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EFFICIENCY OF USING A NEW FEED ADDITIVE IN FEEDING CHICKENS OF BROILERS

Abstract

Ogorodnichuk G.

Candidate of Agricultural Sciences
Vinnytsia National Agrarian University,
Vinnytsia, Ukraine

The paper set the task to study: the influence of feed additives on productive and slaughter indicators of
poultry; to investigate the condition of the internal organs under the action of feed additives; calculate the economic

efficiency of the enzyme preparation.

As a result of the experiment, an increase in live weight of poultry for 42 days of rearing by 371.8 g (*** P
<0.001), which is 13.4%, and a decrease in feed consumption per 1 kg increase by 0.09 kg or 4, 9%. The experi-
mental group receiving the enzyme preparation in addition to the main diet had a higher weight of half-gutted
carcass by 347.3 g or 15.8% and the weight of gutted carcass by 282 g or 14.3% and slaughter yield by 0.6% .

The use of the enzyme preparation in the feed for broiler chickens is economically justified: an increase in
revenue by 16.7%, profit from sales by 41.5% and the level of profitability by 7.7%.

Keywords: broiler chickens, new feed additive, internal organs, gains, feed conversion.

Actuality of theme. At present, poultry farming in
Ukraine is one of the most intensive and dynamic
branches of agricultural production, which has all the
opportunities to overcome the economic difficulties in
a short time.

The main goal of poultry farming in our country is
to increase the production of dietary, high-calorie prod-
ucts - eggs and meat in order to provide people with
physiologically necessary nutrition [7].

Interest in the poultry industry is due to technolog-
ical and economic advantages: compared to low feed
costs, short reproduction period, the ability to regulate
product quality. The latter depends on many factors, in
particular, on the technology of breeding and keeping
poultry.

An important factor in the development of poultry
farming is selection work aimed at improving produc-
tive and breeding qualities, as well as the creation of
new breeds, lines, crosses of all species of poultry.
Therefore, as a result, it is necessary to apply scientifi-
cally sound technologies for keeping and feeding birds
[32].

During the selection of cross COB - 500 special
attention is paid to the efficiency of feed conversion. In
all countries of the world, cross has the lowest feed
costs for the production of 1 kg of chicken meat, which
at current feed prices make it profitable and profitable
to breed it [40].

In the world practice of poultry development as
additives to poultry diets add biologically active sub-
stances: vitamins, antioxidants, trace elements, antibi-
otics and others that increase the body's resistance, im-
prove feed intake, increase the secretion of digestive
glands, effectively affect metabolic processes, but not
involved in the breakdown of feed nutrients. Among bi-
ologically active substances, enzymes are the most im-
portant. Moreover, from these stimulants enzyme prep-
arations are fundamentally different in that they are di-
rectly represented by biocatalysts that affect the
digestibility of feed nutrients.

Enzymes in nature are multifaceted, and all life
manifestations are related to their functions. Under the
influence of enzymes in the digestive tract of animals
is the breakdown of nutrients of feed masses, which are
converted into energy and structural materials neces-
sary for growth and reproduction, production and other
biological synthesis in the body of living beings [41].

Enzyme preparations improve the chemical com-
position of rations as well as the digestibility of feed
nutrients, which in turn improves the productivity of
poultry. Compensating for the insufficiency of the en-
zymatic system of the digestive tract of birds, stimulate
the assimilation of nutrients. According to experi-
mental studies, the use of enzyme preparations allows
to purposefully influence the productivity and more ef-
ficient use of feed.

Analysis of recent research and publications.
Fundamentals of physiology and feeding of broiler
chickens. The productive qualities of poultry, the eco-
nomic feasibility of poultry farming in general is deter-
mined by a set of biological characteristics of poultry
as an object of agricultural production.

Features of poultry nutrition are based on the
structure and functioning of the digestive system. Di-
gestive organs begin with the beak, the shape depends
on the living conditions of the bird. There are no teeth
in the mouth of the bird, so the food does not undergo
physical changes, and, slightly wet with saliva, enters
the esophagus, through which the food enters the ox. In
the wild, food can be delayed for up to 8 to 12 hours.
From the ox through the esophagus, the food enters the
glandular stomach, where it is moistened with digestive
juices. Next is the muscular stomach, the inner surface
of which is covered with a cuticle. In the muscular
stomach there is a grinding of a forage by reduction of
a muscular wall of a stomach and by means of small
stones which the bird swallows in advance. The mus-
cular stomach is emptied reflexively by opening of a
pylorus, and the chyme falls out in a duodenum, and
then and in a small bowel. Under the action of pepsin



4

POLISH JOURNAL OF SCIENCE Ne 29, 2020

and hydrochloric acid in the initial segment of the duo-
denum is a partial breakdown of proteins. Moving
through the small intestine, chyme mixes with intestinal
juice, which contains amylase, invertase, trypsin, li-
pase, as well as bile, which further breaks down the
main nutrients of the feed [3].

The reaction of the gastrointestinal tract varies
from acidic (pH - 2.2) - muscular stomach, to slightly
alkaline - in the jejunum (pH - 7.0). In the cecum under
the action of proteases produced by bacteria and en-
zyme residues is the breakdown of indigestible pro-
teins. The rate of promotion of chyme by the bird's di-
gestive tract depends primarily on the method of feed-
ing, the composition of the diet and the particle size of
its components. With the dry method of feeding com-
plete ration of loose feed, feed masses pass through the
digestive tract in chickens in 3 - 4 hours.

In addition to these features of digestion, it is very
important that the bird does not have a large intestine,
so it is not able to digest protein foods well. Therefore,
the bird has two large caecum, designed to digest hard-
to-digest protein foods.

According to VI Besulin [5], in poultry compared
to mammals, better absorbed nutrients. Thus, in poultry
the highest coefficient of feed digestibility - 85 - 90%
against 75 - 80 - in pigs and 65 - 70% - in cattle.

In the body of birds compared to the body of mam-
mals are more intense metabolic processes. This is con-
firmed by data on energy expenditure for maintenance
foods needed by the body to ensure its viability. Poultry
omnivorousness is an important biological feature that
allows the use of various feed ingredients in feeding,
mainly concentrated feeds, biologically active sub-
stances that ensure intensive growth and development,
maintenance of normal immunological status, body re-
sistance, high productivity.

Feeding is an integral part of the technology of
poultry production. In the structure of the cost of poul-
try meat, feed costs are 60 - 70%. The realization of the
genetic potential of poultry of different species and ar-
eas of productivity is possible only against the back-
ground of full feeding, ie meeting its needs for energy,
nutrients and biologically active substances. This is
achieved by organizing normalized feeding depending
on the species, breed, cross, age, physiological condi-
tion, sexual characteristics and methods of maintenance
[6, 7].

Normalized feeding - feeding of poultry according
to scientifically substantiated norms of metabolic en-
ergy and complex of nutrients and biologically active
substances. When organizing normalized feeding, it is
necessary to take into account the peculiarities of me-
tabolism in different species and age groups of birds.

The bird is characterized by intensive metabolism,
and therefore high compared to other animals, body
temperature (41 - 420 C) and three times higher oxygen
demand per 1 kg of live weight. It is characterized by
high conversion of metabolic energy and feed protein
into products and limited endogenous synthesis of vit-
amins, so the need for them is provided by guaranteed
supplements. The bird does not have sweat glands,
which play an important role in thermoregulatory pro-

cesses, so the violation of the optimal temperature pa-
rameters of the bird leads to unnecessary costs for the
regulation of heat generation and heat transfer. The bird
has limited internal reserves of nutrients and energy, so
the effects of poor feeding are detected quickly and are
accompanied by a decrease in productivity, reproduc-
tive capacity and overall resistance of the organism
[12].

The modern system of normalized feeding is based
on a comprehensive assessment of the nutritional value
of feed and the norms of the bird's need for metabolic
energy, nutrients and biologically active substances.
Estimation of feed nutrition is determined by the con-
tent of metabolic energy, crude protein, essential amino
acids, crude fiber, minerals and vitamins. At the same
time eating of forage, digestibility and assimilation of
nutrients is considered. During the development of
feeding norms, the factorial method of individual needs
of different species of birds in energy and nutrients is
used, ie certain indicators of costs for the maintenance
of vital functions, product formation are determined.

Need - the amount of metabolic energy, nutrients
and biologically active substances per day, necessary to
ensure the normal course of vital functions and synthe-
sis of products in strictly controlled conditions of poul-
try. The feed rate is the average amount of a certain
amount of metabolic energy and nutrients and biologi-
cally active substances, the need for daily coverage of
livestock costs, ensuring a certain level of productivity
with efficient use of feed, taking into account possible
losses in economic conditions. It will exceed the need
of poultry in some indicators by 10 - 30%, as it takes
into account the technological conditions of production
(temperature fluctuations, feed quality, stress factors,
etc.). Scientific studies show that the indicators by
which the rationing of poultry (metabolic energy, crude
protein, etc.) are in some dependence and change ac-
cordingly under the influence of various factors: the
level of productivity, physiological condition, housing
conditions. This makes it possible to apply the rationing
of the content in 100 grams of complete feed metabolic
energy and a complex of nutrients in optimal propor-
tions [7].

Unlike young hens of broiler hens, broilers have
extremely high growth energy, especially in the first pe-
riod of life, and are prone to obesity in the next. It is
established that high productivity of broilers is possible
under the conditions of achievement by them of the po-
tential weight conditions from the first days of life.
Therefore, it is important to start feeding the young im-
mediately after its receipt for cultivation, no later than
12 - 13 hours from the moment of their removal. As a
highly productive organism, broilers are more sensitive
to various deviations in feed, this is reflected in the de-
terioration of their health, reduced weight gain [19,39].

The system of normalized feeding is aimed at the
rational use of feed, as well as reducing the cost of feed
per unit of output and reducing its cost. In the condi-
tions of industrial production of poultry products, as ev-
idenced by domestic and international experience, the
most effective is the dry method of feeding poultry with
complete feed, which fully meets its need for metabolic
energy and nutrients and biologically active substances.
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In terms of production, lack of energy in the diet is the
cause of reduced poultry productivity. When feeding
poultry, a sufficient concentration of metabolic energy
in the feed is not only an important factor in energy nu-
trition, but also the normalization of other nutrients and
biologically active substances. The fact is that the ca-
loric content of feed depends on its consumption, and
this causes the entry into the body of poultry protein,
amino acids, vitamins, minerals. Metabolic energy is an
indicator that indicates the nutritional value of feed and
characterizes the energy available to birds of chemical
bonds of proteins, fats and carbohydrates. Nowadays,
the composition of feed mixtures for poultry mainly in-
clude wheat, barley, sunflower meal [41].

In the process of digestion, some of the gross en-
ergy of feed is excreted with indigestible residues in the
feces, and the second - remains in the body. This is the
digestible energy of nutrients, which is 80 - 85% of the
gross energy of feed. Exchange energy is 72 - 75% of
gross. It is the content of metabolic energy that deter-
mines the energy nutrition of poultry feed. Metabolic
energy provides the body with the most important phys-
iological processes: growth, development, egg for-
mation, normal functioning of all systems.

The unit of measurement of the energy value of
feed in accordance with the International System of
Units (SI) is the joule (J). According to this system, one
calorie corresponds to 4.1868 J. However, the meta-
bolic energy in modern feeding norms is expressed not
only in kilojoules (kJ) and mega joules (MJ), but also
in kilocalories (kcal).

When feeding highly productive poultry in the diet
it is necessary to adhere to the optimal ratio of meta-
bolic energy and protein.

The energy-protein ratio is the amount of meta-
bolic energy in 1 kg of feed per 1% of protein [12].

Under conditions when the food contains insuffi-
cient metabolic energy, the protein in the body is spent
on energy needs. And this leads to lower productivity
and increased feed costs per unit of output. Excess met-
abolic energy reduces feed consumption and nutrient
efficiency and promotes intense fat deposition in the
body of the bird.

The rationing of protein nutrition is carried out on
crude protein. The composition of crude protein in-
cludes proteins and non-protein nitrogenous com-
pounds - amides. Feed protein in poultry is converted
into protein in meat, eggs and feathers.

Protein completeness of poultry feeding is
achieved not only due to crude protein, but first of all,
the content of essential amino acids in the diet. The fol-
lowing amino acids have a significant effect on protein
synthesis in the body: lysine, methionine, cystine, tryp-
tophan, arginine, histidine, leucine, isoleucine, threo-
nine, phenylalanine, valine. However, lysine, methio-
nine and cystine deficiency are most common in poul-
try feeding. In compound feeds, methionine is
calculated together with cystine. In the body of birds
from methionine cystine is formed [10].

Not only the lack but also the excess and imbal-
ance of amino acids in the diet has a negative effect on
the productivity of poultry and the efficiency of produc-
tion.

In order to properly balance the feed for amino ac-
ids, it is necessary to calculate the index of amino acid
balance. In the absence of amino acids in the diet, first
of all, the first limiting amino acid is introduced into the
feed to the norm, then - the second, third.

The enrichment of compound feeds with amino
acids of chemical synthesis is effective: DL-
methionine, L-lysine, monochlorohydrate, feed lysine
concentrate, etc.

In the feeding of poultry normalize crude fiber,
which includes cellulose, hemicellulose, lignin and
other compounds. Fiber is necessary for normal diges-
tion, as it forms a certain amount of chyme in the intes-
tine, increases its peristalsis, activates the release of di-
gestive enzymes, which has a positive effect on the di-
gestibility of nutrients. But there are no enzymes in the
body that break down fiber. This occurs mainly in the
blind processes of the intestine under the influence of
enzymes of microorganisms [12].

Animal and vegetable fats are used in poultry
feeding. Their desired ratio in the feed is 1: 1. The
norms of fat intake in compound feeds according to the
recommendations of the Institute of Poultry UAAS are
for young animals raised for meat (%): broiler chickens
1 - 4 weeks of age - 3 - 5, older - 5 - 8.

In feeding birds normalize such macro - elements
as calcium, phosphorus and sodium.

Calcium is involved in the processes of skeleton
formation, egg shells, blood clotting, enzyme activa-
tion, transmission of nervous system excitation and sta-
bilization of cell membrane permeability. Phosphorus
is central to the metabolism and energy of the bird.
Phosphorus deficiency can cause loss of appetite,
which negatively affects the productivity of poultry.
Excess phosphorus reduces the absorption of calcium
and causes excessive deposition in the kidneys, inhibits
the growth of young animals, impairs the quality of egg
shells. Sodium is an integral part of buffer systems that
maintain acid-base balance in the body, regulates water
metabolism, optimizes the environment for the action
of enzymes. Sodium is a calcium antagonist, it in-
creases the permeability of cell membranes. Sodium
deficiency is usually observed in feeds (rations) with
low feed content of animal origin [15].

Trace elements (manganese, zinc, iodine, copper,
cobalt, iron, selenium, etc.) are indispensable factors in
poultry nutrition. As part of many biologically active
compounds - enzymes, hormones, vitamins, they affect
the metabolism and energy in the body of the bird, and
hence its productivity, reproductive qualities and natu-
ral resistance. Trace elements are normalized to 1 ton
of feed. Their content in the components of feed is not
taken into account. In the enrichment of feed with trace
elements, it is important in the form of which chemical
compounds they are used [43].

Standardization of vitamins. Vitamins are biolog-
ically active compounds that are not a source of energy
or a plastic material, but are necessary for the normal
course of metabolic processes in the body of the bird.
The complete absence of vitamins in feeding causes
beriberi with profound spread of metabolism, which
leads to serious diseases and death of birds. In case of
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insufficient supply of vitamins to birds, hypovitamino-
sis occurs, and in excess - hypervitaminosis.

In modern poultry farming, two types of poultry
feeding are mainly used: dry and combined.

Broiler chickens, in contrast to other species of
poultry, have a high growth rate, so from the first days
they need to be fed complete feed, balanced in all nu-
trients [12].

Compound feeds are feed mixtures of plant, ani-
mal, mineral and biologically active feeds. They are
made according to appropriate scientifically based rec-
ipes that provide the necessary combination of ingredi-
ents, efficient use of nutrients and high productivity of
poultry with minimal feed costs per unit of output.

The first 5 - 7 days the chickens are fed pre-start
feed, which includes only good quality feed that con-
tains easily soluble nutrients that are easily absorbed by
the body. Approximate variant of pre-start compound
feed,%: corn - 50, wheat - 24, soybean meal - 14, milk
powder - 12.

Complete feeds should be enriched with vitamins,
trace elements and balanced in essential amino acids.
They are fed without the addition of other feeds [41].

The range of compound feeds TM "Best Mix" al-
lows you to use two methods of fattening with pre-
starter feed and without the use of prestarter feed.

The composition of feed: wheat, corn, soybean
meal, soybean meal, soybean extrudate, sunflower
meal, sunflower meal, corn gluten, limestone, monocal-
cium phosphate, vegetable oil, salt, amino acids: lysine,
methionine.

Starter feed, according to the recommendations, in
100 g should contain: crude protein - 22 g, metabolic
energy - 1298 kJ, fiber - 4 g, calcium - 1.0 g, phospho-
rus - 0.8 g, sodium - 0.3 g , amino acids, vitamins. Fin-
ishing feed (4 weeks of age before slaughter) in 100 g
should contain: metabolic energy - 319 kJ, crude pro-
tein - 19 g, crude fiber - 4.5, calcium - 0.9, phosphorus
- 0.7, sodium - 0, 3 years

As planting density increases, so does the number
of products produced per unit area, but poultry growth
decreases, feed costs increase, and meat quality de-
creases. Front of feeding at dry type of rations for
chickens - broilers of 2,5 cm.

Unbalanced feeding provokes metabolic disorders
and reduced immunity of birds. This, in turn, leads to
the field viruses overcoming the immune barrier, then
the conditionally pathogenic microflora becomes path-
ogenic, and the bird gets both viral and sequential bac-
terial problems.

For birds, water is no less important than food. The
needs of poultry depend on air temperature, diet, phys-
iological condition. Water consumption for watering
for poultry is 0.25 - 0.30 liters per day per head [15, 41].

Ways to improve poultry meat productivity. The
purpose of broiler production is to obtain the maximum
yield per unit area of poultry at minimum labor costs
and material and energy resources. That is why in
broiler production the issues of adjusting the recom-
mended programs for growing young animals in order
to increase the intensity of its growth remain relevant.
At the same time, it is equally important to improve the

meat quality of poultry, as well as to achieve the maxi-
mum economic effect, which justifies the chosen direc-
tion of research.

In the conditions of modern production of poultry
products the development of new technologies and also
separate technological receptions is directed both on in-
crease in production, and on decrease in specific ex-
penses of material - power and other means. Currently,
resource - saving technologies are gaining ground, the
development of which is based on new achievements of
biological sciences and scientific and technological
progress [5].

In the conditions of modern production of broiler
meat the following basic principles are allocated:

- use of highly productive hybrid poultry;

- growing broilers in poultry houses equipped with
tools that provide full mechanization and automation of
production processes and regulation of the microcli-
mate, depending on age, high productivity;

- application of resource-saving technological
methods;

- execution of production processes according to
the technological schedule;

- the use of complete dry feed, which meet the bi-
ological needs of the body of the bird and allow to ob-
tain high quality products;

- strict observance of sanitary and veterinary rules.

One of the decisive factors in obtaining high-qual-
ity meat with minimal feed costs is the optimal time for
raising poultry. From an economic point of view, poul-
try production is more profitable the shorter the grow-
ing time, because at an early age the growth rate is the
highest and the best feed payment. The increase in
broilers with lower intensity lighting is higher, and feed
costs per unit of production are lower [10].

Among the technological factors that have the
greatest impact on poultry productivity should be noted
the density of planting chickens. It has been found that
by regulating the stocking density of broilers it is pos-
sible to increase productivity and economic efficiency
of meat production. Planting density of 20 heads per
square meter.

The efficiency of broiler meat production depends
to a large extent on economically useful traits that con-
tribute to the production of chickens with increased live
weight. Such features are the lowest cost of labor and
feed with a relatively short period of time of poultry.

Meat productivity - the most important economi-
cally useful property of the bird. It is characterized by
the weight and meat qualities of the bird at slaughter
age, as well as nutritional value - the quality of meat.

Meat productivity is the amount of meat and car-
cass components obtained from an animal or group of
animals over a period of time.

Live weight is the main feature that determines the
amount of meat in a bird of any age. Live weight is set
by weighing. It is better to weigh the bird in the morn-
ing, before feeding.

Meat productivity is characterized by live weight,
meat quality of poultry at slaughter age and nutritional
value of meat. White broiler meat contains more than
20% complete protein and only 1-2% fat. The most ef-
fective is the breeding of hybrid poultry in the direction
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of productivity, obtained by crossing specialized lines
of meat and meat - egg breeds. Low feed costs per unit
of growth, meat precocity, high mobility of the industry
are important for the development of meat poultry [11].

Poultry productivity is assessed by the following
characteristics:

- growth rate - an indicator characterized by the
weight of the bird, which it reached at the slaughter age,
or determined by the indicators of absolute, relative and
average daily gain;

- weight - the main indicator used to determine the
amount of meat in poultry of any age to obtain reliable
indicators. Weight is determined by weighing in the
morning before feeding.

When assessing the meat quality of poultry, be
sure to pay attention to:

- weight before slaughter (before slaughter
weight), which is determined after 12 - 16 hours. stay
of birds without food and 4 hours. - without water;

- weight of unharvested carcass (slaughter weight)
- weight of carcass without blood and feathers (water-
fowl - down);

- the weight of the half-gutted carcass - the weight
of the carcass without blood, feathers, head, limbs,
wings to the elbow joint, in which all internal organs
are removed, except the lungs and kidneys;

- weight of edible parts, such as limbs (paws),
head, torso bones, gastrointestinal tract (esophagus,
goiter, glandular stomach, cuticle, intestine with con-
tents, pancreas, gallbladder), fallopian tube, ovary, tes-
tes, larynx, trachea;

- chest muscle weight.

Carcass category is the main indicator that charac-
terizes the quality of meat. It is determined by fatness,
taking into account the development of adipose and
muscle tissue. The main components of the carcass are
muscle, fat, bone and connective tissue, cartilage and
ligaments. Muscle and fat increase the category and nu-
tritional value of meat, while bones and cartilage reduce
it. Significant amounts of adipose tissue reduce the rel-
ative protein content and digestibility of meat, but the
location of adipose tissue in carcasses is important: in-
tramuscular fat is more difficult to separate from meat
than subcutaneous.

As the percentage of connective tissue in the car-
cass that contains defective proteins increases, the qual-
ity of the meat and its taste properties decrease. The
most valuable carcasses in the ratio of muscle and bone
tissue 4 - 4,5: 1 [10, 32].

Poultry meat quality indicators depend on the
composition and properties of raw materials, conditions
and modes of technological processing and storage.
The chemical composition of meat varies depending on
age, fatness, sex, type of poultry feeding and the per-
centage of its constituent tissues. In general, the main
components of poultry meat are the same as the com-
ponents of the meat of slaughtered farm animals: water,
proteins, fats, extractives, enzymes. Because the most
valuable in bird carcasses is muscle tissue.

Water is contained in the muscle tissue in a hy-
drated - bound or free state. Its amount varies between
47 - 78%, depending on the fatness and age of the bird.
As the percentage of adipose tissue and the age of the

bird increases, the water content of the meat decreases
because the main water retention is protein.

Protein forms the nutritional value of meat. Their
content in poultry meat is higher than 20% compared to
other species of slaughtered animals. Because there is
relatively little connective tissue in meat, the level of
complete proteins (myosin and actin) is higher. Protein
in poultry meat contains a complete set of essential
amino acids: in broiler and goose meat, this ratio is op-
timal for the human body. Lipids in poultry meat are
represented by glycides, phospholipids and cholesterol.

Enzymes are used to build tissues, their main func-
tion is plastic. Aspen-reducing enzymes peroxidase and
catalase determine the degree of freshness of meat [11].

Meat productivity of poultry, as well as egg, is a
complex quantitative feature. In addition to the above
indicators characterizing meat productivity, the follow-
ing are important: payment for feed growth, plumage
rate and nutritional value of meat.

