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Dear participants!

This year we conduct our annual international conference in challenging conditions
caused by external reasons as humanity experiences an important period now. It’s substantial
to emphasize the importance of maintaining a high level of scientific international cooperation
in the conditions of isolation. A current situation addresses the problem of integrating faculty
and students into the global educational and research environment. Universities globally are
challenged both to keep a high level of education and continue cross-cultural scientific com-
munication.

We are pleased to present the results of your scientific research in this edited volume of
works. We truly believe that your participation in the conference is a successful investment in
a bank of your soft skills and professional qualifications necessary for your future market
competitiveness.

Natalia Shumakova, Head of Department of Foreign languages
for Business Students

We are glad to welcome all our participants to the annual International Scientific Con-
ference. Communication, exchange of experience, ideas and knowledge, support the devel-
opment of innovative activity and professional growth of young specialists is, definitely, the
main goal of our conference. And such interesting events contribute to involving young peo-
ple for the opportunity to work in international teams, to implement international cooperative
projects and also to solve the problems of modern science. We are trying to attract as many
talented, purposeful bachelor students and young specialists as possible to discuss actual is-
sues of the economic and humanitarian areas. And we appreciate, that the participants with
their supervisors have done their best together to share information about their research with
peers.

Ksenia Khvorostova, senior teacher of Department
of Foreign Languages for Business Students

Communication in a foreign language is an integral part of training a specialist. For the
scientific and technical sphere, knowledge of a foreign language is crucial in the context of
growing scientific cooperation between countries and competition in the labour market. The
active exchange of ideas and scientific experience in the professional field is a prerequisite for
professional growth and development, a foreign language being an important tool for transfer-
ring this knowledge.

I sincerely wish all the participants fruitful work, new discoveries and approaches that
will contribute to the solution to the tasks assigned to our society and the formation of the sci-
entific potential of young scientists. I wish you good luck in mastering scientific issues and
foreign languages!

Tatyana Vladimirovna Strekaleva, Candidate of Philological Sciences,
Associate Professor of the Department of Foreign Languages for Engineering Students



Deutsch ist nicht nur die “Sprache* der Hochtechnologien. Er ist eine der anerkannten
Sprachen der Weltwissenschaft in der modernen Gesellschaft und verfiigt {iber alle notwendi-
gen Werkzeuge, um dringende wissenschaftliche Probleme sowohl im soziokonomischen als
auch im technischen Bereich des wissenschaftlichen Diskurses zu 16sen. Fiir langfristige
wissenschaftliche Kontakte sind Menschen, die Deutsch konnen, besonders unverzichtbar.

Wir freuen uns, die Autoren der deutschen Beitrdge, auf der Sprache von Kant, Ront-
gen, Max Planck, Heinrich Hertz, Robert Koch, Gottfried Leibniz, Ernst Schroder und ande-
ren groflen deutschen Wissenschaftlern begriiBen zu diirfen. Die Autoren tun zusammen mit
ihren wissenschaftlichen Leitern ihr Bestes, um Informationen iiber ihre Forschung mit Kol-
legen zu teilen.

Wir hoffen, dass diese Materialien eine solide Grundlage fiir neue gemeinsame Projekte
bilden konnen. Gerne tragen wir zur Bildung internationaler Wissenschaftlerkollektive junger
Forscher und zur Entwicklung ihrer Zusammenarbeit bei!

Natalja Podporina, senior teacher of Department
of Foreign Languages for Engineering Students

The articles, which are being published, are considered to be the first step in science of
the bachelor students, and more fundamental results are expected to be shown by the senior
ones. Preparing the article for publication is really a serious and difficult process, which re-
quires intellect, deep knowledge of the problem, patience, diligence, responsibility. Such fea-
tures of character and specific approach to solving a problem will greatly help future scientists
in their scientific investigations.

The conference is a special and very important step towards opening new and promising
horizons, what imposes responsibilities on the participants and sets more difficult and inter-
esting tasks for future specialists in their scientific investigations.

Olga Maslova, Associate Professor of the Department
of Foreign Languages for Engineering Students

It is an honour to say a few words about a good tradition. Since the very start our con-
ference mission is to unite young researchers, highlight their new achievements, and support
them in their effort to continue the thorny but fruitful path in science. It is a really hard way
because it takes your energy, and, sometimes, all your time; it is worth going as you enrich
your knowledge, skills, and enwiden you life horizons.

This year the conference gives young researchers the floor for the 19-th time. Our con-
ference is 19, it means that the event has become as mature as many of you, however, it is still
young and it is developing. Every year we, as the conference organizers, could feel that your
research and presentations contain new ideas reflecting the spirit of science. Fortunately, we
could state the pariticipants demonstrate their improving skills and really profound research,
therefore, the conference meets its mission and tasks.

We consider our every year conference to be a useful tradition; paraphrasing Jonah
Goldberg a bit, we could say “the traditions grow cultures and generations”. We wish you fol-
low right traditions and become successful researchers!

Marina Savelyeva, Head of Department
of Foreign Languages for Engineering Students
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bubnuomexa PyHum, nanucannas ma ssvike npozpammuposanus Python npumensiemcsa ons
ananuza OanHwvix 2x010mos gupmol Humminbird. Bcmpoennvie 6 dOubauomexy mooyiu no3eosiom
AHATU3UPOBAMNDb NOJYUeHHble 3X0N0mom OauHvle. Paccmompenvl ocobenHocmu pabomuvl ¢ npo-
2PAMMHBIM 0becneyenuem.

Knwouesvie cnosa: PyHum, ceoghusuxa, sxonomvr Humminbird, cudpoepaguueckue Oamnnvie,
memoo Hanusns backoma.

Today there is a surge of hydroacoustic devices available on the market, with applications far
exceeding fishing and boating. These appliances can be used for a wide range of scientific tasks in
the field of geophysics, such the study underwater objects [1], and the study of underwater topogra-
phy (bathymetry) [2].

Humminbird has been producing sonar devices for over 40 years [3]. In 2018, an inexpensive
and portable Onix 8 cxi SI Combo model manufactured by Humminbird was purchased
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by Reshetnev Siberian State University of Science and Technology. It has been used to study the
Yenisei River as part of the GIS “Yenisei—Arctic” project. For a better understanding of the Onix 8
cxi SI Combo characteristics [4] (see Table), we compared the Humminbird series to a similar
product by Garmin [5]. As can be seen from Table, price does not significantly affect the
parameters of these devices.

While the operation of a conventional sonar [6] is based on acoustic waves emitted in one
beam, side-scan sonar emits sound waves in 4 beams in different direction, which, in turn, have dif-
ferent angles and frequencies. One beam is vertical, while the other beams are directed sideways
from the transcuder [7].

Examples of programs used to decode the recorded data from Humminbird sonars include
Reefmaster, HumViewer, and PyHum.

Comparison of different sonar models

Himminbird ONIX 8 ¢xi SI Himminbird ONIX 10 cxi Garmin EchoMAP PLUS
Models of sonars

Combo SI Combo 92sv
Price (roubles) 129000 155000 110800
Frequency of the sonar, Hz 200/83/455/800/50 200/83/455/800/50 50/77/83/200
Quantity of beams 4 5 4
Power of radiation, W 1000/8000 1000/8000 500/4000
—_— 00 i | L,

PyHum is an open-source program designed to analyze the file format associated with Hum-
minbird side-scan sonar recordings. PyHum has a modular set of tools based on the Python pro-
gramming language, which currently supports several models of Humminbird (700, 800, 900, and
1100 series, HELIX, MEGA and ONIX) [8]. The program has a GUI that allows the simple opera-
tion of PyHum modules, with the selection of the desired parameters for further calculations.

The echograms on the side-scan sonar are encoded into files with the extension DAT, SON,
and IDX. DAT contains basic information on the sonar (time, position, and settings). SON contains
8-bit recorded echograms. IDX is created under one SON file, contains indices of successive pings
(fan-shaped acoustic pulses perpendicular to the heading) in the corresponding SON file, which
simplify the readings of SON files [9].

Then this data is processed using the PyHum modules [10].

1. “Read”— read Humminbird DAT and associated SON files, and export data in various
formats.

2. “Correct” — read output read, perform radiometric corrections and produce a series
of rudimentary plots.

3. “Remove Shadows” — read output correct, and remove dark shadows in scans caused by
shallows, shorelines, and attenuation of acoustics with distance.

4. “Map Sidescan” — map module is used to project the corrected and filtered echogram into a
known coordinate system using location and navigation information collected using the attached
GPS antenna in units of decibels watt (ABW). In [11] there are details of the data processing meth-
ods and acoustic corrections encoded in the software.

5. “Texture” — read the radiometrically corrected Humminbird data (output from correct),
perform a textural analysis using the spectral method of Buscombe et al. [11] (forthcoming) and
produce some rudimentary plots.

6. “Map Texture” — script to generate a point cloud (X, Y, texture lengthscale), save it to ascii
format file, grid it, and make a raster overlay for a kml file for Google Earth.

7. “Bed Class” — script to analyze the first (el, 'roughness') and second (e2, 'hardness') echo
returns from the high-frequency downward looking sonar, and generate the generalized acoustic
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parameters for the purposes of point classification of submerged substrates/vegetation. The process-
ing accounts for the absorption of sound in water, and does a basic k-means cluster of el and e2 co-
efficients into a specified number of acoustic classes. This code is based on a code by Barb Fagetter
(blueseas@oceanecology.ca). Georeferenced parameters are saved in csv form, and optionally plots
and kml files are generated.

Thus, we have found that PyHum is a program that has more opportunities than other similar
programs (Reefmaster and HumViewer), allowing scientific research in the field of geophysics. Be-
sides, there exists and opportunity of editing the code, its further improvement and modernization,
which is not the case for other programs. Certainly, commercially available and specialized profes-
sional programs similar to Reefmaster are not inferior in their graphical interface; however, they do
not contain the functions that are available in the PyHum modules. With regard to sonar models
with a range of prices, in article [12], an investigation was performed, which concluded that the re-
sults of data processing do not differ from expensive models by more than 3 %. Thus, the use of
low-cost devices and free software enables broader access to sonar technology and thereby a wide
range of opportunities for research in the field of geophysics.
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Paccmompen npunyun pabomsi maxou cucmemsbl OUCMAHYUOHHO20 30HOUPOBAHUS, KAK 2UO-
poaokamop 60k08020 0b3opa. Takoce paccmompenvl hakmopul, okasvieaoujue elUsHUe Ha KOHeY-
Hble OaHHble, NPU CKAHUPOBAHUU 2UOPOIOKAMOPOoM. TIpousseden ananu3 HeCKOIbKUX CHUMKO8, NO-
JIYYEHHBIX NPU NOMOWU 2UOPOIOKamopa bokoeozo 0630pa ¢ yuacmka pexu Enuceil.

Knrouesvle cnosa: eudponokamop 60k08020 0630pa, OUCMAHYUOHHOE 30HOUPOBAHUE.

Nowadays, the concept of remote sensing has become a commonplace notion. It is typical to
associate remote sensing exclusively with the observation of Earth’s surface through an assortment
of aerial and space photography tools. Furthermore, remote sensing is thought of as a costly activity
that is inaccessible to the layman. However remote sensing is much broader concept. It is a process
or method of obtaining information about an object, surface area, or phenomenon by analyzing data
collected without contact with the object under investigation. Therefore, as follows from its
definition, remote sensing should emphasize on the study of the object, without direct contact with
it. Therefore, remote sensing in not the unambiguous use of expensive equipment and can be carried
out on the ground, or, as in the case of this paper, underwater. One example of a remote sensing
instrument is the side-scan sonar (SSS).

Aquatic environments are among the most difficult. For their study classical remote sensing
techniques based on the laws of optics are not suitable; here, another field of physics, acoustics,
comes to the rescue. It is known that in water, sound extends to a much greater distance than in air.
It is on this law of hydroacoustics that the principles of the SSS are based. This system allows to
obtain images of the seabed by converting the amplitude values of the generated acoustic signal
reflected from objects into successive rows of pixels that constitute the image of the bottom of the

20



Monogexb. ObwectBo. CoBpemeHHas HayKa, TeEXHUKa U MHHoBaumu. 2020

studied reservoir. In other words, this system translates values into the tone of the pixels of the
future image by measuring the amplitude of the signal. Solid and dense objects reflect more sonar
signal than soft and loose ones. Therefore, by analyzing the tone or color of the pixel, it is possible
to describe an underwater object. However, there are other factors, which affect the tonality of
pixels in the final image (e. g.: the characteristics of the underwater object, i.e., the composition of
the water, its density, temperature). Scan parameters, such as scanning range (scan strip width), the
frequency of the emitted signal, signal trajectory, the speed of the SSS transducer, and other factors,
the occurrence and influence of which cannot always be anticipated or prevented, for example, the
various motions of currents at the surface and underwater and weather conditions affecting water
movements. Based on our knowledge of the causes and factors, which affect the scanning process,
as well as the parameters and settings of the equipment, it is possible to study images obtained by
SSS to investigate the sea or riverbed.

In this paper, we examine data collected using a Tritech Starfish 990F, a SSS designed to
search for various submerged objects at depths of up to 30 m. Depending on the frequency used, the
SSS can be used for surveying harbors, inland reservoirs, and fisheries.

