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CTpATCTrI0 JJid JOCTUIKCHUA IIOCTaBJICHHOM JalsA04

VK(Y)-4

CriocobeH IpUMEHATh COBPEMEHHBIE KOMMYHHUKAaTUBHBIC TEXHOJIOTHH, B TOM YHCIIC Ha
WHOCTpPaHHOM (-BIX) s3BIKE (-ax), U aKaIeMUIeCKOro u MPo(ecCHOHATLHOTO
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MporpaMMaM BBICIIIET0 00pa30BaHUS W JOTIOJTHUTEIHLHOTO MPOQPECCHOHATEHOTO 00pa30BaHUS

(AI10)

TIK(Y)-10

CriocobeH pa3zpabaTsIBaTh IDIAHEI U IIPOTPAaMMBI OPTaHU3AIMH HHHOBAIIMOHHOH IS TEITFHOCTH,
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LEARNING OUTCOMES

Competence code |

Competence name

Universal competences

UC(U)-1

Ability to make critical analysis of problem-based situations using the systems analysis
approach, and generate decisions and action plans.

UC(U)-2

Ability to run a project at all life-cycle stages.

UC(U)-3

Ability to organize and lead the teamwork and generate a team strategy to achieve the
target goal.

UC(U)-4

Ability to use modern communication technologies to realize academic and professional
interaction.

UC(U)-5

Ability to analyze and account for cultural diversity in the process of intercultural
interaction.

UC(U)-6

Ability to set and pursue individual and professional activity priorities and ways to modify
professional activity based on the self-esteem.

General professional competences

GPC(U)-1

Ability to formulate goals and objectives of the research study, select assessment criteria,
identify priorities for solving problems.

GPC(U)-2

Ability to apply modern research methods, evaluate and present the results of the
performed research.

GPC(U)-3

Ability to present research outcomes in the form of articles, reports, scientific reports and
presentations using computer layout systems and office software packages.

Professional competences

PC(U)-1

Ability to use fundamental laws in a volume sufficient for independent combination and
synthesis of new ideas, creative self-expression

PC(U)-2

Ability to create new methods for calculating modern physical installations and devices,
develop methods and advanced technologies

PC(U)-3

Ability to create mathematical and physical models that describe processes and
phenomena in separation cascades, installations for the separation and fine purification of
substances, processing and neutralization of industrial waste

PC(U)-4

Ability to assess the prospects for the development of the nuclear industry, use its modern
achievements and advanced technologies in research work

PC(U)-5

Ability to independently perform experimental and theoretical research to solve scientific
and industrial problems using modern instruments for scientific research and mathematical
calculation methods

PC(U)-6

Ability to carry out calculation, conceptual and design development of modern physical
installations and devices

PC(U)-7

Ability to formulate terms of reference, use information technologies and application
packages in the design and calculation of physical installations, use knowledge of methods
for analyzing environmental and economic efficiency in the design and implementation of
projects

PC(U)-8

Ability to objectively analyze technical and computational-theoretical developments,
solutions and projects, taking into account their compliance with the requirements of laws
in the field of industry, ecology, technical, radiation and nuclear safety, other regulations
at the Russian and international level, prepare an expert opinion

PC(U)-9

Readiness for teaching activities in the main educational programs of higher education and
additional professional education (APE)

PC(U)-10

Ability to develop plans and programs for the organization of innovative activities, carry
out a feasibility study of innovative projects, manage programs for the development of
new products and technologies
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CBOWCTB YIJIEPOAHBIX CUCTEM.

I[Hepeyensb moaJieKammMx
HccJIeJOBAHMIO,
NPOEKTHPOBAHUIO U Pa3padoTKe
BOIPOCOB

1) npoBecTn aHaIN3 CBOMCTB YIVIEPOIHBIX MAaTEPUAJIOB,
UCIOJIb3yEMBIX NIPU COPOLIMH BOJOPO/IA U BELIECTB,
BBICTYMAIOLINX B POJIU MIACTU(UKATOPOB MPH
(habpukanuu TabIeTOK;

2) ompenenuTh OCHOBHBIE (DaKTOPHI BIMSIOIINE HA
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3) U3TOTOBUTH YIIAEPOIHBIC TAOJETKH U3 TIPECC-
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4) npoBecTu pacdyeT 3KOHOMUYECKHX 3aTpaT U aHAIIU3
COLIMAJIBHBIX (PAKTOPOB.

BriBoip1 10 paboTe.3akimoueHue.




Ilepeyens rpaduyeckoro I'paduku:
MaTepuaia 1. Meroasl mpou3BOACTBA BOJOPOAA 5

2. CTpyKTYypa aJuUIOTPOIHBIX MOIUMDUKAIMI yriiepoaa
3. CI1oii aTOMOB yIJIepoia pH Sp>-THOPU IU3aLIHI
4. CtpykrypHas (opmyrna creapara HUKeIs
5. Cxema yCcTaHOBKH JJisi (GUIBTpaAIIAN
6. CTeapat HUKEJIA, MOJTYYCHHBIN B XO€ peaKIu
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8. [Ipecc-popma 1151 M3roTOBIICHUS TaOJIETOK
9. IIpecc Carver st U3TOTOBJICHHS TaOJIETOK
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11. KpuBble TEpMUUYECKOTO aHAIN3a CTeapaTa HaTpuUs B
aprose
12. KpuBble TEpMHUECKOTO aHAJIN3a cTeapaTa HUKEs B
aproHe
13. KpuBble TEPMUUYECKOTO aHAIN3a TEXHUUECKOTO
yriaepoja B aproHe
14. Cxema HarpeBa
15. Turas st HarpeBa 00pa3IoB
16. I'padux HarpeBa 0Opa3IloOB CMECH YTIEepoI+cTeapar
Hatpust 10 500 °C ¢ Temmiom 2 °C/munH
17. I'paduk HarpeBa oOpas3IoB cMeCH yriepoa+creapar
aukeist 10 400 °C ¢ remmnom 2 °C/MuH
18. I'paduik ecTeCTBEHHOTO OCTHIBAaHUS TPYOUATOM IMeUn
Npy KoMHaTHOU Temnepatype 18 °C
19. ®ororpaduu TabraeTku, U3TOTOBICHHON HAa OCHOBE
cocraBa Ne4 (yriepoa+creapar Hatpus) npu 60 Mlla
20. ®oTorpaduun TabIETKH, H3TOTOBJICHHON HA OCHOBE
coctaBa Ne7 (yraepoa+creapat Hukesns) mpu 60 Mlla
21. CrexTp peHTTeHO(IyOpECIIEHTHOTO aHAIN3a
MOJIyYEHHBIX TOCIIE CTICKaHMsI TA0JIETOK CO CTEapaToM
HUKEs

KoHcy1bTaHTBI 10 pa3fesaM BBITYCKHON KBATH(GUKAIMOHHONH padoThI

Pazgen KoncyabsTant
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Abstract

The final qualifying work contains: 116 pages, 24 figures, 36 tables,
44 references.

Key words: hydrogen fuel, carbon black, press powder, sodium stearate,
nickel stearate, sintering, tableting.

The development of new methods for molding powders in order to obtain
tablets with desired properties of density, porosity, and strength is an urgent
problem in the development of materials for hydrogen storage.

The object of research is carbon, sodium stearate, nickel stearate, powders
obtained by mixing carbon and plasticizers, tablets obtained by pressing powders
with their further heating.

Purpose of the work: to determine the dependence of the porosity of tablets,
based on carbon black, on the conditions for obtaining and the presence of
excipients in the initial carbon powders.

The structure of the work: the final qualifying work consists of four parts.

The first part contains a review of various types of fuel, methods of
hydrogen storage, an analysis of the properties of carbon materials used in
hydrogen sorption; ways to provide a developed inner surface of tablets;
substances acting as plasticizers in the manufacture of carbon tablets.

The second one presents a description of the preparation of press powders,
as well as the conditions for fabrication and the properties of the obtained tablets.

The third part provides an economic calculation of the costs of the study, a
calendar work plan is drawn up.

In the fourth, labor protection and safety precautions were considered during

research work.
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Introduction

In today's world, sustainable energy systems are becoming a necessity.
Preservation of the planet's climate and the fight against greenhouse gas emissions
are possible through the use of fuels that do not pollute the environment.
Hydrogen, which is one of the most promising types of fuel, meets these
requirements.

The main advantage is that the combustion of hydrogen in pure oxygen
generates only water and thermal energy. Such a process is ideal from the point of
view of environmental safety. Another advantage is its low molecular weight,
which makes it possible to increase the specific power of the engine.

Hydrogen has another important advantage - it can be extracted directly
from water, which opens up almost unlimited reserves of this fuel. In addition, the
specific combustion energy of hydrogen is 3 times higher than that of gasoline.

The use of hydrogen is also associated with some problems. For example, at
the moment the cost of its extraction and transportation is very high. In addition,
due to the chemical activity and explosiveness of this gas, a special approach to its
storage is required.

As technology improves, the benefits of using hydrogen will only increase.
Scientific and technological developments are already making it possible to reduce
the cost of extracting and transporting hydrogen, as well as ensuring safer storage
of this gas. Ultimately, the use of hydrogen could be an important step towards
clean and efficient energy.

In connection with the above factors, there are restrictions on the use of
materials and conditions for hydrogen storage. Current hydrogen storage
technologies, such as compression, liquefaction, or injection into metal hydrides,
have significant disadvantages, including high energy and cost, and low volumetric
content.

Perhaps the use of carbon sorbents as working materials will help overcome
the problems of hydrogen storage. Technical carbon has a large sorption surface,

which can be used in various fields, including the automotive and energy
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industries. This represents a promising solution for the efficient use of hydrogen,
with relatively low storage costs and increased safety.

The use of fine carbon black powder can lead to problems such as clogging
of vacuum equipment and resistance to gas flow. To avoid these problems, a
method has been developed to use this material in the form of granules or tablets.
These forms of carbon are characterized by a developed surface, constant porosity,
and stable structure, which makes it possible to use them as an effective sorbent in
industry.

To achieve the maximum efficiency of using carbon tablets, research and
optimization of their shape and composition are required. Such studies can provide
a high development of the sorption surface, which will speed up the sorption
process and, as a result, increase the efficiency of the use of carbon black in
various industries.

This work is part of these studies, and its purpose is to develop the sintering
regime for tablets obtained by fabricating carbon black powders with the addition
of a given amount of stearate at various pressing pressures.

To achieve this goal, it was supposed to solve the following tasks:

Review and analyze rational methods of hydrogen storage and the properties
of carbon materials applicable for its sorption, as well as ways to provide a
developed inner surface of tablets and substances that act as plasticizers in carbon
fabrication.

Determine the main factors influencing the mode of sintering of carbon
blanks.

Carry out the choice of optimal parameters for sintering carbon tablets and
their analysis.

The results obtained will allow us to identify the most effective conditions

for the production of tablets with a high sorption capacity.
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1 Literature review

1.1 Hydrogen as an alternative energy source

1.1.1 Main properties of hydrogen

The first element in the periodic table of chemical elements of the
unsurpassed scientist Dmitry Ivanovich Mendeleev is hydrogen, an element of
fundamental importance for our planet, affecting the diverse aspects of its life. In
nature, there are stable isotopes of this element - protium and deuterium and
unstable tritium [1].

An important property of hydrogen is its relative atomic mass, which is
1.0079 Da. The key property of hydrogen is its gaseous state under normal
conditions. Being in this state, H, has no color, no smell, no taste. In liquid form,
hydrogen occupies only one seven hundredth of the volume of its gaseous state,
which demonstrates its unusual properties.

Hydrogen is an element with a mass of historical and scientific achievements
and attracts special attention of scientists and researchers around the world [2].

It should be noted that hydrogen is a chemically active element that is almost
never found in a free state. It usually bonds with other elements such as oxygen,
carbon or nitrogen. Despite its peculiarities, hydrogen finds wide applications in
science and technology, including use as a rocket fuel and as a source of clean fuel
for hydrogen-type vehicles.

Hydrogen i1s one of the most abundant elements on Earth. The natural
reserves of hydrogen are about 17 atoms for every 100 atoms of our planet. This
provides a huge potential for the use of this element in various industries.
Interestingly, the mass fraction of hydrogen in water exceeds 11%, which means
that there are huge resources for its production. Approximately 1.5 - 108 m3 of water
is present on Earth, which in turn gives a huge potential for hydrogen production.

The use of hydrogen as an energy source is safe. When hydrogen is burned,
no pollutants are formed and no slags and wastes are emitted, which makes

hydrogen technologies more and more promising.
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Hydrogen technologies are a modern complex of industrial methods and
means aimed at obtaining, transporting, storing and using hydrogen. Their main
advantage is the ability to use inexhaustible sources of raw materials and energy,
which can be a turning point in the development of the economy and society.
Hydrogen technologies can become the basis for creating cleaner and more
efficient energy supply systems, as well as an additional source of income for

various industries.

1.1.2 Hydrogen production

Today, hydrogen plays a crucial role in the economy of various countries,
and its production is a rapidly developing industry. There are many ways to
produce hydrogen, including biological processes, classical electrolysis and
hydrocarbon conversion, which are increasingly being used in industry. One
possibility for hydrogen production is extraction from natural carbonaceous
resources such as oil, gas and coal. In 2007, about 40% of the hydrogen produced
was obtained from liquid carbon fossils and used in the petrochemical industry [3].
The total volume of industrial production of hydrogen reaches 60 million tons,
which underlines the importance of this element in the economy. Figure 1.1 shows
the various methods for producing hydrogen, which open up new possibilities for

the production and use of this substance.
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Figure 1.1 — Hydrogen production methods

for energy supply. Normally, natural gas is used to produce ammonia.

But modern research and technology show that hydrogen can become a
promising and environmentally friendly fuel that will not release carbon dioxide
and other harmful substances into the atmosphere. Many countries have already
begun to develop hydrogen infrastructure, building filling stations and subsidizing
hydrogen production.

In the future, this could change the energy market and spark a clean
technology revolution.

At the moment, its use for energy supply is still limited, mainly due to

technical and economic restrictions. At the same time, countries around the world

are aiming to develop hydrogen infrastructure and subsidize hydrogen production.
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This threatens traditional economic models and could lead to a cleantech
revolution.

Among the most common methods of hydrogen production are gasification,
coal conversion and partial oxidation, which make it possible to obtain a gas
containing a mixture of hydrogen and carbon monoxide in a ratio of 1:3. However,
these methods have disadvantages associated with the formation of intermediate
products such as biogas and synthetic fuels. Various gas treatment methods can be
used to obtain these products, such as hydrolysis, pyrolysis, esterification,
alcoholic or anaerobic fermentation. Each of these methods has its own specific
features and is used depending on the goals and objectives of obtaining hydrogen
and intermediate products.

An environmentally friendly way to produce hydrogen is biological
treatment. This process is based on the use of microorganisms such as bacteria to
decompose organic materials such as biomass. As a result of processing, hydrogen
is obtained, a clean and safe gas that can be used as an energy carrier.

On the other hand, water electrolysis is another method for producing
hydrogen. Electrolysis requires a large amount of energy, which makes this
method not the most economical and convenient.

In general, there are many ways to produce hydrogen, each with its own
advantages and limitations. But in the future, hydrogen can become a key source of
energy, so research in this area is important and interesting for specialists.

The energy issue is attracting more and more attention both in scientific and
practical circles. As one of the ways to generate energy, water electrolysis is
widely used to produce hydrogen. The main types of electrolysis are alkaline and
acid, which differ in the type of charge carriers [4].

Hydrogen produced by electrolysis is one of the most energy-rich and easily
renewable energy carriers. For example, 1 kg of hydrogen as an energy carrier is
able to replenish its energy 2 times faster than oil-based fuels. When burning 1 kg
of hydrogen, up to 120 MJ/kg of heat is released, while ordinary gasoline or high-
quality aircraft fuel gives only 46-50 MJ/kg.
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These results make the water electrolysis method one of the most promising
to date in the field of energy research.

One of the most effective and promising solutions for reducing CO; emissions
into the atmosphere is the use of hydrogen as a fuel. According to the data, one ton
of hydrogen can replace up to 4.1 tons of gasoline, which indicates the high
efficiency of this type of fuel. The specific heat of combustion of various fuels,
including hydrogen, is presented in Table 1.1. In light of these facts, hydrogen is
becoming increasingly important as a cost-effective and environmentally friendly
energy solution for the future.

Table 1.1 — Specific heat of combustion of the main fuels [4]

Fuel Specific heat of combustion, MJ/kg

Hydrogen 118,98

Hydrogen + Methane (50% Hz and 50% CHj4 26
by mass)

Hydrogen + methane + carbon dioxide (33% 59

Ha, 33% CHa4 and 33% CO2 by mass)

Gasoline 45
Methane 49

The use of hydrogen in cars is attracting more and more attention from
scientists and engineers around the world. This is due not only to search activities
against the backdrop of sustainable development, but also to the indisputable
advantages of this type of fuel:

Firstly, the use of water as a starting material for the production of hydrogen
makes it an inexhaustible and affordable source of energy.

Secondly, thanks to its high energy efficiency, hydrogen makes it possible to
achieve high performance in cars.

Thirdly, unlike traditional fuels, the combustion of hydrogen does not lead to
the emission of harmful exhaust gases and free radicals that adversely affect the
environment. The only by-product is water vapour.

One of the most remarkable properties of hydrogen as a fuel is the
superiority of its calorific value over gasoline by almost 3.5 times, reaching a value
of about 120 MJ/kg. The implementation of this technology in the automotive
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industry will be an undoubted breakthrough in the field of ecology and work
efficiency.

Today we can observe various options for the use of hydrogen fuel in cars,
each of which has its own characteristics. One of them is the use of hydrogen as a
mixture with traditional petroleum fuels, which helps to improve environmental
parameters and increase the efficiency of the car. Another option is the use of
hydrogen as a clean fuel in fuel blocks, which also demonstrates high
environmental performance.

To date, the annual production of hydrogen reaches 45 million tons, and
more than 90% of it is produced during oil refining. Despite this, the water
electrolysis method still requires high energy consumption and high cost. It should
be borne in mind that the energy obtained from the combustion of hydrogen in the
engine is almost equal to the energy spent on its production. Therefore, the use of
hydrogen as a fuel has a huge potential for improving the ecological state of our
planet and its development should be continued.

Hydrogen is one of the key elements in the economy and plays an important
role in the production of electricity and fuel in various industrial sectors. Among
the methods for producing hydrogen, the conversion of natural gas to synthesis gas
is increasingly used.

Synthesis gas is a gaseous mixture consisting of hydrogen, carbon monoxide
and methane. The process of converting natural gas to synthesis gas occurs by
decomposing methane into hydrogen and carbon monoxide, which then combine to
form synthesis gas. Syngas can be used to produce hydrogen.

The method of converting natural gas to synthesis gas demonstrates the
ability to increase hydrogen production. It is attractive to companies involved in
the production of fuel and energy due to its lower cost compared to other methods.
In addition, this method is more environmentally friendly because it uses natural
gas, which is a more affordable and less polluted source of energy.

Natural gas conversion is a promising way to produce hydrogen, providing

economic efficiency and environmental safety. This approach can be a valuable
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contribution to the sustainable development of our economy and the support of

environmentally friendly technologies in the future [5].

1.1.3 Hydrogen storage

Hydrogen storage is a complex problem that concerns not only the
production and delivery, but also the end use of this energy carrier. However, it is
in this area that the key technology for the development of the hydrogen economy
lies.

There are various ways to store hydrogen: in gaseous form (compressed
gas), in liquid form (at 20 K or -253°C) and in solid form. The first two methods
are standard practices with some limitations [6], mainly due to their high energy
intensity.

Solid-state hydrogen storage, while still in its infancy, could be an attractive
alternative. This method has improved safety and volumetric energy density.
However, its application can be associated with losses in weight efficiency, the
need for thermal management and a complex scaling process.

At the moment, intensive work is underway to overcome the limitations of
existing hydrogen storage technologies and develop more efficient and safer
solutions.

Storage in gaseous form

It is currently one of the simplest, most widespread, and most efficient
storage technologies. Hydrogen under high pressure is stored in thick-walled tanks
(mostly cylindrical or quasi-conformal) made of high-strength materials for
durability. The design of the storage tank, based on classical deterministic
engineering approaches, has not yet been optimized: the tanks are actually large;
inefficient use of material and a rather poor estimate of the service life of pressure
vessels [5, 7].

According to the European Integrated Hydrogen Project, which is leading
the development of global regulatory standards for hydrogen testing and the
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certification of hydrogen refueling infrastructure components and systems,

compressed gas and hydrogen storage tanks can be classified into four types:

1. all-metal cylinder;

2. carrying a metal case wrap wrapped in resin-impregnated continuous
filament;

3. metal non-load-bearing axial bushing and hoop wrapped with resin-

impregnated continuous thread;

4. a non-load-bearing non-metallic liner in the axial direction; and a
hoop wrapped with resin-impregnated continuous thread.

Storage in liquid forms or media

Liquid hydrogen is an attractive storage option, as it has a much higher
energy density than its gaseous form. Technologies for using liquid hydrogen in
spacecraft (Space Shuttle Ariane) and in military aircraft already exist. For land
transport, a number of hydrogen-powered vehicles have already been developed
and tested using new-design tanks with evaporation losses of less than 1.5 wt.%
per day. In addition, automated filling stations with liquid hydrogen were created
[8].

Although hydrogen gas liquefaction technology is quite efficient, it also has
its disadvantages, the main ones being: the need for a lot of energy to liquefy the
gas, as well as strict control of the temperature stability of the container to avoid
any risk of overpressure. In addition, this storage method requires the use of
cryogenic vessels and suffers from hydrogen losses due to evaporation from
containers, especially smaller ones. But the continuously evaporated hydrogen can
be catalytically combusted with air in the container's overpressure protection
system, or even recollected in metal hydride [9].

Storage in metal hydrides

Metal hydrides are based on metal alloys and act like a sponge to absorb
hydrogen gas. As a result of a chemical reaction under hydrogen pressure, solid
compounds of hydrogen with metal are formed and heat is released. Conversely,
hydrogen is released when materials are exposed to heat, such as heating a tank
and reducing pressure. The hydrogen molecule is first absorbed on the surface and
then dissociates as tightly bound individual hydrogen atoms. The metals are
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alloyed to optimize both the weight of the system and the temperature at which
hydrogen can be reduced. When hydrogen is to be used, it is released from the
hydride under certain conditions of temperature and pressure. This process can be
repeated many times without loss of storage capacity [10].