Feed costs are an indicator that determines the
economic efficiency of raising poultry. The value of
this indicator is difficult to overestimate, because the
cost of meat production is 70% of the cost of feed.

The plumage rate and growth rate of young poul-
try are inherited qualities associated with the peculiari-
ties of metabolism. Growth rate is a sign that is taken
into account in young meat. The most intensive growth
occurs in the first month of life.

There are significant differences in the growth rate
of the bird depending on the species, breed, cross and
age.

Influence of bird species. Birds of different spe-
cies differ in growth rate, meat productivity, meat qual-
ity. Broiler chickens are widely used in poultry produc-
tion, which are characterized by high growth rate, good
feed payment, they have tender and juicy meat, soft
sternum cartilage. Their meat is characterized by high
nutritional and biological value. Broilers convert feed
protein into food 1.5 - 2 times better than other animals.
Broiler meat is low in fat (12%), while goose meat is
39% fat and duck meat is 38% fat. Broiler fat contains
more unsaturated than saturated fatty acids, it is mainly
found in the skin, not in muscle tissue [10, 38].

Meat birds differ from egg birds in high growth
rates and higher live weight, good meat body shape
(large width, depth, roundness of the body). Their meat
is juicier and tastier.

Influence of sex. Due to the biological character-
istics of each sex, there is a different growth rate of
males and females. Male turkeys are 50% or more
heavier than females, roosters - by 12 - 15%, kachurs -
by 6 - 12%.

Male carcasses are more bony. The number of ed-
ible parts and muscles in females is slightly higher than
in males. Muscle fibers are larger in males and smaller
in females. Male meat has a higher moisture content
and lower fat content than female meat. Female meat is
superior to male meat in protein content. Rooster meat
is less juicy than chicken.

Influence of age. The intensity of metabolism in
birds and the intensity of their growth decreases with
age. Feed costs are directly related to the age of the bird.
With age, the relative muscle mass, carcass and edible
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parts of the carcass increase, and the relative skeletal
mass decreases. As the bird ages, the water content of
the muscles decreases, the amount of dry matter, pro-
tein and fat increases, but the conversion rate of protein
into food protein decreases. With the age of the bird,
the ratio of complete and incomplete proteins in the
meat deteriorates, which leads to biological deteriora-
tion of the completeness of the meat, the amount of un-
saturated fatty acids decreases and the content of satu-
rated ones increases, the tenderness and juiciness of the
meat decreases.

One of the crucial factors in obtaining high-quality
meat with minimal feed costs is the optimal time for
raising poultry.

From an economic point of view, the production
of poultry meat is more profitable with a short period
of their cultivation, as at an early age the growth rate is
highest and the payment for feed is the best [3, 10].

With the age of the bird increases the slaughter
yield (percentage of slaughter weight to live weight of
poultry before slaughter after starvation). However, this
is more related to the increase in live weight than to age,
because when the age of the bird is different, but the
live weight is the same, the slaughter yield does not
change.

The best time to raise young for meat: broilers - up
to 6 weeks, turkeys - up to 17 weeks, ducks - up to 7
weeks, geese - up to 9 weeks, guinea fowl - up to 12
weeks, quail - up to 9 weeks.

Influence of live weight. There is a high positive
correlation between live weight of poultry with slaugh-
ter yield, content of edible parts of the body, number of
muscles of the chest and legs, feed consumption, car-
cass category. As the live weight increases, the fleshi-
ness of the keel, thigh, shin, mass index, and chest angle
increase.

Influence of feeding. The optimal amount of pro-
tein is necessary for intensive growth of a bird. Protein
malnutrition is one of the main causes of poor growth
and increased care of birds. However, an excess of pro-
tein in the diet is impractical, as protein in this case is
not fully used, harms the body, delaying its develop-
ment [33].

Increasing the energy value of feed mixtures con-
tributes to a significant improvement in the quality of
meat. Animal and vegetable fats are used as fatty impu-
rities. Fatty impurities are not only carriers of energy,
but also a set of fatty acids.

Mineral nutrition is important for the normal
growth and development of birds. Excess minerals and
their wrong ratio, as well as lack, causes disease in
birds, delays the growth and use of nutrients in the diet.

Practice impurities in the feed mixture, which con-
tribute to the growth of poultry productivity and im-
prove the taste, smell, appearance, safety of products.
These are enzyme preparations, antibiotics, antioxi-
dants, drugs (for prophylactic purposes), growth stimu-
lants, flavors (to improve feed consumption) and oth-
ers.

Various growth stimulants, antibiotics, and drugs
are eliminated from the bird's diet at least a week before
slaughter to avoid residual meat.

Yellow carcasses are especially in demand. Such
carcasses can be obtained by using yellow corn, grass
flour, especially alfalfa, for feeding poultry.

Influence of the method of retention. When kept
in a cage, the growth of young birds is more intense
than when kept on the floor, the carcasses are fatter.
Broilers with caged content have a live weight at the
slaughter age higher by an average of 10 - 16%, feed
payment is better by 5 - 17%, the yield of carcasses of
category | fattening is higher by 10 - 37% than when
kept on the floor.

Planting density. As the stocking density of poul-
try increases, the number of products per unit area in-
creases, but the increase in poultry decreases, feed costs
increase, and meat quality decreases. The optimal
stocking density of birds is determined by their age,
safety, feed payment, final live weight, meat quality,
yield per unit area [19, 30, 54].

One of the most important indicators characteriz-
ing the meat productivity of poultry is the category of
carcass. The fact is that a live bird is divided by weight
and fatness only into standard and non-standard.

In accordance with GOST 18292-85 "Poultry for
slaughter. Specifications ", a bird intended for slaugh-
ter, is divided into adults and young.

At this time, the largest share in meat poultry is the
production of broiler meat. This is largely due to the
high yield of meat in the carcasses of broiler chickens.

Carcasses of broiler chickens have a very high
yield of edible parts: in roosters it is 82.3%, and in
chickens - 82.7%, including muscle yield - 61.8% and
61.9%, respectively.

Due to the high meat qualities of broiler carcasses,
they can be obtained by deep processing into various
portions, as well as a wide range of products with a high
yield of boneless meat.

The biological value of poultry meat depends on
the quality of protein components, their ability to di-
gest, the balance of amino acid composition. Biological
value is determined taking into account the indicators
of absence of harmful effects, nutritional value, biolog-
ical activity, organoleptic properties [7].

Safety is characterized by the absence of specific
and non-specific toxicity of poultry meat to humans.

The effectiveness of enzyme preparations in poul-
try. Enzymes are protein compounds formed from long
amino acid chains and complex molecular compounds.
Enzymes are specific proteins that act as biological cat-
alysts in metabolic processes in living organisms [15].

All chemical processes in nature occur with the
participation of enzymes. Enzymes are specific pro-
teins that act as biological catalysts in a living organ-
ism. Enzymes, in contrast to hormones, biostimulants
do not act on the body of birds, but on the components
of feed in the gastrointestinal tract, they do not accumu-
late in the body and poultry products. By breaking
down or synthesizing substances, the enzymes them-
selves may not change. They are not part of the final
reaction products, are not consumed in the process and
after the end remain in the same amount. Artificially
added enzymes to feed are eventually digested and do
not accumulate in animals and poultry [46].
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The most important reason for the use of enzymes
in the feeding of farm animals is the fact that they im-
prove the absorption of nutrients in the diet. Despite the
fact that enzymes are produced by animals, the effi-
ciency of the digestive process is very low. The addi-
tion of enzymes to feed increases the efficiency of the
digestive system, reduces unnecessary feed costs per
unit of output, and minimizes the impact on the envi-
ronment by reducing nitrogen and phosphorus emis-
sions from animal feces, which is a significant factor in
improving the environmental situation.

Digestive enzymes, which are synthesized in the
body of birds, are released into the gastrointestinal tract
and participate in the breakdown of feed nutrients into
their simple components: proteins - to amino acids, fats
- to glycerin and fatty acids, starch - to glucose. These
low molecular weight substances can be absorbed
through the mucous membrane and are used by the
body to maintain vital functions and synthesis of prod-
ucts. However, plant foods contain some components
that are resistant to the digestive enzymes of mono gas-
tric. This is primarily fiber and the so-called non-starch
polysaccharides - beta - glucans, pentoses, mannans,
galactans, pectins and others. By increasing the content
of non-starch polysaccharides in feed, they play the role
of anti-nutrients, as they increase the viscosity of
chyme in the digestive tract, complicating the function
of digestive enzymes and absorption of nutrients, create
a physical barrier for enzymes to access carbohydrates,
proteins and fats. morphological structure of the mu-
cous membrane of the digestive tract. To break down
and reduce the negative impact of non-starch polysac-
charides on the body of birds, it is advisable to use en-
zyme preparations [11, 46].

Disruption of membranous crops (barley, oats) re-
duces fiber levels, but does not solve the problem of
beta - glucans and pentosans. Therefore, compound
feeds that contain a high level of such crops also need
to be enriched with appropriate enzyme preparations.

Enzyme preparations - products of microbiologi-
cal synthesis, which contain the main enzyme, a num-
ber of other enzymes and ballast impurities. The use of
enzyme preparations in the diet promotes the break-
down of substances that prevent the utilization of feed,
improves the absorption of starch, proteins, non-starch
polysaccharides, phytate fiber complexes, which are
not completely broken down by the body's own en-
zymes. If enzymes that hydrolyze fiber are added to the
feed, they begin to work in the gut, opening access to
valuable nutrients that would be undigested. In addi-
tion, cereals (wheat, rye, oats, barley and other crops)
contain large amounts of soluble fiber, which is an anti-
nutrient factor, forms a gel in the intestines of animals,
with high viscosity, which inhibits the activity of the
body's own enzymes, absorption processes are more
difficult, the risk of developing pathogenic microbes in-
creases. All these negative phenomena are eliminated
by adding feed enzymes, they accelerate the chemical
reactions of metabolic processes [41].

Preparations that contain enzymes such as amyl-
ase and proteases activate the enzymolysis of starch and
proteins, promotes digestibility and absorption of car-
bohydrates and protein feed.

Enzyme preparations - are products of microbio-
logical synthesis, which contain a complex of enzymes
- xylanase, beta - glucanase, cellulase, protease, amyl-
ase and others. Multienzyme preparations, breaking
down hard-to-reach feed components into smaller frag-
ments, reduce their negative impact on the body of
poultry and increase the energy and nutritional value of
plant feed by 3 - 8%, increase the content of feed com-
ponents such as barley, wheat, wheat bran , peas, lu-
pines. In enzyme preparations, depending on their di-
rection (for the cleavage of which component they are
intended), the main enzyme (or several), such as xy-
lanase or beta - glucanase, has a higher activity, and
there are associated enzymes (eg protease, amylase and
others) - lower. This expansion of the spectrum of ac-
tivity of the enzyme preparation also contributes to bet-
ter digestion of feed. Enzyme preparations can be uni-
versal, ie intended for introduction into compound
feeds containing various plant feeds with non-starch
polysaccharides: wheat, barley, oats, sunflower, soy or
with a predominant focus on individual ingredients.

Enzyme preparations have also been developed to
increase the absorption of minerals, primarily phospho-
rus. In grain feeds, phosphorus is contained mainly in
the composition of phytin complexes and is absorbed
by poultry only by 20-30% [54].

The choice of the type of drugs needs special at-
tention. Enzymes are characterized by narrow specific-
ity and selective action on a single substance or sub-
strate. For example, pepsin acts on proteins of plant and
animal origin, and is inert to fats, starch, polysaccha-
rides, so the choice of enzymes depends on the compo-
sition of feed, the quality of its components. To increase
the effectiveness of the application and achieve the ex-
pected result, it is very important to choose the dose of
enzymes. This should take into account the age of the
bird, the level of grain maturity, the level of metabolic
energy. With an increased level of metabolic energy
relative to the amino acid background, productivity de-
creases during the use of enzymes, and with a slight
deficit of metabolic energy, the use of enzymes will re-
duce the cost of feed, improve feed conversion, in-
crease productivity. Only when changing the wheat va-
riety, the diet of broiler chickens will reduce the energy
value by 80 - 100 kcal per kilogram, and the use of an
effective enzyme preparation can eliminate this nutri-
tional deficiency. Freshly harvested grain creates vis-
cosity problems and leads to reduced bird productivity,
poor health and preservation. To prevent this, it is ad-
visable to increase the dosage of the enzyme prepara-
tion.

We mainly distinguish two groups of exogenous
enzymes. Some enzymes inactivate, break down an-
tinutrient substances contained in feed. Such sub-
stances that reduce digestion, for example, are in wheat
husks - xelan and glucans, the solution of the fraction
of which in water impairs the digestion and absorption
of nutrients. The use of the enzymes xelanase and glu-
canase in Northern Europe and the United Kingdom has
been ongoing for several decades. In Hungary, their use
is mainly justified when the presence of coarse grain
products increases in compound feeds instead of corn.
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The percentage of wheat introduction is growing [1,
46].

Another large group of enzymes are drugs that
contribute to the fact that along with somatic enzymes
completely undigested or only poorly digestible nutri-
ents were also available to animals as well as widely
used in Hungary phytase enzyme, which promotes bet-
ter absorption of minerals, calcium, phosphorus, trace
elements, and those enzymes that break down various
fractions of fiber (cellulase, hemicellulose), helping to
improve the availability of other nutrients. Various ex-
ogenous proteases, lipase and amylase promote diges-
tion of birds, increasing the amount of assimilated nu-
trients.

The new generation of enzyme additives is re-
quired to have its activity calculated per unit of enzyme
protein, if necessary, high; that there was a high enough
stability against heat treatments; to be active under pH-
specific pH conditions and to be stable even at normal
ambient temperatures. Nowadays, there are already
such phytase drugs, which even at a granulation tem-
perature of + 90 ° C show an activity of 70 - 90%. The
use of enzymes in the form of capsules also provides
protection against heat treatment [52].

According to the number of declared activities, en-
zymes are divided into mono-enzymes and multi-en-
zyme complexes, which contain several enzymes that
act on non-starch polysaccharides. The market of feed
additives presents multi-enzyme complexes with dif-
ferent sets of enzymes, each drug is individual in quan-
tity, composition and activity of enzymes, with differ-
ent spectrum of action, which allow to introduce into
the diet of cheap components with higher levels of fi-
ber. A good effect of the enzyme preparation should be
considered its ability to cause sequential enzymatic hy-
drolysis, on the principle of "cascade", when each sub-
sequent enzyme is included in the work after the previ-
ous one. For example, the presence of phytases and pro-
teases in one preparation will provide a consistent
effect on phytates and then on proteins that have been
released from phytatid bonds with phosphorus. An en-
zyme preparation that acts in a temperature range that
coincides with the body temperature of animals and the
acidity of the gastrointestinal tract is considered ideal.
Effective enzymes begin to work in the oral cavity, re-
tain their activity in the acidic environment of the stom-
ach and show maximum activity in the small intestine.
The use of complex enzyme preparations allows to in-
crease the use of sunflower meal in the diets of broilers,
partially replacing it with more expensive soybean
meal and cake, as well as bran, barley, oats with films
and rye [18].

Enzyme preparations are available in powder and
liquid form and are added to premixes or compound
feeds at the same time as other additives. Shelf life -
from 6 months to 1.5 years, depending on the form of
the drug and the manufacturer's recommendations.

Enzyme preparations of various manufacturers,
mainly foreign, are presented on the market of Ukraine.
Approximate norms for the use of enzyme preparations
are from 0.2 to 1 kilogram per ton, depending on the

specific preparation and the content of difficult-to-di-
gest components in the feed. They should be used ac-
cording to the manufacturer's instructions.

According to research by N. Slobodyanyuk [41],
it was found that the use of the enzyme preparation av-
izim in poultry feeding had a positive effect on their
growth and development. This indicates that under the
influence of enzymes in the body of the bird is in-
creased digestibility and absorption of nutrients, which
significantly affects the replenishment of energy and
the intensification of synthetic processes in the body.

When feeding enzyme preparations of the appro-
priate spectrum of action in the gastrointestinal tract of
birds there is an increase in the processes of fermentol-
ysis and microbial fermentation of nutrients (starch,
proteins, fats), increase their digestibility and therefore
increase the background of energy nutrition.

Celosim is used as a feed additive to increase pro-
tein digestibility, starch digestibility, raffinose and
stachyose. The drug is optimal for diets high in corn,
wheat, soy and processed products.

It contains a number of enzymes, the main of
which are:

- amylase - 1000 units / g;

- protease - 5000 units / g;

- endo-1,4-beta glucanase (cellulose) -1700 1U / g;

- endo-1,4-beta xylanase - 500 1U / g;

- a-galactosidase - 20 units / year.

The drug is a light brown powder with a slight spe-
cific odor. In the body due to the action of a complex
of hydrolytic enzymes contained in the drug, reduces
the viscosity of chyme, increases the digestibility of
feed nutrients, reduces the negative effect of anti-nutri-
ent factors on poultry productivity and feed conversion.

The enzyme preparation is non-toxic, has no con-
traindications, does not interact with other substances.

Many years of experience and research in the field
of poultry farming have shown that effective animal
husbandry today is impossible without the use of en-
zyme preparations in different types of diets. Properly
selected enzyme preparation increases the availability
of energy and nutrients in the diet, resulting in in-
creased productivity of poultry [11].

The purpose and objectives of the research are to
study the effectiveness of the enzyme preparation
"Celozyme" and its impact on the productivity of
broiler chickens, for which a scientific and economic
experiment was conducted.

The task was to study the following indicators:

- the effect of feed additives on the productivity of
poultry;

- the effect of the drug on the slaughter perfor-
mance of poultry;

- to investigate the condition of the internal organs
under the action of feed additives;

- calculate the economic efficiency of the use of
enzyme preparation.

Research methodology. The aim of the study is
to study the effectiveness of the use of a new feed ad-
ditive in the feeding of broiler chickens.

Obiject of research: live weight, growth intensity,
slaughter rates, internal organs, enzyme preparation
"Celozyme".
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For the production of this experiment, 100 heads
of broiler chickens of the Cobb cross - 500 four - day -
old were selected. From them on the principle of ana-
logues 2 groups on 50 heads are formed. The duration
of the experiment is 42 days.

The first group - control, the second - experi-
mental. The bird was kept on the floor with free access
to water and feed in accordance with zootechnical
standards for this species, the material for the litter was
sawdust.

The birds of the control group throughout the rear-
ing period received the basic diet (compound feed TM
"West Mix"), balanced according to the norms of feed-
ing.

The experimental group as an additive in addition
to the main diet was fed the enzyme preparation
"Celozyme™" at a dose of 0.015% by weight of feed. The
scheme of the experiment is presented in table 1.

Table 1

The scheme of the experiment

Duration of the | Number of .
Group oeriod, days chickens Features of feeding
1 - control 42 50 OR (complete feed)
2-experimental 42 50 OR + "Celozyme" at a dose of 0.015% by weight of feed

Note. OR - the main diet.

The composition of the main diet: corn, wheat,
soybean meal, sunflower meal, vegetable oil, lime-
stone, monocalcium phosphate, vitamin-mineral mix-
ture, coccidiostatic.

The enzyme preparation "Celozyme" is used as a
feed additive to increase the digestibility of protein, di-
gestibility of starch, raffinose and stachyose. The drug
is a light brown powder with a slight specific odor. The
enzyme preparation is not toxic, there are no contrain-
dications, does not interact with other substances.

Live weight of broiler chickens was determined by
individual weighing each week and calculated absolute,
average daily and relative gains. To do this, we used the
appropriate formulas, according to which we obtained
indicators of live weight of birds.

They recorded the consumption of feed daily, re-
spectively, for the entire period of cultivation.

At the end of the experiment, a control slaughter
was performed, selecting 4 heads from two groups.

The following indicators were determined:

- before the slaughter mass;

- weight and yield of uncoupled carcass;

- weight and yield of semi-gutted carcass;

- weight and yield of gutted carcass;

- the mass of internal organs of various body sys-
tems.

Student's t-test was used to determine the differ-
ences between the mean values. The difference was
considered probable, compared with the control at * P
<0,05; ** P <0.01; *** P <0.001 [39].

Research results. Growth and development of ex-
perimental birds. One of the main indicators that char-
acterize the level of meat productivity during the life of
the animal is body weight and growth energy. In this
regard, the study of the intensity of growth and devel-
opment of the organism, as well as their management
remains relevant in poultry to this day. Growth reflects
the quantitative side of the body's development, is usu-
ally expressed through live weight and average daily
gains. Development, on the contrary, reflecting the
qualitative characteristics of growth intensity, is re-
flected in the exterior and interior of the animal.

The growth of a living organism is a complex pro-
cess that subtly responds to any changes in feeding and
housing conditions. The mechanism of growth is so
sensitive that even the slightest changes in external fac-
tors can lead to changes in the fluctuations of live
weight of an animal or bird.

Live weight is the main indicator of growth and
development of poultry, which reflects the conditions
of feeding and keeping in which broiler chickens are
raised [5].

Feeding the enzyme preparation "Celozyme" to
broiler chickens of Cobb-500 cross during the whole
growing period had a positive effect on the intensity of
their growth. The dynamics of the live weight of broiler
chickens cross KOBB-500 during the experiment is
shown in table 2.

Table 2
Live weight of chickens of broilers of a cross of KOBB-500, (M + m, n = 50)

. Groups

Age of animals, days And-control I1-experimental
1 45,5+0,68 45,37+0,59
7 173,7+10,25 180,6+6,64
14 436,3+21,31 484,3+14,73
21 924,4+32,68 1035,6+27,33*
28 1588,7+39,65 1783,1+£29,50%**
35 2236,2+69,70 2468,1+69,66*
42 2769,4+70,83 3141,2+57,96%**

Note. Probability of difference: * P <0,05; *** P <0.001.
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In the first 3 weeks of rearing chickens broilers of
the 2nd experimental group are not reliable, but pre-
vailed in terms of growth intensity of their peers in the
control group.

From the third week, the advantage in terms of
growth intensity of the 2nd experimental group was sig-
nificant. Thus, broiler chickens at the age of 21 days by
live weight prevailed by 111 g (* P <0,05), which is
11.2%, at the age of 28 days by live weight of the birds
of the experimental group prevailed by 194.4 g (*** P
<0,001), which is 12.2%.

A similar trend was observed at the age of 35 and
42 days, the live weight of the experimental bird ex-
ceeded its peers in the control group by 231.9 g (* P

<0.05), respectively, which is 10.3% and 371.8 g (***
P <0,001), which is 13.4%.

Feed consumption and growth are the two main
features for summarizing the results of the develop-
ment.

To determine the payment for feed in increments
during the entire growing time, the feeding was rec-
orded: the amount of given feed and uneaten leftovers
was taken into account by the method of control weigh-
ing.

Accounting for feed consumption and live weight
gain of the experimental bird allowed to calculate the
amount of feed conversion during the experiment (Ta-
ble 3).

Table 3
Feed conversion by the experimental bird (M £ m, n = 50)
. I'pyna
Indicator Units of measurement 1-control 2-experimental
Total in the group kg 254 270
On one head kg 5,09 5,40
Per 1 kg of gain kg 1,84 1,75

During the period of raising broiler chickens up to
42 days of age in the second experimental group was
spent on 1 kg of gain 1.75 kg, and in the control group
1.84, which is 0.09 kg or 4.9% less.

Thus, the introduction of enzyme additives
"Celozyme™ to broiler chickens to complete feed helped
to increase the intensity of their growth and reduce feed
consumption per 1 kg of growth for the entire growing
period.

Slaughter and meat performance of experimental
birds. The main indicator that characterizes the meat
qualities of poultry is their fatness. Birds of different
fatness differ in the ratio in the carcasses of muscle, fat,
bone and connective tissue.

In well-fed poultry, compared to under-fattened
birds, the proportion of adipose tissue in carcasses in-
creases, the proportion of muscle tissue decreases
slightly and the proportion of bones, cartilage and con-
nective tissue decreases significantly. As the ratio of
tissues changes, the chemical composition of meat for
industrial processing changes. In addition, with exces-
sive fat content of meat deteriorates its nutritional and
culinary qualities, reduced digestibility.

