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About the journal

The International Scientific Periodical Journal "Modern Engineering and Innovative Technologies" has been published since
2017 and has gained considerable recognition among domestic and foreign researchers and scholars.

Periodicity of publication: Quarterly

The journal activity is driven by the following objectives:

e Broadcasting young researchers and scholars outcomes to wide scientific audience

e Fostering knowledge exchange in scientific community

e Promotion of the unification in scientific approach

e Creation of basis for innovation and new scientific approaches as well as discoveries in unknown domains
The journal purposefully acquaints the reader with the original research of authors in various fields of science, the best examples of
scientific journalism.
Publications of the journal are intended for a wide readership - all those who love science. The materials published in the journal
reflect current problems and affect the interests of the entire public.

Each article in the journal includes general information in English. The journal is registered in INDEXCOPERNICUS.
Sections of the Journal:

Library of Congress Classification Outline Sections
Subclass TJ/ TJ1-1570 Mechanical engineering and machinery
Subclass TK / TK1-9971 Electrical engineering.
Subclass TA /TA165 Engineering instruments, meters, etc. Industrial instrumentation
Subclass TK /TK5101-6720 Telecommunication
Subclass TK / TK1-9971 Electrical engineering. Electronics. Nuclear engineering
Subclass TN/ TN1-997 Mining engineering. Metallurgy
Subclass TS/ TS1950-1982, TS2120-2159 Animal products., Cereals and grain. Milling industry
Subclass TS/ TS1300-1865 Textile industries
Subclass TK / TK7800-8360 Electronics
Subclass T/ T55.4-60.8 Industrial engineering. Management engineering
Subclass T/ T351-385 Mechanical drawing. Engineering graphics
Subclass TA /TA1001-1280, Subclass TL / Transportation engineering, Motor vehicles. Cycles, Highway engineering. Roads
TL1-484, Subclass TE / TE1-450, Subclass TF / TF1-1620 and pavements, Railroad engineering and operation
Subclass TH / THI-9745 Building construction
Subclass T/ T55-55.3 Industrial safety. Industrial accident prevention

Innovative economics and management, Innovations in pedagogy, Innovative

Additional sections approaches in jurisprudence, Innovative philosophical views
R equirements for articles

Articles should correspond to the thematic profile of the journal, meet international standards of scientific publications and be
formalized in accordance with established rules. They should also be a presentation of the results of the original author's scientific
research, be inscribed in the context of domestic and foreign research on this topic, reflect the author's ability to freely navigate in the
existing bibliographic context on the problems involved and adequately apply the generally accepted methodology of setting and
solving scientific problems.

All texts should be written in literary language, edited and conform to the scientific style of speech. Incorrect selection and
unreliability of the facts, quotations, statistical and sociological data, names of own, geographical names and other information cited
by the authors can cause the rejection of the submitted material (including at the registration stage).

All tables and figures in the article should be numbered, have headings and links in the text. If the data is borrowed from another
source, a bibliographic reference should be given to it in the form of a note.

The title of the article, the full names of authors, educational institutions (except the main text language) should be presented in
English.

Articles should be accompanied by an annotation and key words in the language of the main text and must be in English. The abstract
should be made in the form of a short text that reveals the purpose and objectives of the work, its structure and main findings. The
abstract is an independent analytical text and should give an adequate idea of the research conducted without the need to refer to the
article. Abstract in English (Abstract) should be written in a competent academic language.

The presence of UDC, BBK

Acceptance of the material for consideration is not a guarantee of its publication. Registered articles are reviewed by the editorial
staff and, when formally and in substance, the requirements of the journal are sent to peer review, including through an open
discussion using the web resource www.sworld.education

Only previously unpublished materials can be posted in the journal.

R egulations on the ethics of publication of scientific data and its violations
The editors of the journal are aware of the fact that in the academic community there are quite widespread cases of violation of the
ethics of the publication of scientific research. As the most notable and egregious, one can single out plagiarism, the posting of
previously published materials, the misappropriation of the results of foreign scientific research, and falsification of data. We oppose
such practices.
The editors are convinced that violations of copyrights and moral norms are not only ethically unacceptable, but also serve as a
barrier to the development of scientific knowledge. Therefore, we believe that the fight against these phenomena should become the
goal and the result of joint efforts of our authors, editors, reviewers, readers and the entire academic community. We encourage all
stakeholders to cooperate and participate in the exchange of information in order to combat the violation of the ethics of publication
of scientific research.
For its part, the editors are ready to make every effort to identify and suppress such unacceptable practices. We promise to take
appropriate measures, as well as pay close attention to any information provided to us, which will indicate unethical behavior of one
or another author.
Detection of ethical violations entails refusal to publish. If it is revealed that the article contains outright slander, violates the law or
copyright rules, the editorial board considers itself obliged to remove it from the web resource and from the citation bases. Such
extreme measures can be applied only with maximum openness and publicity.
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Anomayia B xo0i docniodxcensb 610 6CMAHOBNIEHO, WO PO3GUHYMA NOBEPXHI CIMPYIHCKOBUX
4acmuHoK, bazamouucenvHi depexmu y U0l MAKpo- i MIKpOMPIWUH, po3ujenielb ma nop,
cneyugiynull Mikpopen'eg € cnpusmausumu nepedymosamu 0 ix noOpiOHeHHs.

Excnepumenmanvui  nanpayroeanns mMoOHKOI cmpyKmypu NnoKdzaau, wo 68 npoyeci
NOOPIOHEHHsT CIMPYIICKU 3d PAXYHOK 000AmMKO080I naacmuunoi degopmayii winbHicms OUCioKayitl i
BeUYUHA  MIKDOBUKDUBNEHb KPUCMANIYHOI 2pamKu  HOPOUIKOBUX YACMUHOK 30L1bULYEMBCAL.
Hocniooicenusn ghopmu i cmamny nogepxHi HA ONMUYHUX I PACMPOBUX MIKPOCKONAX HAOAIU HEOOXIOHY
iHhopMmayiro O NOACHEHHSA NPoYecis, AKi 8i00V8arOMbCs NPU NOOPIOHEHHT YACMUHOK.

Pezynomamu nokasanu, wo Mikpooocnioxcenns 30Hu pizanns 8 bpAXK 9-4 0ozeonuno
BUBHUUMU MEXAHI3M YMBOPEHHS MEeKCMYypU CIMPYKMYPHUX KOMNOHeHmMI8 anbgha-¢ghasu, esmekmoioy 6
cmpyckosux yacmunkax. L{e 003601uno nepedbauumu xapaxkmep 3mMiHu CmMpYKmypu OCMaHHIX npu
nooanbulomy noopiorneHHti. Ananiz xapaxmepy pyuHy8aHHs NOBEPXHI CMPYHICKU ANIOMIHIEBOT OPOH3U
8 npoyecax NoOpiOHeHHs 00360118 NIOMEepPOUMU YCNAOKYEAHHA MOPGHONIOIUHUX, CIMPYKMYPHUX |
DiB3UKO-XIMIUHUX 3AKOHOMIPHOCMEN OCIMAHHIX HOBOCMBOPEHUMU YACMUHKAMU HOPOUIKY.

Kniouosi cnoea: cmpysickogi uacmunky, moHke noOpPiOHeHHs, MOPGHONOSTUHI 61ACMUBOCHI,
antoMiniesa 6PoH3a, NPOKAMHUL KOMOALH.

Introduction

Improving the quality of printing and packaging products necessitates the use of
various technological processes at printing enterprises, as well as the use of
metallized materials to achieve the most popular effect among customers of the
metallic luster of printing products. This effect allows the printing of metallized inks
and bronzing. Metallic pigments used in bronzing are powders obtained using various
technologies [1-3]. Metal particles are relatively recently used in printing, but the
result makes itself felt [4—6]. If powder metallurgy occupies the first place by the
percentage of use and occupies 90 %, then only 1 % is used in the printing industry
[7]. This was enough to finish printing products to date. However, modern conditions
for the development of printing products require a significant expansion of the use of
metal powders to produce high-quality printing products. In addition, chip waste can
be used as metallic pigments. Aluminum bronze swarf are a morphologically
beneficial material for the production of powders and spend no energy on the
formation of chips. So, the object of research is the technology of practical
production of metal powders from chip waste of aluminum bronze with their
subsequent use as pigments for printing processes. And the aim of research is
analysis of the morphological features of the BrAG 9—4 aluminum bronze swarf and
determination of the possibilities for further use of the powder based on it in printing.
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Materials and methods

For researches, the lathe 1K62 (GOST 8-82N),BrAG 9-4 aluminum bronze bar
(GOST 18175-78, copper 83.4-90%, aluminum 8-10%, iron to 2-4%), rolling mill
(experimental production) were used. attritor for fine grinding (GOST 50563.4-93)
,vibrosite (experiential manufacturing) with sieves with diameters of cells 5 and 2mm
(GOST 3826-82), raster electron and optical microscopy methods( respectively,
GOST 8074-72, GOST 21006-75).

Features of the process of chips

Metal chips is a specific material, which is the product of cutting. This
specificity is based on the fact that chips on the one hand, imitates the structure and
properties of the output metal or alloy. On the other hand, the mechanism of shaving
is associated with destruction and is accompanied by a certain degree of plastic
deformation. In the layer that is cut, there is a complex system of stress: exficating,
stretching, compressing. The process of strengthening the material is due to the
dislocation structure of the cutting zone and is crossed on the path of motion of
dislocations: the boundaries of beans, non-metallic inclusions, particles of
strengthening phases. In general, the dislocation picture in the cutting area is
characterized by complexity. Localization of plastic deformation leads to uneven
distribution of dislocations not only in certain zones, but even in microvolumes —
individual elements of the cut layer. This is also due to the fact that the chips have a
final thickness; dislocation and other defects accumulate in it. When cutting fragile
materials, as well as at high cutting speeds, the preliminary deformation is small and
the main role belongs to the plastic deformation, which is localized directly at the
cutting edge of the tool. At the same time, deformation occurs when the material
comes into contact with the back surface of the tool. On the part of the incisor chips
has a smooth shiny surface, and on the opposite side — the shore of the stepped
structure. The formation of the microrelief of the inner surface is associated with the
release to the surface of mobile dislocations [9]. The height of the steps h with the
number of such dislocations n is equal to: h=b-n. For a height of 0.1 mm, a yield of
4-105 dislocations in one plane of sliding is sufficient. In Fig. 1. shown shaving zone
in bronze BrAZ 9-4.

Ao’ 5o
rAG 9-4

Fig. 1. Plastic deformation in the area of chips B

at a depth of cut 0.45 mm (x 100)
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Zones of plastic deformation in the separated element of chips, as well as in the
area ahead of and accompanying the deformation have a dark color. Microresearch
has shown that this is due to the high density of sliding planes, and accordingly
dislocations. The process increases with an increase in the depth of cut. The
preemptive strengthening zone of 1.03 — 1.45 mm is much greater than the depth of
the strengthened layer under the incisors 0.05 — 0.30 mm.

Characteristics of chips.

The degree of plastic deformation of structural components is not the same.
Sliding lines have a certain crystallographic orientation in different grains. Being in
its original state in the dispersion state (10 — 30 mm) and the disoriented zone of
plastic deformation, o — the phase is first pulled out in a plane normal to the direction
of movement of the incisor, and then returns in the direction of its movement. In this
case, the surface layer acquires a finier structure. The boundaries of the beans in the
deformation zone are partially or complete (Fig.2)

Fig. 2. Localization of plasticr deformation(x 500).

In chips there are many micro discontinuities that are localized mainly in the
area of peaks. These insinuities have the form of pores, microcracks and microlude.
The latter are most likely associated with the release of dislocations to the surface.
The presence of a developed surface and various defects is confirmed in the study of
microstructure.

ATTUT Y

) T

Fig. 3. The structure of the bronze hips BrAG 9-4(x350)
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Figure 3 shows the structure of bronze chips BrAG 9-4. The largest plastic
deformation is in place on the planes of sliding and in the volume of metal adjacent to
the front surface of the cutting tool.

Measurement of micro-hardness in different zones of chips BrAG 9-4 showed
that the metal changes significantly in the process of chip formation in comparison
with the initial cast rod.

Crushing aluminum bronze chips

For grinding chips of colored waste, the technology is used, which is given in
the form of a diagram in Fig.4.

It is proposed to carry out the technological process of processing waste of non-
ferrous metals as follows: coarse seeding of chips on vibrosits with cells of larger
diameter (5 mm)[9]. Vibrosite with an engine power of 1.5 kW is used for sowing
primary shaving waste to free up the inclusions of cardboard, wood, glass. Sifted
particles go for further processing in rolling mill, the design of which consists of
engine 1, gearbox 2, block of gears 3, frame 4, dosing unit for backing crushed
material 5, manual drive for adjusting the gap between the rolls 6, observation deck 7,
chills for unloading finished products 8 and lubricant remover.

Fig.4. Scheme of two-oval state for processing metal chips

Chips roll between rolls of rolling mill, after which in the form of porous tapes
enters the crusher (vertical atritor), where it is easily destroyed.. Crushed in a crusher
of soft grinding chips is sifting on vibrosits with cells with a diameter of 2 mm. Sifted
shaving particles are finished products, the remaining particles on the vibrosity again
enter the rolling state to obtain a smaller fraction. The reusability of such operations
makes it possible to obtain powder of very small fractions of 10... 30 microns with
minimal oxidation.

Being exposed to the shock of rotating parts of the bulls in the atritor, the chips
are divided into smaller elements, but if in the initial state they had a wedge-shaped
shape, then in the grinder due to co-contact and surface deformation of the vertex and
the ribs are crumpled, sharp profiles change to more rolled, sharp corners - on blunt
ones. The result is column-shaped particles with a cross section close to the
trapezoidal. Although the chips are plastically deformed, that is, a significantly
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strengthened material, dents are formed on the particle surface - areas with weakened
sections are formed. With subsequent blows in these zones, incapable of further
plastic deformation, the concentration of defects becomes marginal and fragile
destruction occurs due to the emerging micro and macro cracks. As a result, particles
are formed mainly in the form of an irregular quadrangle.

Since newly formed particles inherit all micro and macro effects of chips, and,
therefore, have lower strength, as a result of voltages, they collapse faster. But in
addition to defects that have their prehistory in the process of repeated load, new ones
arise. The most likely place for the origin of cracks are the surface layers on the verge
of a particle that collapses, with a squeezing body, that is, in places of greatest
scoring voltages. Moreover, this process is facilitated by existing surface defects in
the form of dislocations and micro disontinuities.

Stractural and morphological features of powder from crushed chips.

Microscopic studies have shown that in most cases in particles there is not one,
but many cracks that spread mainly zigzag, as a result of which they acquire a
splinter form. It should be noted that the powder obtained in the vibrator has a more
developed and micro essential surface compared to the powder from the attritor. The
microstructure of powder particles inherits the features of the structure of cast metal
and chips. However, the depth and degree of plastically deformed layers is greater.
The microhardness of the alpha phase in the surface layers of particles is 281-303 H,
in the central - 230 - 270 H. Compared to chips, the micro-hardness of structural
components during grinding increases by an average of 1.1-1.14 times, and in relation
to cast metal by 1 .4-1.6 times. There is no significant difference in the hardness of
powder particles obtained in the attritor and in the vibrator grinder.

Studies of the fine structure have shown that in the process of grinding chips due
to additional plastic deformation, the density of dislocations and the value of micro-
distortions of the crystal lattice of powder particles increases. The morphology of
particles at different stages of grinding aluminum bronze chips is given in Fig.5.

Fig.5. Particle morphology at different stages of crushing aluminum bronze
chips at rolling station. Raster image (a-c) 3-4 min. (x201)

The microstructure of powder particles to some extent imitates the peculiarities
of the structure of cast metal and chips. However, the depth of their plastically
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deformed layers and the degree of defamation is much greater (Fig. 6). The micro-o-
phase in the surface layers of particles is 2810 — 3030 MPa, in the central — 2300 —
2700 MPa, and the eutectoid in the same zones — respectively 2920 — 3470 MPa and
2600 — 3020 MPa. Compared to chips, the micro-hardening of structural components
during grinding increases by an average of 1.1 times, and in relation to cast metal —
by 1.4 — 1.6 times.

Fig. 6. Microstructure of powder particles obtained by shredding BrAG 9-4
a) in attritor (x500) b) in vibromill (x 500)
During grinding in the vibromill(b) the oxidation of the obtained powder is less
than attritor(a)

Conclusion

Due to the properties of the surface of shaving particles in the form of numerous
defects, there is a prospect of their further use as powders of certain fractions.
Features of rolling shaving particles consist of the fact that: firstly, they form a tape
of low strength, and secondly, it easily collapses in a regular atrium. The frequency of
such operations with the above sequences allows receiving powders of very small
fractions of 10-20 microns with minimal oxdation. Further research will aim to
produce smaller particles with a lower degree of oxidation with more of their optical
properties, as this directly affects the economic levers of printed products.
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Abstract During the research, it was found that the developed surface of chip particles,
numerous defects in the form of macro and microcracks, splitting and pores, a specific microreleph
are favorable prerequisites for their grinding. Experimental developments of a fine structure
showed that in the process of grinding chips due to additional plastic deformation, the density of
dislocations and the value of micro distortions of the crystal lattice of powder particles increases.
The use of a rolling combine with a set of vibrosit made it possible to use in the future fine grinding
of chips. Studies of the shape and condition of the surface on optical and raster microscopes
provided the necessary information to explain the processes that occur when chip grinding.

The result showed that the micro investigation of the shaving zone in BrAG 9-4 made it
possible to study the mechanism of texture of the structural components of the alpha phase, the
eutectoid in the formed chips. This made it possible to predict the nature of the change of the latter
during grinding. Analysis of the nature of the destruction of the surface of the chips of aluminum
bronze in the grinding processes allowed to confirm the inherition of morphological, structural and
physico chemical regularities of the latter by newly formed powder particles.

Kay words: chip particles, fine grinding, morphological properties, aluminum bronze, rolling
combine.
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APPLICATION OF WEAR-RESISTANT COATINGS TO INCREASE

RESOURCE OF WORKING BODIES OF GRINDING MACHINES
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Abstract. Intensive compaction of the soil, which is caused by the use of modern powerful
tractors with high weight and the presence of higher working speeds, and as a result reduces the
service life of tillage equipment. Difficult weather conditions cause an increase in the load on the
working bodies of tillage machines (plowshares, cultivator paws).

The article considers the problem of restoring the resource of the working bodies of tillage
machines by applying wear-resistant coatings. The types of wear and the impact of abrasive
materials on the working bodies of tillage machines are analyzed. Determined optimal materials
and methods to increase the wear resistance of the working bodies of tillage machines. Features of
formation of a metallization covering which is reflected in its structure and character of defects
which can differ in the sizes, density, morphology and orientation are considered. The dependence
of the properties of coatings on the alloying system of the material is substantiated. Equipment and
materials for coating are given.

Taking into account the received information, conclusions were made and the analysis of the
technology of applying wear-resistant coatings for the restoration of the resource of the working
bodies of tillage machines was carried out.

Key words: tillage equipment, maintenance, tillage, metallization, surfacing, flux - cored
wire, arc metallization, spraying.

Formulation of the problem

The annual need of Ukraine's agriculture in working bodies for plows and other
tillage machines is quite significant and cannot be estimated numerically. To
maintain the efficiency of agricultural machinery, a significant number of spare parts
are produced annually.

During tillage (plowing, cultivation) the energy intensity of the process
increases sharply due to blunting of the working bodies due to abrasive wear [3].

The working bodies of tillage machines are exposed to shock-abrasive nature of
wear, which occurs due to contact with soil particles and stones. Depreciation is
influenced by concomitant factors such as: mechanical composition of the soil;
humidity; hardness; material structure; pressure and speed of relative movement of
soil on a surface of working bodies of tillage machines.

Table 1 shows an approximate classification of the characteristics of the variety
of wear processes, which are the result of complex processes on the surface layer of
the metal during wear, differences in conditions and modes of operation of friction
pairs.

Abrasive wear is the main type of contact interaction during external friction.
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Abrasive wear is present during the work of connections of working bodies of
agricultural and other machines, which is the main factor that limits the technical
characteristics and resource of machines, mechanisms and equipment [4].

This type of wear accounts for 50 to 80% of failures of the working bodies of
machinery, including construction, road, transport, agricultural, livestock machinery
and feed production [3].

Table 1 - Classification of types of wear.

= Mechanical

— Abrasive

Hydroabrasive
oas abrasive

B Hydroerosion
(gas erosion)

m Cavitation

Fatigue

Prifreting

Adhesive

Corrosion-
mechanical

Oxidation

Abrasive particles such as quartz (HV 10.5-12.5 GPa) and feldspar (HV 6.5-7.2
GPa) are present in the soil. The presence of these minerals, based on sandy and
loamy soils, explains the rapid wear of working bodies. Figure 1, 2 shows the
characteristic wear profile of the working bodies of tillage machines.

Figure. 1 -uorking bodies of tillae machines [4].

The manufacture of working bodies of tillage machines (plowshares, cultivator
paws, harrow discs) should have increased requirements for the material, methods of
improving wear resistance, manufacturing technology [4-5].
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Abrasive wear is divided into four types:
1. destruction of material by cutting;
2. destruction of material by separation (brittle destruction);
3. destruction of the material by repeated deformation of the microvolumes of
the surface layer (tiring destruction);
4. polydeformation process of destruction of materials (joint manifestation of the
three above-mentioned destructions, including destruction as a result of re-
riveting) [3].
Humidity, mechanical structure of the soil, the speed of relative movement and
other factors affect the abrasive wear of the working bodies of tillage machines [3-6].

The abrasive content of the so-called quartz sand in the soil has the main effect
on the abrasive wear of the working bodies of tillage machines. In addition to
abrasive, which scratches or removes chips from the surface of the working bodies of
tillage machines, the rate of wear is affected by the moisture present in the soil, which
has a certain pH acidity. With increasing soil moisture and abrasive fraction (0.25 -
1.00 mm) the amount of wear increases by 25-50%.

Abrasive wear prevails over other types of wear, if the hardness of the abrasive

exceeds the hardness of the material of the working body of tillage machines.

Figure. 2 - The shape of the working body of the cultivator [4].

The purpose and objectives of the study

Restoration of the resource of working bodies of tillage machines due to the
application of wear-resistant coatings.

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

Analyze the types of wear and the impact of abrasive materials on the working
bodies of tillage machines;

Determine the optimal materials and methods to increase wear resistance;

Taking into account the received information, draw conclusions and analyze the
technology of applying wear-resistant coatings to increase the life of the working
bodies of tillage machines.

Materials and methods to increase wear resistance

Increasing the wear resistance of the working bodies of tillage machines in
agricultural engineering is due to:
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- use of wear-resistant material and multilayer rolled metal;
- development of constituent working bodies;

- heat and thermochemical treatment;

- surfacing and spraying of wear-resistant materials.

When choosing a method of hardening depending on the type of soil should take
into account not only technological and economic indicators, but also the need to
implement the effect of self-sharpening of working bodies.

The essence of the effect of self-sharpening is the selective wear of the
inhomogeneous cross-section of the blade, which retains the desired shape and
cutting properties of the working body [4,5-7].

The production of trapezoidal bimetallic ploughshare with a two-layer rolled
part of the blade made of steel H6F1 (lower layer) and L-53 (upper layer), allows to
increase the service life and provide a self-sharpening effect. These plowshares have
a longer service life, but to restore them requires the manufacture of specialized
equipment for processing metals by pressure [4].

One of the most common technological operations for hardening is heat
treatment. Due to heat treatment, the hardness of the metal for steel 45 is HRC 40-46,
and for steel 65G and alloy steels - HRC 55-61. Wear resistance of such working
bodies is less in comparison with the details made of special materials, but at
application of such working bodies on loamy soils self-sharpening is not observed
[6].

Wear of cultivator paws with induction hardening (width of the hardening layer
- 8-10 mm, HRC 48-52) for the season will be 30 mm, while not ensuring the quality
of processing [6].

The use of laser heat treatment to strengthen the working bodies 1.5 times
reduces wear compared to bulk hardening. Laser surfacing with PS-14-60 + 6% B4C
alloy reduces wear by 1.7-1.8 times compared to induction hardening [4].

It 1s possible to increase wear resistance of details of cars at the expense of a
surfacing.

Surfacing materials are self-protective flux-cored wires of the PP-AN170 type
(PP-AN170M), provide the formation of a welded layer with a hardness of HRC 60-
65.

Optimal wear resistance and self-sharpening is determined by adjusting the
geometry of the deposited layer (height, depth, surfacing step), as well as the ratio of
hardness of the deposited areas and the base metal in the range of 1.5: 1.0; 1.0: 1.0
[7].

Composite materials are mainly obtained by powder metallurgy. In addition,
there are other methods, such as the method of direct introduction of the filler into the
liquid metal or alloy before bottling. In the latter case, ultrasonic treatment of liquid
melt is used to clean grease and other contaminants, improve wetting of parts with
liquid metal and evenly place them in the matrix.

The use of composite materials (strong, plastic base - wear-resistant coating),
meets the criterion of "price-quality” and is the best for strengthening the working
bodies of tillage machines. In the manufacture of large batches of working bodies of
tillage machines, strengthening technologies must be used at the stage of
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manufacture. Technologies to increase the resource must meet certain requirements:
the type of production, be productive, economical and provide a given thickness and
durability of coatings.

The method of gas-thermal spraying allows to provide long service life of
working bodies, to reduce time of carrying out works on strengthening and to reduce
their cost.

The process of gas-thermal spraying is as follows: the material is sprayed in the
form of powder or wire is fed into the heating zone; the gas sprays the heated
particles and gives them acceleration in the axial direction; in the heating zone when
feeding the wire, the spray gas disperses the molten material, and it also performs the
function of heating; the particles entering the surface have a high collision velocity,
thus forming strong interatomic bonds and creating conditions for the adhesion of the
unfolded material by activating the surface contact [4-7].

Classification of methods of gas-thermal spraying by type of energy used and
heat source.

By type of energy are divided into:

v’ gas-electric, which use electricity:
v gas-flame methods, where thermal energy is generated by the combustion
of combustible gases.

The following types of heat sources are used to heat the sprayed material:

e arc;
e plasma;
e gas flame.

Spraying methods are divided into types:

arc metallization;
plasma spraying;
gas-flame spraying;
detonation-gas spraying.

The first two methods belong to gas-electric, the last - to gas-flame [4,5-7].

The energy utilization factor of the supplied energy, the utilization factor of the
sprayed metal, productivity, quality of coatings and the cost of their application
determines the effectiveness of gas-thermal spraying methods. The predominant
method of gas-thermal spraying in terms of thermal efficiency, productivity and cost
of coatings is arc metallization.

When using arc metallization, the share of energy supplied goes directly to the
heating and melting of the powder material, allows to increase the effective heating
efficiency up to 60%. Low heat losses are due to the physical characteristics of the
process.

The process of arc metallization occurs by spraying the wire into the arc burning
between it and the powder, which is transported by gas, and the formed particles are
accelerated and when they hit the surface form a coating. High thermal efficiency of
arc metallization is due to the direct transfer of energy from the arc to the wire. The
share of the introduced thermal energy from the arc going to the melting of the
powder material is 60-70%, which is 7-10 times more than for other methods of gas-
thermal spraying. Productivity of arc metallization is rather big - to 18 kg / h at steel

ISSN 2567-5273 17 www.moderntechno.de



Modern engineering and innovative technologies Issue 18 / Pari

sawing. The price of wire is 2-3 times cheaper than powders used for other methods
of gas-thermal spraying.

The level of strength depends on the volume composition of the hardening
phase, the uniformity of its placement, the degree of dispersion and location between
the particles. According to Orovan's formula, the shear resistance increases with
decreasing distance between the particles:

c=Gb/l (1)
where G 1s the shear modulus; b is the interatomic distance; 1 is the distance between
the particles.

Combustion of alloying elements in the applied material and saturation of
powder metal with gases from the atmosphere in the combustion zone of the arc are
physico-chemical features of the process of arc metallization, which makes it difficult
to obtain quality coatings. Equipment for the process of arc metallization is
characterized by a wide spray angle, up to 70 °, low 0.5-0.6, the utilization factor of
the metal, reducing the concentration of alloying elements and excessive oxides in the
coating.

Activated arc metallization equipment designed to eliminate these shortcomings,
which differs from the typical in that it uses combustion products (propane-air
mixture) as a gas conveyor [9].

Expensive nickel-based alloy powders are materials for the application of wear-
resistant coatings in plasma spraying and arc metallization [4]. For arc metallization,
economically alloyed Fe-Cr-B type iron-based flux-cored wires have become
widespread, which, unlike solid wires, make it easier to obtain wear-resistant coatings
of the required alloying system, which is necessary to vary the coating composition at
different wear modes.

Coatings of these flux-cored wires increase the wear resistance of steels by 2-5
times and make the method of arc metallization predominant when sprayed on the
working bodies of agricultural machinery [5].

The greatest danger is wear on the mechanism of internal friction, with high
contact loads and the presence of shocks. For coatings, it is probably due to the
occurrence and development of microcracks in oxide films. Oxide films and even
larger pores can contribute to the exfoliation of metal by the mechanism of internal
friction, increasing the rate of mechanical wear of the metal coating.

Therefore, it is necessary to consider the peculiarities of the formation of
metallic coatings and methods of improving the technology of their application, to
ensure wear resistance of coatings during impact and abrasive wear, typical of
operating conditions of working bodies of tillage machines [4, 8].

The main results of the study

The metallization coating is formed from layered elements formed by high-
speed impact on a cold surface, which subsequently leads to solidification of the
particles. The particles melt to a plastic state and are evenly distributed on the
surface. The contact of the particles with each other occurs after their engagement on
an uneven surface.

During spraying, the particles are oxidized, which leads to the formation of an
oxide film, which enters the coating. Oxide film falling on the coating has a negative

ISSN 2567-5273 18 www.moderntechno.de



Modern engineering and innovative technologies Issue 18 / Part 1

effect on it:
1. prevents the diffusion of particles;
2. reduces the strength of adhesion;
3. reduces the hardness of the coating.

On the last sprayed layer the fraction in the form of dust of the molten material
or its oxides and adsorption of gases will be put.

High velocity during spraying leads to spreading and crystallization of particles
in contact with the previously applied surface, which causes defects, cavities,
microcavities filled with gas.

Overheating of particles leads to their evaporation and settling in the vapor
phase [5, 9].

Formation of the resulting coatings, which are formed from unmelted particles,
oxides, pores, thin plates connected to each other or welded areas, or by "setting"
formed during crystallization and curing.

The coating has a lower strength and density than the base material, because the
welded areas do not fill the entire contact area between the applied particles.

In the seed coating there are boundaries between layers and particles, which
determine the strength of adhesion between the coating and the substrate:

1. cohesion;
2. layered boundaries;
3. the boundary between the layer and the particles. [4-9].

The adhesive strength of the coating can be determined by the following
mechanisms:

- mechanical adhesion of the applied parts to the surface of the substrate or with
pre-deposited particles;

- activation energy, when the heat from the applied particle will be enough to
form the required amount of heat on the surface of the material or pre-applied particle
for diffusion of mutual remelting. This will cause the presence of chemical reactions
in the area of the particle and the substrate, ie the metallurgical bond;

- the presence of van der Waltz forces, when the physical interaction between
the particles and the base is formed as a result of the convergence of atoms at a
distance of the order of the size of atoms.

Summarizing the different estimates of the contribution of each type of
connection, we can conclude that usually the share of metallurgical connection is
small, otherwise the resistance to rupture of the coating is close to that of the source
material [6-9].

Thus, the processes occurring in the two-phase flow affect the properties of the
coatings and the features that determine the sprayed material will be:

- change in the composition of the particles of the sprayed material in

interaction with the environment;

- high rate of crystallization and deformation upon impact of particles;

- the nature of the contacts between the particles in the coating.

The strength of the coating is ensured by adhesion and is characterized by the
following mechanisms:

- the applied parts of the mine must be in mechanical adhesion to the surface of
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the substrate or with a pre-deposited layer;

- the presence of a metallurgical bond indicates the presence of chemical
reactions in the area of the particle and the substrate, which leads to the diffusion of
mutual remelting;

- physical interaction between particles and the base as a result of the
convergence of atoms at a distance of the order of the size of atoms, indicates the
presence of van der Waltz forces in this process.

The properties of the applied coating are influenced by the processes occurring
in the two-phase flow. The features of the sprayed material include: the ability to
change the composition of particles when interacting with the environment; at impact
of particles there is a fast crystallization and deformation; the nature of the contacts
between the particles in the coating.

The structure and nature of defects reflects the peculiarities of the formation of
the metallization coating and differs in size, density, morphology and orientation.

In the study of metallization coating on the example of steel 30X13 descriptive
composition of the sprayed layer. It has very thin alternately arranged wavy layers of
white and gray-blue, which are hardened metal and oxides. The presence of metal and
oxides indicates the presence of areas of mixed structure. Individual metal particles
have a more rounded shape and globular, in turn, the pores have a globular and disc-
shaped [10].

Insufficient layer-by-layer wetting of the droplets is the cause of the formation
of disc-shaped pores that form between the layers. Globular pores occur as a result of
insufficient filling of the hardening layer.

Etching of the samples made it possible to detect the rate of development, on
thin layers of metal development occurred faster than in thicker layers and large
particles. The high content of chromium in the structural components causes poor
digestion compared to light areas.

Layer-by-layer chemical analysis of coatings sprayed with a DM apparatus
showed that the content of elements is almost the same in the depth of the sprayed
layer, but in the spraying process they burn out compared to the original content [10].

To determine the influence of the composition of the atmosphere of the transport
gas on the peculiarities of the formation of the metallization coating, samples were
taken using different metallization options. The serial device EM-14 became the basis
for comparison. The ADM-10 apparatus uses the products of combustion of the
propane-air mixture for spraying.

Assuming that the rounded metal particles got into the coating already in the
cured state, with a particle size of less than 30 pm. Therefore, the coatings obtained
by spraying in air have a rough inhomogeneous structure with elongated pores and
large particles.

The use of propane-air medium made it possible to obtain a coating with a
thinner structure, pores and voids are much smaller and they are smaller. The
structure has a small amount of oxides, and oxide films are thinner. Therefore, when
using an ADM device using propane-air environment, the resulting coatings are
better.
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Studies using a reducing atmosphere obtained with the use of propane-air
environment have shown that the microhardness of coatings is much higher. There is
a decrease in the porosity of the coatings and increase the microhardness in the
various structural components is 6-12%. The increase in the porosity of the coatings,
the increase in the number and size of the oxide layers, is due to the oxygen contained
in the transport gas. Increasing the porosity reduces the cohesive strength, because
the pores are voids with zero strength.

Physico-chemical features of the DM process are associated with the difficulty
of obtaining quality coatings. This is due to the combustion of alloying elements in
the applied material, and the saturation of the powder metal with gases from the
atmosphere in the combustion zone of the arc. Typical DM equipment is
characterized by a wide spray angle, up to 70 °, low, 0.5-0.6, the utilization factor of
the metal, reducing the concentration of alloying elements and excessive oxides in the
coating.

To eliminate these shortcomings, activated arc metallization (ADM) equipment
has been developed, which differs from the typical one in that combustion products
(propane-air mixture) are used as a gas conveyor. In ADM devices, the spray angle is
10 degrees, the utilization factor of the material reaches 85%, particle velocity - 140-
200 m / s, the degree of oxidation of the steel coating - 2.1-2.9%, porosity - 2%. On
average, the level of parameters is 40% higher in comparison with both domestic and
foreign DM installations [7, 25-26].

Expensive nickel-based alloy powders are used as materials for the application
of wear-resistant coatings in PN and DP [6]. Economically doped Fe-Cr-B iron-based
flux-cored flux-cored wires (DM) have become widespread for DM, which, unlike
solid wires (SP), makes it easier to obtain wear-resistant coatings of the required
alloying system, which is necessary to vary the coating composition in different
modes. wear. Coatings from the specified PP [7, 25-26] provide increase in wear
resistance of steels in 2-5 times and advantages of DM at spraying on working bodies
of agricultural machines.

It should be noted that at high contact loads and the presence of shocks the
greatest danger is wear on the mechanism of internal friction. For coatings, it is
probably due to the occurrence and development of microcracks in oxide films.
Oxide films and even larger pores can contribute to the exfoliation of metal by the
mechanism of internal friction, increasing the rate of mechanical wear of the metal
coating. Oxide films formed during spraying play a dual role. On the one hand, it is
one of the hardest components of the coating structure, its microhardness is 5-6 GPa.
On the other hand, oxides are a fragile part of the structure, characterized by low
adhesion to other components. Therefore, for each type of coating there is an area of
optimal oxide content. Taking into account the above, it is necessary to consider the
peculiarities of the formation of metallic coatings and methods of improving the
technology of their application, to ensure wear resistance of coatings during impact
and abrasive wear, typical of operating conditions of tillage machines [6-9].

Comparing the coating sprayed with EM-14 without the use of a restorative
atmosphere with the coating applied by ADM-10, it was found that the resistance of
coatings and impact abrasion increases several times with decreasing oxidation of
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droplets, and as a result - oxidation of the coating.

Tests of materials 10HGSA, 45G, SOHFA, 30X13 showed that the coating of
steel 30X13 has the best results: wear resistance is 2-5 times higher than coatings of
other materials; there is a released martensite and structural transformations in it will
be accompanied by compressive stresses favorable for operating loads.

Subsequently, a sample of active arc metallization coatings made of 30X13 solid
wire was adopted as a reference for testing the wear resistance of coatings.

Therefore, to improve the properties of coatings, it is necessary to create a
protective atmosphere, especially in the combustion zone of the arc, as well as
alloying of powder metal elements - deoxidizers, this will reduce the amount of oxide
film on the particle surface [4,8-9].

Dependence of coating properties on the material alloying system

The choice of the doping system of the sprayed material, through the simulation
of the process of oxygen supply to the sprayed particles makes it possible to obtain
the required amount of oxides in the metallization coating and the required indicators
of its properties. Technological parameters of arc metallization should be optimized
according to an independent criterion that determines the performance of coatings
during operation. The adhesive strength of coatings is a criterion in the conditions of
impact and abrasive wear, which shows their ability to resist peeling from the base.

When estimating the dependence of the properties of coatings on the
composition of the sprayed material, the model of particle oxidation in arc
metallization, presented in [4, 9-10].

The works describe the process of arc metallization, consisting of three zones,
which differ in the interaction of the sprayed metal with oxygen in each zone. The
first stage describes the behavior of the metal at the end of the electrode. The second
stage characterizes the metal in the combustion zone of the arc. The third stage
describes the flight of drops over the spraying distance.

Equipment and materials for coating

Installation of active arc metallization ADM-10, designed for wear-resistant and
anti-corrosion coatings of wire materials by thermal spraying. The installation is
operated in the conditions for which the products are designed in category 3, in
accordance with GOST 15150-69.

The installation works from a three-phase alternating current network with a
voltage of 380/220 V, frequency 50 Hz. The operation requires the presence of
compressed air, propane, and welding power supply with a rigid characteristic of
VDU-506.

The process of melting wires with an electric arc and spraying molten metal
with a high-speed jet of transport gas is the basis of the installation.

The installation works as follows:

1. voltage is applied to two wires that act as electrodes;

2. wires at a constant speed enter the spray head of the metallizer, where as a
result of the convergence between them there is an electric arc and melting;

3. transport gas (compressed air and propane) blows the particles of molten
metal from the ends of the wires, picks them up, accelerates to high speed and
provides delivery to the surface of the workpiece.
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When spraying PP in typical modes, the alloying elements burn out and saturate
the metal sprayed with oxygen from the atmosphere. The diversity and complex
nature of the relationship of parameters that determine the possibility of obtaining
high-quality coatings, make it appropriate to use the method of experiment planning
[9,10]. Using the method of experiment planning, it is possible to investigate the
influence of technological parameters of ADM on the properties of metallic coatings
with PP and perform their optimization.

To perform the installation work requires a summary:

 compressed air;
* propane;
* voltage from the welding power supply.

In the study of coatings were used: solid wire brand 30X13 FeC-Cr doping
system and flux cored wire of the base Fe-Cr-B doping system of different brands:
45X13P10CI Fe-Cr-B-C-Y doping system; 40X18P10CS5I alloying system Fe-Cr-B-
Si-Y; 40X18P5HO5CI alloying system Fe-CrB-Al-Y with a diameter of 2.0 mm (table
2).

a 0
Figure. 3. - General view of the metallizer: a - metallizer device; b - installation in
operation; worm reducer - 1; electric motor - 1; bracket of the mechanism of pressing
of rollers - 23 levers - 3; front and rear guides - 4; crankcase tray - 55 power lines -
6; handle - 7; spray head - 8; plate - 95 feed rollers - 105 crane - 115 clamping rollers
- 12; springs - 135 nuts - 14; levers - 15 [10].

Table 2 - Estimated chemical composition of the wires used.

Brand of wires Mass fraction of elements, %
C Cr |B]| Al Si Y Fe
CIT30X13 0,16-0,25 | 12-14 | - | - | [100,6| - Basic
ITJT 45X13P5CI 0,6 13 510,2 1 1 Basic
ITJ1 20X11P5CS5I 0,2 11 5102 4,5 1 Basic
I1]1 20X 11P5FO3CI 0,2 11 513 1 1 Basic

During the process of arc metallization using the ADM-10 installation, auxiliary
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equipment was used:

 cassettes with electrode wire;

« device for installing cassettes, which eliminates the possibility of touching the

wires when unwinding to avoid short circuits:

» compressed air network;

 propane network (cylinder).

The coating was sprayed on the surface of plates made of steel 40 according to
GOST 1050-88, the thickness of the coating is 2.5 mm. Surface preparation of
samples for coating was carried out in accordance with GOST 9.304.

Before spraying the surface of the plates was degreased with acetone according
to GOST 2768-84. The surface was blown with compressed air and jet-abrasive
treatment. The air temperature during the preparation of the surface for spraying was
carried out was not lower than plus 5 © C in order to exclude moisture condensation
on the samples.

The coating was applied no later than 2 hours after jet-abrasive treatment using
the installation of activated arc metallization ADM-10.

The samples for research were cut on an EDM CHARMILLES CUT 20 EDM
machine from plates with sprayed activated arc metallization coating.

Preparation of micro- and macro-sections of samples for research of structure,
physical-mechanical and operational properties of samples of coverings was carried
out with use of nitric acid (HNO3) - GOST 4461-77, ethyl technical alcohol
(C2H50H) - GOST 18300-87, distilled water (H20). GOST 6709, paste GOI Ne 2
(TU 6-18-36) and diamond paste NOM 60/40 (GOST 25593).

Results of optimization of arc metallization modes

Tables 3 and 4 show the results of determining the modes of arc metallization by
planning an experiment on the criterion of maximum adhesive strength of flux coated
wire coatings 20H11R5Yu3SI, which determines their ability to resist peeling under
operating conditions of the working bodies of tillage machines.

Table 3 - Estimation of statistical significance of coefficients *.

Factors Beta t(3) p — level
I,A 0,55 8,78 0,005
U,B 0,07 1,38 0,287
T, MM 0,73 12,59 0,002
S, MM -0,4 -5,05 0,018

* Beta - regression coefficient, p - level of significance, t - Student's criterion.

The linear regression equation is adequate to the experimental data according to
Fisher's test. All coefficients of the regression equation, except for the determining
influence of the arc voltage, are statistically significant according to the Student's t-
test for a given p-level of significance.
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Table 4 - Assessment of the adequacy of the linear model *

Factor SS cc MS F p

I, A 90,64 1 89,06 78,06 0,004
U,B 2,18 1 2,14 1,84 0,267
T, MM 184,16 1 184,16 159,45 0,001
S, MM 28,95 1 29,95 25,20 0,015
Error 3,46 3 1,16

Total SS 308,33

*8S - the sum of squares; cc - degree of freedom; MS - root mean square;
F - Fisher's test, p - level of significance.