For this study, we have analyzed a section of the lower part of the Yenisei River (Fig. 1),
which was investigated using SSS during an expedition by Reshetnev University of Science and
Technology in 2018.

Fig. 2. Track of study area Fig. 2. General view of the scan strip image

In Fig. 2, we have considered the encountered objects together with the characteristics of the
study area. In the image, the riverbank is immediately visualized as the transducer nears land; it is
in the form of a clear line on the left side of the image. We can also see a light object, the shadow of
which is situated at a much greater distance ; thereby the object is suspended in the water, and does
not lie on the bottom. Estimating the size and shape of the shadow, it can, with a great degree of
certainty, assumed to be a fish. In the right-hand side of the image, there is a shaded area. Such ar-
eas occur as a result of a lack or partial loss of data, which can occur due to the roughness of the
riverbed surface. In this case, a shadow is produced and the acoustic signal is not reflected back to
the transducer (towfish). In Fig. 2, the objects casting the shadow are most likely large rocky forma-
tions. As the depth values in the image (left to right) increase, the data becomes less informative.

From the sonar data it is clear that the depth in the study area is not constant. This can be de-
termined by the width of the “black area” in the center of the image, which increases as the water
depth under the towfish becomes greater (this happens if the towing depth is not adjusted). In this
acoustic shadow it is possible to visualize objects that are closer to the towfish, as fish and floating
debris. Thereby it is possible to determine the number of large suspended objects in the water. The
fluctuations in elevation along the track are significant: there are both shallow areas and large re-
cesses. For the most part, the bottom material is homogeneous, presumably a fine river silt. There
are large boulders closer to the riverbanks.

Let us consider another example where submerged objects are easily recognized by their
shadow and silhouette, which give us information on the position and size of the objects. Moreover,
a significant amount of information arrives from the form and strength of the reflected signal. For

21



Youth. Society. Modern Science, Technologies & Innovations. 2020

example, in the left-hand side of the image, there is a fixed object, the reflectivity of which is
greater than that of the surrounding objects, indicating to a difference in its composition (material
type). It may be problematic to recognize such objects and distinguish them from their surround-
ings; for instance, in our case, the object on the left side of the image is barely discernible as it has
an unnaturally angular form. Thereby, based on the correct rectangular shape and high values of
reflectivity, we can assume that the object is manmade. On the contrary, the log in Fig. 3 is easily
recognized by its elongated shape.

The data in the discussed echogram (sonogram) can be described as follows:

1. The study area has an uneven riverbed surface with many variations in the depth of differ-
ent formations.

2. There are multiple traces of human activity, long furrows, or embankments, possible pro-
duced by ship hulls or dragging anchors.

3. There are many submerged objects at the river bottom or suspended in the water, such as
solitary logs, flooded woody vegetation, boulders, solitary fish, and schools of fish, and manmade
objects.

Fig. 3. A screenshot of the echogram

Thus, the further development of interpretation and processing methods for data obtained by
SSS can contribute to the dissemination of similar, relatively inexpensive, and available equipment.
Overall, SSS is formidable instrument in the study of the underwater world. The results of such in-
vestigations can contribute to the development of navigation, fishing, facilitate search and rescue
operations, construction, etc.
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image, together with the mechanism of this transformation is considered.

Keywords: side-scan sonar, data conversion.

CTPYKTYPA XPAHEHUSA JAHHBIX TNIPOJIOKATOPA
B ®ANJIAX U TPUHITATI TIOCTPOEHUS N30BPAKEHUA

Tanumsanos O. A., babuii 1. A.
Hayunslii pyxkoBoaurens — [ onuapos A. E.
PykoBoauTens 1o HHOCTpaHHOMY $I3bIKY — [ OHuapos A. E.

Cubupckuii rocy1apCTBEHHBI YHUBEPCUTET HAYKU U TEXHOJIOTUH
nMeHM akagemuka M. @. PemerHeBa
Poccuiickas @enepanus, r. KpacHosipck

Paccmampusaemca obwas cmpykmypa u cmpoenue gatiia ¢ OaHHbIMU, 3ANUCAHHbIE 2UOPO-
JIOKamopom 60k08020 0630pa. bonee demanvHo uzyuen 610Kk OAHHLIX, OMEeYAOWULL 3a UHMEPNpe-
mayuio Habopa aKycmu4eckux CUSHANI08 8 U300pAdiCeHue, a MAK*Ce Mexanusm 0aHHO020 npeoobpa3o-
8aHUSL.

Kniouegvie cnosa: cudponokamop 60k06020 0630pa, KOHeepmayusi OAHHbIX.

As computers dominate more areas of human activity, new software complexes and
information systems are being developed. Many of them have their own specific file formats for
convenience. However, this may be convenient only in a specific environment, with untrained users
facing problems during exporting data from one software to another. Without knowledge of the file
structure it may be impossible to convert the file into common formats. In this case, the user will
have to independently learn the structure of the data and execute the conversion. Let us, for
instance, consider Tritech Starfish 990 side-scan sonar (SSS) data.

StarFish ScanLine software allows collecting and storing SSS data. During the operation of
the sonar equipment, hydroacoustic images are displayed in real time and recorded, along with data
arriving from other devices, such as a GPS receiver, compass, and speed sensor. The program’s
main window displays imagery as a standard streaming sonogram (echogram). The software can
record and playback the sonograms, however it does not provide a wide range of tools for data
processing. Consequently, the data has to be imported into a software product which has the
necessary tools and functions. There is, however, a problems: SSS data is recorded in a LogDoc-
resolution file that is not supported by many processing software products. However, StarFish
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ScanLine allows us to convert data into a CSV or XTF-enabled file, resulting in a huge number of
files. To convert this data into a workable format, such as JPEG, it is necessary to understand how
the data is stored.

Let us consider the structure of a file converted to CSV with commas as dividers. The first
line of the file must be written down as the names of the fields to determine the location of the
necessary information. All information is divided into several blocks received from one of the
devices:

— “DPT” — Depth Data;

—“DG” — Heading Data;

— “POS” — Position Data;

—“SSS” — Side-scan Data;

—“LEV” — Velocity Data.

Of particular interest is the data needed to build the image; it is contained within the SSS
block; this file occupies most of the block. It stores the date and the time of its recording, contrast,
displacement and amplification values, meter range, a number of data points on the scanning line,
and the sheer number of data points that represent a separate element on the scan line, which is
given in unprocessed decibels. The "P" and "S" letterers determine on which half of the sonogram
the information is recorded (port or starboard). This data recording is based on the principle of SSS:
it sends an acoustic pulse to the left and right of itself and receives acoustic signals reflected from
underwater objects. The resulting values in decibels are converted into successive rows of pixels,
which constitute the image of the riverbed surface.

Thus, to build an image it is necessary to convert acoustic pulses into pixel colors. To achieve
this, each value of the reflected acoustic signal (the strength of the echo) must be obtained. These
values range from 0 to 1. Echo strength is calculated, using the following formula with the addition
of amplification and displacement and the subsequent use of contrast when displayed on the palette:

(Raw Data(x)[dB]

; — Offset[dB] + Gain[dB])

Echo strenght(x) =

2

Contrast[dB]

where, Echo strength (x) falls in the range of 0:1; RawData (x) are the raw data values; Offset is the
bias value; Gain is value of amplification; Contrast is the value of the contrast.

Once the reflected acoustic signal is received for each value, the echo strength value is
received and can be translated into pixel color values. The simplest way is to get an image encoded
in 8 bits, 1. e. 256 shades of gray. Levels range from 0 to 255. Therefore, each echo strength value
for the reflected acoustic signal is multiplied by 255. The result will be an array of data, with each
element representing the color encoding of one pixel.

For further work with the image, it is convenient to position it. Data from the POS block,
which contains latitude and longitude in decimals, zone number in the WGS 1984 projection,
distance within meters from the center of the zone to the north and east. However, it is impossible to
obtain the exact coordinates at several points of the image, as in space photographs. Only the
coordinates obtained from the GPS receiver are updated every few seconds. This makes it
paramount to consider the width of the sonogram. Based on this, it is possible to calculate the
position of each pixel. It is important to note that one pixel covers a specific area of the terrain.
Moving away from the center of the image produces a distortions and the size of the area displayed
on one pixel increases. The distortion can also be in broken shooting routes, when the elements of
the image overlap the inner corners, and break onto the outer corners. In this case, the positioning
accuracy is reduced, despite the discreteness of the GPS data and a large number of pixels assigned
the same coordinates. All of these factors need to be taken into account in order for the data to be
transferred into the necessary format.
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This paper discusses two main ways to build CNC machines based on the modular principle.
The paper analyzes the advantages and disadvantages of each method and shows the most effective
method in our opinion.

Keywords: CNC machine, organization of production, modular construction of CNC
CPABHEHUME MOJYJbHbIX IPUHIUIIOB TIOCTPOEHUSA CTAHKOB C UIlyY

®@ecux C. A., IIpoxopos I'. I1.
Hayunsrii pyxoBogutens — @aodeeg A. A.
PykoBoauTens o HHOCTpaHHOMY $13bIKY — Kypenxoea T. H.

Cubupckuii rocy1apcTBEHHBIN YHUBEPCUTET HAYKH U TEXHOJIOTUH
UMeHH akagemuka M. @. PemerneBa
Poccuiickas ®@enepauus, r. KpacHosipck

Paccmompenvt 06a ocnosHvix cnocoba nocmpoenusi cmankog ¢ 4I1Y na ocnoge mooynbHoeo
NpUHYUNA. AHAIUBUPYIOMCS NPeuMywecmsd U HeOOCMAamKU Kaxcoo2o cnocoba u noKazaw Haubo-
nee 3¢hghekmusHblIl Ha HAWL 83271510 NRPUHYUN.

Knrwouesvie cnosa: cmanku c¢ YI1Y, opeanuzayusi npouzsoocmea, mMooyibHoe NOCHMPOEHUE
qiiy.

The purpose of our study is to analyze 2 main ways to implement the modular principle of
CNC machines construction. The level of our research is theoretical. The following tasks were
solved:

1) to consider the first method of constructing CNC machines;

2) to show the features of the second way of building CNC machines;

3) to express our point of view about the advantages and disadvantages of these methods.

Today, there are two ways to implement the modular principle of constructing CNC ma-
chines:

1) each machine-tool company independently develops a limited range of modules of the
main units of the produced standard size of the machine, using which specific modifications are
then developed by order of the consumer;

2) machine-tool companies design the necessary modifications of CNC machines based on the
use of a wide range of various finished units and mechanisms (in the form of modules) developed
and manufactured by specialized companies.

The first method of the modular principle of constructing CNC machines can be implemented
in two versions. In the first version of modular construction, the machine tool company develops
a basic model of the CNC machine with its full possible configuration and a limited set of basic
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modules. For example, two or three versions of the main motion drives, different versions of turrets
heads and tool magazines of different capacities, the presence and options of turntables, the avail-
ability and options of counterspinders in CNC lathes, etc [1, p. 65].

Then, on the basis of the basic model, the necessary modifications of this machine are created
due to additional installation, removal, replacement or change of the relative position of these mod-
ules depending on the requirements of the customer.

In the second version of modular construction of CNC machines (in particular medium and
heavy), the company develops a nomenclature of a limited number of modules of all units
and mechanisms of the proposed type of CNC machines, including their basic units. Then, the
modification of the machine is completed using the available modules at the request of the customer
[1, p. 66].

In our opinion, the second way of implementing the modular principle of the construction of
these machines becomes more promising, since there is an increase in the centralized development
and manufacture of a variety of unified and standardized units and mechanisms for various CNC
machines by specialized firms.

In this case, the machine-tool company practically develops only the layout of the proposed
CNC machines and the design of their basic parts and assemblies (base, bed, column housing of in-
dividual units). The company buys the necessary components and mechanisms that determine their
technical and technological characteristics on the market of ready-made modules, based on the
wishes and requirements of the customer.
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This article presents the typification of formal grammars according to the structure of their
rules according to the classification proposed by Noam Chomsky, and their practical application.
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Grammar is the ultimate description of a formal language. A formal language, in turn, is an
arbitrary set of chains made up of the characters of a finite alphabet. The arbitrariness of the set here
is understood in the sense that it can be infinite, finite or empty.

The formalism of generative Chomsky grammars was introduced by Noam Chomsky in the
late 50s of the last century. In a short time, this formalism has gained extraordinary popularity. For
a while, generating grammars were considered as a panacea — a universal approach for setting all
kinds of languages, including natural ones (i. e. languages that people use for everyday
communication among themselves). But time has shown that generative grammars for describing
natural languages are not very convenient. Now generative grammars are mainly used to describe
the syntax of formal languages like programming languages and other computer languages.

According to the classification proposed by the American linguist Noam Chomsky, professor at
the Massachusetts Institute of Technology, formal grammars are classified according to their rules.
If, without exception, the rules of grammar satisfy some given principle. It is enough to have one rule
in the grammar that does not meet the requirements of the rule structure, and it no longer falls into the
specified type. According to the Chomsky classification, four types of grammars are indicated.

