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TECHNICAL SCIENCE
Shaihulova A.F., Poezjalova S.N., Gavrilova O.A.

MACHINE LEARNING BASED ON
REGRESSION MODELS FOR LONG-TERM
DIGITAL PRODUCTION MANAGEMENT
Shaihulova A.F., Russsia, Department of Aviation Technological
Systems, Ufa State Aviation Technical University
Poezjalova S.N., Russsia, Department of Aviation Technological
Systems, Ufa State Aviation Technical University
Gavrilova O.A., Russsia, Department of Aviation Technological
Systems, Ufa State Aviation Technical University
Abstract
In article the systems principles of management are considered by
innovative projects. Regularities of development of high and critical
technologies are presented to ASSR (the automated systems scientific
researches) and also regularities of development of these technologies in
ASTPP (the automated systems of technical preparation of production) and
innovative projects for production modernization.
1. Introduction
For ensuring development of innovative economy with the
President (The decree of the President of the Russian Federation № 596 of May
7, 2012 "About long-term state economic policy") and the Government Russia
(The Strategy of innovative development of the Russian Federation for the
period till 2020. (The order of the Government of the Russian Federation
of December 8, 2011 of № 2227-R)) are defined the main actions for creation
and modernization by 2020 of 25 million high-performance workplaces,
increase in a share of production of high-tech and knowledge-intensive
industries, increase by 1,5 times of labour productivity by 2018 concerning
level of 2011.
Strategy of innovative development of Russia for the period till 2020 in
addition to the told defined the following indicators:
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•
the share of the enterprises of the industrial production which
is carrying out technological innovations, will grow to 40–50%;
•
the share of innovative production in the total amount of an
industrial output will grow to 25–35%;
•
internal costs of researches and development will reach 2,5–
3% of an internal gross product.
It is supposed that innovative development will turn into the main
source of economic growth.
It is known that control of innovative development is exercised on the
basis of development of innovative projects and programs of creation of
innovative production and development of technological innovations.
In science the concept of the innovative project includes system of the
actions providing during the set period of time creation, production and
realization of a new type of production or technology for the purpose of
receiving profit or other useful effect.
Innovative projects, as a rule, have to meet the following requirements
to:
1. contain the offers united by the uniform purpose of creation of
innovations;
2. contain technical justification and expediency of implementation of
the innovative project;
3. contain the documents confirming novelty and right security of the
innovative project;
4. contain the program of implementation of the innovative project;
5. contain an economic justification of the innovative project;
6. contain the economic justification confirming return of spent means
in the budget of the investor.
In this publication new scientific regularities which have to be used in
innovative activity, including in the automated systems of technical preparation
of production (ASTPP), the automated systems scientific researches (ASSR) of
high and critical technologies and other automated control systems for
innovative projects (PMIS, ERP, CRP) for ensuring high efficiency of results of
innovative design are shown.
2. Systems principles of management of innovative projects
The problem-oriented the automated system of technical training of
production (ASTTP) on innovative activity provides integration of design,
technological and organizational preparation of production on the principles of
the systems (interconnected) innovative activity focused on creation of
innovative production and technological innovations of high scientific and
technical level and efficiency.
In these conditions innovative activity is based on application not only
the best practices, but also on practical application of laws and regularities of
science, in this case "Innovatics" are laws of change of technological ways,
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developments of equipment and technologies at various stages and stages of life
cycle of innovations, alternations of generations of equipment and technologies,
distributions (diffusion) of high and critical technologies [1].
The called scientific laws explain wave dynamics of development of
technical (technological) systems. Modification of technological system during
innovative activity and/or innovative design within the constant principle of
action, as a rule, causes its advance up on a S-shaped curve, and change of the
principle of action – change of a S-shaped curve of development (fig. 1). If such
changes don't go beyond defined “tube of trajectories”, we have the right to
state a sustainable development of system.

Fig. 1. The tube of trajectories of a sustainable development of
system
The criterion of stability of any system can be determined analytically
by Lyapunov [2] as follows: if at least one movement of system (change of its
parameters of a condition – pi) goes beyond eventually some vicinity of Gk, the
system is unstable. In our case the vicinity of Gk is a tube of trajectories, and
parameters of a condition (pi) are vectors of the main criterion function of
developing technical (technological) F system a type of parameters, for
example, its technological level, quality, competitiveness.
The analysis of change of criterion function of technological system in
borders of “tube of trajectories”, its sustainable development characterizes wave
dynamics of its growth (fig. 1) with use of S-shaped curves (dependences of a
sigmoid look).
S-shaped regularities of innovative development of technological
systems can be explained by means of various mathematical models for [1]:
•
the law of change of technological ways is a system of the
differential equations in private derivatives;
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•
the law of evolutionary development of innovative production
and the law of alternation of generations of technologies is Fermi's equation and
the sigmoid equations like “arctg”;
•
research of the scientific law of diffusion (distribution) of
technologies are logistic equations, Fischer Praia, Gompertts's equations, the
Pearl and others.
Management of separate innovative projects on the basis of use of Sshaped regularities can be explained with the following example, fig. 2.

Fig. 2. Schedules of change of cost of the project and course of its
schedule
When using this method of management by innovative projects in the
conditions of ASTPP it is important to know concrete mathematical models of
S-shaped regularities for various types of innovative projects. In this regard
further we will consider the called S-shaped regularities in more detail for
development of high and critical technologies during:
•
research and development performance with use of modern
ASSR (the automated systems of scientific researches) of high and critical
technologies in innovative design;
•
development of innovative projects of technical
(technological) rearmament of production for statement on production of
innovative production in the automated systems of technological preparation of
production (ASTPP).
3. The use of regularities of development of high and critical
technologies in ASSR
The S-shaped regularities of development of the aircraft equipment (for
example, fighter aircrafts) it is possible to illustrate in fig. 3. The dependences
of innovative development given on this drawing generalize (unite) a set of
points, each of which corresponds to this or that model of the fighter aircraft of
concrete generation and concrete technology of application. It can be, for
example, technologies:
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•
stealth technology – the production technology of the military
planes providing the lowered radar, infrared, optical and acoustic visibility of
aircraft;
•
stovl (Short Take-Off Vertical Landing) – in this case the
plane will be able vertically to fly up or from the truncated runway and to sit
down vertically.
The regression equations for these supersonic fighter aircrafts look
like S-shaped curves (sigmoid).

Fig. 3. The generalized S-shaped regularities of alternation of
generations of jet fighter aircrafts
From fig. 3 it is visible that the type of functions generally corresponds
to the generalized data of the theory of the system engineering, given in fig. 1.
Told allows to establish by means of ASSR of high and critical technologies [3,
4] the following.
The law of alternation of generations of the equipment, essentially
differing with a method of performance of technology of the same appointment,
claims that “for ensuring durability and/or competitiveness of technical systems
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of their generation replace on the basis of basic change of technologies of this
generation of systems”. The explanation of the law of alternation of generations
of equipment and technologies is based on the description of differences of
several waves of development.
Statement on production of new products, alternation of generations of
equipment have a consequence need of modernization of production of this
production. This dependence can be explained with need of technological
support of new qualitative properties of products and overcoming of arising
disbalance of capacities of the enterprises mastering production of this
equipment (products).
Thus, by means of ASSR of high and critical technologies it is possible
to carry out technical justification and expediency of implementation of
innovative projects of two types:
•
creations and statements on production of innovative
production;
•
development and development of technological innovations
during the solution of problems of statement on production of new equipment
during development and implementation of innovative projects of technical
(technological) rearmament of production.
4. The use of regularities of high and critical technologies
development in ASSR and innovative projects for production
modernization
Statement of new products (innovative production) on production
means introduction of new technologies and, respectively, the new: flexible
automatic transfer lines, groups of the mechanotronic machine equipment, the
automatic sites, the robotized production sites, automatic transfer lines and rotor
and conveyor complexes and other complexes of the equipment providing
development of technological innovations.
For management of processes of development of new technologies
(technological innovations) and technological preparation of new capacities in
the conditions of ASTPP [7, 8] also as well as in research and development it is
necessary to know scientific regularities of development of technologies in
production. In this work the S-shaped regularities characterizing process of
development of new technologies, fig. 4 which also look like sigmoid were
revealed.

12

11th International Conference “Science and Technology”
27-29 October 2019

Fig. 4. The schedule of input of the mechanotronic machine
equipment (the multi-purpose processing “HermleC60” center)
Note: point “A” – the special point which hasn't been connected with
preparation or execution of project documentation, and designating only
preparation of organizational and administrative documents.
Data on innovative projects of technical (technological) rearmament of
production were formalized and submitted in a tabular form. As an example the
project of introduction of mechanotronic technologies on the basis of the
processing center of “Hermle C60” model is considered (fig. 5).

Fig. 5. The schedule of development of technologies by input of the
mechanotronic machine equipment (the multi-purpose processing
HermleC60 center)
As a result of the made analysis it is established that in addition to
[1] S-shaped dependences known from innovatics which apply in research and
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development, and also in analysis tasks of “diffusion of technologies” in the
conditions of the decision in innovative projects of tasks of “development of
new technologies” in the course of development of projects of technical
(technological) rearmament of production the new type of S-shaped curves
(sigmoid) in the form of the Ferkhyulst equations which in innovative design
weren't applied earlier can be used.
Thus, production development from the point of view of system
engineering also as well as development of new devices (designs, innovative
production) can present in the form of continuous wave process of development
of technologies (fig. 1) – “curves of development of technologies” which in this
look are recommended for describing the Ferkhyulst equations.
Approach to the system analysis of development of production taking
into account change
of S-shaped regularities (wave approach) opens new
possibilities of management of innovative projects of technical (technological)
rearmament of production in the conditions of ASTPP. Management of
transient of development of new technologies is essentially important for
realization of a new method of development of capacities in projects of
modernization of production, fig. 6 [5, 6]. In fig. 6 analytical dependences of
change as outputs in shop (site) – V(t), and a curve of growth of capacity –
M(t) at the expense of modernization of production and carrying out other
organizational and technical actions for modernization and/or production
improvement are shown.

Fig. 6. The scheme for the analysis and determination of volumes
of capital investments according to the project of modernization of
production
In fig. 6 the following symbols are accepted:
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•
V(t) is a curve of change of volumes of release of products,
•
V* - the output on which the enterprise intends (plans) to
leave by the time of time.
The problem of mathematical modelling for management of this
process consists in definition of terms and volumes of entered capacities of
“C” at the expense of development and implementation of the project of
modernization of shop (a site, the case) which has to provide the planned
strategy of modernization of production on the basis of use of Sshaped regularities “development of technologies”:
•
(а1; в1) – S-shaped curve of transient of implementation of
the project of modernization at the expense of borrowed funds (credit);
•
(а2; в2) – S-shaped curve of transient of implementation of
the project of modernization at the expense of own enterprise assets (profit).
In this interval the combined schemes of management of the project
from various sources of financing are possible.
Application of the scheme of the analysis of transients considered in
fig. 6 [9] during development of innovative projects of technological
rearmament of production allows not only to develop “development of new
technologies” not only separate projects, but also target programs of
modernization of shops and sites of the enterprise and to develop the schedule
of continuous technical reconstruction (modernization) of production [1].
Practice of work of one of the enterprises of the aviation industry for
such schedule within five years at the expense of application considered above
system of performance of work in the economic way showed very essential
results:
•
reconstruction of eight shops,
•
modernization of 50 production sites,
•
performance of other organizational and technical actions.
As a result the actual index of growth of output made [9] 194,4%,
labour productivity of 179,6%, production of 52 new products of the aircraft
equipment was mastered, working conditions more than 5000 workers are
improved, capital productivity increased, other technical and economic
indicators of operating production are improved.
5. Conclusion
It is established that innovative activity is based on application not only
the best practices and empirical data, but also on practical application of laws
and regularities of science, in this case "Innovatics".
The called laws and regularities are based on wave dynamics of
development of technical (technological) systems. Modification of
technological system during innovative activity and/or innovative design within
the constant principle of action, as a rule, causes its advance up on an Sshaped curve, and change of the principle of action – change of an Sshaped curve of development.
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When using system approach to management of innovative projects in
the conditions of ASTPP it is important to know mathematical models of Sshaped regularities and dependences for concrete types of innovative projects.
In this regard can be reduced to various types of S-shaped curves of
development: Fermi's equations for separate innovative projects; logistic
dependences for research of diffusion of technologies; use “arctg” for sigmoid
functions in the system analysis of processes of alternation of generations of
equipment and technologies.
The new S-shaped curve of innovative activity established in this
research in case of the system analysis of innovative projects in ASTPP by
means of the Ferkhyulst equation can be used in projects of technical
(technological) rearmament of production for the system analysis of regularities
of "development of technologies".
Practical use of this regularity is recommended to be carried out
"development of technologies" within development of schedules of
modernization and reconstruction of shops of the machine and instrumentmaking enterprises that allows to increase efficiency not only innovative
projects of statement on production of innovative production, but also projects
(target programs) technological preparation of production in the form of
innovative projects of technical (technological) rearmament of production.
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ALKOPERIT DISINFECTANT ON THE
CLINICAL INDICATORS OF RABBITS
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Professor, Doctor of Agrcultural Sciences, Federal State Budgetary
Educational Institution of Higher Education «Moscow state Academy of
Veterinary Medicine and Biotechnology- MVA by K.I. Skryabin», Moscow,
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biotechnology Federal State Budgetary Educational Institution of Higher
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Abstract
Aerosol use of disinfectants is accompanied by an extremely rapid
flow through the alveolus of the lungs of all components into the bloodstream,
and the spread of blood throughout all organs and tissues of the body. In this
regard, a thorough analysis and experimental verification of the safety of all
developed preparations intended for aerosol use plays a special role. This article
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presents the results of an experimental verification of the study of the toxicity of
the aerosol of AlcoPerit disinfectant in rabbits.
Keywords: disinfectants, fire safety, aerosol use, cold mist,
morphological composition of the blood.
Relevance
About half the volume (45-50%) of chemicals, with the inhalation
route of administration, settle on the epithelial tissue of the mucous membranes
of the upper respiratory tract. 25-30% of the volume of aerosolized substance
quickly enters the blood due to the active susceptibility of the alveolus of the
lung tissue. Further, a small and large circle of blood circulation passes,
spreading through the organs and tissues of the body. Approximately 25% is
expelled with expired air. [1,2] In the presence of toxic properties of even an
insignificant volume of the component of the aerosol preparation, this substance
quickly reaches sensitive tissue with the aerosol method of penetration into the
body, actively damaging the cells. In the presence of a cumulative effect,
toxicants reach depositing tissues, accumulate extremely quickly, and affect the
body in the form of chronic intoxication [3,4]. In this regard, preparations
newly developed for aerosol use should undergo a comprehensive assessment,
including signs of local and general effects on the animal organism. The most
important indicator of the absence of a negative effect of the drug on the body is
the clinical indicators of animals. With aerosol application, it is important to
note such parameters as activity, the safety of experimental animals, respiratory
rate, effect on the skin, mucous membranes of the upper respiratory tract and
eyes. One of the main indicators reflecting the clinical condition of the animal
is the morphological composition of the blood, creating a special environment
for the transfer of nutrients to organs and tissues of the body and diverting
metabolic products. [5] Morphological indicators allow them to be used to
assess the general condition of the animal and make it possible to draw a
conclusion about the physiological state.
Objective:
To determine the absence of toxicity for rabbits disinfectant
"AlcoPerit" with aerosol application
Research tasks:
To achieve this goal it was necessary to perform the following tasks:
1.
Place laboratory animals (rabbits) in conditions similar to the
conditions of aerosol disinfection with «AlcoPerit»;
2.
Observe the main clinical indicators of rabbits for 7 days after
treatment;
3.
To study the morphological composition of the blood of
rabbits exposed to the aerosol of the drug "AlcoPerit" after 6 hours and 7 days
after treatment;
4.
Based on the data obtained, draw a conclusion about the
safety of the aerosol use of the drug "AlcoPerit" in the presence of animals.
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Materials and methods:
For conducting experimental studies, an airtight box with a variable
volume of 0.1 - 0.2 m3 of air was used, which varies depending on the type of
animals involved in the experiment. The working solution of «AlcoPerit» was
aerosolized in an airtight stand in the presence of animals for 1 minute,
followed by an exposure of 10 minutes (disinfectant consumption was 5 ml per
1 m3 of air). Immediately after the experiment, the animals were placed in their
usual conditions. Assessment of the observed parameters was carried out daily
for 7 days. Blood for determining the morphological composition of the rabbits
was taken from the marginal ear vein after 6 hours and 7 days after aerosol
treatment with «AlcoPerit».
Observation of the physiological state, the safety of animals was
carried out for 14 days after the reproduction of aerosol disinfection conditions.
During the test, we observed the behavior of animals, paying attention to
changes in their natural position, stability when moving, physical activity, the
presence or absence of convulsive muscle contractions, shortness of breath,
signs of irritating effect (scratching of the skin areas with a muzzle, “washing”
movements, closing of the eyelids) and behavioral adaptation (group
“crowding”). At the end of the exposure, an additional examination of the
animals was carried out, checking their motor ability (with a light injection of a
needle into the hind limb), noting other external manifestations of intoxication
(for example, the presence of discharge from the eyes, nose, mouth, breathing
noise, etc.). They drew attention to the consumption of feed and water, the act
of defecation and urination, the activity and orientation in space, the state of
visible mucous membranes, pupils, the color of the auricles, the condition of the
skin and coat, the tone of the skeletal muscles and the coordination of
movements. Observation of the animals of the experimental and control groups
showed that during the entire observation period no negative effects were noted.
Animals of the experimental and control groups showed the same motor
activity, reacted to stimuli, actively took food and water. Changes in the visible
mucous membranes and skin were not noted, there were no fat al outcomes.
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Figure 1 – Schematic diagram.
The results of hematological studies presented in Figure 1 indicate the
absence of significant statistical differences in the content of uniform elements
and hemoglobin in the blood in animals of the experimental and control groups
at all periods of selection of clinical material.
Conclusion
The results obtained indicate the absence of the toxic effect of the
«AlcoPerit» disinfectant aerosol on the rabbit organism.
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Abstract
For the first time, data were obtained on the geroprotective properties
of basidiomycetes, the edible fungus Phallus impudicus — an increase in the
average lifespan of models up to 2.5 times. But the dose-response dependencies
are paradoxical - nonmonotonic with maxima in the interval of large dilutions.
This is explained by the properties of the biologically active substances Phallus
impudicus, studied for the first time, and is tied to mathematical modeling of
survival curves.
Keywords: Phallus impudicus, geroprotectors, , mathematical
modeling in gerontology, survival curves.
Relevance
To date, there are no drugs that can reliably slow down the aging of a
person. But there is an active search for geroprotectors, biologically active
substances (BAS) that prolong the life of short-lived typical animal models:
nematodes Caenorhabditis elegans, Drosophila Drosophila melanogaster, Mus
musculus and rat Rattus norvegicus, teleomorphs of the fungus Neurospora
crassa and Saccharomyces yeast. Data is often not portable to humans. But the
ability of some of these biologically active substances to reduce the risk of
occurrence or to alleviate the course of age-related diseases in humans has been
proven. As antioxidants, immunomodulators are usually considered as
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geroprotectors, the bulk of the work in the international database on
geroprotectors Curated Database of Geroprotectors [1] is devoted to these
substances. Antitumor drugs — inhibitors of DNA and RNA synthesis and cell
proliferation signals, senolytics, neuroprotectors, etc., are less commonly
studied. BAS with such activity have been discovered in fungi and the search
for geroprotectors among them is promising. But in the Curated Database of
Geroprotectors there are no studies of biologically active substances of
macromycetes, with the exception of trehalose. On the other hand, “to date,
adequate models of aging have not been created” [2], so the interpretation of
survival curves into clear physiological information has not been developed.
Edible macromycete common oyster Phallus impudicus is traditional for ancient
and folk medicine of the peoples of Europe [3], [4]. Scientific research confirms
aspects of the medical value of fun. One of the works of a scientist from
Lithuania C. Kuznetsov on fun, where the combination of its antitumor and
thrombolytic properties was beaten, was awarded the 2004 MASCC
(Multinational Association of Supportive Care in Cancer) prize [5], [6]. The
antitumor and antioxidant properties of Ph. impudicus is devoted to the
dissertation of the author of the work of A. N. Razin [7]. However, the
composition and mechanisms of the action of biologically active substances
have not been studied previously. In the Far East, a close tropical species, Ph.
indusiatis. In studies of its biologically active substances, unusual alkaloids
dictochinosols [8] and sesquiterpened dictiophorins [9] with neuroprotective
activity, as well as immunomodulating polysaccharides typical for
macromycetes [10], [11] and antioxidant polyphenols [12], were found. Thus,
this work can be considered both the first study of the hepatrotective properties
of fungi, and the first work on the biologically active substance Ph. impudicus.
Objective
The objective of this study is to develop an approach for the search and
practical study of geroprotective agents in order to create safe and effective
drugs.
Materials and methods:
Initially, together with the Laboratory for the Development of
Innovative Medicines of the Center for Living Systems, the effect of aqueous
and organic Ph. impudicus at 1-10000x dilutions on nematodes Caenorhabditis
elegans, a standard model of gerontology. The water extract gave an
unprecedented increase in life expectancy up to 150% (2.5 times), which
exceeds the figures in all works in the Curated Database of Geroprotectors !!!
But the dose-response relationship was nonmonotonic with a maximum at a
dilution of 5000x. The maximum of the extract with acetonitrile was 500x and
was 100% (2 times), and at 1000x it was only 33% and then leveled.
Acetonitrile extract from an aqueous suspension of Ph. impudicus had a twohumped appearance with maxima of 66% at 250x and 50% at 5000x.
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This paradoxical dependence of the dose-response curves is
theoretically understandable, firstly, by the combination of geroprotectors with
different mechanisms of action, and secondly, by the presence of DNA
synthesis inhibitors. Cerebrosides of atypical structure, derivatives of
sphingodienin and methylsphingodienin are suitable for the role of such agents.
Their high toxicity was established for cells with a high proliferation rate and
the ability to unlimited division, replicative immortality: malignant cells [13], as
well as phytopathogenic micromycetes [14], some anamorphic ascomycetes and
deuteroimcetes. The isolation of these biologically active substances from a
large number of edible fungi and some fungi and their use as fungicides against
phytopathogenic macromycetes was even patented in the USA in 2002 [15].
These biologically active substances in recent years, found in many fungi [16],
[17] and plants [18], are considered as possible antitumor agents. Obviously, for
edible fungi, these are factors of protection against mycoparasitic fungi, the
main environmental problem of most macromycetes. But some of the fungi do
not suffer from them, including Ph. indusiatis, since they solved this problem
with the help of similar biologically active substances, at the same time nontoxic for organisms of mycophages, carriers of spores. But these agents are
interesting not only as safe antitumor drugs and environmentally friendly
fungicides, but also geroprotectors. They are able to slow down cell division
and exhaustion of the Hayflick limit. At relatively high concentrations, their
effect should be leveled by the response expression of DNA repair enzymes.
But at high dilutions, it is possible to achieve a state where reparation factors
are not expressed responsibly, and a slowdown in division is present.
Obviously, similar effects were observed for fungus extracts. The work was
continued; a number of isolates of fungus metabolites were obtained; pure
alkaloids, cerebrosides, polysaccharides and a number of extracts of a
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biologically active substance mixture. The isolates were studied by UV
spectroscopy, thin layer chromatography, and capillary electrophoresis.

