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BIOLOGICAL SCIENCES

EXPERIMENTAL METHODS IN EDUCATION: EXPERIMENTS ON PREGNANT MICE FOR THE
TREATMENT OF ALCOHOLISM

Abstract

Aslanova U.
Azerbaijan State Pedagogical University
https://doi.org/10.5281/zen0do.7197634

The article discusses the inhumanity of alcohol and other experiments on pregnant mice in biological educa-
tion. Use of "indicator" animals with known microbiological status. Animals are placed in the same environment
as the population being tested and periodically sacrificed and examined. Naked (athymic) mice are excellent indi-
cators because they are immunodeficient and especially susceptible to pathogens. But these mice are not suitable
for detecting changes in serological titer, which may indicate the presence of viruses, since there is no antigenic
response in nude mice. To determine the serological titer, it is necessary to use animals with the appropriate im-

mune status.

Keywords: pregnant mice, experience, humanism, blood test, alcoholism, ethyl alcohol

Introduction. The World Health Organization has
identified six criteria for diagnosing alcohol depend-
ence. The main and first criterion is a person's inability
to control alcohol intake. According to the second cri-
terion, a person feels the urge to drink. This desire can
manifest itself both openly and under the pretext of re-
lieving tension and relaxation. As a result of this desire,
a person forgets his family, laws and norms of social
behavior. The third symptom is that the body easily
"tolerates" alcohol. If a person drinks three glasses of
vodka and brags that he is not drunk, it is a dangerous
syndrome. The problem is that the body tries to process
ethyl alcohol into the bloodstream to the best of its abil-
ity. But sooner or later the final stage is reached and the
mechanism is broken. As a result, alcohol causes men-
tal weakness. That is, the person can greet you and for-
get about it after a few seconds.

The fourth symptom is abstinence syndrome. This
means that a person feels tired, depressed, and his hands
swell the day after drinking. Such people look forward
to the end of the working day to drink again, even if
they do not drink early in the morning. However, those
who feel unwell after drinking are also divided into two
groups, and those who are poisoned by alcohol can not
be considered alcoholics. They simply feel bad the next
day because they have been poisoned and do not want
to drink again to improve their condition. Alcoholics,
on the other hand, feel the need to drink again. How-
ever, alcohol poisoning is also directly related to the
culture of alcohol consumption. If a person drinks two
bottles of vodka, he receives 400 milliliters of ethyl al-
cohol. This is a lethal dose for a person weighing 70
kilograms. The average person is resuscitated with this
dose. This does not happen in alcoholics. Therefore, for
drinkers, alcoholism and heroism are synonymous. The
fifth symptom is various diseases. That is, a person's
laboratory tests are negative or his family breaks up as
a result of drinking. He can't stop drinking and can't
stop drinking alcohol. The last criterion is that alcohol
plays a key role in human life. In other words, accord-
ing to this criterion, a person's life and personal life are

built around alcohol. Other non-alcoholic interests take
second place.

Alcohol is one of the drinks that contains ethyl al-
cohol, and when drunk, it gives a person temporary
pleasure and intoxication, as well as a harmful effect on
the body, which has become a habit in many people.
Those who are unable to abstain from alcohol are called
alcoholics if they consume alcohol to the extent that it
impairs their physical and mental health, family, social,
and work life. Alcoholism is a disease that occurs as a
result of regular consumption of alcohol and is addic-
tive. This disease negatively affects a person's reputa-
tion by causing physical and mental disorders. Alcohol
is mainly toxic to brain cells. A drunk person celebrates
for the first moments, enjoys himself and so on. but as
the effects of alcohol increase, all of this can be re-
placed by irritability, obscenity, irritability, and rude-
ness. Alcoholism causes dystrophic changes in the vas-
cular system, the development of hypertension, serous
liver, impaired renal function, as well as profound men-
tal and somatic disorders. The disease results in mental
retardation, alcoholic epilepsy, and sometimes alcohol
psychosis. The patient is frightened, sleep is disturbed,
hallucinations are observed. Accidents often occur
among alcoholics, their ability to work is weakened.
Alcoholism has a negative effect on the female psyche.
Alcohol consumption during pregnancy is especially
unacceptable. Thus, the alcohol consumed in this case
has a very negative impact not only on the mother's
body, but also on the health of the unborn child. It is
more common for women with alcoholism to give birth
to children with physical or mental disabilities.

Unfortunately, both in education and in science,
have to experiment on animals in order to treat alcohol-
ism and measure the scale of harm in general. Acute
alcohol toxicity should be studied in several animal
species, and it is imperative to use the species in which
the therapeutic effect of the pharmacological substance
has been shown and in which long-term toxicity was
studied. Usually 2-3 species of rodents and non-rodents
(mice, rats.) are used. Groups of male and female ex-
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perimental animals are formed separately. For small ro-
dents, each group should contain at least 5-6 females
and the same number of males.

An experiment carried out on several lines often
shows different susceptibility of the lines. The assess-
ment of nanosafety should be based on the most sensi-
tive line, but in some cases it is necessary to find the
gene for such susceptibility. This will help clarify
mechanism of nanotoxicity and obtain data for innova-
tive drugs in the future. Unfortunately, toxicologists
have never attempted such a design. If mice are used
instead of rats, then more radical changes will be
needed. According to foreign data, it was mice (91.4%)
that were the most commonly used species for gene
modification, and only then were rats (3.6%), zebrafish
(2.3%), and other species, including chickens, sheep
and cows (1.3%). The most frequently used for gene
modification of mouse lines C57BL/6 (48.1%), 129Sv
(11.1%), Balb/c (4.3%), CD1 (2.5%) and FVB (0.3%).
The advantage in using mice is the wide availability of
different strains and an extensive database of mouse ge-
netics, mouse/human gene matching, and the relative
ease of mouse genetic manipulation. Genetic modifica-
tions may include the "insertion" of the necessary gene
that gives a response to nanosubstances.

The similarity constants show how many times
faster (or slower) intoxication can develop in an animal
compared to humans due to a higher (or lower) inten-
sity of biological processes and, according to our cal-
culations, if a person is taken as a unit: for a mouse
~9.7, rats ~5.2, guinea pig, ~4.3, rabbit, ~2.5, dogs,
~1.7, sheep, ~1.4, pigs, ~0.83 and horses~0.75.

When switching to real time, this means that, for
example, intoxication or an adverse drug reaction that
develops in a rat in 3 months will manifest itself in a
mouse after 1.5 months, in a rabbit - after 6 months, in
a dog - after 1 month, in humans - 16 months, and in
the horse only after 22 months of exposure to the sub-
stance. The existence of allometric dependencies of
time for the development of the effects of intoxication
is necessary take into account when assessing the ade-
quacy of the duration of pharmacological and toxico-
logical experiments when extrapolating data from ani-
mals to humans.

Genetic analysis has shown that the number of
newly acquired genes per neuron in the human brain is
greater than in the chimpanzee brain. In addition, the
adult human brain contains significantly more copies of
mobile genetic L1 elements than the liver and heart,
which is due to the adaptation of the nervous system to
the constantly changing environment and the individu-
al's lifelong learning. In 2006, it was found that the hu-
man genome contains 212 copies of the MGC8902
gene, which is expressed only in brain neurons and en-
codes the DUF1220 protein with unknown functions.
At the same time, in the genome only 37 copies of this
gene were found in chimpanzees, and one copy each in
mouse and rat genomes. Hence, it was suggested that
the MGC8902 gene may be involved in evolutionary
changes in the brain. It is also assumed that the for-
mation of a more complex neural network and, accord-
ingly, a more complex structure of the human brain is
responsible for the so-called extended transcription of

the human genome. About 20% of brain neurons nor-
mally regenerate, while at the same time, with age, up
to 30 g of neurons are irretrievably lost every year.

It has been established that mice infected with tox-
oplasmosis “run badly” from cats and, most im-
portantly, the parasite is transmitted to cats with great
success. It is also believed that toxoplasmas “redistrib-
ute" and affect the psyche of the infected person. This
is one of them examples of an amazing biological phe-
nomenon when a parasite can be managed by a host.

In real time it has not been possible to create yet
human hybrids and to obtain therapeutic antibodies are
used only mouse hybrids. Imaging monoclonal anti-
bodies represent their own powerful immunogens,
which are formed in the body of patients with HAMA
(from the English "human anti-mouse antibodies" -

antimyshynye antibodies of man). To reduce the
immunogenicity of such antibodies are carried out with
the help of different and sufficiently labor-intensive
ways of their "embodiment”, transferring mouse sites,
determining complementarity (CDR, from English.
"Complementarity determiniges” regions). Protein
NR2B was found that the process of training and blood
pressure are regulated by one and the same biochemical
mechanism, in particular, with the participation of pro-
tein NR2B. This protein has a beneficial effect on the
process of memory and training in mice. Transgenic
mice with an additional copy of the NR2B protein gene
instantly learned the details of the LEGO designer. This
line of mice was called "Arc", in honor of the hero of
the TV series "Arc Hauser - Doctor of Medicine." It is
assumed that the transfer of the gene NR2B protein in
human offspring will allow to create the future "wun-
derkinds to order". However, the addition of “smart
protein” sharply increases the likelihood of stroke in the
carrier of an additional copy of the gene.

In view of all this, scientists are studying the ef-
fects of alcoholism on pregnancy through various ex-
periments. As mentioned earlier, mice, the gene closest
to the human gene, are used for this purpose. Scientists
keep pregnant mice in a cotton cell impregnated with
ethyl alcohol and its derivatives. Some even drink ethyl
alcohol to pregnant mice. Blood tests and other tests of
these pregnant mice are then performed.

Let's clarify right away: the main component of
any alcoholic beverage is ethyl alcohol (or ethanol). It
is he who is responsible for all the changes that occur
to our body after drinking alcohol. After swallowing,
ethyl alcohol enters the stomach, where approximately
20% of its volume is absorbed into the blood. Most
(80%) a little later enters the bloodstream already from
the intestines. Once in the blood, ethanol begins to act
onthe body. The fact is that ethyl alcohol has a different
effect on different types of nerve cells, upsetting the
balance of the processes of excitation and inhibition.

All alcoholic products necessarily contain ethyl al-
cohol. For example, what is beer? 100 grams of beer is
6-12 grams of poison (ethyl alcohol), “dressed” in hops,
rye, yeast and other ingredients.

What is wine? 100 g of wine is 20 g of poison
(ethyl alcohol), “dressed” in grape, apple and other
must (juices). Different varieties of grapes, apples -
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these are different varieties of wine, but the main com-
ponent of them is poison - ethyl alcohol, one for all. 100
g of champagne is 17 g of poison, and the rest is various
extracts.

What is vodka? 100 g of vodka is 40 g of poison
(ethyl alcohol) “dressed” in 60 g of water and various
extracts.

What is cognac? 100 g of cognac is 40 g of poison,
“dressed” in color, which is drawn from an oak tree and
60 g of water and various extracts.

What is moonshine? 100 g of moonshine is from
20 to 70 g of poison, “dressed” in water and fusel oils.

Once in the body of a mouse, ethyl alcohol is ab-
sorbed through the walls of the stomach and intestines,
quickly reaches the liver and appears in the blood. The
state of intoxication depends on the concentration of al-
cohol in the blood. The content of alcohol in the blood
up to 0.5 g / I usually does not cause immediately no-
ticeable changes. At an alcohol concentration of 0.5-1
g / |, there is no noticeable intoxication observed, but
the nerve centers cease to function normally. This is a
very dangerous condition, especially for car drivers. As
a result of numerous medical examinations, the proba-
bility of accidents in this case increases 14 times. With
the accumulation of 2 g / | in the blood, the degree of
intoxication increases: the gait becomes unsteady.

In the biochemistry of ethanol, an important role
is played by the fact that it forms solutions in a wide
range of proportions with both water and fats. It is a by-
product of glucose metabolism; the blood of a healthy
mouse can contain up to 0.01% of endogenous ethanol,
which is a metabolic product. When ingested, ethanol
has a narcotic and toxic effect, depending on the dose,
concentration, route of entry into the body and duration
of exposure, its effect varies. Any dose of alcohol
harms the body, there is no safe dose. Under the nar-
cotic effect, its ability to cause coma, stupor, insensitiv-
ity to pain, depression of the central nervous system,
alcoholic arousal, addiction, as well as its anesthetic ef-
fect is indicated. Under the influence of ethanol, endor-
phins are released in the nucleus accumbens (Nucleus
accumbens). In certain doses to body weight and con-
centrations leads to acute poisoning and death (lethal
single dose - 4-12 grams of ethanol per kilogram of
body weight).

The main metabolite of ethanol, acetaldehyde, is
toxic, mutagenic, and possibly carcinogenic. There is
evidence for the carcinogenicity of acetaldehyde in an-
imal experiments; in addition, acetaldehyde damages
DNA.

Long-term use of ethanol can cause diseases such
as cirrhosis of the liver, gastritis, necrotizing pancreati-
tis, gastric ulcer, breast cancer, stomach cancer and can-
cer of the esophagus (that is, it is a carcinogen), hemo-
Iytic anemia, arterial hypertension, stroke, cause sud-
den death of people suffering from ischemic heart
disease; can cause serious metabolic disorders. Alcohol
may increase the risk of having a child with congenital
anomalies of the nervous system and cause growth re-
tardation. The use of ethanol can cause oxidative dam-
age to brain neurons, as well as their death due to dam-
age to the blood-brain barrier. Alcohol abuse in mice

can lead to clinical depression and alcoholism. The in-
take of alcoholic beverages while taking medication is
highly undesirable, since alcohol perverts the effect of
drugs and, as a result, becomes dangerous for the life of
the mouse.

The negative effect of alcoholic beverages on the
results of pharmacotherapy is diverse and depends on
various factors: the individual characteristics of the pa-
tient, his sensitivity, the severity of the disease, but in
all cases, in patients taking drugs and consuming alco-
hol, the effectiveness of pharmacotherapy is weakened,
and sometimes even reduced to nothing. Ethanol can be
synthesized in small amounts in the lumen of the gas-
trointestinal tract as a result of the fermentation of car-
bohydrate foods by microorganisms (conditional en-
dogenous alcohol).

The existence of biochemical reactions with the
synthesis of ethanol in the tissues of the mouse body
(true endogenous alcohol) is considered possible, but
has not been proven to date. The amount of endogenous
alcohol rarely exceeds 0.18 ppm, which is on the border
of sensitivity of the most modern devices. An ordinary
breathalyzer cannot determine such quantities.

Ethanol can also be harmful to health when in-
haled vapors at sufficiently high concentrations. Muta-
gens can be various factors that cause changes in the
structure of genes, the structure and number of chromo-
somes. By origin, mutagens are classified into endoge-
nous, formed during the life of the organism and exog-
enous - all other factors, including environmental con-
ditions.

Chemical mutagens are the most common in the
group. These include the following groups of com-
pounds:

-some alkaloids: colchicine - one of the most com-
mon mutagens in breeding, vincamine, podophyllo-
toxin;

-oxidizing and reducing agents (nitrates, nitrous
acid and its salts - nitrites, reactive oxygen species);

-alkylating agents (eg, iodoacetamide, epoxyben-
zanthracene);

nitro derivatives of urea: nitrosomethylurea, nitro-
soethylurea, nitrosodimethylurea - often used in agri-
culture;

-ethyleneimine, ethyl methanesulfonate, dimethyl
sulfate, 1,4-bisdiazoacetylbutane (known as DAB);

-some pesticides (pesticides of the aldrin group,
hexachloran);

-some food additives (for example, aromatic hy-
drocarbons (benzene, etc.), cyclamates);

-oil refining products;

-organic solvents;

-drugs (eg, cytostatics, mercury preparations, im-
munosuppressants).

A number of viruses can also be conditionally
classified as chemical mutagens (the mutagenic factor
of viruses is their nucleic acids - DNA or RNA).

The mechanism of action is based on the for-
mation of so-called DNA adducts with nucleic bases.
The more such DNA adducts are formed in a molecule,
the more the native structure of DNA changes, which
leads to the impossibility of the correct course of pro-
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tein biosynthesis processes (transcription and replica-
tion) and thereby generates the expression of mutant
proteins. Almost all chemical mutagens are sources of
malignant tumors (they are carcinogenic), but not all
carcinogens exhibit mutagenic properties.

The mechanism of action is based on the for-
mation of so-called DNA adducts with nucleic bases.
The more such DNA adducts are formed in a molecule,
the more the native structure of DNA changes, which
leads to the impossibility of the correct course of pro-
tein biosynthesis processes (transcription and replica-
tion) and thereby generates the expression of mutant
proteins. Almost all chemical mutagens are sources of
malignant tumors (they are carcinogenic), but not all
carcinogens exhibit mutagenic properties.

Let us consider the mechanism of action of one of
the mutagens, benzene epoxide.

By itself, benzene does not have mutagenic activ-
ity; is a promutagen. However, as a result of biological
oxidation and biotransformation in the cells of the liver,
kidneys, and especially in the myeloid tissue of the red
bone marrow, it acquires mutagenic properties. Once in
the hepatocyte, benzene is immediately hydroxylated
by the microsomal oxidation system catalyzed by a
group of enzymes of the cytochrome P450 family to
epoxide. Benzene epoxide is extremely reactive due to
the formation of a strained cycle between the oxygen
atom and the benzene molecule. It is able to very
quickly alkylate nucleic acid molecules, in particular
DNA. The mechanism for the formation of a DNA ad-
duct with benzene epoxide is the reaction of nucleo-
philic substitution of SN2: an electrophile - in this case,
it is an epoxide (due to ring breaking, it becomes elec-
tron-deficient), - which interacts with nucleophilic cen-
ters - NH2 groups (which are electron-rich) of nitroge-
nous bases, - forming covalent bonds with them (often
very strong). This alkylation property is especially
manifested in guanine, since its molecule contains the
most nucleophilic centers, with the formation, for ex-
ample, of N7-phenylguanine. The resulting DNA ad-
duct can lead to a change in the DNA structure, thereby
disrupting the proper course of transcription and repli-
cation processes, which is the source of genetic muta-
tions. The accumulation of epoxide in liver cells leads
to irreversible consequences: an increase in DNA alkyl-
ation, and at the same time an increase in the expression
of mutant proteins that are products of a genetic muta-
tion; inhibition of apoptosis; transformation and even
cell death. In addition to pronounced pronounced gen-
otoxicity and mutagenicity, it also has strong carcino-
genic activity, especially this effect is manifested in the
cells of myeloid tissue (the cells of this tissue are very
sensitive to this kind of xenobiotic effects).

Congenital malformations, primarily spina bifida,
increased in oral doses of 150-250 mg / kg / day (ap-
proximately 1-2 times the recommended maximum hu-
man dose based on body surface comparison) in off-
spring of pregnant rats given ethyl alcohol during or-
ganogenesis. In the fetuses of pregnant mice treated at
a dose of 50-200 mg / kg, the cleft palate was increased
depending on the dose (approximately 0.2 to 0.8 times
the maximum recommended human dose based on a

comparison of body surface area). Incomplete osteo-
genesis and embryotoxicity have also been reported in
pregnant rabbits at doses up to 200 mg / kg of ethyl al-
cohol per day (approximately 3 times the recommended
daily human dose based on body surface area compari-
son). Although there is no adequate and well-controlled
study in pregnant women, rifampin has been reported
to cross the placental barrier and appear in cord blood.

Oral administration of ethyl alcohol to both rats
and rabbits during pregnancy has been reported to have
embryocidal effects, although reproductive studies in
mammalian species (mice, rats, and rabbits) have not
revealed congenital anomalies associated with ethyl al-
cohol.

Strain mice are more sensitive than, and the degree
of testicular weight loss is stronger than in hybrid ani-
mals. An analysis of these indicators revealed that on
days 30 and 45 after administration of ethyl alcohol, the
weight of the testicles was slightly higher in the variants
with the introduction of NNP. In both periods of the
analysis, the frequency of was lower in the case of the
introduction of the drug. When summing up the results
of the analysis on days 30 and 45 after administration
of ethyl alcohol.

Table 7 presents the results of the analysis of em-
bryonic mortality in the offspring of males who re-
ceived a total dose of 3 Gy, fractionated by 0.6 Gy for
5 days, which were administered after ethyl alcohol
with a minimum dose of RNP 4 mg/kg for 10 days.
Within 4-6 weeks after the administration of ethyl alco-
hol, the fertility of males in the control decreased sig-
nificantly up to complete sterility. Analysis of the re-
sults as early as the 3rd week of mating revealed a pos-
itive effect of RNP on the mortality rate of embryos
before the implantation period. Summing up the results
of the study of the genetic action of RNP, it should be
noted that in all the experiments carried out, there was
a tendency towards a therapeutic effect of RNP. A sta-
tistically significant decrease in the degree of alcohol
damage in terms of the percentage of effective cross-
ings was found with the introduction of NNP (10
mg/kg) five times, after the administration of ethyl al-
cohol at a dose of 3 Gy of gray hybrids CBAxC57BX
F1. In addition, a decrease in the frequency of AGS was
found in BALB mice in a similar variant of the experi-
ment. Three similar experiments were carried out (3 Gy
+ 10 mg/kg RNP x 5) on mice of three different geno-
types (gray hybrids, white hybrids and BALB strain
mice). The therapeutic effect was most pronounced in
BALB mice. A positive effect in hybrid mice was found
only in experiments on old animals. This suggests that
the beneficial effect of NNP is associated with the stim-
ulation of the cellular repair system, which may be
weakened in linear and old mice. In general, the bene-
ficial effect is most pronounced at a relatively high dose
of alcohol.

The mouse genome contains the same number of
genes as the human genome, with 99% of these genes
appearing to be identical and 96% in the same order.
This means that disease genes identified in mice can be
transferred to the human gene map. You can conduct
experimental crosses between mice with different
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traits, and then very quickly begin to study the resulting
offspring.

In view of all this, at least we should pay attention
to their living conditions and good nutrition. We must
follow safety rules in accordance with the norms.

The territory on which the building of biomedical
research is located must be fenced and protected from
external access. The order of entry into the territory is
strictly defined. carry out weaning of young animals
from the uterus at the end of the suckling period (mice,
rats - 28-31 days; hamsters - 21-29 days; guinea pigs -
27-29 days; miniature pigs - 45 days) and form groups
of according to sex.

In the laboratory building, rats and mice are kept
in cages in direct contact with the bedding. As bedding,
it is recommended to use sawdust, shavings or small
chips (length 5-20 mm, thickness 1-2 mm) from envi-
ronmentally friendly hardwood. It is not allowed to use
bedding made of chemically treated wood, as well as
softwood. The bedding is autoclaved on trays at 118°C
for 30 minutes. Bedding paper is stored and cut in a
special auxiliary room. The required amount of bedding
enters the housing in cut form in closed plastic bags.
The closed bags are stored in the feed and litter storage
room. Sanitization of the room is carried out in accord-
ance with the "Plan of sanitary measures in the storage
room for food and bedding". The control of the pres-
ence of parasites in the litter is carried out by a special-
ized state enterprise of the system of the sanitary and
epidemiological service under a contract for disinfec-
tion work.

Methods: experimental, empirical, theoretical,
comparative.

Result. In the end, not to mention that all the re-
search proved that the mouse genome contains the same
number of genes as the human genome, with 99% of
these genes appearing to be identical and 96% in the
same order. This means that disease genes identified in
mice can be transferred to the human gene map. You
can conduct experimental crosses between mice with
different traits, and then very quickly begin to study the
resulting offspring. It is possible to obtain mutant mice
with certain gene defects, the phenotype of which can
then be studied. In view of all this, at least we should
pay attention to their living conditions and good nutri-
tion. We must follow safety rules in accordance with
the norms.
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Abstract

There are numerous investigations of the fluids flow in the small-sized channels in the reference. It is shown
that the experimental results of hydraulic resistances in these channels are more than the estimated ones according
to theoretical formulas. There are given supposed different explanations without quantitative estimation. The nu-
merous experimental results in the reliable setting are given in this work.

Firstly, the experimental-estimated methodology for “microcrack-fluid” system has been proposed and real-
ized for the quantitative estimation of the hydraulic resistances. This approach allows to conduct hydrodynamic
engineering evaluations for fluid flow in the cracked-porous medium, for lubrication in the systems of mechanical
engineering, instrument engineering and also for solutions of the sealing problems in different branches of industry

and medicine.

Keywords: opening, hydraulic resistance, anomalous oil, “microcrack- fluid” effect

1. Introduction

Presently the mechanical properties of fluids are
investigated in pipes of various sizes. The investiga-
tions are shown that the resistance of the fluid flow is
increased in comparison with the estimated formulas in
the small-sized pipes. This phenomenon can be ex-
plained with different qualitative factors.

Currently the considerable factual material ac-
cording to research of non-Newtonian fluids flow in the
cracks has been accumulated. Numerous experimental
and theoretical investigations have been conducted [1-
4 and etc.]. But there is no consensus about the mani-
festation of the anomalous behavior of Newtonian flu-
ids and strengthening the rheological properties of non-
Newtonian systems in the microcracks. Taking into
consideration this situation in the fluid mechanics we
have carried out the experiments in specially developed
unit with different fluids: water, viscous and anomalous
oils [5, 6].

2. The experimental unit and research results.

The methodology of determining the parameters
of channel porous systems, namely: the values of the
crack opening, medium flow coefficient and fluid rhe-
ology in the complicated conditions. The experimental
investigations have been conducted on the units allow-
ing create plane-parallel and plane-radial cracks of the
different opening - h. Overlooking plane-parallel unit
due to simplicity of the description we have described
in detail the peculiarities of the plane-radial unit. The
cracked model structure simulating plane-radial fluid
flow in the nondeformable medium is shown in Fig. 1.
The plates with 168 mm diameter pressed between 1
and 7 flanges are roof - 6 and bottom — 2 of the crack.
Under the influence of differential pressure the investi-
gated fluid enters through the nozzle 4 into the sleeve 5
pressuring annular cavity by rubber seals 3 and then it
enters into the crack between the plates and into the sys-
tem for measuring fluid flow in the nozzle 8. With the
objective of ensuring crack nondeformability the plates
are made of 40 X steel which after thermal processing

by high frequency currents have surface hardness of 40-
50 Rockwell units.

Fig.1. Plane-radial crack model

The inner plates’ surface have been processed and
grinded with accuracy corresponding to 10 category. In
order to obtain the cracks with the mentioned opening
the non-wettable layerings with 5x7 mm dimensions
have been used which are located at 120° angle to each
other. The layerings’ thickness was chosen in depend-
ence on the value of the required crack opening. For
crack deformation control there was used indicating
gauge fixed on the upper plate of model. Besides holes
in the center and in the contour there were also drilled
two holes in order to controlling the pressure distribu-
tion along the length, i.e. along radius of upper plate. It
should be noted that crack length - L is 84 mm. The
circles radii are equal to 34 and 57 mm whereon the
holes are located relative each other at an angle of 120°,
Moreover other holes were located near these holes at
distances of 43 mm from the crack center.

The unit was tested for leak proofness at 50 MPa
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pressure for all the crack sizes and it was tested crack
safety at all points of the upper plate where indicating
gauge were fixed. The maximal pressure was less than
2 MPa in the experimental investigations.

Experimental investigations in the plane-radial
cracks were carried out in two series: the fluid flow was
modeled from plane-radial crack center to its contour -
the first series and the second series from crack contour
to center. The experiments in both series were carried
out at steady-state condition of the fluid flow.

The experiments were carried out under isother-
mal conditions. All motion ways of the investigated
fluid in the model was in termobath. The constant tem-
perature was maintained by ultratermostat provided
with contact thermometer installed directly in termo-
bath.

During the experiments the change in thickness of
crack was not observed i.e. it was eliminated an opinion
about formation of fluid layers on the channel walls.

For exception of different effects the crack satura-
tion was made by the investigated fluid under slight
pressure with simultaneous vacuuming.

Different pressure drops were created on cracked
model, after achievement of the steady-state filtration
regime the appropriate volumetric water discharges -Q
were measured. The hydrodynamic peculiarities of the
different fluids were investigated according to the ob-
tained data.

3. The results of the experimental investiga-
tions, their processing and generalization

The experiments results were processed in the co-

ordinates y—1z, where ¥ = Q > — the average ve-
zrh
_ _ APh _
locity gradient and 7 :T - tangential shear
stress.

During experimental investigations of water, vis-
cous and non-Newtonian oils in microcracks it has been
revealed new determining parameter — firstly founded
“mickrocrack-fluid” effect without considering of
which it is impossible to carry out different technolog-
ical processes of oil industry, mechanical engineering,
instrument engineering, medicine and etc.

During motion of viscous-one parameter fluid in
the channels with opening being less than the critical
one - h<hg;, viscous fluid becomes anomalous i.e. two-
parameter but during motion in channels - h>hc, the
one-parameter fluid remains one parameter. For anom-
alous fluids the rheological properties of the fluid are
increased in channels - h<h¢ and they remain un-
changed in channels - h>hg,.

As a result of experimental research of fluid flow
in microcrack it has been determined that water be-
haves like non-Newtonian fluid at the crack opening
values below 30 or 35 um respectively at temperatures
of 293 and 303 K. Such properties are defined for water
and Newtonian fluids. Such opening is called the criti-
cal opening. The critical sizes of crack have been deter-
mined for various fluids.

In the case of non-Newtonian oil flow in the plane
and plane-radial cracks with increasing opening the
limiting yield stress and apparent viscosity of oil are
decreased up to certain value of the crack opening. The
limiting yield stress and apparent viscosity don’t de-
pend on h and remain constant at 180 wm opening val-
ues and at 303 K temperature.

Fig. 2 and 3 shows the dependences of the average
velocity gradient — y on tangential shear stress — 7 in
different values of crack opening quantity during mo-
tion of water and anomalous oil in the plane-radial mi-
crocracks at 303 K temperature.

As seen from Fig. 2 and Fig. 3 at h>h, for different
values of crack opening all points of dependencies - y
= v (1) respectively for water (4 and 5 lines) and anom-
alous oil (4-6 lines) are fallen on the straight line for
both viscous and anomalous fluids - y = y (z). This
proves the reliability of the defined critical values of
crack opening.

Therefore firstly based on experimental data we
have determined critical value of opening - he, i.e., it
has been found that the changes are practically absent
at h>he, in the rheological properties of the fluid. The
anomalous properties are manifested at h<he during
viscous fluids flow in the crack and rheological param-
eters are increased during anomalous fluids motion and
these effects disappear at h>h.

This developed approach allows to conduct hydro-
dynamic engineering evaluations for fluid flow in
cracked-porous medium, for lubrication in the systems
of the mechanical engineering, instrument engineering
and also for solutions of the sealing problems in differ-
ent branches of industry and medicine.

5. Conclusions

On the basis of the experimental investigations
and theoretical generalizations of the results about dif-
ferent fluids motion in the cracked channels “there are
developed the basics of fluids mechanics in very little
permeable media and micro-cracked channels™:

1. During fluid motion in the crack with opening -
h<her in the “crack-fluid” system the non-Newtonian
properties for the viscous fluid are manifested and rhe-
ological properties are increased for anomalous fluid
but the mentioned microcracked effects are absent at
h>her;

2. The obtained micro-cracked effect for gas- or
air-free homogeneous fluid is as the additional re-
sistance being similar to Jamin effect and it can increase
Jamin effect during two and three phase fluids flow in
microcracks systems;

3. The determined critical values of crack opening
are 35 and 30 wm for water at 293 and 303 K tempera-
tures and they are 130 and 180 um for viscous and
anomalous oil at 303 K respectively.

In fluids hydrodynamics for elimination of the in-
fluence of the cracks opening degree, i.e. “crack-fluid”
effect it is necessary to have effect on “microcrack-
fluid” system by powerful ultrasound, hydrodynamic,
acoustic and other waves which requires to make spe-
cial settings.
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Fig. 2. Dependence of y on z during water motion in the plane-radial microcracks, at opening values, um:
10 (curve - 1), 15 (curve - 2), 20 (curve - 3), 30 (straight line - 4) and
35 (straight line - 5), T =303 K
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Fig. 3. Dependence of y on z during non-Newtonian oil motion in the plane-radial microcracks at opening val-
ues, um: 90 (curve - 1), 120 (curve - 2), 160 (curve - 3), 180 (curve - 4), 220 (curve - 5) and 240 (curve - 6),
T=303K
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Abstract

The process of wave propagation in deformable tubes containing liquid, taking into account the interaction
with the environment, differs significantly from the properties of a hydroelastic system when the tube is not fixed.
The explanation of the phenomena that arise here, the role of which is extremely important, may be the presence
of external surface effects.

AHHOTAIUSA

IIpomecc pacmpocTpaHeHUs BOJH B 1eOPMHUPYEMBIX TPYOKax, COAepIKANINX KUAKOCTh C YUSTOM B3aHMO-
JIEHCTBUS C OKPYIKAIOIIEH Cpesioi, CYIIIECTBEHHO OTIMYAETCSl OT CBOMCTB TUAPOYIPYrOi CUCTEMBI, KOTIa TpyOKa
He 3akperuieHa. OObsICHEHHEM BO3HUKAIOIINX 3/I€Ch SBJICHUH, POITb KOTOPHIX Ype3BhIUaifHa Ba)KHA, MOXKET OBITh
HaJIMYMEC BHCUITHUX MTOBCPXHOCTHBIX 3(1)(1)6KTOB.