The dependence of the adhesive strength of the coating on the parameters of DM
can be estimated by the results of regression analysis:

vy =0,52x; +0,74x5; — 0,34x, (2)

where x; is the arc current, A; X3 - coating thickness, mm; x4 - spray distance, mm
The obtained results were performed using surface graphs (Fig. 4 and 5).
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Figure 4. - Graph of the surface for the factors of arc current and coating
thickness.
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Figure 5. - Graph of the surface for the factors of arc current and spray
distance.
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Analysis of these data allows us to conclude that the adhesion of metallic
coatings increases with increasing thickness, arc current, as well as reducing the
spraying distance (in order to reduce the effect of factors), the effect of arc voltage is
statistically significant.

In DM, an increase in the arc current leads to an increase in particle temperature,
the development of interaction in the contact "particle-substrate" and increase the
adhesive strength of the coating. Increasing the arc voltage, despite the increase in
particle temperature, leads to a decrease in the utilization rate of the metal particles
and its burnout by increasing the arc length [4], which probably causes little effect of
this factor on the adhesion of the metal coating. The regularities obtained in this work
coincide with the data of other authors [3, 4]. In DM, the specific energy expended on
melting, overheating and evaporation of the metal, with increasing arc power
increases, and therefore increases the temperature of the sprayed particles. Increasing
the temperature of the sprayed particles in turn leads to increased adhesion strength,
density and surface development of the resulting coatings.

When choosing the mode, you should strive for the minimum values of arc
voltage without violating the stability of the process, and the power required to
overheat the sprayed particles to set by changing the current [7].

To optimize the technological parameters of arc metallization by the criterion of
maximum strength of sprayed coatings used the method of steep ascent, table 4 [7].

As a result, the optimal parameters of arc metallization of powder wire coatings
20X11P5HKO3CI were determined: 1 =320 £ 15 A; U=34+1.5B; S=0.7 £ 0.05
mm; L = 95 £ 5 mm, this metallization coating was the most durable, so it can be
stated that it has the highest adhesive strength.

Table S - Optimization of arc metallization modes by steep ascent.

_y Factor
Characteristic X, A X3, MM X4, MM
Zero level x;, 300 0,8 100
Variation interval Ax; 50 0,2 25
Coefficient b; 0,54 0,75 -0,30
The product b; Ax; 27 0,15 7,5
Step h, when changing the base factorx; na 10 | 10 0,054 2,778
Rounding the variation step 10 0,05 2,8
State variable Steep growth
y 310 0,65 97,2
36,97 310 0,65 97,2
42,76 320 0,7 94,4
31,18 330 0,75 91,6
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The results of experimental studies

The obtained metallization coatings (Figure 7) have a lamellar-porous structure
characteristic of gas-thermal spraying methods, where light areas are a metal base
formed from droplets of molten metal, and dark ones are a layer of oxides formed by
oxidation of droplets at the spraying distance. The coatings are characterized by a
significant uneven alloy of individual sprayed particles with each other. Probably, the
microheterogeneity of the coating structure is due to the presence of refractory boron-
containing components in the PP.

l ,‘“'., -f.-‘-

30

a) b) c)
Figure. 6. - Structure on cross sections of coatings:
a - flux-cored wire 45X13P5CI; b - flux-cored wire 20X11P5C51; in - flux-cored wire
20X11P5FO3CI 1 - oxide films; 2 - metal.

Coatings made of flux-cored wire 20X11P5KO3CI (Figure 6, c) have less
microheterogeneity, their structure is thinner, less oxide films, and they are smaller,
which is probably due to the lower degree of oxidation of the coatings.

PC: 4 View field: 452.4 pm 100 pm ”
Det: SE Detector  SM: RESOLUTION mmm‘

Figure 7. - Microstructure of the coating with flux-cored wire 20X11P5FO3CI:
A, B, C - areas of the microstructure with different composition.

It was previously noted that oxide films promote the exfoliation of metal by the
mechanism of internal friction, increasing the rate of mechanical wear of the coating.
Favorable microstructure of the coating of flux-cored wire 20H11R5Yu3SI with a
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minimum amount of oxide films in the end may cause high performance of its
physical and mechanical and operational properties.

According to the results of determining the porosity of the coating of flux-cored
wire 45H13R5SI maximum pore size is 24.2 pm, minimum - 1.2 pm, while the
number of pores up to 10 pum is estimated at 92.8%, the area of these pores is 69.7%,
volume - 46.7% (table 6).

Table 6 - Distribution of coating time with flux-cored wire 45X13P5CI by size,
area and volume.

D, MKM 0,-2 2-4 4-6 6-8 8-10 )
n,% 30,0 43,5 12,0 4,4 1,8 91,7
A% 5,4 22,6 19,8 13,12 9,8 70,72
V., % 1,12 8,3 12,92 12,4 11,56 46,3

Table 7 - Distribution of coating time with flux-cored wire 20H11RSSSI by size,

area and volume.

D, MKM 0,-2 2-4 4-6 6-8 8-10 2
n,% 30,2 42,5 12,8 5,5 2,3 93,3
A% 5 20,8 17,9 14,8 11,8 70,3
V. % 1,01 8,5 11,75 13,8 14,1 49,16

The coating with PP 20X11P5SKO3CI differs in the greatest uniformity of
distribution of microhardness on thickness that is explained by uniform distribution
of strengthening phases in firm solution and smaller degree of oxidation that leads to
decrease in thickness of an oxide layer. Boron components in the coating cause high
hardness, which is one of the main factors affecting wear resistance. As a result of
determining the wear resistance of the fixed abrasive it was found that the greatest
weight loss are coatings with PP 45H13R5SI, and the smallest - coatings with PP
20H11R5Yu3SI, while the wear resistance of coatings with PP 20H11R5Yu3SI is
3.58 times higher than the wear resistance of coatings with SP 20X13 and times
higher than 28MnB35 steel samples.

Table 8 - The number of pores up to 10 pm.

D,vmxMm | 0,-2 2-4 4-6 6-8 8-10 z

n,% 31,8 43,9 13,5 5,7 2,8 97,7

A, % 5,3 21,7 18,9 159 12,7 74,5

V,% 1,15 8,8 12,7 14 13,9 50,55
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For the coating of flux-cored wire 20H11R5S5I the maximum pore size is 27.7
um, the minimum - 1.2 pm, while the number of pores up to 10 um is estimated at
92.5%, the area of these pores is 69.4%, the volume - 47 .9% (table 7). For the
coating of flux-cored wire 20X11P5HO3CI the maximum pore size is 28.3 pm, the
minimum - 0.5 um, while the number of pores up to 10 um is estimated at 96.2%, the
area of these pores is 72.2%, the volume - 49 , 8% (table 8).

The number of large pores with sizes larger than 10 pm for coatings of flux-
cored wire 45X13P5CI, 20X11P5C51, 20X11P5KO3CI 1s estimated at 2.2; 2.5 and
2.6%, which suggests their insignificant role in reducing the resistance of coatings to
impact and abrasion. fine-porous structure of coatings indicates the stability of the
process of spraying flux-cored wire. The lowest porosity is in the coating with flux-
cored wire 20X11P5FO3CI (2.8%), and the highest - in the coating with flux-cored
wire 45X13P5CI (3.5%).

Conclusions

Thus, the introduction of gas-thermal spraying technology to strengthen the
working bodies of tillage machines, allows to reveal the influence of the composition
of sprayed materials and modes of their application on the process of spraying
oxidation coatings, which determines their physicomechanical and operational
properties, in particular work of working bodies of tillage machines.

During the study, it was found that the dependence of physical and mechanical
and operational properties of metallic coatings of flux-cored wires from their alloying
system. The microhardness of 20X11R5Yu3ClI flux coated coatings is 1.35 times
higher on average, the porosity is 1.45 times lower, and the wear resistance is 1.15
times higher than for 60X13P5CI flux coated coatings. Metallographic studies have
shown that the structures of metallization coatings of flux-cored wires 60X13P5CI,
20X11P5C5I, 20X11PSHKO3CI differ.

Operational studies of loosening paws coated with flux-cored wire
20X11P5HO3CI showed that the relative wear resistance of reinforced plowshares
was 2.18-2.66 times, for double-sided bit - 1.97-2.45 times relative to the serial, due
to high physical performance -mechanical and operational properties of metallic
coatings. The technological process of arc metallization of wear-resistant coatings of
flux-cored wire 20X11P5IO3CI has been developed, which allows to increase the
wear resistance of working surfaces by loosening cultivator legs and their resource by
1.8 times.
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Anomauia. I[nmencusne ywjinvHeHHs IPYHMY, WO CAPUYUHEHE 3ACMOCYBAHHAM  CYYACHUX
NOMYIHCHUX MPAKMOPIG I3 8ENUKOIO 802010 MA HASABHICMIO ) HUX OLIbWUX POOOUUX WeUIKOoCmel, |
K HACTMIOOK 3MEHULYEMbC MepMiH eKcnayamayii 1pyHmooopoonoi mexuiku. CKIAOHI Nno20OHI
VYMOBU BUKIUKAIOMb 30INbUIEHHS HABAHMANCEHH HA pOOOYI OpeaHu IPYHMOOOPOOHUX MAUUH
(nemiwi nayea, Ky1bmueamopHi 1ant).

Y cmammi  poszensioaemvcsi  npobnema  8iOHOGNEHHS — pecypcy — poOOuuUX — Opeawis
IPYHMOOOPOOHUX MAWUH 30 PAXYHOK HAHECEHHAM 3HOCOCMIUKUX nokpums. IIpoananizosano euou
3HOWLY8AHHA mMa 6NIUE AOpPA3UBHUX Mamepianié Ha poboui opanu IPYHMOOOPOOHUX MAULUH.
Busnauunni onmumanehi mamepianu ma memoou nio8UUIeHHST 3HOCOCMIUKOCMI poOOUUX Op2aHie
IPYHMOOOpOoOHUX MawiuH. Pozensnymo ocobaueocmi ¢opmyeanus memanizayiiiho2o NOKpUumms,
Wo 8i000padcacmvcsl 8 U020 CMpPYKmMypi ma xapakxmep O0e@exmis, siKi MONCYMb GiOPI3HAMUCS 3d
posmipamu, winbHocmi, mopghonoecii i opienmayii. OOIPYHMOBAHHO 3ANEHCHICMb B1ACMUBOCHENU
nokpummia 6i0 cucmemu Jnecysanus mamepiany. Hasedenno ycmamxysanns i mamepianu 0.4
HAHeCeHHsl NOKPUMMIB.

3 epaxyeannam ompumarnoi iH¢opmayii, 3poONEHHI SUCHOBKU MA NPOGeOeHUll aHAli3
MEeXHON02I] HAHeCeHHs 3HOCOCMIUKUX NOKpumb OJisl BIOHOGNEHHS pecypcy poOouYuUx op2aHie
IPYHMOOOPOOHUX MAWUH.

Knrouosi cnosa: tpynmooopoona mexHixa, mexmiune 00CIY208Y8aHHA, 0OPOOIMOK IPYHMY,
Memanizayis, HanIaeKa, NOPOUKOSUL Opim, 0y208d Memanizayis, HanuieHHs.

Cratpsa otnpasnena: 10.12.2021 r.
[Tanaguituyk 10.b., Tenarauk N.A.

ISSN 2567-5273 30 www.moderntechno.de



Modern engineering and innovative technologies Issue 18 / Part 1 (\§

http://www.moderntechno.de/index.php/meit/article/view/meit18-01-078
DOI: 10.30890/2567-5273.2021-18-01-078

V]IK 004.2
ISSUES OF IMPROVING THE AIR-GAS CONTROL QUALITY AT COAL

ENTERPRISES OF UKRAINE
INUTAHHSA NIABAUIIEHHSA AKOCTI AEPOT'A30BOI'O KOHTPOJIIO
HA BYT'JIBHUX ONIJMIPUEMCTBAX YKPATHU
Smirnov A. M. / CmipHoB A. M.
Ph.D, Senior Researcher / kano. mex. H., cm. H. Chigp.
ORCID: 0000-0003-2827-521X
Mineev S. P/ Minees C.I1.
D.Sc., Professor / 0okm. mex. H., npog.
ORCID: 0000-0000-0000-0000
Motronenko D.V./ Motponenko /I.B.
Jjunior researcher / mon. . cnisp.
Institute of Geotechnical Mechanics named by N. Poljakov
of National Academy of Sciences of Ukraine (IGTM, NASU),
Dnipro, 24 Simferopolska St., 49005
Incmumym eceomexniunoi mexanixu im. M.C. [lonakosea HAH Yxpainwi,
m. [[ninpo, eya. Cumgpepononvcora 24, 49005
Makarenko R.V./Makapenko P.B.
Deputy Chief Engineer / 3acT. TOJ. iH)XeHEpa
Mine Management Heroes of Space PJSC "DTEK PAVLOGRADVUGIL",
Pavilograd, Shahtars'ka 10, 51453
Hlaxmoynpaeninns im. I'epoie Kocmocy YAO «{TEK ITABJIOTI'PA/[BYITT/I/IA»,
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AHnomauin. Y cmammi pos3enaHymo RUMAaHHA w000 HNOKPAWeHHs pobomu cucmem
aepoeazoso20 koumponio (AI'K) na eyeinbnux nionpuemcmeax Ykpainu. Buseneno gpaxmopu, wo
BU3HAYAIOMb  AEPO2A306UL CMAH YV BY2ILIbHUX WAXMAX, Ma 6CMAHOBNEHO, W0 OCHOGHUM
mexHono2iuHUM hakmopom € skicmv npoekmy cucmemu AI'K i pieens il excniyamayii 6 peanvHux
ymogax. Ilpoananizogano okpemi HeOONIKU, 3aANPONOHOBAHO MemoOu i pO3POONEHO MeXHIYHI
piwenns ona nokpawents pooomu cucmem AI'K. Ilposedeno ananiz icnyrouoi Hopmamueroi 6asu 6
Vkpaini, wo peeynioe npoexmysanns ma excniyamayito cucmem AI'K na 8yeinvHux
nionpuemcmeax. 3pobaeHo BUCHOBKU w000 HeobXiOoHocmi molepHizayii cucmem AI'K ma
CMBOPEHHSI HOB020 HOPMAMUBHO20 OOKYMEeHmMA 3 npoekmysanus ma excniyamayii cucmem ALK y
BY2LIbHUX Waxmax.

Kniouosi cnosa: eycinbna waxma, memat, aepoeazo8uti KOHMpPOIb, OAMYUK, HOPMAMUGHI
O0OKyMeHmu.

Berym.

Aepora3oBuii KOHTPOJb B IMAXTHUX BHPOOKaX - OJIHA 3 HAWBAKIUBIIINAX
CKJIaJI0oBUX Oe3MeKku poOiT, M0 BUKOHYIOTBCS B CyYaCHHX BYTUIBHHMX IIaxTax
VYkpainu. Ilpu po3poOui BYrulbHHX POJOBUII OJHUM 3 OCHOBHUX (aKTOpIB, IIO
YCKJIaIHIOIOTh BUAOOYTOK BYTULIS, € MiJABUILIEHUN BMICT METaHy, MUY Ta 1HIIUX
HeOe3MeuyHnX 1 MIKIMBUX Ta3iB B PYAHUYHOI aTMocdepi, MO MiJBUILYE PHU3UK
BUHUKHEHHSI HEIACHUX BUMAJKIB, MOB'I3aHUX 3 BUOyXaMU MeETaHy, MOXKEKaMHU,
reoIMHAMIYHUMM SIBUILIAMH, Ta 1HITMX HEOE3MEUHUX CUTYAaIlIN.

Kaptuna aeporazoBoro crany (AI'C) BHIMKOBOI [IJIBHUIl XapaKTEPU3YE
MOTOYHUI CTaH 00'€KTa 3a CYKYMHICTIO HOro aepora3oBHX NapameTpiB (IIPOLIEHTHUM
BMICT M€TaHy, MWy Ta IHIIMX WIKIJJUBUX Ta3iB B PYJHUYHINA atMocdepi, BUTpaATH
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MOBITPsI, BUTpPATH METaHY Ta 1H.), MOBEIIHKA SKUX BCTAHOBIIIOETHCSA IO BUMIpax
BUTpAT MOBITPS 1 KOHIIEHTPAIIiil METaHy 1 1HIIKX Ta31B B MICLAX YCTAaHOBKHU JaTYMKIB.
Kaptuna AI'C onucye cran 06'ekTa Ha I€IKOMY eTari Horo poOOTH 1 € OCHOBOIO IS
BUSIBJICHHS HEOE3MEUHNX CUTYAIlil, TEHACHIIIH 1 mporHo3y [1].

OcHoBHMMH (aKTOpaMH, IO BU3HAYAIOTh Aae€pOra3OBUN CTaH y BYTUIBHHUX
[IaxTax, € PI3HOMAHITTS Te0JIOTO-TEHETUYHUX YMOB 1 (PI3UKO-XIMIYHUX TMPOIIECIB,
o BiAOyBaJMCsA TiJl Yac BYIJIEYTBOPEHHS, CTYMiHb MeTamMopdi3My BYyTiuLId,
MPUPOJIHA METAHOCHICTh BYTULISA B IUIACTI (BCTAHOBIIOETHCS JJIS IIaxToriacta abo
HOro 4acTMHU 3a pe3yjbTaTaMH BHUMIPIB METaHy B BYTUUI 3 PO3BIAyBaJbHUX
CBEpJIJIOBUH), SIKICTh ONpAIfOBaHHS IUTaHb PO3KPOIO IMAXTHUX IIOJIB Ha eTari
IIPOCKTYBaHHS Ta 1HXKEHEPHOIro 3a0e3MedyeHHs TIPHUYMX POOIT (TEXHOJOT1YHI
bhaxTopn).

Jlo TexHoNOr1YHUX (PaKTOpPIB, IO BIUIUBAIOTh HA a€pPOra30oBUM CTaH Y BUPOOKaAxX
BYTUIbHUX IIAXT, BITHOCATHCA:

1) He3anmoBinbHa opranizaiisi MPOBITPIOBAHHS IIaXT, NPO IIO CBITYUTH TOH
¢dakT, 110 HaWOIbIIA KUTBKICTh MOBITPA, 10 MOJAETHCS B LIAXTY, BUTPAYAETHCA HA
MPOBITPIOBAHHA MIATPUMYBAaHUX BHUPOOOK 1 BHYTPIIIHI BUTOKU MOBITPs (OJM3BKO
56%). Ha poBiTproBaHHS BUIMKOBUX JTHHUILH 1 TMATOTOBYMX BUOOTB BUTPAYAETHCS
30-40% moBiTps, MO MOJAETHCA B IMIaxXTH [2]. BeHTUNAIINAHI CHCTEMH IWIAXT €
OCHOBHUM  (akTopoMm 3a0esnedyeHHs Oe3ne4yHoi poOOTH  TipHUYOJ00YBHHUX
nianpueMcTB. Pazom 3 TM BiiOyBaeThes Oe3nepepBHe Pi3UUHE 1 MOpaIbHE CTapIHHS
MapKy BEHTHJIATOPIB, X eKCIUTyaTalisi TPOBOAMUTHCA 3 TMOPYIICHHSMH TPaBUI
texHiuHoi ekcrutyaramii (IITE) 1 ¢akropiB Oe3neku. Takok BIUIMBaIOTh HHU3BKI
IIBUJIKOCT1 PyXy MOBITPsS 1Mo BUpoOIi. B pe3ynbrari HEOCTaTHROI TYpOYJIEHTHOCTI
MOBITPSTHOTO CTPYMEHSI YTBOPIOIOTHCS MICIIEB1 Ta IIapOB1 CKYIMUEHHS] METaHy BHCOKOT
KOHIIEHTpaIlli, 3ara3yBaHHs KyIOJiB, "KyTKiB", TyHmHUKIB 1 1HIIMX JUISHOK BHUPOOOK
(3a001B), MO c1ab0 00aYyBaIOTHCS. 3TITHO 3 TOCHIKEHHSIMH, ONH3bKO IOJIOBUHH
criaJiaxiB 1 BUOYXiB METaHy B IMIIFOTOBYUX BUPOOKax MpsMO abo MOOIYHO MOB'sI3aHe 3
HAsBHICTIO IIIAPOBUX CKyMYeHb MeTaHy. Uepe3 HeIOoCTaTHE MPOBITPIOBAHHS
(IWBUAKOCTI CTPyMEHS MOBITPS1) BUHUKAE CKYMTYSHHS METaHy BUCOKOT KOHIIEHTpAIlii B
MICIISIX BIUIMBY BHUKOHABYOTO OPTaHy MPOXIJHUIIBKUX 1 BUJOOYBHUX KOMOAHIB Ha
BYTUIbHUIN MacHB.

2) HezanoBinbHa 13051411151 BUPOOJIEHOTO MPOCTOPY, HASIBHICTD MYyCTOT, BETUKUX
BUTOKIB IMOBITPS HEOJHOPA30BO OyJIM MPUUMHAMM CaMO3aiiMaHHs BYTULIS 1 BUOYXIB
METaHy 3 MPUIMUHEHHSIM T1IpHUYHUX POOIT HA TPUBAJIUMN Yac B IJIOMY IO IIaXTi.

3) Hes3anoBuibHe yIpaBiiHHS TOKpiBIet0. I[IpoBejeHHsS TMo3ariaHOBUX 1
HEMOTPIOHUX BUPOOOK 3 TOAAIBIIOK iX 130Jsli€r0 Oe3 moramieHHs. B 1pomy
BUMAJKy CKYITUCHHs METaHy BIJOyBa€TbCsl Y BHUPOOJICHOMY MPOCTOPI OYHMCHUX
3a00iB, anie skui 1e He oopymuBcs. Jleski kepiBHuku Ta ITII maxT HEAOOLIHIOIOTh
NPUXOBaHI, HEKOHTPOJIbOBAHI CKYIYEHHs MeTaHy B KyloJjiaX, 3aBajax 3a
MEXaHI30BaHUM KpITUICHHSIM JIaBW, B 130JIbOBaHIM, ajie¢ HE TMOTaIleHii BUPOOIl, Ha
MIJICTaB1 TOTO, III0 METaH 3aBX/IU € Y BUPOOJICHOMY TPOCTOPI.

4) BincyTHicTh Ha maxTax aerasamii. TiUTbku 3aco0aMu BEHTWIALT 3a0€3MeUnTH
KOHIIEHTpALlI}0 METaHy B IIaXTHIN aTMocdepl B MeKax JOMYyCTUMUX HOPM Ha JECIKUX
[raxTax HeMOXJIMBO. JlerazamiifiHi cTaHIlll Ha NepeBaKHINA OUIBIIOCTI Ta30BUX IIAXT
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npu OyJIBHUIITBI MPOEKTOM HE IependaydaroThCs, a KOJIM B HUX BHUHHUKAE mMoTpeoda,
HIBUAKO MOOYyIyBaTH iX HEMOXXIUBO. Jlerasailisi 3 MOBEpXHI 4epe3 CBEPIIOBUHHU
3MIIACHIOETHCS. HE TMOCTIMHO 3 OJHAKOBOIO efbeKTI/IBchT}o Ma€ MICI[E HECBOE€YACHE
OypiHHS  HOBHUX CBEpIJIOBHH, BHCOKa aBapiiiHICTh 3  OOJaJHaHHAM 1
€JIEKTPOTIOCTAYaHHSIM.

5) IlpucyTHiCTh 3Ba)KEHOTO B TOBITPI TOPIOYOr0 MHITY, KA 3HUKYE HIDKHIO
MEeXy BHOYXOBOCTI METaHy, a MPHUCYTHICTh METaHy, B CBOIO 4Yepry, MOCHIIIOE
BUOYXOBICTh BYTiIbHOTO muiy. J[aHa oOCTaBUHA MPUHIUIIOBO 3MIHIOE BUMOTH JI0
KOHTPOJIO Oe3neku arMocdepu: «IOBITPS - METaH - BYrUIbHUN mui». Tak, cymimn
«Iu - TOBITPs» BUOyXoHeOe3meyHa Mpu KoHIeHTpauii nuiay 40 r/m3, a npu
nonaBaHHl npubau3HO 2% MeTaHy BHOYX MOKJIMBUN MPU KOHLEHTpalli BChoro 16-
20 r/m3 [3]. Jisg BUKJIIOUEHHS B3aEMHOTO IOCHJIEHHS BHOYXOBHUX BJIACTUBOCTEH B
CHUCTEMI «TIOBITPS - METaH - ByTUIbHUHN MU» B MpaBuiax 0e3reku 0yJio rnepeadadyeHo
OOMEXEeHHsI IIBUIKOCTI pyXy MOBITPSL B OUMCHUX 1 MIJATOTOBYMX BUOOAX (110 4 M/C),
K€ B CHOTOJHIIIHIX IIAXTAaX YacTO ITHOPYETbCS. TOMy I, 1O YTBOPIOETHCS MPH
BIIOMBAaHHS BYTUUIA, HE OCiJa€, a BHUTA€ B TOBITPl, MPEACTABISIOYN COOOIO
BUOYXOHEOE3MEeYHHI1 aep030JIb.

Takum YWMHOM, B BHCOKOMEXaHI30BaHMX BYTUIBHUX IIAaXTaX MAalTh MICIIE
TEXHOJIOTIYHO HeOe3MeuHl yMOBU HI0J0 BUOYXYy METaHOMMJIONOBITPAHOI aTMochepH
y JIaBaxX 1 MPWJIETIUX BUPOOKAX, TaK SK 3a BIIOMUMH 3 JIITEpaTypu AAaHUMH, TakKa
atMoc(depa Haa3BUUYaHO BUOYyXOHeOe3MmeuHa 1 BUOYX MOXKE CTaTHCS BiJl BUIAJIKOBOT
1CKpH.

6) Jlroncekuit 1 opranizaniiHuii pakTop, M0 BU3HAYAE AKICTh OpraHi3allii mpar,
MOCAJ0BHX IHCTPYKIIH 1 iX BUKOHAHHS.

7) SIkicth TpoeKTy cucTteMu aeporazoBoro kouHtpoiwo (AI'K) 1 piBeHb
eKCIUTyaTallii i€l CACTEMU B PEaIbHUX YMOBaX BYT'UIbHOI IAXTH.

JUis  KOHTpOJIO  MapaMeTpiB  pPYJHHUYHOI  aTMocepu  3aCTOCOBYIOTh
aBTOMATU30BaHI CUCTEMH aeporazoBoro KoHTpoito (AI'K), ski BCTaHOBIIOIOTHCS Ha
BYTUIbHUX HIANPUEMCTBAX 3TIHO 3 MPOEKTAMHU 3 ypaxyBaHHSM BHUMOI ICHYIOUHX B
VYkpaiHi HOpMaTUBHUX JOKYMEHTIB Ta IHCTPYKIIIH.

Cucrema AI'K npusnauena ansi 6e3nepepBHOTO aBTOMATUYHOI'O KOHTPOJIO
nmapameTpiB, IO XapakTEePHU3yIOTh aepora3oBUN PEXUM MIaxTu (30aravyBajbHOL
babpuku), 300py, 0OpoOKH, BimOOpakeHHsI Ta 30epiranHs iH(popMallii, yrpaBIiHHSI
YCTaHOBKaMH Ta OOJaJHAHHSAM 3 METOI CBOEYACHOTO BWSIBICHHS MPHUPOJHUX Ta
TEXHOTE€HHUX HeOe3MNeK, TEHJEHIINH 1X PO3BUTKY Ta MIATPUMKH O€3[EeYHOr0
aeporazoBoro ctaHy. Cucrema AI'K aBTomMaTMuHO (opMye Ta MOJae Kepyroui
KOMaHAu Ha oOjagHaHHA (MPUCTPOI, arperat), MO0 3a0e3MeuyroTh HOpMali3alliio
aeporazoBOro crany, ado (B aBapiiiHiii cuTyarlii) OJJOKyBaHHS BUPOOHUYOI JISTILHOCTI
Ha KOHTPOJbOBAHIMN JUISHIIIL.

MeTa J0CTiKeHb — BUSIBUTA OCHOBHI HEIOJIKHU Ta MUIAXHU ITIABUIIEHHSI IKOCT1
a€EpOra3oBOTO KOHTPOJIIO HA BYTUIBHUX MMTPUEMCTBAX.

MeTtoauka Ioc/ifxKeHb: BUSABUTH HEIOJNIKHM CyYaCHHUX CHUCTEM aepora3oBOro
KOHTPOJIIO, fAKI HUHI TpPAIOIOTh HAa BYTUIBHUX MIANPUEMCTBAX  YKpaiHW,
MPOAHAJII3yBaTH MPUYUHKU HEAOJIKIB Ta 3aMpONOHYBATH METOIM iX YCYHEHHS JUIsl
MIJBUILEHHS SKOCT1 a€pOTa30BOr0 KOHTPOJIIO HA BYTUIBHUX MIAIPUEMCTBAX Y KpaiHH.
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OcHOBHA YacTHHA.

B II'T™ HAH Vkpaiau € Oaratopiuynuii omut ekcreptusu mnpoektiB AI'K
0araThbOX BYT'UIBHUX MIANPUEMCTB YKpaiHu, Ha 0asi SKOTO MPOAHAII30BaHO OKpEeMi
HEJOJIKY Ta IUIIXU nodinienHs podotu cucteM AI'K Ha ByriibHUX miaxrax.

Henomniku cucteM ynpaBiiHHS 1 MOHITOPUHTY a€pOra3oBOro CTaHy Y BYT1IbHHUX
[1axTax HaCTYIIHI:

1.MOXHBICTh «HECAHKIIIOHOBAHOTO BTPYYaHH» B POOOTY TEPMOKATATI THUHUX
JATYUKIB METaHY.

2. OOMexeHICTh KITBKOCTI TOYOK KOHTPOJIO METaHy B JiaBi, 110 HE J03BOJISE
Matu 1H}opmanio npo po3noai koHueHtpauii CHs mo BchboMy 00'€KTy KOHTPOJIIO,
0COOJIMBO TOCTPO 11€ MA€ 3HAUYCHHS 31 301JIBIIEHHSIM MPOTSHXKHOCTI OYUCHOTO 320010 1
M1JBUILIEHHSAM HaBaHTaXKEHb HA HHOTO.

3. HemoxmBICTH 3a JOMOMOTOI TUIBKUA CTAI[lOHAPHUX JIaTUYUKIB METaHy
3a0€3MeUnTH MIBUAKOMII0 3aC00IB aBTOMATHYHOTO Ta3oBoro 3axucty <0,8 c, mo
pErJIaMeHTOBaHE HOPMATHBHUMHU JOKYMEHTAMH Ha BUNAJOK IIBUIKOTUIMHHHAX
MpoIIeCiB  yTBOpEeHHsI BuUOyXxoHeOesmeunnx KkouneHntpamii CHs mpu  panToBux
BUKHJIaX BYTUUIA 1 Ta3dy, TIPCbKUX yAapax 1 1HIIMX MacIITa0OHUX Ta30AHMHAMIUYHUX
apuIlax. HeBupileHICTh MUTaHb, MOB'A3aHUX 3 PEAKIEI0 3ac00iB aBTOMATHYHOTO
ra3oBOro 3aXHUCTy Ha KOPOTKOUYACHI MmyJibcallii konuenTpauii CHy 3 ammityaoro, mo
HE3HAYHO MEPEBUIILYE JOIMYCTUMY HOPMY.

4. HemockoHaJIICTh METOJIB 1 3ac00iB KOHTPOJIO IIBUIKOCTI, BUTpaTH 1
HaIPsSMKY PyXy MOBITPS B IIAXTHUX BUPOOKAxX, BEJIMKA iX 1HEPIIMHICTh 1 HHU3bKa
IIBUIKOTIS.

5. BiacyTHicTh 0Ge3mepepBHOIO aBTOMATUYHOTO BHUMIPIOBaHHS KOHIIEHTpaIlli
MUy, OKCHIY BYTJICII0, HEOE3MEeUHUX 1 MIKIJJIMBUX Ta3iB Ta KUCHIO B PYJHUKOBOMY
MOBITPl CTAIllOHAPHUMM JaTYMKaMH, BKIrodyeHUMH 10 cucremu AI'K, 3 meToro
CaHITApHO-TITIEHIYHOTO  KOHTPOJIO, TEXHOJOTIYHOIO  KOHTPOJIIO  PYIHUYHOI
aTMocdepH 1 3HUKEHHS TUIOBHOYXOHEOE3MEeUHOCTI.

6. Ilorpeba B KkopuryBaHHI HOPMATHBHUX JIOKYMEHTIB I[OJI0 a€pOTa30BOrO
KOHTPOJIIO Ha BYT1JIBHUX MMIANPUEMCTBAX.

OO0roBopeHHsI OTPUMAHUX Pe3yJIbTATIB.

Poskpuemo netanpHitie mpoOaeMu, 10 BUHUKAIOTH 32 ITYHKTOM 1.

VY psal BUMAJKIB MOKJIMBE HECAHKIIIOHOBAHE BTPYYaHHsS B poOOTy amapaTypu
KOHTPOJII0O METaHy, MOB'I3aHe 3 OOMEXKEHHSIM JOCTYIly arMochepu 10 YyTIMBOIO
eJeMeHTa JaTydka, 110 Oa)XaHO BHU3HAYAaTHU B AaBTOMATUYHOMY pEXHMi. [CHYIOTbH
JesKl crocoOu BU3HAYeHHs MOAiOHuX cutyamil [4]. Sk yacTto OyBae B peaqbHUX
yMOBaX, B pe3yJbTaTl HECAHKI[IOHOBAHOTO BTPYYaHHS B POOOTY amaparypu s
3amo0iraHHs aBapitHOTO BIAKIIOUEHHS 00JIaIHAHHS HA JULSTHIl, HAPUKIIA, IUITXOM
HaKuJaHHA Ha AaT4uK Gydaiky 1 MoJIeTHICHOBOTO Milllka, a00 OMyCKaHHS JaTuyuKa
Ha TPYHT BUPOOKHU, Ha cepBep oneparopy AI'K HagxoauTs HemocToBipHa 1HPOPMYIIis
BiJl JIaTYMKIB KOHTPOJIIO aepora3oBoro crany. lle mnpu3BoguTh 10 MNPOMYCKY
aBapiiHOI MO ra3y CUTyarlli B MaXTHUX BUPOOKaX 1 3HMWKCHHS PIBHS OE3MEKH Tpaili
Ha gustakax. B II'TM HAHY  pospobnieno psim  criocoOiB — 3amoOiraHHs
HECaHKI10HOBaHOTO BTpy4aHHs B cuctemy AI'K maxtu [5, 6].

Posrnsinemo nutanHs, moB'si3aHi 3 myHKTOM 2 Hepomikie AT'K.
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Mertas, 3MIITYIOYHUCH 3 TTOBITPSIM, BUOYyXa€ MPU KOHIIEHTpAIlli B CEpEeTHbOMY BiJT
5 no 15%. i 3HayeHHs MOXXYTh JEUI0 3MIHIOBATHCS IIiJl BIUIMBOM TEMIIEpaTypH 1
TUCKY TIOBITpS, a TAaKOXX TEMIEpaTypu JDKepena 3aiiMaHHA. 3a BCTAaHOBICHUMH
IpaBWJIaMU TPUIHATO BBaXaTh OE3MEYHOI0 KOHIIGHTpAIl0 METaHy B aTrMocdepi
IIaXTH, 110 JOPIBHIOE a00 MeHIIe 2%, Npu bOMY JJis HalO1IbII HEOe3MeYHUX 30H -
OYMCHHX 1 MIATOTOBYUX 3a00iB 1 BHIMKOBHUX OIIBbHUIb, A€ BHUOUISETHCS OCHOBHA
KUIBKICTh Ta3y, JOMyCTMMa KOHIIEHTpalis BcTaHoBieHa 1% (B cepeqHbOoMy IO
nepetuHy BupoOseHHs). CaMme Tpu Takiid KOHIEHTpallii BiI0yBa€ThCS BIAKIIOUCHHS
eJIeKTpoeHeprii Ha AuisHIl. Tak HalamToBaHa cHCTeMa aBTOMAaTUYHOTO Ta30BOIO
3aXUCTy. AJie PU OMY HE BPaXOBYETHCS, 1110 METAH PO3MOJILIAETHCS HEPIBHOMIPHO
o TepeTuHy BUpoOJeHHA. HenocTaTHICTh MPOCTOPOBOI  Mepeki  JaTYMKIB
YCKJIQJHIOE MOOY/IOBY IMOTOYHMX 1 MPOTHO3HUX KAapTUH aepora3oBOro CTaHy B
BUpOOKax (0COOMMBO Il JMHAMIYHUX Ta30NpOSBICHb) 1  YHEMOXKIJIMBIIIOE
BIITBOPEHHSI KapTUH TIE0ra3oBOr0 CTaHy B 30HAaX BEJEHHS TIPCHKUX pOOIT. Y
MPAKTUYHOMY IUIaHI KOHTPOJb TPAaHUYHOIO BMICTY METaHy MIr OM BBa)kaTHCS
JOCTaTHIM 3a YMOBH HOTO MIATPUMKH MO BCbOMY 00'eMy ouncHOro 3aboro. OnHak
POCTOPOBHUI  PO3MOJLT KOHIIEHTpAIli MeTaHy, OCOOJMBO TMpH MPALIOIYOMY
KOMOaifHI 10 BIAOMBAHHIO BYTULISA, € HEPIBHOMIPHUM 1 MOXE IEPEBHILYBaTH
normyctuMi 2% B MICIIEBUX CKYMYEHHSX, 1[0 MAIOTh MICIIE B 30H1 pOOOTH KOMOANHIB 1
OypoBux BepctaTiB. Jl0 HaWOUIBII IMOBIPHUX MICIb (DOPMYBaHHS IiJIBULICHUX
KOHIICHTpAIlli METaHy BIAHOCSATHCS TaKOX MIAMOKPIBEJIbHI MPOCTOPU B JaBax 1
TYNUKOBHUX TIPHMYUX BUPOOKaX, /€ MOKYTh BUHHMKATH IIAPOBI CKYMUYEHHS, K1 HE
MIPOBITPIOIOTHCS] BEHTHIISILIITHUM CTPYMEHEM.

[lutanHs 1O 3 MYHKTY TOB'I3aHI 3 PO3BUTKOM HAayKOBO-TEXHIYHOI 0a3u
YAOCKOHAJIECHHS KOHCTPYKIII 1 mapamMeTpiB ICHYIOUOi BUMIPIOBAJIbHOI TEXHIKHU, IO
3acTocoByeThCs B cucteMax AI'K ByriibHUX IIaxT.

Ha maxtax VYkpaiHu g aepora3oBoro KOHTPOJIO HAWOUIBII —YacTo
3aCTOCOBYETHCS anapaTHO-IIPOTpaMHUN KOMIUIEKC TOJIaHHs Ta 00poOku iHpopMaIrii
PO aepora3zoBoro 006cTaHoBIN B ripchkux BupoOkax KAT'L. e kommiekc 3iHCHIOE
pUiioM 1 aHami3 AUCcKpeTHUX curHaiis anapatypu AKM i anapatypu ICHB, a takox
30epiranns i€l iHQoOpMaIli Ha KopcTKoMy AMCKy cepBepa ausinku AI'K, mo nae
MO>KJIUBICTh OIEPATUBHOIO YINPABIIHHSI PEKUMAMU BUIOOYTKY BYTULIS LUISIXOM
MIPOrHO3YBAaHHS ra30BOT0 CTAHY Ta YNPaBIIHHS TEXHOJOTIYHUMHU PillIEeHHAMH [7].

OCHOBHI IPUYMHNA OTPUMAHHS HETIPABIUBUX JIAHUX HACTYIIHI:

- HM3BKa IIBUJKOJIS JaTYMKIB;,

- mpobiiema 3 eNeKTPOKUBIICHHSIM;

- TEpPEeHECEHHS JaTYUKIB;

- HEBIpHA HACTPOMKa 1 pO3TalllyBaHHA JaTYMKIB KOHTPOJIIO;

- BTparta 3B'SI3KYy 3 CEPBEPOM;

- PEMOHTHI omepartii 3 CHCTEMOIO KOHTPOJIIO;

- BIACYTHICTh JATYUKIB IIBHJIKOCTI IMOBITPS B MICISX PO3MIIIEHHS JaTYMUKIB

KOHTPOJIIO METaHYy.

HeoOximHe  BOOCKOHAJEHHS  MPOTPAMHOTO  3a0€3MEYEeHHS  KOMIUIEKCY
PYIHUYHOTO MOHITOPUHTY 3 METOIO HOTO TIEpPEeBEICHHS Ha SIKICHO HOBUU PIBEHb - B
KOHTPOJIIO J0 MPOTHO3y CHUTyalld MpU IUIAHOBAHUX TEXHOJIOTIYHUX MapaMmerpax
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pexumMax podoTH BUOOIB.

SAx 3azHaueHo B poOoti [4], mpoOsieMOl0 € THUTAaHHS BIUIMBY Ta30BHX
nepeBaHTaXeHb Ha mapamerpu 3aco0iB AKM. lle mnos'szano 3 TuM, 110
TEPMOKATATITIYHI CEHCOPH MJATYUKIB METaHy, SKI MaloTh OJHM3bKY 10 JIIHIHHOT
BUXIJIHY XapaKTEPUCTUKY y By3bKOMY poOouomy aiama3oHi - Big 0 g0 5% o0'emHoi
yactku CH,, migmamTbess BIUIMBY KOHIIGHTpAIli, [0 ICTOTHO TNEPEBUIIYIOThH
poOounii miana3zoH. Taki mepeBaHTaXEHHS MPU3BOJATH A0 CIOTBOPEHHS BUXIIHUX
CUTHAJIB, 3MIHU IMapaMeTPiB MEPETBOPIOBAYIB 1 JO MOSBU €(PEKTY «CEICKTUBHOTO
nponycky uum». EdQekt 3'aBiaseTbcss y BUINAAI NPUIUHEHb CIpallbOBYBaHHS
METAaHOMETPOB, KOJIM KOHIIEHTpAIlis METaHy MEePEBUIIUTh TIEBHUI PiBEHb.

KpiMm TOro, Tak sk TpUBAIICTh MEPEXiAHUX MPOIIECIB Y BUKOHABYMX MPHUCTPOIX
He MeHme 1,2 ¢, mMoxkHa npunyctutd, mo amnapatypa AT 1-1 (AT3-1), saxy
BukopuctoBye KAI'l, He pearyBaTumMe Ha OKpeMi IHTEHCHBHI 3arasyBaHHs
atMocdepu BHUPOOOK. Y 3B'SI3Ky 3 IIUM HaOyBae OCOOJMBOI Ba)JIMBOCTI OIlIHKA
TEXHIYHOTO CTaHy Ta30aHajii3aTopiB, IO BIANPALIOBAIM PO3PAXYHKOBHHA TEPMIH
CITyXO0Hu.

BaxnuBum acniekrom HaaiiiHoro (ynkuionyBanHs cuctemu AI'K B maxTti €
AKICHI XapaKTEepPUCTUKH BHUMIPIOBAJIbHUX TPUIAJIIB MEPBUHHOTO pPIBHA, 30KpeMa,
METAaHOMETPOB, [UJI1 SKHUX ICTOTHUM € 1X TIEPemKOJOCTINKICTh, TOYHICTh
BUMIPIOBAHHA 1 WIBUAKOJIA, Yac peakuii JaTyuka Ha 3MIHY BHUMIPIOBAHOTO
napamMmerpa.

Hopmu Vxkpainun (I'OCT 24032-80 «IIpwraau maxTHi aHaNITU4YHI - 3arajibHi
TEXHIYH1 BUMOTH. MeTou BUNpOoOyBaHb.)») BCTAHOBIIOIOTH BUMOTH 00 IIBUIKOI1T
JUII METAaHOMETPOB, SKi 3aCTOCOBYIOTHCSl Ha IUIACTaX, HEOE3MEUHUX 3a ParTOBUMHU
BUKWJAMHU. {7151 IBUIKOIIFOYMX METAHOMETPOB BCTAHOBJICH1 JBa KpuTepii [8]:

A) Kpurtepiii 3a 4acom crparibOByBaHHS 10 00'€MHIN YacTIi METaHy HE O1JIbIIe
0,8 ¢ ('OCT 24032-80, c.1.18, c. 3.18.1),

B) Kputepiit 3a yacom crpaibOByBaHHSI MO IIBHJIKOCTI 3pOCTaHHS 00'€MHOI
YacTKM MeTaHy piBHUH 2 ¢, npu mBHUIKOCTI 0,5% merany B 1c (TOCT 24032-80, c.
1.18).