Figure . A variety of crystal shapes falling out after adding Phallus
impudicus suspension. 10x magnification.
The structure of substances has not yet been deciphered, but it is
obvious that the alkaloids Ph. impudicus are close to dictioquinosols, but
chemically distinct from them. The study of the geroprotective effect of BAS
isolates has begun. A number of non-traditional models are used, among which
we note especially Artemia salina crustaceans that change their life form and
physiology depending on environmental factors. Preliminary data confirm the
strong geroprotective effect of cerebrosides; other isolates also have it. A new
method of mathematical modeling is proposed, borrowed from the theory of
automatic control, survival curves are presented as acceleration curves of the
control object - an ensemble of living organisms. The exact dependencies with a
small stochastic component are obtained. The transfer functions were
determined between the concentrations of active agents in the model
environment and the revealed survival curve coefficients, which hypothetically
should reflect the contribution of various biologically active substances and the
nature of the mechanisms of action of geroprotectors. This has been done so far
for the recorded nematode survival curves. Such an approach can potentially
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solve the fundamental problem of creating adequate aging models and provide
strategically important quantitative criteria for the search for geroprotectors.
Conclusion
The highest geroprotective properties of Phallus impudicus and the
promising search for geroprotectors among basidiomycetes are shown. A new
approach to the mathematical interpretation of survival curves under the
influence of geroprotectors is proposed, aimed at identifying the mechanisms of
their action.
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Abstract
The paper considers a first order differential equation with certain
boundary conditions, where it is assumed that the initial data are approximate.
In such a statement, the problem belongs to the class of incorrect mathematical
problems, and can be often found, for example, in mathematical models of
physical phenomena using the results of field experiment measurements. The
approximate solution to such a problem requires an appropriate regularizing
algorithm. The paper considers the approach of building a Volterra differential
equation of the second kind equivalent to the initial differential equation. The
iterative method and the corresponding algorithm are built to numerically solve
the Volterra equation in order to obtain stable solutions to the ill-posed
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problem. The issues of the necessary numerical studies and features of the
numerical implementation of the method are discussed.
Keywords: differential equation, Volterra integral equation of the
second kind, generalized differentiation operator, iterative computational
scheme, computational algorithm.
Introduction
The relevance of research implemented as part of this work is
determined by the fact that it solves a problem belonging to the class of illposed problems, namely, a differential equation with approximately given
initial data, measured with errors or represented with empirical functions.
Moreover, in this work, we estimate the values of both the sought-for function
and its derivative. Here, this process is conditionally called the process of
“restoration” of a function which is a solution of the equation, and its derivative
according to empirical data. It is known that many scientific studies are also
devoted to issues of the numerical solution of ill-posed problems, in particular
the solution of differential equations with approximate initial data. For
example, monographs [1-3] discuss the solution of inverse and ill-posed
problems, as well as regularization methods. Of the most modern publications
on this topic, one can cite [4–9] as an example. In particular, a fourth-order
differential operator with certain conditions is considered in [4], the
corresponding differential equation reduces to the Volterra integral equation
which is then solved by a numerical method of successive approximations. In
[5], an algorithm for the approximate solution of the corresponding integral
equation with a logarithmic kernel of a special form was built for singular
integro-differential equations. In [6], an ill-posed problem with inverse time
was considered for a semilinear differential operator equation, and a method
was proposed for building an approximate solution to this problem. In [7,8], an
operator equation of the first kind is considered defined in a Hilbert space with
a bounded non-self-adjoint operator assuming that there are errors both in the
operator itself and in the right part of the equation. The problem is solved by an
implicit iterative method, its convergence is proved. In [9], numerical methods
for solving eigenvalue problems for differential equations were developed and
theoretically substantiated. In addition to these publications, there are many
others that develop this scientific direction which is modern and relevant in the
field of computational mathematics.
This work further develops the approach described in [10] which
consists in building the Volterra integral equation of the second kind equivalent
to the original differential equation numerically solved further by iterative
methods. Specifically, we are talking about buildig the so-called “generalized
differentiation” operators based on the representation of the desired functions
and their derivatives by integrals, followed by the transition to Volterra integral
equations. Earlier, similar issues were also posed in [10-12] and concerned
applications of Fredholm integral equations for boundary value problems. This
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work brieflyoutlines the statement of the problem, the approach to its solution
based on the representation of functions and derivatives included in the
differential equation by Volterra integrals of the second kind, buildig the
corresponding integral equations, an iterative method for their solution, and
provides conditions for the convergence of the method.
The aim of the work is to build and justify the corresponding
regularizing computational algorithm based on the discretization of the built
integral equations for the correct solution of the problem of "restoration" of
empirical functions and their derivatives.
Novelty of the results presented in this work lies in the fact that it
details the iterative method, provides discretization of the integral
representations of functions and their derivatives, and develops an appropriate
computational algorithm. At the same time, the algorithm includes, in addition
to obtaining the desired solution to the differential equation, the procedure for
“restoring” the derivative of the sought-for function under the conditions of
approximately given initial data. The issues of further numerical studies are
discussed.
Statement of the problem, basic concepts and approaches to its
solution. In [10], the approach and the corresponding iterative method are
described which will be presented in a shorter form for the sake of greater
clarity of the material presented. Consider the following differential equation:
(1)
uʹ(t ) = F (t , u) ,
where, t ∈ [t0 ,T ] , u(t0 ) is given, and functional F (t , u ) is
continuous and bounded on the set of possible solutions U ⊂ C1 . It is assumed
that the right-hand part in (1) is represented by its so-called σ - approximation
Fσ (t , u ) . Then the problem of stability of approximate solutions u~(t ) arises in
the presence of errors in the initial data. In these cases, an alternative approach
to building the decision algorithm is to replace the original functional equation
(1) with some approximate or “close” to it, for example, an equation of the form

uʹ(t ) + α ⋅ u(t ) = Fσ (t , u) ,

(2)
where the model parameter α > 0 is a number small enough, and the
selection of values α taking into account the expected value of error σ can be
done on the basis of the computational experiment. For equation (2), the
computing algorithm is built based on Volterra integral equation of the second
kind as follows
ʹ
t −α ⋅ t − t
T −t 0

u (t ) = e

∫

⋅Fσ (t ʹ, u (t ʹ) )dt ʹ + u (t0 ) ⋅ e

t0
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−α ⋅

t −t0
T −t0

.

(3)
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⎧
t − tʹ ⎫
The presence of a factor exp⎨− α ⋅
⎬ in equation (3) has a
T − t0 ⎭
⎩
stabilizing effect on the convergence of a sequence of approximate solutions
uα (σ ) (t ) for α (σ ) → 0 (σ → 0) . Consider the essence of the approach in

{

}

more detail. Suppose that we consider integrable function f (x) defined on

Ω = [a, b] ( f ( x) ∈ CΣ (Ω)). Then the following relations hold
b

∫ K n (x, xʹ) f ( xʹ)dxʹ = f n ( x) = (K n f )(x ),
a

lim f n ( x) = f ( x) ,

(4)

n →∞

where {Kn (x, xʹ)} is the sequence of functions ((x, xʹ)∈ Ω × Ωʹ) ,
(n = 1,2,..) chosen in a certain way, and the kernels of integral operators K n in
(4) satisfy the conditions
b

lim ∫ K n ( x, xʹ)dxʹ = 1 ∀x ∈ Ω ,

(5а)

Kn ( x, xʹ) > 0 (∀(x, xʹ)∈ Ω × Ωʹ),
Kn ( x, xʹ) = Kn ( x − xʹ) = Kn ( x − xʹ ) → 0
at x − xʹ → ∞ .

(5б)

n →∞

a

(5в)

It is clear that {(Kn f )(x)} → f (x) in a weak sense at every point
x ∈ Ω . In accordance with this, it is believed that function f (x) under study is
represented by approximating sequence {(K n f )(x )} or simply by integral (4)
under condition (5). From a practical point of view, such representations are of
interest for those situations when f (x) it is represented by its own σ !
approximation fσ (x ), vector of approximate values fσ of dimension m or an
approximate equation. The paper considers such representations of functions
by Volterra integrals where the original relations (4) are as follows
t

∫ En (t , t ʹ) ⋅ u(t ʹ)dt ʹ = un (t ) = (Enu )(t ) ,

t0

lim u n (t ) = u (t ) , (t ʹ ≤ t ) , t ∈ [t0 , T ].

n →∞

(6)

Option (6) of integral representations of functions can be used in nonstationary models. An example of the corresponding kernels of integral
operator En can be the following functions
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t −t ʹ

n − n⋅ d
at t ʹ ≤ t ,
(7а)
e
d
t ʹ−t
n − n⋅ d
ʹ
at t ≤ t ʹ .
(7б)
En (t , t ) = e
d
In these expressions d is a certain parameter (d > 0) . Further we
assume d = T − t0 . It was shown in [1] that En (t, tʹ) at n = 1,2,... satisfies
conditions (5) for ∀u(t ) ∈ CΣ (Ωt ) and also the validity of the main limit
En (t , t ʹ) =

relation is proved, namely,
lim un (t ) = lim (Enu )(t ) = u (t ) ,
n→∞

(8)

n→∞

∀t ∈ Ωt = [t0 , T ] , when En (t, tʹ) is defined by expression (7).

An
important analytical property of the terms of the approximating sequence
{(Enu )(t )} was also proved, namely, if u (t ) belongs to class LipMα , then
functions (Enu )(t ) also belong to the same functional class.
An application of the above function approximation apparatus to the
problems of numerical solution of differential equations requires building
similar approximating sequences for the derivatives of the functions included in
these equations. If at a point t ∈ [t0 , T ], test function u (t ) has a bounded
derivative,
then,
by
analogy
with
(6),
we
can
t

write (Enuʹ)(t ) = En (t , t ʹ)uʹ(t ʹ)dt ʹ = (uʹ)n (t ) ,

∫

t0

lim (uʹ)n (t ) = uʹ(t ) , t ʹ < t , t ∈ [t0 , T ].

(9)

n →∞

n
t − tʹ ⎫
⎧
ʹ
ʹ
exp⎨− n ⋅
⎬ , t ʹ ≤ t , then (En (t , t ʹ))t = −(En (t , t ʹ))t ʹ
d
d
⎩
⎭
and then, applying the integration formula by parts to the integral in (9), we can
arrive
at
the
following
If En (t , t ʹ) =

t

t

expression En (t , t ʹ)uʹ(t ʹ)dt ʹ =

∫

t0

ʹ
∫ (E (t, tʹ)) u(tʹ)dtʹ +ψ (t, u ),
n

t

n

t0

where ψ n (t , u ) = [En (t , t ʹ)u (t ʹ)] tt ʹʹ == tt 0 .
If function (En (t , tʹ))tʹ is integrable over t ʹ for all pairs (t, n), then the
following limit relation holds
t

(uʹ)n (t ) =

ʹ

∫ (En (t, t ʹ))t u(t ʹ)dt ʹ + ψ n (t, u ) → uʹ(t )

t0
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at n → ∞ for any function u (t ) differentiable in point t . Expression
~
(10) defines operator Dn : u → (uʹ)n which, due to the fact that
lim (uʹ)n (t ) = uʹ(t ) , can be considered the “differentiation” operator of the
n →∞

original function u (t ) . This circumstance is indicated by symbol
~
~
Dnu (t ) → (Du )(t ) at n → ∞ at every point t ∈ [t0 , T ], operator Dn , according
to (10), is formally defined for any integrable function u (t ) , therefore, it is
considered a “differentiation” operator in the generalized sense. This means
~
that if u (t ) is differentiable on [t0 , T ] , then at n → ∞ Dn in the limit is

( )

d
.
dt
Next, we consider the case when the function under study u (t ) is a
solution to equation (1). Replace sequences {(Enu )(t )} converging to u (t ) at
n → ∞ by some parametric families of functions of the form {(Eτ u )(t )}. This
equivalent to the operator of ordinary differentiation D =

1
varying within
n
(0, 1) which allows us to consider problems of optimal approximation of the
specified function by the functions of the specified family. In particular, if u (t )
is represented by σ - approximation of uσ (t ) at t ∈ [t0 , T ], then it becomes
possible to optimally estimate parameter τ for a given σ . We are talking about
an
algorithm
for
solving
the
following
optimization
problem min inf (Eτ u )(t ) − uσ (t ) ,
approach can be implemented by introducing parameter τ =

τ ∈(0,1)u∈U

(

)

which for a given uσ (t ) defines pair u* ,τ * . In a similar statement,
for d = T − t0 we have
t −t ʹ

Eτ (t , t ʹ) =

1 − τ ⋅T
,
e
τ ⋅T

Differentiation

(10)

1

τ ⋅T

can

Eτ (t , t ʹ) .

rewritten
as
⎡ t
⎤
~
1 ⎢
⎥,
follows Dτ u (t ) =
⋅ − Eτ (t , t ʹ) ⋅ u (t ʹ)dt ʹ + u (t ) − u (t0
⎥
τ ⋅T ⎢
⎣ t0
⎦
~
τ ∈ (0,1), operator Dτ there is a continuous function of parameter τ .
~
~
Since when τ → 0 Dτ → D , replacing D on Dτ in the original equation
(Du )(t ) = F (t, u ), we come to an approximate analogue D~τ u (t ) = F (t, u ), that
is, Volterra integral equation of the second kind

( )

formula

(Eτ (t , t ʹ))ʹt = −

be

t −t 0
−
) ⋅ e τ ⋅T

∫

( )
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t −t0

t −t ʹ

t

−
−
1
u (t ) =
e τ ⋅T u (t ʹ)dt ʹ + τ ⋅ T ⋅ F (t , u ) + u (t0 ) ⋅ e τ ⋅T
∫
τ ⋅T

(11)

t0

Thus, to find function u (t ) satisfying the original equation (1) for a
given initial condition u (t0 ) (Cauchy problem) as part of the theory stated
above, means to build a sequence of approximate solutions u~τ (t ) of integral
equation (11) converging to u (t ) at τ → 0 . Due to the above features, solutions
u~τ (t ) are weak (generalized) solutions to the original problem, and therefore the
symbol “wavy line” is used in their designation.
Development of the iterative method and the study of
convergence. From a computational point of view, under general restrictions
Volterra integral equation of the second kind should be considered a standard
problem that can be solved by the iterative method. Integral equation of the
t

form u(t ) = λ ⋅ K (t , y)u ( y)dy + ϕ (t )

∫

t0

for any bounded and continuous core K (t , y) can be solved by the
method of successive approximations according to the following scheme
t

u (ν ) (t ) = λ ⋅ K (t , y )u (ν −1) ( y )dy + ϕ (t ) ,

(12)

∫

t0

ν = 1,2,... where the initial approximation may be u (0 ) (t ) = ϕ (t ) . For
−

t−y

(

)

integral equation (12) where the kernel is function K (t , y ) = e λ λ = (τ ⋅ T )−1 ,
it is possible to calculate the so-called iterated kernel, that is, to explicitly find
t

function K m (t , y ) = K m −1 (t , y ʹ) K ( y ʹ, y )dy ʹ ,

∫

t0

m = 1,2,... In this case, iterative process (12) reduces to calculating

integral u

t

ν

t0

⎢⎣m =1

(ν ) (t ) = ϕ (t ) + λν ⋅ ⎡⎢ K (t , y )⎤⎥ ⋅ ϕ ( y )dy ,
∫ ∑ m
⎥⎦

where

K m (t , y ) = e

−

t−y
τ ⋅T

⋅

(t − y )m −1 .
(m − 1) !

(13)

Equation (13) is proved by induction. In cases where ϕ (t ) depends on

u (t ) , instead of ϕ (t ) appears ϕ (t , u (ν −1) ) in the computational scheme. It is clear
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{

}

that the convergence of sequences of approximate solutions u (ν ) (t ) requires
continuity and boundedness of partial derivatives ϕ (t , u) in appropriate
variables (Cauchy conditions).
The technique for building iterative scheme (12) and analysis of its
convergence for equation (11) are given below. In accordance with (12), we
have
u (ν ) (t ) =

t

t −t ʹ

t −t0

−
−
1
⋅ ∫ e τ ⋅T ⋅F t ʹ, u (ν −1) (t ʹ) dt ʹ + τ ⋅ T ⋅ F t , u (ν −1) (t ) + u (t 0 ) ⋅ e τ ⋅T . (14)
τ ⋅T

(

)

(

)

t0

Using difference relations, expression (14) can be represented as
t −t ʹ

t

−
1
Δ(ν ,ν −1)u (t ) =
⋅ ∫ e τ ⋅T ⋅ Δ(ν −1,ν − 2 )F (t ʹ)dt ʹ + τ ⋅ T ⋅ Δ(ν −1,ν − 2 )F (t )
τ ⋅T

(

)

(

)

(

)

(15)

t0

The convergence of scheme (15) for ν → ∞ requires fulfillment of

(

) (

)

condition Δ(ν ,ν −1)u (t ) < Δ(ν −1,ν − 2)u (t )
for all values ν and t ∈ [t0 , T ]. According to the condition of the
problem, we consider that there exists such M , that for all ν and t inequality
holds

(Δ(ν ν )u)(t ) < M (Δ(ν
, −1

−1,ν − 2 )

)

u (t ) ,

(16)

∂F
. By the Cauchy condition, a similar constant for
∂u
equation (1) exists. It is clear that the convergence (16) requires fulfillment of
condition τ ⋅ T ⋅ M < 1 . As for the integral term, the corresponding convergence
of u (ν ) (t ) is provided by condition (13). It is interesting to compare the
resulting restriction on constant M with what needs to be done for the
where M = max
u

{

}

t

∫ (

)

convergence of iterative scheme u (ν ) (t ) = F t ʹ, u (ν −1) (t ʹ) dt ʹ + u (t0 ) ,
t0

immediately following from the structure of equation (1). It requires
condition T ⋅ M < 1 to satisfy inequality (16). It is clear that the proposed
scheme (14) is less strict for restrictions on the convergence of the
computational process associated with building successive approximations of
solutions to the original differential equation.
Discretization of the problem and building a computational
algorithm. Next, we consider an approach related to the further development
of a computational algorithm, namely, the discretization of integral
representations used as the initial analytical apparatus of the above theory, and
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building algorithms for correctly solving the problem of restoring functions and
their derivatives.
Recall that initial relations in the restoration of function f (t ) in range
!
Ω = [t0 , T ] by vector of approximate values fσ associated with a certain
coverage of the specified interval with system {Ωl }lm=1 , is expression (6). In
accordance with (1), the studied function f (t ) is regarded as the limiting
element of a sequence of functions

{(En f )(t )}∞n =1 . It was shown above that this

f (t ) evenly provided that f (t ) is everywhere

sequence converges to

continuous in Ωt . If the function is represented by a discrete value system

{f (tk )}mk= 0 associated with a certain node system {tk }mk= 0 in Ωt (also a system of
sub-intervals {Ωl }lm=1 ), then, to calculate the integrals, the corresponding
quadrature formulas are required.
Briefly consider possible approaches to their building. Take a certain
node tl in Ωt , then Volterra type integral in (6) can be represented by the
following integral sum
t
t
t
t −t ʹ
t −t ʹ
l
−
1 − τT
1
(17)
I ( f ) = E (t , t ʹ) f (t ʹ)dt ʹ =
e
f (t ʹ)dt ʹ =
e τT f (t ʹ)dt ʹ, l = 1, 2,..., m, j = 1, 2, ..., l.
l

l

∫

l

j

l

t0

l

∑ τT ∫

∫ τT

l

τ

j =1

t0

t j −1

Since the studied function f (t ) in the above problem is considered
represented by values {f (t k ) = f k }mk=0 , when calculating the integral in (17), we
take

as

a

local

model

f (t )

for

the

segment

of

broken

f j − f j −1
line f M( j ) (t ) = f j −1 +
t − t j −1 , t j −1 ≤ t ≤ t j .
t j − t j −1

(

)(

)

Using this model, one can build a computational scheme for
calculating
integral
sums
for
(6).
We
have I l ( f ) =

tj

l

∑∫

j =1t j −1

t −t ʹ

l
1 − τT
e
τT

tj
tl −t ʹ
l ⎡
1 − τT
= ∑ ⎢ f j −1 ∫
e
dt ʹ +
⎢
τT
j =1⎢
t j −1
⎣

f j − f j −1
t j − t j −1

tj
l
j

where A =

∫

t j −1
tj
l
j

B =

∫

t j −1

1 −
e
τT

1 −
e
τT

tl −t ʹ
τT

⎛
⎜ f j −1 +
⎜
⎝
tj

∫

t j −1

tl −t ʹ
τT

1

τT

f j − f j −1
t ʹ − t j −1
t j − t j −1

(

t −t ʹ
− l
e τT

⎞

)⎟⎟dt ʹ =
⎠

⎤
l ⎡
f j − f j −1 l ⎤ (18)
t ʹ − t j −1 dt ʹ⎥ = ∑ ⎢ f j −1 Alj +
Bj ⎥ ,
⎥
t j − t j −1
⎦⎥
⎥⎦ j =1⎣⎢

(

dt ʹ ,

)

(19а)

(tʹ − t )dtʹ .