Fattening of poultry, its meat qualities depend on
age, weight, article, breed and direction of productivity.
When assessing the meat qualities of young animals,
the main indicator related to meat productivity and
meat quality is their live weight. Intensively raised and
fattened to high weight conditions, the young are char-
acterized by high overall meat yield and increased meat
content due to well-developed muscle tissue [7].

Young meat has an optimal ratio of protein and fat,
contains high nutritional and dietary properties, is ten-
der, juicy and high taste. Fat is white.

Slaughter birds must meet the requirements of vet-
erinary legislation, the rules of veterinary inspection of
slaughter animals.

The consumer value of meat is characterized by its
taste and nutritional qualities, the yield of edible parts,
the ratio of bones and flesh.

Slaughter yield - slaughter mass to live weight, ex-
pressed as a percentage. It depends on the species,
breed, age, sex and fattening. It is determined by which
parts of the body belong to the slaughter mass.

In poultry, the carcass weight depends on the fea-
tures after carcass processing: in ungutted poultry, it is
the highest, as it includes the mass of bloodless and
plucked carcass with fat, head, legs and internal organs;
in semi-gut - a mass of carcass with fat, but without in-
testines; with complete evisceration, not only blood,
feathers, down and intestines are removed; but also all
internal organs, also the head to the second cervical ver-
tebra, legs to the metatarsus and wings to the elbow
joint.

Gutted carcasses can be with lungs and kidneys,
without other internal organs.

As a result of the conducted researches it was es-
tablished that the tested enzyme additive provided im-
provement of slaughter indicators of experimental
broiler chickens (table 4).

The addition of the enzyme preparation allowed
broiler chickens of the experimental group to have sig-
nificantly (** P <0,01) higher weight of semi-gutted
carcass by 347.3 g or 15.8% and the weight of gutted
carcass by 282 g or 14.3% and slaughter yield by 0.6%.
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Table 4
The results of slaughter of experimental birds, g, M £ m,n=4)
Indicator Groups -
And-control I11-experimental

Pre-slaughter live weight 2788,7+£52.2 3161,5+45,0%*
Weight of half-gutted carcass 2184,7+36,1 2532,0+46,8%*
Entrance % 78,3 80,1
The weight of the gutted carcass 1963,5+27,8 2245,54+54,3%%*
Slaughter yield,% 70,4 71,0

Note. Probability of difference: * P <0,05; ** P <0.01

Thus, to improve the slaughter properties of
broiler chickens cross Cobb-500, it is advisable to use
in feeding the enzyme preparation at a dose of 0.015%
by weight of feed.

The condition of the internal organs under the ac-
tion of feed additives.

In comparison with other species of farm animals,
the bird has a high intensity of metabolic processes,

high ability to absorb and energy efficiency of feed,
which contributes to precocity and high productivity.

In broiler chickens of the second experimental
group, there was no significant difference in the mass
of internal organs (heart, lungs, kidneys, liver, muscu-
lar and glandular stomach) relative to the control group
(table 5).

Table 5
The mass of internal organs at the end of the experiment, (M + m, n =4)
Body Group -
And-control I1-experimental

Heart 12,9+0,97 16,7+0,36
Lungs 19,12+0,22 16,7+0,36
Kidneys 12,52+0,39 10,97+0,68
Spleen 2,60+0,05 2,63%0,09
Pancreas 6,73+0,17 6,14+0,39
Liver 68,0+4,35 65,23+1,22
Muscular stomach (without content) 42,70+£2,12 50,33+3,49
Glandular stomach 8,07+£0.,43 9,73+0,34

Along with this there is a tendency to increase the
weight of the heart by 3.8 g, which is 2.9%, the spleen
by 0.3 g, which is 0.1%, the muscular stomach by 7.63
g, which is 15, 1%, glandular stomach at 1.66 g, which
is 20.5%. Not a significant downward trend was ob-
served in chickens of the second experimental group in
terms of lung weight control by 2.42 g, kidney weight
by 1.08 g, pancreas by 0.59 g and liver by 2.77 g.

In general, the feeding of the enzyme preparation
"Celozyme" does not have a negative effect on the for-
mation of internal organs. The mass of organs is within
physiological norms, which is confirmed by the high
level of growth intensity of birds.

The digestive system of poultry in its structure and
functions is adapted to the reception and digestion of
feed of plant origin. The system of birds' digestive or-
gans consists of the following departments: main (phar-
ynx); anterior (esophagus with goiter, stomach (glan-
dular and muscular); middle (duodenum with liver and
pancreas, duodenum and ileum); posterior (two cecum,
rectum and cloaca).

The main features of the digestive tract of birds:
shortened intestines; weak morphological and func-
tional differentiation of the intestine into departments.

The intestines in birds are relatively short, but the
secretion of bile and pancreatic juice is intense. Bile in
birds per unit live weight is released 7 times more than
in other species. The breakdown of feed and absorption
of nutrients is intense.

The large intestine in birds is represented by only
2 rectums. Absorption of nutrients is carried out almost
along the entire length of the intestine due to the pres-
ence of villi. The two appendages function as organs of
absorption. In the large intestine there is a bacterial fer-
mentation and synthesis of B vitamins, but in very
small quantities, due to which they more often than
other species of animals registered beriberi group B.
Feed through the digestive tract of birds passes for 24 -
36 hours. Fecal masses in birds are excreted with urine
through the cloaca [15].

It is known that the study of the morphology of the
digestive tract of poultry largely determines the pro-
spects for improving the productivity of poultry. The
mass and linear measurements of the large and small
intestines of the experimental birds are shown in tables
6and 7.

In the study of the mass and length of the small
intestine, a significant difference between the experi-
mental and control groups is not observed. In the birds
of the second experimental group, the weight of the du-
odenum increased by 2.1 g. The weight of the jejunum
and ileum decreased by 2.4 g and 0.6 g, respectively.

The use of the enzyme preparation contributed to
an increase in the total length of the small intestine by
12.7 cm, including 12-fold by 4.5 cm, empty by 6.2 cm,
ileal by 2.05 cm.
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Table 6
Mass and linear measurements of the small intestine of poultry, M £ m,n=4)
Indicator Groups -
And-control | I1-experimental
Small intestine (gut mass, d)
12-fold 13,6+1,55 15,74+0,47
empty 41,3+2,82 38,9+1,52
ileal 6,3+£0,74 5,7+0,32
gut length, cm
12-fold 30,5+1,53 35,0+1,82
empty 77,5+4,68 83,7+2,88
ileal 25,3+1,59 27,35+0,59

Under the conditions of the experiment there is an
increase in the mass of the large intestine by 11.1 g, in-
cluding the right blind by 5.6 g, the left blind by 4.9 ¢
(** P <0.01) and the direct by 0.6 g

Studying the length of the large intestine, we
found an increase in the length of the right blind by 1.4
cm, left blind by 3.2 cm and straight by 2.9 cm (* P
<0.05).

Table 7
Mass and linear measurements of the large intestine of poultry, (M £ m, n =4)
Indicator Groups -
And-control | I1-experimental
Large intestine (gut mass, d)
right blind 6,2+0,18 11,8+0,30
left blind 7,3+0,77 12,2+0,32%%*
rectum 6,6+0,37 7,240,75
gut length, cm

right blind 21,1+0,94 22,5+0,74
left blind 17,5+0,74 20,7+0,73
rectum 8,1+0,37 11,0+0,62*

Note. Probability of difference: * P <0,05; ** P <0.01.

Therefore, when using the enzyme preparation at
a dose of 0.015% by weight of complete feed, a positive
effect on the formation of the digestive system of
broiler chickens.

Economic evaluation of research results. In the
production of broiler meat, the issue of adjusting the
recommended programs for raising young animals in
order to increase the intensity of their growth is rele-
vant. In addition, it is very important to improve the

meat quality of poultry, as well as to achieve maximum
economic effect.

The cost-effectiveness of the use of the enzyme
preparation in the feeding of broiler chickens is shown
in table 8.

As can be seen from the above data, the introduc-
tion of the enzyme preparation in the complete feed fed
increased the gross gain and weight of gutted carcasses
by 21.1 kg and 15.8 kg, respectively, compared to the
control indicators.

Table 8
Economic evaluation of the addition of poultry feed additives (M + m, n = 50)
Indicator Group -
1-control 2- experimental
Number of goals in the group 50 50
Saving,% 96 98
Gross live weight gain, kg 132,9 154
Weight of gutted carcasses, kg 94,2 110,0
The cost of 1 kg of feed, UAH 12 12
Additional costs for the drug, UAH - 21
The cost of chickens (age 1 day), UAH 22 22
Feed costs for the whole period, kg 254 270
The selling price of 1 kg of gutted carcass, UAH 56 56
Total cost, UAH 4148 4565
Sales revenue, UAH 5275 6160
Profit from sales, UAH 1127 1595
Profitability,% 27,2 34,9
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The enzyme preparation used in the feeding of
broiler chickens causes an increase in sales revenue by
UAH 885. compared with the control group.

The profit from sales for feeding the enzyme prep-
aration was at the level of UAH 1,595, while in the con-
trol group it was UAH 1,127, which is UAH 468. Less.

The level of profitability of broiler farming using
an enzyme additive was higher by 7.7% compared to
broilers that received only complete feed.

Thus, the results of studies on the effect of enzyme
preparations on growth rate, slaughter rates and eco-
nomic efficiency of broiler meat production confirm
the positive effect of their use.

Conclusions and prospects for further re-
search.

1. On the basis of the conducted researches, the
scientific approach concerning use of enzyme prepara-
tion in feeding of chickens of a cross of Cobb-500 is
experimentally and theoretically proved, its influence
on growth intensity, slaughter indicators and a condi-
tion of internals is studied.

2. Anincrease in live weight of poultry for 42 days
of rearing by 371.8 g (*** P <0.001), which is 13.4%,
and a decrease in feed consumption per 1 kg increase
by 0.09 kg or 4.9% .

3. The experimental group receiving the enzyme
preparation in addition to the main diet had a higher
weight of semi-gutted carcass by 347.3 g or 15.8% and
the weight of gutted carcass by 282 g or 14.3% and
slaughter yield by 0, 6%.

4. When using the enzyme preparation at a dose of
0.015% by weight of complete feed no significant
changes were detected, all physiological parameters of
the digestive system of broiler chickens were within the
physiological norm.

5. The use of the enzyme preparation in the feed
for broiler chickens is economically justified: an in-
crease in revenue by 16.7%, profit from sales by 41.5%
and the level of profitability by 7.7%

When raising broiler chickens on complete feed in
order to increase their meat productivity, we propose to
introduce an additional 0.015% by weight of feed en-
zyme preparation "Celozyme".
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Abstract
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I'padudecknit au3aifH — 3TO MPOEKTHO-XYIOXKE-
CTBEHHAs IEATEIBHOCTD, C MOMOIIBIO KOTOPOH co37a-
eTcs WM HM3MEHSETCS BH3YaJIbHO-KOMMYHHKATHBHAs
cpena, B COOTBETCTBHM C KOHKPETHBIMH 3aadyaMH U
notpedHOCcTsIMI. Ha ceroqusimramii 1eHs rpaduaeckum
JIM3aifHOM TOJB3YIOTCS OOJIBIIOE KOJUYECTBO CIIEKTP
YCIIyT KaK M3AaTeNnbcKas esSTeIbHOCTh, IeYaTh, Tak U
KHHO, peKjiama, 3JIeKTPOHHAass W KOMIIBIOTEpPHAs TeX-
HHKa U Ipyrue 00JIacTH MaccoBOM HHpopManuu. [2]

I'naBHOIi cyThIO TpauuecKoro qu3aiiHa sBIseTCs
CIOCOOHOCTh K M3YYEHHIO HOBBIX HABBIKOB M 3HAHWH,
KOTOpBIE B IAJIbHEHIIIEM ITPeo0pa3yroTCcsl B METO IPO-
EKTHPOBAHMs, U OyIyT SIBISATHCA OCHOBOHM JUIS paspa-
0OTKM IM3aiH-TIpOeKTa. A TaK *e, 3TO CIHOCOOHOCTh
BU/IETh OOBEKT NMPOEKTHPOBAHMSA, U TO, YTO BOKPYT
HETO, MPaBWIBHO CHHTE3UPOBATH M 0000IIATh MOIY-
YEHHYI0 HMH(OPMAIHIO, BBIAENATh TO, YTO NEHCTBH-
TEJIPHO HYKHO Ul peanu3aunuu uzaeu. IlapamnensHo

OLIEHMBATH MPOOJIEMY HIIH 3a]ady, HOCTABICHHYIO Iie-
pen rpadMuecKUM TU3aHEPOM.

Mertonpl POEKTUPOBAHUS B TpadHUECKOM M-
3aiiHe. O0Iue MOHATHS

MeToz —3T0 COBOKYITHOCTD Pa3JIMYHBIX CIIOCOOOB
WM TOPAaKTUYECKUX JEHCTBUM WM TEOPETUYECKOE
OCBOGHHE PEAILHOCTH, KOTOpPBIE CIEAYIOT PEIICHUIO
ONpEeeICHHON 3a/1auu.

Mertoauka B AM3aiiHe — SBIAETCS MPaBUIBHBIM
MOJXOAO0M K peaju3aluy MOCTAaBICHHOW LIeNH, yMme-
HUIO OBICTPO a0CTParupoBaThCs U OLICHUTH CUTYAIHIO,
JUIS pELIeHNs TOCTAaBJICHHBIX 33/1a4, HEOOXOMMBIX JUIs
MOJY4EHHs] Hy)KHOTO pe3yJsibTata. OcOOEHHOCTBIO Me-
TOJa U METOJIOJIOTHH B IU3aiHE CUMTAETCsl HAllpaBJICH-
HOCTb MPOCKTHBIX ICHCTBUI OZTHOBPEMEHHO U Ha IIpar-
MaTH4ecKHe, U Ha XyJIO0XECTBEHHO-3CTETHUECKHE pe-
3yJBTaThl, NPU 3TOM CaMa Hepapxws HaJIeKallux
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YCTaHOBOK U ITyTEH UX pEaTU3allii MOXKET H3MEHUTHCS
B IIpo1iecce padoThI.

[IpennpoexTHbIN aHATN3

IIpoexTupoBaHue — 3TO CIOXKHBIN MpoLecc pa3pa-
0OTKH TU3aifH-TIPOEKTa, KOTOPBII BKIIIOYAeT B ceOs Bce
JTanbl UCCIEI0BAHUS HA TEOPETUUECKOW OCHOBE Ipa-
(uueckoro nu3aiiHa.

Ju3aliH-IpOeKTUPOBAaHUE [ENUTCS Ha JBE CTY-
TICHU: NPEeONPOEKMHYIO U NPOEKMHYIO.

1 [pennpoexTHas

[IpeanpoexTHas cTyneHb IU3alH-IPOEKTUPOBA-
HUSL, ABIISIETCSI TJIABHOM, TaK KaK CBsI3aHa CO COOPOM HC-
TOYHHKOB MH(OpPMAILMH, CPaBHEHHUEM JIOCTOMHCTB U
HE/IOCTAaTKOB aHAJOTOBBIX pEIIEeHHH, CAeTaHHbBIe PaH-
Hee, OIpeIe/ICHHEM BCeX IOTPEOHOCTEH IeIeBOi
ayIUTOPHUU U BO3MOKHBIX CIIOCO0axX pelIeHust ToCTaB-
JICHHOM 3ajauu.

- aHAJIU3 NPEANPOEKTHONW CUTYaIMH, MO3BOJSET
TOYHO OIPEIETNTh 00BEKT MpoekTupoBanus. Ha nan-
HOM 3Tare, IpOUCXOIUT cOOp Bcel JOCTYITHON HH(OP-
Mamu 00 00BeKTe MPOEKTUPOBaHMA. B manbHelnem
CJIe/TyeT BBISBIEHHE (DyHKIIMOHAJIBHBIX CBOMCTB OymIy-
LIETr0 AU3aiH-TIPOEKTA.

- BBISIBJICHHE MIPOOJIEMBI, KOTOPYIO HY>KHO PELIUTh
1 pearn30BaTh BCE MyTH €€ PEILICHUS.

- ompeneneHue LeaeBoil ayauropuu. [ng toro,
YTOOBI peasiu3annsi KOMMYHUKaTHBHBIX (DYHKIUIA TIPO-
[IJla YCHEUIHO, HyKeH aHaJIu3 BU3YaJbHON KyJIbTYpPbI
Jro/Iei, KOTOpPBIM OyJIeT HaIlpaBiIeH IU3aiH-TIPOAYKT.
Taxke crnemyer ompenenuTh NOTpeOHOCTH (HOKYC-
TPyTIbI, BO3PACTHYIO KaTETOPHUIO, BUJ NESATEIbHOCTH,
¥ Ha Koro OyJeT HalpaBieH JaHHBIN JU3aliH-TIPOCKT.

- MOMCK MeTOAOB. IIponCXOaUT MOMCK peanusa-
LIUH METOJIOB, KOTOPHIE IOMOT'YT HCIIOIb30BaTh HOBBIE

WJIeH, HEWTPaIbHO OTHOCSIIHMECS KO BCeM, JHOO HC-
MOJIb30BATh T€ METOBI, KOTOPHIE KPETKO 3apEKOMEH-
JoBasid ce0sl, HO TPU 3TOM MOJIEPHU3UPYS H COBEp-
IICHCTBYS UX.

- pa3paboTka AM3aiH-KOHIEHIIMA — 3TO CBOETO
polia, CO3aHWe W peanu3alus TIIaBHOW Hiew Oymy-
IIETO 3aMBICHA, T. €. TU3AHH-KOHIICIIIH TPOSKTA.

Taxxe MOKHO 3aMETHUTh, YTO Pa3BUTHE JU3alH-
KOHIICTIINN OOBEINHAIOT C «IOTPAHWYHON CHTya-
[HE», KOTOpas TOBOPHUT HAM O TOM, YTO MPEIIPOCKT-
HBII aHAJIN3 3aBEPIIACTCA, U CIIEAYeT MPOSKTHHIN aHa-
3. [3]

Hpyrumu cioBamu, AUM3aiiH-KOHLIENILUS — 3TO pe-
anm3anus uaeu Oy IyIero MpoeKTa, a TakKe orpeaese-
HHUE CMBICIIOBOTO COAEPKAHUSA MIECHHO-TEMATUYECKON
OCHOBBI 3aMBICIIa, KOTOPBIH co3maeTcs rpadudeckuMu
nu3aitHepamu. Boroienne Tu3aiiH-KOHIEHIHH.

Kaxk npaBuno, 3a1aun KOTOpbIE CTaBUTH TIEpE]] CO-
0oli rpaduyeckuii nu3aiiHep, paHee He 3HAs JPYTHX
MPOTOTHUIIOB, IPEATIONIAraeT MHOKECTBO PAa3HBIX BapH-
aHTOB MX peau3alliii — a UMCHHO, ()YHKIIMOHATHHBIX
texHosorui. [lo 3Toil mpuuvMHEe nU3aiH-KOHLENIUS,
paccMaTtpuBas CpaBHHUTENBHBIC TOCTOMHCTBA IMPEIIO-
YKCHHBIX BaAPHAHTOB, POPMYIIUPYET OyAyIINe penieHns
MIPUHITUIIOB PabOTHI.

Taxxe TJIaBHYIO POJib IU3aiiH-KOHUEMUNS UTPAET
U B O0BEKTaX, KOTOPbIE MMEIOT KpYyIHOradapHTHBIE
pasMepsl. B kadecTBe mpuMepa MOKHO MPUBECTH, HO-
BBIA rpadUyecKuil apT-00beKT, KOTOPHIA MOSBUICS B
ckBepe LlentpanbHoro paitona Boponexa. Spkoe rpa-
(udeckoe n300pakeHue, OBLTO PEATM30BAHO IO MOTHU-
BaM MyibTHKa «KoreHok ¢ ymuusl JIu3tokoBa-2» OT
crynnu « Wizart Animation». 9to kpynHoe rpaddurm,
KOTOpPOE TOsIBIIIOCH Ha cepoM OeToHHOM 3abope — Hu-
KHTHHCKOM CKBEpE.

Puc. I- I'pagpuueckuii apm-o6vexm 6 cxkeepe Llenmpanvroeo paiiona Boponesica

MynbTAIIHBI  SIPKU  apT-O0BEKT JIAKOHMYHO
BITHCAJICS B ICTCKYIO IDIOMIAJIKY, ITOIICPKUBAST OOITYIO
TeMaTHKy ckBepa. C CBA3H C 3TUM, MOKHO CJIEJIaTh BEI-
BOJ, METOJ| IWM3aiH-TIPOCKTHPOBAHUS TPaPIIECKOro
Iu3aifHepa MOHOCTHIO YIAJCs, a KOHIICIIIHS, KOTOpast
OpLTa 3aluTaHUpPOBaHA OCyIlecTBHIachk. Heobxommmo
BCE 3TO IS TOTO, YTOOBI:

- KBaTM(HUIIUPOBATh XapaKTEPUCTHKU M CBOHCTBA
caMoro o0beKTa;

- BBISIBUTH BCE BO3MOXKHBIE Tpa)uuecKue U apxu-
TEKTYpPHO-IU3alHEPCKUE CpeAcTBa  (HOPMHUPOBAHHMS
TOTO WJIM UHOTO apXeTHUIla CPeIbl;

- BBIIBUTH OOJIBIIIE ITyTel Habopa ITUX CPEICTB;

- IOCTaBUTh JIM3aMH-KOHIICIIIHIO Ha JalbHEHIIIee
(dhopMHpOBaHHE TOTHOIICHHBIX MOTPEOUTEIBCKUX Xa-
PaKTEpUCTHK Cpesl OOHOBICHHOTO CKBEpA.

["maBHBIN TOCHUT KOHIIETIIINH — CO3IaTh OJIaronpu-
SITHBIE OIIYIICHHUS, 00JIarOpOINTh JAHHOE MECTO.

IlonBoas UTOr, MOKHO CHENATh CIEAYIOIIUN BbI-
BOJI, TIOJIOKEHHUE JU3AH-KOHIIEIIIINH OCYIIECTBISACTCS
4yepe3 CTPYKTYPHYIO OpraHU3aIii0 00bEKTa B TCUCHUU
€ro «ujaeanbHOro» (QopmooOpa3zoBaHus. Takke HO-
BHU3HA U HepCHeKTI/IBHOCTb aBTOpCKI/IX Hpe}momeﬂnﬁ,
3aBUCHUT OT JU3alH-KOHIICIIINH.
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2 IIpoekTHas

IIpoekTHbIN aHAIU3 — 3TO HAIpaBJIEHUE, KOTOPOE
OCYILECTBIIICT peau3aluio Au3aiH-TpoaykTa. [Ipo-
eKTHasi CTYIEHb JN3aiH-TIPOEKTHPOBAHMS OIUCHIBA-
eTCsl CIEeYIOLMMH, dTallaMU:

- copmupoBaHUC (PYHKINOHATBHON CXEMBI 00h-
€KTa IPOEKTHPOBAHMS, KOTOpask ONMPAETCsl Ha aHaN3
TpeOoBaHuil, MpeCTaBIIEMbIH K HEMY C TTO3ULHUIT CH-
CTEMBI «4EJOBEK — 00BEKT», «00BEKT — cpenay. Jlan-
HBII 3Tal SBJISICTCSA HE TOJBKO TJIABHBIM, TAaK KaK Ha
9TOM 3Tane hopMupyercs: QyHKIHOHATIBHAS CXeMa CO-
3maronierocs o0bekTa. Takxke OT ee peanu3anuu OyIyT
3aBHCETh CIIOCOOBI IMPOEKTHON IEATEIFHOCTH M (QyHK-
[MOHAJIbHBIE CBOMCTBA CMOTYT OBITh MPUMEpPAMH IS
KPHUTEPHUEB B OLICHKE Pe3yJIbTaTOB IPOSKTUPOBAHUS;

- mon0Op W aHAJIN3 aHAJOTOB COIVIACHO YK MO-
CTaBJIEHHOH (DYHKIIMOHAJIBHON cxeMe. 371ech HaunHaeT
MPOUCXOIUTE cOOp MH(MOPMALMKM W3 PA3IHYHBIX HC-
TOYHHKOB, Kacalolldecs BBHIOPaHHBIX aHAJIOTOB, a
TaKKe MPOCMAaTPHUBAIOTCS BCEBO3MOXKHbBIE MaTEPHAIIBI,
COOPHUKH ¥ T.IL.);

- pa3pabOoTKa KOMITO3MIMOHHBIX PEIICHNH, SBIIS-
€TCsl CBOETO poJja BU3yallbHBIM ITOUCKOM BOIUIOLICHUS
Jn3aiH-KoHuenuuyu. Ha naHHbI MOMEHT peanu3yercs
MPaKTHYECKOE pPEIIEHHE IPOOJIEMBI COOTHOLICHUS
(hopMBI 1 cofepKaHus Yepe3 BHIOJTHEHHS Pa3IHYHbBIX
3apUCOBOK, PYYHBIX ICKH30B, CO3/JaHHE MaKETOB;

- BBIOOp palMOHATIBHOTO BapHaHTa MPOEKTHOIO
peleHnsl yepe3 aHainu3 KOMIO3WUIIMOHHOTO pPEeIICHHS
LEJIOCTHOCTH U JIAKOHUYHOCTH (OPMBI, M XapakTepa
BCEX €€ JJIEMEHTOB;

- NIpe3eHTalys NPOEKTa, apryMEHTHPOBaHUE 3a-
JYMaHHOH MJIeW ¥ POEKTHOTO PELICHUS;

- 3aKJIFOYEHHE M0 AN3aHH-TIPOEKTY, B TOM 4YHCIIE
orpeeneHne 00bEKTUBHOM OLICHKH.