Kpurtepiit A mependauae, mo0 B pasi MEPEeBHUILEHHS BCTAHOBIECHOTO IMOPOTY
TPUBOTH J€TEKTyBaHHS 1 aBTOMATUYHE PO3MHKAHHS KOHTAKTIB METaHOMETpa
BIIOYJIOCS TMPOTATOM dacy, Mmoo He mnepeBuirye 0,8 CeKyHIu TMichs TOSABH
KOHIICHTpAIlii METaHy, 110 MEePEBUIIY€ BCTAHOBICHUH MOPIT.

Kputepiit B mnepenbavae, mod6 B pas3i MIABUINCHHS KOHIEHTpAIll MeETaHy
JCTEKTYBAaHHS 1 aBTOMaTHYHE PO3MHUKAHHS KOHTAKTiB METaHOMETpa BiAOyocs 3a 9ac
B MEHII Hik 2 cekyHau (31 301nbmenHsM CHy Ha 0,5% B cekyH]ly) 3 MOMEHTY TOSIBU
TaKoTro 301JIbIIIEHHS.

JI71s1 BUpIIIEHHS 1IbOTO 3aBJaHHS MOJBCHKUMU (axiBIsAMU Ha 0a31 MeTaHOMETpa
MM-4 OyB po3poOieHuii MBHAKOIAIOUUI MeTaHomMeTp MM-4B, sxuil Biamnosigae
YKpaiHCHbKUM HOPMAaTHBHHM JOKyMEHTAaM B YaCTHHI BHUMOT JI0 IIBHJKOJIFOYHUX
JaTYMKIB, 110 3aCTOCOBYIOThCS Ha IUIacTaxX, HEOE3NMEYHUX 3a PANTOBUMHU BUKUIAMHU
[9].

B nanwmii yac meranomerpu MM-4/MM-4B mipaiftoroTh Ha OUTBIIOCTI TTOJIBCHKUX
maxt, a Takox Ha «lllaxti im. 3acaapka» (3 2010 p) 1 «Cyxomonbchka-Cximaa» (3

ISSN 2567-5273 36 www.moderntechno.de



Modern engineering and innovative technologies Issue 18 / Part 1

2012 p) B Ykpaini. ¥ 2010 pomi Ha «I1laxTi M. 3acsapka» Oyiia BOpoBaKeHa Mepiia
IIBUKOII0Ya CHCTEMa MOHITOPUHTY MapaMeTpiB PyAHUYHOTO cepemoBuiiia bMP-
IITYA. Ha miii mraxri, a Takox Ha maxTti Cyxomoiabchbka-CxilHa CHCTeMa BIJIMIHHO
cebe 3apeKOMEHIyBasla, IO ICTOTHO 3HHU3WJIO PU3HK aBapid, MOB'I3aHUX 13
3amajaeHHsIM a00 BHOyXOM METaHy.

Metanomerpu MM-4/MM-4B BiApi3HAIOTHCS BUCOKOIO TOYHICTIO BUMIPIOBAaHHS
B miamnasoni Big 0 g0 5% CHa:

©0-2% CH4 -+ 0,1% CHy4

* 2-5% CHjy - £ 5% 3Ha4eHHS TOKA3aHHS.

BuMiproBaHHsI TTOBHICTIO 3/IHCHIOETHCS B BUMIPIOBAJIBHOI TOJIBIN. PesynbTar
kokH1 200 MC BIAMPABIISIETBCS B METAHOMETD, i€ BiH 30€pIraeThCs 1 BIAMPABISIETHCS
Ha TIOBEPXHIO B TEJIIEMETPUYHY CTaHIIII0. Y BUMIPIOBAIBHIN TOMIBII PO3TAIIOBYEThHCS
MIKpDOKOHTpPOJIEp, SKHI 3uMTy€e 3HA4YeHHs 3 mneurictopiB 14 paszie 3a 200 wmc,
00YHCITIOEThCS MOAM(IKOBaHA MeiaHa 3 BUOIPKHU (BIAKUIAIOTHCS KpaliHi MiHIMAJIbHI
Ta MAaKCHUMaJIbHI 3HAYCHHS 1 3 PEIITH BUOIPKU OOUUCITIOETHCS CEPETHE 3HAUYCHHS ), SIKa
BIJIIPABIISETHCA B METAHOMETp JUIsl MIPUHHATTS Kepyrouoro pimeHHs. Ha mimcrasi
JaHUX PEe3yJIbTATIB MPUHMAETHCS PIILICHHS PO BIAKIIOYECHHS €IEKTPUYHOI EHeprii, a
JlaHe 3HAUYCHHS KOHIIEHTpallli MeTaHy BiJ0OpakaeThCsl Ha JUCIUICT MeTaHOMETpa. Y
nam'siTi MeTaHoMeTpa 30epiraerbcs HaWBHILE 3HAa4YeHHs KoOHIeHTpamii 3 10
oO4HCcIIeHuX MefiaH 3a nepioA 2 c. [lana iHgopmarlis BiANpaBiIsSeThCs HA MOBEPXHIO B
TeJIEMETPUUHY CTaHIito. s mBuaKoaII0UMX MeTaHoMeTpoB MM-4B Oyiia BBeseHa
Moaudikaiis, sika oounciroe meaiany 3 7 BumipiB 3a 200 mc. OTpumani pe3ynbTaTu
OepyTh yd4acTh B HIBHJKOMIIOUMX aJIropuTMax OOpOOKM JaHUX BIJMOBIAHO [0
YKpaiHCbKUX CTaHAapTiB. Taki JaT4yuKU MO NapaMmeTpaM MEepeBepIIyOTh BXXHUBaHI B
naHuii MomeHT B Ouibmiocti cucreM AI'K Ha ByrimpHuX Mmaxrtax YKpaiHu.
BukopucTaHHs Takoro aiaroputMy OOpOOKH CHUTHalIy BiJ MEUIICTOPOB OyJIo
MPOJIMKTOBAHO PE3yJIbTaTaMH JIOCIIKEHb, TPOBeIeHUX B [HCTUTYTI [HHOBamiitHMX
Texnonoriit EMAO (Ilonbma).

30UTBIIUTH IIBUIKOJIIIO arapaTypy ra30BOr0 KOHTPOJIO MOXKIIMBO 33 PaxyHOK
3HIDKCHHSI TIOCTIMHOT Yacy TEepMOKATaTITHYHUX JaTYUKIB TPU BUKOHAHHI 1X
JBOKAMEPHUMHU 1 3aCTOCYBaHHI PI3HUX TEIJIOBUX PEKHUMIB €JIEMEHTIB. Y IbOMY
HaIpPSIMKY TPAIIOI0Th YKpaiHChKI qocaigauk [10].

3T1IHO 3 MMyHKTOM 4 CJIJT 3ayBaKUTH, 1110 Ha IIaXTaX B yMOBAax reonHaMIYHUX
auty (1) MoxknuBe pi3ke 301IbIIEHHS MIBUJAKOCTI MOBITPSHUX TOTOKIB B
BUpPOOKaxX 3 BHUXIJHUM BEHTWISIUIMHUM CTPYMEHEM, a TaKOX pI3KE 3HHKECHHS
IIBUJKOCTI 200 peBepCyBaHHs IMOTOKY MOBITPs Y BUPOOIIl 31 CBLKUM cTpyMeHeM. [
OTIEPAaTHUBHOTO BHSBICHHS IIMX TMPOIECIB B CHUCTEMax Aaepora3oBOro KOHTPOIIO
MMOBMHHI 3aCTOCOBYBAaTUCS MAJIOTHEPIIIITHI JATUMKH IBUIKOCTI.

Jlns  edeKTUBHOTO BUKOPUCTAHHS MAJIOIHEPLIMHUX JIaTYMKIB IIBUJKOCTI
HEOOXITHO OOTPYHTOBYBATH HAWOIIBIN JONUJIBHE MICIE iX YCTAaHOBKH 1 TOpIT
CIpaIibOBYBaHHS 3aXWCTy MO BEJIMYHMHI 3MIHH IIBUAKOCTI BEHTUJISIIMHUX IMOTOKIB
[8]. s BUKIIOYEHHS TOMIKO/DKEHHS MAJOTHEPIIMHUX aTYUKIB TIBUIKOCTI
MPOyKTaMH BHKHUIY 1 3a0€3Me4eHHs] HEOOX1THOI MIBUIAKOIIl 3aXUCTy BIJICTaHb BiJ
rpyzaei BUOOIO 70 MiCllsl yCTAaHOBKU JAaTYMKa B TYMMKOBUX BHPOOKaX CIiJi BUOUpaTH
40-50 M, a Ha BUIMKOBIN MUISHII - BCTAaHOBIIOBATH JAaTYUKHU IIBUIKOCTI: TEPIIHIA
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JATYUK - Y BEHTWIALIHHOMY mITpeKy Ha Bijactadl 30 - 40M Big MicHs CHOJyYEHHS
HITPEKy 3 JIaBOIO, a APYTUil - B KOHBEEPHOMY LITPEKY Ha BiactaHi 10 10M Big micus
cnosryderHst 3 naBoro [10]. B sxocti miarHoctuuHoro o3uaku I'J[S cmix BuOpartm
3MIHY IIBUIKOCTI TOTOKY 3a 3aJaHuii NOpoMiKOK uacy. OTpuMaHHA BiA
MaJOIHEPIIMHUX AAaTYMKIB HIBUAKOCTI 1H(OpMaLii MpOo BEIMYUHY MyJIbCALIHHUX
mBUAKOCTEH abo crTymeHss TypOyJIEHTHOCTI TMOTOKY JI03BOJIUTH  JOJATKOBO
3MIACHIOBAaTH TPOTHO3 HEOE3NEeKM BHUHUKHEHHS MICHEBUX CKYHMUE€Hb METaHy 1
CBO€YACHO MIPOBOJIUTH POOOTH MO iX 3am00iraHHIo.

CTOCOBHO MYHKTY 5 CJiJ 3a3HAYUTH, 110 B JaHUA MOMEHT B YKpaiHi MUTaHHS,
MOB'sI3aH1 3 MHJIOBHOYX00E3MEKO, PEryIioloThcsi okpemuM gokymeHToM HITAOIIT
10.0-5.08-04. TncTpykitist 3 BUMIpY KOHIEHTpAIIil MY B IIaXTax Ta 00JIIKY MUJIOBUX
HaBaHTaxeHb (54604) [11]. ¥V wiii 3a3HadeHo (MyHKT 1), 110 BUMIpH KOHIIEHTpAIlii
NUay B IIaXTaX TOBHHHI 3JIMCHIOBATUCA IUIIXOM BigOOpy 1po0 muity
acmipamiiauMu  npwiagamMyd  (mpoOoHa0OpHHMKaMHU)  em3oauyHoi  mii, abo
BUMIPIOBAHHS KOHIICHTpAIl MUY MEPEHOCHUMHU IMMHJIOMIpamMH, AOMYIICHUMU IS
3aCTOCYBaHHS Yy BYTUIBHHMX IMIaxTaxX. J[7as omepaTMBHOTO MHIJIOBOTO KOHTPOJIIO
JIOMYCKAEThCSI 3aCTOCYBaHHS amapaTypy CTAI[lOHAPHOTO aBTOMATHYHOTO KOHTPOJIIO
3a JOMOMOTO0 JTaTYMKIB, BCTAHOBJICHUX B TIPHUYMX BUPOOKAX, ajie B JOKYMEHTI HE
BKa3aHI MICISl YCTAHOBKM JAaTYUKIB KOHTPOJIO THIY, B SIKHX BHUPOOKAaX BOHH
BCTAHOBITIOIOTHCS IJIS 3/IIMCHEHHS O€3MePEPBHOTO ABTOMATUYHOTO KOHTPOJIIO BMICTY
MUy B PpyAHUYHOI armocdepl IaxTt, 1, sSIK MPaBUJIO, BOHU HE 3aCTOCOBYIOTHCS B
pealbHUX yMOBaxX 4Yepe3 JAOPOKHEUY Ta BIJCYTHICTb MPOTPaMHOro CepBICY JUIs
1HTerpyBaHHs ix podotu B cuctemy AI'K.

Sk 3a3Hayanocs BUILE, Y MUITOHEOE3NEYHUX MIAXTaX MPUCYTHICTh 3BAKEHOTO B
MOBITPI TOPIOYOTO MIITY 3HUKYE HIKHIO MEXKY BUOYXOBOCTI METaHy, a NMPUCYTHICTh
METaHy, B CBOIO Uepry, MOCHIIOE€ BUOYXOBICTh BYTiIbHOTO NMuiy. JlaHa oOcraBuHa
MIPUHITUTIOBO 3MIHIOE€ BUMOTH JI0 KOHTPOJIO Oe3neknu aTMoc(epu: «IOBITPS - METaH -
BYriIbHUNA M. Y 3Bs3ky 3 1uMm, B II'TM HAH VYkpainun po3po0iieHO HOBHi
CIIOC10 TPOBITPIOBAHHS IIAXTHOI MIATOTOBYOI BUPOOKHU 3 yYpaxyBaHHSIM 3alUJICHOCTI
[12], y sikoMy mapajiebHO 3 pIBHEM METaHy 3a JOMOMOI'OI0 MUJIOMIPIB BUMIPIOIOTh
PIBEHB 3aMMMJICHOCTI y BUPOOILIl, TIepeatoTh 111 JJaHI B KOHTPOJIEP, 1 B 3aJIEKHOCTI BiJl
OO KOPETryITh IMOPOTOBI PiBHI I JaT4yukiB MeTaHy. lle mae MOXIMBICTH
OTEPAaTHBHO pearyBaTH Ha pPanTOBI 3MIHM aepoOra3oBHX OOCTaBUH Ha JIIBHUII 1
CBO€YacHO 3abe3meuyBaTH HEOOXIHY KIJIbKICTh MOBITPS JJIsl HPOBITPIOBAHHS
BUPOOKM 3 MeTOr0 Oe3neku Mpaii MpaiiBHUKIB BUIMKOBOI AunbHuuli. Ha puc. 1
MOKa3aHO OJIOK-CXEeMy, IO OIHUCYE CIOCIO MPOBITPIOBAHHS IIAXTHOI MMiJITOTOBYOI
BUPOOKHU 3 ypaxyBaHHIM 3aIMJICHOCTI.

Crioci6 peani3yeTbcsi HACTYITHUM YMHOM. [HOpMarlis 3 gaTunkiB metany: M1,
BCTAHOBJICHOTO y Mpu3abiiHOMy mpocTopi 1 JIM2, BCTaHOBJIEHOTO y TUPJI1 BUPOOKH, 1
3 JaTyuka MBUAKOCTI 1 Hanpsmy noitps JJCHB naaxoauts y 650k 06poOku 1, B
SKOMY OYJIy€ThCS 3aJI€KHICTh BUTpPATH MOBITPs (Jy BIJl TOTOYHOI JIOBKMHU BUPOOKHU
Ly, 1 1us 1iHdopmallsg mnepemaacTbcsi B OJOK KOHTposiepa 2, y sKIM BOHa
3amam ITOBYEThCA. Y OJIOK KOHTpoJyiepa 2 3 mpu3abidiHOr0 MPOCTOPY IMOCTYIA€E

iHbopMallid TPO MOTOYHY JOBXKUHY BUPOOKU L,, MO fAKiil KOHTpOJEp BHU3HAYAE
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HEOOX1AHY JUIsl MPOBITPIOBAHHS BUTpATy MOBITPs Q) 1, BUXOASYH 3 1BOT0, Popmye
CUTHAJ yNpaBIiHHSA 4acTOTHUM nepeTrBoproBaueM 3 (UII), saxuil BiANOBIAHO perytoe
4acTOTy OOepTaHHS MPHUBOY BEHTUJISITOpA MiciieBoro npoBiTproBanHs 4 (BMII).

4
——LJ __ Bentuasiuiitnmi _
——_— T1pybonposix Indopmanis
a AueneTuepy
JAM2 [O
AI2
gl [ 3 B 4
s Y \ A J F,
baok
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- i 4 3 BMII
Ef
: P
AIl1
1M1 [0
3a6iii Indopmanis npo

HOTOUYHY /I0BAKHHY
BHPOOKH L,

Pucynok 1 — biok-cxema ¢cnoco0y npoBiTPpIOBAHHS IIAXTHOI MiITOTOBYOL
BHPOOKH 3 YPAXyBAHHAM 3aMUJICHOCTI.

Jlns 3anmo0iraHHsi HEOE3MEeKU MPpHU JOKATbHUX METAaHOBUIIECHHAX 1H(QopMarlis 3
natuukie M1 1 JIM2 3aBoauThcsi Ha KOHTpOJEp, Ji€ IOKa3aHHS JaTYUKIB
0e3nepepBHO MOPIBHIOIOTHCS 3 TOPOrOBUMU HOPMAaTUBHUMU PIBHSIMHU BMICTY METaHYy.
VY pasi, SKOI0 MOKa3aHHA Xouya O OJHOro 3 JAaTYMKIB IEepeBUIIATh MOPOTOBHIA
HOPMATHBHUN PIBEHb, KOHTPOJEP MepeBOAUTh pexxuMm ymnpasmiaas YIT 1 BMII B
aBapiiHUN 1 BEHTWISITOP MOYMHAE MPAIIOBATH OUTBIT 1HTEHCUBHO. KoM moka3zaHHs
JaT4uKa, 110 MEePEBUIINIIA TTOPOTOBUM PiBEHb, YBIHIYTh B HOPMY, KOHTPOJEp 3HOBY
NepeMUKae YIpPaBIiHHS BEHTHWJIATOPOM B 3BUYANHHMI pPEXUM 3TiTHO pO3paxoBaHOi
KPUBOI.

VY nunoHe0e3nevyHux MaxTax NPUCYTHICTh 3Ba)KEHOTO B TIOBITP1 TOPHOYOTO MHITY
3MEHBIITy€ HUKHIO MEXY BUOYXOBOCTI METaHy, a MPUCYTHICTh METaHy, B CBOIO Uepry,
MOCHJTIOE€ BUOYXOBICTh BYTIIBHOTO MUJY. 3 I[bOTO BUIUIMBAE, IO B TaKid CUTYyaIlii
MOpPOrOoBl  3HAYEHHS JAaTYMKIB METaHy IpU HASIBHOCTI MWy NOTPeOyIOTh
KopuryBaHHs. Iy nporo naruvkamu nuny (piBas 3amwieHocTi) JAIT1 1 JIT12 B 3o0Hax
Nii  JaT4UKIB METaHy KOHTPOJIIOEThCS PIBEHb 3alMWJeHOCTI 1 1 iH(opMmarlis
NEePelacEThbCcsl B KOHTpoJiep 2. Y KOHTPOJepl 3TiHO 31 CHEliaIbHOIO MPOrpaMoi0 Ha
OCHOBI IIMX JIaHUX KOPHUTYIOThCS MOPOTOBI PiBHI JAaTUYMKIB METaHy, Ha MiJCTaBl SKUX
Bi10yBaeThes ynpaniainasa YI1 1 BMII BiAnoBigHO 10 BUILIEONHCAHOTO AJITOPUTMY .

Kpim Ttoro, indopmaiiissi mpo Tra3oBy CHUTYyallll0 HAJIXOJUTh Ha KOMII'IOTEp
JUCTIETYEPOBI JUTSI 3aMUCY 1CTOPIi aepora3oBux 00CTaBUH y BUPOOIIi.
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KoHTpoaps BMicTy MeTaHy 1 JIOKCHUy BYIJICIO (BYTJIEKHCIIOrO Ta3y) B IIaxTax
BiAMOBIMHO 10 myHKTIB 3.7.4, 3.7.5, 3.7.8 IlpaBun mpoBOAWUTHCS CTaIliOHAPHOIO
anapaTtyporo, IepeHOCHUMH aBTOMAaTUYHUMH MPUIIAJaMH 1 TEPEHOCHUMH IpUjIaiaMu
emizoAnyHOoi [ii». Ane KpiM 1i€i 3aranbHOi (pa3u, KOHTPOJb CTalliOHAPHUMU
JaTYMKAMU BYTJIEII0, HEOE3MEeUHUX 1 MIKIUTMBUX Ta3iB 1 KUCHIO HE MepeadadeHuid, a
TaKO0X HE PerjJaMeHTOBaH1 MICISl PO3CTAaHOBKU TaKUX JATYHUKIB B IMIAXTHUX BUPOOKAX.

JUis KOHTpOJIIO BMICTY OKCHAY BYIJICHIO Ta BHUSBICHHS paHHIX O3HAK
BUHUKHEHHs moxex cucreMa AI'K mnoBuHHa 3a0e3nedyyBaTu: 1) aBTOMaTU4HE
OesnepepBHE BUMIPIOBAHHS CTaI[lOHAPDHUMM JlaTYMKaMU KOHIICHTpAIlli OKCHUIY
BYIVICLI0 HA KOHTPOJIbOBAHMX [IJSIHKAaX, TEJICBUMIPIOBAHHS 1 3aludc B apXiB 1 B
KypHan ornepatopa AI'K pe3ynbTariB BUMIPIOBaHb; 2) MICHEBY (B MICISIX HAWOLIBII
MMOBIPHOTO 3HAXO/KEHHS MpaliBHUKIB) 1 TeJieCUrHaii3amiio (cBITIOBY 1 (abo)
3BYKOBY) MIpH TIEPEBUILEHHI KOHIIEHTpAIli OKCUIY BYIJICHIO TOPOTOBOTO 3HAYEHHS B
Oyb-SIKiil TOUIll KOHTPOJIIO 1 TIPH BIIMOBI JATYUKIB OKCHJY BYTJICIIO; 3) MOKIIUBICTh
BIUIMBY HA CHCTEMHU TMOXEKOTaCIHHA 1 eJekTponocrayanHs. HeoOxiaHicTb
aBTOMATUYHOTO BIJKIIIOUEHHS enekTpoeHeprii cucremoro AI'K 1 ii B3aemonis 3
CHUCTEMOIO TIPOTHIOXKEKHOIO 3aXHUCTy BHU3HAUAIOTHCA MPOCKTHUMHU PIIICHHSIMH IO
ATK 11010 TpOTHIIOKEKHOTO 3aXHUCTY Ta TUIAHOM JIIKBIIAIi] aBapiii.

Cucrema AT'K moBunHa 3a0€3meuyBaTH aBTOMATHYHHUI KOHTPOJIb BMICTY BOJTHIO
B 3apsAAHMX Kamepax. JlaT4uku BOJHIO B 3apsSAHMX KaMepaxX BCTaHOBIIIOIOTHCS B
MICLISIX HAWOUIbII KWMOBIPHOTO YTBOPEHHS MOTO MAaKCUMAajbHOI KOHLEHTpalii B
mpoleci  3apsaKud  akymyJaTopHux — Oatapeii.  IlepemamapiiiHa  ycTaBka
HajamroByeTbess Ha 0,5% 00'eMHOi uyacTku, npu ii nepeBuuieHHi cucrema AI'K
aBTOMATUYHO BIJKJIIOYAE HAMNPYTy B 3apsAHIN KaMmepl 1 BKJIIOYAE CBITJIOBY 1 (200)
3BYKOBY CHUTHaji3aIito0. [l BHUSABIEGHHS O3HAaK IMOYaTKOBOI CTajli BUHUKHEHHS
MOKEX TMOBHHHI BUKOPUCTOBYBATHCS AATYMKU BOJHIO, IO JI03BOJISIIOTH BUMIPIOBATH
roro kounenTpaiiito Ha piBHi 0,001% 00'eMHOT YaCTKH 1 MEHIII.

BwmicT kucHIO B TOBITP1 BUPOOOK, O€3MeUHUM SISl MPalliBHUKIB, 1110 3HAXOISTHCS
B HUX, cTaHOBUTH He MeHIne 20% 00'emHOi yacTku. HeoOXigHICTh BUKOPHUCTAHHS
JATYMKIB KUCHIO JUIS BUSIBJICHHS MOXKEK BU3HAYAETHCS MPOCKTHUMH PILIEHHSMU IO
AT'K 1 mIpOTUIIOKEKHOTO 3aXHUCTY IIaXT.

I'IK (rpanngyHO momycTHMMa KOHIIEHTpAIlisl) JIOKCHUIY BYTJIEIO (BYTJIIEKHCIOTO
ra3y) B pyJIHUKOBOMY MOBITpi ckianae (% 00'eMHOT 4acTKu): a) HA POOOUMUX MICISIX 1
y BHUXIJIHUX CTPYMEHSX BHUIMKOBHMX JAUIBHHUIL 1 TYNUKOBHX BUPOOOK - 0,5; 0) y
BUPOOKAaX 3 BUXIJIHUM CTPYMEHEM KpWia, TOpu3oHTYy 1 maxtu - 0,75; B) mpu
MPOBEJICHHI 1 BIJIHOBJICHHI BUpOOOK Mo 3aBany - 1. ['IK iHmmx HeOe3neuHux 1
IIKIVIUBUX Ta3iB ckiIaaaroTh (% 00'eMHOI 4acTku a00 YaCTUH Ha MIJBUOH): a) OKCHU/T
a30Ty (B mepepaxyHkKy Ha aiokcup azoty) - 0,00025 (2,5 man- 1); 0) miokcua a3oTy -
0,00010 (1,0 mnn-1); B) cipurctuit anrigpug - 0,00038 (3,8 muH-1); ) CIpKOBOJIEHD -
0,00070 (7,0 mmn-1) [13]. B cucremi AI'K y sxocti mepenaBapiiiHMX yCTaBOK
BUKOPHUCTOBYIOThCs BKazaHi 3HaueHHs ['JIK. [Ipu nepeBumenni I'JIK nebe3neunux i
HIKI/UTUBUX Ta31B pOOOTH 3yNMUHSIOTH, JIOJC BUBOIATH HA CBIXKHI CTPYMIHb.

[laxTn Bcix KaTeropiii MOBHHHI 00JIaAHYBAaTUCh CTAI[IOHAPHUMH JATYUKAMH
KHCHIO, IIIaXTH, HeOE3MEeUHI 10 BUAUICHHIO JIOKCUAY BYTJICIO (BYTJIEKUCIIOTO rasy) -
CTAalllOHApHUMH JaTYUKaMu Jlokcuay Byriento. Ilpu neobximHocti cucrema AI'K
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3abe3rneuye BUMIp (KOHTPOJIb) KOHIIEHTpAIlli CIPKOBOJIHIO, OKCUY a30Ty, JIOKCHIY
a30Ty, CIPUMCTOTO aHTAPUAY Ta 1HIIMX HEOEe3MeYHMX 1 MIKIIJIMBUX rasiB. Y pasi
3aCTOCYBaHHS MaTepiajiB YM TEXHOJOTIYHUX TMPOLECIB, MPU SKUX MOXKINBE
BUJIJICHHS 1HIMX IIKIUIMBUX pedoBuH, cuctema AI'K 3milicHIO€ KOHTpOJIb 1X
KOHIEHTpallid B pyaHu4yHOi atMocdepi. HeoOXimHICTh 1 Micli YCTaHOBKH 3aco0iB
cuctemu AI'K, xoHTpomo0unx HeOe3MmeyHl 1 MKIJUIMBI Ta3u, BU3HAYAE TEXHIYHHMA
KEpIBHUK IaxTH. Miclsl YCTAaHOBKM CTAlllOHAPHUX JaTYUKIB HEOE3NMeyHuX 1
IIKIJJIMBUX Ta3iB 1 KUCHIO BHU3HAYAIOTHCS MPOEKTHUMHU pimeHHsMu 1o Al'K,
MIPOTHUIIOKEKHOTO 3aXUCTY Ta MJIAHOM JIIKBIaIlli aBapii.

Crig 3ayBakuTH, 110 Ha JIESAKHUX IIaXTaX KOHTPOJIb BMICTY Ta3y METaHy, OKCHIY
BYIJICLIO, BOJIHIO, TEMIEPATypH MOBITPS, MIBUIAKOCTI MOTOKY MOBITPSI, MOJOKEHHS
BEHTWISAIIMHUX JBEpeM Ta BIAKIIOUECHHS €JIEKTPOOOJIaJHAHHS Yy BHpPOOKax
3niicHIoeThCsl anaparyporo YTAC 3a 10momMoror mporpamMoBaHUX KOHTPOJIEPIB
tuty TX9042, BignoBigHux naruukiB (Metany tuny TX3261. okcuay BYIJICHIO THITY
TX32410L, Boguto tuny TX3241.0411, temnepatypu tumy [IM-2068.01L1, moToky
noBiTps Tumy TX132211, marumkiB Oe3koHTakTHUX MarHiTHUX TX1004, MariTiB
TX1080), a Takox OmokiB pene I[IM-15. Bces indopmarliis, mo HaAXOIWTh Ha
KOHTPOJIEpH, y TIOBHOMY OO0CS31 TEPEAAEThCs Ha IMOBEPXHIO B OOYHMCIIIOBAIIBHUI
komrieke (IIBK) mmst BimoOpaxeHHss Ta 30epekeHHS Ha CepBepl, a TaKOX
BiJloOpaxkaeThcsi Ha jguciuiei y naucrerdepa Tta omepatopa YTAC. Iadopmarris
30epiraeTbcsi woHaiMeHme 1 pik. OpgHak, 3 NEBHUX MNPUYUH LEH KOMILUIEKC
3aCTOCOBYETHCSI HAa HEBEJIMKIM KUIBKOCTI IIAXT 1 HE OCHAIEHWH MUIOMIpaMH Ta
MaTYMKAMH 1HIIUX [IK1JJINBUX ra3iB.

Po3riissHEMO NUTaHHS, OB sA3aHi 3 myHkmom 6. OCHOBHUM JOKYMEHTOM, IIO
peryJiroe MPOEKTYBaHHS 1 €KCIUTyarTallito cucteM aepora3oBoro koHTposto (AI'K), €
«ITpaBuna Oe3neku y ByriabHux maxtax» HITAOII 10.0-1.01-10 31 3minamu [14]
(po3nin 6 - Pymauuna aeposorist). Ile qokyMmeHT, 1110 BU3HAYa€ OCHOBHI MPUHITUTIN 1
npaBwia opranizanii AI'K Ha ByrinpHux maxrax Ykpainu. JIoOkyMeHTamMH, B SKUX
MICTUTBCSI OUTBII JieTanbHA 1H(OpMAIls Mpo MpaBuUiia MPOCKTYBaHHsS, MOHTaXYy Ta
excrutyatarii cucteM AI'K Ha maxrax, €: "TumMyacoBe KepiBHUIITBO MO 00JIaJHAHHIO
Ta eKCIUTyaTallil CUCTEM aepora3oBOro KOHTpouo y ByriibHUX maxTax" (AI'K) Bun.
1991p. [15]; "[HCTpyKIIil 3 KOHTPOJIO CKJIaLy PYJHUKOBOTO MOBITPs, BU3HAUCHHS Ta
BCTaHOBJIEHHs KaTeropii maxT 3a metanom". (HITAOIT 10.0-5.02-04), 2003p. m.Kuis
[16]. V mux gokyMeHTax JaHi OUIbII JOKJIQJHI PO3'ICHEHHS MO 0araTbOM MYyHKTaM
«IIpaBun ..». OpHak, SK IOKa3ye€ aHali3 Ta MPAKTHUKA EKCHEPTHUX JOCHTIIKEHb
npoekTiB AI'K Ha Oub1, HIXK 25 BYTUIBHUX HIAIPUEMCTBaX YKpaiHH, MPOBEICHUX B
II'T™ HAHY, nesxi NyHKTH HHMX JOKYMEHTIB MOTPEOYyIOTH JOOMpAIFOBAHHS 1
KOPUTYBaHHS.

Crni 3ayBaXWTH, IO TPH MPOEKTYBaHHI, YCTAHOBII Ta €KCIUTyaTallli CUCTEeM
ATI'K kepyBaTHCsl JEKUIbKOMa TOKyMEHTaMU BKpail HempoaykTuBHO. Kpim Toro,
"TuM4acoBe KEpIBHUIITBO IO OOJAaJHAHHIO Ta EKCIUIyaTallii CUCTEM aepora3oBOro
KoHTpoJto y ByrutbHEX mMaxTax" (AT'K) Bug. 1991p. [15] 3actapino, Tak K B HbOMY
HEMAa€ YITKOTO TepeiiKy MiCllb YCTAaHOBKHM CTalllOHAPHUX JaTYUKIB KOHTPOIIIO
MeTaHy 3 iX yCTaBKamMH, a II6 IHUTaHHA OOMEXEHE JIMIIEe TUIIOBUMHU CXEMaMH
pPO3MIIICHHA JaTYMKIB B IIaXTHUX BHUPOOKax, IO YCKJIAJHIOE BHUKOPUCTAHHS
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«TrMYacoBOTrO KEpiBHUIITBA ...» MPOCKTHHUMH YCTAHOBAMHU Ta IMAXTHUMHU CIIyKOaMu
ATK. "lHCTpyKIii 3 KOHTPOJIO CKJIaay pPYAHUKOBOTO TIOBITPS, BHU3HAYCHHS
0aratora3oBOCTi Ta BCTAHOBJIEHHs Kareropii maxt 3a metanom". (HITAOIT 10.0-
5.02-04), 2003p. m.KuiB [16] Takox moTpeOyrOTh AoompaioBaHHs. Buxonsuu 3
IIbOr0 BUHHMKA€ HEOOXITHICTh CTBOPEHHS HOBOTO CIICI[iaji30BaHOTO HOPMATHBHOTO
JIOKyMEHTa 3 MPOEKTyBaHHs Ta ekcruryaTallii cuctreM AI'K B ByriIbHHX IIaxrtax, 1o
BpPaxoOBY€ TMOSBY HOBHUX 3aC00IB KOHTPOJIIO, 0OPOOKH, aHAJI3y Ta 30€piraHHs JTaHUX,
HOBUX MPOrPaMHUX 3aC001B, KOMIUIEKCHUH MIJX1]1 10 BpaXyBaHHs BCiX (aKTOPiB, 110
BIUTMBAIOTH Ha aepora3oBy Oe3IMeKy B IIaxTax.

BucHoBkwu.

Buxoasunn 3 TpoBeACHWX JOCHIDKCHb IMHTAHb  ITIBUIICHHS  SIKOCTI
aepora3oBOro KOHTPOJIO Ha BYTIUIBHHUX MiJMPHEMCTBAX YKpaiHU, MOXKHA 3pOOHTH
HACTYITHI BUCHOBKH:

1. OcHoBHUMHU (aKTOpaMH, IO BHU3HAYAIOTh A€pOTa30BUN CTaH y BYTUIBHHUX
[axTax y Mporieci eKCIuTyaTarii, € TeXHOJOT149HI YUHHUKH.

2. OpHMMH 3 OCHOBHHMX TEXHOJOTIYHHMX (PaKTOpiB, IO BIUIMBAIOTh Ha
aeporasoBHil CTaH y BHUpPOOKaxX BYTUIBHMX IIAXT, € SKICTh HPOEKTYy CHCTEMHU
aeporazoBoro koHTpoito (AI'K) i1 piBeHb excruryararii 1i€i CUCTEMHU B pealbHUX
YMOBaX BYT1JIBHOT IIaXTH.

3. IcHyroul Ha cydacHUX BYTUIBHHX IIaxTax YKpaiHu cuctemu kKoHTpoio AI'K
noTpeOyIoTh MOJEpHi3alii y 3B'A3KYy 3 MOSBOI HOBUX TEXHIYHUX 1 MPOTrpaMHUX
3aco01B, a TAaKOK HOBUX 3aMMTIB, 1110 BUMAraroTh MiBUILICHHS PiBHs O€3MEKH Mpalli B
raxrax.

4. 3 oIy Ha 3a3Ha4€H1 HEJOJIIKU, a TAKOXX MOSIBY HOBUX 3aCO0IB KOHTPOJIIO,
00poOKM, aHaizy Ta 30epiraHHsl JaHUX 1 HOBUX MPOTPAMHUX 3acO0IB, BUHHUKJIA
HEOOX1AHICTh II0JI0 CTBOPEHHSI HOBOTO CIEI1a1i30BAaHOT0 HOPMATUBHOTO JIOKYMEHTA
3 MPOEKTyBaHHA Ta ekcrutyaTarlii cucteM AI'K y ByrijpHUX maxrax.
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Abstract. The article discusses the issue of improving the operation of air-gas control systems
(AGC) at coal enterprises in Ukraine. The factors determining the air-gas situation in coal mines
have been identified, and it has been established that the main technological factor is the quality of
the AGK system design and the level of its operation in real conditions. Individual shortcomings are
analyzed, proposed ways and developed technical solutions to improve the operation of AGK
systems. The analysis of the existing regulatory framework in Ukraine governing the design and
operation of AGK systems at coal enterprises is carried out. Conclusions are drawn about the need
to modernize the AGK systems and create a new regulatory document for the design and operation
of AGK systems in coal mines.
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Annomauyun. B cmamve paccmampusaemcs 3a8UcumMocmv OMKIOHEHUS XAPAKMEPUCMUK
cuenanose Haiikeucma om UCXOOHBIX 3HAYEHUU 6 YACMOMHOU U 6DEeMeHHOU 001acmax npu
U3BMEHeHUU UX napamempos 8 YCmaHoeieHHbIX npedenax. Ilpedcmasnensvi pacuemmusie popmynvl u
epagpuyeckue nOCMpoeHus, ULIIOCMpUpyIowue npeoaazaemyro MemoouKy Uccie008aHusl.

Knroueswie cnosa: cucnanvr Hatikeucma, omcuemuule 3Ha4enus, 02PaAHUYEHHbI CHeKmp.

Beryniienne.

B mudpoBeIx cucTeMax paiuoCBsSI3U UMITYJILCHBIE CUTHAJIBI HTPAIOT PEIIAIOITYTO
posb. dopMa CHUTHAJIOB MOXKET OBITH camMoOil pa3HOO0Opa3zHOil. M3BeCTHBI CHUTHAIIBI
NpSIMOYTOJIbHOM, TPEyTrOJbHOM, AKCHOHEHLUAIbHOW (OpPMBI, CUTHAIBI B BUJC
OTpe3Ka KOCUHYCOHJIbI, TAYCCOBCKHE CUTHAIBI U T.A. [1]. OmHaKo ecTh 0COOBIN BU
CUTHAJIOB, KOTOPbIE YMECTHO BBIJICIUTh B CaMOCTOATEIBHOE MHOXKECTBO. ITO
curHasibl HallkBrCcTa ¢ KOMIAKTHBIM CHEKTPOM [2].

K HacrosimeMy BpeMEHU B TEXHUYECKOW JIMTepaType OMUCAHO OOJBIIOE YHCIIO
kjaccoB curHasioB HailikBucra. [loaToMy BO3HHMKaeT HEOOXOJMMOCTh CPAaBHUBATH UX
XapaKTePUCTUKU U pa3padaThiBaTh PEKOMEHIAIMU OTHOCUTEIHLHO MPUMEHEHHS UX B
TeX MO0 UHBIX CUCTEMaX Iepeaayu nHpopMammm.

BbIB0/1 0OCHOBHBIX COOTHOIIIEHUIA.

CuHTE3 HOBBIX KJIACCOB CEJIEKTHBHBIX CHUTHAJIOB I1€JIECO00PA3HO MPOBOJUTH B
JacTOTHOM oOjlacTH, a 3aTeM IIpH IOMOIM oOpaTHOro mpeoOpazoBaHus Dypne
MoJdy4yaTh AHAJUTUYECKOE BbIpaXKEHUWE Mg caMoro curHana. Hcciemyem
OCOOEHHOCTH MHOTOMapaMeTpUyYecKoro curHajga HaWkBucTa, KOTOPBIM ObLI
npemioxked B [2]. Moaynb CrieKTpaabHOM TUIOTHOCTH TaKOTO0 CHUTHAJIA MOXKET OBITh
MPEJCTABIICH B BUJE:

Ur, |(o| <0y,
IS(o)|=1SM (@), o <|o]<og, (1)
0, |0)| > g,
N —
rae SN (@) =0,5UT +0,5UT S ay;_, cos| =(2k —1)——24
k=1 2 We — 0y
N
3,[[601: Ay 20,k=1,2,,N, ZaZk_l =1. (2)

k=1
KpOMC TOTO, CIIPABCIJIMBLI CIICAYIOIINC COOTHOIICHUS:
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0y=(1-a)oq; 0 =>01+a)o;0<a<l];

= 0c7®1 D79 koadunment ckpyrinenus (roll-off factor) [2].

o
®c ®c
KonuyecTBo HE3aBUCUMBIX MapaMeTpoB N MOXKET ObITh IPOU3BOJIBHBIM, OJHAKO
OHH JIOJKHBI YJIOBJIETBOPATH YCIOBUSIM (2).
JIns onpeaeneHHoCTH orpanuuumcs Tpems napamerpamu N = 3. Torna Mmonymib
CHEKTPaJIbHOM IJIOTHOCTU OYJI€T BBITJIAETh TaK, KaK TOKA3aHO HA PUCYHKeE 1.

S(w) |
A ‘—a1=1. a3=0, a5=0
ut . —a1=0.6, a3=0.25, a5=0.15
a=20,3
T=n/w;
a) 0,50T
Wy We wWpg w
S(w)
A —al=1, a3=0, a5=0
ur | e _ s
a1=0.6, a3=0.25, a5=0.15
a =09
' ] = n'/CUC
6) 075111, W OO mafes.. AT
B

Wy (V¥ Wp

Pucynok 1 — CnekrpaJjibHasi INIOTHOCTH TPeXnapamMeTpH4ecKoro CurHajia
HaiikBucra npu o =0,3 (a) u aa=0,9 (0)

[lepexoqum  Temepb  BO  BpEeMEeHHYH  oOmactb. g — mosydeHus
TpexmapaMeTpuiIecKkoro curaana HaiikBucta mcnonb3yem mnpeobpazoBanmne Dypbe
BoIpaxkeHus (1) c yuerom (2) [2].

[Tocne HecnoXHBIX MPeoOpa3OoBaHUI MOJydaeM CJEAYIOIIEE BbIPAKEHHE IS
CUTHaJa C DKBUJAUCTAHTHBIMU HYJISIMHU:

s(t) = So(t)[fo(f)"‘ﬂ(t) +f3(f)+f5(t)]’_°° <l <o, 3)

rac
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So(t)zU%/t;T),—oo<t<oo;
T
Jo(t)=cos(ant/T), — o0 <t < o0;
2
fl(t):al(20ct/T) cos((xzm/T),_oo<t<oo;
1-Qat/T)
2
f3(t):a3(2at2/T) COS(aT;t/T),—oo<t<oo;
3 -Qat/T)
2
fs(t):as(Zoct/T) cos(omt/T)’_oo<t<oo.

52 —Qat/T)?

B cpene MATLAB Mo0XHO HccieoBaTh 3aBUCUMOCTH (DOPMBI CEIIEKTHBHOTO
curfHasia (3) OT pa3iIMuyHBIX COYETAaHWHM HE3aBUCUMBIX IApaMeTpoB a;, a3, ds,

KOTOPbIE TOTUUHSIOTCS YCIOBUSM (2).

Pucynox 2 wumocTpupyeT wu3MeHEeHHWE (OpMbl CHUTHajla MpPU  PA3TUYHbBIX
3HAYEHHUSX €ro MapamMeTpoB U KodDPUIMEeHTa CKPYTICHUS.

s(t)
U

al=1, a3=0, a5=0
—a1=0.6, a3=0.25, a5=0.15

a =03

T=n/wc

a)
S(t)  [~a1=1, a3=0, a5=0
U —a1=0.6, a3=0.25, a5=0.15
=0,9
0) =n/wc
0 T' U
Pucynok 2 —Tpexnmapamerpu4eckuii curdan Haitksucra npu a=0,3 (a) u
a=0,9 (0)
ISSN 2567-5273 47 www.moderntechno.de



Modern engineering and innovative technologies Issue 18 / Part 1

3amMeTuM, 4YTO JUIMTEIBHOCTh  OJHOTO0  HMH(POPMALMOHHOTO  3JIeMEHTa
cocrapisieT 1. Takyro Xe BEIMYMHY UMEET HHTEPBAT MEXAY SKBUIAUCTAHTHBIMU
HyJISIMU B curHanax HaiikBucTa npu Jro0bIX TIOMyCTUMBIX €TI0 apaMeTpax.