(19б)

j −1
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The corresponding integrals can be calculated explicitly.
fact, Alj = e

−

tl −t j

−

In

t l − t j −1

− e τT ,
or in case h = t j − t j −1 (equidistant nodes in [t0 ,T ] )
τT

tl −t j

h
⎛
⎞
−
⎜1 − e τT ⎟
⎜
⎟
⎝
⎠
for all j = 1, 2, ... , m . Second integral (19b) is calculated using the
l
j

A =e

−

standard

τT

at
∫ te dt =

formula

1
which B =
τT

tj

l
j

∫

e

−

tl −t ʹ
τT

t j −1

tj

−
1
t ʹdt ʹ − t j −1 e
τT
t

∫

tl −t ʹ
τT

e at
(at − 1)
a2

according

to

dt ʹ =

j −1

⎧⎪⎡ − t − t
= (τT )⎨⎢e τT
⎪⎩⎣⎢
As
a

t l − t j −1

⎛ tj
⎞ −
⎜⎜ − 1⎟⎟ − e τT
⎝ τT
⎠
result,
for
l
1
expression I l ( f ) =
f j B lj + f j −1C lj
j =1 h
l

j

∑ [

t −t
⎡ − t −t
⎤ ⎫⎪
−
⎛ t j −1 ⎞⎤
⎜⎜
− 1⎟⎟⎥ − t j −1 ⎢e τT − e τT ⎥ ⎬ .
⎝ τT
⎠⎦⎥
⎣⎢
⎦⎥ ⎪⎭
integral
(18),
we
have

C lj = B lj − hAlj

ultimately I l ( f ) =

j

l

j −1

]

where
l

l

,

and

l
k k

∑G

f , (k = 0,1, ..., m), (k ≤ l ) .

k =0

The introduced coefficients Gkl are expressed through B lj and C lj as

(

)

follows Gkl = h−1 Bkl − Ckl +1 , (k = 0,1, ..., m)
l
0

where B = 0 , Cm+1 = 0 .
In view of th above, the finite-dimensional analogue of relations (6)
l
⎧
l
⎪(Eτ f )(tl ) ≅ Gk (τ , h ) f k ,
k =0
⎪
takes the form ⎨
(20)
l
⎪
Gkl (τ , h ) f k = f l , l = 1, 2, ..., m, k = 0, ..., l .
⎪ τ →0 + k = 0
⎩ (h → 0 )
Practical application of relations (20) requires appropriate
computational experiments to study the convergence of deviation modulus

∑

lim ∑

l

l
k

∑ G (τ , h) − f

l

for each l (pointwise convergence in (20)) depending on

k =0

parameters τ and h of this vector model (also a computational algorithm). An
important circumstance in this case is the establishment of a relationship

37

11th International Conference “Science and Technology”
27-29 October 2019
between them, i.e. h(τ ) or τ (h ) . If the vector of initial data is given
!
!
approximately by its σ - approximation fσ dim f = m , it is preferable to use

(

m

an average deviation

l

∑ ∑ Gkl (τ , h) fk − fl ,σ , or
l =1 k = 0

)

2

m

⎛ l l
⎞
⎜⎜ Gk (τ , h ) f k − fl ,σ ⎟⎟ .
l =1 ⎝ k = 0
⎠

∑∑

Having finite-dimensional representation (20) of initial integral representation
f (t ) (6) we can directly address the task of "recovering" f (t ) in Ωt by vector
!
n
of approximate values fσ = fσ , k k = 0 and build an appropriate computational

{ }

algorithm.
!
Assume that a given vector fσ of dimension n is associated with a
node system in Ωt {ti }in=0 . Since value fσ , i is an approximate number, we
cannot associate fσ , i directly with fσ (ti ) assuming that node ti is specified
"exactly". It is preferable to assume that value fσ , i most likely is some average
of empirical function fσ (t ) in a local neighborhood of point ti (let's say the
average in sub-interval [ti −1, ti ] ). Such interpretation of approximate data

{ fσ }

n
,i i = 0

is quite natural as part of the analytical apparatus used based on the

calculation of integrals of the form (En fσ )(t ) in equatinon (6). We further
consider that in range Ωt = [t 0 , T ], node system {tn }mn= 0 is set, necessary for
calculating the integral sums in (20), and with which number system { f n }mn= 0 is
associated, interpreted as { f (tk )}mk= 0 and which remains to be determined from
eqiations (20). Now it remains to choose value l in (20). We assume that as l ,
n
n
the index is selected from set {}
i i = 0 associated with a set of initial data fσ ,i i = 0

{ }

which corresponds to point t nearest left to point ti . We will denote this
point tl (i ) . In this case, we get the following system of approximate relations for
∗
l

{ }

initial data fσ , i

n

i =0
l (i )

(Eτ f )(ti ) ≅ ∑ Gkl (τ , h) f k ≅

fσ , i ,

(21)

k =0

i = 0,1, ..., n, l = 1, 2, ..., m, k = 0,1, ...,l < m .
Assume that m>n and then grid {tk }mk= 0 is intended for the correct
!
calculation of integral sums in (21). The soight-for vector f of dimension m is
associated with this grid. Moreover, it can be assumed that its nodes are equally
spaced and a number h = tk − tk −1 (k = 0,1, ..., m)is sufficient to determine it.
!
Grid {ti }in= 0 , with which the vector of initial data fσ is associated, is arbitrary and
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{ }

n

is determined by the method of obtaining sequence fσ , i i = 0 . To find the
!
components of vector f , we use optimization methods (both unconditional
and conditional), namely
! !
! !
!
(22)
ρ Gˆτ f , fσ = ρ Gˆτ ∗ f ∗ , fσ ≤ σ f ∗ ,

) (

(
inf min
!

τ ∈(0, 1) f ∈Rm

)

where metric ρ is related to norms ⋅ l or ⋅ l . It is clear that the
1
2
!
definition of vector f ∗ can be related to the solution of a linear system of the

!

!

form Gˆτ f = fσ , where matrix Gˆτ = Gkl . In this case, we can talk about the socalled normal (generalized) solution to this system. If we use conditional

{ }

optimization methods introducing restrictions for
explicitly

write

(

the

so-called

generalized

!
f

l2

inverse

, then it is easy to
operator,

namely

)!
−1

Gˆα−1 = Gˆ ∗Gˆ + αI G∗ , where α > 0 is an arbitrarily small number.
Vector f ∗ found from the solution of optimization problem (22) is
used to build an approximating analogue of the sought-for function f (t ) based
on the corresponding integral sum, i.e. according to integral (En f )(t ) in (6)

f (t ) ≈

l (t )

∑ G (τ , h) f
l
k

∗

∗
k

= f ∗ (t )

(23)

k =0

(

)

for all t ∈ Ωt = [t0 , T ] τ ∗ > 0 . The fact that the solution to f ∗ (t ) is
represented by some continuous function (generalized polynomial of order m in
terms of approximation theory), allows using the term of "recoverig continuous
progress (of the curve) f (t ) ." Formally, f ∗ (t ) converges to f (t ) at τ → 0 and
h → 0 in the weak sense, as follows from equations (6), however, when it
comes to continuity of f (t ) at every point t ∈ Ωt , then we can talk about
uniform convergence, as discussed above. In conclusion, it remains to make a
few comments regarding “recovering derivative” (Df )(t ) of sought-for function
!
f (t ) in conditions, when vector f ∗ of dimension m is known. It was shown
above that this problem can be solved on the basis of the so-called generalized
differentiation operator. It is clear that if f (t ) is differentiable at point t and its
derivative is summable almost everywhere in Ωt , it is legitimate to write
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(Df )(t )

in

the

form

of

integrals

of

type

(6),

t

⎧
⎪ En (t , t ʹ)(Df ) f (t ʹ)dt ʹ = (En Df )(t ) = (Df )n (t ),
⎪
namely ⎨t
(24)
⎪
(Df )n (t ) = Df (t ), t ∈ Ω .
⎪⎩ n → ∞
It is easy to show that, in accordance with (24), the role of the
generalized differentiation operator can be played by an integral operator of the
following form (by analogy with (16)),
t −t 0
⎤
−
1 ⎡
~
(25)
Dτ f (t ) =
⎢ f (t ) − (Eτ f )(t ) − f (t0 )e τT ⎥ .
τT ⎢⎣
⎥⎦
If
, then
f (t ) has continuous derivative f ʹ(t )
~
Dτ f (t ) → (Df )(t ) is uniformy in Ωt , otherwise, almost everywhere. In

∫
0

lim

( )

( )

!
expression (25), integral (Eτ f )(t ) for the found vector f ∗ is represented by
integral sum (23).
Final conclusion. The above algorithm requires the implementation
of the above studies in a computational experiment, the development of
appropriate test problems and getting appropriate numerical solutions based on
them, and subsequent analysis of the results. This is a separate large part of
work the authors will devote further studies to, and plan to provide its results in
further publications.
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INFORMATION TECHNOLOGY
Cheremukhin D.A.

DESIGN OF A TEST MODEL OF A
MAGNETO-INDUCTION TRANSMITTER
FOR UNDERWATER RESEARCH
Cheremukhin D.A., Russia, Vladivostok, Far Eastern Federal
University (FEFU)

Abstract
Magnetic inductive coupling is a promising method for underwater
transmission of useful data. It has significant advantages: it is not affected by:
large propagation delays, multipath propagation, attenuation; ambient noise.
Underwater communications based on MI differ from acoustic or optical waves
in that they are implemented using a magnetic field that varies in time and
allows the exchange of information between the transmitting and receiving
sides. Designing an experimental model of a transmitting device will be the first
step to further continuing research in the field of promising underwater wireless
communications.
Keywords: preliminary amplification stages, power amplifier, bipolar
transistor, antenna, LC circuit, ferrite core, capacitor.
Introduction: Using MI, various possibilities are opened, namely:
real-time data transmission between several underwater sensors; voice and text
communication between divers in shallow water; control of underwater
equipment from surface ships; environmental expeditions and search missions,
and so on. When constructing the transmitter, it is advisable to use a
preliminary cascade to amplify the signal so that it can be worked on in the
future (if you build the transmitter on one amplifier, the signal will be very
weak in voltage). To build a general transmitter circuit in Multisim, we used a
pair of pre-amplification stages on the 2N4123 transistors, a power amplifier, a
signal generator, an LC circuit for modeling the antenna, and an oscilloscope
for taking the signal on the antenna. As you know, the MI signal under water
does not spread far (within 10-15 meters). In order to transmit over long
distances and increase throughput without increasing transmit power or receiver
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sensitivity, multi-junction relaying can be added to the wireless communication
system using a certain number of MI transmitters [2]. This communication
technique is data sent to a destination through one or more intermediate nodes
located between the source and destination. Relay can provide enhanced
coverage and therefore higher reliability and throughput at lower cost and lower
complexity than conventional peer-to-peer communication systems.
Experiment
Before making a transmitter from radio elements, it was first decided
to simulate it in the Multisim program.
At the input of the cascade, amplified alternating current iin and
voltage uin coming from the signal source from the generator “flow”, and at the
output, amplified alternating current iin and voltage uout.
In this circuit of the cascade with a common emitter, the capacitors
C11 and C13 are isolating. Capacitor C11 prevents the flow of direct current
from the power supply Ek to the input signal source circuit, and capacitor C13
isolates from the collector current the variable component supplied to the load
resistor (R1) Rн (input resistance of the next stage) and does not pass the
constant component of the current of the power source Ek to the base of the
transistor of the next stage.
The resistor Re (R11) makes up a series of negative current feedback
circuit designed to stabilize the idle state of the transistor when its temperature
changes (for thermal stabilization).
To exclude feedback on alternating current, the resistor Re is shunted
by a capacitor Ce (C14) of a sufficiently large capacity. Since the capacitor
resistance is small, alternating current flows through it and does not create a
voltage drop across the resistor Re.
The resistor Rк (R10) is the load of the transistor (cascade load in idle
mode when Rн → ∞) and provides the necessary collector current.
The principle of operation of amplification cascades on different active
elements is described in detail in [1].
The following describes the basic formulas for calculating the elements
of the cascade.
Calculation of cascade elements
While thermostability is required, the collector-emitter resistance is:

Equivalent resistance of the base divider:

where the parameters y and h are determined from the transistor model.
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With a high
cascade gain decreases.

where

where

where

value, the input impedance rises, and as a result, the

is the instability coefficient of the cascade (3–6 is taken).

are the resistors of the base voltage divider.

- cascade load conductivity.

where
is the input impedance of this stage.
Usually
.
Figure 1 shows a diagram of a transmitter, including: a signal
generator; preliminary amplification stages with a common emitter; amplifier;
antenna (made in the form of LC - circuit); Power Supply; oscilloscope

Figure 1 - The simulated circuit transmitter
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The received signal at the antenna is shown in Figure 2.

Figure 2 - The output signal on the antenna transmitter
Figure 3 shows an electrical circuit made of discrete radio elements
using a DC-DC buck converter (from 12 V to 5 V).

Figure 3 - Assembled circuit diagram transmitter
Figure 4 shows two magnetic antennas: for transmitting, and receiving
signals. For the manufacture of these antennas required:
• ferrite rods: 7 pieces (1 cm in diameter, 30 cm long);
• single-core wire - for winding a resonant coil (30 turns) and a
communication coil for communication with an antenna wire (1.5-2 turns);
• a capacitor of 3.9 nF.
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When designing magnetic antennas, you need to know that they must
operate at low frequencies in seawater due to attenuation and induced eddy
currents (alternating magnetic fields) in a conductive medium [3].

Figure 4 - Transmitting and receiving antennas
Further connection of the transmitter to the power source, and the
power source and antenna to the oscilloscope, is shown in Figure 5.

Figure 5 - A transmitter with an antenna connected to a signal
generator
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Results
Magnetic-inductive coupling is a promising method for underwater
transmission of useful data, and should be further developed. In the future, I
was faced with numerous tasks in this study, namely: learning the C #
programming language to create a programmable MI transmitter on the FPGA;
a deeper review of the theoretical foundations of near-field signal transmission;
a further search for ways to reduce losses during the passage of a signal in water
(both in fresh and marine); determination of the optimal range and speed of data
transfer (search for solutions aimed at upgrading these parameters).
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VORTICAL FOAM GENERATOR
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ARTIFICIAL INTELLIGENCE CONTROL
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Abstract
Usage of vortical foam generators in the automatic photolithography
lines besides high quality of operation also allows to expand the range of line
applications. In this article structural components of generators as well as their
distinctive characteristics and advantages over other devices performing similar
operations are described in details. Holistic reasoning behind application of
foam generators is provided. Author also focuses attention on operational
principal of the proposed device. The integration of the vortical foam generators
is covered in this article as well. The control system of the discussed device
plays a particularly important role as it can be governed by artificial intelligence
and neural networks which are rapidly developing and oftentimes demonstrate
superior performance.
Keywords: surface preparation, thin-filmed micro-assembly, neural
networks
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Figure 1. Automatic photolithography line with a base of
semiconductor layers and thin-filmed micro-assembly plates
INTRODUCTION
Aerodynamic foam generators are used for assembly parts surface
preparation for applying photoresist. For line equipment control operator touchpad is used. Furthermore, elements of artificial intelligence and artificial neural
networks are used in control and monitoring systems. Taking into consideration
limited capacity of the device control elements operating space, usage of highly
efficient aerodynamic foam generators allows to achieve high quality and
introduce additional instruments and devices (in addition to existing
mechanisms and instruments) which significantly increases the range of line
applications.
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Figure 2. Operating position with the protective covers taken off. The
following modules can be observed: loading-unloading module; centrifugal
machine module and intermediate transport module
MATERIALS AND METHODS
Primary differentiating features of the complex device for aerodynamic
liquid foaming can be formulated in the following way:
1.
Device for aerodynamic liquid foaming, which includes:
•
Connected to the source of compressed gaseous working
agent;
•
Mechanism of sequential transformation of incoming axial
aerodynamic stream of specified gaseous working agent into centrifugal and
radial high-speed flows which are equally spaced over a plane that is
perpendicular to the direction of this stream flow;
•
Mechanism of accumulating, bringing out and accelerating the
radial high-speed flows of gaseous working agent that is inserted in the
hydrodynamic local vortex generating annular channel which is connected to
accumulating container with foaming liquid;
•
Conical reflector-cover of local foam generating area which
connects both mechanisms and local vortex generating annular channel.
2.
Device for aerodynamic liquid foaming mainly in the form of
hydrous solution which contain organic and anorganic components, which
includes:
•
Mechanisms of accumulating, bringing out and accelerating of
sequentially shape-wise and stream direction-wise transformed high-speed
flows of gaseous working agent that is brought in the specified mechanisms
under pressure.
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•
Hydrodynamic mechanism of foamed liquid intake in the zone
of bringing out and accelerating of gaseous working agent and creation in the
joint zone of gaseous and liquid mediums of local vortex generating
hydrodynamic annular channel with gradually expanding cross-section area;
•
Combined aero- and hydro-dynamic interface connecting
aero- and hydro-dynamic device mechanisms in the inner volume of conical
reflector-cover. Furthermore, the specified interface consists of connected by
fixating, directional, and distance specifying pin and conical reflectors of
aerodynamic and hydrodynamic mechanisms. Gaseous working agent is
supplied to that interface via the system of aerodynamic mechanism channels.

Figure 3. Operating position of photolithography line with a base of
semiconductor layers and integrated aerodynamic foam generator for cleaning
procedures of plates surfaces before applying the photoresist.
Numbers on Figure 3 denote:
1 – gap between reflector and device body frame-tub which determines
the foam bubble size;
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2 – tube axial channel carrying outlet reflector of foam generator;
3 – rolling contact bearing carrying tube axial channel and reflector
mounted on it;
4 – channel for vacuum connection;
5 – bearing sleeve of operating position designed for vertical
adjustment;
6 – control threaded part of tube axial channel;
7 – control devices for support node of operating position.
Expediency of foam generators application
Foam generator subsystem integration into supersystem of operating
position of photolithography line based on either semiconductor plates or thinfilmed micro-assembly plates allows us to solve complex technological issues
regarding 1 - spatial combination of nodes and working position mechanisms
and 2 – qualitative ensuring of operations for bars surfaces preparation for
applying photoresist and all the remaining operations that are included in the
mandatory technological cycle.
This solution is particularly important for ensuring the required level of
manufacturing and technological unification. There due to usage of superior
traits of surfaces preparation with micro-foam during their manufacturing
number of auxiliary operations and processing steps can be reduced. This
allows us to focus our attention on the final operations and most critical
operations such as high-speed electrochemical coating of thin-filmed microassembly plates with a goal to prevent negative effects from electrodes edge
effect. Furthermore, relative simplicity of the foam generator parts simplifies
their integration into the line with older versions of photolithography and
techno-chemistry technologies.
Operating principles of aerodynamic foam generator
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Figure 4. Aerodynamic foam generator operating principle in the
working cycle of operating position of automatic photolithography line based
on the semiconductor plates
Numbers on Figure 4 denote:
201 – Foamed cleaning material flowing in the radial directions;
202 – Foam concentration zone before start of motion in the radial
directions;
203 – Channel where the stream of compressed air flows for cleaning
the reverse plate side;
204 – Vertical channels through which the compressed air is supplied
for cleaning the reverse plate side;
205 – Working liquid that is intaken into the reduced pressure zone of
foam generator;
206
– Annular reduced pressure zone of foam generator;
207– Zone of foam formation start;
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208 – Zone of compressed air distribution for supplying it to the
vertical channels;
209 – Vertical channels for compressed air distribution and supply.
Thus, based on the aforementioned statements, the method of
aerodynamic foam generation can be formulated in the following way:
Aerodynamic method of foam generation in the liquid stream that
includes:
•
Supply of compressed gaseous working agent into inner
accumulating cavity;
•
Transformation of the gaseous working agent stream to
annular conical gas swirl on the bottom of inner accumulating cavity;
•
Splitting of gaseous working agent that was accumulated in
the annular conical gas swirl in the equal into equal high-speed micro-streams
that are equally spaced;
•
Accumulation and distribution of gaseous working agent
micro-streams with simultaneous change of their flowing direction;
•
Inlet of specified streams of gaseous working agent into the
annular turbulent stream of foamed liquid (also with high turbulence level) that
is indrawn in the conical annular cavity of foam generator frame due to pressure
reduction in the gaseous working agent streams flow zone;
•
Saturation of the annular turbulent liquid stream with the
gaseous working agent bubbles and creation in constantly expanding crosssection area of turbulent liquid stream so-called pseudo-boiling layer. This layer
contributes to pseudo-explosion of the gaseous working agent bubbles and their
split into smaller bubbles which transforms into homogeneous stable foam.
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Figure 5. View of operating position in the axial section where aeroand hydro-dynamic foam generator is functionally integrated and adapted
In the Figure 5 displayed the version where the working liquid is put
into the chamber where reflector of foam generator is located.
Numbers on Figure 5 denote:
101 – Cleaned part;
102 – Cleaned surface;
103 – Space where formed foam is distributed;
104 – Cone for foam outlet;
105 – Concentrating ring;
106 – Cone-accumulator of the foam;
107 – Operating table;
108 – Channel where the compressed air which blows off the liquid
from the reverse side flows;
109 – Cone-reflector of the foam generator;
110 – Socket of the cone-reflector;
111 – Cowl of the cone-reflector socket;
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112 – Gap which determines foam bubbles diameter;
113 – Reflector of the aerodynamic foam generator section;
114 – Distribution holes of the foam generator;
115 – Vertical channels, where the air is supplied for cleaning of the
thin-filmed micro-assembly plates reverse side;
116 – Operating position frame;
117 – Top level of the working liquid;
RESULTS
Thus, we can formulate the final characteristic of the built cleaning
head for aerodynamic surface cleaning:
Cleaning head for aerodynamic surface cleaning that includes:
- Mechanism for supplying of the gaseous working agent stream in the
local zone of cleaning and subsequent shape and flow direction transform;
- Conical reflector-frame with mechanism of annular turbulent vortical
liquid stream formation covering the cleaned surface.