Storage in carbon materials

Hydrogen, depending on the applied pressure and temperature, can be
adsorbed and reversibly accumulated on solid surfaces as a result of physical
adsorption (van der Waals forces) or chemisorption (as in metal hydrides).
Materials with a large specific area, such as nanostructured carbon and carbon
nanotubes, are possible substrates for physical adsorption. In terms of storage
capacity, curved structures such as carbon nanotubes seem to be more efficient
than high surface area graphite (25% more at low temperatures).

This behavior is associated with their structure interacting with a hydrogen
molecule and with higher attractive forces acting in comparison with open
structures with a flat surface [7, 11]. This effect weakens with increasing
temperature.

If you look at the results of research published in recent years, you can see
conflicting data on the reversible accumulation of hydrogen in carbon nanotubes.
This is mainly due to the insufficient characterization of the carbon material used.
In 1998, extraordinary hydrogen storage capacities were reported, an order of
magnitude greater than anything known to date. These capacitance values can be
questionable and should perhaps be viewed with some skepticism as they are rather
inconsistent and not reproducible. The storage properties of hydrogen in nanotubes
are not yet fully understood. However, there is still scientific interest, especially in
single-walled nanotubes, which can be seen as a promising medium for the safe
storage of hydrogen. Most researchers agree that that careful and systematic
research should be carried out, concentrating on the development in order to
improve the sorption properties, as well as on the adequate characterization of

these materials. Procedures such as ball milling and pretreatment seem to increase
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the number of defects such as broken carbon bonds and can lead to highly

defective structures in which hydrogen is chemisorbed and readily released.

Specific indicators of the main methods of hydrogen storage are presented in

Table 1.2.
Table 1.2 — Specific indicators of five storage methods [12]
Specific energy ) .
) Specific storage Storage specific
Storage method consumption, olume. dm? /ke L ravity. ke/ke H
kWh/kg Ha volume, g2 g Y, Kg/Kg 2
Hydrogen gas at low 0.39 1020 o
pressure
Hydrogen gas at 0.93 81 16.0
high pressure
Hydrogen in
. 1.16 22 76.9
hydrides
liquid hydrogen 10.50 14 7.0
Cryogenic 3.20 59 20.0
adsorption

The advantages and disadvantages of the main hydrogen storage methods

are shown in Table 1.3.

Table 1.3 — Assessment of the main methods of hydrogen storage [13]

Storage method Advantages Flaws
Low volume content (about 7.7 kg/m> at 10
Gaseous - The technology is well MPa). The density of store?d energy at high
hydrogen (T = . pressures (up to 70 MPa) is comparable to
developed and available, | ..* .
300K, p<20 relatively low cost liquid hydrogen, but the storage technology at
MPa) Y such high pressures has not been fully
developed
Liquid hydrogen Technology available, 1 ng}; le;ngrgy cor;sump tion fqr llqlﬁefacu(()inl;
(T=204K) high density (71 kg/m’) oss of hydrogen, for evaporation, the need for
' super-insulation, as a result, high cost
Cryogemc _ | The technology is simple Low volume content (0.5 - 20 kg/m?). The
adsorption (T = . .
155 K) and well developed need for cooling and compression
Hydrides of Convenient and safe
metals, alloys, storage in the solid phase . . .
. 4 . : Insufficient capacity, need for heating,
intermetallic (in bound state); a degradation over time, relatively high cost
compounds and number of technologies & ’ yhig
composites are quite well developed
Carbon ] Technologw; n thq The production of carbon structures is not
nanostructures: | future can provide a high :
s sufficiently developed, the results of
nanotubes, density of hydrogen hydrogen retention are irreproducible
fullerenes storage (30-100 kg/m?) yarog p
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A promising method is the sorption of hydrogen by porous materials, in

particular those based on carbon.

1.2 Carbon and options for its use for sorption

The properties and structure of substances are closely related to their
chemical composition, crystal lattice structure and molecular structure. carbon has
serial number 6 in the periodic table of elements and an atomic mass of 12.011
g/mol. Depending on its electronic configuration, carbon can have different
valences [14]. In the neutral state of carbon (electronic configuration 1s22s22p2) it
has a valence of two, but with the electronic configuration 1s22s12p3 the carbon
atom becomes tetravalent. Figure 1.2 shows the structure of allotropic

modifications of carbon [15].

Figure 1.2 — The structure of allotropic modifications of carbon

The types of crystal lattices are determined by the features of the valence
state of carbon atoms:

1. in the sp*-hybridization state, carbon atoms can jointly form
tetrahedral 6-bonds, resulting in a diamond-type structure;

2. in the state of sp® hybridization, atoms form multilayer structures
(for example, graphite). In such materials, the basis is a layer of six carbon atoms -
a hexagonal flat structure (Fig. 1.3).

3. the structure of carbon in the state of sp-hybridization can be
represented by chains of atoms -C=C- or =C=C=, weakly bonded to each other.

4. a case is possible when carbon is in the state of sp® hybridization
and forms spherical agglomerates - fullerenes.
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Figure 1.3 — Layer of carbon atoms during sp? hybridization

Carbon has several structural modifications:

- Fullerenes;

- Nanotubes;

— Graphite nanofiber;

— Technical carbon.

When studying different types of coating materials, it was found that carbon
black has the lowest hydrogen adsorption energy, equal to -4.25 eV. In turn, for
fullerenes and nanotubes, the average adsorption energies are respectively -2.63 eV
and -2.41 eV. Based on these data, it can be argued that the use of carbon black can
improve the process of hydrogen sorption, while maintaining all other conditions.

Carbon black, which is industrial carbon, can be obtained by thermal or
thermal-oxidative decomposition of hydrocarbons. In reality, this material is a
black polydisperse powder product, which does not exist in natural materials.

Carbon black has a significant advantage due to its porous structure and
large surface area. These properties make it an ideal material for absorbing toxic
substances from water or air. In addition, carbon black is widely used in the
manufacture of batteries, accumulators, electronics and other devices that require
high efficiency and power.

In this regard, the use of carbon black as a material for hydrogen sorption is
important in various industries where accuracy, stability and high performance are

required.
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When choosing a sorbent based on carbon black in the form of powders,
several disadvantages must be taken into account that affect the efficiency of the
process. The disadvantage is the smaller specific area of contact of the gas with the
sorbent. This leads to a decrease in the efficiency of interaction and, as a result, a
decrease in the quality of the system.

The low density of the powdered sorbent may not be sufficient to solve
certain types of problems. The use of a powder sorbent can lead to high hydraulic
resistance when saturated with gas. This can be another obstacle to the efficient
operation of the system.

The disadvantages include the possibility of contamination of the fuel
system with a finely dispersed sorbent, which can reduce its efficiency and cause
serious damage to its operation. Therefore, when choosing a sorbent based on
carbon black in the form of powders, one should take into account the
disadvantages described above and carefully evaluate its applicability for a
particular system.

Carbon black in the form of powders, despite its shortcomings, continues to
be one of the most popular sorbents in modern science. To get the maximum
benefit from its use, it is necessary to take into account all the features of this
material and apply it only in cases where it is really effective.

The selection and application of sorbents is a complex process that requires
competence and knowledge in this field. Therefore, in order to avoid possible
mistakes, it is worth contacting experienced specialists who will help to avoid the
wrong choice of sorbent and, as a result, the loss of valuable time and resources.
This is extremely important in any scientific discipline, including for effective

work with carbon black in powder form [16].
1.3 Plasticizers. General requirements, their role and types

Plasticizers - special binders introduced into the material to increase

elasticity or processability. They are able to reduce the viscosity of the melt, the
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processing temperature, increase the heat and frost resistance of products,
resistance to aqueous and organic media.

General requirements for plasticizers

There are a number of key factors to consider when selecting a plasticizer to
ensure stability and long product life. An important factor is the thermodynamic
compatibility with the polymer, since the plasticizer must dissolve completely
without damaging the polymer structure.

In addition, low volatility and lack of odor must be taken into account, as
this ensures safety of use and ease of operation. It is important to ensure that the
plasticizer is chemically inert in order to guarantee quality stability.

It is necessary to check that the plasticizer is resistant to extraction from the
polymer by liquid media such as oils, detergents and solvents, as this is a
prerequisite for products operating in difficult conditions.

In the production of polymeric materials, it is important to consider several
factors related to the plasticizer. First, it is necessary to take into account the
decomposition temperature of the plasticizer, which should not be lower than the
polymer processing temperature. Secondly, the plasticizer must be environmentally
friendly and do not contain toxic substances in order to ensure safe use.

The cost of the plasticizer is also an important factor, but the quality and
safety of the product should not be sacrificed for the sake of saving money. The
compatibility of the plasticizer with the polymer is a key process, which is called
true dissolution. This is due to the thermodynamic affinity of the plasticizer for the
polymer and is important to consider in the production of polymeric materials.

Molecular dispersion of the polymer in the plasticizer is a key factor in
achieving a uniform distribution of the components and ensuring the stability of
the system. If the dispersion is not carried out properly, the emulsion will be
unstable and will separate.

Sweating of the plasticizer, which appears as a greasy coating on the surface
of the polymer, is not always the result of swelling of the polymer. There are

various factors such as temperature, pressure and mechanical stresses that can
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contribute to the exudation of the plasticizer. Choosing the wrong plasticizer or
overusing it can also lead to bleeding and system defects.

Understanding the mechanism of polymer swelling in a plasticizer and the
effect of this process on plasticizer exudation is critical to optimizing
manufacturing processes and improving the quality of polymer materials. A deep
understanding of these physical processes allows you to optimize process
conditions, which in turn reduces the amount of scrap and increases product yield,
which is important for industry and the economy as a whole.

In the processing of polymers, especially in the context of their processing,
the use of plasticizers requires special conditions to be met. This is due to the fact
that the increased temperature of decomposition of the plasticizer can lead to the
impossibility of processing the polymer.

Depending on the scope of the plastic mass, there are also additional
requirements for the chemical composition of the plasticizer. In particular, it
should be devoid of the color characteristics imposed on it and not affect the
dielectric properties of polymers. In addition, the plasticizer must, while
maintaining its properties, not increase the flammability of the plastic, and also be
resistant to chemicals and other aggressive substances.

An important role in the choice of plasticizer is played by its resistance to
microbiological attack. When using plastic materials, conditions are created that
promote the development of bacteria and fungi. Therefore, when choosing a
plasticizer, it is necessary to pay attention to its protective properties against
microorganisms.

In the process of using plasticized polymers, biological corrosion caused by
mold is possible. This can significantly degrade the mechanical and electrical
properties of the material.

In Europe, the production and use of plasticizers are subject to regulations
set by the European Council on Plasticizers and Intermediates under REACH rules.

In accordance with these regulations, the manufacturer of plasticizers and products
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containing these substances must provide safety certificates. Otherwise, the
products are not allowed to be produced and sold in Europe.

Particular attention is paid to environmental safety and reducing the toxicity
of plasticizers, especially in the production of medical equipment and products that
may have direct contact with humans. In this regard, the concept of environmental
security is becoming increasingly relevant.

Plasticizers are an integral part of polymer materials, allowing them to
acquire the necessary properties and shape. There are several methods for
classifying plasticizers, and the choice of the most appropriate one depends on the
specific conditions and tasks of production.

One way to classify plasticizers is to classify them based on their chemical
structure, such as esters of aliphatic and aromatic carboxylic acids, phosphates,
hydrocarbon diluent plasticizers, epoxy, and others. The classification depending
on the characteristics of their action is more widely used [17].

According to this approach, all plasticizers can be divided into three
subgroups: general purpose, functional and special. General purpose plasticizers
are used in many types of polymers. They provide characteristics such as
flexibility, fracture resistance, and improved material processing properties.
Functional plasticizers provide additional properties such as increased adhesion,
damage resistance and thermal stability, depending on the needs of the project.
Special plasticizers, in turn, provide unique properties for specific materials or
industries, such as flame retardation, increased transparency or elasticity at low
temperatures [18].

Plasticizers are an important component in the production of polymeric
materials. They perform many functions, including lowering the glass transition
temperature of the polymer and increasing its flexibility. Functional plasticizers are
aimed at changing the properties of a particular polymer, for example, to give it the
desired color, smell or stiffness. More specialized plasticizers are used in the
production of products that have high requirements for the degree of flexibility and

compatibility with other materials.
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Issues of environmental safety in the use of plasticizers remain relevant.
Many experts express concern about the possible negative consequences of their
use on the environment and human health. Therefore, it is important to continue
research in this area in order to develop safer alternatives.

Not all plasticizers are safe to use. Some of them may contain toxic
components that can harm both the environment and human health. Moreover,
some plasticizers can disrupt the structure of polymers, which over time can lead to
their deformation and destruction.

Plasticizers are often used in the tablet pressing process to improve the
molding of the product. Due to the effective effect on the porosity of the material,
plasticizers can be considered as pore formers [6]. The main criterion for choosing
promising plasticizers is their ability to completely evaporate when heated, leaving
no harmful organic substances that pollute the environment. Among such
promising plasticizers, metal stearates stand out, which have a high potential
efficiency.

To solve the problem of improving the tablet pressing process, it was
decided to use binders, which can be used as various plasticizer materials. In this
case, special attention should be paid to paraffins, waxes and stearates, which are
on the promising list, due to their low melting point. This will reduce energy
consumption for material processing and increase the efficiency of the production
process.

Within the framework of this work, the choice of a binder for carbon
materials was carried out. As a result of the analysis, it was decided to use
stearates, which completely evaporate when heated and do not leave behind
organic substances that can pollute the environment.

One of the key parameters of carbon materials is the specific surface area
and porous structure, which significantly affect their properties and application
possibilities. To create these parameters, blowing agents are used, among which
alkalis such as NaOH and KOH are the most common. In experiments, it was

found that the optimal ratio for mixing carbon black and alkali is 1:3.
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Selected binders and blowing agents provide not only the necessary
properties of carbon materials, but also minimize the negative impact on the
environment.

Further, after mixing, the materials undergo heat treatment. This leads to an
increase in the specific surface area of carbon materials and an increase in pore
volume. As a result, the sorption capacity of technical carbon for hydrogen
increases [18].

The use of tablets based on powders has some advantages over finely
dispersed substances. In particular, one of the main advantages is the constant

porosity.

1.4 Parameters and conditions for the manufacture of tablets

1.4.1 Tablet manufacturing technology

The main process of the pharmaceutical industry is the production of tablets
as medicines. This process includes several stages, each of which plays an
important role in the creation of the final product and determines its main
characteristics.

For the production of tablets, it is necessary to use a special press powder,
which must have certain physical and chemical properties. The way to achieve the
required characteristics is to prepare a special mixture consisting of a soft blowing
agent and a plasticizer in certain proportions. An important factor is the fluidity
and porosity of the press powder for successful tablet formation.

In the tablet manufacturing process, special attention is paid to the pressing
process, in which the press powder is compressed in mechanical presses in order to
obtain the desired shape and size of tablets. This stage is decisive for obtaining
products with desired characteristics, such as density and strength.

After this stage, the tablets are sintered, which allows them to maintain their
shape and lay down the final physical and chemical properties of the product. The

sintering process is carried out in special furnaces at a certain temperature and
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pressure. This step can further improve the properties of the tablets, such as
compaction or increased resistance to external factors.

The process of obtaining tablets is a whole complex of stages, each of which
finds its key importance to ensure high quality products and the necessary
properties. The control of each stage and the consideration of all factors are the
most important aspects for successful production activities.

Plastic is a material with a wide range of properties and is used in almost all
areas of human activity, from household items to high-tech products. The main
ingredient is plasticizers. They are able to significantly expand the possibilities of
plastic, making changes to its structure that are necessary to achieve the desired
properties.

Plasticizers are an integral part of the manufacturing process of polymeric
materials. Their main function is to give these materials the necessary plasticity
and elasticity, which facilitates the process of processing and operation. But
besides this, plasticizers contribute to a more uniform distribution of ingredients,
lowering the temperature during the processing process and increasing their frost
resistance. It should be noted that their use may degrade the heat resistance of
materials.

In addition to the properties mentioned, many plasticizers have another very
useful characteristic: they improve the fire, light, and heat resistance of polymers.
This is especially important for those products that must be resistant to various
external influences.

The key method for obtaining high-quality composite materials is the pre-
mixing of powders for uniform distribution in the volume. But obtaining a material
with the desired properties without the use of plasticizers presents significant
difficulties.

In this regard, plasticizers play an important role in the production of plastics
and composites, they provide the possibility of obtaining materials with a wide

range of properties for use in various industries.
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The production of tablets is a complex and continuous process that includes
several stages. One of them is the mixing of powders and components. There are
several mixing methods, both dry and wet, depending on the requirements of the
production.

Further, after preliminary preparation, the powder is poured into a special
form, which is fed to the tablet pressing machine. At a certain pressure and
exposure time, the process of forming tablets takes place, which are then unloaded
from the press into containers. The next step is to sinter the pellets in a high
temperature oven, which usually consists of four sections.

The first section of the furnace is responsible for the removal of the binder
and the process of removing moisture and gaseous impurities from the system
through the corresponding pipes. Thus, the entire multi-stage tablet manufacturing
process includes several important stages, each of which significantly affects the
quality and effectiveness of the final product.

In the process of manufacturing tablets, technology plays an important role,
which consists of several stages. At the first stage, the raw materials undergo
special processing, followed by preheating of the tablets. In the zone of high-
temperature processing, sintering of the substance occurs, which becomes more
and more dense with each subsequent section. In the fourth section, the sintered
pellet containers are cooled by steel coils circulating water. Only after passing
through all the stages, the products are ready for grinding on a special machine. It
is important to note that each stage of tablet production must be carried out in
compliance with technological requirements in order to obtain a quality product
without defects. Thus, the technological process in the production of tablets is a

key factor in obtaining a quality product.

1.4.2 Effect of various additives on the porosity of carbon pellets
Before the tablet pressing process, it is necessary to add processing aids such
as binders or plasticizers, which will subsequently be removed during sintering.

This will significantly speed up the pressing process, since the additives will
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reduce the friction between the powder particles and the walls of the mold. Also,
this technique allows you to reduce the pressure during pressing, which provides a
more uniform density of tablets.

In addition, additives provide the necessary strength of the tablets and
guarantee the high quality of their surface. The binders used in the production of
tablets make it possible to regulate the porosity and lead to the desired tablet
consistency. This approach to the pressing process is an important factor for
obtaining a quality product.

During the production of tablets, it is necessary to take into account the
importance of the correct use of technical additives, since their incorrect ratio can
adversely affect the quality of the finished product. In order to achieve optimal
tablet condition, it is necessary to choose the right combination of components to
ensure even distribution of the powder and maintain a stable tablet size.

For this, various substances are used, such as polyvinyl alcohol,
polyethylene glycol, camphor, paraffin and others. In order for the binder to be
evenly distributed over the volume of the powder, it is used in the form of
solutions in organic liquids. The correct ratio of all components is the key to
achieving the optimal shape and condition of the finished product.

As a means for creating tablets, aqueous solutions of macromolecular
alcohols are most popular. However, the production process with this approach
becomes more complex, since it requires maintaining a narrow range of pressing
pressures. This approach is being replaced by non-aqueous plasticizers such as
high molecular weight fatty acids and their salts such as stearates and behenates.
Due to their use, tablet dimensional stability and uniform pore distribution are
achieved, which increases the efficiency of the production process.

Although additives of binders to the charge are used in small amounts (from
0.1 to 1%), they play an important role in the formation of material properties [19].
They have the properties of binding and lubrication, which provide tablets with the
desired density and shape.
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In this study, two plasticizers were used: sodium stearate and fluoroplast.
Sodium stearate is the most common plasticizer in tablet production. It is a salt of
stearic acid and has the chemical formula C;7;H3sCOONa and a colorless crystalline
appearance.

In the production of tablets, the composition of the binder and the fineness
of the powder determine the dosage of the sodium stearate additive, which affects
the density and other properties of the finished product. Plasticizers play a
significant role in the formation of the material and its shape. Sodium stearate is
widely used in the manufacture of detergents, cosmetics and other products, as
well as a thickener in lubricants, an antifoam agent in the food industry, and a
stabilizer in the molding of polyamides. This substance is highly soluble in hot
water and ethanol.

The main property of sodium stearate is its high solubility in water and
ethanol. In addition, this material composition is easily mixed with other
components, which makes it a convenient ingredient in various industries.

One of the most widely used uses for sodium stearate is in the manufacture
of detergents. This substance helps soften water and provide more effective
cleaning of surfaces. Moreover, sodium stearate has also been successfully used in
the cosmetics industry, where it can be added to improve consistency and stabilize
the formulation.

Sodium stearate is a versatile ingredient that finds wide application in
various industries due to its unique properties.

Sodium stearate has found use in the lubricant industry due to its thickening
properties. Due to the presence of sodium stearate, the lubricant can adhere better
to surfaces and provide smoother movement. In addition, this component can be
used as a stabilizer in the molding of polyamides, providing a stronger and more
durable material.

The main properties of sodium stearate are presented in table 1.4.
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Table 1.4 — Properties of sodium stearate [19]

Chemical formula NaCisH350;
rational formula C17H35COONa
Molar mass, g/mol 306.46
Density, g/cm’ 1.07
Flash point, °°C 176
Melting point, °°C 255272
Decomposition temperature, °°C ~300

1.4.3 Properties of nickel stearate

Nickel stearate is a salt of nickel and stearic acid, is a green, lightly weighed,
non-volatile powder with a density of 1.13 g/cm®. The substance is insoluble in
water, methyl and ethyl alcohols, ether, lathers and burns. Soluble in pyridine
(CsHsN) and carbon tetrachloride (CCly), slightly soluble in acetone (C3H¢O) [15].

The melting point of nickel stearate (for reference) is 100 °C, the actual
melting temperature can vary from 50 °C (obtained from methanol) to 250 °C
(technical). According to other data [15], the melting point is 82—86 °C.