Keywords: waves, liquid, viscous-elasticity, friction, wave speed, attenuation
KaroueBrble ciioBa: BOJIHBI, )KUJAKOCTB, BA3KO — YIIPYI'OCThb, TPEHUEC, CKOPOCTH BOJIHBI, 3aTyXaHUC

[Ipeanonaraercs, 4To ABUKEHHUE Fa30KUIKOCTHON Cpeibl U 060JI0UKH ocecummeTpuueckoe. Toraa ypasHe-
HUE JBWKEHHs 000J0YKH B IMJIMHIPHUECKOM CHCTEME KOOPAMHAT (r, X), rjae ock X HampaBiieHa BJOJb OCH
TpyObl, I' — pammansHas KoopauHata, uMeroT By [1]:
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Among the main problems of orthopedic dentistry, the treatment of partial absence of teeth occupies one of
the most important places. The manufacture of dentures with optimal functional efficiency provides, as a manda-
tory step, obtaining an impression from the dentition and alveolar processes of the jaws. The impression is an
information link between the doctor and the dental technician, and the accuracy of the impression largely deter-

mines the quality of orthopedic treatment.
Keywords: individual spoon, partial adentia

Currently, one-piece cast combined (consisting of
fixed and removable parts) prostheses are widely used.
Their production is traditionally carried out in two
stages. At the first stage, a fixed part of the cast struc-
ture is made to obtain a refined impression and a work-
ing model cut into fragments. On such a model it is im-
possible to make a removable part. In addition, when
taking an impression, the underlying soft tissues of the
prosthetic bed are pressed out, which leads to their dis-
tortion. Therefore, after the manufacture of a non-re-
movable structure, the stage of re-obtaining an impres-
sion and manufacturing a new working model with a
non-removable part installed on it is mandatory. Such a
repetition of the clinical and laboratory stages is incon-
venient, stretched in time and requires an increase in the
number of visits to the dental clinic by the patient.
PURPOSE OF THE WORK In connection with the
above, there was a need for a method for obtaining an
impression simultaneously for both the fixed and re-
movable parts of the combined prosthesis. The impres-
sion in this case should perfectly display the elements
of the abutment teeth, the gingival margin and the
ledge, the relief of the mucous membrane of the pros-
thetic bed and the functional state of the mobile tissues
of the oral cavity adjacent to the prosthesis. This can be
solved by taking an impression using an individual tray
[1].

The variety of clinical situations encountered in
the oral cavity dictates the need for a differentiated ap-
proach to the choice of material and technique for ob-
taining an impression. Traditionally, for the treatment

of patients with modern one-piece cast structures,
methods are used: two-layer one-stage, one-layer one-
stage, injector, etc. But all of them involve the use of
standard spoons. Individual ones are traditionally used
in the treatment of complete absence of teeth. However,
in the case of treating patients with combined struc-
tures, it becomes necessary to transfer the functional
state of the tissues of the prosthetic bed, which is pos-
sible only when using an individual spoon. Therefore,
we have proposed a method for obtaining a refined im-
pression using an individual spoon in the orthopedic
treatment of partial absence of teeth.

RESEARCH METHOD To create a uniform
layer of impression material, we perform isolation with
a base wax plate (thickness 2 mm). To create a differ-
entiated pressure on the tissues of the prosthetic bed,
we make perforations in an individual spoon. We make
an individual spoon on a diagnostic plaster model with
a drawing of the future design.

We outline the boundaries of the individual spoon:
from the vestibular side in the region of the supporting
teeth and the edentulous alveolar process along the
transitional fold, bypassing the frenulum of the lips and
the bands of the buccal mucosa, in the remaining teeth
at the level of the necks; on the oral side - on the upper
jaw it covers the entire sky, on the lower one - in the
region of the edentulous part of the alveolar process and
supporting teeth, it passes along the transitional fold,
and in the remaining teeth below the level of the necks
by 10-15 mm. Then we outline the "contact zones", re-
treating from the border of the prosthesis by 2-3 mm,
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and "stop points". "Stop points" are specially created
contacts in the area of the edentulous part of the alveo-
lar process of the jaw. They are necessary for the orien-
tation of the spoon on the tissues of the prosthetic field,
which is carried out by contact of its inner surface with
areas free from elements of the future prosthesis, or
with “stop points”. Next, we isolate the undercuts of the
teeth and the alveolar process with wax (Fig. 2). We
crimp the softened base wax plate (2 mm) over the en-
tire surface of the model. The areas of “contact zones"
and "stop points" are cut out. We add wax to the model.

Spoons are made from self-hardening plastic or by
light curing from a glass-containing composite using
traditional methods.

To obtain an impression, we fit an individual tray
in the patient's mouth, specifying the boundaries and
correct location on the prosthetic bed. The edge of an
individual spoon in the area of the edentulous part of
the alveolar process is formed using Herbst's samples.
In the area of "contact zones" and "stop points" in the
spoon, we make holes for the purpose of decompres-
sion in these areas (Fig. 4). We carry out the expansion
of the gingival sulcus to provide horizontal and vertical
access to the impression material and to prevent bleed-
ing and reduce the release of gingival fluid. Next, we
apply an impression mass on the dried gingival sulcus
and teeth from a special syringe. At the same time, the
doctor's assistant prepares and places the same material
in the individual impression tray. Then the spoon is in-
serted into the mouth and centered. With the help of
passive and active movements with soft tissues, we
shape the edges of the impression and then hold the im-
pression on the prosthetic bed without pressure.

The technology for manufacturing a combined
denture in one impression can be considered complete
only if techniques are used for the manufacture of the
model, when the interdental papillae are not destroyed
during the processing of the model, the level and vol-
ume of the gums are preserved, for example, Modell-
Tray [3]. The use of an individual tray in the treatment
of partial absence of teeth, in combination with a cor-
rectly selected impression material, allows obtaining
differentiated pressure on various parts of the prosthetic
bed, functionally designing the edge of the artificial
base of the removable part of the prosthesis, and reduc-
ing the adaptation time [2].

RESULTS AND DISCUSSION As an illustra-
tion of the application of the proposed method, we pre-
sent a clinical example. The teeth were removed due to
complications of caries and trauma. Based on the ex-
amination data, a treatment plan was drawn up: to make
a combined prosthesis for the upper jaw, consisting of:
a fixed part - ceramic-metal bridges for 17, 16, 15 and
23, 24, 25, 27 teeth and with a male part of the locking
system of fixation in the area of 14 and 26 teeth; remov-
able part - clasp prosthesis with a locking system of fix-
ation. For the manufacture of a high-quality prosthesis,
the patient needs to obtain an accurate imprint of the
supporting teeth, gingival margin and ledge, the relief
of the mucous membrane of the prosthetic bed and the
functional state of the mobile oral tissues adjacent to
the prosthesis, so we use an individual spoon. The tech-
nique for obtaining an impression is a one-stage single-

phase with retraction of the gingival margin. The im-
pression material can be a silicone material of group A-
silicones of a liquid consistency.

The treatment was carried out according to the
generally accepted method. Received a diagnostic
model. Using a parallelometer, the structural features of
the prosthesis were determined. Teeth were prepared
for the manufacture of ceramic-metal bridges, and tem-
porary dentures were made on the same visit. Further,
on a diagnostic plaster model with a drawing of the fu-
ture design, the boundaries of the individual spoon, the
“contact zone” and the “stop points” were outlined, de-
parting from the border of the prosthesis by 2-3 mm.
We make an individual rigid spoon from self-hardening
plastic according to the traditional method, with a
thickness of at least 2-3 mm. On the next visit, an indi-
vidual spoon was placed in the patient's mouth, speci-
fying the boundaries and correct location on the pros-
thetic bed. The edge of an individual tray in the region
of the edentulous part of the alveolar process was
formed using Herbst's samples. And in the area of
\u200b\u200b"contact zones" and "stop points" holes
were made in the spoon. The impression was obtained
by a one-stage single-phase technique, with Coral Light
material (medium viscosity). Retraction - by mechano-
chemical method using a retraction thread impregnated
with a buffer solution of aluminum chloride. The im-
pression material was brought with a syringe to the gin-
gival grooves and abutment teeth (Fig. 6). A collapsible
combined model was made.

The model was obtained with the preservation of
the level and volume of the gums. This model is work-
ing for the manufacture of both fixed and removable
parts of the prosthesis. Next, a combined prosthesis was
made according to the traditional method. During the
manufacture of the removable part, the canopy was iso-
lated on the vestibular slope in the frontal area using a
light-cured composite.

When fitting and applying the prosthesis, there
were no difficulties and the need for correction

The patient was scheduled for examination on the
3rd and 7th day after the fixation of the prosthesis.
There were no complaints. On examination, the pros-
thesis is adjacent to the surface of the prosthetic bed,
and is stable during function. There are no signs of
trauma or inflammation on the mucous membrane.
Analysis of the results of treatment of patient G. for one
year showed the effectiveness of the treatment. X-ray
and clinical control confirmed the high-quality fitting
of the structure and the absence of pathological changes
in the area of the preserved teeth. The patient is quite
satisfied with the restoration of functions and aesthetic
requirements.

CONCLUSION Thus, our proposed technique
for obtaining an impression in the treatment of partial
absence of teeth with combined all-cast prostheses, in
combination with a correctly selected impression mate-
rial, allows us to obtain differentiated pressure on vari-
ous parts of the prosthetic bed, functionally shape the
edge of the artificial base of the removable part of the
prosthesis, reduce the duration of adaptation and, in
general, to improve the quality of orthopedic treatment.
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Introduction. Osteoarthritis is a joint disease characterized by cellular stress and degradation of the extracel-
lular matrix, developing with macro- and micro-damage, which activate an abnormal adaptive repair response,

including pro-inflammatory immune mechanisms.

Objective. To study the features of the functional state of patients with osteoarthritis by phenotypic signs.

Materials and methods: 80 patients diagnosed with osteoarthritis who are on inpatient treatment for the period
from January to April 2022 in the State Institution "RSSPMCTandMR" were examined. Verification of the diag-
nosis according to ACR diagnostic criteria. The distribution of patients by phenotypes was based on classification

criteria.

Results and discussion. According to the results of the study, there was a significant increase in the indicators
of fibrinogen and C-reactive protein in all groups, with the exception of patients with a biomechanical phenotype.
These changes reflect a close positive relationship (r=0.252, p0.05) between the systems of inflammation and

coagulation processes.

According to the results of the study, a comparative analysis of the algofunctional Leken index shows the
highest value in patients with the CP phenotype, which is explained by the consequence of the altered phenotype
of chondrocytes mediated by various autocrine and paracrine signals, which leads to the synthesis of many inflam-

matory mediators and degradation.

Conclusions: Morphological features of both acute and chronic inflammation are observed and are character-
ized by recurrent episodes of inflammation. At a late stage, fibrosis may dominate, which is confirmed by an

increase in the amount of fibrinogen.

Keywords: ostheoarthritis, phenotype, clinical features.

Introduction. Osteoarthritis is a joint disease
characterized by cellular stress and degradation of the
extracellular matrix, developing with macro- and mi-
cro-damage, which activate the restorative abnormal
adaptive response, including pro-inflammatory im-
mune mechanisms according to the definition of the In-
ternational Society for the Study of Osteoarthritis (o0s-
teoarthritis research of the International Society of
OARSI) in 2015 [1]

Changes that initially develop at the molecular
level (abnormal metabolism in the tissues of the joint),
subsequently lead to anatomical and physiological dis-
orders (degradation of cartilage, bone remodeling, for-
mation of osteophytes, induction of subclinical inflam-
mation and loss of normal joint function) and the for-
mation of clinical symptoms of the disease.

To date, the etiology and pathogenesis of osteoar-
thritis have not been fully studied [2], and currently
there is no therapy that fully eliminates the disease. It
is reported that biochemical changes in the subchondral
bone, articular cartilage and synovial membrane play
an important role, and changes in extra-cartilaginous

tissues can also serve as primary initiators of the disease
preceding cartilage damage.

The process of inflammation and the coagulation
system are interconnected and stimulate each other.
The coagulation system leads to the activation of
thrombin and the formation of fibrin. Fibrinogen refers
to acute phase proteins, a protein, a glycoprotein (340
kDa) produced in the liver, consisting of 2 identical
subunits, each of which consists of three polypeptide
chains AA-, B - and y. The normal level of fibrinogen
in plasma is from 200 to 400 mg / dl Its plasma level
rises with inflammation in response to the action of pro-
inflammatory agents, such as IL-6 and other cytokines,
by activating gene transcription.

Ina recently published systematic review, six phe-
notypes of OA were identified [3]: 1) the phenotype of
minimal joint disease with minor symptoms and dis-
comfort over a long period (modified Julian day); 2) the
phenotype of chronic pain (CP); 3) the phenotype of
biomechanical disorders (MV); 4) inflammatory phe-
notype (1); 5) metabolic phenotype (MD); 6) phenotype
of altered bone and cartilage metabolism (HCM).
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This work is devoted to the study of the features
of the functional state of patients with osteoarthritis by
phenotypic signs.

Objective. To study the features of the functional
state of patients with osteoarthritis by phenotypic signs.

Materials and methods: 80 patients diagnosed
with osteoarthritis who are on inpatient treatment for
the period from January to April 2022 in the State In-
stitution "RSSPMCTandMR" were examined. Verifi-
cation of the diagnosis according to ACR diagnostic
criteria. The distribution of patients by phenotypes was
based on classification criteria: Patients were divided
into groups of 20 people according to the following
characteristics:

Phenotype Minimally pronounced joint disease
(MJD) pain <3 Kellgren - Lawrence pain < 2 in the last
7 days. Pain assessment on a 10-point scale.

Phenotype Metabolic disorders (MD) presence of
diabetes mellitus and BMI >30.

The phenotype of Chronic pain (CP) was deter-
mined by painful points >6 located above and below the
waist on both sides of the body and axially.

The phenotype is biomechanical (MV) valgus >2°
and MOAKS tibial lateral condyle <1.0 or Varus>2°
and MOAKS lateral condyle tibial <1.0 and MOAKS
condyle medial tibial >2.0.

Table 1
Clinical characteristics of patients
MJD CP MB MD
phenotype N=20 N=20 N=20 N=20 P
Age 45,03+3,25 65,1444,78 48,57+2,47 59,24+2.,47 <0,05
Gender (female), % 18 (90%) 15 (75%) 17 (85%) 17 (85%) <0,05
Duration of the disease, years 1,56+0,24 5,27+2.95 3,25+2,14 5,24+0,47 <0,05
The Kellgren — Lawrence X -
ray stage, %
1 0% 25% 15% 75% <0,05
2 10% 75% 80% 20% <0,05
3 85% 0% 5% 5% <0,05
4 5% 0% 0% 0 <0,05
Valgus 10% 10% 5% 75% <0,05
Varus 15% 25% 25% 35% <0,05
BMI, kg/m2 30,2+4,4 29,5+5,2 33,5+4 30,6+5,2 <0,05

Functional assessment of joints was carried out ac-
cording to the algofunctional Leken index. This index
includes 12 questions. The maximum number of points
is 24. The interpretation of the results is as follows: 0
points — no severity, 1-4 points — mild severity, 5-7
points — moderate severity, 8-10 points — severe sever-
ity, 11-13 points — very severe severity, more or equal
to 14 points — extremely severe severity.

There was also an assessment of the general con-
dition of the patient by the patient and the doctor ac-
cording to VAS, expressed in mm.

To assess the functional state of the musculoskel-
etal system, the passage time of one flight of stairs (10
steps) was measured, in seconds.

Statistical processing was carried out using the MS
Excel 2010 program.

Results. In the first group of the phenotype of
minimal joint disease with minor symptoms and dis-
comfort for a long period (MJD), the duration of the
disease was 1.56+0.24 years. The average age of pa-
tients was 45.03+3.25 years. it was less than in patients
with other phenotypes (the difference ranged from 0.6
to 1.4 years).

In the second group of patients with the KP phe-
notype (chronic pain), the average age of patients was
65.14+4.78 years. The duration of the disease is £ 5.27
2.95 years. As can be seen from the table, this group of
patients had the highest level of pain, a high Leken in-
dex, as well as an assessment of the patient's condition
according to VAS (p0,05).

In the third group, the phenotype of MB (biome-
chanical disorders) was determined in active patients
with a high level of muscle strength, a lower body mass
index (BMI), rare and concomitant diseases. The dura-
tion of the disease was 3.25+2.14 years. The average
age of the patients was 48.574+2.47 years. In addition,
despite pronounced radiological changes (90% of pa-
tients had stage Il or IV Kellgren-Lawrence OA), pa-
tients had a low level of pain (Table 2).

In the fourth group, patients with metabolic (MD)
phenotypes had an average age of 59.24+2.47 years.
The duration of the disease was 5.24+0.47 years. In this
group, signs of a more severe inflammatory process in
the knee joint prevailed, accompanied by a higher level
of C-reactive protein (Table 2).
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Table 2
Assessment of the functional state of patients with osteoarthritis by phenotypes
The attribute MJD CP MB MD
N=20 N=20 N=20 N=20 P
Algofuntional Leken index 6,52+0,25 11,56+0,87 3,47+1,24 9,98+2,41 <0,05
;ar'n” intensity according 10 VAS, | 3¢ 15195 | 89254358 | 56274254 | 68,74£526 | <0,05
The patient's condition according 10 | 4 13,5 41 | 78 042278 | 47,142145 | 68,71£1,74 | <0,05
VAS, evaluated by a doctor, mm
The patients condition according to | 1, 13,1 31 | 83.04+1,82 | 64,14£2,47 | 81312241 | <0,05
VAS, assessed by the patient, mm
Passage time per flight of stairs, sec | 15,36+3,58 65,47+25.47 | 44,25+14,2 35,2+19,25 <0,05
Fibrinogen, mmol/I 422, 17+£17,63 | 457,17+£25,14 | 328,19+24,35 | 652,21+£17,21 | <0,05
CRP, mg/dI 8,8+4,67 24,17+14,14 | 8,80+6,56 64,14+11,27 | <0,05

According to the results of the study, there was a
significant increase in the indicators of fibrinogen and
C-reactive protein in all groups, with the exception of
patients with a biomechanical phenotype. These
changes reflect a close positive relationship (r=0.252,
p0.05) between the systems of inflammation and coag-
ulation processes.

According to the results of the study, a compara-
tive analysis of the algofunctional Leken index shows
the highest value in patients with the CP phenotype,
which is explained by the consequence of the altered
phenotype of chondrocytes mediated by various auto-
crine and paracrine signals, which leads to the synthesis
of many inflammatory mediators and degradation. For
this reason, morphological features of both acute and
chronic inflammation are observed and are character-
ized by recurring episodes of inflammation. At a late
stage, fibrosis may dominate, which is confirmed by an
increase in the amount of fibrinogen.

Conclusions: morphological features of both
acute and chronic inflammation are observed and are
characterized by recurrent episodes of inflammation.
At a late stage, fibrosis may dominate, which is con-

firmed by an increase in the amount of fibrinogen. Tak-
ing into account the data obtained, a personalized ap-
proach to assessing the functional state is possible, fol-
lowed by targeted therapy.
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The article provides a theoretical analysis of the causes of arterial hypertension, describes a 3-month obser-

vation of the initial stage of the development of arterial hypertension and experiments for one year on non-drug
normalization of blood pressure in a group of 33 volunteers. We show that arterial hypertension is associated with
spastic conditions of the intervertebral muscles in the lower thoracic spine, which leads to compression of sympa-
thetic nerves that control the transport of water through the kidneys, which in turn upsets the balance of fluid
circulation through the circulatory system. Theoretical analysis and experimental data made it possible to formu-
late a hypothesis about the dominant role of disorders in the activity of the sympathetic part of the nervous system
in the development of primary and persistent arterial hypertension. The possibility of prevention of arterial hyper-
tension and non-drug rehabilitation of patients with this disease has been shown.
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Introduction

From the standpoint of official medicine and the
WHO Expert Committee in 95% of cases, the causes of
the essential hypertension are unknown [9]. Studying
the causes of arterial hypertension showed the multifac-
torial nature of this disease, which requires a systematic
approach to studying this problem, taking into account
the neural (neural regulation of blood vessel tone), hor-
monal (renin-angiotensin regulation of vasculatory
tone), hydrostatic (changes in the capacitive properties
of the circulatory system due to the vessels elasticity)
and hydrodynamic (dynamics of water transport
through the circulatory system) components, as well as
neurodystrophic processes in the autonomic nervous
system and kidneys. The first who declare that hyper-
tension is not a disease, but a reversible functional im-
pairment of the vasculatory tone regulation, was the
Russian doctor [7]. Back in 1922, the Head of the Len-
ingrad therapeutic science school G.F. Lang, in one of
his works, wrote that they should clearly distinguish
hypertension as an independent ailment and that hyper-
tension, which appears as a symptom of some other dis-
eases - for example, kidney damage. G.F. Lang re-
garded hypertonic disease as "vascular neurosis." He
saw the cause of the disease in the obvious effect of ex-
treme external stimuli - conflict situations, emotional
overloads. As a treatment for hypertension, he pro-
posed sedatives, starting with valerian. If you remove
the "vascular neurosis" at the initial stage of the disease,
then hypertension will not occur. Currently, official
medicine believes that the cause of essential hyperten-
sion is unknown, and hypertension itself, as a disease,
is incurable, and the patient must take medication for
the rest of his life to prevent dangerous consequences.

Emotional stress and hypertension. A number
of researchers convincingly proved that emotional
stress is one of the leading causes of hypertension and
cardiovascular diseases [7, 10]. However, as pointed
out by academician P.K. Anokhin, “no crazy rhythm of
modernity, no acuteness of nervous experiences can
cause hypertension, if this is the rhythm, if the periods
of greatest tension alternate with moments of rest” [3].
From this statement it follows that the arterial hyper-
tension develops only in certain conditions. Domestic
researchers were the first to provide convincing evi-
dence that in many cases, primary disorders of the cen-
tral nervous system are the cause of arterial hyperten-
sion [7, 1, 8]. The vascular baroreceptors have been
found to play an initiative role in blood pressure self-
regulation, reacting with an impulse activity increase
into the blood pressure raising and informing the over-
lying vasomotor centers of the medulla oblongata [4, 2,
11]. At the same time, the impulse frequency of baro-
receptors depends more on the rate of pressure rise than
on the basic level of blood pressure. With prolonged
pressure increases in chronic hypertension, barorecep-
tors adapt to increased pressure. Currently, it is be-
lieved that the regulation of pressure is carried out by
changing of blood vessels tone. At the same time, the
mechanisms of neural regulation of blood circulation
are divided into the group of short-term action (reaction

time at intervals of a few seconds), intermediate action
(tens of seconds and minutes) and mechanisms of long-
acting (tens of minutes and hours). The short-acting
mechanisms are due to signals coming into the hypo-
thalamus from baroreceptors located in the aorta [5 ,6].
Intermediate mechanisms of blood pressure regulation
include: 1) changes in transcapillary metabolism; 2) re-
laxation of the vessel wall tension; 3) renin-angiotensin
system.

The first two mechanisms are aimed at reducing
pressure. The only pressure increasing mechanism is
implemented in the renin-angiotensin system. The
renin-angiotensin system plays an important role in the
normalization of blood circulation in the event of a
pathological decrease in blood pressure and (or) blood
volume (blood loss caused by injuries). This mecha-
nism is also not related to the essential hypertension.
The long-term mechanisms of blood pressure regula-
tion include mechanisms that mainly affect the ratio be-
tween the intravascular blood volume and the capacity
of the vessels. It was shown that a slight (by 2—-3%) con-
tinuous increase in the volume of fluid in the circulatory
system when the sympathetic nervous regulation is
turned off, leads to an increase in blood pressure by al-
most 50%. Normally, an increase in pressure with an
increase in the volume of fluid in the circulatory system
is compensated by the inclusion of nerve vascular re-
flex mechanisms of short-term regulation, and excess
fluid is excreted by the kidneys before the adaptation of
nerve mechanisms to new conditions occurs[13, 14].
Thus, the main mechanism responsible for the long-
term increase of blood pressure is the kidneys control
of fluid in the vasculatory system.

Nervous vascular mechanisms of blood pressure
regulation last less than an hour. Hypertension lasts for
years. A natural question arises: in which cases the
powerful mechanisms of blood pressure stabilization
are violated and, at first transient, and then stable arte-
rial hypertension occurs? The pioneering work of Rus-
sian scientists showed that the nervous mechanisms of
blood pressure regulation are implemented in the hypo-
thalamus and, using signals from the aorta barorecep-
tors, carry out a damping (smoothing) effect on short-
term fluctuations in blood pressure. Consequently, the
solution to the problem of arterial hypertension should
be sought in disorders of the neural mechanisms of reg-
ulation of fluid transport through the circulatory sys-
tem.

Purpose of the study

Search for non-drug methods for normalizing
blood pressure by normalizing the transport of fluid
through the circulatory system.

The contingent of people who participated in
the research

The research involved 33 people - participants in
the health improvement course with an average age of
43 £ 7 years. The group included 3 doctors who took
part in the examinations.
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Methods

In rehabilitation activities massage of the muscles
of the spine, gymnastics for the spine and health jog-
ging were used.

Results

We invite readers to familiarize themselves with
the following observation. This is the very rare case in
which under clinical conditions for 3 months we were
able to observe the development of arterial hyperten-
sion from the very beginning and to use experimental
non-drug effects to normalize the arterial pressure
level. Our 60-year-old patient (weight 74 kg, height 174
cm, no chronic kidney disease and any other chronic
diseases for more than 20 years), who had been running
for 20 years, had a stable pressure of 125/80 mmHg un-
til recently. This patient, after prolonged stress, under-
went a sympatho-adrenal crisis - the pressure was
193/90 mmHg with a pulse of 57-60. When adminis-
tering drugs that reduce blood pressure, the effect was
not observed. After then the sympatho-adrenal crisis
was over, the state of persistent arterial hypertension
came - the upper pressure was 160-18 mmHg 0 , the
lower pressure was 110-120 mmHg with a pulse of
100-110 mmHg at rest. This level of pressure was
maintained for more than two weeks before the sensa-
tion of pain in the lower back appeared in the area of
the 8th - 12th thoracic vertebrae and the 1st - 2nd lum-
bar vertebrae. The patient was given a massage of a spi-
nal muscular system. An hour after the massage, the
pressure dropped from the level of 150/103 to the level
of 137/86, and after another 2 hours it was steadily es-
tablished at the level of 130/83. This level was already
normal for the patient. The state of chronic stress in our
patient persisted, and 2 weeks after the massage ses-
sion, the pressure was again set at 160/100. And again,
after stressful situations, 2 massages with blood pres-
sure control were performed. In the first case, after the
massage, the pressure decreased from 176/97 to
136/83. In the second case, after the massage, the pres-
sure decreased from 160/97 to 137/88. In the third case,
after the massage, the pressure decreased from 159/100
to 144/95. The massage took place in the morning. By
the end of a day, the pressure increased slightly again,
but did not reach a high initial level.

Three series of experiments were performed with
the patient: 1) Tibetan gymnastics for 8 days on the
shore of the warm sea; 2) 7 experimental runs: each run
in 3 stages of 1650 meters each at a speed of 10 km / h,
and performing gymnastic exercises for the spine after
each stage; 3) 10 experimental runs of 5 km per day at
a speed of 10 km / h with the implementation of exer-
cises of Tibetan gymnastics for the spine after running.

Performing each series of experiments resulted in
normalization of blood pressure. 1. Relaxation with the
conducting of the daily Tibetan gymnastics “Five Ti-
betan Pearls” gradually led to the normalization of pres-
sure. We give figures of daily monitoring: 160/100 -
100; 154/104 - 96; 158/90 - 94; 150/90 - 93; 152/91 -
93; 144/90 - 73; 134/82 - 75; 133/81 - 65. Indicators
were measured at the same time and under the same
conditions. 2. Experiments with a combination of run-
ning and Tibetan gymnastics turned out to be especially
revealing. The average blood pressure at the beginning

of the day for the first three days of the experiment was
141/89 mmHg, and at the end of the day 123/86 mmHg.
Over the past three days, the average blood pressure at
the beginning of the day was 126/83 mmHg, and at the
end of the day - 129/81 mmHg.

Experimental jogging in 3 stages of 1650 meters
each at a speed of 10 km/ h and performing gymnastic
exercises for the spine after each stage resulted in an
average decrease in the upper pressure level from 150
to 135 mm Hg and increase the lower level of pressure
from 88 to 91 mmHg. When examining the patient be-
fore the experiments, it was found that stress caused
spastic states of the spinal muscles in the lower thoracic
region. The massage eliminated the spastic states in the
muscles. After an experimental run and gymnastics, the
spastic states of the muscles also disappeared. Thus, it
was found that the state of the spinal muscular system
influences the regulation of blood pressure. Hypertonus
and spastic states of the intervertebral muscles in the
region of the lower thoracic spine lead to a persistent
increase in blood pressure. The likely mechanism of
such an effect is the compression of the sympathetic
nerves that control the water transport through the kid-
neys. The elimination of hypertonus and spastic states
of intervertebral muscles with the help of gymnastics
for the spine regularly led to the normalization of blood
pressure. Thus, long-term arterial hypertension at the
initial stage with a high degree of probability is caused
by a violation of the state of the sympathetic nerves that
control the water transport through the kidneys.

Inflammatory processes in the kidneys - the
second cause of persistent arterial hypertension

There are two other factors that lead to arterial hy-
pertension. These are inflammatory processes in the
kidneys - pyelonephritis and inflammatory processes in
the adrenal glands, leading to the production of adren-
aline. These are the same 15% of cases known from the
point of view of WHO experts as the causes of persis-
tent arterial hypertension.

In the first case, with a high upper pressure, the
lower pressure is also high, and the difference between
them can be normal or reduced, i.e. 40 mmHg or less.
In the second case, the lower pressure is normal or
slightly reduced, and the difference between the upper
and lower pressure is from 60 to 100 mmHg. Such a big
difference is caused by a powerful cardiac output under
the action of adrenaline, but the cause of the release of
adrenaline is not stress, but the inflammatory process in
the adrenal glands.

This condition resembles a sympatho-adrenal cri-
sis. And until the inflammatory process in the adrenal
glands disappears, the upper pressure will not decrease.
There is a third option - simultaneous inflammation of
the kidneys and adrenal glands. In this case, high low
pressure and a large difference between the upper and
lower pressures are possible. In both these cases, it is
necessary to eliminate the causes of the inflammatory
process.

In our practice, we have encountered conditions
characterized by pressures of 193/100, 208/110 and
even 234/115 with a pulse below 70 beats / min. These
conditions were also reactions to stress, but they disap-
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peared only after the elimination of inflammatory pro-
cesses in the kidneys and adrenal glands. The cause of
inflammatory processes was the accumulation of me-
tabolites in the blood, caused by the poor condition of
the large intestine, and hypothermia of the kidney area
was the provocateur.

In our health-improving activity, we met with a
combination of nervous and inflammatory processes.
Another provocateur of a rise in pressure is a persistent
pathological reflex caused by nervous overstrain and
persistent neurosis. In the presence of an inflammatory
process in the adrenal glands, a slight nervous tension
is sufficient and the pressure catastrophically increases
to 200/200 mmHg, and more up to 234/110 mmHg.

This rise in pressure is caused by an increased re-
lease of adrenaline, resulting in an increase in myocar-
dial contraction and an increase in cardiac output.
These conditions are similar to the blockade hyperten-
sion described by Lang. In the presence of an inflam-
matory process in the adrenal glands, a slight nervous
tension is sufficient and the pressure rises catastrophi-
cally to 200 mmHg or more.

In this situation, it is necessary not only to elimi-
nate the inflammatory process, but also neurosis and
nervous tension caused by mental work. It is necessary
to engage in physical activity and disconnect for a long
time from intense mental activity.

Rehabilitation of persons suffering from arte-
rial hypertension

The influence of gymnastics for the spine, mas-
sage of the muscles of the spine and health jogging
on the value of blood pressure

The European Society of Hypertension (ESH) and
the European Society of Cardiology (ESC) guidelines
for the diagnosis and treatment of hypertension in 2013
suggest that patients with arterial hypertension (AH)
perform moderate aerobic exercise (walking, jogging,
cycling, swimming) for a duration of at least 30 minutes
for 5-7 days a week. Epidemiological studies suggest
that regular aerobic exercise may be beneficial both in
preventing and treating hypertension and in reducing
cardiovascular risk and mortality.

A meta-analysis of randomized controlled trials
showed that aerobic endurance exercise reduced resting
SBP and DBP by 3.0/2.4 mmHg in the general popula-
tion and even by 6.9 / 4.9 mmHg in patients with hy-
pertension (EOAG / ESC Guidelines for the Diagnosis
and Treatment of Arterial Hypertension, 2013). This is
an insufficient reduction in pressure and, moreover, not
its normalization.

In our experiments, we obtained a normalization
of blood pressure, and not a simple decrease in it. In
these experiments, systolic pressure decreased by 40
mm Hg or more and remained so for a long time.

In our opinion, the range of physical activity
should be supplemented by methods for restoring spi-
nal mobility by eliminating spastic conditions in the in-
tervertebral muscles.

To normalize blood pressure for a long time, you
should conduct a series of massages of the muscular
corset of the spine and perform regular, preferably
every day, gymnastics for the spine. Running is op-
tional, but desirable.

In our comprehensive health system to eliminate
arterial hypertension, we use Chinese gigong breathing
techniques based on performing a set of slow gymnastic
exercises synchronously with breathing. Muscle ten-
sion is performed on inhalation, muscle relaxation on
exhalation. Several goals are achieved here at once:
general relaxation and calming of the central nervous
system, slowing down breathing during exercise, which
leads to an increase in the concentration of carbon di-
oxide in the blood and a decrease in the tone of blood
vessels.

Another important factor is the elimination of the
consequences of stress - the disappearance of compres-
sion of the renal sympathetic nerves after their exit from
the spine and the normalization of the activity of the
autonomic nervous system. A set of exercises for the
spine is given in the section "Integrated Health Sys-
tem". The use of our system requires much more effort
from the patient, both physical and volitional, but the
effect of healing and getting rid of drug dependence is
worth it.