Figure 7. Automatic photolithography line based on thin-filmed microassembly plates. One can also observe in the background the chemical
infrastructure of the line equipment where aero- and hydro-dynamic foam
generators are integrated which are also integrated into the working position
systems of the line equipment
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DISCUSSION
Combination of the foam generator functionality with the functionality
of the cleaning head for aerodynamic cleaning of the thin-filmed microassembly plates surfaces is one of the most important line advantages which
ensures the required quality of the photolithography while maintaining the
simple structure and high level of equipment reliability. Such complex
integration and combination also allow us to integrate into technological
process operations for active dynamic control in real time including control
systems governed by artificial intelligence and artificial neural networks
systems.
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Abstract
If using wind power plants in electric power systems (EPS), mode
control devices (transmission and insert of DC), there is a need for their rational
arrangement, analysis of their influence on the modes of functioning of EPS,
represented by modern static voltage characteristics, in assessing the possibility
of regulating voltage and limiting short circuit currents, etc. In this regard, a
preliminary solution of the tasks based on the balance conductivity method is
proposed, which, prior to the calculation of the regimes, makes it possible to
identify the most sensory and rigid nodes, evaluate their impact on the
functioning of EPS. This significantly reduces the amount of calculations
during design and operation, allows you to formalize the choice of circuits
having certain properties, the rational arrangement of control devices modes.
The obtained parameters of the scheme, quite simple, but having a certain
physical meaning, can be proposed for a preliminary analysis of schemes and
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some operating parameters before calculating the corresponding modes of
operation of the EPS, during design and operation.
Keywords: rigidity, nodes, load, electric mode.
Introduction
Electric power transmission by alternating current is widespread in
world practice, but the power that can be transmitted through such lines,
especially over long distances, is constrained by multiple factors. In this regard,
worldwide interest in high-voltage direct current (HVDC) is growing. In some
cases, they have significant technical and economic advantages in relation to
AC transmission lines of the same power: by increasing the controllability of
electric power systems (EРS) in various modes of their operation, reducing the
cost of building the lines themselves, reducing the cost of wires or cables; for
overhead lines, supports are structurally simpler and easier, and the line route is
narrower, etc..
However, converter substations (powerful converter plants with their
own control, protection, signaling, and cooling systems) EPS DC power lines
located at the ends of the HVDC are more complicated and more expensive
than EPS DC power substations [1].
Such substations should be equipped with synchronous compensators
or powerful capacitor banks to compensate for the reactive power consumed by
the converters themselves, higher harmonics filters, smoothing reactors and
other equipment. A simpler and more cost-effective option that increases the
controllability of EPSs can be back-to-back station (BtB station), both
converters of which are located on the same substation.
The use of DDC and BtB station is also advisable when working with
heterogeneous generating sources (thermal, hydroelectric power plants, solar
and wind stations, etc.) in one electric power station. When using DC
technologies, the development of methods for controlling power flows and
voltage becomes important; regulation and protection systems in AC and DC
networks; recommendations for selecting voltage levels for DC networks;
technical requirements for circuit breakers on the DC side, etc. [2]
Active development of renewable energy begins in Russia. Due to the
growing capacity, for example, wind power plants (WPP) in the United Power
System (UPS) of Russia raises the question of their rational arrangement. There
is a lack of Russian recommendations on the choice of installation sites for a
wind power system.
In this regard, difficulties emerge in formulating criteria for choosing
the location of installation of wind farms. In foreign literature, experts also note
the absence of unambiguous and simple rules for determining suitable locations
for installing a wind farm. Obvious criteria for choosing a location for installing
a wind farm are, for example, the average annual wind speed and the transfer
capacity of the network. In some sources [3,4,5] the recommendations are given
in the form of restrictions on the choice of the location of the wind farm.
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Furthermore, it is necessary to take account of possible embodiments
of power generation for different values of mean daily wind velocity for the
design and analysis work current wind farm. The integration of large-capacity
wind farms will require the construction of new overhead power lines (OHL),
departing from the station. Moreover, to obtain economic efficiency, OHL must
provide maximum discharge capacity [6].
Thus, there is a need for a preliminary analysis and comparison of the
transfer capacity of the links between stations and EPS, the reliability
characteristics of power supply to consumers, in assessing the possibility of
regulating voltage and power flows at substations, the rational location of wind
farms, BtB station or DCC on the territory of EPS, etc. when using sources such
as wind farms in power plants, such devices to increase controllability of
regimes such as BtB station or DCC.
It is possible to use the concepts of rigid and sensor nodes for a
formalized solution of the tasks [7], which simplify the analysis of the
functioning of the EPS during design or operation [8]. We can distinguish
groups of elements whose operational parameters change largely with random
changes in the circuit or mode (the most sensitive), called “sensory”, as well as
groups of elements whose operational parameters change slightly with external
influences, called “rigid”. It is of interest to use the balance-conductivity
method to obtain a ranked list of nodes in a comparative analysis of the
capabilities of the considered network circuits and power distribution by
stations [9]. Such analysis before calculating the steady state, short circuit
currents, static stability assessment [10], arrangement of reactive power
compensation devices [11] according to the circuit parameters allows to
determine a list of nodes ranked by degree of rigidity and use it to increase the
controllability and efficiency of the EPS operation. It should be noted that the
determination of the stiffness and sensitivity of heavily loaded nodes with a
voltage of 110 kV and higher is impossible without an analysis of the degree of
load change in the nodes in accordance with their modern static voltage
characteristics [12].
Methods
Evaluation of load curve irregularity of the EPS generation
schedule
The annual schedule of the EPS load has its own characteristic features
of highs and lows. According to the monthly data on electricity consumption in
the UPS for 2018 [13], e.g. a graph was constructed for the UPS (Figure 1) and
the specifics of consumption in the IPS of the South (Figure 2) are shown.
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Figure 1 Consumption in the UPS
In general, except for IPS of the South, graphs are characterized by
summer lows and winter highs.

Figure 2 Consumption in the IPS of the South
It should also analyze the curve irregularity factor of the IPS of the
South schedule for the characteristic annual highs and lows. The results of this
analysis аre shown in table 1. The results of calculations of the daily irregularity
factor during 2018 are shown in Table 1 and demonstrate that the power of the
WPP varies by 25% to a maximum of 34% during the day.
Table 1. The irregularity factor of the IPS of the South for
characteristic annual highs and lows.
Degree of irregularity during the day
February
March 1, May 1,
July 1,
September
December
1, 2018
2018
2018
2018
1, 2018
31, 2018
0,75
0,73
0,73
0,66
0,70
0,75
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The irregularity factor is used to analyze fluctuations in the graph of
the generation of wind farms over a given period of time, for example 2018
year. Based on the factor values during the year, it is possible to assess the
possibility of regulating existing traditional power plants and determine
measures to increase their regulation range. The irregularity factor is divided
into daily and dynamic.
The irregularity factor, which can only be effectively used to analyze
changes in wind farm generation in short-term forecasting tasks, shows the
change in the generation pattern between adjacent measurements:
(1)
- is the power of the wind farm corresponding to the measurement
of n;
- is the power of the wind farm corresponding to the
measurement of n+1.
- defined as the ratio of the minimum and maximum values
between the dimension
and
Daily irregularity factor shows the change in the generation pattern of
wind farms during the day:
=
(2)
Where:
- minimum wind farm power per day;
- maximum wind farm power per day;
You can analyze the influence of a wind farm on the dispatch schedule
by changing the irregularity factor for the following cases:
1.
The work only traditional power plants;
2.
The work of traditional and wind power plants in full
compliance with the forecast production of wind farms.
For further calculations we specify the task: the calculation is based on
the consumption schedules of the IPS of the South during 2018 with the
following assumption, which generally does not give a significant error:
January 15 - February 15, the load corresponds to February 1 in the table;
February 15 - March 15, the load corresponds to March 1; March 15 - June 15,
the load corresponds to May 1; June 15 - August 15, the load corresponds to
July 1; August 15 - October 15, the load corresponds to September 1; October
15 - January 15, the load corresponds to December 31. The calculation of the
output of the WPP is based on three-hour measurements of the average wind
velocity, measured over 2-minutes period at an altitude of 10-12 meters, for the
period of 2018, obtained [14] for the following inhabited localities: Yeysk,
Margaritovo, Taganrog, Primorsko-Akhtarsk , Dolzhanskaya, Starominskaya.
The Table 2 shows the difference of irregularity factor during the day
in case of work only traditional EPS and the simultaneous operation of
traditional and wind farms.
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Table 2. The change of the irregularity factor of the IPS of the South
during the integration of WPS
Difference of
The number of cases
The number of cases of
irregularity
of irregularity in the
irregularity in the
factor, %
interval
interval, %
0
19
5
0-5
269
74
5-10
56
15
10-20
18
5
20-30
30-40

3
0

1
0

40-50
50-60

0
0
0

0
0
0

0
0

0
0

0

0

60-70
70-80
80-90
90-100

Then the WPS does not make a significant contribution to the change
(fluctuations) in the generation schedule of EPS. In 79% of these changes is less
than 5%. These results are presented for the IPS of the South system with an
installed capacity of 3.1 GW (about 20% of the EPS of the IPS of the South).
Base power is defined as the minimum, continuous quantity of the
power of the entire WPP during the day. That is, if in a number of
measurements of wind speed during the day at least one is equal to zero, the
base power is assumed to be zero during the day.
(3)
Where:
– Base (firm) capacity of the WPS, p.u.
– the minimum power level during the day,
moreover, MW.
– capacity of the whole WPS, MW.
Moreover, for the most reliable accounting of the base power, the
prediction error is superimposed on it.
(4)
Where:
X – prediction error value, equal to 20%.
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Table 3 shows the repeatability of the base capacity of the WPP during
2018.
Table 3. The repeatability of the base capacity of the WPP with and
without consideration of the wind speed prediction error.
Repeatability within a
The value of the
Repeatability within a
year, %
base power during
year, %
excluding prediction
the day, p.u.
with prediction error
error
0
34
34
0,0-0,1
53
56
0,1-0,2
8
5
0,2-0,3
2
3
0,3-0,4
2
1
0,4-0,5
0
0
0,5-0,6
0
0
0,6-0,7
0
0
0,7-0,8
0
0
0,8-0,9
0
0
0,9-1,0
0
0
Then, while analyzing the regimes, two components can be considered
in the schedule of the WPP: the base one – about 10% of the power output in
this particular system and the variable. It should be noted that the determination
of the base power of a WPP allows to reduce the value of the reserve power of
thermal power plants in the IPS. With the maximum configuration of WPP in
the nodes of the EPS, the base power increases significantly, and the change in
the irregularity factor decreases.
Improved controllability with DC transmission and BtB station
Modern developments of converting substations of a new type are
based on fully controllable valves (FCV), designed to solve all previously
existing problems. The work was carried out in the direction of current
conversion and in the direction based on the principle of voltage conversion
[15]. Recent advances have led to the fact that it is precisely the converters
based on the principle of voltage conversion that have become quite intensively
used in world energy. Reactive power compensators, called STATCOM, inserts
and cable transmissions of direct current, have already been built on this
principle. The construction of all these objects is based on a common, so-called
Light technology. The leading corporation in the development of this area is
ABB. All these objects are characterized by the use of high-frequency pulsewidth control.
From the point of view of steady-state modes, BtB station on voltage
converters can be considered as a combination of two EMF generators of
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industrial frequency interconnected by active power, controlled by phase and
amplitude, connected to adjacent power systems through resistances, defined by
their current-limiting reactors, transformers and communication lines. In this
case, the active power of the converter:
(5)
where sinδ the angle between the EMF of the
and the EMF
of the equivalent generator of the adjacent
power system; X is the
total drag between the indicated EMF.
In accordance with this representation, the full-speed throughput of
networks adjacent to the AC converters is:
(6)
where the index k = 1 or 2 depending on the considered, starting or
receiving power system.
Using a BtB station of the type in question gives the following
bonuses: almost inertialess control of active power flow, including with the
possibility of reversing; to control reactive power, including with the possibility
of its generation; to work in the conditions of small short circuit ratio (SCR) and
even on an autonomous load. Studies of transient processes have shown that, in
contrast to HVDC on traditional valves, short circuits on the AC side cannot
cause the switching of converters, which, however, does not mean that it is
impossible to produce short-term total power drops of HVDC these processes.
Balance Conductivity Method
The balance conductivity method is based on determining the
difference between diagonal and off-diagonal elements of the bus admittance
matrix [16]:
(7)
Where
, mmhos – the sum of the imaginary parts of the
complex values of the longitudinal conductivities of the branches connected to
the i node;
, mmhos – Imaginary part of the i diagonal element of the bus
admittance matrix.
The diagonal and off-diagonal elements of the bus admittance matrix
are determined by the formulas of the following form:

(8)

where
is the number of power lines connected to the node;
is
the longitudinal conductivity of these branches,
is the conductivity of the
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nodal shunt to the ground, determined by converting the load power to the
shunt.
The nodes with the smallest value
are sensory and will respond to
a greater extent with a voltage change to load deviations. In sensor nodes, the
three-phase short-circuit current is noticeably smaller than in rigid nodes, where
the
value is maximum [17]. Naturally, when taking into account the static
characteristics of the voltage load in the node in accordance with the known
formulas [18]:
(9)
(10)
It is possible to get a significant change in the load depending on the
emerging circuit-mode situation, and therefore a change in the value of the
shunt in the formula for balance conductivity.
The first term in square brackets corresponds to the representation of
the load with constant conductivity, the last term is independent of voltage and
corresponds to a constant power debits, i.e. the most linear and nonlinear load
model when calculating the steady-state modes.
Calculation results
The most obvious is the 14-node IEEE test scheme, which was
considered to illustrate the correctness of the proposed methods.

Img.3. Test circuit 1 of the investigated network.
In Scheme 1, using the method of balance conductivities and static
characteristics of the voltage load, rigid and sensor nodes at different voltage
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levels were identified, and a list of nodes ranked by degree of rigidity was
formed. Then, steady-state modes and three-phase short-circuit currents were
calculated to evaluate the correctness of the results. Section 1 separates part of
the network at a voltage of 230 kV.
For specified calculations, the load represented by the static voltage
characteristics was recalculated into the shunt. Table 3 presents the results of
the assessment of balance conductivities in all nodes of the network and a list
ranked by the degree of rigidity of the nodes. The following conclusions may be
drawn: the most sensitive is node 8, the most rigid is node 7 Comparison of the
balance conductivities, obtained by representing the load with a static voltage
characteristic (typical Static characteristics of load voltage 1 (SH 1); static
characteristics of load voltage, obtained in measurements [19] (SH 2); static
characteristics of load voltage, obtained by calculation, taking into account the
introduction of modern and energy-saving technologies [20] (SH 3)), allowed
draw the following conclusions the location in the ranked list of the most rigid
and sensory nodes changes slightly when using any of these characteristics,
values of balance-conductivities are practically identical. For less sensory or
rigid nodes, there is a big difference in the values of balance conductivities, for
example, for nodes 10, 11, the results indicate the need to take into account the
static characteristics of the load, which differ from standard and obtained based
on measurements in EPS.
Table 4. Comparison of the conductivity balance for different tasks of
the static characteristics of the voltage load.
Static characteristics Static characteristics of Static characteristics
of load voltage 1
load voltage 2
of load voltage 3
8

-0.26205

8

-0.26072

8

-0.26213

4

-0.13622

4

-0.13614

4

-0.13621

5

-0.00905

5

-0.00901

5

-0.00904

2

-0.00149

2

-0.00125

2

-0.00149

11

4.4E-05

1

-0.00101

11

3.62E-05

10

6.3E-05

11

0.0002

10

5.37E-05

3

0.000212

10

0.000219

3

0.000217

13

0.000293

3

0.000588

12

0.000273

12

0.000295

13

0.000682

13

0.000277

9

0.000377

12

0.000762

9

0.000353

1

0.000493

9

0.000845

1

0.00053

6

0.015819

6

0.016318

6

0.015777

7

5.71198

7

5.697335

7

5.712633
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You can compare the ability to regulate the voltage in the sensor and
rigid nodes. Since the nodes 7 and 8 are at different voltage levels, then the
nodes 7 and 6 will be compared, where the latter is quite touch-sensitive, but at
the voltage level of the 7th node. The difference in the voltage deviation ∆U
when the reactive load changes by the same value of ∆Q in nodes allows us to
evaluate the control efficiency ∆U / ∆Q. В In the sensor node, this coefficient
turned out to be 1.62 times greater than in the rigid one, which indicates greater
efficiency in controlling the voltage levels in the sensor node. The ratio of the
three-phase short circuit current in the sensor and rigid nodes is 0.85, that is, the
current in the sensor node is less than in the rigid one. Therefore, in the rigid
node, the limitation of short-circuit currents is more effective, whereas in the
sensor node - voltage regulation. The difference will be even greater when
performing calculations for a more rigid node. If it is necessary to use the BtB
station installation to control the regimes and to limit high short circuit current,
they should be installed in rigid nodes. This will simultaneously increase the
homogeneity of the network. If the problem of short-circuit current limitation is
not urgent, it is better to place the BtB station in the sensor nodes. In this case,
the BtB station will significantly improve the system operation mode and will
allow maintaining acceptable voltage levels.
The same principle can be used if it is necessary to arrange WPP in
some load nodes or near them. Since the voltage levels in rigid nodes during
disturbances are much better supported than in sensor nodes, installing WPP in
rigid nodes will allow you to serve the load and transmit power to the network
without additional voltage level control devices in steady state under low s / c
current. However, the network becomes more heterogeneous, that can lead to an
increase in the loss of active and reactive power in the network and avoiding the
regimes close to optimal. With significant s/c current in the original circuit
without WPP, their connection in rigid nodes will lead to a backsliding ,
therefore, WPP should be located in the sensor nodes, but the voltage levels in
the network should be evaluated and adjusted.In this case, the network becomes
more uniform and the loss of active power in the network is reduced.An
example of the arrangement of the WPP in the test scheme is given in [21] and
showed the correctness of this approach.
It should be noted that preliminary analysis of the rigidity level of the
nodes before calculating the steady-state mode, s/c current, the calculation of
the mode with reduced network losses allows you to formally identify the most
“dangerous” nodes, to carry out an approximate arrangement of control devices,
to provide significant assistance in the arrangement of the BtB station and WPP
in the scheme, allowing to improve the functioning of the EPS in question.
Calculations in real schemes and discussion.
Similar calculations were carried out both during the design of the EPS
of the megalopolises of Moscow (without and with the use of WPP) and St.
Petersburg, and for the analysis of the regimes in the Ulyanovsk Region, in
whose territory WPP are installed. A preliminary analysis of the modes in the
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Moscow power system made it possible to identify nodes with maximum SCC
before calculating the modes and, as one of the alternative options, propose the
installation of a BtB multi-station to limit them in the most rigid node.
It should be noted that the ratio between SCC in the most rigid and
sensor nodes at a voltage level of 110 kV is 4.07, and the voltage variation
range with the same regime intensifications was 1 kV in the most rigid and 14.2
kV in the most sensory node. Thus, the results obtained during the design for a
real circuit fully confirmed the previously presented results for the test circuit.
Similar results were obtained for the Leningrad power system.
When placing WPP in the nodes of the power system in the Ulyanovsk
region, the possibility of organizing a more homogeneous network scheme and
an approximate optimal regime was confirmed.
Based on these results, we can draw the following conclusions:
1. Due to the possibility to use the balance-conduction in various
problems in the design and development of EPS, to compare schemes, they can
be assumed to be generalized indicators of the scheme that determine the
stiffness of network nodes.
2. The use of generalized indicators of the scheme allows, before
carrying out appropriate calculations, to carry out a comparison and choose
schemes that have certain properties, to carry out preliminary arrangement of
devices for controlling EES modes; increase the homogeneity of the network
for the organization of more economical modes and increase the reliability of
the operation of EPS.
3. The simplicity of calculating the generalized indicators of the circuit
makes it possible to significantly reduce the volume of calculations and the
circuits under consideration during the design or development of EPS, the
formation of repair modes, a comparative assessment of reliability, during the
analysis the functioning of EPS.
Due to the fact that the generalized indicators of the circuit are quite
simple, but have a certain physical meaning, it can be suggested that their use
for a preliminary analysis of the circuits and some operating parameters before
calculating the corresponding operating modes of the EPS both during design
and during operation.
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Abstract
The current stage in the development of information support of the oil
and gas complex is characterized by the transition from corporate information
and reference geographic information systems (GIS) to the development and
creation of automated information-analytical and information-management
systems. Traditional GIS - technologies provide optimal organization and
comfortable access to databases of geographically distributed information. The
new generation of GIS is designed, in addition to providing information and
reference functions, to solve a set of tasks for managing complex multi-level
geotechnical systems (GTS) of oil and gas condensate fields for the purpose of
rational nature management and sustainable development of natural and manmade GTS.
Keywords: ultralight aviation, aerial photography, ecology,
geotechnical systems, remote sensing.
Introduction
The first stage of creating a new generation of GIS was carried out in
the course of joint experimental and production work of Okrkomzem (KhantyMansi Autonomous Region) and the Department of APS of the Gubkin Russian
State University of Oil and Gas at the Petelinsky oil field of Oil and Gas
Production Department “Yuganskneftegaz”.
The following basic provisions have been adopted as a conceptual
basis for creating information management GIS:
Performance of work on monitoring the field on the basis of
fundamentally new technologies providing reliability, detail and relevance of
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the source information. The implementation of this provision in practice was
carried out through the use of the local remote monitoring system “Biosphere
TM” located on board the motor-hang glider (Fig. 1).

