBOX MDKHAPOJIHHUX
TPAHCIOPTHUX KOPUJIOPIB:

bantuka-Uopue wmope (I'mancbk-Opeca), mo0 3'eAHaTH yKpaiHChKI MOPTH
YopHOro Mops 3 NOJBCHKUMH Ha 0aNTIHChKOMY y30€peikKi;

€Bpaziiicbkuil HAPTOra30TPaHCIOPTHUNA KOPUAOP.

TakuMm YMHOM, MOJEpHi3alisl TPAHCIOPTHOI 1H(QPACTPYKTYpH YKpaiHu €
BOKJIMBUM 3aCO00M aKTHBI3AIlli il 30BHINTHOCKOHOMIYHOI ISUIBHOCTI, CTBOPECHHS
YyMOB IS TPUCKOPEHOI 1HTEerpamii BITYM3HAHOI TPAHCIOPTHOI MEPEexi B
€BPOIEUCHKY, 3MIITHEHHS MIXKHAPOJHOTO aBTOPUTETY HAIOi KpaiHU SIK HaJIMHOTO
TPAH3UTHOIO JEPKABU.

B pamkax kwuraiicbkoi ctpaTteriyHoi mporpamu «OJIMH MOSIC 1 OAMH IIJISX»
pPO3pOOIIAETECS PSA IPOEKTIB MOPCHKUX 1 CYXONYTHHMX LUIAXIB MK €BpoIoro i
Kutaem min 3aranpHoro Hazporo Hoswmii IlloBkoBuit Illnax. IloBkoBuid muisx Oyge
OJIHO3HAYHO CIPUSATUME CTAHOBJICHHIO YKpaiHW SK BIUIMBOBOIO JIiJiepa PETIOHY
HentpanbHoi Ta CxigHoi €Bponu.

TeopeTnuHo YkpaiHa MOKe po3paxOByBaTH Ha YaCTUHY 3 OUIbIN 260 MIJIH TOHH,
AK1 CKJIaaroTh 00csru Toprisii Mk Kuraem 1 €C.

MixHapo/IHI KOHTEHHEPHI NEPEBE3CHHS BIAITPalOTh KIIIOUOBY POJb B CUCTEMI
TpaHCHAI[IOHAJIBHUX  TPAHCHOPTHUX  MEpPEeBE3€Hb. 3aBASKU  YHIBEPCAJIbHOCTI
KOHTEWHEPIB ICHY€ MOXJIMBICTh MEPEBO3UTH MNPAKTUYHO BC1 BUAM BaHTaXy. 3a
JI0TIOMOTOI0 KOHTEMHEpPHUX MEePEBE3€Hb MOXHA 3A1MCHUTH MEPEBE3ECHHS BiJ JIBEpeEil
710 ABEpel - BUJ MEPEBE3EHHS, KOJIM BlJl 3aMOBHHMKA MOTPIOHO TIIBKU BKA3aTH MICIE
3BIJIKM 3a0paTy BaHTaX 1 Ky HOTO JOCTaBUTH.

KoHTeitHepH! mepeBe3eHHs BUCTYINAIOTh OJHUM 3 HaWBaXJIMBIIIUX PE3EPBIB
MIJBHUINCHHS MPOAYKTUBHOCTI Ta 3HUKEHHS COOIBAPTOCTI INEpPEBE3EHHS BaHTAXKIB.
IlepeBaramMy KOHTEHHEPHUX MEPEBE3EHb € 3HMKEHHS BUTpAT Ha Tapy Ta yIaKOBKY,
HiABUIIECHHS NMPOJYKTUBHOCTI Ta MOKPALIEHHS YMOB Ipalll, IPUCKOPEHHS JOCTaBKU
BaHTaXXIB Ta MIJBUIICHHA CTYTNEHS iX 30€peXeHHs, MiABUIICHHS SKOCTI MEPEeBI3HOTO
IIPOIIECY B IIJIOMY.

[lepeBe3enHsi BaHTaXIB y KOHTEWHepax IO3BOJIsA€ YHI(IKyBaTH TPaHCHOPTHY
TEXHOJIOT1I0, 0 pOOUTH 1IeH BUA AOCTAaBKU BAaHTAXIB AyXKE MPUBAOIUBUM HE TUIBKH
JUTSE MOPCBKUX JIIHIH, ajie i Juig aBTOTPAHCIOPTY Ta 3a1i3HUII.

VYkpaiHa € 0JHUM 3 OCHOBHHX T'PaBI[iB HA PUHKY KOHTCHHEPHUX MEPEBE3EHbB SIK
y UYopHOMOpchKOMY perioHi, Tak 1 y CXIJHO€BpPONEWCHKOMY, OJHAK HAsIBHUIM
NOTEHL1aJ, 3yMOBJIEHUH BWIIJHUM TIeorpa@iuHuM IMOJIOKEHHSM, 1 JOCTaTHBO
PO3BUHYTOIO 1HYPACTPYKTYPOIO BUKOPUCTOBYETHCSI HE IIOBHOIO MIPOIO.

