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TIK(Y)-10

Cnocoben pa3pa6aTLIBaTB IJIaHbI U IPOrpaMMbI OpTraHU3allun HHHOBaHHOHHOﬁ
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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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product, product or process; special requirements to the
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5. Investigation of the properties of powders
synthesized in high-frequency discharge air
plasma.
6. Economic calculation.
7. Occupational health and safety.
8. Findings. Conclusion.
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Abstract

Master's thesis contains: 104 pages, 27 tables, 30 figures, 28 references 3
appendixes.

Keywords: plasma, HFT-plasma torch, water-organic nitrate solution, oxide
compound, REMIX-fuel.

The object of the study is the process of plasmachemical synthesis of fuel
oxide compounds «PuO,-UO,-MgO» from water-organic nitrate solutions for
tolerant REMIX-fuel.

The purpose of this work is to study and optimize the process of
plasmachemical synthesis of fuel oxide compounds «PuO,—UO,—MgO» for the
creation of accident-resistant tolerant REMIX-fuel from WONS consisting of water
nitrate solutions of fissile materials (plutonium and uranium), matrix materials
(magnesium), and a combustible organic component (acetone).

In the course of research, the following were conducted: calculation of the
flammability of water-organic nitrate solutions, thermodynamic calculation of the
synthesis of oxide compounds «PuO;-UO,-MgO» in air plasma, determination of
optimal operating modes of a plasma stand based on a high-frequency plasma torch.

The optimal compositions of water-organic nitrate solutions and modes of
their processing to ensure the direct synthesis of nanoscale oxide compounds «PuO--
UO,-MgO» in air plasma are determined.

Scope of application: the obtained research results can be used to create an
energy-efficient technology for the production of tolerant REMIX-fuel obtained by

plasma chemical synthesis.
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Introduction

Natural uranium reserves amount to about 6,140,000 tons, of which Russia
accounts for only 486,000 tons [1]. World uranium production in 2021 amounted to
48,000 tons, which provided 77% of global consumption. While maintaining the
rates of uranium production, these reserves will be able to meet the needs of the
global nuclear power industry for 100-150 years [1].

In the nuclear power industry, there is also an acute problem with spent
nuclear fuel (SNF), including unburned uranium-235 and accumulated plutonium.
Russia has accumulated more than 25,000 tons of spent fuel, the annual increase is
600-700 tons, and only 15% of SNF is recycled.

With this in mind, the main direction of the development of nuclear energy in
Russia is the creation of a two-component nuclear power model using fast and slow
(thermal) neutron-operating reactors with a closed nuclear fuel cycle.

REMIX-fuel is a promising fuel for thermal neutron reactors, created from a
mixture of regenerated uranium and plutonium obtained in the process of SNF
recycling. The use of REMIX-fuel will solve the problem of SNF accumulation and
significantly expand the raw material base of nuclear energy.

After the accidents at the Fukushima NPP in Japan, the IAEA decided to
create accident-resistant tolerant nuclear fuel.

Dispersion fuel, which includes oxides of fissile materials evenly distributed
in a matrix with high thermal conductivity, is one of the promising types of tolerant
fuel [4].

The methods of traditional production of fuel oxide compounds (separate
production and subsequent mechanical mixing, sol-gel, etc.) are long, multistage,
require high energy and labor costs and do not provide uniform distribution and the
required phase composition [4].

In order to significantly reduce energy consumption, it is necessary to use
plasmachemical synthesis of fuel compounds with the addition of a flammable
organic component, which will also allow obtaining fuel oxide compounds with the

required phase composition and uniform phase distribution in fuel tablets.
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The purpose of this work is to study and optimize the process of
plasmachemical synthesis of fuel oxide compounds "PuO,-UO,-MgO" for the
creation of accident-resistant tolerant REMIX-fuel from WONS consisting of water
nitrate solutions of fissile materials (plutonium and uranium) and matrix materials
(magnesium) and with the addition of a combustible organic component (acetone).

To achieve this purpose, the following tasks were set:

1. To conduct a literature review on methods for obtaining fuel oxide
compounds for tolerant nuclear fuel;

2. Calculate the lowest calorific value of WONS and determine the
optimal compositions of WONS, ensuring their energy-efficient processing in air
plasma.

3. To carry out a thermodynamic calculation of the process of
plasmachemical processing of WONS and to determine the patterns of influence of
the mass proportion of the plasma-supporting gas (air) on the composition of the
resulting products in the gas and condensed phases.

4.  To determine the optimal mode of operation of the plasma stand based
on a high-frequency plasma torch, which provides energy-efficient processing of
WONS in air plasma.

5.  To obtain the samples of model oxide compounds and to investigate
their physical-chemical properties.

The practical signification of the work is that the obtained research results can
be used to create an energy-efficient technology for the production of tolerant

REMIX-fuel obtained by plasmachemical synthesis.
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Definitions

Accident-tolerant fuel- is nuclear fuel that is resistant to emergencies at
nuclear power plants.

BET-analysis is a method of mathematical description of physical adsorption
based on the theory of polymolecular (multilayer) adsorption.

HFF-plasma torch is a device for generating air—plasma flows.

Nanodisperse powder is a powder whose particle size is less than 100 nm.

Plasma is a partially or completely ionized gas formed from neutral atoms (or
molecules) and charged particles (ions and electrons).

Plasma chemical synthesis is a chemical method for obtaining highly
dispersed powders of nitrides, carbides, borides and oxides, consisting in the
reaction in a low—temperature plasma away from equilibrium at a high rate of
formation.

REMIX-fuel is a type of nuclear fuel created from a mixture of regenerated
uranium and plutonium.

Scanning electron microscopy is a method of obtaining an image with high
spatial resolution based on the principle of interaction of an electron beam with the
object under study.

Transmission electron microscopy is a method of obtaining an image of an
ultrathin sample by passing a beam of electrons through it.

X-ray phase analysis is a method of studying the structural characteristics of

a material using X-ray diffraction.
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Designations and abbreviations

BET-analysis — method proposed by Brunauer, Emmitt and Teller.
FOC-fuel oxide compounds.

HFF-plasma torch - high-frequency flare plasma torch.
HFFD- high-frequency flare discharge.

HFG — high-frequency generator.

IAEA — International Atomic Energy Agency.

LD- laser diffraction.

NPP- nuclear power plant

OC — oxide compounds.

REMIX- recycled mixture.

RPW — recycled process water.

SEM - scanning electron microscopy.

SNF-spent nuclear fuel.

TEM — transmission electron microscopy.

WNS — water nitrate solution.

WONS — water-organic nitrate solution.

XPA — X-ray phase analysis.
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1 Literature review

1.1 Oxide nuclear fuel

REMIX-fuel is a promising fuel for thermal neutron reactors, created from a
mixture of regenerated uranium and plutonium obtained in the process of SNF
recycling. The use of REMIX-fuel will solve the problem of SNF accumulation and
significantly expand the raw material base of nuclear energy. The disadvantages of
REMIX-fuel include the high cost of SNF processing, as well as the higher
radioactivity of the fuel [3].

1.2 Nuclear fuel cycles based on REMIX-fuel

There are several variants of nuclear fuel cycles (NFC) using mixed oxide
uranium-plutonium fuel [2]:

- The REMIX-A nuclear fuel cycle is a cycle in which uranium and
plutonium are selectively extracted during the spent fuel processing, then mixed in
the initial ratio, after which 19% 2%U is added to ensure the necessary content of
fissile materials (>°U, 23%Pu).

- The REMIX-C nuclear fuel cycle is a cycle in which uranium is
selectively extracted during SNF reprocessing, then the regenerated uranium is
further enriched up to 5% by 23U, after which the further enriched uranium is mixed
with a uranium—plutonium mixture to ensure the necessary content of fissile
materials (°U, 2°Pu);

- The REMIX-B nuclear fuel cycle is a cycle in which the recharge of the
uranium-plutonium mixture with enriched uranium is not used. In this case, the
plutonium content can reach more than 4%, the enriched uranium regenerate is used
in the cycle, but this option is limited in the number of recycles due to the high
plutonium content;

- The REMIX-E nuclear fuel cycle is a cycle in which three types of fuel
are used in the manufacture of fuel pellets: conventional enriched natural uranium
fuel (56%), mixed uranium-plutonium oxide fuel (26%), as well as fuel from

enriched regenerated uranium (18%) [2].
20



According to theoretical calculations, the most cost-effective is the REMIX- E

cycle [2].

1.3 Matrix materials for dispersion REMIX-fuel

One of the elements of dispersion nuclear fuel (DNF) is a matrix.

Metals, metal alloys, intermetallides, oxides, nitrides, metal carbides, as well
as nonmetals, such as graphite, can be used as matrix materials [4].

Since the matrix content in DNF can reach 80%, the most important
requirements for matrix materials are [4]:

- small absorption cross section of thermal neutron;

- high thermal conductivity;

- radiation and corrosion resistance;

- advanced physical and mechanical characteristics in a wide temperature
range;

- plasticity and chemical compatibility with structural materials at
operating temperatures of the reactor core.

In addition, the matrix material must have a melting point above the operating
temperatures of the reactor core, not have phase transformations, and it is necessary

to take into account the availability and cost of matrix materials [4].

1.3.1 Matrix materials in the form of metal oxides

Because uranium dioxide (UO,) and plutonium dioxide (PuO,) are used in
fuel fabrication, metal oxide is the most preferred matrix material.

They have a number of advantages such as good thermal conductivity, high
durability and melting point.

The most preferred are the following:

— zirconium dioxide (ZrOy), which has good physical-chemical
properties, is inert, but also has some disadvantages (three types of crystal structure
formed at temperatures below the melting point, as well as low thermal

conductivity),
21



— magnesium oxide (MgQO) has good thermal stability and high thermal
conductivity,

— cerium dioxide (CeQy,),

— aluminum oxide (Al,O3), has good chemical resistance and high
strength over a wide temperature range,

— yttrium oxide (Y,03), the main properties of which are presented in

table 1.1.
Table 1.1 — Basic physical and mechanical properties of metal oxides
Properties Metal oxide
Al;0O3 MgO CeO> Y203 ZrO;
Melting point, °C 2044 2825 2300 2438 2715
2-1077
Mapour pressure, 10° 10 (1500°C) 21077 2:1078
mm Hg 6-107° (2000°C) (2000°C)
(2000°C)
Thermal conductivity Wt/(m- K)
500°C 13,3 20,0 - 41 -
1000°C 8,2 13,0 1,2 2,5 2,1
1500°C 5,8 6,0 0,9 2,9 2,44
2000°C - 5,0 1,2 4,0 1,8
Elastic modulus |374,63-147,10 |295,20-219,68 168,68-94,15
E, GPa (203-1773K) | (298-1573K) | 024(293K) [180.1(293K) | 593 635K

Table 1.2 — Absorption and scattering cross sections of thermal neutrons for metals

Elements Absorption cross section of thermal Thermal neutron
neutron scattering cross
s Relative units Secgon,
Be 0,0095 1 =5
Mg 0,063 6.6 20
Zr 0,180 19,0 8.0
Al 0,235 247 14

Magnesium oxide (MgO) was selected as the matrix material on the basis of
a comparative analysis of the information given in Tables 1.1 and 1.2. It has a high
melting point (2827 °C) and thermal conductivity at operating temperatures (13.0
W/ (m-K)), a small thermal neutron absorption cross section (0.063 barn), as well as

a relatively small thermal neutron scattering cross-section (4.0 barn).
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1.4 Methods of obtaining fuel oxide compounds
1.4.1 Methods of separate obtaining
In separate production methods, the necessary substances are obtained

separately, after which they are mechanically mixed, pressed, and sintered.

1.4.1.1 Thermal processing of uranyl nitrate solutions
Thermal processing of uranyl nitrate solutions is based on the decomposition
of uranium salts at a temperature of 200-500 ° C.

Into the atmosphere
or for regeneration

Uranyl nitrate solution
V ' Evaporation

T

Uranyl nitrate hexahydrate

. Gases for NO3 capture
tration and regeneration

o
Igl

Uf,
Grinding

Packaging
U0y

Figure 1.1 — Scheme of processing uranyl nitrate solutions

After thermal decomposition of uranyl nitrate solutions, the resulting uranium
trioxide (UQg) is reductioned with hydrogen at a temperature of about 600 °C.

The advantages of the method include the relatively low cost of the process,
as well as the purity of the obtained products.

The disadvantages include the fact that the properties of the obtained oxides
depend on temperature, the presence of vacuum, etc.

1.4.1.2 Thermal decomposition of ammonium polyuranates
Thermal processing of uranyl nitrate is based on the decomposition of
ammonium polyuranates at a temperature of 250-400 °C in the air environment.

(N H4)2U207—>2U03+2N Hs+H,0
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The process of decomposition of ammonium polyuranates has a number of
advantages: the relatively low cost of the process, the ease of obtaining precipitation,
as well as the completeness of the uranium deposition [4,5].

The disadvantages are the need for additional chemical reactions to produce

dioxide and a large variation in the size of the resulting particles.

1.4.1.3 Production of uranium oxides from ammonium uranyl
tricarbonate
The production of uranium dioxide during the decomposition of ammonium
uranyl tricarbonate occurs in an inert medium or in a vacuum by the following
reaction:
(NH4)4[UO2(CO3)3]—-U02 + 2NH3 +3CO,+N,+3H,0+2H;
The disadvantages include the dependence of the properties on the calcination

conditions.

1.4.2 Sol-gel method

The sol-gel method consists of a series of sequential operations, including
preparation of the solution, conversion of the solution into sol and then into gel by
hydrolysis and condensation, as well as subsequent ageing and drying of the product.

The precursors are solutions of uranyl nitrate UO,(NO3), and thorium nitrate
Th(NOs3),.

The sizes of the resulting particles have a nanoscale structure and reach sizes
of the order of 5-100 nm.

With the help of the sol-gel process, it is possible to synthesize various
compounds, and this process also allows you to obtain homogeneous compounds,
but it is quite capacious in hardware design.

Figure 1.2 shows the doping scheme.
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Y

H,0
T Preparation of sol
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400-600 ¢!
NH 5 H
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10% *
H : H50
ac LA Washing BRI
‘ NH4NO
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Ar/a%Ha Reduction + sintering
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8 110,

{Th,U} ‘:’z} Granules

Figure 1.2 — Technological scheme of sol-gel process for uranium and thorium

oxides

1.4.3 Plasmachemical methods for the preparation of oxide compounds

The plasmachemical method of obtaining oxide compounds has a high
reaction rate, and allows obtaining nanoscale particles with a uniform phase
distribution.