Fig.1 Ultraligh aircraft carrying equipment for remote sensing
The feasibility of using Ultralight monitoring is due to the following.
1. Ultralight aircraft (UA) can be delivered directly to the object of
remote sensing using land transport.
This allows to provide significant savings in flight time spent in the
case of the use of high-altitude aircraft on approach to the object of interest. In
some cases, when solving environmental monitoring tasks in remote areas of
Western Siberia (remote from the locations of civil aviation) these unproductive
costs account to 40%.
2. The ability to take off and land UL on any solid surface (field,
meadow, dirt road) allows to select a basing place within the area of interest,
and therefore take advantage of the optimal weather conditions at the local
shooting-flight operations (SFO) site, which is set even for a minor period of
time.
3. A lower cruising speed (up to 70 km / h) and a wide range of heights
(from 100 m. to 3-4 km.) Make it possible to eliminate image blur when
performing SFO at extremely low altitudes, which is especially important when
collecting remote information for solving problems on the large-scale
topographic mapping on a scale of 1: 500 to 1:10 000.
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4. When performing SFO fuel consumption per 100 sq. km. of the
shooting area is not more than 30 liters of AI-93 gasoline for an engine of type
2706Р05 (HIRT) and ROTAX 447. Flight operations are carried out by a team
of 3 people. The costs of approaching the the area of interest are excluded.
All stated above made it possible to reduce the unit cost of aerial
photography materials obtained with the use of UL by 3.5–4 times compared
with traditional methods used in aerial photography on the areas up to 100 sq.
Km.
5. Basing of the UA in close proximity to the object of shooting allows
to organize synchronous ground surveys and contact measurements. In this
case, the selection of reference objects is carried out according to the television
broadcast, the operational viewing of which is carried out during field work.
With the large-scale thematic mapping (geological, engineering-geological,
soil-geobotanical, environmental, etc.), this technique provides an increase in
the reliability of the output data and a significant reduction in the cost of
performing field work.
6. Currently, the department of APS of the I.M. Gubkin Russian State
University of Oil and Gas, together with organizations of the Russian Academy
of Sciences, is working on the issue of deploying compact geophysical
monitoring equipment on board of the UA apparatus to perform gravimetric,
magnetometric, microwave radiometric, and thermal imaging works in order to
ensure additional exploration of hydrocarbon deposits. Such work will be
carried out synchronously with the well-established methods of remote sensing.
This will allow already at the stage of research to obtain materials suitable for
industrial implementation.
7. With its own take-off weight of 120-140 kg., the payload mass is
220-240 kg (in aviation, analogues of the above parameters are unknown). This
allows to place onboard the UA apparatus, in addition to the pilot,
synchronously operating topographic aerial camera, digital video camera,
satellite navigation equipment, a complex of geophysical equipment (thermal
imager, microwave radiometer, etc.). Thus, with an unprecedented low cost of
operation, it becomes possible to increase the armament of the remote sensing
system at the level of airplane laboratories such as TU-134SH, AN-30.
As the conceptual basis for the functioning of the local monitoring
system, the first particular-to-general approach to remote sensing practice has
been adopted. The essence of the new approach is to compile reliable and
extremely accurate information on the geotechnical system of the field as a
whole based on summing up data on its fundamentally important fragments
obtained at the local level. Ultra-low altitudes (150-300 meters) inaccessible for
traditionally used aircrafts and cruising remote sensing speeds (50-60 km / h)
made it possible to obtain source information that is extremely informative in
terms of spectral, calorimetric and frequency-spatial characteristics at the local
level, not only in optical, but also in the near infrared and thermal ranges (Fig.
2).
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Fig.2 Thermal image of the oil spill
The second equally important task is being solved. Fragmented (local)
monitoring of the most disturbed elements of the biosphere within the holistic
geotechnical systems of an oil field eliminates unproductive expenses for a total
"scan" of the entire licensed field in which up to 80% of aerial survey materials
are dumped. The most important advantage of using UA in this case is the
opportunity for local specialists (customers) to participate in planning flight
operations directly at the monitoring object. The operational control of the
flight-shooting process, based on the functional tasks of monitoring, the
adjustment of the parameters of flight operations depending on changing
weather conditions, the dynamics of the spectral and calorimetric characteristics
of remote sensing objects, the illumination, and the optical and physical
properties of the landscape, increase the effectiveness of the entire monitoring
program as a whole.
Materials and Methods
The technology for creating information-analytical and control GIS
developed and implemented by the Department of APS of the Russian State
University of Oil and Gas is based on a set of input information that includes
the following blocks.
1. Topographic map with applied information depicting the
infrastructure of the field in conventional designations adopted by surveying
services of the fields, updated according to the data from remote sensing and
ground-based topographic and geodetic works performed using GPS
technologies. This data, obtained using the MapInfo software, are essentially
the basis for compiling GIS and applying thematic loads of special electronic
maps (Fig. 3).
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Fig.3 Integrated topographic map
2. The landscape base, created according to comprehensive research in
accordance with the original methodology developed by the Department of APS
of the Russian State University of Oil and Gas on the example of a number of
deposits in the middle Ob’ region.
3. Technical parameters of the oil gathering and water pumping
network (Parameters of oil pipelines and water pipelines for operating areas:
diameter, wall thickness, length, year of commissioning, GOST of the pipe,
steel grade of the pipe, type of pipeline insulation, pipeline laying depth (m.),
Pumping parameters (Q liquid. cbm / day; Q oil cbm / day; P (beginning) atm; P
(end) atm; % watering.)
Information-analytical and control GIS are based on special blocks of
input data, which are formed depending on the assigned functional task. For
example, when determining the causes and factors of emergencies, the
following auxiliary data arrays are formed on the oil gathering network.
•
Graphical materials and statistical data confirming the
correlation relationships identified during a comprehensive interpretation of
geological and structural data and oil spill parameters;
•
Data on the dynamics of the largest oil spills, obtained
according to the results of vectorization and quantitative assessment of local
monitoring materials;
•
Data from the field’s operational service on emergency
situations during the observation period (date of registration of the accident,
place of accident, pipe diameter, oil area, spill volume, estimated cause of the
spill, liquidation measure);
•
Data on injectivity of water pumping wells (No. of wellhead
and well bore, pressure at the exit in atmospheres, injectivity in cubic meters /
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day) for available test wells.
•
Parameters of the oil reservoir (roof topography, productivity,
the ratio of water and oil in the pumped liquid, etc.);
•
The planned position and characteristics of oil wells
(productivity, depth of the ESP descent, % water, N din., Q fluid / Qn.)
The entire thematic database is formed in the MapInfo software in the
form of attribute tables and auxiliary cartograms. For individual parameters, in
order to facilitate analysis and better visual perception of data, the VoxelAnalist
software product is used, which allows constructing a block diagram of an oil
reservoir in a three-dimensional coordinate system with highlighted
productivity, obtaining the topography of the formation in isogypses, and
performing statistical data processing.
The most important condition for the effective functioning of the
information-analytical GIS is the correctly structured hierarchical structure of
the queries in the MapInfo software that strictly corresponds to the list of
functional tasks and monitoring objects formulated at the initial stage of the
study together with the basic services of NGDU and TsDNG. A comprehensive
analysis of intermediate cartographic information and the results of processing
statistical data ensures the creation of a new generation of GIS at the final stage.
In relation to the considered example, in the process of creating the
GIS, a formula was developed for calculating the accident rate of the oil
gathering (water pumping) network.
The basic statement that determines the information-analytical and
control functions of GIS is a logically based structure of the output data, to
which the concept of a new generation of GIS is subordinate. The algorithm for
its construction is determined by the following sequence of performing mapmaking works:
Updating the topographic (landscape) basis; inventory of geotechnical
systems and infrastructure facilities of the field; analysis of the dynamics of
monitoring objects; forecast of the development of geotechnical systems;
development of measures for rational nature management and sustainable
development of the territory of oil and gas development.
Results
In accordance with the above scheme, the list of electronic maps most
fully displaying (but not limiting) the analytical capabilities of a GIS includes
the following items:
1. Electronic maps of the inventory of geotechnical systems on the
territory of the Petelinsky oil field on a scale of 1: 25 000 on an orthophoto
basis with vector loading and explication.
2. A set of electronic maps designed to develop scientifically based
recommendations for the sustainable development and protection of lands of the
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natural and anthropogenic complex of the oil field, consisting of:
- a map of the geoecological state of natural and anthropogenic
geosystems of the oil field based on landscape and soil data;
- a map of the dynamics of the development of anthropogenic load and
the landscape with the allocation of zones of stressful environmental conditions;
- a forecast map for the development of a natural-anthropogenic
geosystem of the field;
- a map of environmental management and sustainable development of
the field.
3. Large-scale electronic cartograms (1: 2,000 scale) of monitoring
objects (cluster sites, oil pump stations, pump stations, communication
corridors, as well as oil spills in places of emergency condition of the oil
gathering network, sludge pits and cluster sites) obtained in electronic form
according to local monitoring and ground surveys for 2006 and 2008 with
explications.
The thematic maps mentioned above were obtained in electronic form
and were analyzed using the MicroStation and MapInfo software package. In
this case, sections of the stress state of pipelines in areas of deformation
development were identified, associated with the dynamics of the cryosphere
and the influence of neotectonic disjunctive disturbances. Areas of increased
danger for laying pipelines, as well as the placement of cluster and drilling sites,
have been identified. Areas of development of dangerous exogenous geological
processes that are actively developing in the course of increasing anthropogenic
loads on the landscape are identified.
Of practical interest are the fundamentally new search criteria for
indicating previously unknown sections of oil and gas areas within remote and
hard to reach areas of Western Siberia. These criteria are developed on the basis
of geological and structural analysis of a complex of information materials
obtained at the local level using the monitoring system “Biosphere TM”.
Currently, due to the increase in investment activity of large oil
companies, a program has been developed for applying the Biosphere TM local
monitoring system to provide an environmental audit and examination of the
technical condition of oil and gas facilities, as well as geological and searching
works at the Khanty - Mansy and Yamalo-Nenets Autonomous Districts oil and
gas condensate fields.
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Abstract
This article provides the current conditions for the transportation of
animals on airplanes offered by modern foreign and local carriers, in particular,
problems arise with the transportation of animals. The author of the article
proposes the conceptual idea of creating technical containers for transporting
animals, creating on the basis of modern technical discoveries and other
alternative transport (plants, food, medicine).
Keywords: transportation of animals, air transportation, container for
transportation, transportation of animals.
Introduction Transportation of animals on the plane is a stress not
only for the owners themselves (it is necessary to apply for various permits, a
veterinary certificate, vaccinations, buy a seat and arrange an animal), but also
for the animals themselves. Each airline sets its own rules for the transport of
animals, which are usually detailed in detail on its home page.
Most often, the rules of all airlines are the same: a dog or a cat can be
transported in the cabin in a container (overall dimensions not exceeding:
55x40x23 cm, waterproof, bite-resistant). The maximum combined weight of
the animal and container is eight kg. It is forbidden to take other animals with
you to the salon. When traveling a pet in the cabin, you need to make sure that
in the container it can stand in its natural position, turn and lie down, because
the animal will be there for the entire flight. If an animal has already been
registered on board the aircraft - the second owner, who wishes not to part with
the animal - will be refused and offered to place the animal in the luggage
compartment.
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The Russian company Aeroflot emphasizes that the passenger is fully
responsible for the animal / bird, the availability and compliance of the
necessary permits and certificates. The airline shall not be liable for bodily
harm, loss, delay, illness or death of an animal / bird if it is denied entry or
passage through any country, state or territory, unless this has occurred as a
result of intentional illegal actions or gross negligence of the airline. The duties
of airline personnel also do not include animal care. Aeroflot, like many foreign
companies, carries dogs, cats and birds, which are also placed both in the cabin
and in the luggage compartment. Other animals - ferrets, ferrets, meerkats,
feneks, loris, decorative hedgehogs, mini-rabbits, marmosets and others - are
accepted for transportation if they are domesticated animals. Dogs belonging to
potentially dangerous breeds (guard, aggressive, fighting) are transported only
in the luggage compartment in the cages of reinforced construction [1].
Many airlines have banned the transport of dogs with a flattened face
(brachycephalic breeds - bulldog, pug, Pekingese, boxer, griffin, Boston terrier,
Great Dane, Japanese chin), rodents, reptiles, arthropods, fish and fish stock, as
well as other Sea and river animals requiring transportation in water. In
addition, sick and experimental animals will not get on board [1].
It was revealed that dogs and cats belonging to breeds with a flattened
nose or their crosses are especially sensitive to temperature changes and stress.
Therefore, it is not recommended to transport such a dog or cat if the
temperature at the airport of departure, transfer or arrival exceeds 27 ° C,
otherwise the pet's health may be compromised, or he may die during the trip. If
the owner decides to transport a dog or cat with a flat nose, he takes
responsibility for the animal’s health. When transporting dogs of fighting
breeds, special requirements apply (for example, the presence of a special cage
or container).
Research materials: Some European companies offer three options
for transporting animals: in the cabin, in the luggage compartment and in the
luggage compartment as cargo.
In 2018, U.S. airlines recorded a total of 17 deaths and 26 injured
animals during transportation. For comparison, in 2011, 35 animals died during
flights. In 2017, 18 pets did not transfer the flight on the flights of this particular
carrier. At the same time, in 2018, the airline also transported a significant part
of the animals, if we take into account 17 different carriers that make flights to
the United States. The numbers for 2018 look like this: 138,178 out of 506,994
registered for flights of pets. This is a third of the dead animals. According to
reports from the US Department of Transit, the cause of death for most animals
is unambiguous. For most of them, oxygen deficiency or heart failure has
become fatal and fatal. In 2018, 9 animals died on United Airlines flights, 5 on
Delta flights, and 4 on American Airlines. Also, in 23 cases, animals were
injured on United Airlines, and the statistics of such incidents is 2.1 per 10
thousand flights. In Hawaiian Airlines, this figure is worse - 3.9 [2].
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Unfortunately, Russian airlines do not provide such statistics, however,
as we revealed earlier, almost all airlines (both foreign and Russian) have the
same conditions for transporting animals, which allows us to conclude that the
statistics on animal deaths on Russian airlines are no different from foreign.
At the same time, pet protection organizations strongly recommend not
to transport a pet in the cargo hold or as checked baggage, which is placed in
the luggage compartments at the bottom of the aircraft. This is due to the fact
that in these places there are no conditions for the normal stay of the animal.
Extremely low temperatures, lack of ventilation and lack of oxygen can act on
it. In everyday life, animals are extremely rarely found in conditions close to
flying in an airplane. During the flight, they feel pressure drops, hear extraneous
sounds, feel shakings incomprehensible to them caused by turbulence. All this
causes an increased sense of anxiety. The cardiovascular system is primarily
affected by this.
Results:Thus, we can assume that most of the animals die simply of
fear, the other part freezes, those that remain alive, for a long time can not
recover from the stress experienced. And that's why:
1. The container with the animal is unloaded into the same
compartment where other cargoes are stored. Of course, no specialized pet
department is provided. This means that the animal will stand in a row of other
boxes, perhaps the boxes will be on top of its container or under it.
2. Baggage is not pinned. This means that in the turbulence zone,
containers move, fall, stand at an angle and knock against each other. You can
only imagine what is happening in the head of the animal at that moment.
3. There is no sound insulation. Why isolate from a noise a
compartment in which people are not in flight? This is an extra waste of money,
effort, time and other resources. That is, the noise that is created during takeoff, flight and landing is clearly heard in the luggage room. For a person, such a
noise is stress, even if he realizes that it is just an engine, but what an animal
that does not even understand what is happening to him, where it is and why he
was left here.
4. The luggage compartment is not basic, and it does not have a backup
computer. If one system fails, then in flight it will not be replaced. Of course,
technical details will not fly, but the heating mode can easily go astray. If in
normal mode the compartment maintains a temperature approximately equal to
the cabin, then when it is turned off, it drops from about -40 to -50 degrees. At
the same time, animals have practically no chance to survive.
All of the above made it possible to single out the following problems:
what should be the conditions for the transportation of animals during
transportation on airlines, so that they correspond to the maximum comfort of
the animal, allow it to be delivered from one point to another in a healthy state.
As the resonant incident of the death of a French bulldog in March
2018 during the United Airlines Houston-New York domestic flight showed,
the problem of placing animals exists, and it is associated, first of all, not only

82

11th International Conference “Science and Technology”
27-29 October 2019
with the human factor, but also with the technical capabilities of the device of
animals on board (in the cargo or luggage compartment). Boxing containers
designed for transporting animals can isolate animals from other people and
animals, but they do not save a pet from stress, freezing and death. Therefore, in
our technogenic age, it is necessary to develop more specific and technically
sound projects for creating animal boxes, allowing animals to be transported in
a safe environment, with minimal risks to life and health, with maximum
benefit for animal owners and air carriers.
Often, transportation of animals is more expensive than the ticket of
the owner, and how much is connected with these problematic aspects of
obtaining permits, contractual terms with the airline, etc.
And the owners who spend on such expenses want a really safe
opportunity to transport the animal.
We have researched the requests of the owners of animals using air
transportation using an anonymous questionnaire on the social network in
Contakt, and identified the parameters that a container for transporting animals
during the flight should have. By bringing these criteria for transporting animals
into a universal form, we highlighted some theoretical aspects of creating a
model of a box-container that can safely transport animals.
1. The ability to control temperature (in this aspect, you can use
sensors that are configured according to the type of temperature measurement,
which provide information to the main service computer of the air carrier and
the tablet of the cabin).
2. The ability to supply water (or food on long-haul flights), in
particular, by creating a drinking bowl that delivers water in automatic mode
(for simplicity, you can configure it by the type of alarm), or using a command
from a service computer and tablet on the cabin)
3. The ability to track the condition of animals using a video camera
that feeds the image to a tablet located in the cabin.
4. Sound insulation of the container, while technically this condition
turned out to be the most difficult, but solvable. For this, it is necessary to create
a soundproofing chamber, presented in the form of a block with a suspended
structure and ventilation structures (for air inflow and outflow). Floating floor for protection against structural noise, thermal insulation inside the “prechamber” to prevent condensation from the side of the ventilation chamber. It
can be any with a thickness of insulation according to calculation. Sound
insulation from inside the ventilation chamber is possible to prevent the spread
of airborne noise. In this chamber several boxes of containers for animals can
be located. The camera should be illuminated with soft light, and equipped with
sensors for measuring the level of oxygen.
Thus, combining the idea of creating conditions for the safe
transportation of animals with the technological advances of our time, we can
highlight some of the nuances of introducing such a perfect container for
transporting animals.
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First, of course, you will need a material investment in the purchase of
such cameras, boxes and related equipment (operating system, tablets, video
cameras, etc.).
Secondly, the necessary training costs for staff (stewards) to track the
selected parameters of the animals during transportation on recommended
tablets and a quick response in accordance with the situation (fever, water and
food).
These are, on the whole, the only drawbacks associated with the
material equipment of the aircraft, but these drawbacks imply a one-time main
tranche for the purchase of equipment, and the recouped expenses for the
maintenance of this equipment. But the undoubted advantage of such airlines
will be the influx of passengers with animals who, being confident in the safety
of their pets, will agree to pay for the corresponding comfortable flight. This
innovation will not only be a “feature" of companies.
All this should be connected with global humanistic tendencies that
allow using modern robotic technologies to improve the life of mankind's.
Specially designed chambers and containers for transporting goods will
not only increase the safety of animal transportation, but also transport them
using various products that cannot be transported in another form. This means
that their cost is not always high. These cameras can be used to transport drugs
and pharmaceutical substances that are sensitive to temperature extremes. In
fact, the technogenic idea of the idea presented in this article requires careful
development and testing of the created device, however, these solutions are
based on already existing technologies that do not require special time and
material costs, which allows us to simplify the process of creating ideal
container containers for transportation in flight .
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Abstract
This article is devoted to the analysis of the organizational principles
and mechanisms of lean manufacturing on the factories which goods are
presented at the world’s trade. The lean manufacturing principles obtained on
the territory of the US are compared with former Japanese lean principles. A
number of reasons which explain the formed change of the entire lean
implementation on the taken factories are described.
Keywords: lean manufacturing, lean production, kaizen system,
American business culture, Pareto principle, system limitations, implementation
possibilities, production system.
Over the past decade of the XX century the Japanese production
management began to attract attention due to the achievement of a high level of
quality and cost of production in the world market. The success of the Japanese
industry is based on the human determinant, which is viewed in the desire to
satisfy the requirements and demands of the consumers themselves, to take into
account the needs and desires of the whole staff that produce high-quality
products, to ensure conditions for efficient activity of the whole production.
Such an approach lays the basis for the moral management which is conformed
to the high standards of ethical behavior [1]. The Japanese efficiency in high
production happened due to the implemented ‘lean’ principles established at the
factories’ workplaces. The famous ‘lean’ principles include: 5S system,
Canban, Kaizen, TPN, JIT, SMED, VSM, Poka-yoke, U-shaped cells and
visualization. Their choice wasn’t spontaneous for the Japanese culture. As
stated by James P. Womack, Daniel T. Jones (2010), the Japanese lean
manufacturing methods are distinguished by their originality, which is
expressed in the Japanese worldview of the production process as a whole [4].
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Due to the Japanese manufacturing success, lean methods have obtained their
attractiveness throughout the world. Their organization presented a number of
advantages of the production system in comparison with other existing ones.
The advantages are expressed in the reduction of all types of losses and costs in
all areas of production - supply, output, products marketing. The lean principles
of Japanese organization in guarantee the necessary quality of goods to satisfy
the needs of consumers. They establish a more comfortable microclimate of the
workplace, as well, which results in the increase of the production acquisition.
The fundamental principles of the Japanese lean production were
adopted to the American business system on the basis of the theory of two
Harvard researchers - Steve Spear and Kent Bowen [5]. While working on his
doctoral dissertation at Harvard Business School, Steve Spear purposefully
completed a working internship at Toyota. He pursued the goal of directly
studying the manufacturing processes of manufacturing and product collection.
In addition to his personal presence in the development and implementation of
products, Steve Spear had the opportunity to observe visually the processes of
operation and maintenance of products. The gained experience which was
achieved by him was recorded later in great detail. As a result of the
systematization of the accumulated details, Steve Speer was able to calculate
the mental models and schemes that employees of the company instinctively
followed in the course of their work: “All these things were not recorded
anywhere and, nevertheless, people seemed to unconsciously follow them as if
these rules were written on their palms” [5].
The production experience described by Stephen Spear revealed the
fundamental cause of the reached Toyota’s in its entire Toyota production
system (TPS). After publishing the article “Decoding the DNA of the Toyota
Production System” in 1999, Stephen Spear and Kent Bowen presented in detail
the basic organizational principles of the company, that appeared to be more
significant for the success of the enterprise than short-sighted copying Toyota
methods and tools. A revolutionary revelation for American business was the
indication of the experimental development of "best practice" in the course of
production: "The Toyota Production System (TPS) is a chain of experiments
included in the workflow" [6]. In the written work Stephen Spear and Kent
Bowen outlined the following principles for efficient production:
1.
Direct observation of the work process. This principle
involves keeping the visual perception to be able to determine visually the place
and cause of the malfunction;
2.
Work in the mode of constant experiments. Mental tone allows
a person to better understand the essence of possible problems and find quick
ways to solve them. The specificity and accuracy of the performed actions
depend on the skills of building successful forecasting of the experiment. The
effectiveness of forecasts should be compared with the frequency of
experiments;
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3.
The proportional script of goals to be achieved. The sequence
of simple, easy tasks allows the trainee to quickly learn the basics of
production, as well as to avoid serious consequences in case of committing
mistakes;
4.
The function of the manager is to explain the situational
features based on personal experience. The responsibilities of the manager do
not include solving production problems, correcting problems and
troubleshooting. Failures arising during production are a matter of rectifying the
employees themselves, not their managers.
Despite the presented principles, the American adoption has chosen a
different way of achieving success in the world’s market. Its principles
implementation has resorted to terminological change of the conceptual
framework of the lean manufacturing system. The original idea of increasing
efficiency and lowering costs has been maintained by means of limitations,
which were implemented in the former lean production. The limitations include:
1.
The general separation of the staff which is observed in
confidential claims when production activities are being carried out. The
American capitalist approach alongside with the right of private property has
extended to way the collective work is organized. Thus, the legal protection of
companies’ trade secrets has negatively influenced the constructive mutual
exchange of information between the single industries at the US factories (Pratt
& Whitney company, Alcoa, etc.). The same situation represents the peculiar
cultural feature of an American business (American business culture) [3].
2.
The complexity of productive and service components which
requires the involvement of a various skills, broad knowledge and abilities. The
involvement of numerous employees, as well as the use of expensive equipment,
makes the settlements of harmonious conditions next to impossible. Therefore,
it becomes impossible to create conditions for the effective cooperation of
numerous workers. The involvement of a wide variety of machines and
materials also precludes the cooperative interaction between employees. The
American solution of the problem is seen in their addressing of the production
quality issues to the leading manager of the firms without the actual
participation of ordinary workers (Pareto principle) [7].
3.
Narrow orientation in the specialist training doesn’t put the
need for a comprehensive development of all the manufacturing processes.
Such a narrow specialization of employees, alongside with the reluctance of
their managers to promote the professional growth of their staff, prevents from
the desired possibilities of stable employment, growth and development of the
company [3].
Due to the listed reasons above, the concept of lean manufacturing has
undergone significant changes in the American manufacturing system. The
established situation has identified the only possibility of long-term partnerships
between managers and employees in the way of one-time success in which
enrichment plays the most significant part and profitable cooperation is left
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apart. The retrieved distribution of manufacturing accents has distorted the very
vision of lean production, in comparison with the Japanese prototype.
We have conducted the analysis of the system’s nominal in the US
food service industry. It is well known that McDonalds takes its origin from the
United States. Within the period of 70 years’ time (1940 – 2010) it has held the
forefront of the world's largest chain of catering restaurants. According to the
concept of lean manufacturing, which aims to eliminate all types of losses at the
enterprise and maximize customers’ satisfaction, McDonalds service
possibilities seem to fully meet the necessary criteria. Hereby, we offer the
description of the McDonalds working conditions in accordance with the
criteria for lean production:
Lean Principle
Kaizen concept

Canban system

5S system
Just-In-Time
principle
SMED principle

U-shaped cells

American Substitute
a key concept in the advertising campaign of
McDonalds restaurant which is realized in the speed
of customer service. For the vast majority of people
around the world, the phrase "like in McDonald's" is
an analogue of its main characteristic "very fast."
realized in product standardization. For example, the
Big Mac’s size and ingredients are identical
anywhere in the world where McDonalds network
products are sold.
a process approach in manufacturing. There is a
maximum simplification of the recipes of the dishes
and the ways of their preparation.
used in the implementation of such a condition that
the products start their preparation immediately after
the order is received. The pre-prepared products
include only drinks and rolls.
manifested in the multifunctional essense of the
workforce. McDonalds is that rare example of a
corporation where you can meet a restaurant
manager at the checkout. The staff is absolutely
multifunctional and interchangeable.
the space is compact in the use of the workspace.
The closeness of appliances and tools in the kitchen
is combined with the same principle in the
distribution room.
Table 1. Lean principles stated in McDonalds restaurants.