[enas ciemyromue BEIBOJBI, MOXKHO CKa3aTb, YTO
HpOLECC CO3JaHMs IU3alH-IIPOEKTa, pean3yercs He
TOJILKO B MHAMBU/IYaJbHOM IUIaHE, a M OCYIIECTBIIS-
ercs B paboTe WM Jlaxe TIpyIIe C JAPYTHMH KOMIIe-
TEHTHBIMH MHEHUSIMH B 00JacTH rpaduyecKkoro u-
3aifHa. Takxke BO3MOXKHBI CIIEYIOIINE METOAUKN (op-
MHPOBaHHHU IPOEKTHOT'O IpoLiecca;

— MO3TOBBIE IITYPMBI;
- paboTa B KOMaH/IC;
— OMPOC YYaCTHHUKOB,;

— CEeMHUHAPBHI.

ITonBoast UTOT, BBIIIE CKAa3aHHOIO, MOXKHO CHe-
JIaTh BBIBOJI UTO I'JIaBHOM 3a7aUeil BCEBO3MOKHBIX Me-
TOOUK ﬂHSaﬁH-HpOCKTHpOBaHHH SABIISICTCA B reHepHpo-
BaHHC pa3n1/1qulx Hﬂeﬁ, qTO IIOMOracTt OTBICKATh
HauOosee ymoOHOe mpoekTHoe pemieHue. Ciaeayer oT-
METHTh, YTO MPAKTUYCCKasl JCATEIBHOCTh MO CO37a-
HUIO rpaMIecKOTo AU3aifHa, CO3/IACT BCE YCIOBUS TS
CO3J1aHMsI KaUeCTBEHHOT'O TIPOEKTHOTO Mpolecca u3-3a
YMEHHS TpPaBWIBHO W TPaMOTHO BOCIIOIB30BAThCA
BCEMU 3HAHWIMH, HaBBIKAMH JUIS TPOBEICHUS (DYHK-
LIMOHAJILHOIO aHaau3a 00bEKTA.
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B nmanHO#1 cTaThe paccMOTpeHA POIb PYYHOI rpaduku B 0MHOU M3 HamboJiee HHTEPECHBIX o0acTel rpadu-
YecKoro nu3aiiHa — IU1akate. Ha npumepe nu3aiiH-IIpOSKTHPOBAHUS CEPHU aBTOPCKUX IUIAKATOB PacCMaTpUBa-
ercs crienuduKa NIPUMEHEHUs PyYHOii rpaduky. BriiesieHpl npernMyIecTBa U HEAOCTATKH UCIIONIb30BaHHS Pyd-

HOM rpadMKu IPU CO3IaHUU COBPEMEHHOTO IIaKaTa.
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Abstract

This article explores the role of hand-drawn graphics in one of the most interesting areas of graphic design,
the poster. On the example of the design of a series of author's posters, the specificity of the use of hand graphics
is considered. The advantages and disadvantages of using manual graphics when creating a modern poster are

highlighted.

KiroueBble ciioBa: pyynas rpaduka, Iiiakar, Ju3aiH, rpapuiyeckuil ausait.
Keywords: hand graphics, poster, design, graphic design.

[TmakaT, Kak ogHa U3 CaMbIX peQICKCHUBHBIX 0071a-
cTelt rpadudeckoro An3aiiHa, MPOIOIIKAET COBEPILICH-
CTBOBAThCS Oarofaps BHEAPESHUIO HOBBIX TEXHOJIOTHI
neyaTy, IPUMEHEHHIO U CHHTE3UPOBAHHIO PA3HBIX XY-
JOKECTBEHHO-TpaMUECKUX CpeacTB. PasHOBHIHOCTH
IUTaKaTa pacCMOTPEHBI B Hay4yHbIX Tpynax 0. Epoxu-
Hoit, T. Urommunoii, H. BaOypunoii, E. ['munaTepHHK.

Bo Bpems nepeuns0ObiTka uHbopManuu 00prda 3a
BHUMaHHE 3pUTENS YCHIIMBAETCS; SMOLMOHAIIbHAS pe-
aKIUs MOTPEOUTENs] Ha CIPOSKTHPOBAHHBIH OOBEKT
noOyxnaer qu3aiiHepa npuoeraTb K HOBBIM rpaduye-
CKUM TIpHEMaM B JH3aHH-IIPOCKTUPOBAHNUH, a TAKXKE K
CO3JJaHUIO SAPKHUX U BBIPA3UTENbHBIX 00pa3oB. [lmakat
KaK MCTOYHUK MH(OPMAIMN TOJDKEH OBITh JIAKOHWY-
HBIM ¥ TOHATHBIM. llepenaua HyKHBIX HAEH B COBpe-
MEHHOM IIJIAKATE OCYLIECTBIIETCS C IIOMOIIBIO (hOTO-
n300pakeHnid, (OTOKOJUIAXKA, KOMIIBIOTEPHOH Tpa-
¢uxy, WpuTOBBIX KOMITO3HLMHA, pYYHOU TpaduKy.

CTOUT OTMETHUTb, 4TO pydHas rpaduka MOXKET
Jieyb B OCHOBY Pa3pabOTKH JU3aifHa HE TOJBKO IljIa-
KaTa, HO W YNAaKOBKH, THKETKH, MOJUTpadUIecKoin
MPOJYKIUH, 00JI0KEK KHUT M JKYypPHAJIOB, CyBEHUPHON
NPONYKIMK M T.O. AKTYalbHOCTh PAacCMOTPEHHOMN
TEMBI ONPEe/IeNISICTCs BAXKHOCTBIO TPUMEHEHHS PYYHON
rpad¥KH KaK KJIF0YEBOr0 KOMIIOHEHTa 000TaIlleH s CO-
BPEMEHHOT'O TUIAKaTa B YCIOBUAX BCEOOIIEH KOMITbIO-
Tepu3anyi. B HBIHEIIHUX YCIOBUAX YK€ HEBO3MOKHO
UTHOPHPOBATh MUPOBBIE TEHACHIUH B 00JIACTH TEXHO-
noruii. YemoBedecTBO yxe He 00X0AUTCS 6€3 KOMIThIO-
TEepPHOU TEXHUKH KaK B OOBIIEHHOM )KM3HH, TaK U Ha pa-
60unx mecrax [4]. PacpocTpaHeHHBIM SBISIETCS MHE-
HUE, 4YTO KOMIIBIOTEpHAas Tpaduka BCE OoJbIIe
3amMelnaer py4nyr. OJHako Ba)XHO IIOMHUTb, YTO pa-
0oTa Hax TUIaKkatoM 0e3 IMPeABAPHUTENILHOTO IMPOEKT-
HOTO 3CKH3a, TI0MCKa HJEeH CHadana OT PyKH, yBiede-
HHE KOMIIBIOTEPHON I'padHKOil B HCKYCCTBE IIaKaTa
MOXET NPUBOJUTH K IAOIOHHBIM PEIICHUSM.

BosHukaeT Bompoc, KakuM 00pa3oM JydIle MpH-
MEHATh pyuHylo Tpaduky? KommbroTep mo3BOISIET
TOYHO W Ka4eCTBEHHO 00paboTaTh W aJalTHPOBATH

3TOT BUA IpaMKH B MPOCTPAHCTBO IuTakaTa. Couera-
HHE WITIOCTPAIMH, BHITIOJIHEHHBIX BPYYHYIO Pa3HBIMHU
MaTepHaJlaMH - OT TYIIH, K IIPHUMeEpy, 10 aKBapelu, ¢
Tunorpadukoi, 06paboTka u COeTUHEHNE UX B rpadu-
geckux pegakropax (Photoshop, [llustrator, Corel) mo3-
BOJIIET MTOOUTHCS B COBPEMEHHOM ILTaKaTe OOJIbIIeH
OPUTHHAIBHOCTH, caMOOBITHOCTH. Co31aBas Py4YHYIO
rpaduKy, BaKHO HE TOJILKO BBIOpATh rpaduyeckuii Ma-
Tepual, HO U y4eCTh XapaKkTep ero HaJIOoKeHHs, (ak-
Typy Oymaru [2].

[Tpn ymenoM HCTIOJIb30BaHUM PYYHOH rpadviKu B
IUTAKaTe JOCTUTAETCS OIIyIIeHNE IPUCYTCTBHS aBTOpa
B paboTe, yCHIMBAETCsl HETPHBHAIBHOCTH 0Opas3a
CTETICHb BO3JCHCTBHS Ha 3puTeist. Pydnas rpaduka B
COBPEMEHHOM IUIAKaTe 3aBUCHT OT MAacTEpPCTBA U yMe-
HUSI JU3aiiHepa-aBToOpa, a TAKXKE OT CTOSIIUX Iepen
HUM IIeJiel ¥ 3a7a4, TEXHUKH, B KOTOPOit OHa Oy et Bo-
IUIOIIEHA.

B mnakarax coBpeMeHHBIX rpaduueckux au3ai-
HEpPOB HaOIIOAAETCS CMEIIEHHE PyYHOH U KOMITBIOTEP-
HOH rpaduku, ¢ ynopom Ha nepsoe. JInana JInako —
¢buHCKMIT tu3aitHep u wiumoctparop, Jxymus [apoun
— WTaNBSHCKUHN rpaduyeckuii qu3aiiHep U WILTIOCTpa-
TOp, a Takxke AusaiiHepsl Mapuoc Kananuc, Barapy
Vouma — B NpoeKTax BCeX 3THX JIOJei TPOCIeKH-
BaeTCs TEHICHIUS UCTIONBb30BAaHMS PYyIHOH TpauKu, B
TOM YHCJIE, B IUTaKaTax. Y KaKJ0ro U3 HUX CBOM CTHIIb,
UX AW3aiiH OTIMYAeTCs APYT OT Apyra, HO 00beANHSET
UX UCKITIOYUTENbHAS SPKOCTh U HETPUBHAIIBHOCTH TIOA-
X0Jla, JOCTUTHYTHIC ITyTeM MPUMEHEHUS PYYHOH rpa-
¢uku. VX mmakatel HecyT B ce0e ncuepIbIBaoIIee Co-
oO1ieHne, crnocoOHb! YUBISITE 00Pa3HOCTHIO dJIEMEH-
TOB H IeJIECO00Pa3HOCTHIO IPa)UICCKUX MTPUEMOB.

ITpumMepoM UcnOIB30BaHUS TAKOTO BUIA XY I0%Ke-
CTBEHHO-TPa(MUECKOTO CPEJICTBA MOKET CIY)KUTh aB-
TOpcKasi pa3paboTKa CepHH IUIAKaTOB, ITOCBSIICHHBIX
apr-BbicTaBke «[IpoBunIms». Cepust omkHa ObUIa CO-
cTOATH W3 3-X IIakatoB. Ha pucyHke 1 mpezncraBieHa
pyuHas TpaduKa, BEIIOTHEHHASI 9ePHO TYIIBIO, CYyXOH
KHCTBIO M MapKEPOM.

Pucynox 1. [Ipumep pyunou epaghuxu ons 6yoyuseti cepuu RIAKAmMos
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Pasmep murakaros - ¢opmara ot A3 mo Al, mo-
9TOMY CIEAYIOLIMI Iar — CKaHWPOBAaHHE WILIIOCTpa-
LM ¥ IepeBO/I Py4YHOU rpadKu B BEKTOP (PUCYHOK 2).
OTO TO3BOJMIIO COXPAaHHTh XOpOIIEEe KauecTBO MpPHU

-

MacIiTabupoOBaHUM PHUCYHKA JHOO €ro yMEHBIICHHH.
Jns aToro moHamoOwsics TpaduuecKkuid pemakTop
CorelDraw.

Pucynox 2. Ilepesedennoe 6 sexmop uzobpasicenue

Hcnonp3oBanue B BEKTOPHO# rpaduke 4epHO-Oe-
JIOH MaJMTPBl YacTO SIBISETCS MOIIHBIM CPEICTBOM
KOMMYHHUKAIIMH, HECMOTPSI HAa KaXYIIYIOCS IPOCTOTY
[1]. Heo6xoaumo OBLTO BHECTH B CEPHIO MIHUMATBHOE
KOJIMYECTBO CUMBOJIOB, CO3/IaTh «HACTPOCHUEY». MeTa-
(dopa — BaXXHBIH JJIEMEHT B CMBICIIOBON KOHLISTILIHU
miakara [3]. [Toaromy OBLTO pelIeHO BHECTH YXKeE TO-
cie o6paboTku B TpadudeckoM pemakTope pydHOH
rpaduKy JOTOJHUTENEHBIH dJIEMEHT, KOTOPBIH Oyner

ArT-smcTABKA APT-sMCTARKA

s 18-00

Il »

aKIIEHTOM U cJieaeT 00pa3 3aKOHYSHHBIM (PUCYHOK 3).
KpacHblil Kpyr OIMLIETBOpSET COJHIE, KOTOPOE IpH-
JlaeT M300paXEHHIO OIIyIIeHHe TpeBord. B To ke
BpEMsI 3TO €IMHCTBEHHOE SIPKOE IISITHO Ha (hOHE CEporo
MIPOBUHIIMATIBHOTO TTeH3axa.

KoMno3unnoHHBId TIEHTp — CTHIM30BaHHOE
n300pakeHNe MPOBUHIMAIEHOTO TOpona. BHuManme
3pUTENA 00pameHo K IeHTPY.

APT-BMCTABKA

I
8
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Pucynox 3. Ilepesedennoe 6 sexmop uszobpasicerue

HatineHHbIil TakOHMYHBIN TUTaKaTHBIN 00pa3 Mo-
JKET UCIIOJIB30BATHCA HE TOJIBKO B ad)I/IHIaX cranaapT-
HOTO pasMe€pa, HO U Ha TPAAWMIHUOHHBIX HOCHUTEIIAX:
TEKCTHIIb, CYMKH, PEKIaMHBbIC OaHHEPHI, OTKPBITKUA H
T.I.

K momoKuTensHBIM CTOPOHAM MPUMCHEHUS Pyd-
HOW TpapyKU MOKHO OTHECTH U BEPOSITHOCTH TIPOTIOP-
[MUOHAEHOTO COYETaHWs BO3MOXXHOCTH TBOPYECCKOH
peai3aIuy ¢ IEIOBBIM HHTEPECOM. MHOT03TatHOCTh
TIEPEeBO/Ia PYIHOH TpadyKH B BEKTOP SBISETCS OCOOCH-
HOCTBIO TPUMEHEHHS TaKOTO XYJOXKECTBEHHO-Tpadu-
YECKOT'O CPEeACTBa, BeIb YeM OOJbIe JeTaneil comep-
JKUT PUCYHOK JJIs1 OyIyIIero rmiaKkara, TeM CKpYyITyie3-
HEll HYXHO «OTpHCOBaTh» u300pakeHne. OmHAKO
pe3yapTaT OyAeT CTOMTh NOTPAYCHHBIX YCHIIHIL.

IMoxbop mpudpTa B couetanuu ¢ rpadukoit
OCJIOXKHSIETCSl CTWJIEM, B KOTOPOM OHa BBIIIOJIHEHA.

AHanu3 HEMOBTOPHUMBIX OCOOCHHOCTEH CTHIIS HILTIO-
CTpalyu U noa0op mpUQTa MOX0KEro HauepTaHus pe-
mraeT 3ty npodiemy. K mpumepy, Koria KapTHHKA CO-
CTOMT TOJILKO M3 MPSIMBIX TOPU30HTAJIBHBIX WM BEPTH-
KaJbHBIX JIMHUH, TO U MPUPT el moadupaercst Takoi
Ke «IpAMONMHENHHBII». [IpoosrKast 3Ty MBICITb, CTOUT
OTMETHUTbh, YTO B TaKHX pabOTaX MOXET MPUCYTCTBO-
BaTh IMOYEPK aBTOPA, XOTS HE BCETA 3aKa3UHMKY HY>KHO,
9TOOBI 3TO YHTATIOCH B padboTe. CremyeT MOMHHUTE, YTO
py4Has rpaduKa B paMKax AW3AiH-TIPOEKTHPOBAHMS
IUTaKaTa OyIeT onpeaensaThes ero pyHKIuen (aruramm-
OHHas1, HH(pOpMaIMOHHAs, peKJIaMHas U T.1I.), MaTepH-
aJioM, CII0COOOM €TI0 M3TOTOBJIEHHUS.

CrenoBaTenbHO, CMETbIM MOAXO K CO3JaHUI0 U
WCIOJBb30BaHNE PYUYHOH rpadukm gemaetr 6orade Tex-
HUKY JU3aiH-IPOCKTUPOBAHUS IUIAKaTa, IPUAAET I10-
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cleHeMY OOJBIIYI0 AMOIMOHAIFHOCTD, BBIPA3UTEINb-
HOCTb. 1 mo-1ipexxHeMy pUMeHeHHe Takol rpaduKu ¢
MOCJICIYIONIEH KOPPEKTUPOBKOH B rpaduvecKkux pe-
JTAKTOpax OCTACTCs aKTyaJbHBIM B paOOTE COBPEMEH-
HBIX IU3alHEPOB.
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Abstract

The article considers three-dimensional space as an innovation during the proto-Renaissance and Early Re-
naissance, a novelty in the context of painting at the change of cultural and historical epochs, and the introduction
of a completely new approach to illustration, which played a key role in establishing the main techniques of modern
painting. Techniques of Florentine and Sienese artists have a place in the structuring of contemporary art, acting

as a base and example for the image of the integrity of the space-time work.
Kiro4ogi ciioBa: nepcriektiBa, TpuBUMipHE 300paxeHHst, npocTip, [Iporopenecanc, Panne BinpomkeHHs.
Keywords: perspective, three-dimensional image, space, proto-Renaissance, Early Renaissance.

In the Italian culture of the XIII-XIV centuries,
against the background of still stable Byzantine and
Gothic traditions, features of the new art of the future
began to appear. The discovery of perspective marked
a new stage in painting and became a key feature of the
proto-Renaissance and early Renaissance. Modern
painting is impossible to imagine without the influence
of the greatest artists of the Renaissance. This work is

a recognized classic, and it will always exist in the sub-
conscious of artists of our days. It was during the Re-
naissance that most of the unique works of art appeared,
of which painting is a part, and especially painting by
masters of the Italian school.

Given the relevance of the techniques of the
school of Florence and Siena and their exemplary as-
pect of the work of modern artists, it is advisable to
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study the specifics of building a three-dimensional
space, the space of the picture, and the space of the
viewer. Development and modification of space on the
example of paintings by artists in the aspect of the de-
velopment of the proto-Renaissance and Early Renais-
sance. The focus is on the ideas and methods of artists
" work, their immersion in the depths of the real world
in search of the laws of harmony and beauty, the de-
scription of many artistic forms expressed not only in
secular painting but also in religious stories.

Among scientific studies, the theme of space and
perspective in Proto-Renaissance and Early Renais-
sance painting is relatively popular. As a rule, the paint-
ing of the present era is considered from a departure
from religiosity, a course to strengthen realism in crea-
tivity, and so on. Larkova M. L., an art critic, and pub-
licist, considered the problem of space development in
visual art in the figurative and compositional aspect in
Antiquity (Ancient Greece and Rome) - the middle
Ages (Byzantium) - Italy (from the Romanesque era to
the High Renaissance). The author reveals the specifics
of the artistic space of these periods, as well as identi-
fies common features that emphasize their connection
and some continuity. The change in the artistic space,
which response to the process of changing the
worldview of society, and the emergence of new cul-
tural trends, expressed in the emergence of new com-
positional techniques, means of expression, techniques,
etc., Played a major role in the development of fine art.
Artist and art theorist Genen L.F. in "the Language of a
painting", he described the spatial and temporal integ-
rity of a painting, its materiality, and chiaroscuro, start-
ing with primitive painting. Tumanov I.N. in his work
"Morphological foundations of form formation in art
and their significance for the manifestation of the phe-
nomenon of the interaction of synthesis and symbiosis
of arts" writes about the genetic basis of interaction and
synthesis of two-dimensional and three-dimensional
arts. Also, developments on the subject of a painting of
the studied era are present in the works of Borisovskaya
N.A. "encyclopedia of painting" and Kuzmina N.T.
"History of foreign art", where the Florentine school of
painting is considered.

The discovery of perspective marked a new stage
in painting and became a leading feature of the proto-
Renaissance and early Renaissance. If in the Middle
ages the artistic method was built on the reverse per-
spective, when the scale of each image depended on the
degree of its significance for understanding the inner
meaning of the whole (that is, eternal truths), the art of
the Renaissance sought to provide a vision that covers
the space as a whole. This led to the discovery of per-
spective (first linear, and then aerial) when there is a

single point of view from which the entire composition
is perceived.

Changing the method of representation. The mid-
dle ages required an understanding of the language of
symbols (which had a centuries-old tradition through
which art was understandable for the chosen), while in
the Renaissance it was addressed to anyone who saw
and understood the beauty of the world and man. The
language of art became understandable to the masses.
There is an atmosphere of aestheticism and the Renais-
sance is called the” Golden age " of European art. Ital-
ian painter and architect Giotto di Bondone was the first
representative of the proto-Renaissance era, which
originated in the late middle ages in Florence. The mas-
ter's works laid the foundations of Western art and
demonstrated a new technique for depicting perspective
and space, which was taken up and developed by the
famous representatives of the Renaissance Leonardo da
Vinci, Michelangelo, and Raphael. The artist enriches
the painting with the art of chiaroscuro, which makes
the figures appear as three-dimensional, relief. It intro-
duces elements of landscape and linear perspective. In
different genres, one can feel the realistic beginning,
and Giotto is called the founder of the realistic direction
in the art of the Renaissance. In this regard, it is inter-
esting to compare the Byzantine icon "the Resurrection
of Lazarus" (Fig. 1) and the fresco of the same content,
painted by Giotto in the Scrovegni Chapel (Capella del
arena) in Padua in 1303-1305 (Fig. 2). The iconography
of these works is almost identical. The authority of By-
zantium at that time was still very great, and many Byz-
antine icons served as models for European artists when
painting religious paintings. Both in the icon and Giot-
to's fresco on the left, we see Lazarus 'sisters Martha
and Mary kneeling at the feet of Jesus, a man who is
removing the stone roof of the tomb where Lazarus'
body is located, and people standing nearby, some of
whom are holding their noses with a handkerchief, be-
cause the body is four days old. The icon is evenly lit
with traditional icon slides that represent space and the
body of Lazarus in a dark frame that symbolizes hell.
Giotto's fresco depicts the hill where Lazarus ' body
was buried and rebelled, and the landscape: against the
dark blue sky, trees with green crowns are visible on
the hill. This is an obvious attempt to convey the spatial
depth and distance of trees. What Giotto created can no
longer be called an icon. This is a picture. And in this
picture, the landscape is plausibly depicted. In the way
the landscape is depicted in this painting, what will de-
velop in European fine art, and, centuries later, will be
called realism, is born.
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the Byzantine icon "The resurrection of Lazarus" and "The resurrection of Lazarus" by Giotto di Bondone.