Type 0.

Type-0 grammars include all formal grammars. These languages are also known as the
Recursively Enumerable languages. Grammars that are only of type 0 and cannot be assigned to other
types are the most complex in structure. Grammars related only to type 0 have no practical application.

Grammar Production in the form of o — 3, where

ais(V+T)*V(V+T)*

Bis(V+T)*
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V: Variables

T: Terminals

In type 0 there must be at least one variable on Left side of production.

For example,

Sab — ba

A—>S.

Here, Variables are S, A and Terminals a, b.

Type 1: Context Sensitive Grammar.

Type-1 grammars generate the context-sensitive languages. When constructing compilers, such
grammars are not used, since the syntactic constructions of programming languages considered by
compilers have a simpler structure and can be constructed using grammars of other types.

In Type 1

1. First of all Type 1 grammar should be Type 0.

2. Grammar Production in the form of o—>f.

|of<=|p|

Id est count of symbol in a is less than or equal to B.

For example,

S— AB

AB — abc

B—>b

Type 2: Context Free Grammar.

Type-2 grammars generate the context-free languages. Context free grammars are widely
used in the description of syntactic constructions of programming languages. The syntax of most
well-known programming languages is based on context free grammars.

In Type 2:

1. First of all it should be Type 1.

2. Left hand side of production can have only one variable.

lof = 1.

There is no restriction on 3.

For example,

S— AB

A—>a

B—>b

Type 3: Regular Grammar.

Type-3 grammars generate regular languages. These languages are exactly all languages that
can be accepted by a finite state automaton. Regular grammars are used to describe the simplest
constructions of programming languages: identifiers, constants, strings, comments, etc. These
grammars are extremely simple and convenient to use, therefore, compilers based on them build
functions of the lexical analysis of the input language

Type 3 is most restricted form of grammar.

Type 3 should be in the given form only:

V —> VT*/T*.

(or) V—=>T*V /T*

For example: S — ab.
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Cavitation is the process of breaking the continuity of the liquid flow in the zone of low pres-
sure, which consists of the formation of cavities filled with steam and gas released from the liquid.
In the area of low pressures tensile stresses arise which lead to the rupture of the liquid.
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In pumps cavitation occurs at a pressure before entering the pump that is substantially higher
than the vaporization pressure at a given liquid temperature (Rp). This means that the minimum
pressure area is located inside the flow part of the pump. The pressure drop inside (compared to the
inlet pressure) is primarily due to the flow around the blades. When flowing around the blades, as
well as when flowing around any profile, an area of reduced pressure is formed. At positive angles
of attack, usual for pumps, the area of reduced pressure arises from the non-working side of the
inlet part of the blades. In a centrifugal wheel, the minimum pressure area is determined not only by
the pressure distribution resulting from the flow of the blade, but also by the pressure arising from
the action of Coriolis and centrifugal forces of inertia [1].

First of all the development of cavitation in liquids is also affected by the amount of free and
dissolved gases released in areas of low pressure. Gas reduces the strength of the liquid (gas cavita-
tion). In the presence of a two-phase medium, the speed of sound greatly decreases. The crises that
occur in cavitation flows (flow restriction) can be crises of sound flows. In addition the thermody-
namic properties of liquids can affect the degree of development of cavitation.

Cavitation leads to three main negative consequences for hydraulic machines:

— to the failure of the machine operation mode, that is, to a sharp decrease in the main output
parameters;
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— to the erosion destruction of the impeller of the machine;
— to the possibility of unstable work [1].

-

Fig. 1. Areas of minimum pressure on the blades of the axial wheel:
a — the meridional cross-section of the wheel; b — the lattice of blades

Fig. 2. Areas of minimum pressure on the blades of a centrifugal wheel:
a — meridional section of the wheel; b — circular lattice of blades

The wheel grating, which has a pressure drop at a lower input pressure, has better anti-
cavitation properties. The greater the vacuum on the back of the blade the greater the pressure (PBx)
occurs pressure drop. Therefore, you should avoid large angles of attack a large load on the blade (a
large difference in pressure on the blade), a small density of the lattice, that is all that can lead to a
large rarefaction on the blade. The greater the speed of the flow that flows around the blade the
greater the vacuum on the blade. Based on this, the point farthest from the axis of rotation of the
input edge of the blade can be the center of the origin of cavitation (point A in Figure 1 and 2)

Note that in the centrifugal wheel the cavitation that has begun in the area of the entrance to
the blades will develop rapidly due to the fact that the movement to the periphery by inertia of the
liquid, denser than the vapor-gas caverns, increases the vacuum. The dependence of the pump head
on the inlet pressure at a constant flow rate and constant speed is called the breakdown cavitation
characteristic [2].
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The article deals with problems arising while developing a bot program that optimizes the in-
teraction between a student and information during the education process. The design of the work-
ing algorithm is presented. The main problems have been identified and described.
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While working with big amount of data there is a problem of structuring and, as a conse-
quence, the problem of processing these data. Using various database systems significantly simpli-
fies these processes, therefore they are so widespread.

After developing the bot for receiving a timetable from the website of Reshetnev Siberian
State University of Science and Technologies (SibGU), in social network VKontakte [2] the prob-
lem of storing and using many user’s identifiers and their group numbers was detected. Firstly, they
were kept in python dictionary in the text file. But it appeared that the selection of the group num-
ber for more than 300 identifiers was immediate. In this way, more important reason of transition to
the database was periodic failure of the timetable website. During this time the bot did not work as
well. The parsing files were not available for reusing.

In particular, an open-source relational database management system MySQL and its compact
offline version SQLite were considered [3]. The methods for recording, storing and reading the in-
formation from tables (INSERT, SELECT, UPDATE and others) were studied. In the process of
implementation and testing of database capabilities, we came to the following conclusion: using da-
tabases with the current amount of information that is processed by the bot every day is impractical
for the following reasons:

1) the necessity of writing an additional piece of code in a program that is already massive;
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2) the need to connect the sqlite3 library when using SQLite or to establish the interaction
between the bot and the database when working with MySQL. Both options led to the undesirable
complication of the program;

3) as mentioned before, the current amount of information that passes through the program
does not entail the need for its hard structuring using tables. We would have duplicated the schedule
database on the site, which is not rational.

All these factors made us look for a different solution. It became possible due to the changes on
the timetable website. The modified parsing algorithm made it possible to use files with the markup of
the web pages repeatedly, without any complicating of the source code of the program. Now, when
you try to connect to the site for more than 1 second, the bot parses the files that already exist.

The updated main stages of the algorithm are presented in Figure.

The beginnig »
Message input -

User id and
group
obtaining.
Receiving
and
processing a
message

Yes
there a match for kej
phrases

» Hi or "help’ '7
Yes

Timetable displaying
for the required day

Incomprehension
report

Meed a timetable?

Flow chart of the bot

The algorithm is always executed, regardless the operability of the Siberian State University
timetable web-site [3], but there is a dependence on the operability of the bot server.

In the future, it is planned to transfer the parsing of the timetable directly from existing files,
which will be updated automatically, with a given frequency, which will speed up the output of the
timetable to the user. Thus, the developed system is a more stable and perfect complement to the
original source.
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A solution to the problem of identifying typical portraits of applicants of Reshetnev Siberian
State University of Science and Technology is presented. The work of the Virtual Assistant was
tested. The task of clustering on the collected data set is solved.

Keywords.: applicants, clustering, virtual assistant.
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Every year school graduates are facing the problem of choosing a future path. Most of them
choose to continue their education in higher education institutions according to their interests and
abilities. However, during the process of becoming university entrants, future specialists discover
that they are not so sure of what exactly they want to do and which branch to choose. It turns out
that everything is not as simple as they thought. Names and descriptions of specialties do not give
the applicants a clear understanding of the future learning process. Unfortunately, not all applicants
have the opportunity to seek the advice of teachers or graduates of the university, who could de-
scribe in simple words what the essence of each specialty is. That is why the issue of creating an
automatic mechanism that could help an applicant to determine exactly in which course he will be
most interested in learning is relevant.

Such a mechanism is the Applicants’ Virtual Assistant (AVA), presented on the website of
Reshetnev Siberian State University of Science and Technology. The system was launched recently,
therefore, it requires serious improvements and correction of some errors, as well as analysis of the
data obtained for possible adjustment of further work.

The AVA is a test with a set of questions, the answers to which are numbers from 0.1 to 0.9.
The AVA interface consists of several main pages: the start page for final school exams selection,
a page with questions about interests and abilities, and a page with test results, on which
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percentages of compatibility with the specialty are located. When changing certain parameters, the
AVA can be used in any institution of higher education, but the version presented on the website
(https://abiturient.sibsau.ru/undergraduate-and-undergraduate) is configured to the existing
specialities of the Reshetnev Siberian State University of Science and Technology.

The AVA work is based on fuzzy logic mechanisms [1]. Each question is a linguistic variable,
and the assigned grade from 0.1 to 0.9 is its value. In addition, for each specialty, the variable can
be classified as primary or secondary by an expert. For example, for the specialty of systems
analysis, the main one will be the “Math” variable, corresponding to the question “Do you want to
do in-depth study of mathematics?”, and the additional one is «Sis», corresponding to the question
“Would you like to develop artificial intelligence systems?” Such a separation is necessary for a
conceived system of rules. The output linguistic variable is Confidence. The terms corresponding to
the variables and used in the program are “small” and “large”. Rules (there are two of them for this
system) are as follows:

IF (PRIM = large » PRIM = large "...) || (SEC = large ~...) THEN (CONF= large)

IF (PRIM = small) THEN (CONF = small)

On the basis of this a fuzzy conclusion by the method of center of gravity is made.

Now that we have reviewed the principles of the VPA, we can begin to review the study itself.
The basis for it was the assumption that it would be helpful to consider the answers of applicants as
a whole to reveal hidden relationships and common features, to combine applicants in some unob-
vious general groups. To do this, data on the answers of applicants were downloaded from the uni-
versity website and a dataset table was created. Only the results of applicants who passed the Rus-
sian language, mathematics and informatics were selected for analysis, 1028 people and 11 ques-
tions that must be answered in this set of exams in the AVA were examined.

EAH * | Computer | Hard | Satellite | Math | Applied | Progra | EEAS* | Secu | AAI *| Econo
networks | ware | imagery math mming rity mics
11 0.5 0.5 0.5 0.9 0.9 0.9 0.9 0.5 09 |05 0.9
22 0.3 0.8 0.5 0.3 0.5 0.8 0.5 0.7 07 107 0.9
33 0.5 0.9 0.5 0.5 0.5 0.5 0.9 0.5 09 109 0.9
1028 | 0.2 0.3 0.2 0.9 0.2 0.3 0.9 0.3 09 |08 0.9

Notes. *EAH — enterprise automation hardware; *EAS — enterprise automation software; *Al — artificial
intelligence

For cluster analysis the &~-means method was applied. To select the right number of clusters,
a dendrogramm was built, making sections of which it was decided to try dividing into 3, 5, 6
and 7 clusters.

Dendrogramm

The analysis itself was carried out as follows: since it was not possible to visualize the data
due to the large dimension, it was decided to consider the centers of the clusters for each of the pa-
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rameters. Thus, a table was created with rows — clusters (type of applicant) and columns — criteria.
Carrying out an empirical analysis of such tables for different partitions, it was concluded that the
partition into 6 clusters is optimal.

EAH Com- Hard- Satel- | Math Applied Pro- EAS Secu- | Al Economics| %

puter ware lite math gram- rity

net- imagery ming

works
0.25 0.541 0376 | 0.232 | 0.177 | 0.191 0.754 | 0.352 | 0.539 | 0.689 | 0.758 13
0.287 ]0.234 | 0.256 | 0277 | 0.334 | 0.306 0.261 | 0.264 | 0.334 | 0.303 | 0.302 8
0.52 0.514 | 0.487 | 0.515 0.495 0.494 0.504 | 0.521 | 0.533 | 0.550 | 0.517 38
0.363 0.654 | 0.286 | 0.207 | 0.599 | 0.601 0.790 | 0.434 | 0.696 | 0.706 | 0.763 12
0.696 | 0.817 | 0.587 | 0.667 | 0.682 |0.714 0.836 | 0.755 | 0.810 | 0.829 | 0.815 11
0.611 0.74 0.587 10.392 |0.381 | 0.373 0.779 | 0.649 | 0.667 | 0.722 | 0.794 18

Each of these 6 clusters represents a specific group of applicants, who have some common
features, which were identified by AVA. Based on these common features each group can get more
detailed and specific recommendations from an expert in selection committee, which might be
really helpful for a future student to choose a right specialty.

A detailed description of these features and recommendations are the following:

Cluster No. 1: Programmers. The applicants in this category are really into computer
engineering and science. As the table shows, they are fond of computer security, programming and
computer networks, as well as Al and economics, however they clearly hate math in any form.
Recommendation: a selection committee expert should arouse interest through Al and economic
disciplines and specialties for later application in programming.

Cluster No. 2: Picky. These young fellows aren’t very interested in studying any of provided
branches, the numbers in all columns are quite low. Recommendation: an expert should describe
the capabilities of other institutions of university, in which an applicant might be interested.

