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It is determined that the efficiency of realization of high natural-climatic potential of the Steppe zone of

Ukraine is limited by the increase of climate aridity. Therefore, the strategic objectives of the agricultural sector
of the economy should be aimed at increasing crop productivity, saving energy resources, improving soil fertility,
reducing anthropogenic pressure on the environment in order to ensure sustainable use of nature. According to the
results of generalization of long-term data it is inserted that the maximum grain yield of maize hybrids of different
maturity groups is formed in wet years, and the lowest - in dry, and plants best use the heat potential of southern
Ukraine in wet and medium wet years, due to the highest intensity of production processes. Using the obtained
regression equations, it is possible to select the most optimal hybrid composition for regional and local agrocli-
matic conditions of the Southern Steppe of Ukraine. According to the results of research, different degrees of
variability of meteorological and agronomic indicators have been established. The use of statistical methods al-
lowed to estimate the years of research on the index of favourable agrometeorological conditions and to establish

regression equations of plant productivity.

Keywords: irrigation, grain crops, agro-measures, agrometeorological conditions assessment index.

Obtaining high and sustainable yields of crops is
based on the highly efficient use of soil and climatic
resources. In agricultural production, in contrast to
other sectors of the economy, these conditions are the
most important components, without which the process
of obtaining crop products is impossible [1]. However,
natural resources differ from conventional means of
production in that they are able to naturally restore their
properties, lost completely or partially in the process of
use [2]. The degree of recovery of the properties of
some types of resources (solar radiation, heat, etc.) de-
pends little on the nature of production, and the degree
of recovery of others (agrophysical structure of soil, nu-
trient reserves and productive moisture in the soil) is
determined by the intensity of their use the process of
growing crops [3].

Many years of experimental experiments of the In-
stitute of Irrigated Agriculture of NAAS were used in
the research [4]. To establish indicators of agroecolog-
ical potential, methodological approaches were used
with its division into subsystems - climatic potential,

soil potential, agrohydropotential, etc. [5]. At the same
time, a number of yield indicators (according to long-
term data of the Institute of Irrigated Agriculture of
NAAS) are interpolated to the level of technology of a
given year.

The general assessment of the agroecological po-
tential of the Steppe of Ukraine can be expressed in the
potential gross grain harvest of all arable lands of the
region or as a weighted average of the statistical maxi-
mum yield. It is necessary to keep in mind the inequal-
ity of products of different crops grown in the region.
This approach allows to obtain a more generalized es-
timate of the AEP than the grain yield, but does not
cover a complete set of crops. Therefore, the general
assessment of the AEP of the region can be determined
by the yield of energy accumulated in the organs (in
GJ/ha) due to the value of the dry mass yield and so on.
The agroecological potential of the steppe zone of
Ukraine is directly related to climate change, especially
natural hydrothermal conditions in some local areas,
which can differ significantly over the years (Table 1).
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Table 1
Annual sum of active and effective temperatures for 2010-2019
(according to the Kherson agrometeorological station)
Annual amount Annual amount
Years active temperatures effective temperatures
over over over over over over over
0°C +50C +10°C +15°C +59C +10°C +15°C
2010 4443* 4338 4066 3330 3142 1892 1042
+13%** | +17% +21% +26% +21% +22% +40%
2011 4060 3795 3534 3169 2720 1748 934
+3% +2% +5% +18% +4% +13% +25%
2012 4688 4654 4293 3780 3388 2219 1246
+19% +26% +27% +42% +30% +42% +67%
2013 4385 4120 3466 3211 2932 1788 1009
+12% +11% +3% +21% +16% +15% +35%
2014 4386 4228 3792 3050 2970 1860 1005
+11% +14% +13% +15% +14% +20% +35%
2015 4408 4176 3458 3228 2872 1788 979
+12% +13% +3% +22% +10% +15% +31%
2016 4345 4178 3710 2924 2910 1822 966
+10% +13% +11% +10% +11% +17% +29%
2017 4507 4275 3625 3262 2956 1826 1016
+15% +15% +8% +23% +13% +18% +36%
2018 4419 4326 4194 3420 3191 2102 1127
+12% +17% +25% +29% +23% +35% +51%
2019 4549 4299 3856 2924 3017 1868 1031
+16% +19% +15% +10% +16% +20% +38%
Average 4419 4239 3799 3231 3010 1891 1035
A"eragrfo'ronr]‘g'term 3926 3705 3357 2648 2604 1553 746
Deviation, °C +493 +534 +442 +583 +406 +338 +285
Deviation, % +13 +14 +13 +12 +16 +22 +38

Note: * - indicator; ** - percentage of deviation from the average long-term indicators

According to the analysis of meteorological obser-
vations, changes in the climatic parameters of the Kher-
son region have been shown to have a close negative
relationship between fluctuations in average annual air
temperatures and the amount of precipitation. It is de-
termined that over the last 30 years the average annual
air temperature has a steady tendency to increase, and
in 2019 reached a maximum of 12.9°C.

Precipitation tends to fluctuate significantly, with
a minimum in recent years of 310 mm (2017). It should
also be borne in mind that the increase in atmospheric
air temperature in different temperature ranges is not
uniform. Thus, in 2012, the total increase in the sum of
active temperatures was 19%, and the increase in the
sum of effective temperatures above 15°C was 63%.

It is determined that the efficiency of realization
of high natural-climatic potential of the Steppe zone of
Ukraine is limited by the increase of climate aridity.
Therefore, the strategic objectives of the agricultural
sector of the economy should be aimed at increasing
crop productivity, saving energy resources, improving
soil fertility, reducing anthropogenic pressure on the
environment in order to ensure sustainable use of na-
ture.

Our calculations show that under the optimal irri-
gation regime, the level of favorable agrometeorologi-
cal conditions for the growth and development of corn
for grain varies for the period 1970-2018 from 0.42 to
1.49, with a long-term average value of 1.0.

Significant fluctuations in the index of assessment
of agrometeorological conditions are caused by annual
fluctuations of individual meteorological indicators.
Statistical modeling shows that the most favorable
weather conditions were in the periods 1980-1983,
1991-1993, 1997, 2004, and 2018. In these years, there
was an increase in precipitation and moderate heat. On
the contrary, in 1994-1996, 1998-1999 and 2006-2007
there was a sharp decline in corn productivity due to
extremely high air temperatures, a sharp shortage of
natural moisture, dry winds and more. In recent years
(2014-2018), due to favorable weather conditions - the
productivity of corn - is increasing.

Thus, according to the results of generalization of
long-term data it is inserted that the maximum grain
yield of maize hybrids of different maturity groups is
formed in wet years, and the lowest - in dry, and plants
best use the heat potential of southern Ukraine in wet
and medium wet years, due to the highest intensity of
production processes. Using the obtained regression
equations, it is possible to select the most optimal hy-
brid composition for regional and local agroclimatic
conditions of the Southern Steppe of Ukraine. Accord-
ing to the results of research, different degrees of vari-
ability of meteorological and agronomic indicators
have been established. The use of statistical methods
allowed to estimate the years of research on the index
of favourable agrometeorological conditions and to es-
tablish regression equations of plant productivity.
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This scientific work shows the results of research to assess the yield structure of promising source material
for the selection of high-yielding varieties of chickpeas, determining the biochemical characteristics of the vege-
tative mass and roots, which indicate increased cold resistance. Determining the difference between biochemical
parameters of chickpea plants at different growing technology. The results of these studies are covered in this

article.

Keywords: chickpeas, breeding, influence of low positive temperatures, cold resistance, sugar level.

Introduction
The problem of moisture supply more and more
often arises when growing crops. The impact of global
climate change is inevitable and permanent. In Ukraine,
droughts often occur in the steppe zone during the
growing season and this process is intensifying and
spreading territorially [1]. Chickpeas in drought re-
sistance is one of the first places among legumes, but to
obtain seedlings need 130-140% moisture by weight of
seeds [2]. Therefore, in conditions of frequent soil and
air droughts, early crops have their advantages for ob-
taining quality seedlings. After all, although it is a
drought-resistant crop, the impact of prolonged
droughts has a negative impact on the formation of a
good and quality crop [3,4,5]. Therefore, our scientists
continue to work on creating a highly productive source
material of common chickpeas, resistant to low positive
temperatures and capable of winter cultivation technol-
ogy.
Methodology.

The fields of the Plant Breeding and Genetic Insti-
tute - NCSC are located in the central part of Odessa

region. The soil cover of the experimental fields is ho-
mogeneous and is represented by the southern medium-
humus heavy loamy chernozems with a humus content
in the arable layer of 3.5-4.1%. The reaction of the soil
solution is neutral (pH = 6.1) hydrolytic acidity - 3.29
mg / eq. per 100 g of soil, the amount of absorbed bases
- 37.8 mg/ eq. per 100 g of soil.

The climate is moderately warm, formed mainly
under the influence of Atlantic and Mediterranean air
masses. The average annual air temperature is + 9.6°C,
the sum of effective temperatures is 3300°C, the aver-
age long-term precipitation is 430 mm. Winter is mild
and short. The coldest month is January, with an aver-
age long-term air temperature of -2°C. Early spring, the
transition of temperature through + 5°C occurs in the
second or third decade of March. Summers are hot and
long, dry winds are often observed. Due to high tem-
peratures and low relative humidity, the soil loses a lot
of moisture in the summer. We studied 10 lines ob-
tained as a result of targeted hybridization for resistance
to low positive temperatures, namely: 5030, 5033,
5150, 5360, 5362, 5381, 5382, 5383, 5384, 5387 and
parental forms from the collection of chickpeas, namely
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Col.20 and Col. 229. Research methods include field,
analytical and statistical analysis (according to
Dospekhov), biochemical analysis.

Main part.

In 2021, F5 lines were sown, which were obtained
by selection for resistance to low positive temperatures.
After harvesting, a structural analysis of these lines and

parental forms involved in the selection process was
performed. The results of this experiment are presented
in table Nel.

As we can see from the results of this experiment,
there is a very high difference in the characteristics of
the vegetative mass of plants. All lines quite convinc-
ingly outweigh the parental forms in plant height.

Table Nel

Structural analysis of F5, chickpea lines obtained as a result of selection for cold resistance

Ne geno- | Plant height, | Height of the bot- Number of The number of seeds | The mass of seeds
type cm tom beans, cm. beans, pcs. in the plant, pcs. in the plant, g.
Col.20 46,33+1,08 22,66+1,78 10,33+3,19 6,66+2,16 2,00+0,35

Col. 229 43,28+1,23 23,71+1,69 12,14+1,44 7,00+0,93 2,01+0,26
5030 74,30+2,84 43,81+1,35 10,20+1,63 5,20+0,91 2,20+0,22
5033 69,06+1,33 43,81+1,85 14,18+1,63 8,62+1,44 2,16+0,28
5150 68,65+2,47 46,05+1,59 15,95+3,34 8,50+2,75 3,19+0,82
5360 71,91+3,26 41,58+2,67 15,66+1,85 4,41+0,58 1,57+0,13
5362 63,77+3,68 34,00+2,40 14,77+1,53 6,77+0,55 2,78+0,27
5381 72,95+1,71 46,15+1,34 18,65+2,31 14,45+2,02 4,35+0,52
5382 72,87+£3,20 37,1242,01 25,50+4,05 12,00£3,45 4,55+1,16
5383 69,60+0,89 46,50+1,19 14,30+1,60 10,15+1,42 3,42+0,41
5384 70,00+1,87 43,85+2,18 21,4242.36 10,42+2,24 3,36+0,56
5387 67,80+2,62 42.20+1,37 10,20+£1,08 6,45+1,08 1,64+0,34

After analyzing the data from the structural analy-
sis of F5 lines, we can note the increased productivity
of almost all lines, except 5360 and 5387, which proved
to be below the level of parental forms. Numbers 5150,
5381, 5382, 5383 and 5384 have a very convincing ad-
vantage in terms of yield over other lines and parent
form, namely in seed weight (5150 - 3,195 + 0,82 g per
plant, 5381 - 4,35 + 0,52 g, 5382 - 4.55+ 1.16 g, 5383
-3.42+0.41g,5384-3.36+0.56).

In October 2020, the lines obtained because of se-
lection for resistance to low positive temperatures dur-

ing germination were sown to test this material for win-
ter cultivation technology. In February 2021, samples
of vegetative mass of chickpea were taken for biochem-
ical analysis to detect biochemical markers of re-
sistance to low temperatures in winter, the samples
were taken in the phase of 3-4 true leaves. According
to the literature, this phase is critical for plants [6],
which is due to reduced resistance of plants to low tem-
peratures. Indicators that were taken for testing are
sugar levels, chlorophyll, carotenoids, flavonoids, pro-
teases, protease inhibitors. The results of this analysis
are presented in table Ne2.

Table Ne 2
Biochemical parameters of chickpea plants for winter sowing 2020-2021
Plot Suaar Chlorophyll, Carotenoids | Flavonoids | Proteases | Protease in-
. g mg% mg% g/100g H cat/ kg hibitors
num- | Variety name level Pete
ber % a b o/kg '
Act.
2 5033 1505 | 167,16 | 58,94 | 70,26 0,204 1868 | 0124 | 1,82
(vegeta. mass)
2 5033 561 | — | — - 0,056 1514 | 0,036 | 1,56
(root. mass)
3 5150 1336 | 14953 | 5051 | 61,82 0,182 1734 | 0,075 | 1,27
(vegeta. mass)
3 5150 804 | — | — — 0,054 1474 | 0 | -
(root. mass)
5 5362 11,75 | 162,61 | 52,16 69,58 0,211 1,674 0,152 | 2,45
(vegeta. mass)
5 5362 7,63 — — — 0,054 1,160 0 —
(root. mass)
6 5381 16,24 | 158,09 | 52,53 71,16 0,185 0,811 0,249 | 3,72
(vegeta. mass)
6 5381 6,13 — — — 0,052 1,602 0 —
(root. mass)
7 5382 13,06 | 178,43 | 56,7 76,91 0,245 1,120 0,177 | 2,77
(vegeta. mass)
7 5382 711l — | — — 0,057 1516 | 0 | —
(root. mass)
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Based on the results of biochemical analysis, we
can conclude that the stability of chickpeas is due to
such indirect indicators of stability as sugar levels and
protease inhibitors. In contrast to the results of bio-
chemical analysis in 2019-2020 when the winter was
warm and snowless, and the level of sugars was higher
in the root mass, in 2020-2021, this figure was higher
in the vegetative mass, because the winter of 2020-
2021 was quite cold and had a snow cover. This sug-
gests that chickpea plants thus protect themselves from

damage by low temperatures. In addition, in contrast to
the data presented in the table [7], we have a much
larger amount of sugars, in the vegetative mass; this fig-
ure was not less than 10%. In the spring of 2021, we
also selected samples of spring crops of the same gen-
otypes that were taken from winter crops for biochem-
ical analysis on the same indicators. The data are pre-
sented in table Ne 3.

Table Ne 3
Biochemical parameters of spring chickpea plants 2020-2021
Flavo- Prote- L
Plot _ Sugar Chl%g&t‘y”’ nociggor:%% noidsg/ | asesH Prote?ts(;ar;nmb-
num- | Variety name level 100g cat/ kg
ber % a b g/ Pete.
kg Act.
2 5033 6,42 | 312,46 | 106,19 94,83 0,295 1,602 0 —
(vegeta. mass) ' : : ' ; ;
5033
2 (root. mass) 9,29 _ - — 0,055 1,408 0 —
5150
3 | (vegeta. mass) | &7 | 309.33 | 106,63 87,79 0,318 1,922 0 —
5150
3 (root. mass) 513 — — — 0,040 1,465 |0,017 | 0,44
5362
5 (vegeta, mass) 6,82 | 296,31 | 103,91 78,88 0,273 1,091 0 —
5362
> (root. mass) | >1° | — — — 0,043 1,448 0 _
5381
6 (vegeta, mass) 6,49 | 301,59 | 103,5 83,67 0,300 1,871 0 —
5381
6 (root. mass) 5,89 - - — 0,043 1,422 0 —
5382
" | (vegeta mass) | 833 | 2934 | 10477 1 77,90 0,315 1,514 0 —
5382
! (root.mass) | "% | — - — 0,045 1,297 10,068 | 1,74
Comparing the results of biochemical analyzes we References

can conclude that: 1. the level of sugars is radically dif-
ferent in the technology of cultivation. In winter sowing
this indicator is increased and more than 10%, in spring
sowing this indicator is less than 10%, which means
that the sugar level is an indirect indicator of resistance
to low temperatures. 2. The level of chlorophyll is also
quite radically different; in spring sowing this figure is
2 times higher than in winter sowing. 3. The main dif-
ference is the presence of protease inhibitors. As we can
say, spring sowing does not have these substances in
contrast to winter sowing. This suggests that these sub-
stances suspend the plant's metabolism by putting it in
a state of stasis to survive under the negative factor.

Findings.

Numbers 5150, 5381, 5382, 5383 and 5384 have a
very convincing advantage in productivity over other
lines and parent forms, namely in seed weight (5150 -
3,195 + 0,82 g per plant, 5381 - 4,35 + 0,52 g, 5382 -
455+1.16 g, 5383 -3.42+0.41 g, 5384 -3.36 +0.56
g). Chickpea plants have mechanisms to slow down the
metabolism to reduce the risk of stress damage as evi-
denced by increased levels of sugars and protease in-
hibitors.
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State financial control in the Russian Federation is
a form of state regulation of financial and industrial re-
lations of all economic entities, contributing to the im-
plementation of a unified financial, credit and monetary
policy in the country, protection of the financial inter-
ests of the Russian Federation. Being a mandatory ele-
ment of public property management, "state financial
control is carried out in order to ensure the implemen-
tation of a unified financial, budgetary, monetary, tax,
currency and investment policy in the Russian Federa-
tion, ensuring economic security and protecting the fi-
nancial interests of the state, as well as its citizens and
business entities." [1].

At the moment, the state financial control plays a
key role in the system of efficient use of budget funds.
The federal budget has been a vulnerable sector for
many years. This is primarily due to the misuse of
budgetary funds. Currently, a large number of state
bodies and services have been created and are function-
ing in the Russian Federation, which are entrusted with
the functions of state financial control and audit. Their
functions, powers, status and areas of control activities
are determined on the basis of decrees of the President
of the Russian Federation, the Decree of the Govern-
ment of the Russian Federation, relevant regulatory le-
gal acts and relevant regulations.

Due to the lack of transparency, there is no trust in
decision makers. Any amount of expenditure, in partic-
ular with the use of budgetary funds, leads to suspicion
of inefficiency in the distribution of financial resources
[2].

The mechanisms should be aimed at ensuring
transparency in the expenditure of funds from the
budget. At the same time, transparency is very im-
portant not only for the actions of the recipient of funds,
but also for the entire chain of execution, whether it is
government contracts or recipients of subsidies who
continue to use the funds for their intended purpose. A
huge reserve of work is associated with the so-called
continuity of activity or continuity of control. The vol-
ume is so large that it is not possible to work out all the
information. To solve this problem, it is necessary to
pay attention to the budget monitoring system. The de-
velopment of a budget monitoring system as a tool for
managing the state budget is one of the priorities for
improving control over the execution of financial re-
sources. Also, the problem of state audit is the lack of
professional personnel in this area. For the develop-
ment of state audit in Russia, young highly qualified
professionals are needed. A professional state auditor
should have basic knowledge of economics, law, and a
foreign language. He especially highlights the difficul-
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ties of the language barrier of specialists. Thus, a sig-
nificant role in the implementation of financial control
belongs to the state (municipal) control bodies.

In particular, we can detect the intersection of the
competencies of the Government and the Central Bank
of the Russian Federation in the field of guarantees and
the implementation of a unified financial, credit and
monetary policy. Also, the similarity of the powers of
the Federal Treasury and the Central Bank of the Rus-
sian Federation in terms of currency regulation.

The bodies of the State Fiscal Committee, includ-
ing the Accounts Chamber of the Russian Federation,
do not have independent levers of power, therefore their
strength and influence lie in the quality of the work car-
ried out. In order to consolidate its influence, the GFC
must be constantly improved, which should result in an
increase in the efficiency of the GFC and the quality of
the state audit, which makes it possible to assess not
only the legality of spending budget funds, but also the
effectiveness of using state resources to achieve socio-
economic goals [3].

Such events are predetermined by the vagueness
of the wording, which entails a misinterpretation of le-
gal norms, the absence of acts, the adoption of which is
conditioned by practice.

Taking into account all the above, in order to im-
prove state financial control, it is necessary to:

- improve the control of public expenditures, and
assess their effectiveness;

- strengthening the transparency of the activities of
organizations using taxpayer funds;

- introduction of new technologies for conducting
control checks on the use of budget funds;

- development of a single methodological basis for
performance audit for the control and accounting bod-
ies of financial control;

- ensuring compliance with financial discipline
and minimizing financial irregularities and corruption;

- combining the efforts of regulatory bodies of leg-
islative and executive authorities to create a system for
auditing the effectiveness of the use of budgetary funds;

- determining the direction of capital movement,
limiting the export of capital abroad;

- creation of personnel training centers for ad-
vanced training and professionalism of specialists en-
gaged in control and economic work [4].

The organization and functioning of an effective
financial control system is a mandatory and indispen-
sable element of the state financial policy. State finan-
cial control, playing an essential role in ensuring the
functioning of the state, can simultaneously be quali-
fied as a function of social management and legal reg-
ulation.

One of the ways to improve the financial system
in the regions is to conduct an annual analysis of the
financial activity of the entity. Analysis as one of the
methods of financial control is understood as a detailed
study of the annual financial and accounting statements
for the purpose of a general assessment of the results of
financial activities. This control method is character-
ized by a systematic approach and includes various eco-
nomic and mathematical techniques.

The organization and functioning of an effective
financial control system is a mandatory and indispen-
sable element of the state financial policy. State finan-
cial control, playing an essential role in ensuring the
functioning of the state, can simultaneously be quali-
fied as a function of social management and legal reg-
ulation [5].

The development of a budget monitoring system
as a tool for managing the state budget is one of the
priorities for improving control over the execution of
financial resources. Also, the problem of state audit is
the lack of professional personnel in this area. For the
development of state audit in Russia, young highly
qualified professionals are needed. A professional state
auditor should have basic knowledge of economics,
law, and a foreign language. He especially highlights
the difficulties of the language barrier of specialists.
Thus, a significant role in the implementation of finan-
cial control belongs to the state (municipal) control
bodies.

In order to improve the system of financial control,
it is necessary:

- to establish an equal position for all subjects of
financial control;

- to tighten measures for the suppression of of-
fenses identified during the financial control;

-to endow the Accounts Chamber of the Russian
Federation with additional powers to conduct financial
control throughout the territory of the Russian Federa-
tion;

-systematize the activities of the control and ac-
counting bodies of the subjects of the Russian Federa-
tion, as well as municipalities;

- to fix the methods of financial control in regula-
tory acts [6].

The article was prepared with the financial support
of the Novosibirsk State Technical University (project
C21-11).
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Introduction

Economists have been arguing for many decades
in the academic community about which economic
models allow a country to develop sustainably in the
long term, increase a country's wealth and its citizens'
prosperity, and which are detrimental to the national
economy. Scientific battles about the state’s role in na-
tional development, national governments' develop-
ment mechanisms and state regulation efficiency under
global economic development, the markets' openness
and the cross-border flow of capital, workforce,
knowledge and technologies also continue unabated.

Some economists argue, based on empirical re-
search, that development is only possible through inter-
national trade, the maximum openness of markets and
competition's unlimited power. Others say, also con-
firming their arguments with research results, that the
basis for development is a protectionist policy, an ac-
tive role in the economic development and national
market management. At the same time, international
economic history has taught the world some important
lessons.

In the first place, completely open or closed econ-
omies have failed. But countries that combined models
that provided protection for national companies while
managing national economic openness have succeeded.

Second, for some countries, globalization and
openness have been a source for development and in-
creased state, economic agents and citizens' well-being,
but for others they have been the cause of poverty, eco-
nomic or technological dependence on the former. A
country benefits from globalization only by having
strong national production.

Third, absolute openness of the domestic market
sooner or later leads to technological and product de-
pendence of the country. Countries possessing a tech-
nology benefit meaningfully from openness at the other
countries' expense, and then, when it is profitable, use
their monopolistic rights to these technologies to put
economic and political pressure on other countries that
have become their "technological colonies".

Fourth, for each country that chooses to take ad-
vantages of globalization and openness, or the benefits
provided by protectionism and import substitution
tools, there is a price, which depends on many internal
and external factors and conditions.

Fifth, it is possible to distinguish five basic socio-
economic development strategies based on scientific
and technological progress. Countries combine differ-
ent strategies based on their development stage and
"windows of opportunity”, with protectionism, open-
ness and export support policies being an integral part
[7].

Scientific basis of protectionism and import
substitution

Theoretical and practical aspects of the protection-
ism policy and the application of import substitution
mechanisms for national development purposes have
received significant attention from many scientists and
researchers, including P. Samuelson, F. List, S. Neu-
mann, A.R. Adwale, S. Mukherjee, A. Jaleel, W. Baer,
Ko Min Lin, A.H. Amsden, A.R. Adewale, S. Cooke,
P. Watson and others.

For example, P. Samuelson pointed out that, on the
one hand, protectionism prevents comparative ad-
vantage forces from acting as efficiently as possible,
and on the other hand, protectionism in one country
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prevents comparative advantage forces from acting as
efficiently as possible to obtain benefits from another
country. At the same time, F. List says that eliminating
barriers that helped create and develop national produc-
tion should only be done when these barriers begin to
hinder development, or if an industry has achieved a
comparative advantage in contrast to other countries. In
his works, List also pointed out the most important se-
quence of development: national technological and hu-
man capital development - national industrialization
and formation of a diversified economy based on own
and attracted technological capital simultaneously with
strong protectionist measures - developing aggregate
comparative competitive advantages based on national
technological capital, human capital and strong produc-
tion capabilities - integration into the global economy.
Those countries that act in a different sequence, usually
subsequently face significant difficulties and barriers to
development, and efficiency of government support is
greatly reduced.

Development models based on protectionism and
import substitution, on the one hand, contradict global-
ization and growth models based on the international
division of labor, and on the other hand, are an integral
part of the economic development policy of most de-
veloped states and developing countries, which were
able to ensure sustainable growth and create new eco-
nomic growth points in a relatively short time. Re-
searchers note that in globalization and huge interna-
tional trade volumes, creating one's own large-scale and
technologically developed industrial production is pos-
sible only through import displacement in the national
economy with the latter forcing out technology groups,
products and services in the international market [2].

Primarily at the "birth" stages of new industries or
developing existing industries, an adaptation phase of
their production systems resulting from new technolo-
gies, knowledge, production factor combinations,
changes in technological and consumer standards, na-
tional producers face limited capital and investment op-
portunities, human resources with appropriate skills
and competences, limited demand, technological capi-
tal and a high competition level from transnational cor-
porations.

National economic agents (companies, house-
holds, the state) credit the other world through product,
equipment and service imports, national capital out-
flows from the country, foreign currency, foreign gov-
ernment securities and foreign company security pur-
chases. In this regard, an import substitution policy be-
comes a mechanism for forming additional resources
and sources for national companies by reducing lending
to foreign producers through displacing imported prod-
ucts and services in the national market, as well as by
reducing national consumers' propensity to import. At
the same time, in the author's opinion, regulatory mech-
anisms that lead to a decrease in the propensity to im-
port and the opening of demand in the domestic market
for national producers are a higher priority than a direct
and complete ban on imports, unless such a ban is a
necessary measure caused by economic and political
factors related to national security.

R. Barre expresses an important idea that exports,
like investments, lead to the growth of profits, while
imports do not create new income in the importing
country, and consuming a certain imported product can
be carried out at a certain income and consumption
level only by reducing national consumption [9]. Neo-
classical economic model followers express several ar-
guments against an import substitution model’s appli-
cation. On the one hand, these arguments are important
for assessing the risks associated with import substitu-
tion, and on the other hand, they are important aspects
for applying a mixed policy, which provides for the use
of protectionist tools at the initial stages and free trade
and globalization mechanisms at later stages.

For example, S. Haggard says that openness does
not prevent countries from industrialization, but allows
them to develop through technological adaptation and
obtaining new knowledge. Neoclassics note that in the
transition to a development model based on import sub-
stitution produced equipment and consumer products
often do not meet international quality standards and
are inferior to used technologies in terms of efficiency.
This position is certainly not unreasonable. However,
lower product quality and their lower technological ef-
ficiency in comparison with imported products almost
always occurs at the early development stages. How-
ever, at subsequent stages, due to the use of more mod-
ern national and foreign technologies, establishing in-
teraction with consumers, improving production pro-
cesses, developing the R&D system, product quality
and their compliance level with buyers' needs increases
over time, and labor productivity in the respective in-
dustries recovers and grows.

It is possible to state that a development model
based on protectionism and import substitution and the
export-oriented development models complement each
other. The relationship between import substitution
policy and exports can be explained through intersec-
tional demand theory, developed in 1961 by the Swe-
dish economist S. Linder, according to which the nec-
essary condition for exporting products and services is
a high domestic demand for these products and ser-
vices. In turn, A. Jaleel in his study expressed the posi-
tion that a country cannot export what it does not pro-
duce, export capacity growth is greater if domestic pro-
duction capacity and penetration of national products in
the domestic market are greater, indicating that there is
a positive relationship between manufacturing produc-
tion per capita and their export share in total manufac-
turing production [2].

Thus, in fact, import substitution policy in essence
acts as the accelerator for exports' further development.
The policy of protectionism and import substitution is
not an alternative for export-oriented strategy. At the
first stage it is necessary to ensure goods' production
and consumption in the domestic market in order to de-
velop them to a competitive level corresponding to the
level of applied technologies and global quality stand-
ards, and then actively begin to promote them in foreign
markets. Both policies involve the implementation of
existing opportunities for the regional economy
through the domestic market (import-substitution pol-
icy) and foreign markets (export-oriented policy).
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An important aspect for the domestic market is
whether the regional economy in a certain time period,
considering the rate of S&T progress and diffusion dy-
namics of technologies and produced on their basis sets
of products and services, can produce products or cre-
ate intangible assets and provide the same or higher
quality services at the same or lower price, or offer prin-
cipally new products based on more advanced technol-
ogies to consumers than foreign companies do [11].

An import substitution policy is also aimed at re-
ducing the risks for a country associated with national
economy technological dependence on foreign
knowledge and technology, reducing possible political
influence from the countries that are technological
leaders in the national economic system and national
development institutions.

So, itis possible to give an import substitution pol-
icy the following definition. Import substitution policy
is a policy and mechanism set implemented simultane-
ously and on a par with other development models, sci-
entific-technological and innovative development
mechanisms, which is aimed at: (1) national economic
development and ensuring economic, commodity and
technological state security, providing for a gradual
transition from simple products to science-intensive
and high-tech products in order to further export them
to global markets; (2) economic diversification through
national production capacity development in "emerg-
ing" and priority industries with scientific, technologi-
cal, human and (or) production potential; (3) support
for developing "emerging" and priority industries with
significant potential in the domestic and foreign mar-
kets and creating new economic growth points on their
basis.

An import substitution policy provides opportuni-
ties for development in case of its successful implemen-
tation, effective coordination and interrelation with
other economic development mechanisms and state
support. The import substitution strategy can give im-
petus for rapid "emerging" and priority industry devel-
opment, accelerate productivity growth in these and re-
lated sectors, and launch economic development mech-
anism based on market and technological
specialization, while ensuring the country a leading po-
sition in the global market.

At the same time, given the limited resources, the
import substitution policy should not and cannot be im-
plemented in all sectors simultaneously, which is
fraught with resource dispersion and the inability to ac-
cumulate sufficient investment capital in different sec-
tors for development and technological modernization,
problems in the process administration, too much pres-
sure on the state budget (direct costs to support indus-
tries and related industries, expenditure on research and
development, shortfall in income associated with tax
incentives).

The most important condition is to formulate the
import substitution policy while considering risks and
technological threats to the country, assess the techno-
logical and resource capabilities of the government and
private business, analyzing all the comparative compet-
itive advantages, the existing development level of pro-

duction infrastructure, evaluating domestic and poten-
tial foreign markets, identifying key barriers and mech-
anisms to overcome them, etc.

In general, an import substitution policy can be
aimed at developing industries that have technological
potential, significant domestic market and export po-
tential, whose goods are already produced by national
manufacturers. An import substitution policy may be
aimed at a product group that is not produced by na-
tional manufacturers, but there is technological capital
(or it can be formed in the short term), with a large
enough domestic market and dynamically developing
foreign markets.

Protectionism and import substitution for na-
tional development

Protectionism and import substitution mecha-
nisms have been applied by a significant number of
countries, including economically and technologically
developed countries, for example, Brazil, Argentina,
Mexico, South Korea, China, Malaysia, Germany, the
Netherlands, France, Switzerland and even the USA.

Import substitution policy is inextricably linked to
protectionist measures for national companies in the
domestic market, but it must be recognized that export
capacity development and export support are also inex-
tricably linked to national companies' protectionism,
but in foreign markets. Using protectionism and import
substitution mechanisms, developed countries adapted
the models and economic development tools used, and
through the national market they ensured the develop-
ment of their own technological advantages, competen-
cies in national companies, forming a powerful indus-
trial base, cultivating large national companies, and
then through free trade and an openness policy, "gener-
ous financial assistance™ to other countries they created
their national transnational corporations.

Developed countries, which are fierce supporters
of the free trade and globalization model, see protec-
tionism and import substitution as an important element
of their economic development and an advantage. J.
Ahmad notes that import substitution is used by coun-
tries with a high level of industrial development as an
additional tool to support economic growth [1]. In turn,
H-J Chang points out that almost all rich countries to-
day used tariff protectionist tools and subsidies for na-
tional industries at their initial development stages. It is
especially interesting that such countries as the US and
the UK, which have proposed and advocated for open
markets and free trade models, most actively use vari-
ous mechanisms to protect their national producers [4].

Moreover, these countries, using their technologi-
cal and economic superiority, through establishing in-
ternational development institutions and international
legislation on trade, initially laid the mechanisms and
conditions for limiting protectionist instruments and
import substitution models for individual national
economies.

For example, the US Office of Technological De-
velopment report dedicated to the US Congress’ 100th
meeting [6] noted that the US government through
large-scale international negotiations should form a
new organizational and legal system of international re-
lations, providing trade barrier removal, obstacles for
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foreign direct investment and for cross-border techno-
logical exchange. These conditions were formulated as
mechanisms to circumvent trade and investment barri-
ers set up by foreign countries to protect domestic mar-
kets, to gain future economic benefits for the U.S. or to
influence other countries through limiting access to
more advanced technologies or limiting uses of already
transferred technologies, as well as to distort the then
existing financial and trade flows.

The author considers it important to cite several
statements belonging to the U.S. leadership that, in
their essence, reflect the true economic policy objec-
tives pursued at the international and national levels. A.
Lincoln has been attributed with the following words:
"I do not know much about tariffs. All I know is that
when | buy a coat from England, | get a coat and Eng-
land gets money. When | buy an American coat, | get a
coat, and America gets money" [8]. One report to the
U.S. President pointed out that "protectionism in inter-
national trade ... even if it is costly to the American
economy in the short term, can nevertheless be justified
if its strategic goal is to raise protectionist policy costs
for foreign countries. Thus, a potential role should be
played by carefully considered measures ... aimed at

persuading other governments to limit their activities
aimed at disrupting trade relations" [8]. P. Bairoch in
his article "Economics and world History: Myths and
Paradoxes" pointed out that the U.S. government has
always engaged in protectionism as the most important
element of its economic development strategy. As early
in the 19th century Ulysses Grant said that "Within 200
years, when America has gotten out of protection all
that it can offer, it too will adopt free-trade principles".
3]

Using the approaches outlined by P. Samuelson,
who considers openness as a ratio of international trade
to GDP [8], it is possible to observe multidirectional
dynamics regarding both the openness level of the
world economy and individual economies in the period
from 1980 to 2018. In general, data analysis shows that
for all countries that are part of an existing "System-
World" core, economic openness is slightly higher than
the global average, and significantly lower than devel-
oping or small countries. This actually means that the
countries that speak loudest about globalization and
openness are actively engaged in protectionism and the
protection of their national companies. At the same
time, it is the U.S. that is one of the most closed econ-
omies among countries with a high income per capita.

