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ARTICLES

DETERMINATION OF WATER POLLUTION IN THE CHUI VALLEY
WITH HEAVY METALS

Boobekova S.B., Osmonova S.S., Melisova G.A.

Kyrgyz National University named after J. Balasagyn, Bishkek, e-mail:osmonova09@mail.ru

In the modern world, environ mental pollution: water, air and various chemicals is a global problem. We
propose research work to lead the pollution of the water of the rivers of the Chui Valley, the Ala-Archa, Alamedin
and BCHK rivers with various chemicals (heavy metals), sources of heavy metals, and what consequences will
these pollution lead to when it enters the human body. Why did we choose the waters of the Chui Valley rivers:
Ala-Archa, Alamedin and BCHK? Because, the Chui Valley, the city of Bishkek are densely populated areas, where
there are many flows of various transport, large and small markets are located, and many enterprises. Also in this
area there are sewage treatment plants and a landfill, which additionally pollute the water with various chemicals,
including heavy metals. Lead, mercury, and cadmium were determined from heavy metals. The analysis was carried
out spectrometrically using an atomic absorption spectrometer, AAS-7000. This method is a modern, convenient,
fast, accurate, safe method and by this method very small concentrations of heavy metals can be determined. At the
beginning of the article, we briefly dwelt on some of the properties of heavy metals (Pb, Hg, Cd).

Keywords: Chui, Ala-Archa, Alamedin, heavy metals, plumbum, hydrargyrum, cadmium

The growth of cities, the rapid development
of industry, the intensification of agriculture,
the improvement of the cultural and living con-
ditions of people and a number of other factors
have led to the pollution of water resources.

This is especially the case in densely popu-
lated areas, cities where there are large traffic
flows, large and small markets are located, there
are many gas stations and other enterprises [1].

The purpose of this work is to study the
pollution of the water of the Chui Valley riv-
ers: Ala-Archa, Alamedin, BCHK with heavy
metals.

Lead, mercury, cadmium were taken from
heavy metals.

Water is a valuable human product, because
our body consists of 60-70% water. Water is
present in all tissues of our body. For example:
brain contains 70%, heart 75 %, lungs 85 %,
liver 86 %, kidneys 83 %, muscles 75 %, blood
83 %. Therefore, the lack of water is difficult
for the body to tolerate. Dehydration contrib-
utes to the development of many diseases [2].

The purpose of this work is to study the
pollution of the water of the Chui Valley riv-
ers: Ala-Archa, Alamedin, Big Chui river with
heavy metals. Lead, mercury, cadmium were
taken from heavy metals. Water is very nec-
essary product for human because our body
consists of 60-70% water. There is present in
all parts of body. For example: brain contains
70%, heart 75 %, lungs 85 %, liver 86 %, kid-
neys 83 %, muscles 75%, blood 83 %. There-
fore, the lack of water brings difficulty for the
body to tolerate. Dehydration contributes to the
development of many diseases [1].

The danger of lead for humans is that it is
highly toxic and can accumulate in the body.
Lead gets in to the human body with food (40-

70 %), drinking water, dust from contaminated
soils, etc. Lead enters the environment, that is,
soil, water, atmosphere with salts of inorganic
acids (lead chloride, lead sulphate) from trans-
port, where highly toxic alkylated compounds
tetraethyl lead, tetramethyl lead are used, from
lead paints, batteries

Mercury kills the nervous system of hu-
mans and other animals. When exposed to
mercury on the human body, memory gets
worse (Alzheimer’s disease), and we get anxi-
ety and self-doubt, irritability and headaches,
bleeding gums, heart disease, urination prob-
lems, etc [3].

Mercury comes to the environment from
mercury lamps, medical waste, also from in-
dustry (vinyl chloride, etc.), mercury batteries.

Cadmium is dangerous with its any form.
A dose of 30-40 mg is lethal. When cadmium
enters the body, it damages the kidneys and the
nervous system, disrupts the functions of the
genitals, and causes acute bone pain in the back
and legs. In addition, cadmium causes impair-
ment of lung function and has a carcinogenic
effect, accumulates in the kidneys, and people
get poisoning.

Cadmium is easily absorbed by plants from
the soil, also we can find it in tobacco leaves,
and therefore tobacco smoke has a high cad-
mium content.

Excessive intake of cadmium into the body
will bring anemia, pulmonary emphysema, oste-
oporosis, hypertension, can damage liver, etc [4].

To determine the content of the above
heavy metals, we have chosen a spectrometric
method using an AAS-7000 atomic absorption
spectrometer.

The essence of this method is in the reso-
nant absorption of electromagnetic (visible)
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radiation of a certain wavelength through a
layer of atomic vapors of the element being
determined [5].

Sampling for chemical analysis is carried
out in accordance with GOST 17.1.5.05-85.
Water is taken in containers with a volume of
500 ml, 1 liter from a polymer material, which
should not enter into a reaction with the sam-
ple, so as not to change the composition of
the water.

Samples were taken from the waters of the
Ala-Archa, Alamedin rivers and from the water
of the Big Chui river. Samples were taken from
each of these waters at three locations. From
the Ala-Archa river, near the Osh market and
in the village of Maevka.

From the Alamedin River — to the villag-
es of Kok-Zhar, Tash-Moinok and Alamedin.
From Big Chui river — railway station Ak-Bos-

ogo, in the village of Gidrostroitel and near the
Alamedin market.

The experimentation data came out from
the spectrometric analysis of the water of the
Ala-Archa, Alamedin and big chui rivers are
given in tables 1, 2, 3. Using these datas of
these tables, we have constructed diagrams 1,
2, 3 and gradient-level plots 1, 2, 3.

Table 1 shows the experimental data ob-
tained in the study of the water of the Ala-Ar-
cha River.

To compare the content of heavy met-
als in water, the tables give the maximum
concentration.

Table 1 shows that the lead content at all
points does not exceed the Maximum concen-
tration, on the contrary, it is 5 times lower than
A-Ar-1; 1.42 times lower than A-Ar-2; 2 times
lower at point A-Ar-3.

Table 1
The content of heavy metals in the water of the Ala-Archa river
Ne | Heavy metals Sample points Unit of measurement | Maximum permissible
A-Ar-1 | A-Ar-2 | A-Ar-3 concentration
1 Pb 283,3 0.002 0.007 0.005 mg/dm’ 0.01 mg/dm?
2 Hg 253,3 0.001 0.005 0.003 mg/dm’ 0.005 mg/dm’
3 Cd 228,8 0.005 0.003 0.002 mg/dm’ 0.003 mg/dm*
0,007
0,005 0,005 0,005
m A-Ar-1
Lt = A-Ar-2
0,002 W A-Ar-3
Pb Hg cd
o s
0,006
0,005 - / \ 2,005
\/ /’\ N
9,004 —i—Hg
0,003 / 5 \- — —a—cd
0,002 44 / \ c.co2
0,001 ©,;00%
o

A-Ar-1 A-Ar-2

A-Ar-3

Fig. 1. Diagram and calibration graph of the content of heavy metals in the water of the Ala-Archa river
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Mercury at points 1 and 3 is less than the
maximun concentration, at point 2 it is equal
to the MC.

Cadmium A-Ar-1 is 1.66 times more, at
the second point it corresponds to the MC, at
the third point it is 1.34 times lower than the
norm.

Using the data in Table 1, we built dia-
grams and calibration graphs.

Experimental data on the study of the water
of the Alamedin River, we showed in table 2, in
diagram 2 and calibration graph 2.

As we can see from Table 2, the lead con-
tent of the Alamedin River at all three points
exceeds the MPC 200 times. In our opinion,
this is due to the fact that the Alamedin River
flows in those places where there are large traf-

fic flows, densely populated areas, and many
different enterprises.

Mercury in the Alamedin River is con-
tained below the MPC, and at the Ala-2 point it
corresponds to the maximum permissible con-
centration, below the norm.

Cadmium at all three points exceeds the
maximum permissible concentration by about
6 times. The data on the determination of heavy
metals in the water of the Big Chui River we
presented in table 3.

In the water of the Big chui river, a high
content of lead is seen at all points and it is
232; 229; 226 times higher than MPC.

On the contrary, mercury does not exceed
at points 1 and 3, at the second point the con-
tent of mercury is equal to the MPC.

Table 2

Content of heavy metals in the Alamedin River

Ne Heavy metals Sample points Unit of measurement | Maximum permissible
Ala-1 | Ala-2 | Ala-3 concentration
1 Pb 283.3 2.28 2.17 2.21 mg/dm? 0.01 mg/dm?
2 Hg 2530000.3 | 0.001 | 0.005 | 0.003 mg/dm? 0.005 mg/dm?
3 Cd 228.3 0.18 0.15 0.13 mg/dm? 0.003 mg/dm?
2,5 ‘/ 228
2317
2
1,5 = Ala-1
= Ala-2
1 wAla-3
o=
— 0,18 15 13
e—
o T
Pb Hg cd
. zi 2,37 221
2
15
—e—Pb
——Hg
1 ——cd
0,5
0,18 0,15 0,13
. o = i

Ala-1

Ala-2

Ala-3

Fig. 2. Diagram and calibration graph of the content of heavy metals in the water of the Alamedin River
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Table 3
The content of heavy metals in the water of the Big chui river
Ne | Heavy metals Sample points Unit of measurement | Maximum permissible
BCHK-1 | BCHK-2 | BCHK-3 concentration
1 Pb 283.3 2.32 2.29 2.26 mg/dm? 0.01 mg/dm?
2 Hg 253.3 0.003 0.005 0.001 mg/dm’ 0.005 mg/dm’
3 Cd 228.8 0.23 0.17 0.19 mg/dm? 0.003 mg/dm’
25 9 232 29 26
2 B
15 "/ M BCHK-1
= BCHK-2
1 W BCHK-3
0.3 7 023 _ . 5,9
0,005
A —
o T T
Pb Hg cd
2,5 2,32 2,29 2,26
2
S
—e—Pb
——Hg
1 —e—Cd
o 0,23 onz o190
o D.- = u:.': D,:)1

Fig. 3. Diagram and calibration graph of the content of heavy metals in the water of the Big chui river

Cadmium, like lead, is contained in all three
points above the maximum permissible concen-
tration. At the first point the maximum concen-
tration limit is 76 times higher. At the second and
third points, it exceeds the maximum permissi-
ble concentration by 63 times. This is explained
by the fact that the Big chui river flows through
agricultural fields where farmers grow tobacco.

As mentioned above, cadmium is found
most of all in tobacco and tobacco smoke. Us-
ing the data in Table 3, diagram 3 and calibra-
tion curve 3 are constructed.

Thus, we have determined the content of
heavy metals (Pb, Hg, Cd) in the waters of the
Ala-Archa, Alamedin and Big chui rivers, which
flow through the city of Bishkek. As we expect-
ed, the dense population of the city, a large flow
and resulting traffic jams, the discharge of un-
treated industrial and domestic wastewater and
many other reasons will lead to water pollution
in the Ala-Archa, Alamedin and Big chui rivers.

The use of a universal, accurate, modern
atomic absorption method made it possible to
determine the trace amount of these heavy met-
als in the water of these rivers.
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Medical insurance is a form of social protection of the interests of the population in health protection, the
purpose of which is, in the event of an insured event, guaranteed receipt of medical care by citizens at the expense
of accumulated funds, as well as financing of preventive measures. Medical insurance is carried out in two types:
mandatory and voluntary and is an important part of the social protection of the population. The relevance of the
study is due to the fact that voluntary medical insurance, especially its corporate component, is a growing segment of
the insurance market and is the most popular type of insurance in Russia, which is confirmed by statistical data and
scientific publications. The purpose of this work is an analytical review of statistical data reflecting the indicators of
voluntary medical insurance according to various criteria, as well as identifying the positive and negative aspects of
this type of insurance. According to the results of the study, it was determined that the main part of the VMI market
falls on corporate clients, the reasons for this fact are reflected in the course of work. The main advantage of corpo-
rate voluntary medical insurance for all participants of the scheme is the benefit expressed in different ways and it is
this benefit that is the main factor in the dynamic development of this type of insurance.

Keywords: Insurance, voluntary health insurance, VHI, corporate insurance, insurance companies

Introduction

Insurance is a system of economic relations
that includes a set of forms and methods of form-
ing trust funds of funds used to protect the prop-
erty and other interests of individuals, legal enti-
ties and the state in the event of certain events [1].

Medical insurance is a form of social protec-
tion of the interests of the population in health
protection, the purpose of which is, in the event
of an insured event, guaranteed receipt of medi-
cal care by citizens at the expense of accumulated
funds, as well as financing of preventive meas-
ures. Medical insurance is carried out in two
types: mandatory and voluntary and is an impor-
tant part of the social protection of the population.

Voluntary medical insurance (VMI) in-
cludes additional services that are not included
in the mandatory medical insurance programs,
can be individual and intended for legal enti-
ties — corporate. Voluntary medical insurance
appeared in Russia in 1991 after the adop-
tion of the Law of the RSFSR of 28.06.1991
No. 1499-1 “On medical insurance of citizens
in the RSFSR” [2] and continues to exist to
this day, adjacent to mandatory medical insur-
ance. The main reason for the emergence and

existence of VMI is the demand of policyhold-
ers and insured persons for an expanded and
high-quality volume of medical services, and
the provision of tax benefits to both individuals
and legal entities who have sent their funds to
health funds by purchasing policies of this type
of insurance is a significant fiscal support [3].

The purpose of the study,
materials and methods

The purpose of this work is an analytical
review of statistical data reflecting the indica-
tors of voluntary medical insurance according
to various criteria, as well as using the expert
assessment method to identify the positive and
negative aspects of this type of insurance. The
relevance of the study is due to the fact that
voluntary medical insurance, especially its cor-
porate component, is a growing segment of the
insurance market and is the most popular type
of insurance in Russia, which is confirmed by
statistical data and scientific publications.

Results and discussions

If we consider the official statistics, the top
five leaders in voluntary health insurance among
the regions, presented in Table 1, looks like this:

Table 1

Distribution of LCA receipts by cumulative total by regions for 12 months of 2020

No | Dynamics from Region Cumulative total receipts
2019. thousand rubles | % of the total market

1. = Moscow 99 636 228 56,3%

2. < Saint-Petersburg 39244 365 22,18%

3. S Khanty-Mansi Autonomous Okrug — Yugra 4584 370 2,59%

4, < Sverdlovsk region 2774 854 1,57%

5. S Republic of Tatarstan 2221118 1,26%

S Other regions 28 503 793 16,1%

Source: Compiled by the author on the basis of data [4].
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Moscow leads by a significant margin
with revenues of 56.3 % of the entire mar-
ket, followed by St. Petersburg — 22.18 %,
the other regions are significantly behind.
Thus, the provision of VMI services is con-
centrated in two capitals of Russia. This
fact is due to the low income of the popula-
tion living in the regions, since it is in the
regions that for many years there has been
an increase in the share of the population
whose income is below the subsistence min-
imum, and the cost of a voluntary health in-
surance policy is quite high. Also, all the
leading insurance companies are concen-
trated in Moscow, due to the convenience of
doing business and the availability of sol-

vent customers, that is, the emphasis is on
making a profit by insurers.

Table 2 shows the dynamics of fees and
payments under the VMI for 2011-2020, indi-
cating percentages from previous periods and
payment coefficients.

Figure I clearly demonstrates the increase
in fees and payments for VMI for 2011-2019.
Thus, there is a constant increase in cash re-
ceipts for programs, as well as an increase
in payments for insurance cases. However,
the 2020 pandemic made adjustments in all
spheres of society, and voluntary health in-
surance was no exception — the indicators de-
creased. In this regard, it will be interesting to
analyze the data for 2021-2022 in the future.