BbiBoabI.

B pabote momyueHsl pacyeTHbIE COOTHOIIEHUS, TTO3BOJISIONTNE aHATH3UPOBATh U
CUHTE3MpPOBATh MHOTOMApaMeTpUiecKkue curHanpl HaiikBucra ¢ (QUHUTHBIM
CIIEKTpOM, OOJajaronue 3aJaHHBIMH CBOWCTBAMH B YAaCTOTHOM U BPEMEHHOM
obnactsx. Ilpu Bcex BO3MOXHBIX OIEpaldSIX CHUTHAJIbl HE BBIXOJAT 3a PaMKH
OTOBOPEHHOI'0 MHOXECTBA, T.€. COXPAHSIOT 3KBUIUCTAHTHOE PACIOJIOKEHUE CBOMX
HYJIEBBIX 3HAUYECHUM.

COOTBETCTBYIOIIUM IOJ00OPOM TApaMEeTPOB MOXKHO JTOOUTHCS MaKCUMAJIbHOM
KOHIICHTpAIlMM DHEPruyd CUTHajda B TOM WM HMHOM 00JIACTM HAa OCH BpPEMEHH,
W3MEHEHHUS YPOBHS OOKOBBIX JICTIECTKOB U T. .

Bcé€ mepeurnciieHHOE MO3BOJISET HE TOJIBKO pa3padoTaTh psii peKOMEHAAIHHI, HO
M HAMETUTh HamNpaBlieHUWs JajlbHeWIiero pasButus pabor B obnacTtu
MHOTOIIApaMeTPUUECKUX cUrHaioB Haiksucra.
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Abstract. The article discusses the dependence of the deviation of the characteristics of
Nyquist signals from the initial values in the frequency and time domains when changing their
parameters within the established limits. Calculation formulas and graphical constructions are
presented, illustrating the proposed research methodology.
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Summary. Energy industry is a basic industry in the country that ensures its sustainable
development and is a source of electricity and heat. Most of Ukraine's electricity is produced by
thermal power plants and thermal power plants, with the energy sources being organic fuel: coal,
fuel oil, and natural gas. As a result of their combustion, a large number of harmful substances that
adversely affect the population and the environment are released into the environment. Therefore, it
is important to make the electricity and heat environmentally friendly. The most harmful emissions
from large power plants are sulfur dioxide, nitrogen oxides and particulate matter. Sulfuric
anhydride is the main air pollutant for combustion of fuel oil. About 50% of all sulfur oxides (CO2,
CO3) are generated by fuel combustion in the energy and municipal sectors, and losses from such
emissions make up about 55% of the total atmospheric pollution losses. In order to reduce
atmospheric emissions in developed countries, combustion emission control systems are being
installed at all times, despite the high cost of such systems. Therefore, the main purpose of the study
is to determine the most efficient sulfur treatment plant, which is the most compatible with domestic
equipment in the energy sector. The following sulfur treatment plants are considered in the work:
wet purification (Wellman-Lord process using sodium salts), dry purification (Inset dry sorbent
(DS1)), semi-dry purification (LIFAC process, as a development of DSI process with spray of water
droplets), catalytic purification from sulfur and nitrogen oxides (DESONOX, SNOX) and others.
The article provides a calculated study of the emission level of these oxides. For the analysis of
sulfur treatment plants, flare burning with liquid slag was selected, while the low sulfur fuel oil of
grade 40 was burned. It was found that of all selected types of sulfur treatment plants, the wet
cleaning method was best — the Wellman-Lord process using sodium salts.

Keywords: sulfur oxides, sulfur dioxide, emission index, ecological status, sulfur treatment
plants.

Formulation of the problem.

Energy is the basic branch of the country, which ensures its sustainable
development and is a source of electricity and heat. A significant part of Ukraine's
electricity is generated by thermal power plants and combined heat and power plants,
the energy sources of which are fossil fuels: coal, fuel oil, natural gas. As a result of
their combustion, a large number of harmful substances are released into the
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environment, which has a negative impact on the population and the environment.
Therefore, it is important to make electricity and heat environmentally friendly. To
achieve the level of emissions that Europeans achieved 20-25 years ago, the
government has created an action program "National plan to reduce emissions from
large combustion plants (NPS)" [1]. NPSV clearly indicates the mechanism for
energy companies, how to gradually reduce emissions, ie a linear reduction of
emissions from each combustion plant. The ninety large incinerators included in the
NPSV need an investment of 5-6 billion euros over 15 years to be used for gas
treatment plants. The same amount should be invested in the reconstruction of basic
equipment.

The most harmful emissions from large power plants are sulfur dioxide, nitrogen
oxides and particulate matter. Comparing the actual concentrations of harmful
substances at TPPs of Ukraine and the requirements of Directive 2010/75 / EC on
industrial emissions, in Ukraine emissions of sulfur dioxide and nitrogen oxide
exceed 10-30 times, ie exceed one million tons per year [2].

In the leading European countries, 20% are the costs of environmental measures.
In Ukraine, 85% -90% of the cost of electricity is fuel. This situation requires
choosing the best equipment for cleaning flue gases.

Analysis of recent research and publications.

Many scientists are working on the issue of desulfurization. In the work of 1A
Volchyn and LS Gaponych [3] determine the required degree of desulfurization of
flue gases and the priority method of desulfurization for implementation at TPPs of
Ukraine. For this purpose, the analysis of modern methods and technologies of flue
gas purification from SO2, calculation and generalization of gross and specific
emissions of sulfur dioxide in the flue gases of thermal power plants were performed.
It is established that the values of specific concentrations of sulfur dioxide in dry flue
gases at TPPs of Ukraine depending on the brand of fuel, its sulfur content and the
method of slag removal in the boiler. Batorshin VA [4] considers the problems of
solving this issue in the United States.

Scientific work performed by I.A. Bompumnum, O.M. Kolomiets and A.O.
Yasynetsky [5] investigates the processes of sulfur purification by semi-dry
ammonium method. In this work, the influence of the method of liquid supply to the
working area, water consumption and additional air on the efficiency of the
desulfurization process is revealed.

A review of the literature shows that intensive research on methods to limit
emissions of pollutants into the environment has been conducted around the world.
Some work has focused on hazard analysis and emission reductions for small waste
treatment facilities [6,7].

Selection of previously unsolved parts of the overall problem.

The main task of energy scientists is to reduce emissions into the environment,
this can be done in many ways. One of these methods is the installation of efficient
desulphurization facilities. Therefore, it is worth focusing on determining the most
environmentally efficient sulfur treatment plant.

The purpose of the article. Empirical data on the concentration of harmful
substances were collected using a continuous flue gas monitoring system consisting
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of a set of analyzers and a computer recording system. Such systems must be
installed during the heat treatment of plant waste. Allows continuous measurement
and registration of measured values of reports required by environmental services in
accordance with applicable regulations. A computer with a database is used to
collect, process, report and archive information on concentrations and emissions of
harmful substances. The system must comply with the requirements of current legal
regulations in the field of data processing of the system for continuous emission
measurements and is subject to verification procedures. [8]

To reduce emissions in developed countries, control systems for emissions of
combustion products are constantly being installed, despite the high cost of such
systems. Therefore, the main purpose of the study is to determine the most efficient
desulfurization plant, which is the most compatible with domestic equipment in the
energy sector.

Presenting main material.

Gas purification systems may include different processes and methods
depending on the specific requirements. However, the choice of cleaning technology
(or technologies) depends on the specific location, is sensitive to the register and
depends on the requirements for the use of gas and the gas source. But first it is
important to recognize the composition of the gas so that you can choose the
appropriate technology to remove specific contaminants. Thus, the purification of
raw gas i1s strictly necessary in order to remove contaminants and potential catalyst
poisons, as well as to achieve the quality composition required before the sale of gas
for use. [9].

A wide range of desulfurization plants includes: wet cleaning (Wellman-Lord
process using sodium salts), dry cleaning (dry sorbent injection (DSI)), semi-dry
cleaning (LIFAC process as a development of the DSI process with water droplet
spraying), catalytic cleaning from oxides of sulfur and nitrogen (DESONOX,
SNOX), etc. Consider their principle of action in more detail [10,11].

The method of wet purification of Wellman-Lord is based on the use of sodium
sulfate salts:

SO, + Na,SO; + H,O = 2NaHSO:;.

Foreign experience in the application of such technology has shown that the use
of this method for thermal power plants can be justified when the regeneration is
carried out in a special chemical production not related to energy. This technology,
like any cyclic, requires a constant flow of flue gases, ie a constant load of the power
unit (boiler), which is built such a desulfurization.

The dry cleaning method (dry sorbent injection (DSI)) should be used to reduce
fuel combustion emissions from non-stationary operation in a fuel combustion system
having a gas path that passes from the fuel combustion chamber through a spray
dryer-absorber in bag filter located downstream of the spray dryer-absorber.

In semi-dry purification (LIFAC process as a development of the DSI process
with spraying water droplets), the reaction medium created by water injection
significantly increases the utilization of calcium oxide. The closer to the dew point
temperature the flue gases are cooled, the more efficient the process of binding sulfur
oxides. Water spray and the optimal droplet size is achieved through a system of
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nozzles that produce pressure spray. The operating temperature in the activation
reactor is 10-15% higher than the dew point temperature, due to which the flue gases
and reaction products remain dry.

Catalytic purification from sulfur and nitrogen oxides (DESONOX, SNOX) is
that the flow of flue gases, usually in the area of the economizer, includes ammonia.
At a distance of 0.5-1.5 m from it is a cassette with a catalyst (V,Os or others). One
of the main problems is to reduce the resistance of the catalyst. The developed
technology of catalysts allows to reduce the content of platinum metals in 2-3 times
in comparison with analogs without reduction of efficiency of purification and
service life of neutralizers.

Of course, by combining different cleaning processes in one cycle, it is possible
to achieve a significant reduction in SOx emissions. But it should be emphasized that
the cost of purification of gases from sulfur oxides, including catalytic methods, is at
least 1-2 orders of magnitude higher than the cost of methods that reduce their
formation. Therefore, purification should be applied after using existing suppression
methods if a more significant reduction in SOx concentration is required.

In order to determine the effectiveness of reducing emissions of sulfur oxides
into the atmosphere, it is necessary to conduct a calculated study of the emission level
of these oxides. The emission index is determined taking into account the efficiency
of sulfur binding by ash or sorbent in the power plant, the efficiency of flue gas
purification from sulfur oxides and the efficiency of the sulfur treatment plant
according to the formula [12]:

10° 28’
SO, — Q_,rm(l -n, )(1 - ﬂnﬁ)

where Q" is the lower operating heat of fuel combustion, MJ / kg; S' - sulfur content
in the fuel per working weight for a period of time P,%; n; - efficiency of sulfur
binding by ash or sorbent in power plant; ny - efficiency of flue gas purification from
sulfur oxides; B is the operating coefficient of the desulfurization plant. For the
analysis of sulfur treatment plants was selected flare combustion with liquid slag
removal, while burning low-sulfur fuel oil grade 40. In accordance with the above,
calculations were performed and the results are shown in table 1.

Table 1 - The results of calculations of the emission of sulfur oxides when using
different sulfur treatment plants and without them

Type of desulfurization plant n, B k(SO2), g/ gj
1 Without cleaning 0 0 461,28931
2 | Dry cleaning — injection dry sorbent (DSI) 0,45 0,98 257,86073
3 Semi-dry cleaning - LIFAC process as 0,8 0,98 99,638491
development DSI process with sawing
4 | Catalytic purification from oxides of sulfur and| 0,95 0,99 27,446714
nitrogen (DESONOX, SNOX)
5| Wet cleaning is a process Wellman- Lord of 0,97 0,99 18,313186
using sodium salts

Source: developed by the authors
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According to the table, the dependence of emissions on the efficiency of flue gas
cleaning from sulfur oxides and the efficiency of the sulfur treatment plant, as shown
in Figures 1 and 2, respectively.
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Fig. 1 - the dependence of sulfur emissions on the efficiency of flue gas cleaning:
1 - without the installation of a sulfur treatment plant; 2 - dry cleaning (dry sorbent
injection (DSI)); 3 - semi-dry cleaning (LIFAC process as a development of the DSI

process with sawing), 4 - catalytic purification from oxides of sulfur and nitrogen
(DESONOX, SNOX), 5 - wet cleaning (Wellman-Lord process using sodium salts)
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Fig. 2. Dependence of sulfur emissions on the operating factor of the sulfur
cleaning plant:

1 - without the installation of a sulfur treatment plant; 2 - dry cleaning (dry sorbent
injection (DSI)); 3 - semi-dry cleaning (LIFAC process as a development of the DSI
process with sawing), 4 - catalytic purification from oxides of sulfur and nitrogen
(DESONOX, SNOX), 5 - wet cleaning (Wellman-Lord process using sodium salts)

The graphs show that the most efficient setting from an environmental point of
view is the wet cleaning method (Wellman-Lord process using sodium salts), while
dry cleaning (dry sorbent injection (DSI)) is not as effective.

Conclusions and suggestions.

The following methods for reducing sulfur oxide emissions are considered: wet
cleaning (Wellman-Lord process using sodium salts), dry cleaning (dry sorbent
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injection (DSI)), semi-dry cleaning (LIFAC process as a development of DSI process
with water droplet spraying), catalytic purification from oxides of sulfur and nitrogen
(DESONOX, SNOX).A comparative analysis of the level of sulfur dioxide emission
during the combustion of low-sulfur fuel oil grade 40 during flaring with liquid slag
removal, using the above sulfur treatment equipment.

Thus, it was found that of all the selected types of desulfurization plants, the best
was the method of wet cleaning - the process of Wellman Lord using sodium salts. It
is safe to say that by installing such facilities today, we will improve our lives in the
near future, while reducing the risk of diseases caused by harmful sulfur emissions
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Anomauin. Enepeemuxa € 6a306010 2any33io 8 Kpaiwi, axa 3a6esneyye ii cmanuii po3eumox i €
Ooicepenom enekmpoenepeii ma menaa. binbury wacmuny enekmpoenepeii ¢ Yxpaini eupooasioms
TEC i TEL], a 0ixcepenamu enepeii € opeaniune naauso: 8yeilis, Mazym, npupooHutl 2a3. Buacniook
iX 320psAHHA 8 HABKOIUWHE cepedosule BUOLIAEMbCS BeNUKA KIIbKICMb WKIOIUBUX PEUOBUH, 5K
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He2amueHo B6NIUBAIOMb HA HACENeHHSI MAd HABKOMUWHE cepedoguuje. Tomy eadxciuso 3pooumu
eleKmpoenepito ma menio exkoaoeiyno uyucmumu. Haubinows wKionueumMu SUKUOAMU BETUKUX
eleKkmpocmanyitl € 0iokcuod cipku, oxcuou azomy ma meepdi yacmku. Cipuanuii aumeiopuo €
OCHOBHUM 3a0pYOHIO8aYeM NOGIMPs O cnantoganus mazymy. bnuzexko 50% ecix oxcuodig cipku
(CO2, CO3) ymeoproemvcsi npu CHAnOBAHHI NAIUBA 6 eHepeemuyi ma KOMYHATbHOMY
20cnooapcmei, a mpamu 6i0 MaxKux 6UKUOi6 CmaHosIaAmy 01usbko 55% 6i0 3azanvhux empam Ha
3a0pyOHeHHsT ammocghepu. 3 Memow CKOpOUeHHs BUKUOiI6 6 ammocghepy 8 pO3BUHEHUX KpAaiHax
NOCMIUHO 8CMAHOBIIOIOMBCA CUCEMU KOHMPOIIO SUKUOIE NPU 2O0PIHHI, HE38aAHCAIOUU HA BUCOKY
sapmicme makux cucmem. Tomy OCHOBHOW Memo OOCNIONCEHHS € BUSHAYEHHs HatoOilbu
egexmusHoi ycmanoeKu 01 OYUWeHHs CIpKU, AKA HAUOINbWL CYMICHA 3 BIMYUZHAHUM 00NAOHAHHAM
6 eHepeemuyi. Y pobomi pozensioaromscs maxi yCmaHo8Ku 01 OYUUeHHsL CIDKU: 801102€ OYULYEHHS
(npoyec Bennmana-Jlopoa 3 uKopucmanHim HAMpPIe8Ux couell), cyxe oYUweH s (6CMABHUU CYXUll
copoenm (DSI)), naniecyxe ouuwenns (npoyec LIFAC, ax pozsumox npoyecy DSI 3 posnunennsam).
Kpaneib 800u), Kamaiimuyne ouuwerns 8i0 oxkcuois cipku ma azomy (DESONOX, SNOX) ma in. Y
cmammi  NpoBe0eHO PO3PAXYHKOB8E OO0CHIONCEHHs pIBHs BUKUOI8 yux okcudie. [[na awnanizy
CIDKOOYUCHUX YCMAHOBOK OVI0 00pano ¢haxenvHe CHANIO8AHHS PIOKUM WINAKOM, A MA3ym MapKu
403 nuzvkum emicmom cipxu. Becmarnosneno, wo 3 ycix oOpanux munié yCmaHo80K 01 OYUUeHHS
CIpKU HAUKpAwum € Memoo 601102020 oyuujenHs — npoyec Benimana-Jlopoa 3 euxopucmauHam
Hampiesux coneu.

Kniouosi cnosa: oxcuou cipku, Oiokcuo Ccipku, IHOeKC BUKUOIB, eKOJO2IYHULL CMAH,
VCMAHOBKU OJisl O4UUeHHS CIDKUL.

Cratpsa otnpasinena: 10.01.2021 r.
© llenewmen T.B., bennapceka I.C., Maiiep JI., IT’sitauyk B.C.
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INCREASE THE LEVEL OF ENERGY EFFICIENCY
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Anomauia. B pobomi nposoosamvcsi 00CHIONCEHHS AKMYANbHUX NUMAHb WOOO0 MONCIUBOCTE
ma egekmueHocmi BUKOPUCTIAHHS ANbMEPHAMUBHUX OJcepell eHepeii Ol ONANeHHs HCUMLOBUX
0yYOUHKI6 AO0 NOEOHAHHA MPAOUYIUHUX MA HeMmpPAOUYIHUX 6U0i8 eHepeii 3 Memol Ni08ULeHHS.
DIiBHs  eKONO2IUHOI Oe3neku ma 3A0WaddiCeHHs NATUSHUX 1 epowosux Kowimie. Ilpogederi
PO3DAXYHKU, a came. BU3HAYEHHA menjaonepedayi uepe3 0Oa2amowiaposy nioCKy CMIHKY ma
Meni08o2o0 NOMOKY 00 ma Ricls ymenieHHs 0YOUHKY, PO3DPAXYHOK GUMPAmu Naiueéd npu 3aMiHi
KOMenbH020 OONAOHAHHA MA CUCeMU ONAIeHHs. DYOUHKY O0aromb MONCIUBICMb NEPEKOHAMUCS Y
OJoyinbHOCMI ma HazanvHocmi  MoOdepHizayii npusamuo2o Oyouuky. Li 3axoou Odaiomv 3mM0xuCy
3eKOHOMUMU NATIUBHT Ma 2poulosi pecypcu noHao 25 % Ha pik.

Knwuoei cnosa: padiamop, ceomepmanvhe onaneHHs, YmenieHHs OVOUHKY, MOOepHi3ayis,
mennoizonayis, bolnep, 2iOpoCMamuyHUull Hanip, Komei

Beryn. CyvacHa cucrema OmnajeHHs - 1€ CKJIaJHa KOHCTPYKIs, sIka MOBHHHA
3a0e3nedyBaTi TEIJIOM YCI MPUMIIIEHHS, K1 € y OymiBiai. Ha choromHimHii 1eHb
PO3pO0JIEHO TOCUTH OaraTo MPUHITMIIOBO HOBUX CHCTEM OIAJICHHS, K1 MPAIIOI0Th Ha
pi3HOMY BUJII TTaJIMBA.

Tumip  onamoBalbLHUX CHUCTeM 0Oarato, ajie HaWMOMyJSpHIIMIUMH  Ha
CHLOTOJHIIIHIA J€Hb € KOMOIHOBaHI CHUCTEMHU OIajJeHHS. Takl CUCTEMH IIOBHICTIO
aJlanToOBaHl JI0 YKPaiHCBKOi MIACHOCTI 1 JO3BOJISIOTH 3 MIHIMAJIBHUMU BUTpPATaMHU
KOMOIHYBaTH Mail’ke BCl BHJIM TMaJIMBA: €JIEKTpHUKA, OAJIOHHUHN ra3, MaricTpajibHU
ras, piJike Ta TBepe MajauBO, COHsIYHA SHEPTisl.

KoMm6iHoBaHa cuctema omajieHHs 3aMiCbKOro OyJIWHKY — 4yJ0Ba Haroja He
numie oOIrpiTH  KUTIOBUN OyJAMHOK, a ¥ 3aom@aauTu KomTu. Hampuknan, mpu
MiBUIIEHHI Tapu(]iB HA OJUH BUJ MaJIMBA, MOKHA TIEPEUTH HA 1HIIUH, TIPU IILOMY
Koe(iIli€EHT TeIUIOB1I/1aul 3aTUIIAETHCS HE3MIHHUM.

[Ile omuuM BapiaHTOM OIAJEHHS 3aMICBKOTO OYyAMHKY € TBEpJOMAIMBHUIMA
KOTEJ, KWW Tpaifoe Ha Oyab-SKOMY TBEpPJOMY MajuBi: JpoBaX, Top(di Ta IHIIUX
Busiax. Oco0MMBO aKkTyallbHa yCTAaHOBKA TaKOTO KOTJa B THX OYyJIMHKaXx, 7€ HEMae
MOXJIMBOCTI BUKOPHUCTOBYBATH €JEKTpUUHE a00 ra3oBe oOJjiaHaHHs. BucokoskicHUM
KOTEJ Ha TBEPAOMY MaJlUBI MOXXE€ BHMKOHYBaTH HE TUIbKM (QYHKLIIO OOIrpiBy
KUTJIOBOTO OYJMHKY, aJie 1 HarpiBaTH BOJYy Y BEJIMKUX KUIBKOCTSIX, HANpUKIAM, JJIs
BUKOPUCTAaHHA y BaHHINA KIMHATI.
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Ane ni1epoM Bce K JI0C1 € BOASHE OMaJICHHs, X04a 1 HOro 4acTKOBO TOPKHYJAacs
MozepHizauia. Tenep BoAsSHE OMAJCHHS BJAJO MOEIHYETHCS 3 CHCTEMOIO OOIrpiBY
MiUIOT, a y SKOCTI TEIUIOHOCIS BUKOPHUCTOBYIOTh HE MPOCTY BOJIYy, a CIELIAJIbHY
He3aMmep3arouy piauHy. SKmo OyIuHOK Ha MESKUi Jac 3aJuIUThCs 0€3 rocrmoaapis,
TO 3aBJSIKM TaKUM HOBOBBEJCHHSM HaBITh y caMi MOpO3HI [IHI CHCTEMa He
PO3MEP3HETHCS.

Haii6inpm onTuManbHUM PIIIEHHAM MpoOsiieMH OOIrpiBy 3aMiChbKOro OyIHMHKY
a00 TPOCTO MPUBATHOTO KOTEXKY BBAXKAETHCS T€OTEPMAIbHE OTATICHHS.

Haii0inp11 nomupeHuM 3aX0J0M MOJIEpHI3allli CUCTEMHU ONAJIEHHS B Cy4aCHOMY
CBITI € 30BHIIIHE YyTelieHHd OynuHkiB. lle 3HAauHO 3MeEHIIye TEIJIOBTPATH B
HABKOJIMIITHE CEPEIOBHUIIIE Ta 30epirae Termio B goMi. Lle He Ayke nemeBuit 3axif, ajae
nyxe epektuBHui. [Ipu BUOOpI yTeruoBaya OCHOBHUM KPUTEPIEM € BapTICTh pOOIT
B LIJIOMY, €KOJIOT14HICTh, JIOBTOBIUHICTh Ta MOKEKOOE3MEUHICTh.

Came nuTaHHSM €KOHOMIi MAJMBHUX PECYpCIB, 3a PaXyHOK BHKOPUCTAHHS
3MINIAHOI CHCTEMH OIaJICHHs Ta YTEIJICHHS OyIWHKY, 1 MPUCBSYEHA JaHa JOCITiaHA
pobora.

ITocTanoBka 3agaui.

Jl71st cTBOpeHHS KOM(OPTHHUX Ta 3aTUITHUX YMOB JJIsl IPOKUBAHHS Y CYy9aCHOMY
KUTJIOBOMY OYJIMHKY TpeOa MpOBECTU PsJl 3aX0JIiB, HAMPABJICHUX HAa MOJECPHI3aIlII0
Ta TMOKpaIieHHs poOOTH CHUCTEMHU TEII03a0e3MeUeHHsT 3 METOIO MiIBUIIECHHS HOTo
eHeproe()eKTUBHCOTI, 3MEHIIEHHS TEIJIOBTPaT Ta KUIBKOCTI €HEProHOCIiB, IO
criokuBaeThcsi OyamHkoM. lle B CBOIO depry mnpusBeAe OO0 3MEHIICHHS BUTpAT
IPOIIOBUX KOMITIB, 110 TAKOX € MO3UTUBHUM MOMEHTOM OCOOJMBO Ha ChOTOAHINTHIN
TICHb.

OT1xe, icHye 00’€KT JOCHIIKEHHSI — MIPUBATHUN >KUTIOBUN OyJHHOK, B SIKOMY
3aIJIAaHOBAHO TIPOBECTH MOJCPHI3aIlil0 CHUCTEMH OIaJieHHS Ta 3poOWTH HOTO
yreryienHs. B Oy1uHKy po3TarioBaHo 7 KIMHAT: MEPEANOKii, ABI 3aJH, JIBl CHaIbHI,
KyXHS, CaHBY30JI (TyaJieT Ta BaHHA). 3 SICYEMO, HACKUIBKM 3MEHIISTHCS TEIUIOBI
BTpaTH dYepe3 CTIHKY MpU YTEIUIeHHI OYIWHKY, a TaKOXX YW BIUIMHE 3aMiHa
OMAIOBAJILHUX TMPWIAJIIB Ta ONATIOBAIBHOIO KOTJia (HAa OUIbII Cy4YacHUM Ta
MOTY>KHIIINI) Ha 3arajbHy eHeproe(eKTUBHICTh OYIMHKY .

PesyabTaTu podortu.

Jlns ipoBesieHHsT poOIT, MOB’SI3aHUX 13 YTEIUICHHSAM OyJIuHKY, TpeOa MpOBECTH
SHEproayuT, a caMe po3paxyBaTh KOE]IIIEHT TEIuIonepeaadi Ta TEeIUIOBUU IMOTIK
yepe3 OaraTomapoBy IUIOCKY CTIHKY JIO Ta MicClis yTeruieHHs OynuHKy. Po3paxyHok
MPOBOAUTHLCA 332 METOAUKOIO, MPEICTaBICHOO B [ 1-5].

PesynbpTatu po3paxyHKy npeacTaBieHi y Tadmumi 1.

OTxe, OTpUMaHiI pPeE3ynbTaTH JO3BOJSIOTH 3pOOUTH BHUCHOBOK, IO IICIHIS
YTEIUICHHS OIip OrOPO/HKEHHS OyIMHKY 3011bMBCs Ha 98 %, npu 1[bOMY TOBIIHA
OrOpOKEHHS 301bIInack uiie Ha 16 %. B pe3ynbrari po3paxyHKy TEIJIOBTPATH
yepe3 CTIHKY 3MeHIIIUCh Ha 51 %.

Hpyrum eranioM MojepHizalii OyJAMHKY € BHU3HAYEHHS BUTpPATH MajkBa Ha
OMaJICHHA NP ABOX BUIAJIKaX:

— JI0 MOJIepHI3aIlli CUCTEeMHU OMAJICHHS 13 KOTJIOM, SIKMH (YHKIIIOHYE Ha
nanuit yac (KK/] kotna ckianae 82 %);
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— TICJIS MOJEPHi3allii CUCTEMH OTaJICHHS 13 «HOBUM» KOTJIOM, SIKHH € OLIbII

cyyacHUM Ta notyxHuM 1 Mae KKJI 93 %.

Taouauus 1 - TemoBuii po3paxyHoK OYIMHKY

Ha3Ba noka3znuka Onunutti Pe3ynpratu po3paxyHky
BUMIPY | [0 yTEIUIEHHS | ICIS YTEIUICHHS
OYJIUHKY OyJIMHKY
1 2 3 4
1. CtiHa OyAMHKY CKJIQJIA€THCS 3:
- TIJIAKOOJIOK MM 400 400
- IITyKaTypka MM 15 15
- TIHOTUIACT MM - 50
- BHYTpIIIHS IITYKaTypKa MM - 15
2. TemnepaTtypa BHYTPIIIIHHOTO °C 22
MOBITPA,
3. TemnepaTypa 30BHIIITHBOTO °C -10
TOBITPS
4. Po3mipu 6yaunky, AxBxH M 9x10,4%3
5. KoedinieHnT Temonepenayi Br/m?*-K 0,714 0,361
6. LlinpHicTH TemoBoro notoky, | Br/m*-K 22,85 11,56
IO MepeAaEThCs uepes
OaraTomapoBy MIOCKY CTIHKY
7. Ilnoma 6yauHKy M2 116,4
8. TeroBwmii MOTIK yepes Bt 2659,51 1345,18
OaraTomnapoBy MIOCKY CTIHKY
9. Tepmiunmii omip m> K/Br 1,4 2,77

Butpara mnanuBa Ha onaneHHs OyAMHKY BH3HAYa€ThCAd 3a JOIMOMOIOIO
HACTYMHOTO PIBHSIHHS:

s __ O
21 - H —6 9
Q,-n-10
e Bel — BHUTpaTa 1ajJruBa Ha OIIAJICHHSA 6y,Z[I/IHKy, M3/I‘O,ZI.;

(1

O — TeruIoTa 3ropsiHHA nanusa, ['kam;

Q) — HIDKYA TEIUIOTa 3rOpaHHs nanusa, ['kan/kr;

n — KK/ kotna, %.

[IpoBeneHi po3paxyHKH MOKa3aid, 0 BUTpaTa NajvBa Ha ONAJCHHS OyAUHKY
IPH «CTapOMY» KOTJIi ckianae 1,93 m/rox., a mpu «HOBOMY» KOT/Ii — 1,72 M3/rox.

Jlami HeoOXITHO BH3HAYMUTH CKUIBKM BIJICOTKIB IajliBa €KOHOMHUTBCS ITICIS
3MiHU KoTJia Ta npu 30uibmenHi KK,

ExoHoMis majmBa 3HaXOAUTHCS 110 HOPMYJIi:

= —1_—2.100%, (2)
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Tomi
e 1,93-1,72
1,93

)

ToOto, mpu 3MmiHI KoTiHa, skui mae Oumbmmii KK/ (93 %) exonomis manmBa
3pocna Ha 10,8 % .

Tob6T0, TUIBKM TpPHM 3aMiHI KOTJa Ha OUIbIN CydacHUW Ta eHeproeeKTUBHUI
BJAETHCS 3€KOHOMUTH Maibke 11 % nanuBa, a, BpaXyBaBIlId 1 TEPMOMO/IEPHIZAIIIIO
OyIMHKY MO’KHa 3a0IllaauTu Oiabine 26 % maiuBa Ha PiK, 10 MPU CHOTOJCHHIM
BapTOCTI Ha eHeproHocii ckianae maike 30000 rpH.

3aK/Il0YeHHSI TA BUCHOBKH.

1. Po3paxynku, siki OyJau MpOBENEHI y JdaHId poOOTI MOKa3ylTh, IO MICIS
yTeIieHHs OyIMHKY 3HAuHO 3MEHIIMBCS TEIJIOBHM TMOTIK 4Yepe3 CTIHKY (110
YTEIUICHHS BIH CTaHOBUB 2,66 kBT, micis yrernenus — 1,34 kBT, a micist 3011bIIeHHS
ol OyIWHKY BiH Tpoxu 30inbmmBcs — 1,38 kBt). TemnoBuii omip 3011bIMBCS 13
1,4 M*-K/Brt 10 2,77 m**K/BT. MoHa 3p00OUTH BUCHOBOK, IO ITICJIS YTEIJIEHHS OIIip
OropoIKeHHSI OyAMHKY 30uTbIIMBCS Ha 98 %, mpH 1IbOMY TOBIIMHA OTOPOKEHHS
301IbIIMIachk Jumie Ha 16 %. TernoBuil MOTIK Yepe3 OropoJKEHHs] 3MEHILIUBCS Ha
51%. TennoBTpaTu Yepe3 CTIHKY BiJ] 3arajlbHUX TEIIOBTPAT CKJIanaoTh 15,3 %.

2. byno po3paxoBaHO BUTpaTy MHajuBa i 3’ICOBaHO, 110 MPU 3aMiHI1 ICHYIOYOTO
KOTJIa Ha OUIbII Cy4acHUH Ta MOTYKHIIIMI BUTpaTa najiusa 3MeHIyeTbes Ha 10,8 %.
Toni, cyMapHa €KOHOMIsl NajJMBa Ta TEIJia y BiJICOTKOBOMY CIiBBIAHOIIEHHI MiCJIs
MOJIEpHIi3allli CUCTeMH onayieHHs Oyie ckiaaaTt 26,1 %.

-100=10,8% .
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Abstract. The study examines current issues regarding the possibility and effectiveness of
using alternative energy sources for heating homes or combining traditional and non-traditional
energy sources in order to improve environmental safety and save fuel and money. Calculations,
namely: determination of heat transfer through a multilayer flat wall and heat flow before and after
insulation of the house, calculation of fuel consumption when replacing boiler equipment and
heating system of the house make sure the expediency and urgency of modernization of a private
house. These measures will save more than 25% of fuel and money per year.
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Anomauia. Jlocniodxceno 6nau8 npocmoposo2o MNOJIONCEHHs NpU Ad3epHOMY 38aPHOGAHHI
Hepocasitouux cmaneii Ha YMEOPeHHs OeheKkmig Yy 6uensadi nop ma MNOPONCHUH Y 38APHUX
3’eonanuax. 30inbuenHs AK KilbKOCmi nop, max i ix po3mipy cnocmepieac€muvcs npu 3MeHUuleHHI
kyma Haxuny 3 90° 0o 0° nio uac 36apiosanns Hepoicagiovoi cmani AISI 321 na cnyck ma na
niouom 6 IMNYIbCHOMY pedcumi eenepayii nasepa. Ilpu 36apio6aHHi 6 HeNnepepeHOM) DeHCUMI
Jnlazepuoi eenepayii Oegpekmu y 6uensdi Nop i NOPONCHUH He susasneni. [lpu nazepnomy 36aproganii
cmukosux 3’eonams 3i cmani AISI 321 natibinbw nepcnekmuSHUMU € HUNICHE MA BePMUKATbHE
NONOMNCEHHS 36API0BAHHA, OCKINIbKU OHU 3a0e3neuyioms Haeuwull pieeHb axocmi. CihopmynbosaHi
MEeXHON02IUHI PeKOMEHOaYii no 8UOOPY PeICUMi6 36APIOBAHHL.

Kniouosi cnoesa: nazepne 36aprosantsi, sMiHa npocmoposux NOI0NHCEHb, HEPIHCABIIOYA CMATlb,
Odepexmu, nopucmicmo

Beryn.

3arajbpHl TEHACHLII Y CTBOPEHHI KOHCTPYKLIM HOBITHBOI TEXHIKM PI3HOTO
(GYHKIIIOHATBHOTO TPU3HAUEHHS y 0araThbOX Taiy3sX MPOMHCIOBOCTI (XIMIYHIM Ta
Xap4oBiif, eHepreTulll Ta CyJHOOyIyBaHHI, aBia- Ta pakeToOyJIyBaHHI, TOIIO),
MOB's3aHI 13 3MEHIICHHSAM Macu BuUpoOiB [1-5], 3actocyBaHHAM MaTepiamiB 3
MOKpPAIIEHUMHI MEXaHIYHUMHU [6] Ta eKCIUTyaTaliiHUMU XapaKTepucTHKamu [7], a
TaKOXX BIPOBAKEHHSIM CydacHUX TeXHOJOTiH 00poOku [8-10]. KoHcTpykinis Takux
BUPOOIB YaCTO BKIIIOYA€E y ceOe BY3/IM Ta JEeTall K Majoro, Tak i BEJIMKOIO po3Mipy,
Kl MaloTh CKJIaJHY HpocTOpoBy (opMy. BiamoBinHO, Npu CTBOPEHHI TaKUX
KOHCTPYKIIN 13 3aCTOCYBaHHSAM TEXHOJIOT1M 3BaprOBaHHS, BUHHMKA€E HEOOXIIHICTbH
BUKOHAHHS PI3HOMAHITHUX BHUJIIB 3BApHUX 3’€lHaHb Yy PI3HUX M[POCTOPOBUX
MOJIOKEHHSX ISl BATOTOBJIEHHS IIMPOKOT0 aCOPTUMEHTY MPOAYKIIi 3 HEPIKABIIOUUX
CTaJIei, aIFOMIHIEBUX Ta TUTAHOBUX cIUIaBiB [9]. Taki 3aiaul MOXKYTh BUPIIIYBAaTHUCh
13 3aCTOCYBaHHSIM PI3HUX TEXHOJIOTIH 3BaproBaHHs. JlyroBe, Mmjia3MoBe, KOHTAKTHE
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3BapIOBaHHS, MOXKHA BIJTHECTH JI0 HU3KHU MPOILIECIB, SK1 BIAHOCHO 100pe BUBYeHI. Lle
TBEP/KEHHS CTOCYEThCS K BUBUYCHHSI MPOILIECIB, K1 BiAOYBAIOTHCSA y 3BAPIOBAJIbHIM
BaHHI, TaK W BCTAaHOBJICHHS 3aJIC)KHOCTEH MEXaHIYHUX Ta EKCIUTyaTarliiHuX
XapaKTepUCTHK OJepKaHUX 3BapHUX 3’€lIHaHb. HaTomicTh, Ja3epHe 3BaplOBaHHS, 5K
i  eJIeKTPOHHO-TIPOMEHEBE 3BapIOBaHHsA, KOMOIHOBaHI Ta TiIOpHIHI CHOCOOH
3BapIOBaHHs, HAJICKUTh O HU3KU CyYaCHUX MPOTPECUBHHUX TexHousorii [1-3, 8-10],
K1 11 BITHOCHO HE JIOCUTH 0Ope BUBYEHI, i TOMY HE TaK IMIMPOKO 3aCTOCOBYIOTHCS
y PI3HHUX BHUAaX MPOMHUCIOBOCTI. 3MiHA MMPOCTOPOBOIO MOJIOKEHHS MPU 3BAPIOBAHHI,
MOKE€ MaTH SIK TO3UTUBHUW, TaK  HEraTMBHUM BIUIMB Ha SIKICTh Ta (POPMYBaHHS
3BapHUX 3’€qHaHb [9]. BiACyTHICTP 3HaHb MNPO BaJEXKHICT, (opMu MmIBa Ta
XapaKTEPUCTUK 3BApHUX 3’€JIHAHb BIJl MPOCTOPOBOIO TOJIOKEHHS HE JO3BOJISIE
BU3HAUUTH TEXHOJOTIYHI TMapaMeTpu JIa3epHOTO 3BaplOBaHHs, SIKI € HalOUIbII
palllOHAJILBHUMU 3 TOYKH 30PY JIOCATHEHHS BUCOKOI SIKOCT1 Ta BIJMOBIIHOCTI BUMOTaM
JIIOYUX CTaHIaPTIB.

MeToro aHoi poOOTH € BCTaHOBJIEHHSI BIUIMBY IIPOCTOPOBOIO IMOJIOKEHHS IPU
Ja3epHOMY 3BapIOBaHHI HEP)KaBIIOUMX CTaJIel HAa YTBOPEHHs A€(EKTIB y BUIJISAL HOP
Ta MOPOKHUH y 3BAPHUX 3’ €THAHHSX.

Marepianau Ta METOAUKA TOCTiIKEHbD.

3aranpHa YacTWHA. 3TIAHO 3 METOJIUKOI0 EKCIIEPUMEHTY, JOCHIKEHHS 3
Ja3epHOTO 3BapIOBAHHS B PI3HUX NPOCTOPOBUX TMOJOKEHHAX MPOBOAUIU 3

BUKOPHUCTAHHAM JabopaTopHOro cteHay (puc. 1), sikuit OyB 3MOHTOBaHHMI Ha 0asi
Nd:YAG-nazepy «DY 044y, Bupooruntsa ¢ipmu «ROFIN-SINAR» (Himedunna).

PucyHnok 1 - Ctena AJis1 Jia3epHOIo 3BapIOBaHHA B Pi3HUX MPOCTOPOBUX
MOJIO’KeHHSAX
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3a cxeMolo, 110 HaBeAeHa Ha PUCYHKY 2, BUKOHYBaJu MPOBAapU y IUIACTHHAX 3
Hepkasitouoi crani AISI 321 (C go 0,12%; Si mo 0,8%; Mn 1-2%; Ni 10-11%; S o
0,2%; P o 0,035%; Cr 17-19%; Ti no 0,6%; ixme Fe), npu pi3HUX KyTax HAXUITy O
90°, 60°; 45°; 30°, 0°. B ycix BapianTax (KpiM HHUXKHBOTO IOJIOKEHHS ), 3BaAPIOBAHHS
MPOBOJIMIN «HA miaiom» (puc. 2.a) Ta «Ha cmyck» (puc. 2.0). Kyt mamiaas
Ja3epHOTO BUMPOMIHIOBaHHS | Ha mactuHy 2 (puc. 2) 3aJHIIaBCs HE3MIHHUM IPHU
PI3HHUX MTPOCTOPOBUX MOJOKEHHSX.

a 0
PucyHok 2 - CxeMH BUKOHAHHS IPOBaPIB y IVIACTUHAX NPH JIa3€PHOMY
3BAPIOBaHHI «HA miiioM» (2) Ta «HA cIycK» (0):
1 — nazepne eunpomintogants, wjo QoKycyemucs niH30105 2 — nIACMUHa; o. — Kym
HAXULYy NAACMUHU 00 20PU3OHMATbHOL NIOWUHU.

Meroanka mociipKeHHs 3pa3kiB 3 HepxkaBirouoi ctam AISI 321. 3BaproBanns
macTuH 3 Hepkasitouoi ctam AISI 321 po3mipom 300x100%3 MM BUKOHYBaIU y
HETMePEPBHOMY Ta IMITYJIbCHOMY PEKHUMAaxX TeHepallii Ja3epHOTO BUIIPOMIHIOBaHHS.

[Ipu HemepepBHOMY peXHMI TEHepalii Ja3epHOTO  BHUIIPOMIHIOBAaHHS,
TEXHOJIOT14HI MapaMeTpu Mpollecy 3BaproBaHHS HepkaBitouoi ctaii AISI 321 Oymnu
HACTYIMHHUMU: TIOTY)KHICTh JIa3€pHOTO BUIpOMiHIOBaHHS 4,4 KBT; MIBHIKICTDH
3BaproBanHs 100 mwm/c, 3armuOneHHS TMONOXEHHS (POKAIBHOI TIUIOMIMHMA JIIH3H,
BIJTHOCHO TOBEPXHI1 3pa3KiB, 10 3BAPIOIOTHCS | MM; BUTpATH 3aXUCHOTO a3y (aproHy)
500 cm’/c.