It is advisable to synthesize oxide compounds using quenching of the obtained
oxide powders.

For plasmachemical synthesis, an arc, microwave, or glow discharge with a

plasma temperature of about 3000 - 8000 K is used [7].
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The characteristics of the resulting compounds depend on the composition of
the feedstock, plasma-supporting gas and its flow rate, as well as on the temperature
of the plasma jet.

Particles moving through the plasma receive energy, heat up and evaporate,
after which interactions of vaporized substances occur.

The process difficulties are in the separation of powders from the gas phase.

Plasmachemical processing methods are divided into three groups:

1) processing of gaseous raw materials;

2) processing of liquid raw materials;

3) processing of raw materials in the form of solid particles.

1.4.3.1 Method of processing gaseous components

The feedstock is fed into the reactor where it is heated and then evaporated.

After that, the processes of chemical reactions and the formation of particles
in the gas phase occur.

Next, the process of condensation of the substance occurs in the volume or on
the walls of the equipment.

The growth of nucleus occurs in two ways: evaporation and transfer of matter
from smaller particles to large ones, or by coagulation, i.e. by aggregation of
particles.

To prevent the growth of nucleus, "hardening™ is used, sharp cooling leads to
an increase in the number of nucleus, which in turn limits the growth of neighboring
nucleus.

The plasmachemical method has a number of significant advantages: one-
stage process, high productivity, uniformity of phase distribution in the resulting
compositions.

The disadvantage is high-energy consumption.
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1.4.3.2 Method of processing of dispersed liquid raw materials

When using liquid raw materials, the solution is fed into the plasma reactor
using centrifugal or pneumatic dispersers, which significantly increases the
productivity of the process.

During plasmachemical processing of liquid raw materials, chemical reactions
can occur both in the liquid and in the gas phase.

The method of processing of dispersed liquid raw materials has a number of
advantages: the possibility of synthesizing various oxide compounds and the ability
to influence physical-chemical properties.

The physical and mechanical characteristics of the synthesized particles
depend on the composition of the feedstock, the operating temperature in the reactor,
as well as on the plasma-supporting gas.

Plasma processing of liquid raw materials makes it possible to significantly
expand the "circle” of used raw materials, and is more cost-effective compared to

the processing of gaseous compounds.

1.4.3.3 Method of processing of solid raw materials

When processing solid raw materials, the starting materials are fed into the
reactor in the form of powders.

When the powder enters the reactor, they are rapidly heated, melted and
evaporated because of high temperatures.

The chemical reaction takes place in the gaseous phase, after which the
resulting product can be converted into the solid phase [8].

Due to the use of solid raw materials, the resulting compounds have larger
dimensions than when processing liquid or gaseous raw materials.

Thus, the use of this method makes it possible to expand the raw material base
and obtain dispersed oxide compounds of various compositions, which is of great
interest.

The disadvantages of this method are the presence of impurities of the starting

substances in the resulting compounds.
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Taking above into account, it can be concluded that the plasmachemical
method of production allows synthesizing compounds with a diverse phase
composition while maintaining a uniform phase distribution, has lower energy
consumption than other methods (using combustible organic components), and in
addition has an extensive raw material base since it is possible to process raw

materials in any phase state.
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2 Calculated part

2.1 Calculation of the compounds of water-organic nitrate solutions

To calculate the compounds of a water-organic nitrate solution, the ratio of
the mass fraction of fissile materials and the matrix was set, the mass fraction of the
dissolved substance and water was determined using the specific solubility of salts.

Since the content of the target substances in nitrates and oxides differs,
coefficients were used for the transition from the mass fraction of oxides to the mass
fraction of nitrates.

Next, the composition of solutions with the addition of a combustible organic
component was determined and the lowest calorific value was calculated according
to the Formula 2.1:

C
QIC _ (100 Iilgo A)-Qy _ 2,150(1/1/’ 2.1)
where W - percentage of water in the solution; A - percentage of nonflammable

substances in the solution; Q,f, - lowest calorific value of the organic component,
MJ/kg; The coefficient 2.5 takes into account the latent heat of evaporation of water
at 0 °C, MJ/kg.

Table 2.1 shows the flammability of organic substances.

Table 2.1 — Burning indices of organic substances

Flammability Substance
index Acetone | Methanol Ethanol Propanol | Butanol
QFf, M/kg 31,54 19,95 26,80 31,38 33,47
Triashes, K 254 284 285 285 302
Tselt-ignition, K 738 658 619 673 618

Acetone (C3HsO) was chosen as a combustible organic component, since it

has good mutual solubility with water, has a high calorific value, and is easily

accessible.

To provide the necessary conditions, solutions with a lower calorific value of

about 8 MJ/kg were selected.

Calculations of the compounds are shown in Appendix A.
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However, the lower calorific value is not an objective indicator, therefore, the
adiabatic combustion temperature of the solution was chosen as the optimal
criterion, determined by the Formula 2.2:

T — (100_V0x)'QlC+VoxCoxtox
ad 100C}, ’

(2.2)

where Vv,,,. - percentage of the oxidizer (air); Q - lowest calorific value kJ/kg;
Cox - heat capacity of the oxidizer, ki/(kg-K); t,,- temperature of the oxidizer, K;
CI’[, - specific equilibrium heat capacity of the processed products WONS, kJ/(kg -K).

It can be seen from Formula 2.2, the adiabatic combustion temperature
depends on the mass fraction of air, but the composition of the resulting compounds
in the condensed phase also depends on the fraction of air, therefore, a
thermodynamic calculation of the process of plasmachemical processing of WONS

determined at the first stage in a wide temperature range was carried out.

2.2 Thermodynamic calculation of the process of plasmachemical
processing of WONS

The phase composition of plasma processing products was determined by
thermodynamic calculation with the program TERRA.

TERRA is a program designed to calculate the phase compositions of
heterogeneous systems.

During the calculations, the following initial data were set: pressure 0.1 MPa,
temperature 300-4000 K, and the mass fraction of air 5-90%.

The compounds are shown in Appendix A.

Figures 2.1 — 2.3 show the dependence of the mass fraction of substances in
the condensed and gaseous phases obtained during plasma processing of the WONS

1+3 with the required mass fraction of magnesium oxide 5%.
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Figure 2.1 — The dependence of the mass fraction of substances on the temperature

in condensed (Fig. a) and gas (Fig. b) obtained during the processing of WONS-1
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Figure 2.2 — The dependence of the mass fraction of substances on the temperature
in condensed (Fig. a) and gas (Fig. b) obtained during the processing of WONS-2

with an air content of 68%

31



0075 Mac .aoAx 0E Mac 304K

H2
o U3084EY  iangce
008
4 045
0.045
0z
on:
Hz(i oz
015
0.015
HgCO3ics
""" o, HMguic? il it ]
0 e e, 0 o
I} &00 1600 2400 2100 T. K i} 200 1600 2400 300 T. K

Figure 2.3 — The dependence of the mass fraction of substances on the temperature
in condensed (Fig. a) and gas (Fig. b) obtained during the processing of WONS-3

with an air content of 70%

Figures 2.4 — 2.6 show the dependence of the mass fraction of substances in
the condensed and gaseous phases obtained during plasma processing of the

WONS4+6 with the required mass fraction of magnesium oxide 10%.
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Figure 2.4 — The dependence of the mass fraction of substances on the temperature
in condensed (Fig. a) and gas (Fig. b) obtained during the processing of WONS-4
with an air content of 66%
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Figure 2.5 — The dependence of the mass fraction of substances on the temperature
in condensed (Fig. a) and gas (Fig. b) obtained during the processing of WONS-5

with an air content of 68%
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Figure 2.6 — The dependence of the mass fraction of substances on the temperature
in condensed (Fig. a) and gas (Fig. b) obtained during the processing of WONS-6

with an air content of 70%
Figures 2.7 — 2.9 show the dependence of the mass fraction of substances in

the condensed and gaseous phases obtained during plasma processing of the WONS

7+9 with the required mass fraction of magnesium oxide 20%.
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Figure 2.7 — The dependence of the mass fraction of substances on the temperature
in condensed (Fig. a) and gas (Fig. b) obtained during the processing of WONS-7

with an air content of 66%
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Figure 2.8 — The dependence of the mass fraction of substances on the temperature
in condensed (Fig. a) and gas (Fig. b) obtained during the processing of WONS-8

with an air content of 68%
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Figure 2.9 — The dependence of the mass fraction of substances on the temperature
in condensed (Fig. a) and gas (Fig. b) obtained during the processing of WONS-9

with an air content of 70%

Figures 2.10 — 2.12 show the dependence of the mass fraction of substances
in the condensed and gaseous phases obtained during plasma processing of the

WONS 10+12 with the required mass fraction of magnesium oxide 30%.
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Figure 2.10 — The dependence of the mass fraction of substances on the
temperature in condensed (Fig. a) and gas (Fig. b) obtained during the processing
of WONS-10 with an air content of 66%
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Figure 2.11 — The dependence of the mass fraction of substances on the
temperature in condensed (Fig. a) and gas (Fig. b) obtained during the processing
of WONS-11 with an air content of 68%
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Figure 2.12 — The dependence of the mass fraction of substances on the
temperature in condensed (Fig. a) and gas (Fig. b) obtained during the processing
of WONS-12 with an air content of 70%

Figures 2.13 — 2.15 show the dependence of the mass fraction of substances

in the condensed and gaseous phases obtained during plasma processing of the

WONS 13+15 with the required mass fraction of magnesium oxide 40%.
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Figure 2.13 — The dependence of the mass fraction of substances on the
temperature in condensed (Fig. a) and gas (Fig. b) obtained during the processing
of WONS-13 with an air content of 66%
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Figure 2.14 — The dependence of the mass fraction of substances on the
temperature in condensed (Fig. a) and gas (Fig. b) obtained during the processing
of WONS-14 with an air content of 68%
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Figure 2.15 — The dependence of the mass fraction of substances on the

temperature in condensed (Fig. a) and gas (Fig. b) obtained during the processing
of WONS-15 with an air content of 70%

Figures 2.16 — 2.18 show the dependence of the mass fraction of substances

in the condensed and gaseous phases obtained during plasma processing of the

WONS 16+18 with the required mass fraction of magnesium oxide 50%.
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Figure 2.16 — The dependence of the mass fraction of substances on the

temperature in condensed (Fig. a) and gas (Fig. b) obtained during the processing
of WONS-16 with an air content of 66%
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Figure 2.17 — The dependence of the mass fraction of substances on the
temperature in condensed (Fig. a) and gas (Fig. b) obtained during the processing
of WONS-17 with an air content of 68%
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Figure 2.18 — The dependence of the mass fraction of substances on the
temperature in condensed (Fig. a) and gas (Fig. b) obtained during the processing
of WONS-18 with an air content of 70%

From the analysis of the graphs, it can be seen that air fraction of less than
68% gives the following products: carbon C(c), magnesium oxide MgO(c), uranium
dioxide UOy(c), plutonium dioxide PuO,(c), and magnesium carbide MgCOs3(c).
However, carbon and magnesium carbide are formed at temperatures significantly
lower than the operating one.
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From the analysis of the graphs, it can be seen that air mass fraction of 66%
gives the following products in condensed phase: UO;(c), PuO2(c), MgO(c), as well
as carbon C(c) and MgCOs(c), which are formed at temperatures significantly lower
than operating.

Figures 2.1-2.18 also show that with air mass fraction of 68% gives the
required fuel oxide compounds containing UOy(c), PuO,(c) and (5-50%) MgO(c).
They are formed without the formation of C(C). Air mass fraction of more than 68%
gives non-target uranium oxides UO3(c), U3z0g(c) and U4Oq(c) instead of the target
oxide UO5(c).

Calculations of the total energy consumption for the production of fuel oxide
compounds by the method of plasmachemical synthesis according to the following
formula are carried out:

Egen = Hr — Haoo, (2.3)
where Egen — total energy consumption, MJ/kg;
Hr - total enthalpy of the plasma jet at operating temperature, MJ/Kg;
Hsoo - total enthalpy of the plasma jet at a temperature of 300 K, MJ/kg.

Calculations of specific energy consumption for the production of fuel oxide
compounds by plasmachemical synthesis according to the following formula have

been carried out:

E en
Esp = gT, (24)
where E,- specific energy consumption for obtaining one kilogram of the fuel oxide
compound, MJ/kg; Z- is the mass fraction of the fuel oxide compounds.

The results of cost calculations are shown in Figure 2.19
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Figure 2.19 — Graph of the dependence of specific energy consumption on
the plasmachemical synthesis of 1 kg of fuel oxide compound with air mass

fraction of 68% and different matrix content (MgO)

Figure 2.19 shows that specific costs increase with an increase in operating
temperature, and with an increase in the proportion of the matrix in the FOC.

The inflection is because at these temperatures the mass fraction of oxide
compounds is significantly less than at higher temperatures.

Based on the conducted studies, it is possible to determine the optimal
parameters for the plasmachemical synthesis of fuel oxide compounds. They are the
mass fraction of air (lower 68%), temperature in the reactor (in the range 1400-1800
K), specific energy consumption for obtaining one kilogram of FOC «PuO,—UO,—

MgO» (2.6 — 8.3 MJ/Kkg).
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3 Experimental part

3.1 Description of the experimental setup

Studies of the plasma processing of dispersed WONS in an air-plasma jet were
carried out with the help of the experimental installation "Plasma module based on
a high-frequency plasma torch™.

The plasma stand is shown in Figure 3.1.

Into the atmosphere

s

HFG 7 By

S - L
N A==
off ||

L
Figure 3.1 — plasma module based on a high-frequency plasma torch: 1-disperser,

2-HFT discharge, 3-HF plasma torch, 4- copper electrode, 5-case, 6- coaxial
output, 7- recator impeller, 8- «wet cleaning» unit, 9- exhaust fan, 10- gas duct, 11-

gas analyzer, 12- sampler, 13- pyrometer cover, 14- pyrometer.

The energy from the HFG is supplied to the copper water-cooled electrode 3
through the coaxial output 6.

The torch discharge 2 is initiated from the electrode 4 inside the quartz
discharge chamber of the plasma torch (d = 50 mm, L = 860 mm).

An exhaust fan 9 pumps the exhaust gases out.