Table 2
Dynamics of VMI fees and payments for 2011-2020
Year % Receipts + Payouts Payout
Receipts % of the previ- | Payments (thousand | % of the previ- coefficient
(thousand rubles) |ous year’s indica- rubles) ous year’s o
tor indicator
2020 176 964 713 97,96 118 206 690 93,45 66,80
2019 180 654 783 118,97 126 495 453 113,01 70,02
2018 151 843 113 108,45 111930 614 105,78 73,71
2017 140 007 952 101,59 105 811 237 105,14 75,58
2016 137 816 419 106,87 100 634 322 101,00 73,02
2015 128 956 970 103,94 99 641 322 104,64 77,27
2014 124 074 582 107,92 95219 627 105,87 76,74
2013 114 965 640 105,81 89 941 540 110,29 78,23
2012 108 653 999 111,80 81 551 462 111,01 75,06
2011 97 183 789 113,32 73 463 178 111,84 75,59
Source: [4].
Dynamics of VMI fees and paymentsfor
2011-2020
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Fig. 1. Dynamics of VMI fees and payments for 2011-2020
Source: Compiled by the author on the basis of data from Table 2
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Figure 2 shows the coefficient of pay-
ments under the VMI for 2011-2020.

It should be noted that the variation of the
indicators presented in Figure 2 cannot be as-
sociated with external factors, but only with
internal factors that directly affect this coef-
ficient: the number of requests for medical
care, the type of medical care and the cost of
services provided.

The growth in the number of contracts
concluded and the steady volume of the
VMI market in monetary terms indicate a
continued increase in the volume of this

type of insurance. Both receipts and pay-
ments are growing. This conclusion is made
without taking into account the consequenc-
es caused by the pandemic, since positive
dynamics was demonstrated throughout the
entire study period before its occurrence.
And we are confident that after overcom-
ing the difficulties caused by the pandemic,
the VMI market will continue its inten-
sive development.

In accordance with the statistical data, we
will conduct an analysis of the leading LCA
insurers in the insurance market (7able 3).

Payout ratio, %

2011 2012 2013 2014 2015

66,8

2016 2017 2018 2019 2020

Fig. 2. The coefficient of payments under the VMI for 2011-2020.
Source: Compiled by the author on the basis of data from Table 2

Table 3
Dynamics of VMI fees and payments for 12 months of 2020: TOP-5 insurance companies
* Receipts 4+ Payouts
o o
g E S gl F S 2
= Z 2., | = 2 2, | B
No Name, cit = 2 @ 2 5 g S~ 35 z
, city P £ 38 ZE | 2 =38 Bl 3
— n 2 = 9 =) n O 8 2 >
£ = &% | = B &g | &
© ‘D 2= © g &=
g 3 = g § Z
[a qu =} o a o
X X
1. JSC “SOGAZ” 1 64352886 | 106,82 | 1 | 48575248 | 92,30 |75/48
Moscow
2. | Insurance PJSC “RESO- | , 4 [20062545| 11429 | 2 | 14422341 | 106,07 | 71,89
Garantia” Moscow
3. | JSC “AlfaStrakhovanie” | 3 4 |17857463| 116,28 | 3 | 11887131 | 106,10 | 66,57
Moscow
4. | PJSCIC “Rosgos-strakh” | 4 4 |[12187276| 61,88 5 5752583 | 94,55 |47,20
Moscow
5. Insurance PJSC “Ingoss- 5 9556 485 87,75 4 6 802 557 81,22 | 71,18
trakh” Moscow

Source: Compiled by the author on the basis of data [4].
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The undisputed leader in the market of
insurance services for voluntary medical in-
surance is JSC “SOGAZ”, its indisputable ad-
vantages are presented in the figures of cash re-
ceipts, as well as payments for insured events.
Thus, the insurance PJSC “RESO-Garantia”
Moscow, which occupies the second place in
the ranking in terms of receipts and payments,
lags behind JSC “SOGAZ” by more than
three times.

So, after considering some statistical in-
dicators, we can conclude that, basically, the
advantages that the VMI policy gives are en-
joyed by residents of large cities working in
prestigious companies, there is an increase in
the number of contracts concluded, there is a
constant increase in cash receipts for programs,
and payments for insurance cases are also in-
creasing. The leading insurance company pro-
viding services for voluntary medical insurance
is JSC “SOGAZ”. The intensive development
of the market, increased competition between
insurance companies, medical institutions due
to the improvement of the quality of service,
the complication of the service component of
insurance products leads to further concentra-
tion on the VMI market [5].

However, with the identified positive
trends in the development of voluntary medical
insurance, it is impossible not to mention the

problems in this sector of insurance services,
which can be divided into external and inter-
nal. We will not focus on the pandemic, since
the problems caused by it are unconditional
and have affected every sector of the economy.
Figure 3 shows the classification of problems
of voluntary health insurance by internal and
external components.

The main clients of insurance companies in
terms of voluntary health insurance are corpo-
rate clients, they account for about 90 % of the
contributions collected under these programs,
this happens for a number of reasons, the main
of which include the following:

e In recent years, the level of business in-
volvement in solving social problems has sig-
nificantly increased, including the provision
of medical services to its employees and their
family members.

e In addition to the growth of social re-
sponsibility of business, there is also an interest
of insurance companies to work with corporate
clients, due to the uniform distribution of risks
among all insured employees and a high per-
centage of negative selection when concluding
VHI contracts with individuals.

e Also, the low financial situation of
the population does not make it possible to
purchase a VMI policy privately, due to its
high cost.

The increase in the cost of policies is caused by a
constant increase in prices for medical

institutions ' services

—| External links >

Weak insurance incentives for policyholders are
expressed in the insufficiency of tax benefits, the

level of effective demand

The lack of the necessary infrastructure lies in the
absence of medical and preventive institutions
with a high level of quality of services in the

regions of the Russian Federation

The spread of pseudo-insurance instruments
— consists in the use of deposit agreements of the

VMI

Problems of voluntary health insurance

—| Internal >

Anti-selection of risks in the case of VMI of
individuals is expressed in an insufficient risk
assessment when concluding VMI contracts with

individuals

The overestimation of the volume of medical care
— by medical and preventive institutions is caused by
the desire to maximize the cost of treatment

Fig. 3. Problems of voluntary health insurance
Source: [6]
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Thus, the main part of the VMI market falls
on corporate clients and, for example, in Mos-
cow and St. Petersburg, according to experts,
95% 1is corporate. In the regions, companies
that insure their employees prefer depository
insurance and the use of VMI to finance their
own medical unit or organize the treatment of
employees in sanatoriums and dispensaries [1].

Investments in human capital are one of the
crucial conditions for increasing the efficiency
of any company, and VMI is one of the direc-
tions of such investments. The social package
is understood as additional social benefits and
guarantees to employees, and each employer
provides it on its own initiative and on a vol-
untary basis, and it serves as a competitive ad-
vantage of the company. The social package
may include medical care for employees, that
is, a program of corporate voluntary medical
insurance. Corporate VMI is a program of so-
cial guarantees in the medical field, including
compensation for the costs of treatment, ex-
amination and hospitalization of the organiza-
tion’s personnel.

Figure 4 shows the scheme of interaction
of VMI subjects.

In accordance with Article 157 of the Civ-
il Code of the Russian Federation, the VMI
agreement is one of the conditional transac-
tions. The policyholder has the right to demand
payment of the insured amount from the in-
surer only from the moment of occurrence of
the insured event. The insured event also has
a feature inherent in a conditional transaction:
the condition and the insured event are equally
obligations with respect to which it is unknown
whether they will occur or not [8].

POLICYHOLDER

The absolute advantages of voluntary
health insurance for employees are:

e Additional free social guarantees;

e Getting medical care in the best medi-
cal institutions;

e The possibility of choosing a medical
institution from the list offered by the insur-
ance company;

e Full compensation of medical care costs;

e Qualified medical staff, polite and
attentive;

e Individual approach;

e Reception by appointment at a conveni-
ent time, no queues;

e The possibility of calling a doctor at
home or at work;

e Registration of sick leaves, certificates
and other documents;

e Spa treatment (subject to inclusion in
the program);

e The possibility of insuring family
members.

The advantages for legal entities that in-
sure their employees are:

e Getting tax benefits:

o In accordance with paragraph 16 of Ar-
ticle 255 of the Tax Code of the Russian Fed-
eration, the maximum amount of contributions
not exceeding 6% of the total cost of salary
payments under a VMI agreement concluded
for at least 1 year can reduce the tax base for
income tax [9];

o According to paragraph 1 of Article
238 of the Tax Code of the Russian Federation,
the amounts of insurance premiums under the
VMI contract, which was concluded for at least
1 year, are not subject to a single social tax [9];

VMI Agreement

(citizen,

Payment of insurance

v

THE INSURER
(CFR)

enterprise)

Applying foran
insurance policy
Provision of services

premiums

Invoice for the
provision of services

Assistance agreement
Payment of the invoice

Medical and preventive institution

(MU) «

Fig. 4. Scheme of interaction of VMI subjects
Source: [7]
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o In accordance with paragraph 3 of Ar-
ticle 213 of the Tax Code of the Russian Fed-
eration, when calculating the tax base of an
individual, the income that he receives as an
insurance payment upon the occurrence of an
insured event is not taken into account [9].

e Increasing the prestige of the organiza-
tion and the loyalty of employees;

e Attracting qualified employees;

e Reducing the turnover of qualified
personnel;

e Reducing the loss of working time and,
accordingly, increasing labor productivity.

And others.

Thus, in addition to the main function of
voluntary medical insurance — receiving highly
qualified volume medical care, there are ad-
ditional bonuses that confirm the benefits for
both insured and insured persons, and it is this
that is the main factor in the dynamic develop-
ment of this type of insurance.

VMI programs include various types of
medical care:

e Qutpatient clinic;

e Stationary;

e Comprehensive;

e Special programs

In case of illness, you can seek help in two
ways:

e Direct access (applying to a medical in-
stitution from the list provided by the insur-
ance company);

e Access through the insurance company
(round-the-clock phone number of the insur-

ance company, confirmation of payment for the
necessary service).

For corporate VMI, there are various
schemes that are applied depending on the per-
sonnel belonging to different grades (Fig. 5).

The employer’s choice of a VMI program is
influenced by many factors: the position of the
employee, the length of service, the value of the
employee for the company. For example, em-
ployees belonging to grade 3 can be insured un-
der the standard VMI program, and elective op-
tions with the inclusion of shared co-financing
can also be applied to this program. All the years
of using VMI, the possibility of insuring rela-
tives of employees of the company — grade 1 has
become very popular. As a rule, the standard and
extended VMI program does not include aes-
thetic medicine and cosmetology. The full VMI
program, costing from 100,000 rubles, includes,
in addition to the list included in the standard
(basic) and extended programs, the following:

® Access to expensive private and public
high-tech clinics;

e Expensive high-tech research;

e Hospitalization for emergency and
planned indications in separate wards of Lux-
ury clinics;

e Dental care, includes prosthetics and
implantation;

e Pregnancy management and maternity care;

e Psychotherapy services;

e Diagnostics and treatment in foreign
medical institutions

And so on.

Extended VMI program

Inclusion of family
members in the policy

Payment of the policy at the
expense of the scheme
participant

Selection of VMI program

options

Standard VMI program

Selecting an option

Shared-equity co-financing

—  Grade 1 >—[
>
>
6 | H  Grade2 %
(]
S
& L
<
]
o | = Grade3 >—[
o
G
- Grade4 %

Standard VMI program
without a choice of options

Fig. 5. Scheme of group insurance of VMI
Source: [10]
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If there are a large number of advantages
of corporate voluntary medical insurance, the
main disadvantage for employees is that the
insurance program is chosen directly by the
employer, the conditions are dictated by him.
So, if the insured amount is exceeded per per-
son under the collective insurance contract, the
insured will have to pay for treatment indepen-
dently. And with an extended VMI program,
the employer may ask the employee to pay part
of the insurance premium. However, with the
existing disadvantages, a significant plus is that
the cost of a corporate voluntary health insur-
ance policy is significantly lower than a policy
for an individual.

An important point for both corporate and
private VMI is that unpaid medical services
are mandatory prescribed in the insurance con-
tract. It should be noted that if the client of the
insurance company already has some serious
diseases, such as:

e Oncological diseases;

e Dangerous infectious diseases;

e Venereal diseases;

e AIDS;

e Hepatitis;

e Tuberculosis;

e Diabetes mellitus;

e Mental disorders;

e Congenital chronic diseases;

e Complicated pregnancy;

e Infertility

and the patient will have a long-term treat-
ment and rehabilitation, in this case, the in-
surance company may not conclude a VMI
contract. If the concealment of the presence
of a serious illness is detected, the insurance
company has the right to terminate the insur-
ance contract. Within the framework of VMI,
chronic diseases are treated only in the acute
stage if there is a threat to the patient’s life.
If the above-mentioned diseases are detected
during the examination of the patient, the in-
surance company will pay for all studies and
procedures until the diagnosis is made.

In accordance with the analytical review of
the voluntary health insurance market prepared
by AST Company:

e This type of corporate insurance is most in
demand in raw materials companies and IT sec-
tor companies and accounts for 27.6 % (Fig. 6);

e The most popular options are outpatient
consultations and inpatient care (Fig. 7);

e There is an increased popularity of op-
tions related to telemedicine, as well as a grow-
ing demand for coinage (Fig. §);

e The success factors of the clinics are:

o Professional team;

o Modern methods of diagnosis and
examination;

o Convenient location;

o Service;

o High places in the quality ratings com-
piled by the media.

VMI by industry

= From the sphere of the IT complex ® From the field of industry

= Retail, trade

= Services

Fig. 6. VMI by industry
Source: [11]

= Consulting, legal sphere

= Other
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Fig. 7. A set of basic VMI services
Source: [11]
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Conclusion

Thus, voluntary medical insurance, espe-
cially its corporate component — is a growing
segment of the insurance market and is the most
popular type of insurance in Russia, which is
confirmed by statistical data and scientific pub-
lications analyzed in the course of this study.
The main part of the VMI market is accounted
for by corporate clients, and in Moscow and St.
Petersburg, 95% is corporate. Investments in
human capital are one of the crucial conditions
for increasing the efficiency of any company,
and VMI is one of the directions of such invest-
ments. This type of corporate insurance is most
in demand in raw materials companies and
companies in the IT sector, which is natural,
since companies in these areas of activity are
large businesses and are the most financially
stable. And the cost of a corporate voluntary
health insurance policy is significantly lower
than the cost of a policy for an individual. The

 Health Fair

100 120 140 160 180

M Professional examination  m Office Doctor

study identified the positive and negative as-
pects of the analyzed type of insurance.

In conclusion, it should be noted that the
main advantage of corporate voluntary medical
insurance for all participants of the scheme is
the benefit expressed in different ways and it
is this benefit that is the main factor in the dy-
namic development of this type of insurance.
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FORMATION OF FUNCTIONAL LITERACY AS A BASIS FOR IMPROVING
THE QUALITY OF THE EDUCATIONAL PROCESS
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The modern world requires from a young specialist not only academic knowledge in his specialty, but also
many other qualities, skills, skills that allow him to navigate the modern powerful information flow. Today, students
have to learn a huge amount of complex, often incomprehensible material in all academic subjects. And even com-
plete mastery of this material does not guarantee a young specialist competitiveness in the modern economic market.
The formation of functional literacy among students allows not only to master theoretical knowledge, but also to
apply the acquired knowledge in practice, to form skills and abilities, to build meta-subject connections. They must
acquire the necessary knowledge and comprehend it, develop skills for applying the acquired knowledge in real life
situations. In connection with the increasing globalization of the economies of most countries of the world, the prob-
lem of training specialists capable of adequately competing in the modern world economic market becomes urgent.
The article gives the concept of natural science literacy as a necessary component of the development of students’
functional literacy. The components of natural science literacy are revealed and an example of the formation of its
competencies when passing the topic “Discovery of viruses” is given.