The compared features of the restaurant business in the US
manufacturing business seem to resemble the Japanese lean manufacturing
structure. First of all, the system above has gained significant (seventy-year)
success worldwide. However, the material success of the company has nothing
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to do with the organization of moral management, which is fundamental in the
Japanese concept of lean manufacturing and is omitted from the American
vision of the system. The US approach is more reminiscent of one of the
options for achieving success in the capitalist regime when, in the pursuit of
enrichment, one of the aspects of customer needs is taken into account (in the
case of McDonald's, the speed of service) while the quality of manufactured
products, compliance with the human factor in production, and intentionally are
not taken into account.
As a matter of fact, the described instrumental principles of lean
production have given a business opportunity to American corporations in
respect to the recruit of cheap labor force and low-skilled specialists. The staff
has become possible to be trained rapidly within several hours time. Easily
trained staff gave reasons to the establishment of replacement at ease. If a
person has lost his value, he is easy to be distributed by another one. The
described scheme of working actions at American enterprises is quite simple.
Thus, the emerged manufacturing system is fundamentally different in
a number of aspects that have become possible to appear due to the capitalist
regime of the American culture. The limitations of the original (Japanese) lean
manufacturing system include: 1) the right to trade secrets of the enterprise
branches; 2) the complexity of the work performed; 3) the Pareto principle in
the distribution of duties of personnel; 4) narrow training of ordinary workers.
These restrictions preclude the development of the lean manufacturing system
which has become possible in Japan.
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Abstract
The main methods of research are the analysis of scientific lit-erature
devoted to the problem of imple-menting interdisciplinary links of natural
science, professional cycle disciplines, interdisciplinary courses in the
institutions of secondary vo-cational education. Results. To actively solve the
integrated goal of implementing the requirements of the educational and
professional standard of technical colleges we pro-pose to use four types of
interdisciplinary horizontal and vertical links, covering the subjects of natural
science and general professional cycle, interdisciplinary courses, educational
and industrial practice and professional standard requirements for education and
training. Discussion. It is proposed to distinguish four types of interdisciplinary
links, aimed at solving the integrated goal of implementing the requirements of
the educational and professional standard of technical colleges. Conclusion. In
modern high-tech society there is a rapid dynamic growth of information on all
branches of scientific knowledge, the emergence of new technologies and
advanced forms and methods of work. These things make it difficult to identify
the main and essential educational information, so the necessity to manage
interdisciplinary links in the innovative educational environment of technical
colleges is of primary consideration in developing modern professional Russian
education.
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Introduction. The necessity for a student’s systemic worldview due to
the constant implementation of in-terdisciplinary links has always been noted
by scientists, starting with Y.A. Komenski. A great contribution to the
development of interdisciplinary link problem was made by such scientists as
A.A. Bobrov, I.D. Zvereva, A.F. Zubov, B.S. Elagina, V.N. Maksimova, A.V.
Usova, V.N. Fedorova and others.
Implementing intersubject and interdisciplinary links in the process of
teaching natural sci-ence and professional cycle subjects in the system of
secondary and higher education is considered in the dissertation researches of S.
N. Babina, V. E. Medvedev, V. A. Osnovina, S. A. Starchenko, N. S.
Fayzullayeva, O. A. Yavoruka, A. R. Kamaleeva, F. Zannoni, J. D. Russell, M.
D. Merrill, etc.[9, 11, 14, 15]. Heads of colleges, especially technical ones, are
faced with the task of managing and regulating the process of implementing
interdisciplinary links.
Materials and methods
Teachers of disciplines of natural science general educational cycle in
technical colleges in their practical work solve the problems of implementing
both interdisciplinary and intradisci-plinary links. This is due to the necessity to
identify general scientific laws and principles, to introduce generalized concepts
that are successfully used in various scientific and technical disciplines.
Interdisciplinary links are classified for various reasons [3]. Mainly
they are divided into groups according to time and information signs. Therefore,
chronological and content-related interdisciplinary links are distinguished (Fig.
1) [2].

Fig. 1. Classification scheme of interdisciplinary links
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Chronological interdisciplinary links are divided into perspective,
related and previous in use.
Previous links are made with the material that has been studied in other
disciplines earlier. For example, in the process of studying kinematics and
statics in physics lessons, the link with the material previously studied in
mathematics lessons (linear algebra, quadratic function, discriminant, etc.) is
used [3].
Related links are made between concepts, laws, theories,
simultaneously studied in related disciplines (for example, the concepts of the
atom, valence, etc.).
Perspective links are such connections, when previously studied
material in a subject is the basis for studying other disciplines. Thus, the
concepts of "matter", "space", "time", first stud-ied at the lessons of physics and
chemistry, are summarized at social study lessons.
Content-related interdisciplinary links are divided into theoretical,
conceptual, and actual based on the specific content of the studied educational
material.
Theoretical links are made at the level of laws and theories, such as the
molecular-kinetic theory of the structure of matter in physics and chemistry,
classical mechanics and the laws of motion of bodies in physics and astronomy,
etc.
Conceptual links are based on concepts. Thus, the concepts of "atom",
"molecule", "ion", etc. are common for physics and chemistry, and for
mathematics and physics “vector”, “derivative”, “integral”, etc. are common.
Actual links are based on facts. For example, the fact of the matter
division is studied in chemistry and physics, the movements of planetary
systems are studied in astronomy and physics[6].
In recent years, much attention has been paid to general scientific
methodological princi-ples, such as the principle of conformity,
complementarity, causality, symmetry at the level of inter-scientific
generalizations. This fact became the basis for implementing interdisciplinary
links at the level of inter-scientific generalizations. [4]. This allows you to use a
scientifically based methodology to solve the problem of students’ forming
scientific thinking about the unity of the material world and the relationship of
nature [6].
Results
To study the design of curricula for natural science and general
professional disciplines in 2013, a didactic tool – a questionnaire was
developed, which included 6 blocks reflecting the following positions on
assessing design results. One of the blocks was devoted to studying the quality
of interdisciplinary relation implementation (questions No.: 19, 20, 21 out of 36
ques-tions). This questionnaire made it possible to assess the pedagogical
situation of design and the state of teaching natural science and general
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professional disciplines in technical colleges in different regions of the Russian
Federation [13].
Among 30% of surveyed teachers in natural science and general
professional disciplines they note the importance of taking into account
interdisciplinary links, especially when it comes to choosing methods and forms
of education (38%), as well as in the process of forming professional
competencies (31%) (Fig. 2).

Used types of interdisciplinary links in curriculum design
Average figures
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Privolzhsky Federal District

RT
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5%
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15%

When forming professional competencies

20%

25%

30%

35%

40%

45%

50%

When choosing methods and forms of training

When developing curricula

Fig. 2. Accounting for interdisciplinary links by technical college
teachers (according to the results of the 2013 survey)
Teachers of technical colleges in the process of designing training
courses equally use pre-vious, related, subsequent (perspective) links [7].
A re-survey in the summer of 2017 was already conducted in the
process of active integra-tion of the Federal State Educational Standard 4
Secondary Vocational Education and Professional Standards.
Designing discipline curricula, as the survey showed, is focused on the
interdisciplinary link consideration. Most actively they are implemented in
choosing methods and forms of edu-cation (91.12%), which corresponds to the
unity of requirements for organizing certain meth-ods and forms of education in
colleges, especially technical ones. Quite fully, they are used in forming general
competencies, professional competencies and professional qualifications
(80.49%)[11]. This process meets the requirements of educational and
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professional standards. Particular characteristics of each discipline affect the
reduction of using interdisciplinary links in designing training courses (68.29%)
[9] (Fig. 3).

Fig. 3. Consideration of interdisciplinary links by technical college
teachers (according to the results of the 2017 survey)
The survey results show that using various types of chronological
interdisciplinary links has become even more relevant for teachers (see Fig. 5).
Moreover, the ratio of these links has changed and perspective and related links
have become more significant for technical college teachers (Fig. 4).
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Fig. 4. The ratio of using chronological interdisciplinary links by
technical college teachers (according to the results of the 2017 survey)
Introducing new technologies, methods and forms of education in
accordance with the in-troduced educational and professional standards causes
some difficulties in designing training courses, taking into account the
implementation of interdisciplinary links of various types. They are most
actively implemented while studying the disciplines of the professional cycle
(97.30%), then the disciplines of the mathematical and general natural cycle
(78.10%). The necessity to have links with various types of practice
(educational and industrial) is estimated at 68.20%, and with the disciplines of
the general humanitarian and socio-economic cycle at 51.20% [14].
Conclusion
Thus, it can be stated that the necessity to integrate educational and
professional standards dictates the need to strengthen interdisciplinary links
with the special disciplines that are the part of the interdisciplinary cources. It is
these disciplines, along with educational and industrial practice, that are closest
in their content and purpose to the professional standard. We agree with the
opinion that “since competence in pedagogy is viewed as an integrative
characteristic of a specialist’s personality, interdisciplinary link is the
mechanism by means of which the direction of the training content for all
disciplines of the basic educational program for forming general and
professional competencies defined by the Federal State Educational Standard
can be implemented” [15].
Most scientists, speaking about the classification of interdisciplinary
links by content, dis-tinguish four interdependent relations:
1) by commonality of laws, concepts, theories;
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2) by commonality of scientific facts relating to the same object of
study;
3) by commonality of using the scientific method;
4) by commonality of mental activity methods [10, 11].
At the same time, there is a necessity for orientation of all
interdisciplinary links to solving the main didactic tasks assigned to any
institution of secondary vocational education by both educational and
professional standards [12].
Based upon the idea of the researchers Bezrukova N. P., Agafonova I.
P., and B. Gold-schmidt, M. Goldschmidt, C. M. Ashmore and S. G. Prits [1, 6].
highlighting the interdisciplinary links of three types, we propose to distinguish
four types of interdisciplinary links, aimed at solving the integrated goal of
implementing the requirements of the educational and profes-sional standards
of technical colleges:
• Type 1 - based on interdisciplinary links of the training content
providing the connection of natural science cycle disciplines with general
educational disciplines;
• Type 2 - based on interdisciplinary links of the content of training
general professional disciplines;
• Type 3 – based on interdisciplinary links of the content of training
interdisciplinary cours-es and educational and industrial practice;
• Type 4 - based on the professional standard requirements for
education and training.
Consequences
1. In modern professional education, interdisciplinary links are
considered as a form of the universal principle of consistency.
2. There are chronological and content-related interdisciplinary links:
- chronological interdisciplinary links are classified into the previous,
related and perspec-tive on a temporary basis;
- content-related interdisciplinary links are classified into actual,
conceptual and theoretical.
3. An analysis of an experimental study of designing curricula for
natural science and gen-eral professional disciplines in technical colleges has
revealed certain difficulties for teachers in the rational and, most importantly, in
the optimal use of various types of interdisciplinary links in designing training
courses. If the results of the 2013 survey show that when designing curricula,
all three types of interdisciplinary links were equally used: previous
(preliminary), related, perspective, then the results of the 2017 survey speak for
the fact that teachers, in terms of integrating educational and professional
standards highlight the necessity to realize a close interdisciplinary link with the
professional cycle disciplines (97.30%), with the disciplines of the
mathematical and natural science cycle (78.10%); with educational and
industrial practice (68.20%), with disciplines of the general humanitarian and
socio-economic cycle (51.20%).
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4. In modern high-tech society, there is a rapid dynamic growth of
information in all branches of scientific knowledge, the emergence of new
technologies and progressive forms and methods of work, which makes it
difficult to identify the main and essential educational information in the
learning process in conjunction with other disciplines. This is especially
relevant in choosing the content for teachers of the general professional cycle
disciplines and interdisciplinary courses due to the instability of the subject
itself, which varies in accordance with the evolving techniques and technology.
5. To successfully manage the process of rational and optimal
implementation of interdisciplinary links in technical colleges, we propose to
distinguish four types of interdisciplinary links ( aimed at solving the integrated
goal of meeting the requirements of the educational and professional standards
of technical colleges (forming the students’ general competencies, professional
competencies and professional qualifications):
- Type 1 - based on interdisciplinary links of the training content
providing the connection of natural science cycle disciplines with general
educational disciplines (interdisciplinary links of the 1st type);
- Type 2 - based on interdisciplinary links of the content of training
general professional disciplines (interdisciplinary links of the 2d type);
- Type 3 - based on interdisciplinary links of the content of training
interdisciplinary courses and educational and industrial practice
(interdisciplinary links of the 3d type);
- Type 4 - based on the professional standard requirements for
education and training (type interdisciplinary links of the 4th type).
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Abstract
The possibility of using multi-level methodology as a theoreticmethodological basis of the proposed concept is considered: at the level of
modern philosophical theory of knowledge and logic of scientific research, at
the level of general scientific principles and norms of any research, at the level
of specific scientific methodology and at the level of implementing the idea of
cognitive approach based on the analysis of the relevant pedagogical situation
and the optimal fulfilling professional training of qualified middle-level
specialists.
The representation scheme of didactics as the theory of education and
training in relation to the system of secondary vocational education is offered
and the definition of the concept “system of technical college didactic
administration” is revealed.
It is proposed to distinguish three interrelated subsystems: educational,
cognitive and controlling, consisting of two hierarchical interrelated parts –
internal and external audit.
The system of technical college didactic administration is a complex of
interrelated didactic components (subsystems) aimed at optimal professional
training of college graduates, involving the acquisition of personally significant
qualities demanded by modern high-tech society, namely students’ work skills,
general and professional competencies and professional qualifications.
Keywords: Teachers of technical colleges, Technical Colleges,
Educational Environment, Interdisciplinary links
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Introduction. As theoretical and methodological framework of our
concept, we used a multilevel methodology, the first level of which is defined
by the philosophy of knowledge and logic of scientific research (V. S. Bibler, I.
Ducatos, T. Kuhn, M. Polanyi, Karl Popper) [4],, and also methodology of
social system administration, focused on meaningful impact on the subjects of
the educational process to ensure coordination of their activities in achieving set
objectives (V. I. Zagvyazinsky, I. A. Winter, V. I., M. I. Rozhkov, B. SchultsJ.
D. Russell M. D. Merrill [1,2,3]) and administration methodology in the sphere
of education (Yu. A. Konarzhevsky, V. A. Slastenin, P. I. Tretyakov, K. M.
Ushakov, T. I. Shamova, K. Huereca, M. Tchoshanov, M. de la Piedra [5]).
The second level is on the grounds of the systems approach. It sets the
general scientific principles and norms of our research (V. P. Bespalko, Yu. K.
Babansky, A. R. Kamaleeva, M. Cruz, & M. Tchoshanov [8], etc.), based on the
theoretical foundations of the idea of a phased formation of mental actions, as
well as on the didactic ideas of forming general educational parameters (V. P.
Bespalko, Yu. K. Babansky, A. R. Kamaleeva, M. Cruz, & M. Tchoshanov [8],
etc.)
and introducing various types of intercourse links (G. V.
mukhametzyanova, R. L. Arroyo, & M. A. Tchoshanov [7], etc.).
The third methodological concrete scientific level relies on the
scientific foundations of the problem of managing secondary vocational
education institutions (N. L. Serbaguna, G. I. Ibragimov, G. V.
Mukhametzyanova, E. G. Hoda, B. Goldschmidt, M. Goldschmidt [11]),, and
also on the competence approach identified as fundamental ((E. F. seer, I. A.
Zimnaya, G. I. Ibrahimov, A. R. Kamaleeva, J. P. Guilford, Lange M. [12,13],
etc.), on activity approach (A.N. Leontiev, and others).
The fourth level of the methodology consists of the ideas of
introducing a cognitive approach based on an analysis of the corresponding
pedagogical situation (R. L. Atkinson, E. M. Braverman, Richardson John, V.
E. Steinberg, L. Bertalanffy, S. Bickford [9, 10]) and optimal implementation of
qualified mid-level specialists’ professional training (G. V. mukhametzyanova,
J. D. Russell, B. Schults [16, 17], etc.);
The legal framework of the concept is based on certain documents of:
- international level: the Bologna Process (1999, Russia joined the
Bologna Process in September 2003), Copenhagen Declaration (2002),
European Employment Strategy (2003), Maastricht Communiqué (updated
Copenhagen Declaration) (2004), Bruges Communiqué (2010), Europe 2020
Strategy;
- federal level: Constitution of the Russian Federation (1993), Law of
the Russian Federation “On Education” (Article 68) (2012), National Doctrine
of Education in the Russian Federation until 2015 (2000), State Program of
Education Development for 2016-2020 (2015), The concept of long-term socioeconomic development of the Russian Federation until 2020 (2008), the
package of measures aimed at improving the system of secondary vocational
education for 2015-2020 (2015), the order of the Ministry of Labor and Social
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Security of Russia No.831 of November 2, 2015 “On approval of the 50 most
demanded in the labor market new and promising occupations, that require
secondary vocational education” and others.
Results
Consider the interpretation of the “didactic administration” concept.
This concept consists of two interrelated concepts – “didactics” and
“administration” [1, 2].
So the deputy head of the main education department of the Voronezh
region administration, the candidate of pedagogical sciences N.A. Koroleva
believes that there is a necessity to carry out organizational and didactic
administration of teachers’ advanced training [1, 2]. N.M. Roganovsky, E.N.
Roganovskaya and V.A. Antonov think that didactic control is applicable in
search for a solution to problems. R.R. Turaev considers that the most effective
way to improve the quality of education in the institutions of secondary
vocational education is the reflexive-pedagogical administration of students’
educational and cognitive activity based on different electronic-didactic
means[3]. The father and son Lvovs (Lvov L.V., Lvov D.L.) believe that
managing students’ educational and cognitive activity is a didactic condition for
the formation of professional skills with a guaranteed result. At the same time,
they consider that “the didactic process as a change in the state of the learning
system can be represented by the following formula (V.P.Bespalko). DP = M +
AF + Am. where: DP is the didactic process, M is students’ motivation to learn;
AF is the algorithm of functioning (students’ learning and cognitive activities);
Am is the management algorithm, “managing this activity by the teacher or
technical training aids” [3].
R.I. Ostapenko and L.A. Kolosova in the article “Approaches to
developing information and didactic system of college students’ vocational
training (on the example of the information-mathematical cycle disciplines)”
consider that “the information and didactic system is aupposed ... as a set of
interacting a teacher, a student and information in the learning process, based on
the use of information and didactic support and administration” [6]. In this case,
the means of information and didactic support in them is “a set of information,
technical and educational support”.
Viktor Ivanovich Sopin in his dissertation research “The didactic
system of design and integrated use of teaching aids in vocational schools and
lyceums” (2000) studies the possibilities of a “didactic design system and
integrated use of teaching aids aimed at improving the efficiency, level and
quality of training for integrated groups of professions in a multi-level
continuing professional education”[7].
N.N. Dvulichanskaya in her study “Didactic system of forming
professional competence of secondary vocational education students in the
process of natural science training” emphasizes the necessity for continuous
general natural science education: from college to university.
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F.P. Khakunova proves in her study that “learning efficiency can be
significantly increased if developing and implementing a system of didactic
conditions and methods for its improvement will take into full account the
specificity of functioning psychological mechanisms for learning and structural,
informational and functional features of the educational process”. This position
is very close to us, as in organizing didactic administration in technical colleges,
in our opinion, it is necessary to pay great attention to developing all features
and manifestations of each student’s inductive-deductive thinking [8].
Therefore, using the principle of cognition in the process of organizing and
controlling educational and cognitive activity in a college is decisive.
We regard the subject of study of didactics as many scientists (B.P.
Esipov, N.A. Sorokin, G.G. Ibragimov, and others) regard the theory of
education and training. And education is the result of learning. And education,
as it is noted by the corresponding member of the Russian Academy of
Education, G.G. Ibragimov, consists of three systems – the system of
“knowledge and skills on the fundamentals of science; the system of relations to
the outside world (scientific worldview) and the totality of cognitive powers
and abilities of the individual (memory, mental operations, etc.) [7].
In our opinion, the system of internal and external control should be
added to this tandem. Then the didactic as a theory of education and training
can be represented schematically (Figure 1).
Система знаний, умений, навыков и компетенций – the system of
“knowledge and skills and competencies[8, 9].
Система
отношений
к
окружающему
миру
(научное
мировоззрение) – the system of relations to the outside world (scientific
worldview)
Совокупность познавательных сил и способностей личности
(память, мыслительные операции и др.) – the totality of cognitive powers and
abilities of the individual (memory, mental operations, etc.)
Система внутреннего контроля – the system of internal control
Система внешнего контроля – the system of external control

Figure 1. - Diagram of presenting didactics as a theory of education
and training
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If we shift the scheme of presenting didactics as the theory of
education and training to the system of requirements for modern secondary
vocational education given in Figure 1, then there arises a necessity to expand
the first system and introduce training requirements from the Professional
Standard: labour skills and professional qualifications[10, 11]. Then we will get
a modified scheme (Figure 2).
Система знаний, умений, навыков, трудовых навыков,
компетенций и профессиональных квалификаций – The system of
knowledge, skills, labor skills, competencies and professional qualifications[12,
13]
Система
отношений
к
окружающему
миру
(научное
мировоззрение) – – the system of relations to the outside world (scientific
worldview)
Совокупность познавательных сил и способностей личности
(память, мыслительные операции и др.) – the totality of cognitive powers and
abilities of the individual (memory, mental operations, etc.) [14, 15]
Система внутреннего контроля – the system of internal control
Система внешнего контроля – the system of external control[16, 17]