An impeller 7 is installed at the entrance to the reactor, with a maximum input
area S,= 1650 cm?. Above the impeller there is a sliding shutter consisting of 10
sections, the opening or closing of which allows you to adjust the airflow through

the impeller into the reactor.
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Using a Pitot tube and a gas analyzer, the pressure, velocity and air flow
through the plasma torch, gas duct and reactor were determined.
The operating temperature in the reactor was monitored by a digital infrared

pyrometer.

3.2 Determination of air flow through the plasma torch and flue

The mass air flow through the quartz tube of the plasma torch and the gas duct
was determined using a Pitot tube.
The flow of plasma-supporting gas created a pressure was measured using a Pitot
tube.

The air flow was determined by the following formula:

(pv?
2

f=

where p — air density at normal temperature, kg;
V —airflow speed;
Pe— full pressure, Pa;
Pst — static pressure, Pa.
Expressing the air flow velocity from Formula 3.1 we obtain the following
equation:

V= [M]O'S (32)
p
The volumetric air flow is calculated using the following formula:
Q=S-V, (3.3)
where S is the cross—sectional area of the duct.
The air flow pressure was measured with a different number of closed sliding

shutter segments, which changed the input area of the impeller.
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Table 3.1 — Air pressure through the plasmatron at different impeller area

NQ Simp pV2/2, mBaI’ fav
3xn cm? 1 2 3 4 5 6 7 mBar
1 3x10 | 1650 4,01 3,97 4,02 3,98 4,03 4,02 4,04 4,01
2 3x8 1320 3,09 3,07 3,05 3,09 3,11 3,08 3,12 3,09
3 3x6 990 2,88 2,89 3 2,87 2,8 2,87 2,85 2,88
4 3x4 660 2,68 2,66 2,64 2,68 2,66 2,69 2,69 2,67

Table 3.2 — Air pressure through the high-frequency plasma torch at different

impeller areas

Ne Simp pv2/2, mBar far
3xN | cm? 1 2 3 4 5 6 7 mBar
1 3x10 | 1650 2,21 2,27 2,27 2,24 2,23 2,21 2,23 2,24
2 3x8 1320 2,46 2,48 2,46 2,44 2,49 2,48 2,48 2,47
3 3x6 990 2,62 2,66 2,64 2,63 2,6 2,61 2,59 2,62
4 3x4 660 3,57 3,68 3,55 3,52 3,64 3,62 3,64 3,6

Using Table 3.1 and Formulas 3.1-3.3, a calculation was carried out and a
graph was plotted showing the dependence of the plasma-supporting gas flow
through the discharge chamber 10 of the high-frequency plasma torch on the input
area of the impeller.

The resulting dependence is shown in Figure 3.2.
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Figure 3.2 — The effect of the input area of the reactor impeller on the mass flow of
plasma-forming gas through the discharge chamber of the high-frequency plasma

torch
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It follows from the graph that the mass flow rate of the plasma-supporting gas
through the discharge chamber of the high-frequency plasma torch decreases
linearly with an increase in the input area of the reactor impeller.

Using the data in Table 3.2 and Formulas 3.1-3.3, a calculation was made and
a graph was plotted. It reflects the dependence of the plasma-supporting gas flow
through the gas duct after the wet cleaning unit on the input area of the impeller.

This dependence is shown in Figure 3.3.
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Figure 3.3 — Influence of the inlet area of the reactor impeller on the mass flow of

plasma-supporting gas through the gas duct

From the obtained data, shown in Figure 3.3, it follows that an increase in the
inlet area of the reactor impeller leads to an increase in the mass flow rate of air

through the gas duct.

3.3 Determination of gas flow through the reactor
To determine the mass flow rate of air through the reactor, the Formula 3.4
was used, which allows calculating this parameter as the difference in flow rates
through the flue and the plasma torch.
Qp = sz - th (3.4)
where Qp — volumetric flow rate of the air coolant through the reactor, m%/s;

Qy,— volumetric flow rate of the air coolant through the gas duct, m%/s;
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Qp— volumetric flow rate of plasma-forming gas through a high-frequency plasma
torch, m3/s.

Data on the mass airflow through the reactor, as well as data on the air flow
through the discharge chamber and the gas duct are given in Table 3.3.

Table 3.3 — Results of calculations of the mass air flow

Ne Simp Gas duct HFT plasmatron Reactor
2 favv P ' Qﬂ’ ﬁlvv va Qﬂ: T! P, QP,
3xN | em mBar Pfa kg/s | mBar Pa kg/s | °C | kg/m® | kg/s
1 | 3x10 | 1650 | 4,02 | 399,95 | 1,56 2,23 | 223,75 | 0,12 1,42
2 3x8 | 1320 | 3,08 | 307,66 | 1,37 2,45 | 246,68 | 0,13 21| 120 1,22
3 3x6 | 990 | 2,89 | 286,74 | 1,31 2,63 | 261,35 | 0,13 ’ 1,19
4 3x4 | 660 | 2,68 | 266,66 | 1,28 3,61 |35891| 0,15 1,12

Based on the data from Table 3.3, a graph was plotted reflecting the
relationship between the mass flow rate of air through the reactor and the size of the
input area of the impeller. It is shown in Figure 3.4.
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Figure 3.4 - The effect of the input area of the reactor impeller on the flow of

plasma-forming gas through the reactor
Based on all of the above, it can be concluded that it is possible to smoothly

adjust the mass flow of plasma-supporting gas through the reactor by changing the

number of closed sections of the impeller.
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3.4 Investigation of the operating modes of HFF-plasma torch
In order to study the operating modes of the plasma torch, thermal power
losses on the generator grid and on the anode of the generator lamp are calculated.
The initial power of the air-plasma jet was calculated using the following
formula:
P,=1,-U, (3.5)
where I, — current at the anode, A,
U, — voltage at the anode of the generator lamp, kV.
Next, the power dissipated at the anode in the form of heat was calculated
using formula 3.6:
P, =mg - C,- At, 4,186 kWt (3.6)
where m,— mass flow rate of water, kg/s;
C,— specific heat of water, kcal/kg;
At,— cooling water temperature difference, deg.
It was also used to determine the power dissipated on the housing, inductance
and electrode.
The power of the torch discharge was calculated by the following formula:
Pyis = Py — (Py + Py + Py ), kKWt (3.7)
The power of the plasma jet was obtained according to the following formula:
P; = Pyis — P, XBT (3.8)
To determine the enthalpy of the plasma jet, a certain formula was used that
takes into account the flow rate of the plasma-supporting gas and the enthalpy of the

gas mixture at a temperature of 300 K:

Hy = Hy + Pg“, k] /kg (3.9)
p

where H, — enthalpy of the gas mixture at a temperature of 300 K;
Q, — plasma-supporting gas consumption, kg/s.

The efficiency of the plasma torch was calculated by the following ratio:

Mpe = (52) - 100,% (3.10)

dis
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The efficiency of the plasma stand was calculated by the following ratio:
Tpe = (}) - 100, % (3.11)

The obtained data are given in Appendix B.
The operating mode of the plasma torch was selected in such a way that the

temperature of the plasma jet was sufficient to ignite the processed solutions.

3.5 Methods of conducting experiments

In the experiment, model oxide compounds «Nd203-Sm,03—-MgO» were
used, simulating the plasmachemical synthesis of dispersion REMIX-fuel, obtained
at the speed of rotation of the dispersant rotor f; = 35 Hz and the consumption of
recycled process water for the "quenching" of the oxide compounds Q = 2,8 kg/s.

Samarium and neodymium were chosen as imitators because they have a
similar structure of electronic shells with plutonium and uranium, respectively,
which provides similarity in physical-chemical properties.

Salts of neodymium nitrate  Nd(NO3)3:6H,O, samarium nitrate
Sm(NO3)3:6H,O and magnesium nitrate Mg(NO3)»6H,O were used for the
preparation of WONS.

Based on the results of the conducted studies, the following optimal operating
modes of the stand can be recommended for the process of plasmachemical synthesis
of fuel oxide compounds:

- high-frequency generator HFG 8-60/13-01 (voltage at the anode 5,6 kV,
current at the anode 3,5 A);

- plasma torch (plasma jet power 15,0 kW);

- plasmachemical reactor (mass air flow rate 0,95 kg/s, input area of the
impeller 1320 cm?).

To obtain WONS with a given composition, a water nitrate solution (WNS)
based on distilled water was initially prepared, to which a combustible organic

component (acetone) was added.
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After feeding the finished WONS to the rotor of a disperser rotating at a
frequency of 35 Hz with a constant flow rate of 300 I/ h, their plasma processing was
carried out in the reactor at a given temperature, using a pyrometer for temperature
control and a wet cleaning unit for quenching oxide compounds and the formation
of water suspensions.

After cleaning, the purified gases were released into the atmosphere using an
exhaust fan.

Samples were taken from the formed suspensions and sent for granulometric
analysis carried out by laser diffraction.

The water suspension was settled for 24 hours, after which the water was
drained, and the sediment was filtered and calcined at 120-150 °C for 20 minutes and

then transferred for analysis.

3.5.1 Investigation of physical-chemical properties of oxide compounds

To study the properties of the obtained powders of model oxide compounds,
an analytical study was conducted on specialized equipment at the Center for
collective Use of the Scientific and Educational Innovation Center "Nanomaterials
and Nanotechnologies”, the Federal State Autonomous Educational Institution of
Higher Education "National Research Tomsk Polytechnic University".

The technical parameter Dso equal to the median value of the particle size
distribution was used for comparative analysis.

The value of the specific surface area was obtained by the BET method
conducted with the Sorbi-M device (META CJSC, Russia).

The phase composition of the obtained powders was determined, as well as
the hygroscopicity coefficient K, which characterizes the morphology of the
particles.

When the hygroscopicity coefficient is less than or equal to one, the shape of
the particles is close to equiaxed, and when the hygroscopicity coefficient is higher

than one, the particles have a complex surface or internal pores.
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From the analysis of the results presented in Appendix C, it follows that an
increase in the mass fraction of the matrix (MgO) from 5% to 50% in the
composition of OC leads to a decrease in the volume of OC particles from 12
microns to 5.3 microns, and the sizes of crystallites in the conglomerates decrease
from 76 nm to 59 nm.

This suggests that the obtained compositions of model oxide compounds
consist of nanoscale crystallites.

The results of the conducted research can be applied to create an energy-
efficient technology for the production of tolerant REMIX-fuel obtained by

plasmachemical synthesis.
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16% mnaknaonvie pacxoovl, 30% pationnwiii
K03 uyuenm.

Hepeqeﬂb BOIIPOCOB, MOAJIC/KAINUX UCCICTOBAHUI0, IPOCKTHUPOBAHUIO U pa3paﬁoTKe:

HTH

1. OMEHKCI KOMMepUYeCKo2o U UHHOBAYUOHHO20 nomernyuala

Onucanue NOMeHYUaiIbHvlx nompe6umeﬂeﬁ.

Oyenxa KOHKYPEHMOCNOCOOHOCTU HU.
Onpedenenue  603MOJCHBIX — AILLINEPHAMUG
npogedenus HU.

SWOT-ananus.

3aKynok

2. IInanuposanue npoyecca ynpasnenus HTH: cmpykmypa u
epagux nposedenus, 0100JCeM, PUCKU U OP2AHUZAYUS

Onpedenenue cmpykmypbl evinoinenus HU.

Onpedenenue  mpyooemxocmu — pabom.
Paspabomxa epagpuxa npogedenus
uUccne0o8aHusL.

Pacuem 6100xcema HU.

3. Onpeoenenue pecypchoti, puHaHCOBOU, IKOHOMULECKOU

Onpeoenenue: unmezpanrbHo20 QUHAHCOBO20

39bd)exmu@ﬂocmu nokasameijisi, unmezcpaibHoco nokasameiisi
pecypcosgppexmusnocmu, UHMEZPaIbHO20
nokasameins dghexmusHocmu.
Hepeqeﬂb rpa(]mquKoro MATEPHUAJIA (c mounvim yrasanuem obsizamenvivlx uepmedicetl):
\ JlaTa BblIa4¥ 3a1aHu JJIA Pa3/esia no JHHeHHOMY rpaguky |
3anaHue BbIIAJ KOHCYJIbTAHT:
JomKkHOCTD (0115 (0] Yuenasi cTeneHs, TMoanmuch JlaTa
3BaHue
nouent OCI'H IIBUIT Cnunbiaa JIro60Bb K.3.H.
TITY IOpreBHa
33[[3Hl/le MNPUHAJJT K MICITIOJJTHEHUIO CTYACHT:
I'pynna ®UO Moamuce Jara
0AMI11 Ky3nenos Cepreit IOpseBny
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4 DuHAHCOBbINI MEHEIKMEHT, pecypcodpPeKTUBHOCTD "
pecypcocOepexenne

4.1 llpeanpoeKTHbIH aHAIHN3
B Hacrosimiee BpeMs epCIEKTUBHOCTh HAYYHOT'O MCCIIETOBaHUS 00yCIIaBINBaeTCs
HE TOJIbKO BXKHOCTBIO pa3pabOTKU B KaKOU-IHOO cdepe NesaTeTbHOCTH, HO U €T0
KOMMeEpUECKOH 3 (PEKTUBHOCTHIO.

OneHka KOMMEPYECKOrO0 TOTEHIMala pa3pabOTKU SBISETCS Haubosee
BOXHBIM (PAaKTOPOM TPU TMOUCKE (PUHAHCOBBIX MCTOYHUKOB JJII pean3aluu
HAYYHOTO MCCJIEOBAHUS U €TO0 MOCIEAYIONMEeH KOMMEPIINaIH3aIii.

Lenpro paznena «DOUHAHCOBBIM MEHEIKMEHT, pecypcodr((HEKTUBHOCTh U
pecypcocOepexeHue» SABIAETC ONpPeeIeHUE MEPCIEKTUBHOCTU MPOEKTA, a TAKXKe
MEXaHU3MOB YIIPaBICHHUS M COMPOBOXKICHHS NPOEKTHBIX PEIICHWH Ha HTare
peanu3anuy, aHanu3 (PUHAHCOBBIX acCMEKTOB peaju3allud MpPOEeKTa, a TaKkKe
OTIPENETUTh IKOHOMUYECKYIO (P PEKTUBHOCTD CHHTE3a JUCIEPCUOHHOTO SAEPHOTO
tormBa ([T) B Bo3aymiHON MMia3MEHHOM CTpye, a TakKe €ro MOCIEAYIOIIEro
BHEJIPEHUS B TOTUIUBHBIN ITUKIL.