Keywords: functional literacy, meta-subject knowledge, science literacy, International Program
for Student Assessment (PISA)

A distinctive feature of the life of modern
society is the rapidly increasing variability
of the surrounding world of things, ideas and
technologies are replaced than generations of
people. Such changes affect almost all aspects
of human life, but first of all, the education
system, since entering a post-industrial so-
ciety has given rise to the problem of timely
preparation of people for new conditions of
life and professional activity. The modern
world requires from a young specialist not
only academic knowledge in his specialty, but
also many other qualities, abilities, skills that
allow him to navigate in the modern power-
ful information flow [1]. In the 21st century, a
person is surrounded by an information field,
in which it is not easy to navigate not only for
young specialists, but also for the older gen-
eration [2, 3]. Today, students have to learn a
huge amount of complex, often incomprehen-
sible material in all academic subjects. And
even a complete mastery of this material does
not guarantee young specialist competitive-
ness in the modern economic market, which
has intensified in connection with the globali-
zation of the economies of most countries of
the world. Modern education allows students
not only to master theoretical knowledge, but
also to apply the acquired knowledge in prac-
tice, to form skills and abilities, and to build
Meta subject connections. They must acquire
the necessary knowledge and comprehend it,
develop the skills of applying the knowledge
gained in real life situations. The term «func-
tional literacy» is currently used to define this
complex competence.

The term “functional literacy” was intro-
duced back in 1957 by UNESCO, which was
understood as “a set of reading and writing
skills for use in everyday life and to satisfy
everyday problems” and was applied mainly to
the adult population.

In our country, according to a number of
international experts, from 25 to 40% of the
total population, due to functional illiteracy,
experience significant difficulties in writing,
reading and working with numbers [4].

Nowadays, modern education has an es-
sential question: «Do 15-year-old students
who have received compulsory general educa-
tion have the knowledge and skills they need
for full functioning in modern society, i.e. to
solve a wide range of tasks in various spheres
of human activity, communication and so-
cial relations.

Materials and research methods

To monitor educational achievements,
functional literacy among students in 1997,
the Organization for Economic Cooperation
and Development (OECD) developed a test
that allows assessing the level of functional
literacy among students. The result of this
work is the Program for International Student
Assessment (PISA).

PISA was first tested in 2000 and is con-
ducted by the OECD every 3 years among ado-
lescents aged 15 years. International research
on monitoring functional literacy using the
PISA test is carried out with the participation
of leading international scientific organiza-
tions such as the Australian Council for Educa-
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tional Research (ACER), the Netherlands Na-
tional Institute for Educational Measurements
(CITO), the United States Educational Testing
Service (ETS), and the National Institute for
Educational Research (NIER) in Japan, US
Westat (WESTAT) and others. The study in-
volves OECD countries, as well as those coun-
tries that interact with the OECD. The number
of such countries is increasing every year.

The results of the PISA study allow us to
determine the state of Russian education from
the standpoint of international standards, as
well as in what direction Russian education
should be improved to increase the competi-
tiveness of our graduates.

Research results and discussion

To determine functional literacy, sev-
eral indicators are used, the main of them are
mathematical literacy, reading literacy and
natural science literacy. The results of PISA-
2018 among students of OECD countries, as
well as those countries that interact with the
OECD we see from Russia ranks 30th in func-
tional literacy among the OECD countries. Ac-
cording to the results of the study conducted
in 2018, students from Russia showed a slight
decline in all three areas in comparison with
2015. As can be seen from the data in Table
1, the average score of Russians in 2018 was:
in reading literacy 479 points against 495 in
2015; in natural science literacy — 478 points
against 487 in 2015; in mathematical literacy —
488 points against 494 in 2015.

As a result, compared to the 2015 survey,
Russia dropped from 26th to 31st in reading
literacy, from 23rd to 30th in mathematics, and
from 32nd to 33rd in science literacy. The data
are presented in Table 2.

In the international report for 2000-2012 the
place of the country is indicated taking into
account the standard deviation. To date, the
largest researchers in assessing the quality of
education, in addition to PISA, are several rec-
ognized organizations — [EA, TIMSS. About
50 — 70 countries of the world take part in
such studies, where the educational level of the
younger generation is assessed.

International studies TIMSS Trends in
Mathematics and Science Study) in the field of
mathematical and natural science knowledge
showed that subject knowledge in these areas
meets international requirements (in the stud-
ies conducted in 2015 and 2019, Russia takes
3-4 places in science literacy among 4 grades
and 5-7 places among 8 grades, and in math-
ematical literacy 6-7 places in grades 4 and 8),
and functional literacy remains below interna-
tional standards.

If earlier there were debates about what
is more important, academic knowledge or
the competence of the student, now the need
for deep academic knowledge and the impor-
tance of basing the competencies of students
on them, allowing to apply this knowledge in
real life, are obvious. The research, carried out
according to the PISA program standards, fo-
cuses not so much on determining the forma-
tion of subject knowledge and skills, but on
identifying the ability to solve practice-orient-
ed problems based on information presented in
different forms, identifying those knowledge
and skills that will be useful to students in the
future. According to the results of the study,
Russian students occupy lagging positions in
the ability to analyse life situations in order to
identify and formulate modelling problems,
and suggest ways to solve them.

Table 1
Research direction The number of Russian points (on a 1000-point scale)
PISA- PISA- PISA- PISA- PISA- PISA- PISA-
2000 2003 2006 2009 2012 2015 2018
Science literacy 460 489 479 478 486 487 478
Mathematical literacy 478 468 476 468 482 494 488
Reading literacy 462 442 440 459 475 495 479
Table 2
Place of the Russian Federation among other participating countries
Research direction PISA- PISA- PISA- PISA- PISA- PISA- PISA-
2000 2003 2006 2009 2012 2015 2018
Science literacy 26-29 20-30 33-38 38-40 34-38 32 33
Mathematical literacy | 21-25 29-31 32-36 38-39 31-39 23 30
Reading literacy 27-29 32-34 37-40 41-43 38-42 26 31

EUROPEAN JOURNAL OF NATURAL HISTORY Ne§, 2021



Pedagogical sciences

In this regard, before the education of Rus-
sia there is a task to change the trajectory of
students so as to apply knowledge to practice.
In accordance with the May decree of Presi-
dent Vladimir Putin, Russia by 2024 should
become one of the ten leading countries in the
world in terms of the quality of general educa-
tion. To do this, it is necessary to maintain the
level of academic knowledge in TIMSS and in-
crease functional literacy in PISA. In the tasks
of the Unified State Examination and the OGE
of recent years, practice-oriented tasks aimed
at identifying functional literacy in children
have already been included.

How can this goal of our functional litera-
cy education be implemented? First of all, you
need to know the requirements that are pre-
sented to teachers in PISA tests. Currently, a
6-level assessment system has been developed
and used in PISA tests to assess the results of
educational achievements (pic. 1).

According to the data from Table 3 and
pic. 1, Russia is between the 3rd and 4th lev-
els in functional literacy, occupying an average
value on the international scale.

What problems need to be solved to in-
crease the level of functional literacy?

First, we are used to building a model of
education based on one single correct answer.
With this approach, students do not develop
creative thinking skills. Without mastering this,

it is difficult for a modern person to navigate
and develop in the rapidly changing conditions
of the modern world. Accordingly, expanding
the skills of solving problems with multiple so-
lutions is a priority for the teacher.

Secondly, at the moment, the problem with
education is that often academic knowledge
is given in isolation from real life. And when
students face real life, they often cannot deter-
mine in which area of knowledge the solution
to a particular problem is located. The students
do not have the integrity of the perception of
the picture of the worldview. An important role
in this is played by the formation of Meta sub-
ject knowledge. To form this competence in
the educational process, it is necessary to give
atypical tasks, real life situations, tasks where
there is no obvious solution and requiring crea-
tive activity.

Thirdly, when building the trajectory of
students’ education, it is necessary to develop
not only mathematical, reading and natural sci-
ence literacy, but also global competencies of
students, such as creative thinking and meta-
cognitive abilities, which allow students to
solve multiple life and professional tasks based
on the acquired knowledge, skills and skills.
Only such an integrated approach to the de-
velopment of competencies will allow our stu-
dents in the future to compete with dignity in
the specialist market.

Table 3
Reading literacy | Mathematical literacy | Science literacy
Russia 479 488 478
All OECD countries 487 489 489
Top ten countries with the best results 526 541 534
PISA scale

We expect student A to successfully
complete items I to VI, and probably

Item VII—> item VII as well.
Items of
relatively high difficulty
ItemVI ——>
ItemV —>
Items of We expect student B to successfully
moderate difficulty Item IV ——> complete items I and II, and probably
item III as well; but not items V to VII,
and probably not item IV either.
Item III
ItemIl —>
Items of
relatively low difficulty
ItemI —> We expect student C to be unable to

successfully complete any of items II to VII,
and probably not item I either.

Levels of functional literacy of PISA research
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In order to form the functional literacy of
students, it is necessary to use new systems
of teaching and learning situations. Introduce
tasks, the main meaning of which is to translate
passive knowledge into active knowledge. To
do this, set multivariate tasks, tasks in which
there are no explicit indications of the mode of
action. To pose problems requiring the search
for an answer outside the subject area, close to
life situations and affecting the personality of
students [5, 6]. And in this case, the basis of
functional literacy is the formation of natural
scientific literacy. What is natural science lit-
eracy and what does it consist of?

There are three main competencies, three
groups of skills that characterize natural sci-
ence literacy in PISA

* Explaining or describing natural sci-
ence phenomena based on available scientific
knowledge, as well as predicting changes.

» Recognition of scientific questions and
application of scientific research methods.

* Interpreting data and using scientific evi-
dence to draw conclusions.

For the formation of relevant competen-
cies, it is necessary to introduce tasks aimed
at the development of natural science literacy
in the learning process [7]. There are basic re-
quirements for such tasks. These tasks should
be aimed at testing the skills that characterize
science literacy, but at the same time should
be based on situations that can be called life,
real, or simply interesting for the children.
These tasks are usually based on problematic
material, including text, graphs, tables and re-
lated questions.

For example, consider the tasks for the for-
mation of natural science literacy in the study
of the topic “Discovery of viruses”. In connec-
tion with the developing COVID-19 epidemic,
the topic is relevant and the competencies ac-
quired by students in the study of this topic are
necessary for any person.

Tasks for the formation of natural sci-
ence literacy in the study of the topic “Dis-
covery of viruses”. Read the text and com-
plete tasks 1-5.

Task 1. Discovery of viruses

Viruses have existed on earth for about
3 billion years. They are the most multiply
biological form and are present in every eco-
system. Meanwhile, people have only recently
learned about the existence of viruses.

This happened at the end of the 19th cen-
tury, when a young Russian scientist Dmitry
Ivanovsky studied the so-called mosaic disease
of tobacco plants. He rubbed sickly tobacco
leaves in a porcelain mortar and passed the re-

sulting juice through a bacterial filter. The fil-
ter had tiny pores through which bacteria did
not pass. The resulting filtrate was applied to
healthy tobacco plants, and after a while, dis-
coloured areas appeared on these leaves. There
were no bacteria, but the mosaic disease affect-
ed the plant. The leaves were examined under
a light microscope, as a result, D Ivanovsky
suggested that the causative agents of diseases
are still unknown particles, which he called
non-bacterial pathogens or ‘filtering” bacte-
ria. Subsequently, these particles were called
viruses. D Ivanovsky became their discoverer.

1. What research methods made it possible
for D Ivanovsky to make an assumption about
the existence of viruses?

1) Observation

2) Modelling

3) Experiment

4) Filtration

5) Monitoring

Mark all correct answers.

As we can see from Task 1, students are
offered to determine the research methods used
by the scientists. This requires an analysis of
the text read, updating knowledge on the topics
studied. At the same time, the competencies of
students are formed and consolidated in the ap-
plication of various methods of natural science
research to solve the assigned tasks.

Task 2. Continuing the study, D.I. Ivanovs-
ky conducted the following experiment. In a
Petri dish on media with nutrients, he placed
excretions from plants with a known bacterial
disease and excretions from plants with ‘‘filter-
ing” bacteria. It turned out that only in case
1, colonies grew on nutrient media, and in
case 2 there were no colonies. What conclu-
sions did Ivanovsky make after he had studied
his experiments on the study of mosaicism of
tobacco leaves?

Mark all correct answers.

1) Tobacco leaves are contaminated with
bacteria.

2) There is genetic material inside the vi-
ral particle.

3) The smallest particles pass through the
bacteria filters.

4) Viruses develop in any cells (plants, ani-
mals, humans).

5) Cancer viruses infect only animal and
bacterial cells.

6) “Filterable” bacteria are not cultivated
on artificial nutrient environment.

In task 2, students are given the scientist’s
research and the data obtained by them. Stu-
dents need to draw their own conclusions from
the research results. Competencies of analysis
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and interpretation of the received research in-
formation are formed

Task 3. Can we assume that the experi-
ments carried out by D.I.Ivanovsky gave the
final confirmation of his hypothesis about the
existence of viruses?

Mark “Yes” or “No” and then write down
an explanation of your answer.

YES-| | No-[]

Explain your answer.

If in tasks 1 and 2 students are asked to
establish research methods, to understand the
essence of the experiment, to determine its
purpose, to guess that the scientist acted at the
level of an assumption, that is, to put forward a
hypothesis, then in task 3 they are asked to ex-
plain whether D.I. Ivanovsky confirm his hy-
pothesis about the existence of a non-bacterial
pathogen of tobacco disease.

Task 4. Much later, using an electron mi-
croscope, viral particles of the TMV tobacco
mosaic virus and other viruses were detected
and studied. It revealed that a viral particle is
a DNA or RNA molecule enclosed in a protein
coat. For example, the TMV virus contains an
RNA molecule, and its protein coat consists of
2130 identical polypeptide subunits. Current-
ly viruses are believed to be non-cellular life
forms. When viruses enter a cell, they rebuild
the metabolism of the host cell, and it begins
to produce (due to the building material of the
cell and energy) new viral particles identical to
the first virus.

What is the role of the genetic material (the
DNA or RNA molecules) contained within the
viral particle? Write down your answer.

To complete this task, students need to
explain the function of DNA and RNA as an
integral part of a viral particle, indicating the
important properties of nucleic acids: the pres-
ence of genetic information that determines
all the signs of a viral particle, and the par-
ticipation of nucleic acids in the reproduction
of viruses.

Task 5. Viruses live exclusively in living
organisms: people, animals, plants, fungi and
bacteria. Without viruses, the evolution of life
on earth would be impossible, but at the same
time, viruses are capable of causing disease in
any living organism. Humanity knows massive
viral diseases, epidemics and pandemics that
claim hundreds of thousands, and sometimes
millions of lives. The danger of an epidemic
diminished sharply after the invention of the
vaccine. For example, such a deadly viral dis-
ease as smallpox has almost completely disap-
peared from the earth thanks to mass vaccina-
tions. However, the composition of vaccines

against some viral diseases must be changed
frequently. For example, vaccines to prevent
common seasonal flu are changed every year.