Cluster No. 3: Know-nothing. These applicants haven’t made their choice yet and are equally
interested in all spheres. Recommendation: this cluster is the hardest one to analyze; the authors’
concern is that the AVA in current version is not specific enough to divide those individuals into
clusters, so it needs to be fixed in the future.

Cluster No. 4. Mathematicians. These applicants have the largest values in Math and Applied
Math column, as well as in Programming, Al etc. Recommendations: an expert should describe
math-application areas (Al, economics, etc.)

Cluster No. 5: Enthusiasts. Unlike the picky ones, enthusiasts are interested in each and any
branch that is provided at this institution. Recommendation: while working with them we should
bet on earlier involvement in scientific research

Cluster No. 6: Engineers. They are pretty much the only ones interested in EAH, EAS and
hardware, and also in programming, Al and economics. Recommendation: an expert should out-
line the prospects for the joint use of hardware and programming.

On the basis of these results, the following conclusions can be drawn: unfortunately, most of
the applicants who come to universities have no idea what they want to do. They can find it out only
through a conversation with a specialist, who during a conversation with an applicant can highlight
some interests in his speech. Therefore, it will be useful for specialists to create personalized rec-
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ommendations for people from each cluster in order to interest them. The continuation of this work
in the field can bring good results both for the university and for each applicant.
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The paper considers the most famous developments in the field of closed biosystems, experi-
ments conducted in them, and their significance for the space industry and science in general; it
also touches on how such developments began.
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In connection with the first-ever human spacewalk, the problem of life support for astronauts
who have been outside the Earth for a long time arose. It is inconvenient to carry a large amount of
food inside the spacecraft, and it is difficult and expensive for astronauts to bring it regularly.
Therefore, the best way to solve this problem is to create closed life support systems. It became
clear after the first Yuri Gagarin’s flight. But even at the stage of the idea, the question arises: how
to provide a person in space with everything necessary? People tried to answer this question in the
second half of the last century, and similar developments are still underway. It is even planned to
test closed systems on Mars. In addition, the problem of life support on our planet is becoming
more acute, and it is vital that mankind can create closed systems based on the laws of nature in or-
der to live in harmony with the environment and with maximum comfort. This problem is also pre-
sent in remote places of the Earth — in the Arctic, deserts, mountain areas, etc. Therefore, the pur-
pose of our work is to examine how closed bio systems were matured, and how they influenced and
continue to influence the further development of the space industry and science in general.

The relevance of the topic is due to the aggravation of the problem with life support on Earth
and the prospect of long-term interplanetary expeditions.

The subject of the study is the chronological aspect of creating closed systems.

It all started with the work of Krasnoyarsk scientists Ivan Terskov and losiph Gitelzon to
study the laws of functioning of blood cell populations. The applicable approach was later extended
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to single-celled organisms and served as the basis for the theory and technique of continuous culti-
vation of single-celled algae and bacteria under controlled conditions. These studies allowed us to
formulate the problem of managing biological systems at different levels of their organization. The
problem of controlling single-celled biosynthesis using physical and technical devices was formu-
lated by Terskov in a paper published in 1957, and implemented later, when creating biologically
closed systems, with a scope that speaks of Ivan Terskov’s extraordinary gift of foresight. He ex-
panded the range of objects and shifted attention to populations of single-celled organisms. In the
red blood system, a cell population that is in a stationary state maintained by the body is studied.
For a population of single-celled organisms, a continuous culture is created artificially and main-
tained by technical regulators. Such a system, consisting of a biological “working body” and techni-
cal regulators, equipped with cell state sensors to provide feedback to devices, is analogous to natu-
ral systems and allows experimental studying their fundamental properties. This direction received
the name of the controlled biosynthesis.

The ideas formed during the creation of such syntheses made it possible to justify the possi-
bility of creating a closed system of human life support. And in 1964, the closed system “man-
chlorella” (single-celled algae) was implemented. It was possible to achieve a closed gas exchange,
but the issue of providing food has not yet been raised.

The following year, a complete water closure was achieved.

Finally, in 1968, experiments were conducted in the three-link system ‘“man-microalgae-
higher plants”, and as a result of these experiments in 1972 a closed system of human life support
with autonomous management of BIOS-3was created. It had an area of 315 square meters and con-
sisted of four compartments.

The first compartment was a household one, where the crew of three people lived.

The second compartment contained algae, whose main function was to absorb carbon dioxide
and release oxygen.

In the third compartment, the crew grew wheat with shortened stems, from which bread could
be baked. Each crew member accounted for about 200 grams of grain.

The fourth section was intended for growing vegetables: carrots, radishes, beets, potatoes,
cabbage, cucumbers, sorrel, lettuce, dill, onion and chufa (a Central Asian herb used for making
vegetable oil). Each crew member received 400 grams of fresh vegetables. All compartments were
connected by sealed doors.

Thus, the crew was provided with oxygen, water and crop products. Animal products were
used only in the form of canned food stored in advance. This may have been a design flaw, but it
did not prevent further progress of the idea.

Ten experiments were conducted in the system with the participation of 1 to 3 people. The
longest of them lasted 180 days — from 1972 to 1973, it was possible to achieve complete closure of
the system for gas and water, and 80 % of the needs for food. Engineer Nikolai Bugreev lived in the
installation for the longest period of time — about 13 months.

During the perestroika period, the system was closed down temporarily and experiments were
stopped.

What was happening across the ocean in the meantime?

In the Arizona desert in the early 90’s, the closed system “Biosphere-2”, the brainchild of the
company “Space Biosphere Ventures” and billionaire Edward Bass, was built. The number 2 in the
name emphasized that the first biosphere is the Earth. The design of this system took about
10 years, and during this time, groups of scientists tried to achieve a balance within the structure
from a biological point of view. The system was an airtight glass dome that contained five
landscape compartments: rainforest, savanna, desert, mangrove swamp, and ocean with a beach and
coral reef. Among all this was an agricultural block and living quarters for eight people. In addition,
about 4,000 different species of fauna were launched into the system.

However, the situation with this structure was sad. The experiment began on September 26,
1991, and at first the crew was doing well. But after a week, people began to notice that the oxygen
concentration inside the dome is reduced, and if this continues, life in the installation will become
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impossible. In addition, pests began to reproduce in huge numbers. As a result, by the autumn of
1992, oxygen levels had dropped by 14 %, people were suffocating, many plants were rotting, and
all vertebrates were dead. It was decided to run oxygen inside the dome. However, this did not im-
prove the state of the biosphere, and it was already clear that the experiment failed.

It turned out that the oxygen released reacted with the cement coatings of the walls and settled
on them, and it was also absorbed in large quantities by microorganisms living in the fertile black
soil. Journalists recognized these discoveries as the only achievement of the “Biosphere”.

On one of the inner walls, a few lines are still preserved: “Only here we felt how dependent
we are on the surrounding nature. If there are no trees, we will have nothing to breathe, if the water
gets dirty, we will have nothing to drink”.

Since 1996, the development was managed by Columbia University, which continued re-
search, but without human involvement. In 2005, the building was put up for sale. It can be judged
from these photos what remains of the “Biosphere” in 2010.

The Soviet system is also empty now, but the results of experiments carried out in it were not
wasted: in 1991, the international center for closed ecological systems was created, which is a struc-
tural division of the Krasnoyarsk Institute of Biophysics. In 2005, the updated bio system was
launched with the support of the European space Agency. Research is being conducted in the field
of waste processing and growing plants in closed ecosystems. It is hoped that these studies will help
in creating better life support systems.

Summing up, it is worth noting that the most significant contribution to the creation of closed
life support systems was made by Soviet scientists, and this course of events is quite understand-
able: at that time, the topic of space exploration was gradually moving to the fore, and the Soviet
Union contributed to this. In the United States, they tried to copy the idea of a closed system and
did not take into account many aspects when creating their project, so Biosphere has such a tragic
fate, and there is probably no chance of reviving this construction. But I would like to finish this
story optimistically, so let's remember that the research of Krasnoyarsk scientists gave a serious im-
petus to the further development of this topic, and, perhaps, in the near future, new bio systems can
be tested not only in remote areas of the Earth, but also beyond its borders.
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Compiler is a program or technical tool that performs compilation. Compilation is a transla-
tion of a program compiled in a high-level source language into an equivalent program in a low-
level language similar to machine code. The input to the compiler is a description of the algorithm
or a program in a problem-oriented language, and the output of the compiler is an equivalent de-
scription of the algorithm in a machine-oriented language.

The article describes the main stages of compilation and describes in detail the features of
each stage.
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Komnunamop — npoecpamma unu mexnuueckoe cpedcmaeo, 8blnoansiouee Komnuisayuio. Kow-
NUAAYUSL — MPAHCAAYUSL NPOSPAMMbL, COCMABIEHHOU HA UCXOOHOM SI3bIKE 8bICOKO20 YPOBHS, 8 IKGU-
BANCHMHYIO NPOSPAMMY HA HUZKOYPOBHEBOM 53bIKe, OIUZKOM MAWUHHOMY KOOY. Bxoonoil ungop-
mayuel 01 KOMNUAAMOPA AGIAEeMCs ONUCAHUE AN2OPUMMA UL NPOSPAMMA HA NPOOIeMHO-
OPUEHMUPOBAHHOM 53bIKe, A HA 8bIX00e KOMNUIAMOPA — IKGUBANEHMHOE ONUCAHUE ANOPUMMA HA
MAWUHHO-OPUEHMUPOBAHHOM s3bIKe. ONUCanbl 0OCHOBHbIEe IMANbl KOMAUIAYUU U NOOPOOHO ONUCA-
Hbl 0CODEHHOCU KAXCO020 U3 HUX.

Knioueswie crosa: KOMRUIAMoOp, KOMRUIAYUA, aHaius, qba3a, onmumu3ayusl.

In the initial phase of lexical analysis, the input program, which is a stream of letters, is di-
vided into tokens — words in accordance with the definitions of the language. The main formalisms
underlying the implementation of lexical analyzers are finite state machines and regular expres-
sions. The lexical analyzer can work in two main modes: either as a subroutine called by the parser
to obtain the next token, or as a full pass, the result of which is a token file.

In the process of marking lexemes, the lexical analyzer can both independently construct ta-
bles of objects (numbers, lines, identifiers, and so on), and produce values for each token when it is
accessed again. In this case, the tables of objects are built in subsequent phases (for example, in the
process of parsing).

At the stage of lexical analysis, some (simplest) errors are detected (invalid characters, incor-
rect record of numbers, identifiers, and others).
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The main task of parsing is to study the structure of a program. As a rule, structure is under-
stood as a tree corresponding to parsing in a context-free grammar of a language. Currently, either
LL (1) analysis (and its variant is a recursive descent) or LR (1) analysis and its variants (LR (0),
SLR (1), LALR (1) and others) are most often used. Recursive descent is most often used in manual
programming of the parser, LR (1) — when using automatic parsing systems.

The result of the parsing is a syntax tree with links to tables of objects. Errors associated with
the structure of the program are also detected during parsing. At the stage of context analysis, de-
pendencies between program parts that cannot be described by context-free syntax are revealed.
This is mainly the description-use relationship, in particular, the analysis of object types, the analy-
sis of visibility areas, the correspondence of parameters, labels, and others. In the process of contex-
tual analysis, tables of objects are replenished with information about descriptions (properties) of
objects.

The result of contextual analysis is the program tree. Information about objects can be either
dispersed in the tree itself or concentrated in separate object tables. In the context analysis process,
errors related to improper use of objects can also be detected.

Then the program can be translated into an internal representation. This is done for optimiza-
tion and/ or convenience code generation purposes. Another goal of transforming a program into an
internal representation is the desire to have a portable compiler. Then only the last phase (code gen-
eration) is machine-dependent. As an internal representation, a prefix or postfix notation, oriented
graph, triples, quadruples, and other methods can be used.

There may be several phases of optimization. Optimizations are usually divided into machine-
dependent and machine-independent, local and global. A certain part of machine-dependent optimi-
zation is performed during the code generation phase. Global optimization is trying to take into ac-
count the structure of the entire program, local — only its small fragments. Global optimization is
based on global stream analysis, which is performed on a program graph and essentially represents
a transformation of this graph. In this case, program properties such as inter-procedural analysis,
inter-module analysis, analysis of areas of life of variables and so on can be taken into account.

Finally, code generation is the final phase of translation. Its result is either an assembler mod-
ule or an object (or boot) module. In the process of code generation, some local optimizations can
be performed, such as register allocation, selection of long or short jumps, accounting for the cost of
commands when choosing a specific sequence of commands. Various methods have been devel-
oped for code generation, such as decision tables, pattern matching, including dynamic program-
ming, various syntactic methods. Of course, certain phases of the translator can either be completely
absent or combined. In the simplest case of a one-pass translator, there is no explicit phase of inter-
mediate representation generation and optimization, the remaining phases are combined into one,
and there is no explicitly constructed syntax tree.
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The article presents an algorithm for evaluating technical operation efficiency of the airline
aircraft park using real statistics as the data source. The calculation is performed on the basis of
Markov processes and Kolmogorov equations.
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nepexo008, Koagduyuenm ucnonib308aHUsL.