International trade-to-GDP ratios for the world and individual countries between 1980 and ZOIg.ble -

Country name 1980 1990 2000 2010 2015 2018
USA 0,20 0,20 0,25 0,28 0,28 0,27
China 0,23 0,35 0,45 0,55 0,42 0,40
Japan 0,29 0,21 0,21 0,31 0,37 0,38
Germany 0,48 0,51 0,65 0,83 0,88 0,89
India 0,16 0,16 0,28 0,48 0,45 0,45
Republic of Korea 0,74 0,55 0,71 0,98 0,85 0,84
Russian Federation 0,34 0,45 0,68 0,51 0,59 0,51
Singapore 4,29 3,73 3,45 3,58 3,14 3,17
Netherlands 0,96 0,99 1,34 1,55 1,95 2,02
The world 0,44 0,38 0,48 0,58 0,57 0,59

Source: compiled by the author based on World Bank and WTO data

The effectiveness of an import substitution policy
for different countries was not the same. For some
countries, such as Argentina, import substitution mech-
anisms may be recognized as not entirely successful,
which was largely due to the one-sided economic
growth tools and state support mechanisms used, which
actually led to a high closure of certain economic sec-
tors and a decrease in economic competitiveness as a
whole. Using a rather traditional mechanism to support
national companies (state subsidies, restrictions on im-
ports of foreign products), Argentina at the same time
restricted foreign capital flow. With a small domestic
market for import substitution consumption, this led to
an inability to reproduce sufficient resources to develop
its own technological and human capital, investment in
R&D and investment in fixed capital, while limiting
foreign technology transfer into the country's economy.
In addition, the revenues from exports were directed

mainly to state reserves and were not invested in scien-
tific and technological development and high-tech in-
dustry building. However, Latin American countries
were able to get a positive effect from the import sub-
stitution policy, but in the short term.

At the same time, Asian countries' experience is
much more successful due to the initial application not
only of protectionism mechanisms and restrictions re-
lated to foreign product and service imports, but also
mechanisms aimed at accelerating scientific and tech-
nological progress, developing human capital, support-
ing national companies in priority economic sectors
and stimulating national exports of goods and services
(an "export-oriented import-substitution" strategy). For
example, the Indian experiment from 1950 to 1965
showed that import substitution under the first Indian
industrial development plan ensured 33% industrial
production growth (for manufacturing equipment and
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components), under the second plan - 13% (for such in-
dustries as paper production, printing, petroleum prod-
ucts and electrical equipment production) and under the
third plan - 25% (for manufacturing equipment) [5].

In general, according to the UN [12], increasing
national production share in total product output and
satisfying consumer demand in the domestic market
through import substitution explains 50% of national
economic industrialization growth.

State policy of protectionism and import sub-
stitution

According to the author, there is an important dif-
ference between the state protectionist policy to support
national companies and import substitution policy. Un-
der increasing competition between countries in the
context of S&T progress and globalization, transna-
tional corporate activities, resource constraints for the
national economic agents' development, the policy
aimed at protecting and supporting national companies
in domestic and foreign markets, primarily in the
"emerging" and priority industries, should be imple-
mented on an ongoing basis. Otherwise, national com-
panies' competitive opportunities will decrease, which
will result not only in reducing national income, but
possibly in technological and commodity dependence
of the country.

As protectionism policies and support for national
companies in "emerging™ and priority industries, gov-
ernment actions encompass in their totality various ob-
jectives, including: (1) S&T development and techno-
logical capital accumulation, forming favorable condi-
tions for S&T activities; (2) human capital
development, human capacity development; (3) sup-
port for national production capacity development; (4)
stimulating consumption and developing aggregate de-
mand for products and services produced (provided) by

national economic agents; (5) supporting commerciali-
zation processes for new technologies and innovation;
(6) developing international trade, supporting national
exports, and increasing national companies' competi-
tiveness in global markets.

In some cases, mechanisms aimed at national
companies' protectionism and their state support are ap-
plied whether or not import substitution policy is im-
plemented, while in other cases, mechanisms of protec-
tion and supporting national companies and import sub-
stitution tools are applied at the same time. Moreover,
their simultaneous application is a prerequisite for im-
port substitution policy efficiency. At the same time,
import substitution mechanisms are reasonable to apply
in a limited time period when certain conditions or the
need to solve specific problems arise.

Import substitution policy should consider the
economic cycle phases, trajectory stages of innovation
and industrial development in the relevant economic
sectors, consider the level of technological penetration
in the world, as well as emerging opportunities for de-
velopment on an imitation basis of technology and in-
novation.

International experience shows that import substi-
tution policy can be implemented in stages, but at each
stage no more than 5-10 economic sectors can be prior-
itized. In general, for import substitution policy the
planning period should be from 15 to 25 years. This
planning period is chosen based on the need to cover
the time period for the technological trajectory and for
the part of the product development trajectory, the im-
possibility of the rapid concentration and forming the
necessary resources, the long-term transition of na-
tional development institutions, human capital develop-
ment and production organization and, as a conse-
quence, the impossibility of achieving fast and signifi-
cant results in the short term.
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Figure 1. Development model based on import substitution policy application

Source: Developed by the author
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Import substitution policy can also be aimed at
those products, whose production is not efficient in
economic terms in a certain time period, but imports
and high foreign technology penetration pose a strate-
gic threat to the economic and technological national
security. According to the author, import substitution
mechanism application is reasonable in conditions, if
import share of any product group or import share in
strategically important economic sectors in domestic
consumption exceeds 40-50%, depending on the eco-
nomic sector. During import substitution policy imple-
mentation there can be a sectoral approach (vertical im-
port substitution for certain economic sectors), a tech-
nological approach (import substitution policy is built
through identifying a set of critical and promising basic
and sub-technologies for priority and related indus-
tries), as well as a mixed approach.

Specific features of the state import substitu-
tion policy

Implementing an import substitution policy and,
even more so, obtaining a positive effect is a complex
process and requires from national governments signif-
icant efforts in governance, regulatory influence on
markets, transforming state development institutions
and their highest coordination in a dialogue with the
private economic sector. The "rationality" principle
must be applied. On the one hand, there should cer-
tainly be a "strong hand" of the state, which is able to
launch the "import substitution locomotive", techno-
logical modernization processes and rapid developing
national production capabilities for priority industries,
and on the other hand, it is important to ensure a bal-
ance between the closed and openness level of these in-
dustries.

When implementing import substitution policy, it
is important "to separate the benefits of the isolated de-
velopment path and the costs associated with protec-
tionism™ [10]. That is, on the one hand, it is necessary
to clearly understand what benefits will be derived in
the long term, and what costs will have to be incurred
for this purpose. At the same time, the assessment
should be carried out for priority industries, for which
import substitution tools will be introduced, for related
economic sectors and the economy as a whole. That is,
it is advisable to use assessment methods of broad im-
pact and comparing the total benefits and total costs.
However, it is important to understand that it is often
impossible to identify all the benefits and estimate all
the potential costs.

In simple words, the national government, when
deciding to implement import substitution policy,
should not fall into the "import substitution trap,” hav-
ing the desire to build its own fully independent indus-
trial industries. The wrong and hasty choosing of indus-
try and technology priorities can divert significant re-
sources, leading to an even greater technological lag in
other industries in the absence of a substitutive positive
effect.

The policy implemented by the state must ensure
a balance between the application, including non-com-
petitive mechanisms, of financial and non-financial
government support tools that ensure national company
development and their product and service penetration

into the domestic market, and the conditions for foreign
companies to do business in the national market.
Achieving this balance is important based on the need
to stimulate foreign direct investment in the country
and to assess the opportunities that foreign companies
can provide for national economic development (in-
vestment, new highly productive and highly profitable
jobs, technology transfer, re-export of goods, increased
national companies' participation in global value
chains).

Government policy in the import substitution
sphere with simultaneous implementation of develop-
ment support mechanisms should, on the one hand, pro-
vide a price advantage in the domestic market for na-
tional goods and services in relation to imported goods
and services, and, on the other hand, ensure that na-
tional producers in "emerging™ and priority industries
have high profitability.

As national goods and services penetrate the do-
mestic market, obtain scale effects and develop national
technological capital, the state should gradually reduce
government support and restrictive barriers for foreign
companies in order to support national companies' de-
velopment through competitive mechanisms while en-
suring appropriate control over the propensity to import
goods and services and control exports and imports of
intellectual property.

In addition, when a certain penetration level of
products produced by national companies in the domes-
tic market is reached, the state should gradually move
to an export-oriented policy, support in developing sci-
entific and technological potential through converging
national and foreign technologies and knowledge, and
human capital development. At the same time, it re-
mains important to ensure high profitability in the rele-
vant national industries, which will ensure an invest-
ment inflow in the next round.

When implementing import substitution policy,
the state should pay attention to the forming following
conditions:

1. The aggregate level of restrictions related to im-
ports should ensure a significant price advantage for na-
tional goods and services in the domestic market, tak-
ing into account the national companies' aggregate
costs, given that there is no scale effect and application
of less efficient technologies at the first stage, and also
considering foreign producers' opportunities under re-
strictions imposed by the state to maintain their return
rate on the national market, equal to or above the aver-
age global values for the same product categories and
services and opportunities for foreign parent companies
to subsidize potential losses in order to maintain their
positions in important regional markets;

2. Restrictions should not lead to the cessation of
similar foreign good or service imports, but should re-
duce the propensity to import;

3. Potentially high prices for nationally produced
goods and services should be compensated for by gov-
ernment support mechanisms for national manufactur-
ers to ensure, on the one hand, a lower price level com-
pared to foreign analogues under restrictions, and on
the other hand, a high profit margin for national manu-
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facturers sufficient for investment in accelerated devel-
opment to bring national and imported goods closer in
technology, quality, cost and price levels, etc;

4. The introduced restrictions should be applied
simultaneously while creating such conditions for busi-
ness activity under which it will be profitable for for-
eign companies to transfer technologies, intellectual
property to the country which implements the import
substitution policy, to create on its territory in partner-
ship with national companies their production, R&D
centers and to place headquarters of the companies;

5. Implemented measures should be focused pri-
marily on restrictions on finished products with a high
value added. Since software accounts for up to 80% of
the high-tech products value today and is a key factor
in ensuring technological independence, the state
should form a legislative framework based on the need
to use national IT solutions in industry;

6. Import substitution policy in some industries
should be accompanied by the technological moderni-
zation of processes in other industries, which are key
consumers of import-substituting technologies, capital
goods, intermediate and end products. That is, the chain
"development of import-substituted production - con-
sumption of import-substituting goods™ should be built
while ensuring significant growth in domestic demand;

7. National development institutions should be
fully restructured to support import substitution pro-
cesses in priority industries and support national com-
panies in these industries, and the national innovation
system and scientific and educational environment
should provide technologies, knowledge and human
capital in accordance with the needs and "just-in-time".

At the same time, the state should apply develop-
ment mechanisms and restrictive mechanisms for for-
eign and national companies, which should be intercon-
nected with each other, with clear goals and time limits.

Table 2.

Mechanisms for development and restrictive mechanisms in the state policy of import substitution

Foreign companies

National companies

petition;

market, destroying oligopolies;

» Policies involving a "tariff wall" and
a reduction in the pricing power of com-

* Anti-monopoly policy - removing
barriers that prevent national products
and services from accessing the domestic

* Restrictions on certain technology sales to
foreign companies;

* Restrictions on selling companies (control-
ling interest) - for companies receiving state sup-
port;

* Requirements on reinvested earnings in capi-
tal and R&D within a certain timeframe, if the
companies receive government support, includ-
ing through public procurement;

* Additional government requirements for de-

o Stimulating the creation in the coun-
try the modern high-tech equipment pro-
duction and technology-intensive end
goods with a high-level of national mate-
rials, technologies, intermediate goods,
software for the further re-export of man-
ufactured products and equipment.

Restrlct_lve - Fiscal policy (various tax benefits for velopment or customlzathn solut|0n§ for o_ther
mechanisms . A I market segments (depending on the industries),
national and foreign companies); o . L
: . considering technological development priori-
+ Patent policy and technology import ties:
control system; ' .
= . * Introduction of control over technology,
» Restrictions through changes in tech- | . : .
. .| high-tech capital goods, software imports by na-
nological and consumer standards, and in | . . o . G
. . .| tional companies ("ban/restrictions policy", if
system of mandatory licensing and certi- . . )
o there are national equivalents);
fication. . : i
» Requirements for intellectual property;
» Restrictions through changes in technologi-
cal and consumer standards and in system of
mandatory licensing and certification.
» Creating a special favourable envi- | = Various tax benefits (fixed assets, R&D, pay-
ronment for doing business for foreign | ments to the State budget and social funds, etc.);
companies, considering the requirement | * Activity subsidies, grants (R&D, developing
to protect national manufacturers in cer- | new goods, equipment, materials, software etc.);
tain segments of the domestic market, | + Target grants and subsidies for technologies
aimed at: and R&D development (refinement);
o Encouraging direct and venture for- | « Providing national companies with access to
. eign investment; foreign technologies and national technological
Mechanisms . . . e
o Stimulating technology transfer with | capital;
for  develop- . . . - . L L
their possible processing and conver- | « Stimulating technological innovation in in-
ment . : o )
gence with the national technologies; dustry;

» Direct state investments;

» Access to loan capital (special regime, soft
loans for a long term);

» Stimulating demand, including through state
regulation tools, public procurement, changes in
depreciation policy, development of new con-
sumption and quality standards.

Source: compiled by the author
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Risks and errors in the implementation of the
state import substitution policy

State policy orientation exclusively on replacing
foreign technologies and products in the domestic mar-
ket, as well as orientation only on own technologies,
lack of interrelation between import substitution mech-
anisms and other economic and scientific-technological
development tools carries significant risks for a devel-
oping country's national economy, including:

e Potential "technological degradation” of eco-
nomic sectors;

e Retaliatory measures by other states to restrict
access of goods, services and technologies, which are
already competitive in the world market, to their do-
mestic markets, which will lead to a reduction in ex-
ports and a decline in production;

e Uncontrolled growth of commodity prices,
caused, on the one hand, by lower competition and, on
the other hand, by high production costs at the initial
development stage (total costs are always higher than
the foreign competitors with modern technologies and
an efficient production base, in their absence of econo-
mies of scale and due to the insufficient innovation
level in the technologies used);

e Lower good quality, which will not provide
value added for the consumer and, as a consequence,
will lead to a further refusal to purchase domestic goods
after restrictive measures have been lifted,;

o Foreign investment outflow, which will not
only affect the overall investment climate in the coun-
try, but also lead to restrictions on national producer ac-
cess to modern advanced technologies. In turn, limited
access to foreign technology will lead to a reduction in
the possibility of using imitation foreign technology
and innovation mechanisms, which will adversely af-
fect state technological development and economic
growth rates in the future. However, this risk is signifi-
cant on condition of significant accumulated foreign in-
vestments in the economy, foreign companies' invest-
ments in the national industry in the relevant economic
sectors;

o Diversion of significant state resources. If the
economy is stagnating or shrinking, if revenues for the
country's budget are falling, due to a drop in export,
there are risks that other areas of state support for de-
velopment will be underfunded. In this case, it is possi-
ble to talk about an ill-considered choice of priorities
when deciding on the implementation of import substi-
tution policy.

Based on international and Russian experience it
seems possible to identify a number of problems and
errors that are confronted by national governments
when implementing import substitution policy:

e Inconsistency between the desired goals and
the state's vision and the resources and opportunities
available in the national economy. The limited capital
and investment resources, the state system's inability to
ensure resource concentration from all sources for pri-
ority sector development, technological and human
capital development;

e The lack of measurable indicators for import
substitution goals, interrelated and decomposed in the
system of socio-economic, scientific and technological

development, innovation and sectoral development in-
dicators;

e Too shorta planning period for the import sub-
stitution processes. The lack of stability in the declared
public policy;

e A one-sided state policy, providing for the na-
tional industry development only on an import substi-
tution model, "without the aim" of further exports at
subsequent stages;

e Lack of technological and market specializa-
tion in implementing import substitution policy - im-
port substitution policy is implemented for all eco-
nomic sectors simultaneously, which leads to falling
into the "import substitution trap”, there is no balance
between the opportunities offered by globalization, and
the desire to have a fully independent regional value-
added chain;

e Limited human capital and the lack of inter-
connection of the import substitution policy with hu-
man capital development mechanisms for priority sec-
tors;

e A weak domestic market, which does not al-
low national companies to obtain economies of scale
and experience, and consequently significant revenues,
which will not allow national companies to develop
quickly and will significantly increase state expendi-
tures;

e Orientation only on own technologies without
transfer of foreign technologies and knowledge with
the purpose of their further convergence with the na-
tional technological capital;

e The state simultaneously while implementing
tools to support national producers does not pursue an
aggressive policy to stimulate demand and ensure in-
creased national expenditure for national goods and
services in the domestic market, including through mar-
ket price management for foreign and national goods
and services, state regulation of industries that are con-
sumers of import-substituted technologies and prod-
ucts, through changes in national standards;

e Orientation only on national product quality
standards and technological standards. Lack of orienta-
tion to international quality standards and technological
production and consumption standards will lead to the
quality and the manufacturability of the products al-
ways being lower than their foreign counterparts,
which, in turn, can later become a serious barrier to ex-
ports;

e The government uses a limited combination of
restriction mechanisms and development mechanisms,
the system does not provide for changes in the applied
combinations in case of their insufficient efficiency
(the effect of "lagging regulatory impacts"). The lack of
interaction between import substitution mechanisms
and other tools and mechanisms of economic and S&T
development. The government does not assess the ag-
gregate benefits and aggregate costs when choosing
limiting tools and mechanisms of state regulation;

e The government does not ensure high profita-
bility for national and foreign companies (for foreign
companies that make decisions about real investments
in the country, technology transfer "in exchange for
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high profitability" and joint ventures with national
companies);

e The public policy leads to the exiting of for-
eign companies from the market, which entails a de-
crease of the national product quality in the absence of
competition and market aspiration at the import substi-
tution stage to form monopolies or oligopolies, reduc-
ing foreign technology inflow into the national econ-
omy, technological stagnation or even the degradation
of national production and technological system and in-
creasing technological gap in comparison with foreign
producers;

e The state does not seek to create transnational
high-tech and innovative corporations and increase the
number of small and medium innovative and high-tech
companies;

o Elements of the national innovation system
and scientific-educational system do not support the
chosen technological and market specialization within
the import substitution processes, do not ensure contin-
uous production of new technologies and knowledge,
their transfer to the business sector for commercializa-
tion. The educational system is still aimed at training
and forming skills in the use of foreign products and
solutions. That is, the import substitution effect and
government support for the development of certain sec-
tors will not be supported by the "demand of the fu-
ture™;

e Lack of inter-industry integration, support for
the developing related industries.

Conclusion

The study has shown that, on the one hand, import
substitution policy entails many risks and problems, but
on the other hand - with a pragmatic approach, its com-
bination with support mechanisms for national produc-
ers, tools and other socio-economic and S&T national
development models, import substitution policy can
provide the country with more significant aggregate
benefits than total costs.

The study showed that development models with
import substitution and protectionism are integral ele-
ments of all basic strategies for long-term socio-eco-
nomic development. Recent years, in which the U.S.
launched a technology war against China and Russia,
have shown how important and relevant the implemen-
tation of mechanisms related to protectionism and im-
port substitution is. Such tools from the U.S. are not yet
used against other Asian and European countries. How-
ever, it is worth thinking about what may happen when
the economic policies and political interests of these
countries in the context of the transition to a new sys-
temic capital accumulation cycle will be contrary to the
US interests?

In the near future the author plans to consider Rus-
sia's experience in the information and communication
technology import substitution in the in the context of
globalization and the fifth technological wave.
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In the light of COVID-19 pandemic international community raises concerns about its impact on the human
trafficking situation worldwide. This paper seeks to address human trafficking situation in Ukraine during COVID-
19 pandemic and examine the role, effectiveness and impact of NGOs that work in the field of human trafficking
prevention and combating. We undertook this study as a part of our PhD research and aiming to evaluate current
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highlight NGOs’ experience of working with human trafficking victims and provide recommendations for further

preventative measures.
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Human trafficking is considered to be one of the
most shameful phenomenon of the XXI century. Mod-
ern society with its new technologies, new order of
maintaining peace and prosperity is still unable to leave
derogatory activity such as slavely and human abuse
behind. Thousands of legislative acts, governmental
and non-governmental institutions were created to face
this problem but unfortunately it is still not enough.
Every single country in the world is affected by this
crime more or less. Ukraine is not an exception.

COVID-19 pandemic has changed our ways of life
irrevocably. On one hand a great number of people got
an opportunity to work from home, hence the risk of
getting in trouble reduced, the value of the Internet and
technology rose up giving more opportunities to people
to make a living without leaving their safe homes and
supportive family environment. On the other hand,
abilities of governmental institutions and police forces
became limited due to constant on and off lockdowns,
number of non governmental organizations ceased to
exist without proper finacing and inablity to commini-
cake with human trafficking victims, however interna-
tional organized crime adapted fast to the new circum-
stances and transfered its operations to the Internet sig-
nifically.

A lot of national and international researchers ad-
dressed COVID-19 related issues of human trafficking,
mostly focusing on the consequences of the pandemic,
inefficiency of police and governmental structures, lack
of resourses and diversion of the states’ attention to the
medical issues, but very few have researched how
COVID-19 effected NGOs’ that work in the field of hu-
man trafficking combating, prevention and reabilitation
of victims. Today we’d like to provide you with an in-
sight into the real situation with human trafficking in
Ukraine during COVID-19 pandemic via the prism of
NGO'’s activities and share their experince and further
recommendations to combat human trafficking in the
COVID-19 and the post-COVID-19 environment.

Current research is based on the continuous and
longstanding cooperation of the authour with the WICC

(Women's Information Consultative Center) NGO ded-
icated to the prevention of human trafficking and rea-
bilitation of its victims and the Ukrainian Coalition of
Non-Governmental Organizations for Combating Traf-
ficking in Human Beings (hereinafter the Coalition).
Presented material was collected during regular meet-
ings with NGOs’ specialists, victims, regulatory au-
thorities and analysis of internal NGO’s reports. Inter-
national paradigm of the key international actors’ activ-
ity in the field of combating of human trafficking was
examined and compared with resercher’s own findings.

Based on the reseaved data, the COVID-19 pan-
demic did not create fundamentally new ways and
problems for the spread of human trafficking, but exac-
erbated existing and complicated the work of counter-
ing institutions, so the hidden shortcomings of the sys-
tem became more apparent. Analysis of the activities of
NGOs to combat human trafficking during the pan-
demic allows us to identify key trends, challenges and
propose new adaptation mechanisms to combat the
problem.

The loss of employment and economic insecurity
as a result of COVID-19 will increase the number of
vulnerable people desperately searching for work and
economic opportunities in the foreseeable future. It is
estimated that global hours worked could drop by 10.5
per cent in the second quarter of 2020, equivalent to 305
million full-time workers. Estimates suggest that
COVID-19 will push 49 million people into extreme
poverty in 2020 [7, p.7]. The same trend remains in
2021.

The global economic downturn and the sharp in-
crease in unemployment in many parts of the world will
likely increase cross-border trafficking in persons from
countries experiencing the fastest and longest-lasting
drops in employment [8, p.]. Inevitably increased la-
bour migration will put additional pressure on the mi-
gration regulatory authorities and law enforcement in-
stitutions worldwide. This situation will create a de-
mand for cheap workforce, hence the spike in human
trafficking should be expected. As long as the Internet
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is currently the most common way to search for em-
ployment additional measures need to be implemented
to reduce cyber crimes and raise awareness about po-
tentially suspicious job offers and risks associated with
them.

Ukrainian NGOs drew our attention to a spike in
2020 in the number of complaints of victims of human
trafficking. This is due to the rapid increase in the inci-
dence of COVID-19 and the need to impose strict quar-
antine restrictions worldwide. In this regard, there was
a mass return of workers and citizens of Ukraine from
abroad, especially in January-March 2020. The figure
increased by 39% compared to 2019 [2], and from May
2020 to January 2021 began to decline gradually. This
is due to the closure of borders, restrictions on the mo-
bility of citizens and the general shock of sudden
changes in the world.

According to the Ukrainian Coalition of Public
Organizations for Combating Trafficking in Human
Beings almost 150 criminal cases in human trafficking
were detected in Ukraine, more than 50 traffickers were
identified, and more than 100 criminal proceedings
were filed. Ukraine's positive results in the fight against
human trafficking are reflected in the annual report of
the US State Department, where Ukraine for the third
year in a row is classified in the 2nd category (ie re-
moved from the checklist of countries where human
trafficking thrives)[1]. However, the current human
trafficking situation might significantly influence pre-
vious achievements.

As a result of COVID-19, many services, help-
lines, clinics and shelters have already closed or be-
come restricted. The United Nations Entity for Gender
Equality and the Empowerment of Women (UN-
Women) and the Office for Democratic Institutions and
Human Rights conducted a specific survey to capture
the experiences of survivors and trafficking services
during COVID-19. In the survey of 397 organizations
working on anti-trafficking initiatives across 102 coun-
tries, only 14 percent of respondents reported that na-
tional referral mechanisms for trafficking victims were
fully operational. Trafficking survivors face significant
negative impacts with regard to access to services,
health and well-being, with approximately 70 per cent
reporting negative impacts on psychological and finan-
cial well-being.43 Survivors reported that the pandemic
had created new difficulties in accessing services. Of
94 survivors who responded to the survey, over two
thirds reported difficulties in accessing medical ser-
vices, 60 per cent reported challenges in accessing em-
ployment services, 55 per cent reported challenges in
accessing psychological health services and 53 per cent
reported challenges in accessing legal support.COVID-
19 has also had a negative impact on the capacity of
survivors to meet basic needs, such as safe and com-
fortable accommodation, food and water [7, p.9-10].

Another significant factor is the release of victims
of trafficking by exploiters due to the introduction of
quarantine restrictions, increased risk of contracting the
virus and the potential increase in the cost of personal
care and medical care for the exploited. However, it
was not the anxiety of the exploited people that worried
the traffickers, but their own safety and the potential
threat of contracting the virus. Although we are familiar
with a number of “happy ending” cases, in general the
pandemic has worsened the situation of the victims,
leaving them even more isolated, at risk of infection,

reduced number of sources of assistance and reduced
chances of being detected and released by law enforce-
ment agencies.

The NGO Coalition identified 8 main factors of
the COVID-19 impact on the human trafficking situa-
tion in Ukraine:

e closing of borders and introduction of quaran-
tine restrictions in the countries of destination of
Ukrainian labor migrants;

e deepening economic crisis and declining de-
mand in the internal labor market;

e psychological pressure caused by prolonged
isolation and fear of contracting the virus, combined
with a general feeling of anxiety and uncertainty;

e introduction of strict quarantine restrictions in
Ukraing;

e cancellation of mass events;

e closing or restricting access to public institu-
tions;

e mandatory use of personal protective equip-
ment;

e termination of transport links [2, p.3].

Our expirience of working with human traf-
ficking victims as a legal counsel for WICC let us sum-
murise that the main reason of ending up in human traf-
ficking situation is ecomical unstability. 98% of victims
suffered from the luck of financial resources and ina-
bility to find employment that can sufficianly cover
their needs. Most of the victims did not conduct a pre-
liminary research on potential employers or conditions
of work. None of the above have ever seeked an advice
of governmental on non-governmental organizations
about employment abroad or considered a risk of hu-
man trafficking.

In 2020-2021 victims of human trafficking that
have contacted WICC reported that COVID-19 re-
strictions caused loss of their jobs in Ukraine, forced
them into credit obligations, increased expences on
medical supplies, prevented them from seeing family
members. 6 out of 8 victims that we were working with
in 2020-2021 found “employment” abroad via the in-
ternet, 2 persons were tricked into forced pornography
via social media platforms. Hence, the Internet became
the main tool for traffickers to find victims. Therefore,
current approaches to human trafficking prevention and
elimination need to be revised and redirected mainly to
the digital space.

Analysis of the internal reports of the Coalition
and WICC let us to the conclusion that the conse-
quences of COVID-19 for the situation of human traf-
ficking in Ukraine might be pretty severe. Most
common of them are:

e increased number of complaints from traffick-
ing victims;

e aggravation of the victims' need for social sup-
port, financial, medical and psychological assistance;

e limited capacity of NGOs to provide assis-
tance to victims due to quarantine restrictions;

e limited opportunities for law enforcement
agencies to carry out investigative and operational ac-
tivity to identify crimes, criminals and victims, gather
evidence, prepare cases for trial, which will result in the
effectiveness reduction of the law enforcement system
in combating human trafficking;

e encreased xenophobia and discrimination in
foreign and domestic labor markets;
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e reduction in the number of criminal proceed-
ings and court decisions against human traffickers;

e increased level of re-victimization;

e increased victimization of the general popula-
tion due to the economic crisis;

e reduction of NGOs’ funding as a result of the
transfer of public funds to the medical sector;

e reduction of the number of private grants and
programs of IOM, OSCE, UN due to the global eco-
nomic challenges, complicated migration procedures
and reduction of the demand for legal migrant workers,
which increases the risk human trafficking.

The WICC NGO, with which the author con-
stantly cooperates, reports that due to the COVID-19
pandemic, more and more people find themselves in a
difficult economic situation and are forced to look for
ways to earn a living, which leads to additional risks.
The majority of victims (93%) among those identified
by IOM in the first six months of 2021 were in labor
exploitation. Three quarters of them are men. More
than 80% of victims have technical or higher education.
For the first time since IOM began providing reintegra-
tion support to victims of trafficking, Poland topped the
list of countries where Ukrainians are most likely to be
trafficked (38%), while the Russian Federation (36%)
and Ukraine proper (18%) were second and third.
places [5].

The Coalition analysis of the state of human
trafficking in Ukraine in the context of the COVID-19
pandemic, proposes to take the following measures to
minimize the risks arising from changes in migration
policy and curtailment of official employment pro-
grams Ukrainians abroad:

e under the conditions of quarantine restrictions,
it is necessary to continue to provide constant individ-
ual online and telephone counseling for persons who
intend to go abroad for employment;

e to intensify and systematically disseminate in-
formation on the rules of safe employment, entry, stay
and transit in the countries to which the largest migra-
tion flows are directed,;

e organize informational campaigns on new
fraudulent schemes and risks of human trafficking on
social networks, on the web portals of public authorities
and local governments, embassies and consulates, as
well as on the websites of NGOs - members of the Co-
alition;

e to place clear and understandable information
about the rules of stay, official employment, procedures
for issuing a work visa, an open list of businesses that
hire foreigners on the websites of embassies and con-
sulates;

e to resume the practice of cooperation with the
migration service and the state enterprise "Document”,
which will issue leaflets containing the rules of safe mi-
gration and contacts of hotlines when issuing foreign
passports;

e to systematically work with social services in
order to detect and prevent human trafficking [2, p.9].

According to the monitoring conducted by the Co-
alition for January 2019 - June 2020, there have been
no changes in the regulatory framework for combating
trafficking in human beings at the state, regional and
district levels. Only in two oblasts, Ternopil and Cher-
kasy, specific anti-trafficking programs for the period
up to 2020 are being implemented (expired), and no

new ones have been adopted. In other oblasts, anti-traf-
ficking measures are equated to general social
measures and included in regional integrated social
programs. And only in four oblasts of Zhytomyr,
Odesa, Poltava and Kherson the anti-trafficking com-
ponents were included in the regional development pro-
grams.

One of the main components in the mechanism of
human trafficking prevention is a proactive cooperation
between governmental and non-governmental actors on
the local/regional level and effective regional norma-
tive frame. WICC reports that the "Regional Program
for the Prevention and Combating of Domestic Vio-
lence and Trafficking in Human Beings for 2021"
(hereinafter the Program) in Zhytomyr Oblast has been
adopted with most of the recommendations of the local
NGOs on combating trafficking in human beings and is
a kind of achievement in the situation with the COVID-
19 pandemic and shifting the focus (especially human
resources and funding) of all the government activities
to the virus combating.

According to the Program, the problem of human
trafficking and protection of victims of it is supposed to
be solved by:

e improvement of the procedure of interaction
of law enforcement bodies with other state authorities
in terms of combating trafficking in human beings;

e ensuring the development and approval of cri-
teria for the identification of victims of trafficking;

e carrying out preventive work aimed at pre-
venting the fight against human trafficking, especially
among internally displaced persons;

e further informational and educational activi-
ties to inform the public about the prevention of risks
of human trafficking and the possibility of obtaining
comprehensive assistance from the actors who carry
out activities in the field of combating trafficking in hu-
man beings;

e strengthening coordination of work on detec-
tion and identification of victims of trafficking in hu-
man beings at all levels with a clear definition of the
powers of coordination councils on combating traffick-
ing in human beings and conducting multidisciplinary
exercises at the regional and district levels on assistance
to such persons;

e providing systematic training of specialists in
the field of combating human trafficking;

e taking into account the new challenges of hu-
man trafficking that have arisen as a result of the armed
conflict in eastern Ukraine;

e ensuring the proper application of legal norms
regulating the criminal law counteraction to human
trafficking.

During the implementation period of the Program
it is provided:

e conducting large-scale information campaigns
among the population, including internally displaced
persons, to prevent the risks of being trafficked and re-
ceiving assistance;

e conducting trainings for employees of state in-
stitutions in contact with victims of trafficking in hu-
man beings on the issues of identification and interac-
tion of subjects conducting measures in the field of
combating trafficking in human beings;
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e strengthening cooperation between social ser-
vices and law enforcement agencies in combating traf-
ficking in human beings and providing assistance to
victims of trafficking in human beings;

e providing a range of services to victims of traf-
ficking, facilitating their employment and other activi-
ties.

Even though the Program financing is approved
for 2021 [4, p.9-11], no specific sum was finalized,
which leaves uncertainty in the actual implementation
of the proposed measures.

According to WICC as of November 2021, the fol-
lowing feedback was received on the effectiveness of
the Program. It is reported that only 40% of the planned
activities were carried out, most of the activities were
limited to online conferences, round tables and coun-
seling due to the periodic introduction of strict quaran-
tine restrictions. A large-scale action "Walk for Free-
dom" was held with the participation of all participants
of the National mechanism of cooperation of subjects
carrying out functions in the area of counteraction to
human trafficking (hereiafter the Mechanism).

However, in comparison with previous years, pre-
ventive activities have significantly intensified, more
information is posted on the official websites of public
authorities and local governments, regional and local
media, an effective regional working group of the
Mechanism has been established, and the coordination
role of the Department of Labor and Social Affairs has
increased [3, p.12].

The WICC notes that a number of working meet-
ings have been held with representatives of the Mecha-
nism on the scope and control over the provision of
state-guaranteed free assistance to victims of traffick-
ing: medical, psychological, legal, social, temporary
residence for the period of rehabilitation. In particular,
WICC experts focused on the effectiveness of rehabili-
tation of 8 victims of human trafficking, identified in
2020, receiving a range of services in Zhytomyr [6].
NGO activities include: seminars on combating traf-
ficking in human beings in the oblast, meetings with
state bodies, local governments and local communities,
and training with representatives of local communities
on mechanisms for identifying and referring victims of
trafficking.

Our research led us the conclusion that COVID-19
seriously worsten human trafficking situation in
Ukraine. Analysis of the collected information and ex-
perience working with anti-human trafficking NGOs let
us propose further recommendation to influence current
human trafficking situation and improve it.

Recommendations:

e simplification of procedures for international
transportation of victims to countries of origin;

e increase funding for rehabilitation and reinte-
gration measures and services for victims of traffick-
ing;

e introduction of new programs and grants
aimed at ensuring the economic stability of the victims;

e development of information-educational and
training programs to ensure safe employment abroad
and prevent re-victimization;

e promoting the creation of new jobs in the do-
mestic labor market.

e strengthening cooperation of NGOs with state
bodies, local self-government bodies, especially with
territorial communities as the representative bodies
closest to the population.

Based of the results of our research of anti-human
trafficking NGOs’ activity, their effectiveness, achive-
ments and challenges we believe that the role of NGOs
is much underestimated in Ukraine. Being a first point
of contact for human trafficking victims NGOs have
not just conquered people’ trust and respect, but they
possess unique and valuable data that can be used by
government and international community to address
human trafficking problem.
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Srinivasa Ramanujan, the most celebrated mathematician from India is remembered today by mathematical
community for various reasons. His formulas and ideas were spell bounding and continue to inspire everyone to
this day. There is an interesting puzzle that was posed by a friend which Ramanujan solved effortlessly. In this
paper, | will explore the puzzle and explain how Ramanujan could have expressed the solution.
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1. Introduction

When Srinivasa Ramanujan was staying at Eng-
land during the period from 1914 to 1919, Prasanta
Chandra Mahalanobis an eminent Indian statistician be-
came his close friend helping him to cope with English
conditions. On one day when Mahalanobis visited Ra-
manujan in his room, he saw Ramanujan was busy in
preparing lunch for them. Ramanujan welcomed Ma-
halanobis and asked to relax until he could complete his
work. Suddenly Mahalanobis mentioned about a puzzle
which appeared in Strand magazine the previous day.
When Ramanujan heard the puzzle, he could provide
the solution almost in a flash. In this paper, | will de-
scribe the puzzle in the historical context and provide
the way of solving it as was guessed by Ramanujan.

2. Description of the Puzzle

The Strand Magazine, a local London publication
in England, used to run a regular column called “Per-
plexities”. In the December of 1914, this column fea-
tured a puzzle titled “Puzzles at a Village Inn”, which
an Indian student then in Cambridge, Prasanta Chandra
Mahalanobis, brought to the attention of his friend and
compatriot, Ramanujan.