JlocTrKeHne MOCTaBIEHHOM e 00eCTIeYMBASTCS CISAYIOIUMU 3aJauaMu:

— O1eHKa KOMMEPYECKOT0 MOTEHIHAIa U TIEPCIIEKTUBHOCTH TIPOBEICHHUS
UCCIIEIOBaHMUS;

— Omnpenenenre BO3MOXHBIX albTEPHATUB B MPOIECCE MPOBEACHUS
UCCJIEIOBAHMS  YJOBJIETBOPAIOMIMX TpeOOBaHUSIM pecypcodhPEeKTUBHOCTH U
pecypcocOepeKeHHS;

— Onpenenenue PECYpPCHOM, (hHUHAHCOBOM, COIUAJIBHOM u

AKOHOMMYECKOM 3 (DEKTUBHOCTEN TPOBEACHUS UCCIICIOBAHMS.
4.1.1 TloreHuMaNbHbIE OTPEOUTETH Pe3YJIbTATOB HCCIEI0BAHUS

B Poccumn CAWHCTBCHHLIM IMOCTABHIMKOM SAJACPHOI0 TOILIMBA JJIA aTOMHBIX

CTaHHHﬁ, CYAOBBIX MW HCCICAOBATCIIBCKUX PCAKTOPOB MABJIACTCA TOIJIMBHAA
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kommanust «TBDJI», Takke poCCHUCKOE TOIUIMBO IOCTABISETCA 3a pyOex Ha
PEaKTOPbI, HOCTPOCHHBIE 110 OTEYECTBEHHBIM TEXHOIOTHSIM.

B mnacrosimee Bpemsa B Poccum wucnonsdyrorcas 7 ADC, KOJIWYECTBO
9Hepro010koB Ha KOTOpbIX ¢ 2010 mo 2020 yBenmuuunock ¢ 35 10 38 mTykK.

C 2007 o 2020 rojs! BeIpaboTKa 351eKTposHeprun Ha ADC yBeau4uiiach Ha
50 mupa kB1/4, a nons snepHoi sHepreTuku ¢ 15,9% no 20,28%, a x 2045 roxy
IUIAHUPYETCS YBEIMYUTD JTOJIF0 aTOMHOM SHEpreTuku 110 25%.

JIUCIIepCHUOHHOE  SIIEPHOE TOIUIMBO MOKET HCIOJIb30BAaThCsl KaK Ha
OTHOCHUTENIBHO CTAPBIX PEAKTOpPAX Ha TEIUIOBBIX HeWTpoHax Tuna BBOP, tak u Ha
HOBBIX Ha OBICTPBIX HEWTpoHax Tuna bH.

[Tepesarpy3ka ToIMBa IPOUCXOUT MPUMEPHO KaXble 3—5 JIET, U B CPETHEM
KaXK/IbI 3HEpro00K TpedyeT TorumBa nopsaka 90 ToHH B TOJI.

UTto mno3BONSET CKa3aTh O MOTEHIMAJIbHON EMKOCTH pPbIHKAa KOTOpas
cocTasisieT nopsiaka 3510 ToHH/TO.

Tekymiee KepaMUuecKoe TOIUIMBO OO0JagaeT pPSAIOM  CYIIECTBEHHBIX
HEJIOCTATKOB OCHOBHBIM, M3 KOTOPBIX SABJISIETCS HU3Kas TEIUIONPOBOAHOCTH, YTO
ymenbiaer KIIJ[ paboTel peakTtopa, a TakKe MPUBOJUT K TETUIOHAMPSIKCHUSM
TOILUIMBA, YTO He 0e30IacHo.

Tekymee HTU nmeer TemionpoBOAHOCT B Pa3bl BBILIE YEM KEPAMUYECKOE
TOIUJIMBO, M 3aBUCUT OT coctaBa JAT, manHoe mpeumyIiecTBO MO3BOISET Oosee
2 PEKTUBHO HCIOJB30BAaTh TOIUIMBO, a 3HAYMT I03BOJISICT MOBBICHTH KII/]
peakTopa, Takxke ucnoibzoBanue JIAT sBiseTcs 6osiee 6e30mMacHbIM.

HNcxoast w3  Bcero  BBINIENEPEUYUCICHHOTO MOXHO  CKa3aTh, UTO JlaXe

NOTPEOUTENHCKUN PHIHOK Poccry 04eHb MEPCIIEKTUBHBIN 711 JAHHOU pa3paboTKHu.

4.1.2 AHaIu3 KOHKYPEHTHBIX TEXHHYECKUX peleHuii

Peinok JIAT HaxoauTcs B TOCTOSSHHOM JBMKCHHMH, M3MEHSIOTCS KaK 1I€HA Ha
TOIUJIMBO, TaK W MPEANOYTUTEILHBIN BUJ] TOIIMBA, IO 3TUM MPUYUHAM MPOBOIUTH
aHaIN3 KOHKYPEHTHBIX pa3pabOTOK Ha PBIHKE HEOOXOAMMO TMPOBOAUTH

CUCTCMATHUYCCKH, YTO IMO3BOJIMT BHOCUTb KOPPEKTHUBLI B IMPOLCCCHI ITPOBECACHUS 1
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pealin3aiyy UCCIIEOBAHNS, B PE3yIbTaTe YETO MPOEKT ¢ OOJbIIEH BEPOSTHOCTHIO
OKa)KEeTCs MEPCIIEKTUBHEN 00Jiee MEPCIEKTUBHBIM, YEM Y KOHKYPEHTOB.

OrneHka NepcueKTUBHOCTU peaan3allii HAyYHOTO MPOEKTa OCYIIECTBISETCS
C TMOMOIIBIO OMPEEICHHBIX MOKa3aTeNeH, 3aBUCSIINX OT 00bEKTa UCCIIeIOBaHUS,
cepbl TNpUMEHEHHs] OOBEKTa MCCIEJOBAHMS, a TaKKE€ TEXHUYECKUX WU
HKOHOMUYECKUX OCOOEHHOCTEN.

Jlnis nanHO# paboTHI BEIOPAHBI CIEAYIONINE TEXHUUYECKUE KPUTEPUH OLICHKH
NEPCIIEKTUBHOCTH MPOEKTA!

- MoOUIBHOCTH — BO3MOXHOCTb NEPEIBUKEHUS YCTAHOBOK JIJ1s1 pa0OTHI
B Pa3IUYHbIX MECTAX;

- YpoBeHb myma

- Hanuure oTX010B — YMCTOTa MPOU3BOJICTBA;

- [TpocToTa B sKCIUTYaTalUH;

- Hannuue noporocrosiero o0opy1oBaHus;

- OpHoponHocTh pactpenenenuss (a3 — B TaOJIETKEe TOIUTUBHBIN
KOMIIOHEHT PAaBHOMEPHO PACIIPENIETICHO B MaTepraje MaTPHUIIbL.

[ToMUMO TEXHUYECKUX KPUTEPUEB, TAKKE OMNPEICICHBbl CIEAYIOIIHE
HKOHOMHUYECKHE KPUTEPUH OLIEHKH pecypcod3DPeKTUBHOCTH:

— KOHKYpeHTOCIOCOOHOCTh MPOAYKTAa — COOTHOILIEHWE CHJIBHBIX U
CJIa0BIX CTOPOH MPOEKTA MO CPABHEHUIO C KOHKYPHUPYIOIIMMHU [TPOECKTAMU;

- CrouMOCTh peanu3alliy MpOeKTa — OlIEHKa (PMHAHCOBBIX 3aTpaT Ha
peanu3anuio MpoeKTa;

— TpynoeMKOCTh — KOJMYECTBO BPEMEHH, 3aTpPayMBAEMOro Ha
MIPOM3BOJICTBO €IMHUIIBI TIPOTYKIIUH;

— duHaHCUPOBaHKE HAYYHOU pa3pabOTKU — MOAJIEPKKA TOCYIapCTBOM
WM NHBECTOPaMHU.

B Tabmuue 4.1 npuBeneHa OIEHOYHAs KapTa CPAaBHEHUS KOHKYPEHTHBIX
TEXHUYECKUX PEIICHUN.

AHanu3 KOHKYPEHTHBIX TEXHUYECKUX PEIICHUN onpeensieTcs no Gpopmyre:
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K = ZBL . Bi’ (41)
rie K — KoHKypeHTOCIIOCOOHOCTh HayUYHOU pa3paOOTKH WIIM KOHKYPEHTA;
Bi — Bec mokazatens (B 10X €IUHUIIbI);
bi — 6ann 1-ro mokazares.

Tabmuna 4.1 — OueHo4yHast kapTa AJisi CPAaBHEHHS KOHKYPEHTHBIX TEXHUYECKHX

pelLIeHUN
bajuibl ¢ yuerom
Kputepuu oneHKH Bec bajbt BECOBOIo
p p KpI/ITepI/Iﬂ K03(l)(1)I/IHHeHTa

Bap. 1 ‘ Bap. 2 ‘ Bap. 3 | Bap. 1 ‘ Bap. 2 ‘ Bap. 3

TexHHYeCKHe KPUTEPUH OLIEHKH pPecypcodPPeKTHBHOCTH

MoOWIBHOCTE 0,02 1 3 5 0,02 0,06 0,1
YpoBeHs nyma 0,04 3 4 4 0,12 0,16 0,16
Hannuue orxonos 0,2 5 3 3 1 0,6 0,6
IIpocroTa sKcmmyaranuu 0,03 3 3 5 0,09 0,09 0,15
Hanuuue noporocrosiero 0,07 3 3 5 0,21 0,21 0,35
o0opyoBaHus
Onmeopomsocts 0,02 5 4 2 1 | 08 | 04

pacnpeneneHus ¢as

JKOHOMHYECKHE KPUTEPHH OLeHKH 3(PPeKTHBHOCTH

KoHKypeHTOCTIOCOOHOCTH 0,12 4 4 3 0,48 0,48 0,36

CTOMMOCTB peain3anuu 0,04 3 4 5 0,12 0,16 0,2
dunancosas

3P PEKTUBHOCTh HAYYHOU 0,2 4 5 4 0,8 1 0,8
pa3paboTKu

TpynoemkocTh 0,08 4 5 1 0,32 0,4 0,08

HUroro 1 35 38 37 416 3,96 3,2

rjae BapuaHT 1 — MIa3MOXUMHYCCKUI CUHTE3,

BapUaHT 2 — cCaMOpacIpoCTpaHsoNIuiicss Bbicokotemneparypubiii cunre3 (CBC),
BapHaHT 3 — MEXaHMYECKOE CMEIIIMBAHHE.

Ananuzupys Tabmuiy 4.1 MOXHO caenaTh BBIBOA O TOM, yTo Oe€3 yuera
BECOBOTO  KOd(puImeHTa MeEXaHMYECKOE CMEIICHHE TIOJy4yaeTcs CaMbIM
ONITUMAJIBHBIM MeTOJIOM Ttonydenus AT, a ninasMOXUMHUYECKUN CUHTE3 HAUMEHEE
MEePCTIIEKTUBHBIM.

OpmHako poBeIs pacueT ¢ UCIIOIb30BaHUEM BECOBBIX KOA(P(GUIIMEHTOB BUIHA

a0COJIIOTHO IIPOTHUBOIIOJIOKHAA CHUTYyallus, HauoOoJiee NEPCICKTUBHBIM MCETOJ0M
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cuntesa JAT sBnsercs mazMOXuMMHUYECKUM CUHTE3, @ HAMMEHEE — MEXaHUYECKOE
CMEIIMBAHUE OKCHUJOB, 3TO MPOUCXOAUT MOTOMY UYTO MPEUMYIIECTBA, KOTOPHIE
nmeroT wMeroapl CBC m  MexaHMyeckoe CMCIIMBAaHHE MEHEEe BaXKHBI H
COOTBETCTBEHHO HMMCIOT MEHBIIINE BECOBBIC KOIPQPHUIIMEHTHI, YeM KPHUTCPUHU, B
KOTOPBIX IJIA3MOXUMHYECKUM CHHTE3 00JIee MPEeAmOUTUTEIICH.

HMcxons w3 dYero MOXKHO cCJlielaTh BBIBOJ O TOM, 4YTO HauOoee
MPEANOYTUTENBHBIM MeToAOM st cuHTe3a AT sBigercda miazMoxumuyecKui

CHHTC3 OKCHUIOB.

4.1.3 SWOT -ananu3

Jlns onrcanus mpoekta MoxHO npumMeHnT SWOT-ananu3. SWOT sBnsiercs
MHEMOHHUYECKON ab0peBHatypoid u pacmmdpoBbiBaeTcsl Kak strengths (cuibHbIe
cTopoHbl), weakness (ciiabbie CTOPOHBI), opportunities (BO3MOXKHOCTH), threats
(yrpo3el). To ectb SWOT-ananu3 — 3T0 aHaJINU3 CUJIBHBIX U CJIA0BIX CTOPOH, a
TaK)K€ BIIMSHUS BHEIITHEH CPEIIbI

B tabnune 4.2 npusenena marpunia SWOT-ananu3a npoekra.

Tadomuma 4.2 — SWOT-ananus

CuibHble CTOPOHBI Hay4HO- | Ciadble CTOPOHBI HAY4YHO-
HCCJIEA0BATEIHCKOTO HCCJIE0BATEIBCKOT0 MPoeKTAa:
NMPOEKTA: Cal. OrcyrcTBHME  HpOTOTHIIA
C1. OnHOCTaANHHOCTD | HAY4YHOH pa3pabOTKH.

nonyuenus JIAT; Ca2. OrtcyTcTBUE y
C2. HeBpicOoKkas CTOMMOCTD | MOTEHITHATBHBIX noTpeduTeNe
nepepaboTKH CHIPHSL. KBAITN(OUITUPOBAHHBIX

C3. I'omorenHoe | cienMaINCTOB.

pacnpezeiieHue ¢da3 B | Ca3. OTtcyTcTBHE
MPOAYKTE c 3aJlaHHBIM | MH)KUHUPHHTOBOM KOMTIaHHH,
CTEXHOMETPUIECCKUM CrocoOHO MOCTPOUTH
COCTaBOM. MIPOM3BOCTBO MOJ KITIOY.

C4. Bosmoxxnocts Biausguus Ha | Cia4. Paborta ¢ MOIEIbHBIMHU
MOP(OIOTHIO YACTHLI. KOMIIO3UIHMSMH.

CS. Hamnume neobxommumoro | Cas. Bonpmoe KOJIMYECTBO
o0opymoBaHUs JUTSL | BOBMOYKHBIX BapUaHTOB
MIPOBEICHHUS WCIIBITAHUM | KOMITO3UIHI.