Obtaining nickel stearate is possible by the interaction of sodium stearate
and nickel chloride:

NiCl, + 2C;7,H35CO00Na — Ni(Cy;7H35C00), I +2NaCl (1.8)

The reaction proceeds in an aqueous solution at a temperature of 60 °C, since
the compounds of sodium stearate and nickel chloride are soluble in water. During
the reaction, nickel stearate precipitates, after which it is necessary to filter the
resulting solution and dry the precipitate. Figure 1.4 shows the rational formula for

nickel stearate.

O O
_—Ni
CH3<CH2>15<:H2AO I\OACHz(CHz)wCHs

Figure 1.4. — Structural formula of nickel stearate
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Table 1.5 — Properties of nickel stearate [16]

Chemical formula NiC36H7004
rational formula Ni(C,7H35CO0),
Molar mass, g/mol. 625.63
Density, g/cm’ 1.13
Flash point, °C no flash
Melting point, °C 82-86, 100
Decomposition temperature, °C not determined

Application area. It is used as a plasticizer for plastics and a polymerization

catalyst [20].

1.4.4 Effect of heat treatment on the parameters of carbon pellets

Traditional methods of obtaining carbon adsorbents are based on two stages
of thermal processing of raw materials: pyrolysis and gasification, which determine
the pore structure of adsorbents [21]. But today there are more modern and
effective methods of activation.

One of them is the steam-gas method, which involves the use of carbonized
organic materials. Another name for this approach is physical activation or
oxidation activation.

Chemical activation is another way to obtain carbon adsorbents, where
chemically active inorganic compounds are used in the process of coal
carbonization. This approach is also known as pyrolysis activation.

When choosing a method for activating carbon sorbents, it is necessary to
take into account the manufacturer's orientation towards solving specific problems.
Physical activation provides good purification of water and air, while chemical
activation is used for the production of catalysts and electrodes.

There are several methods for obtaining carbon sorbents, however, only a
mixed method, which includes treatment with chemical reagents and activation by
oxidation, makes it possible to achieve the best performance indicators. This

method has not been widely used in the production of carbon sorbents.
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In the process of carbonization of a carbon-containing material, its internal
structure is rearranged. This process is a topochemical transformation of the raw
material and leads to an increase in its true density and the formation of
ultramicropores [22].

To activate the material with gases, oxygen (air), water vapor or carbon
dioxide are most often used. Activation by air is selective but can lead to burning
of the pellets. Therefore, it is preferable to use water vapor or carbon dioxide to
activate the carbonaceous material.

Activated carbons are widely used in various industries, including water and
air purification, extraction of valuable metals, filtration of liquids and gases, and
many other purposes. The traditional process for producing activated carbons from
coal includes energy-intensive steps such as carbonization and oxidative activation,
which increases production costs.

Hard coal and peat coke are the most common raw materials for activated
carbons. The efficiency of the activation process depends on the content of volatile
components in the material, and the steam-gas method requires a high temperature.
Unfortunately, graphite cannot be activated due to its low volatile content.

The development of new technologies that make it possible to obtain
activated carbons from more accessible and less expensive raw materials is an
urgent challenge for the industry and can lead to more efficient and cost-effective
production.

Obtaining activated carbons is a complex and energy-intensive process,
which is associated with a number of technological limitations and high costs. As a
rule, the methods used lead to an increase in the cost of the resulting product,
which reduces its competitiveness in the market. Most raw materials for activated
carbons, such as carbonized coal and peat coke, contain low levels of volatile
components, making the activation process difficult. On the other hand, the gas-
vapor activation method, which is widely used, requires a high temperature, which
increases the cost of the resulting product. Some materials, such as graphite, cannot

be activated due to the absence of volatile components in their composition.
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Currently, there are several technologies that can be used to solve the
problem of the high cost of activated carbons. Use of new raw materials, such as
biomass, which contain a higher proportion of volatile components. In addition, the
development of new activation methods that do not require high temperatures can
also be an effective solution. Additionally, improving performance, reducing
energy costs and reducing emissions to the environment can also significantly
reduce the cost of a product. It is good practice to use non-carbonated materials
such as peat, which can be used in chemical activation methods and are the most
widely used feedstock [23].

To activate the coal, chemical treatment methods are used, which are carried
out using non-carbonized materials, including peat. Activation occurs by adding
inorganic activating agents and then placing the coal in a high temperature
environment for a certain period of time.

An important step in the activation process is the use of specially selected
inorganic substances that help to achieve the desired level of activity of the coal.
During high-temperature processing of coal in this environment, processes occur
that contribute to its activation.

For successful activation of coal, it is necessary to carefully select inorganic
activating agents and provide optimal conditions for high-temperature processing
in a specially selected environment.

Carbonization processes require raw materials that do not contain carbon.
Peat is one of the most accessible materials used in this area. After treatment with
activating agents and holding at high temperature, peat can be used in various

industries.
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Chapter 1 Conclusion

Hydrogen storage is one of the most promising technologies designed to
solve the problem of energy security. A review of the literature shows that there
are both already used and promising methods of hydrogen storage. Moreover,
successful experiments using hydrogen as a fuel for cars indicate the prospects for
the mass use of this technology in the future.

In the storage of hydrogen, the use of plasticizers such as nickel stearate or
sodium stearate plays a major role in the development of this technology.

A variety of materials should be considered for use as plasticizers. The
properties and structure of each material were analyzed to determine their
suitability. The results obtained are the basis for more in-depth studies aimed at
determining the optimal materials for hydrogen storage.

Thus, research in the field of hydrogen storage is important for solving
energy problems and in creating new prospects for the development of scientific

methods and materials.
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100000 py6.

2. Hopmbvl u Hopmamugul pacxo0osanus pecypcos

Paitonnsiit kKoapduiueHT 11 ropoaa Tomcka
pasen 1,3. [IpemuanbHbiil kodddunuent pasen 0,3.

3. Hcnonvsyemas cucmema HAio2000104CeHUs, CMAagKU
HA0208, OMYUCTEHUT, OUCKOHMUPOBAHUSL U
Kpeoumoganus

Koadhpumment oruunciienuii Bo BHEOIOIKETHBIE
dhonums- 30,2%

Ilepeyennb BONMPOCOB, MOIJIEKAIIMX HCCIET0BAHNIK), TPOEKTHPOBAHUIO U pa3padoTKe:

1. Oyenxa KomMmepuecko2o U UHHOBAYUOHHOZ0
nomenyuana HTH

1. Ananm3 u onieHKa KOHKypeHTocrnocoonoctn HU;
2. SWOT-ananus.

1. Paspabomka ycmaea Hay4HO-MexXHU4ecKo20 npoekma

1. Llenu u pe3ynbTaT NPOEKTa;
2. OpraHu3anuoHHas CTPYKTypa MPOCKTa;
3. OrpaHn4eHvs ¥ JOTYIICHHSI MPOEKTA.

2. IInanuposanue npoyecca ynpasnenus HTH:
CMpYyKmypa u epaguk npogedenust, 0i1002cem, pucku u
OopeaHusayus 3aKynox

®dopmupoBaHue 1m1aHa U rpaduka pa3paboTKu:
opranuzanus padotr HU; onpenenenue cTpyKTypbl
pabor; pa3zpabotka rpaduka ["anTa.
®dopmuposanue Oromkera 3arpat Ha HU:
MaTepuanbHbIe 3aTPaThl; 3apaboTHAas MI1aTa;
OTYHMCIICHHS BO BHEOIOKETHBIE (DOHIBI.

3. Onpeoenenue pecypchoti, punancogotl,
IKOHOMUYECKOU dhPeKxmusHocmu

1. OrmpeneneHue WHTETPATLHOTO (HUHAHCOBOTO
ToKa3aTeJs pa3padoTKH;

2. OrmpenencHue  WHTETPAIBHOTO  MMOKAa3aTels
pecypcoaddekTuBHOCTH pa3pabOTKH;

3. OmnpeneneHue HUHTETPANbHOTO  [OKa3aTesst
3¢ HeKTUBHOCTH;

4. Ouenka adcomotHOM Y dexTuHocTH HU.

HepequL rpa(]mquKoro MATEPHAJIA (c mounvim yrazanuem obszamenvrblx yepmenicetl):

Cea/weumupoeaHue PbIHKA

Mampuya SWOT
Hepapxuueckas cmpykmypa pabom

SIS

Jluaecpamma I'anma

OueHKa K'OHKypeHmOCﬂOCO6HOCmM WIBXHM'-l€CKuxp€W€HMI;I

Kanenoapnwiii nnan-epagux npogedenus HayuHo20 uccied08aHus

| JlaTa BbI1auM 3aiaHus s pa3felia 1o JuHeiiHoMy rpaguky | 27.01.2023

3aganue BbIAAJ KOHCYJBbTAHT:

JI0JI5KHOCTD DdPUO Yuenan cremens, IMoanucnh Jara
3BaHHe
Hgﬁ;ﬁ%cr}g{ Crmneraa JTro6oBs FOpreBHa K.3.H.
33}13]—[1/[6 NPUHAJI K HCIIOJJHCHHUIO CTYACHT:
I'pynna DPUO Hopnucy Jara
0AMI1 TpetbsikoBa Anacracust BragumupoBHa
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3 PDuHAHCOBbINI MEHEI)KMEHT, pecypcodpPeKTUBHOCTD U
pecypcocoOepexkeHue

Ilenp nunIOMHON pabOTHI: MPOBEAEHUE MCCIEAOBAHUS OCOOEHHOCTEN
(abpukanuu U HarpeBa TabJIETOK Ha OCHOBE yIiepoja ¢ 100aBIeHUEM pa3IMuHbIX
I1acTU(UKATOPOB, AJIs1 COPOLIMM BOJOPOIA.

[lenpr0o ma”HHOrO pasfena SABISAETCA OINPEICICHUE IEPCIEKTUBHOCTH W
YCHEMIHOCTH HAay4YHO-HCCIIEI0OBATENBCKOIO MPOEKTAa MO HCCIEHOBAHUIO BIUSHUSA
ycioBuil pabpukanyy TabjJeTOK Ha OCHOBE YIJIEpO/1a Ha UX TOPUCTOCTb.

B JaHHOM Ppa3JICjiC IMPUBOAATCA PCIICHUA CICAYIOIMINUX 3a1a4:

1. OIICHKA KOHKYPEHTOCTIOCOOHOCTh TEXHUYECKUX PEIICHU;

2. SWOT-ananus;

3. TJIAHUPOBAHUE HAYYHO-HUCCIEA0BATEIIbCKOW PaOOTHI;

4. pacdeT OroJKeTa HayYHO-UCCIIeIOBATEIHCKOM pabOTHI;

5. pacyeT W OIleHKa CpaBHUTEIBbHON (UHAHCOBOH A(PHEKTUBHOCTH
UCCJICIOBAHMSI.

I[OCTI/I}KCHI/IG oeiun oOecrneunBaeTcs PEUICHUCM 3aaa4:

1. pazpaboTka oOImIel SKOHOMHYECKON HIeH MpoeKkTa, (HopMUpOBaHHE
KOHIIEIIIINU MPOEKTA;

2. opranu3aius paboT 1Mo Hay4YHO-UCCIIEIOBATEIbCKOMY MIPOCKTY;

3. ONpENECICHUE BO3MOXKHBIX aJbTEPHATUB MPOBEICHUS HAYyYHBIX
HACCIeI0BaHUM;

4. MJTAHUPOBAHKUE HAYYHO-HUCCIEA0BATEIbCKUX PadoT;

5. OLECHKA  KOMMEpPUYECKOr0  NOTEHIHMada MW  NEPCIEKTUBHOCTH

MIPOBEJICHMS] HAYYHBIX HCCIEAOBAHUN C TMO3UIMH PecypcoddhHEKTUBHOCTH U
pecypcocOepeKeHus;

6. OompeNeNiecHue pecypcHo  (pecypcocOeperaroiieii), (PpUHAHCOBOM,
OO/ PKETHOM, COLIMATbHON U DIKOHOMUYECKON 3((HEKTUBHOCTH HCCIIEI0OBAHNS.

3.1 IlpeanpoeKTHHIN aHAJIN3

3.1.1 IloreHuMaNbHBIC MOTPEOUTEIH Pe3YJbTATOB HUCCJIEI0BAHUSA

PesynbraroM  uccnenoBaHus  sABISETCS  pa3paboOTKa  TEXHOJIOTMU
U3rOTOBJIEHMsI TaOJETOK HAa OCHOBE YIJIepoAa M U3y4YeHUe Uux (U3MKO-

MEXAHUYECKUX CBOMCTB.
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B mepcnekTtuBe, 11€71€BbIM PHIHKOM OYIyT SIBISITHCSI aBTONPOU3BOJIUTENH, a
TaK)Ke OPraHU3ally, 3aHUMAIOILIUECS] IPOU3BOACTBOM POOOTOTEXHUKHU U IPOHOB.

CerMeHTHpOBaTh PHIHOK YCIYT IO HCIHOJIb30BAHUI0 KOHKPETHOIO Crocoba
XpaHEHUsT BOAOPOJAa MOMKHO OTHOCHTENBHO YPOBHS TMOTpeOJeHHs Tasa.
Pe3ynbrarhl cerMeHTUPOBaHUS MIPEACTABICHBI B Ta0umiie 3.1.

Tabmuua 3.1 — Kapra cerMeHTHMpOBaHUS pBIHKAa YCIYr OTHOCHUTEIBHO

YPOBHSI MOTPEOJICHUS BOIOPOa

Crioco6 xpaHeHus: BOJopoaa

Taz006pasnblit H Kunknit H CopGupoBaHHbIii
(300 K, 10 MIla) (20,4 K) H» B TabieTkax

OYCHb BBICOKHEC

(COTHU TOHH)

BBICOKHE (TOHHBI)

HU3KUC

O0BemBbI TOTPEOICHUS BOJIOPOIA

(KuorpamMmsl)

N3 kapThl MOXHO yBHUAETh, YTO HA CETOAHSNIHWA J€Hb OOBEMBI
noTpeOieHus: BOAOpoJa B COPOMPOBAHHOM BHUJAE HHU3KHE, JAHHBIA PBIHOK

MaJIOpa3BUT, XOTb U SABJIACTCA IICPCIICKTHBHBIM.

3.1.2 AHAJW3 KOHKYPEHTHBLIX TEeXHHMYECKHX PpelleHud ¢ MNO3UIUU
pecypco3dpGeKTUBHOCTH U pecypcocOepe:keHust

JIisi aHanmM3a KOHKYPEHTHBIX TEXHUYECKHUX PEIICHUNH CTOUT PacCMOTPEThH
MEePEUYMCIICHHbIE BBIIIE CIOCOOBI XpaHEHUs Bojopoja: razooopasnbii (Kg),

xunkuid(Kk,), copouposannsiii (Kg).
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XpaHeHHe Ta3000pa3HOTO BOJOPOJA OCYIIECTBISIETCS B Ta3rojiibAepax,
€CTECTBEHHbIX W  HCKYCCTBEHHBIX IOA3EMHBIX XpaHWIWIIaX. XpaHEHHe
razoo0pa3Horo Bojopoja npu naasieHud a0 100 MIla mpoucxoauT B CBapHBIX
cocylax ¢ MHOTOCIOMHBIMU CTeHKamMu. ['a3000pa3HbIi BOAOPOJ TMEPEBO3AT B
cocynax mnona naeieHueM 1o 20 MIla. OnHoOM M3 OCHOBHBIX NHPOOJIEM TakKOro
XpaHeHHUs SIBJIAETCS BbICOKasi Macca OaiioHa, Tak, JJIsl XpaHeHus 1 Kr Bomopoja
NpUMEHSIOTCS OamnoHsl Mmacco 20-33 kr.

[IpeumyiiecTBO XpaHEHUs BOAOPOJA B >KUJIKOM COCTOSSHUM COCTOUT B
3HAYUTEIHLHOM YMEHbIIEHHH 00beMa Bogopoaa (mo 500 pa3) mo cpaBHEHHUIO C
ra3oo0pa3HbIM cocTosiHueM. OJHAKO BOJOPOJI MOXKET HAXOAMUTHCA B KHIAKOM
COCTOSIHMM TOJBKO B Y3KOM HMHTepBaje temnepatyp ot -253 °C mo -256 °C nud
NOJIEpKAHUST KOTOPBIX TpeOyeTcs OpraHu3alus KPUOTEHHBIX CHCTEM, YTO
YCIIOKHSIET XpaHEeHHUEe BOJOPOA.

[IpumeHneHnrne COpOLIMOHHBIX CHCTEM BO3MOXHO B CIIy4ae XpaHEHHS
HEOOJBIIOTO 3amaca BoJgopoAa. WX MpeuMyIiecTBOM SIBISIETCS OTCYTCTBHE
BOZOPO/Ia B Ta3000pa3HOM COCTOSIHUM — BECh BOJOpPOJ, BCTYMAaeT B CBSA3b C
COpOEHTOM | TOTJIONIACTCS UM.

OueHouHass Kapra aHanu3a ImpejicTaBieHa B Tabmuue 3.2. Ilo3unus
pa3pabOTKU U KOHKYPEHTOB OLICHMBAETCS MO KaXKIOMY IOKAa3aTellt0 IKCIEPTHBIM
nyTeM MO MATHOAIbHOW mIKane, rae 1 — Hambonee crmabas mo3umus, a 5 —
HauOoJsiee cuiibHas. Beca moxasartenei, omnpezaenseMble SKCHEPTHBIM IyTEM, B
CyMM€ JOJDKHBI COCTaBIATh 1. AHalM3 KOHKYPEHTHBIX TE€XHMYECKUX PpELICHHUN

ompenenseTcs o Gopmyie:
K=ZBL 'Bi, (31)

rae K — KOHKYpeHTOCIIOCOOHOCTh HayYHOU pa3pabOTKH UM KOHKYpPEHTa; B— Bec
nokasaresis (B 10X €UHUIGI); b,— O6amt i-ro mokasatens [29].
CnoXHOCTh peanu3aly 3aKI0YaeTCs B HEOOXOIWMOCTH OpTaHU3AINH

BCIIOMOTATENIbHBIX  CHUCTEM  (OXJIAXACHHS, Harpena), pa3pabOTKe HOBBIX
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MaTepuagoB (CIOCOOHBIX BBIICPKMBATH BBICOKHE JIaBJICHUS, HAKaIUIMBATh
BOJIOPOJ), @ TAKXKE B pa3pabOTKe XPaHUIIHIL.

HeoOxoquMocTh OXJaXIEHUSI SBISETCS BAXKHBIM KPHUTEPHUEM  OIEHKU
CHCTEMBI XPAaHEHHs, MIOCKOJIbKY OHA IMOJpa3yMeBaeT HAIMUYUE JOTOJHUTEILHOTO
000pyIOBaHMs, YTO 3HAYUTEIHHO yIOPOKAET U YCIOKHSAET KOHCTPYKITUIO, a TAKKe
JieNiaeT ee MeHee HaJeKHOM.

HagexxHocTh mpezyiaraeMoro MeTo/Aa 3HAUMTENIbHO BBIIIE CYIIECTBYIOIIMX
3a CYET OTCYTCTBHS T'a3000pa3HOTO BOJOPOAA B CHCTEME XPAHECHHS 3a CUET €ro
copbuMu ¢ YIIEepOAHBIMM MaTepuajgamMu. B cBOlO ouepenp, Hamuuue
ra3oo0pa3HOro BOJOpPOJa B CHCTEME MPHUBOJUT K TMOBBIILICHUIO JaBICHHUS,
BO3MOXXHOM pasrepMeTH3ali U JEeTOHAIIMHA BOJAOPOJa B Ciydae aBapuu. Takum
oOpaszoM, mpemiaraembiii croco0 OyaeT ropa3mgo Oe3omacHee, B CPAaBHCHHH C
CYIIECTBYIOIIUMH.

[ToTpebHOCTH, B MaTepHabHBIX pecypcax. ['a3000pa3Hblii crmocod Tpedyer
MUHUMAaNbHOE O00OpYAOBaHUE JUIsI XPAaHEHUS BOJOPOJA, BOAOPOJ COJEPKUTCS B
eMKOCTSIX TMOJ JAaBiieHueM. [l XpaHeHHWs CXKMKEHHOTO BOJOpOJa HEeoOXoauma
CUCTEMa TOCTOSTHHOTO OXJIKICHUS, YTO MPUBOJNUT K YCIOKHEHUIO KOHCTPYKIIHH.
XoTs A peanu3alMu  [peajiaraeMoro MeToJa He Tpelyercs cucTeMa
OXJIAKJEHUS, TEM HE MEHee, €CTb MOTPEOHOCTh B COPOIIMOHHBIX MaTepHaiax
(yrmepom), martepuanax, YCKOPSIONIMX TPOIEcC copOomuu (HUKENb, HATPUN),
OpTraHM3aIli CUCTEMBI HarpeBa Jyist IECOPOIIMH BOAOPO/IaA.

MaccorabapuTHble  mapaMmeTpbl  OMNPEACNAIOTCS  HEMOCPEICTBEHHBIM
00BeMOM, KOTOpBII 3aHMMaeT Boxopod. Heobxoaumo yuecTb, 4TO pa3nuyHbIC
CIocOoOBI XpaHEHHUs BOJIOPO/A MCTOIB3YIOTCS JUIsl Pa3IMUHBIX 1eneil. B tabnmie
3.1. moka3zaHo, 4YTO HauWMeEHbIlIee NOTpeOIeHHEe BOAOPOJa y COPOIIMOHHOTO
crocoba XpaHeHHWs, a 3HAYUT W BCS CHCTEMa XpaHEHHsl OyJaeT HeOOIbIIOoN
OTHOCHUTEIILHO CYIIECTBYIOLIUX CITOCOOOB.

Konkypenrocnocobnocts metoma. Ha cerogusmmnuii JeHb CYIIECTBYET
NOTPEOHOCTh B CO3/IaHWU O€30MacHOW CHCTEMbl XpaHEHHUS BOIOPOJ]A, TaKUM

o0OpasoM, mpenyiaraeMblii BapuaHT Oy1eT HanboJiee KOHKYPEHTOCTIOCOOEH.
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CroumocTh pa3paboTKu  SIBASETCS  caabbIM  MECTOM  IpeajiaraeMoi
TEXHOJOTHH. B OT/IHYMe OT CyIIECTBYIOIIMX CHOCOOOB HEOOXOAMMBI 3aTpaThl HA
HAy4YHO-UCCIIEeI0BATEILCKUE U ONBITHO-KOHCTPYKTOPCKHUE PAOOTHI.