[Ipy  iMOyJbCcHOMY  peXuMi  TeHepallii  Ja3epHOro  BUIIPOMIHIOBAHHS,
TEXHOJIOTIYHI MapaMeTpu MpoIecy 3BaproBaHHS HepxkaBitouoi craimi AISI 3210ymu
HAaCTyITHUMHU: MaKCHUMaJlbHa TMOTY>KHICTh JIa3epHOro BurnpoMmiHioBaHHs 4,4 kBT,
BIJIHOIIEHHS TPHUBAJIOCTEH IMIYyJbCy Ta mnay3u (mporainbHicTh) 1,67; uacroTa
ciigyBaHHs iMiynbeiB 120 ' iHIN mapaMeTpu aHaJIOTIYHI peXUMaM 3BapIOBAHHS
MIpU HETMIEPEPBHOMY PEKMMI TeHeparlii JJa3epHOro BUMPOMIHIOBAHHS.

PiBens sikocti 3BapHux 3’equHanb BuzHadanu 3a JJCTY EN ISO 13919-1:2015
«3BaproBaHHsA. 3’€/IHaHHS, BUKOHAHI EJIEKTPOHHO-TIPOMEHEBUM Ta JIa3epPHUM
3BaproBaHHsIM. HacTtaHoBa 110710 OIIHIOBaHHS PIBHS SKOCTI 3aJIEKHO Bia Je(EKTiB.
Yactuna 1. Ctanby, 3riTHO SKOMY BCTAHOBJICHO TPHU PIBHS SKOCTI, 110 BiAMOBIIAI0Th
MIEBHOMY Jiala30Hy TPaHUYHO JOMYCTHUMHX PO3MIPIB JAEPEKTIB 1 BIAHOCATHCS [0
3BapHUX 3'€JHaHb. BuU3HAuanm mijg SIKUM KyTOM HAaXuiay OYyJl0 OJepaHO HaWO1IbII
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SKICHE 3’€IHAHHS 3 HAaWMEHIIOK KUIbKICTIO nedekTiB. Ha oOpanux pexumax (KyTax
HAXWJy) BUKOHYBAJIM Jla3epHE 3BApIOBAHHS TaBPOBUX 3’€HAHb 3 HEP>KaBIIOUOI cTal
AISI 321.

Mertanorpadiydi ITOCIIKEHHs 3BapHUX 3’ €/IHaHb BUKOHYBAJIM BIJMOBIAHO /10
crannapty JACTY EN ISO 17639:2016 «PyiiHiBHI BUnpoOyBaHHS 3BapHUX 3’ €IHAHD
METaJIeBUX MarepiayiB. MaKpOCKOMIYHEe Ta MIKPOCKOIIYHE OLIHIOBaHHS 3BapHUX
3’€IHAaHb». 3pa3Ku JUIA TPOBEICHHS MeTanorpaidyHuX AOCTiHPKeHb TOTYBalld 3a
JOTIOMOT010 ~ (ppe3epyBaHHsl, UUTIQYBaHHS, TMOJIPYBaHHS 1 TpaBJieHHS. 3pa3Ku
JOCIIKYBAJIH 32 AOMOMOTOI0 ONTUYHOI MIKPOCKOMIT (BUKOPUCTOBYBAIM MIKPOCKOM
«MIM-8»), BHUMIpIOBaHHA TBEPAOCTI (BUKOpUCTOBYBaiM TBepAoMip «Wilson
Rockwell 4JR  Hardness  Tester») 1  MIKpOJIOPOMETPUYHOIO  aHATI3Y
(BukopucToBYyBau MikpoTBepaomip «[IMT-3»).

3a  pe3ylbTaraMd  BI3yaJbHOro,  pajlorpadiuHoro  KOHTpPOJIIO  Ta
MeTanorpadiyHUX JOCTIIKEHb 3BapHUX 3’€/lHaHb BUKOHYBAJIM OI[IHKY IX pIBHA
SKOCTI, Ha BIJIMIOB1JIHICTh BUMOTaM CTaHIapTy JNACTY EN ISO 13919-1:2015
«3BaproBaHHsA. 3’€/IHaHHS, BUKOHAHI EJIEKTPOHHO-IPOMEHEBUM Ta JIa3epPHUM
3BaproBaHHsIM. HacTtaHoBa 110710 OIIHIOBAHHS PIBHS SKOCTI 3aJIEKHO Bija Je(EKTiB.
Yactuna 1. Cranbsy» 1 3paskiB 3 HeprkaBirouoi crami AISI 321

3rilHO IMX CTaHAAPTIB BCTAHOBJICHO TPH PIBHSA SIKOCTI, SKI BiATOBITAIOTH
MIEBHOMY Jl1al1a30Hy TPAHUYHO JOMYCTUMHUX PO3MIpIB AEHEKTIB 1 AKI BIJHOCITHCS 10
3BapHUX 3'€JHaHb. BU3HAUaIM MmiJl SKUM KyTOM HaxXuiay OyJi0O OJepaHO HaWOLIbII
SAKICHE 3’ €IHAHHA 3 HAUMEHIIIOI KUIBKICTIO 1€(EKTIB.

Pe3yabTaTu T2 00roBOpeHHH.

HocmipkenHss 3pas3kiB 3 Hepskasitowoi cram AISI 321. 3a pesynabraTamu
Bi3yaJIbHOTO KOHTPOJIIO OJIep>KaHUX MPOBApiB, BCTAHOBJICHO HACTYIIHE:

- B 3QJIEKHOCTI BiJ HANPAMKY PYyXy CHOCTEPIrarOThCA 3HAYHI BIJIMIHHOCTI Y
30BHILIIHBOMY BHWIJISIII TOBEPXHI IIBa, @ caMe, IpPHU 3BapIOBaHHI «HA CIYCK» HE
3a()IKCOBAHO KOJIbOPIB MIHJMBOCTI TIpH (OpMyBaHHI 3BApHOTO IIBa, a TMpH
3BapIOBaHHI «HA IIJIMOM» CIIOCTEPIraloThCs KOJbOPH MIHJIMBOCTI Ha TOBEPXHI
3BapHOro 3’€JIHAHHS,

- Opus3ku 3adikcoBaHI MPU BUKOPHUCTAHHI HEMEPEPBHOIO Ta IMITYJIbCHOTO
PEXKUMYy B YCIX TIPOCTOPOBUX IIOJIOKEHHSX, IXHS KIJIBKICTh MiHIMaJbHA TMpHU
MPOIUIABJICHHI Yy HMKHBOMY IIOJIOKEHHI, JEIIO 3pOCTae Mpu KyTi Haxuiay 60° Ta
BEPTHKAIBHOMY IMOJIOKCHHI Ta HAaWBHINA KIJIBKICTh OPU30K CIOCTEPIraloThCs MpH
Ja3epHOMY 3BapIOBaHHI Ha KyTax Haxwmry 30° ta 45°;

- TIPY 3BapIOBaHHI «HAa MiAMOM» Y HEMEPEPBHOMY PEXHUMI reHepallii Ja3epHoro
BUIPOMIHIOBaHHSI NPH BCIX KyTaX Haxwuily, BEpPXHIM BaJIMK 3BApHOTO 3’ €IHAHHSI
dbopMy€eTbCS 3 HE3HAYHUM 3aHIDKEHHSM Ta 3 YTBOPEHHSIM «TpeOiHIs», BUCOTA
«TpeOIHIs» Ta BETUYMHA 3aHMKCHHS 3pOCTa€ 31 30UIBIIEHHSM KyTa HAXWIY [0
TOPU30HTAIBHOI IVIOLINHH;

- TIpU 3BapIOBAaHHI «HA CIIyCK» y HEMEPEPBHOMY PEXHUMi TeHepallii JIa3epHOTro
BUIIPOMIHIOBaHHS, BEPXHIA BaJIMUK 3BApHOTO 3 €IHAHHS (HOPMYETHCS 3 HE3HAUHUM
3aHIKEHHSM Ta 3 YTBOPEHHSIM «TPEOIHIIs», JHIIe TPy KyTi Haxuiy 30°.

3a pesynbTaTamu  pagiorpadiyHOTO KOHTPOJIIO  OJEpKAaHUX  IPOBApiB,
BCTAHOBJICHO, 1[0 MPH 3BAPIOBAHHI «HA MIAWOM» Ta «HA CIIyCK» Y HEMEpPEpBHOMY
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pPeXUMI TeHepallii Ja3epHOro BUIIPOMIHIOBAHHS, MPHU BCIX KyTaxX Haxwiy, He OyJjo
BUSBIICHO BHYTPIIIHIX 1€()EKTIB Y BUTIISAI TPILIUH, TOP Ta HEMETAIEBUX BKIIOUYEHbD.

Paniorpadiunnii KOHTPOJIb MPOBAPIB, OACPKAHUX MPH 3BAPIOBAHHI «HA IM1THOM
Ta «HAa CHOYCK» Yy IMIIyJbCHOMY pEXHMI TIeHepalii JIa3epHOro BUIIPOMIHIOBAHHS,
MOKa3aB HAasBHICTh BHYTPIIIHIX JeQEeKTIB y BUMIAAlI TOOJMHOKUX TOop abo
JIAHITIOKKIB MOp NpH Beix KyTax Haxuiy (TaOmuis 1).

Taouaunus 1 - BHyTpimHi gedekTu y BUIJIsii NOOAMHOKUX MOP 200 JIAHIIOKKIB
IOp, BUSIBJICHI IIPU 3BAPIOBAHHI «HA MiIOM) Ta «HA CIYCK» Y iMILYJIbCHOMY
peKUMI reHepaiii J1a3epHOro BUIIPOMIHIOBAHHS

HaMDsMOK Kyt Kinekicte | KUIbKICTE JaHIIOKKIB | MakcuMaabHHN
3Ba IgBaHHSI Haxuily o, | OIMHOYHUX I1op / 1x CyMapHa pOSMip nopu, Mm
P °© op JOBXWHA, MM
30 - * 0,4
45 1 - 0,3
Ha CITyCK 50 7 - 05
90 - 2/25 0,5
30 - * 0,3
. 45 - - -
Ha Imanom 60 i} /8 03
90 3 - 0,3
HII 0 * 0,5
* — no eciil dosocuni wea; HII — nudicne nonodicenus.
0.18
0,16
~
o 0,14 g L
& ' .
50,12 ! \
% 0.1 | \ | w=b @ HellepepBHIIT PEeXKIIM
Y /] \
0,08 - . L | A eslles i MITYIIBCHHIT periM "Ha
= J \ miziiom"
(=9
g 0,06 ‘i \ iIMITYJTBCHHIT peskiM "Ha
oal v i
“ 0.04 [ “ CITYCK
0,02 \
f
0 ¢+ —o——o—-8
0 30 45 60 90

KyT Haxiy opH 3BaploBaHHI, ©
PucyHok 3 - 3ajie:kHiCTh CyMapHOI IUI01i POeKUiii Mop Bix mapamMerpis
JIA3€PHOr0 3BAPIOBAHHSA Y Pi3HUX MPOCTOPOBUX Moy10keHHsIX ctaji AISI 321
TOBHIMHOIO 3 MM, Jie 1 — HenepepsHuli pesxcums 2 — IMNYIbCHUU PeHCUM «HA
niouom»; 3 — IMRYIbCHULL PEHCUM «HA CHYCKY; OL — KV HAXUTY NPU 36API0GAHHI;
f — cymapna nnowa npoexyiii nop abo nopoxxcuun (v % 0o 3azanvHoi niowi wea)
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AHali3 peHTreHorpam (puc. 3) mokasye TEHJICHII0 30UIbIICHHS SK KIJTBKOCTI,
TaK 1 po3Mipy nop y 3paskax 3i crami AISI 321, npu 3meHmenHi kyra Haxuiy 3 90°
no 0° mpu 3BaprOBaHHI «Ha CIYCK» Ta «HAa MIAHOM» B IMIYJIbCHOMY PEXHUMI
reHepailii Jla3epHOro BUIIPOMiHIOBaHHs. Tpeba BiA3HAUMTH Malli 3HAYEHHS CyMapHOi
MPOEKIii MOp MpH 3BaplOBaHHI HEMEPEPBHUM JIa3€pPHUM BUIIPOMIHIOBAHHIM Ta Mif
kytamu 0° Ta 90° y IMIOyJIbCHOMY pEXHMI 3BaplOBaHHSA. Y TOW XK€ dYac, BapTo
BIJI3HAYUTH TEHJCHIIII0O 3MEHIICHHS KIJIBKOCTI Ta PO3MIPY OJAMHOYHMX Mop (4u
MPOTSKHOCTI JIAHIIOKKIB TIOp) TPH 3BapIOBaHHI «HA MiAHOM», y TOPIBHSHHI 3
PEKUMOM 3BapIOBAHHS «HA CIYCK» MPU OJHOMY M TOMY K KyTl MpPU IMITYJIbCHOMY
PEeXHMI reHepallii JJa3epHOTO BUIIPOMIHIOBAHHS.

3rigno Bumoram JICTY EN ISO 13919-1:2015, 3HaueHHss cyMapHOi MpoeKIii
nop Juisd 3BapHUX 3’ €AHaHb 31 ctam AISI321 ToBmmHOIO 3 MM, OfepKaHUX Ja3epHUM
3BAPIOBAHHIM Yy PI3HUX MPOCTOPOBUX MOJOXKEHHSIX, JUISI OJEp>KaHHS HaWBUIIOTO
piBHSL SIKOCT1 «BUCOKHI — B» He moBuHHO mepeBuiryBatu 3HadeHHs 0,7%. Anani3
oJiepKaHUX JAHMX JI03BOJISIE CTBEP/KYBATH, 110 32 LIUM MOKa3HUKOM BCl OJIEpKaHi
[IBY BIJIIOBIJAIOTE BKa3aHUM BHMOT'aM.

VY Toif ke wac, JIsS OJep)KaHHS HAWBUILOTO PIBHA SIKOCTI «BUCOKUH - By,
MIEPEBUINECHHS BUMTYKJIOCTI POBapy, HE MOBUHHO TEPEeBHIyBaTH 3Ha4YeHHs 0,65 MM.

Tabauus 2 - 3MiHN NepeBHIIIEeHHS] BUILYKJIOCTI MPOBApPy 3BAPHUX 3’ €IHAHD
3 Hep:kaBi4oi cradi AISI321 ToBuiuHOW0 3 MM, O1epKAHUX JIA3ePHUM
3BAPKOBAHHSAM Y Pi3HUX IPOCTOPOBHUX MOJI0KEHHAX

No /it [lepeBuilieHHs BUITYKIJIOCTI TPOBApy (BEJIMYMHA 3aHIKEHHS 111Ba), MM
Ky «Ha niz:ﬁowz «Ha CIYCK» | «Ha Hinﬁ0M3> «Ha crycK»
o | HemepepBHUI HEeTNepepBHUN IMITyJTECHUH IMITyJTECHUH
HaXWITy, o
PEXIM PEXHUM PEXIM PEXIM
0 0,275 0,275 0,347 0,347
30 0,4 0,19 0,29 0,18
45 0,183 -0,16 0,21 0,18
60 -0,09 0,15 -0,18 0,05
90 0,42 0,2 0,11 0,13

AHani3 JaHux HaBeAeHUX y Tabmuui 2, J03BOJISIE€ CTBEPAXKYBaTH IIPO
TOCSITHEHHSI HEOOX1THUX 3HAa4eHb. SIKk BUIHO, 3 manux Tabmuili 2, 1yisl 1eIKUX KyTiB
3BapIOBaHHs BKa3aHl BiJ’€MHI 3HAuY€HHS, K1 CBIIYAaTh MPO HASBHICTb 3aHUKCHHS
mBa, ske, 3rigHo JICTY EN ISO 13919-1:2015, nans 3BapHUX 3’€IHaHb 3
Hepykaitouoi ctam AISI 321 ToBumHO0O 3 MM, 0Jiep KaHUX JIa3epHUM 3BapIOBAHHSIM,
HE NOBUHHO nepepuiyBaru 0,3 MM.

AHami3 pe3ynbTaTiB IOCTII)KeHb BUKOHAHUX Ha IJIACTUHAX Ta OMKMCAHUX BUIIIE,
JI03BOJIMB 3pOOUTH HAYKOBO OOIPYHTOBAaHWUW BHUOIP MPOCTOPOBHX TMOJOXKEHb Ta
nigiopaT TEXHOJIOTIYHI MapaMeTpu, Ha SKUX BUTOTOBJIEHI KOHTPOJBbHI TaBpPOBI
3’eqnanns 31 ctami AISI 321. Ilpu BuOOpI MPOCTOPOBUX MOJOKEHb KEPYBAIHUCS
HACTYITHUMHU TIOKa3HUKaMHU: JOCATHEHHSM MAaKCHUMalIbHOT TJIHMOWHK TIpOBapy;
AKICHOTO (POpPMYBaHHSIM 3BapHOr0 3’€JIHAHHA; BIACYTHOCTI (200 MiHIMAJIBHOI
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KUIBKOCTI OpH30K); BIJCYTHOCTI (200 MiHIMaJbHOI BEIWYMHHU) 3aHUKEHHS IIIBY;
BIJICYyTHOCTI (200 MiHIMaJIbHOI BUCOTH) «TPEOIHISH BEPXHBOTO BaiMka. Buxomsuu 3
UX TOJOXKEHb, OyJar OOpaHi HIM)KHE Ta BEPTHKAJIbHE MPOCTOPOBI MOJOXKEHHS, 5K
HaANOUIBII MEPCIEKTUBHI I OJIep>KaHHI 3BapHUX 3’€JIHAHb 3 HEP)KaBIIOUUX CTajeil,
IO BIJMOBIIal0OTh BUMOTAaM OJIEp>KaHHS HANBHUIIOTO PIBHS SIKOCTI «BHUCOKHHA — By,
srigao JJCTY ISO 13919-1:2015.

BucnoBku.

[IpocTopoBe MONOXKEHHSI MPU JIA3epHOMY 3BapIOBAHHI HEPXKaBIIOUMX CTajei
CIUIaBIB KapJAWHAJIbHO BIJIUBAE HA PIBEHb SKOCTI Ta YTBOPEHHS NE(EKTIB Y BUIIISII
MOp Ta MOPOXKHUH Y 3BapHUX 3’ €JHAHHSIX.

3MmeHmeHHsT KyTa Haxwiy Bix 90° mo 0° mpu 3BaproBaHHI HEPKaBilOUOi CTaji
AISI 321 «Ha cnyck» Ta «Ha MAROM» B IMIYJIbCHOMY PEXHMI I'eHepallii J1a3epHoro
BUMPOMIHIOBaHHS MPU3BOJIUTH 0 30UIBIICHHS K KIJILKOCTI MOP, Tak 1 iX po3mipy. Y
TOM yac, SIK IpU HENEepepBHOMY pPEXKUMI I'eHepallii JIa3epHOTO BHUIIPOMIHIOBAHHSI,
nedeKTH y BUTIISI TTOP HE CIIOCTEPIratoThCA.

[Ipu nazepHomy 3BaproBaHHI CTUKOBHX 3’€HaHb 31 ctaym AISI 321, HailOuibn
NEPCIEKTUBHUMH € HIDKHE Ta BEPTHUKAJIbHE NMPOCTOPOBI MOJOXKEHHS, SK Taki, L0
3a0€3Me4yI0Th HAMBUIINI PiBEHB SKOCTI.
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Abstract. The influence of the spatial position in laser welding of stainless steels on the
formation of defects in the form of pores and cavities in welded joints has been studied. An increase
in both the number of pores and their size is observed when the angle of inclination is reduced from
90° to 0° during downhill and uphill welding of AISI 321 stainless steel in the pulse mode of laser
generation. The defects in the form of pores and cavities were not detected during welding in the
continuous mode of laser generation. During laser welding of butt joints of AISI 321 steel, the flat
and vertical weld positions are the most promising, as they provide the highest level of quality.
Technological recommendations for the choice of welding modes are formulated.

Key words: laser welding, change of spatial positions, stainless steel, defects, porosity
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Abstract. In the atomistic model, the term "surface center" is applied to a microscopic group
of atoms on the surface that is active at some content. As surface centers can be considered atoms
of the main lattice with a broken bond, defects of the inhomogeneous surface, impurities, etc.
Related local stresses on surfaces are most often centers of adsorption [1]. The presence of such
centers on surfaces is due to the peculiarities of papermaking and the need for relaxation of the
material; their chemical potential is very large. According to the Le Chatelier's rule, if a system in
a state of metastable equilibrium is influenced by external factors, changing at least one of the
conditions that determine the state of equilibrium, then the system has processes directed against
the action of an external factor. Achieve a conditional adsorption equilibrium when acclimatizing
paper is the goal of every technologist before printing.

Analysis of sources of scientific and technical information did not reveal information that
would cover the physicochemical interaction of the surface layers of paper and partial parameters
of relative humidity (temperature, pressure) associated with the processes of polycondensation of
water in the technological room where printing takes place. The paper presents studies explaining
the conditions of adsorption equilibrium of water vapor during paper acclimatization.

Key words: acclimatization, adsorption equilibrium, paper.

Introduction.

Paper acclimatization is the process of bringing the humidity of the paper into
equilibrium with the humidity of the air in the printing shop. One of the processes
involved in pre-preparing paper or cardboard is that it is not unpacked until its
temperature corresponds to the air temperature of the printing shop.

All types of printing paper used in printing production are to some extent
hygroscopic, because they contain hydrophilic cellulose fiber. Sorption of water is
due to the addition of its molecules due to the presence of hydrogen bonds to the
hydroxyl groups of cellulose, which are located on the surface of the fibers and
capillaries. In the initial stage, at low relative humidity, water molecules are retained
by correspondingly located hydroxyl groups. When more water molecules are sorbed,
they are attached to one hydroxyl group and to oxygen atoms, and, finally,
condensation of water molecules on the surface of micro- and macropores can occur.

The aim of the work is to analyze the factors influencing the processes of
evaporation and condensation of water vapor in paper stacks, thus regulating the
water cycle between the environment and paper in a closed process room and related
acclimatization processes.
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Main part.

The most common class of organic compounds in nature are carbohydrates,
which are the product of photosynthesis. The scheme of this process, starting from
the 70-80s of the last century, is represented by equation [2]:

6CO, + 6NO, sl e H 0, + 60, @)

Photosynthesis products such as glucose, fructose and other simple sugar
compounds have the formula C,H ,0O,. Simple carbohydrates can be condensed into

chlorophyll

more complex carbohydrates — disaccharides, such as sucrose, and polysaccharides —
into starch, cellulose and likes of them.

Cellulose (fiber) is the most common natural organic substance. In plants,
cellulose is formed as a result of complex biochemical transformations that begin
with the photosynthesis of the simplest carbohydrates. The formula of the cellulose
molecule is(C,H,0;)n , where n is the number of elementary units of C,H,0;.

One of the main components of the process of photosynthesis is water, i.e. the
structure of cellulose is due to the presence of free hydroxyl groups OH . The
reaction to the ability of cellulose hydroxyl groups is not the same: the primary OH-
group is more active near C,, the secondary group is less active near C, and even

less active near C,. This determines the kinetics of their interaction: hydroxyl groups

of cellulose form additive compounds with alkalis — alkali cellulose, with acids — acid
cellulose, with salts — salt cellulose. Cellulose is the main raw material for
papermaking, and therefore the hydrophilicity of paper is manifested not only in its
wetting with water and water absorption, but also because it absorbs (absorbs) water
vapor with moist air.

Hygroscopicity 1s due to the linear fibrous structure of cellulose
macromolecules, as well as intermolecular hydrogen bonds between the individual
chains of the latter, forming microfibrils and a highly ordered structure. Each paper,
which is kept in a humid atmosphere, absorbs a certain amount of moisture over time,
until it reaches an equilibrium humidity corresponding to these climatic conditions:
the relative humidity and its temperature. On the contrary, if the wet paper is kept in a
room with dry air, the desorption will take place and the humidity of the paper will
decrease to equilibrium.

Water belongs to the simplest heterogeneous system, which consists of one
component k=1. According to the Gibbs phase rule, for one-component systems
C=3-p(2), where C is the degree of freedom, p is the number of phases.

Therefore, in one-component systems at the same time in equilibrium can be no more
than three phases( p <3)because the degree of freedom C cannot be a negative value.

One-component systems are characterized by only two independent variables —
temperature and pressure. Consider, for example, a flat diagram of the state of water
at low pressures (Fig.1). Line OA depicts the dependence of saturated water vapor
pressure on temperature, line OB conveys the dependence of saturated ice vapor
pressure on temperature (coexistence of ice and steam), and line OS — the dependence
of melting temperature of ice on pressure. As the pressure increases, the melting point
of the ice decreases (the curve is directed to the left).
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Fig.1 - Phase diagram of water status [3]

For most other substances — on the contrary, that is, with increasing pressure, the
melting point rises (curve tilted to the right). It depends on the sign of the derivative
in the Clausius-Klaiperon equation [2] for this processdp / dT =L/ (v, —v,)T, v; and

v; — molar volumes m solid and liquid states. For water v, —v, <0, and
thereforedp / dT <O(curve tilted to the left). In most cases, v, —v,>>0 and
dp/dT >0.

Area I (Fig.1) characterizes the area of existence of solid ice, I — liquid water
and III — steam. In p. x5 — there is only a liquid, if we reduce its pressure at a constant

temperature, then p. x; will remain only the phase of the liquid: in p. x4 there is a

phase equilibrium water-steam. A further decrease in pressure leads to the
disappearance of the liquid and in p. x7 will be already unsaturated steam. The OA

curve is interrupted in p. A, which corresponds to the critical temperature T,;,. At this

point, the difference between the properties of the liquid and its vapor disappears, i.e.
a critical state is reached (all phases are in a state of thermodynamic equilibrium). All
three curves OA, OB and OS intersect at one-point O, called the triple point. At this
point, three phases are in equilibrium at the same time: ice, water and steam.
According to the Gibbs rule, p =3and C =0. Such systems are also called nonvariant.

Three phases of water exist at clearly defined pressures and
temperatures: P = 60,8814 PA and 7T =0,00076°C .

In the technological room, where the offset printing takes place, there must be a
clearly established water cycle. To avoid deformation of the paper during printing, it
i1s acclimatized, i.e. moisture of the paper is brought into equilibrium with the
humidity of the environment. At the same time there is a relaxation of the stresses
received by paper in the course of its production. Consider in more detail the kinetics
of adsorption of a certain amount of moisture on the surface of a separate sheet of
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paper. According to Langmuir, we can write the equation of particle adsorption
kinetics [4]:
dN /dt=aP(N*-N)- N, (2)

where N* i1s the concentration of adsorption centers, N is the concentration of
adsorbed particles, P is the pressure, £ is the mass transfer coefficient.

a=\s/\N2xMT 3)

P =0exp(—E | kT), (4)
where M is the mass of the adsorbed molecule, s is its effective area, \ is the
probability that the gas molecule that fell on the adsorption center will be fixed on it,
O is the probability of desorption of the adsorbed molecule per unit time, =1/ -
average lifetime of the molecule in the adsorbed state, £ — binding energy of the
adsorbed particle with the adsorption center, ¢ — time.

Suppose that after the adsorption equilibrium is established between the surface
and the gas phase, the pressure of the gas atmosphere decreases sharply. In this case,
the previously adsorbed gas particles begin to leave the surface of the solid, i.e. the
process of desorption of gas molecules and atoms develops. In the framework of
Langmuir's theory, this process is described by equation (3), in which, however, it is
now necessary to use P =0, taking into account the establishment of adsorption
equilibrium.

Integrating (3) under acceptable assumptions and using the initial conditions
N*=N, at t=0(N, — equilibrium value of the concentration of adsorbed particles),

we obtain the concentration of desorbed particles N, :
N = Noexp(-t) (5)

Desorption occurs faster the higher the temperature. However, at high
temperatures it i1s not always possible to completely remove all adsorbed particles
from the surface. Some molecules and atoms are adsorbed irreversibly or diffuse into
the volume of a solid. If we neglect the desorption term f in equation (3) and the
value of N, then equation (3) after integration takes the following form:

N=aPN*t+C, (6)
where C is the temperature gradient of adsorption.

With a certain simplification of the physical model of acclimatization of a sheet
of paper in the process room, we can assume that there is a conditional moment of
equilibrium between the processes of evaporation and condensation of water vapor:

N=N,, or aPN*t+C=N,exp(—pt) (7)

Of course, the process of moisture absorption is influenced by the structure of
the paper, the degree of its sizing, etc. In paper, water can be in three states: free,
capillary-bound and molecularly bound, and it is in the free state that it participates in
the processes of adsorption and desorption [5].

The conditions for the emergence of active adsorption centers are related to the
condition of the paper surface: the smaller the microrelief, the larger its specific
surface area and the greater the opportunities for the nucleation of such centers.

Water as one of the structural indicators of paper determines many of its
properties. For such a characteristic as color perception, the shape of the pores is
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important, especially capillary (closed or open). If the paint is water-based, the water
balance must be maintained, i.e. the volume of an aqueous component of the printing
ink corresponds to the available volume of open capillary pores of the paper, due to
which the microfibrils swell.

Hydroxyl groups are important in the papermaking process because the cellulose
fibers are joined together in a sheet of paper due to the formation of numerous
hydrogen bonds. Thus, the hydrogen bond between cellulose macromolecules not
only creates the structure of the plant cell, but also gives the paper strength. The low
strength of the hydrogen bond makes it relatively easy to destroy the structure of
natural raw materials and divide it into individual fibers.

It is known that the relative humidity of the paper is in the range of 4...6%. And
since it 1s recommended to print up to 7...8% for printing, to avoid static electricity
and reduce strength, it is necessary to acclimatize the paper before using it. With all
the advantages, the paper also has downsides, the main of which is the sensitivity to
moisture, so at the stage of production it not only needs to use hydrophobic
components, but also to form an artificial relief of the paper surface.

Conclusions.

From the obtained dependences it can be concluded that the main criterion of
equilibrium should be a certain ratio of adsorption centers and the equilibrium value
of the concentration of adsorbed particles. All other indicators associated with
adsorption are dependent on pressure and temperature.

At adsorption equilibrium, the number of particles coming from the gaseous
medium to the surface of the solid becomes equal to the number of the same particles
that pass from the surface of the body back to the gaseous medium in the same period
of time. This indicates the importance of determining the equilibrium moisture of the
paper and eliminates the occurrence of deformation of its surface layers, which can
lead to incompatibility of inks during printing, and in multicolor printing causes
twisting, corrugation and more.

Achieving metastable adsorption equilibrium is especially important for such a
characteristic as the color perception of the printed material, which ultimately
determines the quality of the printing coating.
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Anomauia. B amomicmuyniti mooeni mepmin «NOGEPXHEBUI YeHMP» 3ACMOCOBYEMbCI 00
MIKPOCKONIYHOL 2pYnU amomie Ha NOBEPXHi, WO Npu AKOMYCb 6Micmi akmueHa. K nosepxmwesi
YeHmpu MONCHA pO32140amu  amomu OCHOBHOI 2pamKu 3 00Ip8aHuM 38 A3KoM, Oeghekmu
HeoOHOPIOHOT nosepxni, domiwku i m.i. [106’a3ani 3 HUMU JTOKANbHI HANPYHCEHHS HA NOBEPXHSX
yacmiwe ycv020 € yeHmpamu aocopoyii [1]. Hasaeumicme makux yeHmpié HaA NOBEPXHSX,
00yMO8IeHA 0COOIUBOCAMU BUSOMOGIEHHS nanepy i HeobXiouwicmio penaxcayii mamepiany; ix
Ximiynuti nomenyian oysice seauxuti. 3a npasunrom Jle lllamenve, skwo Ha cucmemy, wo nepebdysae
6 cmaHi MemacmaoiibHOl pieHOBASU, BNIUBAMU 308HIWHIMU YUHHUKAMU, 3MIHIOIOYU X04d O O0HY 3
VMO8, AKI 8U3HAYAIOMb CIAH PIBHOBA2U, MO 8 CUCMEMI BUHUKAIOMb NPoYyec, HanpasieHi npomu Oii
306HIUHb020 YUHHUKA. Jlocsgemu YMOBHOI adcopOyilinoi pieHosazu npu axiimamusayii nanepy
Mema KOHCHO20 MexHoI02a neped OPYKOM.

Ananis 0dicepen HayKo8o-mexHiuHoi iHghopmayii, He 8us8U8 8idoMocmell, AKi O BUCBIMTIOBANU
NUMAaHHA QI3UKO-XIMIYHOI 83AEMOOII NOBEPXHEBUX wWapie nanepy ma NAPYialbHUX Napamempis
BIOHOCHOI BoN02U (Memnepamypa, muck), wo nog’sa3aui 3 Npoyecamu NONIKOHOeHCaAyii 800U 6
MEeXHONI02IUHOM)Y NpuMinyeHHi, 0e 8i00ysacmuvcs OpyK. B pobomi npedcmasieni 00CaioNcenHs, wo
NOSACHIOIOMb YMOBU BUHUKHEHH A0COPOYIHOI piBHO8A2U BOOAHUX NAPIE NpU  AKIIMAMU3ayii
nanepy.

Kniouoegi cnosa: axnimamusayis, adcopoyitina pisHosaza, nanip.
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Abstract. In this paper, we consider the possibility of using zeolite in polymeric composite
materials as a filler at its content up to 85 wt.%. IR spectroscopy confirmed the physical sorption of
the polymer on the surface of the zeolite. Physico-mechanical and operational properties of the
developed composites are determined.

Keywords: polymer composite, filler, zeolite, pore structure, properties.

Introduction

One of the ways to improve the properties of polymers is to fill them with
structurally active additives, the addition of which provides the formation of a given
phase and supramolecular structure of the matrix. Currently, layered and frame
natural minerals, including natural and synthetic zeolites, are often used as modifiers
of various polymer matrices. It is known that the introduction of zeolites into the
polymer improves the functional properties of polymer composite materials (PCM).

The possibility of expanding the range of composite materials by involving in
the production of new varieties of natural and man-made raw materials determines
the relevance of these studies.

Literature data analysis and problem statement
Many researchers have studied the effect of fillers on changes in the properties of
composites. Thus, [1] shows an improvement in the strength of epoxy material by
43% when introduced as a modifier of zeolite of natural origin.

Various technological methods are used to strengthen the adhesive interaction at
the polymer-filler interface, which leads to a significant change in the structural
organization of the heterogeneous system. For example, mechanochemical activation
of the filler allows to increase the specific surface area of the particles by 1.5-2 times.
Thus, the authors [2] showed that the introduction of mechanically activated zeolite
in rubber mixture B14 containing ultra-high molecular weight polyethylene
(UHMWPE) as one of the components, improves physical and mechanical properties,
frost, wear, oil resistance, which they explain the formation of interfacial regions. in a
multicomponent system in which zeolite particles act as centers of crystallization of
the polymer.

The localization of zeolites at the boundary of rubber and UHMWPE, as well as
the transformation of the structure of the latter by increasing the rate of its
crystallization.

A similar effect of mechanically activated zeolite was found [3] when
introduced into polytetrafluoroethylene (PTFE). The authors recorded an increase in
the deformation strength and wear resistance of PKM based on PTFE and activated
zeolite in comparison with PKM with inactivated zeolite. Structural studies of PKM,
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conducted using scanning electron and atomic force microscopy, IR spectroscopy,
and X-ray diffractometry, confirm the transformation of the supramolecular structure
of PTFE from lamellar to spherulitic under the influence of activated zeolite particles.

Thus, the dependence of the functional parameters of PKM on the level of
adhesive interaction of the polymer matrix with the filler is obvious, which, in turn, is
directly related to such a characteristic of the filler as microporosity.

Experimental part

The purpose of the work was the development of a composite material with a
polymeric binder at high concentrations of mineral raw materials - zeolite as a filler.

The object of study was composite based on copolymer-zeolite system.

The subject of the study was the physical and mechanical properties of the
obtained composite material.

To solve this goal, the following tasks were solved:

— development of the composition of PKM based on an aqueous dispersion of

polymer - zeolite;

— improvement of technology of preparation of samples;

— study of the composition and properties of the filler;

— analysis of the interaction of components in the system aqueous dispersion of

polymer - zeolite;

— study of operational properties of PKM.

Aqueous dispersions of styrene-acrylic grade were used as a copolymer Latex
DC 640 and styrene-butadiene brand Latex 2012. Their characteristics are given in
the table. 1.

Table 1 - Characteristics of copolymers

Indexes Brand of copolymer

Latex 2012 Latex DC 640
Physical condition Aqueous dispersion Aqueous dispersion
Dry residue content, % 51.0 40
pH 5.5 8.5
Viscosity (Brookfield), MPa - p 200 20
Temperature (MTPU), °C <5 <5
Density, kg / m? 1015 -
Chemical composition Styrene-butadiene Styrene acrylate

Natural zeolite from the Sokyrnytsia deposit of the Zakarpattia region was used
as a filler [4]. The chemical composition of natural zeolite is characterized by a high
content of Si0O, at a quantitative ratio of SiO,: ALLO; =5.2: 1 (Table 2).

Table 2 - Chemical composition of the filler

Sample Content of oxides, %

name SlOz A1203 F6203 TlOz CaO MgO NaZO KZO loi

Zeolites | 68.02 | 13.04 | 1.92 | 030 | 271 | 1.63 | 1.57 | 2.64 | 16.94
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The technology of composite production consists of the following stages:

1. Mechanical activation of filler and binder - 20 minutes in a ball mill.

2. Maturation of the composition - 48 hours at a temperature of 20-22 °C.

3. Forming blanks - 1 hour at 80 °C.

4. Heat treatment of the obtained samples - 2 hours at 80-120 °C.

5. Compression of composite material - 5 minutes, 20-21 °C, 7 MPa, 5 grams.

The interaction in the copolymer-zeolite system was investigated by IR
spectrum (Fig. 1).
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Figure 1 - IR spectrum

As can be seen in the IR spectrum of styrene-alkyl dispersion Latex CD640
there are characteristic absorption bands at 1740 cm, which correspond to
monomeric units of acrylate and are the result of asymmetric and symmetric valence
vibrations of the C=0 bond in the carboxyl group. Valence oscillations of the C—O-C
groups were observed at 1150 cm™!, and vibrational oscillations of the CH,— group
were present at 1690 cm™!. The absorption band at 2950 cm™ confirms the presence
of a benzene ring.

Regarding the Latex CD640 system - zeolite, the reduction of the intensity of the
absorption bands at 1740 cm' and 2950 cm™ and their shift towards lower
frequencies, respectively 1640 cm™ and 2900 cm” confirms the presence of
interaction in the system.

In the IR spectrum of styrene-butadiene dispersion Latex 2012, the absorption
band at 2920 cm'! is responsible for the -CH- compound in the aromatic ring, and the
absorption band at 1525 ¢cm™ is responsible for the presence of the ring itself. The
absorption band of 2850 c¢m™ confirms the presence of CH,— group, and at
1480 cm™! - the presence of a double bond.
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For the composite material, there is a decrease in the intensity of the
characteristic peaks and their slight shift towards lower frequencies, which confirms
the physical sorption of the polymer on the surface of the zeolite.

Table 3 - Characteristics of the pore structure of the composite materials of the
copolymer - zeolite system

Copolymer The Maximum water | The total|  Total Open
concentration | absorption after | volume | porosity,% | porosity,%
of zeolite, wt 24 hours,% of pores

Latex 2012 65 3.18 0.19 39.83 9.47

75 3.52 0.11 29.05 16.89
85 8.10 0.10 2591 22.70
Latex DC 65 3.28 0.12 33.54 23.34
640 75 3.65 0.10 27.25 18.52
85 4.32 0.05 19.18 16.03

If we consider the porosity of the obtained composites (Table 3), it can be
argued that it depends on the type of polymeric binder and the concentration of the
filler.

Thus, in the same range of changes in the concentrations of the filler Cz = 65-85
wt. % when used Latex 2012 indicators of total porosity are at the level of 25.9-
39.8%, when used Latex DC 640 - 19.2-33.5%.

Open porosity varies from 9.5 to 22.7%, while their share in total porosity
increases from 0.24 to 0.88 when using Latex 2012.

Replacement of binder on Latex DC 640 with increasing filler content is marked
by a decrease in the number of open pores from 23.3 to 16.0%, but their share in total
porosity increases from 0.68 to 0.83.

Along with these features of the structure of composites based on the studied
systems, there are differences in their properties.

Regarding the maximum water absorption after 24 hours, at increasing the
zeolite content from 65 to 85 wt. % for systems with copolymer Latex 2012there is a
gradual increase in water absorption from 3.18 to 8.10% with an increase in open
porosity from 9.5 to 22.7%. For a system with a binder, Latex DC-640there is a slight
increase in maximum water absorption from 3.28 to 4.32% with a decrease in open
porosity from 23.3 to 16.0%.

The modulus of elasticity (Fig. 2) indicates the dependence of the strength of the
composite on both the concentration of the filler and the type of copolymer. To a
much lesser extent, the factors of filler content and type of copolymers affect the
abrasion of composite samples, the indicators of which are generally insignificant and
range from 0.005 to 0.02 g/ cm?2.

Conclusions

Compositions of composite materials based on aqueous dispersions of Latex
DC640 and Latex 2012 polymers and zeolite filler and sample preparation technology
have been developed.

ISSN 2567-5273 77 www.moderntechno.de

Y



Modern engineering and innovative technologies Issue 18 / Part 1 LJI

The hypothesis of the physical adsorption of the binder on the surface of the
filler was confirmed by infrared spectroscopy.

It was found that the characteristics of the pore structure of the studied
composites depend on the concentration of the filler and the type of copolymer.

It is analyzed that the variation of the zeolite concentration and copolymer types
allows for regulating the indicators of physical-mechanical and operational

properties.
1
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Figure 2 - Dependence of the modulus of elasticity on the concentration of zeolite
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Abstract. For the production of food raw materials it is necessary to ensure state regulation
and control in the field of GMO management, ensure measures to state support for genetic
engineering, approve the procedure for state testing of GMOs in an open biosafety system and
approve safety criteria for GMO handling in a closed system. Central executive bodies maintain
state registers of GMOs and products produced with their use, place them on their own official
websites and regularly publish them in the media. Examination of products from GM sources
includes medical-biological and technological assessment. Medico-genetic assessment includes:
assessment of the structure of recombinant DNA; assessment of regulatory sequences, study of the
effects of expression of other genes; determination of HMD stability;, environmental impact
assessment. Medico-biological assessment includes: study of chemical composition (quality and
safety indicators); assessment of biological value and digestibility in laboratory animals;
toxicological examination on laboratory animals (not less than 5-6 months); assessment of
allergenicity and mutagenicity; evaluation of immunomodulatory properties; study of the effect on
reproductive function. Technological assessment includes: assessment of organoleptic and
consumer properties, assessment of functional and technological parameters.

Key words: genetically modified organism (GMO), control, supervision, quality, safety, food,
biosafety.

Actuality of theme.

The twentieth century was characterized by outstanding achievements of
scientific and technological progress that radically changed human life. These are,
first of all, nuclear technology, electronic and the latest biotechnology. Currently,
biotechnology in practice shows great success in agriculture: the introduction of new
varieties of plants that are resistant to herbicides, insects, diseases, stress: the creation
of new foods with specified properties; production of food and feed protein,
veterinary drugs; breeding of highly productive animals and microorganisms with
new and enhanced properties and characteristics [1,4].
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The use of GMOs began with solving the problems of obtaining cheap and
increasing the amount of protein products needed for human treatment. At present,
the range of GMO use is too wide: providing humanity with food, preserving
biodiversity, treating certain diseases, improving product quality, correcting
environmental pollution, and so on. Therefore, state supervision and control over the
observance of biological and genetic safety of agricultural plants, animals, food
products in the creation, research and practical use of GMOs in open systems at
enterprises, institutions and organizations of the agro-industrial complex, regardless
of their subordination and ownership is very important. Ukraine [1, 2].

The aim of the work was to substantiate the importance of state control in the
food industry of Ukraine with the use of genetically modified organisms.

Research results.