Instead of depicting the saints as solemn, statu-
esque, heavy, motionless figures, usually painted in full
face, Giotto began to show them without idealization,
as people moving in real earth space and living in earth
time. A fine example of this is the fresco "Saint Francis
preaches to the birds" (Fig.3). We can see Saint Francis
from the outside. He is bent over, and his faces and eyes
are turned towards the birds that are on the ground be-
fore him. This is a living person, outside of Wich,

whose attention is not directed to the viewer, but the
object of his care-the birds. It is noteworthy that Giotto
was able to show how the birds listen carefully to Fran-
cis. Outside of Saint Francis is natural, his hands are in
motion - he gestures, and his movements are directed
towards the birds. This depiction of the Saint was a very
bold and innovative act.

Fig. 3 "Saint Francis peaches to the birds" y Giotto di Bondone.

No less impressive is the fresco "Return of Joa-
chim to the shepherds" (Padua, Capella del arena, 1303-
1305) (Fig. 4). the Rock and sheep behind the shep-
herds are placed and painted so that we feel the depth
of three-dimensional space. This, of course, optic illu-
sion — painting (fresco) is two-dimensional and appar-
ent to us three-dimensional space it is the result of a
visual effect that gives the image of objects, their sizes,
and their relative location on the plane. The impression

of the volume of bodies and objects is achieved by ap-
plying the technique of light-and-shadow modeling,
which at that time was just beginning to be mastered. It
was thanks to Giotto that freedom in depicting the poses
of people and animals in their natural movement was
born in European art. In frescoes on the wall plane, in
two-dimensional space, Giotto was able to convinc-
ingly show the three-dimensional space of the world in
which earthly life takes place. Thus, the space of the
picture became deep, three-dimensional (Fig. 5).

Fig. 4, 5. "Retijrn of Joachim to thé“éhepf;érds" by Giotto di Bondone; the space of the picture and the space of
the viewer. Giotto recreated a deep three-dimensional space on the plane.
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The meeting of views is perceived by us as a meet-
ing of two spaces — the space of the viewer and the
space of the picture. The viewer's eye and the looks of
characters sent in opposite directions, so the space of
the viewer and picture space are perceived as two dif-
ferent, separate spaces. And in this aspect, Giotto found
a completely new, unusual, and bold technique in the
visual arts. Let's look at the mural "Mourning for Jesus
Christ" (Padua, Capella del arena) (Fig. 6). We see the
Madonna bending over the face of the dead son, and
many others mourning at the Body of Christ. It is strik-
ing that the two in this mural are depicted with their
backs to the viewer. When depicting scenes with people
in Europe, it has become common to use such a com-
position structure, in which the faces and views of the
people depicted in the picture space are turned towards
the viewer (or parallel to the viewer's space). This is
shown schematically in the figure (Fig. 7). This makes
a very special impression on the viewer. They are de-
picted with their backs to us, looking in the same direc-
tion as we are Iooklng. Thus in the space of the mural

and in the space of the viewer, all views are coordinated
and combined in a circular view. Psychologically, it is
because of this that we feel that we are not only specta-
tors but also participants in what is happening. A sim-
plified conventional scheme of this mural is shown in
the figure. the Direction of the viewer's gaze and the
people depicted with their backs to us is the same. The
space of the picture space and the viewer becomes in
our perception share a single space to building in the
fine art of common space, unifying the picture space
and the space of the viewer, will seek many artists of
subsequent ages. Art theorists will search for and jus-
tify appropriate artistic techniques.

The technique of constructing the composition of
the fresco "Lamentation for Jesus Christ", found by

Giotto, which allowed the viewer to feel that they are
in the same space as the characters of the painting, adds
another facet to the rich finds and discoveries of the
work of this innovative painter.

Fig. 6, 7. "Mourning for Jesus Christ" byGotto di Bondone; Simplified scheme of the fresco "Mourning for Je-
sus Christ" the space of the viewer and space of the picture-a single space.

The fresco "Annunciation to Saint Anna" (Fig. 8)
is of particular significance in this sense. the fresco
shows the interior of Anna's house, depicted geometri-
cally correctly in axonometry. Giotto did not allow
himself to refuse the image of the building - the house
in which the Annunciation takes place is also painted.

But to show both the house and the interior, Giotto
had to "cut off" the front (closest to the viewer) wall of
the house and open the interior. Particularly noteworthy
is the fact that the size of the depicted objects (benches,

chests, and others) we can judge the size of the room.
_ﬂ

The squares into which the ceiling is divided enhance
the impression of the depth of the three-dimensional
space of the room.

This painting by Giotto gave rise to the most im-
portant method in the history of art and science-the
arithmetic of space. Since then, it has been used to di-
vide the three-dimensional space depicted on the plane
at the level of "single" shares, the possibility of which
was indicated by the division of the ceiling of Anna's
room into squares. Later this method received fruitful
development in art.

I

—'i"—‘— -

/
I

S el

=S
Fig. 8, 9. "Annunciation of Saint Anne" by Giotto di Bondone; the direction of the viewer's views and the charac-
ters in the picture (diagram).

Here it is appropriate to recall the artist and scien-
tist Piero Della Francesca, a representative of the Flor-
entine school of painting, in whose works and paintings
the techniques of constructing three-dimensional space
were scientifically justified and widely developed. He

is rightly considered the father of descriptive geometry.
The image in the painting Piero Della Francesca built
as "the intersection of the cone of visibility with the pic-
ture plane". On the" picture plane " in the painting is
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reproduced by the depicted objects. Consider his paint-
ing "The Flagellation of Christ" (Fig. 10), in which the
artist uses a linear perspective as a means to enhance
the emotionality of the action. The artist was alien to
any external manifestation of passion. In the picture,
everything is quite measured, but still “flagellation”
stands out from other works of the master by the pres-
ence of an element of drama in it - only an element,
because contemplation is the basis of this work. On the
one hand, the scene of flagellation is placed in the depth

of the portico, the foreground is occupied by three qui-
etly standing figures. The measured rhythm of the com-
position is determined by the horizontals and verticals
of the architecture. Only one executioner is represented
in the movement. But on the other hand, the master uses
the dynamic possibilities of linear perspective as in no
other painting, and therefore this painting finds an emo-
tional effect that is not present in other works. | would
like to highlight the opinion that Piero Della Francesca
deliberately uses a linear perspective to create a certain
shade of dramatic mood.

Fig. 10. «The Flagellation of Christ by Piero Della Francesca.

In Piero Della Francesca, the role of light, which
envelops figures and objects and spreads in the space
itself, becomes of great importance. Depth in other art-
ists paintings can be measured by the ratio of scale and
proportion, or by the reduction of architectural lines.
Here it is interesting to find out what role linear per-
spective played in the work of a master who knew it
perfectly. One of the most significant works of the artist
is the fresco cycle in the Church of San Francesco in
Arezzo. The fresco "meeting of Solomon with the
Queen of Sheba" shows two episodes: in the left part,
the action takes place in the open air. Approaching the
Palace of Solomon, the Eastern Queen kneels before a
piece of sacred wood, guessing its mysterious fate. In
the right part of the action takes place in the hall of the
Palace. Surrounded by Solomon's courtiers, the Queen
bows in greeting to the king. Figures and objects are
interpreted generically and are close to the front edge.
Wipper says that Piera Della Francesca avoids breaking
through the wall with the illusion of an imaginary
space, "on the contrary, he seeks to preserve the integ-

Fig. 11. "Meeting of Solorﬁon with the Quen of Sheba'

composition in broad, solid masses, placing the figures
exclusively in the foreground and unfolding their
movements past the viewer. The artist does not refuse
a spatial solution, moreover, most often he depicts a
space of great depth. In the scene "Meeting of Solomon
with the Queen of Sheba™" (Fig. 11), the action takes
place in the hall of the Palace. Horizontal beams and
vertical pilasters and Columns limit the space, create
compositional divisions, thereby creating a kind of or-
nament. However, this could lead to the negation of
space, and Piero Della Francesca breaks the correct pat-
tern of the horizontal and vertical lines with a diagonal
beam and thus creates a minimum of the necessary pic-
ture field for the figures. Perspective plays the role of
auxiliary means. The artist uses it only in these frescoes
when there is a danger of space disappearing. He does
not use it if he is painting a landscape from behind, in
which case space is built with black-and-white transi-
tions; if he is depicting the interior, he also uses per-
spective very carefully, while the perspective reduction
is shown only in the upper part.

e T o R

" by Piero Della Francesca.
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To sum up, we can say that the spatial composition
of the period under consideration reached a three-di-
mensional image of figures due to the strict observance
of geometric proportions of perspective, working with
light and shadow. The Florentine school of painting
was the center of the spread of aerial perspective among
painters and became the base for the next generations,
in particular representatives of the High Renaissance.

Having analyzed the works of the creators who
gave rise to a new approach to creating a composition
in painting, it is advisable to consider the problem of
the phenomenon of space in art. The construction of
space in the picture is not only for optical purposes but
also serves to create the illusion of depth. Perspective
effects can have a much deeper aesthetic impact, create
a certain rhythm, enhance the action, dramatize, and
evoke certain emotions and moods. In this sense, for
example, you can compare the effects of straight and
oblique perspectives. The solemn, perfectly elevated
tone of the composition of Raphael («the school of Ath-
ens») and Leonardo («the last supper») is largely sup-
ported by the fact that the space of their paintings is
built on strict principles of direct perspective. In Leo-
nardo’s «Last supper» a long table is placed completely
parallel to the plane of the picture, and the point of con-
vergence of all outgoing lines is in the very center of
the picture, in the eyes of Christ, or, more correctly, in
the infinite distance behind his head. This harsh sim-
plicity of the background and its perfect calmness all
the more highlight the dramatic intensity of the event
taking place in the foreground. On the contrary, the
oblique perspective sharply contradicts the spirit of the
Renaissance, and therefore this technique becomes
most popular in periods whose style is based on anti-
classical principles-on asymmetry, dissonance, dy-
namic expression.

Protorenesans and the Early Renaissance were a
turning point in painting because they brought in a

share of realism, a completely new perception of space
through the use of a three-dimensional perspective.
How did the innovation of the proto-Renaissance trans-
form through the epochs and how did it reach us? Of
course, it resonates not only in the works of contempo-
rary artists, but also manifested itself in a completely
new form — computer graphics and became the basis of
3D visualizations. It gives the object a presence that
goes beyond the local existence. The 3D visualization
also proves to be a good tool to bring objects closer to
the public. Through independent navigation and inter-
action, it offers the possibility to virtually take the
viewer along, to let him experience his own presence
on a virtual level.
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B crarbe paccMOTpEeHBI M IPUMEHEHBI Ha PaKTHKE BAPHAHTHI MOAU(DUKAINK TapHUTYPHI WpudTa A1 ad-
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Abstract

The article discusses and applies in practice options for modifying the typeface for the Abkhaz language, as
a tool for popularizing the graphic design industry in Abkhazia, to ensure the availability of using different varia-
tions of the native language. The features of the development of author's fonts are described.
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A0GXa3cKuil SA3BIK MPUYHICICH K TaK HAa3BIBACMBIM
MJIAIONIMCBMEHHBIM sI3bIKaM. 3a Gosiee yeM 150-yer-
HIOI0 HCTOPHI0 a0Xa3CKOH NMHChMEHHOCTH, andaBuUT
HCOJHOKPATHO MOABEPraicsa U3SMCHCHUAM.

IlepBbiii abxasckuii andaBUT OBUT CO3MaH PycC-
ckuM ydeHHbIM [letpom Ycmapom B 1862 1. Ha ocHOBE
kupwumisl. B andasute Ycemapa Obuto 55 3HaKOB,
OOJBIIMHCTBO U3 HUX OBLIO MEPEHSATO C PYCCKOrO -
(haBuTa, HEKOTOpBIC U3 HUX OBUTH M3MEHEHBI. [l 1e-

penadn 3ByKOB OBUIH HICIIONB30BaHBI JJATHHCKHUH, Tpe-
YecKuid, cepOCKUH, CTapOCIHaBIHCKHNA W TPY3HMHCKUH
an(aBUTHL

Opmnako, B 1892 r. memarorom CyxyMcCKOH TOp-
ckoit mkoel KoHCcTaHTHHOM MauaBapuaHu U ero yde-
uukoMm JImutpuem [ynwma Obut u3gan OykBapb. [Ipo-
n3oLUIa 3HaYUTeNbHAs Mojudukanms andaBuTa, Ka-
KHe-To OyKBbl OBUTM H3BATBI W MX KOJIWYECTBO
cokparmiiochk 70 51. C aToii mopsl abxa3bl M HAYAIN YH-
TaTh KHUTH HA POJHOM si3bIKe (puc.1).
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Puc.1 — Abxasckuii argpasum

CoBepiIeHHO OYEBHIHO, YTO B HAIll BEK KOMITBIO-
TEPHBIX TEXHOJIOTHH €CTh HEOOXOANMOCTH HCIIONB30-
BaHU JIEKTPOHHOTO HabOpHOTO mpudTa, ¢ 4eM y abd-
Xa3CKoro andaBuTa UMeETCs PSII IPOOIeM.

Crourt cpa3y OTMETHTB, UTO YK€ CyIIECTBYET Tap-
uurypa «Arial», «Times New Roman», «Arial Bold»,
aJlaNTHPOBaHHbIE Uil abxa3ckoro pudTa, OJHAKO,
9TO BCE YTO MMEETCSl Ha JaHHbIH MOMEHT. B cBs3u ¢
HEJIOCTaTOYHOM momyisipu3anueii rpaduieckoro au-
3aifHa Kak MMpoQeccuy M pojia IeaTebHOCTH, He TPo-
UCXOUT Mojudukanuii abxa3ckux IpPUPTOB, KOTO-
prle Oosree yeM HeoOXoanMBI B cepe KU3HEAEATeIb-
HOCTH CTPaHBI U €€ KyJIbTYPU3alHu.

CymecTByeT psia npo0ieM, ¢ KOTOPHIMHA CTaJIKH-
BaloTCs rpadudyeckue Au3aiHepsl B AOxa3zuu. AOxasz-
CKHUH SIBJISIETCS TOCYAApCTBEHHBIM, COOTBETCTBEHHO,
CYIIECTBYET 3aKOH O HEOOXOJAMMOCTH BEACHUS IIeJI0-
MPOM3BOJICTBA, & TAKXKE PEKIIAMHOW JEATEIbHOCTH Ha
abxa3ckoM s3bIke. ['0BOpS KOHKPETHO O rpaduueckom
Ju3aiiHe, TU3aifHep MOXKET HCIIOJIb30BaTh B 0opmIie-
HHUH BBIBECKH JIFOOOH SI3BIK, HO TOJBKO B COCE/ICTBE C
abxazcknM. OTCr0/1a BO3HUKAIOT HEMaJIble KOMIIO3UIIH-

OHHBIE IPOOJIEMEL. B y’ke roToBYIO BEICTPOCHHYIO KOM-
TIO3HINIO JM3aiiHEp MOJDKEH 3aKOMIOHOBATh abxas-
CKOE€ CJIOBO, HAIEYaTaHHOE MOCPEACTBOM CTPOTOH U
pyOnenHol rapaHUTYpHL. Taxoke aHaToMus OykB abxas3-
ckoro anaBuTa BU3YaJIbHO Ipy0asi, 4TO YCIOKHAET
HpolLecC MOCTPOSHUSI TEKCTOBOrO Oyioka. OueBHIHO,
YTO WPUQT SIBISIETCS OHOW U3 CaMbIX BaXKHBIX COCTAB-
JISFOIIHMX TpaduuecKoil KOMIO3UIMH, Oy b TO JIOTOTHII,
IUTaKaT, BeIBECKa U T.A. M faxe oHa HE BEPHO CKOM-
TIOHOBaHHAsl OyKBa MOXKET HCIIOPTUTH BU3yaJIbHOE BOC-
TIpUsITHE.

CymecTByeT OrpoMHOE KOJTHYECTBO BO3MOKHO-
CTel W Bapualuii MPOSKTHPOBAHUS TpadHuIecKoro
CcTHII abXa3CcKoro MmpHuQTa. ITO MOTYT OBITH CEMEi-
CTBa AaKOWACHTHBIX, TPOTECKHBIX, AHTUKBEHHBIX
mpuQTOB ¢ yHUKANBHON aHaTOMHUe! 3Haka. Hanpumep,
MOXET CYIIECTBOBAThH TPYIIa IPOTECKHBIX MIPU(TOB,
aHATOMHUSI OYKB KOTOPBIX OyIET OCHOBaHA Ha TAKUX I10-
nyJIsipHBIX Ha KaBkasze poloBbIX 3HaKaxX U (paMHUIBHBIX
repbax abxa30B, KOTOpbIE IPEJCTABIAIOT COOOI COBO-
KyITHOCTb JJAKOHWYHBIX JIMHUH. Braronapst yemy npo-
ece CTHIMCTHYECKOH MoanuKanuy OyeT He CI0X-
HBIM, HO CTWJIBHBIM U y3HaBaeMbIM (puc.2).
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Puc.2 — Abxascxue mameu

B Buzne npumMepa aBTOpoM OBIIH CITPOEKTUPOBAHBI
CJIE/IYIOIe BapHaHTHl TpadUuecKOil BU3yaIM3alUN
IpUQTOBOI TAPHUTYPHI.

[IpoexTpoBanne  CTHIMCTHYECKOTO  0Opasza
OYKBBI TaKXKe MOKET OBITH ITOCTPOESHO HA OCHOBE KJIac-
CHUYECKHMX MJUTIOCTPALM abXa3CcKoro 310ca, BU3yaib-
HOE BOCIIPUATHE KOTOPOTO MMEET YCTOSBLIMHCS Ipa-

¢uueckuit 06pa3 (puc.3). OTo Beceraa yriosatsle, pyo-
JICHHBIE JINHUH, OCTPhIC M JTAKOHHMYHBIC OUSPTAHHS CHU-
Jy3TOB. B OCHOBHOM 3TO Urpa JIMHKY U ISTHA, T.K. TO-
Jaya IIBETa JOBOJbHA aCKETHYHA M M300paKCHUS BBI-
TIOJTHEHBI TPEUMYILIECTBEHHO B YEPHO-OCNBIX TOHAX,
HoApaxkasi TeXHUKe TMHOTpaBiopkl. LLpudt Moxer o1-
HOCHTCS K aKIHUIACHTHOHU Tpymme (puc.4).

Puc.3 — Hnmocmpayuu abxazckozo Hapoono2o snoca
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Puc.4 — Ilpoexmuposanue asmopcroeo wpugpma.

BosBparmasce k BEIIIEYIOMIHYTOMY 00pa3y OykB Ha ocHOBE (paMIIIbHBIX 3HAKOB. BeposTHee, uTo 310 OyneT
MIPEJCTaBUTEIb TPYIIIBI TPOTECKHBIX MIPUPTOB (pHC.5).

Q WL LA
313 319 4 325

Lo
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Puc.5 — I[Ipoexmuposanue asmopckozo wipugpma

CDOpMeHHI)Ie COCTaBJIAIOIUC aHATOMUU 6yKBLI MpsAMBIC YTJIbI 1 OBAJIBHBIC 3aKPYTJICHUA. TOJ'IIIII/IHa 9JICMCH-
TOB MOXCT PA3HUTHCA B COOTHOUICHUU APYT C APYIOM. HcknroueHsl CYXKCHHA U paClIUpCHU OZ[HOf/i HpHMOﬁ.
Tak:ke MOXXHO 00€CIICUHTh BapuUaTUBHOCTb IFAPHUTYPHI, & UMCHHO JXUPHOC U TOHKOC HAallMCAaHUEC, KYPCUB U T.N.

(puc.6). B pe3ymnbrare Mbl TOJIyYlM YE€TKUH U CTPOTHi pUTM MIpH(TA, MOAPaKAIONIMNA ApeBHEH a0Xa3CKON CHM-
BOJIUKE.

Puc.6 — XKupnoe u monkoe nanucanue 6yKvl agmopcko2o wpugma

BesycnoBHO, coznanue mpudTa O4eHb NOATUH U Hpolecce NpoekTupoBanusd. TakuM o0pa3oM, B JaHHOU
CJIOJKHBIH TIpOLeCcC, CYIIECTBYET ellle MHOXKECTBO HIO-  paboTe aBTopaMu ObUIM MOKa3aHbl BAPHAHTHI U Iep-
aHCOB, KOTOpbIE O0053aTEJIbHO HY)KHO YYHTHIBaTH B  CIIEKTHBBI MOJM(UKAIM a0Xa3CKOW TapHUTYPHI.
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AHHOTaNNA

JIromu momy4aroT HHGOPMALHMIO B (JopMeE CHMBOJIOB U B TO K€ BPEMSI BBIPA)XKAIOT CBOE TIOHUMAaHHE BeIleH B

(dhopme cumBoIoB. Ha mpoTshkeHuH Beero mpoiiecca MO3HAHMUS JIF0IU CHaYajla y3HAIT HHGOPMAIIUIO B BUIC CHM-
BOJIOB, a 3aTEM INOHUMAIOT U aHAJIU3UPYIOT. CUMBOJIBI TIOSABUIINCH 0OOJIEE CTA JIET Haszall, 10 CUX IOp pa3JIMIHbIC
CHUMBOJIBI TOCTCIICHHO MHTCTPHUPOBAJINCH B pa3JIMUHbIC HAYUYHBIC 3HAHHWS, 4 TAKKE BO3ZHHK HOBBIH THIT Hay4YHBIX
I/ICCJ‘IeI[OBaHI/Iﬁ - cemuotrka. OcoOeHHO 3TO Ppa3BUIIOCH B I‘pa(l)l/lquKOM Z[H3al71He, B OCHOBHOM CHUMBOIJI IIEPEAACT
I/IH(I)OpMaIII/IIO JII0AsIM, IMO3TOMY HCIIOJIB30BaAHUC BU3YaJIbHBIX CUMBOJIOB TaK Ba>KHO B HOBCGILHGBHOﬁ JKHU3HU Y-
JIOBEKaA.

Abstract

People receive information in the form of symbols and at the same time express their understanding of things
in the form of symbols. Throughout the entire learning process, people first recognize information in the form of
symbols and then understand and analyze. Symbols appeared more than a hundred years ago, until now, various
symbols have gradually been integrated into various scientific knowledge, and a new type of scientific research
has emerged - semiotics. This has developed especially in graphic design, basically a symbol conveys information

to people, which is why the use of visual symbols is so important in a person's daily life.
KaroueBble ciioBa: rpaduyeckuii qu3aiiH; BU3yajibHbIE CUMBOJIbI; (DYHKIIUH.
Keywords: graphic design; visual symbols; functions.