What property of viruses explains the need
to be vaccinated against influenza every year?
Please check one correct answer.

1) Very small dimension

2) Ability to adapt to environmental
conditions

3) The ability to penetrate the cells of a liv-
ing organism

4) The ability to reproduce inside a living
organism

When completing assignment 5, students
need to explain the information that they know
from life experience, competencies are formed
to apply the knowledge gained in a life situa-
tion, the possibility to get vaccinated against
influenza every year.

As we can see in these tasks, various com-
petencies of natural science literacy are laid.
Practice shows that the most difficult tasks
for the students turned out to be tasks 3 and
4, which required detailed answers from the
students. Not everyone succeeds in express-
ing their judgments, giving reasons, mak-
ing generalizations.

So, in this example, we see that students
develop such skills and abilities of natural sci-
ence literacy as:

*use of natural science knowledge in
life situations;

* identification of the features of natural
science research;

* the ability to draw conclusions based on
the data obtained;

» formulating the answer in a form that is
understandable to all;

* an understanding of research methods;

* Identifying questions and issues that can
be solved using scientific methods, etc.

No doubt it is not easy to set aside dedi-
cated time to implement tasks aimed at devel-
oping functional literacy. The main study time
in the modern curriculum is aimed at mastering
the subject tasks of the discipline. But without
linking the acquired academic knowledge to
the realities of the life situations of students, the
educational process loses its topicality. The ef-
fectiveness of the educational process is sharp-
ly reduced and at the end we have specialists
who are often unable to apply their knowledge
in personal and professional activities.

Therefore, our task is to develop and im-
plement in practice as many tasks as possible
aimed at the development of natural science
literacy, as an integral part of the formation of
functional literacy, which allows future spe-

EUROPEAN JOURNAL OF NATURAL HISTORY Ne§, 2021



Pedagogical sciences

cialists to effectively solve personal and pro-
fessional problems.

Conclusion

To improve the quality of education and
the level of functional literacy, it is necessary,
through the joint efforts of the state, methodo-
logical workers and teachers, to form a mod-
ern educational environment for students. It is
necessary to have a practical base for the im-
plementation of design tasks, allowing you to
apply the knowledge gained in practice.

An important and basic role in improving
the quality of education belongs to a teacher
who owns not only subject, but also meta-
subject knowledge and a methodological sys-
tem capable of gradually forming functional
literacy in children. In this case, an important
role is played by raising the qualifications of
the teachers. After all only they determine the
level of students, build an educational trajec-
tory for the sequential formation of levels of
functional literacy.

To accomplish these tasks, the teacher
needs to master the basic concepts of func-
tional literacy, master the technologies of their
formation and be able to select and develop
educational tasks aimed at applying theoreti-
cal knowledge in practice. In countries where
functional literacy is well developed (Singa-
pore, Finland, etc.), there are specialists in the
field of the formation of functional literacy
who help to expand the educational and meth-

odological resources of the teacher, analyse
how to restructure the methodological work of
the teacher.

Observing these conditions, it is possible
to eliminate the main problems of training our
students identified by international studies
PISA and TIMSS and to increase the competi-
tiveness of our specialists in the internation-
al market.
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MATEPHAJIbI X1l MEXXIZYHAPOJJHOI CTYJIEHYECKOI HAYUHOU
KOH®EPEHINHN «CTYJIEHUECKUI HAYUYHBI ®OPYM 20215

POJIb BOCHTAJIMTEJIBHOI'O ITPOUECCA
B TATOI'EHE3E PAJIA 3ABOJIEBAHUU

Bakaesa H.C., Jlymuxk M.B., OctpoyxoBa O.H., MakeeBa A.B.
@I'BOY BO «Bopouedcckuii 2ocyoapcmeennbiil meOuyunckuu ynusepcumem umenu H.H. Bypoenkoy,
Boponeorc, e-mail: bakaeva.2000@bk.ru

W3BectHO, 4T0 3a cBOOOAHOpaaMKanbHbIME (CP) mporeccamMy CTOMT HEMalloBaXKHasi POIIb, OTPAKAOIIAsCS
Ha JKM3HEJIEATENIbHOCTH KJICTOK 1 3aKJIIOYAIOMAsCsl B 00€CIICUCHUH Pa3INYHBIX METa0OIMYECKUX POLECCOB BCETO
oprannsma. Kak ckopocts oOpa3oBanusi cBo60AHBIX panukanos (CP), Tak n MX KOJIMYECTBO, BHE NAaTaIOIHYECKHX
COCTOSIHMI, TIO/IICP/KUBACT OPTAHU3MOM Ha OIPEJIEICHHOM YPOBHE, KOHTPOIMPYEMOM CHCTEMOI CaMOpEryIISIHH.
OJ1HaKO YCHJIGHHE IPOILIECCOB CBOOOIHOPAINKAIBHOTO OKHUCIICHHS ABJIACTCS MPEIIOCHUIKOM Pa3BUTHs KJIETOYHOH
1aTOJIOTUH, TJIE BBICTYIIAET B KAYeCTBE BEIyIEro MexaHn3Ma. PaccMaTpuBas KOHKPETHYIO 00JIaCTh MEIMIIMHBI, CTO-
MaTOJIOTHIO, TJIe OAHUMU U3 CAMBbIX MHOTOUHCIICHHBIX M aKTyaJbHBIX MPOOJIEM SBJISIOTCS BOCIIATNTEIbHbIE 3a001e-
BaHMs MOJIOCTHU PTA, BIEKYIIHE 32 COOO0I M COIMANBHYIO 3HAYUMOCTb, BE/Ib B HACTOSIIIIEE BPEMsI [TOPAKECHUIO TKAHEH
apojioHTa, 3y0OB TO/IBEPKEHBI JIMIA OoJiee MOJIOIOr0 BO3pacTa, aKTyaln3alus JaHHOW MpobIeMbl He BbI3bIBACT
comuennii. Mccnenosanne CP nporeccoB B CilOHE JIETKOJOCTYITHO, 3a00p CIIIOHBI MCKIIOYaeT MHQHIMPOBAHUE
6onbHOTO. [IpOBe/ieHa OLIEeHKA COJIepKaHMs B CITIOHE MAJIOHOBOTO Ananbiaeruia (M/IA) npu psjie BOCHaNIUTEIbHBIX
3a00JIeBaHMIT B MOJIOCTH PTa. YCTAaHOBIICHO TIOBBILNICHUE COAEpKaHUs B ciitoHe MJIA mpu rHHrMBUTE, CTOMATHTE,
MApOIOHTHTE U KapHece, YTO CBUCTEIBCTBYET O PA3BUTHU OKUCIHUTENBHOTO cTpecca. MJIA nerko muddysanpyer
BHYTpb KJIETOK, Pearupyer u MOoBPEekK/IaeT pa3sHo0Opa3HbIe OMOMOIIEKYIApHEIE CTPYKTYphl. Hanboree BbIpakeHHBIH
OKHUCITUTENBHBII CTpecC HAOIIOAIICS IIPY THHIUBHTE U Kaphece.

KiioueBble ciioBa: BOCIIAJICHHE, CBOﬁORHOPaJIHKaJ]BHOC OKHCJICHHE, CcBODOIHDBIE PaauKaJIbl, AHTHOKCUIAHTHbIE
CHCTEMBI, CTOMATOJIOITHYEeCKHE SaﬁoﬂeBaHl/lﬂ, MAJIOHOBBIH THAJIb/IETH

THE ROLE OF THE INFLAMMATORY PROCESS
IN THE PATHOGENESIS OF CERTAIN DISEASES

Bakaeva N. S., Lushchik M.V., Ostroukhova O.N., Makeeva A.V.
Voronezh State Medical University named after N.N. Burdenko, Voronezh, e-mail: bakaeva.2000@bk.ru

It is known that free radical (FR) processes have an important role that affects the vital activity of cells and consists
in providing various metabolic processes of the whole organism. Both the rate of formation of free radicals (FR) and
their number, outside of pathological conditions, are maintained by the body at a certain level, controlled by the self-
regulation system. However, the intensification of free radical oxidation processes is a prerequisite for the development
of cellular pathology, where it acts as a leading mechanism. Considering a specific area of medicine, dentistry, where one
of the most numerous and urgent problems are inflammatory diseases of the oral cavity, which entail social significance,
because at present, younger people are susceptible to damage to periodontal tissues and teeth, the actualization of this
problem is beyond doubt. The study of FR processes in saliva is easily accessible, saliva sampling excludes infection of
the patient. The content of malondialdehyde (MDA) in saliva was evaluated in a number of inflammatory diseases in the
oral cavity. An increase in the content of MDA in saliva was found in gingivitis, stomatitis, periodontitis and caries, which
indicates the development of oxidative stress. MDA easily diffuses into cells, reacts and damages a variety of biomolecular
structures. The most pronounced oxidative stress was observed in gingivitis and caries.

Keywords: inflammation, free radical oxidation, free radicals, antioxidant systems, stomatological diseases,
malondialdehyde

Bocnasenue sBisieTcst OAHON U3 CIOXKHBIX
peaxuuii, HarpaBJIE€HHOM, B MEPBYIO OYEPENb,
Ha 3alUTy OpraHu3Ma M BO3HMKAIOIIEH B OT-
BET Ha MECTHOE JIeiicTBUE (PIIOrOreHHOTO (hak-
Topa. JlaHHas 3amuTHas peakiusl BBISBISET
JIOKANTU3aIuI0 BHEAPEHHS IaTOJIOTHYECKOTO
(bakTOpa, yHUUTOXKAET U yHAJSET €ro u3 opra-
HH3Ma, CHU)KACT PUCK Pa3sBUTHA U NIPOSABIICHUS
€ro MaTOreHHBIX IPPEKTOB.

[Ipu BHEApEHUHU TATOJIOTHYECKOTO (haKTOpa
B OpPTaHU3M BO3HHMKAET CTYIIEHYATOE MOBPEK-
JIEHWe, HauWHAIOIIeeCs] OT MAaJbIX CTPYKTYp
(KIIeTOK, BHEKJICTOYHBIX CTPYKTYp) M TIEPEXO0-
Jsitiee Ha Oojiee OOIIMPHBIC YYaCTKU: TKAHHU,
OpraHbl, U, KaK CJIeJCTBHE, BOZHUKAET HapyIle-
HUE J)KU3HEESTETbHOCTH OPTaHNu3Ma B IIEJIOM.

Ocoboe 3HaYeHnE BOCTIATICHUIO YICIACTCS
B YeINIFOCTHO-JIMIIEBOH XUpyprun. BaxHo 000-

3HAYUTh NPUHIUNHAIBGHYIO HEOOXOAUMOCTh
JTAHHOHW MPOOJIEMBI HE TOJILKO B MEIUITUHCKON
OTpaciu, HO U B coUuyMe. YCyryOnsieT cuty-
alUIo MpsiMasi KOPPEJIALMS MEKIY CTCICHbIO
TSOKECTU TEUEHUS! U TOBBIIICHUEM CMEpPT-
HOCTH OOJBHBIX, YTO B CPEIHEM COCTaBISET
oxoio 0,2 %. YriomuHas BpeMEHHYIO HETPyAo-
CIOCOOHOCTh TPaXKJaH C BOCHAIUTEIHHBIMU
nporeccaMi B YeTIOCTHO-JTHMLEBOW 00yacT,
HEOOXOJMMO yKa3aTh Ha Ype3BBIYaiiHO OO0JIb-
e uugpsl, cocTaBsomue nopsaka 87,46 %
croMarojorndeckux Oonesneit [1]. Bocmanm-
TEJbHBIE TPOIECCH YacTO COMPOBOXKIAIOTCS
TUIOKCHEN W aKTUBalMeWl MpOLECCOB CBO-
0onHO-paguKaIbHOTO OKMcieHus. [Ipouecchl,
MIPOTEKAIOIINE B OPraHU3ME IIPU HOPMAIbHBIX
Y MaTaJOrH4YE€CKUX COCTOSIHUSX, OCHOBBIBAIOT-
sl Ha MOJIEKYJISIPHBIX MEXaHW3Max NaToreHesa,

EUROPEAN JOURNAL OF NATURAL HISTORY Ne§, 2021



Medical sciences

HCCJICJIOBAaHUE KOTOPBIX, B HACTOSAIICE BpEMS,
SIBIIICTCSl OJIHUM W3 MPEUMYIICCTBEHHBIX Ha-
npasieHui! menuuunsl [2]. MccnenoBanue no-
Kazaresnei IepOKCUIHOTO OKUCIEHUS JTUTHIOB
(ITOJI) B caaroHe MpH PA3THIHBIX CTOMATOJO-
FHYECKHMX 3a00JICBaHUSAX CIIOCOOCTBYET 000-
cuoBanuto ponu CPO B matorenese. B cBszu
C 3THM aKTyaJIbHOCTh BEIOPAHHOH TEMbI HE BbI-
3bIBAET COMHEHUSI.

Lenp wccnemoBaHWA: W3YYHTh HAyYHYIO
JTUTEpaTypy TMOCIEIHUX JIET 00 O3THOJOTHH
U MeXaHU3MaX Pa3BUTHUS BOCHAIUTEIHLHOIO
nporecca. Onucatb 0COOGHHOCTH BOCIAIHU-
TENBHOTO MPOIECCa B YEIIOCTHO-IUIIEBOI 00-
JacTH, oKa3aTh poisb nporeccoB CPO B Mexa-
HU3MaxX Pa3BUTHS MMaTOIOTHA.

MarepuaJjibl U METOAbI UCCJIETOBAHUS

WccnenoBanus ObLIM TIpOBENEHBI Ha 0ase
HWU skcnepuMeHTaNbHONW OHOJIOTHH U MEJIU-
uuabsl BIMY um. H.H. Bypaenko Munznpasa
Poccun.

Marepuain (poToBasi KHIKOCTh) MOIyYaln
0e3 CTUMYJSIIMHU, CIUIEBBIBAHUEM B CTEPHUIIb-
Hble NPOOUPKHU. POTOBYIO JKHMAKOCTH LIEHTpU-
¢yruposanmu 15 mmuyt npu 6000 06/MuH.
Hanocanounyto 4acTh HCHOIB30BAIH JIJIS aHA-
mu3a. MccnenoBaHust mpoBOAWIM Ha OMOXU-
muueckoM ananuzarope ClimaMC-15 (Mcmna-
Hust). OnpeneneHre MaJoOHOBOTO THANIbACTH A
(MJIA) mpoBomm ¢ 2- THOOApPOUTYpPOBOM
kucnoToi). OmnbITEl MPOBOAWIHN B 4-KpaTHOI
OMONOTMYECKON U 2-KpaTHOW aHAJTUTHYECKOH
MTOBTOPHOCTSIX. Pe3ynbTaThl ONBITOB CPaBHUBA-
au ¢ kouTponeM. Craructuyeckas oopaboTka
MIOJYYEHHBIX PE3yJIbTAaTOB NIPOBOAMIACH C HC-
[10JIb30BAaHUEM CTaHJAPTHBIX METOJOB Bapua-
LMOHHOHN CTaTHCTUKU: pacdyeTa CPeIHUX 3Ha-
YEHWH, CTAHAAPTHOTO OTKJIOHEHHS, OLIUOKH
CcpeqHMX 3HaueHui, t-kpurepust CThIOIEHTa,
nporpamMMmel Excel 1iist moctpoenus rpadukos,
MakeTa MPUKJIaIHBIX TporpaMm Statistica 6,0.
Takke npoBezneH aHaIu3 JUTEPATYPHBIX AaH-
HBIX, Ha 06a3e KOToporo c(hopMyaHpoBaHbl OC-
HOBHBIE BBIBOJIBI.