IIpennmonaraemeli CpOK OKCILlyaTauuu. BBuay TOro, 4ro yriaepoJaHbIe
Ta0JETKU OYIyT MOJBEP>KEHBI PA3TMYHBIM paspyliaroniuM daktopam (BuOpanus,
U3MEHEHUE TEeMIIepaTyphl OKpPYXKAIoIIed Cpelbl, MePUOAUYECKOE IOBBIIICHUE
JIABJICHUS ) CPOK UX CITYKOBI OyJIeT HUKE, UeM y CYIIECTBYIONIUX CTIOCOOOB.

B Tabnuue 3.2. npencraBiieHa CpaBHUTENbHAS OLEHOYHAS XapaKTepUCTHUKA
N0 TPEACTABICHHBIM BBIIIE KPUTEPUAM, [JIsI TPOBEIACHHS CpPaBHEHUS ObLIH
BbIOpaHbl TpU BapuaHTa (cmocoba) XpaHEHUs BOIOpOJAa: BapuaHT 1 —
razoo0pa3usbiii (k1); BapuaHT 2 — xxuakui (k2); BapuaHT 3 — copOUpoBaHHBIN ().

Tabmuma 3.2 — OueHouHas KapTa Ui CpPaBHEHHUS KOHKYPEHTHBIX

TCXHUYCCKHUX pCHIf?HI/Iﬁ

K Bec bajuisl KoHKypeHTO-c10COOHOCTh
PUTEPHH OIICHKH I By B, | By K, K, K,
1 2 3 4 5 6 7 8
TexHUYECKHEe KPUTEPUU OLIEHKH pecypcodrhHeKTHBHOCTH
I.CaoxerocTs 0,15 3 4 | 4 | 045 | 06 0,6
pean3aun
2. HeoOGxommumocTh
OXTAK e HHS 0,2 5 4 3 1 0,8 0,6
3. HanexxHoCTh 0,1 5 3 0,5 0.4 0,3
4. be3onacHOCTh 0,2 5 3 3 1 0,6 0,6
5. I[ToTrpebHOCTH B
MaTepUATbHBIX 0,1 3 5 4 0,3 0,5 0,4
pecypeax
6. MaccorabapurtHsie 0,05 5 3 4 0,25 0.15 0.2
napameTphbl
DKOHOMHYECKHE KPUTEPHH OLIEHKHU 2P (HEKTUBHOCTH

1. Konkypernro- 0,05 4 4 | 4 | 02 | o2 0,2
CIIOCOOHOCTH METOIa
2. Croumocts 0,05 30 5 | s | o1s| 025 | 025
pa3paboTku
3. IlpennonaraeMblii 0.1 3 4 4 03 0.4 0.4
CPOK JKCIUTyaTalluu ’ ’ ’ ’
Hroro 1 4,15 3,9 3,55

Ha ocHoBaHMM TNpeICTaBICHHOTO BBIIIE aHAM3a MOXHO CHENaTh BBIBOJ,
YTO MCCJIEAOBAHHBIN B JAaHHOM JAUCCEPTALIMOHHON paboTe crocod TabieTUpoOBaHUs
yriepoga ¢ IEeIbl0 XpPaHEHUsS BOJOPOJHOTO TOIUIMBA SIBISETCS TEPCIEKTUBHBIM

Uil JanbHeWmmx — uccnefoBaHuil.  KOHKypeHTHBIE  CHOCOOBI  XpaHEHUS
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HEJOCTAaTOYHO YIOBJIETBOPSIOT B 00JacTH O€30MacCHOCTH M MO MaccorabapuTHBIM

napameTpam.

3.1.3 SWOT-anainu3

SWOT — nmpencraBisieT co00OM  KOMIUIEKCHBIM — aHAIM3  HAy4YHO-

uccienoBaresbckoro npoekra. SWOT-aHanu3 npuMeHsIOT i UCCIIeI0BaHUA
BHEILIHEN U BHYTPEHHEW cpefbl poekTa [29, 30].
Jlns nposenenuss SWOT-aHnanu3a cHavajia onpeiesiuM CUJIbHBIE U CiiaOble

CTOPOHBI, BO3BMOKHOCTH M YI'PO3bI ITPOCKTA. PGSYJ'IBTEIT MpcaACTaBJICH B Ta6n1/1ue

3.3.

Ta6muna 3.3 — Matpunia SWOT, niepBblii 3Tan

CuyibHBIE CTOPOHBI
NMpoeKTAa:

C1. Huzkasa
CTOMMOCTh
IIPOU3BO/ICTBA.
C2. be3zomacHOCTb
IpU XpaHEHUH U
VICIIOJIb30BaHUH.
C3. Texanueckas
MpOCTOTa
OCYILIECTBJICHUS
METO/Ia.

Cia0ble cTOPOHBI
NnpoeKTa:

Cnl. Texuuuyeckui
yTIIepO/1 TUI0XO
coxpansieT ¢hopmy 0e3
mactudukaropa
MOCJI€ MPECCOBAHUS.
Cn2.
NupuBuyanbHbIN
1mo100p BETMYHHEI
TaBJICHUS TIpecca u
BPEMEHU BBIJIEPIKKHU
TabIETOK

Bo3mo:xHOCTH:

B1. Bo3pacranue cripoca Ha
TE€XHOJIOTHIO U3-3a IMIUPOKOU
00J1aCTU IPUMEHEHUSI.

B2. Bo3aMOXHOCTB
BHEJIPEHHS B MACCOBBIE
IIPOU3BO/JICTBA.

Yrpo3bi:
V1. OrcyrcTBHE cripoca Ha
TEXHOJIOTHIO.

B tabnumne 3.4 npencraBieHa MHTEPAKTUBHAS MaTPHUIA MPOEKTa, B KOTOPOM

IMOKa3aHO COOTHOIICHHUEC CHUJIbHBIX CTOPOH C BO3MOXKHOCTAMH H ca0BIX CTOpPOH C
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yrpo3aMu, 4YTO TMO3BOJIIET OoJjiee MOAPOOHO PACCMOTPETh IMEPCIEKTUBBI
pa3paboOTKH.

Ta6muna 3.4 — Matpunia SWOT, Bropoii aTan

BosmoxuaocTH CusbHBIE CTOPOHBI POEKTA
IIPOEKTa Cl C2 C3
Bl + + +
B2 + + +
BosmoxuaocTH CrnaOble CTOPOHBI MPOEKTA
MMPOEKTA Cnl Cn2
Bl - +
B2 - +
Yrpo3bl CunbHbIE CTOPOHBI TPOEKTA
IIPOEKTa Cl C2 C3
Vi + + +
Yrpo3sl CrnaOble CTOPOHBI MPOEKTA
MMPOEKTA Cnl Cn2
Y1 - +

B Marpune mnepeceyeHHsi CHIIBHBIX CTOPOH M BO3MOYKHOCTEH HMEET
ONpEAENICHHBIM pPE3yJbTaT: «+» — CHUIBHOE COOTBETCTBUE, «-» — claboe
COOTHOILIEHUE, «0» — €CIIN €CTh COMHEHUS B TOM, UTO IIOCTABUTh «1) HIIH «-).

Utorosas matpuna SWOT-ananu3a npuseaena B Tadmauue 3.5.
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Tabmuma 3.5 — Utorosas matpuria SWOT

CuiibHBIE CTOPOHBI

Ciabble cTOPOHBI

NnpoeKTa: NnpoeKTa:
C1. Huzkas Cnl. Texuuueckuii
CTOMMOCTD YTIAEPO/I TI0XO
IIPOU3BO/ICTBA. coxpanseT hopmy 6e3
C2. bezonacHocTh NIpH | M1acTU(UKaTOpa MOCIe
XpaHEHUH U IIPECCOBAHMUSI.
UCIIOJIb30BAHUU. Cn2. UHnuBuayanbHBIN
C3. Texunueckas noA00p BETUYUHBI
IpocToTa JABJIEHUS TIpecca U
OCYUIECTBJICHUS BPEMEHU BBIIACPIKKU
METO/1a. TabJIETOK
Bo3moxHocTH: 1. IIpocrota B 1. Bce nepeuncnennbie
B1. Bo3pacranue cripoca Ha | HCIIOJIb30BaHHUU MHHYCBI MOT'YT
TEXHOJIOTHIO U3-3a IIUPOKOHN | TIOJTyICHHE OTPHUIIATETHLHO MOBIIUATH

o0JacTu MPUMEHEHUSI.
B2. Bo3amoxxHOCTE
BHEJIPEHUSI B MACCOBBIC

pE3yNbTaTOB B
KOPOTKOE BpeMsl,
oOJier4aeT BHEIpEHNE

Ha BO3MOZKHOCTbB
BHCAPCHHA B MaCCOBOC
IMPpOU3BOACTBO.

IPOU3BOJICTBA. METOJIMKU B MaCCOBOE
IPOU3BOJICTBO.
Yrpo3bi: 1. HeGonpbiue tpatel | 1. OnacHblie pakTopsl U

VY1. OrcyrcTBHE Cripoca Ha

TCXHOJOI'HUIO.

13-3a BO3MOKHOCTHU
BIIMSIHUS HA TIPOLIECC
MOBBICSAT CIIPOC HA
TEXHOJIOTHIO.

OTCYTCTBUE
BbIpa0OTaHHOM
METOJIMKU, CBSA3aHHBIE C
HOBHM3HOU METO/1a,
MOT'YT CKa3aThCs Ha
3aMHTEPECOBAHHOCTHU
WHBECTOPOB.

Taxum o6pas3om, Ha ocHOBe pe3ynapTaToB SWOT-aHanu3a MOXHO cenaTh

BBIBOJ O TOM, YTO TPYAHOCTH H HpO6JICMI>I, C KOTOPBIMH TaK HJIHM HMHAYC MOXKCET

CTOJIKHYTbCA I[&HHBIﬁ HCCHGI[OB&TCHBCKI/Iﬁ IMPOCKT MOKHO 6YI[€T peNTb 3a CUCT

UMEIOLINXCS CUIIBHBIX CTOPOH pa3pabOTKH.

3.2 Uauumuanusi NpoeKkTa

B HHUOWAIOWIO IIPOCKTa BXOAUT I/IH(i)OpMaHI/I}I 0 3auHTCPCCOBAHHLIX

CTOpOHAX MPOEKTAa, UEPAPXUU 1IEJIeH MPOEKTA U KPUTEPUIX TOCTHKEHHUS 1IEJICH.
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[Ton 3aMHTEpEeCOBAaHHBIMU CTOPOHAMHU TPOEKTA TMMOHUMAIOTCS JIMIA HIIH
OpraHu3aluy, KOTOPhIE aKTUBHO YYaCTBYIOT B NMPOEKTE MM MHTEPECHI KOTOPHIX
MOTYT OBITh 3aTPOHYTHl KaK TIOJIOKUTEIBHO, TaK M OTPHIATEIBHO B XOJE
VCTIOJTHCHUS! WJTU B PE3YJIbTATe 3aBEPIICHUS IMPOCKTA.

HNudopmarmss 0 3aMHTEPECOBAHHBIX CTOPOHAX MpPOEKTa, WH(popMaIms o
HeNsIX W pe3ysbTaTax MpoeKTa, padoyas rpyIa MpoeKTa U OrpaHUueHHs MPOEKTa
npuBeneHbl B Tabnunax 3.6 — 3.9.

Ta6nuna 3.6 — 3anHTEepecOBaHHBIE CTOPOHBI ITPOECKTA

3anHTepecoBaHHBIE CTOPOHBI

OknaHusl 3aHHTEPECOBAHHBIX CTOPOH
NMpoeKTa

HMcnonp3oBanue aHainm3a Il JajibHelmen
HUN ONTUMM3ALMU IIPOLIECCA CIIEKAHUS YIIEPOIHBIX
TabJICTOK.

. Hcnonp3oBanue anaauza i1 JajJbHEUIIEH
Kommnannn atToMHOMU

IMPOMBINIJICHHOCTH

ONTHMHM3AIIMH MPOIIecCa CIICKAHUs YIIIEPOTHBIX
TaOJIETOK.

[Tonyyenne MakcUManbHON JOXOAHOCTH B
YacTHbIE HHBECTOPBI .
3aBUCUMOCTH OT BIIOKCHUI

Ta6muna 3.7 — Lenu u pe3ynbTaThl IPOCKTa

[Tonyunth aHaIU3 CBOMCTB YIJIEPOIHBIX MAaTEPUAIIOB,
Iesn nmpoexra:
HCIIOJIb3YEMBIX MPU COPOIMH BOJOPO/IA.
[ToxyunTs aHaIU3 CBOKCTB YIVIEPOJHBIX MAaTEPHUAIIOB,
Oxungaemble UCTIOJIb3YEMBIX TIPU COPOIMH BOJOPO/IA U BEIIECTB,
Pe3yJabTaThl MPOEKTAa: | BHICTYMAIOUINX B POJIM MIACTU(UKATOPOB MpH (habpUKaIIH
TabJIETOK.
Kpurepun npuemxn [Tonmy4yenue pe3ysbTaToOB aHAIN3a CBOMCTB YIJIEPOJHBIX
pe3yJabTara MpoeKTa: MaTEpHAJIOB.
TpebGoBanus k [TomyueHHbIe pH CIICKaHUH TAOJIETKH TOJDKHBI UMETh
pe3yJbTaTy MPOEKTA: | pa3InYHbIA COCTAB, BHYTPEHHIOIO U BHEUIHIOIO TOBEPXHOCTH .
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Tabnuma 3.8 — PaGouas rpynmna npoexra

®dUO, ocHOBHOE
MecTOo padoThl, Posib B mpoexkTe DOyHKUUHA
JOJKHOCTD
Bunses JI.I'., D' AOY
KOOpPIUHAIIHS TIPOEKTA;

BO «HammmoHnanbHBIM

BBIOOp HAIIpaBJICHUS UCCIICIOBAHUS;
HUCCIIEIOBATEIbCKUN

COCTABJICHHE U YTBEPKACHUS TEXHUUYECKOTO
Tomckui PykoBogurens
3aJIaHus;

HOJIUTESXHUYECKUHU

KaJICHJIapHOE TIJIaHUPOBaHKUE padoT;
YHUBEPCUTET,

000011IeHHE U OIIEHKA PE3yIbTaTOB.
npodeccop
TperpsikoBa A.B.,

BEIOOD HAIIPABJICHUS UCCIICIOBAHMS;
PI'AOY BO

KaJICHJIapHOE TJIaHUPOBaHUE padoT;
«HarmmmonansHbIH

0030p UCTOYHUKOB WH(DOPMAITUH;
HCCIEIOBATEILCKUM
Hcnonaurens MPOBEJCHUE PACUETOB;
ToMmckui
COCTaBJICHUE OTYETA;
MOTUTEXHUYCCKUI
aHaJIU3 MOJTYyYEHHBIX JTaHHBIX;
YHUBEPCUTET,
MOJBEAEHUE UTOTOB.

MarucTpaHT

Tabnuma 3.9 — OrpannueHus npoekTa

dakTop

OrpanuyeHus/10myeHust

broker npoekra

He nomxen npessimats 160 000 py6.

Hctounuk punancupoBanus

Cpenctea ®I'AOY BO HU TIIV.

Cpoku mpoekTa

3amaHye Ha BBIIOJHEHHE HCCIEIOBAaHUMN

JIOJDKHO OBITH yTBepkaeHO K 15.02.2023.

PaGora pomkHa OBITH BBIIIOJIHEHA K

20.05.2023

OrpanudeHue pabouero BPEMECHHU
[Tpoune orpaHUYCHHS U JOMYIICHUS YYaCTHUKOB TMPOEKTa (PYKOBOAMTENSA U

UCITOJTHUTEIIA).
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3.3 Il.1anupoBaHue yNpaBJieHUs] HAYYHO-TeXHUYECKHM MPOEKTOM

3.3.1 Uepapxudeckasi CTPyKTypa padoT NpoeKTa

Uepapxuueckas ctpykrypa padbor (MCP) — peranuzanusi yKpymHEHHOM

CTpYKTYphI padot. B mpomnecce cozmanust UCP cTpykTypupyercst u onpenensercs

coaepkanue Bcero npoekra. ICP npuBenena Ha pucysnke 3.1.

BLIMyCKHAR
KBTI HEAUHOHHAR
pabora
|
| I ] I |
Paspabotka Bubop Teopeniveckte u Ofobmenne —| Odopatnenne
TeXHHYECKOTO — HANPARNEHINA |  —~{ JKCHEPHMENTAILHEE It OlEHED or4eTa no HHP
TATAHIE HCCARTOBARILN HCCNEI0BAHIA PEIVALTATOR
Cocrannense
C?Icru:;l;ﬁ :l H?nﬁc:p i Hayuemie — OSCHUTENRHO
YTBEp || HIYMeHNe || BOBIOMHOCTEN IAMMCKI
TEXHHYECKOTO MATEPHATOR pm&rauﬂ
JANAHNA no Tese
MOZeIH Tiposepsa
MPABINBHOCTH
Kanenmaptos Ocsoenne — BatmonHenns TOCTa
-] MMaHIpOBaKKe | [T METOIHEM noscHMTeILHO
pabot pac4éra JATICK
|| Tlpoeegenne || Moarotoska
pacucTos K SAlmie
AHami3
| TOTYUEHHRIX
OaHHEIX

Pucynox 3.1 — Mepapxudeckast CTpykTypa padoT
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3.3.2 KoHTpOJIbHBIE COOBITHS MPOEKTA

KitoueBbie cOOBITHS HCCIEAOBATEIBCKOTO MPOEKTA, UX JAThl U PE3yJIbTaThl

npuBeeHbl B Tabnuie 3.10.

Tabnuma 3.10 — KonTposnbHbie COOBITUS TPOEKTA

No KontponbHOE coObITHE Jara PesynbTar

| Paspaborka Texmiieckoro 1.02.2023 Tpukas o VST
3aganusa Ha HUP
CocTtaBneHue U YTBEPKICHUE 3anamme Ha

2 YTBEPAIL 3.02.2023 BBITIOJIHEHUE
TEXHUYECKOTO 3aJaHus

WCCJICTOBAHHUSI

3 Br16op HaIpaB/IeHHs 5.00.0023
HUCCIICA0BaHUU

4 [TonGop u u3ydueHne MaTepruagoB 7.00.2023 Oruer
1o TeMe

5 | Kanennaproe nnanuposasie 12.02.2023 Inan paGot
pabot

6 I/ISYIIGHI/ICVBOSMOX(HOCTGI/I 13.02.2023 Oraer
pacdeTHOI Moaenu

7 OcBoeHHE METOIMKH pacueTa Ha 14.02.2023 Oruer
NPaKTHUKE

8 | IlpoBenenue pacueToB 15.02. 2023-28.03.2023 Otyer

9 | AHaJIM3 NOTYYEHHBIX TAHHBIX 29.03.2023 OTtuer

10 | ©bobmere 1 oueHKa 30.03.2023 Oruer
pe3yIbTaTOB

11 CocTaBiieHrEe NOSICHUTEILHOMN 1.04.2023-25.04.2023 IlosicHuTenpHAS
3aITUCKU 3aIucKa
IIpoBepka npaBUIBHOCTH n

12 | Bomonsenns TOCTa 26.04.2023 OACHHTCIbHAL

. 3aIucKa

IIOSACHUTECIIbHOU 3aIllMCKU

13 | IToAroToBKa K 3aIquTe 27.04.2023-

AATOTOBIRA K sattt 22.05.2023
3.3.3 Ilnan npoekra
B pamkax 1UtaHUpOBaHUS ~ HCCIEIOBATEIBCKOTO MPOEKTa IMOCTPOCH

KaJICHJApHBIA MUIaH-Tpa@uK ¢ MOMOLIbI0 auarpammel ['anta. B nanHoM ciydae

pa60TBI mo TEMC MPCACTABIAIOTCA IPOTAKCHHBIMU BO BPCMCHH OTPC3KAMH,

XapaKTepU3yIMMHUCS JaTaMU Hayalla 1 OKOHYaHUsI BRITIOJIHEHUS padot [29, 31].

JIuneiHpIil rpa@uK M KaJeHAAPHBIA IUIaH-Tpa(UK MPOBEICHUS HAYYHOTO

uccieoBanus npeacTaBieHbl B Tadnumax 3.11 u 3.12 cOOTBETCTBEHHO.
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Tabnuma 3.11 — KanengapHslii iad mpoekra

Kon
paboTsl

HazsBanue

JmuTensHOCTS,
JTHU

Hara
Havaa
pabor

Hara
OKOHYaHUA
pabot

CocrtaB
YYaCTHUKOB

Pazpabotka
TEXHHYECKOTO
3alaHusA

1.02.2023

2.02.2023

PykoBoauTens

CocraBneHue u
YTBEPXKICHUE
TEXHUYECKOIO
3aJaHUA

3.02.2023

4.02.2023

PykoBogurens

Br16op
HaHpaBHeHHH
HUCCIIEe0BaHUN

5.02.2023

7.02.2023

PykoBoaurens,
HUCIIOJIHUTEND

[MoxGop u
U3ydCHUE
MaTepualioB o
TEeMe

8.02.2023

10.02.2023

HUcnonuurenn

Kanengapnoe
IJIAHUPOBAHUE
pabot

11.02.2023

13.02.2023

PykoBoaurens,
VCIIOJIHUTEIIb

N3yuenune
BO3MOXHOCTEH
pacueTHOU
MOJENN

14.02.2023

14.02.2023

Wcnomuurens

OcBoenune
METOIUKHU
pacdera Ha
MIPAKTUKE

15.02.2023

15.02.2023

Wcnomuurens

IIpoBencHue
pacyeToB

41

16.02.2023

28.03.2023

HUcnonaurenn

Ananus
MOJTYYCHHBIX
JaHHBIX

29.03.2023

29.03.2023

HUcnonaurenn

10

O0001eHue 1
OLIEHKA
pe3yJIbTaTOB

30.03.2023

30.03.2023

PykoBoaurens,
HUCIIOJIHUTEND

11

CocraBienue
MOSICHUTEIbHOMN
3aIIMCKHU

25

1.04.2023

25.04.2023

HWcnonaurenn

12

IIpoBepka
HpaBHHBHOCTH
BBITTOJTHCHUS
I'OCTa
MMOSICHUTEILHOM
3aIMCKU

26.04.2023

27.04.2023

PykoBoaurens,
HUCIIOJIHUTEND

13

IToaroroBka k
3alIUTe

56

27.04.2023

22.06.2023

HWcnonaurenn
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Tabmuma 3.12 — Kanenpmapuelii 1iaH-rpauK MPOBENEHUS HAYYHOTO

HCCICAOBaHUA

No

Bun pador

Wcnonuurenu

Tk,
KaJI.OH.