The original version of the puzzle as appeared in
December 1914 issue is the following:

“T was talking the other day,” said William Rogers
to the other villagers gathered around the inn fire, “to a
gentleman about the place called Louvain, what the
Germans have burnt down. He said he knowed it well
— used to visit a Belgian friend there.

He said the house of his friend was in a long street,
numbered on this side one, two, three, and so on, and
that all the numbers on one side of him added up exactly

the same as all the numbers on the other side of him.
Funny thing that! He said he knew there was more than
fifty houses on that side of the street, but not so many
as five hundred. | made mention of the matter to our
parson, and he took a pencil and worked out the number
of the house where the Belgian lived. | don’t know how
he done it.”

Dr. P.C. Mahalanobis is supposed to have figured
initial solution to the puzzle in a few minutes by a trial
and error method but could not get the required solu-
tion. He then posed the puzzle to Ramanujan, who was
cooking a meal when he heard this question. Much to
his friend’s surprise, who did not have to wait long, Ra-
manujan asked him to take down the solution. Amazed
at the spontaneous answer, Mahalanobis asked him
how he did it: Ramanujan says that as soon as he heard
the problem, he knew that there should be a continued
fraction; and that when he asked himself which one it
was, the answer apparently just came to his mind!

So, what could be Ramanujan’s solution? What
continued fraction that he might have thought in his
mind to provide the solution in a flash? In this paper, |
will discuss the answers to these questions.

3. Mathematical Description of the Puzzle

Let us try to put the Strand Magazine house num-
ber puzzle mentioned above in mathematical perspec-
tive. Let n be the total number of houses on either side
in the big street. Let the house number where Belgian
lived be m. Then clearly m < n. Since the sum of house
numbers before the Belgian’s house on one side is equal
to sum of all house numbers on the other side of the
long street, we have

1+2+3+--+(M-D=(M+D)+(M+2)+(M+J)+---+n (1)

Now we can re-write (1) and simplify as show below

1+243+-+(M-1) =[1+2+3+--+m+(M+D) +(M+2) + (M+3) +---+n]-[1+2+3+---+ m]

m(m-1) _n(n+1) m(m+1)
2 2 2
M — n(n2+1) )
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Equation (2) conveys that the fact that the solu-
tions to the house number puzzle must be a square —
triangular number. Ramanujan had worked out ways in
his young days to solve such equations. Recognizing
that the given puzzle reduces to the problem of deter-
mining square — triangular numbers, Ramanujan could
recall his methods which ultimately led him to provide
the solution in flash. The method that Ramanujan used
to solve equation of the form (2) was using continued
fractions, an idea in which he produced extra ordinary
formulas.

4. Solution to the Puzzle

In this section, | will provide the solution to the
house number puzzle, as Ramanujan could have arrived
originally. For this, we consider the following calcula-
tions.

First, Ramanujan recognized that

(B-2/2)x(B3+2v2) =1 (3)
Using (3), he could manipulate the following com-
putations

1 1 1 1
3-22 = - - -
3+2V2 6-(3-2v2) 4_ 1 6 1
6—(3-2+/2) N S
6-(3-2V2)
~ 1 o 1
6— L 6— L
1 1
6— 6—
6 1 6— L
6-(3-242) s 1
1
6—
6—-

He thus could obtain the following continued fraction

27 =3- : (4)

6 1
1
6—
1
6—
1
0~ 1
7%
Considering the successive convergents of the continued fraction from (4), we obtain
8,1 1, 1 9, 1 57, 1 _ 3363 ©)
1 6 6 1 35 204 1 1189
6= - 6————
6 1 1
-= 6 ——7
6—=
6

The successive convergent values in (5) obtained
from the continued fraction given by (4) will indeed
provide the solution to the house humber puzzle posed
in Strand Magazine.

In particular, the house number of the Belgian
namely m are given by denominators of each rational
number and the numerators represent 2n +1, where n is
the total number of houses on either side on the big
street. Thus the solutions of the equation (2) are given

by
%:m=],2n+1=3:>m=1,n=1 which
is a trivial solution
%:m=6,2n+1=17:>m=6,n=8

which forms the second solution to the puzzle. From

this, we note that the Belgian lived at house number 6
and there were totally 8 houses in the big street. We

notice that, 1+ 2+3+4+5=7+8 . This initial solu-
tion was supposed to be known to P.C. Mahalanobis but
unfortunately this cannot be the required value, since
the puzzle clearly states that “there was more than fifty
houses on that side of the street, but not so many as five
hundred”. This means that the house number where
Belgian lived must be somewhere between 50 and 500.
We now consider the third convergent of the continued
fraction from (5).

%:m:35,2n+1:99:>m:35,n:49.

This means that the Belgian lived at house number 35
and there were totally 49 houses in the big street. Also,

1+2+---+34=36+37+---+49 . Again this is
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not the required solution to house number puzzle be-
cause of the restriction that the house number of Bel-
gian must be between 50 and 500.

Considering the next convergent from (5),

%:m:204,2n+1:577:>m:204,n:288

. Now we note that house number of Belgian is 204
which lies between 50 and 500 and the total number of
houses in the big street would be 288. We also note that

1+2+---+203=205+206+---+288. Thus

according to the conditions stated in the puzzle,
m = 204, n = 288 is the required solution.

We note that

% =m=1189,2n+1=3363 = m=1189,n =1681

is the next possible solution to the house number puz-
zle. Continuing to extract more convergents from the
continued fraction (4), we can get infinitely many solu-
tions to the puzzle. Thus Ramanujan not only solved
the problem with the required solution but his contin-
ued fraction paved way for generating infinitely many
solutions at one stroke. This reflects the genius quality
of Ramanujan and explains why he is considered to be
such a precious mathematician.

5. Conclusion

In this paper, | have introduced the original ver-
sion of the famous house number puzzle published in
Strand Magazine during December 1914. It was often
mentioned in several sources that Ramanujan obtained
the solution in very quick time with the aid of a contin-
ued fraction. This can be possible, only because Rama-
nujan immediately recognized that the posed puzzle ul-

timately reduces to solving for square-triangular num-
bers as given in (2). He also knew from his notebook
jottings that the continued fraction corresponding to
generating square — triangular numbers was the one ob-
tained in (4) in this paper. Hence, Ramanujan could
have thought this continued fraction and obtained not
just the required solution but also could generate infi-
nitely many solutions. This single incident is more than
enough to prove how quick Ramanujan’s mind was in
connecting mathematical concepts, which was the main
reason for him to produce more than 3000 outstanding
formulas in his short life span of about 32 years. | am
quite excited to read Ramanujan’s mind in the way
probably he could have thought in solving this puzzle.
| dedicate this paper to Ramanujan commemorating his
134" birth anniversary.
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Abstract

Cardiovascular diseases (CVD) are the leading cause of death in the world.

The World Health Organization has concluded that approximately 31% of the population dies from these
diseases [1, p. 38; 2, p. 9].

One of the risk factors for their development is old age. Thanks to advances in medicine and improved quality
of life, life expectancy has increased, which has led to an increase in the number of elderly people [3, p. 158].

CVD in such patients have their own characteristics - a more severe course of the disease, complications, etc.
According to statistics, with increasing age, mortality from these diseases increases, for people over 65 years of
age, the cause of death in 50% of cases is complications of cardiac ischemic disease [4, p. 22].

In these circumstances, the importance of preventing cardiac ischemic disease is growing, which can signifi-
cantly reduce the risk of developing the disease.

AHHOTAUUA

Cepaeuno- cocynuctsie 3aboneanns (CC3) 3aHUMAIOT TUAUPYIOIIEE MECTO B MUPE, SIBJISISICH OJTHOM U3 T1aB-
HBIX IPHYUH CMEPTHOCTU. BceMupHas opraHu3amust 3ApaBoOXpaHeHHs IPHUIIUIA K BEIBOJY, YTO OT JaHHBIX 3a00-
neBaHui ymupaet npudnamsurensHo 31 % nacenenus [1, c. 38; 2, c. 9]. K ogHOMy 13 hakTOpOB prCKa pa3BUTHA
CC3 oTHOCHTCS MOXKHUIION BO3pacT. Bnaroz[apsl JAOCTUIKECHHUAM B MEJUIIMHE U YIIYUIICHUIO Ka4Y€CTBA KU3HU YBC-
JIMYMUIIACH MPOJIOJIKUTENBHOCTD KU3HHU, YTO CTAJI0 NPUYMHON pOCTa 4yKciia JIUML MOXKUIoro Bo3zpacta [3, c. 158].
CC3 y nogo0HBIX OOJBHBIX UMEIOT CBOM OCOOCHHOCTH- OoJiee TsDKENoe TeueHHe OOJEe3HH, OCIOXKHEHUS W T.JI.
CornacHO CTaTUCTHKE C YBEJIIMYCHUEM BO3pacTa pacTe€T CMEPTHOCTL OT AaHHBIX 3360J‘IeBaHHI71, JJI AL, CTapie
65 ner nprunHa cMepTH B 50% citydaeB - OCIOKHEHHUS HIIEMHYeCKOi OonesHu cepana [4, c. 22].

B manHHBIX 00CTOsATENBECTBAX pacTeT 3HaYeHHEe npodunakruku MBC, koTopas ciocoOHa 3HAYUTEIEHO CHH-
3UTh PUCK PA3BUTHUS 3a00JI€BaHUS.

Keywords: ischemic disease, old age, risk factors, prevention.
KiroueBble cjioBa: nieMnaeckas 00J1e3Hb, TOXKHAIOH BO3PacT,HOXKIIIBIE, (DAKTOPHI pHCKa, TPOPHUIAKTHKA.

BBEJIEHUE. B nacrosmee BpeMs: HabIr01aeTCst
TEHJEHIMsI POCTa YHCNA JIIOJAEH, CTpajaouX Kapanuo-
Jorn4yeckuMu 3aboneBaHusMH. Cpean HHUX TJIaBHOE
MECTO 3aHMUMaeT uuieMuueckas 6oine3Hs cepana. Co-

riacHo mporHozam BO3, nanHoe 3abosieBaHHe M MH-
cynsT k 2030 rogy CTaHyT OCHOBHBIMU IPUYUHAMU UH-
BaJMIHOCTH ¥ CMEPTHOCTH IO BceMy Mupy [5, c. 23; 6].
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Nmemndeckast 601e3Hb cep/ua MpeacTaBIIseT Co-
6011 MaToIOrMIECKOE COCTOSIHUE, IIPH KOTOPOM KPOBO-
CHa0>XeHHEe MHMOKap/a Hapylaercsi. DTO MPOUCXOANUT
BCJIEICTBHE CTEHO3a KOPOHAPHBIX apTepuii [7, c. 11;8,
c. 8].

C KaXJbpIM TOIOM KadeCTBO XHU3HU yIydIIaeTcs,
KpOME TOro, MEeIUIMHA JOCTHIIa OOJBIIMX YCHEXOB,
BCE 3TO CTaJl0 NPUYUHON YBETUUEHUS NPOJOIKUTEINb-
HOCTH JKH3HHM, 9TO IOBJIMSUIO HA BO3PACTHYIO CTPYK-
Typy HaceJeHHs, CYIIECTBEHHO BO3POCIO YHCIIO JIIO-
JIel mokmitoro Bospacta [9, c. 93-94]. Jlannas kartero-
pus HaceleHHUs HaXOAWTCS B IPYIINE PHCKA Pa3BUTHA
WBC. 3Ha9nTenbHO CHU3UTH BEPOSITHOCTH ITOSBICHUS
3a00JIeBaHMsI MOXKET IOMOYb TpoduakTuka. [Ipodu-
JIAKTUYECKHE MEPOIPUSITHS HE TOJIBKO IIOMOTaroT Ipe-
JIynpenuTh 3a00JieBaHKe, HO U YMEHBIIAIOT PUCK pa3-
BUTHSI OCJIOKHEHUH.

MATEPHUAJIBI U METO/BI. ITpu Hanucanuu
CTaThH MCIOJIB30BAJICS TEOPETUUECKHUI aHATIM3 1 0000-
IIEHNE TaHHBIX HAYYHBIX TPYZAOB OTEUECTBEHHBIX U 3a-
PYOEXKHBIX YYEHBIX IO MPOQPHUIAKTUKE HIIEMHUYECKOI
60JIe3HH y TIOXKHIIBIX.

PE3YJIbTATBI NCCJIEJOBAHUSI. Umemn-
yeckast 00JIe3Hb CepAlia OTaCHaA TEM, YTO €€ CHMIITOMBI
He Bcerya spKo BeIpaxeHbl. OHAKO CYIIECTBYET Tepe-
4YeHb (haKTOPOB PHCKA Pa3BUTHS JaHHOTO 3aboJjeBa-
Hus. YITak, K HUIM OTHOCAT:

- BO3pacT. B rpymmne pucka HaXoaaTCst My KUHUHBI
U JKEHIIUHBI cTapiie 45 u 55 1eT COOTBETCTBEHHO;

- HapylIeHHe JTUIMUAHOTO OOMEHa, B 0COOCHHOCTH
€CITH TIPH 5TOM IIPOUCXOJUT MOBBIIIEHUE XOJIECTCPHHA,;

- YacToe IOBHIIICHNE apTEPHATBHOTO JABICHUS.
[Ipy runepTeH3nn pUCK pa3BUTHS 3200JICBAHUS yBEIH-
YyHBaeTcs B 2 pasa;

- KypeHue. Y TOXWIBIX JIIoAeH NpH KypeHUH, B
ocobeHHOCTH Ype3MepHOoM, puck MBC moBsimmaercs B
1,4 paza;

- MaJIOTIOABIDKHBIN 00pa3 KU3HH.

- TOBBIIIEHHAs] KOHIICHTPALUS TIIIOKO3HI B KPOBH;

- IPEIPACHOI0KEHHOCTh K TPOMO00Opa30BaHUIO;

-M30BITOUHBI Bec. OTpUIIATENHHO CKa3bIBAETCS
Ha cepjre U cocynax. YacTo y JIMI] ¢ JINIIHUM BECOM
HaOIromaeTcst TpoM003.

-ctpecc. JlaHHBIN (hakTOp B COBOKYITHOCTH C JIPY-
ruMu (pakTopaMu nin 3a00JIEBaHUSIMH MOKET IpPHBE-
CTH K CaMbIM TSDKEJIBIM TIOCIIEICTBHSM;

- TeHeTHYecKas NpeapacmnoiokeHHocTs [10, c.
81].

[MpodunakTHueckre MEpOIIPUATHS 10 TIperyIpe-
skaernto UBC MoXHO pa3ienuTh Ha EPBUYHBIE U BTO-
puuHble. B mepBoM ciydae mpodunakTika HanpaBiIeHa
Ha TIpeAyNpeXJIcHUE IMOSIBICHUS (aKTOPOB PHUCKA, a
BTOpHYHAs e 0OpeTcs C CYIIEeCTBYIOUINMH, CHOCO0-
HBIMH CTaTh NPUYNHOI 000CTpeHus 3a00IeBaHMs.

[epBuuHas npoduIakTHKa 3aKII0YAETCS B CICTY-
IOLIUX MEPOIMPUATHUSIX:

- OTKa3 OT KypeHusl.

- aKTHBHBIH 00pa3 >xm3Hu. He menee 30 muH B
JIeHb (PU3UUECKHX HArpy30K, €CIM HET MEIUIIMHCKHX
[IPOTUBOIIOKA3aHUI.

- KOPPEKIIUs JIMIIHETo Beca. [l 3Toro pekomMeH-
JTyeTCsl yMEHBIINTh YHCIIO KAJIOPUH B PallOHE U yBe-
JIMYUTH YHUCII0 a3POOHBIX yIIPaKHEHUH.

- OTKa3 OT ajmkorois. J[omycTHMoOe KOJIMYEeCTBO
aNKoToJIs It MY>kduH 20 T / cyTKH, U1 skeHnuH 10 T
/ CYTKH, IPH OTCYTCTBUH 3a00JICBaHUI NIEYESHU.

- NPaBUJIbHOE NHTaHHE: MEHbBIIE HACBHIIIEHHBIX
XKHpPOB, OoJblie oBomiel 1 GppykToB. Takke pekoMeH-
JIOBAaHO CHIDKEHHE KOJMYecTBa COH B panuone [11, c.
26; 12, c. 361]

Bropuunas npodunakTuka:

- m3beranue crpecca. HepBHOE HampsmKeHHE MO-
JKET CTaTh NIPUYMHOM clla3Ma KOPOHAPHOU apTepuu, He
JIOITYCTUTH 3TO TIOMOXKET METOANKA CAMOKOHTPOJIS.

- medeOHas (QuU3KynbTypa. Bpad BHUMareiabHO
M3y4YaeT BeC MAlHeHTa, €r0 YPOBEHb TEKYIIeH aKTHB-
HOCTH, BO3pacT U Jpyrue (akTopsl, MOCIE YEro JIaeT
PEKOMEHJALNY MAIUEHTY [0 3aHATUIO CTIOPTOM.

- JIeKapCTBEHHbIE NpenapaTsl. B HEKOTOPBIX ciIy-
yasix Bpad MOXET Ha3HAYUTh CTaTUHBI, aHTHAPUTMUKHU
U TIpenapatsl, MOMOTAOIIHe Pa3KIbKaTh KpoBb [13, c.
26]. OnHuM U3 IpenaparoB, YaCTO HA3HAYAEMBIX Bpa-
yamu npu UBC sBnserca acnupuH, €ro NpUHUMAKOT
€XEIHEBHO NPHU OTCYTCTBUM MPOTUBONOKa3aHuil [14,
c. 86].

Takxe ciaenyeT HOMHUTh, YTO JItoAaM crapiie 40
JIET ciemyeT 00sA3aTeNbHO MOCeaTh Kapauoiora. Ber-
sBIICHHE 3a00JIeBaHUS HA paHHUX CTaAWAX CyIIe-
CTBEHHO CHU)KAET PUCK Pa3BUTUSA OCIOKHEHUH. Takxke
K KapIMOJIOTy CleyeT 00palaThCs iy He IOMOTatoT
BBINTMCAHHBIC JIEKAPCTBa, HAOII0Jat0TCsI 00U B CepALe
U T.0. B HEKOTOPHIX cioy4asx AN CHIDKCHHs pUCKa
ocnoxuenuss MBC MokeT moTpeboBaThCs MOMOIIH
JIPYTUX CHECIHAAIACTOB- IAETOJOTa, SHIOKPIHOJIOTA.

3AK/IIOYEHHUE. Wmemudeckas  00Je3Hb
cepama — 3aboneBaHue, pa3BUTHE KOTOPOTO B OOIB-
OIMHCTBE CIIy4aeB MOXKHO INPenoTBpatuth. HecMoTps
Ha TO, 9TO OOJIE3HP YaIle BCETrO MPOSBISCTCS B CPEll-
HEM W CTapIIeM BO3pacTe, MPUBBIYKH CIIOCOOHBIE TO-
BJIMSITH Ha 3J10pPOBbE HAYMHAIOT (JOPMHUPOBATHCS B JICT-
cTBe. [leTsaM 1 moapocTKaM ciienyeT OOBACHITh Kakue
MOCJENCTBHSA I KX OPTaHU3Ma MOTYT UMETh BPEHbIC
npuBblykd. OYeHb BaXEH IpUMEpP pPOAUTENEH IpH
9TOM, TaK KaK MIMEHHO MX MOBEJICHHE KONHUPYIOT JACTH.
310poBbIH 00pa3 KU3HHU, MPABUIHLHOE TTUTAHKE, 3aHS-
THE CIOPTOM HWCKIFOYAIOT pPa3BUTHE OONBITHHCTBA
¢axropos pucka UBC [15, c. 35]. [Ipodpunakruka U6C
HaTpaBJeHA TJIaBHBIM 00pa3oM Ha 00pb0Y ¢ JaHHBIMHU
(akTopaMu, OJHAKO Jake MPH HAIWYAW 3a00JICBaHHS
MPOPUIAKTHICCKAE MEPOTPUATHS MOTYT IIOMOYb U3-
0eXaTb OCIOXHEHHUS TEUCHHUS OOJIC3HU.
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AHAJIN3 MEJUKO-COIUAJIBHBIX U OBINEKJIMHUYECKUX NPEJUKTOPOB
TEHEPAJIM30BAHHOI'O TAPOJOHTHUTA Y MOJIOJBIX JIOJAE C HEHEPEHOCUMOCTBIO
I''IFOTEHA

Abstract

Kycrpro T.

Acnupanm xaghedpvi cmomamono2uu

Hnemumyma nocaedunniommnoeo oopazosanus HMY
Kues, Yxkpauna

Today, generalized periodontal disease is one of the most common dental diseases that can cause tooth loss

in young people. Generalized periodontitis is one of the important medical and social problems of today. According
to modern ideas of the etiopathogenesis of generalized periodontitis, this disease is multifactorial. Its progression
and development depends on a number of factors. To date, there is a close relationship between the development
of generalized periodontitis and systemic diseases

AHHOTaNUA

Ha CeFO}lHSH_HHI/Iﬁ JC€Hb TCHECPAJIIM30BAHHBIC 3a60J'IeBaHI/I}I mapoJI0OHTa ABJIAIOTCA OAHUM M3 CaMBIX pacIipo-
CTPaHEHHBIX CTOMATOJOTHYECKUX 32a00JI€BaHM, YTO MOXKET CTAaTh MPUYUHON MOTEPU 3YOOB y MOJIOJIBIX JIFOJIEH.
reHepaHH3OBaHHBII>'I MapOJOHTHUT ABJIACTCA OJIHOﬁ U3 BAXHBIX MCAHNKO-COIIMAJIBHBIX npo6neM COBPEMEHHOCTH.
CormnacHo COBPEMEHHBIM ITPEACTABJIICHUAM 3THOIIATOTCHE3a TCHEPAJIN30BAHHOTO MAPOAOHTUTA, TaHHOC 3aboite-
BaHME sBJIsIeTCS MYJIbTH(AKTOpHBIM. [IporpeccupoBanyie u pa3BUTHE KOTOPOTO 3aBUCHT OT psina (akropos. Ha
CGFOHHSIIHHI/Iﬁ JACHb JJOKa3aHa TE€CHAad B3aMMOCBA3b PA3BUTUA I'CHEPAJTIU30BAHHOI'O IMAPOJOHTUTA C CUCTEMHBIMU
3200JIeBaHUSAMH

Keywords: periodontal disease, coeliac, gluten intolerance without coeliac
KiaroueBrblie ciioBa: MapogOHTO3, HEJIMaKs, HCIEPEHOCUMOCTD I'NTFIOTCHA 6e3 HnEeJInaKuu.
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Ha cerogusimiHuii AeHs reHepalM30BaHHBIN Ma-
POIOHTHUT SABISICTCS OAHUM M3 HauOoJee pacrpocTpa-
HEHHBIX CTOMAaTOJIOIMYECKUX 3a00JIeBaHUM, KOTOpHIE
MOTYT BBI3BaTh MOTEPIO 3y0OB y MOJOIbIX Jroaei [1].
CornacHo paay HcCleIOBaHUM, MPOBEJCHHBIX 3a MO-
CJIC/IHUE JIECATUIICTHS, YIaJIoCh YIIyOWUTb 3HaHUS U
MOHUMaHHe MaTOreHe3a FeHepaIN30BaHOro NapoIoHTa
, 3HAYUTEIBHYIO POJIb B Pa3BUTHUU M IIPOIPECCHPOBa-
HUH KOTOPBIX UTPaeT MUKPOOHBIH (hakTop, COCTOSTHHE
UMMYHHUTETa ¥ HaJIW9He COMYTCTBYIOUIMX MAaTOJIOTHI
[2,3,4,5]. LlesbiM psimoM aBTOPOB IOKa3aHa TecHask B3a-
MUMOCBSI3b MEXly T€HEPATH30BaHHBIM MapOJOHTUTOM
¥ 3a00I€BaHUSIMU  HKEITy[LOYHO-KHUIIETHOTO TPaKTa
[6,7]. Lennakus — ayTouMMyHHOE 3a00JIeBaHKE, KOTO-
poe MopakaeT CIM3UCTYI0 O0OJIOYKY TOHKOW KHILIKH
NP yNIOTPEOJICHNH TIIIOTeHA FeHETHYECKH IIPeApacto-
JIO)KEHHBIMHU JIMI[AMH M COIIPOBOXKJaeTcst oOpazoBa-
HHeM criennuueckux ayroantuten [8.9]. HemepeHo-
cuMocTh rmoTeHa 6e3 nennakuu (HI'BL) paccmarpu-
BaeTcsi Kak I00OYHAas peaknus Ha NPUMEHEHHE
TIIIOTEHAa TI0CIE WCKITIOYCHUS ajUIePIUdecKoro HIIN
ayTouMMyHHoro reuesa [ 10.11 ].

JlaHHBIA (parMeHT UCCIEIOBAHNS TPOBOIMICS B
pamkax HUP xadenpst cromaTonorun «HaygaHoe o6oc-
HOBaHME paHHEH TUarHOCTUKHU TCHEPaTU30BAHHBIX 3a-
OoyieBaHUI MapOJOHTA: XPOHMYECKOTO U 00OCTpEH-
HOro TedeHus» (Ne rocymapCTBEHHOM perucTpariuu
HIP 0118U100471). C uensio onpeaeeHus MeIuKo-
COLMAIBHBIX (haKTOPOB, CIHOCOOCTBYIOIINX Pa3BUTHIO
I'Tl y nanueHToB ¢ pa3nmuuHbIME popMaMy HEIepeHo-
CHMOCTH TIIIOTEHA, POAHATM3UPOBAH PsIIl O0IEeMean-
UHCKUX W COLUMANBHBIX (pakTopoB. B 0000meHHOM
BHUJIE BBINICYKA3aHHBIC 3JIEMEHTHI MOXKHO OIPEAEIHTh

KaK HeCTeNHaIu3upPOBAHHBIN (MEIUIIMHCKUHN, COIIH-
QTBHBIH W OOMIEKIMHUYECKHH) acreKT IMPOrpaMMBbl
CKPUHMHTA.

OcHOBOI1 M3yueHHs1 (aKTOPOB pHCKa SIBHIOCH
KOMIUIEKCHOE HCCIIeIOBaHHE, BKJIIOUABIIEE CIEIYIO-
M€ 3JIEMEHTBI: MEAUIIMHCKUE OCMOTPBI IJIsl BBISBIIE-
HUSI TPU3HAKOB T'eHEPAIN30BAHHOTO IMApOJOHTUTA C
MIPOBEACHUEM PEHTIEHOJIOTMUECKOTO HCCIeOBaHUS
IIPY HAJIMYUH TOKA3aHWH Ul MTOCTAHOBKH 3aKITIOUH-
TEJIFHOTO AWAarHo3a W aHKETUPOBAHUS JUIA BBISIBICHUS
MIPOTHOCTHYECKN 3HAYUMBIX (PAKTOPOB pUCKa GopMHU-
POBaHMSA MATOIOTHH.

ITockonbKy KOHTpONbHas rpymma (GopMupoBa-
JIach IO MPHUHIMITY KOMU-TIAphl, 3TO HO3BOJIMIO ChOp-
MHUpOBaTh cpaBHHUTENbHBIE (P>0,05) M0 YHMCIOBBIM U
I0JIOBO-BO3PACTHBIM XapaKTepUCTUKaM Tpymmsl. Pe-
3yJIBTaThl aHANIN3a MpHUBeeHBI B Tabnune 3.1.

HecmoTpss Ha MOIOIOM BO3pacT UCCIELYyEMOH
TpYIIBL, BO3pAaCTHOM (pakTop sIBISETCS 3HAUUMBIM IS
Pa3BUTHS TEHEPATM30BAaHHBIX MOPAXEHUH MMApOIOHTa,
YacTOTa KOTOPBIX BO3PACTAET B CTApIINX BO3PACTHBIX
rpymmax 1=0,404 (0,29-0,52)p = 0,0 001) B pa3 Gompre
IIAaHCOB PAa3BHUTHs T'€HEPAIM30BAaHHOTO IApOJOHTHTA
10 CPaBHEHHIO C Ooyiee MOJIOJBIMH BO3PACTHBIMHU
TpyIIaMH.

Ilonmy4yeHHble pe3ynbTaThl CBUAETENBCTBYIOT O
TOM, 4TO TIOJIOBOH (haKTOp HE SIBJISAETCS CTATUCTHIECKU
3HAYMMBIM JUISI IPOTHOCTUYECKON OLIEHKU IT'eHEepai30-
BaHHBIX (hOpM NapoAOHTANIBLHOM natonoruu (Y2 =1,7, p
=0,20) na ¢one HI'. My»4HHBI ¢ HENEPEHOCUMOCTBIO
TJIIOTEHA UMEIOT MPAKTHIECKH TE XK€ IIAHCHI Pa3BUTHUS
TCHEPAIN30BAaHHOTO TOPAXKEHHWS IapoJOHTa 4YTO H
sxenatuabl (0,95 (0,6-1,2)), 9T0, BEpOATHO, CBS3aHO C
TIOYTH TAKOH K€ YaCTOTON BPEAHBIX NMPHUBBIYCK U JPY-
T'MX HEOJIaronpuaATHBIX (aKTOPOB CETOIHS.

Tabmuma 3.1
IporHocTuyeckas OUEeHKA MEIUKO-CONMUATBHBIX (PAKTOPOB PUCKA PA3BHTHS FeHEPATM30BAHHBIX (POPM
NAPOJOHTHUTA
ITporuoctuueckas 3¢- Koopuument na 2 Ornenka
ITapameTpsl o WINOTHOLIEHHUE , X

(hexTUBHOCTB, % (DI) (DI) p
Kypenue tabaka 70,0 (66,8-73,0) 5,8 (4,3-7,7) 147,6 | 0,0001
YOTpEOIEHIE KOO 63,7 (60,5-66,9) 3,1(2,3-4,1) 68,7 | 0,0001
(3 1> pa3 B HeNENIO)
Bospacr (> 30\0 30) 60,6 (55,3-64,6) 2,4 (1,8-3,1) 40,1 | 0,0001
OTAroIeHHBIA HACIEICTBEHHOCTD 60,0 (56,7-63,2) 2,3 (1,7-3,0) 35,6 | 0,0001
HapyiiieHust cHa ¥ TUIEBOTO TTOBEICHUS 59,2 (55,9-62,5) 2,1(1,6-2,7) 30,6 | 0,0001
CrpeccoBble (haKTOPBI 56,7 (53,4-60,0) 1,7 (1,3-2,2) 16,0 | 0,0001
Pesyc-dakrop (+\-) 52,2 (48,9-55,3) 1,2 (0,9-1,3) 1,8 0,18
IIpousBoACTBEHHBIE HEOIATONPUATHBIC
(haxTopsi(paboTa ¢ KOMITLIOTEPOM H CH- 51,8 (47,6-54,3) 5,2 (1,7-15,3) 10,9 | 0,0009
JUSIYUi 00pa3KnU3HM)
ITout (MyKCKOM/>KEHCKHIT) 48,3 (44,9-52,6) 0,95 (0,6-1,2) 1,7 0,20
Briciree o6pa3zoBanue 45,8 (43,2-49,6) 0,9 (0,6-1,1) 15 0,11

Ha mocraTo4HO BBICOKOM MPOTHOCTHYECKOM
ypoBHE ompexaensercs (HaKTop OTATONICHHOW HACIIEH-
CTBCHHOCTH — TIPH HAJIMYUU HEMCPEHOCUMOCTH TITIO-
TEHA Y POAMTENCH U OIU3KUX POJICTBEHHUKOB BEPOSIT-
HOCThb Pa3BHUTHS T'€HEPATU30BAaHHBIX (OPM IMApOOH-
TATAa B MOJIOJOM BO3pacTe Bo3pactaer B 2,3 pasa
(p=0,0001).

CrpeccoBble (haKTOPHI UTParOT HECKOJIHKO MEHB-
LIYIO pOJIb, yBennuuBas puck B 1,7 paza (p = 0,0001).

Briusiaue (axTopoB OKpysKaromield cpenibl B JAaH-
HOM CJTy4ae He MOXKET OBbITh OIIEHEHO M3-32 OTCYTCTBHUS
HWHAWBHIYaTbHOTO MOHUTOPHHIA COCTaBa M JUIUTEINb-
HOCTH ()aKTOPOB OKpyKaromei cpeapl. OHAKO HaJIH-
9yre Mpo(ecCHOHATIBHBIX BPEIHBIX (aKTOPOB Ha IPO-
H3BOJICTBE, KOTOpBIE SBILIIOTCA Oojiee yCTOMYMBBIM
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KOMITOHCHTOM M BCTPEYAIOTCSI B OCHOBHOM Cpeaiu 00-
ciemyeMbIx mpodeccuii (pabota ¢ KOMIBIOTEPOM 00-
Jee 7-8 4acoB B CYTKH M CUASIHN 00pa3 )KU3HM) CTATH-
CTHYECKH BIIMSIIOT HA YacTOTY Pa3BUTHSI I'€HEPAIIU30-
BaHHOro mapomoHtura (y2=10,9, p=0,0 009),
YBEJIMYKBasi BEPOSTHOCTh €r0 pa3BUTHs B 5,2 paza.

Cucremarnyeckue paccTpoicTBa MUILEBOTO TIO-
BE/ICHHsI, OCOOEHHO HapyIIeHHs] Oe3rJIFOTEeHOBOW aH-
€Tbl, IPUBOAAT 3TOT (PaKTOp K OJHOMY M3 BEAYIIUX
MeCT: yBeJnueHue mancos Ha 2,1 (1,6-2,7), y 2=30,6.

PaccmoTpenHBIi ypoBeHs 00pa3oBaHUs, pe3yc-
(hakTOp SIBIACTCS CTATUCTUYECKH HE3HAYMMBIMH (hak-
TOpaMH ISl MPOTHOCTUYECKUX OLIEHOK PHCKA TeHepa-
JIM30BaHHBIX 3a00J1€BaHU TAPOJOHTA Y JIF0/IeH C Heme-
PEHOCHUMOCTBIO TNIIOTEHA, B TO BpeMsl Kak Takue Qak-
TOPBI, Kak KypeHue Tabaka u ynoTpeOiIeHHe aJlkoroJs,
SBJISIFOTCSL BaKHBIMH (hakTOopamu pucka. Yacroe yrmo-
Tpebnenue ankoros (3 u Ooiee pa3 B HENEIIO) YBEJIH-
YMBaeT MIAHCHI Pa3BUTHS NaTojoruu B 3,1 pasa mo ot-
HOIIEHHIO K TPYIIE C OTCYTCTBHEM WM SIH30AMYE-
ckuM ynotpedieruem ankoromsa(p=0,0001).

%

Kypenune tabaka MoBbIIIAET IIAHCHI T€HEPATH30-
BaHHOTO MATOJOrMYeCKOro mporecca B 5,8 pasza
(p=0,0001). Ho 3Ta 3aBUCHMOCTH HpOSBISCTCS HE Yy
BceX 00CIEeIOBAaHHBIX C TOH BpEIHON NPHUBBIYKOH, a
OIpeAeIAeTCS HHTEHCUBHOCTBIO KYpEHHs Tabaka — KO-
a¢¢urentom koppersiimu 1=0,41 (0,34-0,46). Beuny
9TOTO MBI MPOBENH aHAJIU3 JUIS ONpEJeNIeHUs Topora
HEMEepEeHOCHMOCTH TJIIOTeHa (KOJMYECTBO CHrapeT B
CYTKH) Ha BEpPOSITHOCTh Pa3BUTHSI FCHEPAIIN30BAHHOTO
MapOJOHTUTA y JIMI[ C HEHNEPEHOCUMOCTBIO TIIOTECHA.
VYuuTeiBas CyIECTBYIOIINM PUCK F€HEPATU30BAHHOTO
MapOJOHTUTA MPH MOBBINICHUU WHTEHCUBHOCTH Kype-
HUSI, MBI TIPOBENN aHAJM3 JJIsI ONPEACICHHS KPUTHIC-
CKHX YPOBHEH, KOTOpBIE SIBIISIOTCS NOPOTOBBIMH C
TOYKH 3pCHUS YBEINYEHHS PUCKA OCIOKHEHUH pa3BH-
THS TApOJAOHTUTAa Ha (POHE HENEePEeHOCHMOCTH IJIIO-
teHa. OIEHKa NAaHHOW MOJENIM CTATHCTHYECKH 3Ha-
yuMa Ipu BbIcOKOM kodddurnmenre AUC=0,84 (p =
0,001).
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Puc. 1. Ananuz npoenocmuueckoil s¢pgpexmusnocmu nymem OyeHKuU 4y8CMEUMenIbHOCHU U CReYyu@dUIHOCmU 015
uccuedyemvix epynn auy ¢ pasiuiHol UHMEHCUBHOCMbIO KypeHUs Olisl NPOSHO3UPOBAHUS PUCKA PA3EGUMUS
2eHepanu308aHHO20 NAPOOOHMUMA HA (OHE HeNepPeHOCUMOCIU 2NII0MEH .