Pe3ynbTarhl uceae10BaHusA
U UX o0cy:KIeHne

Bocnanenue MOXHO paccMaTpuBaTh Kak
B3aUMOJICHICTBHE OpraHM3Ma C MaTOreHHBI-
MH (aKTOPaMH PA3IUIHOTO MPOUCXOXKICHHUS.
®nororeHHBIN (aKTOp MOXKET OBITH KaK K30-
TEHHOT'0, TaK U YHJOTEHHOTO TIPOUCXOKICHUSI.
HemanoBakHbIM SIBIISICTCSI MTPUHAIICKHOCTD
MaTOJIOTMYECKOro (hakTopa K MH()EKIMOHHBIM
areHTaM. 3HAYUTENbHAS POJIb TPHHAUICKUT
JUTUTEIFHOCTH M HHTEHCUBHOCTH BO3ICHCTBUS
¢nororeHHoOro (akTopa Ha OpraHU3M: 37€Ch
MIPOCIICKUBACTCS TIPSIMasi 3aBUCUMOCTh — YeM
OoJibllle W BBIILIE, TEM OCTpee MPOTEKaeT BOC-
nanuTenpHas peaknus. Hemb3st He ckasaTh

0 COCTOSITHMM OpraHuM3Ma Ha MOMEHT BHeEJpe-
HUSl TIATOJIOTMYECKOro (pakTopa M CHocoO-
HOCTH TIPOTUBOCTOSITh €0 pa3pyIIHTEIbHBIM
JEHCTBHSAM, T.€. €T0 PEAKTUBHOCTH M MECTHBIX
0COOEHHOCTEeH TKaHe! Wi opranoB. borbinoe
3Ha4YeHHE MMEET M COCTOSTHHE OpraHHu3Ma, KO-
TOPOE 3aBUCUT OT PEAKTUBHOCTH OpraHu3Ma
(HOpMasibHasl, MOBBILICHHAS WM KauyeCTBEH-
HO W3MEHEHHAas W IOHWKCHHAs pEaKTUB-
HOCTB) ¥ PETHOHAPHBIX OCOOCHHOCTEH TKaHEH
WIM OPTaHOB, MOABEPIIINXCS BO3AEHCTBHIO
¢utororeHHoro axropa.

ToBops o mocnenoBaTeabHOCTH MpoLEc-
COB, BO3HHMKAIOIMX BO BPEMs BOCIIAJIUTEINBHON
peaxnun, HeoOXOANMO 3aMETHTh TPH HEOTHEM-
JIEMBIX COCTABISIOMIMX: aIbTEPALNIO, HIIH II0-
BpPEXXJEHHE KJIETOK W TKaHEH; paccTPOMCTBO
MUKPOLMPKYJIALNN € KCCyJalel u 3Murpa-
eit; nponudepannio — pasMHOKEHHE KIETOK
1 BOCCTAHOBJIEHUE LIEJIOCTHOCTH TKaHHU.

B pesynprare neiictBus (hiororeHHOTO
(daxTopa HENOCPEACTBEHHO HAa TKaHb, BO3HU-
KaeT MepBUYHOE HapyIIEHUE CTPYKTYP KIETKH
M MEXKJIETOYHOTO BEIIEeCTBAa, 3aIlyCKarolee
MOCTIEJOBATEIbHBIA KackaJ OMOXMMHYECKUX
peakuuii cBOOOAHOPAANKATIBHOTO OKUCICHHUS.
ObpaszoBanre CcBOOOJHBIX JMIHIOB U KETO-
KHCJIOT BBI3BIBAIOT PACCTPOICTBA dHEpreTHYe-
CKOTO U TIJIACTUYECKOTO 0OMEHA B KOHKPETHOM
y4acTKe IMOBPEXJIEHHOW TkaHu. Hapymaercs
COOTHOIIEHHE MOHOB B KIIETKE M MEXKJIETOU-
HOW cpezie, B pe3ysbTaTe 4ero B KJIETKE yBe-
JIMYMBAETCS] KOJIMYECTBO HOHOB KaIIBIUS M Ha-
TpHsl, @ BHE KJIIETKH — HOHOB KaJIusl U MarHUs.

IIpu HapyleHHH KIETOYHOW CTPYKTYpBI,
MOBPEX/IEHUU OpraHesy, BO BHEKJIETOUHYIO
Cpeay MomajaroT JIU30CoMalbHbIe (PEePMEHTHI.
Bonbmias ponb CTOMT M 32 aKTUBHBIMHM METa-
OosMTaMM KHCIOPOaa, HCTOYHUKAMH KOTOPBIX
MOTYT CIYKHTb aKTUBUPOBaHHBIE 1 IMMUTPHU-
poBaBive (HarouuThl, B MEHbBIIEH CTENCHH —
pe3unentHbie kietku. Oba ¢akropa, JIU30C0-
MaJIbHblE ()EPMEHTHI U aKTUBHBIE METa0OIUTHI
KHCIIOPOAAa BO3AECHCTBYIOT Ha COEIMHUTEIb-
HYI0 TKaHb, MHKPOCOCYIBI U KPOBb, BBI3bIBAs
BTOPUYHYIO albTepaluio. Tak Kak B KIIETKE
YBEIMYMBAETCA KOJIWYECTBO BBICHIMX JKUP-
HBIX KHCJIOT M MOHOB KaJIbIUs, KaK CJIeJICTBUE
NEPBUYHON anbTepalnny, Hapymaercs (QyHK-
LSl MUTOXOHJIPUH, MPOMCXOOUT pa3zolIieHne
OKHCIHUTENbHOTO (ocdopunupoBanus, B pe-
3yJIBTATE YETO INIOKO3a OKHCISAETCS MO aHad-
pOOHOMY ITyTH, YTO MPUBOIUT K HAKOTICHHIO
HE/I00KHCIICHHBIX BEILIECTB, BO3ZHUKAET MeTa-
Oonnyeckuii anuao3.

Cumxenue pH cpenpl co3maer Onaromnpu-
ATHBIC YCIIOBUSI 1715l BBICBOOOXKICHUS THAPOTIa3
JIU30COM, TIPUYEM HX KaTallMTHYECKas aKTHB-
HOCTh B JIAHHOM ciIy4ae OyJIeT TOJBKO pacTH.
[Ton meiicTBUEM pazTUYHBIX TUApoOsa3 (Mpo-
Teasbl, JINTAa3bl) MIPOUCXOJUT YCUIICHUE MTPOTe-
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onuza u junonu3a. CTOUT OTMETUTh, YTO Jie-
HaTypauus OCIKOB MPUBOIUT K Pa3pyIICHUIO
MeMOpaH KJIETOK, pachaay OeIKOBBIX CTPYK-
Typ YW KIETOK (DIOTOTEHHOTO areHTa, Korja
UM SIBISIOTCS MHUKPOOPTaHWU3MBI, Mapa3uThl
win Oesokcoaepxkaiue (HakTopbl, aKTHUBALIUU
WMMYHHBIX PEaKIUi U BKIIOUCHHUE KIETOYHBIX
U TYMOPAJIbHBIX MEXaHU3MOB UMMYHUTETA.

K mHacrosimemy BpeMeHHU JOKa3aHa Cyllie-
CcTBeHHas pojb mpoieccoB CPO B narorexnese
psma 3aboneBaHWi. YCTAHOBJICHO, YTO BOC-
MMaTUTEBHBIC TIPOIECCHl  COMPOBOXKIAOTCS
CHUKCHHEM aKTHUBHOCTH aHTHOKCUIAHTHBIX
CHUCTEM U YBEJIMUYCHUEM COACPKAHUS MPOOK-
CHUJ/IaHTHBIX areHTOB.

Kucnopon siBisieTcst caMbIM 3HAYUMBIM HC-
TOYHUKOM CBOOOTHBIX PaINKajIOB, aKTHBHBIMHU
(opMaMH KOTOPOTO SIBJISHOTCSI TIEPOKCH] BO-
JI0poJa, CyNEPOKCUAHBIN aHUOH-pAJAUKaJ, TH-
JIPOKCUIIbHBIN paguKall, HHOTZIA B COCTAB 3TOH
TPYTITBl BXOAWT CUHTIIETHBINA KUCIOPO]I.

JlokazaHo, 4TO TUJIPOKCUIILHBIN pajuKal,
Oyaydn caMbIM aKTHBHBIM mHHIEaTOpoM CPO
13 W3BECTHBIX, aTAKyeT COCAUHCHUS Pa3JIHy-
HOU MPHUPOMBI U CTPYKTYPBI, HE UCKIIOUCHUEM
CTaHOBATCSA U OMOMaKPOMOJICKYIIbI, B PE3yJib-
TaTe 4Yero OH «IepeTsIruBacT» Ha ce0s HOH
BOZIOpO/Ia, 00pasysi BOAY M COOTBETCTBYIOIIUI
pamukan TopakeHHOW MoJekynsl [3, 4]. [u-
JIPOKCHUPATNKA, OKa3bIBasl Pa3pyIINTEILHOE
BIUSHAE HA TPYNIbl aMUHOKHUCIIOT, LUCTEU-
HOBBIC, TUCTUJUHOBBIC U NPYTUE, U OCTATKU
OenkoB, BBI3BIBAET HEOOpaTnMMoe WX pas3py-
[eHne, T.e. IeHaTypaiuio. B pesynprare dero
BO3HUKAIOT WMHAKTHUBAIUS (EpMEHTOB, He-
o0paTUMBIA pacraj; YIIEBOJHBIX MOCTHKOB,
pacronaralonmxcss MeXKIy HyKICOTHIAMU,
YTO CONPOBOXIACTCS TPYOBIMH pa3pbiBaMHU
ueneid [JHK u PHK, mHunuupyer mpouecchl
JUTOTIEPOKCUTAIINH, BEI3BIBAET MYTAIlUU U TH-
0enb KIIeTok [5].

CrenoM 3a anbprepariueii BOSHUKAIOT CO-
CYAMCTBIC PEaKIUU, B COCTaB KOTOPBIX BXOMIST
CJEIYIOUINEe KOMIIOHCHTBDI:

1. KpaTKOBpEMEHHBI ~ CIla3M  apTepH-
OJ, TIPOSIBIIAIONIUIICS TIOONIETHEHNEM TKa-
HH, BO3HHUKAIOMINI KaK CJCIACTBHC BO3JCH-
CTBUSI ()IOTOTCHHOTO arcHTa W BO30YXKICHUSI
Ba30KOHCTPUKTOPOB;

2. aprepualibHasi THUIEPEeMUs, OOBSICHS-
IOIIAsiCsl pacIIMpeHneM apTepuod U Oazupy-
FOIIAsiCsl B TIPOSIBICHUH MECTHBIX IPHU3HAKOB
BOCMANNTENBHON pEaKkIuu — TIOBBIIICHUN
TEMIIEPaTyPbl U U MOKPaCHEHUs (0JIHAKO, B 00-
pa3oBaHUU >Kapa y4acTBYET U yCUJICHHAs Te-
IJIOTIPOYKLKS B OYare M3-3a IMOBBIIICHHOTO
MeTaboIn3Ma);

3. BEHO3HasT  THIIEPEMHsS,  SIBIIIOMIAS-
Cs HMCTHUHHOM BOCHAJIUTEIBHOM TIHMIIEpEMU-
el W COMPOBOXKIAIONIASI BECh BOCHAIHTEIb-
HBIW MpOLECC.

Crour OTMETUTh OCOOCHHOCTH BOC-
MAJTUTEIBHON THUIEPEMHUH, OTINYAROIIEHCS
OT ApPYTUX BUIOB THIIEPEMHH HW3BpaIllEHUEM
COCYIMCTBIX pEaKIMil MOBPEXKACHHONW TKa-
HU Ha JIEUCTBUE COCYHOCYKMBAIOIINX arcH-
TOB, TAKUMHU SBJIAIOTCA alpCHAIMH U KO(beI/IH,
U Ha pa3fpaKCHUE CHMITATUYECKHX HEPBOB.
JlaHHOE SsIBIICHHE CBSI3aHHO CO CHH)KCHUEM
WJIH KaueCTBEHHBIM M3MEHEHUEM WX UyBCTBU-
TETHHOCTH K JEHCTBHIO Ba30KOHCTPUKTOPHBIX
CTHUMYIIOB, WM «JIE€CEHCHOMIN3anuei» cocy-
JIOB, YTO OOyciaBiIMBaeTcs OJoKanoi perern-
TOpOB. [Ipyroil OTIMYUTENBLHON YEPTOM JaHHO-
TO BUJA TUIIEPEMUU SBIIAETCS 0OJiee CHUIIBHOE
KPOBEHAITOJTHEHHS IOPAKEHHOTO YJYacTKa TKa-
HU WU OpraHa, B pe3yJabTaTe 4ero KOJIMIeCTBO
(YHKIMOHUPYIOMUX KaWJUIIPOB 3HAYUTEIh-
HO YBCIIMYMBACTCH, UX MMPOCBET paClIUPACTCA,
WHTCHCUBHOCTb MUKPOUMUPKYIALUNU HapacTa-
€T, IMHEHHAs: CKOPOCTh KPOBOTOKA CHIIKACTCSI.
Takum 00pa3oM, BOCHANHUTENBHYIO THIEpe-
MHIO MOXKHO paccMaTpHBaTh KaK CaMOCTOS-
TEJIBHBIN BUI HAPYIIEHUS MUKPOIIMPKYJIISIIHH.

Eie ogHMM KOMIIOHEHTOM BOCHAJIUTEIIL-
HOW peakiuu siBisieTcs: cra3. Kak mpasuio,
HapyIICHUE KPOBOTOKA IPH BOCHAIUTEIHHOM
cTa3e SIBISIETCS MPEXOSIIUM, OJTHAKO ITPH BO3-
HUKHOBEHHMH MOBPEKICHUN COCYAUCTON CTEH-
KH ¥ TPOMOOB BO MHOTHX MHKPOCOCY/IaX CTa3
CTaHOBHTCSI HEOOPATUMBIM.

PaccrpoiicTBa MUKPOLMPKYJISILIUKA BO Bpe-
Msl BOCHAIUTEIILHOW PEaKIUU COIPOBOXKIA-
IOTCS TAaKUMHU SIBJICHHUSMHU, KaK DSKCCYyIalluu
Y DMUTPAIUH.

IIponudeparysi BO3HUKAET C MEPBBIX 3Ta-
OB Havajia BOCIMAJICHHS, BMECTE C ajbTepallu-
el ¥ dKccyanyeid, Ho 3HaYUTENILHOE ee MPeo0-
JIaJIaHue HaYMHACTCsI B O0JIee MMO3HHIA TISPUO]]
BOCHAIUTENBHOTO TIPOIecca, 0 Mepe YMEHb-
IIEHUS HKCCYIAaTUBHO-WH(UIBTPATUBHBIX SIB-
nenuit. Ilpomudepanmst HapacTtaeT OT TepHU-
¢depun ovara K IIEHTpY, NMPHUYEM OHA HMEET
mpAMYI0 3aBUCUMOCTb OT CTCICHH OYUIICHUA
ouara BocnayieHus ot (pjororeHHoro (akropa.
3HaYMMast poJib B 3TOM OTBOJHUTCS MOHOITUTAM
Y THCTHOIIUTAM.