B poboTi 3ampornoHOBaHO MPOBECTH IMOPIBHSUIBHUNA  aHalI3 JOCTaBKH
koHTeiHepiB 3 Kutato (Illanxait) no KueBa (Ykpainu) 2 BapiaHTaMu — MOPCHKHUM
NUIIXOM B MOpTH YKpainu Ta 3ami3HuuHuM 10 Kuea, a6o mo Mopcskomy
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[ToBkoBomy IlLmsixy mo JyiicOypra (HiMmeuunna) ta 3anizanunum 10 Kuepa, a Takox
3aMpoNOHYEMO TOPIBHATH BapTICTh TIOCTaBKM MalMX HapTiid ToBapy c JyicOypra B
VYkpaiHy aBTOMOOIBHUM Ta 3aJ13HUYHUM TPAHCTIOPTOM.

['onoBHa 3aj1aya - po3paxyBaTH BUTpATH MO nepeBe3eHHo 3 Kutato 10 Ykpainu
napTii ToBapy MOPCHKHMM IIISXOM B 00Xia YKpaiHu Ta 0e3MocepeHb0 B MOPCHKI
noptu Opecu, IliBgenHoro ta YopHoMOpChKa, Ta BU3HAUUTH HaWOUIbLI BUT1THHIMA
HUISX.

ToMmy po3riasitHeMO TakOX JOCTaBKY KOHTEWHEpIB depe3 3 MicTta YKpaiHu:
Oneca, [liBgennuii, YopHOMOPCHK.

1 mopcekuii nusix: [lanxait — yiicOypr;

2 mopcekuit nuax: [Hanxait — Opeca;

3 mopcekuii nuisix: [lanxaii — ITiBnennuit;

4 mopceknii nupix: [lanxait — YopHOMOPCHK.
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Pucynoxk 1 - Illasixu nocraBku BaHTaxky 3 Kurarm B YkpaiHy MopcbKuM,
PIYKOBHMM Ta 3AJi3HUYHUM TPAHCIOPTOM

Howcepeno: Asmopcoka po3pobka

3riIHO 3 HABEJICHUMH B TaOiuIll 1 pe3ysibTaTaMu CTAaHOBUTHCS 3PO3YMUINM, IO
noctaBka yepe3 JlyicOypr BUTiAHINIA, HABITH 3BaYKAlOUX Ha 301JIBIIICHHS BiJICTaHI.
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Taoauus 1 - IlizcymkoBa Tadauus 3 pe3yJbTaTaMu MPOBEIEHUX PO3PAXYHKIB

1 musax: 2 LIsX: 1 musax: I musax:
HaitmenyBanHs [MManxaii- . [MManxaii- [Tanxaii-
MOKA3HUKIB Hyiicoypr- H_IaHxaH: [TiBnenHmit — YopHOMOpPCHK-
Kuis Oneca-Kuis Kuis Kuis
1 2 3 4 5
tx , 110 29,7164 23,3611 23,3778 23,3417
ter, 110 0,2505 0,2483 0,2487 0,2511
tp, 10 29,9669 23,6094 23,6264 23,5928
Ruan, mosn. CHIA 168836,54 132844,65 13293991 132741,02
Rianan , 101.CIITA 31648,60 109043,56 109043,56 109043,56
Ruopr, mon.CIIIA 16199,63 9734,13 9970,01 9992,28
Rpeiic , 101.CILIA 216684,77 251622,35 251953,47 251776,86
Rocn, mon. CIITA 25923,60 7501,20 8356,20 7923,00
R, mon.CIIIA 242608,37 259123,55 260309,67 259699,86
Aemopcovka po3pobdka

JlonatkoBuii TPUOYTOK, SKUM MOXKE OTpUMATH Tpeunep, SAKIIO 3MIHUTH
MapuipyT goctaBku 1 ckopuctatucs Hopum IlloBkopum IlnsixoM 3amicTh nepeBe3eHb
Oe3nocepeHbO B MOPTH YKpainu ckiianae Big 16 515,1 nonapis CHIA.

SIK10 MOpiBHIOBATH 3aXO/M B YKPAiHChKI MOPTH, TO HAWJIEIIEBIIUM BaplaHTOM
JOCTaBKU BUSBWIOCA nepeBe3eHHs 3 Kuraro yepe3 Onecy — 25 912,35 non. CIIIA 3a

KOHTEUHEP.

Pesynbratu po3paxyHKy eKOHOMIYHOTO €(DEeKTy 3BE/IEHO B TAOIUIIIO 2.