CrnenoBaresibHO, KPUTHYECKHM IPOTHOCTHYE-
CKUM YPOBHEM JUIS OLIEHKH pPHCKa IF'eHEePaIn30BaHHOTO
MApOJIOHTUTA Y JIOAEH C HETIEPEHOCUMOCTbIO TIIFOTEHA
SBIISICTCA MHTEHCHBHOCTH KypeHus 10-15 curaper B
JICHB.

BaxHBIM acmeKToM B TMPOTHO3€ Pa3BHUTHS Mapo-
JOHTHTA, CBA3aHHOI'O C HENEPEHOCHMOCTHIO TTIOTEHA,
SBJISIETCS OOLIEKIIMHNYECKasl OLIEHKA 370pOBbs Uello-
BEKa, IJe XpOHMYECKAsl MATOJOTHs UMEET MEepBOCTe-
neHHoe 3HaueHue. [IpoBeieHHbII HaMy aHAIN3 110 AaH-
HOMY acIieKTy HCClie/I0OBaHHs IPUBEICH B Tabuie 3.2

B MonomoM Bo3pacte 4acToTa BBISBICHHS 0O0JIb-
MIMHCTBA XPOHMYECKHX 3a00seBaHNH HEe3HAUNTEIbHa,

MTO3TOMY IO Pe3yJIbTaTaM aHallu3a CIACaHbI NI CTa-
TUCTHYEeCKH 3HauuMble omeHku (p<0,05). Ycranos-
JICHO, YTO HauboJjiee 3HAYMMBIM (HaKTOPOM, HAIMYHE
KOTOPOTO MOBHIIIAET BEPOSITHOCTH PA3BUTHSI T€HEpAIIU-
30BaHHBIX (OPM MApOJOHTUTA HA (HOHE HETEepPEeHOCH-
MOCTH TJIFOTE€HA, SIBISIOTCS XPOHUUECKUE 3a00JIeBaHUS
JKKT n— coornomenue mancoB OR =6,1; p =
0,0001,HeCcKOIBKO MEHBIIIasi MPOTHOCTUYECKAs 3HAUN-
MOCTB BBISIBIIsICTCS TIpH 3a0oneBanmsx JIOP-opraHos -
OR =3,7 (2,8-4,9) 1 natosoruu MIUTOBUIHON HKeJe3bl
- OR =2,6 (2,0-4,3), uepebpo-cocyaucTas maToIOrus
(AD') Taxke BBISBIISICT 3HAYMTEIBHBIH MPOTHOCTHYE-
ckoit morernuu - OR =1,8 (1,3-2,3); p=0,0002.
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Tabanma 1
ITporHocTHYeCKAs OIEHKA KINHUYECKUX (PAKTOPOB PHCKA PAa3BUTHS reHePaJIu30BAHHOI0 MAPOIOHTHTA
Tapaverpbi IIpornoctryeckas 3¢- CooTHo1IeHHne > Ouenia p
¢exTuBHOCTB, % (DI) mancoB OR |
3aboseBaHus AbIXaTSIbHBIX MyTEH 71,1 (68,0-74,1) 6,1 (4,5-8,1) 160,4 0,0001
3abonesanus JIOP-opranos 65,8 (62,3-68,9) 3,7 (2,8-4,9) 89,7 0,0001
[aTosorus MUTOBHUIHOMN KeJIe3bl 61,9 (58,6-65,1) 2,6 (2,0-4,3) 51,0 0,0001
IepebpoBackymsipHast marosorus (Al) 57,2 (53,9-60,2) 1,8 (1,3-2,3) 18,7 0,0002

OmnpenesneHue nepedHsi MPOTHOCTUYECKU 3HAYM-
MBIX MEANUIIMHCKHUX, COLIMANBHBIX M OOIIEKIMHIYECKUX
(hakTOpOB pHCKa reHepaI30BaHHBIX 3a00JIeBaHUH T1a-
POJIOHTA Yy JIUI] C HEMEPEHOCUMOCTBIO IIIOTEHa JIETJIO B
OCHOBY pa3pabOTKN CKPUHUHTOBOH MOJENHN, OCHOBAH-
HOW Ha JIOTHCTHYECKOil perpeccuu. C MOMOIIBIO Me-
To/1a OMHAPHON JIOTUCTHYECKON PErPEeCcCHH MOXKHO HC-
CJIEI0OBATh 3aBUCHMOCTh AWXOTOMHYECKHX IE€PEMEH-
HBIX (ma/HET) OT HE3aBUCHMBIX IIEPEMCHHBIX,
MPE/ICTABICHHBIX B BHE JIIO0O0H MIKAJIbL.

B cJ1ydac TUXOTOMUYCCKUX MMPU3HAKOB pe€Ub UICT
0 COOBITHH, KOTOPOE MOKET MIPOU30HTH, & MOXKET U HE
MPOU30MTH, U OMHApHAs JIOTHCTHYECKasl perpeccus B
9TOM CJIyda€ BBIYUCIACT BEPOATHOCTH HACTYIUJICHUA
CO6BITI/IH B 3aBHCHMOCTH OT 3HAUCHHUU HCCIICAYEMBIX
(akTopoB. BeposTHOCTH OTHHUCEHUS B TPYIILY, T1e Oy-

JIET pa3BUBAThCS T'eHEPATM30BAaHHOE [TOPaYKEHUE Mapo-
JIOHTa — TE€HEePaIM30BaHHBIA MApOJOHTUT OIpPEAEIs-
eTcs o opmyIie:

p=e?/1+e?,

rae z= b1*x1 + b2x2+ ...+ bnxxn — cranmapTU3u-
pOBaHHOE ypaBHEHUE PETPECCHH,

X1 - 3HaueHNE HE3aBUCHMBIX IIEPEMEHHBIX,

bl - xodddummeHTH, pacueT KOTOPHIX SIBISIETCSA
3amadei OMHAPHOH JIOTUCTHYECKOHPErpEeCcCHH,

e — okcrioHeHTa (2,718282).

Ecnu 3nayenuwe menwine 0,5 ans p, TO MOXHO
MIPE/ITIOJI0KUTh, YTO COOBITHE (Pa3BUTHE T'CHEPATIH30-
BaHHOI'O IAPOJOHTUTa Ha (OHE HEMEePEeHOCUMOCTH
TJIIOTeHA) He MPOou30iieT. B mpoTUBHOM ciydae mpen-
rojaraercss COOBITHE C COOTBETCTBYIOIIUM YPOBHEM
BepOSITHOCTH (p) (CITMCOK (PaKTOPOB JAETCS COTIIACHO
pelTHHTY YypOBHS 3HAYUMOCTH) (Tabm. 3.3).

Tab6muua 2.

Pacnpenenenue GpaKkTopoB pucKa pa3BUTHS 00LIEro MAPOAOHTUTA Y NALUEHTOB € HENEPEHOCMMOCTHIO
IJII0TEHA COIVIACHO PETHHIY YPOBHS 3HAYHMOCTH

@axTopHl, BKIIOYCHHBIC B YPaBHEHUE PErPECCUU CTannaprusuposanibie Yposerb
’ KO3 QHUIIUEHTHI perpeccuu 3HAYIMOCTS (p)
3aboneBaHNs ABIXaTSIBHBIX MTyTEH 0.253 0.0826
3aboneBanns JIOP-opranos 0.353 0.0464
Hapymiennst cHa ¥ TUIIEBOTO TOBECHUS 0.252 0.0394
OTArOIIEHHBIA HACIIEACTBEHHOCTD 0.214 0.0312
[TaTomorus MUTOBUIHOM KEJIE3BI 0.184 0.0299
CrpeccoBble (haKkTOpHI 0.298 0.0199
Kypenue tabaka 0.368 0.0191
Ynorpebnenue ankorous (3 ¥ > pa3 B HEACTIO) 0.428 0.0099
LepeOpoBackynspHast MAaTOJOTHS 0.235 0.0062
[Ipon3BOICTBEHHBIC HEOIATONIPHUATHBIC (haKTOPHI 0.125 0.0001
Bospacr 0.094 0.0001

Pe3ynbraT OLEHKH «Z» TPH NPOBENEHHU CKpPHU-
HUHTOBOM OLIEHKH C MCIIOJIb30BaHHEM JIOTUCTUYECKOM
perpeccun s o6caeryeMoro nanneHTa B sozpacre 30
JIeT, HAJIN4Ke OTATOIIEHHOCTH HACIEICTBEHHOCTH, Ky-
penue 1 mauxu B neHs (20 curaper) u Hanu4ue 3aboe-
BaHMH NHIIEBAPUTEIHHOTO TpakTa OyJeT BBIMNIAACTh
TaK:

z= 0,094*30+0,298*1+0,235*20+0,378*1=0,820.

[oacTaHoBUB 3Ha4YeHHE Z B hopmyne p=e¢Z/1+e->
MBI TI0JTy4aeM BEPOATHOCTh PAa3BHUTHS NMATOJIOTHH P =
0,694.

[IpoBeneHa oneHka MeX 1y (PaKTHUECKH BBISBIICH-
HBIMH W TPOTHO3MPYEMBIMHU CJIyYasiMH Te€Hepau30-
BaHHOTO IApOJIOHTHTA, KOTOpasi OTpaxkaeT 0coOeHHO-
CTH NPOTHOCTUYECKON CHJIBI MOJIENH, CKPHUHUHIOBAs
aJIeKBaTHOCTh MOJICIIH M €€ MapaMeTpOB, a TAKXKe BBI-
COKHMI ypOBeHb accolimaTuBHOro kodg¢unumenta Co-
mepa (D=0,83) cBuaerenbcTBYET 0 3HAUUTENBEHOH MIps-
MOH KOPPEJALIH ITapaMeTPOB MOJIEIIH C PE3yIbTaTaMU

OLICHKU BEPOSITHOCTH Pa3BUTUS T'€HEPAIN30BAHHOTO
IaTOJIOTUYECKOTO MPOLECCa B TKAHAX IIAPOJIOHTA, Pa3-
BUBAIOILEIOCA B YCJIOBUSX HENEPEHOCUMOCTU TJIO-
TEHa.

CrenoBarenbHO, MPOBEACHHBIM HCCIIEI0BaHUEM
YCTAHOBJICHBI MEAUILIMHCKHUE, COITUATIBHBIE U OOIIEKIH-
HU4YecKHe (PaKTOphI PHCKa Pa3BHUTHS T€HEpaIH30BaH-
HOT'O IIapOJOHTUTA Yy JIUI] C HEIEPEHOCUMOCTBIO IIIO-
T€HAa, Ha OCHOBAaHUM KOTOPBIX ONPEACISAIOTCA KpUTE-
pux (OPMHUPOBAHUS TPYIIIT BEICOKOTO PUCKA IO JAHHOH
I1aTOJIOTHUU.

IlonydeHHble JaHHBIE CTaJIM HAy4yHOM OCHOBOM
JUIsL JaidbHEHIINX MCCIeA0BaHui Mo pa3paboTKe cTpa-
TETUH MPOQUIAKTUKNA TEeHEPAIN30BAHHOTO MapOJIOH-
TUTA, CBA3aHHOIO C HENEPEHOCHMMOCTBIO INIIOTEHA, Ha
MIOTTYJIIIIUOHHOM YPOBHE U pa3pabOTKe CHCTEMBI Iep-
BUYHOTO CKPUHUHIA JAHHOW [IATOJIOTUHU.
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Generalized periodontal disease is one of the most common dental diseases. It’'s known that generalized per-

iodontitis is considered a multifactorial disease in the progression and development of which a number of factors
play an important role. An important role in the progression of generalized periodontitis belongs to the microbial
factor and the state of innate and acquired immunity. It should be noted the importance of the presence of con-

comitant somatic pathologies in the development of generalized disease

Keywords: gluten related disorder, coeliac, non celiac gluten sensivity, antimicrobial pepride

Introduction

Generalised periodontitis is one of the most com-
mon dental diseases. Thus, according to multicentre ep-
idemiological studies, chronic generalised periodontitis
affects more than 60% of young people [1.2]. It is well
known that generalised periodontitis is a polyetiologi-
cal disease, the development and progression of which
play a significant role in local and systemic health fac-
tors. According to modern pathogenesis paradigms, the
generalised periodontitis microbiocenosis of the oral
cavity and the formation of microbial biofilm is signif-
icant [3]. Periodontopathogenic microorganisms cause
a cascade of immunopathological reactions in the oral
cavity, particularly in the alveolar tissue. The acute in-
flammatory process that arises as a result of the action
of microorganisms is a manifestation of a physiological
protective reaction. As a result, there is a migration of

immune cells and a release of pro-inflammatory cyto-
kines and hemocines [4]. More than 20 types of micro-
organisms are associated with periodontal diseases, but
Actinobacillus actinomycetemcomitans, Porphyromo-
nas gingivalis, Tannerella forsythia and Treponema
denticula are the most associated with the development
and progression of periodontitis. Due to the action of
periodontopathogens in the gum, pH changes occur
which significantly affects the composition of pathogen
bioplates. In the process of colonisation, the co-adhe-
sion (the fixation of microorganisms to microorganisms
of the same type) and co-aggregation (the fixation of
microorganisms of another species to already-fixed mi-
croorganisms) of microorganisms are noted.

One of the current pressing issues is the study of
the components of congenital immunity — antimicrobial
peptides. Numerous researchers believe that there is a
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close relationship between the increase of antimicrobial
peptides and the severity of chronic generalised perio-
dontitis [6]. Antimicrobial peptides also mediate the re-
lationship between congenital and acquired immunity.
The two most studied types of antimicrobial peptides —
defensins and catelicidens — can disrupt the permeabil-
ity of the membrane of fungi and viruses and cause in-
hibiting effects on the intracellular functions of the
pathogenic organism [7, 8]. Defensins are basic antimi-
crobial cationic peptides that can impair the permeabil-
ity membranes of fungi and viruses and cause an inhib-
itory effect on the intracellular functions of the patho-
genic organism. The main source of antimicrobial
peptides in the oral cavity is the epithelium of gum and
neutrophils, although the salivary glands also secrete
some defensins. In recent years, further research has
been conducted on the role of antimicrobial peptides in
maintaining oral homeostasis. To date, two main types
of antimicrobial peptides are defined in the oral fluid:
alpha humana-defensins (HNPs) and beta-defensins
(Human B-defensins (hBDs)) [8]. Antimicrobial pep-
tides have a mediated effect on the stimulation of ac-
quired immunity, contribute to the increase of IgA and
1gG products and prevent the formation of a microbial
film on the surface of the tooth. Many authors consider
antimicrobial peptides markers of periodontitis devel-
opment.

It should be noted that systemic factors play sig-
nificant roles in the development and progression of
generalised periodontal disease, among which are im-
portant comorbid pathologies [9]. According to multi-
centre epidemiological studies, the most common
chronic pathology of the intestine is gluten enteropathy
[10]. Due to the rapid increase in the number of diag-
nosed cases of coeliac disease and NCGS, the study of
this type of pathology is important. It is known that coe-
liacia is a chronic autoimmune disease, which occurs in
genetically predisposed individuals due to the rejection
of cereal derivatives that contain gluten and leads to
atrophic changes in the mucous membrane of the small
intestine [12 ]. The range of clinical manifestations of
coeliac disease and NCGS is varied due to the atypical
symptoms of the disease. Thus, in adulthood, patients
have a variety of clinical manifestations. According to
this literature, quite often in patients with coeliac and
non-celiac gluten sensitivity (NCGS), the manifesta-
tions in the oral cavity can also be noticed — namely,
aphthosis stomatitis, chelytes, defects of hard tissues of
the tooth, periodontal disease, etc. [14, 15].

Aim. This paper aims to conduct a situational
analysis of the expression of antimicrobial peptides of
oral fluid in patients with gluten-related diseases and a
spectrum of periodontopathogenic microorganisms.

Materials and methods. Accordingly, the aim of
the research and the criteria of inclusion and exclusion
were formed. The design of the study uses three inves-
tigated groups to investigate periodontitis of the initial
first degree against the background of NCGS.

The first research group (group GP + C) included
30 patients with generalised periodontitis (initial, stage
I) with a background of coeliac disease. The second
group (group GP + NCGS) included 30 patients with
generalised periodontitis in the initial stage | with a

background of NCGS. Group Il included 30 patients
with generalised periodontitis at the initial stage | with
no concomitant pathology. The control group (C group)
included 30 patients with clinically intact periodontium
without signs of gluten intolerance.

The exclusion criteria were: patients under the age
of 19 and over 35 years; pregnant and lactating patients;
the presence of severe, decompensated concomitant pa-
thologies of internal organs and systems (except gluten-
related diseases); malignant formations; the presence of
acute inflammatory diseases (acute bronchitis, pneu-
monia, etc.); alcohol or drug addiction; patients who, at
the time of the study or in the last four weeks before the
start of the study, took antibiotics or anti-inflammato-
ries; and patients who refused to participate in the
study.

The verification of the nosological form of enter-
opathy was performed by a gastroenterologist accord-
ing to the generally accepted protocol. The oral-cavity
examination and the investigation of periodontal status
were carried out using a generally accepted unified pro-
tocol. Periodontal disease is used for the classification
of N. F. Danylevsky. Studies of the microflora of peri-
odontal pockets were performed by a polymerase chain
reaction (PCR) in real-time. The material was collected
in the morning on an empty stomach, without a prior
performance of hygienic treatment of the oral cavity,
with a sterile paper probe inserted into the area of the
deepest periodontal pockets. The material obtained by
the above method was placed in a sterile 1.5-ml Eppen-
dorf tube. Genetic and molecular studies determined
the presence of markers of the following periodonto-
pathogenic microorganisms: Prevotella intermedia,
Bacteroides forsythus, Treponema denticula, Actinoba-
cillus actinomycetem comitans, and Porphyromonas
gingivalis. Additionally, in the course of the study,
analyses were performed on LL-37 (cathelicidins) and
HNP 1-3 (o—defensins) in the alminous fluid using the
immunoassay method on the RIDER ANTHOOS 2020
device and using the Kit Human LL-37 ELISA, Human
HNP 1-2 ILISA (Hycult Biotech). The resulting mate-
rial was diluted with a buffer solution 2000 times before
the ELISA. Results were evaluated using spectropho-
tometry. According to the study design, we analysed
the expression of antimicrobial peptides of oral fluid in
60 patients with generalised periodontitis against the
background of coeliac and NCGS. The basis of this
fragment is the assumption of probable correlations of
antimicrobial-peptide expression with the detection of
unconditionally pathogenic microflora — periodonto-
pathogens and the decisive role of their presence in the
pathogenesis development of generalised periodontitis
and the antimicrobial oral peptides LL-37 (cathelici-
dins) and HNP 1-3 (o-defensins). The control group
comprised 30 clinically somatically healthy patients
with generalised periodontitis of a similar age. IBM
SPSS Statistics 20 software was used for statistical pro-
cessing. Statistically reliable values were considered,
where p = the level <0.05.

Results and discussion. The research group were
comparable in age (the average age was 28.03+3.3
years) and were of uniform gender distribution.
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The results of the study of the level of expression
of antimicrobial peptides HNP 1-3 (o—defensin) and
LL-37 (cathelicidin) in the mouth fluid of patients with

generalised periodontal diseases with a background of
gluten intolerance are given in Table 1.

Table 1.

The level of expression of antimicrobial peptide HNP 1-3 (a—defensin) and LL-37 (cathelicidin)
in the oral fluid of patients with generalised periodontal diseases with a background of gluten intolerance

(ng/ml, M£m, p<0.05).
Group
Indicator I i C
n=30 n=30 n=30 n=30
LL-37,
0,66+0,19 0,55+0,18 0,81+0,08 0,98+0,03
ng/ml
HNP 1-3, 5,87+0,91 4,68+0,28 6,14+1,01 7,31+0,18
ng/ml
In Group | patients, the level of HNP 1-3 (o—de- Conclusions

fensin) in patients with initial and stage | of GP was
1748.6£1037 ng/ml. In Group II patients, it was
0.5540.18 ng/ml, which is reliably lower than the indi-
cators in Groups Il (0.81£0.08 ng/ml) and C
(0.98+0.03 ng/ml) (p<0.05). There was no reliable dif-
ference between the studied groups of persons with glu-
ten intolerance (p> 0.05.).

The level of expression of the antimicrobial pep-
tide HNP 1-3 (a—defensin) in the oral fluid of Group |
was 5,87+0,9 1 ng/ml. In Group II, it was 4,68+0,28
ng/ml; thus, no reliable discrepancies were found (p >
0.05). At the same time, in Group Ill and the control
group, levels of HNP 1-3 (a-defensin) were 6.14+1.01
ng/ml and 7.31+0.18 01 ng/ml, respectively, showing a
reliable deviation of the study indicator in patients with
gluten intolerance.

To understand the probable factor influencing the
level of expression of antimicrobial peptides in the
mouth fluid of patients with generalised periodontitis of
the initial and first degree with a background of gluten
intolerance, genetic-molecular studies of periodontono-
pathogenic microorganisms were analysed in research-
group patients. Frequently, periodontopathogens of the
‘red complex’ (according to the classification proposed
by Socransky and Haffajee, 2005) were detected. Thus,
these were the common findings in the periodontal
pockets of patients with coeliac disease: P. Gingivalis
was detected in 76% of cases, Treponema denticula
was detected in 64% of cases and Bacteroides forsythus
in 44% of patients. P. Gingivalis was found in 52% of
patients with NCGS, Treponema denticula in 52% and
Bacteroides forsythus in 48%. In the control group, P.
Gingivalis was found in 72% of cases, Treponema den-
ticula in 36%, and Bacteroides forsythus in 32%.
Prevotella intermedia, which belongs to the ‘orange
complex’, was found in 56% of patients with coeliac
disease, in 44% of patients with NCGS, and in the con-
trol group in 32% of cases. The study found a strong
correlation and relationship between the expression of
the antimicrobial peptide LL-37 and P. Gingivalis
(r=0,93). During the study, a moderately pronounced
correlation between the expression of HNP 1-3 and the
content of periodontopateogenic microorganisms such
as P. gingivalis, T. forsythia and T. Denticola (r=0.67)
was found.

In the study of periodontal pocket microbioceno-
sis, a high degree of prevalence of periodontopatho-
genic microorganisms is noted, with a trend towards in-
creasing their number with the development of GP in
patients with gluten intolerance. However, when com-
paring the obtained data on the expression of this anti-
microbial peptide, its level in patients with gluten-re-
lated diseases is somewhat lower compared to the con-
trol group. A correlative relationship between the
expression of antimicrobial peptide LL-37 and P. Gin-
givalis was detected. The data obtained indicate the
possibility of using the expression values of antimicro-
bial peptides as predictors of the development of GP in
persons with gluten intolerance.
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NSC631570 — A PROMISING CANCER CURE (SEMISYNTHETIC COMPOUND FROM THE
ALKALOIDS OF CHELIDONIUM MAJUS L.)
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NSC631570 (Ukrain) is an anticancer medical preparation on the basis of the extract of the plant Chelidonium

majus L. and Thiotepa. Numerous pre-clinical and clinical studies seem to suggest that NSC631570 is pharmaco-
logically active and clinically effective. It has curative effects on a range of cancer types. Thus, it has a big potential
as an anticancer drug. The studies on this preparation started about 40 years ago. Meanwhile, numerous in-vitro
studies, animal experiments and case reports have emerged. All these data suggest that NSC631570 has a strong

anticancer activity in a wide range of cell lines.

Keywords: cancer, NSC631570, Chelidonium Majus L., alkaloids, selective action, cancer cells, healthy
cells, clinical study, research, cancer patients, autofluorescense, patient cases, results.

Malignant tumors belong to the greatest problems
of our present. The number of cancer diseases with a
fatal end is constantly increasing. According to the Eu-
ropean Commission, every fourth person living in the
European Union is dying of cancer (each year —
837,000 Europeans), and in the world about 4 million
new cases of oncological diseases are recorded. This
kind of the disease is diagnosed in all groups of popu-
lation: men, women, elderly people and children. The
most common among the oncological diseases are: can-
cer of lungs, skin, breast, gastrointestinal tract, prostate,
ovaries, cervix of the uterus and thyroid gland. Among
malignant tumors in children prevail leukemia, malig-
nant tumors of the brain and lymphoma.
(www.unicef.org/ukraine/ukr/onko.pdf). And every
year, these statistics are getting worse.

With this illness all over the world doctors fight
primarily with help of surgical operations but also with

radiation therapy and chemical preparations that ex-
haust the immune system and negatively affect healthy
cells.

However, there is an alternative treatment of can-
cer diseases.

It is an effective anticancer preparation
NSC631570 (Ukrain) developed in 1976 by Dr. Wassil
Nowicky, an Austrian scientist of Ukrainian origin.
This anticancer drug is based on the extract of the plant
Chelidonium majus L. and Thiotepa. Numerous pre-
clinical and clinical investigations seem to suggest that
NSC631570 is pharmacologically active and clinically
effective. This drug destroys only cancer cells, leaving
healthy cells undamaged. This means that the
NSC631570 has a selective effect, confirmed by a num-
ber of scientific studies.

Cancer cells can be killed without harming
healthy ones
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At the 13th International Congress for Chemother-
apy in Vienna in August-September 1983, a new agent
— thiophosphoric acid derivative of the alkaloids from
celandine (NSC631570) was presented (35). The
development of this preparation was the first and very
important step on the way to the development of a prep-
aration that kills only cancer cells, but not healthy ones.

The in vitro investigations confirmed a different
oxygen consumption in normal liver cells and cancer
cells: after an initial increase, the oxygen consumption
in the tumor cells fell to zero. In normal liver cells, ox-
ygen consumption normalized and they remained un-
damaged (6). This study provided initial indications
that NSC631570, in contrast to its starting materials
Thiotepa and celandine alkaloids, is actually only toxic
to cancer cells and not to normal cells.

The second indication was achieved from clinical
use, where NSC631570 caused no significant side ef-
fects (31). Besides, this preparation improved the
general condition of patients and their immunological
status, which was damaged as a result of the previous
chemotherapy (10).

The third sign came from the study from the Uni-
versity of Miami (USA). In this study the therapeutic
index of NSC631570 was calculated — 1250 (41).
That's unusually high for a cancer drug. Therapeutic in-
dex (T1) is the ratio of the toxic dose to the therapeutic
and reflects the safety of a drug. The therapeutic index
of conventional cytostatic preparations, to which Thio-
tepa also belongs, is in the range 1.4-1.8 and therefore
overdosing it can have fatal consequences. Because of
the very high TI value of 1250, there is no risk of over-
dosing with the NSC631570.

After that many well-known research institutions,
e.g. the National Cancer Institute (USA), EORTC, Uni-
versity of Miami (USA), Rochester University (USA),
University of Tiibingen (Germany) have started to test
the preparation in order to better understand its unique
properties and therapeutic potential. In contrast to con-
ventional cytostatic preparations, NSC631570 has all
60 cancer cell lines tested, which represent 8 important
human tumors, were killed (32), including those cell
lines which were resistant to the then strongest known
cytostatic agent Cisplatinum.

This has arisen even more interest in the sci-
entific community. Leading scientists tested
NSC631570, each group using the method available to
them. Thanks to this variety of experiments, the fine
mechanisms of the action of NSC631570 could be de-
ciphered at different levels: at the cellular level with ox-
ygen consumption, at the level of the chromosomes,
cell organelles and molecules. These studies have
brought extremely interesting results and not only con-
firmed the selective effect of NSC631570 several
times, but also thoroughly eliminated any doubts that it
only kills cancer cells but does not harm healthy cells
in any way. This means that NSC631570 can differen-
tiate between healthy and malignant cells — this prop-
erty is not available to the other cancer drugs developed
to date. Scientific interest in NSC631570 is growing
and research continues (39; 47; 40; 13; 14; 15).

In the study on the effect of NSC631570 carried
out at St. John's Memorial University (Newfoundland,
Canada) under the direction of Prof. Andrejs Liepins, it
was found that this preparation causes bimodal cancer
cell death. (27).

In 1998, Anne Panzer's group (University of Pre-
toria, South Africa) demonstrated the selective effect of
NSC631570 at the molecular level. The scientists in-
vestigated that NSC631570 is selectively toxic to can-
cer cells by causing a metaphase block. The normal
cells were not affected (37).

In 2000, the Ulm researchers found that 10 pg/ ml
NSC631570 after 24 hours causes a significant accu-
mulation of cancer cells in phase G2/ M. The authors
showed that NSC631570 blocks pancreatic cancer cells
in prophase by inhibiting tubulin polymerization (16).
This work confirmed that NSC631570 does not affect
normal cells.

Normal human fibroblasts were later used in their
experiments by the scientists at the Eberhard-Karls-
Universitdt Tibingen (Germany) and the Instituto
Nacional de Cancerologia (Mexico City, Mexico) (9;
30). Neither research group found any toxic effects of
NSC631570 on these normal cell lines.

In 2002, the scientists at the Eberhard Karls Uni-
versity of Tiibingen (Germany) examined the effect of
NSC 631570 alone or combined with radiation on cell
survival, the modification of the cell cycle and the in-
duction of apoptosis in the exponentially growing hu-
man tumor cell lines MDA-MB-231 (Breast cancer),
PA-TU-8902 (pancreatic cancer), CCL-221 (colon can-
cer), U-138MG (glioblastoma), and in human skin fi-
broblasts HSF1, HSF2 and lung CCD32-LU. Without
irradiation, NSC 631570 caused time- and dose-de-
pendent cytotoxic effects, which were more pro-
nounced on cancer cells than on normal cells. Com-
bined with radiation, NSC 631570 caused increased cy-
totoxicity to colon cancer and glioblastoma cell lines,
but not to the breast cancer and pancreatic cancer cell
lines. Using flow cytometry, NSC 631570 was shown
to modulate the toxic effects of radiation on these hu-
man cancer cell lines by inducing their accumulation in
the G2/ M phase of the cell cycle. Its protective effect
on normal human fibroblasts suggests that it can be
used in combined radio- and chemotherapy (9).

These innovative openings have caused even
greater interest in the scientific world:

Until now, to the NSC631570 their works have de-
voted more than 260 scientists from 24 countries in 60
universities and research institutes. Their work was de-
scribed in more than 300 scientific publications, major-
ity of which are available on the www.pubmed.org

First patients and clinical use

Dr. Prof. J.-A. Musianowycz from Paris (France)
in 1977 was the first who applied the NSC631570 in
the treatment of incurable patients. In 1979 he pre-
sented 17 patients cases of clinical use. He prescribed
to the NSC631570 to incurable cancer patients, primar-
ily with breast and skin cancers. In some of them Prof.
Musianowycz noted the decline in the growth of metas-
tases, and in some even their disappearance. Patients
put on weight and pain decreased. Prof. Musianowycz
noted that this medicine deserves a deeper scientific
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study and conduct of experiments.
(https://ukrin.com/docs/Musianowycz_1979.pdf ).

Doctors reports

Here are some quotes from the reports of the treat-
ment of cancer patients with NSC631570
(https://www.ukrin.com/docs/erfahrungsberichte.pdf).

In 1996 Dr. Alois Denk wrote: "From a medical
view it would be preferably to investigate the action of
NSC631570 and tell the wider public about the rele-
vant results."

In the same 1996, Associate Professor of the Uni-
versity of Dr. Hubert Denz informed: "In one case of
pancreas cancer with the help of computer tomogra-
phy, we established a temporary decrease of the tumor
(...) Side effects were insignificant, namely there was
a light feeling of heat, but in general the treatment
was carried out simply great (...) It is worth to plan
and to carry out appropriate clinical studies of the
medicine, which will provide the standardized dosage,
application form, duration of treatment and docu-
mentation with results. (...) First of all, it seems to be
appropriate to use the NSC631570 in the treatment of
pancreatic cancer, since by this time, the results after
chemotherapy are very modest, and in the most weak-
ened patients there are significant side effects. In ad-
dition, there are some more positive reports on the
therapy with NSC671570 of this type of tumor."

Dr. Siegfrid Wagner: “The preparation
NSC631570 has been in my ordination for about 2
years. (...) So far, 40-50 patients with various tumor
diseases and of different ages have been treated with
it. Depending on the initial position of the disease pro-
cess, success could be recorded in every case of the
treatment with NSC631570, whereby the growth stag-
nation and remission-like conditions of the tumor
were also recognizable. No undesirable side effects
whatsoever were observed during treatment with
NSC631570”.

The Chief Doctor Hans-Jorg Klein: “In the major-
ity of my cases, NSC631570 is an adjunct therapy to
chemotherapy and/ or radiation therapy. Particularly
noticeable successes were achieved with it as mono-
therapy in around 10% of cases. In adenocarcinomas,
for example, remission-like stages and considerable
metastasis regressions were observed. (...) In all cases
of NSC631570 therapy there was a significant im-
provement in the quality of life of cancer patients”.

Dr. Uta Konstantopulos stated: “One patient with
an inoperable carcinoma of bile duct and metastases
in the liver after a small surgical intervention (artifi-
cial outflow of bile) without further treatment in Feb-
ruary 1996, was sent home. Since March 1996, we be-
gan to administer her NSC631570. The general con-
dition of the patient is simply wonderful. (...) In some
patients, |1 saw a definitely positive impact on the
course of the disease in the progressive stage.*

Dr. Omar Abu-Dayeh informed: "In my observa-
tions, | noticed that the preparation NSC631570 is re-
ally a significant help and a positive application to
other types of treatment. Along with remissions, that
we achieved, it should be noted that during and after
treatment, patients feel well, and the quality of their
life is significantly improved.”

Dr. Grazyna Nowicki: “In my practice | applied
NSC631570 for seven years. Most of the 15 patients
who were treated personally by me, were recognized
as incurably ill (...). First, it should be noted that after
the first injections with the preparation in all these pa-
tients, an unexpected subjective and objective im-
provement of both physical and mental state was
achieved, which I can not call the effect of placebo
effect. They have improved sleep and appetite, facili-
tated pain, in connection with which in many cases,
no strong analgesics were needed.”

Phase I Clinical Study

The phase | clinical study was performed on 19
healthy volunteers on the out-patient basis. Beside gen-
eral clinical condition, following parameters were eval-
uated: blood count, clinical chemistry, immune values,
electrolytes, microelements, neopterin. NSC 631570
was administered intramuscularly or intravenously
daily, on the alternate days or every third day at a daily
dose of from 5 up to 50 mg for 7-40 days. In a special
case, the medicine was administered during three years
at a total dose of 3500 mg divided into several therapy
courses. No significant changes in clinical status were
revealed at the examination. In the case of intramuscu-
lar administration, volunteers reported local pain,
sometimes sleepiness, increased thirst and polyuria. In
some cases, a light non-significant increase of the body
temperature and minor blood pressure decrease were
observed. The authors concluded NSC 631570 at single
doses of 5, 10, 20 and 50 mg were well tolerated, also
at prolonged administration. (11)

The Dose Finding Study (Phase I1)

To find out the correct dosage for NSC 631570 a
phase 11 clinical study was performed on 70 end stage
cancer patients. NSC 631570 was administered intra-
muscularly or intravenously daily, on the alternate
days, every third, every forth, or every fifth day. Single
doses were 2.5, 5, 10, 15, 20, or 25 mg in ascending
order (from 2.5 up to 25 mg), descending from 25 mg
to 2.5 mg, or 5, 10, 15, 20 or 25 mg constantly. The
duration of a therapy courses was 10-90 days. Breaks
between courses varied from seven days up to three
months. In all cases the therapy with NSC 631579 was
well tolerated. In some patients the analgesics dosage
could be reduced. The quality of life improved in the
most cases. Subjective as well as objective symptoms
and signs were observed like headache, dizziness,
thirst, sweating, polyuria, fever (with the body temper-
ature increase of 1-2 °C), and pain at the tumor and/or
metastases area. Increased temperature at the tumor
area was observed also. Temporary tumor swelling, in-
creased heart beat rate and minor blood pressure de-
crease were observed as well. The intensity of such
concomitants correlated with the response to the ther-
apy. After full remission these concomitants were not
anymore observed (31; 28).

In healthy volunteers, such concomitant events are
observed not so extensively or not observed at all. It can
be suggested they are triggered by the tumor degrada-
tion products. The intensity of these concomitants can
be decreased with the detoxification measures.

Phase 111 Clinical Trials

NSC631570 can cause the full regression of the
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main tumor and also of metastases. In the treatment of
advanced tumors NSC631570 can improve the quality
of life and prolong survival. Many clinical studies have
proved this, such as those of the work groups led by
Prof. Beger in Germany and of Prof. Zemskov in
Ukraine with pancreatic cancer (17; 64; 18; 19; 20; 21,
61), as well as groups led by Prof. Susak and Prof. Bon-
dar in Ukraine with colon cancer (45, 62, 63, 5). Neo-
adjuvant (before surgery) use of NSC631570 can in-
duce encapsulation of tumors as revealed the studies by
the researchers of Grodno Medical University (Grodno,
Belarus) in breast cancer (49; 8; 53; 50; 51; 52, 55, 58;
59; 34).