MpeIaracMoi TEXHOJIOTHH.

Ce. ManeHbkuii CPOK

MOJy4YEHHUs] Pe3ylIbTaToOB IIPH

MIPOBEJCHUH HAy4YHOTO

MCCIIETOBAHNSI.
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[Tponomkenne Tadnuip 4.2

Bo3moixHoCTH:

B1. VYBeanueHue OTXOHOB
SIIEPHOTO TIPOU3BO/ICTBA.

B2. YMeHbllIeHHE KOJIUYECTBA

Pe3yabTarbl aHaJIu3a
MHTEPAKTUBHOH  MaTpHUIIbI
npoekra mnojeid «CujbHbIE
CTOPOHBI M BOBMOKHOCTH:

Pe3yabTarbl aHaJIM3a
HHTEPAKTHBHOMI MaTpPHIbI
NMpOeKTAa noJieit «Cnao0ble

CTOPOHBI U BO3MOKHOCTH):

¢uHaHCOBOE OOEcTeyeHue.

MerojiaM npousBoacTBa AT.
2. Takue (hakTbl, KaKk HEXBAaTKa
ypana-235 u HE00XOIUMOCTh

COKpAIEHU OTXOJIOB
OpoIUIBIX  JIeT, obecrevar
COpOC Ha HOBBIE TEXHOJIOTUH
npousBoacTea AT.

3. Hanwmume oOopynoBaHwms,
HE00X0IMMOTO CBIpPBA,
MHOJKECTBA Pa3ITHMYHBIX
KOMTIO3HUIIHH o0emaT

MPOAOJDKEHHE DKCIIEPUMEHTA B
cllydyae HeyJlaud C OTIENIbHOU
KOMIIO3UIIMEN WM B Ciydae
MpEKpalCHUs
(hMHAHCHPOBAHMSL.

ypaHna-235. 1. JdauaeiM MetomoMm MoxHO | 1. [loBeimieHne cnpoca Ha JAaHHYIO
B3. [TosiBnenue | mepepadarpiBate  OST, UTO | IPOAYKUMIO OOECIEYUT MPHUTOK
JOTIOJIHUTENIBHOTO CIPOCa Ha | YMEHBIIUT KOJIMYECTBO | KaIpOB.
HOBBII OPOAYKT. OTXOJOB. 2. Hcnons3zoBanue Hay4HO-
B4. IloBeimenue croumocTH | 2. Poccus oOmagaer | MCCIENOBATEIbCKOIO  MOTEHIHAa
KOHKYPEHTHBIX Pa3paboToK. cpaBHUTENIbHO  HeOompimmu | TITY MO3BOJIUT no00paTh
BS. Hcnonp3oBaHrne Hay4HO- | 3amacaMu ypaHa-235, mo3ToMy | HEOOXOAUMYIO KOMITO3ZUITHIO.
HCCIIEI0BATEIBCKUX B HeJaIeKoM Oyaymem
noctwkennid TITY. HEO0X0IUMO Oynet

MEHSITh/yCOBEPIIEHCTBOBATh

HCIOJIB3YIOIIYIOCS

TEXHOJIOTHIO MIPOM3BOICTBA

ST.

3. B cuywae ycmexa ynacrcs

nepepadboTarh 4acTh

3aXOpPOHEHHOTO TOILTUBA.

4. [Ipu OJIaronpusITHOM

packilaie CTaHET BO3MO>KHBIM

CTPOUTEIHCTBO SIIEPHBIX

SHEPrOyCTaHOBOK UYETBEPTOrO

MTOKOJICHHUSL.
Yrpo3sri: PesyabTarhl anaausa | PesyabTaTsl aHaJIM3a
¥Y1. Pas3Buras KOHKYpEHLUS | HHTEPAKTHUBHOH  MATPUUbI | HHTEPAKTHBHOIM MaTpHUIbI
TEXHOJIOTUH IIPOU3BOJCTBA. npoekra mnojeid «CHjbHbIE | IPOEKTA noJjiei «Cna0ble
¥Y2. OrcyrcTBHE cIpoca Ha | CTOPOHBI M YTPO3bI»: CTOPOHBI M YTPO3bI»:
HOBBIE TexHonoruu | 1. KauectBennsie | 1. OTcyTcTBHE naHHOW, HOBOH B
MIPOU3BOACTBA. npeumymiectBa HoBoro JST | cBoem pome, pa3pabOTKH MOXKET
¥Y3. Heynaua skcriepyMeHTa. | CO3JAIOT XOpOLIYIO | 00EpHYTHCS [IPOBAJIOM 0e3
Y4. HecBoeBpeMeHHOE | KOHKYPEHIMIO HCIOJNIBb3YEMBIM | JOJDKHOTO (PHHAHCHPOBAHHMS.
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[IpoananusupoBaB Tabuuity 4.2 MOXKHO CAENATh BBIBOJ O TOM, YTO clabbie
CTOPOHBI TPOEKTa MPEACTABISAIOT OINPEACIICHHYIO YIpO3y, OJHAKO HCXOId H3
CWJIbHBIX CTOPOH MPOEKTA JaHHBIE YIPO3bl MOKHO IPUMEHUTH Ha MOJB3Y POEKTa.

Camoli CUJIBHOW CTOPOHOM MPOEKTA SBJISIETCS MPEBOCXOJCTBO MOIYyYaEMOI0
TOTUIMBA HAJl UCTIOIb3YEMBIM B TEKYIIIEE BPEMs.

Camoii ciaboii — HEOOXOOUMOCTh B MaTepHAIbHO-TEXHUYECKOW Oaze, u

HAIMYUU (PUHAHCOBOM MOAIEPIKKH.

4.2 UHunuanus npoeKTa

B pamkax nporeccoB WHULMALWKA OINPEACISIOTCS W3HAYAIbHBIE LEIU U
coJiep>kaHue, PUKCUPYIOTCS U3HAYaIbHbIe (PUHAHCOBBIE pecypchl. Omnpenenstorcs
BHYTPEHHHME W BHEIIHWE 3aUHTEPECOBAHHBIE CTOPOHBI MPOEKTA, KOTOPhIE OymyT

BBaHMOﬂGﬁCTBOBaTB " BJIMATH Ha pC3YyJIbTaT IIPOCKTA.

4.2.1 Hean u pe3yJibTAT NPOEKTA

[Ton 3aMHTEpECOBAHHBIMM CTOPOHAMHU NIPOEKTAa MOHUMAIOTCS JIMIA WIIU
OpraHu3alliu, KOTOPIE YIYBCTBYIOT B MPOEKTE WU UHTEPECHI KOTOPHIX MOTYT OBITh
3aTPOHYTHI B XOJI€ UCTIOJHEHHUS WK B PE3yJIbTaTE 3aBEPUICHUS MPOEKTa

Tabnuna 4.3 — 3auHTepecoBaHHBIE CTOPOHBI MPOEKTA

3anHTEepecOBaAaHHbIC CTOPOHBI MPOEKTA Oxuganus 3aHHTEPECOBAHHBIX CTOPOH

lNocynapctBenHnast xoproparusi mo atomHod | Co3aHue TEXHOJIOTHH TOydeHus: Oosiee

sHepruun «Pocarom» 3¢ (}HEeKTUBHOTO W/HIM JEIIEBOTO  SIAEPHOTO
TOILJIMBA

000 «I'PAHXUM» Hanuuune MOCTOSIHHOT'O 3aKyIIIHKA
XUMHUYECKHUX BEILIECTB

HHUUN «TIIY» Bo3MoxHOE MOJIydeHHE paspelicHud U WU
(MHAHCUPOBAHUS Ha JlaTbHEeUIIe
uccaenaoBanus B oomactu AT
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Tab6muia 4.4 — llenu u pe3ynbTaThl IPOCKTA

OmnpeneneHne NepCcHeKTUBHOCTH IPOEKTa, a
TaKKe MEXaHU3MOB yIIpaBIICHUS u
COIIPOBOXKJCHHUS TPOEKTHBIX pEIIeHU Ha
JTane pealu3alud, aHajdu3 (UHAHCOBBIX
aclleKTOB pealM3allud IPOEKTa, a TaKxKe
OTIPENIeIUTh IKOHOMHYECKYIO Y(PPEKTUBHOCTD
CHHTE€3a JUCIIEPCUOHHOIO SEPHOr0 TOIIMBA
B BO3JYIIHOW IUIA3MEHHOM CTPYE, a TAKXKE €TI0
HOCJIEIYIOIEr0 BHEAPEHUS B TOIUIMBHBIN
UKL

[Tony4yaemble TOMIMBHBIE TAOJETKU JOJDKHBI
O:xugaemMble pe3yJbTaThl NPOEKTa ObITH OoJiee JemeBbIMU U 3 (HEKTUBHBIMU YeM
UCIOJIb3yeMbl€ B HACTOSIIEEe BPpeMsl aHAJIOTH
bonee Hu3kas ce0eCTOUMOCTh

Boee BrICOKAs TETIIONPOBOAHOCTD
TemnonpoBoaHocTh HE MeHee 5 k/x(M K)
PaBHOMepHOe pacnipenieneHue a3 B TabJIeTKe

CebecrouMocTh TBI1a Ha | KT ypaHa He Oolee
17.000 py6. [16]

esn npoexra:

Kpurtepun npuemku pe3y/jbrara NpoeKTa

TpeboBanus K pe3yJbTaTy NPOEKTA

4.2.2 Opranu3anuOHHAsi CTPYKTYpa NMpPoeKTa
B xoze BBIMOJHEHUS MPOEKTAa 3aJeUCTBOBAH PsJi CHECIUATUCTOB POJIb U
GyHKIMU KOTOPBIX YKa3aHbl B Tabnuiie 4.5

Ta6nuna 4.5 — PaGoyas rpyria npoekta

Ne n/nt DUO, Ponp B | OyHKIIMHN Tpynosarparsl,
OCHOBHOE MIPOEKTE qac.
MeCTO paboThlI,
JOJKHOCTh

1 Kapenrun PykoBoautens | CocraBneHuu mjaHa paloT,
Anekcanap KOHTPOJIb 32 HCIIOJIHEHHEM, 80
I'puropseBuy OLIEHKA PE3yJIbTaTOB

2 Ky3nenos WNuxenep IlogroToBka K MPOBEACHUIO
Cepreii paoor, IIpOBE/ICHUE 490
IOpberuy HUCCIICIOBAaHNM, COCTaBJICHHE

0TYeTa O MPOoJIeTaHHOM paboTe

4.2.3 OrpanuyeHusi v 10NylIeHUs MPOEKTA
OrpanuueHuss npoekTa — 3TO (PaKTOpbl KOTOPbIE MOTYT MOCTY>KUTh
OTrpaHUYEHUEM CTENEHU CBOOO/Ibl YHaCTHUKOB MTPOEKTA.

OrpaHuyeHus MpoeKTa NpUBEACHbI B Tabuiie 4.6
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Tabnuna 4.6 — OrpannueHust IpoeKTa

dakTop Orpanuyenust
3.1 broker npoekra 250000 py®.
3.1.1 McToyHnKHU (UHAHCHPOBAHUS TITY
3.2 CpokH ITPOEKTA: 3 Mecsna
3.2.1 Jlata yTBepKAeHUA IJIaHA YIPaBJICHUS 01.05.23
IIPOEKTOM
3.2.2 JlaTa 3aBepieHus MPOEKTa 10.07.23

3.3 Ilpoune orpanuyeHus

4.3 [lnanupoBaHue ynpaBJieHUs HAYYHO-TEXHHNYECKUM MPOEKTOM

4.3.1 KoHTpoJibHbIE COOBITHS IPOEKTA

CoObITHs UX AaThl U pe3yJbTaThl IPUBEICHBI B Ta0ULIE 4.7.

Tabnuna 4.7 — KoHTpobHBIE COOBITHS MTPOEKTA

Ne
u/n KonTposabHoe codbiTHE Jara Pe3yabTar
1 Cocrasienne T3 18.05.23 T3
2 [TonGop u u3zyueHue 01.06.23 Hammcana o630pHas riaBa
JINTEPATYPHBIX UICTOYHUKOB T JIACCEPTALINU
3 [ToaroroBka u npoBeacHUE 01.07.23 [Tonyden oGpa3zer; OKCHAHOTO
JKCIIEPUMEHTOB o IIOPONIKA
[Ipoananu3upoBaHbl PUIUKO-
XUMHYECKUE CBOUCTBA
4 AHanu3 NoJy4YeHHBIX MTOPOIIKOB 10.07.23
MOJIyYEHHBIX TTOPOIIIKOB, HAMKCaHa
MIPAKTUYECKasl TJIaBa JUCCEPTAITUU
5 ITonBeneHue UTOrOB 31.07.23 OTuer o mpojenanHoil pabote

4.3.2 Tliian npoekTa

KanennapHslii 11aH NpoeKTa MpUBEIEH B Ta0nuie 4.8.