A genetically modified organism, a living modified organism (GMO), is any
organism in which the genetic material has been altered by artificial methods of gene
transfer that do not occur under natural conditions, namely:

- recombinant methods, which involve the formation of new combinations of
genetic material by introducing nucleic acid molecules (produced in any way
outside the body) into any virus, bacterial plasmid or other vector system and
their inclusion in the host organism in which they are usually do not occur,
but are capable of long-term reproduction;

- methods that involve the direct introduction into the body of hereditary
material prepared externally, including micro- and macroinjections and
microencapsulations;

- cell fusion (including protoplasm fusion) or hybridization methods, when
living cells with new combinations of genetic material are formed by fusing
two or more cells in a way that is not realized under natural circumstances.

Genetically modified sources are raw materials and food products (components)
used by humans in natural or converted form, derived from GMOs or containing
them in their composition.

Products obtained using GMOs are products, including food and feed, the
production technology of which involves the use of GMOs at any stage.Problems of
ensuring adequate safety from the negative effects of GMOs, as well as their
transboundary movement, led to the development of the Cartagena Protocol on
Biosafety under the Convention on Biological Diversity (1996). In 2002, Ukraine
acceded to the Cartagena Protocol, which reaffirmed its position in support of
coordinated measures to ensure an adequate level of protection in the safe transfer,
handling, processing, transboundary movement and use of GMOs that can affect the
conservation and sustainable use of biodiversity, taking into account risk to human
health and unpredictable consequences for future generations.

The full implementation of Ukraine’s international obligations under the
Cartagena Protocol requires a conceptual definition of the foundations of state policy
in the field of GMO biosafety, as well as long-term mechanisms for its
implementation.

The State Committee of Veterinary Medicine has developed a Resolution of the
Cabinet of Ministers of Ukraine "On approval of the Procedure for state approbation
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(testing) and state registration of feed sources, feed additives, premixes and
veterinary drugs created on the basis of genetically modified organisms", 2007.

Importation into Ukraine of samples of veterinary drugs, premixes, feeds, feed
additives created on the basis of GMOs is allowed provided that the information in
the relevant documents and the mark "GMO" on the packaging in Ukrainian.
Approbation will be carried out according to the methods of detection and
identification of GMOs approved by the State Committee of Veterinary Medicine.

The Law of Ukraine “On the State Biosafety System in the Creation, Testing,
Transportation and Use of Genetically Modified Organisms” [3,4] specifies the
powers of the Cabinet of Ministers of Ukraine regarding:

» ensuring state regulation and control in the field of GMO management and

genetic engineering activities;

» ensuring the implementation of measures for state support of genetic
engineering activities;

» directing and coordinating the work of central executive bodies and other
executive bodies in the field of GMO management and genetic engineering
activities;

» organization of international cooperation in order to ensure the safe handling
of GMOs and the development of scientific knowledge in this field;

» approval of the procedure for state registration of GMOs and products
obtained with their use;

» approval of the procedure for import of GMO sources of food, feed and food
products and feed produced from GMOs;

» approval of the procedure for granting a permit for the transit movement of
GMOs through the territory of Ukraine;

» approval of the procedure for licensing genetic engineering activities in closed
and open systems;

» approval of the procedure for state testing (testing) of GMOs in the open
system and obtaining permission to conduct them,;

» approval of safety criteria for GMO handling in a closed system.

Central executive bodies maintain state registers of GMOs and products
produced with their use, place them on their own official websites and regularly
publish them in the media. Products registered in the State Registers of GMOs:
varieties of agricultural plants and animal breeds created on the basis of GMOs; plant
protection products obtained using GMOs; GMO food sources, as well as food
products, cosmetics, medicines that contain GMOs or obtained with their use; GMO
feed sources, as well as feed additives and veterinary drugs that contain GMOs or are
obtained using them. State registration takes place for a period of five years free of
charge. The term of consideration of registration documents may not exceed 120 days
from the date of their submission, including the terms of the relevant examinations.
Industrial production and introduction of GMOs, as well as products produced with
the use of GMOs, prior to their state registration is prohibited.

In November 2009, a meeting of the profile committee of the Verkhovna Rada
of Ukraine on amendments to the Law of Ukraine “On the State Biosafety System in
the Creation, Testing, Transportation and Use of Genetically Modified Organisms”
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was approved. The purpose of this project is to define the powers of the State
Committee of Veterinary Medicine regarding the registration of veterinary drugs,
feeds and feed additives obtained using GMOs.

According to the EU Regulation 258/27 and the Directive of the European
Parliament and the Council Ne1829 /2003 of 22.09.2003 in Ukraine the Resolution of
the Cabinet of Ministers of Ukraine Ne 985 “Issues of circulation of food containing
GMOs” [4] was developed, which allows import and sale of food , which contain
GMOs in quantities of more than 0.9%, only in the presence of proper labeling
indicating the quality of the product. Adaptation of the legislation of Ukraine to the
Legislation of the European Union is a priority component of the process of Ukraine's
integration into the EU requirements.

According to Greenpeace research, a large number of world-renowned
companies use genetically modified ingredients to produce their products: Nestle,
Coca-Cola, Damon, Proster and Gamble Kellogg's, Unilever Unilever Heinz Foods
Hershey's, McDonalds, Smilas, Cadbury, Mars, Pepsi Cola. On the basis of GM
components the following food additives are made: riboflavin E 101, E 101 A;
caramel E 150; xanthan E 415; lecithin E 322, E 153, E 160 d, E161 ¢, E 308 g, E
471, E 4721, E 473, E 475, E 476 b, E 477, E 479 a, E 570, E 572, E 573, E 620 — E
625 and others. [1,5].

Examination of products from GM sources includes medical-biological medical-
biological and technological assessment. Medico-genetic assessment includes:
assessment of the structure of recombinant DNA; assessment of regulatory
sequences; study of the effects of expression of other genes; determination of HMD
stability; environmental impact assessment. Medico-biological assessment includes:
study of chemical composition (quality and safety indicators); assessment of
biological value and digestibility in laboratory animals; toxicological examination on
laboratory animals (not less than 5-6 months); assessment of allergenicity and
mutagenicity; evaluation of immunomodulatory properties; study of the effect on
reproductive  function. Technological assessment includes: assessment of
organoleptic and consumer properties; assessment of functional and technological
parameters.

According to the materials of the international conference in Brussels "Methods
of detection of new food derived from GMOs" (1998), there are currently two main
methods that can identify the presence of even traces of GMOs: immunological
method (ELISA method) and polymerase chain reaction ( PCR). The first method
detects specific proteins, but one of the disadvantages of the method is the low
efficiency of evaluation of foods that have been subjected to heat treatment. The PCR
method is more accurate, characterized by high sensitivity, which allows for
qualitative and quantitative assessment of genetic material.

Ukraine has approved national standards for products containing GMOs: GSTU
GEN / TS 15568: 2008, GSTU ISO 21569: 2008, GSTU ISO 21570: 2008 [5, 6, 7].
These standards define methods for detecting GMOs and their derivatives in food.
After the establishment of the control system, Ukraine introduced labeling for food
products containing GMOs.
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Conclusion.

The biological safety of genetically modified organisms among other
environmental safety is very specific and still little studied. Therefore, biosafety
systems are currently being developed in many countries around the world. There is a
UNEP-GEF project in more than 100 countries (an environmental program in
conjunction with the Global Environment Facility), which aims to involve more
professionals in the study of a full-fledged legal framework and administrative
framework to address issues related to using GMOs. Ukraine concludes international
agreements, participates in the international exchange of information in order to
further develop and strengthen international cooperation in the field of biological and
genetic safety in the implementation of genetic engineering and GMO management in
accordance with applicable law.
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Anomauia. 3a eupobHUymMea Xxapyosoi CUposUHU HeOOXIOHO 3abe3neuumu OepicasHe
pe2yno8ants i Koumpoasb v cepi nogodcenns 3 I'MO, 3ab6e3neyumu 30iUCHEHHS 3AX00i8 U000
0epIHCABHOI NIOMPUMKU 2eHEeMUYHO-IHICEHEePHOI OiIbHOCII, 3ameepoumu nops0oK NPO8eOeHHs.
oeparcasroi anpooayii I'MO y giokpumiil cucmemi 6iobe3neku ma 3ameepoumu Kpumepii besnexu
nogoodicennss 3 MO y 3amkueniti cucmemi. LlenmpanvHi opeanu 6uKOHABYOI 61A0U BedYMb
Oeparcasri peecmpu I'MO ma npooykyii, eupobienoi 3 ix 3acmocy8aHHAM, po3miwgyioms iX Ha
61ACHUX OQIYiuHUX 6ebO-caumax ma pezyiapHo NyONiKYIoms y 3acobax macosoi iHgopmayii.
Excnepmuza npooyxyii i3 I'M-0xcepen exaouae meouxo-0io102iyHy ma MexHON02IUHY OYIHKY.
Meouko-eenemuyna oyinka 6KkmOCcac: OYIHKY cmpykmypu pexkombinanmuoi JIHK; oyinky
Pe2YIAMOPHUX  NOCAIO0BHOCMEll, BUBYEHHS egeKkmie eKcnpecii IHWUX 2eHi; BUHAYEHHs
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cmabinonocmi I'MJ]; oyinka 6énaugy HA8KOIUWHBO2O cepedosuwa. Meduko-bionoziuna oyiHKa
BKIIOUAE: BUBYEHHS XIMIUHO20 CKIAOY (NOKA3HUKU SIKOCMI ma Oe3neku);, OYiHKa 0OIi0102i4HOT
YiHHOCMI 1 3aC80108AHOCMI HA J1AOOPAMOPHUX MBAPUHAX, MOKCUKON02IUHE OO0CNIONCEHHS Hd
1abopamopHux meapunax (He meHuie 5—6 MicAyig); OYIHKA alepeeHHOCMI ma MYyma2eHHOCHI;
OYIHKA IMYHOMOOYNIOIOUUX B1ACMUBOCHElU,; BUBUEHHS 6NIUBY HA PEnpoOyKMuUeHy @QYHKYII.
Texnonoziuna oyinka 6KIOYAE. OYIHKA OP2AHONEeMUYHUX MA CRONCUBHUX G1ACMUBOCTEU; OYIHKA
(DYHKYIOHATbHO-MEXHOIOCTYHUX NAPAMEMPIS.

Kniouogi cnoesa: cenemuuno-woougpixosanuii opeanizm (I'MO), xonmpons, Hacnso, saKicme,
besneynicmo, xap4osi npodykmu, biobesnexa.
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Hayionanenuiu ynieepcumem xapuoux mexHono2iu

Y cmammi poszenamymo pozeumox ma cyuacnuil cman 3D-Opyky 6 cepepi comenvHo-
pecmopanHoz2o 2ocnooapcmea. Ilpoananizogéano cyuacHi po3poOKu aOUMUSHUX MexXHON02il,
npunyun pooomu xapuosux 3D-npunmepie. Bcmanoeneno, wo natiOinbuioco nowupeHus y ceimi
Haoynu  3D-npumepu excmpysiiinoco ma KapyceabHoco muny. Hasedeno 3azanvHuti npunyun
pobomu mpusumipHo2o xap1oeo2o npunmepa. Ha ocnogi amanizy éceceimmbo 8i0OMUX XAPUOBUX
3D-npunmepis, eudineno ma oxapaxkmepuzosano o0sea npucmpoi - WIIBOOX Sweetin ma Foodini,
AKI  MOXICYmb  HauKkpawe nioiumu 011 pobomu 6 3aKnadax cghepu 20CMUHHOCMI, OCKLIbKU
3ACMOCYBAHHS  BUWECHABCOCHO20 O00JIAOHAHHS BIOKPUE WUPOKULL CHEKMpP MONCIUBOCmel Os
VOOCKOHANEHHs1 8UpoDI8 YCix KyMiHapHux epyn. Buxopucmosyrouu nodioni npucmpoi, 3axiaou
PECMOPAHHO20 20CNO0APCMBA MOJCYMb 3HAYHO RNIOSUWUMU CB8OI0 PEeHmMAbenbHicmb 3a805KU
3anpo6aodicentIo KyninapHux 3D-mexnonoziil.

Knrwowuosi cnoea: 3D-npunmep, aoumugHi mexHoON02Il, 20meNbHO-pecmopantuil bOisHec,
CmMpasa,3axkiao pecmopanio2o 20Cno0apcmed.

ITocTanoBka npoodJieMu.

B cydacHomMy CBITI HayKOBO-T€XHIYHUM MIPOTpeC € OJHUM 3 HAWBaroMIIIuX
(dakTOpiB  pO3BUTKY. B  CBOrOJICHHMX yMOBax TOCIHOJAPIOBaHHS  MOMITHO
MPOCTEKYETHCSA 3AJICKHICTh EKOHOMIYHOTO PO3BUTKY JEpKaBU BIJ CTYMEHS 1
MacmTady BHMKOPHUCTaHHsS 1HHOBalid. B rortenbHO — pecropaHHOMYy Oi3Heci
3aCTOCYBaHHS HOBITHIX TE€XHOJIOTIM JO3BOJISIOTH TOTEIbEPAM MiABUIIUTH PIBEHb Ta
KOHKYPEHTOCTIPOMOXKHICTh CBOTO TocmogapcTtBa. CBiTOBa IHIYCTPisl TOCTUHHOCTI
HACTIJILKHA CTPIMKO PO3BHBAETHCS, IO HABITH MiJ Yac MI00AThHOI €KOHOMIYHOT KPU3H
MIPOCIIIKOBYETHCS JUHAMIKA POCTY.

['otensHO — pecTopaHHUl O13HEC BIJITPa€ BAXKIMBY POJIb B €KOHOMIIl KpaiHU.
Ha ceporoguimHii AeHb, I1HAYCTPiS TOCTUHHOCTI € HAWOUIBII BPa3IUBOIO IIO
BIJIHOIIEHHIO JI0 KOHKYpeHUIi. YHuCenbHICTh TYPHUCTIB CTPIMKO 3pPOCTA€ 3 KOKHUM
pPOKOM, $IK HACHIJIOK, BHUHHUKAaEe OUIbIIa TOTpeda B TMOCIyrax pO3MIIIECHHS Ta
xapuyBaHHs. Bce yacTinie BiIKpUBAIOTHCS HOBI TOTENbHI MIAIPUEMTBA Ta 3aKIadu
PECTOpPaHHOTO TOCHOJAPCTBA, 3MArar0yuch y OOpOTHOlI MK CO0O0I0 3a KOXKHOIO
CTHIO)KMBaya.

[HHOBALIIHHICT € OCHOBHOIO XapaKTEPUCTHKOI CY4YacHOiI EKOHOMIKH, a
TEXHIYHUI MPOrpec € OJTHUM 3 HailBaroMimux (akTopiB po3BUTKY. BrpoBamkeHHs
1HHOBAIIIHHOI JiSJILHOCTI 3a3BUYail 0a3yBaTHCs Ha 17esX:
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» pO3pOOKH Ta BIPOBA/KCHHS HOBUX ITPOYKTIB ISl TYPUCTIB, pECTOpaHiB 200
TOTEJIIB;

» BBEJICHHS B €KCIUTyaTaIlil0 CYYaCHUX TEXHOJOTIYHUX CUCTEM Ta MPUCTPOIB;

» TEBHOT IHHOBAIIMHOT TisSTBHOCTI MPH Oy IiBHUIITBI TOTEIHHUX KOMIUIEKCIB

a0o0 eKkcIuTyaTallii pi3HUX MaTepiaiB.

OcTtaHHIM YacoM B IHAYCTpii TOCTMHHOCTI CIOCTEPIra€ThCsl JUHAMIYHUIMA
pPO3BUTOK. 3 E€KOHOMIYHOI TOYKH 30py, IHHOBAIIMHI TEXHOJOTI B TOTEIbHO-
pecTopaHHOMy  Oi3Heci HeoOXiAH1 nans 30uUTblieHHs npuOyTky. Taki piieHHs
JIO3BOJIIIOTh 3aJYUYUTH B TOTENb OUIBIIY KIUIBKICTh BIAMOYMBAKOYMX, BUKIUKATH
IHTEpeC y TUX IpyN HACEJEHHS, SIKI paHillle He 3BepTalucs 10 nociayr rotemo. Kpim
TOro, TMOJIOHI OHOBJIEHHS TOTPIOHI Uil TOrO, 100 HE JaTH MOXKJIMBOCTI
KOHKYpEHTaM 3a0paTh MOCTIMHUX BiJBiAyBauiB. JlaHWil BUA 1HBECTULIIM JO3BOJISIE
MOJIMIIATA SIKICTh OOCIIYyrOBYBaHHS, 3a pPaxyHOK YOro KUIBKICTh CIOKHMBAYiB
HEOJMIHHO 30UIBIIUTHCS, a BIAMOBITHO, OOOB'SI3KOBO 3pOCTE MPUOYTOK.

[Ipoanaini3yBaBIIM Ccy4acHI TEXHOJOTIl y CBITI Ta IX MICII€ y BITUM3HSHUX
3aKJazax rOTEIbHO-PECTOPAHHHOTO roCI0/1apCTBa, BCTaHOBJICHO, 110
MEePCIEKTUBHUM Ta aKTyaJbHUM MOJKE CTaTH BIPOBA/KEHHS aAUTHBHUX TEXHOJIOT1H
B 3aKJIa/IaX XapuyyBaHHS.

AHaJI3 OCTaHHIX JOCTIIKeHb I myO ikamii.

[Iporpec po3BUTKY KOMII'IOTepHUX MeTOAIB KoHcTpyioBaHHA (3D-CAD) Gepe
cBiif moyatok me 3 1981 poky. Icropis moYMHAETHCS 3 SIMOHCHKOIO BYEHOro XIiJ€0
Komama. Bin po3poOuB Ta 3amareHTyBaB CBIM MPUCTPIA IS IIBUJIKOTO
MIPOTOTUITYBaHHS, B IKOMY BUKOPHUCTOBYBaBCs (hOTOMOJIMED, 1110, OYAyUH PIAKUM Ha
MmoYyaTKy, TBEpAillIaB IiJl BILUIMBOM yibTpadioneToBoro cpimia. Cucrema Ib0oro
OpUCTPOIO0 Oysa JOCUTh CXOXOK Ha ChOTOACHHY: BiH HAaHOCUB MOJIMEp Liap 3a
IapoM Ta JaBaB HOMYy 3aTBEpAiTH. TakuM YMHOM KOXEH I1ap OyB MONEPEeYHUM
mepepizoMm  MmanOyTHhoi  Mozemi. Came meli  BHHaXiJg — 3aKiaB  IIOYATOK
ctepeositorpadii. Ane Haxaib, MaTEHT BYCHOrO OyB HE B 3MO31 MEPETBOPUTHCS HA
[IMPOKOBXXMBAHY TEXHOJOTII0 1 MJaHUW MPOEKT Oylo 3ropHyTO, uepe3 Opak
¢dinancyBanns [1].

CrpaBXkHIM BHHAaXIJHUKOM Ta OaTbkoM 3D-TE€XHOJOTIN NPUNHATO BBa)KaTU
aMepuKaHChKoro BueHoro Yapnp3a ["auma. B 1984 pori oMy Branocs HaapyKyBaTH
o0'eMHUI TIpeAMET Ha OCHOBI (ailiy, sikuil OyB 3reHepoBaHui Komrl torepoM. Llei
BUHaxXim  OyB  3amareHToBaHuUM sk  crepeomitorpadis. Came  mepiia
crepeomtorpadiuna mammuHa (Stereolithographic apparatus, SLA) Moxe BBa)kaTtucs
cripaBkHIM 3D-IIpUHTEPOM Y CydacHOMY CeHCI [2].

3D-apyk — ojaHa 3 (GOpM TEXHOJIOTIH aJUTHUBHOIO BUPOOHUIITBA, B SIKIM
TPUBUMIPHUNA OO'€KT CTBOPIOETHCSA MiJ dYac HaKJIaJaHHA TOCIIJOBHUX IIapiB
Marepialy 3a JaHuMu IudpoBoi moxem. 3D-npuHTep 3abe3nedye CTBOPEHHS
¢G13u9HOTO 00'€KTa NMUIIXOM IMOCHIIOBHOTO HAKJIQJaHHS TJIACTUYHOTO MaTepialy Ha
ocHOBI BipTyasnbHOi 3D-mozeni. Taki HpuUHTEpH, SIK MPABUIO, MIBUAII, OLIbII
JOCTYIIHI 1 TPOCTINIl Yy BHKOPUCTAHHI, HDK 1HII TEXHOJIOTII aJIUTUBHOTO
BUPOOHMIITBA.

Ines po3poOKM Takoro MPHUCTPOI0 HAIEKUTh AMEPUKAHCHKUM YYEHHUM 3
MaccauyceTcbkoro TexHojoriuHoro ysisepcutery. Came tam y 2010 poui OyB
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CTBOPEHMU nepimii KoHauTepcbkuid 3D-npunTep. 3aCHOBHUKAMU JAAHOTO MPUCTPOIO
€ BueHI Awmut 3opan u Mapuemno Kosnwo. Ilepmuit npuctpiif, saxuili apykyBaB
pI3HKMMH JIacOIllaMU 3 TOpiXiB, MIOKONaxy Ta (GpykTiB, OyB Ha3Banuii Cornucopia,
mo B mnepewianl o3Hauano «Pir gocratky». JlaHumii mpucTpidl ckianaBcs  3i
creliaJbHOT NMpuiiMaibHOT GopMH 3 (QYHKIIE€I0 TEPMOPEryYJIAlLii, MEeBHOI Kapycen 3
1HrpeAieHTaMu (KOMIIOHEHTaMH MailOyTHBOI CTpaBH), @ TAKOXK CUCTEMH YIIPABIIIHHSA
iHTepdeiicy mis kopuctyBadiB. [lepmuii xapuosuit 3D-npuntep Cornucopia OyB
3IaTHUNA CaMOCTIMHO CTBOPIOBATH CYMIllll 3 IEBHUX IHIPEIIEHTIB, OXOJIOIKYBaTH 200
HarpiBaTd ii JO0 3aJaHOl TeMIlepaTypu Ta CTBOPIOBAaTH KIHIIEBUH MPOAYKT 3
HEOOX1JHUM CMAaKOM, apOMaTOM Ta TEKCTypoto [3].

Beboro kinbka pokiB ToMy XxapuoBi 3D-mpunTepu mikaBwid junie NASA —
areHTCTBO XOTIJO 3aIlyCTUTH Xap4yOBHUW TMPUHTEP Y KOCMOC, a BXKE 3apa3 HUMHU
aKTUBHO KOPHUCTYIOTHCS MIANPUEMCTBA XapyoOBOi MPOMHCIOBOCTI, PECTOpPAHU Ta
HaBiITh OYyJAWHKU JUIsSl JIIOJIEW TMOXWJIOTO BIKY, Ta M JUIA BJIACHOI KyXHI1 Xap4OBHA
MPUHTEP KYMUTH CTajo HabaraTo rpocrime [4].

NASA koHcTarye, 1110 B KOCMOCI aIATUBHE BUPOOHUIITBO BIIKPUBAE TIOTEHITIAI
JUIS HOBUX MOXJIMBOCTEH MICIi, Ud TO «IPYKYBaHHS» i1, IHCTPYMEHTIB a00 IUINX
KOCMIYHUX KOpaOJiB. AJUTUBHE BUPOOHUIITBO A€ MOXKIIMBICTh OTPUMATH HaKpari
napameTpu, GopMy Ta CHUCTEMH JOCTABKH MarteplajiB ISl MOJOPOXKEH Yy NajmeKkuid
kocMoc. Ochk yomy NASA € mpoBiIHUM NapTHEPOM Mpe3uieHTchbkoi HartionanpHO1
Mepexi 3 iHHoBalii y BupoOHuuTBi Ta Advanced Manufacturing Initiative [5].

3 MOMEHTY OIpPWJIOJHEHHS TNPUHIUIIB XapuoBOTO IPYKy Ta CTBOPEHHS
Nepuoro KyjiHapHoro 3D-npuHTepy NpOMIUIO BIAHOCHO HE Oarato yacy. Ale Bke
ChOT'OJIHI ICHY€ O€3J1i4 1IHHOBAIIMHUX MPOEKTIB MOB'A3aHUX 3 XapuoBUM 3D-ApyKoM.

Jlo 2017 poky 31aBanocs, M0 CUHTETUYHE M'SICO - 11€ BEpIlIMHA 1HHOBAIIiH, SK1
MO>K€ 3alpPONOHYBATH CydyacHa Hayka KyjiHapHoi chepu. Ognak B 2019-my 3'saBuBcA
cTaprar, skuil npairoe Haa 3D-apykoM pocnuHHUX cTeiikiB, Redefine Meat (Takox
Bijlomuit sik Jet-Eat), no 6asyerbes B [3paini [6].

JlaHu#i TPOEKT Mpaltoe HaJl TEXHOJIOTIEI0, KA JO03BOJISIE BUPOOISATH «M'SICHY
albTEPHATUBY» Ha POCIWHHIM OCHOBI, SKa IMITy€ aHAJOTI4YHI KOMIIOHEHTH, a
TOYHIIE, IIJII CTpaBU - OI(IITEKCH, IMEYeHs 1 TYHIKOBaHE M'SCO 3 HATypaJbHUX
iHrpentieHTiB. IX miaxim moemHye B coOi 3amaTeHTOBaHy TexHoJOTiIo 3D-apyky,
nMdpoBe MOJIETIOBAHHS Ta PELENTypy XapuyOBUX MPOAYKTIB Ha POCIMHHIA OCHOBI,
10 JOMoMarae iM CTBOPIOBATH HOB1 KaTeropii M'ACHUX MPOIYKTIB.

[Ile ogHUM 3 HELIOAABHIIIMX CBITOBUX JIOCSATHEHb y 3acTOoCyBaHH1 3D-Ipyky €
HaJpyKOBaHA AMOHCbKAa MapMmypoBa suloBUYMHA Barto. M'sco 1mmux Kopi
BIJIPI3HSIETHCSI HEMMOBIPHO BHUCOKOIO SIKICTIO Ta KOIITYE Ty>Ke J0oporo. IcHye nymka,
0 METOJM BHUPOIILYBAaHHS BEJIUKOI poraroi XyAoOM ChOTOAHI YaCTO BBAXKAIOTHCS
HECTIMKMMHM 4Yepe3 BEJIUKY KUIbKICTh IIKIIJIMBUX BUKHUAIB B atMochepy. B 3B'a3ky 3
UM BY€HI MOYaIH PO3POOKY TakK 3BAHOTO KyJIbTUBOBAHOTO M'sica, BUKOPHUCTOBYIOUH
CTOBOYpPOBI KIIITUHHU, BULIEHI 3 KOpiB Barto, niis 3D-npyky ansrepHaTUBHOTO M'sica,
0 MICTUTh M'Si3U, KUP 1 KPOBOHOCHI CYJMHH, PO3TAIIOBaHI Tak, MI00 BOHH
HaraJyBaJii 3BUYAiHI CTeHUKH [7].

Takum YWHOM, Yy CBITI CIOCTEpITAETHCS 3aIIKABIEHICTh ATUTUBHUMH
TEXHOJIOTISIMU, $IKI 3[JaTHI 3aMIHUTH pPAJ CyYaCHUX HANpPSMKIB MPUTOTYBaHHS
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KyJIIHapHO1 MPOAYKIIi.

IMocTanoBka 3aBaaHHA. MeTOIO JOCHIIKEHHS € y3arallbHEHHS JIITepaTypHHUX
JAHUX MIO0JI0 PO3BUTKY Ta CYYaCHOTO CTaHy aJUTHUBHUX TEXHOJIOTIN y CBITI Ta
BCTAQHOBJICHHS NMEPCIEKTUB BUKOPUCTAHHS X y KyJIHApHIA MPOAYKIIi BITYMZHSHUX
3aKJIaJliB PECTOPAHHOTO TOCIOapCTRA.

Bukiaa 0CHOBHOIO MaTepiajy J0C/IiIKeHHs.

3 nosBoro 3D-npuHTEpiB MOUYNHAETHCS HOBA €M0Xa, sIKa 3HAMEHYETHCSI BEJTMKUM
MOTEHIIAJIOM Y TPOCTOPI BUCOKUX TEXHOJOTIM. AmapaTd BY3bKOI creriamizamii
BOJIOJIIIOTh O€3MEKHUMH MOKIIMBOCTSMHU 1 ChOTOJHI BUKOPHUCTOBYIOTHCSI Maii’ke B
KOXHIM cdepl KUTTA cydacHOi JoauHu. BuxopuctoBytoun 3D TexHOJOrI,
BEJIMYE3HA KUIbKICTh 1HXKEHEPIB, apXITEKTOPIB, JIIKApiB Ta Oarato 1HIIMX CIELialiCTIB
MalOTh MOKJIMBICTh PEali30BYyBaTH B KUTTS 4acOM HepeasbHi i/1€i, 0arato 3 sKux
3HAMIILIM CBOE 3aCTOCYBAHHS Y PI3HHUX c(hepax HAYKH Ta TEXHIKH.

3D-ipuHTEep — TPUCTPIA [JIT CTBOPECHHS (PI3UYHUX OO0'€KTIB MIISAXOM
MOCIIJJOBHOTO HaKJIaJaHHs IIapiB. [HmmMMM cioBamMu 1€ Te, IO MEPETBOPIOE
BIpTyasibHy MoOJienb y peanbHy. [1lo0 BigTBOpuTH TOM uM iHIMN 00'ekTt Ha 3D-
MPUHTEPi, CIOYATKY PO3pOOJISETbCS WOTO BIPTyajdbHUM IIA0JIOH, IJii CTBOPCHHS
SKOTO ICHY€ CIeliaJibHe mporpamHe 3abesrneueHHs. 3D-npuHTEpH NPONOHYIOTH
PO3pOOHMKAM MPOAYKTIB MOXJIMBICTh IPYKY JeTajed 1 MeXaHi3MiB 3 JIEKIJIbKOX
MaTtepiaiaiB Ta 3 pI3HUMU MEXaHIYHUMU 1 (PI3UYHUMU BIACTUBOCTSIMHU 32 OJIUH MPOIIEC
CKiagaHHsA [8].

[Iponiec podoTu xapuoBoro 3D-mpuHTEpa CXOXKH 3 TPUCTPOEM 3BUYANHOTO
CTPYMEHEBOr0 MHpuHTepa. Pi3HULA Moisrae aumie y BMICTI KapTPUIKIB: TOHEPH 3
XapYOBHUMH IHTPEAIEHTAMH 3aMIHIOIOTh EMKOCTI 3 PIAKMMH OapBHUKAMHU.

3D-npuHTEpH 31aTHI CTBOPIOBATH 0AaraTOKOMIOHEHTHI CTPaBH 3 BipTyaJlbHUX
Mozenel. Y mam'sti nmpuHTtepa 30epiraeThesi Oarato peuentiB. [I{o6 HagpykyBaTH
CTpaBy, HEOOX1JIHO BUOpATH OJIUH 13 PELIETITIB Ta HATUCHYTU Ha KHOMKY. [licis mporo
MPUHTEP BIAMOBIIHO 0 3aKJIAJEHOT0 B HHOTO aJTOPUTMY MOYHE IIapaMy BUKJIAIATH
IHTPEJIIEHTH Ha poOouy MOBEpXHIO ab0 Ha Tapuiky. OTpuUMaHUN TakuM YUHOM
MPOYKT OXOJIOKY€EThCS a00 3aMiKAEThCS.

3D-npuHTEpPH MO3BOJISIIOTH JIPYKyBaTH iCTiIBHI TPUBUMIpPHI (Pirypu 3 rycToi Ta
OJIHOPIZTHOT TpOoayKTOBOi Macu. IlimcTaBkoro s JApykKy Moxe OyTtu poboua
MOBEpXHs MPUHTEpA, Tapijika abo JEKO, /€ 3r0JJOM CTpaBa JOBEIETHCA /10 MOBHOI
roToBHOCTI. OCHOBHUM pOOOYMM 1HCTPYMEHTOM TAaKUX arapaTiB € eKCTPYAep, Yepes
COILIO SIKOTO BUJABIIOETHCS cyMill. 3D-npuHTepu OyBarOTh IEKIJIBKOX THUIIIB:

[Ipoctnii (eKCTpy3iiiHMII) — Ha CHOTOJHINIHIA JIEHb € JOCUTh KIACHIHUM
oOnmagHaHHSAM 111 00'€eMHOTO  JpyKy, aje 3aMiCTh IUIACTUKOBOI  HUTKHU
BUKOPHUCTOBYIOThCSL XapyoBl 1HTpedieHTH. Pobouya ronoBka 3 eKCTpyAepoM Ta
HIMPUIIOM, 3allOBHEHUM JPYKApChKOIO MAacoOl0, pPYXa€TbCsi HaJ MOBEPXHEIO,
MOCTYNOBO BHUIABJIIOIOUM CUPOBUHY. [Ipo/yKTOBI 1apu HaKIagalOThCsl OJUH Ha
1HIIMI 10 cTBOpeHHS BUPoOy. Oco0auBo yacTo Taki 3D-npuHTEpU BUKOPUCTOBYIOTh
UL APYKY (PIrypok 13 pi3HUX BUIB IIOKOIady [9].

KapycenbHuit — ckiagHime oOJaJHaHHSA, SKE€ MOXE JIPYKYyBaTH KUIbKOoMa
TUMIAMU CUPOBUHU. BIAMOBIIHO 7O pelenTy Ta MOCIIIOBHOCTI JIii, MPOMUCAHUX Y
nporpami, amapar KpyTUTb "Kapycens" 1 3ynuHsA€ Haja pPoOOYOI0 MOBEPXHEIO
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noTpiOHY TyOy 3 EKCTpyAepoM. 3a JOMOMOTOI MPHUHTEPIB KapyCeJIbHOTO THUITY
MOKHa JAPYKYBaTH CHpPaBXKHI KyJTIHApHI ILIEAEBPH, PI3HOMaHITHI 3a (OpMOIO Ta
BmicToM [10].

IcHye Bennue3Ha KUIBKICTh XapuoBUX MpuHTEpiB 3 3D-TexHonoriero, ane
KOXXHHUM MpaIioe 3a OJHUM 1 TUM CaMHM MNPUHIUIOM — L€ IMOIIapOBE CTBOPEHHS
o0'exTa BIAMOBIAHO 10 3amaHoi mudpoBoi 3D-momeni. 3a UMM CKIIAJHAMU
CIIOBaMH,  CTOITh ~ 30BCIM  HECKJQJHE  YyNpaBIiHHSA, JOCTyIHE  HaBITh
HEKBaJli(piKOBAaHOMY MEPCOHAITY.

[IpoBiBIIM aHaNI3 BCECBITHBO BIJOMHUX XapyoBHX 3D-IpHUHTEpIB, MOKEMO
BunuTH 1Ba npuctpoi - WIIBOOX Sweetin (puc. 1) Ta Foodini (puc. 1), siki Ha
Hally JyMKY € HaWOUIbIlI ONTUMAambHUMH Ui BHUKOPUCTaHHS Y 3aKiIajax
PECTOPAHHOIO TOCHOJAPCTBA, OCKUIBKA BUPOOHMKH MPOMOHYIOTh HaMKpalle
CIIBBIJIHOIIEHHS IMiHU Ta sikocti [11, 12]. Jlani mpucTtpoi 3a0e3nedyroTh TOUYHHI
JIPYK, BHCOKY IIBHJKICTh POOOTH, JIOBIOBIYHICTh, NPOCTOTY Ta 3PYYHICTh
eKCIUTyaTarii.

oo iy
[EE S IrrE ]

2l

- P

Puc.1 - Xapuyosmnii 3D-npunrep WIIBOOX Sweetin

BuimenaBegennii  mpucTpiii  MOXe JPYKyBaTH HE TUIBKH  COJIOAKUMHU
KOMIIOHEHTaMH, a ¥ BHUTOTOBJISITH CTPAaBU BHUCOKOI KyXHI 3 PI3HOMaHITHHX NAacT,
JDKeMiB, Mmiope Ta iH. BiH po3poOsieHuil A BTUICHHS Yy JKUTTS HaCMUIMBIIIUX
KyJiiHapHuX iaei. [IpucTpiit uy10BO MIAXOIUTH ISl APYKY HEBEJIMKHUX MOPLIH, 0 €
aKTyaJbHUM pIINIEHHSM B 3aIpPOBADKEHHI JAHOI TEXHOJOTIi Yy  3akKiajgax
PECTOPAHHOTO TOCIIOIAPCTBA MPH TOTEII.

Xap4oBHUil MPUHTEP OCHAIIEHWNA AaBTOMAaTUYHUM KaliOpyBaHHSM, 110 POOUTH
HOro MakCMMalabHO TOYHUM. 3aBISIKM BEIMKOMY CEHCOPHOMY IHMCIUICIO, JO3BOJISIE
poOUTH KOpETyBaHHS B MpOIECi poOOTH, HANPUKIIAJ: 3MIHIOBATH TeMIlepaTypy ado
06'em. B 2019 pori gana mozens yiinia B Ton 10 kpamumx 3D-nipuHTEpiB.

[Iportec MIATOTOBKM XapyoBOTO MPHUHTEPY M0 JAPYKY PO3MOYMHAETHCS 3
IPOrpaMHOTO HalalTyBaHHsS. BOHO TOCHUTH Jierke y BUKOPUCTAHHI, 1[0 POOUTH HOro
ONTHMAJbHO TMPOCTUM Ui BHUIOTOBJEHHS CTpaB y 3akjiajJl pPecTOPaHHOTO
rocrosiapctBa. Crioyatky 3D-Mozeb 3aBaHTaXy€eThCS Ha TaKeT, 1€ 3a4al0ThCsl BCl
HeoOXimH1 HamamTyBaHHS.  [lami cTBopeHa Mojzenb 3 yciMa HaJalllTOBAHUMHU
napamMeTpamu 3aBaHTaxXyeThcst Ha 3D-npuctpiit 3a nonomororo USB a6o WI-FI. 3D-
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npuntep Foodini Bix BupoOHuka Natural Machines mpaiftoe Ha OCHOB1 TEXHOJIOT1T
MONIAPOBOTO HakJagaHHs MaTepiary FDM.

Puc.2 - XapuoBuii 3D-npuntep Foodini

[Ipuctpiii ocHameHW{ M'ATbMa KarCyJiaMH, $IKi MOXXYTh 3aBaHTaXyBaTHCS
PI3HOMAHITHUMH 1HTpeAieHTaMu. BuaBIiOBaHHS TNPOAYKTIB BUKOHYETHCS TIIJT
BILUTMBOM PI3HOTO THUCKY Ta TEMIEpaTypH. Y JaHUUN MPUCTPii MOKHA 3aBaHTAKYBaTH
710 M'ATH MPOIYKTIB PI3HOT TEKCTYPH OJTHOYACHO. 3aBISKU COIUIaM PI3HOTO AlaMeTpy,
0 TOCTA4YalOThCS B KOMIUIEKTI 3 TPUHTEpPOM, M JAPYyKYy MiAIAIyTh
HaANPI3HOMAHITHIII KOMIOHEHTH.

Punok xapuoBux 3D-npuHTEpiB CTAOLIBHO 3pOCTAE, MPONOHYIOUH CIOKUBAYEB1
BCE€ IIUPIIUNA ACOPTUMEHT MPUCTPOIB 13 3pYYHUM Ta 3pO3yMiIUM iHTEepdeiicom.

Binbmricts noaioHOrO 001aAHAHHS MPU3HAYEHO ISl APYKY KOHKPETHUX BUPOOIB
(1IokoJIaIHUX 1 IYKPOBUX (PIrypOK, KOHAUTEPCHKUX MPUKpPAC), TPOTE 3aCTOCYBAHHS
BUIIIEHABE/ICHUX TPUHTEPIB B 3aKJIaJaXx PECTOPAHHOTO TOCHOJApPCTBA BIIKPHE
HIMPOKHI CIIEKTP MOXKIMBOCTEH JIJIs1 yIOCKOHAJIEHHS! BUPOOIB YCIX KyJIIHAPHUX TPYIIL.

BucHOBKH 3 TPOBEIEHOT0 T0CTi/KEHH .

Ha ocHOBI mpoBeneHOro aHajizy BCTaHOBJIEHO, 110 BUKOPUCTAHHS aJUTHUBHHUX
TEXHOJIOTIM BHUKJIMKAa€E Bce OLIBIIMKA I1HTEpPEC cepel HAyKOBIIB Ta BHPOOHUKIB
xapuoBoi mponykmii. Te, mo me 20 pokiB TOMy 3AaBajiocs HE MOXJIUBUM,
KOCMIYHHMM, CBOTO/IHI CTa€ PEajbHICTIO. 3a JONOMOIOI0 KOMII'IOTEPHHX CHCTEM
MO’KHa CTBOPUTH HOBI IHTPEIIEHTH, XapUOB1 MPOAYKTH Ta CTPABH.

Crocrepiraerbcsi 4YiTKa TEHJEHINS 3pPOCTAHHS 3aIlIKaBJIEHOCTI HOBITHIMH
TexHoyorisiMu  y cdepi 3D-inpyctpii. lLle, Oe3nepeuHo, BUKIMKAaEe IHTEpeC Yy
cnoxkuBadiB. ToMy, 3akiaaW peCcTOPAHHOTO TOCIOAAPCTBA MOXYTh 3HAYHO
MIJBUIIUTH CBOIO PEHTAOETBHICTh 3aBISIKA 3alpOBaXKEHHIO KyJiHapHOi 3D-
TEXHOJIOTII.
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The article considers the development and current state of 3D printing in the hotel and
restaurant industry. Modern developments of additive technologies, the principle of operation of
food 3D-printers are analyzed. It is established that the most widespread in the world are 3D-
printers of extrusion and carousel type. The general principle of operation of the three-dimensional
food printer is given. Based on the analysis of world-famous food 3D-printers, two devices were
identified and characterized - WIIBOOX Sweetin and Foodini, which may be best suited for work in
hospitality, as the use of the above equipment will open a wide range of opportunities to improve
products of all culinary groups. By using such devices, restaurants can significantly increase their
profitability through the introduction of culinary 3D-technologies.

Keywords: 3D-printer, additive technologies, hotel and restaurant business, food, restaurant
business.
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Abstract. The data of hematological parameters of carp for phylometroidosis are given.
During the parasitological examination on the body of the fish revealed swelling, bumps, reddened
areas, stiffness of the scales. Pink helminths 7-9 cm long were found in some scaly pockets and
muscle tissue. Mature nematodes were more often localized under the scales around the head in the
spine, on the sides and abdomen, sometimes on the gill covers, less often they were found on the
tail. The obtained data indicate significant changes in hematological parameters of the erythroid
blood line of sick and healthy fish. Analysis of the data showed that the number of erythrocytes was
significantly higher in clinically healthy fish, but the resistance of erythrocytes was slightly
increased in the blood of fish with phylometroidosis. The hematocrit was slightly higher in the
blood of clinically healthy fish. There was a slight decrease in the number of T-active lymphocytes
in the blood of fish affected by phyllometroidosis by 15.76% (P <0.01). The same downward trend
was found for other indicators, namely T-total lymphocytes by 12.84% (P < 0.01). The indicators
of T-helpers (by 17.70%), T-suppressors (by 35.31%) and the values of B-RUL of lymphocytes by
10.55% (P < 0.05) probably decreased.

Keywords. fish, phylometroidosis, blood, invasion, reservoir, diagnosis, erythrocytes,
leukocytes

Introduction.

A significant danger for fish farming is the defeat of fish by parasitic diseases,
and for humans - the consumption of fish infected with helminthiasis. Fish, which is a
valuable food product, can cause serious human helminthiasis. Parasitic diseases are
accompanied by metabolic disorders in the body of fish, resulting in reduced
productivity and payment for food. Therefore, timely diagnosis of fish diseases and
their prevention and eradication are important in economic terms and are of great
importance [4,7].

The importance of ichthyopathological and ichthyoparasitological research is
growing due to the expansion of fisheries and the introduction of new breeding
facilities (including those imported from other countries), the use of new veterinary
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ichthyoparasitological methods. The losses caused by fish diseases, especially
parasitic ones, remain significant. It is clear that the exact diagnosis of invasive
disease can be made only by identifying its causative agent to the species, and
without such a diagnosis can not be effective prevention and treatment, ie reducing
losses in fish farming [5].