In an open study total 203 advanced cancer pa-
tients were treated with NSC 631570 and partially with
local hyperthermia (37.4%) after all conventional treat-
ment modalities had failed and the disease progressed
or relapsed. Full remission was achieved in 41 cases
(20.2%), partial remission —in 122 cases (60.1%). Sem-
inoma and prostate cancer responded especially well
with remission rate of more than 75% (1; 2.).

Pancreatic carcinoma

In a controlled randomized study by Prof. H. Be-
ger et al. in the Ulm University Hospital, Germany, the
therapy with NSC 631570 and Gemcitabine doubled
the survival rate in the patients with inoperable ad-
vanced pancreatic cancer (17). The longest survival
was 19 months in the group treated with gemcitabine
alone, 26 months in the combined group, and in the
NSC 631570 alone group two patients were alive after
28 months. NSC 631570 was well tolerated. The study
authors consider further evaluation of NSC 631570 as
justified whereas the quality of life of the patients im-
proved (18).

Patients were further observed after the conclusion
of the study and it was noted that NSC631570 was well
tolerated and could be administered without problem to
all patients. NSC631570 brought about a significant in-
crease in survival time in comparison to therapy with
gemcitabine alone. Combination therapy with gemcita-
bine and NSC631570 showed no advantage over mon-
otherapy with UKRAIN. The longest survival in the
gemcitabine group was 19 months, 21 months in the
Gemcitabine+NSC631570 group, and in the
NSC631570 group a patient was still alive after 28
months. The authors concluded: ‘As a result of this
study we highly recommend the treatment of patients
suffering from advanced pancreatic cancer with
NSC631570 (19)

2007 the results of another clinical study by the
same research team were published. This time the effi-
cacy of the adjuvant therapy with NSC 631570 has been
demonstrated in the patients with advanced pancreatic
cancer after surgery. The patients were treated with a
combination of NSC 631570 and Gemcitabine.

The median survival was 33.8 months and the 5-
year survival rate was 23.3% which is clearly better
than results reported in the earlier studies without NSC
631570, with the median survival of 20.1 months and
the 5-year survival rate was 21%
(https://www.nejm.org/doi/full/10.1056/NEJM0a0322
95). Moreover, NSC 631570 at therapeutic dose range
has only minimal adverse effects, improves the quality
of life of patients and can be administered also on out-
patient basis. All these features distinguish this drug fa-
vorable compared to the standard cytostatic agents.

Adjuvant therapy in pancreas cancer: comparison of three studies

Author Neoptolemos
Year 2001
Number of patients 238
Therapy 5-FUIFS
Relapse free survival k. A.
Median survival 19,7 Mo.

Again, this publication supports the efficacy (and
safety) of the use of NSC631570 as it demonstrates a
considerable prolongation of survival compared to
what is known from other clinical studies (21).

Other researcher confirmed the efficacy of NSC
631570 in pancreatic carcinoma (20; 24; 26), while the
partial remission rate was as high as 85.7% in one study
(3). The longest survival in palliative therapy was more
than six years (64; 18).

Histological changes caused by the treatment with
NSC 631570 in the pancreatic tumor and in the sur-
rounding tissue were profoundly studied. NSC 631570
has been revealed to bring about the fibrotic and scle-
rotic transformation of the tumor. Perivascular sclerosis
has also occurred (46).

Colorectal cancer

In a controlled randomized clinical study by the
National Medical University (Kyiv, Ukraine) colon
cancer patients were treated with NSC 631570 or with
5-fuorouracil and x-ray therapy. The survival rate after
21 months was 78.6% in the NSC 631570 group and

Kurosaki Gansauge
2004 2007
16 30
Gemcitabine NSC 631570/ Gemcitabine
16,8 Mo. 26 Mo.
20,4 Mo. 37,6 Mo.

33.3% in the group treated with 5-FU and radiotherapy
(45).

Within a randomized study in the Donezk Re-
gional Cancer Center (Ukraine) rectal cancer patients
received either high-dose radiotherapy and 5-FU before
surgery, or the therapy with NSC 631570: one course
before surgery (10 mg every second day up to 60 mg)
and another course afterwards (up to 40 mg). During
following 14 months, relapses occurred in six patients
(25%) from the combined group and in 2 patients
(8.3%) in the NSC 631570 group. Two year relapse rate
was 33.3% (8 patients) in the combined group and
16.7% (4 patients) in the NSC 631570 group (112).
Now, 11 years after this publication 18 from 24 patients
(75%) in the NSC 631570 group are still alive.

Prostate cancer

The efficacy of NSC 631570 in prostate cancer has
been confirmed in a controlled clinical study. In the
study patients, all standard treatment modalities had
been exhausted. The cancer relapsed and/or progressed
and no therapy protocol was available. The patients
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were treated with NSC 631570 and partially with local
hyperthermia. Following results were achieved: full re-
mission in 54 patients (73%), partial remission in 16

patients (22%). Only in 4 patients (5%) the therapy did
not affect the course of the disease (4).

Total number of patients Full remission

Partial remission Disease progression

74 54

16 4

100% 73%

22% 5%

The good efficacy of NSC 631570 in prostate can-
cer has been confirmed in another study (57).

Breast cancer

In a controlled clinical study conducted at the Uni-
versity Grodno (Grodno, Belarus), after the therapy
with NSC 631570 the hardening of the tumor, a slight
increase in the tumor size (5-10%) and proliferation of
connective tissues were observed. The tumors appeared
harder and slightly enlarged after NSC 631570 therapy,
and were easier to detect by ultrasound or radiological
examination. Metastatic lymph nodes were also hard-
ened and sclerotic (fibrous). Tumors and metastatic
lymph nodes were clearly demarcated from healthy tis-
sue and therefore easier to remove. Based on the results
of this study the scientists from Grodno recommended
the use of NSC 631570, at the higher dosage, in all
breast cancer operations (7, 49, 8, 53, 55).

In a series of articles the researchers have stud-
ied the effect of NSC 631570 on various parameters in
breast cancer patients (58, 59, 34, 60). Best results were
achieved with higher dosage of NSC 631570. Almost
every patient noted the improvement of the general
well-being, sleep and appetite. During the surgery, the
tumors as well as involved lymph nodes were presented
sclerotic and well demarcated from the surrounding tis-
sue. This alleviated the surgical removal of the tumor
considerably (59). In the tumor tissue, increased con-
centration of the amino acid proline was revealed indi-
cating augmented production of connective tissue that
demarcates the tumor from surrounding tissue (34).
NSC 631570 improved also the amino acid balance of
patients (60).

Bladder cancer

In a study NSC 631570 caused full remission in
three patients for six months (56, 54).

Biochemical evaluation revealed NSC 631570 had
favorably affected the amino acid metabolism (33).

Malignant melanoma

The first publication on the using NSC 631570 in
malignant melanoma describes the full remission in a
patient with metastases to the lung (42).

A long lasting remission (more than 10 years with-
out recurrence) has been observed in a patient with ma-
lignant nodular melanoma after the treatment with NSC
631570. At the beginning of the NSC 631570 therapy
liver metastases were present and melanin was excreted
with urine (22).

The effects of NSC 631570 alone and in combina-
tion with the pathogen associated molecules (PAM) on
the cell cycle and apoptotic induction were compared
in two melanoma cell lines MM-4 and MM-4M2 with
different metastatic properties (cell division rate, hem-
atogenous metastazing, sensitivity to the TNF-induced
apoptosis).

Apoptosis induction and cell viability were ana-
lyzed using trypan blue exclusion test, morphological

criteria, DNA gel electrophoresis, and flow cytometry.
Cell cycle distribution of tumor cells was estimated by
flow cytometry. The therapy with NSC 631570 induced
apoptosis in both melanoma cell lines in a dose-depend-
ant matter. The cell line with higher metastatic potential
was more sensitive to NSC 631570. In the cell line with
low metastatic potential, combined use of NSC 631570
and PAM induced apoptosis more effectively (39).

Brain tumors

NSC 631570 has been successfully used in the
treatment of brain tumors (43;

44). In a review on the clinical studies with NSC
631570 performed so far the researchers from the Uni-
versities of Exeter & Plymouth suggested this agent to
have potential as an anticancer drug (12).

Malignant gynecologic tumors

Earlier, there was a report on the successful using
NSC 631570 in the treatment of ovarian cancer (29).
Also in the tests of National Cancer Institute (Bethesda,
Maryland, USA) NSC 631570 was toxic against all
ovarian cancer cell lines tested (32) Other authors re-
ported on good results in the therapy of cervical cancer
(38, 25).

Autofluorescence of NSC 631570 in the tumor area

The selective effect of NSC 631570 on cancer
cells has been confirmed due to its autofluorescence un-
der UV light (36). First time this feature of NSC
631570 was presented 1983 at 13th International Con-
gress of Chemotherapy in Vienna. It has been con-
firmed in this work NSC 631570 to selectively accumu-
late in cancer cells. The accumulation of NSC 631570
in cancer cells correlates with the efficacy of the drug.
With the elimination of the preparation from the body
the intensity of the fluorescence decreases also (35).

At this congress, the first reports on the successful
using NSC 631570 in the treatment of the end-stage
cancer patients were presented, where all standard ther-
apy modalities had failed. Though poor prognosis, NSC
631570 brought about full remission in a part of the pa-
tients and some of those are still alive.
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Abstract

The following paper is aimed at explaining the need to use authentic materials in reading lessons designed
for students with the level B1-B2. The topic of the authentic reading has been selected not only to practice language
skills but also to bring cultural awareness on how to start a new life in the UK, taking into consideration the
essential aspects and some legal peculiarities of how to be a good citizen. In this way a thorough analysis of how
the reading lesson has been built. Additionally, in order to tailor the 90-minute lesson to the current learners’ needs,
appropriate receptive and productive skills tasks have been recommended.

AHHOTaLUA

JanHast paboTa HalesieHa Ha TO, YTOOBI OOBSICHUTH HEOOXOAUMOCTD UCIIOJIb30BAHHSI Ay TCHTHYHBIX MaTepH-
QJIOB JUIS YTCHUS AJsl 00y4eHUs CTyJeHTOB ¢ ypoBHeM B1-B2. Tema uTeHus! OpurHHaIBHBIX TEKCTOB ObLiIa BbI-
6paHa HEC TOJIBKO IJId OTpa60TKI/I S3BIKOBBIX HABBIKOB, HO U JIs TOTO, lIT06I>I MMPUBHECTU TIOHUMAHUE KYJIbTYPHBIX
Y TIPaBOBBIX 0COOEHHOCTEH XHU3HU B BenmukoOpuranuu. B npencrasienHoii pabote OyaeT NpoBe/IeH JAeTallbHbIH
aHaJIu3 TOTO0, KaK MOCTPOCH YPOK YTCHUA, KaKWE€ 3a/laHus Ha Pa3sBUTUEC PEUCITUBHBLIX U MPOJAYKTHBHBIX HABBIKOB
PEKOMEHAYETCs CIIOJIF30BaTh, YTOOBI aHanTHPOBaTh 90-MHUHYTHBIA YPOK K TEKYITUM MOTPEOHOCTSM YUAIIHXCS.

Keywords: authentic reading, gist reading, intensive reading, productive skill task, open discussion feedback
KiroueBble cjI0Ba: YTeHHE AYTCHTUYHBIX TCKCTOB, YTCHUC JISI IOHUMAHUA CYyTH, MHTCHCUBHOC YTCHUEC, 3a-
JAaHMC Ha pa3sBUTHUC NIPOAYKTHUBHBIX HABbIKOB, 06paTHaiI CBA3b B IPOLECCE OTKPLITOT'O O6CY)K,I[6HI/I$I

The subject of the investigation is how the authen-
tic material can be used in the reading lesson designed
for an upper class (B1 - B2 level) to ‘equip students to
deal ultimately with the authentic language of the real
world’ [4, p. 67].

The first stage of the lesson is presented by a lead-
in ‘used by teachers at the beginning of a presentation
to prepare students to learn and establish a communica-
tive link between the learners and the information about
to be presented [1, p. 240].” Topic-related pictured meet
all requirements to draw students into the lesson and
help students get a clear idea of what they are going to
learn. Afterwards, it is suggested to narrow down the
preliminary introductory discussion to exact bullet
points presented in the reading section for anticipation
reasons. Students look at the provided list of problems
they might come across and compare them to those of
their own. Then open discussion feedback takes place
to elicit students’ ideas and share their experiences.

Prior to the reading stage, pre-teaching of new vo-
cabulary takes place. It helps students in recalling prior
knowledge of terms they may already know or creates
a foundation for them by introducing them to the new

words they will come across during the reading itself
[8]. The pre-teaching of vocabulary will be conducted
in an elicitation, context-setting manner, followed by
numerous concept-checking questions to clarify all vo-
cabulary units.

As the lesson aim is to focus on one of the lan-
guage skills that is reading in our case, the PTV stage
is followed by several receptive skills tasks. The first
one is represented by a gist reading where students
skim through the article to get a general idea of what it
is about and whether their predictions were right or
wrong. This type of general comprehension reading is
‘a skill that involves absorbing only the main points of
a text’ [3, p. 167]. Students work in groups of 2 after
they compare their answers with their peers and finally
the teacher initiates a general feedback discussion.

The second receptive skill task for the article is
reading for detail or intensive reading. Scrivener de-
fines intensive reading as ‘reading texts closely and
carefully with the intention of gaining an understanding
of as much detail as possible’ [7, p. 188]. After reading
the article for the first time the students start performing


https://doi.org/10.24412/2701-8369-2021-22-45-49

46

German International Journal of Modern Science Ne22, 2021

a more detailed comprehension task which is about fo-
cusing on details of the article. Students need to identify
which statement is true, false, or not given by finding
the proof in the article to support their opinion. In order
to increase the student talking time, they are again
asked to compare their answers with the fellow students
and finally bring it to open class discussion.

The final lesson stage is represented by a produc-
tive skill task. The teacher asks students to discuss

topic-related questions to personalize the topic and to
work on speaking fluency. Additionally, this closing
exercise can bring a meaningful end to the lesson and
review the key vocabulary points of a lesson. This idea
is supported by Phillips in his article ‘Closure: The Fine
Art of Making Learning Stick’ where he notes that ‘clo-
sure helps learners know what they learned, why they
learned it, and how it can be useful’ [6, p. 37].

Lesson plan ““Top tips to get your new life in the UK off to a flying start’’

Timing Stage/activity
10 min | Lead-in (part 1) - Pictures
ICQs
10 min | Lead-in (part 2), ICQs
If you decide to start your new life in
the UK, what problems can you come
across/find, what do you have to
think about? Make a list of it.
Paircheck
Feedback
10 min | Look at the list of problems and
things you have to come across in the
UK. What do you know? Do you
have any of them on your list? What
can each point mean? Discuss them in
small groups. ICQs
Paircheck
Feedback
15min | PTV, CCQs (to sort out, get off to a
flving start, apply for sth., property,
tenancy agreement, GP, driving
licence, designated countries, bill,
time-consuming, confusing, pricing
package)
S min Reading for gist , ICQs
10min Paircheck - Exchange the
information with a partner from the
other group.
Feedback
Timing Stage/activity
10 min | Intensive reading, I[CQs

Look at the sentences below, mark
them as ‘True’, ‘False’ or ‘Not given’
relying on the information from the
article. Find the proofs in the article.

Paircheck
15 min

Discussion phase

Feedback

Rationale Interaction
to share ideas, to elicit the general 'STSSS
topic of the lesson P
to anticipate the topic details, to T-SS
share ideas 8-8

SS-T
to increase confidence
to share information
T-SS
S-S
SS-T
to increase confidence
to share information
to input unknown vocabulary, ;s?'sr
practice pronunciation
to skim a text for the overall S
meaning, the core idea of the s-8
article, to check predictions
to increase confidence §8-S8
to share information 88-T
Rationale Interaction

to look for specific information to | S
answer true/false/not give

to increase confidence S-S

to exchange opinions, to share SS-SS
personal experience
S-T
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Lesson worksheet:
‘Top tips to get your new life in the UK off to a flying start’

1.Talk to you partner.

Discuss the pictures in your pairs.
What do you see in the pictures?
What is the topic of today’s lesson?

the Life in the
K Test

2. If you decide to start your new life in the UK, 3. Look at the list of problems and things you
what problems can you come across/find, what do  have to come across in the UK. What do you know?
you have to think about? Make a list of it. Do you have any of them on your list? What can

each point mean? Discuss them in small groups.

g a Place to Live

& qetting a job

@ National Insurance Number (NINo)
& UK’s social securily system

@ council tax

& council tax account

g G?P

@ medical care

& personal account

J R — S
4. Read the article quickly to find out if you The list of things to do when moving to the UK is
were right in your predictions. a long one. From making sure that you have everything
you need for your travel to finding a place to live and
Group A getting a job; there’s a lot of stuff you need to consider

and get ready before the big move.
Top tips to get your new life in the UK off to a However, there are some key things that you won’t

flying start be able to sort out until you are in your new home. But
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that is just as important and will help you get off to a
flying start.

Getting a National Insurance Number

A National Insurance Number (NINo) is part of
the basic documentation you should have when living
and working in the UK. It will help you ensure that all
of the National Insurance contributions and taxes you
pay are registered under your name. Your NINo will
also be your personal reference number within the
UK’s social security system.

Getting a National Insurance Number can take a
few weeks so you should apply for one as soon as you
arrive in the UK. It is possible for you to start work be-
fore having your NINo, as long as you can prove that
you have the right to work in the UK and let your em-
ployer know that you are waiting for it to arrive.

Setting up a council tax account

You will need to pay council tax if you are an
adult, are not in full-time education, and own your
home. If you rent the property you live in you will need
to check your tenancy agreement to find out who is re-
sponsible for paying council tax.

To set up a council tax account you should contact
your local authority, who will help you get registered.
They will also send you a council tax bill and advise
how, when and how much you will need to pay.

Group B
Registering with a GP

Registering with a GP is important to ensure that
you receive medical care whenever you need it.

It is very common for people to register with a GP
that’s near to their home. However, you can choose any
GP practice that best suits your needs.

The best way to register is by visiting the practice
you’ve chosen and requesting a registration form there
and then. Some GP practices may ask for proof of ID,
especially if you are registering any children, so make
sure to bring one with you.

Getting a Driving License

If you have a driving license that was issued in
your native country, you might be able to use it to drive
in the UK but only for a limited time. This applies
mainly to people from outside the EU and other desig-
nated countries.

If you don’t currently have a driving license you
will need to pass both a theory and a practical driving
test in order to be able to apply for one.

Opening a Personal Account

Once you start working and earning you will need
a safe place to keep your money. That’s why opening a
personal account is a good idea. Having an account will
also make paying your rent and bills much easier.

Opening an account with a high street bank can be
difficult, time-consuming and expensive with all their
paperwork, credit checks, and confusing pricing pack-
ages. But there are other options that can help you get
a personal account quickly and easily, like Arro Early
Access.

5. Exchange the information with a partner
from the other group.

6. Look at the sentences below, mark them as
‘True’, ‘False’ or ‘Not given’ relying on the infor-
mation from the article. Find the proofs in the
article.

- It is easy to change the place of living, just be
open to everything new.

- You can prepare yourself for a new life before-
hand.

- You need to have a National Insurance Number
to know how much taxes you have to pay.

- If you want, it is possible not to pay council tax.

- In case you have a health issue, your GP can
solve this problem.

- All people in the UK should have driving li-
cense.

- It is better to pay your rent and bills by cash.

7. Discussion.

1. Would you like to live in the UK? Why/Why
not?

2. Are you a British citizen? What is it like to
have this status?

3. How long have you been living in the UK?

4. What problems did you have when you arrived
here?

5. Isit difficult to become a British citizen?

6. Have you ever experienced a cultural shock in
Britain?

7. What procedures mentioned in the article have
you come through?

8. Give advice to those who are planning to start
his/her life in the UK.

9. What British holidays do you like?

10. What do you think of the British Queen?

11. Would you like to speak with a British accent?

12. Does your country have good relations with
Britain?

13. What would you like to do and see in Britain
on a three-week holiday?

Conclusion

The creation of the above presented lesson plan
proves the fact that authentic materials can and should
be used at different levels when mastering English. In
this respect, a reading lesson may be organized in the
following way. At the first stage of the lesson, a teacher
should establish a communicative link between the
learners and the information to be presented. Before the
reading stage itself, the teacher should introduce new
vocabulary that students may come across during the
reading stage. This PTV (pre-teaching of vocabulary)
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stage is followed by several receptive skills tasks, such
as gist and intensive reading. The final lesson stage is
represented by a productive skill task. Following the
above mentioned steps may help students to both cope
with an authentic reading and understand cultural as-
pects of the UK.
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Abstract

2. Axymcx

The relevance of the research is connected with the insufficient study of the phenomenon of antonymy in the
Even language, although there are separate articles and general remarks in a number of textbooks on this problem,
most of them superficial in nature. Nevertheless, it should be noted that there is still no special monographic study
devoted to the complex nature of antonyms in the Even language. The scientific novelty lies in the fact that the
article for the first time examines the antonymous pairs of adverbial antonyms in the Even language, united by the
same conceptual sphere. The aim of this research is to identify productive groups of synonymous adverbs; to
determine the peculiarities of transferring semantic connotations by them and to establish the antonymic connec-

tion between emotional and expressive adverbs.
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AHHOTaNMSA

AKTyaJIbHOCTb MCCIICJIOBAHUS CBSI3aHA C HEJAOCTATOYHOM M3yUYEHHOCTHIO SIBICHUS aHTOHUMHH B 3BEHCKOM
SI3BIKE, XOTS UMCIOT MECTO OTJICJIbHBIC CTAThU U OOIIKE 3aMCUaHus B Psfe YICOHUKOB IO 3TOH npobieme, 00Iib-
IIMHCTBE CBOEM, IIOBEPXHOCTHOTO XapakTepa. TeMm He MeHee, CIIeAyeT 3aMETHTh, U4TO CIEeIUAILHOI0 MOHOTpadu-
YECKOI'0 UCCJIEI0BAHMS, TOCBSIIEHHOTO CI0KHOM NPUPO/I€ aHTOHUMOB, B 9BEHCKOM A3BIKE /10 cuX nop HeT. Hayu-
Has HOBM3HA 3aKJII0YAeTCAd B TOM, YTO B CTaThE BIIEPBbIE PACCMATPUBAIOTCSI AHTOHUMUYHBIE NTapbl HAPEUHBIX aH-
TOHMMOB B 3BCHCKOM $3bIKE, OOBCIMHEHHBIC OJHOW MOHATHIHOW cdepoi. llenp maHHOrO HCCIEIOBaHUS —
BBISIBIICHHE MIPOJYKTUBHBIX TPYIII CHHOHUMHUYICCKHX HAPCUHI; OTIPE/ICTICHUE 0COOCHHOCTEH Mepeiauu MU CMbIC-
JIOBBIX OTTEHKOB, YCTAHOBJIEHME aHTOHUMHUYECKOM CBSI3U MEXAY 3MOLMOHAIbHO-3KCIIPECCUBHBIMU HapEUUSIMHU.

Keywords: lexicology, even language, antithesis, antonymy, adverbs.
KiroueBble cjioBa: JICKCHUKOJIOT U4, JIBEHCKHUH A3BIK, TPOTUBOIIOJIOKHOCTh, aAHTOHUMUSL, HAPCIUSL.

AHTOHUMHS — 3TO OJIHA U3 CIIOKHEHIINX KaTero-
pHH B JIEKCUKOJIOTUH. DTOT HHTEPECHBIN pa3/iesl HayKH,
KOTOPBII HEITOCPEACTBEHHO CBSA3aH C IO3HAHUEM Yello-
BEKa MPOTHBOIIOJIOKHBIX SIBJICHUI peajbHON NeHCTBHU-
TeNBHOCTH. [IpOTHBOIOJIOKHOCTh CYIIIECTBYET B OTpa-
JKaeMOM HAIlUM CO3HaHHWEM MHUpE MMEHHO Kak CyIie-
CTBCHHOC pa3jinyie, KOTOPOe MOXKEM OBITh BEIPAKEHO
B sI3BIKE OCOOBIMU CIIOBAaMH — aHTOHUMaMU. M3ydeHne
Pa3IMIHBIX BOIPOCOB AaHTOHIUMHU BHECIH BBemeHCKOH
JLA. [2], HoBukoBa JL.A. [5], Anpecsna M.P. [1],
Mumnepa E.H. [3], llanckuit H.M. [8] u ap.

Wzydenne npoOiIeMbl aHTOHHUMHH TI0 XapaKTepy
MPOTUBOMOJIOKHOCTH B aHTJIMICKOM SI3bIKO3HAHUH OT-
paXXeHO B TpyJax IIEJOro psiAa YUYeHbIX, TAaKUX Kak
Jlaitons . [12], Kpy3 H.A. [9], Jxouc C., Jlunka JI.
[10], Mepou M. [13], A. Jlexpep A. [11] u gp.

ITo muenuro Beenenckoit JI.A. «oOpa3oBaHue aH-
TOHAIMHUYCCKAX OTHOIICHUA MEXIy CJIOBaMH Iapa-
JUTMBI 3aBHCHUT OT psAfa GakTOPOB: BO-TIEPBHIX, OT Xa-
pakTepa CMBICTIOBBIX Pa3IHYMii, 3aKITIOUYCHHBIX B CIIO-
Bax Ka)XJI0TO pana; BO-BTOPBIX, oT
CIIOBOOOPA30BATEIIFHOW  CTPYKTYPBI  COOTHOCHMBIX
CJIOB; B-TPETBHUX, OT CTHJINCTHYECKOW XapaKTepHu-
CTHKH; B-4ETBEPTHIX, OT AUCTPUOYIHH CIIOB C COOTHO-
CHUTEJIHO TPOTHBOIIOJIOKHBIMU 3HAYCHUSIMH U, HAKO-
Hell, 0T 00beMa CHHOHUMHYECKHUX PSIoB» [2, ¢.22-23].

B 3BEHCKOM sI3bIKE B aHTHHOMHYECKHE OTHOIIIE-
HHSI MOTYT BCTYIATh M HAPEUHSI, XOTS U HE BCE HApeUus
HMCIOT aHTOHMMHUYHBIC Maphl. AHTOHUMHYHBIMU ObI-
BaIOT JIMIIB T€ HAPEUHs, KOTOPHIC JAIOT KAaYeCTBCHHYIO
O0OCTOSATETLCTBCHHYI0 ~ XapaKTEPUCTHKY  JCHCTBUS.
OnpenenuTenbHBIC HAPEUUS BRIPAXKAIOT KAYECTBO JeH-
CTBHSI WJIM COCTOSIHUSI, Pa3JIMYHBIC WX CBOWCTBA HIIH
npu3HaK npru3Haka. OHU BHOCAT B X 3HAYCHHS HOBEIC
JI00aBOYHBIC IPU3HAKH WA K€ BEIPAKAIOT KAYEeCTBCH-
HYI0 XapaKTepUCTUKY B Pa3JIM4YHBIX OTTEHKaX Jei-
CTBUSI.

Hapeuust He uMer0T GOpM CIOBOU3MEHEHHS, TO
€CTh OHM HE U3MEHSIFOTCS HU M0 JIULIAaM, HU 110 YKCIaMm,
HHU 110 najiexxkam. Hapeunst cirysxar pa3inuHbIME 00CTO-
STENECTBAMH, MPUMBIKAs K TJIAroiy, MPHYACTHIO, JIee-
NPUYACTUIO, OTIVIArOJbHOMY  CYLIECTBHTEIHLHOMY,
MpWIaraTeJIbHOMY, HHOTAA K CaMHM HapeuwsMm [4,
c.186].

Hapeuws, kak u npunarateibHbIe, UMECIOT aHTOHH-

MHYECKHE Tapbl: 6adukap ‘yTpoM’ ~ Xuciuun ‘Bede-
poM’; umdy ‘IHEM’ ~ 0oaOa ‘HOYBIO’; meK ‘Terepp’ ~
maodyx ‘IoToM’; 919 ‘31eCh’ ~ maaa ‘TaM’ | T.J.
AHTOHUMHWYHbIE Tapbl HAPEUHH B 3aBHCUMOCTH
OT WX JIEKCHYECKMX 3HAYCHHWH MOAPa3NeTIoTCs Ha

MIOATPYIIIBI: a) aHTOHUMBI, 0003HAYaIOIIUE BpeMs U
croco0 JeicTBHs; 0) aHTOHUMBI, 0003HAYAIOIINE Me-
CTO W HaNpaBJICHUS JEWCTBHS; B) aHTOHUMBI, 0003Ha-
Yalolye KOJIMYEeCTBO M MepHI, Cloco0 COCTOSIHUE CO-
BEpILEHUs JeICTBUSA; T) Pa3IMYHOrO poja INCUXOJIOTU-
Yyeckue 1 pU3nvecKue XapaKTepUCTHKU YeJIOBEKa 1 €ro
COCTOSIHHE.

a) aHTOHHWMBI, 0003HAUYAIOMIUE BPeMs H CII0COO
neiictBus. Hapeurme oOpasa meHCTBHs yKa3bIBAIOT Ha
KaueCTBEHHBIM MpPHU3HAK IJarojia: auy ‘XOpoo’ ~
KoHenuy ‘ToX0’; uedy ‘TPOMKO™ ~ MUBCIHL ‘THXO;
9HmMIKIE ‘N30 BCEX CUI’ ~ SHMYKYH ‘UyThb-UyTb’; OH-
MYKYKIH ‘MEIUIGHHO  ~ Xuxmay ‘ObICTPO’; mapaKaiou

‘OIMHAKOBO’ ~ OHMAKAHuIY ‘TIO-PA3HOMY’; amanrmau
‘IOCIeIOBAaTeIEHO ~ masacku-agycku ‘decnops-
JIOYHO’; KypdoHb ‘HAPOYHO  ~ xomapam ‘HE4asHHO’;

Xaneauws ‘MEMIKOM’ ~ Oabyoail ‘BepXxoM’; oaauna ‘psi-
oM’ ~ 2opaa ‘Jaleko’; masacky ‘Hau3HAHKY ~ 00ti-
0aou ‘NMHILEBBIM’; 00sNKU ‘BKOCH’ ~ HYHIY ‘TIPSMO’;
OoKuUINKYU ‘“HUIKOM® ~ umuil oudsImKy ‘“HaB3HUYL | He-
b6amuu ‘HabeNo’ ~ xakapuHv ‘HAYEPHO; KOUUKIMINOU
‘IOMANIeHBKY  ~ 220embladu ‘ToOOTBINE’; auy ‘0e3-
yOopedHo’ ~ 6yoyau
‘BIIOTBMAX’ ~ HIpUHOy ‘TIPU CBETE’; P38 UHIHY ‘CeTO-

‘IIepOXOBaThIA’;  xamapcuoy

IHS' ~ munue ‘BuUepa’; baduxap ‘yTpoM’ ~ XUCIUUH
‘BeUepoM’; myedHudy ‘3UMON’ ~ Orcanudy ‘IeTom’;
mek ‘cefiuac’ ~ amapiaa ‘IOTOM’; XUCIUUKIIH ‘NIO-
No3Ha’ ~ 6aduy ‘CTI03apaHKy’; VKA1 YKE ~ YHOM eIl
U T.J.

0) aHTOHUMBI, 0003HAYAIOIINE MECTO U HAIIPaBJIIe-

Hus neiicteus. Hapeuns mecta 0603HagaeT MeCTo Jeii-
CTBUSI, HAIPUMED: 9pmaKy ‘Clofia’ ~ mapmaxuy ‘Tyna’;
aHeuoana ‘HampaBO® ~ 026bIHUOIMKU ‘HAIIEBO';
amacku ‘Haza;’ ~ OwaICKU ‘BIEpEN’; 029CKU ‘BBEpX’
~ X9¢coKu ‘BHU3’; 03CKu ‘BBEPX IO CKIIOHY ~ HecKu
‘BHM3 TIO CKIIOHY’; X0.1aKu ‘BBEpX MO peKke’ ~ deKu
‘BHM3 M0 peKe’; moadcku ‘Ha yiaumy -~ OoCKu
‘BHYTpB’; eopmaku ‘nanexo’ ~ oanumku ‘OIN3K0’;
amapeue ‘c3amu’ ~ Oioaeuy ‘Criepenn’; oeuy ‘CBepxy’ ~
Xopeuu ‘CHU3Y’; amapauy ‘c3amm’ ~ OlauH ‘BIIepenu’;
mo2oa ‘maneko’ ~ oaauna ‘OJIM3KO’ M T.II.

B) AQHTOHHMEI, 0O0O3HAYAIOMIME KOJIUYECTBO U
MEpBl, CIOCOO COCTOSHHE COBEpLICHHS JEeHCTBHS.
Hapeuust Mepbl U CTENEHH BbIPKAIOT HHTCHCHBHOCTh

HeﬁCTBHH. OHH OJU3KM K Ka4eCTBEHHBIM HapeIYuaMm,
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HaIpUMep: 270MKVHb ‘TIETKO™ ~ Xu1ycdy “TPyIHO’; 9H-
MYKYH ‘TUXO’ ~ YpyHa ‘LIYMHO’; K9Heau ‘TIOX0  — auy
‘yacTo’;

‘xopowio’; xadyH ‘peako’ -~

9edenyy ‘KPYIMHO  ~ KOUYKIHOU ‘MENKO’; HOHAMOU

UHIHMIHD

‘IVINHHO  ~ YPYMKYH ‘KOPOTKO’; apaH - apau ‘ene-ene’
~ XuHMay ‘3aIPOCTO’; X04 ‘OYeHb ~ DHTYKYH
‘HEMHOXKO’; mayux-ma ‘BeCbMa’ ~ 3CHU-09 Xaépa
‘HE3HAYUTENBHO ; M3HOYH ‘COBCEM  ~ 3CHUOD mauu-
KaH ‘COBceM He’; menu ‘depecuyp’ ~ aban ‘HemocTa-
TOYHO’; KpaifHe, dacpum ‘4yTb-4yTh’ ~ X051 ‘MHOTO’
U T.JI.

T') Pa3IMIHOTO POJAA ICUXOJIOTHIEeCKHE U (pr3mde-
CKHE XapaKTEPHCTHUKH YEJIOBEKa M €ro COCTOSHHE,
HaIlpUMEp: BECEJIO TPYCTHO; BECENIO CKyYHO; PalOCTHO
TOPECTHO; TIpy0O BEXKIIMBO; TPyOO HEKHO; CHIBHO
¢1a00; YMHO TJIyIO, TOPJO CTHIIMBO H JIp.

Wtak, aHTOHMMBI-Hapeunsi OJMHAKOBO XapakTe-
PH3YIOTCS [T0 CEMaHTHKE, KaK B 9BEHCKOM, TaK U B pyc-
CKOM s3bIKax. B aHHOHM cTaThe pacCMOTpPEHbI Pa3HO-
KOPHEBbIE aHTOHUMBI Ha IIPUMEpPE Hapeuyuil, B 3BEH-
CKOM  s3bIKE pPa3HOKOPHEBas AaHTOHMMHS, Kak
3aMEUCHO, NMPOHMU3BIBACT BAXKHEHIINE JIEKCHKO-TpaM-
MaTHYECKHEe KJIAacChl CIOB. BOkpyr momoOHBIX Haped-
HBIX 00pa30BaHHW{ TPYNITUPYETCS OTPOMHOE KOJIH4e-
CTBO aHTOHMUMOB. Bce 3T0 ABisieTCs )KUBBIM MCTOYHHU-
KOM TIOTIOJHEHUsI M TEM CcaMblM OOOTameHUs
JIEKCUYECKOI0 COCTaBa IBEHCKOIO A3bIKAa. B naHHOM
CTaThC NMOABCPTJIMCH aHAJIN3Y JIMIIb Han6onee THITNUY-
HBIC Y IPOAYKTHUBHBIC HAPCUHBIC AaHTOHUMBI.
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Abstract

The article presents experimental proofs? of falsity of the generally accepted version of the SRT studied in
physics textbooks and truth of its alternative version. It is shown that there would be no radio engineering, electrical
engineering, Ohm’s law in Steinmetz’s interpretation or physical phenomenon of resonance, we would neither
hear bell ringing or piano music, as well as no tsunami or Indian summer or other things would ever exist, if the
generally accepted version of the SRT were correct. Even children’s swing wouldn’t sway after being pushed by
parents. Therefore, it is concluded that the sections of physics textbooks related to relativistic physics, astronomy

and astrophysics require correction.

Keywords: Imaginary numbers; Special theory of relativity; Ohm’s law; Resonance; Transient processes;
Dark matter; Dark energy; Invisible universes; Multiverse; Portals; Anomalous zones.

1. Introduction

The relativistic formulas given in the version of
the special theory of relativity (SRT) presented for
study in physics textbooks are known to be its main sci-
entific result. However, in cases a physical body moves
at superluminal speed, the formulas take on imaginary
values, physical sense of which could not be explained
by authors of the SRT. And this is not surprising, since
no one has known so far how to explain physical sense
of imaginary numbers discovered 400 years before cre-
ation of the SRT. Indeed, everyone knows what, for ex-
ample, 3 kg, 2 sec or 7 km is, but no one, including even
physicists, knows what 3 kg, 2 sec or 7 km, where , is.
Actually no one needs such knowledge in our everyday
human life. This knowledge is useless even when solv-
ing quadratic equations at school algebra lessons.