Tabnuna 4.8 — KanenaapHbIil TU1aH MPOEKTa

Kon JIuTeJbHOCTD, Hata Hata CocraB
HasBanmue HAYAJA | OKOHYAHMS
padoThI AHU YYaCTHUKOB
padoTr padoTr

1 IToctanoBka 1enen 3 01.05.23 03.05.23 PykoBoautens,
¥ 3a]1a4, TIOJTy4YeHUE WH)KEHED
MCXOJHBIX JTaHHBIX

2 CocraBnenne u 12 04.05.23 15.05.23 | PykoBoauTens
yrBepxaecHue T3

3 Nzyuenue 17 04.05.23 20.05.23 | Umxenep
MIPUHIIMIIOB PA0OTHI
000pyIOBaHUS
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[Tponomxenue Tadbauist 4.8

4 [Tox6op u 5 21.05.23 25.05.23 PykoBoauTens,
U3YYCHUE HUHXEHEP
MaTepHAaJIOB 1o
TeMaTHKE

5 OO6cyxnenue 6 26.05.23 31.05.23 PykoBoauTens,
JTUTEPATYPHI WHXCHEP

6 Pazpabotka 11 01.06.23 11.06.23 | PykoBoauTensp,
MOJIEIU WHXCHEP

7 Omnpenenenne 5 12.06.23 16.06.23 PykoBoauTens,
aJCKBAaTHOCTH HUHXEHEP
MOJIETU

8 [TpoBenenue 6 17.06.23 22.06.23 | PykoBoauTens,
IKCIIEPUMECHTOB WHXCHED

9 Nzyuenue 6 23.06.23 28.06.23 | Unxenep
MOJTY9E€HHBIX
pe3yIbTaToB

10 Odopmienune 3 29.06.23 01.07.23 | Unxenep
pacueTHo-

MMOSICHUTCILHOM
3aIUCKH

11 Odopmiienne 3 02.07.23 04.07.23 | Umxenep
rpaguIecKoro
MaTtepuaia

12 ITonBsenenue 6 05.07.23 10.07.23 PykoBoauTens,
HUTOr'OB WHXCHEP
Hroro: 71 01.05.23 10.07.23

Kanennapusiii rpaduk-TjIad npoekTa npuBeeH B Tadnuie 4.9.
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Ta6numa 4.9 — KanennapHslit mian-rpaduk npoekra

Ko Tx. xa [Tpo10KUTEIBHOCTD BBITIOJIHEHHS pa0OT
paBoTEL HazBanune Wcnonnurenu ’IIH ’ Maii Hrons Hrons
2 3 1 2 3 1 2
1 ITocTanoBka 11eneit u 3a7a4, PykoBoauTens, 3
MOJIYYeHUE UCXOTHBIX JAHHBIX WHXXEHEP
CocraBiieHUE U YTBEPKIECHUE
2 TgT PAAL PykoBoauTenn 12
W3yyenne npuHUUIIOB PaOOTHI
3 i PHHI p Wmxenep 17
o0opynoBaHus
4 [TonGop u u3zyueHue PykoBonurens, 5
MaTEpHAJIOB 110 TEMATUKE WHXXEHEP
PykxoBoauTeinn
5 OO6cyxaeHue IuTepaTypsbl yKOBOX ’ 6
WHXXEHEP
PykoBoaurensn
6 Pa3paboTtka Mmomenu YKOBOA ’ 11
WHXXEHEP
7 Ornpenenenne aJeKBaTHOCTH PykoBoauTtens, 5
MOJIENIN WHXXEHEP
PykoBoagurenn
8 [IpoBeneHMnE SKCIEPUMEHTOB YKOBOA ’ 7
VHXKEHEp
W3yuenue noimydeHHBIX
9 i 1 Nuxenep 6
pe3yIbTaTOB
OdopmiieHre pacyeTHO-
10 Gbop P? Nuxenep 3
MOSCHUTEIBHON 3aITUCKHU
Odopmiierne rpadhuIeCcKOro
11 bop pag Wmxenep 3
Marepuana
PykoBoaguTenn
12 ITonBeneHue UTOTOB YKOBOA ’ 6
WHXKEHEep

- PykoBoaureins, . — UHXXEHEP
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4.3.3 BrogxkeT HAY4YHOT0 MCCJIeI0BAHUSA

[Tpu mnanupoBanuu Oromkera HTU nomkHO OBITH 00eCHeyYeHO MOJHOE U
JIOCTOBEPHOE OTPAKEHUE BCEX BUIOB PACXOJIOB, CBSI3aHHBIX C €r0 BBINOJIHEHNUEM. B
nporecce GopMUpOBaHUS OIOIKETa UCIIONb30BAIUCH CIEAYIOIINE CTaThH 3aTparT:

— Marepuansr;

— CrnenobopyaoBaHue AJi HAyYHBIX U 9KCIIEPUMEHTAIBHBIX paloT;

— 3arpatbl Ha OIUIaTy Tpy/Jia paOOTHHUKOB,

— OtuncneHus BO BHEOIOIKETHbIE (DOHBI;

— IIpouune nipsiMble pacxobl;

— HaknangHble pacxo/pl.

I[aHHBIG pacxoabl ABJIAIOTCA IIPAMBIMHU IIOOTOMY HX CIICAYCT OIIPCACIIATH

MMPAMBIM CUCTOM, OCTAJIBHBIC K€ 3aTPaThl PpaCCUYUTBIBAIOTCA KOCBCHHBIM CHOCO6OM,

OHH HE CBSI3aHbI C HEMOCPEACTBEHHBIM BhIToiHeHneM HTU [15].

4.3.3.1 Pacyer MmaTepuaJbHBIX 3aTpaT

HpOGKT BBIIIOJHAJICA C IIOMOIIBIO INIA3MOTpPOHA, PACUCThI 1 MOACIIMPOBAHUC

IMPOBOJHIIMNCH HA KOMITIBKOTEPC.

Tabnuua 4.10 — MarepuanbHble 3aTpaThl

Ilena 3a
HaunmenoBanue | Mapka, pa3mep Koa-Bo euHmILy, Py6 Cymma, pyo
Bymara gopmara | SvetoCopy
A4 Classic A4, 500 1 390 390
JIFICTOB
Kaptpumx s | Cactus
MIPUHTEpPA 44469809, 1 980 980
YEpHBIN
AneroH AIIETOH:
O6beM - 500 M 13 307 400
Hurtpar Heoquma | Heogum
A30THOKHCIIBII
(HuTpar) 6- 1 11900 11900
BOJHBIHA XY
99,99%
Bcero 3a marepuaib 13670
TpaHCcnOPTHO-3arO0TOBUTENBHBIE PACXOIBI 684
Wroro no crarse Cy, 14354
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4.3.3.2 3arpaTsbl Ha crie0OOpPy/I0BaAHHE

Tab6muma 4.11 — 3aTpartsl Ha ceroOopyI0BaHUE I HAYIHBIX pabOT

Cpox Lenbr O6mmas
No HaunmenoBanue Koui-Bo, MIOJIC3HOTO CIIMHUIIBI CTOUMOCTh
B o0opynoBaHus LIT. UCTOJIB30BaHus, | 000pynoBaHus, | 000pyI0BaHUS,
JIeT pyo. pyo.
[nazmenHbIi
MOJyJb Ha 6aze
1 BBICOKOYACTOTHOT'O 1 15 10000000 10000000
re"epatopa BUI" 8-
60/13-01

2 Hepcoranbitbiit 2 3 45000 90000

KOMITBIOTEP

Hroro: 10090000

Hopwma amopTtuzauuu paccuutsiBaercs no gpopmyie 4.2:
_1
Ha=- (4.2)
n
rZ€ N — CPOK IOJIE3HOT'O UCIOIb30BAHMS, JIET.

AMopTu3anus paccunuTbiBaeTcs o dpopmyie 4.3:

Hp-U
12

A= (4.3)

rne A — utoroBasi Cymma, ThiC. pyo.;
M — BpeMs UCITOTh30BaHUS, MEC.

Paccuntaem amopTu3anuio mia3sMeHHOro MOIyJIsl Ha 0a3e BHICOKOYAaCTOTHOTO
reneparopa BUI' 8-60/13-01, y4uuThiBasi, 4TO CPOK IMOJE3HOTO MCIOJb30BaHUA 15

JCT:

Hi=1=1=006

_n_15_

Paccuurtaem aMOpPTU3aluvIo I IIEPCOHAJIBbHOI'O KOMIIBIOTEPA, € y‘léTOM, qTo

CPOK ITIOJIC3HOI'O UCIIOJIb30BaHUA 3 roga.

Ha=~=-=0,33

OO6uryr0o CcyMMY aMOpPTHU3AIMOHHBIX OTYUCICHHM HAXOJUM CJICAYIOIIUM

obpazom:

Monyib Ha 06a3e BpIcOKOUacTOTHOTO reneparopa BUI 8-60/13-01:
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A= HyW m = 20610000000 5 _ 4 50000 pyo.
12 12

Tak kak MOAYJIb HC HCIIOJBb3YCTCA APYTUMHU KOMaHAAMHU IJIA IIPOBCIOCHUA
HCCHGHOB&HHﬁ, TO U OTHHUCJICHUA YUHUTBIBAIOTCS ITOJIHOCTBIO.

IlepcoHanbHBIN KOMIIBIOTED:

Hy U 0,33:10000000
. m -_——_—
12 12

A= 3= 3713 pyo.

Tak kak Bpems pabotrel Ha IIK cocraBnseT mopsaka 2-X 4acoB B J€Hb, a
OCTAJILHOE BpeMs OH HCIIOJIB3YETCS APYIMMH IIOJIB30BAaTEISIMU TO BO3BMEM
ko3¢ uimeHT paBusiit 0,25

A =3713:0.25 =929 py0.

CyMMapHbI€ 3aTpaThl aMOPTU3ALMOHHBIX OTYUCIICHHN:

A = 150000+929 = 150929 py6.

4.3.3.3 3aTpaThl HA OIVIATY TPYAA UCIOJHUTEJIell HAYYHO-TEXHUYECKOT0
HCCJIeI0BAHMS

CraTbsi BKJIIOYACT OCHOBHYIO 3apa0OTHYIO IIaTy paOOTHUKOB (BKJIIOYas
IIPEMUH, JI0IIaThl) U TIONOJHUTEIBHYIO 3apa0O0THYIO IJIaTy.

C3n = 300H + 3()011 (44)
e 3ocy — OCHOBHAS 3apabOTHAS IJ1aTa;
30n — JOMOJHUTENbHAS 3apab0THAas IJ1aTa.

OcHoBHas 3apaboTHas TIaTa HAYYHOTO PYKOBOJUTENSI PACCUUTHIBACTCS Ha
OCHOBAHUU OTpacieBoOM omaTel Tpyaa. Otpaciesas cucrema omiatel Tpyaa B TITY
MpernoiaraeT Cleayoluid COCTaB 3apad0THOM TIaThI:

1) Oxnan — onpenensercs npeanpusitueMm. B TITY okmansl pactipeneneHsl B
COOTBETCTBUM C 3aHUMAEMbIMH JIOJDKHOCTSIMHU, HAllpUMEp, aCCUCTEHT, CTapIIuil
npenoaaBartellb, JOICHT, mpodeccop.

2) CTumynupyroIIHe BbBILIATBI — YCTAHABIMBAKOTCA PYKOBOIUTEIEM
noApazfeneHuid 32  2(POEKTUBHBIM TPy, BBIMOJHEHUE JOMOJHUTEIBHBIX
oOs3aHHOCTEeW W T.7. JlomoMHUTENbHAS 3apa0OTHas TjiaTa BKJIIOYAET OIUIATy 3a
HerpopaboTaHHOEe Bpemsi (ouepeqHON MW yuyeOHBIH OTHYCK, BBITIOJIHEHUE
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rOCyJapCTBEHHBIX 00S3aHHOCTEH, BBITIIIaTa BOSHATPAXKICHUI 32 BHICTYTY JIET H T.11.)
u paccuuthiBaeTcs ucxoad u3z 10-15% oT ocHOBHOW 3apabOTHON TIATHI,
PabOTHUKOB, HEMIOCPEACTBEHHO YYACTBYIOIINX B BHIOJHEHUE TEMBI:

300;1 = Kdon '300H (45)
rae 3xon — TOTIOTHUTENbHAS 3apab0oTHAS J1aTa B pyoJIsx;
Krnon — K03 hUTIMEHT AOTIOTHUTEIBHON 3apIlIaThl;
3ocu — OCHOBHas 3apa00THas Tu1aTa B pyoisx.

OcHoBHas 3apa0oTHas MJIaTa PyKOBOJUTENS pACCUUTHIBAETCS MO PopMyIie:
BOCH:Tpa6 '36H (46)

rae 3ocx — OCHOBHAS 3apabOTHAsI TIaTa OJTHOTO pabOTHUKA;
Tpas — TPOJOIDKUTEIBHOCTh pabOT, BBINOIHIEMBIX HAYYHO-TEXHUYECKUM
pabOTHUKOM B pabOYMX JTHAX;
3 — CpeHeHeBHAs 3apa0oTHas 1miata pabOTHUKA B pyOJIsX.

CpennenHeBHas 3apabOTHasI IJIaTa pacCUUThIBaETCs 1Mo popmyiie 4.7:

__ 3mM
AH )

3 (4.7)

rjae 3,, — MECSIUHbIN JOJDKHOCTHOM OKJIaJl paboOTHUKA, PYO.;

M — KonM4yecTBO Mecs1eB pabOThl 0€3 OTITyCKa B TE€YEHUE TOfa:

T, - nedcTBUTENBHBIN TOAOBOM (OHI pabouyero BPEeMEHH HAyYHO-TEXHHUYECKOTO
nepcoHaia, padbouux aHeu (tadnuua 4.12).

a) TIpH OTIycKe B 24 pal.H. KOJINYECTBO MECSIIEB pabOThI 0€3 OTITyCKa COCTABISET
M = 11,2 mecsinia ipu 5-AHEBHOM paboueli Heene;

0) mpu oTnycke B 48 pal.AH. KOJTUYECTBO MECALIEB pabOThI O€3 OTITYCKa COCTABISET
M = 10,4 mecsnia ipu 6-THEBHOM paboueii Henere.

Ta6nuna 4.12 — bananc pabodyero BpeMeHU

[lokaszarenu pabodero BpeMeHH PykoBonutens WnxeHep
KanennapHoe uucno aueit 365 365
KomnmaecTBo Hepabounx qHEH (BBIXOIHBIE, 66 118
MPa3IHUKH):
OTmyck, HEBBIXOABI 110 0OJIE3HU 70 28
JeiicTBuTenbHBINA T010BOH QoHA pabouero BpeMeH! 229 219
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Nmxenep exxeMecsuHO Moay4aeT 3apaboTHyo miaty B pasmepe 13500 pyo.
OcHoBHas 3apa0oTHas IlaTa HAYYHOTO PYKOBOJWUTENS PACCUUTHIBACTCS Ha
OCHOBAHMH OTPACIIEBON OTUIATHI TPYyAA.

Jlist pacdéra MECSYHOTO JOJKHOCTHOTO OKJIaJa pabOTHHKA MPUMEHSETCS
dbopmyna:

3= 35 (knp + k) - Ky (4.8)
riae 35— 3apaboTHa Ij1aTa o okjaay, pyo.;
kp — IpeMuaIbHbIA KO GUIHEHT;
k, — xo>ddunuenT nomaT u HaxOaBOK;
K, — paitonnsbIit ko3 durrenT, paBusiii 1,3.

PykoBomurenem sBisietcs goueHt MATHI ToMckoro mnojuTexHUYECKOTO
yHuBepcuteTa ¢ okiaaoMm 35000. Pacuét ocHOBHOM 3apaO0THOM IJIaThl MPUBEAEH B
tabnuiie 4.13.