The article is an example of analysis of the aircraft park operation efficiency based on the air-
line statistics data.

The paper analyzes the efficiency of the Yak-42 fleet operated by “KrasAvia” airline accord-
ing to the statistical database from 2016 to 2018. The statistics contains quarterly data on 9 Yak-42
aircraft operation in specified working conditions within a given period. The efficiency analysis for
every aircraft was performed with mathematical methods of Markov processes theory [1-3].

The technical operation was modeled on a generalized graph of states and transitions of the
entire period selected for the analysis (Figure 1). Each state (Figure 1) has its own designation,
namely: F — flight; P — preparation for the flight; T — unused time; R — in reserve; M — maintenance
(forms B, F1, F2, F3); I — after-incident repair period; E — engines dismantled; W — delay due to
weather conditions and curfew. The generalized graph includes 7 vertices; for some specified sets
of quarters, several states were not marked on the graphs.

The graph is accordingly marked, the probabilities of transition from state to state are indi-
cated, the intensities of state-to-state transitions are calculated, the vertices with several transitions
are also included.
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The following system of Kolmogorov differential equations was set up:

dei(f) =ap_p Np(O) = Np(t)-(ap_p +ap_y )

%ZCHE—M Np(O)+ap_y - Np(©) =Ny (0)-(ay_g +ay_pr +ay_);
d]\/;ft(f) =ay Ny O)—Ng(t)-ap_y;

%:aﬂ,,, Ny ()= N, (#)-a;_pr3

%ZQI—RT "Ny () +ay _pr Ny (O) = agp_p - Npr(0);

dN;t(t) =dapr_p Npr(O)+ap_p - Np(@)+ Ny (8)-ay_p—Np(t)-(ap_y +ap_r);
%=@_W “Np(t) =Ny (1) - ay _p.

Fig. 1. A graph of marked states and transitions
of Yak-42 aircraft technical operation
as to “KrasAvia” airline statistics from 2016 to 2018

Similarly, systems of differential equations were set up for each of the graphs. Since technical
operation gradually becomes steady-state, a transition of the differential equations system to a sys-
tem of algebraic equations was performed, and a normalization equation was introduced.

To calculate the model parameters, the data on the period within every state of the process and
on the number of entering these states were taken as initial. On account of that, the average period
within each state of the process and the intensity of transitions were calculated. Further, the system
of algebraic equations was solved with respect to the probabilities of being in the process states.

The evaluation of the process efficiency parameters was performed with respect to the opera-
tion factors K1 and the specific total downtime factors K2; that also includes maintenance and re-
pair works in the form of:

Py -u,-H
K1: ]é{ HK C , (1)
ZiZOPz‘ Wi 24
Z]Y_IPJ p 24
K, ==L , (2)

Py -pg-He
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where P, — is the probability of getting into the i — state of the technical operation process; p; — is
the average period within the i-th state; H, — the average daily flight hours of an aircraft on the
airline balance; Pj — the probability of entering the state of the processes M, I, E, P, W, RT; n i
the average time within the periods: M, 1, E, P, W, RT; P, — the probability of entering state F;
n, — the average period within state F.

The calculation results allow to compare the criteria variations with those of the same aircraft
operated by other airlines and draw certain conclusions concerning the airline efficiency.

The analysis of the factors variation for each quarter shows that the Yak-42 operation effi-
ciency criteria vary according to the time of the year and other external factors. However, the opera-
tion factor is lower in comparison with “Utair” and “Norilsk Avia”, and the specific downtime fac-
tor connected with maintenance and repair exceeds 1, which means that airplanes are out of flight
most of the time. Mostly, 1 average flight hour corresponds to 1.7-4.09 hours of maintenance and
repair, which accounts for drawbacks of the airline maintenance process.
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Fig. 2. Graph of changes in indicators K1 and K2 quarterly
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This article gives a basic introduction to the technology of programming Modula-2 and a de-
tailed description of this system, as well as the advantages and disadvantages analysis of this pro-
gramming language and history of its development.

Keywords: software, definition module, implementation module, syntax.
MOAVYJIA-2 A3bIK IPOI'PAMMMWPOBAHUS

Mycamosa I1. K.
Hayunslit pykoBoaurens — Kapacesa M. B.

Cubupckuil rocy1apcTBEHHBIN YHUBEPCUTET HAYKH U TEXHOJIOTUH
uMeHH akagemuka M. @. PemerneBa
Poccuiickas @enepanus, r. KpacHosipck

IIpugedeno asnemenmapHoe 66edenue 8 MexHou02Uuo npocpammuposanus Moodyna-2, u noo-
PpobHOe onucanue ee cucmembvl. A makdce aHanu3 npeuMyujecms U HeOOCMAamKo8 3Mo20 A3bIKd
NPOCPAMMUPOBAHUSL U UCTNOPUS COZ0AHUS.

Kniouesvie cnosa: npocpammHoe obecneuenue, MOOYib Onpedenenus, MOOYlb Pealu3ayuu,
CUHMAKCUC.

For the beginning, we have to emphasize Modula-2 is a general-purpose programming lan-
guage based on Pascal.

The Modula-2 language was developed by Niklaus Wirth to create the Lilith computer system
software. This development began in 1977 at the Zurich Institute of Informatics. The language was
originally designed as a tool for industrial system programming. By means of this language pro-
grammer can access the hardware directly, develop specific system programs, such as interrupt
handlers and device drivers, support programming of parallel-running interacting processes, but at
the same time it is a high-level language with typification.

A program is a set of modules, independent compilation units that can be compiled separately.
In this case, a software module can be divided into two parts. They are a definition module and an
implementation module. A definition module is an external interface of the module. That is a set of
exported names of constants, variables, types, procedure headers and functions that are available to
external modules. An implementation module contains program code and concretizes what is avail-
able in the definition module.

Advantages of Modula-2 are as follows:

A language is easy to define. A complete definition of the syntax in the EBNF(Extended
Backus—Naur Form) notation takes less than 3 pages, full syntax diagrams is 12 pages, the official
“language message” has a volume of 40 pages.

There are no redundant constructions and elements in syntax. Modula-2 is the first of the di-
rective programming languages where the GOTO operator is absent.
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The mechanism of dividing the program into modules with explicitly described interfaces and
controlled import allows to import both whole modules and individual elements. There exists the
possibility of qualified and unskilled use of the names of imported objects

Input/ Output and most standard procedures and functions are excluded from the language and
transferred to libraries. It is issued in the form of standard modules.

A language includes low-level programming mechanisms, i. €., a direct operation with mem-
ory and un-typed data and pointers.

There are elementary parallel programming tools.

Disadvantages of Modula-2:

Weakness of parallel programming mechanisms, in particular, organization of interaction of
parallel processes. The implementation of these tools is transferred to system libraries, and in the
standard library there are only the simplest parallelization management tools. A parallel program on
Module-2 that uses parallelism controls what go beyond this framework automatically loses port-
ability.

Mechanisms for controlling the mapping of abstract types to memory are absent.

Due to the support for local modules, compilation becomes more complicated. The reason for
using nested modules is to limit the scope and highlight high-priority parts of the program to ensure
synchronization during parallel processing.

Explicit separation of the implementation module and the definition module. It complicates
the work of the compiler and forces the programmer to synchronize changes in different files.

The absence of a number of possibilities in Module-2, which can be attributed to both the ad-
vantages and disadvantages of the language:

There are no dynamic arrays and strings of variable size.

There are no built-in exception handling tools.

There are no generalized programming tools.

In Russia (the USSR), the first compilers for Modula-2 appeared in 1982-83 for the SM-4 and
Elec-tronica-60 computers. At that time, programming technologies were developed and the first
ap-plication software packages were created on Module 2.

Modula-2 did not receive much distribution and recognition, but this language gained some
pop-ularity in the academic environment of Europe, was quite popular among programmers of the
USSR, but could not press its predecessor — new implementations of the Pascal language, which
included means for organizing modules, and later — object programming tools, always bypassed
Modula-2 in popularity. Also, the Lilith system, for which Modula-2 was created, did not receive
wide publicity.

Currently, the language of Modula-2 is used to program the on-board software for satellites
launched as part of the GLONASS (Global Navigation Satellite System) project. At the end of
2010, the GNU(GNU’s Not UNIX) Modula-2 compiler was officially included in the GCC (GNU
Compiler Collection).
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In modern automobile industry, TSR (traffic sign detection and recognition) system is an im-
portant part. This paper analyses 3 proficient TSR system and explore problem in them.
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Recognition of road signs is necessary because of safety on roads. When using an automated
recognition system, it is extremely important to accurately and timely identify traffic signs when the
vehicle is moving in a city or on a highway. Currently, commercial closed systems are being devel-
oped and used to solve the recognition problem, which are delivered “complete” with the car. Such
systems include the Opel Eye from Opel, Speed limit assist from Mercedes, Road sign information
from Volvo.

Architecture of TSR.

TSR system in general consists of the following hardware and software modules:
camera;
image capture card;
detection module;
classification module;

— database.

The image from the camera is input to the system. Then, a certain algorithm determines the
position of the road sign. After that, the character is recognized by the recognition program.

Opel Eye. The Opel Eye system works in conjunction with the front camera, provides high
speed sign recognition and has a number of additional features. The camera uses a high-power
processor, providing simultaneous execution of numerous operations. Works only at speeds above
60 km/h. System starts by focusing on circular patterns after this identifies the numbers inside them
via contour comparison. When a picture matches with an image of a road, the sign is displayed
in the instrument pane of car 1. The system begins to recognise and repeatedly read signs at
100 metres.

Active Speed limit assist (Mercedes). In conjunction with command navigation system
work. The camcorder in the windshield continuously captures the surroundings in front of the car.
Then, on the basis of algorithms, the computer filters out all the unnecessary data very quickly.
The image of these signs is transmitted in almost real time for indication to the instrument
cluster.

Road Sign Information (Volvo). The system helps the driver remember the road signs that
he drove. Shows speed limit signs and overtaking is prohibited at the same time. May also show
the sign “Road for cars” and “Motorway”. When a speed limit sign is detected, a red triangle
with a limit value is placed on the speed scale. Signs are reset when a “End of restriction” sign
is detected.

Table shows the comparative characteristics of existing software products that identify road
signs.
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Comparative characteristics

OpelEye Speed limit | Road sign
assist information

Claimed accuracy 0% 5% 96 %
I[llumination of the sign, not less then 0 0 0
Recognition of other prohibitory signs + - +

Accuracy in the case of tilted, overlapped or dirty image 5% 0% 75%
Neural network algorithm — - +

Image type detection circular circular all

Based on this analysis, a number of conclusions were made:

1. Currently, there are no methods that fully satisfy the required characteristics when recog-
nizing road signs, in the presence of noise, affine and projection transformations of images.

2. From the analysis of existing software systems it follows that all of them are limited by
a rather narrow range of distortion of road signs, which necessitates the development of recognition
methods that are more resistant to such distortions.

3.The most effective methods for solving this problem are those based on the use of convolu-
tional neural networks in connection with their increased degree of invariance to various kinds of
distortions.
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This paper is devoted to the study of methods of reducing the effect of friction on the parts of
mechatronic modules using the No-wear effect. The advantages of using this method in robotics
were considered, the conditions of its use were analyzed.
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Jannas cmamos nocesujena usyueHuro MemoOouKu YMeHbUWeHUsl GIUAHUS MPEeHUsl Ha 0emanu
MeXampoHHbIX MOOYel npumenss d¢hghexm bezviznocHocmu. bviiu paccmompensl npeumyujecmea
UCNONB308AHUSL OAHHO20 MemoOdd 8 pOOOMOMmMeXHUKe, NPOAHATUSUPOBAHBL YCI0BUsL €20 UCHOIb306A-
HUs.
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The purpose of our research is to analyze the problem of friction in mechatronic modules and
the possibility of solving it with the help of the No-wear effect. We set the following tasks: 1) to
describe the concept of the No-wear effect; 2) to show the advantages of this effect in robotics; 3) to
analyze the conditions of use of the No-wear effect in robotics. The level of our research is theoreti-
cal. The relevance of our study is to increase the efficiency and reliability of production.

The No-wear effect (the phenomenon of selective transfer under friction) was discovered by
Soviet scientists D. N. Garkunov and I. V. Kragelsky when studying the wear of the IL aircraft
components. The No-wear effect (Effect of Garkunov) is a very low friction and wear, and in some
cases there is lack of wear, so a friction effect without wear is observed.

Copper is separated from a solid solution in a steel-copper, steel-bronze or steel-brass
friction pair. This is possible due to the destruction of interatomic bonds. The separated pure copper
is brought to the surface of the steel in the form of a layer about a thousandth of a millimeter thick.
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The formed film is not carried away from the contact zone, but it passes to another friction
surface, this gives the friction units high wear resistance. It is known that under certain conditions
small particles are separated from one surface and transferred to another in friction units.

If each particle separated from the surface is not carried away from the friction zone, but is
held by the opposite surface, covering it with a thin layer and giving it a high smoothness, then
when the opposite surfaces are covered with a thin layer of copper, wear will stop [2, p. 336].