However, authors of the SRT really needed that
knowledge, as they had to completely explain relativ-
istic formulas, the result obtained in this theory. Other-
wise, no one would have needed a theory, which
couldn’t be explained even by its authors. And the so-
lution to this issue was found. It turned out to be ele-
mentary simple and seemingly obvious. It is as follows:
if results of any measurements are never expressed by
imaginary numbers, then imaginary numbers doesn’t
exist.

And this was the concern of mathematicians, not
physicists, that mathematicians invented some opera-
tional calculus and some theory of functions of a com-
plex variable. Mathematicians didn’t mind. But they
didn’t even need to know physical sense of imaginary
numbers. This is how the postulate (that is, an unproven
assumption), called the principle of light speed non-ex-
ceedance, appeared in the SRT.

Nevertheless, there remained some doubts about
the truth of the principle of light speed non-exceedance
due to the lack of its proof and/or experimental valida-
tion.

In particular, the doubts were raised by the discov-
ery of Cherenkov radiation, emitted when charged par-
ticles are moving through a transparent medium faster
than the speed of light in that medium [1]. In 1958, its
authors Pavel Alekseevich Cherenkov, lgor Evge-
nievich Tamm and llya Mikhailovich Frank even re-
ceived the Nobel Prize for their discovery. However,
later confidence in the SRT was restored by specifying
that the principle of light speed non-exceedance implies
movement of a physical body only in a vacuum.

In 2011, the principle of light speed non-exceed-
ance was just about refuted again. This time it was
OPERA experiment [2] at the Large Hadron Collider.
But six months later the OPERA experiment was re-
futed by the ICARUS experiment [3], which, however,
neither confirmed nor refuted the principle of light
speed non-exceedance. It only revealed some errors in
the OPERA experiment and demonstrated how ex-
tremely complex the experiment was. Thus, it was
shown that the issue was very difficult to solve and
therefore there were doubts about whether it needed to
be solved at all.

2.Experimental proofs of falsity of the version
of the SRT presented for study in physics textbooks

Around the same time, in 2008-2010, there were
publications about the results of radio engineering ex-
periments [4]-[8] that successfully proved physical re-
ality of imaginary numbers and therefore made the
question of truth of the principle of light speed non-ex-
ceedance and the OPERA experiment unnecessary.

! This is reprint of the article “Antonov A.A. Experimental proofs of falsity of the version of the special theory of relativity
presented for study in physics textbooks and truth of its alternative version. 80 International scientific conference of Eurasian
Scientific Association "Development of science and education in the context of global instability". Moscow. ESA. 2021. 8-17.
(in Russian) https://esa-conference.ru/wp-content/ uploads/2021/esa-october-2021-partl.pdf

2 In the Thirty Years’ War Cardinal Richelieu, prompted by similar considerations, ordered to inscribe upon cannons the fol-
lowing text: “Ultima ratio regum”. And the last argument of scientists is experiments.
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Since existence of multiplicity of sciences is explained
only by limited intellectual capacity of people, then dif-
ferent sciences should not refute each other. After all,
Nature is integral. Therefore, Science is also integral.
And mathematics is the single universal language of all
exact sciences. Thus, correct mathematical interpreta-
tion of radio engineering and any other experiments is
indisputably convincing for all other exact sciences, in-
cluding physics. Norbert Wiener wrote in this regard:
“Important work is sometimes delayed by the unavail-
ability in one field of results that may have already be-
come classical in the next field”.

However, since the principle of physical reality of
imaginary numbers proved by radio engineering exper-
iments [4]-[20] in physics refuted the principle of light
speed non-exceedance and thereby refuted the gener-
ally accepted version of the SRT [21]-[23], physical
community wasn’t satisfied with this result. And there-
fore, students have still studied an outdated and errone-
ous version of the SRT [24]-[33] presented in physics
textbooks and based on the refuted principle of light
speed non-exceedance.

In order to substantiate this statement and to gain
the moral right to propose replacing the erroneous ver-
sion of the SRT built on the postulates in physics text-
books with the alternative version confirmed experi-
mentally, let’s give a description of the experiments.

2.1.Proof of physical reality of imaginary num-
bers as a result of study of transient processes in lin-
ear electric circuit’s proofs of falsity of the version
of the SRT presented for study in physics textbooks

Since power is the energy derivative with respect
to time, energy stored in inductors and capacitors can-
not change instantly in electric LCR circuits, when
changing their operating mode (for example, switching
them). Consequently, infinitely large power that actu-
ally doesn’t exist might correspond to an instantaneous
change in energy. And therefore, transient processes al-
ways arise in such electric circuits, if no special
measures are taken to suppress them. These processes
are usually regarded as unwanted. And therefore, ways
of suppressing rather than using them are studied.

However, studying transient processes in this arti-
cle, we shall try to solve a very important scientific is-
sue — to find out whether the above-mentioned version
of the SRT implying that imaginary numbers are not
physically real is true. That is, we shall try to solve a
mathematical issue — to prove or refute physical reality
of imaginary numbers — that couldn’t be solved for 500
years, by radio engineering experiments. This physics
issue turned out to be so important that the Large Had-
ron Collider was even used in the OPERA experiment
to solve it. But this proved a failure.

X

Fig. 1. Graphical solution to the equation (2) on the set of real numbers corresponding to the intersection points

of the line Y=0 and the parabola y=ax2+bx+c

Analysis of transient processes in linear LCR-
circuits allowed solving this issue in the following way.
Processes occurring in the electric circuits are known to
be described by linear differential equations usually of
not higher than the second order. Their solution con-
tains two components

y(t) = y(t) forc + Y(t) free @)
where Y(t) forc is the forced component of re-
sponse (or output signal);
y(t) free is its free (or transient) component;
t is the time.
In this case, the transient component y(t) free

that is of interest to us is found as a result of solving an
algebraic characteristic equation of the same order (for
example, second) as the original differential equation

ax? +bx+c=0 2

where X is the additional variable that is called a

complex frequency in radio engineering, if it is actually
a complex number.

And then, depending on the result of solving the

equation (2), the function Y(t) free corresponding to

this solution shall be found.

In algebra, solutions to the equation (2) can be on
the set of both real and complex numbers. In the first
case, the equation (2) can have either no or one or two
real solutions (see Fig. 1) depending on the value of the

coefficients &,D,C . In the second case, there are al-
ways only two solutions (see Fig. 2). Moreover, the two
roots are different in Fig. 2a and 2c, and equal in Fig.
2b.

However, this case defies common sense, since
two different decisions cannot be simultaneously true.
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One of them must be false. So where is the truth?
Which of these solutions is true?

\\\\ AN ;\‘\\;« \
\“\‘g 'x§\%\§

a b

Fig. 2. Graphical solution to the equation (2) on the set of imaginary numbers, corresponding to the tangent

plane point [y|=0u+i0V and tangent surface point |Y| =

Mathematics could not answer this question.
Therefore, let us turn back to the analysis of transient
processes in radio engineering. The following facts are
well known in radio engineering:

e when the discriminant b2 —4ac is positive,
and therefore the roots of the characteristic equation
(2) are real and different, the transient process is aperi-
odic;

o when the discriminant b2 —4ac is equal to
zero, and therefore the roots of the characteristic equa-
tion (2) are real and equal, the transient process is crit-
ical;

e when the discriminant b2 —4ac is negative,
and therefore the roots of the characteristic equation
(2) are different and complex-conjugate, the transient
process is oscillatory.

As can be seen, radio engineering claims that tran-
sient process always exists. But this situation takes
place only for solutions to the characteristic equation
(2) on the set of complex numbers. For solutions on the
set of real numbers, there can be a result in the form of
complex conjugate numbers. Thus, if the solutions on
the set of real numbers were correct, and therefore, if
the principle of light speed non-exceedance were true,
then oscillatory transient processes would not exist.
That is, there would be no tsunami and Indian summer;
no church bells and grand pianos would sound; chil-
dren’s swings would not sway after being pushed by
parents and no shock oscillations would exist at all.

Therefore, we have to conclude that the only cor-
rect solution to algebraic equations (not only character-
istic, but to all) are solutions in the form of complex
numbers. In that case complex (and, therefore, imagi-
nary) numbers have to be recognized as physically real.

2.2.Proof of physical reality of imaginary num-
bers as a result of study of linear electric circuits us-
ing Ohm’s law in the interpretation of Steinmetz

ax? +hx+c|= a(u+ iv)2 +b(u+ iv)+c

In accordance with Ohm’s law in the interpretation
of Steinmetz, not only resistors, but also inductors and
capacitors have electrical resistance. However, unlike
the value of resistors R that does not depend on the
frequency of voltage applied to them and is measured
by real numbers R, the value of reactance of inductors
L and capacitors C is measured by imaginary num-
bers X =jalL and Xc=1/jaC=-]j/aC oppo-
site in sign and depends on the frequency @ of voltage
applied to them. Imaginary unit is designated here as J

, since designation i in the theory of electrical circuits
is used for electric current.
Therefore, in accordance with Ohm’s law in the

interpretation of Steinmetz the value of current i(t)
flowing through LCR-circuit of any configuration, to
which an alternating voltage U(t) is applied, would be

equal to i(t)=U(t)/|Z(j0)|, where Z(j®) is the

complex resistance of the electric circuit under study.
However, it wouldn’t depend on the frequency @ of

this voltage, if the so-called imaginary reactances X|_

and Xc do not physically exist. Otherwise it would.

Any experiment can confirm this dependence, and,
thereby, physical reality of imaginary physical entities
— imaginary values of reactances of inductors and ca-
pacitors.

So, resonance and various electrical filters can ex-
ist due to physical reality of imaginary values of reac-
tances of inductors and capacitors in electric circuits.
Therefore, if the generally accepted version of the SRT
and its statement about physical unreality of imagi-
nary numbers were true, existence of television, radi-
olocation, GPS trackers, mobile phones, or radio
equipment in general would be impossible.

Thus, the evidence of physical reality of imaginary
numbers that couldn’t be obtained by physicists within
the framework of the OPERA experiment at the Large
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Hadron Collider turned out to have been de facto ob-
tained® long ago by millions of radio engineers all over
the world and is daily confirmed by their practical ac-
tivities in all radio electronic laboratories. Notably, this
plain evidence of the principle of physical reality of im-
aginary and complex numbers that is possible due to
measuring the value of resistance of electrical circuits
with devices available in any radio engineering labora-
tory — for example, testers (see Fig. 3), oscilloscopes,
frequency-response analysers, etc. — is the most con-
vincing.

After all, it is exactly the ability to register by de-
vices X-ray, radioactive, ultraviolet and infrared radia-
tion, infra and ultrasound, magnetic field, atoms and
subatomic particles, as well as many other physical en-
tities that are not registered by the human senses,
proves their physical reality. Therefore, to prove phys-
ical reality of imaginary numbers there is no need to
conduct the unique and expensive OPERA and
ICARUS experiments at the Large Hadron Collider in-
volving a large number of professors of physics instead
of a simple and cheap radio engineering experiment us-
ing a tester (see Fig. 1) and involving only one engi-

neer.

Fig.3. This is all that is needed instead of the Large Hadron Collider for the experimental proof of physical
reality of imaginary numbers.

Thus, since the principle of physical reality of im-
aginary numbers in the SRT has been experimentally
proved, there’s no longer any necessity for the postu-
lated principle of light speed non-exceedance, but it be-
comes necessary to correct relativistic formulas that al-
low explaining the SRT at superluminal velocities.

3. Alternative version of the SRT

Thus, the principle of physical reality of imaginary
numbers can be considered proven and the principle of
light speed non-exceedance can be considered refuted
as it is useless. What have we achieved by this? What
new knowledge have we received? To answer these
questions, let’s analyze a relativistic formula graph. For
example, the graph of the Lorentz-Einstein formula

m=—_m0___ (3)

V1= (%)
where mg is the rest mass of a moving body (e.g.
elementary particle);
m is the relativistic mass of a moving body;

Vv is the velocity of a body;
C is the speed of light.

3 Consequently, the generally accepted version of the SRT
could have been refuted back in the 19th century, i.e. before
its creation

As can be seen, the section 0 <v < c of the graph
of function (3) in Fig. 4a corresponds to our visible uni-
verse, and the section ¢ < v of the same graph — in ac-
cordance with the principle of physical reality of imag-
inary numbers — corresponds to some other invisible
universe, since it is beyond the event horizon. How-
ever, this invisible universe does not exist, because the
process m(v) corresponding to the formula (3) is un-
stable at the section ¢ <v. Actually, if we assume that
velocity v of a moving body has increased, for some
reason, in the section ¢ <v of the graph in Fig. 44, then
this should lead to a decrease in its mass m, and a de-
crease in mass m should lead to a further increase in
velocity v, and so on. If we assume that velocity v of
a moving body has decreased, for some reason, then
this should lead to an increase in its massm, and an
increase in mass m should lead to further decrease in
velocity v, and so on. Consequently, there can be no
physical content in the section ¢ <v of the graph in
Fig. 4a. And that’s why the relativistic formula (3) is
incorrect, since its derivation has not been completed.
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Fig. 4. Graphs of functions m(v) corresponding to the formulas (3) and (4)

To complete its derivation, we should reason as
follows. Invisible universes together forming the hid-
den Multiverse could exist in the section ¢ <v of the
graph in Fig. 4a, if the graph of function m(v) had

many intervals c¢<v<2c,2c<v<3c,3c<v<ic,
etc., on each of which it would take the same form as
on the interval 0 <v<c. Therefore, for the hidden
Multiverse the graph of function m(v) should gener-
ally have the form shown in Fig. 4b. Hence, the func-
tion can be written as follows

where q =I_%J is the “floor” function of argu-

ment % in discreet mathematics; its integer values*

correspond to different mutually invisible parallel® uni-
Verses;

w=v—qc is the local velocity for each parallel
universe that can take values only in the range
o<w<c;

V is the velocity measured relative to our visible
universe.
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Fig. 5. Six-dimensional space of the hidden Multiverse

However, as shown in [34], [36], the six-dimen-
sional metric of the hidden Multiverse (see Fig. 5) is
more complex than the three-dimensional metric of our
visible universe. And therefore, the Lorentz-Einstein
formula ultimately takes the following form

o mo(i)%i2) (13)°  _ mo(in)(i2) (i3)°
Jl—[%—(q+r+s)]2 \/1—("%)2

where iq,ip,i3 are the imaginary units in hyper-
complex numbers [37] called quaternions;
g, r,s are the extra dimensions;
Vv is the velocity measured relative to our visible
tardyon universe;

®)

4 It takes non-integer values in the portals considered below,
where the value ( varies by one from a portal entry to its

exit under the influence of physical factors that haven’t yet
been studied

C is the speed of light;
w=Vv—(q+r+s)c isthe local velocity of the uni-

verse corresponding to the coordinates g, r, s , that can

take values only in the range 0 <w<c.

Other relativistic formulas can be corrected in a
similar way. The corrected relativistic formulas allows
for creating a version of the SRT [38]-[50] alternative
to the incorrect version presented in physics text-
books.

4. Experimental proofs of truth of the alterna-
tive version of the SRT

5 Called as such because they never intersect despite their in-
finity
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In order to substantiate this statement and to gain
the moral right to propose replacing the erroneous ver-
sion of the SRT built on the postulates in physics text-
books with the alternative version confirmed experi-
mentally, let’s give a description of the experiments.

4.1. Dark matter and dark energy phenomena
prove existence of invisible universes

The phenomenon of dark matter was discovered
by Jan Hendrik Oort and Fritz Zwikky in 1932-33, and
the phenomenon of dark energy was discovered by Saul
Perlmutter, Brian P. Schmidt and Adam G. Riess, who
received the Nobel Prize for this discovery, in 1998-99.

These phenomena [51]-[53] are referred to as such
for their incomprehensibility. It is unclear why they are
invisible and neither emits nor reflect nor absorb nor
refract electromagnetic oscillations in any range and
therefore can be detected only indirectly by their grav-
itational manifestations. It is even more incomprehen-
sible why any molecules, atoms or subatomic particles
haven’t yet been found in dark matter and dark energy,
although their total mass is more than twenty times
greater than the mass of all objects of our visible uni-
verse. This circumstance even raises doubts about cor-
rectness of modern understanding of the term ‘matter’.
And the subsequent long-term and very intensive stud-
ies of the phenomena of dark matter and dark energy
have not brought scientists closer to understanding their
sense.

Albert Einstein explained the reason for incompre-
hensibility of the phenomena of dark matter and dark
energy in the existing version of the SRT very clearly:
“Insanity: doing the same thing over and over again and
expecting different results”. That is, astrophysicists
themselves have created all these incomprehensibilities
by wrong statement of the task. They sought explana-
tion for the phenomena that should certainly corre-
spond to the version of the SRT presented in physics
textbooks. This version of the SRT implies that we live
in the Monoverse. However, since no macro-objects
corresponding to the concepts of dark matter and dark
energy were found in the Monoverse, it was quite logi-
cal to seek an explanation for these phenomena in the
microcosm. And they failed again. Nevertheless, scien-
tists considered any alternative explanations for the
phenomena irrelevant. And therefore, even those few
hypothetically possible structures of the Multiverse
published in [54]-[61] have always been commented on
as fundamentally unverifiable.

However, if we change the statement of the task
and seek an explanation for the phenomena of dark mat-

ter and dark energy in the invisible universes of the hid-
den Multiverse existing along with our visible universe,
explanation becomes obvious [62], [63]:

o Dark matter and dark energy are merely certain
images (rather gravitational, than optical and still less
electromagnetic), a kind of a shadow, of invisible uni-
verses of the hidden Multiverse, rather than some real
physical entities located in the microcosm or in the
macrocosm;

o Dark matter is evoked by invisible parallel uni-
verses of the hidden Multiverse adjacent to our visible
universe;

e Dark energy is evoked by the rest of invisible
parallel universes of the hidden Multiverse, which are
more distant from our visible universe;

¢ Notably, images corresponding to dark matter
and dark energy do not contain any chemical sub-
stances. This alone suggests and proves existence of the
Multiverse, rather than the Monoverse.

This explanation meets the Occam’s razor crite-
rion and therefore is quite plausible. And since, in ac-
cordance with this explanation, the phenomena of dark
matter and dark energy are evoked by existence of in-
visible universes, it can be assumed that experimentally
registered dark matter and dark energy are experi-
mental evidence of existence of invisible universes,
which proves the truth of the alternative version of the
SRT.

4.2. How to see invisible universes?

The truth of the alternative version of the SRT can
also be confirmed by direct astronomical observation of
constellations that have never been seen in the starry
sky of Earth [64], [65]. Moreover, this is the only way
to reliably identify invisible universes (like people by
ID photos), since stars in the skies of different universes
are obviously spread in extremely different ways. It is
also obvious that these other constellations can only be
seen in these other universes, which are invisible from
our universe on most of the Earth’s surface.

However, it turns out that our Earth has numerous
areas called anomalous zones [66]. At least some of
them are entrances to passages to other universes,
called portals [67]. These passages are analogous to the
passages in our dwellings that lead from one room to
another. We can usually see only one of the rooms en-
tirely, the room we are in now. Any other room can also
be partially visible, if we adjourn to it or at least look
inside through an open door.
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Main Astronomical Observatory of the National Academy of Science of Ukraine located in an anomalous zone

Therefore, an adjacent invisible universe can be
looked into from any portal of our visible universe in a
similar way. Entering a portal one can observe as the
star map of one universe is gradually replaced by the
star map of the adjacent universe. And it would seem to
the observer moving along the portal that these are con-
stellations of our starry sky moving, disappearing and
appearing. Moreover, the deeper one enters the portal,
the more changes one actually sees. But people avoid
visiting anomalous zones and try not to enter deep into
the portals, and rightly so. Portals are labyrinths invisi-
ble to us and once you are in, it is easy to get lost and
not to find the way back. Therefore, in order to safely
perform astronomical observations in portals, first it is

necessary to create portal orientation devices (similar
to marine compass).

Even with a slight penetration into a portal, while
still remaining at its entrance in an anomalous zone, one
can observe some changes in the constellations known
to astronomers. This would also be an irrefutable ex-
perimental proof of existence of other universes that are
invisible outside the portals. Moreover, such an exper-
iment, similar to the experiment conducted by Sir Ar-
thur Stanley Eddington [68] in 1919, would be quite
low-cost and simple, since the main thing required is to
place a telescope in an anomalous zone, all the rest is
available.

Obs‘a'uteradsile (Mmmmvyamile

\\

Observatory outside

anomalous zones ammakwwms

——  Computer <

/’/\'\

Owa'tMyaale Observatory outside

//

Observatory outside
anomalous zones

Observatory outside

mndzuszme anomalous zones

Fig. 7. Scheme of an experiment in detecting invisible universes

And since constellations observed in the starry sky
using such a telescope may sometimes differ very
slightly from constellations observed using other tele-
scopes placed outside the anomalous zones, some as-
tronomical observatories could already have been, by
chance, located in anomalous zones. For example, the
Main Astronomical Observatory of the National Acad-
emy of Sciences of Ukraine located in the Holosiivskyi
Forest, just 12 km from the centre of Kyiv, the capital
of Ukraine. This means that the whole experiment
would involve comparing, and detecting differences in,
positions of stars located at the same fragment of the
starry sky observed by different observatories. This

presupposes that the information obtained should be
transferred by observatories of the same region to a sin-
gle computing centre (Fig. 7) and processed to detect
the differences.

6. Conclusion

Let’s summarize. All the experiments described
above refute the generally accepted version of the SRT.
This occurs in a different way. Collectively all these
refutations are even more convincing. Thus, the proofs
of physical reality of imaginary numbers given in sec-
tions 2.1 and 2.2 undoubtedly refute the principle of
light speed non-exceedance and thereby the whole ex-
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isting SRT. Section 4.2 offers a description of an exper-
iment that has not yet been performed, but is very
demonstrative. The experiment allows discovering in-
visible universes. Section 4.1 mentions the experiments
that were conducted in the last century. They allowed
discovering the phenomena of dark matter and dark en-
ergy that are actually evoked by invisible universes.

Although one experimental proof is usually
enough to refute other theories, the existing version of
the SRT has not been refuted. The erroneous version of
the SRT is even presented for study in physics text-
books, which must contain only unconditionally correct
theories. Hence, authors of the textbooks create the im-
pression that the generally accepted version of the SRT
is also unconditionally correct, although there already
have been published dozens of articles, proving that it
can be refuted by existence of television and radioloca-
tion, GPS and mobile telephony, musical instruments
and children’s swings created by humans, as well as
tsunami and ‘Indian summer’ created by nature, reso-
nance, Ohm’s law in the interpretation of Steinmetz and
many other things.

For all that, why then the incorrect version of the
SRT hasn’t still been refuted? Why, for example, deci-
sions on banning criticism of the SRT were made by
Soviet Government three times: in 1934, 1942 and
1964? 1t hasn’t still been criticized. The author of the
article does not know answer to these questions. How-
ever, authors of the textbooks might not have read my
articles. Or, if they have read, they haven’t believed and
verified it. Anyway, this needs to be done. And text-
books need to be corrected, because it is immoral to
provide outdated and unimproved knowledge to stu-
dents [24]-[33]. After all, Albert Einstein wrote: “There
is no single idea, which I would be sure that it will stand
the test of time”.

An alternative version of the SRT confirmed ex-
perimentally is described in publications [38]-[50].
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The wave functions and the energy spectrum of holes in a gyrotropic crystal, where the valence band consists

of two branches, are calculated. In this case, a term linear in the wave vector in the effective Hamiltonian of holes
was taken into account and it was shown that the wave function has two terms, one of which has damping, and the
second describes the de Broil wave of holes. The calculation was carried out in the approximation of the
Schredenger equation using the perturbation theory.

AHHOTaNMS

PaccunTanbl BOJIHOBBIE (DYHKITMH ¥ SHEPTETUYECKUI CTIEKTpP JBIPOK B THPOTPOITHOM KPUCTAJLIE, TA€ BaICHT-
Hasi 30Ha COCTOMT U3 IBYX BeTBeil. [Ipy 3TOM yuTeH JIMHEHHOE 110 BOJIHOBOMY BEKTOPY ciiaraemMoe B 3peKTHBHOM
raMUJIbTOHUAHE ABIPOK U MMOKa3aH, YTO BOJIHOBAsA (byHKLII/I}I HUMECT ABE CJlara€Mo€, OAHO U3 KOTOPBIX UMECT 3aTy-
XaHHUe, a BTOpoe OIUCHIBaeT e bpoitnosckyio BonHy AbIpok. Pacuer npoBezeH B mpubnmkenun ypasHeHus Llpe-

ACHIepa ¢ IPpUMEHCHUECM TCOPUHN BO3MYIIICHUSA.

Keywords: wave function, energy spectrum, holes, gyrotropic crystal, valence band, effective Hamiltonian
KiroueBble c10Ba: BOMHOBAS (YHKIWS, SHEPTETUICCKUN CIIEKTP, IBIPKH, THPOTPOITHBIA KPHCTAILT, BAJICHT-

Has 30Ha, 9 QEKTUBHBIA TaMIIIBTOHHAH.

|. BBenenue

B mocnennee Bpems MpUBIEKAIOT 3HAYUTEIBHOE
BHHMaHHWe Ha pazMepHoe kBantoBanue (PK), koTopoe
UMeeT pUMeHeHUe B onrodjiekrponuke [1]. s mo-
JIyIIPOBOJJHUKOB C IIPOCTOM 30HHOM CTPYKTYPOH HUcCIle-
JIOBAaHHE MEXYPOBHEBBIX ONTHYECKHX IIEPEXO/I0B B
CTPYKTYpax JUlsl INPOHM3BOJILHOTO MOTEHIMajda OBLIO
npoBeseHo B [2,3]. B To jxe BpeMst MeKypOBHEBBIE OII-
THYECKHE MePEeX0Ibl B NOIYIPOBOIHUKOBBIX CTPYKTY-
pax IbIPOYHOM MPOBOJMMOCTH NPE/ICTABIAIOT HHTEPEC
13-32 HEHYJICBOTO TIOTJIOIIEHHUS JJIsl CBETA ITPOU3BOIIb-
HOW TOJSAPU3AINK, KOTOPBIE HMMEIOT NPaKTHIECKOe

npumeHerne [4]. Teopermueckoe uccien0OBaHHE Ta-
KOTO poJa 3aJa4yd 3aTPYAHEHO CIO0XKHOCTBIO 30HHOH
CTPYKTYPBI KpUCTAJLIA.

B wactHocTH, B [5-7] Takas 3amaya B ciydae mpsi-
MoyronbHOH PKS GpukcrpoBaHHON TONIIMHON perieHa
yycneHHo. OnHako Aake Manas Bapualys TOII[UHBI
wim riyounsl PKS MoxeT cuinbHO M3MEHHMTh KOHEY-
HBII Pe3yNbTaT, YTO 3aTPYIHSAET aHAIU3 IPOMEKYTOU-
HBIX pacueToB. B pabore [8] Ha ocHOBE TeopHH BO3MY-
LIEHUS N0JIyYeHbl aHATUTUYECKUE BhIpaXkeHHs [9] uc-
CIIEZIOBAHO  DHEPreTUYEeCKUH  CHEKTp, BOJIHOBad
(yHKIHS JBIPOK MEKIO30HHOE ITOTIIOMIEHHE TOJISIPH-
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30BaHHOTO M3JIYYCHUsI B OECKOHEYHO ITyOOKOW KBaH-
TOBOM SIME€ MOJIYNPOBOJAHHKA. PacueTsl mpoBeaeHbl B
npubmxennn Jlarrumkepa-Kona [10, 11] s momy-
MPOBOJIHUKOB C PEIIETKON IMHKOBOKH OOMaHKH.

OpHako TeopeTHdYecKOoe HCCIEJOBaHUE pa3Mep-
HOTO KBaHTOBaHMA B noTeHuuansHoi ame (PKSI), BbI-
palleHHOII Ha OCHOBE THUPOTPONHOrO KpHUCTauIa
(manpumep, p-Se mmu p-Te), ocraeTcsi OTKPBITHIM, K
YyeMy MOCBSIIIEHO HACTOSAIIEE COOOIIECHHE.

OtMeTnM, 9TO HCCIEIOBAaHHE psifia SIBICHHUH, B
YaCTHOCTH ONTHYECKUX WIH (OTOranbBaHUIECKUX d(-
(hexTOB B pa3MepHO-KBaHTOBAaHHBIX CTpyKTypax (PKA)
TpeOyeT 3HaHHs 3HEPreTHYECKOTO CIIEKTPa W BOJIHO-
BBIX (DYHKIUI HOCHTEIEH TOKa 3JIEKTPOHOB.

11. Basic relations
Jlnst kBanuTOBOIA siMbI ¢ moTernmanoM U (z) a¢-

(EKTHBHBIN raMUILTOHHAH /I KBAHTOBOH SMBI C T10-
tenmmaniom U (Z)  sddextuBHbIi  raMuibTOHHAH

9JIEKTPOHOB B P-Te mpejcTaBiisieM B BUe

|‘A|=|‘A|O+ZA0(O'&, (1)
a=X,Z

=Ak?+Bk*, A=A, A =0k u

npexanonaraercs, uto ¢aspl pynkuun M, , BEIOpaHbI

roe H

TaK, 4to Kod(pduuuent npu k, semecrsenen, 2A -
CIIMH-OpOUTANIbHOE paCIIEIUICHHE BAJCHTHOH 30HBI B

2 2 2
touke M(P) 3o0mbl Bpummosna), k L= kx + ky,

AB, 5,
k, =k, (sing, cosg)—

BEKTOp, HAIIPaBJICHHBIN IO HHTEPQEHCY.
BonHOBBIE (hYyHKINN B BEpXHUX BAJICHTHBIX 30HAX

-30HHBIE mapaMeTphl p-Te,

JIBYMEPHBI BOJIHOBOM

! ! o o
( Ml u M , ) ABISIOTCA CYNEpHO3ULUei COCTOSHUIT ¢

HpOGKHHeﬁ MOMCHTA KOJTMYCCTBA OIBMXXCHHUA HA OCh Z

(m, :+3/2)

= >.CVm @3)

m,=+3/2

D _ 0@ _
rie C3p, =CJ5), =

L+mi2, CY),

_ (2) _
- _Cs/z - Cz

= JA=m)/2, 7= (8 + f) .

CriexTp ABIPOK B BaJICHTHOM 30HE B 00BEMHOM I'MPOTPOITHOM KPUCTAJUIE UMEET BHJ

E (K, K, k, )= Ak? +BK? — (-1) ™ (A?

+ﬂ2kf)u2 (1=12). @)

3necs A=H’ /(ZmL), B = i? /(2m|| ), M, u m” -[IOTIEPEYHBIE U TPOIOJIBHEIE (P()EKTUBHEIE MACCHI

'
neipok B noazonax M|

'
u M', , paBHbie ¢ 06paTHBIM 3HAKOM > )EKTHBHBIM MAccam 3EKTPOHOB.

Torna BeIOHpast OChI0 pa3MEPHOTO KBAHTOBAHUS Oz u cuuras, uro k, = Ta— n3 (1) mmeem
1 0Z

H=H,+Rk?, ®)

Trae

ot 3 115

1

0 5 10
_01}§+U(z), R, = A[O 1} k?, )

I11. Hole wave functions in a quantum well of hole conduction tellurium

0
¥

HeBo3MylieHHbIe YPOBHH dHepruu E (0) Y BOJIHOBAsI YHKIIMS ABIPOK Ve © —{ (0) | B MOA30HAX 30HbI
78

MPOBOUMOCTH Mé (f = 2,1) B pP—Te ompenensiorcst U3 CIEAYIOMEr0 MaTPUYHOTO IH(HEpeHIHaIBHOTO

yPaBHEHUsI ¢ 30HHbIMU napamempamu A, B :

HOVZSEO) = Eg‘//

rie E§ = |:|(E) |c:_):| Torma umeem

Ay ] 0 [Agt?
2|0 | 27| Ay

7(0)

®)

(0) = (0)
}FU(Z)[V/(O)}} |:E;/j(0):| (6)

Jlnst ynporenus 3axaun cautaeM, uto U (Z) = UO =CONSt . Torna mocnennee ypaBHeHne GyaeT UMeTh

BUII
82 (0) 1 o (0) A
P Al Ay o
o B B %, B %
oy’ 1 © _ A/él//l A )
—-—|{U(2)-E - =0
o B[ 2)-E ]y B oz B?
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nim

0 ©)
Sy _ KEV/S_O)+iKﬂV% ixZy© =0, 8)

rre KE_%(UO E), pE: =%, ~ =& W(O) _W§O)iil//1(0)-

Bynem uckatp pemenne (8) B Tpex HpI/I6HI/I)KeHI/I$[X, KOTOPBIX OoJiee TTOAPOOHO aHATIM3HPYEM HIDKE.
1 -npudanxenue. 13 (8) HETpyHO MONYIHUTH CIEAYIOILYIO CHCTEMY ypaBHEHHUN

52()

e —xzp¥ =0,
0 a%0) pr. ©
oy_ " | Kp V/EO) =0,
0z K‘ﬁv
PEII€HNE KOTOPBIX MAIIEM BUIE
w® =D, exp(x.z)+C, exp(-x.z), (10)

rae K, =K, K_ = K, , HCeU3BECTHBIC BETNYMHBI Di , C1 OIIPEACIIAIOTCA U3 TPAHUYHBIX YCJIOBUH 3a/1a4H,
0 KOTOpO#i OyzieT MATH peyb B AanbHelmeM. OTMeTuM, 4To apaMeTp K_ peanbHas BEIWYHHA, K, MOXET OBITh

Kak peajbHOH (mpu U0> E), Tak u Mmaumoit (pu U0< E ) Benmunnoii. Tora BonHOBas GyHKIMSA B HEPBOM CITy-

0

yae OyJeT IKCIIOHEHIIMANBHOI i/} , a BO BTOPOM Cilydae-TpUroHoMerpudeckoil. Ecnu penmuunna K, peanbHad,

TOTJa MOXKHO CYUTATh, YTO Dir = 0. 910 03Hauaer, uto HOCHTENHM TOKA (IBIPKH B P-T€) C dHEprueii E(UO Oynyt

BecTH cebs Kak Jie bpoitioBckast (Iutockast BOJIHA), @ B OCTAIBHBIX CIIy4asx — HET.
[anee cunraem, 4TO ABIPKU HaXOAATCs B MOTEHIMAIbHOI sime. Toraa

2
@ =D, exp(ixz)+C, exp(-ixz), @ =C exp| -2z, (11)
K
B

|E .
I/I€ YY4TEHO, YTO UO =0, x =1 E =I1Kx . Torma U3 ycnoBuid OPTOHOPMHPOBAHHOCTH M KOHEYHOCTH
BOJTHOBEIX (DYHKIIHS JBIPOK B HHTep(eiicax ssMbI IMeeM,
cos(xz)
(0) 2
v (2)=2«" - (12)

[ 2xa+sin (21(&)]1/2

W3 cnepyromero rpaHMYHOTO YCJIOBHS HMOJTYYHMM BBIPAXEHHS JUIS Pa3MEpPHO-KBAaHTOBAaHHOTO JHEpreTHYe-
CKOTO CIIEKTpa JIBIPOK

. (2n+2)
E=B(—7r2 n=012,.. 13
U2 (n=012..) e
2 -npubamkenne. Teneps pelienre ypasHeHus (8) viueM B BUE
y® =Dexp(xz) ¥ =D exp(zc*z) , (14)

* * o o .~

rae K u D - KOMITIJICKCHO-COIIPS’KCHHBIUM BOJIHOBOU BEKTOP M MApaMeTp, aHAJIUTUICCKUN BUJL KOTOPOI'O
MOJHO OIIPEACINTD U3 BbIICYKA3aHHbIX I'PAHUYHBIX yCJ'IOBPIﬁ. Tor,ua HETPYAHO MMOJYYHUTH CIICAYIONIUC ITOJIC3HBIC,
JUIA HaHLHeﬁmHX pacdyeTOB COOTHOLICHUA

N [(2 2 )iy, +a2) |

im —

2, 2\ A (19)
(—K +1<E) +(—K‘*Kﬂv +K‘A)

rie Dre u Dim -pE€aJIbHOE 1 MHUMOE 3HAYEHHMSI BEJTUUHMHbI D.us (15) BumHO, 9TO BU BOJHOBOH (DyHKIHH

(14) 3aBucuT OT PU3NUECKOI MPHUPOIBI BOTHOBOTO BEKTOpa X . [I03TOMY paccMOTpHM CIeIyIOIINe CITydan:
a) IyCTh BOJIHOBOM BEKTOP pealibHasl BEJIMYMHA, TOTIa

D 2 gre D

16
Sre 241 (o

re !