Tabnuua 4.13 — Pacuér ocHOBHOM 3apaOOTHOM IIaTh

Ucnonuurenu | 3., pyo. | Kup Ka Ko 3. PYO. 3 Tpas» H Bocis
pyo. pyo.
PykoBomureinb 35000 10 10 13 45500 2067 11 22737
Umnxenep 13500 ’ ’ ’ 17550 834 16 13344
Hroro 3,4 36081

3aTparthl MO JAOMOJHUTEIbHONW 3apabOTHOM TIaTe€ WCIOIHUTEIEH TEeMBbI
YUYUTBIBAIOT BEJIWYMHY NPEAYCMOTPEHHBIX TpyHaoBbBIM Koaekcom P® poruiar 3a
OTKJIOHEHHWE OT HOPMAJIbHBIX YCIOBUM TpyJa, a TaKKe BBIILIAT, CBA3AHHBIX C
obecricueHUEM rapaHTHUH ¥ KOMIICHCAIIHA.

JlononHuTenbHAs 3apaboTHAs TuIaTa paccuuTbiBaeTcsa ucxoms u3z 10 — 15 %
OT OCHOBHOM 3apa00THOM TJIaThl paOOTHUKOB, HEMOCPEICTBEHHO YYACTBYIOIIUX B
BBITIOJTHEHUU TEMBL.

[Tpumem ko3 (pIULIMEHT AOTOJHUTEIBHON 3apab0THOM TUIaThl paBHBIM 13 %.
PesynpTaThl pacu€Ta OCHOBHOW U JIOTIOJHUTEIBHOW 3apabOTHOM  TUIAThHI

UCIIOJTHUTEIIEH HAyYHOT'O MCCIIeIOBaHMs MpeACTaBlIeHbl B Tabuuie 4.14.
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Tabnuna 4.14 — 3apaboTHas TI1aTa UCTIOJIHUTENEH UCCIeA0BATEIBCKON PabOThI

3apaboTHas miara PykoBogurens WNuxeHnep
OcHoBHas 3apIuiata 22737 13344
JlononHuTeNbHas 3apIuiaTa, pyo. 2956 1735
3aTpathl Ha OILIATY TPY/Ia HCTIOTHUTES, 25693 15079
pyo.
HUroro 1o crarbe C3r1, pyo. 40772

Takum oOpa3oM B paszene pacCUMTaHbl 3aTpaThl Ha OIUIATy TpyJa
UCTIONTHUTENICH  Hay4YHO-TEXHHUYECKOTO  HCCIEAOBaHMA. 3apaboTHas  Iuiata
pykoBoautens — 25693 py06, a uwxkenepa — 15079 pyoneit. CymmapHas 3apaboTHast

mjiaTa ucrojaHuTenei cocrtapmia 40772 pyonei.

4.3.3.4 OTuncieHusi BO BHEOIOIKeTHbIE (DOH/IBI
CrtpaxoBbie B3HOCHI — 3TO 00s3aTeIbHBIC OTYHCIEHUS TI0 yCTaHOBJICHHBIM
3aKoHoAaTenbCTBOM Poccuiickor denepanny HOpMaMm OpraHaM rocyIapCTBEHHOIO
comuanibHoro crpaxoBanus (OCC), nencuonHoro ¢ouna (IID) u MenUIMHCKOTO
ctpaxoBanus (PPOMC) ot 3aTpar Ha oruIaTy TpyAa pabOTHUKOB.
BenuunHa oTurciaeHuit Bo BHEOKKETHbIE (DOH/IBI ONPENEIAETCS UCXOAS U3
cieayronieit GopmyJb:
Zoues = Kaones*(3ocn + 3o0n) (4.9)
171€ Kepes — KOOPGUIIMEHT OTUUCIICHUH Ha YIUIATY BO BHEOIOHKETHBIC (DOH/IBI.
O6mras craBka B3HocoB cocTanisieT B 2023 roay — 30 %.
Takum 00pa3om oOTuUMCIEHUS BO BHEOIOKETHbIE (OHABI OT 3aTpaThl HA
OIJIATY TPY/Aa PYKOBOAUTES BEIUMCISIIOTCS CIEAYIOIUM 00pa3oM:
3enes = 0,3 25693 = 7708 pyo.
Otuncienus BO BHEOIO/DKETHBIC (DOHIBI OT 3aTpaThl HA OIUIATy TPyHa
MH)KEHEpa BBIYUCIIAIOTCS CIEAYIOIINM 00pa3oM:

By = 0,3-15079 = 4524 py6.
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B pesynbraTte pacu€ToB ObumM ONpeeNieHbl OTYUCICHUS BO BHEOKOKETHBIC
dboHABI OT 3aTpaT Ha OIUIATy TPyJda PYKOBOAWTENS W WHXKECHEpA, MPH TOM UYTO
KOX(PGUITMEHT OTYMCICHUN Ha yIulaTy BO BHEORKeTHBIE QoHIpl cocTaBuia 0,3.
Jns pykoBoautensi, oTuucieHus coctaBuwiu 7708 py6., a s uHxeHepa 4524

pyouIei.

4.3.3.5 HakaaaHble pacxoabl

B nannyro cTtaThio BXOAAT pacxXo/ibl Ha COJICp)KaHUE anmapaTa yrpaBieHUs 1
oOIIEeX035MCTBEHHBIX Cciyk0. Ilo 3TOW cTarbe y4YWUTHIBAIOTCS OIUIaTa TpyAa
aJIMIHUCTPATHUBHO-YIIPABICHUIECKOTO IIepCcoHala, CoJIepKaHue 31aHUH,
OPITEeXHUKU U XO3. MHBEHTaps, aMOPTHU3allds UMYIIECTBa, PACXOAbl MO OXpaHe
TpyJa u MOAr0TOBKe Kajapos [15].

Pacuer HakiagHBIX pacxo0B BelETCS MO cienytomieit hopmysie:

Cruar= Kuara * (Bocat350m), (4.10)

1€ Kyya1c — K0P OUIIMEHT HAKIIAHBIX PacxooB, paBHbIi 0,16.

Hakuaabie pacxoibl COCTaBSIT:

Cha= 0,16 -40772 = 6524 pyO0.

Ha ocHOBaHWM TMOJYYEHHBIX MaHHBIX IO OTICIBHBIM CTaThsIM 3aTpar
COCTaBJIACTCS KaIbKYJIAINS TJIaHOBOM cebecTommocTu cuaTe3a AT, npuBenenHom
B Ta0nwiie 4.15.

Tabnuua 4.15 — I'pynnupoBka 3aTpar Mo cTaTbsim

Crarbu
Awmoptuz | Ceipse, | OcnoB | Jomomxu | Otuucnenu | Hroro 6e3 Haxmanx Hroro
anus Marepua | Has TeJIbHAs s Ha HaKJIaJHBIX bI€ Oro/uKeTHas
JIBI 3apab | 3apaboOTH | COLMAJIbHBI pacxoJoB pacxojsl CTOMMOCTD
OTHAas asd 1jiara € HYXIbI
iara
150929 13670 | 36081 | 4691 py0. | 12232py6. | 217603 py6. 6524 224127 pyO.
pyo. pyo. pyo. pyo..

B utore OromkeTHas CTOUMOCTh cocTaBuiia 224127 py6ssi. B aTy cTouMocTh
BXOJST: aMOpTH3allvs, CTOUMOCTh ChIpbsl, MaTe€pHajoB, OCHOBHAas 3apaboTHas

jiara, JOIMOJIHUTCIIbHAA 3apa60THa$1 Ij1aTa, OTYUCJICHHA Ha COLUAJIBHBIC HYKAbBI 1
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HaKJIQJHBIE PACXONbl, KOTOpble cocTtaBwim 6524 pyOnedt mpu kodddummente

HakJIagHbIX pacxonos 0,16.

4.4 OnpenesieHue pecypcHoi 3¢ (peKTHBHOCTH POEKTA
WHuTerpanbHblil oKazaTenb pecypcodpPeKTUBHOCTH BAPUAHTOB UCIIOJIHEHUS
00BEKTa UCCIEA0BAHUS MOKHO OIIPENEIUTH 110 popmyde 4.11:

L,y = Ya; - b; (4.11)
rae L,; — uHTerpanbHbIi NOKa3aTelb pecypcodP(EKTHBHOCTH I I-r0 BapUaHTa
UCTIOTHEHHSI pa3paboOTKu;

a; — BECOBOM KO3((ULMEHT 1-TO BApUAHTA UCIIOJIHEHHUSI pa3padOTKu;
b&,b? — GanpHas OlEHKA i-TO BApUAHTA UCTIONHEHNUS Pa3pabOTKH, YCTAHABINBAECTCS
HKCIIEPTHBIM ITyTEM IO BHIOpAHHOM IIKaJIEe OIICHUBAHMSI.

Pacyer wuHTerpampHOro TmoOKazatenss pecypcoddHEKTHBHOCTH JTaHHOTO
UcCIeIOBaHus peicTaBiieH B (popme Tadmuiibl 4.16.

Tabnuna 4.16 — CpaBHUTENIbHAS OLIEHKA XapAaKTEPUCTUK UCTIOTHEHUS TPOEKTa

Becosoii
Kputepun KO3 UITUESHT Bap. 1 Bap. 2 Bap. 3
napamerpa
1.CriocoGcTBYeT pocTy 0.15 3 4 4
MIPOM3BOUTEIBHOCTH TPYAA OIb30BATENS
2.Y 100CTBO B DKCILTyaTaIlln
(cooTBeTCTBYET TPEOOBAHUAM 0,15 4 3 2
norpeduTenei)
3. [TomexoyCTOWYHBOCTh 0,05 4 4 4
4. DHeprocbepexeHne 0,1 4 3 5
5. HanexxHocTh 0,3 5 4 4
6. MaTepuaioeMKOCTh 0,25 4 5 4
Hroro | 1 4,15 4 3,8

Bapuant 1 — ucnonb3yroTcs OKCHABI METajyla M alleTOH, BapuaHT 2 —
MCIMOJIB3YIOTCSI HUTPUJT METAJIJIA U ATAHOJI, BAPUAHT 3 — UCIMOJIb3YIOTCS METAILIBI U
METaHOJI.

WNuTerpanbHbiii ((MHAHCOBBIN TTOKA3aTeNb Pa3pabOTKH OMPEACIIeTCS KaK:

1= (4.12)

¢max

rac CDi — CTOUMOCTB I-TO BapHaHTa UCIIOJIHCHHA,
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Dy 0 — MaKCUManbHasE cTouMocTh ucnosinenunss HTU (B 1.4. ananorn).

p i _256504 _
I¢> " Pmax 300000 0,855

jal _ 270104 _

¢ 300000 '
ja2 = 248104 _ 000,
¢ 250000

WuTerpanbubiii  mokaszatenb S(Q(EKTUBHOCTH BapUaHTOB HCIOJHEHUS

pa3paboTKn (I;HHP) 1 aHajiora (I;HHP) ompeesiIeTcs HA OCHOBAHUM UHTETPAIbHOTO

nokasarens pecypco3(p(eKTUBHOCTH U MHTErpaJIbHOr0 (PMHAHCOBOIO IOKA3aTels

o popMyJiam:

1B = 7 (4.13)
Ia
Ty = 75 (4.14)

CpaBHEHME MHTETPAIBLHOTO MoKa3aTess 3PPEeKTUBHOCTH TEKYIIETO MPOEKTa
Y aHAJIOTOB MO3BOJIUT ONPEICIUTh CPAaBHUTEILHYIO 3(PPEKTUBHOCTH NMPOEKTA.
CpaBuurenbHasg 3pPeKTUBHOCTD MTPOEKTA ONpeesieTcs o Gpopmyre:
p
Lpunp
Aep =

p Ip

Tabnuua 4.17 — CpaBHuTenbHast 3PPEKTUBHOCTH pa3padOTKU

[TokazaTenn Amnamor 1 | Amnayor 2 Pa3zpaboTka
WuTerpanbHelii prHAHCOBBIN MOKa3aTeb pa3padoTKH 0,900 0,99 0,85
HHTerpanbHblil mokazaTeib pecypcodpdekTHBHOCTH 3.8 4.0 40
pa3paboTKu
WuTerpanbHsiii moka3aTenb 3QGEeKTUBHOCTH 4,22 4,03 4,67
CpasautenpHast 3¢ GeKTUBHOCTh BAPHAHTOB MCIIOJIHEHHUS 1,11 1,01 1,17
Amnanor 1 —  MEXaHHUYECKOEe CMEIINBaHUE, aHajor 2 @ —

CaMOpacHpOCTPAHSAIOLIMNICS BBICOKOTEMIIEPATYPHBIN CUHTES.

Ha ocHoBe pacdueTra HMHTCTPAJIbHOIO IIOKAa3aTClId C OIPCACICHHCM JIBYX

CPEIHEB3BEIICHHBIX BEJINYUH: dbuHaHCOBOM s exTuBHOCTH u
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pecypcoddHEKTUBHOCTH HAYYHOTO HWCCIEOBAaHUS MOXKHO 3aKIIOYHUTh 4YTO,
CpaBHUTEJIbHAS OIIEHKA TEKYIIETO MPOEKTa BHIIIE IPYTUX aHAIOTOB.