HpOI[OJ'DKI/ITeJ'IBHOCTB BBITIOJIHCHU p3.60T

®eppans | Mapt | Anpens

Main

Hronsn

11213 (1]2]3[1]2]3]1

2|3

1

2

PaspaboTka
TEXHHYECKOTO
3aJIaHus

PykoBoautens

CocraBienue u
YTBEPXKICHUE
TEXHUYECKOIO
3aJaHNAS

PykoBoautens

Br16op
HaIpaBJIeHUS
HUCCIIeJOBaHUN

PykoBogutens,
UCIIOJIHUTEIb

ITon6op u
U3yYeHHUE
MaTEepHasIoB IO
TeMe

Ucnonaureins

=
.
n

Kanennapnoe
IUTAHUPOBAHNE
pabot

PykoBogutens,
UCIIOJIHUTEIb

Z

[

N3yuenne
BO3MOXHOCTEN
pacueTHoOu
MOJIETTU

Ucnonaurens

OcBoeHue
METOIUKHU
pacueTa Ha
NPaKTHKE

Hcnonuureins

[IpoBenenue
pacyeToB

HUcnonuurens

41

Amnanus
TTOTYyYEHHBIX
JTAHHBIX

Hcnonuureins

10

O06001eHne n
OILlEHKA
pe3yabTaToB

PykoBogutens,
UCIIOJIHUTEIb

11

CocTasiieHue
MHOSICHUTENbHOMN
3aIIMCKU

Hcnonuureins

25

12

IIpoBepka
MPaBUIIBHOCTH
BBIITOJTHCHUS
I'OCTa
MOSICHUTEIbHOM
3aIUCKHU

PykoBoautens,
UCIIOJHUTEIb

13

IloaroroBka k
3aIUTE

Ucnonaurens

26

— PykoBoauTeIh

. — VICrIOJIHUTENb
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3.4 Bro:KeT HAYYHOT0 UCCJIeJ0BAHUS

[Ipu mnanupoBaHWM OFOKETa WMCCIEIOBAHUSA JIODKHO OBITh 00€CIeueHO
MIOJTHOE W JIOCTOBEPHOE OTPaXCHHWE BCEX BHIOB PACXOJOB, CBSI3aHHBIX C €Tr0
BEITIOJIHEHUEM. B mporecce ¢popmupoBanusi OrOIKETa UCTIONB3YETCS CIIEMYIONas
TPYNIIUPOBKA 3aTPAT MO CTAThSIM:

- MaTepuaIbHbIC 3aTPaThI;

— OCHOBHas 3apab0THAs IJ1aTa UCTIOJTHUTEIIEH TEMBI;

— OTYHCJICHUSI BO BHEOIOKETHBIE (DOHIBI (CTPAaXOBbIE OTUUCIICHHS);

— HaKJIaIHBIC PACXOBbI.

3.4.1 Pacyer MaTepHaJIbHbIX 3aTpaT

Pacuer MAaTCPUAJIBHBIX 3aTpaT OCYIICCTBIIACTCA 110 CHCI[YIOH.[CI\;I (I)OpMy.]'Ie:
m
C'M = (1+kT)Zul 'Npacxi g
i=1

rie m — KOJUYECTBO BHUAOB MAaTEpPHUANIbHBIX PECYpCOB, MOTPEOIEMbIX MpU
BBIMIOJJTHEHUM HAYYHOIO HCCIENOBAHUS; Npacxi — KOJMYECTBO MATEPHAIIBHBIX
pPECYpCOB I-I0 BUJA, INITAHUPYEMBIX K UCITOJIB30BAHUIO MPU BBIINOJIHEHUU HAYYHOIO
uccnenoBanus (WIT., Kr, M, M> ¥ T.1.); []; — LeHa NpUOOpETEHHs €IUHUIBI i-T'O
BHJA TOTPEOISEMBIX MATEPUAILHBIX PECYPCoB (py0./mT., pyb./KT, py0./m, py0./m?
U T.J.); kr — KOd(pQUIHMEHT, YyYUTHIBAIOUIUI TPAHCIOPTHO-3aTOTOBUTEIbHBIC
pacxonpl, IpUHUMAKOTCA B mpenenax 15 — 25 % ot croumocty Marepuasios [29,
30].

OCHOBHBIMHM 3aTpaTaMu B JaHHOW HCCIIEJOBATEIbCKON paboTe SBISIOTCS
3aTpatrhl Ha 3JeKTpodHepruto. [IporpammHoe obecreueHne no oOpa3zoBaTEIbLHBIM
aumeH3usM OecriaTHoe. Pe3ynpTaThl pacueToB MO 3aTpaTaM Ha MaTepHAaIb
npuBeIeHbBI B Tabmuie 3.13.

3aTpathl Ha 3JIEKTPOIHEPTUIO PACCUUTHIBAKOTCS CIEAYIOIIUM 00pa3oM:

C=4, P-Fg,
rae L],, — Tapud Ha snexTposnepruto, 11t Tomcka Ha 2023 rox Tapud cocTaBisieT

3,85 py6./(xkBtu); P — MOImHOCTh OOOpPYAOBaHUSA, Yy HCIOJI30BAHHOIO

78



o0opyaoBaHusl MOIIHOCTh MuTaHus paBHa 180 BT (HoyTOyK) u 6 kBT (TpyOuaras
neus); Fos — BpeMs HMCIIOJIb30BaHUs 000pYyI0OBaHUS, BpeMsi HcmHoJsib3oBanus 408
(HOYTOYK) 1 40 u (TpyOuaTas neyn) 4acos.

Pacuer:

C=3,85-(0,18-408+6-40)=1206,74 py6.

Tabnuma 3.13 — MatepuanbHble 3aTPaThl

HaumenoBanue | KooamuectBo, mr. | Ilena 3a ex., pyo. Cw, pyo.
bymara A4 1 250 250

DIEeKTPOIHEprust 313,44 3,85 1206,74

HToro 1456,74

3.4.2 3aTparhl Ha crienaIbLHOE 000PY/I0BaHHE
[Ipu Bemonnenun BKP ucnonbs3oBamock nuuHOEe 00OpyJdOBaHUE U
TpyOuaras meub, pacmnoyioxkeHHas B 10 kopmyce TIIY B 001B aymutopum.

Paccunraem cyMMy aMOpPTU3alMOHHBIX OTYUCIICHUN:

i H -o.-t
Cazzllﬁwz@a &t (3.2)
i=1 3(17
rne Ilsan — cTOoMMOCTh BUAa oOopymoBanus; H, — HOpMa TOIOBBIX

aMOPTHU3AIMOHHBIX OTYUCIEHUHN; gi — KOJMYECTBO €IMHHUIl O0OpYyAOBaHMS; ! —
BpeMst paboTbl obopynoBaHus; @D,, — 3pPexTuBHbI (POHA BpeMEHU pabOThI
000pyI0BaHUS;

B paGore cnenobopygoBaHuem sBiseTcsl HOYTOYK ctouMmocThio 50000
pyOneit u Tpybuaras meub Carbolite STF 15/610 croumoctsio 2850000 py6ieii.
Hopma amoptuzanuu 25 %. Bpems ucnonszoBanust odopynoBanus 51-8/24 = 17
nHelt (HoyTOyK) u 5-8/24 = 1,67 neHb.

0,25-(50000-1-17+2850000-1-1,67)
Ca= 251

=5587,15 pyb.
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3.4.3 3apaboTHas niara ucnosanuresieit BKP

3apabotHas miata wucnogauteneii BKP ckimanmeiBaeTcs M3 OCHOBHOW W

JOTIOJTHUTEIBHOM:
Con = 3oen + 3s0n (3.3)
OcHOBHYI0 3apa0OTHYIO IJIATy MOYKHO OINPEACIIUTh TaK:
Boen = 3o 'Tpa6 > (3'4)
rne 3, — cpeaHenHeBHas 3apaOoTHas miara  paboTHHMKA,  Tpas

IPOAOKUTEIHLHOCTD PaloT.

CpenneaneBHas 3apaboTHas miata pabOTHUKA omnpeaensercs no Gopmyse:

3, M
30H:M—
Fﬂ

(3.5)

rae 3y — MeCSYHBIH JOJKHOCTHOW OKJaj paboTHUKa; M — KOIUYECTBO
MecseB paboTel 6e3 ormycka B TeueHue roaa (10,4 mecsua, npu otmycke B 48
pabouux nHel, 6-gHeBHas Hepens); Fj — pacyeTHBIM rofoBod (QoHI padouero
BpPEMEHH IepCcoHaa.

Ta6muma 3.14 — PacueTHsIil ro10Bo# (hoH pabouero BpeMeH!

IToka3aTenn padoyero BpeMeHu PykoBoauresnb CryneHr

KanennapHoe uucio e 365 365

KonuuectBo Hepabouux nHei
-BBIXO/IHEIE JTHU 52 52

-IIpa3AHUYHBIC THUA 14 14

[ToTepu pabouero BpeMeHu
-OTIYCK 48 48

-HEBBIXO/IbI 10 0OJIE3HU - -

JleficTBuTenbHBIN T0M0BOM GOHA padouero
251 251

BPEMEHHU

Pacuet cpennenHeBHOM 3apabOTHOM MJIATHl U OCHOBHOM 3apa0OTHOM TLIATHI

JUTsl HAYYHOTO pyKoBoauTens (okian mpodeccopa, mokropa Hayk 52700 py6.):
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_ 68510-10,4
. 251

3., =2838,7-16=45419,2 py6.

3, =2838,7 pyo.

Jnst ctynentra (mpu pacuerax MPUHUMAETCA, YTO OKJAJ CTyAeHTa

IPUHUMAETCS PaBHBIM MUHUMAJIBHOMY pa3Mmepy ormiaTsl Tpyaa 13890 pyo.):

_18057-10,4
" 251

3, =748,2-56=41899,2 py6.

3, = 748,2 pyb.

Ta6muma 3.15 — PacyeT ocHOBHO# 3apaOOTHOM TIaThI

HNcnonnurtenn | 3y, pyo. ky 3ms PYO. | 3uu, PYO Tr, Foar
pao.aH. pYyo.
PyxoBonutens | 52700 1,3 68510 2838,7 16 45419,2
HcnoaHuTtenn 13890 1,3 18057 7482 56 41899,2
Hroro 87318,4

3aTtpaTbl MO JAONOJHUTEIBHON 3apa0OTHOM IJaTe HCIOJHUTENEH TEMbl
YYUTBIBAIOT BEJIMYMHY IPEAYCMOTPEHHBIX TpynoBbIM Konxekcom P® pomar 3a
OTKJIOHEHHE OT HOPMAJbHBIX YCJIOBUH TPYyJa, a TAKXKE BBIILIAT, CBA3AHHBIX C
o0Oecrie4yeHneM rapaHTui U KOMIIEHCAIMi (MpU MCIOJHEHUH T'OCYJAapCTBEHHBIX U
OOIIIECTBEHHBIX O00S3aHHOCTEW, MpPHU COBMEUICHHH pabOThl ¢ OOydYeHHeM, MpU
IPEIOCTABIICHUH €KET0THOTO OIUIAYMBAEMOT0 OTIyCKa U T.1.).
3,0, (3.6)

3,.,=k

oon oon

rae 3,n — JOMOJHUTENbHAs 3apaboTHas 1wata, pyo.; kyn = 0,14 —

KOA((PHUIMEHT TOMOTHUTENBHOM 3apIuiaThl; 3ocn — OCHOBHAS 3apabOTHas IuIaTa,

pyo.
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Tabmuma 3.16 — 3apaboTtHas iata ucnoaHuTeneir BKP

3apaboTHas 1uata PykoBonurens Hcnonnurens
OcHoBHas 3aprarta 3oc, 454192 41899.2
pyo.
JlononHUTEIbHAS 6358.69 5865.89
3apruiata 3yon, pyo.
Hroro 1o cratbe 35, pyo. 51777,89 47765,09
HToro 99542,98

3.4.4 OTuuciaeHus BO BHeOW/IKeTHbIE (OHIBI
BenuunHa oTuMcieHul BO BHEOIOJKETHBIC (OHABI OIpEAeseTcs 0
dbopmyre:

C k.3 (3.7)

ene6 — Nene6 obw *

T€ Kewes — KOI(D(PUIMEHT OTYMCIEHHMH HA YIUIaTy BO BHEOIOKETHBIE (HOHJBI,
Bapeupyercs ot 30 go 35 %. Ilpu pacuerax mpumem, 9T0 kges = 30,2 % nmms
00pa3oBaTeNbHbIX U HAYYHBIX YUPEKICHU.

W3 mnpenpiaymmx MTyHKTOB, 3osm = 133786.3 py6. Torma BenuumHa

OTYHMCJICHUM COCTaBUT:

C,.;=0,302-99542,98 =30061,98 py6.

sHeb
3.4.5 HaknagHble pacxoabl

Boruncnenue HakiIagHbIX pacXxo0B MPOU3BOAUTCS 1O (hopmyie:
CHaK'./Z = kHaK]l ) 3173 (3 '8)

1€  Kkyaxn — KOIPDPUIMEHT HAKIAIHBIX PACXOJOB, MpPU pacyere MpUMEM

paBHbIM 16 %.

C,..=0,16-106586,87 =17053,9 py6.

3.4.6 ®opmupoBanue 0101xkxera 3arpar BKP
Ha ocHoBaHWYM MTPOBEICHHBIX PACUETOB, COCTABUM TAOJHITY C MOTYICHHBIMU

3aTpatamu BKP.
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Tabnuma 3.17 — bromxet 3atpat BKP

3aTpartsl Cymma, pyo.
MarepurasibHbI€ 3aTPaThI 1456,74
3arpaThl Ha CTIEIMAILHOE 5587.15
000pyI0BaHUe
3apaboTHas 1iaTta UCIIOHUTENeH 99542.98
IPOEKTa
OTtuucneHus Bo BHEOIOKETHBIE (DOH/TBI 30061,98
HakuiaiHple pacxo/ibl 17053.9
Hroro 153702,75

3.5 Omnpenesienne pecypcHoii (pecypcocOeperawineii), (pMHaAHCOBOW,
OI0/I’KE€THOM, COLUAIbHON M IKOHOMUYECKOH I(PPeKTUBHOCTH HCCIIeI0BAHUS
WNHTerpanbHbIi OoKa3aTellb pecypcordHeKTUBHOCTH BapUAHTOB

HUCIOJIHECHUS OOBEKTa HCCIICJOBAHUA  MOXHO  OHNPCACIUTL II0 (I)opMyﬂe

I = Z a b, . -
P re Ip;— HHTErpaNbHbIN OKa3aTe b PECYPCOIPHEKTUBHOCTH 1A i-

ro BapuaHTa UCTIOJIHEHUS pa3pabOoTKH;a; — BECOBOM KOI(PPUIMEHT 1-rO0 BapUaHTa

HCIIOJIHEHUsT pa3paboTku; bf

,bP— GanpHas onemka i-ro BapHaHTA MCIIONHEHHMS
pa3paboOTKK, YCTaHABIMBAETCS OKCIEPTHBIM IIyTEM IO BBHIOpAaHHOW IIKaje
OLICHUBAHMSI.

Pacuer wuHTerpaspHOoro mokaszatens pecypcodPPEeKTUBHOCTH ITaHHOTO
UCCIIeIOBaHMs TpeacTaBieH B Tabnuie 3.18. B kauecTBe aHamora BBICTyMaeT
xunKas (aza, Kak BTOPOi croco0 XpaHeHUs! BOJOPOa.

Ta6muma 3.18 — CpaBHuUTeNbHAs OIIEHKA XapaKTEPUCTUK BapUAHTOB

HNCIIOJIHCHUA ITPOCKTA

Kpurepm Becosoii ko3 durment | Texymmit Amaitor
napaMmerpa MPOEKT
1. 9KOHOMUYHOCTH 0,15 4 3
2.Y 100CTBO B 3KCILTyaTalluH 0,15 5 4
3. 3aKpBITOCTh MOJYYAEMbIX JAHHBIX 0,15 4 4
4. JlocTylTHOCTh 0,1 5 4
5. HanmexxHocTh 0,25 4 4
6. 3aTpathl Ha pa3pabOTKy 0,2 4 3
Hroro 1 4,25 3,65
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1,=0,15-4+0,15-5+0,15-4+0,1-5+0,25-4+0,2-4=4,25
1, =0,15-3+0,15-4+0,15-4+0,1-4+0,25-4+0,2-3=3,65.

WuTerpanbHbiii  (DUHAHCOBBIA IMOKa3aTellb pa3pabOTKU OMpenessieTcss Mo

bopmye

D.
]}7 — i ,
v ®max

rae O; — cTouMoCTh i-To BapuaHnTa uctoiaHeHus; P, ,,— MaKCUMaJIbHasi CTOMMOCTD

ncnoaaenus HTU.

@
o BEIPEIZ NN
@ 350000

max

a

Jo_ @, _ 180000 _

@ 200000

max

WNurerpanbHblii  nokazarenb A(PQGEKTUBHOCTH BApUAHTOB  UCIOJHEHHUS
p a
pa3paboTKH (I(bm-lp) u anamora (lg,,,) ONpenensieTcs Ha OCHOBaHWH

UHTETPAJIbHOTO  TOKazarensi  pecypcod(PGEeKTUBHOCTH U HUHTETPAIBHOTO

(brHAHCOBOTO TIOKa3aTess 1Mo hopmynam

fow =7
‘p Iq[g
« _1,
punp __a:
Iqb
1
guu == 4’25 :4,777
717 0,89
I 3,65
I;)MHPZ_Z: ’ :4
X 0,9

CpaBHEHHE MHTETPAIbHOTO MOKa3aTens 3PPEKTUBHOCTH TEKYILIETO MPOEKTa
Y aHAJIOTOB TO3BOJIUT OIPENEIUTh CPABHUTENBbHYIO 3(PPEKTUBHOCTh MPOEKTA.

CpaBuutenbHass >(QQPEKTUBHOCTh MPOEKTa OMpeneisieTcs Mo Qpopmyne

IP
) =% (Tabmuua 3.19).

P
p
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Tabnuma 3.19 — CpaBuutenbHas 3¢ (HEKTUBHOCTD pa3pabOTKH

ITokazarenun Amnanor Pa3zpaboTka
WuTerpanbHblil oka3aTenb pecypcodPPeKTUBHOCTH 3.65 495
pa3pabOTKH W aHAJIOTOB ’ ’
WuTerpanbHblil moka3aTens 3(ppekTuBHOCTH 4 477
BapUAHTOB HCIIOJIHEHHS pa3paOOTKH U aHAJIOTa ’
CpaBaurenbHas 3QPEeKTUBHOCTh BAPHUAHTOB 1.09 112
VCIIOJIHEHUS ’ ’

Ha ochHoBe pacu€Tta HMHTCIrpalbHOI'0 IIOKa3aTciid C OHIPCACIICHUCM OBYX

CPEIHEB3BEIICHHBIX BEJIMYUH: ¢duHaHCOBOM 3G (deKTUBHOCTH U
pecypcodPPeKTUBHOCTH HAYYHOTO HCCIIEOBAHHS MOKHO CIENaTh BBHIBOJ O TOM,
4TO paszpabaTbIiBaeMblii MPOEKT sBIsieTCs Ooniee S(P(YEKTUBHBIM BapUAHTOM

peUICHUA MOCTaBJICHHOMN 3aJ1a4i 110 CPaBHCHHUIO C IPCAJIOKCHHBIM aHAJIOTOM.

85



3.6 BriBoabI 1no pasaeny «PUHAHCOBBIH MEHEe/KMEeHT,
pecypco3dpPeKTUBHOCTH U pecypcocOepexeHne

1.  AnHanu3 KOHKYPEHTHBIX TEXHHYECKMX PpEUIEHMH [OKa3aj, 4YTO
UCIIOJIb30BAaHUE YTJIEPOJHOM MATPHIBI MMEET MPEUMYIIECTBO B HAJEKHOCTH U
3aTpaTax Ha MPOU3BOACTBO TOILJIMBA.

2. N3 SWOT-ananu3a yCTaHOBJIEHO, YTO TPYAHOCTH M NPOOJIEMBI, C
KOTOPBIMU TaK WJIA HHAa4Y€ MOXKET CTOJKHYThCS JaHHBIA HCCIENI0BATEIbCKHIA
IPOEKT MOKHO OyZIeT PEeLIUTh 33 CUET UMEIOIINXCSl CUIIBHBIX CTOPOH pa3pabOTKu.

3. broomxer npoekta coctaBun 153702,75 pyOuneii.

4. [IpousBenena cpaBHHUTENbHAs XapakTepuCTUKa A(HPEKTUBHOCTH
pa3pabOTKM Ha OCHOBAaHMM HWHTETPAJIBHOTIO IMoka3zarens A(P(EeKTUBHOCTH.
Peanuzanusi mpoekTa B TMEpPBOM HCIOJIHEHUU sBisieTcs Oonee 3()PeKTUBHBIM
BapUAHTOM.