Figure 2. Diagram of presenting didactics as a theory of education and
training, as applied to the system of secondary vocational education
Administering an educational institution, in our case technical colleges,
is one of the types of social management in education and is considered by us as
the activity of all subjects aimed at ensuring the formation, stabilization,
optimal functioning and development of colleges[10, 11].
Under the administration system, many researchers understand the set
of interrelated elements, the interaction of which ensures the implementation of
management functions and their corresponding effects on the controlled object
[12, 13]. This means that in order to build an administration system, it is
necessary to define a set of elements (subsystems) and establish the nature of
the connections between them, which allow implementing management
functions in achieving the set general goal[14, 15].
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Back in 1989, V.P. Bespalko singled out the concept of “didactic
system” as part of a general pedagogical system in order to gain a deeper
understanding of the processes taking place in it. Conclusion
As the general system-forming objective of the system of technical
college didactic administration, we have put forward the following goal: to
ensure the optimal functioning and development of the managed system, as well
as its transfer from the existing to a new, qualitatively higher state.
And as it is described above, in our view, the five interconnected
structural parts and, accordingly, three subsystems should be included in our
didactic administration system for technical colleges:
The first subsystem is educational. It is focused on organizing and
managing students’ educational and cognitive activity in colleges and is aimed
at forming students’ knowledge, skills, work skills, competencies and
professional qualifications.
The second subsystem is cognitive. It is ideological in nature, focused
on developing students’ cognitive abilities and logical thinking.
The third subsystem is the control one. This subsystem consists of two
interconnected hierarchically parts – internal and external auditing.
Thus, the system of didactic administration of technical colleges is a
set of interrelated didactic components (subsystems) aimed at optimal
vocational training of college graduates, involving the acquisition of personally
significant qualities demanded by modern high-tech society, namely work
skills, general and professional competencies and professional qualifications of
students.
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Abstract
The process of formation of situational stress resistance of students
with the help of bullet shooting training is analyzed. The paper considers the
problem of the formation of professional competencies among students of
higher educational institutions in the process of shooting practice. The obtained
results allow us to talk about pedagogical technology that can effectively
influence the situational stress tolerance of students through the training of
bullet shooting of 19-20 years of age when teaching and improving skills and
abilities in bullet shooting. In the work, the adaptive abilities of sportsmenshooters to the stress factor are investigated. The connection between mental
health and sports success and the ability to self-regulate anti-stress state has
been experimentally proved.
Keywords: arrow athletes, mental health, maladaptation, personality,
selfregulation, situational stress tolerance, students, bullet shooting training
INTRODUCTION
In diverse situations in sports, everyday life, and at work, increased
demands are placed on psychological stability, which is integrated in all other
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types of motor actions and can only be manifested in connection with other
physical and mental qualities. It should be noted that in the modern theory of
physical education, the method of developing physical and psychological
stability is the least developed. At the same time, with extreme probability we
can talk about the positive transfer of the qualitative aspects of human motor
activity [1-3]. The human factor is the most difficult criterion in the formation
of professional competencies of a modern bachelor, master and specialist at a
university. One of the most effective aspects of the development of the future
professionally trained personality of a university graduate is the formation of
situational stress tolerance.
METHODOLOGY
The goal of our work was to create a simple and effective methodology
for the formation of situational stress resistance in the manufacture of a wellaimed shot from a rifle. To solve this problem, we used the means of special
physical training of shooters in bullet shooting. It is well known that athletes
who own auto-training in shooting quickly and easily master sophisticated
sports equipment and show high sports results. Figure skating, sports
acrobatics, rhythmic gymnastics, synchronized swimming and shooting won
international recognition not only due to sportsmanship, but also due to the use
of the ability to control complex psychological processes during competitions.
To assess the level of psychological preparedness of students 19-20 years old
involved in bullet shooting, it was necessary to theoretically comprehend and
justify the research program. This program is composed of four blocks
(components):

-

physical - characterizes the development of the basic physical qualities
characteristic of shooting sports;

-

functional - determines the development of the neuromuscular
apparatus during the implementation of motor activity;

-

psychological - characterizes the state and the degree of formation of
mental functions in the formation of motor skills;

-

technical - determines the current level of special motor skills and
abilities and the effectiveness of shooting training in various (training,
competition) conditions.
However, in physical education, such a variety of emotionally rich and
obviously effective means have so far been unclaimed. The basis of the
experimental complex was made up of special exercises for managing physical
and emotional stability - the foundation of all shooting art: exercises for
relaxation, speed of the motor reaction, exercises for coordinating movements
with different parts of the body, for the accuracy of reproducing movements in
terms of time, space of power and powernosti, special exercises with a vibrating
simulator that simulates tremors and fluctuations in arms with increased heart
rate during the competition. In order to develop the effectiveness of physical
and psychological stability, movements with open and closed eyes were used.
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Posture and physique, as a morpho-functional and psychological basis for the
coordination of subtle movements when shooting from a rifle, determines the
effectiveness and quality of the motor activity of a shooter from a rifle.
However, the existing methods did not meet our needs and we created a simple
and mobile method for controlling our body, which allows us to make
corrections in maintaining the stability of the weapon and the correct ideal
technique for handling the descent and producing an accurate shot from a rifle
in any conditions of competitive motor activity under stress.
EXPERIMENTAL PART
When analyzing the educational and methodological literature on
bullet shooting [1-3], an incomplete interpretation of the training methodology
and the technique of performing an ideal shot under the influence of stressful
factors was established. According to these adjustments of the perfect shot
technique, there is no loss of balance, excessive energy consumption, irrational
long process of training and selection in groups of sports improvement. With
the current method of performing an accurate shot in shooting, the control
technique for physical and psychological stability has not been accurately
adjusted. In this regard, a technique was developed for performing an accurate
shot using the SKATT electronic complex shooting simulator. With such
coordination of the musculoskeletal system, firing is performed in a controlled
mode with feedback through SCATT and has the most effective result in stress.
At the stage of the ascertaining experiment, the analysis of the average values of
indicators characterizing the state of motor preparedness of the control (CG)
and experimental (EG) groups of students 19-20 years old shows that the data
obtained practically have no significant differences between themselves. We
explain the differences obtained by the individual characteristics of students, as
well as the conditions for performing the control test. An analysis of the results
of the correlation analysis of the motor preparedness of students aged 19-20
allowed us to identify (by the number of reliable connections) the most and
least informative features of bullet shooting training. We used these data as a
pedagogical assessment of the developed motor skills and abilities, as well as in
the aspect of the control and orientation of the training sessions.
The most informative indicators characterizing the students' motor
preparedness are: brush strength; static endurance; accuracy of spatial
parameters of movements; static tremorometry; attention switching; rhythm
coefficient; coefficient of stability. According to the results of our research, we
attributed the following to the uninformative indicators of the motor sphere of
student shooters: joint mobility; vestibular resistance; the accuracy of muscle
effort and perception of time; volume of attention; optimality coefficient;
reliability coefficient.
Sport differs from other types of human activity in that it is based on a
powerful stress factor - competition. Due to its variability and unpredictability,
it is almost impossible to fully adapt to this stressor. Therefore, sports success
is inevitably associated with the level of mental health. The way out of a
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stressful state is associated with the adaptive capabilities of a particular
individual, the development of its anti-stress mechanisms, its ability to adapt in
critical situations. The psychophysiological adaptation of a person to extreme
stressful conditions is accompanied by a change in psychological reactions at
normal limits. Here the body has to sacrifice one or several functions to
preserve more vital functions, without which it is impossible to exist under
stress.
Comparing the data obtained in the study with the normative data that
we developed, we can conclude that arrow athletes with a high level of selfregulation ability are closer to sanguine temperament, and arrow athletes with a
low level of self-regulation are closer to melancholic temperament.
In conclusion, we analyzed the data obtained from the point of view of
the model of training bullet shooting. The psychological profile of a
successfully performing high-class athlete is formed by: above average energy
and lower than average tension, depression, anger, fatigue and embarrassment.
Profile of training bullet shooting for the formation of resistance to stress: all
negative characteristics are below average, and one positive (energy) is above
average. Less successful athletes have a flat profile. In our study, taking into
account the measured indicators of mental health, the rules of sigmal deviations
and the significance of differences, the following was established. For
successful athletes who shoot, the peak, the peak of bullet shooting training, is
mental activity and motivation (forming energy), and below the surface are
anxiety, depression, neuroticism and asthenicity (fatigue). For less successful
shooters, the profile is flat and is in the medium range. In addition, successfully
performing arrow athletes had significantly better indicators of competitive
emotional stability, resistance to stressors of external significance and selfregulation of the state compared with less successful athletes. They also turned
out to have better competitive reliability: 0.998 versus 0.996, respectively.
Note that we are not talking about differences in qualifications. According to
statistics, successful athletes are classified as arrows with different
qualifications. However, we revealed one more regularity: the model of
training for bullet shooting obeys the neuropsychic profile of athletic shooters
with a high ability to self-regulate the state.
RESULTS AND ITS DISCUSSION
The study, which was conducted over a period of 6 months, was
attended by 100 shooters aged 19 to 20 years. In the experimental (EG) and
control group (CG) there were 50 people. The classes are held adequately. The
EG was engaged in the program we developed, the CG in the generally
accepted program. A statistical analysis of the main experiment, which was
carried out for 3 months, found that in the EG there was a significant
improvement in the spatial coordination ability (PCS) of the perfect shot,
reflecting the clarity of the interaction of all sensory (analytic) systems and the
level of inter- and intramuscular coordination of the motor apparatus. Overall,
quality improvement was 3% (p <0.01). In the CG, this indicator decreased to -