During the year, at the Research Institute of Gen-
eral Pathology and Pathophysiology, we conducted a
study of the influence of health factors on blood pres-
sure. We had 33 subjects - volunteers, among whom
were persons suffering from arterial hypertension. We
divided all subjects into three groups: persons with nor-
mal blood pressure, SBP 90 - 120 mmHg - 16 people,
persons with prehypertension, SBP 120 - 140 mmHg —
11 people and persons with arterial hypertension, SBP
over 140 mmHg - 6 people.

For all of them, we used a massage of the muscles
of the spine 2-3 times, eliminating muscle blocks in the
muscular corset of the spine. One of the volunteers, suf-
fering from arterial hypertension, performed daily ex-
ercises for the spine and jogged for 3 km.

In persons with normal pressure, immediately af-
ter the massage, the pressure decreased by an average
of less than 2 mmHg. Before massage:
108+8.5/69.3£7.2. After massage:
106.5£12.2/69.5+8.2 (N=39).

In persons with high blood pressure, immediately
after the massage, the pressure decreased by an average
of 6.8 mmHg. Before massage: 124.8+£9.1/77.5+7.6.
After massage: 118+8.2/74.5+6.0 (N=39).

In persons with high blood pressure, immediately
after the massage, the pressure decreased by an average
of 9 mmHg. Before massage: 149+11.8/86+12.6
(N=22). After massage: 140£12.7/87£13.4 (N=22).

Gymnastics for the spine led to a steady decrease
in pressure. Before exercise, the pressure was
147£14.4/91+6.7 mmHg. Immediately after exercise,
the pressure rose by an average of 3 mmHg and reached
150+17.7/88+6.8 mmHg. After 15 minutes, it de-
creased by an average of 7 mmHg in relation to the
original and amounted to 140+£10/89+7.4 mmHg
(N=13) and persisted for a long time (more than 2
hours).

Jogging led to a decrease in pressure by an average
of 7 mm Hg 10 minutes after the end of the run. The
pressure before the start of the run was
141£12.8/85+£6.42 mmHg. After the end of the run, the
pressure decreased to 134+13.2/87+7.3 mmHg. (N=9).
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An hour later, the pressure dropped to 121£9.8/80+6.8
mmHg (N=7) and remained so for up to several hours
(4-6).

Discussion

Analysis of the causes of hypertension. Water
transport through the circulatory system. Every day, up
to 10 liters of fluid is absorbed into the circulatory sys-
tem, which is almost 2 times the volume of blood. The
water up to 3 liters is consumed with food, up to 7 liters
of digestive juices produced by the stomach (2.5 liters),
pancreas (0.7 liters) and the proximal part of the small
intestine (the first half of the small intestine, 2.5 liters),
1 liter of lymph. All these 10 liters are absorbed back
into the circulatory system in the distal part of the small
intestine and along the entire length of the large intes-
tine. The fluid passes through the liver and is injected
back into the circulatory system. At the same time, the
level of blood pressure remains stable. In fact, in the
circulatory system there is a “3rd circle of blood circu-
lation”. And whatever the blood pressure, and whatever
the tone of the blood vessels, the “pumps” of the small
and large intestines will still “pump” 10 liters of fluid
into the bloodstream. The circulatory system itself will
transport this fluid back to the gastrointestinal tract and
expel it through the kidneys. In this case, the question
arises: which system supports the balance in moving of
10 liters of fluid per day (200% of the volume) through
the circulatory system? It is quite obvious that this is
the hypothalamic nervous system of the kidneys. With
an increase in pressure of 1 mm Hg water excretion by
the kidneys increases by 100%. Water excretion by kid-
neys can increase 8 times even with a slight increase in
blood pressure up to 10 mm. Hg [13]. It is through this
mechanism that the stabilization of blood pressure un-
der the control of the hypothalamus is achieved. Dener-
vated kidneys reduce their "pressure — speed" water
transport characteristic of by 6-8 times [13]. The sym-
pathetic nerves of the kidneys emerge from the spine at
the IX, X and XI thoracic vertebrae level. With the ap-
pearance of muscle blocks in this section of the spine,
compression of sympathetic nerves is possible, which,
unlike motor and sensory nerves, do not have a solid
myelin sheath. Compression of the sympathetic nerves
that control the kidneys is similar to denervation, it
translates the kidneys to be controlled by the metasym-
pathetic nervous system, which supports the stabiliza-
tion of blood pressure at a higher level. In fact, we are
dealing with a functional partial denervation of the kid-
neys. In this we see the main cause of hypertension. We
realize that solitary observation of the development of
arterial hypertension with daily monitoring for 5
months does not comply with the principles of evi-
dence-based medicine and cannot be the basis of a the-
ory. At the same time, we consider it sufficient to form
a hypothesis that needs to be tested in a clinical setting.

Hypothesis

Persons with persistent arterial hypertension also
have stabilized blood pressure, but at a higher level.
The pressure level is controlled by the sympathetic
nervous system along the chain: baroreceptors, hypo-
thalamus, sympathetic nerve pathways passing inside
and out of the spine in the IX-XI vertebrae region, sym-

pathetic fibers of the spinal nerves, neurons of the sym-
pathetic ganglion and metasympathetic nerves kidney
system. The fibers of the sympathetic nerves do not
have a solid myelin sheath and may be subjected the
compression when passing between stiff spasmed mus-
cles. The control of fluid removal from the circulatory
system is impaired by compression of the sympathetic
nerve fibers of kidneys in the region of IX to XI tho-
racic vertebrae. The metasympathetic nervous system
of the kidneys, which has a higher threshold for regu-
lating the transport of fluid, provides stabilization of the
volume of fluid in the circulatory system, but already at
a higher blood pressure. This regulation at a higher
level of blood pressure is manifested as persistent arte-
rial hypertension. Rehabilitation activities of sympa-
thetic innervation of the kidneys restoring are aimed at
eliminating spastic conditions of intervertebral muscles
(massage, gymnastics for the spine and proper rest).
They are able to prevent the development of hyperten-
sion in its initial stage. At later stages of arterial hyper-
tension development, dystrophic processes in the sym-
pathetic innervation and the metasympathic nervous
system of the kidneys are very likely, which will not
allow to overcome the state of arterial hypertension
quickly. However, this does not mean that rehabilita-
tion activities will be useless. Massage of the spinal
muscular system leads to a prolonged decrease in pres-
sure from 7 to 15 mm Hg. Regular and prolonged ex-
posure to the spine muscular corset leads to a disappear-
ance of muscle blocks and eliminates compression of
spinal sympathetic nerves [12].

Conclusions

1. The initial stage of hypertension with a high de-
gree of probability is caused by a violation of the kid-
neys sympathetic innervation.

2. Rehabilitation measures to eliminate spastic
conditions in the intervertebral muscles and to restore
sympathetic innervation of the kidneys (massage, gym-
nastics for the spine and proper rest) can prevent the
development of hypertension at its initial stage.

3. Primary arterial hypertension is not a disease,
but a reversible functional disorder in the sympathetic
part of the nervous system that regulates the removal of
fluid from the circulatory system through the kidneys.

4. These observations show that arterial hyperten-
sion is associated with the state of the muscular corset
of the spine. All volunteers who took part in the studies
and had high blood pressure had problems with the
spine. The elimination of spastic conditions in the in-
tervertebral muscles led to the normalization of pres-
sure in persons with high blood pressure and a signifi-
cant decrease in pressure in persons with arterial hyper-
tension.

5. The effect of spinal gymnastics and jogging on
blood pressure also confirms the existence of a neural
component of arterial hypertension. All these methods
can be recommended as preventive and rehabilitative
measures to combat arterial hypertension.
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The article describes the possibilities of general music education in solving three groups objectives of aes-
thetic education — transmission of cultural knowledge, formation the system of value-semantic attitudes, organi-
zation creative activities based on aesthetic — taking into account the specifics of the socio-cultural and educational

situation in China.
AHHOTAIUSA

B crarse oxapakTepr30BaHBI BO3MOKHOCTH OOIIETO MY3BIKIBHOTO 00pa30BaHMS B PEIICHUH TPEX TPYIII
3aj1a4 CTETUYECKOT0 BOCIUTAHUS — ICTETUUECKOTO MPOCBEIeHHUs, (POPMUPOBAHUS CHCTEMBI IIEHHOCTHO-CMBIC-
JIOBBIX OTHOIIECHUS, BKIIOUCHHUS 00YyUJAIOMINXCSA B TBOPUECKYIO ACATEIBHOCT 3CTETHUCCKOI HAPaBICHHOCTH — C
y4ETOM CeUU(UKN COLIMOKYJIBTYPHOH M 00pa30BaTeIbHOM CUTyalluu B coBpeMeHHOM Kurae.
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KaroueBble ¢j10Ba: 5CTETUYECKOE BOCIUTAHKE, KOHIEIIMHA ICTETUIECKOTO BOCIUTAHHUS, MY3bIKAJIbHOE 00-
pasoBanue, o0liee My3bIKalbHOE 00pa3oBaHUe, MY3bIKATBHOE HCKYCCTRO.

B coBpemennom Kutae screTnueckoe BocCHUTa-
HUE SBISETCS OAHUM U3 TIPHUOPHUTETHBIX HAIIPAaBICHUN
HE TOJIEKO Pa3BUTHSA TCOPUH U MPAKTHKH 00Pa30BaHUSA,
HO W COIUOKYJIbTYPHOTO PAa3BUTHA CTPaHbI B ICIIOM.
OcTeTHYecKkoMy BOCIIUTAHHIO OTBOJAWTCS HEMAJIOBaXK-
Has poJIb B IIOCTPOCHUU «AYXOBHOHM LIUBUIIU3ALUU CO-
UaIN3Ma ¢ KuTaickoil creruduxoii». [IpasmisHO op-
raHU30BaHHOE JCTETMYECKOE BOCIHUTaHHE, OyaydH
HEOTBEMJICMOH YacThIO KYJIBTYPHOTO MPOCBEIICHHUS,
JIOJDKHO CIOCOOCTBOBATH IMOBBIMICHUIO YPOBHS KYJIb-
TYPHOTO DPAa3BUTHs HACENICHMs, PEUICHUIO 3aaad Aay-
XOBHO-HPAaBCTBEHHOT'O BOCIIUTAHUSA (B YaCTHOCTH, IIPH-
CBOCHUIO TPAaAMIIMOHHBLIX HPAaBCTBCHHBIX LleHHOCTeﬁ,
COCTABJISIONIAX OCHOBY 3THYECKOTO YUeHHs KOHDYIIH-
AHCTBA), FTAPMOHU3AIUH CONUATFHBIX OTHOIIICHUH (T10-
CIeHs 3a/1ada pemraeTcst Omaromaps TOMY, Y4TO OC-
HOBHOH KaTeropuei 3CTeTUKH SBISCTCS MOHSITHE rap-
Moumn). [lpm 3TOM B TeOpMH H  NIPAKTHKE
ACTETUYECKOTO BOCIHUTAHHUS HAOIIOJAETCs, C OJHOU
CTOPOHBI, OOpalieHne K TPaAUIHOHHBIM MpPEACTaBIIe-
HUSM O CYIITHOCTH ¥ 0COOCHHOCTSIX OpraHM3alnu 3CTe-
TUYECKOTO BOCITUTAHUS, O €r0 POJIU B XKH3HH YCIOBEKA
u obmecTBa (B 3TOM IUIaHE 0c000€ MECTO 3aHMMAaeT
¢unocodekoe yuenne Kongymus, nHTEpIIpeTHpyeMoe
¢ y4éTOM COBPEMEHHOMU COIMOKYIBTYPHOH U 00pa3o-
BaTENEHOW CHUTYaIlNH), C JPYroil — WHHOBAIIMOHHBIC
KOHIICTIIUU ICTETHYECKOTO BOCIUTAHHMS, PACKPBIBAIO-
I¥e 3HAaYEHUE SCTETHYECKOTO BOCIIUTAHUS B Pa3BUTHU
JUYHOCTH [4; 8] U ero IeHHOCTHBIE OCHOBaHU [5; 9;
12]. CymecTByromue B HacTosmee BpeMs B Kurae koH-
LEMINHA SCTETHICCKOTO BOCIIUTAHUS HE IPOTUBOPEYAT
JIpyr Opyry, a BEICTYNAIOT KaK B3aUMOJIOIIOIHSIOIINE,

PacKpBIBAIOIIME pPa3HbIE CTOPOHBI 3TO CJOXKHOTO M
MHOTOTpaHHOTO (eHOMeHa. Tem He MeHee Hamboiee
TIEPCIICKTUBHBIM SIBIISCTCS, C HAIIICH TOYKHU 3PCHHSI, BBI-
JIeJICHHe B KaueCTBE CHUCTEMOOOpa3yrolel IeHHOCT-
HOHM COCTaBISIOIICH 3CTETUYECKOTO BOCIUTAHUS, UTO
MO3BOJISICT ()OPMUPOBATH y IMIKOJIBHUKOB U CTYJCHTOB
CHOCOOHOCTh K MEIOCTHOMY BOCHPHATHIO, ITOHHMA-
HUIO U CO3WJAaHUIO TPEKPACHOTO0 B MCKYCCTBE, MpHU-
poJie, YeIOBEYECKUX OTHOIICHHUAX, TPY/E, TOBCEIHEB-
HOM XU3HU, CIIOCOOCTBOBAThH MPHCBOCHHUIO UMU 0a30-
BBIX LIEHHOCTEMH, TakuX Kak JKuznb, Yenosek, /Jo6po,
KpacoTta, OteuectBo. Takoil moaxo1 co3aaér ycioBUs
JUTSL B3aUMOICHCTBHS TPAAUIUOHHBIX KOHDYIIHAHCKUX
SCTETUIECKUX TPEACTABICHNH U COBPEMEHHBIX B3TJIs-
JIOB Ha ACTETUYECKOE BOCIUTAHHE, MOCKOJBKY B OC-
HOBe (prtocomu KOH(QYIIMAHCTBA JICKHUT MOJI0KEHUE
0 €IMHCTBE MPEKPACHOTO U JOOPOTO B TyXOBHOM MUpE
YeNoBeKa U B )KU3HU 00IIecTBa.

B Kurae TpaguunoHHO BaykHEHIIas posib B 3CTeE-
THYECKOM BOCIHTAaHHH, B MPHOOIICHUH YeIOBEKa K
MIPEKPACHOMY OTBOJAWTCS MY3BIKAIEHOMY 00pa3oBa-
HUIO. YMEHHE BOCIPUHUMATH, TOHUMATh U UCTIOJIHATH
BOKAaJbHBIE I MHCTPYMEHTAIBHBIE MY3BIKaJIbHBIE ITPO-
W3BENICHUSI, BBIPAXKATh HE TOJHKO CBOU YYBCTBA, HO U
CBOE MHUPOTIOHUMAaHHUE C TIOMOIIBIO MY3bIKH U3PEBIIE
CUHATAIOCh HEOTHEMIJIEMBIM KadeCTBOM «OIaropoj-
HOTO», KTYMaHHOTO» (B KOH(YITHAHCKOM MOHUMAaHUH )
yenmoBeka. My3biKa, Kak ¥ 3CTETHIECKOE BOCIIUTAHIC B
[IEJIOM, paccMaTpUBAIACh B KOH(YITMAHCTBE Kak 3¢)-
(heKTHBHOE CPEeICTBO rapMOHHM3AINY OTHOIIIEHHUH B 00-
wecTBe [6]. CuuTanock, 4To U My3bIKa, U 3CTETUUECKOE
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BOCIIMTaHUE NPU3BAHLI IPUBECTH B PABHOBECHE BHYT-
PEHHUH MHp 4YeJIOBEKa, OOJIAarOPOANTH €T0 UYyBCTBA,
cienath ux 0ojiee YTOHYEHHBIMHU U [IOMOYb YEJIOBEKY
0CO3HATh CBOI IO Hepe APYTUMH JIFOABMHE U Hepen
caMuM co00ii. ODOCHOBaHHOE B HCCIIEJOBAHMSIX CO-
BpEMEHHBIX KHuTaickux y4uéHbix (Bam Csoxyn, Ban
Xyaiizsaas, [y Ceeoit, Cyn Lzunan, Ao Boit u gp.)
€IMHCTBO NPUPO/Ib MY3bIKAJILHOTO 00pa30BaHus U 3C-
TETHYECKOTO BOCHHMTAHMS IIO3BOJIAET BBIIBUTH BO3-
MOKHOCTH MY3BIKQJIEHOI'O 00pa30BaHUs B PEILICHUH 3a-
J1a4 3CTETHYECKOTO BOCITUTAHHUS.

[Ipu 3TOM 0COOYIO POJIB B PEIICHNH 33124 3CTETH-
YECKOrO BOCIIUTAHUS HrpaeT oOllee My3bIKaJIbHOE 00-
pasoBanue. Crcrema 00IIEro My3bIKaJIbHOTO 00pa3o-
BaHMs, HE MNPEAIOJaraloulero MnpeanpopeccuoHalb-
HOM ®W  TpOPEecCHOHANBHOW  IOATOTOBKH, B
coBpeMeHHOM KnTae oxXBaThIBaeT Bce YpOBHHU 00pa3o-
BaHUS: paHHee oOpa3zoBaHue (Ui AeTeil 10 TpEX neT),
JOITKOJIFHOE 00pa3oBaHKe, OCHOBHOE 00Iee 0opas3o-
BaHKe, JIONOJHUTEIBHOE MY3bIKallbHOE 00pa3oBaHUe,
MIPEACTABICHHOE KOMIUIEKCOM 00111e00pa30BaTeNbHbIX
u 00lIepa3BUBAIONINX MPOrpaMM, BbIclIee 00pa3oBa-
HUe. VIMEeHHO B cucTeMe 00IIero My3sIKaIbHOTO 00pa-
30BaHMUs ACTETUYECKOE BOCITUTAHHE 00YJaIOIINXCS BbI-
CTyIaeT CaMOCTOSITETIFHON 3HA4YMMOW 0Opa3oBaTenb-
HOW  1enplo, B OTIMYHE  OT  CHUCTEMBI
MpO(ECCHOHATBHOTO  MY3BIKAJILHOTO  00pa3oBaHUs
(My3bIKaJIbHBIE IIKOJIBI TPH KOHCEPBATOPUSIX, MY3bI-
KaJIbHBIE YYHUIINIIA, KOHCEPBATOPUH, MY3bIKaJIbHBIE OT-
JeneHus 1 (GaKyIbTeThl B MHOTOIPO(IIIBHBIX YHUBEP-
cUTeTax M NpOo(EeCcCCHOHAIBHBIX KOJUIEKaX M By3ax),
TZie Ha TIEPBBIil IIaH BBIXOJUT IpodeccHoHanbHas Uc-
TIOJIHATEIIBCKAsS M HAS TIOATOTOBKA. Bo3MoxkHOCTH 06-
EeTro MY3BIKaJIbHOTO O6paSOBaHI/I$[ B pCHICHWH 3a7a4
3CTETHYECKOTO BOCIIUTAHUS O0YJAIOIIUXCS OTIPENEIs-
T0TCA, BO-TIICPBLIX, BOCIIUTATCIIbHBIM IMMOTCHIIUAJIOM MY-
3bIKM KaK BHJa HCKYCCTBAa, BO-BTOPBIX, OCOOCHHO-
CTSIMH CaMOW CHCTEMbI OOIIEro My3bIKaJILHOTO 00pa-
30BaHUs, TO €CTh €ro cojepkanueM, (HopMamH,
METOJaMH, 0OCOOCHHOCTSIMU B3aHMMOJICHCTBHS Te/laro-
T'OB U 00Y4aIOIINXCS.

BocnmTarenbHbIi TOTEHIMAN MY3bIKH OTIpEes-
ercst oOmuMH (QYHKIMSIMH HCKYCCTBAa B PELICHHH 3a-
J1a4d 3CTETHYECKOTO BOCIIUTAHHS, OCOOCHHOCTAMH MY-
3BIKM KaK CHEeIM(pHYECKOTO BU/Ia UCKYCCTBA M HAIHO-
HaJIbHBIMHA OCOOEHHOCTSIMH MY3bIKaJIbHOTO UCKYCCTBA
Kurast.

Ananu3 GyHIaMEHTAIBHBIX  HCCICIOBAHHN
M.M. baxtuna [1], FO.b. bopesa [2], JI.C. Brirot-
ckoro [3], JI.LH. CronoBuya [7] mo3BOJIHII BBISIBUT ClIe-
nytomue (GYHKINH NCKYCCTBA B PEIICHUH 33/1ad 3CTe-
TUYECKOT'O BOCITHTaHUS:

MO3HABATENbHYIO, IPEIIOJIATaloIlyl0 ITOCTHXKE-
HUE ¥ TOHNMaHUe OKPY)KafOLIer0 MUPa U BHYTPEHHETO
MHpa YEI0BEKa MOCPEICTBOM 3CTETHUYECKHUX KaTero-
puif;

JIMJIAKTUYECKYI0, HANPaBJICHHYIO Ha pPEIICHHE C
TIOMOIITBI0 MCKYCCTBAa 00Pa30BaTENbHBIX U IIPOCBETH-
TEJILCKUX 3a/1a4 10 (POPMHUPOBAHHUIO IIETOCTHOTO ACTE-
TUYECKOTO MUPOBOCTIPHATHS;

AQHAJMTUYECKYIO, O00ECHEeYNBAIOIIYI0  CII0CO0-
HOCTh K OIICHKC lleﬁCTBPITeIIBHOCTPI C OCTECTHYECCKUX
MO3UIINIL;

(dopmMupyOlILyI0, HallpaBJIeHHYIO Ha GpopMUpoBa-
HUE U Pa3BUTHE IICHHOCTHO-CMBICIIOBOM, HHTEIUICKTY-
IBHOM, SMOLIMOHAILHOH c(ep TMUHOCTH;

KOMMYHHUKATHBHYIO, PEAM3YIOIIYI0 OOIIEHHE H
B3aMMOJIEHCTBHE Ha COJEPIKATEIHLHON OCHOBE HMCKYC-
CTBa U C MOMOIIBIO CPCACTB PA3HBIX BUJIOB UCKYCCTBA,

COIHATM3UPYIOMIYIO, CIIOCOOCTBYIONTYIO BKITIOYE-
HUIO Y€JI0BEKa B CUCTEMY OOIIECCTBEHHBIX OTHOIICHUI
¥ UX TIpeoOpa3oBaHKE B MPOLIECCE PA3HBIX BUIOB 3CTE-
THUYECKOH JIeSITENIEHOCTH.

B Hayke TpaauIMOHHO BBIIENSAIOT CIIEAYIOIIHE
0COOCHHOCTH MY3BIKM KakK BHJIa MCKYCCTBA: MY3bIKa
BBIPQXKAET AMOLMOHAIBHYIO PEIbHOCTh M OOpalieHa
HEMOCPEIICTBEHHO K SMOIMOHAIBHON c()epe YeI0BeKa;
MY3blKa Hapsaay ¢ SMOIHUAMU MOKET BbIpaXXaThb OMpe-
JIenéHHbIe Ueu, Ojaromaps 4eMy CHOcOoOCTBYeT pas-
BHUTHIO 00pa3HOTO MBIIUICHHS 00YJalOIUXCsl; My3bIKa
ABIISICTCS BPEMEHHBIM, IMHAMHYECKHM HCKYCCTBOM,
MMO3TOMY BOCHPHUSATHE MPOU3BEACHUHN, HWMCIOIINX
CIIOXHYIO (hopMy, MOXKET MoTpedoBaTh OT O0ydaro-
IIUXCS CIEIUaTbHON TOATOTOBKH; MY3BIKaJIbHOE HC-
KyCCTBO peajiM3yeT CBOM (YHKIHUU B 3CTETHUECKOM
BOCIIUTAHUHN C TIOMOMIBIO CIEIM(PHUSCKUX BBIPA3H-
TENBHBIX CPEJCTB — MEJOJHM, TEMIla, PUTMa, Jaja,
TeMOpa. Ilepeuncnennsie ocoOeHHOCTH OOYCIOBIH-
BaIOT CIIEIU(UKY ICTETHYECKOTO BOCIIUTAHUS 00ydaro-
IUXCA B CUCTEME MY3BIKaJIbHOT'O O6pa3OBaHHH.

My3bIKabHOE UCKYCCTBO KuTast oTinmyaercs cie-
JOYIOIIUMH 4YepTaMu: 1) CHHKPETHYECKOe EIUHCTBO
TeKCTa (U1 BOKAJFHOTO HMCKYCCTBA), MEJIOJHH, OCO-
OEHHOCTEH WCIIOJIHEHUs, JJIEMEHTOB TeaTpalln3alliy;
2) cOCyIIeCTBOBAHHUE U B PSZIC CIyJaeB HHTETPAIIUS CO-
BPEMEHHOTO M TPAIUIIMOHHOTO MCIIOHEHNS; 3) peau-
3alusl MPUHIIMIIA KUCTIOIb30BaTh JIPEBHEE B HHTEpEcax
COBpPEMEHHOTO, HCIIONB30BATh 3allaJJHOC B MHTEpPECcax
kutarickoroy» [10].

OCOOEHHOCTH CHCTEMBI OOIIEr0 MY3BIKAIFHOTO
oOpa3zoBaHusi coBpeMeHHOTo Kwuras mo3BossitoT
YCHEIIHO OCYIIECTBISITh ICTETUYECKOE BOCIHTAHHE
oOyyaromuxcsi. 9ToMy CIIOCOOCTBYIOT MPHUHIIMIIBI, JIe-
JKalle B OCHOBE OPraHU3alny 00ILEero My3bIKaIbHOTO
00pa3oBaHUs:

MIPUHIIMIT TOCTYITHOCTH MY3bIKaJIbHOTO 00pa3oBa-
HuA Ui Kaxaoro rpaxaanuia KHP, BHe 3aBucuMocTu
OT €ro 1oJa, HAMOHAJIBHOCTH, COLMAIILHOTO CTaTyca,
BEPOMCIIOBEIaHM, MeCcTa IPOKUBaHUS, 00eCIeunBalo-
MK CO3JaHHME PABHBIX YCIIOBUW UISI BCEX >KHUTENEH
CTpaHBbI NIPH MOIYYCHUH MY3BIKaJIbHOIO 00pa30BaHus,
peanu3aniy UX My3bIKaITbHBIX CTIOCOOHOCTEH;

MPUHLUI CBSI3M MY3BIKaJHHOTO 0Opa30BaHUS C
HaLMOHAJILHON U MUPOBOM XyI0>KECTBEHHOUN KYJBTY-
poii. [Ipu 3TOM B IpakTHKe 00LIET0 MY3bIKaIbHOTO 00-
pa3oBaHus HapALYy C TIYOOKHM HM3Yd9EeHHEM TPaIUIlH-
OHHOM HallMOHAIBHOM M KJIACCUYECKOW 3amagHod My-
3BIKH ~ yYUTHIBAIOTCA  COBPEMEHHBIE  TEHJACHIINU
Pa3BUTHUS MY3BIKATBHON KYTBTYPHI,

MPUHIIMI Y4€Ta OMNbITa OPraHnu3aliy 00LIEeT0 My-
3BIKAJIHPHOTO 00pa30BaHUs B 3apyOCIKHBIX CTpaHaX;

MIPUHIIMI CBOOO/IBI IIEJArOTOB B BHIOOPE METOJIOB
¥ CPENICTB MY3BIKATBHOTO 00pazoBaHus. B mocnennue
TOJBI YYHUTENS MY3BIKM HE OTpaHHYEHBI B KECTKOH
(dopme pamKamMu IPOrpaMMbl, OHH MMEIOT NPaBO BbI-
Oupath T€ METOJbl OOYydYeHHUs, KOTOPbIE HAWIYy4dIIUM
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00pazoM cocoOHBI PaCKPBITh COACPKAHNE MY3bIKATb-
HOTO 00pa30BaHMsI KOHKPETHOH IpyIIe YYaluxcs, OT-
BEYAIOT BO3PACTHBIM, COLMOKYJIBTYPHBIM, 3THOKYJIb-
TYPHBIM W HHAUBHIYAJIbHBIM OCOOCHHOCTSIM IIKOJIb-
HUKOB WJIM CTY/IEHTOB;

MPUHIIKI HAYYHOCTH, O3HAYAIOLIIH OpraHU3aluio
0011ero My3bIKaJbHOTO 00pa30BaHMs Ha OCHOBE COBpE-
MCHHBIX, HaI/I6OJ'Iee MEPCHCKTUBHBIX MMOJAX0J0B B o6na-
CTH TEOPUH MY3BIKM U MY3BIKAIFHOTO 00pa3oBaHM,
TIeIarOTUKH, TICUXOJIOTUH, MY3bIKJIbHO - CIIOJIHUTENb-
CKOM JeATEIBHOCTH;

NPUHIXI CTYINEHYAaTOCTH, MO3BOJISIOIIUK peanu-
30BaTh HENPEPBIBHOCTH U MPEEMCTBEHHOCTH B CUCTEME
00IIero My3bIKalbHOTO 00pa3oBaHUs, CAUHCTBO dJIe-
MEHTapHOT0, HayaJIbHOTO, CPETHET0 M BBICILIETO, OC-
HOBHOTO ¥ JIOTIOJIHUTEIHHOTO, 00IIero U mpodeccro-
HaJILHOTO MY3bIKaJIbHOTO 00Opa3zoBaHus. Peanmusanus
9TOTO MpHUHIHKIA 0OecTieynBaeT OJaronpHUATHBIE BO3-
MOXKHOCTH JUIsl HENPEPHIBHOTO 3CTETUYECKOTO Pa3BH-
THSA OOYYaIOUINXCS, COBEPIIEHCTBOBAHUS WX MY3bI-
KaJIBHBIX CIIOCOOHOCTEH, Ui Npo(OpUCHTALMH B
cdepe My3bIKaJIbHOTO 00pa30BaHUs;

NPUHIMI KPEeaTHBHOCTH, O3HAYAIOIIUN CO3/IaHUe
HEOOXOMMBIX YCIIOBHH JUISl MY3bIKaJIbHOTO (MCIIOTHH-
TENBCKOT0, KOMIIO3UTOPCKOTO M MHBIX BHIOB) TBOpYE-
CTBa 00YJaIOIIUXCSL.

Peanuzanus nepednciaeHHbIX MPUHLUIIOB IIPH-
Ja€T 3CTETUYECKOMY BOCITUTAHUIO 00YJAIOIIMXCS B CH-
cTeMe oO0IIero My3bIKaJIbHOTO 0Opa3oBaHMs 00ydaro-
IIMXCSI CHCTEMHBIN XapakTep, oOeclieunBaeT B €AUH-
CTBE UX OSMOLMOHAJIBHOE M HWHTEIUIEKTYaJIbHOE
pa3BHUTHE, CHOCOOCTBYET IOBBIMICHHUIO HX KyJIbTYp-
HOTO YPOBH$, (DOPMHPOBAHHUIO U Pa3BUTHIO ICTETHYE-
CKOTO BKYCa, CIIOCOOHOCTH K 3CTETHYECKOW OICHKE
Pa3HOOOpA3HBIX SABJICHHH ACHCTBHTEIBHOCTH, a TAKXKE
TIO3BOJIACT BBIABUTH MY3bIKAJIbLHO O}IapéHHI)IX I[eTeI‘/II.

B coBpeMeHHOM KHUTalCKOW NeAaroru4eckou
HayKe cepbE3HOE BHUMAaHUE yAENIseTcss 000CHOBaHUIO
yCaoBHA 3PPEKTUBHOCTH ICTETHUSCKOTO BOCITUTAHUS
B CHUCTEME OOIIEero My3BIKUIFHOTO OOpa3oBaHMSI.
Cpenu memarornyecKux HMCCIEJOBAaHUM TaKOTO poja
oOpamaer Ha ceOs BHIMaHue paboTa Yxan JIMIBI0HR
[11], B xoTOpO#l Takue ycioBHs YETKO CHOPMYIHPO-
BaHBI U TITyOOKO OOOCHOBAHBI C TOYKH 3PEHUS TI€Jaro-
THKH ¥ TICUXOJIOTHH. [IepBbIM yclIoBHEM, IO MHEHUIO
HCCIIeIOBATEN, SBISIETCSA ICTETHYECKOe 0(popMIICHHE
mpocTpaHcTBa (Y4eOHOTO KaOWHETa, IIKOJIBHOTO KOH-
LIEPTHOTO 3aj1a), B KOTOPOM IIPOTEKAET IPOLIECC My3bl-
KaJIbHOTO 00pazoBaHusl. [1IKOJIEHUKOB JOJKHBI OKpY-
JKaTb IO-HACTOAMIEMY HPEKpPAaCHbIC BCIIH, TaK WU
WHAYe CBS3aHHBIE C MY3BIKaJBHBIM HCKYCCTBOM, a
TaKKe NMPOU3BENCHNUS KHUBOIIMCH U KaJuturpaduu, 4yro
crocoOcTByeT (POPMUPOBAHHIO Y JETEH HE TOIBKO 3C-
TETHYECKOTO BKYCa, HO M LEIOCTHOTO 3CTETUYECKOTO
MHPOBOCHIPUATHS. BTOPBIM yclIOBHEM BBICTYHAeT CO-
3[JaHHE OPraHW3alHOHHBIX W SMOLMOHAIBHBIX YCIIO-
BUH ISl BOCHIPUSTHS MY3BIKU (CBOOOHOE, O3 rpeBa-
PHUTENBHBIX YCTAaHOBOK M H3JMIIHEH HH(opManum,
BOCIIPHSITHE BOKAIBHBIX U MHCTPYMEHTAJILHBIX IPOH3-
BEJICHUI1, IpUMEHEHNE Pe(IICKCUBHBIX METOIOB, 103~
BOJISIIOIUX IIKOJIEHUKAaM BepOaiM3upoBaTh JIMOO BH-
3yaJM3UpOBaTh CBOM MEPEKUBAHUS B IpoIecce Mpo-
CITYIIMBAHUS MY3BIKH), YTO CIIOCOOCTBYET IIyOOKOMY

MOHUMAaHHIO MY3BIKH U ()OPMHUPOBAHHUIO HABBIKOB MH-
TepHpETANH MY3bIKATbHBIX IPOU3BEACHUH C TIO3ULNI
acTeTHKU. Tperbe ycinoBue — co3ianne arTMocdepsl 10-
BEPUTEIBHOCTH, HCKPEHHOCTH BO B3aMMOJCHCTBHUHU
MEX]y yIUTENIeM U YYCHHKaMH. DTO MO3BOJIIET Opra-
HU30BAaTh HA 3aHATHU HeHHOCTHO-CMBICJ'IOBOﬁ Jauajor,
HEOOXOMMBIN JUTS TOHUMAaHHS, aHaIN3a M ICTETHIE-
CKOM OLICHKM MY3BIKAJIbHBIX IIpou3BeneHui. B kaue-
CTBE 4ETBEPTOTO YCIOBHUS PacCMaTPHUBACTCS peam3a-
MsI CTETUYECKON U STHYECKOI COCTABIISIONINX MY3bl-
KalnbHOro oOpazoBaHuss B X enuHcTBE. Kpacorta
BKITIOUEHHBIX B IIKOJBHYIO POrPaMMy MY3bIKaJIbHBIX
MIPOU3BEACHUN JOJDKHA CIOCOOCTBOBAaTH HPABCTBEH-
HOMY BOCITUTaHHIO AETel U MopocTKoB. Tak, mecHu o
Ponune, e€ Benuunu, o KpacoTe e€ Npupoibl 001aaaoT
OOJIBIINM MOTEHIIMAJIOM B PEIICHUH 33/1a4M BOCIUTA-
HUS marpuotusMa. Peanmmzanus Ha 3aHATHAX HPaB-
CTBEHHOTO NMOTEHNHMAa MYy3bIKaJIbHBIX NPOU3BEICHUI
Ype3BBIYAHHO BAXKHO C TOYKU 3PCHHUSI ICTETHYECKOTO
BOCTIMUTaHMS 00y4JaIOMIMUXCs, TOCKOJIBKY €IMHCTBO 100-
pPOTO M HPEKPAaCHOTO COCTABISIET (pyHIAMEHTAIBHYIO
OCHOBY KJIACCHYECKUX M COBPEMEHHBIX KOHIEIIINIA 3¢~
TETUIECKOTO BOCIIHTAHUSI.