3. Onenka abcomtotHoM 3ddextuBHocT HU mokasana, 4To TpOEKT
ABIAeTCA d(PQPEKTUBHBIM C TOYKM 3PEHHUS IEIeCO00Pa3HOCTH HMHBECTHPOBAHHUS

JIEHEKHBIX CPEACTB, CO CPOKOM OKYyMmaeMocTH 2,26 roaa.
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3ATAHUE JIJISI PA3JIEJIA
«COIAAJILHASI OTBETCTBEHHOCTb»

CryneHry:
I'pynna DPUO
0AM11 TperbsikoBoli AHacTacuu BiagumupoBHe
Ikogaa HATHI OTtaenenne (HOIN) OATI
Yposenn Maructparypa Hanpapnenue/cnenuaabHOCTD 14.04.02 Slneprie
o0pa3oBaHus (u3uKa U TCXHOJIOTUHI

HUcxoanble TaHHBIE K pasagensny «ConmuajabHasi OTBETCTBEHHOCTD):

1. XapakreprucTnka 00beKTa HCCIIeIOBaHMS (BEIIECTBO,
MaTepuai, npudop, aJroOpuT™M, METOIMKA, paboyas 30Ha) U
00J1acTH €ro NPUMEHECHUS

OOBEKT WCCIIEIOBAHMUS: CBOMCTBA YTIIEPOJHBIX
MaTepHalloB, HCHOJIB3YEMBIX IIPU COPOLIUH
BOJIOPO/Ia ¥ BEIIECTB, BEICTYIAIONINX B POJIU
1acTU(UKaTOPOB NpH (habpHKalMK TA0JIETOK

[MepeueHpb BOMPOCOB, NOATICKAIIMX UCCICIOBAHHIO, IPOSKTUPOBAHUIO H Pa3pabOTKe:

1. IIpaBoBbIe U OPraHU3ANHOHHbIE BOIPOCHI
odecreyeHUs 6€30MACHOCTH:

—  crenualibHble (XapakTepHble IPH SKCILTyaTaluu
00beKTa nccieI0BaHus, MPOEKTHPYEMOW pabouei 30HbI)
IIPaBOBbIC HOPMBI TPYAOBOI'0 3aKOHOJATE/IbCTBA,

—  OpraHU3alUOHHBIE MEPOIPUSATHS IIPH KOMIIOHOBKE
pabodeii 30HBI.

— Tpynosoit konekc Poccuiickoit denepanuu
o1 30.12.2001 N 197-®3 (pen. ot 19.12.2022);

2. [Ipou3BoAcTBeHHAs] §€30MACHOCTh:

2.1. AHanmu3 BBISIBICHHBIX BPEIHBIX M OMACHBIX (PaKTOPOB
2.2. O60ocHOBaHHE MEPOTIPUATHH 110 CHIKEHUIO
BO3JEICTBUSA

BpenHbie u onacHbie (haKTOPHI:

— OTKJIOHECHHE TIOKa3aTeseil MUKPOKINMATa;

— TIOBBIIICHHBIH YPOBEHB 3JIEKTPOMATHUTHBIX
H3ITYyYEHUH;

— HEIOCTaTOYHas OCBEIICHHOCTH paboueit
30HBI;

— TIOBBIIICHHBIN YPOBEHB IITyMa;

—  TcuX0(U3UOJIOTHYCCKUE (DAKTOPHI;

— ONAaCHOCTb MOPAKEHUS IEKTPUUECKUM
TOKOM.

4. Be3onacHOCTh B ABAPHITHBIX M Ype3BbIYaiHBIX
CUTyalusAX:

— BbIOOp n onucanue TununaHoit ACuYC —
HOXap, yAap TOKOM, TaJieHUE C BHICOTHI
COOCTBEHHOTO POCTa;

— 000CHOBaHHE MEPOIPHUITHIA 11O
npenotBpamennio ACndcC;

— TMOPSAIOK ACHUCTBUN MPU BOSHUKHOBEHUU
ACun4C.

| JlaTra Bpl1aun 3ajianus 1Jisl pa3aesia no JuHeiiHoMYy rpaguky | 27.01.2023
3auaHne BbIIAJ KOHCYJbTAHT!:

JloskHOCTH OUO Y4yeHasi cTeneHb, 3BaHUE Hoanuck JlaTa

Jouent OSTI]

VST TITY ITepenepun 10.B. K.T.H.

3aua}me NMPUHAJ K HCIIOJTHEHUIO CTYACHT:
I'pynna DPUO Hoanuck Jara
0AM11 TpetbsikoBa A.B.
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4 CounanbHas OTBETCTBEHHOCTD

Hannas BKP nampaBiena Ha uicciieqoBaHUE CBONCTB Ta0JIETOK, COCTOSIINX
U3 MOJIEIBHOTO TOIUIMBA U YIJIEPOJHOM MATpHUIbI, HA PA3JIMYHBIX CTAIUSAX HX
W3TOTOBJICHHSI. JKCTIEPUMEHTHI TTPOBOIMINCH B Tabopatopuu Ne 001B 10 xopmyca
TOMCKOTO MOJMTEXHUYECKOTO YHUBEPCUTETa, TMPU ITOM  HCIOJIH30BAJICA
TUAPABIMYECKUN npecc U TpyOyaTas neub pupmel Carbolite.

B pasgene paccMoTpeHBI OMacHble W BpEIHbIE (DAKTOPHI, OKA3BIBAIOIIHEC
BJIMSIHUE Ha MPOLIECC MCCIENOBAHMS, PACCMOTPEHBI BO3JIEUCTBUS HCCIEAYEMOIO
00BEKTa Ha OKPYXKAIOILIYI0 Cpey, MPaBOBBIE M OPraHU3AlMOHHBIE BOIPOCHI, a
TaK)Ke MEPOTIPUSITHSI B UPE3BBIUANHBIX CUTYyAITUSIX.

[Ipou3BOACTBEHHBIE YCIOBHS Ha paboyeM MeCTe XapaKTepU3YITCs
HAJMYMEM OIACHBIX W BPEIHBIX (PAKTOPOB, KOTOPHIE KIACCU(DHUIMPYIOTCS TIO
rpynmnam AJIEMEHTOB: dusnueckue, XUMUYECKHUE, Ouosoruyeckue,
NCUXO(PU3UOTOTHYECKHE.

[Tpu pabdote na IIDBM u Ha o6opynoBanuu: ruapasinueckuii npecc Carver
B, tpy6uaras neus pupmer Carbolite, moaens STF, Ha nHkeHepa BO3AEHCTBYIOT
cnenytomue HakTOPhI:

1. ®uznueckue:

1.1 Temneparypa 1 BIaXHOCTbh BO3/1YyXa;

1.2 Hywm;

1.3 Cratudeckoe 3JIeKTpUUECTBO;

1.4 DnexTpoMarHuTHOE MOJI€ HU3KOM Y4acTOTHI;

1.5 OcBeIIEHHOCTS;

1.6 Hanuuue uznydeHus.

2. llcuxodusnueckue:

2.1 ®usnueckue neperpy3ku (CTaTUuecKue, TMHAMUYECKHE);

2.2 JlnutenpHas, MOHOTOHHas pabora, TpeOyromas MOCTOSHHOM
KOHIICHTpAIUH;

2.3 HepBHo-ncuxuueckue Tneperpy3ku (yMCTBEHHOE  HaIpsKEHUE,

MOHOTOHHOCTh TPY/Ia, SMOIMOHATLHBIE IEPETPY3KH).
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4.1 IlpaBoBble M OpPraHM3alMOHHBIE BOINPOCHI  O0ecHeYeHHs
0e30macHOCTH

4.1.1 TIpaBoBbIe HOPMBbI TPYJAOBOI'0 3AKOHOAATEJILCTBA

OCHOBHBIE TMOJOKEHUSI IO OXpaHE TpyAa W3JIOkKEHBI B TpyJoBOM KOJekce
Poccuiickon ®enepaunu. B 3TOM JOKyMEHTE yKa3aHO, YTO OXpaHa 3I0pPOBbS
Tpyasiuxcsi, oOecrnedyeHue O€30MacHbIX  YCIOBUH  TpyJa, JIMKBUJALUA
npoecCHOHANBHBIX 3a00JIEBaHUN U MPOU3BOJCTBEHHOTO TpaBMaTH3Ma SIBIISIOTCSA
OJIHOM U3 ITaBHBIX 3a00T rOCy/1apCcTBa.

Cormacuo TpynoBomy kojekcy Poccuiickoit deneparuu, Kaxaplid paboTHUK
UMEET IIPaBo Ha:

1) pabouee MecTO, COOTBETCTBYIOIIEE TPEOOBAHUSIM OXpaHbl TPY/A;

2) o0s3aTenbHOE COLMAJIbHOE CTPAaXOBaHME OT HECUYACTHBIX CIIy4aeB Ha
POU3BOICTBE U MPOodeCcCHOHATBHBIX 3a00JI€BaHU;

3) mnoJiydeHHWe  JOCTOBEpHOM  uHQopmaruu  OT  paboTomarerns,
COOTBETCTBYIOIIMX TOCYAAPCTBEHHBIX OPTaHOB M OOIIECTBEHHBIX OpraHU3aIuii 00
YCIOBUSIX W OXpaHE TpyAa Ha paboyeM MecTe, O CYIIECTBYIOIEM pPHUCKE
NOBPEXKIECHUS 3I0POBbs, & TAKKE O MEPAX MO 3aIUTE OT BO3ACHCTBUS BPEAHBIX U
(WJIHM) OTIaCHBIX TTPOM3BOJICTBEHHBIX (PAKTOPOB;

4) oTKa3 OT BBINOJHEHUSI padOT B Cllydae BO3ZHHUKHOBEHHUS OMACHOCTH IS
€T0 KU3HU U 3JI0POBbsI BCIICICTBHE HAPYIICHHS TPEOOBAHUN OXpaHBI TPY/IA;

5) obecrnieueHue cpeacTBaMU MHAMBUAYAJIbHON U KOJUIEKTUBHOM 3alllUTHI B
COOTBETCTBUU C TPEOOBAHUSIMHU OXPAHbI TPYJla 3a CUET CPEACTB pabOTOaATENIS;

6) oOydeHue Oe30mMacHBIM METOJaM M MpHUeMaM TpyAa 3a CUeT CPEICTB
paboToarens;

7) NMYHOE YyYacTUe WIM YYacTHE€ 4Yepe3 CBOUX NPEICTAaBUTENICH B
pPacCMOTPEHHH BOIIPOCOB, CBSI3aHHBIX C oOecreyeHueM Oe30MacHbIX YCIOBHM
TpyJa Ha ero paboyeM MecTe, U B pacCiIeOBaHUM MPOUCIIECAUIETO C HUM

HCECYACTHOTO ClIydas Ha IMPOU3BOJACTBC UJIN HpO(beCCHOHaHBHOFO 32160J'I€B21HI/IH;
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8) BHEouepeHON MEIUIIMHCKUI OCMOTpP B COOTBETCTBUM C MEIUIIMHCKUMU
PEKOMEHAIUSMH C COXPAaHEHUEM 3a HUM MeCTa paboThl (JOHKHOCTH) U CPETHETO
3apaboTKa BO BpEMs IPOXOK/ICHUS YKa3aHHOTO MEAUIIMHCKOTO OCMOTPAa;

9) rapaHTHU U KOMIIEHCAIINH, YCTAHOBJIEHHBIE B COOTBETCTBUU C HACTOSIIIUM
Kozekcom, KOJJIEKTUBHBIM JOTOBOPOM, COTJIAILIEHUEM, JIOKAJIbHBIM HOPMAaTHUBHBIM
aKTOM, TPYAOBBIM JOTOBOPOM, €CJIM OH 3aHAT Ha paboTax ¢ BpPEAHBIMU U (WJIN)
ONACHBIMU yCJIOBUSIMU TPYAA.

Cornacio TpynoBoMy koaekcy Poccuiickoit ®enepanuu HOpMasibHas
MIPOJIOJDKUTEILHOCTh Paboyero BpEeMEHH HE MOXKeT mpeBbimath 40 4YacoB B
Heaeno, padoTtogaTens 00sd3aH BECTH YYET BPEMEHH, OTPabOTaHHOTO KaXKIbIM

paboTHuKOM [32].

4.1.2 Opranm3auMOHHbIE MEPONPHUATHS NPH KOMIIOHOBKe padouei
30HbI HCCJIe0BATENS

PanmonanpHas mmaHuUpoBKa pabodyero Mecra MpeayCMaTpUBAET UYETKHM
NOPSIOK M TMOCTOSHCTBO — pa3MEUIEHUsi MPEAMETOB, CpPEICTB Tpyla u
nokyMmeHTaruu. To, 4To Tpebyercs i BBHINOJHEHHUS paboT dYamie JAO0HKHO
pacnoyiaraTbCs B 30HE JIETKOM JOCSITaeMOCTH paboydero MpOCTPAHCTBA, Kak

n3o0paxkeHo Ha pucyHke 4.1 [33].
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Pucynox 4.1 — 30HbI JOCSATaEMOCTH PYK B TOPU3OHTATBHOM MJIOCKOCTH:
a - 30Ha MaKCUMAaJIbHOM JTOCATAaEMOCTH PYK; O - 30HA JOCATaeMOCTHU NaJbIEB MPU
BBITSHYTOM PYKE; B - 30HA JIETKOW JI0CATAEMOCTHU JIAJIOHU; T - ONTUMAJIbHOE
MPOCTPAHCTBO /JIs TpyOOi pyuHO# paOOThI; 11 - ONTUMAIILHOE MPOCTPAHCTBO IS

TOHKOW PY4YHOU pabOTBHI.
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OnTuManpHOE pa3MeNieHre MPEeIMETOB TPyJa W JOKYMEHTAIlMH B 30HAX
J0CATaEMOCTHU PYK:

1) nucrmiei pa3meniaeTcs B 30He «a» (B LIEHTPE);

2) KJIaBUATypa - B 30HE «I» U «1»;

3) cucTeMHBIH OJIOK pa3MelaeTcs B 30He «0» (cleBa);

4) npuUHTEP HAXOJIUTCA B 30HE «a» (CIpara);

5) nmuTepaTtypa W MOKyMEHTAIWs, HeoOXoaumasi Mpu padoTe HAXOAUTCS B
30HE JIETKOM JI0CSATaeMOCTH JIAJIOHU — «BY (CJIEeBa);

6) B BBIIBMXKHBIX SIIMKaxX CTOJAa - JUTEpaTypa, HE HCHOJb3yemas
MOCTOSTHHO.

TpeboBaHus K OCHAIIEHUIO pabodyero Mecta npuBeeHbl B Tadbuie 4.1 [33].

Tabmuma 4.1 — TpeOoBanuss K OCHamleHHIO pabodyero  Mecrta,

peIyCMaTpPUBAIOIIETO JITUTENbHYIO padoTy 3a [TK

[[Inpuna pabouero crojua Ot 80 1o 140 cm
Bricora pabouero crosa 75 cM
['my6una pabouero crosia Ot 60 110 80 cm
PaccTosinue oT r11a3 10 MOHUTOpA Ot 50 5o 60 cm
Paccrosgnue knaBmatypsl OT Kpas
M P Ot 10 10 30 c™m
CTOJIa
JIOJDKHO TO3BOJIATH  PETYJIMPOBKY IO
BBICOTE, TIOBOPOTY U YIJy HaKJIOHa
Cunenue ’ pOTY yriy

CIOUHKHU (PEeryJMpOBKH JIOJKHBI  OBITh
HE3aBUCUMBIMU JIPYT OT JAPYra)
[Hupuna ot 30 cMm, rmyouna — ot 40 cm, C
yIJIOM HakjioHa 70 20 rpaaycoB

[IpocTpaHCTBO 7151 HOT

MoHuTOop [OJDKEH pacmojiaraThCsli Ha YpOBHE TIJa3 omepaTopa Ha
paccrosiuuun 500-600 MM. Yronm HaOMOA€HHS B TOPU3OHTAJIBHOW IUIOCKOCTH
JobKeH ObITh He Oonee 45 TpaxycoB K HopManu dkpaHa. JlomkHa OBITH
BO3MOYKHOCTh BBIOMpATh YPOBEHb KOHTPACTHOCTH M SIPKOCTH H300pakeHUs Ha
skpane [33].

Taxke momKHA MperycMaTpUBATHCS BO3MOXKHOCTb PETYJIHPOBKH JKpaHa
MoHuTopa [33]:

1) no BeIcOTE 13 CM;
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2) HaKJIOH OTHOCHUTENBHO BepTHKanu 10-20 rpagycos;

3) B 1€BOM M IPABOM HANPABIICHUSAX.

KnaBuatypy A0DKHA pacrosiaraTbCsl Ha MOBEPXHOCTH CTOJIAa HA PACCTOSIHUU
100 — 300 MM OT Kpas, Ha ypOBHE JIOKTA OIlepaTopa C YIJOM HakKJIOHAa K
TOPU30HTAJIBHON TUIOCKOCTH 15°. KOHCTpyKIMS KiaBUIIM JOJKHA OOECIeunBaTh
orepaTopy OllylleHHe Hienyka. [[Ber kinaBull 10JKEeH KOHTPACTUPOBATh C LIBETOM
MaHEI!.

B cayuae eciu pabGota omeparopa IpeAnonaraeT OJHOOOPa3HYyIO
YMCTBEHHYIO paboTy, KOTopas TpeOyeT 3HAUMTEIbHOTO HEPBHOTO HAMpPSDKEHUS U
OOJNBIIOTO  COCPENOTOYEHHS, TO  JydYllle BCEro BBIOMpAaTh  HEAPKUE,
MaJIOKOHTPACTHBIE I[BETOBBIE OTTEHKH, KOTOpPbIE HE OCIA0NIA0T BHUMaHue. Eciu
pabota TpebyeT OOJIBIION yYMCTBEHHOW W (DU3UYECKON HAIMPsHKEHHOCTH, TOT/IA
ClIelyeT HCIO0JIb30BaTh 0Oo0jee TeIUlble OTTEHKH, KOTOpbIE CHOCOOCTBYIO

MOBBIIICHUIO KOHIIEHTpAlMK BHUMaHus [33].

4.2 IlpousBoacTBeHHAsi 0€30MACHOCTh

4.2.1 AHaIu3 BpeIHbIX U ONMACHBIX (PAKTOPOB

['pynnel MPOU3BOJCTBEHHBIX YCJIOBHH, XapaKTepU3YIOIIUMECS HauYueM
OMAacHBIX U BpeAHbIN (aKTOPOB:

1) pusuueckue;

2) XUMHYECKUE;

3) ncuxo(u3NOIOTHUECKUE;

4) OMOJIOTHYECKHE.

OnacHble U BpeaHbie (haKTOphI, BO3IEUCTBYIOIINE HA TIEPCOHAT MPHU padoTe

¢ I[I5BM npuBenens! B Tadnuie 4.2.
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Tabnuma 4.2 — Bo3mMoHbI€ OMacHbBIE U BpeAHbIE (haKTOPbI

@PaKkTOpHI HopMaTnBHBIE TOKYMEHTBI
CanlluH 2.2.4.548-96. ' urneanyeckue
TpeOOBaHMS K MUKPOKIUMATY
MPOU3BOJCTBEHHBIX TOMEIICHUN [34]

I'OCT 12.1.006-84 CCBT. DnekTpoMarHuTHbIE
MoJjIsl paaruoyactor [35]

CanlluH 2.2.1/2.1.1.1278-03. I'urueHuyueckue
TpeOOBaHUS K €CTECTBEHHOMY, HCKYCCTBEHHOMY
1 COBMEIIEHHOMY OCBEIIEHUIO KUJIBIX U
00IIIeCTBEHHBIX 37aHui [36]

CH 2.2.4/2.1.8.562-96. lllym Ha pabounx
MeCTaX, B IOMEIICHUAX KHIIBIX, 00IIECTBEHHBIX
31aHUN U HA TEPPUTOPHUHU 3aCTPOUKH [37]
CanlluH 2.2.2/2.4.1340-03. «I'urueHu4uecKue
5. [lcuxoduznonornueckue | TpeOOBaHUA K IEPCOHATBHBIM JIEKTPOHHO-
(haxTopbl BBIYMCIUTEILHBIM MaIlIMHAM U OpTaHU3alluu
paboTe» [33]

I'OCT 12.1.038-82 CCBT.

1. OTkJI0HEHME TTOKA3aTENEH
MHUKpPOKJIMMAaTa

2. I1oBbIIIEHHBIN YPOBEHD
AIEKTPOMAarHUTHOTO
U3JIYYEHUS

3. Hepoctatounas
OCBEILIEHHOCTh paboyeit
30HBI

4. IlpeBbllIeHUE YPOBHS
myma

6. [Topaxxenue OnexTpobe3onacHOCTb. [IpeaensHo qomycTuMbIe
AIIEKTPUYECKUM TOKOM YPOBHU HaNPsKEHUI MPUKOCHOBEHUS U TOKOB
[38]

I'OCT 12.1.044-2018 CCBT
7. IloxxapoB3pbIBOONIAaCHOCTH | [105KapOB3pHIBOONIACHOCTD BEIIECTB U
mMarepuaios [39]

K ncuxonmormyecku BpenHbIM (akTopaM, BO3ACHCTBYIOIIMM Ha MEPCOHA,
oTHocsTcs [40]:

1) HEpBHO - SMOIMOHAJIbHBIE TIEPETPY3KH;

2) YMCTBEHHOE HaIPSHKEHUE;

3) ¢usnueckue neperpys3Ku.

buonorvueckne M XUMUYECKUE BpPEIHbIE MPOU3BOACTBEHHBIE (HAKTOPHI

OTCYTCTBYIOT.
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4.2.2 OO0ocHOBaHHMEe MEpPONPHUATHII MO 3alIUTEe HCCJIAEA0OBATEISA OT
AefiCTBHUS BPEeAHbIX U ONACHBIX (paKTOPOB

B cooTBeTcTBMM C OCHOBHBIMM TpPEOOBaHMSIMU K TIOMEUICHUSIM IS
skcrutyatan [I9BM oHUM [TOMKHBI MMETh €CTECTBEHHOE U HCKYCCTBEHHOE
ocselenue. [lnomans Ha omHO pabodee mMecto mnojs3oBateneit [I9BM pomkHa

COCTaBJIATh HE MeHee 6 M? [33].

4.2.3 OTK/IOHEeHHE NOKA3aTeJ el MUKPOKJINMATA

Bo3nyx paboueii 30HBI (MHKPOKJIMMAT) MPOU3BOACTBEHHBIX MOMEIICHHIMA
ONPENCIISIIOT CIAEAYIONIME MapaMeTphl: TeMIepaTypa, OTHOCUTEIbHAS BIIAXKHOCTb,
CKOpPOCTb  JABWXKEHHUS Bo3Ayxa. ONTUMalibHble 3HAYEHUS  XapaKTEPUCTHK
MUKPOKJIMMAaTa yCTAaHABIMBAIOTCSI B COOTBETCTBUM C HOPMaMH U TPHUBEICHBI B
tabmurie 4.3.