In robotics, this effect can be very useful both in terms of reliability and in terms of econom-
ics. In the first case, it will be possible to increase the life of the mechanism by several times, as
well as reduce the probability of breaking. This is undoubtedly important in industries with aggres-
sive conditions (nuclear industry, space technology, explosive production, etc.).

In the second case, it will save huge resources, such as time, man-hours, natural and eco-
nomic, which are spent on repairing or replacing parts that have undergone wear. To achieve this
effect, it is necessary to use lubricants containing surfactants with reducing properties for a bronze-
steel pair. It is possible to use lubricants containing fine copper powder for other cases [1, p. 328].

It is also necessary to ensure dust protection of the mechanism, as the ingress of dust or parti-
cles of any materials negates the use of this type of lubricant, as there is abrasive friction. In addi-
tion, it is necessary to maintain the temperature so that it does not exceed the resistance temperature
of the used lubricant, due to which selective transfer is realized [2, p. 347].

In this case, it is desirable to add a device for automatic lubrication to the module, but this
will either require the use of sensors of the part surface condition, or calculate or verify experimen-
tally the length of time through which it is necessary to resume the lubrication layer.

Thus, in order to reduce friction in the mechatronic module, it is necessary to place several
sensors: temperature sensor, dust sensor, surface layer condition sensor.

This approach has both advantages and disadvantages. The advantages are increased uptime,
reduced wear and increased reliability. The disadvantages are the increased cost and complexity of
production, as well as the need for repair only by replacing the entire module.

But with all these disadvantages, the economic benefit significantly exceeds all costs, in-
creased reliability plays an important role in hazardous industries, where the reliability of systems
comes first.

Thus, the application of this effect can be used either in the simplest mechanisms that can be
replaced as quickly and easily as possible (guide ways and rails, which are enclosed in a sealed
housing), or in the most important mechanisms that must properly perform their functions under
any conditions (safety devices, safety systems, auxiliary motors and backup systems).
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Today, in all spheres of society, programming is used in many ways and every year computer
technologies are increasing their potential, while programming languages are becoming obsolete. In
this regard, there is such a problem as the need to consider the most popular programming lan-
guages and their applicability in various technological fields. The purpose of the study is to identify
relevant programming languages for learning.

A programming language is a formal language designed to write computer programs. Since
the creation of the first programmable machines, mankind has come up with more than eight thou-
sand programming languages, so when writing a program, it is necessary to take into account its
potential, and therefore the relevance of the programming language.

Today, according to the world ranking, the three most popular languages are:

1. Java.

2. C.

3. Python.

It is worth considering that each programming language performs certain tasks, and therefore
it is necessary to consider these programming languages and their applications.

1. Java is a strongly typed object-oriented programming language[2].

Projects developed with using Java technology are: RuneScape, eBay, LinkedIn, Amazon,
Yahoo!
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The main spheres of Java applications are: desktop applications with a graphical interface,
mobile applications, embedded systems, web applications, corporate (enterprise) systems [2].

Sep 2019 Sep 2018 Programming Language  Ratings | Sep 2019 Sep 2018 Programming Language  Ratings
1 1 Java 16.661% | 6 5 Visual Basic NET 3.291%
2 2 C 15.208% | 7 B JavaScript 2.128%
3 3 Python 9.874% g 9 SaQL 1.944%
4 4 C++ 5635% |9 7 PHP 1.863%
5 6 C# 3.399% 10 10 Objective-C 1.840%

A ranking of programming languages compiled by Tiobe Software [1]

2. C is a compiled statically typed general-purpose programming language.

The syntax of this language is the basis for the following programming languages: C#, Java,
C++, Objective-C [3].

The main applications of the C language are: web development, desktop applications, com-
puter games, mobile applications.

3. Python is a high-level general-purpose programming language that focuses on improving
developer’s productivity and code readability.

The main areas of application of the Python language are: web development, analysis and data
manipulation: scripting, machine learning, data analysis and visualization [4].

At the moment many sites are created in Python, among them are: pinterest.com, insta-
gram.com and rdio.com.

4. C++ is a compiled, statically typed general-purpose programming language

The main areas of application of the C++ language are: applications for embedded systems,
high-performance servers, operating systems, application programs [5].

5. C# is an object-oriented programming language developed by a group of Microsoft
engineers [6].

C# language allows you to develop almost any application that is associated with the Visual
Studio IDE.

The relevance of programming languages is determined by the demand of programmers in the
labor market. Let's look at the number of requests for different programming languages in large cit-
ies of our country, because they have a high level of development of the IT sphere.

After doing some research, I found that:

Languagerating | Moscow St. Petersburg
Language Number of requests Language Number of requests
1 Java 860 Java 394
2 C/C++ 705 PHP 207
3 PHP 477 C# 137
4 Python 343 Python 132
5 C# 330 C/C++ 130

Approaches to programming in particular and information technology are constantly chang-
ing, so the relevance of programming languages can be considered for the next 10 years. At the
same time, based on my research, we can conclude that it is worth studying basic programming lan-
guages: C++, Python, Java.
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Data stored on information storage is an integral part of our life. They can store data on the
distribution of which the fate of many people and companies depends.

Therefore, it is so important to monitor the storage of data and the state of the hardware. We
need to know the features and privileges of devices, and to identify the border between personal
data and data from the Internet, production secrets.

Do we have confidence in moving the data to the trash that they remain on our computer?
And how to restore them if necessary.

There are currently two main ways to recover data. The method is selected depending on the
malfunction of the drive. The hardware-software method is used in cases where the software
method does not give a result.

The software method is data recovery without physical interference in the drive device, as
well as in the functioning of the micropragram and the structure of the service information modules.
This method is used in cases when the drive itself is preserved, but for one reason or another, access
to the data stored on it is lost. The reason for this may be the formatting of logical disks, an unsuc-
cessful change in the logical geometry of the drive, deletion of information, partial or complete de-
struction of the file system, as information about the structure of data placement on the drive. Often
in these cases, it is possible to recover most of the data, however, there are cases when it is impossi-
ble to recover lost data (overwriting data can be considered a special case). To automate the recov-
ery process, many programs have been written, including free ones.

In the case of formatting a logical drive or partition, the structure and attributes of the data
are not violated, but information on the location of data on this drive is changed or inventoried
(initialized).
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With fast formatting, a small part of the file table is updated, part of the service records re-
mains, you only need to interpret it and read the data in the correct order.

Full formatting can update the entire file table, so restoring the structure of files and folders is
not always possible. To restore data without information about the structure, you can use file recov-
ery by signature.

If a file system has been damaged as a result of a software or media failure, data recovery
programs can recover some of the information that depends on the amount of damage.

When deleting data, in fact, the data physically remains on the drive, however, it is no longer
displayed in the file system, and the place on the media where it is located is marked as free and
ready to record new information. In this case, the file attributes are changed. If you write to this par-
tition or logical drive, partial or complete replacement of data marked as deleted may occur.

Such files can be easily read and restored with all attributes and location information by read-
ing the file system overhead. There are programs only for recovering deleted data, and complex so-
lutions where recovering deleted data is only one of the functions.

There are also special programs — “shredders” designed to destroy data. After proper use of
such programs, recovery is not possible.

In the event that reconstruction of the file system is not possible for any reason, some files can
still be restored using signature recovery. With this type of recovery, a sector-by-sector scan of the
drive for known file signatures occurs.

The basic principle of signature search algorithms is the same as the very first antiviruses. As
an antivirus scans a file in search of data sections matching the known fragments of the virus code,
the signature search algorithms used in data recovery programs read information from the disk sur-
face in the hope of meeting familiar data sections. The headers of many file types contain character
sequences. For example, JPEG files contain a sequence of “JFIF” characters, ZIP archives begin
with “PK” characters, and PDF documents start with “% PDF-" characters. Some files (for exam-
ple, text and HTML files) do not have characteristic signatures, but can be determined by indirect
signs, because contain only characters from the ASCII table (see Table).

Signatures

File Starts with a signature
avi 5249

bmp 424D

tif 4949

doc DOCF

docx 504B

jpeg FFD8

png 8950

According to the results of scanning, most often a list of files is sorted by type. File location
information is not restored. It is good to use this type of recovery for recovering photos from mem-
ory cards, since the data on the card are of the same type and are recorded, in the general case,
strictly sequentially, without fragmentation.

Most programs allow you to apply several recovery methods at the same time in one scan. As
a result, the maximum possible result is obtained when using this program. The most reliable, easi-
est and cheapest way to recover information is to restore information from previously made back-
ups. To create backups, specialized software is used, which can also perform data recovery.

A hardware-software method is required for physical damage to the drive. Here it is necessary
to focus on the type of drive: whether it is a flexible magnetic disk (HDD), hard magnetic disk
(HDD), flash (NAND-Flash drive) or CD / DVD / BD. Consider the main types of media and their
malfunctions.
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Conclusion: we can conclude that the problem is relevant to this day. People lose data every
day and we looked at various ways of data recovery, such as: software method, signature recovery,
mixed recovery, hardware and software method.
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B nacmoswee epems Memoo DEA wupoko ucnonvzyemcs, Ho 00 Cux nop He 8bINOJHEHAd €20
unmeepayus 6 CYB/]. Bcmpausanue memooa yenecoobpasHo 0isi e20 Oonee 3Qhekmusnoco uc-
nov308anus. Jlanuviii Mmemoo moxcem Ovimv unmezpuposar 8 PostgreSQOL. B kauecmee nepsozo
waza 0751 00CMUNCeHUs1 OAHHOU Yeau NPOSPAMMUCTIBL MO2YM 00bEOUHUMb NPOSPAMMHblE NAKEmbl,
pewarowue 3a0ayu TUHEUH020 NPOSPAMMUPOSAHUSL, UMEIUUE OMKPLIMbLL UCXOOHBIN KOO, ¢ 00b-
EeKMHO-PENAYUOHHOL CUCTNEMOU YNPABTeHUs 0A3aMU OAHHBIX.
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HEUH020 NPOSPAMMUPOBAHUSL C OMKPLIMBIM UCXOOHBIM KOOOM cpasHerue, PostgreSQOL.

Today many systems need optimization for more effective work. Thus, programmer needs in
a simple, but effective tool that allows them to present information compactly, without missing im-
portant details. Data Envelopment Analysis is fit to be this tool [1].

Method DEA is an effective tool that can be used in the field of information technology. Data
envelopment analysis (DEA) is a methodology to measure the efficiency of multiple decision-
making units (DMUs) [2]. Method DEA is using on the computer, because the level of calculation
is so high. It can use many input parameters in application of method DEA and many mistakes can
be made in manual calculation. This method is already implemented and programmers can use
method DEA for optimization their systems on the computer. But also, they can try to integrate it in
database management system. Today Method DEA is widely used, but integration of this method
into Database Management System is not still done.
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PostgreSQL is free for commercial using and the complete source code is available, released
under the terms of the PostgreSQL License, a permissive software license. There are also commer-
cial distributions of PostgreSQL. It adds value for enterprise customers. PostgreSQL is an open
source object-relational database management system (ORDBMS) with an emphasis on extensibil-
ity and standards compliance.

In that way, programmers can integrate DEA into PostgreSQL, but the function’s program-
ming is difficult and long process. On the first step, Open-Source Linear Programming Solvers can
be added to the object-relational database management system, such is PostgreSQL.

So, solvers can be tried to insert into PostgreSQL. The programmer should choose which
Solver will be integrated.

A programmer should answer some questions, before choosing the Solver:

— Is the product free or low-cost?

— Is the product an LP solver?

— Does the product use an exact method such as the Simplex algorithm or an Interior Point al-
gorithm?

— Is the product mature? (as demonstrated through software development practices, documen-
tation, and active commercial or academic user communities)?

— Is the product a stand-alone product (e. g. not an add-in to MATLAB, Excel)?

In total, about 100 LP tools were identified. But, there are identified ten potential LP solvers.
These solvers are listed in Table 1 [3].

Table 1
LP solvers
Solver name Website
Ip_solve http://Ipsolve.sourceforge.net/5.5/
MINOS http://www.sbsi-soloptimize.com/asp/sol_product minos.htm
CLP https://projects.coin-or.org/Clp
GLPK http://www.gnu.org/software/glpk/
PCx http://pages.cs.wisc.edu/~swright/PCx/
PPL http://bugseng.com/products/ppl/
JOptimizer http://www.joptimizer.com/
LiPS http://lipside.sourceforge.net/
CVXOPT http://abel.ee.ucla.edu/cvxopt/
QSOPT http://www2.isye.gatech.edu/~wcook/qsopt/

Then, identified Ip_solve, MINOS, CLP, and GLPK as the test candidates, because they have
the best parameters and they are more popular, then other. They do have common desirable traits.
First, all of the tested solvers have a mature code base and are extensively documented. MINOS is a
commercial solver. It can be purchased with AMPL and GAMS. MINOS is not free for program-
mers. The other three solvers, such as Ip_solve, CLP, GLPK are open-source applications. In a sur-
vey of websites, presentations, and papers discussing open-source solvers, these three solvers were
referenced the most often. Also, all of the major open-source development environments provide an
interface to some combination of these three tools [3].