BusyanbHbele cuMBOJIBI B Iu3aiiHe ymakoBku. B
Ju3aiiHe YNAaKOBKM BU3YalbHBIE CUMBOJBI HUIPAIOT
OUY€Hb BAXXHYIO POJIb, UX 3HAUYEHHE U XapaKTEPUCTUKU
HEBO3MOXHO 3aMEHUTh. B nu3aiiHe ynmakoBKU UCIIOJNb-
3yIOTCS BU3YaJIbHBIE CHMBOJIBI, €€ HHHOBAI[MOHHAS
[IEHHOCTh B OCHOBHOM OTPaXXaeTCs B CIEAYIOIINX ac-
MEKTax:

Bo-nepBeix, 3ddexTHBHOE ynyullleHHE TU3aitH
(dopmbl. B nu3zaiiHe ynakoBKH HIMPOKO MCHONB3YIOTCS
BH3yaJIbHBIE CHUMBOJIBI, TAKHE KaK JApaMaTHUYEeCKUEe MO-
JIeTT MaK1sDKa JIMIA WK PUCYHKH IPaKOHA U (PeHUKCa.
Bo MHorux auszaiiHax ymakoBKM HE XBaTaeT MHHOBA-
. Ecim BBl He Oynere akTHBHO BHEIPSTh WHHOBA-
UM, 3TO HE NPUBEAET K IMOJHOMY HCIOIb30BaHUIO
LHEHHOCTH YIAaKOBKH. TOIBKO M3Y4EHUE HOBBIX U YHHU-
KaJIbHBIX JU3afHOB YIIaKOBKH MOXXET IIOMOYb B (op-
MHpPOBaHHUH KOPIIOpaTHBHOTO Operna. Takum oOpazom,
JIu3aifHepBl MOTYT KOMOMHHMPOBATh COBPEMEHHBIE Me-
TOIBI AU3aiiHa W KOHILENIMM Au3aiiHa, YTOOBI CO3/a-
BaTh HOBaTOPCKHE BU3yallbHbIE CUMBOJIbI, BHOCUTB HO-

BaTOPCKUE YIy4IICHUsI B UX BHEIIHUHN BUJ U COCPENO-
Ta4MBAThCS HA YCHJIEHHH KOHHOTALUU CHMBOJIOB H
CBSI3U MEX/Y H300pa)KEeHUSIMU TIPOYKTOB.

Bo-BTOpBIX, yCUINTh KOHHOTALUIO U 3HAUUMOCTh
nuzaiiHa. [Ipu npoekTupoBaHUM Au3aliHEp TOJIKEH CO-
YeTaTh ONPE/ACICHHBIC YCIOBHSA, OTKAa3aThCA OT ITHX
CJIOKHBIX TPAJUIMOHHBIX TEKCTOBBIX CHMBOJIOB, COOT-
BETCTBYIOLIMM 00pa30M yIYYIIHTh WIHA Je(POPMHUPO-
BaTb CMMBOIJIbI, CHIC OouIblIIe YCUIIUTh KOHHOTAIUIO U
3HAYCHUEC CUMBOJIOB, BBIJACIIUTD KYJIBTYPHYIO KOHHOTaA-
LU0 U YHUKaJbHBIM IIapM NpPOAYKTa, a TaKXkKe 3TUM
erte 0oJIblIe IPUBIICYb MOTPEOUTENBLCKUN B3I,

B-Tperbux, ucnonp3oBaHie HOBATOPCKOTO LIBETA.
[[Ber siBNIsieTCst KIIFOUEBBIM (PAaKTOPOM, MTO3BOJISIOIINM
MOTpeONTENsIM y3HAaBaTh NMPOMYKTHL Jln3aiiHepsl He
MOTYT 00OWTHCH 6€3 HCIIOJIb30BaHMUS IBETHBIX CHMBO-
JIOB TIpH pa3paboTKe YMakoBKH. Ju3aifHepHl JOJKHEI
MIPOJIOIKATh BBOANTH HOBILIECTBA B JIEMEHTHI CHMBO-
JIOB, yIy4IIaTh BU3yalbHYI0 KOMMYHHKALUIO U YKpeTI-
JSITh €AWHCTBO IIPOXYKTOB M I[BETOBOTO BHICHUSL.
VYKperistiite cBA3b MEXAY JU3aHHOM YIIAaKOBKH U MPO-
JIYKTOM.
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BusyanbHpie cMBONEI B An3aiiHe miakata. CyTh
ycliexa An3aiiHa IiaKarta 3aBHCUT OT TOTO, CMOXET JIN
OH INpHBJICYb BHUMAHKE ayJJUTOPHU U TO3BOJIUTh JIIO-
JSIM TIPOAOJDKaTh oOpaliarh BHUMaHHE M ITOHUMAaTh
Ba)XKHOCTh 3HAUCHUs. DTO HEOTAEIMMO OT HCIOJIb30Ba-
HUS BU3yaJIbHBIX CHMBOJIOB. [{i3aiiHepy makaTa Heoo-
XOAMMO YMETh TMOKO HCIOJIb30BaTh BU3YaJIbHBIE CHM-
BOJIBI, YTOOBI TOOUTHCS A(deKTa MpU3HaHUS U 3aHHTE-
pecoBaHHOCTH ayauTopuu. byabp TO peximamMHbIA
TuTakaT (GprirbMa MM IUTakaT oOIIecTBEHHOTO Oyaroco-
CTOSIHMSI, MBI JIOJDKHBI 0OpariaTh BHUMAaHHE Ha HOBa-
TOPCKOE IPUMEHEHNE BU3YaJIbHBIX CUMBOJIOB. Bo-Tiep-
BBIX, BBIpOKCHHE TpauuecKoro s3pIka. Y Ou3aifHa
IJIaKaTa JOJKHA OBITH CBOSI TEMa, YTOOBI TOOUTHCS Ta-
Koro 3 dekTa, miakat He JOHKEH OBITh OTIACIHUM OT
BCECTOPOHHEro 0000MIIeH s U aHanu3a. [ paduueckuit
JM3aliH SKBUBAJICHTEH CyOIMManuy S36IKOBOTO BhIpa-
xenus. [Ipu paspaboTke miakata HEOOXOIUMO BBIJE-
JIUTH CUMBOJIBI, KOTOPBEIE COOTBETCTBYIOT TPEOOBAHHAM
13 0OJIBIIOTO KOIMYECTBA HH(POPMAIIH, U JOJDKHBI CO-
OTBETCTBOBATh COJEPXKAHUIO, TPeOOBaHMAM H3aiiHa
mrakata. Hampumep, mpm pa3paboTke HOCTEpPOB K
(upMaM OCHOBHAS LIENb IIOCTEPOB - KOMMEpIHAIN3a-
s punbMa. Ecnu noist npoaBrkeHus GprbMa HCIONb-
3yeTcs TOIBKO OOINBIIO 00BEM TEKCTa, OH HE TOIBKO
HE CMOXXET NepelaTh TeMY M OCHOBHOE COJICpIKaHHe
(unpMa, HO TaKKe HEraTHBHO 3TUM TOBIUSET Ha 3¢-
¢dexr peknambl. Jltomm He OyAyT KOMMEHTHUPOBATh
¢uem. HeoOxoanmo npuBiiekats 00JbIlle BHUMAaHUS
u uHTepeca. [loatomMy mpm pa3paboTKe IUTaKara K
¢unpMy nu3aifHep JOJDKEH MOJHOCTBIO YUYHUTHIBATH
n300paxeHne nepcoHaxa, GoH croxkera Quibma, pac-
TMIOJIO’KEHHE MTPOCTPAHCTBA U [IBETOBYIO0 KOMOMHAIIHNIO,
a TaKKe pa3yMHO PACIIOJIOKHUThH BCE BU3YalIbHBIE CHM-
BOJIBI, YTOOBI HAmMpsAMyI0 U 3(PQGEKTHBHO BBIPaKaTh
SMOIIHH.

Bo-BTOpBIX, BbIpaXKeHHE KUBOMMUCHOIO s3bIKa. B
Mpoliecce CO3JaHMsl IUIAKAaTOB JH3aliHEphl MOTYT B
MOJIHOW Mepe MCIONB30BaTh SA3bIK XKHUBOMUCH. bynb TO
KOHKPETHBIC MM a0CTPaKTHBIE XyI0XKECTBEHHBIE (-
(heKTHI, OHM MOTYT HCIIOJIB30BaTh SI3bIK PUCOBAHUS JJIs
BBIPQKECHUS IMOLIMHU. AYAUTOPUS MOXKET IOy4aTh UH-
(hopmario, OCHOBaHHYIO Ha UX COOCTBEHHOM ITOHNMa-
HUH M BOOOPa)XEHHH, TaK YTO CO3IATENN MOTYT B3aH-
MOJICHCTBOBATH JIPYT C APYTOM.

BusyaneHbele cuMBOJIBI B AM3aiiHe jorotuna. Ju-
3aifH JIOTOTHTIA — JTO OYCHb Y3KUH MPOoHIIs THu3aiiHa.
OH B OCHOBHOM IIOJIaracTcsl Ha MPOCTHIE CIIOBA, Tpa-
(buxy wim nBeTa Ui nepeaadn nHpopmaimu. B Hacro-
slIee BpeMsl BU3yaJbHbIC DJIEMEHTBHI, COJIepIKaliecs B
JM3aiiHe JIOTOTUIIA, UMEIOT pa3Hble 3HaueHus. B nenom
JISTTUTCS] Ha JIBa BHJIAa 3HAKOB: MEPBBIH - CTATHYECKHE
3HaKW, APYroil - AMHAMHUYecKHe 3HakW. [Ipu3HakoM
CTaTUYHOCTHU SIBJISETCS TO, YTO OU3aiHEpP BCTaBIISET
HECKOJIPKO BHU3YAJIBHBIX CHMBOJOB Jpyr B JApYyra,
YTOOBI TOMTONHATH 00U cMbIci. Hanpumep, nusaiH
Jorotuna BeceMupHoi opranusanuy 34paBoOXpaHeHHs

OCHOBaH Ha CHHEM LIBETE B KAUECTBE OCHOBHOTO ()OHA,
a y30p MOCEPEANHE SIBISETCS OCHOBHBIM JIOTOTHIIOM,
TO €CTh WIJIOH, 00epHyTOM BOKpYr 3Meu. OCHOBHas
KOHLIENIUS 13aiiHa 3aMMCTBOBaHa y JApEBHErpeve-
ckoro 6ora MenuuuHbl AcKope6o. DTa UCTOPHS UCXO-
JIIT U3 MU(OIIOTUH, KOTOPYIO JIFOAN MOTYT BCIIOMHUTB
1 acCOLMMPOBATH C UCIEIEHHEM U CIIACEHUEM JIFOJICH.
JIMHUM DIMPOTHI M OJITOTHI TAKXKE CIIPOSKTUPOBAHBI B
COOTBETCTBHUHM C ITA0JIOHOM, YTOOBI MIPEJCTAaBUTh BIH-
SIHUE YCIIyT 3[paBOOXPAHEHUs] HA MHUp, a OJMBKOBBIC
BETBH CIIPOEKTUPOBAHBI BOKPYT, YTOOBI IIPEACTaBHTH
XOPOIIYIO 3KOJIOTHIECKYIO Cpely B Mupe. PasnudHbie
BU3yaJbHBIE CHMBOJIBI IPOXOAAT APYT Yepe3 IpyTa, 00-
pasysi 3HaK OOJNBLIOTO 3HaYeHUs. B nuHaMu4eckoM -
3aifHe JIOTOTHIIA JU3aiiHEepP B OCHOBHOM COUYETaeT U300-
paKEeHHUSI U CTATHYECKYIO rpadHKy, YTO HE TOIBKO Jie-
JaeT Jiorotun Oojiee OOTraThIM, HO TAaKXKE JAENAET €ro
JUHAMHYHBIM. DTO OOJIbILIE HE TPAJWUIIMOHHBIA METO.
€IMHOTO CTAaTHYECKOTO BBIpaKeHHs, a d((eKT auHa-
MHYECKOT0 IpecTaBIeHus jorotuna. OH TakKe HeOT-
JIETUM OT Ba)KHBIX BH3YaJIbHBIX 3JIEMEHTOB: IMHAMUY-
HBIH JIOTOTHIT MOXET HE TONBKO 3((PEKTHBHO YIIyd-
TP WMWK OpeHJa M MOBBICUTH PEIyTaLHUIo
KOMIIaHHUH, HO ¥ OCTaBHUTh INTyOOKOE BIEYaTICHHE.

[Tpu pa3paboTke MpoeKTOB OOIBIINHCTBO Tpadu-
YCCKHX }11/133171Hep013 JOJDKHBI THIATCJIIBHO HU3YUYUTH
(bYHKIHMH, XapaKTEPUCTUKH M METOJIbI CO3JJAHUS BU3Y-
aNbHBIX CHMBOJIOB, a TaK)Xe OOBEAWHHUTH CBOU COO-
CTBEHHBIE JaW3aifHEpCKHe MOTPeOHOCTH Uit THMOKOTo
UCIIONIb30BaHUS U TpaHC(OpMaNnH, a TAKXKe 1aTh MOJ-
HYI0 CBOOOTy KOMMYHHUKAIIMOHHBIM M BHIPA3UTEIEHBIM
(YHKIMSAM BU3YaJIbHBIX CHMBOJIOB B rpaMuecKoM IH-
3aifHe, pacKpbIBas OdYapOBaHHME OU3alHA M CO3/1aBast
Oosee mpodeccnoHaNbHBIE M WHTEPECHBIE AM3aifHep-
CKHe pabOoTHI
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Abstract

Myiasis is a parasitic disease caused by fly larvae. They are most commonly found in necrotic tissue and
deep, difficult to heal wounds. Cases of ear canal myiasis, nasal passages, pharynx, bronchial tubes and few lung
cases have been described. We report a case of a 65-year-old man who was found in an abandoned house, in a
terminal condition, with severe hypotension. The patient dies several hours after being visited by a medical team.
The cause of death is recurrent myocardial infarction. The external examination during the autopsy revealed fly
larvae in the right orbit, ear canals, nasal passages and oral cavity of the carcass. Vital parasitic forms were found
on histological examination and in the lungs. Less than 24 hours have passed from the time of death to the discov-
ery of the larvae of flies, suggesting that the laying of eggs occurred while the person was still alive. The lack of
inflammatory cells around the larvae of the flies in the lung means that their movement to the lung parenchyma

occurred within 1-2 hours before or shortly after death.

Keywords: myiasis of ear, myiasis of oral cavity, myiasis of nose, lung myiasis.

Introduction

Myiasis is a parasitic infestation of dead or living
tissues of the human body with the fly larvae (mag-
gots). The female fly most often lays her eggs in dam-
aged and necratic tissues. Once hatched, the larvae tear
the skin and mucous membranes, penetrating the tis-
sues of the host, causing deep and irritating wounds,
subject to further infection. Myiasis is most commonly
seen as a skin invasion in the human body, but can be
seen in many areas such as the eye, ear, nose, throat,
urogenital, intestinal, cerebral and tracheopulmonary.
Pulmonary myiasis is a very rare condition [3, 8].

In pharyngeal myiasis, the site of the infestation
was presumed to be the sinuses or upper respiratory
tract [3, 4]. In intubated or patients with tracheostomy,
fly larvae can enter the trachea and bronchi and from
there reach the lungs [2, 8]. Their entry into the lung
parenchyma is accompanied by inflammatory compli-
cations - eosinophilic pneumonia, granulomas type
"Foreign body" [1, 5]. Pulmonary myiasis has also been
diagnosed with open lung biopsy [6]. Cases of pneumo-
nia-associated sepsis and pleural angiosarcoma accom-
panied by myiasis have been reported [7].

Myiasis of humans has been associated with low
socioeconomic status, alcoholism, mental or neurolog-
ical diseases, poor personal hygiene, patients with dia-
betes, malnutrition, advanced stage cancer, gingivitis
and other oral cavity lesions [8].

Case report

An ambulance team visited the patient at 11:20
a.m. at his home. A terminal condition with severe ar-
terial hypotension (BP 80/60) was found. The doctor
and the relatives of the patient left around 12:00 p.m.
At 3:00 p.m. a neighbor went to the patient again and
found that he had died. The death was confirmed at 4:45
PM. by a medical team. The body of the deceased was
transported for forensic examination. The autopsy was
performed the next day, at 9:00 a.m.

Upon examination of the body, the skin in the area
of the right eye socket is found to be grayish-brown,
edematous with small larvae of flies. The same are
found in the area of both ears and the ear canal. Small
larvae of flies are found in the nasal passages and in the
oral cavity. In the area of the lower third of the back
and lumbar region, the posterior surfaces of the two
buttocks, the left half of the penis, the left groin area,
the scrotum and the anterior-outer surface of the left
thigh in its upper third have their epidermis peeled off,
with wosoble underlying reddish-brown dermis, with
cherry black spots and the presence of purulent secre-
tions on the periphery. In both groin areas, greenish
skin discolorations are present, better expressed in the
right one. Upon the internal examination there is foamy
reddish fluid flowing from the incised surface of the
lung. On the anterior wall of the left ventricle and the
anterior third of the interventricular septum, whitish
stripes in the myocardium are present. The periphery of
the same areas and the apex of the heart has visible hy-
peremia. An atherosclerotic plaque obstructing more
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than 75% of the vascular lumen was found in the de-
scending branch of the left coronary artery.

Materials and methods

The histologic specimens were made with fixative
of 10% neutral formalin and embedded in paraffin. The
cut sections were 4 mkm thick and stained with hema-
toxylin and eosin (HE).

Results

Coronary artery - with fibrous atherosclerotic
plaque, blocking more than 1/2 of the vascular lumen.

Heart - extensive cicatrix in the myocardium, with
necrotic changes in the cardiac muscle cells in and

around the sections with connective tissue, hypertrophy
of stored cardiomyocytes, and large focal myocardio-
sclerosis.

Liver, spleen and kidney - with pronounced con-
gestion.

Brain - with perivasal and pericellular edema.

The lungs are with a severe blood stasis and edema
in some lung fields and in others - atelectasis and em-
physematous changes. Vital parasitic forms occur in
two pneumatized sections of the lung parenchyma
without an accompanying inflammatory reaction
around them (fig.1 and 2).

Gut and gastric region of fly larvae - magn. x 40 (fig. 2)

Disscusion

The cause of death in this case is a recurrent myo-
cardial infarction that developed around the postinfarc-
tion cicatrix, along the anterior wall of the left cardiac
chamber and the anterior portion of the interventricular
septum. The myocardial infarction is 12-24 hours old,
according to the autopsy findings in the heart and mi-
croscopic changes in the myocardium in the same area.

Superficial ulcers, with suppuration and necrosis
of the skin in the back, waist and buttocks, left groin

area, left thigh, scrotum and penis are due to congestive
heart failure. Lung swelling is also the result of myo-
cardial infarction, and vital parasite forms in the lung
parenchyma are fly larvae.

Less than 24 hours have passed from the time of
death to the detection of fly larvae in various organs of
the carcass during the autopsy. Given the time required
for the larvae to hatch, under the most favorable envi-
ronmental conditions, the laying of eggs on the patient's
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body occurred before death. That supports the diagno-
sis of myiasis. The lack of inflammatory cells (even
neutrophils) around the larvae of flies in the lungs
means that their movement to the lung parenchyma
(probably from the upper respiratory tract through the
trachea and bronchi) occurred up to 1-2 hours before
death or shortly after that.

Conclusion

In seasons of the active biological cycle of flies,
finding their larvae on the surface of the body and in
the internal organs of the deceased is used in forensic
medicine as an indicator to determine approximate time
since death. However, the case presented shows that the
laying of eggs may have occurred during life and may
be a case of myiasis, falsely giving the impression of a
longer time since death. The possibility of the insects
laying eggs before the death occurred should be taken
into consideration by forensic specialist, when deter-
mining the time since death. Microscopic verification
of fly larvae in internal organs, in forensics, is not al-
ways part of the initial corpse decomposition. In some
cases, it may be due to myiasis, despite the lack of an
inflammatory reaction in the tissues around the para-
sitic forms.

(This report is supported by the bulgarian ministry
of education and science under the national program
for research “young scientists and postdoctoral stu-
dents*.)
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Abstract
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The effect of CaSiO; additions on the lattice constants and crystal structure of zirconia partially stabilized
with magnesia were studied. It has been established that the sintering temperature and an increase in the wollas-
tonite content affect the change in the structure, lattice parameters of the phases included in the composite material,
and a decrease in the size of the crystallites of the material in the ZrO, (3% MgO) — CaSiOs system. Analysis of
physical broadening of X-ray reflections picked microdeformation ceramic crystal lattice system “zirconia — wol-
lastonite” depending on the size of the zirconia crystallites. It is shown that with a decrease in the size of zirconium
oxide crystallites, which leads to a change in microdeformation, while the microdeformation of the wollastonite

lattice does not depend on the crystallite size.

Keywords: lattice constants, crystal structure, wollastonite, zirconia partially stabilized with magnesia.

1. INTRODUCTION

Zirconium dioxide is one of the most studied ce-
ramic materials due to its properties. It is used in vari-
ous products. Zirconium dioxide stabilized with mag-
nesium oxide has a special place because of its unique
combination of properties [1]; high refractory, wear re-
sistance, heat resistance, chemical resistance, resistance
to radiation note is biological compatibility. Ceramics
Zr0O; (MgO) is demanded in metallurgy because of high
refractory and heat resistance, good resistance by react-
ing with molten metal and slags. It should be noted that
the strength properties of ceramics are based on a
plasma chemical of powders ZrO, (MgO) studied insuf-
ficiently. However, the main disadvantage of ceramics
is based on the strong dependence on the strength prop-
erties of the temperature when the hardening effect due
to tetragonal-monoclinic transition under load is not re-
alized [2]. Possibility of the creation of porous materi-
als based on zirconia dioxide, in the case of porous ma-
terials based on zirconium dioxide, porous structure can
act as an effective relaxation stress concentrator, which
occurs during mechanical loading. Another embodi-
ment of mechanical strength at elevated temperatures is
to introduce the second phase, particularly in the form
of fibers. For these purposes, it is possible to use a nat-
ural compound of wollastonite [3]. In [4] the estimation
of activation energy for densification, which is between

45-63 kJ/mol., activation energy is corresponding to the
mechanism of surface diffusion. The process of grain
growth in zirconia— wollastonite” is determined by sur-
face diffusion and sintering temperatures.

In [5] the density changes in the range from 1.56
to 4.91 g/cmd, and the porosity decreased by 73-17%
with an increase in the sintering temperature. The max-
imum compressive strength has reached 270 MPa sin-
tered at 1650°C with samples containing 1 vol.%, and 5
vol.% CaSiO; sintered at 1300°C. The strength and
modulus of elasticity of zirconia — wollastonite” ce-
ramic composites were accompanied by a decrease in
the proportion of the tetragonal phase due to the tetrag-
onal — monoclinic transformation in zirconia, and their
density increases with increasing sintering temperature.

However, the studies in [6,7] about the change in
the crystal structure and lattice parameters of the phases
formed were not carried out.

Therefore, the purpose of this work is to the con-
tinuation of these studies on the change in the crystal
structure parameters of the phases formed at different
sintering temperatures and with different contents of
CaSiOj3 and determine the relationship with the proper-
ties.

Il. EXPERIMENTAL PROCEDURE
The materials used in this research are the powders
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Zr0O; (3%MgO), obtained by the decomposition of lig-
uid precursors in high plasma and natural wollastonite
(CaSiOs) powders. The average particle size of zirconia
was 1-10 um and wollastonite powder with a particle
size between 10-60 pm. Mixing of powders with differ-
ent contents of CaSiO3 of 1-25 volumes.%, mix these
two powders homogeneously by using a ball milling
machine. The samples were pressed into a cylindrical
shape on cold isostatic pressing with compacting hy-
draulic pressure 300 MPa. The samples were sintered
at different temperatures 1000-1650°C in the furnace.
The heating rate was used during the sintering at a max-
imum heating rate of 5°C per minute and a maximum
cooling rate of 10°C per minute. The pressed and sin-
tered specimens were measured for geometric dimen-
sions and weight, and green density, sintered specimen
density, and theoretical density were calculated. The
shrinkage value of the samples was calculated from the
change in the dimensions of the sample before and after
sintering.

The phase analysis, crystalline size, and lattice pa-
rameters of samples were determined by X-ray diffrac-
tion (XRD). X-ray diffraction analysis was carried out
using CuKoa (A =1.54178 nm) radiation source at a volt-
age of 40 kV and a current of 20 mA. Continuous scan-
ning was carried out from 15 as 20 start position to 120°
as 20 end position, with a step size of 0.05 and step time
of 1 sec. The duration of an X-ray exposure at each
point has enough to produce, a relative error on the
background count rate of less than 3%. The relative size
of the coherence length (CL) was carried out by the
broadening of the most intense X-ray reflections at
small-angle scattering and diffraction [8].