German International Journal of Modern Science Ne22, 2021 65

2 2 2
rae Gpe = (—K +Kg ) / (—KK A, T Ky ) Torna BoHOBBIC ()YHKIIMU IBIPOK MPHHUMAIOT BH/T

2 +1F 2i
v ()= %Dreexp(lcz). 17)
re

Tornma BHGPFCTI/I‘-IGCKI/Iﬁ CIICKTD HOCHUTENEH ToKa OIIPEACIIAIOTCA U3 CJICAYIOMICTO TPAHCUICHACHTHOTO YpaBHE-

HHSA
2 1/2

= =2

E _ gre Sre E Zg re 2

— | = Kg T > Kpg, +4 — 5 K . (18)

B + Sre +1 Sre +1 B Sre +1

W3 (18) BumHO, UTO SHEPTETHIECKHI CIIEKTP MPUHUMAET peasbHbIC 3HAYCHUS TIPH BHITOJHCHUH CIEAYIONINX

HEPABEHCTB

22 2
~ B 2g 2 [ I j 2gre 2 gre
E>_ re KE— re A> . (19)
7] PRI P A B PR P

b) ImyCTh BOJIHOBOI1 BCKTOP MHUMad BEJIWYUHA, TOTa B3aMMOCBA3b BEJIMYUH Dim u Dre OIIMCBIBACTCA KaK

Dy =21 D

, (20)
Gm+l "
a BOJIHOBBIC q)yHKHI/II/I ,HprOK OHpeHeJ’IfHOTC?[ KakK
f 2
(0) 2Dy (0 (0) (1+ib,)
w (z)=—"(1+ib,)exp(xz). w2 (2) =Dy | 1-—=— |exp(x2), (21)
1+b; b;
2 *
(22 2 KA T K Kp,
re Gim —(K‘ +Kp —KkKg )/K‘A. b, _W

Teneps noneITaeMcs pelinTh cucreMy ypaBaeHui (7) B oOieM Buae. st 3Toro nposeas npeoopa3oBaHue
B (7) HeTpynHO noay4uTh ypaBHeHue Lllpenenrepa B Buae

64 (0) 1 ~ 2 82 (0) 1
O 1y BN Ll o g0
0z B B | oz? B
PaccMoTpuM ClieyroIIue Ciayyan:
a) JUTS IBIPOK, HAXOJISAIINXCS B SIME (UO = 0) ypaBHeHHE (22) MPUHUMAET BH
v 2
+N 2__ N =0, (23)
52 1752 o2
pelleHre KOTOPOro UIIEM B BUIE
i =B, e +B,-¢"? + By-e %27, (24)
me N[ =B(E+BTA), Ng=B?(A*-E?),  ag=N,  a=iN,

N, = %|:i(&12 ) + (Nf )2 + 4Ng :| U, B JanbHeiiem OyeM ydecTb, 4To (Nf)( (le )2 + 4Ng . Torna

U3 YCIIOBUI KOHEYHOCTH BOJIHOBBIX (DYHKIIMH Ha rpaHuIax nHrepdeiica mmeem

e (2)= B, R 2isin(NX_-a) -(e_Nﬂ —e_ix’z)+ 2(eiN*'Z _e_&.z) (25)

2 ch(X, -a)—cos(N_-a)
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rae BZ OIPEACIACTC U3 YCJIOBHUSA HOPMHUPOBKU

vi (2).

OHEPreTH4ecKHii CHEKTP ABIPOK B IOTEHIHAIb-
HOH SIME OTIPENENAECTCS] COOTHOIIEHUEM

sin(N_ -a)—cos(&;a)—k%exp(—bﬁ -a)=0(27)

.
b) st ABIPOK, HAXOISAIINXCS BHE SIMBI (U i 0)

BOJIHOBast (DYHKLHS JABIPOK OIpeneNsieTcs BbIpaxe-
HUEeM (25) U PHEPTEeTHYECKUI CIIEKTP COOTHOIICHUEM
(27), HO TIpHM ATOM HaIO NMPOW3BECTH CIEAYIOIINE 3a-

MeHBL: N, <> 0 Ny <>, , rne
1 = \2
=L,

2 1 = ,3\5
=—|U,-E-&£
1 Bl 0 B

C) B CIIy4ae pe30HaHca, T.€. KOT/la SHEPTusl JbIPOK
YHCJIEHHO PaBHO BBICOTY MOTEHLUAIBHOIO Oapbepa,
TOT/1a BOJIHOBAs (DYHKIMS IBIPOK OIIPEAEIETCS BBIpa-
JKeHueM (25) U SHEepreTHUecKUui CHEeKTp COOTHOIIE-
HHEeM (27), HO IpH 3TOM HaJI0 MPOU3BECTH CIEAYIOIINE

3aMEHBI: le SNy Ng Ny » e

S )

U3 cootHomienus (22) BHAHO, YTO BOJIHOBas
(yHKIMS IBIPOK B MOTEHIIMAIBHOM sIME HMEET JBa clia-
raeMoe, OJJHO U3 KOTOPBIX 9KCIIOHEHIIMAILHO 3aTyXaro-
I11e€e, @ OCTAIBHBIC SBIIAIOTCS OCLIIUIUPYIOIINMH.

Takum 00pa3omM, IMOKa3ajiH, 4TO pPa3MEpHO-KBaH-
TOBAHBII CIIEKTP IBIPOK B THPOTPONHBEIX KPHUCTAJIIax
MMEET CJIOKHBIM BUJ M 3aBUCHUT OT OTHOIICHHMS 3HEp-
THH JBIPOK K BBICOTY NOTEHHUIHAILHOTO Oaphepa. B
YaCTHOCTH SHEPTeTHYECHKI CIIEKTp ABIPOK B SIME CO-
CTOUT n3 Habopa pa3MepHO-KBAHTOBAHHBIX YpPOBHEH,
HE IepeceKaroIuecs MEKAYy COOO00 H3-3a HAJINYUsA

o ! !
OHEICTUYCCKOM LIS/ MCEKAY IOA03aMU Ml n M 2-

[TosydeHbl BBIpOKEHUS BOJHOBBIX (PYHKIWHA H
SHEPreTHYECKUX CIIEKTPOB SJICKTPOHOB U pPa3iIiy-
HBIX CJIy4aeB, pa3jiHyaroluecs APYyr OT APyra COOTHO-
MIEHUSIMH J1JIS1 XapaKTePUCTUUECKUX BOITHOBBIX BEKTO-
POB, KOTOpHBIE, B CBOIO OUEPE/Ib, 3aBUCST OT 30HHBIX Ma-
paMeTpoB MOJYNPOBOJHUKA M OT JHEPreTHYECKOM
LIEJIA MEX]Ty MOJI30HAMU BAJIEHTHOW 30HBI THPOTPOII-
HOTO KpHcTayia/
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OB OPBUTE MEPKYPUS. PACHIIUPEHHUE ITEPBOI'O 3AKOHA KEIIJIEPA.

Saosenxo C.H.

XapbKoGCKull HAYUOHANLHBIU YHUSEPCUMEN pAOUOINEKMPOHUKU

Abstract

Discrepancies in the rotation of the orbit of Mercury are considered and methods for their elimination are
proposed. The reason for the precession of the orbits is explained.

AHHOTAIHSA

PaccMaTpuBaloOTCsS HECTHIKOBKH BO BpallleHHMH OPOUTHI MepKypHsl U IIpeIaraloTcs METObl UX YCTPAHEHHUS.

OOBsICHsIETCS TPUYMHA [TPELECCHH OpOUT.

Keywords: Mercury, precession of Mercury, precession, Kepler's first law.
KuiroueBble caoBa: Mepkypui, npeueccust Mepkypus, npeueccusi, nepsbliil 3akoH Keruiepa.

B cBoé Bpems Tuxo bpare (acTtpoHOM yd4HTENbH
Kemnepa) coOpan MHOTO aCTpPOHOMHYECKHX IaHHBIX,
nocie ero cmeptu Kemnep o6paboTan uX U METOIOM
MOCJICIOBATEILHOTO TPUOIMIKCHHS TOJIYYMIT 3aKOHBI
JIBUKEHHSI KOCMUYECKUX TeJl JIJIsl COJIHEYHON CUCTEMBI,
Ha3BaHHBIE B €T0 4ecTh «3akoHamu Kemnepay. [lompo-
OyeM clienath TO JKe caMoe i OpOUThI MepKypus, 01~
HOM U3 caMbIX 3araJIoYHbIX JIAHET BCIIEICTBUE CBOEH
HENnoHATHOH npeneccuu. Ceiiuac TOYHOCTh U3MEPEHUI
BO3pOCIa.

H3BecTHO, YTO BCE IUIAHETHI COJTHEYHON CHCTEMBI
BpAIIAIOTCS MO AUIMNTHYECKUM opbutam[1-4, 9-12].
Ho tax a1 310?

Ecmu Bce mmaHeTa BpAINAIOTCS MO SJUTAITHYC-
CKUM OpOMTaM, TO ISl HUX TOJDKHO BBIMOJHATHCS TIpa-
BWJIO JJIs1 3JUIMICOB. Pannycel oKpyXKHOCTEH IpH Bpa-
LICHAU BOKPYT MX IICHTPOB JO/DKHBI COBMAIATh (OBITH

pasueivu R, = R, ) Kak nokasaro Ha puc. 1.

Puc. 1. Ilpasunvhule 211uncol

[Ipu uccnenosannu opOUTH MepKypus ObUTO BEI-
SIBJICHO HE COBJIAJICHHUE, HECTBIKOBKA. Pagnychl okpyx-
HOCTEH LIEHTPOB BpAIlIEHUS SJUIUICOB HE COBMAJAOT

R, # R,, xak nokasano ma puc. 2. Paguyc Bo3ie

COJIHIIA OKa3bIBA€TCSA MCHBIIIEC, I10JTYYacTCAd HCTIPABUJIb-
HEIA OJUIMIIC, YTO M BbI3bIBACT HNPCLCCCUIO. Ho npu

3TOM 3aKOH, YTO 3a PaBHbIE NPOMEXKYTKH BPEMEHU
At, = AL,

AS, = AS,, coxpansiercs, Tak Kak 0ToOpaxaer 3aKOH

3aMETaroTCs PaBHBIC Iomanau,

COXpAaHCHUS SHECPIUHU.


https://doi.org/10.24412/2701-8369-2021-22-67-70

68 German International Journal of Modern Science Ne22, 2021

HecTbiIKOBKM
Mpeueccua nepurenns NNaHeTHbIX opouT

® R 1< R 2 yron nosopora

o
Sy

Puc. 2. Henpasunvhvie snnuncoi

JlaHHas HECTBIKOBKA OOBSICHACTCS TEM, UTO B 3aKOHEe HhIOTOHA He XBaTaeT IKCIIOHEHTHI PUC. 3, KaK MOKa3bI-
BaJoCh B pabotax aBropa [5-9] (puc. 4).

HapyweHue 3akoHa Kennepa

% Frpaam'au,un r

0
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o R R i [pasumayus Kak cymma 810XeHHbIX
Jemns—Co 2
.—”"L@._, 8 dpy2 dpyaa 800080poMo8
Mo Hbtotoy
= = = F, Cavmye-Tma
M e =197%x10%k2 , M 5, =735x10%k2 , M,,,,, =6x10"k2 F}(’W’Jm Mo finoBeHKo
R o = 1,5%10" e Riren-iyna = 3,84 % 10°m F(‘("W__,m 1
Boda-Jlywa Boda-Comye | /Tyna-3emns Jlyna-Coanye Fruc-ima 40
M.M _ MM
Fae- na=G R':_”" Fopason =G>
_ oMM, F,. —gMiMc
Foieone =G R, \ Tyna~Cone R
(!
o it = McR:.” kltf f”__”‘"c_": = y.f_&zkl.
FM,,,W M R;_c /‘ an-m MJRJZI—C
i
Fm_c,..,_McR:_l_ . ;& FW=MCR,Z,_,=
Focse e TMpRL. Fipesoas  M3Rjc
_197x10°(384x10°) . 1,97x10% x (3,84x10%)? X
T 735102 (1,5x10")? -175 6x10* x(1,5x10")* 2
Puc. 4. Hecmuixosxku ¢ Hoiomonosckux 3axonax
[Ipu BBeIeHUH SKCIIOHEHTHI B hopMyny HbI0TOHA ¥ OrpaHHYCHUE HA TIPEIes CHKATUS Arnp coetsioe MPI TIOITY=

HJacM Cpe3bl HE IO KOHYCY, a [0 KOHYCY I‘I/IHep6OJ'IOI/IZ[a BpalicHUs, 4YTO 00BSICHSICT HCIIPaBUJIbHBIC 3JIJIUIICHI, 110~
JIYYCHHBIC ITPU OKCTICPUMCHTAX — 3TO YCTPAHACT BO3HUKIINC IPOTUBOPLCHUUA B OIBITAX (pI/IC. 5)

HenpasunbHo MpasunbHO

CunzynapHocm

Yépnan deipa A npedemmoe

2 a7 N

Kpyr

3nenc
Mapa6ona
Minep6ona

&‘. Kpyr

HenpasunbHbiit

Annunc
HenpasunbHan
MNapa6ona
HenpasunbHas

M'Mnep6ona

Puc. 6. 3axonvt Kennepa. Koppexyus 3axonoe Kennepa

B pucynkax 5, 6 cpe3bl IJIOCKOCTSIMU JAIOT He- T.2 3
TIPaBUIIbHBIE 3JUTHIICHI, TIAPAGOIIBI, TUIIEPOOIIBI ¢ KOP- Lz = —g , iepexo/1 Ha hopMyITy
PEKIMEH BBI3BAHHOM SKCIIOHEHTOM TIPH BBEJIEHHH B 3a- T, 2
koH HproroHa [5-9]. T2 (M +m,) a
3akonsl Kemyiepa paHHWE BBIBOJMINCH aBTOPOM S S T A
W3 3aKOHA COXPaHEHMs SHepruu [5-9]. T/(M+m,) a

OtMmeTum, 9TO paHee 3aKkoHBI Kerepa yxe Kop-
PEKTUPOBAIUCH U PACIIUPSIUCE. Tak K COOTHOIIEHUIO

KBaJaApaToB NMEPUOIOB BpalICHUA II06aBI/IJ'IaCB COOTHO-
MEHNE CYMMBI MacC TIJIAHET,

Ceituac B JaHHOW paboTe NPOUCXOIUT 3aMeHa
MIPAaBWJIBHBIX JJUIMIICOB Ha HETIPAaBWJIBHBIE SJUTHIICHI.
3TO BBI3BAHO TEOPETHYECKUMH HECTHIKOBKaMH (TIpo-
TUBOPEUMSIMH) IIPU MOJX0JE K BEPUIMHE KOHYca (pHcC.
5, 6) , 4TO OTBeYaeT NPOXOXKIEHHUS OT paamyca
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[Bapimmnsaa (paamyca 9EpHON ABIPHI) K TOUYKE CHH-
TYJISIPHOCTH — BepILIMHE KOHyca. 3aMeHa KOHyca Ha T'H-
nepOoIou BparieHus (puc. 5,6) IO3BOJISIET YCTPAHUTh
3TH MPOTHBOPEYHS U COCTHIKOBATh SKCICPUMCHTANb-

HBIE JIaHHbIE C TEOPETHYECKUMHU IaHHBIMU. [1epBblii 3a-
koH Keruepa mepenmchiBaeTcs (pacmmpsiercs) Kak:
«Kaowcoas nnanema Conneunoul cucmemvl obpauya-
emcsi no HeMPaBUJIbLHOMY 9/1uNCy, B MEHbIEM U3
@oxycos komopozo naxooumcs Connye» (puc. 7).

MepBbln 3aKOH Kennepa

Kawdas nnarema ConeyHol cucmeml
06paujaemca o HenpaBHABHOMY 3nauncy,

8 MeHbLLEM U3 (0K Co8 Komopo2o
Haxodumca ConHue

Mnep6ona

NpasuabHbii
pyr
HenpasunbHbiin
Annmnc
) HenpasunbHan
MNapa6bona
HenpasunbHan

'Mnep6ona

ar

Puc . 7. 3axon Kennepa pacuupennbiii

B nanHoit popmynuposke CosHile 001aaaet npu-
oputetoM. Takoii MOIX0 1 pacuIupsIeT HALIK PEICTAB-
JIeHUs 00 OKPYIKAIOIIEM MHpE.

Hami mo3HaHusi OKPY»KAroIEero Hac MHpa, Mpo-
JIOJDKAIOTCSL.
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Perfection may not be attainable, but if we chase perfection

Abstract

we can catch excellence
- Vince Lombardi

Organizations have been practicing Lean practices for years, but many have found improvements to be fleet-
ing - often because they focus on small, individual improvement projects. By changing the way managers manage
and workers work, Lean Management has a systemic impact. Lean Management helps organizations optimize
processes by addressing the root causes of organizational inefficiency, building management systems and capabil-
ities to support new ways of working, and engaging leaders and staff to continually improve part of everyone's
day-to-day work. This method makes it possible in a short time to master and at the same time apply in practice

effective tools of lean management.

Keywords: Lean management, business efficiency, transformation.

INTRODUCTION.

Organizations have been practicing Lean practices
for years, but many have found improvements to be
fleeting - often because they focus on small, individual
improvement projects. By changing the way managers
manage and workers work, Lean Management has a
systemic impact. Lean management helps businesses
optimize processes by addressing the root causes of or-
ganizational inefficiency, building management sys-
tems and capabilities to support new ways of working,
and engaging leaders and staff to continually improve
part of everyone's day-to-day work.

THEORETICAL ASPECTS OF RESEARCH.

The concept of lean management originated in au-
tomobile factories in Japan after World War I1. In the
conditions of a destroyed economy, industrialists expe-
rienced an acute shortage of resources, so the task of
minimizing losses and costs came to the fore. The mar-
ket also dictated new conditions. Low purchasing
power of the population and the need to rebuild the na-
tional economy created a demand for practical car mod-
els that rarely break down(Bsuios 2014).

At the same time, in order to stay afloat, Japanese
companies had to compete with the thriving American
auto industry. The quality of the products played a de-
cisive role. Under such conditions, at the beginning of
the 50s of the last century, a special enterprise manage-
ment system was born at the Toyota Motor plant, which
today is known throughout the world as
lean(MenbHuKOB, JlapuoHoB, and ['anbkun 2016). This

system is based on the idea of continuous improvement
of work processes in order to eliminate all types of
losses while maximizing production orientation to con-
sumer demand. The main component of lean manage-
ment is the concept of customer value crea-
tion(G.Bekimbetova 2020). Value arises from actions
that are important to the customer, such as direct man-
ufacturing, processing and product improvement. All
actions that are not directly related to the production
process and are important only for the manufacturer
(elimination of defects, storage and transportation of
products, etc.) are attributed to losses.

METHODOLOGICAL ASPECTS OF
RESEARCH.

To follow lean principles in enterprise manage-
ment, special lean manufacturing tools are used. This is
a set of rules and methods that have been found to be
effective in many companies around the world. Some
lean concept tools have evolved into standalone man-
agement techniques. The kaizen system from an ele-
ment of a lean methodology has evolved over time into
a kind of enterprise management philosophy based on
the idea of continuous improvement of the company's
activities(Maria Goreti ushoko 2018). The management
concept of kaizen includes actions to improve product
quality, constantly update production technologies, in-
crease personnel competence and improve corporate
culture. In modern management, kaizen(Kandeeva
2015) is used both within lean production and inde-
pendently.
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Another direction in Japanese management that
relates to lean manufacturing tools is the kanban
method. This tool is used in enterprises to eliminate
waste associated with excess inventory. In companies
that practice kanban, material resources are purchased
in limited quantities and delivered directly to the pro-
duction halls, bypassing the warehouse(Brans and De
Smet 2016). The supply volumes are regulated solely
by the number of orders for the production of products,
which makes it possible not to store excess stocks.

A similar mechanism has the Just in Time (JIT,
just in time) system, which avoids losses associated
with overproduction. The essence of the method lies in
the manufacture in a certain period of time only the vol-
ume of products provided by orders at each stage of the
technological chain(M.Milan and J.Krlik 2009). The
second name of the JIT method is pull production. In
the process of manufacturing parts and finished prod-
ucts, the required volumes are "pulled out" by the needs
of the internal customer - the next production stage, and
the external customer - the end user.

Losses associated with improper workspace or-
ganization can be minimized by the 5S method. The
name of the system is formed from five words denoting
the principles of the most rational organization of the
workplace, which in Japanese begin with the letter "C"
- improvement, cleanliness (cleaning), sorting, stand-
ardization, convenient arrangement of tools.

Productive Maintenance(Maria Goreti usboko
2018). The method provides for regular preventive in-
spections of tools and equipment to help prevent break-
downs and downtime. Preventive maintenance and
equipment maintenance also provides an opportunity to
realize the principle of the most efficient use of availa-
ble resources, which is one of the main principles of the
concept of lean manufacturing.

ANALYSES AND RESULTS OF RESEARCH.

Whatever you do, implementing lean management
in a company will help improve the quality and effi-
ciency of the organization. Well, or at least cut costs. It
may seem that the Lean concept is only suitable for in-
dustrial giants or large companies with complex struc-
tures. In fact, lean principles apply even in a shoe repair
shop, where the owner and two other assistants work.

Here are some of the first steps to implementing
lean:

Determine which actions are valuable to your cus-
tomers or customers, and which are important only to
you or are done out of habit. For example, for the cus-
tomers of the same shoe repair shop(G.M.Bekimbetova
2020), it does not matter how long and carefully in the
morning the owner and two assistants divide the shoes
and heels between to keep things fair, but it's important
to get a well-repaired shoe as soon as possi-
ble(Bisultanova et al. 2018).

Any activities that do not add value to customers
should be taken out of the supply chain or cut back be-
cause they incur losses. Think about how this can be
done at the management level. The repair shop owner
should document that the process of distributing work
among employees is a time-consuming activity that is
important for his clients(R.Karlibaeva 2021). This

means that it is necessary to clearly regulate the dura-
tion of the morning meetings in the workshop(Daft and
Weick 1984). This will help save time, which means
that you can order orders faster and perform better.

Explain to employees what activities your com-
pany considers to be losses and how you propose to re-
structure work in this regard(Shaturaev and Jumaev
2019). It is important to convey to the team the essence
of the concept of "value to the consumer” and teach
how to track all possible types of losses. In the case of
our workshop, the owner must tell the assistants that
they will now work in a new way in order to earn more.
Introduce a list of losses - actions that need to be re-
moved or reduced. Explain why this will help increase
revenues and attract new customers(bexumberopa I'.M.
2021). Better yet, if he asks if he has missed something
important from the list and asks his employees to join
in the search for losses.

Set aside one day a week to discuss with your
coworkers the most obvious losses that you or employ-
ees have noticed in the process, and adjust the course
of the lean strategy in the company.

Track feedback from waste elimination actions.
Share your results with your team.

Regulate and standardize all lean concept activi-
ties that produce good results.

CONCLUSION.

Organizations strive to optimize management, in-
cluding production management, strive to adjust pro-
cesses in such a way as to reduce the cost of a product
or service, and at the same time not lose, but rather im-
prove quality. The universal recipe in this case is just
the implementation of the principles of lean production,
they have a simple and understandable logic:

Do not do what is not necessary;
Efficiency starts with the little things;
Efficient process - fast process;
Simplify;

Teach;

The result is valuable, not the process.

ouk~rwbdE
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To improve the mathematical software for three-dimensional knitwear modelling systems at the micro-level,
an algorithm for shifting filaments within reserved volumes has been developed. The algorithm increases the
accuracy of the model of knitwear structures, made of untwisted multifilament threads, considering arbitrary lateral

shifts of the filaments within their reserved boundaries.

Keywords: Knit, 3D modelling, untwisted multifilament thread, algorithm

Introduction. The development of three-
dimensional modelling of textile materials is based on
algorithmic and mathematical means of describing their
form at one of the next levels: fibre — elementary thread
— complex thread — fabric — textile shell. The choice of
an optimal level of three-dimensional models of textile
materials is being discussed both in papers devoted to
modelling of textile reinforcement of polymer
composites [1-2], and in ones that address the issue of
modelling of weaved and knitted fabric structures [3-
5]. Improving the accuracy of 3D modelling of textile
structures can be reached due to a detailed
mathematical description of the yarn structure.
Description of the geometry of twisted complex threads
in the knitted structure is considered in the works [6-7].
An approach to the three-dimensional modeling of
woven structures, made of multifilament threads, at the
level of separate filaments is examined in [8]. A
mathematical software for the description of the
geometry of a plain knit stitch, made of twisted ply yarn
and wrap spun yarn is suggested in [9].

Results and discussions.

Considering separate filaments in the three-

g

g

e
€p ! €

Jj-1

dimensional model of a knitted loop becomes possible,
provided a mathematical apparatus of description of
surfaces, which limits the part of the space, occupied by
every individual filament, is elaborated. It is known that
the size and shape of the yarn cross-section changes
along its axial line. We assume that along the axial line
of an untwisted multifilament thread, several segments
of decreasing and increasing diameter are present (fig.
1). Let’s a part of the thread /, is divided into %
segments. Points #, ¢;, ...4.;, t, ... t, — are characteristic
points of the axial line of the thread, in which local
maximum or minimum values of the thread width are
detected. Each segment g; is limited by cross-sections
ei.; and e, taken at characteristic points t.; and ¢
respectively. The cross-section in characteristic points
can be denoted as characteristic cross-sections. The
length of the segment g; is assigned as d;. It’s assumed
as well, that the thread is composed of n filaments, that
have an unchangeable cross-section with diameter dy.
Let’s assign as 0y the central point of the i-s filament

in the co-ordinate system of the j-s cross-section of the
thread.

g, AXx

Figure 1. Projection of a part of yarn with a varied cross-section on a plane
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Let’s suppose that in cross-sections, where the
thread has a minimum diameter D, — filaments are
located as tightly as possible (Fig. 2a). The increase in
the diameter may occur unevenly. In general, a cross-
section shape of an unfolded multifilament thread can

be approximated by an ellipse with a major P, and
minor P, axis (Fig. 2b), which can take a form of a
circle in particular cases, e.g., in characteristic points of
the minimal thread width.

i,
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Figure 2. Cross-section of a thread, consisting of 32 filaments, with compact (a) and scattered (b) placement of
the filaments; an arbitrary shift of the filament in the limits of its bounding rectangle (c)

The transition from a round to an elliptical form
can be realized by increasing the distance between the
individual filaments, keeping their mutual position un-
changed. If all filaments’ axis line traces remain in the
central points of their boundaries, optical porosity will
be significantly higher than it could be in a real thread.
This may lead to discrepancies of the results of perme-
ability simulation and visualization quality. At the
points with a loose placement, the filaments’ cross sec-
tion can shift without crossing the boundary as shown
in Fig. 2b. Let’s determine a reserved rectangle as a
rectangular area, belonging to the cross section e,
which limits a possible displacement of a separate fila-
ment i’s cross-section. It’s dimensions Ay; X Ay, (Fig

2c) can be assessed as (1) and (2):
Ay; = a+ dx; = df + dx; 1)
ay, = a+dy; = dp + dy; (2)

Then an arbitrary shift of the filament cross-sec-
tion along the axis of the abscise and the ordinate in the

co-ordinate system of the j-s cross-section of the thread
remains within:

0 Stxf (axj* df)

0 <ty<(ayj—dy).

The key assumptions used in this algorithm are:

 all filaments have a round shape of cross-sec-
tion with a constant diameter;

« tangents to the axis lines of separate filaments,
built at the point of their intersection with the charac-
teristic cross-sections, are parallel to the tangent line,
built to the axial line of the thread at the appropriate
characteristic points.

In Fig. 3 a block diagram of the algorithm is
shown. The algorithm collects a set of data, containing
coordinates of the centres of the filaments’ cross-sec-
tions, distributed in the area of the appropriate thread
cross-section ej, considering an arbitrary lateral shift of
the filaments within their reserved boundaries.
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Figure 3. The algorithm of forming a data set, that contains coordinates of the start and end points of the
filaments’ axis lines, in the j-s segment of the thread
* variables, that contain mathematical descriptions of graphical objects

) ) Rj-] = {7}'_11, 7}'_12, ...r]'_ll., .....7}'_171 } (4)
Let’s assign the sets of the reserved rectangles in

the key cross sections ej and e;1 as: The elements of these sets are graphical objects,
containing their mathematical descriptions. The use of
Ry ={r, 1, Ty iy (3)  the algorithm increases the realism of the 3D model.

and This can be seen in Figure. 4.

Figure 4. 3D model of a segment of a multifilament untwisted thread,
generated with the use of the algorithm
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In the structure of the knit, the axial line of thread
has a more complicated configuration.

It is possible to assume that there are some
characteristic points of a knitted loop, where the thread
remains in the most compressed state (points C;, C,, C;3
and Cy in Fig. 5). The cross sections in these points are
marked as ¢, ¢z, ¢3, ¢4 respectively. It is assumed as
well, that at these points the filaments are inserted into
a circular shape contour. A set of circular shaped cross
sections can be described as:

C = {C], Clevevannn Ck}, (5)
where k is the number of cross-sections of type ¢
in a repeated unit of the thread (in the simplest case —

in a plain knit loop £=4).

There are also characteristic points, in which the

projection of the thread on the fabric plane has the
greatest width. In Fig. 5 these are points E;, E», E3, Ey
Es. We assume that at these points the filaments are
located within elliptical boundary, e;, e, e3 es and es.
Accordingly, we can say, that within a repeated unit, a
set of elliptical cross-sections of type e corresponds to
the zones of the sparsest distribution of the filaments.
E={e,es..... eq}, (6)

where ¢ is the number of the cross-sections of type
e in the repeated unit of the thread (for a plain knit loop

q=75).

The indicated points divide a section of the thread
[, knitted in a plain knit stitch, in 4 segments, marked
here as g;.

1<j <h, h=k+q-1.

Figure 5. Placement of characteristic points on the axial line of a plain knit stitch on the projection of its
technical face (a) and technical back (b) to the fabric plane.

In Fig. 6 a 3D model of a thread segment is shown. It consists of 32 filaments, limited by cross sections, built

at points Cz and E..

8;s

b

Figure 6. 3D model of a multifilament thread section, limited by cross sections, built in adjacent characteristic
points (a); a segment of one filament inside its reserved volume (b)
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The algorithm of building a three-dimensional
model of a plain knit stitch, made of a multifilament
thread, is shown in Fig. 7. As the input data for con-
struction, the algorithm uses:

+ the equation of the thread axial line;

» coordinates of the characteristic points E;(Xes,
Yel, Zel), C1(XC1, YCl, ZCl), Ez(XEz, Yez, Zez), Cz(XCz,
YCz, ZCz), E3(X63, Y83, 283), C3(X03, YCg, ZC3), E4(Xe4,

YE4, ZE4), C4(XC4, YC4, ZC4), E5(Xe5, Yes, Zes);

+ number of filaments n;

« and diameter of each individual filament ds.

From the input data, the geometric description of
the characteristic cross-section of the thread is pro-
cessed, using standard mathematical formulae and the
method, explained in [14].

C

Start >

Data input:

equation of the thread axis line
coordinates of characteristic points
number of filaments

Geometric description of the thread cross

sections {c1, Cz.......cx}* and {eq, ea.......eg}"

»

J=1

I

Application of the algorithm of formation of a set of data, containing the
coordinates of the centres of philaments in the cross section, which
limits the current segment of the thread, considering the shift of the
filament cross sections within the reserved rectangles

i=1

Geometric description of a filament s: and its reserved volume v

no

i=i+1

no

j=i+1

Correction of

geometric
description of the
filament s;

[7s]

4]

=

=n

w

@

=

Generate 3D model of the plain knitted loop

CENDD

Figure 7.
Algorithm of construction of 3D model of a knitted loop made of a multifilament thread, at the micro-level
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For each segment of the thread, the algorithm is
executed, and a new cycle begins, where the number of
repetitions equals the number of thread filaments. After
the completion of the first filament, the transition to the
next one is performed. When all the filaments are

checked, the transition to the next segment is per-
formed, and after processing all segments, the model
generates.

Fig. 8 represents a 3D model of a plain knit loop,
made of multifilament thread. The number of filaments
is 420. Diameter of one filament is 0,025 mm.

Application of the algorithm of 3D modelling of
knitted structures, made of untwisted multifilament
threads, considering lateral displacement of filaments
within the reserved volumes, increases the accuracy
and realism of the model and simplifies its processing
by the means of CFD analysis.

Conclusions

During the study, an algorithm of the lateral
displacement of filaments within the reserved volumes
was developed, intended to increase the accuracy of
three-dimensional geometric models of knitted
structure, made of untwisted multifilament threads.

References

1. Lomov S., Dufort L., Luca P.D., Verpoest I.
Meso-macro integration of modeling of stiffness of tex-
tile composites. Proceedings of 28th International Con-
ference of SAMPE Europe, Porte de Versailles Expo,
Paris, 2007, 4003-4008.

2. Lomov S., Gusakov A., Huysmans G., Pro-
dromou A., Verpoest |. Textile geometry preprocessor
for meso-mechanical models of woven composites.
Composites Science and Technology, 2000, Vol. 60
(11), pp. 2083 - 2095.

3. Modelling and predicting textile behaviour.
Edited by Chen, X. (Eds). Woodhead Publishing Series
in Textiles: No 94. Woodhead Publishing Limited and
CRC Press LLC, 2010, 536 p.

4. Weeger O., Sakhaei A. H., Tan, Y. Y., Quek,
Y. H., Lee, T. L., Yeung, S.-K., Kaijima, S., Dunn, M.
L. Nonlinear multi-scale modelling, simulation and val-
idation of 3D knitted textiles. Applied Composite
Materials, 25(4): pp. 797-810, 2018.
http://dx.doi.org/10.1007/s10443-018-9702-4.

5. Yelina T.V., Halavska L.Ye. Use of computer
tools in forecasting the properties of knitwear. Herald
of Khmelnytskyi national university. Technical Sci-
ences. 2020. Ne5 (289). pp. 264-268. [Published in
Ukrainian]

6. Sriprateep K., Kaewpo S., Kultangwatana P.
Three-dimensional computer representation of two-ply

: S
Figure 8. Visualization of a knitted structure at the filament level (micro-level)

yarns structure. International Conference on Science.
Technology and Innovation for Sustainable Well-Being
(STISWB) (23-24 July 2009). Mahasarakham
University. Thailand. (2009).

7. Zheng T., Wei J., Shi, Z., Li, T. and Wu, Z.
(2015) An Overview of modeling yarn’s 3D geometric
configuration. Journal of Textile Science and
Technology, 1, 12-24. doi: 10.4236/jtst.2015.11002.

8. Durville D. Simulation of the mechanical be-
haviour of woven fabrics at the scale of fibers.
International journal of material forming, vol. 3, pp.
1241-1251, 2010.

9. Ausheva N.M., Demchyshyn A.A., lelina T.V.
3D Model of a Multi-ply yarn loop, based on quaterni-
ons. Applied geometry and graphics. The Interdepart-
mental Collection of Proceedings. Issue. 92. Kyiv.:
KNUCEA. 2014. pp. 3-9. [Published in Ukrainian]

10. Ausheva, N.; Halavska, L.; Yelina, T. Geo-
metric representation features of textile yarn in the 3D
modeling systems. Scientific Conference “Unitech-13”
in Gabrovo, Bulgaria on 22-23 November 2013, 3,
199-202.

11. Kudryavin L.A., Shalov I.I. Fundamentals of
knitting technology. Manual. M.: Legprombytizdat,
1991. 496 s. [Published in Russian].

12. Bobrova, S.; lelina, T.; Beskin, N.; Bezs-
mertna, V.; Halavska, L. The use of 3D geometric mod-
els in special purpose knitwear design and predicting of
its properties. Vlakna a textil (Fibres and Textiles)
2018, 25(2), 19-26.

13. lelina T.V., Bobrova S. Yu., Halavska L.Ye,
Dzikovich, T.A. Computer aided design of textiles.
Students’ manual. Kyiv. Kafedra. 2017. 280 P.
[Published in Ukrainian]

14. lelina T., Halavska L., Mikucioniene D., Mi-
lasius R., Bobrova S., Dmytryk O. Development of 3D
models of knits from multi-filament ultra-strong yarns
for theoretical modelling of air permeability. Materials.
2021. 14. no. 13: 3489.


http://dx.doi.org/10.1007/s10443-018-9702-4
http://dx.doi.org/10.4236/jtst.2015.11002

80 German International Journal of Modern Science Ne22, 2021
ENVIRONMENTAL SAFETY IN THE OIL REFINING INDUSTRY

Toleuishova G.,

2nd year Master's student,

Kh. Dosmukhamedov University of Atyrau,
Republic of Kazakhstan, Atyrau,

1 Student Ave.

Tlepbergenova A.,

Candidate of Pedagogical Sciences,

Kh. Dosmukhamedov University of Atyrau,
Republic of Kazakhstan, Atyrau,

1 Student Ave.

Yessenamanova M.,

Candidate of Technical Sciences

Kh. Dosmukhamedov University of Atyrau,
Republic of Kazakhstan, Atyrau,

1 Student Ave.

Yessenamanova Z.