Kak n3BecTHO, 4enmocTHO-IHIIEeBast 00IaCTh
UMEET PsJl aHATOMO-TONOrpaUYECKUX 0Co-
OCHHOCTEH, 00YyCIIaBIMBAIONIUX PaCIPOCTpa-
HEHHUE OJIOHTOTeHHOW WHpekiuu. OOuIbHOE
KPOBOCHAOKEHHE, HAIMYKE BEHO3HBIX CILIETe-
HUH, a TaK)Ke BeH 0e3 KIJIallaHOB, HECOMHEHHO,
CITocOOCTBYEeT OBICTPOMY PACTIPOCTPAHCHHIO
BOCHAJINTENBHOTO TIpOIlecca IO COCYIUCTOM
cucreme. Ilomumo sTOoro, maHHas 0ONacTh
UMEET CHUJIbHO BBIPAXCHHYI WHHEPBAIHIO,
B pe3yJbTaTe 4ero Npy BOSHHKHOBEHUH T'HOM-
HO-BOCTIAJIUTENBHBIX TPOIECCOB MPUCYTCTBY-
eT upesMepHas Ooye3HEHHOCTh. (OcoOeHHO
00JIe3HEeHHBI TPOIIECCHl, PaCIoJararuecs
B 30HC JIOKaJIN3all1 1yBCTBUTCIIbHBIX HECPBOB,
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B TaKO# Kak 00JacTh KIIBIKOBOW SIMKH. XOpO-
miee pa3BUTHE JIMMQATHUECKOH ceTH o0bsc-
HSICT BO3MOKHOCTb OTEKOB U SIBIICHUSI TUM]O-
cTta3a (0COOCHHO MPpH TpaBMax MOATTIa3HUIHON
obmactr). OCOOCHHOCTH CTPOCHUS KOCTHOM
TKaHU, BO3MOYKHOCTb PACIPOCTPAHEHHUSI THOS
10 MEKMBILIEYHBIM U MeK(acuanbHbIM KIIeT-
YaTOYHBIM HPOCTPAHCTBAM, HaJlM4YUE BEPX-
HEUENIIOCTHOM Ma3yxu U ONU30CTh JKU3HEHHO
Ba)KHBIX OPIaHOB — 3pEHHUsI, OOOHSIHUS, CIyXa,
JBIXAaTENBbHON U MUIEBAPUTEIBHON CHCTEMBI,
a TakXe TOJOBHOTO MO3Ta SIBJISIOTCS YCJIOBH-
SIMM JUTsI paclpOCTPaHEHHsI BOCTIAJIUTEIHHOIO
rporecca Ha 0ojee oOmupHYyo riomaib [1].

[TaTonornyeckne mpouecchl, CBsI3aHHBIE
C BOCHAJUTEIbHBIMA HM3MEHEHHMSMH B II0JIO-
CTU pTa, NPEACTABISIOT ONHY W3 Haumboiee
BOCTPEOOBAHHBIX U aKTYaJIbHBIX TpoOIIeM
B cTOMaToyioriu. BocnanurtensHble 3a001eBa-
HUSL POTOBOM MOJIOCTH MMEIOT U COLUAIBHYIO
3HAUUMOCTh, YTO OOYCIIOBJICHO BBICOKOH pac-
NPOCTPAHEHHOCTHIO, TKEIBIMA H3MEHEHHSI-
MU B TKaHJX HapoJOHTa, 3yOOB M OpraHu3Ma
OOJILHOTO B IIEJIOM, TIOPAKCHUEM JIHI[ MOJIO-
nmoro BospacTta [6]. JleiicTBue MUKpOOpraHU3-
MOB, HapylleHHEe MHUKPOLUPKYJISLUU, OOMEH-
HBIX MIPOLIECCOB U APYrHe (PaKTOpPbl MPUBOISAT
K TUIIOKCHM TKaHEW MapoJOHTAa, MOBBILIECHHIO
IIPOHULIAEMOCTH MEMOpaH M aKTHUBALUU IIPO-
neccos [TOJL.

K HacTosimieMy BpemMeHM yCTaHOBIE-
HO, YTO OIHHUM M3 MapKepOB OKHCIUTEIHHO-
ro crpecca sBusercss MJIA. JlanHblii BTOp-
angHbI npoaykT [1OJI nerko auddyaanpyet
BHYTPb KJICTOK, pearupyeT 1 MHOBPEKAACT pas-
HOOOpa3HbIe OMOMOJIEKYIISIPHBIE CTPYKTYPHI.

[IpoBenenHble HaMH HCCIETOBaHMS TOKa-
3aJI1 3HaYUTEIbHOE TOBbIIIeHUE ypoBHI MJIA
B CJIOHE ITPH PA3IMYHBIX BOCTIATUTENIBHBIX 3a-
0oJIeBaHUSAX POTOBOI OIOCTH, TAKUX KaK I'MH-
I'MBHT, CTOMATHT, IapOJOHTUT U Kapuec. Oco-
00 BBIp2KECHHBIC HW3MEHEHUSI BBIIBISIOTCS
IpU THHTHBHTE M Kapuece. KoHIEHTpamus
MJIA npu naHHBIX 3a00J€BaHUSX BO3pAcTaeT
oyt B 2,5 pasa. Ilpu runrusute, mapogoH-
TUTE W cTOMaruTe KoHIeHTparus MJIA Obina
yBenmaena B 1,8 u 1,9 paza cooTBETCTBEHHO
10 CPAaBHEHHIO C KOHTPOJIbHBIMU 3HAYEHUSIMHU.

Crnenyer OTMETUTh, UTO paHee ObUIO MOKaza-
HO CHIDKCHHE aKTHBHOCTH aHTHOKCHJIAHTHBIX
CHUCTEeM TIpM JaHHBIX CTOMATOJOTHUYECKHUX
3a00eBaHMAX [6].

BriBoabI

Taxum 06pazoM, Ha OCHOBAHWY TIPOBE/ICH-
HBIX MCCJIEIOBAaHUN yCTAHOBIIEHO, YTO BOCIIA-
JICHUE 4YEJIFOCTHO-JIMIICBON O0JIaCTH, COIPO-
BOXKJIAIOIIEE PA3TUYHBIC CTOMATOJIOTMYECKUE
3a00JeBaHysl, BEJET K 3HAYUTEIILHOMY pa3py-
IICHAIO KJIETOK, X OMOMOJIEKYISIPHBIX CTPYK-
Typ, mnocpenctBom MJIA. Konnerrparms
M/IA HanpsIMyro 3aBUCUT OT THIIA TTOPAKEHUS
TKaHel. [IpuyrHaMu, CrioCOOCTBYIOIIUMU aK-
tuBauuu [1O0JI u, Kak creacTBUe, TPOHUKHO-
BeHust MJIA B KJI€TKH, UTO IPOBOLUPYET BOC-
MaJIeHne, MOTYT OBITh HETOCTATOYHAS THTHEHA
MOJIOCTH PTa, YacToe YIOTpeOJIeHHE YIIeBO-
JIOB, HEJIOCTATOK IOCTYyIUICHUsT (Topa, rop-
MOHAJIbHAs MEePECTpoiika, NeeKThl MPUKYCA,
BO3JICHCTBUE XUMUYECKHUX BEILECTB MM KOH-
TPACTHBIX TEMIIEPATYDP.
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OCOBEHHOCTH POCTA CJIN3UCTOM OBOJIOUKHA MOJIOCTHU PTA
B PAHHEM OHTOI'EHE3E YEJIOBEKA

12Kum A.P., "’bapanoBckas U.A., 'Canaros S1.C., 'Tlonomapes A.B.,
UUlenga U.B., 'Becconos E.A.

!Ianbnesocmounwlil ¢hedepanvuwiil ynusepcumem, Braousocmok, e-mail: ponomarev.avi@students.dvfie.ru;

’MeorcOyHapoOoubwiil yenmp MeOUYUHCKUX UCCLe008anull U 06pazosanus, Braousocmok,
e-mail: myl989@inbox.ru

B cBs3M ¢ cymiecTBEHHBIM N3MEHEHHEM 00pa3a KU3HH 4eJI0BEKa 3a MOCIIEHHI BEK PE3Ko BO3pocin 3adorne-
BaHHs, CBSI3aHHBIC C HAPYIICHUSMH 1 Ae(eKTaMH B IPOLIECCE MMCTOreHe3a MoyocTH pra. OpraHsl pOTOBOIT MOJIOCTH
HMEIOT YHHKaJIbHOE OHTOTCHETHYECKOE M HBOIOLOHHOE pa3BUTHE U cTpoeHue. Crozia B IEpPBYIO 04epe/ib OTHOCHT-
Cs1 pOCT aHOMAJTHH M BPOXKJICHHBIX YPOICTB. DMOPHOHAIBHOE Pa3BUTUE POTOBOM ITOJIOCTH YeNIOBEKa MPEICTABISET
0COo0BIiT MHTEpEC IS HCCICAOBAHNI B MEAMIIMHCKON HayKe, IIOCKOIBKY 3TO CBS3aHO C TEM, YTO MAaTOJIOTHYECKUE
MPOLIECCHI MPOTEKAIOT B PE3yIbTaTe CHTHAIBHBIX B3aHMOJCHCTBHI KJICTOK, COOTBETCTBYIONIIMX 3MOPHOHAIIBHOM
1 GepeHIIPOBKE U Pa3BUTHIO. AKTYaIIbHBIM SIBIICTCS H3y4eHHEe SMOPUOTeHe3a IS HOMCKA KIIFOUEBBIX MEXaHH3-
MOB Pa3BHTHS U IPOSIBICHHS MATOJIOTMYECKUX TpoiieccoB. Cinsucras 000104Ka OJIOCTH PTa IPEeACTaBIseT CO00i
HCTOYHMK JUISl HCTIOJB30BAaHUsT MOJICKY/ISIPHBIX MEXaHM3MOB, YYaCTBYIOIINX B PENapaTUBHbIX MPOLECCAX B TKAHAX
yenoBeka. C MOMOIIBIO COOTBETCTBYIONIMX HCCICIOBAHUH MOXHO H3y4YHTh IPOLECCHl POCTA M Pa3BHTHS CIIU3H-
CTOI1 000JIOYKH PTa B OHTOTEHE3E, a TaKkKe npoiudepanuto, poct u AuPGEepeHIUPOBKY SMUTETHATIBHBIX CTPYKTYP.
B npezncrapnenHoit paboTe pacCMOTPEHBI KITFOYEBBIC TPOIECCHI, MTPOTEKAIOMIIE B (JOPMHUPYIOLICHCS MOIOCTH pTa
10 genoBeyecKHX SMOPHOHOB Ha CTAANH 3-5 HEEIb C yJacTHEM IPOIECCOB KJICTOUHON MUIPALHN.

KitioueBble €j10Ba: CJAM3UCTAS 000JI04KA MOJOCTH pTa, croMoaeyMm, 3IKTO/IepMa, IHTOAEPMA, OHTOIreHE3, 3M6PMOF8H93,

pereHepanus, KepaTHHU3aLHs

FEATURES OF ORAL MUCOSA GROWTH IN EARLY HUMAN ONTOGENESIS

12Kim A.R., '’Baranovskaya L.A., 'Salatov Ya.S., 'Ponomarev A.V.,
"Lenda 1.V., 'Bessonov E.A.
!Far Eastern Federal University, Vladivostok, e-mail: ponomarev.avi@students.dvfir.ru;
’International Medical Research and Education Center, Viadivostok, e-mail: my1989@inbox.ru

In connection with a significant change in the lifestyle of a person over the past century, diseases associated
with disorders and defects in the process of histogenesis of the oral cavity have sharply increased. The organs of
the oral cavity have a unique ontogenetic and evolutionary development and structure. This primarily includes
the growth of anomalies and congenital deformities. The embryonic development of the human oral cavity is of
particular interest for research in medical science, since this is due to the fact that pathological processes occur as
a result of signal interactions of cells corresponding to embryonic differentiation and development. The study of
embryogenesis in order to search for key mechanisms of development and manifestation of pathological processes
is relevant. The oral mucosa is a source for the use of molecular mechanisms involved in reparative processes in
human tissues. With the help of appropriate research, it is possible to study the processes of growth and development
of the oral mucosa in ontogenesis, as well as the proliferation, growth and differentiation of epithelial structures.
In the presented work, the key processes occurring in the forming oral cavity of 10 human embryos at the stage of

3-5 weeks with the participation of cell migration processes are considered.

Keywords: oral mucosa, stomodeum, ectoderm, endoderm, ontogenesis, embryogenesis, regeneration, keratinization

Atthe present stage, it is reliably known that
the formation of the oral cavity occurs simulta-
neously with the formation of other structures
of the human embryo. The development of the
oral cavity occurs as a result of the interaction
of a number of embryonic rudiments and struc-
tures. The formation of the primary oral cavity
occurs as a result of the formation of an oral
cavity called the stomodeum. The bottom of
the stomodeum is the pharyngeal membrane,
represented by layers of intestinal endoderm
and cutaneous ectoderm, adjacent to each other
quite closely without connective tissue layers.
The stomodeum stops growing at the moment
when the pharyngeal membrane breaks, which
communicates it with the cavity of the primary

intestine. The growth of the oral cavity at this
stage is provided by growing outgrowths along
the edges of the stomodeum — gill pockets, gill
slits and branchial arches. Of particular impor-
tance in the formation of the oral cavity are
I-IIT branchial arches. Violation of morphoge-
netic processes during embryogenesis can lead
to developmental abnormalities [1].

The mucous membrane of the gums and
hard palate formed as a result of ontogenetic
development consists of stratified squamous
epithelium and the lamina propria of the mu-
cous membrane. In the stratified squamous epi-
thelium, there are 3 layers: basal, intermediate
(prickly), superficial. On a histological section,
the basement membrane is represented by a
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dense network of thin argyrophilic fibers, most
of which are closely associated with the pro-
cesses of the cytoplasm of the cells of the basal
layer. The basal epithelium consists of a layer
of cylindrical cells with basophilic cytoplasm,
large oval nuclei with clear boundaries. The
thorny layer is represented by a wide accumula-
tion of several rows of polygonal cells with light
cytoplasm and pronounced intercellular bridges.
Some of the author admit the possible existence
of a pronounced granular layer here, consisting
of 2-5 rows of cells. In the thickness of the basal
layer, epithelial stem cells are localized, which
have a pronounced ability to mitotic division.
Due to the formed cells that have entered into
differentiation, the epithelial cells of the overly-
ing layers of the epithelium change. The cells of
the basal layer take part in the formation of the
structural components of the basement mem-
brane. The intermediate layer forms the bulk of
the stratified squamous non-keratinizing epithe-
lium. The cells of this layer, moving towards the
surface layer, gradually lose their ability to mi-
tosis. The maturation of these cells is capable of
forming the surface of the epithelial layer. When
studying a histological section of the oral cavity
of an embryo, a layer of non-keratinizing epithe-
lium is found, whose cells are capable of produc-
ing substances that have an antimicrobial effect.
At the same time, the layer of non-keratinizing
epithelium is much thicker than the keratinizing
one. For these reasons, it can be argued that if
the non-keratinizing epithelium in the oral cav-
ity is thinner than the keratinizing epithelium,
this can lead to a decrease in local immunity,
which in turn will lead to congenital pathology.
In the proper gum plate and the mucous mem-
brane of the hard palate, densely located bundles
of collagen and a thin network of elastic fibers,
characteristic of fibrous connective tissue, are
determined, between which fibroblasts, histio-
cytes, single or in the form of clusters of mast
cells and lymphocytes are located [2].

Purpose of our research is the study of
the mechanisms of development of the mu-
cous membrane of the human oral cavity
in ontogenesis.