Ta6nuna 4.3 — OnTuMalibHbIC MTApaMETPbl MUKPOKIUMATA

CkopocThb
Ilepnon rona Temneparypa, °C OrHocuTensHas JBWKCHUS
’ BJIQXKHOCTb, %
BO3/IyXa, M/C
HAONOIET U 23-25 40-60 0,1
NePEXOIHbIN
Tennmii 22-24 40 0,1

OTkJIOHEHUE TOKa3aTeneil MUKPOKIMMAaTra OT HOPMbI MOXET HPHUBOJIUTH K
BO3HUKHOBEHHUIO OOIIMX M JIOKAJbHBIX OIIYIIEHUH TEIJIOBOrOo AUCKOMQOpTA,
HaIpSDKEHUI0 MEXAaHW3MOB TEPMOPETYJALMH, YXYALIEHUIO CAaMOYYBCTBUA H
MOHIKEHUIO PA0OTOCIOCOOHOCTH.

Jisg  oOecriedyeHHs]  YCTAaHOBJIEHHBIX ~ HOPM  MHUKPOKJIMMATHYECKUX
napaMeTpoB U YUCTOTHI BO3yXa Ha pabOYUX MeCTax U B MOMEIICHUAX MPUMEHSIOT
BeHTWISIIMIO. OOI1€00MEHHAsi BEHTUJLILMS MCIONb3yeTcs A1 00ecledeHus B
IIOMEIICHUAX COOTBETCTBYIOIEIO MHUKpOKIMMara. llepuogudecku  OJDKEH
BECTUCH KOHTPOJIb BIAXXHOCTBIO BO31yXa. B neTHee BpemMs IpU BBICOKOW yJIMYHOU

TEMIICPATYPC AOJIPKHBI UCITIOJb30BATHECA CUCTEMbI KOHAUIITUOHUPOBAHUS [41]
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K wmepompuatusiM 1O  O3I0pPOBICHMIO  BO3AYIIHOW  Cpenbl B
MPOU3BOJICTBEHHOM  TOMELIEHUH  OTHOCATCS:  IpaBWUJIbHAs  OpraHu3alus
BEHTWISIUMM W  KOHAMIMOHUPOBAHUA  BO3AyXa, OTOIUIEHUE ITOMEILICHH.
BeHTunsiuuss MOXKeT OCYIIECTBISATHCS €CTECTBEHHBIM M MEXAHUYECKUM MYyTEM.
OnTumanbpHasi KpaTHOCTh BO3AYyXOOOMEHa B MPOMU3BOACTBEHHBIX MOMEILIEHUAX
HAaXOJUTCS B JOCTaTOYHO MIUPOKUX mpenenax: oT 3 ao 40 pa3 B yac [41]. B
UCIIOJIb3yeMO  JTa0OpaTOpMM  yCTAHOBIIGH  BBICOKOHATIOPHBIN  BBITSDKHOU
BEHTHJIATOP Mapku BP-12-26-4 npowmssoautensHocThio Q =2400 — 4400 m3/uac.
O0bem mabopaTopun COCTABIISIET:

V=a-b-h (4.1)
V=6m-525m-25mM=7875M,
JlaHHBII BEHTUJIATOP obecreunBaeT CIIEYIOLYIO KPaTHOCTb

BO3ayx000MeHa (BO) B mabopaTopuu:

BO= (4.2)

<O

O— 2400 + 4400

=30,5+55,9.
78,75
Takum 00pa3oM yCTaHOBIEHO, YTO MHKPOKIMMAT B HCHOJIb3yeMOMU
ayautopuu Ne001B xopmyca Ne 10 TITY cooTBeTCTByET ONTUMAIbHBIM YCIOBUSIM

paboTsI [34].

4.2.4 TloBbILIEHHBIN YPOBEHb JIEKTPOMATHUTHOTO U3 IyYeHUs

Okpan u cucremHble Onokn [I9BM mnpousBoAiT 5>I€KTPOMarHUTHOE
uznydenre. OCHOBHasi €ro 4YacTb NPOUCXOJUT OT CHUCTEMHOro OJioka H
Bujieokabens. HanpskeHHOCTh 37EKTPOMAarHUTHOIO MoJig Ha paccrossHuu 50 cM
BOKpPYI' JKpaHa II0 3JIEKTPUYECKOM COCTABIISIIOLIEN JOJKHA COOTBETCTBOBATH
tabmnurie 4.4.

[ToBBIIIEHHBI YPOBEHB 3JEKTPOMArHUTHOIO U3JyYEHHUSI MOXKET HEraTUBHO
BIUSTh HAa OpraHU3M 4YeJOBeKa: TMPUBOJUTH K HEPBHBIM PACCTPOICTBA;

HAapymi€cHUIO CHA, S3HAYUTCIBbHOMY YXYAIICHHIO 3pPIT€J'IBHOI>i AKTHUBHOCTH,
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OCNabJICHUI0O HMMMYHHOW CHCTEMBI; pacCTPOIICTBAM  CepJeUHO-COCYIUCTON
cuctemsl [35].

Tabnuua 4.4 — JlonyctuMbie ypOBHH MapaMeTPOB 3JIEKTPOMATHUTHOTO MOJIS

Bennunna nomyctumoro
HaumenoBanue napameTpoB
YPOBHS
HMamna3oH 4acToT
HanpsixkeHHOCTh A 25 B/m
S5Tu—-2«kI'n
AIEKTPOMArHUTHOTO
- Jlnama3oH 4acToT 2.5 B/m
2 xk['og—400 k[ ’
Jlnama3oH 4acToT
250 HTn
IInotHOCTE 5To—2xl'g
MarHUTHOTO TIOTOKa HMamna3oH 4acToT
a 25 uTn
2 kI'r —400 x['g

JUis 3amutel ot OMII yBennMuMBaKOT pacCcTOSTHUE OT MCTOYHMKA (IKpaH

AOJDKCH HAaXOAUTCA Ha PAaCCTOSIHUN HE MCHEC 50 cMm oT HOHBSOB&TGJ’IH).

4.2.5 HegocTtaTo4Hasi 0CBEIIEHHOCTb padoyeil 30HbI

YTomIsieMoCTh OpraHOB 3pEHUS MOKET ObITh CBsI3aHA KaK C HEJIOCTATOYHOU
OCBEILIEHHOCThIO, TAK M C YPE3MEPHON OCBEIICHHOCTHIO JHOO C HENpaBUIbLHBIM
HaIlpaBJeHUEM CBETA.

I[To HopmatuBam [36] OCBEHIEHHOCTh Ha TOBEPXHOCTU CTOJAa B 30HE
pa3MerieHus pabdodero aokyMeHta nomkHa ObiTh 300-500 nkx. OcBemieHue He
JIOJDKHO CO3/1aBaTh OJMKOB Ha MOBEPXHOCTH AKpaHa. OCBEIIEHHOCTh MOBEPXHOCTH
’KpaHa He A0JKHA ObITh O60see 300 k.

SpKOCTh CBETHJIBHMKOB OOIIIETO OCBEIIEHHUS B 30HE YIIIOB M3IydeHus: ot 50
n0 90° ¢ BepTHKaiIbl0 B MPOJOJIBHOM W TMONEPEYHOM IIJIOCKOCTSIX JIOJDKHA
coctaBiATh He Oosnee 200 Ka/M, 3aIIUTHBIN Yyroi CBETHJIBHUKOB JOJIKEH ObITh HE
menee 40°. Koaddunment 3anaca (K3) mias oCcBETHUTEIBHBIX YCTAaHOBOK OOIIETO
OCBEIICHUS JTOJDKeH NpuHUMAaThcs paBHBIM 1,4. Koaddumument mymbcaruu He
JOJKEH OpeBbIaTh S5 %.

HckyccTBeHHOE OCBENIEHHME B MOMEMICHUSIX s dKcrutyaranuu [[OBM

JOJDKHO OCYIIECTBIISTHCSA CUCTEMOM 0OLIEro paBHOMEPHOT'O OCBEILEHUS.
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B mpou3BOACTBEHHBIX M aIMUHUCTPATUBHO-O0IIECTBEHHBIX TIOMEIICHUSX, B
CIydasx TPEUMYIIECTBEHHON paboThl C JOKyMEHTaMH, CIEAyeT MPUMEHSTh
CUCTEMBI:

1) KOMOMHUPOBAHHOTO OCBEMICHHS (K O0IIEMY OCBEIICHHUIO JTOMOJHATEIHLHO
YCTaHABJIMBAIOTCS CBETUIILHUKY;

2) MECTHOTO OCBEIIEHMs, TMpeAHA3HAYEHHBbIE [JIs OCBEIIEHHUS 30HBI
pacIoIoKeHUs] JOKyMEHTOB) [36].

[1nomans nomMeneHus:

S=a-b, (4.3)
rae A — nnuHa, M; B — mmpuna, M.
§=6-535=31,1M,

Koadduiment otpaxkeHus: CBeXemnoOENECHHBIX CTEH C OKHaMH, 0e3 IITOp
p. =50 %, cBexemnoOeneHHOro mnoroika p, =70 %. Kosbduuuenr 3amaca,
YUUTHIBAIOMIMKM  3arpsi3HEHHWE CBETWJIbHMKA, JJIA TOMEIIEHUH C  MalbiM
BplICNIEHHEM IbUIM paBeH K =1,5. Kosdduuuenr HepaBHOMEpPHOCTH AJIs
CBETOIMOHBIX JeHT Z = 1,1.

Bribupaem cBerommonst Varton 9w, CBETOBOW MOTOK KOTOPHIX paBeH

®,,, =2900 JIm.

Broibupaem cBeTminbHHKM €O cBetogumonamu Tunma Diora LPO. Otor
CBETWJIBHUK MMEET JIB€ CBETOJMOJHBIE JEHThl MOIIHOCThIO 9 BT Kaxknas, qinHa
CBETWUJIbHUKA paBHa 1260 MM, mmpuHa — 124 MMm.

WHTerpanbHbIM KPUTEPUEM ONTUMAIBHOCTH PACIOJIOKEHUSI CBETHJIBHUKOB
ABIIACTCS BEJIMYMHA A, KOTOpas JUIsl CBETOAMOIHBIX CBETUJIHBHUKOB C 3aIlIUTHBIM
pacceuBateneM JexuT B auama3zone 1,1 — 1,3. I[lpunumaem A =1,1, paccrosHue
CBETHJILHUKOB OT IEPEKPHITUSA (CBEC) /1, = 0,5 M.

Beicota cBeTunbHMKa HaJ pabouyell MOBEPXHOCTBIO ONPEAENAETCs IIO0
dbopmyre:

(4.4)
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rac hn — BBICOTA CBCTUJIBHHKA HaJ I10JIOM, BBICOTA ITOJBECA, hp — BBICOTA pa60qeﬁ

IMOBCPXHOCTHU HAJI ITOJIOM.
Haumenbmas AO0ITyCTUMaAsl BbICOTA IMOJABCCA HAA ITOJIOM JUJIA ABYXJICHTOBBIX

cBeTuIbHUKOB Diora: 7, = 3,5 m.

Bricota cBertmnpHMKAa Hana pabodeil MOBEPXHOCTHIO OMPENETSAETCS TI0

dbopmyie:
h=H-h,-h,=3,5-1-0,5=2m. (4.5)
N3 dhopmyb
E-S'K -Z
D = ( . 2) (4.6)
N-n
HAXOJIUM YUCJIO CBETOAMOIHBIX JEHT N:
n=E5K2) 4.7)
D -n
1] ompenensaeM Yyepe3 UHACKC MOMEIIeHHs 1o Gopmyre:
-b
A CAL) (4.8)
h-(a+Db)
6-5,35

9

[=————~

2(6+5,35)
KOC—)(i)(i)I/IIII/ICHT HCIIOJIB30BaHHs CBETOBOI'O IIOTOKA, HOKaBBIBaIOH_II/Iﬁ KakKas
HaCTb CBCTOBOI'O IIOTOKaA JiaMII IIOIIagacT Ha pa6oqyro MMOBCPXHOCTDL, AJIA

CBETWJIBHMKOB Tuna Diora co CcBETOOUOAHBIMU JIeHTaMH npu p, =50 %,
pe =70 % wn unaekce nomelenus i = 1,5 pasen =0, 48.

Torma

N:300-32,1-1,5-1,1

=11,4 nenr.
2900-0,48

[IprHMMaeM KOJIMYECTBO CBETOAMOAHBIX JieHT 12. ITpu sTom momyuaercs 6
CBETHJIHUKOB, TO €CTh 2 psifia 0 3 CBETUJIbHUKA.

[ToTpeOHBIi CBETOBOM MOTOK CBETOMOIHBIX JIAMIT:
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@ :300-32,1'1,5-1,1

) =2759 nm.
“ 12-0,48

L

N3 ycnoBuii paBHOMEPHOCTH OCBEIICHUS ONPEIEISIEM PACCTOSIHUS l1 u 3

b

L
lz u ?2 1O CJIEAYIOIINM YPaBHEHUSIM:

6OOO:L1+§-L1 +2-124; L, =3451 mm, %zuso MM; (4.9)

5350=2-1L, +§-L2 +3-1260; L, = 588,75 M, %=196,25 MM; (4.10)

Ha pucynke 4.2 n300pakeH 1mjiaH MOMENIeHUs U pa3MElIeHUs! CBETUIILHUKOB

co cBeToauOoAHBIMU JieHTaMu B Jjabopatopuu NeOO1B 10 yyebHoro kopmyca TITY.

196,25 588,75

1150

6000
3451

5350

Pucynok 4.2 — Ilinan moMeneHust ¥ pa3sMenieHusl CBETUIIbHUKOB CO
CBETOJIMO/IHBIMU JIEHTAMU
Jlenaem MpoOBEPKY BBINOJHEHUS YCIOBHUSA:

(@ﬂo — @,7 )

-10% < -100% < 20%,; (4.11)

710
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(2900 — 2759)
900

(@,-2,)

-100% = -100% =4,9 %

210
Takum o00pa3oMm, NOJYyYE€HO, YTO HEOOXOJUMBIM CBETOBOM MOTOK HE
BBIXOJAUT 3a TMpeAensl TpedyeMoro nauana3oHa. MOIIHOCTh OCBETUTEIbHOU
YCTAHOBKH IOJTYYHUJIACH:
P=12-9=108 Br.
PaccuntaHHOE KOJNMYECTBO CBETUJIBHUKOB M PAaCcCTOSIHUE MEXAY HUMH B

naboparopuu Ne001B 10 yuebnoro kopnyca TIIY cooTBeTcTBYeT pakTHUECKOMY.

4.2.6 IIpeBpllieHNEe YPOBHS LIyMa

Mym sBasercss oOuiedbnonornyeckum pasapaxurene. Illym oxasbiBaeT
BIIMSHUE HA CIYXOBOM aHaIM3aTOp, JEHUCTBYET HA CTPYKTYPhI TOJOBHOI'O MO3Ta,
BbI3bIBASI CIBUTH B Pa3IWYHBIX (DYHKIMOHAJIBHBIX cHcTemax opranusma. lllym
MOXET CO3/1aBaThCS paboTaromum 000OpyI0BaHUEM, YCTaHOBKAMH
KOHJUIIMOHUPOBAHUS BO3/yXa, OCBETUTEIbHBIMU MPUOOPAMU JTHEBHOI'O CBETa, a
TaKke MpoHUKaTh u3BHE. [Ipu BeimosHeHnu padboThl Ha [I19BM ypoBeHb 11yma Ha
pabouem MecTe He JoJKeH npeBbimath S0 1b.

Boigenstor cineayroiiye HeOIaronpusiTHbie BO3JEHCTBUA 1IyMa HA OpTaHUu3M
YEJIOBEK: CHIDKCHHE Pa300pUYMBOCTH PEYH; HEMPHUATHBIC ONIYIIEHUS, Pa3BUTHE
YTOMJICHUSI, CHIDKEHUE MPOU3BOJUTEIBLHOCTA TpYJa; IMOSABJICHUE IIYMOBOM
MaTOJIOTHH.

B Tabmumie 4.5 npuBeAeHK HOPMBI YPOBHS IIyMa TMPHU PA3TUYHBIX BUIAX
pab6ot [37].

Tabnuua 4.5 — HopMaTuBbl ypoBHS LIyMa MpU pa3IudyHbIX BUAX padoT

o OKBUBAaJICHTHEIE
MaxkcuMaiabHO JONYCTUMBIN YpoBeHb yMa (nb), B
YPOBHH IIIyMa,
nosiocax cienyronux okran (1)
nbA
Hayunas paora,
pacyeTsl, 86 | 71 | 61 54 | 49 | 45 | 42 | 40 38 50
KOHCTPYHPOBaHUE
Ocpmcar, 93 | 79 | 70 | 68 | 58 | 55 | 52 | 52 | 49 55
nabopaTopuu
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4.2.7 Ilcuxodusunosiornyeckne paxkropsl

Hlym, sSBASISICH 0OIIEOMOIOTHYECKUM pa3ApaxKuTesieM, OKa3bIBa€T BIUSHUE
HE TOJBKO Ha CIyXOBOM aHAIM3aTOp, HO U JIEUCTBYET HAa CTPYKTYPbI TOJIOBHOIO
MO3ra, BBI3bIBas CIBHUTM B Pa3lWYHBIX (YHKIIMOHAIBHBIX CHCTEMaxX OpraHU3MaA.
Cpeay MHOTOYMCIICHHBIX MPOSBICHUM HEOJAronpusTHOIO BO3ACHCTBUS IIymMa Ha
OpraHu3M 4YeJIOBEeKa BBIACIAIOTCS: CHI)KEHHE pa300puMBOCTH PEUYd, HENMPUSITHHIC
OILLYIICHUS, Pa3BUTHE YTOMJIEHHS M CHI)KEHHE INPOU3BOJUTEIBHOCTH TPYa,
NOSIBJIEHUE IIYMOBOMW MaToJorMu. B Hamem ciayyae MCTOYHMKOM IIyMa SIBISIETCS
OTKQUMBAIOLIAN KOMIPECCOP. YPOBEHb IIymMa KomIipeccopa meHee 55 nb, yto
COOTBETCTBYET CAHUTAPHBIM HOpMaM [37], mpuBEAEHHBIM B Tabymue 4.5.

B nmab6opatopun NeQO1B 10 yuebnoro kopmyca TIIY ypoBeHp miyma

COOTBETCTBYET CAHUTAPHBIM HOpMaM [37].

4.2.8 Tlopa:xxeHue 3JIEKTPUIECKAM TOKOM

Pabouee momernienre OTHOCUTCS K - KaTeropuu Mo 3JIeKTpoOE30MacHOTH,
TaKk KaKk Ha padodyeM MecTe OTCYTCTBYIOT 3JIEKTPOYCTAHOBKHM C HANpSKEHUEM
cebiie 1000 B [38, 42].

Cy1iecTByeT OMacHOCTh 3JIEKTPONOPAKEHUS B CIEAYIOMIMX CIyYasx:

—IPU HEMOCPEICTBEHHOM TPUKOCHOBEHUHU K TOKOBEIYIIIUM YaCTSAM BO
BpEMS PEMOHTA;

—IpU IPUKOCHOBEHUH K HETOKOBEIYIIUM YaCTSIM, OKa3aBIIMMCS 1101
HaIPsHKEHUEM (B CIlydae HapyILICHUS U30JISIUU TOKOBEAYIIUX YacTeM);

—IpU IPUKOCHOBEHUH C MOJIOM, CTEHAMH, OKa3aBIIUMUCS O]
HaIpsHKEHUEM;

—IPU KOPOTKOM 3aMbIKaHUHU B BBICOKOBOJIBTHBIX OJIOKaX: OJIOKE MUTAHUS U
0JIOKe TUCTUICHHOM pa3BEépTku [42].

CreneHb OMACHOTO BO3JEHCTBUS DJIEKTPUYECKOTO TOKA Ha OpPraHU3M
YeJI0BEKa 3aBUCHUT OT:

—poJia ¥ BETUYMHBI HAMIPSKEHUS U TOKA;

—4aCTOThI JICKTPUICCKOTO TOKA,
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—IIyTH NPOXOXKJICHHS TOKA YEPE3 TEJIO YEIIOBEKA;

—TMPOAOJKUTEIILHOCTA BO3JIEUCTBUSI HA OPTaHU3M YEJIOBEKa;

—YCJIOBUH BHEIIHEW cpeabl [42].

ONEeKTPUYECKU  TOK  OKa3blBa€T  HAa  4YEJOBEKAa  TEPMHUYECKOE,
ANEKTPOJIMTHIECKOE, MEXaHUUECKOE U OMOJIOTHYECKOe BO3IecTBUE [42].

Tepmuueckoe BO3ACHCTBHE TOKAa TMPOSBISAETCS B OXOrax, Harpese
KPOBEHOCHBIX COCYJIOB M JIPYTUX OPraHOB, B PE3YyJIbTaT€ YEro B HUX BO3HUKAIOT
byHKIIMOHATBHBIE paccTpoiicTBa [42].

DJIEKTPOJIUTUYECKOE JACHCTBHE TOKA XapaKTEPU3YETCS PA3JIOKEHUEM KPOBU
U JIPYTUX OPTaHUYECKUX KUIAKOCTEH, YTO BBI3BIBAET HAPYIICHUS WX (U3HKO-
XHMHYECKOro cocTana [42].

MexaHnueckoe JEHUCTBHE TOKa MPOSABISETCS B IMOBPEKICHUSIX (pas3pbiBe,
paccioeHMd W Jp.) Ppa3IMYHBIX ~TKaHEHW  oOpraHu3aMa B  pe3yJibTare
aNeKTpoAuHAMHUUYeCcKOTo A dekrta [42].

buonornyeckoe nelicTBUE TOKA Ha >KMBYIO TKaHb BBIPAXKAECTCS B OMACHOM
BO30OYXXJEHUM  KJIETOK U  TKaHeW  oOpraHusMma,  COMNPOBOXKJAIOIIEMCS
HEMPOU3BOJIbHBIMU CYJIOPOKHBIMH COKpPAIICHUSIMA MBbIIIL. B pe3ynbrare Takoro
BO30YXKJIEHUSI MOKET BO3HUKHYTh HapylIeHHE, W JaXe IOJHOE MpeKpalieHue
JEATEeIbHOCTH OPraHOB JbIXaHHS U KpoBooOpatieHus [42].