The XRD profiles were refined by the Rietveld
technique to obtain information on the crystallite size,

lattice parameters, and the phase composition of the
mixture. These data were corrected for Lorentz and po-
larization factors as well as for absorption. The data an-
alyzed for phase identification using an X-ray diffrac-
tometer (XRD). Comparison of the full-width data at
half the height of the diffraction peak with the known
standards of the international centre for diffraction data
(ICDD) maintains a database of powder diffraction pat-
terns, the powder diffraction file (PDF), including the
d-spacings (related to the angle of diffraction) and rel-
ative intensities of observable diffraction peaks.
11l. RESULTS AND DISCUSSION

Lattice parameters were determined by the
Rietveld method and compared with reference data
from the international centre for diffraction data
(ICDD). Rietveld Refinement on X-Ray Diffraction
Patterns for the investigated samples are shown in Ta-
bles 1-2, which shows the change in the parameters of
the crystal structure of the phases at different sintering
temperatures in the range from 1000 to 1650°C and Ca-
SiOs with different content in the samples.

Table 1 presents the change in the lattice parame-
ters of monoclinic zirconia in the samples containing
10% vol. of CaSiOs at the sintering temperature 1000-
1650°C. The lattice parameters a and b decreased and ¢
increased with increasing sintering temperature. The
angle g ['] in monoclinic zirconia decreases at a sinter-
ing temperature from 1100 to 1650°C as shown in Fig.1.

Table 2 shows the lattice changes of monoclinic
wollastonite (m-CaSiOs) in the samples containing
25% vol. of CaSiOs at the sintering temperature 1000-
1650°C. It has been shown that the lattice parameters a
and b decreased and c increased with increasing sinter-
ing temperature.

Table 1.
Lattice parameters of monoclinic zirconia
Temperature Lattice parameters

(C) a [A] b[A] c[A] B V [A7]
1000 5.348 5.218 5.186 96.92 143.7
1100 5.294 5.203 5.167 99.31 140.4
1200 5.263 5.192 5.205 98.83 140.6
1300 5.137 5.188 5.297 99.33 139.3
1400 5.153 5.184 5.308 98.69 140.1
1500 5.289 5.173 5.274 96.76 143.2
1650 5.239 5.175 5.272 95.97 142.2

Table 2.
Lattice parameters of monoclinic wollastonite
Temperature Lattice parameters

(C) a [A] b [4] c[A] B V[A7]
1000 15.205 7.041 7.045 95.221 751.1
1100 15.334 6.962 7.071 95.193 751.8
1200 15.411 6.971 6.815 99.499 722.1
1300 15.208 7.478 7.434 91.048 845.3
1400 15.143 7.213 7.047 95.964 765.4
1500 15.110 7.292 7.031 95.286 7714
1650 14.829 7.478 6.995 95.953 7714
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Dependence of the angle g of monoclinic zirconia on the sintering temperature with different contents of CaSiO3

Figure 2 shows the dependence of the angle g of
monoclinic wollastonite on the sintering temperature
with different contents of CaSiOs. It was found that
during sintering at a temperature of 1300°C, the angle g
[] of the monoclinic phase of wollastonite in samples
containing 10 vol% CaSiOs was significantly increased

due to a change in the lattice parameters a and the angle
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P[] were anomalously increased. In the samples con-
taining 25 vol.% CaSiOs, the angle g [7] of the mono-
clinic phase wollastonite decreased due to the fact that
the lattice parameter ¢ was anomalously increased ef-
fective as shown in Fig. 2.
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Fig. 2. Dependence of the angle g of monoclinic wollastonite on the sintering temperature with different contents
of CaSiOs.
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Figures 3, 4 shows that changed in interplanar dis-
tances that had been sintered at different temperatures
ranging from 1000 — 1650°C. This shows that inter-
planar distances of (111) plane of monoclinic zirconia
(ZrOy) were varied in the range between 2.8257A —
2.8459A, and d (11-1) range of 3.1449 —3.17A and also
d (-431) plane of monoclinic wollastonite (CaSiOs) was
varied in the range of 1.9826A — 1.994A. In Fig. 3,
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show that a sharp change at various sintering tempera-
tures in the range from 1200 to 1300°C, of the transition
phase from tetragonal to monoclinic zirconium. Indeed,
it can be seen from the determination of interplanar dis-
tances from diffraction patterns that their sharp change
is observed in the temperature range from 1200 to
1300°C [9]. At a time when there is an intense interac-
tion between the components of the composite material.
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Fig.4. Changing the interplanar distance d (.431ymonoclinic wollastonite sintered at different temperatures

It was shown that an increase in temperature from
1200 to 1300°C, intense interfacial interaction between
zirconium dioxide and wollastonite is observed, lead-
ing to changes in its lattice parameters in the phases:
tetragonal cubic, and monoclinic phases of zirconium
dioxide and triclinic and monoclinic phases of wollas-
tonite.

Dependence of interplanar distances on density (in
Fig.5 and 6). The interplanar distances in the phases of
zirconia and wollastonite abruptly changed at tempera-
ture 1200-1300°C that determines the intensity of the
interaction between the components of the composite

material. This is consistent with the density range. An
analytical study of the relationship between interplanar
distances and the density of the material. Indeed, it can
be seen from the determination of interplanar distances
from diffraction patterns that their sharp change is ob-
served in the temperature range from 1200 to 1300°C.
At this temperature, the compression was observed due
to interfacial interaction, which manifested itself in a
change in the structure of the composites, and their den-
sity increased with decreasing the average grain size of
the sintered materials and also lead to changes in the
parameters of the crystal structure.
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The average crystallite size of all studied samples
was determined from the full width half maximum
(FWHM) of the {hkl} peak in the X-ray diffraction pat-
tern using Scherrer's formula:

okp=_KA_ 1)
pcosé

Where 2 — wavelength diffraction f — adjusted
full width at half maximum, & — the angle of diffrac-
tion, and K — Scherrer constant, which is close to
unity.

In Fig.7, it shows the change in the crystallite size
of m-ZrO, (111) ranged from 35 to 65 nm. Crystallite
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size of the monoclinic zirconia is higher at lower sin-
tering temperatures. The maximum crystallite size (67
nm) of the monoclinic phase was observed in samples
sintered at a temperature of 1000°C, in which the vol-
ume content of CaSiO3 was 1 vol%. At temperatures
from 1100 — 1300°C, a tendency to a decrease in the
crystallite size was observed in the samples in which
the volume content of CaSiOz; was 1 and 5 (vol%), and
with an increase in the sintering temperature within the
range from 1400 to 1650°C, the crystallite size in-
creased.
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Fig.7. The dependence of the crystallite size of the monoclinic zirconia on the sintering temperature with differ-
ent contents of CaSiOs
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The crystallite size of the monoclinic modification
of wollastonite in the samples with content of 1-
25% Vol., CaSiOs at sintering temperatures of 1000 —
1650°C, ranged from 21 to 45 nm. The crystallite size
is generally increased with increasing the sintering tem-
perature from 1200 — 1650°C. Corresponding data is
also shown in Fig.8. The crystallite size in the wollas-
tonite phases also decreases with an increase in the sin-
tering temperature; this abnormal behavior is due to the
interaction between zirconium and wollastonite. In this

case, the grain size dispersion also decreases, which in-
dicates the formation of a more uniform structure with
an increase in the CaSiOj3 content.

In Fig.9, it has shown the dependence of micro
strain on the crystallite size of monoclinic zirconium
dioxide in sintered composites (microstrain was calcu-
lated from the diffraction maximum, and the crystallite
size was calculated from the peak of the monoclinic
modification of ZrQO,).
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Fig.9.
Dependence of microstrain on the the crystallite size of monoclinic zirconium dioxide in sintered composites

(AVA CONCLUSIONS

It has been established that an increase in the Ca-
SiO; content in ceramics and an increase in the sinter-
ing temperature lead to the appearance of a complex
phase composition and a decrease in the crystallite size
in the ZrO, (3% MgO) — CaSiOs3 system, and the den-
sity of sintered materials increases with a decrease in
the crystallite size of sintered materials.

It was found that, with a decrease in the size of
zirconium oxide crystallites, which leads to a change in
the microstrain of material composites. It can be seen
that an increase of the temperature and an increase in
the content of CaSiOj affect the change in the formation

of their structure, complex phase composition, and pa-
rameters in the crystal structure of ceramic composites
“zirconia — wollastonite”.
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The influence of temperature on the properties and phase transformations of ceramic composites based on
zirconium dioxide stabilized by magnesium and wollastonite were studied. The results revealed that the influence
of sintering temperature and an increase in the content of wollastonite has been established to affect the change in
the formation of their structure, complex phase composition, phase transformations in the ZrO, (MgO) — CaSiO3
system. It has been found that interfacial interaction, which manifests itself in a change in the structural state of
zirconium dioxide, is the main factor that determines the complex nature of the formation of the structure and the
properties of composites based on zirconium dioxide and wollastonite.
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1. INTRODUCTION

Zirconium dioxide is one of the most studied ce-
ramic materials due to its properties. It is used in vari-
ous products. Zirconium dioxide stabilized with mag-
nesium oxide has a special place because of its unique
combination of properties [1]; high refractory, wear re-
sistance, heat resistance, chemical resistance, resistance
to radiation note is biological compatibility. Ceramics
ZrO; (MgO) is demanded in metallurgy because of high
refractory and heat resistance, good resistance by react-
ing with molten metal and slags. It should be noted that
the strength properties of ceramics are based on a
plasma chemical of powders ZrO, (MgO) studied insuf-
ficiently. However, the main disadvantage of ceramics
is based on the strong dependence on the strength prop-
erties of the temperature when the hardening effect due

to tetragonal-monoclinic transition under load is not re-
alized [2]. Possibility of the creation of porous materi-
als based on zirconia dioxide, in the case of porous ma-
terials based on zirconium dioxide, porous structure can
act as an effective relaxation stress concentrator, which
occurs during mechanical loading. Another embodi-
ment of mechanical strength at elevated temperatures is
to introduce the second phase, particularly in the form
of fibers. For these purposes, it is possible to use a nat-
ural compound of wollastonite [3]. In [4-6] was shown
that the estimation of activation energy for densifica-
tion, which is between 45-63 kJ/mol., the process of
grain growth in this system is determined by surface
diffusion and sintering temperatures. Apparently, the
interfacial interaction, which manifests itself in a
change in the structural state of composites, leads to
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changes in its lattice parameters in the phases: mono-
clinic, cubic, tetragonal phases of zirconium dioxide
and monoclinic, triclinic phases of wollastonite in the
system.

However, in [4-6] studies of phase transformation
behaviour, its properties and their relationship with
temperature was not carried out.

Therefore, the purpose of this work is to the con-
tinuation of these studies on the influence of tempera-
ture on phase transformations and the characteristic
properties of ceramic composites “zirconia—wollaston-
ite”, with different sintering temperatures in a wide
range of wollastonite content and determination of the
relationship between phase and properties.

Il. EXPERIMENTAL PROCEDURE

The materials used in this research are the powders
Zr0O; (3%MgO), obtained by the decomposition of lig-
uid precursors in high plasma and natural wollastonite
(CaSiOs) powders. The average particle size of zirconia
was 1-10 um and wollastonite powder with a particle
size between 10-60 um. Mixing of powders with differ-
ent contents of CaSiO3 of 1-25 volumes.%, mix these
two powders homogeneously by using a ball milling
machine. The samples were pressed into a cylindrical
shape on cold isostatic pressing with compacting hy-
draulic pressure 300 MPa. The samples were sintered
at different temperatures 1000-1650°C in the furnace.
The heating rate was used during the sintering at a max-
imum heating rate of 5°C per minute and a maximum
cooling rate of 10°C per minute. The pressed and sin-
tered specimens were measured for geometric dimen-
sions and weight, and green density, sintered specimen
density, and theoretical density were calculated. The
shrinkage value of the samples was calculated from the
change in the dimensions of the sample before and after
sintering.

The phase analysis, crystalline size, and lattice pa-
rameters of samples were determined by X-ray diffrac-
tion (XRD). X-ray diffraction analysis was carried out
using CuKa (A =1.54178 nm) radiation source at a volt-
age of 40 kV and a current of 20 mA. Continuous scan-
ning was carried out from 15 as 20 start position to 120°
as 20 end position, with a step size of 0.05 and step time
of 1 sec. The duration of an X-ray exposure at each
point has enough to produce, a relative error on the
background count rate of less than 3%. The relative size
of the coherence length (CL) was carried out by the
broadening of the most intense X-ray reflections at
small-angle scattering and diffraction [7]. The XRD
profiles were refined by the Rietveld technique to ob-
tain information on the crystallite size, lattice parame-
ters, and the phase composition of the mixture. These

data were corrected for Lorentz and polarization factors
as well as for absorption. The data analyzed for phase
identification using an X-ray diffractometer (XRD).
Comparison of the full-width data at half the height of
the diffraction peak with the known standards of the in-
ternational centre for diffraction data (ICDD) maintains
a database of powder diffraction patterns, the powder
diffraction file (PDF), including the d-spacings (related
to the angle of diffraction) and relative intensities of ob-
servable diffraction peaks.
I11. RESULTS AND DISCUSSION

Figure 1 shows XRD patterns related to the phase
composition in the bulk samples after sintering at the
temperature of 1650°C, with the contents of 1 and 5%
Vol. CaSiO; is sintered at 1300°C as shown in Fig. 2. It
was shown that the phase composition of ceramic com-
posites ZrO,(MgO) — CaSiOs changes after sintering
are comprised of five phases, a combination of tetrago-
nal, monoclinic and cubic phase zirconia and a mixture
of the monoclinic and triclinic wollastonite [5]. Quan-
titative analysis of phase composition using X-ray dif-
fraction methods. X-ray analysis of the phase composi-
tion of the composites based on ZrO, (MgO) — CaSiO3
shown the phase content of the ceramic with different
contents of CaSiOs, 1 and 10 (Vol.%) and sintering
temperature range from 1000°C to 1650°C as shown in
(Fig.3).

Determination of phase compositions of ceramic
composites ZrO,(MgO) — CaSiOs, the obtained data is
converted to percent by using the following equation:

2A
ZAJrBi+Ci

Where,Equation Section (Next)z — an inde-
i

Phase composition (%) = %100 (1)

pendent observation
Z — the sum of independent observations
i

A, B, C — the number of phases

According to the data obtained by X-ray diffrac-
tion, the content of the tetragonal zirconia phase in the
samples decreases with increasing temperature in the
range 1100°C to 1300°C. It has been seen that after sin-
tering temperature higher than 1300°C, the tetragonal
zirconia phase was not detected in which of these sam-
ples. The tetragonal phase zirconia (t-ZrO,) content in
the ceramic composites was between 3 to 19%, depend-
ing on the contents of CaSiO; and the sintering temper-
ature as shown in (Fig.4).
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Fig.1. X-ray diffraction (XRD) patterns of ceramic composites ZrO, (MgO) — 1% Vol. CaSiOs, sintering temper-
ature of 1650°C
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Fig.2. X-ray diffraction (XRD) patterns of ceramic composites ZrO, (MgO) — 5% Vol. CaSiOs, sintering temper-
ature of 1300°C

The cubic phase zirconia (c-ZrO2) has occurred in
the content of the samples of CaSiOs 1 and 5 (% Vol.),
that had been sintered at different temperatures ranging
from 1300°C to 1650°C, which consists of 3-13%. The
cubic phase was not formed in samples containing 10
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and 25% Vol. CaSiO; regardless of the sintering tem-
perature. An increase in the sintering temperature af-
fected the content of cubic zirconium phases in the
composite, while an increase in the amount of CaSiOs;
does not affect the phase composition of the cubic
phase of zirconium dioxide.
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Fig. 3. The phase composition of composites at sintering temperatures from 1000°C to 1650°C, in the samples
containing 1% vol. of CaSiOs
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Fig. 4. Dependence of the content of the tetragonal phase zirconia (t-ZrO;) on the sintering temperature with
different contents of CaSiOs

Figure 5, shows the monoclinic zirconia (m-ZrQOy)
which is the main phase in these phases of the ceramic
composites based on ZrO, (MgO) — CaSiO3 system. It
was found that the monoclinic phase content was the
highest value of 94% in the samples containing 5% vol.
of CaSiOs. The content of the monoclinic phase wol-
lastonite (m-CaSiOs) has remained virtually unchanged
in the system when the increase in the sintering temper-
ature from 1000 to 1650°C was increased.

However, when added CaSiO3 at high volume

(25%) and sintering temperature increased from 1100 —
1500°C, the phase content of the monoclinic wollaston-
ite (m-CaSiOs) was increased consists of 3-8 % as
shown in (Fig. 5). It has been established that the mon-
oclinic phase zirconia and a mixture of monoclinic and
triclinic modification of wollastonite in the system of
Zr0; (MgO) — CaSiOz composites. It can be seen that
their content almost does not change when the increas-
ing temperature is increasing.
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Fig. 5. Dependence of the content of the monoclinic phase zirconia (m-ZrOy) on the sintering temperature with
different contents of CaSiOs
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Fig. 6. Dependence of the content of the cubic phase zirconia (c-ZrO;) on the sintering temperature with the
content of 1% Vol.CaSiOs
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Figure 7, presents the change in the percentage of
the triclinic phase wollastonite (t-CaSiOs). The amount
of triclinic wollastonite (t-CaSiO3) varied from 1 to 5%
as shown in Fig.8. Therefore, it can be seen that differ-
ent sintering temperatures and different CaSiO3 con-

tents affect the content of the triclinic phase wollaston-
ite (t-CaSiOg). It has been found that the influence of
sintering temperature and an increase in the content of
wollastonite to effect on the changes in the formation
of their structure, complex phase composition, phase
transformations in the ZrO, (MgO) — CaSiOs.

m-CaSiO; phase content (%)

o [ N w £~ (4] (2] ~ [ee) (=]
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Fig. 7. The content of the monoclinic modification of wollastonite with a change in sintering temperature and the
concentration in the initial mixture
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Fig. 8. The content of the triclinic modification of wollastonite with a change in the sintering temperature and
the concentration of wollastonite in the initial mixture

It was shown that intensive interfacial interaction
of the components between zirconium dioxide and wol-
lastonite during the sintering temperature between
1100-1300°C is manifested in changes in the structure
of ceramic composites, which are the main factors in
changing the structures such as; phase composition, and
phase distribution in the samples [8]. Figures 9 and 10
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shows that changed in interplanar distances that had
been sintered at different temperatures ranging from
1000 — 1650°C. It shows that interplanar distances of
{11-1} plane of monoclinic zirconia (ZrO,) was varied
in the range between 3.1449A -3.17A and {-431} plane
of monoclinic wollastonite (CaSiOs) was varied in the
range of 1.9826A - 1.994A.
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Fig.9. Changing the interplanar distance d (11-1) m-ZrO; sintered at different temperatures
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In Fig. 9, they show that a sharp change at various
sintering temperatures in the range from 1200 to
1300°C, of the transition phase from tetragonal to mon-
oclinic zirconium. Indeed, it can be seen from the de-
termination of interplanar distances from diffraction
patterns that their sharp change is observed in the tem-
perature range from 1200 to 1300°C. At a time when
there is an intense interaction between the components
of the composite material.
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Calculation results of the intensity ratio of zirco-
nium dioxide and wollastonite is given in Fig. 11. It was
shown that the change ratio of the relative intensities of
the peaks from the sintering temperature was
given.Variations in the calculations from ideal intensi-
ties are associated with anisotropic effects in the sam-
ples. Considering all the factors affecting the relative
diffraction light emitted from the lattice planes of the
crystal structure, it is possible to calculate the theoreti-
cal diffractogram of a crystalline material.
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Fig.11. Change in the ratio of the relative intensities of the m-ZrO,/m-CaSiOs3 peaks versus the sintering temper-
ature

V. CONCLUSIONS

According to the X-ray diffraction analysis data
has shown that phase composition changes during the
sintering process. It is shown that the phase composi-
tion at high temperature from 1300-1650°C is a mixture
of monoclinic zirconia and a mixture of monoclinic and
triclinic wollastonite. The amount of m-ZrO, phase
content increased with increasing sintering tempera-
ture. It has been found that the amount of monoclinic
phase of zirconium dioxide was 75-94%, cubic phase
varied from 3 to 13%, and tetragonal phase ranged from
3 to 19%. The amount of monoclinic wollastonite was
varied from 3 to 8% and the triclinic wollastonite also
ranged from 1 to 5%. These results show that an in-
crease of sintering temperature and an increase in the
content of wollastonite affect the change in the for-
mation of their structure, complex phase composition,
and parameters in the crystal structure of ceramic com-
posites based on ZrO, (MgO) — CaSiOs; system. It has

been found that the interplanar spacings according to
the diffraction patterns, as in the ZrO, phases and Ca-
SiO3 phases, change sharply at a temperature of 1200—
1300°C. Apparently, the interfacial interaction, which
manifests itself in a change in the structural state of zir-
conium dioxide, leads to changes in its lattice parame-
ters in the phases: monoclinic, cubic, and tetragonal
phases of zirconium dioxide and the monoclinic phase
of wollastonite in the ZrO, (MgO) — CaSiO3 system.

References
1. Kamunosuu JI. @., Ky3nenosa JI. U., [enu-
cenko O. T. JInokcu IUPKOHHMSI: CBOMCTBA U PUMEHE-
nue // [opomikoBas meraiutyprusi. N1. ¢.98-102. 1987.
2. Hannink, R.H.J. Transformation toughening
in Zirconia-Containing Ceramics, J. Am. Ceram. Soc.,
v.83, Ne3, pp. 461- 487, 2000.



POLISH JOURNAL OF SCIENCE Ne 32, 2020

51

3. Yamanaka B.T., Mori H. The Structure and
Polytypes of a-CaSiO; (pseudowollastonite). Acta
Crystallogr. v.37, pp. 1010 -1017, 1981.

4. Chatchai Duangsupa, S.N. Kulkov, Structure
and Properties of ZrO2 (MgO) — CaSiO3 Ceramics
Composites. Journal of Advanced Research in Dynam-
ical and Control Systems, Vol. 12, pp. 733-737, 2020.

5. Chatchai D., Kulkov S., Panida S., Surat W.
Activation energies for densification and microstruc-
ture of ZrO,(3%MgO) - CaSiO; system. Polish Journal
of Science. 2020. Ne 30-1 (30). C. 28-32.

6. Chatchai D., Kulkov S., Surat W., Suwatchai
Ch. Effects of sintering temperature on the densifica-
tion and compressive strength properties of
Zr0,(3%MgO) - CaSiOs composites. Polish Journal of
Science. 2020. Ne 30-1 (30). C. 33-37.

7. Jluncon I'. Ctumut I'. MHTepnpeTarys nopom-
KOBBIX peHTreHorpamm. M.:Mup, 384c. 1972.

8. Kymnbkos C.H., Iyansyna Y.Y., Kynskos C.C.
Crpykrypa 1 cBoiicTBa koMno3uros ZrO»(MgO) — Ca-
SiOs. UsBectus BbICHIMX y4ueOHBIX 3aBejeHHM, (u-
3uKa., Ne5/2, ¢.164-166. 2012.

TEOPEMA O BO3MOXKHOCTHU CO3JAHUA BEUHOI'O IBUT'ATEJISA BTOPOI'O POJJA

Tunun B.®.

Hesasucumviii uccredosamens
Hexommepueckoe napmuepcmeo

«Kny6 uzobpemameneii Ilpuxamos I'epecmy
Poccus, e. [lepus

THEOREM ON THE POSSIBILITY OF CREATING A PERMANENT ENGINE OF THE SECOND
KIND

AHHOTaINA

Gilin V.

Independent researcher

Non-profit partnership

"Club of inventors of Prikamye "Gefest”
Russia, Perm

PaboToii OpeACTaBJICHBI TCOPEMA O BO3MOKHOCTHU CO3JJaHN BEUYHOI'O ABUTAaTCIIA BTOPOT'O poJa U YTOUHCHHAA
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Abstract

The paper presents a theorem on the possibility of creating a perpetual motion machine of the second kind
and a revised version of the second law of thermodynamics.