Material and methods

The study was carried out with the permis-
sion of the Ethics Committee of the Far Eastern
Federal University. The provisions of the Hel-
sinki Declaration (2000, 2013) were taken into
account and taken into account. Biopsies of the
oral mucosa were obtained in accordance with
the order of the Ministry of Health of the Rus-
sian Federation dated 04.29.94 N 82 «On the
procedure for conducting pathological autop-

sies» and in accordance with the nomenclature
of clinical and laboratory tests of the Ministry
of Health of the Russian Federation (order of
February 21, 2000, No. 64). Clinical material
for the study was obtained at the Kolot Medi-
cal Center (Vladivostok) during 2019-2020.
The biological material of 10 human embryos
and fetuses, the age of which was determined
according to ultrasound data and the Haas rule,
was studied. Staining of biopsy sections was
performed according to the classical protocol
for the method using hematoxylin and eosin.

Results of own research
and their discussion

The epithelium of the vestibule of the oral
cavity originates from the cutaneous ectoderm,
and the epithelium lining the oral cavity itself
is of endodermal origin. The mucous mem-
brane of the oral cavity is divided into lining,
or covering (the mucous membrane of the lips,
cheeks), chewing (the mucous membrane of
the hard palate and gums) and specialized,
which covers the upper and lateral surfaces of
the tongue. In turn, the epithelium of the lin-
ing mucosa is non-keratinizing, the epithelium
of the lining mucous membrane is non-kerati-
nizing, the epithelium of the masticatory mu-
cosa is multilayered flat keratinizing, and the
epithelium of the specialized membrane of the
tongue forms the epithelial-connective tissue
papillae. The development of these parts of the
mucous membrane goes with certain differ-
ences, primarily related to the epithelium [3].

It was revealed that at the 3rd week the
wall of the oral fossa of the embryo is covered
with a single-layer epithelium. The floor of the
oral fossa is covered with a two-layer low-pris-
matic epithelium, and the roof is covered with
ciliated epithelium (Fig. 1-4).

Fig. 1. Oral fossa of a human embryo
of 3 weeks. Staining with hematoxylin and eosin.
Microphoto. Magnification: x200
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Fig. 2. Oral fossa of a human embryo of 4 weeks.
Staining with hematoxylin and eosin.
Microphoto. Magnification: x100

Fig. 3. The oral cavity of a human embryo
of 5 weeks. Staining with hematoxylin and eosin.
Microphoto. Magnification. x400

Fig. 4. The oral cavity of a human embryo
of 5 weeks. Staining with hematoxylin and eosin.
Microphoto. Magnification. x200

The surface of the oral mucosa is represent-
ed by stratified squamous epithelium. In the
area of the tooth neck, the submerging ectoder-

mal epithelium forms an enamel cap. Behind
the neck of the tooth, a two-layer epithelium is
revealed. The first is a bright basophilic basal
layer, above which squamous epithelium with
apically located nuclei is identified. The cyto-
plasm can be weakly colored or not colored at
all. Nuclear-cytoplasmic ratios are high [4].

The mucous membrane is covered with
stratified non-keratinized epithelium, under
which the basement membrane is identified. In
the lamina propria, blood vessels are revealed,
the lumen of which is filled with erythrocytes,
and numerous fibroblasts are revealed in the in-
tercellular substance with a predominant con-
tent of the amorphous substance [5].

We found an increase in the length of the
connective tissue papillae protruding into the
epithelial layer, a change in the nuclear-cyto-
plasmic relationship towards their decrease.
Differentiation of epithelial cells and their spe-
cialization correspond to a gradual increase in
the barrier function of the integumentary epi-
thelium of the oral mucosa. The regenerative
potential gradually decreases, the structure of
the connective tissue is characterized by the
appearance of collagen fibers adjacent to the
epithelial layer [6].

In the composition of the epithelium of
the oral mucosa, cells appear, the cytoplasm
of which is vacuolated, there are sufficiently
large vacuoles that displace the nucleus to the
cytoplasmic membrane. At the border of the
prickly and basal layers, single Langerhans
cells are located, mainly identified among the
epithelium of the mucous membrane, which
suggests and indirectly indicates the presence
of antigenic presentation in the oral mucosa for
restructuring at the stages of maturation. In the
lamina propria of the oral mucosa, a leukocyte
reaction can be observed, where monocytes,
neutrophils and lymphocytes are identified,
which are involved in the regulation of physi-
ological regeneration.

It should be noted that the formation of
keratinizing and non-keratinizing epithelium
of the oral mucosa is determined by differences
in the expression of cytokeratins in epithelial
cells, and the differences begin to appear from
10-12 weeks of embryogenesis. At the same
time, in the mucous membrane of the chewing
type, the epithelium forms scallops protruding
into its own lamina, as a result of which the
border of the epithelium and connective tissue
becomes wavy. As a result of proliferation and
further differentiation of cells, the epithelial
layer is gradually subdivided into layers (ba-
sal, prickly, granular and horny). Initially, be-
fore the eruption of teeth, keratinization in the

EUROPEAN JOURNAL OF NATURAL HISTORY Ne§, 2021



Medical sciences

epithelium is carried out by parakeratosis and only
after their appearance — by orthokeratosis [7].

The source of development of the lamina
propria of the mucous membrane is ectomes-
enchyme. First, the formation of an amorphous
substance occurs, after which the process of fib-
er synthesis begins: at 6-8 weeks of embryonic
development, reticular fibers are formed, and
collagen fibers appear already at 8-12 weeks.
Elastic fibers are formed at 17-20 weeks of de-
velopment. The differences between the proper
laminae of the chewing and lining mucosa are
in the greater number of fibers in the mucous
membrane of the chewing type. With the devel-
opment of the latter in the mesenchyme, start-
ing from 6-8 weeks of embryogenesis, clusters
of mesenchymal cells appear, which turn into
fibroblasts, intensively synthesizing fibers.

Physiological regeneration and matura-
tion of the oral mucosa in human ontogenesis
are associated with the constant proliferative
activity of the structures of the oral mucosa.
They are under the control and regulation of
the effector immunocompetent cells of the oral
mucosa [8].

Conclusion

Knowledge of the development of the oral
mucosa in human ontogeny are necessary to
create an innovative platform for cellular tech-
nologies in medicine. This would help to ex-
clude the common pathology of the formation
of lateral clefts and underdevelopment, leading
to non-union of the middle part of the upper lip

with its outer part, which is a consequence of
the appearance of the cleft lip, or the formation
of'a gap between the middle and lateral parts of
the palate, which forms the cleft palate.

Scientific adviser — Doctor of Medical Sci-
ences, Professor G.V. Reva.
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TEXHOJIOTUSA NEPEPABOTKHA MOJIOKA C BbBIITYCKOM CYXOI'O
MOJIOKOCOJAEPXKXAILIETIO ITPOAYKTA

Tuxonos I.C., ImoroBa U.A., U3maiisioB A.H., bpekauo E.P.
Boponesicckuii eocyoapcmeennvlil acpapruvli ynugepcumem umeru umnepamopa Ilempa I, Boporeoic,
e-mail: glotova-irina@yandex.ru

BaskHyto poib B pacIIMPEeHNH aCCOPTUMEHTA BBIITY CKA€MBIX CYXUX MOJOYHBIX U MOJOKOCOICPIKAINX IPOAYK-
TOB MIPacT BO3MOKHOCTh OPTaHH3allMH 3[J0POBOTO M Pa3sHOOOPA3HOTO MUTAHUS PA3IMYHBIX ACTCPMUHUPOBAHHBIX
IPYIII HaceleHus. AKTyalIbHa 3a/a4a 10 OpraHH3aluy BBITYyCKa CyXHX OIKOBBIX IIPOXYKTOB ISl IINTAHUS IIKOJIb-
HuKOB. K X mpeumymiecTBaM OTHOCHTCSI BO3MOXKHOCTB JIETKO H3MEHSThH BKYCOapOMAaTHIECKUiT TPO(UIIb IPOAYKTa
3a CYeT UCIOJIB30BAHUS PA3HOOOPA3HBIX BKYCOBBIX HAIIOIHHTENCH, KOTOPBIC MOMKHO HCIIOIB30BaTh HHANBU/IYaIbHO
wi B koMOuHarmu. Llens paboTel — 000CHOBATH COBPEMEHHBIE TEXHOJIOTHU IIEPepadOTKH MOJIOKA C BBITYCKOM
CYXHX MOJIOUHBIX KOHCEPBOB U CYXOTO MOJIOKOCOAEPIKAIEro MPOXYKTa HAa IMPHMepe KOHKPETHOTO MpPEeAIpPUSTHS,
B yacTHOCTH, B ycioBusix OO0 «lokrop Xobdman», . Boponex. OObEKTOM HCCICIOBAHHUS CIY)KHIAa COBOKYII-
HOCTH TEXHOJIOTHYECKUX IPOIECCOB IepepabOTKH MOJIOKA-CHIPbsl C BBITYCKOM IIMPOKOTO aCCOPTUMEHTA CYXUX
MOJIOUHBIX IPOAYKTOB. IIpeamMeToM nccieqoBaHus CIy>KHIM BOIPOCH OpPraHU3alUK MepepabOTKH MOJIOKA-CHIPbS
C BBITYCKOM CyXHX MOJOYHBIX KoHCepBOB B ycinoBusix OO0 «Jlokrop Xoddmany», ropox Boponex. B mpouec-
ce BBIIOJHEHHS pabOThI PeIajy 3aJaqy 110 00OCHOBAHHIO ACCOPTUMEHTA U aIlllapaTypHO-TEXHOJIOTHIECKHX CXeM
nepepabOTKH MOJIOKA C MOIyIeHUEM CYXUX MOJIOYHBIX KOHCEPBOB; PACUeTy TEXHHKO-IKOHOMUUECKUX MOKa3aTenei
MPOCKTHBIX PELICHH, CBSI3aHHBIX C KAITHTAJIbHBIMU BIOXCHHAMHU JCHEKHBIX CPEJICTB. ACCOPTUMEHT Ipejarae-
MO K BBIIYCKY IIPORYKIIMU BKIIIOYAET IPOLYKTHI TPAIULIMOHHOTO aCCOPTHMEHTA — MOJIOKO CyX0O€ LeIbHOE, CIIMBKI
cyxue, Cyxoe 00e3KHPEHHOE MOJIOKO, a TAkKe OPHIMHAIBHBINA CyXOH MOIOKOCOACPKAIINH MPOMYKT Ul MUTAHUS
HIKOJIBHUKOB. [Ipe/ioxkeHHas anmapaTypHO-TEXHOIOTNYECKash CXeMa MPOU3BOACTBA MHCTAaHTUPOBAHHBIX TPOLYK-
TOB Ha OCHOBE CYXOI'O MOJIOKA HMJIM €I0 COCTaBHBIX YacTell sSBIISeTCS IEePCIIeKTUBHOIN ISl BBIITyCKa PACIIMPEHHOTO
ACCOPTUMEHTA CyXHX OCIIKOBBIX IIPOTYKTOB.

KuroueBrble ciioBa: CyXHe MOJIOYHbI€ KOHCEPBbI, alllIAPAaTYPHO-TEXHOJIOIrHYeCKasl CxeMa, Cyxoe cMelIMBaHue,
NUTAHHE IIKOJIbHUKOB, Blcycoapoma”mqeclcuﬁ l'lpO(l)l/lJ'lb

MILK PROCESSING TECHNOLOGY WITH PRODUCTION
OF DRY MILK-CONTAINING PRODUCT

Tikhonov G.S., Glotova I.A., Izmaylov A.N., Brekalo E.R.
Voronezh State Agrarian University named after Emperor Peter the Grate,
Voronezh, e-mail: glotova-irina@yandex.ru

An important role in expanding the range of produced dry milk and milk-containing products is played by the
possibility of organizing a healthy and varied diet for various deterministic groups of the population. The task of
organizing the production of dry protein products for schoolchildren’s nutrition is urgent. Their advantages include
the ability to easily change the flavor profile of the product through the use of a variety of flavoring fillers, which
can be used individually or in combination. The purpose of the work is to substantiate modern milk processing
technologies with the production of canned milk powder and dry milk-containing product in the conditions of
Doctor Hoffman LLC, Voronezh. The object of the study was a set of technological processes for processing raw
milk with the release of a wide range of dry milk products. The subject of the research was the organization of raw
milk processing with the production of canned milk powder in the conditions of Doctor Hoffman LLC, Voronezh. In
the course of the work, we solved the problems of substantiating the range and hardware and technological schemes
for processing milk to produce canned milk powder; calculating the technical and economic indicators of design
solutions related to capital investments of funds. The range of products offered for release includes products of the
traditional range — whole milk powder, dry cream, skimmed milk powder, as well as the original dry milk-containing
product for the nutrition of schoolchildren. The proposed apparatus and technological scheme for the production of
instant products based on milk powder or its constituents is promising for the production of an expanded range of
dry protein products.

Keywords: dry milk canned food, instrumental and technological scheme, dry mixing, food for schoolchildren,
flavor profile

[Ipon3BoACTBO M HCNONB30BaHUE CYyXHX
MOJIOUHBIX KOHcepBoB B Poccum mmeer co-
LMaJIbHOE 3HAYCHHE — ITO CHaOXKEeHue Hace-
JICHUA TPYAHOOOCTYIIHBIX PETMOHOB CTpPAaHbI
MTOJIHOLIEHHBIMA ~ MOJIOYHBIMH  TPOJYKTaMH,
a TaKKe CTPATETUYECKOE 3HAYEHNE — CO3/laHuE
MUILEBBIX 3aracoB uisd o0ecredeHus: mpozo-
BOJIbCTBEHHOM HE3aBUCUMOCTH. BaxkHyr0 posb
B PAaCUIMPEHUU aCCOPTHMEHTA BBIITYCKAEMBIX
CYyXHX MOJIOYHBIX X1 MOJIOKOCOACPIKAIIUX ITPO-

TYKTOB HrpaeT BO3MOXHOCTh OpraHU3aluu
300POBOTO M PAa3HOOOPA3HOrO MUTAHUS pas-
JMYHBIX JETEPMUHUPOBAHHBIX I'PYIII Hacele-
HUS, B YaCTHOCTH, IITKOJIBHUKOB, B TOM YHCIIE
32 CUeT BO3MOXHOCTH JIETKO H3MEHSTh BKY-
COapoOMaTHYECKUH NpoduiIb yrnorpednsieMoro
MPOIYKTA 32 CYET UCTIOJIb30BAHUS Pa3HOOOpas-
HBIX BKYCOBBIX HAIOJIHUTEJICH, KOTOPbIE MOX-
HO WCHOJIb30BaTbUHIMBUIYaJIbHO W B KOM-
Oounanum [1, 2].
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Ha puc. 1 npencraBieHs! faHHbIC O AUHA-
MHKE IIPOU3BOACTBA CBIPOTO MoJIoKa B Poccun
B 2018-2020 romax, OTKyna BUIHO, YTO OHO
AMEET, C OJJHOW CTOPOHBI, CTAOMIBHBINA 00B-
€M, a C APYyroid CTOPOHBI — CE30HHBIN Xapak-
tep [3]. [lanHble 0 TUHAMUKE MPOU3BOICTBA
cyxoro moioka B Poccum 3a mepuon 2018-
2019 rr. mpencraBieHbl Ha pUC. 2, OTKyaa
BHJIHO, 4YTO IIPOM3BOJICTBO CYXHUX MOIIOU-
HBIX TIPOAYKTOB HOCHT CE30HHBIM XapakTep
W WMEeT TEHJEHIMIO K POCTy. DTO CBSI3aHO
C MIX BBICOKOW XpaHMMOCIOCOOHOCTBIO U BO3-

20

MOKHOCTBIO TPAHCIIOPTHPOBAHHS M XpaHe-
HUst O0e3 morepu KadecTBa. JIOMOIHUTEIEHBIM
(akTOpOM pocTa MPOMU3BOJICTBA STON TPYIIIBI
MOJIOUHBIX TPOIYKTOB SBISETCS PACTYIINH
CIIPOC HA PBIHKE Ha CyXHE€ MOJOKOCOIEprKa-
1€ MPOIYKTHI [4].