OCHOBHBIMM MEPONPUITUAMHU 1O 3ALIUTE OT MOPAKEHUS AIEKTPUUYECCKUM
TOKOM SIBJISIOTCS [42]:

oOecrieueHrne HEIOCTYIMTHOCTH TOKOBEIYIIMX YacTed MyTEM HCIIOIb30BAHMUS
W30JISIIIUU B KOPIycax 000pyI0BaHNS;

NPUMEHEHHE  CPEJACTB  KOJUIGKTUBHOM  3alIUTBI  OT  IOPaKEHUs
ANEKTPUUECKUM TOKOM;

MCIIOJIb30BaHUE 3AIUTHOTO 3a3€MJICHUS, 3aIIUTHOTO 3aHYJICHUS, 3aI[UTHOTO
OTKJIFOUCHHS;

MCIIOJIh30BAaHUE YCTPOUCTB OecriepeOOHOTO TUTaHUSI.

TexHauyeckure crnocoObl U CPeJICTBA MPUMEHSIOT pa3/ebHO UM B COYETAaHUU

JpYyT ¢ APYTOM TakK, 4ToObl 0OecrneunBaiach ONTUMAaIbHAS 3alUTa.
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Opranu3aliliOHHBIMU MEPOTIPUATUSMHU TIO AJIEKTPOOE30MACHOCTU SBISIOTCSA
NEPUOANYECKHE M BHEIUIAHOBBIE HHCTPYKTaXHU. llepnonnyeckuil HHCTPYKTax
MPOBOJIUTCA BCEMY HEINEKTPOTEXHUYECKOMY TMEPCOHANTY, BBINOJHSAIOMIEMY
cienyromue padoThl: BKIOYEHHE U OTKIIOUYEHHE 3JIEKTpOonpuOopoB, yOOpka
NOMEIIEHU BOJU3M JJIEKTPOLIMTOB, PO3ETOK M BbIKIIOUaTenaeil u T.41. Bechb
HEIJIEKTPOTEXHUYECKUNA TMEepPCOHAl JOJDKEH OBITh AaTTeCTOBaH Ha IMEPBYIO
KBUTM(PUKAIMOHHYIO TPYIIy 10  JJIeKTpoOe3onmacHOoCTH. [leprogudeckuii
MHCTPYKTaXX MPOBOJAUTCA HE MEHEE OJTHOTO pasa B rof [42].

BHennaHOBBI HMHCTPYKTaX MNPOBOAUTCA PYKOBOAUTEIEM IOAPA3ICICHUS
IIPU BBEICHUU B HKCIUTyaTaIlMI0 HOBOT'O TEXHUYECKOTO 3JEKTPOOOOPYA0BaHUS.

IIpu Bemonnenun BKP B naboparopuum NeOO1B 10 xopmyca TIIY
npuMeHeHa TpyOuaras neuyb ¢upmbl Carbolite. /lanHas nmeub muTaeTcs OT CETH C
npoMblIUIeHHBIM — HampsbkeHuemM 380 B. Ilpu  ucnosb3oBaHUM  TaHHOTO
000pyIOBaHUsI CTPOrO BBIMOJHSIINCH TPeOOBAaHUS IO DBJIEKTPOOE30MACHOCTH.
Jlabopatopuss NeOQOIB 10 xopmyca TIIY ortHOocuTCs K 1-if Kareropuu 1O
ANEKTPOOE30MaACHOTH, TAK KaK Ha paboueM MeCTe OTCYTCTBYIOT AJIEKTPOYCTAHOBKU

¢ HanpspkeHueM cseiie 1000 B

4.2.9 TpedGoBanusi 0€30MaCHOCTH BO BpeMsi padoThI € MPeCCOM

Jlist obecrieuennss 6€30macHOCTH BO BpeMs PabOTBhI C MPECCOM OMEPaTop
00s13aH COOJTI0/IaTh U BBITIOJIHATH CIAeAYIOIIMe paBuia [43]:

1. BIMOHATE yKa3aHUS PyKOBOAUTEIIA.

2. KontponmpoBaTh cOOIOICHNUE 3aIaHHOTO PEXIMa TIPU TTPECCOBAHUM.

3. HenpepsiBHO HaOmoAaTh 3a JaBJICHUEM U YPOBHEM Macja B IIpecce.

4. Bectu HaOmOmeHWE 3a TEPMETUYHOCTHIO BCEX  COCIMHCHHM
TEXHOJIOTUYECKHUX TPYOONPOBOOB, IIJIAHTOB U TUAPOIMIMH]IPOB.

5. OTcoeauHsATh NUTAHTY, TOJIBKO YOEUBIIUCH, YTO apMaTypa OTKIIIOUEHA, U
JaBJICHUE TI0 MAHOMETPY MOJTHOCTHIO COPOIIICHO.

Bo Bpems paboThl He pa3periaeTcs:

1. Bectu y mpecca kakue-nmm60 paboThl, HE OTHOCAIIUECS K MPECCOBAHUIO.
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2. [Ilpous3BoauTh PEMOHT U TOIATATHBATh pPE3bOOBBIE COEAMHEHUS
000py10BaHNUsl, HAXOJAIIETOCs O JaBJIECHUEM.

3. Mcnonp30BaHue OTKPBHITOrO OTHS HAa pabo4yeM MecTe.

4. IlpucyTCTBHME NOCTOPOHHUX JIFOJIEH.

5. OcTaBnATh 0€3 HaA30pa paboTaroLuUil npecc.

ITpu paGoTe Ha nmpecce aBapuiiHble OCTAHOBKU MPOU3BOAATCS B CIEAYIOLINX
cllyyasix:

1. mpu HecyacTHOM cilydae ¢ padoTarIUMU;

2. IpH CPBIBE UJIM Pa3phIBE MACIONPOBO/IOB;

3. mpu 0OHapYKEHUU YTEUKH B COSMHEHHUSIX MACJIONPOBOIOB U apMaTyphl;

4. mpu HapylIEHUH B paboOTe 3JIEKTPOOOOPYJOBaHMS;

5. Ipy BO3MOXKHOCTH BOSHHUKHOBEHHS IOXKapa.

B sTux ciayvasx oneparop o0si3aH:

1. OTKJIFOUUTH AJIEKTPONMUTAHUE TIPECCA;

2. 0Ka3aTh NEPBYIO METUIIMHCKYIO IIOMOIIb MTOCTPAAABIINM;

3. IPUCTYNUTH K TYLICHHUIO [105KApa;

4. cOOOIIUTD O CIYYUBLIEMCS] PYKOBOIUTEINIO;

5. OpUHATH HEOOXOJHMMBbIE MEpbl MO JHMKBUAALMH OOHAPYKEHHOTO
HOBPEKACHUS.

[To okoH4aHUIO PabOTHI HEOOXOIUMO:

1. OmMyCTUTH BEPXHIOIO IUIUTY MpPECCa;

2. OTKIIFOYUTH 3IEKTPOIUTAHHE MIPECCA;

3. CHU3UTH JAaBJICHUE Maciia B TUIPOCUCTEME;

4. yOparb M TIpUBECTM B TMOPSAOK pabouee MECTO U JI0JIOXKHUTH

PYKOBOAMTEINO 00 OKOHUYAHUU PadoT.

4.3 Ilo:xxapHasi 0€30IIACHOCTH
4.3.1 OcHOBBI NOKAPHOI 0€30ITACHOCTH
CornacHo [44], B 3aBUCUMOCTH OT XapaKTE€PUCTUKH HCIIOIb3YEMBIX B

MMpOU3BOACTBC BCHICCTB U UX KOJIHUYCCTBA, 110 n0>1<apH0171 " B3prBHOI>i OIMaCHOCTH
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noMeIleHUs moapasaelsitorcs Ha kareropuu A, b, B, I', J[. Tak kak momeiieHue no
CTETEeHHU M0KapOB3PHIBOONIACHOCTH OTHOCHUTCA K KaTeropuu B, T.e. Kk momeieHusm
C TBEpAbIMM CrOPAIOIIMMHU BELIECTBAMH, HEOOXOJUMO MNPEAYyCMOTPETh P
npO(UIAKTUIECKIX MEPOTIPUSITHHA.

Bo3MoxHbBIE IPUUMHBI BO3TOPAHUS:

— HEMCIPABHOCTh TOKOBEAYIINX YacTel yCTaHOBOK;

— paboTa ¢ OTKPBITOH JIEKTPOoATIapaTypou;

— KOPOTKHUE 3aMbIKaHUs B OJIOKE MUTAHUS;

— HeCcOoOTI0IeHNE TIPaBUIT TIOYKApPHOI 0€30MacHOCTH;

— paboTa B MHTEpBaJE BBICOKUX TEMIIEpaTyp;

— HAJIMYME TOPIOYMX KOMIIOHEHTOB: JOKYMEHTBI, ABEPU, CTOJIbI, MU3OJIALMS
Kalenel u T.1I.

Meponpusatius 1O NOXapHOH MNPOPWIAKTHKE IOAPA3ACISAIOTCS  Ha:
OpraHM3alMOHHbIE, TEXHUYECKUE, IKCIUTyaTallUOHHBIE U PEKUMHBIE.

OpraHu3alliOHHBIE ~ MEpONPUATUS  NPEIYyCMATPUBAIOT  MPABHIBHYIO
HKCIUTyaTallMl0 00OpYyI0BaHUs, NMPABUIBHOE COJEPKAHUE 3aHUM U TEPPUTOPHIA,
OPOTUBOMOXKAPHBIM ~ WMHCTPYKTaX  paboynmx W CAOyXalux, oOydeHue
IPOM3BOJCTBEHHOIO IIEpCOHAJIa IpaBUjaM IPOTUBOINOKAPHOW OE30MaCHOCTH,
U3JJaHUE UHCTPYKLMM, IUIAKaTOB, HAIMYHUE IJIaHA IBAKyallUH.

K TEXHUYECKUM MEPONPUITUIM OTHOCSITCSI: coOnroeHne
IPOTUBONOXKAPHBIX MPaBUJI, HOPM MPU MPOEKTUPOBAHUM 3/1aHUM, IIPU yCTPOMUCTBE
AIIEKTPONPOBOJIOB W OOOPYAOBAaHUS, OTOIUICHHUS, BEHTWIALUU, OCBEIICHHUS,
MPAaBUJIbHOE pa3MeIeHNne 000PYy10BaAHHUSL.

K pexXuMHBIM  MepONpUsATUSAM  OTHOCSTCS, YCTAaHOBJEHHE IIpaBUII
opranmzanu  paboT, W  COONIOJIEHHWE  MPOTUBOMOXKApHBIX  Mep. s
OpeayNpexaCHNs BO3HUKHOBEHMSI MOKapa OT KOPOTKHUX 3aMbIKaHUM, NEPErpy30K
U T. JI. HEOOXOJIUMO COOJIIOJIEHUE CIECAYIOLIUX MPaBUII OKAPHON 0€30aCHOCTH:

—  UCKIIOYeHHe  o00pa3oBaHusi  TOproYeil  cpeapl  (repmeTH3arius

000pyI0BaHus1, KOHTPOJIb BO3IYIIIHOM Cpelibl, padoyasi U aBapuiiHasi BEHTHIISILIHS);
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— MPUMEHEHHUE TIPU CTPOUTEIHCTBE M OTACNKE 3aHUA HECTOPAEMBIX WU
TPYJIHO CTOPAEMBIX MAaTEPHUAJIOB,;

— TmpaBWibHAas OKCIUTyaTanus oOOpyaoBaHWs (MPaBUIBHOE BKIIOUYCHHUE
o0opynoBaHMsS B CETh DJIGKTPUYECKOTO MHTAHWS, KOHTPOJb Harpena
000pyI0BaHUA);

— TpaBWIBHOE COJCp)KAaHUE 3JaHUH W TEPPUTOpHA (HMCKIIOUYEHHUE
00pa3oBaHMsl WMCTOYHHWKA BOCIUIAMEHECHHSI — MPEAYNPEKICHHE CaMOBO3TOpPAHUS
BEIIIECTB, OTPAaHUUYEHHUE OTHEBBIX PabOT);

— oOydYeHHe MPOW3BOACTBEHHOTO TEPCOHANa MpaBWIaM MPOTUBOIIOXKAPHON
0€30I1aCHOCTH;

— W3J]aHNe UHCTPYKIINMA, TUTAKaTOB, HAIMYHE TUIaHa dBAKyalluu;

— COOMIOZICHNE TPOTHBOMOXKAPHBIX TMPABWI, HOPM MPHU MPOSKTUPOBAHUU
3laHUH, TPU YCTPOHCTBE OIEKTPOIPOBOJAOB W OOOPYIOBaHUS, OTOILICHHUS,
BEHTWISIIINY, OCBEIIICHUS;

— IPaBUJIBHOE pa3MeIIeHne 000py10BaHNUS,

— CBOEBPEMEHHBIN MPOPUIAKTHYECKUNA OCMOTpP, PEMOHT U WCIBITAHUE

00opyI0BaHus.

4.3.2 IIpaBuia mnoxkapHoii 0e30mMacHOCTH NpPH Ppadore ¢ TPyOUATOH
ne4bio

[Ipu BOZHUKHOBEHUM aBaApUITHON CUTyalluu HEOOXOAUMO:

— COOOMIUTH PYKOBOIUTEIIO (JIEKYPHOMY);

— TO3BOHHUTH B COOTBETCTBYIOIIYIO aBapuiiHyro ciyx0y nmu MUC — Tten.
112;

— IPUHATH MEPHI MO JIMKBUIALMU aBaPUHU B COOTBETCTBUM C HHCTPYKLUEH.

[Ipu HarpeBe 00pa3lOB B TpyOUaTON MEYM CIEIYET CTPOro COOII0AATh P
IIPABUJI, U3JIOKEHHBIX B IIPUJIAraéMOM K HE TEXHUYECKON JOKYMEHTALINU:

[leup cienyeT yCTaHOBUTH B XOPOILIO BEHTWJIMPYEMOM MOMEIIEHUU BIAJIH
OT MCTOYHHUKOB TEIUIA U HA MOBEPXHOCTH, YCTOMYMBOW K CIy4YallHBIM pa3ivuBaM

TopsaA4YruX MaTCpUualioB. He cTtaBuTh neusr Ha BOCIJIAaMEHSIEMOM OCHOBAHMU.
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Obecnieunth CBOOOJHOE MPOCTPAHCTBO BOKpYyr mneuun. He OmoxupoBath
BEHTWISILIMOHHBIE OTBEPCTUS B OJIOKE YNpaBICHHS: OHU HEOOXOAMMBI MJist
OXJIaXKICHUSI.

[leyr nomkHa OBITH PacMoIOKEHAa TaKUM 00pa3oM, 4TOOBI €€ MOKHO OBLIO
OBICTPO BBIKJIIOUUTH U OTCOETUHHUTD OT AJIEKTPOITUTAHUS.

Cpok  cmyxObl  HarpeBaTENbHBIX  DJIEMEHTOB  COKpallaeTcsl  IMpH
UCIIONB30BAaHUU TPU  TeMmIepaTypax, ONM3KMX K MakcumanbHOil. bes
HEOOXOIMMOCTH HE OCTaBIATH MeUYb NMPHU BBICOKOW Temmeparype. MakcumambHast
TEMIEpaTypa ykazaHa Ha UICHTU(UKALUOHHON TaOIMUKe TMeUn.

Y6enuThcs, 4To pAIOM HET BOCIUIAMEHSIEMBIX 0OBEKTOB, Ha KOTOPHIE MOXKET
ynacTh paboyast TpyOKa B ciIydae pas3ioma.

Jlabopatopuss NeOO1B 10 wopmyca TIIY otHOcuTcs k kateropuu B 1o

M0Kapo-B3pbIBOOE30MIaCHOCTH [44].

4.4 be3onacHOCTh B AaBAPUITHBIX U YPEe3BbIYAHHBIX CHTYALMAX

ABapuitHas u upesBbyaiiHas cutyanus (ACuUC) — oOcraHOBKa,
CJIOKMBILASACS Ha OINPEACICHHOW TEPPUTOPUU B pE3YIbTATE aBapUH, OIMACHOIO
IPUPOAHOTO SIBJICHUS, KaTaCTPO(bl, CTUXUHHOTO WM MHOTO OEICTBHs, KOTOpas
MOXXET IMOBJIEYb 32 COOOM YEIOBEUECKHE KEPTBBI, yIIepO 3A0POBBIO JIOJAEH HIIU
OKpYXarUed NOPUPOJHOU CpEeAEe, 3HAYMTEIbHBIE MATEpUANbHBIE I[OTEPU H
HapyILIEHUE YCIOBUM )KU3HEAESITENBHOCTH JIOAEH.

[Tpu npoBenenun uccnenoBanus Hanbosnee BepostHoU UC siBisercs moxap.
[Toxxap B paboueM TIOMELIEHUH MOXET BO3HUKHYTH BCIEACTBHE NPUUYHH
HEAJIEKTPUUECKOTO W DJIEKTPUYECKOro Xapakrepa. B tabnuie 4.6 paccMoTpeHb
BO3MOJKHBIE aBapUiHbBIE M Ype3BbIYANHBIE CUTyallMd, METOAbl IO HX

NPEAOTBPAICHUIO U IMKBUJIALIMS UX MOCIIEICTBHIA.
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Tabnuma 4.6 — ABapuiiHble U 4Ype3BBIYANHBIE CHTYyalldd, METOABI HX

npcaoTBpalICHUA U JIUKBUIAITUN HOCJ'ICI[CTBI/Iﬁ

Mepsl ipeoTBpalleHus

Mepbl 110 TUKBUAAITIT

No ACuUC .
ACunUdC nociencteu ACndC
[IpoBeneHne BBOIHOTO U
MOBTOPHOTO (4uepe3 6 mec.)
MHCTPYKTaXa,; Br130B nokapHoO# Ci1yKObI
1 | Tosa Cobmronenue u criacateneit (ten. 112);
P TEXHOJIOTHUYECKUX PEKUMOB | BpI30B cKOpou
MIPOU3BOJICTBA; MEIUIIMHCKOM MOMOIIHU
Coznanue ycinoBui s
HBaKyallluM MepcoHaa
IIpoBeneHne BBOAHOTO U .
POBEA 0 Br130B ckopon
MOBTOPHOTO (depe3 6 mec.) .
HHCTDVKTasKA: MEIUIMHCKOU MOMOIIHU
2 | Vaap Tokom by : (ten. 030, 112):
Conepxxanue .
. Oka3zanue nepBou
AHEPreTUYECKUX CETEH B
OMOILU
HCTIPABHOM COCTOSIHUU
[IpoBeneHne BBOHOTO U
MIOBTOPHOTO (uepe3 6 mec.)
HHCTPYKTaXa; BEI130B ckOpo
TpaBMupoBanue it i pos
Coznanue cucreM MEIUIMHCKON MTOMOIIU
B pe3yJbTare .
3 npeaynpexaenus naaenuit; | (tem. 030, 112);
MaJICHUsI C .
CobmtonaTh TpeboBaHuUs OxkazaHue nepBoit
BBICOTBI

0e301acHOCTH Impu
BBITIOJTHCHHUH pa60T Ha
BBICOTC

IIOMOIIA
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4.5 BoiBoabl no pasaeny «CounajabHasi OTBETCTBEHHOCTDY

B manHO# riaBe mpoBeAeH aHAIN3 BPEIHBIX U OMACHBIX (haKTOPOB, KOTOPHIE
MOTYT BO3HUKHYTh Ha paboyeM MecTe P MPOBEICHUU UCCIIEIOBAHUIA:

1) mukpoknumar [34];

2) mym [37];

3) aneKTpoMarHuTHOE u3nyuenue [35];

4) ocBeIIeHHOCTH [36];

5) ncuxoduzuonornueckue paxrops [40];

6) anekTpobe3onacHocThb [38, 42];

7) o’kapo-B3phIBOOE30MACHOCTS [39, 44].

[Tomemenne Ne 001B 10 xopnyca TITY oTHeceHo:

1) mo anexrpobe3onacHocT — K 1 kimaccy [38, 42];

2) 1O MOXKapo-B3pbIBOOE30MACHOCTH — K Kateropuu B [39, 44].

Takxe paccMOTpPEHbI BO3MOXHBIE aBApUHHBIE U YPE3BbIUAWHbBIC CUTYyallUU,

METO/IbI MX NMPEIOTBPAIECHUS U JIUKBUIAIIUK TOCIICICTBUH.
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Conclusion

In the process of research, it was shown that hydrogen can act as an
environmentally friendly source of energy, while it seems necessary to modernize
the methods of its production and storage.

It has been established that one of the promising methods of hydrogen
storage is sorption by carbon materials, in particular, carbon black, which has a
well-developed specific surface. It is shown that the most convenient forms of
using carbon materials for gas sorption are granules and tablets, since in the case of
a powder, equipment may be contaminated with it. As a result, experimental
studies of the parameters and conditions for the manufacture of tablets were carried
out.

Based on the results of the studies presented in this paper, a number of
conclusions can be drawn:

1. A review and comparison of various types of fuel, the safest and most
efficient methods of hydrogen storage, properties of carbon materials used in
hydrogen sorption; ways to provide a developed inner surface of tablets, as well as
substances that act as plasticizers in the manufacture of carbon.

2. The main factors influencing the heating mode of carbon billets,
which include the proportion of the plasticizer that is part of the tablet, the rate of
billet heating and pressing pressure in the manufacture of samples, are determined.

3. The thermal analysis of the samples of stearates used in the
experiments performed during the work made it possible to work out the sintering
mode of the tablets under consideration, which makes it possible to avoid their
destruction during the heating process.

4. The results of X-ray fluorescence analysis of the tablets obtained
from mixtures with nickel stearate confirmed the presence of nickel in them,
which, according to the literature data, accelerates the hydrogenation of carbon
sorbents.

5. The obtained results of changes in the density and weight of the

studied tablets during heating showed that the decrease in the value of these
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parameters correlated with each other and was consistent with the amount of
plasticizer used, which suggests that stearate acts as a blowing agent.

Thus, the results obtained in this work can serve as a basis for further studies
of the structure and sorption properties of carbon tablets and for evaluating the

feasibility of their use as an accumulator of hydrogen or other gases.
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