Doctor of Philosophy (PhD)

Kh. Dosmukhamedov University of Atyrau,
Republic of Kazakhstan, Atyrau,

1 Student Ave.

DOI: 10.24412/2701-8369-2021-22-80-84

3KOJIOTMYECKAS BE3OIMTACHOCTDb HA HE®TENNEPEPABATBHIBAIOIIEN
HNPOMBIIIVIEHHOCTH

Teneyimona I'.,

Cmyoenm 2-20 Kypca macucmpamypbi
Amwvipayckutl ynueepcumem um. X. JJocmyxamedosa
Pecnybnuxa Kazaxcman,

2. Amuipay, np. Cmydenuecxuii 1

Taen0epreHosa A.,

Kanouoam nedacoeuueckux nayx

Amwipayckuii ynugepcumem um.

X. Hocmyxameoosa

Pecnybnuxa Kazaxcmar,

2. Amwvipay, np. Cmydenueckuii 1

EcenamanoBa M.,

Kanouodam mexnuuecxux Hayx

Amwvipayckutl ynueepcumem um. X. JJocmyxamedosa
Pecnybnuxa Kazaxcman,

2. Amwipay, np. Cmydenuecxuii 1

Ecenamanosa K.

Hoxmop ¢unocogpuu (PhD)

Amuipayckuu ynugepcumem um. X. JJocmyxamedosa
Pecnybnuxa Kazaxcma,

2. Amwvipay, np. Cmydenueckuii 1

Abstract

This paper investigates the environmental problems of production and transportation of oil. The basic causes
and sources of pollution from the process of development of oil and gas, also, measures to improve environmental
safety.

AHHOTaNUA

B HaHHOﬁ CTAaTbC UCCICAYIOTCS OKOJIOTNYCCKUC HpO6J‘IeMH nepepa60TKH He(l)TI/I. BrIgBII€HEI OCHOBHEIS npu-
YWHbI U UICTOYHUKHU 3arpsA3HCHUS, TAKIKE MEPLI 10 YITYUIICHUIO DKOJIOTHYECKON 0€30I1aCHOCTH.

KiioueBble cjIoBa: 3KOJIOrHYecKas 6C3OHaCHOCTB, HG(I)TCFEBOBLIC PeCypcChl, 3arpAa3HEHUC Oprxca}omeﬁ
cpensl, yruiauzanust HedsiHoro normytHoro raza(ITHI).

Keywords: ecological safety, oil and gas resources, environmental pollution, utilization of associated petro-
leum gas (APG).
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BBenenne. Dxosorngeckas 6€30MacHOCTh Kak Co-
CTaBHAS YaCTh HAIMOHAIBEHOW OE€30MIACHOCTH SBISIETCS
00s3aTeNIFHBIM YCIIOBHEM YCTOHYMBOTO pPAa3BHTHUS W
BBICTYIIAET OCHOBOU COXpaHEHUsl MPUPOJHBIX CUCTEM
Y MO AePKAHMS COOTBETCTBYIOIIETO KaueCTBAOKPYKa-
romeit cpeasl. Ha coBpeMeHHOM 3Tame B3auMOAEH-
CTBHsI OOIIIECTBA U MPHUPOBI IKOJIOTHYECKass Oe3ormac-
HOCTb MOXET paccMaTpUBaThCA KaK KauyeCTBEHHO HO-
BBII BU OOIIECTBEHHON IIEHHOCTH.

CorlacHO TIPUBEJICHHOMY B DKOJOTHIECKOM KO-
nekce Pecny6nmku KazaxcraH ompeneneHHro, conep-
JKareMmycs B moAnyHkTe 91) cratbi 1 DKOJIOTrHIeCKOTo
konekca PK «xomormyeckast 0€301MacHOCTb — 3TO CO-
CTOSIHME 3alIMIIEHHOCTU >KU3HEHHO Ba)KHBIX WHTEpe-
COB W TpaB JIMYHOCTH, OOIIECTBA U TOCYJapcTBa OT
yIrpo3, BO3HUKAIOIIUX B PE3yJIbTaTe aHTPOIIOTCHHBIX U
HIPUPOAHBIX BO3AEHCTBUH Ha OKPYXKAMOLIYIO CPELy»
[1]. ITpoGnembl OXpaHBI OKpy>Karouled cpepl 3aHH-
MAaloT BCeOoJiee BaXKHOE MECTO B CHCTEME MHUPOBBIX
MIPHOPUTETOB, SKOJIOTUIECKUE [ICHHOCTH BCe Ooeeak-
THUBHO W YCHCUTHO MHTETPUPYIOTCS B CTPATETHHUIKOHO-
MHYECKOTO Pa3BUTH.

K coxaneHnio, Ha TPOTSHKEHUHM NECATHICTHN B
KazaxcTane cnoxmunach CeIppeBasi CHCTEMa ¢ Tpeodia-
JAaHWEM TIPUPOOIOIH30BAHMUS, C OUCHb BBICOKON TeX-
HUYECKOW Harpy3kol Ha OKPYXAIOIIYI0 Cpedy, 4TO

MIPUBOJNT K JIETPafaliy MPUPOIHBIX CHCTEM, HECTa-
OupHOCTH OHOC(EPHI ¥ yTpaTe CHOCOOHOCTH MOIIEP-
KHMBaTh Ka4eCTBO OKPY’Kalollel cpesibl, He00X0anMoe
JUIS JKM3HEAESTEIbHOCTH 00IIecTBa.

Oco0eHHO HeOnaronpusTHa CUTyalus B Hedrera-
30BO# oTpacnu. Tak, Mo oneHkaM CHenuanaucToB, B 3,2
MJIH TOHH BPEIHBIX BBIOPOCOB, CIKMTAEMBIX TSDKENBIX
HE(TSAHBIX OCTATKOB, Ma3yTa, MOIYTHOIO HE(TSIHOTO
rasa, yJaBJIMBAacTCs B JIydiiem ciydae okoso 50% -
65%. Kpome Toro, BCce TBEpABIE OTXO/BI, 00pa3yIOIIH-
ecsl TIpU BBIMICYIIOMSHYTOH MOOBIYEe W TmepepaboTke
He(PTH, MOTYT OBITh IIMPOKO HMCIIOJIB30BAHEI B HAPOJI-
HOM Xo3sicTBe KazaxcraHa mocie TiyOOKOH W KOM-
IUICKCHOM mepepadoTKH.

HeratnBHoe BiMsHHME NpeanpuaTHi HedTeraso-
BOM OTpaciy Ha OKPY’KaloIyI0 Cpelly IIPUBOJUT K ClIe-
JOYIOIIUM M3MEHEHUSIM €€ KOMIIOHEHTOB: U3MEHEHHE
LIEJIOCTHOCTH MAacCHBOB IIOPOJ, 00Opa3oBaHUE TEXHO-
TeHHBIX JaHAMAa(TOB, HapyLIICHUE 3eMeb, 3arps3He-
HHE aTMOC(EPHOTO BO3AyXa M BOIHBIX OOBEKTOB, 00-
pa3oBaHHWE OTXOJOB HPOW3BOJCTBA, HETaTHBHOE BO3-
JEeHCTBHE HA 3J0pOBbE 4YENOBEKa, THOETb U
TIOBPEX/ICHAE PACTHTENBHOTO IIOKPOBA M OOBEKTOB
XHBOTHOTO MHpA, NOBBIIICHHE PHUCKAa BOZHUKHOBEHUS
ype3BblUaliHbIX cutyauuil. A misiKasaxcrana, oqHoro
U3 MUPOBBIX JHICPOB IO HEPTEIOOBIYE, ITH IKOJIOTH-
4yecKue Mpo0IeMbl CTOAT Hauboliee 0CTpo.

YaenbHble BbI6pOCbl 3arpA3HAIOLMUX BELLLECTB
B atmocdepy

2021

Juazpamma 1 .Yoenvhvie 6616pocel 3a2pA3HAIOWUX GewecnE 8 ammocepy om nepepabomantsiil Heghmu

B nanHo# AnarpaMme Mbl MOXKEM YBHUJIETDH YEIIb-
HBIE BBIOPOCHI 3aTpSA3HSIONIMX BEIIECTB B aTMocdep-
HBIX BO3AyX. C Ka)IIbIM TOI0M CO/Iep’KaHHe 3arpsi3Hs-
IOIMX BBIOpocOB yBenmnumBaercs 1.2 pas. IIpruunoit
TIOBBIIIEHHS Y/IETBHBIX BEIOPOCOB B aTMOC(EPHI MOTYT
MOCITY)KUT yBEIHYHYeHHEe oObeMa IepepadoTaHHOMH

He(bTI/I, TAKXE U3 3a CKUTaCMBbIX TSXKEIIbIX He(i)THHBIX
ocTaTkoB [2].

[Ipomecc mepepaboTkn HEPTH COMPOBOKIACTCS
COTHEN Pa3IMYHbIX XUMHUYECKUX BEHICCTB, N3 KOTOPHIX
MTOYTH Ka)JI0€ TPEThe OTHOCUTCS K BBICIIMM Kiaccam
OITaCHOCTH.
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Tab6muma 1.
Ki1acchl 0macHOCTH BpeIHBIX BeLECTB B aTMocdepe
Cpennsisi cMepTelibHAsI KOH-
Kaacc onacHoctn BemectBa pen P
IEHTPaNNs B BO3IyXe
1-ii — uype3BBIYAITHO
P OCH3anmMpeH, 030H, CBUHEI] menee 500 mr/m?
OTACHBIC
2-ii — BBICOKOOMAc- | (hOpMaNBICTH, CEPOBOJOPOI, cepoyriepona, de- 500-5000 r/ar®
HBIE HOJ, (GTOPHI BOJIOPOJIA, XJIOPH] BOJOPOIA
. OKCHJ[ a30Ta, JUOKCH]I a30Ta, JUOKCHI CEePHI, yrie-
3-i — yMepeHHO A A A A Al CepEL, YT 5
pon (caxka), STHIOCH30JI, B3BCIICHHBIC BEICCTBA 5001-50 000 mr/m
OTIaCHBIC
(mBLIIB)
4-if — MayioomacHple | aMMHAK, OKCHJI yIJIepOa, JUOKCH]] YIIIepoia 6onee 50 000 mr/m?

W3 npuBeIeHHBIX TAOTMYHBIX TAHHBIX MOXKHO Jie-
JIaTh BBIBOJ O TOM, YTO €CTh 4 CAaHUTAPHBIX Ki1accupu-
KAk OMACHOCTEH XUMHUYECKUX U TOKCHUYSCKHX Be-
LIECTB.

Te, KOTOpBIE OTHOCSITCS K HIDKHEMY KJIaccy orac-
HOCTEH, HO B OOJBIIUX KOHIIEHTPALUSIX, MOTYT MPH-
PaBHUBATHLCS K BBICOKOOMACHBIM KOMIIOHEHTaM [3].

Oco0yl0 OMacHOCTh MPEACTABIAIOT  OTXOMIBI
HedrenepepaboTku. CTENeHb YTHIU3AIMH OTXOJOB
HedTernepepabOTKH HE3HAYMTENbHA, M MPUBOIUT K
0OJIBIIOMY HAKOIUIEHHIO OTXOJO0B Ha TEPPUTOPUHU
Harel cTpansl. JIJIst XpaHEHUs 3THX OTXOJ0B MPeIHA-

3HAYCHBI MTOJIUTOHHI (CHenHaIbHbIE WH)XEHEPHBIC CO-
OpYKEHHs), KOTOPBIE TOJDKHBI COOTBETCTBOBATH TpE-
OOBaHISIM 3KOJOTHIECKON 0E30MacHOCTH. DTH TIOJH-
TOHBI SBJIAIOTCS HICTOYHIKAMH 3aTPS3HEHUS OKPYKato-
med  cpedpl  BCIEACTBHE  HCIAPEHUS  OTXOZIOB
HedTenepepabOTKH, WX NPOHUKAHUS B TPYHTOBBIC
BOABI[4].

K OCHOBHBIM HCTOYHHMKAM 3arpsi3HEHUS B PE3YJib-
TaTe HedrenepepadaThIBaIONICH JESTEILHOCTH OTHO-
catcst: cepoBopopoa H2S, okeun yrnepona CO, nuok-
cun yraepona CO2, yriaeBoAopoAd, IHUOKCHA a30Ta
NO2, cepuuctsiii raz SO2, KaHIIEpOTEHHBIC BELIECTBA,
(hopMaTbIeTHIBL.

23% l
13% >

7%

35%

‘

N

H yrnesonopoapl
H npouue
mCO

TBEpA. B-Ba

13% mNO2

uso

Huacpamme 2. Ipubnuzumenvroe npoyenmuoe cooepiicanie peOHblX Geuecms 6 ammocgepy om
Heghuenepepabamvisarougeli npomviuiaennocmu [5].

Ha nansoil nuarpamme npencrasieHa, uyTo 35%
BBIOPOCOB NPHUXOIUThCS Ha okcuaa yraepoma CO.
[IpoxyKTEl TOpeHMSI TOIIMBA COAEPXKAHUS BPEIHBIX
BEILECTB OJTHUM U3 KOTOPHIX siBisiercst CO , ynassrorest
C IBIMOBBIMHU Ta3aMH M OKa3bIBAIOT BPEIHOE BO3JEH-
CTBHE Ha aTMOC(epy M OKPYKaIOLyl0 HNPUPOIHYIO
cpeny. CO oka3bpiBaeT BpeIHOE BO3JIEHCTBUE Ha Opra-
HU3M 4enioBeKa (yrapusii ra3). [Ipu BAbIXaHUH OKCH
yriiepoza 6JI0KUPYeT IOCTYIUICHUE KUCIOPOa KPOBb U
BCIIEJICTBHE JTOTO BBI3BIBACT T'OJOBHBIC OOJM, TOLI-
HOTy, a B Oojee BBICOKMX KOHLEHTPALMIX - JaXe

cmepts. ITJJK CO npu kpaTKOBpEeMEHHOM KOHTAKTE CO-
crasisier 30 Mr/mM3, npu JUmMTENbHOM KOHTakTe - 10
Mmr/M3. Ecin KOHIIEHTpanus OKCH/ia yIiiepoia BO BJIbI-
XaeMOM BO3JyXe HpeBbICHT 14 Mr/m3, To Bo3pacTaeT
CMEPTHOCTh OT WH(apKTa MHOKapAa. YMEHbIICHHE
BBIOPOCOB OKCHJIA YTIIEPOAA JOCTUTACTCS ITyTEM JIOKH-
TaHMS OTXOSIINX Ta30B [6].

Bonbmoit nmporeHT BHIOPOCOB MPUXOAUTCS HA YT-
JIEBOAOPOJBI. SIBNAACH OCHOBHBIMH KOMIOHEHTaMHU
He(TH, IPUPOJHOTO ra3a U NECTHULIUAOB, 3TH BEIIECTBA
CHOCOOCTBYIOT BO3HMKHOBEHHIO IApHUKOBOTO 3-
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(hekTa M M3MEHEHWIO KJINMara, pa3pylIeHHIO O30HO-
BOTO CJIOSI, CHIKEHHIO (DOTOCHHTETUIECKON CITOCOOHO-
CTH pPacTeHHH, a TaKKe yBEJIMYCHHUIO YHCIA CIy4acB
PaKoBBIX 3a00JI€BaHUI U PECIIMPATOPHBIX PACCTPONCTB
y uesioBeKa.

He mMeHee omacHBIMH XUMHYECKUMH BEIIECTBAMHU
sBIsAIOTCs Auokeun azora NO2, nuokcun cepsl SO2 u
nuokcun yriepoaa CO2.

IIpn pacTBOpeHNMH B BOAE AMOKCHA CEPBI 00pa-
3yeT KUCIIOTHBIE JOXKIH, KOTOPBIE IyOAT pacTeHus, 3a-
KUCIIIIOT TOYBY, YBEJMYMBAIOT KHCIOTHOCTH O3€p.
Jlaxe npu cpeHEM COepKAHNH OKCHIOB CEPBI B BO3-
nmyxe nopsaka 100 Mkr/mM3, 9To HEpEKO UMEET MECTO
B IOpPOZaX, paCTEeHUs IPHOOPETAIOT JKENTOBATHINA OTTe-
HOK.

Oxcunpl a30Ta 3aHMMAlOT BTOPOE MECTO TIOCI]E
JIMOKCHIa CEPhI 110 BKJIAy B YBEJIHUEHUE KUCIOTHOCTH
0CaJKoB. B omnonHeHne K KOCBEHHOMY BO3/E€HCTBHIO
(KMCIIOTHBIN TOXK/Ib), JUINTEIHLHOE BO3JEHCTBHE ITUOK-
cuza azota B KoHIeHTparmu 470-1880 MKr/mM3 MoxeT
MOAABIATH POCT HEKOTOPBIX PACTEHUH (Hampumep, To-
MaTOB). 3HAYUMOCTh aTMOC(EpHBIX 3(H(HEKTOB OKCH-
JIOB a30Ta CBA3aHA C yXyIIIEHHEM BUIAUMOCTH. J{nOK-
CHJI a30Ta UTPAET BAXXHYIO POJIb B 00pa3oBaHuH (OTO-
XMMHYECKOTO CMOTa.

3arparuBasi BOIPOCH! 3KOJIOTHUECKOIT Ge30nmacHo-
CTH B YCJIOBHSAX HEOOXOJMMOCTH KOMILIEKCHOTO HC-
MOJIb30BAHUS  YTTICBOJOPOJHOIO CHIPbS, HENb3sl HE
BCIIOMHUTh O Tpo0JieMe YTWIM3AHUU IOMYyTHOTO
Hedrsaaoro rasza (ITHI"). Ceiiuac 3ta mpobieMa akTy-
aNbHA TPaKTUYeCKH U1 M000i HedTemoObIBaromeit
KoMmaHuH. [lomyTHBIN HETSIHOM ra3, 3ajeraroInit
BMecTe ¢ He()ThIO, HA JaHHBI MOMEHT HE OCBaHMBa-
eTcsl, yTHIM3AIHS ero MPOUCXOANT ITyTEeM CXKHTaHUS B
(akenax. CxuraHme TOMYyTHOrO He(dTAHOTO rasza
(ITHT) Ha (akenmpHBIX YCTAHOBKAX MPHUBOANT K 3HAYH-
TEJILHBIM MOTEPSIM IEHHOTOXUMHUYECKOTO ChIPbs. Y TH-
nm3arms [THIT mo3Bosmia 661 €XeroIHo MPOU3BOAUTE
J10 5-6 MITH. TOHH KHJKUX yTJIEBOAOPOIOB, 3-4 MIIp.
KyOoMeTpoB 9TaHa, 15-20 mupn. kyOOMETpoB CyXoro
raza wim 60-70 Teicsiy ['B1/4anexrposneprun. Pacuers
MOKAa3bIBAIOT, YTOYMYIIEHHAsA BHITOJa OT KaXJIOTO CO-
JOKEHHOTO MWDTHapaa kyomdecknx metpos [THI ak-
BUBAJICHTHA TIOTEPE TOBAPHOW NMPOAYKIMH HA CYMMY
270 MutH. HONIAapoOB, MPHU ITOM MOTEpU OOIKETa CO-
CTaBJIAIOT MOpsiAKa 35 MITH. JI0J1apoB.

Kpome Toro, cxxuranue ITHI" npuBoaut x 3Hauu-
TENBHBIM BBIOpOCaM B aTrMocdepy ILeloro CIeKkTpa
KaHIIEPOTE€HHBIX ¥ TOKCHUYHBIX TPOJYKTOB CrOpaHUs U
MapHUKOBBIX Ta30B. BwIOpockl, oOpasyromuecs mnpu
coxurannu [THI, coctaistror 0koiio 2% oT BEIOPOCOB
BCEX CTAllMOHAPHBIX MCTOYHHWKOB. [0 pa3HBIM OICH-
KaM, 3a roJ1 B pe3ynbrate cxxuranus [THI B atmochepy
BeIOpaceiBaeTcs 400 ThIc. T BpeHBIX BemecTs. B cpex-
HeM Ha | T 1oObITOW HeTH MPUXOANTCS OKOJO 8 KI
BPEIHBIX aTMOC(EPHBIX BBHIOPOCOB, KOTOPBICJIOKAIH-
3YIOTCSl TIPEUMYILECTBEHHO B CHIPHEBBIX pErHoOHax.
Cxuranue [THI' compoBoxkiaercsi Takke TEMJIOBBIM
3arpsi3HEHHEM OKPYXKaloIIeH cpenbl: BOKpYr (akena
pannyc TEpMHYECKOTO pa3pylIeHHUs MOYB KojebeTcs
B npeenax 10-25 merpos, pacturensHocTr — oT 50
10 150 metpos [7].

3arps3HeHuss atMochepsl TPOIYKTaMUTOPEHUS
ra3a BO3MOKHO M30eXaTh, HAIIPaBHB T'a3 Ha MMPON3BO/I-
CTBEHHbIE HYX[bl IOTPEOHUTENICH WM caMOH KoMIla-
HuH. B nocnennue rogpl HedrerazoBble KOMIIAHUU 00-
Jiee aKTUBHO HAYMHAIOT COBEPILIATH CAEJIKH, UCTIONb3Ys
MEXaHHM3MBI, NPEAYCMOTPEeHHbIe KHOTCKMM MPOTOKO-
oM k Pamounoiikonseniun OOH 00 n3MeHeHUN KITH-
MaTa, YTO TaKXKe MOXKET CII0COOCTBOBaTh Ooiice 3-
(dexTUBHOMY pemieHnto 3amadu yrwmmsamuu [THI 3a
CYET TONyYeHUs OCTyIa K MHOCTPAHHBIM TEXHOJIO-
THSIM HOOOPYIOBAHUIO B PE3yJIbTATE Pean3alliil KBOT
Ha BBIOPOCHI.

Taroke 0CTPO CTOHT BOTIPOC 3arpsi3HEHHS THIAPO-
chepbl HedTenmpoayKTaMu. DTa MpodiieMa Kacaercs
KakK HeOOJIBIINX BOZOEMOB U PEK, TaK M BoA MHpOBOTrO
okeaHa. EsxerogHo mnpoucxoaut okosio 60 KpymHBIX
aBapuil 1 6osee 20 ThICSY ciIydaeB, 3aKaHYMBAIOIIUXCS
3HAYUTEJIBHBIMU pa3nuBaMu HedTH. Bomonsmerenne
HeTAHBIX TAHKEPOB yBenuuuBaeTcsu pocturaet /00
TBICSY T, IOATOMY KaTacTpO(bl TAHKEPOB OKA3bIBAIOT
BIIMSTHAE HA MOPCKHE OMOIIEHO3BI BCETO 36MHOTO IIIapa.

HedrenpoaykTsl mOCTynaroT B MOPSI U OKEAHBI H
Yyepe3 KaHAJIU3aIMOHHBIe cTOKH. Ha mormio mpeampwsi-
THil HeTerazoBoro KoMIuiekca npuxoaurcsodonee 1%
o0beMa HCTIONB3yeMOi cBexkeid Bomel B Poccmm u
oxoJo 13 % cOpoca cTOUHBIX BOJ B BOJOEMBI.CO CTOU-
HBIMH BOJIaMH NIPEANIPUSTHH HeTera3oBoi 0Tpaciu B
BOJIHBIN 0acceilH MOCTYMarT HEeQTEIPOIYKTHI, XJIO-
punsl, cynbhuabl, GeHoNbl, COeqUHEHHsT a30Ta, COJIH
TSDKEJIBIX METAJJIOB, B3BELICHHBIE BEIIECTBA U JP.

Esxxeromno B okeaH cOpaceiBaeTcs Oomee 10 miH.
ToHH HepTH. Yxe mourd 30 % moBepXHOCTH OKeaHa
MTOKPHITO HePTAHOW TUIeHKOH. OcoOeHHO 3arps3HEHBI
Boabl Cper3eMHOT0 MOPSI HATIAHTHYECKOTO OKEaHa.
Jis rubenu OONBIIMHCTBA BHOOB PBIO TOCTATOYHA
KoHIeHTpanus Hedgtn U HedTenpomykroB okoixo 0,01
mr Ha 1 autp Boabl. Takke yriaeBomopoibl 00pasyroT
IUICHKY Ha MOBEPXHOCTH BOJIbI, TEM CaMbIM HEPEKPHI-
BaIO JIOCTYII Kucaopoaa peidbam. ToHHA He(DTH 3arpsi3-
usiet 12 km?noBepxHocTh okeaHa. JIuTp He(TH IuLIaeT
KUCJIOPO/a, CTOJb HEOOXOAMMOro pbIOaM, 3arps3Hss
npu 3ToM 40 TBIC. T MOpcKOit Boabl. HedTaHas mieHka
yMeHbIIIaeT ucnapenue Bos! Ha 60 % [8].

HeratuBHble mociencTBus oOpa3oBaHus HeQTs-
HBIX IJICHOK HOCST TNTOOANBHBIA XapaKTep:

- CHIDKCHHE KOJIMYECTBA OCAJKOB HaJ KOHTH-
HEHTAaMH MPUBOJNT K YBEITHYCHHIO ITyCTHIHHBIX yYaCT-
KOB CYIIIH;

- OoJsiee yacToe BO3HUKHOBEHHE IIMKJIOHOB, W3-
MEHEHHE METCOOOCTAaHOBKH,

- COKpAIlleHHE BUJIOB U YHCIEHHOCTH MOPCKUX
1 TIPECHBIX PHIO;

- MaccoBas ru0elb MTHIl U MOPCKHX MJICKOITH-
TarOLIHX.

MBEI cuuTaeMm, 4To NpeIOTBPAIICHHIO 3arPsI3HEHUS
ruapocepsl HePTENPOAYKTAMH MOTYT CIIOCOOCTBO-
BAaTh CIICAYIOIINAE MEPOTIPUATHS:

- COBEPLICHCTBOBAHME JKOJOTUYECKOTO 3aKO-
HOJIaTEIICTBA;

- paunMoHAIBHOE pa3MelleHHe IMPEIIPHUITHI
He(TerazoBoro KOMILJIEKCAa C Y4€TOM OCOOEHHOCTEH
NIPUPOJHOM SKOCUCTEMBI;
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- yBeJIMYCHHE WHBECTHLUI B WHHOBALMOHHBIC
TEXHOJIOTHH TPAHCIIOPTa, JOOBMU W TMepepadOTKH
HedTy;

- pa3paboTKa HOBBIX CIIOCOOOB M METOJOB JUIS
OYHUCTKH MOBEPXHOCTH BOJHBIX O0BEKTOB;

- ToBBINICHHUE 3P PHEKTUBHOCTH CHCTEM OYHCTKH
CTOYHBIX BOJ Ha MPEINPHUITHAX HE(PTEra3oBOro KOM-
TUIeKCa.

BeiBoa. B 3axitoueHue MOXHO CAenaTh BBIBOJ,
YTO 3KOJIOTHYECKOE COCTOSHHE OKPY)KAIoIIeH cpemsl
IIPY TIPOM3BOJCTBEHHOW JEATENBHOCTH HedTemepepa-
0aTHIBAIOIINX MPEAIPUATHN SBIIETCS CEPhE3HOM PO~
6reMol, KOTOPBII 3aTparuBaeT BCEX aclEeKTOB OKpPY-
JKaroled cpeibl, MMEHHO IO3TOMY Ul €€ pEeIIeHUs
HYKHBI KapJUHAJIbHbIE MEPBHIL.
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CIIMPTOM.

Abstract
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Tepmesckuti 20Cy0apcmeentblil yHugepcumem

A aminocolhamine derivative with 2-methyl-5-ethynylpyridine from the Colchicum luteum baker plant was
synthesized. The structure of the synthesized compound was confirmed by the data of IR and PMR spectra. In the
IR spectra of compounds with an ester group, absorption bands of the carbonyl group (1735-1730 cmt) appear,
and in the spectra of carbinols of the hydroxyl group (3400-3450 cm™).

AHHOTaLUA

CuHTE31pOBaHO NPOU3BOAHOE AMUHOKOIXaMHHA C IPONAprHUIOBBIM CIUPTOM. CTpOEHHE CHHTE3UPOBAHHOTO
coenuHenus moaTeepskaeHo aaHueiMu K- u [IMP-ciektpos. B UK-cnekTrpax coequHeHNH CO CI0)KHOIDHUPHOM
IPYIIUPOBKOMH MPOSBIAIOTCS MOJIOCH! MOTIOMIEHHs KapOOHWIbHO# rpymisl (1735-1730 cm™?), a B ciexTpax rua-

POKCHIIBHO} rpymmsl kapounonos (3400-3450 cm?).

Keywords: Aminocolchamine, 2-methyl 5-ethynylpyridine, IR spectroscopy.
KiroueBble cjioBa: AMUHOKOIXaMUH, Iponapriosslil cnupt MK-crnexkrpockonus.

BBegenune. B mupe ankanounsl - pacTureiabHbIE
OCHOBAHUSI, UMesI COBEPIICHHO Pa3HOOOpa3HBIC XIMHU-
YECKHE CTPOSHUS 1 (PH3UOIOTHICCKYIO aKTHBHOCTH CO-
CTaBJISIIOT OJUH OTPOMHBIA KJIacC OPraHMYECKHUX CO-
enuHeHMA. ['MyOOKOe HMCClemOBaHWE WX CTPOCHHS H
(hU3MOTIOTHUECKOW AKTUBHOCTH BHECIO OTPOMHBII
BKJIa/l B pPa3BUTUE TEOPETUUYECKONW OPraHUYECKON XU-
MHH U MEJIMLIMHCKOMN MpakTUku. B To ke BpeMst uHTe-
pec K HMX HCCIENIOBaHUIO He ociabeBaeT, MPUHOCA
HayKe U TMPaKTUKE BCE HOBBIE PE3YNILTAThI. Y CTAHOBJIE-
HHUE OCOOCHHOCTEH MX CTPOCHHS UMEeT 0co0oe 3Have-
HUE.

B Mupe nexapcTBEHHBIX CPEICTB CO3JaHHBIX Ha
OCHOBE AJKaJIOWAOB IPYINI TPOMNOJOHA HIMPOKOMAC-
MTAa0HO MCIIONB3YETCs B MIPAKTHKE MEAUIINHBI U Opra-
HU4eckoro cuHresa. K rpynme ankanonioB OTHOCATCS
TPOTIOJIOHOBBIE, TPOAYIEHTAMH KOTOPBIX SIBISIOTCS
6esspemennnku (Colchicum L.) u 6nuskue um pacre-
Hus cemeiicTBa JlmneliHpix. CTpyKTypHOE pazHooOpa-
3Ue UX AKAJIOHUJIOB, BaXKHbIC (PU3UOJOTHIECKUE CBOM-
CTBa W HAXOXJCHHE BCE HOBBIX WX TpeICTaBUTENEH
OBLJT MPOBEICH PSI/T MCCIIEIOBATENILCKUX PadoT.

B naiueii crpane ¢ uenbio pa3BUTUS XUMHUYECKON
MPOMBIIIJICHHOCTH Pa3padaThIBAOTCS 3P (PCKTHUBHEIC
METO/Ibl U3BJICUEHUS JIEKAPCTB U3 PACTEHUI, OTBEUYAIO-
IIMX COBPEMEHHBIM TPeOOBaHUSAM, 0CcO00C BHIMAaHUE
YACTSIIOCH BBIICNICHHUIO A((EKTUBHBIX CIOCOOOB pac-
TUTEIBHBIX JICKAPCTBEHHBIX BEIIECTB, OBLIM JOCTHUT-

HYTHI OIIPEAEIEHHbIC YCIIEXN B CO3aHUH JIEKapPCTBEH-
HBIX TIperapaTtoB. Mepsl, NpPEANpPUHATBIE B 3TOM
HalpaBJICHUH, MIPUBEIN K ONpPENENICHHBIM DPEe3yJbTa-
Tam, B TOM 4HCJIe, IPUHUMAIOTCS OOIIMPHBIE MEPHI 110
BBIJIETICHNIO (PU3HOJIOTUUECKH aKTHBHBIX BEIIECTB U3
JIEKapCTBEHHBIX PACTEHHUH, IO CHHTE3y UX MaJOTOK-
CHUYHBIX MPOAYKTOB, a TAaKOKe IO HM3YyYCHHWIO COCTaBa,
CTPYKTYpPbI U CBOMCTB CUHTE3UPOBAHHBIX COEIMHEHU,
JUIS OTIpeAeTICHHs] 3aBUCUMOCTH UX (H3HOIOTHIECKOMH
AKTUBHOCTH OT CTPYKTYpPHI. B CBSA3M ¢ pocTOM U pa3Bu-
THEM pa3HbIX OTPACIIeii X035 cTBa BO3pacTaeT MoTped-
HOCTb B HOBBIX KJIaccaxX CO€AMHEHNI, 0COOEHHO coziep-
KAIUX YIIIepOA-yIIIEpOIHYI0 TpOHHYI0 cBs3b. [lo-
9TOMY XUMHYECKas TpPOAYKIHMS, TOJy4eHHas Ha
OCHOBE alleTWJICHA M €r0 MIPOM3BOJHBIX, B MOCIIEIHUE
TO/bI CTaja OOBEKTOM LIMPOKOTO MCCIICTOBAHUS CHH-
teTndeckord xumun. OcoObIii WHTEpeC K JTOW Mmpo-
61emMe 00BACHIETCS BEICOKOH peakIImOHHOM CIIOCOOHO-
CTBIO M OONBIIMMH NEPCIEKTHBAMHU HPAKTUYECKOTO
HCTIOJB30BAaHUS TAKUX CHHTETHYECKHUX MPOAYKTOB, HA
OCHOBE KOTOPBIX BO3MOKHO TOTy4eHHE (PHU3NOTIOTHYe-
CKM aKTHBHBIX BemIeCTB [1, 2] HHrHOUTOPOB KOPPO3UH
MeTtaioB [3] u mpoyee.

OCHOBHOE UCXOJHOE€ COEAMHEHHE IS MpOBeJe-
HUSI CHHTE3a — aMHWHOKOJIXaMHH - OBbII BBIAEIEH W3
pactenus Colchicum luteum baker, npouspacrarorero
B cremsix CypxaHnapuHckoil obnactu PecryOmmku
V36ekucTan [4].
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3aMeueHo, 4YTO BBEACHHE B MOJIEKYJy JieKap-
CTBEHHBIX BEIIECTB TPYIHII, COJEPIKAIINX alleTHICHO-
BYIO CBSI3b, 3aMETHO CHIDKAET MX TOKCHYHOCTB. B pa-
00Te CHHTE3UPOBaHbI IPOU3BOAHBIE aMUHOKOJIXaMHHA
CO 2-METHJI-5-3 THHUIIUPUANHOM.

JKcnepuMeHTAIbHAS YaCTh

Cunmes npou3eo0HbIX AMUHOKOAXAMUHA CO 2-
Mmemun-S5-3mununnupuounom. Hasecky 1,0 T amusO-
KOJIXaMUHa pacTBOPSAIU B 17 MII CBeXeneperHaHHOIO
Y BBICYIIIEHHOTO JIOKCAHa, B TOJIYy4YE€HHbIH pacTBOP J10-
6asmsim 0,12 r mapagopwma, 0,01 r rugpoxunona u 0,03
T' OJTHOXJIOPHCTON Meu. 3aTeM J100aBIIsUId SKBUMOJIE-
KyJSIpHOE KOJMYECTBO 2-METHJI-5-3THHUIMHPHINHA.
Cozepxumoe B KoIOe TIIATENBHO MepeMennBaiu [5-
7.

Peakuuio KoHIEHCAIIMM aMUHOKOJIXaMHUHA C alle-
THJICHOBBIMH COEIMHEHUSIMH ITPOBOAMIN 110 MaHHUXY,
B 3KBHMOJIEKYJIIPHBIX COOTHOIIEHHUAX PEAareHTOB.

[NomyaeHHBIE BEIECTBA MPEACTABIISIOT COOO0I HO-
POIIOK CBETIO-KENTOTO IBeTa. MEeTOI0M TOHKOCIION-
HOM Xpomarorpa(uu yCTaHOBICHO, YTO NPOIYKTHI
CHHTE3a UMEIOT Onm3kue 3HadeHus Rr. B To ke Bpems
o XpomaTtorpaduueckoll MOJBMXHOCTH OHH CHIIBHO
OTJIMYAIOTCA OT MCXOJHOTO aMHHOKOJXaMHHA, MMes
BBICOKHE 3HaueHUA Ry.

BcnencTue ankunbpHOTO (@ He aIfiiIbHOT0) Xapak-

H:CO

H;CO

BroiBoabI

1. CuHTE3upOBaHO HOBOE MPOM3BOIHOE AMHHO-
KOJIXaMHWHA C MPOTaPTUIIOBBIM CITUPTOM

2. Meronamu [IMP u MK cnekTpockonmuu moj-
TBEPKJIEHBl COCTaB U CTPYKTypa CHHTE3MPOBAHHOIO
COEIMHECHUS
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