Lenb paGoTsl — 000CHOBATH COBPEMEHHBIC
TEXHOJIOTMH TIEPePadOTKH MOJIOKA C BBIITYCKOM
CYXUX MOJIOYHBIX KOHCEPBOB M CYXOTO MOJIO-
KOCOZEpIKaIIero MpoayKTa Ha IpHMepe KOH-
KPETHOTO MPEINPHUSTHS, B YACTHOCTH, B YCIIO-
Busix OO0 «/loktop Xohpmany, . Boponex.
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Puc. 2. Juuamura npouzgoocmea cyxoeo monoxa 6 Poccuu 6 2018-2019 ee., moic. m [3]
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Puc. 3. Annapamypuo—mexﬁmozuuecmﬂ cxema npou3eodcm6a CYXUX MOJIOYHbIX KOHCEPBOB

OOBEKTOM HCCIEIOBaHMS CIYXHIIa COBO-
KYITHOCTb T€XHOJIOTHYECKHX TPOIIECCOB Iepe-
PabOTKH MOJIOKA-ChIPbsi C BBITYCKOM CYXHX
MOJIOYHBIX M MOJIOKOCOAEPIKAIIUX MPOILYKTOB.

[IpenmeToM wccnenoBaHus CIYXKHIU BO-
MPOCHl OpPTraHU3alMK TNepepaboTKH MOJIOKa-
CBIPBSI C BBIITYCKOM CYXHMX MOJIOYHBIX KOHCEp-
BoB B ycioBusix OOO «Jlokrop Xoddmany,
. Boponex. B mporiecce BoinosHeHHs paOOThI
pemranu 3agadu 1o OOOCHOBaHWIO aCCOPTH-
MEHTA M almaparypHO-TEXHOIOTUIECKUX CXEM
nepepadoTKH MOJIOKa C TIONyYEHHEM CYXHX
MOJIOYHBIX KOHCEPBOB; pacyeTy TEeXHUKO-IKO-
HOMHUYECKHX IOKa3aTelieil MPOEKTHBIX pellie-
HUH, CBS3aHHBIX C KalUTAJIbHBIMHU BIIOKCHUS-
MU JICHEKHBIX CPEJICTB.

ACCOPTHMEHT TpeasiaraéMoil K BBIITYCKY
MPOIYKIIMK BKJIFOYAET MPOJYKTHI TPAIHIIUOH-
HOTO aCCOPTHMEHTa — MOJIOKO CYX0€ IEJIbHOE,
CIIMBKU CyXHe, CyX0e 00e3)KHPEHHOE MOJIOKO,
a TaKKe OPHUTMHAIBHBIA CyXOH MOJIOKOCO-
JIepKaIIUK TPOMYKT JJsl MUTAHUS IIKOJBHU-
koB [5]. [Ipu 060CHOBaHWU TEXHOIOTHUYECKUX
PEKUMOB W anmaparypHO-TEXHOJIOTHYECKUX
CXeM MepepadoTKH MOJIOKA C BBIITYCKOM CYXHX
MOJIOYHBIX KOHCEPBOB YUUTHIBAIIU PEKOMEH/1a-
uwu [6, 7].

Ha pwuc.3 mpencraBieHa ammaparypHO-
TEXHOJIOTUYECKasl CXeMa IMONYUYSHHsI CyXUX
MOJIOYHBIX KOHCEPBOB.

J111st IpHUEMKH MOJIOKA TIPEyCMOTPEH KOM-
IJICKC TIPUEMKHA MOJIOKa (1103. 1), B KOTOPBIH

BXOAUT CUYETHOE YycTpoiicTBo. Jlanmee Mono-
KO Yepe3 IIaCTUHYATHIM OXJIanuTens (1o3. 2)
MOAAETCsl B CEmaparop XOJOIHOW OYUCTKH
(mo3. 3). [lasee Mo0KO mepeaeTcst B pe3epBy-
apsbl U1 XpaHeHus (1o3. 4).

YacTh LENBHOTO MOJIOKA IOABEPTAIOT Ce-
[ApUPOBAHUIO HA CENapaTope-CIMBKOOTAENINU-
Tene (1mo3. 6) ISl TMONMyYeHHUsSI CIIMBOK U 00e-
3KUPEHHOTO MOJIOKA.

s 3TOro 1enbHOE MOJIOKO IMOJAroT
B IUIACTUHYATYI0 HacTepU3aLHMOHHO-O0XJIa-
MUTENFHYI0 YCTaHOBKY (IM03. 5) W momorpe-
BatoT n0 Temmeparypsl (40 +5)°C. Ilomy-
YEHHBIE CJIMBKU IIOCTYNAIOT B IUIACTUHYATYIO
OXJIQJIUTENIBHYIO  YCTaHOBKY, OXJIaXIAIOTCS
no temreparypsl (4 £+ 2)°C u nogaroTcsi B pe-
3epByap (1103. 8) Al KpaTKOBPEMEHHOIO Xpa-
HeHHs. O0e3KUpEeHHOE MOJIOKO, IOJyYEHHOE
IpU CenapupoOBaHUM, BO3BPALIAETCS B HacTe-
PU3aLMOHHO-0XJIAAUTEIIbHYIO YCTaHOBKY, TaK-
Ke OxJIaKaaercs: 10 temmeparypsl (4 +2)°C
u pezepBupyetcs (1mo3. 8).

[lactepu3anuio NpoBOJAT B MacTepU3aLM-
OHHOU TpyO4aToi ycTaHoBKe (1103. 9) TIpu TeM-
neparype He MeHee (90 + 2) °C 6e3 BBICPKKH,
[EpelaloT B BaKyyM-BBIIAPHYIO YCTaHOBKY
(mo3. 10) n HampaBnsSIOT Ha TOMOTEHHU3AIHIO
(nmo3. 11). TomoreHusanus LEIBHOTO MOJIO-
Ka InpoBoxuTcs npu Temmeparype 45-60°C,
u nasieHnu 10-15 MIla; cnmusok npu 55-60 °C
n 5-6 MIla. O6e3xupeHHOe MOJIOKO TOMOTe-
HU3allUU HE II0/IBEPraeTcsl.
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Cymky mOpOAyKTOB MPOBOAST B PacIibl-
JMTENBHOW CYHNIMJIBHOM ycTaHoBke (103. 12),
CHaO)KCHHOM LMKJIOHaMH, TA€ U3 OTpaboTaH-
HOTO BO3JyXa BBIACIISIOTCS YaCTULIBI IIOPOLLIKA
pasmepom Oomee 10 Mxm. M3 pasrpy3odHOro
LMKJIOHA TIPOIYKT HAMpaBJIIeTCs B OyHKEp-
HaKOIUTENb (PacoBOYHOro aBTomara (1mo3. 13)
n panee (dacyercs B MOTPEOHTENBCKYIO
WIN TPAHCTIOPTHYIO Tapy.

C 1enbro pacuIMpeHns: acCOPTUMEHTA TIPo-
IOYKLUH, BBIIYCKaeMOM Ha 0a3e MMEIOIIErocs
npousBojgctea OO0 «Jlokrop Xodhdmany,
MpeasiaraeTcs BBITYCK CYXOro MOJIOKOCOIep-
Kalero NpoAyKTa sl MUTaHWs IIKOJIbHU-
KOB, peLEenTypa KOTOPOIo MperycMaTphBacT
HCIOJIB30BAHUE CIEIYIOUINX HHIPEANCHTOB
B COOTBETCTBUHU C MAacCOH ChIpbsl, HEOOXOAU-
Moit g mpousBojicTBa 1000 Kr roroBOro mnpo-
IyKTa: cyxoe nesnbHoe Mojoko — 280,1; cyxoe
o0e3xupeHHoe MoJIoKo — 142,0; cyxast MOJIoY-
Has CBIBOPOTKH — 33,0; CyXoil KOHIIEHTpar Chl-
BOPOTOUHBIX OenkoB — 71,0; cyxoe KOKOCOBOE
Motoko — 142,0; pucoBas myka — 28,4; coeBbIit
KoHIIeHTpat — 24,9; caxap/¢dpykroza — 218,5;
NeKThH — 21; BKycoBOW HamomHuTenb — 38,0;
BUTaMUHHO-MUHEpalbHbI mnpemukc — 1,1.
OyHKIMM BKYCOBOTO HAIlOJHWUTENSI MOTYT
BBINOJIHATh KOKOCOBAasi CTPY)KKa, LyKaThl, Ka-
Ka0-IIOPOIIOK WX JPYTHe KOMIIOHEHTHI, B CO-

OTBETCTBUM C MPEANOYTECHHSIMHU IOTpeOHTe-
JeH MpoAyKLHUH.

[Ipon3BOAUTENIFHOCTE MMEIOIIErocst 000-
PYAOBaHUSI MO3BOJISIET BBITYCKAaTh CyXOH MO-
JOKOCOZEPKAIIMI TPOAYKT JUIA THTAHUS
mikosibHUKOB 1000 kT B cMeny. Cmech BbIpada-
TBIBAETCSI CYXUM CMEIIMBAHNEM KOMIIOHEHTOB.
AnmnaparypHO-TEXHOJIOTHYecKas cxema Ipo-
M3BOJICTBA CYXOI0 MOJIOKOCOZEPIKALIETO IMPO-
IyKTa JUIS Pa3iuYHBIX JE€TEPMUHUPOBAHHBIX
TPYHIT TOTPEOUTENCH, B TOM YHCIe U NTa-
HUSI IIKOJIHUKOB, TIPE/ICTaBlIeHa Ha pHc. 4.

ChIpbeBbIC HHTPEINCHTHI B3BEIIMBAOT U 110-
JIAIOT CHaJajia B rpoceuBarels (1mo3. 1), 3arem
IIHEKOBBIM TPaHCIIOPTEpOM (I103. 2) B JIONACT-
HoW cmecutenb (1mo3. 3). IlomydyeHHsbIi momy-
(haOpHKaT IIHEKOBBIM TpaHCHOpTepoM (1103. 4)
MOAI0T B BECOBOM /03aTop (1103. 5), HAamoMHs-
10T IOTPEOUTENILCKYIO Tapy, HAHOCSAT ITUKETKY
Ha TUKETUPOBOYHOM MaruHe (1103. 6) u naiee
nepeaoT Ha CKIIaj TOTOBYIO MTPOAYKIHIO.

ABtopamu [5] pa3paboTaHBl penenTyphl,
KOTOpBIC MO3BOJISIIOT BOCCTaHABINBATH CyXOH
MOJIOKOCOZEPKAIIUM MPOLYKT C IOJIYyYEHUEM
MyIUHra, 3aMOPOKEHHOTO WM B3OUTOrO Jie-
cepra. OTO MO3BOJIUT CYHIECTBEHHO Pa3HOO-
Opa3uTbh aCCOPTUMEHT OEJIKOBBIX IPOLYKTOB
JUISL TUTAHHS IITKOJIBHUKOB 33 CYET COBPEMEH-
HBIX ¥ OPUTHHAJIBHBIX NMUIIEBBIX (OpPM.

Kk o3, 4

om o3, 3

Yenobroe odosHosense ]ﬁhuneynﬁaﬁue cpeds
-7- zpeduenmsl Copsebbie
-2- Monyadpukam
-J- l'omaBas npodukuus

Puc. 4. Annapamypno-mexnonocuyeckas cxema npou3go0cmsa cyxo2o
MonoKocodepicaweco npooykma OJisk RUMAHUsL UKOJIbHUKOG
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[IpennoxkeHHast anmapaTypHO-TEXHOJIOTH-
yeckasi cxema i TPOM3BOJCTBA WHCTaHTH-
POBaHHBIX MPOIYKTOB HA OCHOBE CYXOTO MO-
JIOKa W/WJIA €r0 COCTaBHBIX YacTed SBIIAETCS
MIEPCTIEKTUBHOM ISl BBIMTyCKa PACIIMPEHHOTO
ACCOPTUMEHTA CyXUX OCJIKOBBIX IPOIYKTOB.
DTO0 MOTYT OBITh CyXHE PaCTBOPHMBIE OEJIKO-
BBIC HAITUTKU C OMOMPOTEKTOPHBIM JICHCTBUEM
B OTHOIIEHHWH CYCTaBHO-CBSI304HOTO armapa-
Ta [8], connaabHO alanTHPOBAHHEIE OEITKOBBIE
MIPOAYKTHI IS JIUI] C TOBBIIICHHON (Qu3ude-
CKOM akTMBHOCTHIO [9, 10], BKIIOUas moTpe-
outeneil MPeINeHCHOHHOTO W TIEHCHOHHOTO
Bo3pacrta. Mcnonb3oBaHUe B Ka4eCTBE MHIPE-
JTUEHTOB TPOAYKTOB MEMOpPaHHOTO (paKIn-
OHHMPOBAaHUSI BTOPUYHOTO MOJIOYHOTO CBIPHS
00ecrneunBaeT, ¢ OIHOW CTOPOHBI, BBICOKYIO
MUIIEBYI0 U OMOJIOTHYECKYIO IIEHHOCTh CYXUM
OEJIKOBBIM IPOJIyKTaM, a C APYrod — UX IeHO-
BYIO JIOCTYITHOCTh MOTPEOUTENISIM C pasind-
HBIM YPOBHEM JIOXOJIOB.

BriBoabI

[Iponykuust npeanpusTUid Mo MPOU3BOA-
CTBY CYXOTrO MOJOKa U CyXHX BBICOKOOEIKO-
BBIX CMECell Ha ero OCHOBE MMEET CTpaTeruye-
CKOE 3HaYeHHe, 0OCOOCHHO B YCIOBHUSX YTPO3bI
Ype3BBIYAMHBIX TOJOKEHUH M KPUTHUYECKUX
CUTYyallMii Ha TEPPUTOPHUH CTPAHBI, U ITOJIB3Y-
eTCsl CTa0MIIBHBIM CTipocoM. Pacdersl mokasa-
1, uaro npeanpustae — 000 «Jloxrop Xodhd-
MaH» — MOJYYUT NPHUOBLIL OT MPOU3BOICTBA
MpeaiaraeMbIX K BHEAPECHUIO MPOTYKTOB, BBI-
IyCK KOTOPBIX TPeOyeT KalMTaJbHBIX 3aTpaT,
B pazmepe 9600 Thic. pyd. YpoBeHb peHTa0eIb-
HOCTH COCTaBHT TIPH 3TOM 7,36 %, 9TO SBISIECT-
CSl ONTUMAJIBHBIM JJISl TIPOCKTOB TaKOTO THIIA.
PacuetHblii CpOK OKYyNaeMOCTH KallUTaJIbHBIX
BJIOXKEHUH cocTaBUT 5 jer. Takum oOpa3zom,
MPOU3BOJICTBO CYXUX MOJOYHBIX KOHCEPBOB
Ha 6a3e OO0 «/loxTop Xoddman» 1enecoo-
OpaszHO ¢ YKOHOMUYECKON TOUKH 3PEHHUSL.
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