Co31aHue TepeyrcICHHBIX YCIOBHH NPU3BAHO
obecrieunTh HamboJee MOJHYIO peaTU3aIlii0 BO3ZMOXK-
HOCTEH 00LIero My3bIKaIbHOTO 00pa30BaHUs B pele-
HHHM 33/1a4 3CTETUYECKOTO BOCIIUTAHUS 00Y4aIOIIUXCSL.

BeimeckazaHHoe SIBISIETCS OCHOBAaHUEM JUISL BBI-
JICTICHUS] BOBMOKHOCTEH 00IIEero My3bIKaIbHOTO 00pa-
30BaHMS B PEIICHHUH 3a/1a4 3CTETHIECKOTO BOCITUTAHUS
oOyuatomuxcsi. C LebIo MPeCTaBICHHs JaHHbBIX BO3-
MOJKHOCTEH B CHCTEMaTH3HPOBAHHOM BHE LIEJIECO00-
pa3sHO BBINENUTH TPH TPYMIBI 33734 3CTETUYECKOTO
BOCIIMTAHUA.

ITepBast rpynmna BKJIIOYAET 3a1a4l 3CTETHIECKOTO
HpOoCBelIeH s 00yJaIOINXCsl, KOTOPBIE ITO3BOJISIOT pe-
JIN30BaTh MIO3HABATEIBHYIO M AUAAKTHUECKYIO (yHK-
[IMH MY3BIKQJILHOTO UCKyccTBa. [Ipu pemennu sTux 3a-
Jaq ob1iee My3bIKaJIbHOE 00pa3oBaHue CO3MAET yCIo-
BHS JUIS TIEPE/Iauyl MIKOJIFHUKAM U CTYICHTaM 3HaHUH
0 MY3bIKE KaK BUJIE UCKYCCTBa, €€ 3CTETUYECKON IIeH-
HOCTH, (OPMHUPYET Yy HHX 3CTETHYECKOE MBIIIJICHHE,
CHCTEMY ICTETHYECKUX B3IIISI0B C OMOIIBIO CIIEIH-
(hudecKkuX BBIPa3UTEIBHBIX CPEICTB; 3HAKOMS 00ydaro-
LIUXCS C KYJIBTYPHBIM MHOTOOOpa3ueM CTpaHbl ¥ MHpa,
(dopmupyeT mpencraBieHHe 00 3CTETHYECKOM Oorat-
CTBE OKpPYXAIOLIEro MUpPa U BHYTPEHHETO MHpa Yeso-
BeKa, NM03BOJIIET YBUIETh Pa3Hble (POPMBI ITPOSIBICHUS
MIPEKPACHOTO; IPUAAET SCTETHUECKOMY Pa3BUTHIO 00y-
Yaromuxcss 00pa30BaTeNbHYI0 MIMPOTY U HPAaBCTBEH-
HYIO HAIlPaBJIEHHOCTb.

Bropas rpynma o0betuHsIET 3a4a41, CBI3aHHbIE C
(opMHpOBaHNEM Yy MIKOJIBHHKOB M CTYACHTOB CH-
CTEMBI LIEHHOCTHO CMBICIIOBBIX OTHOILICHHH, U COOTHO-
CHUTCS C aHATUTHYECKON B (POPMHUPYIOIICH (HYHKIIUIMHU
MY3BIKaJIBHOTO MCKycCTBA. PereHne 3Toii rpymmns! 3a-
Ja4 obecrieunBaeTcs TeM, YTO My3bIKalbHOE 00pa3oBa-
HUe Onaromaps €JUHCTBY ICTETHYECKON M STHUECKOU
COCTAaBJISIOLIEH OPUSHTUPYET YEIOBEKa B MUPE LIEHHO-
CTeif; ToMoTaeT 00yJaromuMcs: 00HAPYKHUTh, IMOIIHO-
HAJIBHO TIEPEXUTh M OCMBICIUTH MPOOJIEMbI OBITHIA-
HOTO Xapakrtepa; (GpopMHUpYeT U pa3BHBAaET ACTETHYE-
CKHH BKYC u LIEJIOCTHOE 3CTETHYECKOE
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MHUPOBOCIIPUSTHE; CIOCOOCTBYET FrapMOHU3AIIUH BHYT-
PEHHEro MHUpa 4esioBeKa; Oaronapst TpaHCIHPYEMOMY
MY3BIKATbHBIMHU TIPOM3BEACHUSIMHU ICTETHYESCKOM HIe-
airy crioco0cTByeT GOPMHUPOBAHUIO LETOCTHOM JTUIHO-
CTH.

TpeTps rpynna 3agad 3cTeTUYECKOTr0 BOCITUTAHUSA
HaIpaBJicHa Ha BKJIIOYCHUE OOYYaromIMXCs B TBOpYE-
CKYIO JISSITENBHOCTh «I10 3aKOHAM KPacoTh» M peajiu-
3yeT KOMMYHUKATHBHYIO (YHKINIO U (DYHKIUIO COIIH-
anu3anuu. Bo3aMokHOCTH 00II€ro My3bIKajabHOTO 00-
pa3oBaHMA B pEUIEHHH OTOM TIpymmbl  3amad
3aKJTFOYAIOTCS B TOM, YTO OHO MO3BOJISIET HIKOJBHUKAM
" CTYACHTaM OBJIAZICTh CPEACTBAMU XYAOKECTBECHHOT'O
oOmeHns (a UMEHHO BBIPa3HUTENBHBIMU CPEICTBAMHU
MY3BIKH); CTUMYJIHPYET TBOPYECKYIO U COLHATBHYIO
aKTUBHOCTb JINYHOCTH, OPUCHTHPYET € Ha IpuBele-
HHE MHPa B COOTBETCTBUE C OTPAKEHHBIM B MY3bIKE 3C-
TETUYECKUM HAEaJIOM; TOTOBHUT 00YJarOIINXCs K B3au-
MOJICHCTBHIO U COTPYAHUYECTBY B COBPEMEHHOM COLIU-
OKYJIBTYPHOM MPOCTPAHCTBE (B nporecce
WHIUBUIYATLHOTO M XOPOBOTO UCIIONHUTENbCTBA, Pea-
JIM3alUU Pa3HOOOPA3HBIX COLUAIBHBIX U KYJIBTYPOJIO-
THYECKHX IPOSKTOB U T.II.)

Bo3MokHOCTH 0011Iero My3bIKAIEHOTO 00pa3oBa-
HUSA B PEIICHUH 337124 3CTETHYECKOT0 BOCIUTaHUs 00Yy-
CJIOBJICHBI €IMHOM 1IEHHOCTHO-CMBICIOBOH HMPUPOIOH
OCTCTUYCCKOIr0 BOCHHUTAHHA W MY3BIKAJIBHOTO HCKYC-
CTBa M pealM3yIoTcs Oarogaps KOPPEeKTHOH, HayqHO
000CHOBaHHOW OpraHU3aluk 00pa30BaTEIBHOTO PO-
IIecca B CHCTEME 00IIEero My3bIKaITbHOTO 00pa30BaHusI.
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The obtained analytical dependences of both the creative and information-energy state of a person open up

ways to increase human capital, on the one hand, by purposefully creating conditions for increasing the efficiency
of mental work, and on the other, by expanding the creative life of an individual. The latter allows you to imme-
diately get practical results. Indeed, the presented analytical criteria show that the duration and quality of a person's
life depend on his mental activity.

AHoTanmis

OTpuMaHi aHATITAYHI 3JIEKHOCTI K TBOPUOTO, TaK 1 IHPOPMALIHHO-EHEPreTUIHOTO CTaHy JIFOIMHU BiIKPH-
BAIOTh IUISXU 30UTBINIEHHS JIFOJICBKOIO KaIliTany, 3 OJHOro OOKY, 3 JOIOMOIOI0 IUICCIPSIMOBAHOTO CTBOPEHHS
YMOB MABHUIEHHS €()eKTUBHOCTI pO3yMOBOi Mpalli, a 3 iHIIOTO, 3 JOMOMOTOI0 IIPOIOBKEHHS TBOPUOTO JKHUTTS
iHmuBityyma. OcTaHHE 03BOJISIE OJpa3y OTPUMATH NMpaKTH4HI pe3ynbTaTtd. Crpasai, MpeacTaBlIeH] aHaNITHIH]

KpUTEpIil MOKa3yIOTh, 1110 TPUBAJICT TA AKICTh YKUTTS JIOAUHH 3AJIEKUTH Bix 11 pO3yMOBOI aKTUBHOCTI.
> ym

Keywords: information-energy state, information, rational information, information transformation, mathe-

matical modeling of psychological processes.

KoarouoBi cioBa: nH)OPMAIIMOHHO-PHEPIETHYECKOE COCTOSIHUE, MHPOPMALIXs, pallMOHANIbHAs HHPOpManus,
TpaHcopmanus HHHOPMAIUN, MATEMAaTHIECKOE MOICITUPOBAHIE TICHXOJIOTMYECKUX TTPOLIECCOB.

Cy4acHuii eranm pO3BUTKY HayKd XapaKTepu-
3ye€TbCsS IHTEHCHBHUM IPOHWKHEHHSM MaTeMaTHKH
Maibke y Bci 11 po3iiy, y Bei 1l HarpsiMu, He BUKIIIOYa-
FOUH 1 TICHIXOJIOTIIO Ta eIaroriky, Xo4a TeMITH MaTeMa-
TH3aLil TPOIIECiB MI3HAHHS JIFOJIUHH SIK TaKOI 3HAYHO
BiICTAIOTh BiJi BUKOPHCTAHHS MaTEMaTHKH, HaIlpH-
KJIaJI, y TEXHIIII.

SIKIIIO0 BUXOAWTH 3 MOJOKEHHS, 110 PIBEHb BUKO-
pHUCTaHHS MaTEeMaTHYHUX METOMIB y Till 9 iHIIIH Ta-
JIy31 HAYKU € OJTHUM 13 TIOKa3HHUKIB i 3pLIOCTI, TO 3 i€l
TOYKH 30pY ICUXOJIOTiA mepedyBae Ha BiTHOCHO HU3b-
KOMY 1a0J1i CBOTO PO3BHUTKY. B naHuii vac MaTemaruka
B IICHXOJIOTi{ BUKOPUCTOBYETHCSI B OCHOBHOMY SIK Me€-
TOJI CTAaTUCTUYHOT OOpOOKHM pe3yibTaTiB ICHUXOJIOTid-
HOTO EKCIIEPUMEHTY 1 5K CIIOCi0 BUpaKEHHS T0YaTKOBO
MTOCTYJIOBAHOTO 3B'I3KY MK 3MIHHUMH, 1110 BU3HAYa-
I0ThCS JOCBIZIOM.

Cyro yMOBHO Yy CYyYacHI IICHXOJOTI MOXHa
Ha3Batu TpW HampsiMu. "Onucoea” TICUXOJIOTIS, IO
3aCHOBaHa Ha OTPHMAaHHI Ta MOSICHEHHI eKCTIEPUMEH-
TAIBHOTO  Martepiany; Mmamemamuuna Ta "Oe-

mepminicmcoka" TCUXOJOTI. MaremaTHyHa ICHXO-
JIOTis 3apa3 MIBHIIE MaTeMaTHKa, HK TICHXOJIOTis, 60
y Hill BUPILIYIOThCS y Hal3arajbHIllii OCTaHOBI 3a-
BIAHHS 13 3arajibHOi IICHXOJIOTii METO/JaMHU Cy4acHOi
MaTeMaTHKH, IPUUOMY, 3a3BUYal, BIICYTHE KUIbKiCHE
MOPIBHSAHHS PO3PaxyHKIB i3 JOCHITHHMH ITaHHWMHU.
OcTaHHIM YacoM Jefaii OUTbINe YBarw MPHILTIETHCS
HampsIMKy, HA3BaHOMY HaMH " IETEPMIHICTCHKUM", sIKe
CTaBHUTH cO0l 3a MeTy OyayBaTh MaTeMaTHIHI MO
€JIEMEHTAPHUX TCHXOJOTTYHUX MPOIECIB Ta IMPOBO-
IUTH eKCTIEPUMEHTAIBHI JOCTIIKEHHS IS TIepEeBIpKU
X Mojeneld. JIaBuHONoAiOHE 3pOCTaHHS MEPEBaXKHO
EeMITIPUYHOTO Marepialy, y3arajlbHIOBAaHOTO Tiepe-
B2XHO YMOTJISITHUMH TEOPIIMH, OOMEXYE 10 JaIbIIHN
e(eKTUBHHUI PO3BUTOK HAYKOBUX JOCIIKEHbB Y 1iH ra-
my3i. Tomy B it cTarTi MU OyZIeMO B OCHOBHOMY 3YyTIH-
HATHCS Ha OCTAaHHBOMY, TPETHOMY HANpsMi, SKUH
BiIKpHBae 3 HAIIO! TOYKH 30py MEBHI IMEPCIIEKTUBU B
OULTBII  YCHINIHOMY JIOCHI/DKEHHI pI3HUX IICHXO-
JIOT{YHHUX MPOIIECIB.

JrogctBo BXOAWMTH y HOBUH 21 cromirtsa. 3a
ominkamu excneptie FOHECKO, me cromirts Oyzae
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cTOMTTAM meuxoJorii. CripaBi, JIFOJICTBO 3apa3 3HAE
Micsmp kpaie, Hik MO30K JIFOJHHU.

BinpuIicTh acnexTiB JIFOACHKOIT MIJIBHOCTI MOB'S-
3aHa TI€I0 YX IHIIOIO MIpOIO 3 nepepobKor nam'ammio
J0OUHY iHopMayii: MO30K JIFOJMHU 3aI1aM'SITOBYE iH-
¢dopmartito, ananizye ii i BUAae Te 4M IHIIE PIllICHHS.
He3Baxxaroun Ha CKIIQIHICTH TIPOOIIEMH, cripoOu Mate-
MaTHYHOTO OIHCY TCHXOJIOTIYHMX HPOILECIB, PO3IO-
4ari y Munyaomy croiitti I'. ®exnepom ta I'. Ebinra-
y30M, JIal0Th CBOT IUIOM. SIK IOKa3aB aHaji3, TPAKTY-
BaHHS TPOIECIB y HaM'ATi K MpOIECiB MepepoOKn
iHdopmarii, cyrreBo cnpourye Gopmanizamniro Ta Moze-
JIIOBAHHS TCHUXOJIOTIYHUX MPOIECiB. Alie TyT 0jpasy
HEOoOXiTHO BpaxyBaTu OJMH BaXJIMBHHA MoMeHT. [lcu-
XOJIOTIYHI TPOLIECH HEPO3PHMBHO MOB'A3aHI 3 TEYi€lo
JIFOJICBKOTO JKHUTTS 1 TOMY 3a CBO€IO IPUPOJOI0 BOHH
HecTanioHapHi, TOOTO mpoTikaloTh y 4aci. Tomy Bci
BIIOMI ITIAXOOM MO IX MOJEITIOBAHHS CBIZIOMO OOMe-
JKCHI, TOMY IO HE BPaxXxOBYIOTH 3MiHH SK 30BHIIIHIX,
Tax 1 BHYTPILIHIX BENWYMH Y 4aci. 3 1[bOTO NOTJIsY 3a-
cIyroByroTh Ha yBary migxomu O. M. Jlebenesa i b. 1.
IyxaHoBa.

Inghopmauiiina mooenv nepepooxku nam'smmio.
VY Hamriid Mosielni nam'siTh JIIOJMHU NPE/ICTABISETHCS Y
BUTJISIT YOPHOI CKPUHBKH, /1€ B JAaHWH 9ac 7 3HAXO-
IUThCs J OMUHMIG iHpOpMaIii. Y mam’sTh HAIXOAUTh
330BHI iH(pOpMAIIS 3 ASIKAM TEMIIOM R [on/cex]. Lis
iH(pOpMAILisS He BCS 3INIIAETHCS B TTAM'SITi, TOMY IO 32
PpaxyHOK TPOIIEeCiB 3racaHHs YacTHHA ii He 3 mam'sTi B
temmi R [ox/cex].

TyT BHHHKae BaXIMBE HHUTAaHHA TPO OOUHUYI
sumipy iH(popMalii B NCUXOJOTIYHUX Tporecax. Mu
MpUHMaNH, 10 OJUWHUIIL BUMIDY — ye desike cyb'ek-
MueHo-yiniche ymeopenusi — CKial, CJIOBO, TIOMMIIKA,
MUTaHHS, BIAMOBIIb, IH(OPMAIIHHO-CMHCIOBA OJIH-
aung Tekety (ICOT) tomro. Takwii mimxim, a Takox
YABJICHHS KIHIEBUX aHAJITUYHUX B3a€EMO3B'SI3KIB Y
0e3pO3MIpHOMY BITHOCHOMY BHIJIAI, Jald MOXK-
JUBICTh aHATI3yBaTW pi3HI ICHXOJOTIYHI TPOIECH
KUTBKICHO, HE 3aMHKAIOYMCh Ha CYTHOCTI OMHHUIIL
BHUMIpIOBaHHs. bamaHcoBe pIBHSHHSA IOTOKY iH(Op-
Martii B tam’siTh J(7) 3aIUCyEThCS 3 OUCBHIHOT YMOBH,
1o ii 3Mina B waci dJ/d7 Bu3HAYaETHCS PI3HUICIO MK
"mpuxoxoMm” indopmanii Ha 3ragky npo R Ta ii "Bimxo-
aom" Rs. B OCHOBY OPHTIHAJIILHOTO "pIBHSHHS 30epe-
KEHHA TOTOKY iH(opMalii" mokianeHa rinoresa, Mo
BTpara iHpopMaIlii mamM'sTTI0 TPOTOPIiiHA PI3HUII
MiK iH(opMaliero B maM'sTi B naHuit MmomeHT 7 J(7) i
JeSIKAM il KIHIIEBUM 3HAYCHHSIM Y ITaM'sITi ITICIIs JOCUTh
BEJIMKOTO IPOMDKKY 4acy @ i 00epHeHO mponopuiiina
JesIKOMY TToCTiitHOMY "acy T

Rs= (J-@)/T.

Jekinpka 3ayBaxeHb npo BenwunHu T Ta @.
Hocmiiina yacy T BU3Ha4ae gac, mpOTSTOM SKOTO TIPO-
nec jgocsarae 2/3 cBoro KiHuneBoro 3HaueHHs. Hampu-
KJIaJ1, SIKIIIO0 BUBYAETHCS 3a0yBaHHA iH(opmariii, To T -
IIe 9ac, 3a sSKuit 3a0yBaeThes 2/3 OYaTKOBOI KUTBKOCTI
iH(opMarlii; SKIIO0 BUBYAETHCS 3alaM'sITOBYBaHHS iH-
¢dopmarii, To T - 11e 9ac, MPOTATOM SIKOTO BHBYAETHCS
2/3 3aranpHOi KuibkocTi iH(popmauii. [lopiBHSAHHS
Hamoi  indopmariifHOT  Momemi 3 MOJIEIIII0
HEHpo(Di3i0NOTTYHMX TeplenTHBHUX mpoueciB A. H.

JleGenesa n03BOJIMIIO 3HANTH 3B'130K MK T Ta dacro-
TOIO aJb(a-pUTMy MO3KY @, SIKa BU3HAUAETHCS SKCIIe-
PUMEHTAIBHO ISl KOYKHOT JIFOJIHHA:

T=T,- O (T,=0.464 c; 6=0.03 ¢?)

BenmunHa [eskoro epanuunozo 3HauenHs iHgop-
mayii @ nam'ami @, sxa 30epira€Tbcs JOCUTH TOBTO B
Tam'siTi, BiZIIrpae qy>ke CYTTEBY pOJIb, TOMY IIIO0 BU3HA-
4yae TOW mopir abo craHAapt iHdopMmariii B mam'ari,
SIKUH TI0 KOJKHOMY il BUAY 30epirae y maM'sitTi i SKHid €
MEBHUM €TaJIOHOM TOPIBHAHHA 3 iH(pOpMAIIi€t0, IO
HAIXOIHTb.

BBeneHHs [UX JBOX MapaMeTpiB  BHUSBUIIOCS
BUKJIIOYHO BJAIMM, TOMY IO JO3BOJMJIO 3HAaWTH iX
CKCIICPUMCHTAIBHO TSI TEBHUX JOCHTH 3arallbHUX
rpyI JOCII/IiB, YMOB, IAPAMETPIB i, 3PEIITO0, BUKOPH-
CTOBYBATH IX amlpiOpHO LIS MPOTHO3YBAHHS ITOMIOHUX
MICUXOJIOTIYHUX MIPOIIECIB.

Takum 9rHOM, 3 YpaXyBaHHSIM BCHOTO CKa3aHOTO
OCTaTOYHO BUXiJHE OallaHCOBE PIBHSHHS, IO OIMHUCYE
TICUXOJIOTIYHI IIPOIIECH B IaM'SITi JIIOIHHA, MAaTHME BH-
IS

dJ/dz=R - J3-@/T (1)

Bupiwenns pisenanna nepepooku ingpopmauii
nam'ammio. Sk moba4nMo HaAIANI, 1€ TOCHUTH IPOCTE i
scHe audepeHIiabHe PIBHAHHA Mae PIlIeHHS, SKe
BIIAJIO OIKCYE Pi3HI IICUXOJOTIYHI Tporech (sKi 3BO-
IITbCA 10 Tpolecy mepepobku mam'artio). s
BHIIQJIKy [TOYATKOBUX yMOB: Ipu 7=0 mam'saTh MICTHTh
Jo onuHUIE iHGOpMaii, 10 HAAXOTUTH Y MaM'dTh, -
piteHHs piBHAHHS (1) MaTHUMe BT

J=p+RT+(J,- ¢-RT) e 2)

SIk110 BUBYAETHCS npoyec 3a6yeanus 30epexeHol

y TIaM'ATi KilbKOCTi J ; OJMHHUIb, TO KpHBa 3a0yBaHHS

BUILTUBAE 3 (2) sIK OKpEMHI BUITAJIOK BiICYyTHOCTI HaJl-
xo/pKkeHHS iHpopmarii R = 0:

J=313,=p+1-p)e ™" 3)

Tyr BBe#eHI BIAHOCHI BEIWYHHU J i a) , AKI
CKJIQJIAIOTh YacTKy BiJ mo4aTkoBoi iHdopmanii, oTpu-
MaHOI NaM'sATTIO Jo.

Sx BuaHO 3 pimens (2) i (3), HOTOYHA KUTBKICT
iHdopmaii B mam'siti J (200 B HOPMOBaHOMY BUIJISII
J) e dynxuiero nezanexnoi sminHoi yacy (abo ii Bia-
HOCHOrO 3Hauenns 7 =%/T) ta napamerpis @ i T. Po3-
paxyHKH 3a IMMH (OPMYJIaMH MIATBEPIKYHOTHCS
MPAaKTUYHO BCIMa BIJOMHMH 3 JIITEPATyPH €KCIIEpUMe-
HTJIBHUMH JaHUMH (Y pasi, SKII0 BOHHU MICTATh HE00-
XiOHI JUIs pO3paxyHKIB BUXiJHI BeJW4nMHH). 3a3Ha-
9uMo, o ¢opmynu (2) i (3) MaroTh i IeBHY ""'MaTeMa-
TUYHY Kpacy".

Sxmo nopiBHATH dopmyny miis 3a0yBanHs (3) 3
Biomoro emmnipudHoto ¢opmynoro I'. Ebinraysa, To
MOXHa Mo0auuTH, IO Horo GopMysa Mae TpH eMITipH-
YHI BETMYMHH Ta JorapuMidHy (YyHKIIFO, y TOH dac
gk (3) BKiIrOYae 2 NOCHUTH YHiBepcalibHI 0e3po3MipHi
KpHUTepii.

Haguanuns. Tommpenns piBasHAA (1) Ha mpotec
3ay4dyBaHHS iH(pOPMAIil IUITXOM Oe3repepBHOTo Oara-
TOPA30BOIO ii MOBTOPEHHS N pa3 JO3BOJUB OTPUMATH
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(bopmyny Uit KpUBOT HaBYEHHS, 1110 3B'sI3y€ PiBEHb J0-
CATHYTOTO 3aCBO€HHS iH(pOpMaIIii 10 N-T0 TOBTOPEHHS

Jn= Jn/Jz (10 BiTHOIIIEHHIO JI0 BCHOTO MaTepiaiy, I1o
3aBYACTbCA 00CATOM J 5 OJMHMIB) Ta 4ac OJHOIO II0-

Bropenns 71= Jy/R (abo i BiTHOCHOTO 3HaueHHs T
=v/T1):

J n2l-exp(-n/ T 1) 4)

VYyacTh eKCIOHEHIIHHUX (YHKIIIH B OIHCI ICUXO-
JIOTTYHUX TIPOIIECIB € MIUPOKO TOUIUPEHUM 1 MOXKe
OyTH HENpsIMUM MiATBEP/PKEHHSAM IPaBUIBHOCTI 3a-
MPOIMOHOBAHMX PilIeHb ([0 J0Ope BIIOMO MareMaTh-
kaM). buteme Toro, po3paxyHKH 3a IIi€l0 QOpPMYIIO0
30Irar0ThCs 3 BIAMOBIIHUMU YHUCIEHHUMHU JOCIIIHUMHA
nmaanMu. Kpim Toro, Teopetrnanmii anamiz gopmymnu (4)
JI03BOJISIE OTPUMAaTH 3 HeEl, SK OKpPEMHUH BHIAJOK,
Bimomi ¢opmynu Xamra Iis mporecy HaBuaHHs, Dyko
- JUIs 3arajJbHOTO Yacy HaBUaHHs 7x;; 3aiie)kHOCTI Kbep-
crena-PobiHCOHa MO0 BIUIMBY BiJHOCHOTO OOCSTY
3aB4YeHOro Marepiany; TepcToHa - po MUTOMMH Yac
3ayqyBaHHS.

[onani MiAXoaM CYTTEBO PO3IMIMPIOIOTH MOXKIIH-
BOCTI MAaTeMaTHYHOTO MOJEIIOBAHHS Neda202iuHux
npoyecie, IOB'I3aHUX 13 HaBUaHHsIM y4HiB. Tak, dop-
Myn# (3) Ta (4) KO3BOJIAIOTH PO3IIISIATH, HAIIPUKIA/,
3aBJIaHHS ONITHMAaJIBHOTO HaBYAHHS 3 IepepPBaMHU, KOJIH
oTprMaHa iH(pOpMaIlisi 4YacTKOBO 3a0yBaeTbcs. SIKIIO
BUKOPUCTOBYBAaTH IOHATTS IPO iHpopmayitino-cmu-
cnogi oounuyi mexcmy (ICOT), To B 3araJbHOMY
moToIl iH(OpMaIlii HEBaXKO BHALUIUTH ii 3MICTOBHY
(SIKiCHY) CTOpOHY, NMpHYOMY 3 ypaxyBaHHsM iHdop-
MaIlil, HOBOI [yl Y4Hs, BXe Bimomoi oMy iHdopmarrii
Ta HeHTpampHOl (‘“TpamaTmuHOi’) iHpopmamii. Ile
BiIKpHUBa€e aOCOFOTHO HEBIMOMI PAHIIIE MOXIJIMBOCTI
METOJaMH MAaTeMaTUKH ONTHUMI3yBaTH IPOTPaMH
KypciB, OUTBII PIBHOMIPHO 3 MOTJISY 00CATY HOBOT iH-
(dbopmartii, 1110 MOJAETHCS, PO3MOIUIATH MaTepiai y mia-
PYYHHUKaX 1 Ha 3aHATTSX.

YCnimHicTh NpecTaBIeH0i MaTeMaTHYHO iHTep-
mpeTanii MiITBepIPKYEThCS il y3TOKCHHSAM 13 J10-

CIIIHUMH JIAHUMH LIOAO GIOMEOPEHHS MUMYACOB0T

mpueanocmi, BABYEHHS SIKOTO CHCTEMAaTHIHO IPOBO-
JIUTHCS IPOTSTOM OCTaHHIX 70 POKIB.

Jleto HecTIoAiBaHMM BHUSIBUBCS PE3yNbTaT YCITIII-
HOTO BUKOPHUCTaHHS GopMyIH (4) I OMHCY MPOIECy
HasuanHs meapur. Bynu oTpruMaHi YKceIbHI 3HAYCHHS

napameTpa 7 1, IO OMKCYIOTh KPHBY HABYAHHS My-
paxu, Killlku, mrypa, co0aku, MIIaHKH, KPOJINKa, MaBITH
JUIsl pI3HUX THUIIB HaBYaHHS. ByB BUSIBICHHH TakoxX
LiKaBUH peHomen adanmayii NESKAX TBAPUH IO TIPO-
LIECY HABYAHHS, IIPOTATOM SIKOT'O BOHH HE PEaryroTh Ha
MaTepiall, M0 Hpen'saBIsSeTbes ((eHOMEH 3arri3HeHHS
JI0 TIOYaTKy HABYAHHS).

®dopmyna HaB4yaHHS (4) H0Ope omuCye npoyec
VMBOPEHHS CEHCOMOMOPHOI HAGUYKYU Yy pa3l PIZHOTO
emoyitinoeo éniugy Ha BumpoOyBaHoro. Bussuiocs,
IO Yac IMPOLECY HABYAHHS MOXE BUCTYHNATH MIPOIO
€MOIIHHUX CTPECIB.

Ilodionicme ncuxonoziunux npoyecie. Y TeXHii
IIMPOKO BUKOPHUCTOBYETHCSI TEOPis MOMIOHOCTI ISt
ONKCY OJHMX SIBHII[ 33 JOMOMOTO IHIIKX, MOMIOHKX
1o Hux. OTpUMaHi pe3yabTaTH MaTEMaTHIHOTO MOJIC-

JIFOBaHHS TICHXOJIOTIYHUX IPOIECIB JI03BOJSIIOTH 3a-
KIIACTH OCHOBU E€TIeMEHTAPHOI meopii nodibHocmi X
nporecis. OOpoOka BEITUKOTO EKCIEPUMEHTATBHOTO
MaTepiary 3 3aydyBaHHS Ta 3a0yBaHHS PI3HOTO Ma-
Tepially, 1 BAKOPUCTAaHHS 3aIIPOIIOHOBAHOT MOJIEI 103~
BOJIMJIM OTPHMATH Ta MPOAHATI3yBaTH BIUIMB PI3HHX
KpUTEpiiB Ha XiJ JOCTIKYBaHUX IporieciB. s npo-
yecy HaguanHs TAKUM KPUTEPIEM € BITHOCHUH 4Yac of-
HOTO TOBTOpeHHs Matepiany 7 1=7/T= Jy/RT. 1leii
KpUTEpii mopyy i3 mocTiitHoo yacy 7, 4MCIOM MOBTO-
pPEeHb N OJHO3HAYHO BU3HAYa€ Mepedir KpUBOi HaB-
yanHs. [ npoyecy 3a0ysanns TakuM KpPHUTEPIEM €

BimHOCHUIT wac mponecy 7 =7/T. Hag3Bu4aiiHO Baxk-
JIMBHM TIOPOTOBUM KpuTepieM € p=@/RT, na3panmii
Kpumepiem noodionocmi wymaueocmi nam'smi.
BukopucTaHHS TakuxX HAWMPOCTIOINX KPUTEPiiB
JIAJI0 MOKJIUBICTD KIACUiKysamu BC1 BIIOMI €KCIIEPH-
MEHTAJIFHO OTPUMaHi KpHB1 HABUAHHS i 3a0yBaHHS Ha
4 rpymnu, KOKHa 3 SIKAX OIHCYE IepepoOKy Mam'saTTIO 3
ypaxyBaHHSAM IHIUBIAyaTbHUX BIaCTUBOCTEH! JIIOAUHH,
THUITy MaTepiany, TeMiy rnojadi indopmanii romo. s
KPUBHX HaBYaHHS KOXKHA KpHUBA XapaKTePH3YEThCS
CBOIM 3HauYeHHsAM mapamerpa 71y (opmymi (4): 0,6;
2,1;4,5; 10. KoxHa 3 KpuBUX 3a0yBaHHS BU3HAYAETHCS
CBOIM 3HauYeHHsM mapametpa @ y popmyii (3): 0,7,
0,53; 0,3; 0,075. 3Haroun TUI Marepiany, iHIUBITY-
ANBHI SKOCTI JIFOJMHH, MOYKHA arpiopi BHOpaTH po-
3paxyHKOBY (OpMYIy JUIsl ONUCY TIPOTHO3Y XOJy TICH-
XOJIOTIYHOTO TPOIIECy. 3a3HAaUYMMO I€ OJAHY BaX-
JIMBICTb CTBOPEHOI MaTeMaTH4YHOI MOJeli, fKa, KpiM
MOJKJIIBOCTI Tepea0adeHHs] MOBEIIHKH JIIOMHH, Ja€
meopemuyHy OcHo8y TIPOBEAEHHS Ta 0OpPOOKH JaHUX
EeKCNEPUMEHMATLHUX OOCTIONCEHD.