It important to know that PostgreSQL has built-in support for three procedural languages:

— Plain SQL. Simpler SQL functions can get expanded inline into the calling (SQL) query,
which saves function call overhead and allows the query optimizer to “see inside” the function.

— PL/pgSQL. It resembles Oracle’s procedural language and SQL/PSM.

— C. It allows loading custom shared libraries into the database. Functions written in C offer
the best performance. Most built-in functions are written in this language.

In addition, PostgreSQL allows procedural languages to be loaded into the database through
extensions. Three language extensions are included with PostgreSQL to support Perl, Python,
and Tcl.
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The solvers and their Application Programming Interface (API) are listed in Table 2 [3].

Table 2
API of solvers
LP Solver Application Programming Interface (API)
CLP C++
GLPK C, Java
Ip_solve Java, NET, C, C++, C#
MINOS Fortran, C, MATLAB

MINOS is written in the Fortran 77 programming language and distributed as source code.
This solver cannot integrate into PostgreSQL. CLP is written in the C++ programming language,
GLPK is written in the C programming language and lp solve is written in the C. It means that
these three solvers can be added to object-relational database management system.

To draw the conclusion, one can say that programmers can try to add open-source linear pro-
gramming solvers for system optimization and analysis into object-relational database management
system, such as PostgreSQL. But it is important to consider the application programming interface
of solvers, because it influences on compatibility and direct operation of solvers in efficiency's
evaluation and optimization of systems.
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During the production of rocket and space technology, many diagnostics from control and
laboratory to flight are carried out. As the requirements for flight characteristics of objects increase,
the role of tests becomes more and more important, which explains the relevance of methods and
methods for improving the accuracy of measurements. Based on the results of tests, important deci-
sions are made about the quality of the object of rocket and space technology. The purpose of this
work is to analyze the most used methods for improving the accuracy of measurements.

The accuracy of measurements determines their quality. In practice, the following 9 ways
to improve measurement accuracy are most often used:

1. Replacement of measuring instruments with more accurate ones (acquisition or develop-
ment of special ones means of measurement).

This method is appropriate for dominating instrumental components of measurement error.
Improving the accuracy of measurements is not always available. The choice of more accurate
measuring instruments is often very limited. Most often, these restrictions are related to the operat-
ing conditions of measuring instruments. In addition, it should be borne in mind that the cost of
measuring instruments, as a rule, increases rapidly with increasing accuracy.
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2. Reducing the relative error.

You can achieve this by selecting the upper limit of measurements for which the given basic
and additional errors are normal, so that the expected values of the measured value (reading) are in
the last third of the measurement range.

3. Limiting the conditions for using measuring instruments.

This method of increasing the accuracy of measurements is appropriate if additional errors of
measuring instruments are dominant, which are caused by significant deviations of external influ-
encing quantities from their normal values temperature, vibration, voltage, humidity, etc.

4. Individual calibration of measuring instruments.

This method of increasing the accuracy of measurements is used in the case of a predominance
of systematic components of the error of measuring instruments. The systematic error components
of measuring instruments (for example, for resistance thermometers and thermocouples) can be
significantly reduced by adjusting the measurement results obtained by individual calibration.

5. The use of information redundancy.

Information redundancy is a state of measurement information in which it is more necessary
for the implementation of object management functions.

An example of using information redundancy to improve the accuracy of measurements is the
inclusion in the measurement system of additional measuring instruments that measure the same
value and averaging their readings [1].

6. Monitoring of the operational state of measuring instruments during their operation.

This method is very promising and relevant, but requires development in order to identify, ex-
clude or reduce metrological failures in measuring instruments.

7. Improvement of measurement methods.

This method of increasing the accuracy of measurements is effective if the methodological
components of measurement error dominate. Improvement of measurement methods can be carried
out by changing the algorithm for processing measurement results.

8. The use of test signals.

This method of increasing the accuracy of measurements is used in measuring systems for
measuring electrical and non-electrical quantities. The essence of the method is to determine the
parameters of the static conversion function (SFP) using additional test transformations, each of
which is functionally related to the measured value. Test methods allow you to improve the accu-
racy of measurements by reducing systematic and so-called systematic errors.

9. Automation of measurement procedures [2].

Such an event, in addition to reducing the complexity of measurements, helps to eliminate
subjective errors that occur when processing diagrams, calculating intermediate and final measure-
ment results, preparing samples for chemical analyses, etc. Operations performed by a person.

There are also 4 methods for improving the accuracy of measuring instruments:

1. Comparison with a measure.

The method of comparison with a measure based on the fact that the size of the measured
[values is compared using a comparator with a size of size, reproducible measure, and the desired
experimental value calculated according to the obtained values of the readings of the comparator
and the nominal value of the measures. This method is one of the most effective ways to eliminate
the systematic component of measurement error.it is widely used in the measurement of linear
quantities.

2. Inverse transformation.

This method is used for automatic error correction of measuring instruments. To implement
this method, a reverse Converter is used, whose static real conversion function must match the func-
tion. This method is effective when the reverse Converter is significantly more accurate than the
forward Converter.

3. The reference signals.

It consists in the fact that the input of measuring instruments is periodically supplied with ref-
erence signals of the same kind as the measured value instead of the measured value. The difference
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between the actual calibration characteristic is used for sensitivity correction or for automatic cor-
rection of the measurement result. In this case, as with the substitution method, all systematic errors
are eliminated, but only at those points in the measurement range that correspond to the reference
signals.

4. Modulation.

A method that periodically inverts the input signal and suppresses interference that has a uni-
directional effect [3].

Thus, we can conclude that among the methods of improving the accuracy of measurements,
there is no universal one, since each of them plays an important role in determining the quality of
objects to which they are applied.
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This paper is devoted to the study of the achievement of modern mobile robotics. The defini-
tions of the basic terms “robotics” and “mobile robot” are given. The main stages of creating mo-
bile robots were shown. Examples of the use of mobile robots in various spheres of modern life are
considered.
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The purpose of the article is to analyze the achievements of modern mobile robots. The level
of our research is theoretical. We have completed the following tasks:

1) to define robotics by Russian and foreign sources;

2) to define mobile robots;

3) to consider the main stages of creating mobile robots;

4) to show the applications of mobile robots.

Modern robotics appeared in the second half of the 20th century. The industry needed univer-
sal manipulation machines. The first manipulators appeared in the 40-50s for atomic research.
The first fully automated robot appeared in the USA in 1960. The “Golden Age” of Robotics came
in the 90s.

We like the definition of Yu. V. Poduraev, that “Robotics is a field of science and technology
related to the creation, research and use of robots, it covers the design, software, robot sensing, con-
trol, and robotization of industry and non-industrial sphere” [1; 8].

The Merriam-Webster Dictionary defines “Robotics is the technology dealing with the design,
construction, and operation of robots in automation” [2].

O. D. Egorov, Yu. V. Poduraev, M. A. Buinov give the following definition of mobile robots:
“A mobile robot is a robot that can move in a manufacturing environment in accordance with the
control program. It can be equipped with a manipulator” [1; 8].
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Mobile robots do not include mobile manipulation robots, which can be quickly moved in the
manufacturing environment manually or by means of vehicles with manual control.

A modern person understands a mobile robot as a children's toy robot that can perform ele-
mentary tasks. The application of mobile robots is much more. The stages of creating these robots
are as follows:

1) to set the goal that the designed robot must fulfill;

2) to carry out calculations of the main design features of assembly units and mechanisms;

3) to study issues related to the placement and arrangement of actuators, elements of remote
or autonomous control, main and supplementary mechanisms of the internal structure of the robot;

4) to create its 3D-models in any engineering design environment (Compass 3D, SolidWorks,
AutoCAD and others);

5) to create a mathematical model of the behavior of a mobile robot in a virtual environment
using computer programming;

6) to find out and eliminate the defects of the half-finished design;

7) to assemble a mobile robot prototype;

8) to test its work and behavior in real conditions.

Today, there is a wide variety of types of mobile robots. Each has its specific purpose. For ex-
ample, most modern aircraft use an autopilot that can control all stages of flight. Any quadcopter is
a flying mobile robot that can be controlled remotely. Drones with a manipulating arm are also cre-
ated that can provide assistance in various situations. Floating mobile robots are used to explore the
bottom, search for sunken ships, study the behavior of underwater inhabitants and repair ships in
motion. Mobile robots can be used for military purposes to find mines and mine bombs [3, 3].

Thus, mobile robots are important for the life of modern society, as they can simplify human
activities.
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This paper is devoted to the study of the principle of the Rube Goldberg machine, and the
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Keywords: Rube Goldberg machine, mechanism, construction toy, child.

CO3JIAHUE KOHCTPYKTOPA JJ15 JIETEH
HA BA3E MAIIIUHBI PYBA I'OJIIBEPT A

Caguenko JI. A., Anowenxo B. I1.
Hayunslii pykoBoaurens — Tonvwuna A. B.
PyxoBoauTens o nHOCTpaHHOMY s3bIKY — Kypenxosa T. H.

CubupcKuii rocy1apCTBEHHBI YHUBEPCUTET HAYKU U TEXHOJIOTUI
nMeHu akagemuka M. @. PemerneBa
Poccuiickas @enepanus, r. KpacHosipck

Jannas cmamws noceawena usyvyeHuro npunyuna pabomel mawunsl Pyba I'onobepea, u npo-
yeccy eé coopku. Ilpoexm paccmampueaem nepcnekmugy co30anusi KOHCmMpYKmopa 07 Oemell.
lanvl ocnogubie smanvl co30anusi KOHCMPYKMOPa u noab3a e2o s oemeti. Onucanvl mexHuveckue
Xapakxmepucmuku KOHCMpyKmopa.

Knrouesvie cnosa: mawuna Pyoa ['onobepea, mexanuzm, KOHCMpyKmop, pebeHoK.

The purpose of the study is to analyze the technical capabilities of the project to create a
construction toy for children. The following tasks are considered:

1) give a theoretical explanation of the principle of Rube Goldberg machine;

2) describe the stages of creating a construction toy;

3) show the benefit for the child when using this construction toy.

The relevance of our research is to create the construction toy, which identifies children's in-
terest and a penchant for technology, allowing in-depth study of the mechanisms in the assembly
process of the machine. The level of our research is theoretical

Reuben Lucius Goldberg is an American animator, sculptor, writer, engineer and inventor.

The Goldberg machine is a device that performs a very simple task in an extremely complex
way, usually through a long sequence of “Domino principle” interactions. Sometimes this expres-
sion is used to ironically refer to any unnecessarily complex system [1, p. 137].

Designing Rube Goldberg Machine to create a construction toy for children of school/
preschool age, can be divided into several stages:

1. Design of the mechanism itself, as a whole, and its components.
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2. Search for the material to be used to create the mechanism.

3. Creation of the components of the mechanism.

4. Combination of the components into a single mechanism.

5. Fitting the mechanism, and bringing it to working condition [2, p. 387].

We will consider this machine as a kind of educational toy for children. It is similar to LEGO,
bolt, joint or labyrinth construction sets.

This toy will work in several directions:

1. Designing the mechanism develops the child's spatial thinking and creativity, allows him to
think broadly and independently.

2. The Assembly of such a machine allows the child to develop fine motor skills, and this de-
velops the speech apparatus, imagination, perception of shapes of objects and improves handwrit-
ing.

3. Bringing the mechanism to the working state teaches the child to see what does not work
and why, it develops formal logical thinking or a causal relationship.

4. Such a toy will develop the intelligence of the child as a whole, makes the child more as-
siduous and patient, it will prepare him for school if the child is a preschooler. And it will improve
performance in school, if the child is a schoolboy.

The construction toy on the basis of Rube Goldberg machine increases children’s interest in
different mechanisms. It develops variable thinking in younger students and contributes to the solu-
tion of certain engineering problems.

The toy itself is a panel tilted at a certain angle. The key in the design is the principle of mov-
ing the panels-nodes of the mechanism on the board, as in the game of 15 puzzle.

The child will be able to choose which nodes to install. It can be: contact closure, lever
mechanisms, spring mechanisms, mechanisms working on the principle of “Domino”. The child
himself decides how to build his own mechanism, displays various kinematic connections in differ-
ent directions on the game panel.
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Sentiment analysis or opinion mining is the computational study of people’s opinions,
sentiments, emotions, appraisals, and attitudes towards entities such as products, services,
organizations, individuals, issues, events, topics, and their attributes [1]. The field has been
developing with those of the social media in the internet, for example, reviews, forum discussions,
blogs, micro-blogs and social networks, because these are suitable places for expressing personal
opinion. Since early 2000s, sentiment analysis has grown to be one of the most active research areas
in natural language processing (NLP). In fact, it has spread from computer science to management
sciences and social sciences such as marketing, finance, political science, communications, health
science, and even history, due to its importance to business and society as a whole. Opinions are
central to almost all human activities and are key influencers of our behavior. Our beliefs and
perceptions of reality, and the choices we make, are, to a considerable degree, conditioned upon
how others see and evaluate the world. For this reason, whenever we need to make a decision we
often seek out the opinions of others. This is true for separate people as well as for organizations.