Observation of changes in blood composition helps to control the physiological
state of the fish body, which is extremely important when conducting various
ichthyological, ichthyopathological and other studies and fish farming activities [3,4].

Fish blood clearly responds to the influence of various pathogenic factors:
pathogens of infectious and invasive diseases, toxicants, adverse environmental
conditions and more. Changes in hematological parameters of the blood can be
judged on the nature of pathological processes occurring in the body of fish. The
results of hematological and biochemical and cytogenetic studies of blood are
ancillary and allow to clarify the diagnosis of the disease. The main hematological
indicators used in ichthyopathology are: determination of the number of erythrocytes
and leukocytes, hemoglobin level, erythrocyte sedimentation rate and leukogram
excretion [5].

The aim of the study was to study fish - biological, hematological and
biochemical parameters of sick and clinically healthy fish.

Material and methods. Two groups of fish were used for research. Clinical
signs of phylometroidosis were observed in one group of fish caught from the pond.
Sick and clinically healthy fish were kept in separate ponds. To determine changes in
the parasitofauna of pond fish depending on the habitat, step-by-step parasitological
dissections and fish data, planting density, fish feeding, and pond fertilization were
taken into account.

Results of the research.

The fish lost weight, lethargy, gill anemia, the fish stayed closer to the surface of
the water, did not take food. During the parasitological examination on the body of
the fish found swelling, bumps, reddened areas, stiffness of the scales. Pink
helminths, 7-9 cm long, were found in some scaly pockets and muscle tissue. Adult
nematodes were more often localized under the scales around the head in the spine,
on the sides and abdomen, sometimes on the gill covers, less often they were found
on the tail. At the opening of the fish there was an inflammatory process in the liver,
it is enlarged, clay-colored, the pulp is softened with foci of hemorrhage. The kidneys
are blood-filled, slightly enlarged. The swimming bladder is inflamed, its walls are
matte with a dirty gray tinge. On the basis of epizootological data, clinical signs and
pathological - anatomical changes, we diagnosed phylometroidosis of fish.

The study of changes in the erythroid blood count was performed in sick and
healthy fish. The results of studies have shown that hematological parameters in carp
undergo significant changes in the occurrence of diseases. As can be seen from the
data shown in table 1, the number of erythrocytes in the blood of sick fish is much
smaller compared to their number in the blood of healthy (P <0,01).

The resistance of erythrocytes in the blood of clinically healthy carp is 41.1%
lower (P <0.05) compared to the resistance of erythrocytes in the blood of sick fish.
The obtained research results also indicate significant changes in hematocrit in the
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blood of sick and healthy fish. There was a probable decrease in hematocrit in sick
fish by 20.6% (P <0.05) compared with clinically healthy.

Table 1 - Indicators of the erythroid series of fish blood (M+m, n=8)

Indicators Fish Fish
sick clinically
healthy
The number of erythrocytes T /1 1,1+0,07 2,1+0,23%*
Erythrocyte resistance 1,440,28 0,84+0,15*
Hematocrit,% 35,0+£2,72 41,5+2,30%*
Hemoglobin, g% 6,75+£0,50 | 10,8+0,70%**
Erythrocyte volume 1 pg 168,8+13,54 | 133,42+22,63
The amount of hemoglobin in 1 erythrocyte is 10-12 g | 54,8+1,89 51,0+6,55
The concentration of hemoglobin in 1 erythrocyte, % 25,4242.55 30,94+2,24

Degree of probability: * - P<0,05; ** - P<0,01; *** - P<0,001

Studies of hemoglobin content in carp blood have shown that its content has also
undergone significant changes in sick and clinically healthy fish. In particular, in the
blood of clinically healthy fish the hemoglobin content was 10.8 + 0.70 g /%, in the
blood of sick fish it was lower by 31.6% (P <0.001). The content of hemoglobin in
the blood of carp is directly dependent on the number of erythrocytes. When the
disease occurs, the number of erythrocytes and the content of hemoglobin in the
blood of carp decreases. The volume of one erythrocyte in the blood of clinically
healthy fish was 133.42 &+ 22.63, and in the blood of sick fish this figure increased by
18.7%. The amount of hemoglobin in one erythrocyte is almost the same in the blood
of sick and healthy fish. It was 54.8 + 1.89 and 51 + 6.55"10-12 g, respectively. The
concentration of hemoglobin in one erythrocyte increased slightly in clinically
healthy fish.

Thus, the obtained data indicate significant changes in hematological parameters
of the erythroid blood of sick and healthy fish. Analysis of the data showed that the
number of erythrocytes was significantly higher in clinically healthy fish, but
erythrocyte resistance was slightly increased in the blood of fish with inflammation
of the swim bladder. The hematocrit was slightly higher in the blood of clinically
healthy fish. The amount of hemoglobin was significantly higher in the blood of
clinically healthy fish, which can be explained by the high oxygen content in the
water. The volume of one erythrocyte was significantly higher in diseased fish. There
is a slight decrease in the number of fish and the concentration of hemoglobin in one
erythrocyte.

Based on the results obtained, it can be concluded that the occurrence of the
disease significantly affects the hematological parameters of carp, which should be
taken into account when diagnosing this disease. The test for micronuclei in recent
years has gained widespread recognition in the study of applied mutagenesis, mainly
due to the relatively simple preparation of drugs and their rapid analysis. Analysis of
drugs from different series showed that the micronuclei in the erythrocytes of
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peripheral blood of fish grown on the farm are found with different frequencies in
sick and healthy fish. In clinically healthy biennials, the number of micronuclei in
erythrocytes was 8.2 + 0.51%. An increase in micronuclei was observed in sick fish
by 35.4%, respectively (P <0.001). Thus, micronuclei are found in the erythrocytes of
the blood of sick and healthy fish. However, in sick fish their number is much higher.

Of particular note is the analysis of the ratio of T lymphocytes to B cells and T
helpers to T suppressors. In recent years, a number of studies in veterinary medicine
have shown that information about the protective properties of the organism, its
adaptation to specific conditions increases significantly, if, among other indicators in
the blood to take into account the number of individual populations and
subpopulations of lymphocytes, especially T- and B- cells. Experiments have shown
that these cellular elements are central to the immune system. In particular, T-helpers
are involved in recognizing the alienation of genetic information and promote the
differentiation and proliferation of B-lymphocytes - the main producers of antibodies.
T-suppressors, in contrast, inhibit immune responses and thus play a regulatory role
in the body's defenses. Under normal conditions, there is a certain ratio of T-helpers
to T-suppressors. With a decrease in the number of T-helpers, which is observed in
humans and animals with immunodeficiency, the number of T-suppressors increases
and the body's protective functions against infections decrease sharply. Therefore, to
determine the body's ability to fight infection, it is important to control the normal
parameters of these cells in the blood.

When studying the effect of phylometroidosis on the body of carp in
experimental ponds, evaluated changes in T- and B-cell immunity of clinically
healthy and infected fish. Changes in immunity were determined by the following
indicators: T-active lymphocytes (TA), T-total lymphocytes (TE), T-helpers (Th), T-
suppressors (Ts), B-lymphocytes. Analysis of the data shows a slight decrease in the
number of T-active lymphocytes in the blood of the experimental group of fish by
15.76% (P < 0.01). The same downward trend was found for other indicators, namely
T-total lymphocytes by 12.84% (P < 0.01). Significantly decreased indicators of T-
helpers (by 17.70%), T-suppressors (by 35.31%) and the value of B-RUL of
lymphocytes by 10.55% (P < 0.05).

Conclusion.

Based on the results obtained, it can be concluded that the occurrence of the
disease significantly affects the hematological parameters of carp, which should be
taken into account when diagnosing this disease. The test for micronuclei in recent
years has gained widespread recognition in the study of applied mutagenesis, mainly
due to the relatively simple preparation of drugs and their rapid analysis.
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Anomauia. Haeedeni oani cemamonociunux nokasuwuxie pudbu sza ¢inomempoioosy. Illpu
NPOBeOeHHI NApaA3UMON0IYHO20 OOCNHIONCeHH HA Ml pubu UAGISIU NPUNYXIOCMI, 20pOuKu,
NOYePBOHINI OLIAHKU, HAIDICAUEHHS TYCKU. Y 0essKux 1YCKOB8UX KUWEHbKAX Ma MA3e6ill MKAHUHI OY10
BUSAIBIIEHO 2eIbMIHMIB POAHCEB020 KObOPY, 008x4#cuHoto 7-9 cm. Cmamego3pini nemamoou uacmiuie
JIOKANI3YBANUCS NIO TYCOUKAMU HABKOJLO 20J108U ) XPeOMOSIll uacmuHi, Ha OOKax i yepesyi, iHKOAU HA
30p0OBUX KpUWIKAX, piouie ix 3Haxoounu Ha xeocmosii ywacmuni. (Qdepoicani oaui ceiouams npo
SHAYHI 3MIHU 2eMAmMONO2IYHUX NOKA3HUKIE epumpoiono2o psoy Kpo8i X80pux ma 300posux puo.
Ananiz 0anux nokasas, wo KilbKicms epumpoyumis 0y1a 3HA4HO 8UWA Y KIIHIYHO 300p06UX puo,
npome  pe3ucmewmuicms epumpoyumie Oyna Oewjo nioguujena y Kposi pub, Xeopux
Ginomempoiooszom. I'emamoxpumua éenuduna 6yna oewjo uwoi0 y Kpoei KIiHIUHO 300pO8ux puo.
Bcmanoeneno nesnaume snudicenns xinbkocmi T-axmugHnux nimgpoyumis y Kpoei pub ypasrceHux
ginomempoioozom na 15,76 % (P < 0,01). Taxy owc meHOeHYito 00 3HUINCEHHS BCMAHOBIIEHO
CMOCOBHO THWUX NOKA3HUKIE, a came T-3aeanvhux nimgpoyumis na 12,84 % (P < 0,01). Bipociono
3HUMNCY8aNUCA nokasHuku T-xennepie (na 17,70 %), T-cynpecopis (na 35,31 %) ma 3nauenns B-PYJI
nimghoyumis na 10,55 % (P <0,05).

Knwuosi cnosa. puba, ¢inomempoioos, kpos, ineasii, 6odoiima, 0iacHO3, epumMpoyumu,
JetuKoyumu
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Anomauyia. B cmammi euceimieno pesyiomamu  OMpuUMaHi 8 X00i OO0CTIONHCEHb
nepempasio8aHocmi, 0i0N02IYHOI ma Xapuo8oi YIHHOCMI PO3POONEHUX A2TIOMEHOBUX XTLOHUX
8UPODIB 3 BUKOPUCMAHHAM NPOOYKmMY nepepobku eieca. Jlocniodxceno, wo 6yenesoou xiiba 3
BIBCSIHO20 MOJIOKHA NepempasiiomsbCs NOGUIbHIWE Y NOPIGHAHHI 3 8)21e800amMu MpaouyitiHo2o
OopowHa, wo ce8iouums NPo 3HUNCEHHS 8Y2l1e800H020 HABAHMANCEHHS HA OP2aHI3M MH0OUHU. Jlanuil
epekm Oocsaeaemvcs 3a paxyHoK Oii 8I8CAHO20 MONOKHA, AKUN XAPAKMEPU3VEMbCA OLIbUIOI0
cmituKicmio 00 akKmueHocmi ghepmenmis mpaenoi cucmemu. Bemanoeneno, wo ompumani éupoobu
Micmamy OiibuLy KilbKiCmb 8iMAMIHIE MA MIHEPAIbHUX peuosut. BrecenHs 0o peyenmypu OLIKy
MBAPUHHO20 — NOXOOMCEHHs, 003804€  3abe3nedumu  OMPUMAHHA  MICMOBUX  cucmem 3
ONMUMATLHUMU CIMPYKMYPHO-MEXAHIYHUMU NOKA3HUKAMU MA RIOBUWUMU 6MICI OIIKY V 20MOBUX
XNIOHUX 8upobax. YzazanvHenHs 0anux 00360718€ NPO2HO3Y8AMU WUBUOKICMb NPOYecy 3adC60E€HHS ma
NO3UMUBHULL XAPAKMep 6NIUBY HA OP2AHI3M.

Knrwowuosi cnosa: Oezentomenogi  xniOHi  6upodOu,  8i6CAHE  MONOKHO,  8Y2le8o0u,
nepempaeno8aHicme.

Beryn.

[IpoGiieMOI0  CHOTOACHHS  SIBIISIETHCS  BIJACYTHICTH HA PUHKY SIKICHOTO
ACOPTUMEHTY BITUYM3HSHHUX CHEIIaI30BaHUX MPOIYKTIB JJISI JIIOJIEH CXUIBHUX 0 Ail
BIUIUBY TJIIOTEHY. 3 KOXXHHMM POKOM YHCENBHICTh 0cCi0, $KI  MOTPEOYyIOTh
OE3TITIOTEHOBOT J1€TU 30UIBIIYETHCS OAHOYACHO 31 30UIBIICHHSM KUIBKOCTI HOBUX
BUSIBJICHUX (OPM UYTJIIMBOCTI Ta HEMEPEHOCHUMOCTI TIIOTEHY. CIUHUM J1€BUM
METO/IOM JIIKYBaHHS 3aXBOPIOBaHb JIaHOI IPYIHU € AIETOTEpanis 3 BUIYUYEHHSIM YCiX
TIIFOTEHBMICHUX TIPOAYKTIB [1]. V Bunaaky HemoTpuMaHHS OOMEKEHb y XapdyBaHHI
CHEPIIY TPOSBIISIIOTHCS MOPYIIEHHSI POOOTH OPTaHiB KUIIKOBO-IIUTYHKOBOTO TPAaKTYy,
MO/IJIbIIIe ITHOPYBAHHS JIIKYBaHHSI MOYKE TTPU3BECTH J0 1HBAJIIHOCTI, a 1HO/1 HABIThH
MO€E MaTu JIeTallbHI Hachiaku [2]. Jlroam 3ayieskHi BiJl BIUIMBY TJIIOTEHY, 3 METOIO
3a0e3nedeHHs] TMOTped y Crhemiani30BaHOMY XapdyBaHHI B yMoBaxX JAe(iluTy
BITYM3HSIHUX aryIFOTEHOBUX MPOJYKTIB, B TOMY YHCHI 1 XJTIOHUX BUPOOIB, 3MYIIICHI
3aKyTOBYBaTH TOBapH 3aKOPAOHHHUX BHPOOHHKIB, JUIA SIKHX XapaKTEpHA IiABUIICHA
BapTICTh 5K JIJIST YKPATHCHKOTO CITOKMBaYA.

Taka He3adoBUIbHA TEHACHIIS (OpMye Mepe] HAyKOBLUAMM psli 3aBlAaHb. B
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Nepiry 4epry, I€ CTBOPEHHS BITYM3HSHUX aryIlOTEHOBHX XJIOHHUX BHPOOIB 3a
JOCTYITHOIO I[IHOBOIO MOITHKOIO Ta 33I0BITBHUMU CITOKHBYMMH XaPAKTEPUCTUKAMH.

Marepiaj Ta MEeTOAUKA JOCTiAKECHHS.

JlocmimKeHHST TIepETPABIIOBAHOCTI BYTJIEBOIIB X1i0a MPOBOAMINA METOOM, IO
IPYHTY€ThCS Ha BU3HAYEHHI KUTBKOCTI PEAYKYIOUHX I[yKpiB, SIKI HAKOIUYYIOTHCS B
mpoueci Tiapodizy M SKyHmKd Xii0a (epMeHTaMu ILTyHKOBO-KHUIIKOBOTO TPAKTY
JIOAVHU B yMOBax in vitro [3]. J1ns ¢pepMeHToI13y BUKOPUCTOBYBAIM KOMILJIEKCHUI
npenapar «llaH3uHOpM», 10 CKJIaAy SKOTO BXOJSATh aMula3H, MPOTea3u Ta JIMas3u.
TpuBanicte rifipoyi3zy cTaHOBWJIAa 3 TOJ. 3 METOI iMiTalii YMOB TpaBJEHHS B
OpraHi3Mi JIOJIMHH, MEPETPABIIOBAHICTh BYIJIEBOJIB BH3HAUAIM 3a TEMIIEpaTypH
37°C npu nocnigoBHi# 3miH1 pH cepenoumia: nepui 1,5 roa iHkyOario TpoOBOIUIH
3a pH - 1,2 , micng 4voro goBoaunu 3HadeHHs pH g0 8,2 Ta mponoBxkyBaiu
dbepmenTanito me 1,5 roa. Ilpobu nns BU3HAYEHHS BMICTY PEAYKYHOUHMX IIYKpPIB
BU3HAYAIA HOJOMETPUYHUM HAIIBMIKPOMETOIOM Y TIEPEPAXyHKY Ha TITIOKO3Y.

EdexTuBHICTh 3acBO€HHSA OUIKIB po3po0JieHHX BUPOOIB BH3HAuYaIM 3a
MIBUJAKICTIO 1X TiApoi3y (epMEHTaMH HUTyHKOBO-KHMIIKOBOTO TPAKTy (IETICHUHY 1
TpUricuHy) in vitro 3a metoaukor IlokpoBcekoro O.0O. Ta €pranoBa [.J[. Tak,
BU3HAYCHHS MEPETPABIIIOBAHOCTI OUIKIB 3A1MCHIOBAIA B PE3yJIbTATI MOCTIJOBHOT il
Ha HUX METNCUHY Y KucioMmy cepenoBuil nutyHky (pH - 1,2...1,8), a moTim Tpurcuny
Ta XIMOTPUIICUHY Y JY>KHOMY CepeJoBHII ToHKoro kumeunuka (pH - 7,0...9,0) [3].

Pe3yabTaTn 10Cai1KEeHb.

B xoai mnpoBemeHoro anamizy Ta JIOCHIDKEHb HaMHU OyJio po3poO0JIeHO
TEXHOJIOT10 XJIIOHUX BUPOOIB Ha OCHOBI NMPOAYKTY MEpEepoOKH BiBCa — TOJOKHA, Ta
CTPYKTYpOYTBOPIOIOYOi CHUCTEMH 3 TMOJiMIIyBada e(QEeKTHBHOTO 3arylryBada
T1POKOJIOIIHOT J1i — TirokaHo-aenbTa-nakTony (I'JIJI), 1 BUCOKOO1IKOBOI 100aBKU
TBapUHHOTO MTOXOKEHHS — Ka3eiHy.

Tak, oTpuMaHHWii  arTIOTEHOBUX  XJIO  XapakTEPU3YEThCS  BUCOKUMHU
OpPraHOJIENITUYHUMHU Ta (DI3UKO-XIMIYHUMHU TTOKa3HUKAMH SKOCTI, MacoBa 4YacTKa
O1IKOBHX pedyoBUX Yy XJiOHUX BUpoOax cranoBmia 10,2 % B mepepaxynky Ha CP.
Pemta nmo>KUBHUX CKJIAJ0BUX 3HAXOJATHCA B TaKWX Mexax: /sl ByrjeBoau 55,1 %,
xupu 4 %, 301a 0,97 %. [TokazHUK MacoBO1 YaCTKHU BoJioru gocsirae 52 % [4].

BigomMum QakTtom SIBISE€THCS BXKIMBICTH aHANI3y CHOKHUBUUX XapPaKTEPUCTUK
IIPOJYKTIB, 5SIKI BCTAHOBJIIOIOTHCS 32 Xap4OBOIO I[IHHICTIO Ta (Pi310JIOTTYHOIO JII€I0 HA
opra”iam [2]. Takum 4YMHOM, JOPEYHUM € JOCHIHPKEHHS MEePEeTPaBIOBAHOCTI
OCHOBHMX MAaKpPOHYTPIEHTIB PO3pOOJICHUX XJIOHMX BHUpPOOIB, a came OUIKIB Ta
BYIJIEBOAIB. Y XIMIYHO-TEXHOJIOTIYHOMY aHaji31 MOKa3HWKH MEepEeTpPaBIIOBAHOCTI
BU3HA4YaJIM B YMOBAX in Vitro.

JlocnikyBaiu TpH 3pa3ku XJ1OHUX BUPOOIB: XJ1i0 0€3 BHECEHHS MOJIIIIIYBayiB
(KOHTpPOJIb), 3 BUKOPUCTAHHSM T1ApOoKoJoifa (ximid «BiBcsHMI»), Ta 3 BKIIOYEHHSIM
ni10panoi KoMOiHalii moinmuryBayiB (X110 «BiBcsHU-TOKpaIieHU).

VY pe3ynbrari TPOBEACHHUX JOCTIIPKEHb BCTAHOBJIEHO (PUCYHOK 1), 1110
IIBUJIKICTh  (PEPMEHTATUBHOTO TiJIPO3y BYIJEBOIIB M SKYIIKH PO3pPOOJICHOTO
BIBCSTHOTO XJ1i0a € Maike y 2 pa3u BUIIOIO MOPIBHSHO 3 KOHTPOJBHUM 3pa3KoM. 3
pucyHKy 1 BuaHO, 110 4epe3 3 roj TiApodizy xiida «BiBCSHOTO-MOKPAIIEHOT0» Ta
«BiBcstHOrO» Hakonuuyetbes 6,8 % ta 6,1 % Ha CP peaykyroumx IykpiB, TO/1 5K B
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KOHTpOJ1 — 2,9 % Ha CP. OTpumani faH1, MOKHA MOSICHUTH MOTTUOJICHHSM T1IpOJIi3Y
KpOXMajJgl0 B TEXHOJOTIYHOMY TpoIleci BUPOOHHITBA XJiba 3a pPaxyHOK
BUKOPUCTAHHA BIBCAHOrO TOJOKHA. [Ipomyktu rimpomizy xmiba «BiBcsHoro-
MOKPAILEHOT0» 3HAYHO JIETIIE MiIJal0ThCS PO3ILEIUICHHIO (PePMEHTaMU IUTYHKOBO-
KHUIIKOBOTO TPAKTy JIIOJUHU TOPIBHAHO 3 KPOXMAJIbHUMHU TMoOJicaxapuiaamMu
KOHTPOJIBHOTO 3pa3Ka.
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Pucynok 1 — IleperpaB/iroBaHicTh ByIJIeBOJiB po3p00JieHHX 3pa3KiB XJ1i0a

Sk CBIQUUTH aHaNI3 OTPUMAHUX JIAHUX, HAKOMUUYEHHS PEIyKYIOUUX IYKpIB AJIs
po3pobiieHoro xiibda 3poctae micis 90 XB riiposi3y, 0 MOSICHIOETHCS CTBOPEHHSIM
Mo3UTUBHUX pPH yMOB, IpH SIKUX aKTUBI3YETHCS MEPETPABIIOBAHHS KPOXMAIIIO.

depMeHTaTUBHUMN T1JIpOJIi3 BYTJEBOIIB Y XJ101 « BiBCsiHUI B110YBAETHCS MEHII
IHTGHCUBHO B TOpIBHSAHHI 3 XJ10oM «BiBcsHui-nokpaimenui». KulbKicTh
HAKOIMWYEHUX PEAYKYIOUMX IyKpiB yepe3 180 XxB B 1aHOMY 3pa3ky OyJia MEHILOK Ha
10,3 %. Lle MOkHa MOSICHUTHU TUM, 1110 TIPU MPUTOTYBaHHI XJ110a « BiBCSAHMID B AKOCTI
CTPYKTYpOYTBOPIOBa4a BUKOPHUCTOBYETHCS TIIFOKAHO-ENbTA-IAKTOH, 3aBISKHA HOTO
BUCOKHM COPOIIITHUM  BJIACTMBOCTSIM  TPOSIBISIETHCSA  3[ATHICTH  aAcopOyBaTH
aM1JIONIITUYHI Ta MPOTEOTITHYHI (PePMEHTH, 3HWKYIOYH 1HTEHCUBHICTH (DEPMEHTOITIZY
B IINTyHKOBO-KHUILIKOBOMY TPAaKTI.

BcranoBneHo (pUCYHOK 2), MO KUTBKICTh HAKOMMYEHUX BITBHUX aMIHOKHCIIOT
i J1i€r0 (pepMeHTiB , K Ha TETICUMHOBIHN, TaK 1 Ha TPUIICMHOBIM CTajli, HAliMEHIIa y
KOHTPOJIbHOMY 3pa3Ky. [10siCHEHHAM 1IbOTO ABIIAE€THCS €1a00 PO3BUHEHA MOPUCTICTIO
BIBCSHOTO XJi0a 0e3 3acTOCyBaHHsS TMOJINIIYBadiB Ta CTPYKTYpPOYTBOPIOBAUiB,
BHACIIJIOK YOTO BIH TIpIIE€ MIJJAEThCA A1l TpaBHUX (PEPMEHTIB Ta, BIAMOBIIHO
YIOBUIBHIOETHCS MPOLIEC 3ACBOEHHS.

[TokpamieHHsi CTPYKTypHO-MEXaHIYHMX BJIACTUBOCTEHM M AKYIIKH  XJi0a
«BiBcstHOrO» Ta «BIBCAHOTrO-MOKPAIIEHOr0» Yy MOPIBHSAHHI 3 KOHTPOJEM CIpHUSIE
MIJIBUIICHHIO MEPETPABIIOBAHOCTI OUIKa Mija i€l MeNncuHy 1 TpurncuHy. Tak, 3a
pe3yibTaTaMu BU3HAUCHHS KIJIBKOCTI @30Ty aMIHOKHCIIOT, MOKHA 3pOOUTH BUCHOBOK,
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10 TIePETPaBIIIOBAHICTh OLTKOBUX PEYOBHMH PO3poOJeHUX BUPOOIB Oubmia y 3,1 Ta
2,8 pa3iB Ha TMEMCUHOBIN cTafli Ta B 2,5 Ta 2,4 pa3u — Ha TPUTICUHOBIN, BiJIITOBITHO
st xmiba «BiBesHOTO» Ta «BiBCSHOTO-TIOKpameHoro». Kpaine HakomumdeHHS
aMIHOKHCIJIOT Ha TENCHHOBIM CTajii, BIpOTiTHO, MOB’S3aHO 3 BHILOIO0 MOYATKOBOIO
KHUCJIOTHICTIO ~ TICTOBMX HamiBdaOpukaTiB 1, fAK HACHiAOK, 1€ 3yMOBHJIO
1HTeHCH]IKaIiI0 JeHaTypallii O1TKOBUX PEUOBHUH.
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TpeE2TICTE MIPOTISY, XE
Pucynok 2 — IleperpaBiiioBaHicTb OLIKIB po3po0JsieHUX 3pa3KiB XJ1ida

AHaJ3 TaHUX CBIAYMUTH MPO T€, IO KIIBKICTh MPOJAYKTIB PO3IICTUICHHS OljIKa
xniba «BiBcsHOTO-NIOKpameHoro» € Bumow Ha 10,2 % y 3piBHSAHHI 3 XJ1OOM
«BiBcsaumy. lle moB’s3aHO 3 BHKOPUCTAHHSIM B HMOrO0 TEXHOJOTH B SKOCTI
CTPYKTYPOYTBOPIOIOUOTO KOMIIOHEHTA, KU BIJIPI3HIETHCS BHCOKOIO
3aCBOIOBAHICTIO.

BucHoBKkH.

Taxkum 4rHOM, Y pe3yJbTaTi BU3HAUEHHS MEPETPABIIOBAHOCTI B YMOBAX in Vitro
BYIUICBOJIIB Ta O1NKIB X102 3 BUKOPUCTAHHSIM JOCIIIKYBAaHUX IMOJIMIIYBadiB 1
CUPOBHHH OYJIO BUSBIICHO TEHJCHIIO O MiJBUIIEHHS 11 1HTEHCUBHOCTI BHACIIIOK
3pOCTaHHS JOCTYITHOCTI X O10MOIiMEpiB Jii TpaBHUX (PEPMEHTIB.
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Abstract. The article highlights the results obtained during research on the digestibility,
biological and nutritional value of developed gluten-free bread products using the product of oat
processing. It was studied that the carbohydrates of oatmeal bread are digested more slowly in
comparison with carbohydrates of traditional flour, which indicates a decrease in carbohydrate
load on the body. This effect is achieved due to the action of oatmeal, which is characterized by
greater resistance to the activity of digestive enzymes. It was found that the obtained products
contain more vitamin complexes and minerals. The introduction of animal protein into the recipe
allows to obtain dough with optimal structural and mechanical parameters and increase the protein
content in finished bread products. Generalization of data allows to predict the speed of the
assimilation process and the positive nature of the impact on the human body.

Key words: gluten-free bread products, oatmeal, carbohydrates, digestibility.
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PRODUCTION AND BIOLOGICAL EVALUATION OF WINTER WHEAT

VARIETIES RECOMMENDED FOR GROWING IN THE FOREST-STEPPE ZONE
IF'OCIIOJAPCBKO-BIOJIOTTYHA OIITHKA COPTIB ITIIEHUIII O3UMOI1
PEKOMEHIOBAHUX JIJIS1 BAPOIIIYBAHHS Y JJICOCTENOBIM 30HI
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Abstract. Providing industry with high-tech raw materials is an important task of agriculture.
Studies on the study of important economic and biological indicators of medium-grown wheat of different
varieties conducted in industrial conditions found that the most valuable varieties in the set of studied
indicators are Veselka and Zbruch. Conducted correlation analysis of the obtained data revealed a direct
relationship between protein and gluten content, the regression equation was calculated.

Key words: grain, wheat winter, protein, gluten, variety, indexes.

One of the most important reasons for the agrarian policy of Ukraine is the
development of high-growth grain. At the same time, Ukraine will enter the village of
wheat grain in the world. Up to 20-25% of the grain in the country falls on the forest-
steppe zone of Ukraine [2, 5, 6, 8, 10].

Today, the domestic and foreign markets for grain and bakery products have
changed, and exports of grain and high-quality flour are growing. All this requires
new varieties of wheat, resistant to diseases and pests and adverse abiotic factors of
cultivation, with a wide range of grain quality indicators. In modern socio-economic
conditions, selection and seed production are among the available and effective
means of stabilizing the production of soft winter wheat. Some scientists believe that
more than 50% of the achieved level of grain production is provided by the
introduction of varieties of intensive type [1, 7, 12, 13, 15].

The increase in the production of food grain of soft winter wheat largely depends
on the potential of the variety used. In recent years, the set of adverse factors affecting
plant growth and development has increased. Effective cultivation includes taking into
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account the problems of snowy and snowless winters, spring frosts, various droughts,
diseases and more. Therefore, the task of testing and selection of varieties for a
particular area with high and stable potential for productivity, grain quality and
adaptive properties is currently relevant and of great practical importance. [4, 11].

The aim of the research was to identify the most valuable samples of winter
wheat grown in the Forest-Steppe of Ukraine depending on the variety.

Materials and methods of research.

The experiments were conducted at the department of technology of storage,
processing and standardization of crop products after name B.V Lesika NULES of
Ukraine, Dolyna Company and the Ukrainian Institute for Plant Variety Examination.
The most common varieties of medium-grown winter wheat were used for the study.
The fertilizer system included a set of measures for the planned yield of 6 t/ ha (using
perennial research). Sampling, accounting, testing of products were carried out in
accordance with current regulations, statistical data processing according to generally
accepted methods [3, 9, 14].

Research results and their discussion.

We analyzed economic indicators of winter wheat grain of domestic selection
recommended for effective cultivation in the Forest-Steppe zone of Ukraine. The
average yield of the studied samples is 5,55 t / ha (fig. 1). In the same Ostysta (6, 22
t/ ha) and Zbruch (5,95 t/ ha) had the highest yields. Below average this indicator
was at grades Veselka, Glibovchanka, Kolomak 5, Ukrainka Poltava and Kharkivska
105. Maximum deviation for productivity between the studied varieties was — 1,04 t.
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Figure 1 - Yield, gluten and protein content in the studied wheat varieties

For the production of quality bakery products, gluten content and its quality
plays an important role. The average gluten content of the subjects samples is — 28%,
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which corresponds to 1 quality class, according to the current standard. The highest
content of gluten (above average) was noted varieties Kolomak 5 (29,4%) and
Ukrainka Poltava (28,8%). Maximum the deviation between varieties according to
this indicator is 4,2%. Gluten quality all samples were good.

The manufacturability of raw materials depends on the protein content. Average
the concentration of protein in wheat grain of the studied varieties is — 13,34%, this
indicator meets the requirements of class 2 of the current standard. More content
protein was formed in the grain varieties Veselka, Kolomak 5, Ukrainka poltavska
and Zbruch (above average). Low protein content of grain varieties Kharkivska 96,
Kharkivska 105 and Ostysta (12,0-12,8%).

The rating included indicators such as winter hardiness, resistance to lodging,
shedding, drought, powdery mildew, brown rust and fusarium wilt. The studied
varieties have a fairly high winter hardiness (8,4-8,9 points), resistance to lodging
(8,1-8,9), shedding (8,9-9,0), drought resistance (8,4- 8,9), resistance to powdery
mildew, brown rust and fusarium wilt at the level of 9 points.

It is known that the formation of components of the chemical composition of
grain and yields are interrelated, and according to the correlation calculation in
analysis of samples revealed dependences of different strength. Yes, a straight line is
installed relationship between gluten and protein content (1= 0,99 £ 0,06,
y =2,0946 x + 0 0806) and the weak inverse between yield and formation of protein
and gluten (n yx = 0,36 = 0,19).

The calculation of the rating of each variety revealed a significant difference
between samples (fig. 2). the most valuable varieties among the studied can be
considered Veselka and Zbruch.

28 A
26 1
24 1
22 1
20 1
18 1
16 1
14 <1
12 1
10

Rating, points

Varieties
Figure. 2 - Rating of pre-harvest wheat varieties

Dispersion analysis of the influence of weather conditions of cultivation and
variety on the studied indicators found that in most cases to a greater extent on their
formation is influenced by varietal characteristics and less weather conditions
cultivation and interaction of these factors.

Conclusions and suggestions.

Ukraine has extremely great potential and prospects for increasing the production
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and export of quality grain wheat. A comprehensive analysis of economic and
technological indicators of grain of medium-grown wheat recommended for cultivation
in in the steppe zone of Ukraine, showed that they have very different properties.
Comprehensive assessment of the studied varieties allowed to identify the most
valuable samples are Veselka and Zbruch. It is expedient to use the received data at
planning the cultivation of quality wheat grain In further research it is advisable to
expand the list of varieties and the list of studied indicators and to deepen research on
the impact of weather conditions, cultivation techniques and fertilizers for the
formation of valuable economic indicators.
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Anomayia. 3abe3neueHus NPOMUCTIOBOCHI BUCOKOMEXHONOSIYHOW CUPOBUHOIO BANCTIUBE
3a680aHHA  CIIbCbKO20 20cnodapcmea. JlocniodceHs 3 BUBUEHHS BANCIUBUX 20CNOOAPCHKO-
0I0N02IYHUX NOKA3ZHUKIG CepeOHbO POCIOi NUEeHUYT PISHUX COPMIE NPOBEOEH] ) 8UPOOHUYUX YMOBAX
BUABUIU, WO HAUOLILUWL YIHHUMU COPMAMU 3A KOMNIEKCOM OO0CAIONCY8AHUX NOKA3HUKI6 € Veselka
and Zbruch. [logedenuil koperayitiHuil ananiz OMpPUMAHUX OAHUX BUABUE NPAMY 3ATIEHCHICTb MIdC
emicmom OINKY i KNeUKOB8UHU, PO3PAXOBAHO PIGHAHHS pecpecii.
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The results of research on the influence of elements on technology of growing of winter
intermediate crops on accumulation of hydrogen-soluble carbohydrates in plants and their survival
during the winter period are presented. It has been found that the most resistant varieties (AD 3/3,
AD 44, Polisky 29, AD 52) accumulate as much water-soluble sugars as rye, which ensures their
high competitiveness in terms of winter hardiness at all sowing dates. The maximum winter
hardiness was observed for sowing 5-25,09 — 81,2-91,0%.

Key words: triticale, winter intermediate crops, sowing period, variety, water-soluble sugars
content, plant survival.

Introduction.

An important condition for the formation of high harvest of winter crops, regardless
of their purpose, is the ability of plants to resist unfavorable winter conditions, which
largely depends on the development of crops until the termination of vegetation in
autumn, the effect of external factors and the internal state of the plant [2].

Winter plant resistance is caused by a special organization of the plant body,
adapted to quite different than in the summer of vegetation conditions: Strong
dewatering of cells and sharp reduction of metabolism intensity. The biological
properties of the variety and the time of sowing are important factors that influence
the stability of plants. The latter, determine age, conditions of vegetation and internal
biochemical-physiological processes [1].

It is proved that the frost- and winter resistance of plants significantly depend on
the physiologic and biochemical condition of the plant organism, wich characterized by
a complex of such indicators as the content of sugar, starch, structural and water-soluble
proteins, lipoids, coloidal, osmotic-bound, free water and dry mass. However, the main
energy substances to protect plants from the effects of low ambient temperatures and a
number of other adverse factors of winter are carbohydrates [4].

According to the observations of Tumanov L.I. [5], the main amount of sugar in
plants is accumulated during the first phase of the garnish, which takes place in the
late autumn period at the average temperature of air about +5-0 °C and in optimum
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lasts 2 weeks. Such thermal regime is insufficient for the intensive growth of plants
and their consumption of plastic substances on growth processes, however, favorable
for the process of photosynthesis, which results in accumulation of various forms of
sugar, the protective mechanism of which consists in increasing stability of
biookoloids against coagulation at dewatering protoplasm and increasing
concentration of cellular juice. And the total amount of sugar affects the winter
resistance more than their different forms.

Opinions of many researchers differ significantly on the amount of sugar
accumulation by plants of different sowing dates. Some believe that the largest
number of them is accumulated by late sowing times, while others are accumulated
by early sowing. In this aspect, the study of triticale, especially biological reaction of
its varieties to conditions and level of accumulation and nature of consumption of
sugar, represents a significant interest [3].

The purpose of the research is - to determine the influence of weather conditions
and elements of technology of growing winter intermediate crops on accumulation of
hydrogen-soluble carbohydrates in plants and their survival during the winter period.

Research materials and methods.

Field investigations were conducted under the conditions of the “Agronomic
Research Station” of the NULES of Ukraine on the black earth of typical low-humus.
Object of research: wheat Poliska 90 (control), rye Kyiv fodder (control) and triticale variety
(AD 3/5, AD 44, ADM 9, Poliska 29 ADM 11 AD 52), sown in 5 calendar terms: August
25,5, 15, 25 September and 5 October. Predecessor - corn for silage [6].

Research results and their discussion.

It was found that the ability of triticale plants to accumulate carbohydrates is
determined by the degree of their development, the time of termination of active
vegetation and hydrothermal conditions during the hardening period. According to the
obtained results, crops for sowing in the period from September 5 to October 5 are
marked by the maximum amount of synthesized water-soluble carbohydrates - 17.9-
21.2% of dry matter, depending on the variety (tab. 1).

Plants of August sowing, in all years of research, have accumulated the smallest
quantity of spare substances — (17,2-18,6%), which can be explained by considerable
consumption of carbohydrates for respiration and growth processes of growing
vegetative mass [5]. Due to the intensive growth of young plants and, consequently,
the increased consumption of plastic substances, low carbohydrate content was
observed in plants of the October sowing period - 17.3-18.7%.

Studies have shown that, as for rye and wheat, the synthesis of sugars in triticale
plants is significantly affected by moisture conditions. Dehydration of tissues is
important during the transition of plants to a state of forced rest, so excessive
moisture content in them complicates the preparation of plants for winter conditions.
We found that in years with excessive rainfall, plants of late sowing were particularly
affected, which due to early winter and unfavorable conditions for early emergence,
entered the winter in the phase of seedlings without a formed knot of tillering, and
therefore insufficient the amount of assimilated plastic substances - in terms of
varieties at the level of 14,6-15,2%.
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Tab. 1 - The content of water-soluble carbohydrates (amount of sugars) in

winter triticale plants, depending on the time of sowing and variety, %

: Sowing period
Culture, variety 3¢ 509. | 1509. | 2509. | 05.10.
During the termination of the autumn vegetation
Rye (control) 18.4 19,3 21,1 20,6 18,7
Wheat (control) 16,7 17,5 19,1 18.4 16,6
AD 3/5 18,6 19,3 21,2 20,7 18,7
AD 44 18,4 19,1 20,9 20,4 18,7
ADM 9 17,4 18,0 19,8 19,3 17,5
Polisky 29 18,2 18,7 20,5 204 18,5
ADM 11 17,2 17,9 19,6 19,2 17,3
AD 52 17,8 18,4 20,6 20,3 18,4
During the restoration of spring vegetation
Rye (control) 7,9 8,6 11,1 10,7 9,6
Wheat (control) 8,4 9,1 11,2 10,5 9,2
AD 3/5 7,9 8,8 11,1 10,8 9,7
AD 44 7,9 8,7 11,1 10,7 9,6
ADM 9 7,2 8,1 10,2 9,7 8,6
Polisky 29 7,8 8,5 10,9 10,4 9,5
ADM 11 7.4 8,2 10,5 9,9 8,8
AD 52 7,7 8,5 10,8 10,3 9,4

In the conditions of late termination of vegetation, gradual decrease in soil
moisture and a long period of light in plants, the processes of photosynthesis were
more active, as a result of which a significant amount of sugars accumulated.

On average, over the years of research, the highest intensity of sugar
accumulation was characterized by grades AD 3/5, AD 44, Polisky 29 and AD 52.

However, the high content of sugars in plants at the beginning of winter does not
always provide high winter resistance of crops - more important is the nature and
economy of carbohydrate consumption during the winter and the content of these
substances during spring regeneration [5].

At the end of winter, the highest content of carbohydrates is characteristic of
plants obtained for sowing in the period from September 15 to October 5 — 8,6-11,1%
of dry matter. Early-sowing plants contained significantly less sugar, which is
associated with increased respiration of overgrown plants, the intensity of which
increased during the winter thaw, which was especially characteristic of years with
frequent thaws and, consequently, periodic restoration of plant vegetation.

Among the cultivars studied, significant losses of sugars during the winter
period are characteristic of the cultivars ADM 9 and ADM 11, which may be due to
the intensive development of their aboveground mass in the autumn. Sugar grades
AD 3/5 and AD 44 were used most economically during the winter.

Resistance to adverse winter conditions is a genetic trait, the level of winter
hardiness is largely determined by weather conditions during winter, preparedness of
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the plant body to a state of forced rest and stressful winter conditions, which confirms
the results of annual surveys of plant density after overwintering (tab. 2).

Tab 2 - Survival of winter triticale plants during the winter period depending on
the sowing period and variety, %

. Sowing period
Culure, variety 5o e 5051 1500, | 2509, | 05.00.
Rye (control) 84,5 88,4 90,3 85,6 81,7
Wheat (control) 61,5 66,1 65,9 64,2 59.8
AD 3/5 83,9 89,2 91,0 86,4 81,2
AD 44 83,9 88.4 90,6 85,8 80,8
ADM 9 79,3 84,0 85,6 81,2 75,4
Polisky 29 82,1 87,0 88,2 84,3 79,6
ADM 11 79,2 84.4 85,5 81,6 75,3
AD 52 82,3 86,9 88,8 84,0 78,9

According to our observations, depending on the variation of the depth of the
bush and the accumulation and intensity of carbohydrate consumption, plant density
and stem density changed significantly — one of the main elements of crop
productivity regardless of their purpose: grain or green fodder.

On average, over the years of observations, the most resistant to the complex of
adverse conditions of the winter period were plants for sowing in the period from 5 to 25
September — the number of preserved plants of winter triticale was at the level of 81,2-
91,0%. Significant liquefaction was observed in August crops - the survival rate for the
winter did not exceed 79,2-83,9%. Moreover, in years with extreme weather conditions of
the autumn-winter period in terms of winter hardiness triticale crops were at the level of rye
or even exceeded it. Studies have also shown that depending on the weather conditions of
autumn vegetation and winter, the optimal winter hardiness sowing dates may be shifted.

Among the studied varieties, high winter resistance was noted varieties AD 3/5,
AD 44, Polisky 29 and AD 52, low - ADM 11 and ADM 9. The latter is characterized
by a rapid reaction to temperature increase during the winter period, which
considerably reduces its resistance, especially in the case of sharp cold.