Taoauus 2 - IlincymkoBa TadJauIs 3 PO3PAXYHKY €eKOHOMIYHOTO e eKTy
Exonomiunuii eext B nponienTHOMY HOHaTKOBPEH npubyToK
Cxema (E/) B non.CLLIA €KBIBAJICHTI Tberiepa
! ) (H;[()ni’l) B I[O.HCLHA
1 2 3 4

2. Yepes Onecy 1 651,51 6,81 % 16 515,1
3. Yepes IliBneHHmit 1770,13 7,30 % 17 701,3
4. Yepe3 YopHOMOPCHK 1 709,15 7,05 % 17 091,5

Aemopcuvra po3pobra

BucHoBoOK.

bynu posrasinyTi 4 MapuipyTd JOCTaBKM BaHTaXy, B TOMY YHCII JIOCTaBKa
HoBum IlloBKOBUM HIISAXOM. byjo BaXJIMBO 3pO3yMITH, HACKIIBKHM E€KOHOMIYHO
e(DEeKTUBHO TIEPEBO3UTH BaHTAX Oe3nocepelHbO0 3 KpaiHu-BUpoOHMKA HoBuMm
[IloBKOBUM MHUISIXOM, Ta YW JEIIEBIIE MEPEBO3UTH BAHTAX HE OE3MOCEPEAHBO B
VYkpainy, a uepe3 KiHLEBY MOPChKY TOUKY MPOEKTY - mopt yiicOypr.

B pesynbraTi OyB BU3HAaUEHWN OUIBII BUTITHUNA MapIIpyT JOCTAaBKU BAHTAXy 3
[[Tanxaro B Ykpainy 4 nUIsIXaMu:

1. 3 ypaxysanusm HILII, To6To nepesesennst mopem no yiicOypry, a nami
3aJII3HUYHUMHA KomisiMu 10 Kuesa.
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besnocepennbo B Ykpainy uepes 3 nopru:

2. Mopcekuii nutsix Hlanxaii — Oneca, nani 3ami3HuaauM 10 Kuesa.

3. Mopcekuii nursix [lanxait — [TiBgennuit, nani 3amizanaaum 10 Kuesa.

4. Mopcekuit nuisax [lanxait — YopHOMOpCHK, fani 3aii3HuuHuM 10 Kuesa.

BusiBuiiocsi, 10 He NUBISYUCH Ha 301IBIICHHS Yacy JAOCTAaBKH Ta MPONAEHOTO
IUIAXY, BUTPATH BUSBUJINCS MiHIMAIbHI TIpPU TEPEBE3CHHI BAaHTAXy MOPCHKHUM
TPaHCTIOPTOM B 00X17 YKpaiHu, a MOTIM 3aili3HUYHUM 110 KueBa.

BianoBinHo, MoOXkeMO MiACYMyBaTH, IO PO3POOJIEHI MapuUIpyTH JAOCTABKU
BaHTaXy B KoHTeWHepax 3 Kurtaio B VYKpaiHy € €KOHOMIYHO e(pEeKTHMBHUMH 1
BUTITHUMHU JJI1 3alpOBA/DKEHHS B TPAHCIOPTHY CHCTEMY TIIepeBE3€Hb. Y4YacTh
Vkpainu B HoBomy IlloBkoBOMY MHIISIXy MOMKIIMBA, SIKII0O BYacHO OYIyTb
BIIPOBA/XKEHI1 3MIHHU.

Jliteparypa:

1. Ilpobnmemu Ta mnepcrnekTUBU €Bporeicbkoi 1HTerpamii  Ykpainu. O.
['onuapenko. https://jrnl.nau.edu.ua/index.php/IMV/article/viewFile/5915/6665

2. lllompo musixiB poO3BUTKY MYJIBTHMOJAIBHUX (KOMOIHOBAHMX) MEPEBE3ECHb B
VYkpaini. Anamituyna 3anvcka. HamioHanbHMI 1HCTUTYT CTPATETiuHUX JOCHIIKEHb.
http://niss.gov.ua/

3. Uentp TpaHcmopTHUX cTpaTerii. Mopcbki HOpPTH YKpaiHU 301TBIIMIN
KoHTeHHepooOopoT Ha 17% 3a 4 micsui 2020 poky.

4. Lentp tpancnoptHux ctpateriii. HoBuit IlloBkoBuit nuisx 1 Ykpaina: 5
KJIFOUOBUX NUTaHb. https://cfts.org.ua/spetsproekty/novyy shelkovyy put

5. lllomo nuisXiB poO3BUTKY MYJbTHUMOJAIBbHUX (KOMOIHOBAaHUX) MEpPEBE3EHb B
VYkpaini. AnaniTuyHa 3anvcka. HarioHanpHUN 1HCTUTYT CTPATETIYHUX JIOCTIKEHb.
http://niss.gov.ua/

Abstract. The article considers the advantages of creating and using transport corridors on
the territory of Ukraine and their inclusion in the international transport system. This process is
recognized as a priority national direction of development of the transport and road complex of
Ukraine. Ukraine's advantageous geographical position at the crossroads from Europe to Asia,
oversaturation of European transport hubs creates preconditions for integration of Ukraine's
transport network into the international transport system, and its powerful transport system and
infrastructure, scientific and educational environment make it potentially attractive for
international transport corridors.

Key words: container, transport corridors, intermodal transportation, transportation
organization, port, voyage, ship, cargo, container transportation, port costs, voyage costs, port
dues.
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