In recent years, CNNs have been applied to natural language processing, as a model for classi-
fying sentences. At first, word embeddings were used as input to the CNNs. Then there were used
both word embeddings and their semantically expanded matrix. However, the additional expanded
matrix comes, in principle, from the word embedding space.

Word embedding in NLP is a function that maps words or phrases from the vocabulary to
vectors of real numbers. Word2vec takes a large corpus of text as its input and produces a vector

68



Monogexb. ObwectBo. CoBpemeHHas HayKa, TeEXHUKa U MHHoBaumu. 2020

space where each word is positioned. If some words have common contexts in the corpus, they are
expected to be located in close proximity to one another [2]. But, it's disadvantage is not being able
to reflect the information of the whole corpus because learning is performed with limited window
size. GloVe tackles this problem by defining an objective function so that the inner product of two
word vectors becomes the logarithm of the probability of simultaneous appearance in the corpus
[3]. As a result, GloVe is better at reflecting the statistical information of corpus and measuring the
similarity between word vectors. Recently, FastText was developed by Facebook in 2016. While
Word2vec has problems in representing words not in the training dataset, FastText can learn a new
word vector value by expressing words from vectors of subwords (or partial words) [4].

Word clustering is a technique for grouping semantically similar words into clusters. It has
been utilized variously in natural language processing: semantic features based on word clustering
can be added to the POS tagging, the POS characteristics revealed by the word clusteringbased se-
mantic features, can be reflected in dependency parsing, the class-based features, extracted from
word clustering, can be applied to the implementation of natural language understanding.

These are methods which can be
used for semantic analysis for different
purposes and in different combinations.
For analysis of the emotional coloring
of the text there is a new model called
the Recursive Neural Tensor Network
(RNTN). Recursive Neural Tensor
Networks take as input phrases of any
length. They represent a phrase
through word vectors and a parse tree
and then compute vectors for higher
nodes in the tree using the same tensor-
based composition function. The
RNTN obtains high results with 80.7 % An example of RNTN
accuracy in predicting sentiment for all
nodes. Unlike bag of words models, the RNTN accurately captures the sentiment change and scope
of negation. RNTNs also learn that sentiment of phrases following the contrastive conjunction ‘but’
dominates [5]. At Picture 1 there is an example of the Recursive Neural Tensor Network accurately
predicting 5 sentiment classes, very negative to very positive (——, —, 0, +, + +), at every node of a
parse tree and capturing the negation and its scope in this sentence.

Nowadays organizations don’t have to conduct surveys and focus groups to gather public opinions.
Finding and monitoring opinion sites in the Internet and summarizing opinions from them is not always
easily, so the field of analysis of emotional color of texts has a huge potential for development.

This book
(-

pleasure . other kind  positive emotions
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A serious problem in the work of classical genetic algorithms is the premature convergence to
a local optimum. This paper presents some attempt to solve this problem by changing the selective
pressure during the operation of the algorithm.

A new variant of selective pressure (selection operator) was based on classical rank selection.
In the classic version, individuals are ordered by the value of the fitness function, and then they are
assigned a certain rank value. The best individual receives a rank (the number of individuals in a
population), and the worst — rank 1. Next, the probabilities of individuals to be selected as parents
are calculated, this probabilities are directly proportional to the ranks of individuals, that is, they are

i

expressed by the following formula: P(rang;) = T2 10
+2+..+n

.k
i

1°+2% +...+n
tion is a special case of the new formula for k£ =1. We consider a particular case of this formula

A more general formula is considered: P(rang;) =

—. Obviously, rank selec-
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the probability that the best individual will be chosen as a parent is almost directly proportional to
the coefficient, it is assumed that with increasing this coefficient the selective pressure also

increases.
Let wus similarly consider the probability of an  arbitrary individual:

for i=n: P(rang,) = , We can assume that

for sufficiently large probability is expressed as follows: P(n) = , that is,

i k+1)i*
P(rang;) =— kl R ( +k+1) : , take the partial derivative with respect to k,
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P = y L since 1<i<n it is obvious that P; > 0. In other words, the greater the
n

rank of an individual is, the more its probability will increase with increasing coefficient &
(for the worst individuals it decreases, while for the best it increases). From this we can conclude
that selective pressure is lower with lower values of the coefficient.

The main idea of the work is a gradual increase in this ratio. It is assumed that at the initial
stages of the algorithm, the selective pressure is very low, and the algorithm practically does not
converge, however, the operator of elitism operates, which copies the best individuals found in the
next generation. The fewer resources the algorithm has, the stronger the selective pressure is (the
faster it begins to converge), that is, the algorithm begins to search for at least some worthy result.
To implement this idea, the coefficient is calculated by the formula:

_ Current _ generation _number

Number of _generations

To test and compare the algorithms, 15 test functions were selected, among which there are
well-known ones, such as the functions of De Jong, Katkovnik, Griewank, Rosenbrock, Rastrigin,
Shekel and others.

To evaluate the effectiveness of the new selection operator on the same functions, classical
genetic algorithms with the following parameters were tested:

1) Selection Operators: a) Fitness proportional selection; b) Rank-based selection;
¢) Tournament selection with tournament size 3; d) Tournament selection with tournament size 5;
e) Tournament selection with tournament size 7;

2) Crossover operators: a) One-point crossingover; b) Two-point crossingover; ¢) Uniform
crossingover;

3) The probability of mutation: a) Low mutation; b) Average mutation; ¢) High mutation;

4) The probability of crossing: a) 0,75; b) 0,99;

5) The percentage of elitism: a) 0 per cent; b) 5 per cent; c) 10 per cent; d) 20 per cent;

6) The percentage of apartheid: a) 0 per cent; b) 5 per cent; ¢) 10 per cent; d) 20 per cent.

Total: 288 settings for each selection operator.

Table 1 shows the average changes in the efficiency of solving test problems in comparison
with each classical selection operator. In the mean values, only algorithms were taken into account
with the presence of the elitism operator (as discussed above) and low (low or medium) mutation
probabilities (because algorithms with a high mutation do very poorly).

As it can be seen from the table, in comparison with classical algorithms, a new version of se-
lective pressure showed very good results. It is assumed that such success is due to the fact that we
took into account only those algorithms in which the operator of elitism was present, without it, the
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effectiveness of the new selection operator greatly decreases, as well as the fact that most of the test
problems are multi-extreme and their local optima do not differ much from the global one.

Table 1
The average change in the efficiency of algorithms on tasks

Type of
selection 1 2 3 4 5 6 7 8 9 10 | 11 | 12 | 13 | 14 | 15 | Sum
Propor-
tional 1% | 1% [0%[25%| 8% [12%[18%|-1%|0% |0% [0% |[0% | 1% | 0% |25 % | 88 %
Rank 6% | 7% [0%[12%|10% | 5% | 7% | 8% [0% | 1% |[0% 0% |0% |0% | 2% | 57T %
Ig;gnw 10% [13% (0% |18%|15%|10%|12%|13% | 1% 3% | 0% | 1% [0% | 0% | 5% |102 %
zs;zms 17% | 19%[0% (25 %[ 23 % |14 % |16 % | 15% | 3% | 5% [ 0% | 1% | 0% | 0% | 10 % | 149 %
g;)rl:;n” 21% 121 % (0% (30% (26 % |18 % |17 % |16%|4% | 7% | 0% | 2% [ 0% | 0% |13 % 177 %

It might seem that success was due to the fact that many resources were allocated for the tasks
(initially there were 100 individuals and 100 generations per task), so all the algorithms were tested
on the same tasks, but with fewer resources. The results are shown in table 2.

Table 2
Efficiency of the new selection operator for various resources
Number of individuals x number of generations 100%100 90%90 80x80 70x70 60x60
l;gge?(t)z(l)ge of algorithms with new selection in the 71 % 799 68 % 68 % 66 %

As it can be seen from the table, despite the decrease in resources, most of the algorithms in the
TOP 100 in terms of efficiency (of totally for all tasks) are representatives of the new selection
operator. This indicates that this algorithm can be effective on tasks with a small amount of resources.

Conclusion. A new version of the implementation of selective pressure in genetic algorithms
was developed and investigated. On test problems, this option proved to be very good, surpassing
classical algorithms, both on standard test functions and on functions with a reduced number of
specified resources. However, it is worth noting that it turned out to be effective in test problems,
we do not know how the algorithm will prove to behave on a real problem.
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The Yak-9 plane was the most massive Soviet fighter of the Great Patriotic War, for which it
was nicknamed the air soldier in army newspapers, because in 1944 there were more different ver-
sions of the Yak-9 at the front than any other fighters combined, and in total over the years of the
war 16 769 Yak-9s (including modifications) were produced. The victory over the forces of the
Luftwaffe in World War Il was achieved largely thanks to this aircraft. The purpose of this report is
to highlight the main stages in the modification of the Yak-9 during the war, taking into account
changing historical conditions.

The history of the appearance of the Yak-9 fighter began with the rearmament of the fighter
aircraft of the Red Army. To train pilots in the latest aircraft technology, they needed a special dou-
ble-seat aircraft with dual control, and it was such a plane that was developed in the design office of
Alexander Sergeyevich Yakovlev based on the Yak-1. In May 1941, mass production of a new air-
craft was launched, which received the designation “Yak-7UTI”, which stands for training fighter.
Later, at the plant in Novosibirsk, where the Yak-7UTI was produced, the idea arose to make a
combat aircraft based on this machine. In the shortest possible time, the training aircraft was redes-
igned into a single-seat combat aircraft and adjusted its production, and the resulting machine was
called “Yak-7".

In the second half of December 1942, a new Yak-9 fighter appeared and its serial production
was immediately launched at the Aviation Plant No. 153 (Novosibirsk), which collected up to 20
aircraft per day. Later, Factory No. 166 in the city of Omsk also began production of this aircraft.
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The creation of aircraft factories beyond the Urals was part of a program to create backup plants in
regions remote from the European border. Yak-9 was developed on the basis of the Yak-7B modifi-
cation, which was the reason for their external similarity. However, despite this, the new aircraft
was better than its predecessor in every respect: the wing spars became metal, which reduced the
weight of the aircraft structure by almost 150 kg. and allowed to increase the fuel supply, as well as
to establish more powerful weapons. The aircraft could reach speeds from 500 to 600 km/h, the
maximum flight altitude reached from 9 to 11 km., And the flight range could reach from 900 to
2000 km., Depending on version. The combatant pilots appreciated the new machine very well, it
showed itself to be very maneuverable, was light and convenient to drive.

The outcome of the air war for the Soviet troops depended on competition with the design bu-
reau of the famous German aircraft designer Willy Messerschmitt. One of his significant develop-
ments was the fighter Messerschmitt Bf.109, the work on which was completed back in 1934.This
aircraft became the main force of the Luftwaffe during the Second World War.

Consider the comparative characteristics of the German fighter and the Yak-9. In terms of
maximum speed at small and medium altitudes, the Yak-9 was superior to the Messerschmitt 109F,
but inferior to its new modification “G”. This German aircraft first appeared in the sky over Stalin-
grad, a powerful engine was installed on the machine and at that time the Messerschmitt 109G be-
came the fastest fighter on the eastern front, however, in terms of maneuverability it was inferior to
the Soviet Yak. In addition, the Messerschmitt 109G in 1943 acquired missile launchers, but
throughout the war had smaller-caliber weapons compared to the Soviet Yak-9, although it was
made from better materials.

During the war, all of the country's production resources were directed to the production of
the maximum number of products, due to the advantage of German aviation in numbers (approxi-
mately equal to 9 to one). Soviet designers were aimed at improving their products through mod-
ernization, rather than creating new designs, which would require much more time and re-
equipment of production processes. The Yak-9 aircraft was an excellent option for the development
of new modifications of fighter jets.

So, for example, one of the modifications was the Yak-9T fighter, where the “T” index meant
tank. The aircraft was armed with 37 mm. a gun, which was located in the collapse of the engine
blocks, i.e. inside the hollow sleeve of the screw. From a distance of half a kilometer, the shells of
this gun pierced tank armor up to 30 mm thick., And just one well-aimed hit in an enemy aircraft
was enough for it to fall apart in the air. The appearance of this modification was caused not so
much by the need to deal with tanks as with German aircraft, whose strong armor had almost com-
plete protection against the weapons of old Yakov modifications. The problem for this modification
was that it was possible to shoot only in short bursts, because from strong recoil, the direction of the
aiming line went astray, which caused high demands on the pilots operating this model.

The battle for military power between the forces of the Wehrmacht and the Soviet army went
on continuously, the Yak-9K modification soon appeared, the main feature of which was a 45 mm
caliber cannon. The plane was equipped with such a powerful weapon to deal with bombers. A total
of 53 units of this model were produced, they were never used for their intended purpose, but were
able to show themselves on the good side, shooting down 12 aircraft on average, with a loss of only
one.

Another variant of the Nine was the Yak-9B fighter-bomber, in the fuselage of which it was
possible to carry up to 400 kg.bombs, the fuselage was located behind the cockpit, which did not
violate the aerodynamics of the aircraft. The statistics of bomber sorties are just fine. Over 2494
sorties, 53 air battles, 29 tanks, 11 armored personnel carriers, 1014 vehicles, 7 field guns, 18 steam
locomotives, 161 railway wagons, 20 field headquarters