Conclusions.

It is noted that the most stable winter resistance (AD 3/5, AD 44, Polisky 29,
AD 52) accumulate water-soluble sugar as much as rye, as they provide their high
competitiveness in terms of winter stability in all the terms of sowing. The maximum
stability was marked by the sowing of 5,0-25,09 — 81,2-91,0%.
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Buknaoeni  pezynemamu  00cniodceHb w000 BUSUEHHS  NAUBY  MEXHONOIYHUX —NPULIOMIE
BUPOUYBAHHSL O3UMUX NPOMINCHUX KYJIbIYD HA PICM § PO36UMOK POCIIUH 8 OCIHHIl nepiod. Bcmarnoaneno,
Wo 31 3pOCMAHHAM MPUBAIOCMI OCIHHbOI 6e2emayii  3pOCMAU UCOMA POCIUH, KITbKICMb V3106UX
KOpeHie ma maca cupoi Hao3eMHoi macu. 3a ciebu 5 #Co6mHs pOCIUHU BCIX KYIbMyp mad cOpmie
mMpumuKane 3HauHo 8i0CMAagau K y CMaoiliHOMY PO36UMKY, MAK i 3a napamempamu QimomempudHux
nokazuukis. Hatloinous 0oyinbHoro € cieba o3umux Kynemyp y nepioo 3 5 0o 15 eepechsi.

Knrwouosi cnosa: mpumukane, xcumo, nueHuys, cmpox cigbu, copm, 8UCOma pOCiuH, 8y3108i
KOpeHi, Maca poCiuH.
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CURD MASS WITH HIGH-FAT CONTENT
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Anomauia. [1o006cenns mepminie 30epicants MOJOYHO-OLIKOBUX NPOOYKMIE € AKMYANbHUM
3a60aHHAM, 3AB80AKU KOMOIMY8AHHIO MONOYHOI mMa A2IOHOI CUPOBUHU, AKA € O0HCEPesom
NONIEHONbHUX CNOTYK, 8 MOMY YUCAI AHMOYIaHi8, opeaniunux kuciom, simaminy C, wo maoms
AHMUOKCUOAHMHUL NOMEHYIA.

Bcmanosneno, wo suxopucmanua xonyenmpamis OiIKOBO-YOPHUUHUX 8 AKOCHI OCHO8U OJisl
CUPKOBOI Macu 3 NIOBUUEHUM BMICIOM HCUPY 3HUNCYE 2IOPONIMUYHe MA OKUCTIOB8ANbHE NCYBAHHS
Mmonounoeo owcupy 6 1,5-2,1 pasu, npoooegxicye mikpobionociuny Oe3neuHicmov 3a805KU NPOSAGY
AHMUOAKMepIianbHux —61ACMU8OCmell AIOHOI  CUPOSUHU Ma  00380JA€  30iNbUUMU  MEPMIH
30epieantsn cupkosoi macu 00 5 0ib.

Knrwouoei cnosa: anmuokcuoanmu, nepokcuoHe 4ucio, CUpKo8a Maca 3 NiOBUWEHUM EMICIOM
JHCUpy, mepmin 30epicanHsi.

Beryn

AKTyaJbHUM y MOJIOUHIA Taily3l € OJHO4YacHe 3a0e3MeueHHs TPaaULiHHUX
Croco0iB BUPOOHHMIITBA MPU BUKOPHUCTAHHI Cy4acCHOrO OOJaJHaHHS Ta pPo3poOLi
IHHOBAIIIMHUX TEXHOJOTiH BHCOKOSIKICHUX MOJIOYHO-OUTKOBUX HPOAYKTIB 3
MOJIIKOMIIOHEHTHUM CKJIaZioM. [ToioBxkeHHs TepMiHiB 30epiraHHs BHILE 3a3HAYEHUX
MPOAYKTIB € aKTyaJbHUM 3aBJaHHSIM, 3aBISKH KOMOIHYBaHHIO MOJIOYHOI Ta AT1THOI
CUPOBHHHU, SIKa € JDKEPEIOM MOJi(PEHONIBHUX CIIOJYK, B TOMY YHCJ aHTOI[IaHIB,
OpraHiYHMUX KUCJIOT, BiTaMiHy C, 1110 MatOTh aHTUOKCUIAHTHUN MOTEHIIIal.

B octanH1 necsaTWITTS, B 3B'SI3Ky 3 Jienaii OUTbIIUM TparHeHHsSM JIIoAeH 10
3IOPOBOTO Xap4YyBaHHS, CIIOCTEPITa€ThCA TMIABHINEHHS HAYKOBOI 1 MPaKTUYHOI
3aIliKaBJICHOCTI 10 TMOMIYKYy TNPUPOJHUX AaHTHOKCHIAHTIB 1 30aradeHuX HUMH
MPOJYKTIB XapuyBaHHs [1].

AHTHOKCU/IAHTH IIUPOKO BHUKOPUCTOBYIOTbCS B XapyuoBiii MPOMHCIOBOCTI.
[Iporiecu OKUCIEHHS 3HAYHO 3HIKYIOTH SIKICTh MPOAYKI: PYWHYIOTHCS BITaMiHH,
OKHUCITIOETHCS JKUP (B TEPILy Yepry HEHACUUYEH] KUPHI KUCIOTH ), 3MIHIOETHCS KOJIP 1
cTiiikicTh npoAyKTiB. 1[[o6 mizBUIUTH O€3meKy MPOIYKTIB, IO MICTATh B CBOEMY
CKJIa/il BITAMIHU 1 )KUPH, BBOASTH TaKl aHTUOKHUCIIIOBaYl sIK Tokogepoiu (BitamiH E),
OyTIIOKCITONYOJI, JOJASUIOBUN 1 MponuIoBuil edipu ramoBoi Kuciotu Ta iH. Ilpu
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JI0JIaBaHH1 acCKOPOIHOBOI KHCJIOTH Ta TOKO(Eposay B MPOAYKTH 3 IiJIBUIICHUM
BMICTOM JKHPY JOCSTA€ThCSI BHCOKAa OPraHOJIENTUYHA Ta (OTOOKUCITIOBAIbHA
CTaOLIBHICTh MOPIBHIHO 13 3pa3kaMH, sIKi HE MICTATH IIMX KOMIOHEHTIB [2]. Bumie
3a3Hau€Hl CHOJYKH 3/aTHI BCTYNAaTH B PEAKI[IO 3 BUIBHUMH pajHMKalaMd 1, TaKUM
YIHOM, OOpHUBATH JIAHIIIOT OKUCJICHHS Ta IPOJAOBKYBATH TePMiH 30epiraHHs BUPOOiB.

PeuoBMHU-aHTHOKCUIAHTH MalOTh OYTH MPUPOTHOTO MOXOKEHHS, TOOTO HE Y
BUTJISI BIIOKPEMIICHUX YHMCTUX PEYOBHH — O10JIOTIYHO aKTHBHUX J00aBOK 110 TKi, a
y BUTJISA1 30arauyounx J00aBOK 3 MPUPOIHOT CHPOBUHU, B SIKUX CHHEPTi3M Pi3HHUX
AHTUOKCHUIAHTIB MiIBUIIYE X aHTHOKUCITIOBAIbHI BIIaCTUBOCTI [3].

HartypanbHi aHTHOKCUAAHTH CTalOTh 3aMIHOK) CMHTETUYHUX aHAJIOTIB 1 MalOTh
nepeBary uepe3 CHpUATIAWBY [ii Ha 310poB's mroawHu. OgHAK, acCOPTHMEHT
MPOIYKTIB 3 BUKOPUCTAHHSAM NPHPOAHUX AHTHOKCHUJIAHTIB JOCUTh OOMEKCHUH.
AHaJli3 HayKOBUX JOCIIKEHb 1 MyOJIiKalliil mokasas, 1110 B JaHUW 4ac BEJIMKa yBara
OPUAUISETBCS pO3pOOIl MOJIOYHO-OUIKOBUX BHUPOOIB 3 BUKOPUCTAHHSM SAT1THOI
CUPOBHHHM. 3aIliKaBJICHICTh BUKIUKAE 3/IaTHICTD ST1J] Ta MPOIYKTIB iX TEepepoOsIeHHS
MPOSIBIIATH AHTHUOKCHJIAHTHI BJIACTHUBOCTI, 3aBISKH BMICTYy B CBOEMY CKJIaIl
0l0aHTHOKCHIAHTIB [4]. 3Bakar0uu HAa BUCOKUI BMICT 010JIOT1YHO-aKTUBHUX PEUOBHH
y SIT1IHIA CUPOBHHI, MPU BUPOOHUIITBI KOHIIEHTPATIB MOJIOYHO-O1JIKOBUX i1 MOXHA
BUKOPUCTOBYBAaTH BOJHOYAC SK KOAryJasHT OIIKIB MOJOKa, TakK 1 MPUPOJIHI
AHTUOKCUJIAHTH.

Sroau 4OpHUILI € CUPOBHHOIO JIJISl PI3HUX Tally3eid XapuoBOi MPOMHCIIOBOCTI, 3
SKUX TOTYIOTh JDKEMH, ITiIBAPKH, BAPCHHSI, COKH, MOPCH, €KCTPAKTH, CUPOIIH, Ta iH.
YopHuls XxapakTepu3y€eTbCsi BACOKMM BMICTOM O10JI0TTYHO aKTUBHUX CIOJYK, CEpel
AKUX OCOOJIMBE MICLIE 3aiiMal0Th MOJ1(PEHOIbHI CIIOTYKH. OCHOBHUM MITMEHTOM AT
€ aHTOIllaHM, SKI, K BIJOMO, BHSBIISIOTH aHTHOKCHUIAHTHI BIIACTHBOCTI. Y SArojax
YOPHHUII BUSBICHO HAWO1IBII MUPOKUIA CTIEKTP aHTOIIaHiB, BOHH MO0y 0BaHi 3 3-O-
ranakto3uaiB, 3-O-rmoko3uaiB 1 3-O-apabino3uniB  AenbdiHIAIHY, HAHIIIHY,
NEeTYHIIIHY, IEOHITIHY 1 MaJbBilIHY [5].

OCHOBHUM KOMITOHEHTOM JIsl CHPKOBUX BUPOOIB € CUP KHUCIOMOJOYHUN Pi3HOI
KUPHOCTI 3 TMEBHOK KOHCHUCTEHIIIEID Ta KOHTPOJIHOBAHUM IOKA3HHUKOM MAacOBOI
4acTKH BoJIOTU. CHPKOBI BUPOOU KOPUCTYIOTHCS MOMYJIAPHICTIO CEPEJl PI3HUX BEPCTB
HACEJICHHS, TOMY JOLIIbHE 30aradyeHHs IX IUIAXOM 3aMIHM OCHOBH — CHpPY
KHCJIOMOJIOYHOTO Ha KOHIIGHTpPATH OUTKOBO-ATIAHI. Takuii TEXHOJIOTIYHUMN MAX1] HE
TUIBKU TIOKPAIIUTh OPraHOJENTHYHI BJIACTUBOCTI, ajie 1 3a0e3MedyuTh MPOAYKT
BiTaMiHAMH, Xap4YOBUMH BOJIOKHAMH, MIHEpPAJIbHUMH peYOBMHAMHU. BuKOpuCTaHHA
HAaTypaJIbHUX POCIMHHUX KOMIIOHEHTIB 3 AHTUOKHCIIOBAJIbHUM €(pEeKTOM AacTb
3MOTY OTPUMAaTH MPOAYKT 0€3 KOHCEPBAHTIB. 3aCTOCYBaHHS O1IKOBO-ST1AHOI OCHOBH,
[0 MICTUTh aKTUBHI KOMIIOHEHTHU SIT1IHOI CUPOBHHH, B CKJIAAl PEUENTYpP CUPKOBOI
Macu 3 MiIBUIIEHUM BMICTOM >KHPY AACTh 3MOTY 30UIBIIUTH TEPMIH ii MPUIATHOCTI
Ta BIJIKOPUTYBATH OPTAHOJIENITHYHI MTOKA3HUKH.

Mera poboTH — AOCHITKEHHS BIUIMBY AHTHOKCHUIAHTHOT aKTUBHOCTI SITiJl Ha
30epiraHHsl TMOJIKOMIOHEHTHOI CHUPKOBOI Mach 3 MIJBUIIEHUM BMICTOM JXKHUPY
BUT'OTOBJICHOT HA OCHOB1 KOHIICHTPATIB OLTKOBO-YOPHUYHHX.

O0’exTH Ta METOAU AOCTITKECHHS

06’exkm OocniodceHHss — TEPOKCUIHE Ta KHUCJIOTHE YHCIIO, BMICT CIHPTY,
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MIKPOOIOJIOTIYHI MOKA3HUKHM TOJIKOMIIOHEHTHOI CHPKOBOI Macd 3 MiJABUIIEHUM
BMICTOM XKHUDY.

Ilpeomem Oocnidocenns — TOTIKOMIOHEHTHA CHPKOBa Maca 3 IiJBULICHUM
BMICTOM JKMPY BHUTOTOBJICHa Ha OCHOBI KOHIIEHTPATIB O1JIKOBO-YOPHUYHUX,
OTPUMAHHUX TEPMOKHCIOTHHM OCQKEHHSM OUIKIB MOJIOKA 13 3aCTOCYBAaHHSIM B
SKOCTI KOAryJIsIHTY — YOPHUYHOT MaCTH.

Panime aBTopamm crtarTi OyJ0 BH3HAUEHO TEXHOJIOTIYHI IMapaMeTpH
BUpOOHHUIITBA  KOHIEHTpariB  OumkoBo-sarimuux  (KbY), mo  orpumyBanu
TEPMOKHUCJIOTHUM OCQ/DKCHHSIM OIJKIB MOJIOKa 13 3aCTOCYBaHHSM CIIeliaIbHO-
00po0IeHOT YOPHUYHOI MAcCTH B SIKOCTI KOAryJasHTY 3a KJIaCHUYHUX PEXKHUMIB —
Temrneparypa koaryssiii (75+2) °C 3 BurtpuMkoro 2+1 xB. OnTumanabHa KiJIbKICTh
BHeceHHs1 4dopHuuyHOi mactu (pH 2,8+0,2) cranoBuna 7+0,5 %. [6]. Ilporiec
KOaryJisilii BCTAHOBJIIOBAJIM BI3yaJdbHO 32 IHTEHCHUBHUM YTBOPEHHSM IJIACTIBLIB
Oinka 1 BuauieHHro cupoBatku. Otpumani KBY dopmyBamm 1 mijgmaBanu
camomnpecyBanHio mpotsiroM (30+2) xB. [IpecyBaHHSI KOHIICHTpPATIB MPOBOJIUIN IO
MacOBO1 YaCTKHU BOJIOTH JIJIsl 5)KUPHOTO — 55 %, HamiBkupHOTO — 60 %.

3 METOI OTpUMaHHS KOHIIEHTPATIB PI3HOI KUPHOCTI TependayeHo MpoIiecC
HOpMaTi3alli, SKui y BUPOOHUIITBI CHPY KHCJIOMOJIOYHOTO MPOBOJATH 32 MAaCOBOIO
YaCTKOIO KHUPY 3 ypaxyBaHHSM (DaKTHYHOI MACOBOI YacTKM OlKa MOJIOKa 3a
3aralbHONPUUHATUMU  (opMyJiaMu.  3TITHO  PO3paxyHKy, Ui  OTPUMAaHHS
KOHLIGHTpaTIB OUIKOBO-YOPHUYHHUX >KHUpHICTIO 18 % Ta 9 %, BUKOPHUCTOBYIOTH
HOpPMaJII30BaH1 CyMillll 3 MAaCOBUMU YacTkaMu xupy 3,25 % ta 1,5 % BiagnosigHo [7].

3anporoHOBAaHO BUKOPHUCTaHHS KOHLEHTPATIB O1JIKOBO-YOPHHUYHUX B SAKOCTI
OCHOBHOTO  PEHENTYpHOTO  KOMIIOHEHTY Yy  TEXHOJOrli  BUTOTOBJICHHS
MOJIIKOMIIOHEHTHOI CHUPKOBOI Macu. PernenTypu CUpKOBOI MacH 3 MiJBUIICHUM
BMICTOM JXKHPY HaBeJeHi B Ta0m. 1.

Taoaunus 1 - Penentypu CHPKOBOI MacH 3 MiABMIIIEHMM BMiCTOM KHPY, KI' HA
1000 kr npoaykrty 0e3 ypaxyBaHHsI BTPAT
CI/IpKOBa Maca 3 MAaCOBOK) YaCTKORO KUPY

CupoBuHa 26 % 23 % KoHnTtponbHuit
3pa3ok (26 %)

KoHuentpar  OUTKOBO-YOPHMYHHMM 3
MacoOBUMM 4YacTKamu: xupy — 18 %, 709,73 — -
BoJIoTH — 55 %

KoHuentpar  OUTKOBO-YOPHMYHHMMA 3

MacoOBUMM 4YacTKamu: xupy — 9 %, - 663,69 -
BoJIOTH — 65 %
Cup KHCJIOMOJIOYHHM 3  MaCOBUMH - — 741,60

yacTKkamu: xupy — 18 %, Bonoru —63 %
Macno BepIIKOBE 3 MAaCOBUMHU YaCTKAMH:

xupy — 82,5 %, Boxoru — 16 % 160,24 206,31 117,60
[{ykop-micok (TpocisiHuiA) 130,00 130,00 140,80
Buxio 1000 1000 1000
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B sikoCTI KOHTpPOJIBHOTO 3pa3ka BUKOPHUCTOBYBAJIM CHUPKOBY Macy 3 MacOBOIO
JaCTKOIO XUPY 26 % Ha OCHOBI CHUPY KHCIOMOJIOYHOTO 3 abo 0e3 J0JaBaHHSM
aHTHOKCUJAHTY mTy4HOro noxomkeHHs «GRINDOX 109» y kinbkocti 0,05% 3rigHO
pekoMeHaInii BUpoOHMKA. Bwuiie 3a3HaueHW aAHTHOKCHUIAHT €  CYMIIIIIIO
AHTUOKHCHIOBAJIBLHUX  PEUYOBHH: oytunrinpokcuanizony  (E-320)  (10%),
oytuwirigpokcuronyony (E-321) (10 %), nponinramnary (E 310) (6 %), numoHHOT
KHCJIOTH 3 TPOIUICHTIIIKOJIEM, Xap4oBOro emyJibratopa i pamcoBoi omii (68 %) B
SIKOCT1 OCHOBH.

llepoxcuone yucno xapakTepusye KUIbKICTh NMEPBUHHUX MPOIYKTIB OKUCICHHS
KUPIB — MEPOKCHUJIIB Ta TIJPONEPOKCUIIB, SKI MOXKE BHAUIATH WHOJ 3 BOIHOTO
PO3YMHY HOAMCTOTO Kaliko.

[Tepokcuane uncio (X), mmois 1/2 O/kr, po3paxoByBaiu 3a HopMyJIOL0:
¥ — (v, —v)-0.00127-100

g

(1

ne X — IepOKCUIHEe Yucio, MmMoJib 1/2 O/kr;

V1 — xinekicts 0,01 H po3unHy Tiocynb(dara, sKe MINUIO HA TUTPYBaHHS NPHU
IPOBEJCHHI OCHOBHOTO JIOCIIi/ly i3 HABAXKKOIO KHPY, CM>;

v — KibKicTh 0,01 H po3unHy Tiocyybdara, sike MU0 Ha TUTPYBaHHS Mpoou 0e3

KUPY, CM°;

g — HaBaXKKa >Kupy, T;

0,00127 — ximekicTe rpamiB iomy, ekBiBamentHa 1 cM® 0,01 H po3uuny
Tiocyibdara.

Kucnomne wuucno xapakrepusye KUIbKICTh BUIBHHX JKUPHUX KHCJOT, IO
MicTAThCS B 1 T kupy, Bupaxaerbea KinbkicTio 0,1 H posunny KOH, Heob6xigHOMO
Ui iXHBOI HelTpamizamii. KucinotHe yucio po3paxoByBajld MHOXKEHHSIM KUIBKOCTI
0,1 H po3unHy JIyTY, 10 MIIIIO HA HEUTpaJIi3allil0 MOJIOYHOTO KUPY, Ha 2.

Busnauenns cnupmy B CHpKOBIN Maci 3 MiJIBUIIIEHUM BMICTOM UPY MPOBOIIN
KOJIOpDUMETPUYHUM METOJOM, IO TOJISAra€E y BUMIPIOBaHHI 3a0apBIEHUX MPOJYKTIB
peakKilii OKUCIIOBAHHSA CIIUPTY.

Mikpobionoziunuii ananiz CUPKOBOI Macu 3 MIJABUIICHUM BMICTOM KUDPY
BKJIFOYAB BU3HAYEHHS IUTICHSABHUX TpUOIB Ta APDKIDKIB — MO POCTY KOJOHIM Ha
MOKUBHOMY cepenoBuilll Arap Cabypo.

Pe3yabTaTu n10CaigKeHHs

3MiHY SIKOCTI CHUPKOBOI MacdH 3 MIJBUIICHHUM BMICTOM XHUPY Vy TIpoleci
30epiraHHsi KOHTPOJIOBAJIM 32 BMICTOM MPOJYKTIB OKHCICHHS 1 TIAPOMI3Y KUPY.
[TepokcuaHe YUCIIO XapaKTepU3y€e BMICT y KHPI MIEPBUHHUX MPOAYKTIB OKUCHEHHS —
MEPOKCUIIB 1 TIAPONEPOKCHIIB, SKI Maibkeé HE BIUIMBAIOTh HAa OPraHOJICTITUYHI
MOKa3HUKHU MPOIYKTY, ajie CBIIYaTh MPO CYTTEBI 3MIHU JOCIITHOTO 00'ekTy. Takum
YUHOM, BH3HAYalOYM HAKOIWYEHHSI IEPOKCUJIHUX CIOIYyK IiJ 4Yac 36epiraHHs
CHUPKOBOi MacH, MO’KHAa BCTAHOBUTH i CTIMKICTh JO OKMUCHEHHS 3a/JI0BTO J0 3MIHHU ii
OPTraHOJIENITUYHUX XaPAKTEPUCTHUK.

Y 3B'I3Ky 3 muM OyJ0 BUBYCHO BIUIMB AHTHOKCHJAHTIB MPUPOIHOTO Ta
HITYYHOTO TOXOJKEHHS Ha KUIbKICHI XapaKTEpUCTUKH IICyBaHHS >KHPOBOI (azu
3pa3KiB CHpHOI Macu 3 MiJBUIICHHWM BMICTOM JXHPY B Ipoleci 30epiraHHsi 3a
temmepatypu (20£2) °C  Tta (4£2) °C. PesynpTaTé  JIOCHIDKEHb  BIUIMBY
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AHTUOKCHUJIAHTIB Ha 3MIHY MEPOKCHUJIHOIO YHCJIa CUPKOBOI Macu TiJ 4yac 30epiraHHs
HaBEJICHO Ha puc. 1.
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TpueamticTs 30epirannsa, g6 TpreanicTs 30epiranms, 36
[ CrpkoBa Maca be3 aHTHOKCHAAHTY (KOHTPOIB) B Capxora Maca 3 M98 23 % Ha ocHor1 KB
Cupxosa Maca 3 anTHOKcHzanToM "GRINDOX 109" 3 Cupropa Maca 3 M98, 26 % ua ocuori KBY
a) 0)

Pucynok 1 — BiuiuB aHTHOKCHUAAHTIB NPUPOJIHOI0 TA IITYYHOI'0 MOXO/I’KEHHSA
HA 3MiHYy MEPOKCHIHOT0 YMCJIA CHPKOBOI MAaCH 3 MiIBUILIEHUM BMICTOM KHPY
nix yac 30epiranns 3a pisHux remneparyp: a) t = (20£2) °C ra b) t= (4£2) °C

3riiHO pe3yJIbTAaTIB JIOCTIKEHHS, MPOIEC ABTOOKUCICHHS KUPOBOI OCHOBHU
CUPKOBOi Macu 3a pi3HUX TemmepaTyp OyB HeogHakoBUM. CyTTeBe 301IbIICHHS
MEPOKCUAHOTO yncia Bi0yBaeTbes 3a Temneparypu (20+2) °C. Tak, micas Tpbox 1110
30epiraHHs Mpu JaHOMY PEXUMI MOKA3HUK KOHTPOJIBHOTO 3pa3ka 3pic B 3 pas3u, TOJl
aK st cupkoBoi macu Ha ocHoBi KBY Ta cupkoBOoi Macu 3 BHECEHHSIM
AHTUOKCUIAHTY IITYYHOTO MNOXOMkeHHd — B 1,25...1,5 pasu. IreHcuBHe
HaKOMUYEHHS TIEPOKCHUIIB Y CHPKOBI Maci 3 MiJBUIIEHUM BMICTOM KUPY BUSIBICHO
Ha 7 noOy 30epiranHsa. 30KkpeMa, MEPOKCUIHE YMCIO CUPKOBOI Macu 0e3 JTogaBaHHs
AHTUOKCHUIAHTY 3pocio B 6,5 pasu, cupkoBoi macu Ha ocHoBi KbUY B 5,3 pasm, 3
BHECEHHSIM AaHTHOKCHJIAHTY IITYYHOI'O MOXOKEHHS — Y 4,6 pa3u. Y KOHTPOJIBHOMY
3pa3Ky HAKONMWYEHHS TEPBUHHUX TPOJYKTIB OKHUCJICHHS JKHPIB  JIOCATJIO
MaKCHUMaJIbHOTO 3HaueHus 15,5 mmoms 1/2 O/kr micnsg 9 n16 36epiranHs.

HakonuueHHs TIAPONEPOKCUAIB Ta PEUYOBUH NEPOKCHIHOI TPUPOAH, SAKI
YTBOPIOIOTHCSI MPU OKHCHEHHI HEHACHYEHUX >KUPHUX KHCIOT, MPU3BOJIUTH 10
3pOCTaHHsl MEPOKCHUIHOTO 4Mciia B KiHLI TepMiHy 30epiranns. Ha neB’saty noOy
30epiraHHsl MEPOKCUJIHI YKCJIa CUPKOBOI MAacH 3HAXOJWUJIUCA Malke Ha OJHOMY
piBHI, 1 B LEeH MepioA PI3HULS MDK 3HAYEHHSIMHU JUJIi KOHTPOJIBHOTO 3pasKy, 1
cupkoBoro macoro Ha ocHoBi KbY cranoBuina Big 3,2 no 4,6 % BianoBiaHo (mipu
30epiranHi 3a remrepatypu (20£2) °C).

OTxe, HAWBUIIy AHTUOKCUJAHTHY aKTUBHICTh IiJl Yac 30epiraHHs CHUPKOBOI
Macd 3 MIABUIICHUM BMICTOM Kupy 3a Temneparypu (20+£2) °C mnposiBuB
AHTUOKCUIAHT IUTYYHOIO TIOXO/KEHHs. 3HA4YEHUS NEPOKCHUAHOIO 4YHCIa JJIs
CUPKOBOI MacH mpoTsiroMm 7 ai0 30epiranHsi ctaHOBUTH MeHIe 10 mmonp 1/2 O/kr,
0 € TPaHUYHO JIOMYyCTUMOIO HOPMOIO 3TiIHO 3 BHUMOTaMH HOPMATHBHOI
nokymMmeHnTarii. i cupkoBoi Macu, 1o BurotosieHa Ha ocHoBi KbY mepokcumane
YHCII0O HE TMEPEBHUIIYyBajO TPAHUYHO JOMYyCTHMOTO 3HAYEHHA NPOTIroM 5 mib
30epiraHHsl 1 KOpENIoBaJi0 B MeXaX MOXHOKH 3 JaHUM MOKA3HWKOM JIJIsi CUPKOBOI
Macd 3 BHECEHHSM aHTHOKCHJIAHTY IITYYHOTO IOXO/KEHHS. BukopucranHs y
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pelentypax CHpPKOBOI MacH KOHIIGHTPATiB OUIKOBO-YOPHUYHUX, IO MICTATh
NPUPOJHI AHTUOKCHAAHTU CIHOBUIBHMIO TMepedir OKHUCHIOBAJIBHUX IPOIIECIB
MOPIBHSIHO 3 KOHTPOJIBHUM 3Pa3KOM.

B pesynbTati Tiiposi3y BUBUIBHSAIOTHCS BUIBHI KHPHI KUCIOTH, BMICT SKHX
XapaKkTepu3ye KUCIOTHE YHCIO. 3MiHAa KHCJIOTHOTO YHCIa CHPKOBOI MacHu 3
MIBUIIEHUM BMICTOM KHUPY 3aJIKHO BiJl BUAY aHTHOKCHUIAHTIB TIiJ] Yyac 30epiraHHs
3a remnepatypu (20£2) °C ta (44+2) °C npeacraiieHa Ha puc. 2.

0.25

3 % _ :
£ t=(20£2) °C T t=(42)°C
s Q
g 2.5 ’f 0.2
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ER) A
c 0,15 —]
5. . g
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0 ; : : : - 0 - ' ' '
1 3 5 7 '] 1 3 5 7 9
Tpueanicts sbepiranas, 116 TpueamcTs 30epiraHad. 010
Cuproea Maca De3 aHTHOKCHIAHTY (KOHTPOIE) Cuprora maca 3 m.1.3%. 23 % Ha ocmor1 KBY
Cuproea Maca 3 anTHORcHZaHToM ' GRINDOX 109" Cupropa Maca 2 M.9%. 26 % Ha ocuori KBU
a) 0)

PucyHnok 2 — BiiiinB aHTHOKCHIAHTIB MPUPOJHOTO TA IITYYHOT0 MOXOAKEHHSA
HA 3MIHY KMCJOTHOI'0 YMCJIa CHPKOBOI MACH 3 MiJIBUIIIEHUM BMiCTOM KHPY i/l
yac 30epiraHss 3a pizHux remmneparyp: a) t = (20£2) °C ra b) t = (4£2) °C

3riIHO pe3yabTaTIB JOCTIKEHb (pUC. 2 a), KUIBKICTh BIJTbHUX JKUPHHUX KUCJIOT
y CHpKOBIM Maci micias 2 ai0 30epiranHs 3a Temmeparypu (20+2) °C Oyna
HE3HAYHOI0, 31 30UIBLIEHHSM TPUBAJIOCTI 30€piraHHs CUPKOBOI MacH KHUCJIOTHE
YUCJIO SKUPOBOI OCHOBHM IOCTYNOBO 3pOCTalio, HAWOLIbII IHTEHCHUBHO B
KOHTPOJILHOMY 3pa3Ky. 3pOCTaHHS KHCJIOTHOTO 4uciia Ha 5 moOy 30epiraHHs 3a
temriepatypu (20+2) °C momiTHe JHiie B CHPKOBIH Maci 0€3 aHTHOKCHIAHTIB — y 3,4
pasu, Tofl K y cupkoBiii Maci Ha ocHOBI KBY KiTbKICTh BUIBHHUX KUPHUX KHCIOT
3pocia B 1,6 pa3u. [logibHe 3HAUEHHS CHOCTEPITAETHCS B 3pa3Ky CHUPKOBOI Macu 3
JOJIaBaHHSM IMTYYHOTO AHTUOKCHUJAHTY (MIABUIICHHS KHCIOTHOro uymcia B 1,13
pasn). Ilicas 9 gi6 30epiraHHs 3HAYHE 301IBIICHHS BEIWYMHU KHUCJIOTHOTO YHCTA
OyJ10 3apikCOBaHO Yy 3pa3kax CUPKOBOI Macu 0e3 aHTHOKCHJIaHIB — B 6,5 pa3iB.

[Ilogo 3pa3kiB CUPKOBOI MACH 3 MIJBUILEHUM BMICTOM XKHUPY, SIKI 30epirajiuch
3a temneparypu (44+2) °C (puc. 2 6), cHocTepiraeTbCcsl aHajaoriyHa TEHJCHINS 0
301BIICHHS KHCIOTHOTO YHCIIa, OJHAK 32 PaXyHOK HI)KUOI TeMIlepaTypH JuHaMiKa
3pOCTaHHS JAHOTO TMOKa3HUKa MOBUIbHA. Tak, BUSIBJIECHO HAMOUIBINY KUIBKICTh
BUIBHUX JKUPHUX KHUCJIOT B KOHTPOJBHOMY 3pa3Ky — CHPKOBIM wmaci 0e3
aHTHOKcUIaHTIB — Ha 9 noOy 0,23 mr KOH/r. B 3pa3kax cupkoBoi Macu Ha OCHOBI
KbY Ta 3 nomaBaHHSM aHTHOKCHAAHTY IITYYHOTO MOXOJPKEHHS CIOCTEPITalOThCS
HUKYl 3HAYEHHS KHUCJIOTHOTO 4YHCJA, TOPIBHAHO 3 KOHTPOJBHUM 3pa3KoM 1
3HaxoAsaThcs Ha piBHi 0,16 Ta 0,11 mr KOH/r BinmosiaHo.

AHani3yloud JUHAMIKy 3MIHM 3Ha4€Hb [IOKa3HUKIB TEPOKCUAHOTO Ta
KHCIIOTHOTO YHCENl MOJIETIbHUX 3pa3KiB CUPKOBOT MacH 3 IiJIBUILIEHUM BMICTOM >KHUPY
Ha ocHoBi KBY y mpomeci 30epiranss, BCTAHOBJICHO CTAOUTI3YIOUY IO
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BUKOPHCTOBYBAHOI OIKOBOI-AT'IHOI OCHOBHU Ha MPOLIEC OKUCHOTO IICYBaHHS )KMPOBOI
dasum mpoaykry. OTpumani mia dYac IOCHIDKEHHS PE3yJbTaTH MOXYTh OyTH
BUKOPHUCTaH1 ISl 30€piraHHsl CUPKOBUX BHPOOIB 3 MIJBHILIEHUM BMICTOM JXKHPY 32
CTaHJIapTHUX PEKUMIB.

Tpagumiitaum pelenTypHUM KOMIIOHEHTOM B TEXHOJIOT1] CUPKOBUX BI/IpO6iB €
I[yKOp, SIKHH BHOCHUTBCS y KutbkocTi 5 % nns macu ta 10 % s z[ecepTlB Lyxop
MOJK€e 30pO/IKyBaTHCS APIKIKAMU 3 YTBOPEHHSIM €THJIOBOTO anpTy 1 IPU3BOAUTHU
710 BaJld CIUPTOBHI CMaK Ta 3arax, HaJMipHE Ta30yTBOpeHHs. B 3B’s13Ky 3 1iuM Oyiio
MIPOAHAJII30BAHO JMHAMIKY HAKOMHMYEHHS CHOUPTY B CHUPKOBIM Macl 3 MiJIBUILIEHUM
BMicTOoM xkupy Ha ocHoBl KBY 3a Temmniepatypu 30epiranus (4+2) (puc. 3).
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@ CuproBa Maca 3 M4 26 % Ha ocHoel KBY
B CHproBa sMaca 3 .95, 23 % Ha ocHoBl KBY
@ CHproBa Maca (KOHTPOIE)

Pucynok 3 — /lunaMika HAKONMYEHHsI CIUPTY B CHPKOBii Maci 3 niABMIEHUM
BMicTOM KUPY npotsirom 120 roa

AHayi3 OTpUMaHUX JIaHUX MOKa3aB, 110 3aCTOCYBAaHHSA CIELIajJbHO 00poOIeHOT
YOPHUYHOI MAacTH B AKOCTI KOAryJjsHTY HJii OTPUMaHHS OCHOBU CHUPKOBOI Macu —
KOHIICHTPATIiB OUIKOBO-UOPHUYHHUX, MPUTHIYYE PO3BUTOK JAPDKIKIB, MPO IO
CBIIYUTh MEHII IHTEHCUBHE HAKOIMUYEHHsS CIIUPTY B TOTOBOMY MpPOIayKTi. Edekt
MPUTHIYEHHSI PO3BUTKY JPUK/IKIB TMOB’SI3aHUM 3 HAABHICTIO y UYOPHUYHIM MmacTi
GITOHIMAIB, WO MalTh aHTUOAKTEpiaJibHI  BJIACTUBOCTI Ta  MPOSBISIOTH
AHTUOKCUJAHTHY AaKTHBHICTh, a TAKOXX 3MEHIICHHSIM KIJbKOCTI BUIBHOI BOJIOTH,
HEOOXITHOT I PO3BUTKY MikpoopraHizMmiB. CHUpPT Ha OpPraHOJICITUYHOMY pIBHI
BIIUyBa€ThCS mpu KoHIeHTparli Oueine 0,2 %. Tak y cupkoBiii maci, Ha OCHOBI
KOHIICHTpaTIB OUIKOBO-YOpPHUYHUX, I0 30epiramacs mnpotrsrom 120 rox 3a
temriepatypu (4+2) °C Takoro BiIUyTTs HE BUSBIIEHO.

VY 3B's3ky 3 THUM, IO TEpMiHM 30€piraHHs CHUPKOBOI Macu BHU3HAYAIOTHCS
MIKpOOI0JIOTTYHUMH TOKa3HUKaMH, OyJ0 BHBYEHO aHTUOAKTEpiaibHy aKTHUBHICTH
KOHIIGHTpaTIB  OITKOBO-YOPHUYHMX — OCHOBH CHPKOBOi MacH. PesynbTatu
JOCIIKEHb TPEACTaBICHI B Ta0n 2. AHaii3yloud JUHAMIKY Ta KUIbKICHI 3MIHM
YUCENBLHOCTI TUTICHSIBUX TPUOIB Ta JPIkKIHKIB MOJEIBHUX 3pa3KiB CUPKOBOI MacH y
nporect 30epiraHHs TpoTsAroM S5 110, HEOOXITHO 3a3HAYUTH, 110 BEIMYMHA
JOOCIIKYBAaHUX ~ MIKPOOIOJIOTIYHUX  TOKA3HHMKIB MPOTATOM  BCHOTO  TEPMIHY
JOCIIKEHB OyJia 3HaYHO HUXKYOI0, HIXK Y KOHTPOJIBHOMY 3pPa3Ky.
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Taoauus 2 - 3MiHa KiJIbKOCTI IUIICHABUX IPUOIB Ta APIiXKIKIB y CHPKOBIiil Maci
MPOTATrOM TepMiHY 30epiranus

Tepmin Kinpkicts mmicHsBux rpubis, | Kimbkicts apikmkis, KYOB I T
30epiraHHs, KYO B I r npoaykry MPOAYKTY
1o CupkoBa Maca | CupkoBa maca | CupkoBa maca | CupkoBa maca
Ha ocHOBI KbY | (xonTposb) | Ha ocHOBI KbY | (KOHTpOIIB)
1 He BusiBiieno He BusiBneno | He BusiBieHo He BusiBiieHo
2 He BusBneno | He BusiBneno | He BusiBnieno | He BusiBieHo
3 He BusiBiIeHO 2,8-10? He BusiBiIeHO 6,3-10?
4 15 1,7-10° 25 2,1-10°
5 43 4,5-10° 74 7,5:10°

Ha 5 nmoOy 306epiranns cupkoBoi mMacu Ha ocHOBI KbU moka3Huku BMICTY
IUTICHSIBUX TPUOIB Ta JPDKDKIB HE NEPEBUILYyBAIM HOPMATHUBHUX 3HAYEHb JTAHUX
MOKa3HUKIB st cupKoBUX BHP0OiB 3rimHo JICTY 4503:2005 (KiAbKICTh TUTICHSIBUX
rpubiB B 1 r mpoaykry, KYO, ne Ounbmie Hik — 50, KUTBKICTh APIXKIKIB B 1 T
npoxykry, KYO, e 6inbure — 100). FIMoBipHO, 11e 06YMOBIEHO 3HATHICTIO STimHOI
CHUPOBHHU, IO BUKOPHUCTOBYEThCA Tpu BUpoOHHMITBI KBY, fK aHTHOKCHAAHTY,
MEPEXOIUTIOBATH BUTBHI PAJMKAIA KUCHIO Ta CTBOPIOBATH HECTIPUSATIMBI YMOBU IS
PO3BUTKY JTaHUX MIKPOOPTaHi3MiB, 110 OYEBUIHO y JOCHIAHOMY 3pa3Ky MpPOTATOM 3
110 30epiraHHs.

UucenbHICTh IUIICHABUX TIpuUOIB Ta JpLKIKIB Ha 3 100y 30epiraHHs y
KOHTPOJILHOMY 3pa3Ky NEpeBUINNJIa HOPMATUBHI 3HAYEHHS, OTXe, MIKp0oOioJoriyHa
0e3MeYHICTh CUPKOBOI MacH IepedyBajia B MeKax HOPMH JIMIIE MPOTATOM TEPMIHY
MPUIATHOCTI TPOIYKIIii, BcTaHoBIeHOro Bumoramu JICTY. Sk BumHO 3 Tabmuii 2,
3pOCTaHHsl MaToreHHoi Mikpodmopu y cupkoBii wmaci Ha ocHoBl KbY
pPO3MOYMHAETBCS  MICHs  TpbOX 110  30epiraHHs, TpU  [BOMY  KIJIBKICTh
171eHTU(IKOBAaHUX KOJIOHIM MIKPOOPraHi3MiB Ha JiBa TMOPSAKA MEHIIEe, HDK Y
KOHTPOJIbHOMY 3pa3ky. HasiBHicTh y cupkoBiii maci Ha ocHoBi KBY mpupogHux
AHTUOKCUJAHTIB CHPUSJIO MPU3YNUHEHHIO POCTY Ta PO3BUTKY MIKPOOPIaHi3MIB,
OCKIJIBKM B JIOCHIAHOMY 3pa3Ky KUIBKICTh IUIICHSBUX TpUOIB Ta JPIXKIKIB
3ajManacs B Mexxax HOpMH MPOTAToM 5 /110 30epiraHHs y 0XOJI0/I)KEHOMY CTaHi.

BucHoBku

Pe3ynbTrat KOMIUIEKCHOT OLIHKHM SKOCTI MOJEJNBbHHUX 3pa3KiB IpH 30epiraHHi
J03BOJIMJIM BCTAaHOBHUTHU, IO BUKOPHUCTAHHS KOHIIGHTPATIB OUIKOBO-YOPHHUYHUX Y
pelenTypax CHUPKOBOI MacH 3HMXKYE TIIPOJITUYHE Ta OKHCIIOBAJIbHE IICYyBaHHS
MOJIOYHOTO Xupy B 1,5-2,1 paszu, mpogoBxKy€e MiKpoOi0JI0TidyHy O€3MEYHICTh 3aBISKH
MIPOSIBY aHTHOaKTeplaTbHUX BJIACTUBOCTEHN ATIAHOT  CHPOBUHHU, 10
BUKOPHUCTOBYBAJIacsd B SKOCTI KOAryjsHTY OLJIKIB MOJIOKA Ta JO3BOJSE 301IbITUTH
TEepMiH 30epiraHHs CUPKOBOI Macu 70 5 1i0.

BcranoBneno, 1mo y CHpPKOBIW Maci 3 TIJABHIICHUM BMICTOM JKHUPY
AHTUOKCUJAHTU TMPUPOJHOTO TOXOKEHHSI BUKOHYIOTh psAll (YHKIIH, BKIIOYAIOYU
aHTHOKHCIIOBANIbHY, aHTUMIKpDOOHY, a TakOXX KOHCEpPBYIOUy B  Ipoleci
TEXHOJIOTTYHOT 0OpOOKH Ta JT03BOJISIIOTH 30€pEerTH MPUPOIHE 3a0apBICHHS MPOTATOM
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30epiraHHs.
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Abstract. Extending the storage period of milk-protein products is an urgent task due to the
combination of dairy and berry raw materials, that are a source of polyphenolic compounds,
including anthocyanins, organic acids, vitamin C, which have antioxidant potential.

It has been established that the use of protein-blueberry concentrates as a basis for curd mass
with high-fat content reduces hydrolytic and oxidative spoilage of milk fat by 1.5-2.1 times,
continues microbiological safety due to the antibacterial properties of berry raw materials, and
allows to increase the storage period of curd mass up to 5 days.

Key words: antioxidants, peroxide number, curd mass with high-fat content, storage period.
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