109

11th International Conference “Science and Technology”
27-29 October 2019
0.3% (p> 0.05). In the EG, PKC with open eyes was 5% (p <0.001), in the CG
4% (p <0.05). PKC with eyes closed in the EG is 3% (p <0.01) and in the CG,
respectively, 0.5% (p> 0.05). PKS after a standard load (which was 20 full
squats in 30 s) with open eyes in the EG improved by 7% (p <0.01), in the CG
0.2% (p> 0.05). With eyes closed, these rates were 6% (p <0.01) and 2% (p>
0.05), respectively. According to the management of static stability in the EG,
the increase was 6% (p <0.05), by the sensitivity of the vestibular analyzer 7%
(p <0.01), reflexometry - 5% (p <0.01). Similar indicators of function in the
control group, which was engaged in the generally accepted methodology, did
not significantly change. Thus, by analyzing the dynamics of the development
of bullet shooting training for the formation of situational stress tolerance, the
following generalizations can be made: the priority areas for the development of
bullet shooting training for the formation of situational stress tolerance of
university students are innovative pedagogical technologies of the anti-stress
factor in the educational work of the training process, for the accelerated
development of antistress abilities, development of strategies and tactics for
conducting bullet training second firing is advisable to monitor the requests and
needs of students in physical education in universities, noting the positive trend
in the development and introduction of innovations in the educational process
on physical training, undeveloped area is the anti-stress activity of students with
disabilities in health.
FINDINGS
1.
A system of means of special exercises for the physical and
psychological training of shooters was developed using special training for
bullet shooting to form situational stress tolerance. In our opinion, physical
stability during shooting is defined as a complex system consisting of two
components (fine coordination of the muscular activity of the shooter and the
management of receptors due to the focused scientifically developed
methodology of sports training, as well as the individual competitive experience
of an athlete using bullet shooting training).
2.
The inclusion in the training process of training bullet
shooting, consisting of special control exercises of physical and psychological
stability and other means, provides a significantly large increase in the
performance of the perfect shot, controlled using SCATT.
3.
The structure of the model of training bullet shooting to
increase the level of physical and psychological stability and control
movements during the descent is determined, which allows the pedagogical
process to be carried out most effectively and systematically appropriate in a
personality-oriented content and self-education. All of the above is the
innovative foundation of a modern methodology for the formation of
professional competence by situational stress resistance of future bachelors,
masters and specialists.
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By increasing students' physical and psychological stability under
conditions of situational stress tolerance, we are laying an innovative
foundation to improve their professional competencies.
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Abstract
The relevance of the study is determined by the intensification and
deepening of international educational contacts. The fundamental nature of
Russian education makes Russia attractive to foreigners. Students from different
countries come to our universities to get higher education. In this regard, it
becomes important to study the problems of adaptation of foreign students to
the educational process in a Russian university. The article reveals the concept
of “socio-cultural adaptation of foreign students” by the example of Indian
students studying at Orenburg State Medical University, examines the types of
adaptation and methods of pedagogical assistance to foreign students in
overcoming the language, academic and socio-cultural barriers in the process of
socio-cultural adaptation to learning conditions at a Russian university. The
authors believe that the process of training and education in a non-native
language should be built in accordance with the level of physiological, sociopsychological and academic adaptation of students. The application of various
approaches, the study of their advantages and disadvantages, their combination
or mutual complementation allows us to compare the data obtained in different
studies, as well as to get a more complete picture of the adaptation of foreign
students, which is necessary for taking certain practical measures to regulate
this process. The obtained results can be used in the development of scientific
and practical recommendations to the teaching staff working with foreign
students.
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Introduction. The content and structure of socio-cultural adaptation
are studied by various social and humanitarian sciences. The theory of social
adaptation has been quite productively developed over the past century,
primarily by western representatives of various areas of sociology and social
psychology. A great contribution to the development of the theory of social
adaptation was made by L. V. Korel[2], N. S. Kuznetsov[3], A. A.
Nalchajyan[4]. The main theoretical positions are reflected in the works of P. A.
Sorokin, V. P. Kozyrkov, F. I. Minyushev, E. A. Orlova, N. G. Skvortsov, L. L.
Shpak and others. However, the problem of adaptation of foreign students has
not been studied enough. For the most part, these works are concerned with the
psychological and pedagogical aspects of adaptation; analysis of the actual
social essence of adaptation in these works, as a rule, is not carried out.
Moreover, the issues of adaptation of foreign students were considered, first of
all, through the prism of adaptation to the educational process. There are few
works devoted to the analysis of this process in new conditions caused by the
transformation of Russian society; the problems of the socio-cultural adaptation
of foreign students in the host country have not been studied.
It should be noted that many researchers note the level structure of
social adaptation and allocate a certain number of levels. In particular, A. A.
Nalchajyan distinguishes two levels: adaptability and maladaptation [4].
According to N. S. Kuznetsov, there are three levels of adaptation: high,
medium and low adaptation [3]. A. N. Zhmyrikova includes four levels of
adaptation: high optimal, high redundant, low and maladaptation [6].
The term socio-cultural adaptation refers to the active process of
interaction between a representative of another culture and his current
environment, the process of active acquisition all skills and knowledge, the
student's assimilation of the basic norms, patterns, values of the new
environment.
Socio-psychological adaptation is understood as the entry of a foreign
student into the system of interpersonal relations, as the adaptation of the
individual to the group, to the relationship in it, as a manifestation of their own
style of behavior.
A number of studies also emphasize the role of socio-psychological
and cultural adaptation by the example of students from different countries. So,
C. Brisset, S. Safdar, J.R. Lewis and C. Sabatier study the elements facilitating
or hindering adaptation of Vietnamese foreign students in France [1].
Psychological well-being and socio-cultural adaptation of international students
in Ireland is considered by A. O' Reilly, T.M. Hickey and D. Ryan [5]
Thus, the pedagogical aspect of adaptation is primarily associated with
the assimilation by foreign students of the norms and concepts of the
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professional environment, adaptation to the nature, content and conditions the
educational process is organized, the formation of students' independent
educational and scientific work skills.
It should be noted that the adaptation of foreign students to new social
and socio-cultural conditions upon admission to the university is a key factor
determining, in most cases, the effectiveness of the educational process as a
whole. In this regard, the problem of the effectiveness of the university in the
social adaptation of foreign students is of particular importance at the present
stage of development of society, which indicates the relevance of the research.
Materials and Methods. 90% of all Indian students in Russia study in
biomedical direction. This, of course, speaks about the competitiveness of the
domestic medical school. High quality with relatively low tuition fees in
comparison with other countries make Russia attractive for a lot of Indian
students.
To get the true facts about the process of socio-cultural adaptation the
research team conducted a series of semi-formalized interviews, including
motives for coming and studying in Russia, difficulties, related to adaptation
(accommodation, training, communication, culture). Interviews were conducted
in English for the students to be able to speak freely.
In a series of interviews with Orenburg senior foreign students from
India, one of the tasks was the desire to understand what key characteristics of
adaptation the students themselves highlighted. The attempt to identify
adaptation aspects during the interview was made through the desire to
understand the difficulties students face.
Indian students in the early stages of education in Russia have
difficulties with the adaptation to new conditions of life. These problems are
caused, among other things, by the difference in the educational systems of
different countries. By interviewing Indian students about the peculiarities of
their University education and comparing the data obtained, similarities and
differences between Russian and Indian higher education were revealed.
Significant difficulties are associated with the lack of independent
work skills. Students are not able to take notes of lectures, work with sources of
information and analyze information of a large volume.
The main problem of interpersonal communication is the inability to
understand each other. This can happen due to different circumstances: lack of
time, desire, knowledge and other reasons. But there are situations when it is
necessary to understand each other, for example, in a pair "student-teacher".
Each person, however, as well as a social institution, in one way or
another is a "product" of their national culture. In the process of our formation,
we consciously and unconsciously assimilate the system of norms and values
that have been developed in our culture for centuries.
A foreigner who enters into communication with representatives of
other cultures, carriers of a different mentality, comes across a different
"coordinate system", a different picture of the world and norms of behavior.
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Getting into the Russian-speaking cultural environment, foreigners often
experience difficulties, both in communication and in understanding certain
things, events and customs. This is evidenced not only by theoretical works, but
also by the experience of practical work with foreign students in higher
education.
During the interview, the difficulty of including foreign students in the Russian
student community was highlighted. As barriers and difficulties of establishing
communication in the student environment, Indian students mentioned the
reluctance of Russian students to contact them.
Arriving to study in Russia, foreign students change their sociocultural environment. The habitual communicative ties with family,
compatriots, and friends are disrupted. The process of adaptation to new
conditions of the external and internal environment begins. Foreign students
perceive exams and unsatisfactory grades more painfully than their fellow
Russian students. The latter is due to a sense of great responsibility to the
family, the government; university tutors, immigration officials. Active cultural
and social lives, friendships, really help to overcome many of the difficulties of
entering a new culture.
Results. Difficulties that a foreign student particularly acutely
experienced in the first year of stay in a new country can be grouped as
follows:
- psycho-physiological difficulties associated with "entry" into a new
environment, psycho-emotional stress, climate change, etc.;
- educational and cognitive difficulties associated primarily with
insufficient language training, overcoming differences in education systems;
adaptation to new requirements and system knowledge control; organization of
the educational process, which should be built on the principles of selfdevelopment of the individual knowledge, skills of independent work;
- socio-cultural difficulties associated with the development of new
social and cultural space of the University; overcoming linguistic barrier in
solving communication problems both vertically (with faculty administration
and staff) and horizontally (in the process of communication within a small
educational group, educational stream). Unsettled living conditions prevent
students from focusing on study. They have to take care of themselves on their
own: go to the shop, cook, wash, etc. Very often students have problems when
comparing prices and calculating costs. Not infrequently students have expenses
that exceed the amount of money minimum allocated by parents.
Currently, the process of adaptation of foreign students largely depends
on personal qualities of the teacher, ability to create a comfortable
psychological atmosphere in the classroom.
Considering that the most difficult period of adaptation falls on the
first year of life in Russia, teachers of the Russian language, working with
international students, include in their pedagogical activity two important
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components: cognitive-educational and entertaining-spectacular. A big role is
assigned to extracurricular activities.
Forms and methods of conducting various extracurricular activities are
diverse, but all together they are a part of educational process based on mutual
support. In this regard, extracurricular forms of work at the initial stages of
training are of great theoretical and practical importance in terms of improving
the level of the Russian language proficiency. Students are involved in undercooking extracurricular activities, which is a great motivation for their direct
participation in the life of the faculty.
Teachers plan extracurricular activities for the entire study period: New
Year, visits to theaters, museums, exhibitions, winter sports, excursions to
cultural and historical places of Orenburg region. Some events are devoted to
the specific artifacts of Russian culture and help to remove the cultural barrier
in the process of socio-cultural adaptation.
Extracurricular activities planned in such a way make life of foreign
students rich and interesting, and acquaint them with Russian traditions and
culture, teach to respect other people's traditions, values and norms. This is
what the work of the teaching staff is aimed at with foreign students.
The effectiveness of training activities is significantly increased, if the
teacher takes into account national and ethno-cultural specifics of each foreign
student. As all international students have difficulty in study and the level of
their language competence is insufficient for perception the lecture material,
individual tutorials are organized on subjects that cause the greatest difficulty.
To make the adaptation effective and the difficulties arising during this
period minimized, foreign students should have sufficient information about
living and studying in Russia, living and learning conditions should be
comfortable, and relations with teachers and classmates, students of the faculty
and University - trusting and friendly. Organization and guiding work is
expected from the tutor, who is the teacher of Russian as well. Foreign students
perceive the Russian teacher as a “nanny," ready to solve any problems that
arise. Each teacher defines the tasks of psychological and educational support
himself. The purpose of the teacher is to create conditions for the educational
and social adaptation of foreign students. The degree of participation of the
teacher and tutor in the process of adaptation of students is different. It depends
on the training level, on his personal qualities, the formation of the motivational
sphere, on his expectations, etc. Someone needs everyday help and control, and
for someone it is enough to indicate the level of requirements and prospects.
The results of the interview showed that there are several types of
socio-cultural adaptation indicators.
At a group level they are :
to be a member of the group;
to have a certain social status;
to take part in the affairs of the group;
to take the rules and norms of the host culture;
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lack of conflicts
At a university level:
infrastructure awareness (buildings, dormitories, gyms,
library, museums, etc.);
knowing the leaders of the university;
orientation in the curriculum, classrooms, buildings;
the ability to use the library, educational information
resources;
skills of independent work, self-organization (selection of
literary sources, their analysis, ability to plan time, etc.);
low percentage of student expulsion;
academic progress.
Conclusion. A comprehensive solution to the problems of social and
psychological adaptation of students at the initial stage of training contributes to
the successful work of a foreign student. Effective adaptation increases the
quality and level of training of foreign students, provides high motivation for
mastering knowledge, skills and abilities. By studying Russian as a foreign
language, it is possible to solve a number of tasks that allow to increase not only
the level of special training, but also to broaden the horizons of young people,
develop their sense of aesthetic perception of the world, form a positive attitude
to the host country, stimulate cognitive activity of students and increase
motivation for further education. In the process of teaching foreign students
tutors should take into account the strengths of the national and cultural
characteristics of the ethnic group, its linguistic and cultural traditions. This will
facilitate the period of adaptation, master the necessary skills and make classes
more effective and interesting.
Given the above, we can state the need to optimize the process of
socio-cultural adaptation of foreign students in higher education in Russia.
Socio-cultural adaptation should be considered as a comprehensive pedagogical
program, the success of which is determined by multiple parameters and criteria
that can improve the quality of education of foreign students and achieve the
best academic results with the least negative consequences.
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Abstract
In the proposed article, the authors intends to show that the process of
communication is not only diachronic, that is, temporary, but also manifests
itself in modal parameters associated with the imposition on the real existence
of the person and the manifestation in it of a mass of possibilities that a person
experiences not only in real life, but also represents in his imagination, in the
space of the spirit, illusory and ideal. Or: not directly face to face, but as a
communicative imitation among models, images and signs. Now it is accepted
to call it virtual reality.
It is also shown that the role of the subject of the dialogue can be: a person, a
social group, an official institution. In philosophical typologies it is possible to
allocate direct and mediated conversation. In direct dialogue, people participate
in communicative activities. Transformed and mediated interaction shows the
dialogue of subjects separated in space or time. In the modern world, with the
development of information technologies, the possibilities of dialogue have
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reached a new interactive level, when virtual reality breaks into a multiplicative
dialogue.
Keywords: virtuality, modality, dialogue, evolution of forms of
communication, speaking in a virtual environment.
Introduction.
Information technologies have broken into both everyday life and the
activities of teachers. We now can not imagine communication with students
and students not only without the power of electronic means of teaching
disciplines, but also without the use of electronic textbooks, online teaching
AIDS, online tutorials, webinars and trainings in the mode of free access.
Distance learning is increasingly used, an essential element of which is
interactive communication, in the process of which the teacher not only
broadcasts any information, but forms images that develop into virtual reality.
"Virtual reality is a world of reflections of human souls, not initially
evil and not good. Elevates man, infinitely expands his existence artificially
created by his imagination or his technique virtual reality. And if sometimes it
destroys him, then it is not the depth itself that destroys, but the syndrome of
destruction that the man himself has brought to it. The virtual world is
impassive, it only reflects what is within us.” [1]
Only in the virtual world is reincarnation possible. Reincarnation in the spiritual
realm, in the sign model, a person constantly and widely uses, expanding with
the help of possible, but here and now virtual States the spectrum of his
existence, playing mentally available in General and inaccessible in principle
variants of his personification.
Virtual components of communication.
Virtualization of life and communication is ubiquitous – this is also the
case with the multiplicity of events that we have today. Around us we see a lot
of people, becoming visible in the crowd and tangible on the bus or in the
subway. And in faces, and in life, strangers us, we look as in a mirror, trying to
above all see its possible, but untimely passing and because virtualic content.
I listen to a poet recite his poems or perform a popular singer, and
think that I could be in their place, to live a Bohemian and hectic life with a
different fate. I could have been a chauffeur or a cook – I still like to sit behind
the wheel or fantasize at the stove. I could live in another city – Moscow or St.
Petersburg. My wife would not be dark, but blonde, and not Ksanthippa, but
Penelopa; and I would not have two sons, but two daughters. And I think so
because other people have it all, who are basically no different from me, and
that's why I try on the circumstances of their lives. But remembering, however,
and about those arrows, turning points in my biography, points of bifurcation,
as it is fashionable to say now-which brought my destiny on that track on which
it moves today.
Let us add to this that thanks to books and films, in General, any iconic
forms, the long-dead Socrates and Aristotle come to my attention, or the never-
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dead landowner Constantin Levin or Prince Andrew Bolkonsky. And then it
becomes obvious that along with the explicit fate I experience and implicitly
(secretly) carry a lot of implicit, virtual lives.
Layers of time and space collide with each other and intersect. The
grown-up, aged and burdened with experience man condescendingly looks at
the angular-sometimes knitted, then constrained manners of the boy, at his cock
attempts to shout something too, because he was such. He knows that
everything will be corrected, everything will come in due time: he sees his past
and is not inclined to judge it too harshly. In the same way, the young talent
listens with reverence to his master; the disciple imitates the master even in the
manner of lighting a cigarette. The girl retreats into the shadows before the
Mature and victorious beauty of a calm and confident woman and is amazed by
the apparent ease of her power over men. The ardent adept listens with delight
to the political tribune. All of them see and anticipate their future, they mentally
try on the opportunities that have already been realized by their older
contemporaries, and wait in the wings. So virtual for ourselves plots appear
before us in the flesh, and we see ourselves yesterday or tomorrow here and
now.
By the capacity for reflection, determined by the spiritual, symbolic
way of mastering reality, a person lives not only now and here, being in the
immediate vicinity of the point of the present, but there and then, penetrating
memory and imagination into the past and the future. He is mentally transferred
from his being to the alien, from the corporeal existence to the dual otherness,
extrapolating all the richness of the diversity of reality to his inner world. It is
in this process of mastering and understanding that consciousness is acquired.
Let's give an analogy with the TV. When we watch a show game or a
newscast – it doesn't occur to us to claim that all the stories we see on the screen
are localized, much less originated in the TV box itself. The TV receiver
provides only the clarity, contrast, color of the image in the picture, but in no
way its content. And it is easy to be convinced of it: it is enough to pull out
from a socket the plug of the antenna, and on the screen there will be only
background ripples. It is the same with the psychic image-visual or auditory,
tactile or olfactory – it is not localized in the “space of the brain” or even in the
“space of the body.” It actualizes and concentrates the information circulating in
the field of signals in the localness of subjective reality.
Since in the process of perception the exclusive role is played by sight,
which gives us the maximum of all information about external reality, the
person as the subject of orientation activity is "catching eyes” and "looking".
The intellectual components of subjective reality should be treated in the same
way. All the content of our thoughts is conditioned by the operational content of
our practical activity, and the forms of thought development are completely
determined by the sign system in which society is carried out. It is first and
foremost language, external and, as a consequence, internal speech. Again:
thought is the actualization in the person’s locality of the reflection’s subject an
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information circulating in the field of signs. This is co-knowledge, joint initially
and, as a consequence, individual possession of the sign system, manipulation
of sibols, which is thinking.
Information is denser where there are some intense changes, and
merges into a smooth background where there is relative stability. Information
is also specific in its modality at different levels of organization, it manifests
itself in different ways in different types of material systems. In particular, the
human psyche, on the substrate of which the subjective image is formed, is
included in three different types of interactions and, accordingly, functions in
three different spaces. In the somatic, in which the cells, tissues and organs of
the body are formed and transformed into an emotional-sensual modality
(pleasure, irritation, pain, ecstasy). In the perceptual, generating empathy,
combined with biologically significant natural factors of the natural
environment (green, sweet, warm) - through vision, taste, hearing. Finally, a
semiotic space in which both external objects and internal psychic complexes
(for example, phonemes of language) function not in their natural modality, but
in accordance with an artificial quality, in other words – the meaning that is
given to them by the content of human practical activity.
The image of reality is not an autonomous reality, but a kind of quantum, a clot
of some field of information, and in this sense it is as external to the subject as
the internal element of his being. The continuum of information is not broken,
but only concentrated in the maintenance of the psyche, changing only the
thinking, the materiality of the carrier.
So, for example, the melody of "Moscow evenings" can be sung by
voice: bass or treble; to hum on the trumpet or whistle on the flute; to knock on
the xylophone or piano. It can be recorded on a gramophone record in the form
of a mechanical furrow, on magnetic tape, on film in the form of a light track, in
digital form in a computer. Similarly, the wavelength of the electromagnetic
field or the frequency of air vibrations are replaced in the psyche by red or
ringing, and the frequency of the molecules, depending on the range, is felt as
acidic or salty. In all cases, the material is different, but the Eidos is invariant.
Typologies of communication.
The development of social science in the last century, in which the
principle of division of labor prevailed over the integral concepts of social
processes and human existence, led to simplified interpretations of
communication. It was reduced to intersubjective interactions. So responsibly,
diverse forms of communication were reduced to the idea of direct contacts
between people. Although philosophical and methodological analysis clearly
demonstrated the complexity of the problem of communication, today both in
everyday and scientific consciousness is dominated by a stereotypical
understanding of communication as a direct interaction between people.
The first author of this article in his value concept of communication
formulates the law: the dignity of the human personality is determined by the
combined efforts, general and individual, spent on the formation of this
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personality and on the self-realization of the spiritual wealth accumulated by it.
The inner world of a person is only to a very small extent expressed externally:
in facial expressions, in the eyes as a mirror of the soul, in clothing and
behavior. In its main content, the human soul is revealed in communication.
The wise Socrates, entering into conversation with a man, suggested: "Speak,
for I may see you!". Initially, " communication precedes the formation of
human personality... and, categorically speaking, is the substance of
personality." [2]
For a holistic study of the process of communication at the
philosophical level, the Russian author A.V. Rezaev identifies three paradigms:
a) information-instrumental; b) existential-phenomenological; c) Marxist
historical-materialistic. He writes that, functioning at different levels of social
reality, " communication appears: a) as an interconnection-interaction and
exchange of formations of the material and spiritual order-abilities, activities,
information, thoughts, feelings; b) as the realization of the inner potential of the
self-conscious individual; c) as a personification, actualization and
implementation of the structural characteristics of society-public relations". [3]
Considering the evolution of social and philosophical concepts of the
category of communication, A.V. Rezaev identifies five stages of development.
The first stage up to the end of the XVIII century, when interpretations
of people's communication with each other appeared in the form of
constructions, revealing either ethical or political characteristics of society.
The second period was marked by the industrial revolution and political
cataclysms in France and England. There are two characteristic features of the
study of communication in this period. The first feature (in development of
Aristotle's idea) - communication is connection in one process of the one who
speaks, that speaks and what speaks to audience.
The second feature was due to the emergence of two opposite
interpretations of society: "consensus", where communication is presented in
terms of a clash of interests, and "conflict", which is characterized by a critical
attitude to the existing social orders.
The third stage of interpretation of communication in the history of
social thought associated with the opening in mid-nineteenth century, not the
materialist conception of history and the formulation of the theory of public
relations.
The fourth stage of the development of ideas about social relationships
falls at the end of the XIX and XX centuries, the time of rapid development of
sociology, psychology, linguistics, Cybernetics. The methodology, models and
principles of these disciplines are becoming crucial for the study of
communication in the twentieth century.
And, finally, now, according to A. V. Rezayev, the fifth, "search" stage
of development of theoretical representations about essence of the considered
phenomenon, oriented on synthesis and generalization of already reached
results is developed.
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Another Russian Yu. V. Perov proposed to distinguish only two main
strategies of social and philosophical communicative theories. Strategies of the
first type, designated in Y. Habermas's terminology as "subject-centered", as a
starting point of the theory and methodology are sent from the subjects and their
activities. In this case, we can talk about both individual and collective or
historical subjects. Theories of this kind have a more significant historical and
philosophical pedigree.
Another type of strategy, the opposite of the first, is the so-called
"system-structural" or functional models of communication. The main focus of
the proponents of this approach is not subjects, but functions. The subject of the
research is not the activity and consciousness of people, but the system of stable
ways and forms of interaction – "discourses", life "practices".
Yu. V. Perov writes that during the XIX and XX centuries, the theories
of social communication, which implemented subject-centered strategies,
prevailed quantitatively and had a greater degree of influence. For the first time
another possibility of the analysis of communication was outlined by Hegel in
the studies of civil society, where the diverse interactions of individuals form a
universal social connection, which has its own laws. "But if in Hegel such an
approach to the study of social communication was planned, then in Marx it can
be considered predominant. Such a system-functional approach proved to be
effective not only for communication, but also for social activities in General."
[4]
Yu. V. Perov emphasizes that both subject-centered and systemstructural strategies, when they are consistently implemented, turn out to be
polar and partly dead-end. However, he considers the possibility of a
philosophical synthesis that would overcome the unilateral extremes of these
strategies to be problematic.
For philosophy, communication is of particular interest, because it concentrates
the forms of thinking and activity, common categories and subjective intentions
of individuals. Within this category, we can distinguish direct and indirect
communication, direct and indirect. In direct communication, people interact
face to face, the participants are here and now. In this form, the compatibility,
the direct collectivity of human activity is realized. But just as activity is not
limited to direct co-operation, so community cannot be limited to the context of
direct contact. Mediated or remote communication is the interaction of subjects
separated in space or time, and the act of communication is carried out through
the values created by people as embodied results of activity, opredmechennyh
or designated.
According to the theory of the canadian philosopher M. McLuhan,
depending on the way of communication between people, three epochs in the
history of mankind can be distinguished. The first epoch is that of the tribal
individual or " listening man." Communication of this individual was limited to
oral speech, and the era itself lasted a very long time-from Adam to the XV
century. The second epoch is that of the typographical individual or " the man
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who reads." This individual communicated with other people by means of pen
text, and the era lasted from the XV century, when Guttenberg invented the
printing press, to the 80-ies of the twentieth century. The third epoch is the
epoch of the information individual- "the person looking and hearing" at the
same time. [5]
In the modern world, with the development of new computer
information and communication technologies, communication opportunities
have moved to a new level. Communicating on the Internet, a person is
immersed in virtual reality and gets the opportunity not only to "watch and
listen", but also to react, Express their emotions at a particular moment of
communication, while possibly committing several acts of communication at
the same time. And with the abundance of so-called "Nicks", the question is: is
communication through virtual reality communication? And what are the
positives and negatives of the communication virtualization process? These
questions will be relevant for both theoretical researchers and practical teachers
in the very near future.
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Abstract
The article discusses the reasons for the preservation of relative
denominal adjectives, the competitors of which in modern English are
nominative-attributive constructions characteristic of an analytical type of
language. The analysis shows that the remaining relative adjectives are either
borrowed from synthetic languages and / or have a developed semantic system
and a certain tradition of use in idioms and stable expressions.
Keywords:
adjectives,
attributive-nominative
constructions,
borrowings, synthetic and analytical languages.
Introduction
In modern English, which is characterized by a tendency towards
developed analyticism, which transforms a former inflective into a practically
isolating language, there is a widespread use of some synthetic constructions,
namely, denominal relative adjective + noun constructions to convey the
meaning of a sign. In other words, instead of the attributive use of a noun in the
construction (attrN + N), where the first noun is the bearer of the properties for
the second, we use combinations of the relative denominal adjective with the
noun (relAdj + N).
The place of relative adjectives in the morphological class of adjectives
and their cognitive-semantic characteristics have been discussed in our previous
work [7], here, in short, we note, that these are noun derivatives possessing the
semantic properties of adjectives. Though, their presence in modern English
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violates the logic of the analytical language, however, their functioning in the
language is undeniable. Despite the fact that adjective-nominative structures are
anachronisms and reflect structures that existed in the Old English and Middle
English period, the number of such constructions is quite large, and they remain
stable in the Modern English language.
Materials and Method
The study is conducted on the basis of the material of the relative
denominal adjectives of the English language having the nominative attributive
equivalents/ These adjectives were selected by the continuous sampling method
from the Oxford English Dictionary [6] with the subsequent verification of the
usability of those and other constructions in the Corpus of Contemporary
American (COCA) [3].
Results
The following three trends have been discovered.
1. In some cases, we can note the interchangeability of an adjective
and nominative-attributive construction, such as: hand work and manual work,
wooden house and wood house, silken dress and silk dress. Moreover, the
frequency of use of such constructions is correlated in each case in different
ways. In one case, the number of uses of the adjective and noun in the
attributive function is approximately the same (hand work / manual work: 83 to
60), in the second – the noun in the attributive function is used much less
frequently (wooden house / wood house: 156 by 16), in the third – uses of the
noun significantly exceed the number of uses of the adjective (silken dress / silk
dress: 8 by 374). A superficial analysis does not reveal an unambiguous trend in
their use.
2. There is another tendency: for the same adjectives, on the one hand,
there may exist the possibility of an interchange: star light (the number of uses
in the COCA case is 26), starry light (19); star system (92), stellar system (40).
On the other hand, the same adjectives show specialization in the use of
constructions: stellar configuration (not star or starry configuration), starry
night (not star or stellar night), star dust (not starry or stellar dust). The
specialization of the use of relative adjectives and attributive nouns also occurs
when one of the forms is assigned to a certain property, for example: wax
flower means <flower made of wax>, and waxy flower means a flower <similar
to wax, like from wax>.
3. In addition, there are cases where the adjective construction is the
only possible one. This happens especially often in case of constructions
involving a borrowed relative adjective. Moreover, for such combinations, as a
rule, there is no possibility of an alternative variant with a noun in the
attributive function according to the characteristic English model (attrN + N): it
is hardly possible to use * medicine science instead of medical science. Such
attributive phrases demonstrate a structure similar to the structure of attributive
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phrases in Latin and French. Strictly speaking, the only difference is in the
order of the determined noun and the adjective that defines it: Adj + N in
English and N + Adj in Latin and French. By the way, the tendency it is not
maintained in all cases, since in the English language there are even a few, but
well-known idiomatic combinations of the type: (from / since) time
immemorial, Lords Spiritual and Temporal, which are syntactically (regarding
word order) constructed according to the model adopted in Latin and Romance
languages.
Discussion
On the one hand, the preservation of adjective-nominative
constructions of a relative denominal adjective with the described noun in
modern English can be explained by tradition, the preservation of anachronism.
This applies to the original English adjectives handy, wooden, silken, waxy, etc.
The preservation of such a relative adjective is the more probable the more
developed is its semantic structure. The presence of secondary meanings in it
brings the adjective closer to the qualitative ones, changing both the semantic
and combinability properties of the adjective. Similarly, the existence of relative
adjectives can be influenced by the existence of idiomatic expressions,
terminological constructions, etc. (manual work, but handy man, handy craft,
handy tool, etc.)
At the same time, it is striking that in modern English, among the
relative denominal adjectives, mainly borrowed words are found. The fact that
there are a large number of borrowed relative adjectives is not surprising,
lexicologists studying the etymological structure of the English dictionary note
that 70% of English words are borrowed [4; 5] and only 30% can be attributed
to native English [1, p.8]. The composition of substantive relative adjectives
cannot be an exception. In the studied case of high-frequency relative
adjectives, it can be noted that the source language (source of borrowing) [2, p.
253] of these borrowings is often Latin or Greek:
political – f. L. polītic-us, a. Gr. πολιτικ-ός (see politic a. and n.) + -al.
legal – ad. L. lēgālis.
domestic – ad. L. domestic-us, f. domus house [6].
In some cases, these are words whose source is French, but the
language of origin (origin of borrowing) [Arnold 1986, p. 253] can still be Latin
or Greek:
public – ME. publike, -ique, a. F. public (1311 in Hatz.-Darm.), Ad. L.
pūblicus, in early L. poplicus, f. poplus (later popul-us) people.
human – a. F. humain (12th c. In Hatz.-Darm.) = It. umano, Sp., Pg.
humano: L. hūmān-us.
medical – a. F. médical, = Sp., Pg. medical, It. medicale, ad. late L.
medicālis, f. medic-us physician.
democratic – a. F. démocratique, ad. med.L. dēmocratic-us, a. Gr.
δηµοκρατικ-ός, f. δηµοκρατία democracy [6].
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Separate high-frequency relative adjectives are borrowed from the
French language and carry traces of its word-formation system:
national – a. F. national (16th c.), F. nation nation n.1 + -al -al1. Cf. It.
nazionale, Sp. nacional.
military – f. F. militaire, ad. L. mīlitar-is, f. mīlit-, mīles soldier. Cf.
Sp., Pg. militar, It. militare.
professional – f. profession + -al1. Cf. mod.F. professionnel [6].
Almost all of them are borrowed in the form of an adjective formed
from a noun using word-formation tools of the source language, or, in the
borrowing language, they are formed by analogy with the word-formation
components of the source language:
Legislative – formed from legislation, legislator, by substitution of
suffix: see -ative. Cf. F. législatif (recorded from the 14th c.), Sp., Pg., It.
legislationlativo; a med.L. * lēgislātīvus probably existed.
The suffixes -al, -ic, -an, - (a) tive, with the help of which these
adjectives are formed in English, come from French, Latin and even Greek,
such as:
-ic - adjective suffix representing the French suffix -ique of Latin
origin, ad. L. -ic-us, as in cīvic-us, classic-us, public-us, domestic-us, aquāticus, or in Greek. -ικ-ός, as in κωµικ-ός cōmic-us, γραµµατικ-ός grammatic-us,
ποιητικ-ός poētic-us. In Greek, this suffix was often used to form adjectives
with the meaning ‘in the manner of’, ‘of the nature of’, ‘pertaining to’, ‘of’.
From Greek and Latin in the 16th century, this suffix penetrated into other
languages, including English.
-al – suffix of Latin origin used for the formation of adjectives, entered
into English through French in the 16th century: L. -āl-em (-ālis, -āle, stem -āli) = ‘of the kind of, pertaining to’;
-an – suffix of Latin origin -ānus, -āna, -ānum with the meaning ‘of, or
belonging to’;
-ative – from French -atif, -ative, Latin -ātīvus, includes the adjective
suffix –īvus.
The etymological analysis of high-frequency relative denominal
adjectives allows us to talk about their origin from Latin, Greek or French
sources. On the one hand, this reflects the history of the English language, the
presence of French words and affixes is due to long direct linguistic contacts
with the French language, political, economic, cultural relations between
nations. As rightly noted by I.V. Arnold, changes in language depend on the
cultural and social matrices in which they function, and various contacts
between nations are part of this matrix, reflected in the dictionary [2, p. 260].
On the other hand, we note that most of the borrowed adjectives can be
attributed to a number of international words that arose in English as a result of
borrowing from a common source for the human culture – Latin and Greek.
Concerning this, it seems quite reasonable to assume that the stability
of the model of the attributive phrase (relAdj + N) in the English language, may
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be associated with a profound influence on the English language of the Latin
and French languages, not only in the field of vocabulary, but also in certain
areas of syntax. The same can be noted about the unacceptability of the
alternative model N + N: medical science, but not medicine science where the
usage of the relative denominal adjective can be considered mandatory.
In this regard, the question may be posed about the possible
mechanisms of influence of culturally influential languages such as French,
Latin and Greek on the maintenance of the Adj + N model in the English
language, which would seem to contradict the development of some definite
trends of the analytical model.
Conclusion
Thus, the preservation of the traditional for the English language
combination of the relative denominal adjective with the noun (relAdj + N) is
not only a conservation of the anachronistic synthetic model of the past, but also
a trend, supported by cultural, political, social, professional and other contacts
in the history of the English language. In the modern period, based on the same
models, new scientific terms start to arise, such as nuclear reaction, cellular
phone, electronic media, etc.
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