Jlamenmnuii nepioo peakuii. Pisusaas (1) mos-
BOJISIE TEOPETHMYHO BHUPILIMTH PsJ 3aBAaHb, sIKi Ipel-
CTaBIIIOTh IHTEpEeC A IICUXoJorii. SIKmo mpumy-
CTHTH, 1110 PEAKIIis JIIOAWHYU HA HAHUIIPOCTIINI CTUMYJT
BHU3HAYAETHCSI MOMCHTOM [OCSTHEHHsS piBHSA iHGOp-
Marlii, pIBHOTO @ (PIBHOTO AESKOMY CTaHIApTy, e€Ta-
JIOHY, IO 30epiraeThCsi JOCUTH JOBIO B TAM'ATI), TO OT-
pumaemo (GopMyITy Uil PO3paXyHKY 4acy JaTeHTHOIO
Tepioy peakuii 7+

=T In(I+p) (5)

Sk Gaunmo, y 1o GpopmMyity, KpiM NoCTiHHOT po-
necy T BXOAuTh KpUTepid dyTiamBocTi mam'arti p. L
(opmyna abCONIOTHO TOYHO Y3TOKYETHCS 3 BiflO-
MHUMH JOCIITHUMHU AaHUMU. 3 Hel BUXO/UTh, K OKpe-
MU BUNANOK, Binoma dopmyna Xika mis 7+ SIkmio
BpaxyBaTH, L0 KpUmMuuHa yacmoma mueomintus (Ipu
SKI TIepeprBYACTUI CTUMYJ CTa€ HEBIIMIHHHM Bif
OesnepepBHoro) f+=1/7, To 3 ypaxyBaHHsAM 3aJeXK-
HocTi T i @ BifT SICKpaBOCTI MUTOTIIUBOTO CBiTIIA 32 (5)
BUXOJUTH (hOpPMyYJIa, sSiKa 3HAYHO Kpallle Y3roKYeEThCS
3 IOCTITHIMH JaHUMU, HDK HasBHI €KCIIEPIMEHTAIbHI
3aJIEKHOCTI.

Aoanmauinni npoyecu. SIK1o 3MiHY 9yTJIUBOCTI
Oyap-sSKOTO aHaji3aTopa Iix 9ac Horo amamTarii Tpax-
TYBaTH SIK 3racaHHsl MOMEPEHbOr0 BiIOOPaKEHOTO Y
mam'sITi iHOPMALIHOTO CITiTY, TO TS OITUCY MPOIECY
ajanraiii MOXHa BHKOPUCTOBYBAaTH (OPMYIy YyTpH-
MaHHS iH}opmartii B mam'sTi (3). Lig popmyna icToTHO
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PO3LIMPIOE MOXKIIMBOCTI (popMaizaiii Ta NpOrHo-
3yBaHHs Iepediry MmporeciB y BCiX aHalizaTopax JIto-
JIMHY - Y 30pOBOMY, CITyXOBOMY, TAaKTHJIBHOMY, CMaKO-
BOMY, HIOXOBOMY Ta iH. Bukopucranus ¢opmymu (3)
IUIS BCIX X BHUIAAKIB JO3BOJIMIO 3HAWTH YKMCEIbHI
3HadeHHA T 1 @, AKi JalOTh MOXJIHBICTH O€3 MpOBe-
JICHHS JIOCIIAIB PO3paxOBYBaTH Xill agamnTalliifHIX
kpuBuX. CIin 3a3HAYUTH BaXKJIMBHHA pe3ylIbTaT IO-
CIIDKEHb, SKHil MOJISTae B TOMY, 1O TapameTp @ y

pa3i TeMHOBOI ajmanTailii KOJIbOPOAHOMAIIIB BHUSIBUBCS
TIOB'I3aHUM 13 008IHCUHOIO XBUTE CEIMIA.

@Dopmyna 06'emy nam'ami. PimicHHS piBHSHHS
(1) nns Bumanky 3anam'siToByBaHHs iH(opMmanii npu
0JIHOMY TPEJISIBIICHH] 3 HErallHUM BIITBOPEHHSIM J103-
BOJIMJIO OoTpuMaru (Gopmyiy Al o0csry KopoTkoyac-
HOI mam'stti (3axon [oe. A. Minnepa):

p*=al(l - @), 0ea=15+3,

sIKa aHAITHYHO M0Ka3aJja, 10 Jiala3oH I[bOTo 00-
cary eto Outbinmii: He 5+9, a 5+10.

36'a30K Midic nOOpasHeHHAM ma GiOUymmsam.
SIKII0 BiMIYTTS TPaKTyBaTH SK iHPOPMALIiIO, 3aCBOEHY
MaM'SITTIO JTIFOMUHY J, a oJpa3HeHHs SK iH(opMaIliro
R, To MmomudikoBane piBHsHHA (1) mpeacTaBIsTUME B
IrQepeHIiaTbHOMY BUTILIII 3arallbHUM IICHX0(i3nd-
HUH 3aKOH, 3 KOO SK OKpEeMi BHUIAIKH BUILUIMBAIOTH
Bimowmi 3anexxHocTi I'. @exnepa, C. CriBeHca. Horo ro-
JIOBHOIO OCOOJTUBICTIO € HASIBHICTH JMHAMIYHOTO WICHA
dJ/dz 1a usnena, 110 BpaxoBye OJHOYACHE 3racaHHsl iH-
dopmartii mix yac ii HagXoKSHHS. 3B'SI30K MDK BiTHO-

cuum Bimuyttsm J =J/@ i noapasaukom R =R/@ Bu-
X0auTh 13 pimenHs (1) y Takomy BT

J = (1+p)[1 —exp(- pR)I/p (6)
Po3paxyHku 3a 1i€ro GopMysI0I0 y3roIKyIOThCS 3
BITOMUMHU JIOCITITHUMHU JaHUMH TIPU PI3HHUX [TOAPA3HU-
Kax y BHIJIAII THCKY, Tellia, BiOparii, XoJomy, Bary,
SICKPaBOCTI, 3BYKY, LIIYMY, JOBXHHH, IIOPCTKOCTI, TBE-
pmocTi Ta iH.

Teopin 60m10. boMbOBI BITIYTTS MPUHIIMIIOBO Bi-
JPI3HSAIOTHCS Bil IHIIMX BiIOMHX BiOYyTTiB, 3a SKHUX
HAJXOJDKEHHS iH(popMaIlil iife mapaienbHo 3 MpoIe-
MIPUITYIICHHS, 10 BiTYYTTS B mepio OOIBOBOTO IMOJ-
Pa3sHEHHsS CKIAJaeThes 3 TeMIy ioro momaui R Ta
YJIeHa, 10 3 YacoM mocuimtoe Ouk i piBaOTO J/7, TO BU-
XigHe piBHsAHHS Oyne aHaoriude 1o piBHAHHS (1), B
sIKOMY TIpIHHATO @=0 1 B IKOMY OCTaHHIN 4JIeH CTOITh
31 3HaKoM (+). B Takomy Bunajaxy po3B'si3aHHS LIOTO

piBHSHHA MOB'A3yBaTHME BimayTTs 6omo J =J/¢ i Go-

nsoBe nozpasHenns R =R/g:

J =(exp(-pR)-1)/p ()

PospaxyHox 3a (7) y3roKyeThCs 3 BIIOMIMHA J0-
cmigHuMH TaHuMA. AHami3 3anexHocreit (6) i (7) mo3-
BOJIMB TIOSICHUTH BiIOMUH 3 JiTepaTypu ¢eromen "no-
doeoicenns” ma "ywinonennsn" 4acy sk cTumyiy: 3 (6)
BUIUIUBAE, 110 IPH IEBHUX 3HAYCHHIX KPUTEPIIO P 3p0-
CTaHHS TOAPAa3HEHHS HE MPHU3BOINUTH 1O 30UTBIICHHS
BimuyTT4, a 3 (7) ) BUIUINBAE 3BOPOTHUH BUCHOBOK, ITI0
3 HE3HAYHUM 3POCTaHHIM OOJILOBHX ITOJIPA3HHUKIB 00-
JIFOY1 BIUYTTS PI3KO 3pOCTAIOTh IO €KCITOHEHTI.

YyrauBicTh omepartopa. SIKIO TeMI HaAXO[-
JKeHHS iHpopMaii R, TO 3a IPUXOBAHUHN Yac MPHHAOMY
Ta mepepoOku iH(popmarlii 7+ B maM’sITb JIOAWHU HAJI-
XOJUTh 11 KUTBKICTh R 7+, 10 BU3HAYae AudepeHitiaib-
HUH TOPIT BiTIyTTS

AR, =RTin(1+p) (8)

Sk nmoOpe BHIHO, OCHOBHUMHU IIapaMeTpaMy, II0

BU3HAualOTh AR ), € TeMI HaJXO/UKEHHS TOAPa3HUKA

R, nyxHiii nopir 3acBoeHoi indopMaii @ Ta mocriiina
yacy 7. BpaxoByrouu, 10 IIHUPOKO BiOMa 3 IPAKTHKU
konctanta Bebepa k = AR/R, 3a nomomororo (8) He-
Ba)XKKO 3HAWTH aHAIITUYHUI BUpa3 JUIsl Hel SIK BEPXHb-
oro K, Tak i HIKHBOTO Hopora K 4yTianBOCTi:
ki, = [1+(1+p)/In(L+p)]
)
k = [L+p/In(1=p)] *

Po3paxyHKd 3a MMM 3aJI€)KHOCTSIMU ITiATBEp-
IDKYIOTBCS YHCICHHHMH eKcriepuMenTaMu. [l Bino-
MHX CEHCOPHHX CHUCTEM JIFOJMHHU OYyJI0 BU3HAUYEHO 3HA-
uenHs mapametpis p, T i R, 1m0 103BoJIsIE BHKOPHCTO-
BYBAaTH aHAIITHYHI 3aJIKHOCTI JUIS TPOTHO3YBAHHS
X0y BIJNOBIIHUX XapaKTEPUCTUK JIIOJJMHU.

Mooenweanna npoyecy iUmogipHicHo20 npozHo-
3y6annsa AK OCHoea eudopy '"oounuyi eéiouymmas''.
Sxmo monuHa TpUMae pilIeHHS B YMOBaxX MOSIBH
JEKUIBKOX CUTHATIB, TO opMyiH (2) 1 (5) 103BOISIOTH

OTpUMaTH 3B'I30K MDK YacoM peakiii BuOOpy
Ty = Ts | 7, Ta iimogipHicTio ix mosiBu W:
T5 = 1+In[1+p(I/W-1))/In(1+p) (10)

[TopiBHSHHS poO3paxyHKIB 3a Mi€t0 (HOPMYIOH0 3
nocinigaumu nauumu O. M. JlebeneBa - b. I'. bosina
JIO3BOJIMIIM 3B'SI3aTH IIOPOTOBY BEIUYHHY @ 3 YACTOTOIO
a-putMy MO3KYy T, sika Mo)ke OyTr BU3HAYCHA JUTS KOXK-
HOI JIIOZIMHM 32 JIOTIOMOTOI0 €JIEKTpOeHLe(aIorpaMu
HOTHIMYHOT JUISTHKY JTIOJIMHU:

@ =5R(T,-ab), (T,=0,32 cex; 6=0,0175
cex®) (11)

VY popmynax (6) Ta (7) @ € HOpMYIOUUM TTapaMeT-
POM JUIs BITYYTTIB Ta NOAPa3HEHb, TOOTO 15 BEJIMUMHA
idenmuuna enemenmapHiu OOUHUYI IXHLO2O GUMIDY.
BusHauenHs MoximBOCTI 1 po3paxyHky 3a (11)
BUDIIIYy€e TIEBHOIO MIPOIO MUTAHHS WKANIOBAHHS Bifl-
9yTTiB 1 monpa3HeHs. LlikaBa 0COONMBICT B TOMY, IO
TaKU¥{ MAXiA TOJSATae y BUOOPI iHOUBIOyanbHol 00u-
Huyi gumipy (Xo4a y BiTHOCHOMY BHUTJISI1 BC1 OTpUMaHIi
HaMU 3QJISKHOCTI IPUAATHI [T BCIiX BUMAJIKIB).

Mooeniosanna nouymmie ar0ounu. Po3BUTOK
MTOYYTTIB JIFOAWHU MOKHA (popMaizyBaTd Ta OMUCATH
3a JIONIOMOTOK0 JESKHX TIPEACTABJICHUX CIIBBIiIHO-
nreHb. Tak nporiec po3BUTKY nouymms 10006i MOKHA
YSABUTH SIK YTBOPEHHS DPI3HHLI MK iH(pOpMAI€o 1mpo
inean moauHK mpoTHaeKHOI cTaTi Q!, chopmoBaHoi B
nam'sTi JIIOJIMHA BUXOBAHHSM, JIITEPaTypolo, Ha I'eH-
HOMY PIBHI 1 Ti€0, 1110 HAXOAUTh HA 33Ky MO3UTHB-
Hoto U 1 HeratuBHOIO E iHpOpMaIiero mpo KOHKPETHY
JIONUHY (3 ypaxyBaHHSM JOMHCIIOBaHOI iH(popmarii
po JToAUHY Z). SIKIIo BBECTH B PO3TISA Koeghiyienm
koxauus L sk 0OepHeHy BeNn4nHY 3a3HaueHoi iHdop-
MaIliifHO1 pi3HUIII
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L=1/ Q-U-Z+E,

a motiM Bukopuctatu Gopmymn (2) i (3) mus
BH3HAUCHHS HAKOMMUYeHHs iHdopMalii B mam'sTi 1 11
il BTpaTH, TO MOKHA OTPIUMATH KUTbKICHY (QOpMYITY IUIs
L. s dopmyna micins HOpMYBaHHS ITapaMeTpiB, IO
BXOJSATH JI0 HEl, 3aJIeXKUTH Bil 0€3pO3MIPHUX BEJIHYHH,
10 BU3HAYAIOTH CTYIiHb MO3UTHBHOCTI (iIeambHOCTI) 1
HEraTMBHOCTI (HEraTHMBHOCTI) JIIOAWHH (SIKE MOXKHA
BH3HAYUTH METOJIOM TECTYBaHHS), & TAKOXK BiJ MOTOY-
HOro yacy. JIocuTh rpoMi3 ki BUpasu, npoTe, J03BOJIS-
I0Th 3HAHUTH JNesKi IIiKaBi po3paxyHKOBi Toukwm L i
MOPIBHATH 1X 3 EKCHEepHUMEHTAIbHUMH (CTaTHCTHY-
HUMH) JaHUMH. SIKIIO TNPHITYCTUTH, IO MIHIMYM
KoeQillieHTa KOXaHHs BIiIMOBITA€ MaKCHMyMY PO3Iy-
YyeHb CIMEH, MOKHA KUIbKICHO BHM3HAUYMTH HAHOUIBII
HeOe3MeyHi 3 TOTIAAY CTiKoCTi ciM'I THMYacoBi
TOUYKH. BiAmoBigHi po3paxyHKH Ta aHaNi3 CTaTUCTHY-
HUX IAaHUX 3 PO3Iy4eHb MOKa3adu X ONM3bKi 3Ha-
YeHHs: Iepiua, HeOe3neyHa ToYKa 3 MOTJISLY po3Iy-
YCHHS, BIAMOBina€e 1 poKy Imicist BeCUIst, Apyra - uepe3
3,5 poxy. MakcumMainbHa KiUTBKICTh PO3IYYEHB 1 3a po-
3paxyHKaMH, 13a CTATHCTHKOIO IIPUIAJIAE uepe3 nepio
8,7 poxy. Hamani "HeGe3neuHi" TOUKH 3'SIBISTIOTHCS 3
TUM 3Ke TepiogoM 3,5 poky (HEIIOAaBHO mHpodecop
Enen ®imep 3 amepukaHCchKOTo yHiBepcuteTy Rutgers
BHUSBHJIA SIBHIIC 3MIHM XIMIYHOTO CKJIaTy KPOBi, IIO
BIUIMBA€E Ha CEKCYAJIbHICTh, Y JKIHOK 3 mepiogom 3, a
YOJIOBIKiB 4 POKH, IO MIATBEPIKYE Ta MOSCHIOE OJIep-
»aHy Hamu udpy). Takum 4nHOM HOCHUTH aOCTpaKTHA
(opmairizoBaHa MOJIENTb TAKOTO CKIIAIHOTO MOYYTTS SIK
KOXaHHS Ja€ MOXIIMBICTb OTPUMYBATH HPAKTHYHO
LiKaBi pe3yIbTaTH.

AHAOTIYHAN MIIXi, MOXHa BHKOPHCTOBYBATH
JUTL OTPUMaHHS ¢opmyau cmpaxy. SIkimo xoeirieHT
cTpaxy F TpakTyBaTH SIK BeJIMYHHY, 3BOPOTHY PIi3HHILI
iHhopMarlii Mk AesKuM "cTaHmapToM" 3aKIaIcHOl Ha
srajiky HeOesmeku Q i peanpHo 1o Haxifinuia U i
yABHOI Z, MO’KHa METO/IaMH MaTeMaTHKU aHaI3yBaTH
MOBEIHKY JIFOJIMHU 32 YMOB 3arp0O3U HOTO iCHYBaHHS.

B aBianii mmupoko BUKOPUCTOBYIOTHCSI KPHB1 HaB-
YaHHS JbOTYKMKIB IIOJI0 BUKOHAHHS BIIPaB B YyMOBax
pPI3HUX EMOIIHHNX BIUIMBIB, MO0 BHU3HAYAIOTHCS Ha-
SIBHICTIO HEOC3MCUHUX CUTYAIld y MOBITPi. Y HBOMY

BUNAJIKy KpuTepiit 7, (abo mocriiina yacy T) moxe
OyTH KUTBKICHOIO MIpOH CIpaxy.

Mooeniosanna  OdianvHocmi  1IOOUHU-ONEPa-
mopa. Y3araabHEHHS MOJAHWX MiAXOJIB Ha BUIAIIOK

JISUTEHOCTI JIFOAMHU SIK OTIepaTOpa JIFOJHHO-MaITHHHUX
CHCTEM JI03BOJISIE CKIIACTH MAaTEeMAaTHYHY MOJIEINb HOro
JISUTBHOCTI, OTPUMATH 1i mepenaTHy (QYHKII Ta JI0-
cmiguTu ii TOBENIHKY B CHCTEMI «IIOJHHA-MaIInHA)
no0pe BiIOMHMU 3 TEXHIKM METOJaMH Teopil aBTOMa-
THYHOTO pery/roBaHHs. Hairi po3paxyHKd, Harpu-
KJaJl, YaCTOTHUX XapaKTEPUCTUK OJHOTO 3 KOCMO-
HaBTIB (K olleparopa KOCMIYHOTO Kopalis) moOpe
Y3TOJUKYIOTBCSI 3 EKCIIEPUMEHTAbHUMH JaHUMHU. Y
3BSI3Ky 3 I[MM HECHOJIBaHI MOKIIUBOCTI BIIKPHIIUCS
JUIS MOJICTIFOBAHHS Ta TMPOTHO3Y IMOBEAIHKH JIbOTUYHKIB
Ta KOCMOHABTIB B yMOBax Jii Ha HHUX TpaBiTallifHUX
NOJIB, BIIMIHHUX Bif 3eMHOro. OOpoOKa JOCIITHUX
JIAHUX [0Ka3aja CYTTEBHIA BIUTUB [IEPEBAHTAXEHb 1 He-
BaroMoCTi Ha KJIFOYOBI ITapaMeTpH MPECTaBICHOT Teo-
pii- @, TTa 7.

[IpencraBneni  pe3ynbTaTH  JIEMOHCTPYIOTh
YCIIIIIHI MOYKJIMBOCTI MaT€MaTHYHOTO MOJICIIOBAHHS
PI3HUX TICHXOJIOTIYHUX MPOIECIB - Big HaBYAHHS [0
eMOUIHHNX CTaHIB JIOAWHU - 1 MOXKYTh OYTH OCHOBOIO
MOJICTIOBaHHS HITNX IIKABHUX SBHII, MOXYTh OyTH OC-
HOBOIO MPOTHO3Y MOBEIHKH JIIOAUHU B PI3HUX CHUTY-
aIfisIX, KOJIM HEe MOKHAa BUKOPUCTOBYBATH 1HIIII METOIN
JIOCTIDKCHHS, SIK, HATIPUKJIIA]I, TECTYBAHHSL.
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Abstract

The health of adolescents - is tomorrow's health of adults, but the incidence trends in this category are char-
acterized by the most negative indicators. Although strengthening the health of children and adolescents is recog-
nized in Russia as a national task that requires an interdepartmental approach and actions of all ministries and
departments, the actual situation is different. Schools do not systematically teach schoolchildren about health care.
Three reasons for the absence of the subject "Health™ in the school curriculum and the features of the formation of
the need for health care, including with the help of the media, are considered. A list of social policy measures
aimed at changing the current situation is proposed.

AHHOTAIINA

310pOBBE MOAPOCTKOB - ATO 3aBTpAIIHEE 37J0POBBE B3POCIHBIX JIIOJEH, HO TEHACHINH IO 3a00JIeBaeMOCTH
Z[aHHOI>'I KaTeropuu XapakKTCpHU3yIOTCA CaMbIMU HETATUBHBIMU MMOKA3aTCIIAMU. Xotsa YKPCIUICHUC 3J0POBbA zxeTeﬁ
U TIOJJPOCTKOB TIpr3HaHO B Poccuu obrerocynapcTBeHHOH 3anadeii, TpeOyromeid MeKBEJOMCTBEHHOTO TIOIX01a
u ,I[eflCTBPIfI BCCX MMHUCTEPCTB U BEAOMCTB, HO (1)3KTI/I‘I€CKI/I MoJIOKeHHE NHOE. B mKkonax He BCACTCA MIIAHOMEP-
HOE 00yYCHHUE IKOJIBHUKOB 3a00T€ 0 3/I0pOBhe. PaccMaTprBarOTCs TPU HMPUYHUHBI OTCYTCTBHS ITpeaMeTa «310po-
BbE» B IIKOJIFHOHN IpOTpaMMe U 0COOEHHOCTH (GOPMUPOBAHUS MOTPEOHOCTH B 3200T€ O 3I0POBHE, B TOM UHCIIE C
TIOMOIIIBIO CPEACTB MacCoOBOM I/IH(i)OpMaHI/II/I. HpeanaraeTc;l MepeUYCHb MEP COHHaJ'ILHOﬁ IMOJIMTUKH, HAITPABJICHHBIX
Ha U3MCHECHHUE CIIOKUBIIICHCS CHUTYyaIluu.

Keywords: adolescent health, health education, the role of schools in shaping attitudes towards health

KaioueBble cii0Ba: 310pOBbE MOJIPOCTKOB, 00pa3oBaHue B cepe 30pOBbsI, POIIb LIKOJIEI B (GOPMUPOBAHNHT

OTHOLICHHSA K 3I0POBbIO

3HAYNMOCTh TIPOOJIEMEI 3I0POBBSI MOJIPOCTKOB -
MTOTEHIMaa TPYIOBOTO M MOMYJSAIMOHHOTO PEeCypcoB
CTpaHBI - 00YCIIOBJICHA TEM, YTO 3JJ0POBbE JaHHOU Ka-
TETOPHH HACEJICHHUS XapaKTepPU3yeTCs] HETaTHBHBIMH
TEHACHIIUAMHE yXXe HeckoJbko mecstminernid. 3a 2000-
2020 roapl mokazaTenu 3a0071€BaEMOCTH TOJAPOCTKOB
15-17 et yxyamunmcs B 1,3 pasa, B TOM 9ncIIe TI0 HO-
BoOOpa3oBaHusIM — B 2,3 pa3a, 00JIe3HSIM OpPTaHOB JIbI-
XaHWsI ¥ HEPBHOW cucTeMbl — B 1,5 pasza, HO OoubIiie
BCEro mo OOJE3HSIM SHIOKPUHHON CHUCTEMBI: caxap-
HOMY 1uabety — B 2,3 pasa, 0)KupeHuio - B 4,4 paza [6],
[71.

CaMOCOXpaHUTENbHOE MOBEACHHE U COCTOSIHUE
3I0pOBBE MOJIPOCTKOB SIBIITIOTCS CIIEACTBHEM HU3KOU
CAaHUTAPHO-TUTUEHUYCCKON KYJIBTYpBI, KOTOpasi 00y-
CJIOBJIEHA CYILECTBYIOLIEW COLMAIBHOM NOJUTUKOMN B
ctepe 310poBbs. OHA OPUEHTHPOBAHA, TJIABHBIM 00pa-

30M, Ha yJIydllIeHHE KadecTBa MEIAMUIIMHCKOro 00ciy-
’KMBaHUS MMPEUMYIIIECTBEHHO OOJBHBIX JItOIeH. 3M0po-
BBIC JTIOJM HAXOAATCS (PaKTHUECKH BHE 30HBI OTBET-
CTBEHHOCTH c(ephl 3apaBooxpaHeHus. B mocnexnue
TOJIBI OBLITH peaIn30BaHbI 3HAYUTEIEHBIC MEPHI IO CO-
BEpIICHCTBOBAHUIO C(EpHI 3/[PaBOOXPAHEHHs, HO He-
KOTOpBIE aCIeKTHl HE MONYYHIIH TOJDKHOTO Pa3BUTHSL
OnuH U3 BaXHEHIINX — GOPMHUPOBAHHE OTHOIICHHS K
3I0POBBIO B paMKax IIKOJIEHOTO 00OPa30BaHHUA.
BHuMmaHne Kk 3740pOBBIO NOAPOCTKOB B HAIIEH
CTpaHe HUKOTJa He ObUIO B YHCIE IPUOPUTETOB, B TO
BpeMs, KaKk B APYIHX CTpaHaX 3J0POBBE MOJPOCTKOB
u3y4aroT yxxe MHorue rojsl. Ilon ynpasnenuem BO3
Kax1ple 4 roxa, HauuHas ¢ 1983, nmpoBoauTcs uccie-
nosanue «IloBeneHue nereil MKONBHOTO BO3pacTa B
otHOmeHNH 310poBbs» (Health Behaviour in School-
Aged Children — HBSC) B Gonee yem 50 crpaHax
cpem mKkoIpHUKOB 11, 13 u 15 ner. Poccust yuactByet
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B nccienoBanuu ¢ 1993 rona. [IpuMedarensHo, 9T0 BO
BCEX «BOJHAX» HCCIIEIOBAHHS COCTOSIHUE 3JI0POBBS U
TICUXOJIOTUYECKOTO0 COCTOSIHUSI POCCHUICKHX ITIOJPOCT-
KOB XapaKTEpPHU3YeTCsl IMPEUMYIIECTBEHHO HETraTHB-
HBIMH TI0Ka3aTeJIIMH 110 CPaBHEHHUIO C X 3apyOex-
HBIMU poBecHUKamu [13].

OTedecTBEHHBIC HMCCIEIOBAHMS TIOATBEPIKAAIOT
HeOJ1aronoTy4Hble TEHICHIIUH 37I0POBbS ITKOJIBHUKOB.
Mpuoronernue uccnenosanus HUU ruruens! u oxpaHsl
310poBbst faeTeit u noapoctkoB I'Y HII3 PAMH cBu-
JETENBCTBYIOT, UTO 32 BpeMsl 0Oy4eHHs B LIKOJIE pac-
MIPOCTPAHEHHOCTh XPOHWYECKUX 3a00JIeBaHMH cpenn
yuanuxcs Bo3pacraet 6osnee, ueM Ha 50%. B Teuenue
15 ner ucronb3yroTcss YHU(DUIMPOBAHHBIE METOIMKH
npu O6Cﬂeﬂ0BaHI/lI/I OJHUX U TEX KE yHalllUXCsA Ha IIPO-
TSODKEHUH BCEX JIET 00y4eHHs B HIKOJIE. DTO MO3BOJISET
BBISIBUTH OCOOCHHOCTH (DOPMHPOBAHUS 3/I0POBBSI Je-
TeH U IOJPOCTKOB Ha pa3HbIX BO3PACTHBIX 3Tanax. Taxk,
y noapoctkos 15-17 ner (onpomeHo 2,5 THICSYH Yello-
BEK) PAacIpOCTPaHEHHOCTh (YHKIIMOHAJIBHBIX OTKIIO-
HEHUH y 1oHowel yBennyunack Ha 89%, y neBymek —
Ha 51,6%. [11 ¢.26-30].

Wnest o BBeeHUN MPEAMETa, CBA3AHHOTO CO 3/10-
POBBEM, B CTPYKTYpPY HIKOJIEHON MPOrpaMMBbI BOT YK€
HECKOJIBKO JIECATHIIETHH SIBIIETCS OOBEKTOM IHCKYC-
cuif. BbUM NpeanpuHATH MONBITKM TpPEnoAaBaHus
«ITHKHA M TICUXOJIOTHMM CEMEHHOM >KU3HW», BajcoJIO-
T'MH, IOBCEMECTHO BBeJIeH mpeamMeT «OcHOBHI Oe30mac-
HOCTH JKU3HeesITeIbHOCTHY. Ho Bce oHM He 0TBEYatoT
3a7a4aM, KOTOPbIE PEIIacT MMEHHO MPEeAMET «310po-
BbE»: OH HE TOJILKO JJa€T 3HAHUS 110 )KU3HEHHO BaKHBIM
BOIIpocaM, HO emle GOpPMHPYET YCTaHOBKH H MOTPeO-
HOCTH B BEJICHHH 37J0POBOTO 00pa3a >KU3HH, KOTOPHIE
TpaHCPOPMUPYIOTCS B HEOOXOAMMOE CaMOCOXPaHH-
TEJIFHOE TIOBE/ICHNE. BaskHOCTH BBEIGHHS B ITKOJIBHYIO
porpammy Inpeamera «3710poBbe» JIETEPMUHHUPYETCS
€I€ ¥ MEHTAINTETOM POCCHSH, KOTOPBIH HCTOPHIECKH
He OBUT COOTHECEH C 3a00TOM, KaK 0 COOCTBEHHOM 3/10-
POBBE, TaK U OOIIECTBEHHOM. JTOMY COICHCTBOBA H
MAaTEPHATMCTCKUI XapaKTep COBETCKOI'O 31paBoOXpa-
HEHHs1, KOTOPBIH (POPMHUPOBAJ ACCUBHOE OTHOILLICHUE
poccusiH K 3710poBblo. Co BpeMEHEM M3MEHWIICS THIT
MIaTOJIOTHH — IOMUHHUPOBATH B CTPYKTYpE 3a00JIeBaHN I
U CMEPTHOCTH CTalll HEMH(EKINOHHBIC XPOHHUECKNE
3a00JIeBaHMS - HO CTPATETHs 3[JpaBOOXPaHEHHS COXpa-
Huack. CoBpeMEHHas COLMalIbHAsl TMOJUTHKA B JaH-
HOW cdepe CKOHLEHTPHpOBaHA Ha 3a00JIEBAHMAX H
6OJ'II)HI>IX JII04X, HAMECPECHHUE YMEHbBIIUTD UX YUCIIO HE
0003HaYEHO KaK MPaKTHIECKas 33/a4a.

O‘ICBI/II[HO HaJIMYUC MMO3UTUBHBIX PE3YJILTATOB PC-
(opMHpOBaHUS 3APAaBOOXPAHEHMS, HO MpoIaraHia
3JI0POBOTO 00pa3a *KM3HU M aKTHBHAs NMPOQHIaKTHKA
HE BeAyTca B TpeOyeMBIX MacIITabax, TOrAa Kak MEH-
TAJINTET POCCHUSH TPeOyeT 3HAYMTEIILHOH MOIyIsIpHu3a-
TOPCKOM JUHAMUYHOCTH B c(hepe 370pOBbS C LENBIO
KOPPEKIUH MacCHBHOTO OTHOIIEHHUS POCCHSH K COO-
CTBEHHOMY 3/I0pOBBI0. BaxkHOCTh JTaHHOTO HarmpasJe-
HUSI ICSITEIBHOCTH OTMEYACTCSl B Ka4eCTBE OJHOHM U3
OCHOBHBIX 3a/lad — «(OPMHUPOBaHUE HABBIKOB 310PO-
BOro 00pa3a )KM3HHU U KyIbTYPHI 310POBbSl CEMBH KaK
6a30BO# IeHHOCTHY - B «[I1aHe OCHOBHBIX MEPOTIPHS-
THMH, IPOBOAMMBIX B paMKax JlecATuneTus 1eTcTBa, Ha

nepron g0 2027 roja» ¢ NpuBJIEYEHHEM K 3Toi paboTte
OCHOBHBIX MUHHCTEPCTB 1 BeoMcTB[ 10].