KiroueBble cjioBa: BEUHBIH ABUTAaTEJIb BTOPOTO poJa, TEIJIOBas MallnHa, TEIJIOBOM JABUIaTelib, XOJIOAHUIIb-
Has MaIllWHA, TETUIOBOW HACOC, TETUIOHACOCHBIN JBUTATENh, 3aKOHBI TEPMOAMHAMUKH (TIEPBBIA U BTOPOH).

Keywords: perpetual motion machine of the second kind, heat engine, heat engine, refrigeration machine,
heat pump, heat pump engine, laws of thermodynamics (first and second).

1. Bsrnsa Ha BO3MOXKHOE 4epes NpU3My
OUEBUIHOTO.

OnHo U3 ompeneneHuid BEYHOIro JBUTATeNsl 2-TO
pona (manee BJ) rnacut: «s.0. 2-20 poda — 860006padica-
eMas meniosas MawuHd, KOmopdas 6 pe3yibmame co-
8epuleHUss Kpyeo8oz2o npoyecca (Yukia) NOIHOCIBIO
npeobpasyem meniomy, nOLYHaAeMyto om KaKo2o-1oo
00H020 «Heucuepnaemo2o» UCMOYHUKA (OKeaHa, am-
mocgepol u m.n.), 6 pabomyy [1].

IIpuBenennoe onpeznenenue B/[ XOTS B KaTero-
pu4HO# opMe M He OTpHUIIAET BO3ZMOXKHOCThH €r0 CO-
3/1aHUs, OJTHAKO €7[Ba JIM OHO MOXET HaM FOBOPUTH U
0 BO3MOXHOCTU €ro IpakThdyeckoil peammsanuu. K
TOMY K€ HECET OHO M PsIJI AAJEKO HEe OECCHOPHBIX IT0-
JIO)KEHUH. YKaXKeM UX:

- BO-TICPBBIX, OTHECCHUE «MENI080U MAUUHBD K
KaTeTOpUHU «8000OpadicaemMotiy alipuoOpU UCKITIOYAET ee
W3 YHCIIa PEATBHO MPUCYTCTBYIOINX B MPUPOIE 00b-
€KTOB, BCIIEACTBHE YETO M BCAKYIO IOMBITKY pean3a-
IIUH TAKOTO YCTPOHCTBA CKOPEE BCETO CIIEAYET BOCIIPH-
HUMAaTh KaK 3aBEJOMO HEOCYIIECTBUMYIO;

- BO-BTOPBIX, OIpENEIIEHHEe HE HeceT B cebe Te
MPUYUHHO-CIIEICTBEHHBIE CBSI3U, KOTOPBIE CIIOCOOHBI C

MO3UIIMK HAYYHBIX 3HAHWHA UCKIIOUUTH BJ/] U3 00beK-
TOB MPAKTHUCCKON pean3allny;

- B-TPETHHX, OIMPE/CIICHIE YCTAHABINBACT TE3UC-
TpeOOBAHUE O «NONHOM NPeodPaA308aAHUU MENIOMmbl 8
pabomyy, KOTOPOE BEIXOJUT HE TOJIBKO 332 PAMKH KO-
HOMHYECKOH I1e1eco00pa3HOCTH, HO M JOCTUTHYTOTO
IUBUIIN3AIINACH YPOBHS TEXHUKH.

PaccmatpuBas mocnenHee U3 Tpex MpeacTaBiICH-
HBIX TMOJIOXKCHUH, OTMETHM OYECBHIHYIO aOCYpIHOCTH
TpeOOBaHUsA, CBSI3AHHOTO C «NOJIHbIM Npeobpasosa-
HUem meniomsl 6 pabomy» B yCIOBHUSIX 3aJIeHCTBOBA-
HUS JapOBOTO M COBEPIICHHO «HEUCUEPRaAemMocoy Uc-
moyHuKa (oxeana, ammocghepul u m.n.)» TernoTel. He-
IIOHSATHO u3 yero MIPOUCTEKAOIIAs
TePMOAMHAMHUYCCKAS CKapEeTHOCTh COCTABUTEICH Bop-
MYJUPOBKH BIIOJIHE JIOTHMYHO JOTOJHSCTCS OOIIen3-
BECTHBIM: «HOJHOe Npeobpazosanue menjiomsi 8 pa-
60my» OCTaeTCs HEBO3MOXXHBIM B OCYIIECTBICHHU
Hake ¢ HUCIIOJIb30BAaHHUEM HJIEAIbHON TEIJIOBOM Ma-
IIMHBI, TEPMOJMHAMUYECKNH UKII KOTOPOH OBLT yCcTa-
HosieH B 1824 roxy Camu KapHso.
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B camom nene, Teopetndeckn Bo3MOxHBIA KITJ]
TaKOM MaIlIMHBL, KaK OBLIO YCTAHOBJIEHO HCCIIEOBATE-
neMm emie B Hayane X|X Beka, HaXoJQuUTCsl Ha ypOBHE
MHOI'0 HUXe eAuHulbl. HecMoTpss Ha KoyioccaabHBIN
Iporpecc B HayKe U TEXHHUKE, OCTAETCSI OH TaKOBBIM U
ciycts cronerus. [Ipudem He TONBKO BCIEACTBUE MO-
Tepb pabOTHI Ha IPEOIOJICHUE CHJT TPEHUS B PaCIINPH-
TENbHBIX IWINHAPAaX peanlbHO AEUCTBYIOLIEH TEIUIo-
BOH MAaITUHBI, HO ¥ TIO0 IPUYNHE HEBO3MOXHOCTH TIpe-
OIIOTICHUST TEXHUYECKUX CIIOKHOCTEH C HIcalbHBIM
(6e3 moTeps) MOJBOIOM M OTBOIOM TeIUTOTHL. [Tocmen-
Hee TEXHUIEeCKOE HECOBEPIICHCTBO (HE MOJTHOE MPeod-
pa30BaHKE TEIUIOTHI B Pa0OTY) MO0 OOBIKHOBEHUIO CBSI-
3aHO ellie ¥ ¢ HeoOXO0MMOCThIO cOpoca BechMa cylie-
CTBEHHOM  4YacTH  TMOJIBEICHHOW  TEIUIOTHl B
OKPYXKAIOIIYIO Cpeny (XOJOAUIBHUK).

CrenoBarenbHo, 3aBepiuas 00o0meHne pasdopa
BBIIIIE MPUBENICHHOW (OPMYIHPOBKU B/[, Kak MUHH-
MyM OHa HOCUT TeXHHYECKU HE KOPPEKTHOH XapakTep.
[IpruuHy 00pa3oBaBIIeTOCS «HEIOPA3yMEHHUD CKOpEe
BCETO CIIEAYeT UCKATh B INIOCKOCTH OaHaIBHOTO HEIIO-
HUMAaHHA €€ COCTABUTEISIMA TEXHIICCKIX TPAHHUII BO3-
MO>XXHOTO, YCTaHaBJIMBAaEMOI0 CaMOW MPUPOIOH.
BnonHe BO3MOKHO, B YCJIOBUSIX MHOI'O-BEKTOPHOM He-
ONPENEIIEHHOCTH, COXpAHSIOIIEeHcs U M0 Cel IeHb B
TEePMOJIMHAMUKE, HE MOTJIM He MOBJIUATh Ha CUTYallHIO
¢ (OpPMYIHPOBKOW M YHUCTO MCHXOJOTHYECKHE ac-
MEKTHI, 3aCTaBUBIINE €€ aBTOPOB IOBTOPHUTH TO, UTO
ObUI0O B BeCbMa YCEYEHHOM BapHaHTE 3asBIICHO HX
MpeANIECTBEHHUKAMU — HEKMMHU BEJIMKHMH aBTOPUTE-
TaMH, KOTOpPbIE MOTJIM TOYEPIHYTh «KAHOHHYECKUE)»
3a0JyKJICHUS! OT CBOMX, HE MEHEE aBTOPUTETHBIX yUH-
Tenei BTopoii monoBuHb! X1X Beka: Kiaysucom, 1850;
Tomconom, 1951-1852; Teapmroabuem, 1854;
OctBanbaom, 1888 [2].

U 6ynp Bce ¢ TOYHOCTHIO IO HA000POT, YeIoBeye-
CTBO, HAJIO TOJIAraTh, IABHO OBl YK€ MOMPOIIAIOCh U C
YTIEPOTHBIMU UCTOYHUKAMHU SHEPTUH, TEMH K€ YTIIEM,
HeThIO W Ta30M, KaK C MCTOYHUKAMU XMMHUYECKOMN
SHEPTUSIMHU, TaK U C SJCPHBIM TOIIIMBOM - HCTOYHUKOM
SIIEpHON dHEPTruu. Mexay TeM OYEeBHIHBIN KPU3KC B
HayKe, B OCHOBE KOTOPOr0 HaXOAUTCS B TOM YHCIE U
MOCTYJIAT O HEMPEMEHHO «NOJHOM Npeodpa30eanus
meniomol 6 pabomyy BCSIKUM B/ G11arornoiyaHo nepe-
cTynun yxe pyoexx XX| Bexa. Hanpumep, B padore [3]
MMEHHO Ha 3TOM OCHOBAHMH IPOM3OILIO «ypPaBHHUBA-
HHUE B IIPaBax» MOHATHH BIIOJHE €CTECTBEHHON HENO-
CTH)KMMOCTH BCSKOW TEIUIOBOM MalllMHOM TepMuue-
ckoro ko3dduunenra nmonesnoro aevicteus (KI1/1) Ha
ypoBHe 100% ¢ mpuYUHON HEBO3MOXKHOCTH CO3JIaHUS
BJ[, xoTOopoe B aBTOPCKOM IIpeTeH3Mel Ha oTnpe/ielieHUue
BTOpPOTO Hauana TepMOJUHAMUKU Tiacut: «Cmomnpo-
YeHmHoe npespaujerue meniomsl 6 pabomy nocpeo-
CMBOM MENI080U MAUUHBL HeB03MOJICHO Y. B nanbHel-
HIeM, TaM JKe, CIEAyeT YK€ YKOPEHHBIIEECS B CO3HA-
HUM MHOTUX HCCJIEJOBATENEH MOSACHEHNE: «TEIIOBON
JIBUTATEIb, KOTOPBIA BCIO MIOJBEICHHYIO TEIUIOTY IIpe-
Bpamaer B paboTy, HA3BIBACTCS BEYHBIM JBUTATEIIEM
BTOPOTO POJIaY.

B ouepenHoii pa3 ykasblBas HA HUYEM HEONPAaB-
JTAHHO 3aBBIIICHHYIO IUIAaHKY TpeOOBaHMI B BOIIpOCE
MOJTHOTO HCHOJb30BAHUS HUYEM HE OTPAHHYEHHBIX B
MOTPEOJICHUH PHEPrOPECYPCOB, BHIHYKICHHO YKaXKeM
Ha UX HYJIEBYIO CTOMMOCTb [yl npusoja B/{. Torna,
IpUHUMas BO BHUMAaHME BIIOJIHE BCEM OYEBHHOE:
Macchl aTMoc(epHOTro BO31yXa, BOJ MHPOBOTO OKe-
aHa, SIBJISSICH O0IEIOCTYTHBIMUA MaccaMH, He MOTYT He
HecTH B cebe M 00IIefOCTYIHYIO TEIUIOTY, a, CTaJo
OBITh, HE MOTYT HE SIBJISATHCS TaPOBBIMU OT CAMOM TIpH-
POZBI HOCUTEIISIMH SHEpTuu. MIcXo1s N3 3TOro moHNMa-
HUSI BIIOJTHE OOBIIEHHBIX BEIIEH TEIUIOTY 36MHOM aTMO-
cdepsl, Kak U TEIIOTy BoJ, MHpPOBOro OKeaHa CleLyeT
BOCIIPUHHMMATh JAJIEKO HE TeM BUIOM SHEpPIUuu, KOTo-
pblit TpeGoBa ObI K cebe CKONBbKO-HUOY b 3HAYHMMOTO
BHUMAaHHMS, OTYETO IMOCTYJIUPOBAaHHE IOCTHKUMOCTU
B/l «cmonpoyenmnozo npeepawenus meniomei 6 pa-
bomyy» cnenyeT NPHU3HATh HAJAyMaHHBIM W BCEIENO
OIIHOOYHBIM.

Bornee Toro, Oyznem Bceneno 00beKTUBHBI, BCSIKHNA
peansHO neiictByromuit B/] ¢ KI1J] yxe 6omee 2 — 4%
MoOT ObI OBITH TEM BITOJTHE PEHTA0CIBHBIM B PA3THIHBIX
OTpacisIX YEJIOBEUECKOW NEATEIBHOCTH YCTPOHCTBOM,
KOTOPO€ MOTJIO ObI COBEpIIATh IOJE3HYIO JUIS 4elo-
Beka paboty. [IposBiseMbIii HAMH ONTHMH3M SIBIIS-
€TCsl, OTHIO/Ib, HE OECITOYBEHHBIM M UMEET MPSIMOE OT-
HOIICHHE K TeM JEeHCTBYIOIUM TEIUIOBBIM MAallIMHAM,
KOTOpBIE MOTYT COBEpIIaTh MOJIE3HYI0 paboTy C HC-
MOJIb30BAaHUEM JBYX HCTOYHUKOB HPHUPOAHOHN Tem-
JIOTHI, HAaIIPUMEP, TOBEPXHOCTHBIX U ITyOMHHBIX OKea-
HU4Yeckux BoJ. O0anas pa3HOCTHIO TEMIIEpaTyp B UH-
TepBaJie BCEro NHIb 15 — 25 rpagycoB, OKeaHHUYECKHE
Boabl MoryT obecmeumBaTh KIIJ| Takmx mamuH Ha
yposHe mopsinka 5% [4]. Lluxmonndeckux pasmMepoB
coopy>keHHue (BeC OIHOM NI TOAbEMHON TPYOBI 115
9HEPreTUYECKON YCTaHOBKM C HETTO-MOIIHOCTBIO HE
Menee 50 MBT cocraBmster 2500 T) xoTs U ABISAETCA
JTaJIeKO HE JICIIEBBIM B IPOIIECCE CO3AaHUS B IKCILTya-
TaIlUl COOpPY>KEHHEM, TeM He MEHee Jake 3TOT, Jajie-
KHH OT TEPMOJMHAMUYECKOT0 COBEPIIEHCTBA F'€HEPU-
pytomuii paboTy 0OBEKT MO pacyeTaM Ipeiroaraet
MEPUOJT Pa3yMHOHN OKyIIaeMOCTH.

WTtak, pa3BesB CKOIUICHHS CAMBIX HEBEPOSTHBIX
Cy’KAEHUH U 1O Cell IeHb CONPOBOXKIAOIINX TeMy B/J,
nepeiieM HEMOCPEICTBEHHO K J0Ka3aTENbCTBY TEO-
PEMBI O BOSMOXKHOCTH €T0 CO3/JaHuS, YK€ U3JI0KCHHYIO
Hamu B [5]. dns sroro mpencraBuM mpoodpa3 B/ B
BHJIE HEKOT'O «UEPHOTO SIIHKaY, CIIOCOOHOTO B aanada-
THUYECKOM PEKHMME IMOTIIONIATh TeIIoTy Q B HEOrpaHu-
YEHHBIX KOJIMYECTBaX M TpaHC(OpMHPOBATH €e B pa-
60ty A (cm. puc.l). [Ipu 5TOM YCIOBHUMCS O CIIEAYIO-
meM: BJ] sABIAETCS  [HMKIUYECKOW, 00paTUMo
JIEUCTBYIOIIEH TEMIOBOM MAalllMHOM, HaXoAsmencs B
HEKOM OAHOPOJHOW IO TeMIepaType MNPHPOJHOU
cpee, KOTopasi MOXKET OCTaBaThCS B ATOM COCTOSIHUU
0ECKOHEYHO OOJIBIION MPOMEXYTOK BPEMEHH. DTH HUC-
XOZIHBIE TIAPAMETPBI, KAK HE TPYAHO 3aMETUTh, OITHO-
CTBIO COOTBETCTBYIOT MAacCOBOMY IPEICTaBICHUIO 00
HUCTUHHO «HJeaTbHOM» B/] 1 HEe MeHee «HuaeaIbHOW»
30HE €ro paboyero nmpeObIBaHMsI.
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Pazymeercsi, paccmarpuBaemblii B/[ Oyner cHab-
JKCH MOTJIOTHTEIEM TEIUIOTHI 1, a Takxke BaJoM 0TOOpa
MotrHocTH 2. [Ipy 3TOM MOTJIOTUTENH TEIUIOTH 1 00J1a-
JaeT TemmepaTypoit 76, CymiecTBeHHO HIDKE TeMIIepa-
Typbl Ta — TeMmepatypsl okpyxatomei cpensl 3. To-
r/1a, mocie 3amycka B/ B paboTy mepen HaMH Herpe-
MEHHO BO3HHKAET TWJIEMMa: MO0 MBI UMEEeM JIeJI0 C
OaHaJIHHBIM HAKOITUTEJIEM KOHEYHOTO YPOBHS TEILUIOTHI
- OoMOoH, KOTOpasi HEMHHyeMa JO0JDKHA C TeUCHHEM
BPEMEHH B30PBAThCH, JTMOO Mepe HAMH HaXOIUTCS He-
KO€ YCTPOUCTBO, BaJl 0TOOpa MOLTHOCTH, KOTOPOTO Ye-
pe3 orpeieNIeHHbIN IPOMEKYTOK BpEMEHH JTOJIKEH caMm
co00¥ MPOBEPHYTHCS C MPUCYTCTBHEM Ha HEM HEKOTO
KPYTSAIIEro MOMEHTa. BriOupasi B KauecTBe MpeBaIH-
pyroleit 3HaYMMOCTH TIOJIE3HYI0 pabdoTy HaJl Iporec-
COM Da3pyIICHHS, MBI IMPUXOIUM K BBIOOpPY IOCIE-
HEro BapuaHTa. Tem OoJiee, 9YTO B MBICITUTEIBHOM JKC-
MEPUMEHTE 3TO HaM POBHBIM CYETOM HHYETO He OyaeT
CTOUTb.

3anumreM MaTeMaTHYECKUH KITF0Y K TOHUMAHHUIO
BCSIKOM TEIJIOBOW MallIMHbBI, BKIKOYask IOHUMAaHUE TE€O-
puu B/], B 0CHOBE KOTOPOH HE MOKET HE HAXOAUTHCS
MIepPBOE HAYAJIO TEPMOTUHAMUKH.

0+ A4=naU, 1)
rae Q — cyMMa KoJM4ecTBa TEIUIOTHI, TIOJIBC/ICH-
HOW K pabodyeMy Temy;

A — pabota, KOTOpast IPOU3BOAMUTCS MPH PaccMart-
pYBaeMoOM Mpoliecce;

AU — u3MeHeHne BHYTpEHHEH SHeprun pabodero
Tena 3a UK.

Hcxons U3 MOHMMaHUs paBEHCTBA HYJIO U3MEHe-
HUS BEJMYMHBI BHYTpeHHell sHeprun AU pabodero
TeJNa 3a MEePHOJ BPEMEHHU, KPAaTHOTO OJTHOMY padoduemy
UKy, 3anuiieM Beipakenue (1) B Bume:

Q=-4 )
3HaK IUIIOC, HAXOJSALIUICS B JIEBOM 4acTHU BbIpa-
KeHus (2), XapakTepu3yeT HaIpaBJIICHUC IBIKCHHS
SHEPruu, B JaHHOM Cy4yae MOTOK YHEPTUH HaNpaBiIeH
Ha TOMVIOIIEHNE TEIUIOTHl B/] K HEMY OABOIUMOI, TO-
raa Kak 3HaK MUHYC, HaXOJSAILUMICS B MPaBOil 4acTu
3TOTO K€ BBIPAXKEHUS XapaKTEPU3yeT IMUCCHIO M1OJIE3-
HOW paboThl, TeHepupyemMoil B/] W3 TOABEICHHOW K
HeMy TerioThl Q.

PackppiBass 3HaueHue KOJIMYECTBA MOABOJUMOM

TewioThl Q, uMeeM

Q = cmat, 3)

T7e ¢ — yAellbHas TEII0EMKOCTbD;

M — BeTMYMHA MACChI pab0overo Tela, MPUHABIICH
ydacTue B LUKJIE;

Al — U3MeHeHne TeMIepaTypsl padodero Tena 3a
nuki ot {1 go .

U3 Beipaxenntii (2), (3) B abCOMOTHOM BHJE Clie-
IyeT

A = cmat 4

AHanu3 BeIpakeHUs (4) He OCTaBJII€T HAM HUYETO
MHOTO, KaK B OUEPETHON pa3 MpU3HATh TOPKECTBO yUe-
Hus Cagu KapHo o criocoOe monydyeHus paboThI, MO~
TBEPKJAFOIIET0 HEOOXOIUMOCTh O0JIaflaHUs HE MEHEE
JIBYMsI ICTOUHUKAMHU TETIOTHI: «BBICIIIETO» WIIH HATpe-
BaTeNs M «HHU3IIETO» WU XOJNOAWIbHNKA. Torma, Boc-
mpuHUMas ; B BHUAE TEeMIIEpaTyphsl OKpY’KalomMIeh
CpeIIBl WM TEMITepaTyphl HarpeBarTes, CiaeyeT oa-
raTh 0 HEOOXOAMMOCTH 00JIaTaHNUsI HCTOYHHUKOM C TEM-
mepaTypoi t2, COOTBETCTBYIOMIETO TEMIIEPATYPE XOJI0-
JNUIBHUKA, KOTOpas MO ONMpeAesieHUI0 BTOPOTO Havaia
TEPMOJIMHAMUKHA JIOJDKHA OBITH CYIIECTBEHHO HUXKE
TeMIepaTypsl t;, 4TO B €CTECTBEHHBIX YCJIOBUAX JIO-
CTHYh HEBO3MOXHO. TepMOTUHAMUYCCKHUIA TYIHK, U3
KOTOPOTO IEUCTBUTENBHO HET BhIXOa?

[IpakTUyecKku HEBBIMOJIHUMOE, Ha MIEPBBIH B3I/,
B €CTECTBEHHOW-TIPUPOJIHON cpee yCIIOBUE, SIBHBIM
00pa3oM He YJIOBICTBOPSIOIIEE BTOPOMY HAdaly Tep-
MOJMHAMHUKH, OJTHAKO MOXKET OBITh 0€3 0COOBIX TEXHH-
YecKHX CIIoKHOCTel mpeomomneHo. Kak? Ilyrem wmc-
MTOJTE30BAHMUSA HCKYCCTBEHHO CO3TAHHOW YEIIOBEKOM
TIPUPOJBI — TICEBAOXOJIIONMIBHIKA, BHIITOITHEHHOTO Ha
OCHOBE HEKOH TEINIOHACOCHOW CUCTEMBI.

C 3TOH 1enblo COOpyauM CHMOMO3 JIBYX TEILIO-
BBIX MAIllMH, pa0OTAIOIIUX B PEKUME HPSIMOTO U 00-
patHOro UUKIOB. [Ipu 3TOM CBSIXKEM UX MEXaHUYECKH
U TIpOIECCaMH MIEPEHOCa JIBYMSI XOPOIIO U3BECTHBIMU
TEPMOJIMHAMUYECKUMH Tpoiieccamu. [lpu 3tom, mo-
IyTHO JIOTOBOPUMCS, TIEPBBIN OyIeT IMOAICpKUBATH
nuk1 PeHkwWHa, TOTJa Kak BTOpOM — HEKHi, Oe3pas-
JIMYHO KaKO TEeTIIOHACOCHBIH UK (CM. puc.2).

CriermaeM 3TOT, MHOTO€ YTO OTIPEACTISIOIIN B pa3-
BHTHUH IIBITU3AIIH IIAT BIIOJIHE OCO3HAHO. A erle BO-
MPEKH 