[To MHEHHWIO BemylmMX YYCHBIX B 0ONacTH JeT-
ckoro 3mopoBbs (bapanosa A.A., Kyamsr B.P., Pamo-
nopt UK., Cyxapesoii JI.M., CoxonoBoii C.b.), usme-
HEHHUE CJIOKUBIIEHCS CUTyalluh BO3MOXKHO TOJIBKO B
pamMKax TakoOH CTaOWIBHOH, MHOTOKOMIIOHCHTHOM
CTPYKTYpBI, KaK IIKOJIbHAs CHUCTEMa, Ha KOTOPYIO
JIOJDKHA OBITH BO3JOKeHa (YHKIHS (OPMHUPOBAHUS
KyJbTYpBl 370pOBbs. BKIloueHHE B LIKOJBHYIO IIPO-
rpaMMy CIICIIHAIFHOTO TpeAMeTa «3I0pOBbE», KOTO-
PHIi TpodecCHOHANBHO pa3paboTaH ISl BCEX KIIacCoB,
HauMHas ¢ MepBoro, OyneT cnocoOCTBOBATH M3MEHE-
HUIO CIIOKUBIICHCS CHUTYaIllMU CO 3[0POBBEM JIETCH U
noJpocTkoB. KcTaTy, BoIpoc 0 ero BBEIEHUU 00CYyK-
JlaeTcs yxKe He TepBbIii rox [4].

HaszoBeMm Tpu mpHUYMHBI, KOTOPBIE CYIIECTBEHHO
TOPMO3ST 3TOT Tporiecc. [lepBas - 3T0 pacpocTpaHeH-
HOC MHEHHE O IMEePerpyKCHHOCTH MIKOJIHHON IIpo-
TpaMMBbI, B KOTOPYIO, TEM HE MCHEC, BBOJATCA, TAKHUEC
MpeIMeTHl Kak, HarpuMep, ActpoHoMus uiu OCHOBBI
PEUTMO3HBIX KylbTYp. BTOpas npuumHa cBsizaHa c
TEM, 9TO BOIIPOCH 3JI0POBBS (POPMATBHO CUUTAIOTCS
BKJIFOUYEHHBIMH B PsJI IIKOJIBHBIX IPEAMETOB (PYCCKHH,
JUTEpaTypa, OMOJIOTHS, OCHOBHI 0€30TTaCHOCTH KHU3HE-
JeATeNbHOCTH, XMMUS 1 11p.). Ho B 00s13aHHOCTH NIea-
TOroB CTaHAAPTHBIX HIKOJBHBIX IPEAMETOB HE BXOUT
(hopMupoBaHHE KYIBTYPHI 30POBBS Y IIKOJIHHUKOB,
TaK Kak JyIsl HUX 3TO HE SIBJISIETCS OTYETHBIM ITOKa3aTe-
neM paboTel. TpeThs MpHUYNHA OTCHITAET CTOPOHHUKOB
BBE/ICHUS IIpeMeTa «310pOBbE» K CEMbE, KaK HCTOY-
HUKY 3HaHHHN 0 310poBbe. OTaaBast TODKHOE POJIH PO-
JUTENIeH B BOmpocax 3a00THl O 3/I0POBBE, HENB3S HE
MMpU3HaTh, YTO OHU HE MOJATOTOBJICHBI K HOHO6HOﬁ pa-
oore.

Crenyer Takxe y4ecTb, 4TO JOCTHI)KEHHE IO3M-
THUBHBIX PE3YyJIbTAaTOB B BeHymIeWcs cefiqac 60oppde ¢
pacIpoCTpaHeHHOCThI0 4 OCHOBHBIX ITOBEJEHYECKUX
(akTopoB prcka (KypeHHs, YIOTpPeOICHHS aTKOTOJIs,
HE3/10pOBOTO MMUTAHUS, HU3KOW (PU3NIECKON aKTHBHO-
CTH), KOTOPbIE BIMSIOT HAa POCT YHCIIAa HEMH(EKINOH-
HBIX 3a0oJieBaHUN (TJIABHOW MPUYUHBI CMEPTHOCTH B
Poccum), Taxke HanpsIMyIo 3aBUCHUT OT CpOpMHUPOBaH-
HOH OpHEHTAaNH Ha 370POBBIN 00pa3 )KU3HU.

Hawubouee crmoxxHOU mpobiemoit B cdepe 310po-
BbA SBIIICTCS (OPMHUPOBAHIE Y UEIOBEKa MOTPEOHOCTH
B 3a00T¢ O HEM, MOBHIINICHHE IICHHOCTH 3[0POBBS, 32
KOTOPOE Ka)K}II:-Iﬁ UHAWBUJ JIMYHO OTBETCTBCHCH.
CH0XHOCTh 3aKJTIOYAeTCS B HEOOXOTUMOCTH JIOMAaTh
TMCUXOJIOTUYCCKUEC CTEPCOTUIIBI B CO3HAHUU n}oz[eﬁ, KO-
TOPBIM JIECSATHIICTUSMH BHYIIAJIACh MBICIb O TOM, 9TO
00 ux 310poBbe 3a00THTCS rocyaapcTBo. CuTyanus u3-
MeHmIack. CeromHs HEOOXOIUMO CO3aBaTh CHCTEMY
BOCTIMTAHUSI 1 00Y4EHHMsI HaBbIKaM 3a00ThI O 3/10pPOBbE
C TEpBBIX JIET KMU3HU 4YenoBeka. CIOKHOCTh M IJTH-
TENBHOCTh M 9TOTO IpOIiecca MpearoaracT ciucTeMa-
THYECKOE, HAyYHO OOOCHOBAHHOE HH(POPMAIUOHHOE
BO3JICHCTBHE HA HAcCeJeHHEe, (POPMHUPYIOIIEEe COOTBET-
CTBYIOIIIME COLMAIIbHBIE HOPMBI IOBeAEHHS. Pe3yib-
TaTHI 3TOH PabOTHI OYAYT JOCTUTHYTHI, KOTA ITOTyYeH-
HBIE B JIETCTBE 3HAHUS O 3/I0POBbE IPEBPATATCS B yCTa-
HOBKH, YOEXKICHUS, MOTPEOHOCTH U CHOPMHUPYIOT
MOBEJICHNE Ha YpOBHE NMPHUBBIYKH. OCyIIECTBUTH 3TO
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BO3MOJKHO B IIpoIlecce BceX JieT 00y4eHHUs B ILIKOJIE,
kak cuntaer Cyxapes A.I' u ero xosern [12 ¢.32-35].

Ho cerosns o0yuenune 3a60Te 0 310pOBbE BEJETCS
B OIPaHWYEHHOM 4nciie mKoid. O HamuMuuy B HIKOJIE
IIpeaMETa, CBSI3aHHOTO CO 310POBBEM, B X0OJ€ UCCIEN0-
BaHUS «3I0POBbE MTOIPOCTKOB M OKPYKAIOIIast Cpeiay,
nposeneHHoro Uucturyrom couunosiorun PAH B 2017
roay B 4 peruonax ctpansl (N=974), ykazamu TOIbKO
19% pecnionmenTos [5 €.147].

[Ipu oTCyTCTBHYM IIKOJIBLHOTO 00pa30BaHUs B IaH-
HOH cdepe HeoOXomuMass MOTHBALUS MOXeET d(h¢ex-
TUBHO ()OPMHUPOBATHLCS CPEICTBAMHU MacCOBOIM HH(OP-
Marun. Ho, mo MHeHHIo uneHa-koppecnonneHra PAH
Kyumsl B.P. «uM He yzaensieTcst 10JKHOTO BHUMAHUS B
cyobekTax Poccuiickoit depeparuy, He yUUTHIBAIOTCS
HHTEpECHl, OXHUIaHusA, poOieMbl, Haubomee 3ddek-
TUBHBIC KaHAJIBl KOMMYHHKALW JUIS pa3iUYHbIX
TPYII IeTCKOro HaceneHus. [[ns 3toir paboTel HE BBI-
JETSIIOTCSl HeOOXOANMBIE pecypChl, TPAKTHIECKH BCE
CpEeICTBA 3IPaBOOXPAaHEHUS BKIIAJABIBAIOTCSA B BBICOKO-
TEXHOJOTUYHYI0 MEIUIMHY B YIIepO MepBUYHOI 110-
Mouu. B pesynbrate cucrema dopmupoBaHus 310po-
BOTO 00paza XHI3HH JeTell W MOJPOCTKOB B JOJDKHOW
Mepe He QYHKIIMOHUPYET HU Ha ypOBHE 00pa3oBaTeib-
HBIX YUPSKACHUH, HU Ha yPOBHE MYHHIUIIATUTETOB)»
[8 c.23-24].

V3MeHUTH CIIOKUBIIYIOCS CUTYaLUIO, 10 MHEHHIO
psiia CennuaucToOB, MOXKET:

e BBEJCHUEC B MIKOJBHYI0 00pa30BaTEIbHYIO
IIporpamMmy NnpeaMeTa «310pOBbeEy;

® [IOJIrOTOBKA B By3aX MPO(WIBHBIX ME1aroros
JUIS BEACHUS IpeMeTa «3I0pOBbe;

e obecrieueHre (PMHAHCUPOBAHUS IPOIIAraH/Ibl
3I0pOBOTO 00pa3a *KU3HU CPEICTBAMH MACCOBOM HH-
(dopmarmu, Brirouas nudposyro chepy.

Jannsie mpo6ieMsl o6cyxaanucs emie B 2012 npu
CO3/IaHWN EAWHOW TPOQGHUIAKTUYECKONH Cpelpl, CH-
cTteMbl (DOPMHUPOBAHHUS 3I0POBOTO 00pa3a KH3HU Ha
OCHOBE MEXCEKTOPAJIBHOIO IIOAXO0Ja TPH Y4acTUH
BCEX MHHHUCTEPCTB M BeJOMCTB. VIMeHHO Torna Obuia
obpazosana [IpaBuTenbCTBEHHAss KOMUCCHUS IO OXPaHE
3I0pOBBs TpaXkAaH, K coxaneHuto, B 2016 roxy mpe-
KpaTUBILAs CBOIO AeATeIbHOCTh. CEromHs CHCTEMaTH-
yeckast paboTa 1o (JOpMHUPOBAHUIO Y YUAIIMXCS OTBET-
CTBEHHOTO OTHOIIEHHUS K 3JI0OPOBBIO HE OCYILECTBIIS-
eTcsl HM IeJjaroraMy, H1 MeJUKaMH, HU TICHXOJIOTaMH.

OpHako B psJie PerMOHOB CHJIAMH 3HTY3UacTOB
YCIIEITHO PEaTu3yeTCsl Psifi IEPCIEKTUBHBIX IPOCKTOB,
OpPUEHTHPOBAHHBIX Ha MHTETPALMIO YKA3aHHBIX cdep
BIIMSHUS Ha 3JI0POBbE.

B TromeHckoii 00:1acTH OCyIecTBIIsIeTCs POohH-
JIAKTHYECKUHM TPOEKT «310poBas IIKOJA», KOTOPBIH
pa3pabaTbIBacT HOBBIE UTPOBBIC METOAWKH ITPOCBETH-
TEJILCKOW PabOThI CPEeH LIKOJILHUKOB, HAIIPABJICHHBIE
Ha IpoMIIaKTUKY 3a001eBaHui U (YOpMIPOBAaHHUE 370~
poBoro o6pasa XHM3HU AeTeld W MOAPOCTKOB. ThIcSun
LIKOJIBHUKOB MPHHSUIN y4acTHE B MPOEKTE, HAUMHAS C
2010 romga. OOy4aroTcs TakKe YIUTeIs, MEIUITTHCKIC
pabOTHHKHM M BOJIOHTEPHI C UCIOJIH30BAaHHEM HOBOTO
WHTEPAaKTHUBHOTO (popMmaTa NpUHIIUIIAM 37J0pPOBOTO 00-
pa3a >KM3HHM, IPAaBUIIaM IOJIC3HOTO MUTAHUS, YMEHHUAM
OKa3aTh IEPBYI0 MEIUIMHCKYIO ITOMOIb, OCHOBaM
yxoza 3a coboii [1 €.26-28].

AKIIEHT Ha MEKCEKTOpaIbHOE B3aHMOJICHCTBHE B
oOyacté 00pa3oBaHWS W 3IOPOBBS B CTYACHYCCKOM
BO3pacTe SIBJISETCS JOMHHAHTOW CHOPTHBHO-0310PO-
BHUTEJIBHOTO MPOEKTa (elepatbHOTO YPOBHA «3I0pO-
BO€ TIOKOJICHWE — CHJIbHBIH PpErMoH», KOTOPBIH
ycremHo peanusyercst B Pecnyonuke bakoprocras ¢
2015 roga. OCHOBHOM LIENBIO POEKTA SIBJISIETCS CO3/a-
HUEC CUCTCEMbI BOBJICUCHHUA HeTeﬁ, TMOJAPOCTKOB U MOJIO-
JIe’KH B MaccoBbIe BUIBI criopTa [2 €.35-37].

C nenplo co3aaHus €ANHOTO POCTPAHCTB MEXIY
MeAarOTHYECKIM, MEIUIIMHCKUM KOJUIEKTUBAMH H Ce-
MBSIMH YYEHUKOB I (pOpPMHUPOBAHMS 37J0POBOTO 00-
pasa XU3HH U NMPOPHUIAKTUKY TIOBEICHYECKUX PHCKOB
mKoJNEHNKOB B Camape MpeanpuHATH JEHCTBHS IO
paspaborke HaruoHnanbpHOW TporpaMmsl «310pOBbE
IIKOJIEHUKOBY. J[J1s 3TOTO Oprann3oBaHa ya&oa Juis 1e-
JIaroroB IIKOJI CHJIAMH MEIWIUHCKUX COTPYJHHKOB
IlenTpa 310pOBbs, KOTOPBIH € LIENBIO IPUBICYEHUS PO-
JTUTEJICH K MOMYISIPH3aHy 30POBOTO 00pa3a JKU3HU
peopranuszoBat B Cemeitnsiii Llentp [9 €.122-123]. [To-
JTOOHBIX IPUMEPOB MHOKECTBO, HO OHH, K COXKAJICHHUIO,
HE CIIOCOOHBI 00ECIICUUTh CHCTEMATH3UPOBAaHHOE (HOp-
MHpPOBaHUE TPAMOTHOTO OTHOIICHHUS K 370POBBIO U MO-
THBALUH 110 3200T€ O HEM.

HekoTophrii onTUMU3M BBI3BIBAET WHGOPMAITUS
2019 roga o ToM, «MHHUCTEPCTBO 31PaBOOXpPAHEHUS
paszpaboTasio y4eOHMK TIO OXpaHe 3J0POBbS IS
IIKOJIFHUKOBY», T10 KOTOPOMY JIE€TH HAYHYT YYHUTHCS B
2020 roxy [3]. Jo cux mop aToro He ciny4duiiock. Ompe-
JIeJICHHBIC OKUIOAHUs CBA3bIBaroTCS U ¢ [lmamamu Jle-
CSTUJIETHS IETCTBA, TJI€ BO BCEX ITYHKTaX IJIaHa, OTHO-
csmuxes K 310poBbio (pazmen | m.2,m.5,m.16,m.21, pasz-
nen V1), wncmome3yercs MHOTO3HAUHBI TEpMHH
«cosepureHcTBoBanue» [10]. Ilpeanaraemoe BBeneHne
B IIKOJIBHYIO CTPYKTYPY 00pa30BaTeILHOTO HAIIPaBIIe-
HUSI, CBSI3aHHOT'O IUTAHOMEPHBIM 00ydeHHeM 3a0oTe o
3I0pOBBE, JOJDKHO TPAKTOBATHCS, KaK OJWH W3 ITyTeH
COBEPIIEHCTBOBAHUS JAHHOH c(ephl )KU3HH.
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In 1895, the French Lumigre brothers presented a new type of art to the world by creating the cinematograph.

Over the course of one hundred years, cinema managed to become an integral part of cultural and daily life. Cinema
shows real life using its unique means of expression, thus communicating different ideas, worldviews, values, and
lifestyles. This article focuses on how the “American Dream” is propagandized in Hollywood movies. It examines
the cinematographic tools used to convey a value system and shape social behavior through Hollywood movies
representing the “American Dream” to trigger immigration. The article presents the visual, verbal, and audio
propaganda tools used to communicate the terminal and instrumental values of the “American Dream” in

Hollywood movies.

Keywords: “American Dream”, propaganda, communication, terminal values, instrumental values, visual

means, audial means, verbal means

Introduction

Until the 16th century, the term propaganda was
used only in biology to define the propagation of
animals and plants. In 1622, Pope Gregory XV created
a holy brotherhood called the Congregation for the
Propagation of the Faith. It provided a library for re-
search and a school for training priests and missionar-
ies, assigned territories, and directed ecclesiastical mat-
ters overseas [16]. In English, the word “propaganda”
started being used in 1718, in a religious context, and
was used mainly in that sense until the middle of the
19th century. Then the word “propaganda” began to be

used in the political context as well. It became very
popular during the First World War (1914-1918).

In 1928, in his book “Propaganda”, Edward
Bernays stated that propaganda explored the
psychology behind manipulating the masses, and the
ability to use symbolic action and propaganda to
influence politics, affect social change, and lobby for
gender and racial equality [3, p. 37]. During that period,
propaganda did not have a negative connotation. Nev-
ertheless, during World War 11, it became associated
with fascist Germany.
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All mass media - books, television, music,
newspapers, radio, Internet, and cinema - can be used
for propaganda purposes as communication tools that
are widely distributed among the target audience [13, p.
50-52]. Movies are uniquely powerful as a propaganda
tool, and by virtue of having its own expressive lan-
guage, editing, cinematography, actors, etc, cinema
went from a technical means of reproducing reality to a
new means of its artistic presentation [24, p.175]. It can
have an intense emotional impact on the audience. It
creates a perfectly controlled imaginary world, affect-
ing human desires, feelings, attitudes, and behavior in
an indirect way, beyond the control of consciousness
[7, p. 257].

Propaganda in Movies

The first most famous propaganda silent short
movies were made by Vitagraph Studios in 1898,
during the Spanish-American War. In 1915, the silent
film “The Birth of a Nation” directed by David Griffith
also had propaganda purposes. The film portrays
Lincoln as a friend of the South, black people (many of
whom are played by white actors in black makeup
(blackface)) as unintelligent barbarians, and the Ku
Klux Klan (KKK) as a heroic force necessary to
preserve American values, protect white women and
maintain white supremacy [7, p. 203]. Soviet
cinematography was also developing rapidly in the
1920s. Sergei Eisenstein's “Battleship Potemkin”
(1925) glorifies communist ideology [26, p. 183], and
by portraying the 1905 revolution in the film,
Eisenstein made an attempt to create a new history for
Russia - to be led by those who were oppressed before.

The years 1930-1940, on the eve of World War Il,
were called “the golden age of propaganda”. German
film production was used as a means of Nazi
propaganda [23, p. 411]. In 1940, Charlie Chaplin
directed the film “The Great Dictator” in which he
played Adenoid Hinkel with a clear reference to Adolf
Hitler’s image [30].

The American film industry had a great role in the
development of cinema. Gomery, a film historian, ar-
gues that contemporary Hollywood is more powerful
than it has ever been [10, p. 248]. The largest number
of films is produced in the USA each year with an
average of 700 films [19].

American cinema is very successful in spreading
values and changing social behavior. In the context of
the “soft power” developed by Joseph Nay, movies can
be characterized as one of the main tools to make the
USA attractive to immigrants. “Soft power” allows the
state to achieve the desired outcomes by making other
states want the same [21, p. 35]. Due to American mov-
ies, certain ideas have been formed all around the world
about the value system in American society and about
life in the United States.

The formation of social values and value systems
by movies is considered in the context of social identity
theories. The audience discovers its own interests and
needs, while subconsciously using movies for refer-
ence. For this purpose, cinema uses many mechanisms
of socio-psychological and socio-cultural persuasion
[28, p. 109].

Persuasion Mechanisms in Movies

Every person interprets a film in his or her own
way. What is shown and what conclusions the audience
draws from the film depends on the knowledge and
experience [2, p. 128]. Bourdieu states that the act of
decoding an artwork, as well as a spontaneous and
adequate understanding of it, is possible and effective
only when the cultural code is fully assimilated by the
viewer. The cultural code of the work must match the
cultural code of the perceiver. When these unique
conditions are not possible, a misunderstanding arises
[4, p. 194]. Throughout its long history, American
cinema has mastered the art of effectively influencing
audiences. It knows what the audience needs, and is
able to effectively convey to the audience the ideas of
directors and screenwriters that contribute to the spread
of American cultural values all around the world.
Hollywood directors and producers try to focus on what
is close and understandable for a person living
anywhere in the world [22, p. 217-219].

The audience admires James Cameron's “Titanic”,
considering it a love story, and does not even assume
that the film actually glorifies the United States and
American values [17, p. 32-34]. The events, characters,
and relationships presented in the movie become
associated with the image of the United States in the
mind of the audience, forming a general image of the
country that most moviegoers have not actually seen.

George Gerbner’s and Larry Gross’s studies were
instrumental for understanding audience behavior
change. According to the theory of cultivation
developed by them, television and screen violence have
an effect on human behavior. Cultivation theory can be
discussed not only in the context of violence but also in
terms of reproducing certain values and social behavior
[8, p. 178]. The influence of the movies can also be seen
in the field of fashion. For example, in the 1960s,
women borrowed the hairstyles of famous actresses:
Audrey Hepburn's hairstyle from the “Breakfast at
Tiffany's”, Marilyn Monroe's hairstyle from “Some
Like It Hot”, Jennifer Aniston's hairstyle from the cult
TV series “Friends” in the 1990s.

An ordinary moviegoer, watching movies about
success stories, peaceful and beautiful life in American
suburbs, will tend to adopt the behavior of the
characters of that movie and will try to have a similar
lifestyle. Gerbner compares television to a Trojan horse
that hides a certain ideology under simple
entertainment and then secretly infiltrates the
consciousness of the audience [9, p. 358]. Thus, behind
its beautiful images and stories, cinema can hide ideas
that contribute to the spread of certain social behaviors
and values.

To ensure the impact of cinema on the audience, a
number of technical tricks are used: editing, color the-
ory, sound design, music, dynamic video sequences,
close-ups, and visual effects. They directly affect the
audience, convey the emotional saturation of the film's
events and strengthen the impact of the visual images,
contributing to the emergence of desired impressions
and feelings [2, p. 136].

“American Dream” as a Value System

The first narratives about the “American Dream”
can be found in the book “A General History of
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Virginia, New England and the Summer Islands” by the
English writer and sailor John Smith. Due to him,
America was first described as an “open space where
every person, regardless of his social status, wealth and
quality of education, can achieve happiness,
independence, a certain social status and can establish
himself as an individual only through hard work and
virtue” [25].

The “American Dream” is also discussed in the
Declaration of Independence of the United States “We
hold these truths to be self-evident, that all men are
created equal, that they are endowed by their Creator
with certain unalienable Rights, that among these are
Life, Liberty and the pursuit of Happiness.” [14].

Although the term “American Dream” had been
used earlier, it is usually attributed to the historian
James Truslow Adams, who first coined the term
“American Dream” in 1931 in his book “The Epic of
America” and called it “that dream of a land in which
life should be better and richer and fuller for everyone,
with opportunity for each according to ability or
achievement.” Adams believes that anyone can
succeed if he/she works hard, and it does not matter
who they are or what social class they belong to [1, p.
214-215].

In 1930, F. Scott Fitzgerald was working on a
story about a girl named Fifi. Fifi appears on her birth-
day in a “dazzling black dress” and charms a young
Hungarian count, who describes Fifi as “my American
dream girl” [6, p. 70].

According to the Merriam-Webster dictionary,
“the American dream is an American social ideal that
stresses egalitarianism and especially material pros-
perity.” [18].

The “American Dream” played an important role
in ensuring the large flow of immigration to the United
States. In the years 1820-1999, more than 65 million
people arrived in the territory of the United States from
different countries of the world (Neimer 2003). For ex-
ample, from January 2021 to April 2022, the largest in-
crease in the total foreign-born population are Califor-
nia (up 527,000), Florida (up 390,000), Pennsylvania
(up 375,000), Michigan (up 247,000), Georgia (up
152,000), Arizona (up 148,000), New York (up
145,000), Tennessee (up 130,000), and South Carolina
(up 128,000) [5]. In the context of the “Push-Pull” the-
ory of migration in this process, the “American Dream”
is a significant pull factor for U.S. immigrants. People
from all over the world migrate to live in a more attrac-
tive country than their homeland. The desire to live in
a free society and have a better life as a result of one's
own work is the driving force behind achieving the
“American Dream”.

M. Hofman says that within the concept of the
“American Dream”, the dream may be at odds with life
experience, but the dream is not abstract, it embodies
societal values, and the most important among these is
respect for others. Society decides what it respects a
person for and why one is to be despised. In the ancient
world, the value of a person was determined not by
wealth but by personal qualities. In the new world, a
person's worth is determined by the size of their bank
account. One has to become a “millionaire” to gain the

respect of society. Hofman considers that the “Ameri-
can Dream” is a dream about the material success of a
person [11]. For this reason, the 19th century became a
period of mass migration of daring people from the Old
World to the New World in search of success.

Methodology

This study focused on the verbal, visual, and au-
dial representation of the “American Dream” in Holly-
wood films of the 1940s-2010s. The study has centered
on understanding how the concept of the “American
Dream” is communicated in the movies. For this pur-
pose, the content analysis of Hollywood movies about
the American dream was conducted. The study was ap-
proved by the Scientific Board of the Faculty of Soci-
ology and the American Studies Center at Yerevan
State University.

Data Collection

In 2022, the authors confirmed the study topic
with the Faculty of Sociology and the American Studies
Centre at Yerevan State University. The research was
conducted in 7 major steps: 1) identification of the goal
and objectives of the research; 2) watching Hollywood
movies and sampling them; 3) identification of critical
variables; 4) design of the instrument for the content
analyses; 5) coding the content; 6) data collection,
watching the sampled movies and filling in the code-
book; 6) systematization of the information; 7) analysis
and presentation of study results.

Instrument

The codebook was developed during the initial re-
search preparation and after a thorough literature re-
view. The researchers studied different approaches to
the content analysis of video documents and particu-
larly movies in order to compile questions that would
cover the concept ofthe “American Dream” in the mov-
ies. The purpose of the codebook was to provide
enough structure to guide the researchers while allow-
ing flexibility for taking notes on the unique story and
techniques used in a particular movie. The codebook
included chapters about the audial, verbal, and visual
representation of the components of the “American
Dream”.

Procedure

Each movie was watched first to make sure that
the concept of the “American Dream” was present
there. During the second viewing of the movie, the
notes were taken to capture the appropriate verbal, vis-
ual, and audial tools used by the film creators to depict
and stress the components of the “American Dream”
concept. The notes were transferred into the instrument
for further analysis, comparison, and interpretation.

Sample

A purposive sampling of Hollywood films pro-
moting the ‘American Dream’ produced between 1940
and 2010 was made. Then, the most viewed films,
which were approved by critics and audiences alike and
grossed the highest, were selected from each period.
Thus, the following 10 Hollywood movies from the
1940s-2010s were subjected to content analysis: “Citi-
zen Kane” (1941), “East of Eden” (1955), “A Raisin in
the Sun” (1961), “America America” (1963), “Stay
Hungry” (1976), ‘“Ragtime” (1981), “Wall Street”
(1987), “Forrest Gump” (1994), “There will be blood”
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(2007), and “The Social Network” (2010). The sam-
pling let the researchers observe the dynamic of the rep-
resentation of the “American Dream” in Hollywood
movies.

Data Analysis

The compiled codebooks and the notes were ana-
lyzed using an interpretative approach. Emerging
themes were documented based on the outcome of cod-
ing. Key verbal, visual, and audial information was or-
ganized and reviewed closely by the researchers. Con-
clusions were incorporated into this article.

Findings

As a result of the content analysis of Hollywood
movies, an interesting dynamic was observed in the
change of communication of the terminal and instru-
mental values of the “American Dream” in films over
time. Movies of the 1940s are famous for their plots
about the American upper class, and Orson Welles'
“Citizen Kane” is no exception. The communication of
the “American Dream” in this film was mainly carried
out through wealth as a terminal value, and hard work
as an instrumental value. Every frame of the film shows
Kane's possessions and his luxurious life. He earned
that property on his own with honest work. The com-
munication of that idea is carried out through both vis-
ual and verbal means, which are very often juxtaposed
in the film. The film presents the media mogul Kane's
property, parties and celebrations, his and his wives'
clothes and jewelry. Kane's high-paying job is visually
communicated through his estate Xanadu, radio station,
restaurants, residential buildings, luxury cars, factories,
and ships. The same communication is also carried out
verbally: the voice from the background talks about
Kane's possessions. Every scene of the film is accom-
panied by Bernard Herrmann’s music. The sound in the
film is as innovative as the visual solutions. In the scene
about the estate Xanadu built by Kane, the music fur-
ther emphasizes the impact of the scene [39].

Unlike Hollywood films of the 1940s, which were
by rags-to-riches plots or stories about bourgeois soci-
ety, Hollywood films of the 1950s portrayed the Amer-
ican working class with its goals and dreams, one of
which was Elia Kazan’s “East of Eden” filmed in 1955.
The movie is based on the eponymous novel by the
American writer John Steinbeck. The film tells about
the “lost generation”, which is trying to live a normal
life during a difficult time for the whole world (in
1917). The communication of the “American Dream”
in this film is also carried out through wealth as a ter-
minal value, and hard work and overcoming difficulties
as instrumental values. However, more screen time has
been devoted to the communication of hard work and
overcoming difficulties than in other films. Unlike
“Citizen Kane”, the communication of wealth in this
film is much more restrained [35].

In the 1960s, Hollywood cinema became more di-
verse, stories about refugees came to the fore, and the
first steps were taken in making films about people of
color. Elia Kazan's 1963 epic drama “America Amer-
ica” is a story about refugees, and it differs dramati-
cally from the films discussed above. Most of the
events take place in Turkish-occupied Anatolia and
Constantinople, the ancient land of Armenians and

Greeks. Only at the end of the film do the spectators see
America, when the main character, Stavros (played by
Greek actor Stathis Giallelis), finally appears in cov-
eted America. He works hard as a shoe shiner and be-
comes rich. Later he was able to bring his family from
Anatolia to the United States. In this film, the commu-
nication of the “American Dream” is carried out mainly
through the instrumental values of hard work and over-
coming difficulties. Only because of those two, it was
possible to reach America from Anatolia in the late 19th
and early 20th centuries [34].

In the film “A Raisin in the Sun” (1961), the
“American Dream” is mainly communicated through a
happy family life and overcoming difficulties.
Communication of happy family life plays a significant
role in this movie. And the overcoming of difficulties
is largely related to the most common problem of the
time - racial discrimination, which the main characters
of the film face but still achieve their “American
Dream”. The visual and verbal communication of a
happy family life is conveyed through the positive
interactions between family members. The slogan of
the film - “The Prize-Winning Drama That Warms the
Screen with Its People and Its Passions!...” - claims
that the film is mainly about human relationships [36].

One of the films about the “American Dream”
made in the 1970s is the comedy-drama “Stay Hungry”
by Bob Rafelson. The characters of this film are repre-
sentatives of different social classes. The main charac-
ter Blake (played by Jeff Bridges) is from a rich family.
The film shows how Blake and his friends spend their
weekends in entertainment complexes and in the sub-
urbs, while practicing water skiing. They drive a Cadil-
lac DeVille Convertible luxury car (1965) to the sub-
urbs. During the film, we see how carefree and happy
their life in America is. However, the words of another
character, Joe Santo (played by Arnold Schwarzeneg-
ger), “..You get used to good things quickly, then it's
hard to give up, I prefer to stay hungry...”, become a
turning point for the main character. Blake got used to
his carefree life, with the property inherited from his
parents and a luxurious mansion where he felt like a
guest. He wanted to deserve such a life through his own
work, but being accustomed to a carefree life prevented
him from making his dream come true. Santo's words
motivated Blake to achieve on his own what his parents
had once achieved. The calm soundtrack created by the
film composer Richard Portman conveys the careless-
ness of the life of rich Americans. In some parts of the
film, country music is played, which proves that every-
thing will be fine with Blake, who is already striving
for the “American Dream” with his own work [37].

In “Ragtime” (1981) by Milo§ Forman, wealth is
communicated through lavish mansions and cars. A
happy family life is conveyed as follows: the family sits
at the dining table and talks about the good events that
happened to them during the week, and the relationship
between a caring father and daughter is presented. The
freedom in the film is communicated by the U.S. flag.
Near the very end of the film, Harry Houdini demon-
strates his famous trick of escaping from shackles while
hanging from a building with an American flag waving
behind him. Just as Harry Houdini was freed from his
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shackles, American citizens and refugees have the op-
portunity to live a free and independent life in the
United States. Music plays an important role in the film.
Ragtime is a genre of American music that was popular
in the years 1900-1918. It is considered the prototype
of jazz. The main melody of ragtime music is synco-
pated, with the emphasis moving from the strong half
of the measure to the weak, with some interruptions.
The compositions of the ragtime genre are composed of
4 main themes, and this is where interesting parallels
are drawn with the screenplay, which is composed of 4
stories, which differ from one another, but at the same
time are strongly interconnected, and the transition
from one story to another is linked to a broken rhythm
of syncopation. The film presents 4 stories about the
“American Dream”: (a) the storyline about an Ameri-
can family, which mainly communicates a happy fam-
ily life, (b) the plotline about Elizabeth Nesbit, which
mainly communicates wealth, (c) the plot of Jewish ref-
ugee Tateh, which communicates hard work, wealth,
and a happy family life, and (d) the story of black pia-
nist Coalhouse Walker, which communicates hard
work and overcoming difficulties [33]. The syncopated
ragtime beat composed by Randy Newman waxes and
wanes outlining the main theme of each plotline.

In Oliver Stone's “Wall Street” (1987), wealth is
mainly conveyed by luxurious mansions, apartments,
cars, and famous artworks. Pablo Picasso's “Le Mata-
dor”, Joan Miro's “Paysage”, and Robert Birmelin's
“The Twenty Dollar Bill” hang in the office of the main
character. The communication of wealth is present
throughout the whole film. All the conversations of the
characters of the film are about transactions of several
million and even billion dollars and living a financially
secure life. To stress the wealth, such attributes as Da-
vidoff Cuban cigars and a gold Cartier Santos watch,
the value of which is around $35,700, are demonstrated
in the movie [38].

The 1990s are known for many films about the
“American Dream”, one of which is the Oscar-winning
“Forrest Gump” (1994) directed by Robert Zemeckis.
The film shows that in the USA, everyone has equal
opportunities and the “American Dream” can be real
for everyone. Forrest has mental problems, but this
problem does not prevent him from achieving great
success. Freedom is conveyed by the scenes where the
Statue of Liberty, the US flag, and the roads are demon-
strated. These are well-known symbols of freedom and
the “American Dream”. In one of the scenes, an Amer-
ican political and social activist who fought for freedom
and peace, Abbie Hoffman, wears a shirt with the U.S.
flag printed on it. Music plays an important role in this
movie. Composer Alan Silvestri's Oscar-winning
soundtrack for “Forrest Gump” manages the emotions
of the audience, describes the image of every character
in the film, and expresses the shifts in times. For exam-
ple, when Forrest tells the story of his life and success
to strangers, a soft piano piece is played that character-
izes Forrest's kindness and simplicity. Forrest does not
even imagine what an impressive life story he has,
which inspired the whole of America and thanks to
which he became an exemplary American [40].

“There will be blood” (2007) directed by Paul
Thomas Anderson is an epic drama based on the novel
“Oil!” by the American writer Upton Sinclair. Oil
stands for wealth in this film. Wealth is communicated
verbally when the main character of the film, Daniel
Plainview (played by Daniel Day-Lewis), talks to the
local residents in order to buy a new place for oil ex-
traction: “Ladies and gentlemen, I've traveled over half
our state to be here tonight. | couldn't get away sooner
because my new well was coming in at Coyote Hills,
and | had to see about it. That well is now flowing at
2000 barrels; it's paying me an income of 5000 dollars
a week.” The soundtrack written for this film by Jonny
Greenwood, the lead guitarist of the British rock band
Radiohead, makes every frame of the film even more
expressive. The soundtrack is performed by the BBC
Concert Orchestra, and the main theme is very heavy,
which emphasizes all the hard work that Daniel is do-
ing. The drums playing hard along with the music of
the string orchestra accompany the scene of the oil ex-
traction to impress the spectators with the imminent
danger [29].

In David Fincher's “The Social Network” (2010)
wealth is communicated through high-paying jobs. For
the visual communication of wealth, expensive cars and
private houses are used which are the result of highly
paid work. When we learn through the subtitles at the
end of the film that Mark is the youngest billionaire in
the world, the song “Baby, You’re a Rich Man” by The
Beatles is played. The idea of overcoming difficulties
is communicated in the trial episodes presented regu-
larly during the movie. Mark Zuckerberg had simulta-
neous trials with his close friend Eduardo Saverin and
brothers Tyler and Cameron Winklevoss. Despite the
difficulties, Mark managed to maintain his organization
and even become the youngest billionaire in the world.
The soundtrack written by Trent Reznor and Atticus
Ross that plays throughout the film is effectively com-
bined with the scenes representing the creation of Fa-
cebook; it adds tension to the scenes and emphasizes
the challenges of Mark's work. The choice of music
called “3:14 Every Night” is very fitting, it creates the
impression of keyboard work. The soundtrack with
electronic musical effects is consistent with Mark's
work, and the music played in the trial scenes heightens
the tension and emphasizes the complexity of the situ-
ation, thus also implementing an audio communication
of overcoming difficulties in the film [31].

Conclusion

The “American Dream” is communicated in Hol-
lywood films by presenting the terminal values of
wealth, freedom, and a happy family life. Diligence and
overcoming difficulties are communicated as instru-
mental values necessary to achieve the realization of
the above-mentioned terminal values.

A study of films from the 1940s to 2010s revealed
that over time, Hollywood films used a variety of ver-
bal, visual, and audial means to communicate the ter-
minal and instrumental values of the “American
Dream”. An interesting dynamic is observed with the
change of time in connection with the technical devel-
opment of Hollywood cinema, the change of plot char-
acteristics, and the improvement of video and sound.
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Despite the change of the times, the terminal and instru-
mental values communicated in the films about the
“American Dream” remain unchanged. It is due to the
communication of repeated ideas that Hollywood cin-
ema effectively carries out the propaganda of the
“American Dream”. In those films, we see that the U.S.
citizen is proud to be an American, he lives in a free
and independent country, and foreigners dream of liv-
ing in such a country, where everyone has equal oppor-
tunities to live a prosperous life. During the communi-
cation and propaganda of the “American Dream” in
Hollywood films, no comparisons are made with other
countries; instead, a country is presented where, due to
hard work, it is possible to live prosperously, happily,
and carefree.

In this way, Hollywood films create both Ameri-
cans' and foreigners' perceptions of the “American
Dream”, enhancing the country's attractiveness to im-
migrants, and shaping audience aspirations, attitudes,
and behavior.
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Abstract

https://doi.org/10.5281/zenodo.7198424

The article gives a structural draft of a convertiplane-type unmanned aerial vehicle and the purpose of its
components and depending on the location the effect of the selected elements on its aerodynamic properties is
based on theoretical and practical knowledge. Also, the main parameters of the convertiplane have been optimized
in the context of observation of strategic objects and the probability of its detection by visual, acoustic and radar

detection means has been determined.

Keywords: unmanned aerial vehicles, convertiplane, flight controllers, flying wing, aerodynamic features,

accumulator batteries.

It is well known that in a globalizing world it is
necessary to have quality information to assess critical
risks for effective management, rational planning,
optimal use of resources and a high level of security.

Timely detection of threats to the security of oil
and gas export pipelines, ensuring the security of air,
water and land borders throughout the country by
taking preventive and adequate measures in this
direction is of national importance. It is possible to
carry out research, inventory, planning, environmental
monitoring or operational control of the infrastructure
of onshore and offshore oil and gas production facilities
using UAVs [1]. One of the main applications of UAV's
is their use in mapping and aerial photography. By
performing mapping and aerial photography in the
most dangerous places, it is possible to prepare
topographic maps, as well as to observe strategic
objects using UAV, which minimizes the risks to
human life and health. The efficiency of using the latest
generation UAVs is irreplaceable, which are very hard
to be detected by visual, acoustic and radar detection in
the observation and protection of strategic objects. The
UAV's autonomous flight function on a given route
significantly reduces the cost and time spent on piloting
aircraft and real-time on-board imaging, allows you to
monitor the terrain in real time and make decisions on

the spot.
The purpose of the work: Consists of
determining the optimal structural draft of a

convertiplane-type unmanned aerial vehicle (UAV)
designed for mapping, monitoring of oil and gas

industry facilities, observation of strategic facilities and
aerial reconnaissance and combining the flight and
technical characteristics of both the helicopter and the
aircraft.

Structure and  working principle of
components of convertiplane-type UAV. Description
and main parameters of the components that make up
the internal parts of the convertiplane [2, 3], designed
by wus and having the necessary technical
characteristics, are described in Table 1.

The structure of a convertiplane has been designed
based on the “Skywalker X8 Flying Wing 2120mm”
stationary wing glider using the propulsion engine
directly installed on the rear of the fuselage, electronic
equipment attached on the body and lifting motors
fixed to glider through two carrier arms made of carbon
tubes installed parallel to each other on the top of the
wings. Carbon tubes with a diameter of 20 mm, wall
thickness of 1 mm and a length of 1 m have been used
as carrier arms. The front and bottom view of a
convertiplane is described in Figure 1a and 1b.

When installing lifting engines, the structural,
aerodynamic and following requirements for the
purpose of the UAV must be observed.

1) The distance between the centers of the motors
on the axis of rotation should be as small as possible.

2) During propellers rotation the area of the circles
they draw must be outside the area occupied by the
glider.

3) The location of the engines must allow the UAV
to be used for its intended purpose.


https://doi.org/10.5281/zenodo.7198424

Norwegian Journal of development of the International Science No 94/2022

46

867 -WsPM -
AW 009 - oMo -

3 6¢—SM -
Xd X1 J[NPOJA UOISSIWSURL], BIB(T SSI[AIUM ZHINO06 -

T€8SL Ionrusuel] HO8Y YUI'T O9PIA SSIAIM ZHD 8°S Add

OIPBY XS AVND OIPEY XS AV D d[npout A1dwa[a) orpey

ndur [qrd -
‘A G - 93ejoa FunewdQ -

asouiutiy

A t°8 - 98ejj0A SuneiadQ -

‘mer ‘Fod[ :yewrroy oFewr -

"398 )00/ 1-0¢ :Pd3ds Surjooys -

dw ¢4z :(9An99139) sjaxid jo roquny -

70-deJA qo91X0 ]

S01T - WYSOM -

W ¢°L [ xT TLx9"0¢ SuoIsuawi( -
VY 08 - udun)) -

'S9-¥ DSH SH 00% [iM so1exndQ

AT TNV T V08 I010]A- I I9[[011t0d paads raonosfd - DT

JuIdud Isnay

06FAY 0'TA-LN “(3SNIY)) J0JOU [BILIIII[D J0JII[[0I-UON

1pdoid (ysnayy) Seiq

P

J19[[0d01g SALIS-Y 9x 7| MIIISIY ISR

W ¢ T[x7 $Tx9°S§ — SuoIsuai( -
897 - WSop -

S9-T - A1aneq -

SH 00¥ - Aouanbaig -

V Op —jud1ny) -

Q

e, g e s

V0P I0JOJA- L I9[[01U00 padds oruoIddd -)Sq

001 - W3oM -

W {7 - I9JAWRIP Jeys -

S Q-)3US] PUE W () - JOJSWEIP I0JRIS -
{OW ZET - OUR)SISAI [RUId)U] -

009A 800F.LIN 1010~ L “(If1]) 100U [B3L1OI[D 10)93[[0-UON

7 - SSuIm Jo 1oquuny -
-owm) 31 3uof e pue Ayoedes Furkired o31e] € sey WIromy3i st -
UM/01 ()OS € - Pds WOTILI0T WINTTXEBIA] -

qyu 000$ S9 A191eq 0dr]

\AIVd/SOde-doid sx¢1d

=L

saqn) uoqed dysoduro)

saud)eyg

T T —
——
——

95T - AV

SSHIN 891 - :Aouonborg

"SI9)aW0IRq 7 PUE 19)wo)dugeur

9d02s01AT  sTxe-¢  ‘10ssd01doIoTMU B JO SISISUOD  IQ[[ONu0d JUSMF oYL

saqn) uoqIe))

=

QN -1'C AIMVHXId

S[npour SdH

a0l
iy

SSHD T 21°H

saanjedy 10 Aduud Funerndo

uondusaq

3onpoad 3y} Jo pueaq (10) pue JweN

“due]dI9AU0D A} JO AINIONIS A Ul papnoul sjuduodwod pieoquQ

RESICLAS




Norwegian Journal of development of the International Science No 94/2022

47

a)

b)

Fig. 1. View of the front and bottom of the convertiplane

The first requirement is to reduce the moment of
forces acting on the carrier arms, and consequently their
load, and it’s a structural requirement. When fulfilling
this requirement, it should be taken into account that the

minimum distance between the centers of rotation of
the rear engines serving vertical lift is limited by the
length of the propeller shaft.

Central axis.
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Fig. 2. Upper view of the convertiplane.

Second, the maximum use of the lifting force of
the engines is ensured when fulfilling the aerodynamic
requirement. Otherwise, the lift force of the engine will
decrease as a result of the downward flow of air in the
vertical direction of the propeller in proportion to the
extent to which the wing covers the area of the circle
covered during rotation.

For the purpose of mapping, as well as electron-
optical reconnaissance of strategic objects, the UAV is
equipped with a video camera mounted to the bottom
of the fuselage front side. During rotation, the blades
may enter the field of view of the video camera’s lens
and adversely affect image quality. Thus, in order to
meet the third requirement, as well as to ensure a stable
balance of UAV in the air, the engines are mounted to
the upper side of wings. In such a design, the center of
gravity of the PUA is below the flatness of the lifting
motors, which ensures that the steady balance condition
is met in any situation.

The on glider installation place of the propulsion
engine, which provides horizontal flight, is provided by
the manufacturer at the rear of the fuselage. Under the
same conditions, the front-mounted traction motor has
two known disadvantages compared to the rear-

mounted thrust motor. First, the front part of the glider
sharply reduces the speed of the air flow going back
from the propeller mounted on the front, resulting in a
significant reduction in the speed of the aircraft.
Second, the vortex air flow created by the front-
mounted propeller tries to rotate the aircraft around the
main axis by affecting one of the wings from below and
the other from above and in aviation terms, to disturb
its horizontal balance on the roll. In order to maintain
horizontal balance, it is necessary to create a different
lifting force on the wings by changing the position of
the small moving parts on the back of the wings - the
ailerons. This increases the aircraft's air resistance and
power consumption and reduces flight time. The top
view of the engine layout on the glider is described in
Figure 2.

Propulsion system. The power system of the
convertiplane includes five non-collector electric
motors and their electronic speed controllers and two
servomechanisms. As is well known, a propeller, a non-
collector electric motor and its electronic speed
controller together form the propeller-motor group
(PMG). The vertical take-off and landing is provided
by four and the horizontal flight by one PMG.
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Servomechanisms are used to control two
movable ailerons installed to the right and left wings.
Ailerons maintain the air balance of the convertiplane
by regulating the up-down, right-left and rotational
movements in horizontal flight mode. The principles of

ESC 1 |E$C?|

aircraft power system construction have been
extensively analyzed in the literature [2, 3]. For this
specific design, the functional block diagram of the
convertiplane's electrical circuits is described in Figure

3.
?
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Fig. 3. Functional block diagram of the electrical circuits of the convertiplane

ESC (Electronic speed controller) forms the power
circuit, schematically located between battery and
motor, connected to them by two and three wires,
respectively. The size of the cross-sectional area of the
five power wires is proportional to the value of the
current flowing through them and their diameters are
also larger than those of the signal wires due to the large
current flow.

Conflicting issues need to be solved during the
placing of ESCs. For example, electromagnetic fields
around power cables can interfere the operation of

sensitive, mainly MEMS-type inertial navigation
devices and GPS receivers, as well as flight controllers.
To reduce the impact of electromagnetic interference
and losses, it is advisable to shorten the length of power
cables. On the other hand, in order to reduce the
temperature, it is advisable to place the ESCs in the air
flow created by the blades, for example, at a distance
equal to half the radius of the blades from the center of
the lifting motors. Thus, as an optimal solution, it was
decided to place the ESCs on the bottom side of the
motors. In this case, two power cables

Fig 4. View of the convertiplane's fuselage
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connecting battery and ESC pass through the
carbon tube, and the following advantages are obtained.

First, due to the electrical conductivity of carbon,
the impact of electromagnetic interference coming
from the wires to the surrounding devices is
significantly reduced. Second, the lengths of power
cables connecting engine and ESC are minimal.
Finally, by choosing the same dimensions of the trays
on which they are fastened, it is possible to install

GPS receiver

Radio
signal
reception

signal
\output
FC,

engine and its ESC in a multi-layered way at the end of
the carbon tube, resulting in a relatively simple design
[4].

The place and direction of the propulsion motor on
the glider requires its ESC to be located inside the
fuselage. In this case, in order to improve the
temperature regime, it is advisable to select a relatively
large ESC power reserve factor or to provide air flow
that provides heat transfer through the fuselage [12-14].

RC

receiver

Control

Fig 5. Functions of FC, RC and GPS devices.

Power system. The power system of the
convertiplane consists of two LiPo batteries (AB)
connected in parallel and four voltage converters with
stabilized output voltages. The operating voltage of
each battery used as a power source is 22.2 V, power
capacity is 5000 mAh. Voltage converters convert the
relatively high voltage of batteries into the required
low-value and stable voltages. The first supplies 5 V
power to flight controller, the second 5 V to
servomechanisms and the low-voltage circuit of the
electronic speed controller of the thrust motor, the third
12 V to video transmitter and the fourth 8.4 V to
camera. Except the voltage converters included in the
components of flight controllers, the other voltage
converters are assembled in one block and placed
symmetrically to the central axis, between battery and
flight controllers inside the fuselage.

The power system of the convertiplane is powered
directly from the battery. Aircraft weighing up to 20 kg
usually use one or more Li-Po batteries to provide the
required power and flight time. The battery weighs
more than the electrical equipment used in the
convertiplane and has a significant effect on the equal
distribution of the load on the motors. To maintain the
transverse balance of aircraft, the batteries are placed
symmetrically on the right and left sides relative to the
center axis of a glider. To achieve the longitudinal
balance of the aircraft, it must be taken into account that
the propulsion engine is unmovably fixed to the rear of
the glider. Therefore, it is possible to change the center
of gravity of the aircraft by sliding the place of the
batteries in the direction of the central axis, thus
achieving an equal distribution of the load on the
motors. In this case, the center of gravity of the aircraft
falls on the point of intersection of the diagonal lines
connecting the lifting engines diagonally (Fig. 2).

In general, the coordinates of the center of gravity
of the glider can be calculated using the following
known formulas:

— XGixi — XGiyi
X, =205y, = 2% &
here:
- Xtand Y; - coordinates of the aircraft’s center of
gravity;

- xi and y; — coordinates of the centers of gravity of
the seperate parts of aircraft;

- Gj - weight of the seperate parts of aircraft;

- G - total weight of aircraft.

Figure 4 describes the location of UAV elements
in fuselage from the top view.

Control and navigation system. The navigation
system of the convertiplane consists of navigation
devices, including GPS receiver, 3-axis gyroscope, 3-
axis accelerometer, magnetometer and barometer. GPS
is global positioning system, gyroscope and
accelerometer are inertial navigation devices,
magnetometer is used as an electronic compass,
barometer - used to determine the relative flight altitude
based on atmospheric pressure. The combined use of
these systems improves the quality of the flight.

As mentioned above (Fig. 2), the center of gravity
affects the stability of the aircraft. To increase the
horizontal stability, it is advisable to place the center of
gravity of the multi-rotor aircraft below the flatness of
rotation of the blades, for example, at the level of the
engines [5].

It is possible to ignore the weight of the flight
controllers, GPS and radio control receivers used to
control the convertiplane in the equal distribution of
weights relative to the center of gravity of aircraft. In
order to determine the installation place on glider, let's
look at a diagram describing the relationship between
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all three electronic devices in terms of similarities and
differences in their functions (Fig. 5).

Performing the calculation operation as described
in Figure 5 is a similar function of flight controller and
GPS receiver. Two reports or coordinate systems are
used to perform these operations, which include the
processing of navigation data and the calculation of
flight parameters that determine the position of the
aircraft in space. The locations of both flight controller
and GPS centers relative to the center of gravity of the
aircraft must be known in the moving coordinate
system at the center of gravity in order to properly
assess their position in space.

Flight controllers can be located in the center of
gravity of a multi-rotor aircraft or near the center of
gravity. Problems that can occur when the flight
controller is placed away from the center of gravity of
the aircraft have not yet been observed [6].

GPS receiver is a navigation device that processes
the received navigation data and its antenna and
receiver are usually installed in the same case. The
followings should be taken into account when placing
GPS receiver on the aircraft:

1) GPS antenna should be aimed at the open sky
by placing it on top of the aircraft to receive satellite
signals carrying navigation information without
impediment;

2) The GPS antenna should be as far away as
possible  from the aircraft's electromagnetic
interference power supplies and wires.

GPS receiver can be placed on the flight controller
installed in the center of gravity of the multi-rotor
aircraft. However, due to the limited height of the
fuselage of the convertiplane, installing the GPS
receiver at a certain height above the flight controller
by keeping the centers aligned on the vertical axis is
both structurally difficult and reduces the aerodynamic
quality of the glider. For this reason, it is not advisable
to install a GPS receiver above the fuselage.

In order to solve the above-mentioned issues, GPS
receiver was slid to the front in the direction of the
central axis of the developed convertiplane and the
upper surfaces of the receiver and the fuselage have
been placed in the same flatness. At the same time, the
distance measurements of the center of the GPS
receiver on the X, y, z axes relative to the center of the
flight controller are included in the coordinate section
of the flight controller program. In this case, depending
on the direction of sliding, a positive or negative sign is
written in front of the measurement values in
accordance with the operating instructions.

RC receiver. The location of RC receiver is not
decisive relative e.g to center of gravity of the aircraft,
because it does not perform calculation operations and
the weight does not have a significant effect on the
equal distribution of the load. During the installation of
RC receiver, it’s tried to ensure that the conductive
elements of the aircraft structure do not interfere with
its antenna in the direction of the ground. Also two
directional antennas mounted at an angle of 90 degrees
to each other are used to improve signal reception
reliability. Thus, taking into account the small
geometric dimensions, light weight and the fact that the

glider is made of radio-transparent material, it has been
decided to place RC receiver in a section created

inside fuselage. During the convertiplane test
flights, radio control at a distance of 500 m was reliably
performed [6].

Camera. As mentioned earlier, convertiplane is
designed for mapping, and the video camera used for
this purpose is fixed from the front to the bottom of
fuselage. The body of video camera is located inside
fuselage to ensure equal weight distribution of aircraft
relative to the center of gravity and to reduce impact on
the aerodynamic quality of the glider. In this case, its
lens come out of the fuselage and are directed to the
ground during a horizontal flight.

OSD (on-screen display) — Provides telemetry
data view on display image. The weight of OSD is very
small and does not affect the balance conditions of
aircraft. Due to the shortness of the input and output
cables connected to video camera, flight controller and
video transmitter, it is advisable to place it close to all
three devices inside fuselage.

VideoLink - (video transmitter). Video
transmitter provides image and telemetry data
transmission to the ground, because its temperature is
relatively high in the operating mode, it is advisable to
place it outside fuselage. Thus, video transmitter is
placed behind camera and installed to the bottom of
fuselage.

DataL.ink - is a telemetry device for transmitting
digital data over long distances. Two identical devices
are used to create two-way "ground-to-air"
communication. Due to the similar operating modes,
the requirements for the location of video transmitter
can also be applied to the on-board telemetry device.
Because it works with longer-wavelength (lower-
frequency) radio signals than a video transmitter and a
GPS receiver, the location of telemetry device at the
bottom or top of fuselage is not decisive. Taking into
account that its weight affects the balance conditions
and above mentioned issues, the telemetry device is
placed close to the center axis of glider and installed on
the top of fuselage.

One of the main requirements for the selection and
development of components has been the optimization
of the main parameters of the convertiplane-type UAV
in the context of observation of strategic objects. For
this purpose, the detection features of the developed
convertiplane-type UAV by visual, acoustic and radar
type detection means have been determined.

Surface reflection. The possibility of detecting
the aircraft by various technical means during the flight
remains a topical issue at the present time. The main
parameter characterizing the probability of detection,
used as a technical-confidential indicator, is the
coefficient of surface reflection. Surface reflection
depends on the overall dimensions of the aircraft and
the parameters of the radar (generator) that generates
the electromagnetic waves directed at it. According to
the report and survey books, the value of the surface
reflection coefficient of small aircraft is 0.1-0.01 m2 (-
10 ...- 20 dB). In medium-sized aircraft, the surface
reflection is 30 m2 and higher. Taking into
consideration that UAV is made of a dielectric-based
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polymer-composite material, the electromagnetic
waves generated by radar are absorbed by the surface
of the aircraft and are not reflected. This feature reduces
the chance of UAVs being detected by radars [7-8].

Acoustic detection. Due to the low volume of
non-collector electric motors used in these aircrafts, the
probability of detection of UAV by acoustic detection
means is very low [9].

The visual detection coefficient depends on the
illumination level of the aircraft and is calculated by the

following formula (2).
@y

P = )

Here: @,- a stream of light reflected from the
surface; @,- stream of light falling on a
surface.

The brightness range of light, which can be
absorbed by the human visual system, is very large (10
6...10% kd-m?). Design of the UAV in light blue (sky)
color reduces the probability of its visual detection at
low altitudes (200-300 m) [10-11].

The “ARAN-4” unmanned aerial vehicle, which
has such positive qualities as vertical take-off and
landing, long stay in the air and simplicity of design, as
well as mapping, monitoring and observation of oil and
gas industry facilities to ensure the safety of strategic
assets are designed and developed at the National
Aviation Academy of The Republic of Azerbaijan.

CONCLUSION

The balance conditions, aerodynamic and
electromagnetic compatibility requirements have been
met during structural emplacement of the elements in
the convertiplane type UAV. Static and dynamic
balance conditions are achieved

by equal distribution of mass and forces relative to
the center of gravity of the glider. In order to meet the
aerodynamic requirements, the protrusions on the
surface of the glider, which create the opposite
aerodynamic forces, have been minimized and for
meeting the requirements of electromagnetic
compatibility, both electronic devices with sharply
different operating frequencies were used and sensitive
and power devices were placed at a certain distance and
in a certain position. The insulation layer is made of
electrical wires that are resistant to both high
temperatures and mechanical impact.

The coordinates of the control and navigation
devices relative to the center of gravity of the aircraft
are taken into account in the program uploaded on the
control unit. The directional diagrams of the antennas
of radio-electronic devices are directed in the direction
of the communication channel as much as possible.
Because RC receiver is made of radio-transparent
composite material, it allows to place it inside the
fuselage.

Making of composite material has caused the
surface reflection coefficient and weight of
convertiplane-type UAV to be low and equipping it
with radar devices, as well as non-collector electric

motors and making the glider in air color significantly
reduced the probability of detection of the aircraft by
acoustic and visual detection means.
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DEVELOPING PRINCIPLE OF MEASURING FLUIDS LINEAR AND VOLUMETRIC VELOCITY IN
HORIZONTAL WELLS
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Potential global growing energy demand to be a realistic script for the coming decades. Sources have emerged
as an alternative, oil has continued to be the most important source of energy so far (32.9% of the total; World
Energy Council, 2016) and may remain the main option in the long term. Recent major oil discoveries are in
offshore fields where oil production is still difficult. Although new technologies have been developed, the lack of
a clear understanding of the multiphase flow has imposed restrictions on projecting the directional wells.

Keywords: multiphase flow, flow velocity, horizontal well, updraft, downdraft

One of the actual tasks of modern field geophysics
in operating horizontal wells is the determination of
phase flow rates with an assessment of the interval pro-
duction rate. Currently, mechanical flowmeters are tra-
ditionally used to measure the flow rate in the well. Un-
fortunately, the method has significant limitations, es-
pecially in multiphase flow conditions. A mechanical
turbine is critical to the fluid composition, and phase
separation in an inclined or horizontal well adds uncer-
tainty due to its uncontrolled position relative to the in-
terface [1].

Issue partially resolved through the use of distrib-
uted mechanical flowmeters that provide layer meas-
urement of the local flow velocity in operating horizon-
tal wells in combination with composition sensors [2].
However, under the conditions of water intrusion and
low flow rates, it's typical for horizontal wells in most
fields in Russian Federation.

The technology of operating inclined-directional
and horizontal wells is widely used in every oil field in
this country and abroad, along with constantly improv-
ing technology for drilling inclined-directional wells
and well completions [1-3]. Compared to a vertical
well, the underground environment of a highly deviated
well and a horizontal well is undervalued [4-5]. Basi-
cally the following facts were shown:

1) the well gravity direction is perpendicular to the
well axis direction, and the space around the well is
asymmetric.

2) Stratified flow is common in multi-phase flow
for gravity differentiation, and the flow modes are very
complex due to the change in angle of the wellbore in-
clination.

3) There are three types due to wavy wellbore, in-
cluding horizontal flow (inclination angle (a=0°), up-
draft (o > 0°, and liquid flows upwards), and downdraft
(a < 0° liquid flows downwards). Thus, the traditional

multiphase flow interpretation model in a vertical well
can't be effectively used to interpret well GIS data in
highly inclined-directional and horizontal wells.

In this article, based on the theory of similarity,
using a combination of instruments for production log-
ging from SONDEX, experiments were carried out in a
plexiglass pipe to simulate two-phase oil-water and
gas-water phases in updraft, horizonta and downdraft
flow, with an inner diameter of 124 mm. Based on the
analysis conclusions of experimental data and consid-
ering such factors of influence , as the angle of inclina-
tion, models for correcting the well curves for the slip-
page velocity in inclined-directional and horizontal
wells are created and preliminary verified.

Qualitative Analysis is estimated for the flow
characteristics of two-phase oil-water and gas-water
systems, so this article uses the example of two-phase
oil-water system to analyze the slippage velocity of
flow characteristics at different inclination angles[6-8].
Figure 1 shows a diagram of oil-water two-phase flow
distributions and velocity profile in a wave-like well.
Assuming that the fluid flow is from right to left;

1) updraft (c > b), accumulation of oil in the upper
part of the pipe, and the buoyancy component of the oil
takes away the bottom water with updraft, as well as the
velocity of oil more than water. When moving into po-
sition, the buoyancy component of oil is equal to or less
than the gravitational component of water, the water
stops or sinks down, thereby forming a circulating wa-
ter flow (or regurgitation), the oil velocity is positive,
the water velocity is close to O or has a negative value.

2) When the wellbore is located horizontally, oil is
at the top, water is at the bottom, and the difference in
the rates of oil and water is low.

3) Downdraft (b > a), since the density of water is
higher than that of oil, the velocity of downward water
is higher than that of oil.
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Figure 1- Oil and water distribution
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Figure 2— Values depending on the water flow velocity

In a vertical well, the traditional calculation for-
mula for the slippage velocity in a two-phase oil-water
mixture is:

2 (1 - %)} @

pPw—Po

D0)%*exp {—0.788 In [

In a highly inclined well, the slippage rate is af-
fected by differences in the density of each phase and
the gravity component. In other words, the largerer the
angle of inclination, the more obvious the effect of
gravity, so the sliding velocity can be corrected using
the angle of inclination.

Vs =Voy + Vsec = Vo + f(6)

Vs = 12.013 (py — po)*?exp {—0.7881n |
A -Y)}a+26), @

1.85
e
pw—Po

Where SV and SC are the corrected slippage ve-
locity and correction value, m/min.

f(0) is the correction of inclination angle,
@ is inclination correction factor,

Y is zero dimensions of water ,

Pw — Do are densities of water and oil,

Conclusion

1. There is still a slippage velocity between two-
phase oil-water and gas-water mixtures in a highly in-
clined and horizontal well. The slippage velocity is
strongly influenced by the well trajectory. In updraft,
the slippage velocity is often positive. In horizontal
flow, the sliding velocity is over 0, but close 0. In
downdraft, the slippage velocity is negative.

2. Based on the analysis of the flow characteristics
in the simulated experiments and theoretical multiphase
flow models, with the introduction of the concept of
well deviation correction, models are determined for
adding and multiplying the well deviation correction by
the slippage velocity. And the multiplier correction
model has been proven correct and feasible in highly
inclined and horizontal wells by verification two-phase
oil-water experimental data.
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In article the technique of the analysis of electrical loads of consumers as non-stationary casual processes
with hidden periodicities is submitted. The estimation of outcomes of decomposition of casual process in a trigo-
nometrical series happens on the basis of inspection of statistical hypotheses. The obtained performances of inves-
tigated casual process can be used for prediction of his extremes, and also for the purposes of optimum control.

AHHOTAIUSA

B cratee MMpeaAcCTaBjIiCHa MCTOJAMKA aHaJIn3a SJICKTPUYCCKUX HArpy3ok HOTpeGI/ITeHCﬁ KaK HECTAllMOHAPHBIX
CquaﬁHBIX MpOUECCOB CO CKPBITHIMU NMEPUOANYHOCTAMMU. OHGHI/IBaHI/Ie PE3YIbTATOB PA3JIOXKCHUA CHy‘I&ﬁHOFO
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Ipoliecca B TPUTOHOMETPUYECKUH PsiJl IPOUCXOAUT HA OCHOBAHUM IIPOBEPKU CTaTUCTUUYECKUX runores. [TomydeH-
HBIE XapaKTEPUCTUKHU HCCIIEIYEeMOT0 CIyJalHOTO Ipolecca MOTyT OBITh MCIOJIb30BaHbI ISl TPOTHO3UPOBAHMS
€ro 3KCTPEMaNIbHBIX 3HAUCHUH, a TaKXKe IS IieJiell ONTUMAaNbHOTO YIIPaBICHHUS.

Keywords: load current as a random process, hidden periodicities, trigonometric series, statistical hypothesis,

agreement criterion, correlation function.

KaroueBble cj10Ba: TOK Harpy3KH Kak CIyYalHBIH IPOIECC, CKPHITBIE EPHOANIHOCTH, TPHTOHOMETpHYE-
CKUI1 psill, CTATUCTUYECKAs TUTIOTE3a, KPUTEPHUI COTJIACHsI, KOPPESIIMOHHAs (QYHKIIUS.

Beryn. Bigowme, mo icHyroui MeToaM  JOCIi-
JDKEHHS 1 IPOTHO3YBAHHS BHIIAJKOBUX CTalliOHAPHUX
MPOIIECIB HE 3aCTOCOBHI OE3MOCEepPEeTHBO 10 MPOIIECIB
Hecranionapaux. OHaK B CHEPromnocTayanHti mooyTo-
BHUX 1 IPOMHCIIOBUX HABAaHTa)KCHb, HABAHTAXKCHB IIPH-
MICBKUX 3QTI3HHUIIb 1 T.Jl. Y4CTO MPUXOIUTHCS 3IIITOB-
XYBaTHCA 3 HECTALIOHAPHICTIO BUIMAJKOBUX IIPOIIECIB
CTpyMY CHOXHBaHHS. SIK TpaBHJIO, TiCTOTpaMH, OTPH-
MaHi B TAKHX BUIAQJIKaX, MAIOTh JACKUIbKA BEPIINH i HE
aNpOKCUMYIOThCSI HOPMAJIBHUM po3noAutoM. bakaHo 3
TAKOTO HECTAI[IOHAPHOTO BUIAJIKOBOTO IPOLECY BHII-
JIMTH, SKIIO 1€ MOXIIMBO, ACTEPMIHOBAaHY CKIIAJIOBY,
3aJIeXKHY BiJl yacy, i BUIIAJKOBUI CTalliOHApHHUH Tpo-
1Iec, 10 SKOTO MOKYTh OYTH 3aCTOCOBaHI B 3aJIE)KHOCTI
Bil KOHKPETHOI METH PI3HOMAHITHI METOIM JOCIi-
TDKESHHS.

MeTa po60TH CKIIaIa€THCS Yy BUKJIA/ICH] 1 TPaKTH-
YHOMY 3aCTOCYBaHHI METOJUKH aHali3y HecTalioHap-
HUX BUITQJIKOBUX IPOLIECIB 31 CXOBAHMMH HEPiOJHYHO-
CTSIMU.

Martepianu i pe3yabTaT AOCTiI:KeHb. Y 3ara-
JIbHOMY BHIIQJIKy HECTAIIIOHAPHOTO BUIIAJKOBOTO IPO-
Iecy He iCHye CTaTHCTHYHUX METOZIB HOro Iocii-
mkeHHs. OJHAK BHUIAJIKOBI MPOIECH B EJIEKTPOIIOCTa-
YaHHI MaioTh JOOOBY, TH)KHEBY, piuHy U IHIIY
MEPIOANYHICTE y CHITY TepioguyHOCTI poOOTH MiApH-
€MCTB 1 TPaHCIIOPTY, ITOOYTOBUX HaBaHTaxeHb. Tpyn-
HOIIIB 0OPOOKH HECTAIliIOHAPHOTO BUMAAKOBOTO IIPO-
Liecy MO>KHA YHUKHYTH, SKIIO SIK MAaTEMaTHYHY MOJIEIb
MIPUHHATH HACTYITHE HoTo mpeacTaBaeHHs [1]:

x(t) = m(t)+&(t), (1)

e X(t) — JIOCTIIKYBAHUM TPOLIEC; m(t) — Ma-

TeMaTHYHEe O4YiKyBaHHS, SKE 3aJIe)KHTh BiI dYacy;

S(t) — CTaIioHapHUK HOPMAJIBHUN MPOIIeC 3 mapame-
TpamMu N(O, G).

ITependagaeTncs, M0 HECTAI[IOHAPHICTH BUTIAIKO-

BOTO TIpOIIEeCy X(t) 00yMOBJICHA TiTBKU 3MIHHUM Ma-

TEMaTHYHUM OYIKyBaHHSM, SIKE Y CBOIO Uepry € JeTep-
MiHOBaHOIO (yHKIIi€r0. Tomi EeHTPOBaHWN BUIIAIKO-

BUii mporec 8(t)= X(t)— m(t) Mae BIACTUBICTh
CTaliOHAPHOCTI. SIKIIO MPUIYLICHHS BiITHOCHO S(t)
BipHI, TO TpPH AOCTaTHBO MPEICTABHUIIBKIA BHOIpIi 3

npouecy X(t) CepelHE 3HAYCHHS S(t) HaOMM3UTHCS
JI0 HYJISI 1 3aJIMIIUTHCS TUIBKH AeTepMiHOBaHa (QyHKIis

m(t) . MaremaTHyHe OUiKyBaHHS m(t) B CHITy TIEpio-
JIMYHOCTI BHIIAJKOBOTO IPOIECY X(t) MOxe OyTH

n

npejacTaBieHe y BUDAAl pany Dyp'e, koedinieHTH
SKOTO BHU3HAYAIOTHCS METOIOM HalMEHIINX KBaJpaTiB
[2].

Takxum 9rHOM, IPEICTaBUMO (HYHKITIFO m(t) BiI-
pizkoM psgy Dyp'e:

r
m(t) = %0 +> (a; cosot+b;sinat), (2)
i=1

T. . . .
ne ®; =—1; i=1..,r, T — nepion nepuwoi

TapMOHIKH.

[pouec 300py ekcrepMMEHTAIBHUX AaHUX MpPH-
IMycKae 3iiCHEHHS Oomeparlii JUCKpeTH3allil 3a 9acoM
OesrepepBHUX pealtizamii BUIaAKOBOTO mporecy. L
omiepallisi 3BUMaifHO MPOBOAMTHCS Yepe3 PiBHI MpoMi-

KKH 4acy A(t). [TpuyoMy BenMuMHA IHTEPBAY JUC-
KpETHOCTI A(t) MOBUHHA OyTH TaKoo, 11100 3HAYECHHS

BHIIAJIKOBOTO TIPOIECy Ha KIHISIX IHTEpBaly X(t j) i

X(t j +1) Oynu HeKopeboBaHi. Bubip Bennanuu A(t)

BINMOBITHO 1O 3a3HAa4YeHOI YMOBHU 3a0e3medye, 3 Of-
HOTO OOKY, HE3aJIe)KHICTh BHOIPKOBUX 3HAa4Y€Hb MPO-
uecy X(t) , 1110 YMOYKJIMBJIIOE 3aCTOCYBaHHS /sl iX 00-
pPOOKM PO3BHHEHMX METOMIB MaTeMaTHYHOI CTaTHC-
TUKW; 3 IHIIOTO OOKy, MOYKHA 4YCKATH IIBUAKY
30DKHICTE psiay Pyp'e, TOOTO TakKy, KOJIH YHCIIO YICHIB
y po3kiagaHHi (2) HE MEePeBHIUTh MaKCHMAIILHOTO,
KOTPE MOKJIMBO BU3HAYHMTH IIPH TAKOMY KPOIIi KBAaHTY-
BaHHs. 3araibHa KUTBKICTh BUXITHUX HaHuWX mpu M
peaiizalisx BUMAIKOBOIO Mpolecy Oyae NOpiBHIOBATH
N =ml i nounne 6yTH mapauM. 3apeecTpoBaHi 3Ha-
YCHHS X(t) 3pYYHO 3aHOCUTH B TAOJHIIO, KOXKCH Psi-
JIOK SIKOT BiAMIOBiNae BU3HAYCHIN peanizallii, a 9ucio
CTOBIIIIB IOPIBHIOE YUCITY 3HAYCHD BHUIIJKOBOTO MPO-
necy | B ommilt peanizamii.

BupasuBmy BiAXWICHHS BHIIAAKOBOI BEITHYUHHI
BiJ] Tl MATEMaTUYHOTO OYIKYBAaHHS, OJICPKIMO:

a ! .
i=1
ae j=1..,n.
Jist OUiHKY HEBimOMMX KoedilieHTiB g, dj, bi

BUMAaraTUMEMO BiJIOBIIHO 1O METOAY HAWMEHIIHX
KBaJpaTiB [2], 1100

2

S:Zez(tj)z > x(tj)—a?o—zr:(ai cosw;t; +b; sinmitj) — min 4)

n
j=1 =1 i=1
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10 3MIHHMM a0, 8, bi .

ExcTtpemanpHe 3HaueHHs BUpa3y (4) BUXOIUTH Y
pe3yNbTaTi pO3B’sI3aHHS CUCTEMH PiBHSIHB:

oS oS oS
P02 =02 =0. ©)
oag 0a; ab;
Po3B’s3aHHs cucTeMu (5) iCTOTHO CHIPOIIYETHCS
MIPY BUKOPUCTAaHHI MaTpUYHOI anreOpu. Beememo mat-

puLio:

1 . .
2 coso,t; Ssinm;t, cosw,t; siho,t;
1 . .
A=|3 cosmit, sino;t, cosw,t, sinwt, |, (6)
1 : .
2 cosm,t,, Sinmt, cosw,t, sinot,

axa Mae N psakis i 2r +1 crosmmis. Jani mos-
CO :ao,cl :a1,02 = bl""’
Corq =2;,Cy =D,.

Ha4YnuMO

Toni Tpancnonosana marpuns-cropnens C  3a-
MUILIETHCS Y BUTIISIIL:

C :(CO’CI’CZ""’Ci""’C2r—1’c2r)' (7)

Y Takomy BUnajaKy piBHsHHS (3) nepenuuryThcs B
TaKui crocio:

E=X-AC. ®)
Bupa3s (4) y maTpuuHiii hopmi 3anucy npuiime Bu-
LIS

OTPUMAHUX Yy BUTIIAL JHIHHOT KOMOIHAI] BUXiTHUX

TaHuX X(t j) j =1 n). [MuTaHHS PO KUIBKICTH Yite-

HiB psgy Dyp'e, sike TOTpiOHO 30epertu B po3KIaIaHHI,
BHM3HAYAETHCS NIEPEBIPKOIO HA 3HAUYMMICTB OILIIHOK KOe-
¢imienTiB 3a kpurepiem CTbhIOIEHTA.

IMep Hixk 3acTocyBatu kputepiit CTblofeHTa, He-

06xinHo 3HaitTn aucnepcii oninok C koedinientis C
. BoHun noBuHHI BUpaxkaTucst 4epe3 Aucnepcii BUMIpio-
BaHOI BEJIMYMHU X(t j ) 3a JJOIIOMOT'OI0 IESIKOT JIIHIHHOT
KOMOiHAIIi1, TOMY IO cami OIiHKY € JTiHIHHIMH KOMOi-

HaI[iSIMA PE3yAbTATIB BUMIPY X(tj). VY 3arampHOMY

S—EE-= (X _AC ) (X _ AC) —X'X_2C'A’ Xﬂﬂﬁlﬂwepcﬁ € €JIeMEHTaMHM I'OJIOBHOI JliaroHani

9)

re B = (e(ty) e(t; ). e(t, ).

X = (Xq (b oy X4 (t1)
Xy (t1 )y ooy X () Devey X (£ oo
— BEKTOPH-CTOBIILI PO3MIPHICTIO (n X l).

Jdudepenmnitoroun (9) mo KOKHOMY KOeSQIieHTY
Cj, OJIEP)KIMO CHCTEMY PiBHSHB!

—2A'X+2A'AC=0, (10)

BIIKUIA OMIHKK KOe(iIieHTiB Ei BU3HAYAIOTHECS 3
PO3B’S3aHHS CHCTEMU:

—_ ' —1 '

C=(aa)"AX

3a yMoBHM, mo MaTpuns B = AA- HEBHUPO-

okeHa. Marpuus B 3 ypaxyBaHHSM BJIaCTHBOCTEH
TPUTOHOMETPUYHUX (DYHKIIH BHXOAUTH KBaJpPaTHOIO,

JliarOHaJILHOIO, PO3MIPOM (2r + 1)>< (2I’ + 1).

(11)

Sk moka3ano B [2], orpumaHi OUiHKH C; (i = O,ZI‘)
BOJIOJIIIOTh HACTYITHUMH Ba)KIIMBUMH BIIACTUBOCTSIMHU:
BEJIMUMHHU C; € HE3MillleHUMH OL[IHKaMu KoeillieHTiB
C; 1He 3aJIexKaTh BiJl BUIJIALY PO3IOJILLY S(I); oTpHU-
MaHi OLIHKA € HAHKpaIINMH 3 YCiX MOXKJIMBHX IHIIHX,

D[c]=D[Fx]=FD[X]F =(A'A)'Ac2EA(A'A) " =c2(A'A) ! =52B .

Takum 9uHOM, 32 Gopmymnoro (16) MOXyTs OyTH

BU3HAa4YeHI Jucrepcii owiHok koedilieHTiB  Cj,
i=01..,2r. BapTto migkpecnuTi He3aIeKHICTh UX

OITIHOK, 1[0 BUILJIMBAE 3 IIarOHAIBHOTO BUIY MaTPHIII

B.

X (8 Joees X (£ )yeves

MaTpuili KoBapiamiif. 31 cka3aHOTO BHIIE MPO BiICYT-
HICTh KOPEJISIT MDK CYyCIAHIMU 3HAYEHHSIMH BHITAIKO-

BUIUIMBAE YMOBA:

BOTO IIPOLIECY X(tj) i X(tj+1),

X (t.cﬁv{x(tj)’ X(t j +1ﬂ =0. (@

Bunankosuii npoiiec X(t) BiIPI3HAETHCS Bifl CTa-
LIOHAPHOTO HPOLECY 8(12) 3 mapaMeTpamMu N(O, ('5)
Ha BENIMYNHY HEBHUITAKOBO1 (DYHKITIT m(t) , TOMY pO3-
[JISIHYTI IEPETHHH [OTO MPOLIECY MAIOTh OJHAKOBI -
crepcii G 2. Topni 3 ypaxyBanHsMm (12) BUIUIMBaE BUpas3
IS IUCTIepCiit D(X) Ppe3ynbTaTiB BUMIpiB X(t j):

D(X)=c’E ,

ne E —onunmyna matpus.
Jaimi BU3HAUMMO JHCTIepcii OMiHOK Koe(ilieHTiB

(13)

C; . losnaunmo matpuro

P I
(AAJ"A =F .
Toni (11) Mo>kHa 3ancaTy y BUIJISLAL
C=FX (15)
1 MaTpHIs AUCTIEPCii OIIHOK BU3HAYNTHCS SIK pe-
3yJbTaT HACTYITHHX IIEPETBOPECHB!

(14)

-1
(16)

2 .

ToMy mo G~ — BenWYMHA HEBIZIOMA, TO BOHA 3a-
. . 2 .y

MIHIOETBCS Ha OILIHKY S° JHCHEpCili y MepeTHHaX BH-

MaJKOBOTO MPOLECY X(t) , 00yMOBIIeHY 32 POPMYIOI0

[3]:
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¢ _ (x-Ac)(x-Ac) |

17
A%
ne V=N—2r —1- gucno crynenin cBoGoIM.
SIKIIO MaTpHIl JUCIEPCii OIHOK KOe(ilieHTiB
pany @yp'e BUBHaYa€ThCA BUPA3OM

D[C] =SBt (18)
TO MOTPILIHICTH OIIHOK KOeilieHTIB
_ i —¢i
., =—— (19)

i,v —
/DG,
Mae posmoint CteromeHTa 31 V=N — 2r—1 CTy-
IEHSIMU CBOOOIH.

l'imoTesa HO, IO TIEPEBIPSAETHCS, TOJSITAE B

tomy, mo C; =0. Ilpu usomy, sxwo 3navenns
06umcieHo 3a (19), BUABISETHCS OUIbIIE KPUTHIYHOTO

t xp V1A IAHOTO PIBHS 3HAYMMOCTI g%, to rinotesa
HO BIJIKU/TA€THCSA, 1 OIIHKA MPUAMAETHCSA 3HAYUMOKO

[4]: ¢; # 0.V Bunajky, sKIIO BUKOHYETHCS 3BOPOTHA

YMOBA, TO OLIiHKa Koe(illieHTa C; BBA)KA€THCS HE3HA-

YYIIOIO, 1 JAHUH YICH PO3KIIAJaHHS BiTKUIAETHCS.
BapTo mimkpecnuta, mo SKIIO IOCTIHKYBaHUH

rporiec X(t) y OIMCHOCTI € cTalioHapHUM, TO BCi KO€-
¢imieHTH B po3KIafaHHi (2) BUABIATECS CTATHCTUYHO
HE3HAUYIMMH 32 BUHATKOM KoedinienTa @ [5].

[Ticnst Toro sSIK BUKOHAHA arpoKCHMalis QyHKIil
m(t) psnom @yp'e, 1o OTpUMAHUX BEIMYMHAX 8(t i
OyayeMo TicTorpamy i epeBipseMO HOPMAIBHICTH PO-
3M0/IUTy 32 KPUTEPiEM Xi-KBajapar XZ .

s mepeBipku TimoTe3n HO PO PIBHICTH IHC-

Tiepciii mporecy B pi3HI MOMEHTH Yacy MOXHa 3aCTO-
cyBatu kputepiii Kokpena. Y ko)XHOMY IepeTHHi BH-

MAJKOBOTO TPOIIECY S(tk) (k = ]j) 00YHCITIOETHCS

. .. 02 .. o2
OIIiHKa TUcTIepcii Sk .3 | mucmepciit Sk BHOHMPAETHCS

_ St
S?+S2 +..+S?

BUABUTHCA MCHIIC GKp . 3HaI7[I[eHOFO mo Tabnu-

(21)

usax [4] ans v=m-—1 crynenis ceo6oau, | mucnep-
Ciif 13a1aHOTO PIBHS 3HAYMMOCTI, TO TIIIOTE3a PO PiB-
HICTB AUCTIEPCii IpUMaEeThCS.

[Mopanbiie AOCTIDKEHHS YKIAIA€ThCS B PaMKH
METOJIB, 3aCTOCOBYBaHHMX JUIs CTAl[lOHApHUX MpOILe-
ciB. CriekTpasibHa IIUIBHICT 1 KOpesIiiHa (YHKIIs
BUPAXAFOTHCS B3AEMHO OJIHA Yepe3 IHIIY epeTBOPEH-
Hamu Dyp'e:

R(t)= [S(f)cos2nfrdf |
0

S(f)= 4'[ R(t)cos2nfrdr, (22)
0

a HOpMOBaHa KopeJsMiiiHa (GyHKIIS 1 HOpMOBaHA
CICKTpaJIbHA IIUTbHICTh 3aUINYThCS Y BUTJISI

M«.—):? , S(f)z?, (23)

ne D — nucnepcia o6uuncnena no oxuiii peaniza-
il npouecy 8(t) yTBOpeHoi sk cyma M peanizamiit
TaKoi K 3arajJbHO{ TPUBAIOCTI.

Oynkuii p(r) i S(f) aHAJIOTIYHO 3B'M3aHi Tepe-
TBOpeHHIMU Dyp'e:

p(t)= j s(f )cos2nfrdf |
0

s(f)= 4I p(t)cos2nfrdr. (24)
0

Jliist mepeBipkH epeKTHBHOCTI BUKIIACHOI BHUIIE
PO3paxyHKOBOi METOWKN OyB 3IiHICHEHUH aHANi3 pe-
3yJIBTATIB BUMIPY BHIIQJIKOBOTO IPOLIECY 3MIHH il0-
4OT0 3HAYCHHSI CTPYMY B OJIHIH 3 (pa3 BTOpHHHOT 0OMO-
TKH TpaHcdopMaTropa THPHUCTOPHOTO IMEPETBOPIOBAYA
OJIHOTO 3 MpOKaTHHX IexiB KpuBopizpkoro meramyp-

MaKCHMallbHa: - .
9 9 a2 5 TiifHOTO KOMOiHATy. Ycporo Oymo 3pobneno 2320 Bu-
Shax = maX(S 1S5 ey S ) : (20)  wmipiB cTpymy 3 iHTepBanOM MiX BHMipaMH B OJHY Ce-
SIKIIO 3HAYEHHS CTATHCTUKH KyHIy. Y Takuii crocid OyB oTpuMaHH BUXITHUN BU-
MaJKOBUH Mpoliec, IKU HaBEJICHUI Ha PUCYHKY 1.
| | T T | | |
1000 & 1000 W
l | | |
0 l l l l
0 500 1000 1500 2000 0

Pucynox 1 I'pagix nasanmasicenms
CUN06020 Mmpanchopmamopa

[Ticns Toro, sik Oyau y35Ti MepIIi M'ATHAAIATH Ta-
pmorik paxy (I =15 ), nporpama, nanmcana MoBoo

i 00 1000 1500 2000

Pucynok 2 Mamemamuune oyikysanms
8UNAOKOB020 NPOYeCy 3MIHU HABAHMA-
JHCEHMSL CUNOB020 MPAHCHOopMamopa
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nporpaMyBanHsl cepenoBuiia Matlab, 3aiiicauna pos-
paxyHOK OLiHOK KoedimieHTiB psagy Dyp'e 3a Gpopmy-
noto (11). Ilpu 1boMy OTpUMaHi HACTYIIHI pe3yJIbTaTH:

— OLIHKA OCTIHHOT CK1IafoBOi psy 8, =1758;

— 3HaYCHHS aMIUTITY/l KOCHHYCOINATbHUX CKJIA/I0-
BuX Ay ,..., 815:-52.6,6.5,101.7,2.2,57.1,-19.3,24.1,
-23.3,19.2,-55.6, -4.1, -5.9, 33.9, -2.2, 9.1,

— 3HAYEHHS aMIUITYJ] CHHYCOiTalbHUX CKIIAJ0-
Bux Dg,..., 0,51 62.1, -42.7, 29.1, 11.5, -17.7, -6.5, -
16.8,-26.6,-14.1, 14.9,7.2,0.73, -7.7, -1.3, -5.4.

Omiaka aucnepcii BUMaAKOBOTO MPOIlecy, BH3HA-
yeHa 3a opmyioro (17), S2=1908i S=43.68.

Benmuman  gucnepciii OMIHOK — KOe(iIieHTIB
ao,8;,b; (18)
Da, =3.37, Da; =Db; =1.72, i=1..,T.
Haui 3a popmyioro (19) oGuucneni snadenns { —
crarucTikd CTBIOIEHTA, 3allMCaHi B HACTYITHOMY IIO-
paaKy tao,tél,tBl,téz,th,...,tér,tBr: 9564,
39.4, 49.1, 4.9, 334, 77.6, 22.6, 1.7, 8.8, 44.2, 13.1,

14.9, 4.9, 18.6, 12.9, 17.9, 20.5, 14.7, 10.9, 42.8, 11.5,
3.2,55,4.6,0.57, 26.3, 5.97, 1.67, 1.04, 7.03, 4.16.

Kpurnune 3uauenns pis V = 2289 i pisui 3Ha-

BIAIIOBIIHO IO JOPIBHIOIOTH!

yumocTi ( = 5% 1o tabaumsnx [4] nopisHrOE 1.97. ITi-

CJIsl EPEBIPKM 3HAYMMOCTI OLIHOK KoedilieHTiB &; i

I I I I
VA

i} 500 1000 1500 2000

Pucynok 3 - Cmayionapuuii npoyec 3mi-
HeHMsI HABAHMAIICEHHS CUI08020 MPAHCPO-
pmamopa, AKull HaKIA0AEMuvCca Ha
nepioouyHy cKiadosy

ITo (21) oO6uuncroeThCst 3HAYCHHS CTaTHCTHKH Ko-
kpena G =0.0464. Ta6nuune 3HaueHHs u1s J0BIp-
401 iMoBipHOCTI 0.95, KIIbKOCTI HOPIBHIOBAHUX JTUCIIE-
pciii 29 i crymeniB cBo6omm V=79 nopiBHIOE
G,, =0.0545. 3 nepisrocti G <G, summsac,

1o naHi BUOipky 3 iMoBipHicTio 0.95 He cynepeyaTs Ti-
MOoTe31 Mpo PiBHICTH aucmepcid. Takum duHOM,
LIEHTPOBAHUI BUIMAJKOBHIA MMPOIIEC € CTAI[IOHAPHUM 1
fioro rpadik HaBeICHUI HA PUCYHKY 3.

ITicns BW3HAYEHHS CTAaTHCTHYHOI KOPEIALiHHOL
¢yHKLIIT Tporecy 8('[) 1 moOynoBH ii rpadika BHHUKAE
HEOOXIHICTh aNpPOKCHMAIll KOPENAIHHOT (QyHKIIT
AHAJIITHYHUM BHPA30M, 3pyIHHUM IIPH OJATBIIOMY JI0-

*
ciipkeHHl. s 3ri1amKyBaHHS 3aleKHOCTI P (’C),
BHKOPHCTOBYEMO (DYHKIIIFO BHTY:

p(r)=¢

—al

(25)

bi 3a kputepiem CThIOIEHTa OTpPUMaHI HACTYITHI pe-
3YJIBTAaTH: CTATUCTHYHO HE3HAYYILIUMHU BUSBHIIUCS OLLi-

nku a4,0,,8,4,0, iixni sHauenns npuitvarorses
piBHUME HyI0. ['padik gerepMiHOBaHOI mepioqmaHOL
CKJIQJIOBOI JIOCII/PKYBaHOTO TIpOIleCy HaBEACHHH Ha
PHUCYHKY 2.

Jlist cTarioHapHOCTI IEHTPOBAHOTO MPOIIECY S(t)
HeoOXiHe BUKOHAHHS YMOBH CTaJIOCTI qucnepcii. s

. .. Q2
IbOI'0 BUBHAYAETHCA OIIHKA AUCTIEPCIL Sk B KOXKHOMY

TIEPETHHI BUIIAIKOBOTO MPOLIECY S(I) .
Hwxkue HaBeneHi pe3ysibTaTé OOYHCIEHb Y TO-

2405.4, 1762.1, 1703.9,

2007.4, 2101.1, 1499.7, 2148.2, 1650.3, 1559.7,
1210.8, 1479.8, 2087.7, 1600.9, 1582.8, 1852.1,
1748.8, 2563.3, 1563.1, 1621.9, 1882.7, 1825.7, 2130,
2305.4, 1846.5, 1780.4, 2001.1, 1701.3, 1812.7,
2438.4.

BusHauaeTbcs MakcUMaibHE 3HAYEHHS 1 cCyMa -

2 2 2
pAOKY Sl ,So 829 :

29
crepeiii: Sh,, =St; = 25633, Y S} =55203.

i=1

a

i} 3 10

t,c

*
Pucynox 4 I'pagixu gpynxyii p (T) ma 3anedic-
Hocmi p(T), AKa it anpoxkcumye
Jnsa Bu3zHaueHHS TapameTpa d BUKOPHUCTOBY-
€TBCSl METOJI HaWMEHIIMX KBaJIpaTiB. 3aCTOCOBYHOUH

JAHWW TMIXid, CKIAAaeThCcs HACTYITHE HEINiHifHE piB-
HSIHHS BITHOCHO MapamMetpa a :

| |
ZTip*(Ti)e_aTi —ZTie_zati :O, (26)
i=1 i=1

*
e p (‘Ci)— 3HAUEHHSA EMIIIPUYHOI HOPMOBAHOI

KopessLiiHoi QyHKIIil B MOMEHTH Yacy T;.
Bupimyroun piBHsHHA (26) MeTomom Oicekii,

suaxoaumo A = 0.318. Toni ananitwunmii Bupa3 Ho-

PMOBaHO{ KOpeIALiiHOT GYHKIII Mae BUTIISA:

p(’t) _ e—O.SlB\r\ . @7)
3rnamKeHa QyHKIis p(‘l:) i eMnipuyHa (QyHKIIs

p* (’C) MOKa3aHl Ha PUCYHKY 4.
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Kopensiiina ¢yHKIlis XapakTepu3ye B3a€MO3B'si-
30K OpAMHAT Tpadika HABAHTAKCHHS, BU3HAYAE MOPSI-
JIOK YaCTOT, 1X CIHIBBIAHOIIEHHS 1 THM CaMUM OJHO-
3HAYHO 3B'A3aHA 3 (PYHKII€I0 PO3MOALTY SHEprii mpo-
[IECy IO YaCTOTaX, TOOTO CHEKTPaIbHOIO MUTHHICTIO.

Kopucrarouuce Bupazom (27) i hopmynoro (22)
3HAXOJIUMO OJJHOOIYHY HOPMOBAHY CIIEKTPAIIbHY IIiTb-
HICTB

4a 15.88

s(f)=4 I e cos2nfrdt =
0

I'padix GpyHKITii S(f ) HaBeJIeHUH Ha PUCYHKY 5.

CriekTpaibHa MUTBHICTh TOKA3Y€e ITUTOMY MOTYXK-
HICTh BHITaIKOBOTO IMPOIECY CTPYMY HaBaHTaKCHHS,
IO MPUXOANUTHCS HA OJJMHUYHI IHTEPBAIN YaCTOTH.

BucHoBku. Y naHiii po00Ti BUKJIAIA€ThCS 3araib-
HUH MiAXIiT 10 aHaji3y HecTalioHApHUX BHITaIKOBHX
MPOIIECIB i3 MPUXOBAHUMHU MEPIOTUIHOCTSIMH, SIKi BU-
3HAYAKOTHCSA PEKUMOM CIICKTPOCIIOKHBAHHS MTPOMHUC-
JIOBUX MiANpUeMCTB. [IpomoHyeThest y IKOCTI MaTeMa-

1.5

a% +4nf? 1576+ 4n2f2

(28)

THUYHOT MOJIETI IPUHHSATH MTPEACTAaBICHHS JOCIIDKYBa-
HOTO BHITaJIKOBOTO MPOIIECY Y BHIII CYMH JI€TEPMIHOBA-
HOT (hyHKIIT 13 3MIHHAM MaTeMaTHIHUM OYiKYBaHHSM i
CTaI[IOHAPHOTO HOPMAJILHOTO MPOIIECY 3 HYJbOBUM Ma-
TEMaTHYHUM OYiKyBaHHsAM. BigHiMaroum i3 Hecrario-
HApHOTO BHIAJIKOBOTO MPOLECY 3MIHHE MareMaTHYHe
OYIKyBaHHS, OTPHUMAEMO ICHTPOBAHWHA BHIIAJKOBUI
MIPOIIECC, CepeTHE 3HAYECHHS SKOTO IPH JOCHTH IPea-
CTaBHUIIBbKIH BHOOPII HAOMM3UTHCS IO HYJNS 1 3aiu-
IIUTHCS TUTHKHU eTePMiHOBaHA (HYHKITiS.

0.5

Pucynok 5 — I'paghix 00nobiunoi Hopmosanoi cnekmpanbHoi

WinbHOCMI 6UNAOK0B020 Npoyecy X(t)

VY cuiny mepiogugHOCTI JOCTIHKYBAaHOTO BUMAI-
KOBOTO ITPOIIECY MAaTEMaTHYHE OUiKyBaHHs MOXeE OyTH
npeAcTaBieHo y Burisni psany ®dyp’e, xoedinieHTH
SIKOTO BU3HAYAOTHCS METOJOM HaliMEHIINX KBaJIpaTiB
3a yMOBOIO MiHIMi3allii CyMH OpAMHAT LEHTPOBAHOTO
BHUITaAKOBOTO IIPOLIECY.

IMuTanHs 040 KUTBKOCTI WieHIB psaay Dyp’e, ski
HeoOXiqHO 30eperTn y po3KiaieHHi, po3B’sI3y€eThCA Tie-
PEBIPKOIO Ha 3HAUYUMICTh OLIHOK KOEe(]IIiEHTIB 32 KpH-
Tepiem CThIO/IEHTA 13 TIOTIEpEeIHIM BU3HAYEHHSM BEJIH-
YHHU AUCIepcii omiHOK KoedimmienTiB. [lepeBipka rimo-
Te3W MPO PIBHICTH JUCIEpCil Y pi3HI MOMEHTH 4acy
PpO3paxoByeThcA Ha OCHOBI kKputepiro Kokpena. ¥V pos-
paxyHkax koeiuieHTiB Dyp’e B3sATI mepii m'sTHa-
JISTh TapMOHIK 3 BHU3HAYEHHSM OINHKH TOCTIHHOT
CKJIaZI0BOI Ta 3HaYCHb aMILTITYJ] CHHYCHUX 1 KOCHHYC-
HUX CKJIaJJOBUX.

Sk BimoMo Ut cTarioHapHOI BHITAAKOBOT (YHK-
11ii, OKPIiM CTaJIOCTI MATEMATHYHOTO OYIKYBaHHSI, HEOO-
X1THO MaTH CTaNICTh MUcIepcii. 3a JaHUMU BHOIPKH 13
LIEHTPOBAHOTO BUIIJKOBOTO IPOLIECY OOyI0BaHa M-
mipugHa (GYHKIIS MIUTBHOCTI PO3MOALTY. ¥Y3roHKEeHHS
IMITIPHYHOTO 1 TEOPETHYHOIo pO3IOALIIB IepeBips-

nocs 3a kputepiem [lipcoHa, y pe3ynbTaTi 4oro 3 Bipo-
rigicTio 0,95 Hemae miAcTaB BIiOKUAATH TiMOTE3y
I110/10 HOPMaNbHOCTI po3noainy.  Kopensuiitna ¢yH-
KIlisl IETEPMIHOBAHOTO MPOLIECY BU3HAYEHA Yepe3 KO-
peNALiiHI MOMEHTH. ATIPOKCHUMAITis BHKOHAHA CTaH/a-
PTHOIO €KCIIOHEHIIIATFHOTO 3aJIEKHICTIO.

OTpuMaHi XapaKTePUCTUKH JOCTIHKYBAaHOTO BU-
MMaJKOBOTO IIPOIIECY MOXYTh OYTH BUKOPHUCTAHHI IS
MIPOTHO3YBAHHS HOTO SKCTPEMAIIbHIX 3HAYCHB a TAKOXK
JUTS 1IUJIeH ONTHMANbHOTO KEPyBaHHS.
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