B pe3ynbrare BeINOJHEHUS N3HAYaIbHO CHOPMYIMPOBAHHBIX LIEJIEH pa3/ena,
MO>KHO CJIEIaTh CJICAYIOIINE BBIBOIBI:

1. Pe3ynbTaToM NPOBEICHHOIO aHaIM3a KOHKYPEHTHBIX TEXHUYECKUX
pelieHuil SBisieTcsl BHIOOP OJHOTO M3 BAPUAHTOB peaju3allii yCTPOMCTBA, Kak
HanOoJIee MPEAMOYTUTEIILHOTO U PAIMOHAIILHOTO, TI0 CPABHEHHIO C OCTAJILHBIMU;

2. Ilpu mnpoBeneHWH IUIAaHUPOBaHUS OBLT pa3paboTaH IUIaH-rpadUK
BEITIOJIHGHHS OTaroB PabOT IS PYKOBOIWTEIS W WHXKEHEpA, TMO3BOJISIFOIITHI
OLICHUTh M CIUIAHUPOBATh pabouee BpeMsl HCHOJHUTENICH. BbUIu omnpeneieHs:
o0111ee KOJIMUECTBO KaJICHAAPHBIX JHEH 11 BRIMIOJHEHHS paboThl —/1 qHEH, oliee
KOJIMYECTBO KAJICHIAPHBIX JHEHW, B Te€UEHHWE KOTOPHIX padoTan mHkKeHep — 59 u
o0111ee KOJIMYECTBO KaJICHIAPHBIX IHEH, B TEUEHUE KOTOPBIX paboTaj pyKOBOIUTENb
—42;

3. CocraBneH OI0KET MPOSKTUPOBAHUS, TTO3BOJISIONIAN OIICHUTH 3aTPaTh
Ha peasi3alfio MPoeKTa, KOTOpbie cocTaBistoT 224127 pyO.;

4. Tlo ¢akry onenku r3¢dextuBHocTH NP, MOKHO cenaTh BHIBOJBI:

— 3HadeHue uHTEerpajgbHoro (uHaHcoBoro mnokazarenss WP cocrasiser
0,855, uTo sBIAETCS MOKas3aTeaeM Toro, 4yro P saBisercs GMHAHCOBO BBHITOIHOM,
110 CPAaBHEHHIO C aHAJIOTaMU;

— 3HayeHWe MHTETPAIBHOTO TOoKazaTens pecypcoddpdexkruBnoctu WP
cocTaBJsieT 4, o cpaBHEHHUIO ¢ 4 u 3,8;

3HaueHue UHTEerpagbHoro nokaszarens s3pdexktuBnoctu UP cocrasmnser 4,68,
no cpaBHenuto ¢ 4,03 u 4,22, u sBusgercs HauboJiee BBICOKUM, YTO O3HAYaeT, 4TO
TEXHHYECKOE perieHue, paccMarpuBaeMoe B VP, sBisieTcst Hanbosee 3¢ heKTHBHBIM

BapUAaHTOM HUCIIOJITHCHHA.
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3AJAHUE JIJISI PA3JIEJIA
«COIAAJILHASI OTBETCTBEHHOCTb»

CryneHnry:
I'pynna ouo
0AM11 Kysnenos Cepreii IOpreBuu
Ikoaa NATII Otaenenne (HOLY) oATLH
14.04.02 SnepHbie
Yposenn
Maructpatypa Hanpapienue/cnenquanbHOCTh ¢uznka u
o0pa3zoBaHus
TEXHOJIOTHH

Hcxoanbie faHHbIe K pa3geny «ConuaabHasi 0TBETCTBEHHOCTH)
1. Xapakrepuctuka 00BeKTa UCCIETOBaHNA (BEIIECTBO, OOBEKT HCCIIEOBAHUS: Ipomecc
MaTepHal, Ipuoop, aNrOpUT™M, METOINKA, pabodas 30HA) U IUTa3MOXUMHYECKOTO  CHHTE3a  TOIUTUBHBIX
00acTi ero NpUMEeHEHHUS OKCHIHBIX Kommosurmit «PuO,-UO,-MgO» u3

BOJIHO-OPraHMYECKUX HUTPATHBIX PAcTBOPOB
1t ToneparTHoro REMIX-torumea

O6nacThb MIPUMEHEHHUS: aToMHasd
MPOMBIIJICHHOCTb.

HepequL BOIPOCOB, NOJICIKAMINX UCCICAOBAHNIO, IPOCKTUPOBAHUIO U pa3pa60TI<e:

1. IIpaBoBbIe U OPraHN3aHOHHbBIE BOMPOCHI
odecreyeHus 0e€30MacHOCTH:
— croenuanbHbIe (XapaKTepHbIe MIPU 3KCIUTyaTalluu

00BEKTa UCCIIeI0BaHMSA, IPOSKTUPYEMO paboueil 30HbI) — TpynoBoit koneke Poccuiickoii Oeepari

MPaBOBbIE HOPMBI TPYAOBOTO 3aKOHOIATEILCTBRA; o1 30.12.2001 N 197-®3 (pex. ot 19.12.2022);

—  OpraHM3alMOHHBIC MEPOIPHATHS IIPU KOMIIOHOBKE
paboueii 30HBL

Bpenubie 1 onacHbie pakTOpHI:
— OTKJIOHEHHME T0Ka3aTellell MUKPOKIINMATa;
— IOBBILICHHBIN YPOBEHb

2. lIpousBoacTBeHHAasi 0€30I1ACHOCTD: AJIEKTPOMArHUTHBIX U3IIy4EHUI];

2.1. AHanu3 BBISIBICHHBIX BPEJHBIX M ONACHBIX ()aKTOPOB — HeI0CTaTOYHasl OCBEIIEHHOCTh padoyeit
2.2. O60CcHOBaHNE MEPOTIPUATHI TI0 CHIKCHHUIO 30HBI;

BO3JICHCTBHSA — TIOBBIIICHHBIN YPOBEHD IIyMa;

— ncuxogusnoorndeckue GpakTopsl;
— OIACHOCTbH NOPAKEHUS MEKTPHUECKUM
TOKOM.

— BBIOOD U onucanue TunmaHo ACHYC —
Mo’Kap, yAap TOKOM, TTaJIeHUE C BHICOTHI
COOCTBEHHOTO POCTA;

4. be3onacHOCTh B aBapMIiHBIX M Ype3BbIYAHHBIX .
— 000CHOBaHHE MEPOIPHUATHI IO

CUTYyalUAX:

yan npenotspamiennio ACulcC;

— TOPAJOK JeUCTBUH IPU BOZHUKHOBEHHH
ACu4C.
| JlaTa BbIIaYHM 3a/1aHUS VIS pa3/ieia no JuHeiiHoMy rpadguky | 27.01.2023

3a21aHne BbIAAJ KOHCYJBbTAHT:

Jo/zKHOCTH DdUO Y4yeHas cTeneHb, 3BaHNE IMoanuck Jara

Jouent OATI]

WSITII TITY [Tepenepun 10.B. K.T.H.

38[[3Hl/le NMPUHAJT K UICIIOJTHEHUIO CTYACHT:
I'pynna L0400 Hoanuch Jara

0AMI11 Kysznemnos C.1O.
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5 CoumnanbHasi 0OTBETCTBEHHOCTh

Llenpto BBITIOJIHEHUSI BBIMYCKHOM KkBanudukanuonHoit pabdotsl (BKP)
ABJISIETCA TEOPETUYECKOE U HKCIEPUMEHTAJIBHOE HCCIEHOBAHUE Ipolecca
M1a3MOXHUMHUYECKOTO CHHTE3a TOIUIMBHBIX OKCHUIHBIX KOMIIO3WLHUK B BO3TYIIHON
miasMme s tosiepantHoro REMIX-torummBa. B pabore mpoBoauTcs H3ydeHUE
MPOIIECCa CUHTE3a B BO3JYIIHOM IIa3M€ OKCHUIHBIX KOMITO3HMIMHN ISl SIAEPHOTO
TOIJIUBA.

Brmonuenne BKP npoBoaunock B OTAEIEHUHN SASPHO-TOILUIMBHOTO ILUKIIA
(OATL) Wwuxkenepnoit mkosbl siAepHbIXx TexHonoruid (MATIIH) Tomckoro
MOJIMTEXHUYECKOTO YHUBEpcUTeTa. s BeINMOJIHEHUA TeopeTnyeckor yactu BKP B
KayecTBe pabodyero MecTa MCIONb30BAICA KOMIBIOTEpHBI cron ¢ OBM,
COOTBETCTBYIOIIECE nepudepuiiHoe 000opyaoBaHue (MOHUTOP, KJIaBUAaTypa, MBIIIIb)
u nporpammuoe obecnedyenue (Microsoft Word, Microsoft Excel, TERRA). [Ins
BBITIOJIHEHUS HKcriepuMeHTaidbHo vactu BKP B kauectBe pabouero mecra
UCIOJIb30BaNach ycraHoBKa «IlmasmenHslil Moaysp Ha 0aze BUD-ma3morpoHay.
(;ma6oparopust Ne 001 A—10 yueGusriit kopiryc TITY).

B pazgene paccMOTpeHbI ONAacHble W BpEIHbIE (DAKTOPHI, OKa3bIBAIOIIME
BJIMSHHAE Ha IIPOLIECC MCCIIENOBAHUS, PACCMOTPEHBI BO3JAEHUCTBUS HCCIEAYEMOIO
00BEKTa Ha OKPYXAIOUIYI0 Cpeay, NMPaBOBbIE W OpPraHU3aIlIOHHBIE BOIPOCHI, a

TAKKC MCPOIIPUATHUS B IIpGBBBI‘IE[I\/'IH]'::IX CuTyalnusgax.

5.1 AHaIu3 ONACHBIX U BPeIHbIX IPOU3BOJACTBEHHBIX ()JAKTOPOB

HUccnenoBanusi u pacdy€Tsl MPOBOAMIUCH C TpuMeHeHneM OBM, Taxxe
ucnoJib3oBayicss BUD-mia3MeHHbI CTEH ] C MCIOJIB30BAHUEM BBICOKOYACTOTHOIO
rernepatopa BUI'8-60/13-01. IIpou3BOACTBCHHBIC YCIOBHS Ha paboyeM MecTe
XapaKTEePU3YIOTCS HAIWYUEM ONACHBIX W BPEIHBIX (PAKTOPOB, KOTOPHIC
KIacCU(DUIMPYIOTCA MO TpyNImaM JJIEMEHTOB: (U3UYECKUE, XUMHUYECKUE,
OMOJIOTHYECKUE, ICUXO0(PU3NOTOTUUECKHE.

B Tabmume 5.1 mpencraBiieHbl OCHOBHBIE BHBI PaOOT, KOTOPHIE MOTYT

MIPUBECTH K BO3JICHCTBUIO OMIACHBIX U BPEIHBIX (DaKTOPOB.
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Tabmuma 5.1 —

OCHOBHBIE  DJIEMEHTHI

dbopMupyOIINE ONACHBIE U BpeIHbIe GakTopsl [26]

IMPON3BOACTBCHHOI'O

npoiiecca,

HanmenoBanue BuIOB PakTopsl
paboT W mapamMeTpoB
HopmatuBHBIE TOKYMEHTHI
MIPOU3BO/ICTBEHHOTO Bpenusie OmnacHeie
nporiecca
PaGora ¢ ximirseckim | L ICCKAE rOCT  121.007-76  CCBT.
peaKkTHBaMHU. BPC/IHbIC B Bpenusie Bemectsa [20].
BEIIECTBA.
'OCT 12.1.038-82  CCBT.
DnekTpobesomnacHocTs [21],
Bosneiicteue | DVekrpudeckuii | CanlluH 2.2.4/2.1.8.055-96.
Pa6ota Ha mnasmenHoi | paguanuu (BY, | TOK OIEKTPOMArHUTHBIC H3IyYCHHS
YCTAaHOBKe. VBY, CBY u palMoyacTOTHOTO  JHara3oHa
T.J.). [22].
IMoxapnas 'OCT 12.1.004-91 CCBT.
OTIaCHOCTH [ToxapHas 6e3omacHocTs [23].
I'OCT 12.1.038-82  CCBT.
DiexkTpobe3onacHocTh [21].
CanlluH 2.2.4.3359-16
lym, «CaHurapHo-
BuOpanus, AU AESMHOIOTUYECKHUE
PacuéT [NAaHHBIX Ha MHKPOKIIIMAT; } TpeOOBaHUs K  (PU3HUYECKHM
3BM. BO3ICHCTBHUC OnexTpuueckuil | pakTopam Ha paboumx MecTax»
pamuaruu (BY, | tox [24],
YBY, CBY u CanlluH 1.2.3685-21
T.11.). «'urnennyeckne HOPMATUBBI H
TpeOoBaHUsI K 0OECIeUeHUIO
0e30MmacHOCTH u (vn)
0€3BpEHOCTH I  YeJIOBEKa
(akTopoB cpenbl obuTaHus [26]
Ha  paGotHuka maboparopuu, MPOBOMSIIETO  AKCIEPUMEHTAJIbHBIC

WCCJIEIOBAHUSI, MOTYT BO3JICHCTBOBATH CICAYIONINE (PAKTOPHI:

- dbu3nyeckue: TemMrneparypa U BIaKHOCTh BO3/lyXa, IIIyM, CTAaTUYECKOE

QJICKTPHUYICCTBO,

HaJIMIUC NU3JITYHUCHUS,

QJICKTPOMAroHuTHOC II0JIC HU3KOU YaCTOTHI,

OCBEIIICHHOCTb,

- XUMUYECKHE: BPEAHbIE BEIIECTBA (ITAHOJ, OKCHJIBI: caMapus, UTTPUS,

MarHusi, yriiepoja);

- NCUXO(PU3UOTOTHIECKHUE:

dbusndeckass Tmeperpyska (cratuueckas,

JMHAMUYECKAasi), HEPBHO-TICUXMYECKUE TMeperpy3ku (YMCTBEHHBIE NEPErpy3KH,
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Neperpy3ky aHaJIU3aTOPOB, MOHOTOHHOCTb TPYJa, 3MOLIMOHAJIbHBIE MEPETPY3KHU)

[26].

5.2 Ob0ocHoBaHUE U pa3padoTKa MePONPUATHI M0 CHUKEHUIO YPOBHeEM
OIACHOI'0 U BPEAHOI0 BO3/€HiCTBHS M YCTPAHEHUIO UX BJIMSIHUSA NPU padoTe HA
BU®-nmuasmorpone u II9BM

B cooTBeTcTBMM C OCHOBHBIMM TPEOOBAHUSIMU K TOMEIICHUSM IS
skciuryatauuu [I9BM u BU®-nina3marpona [26] OHM JOTKHBI UMETh €CTECTBEHHOE
U UCKYCCTBEHHOE ocBelleHue. [lnomans Ha oqHO paboyee MECTO MoJib3oBaTeeh
[1PBM noiKHA COCTABIATH HE MeHee 6 M2.

OCHOBHBIC TMapaMeTpbl, XapaKTEPU3YIOIIUME YCIOBUS Tpylda — ITO:
MUKPOKJIMUMAT, IIIyM, BHOpamusi, 3JICKTPOMAarHUTHOE TI0Jie, H3JIy4eHUE,

OCBCIICHHOCTD.

5.2.1 Opranu3auMoHHbICe MEPONIPUATHS

Ilepconan 06s13aH 3HaTh W COOMIOAATH MMpaBWJIa TEXHUKH O€30MaCHOCTH.
OOyueHHe mepcoHasla TEXHUKE O€30IIaCHOCTH M IPOM3BOJCTBEHHON CAHUTApPHUU
COCTOMT U3 BBOJHOIO MHCTPYKTaka W MHCTpyKTa)ka Ha paboueM MecTte

OTBETCTBEHHBIM JIUIIOM [26].

5.2.2 Texuu4eckue MepoONpPUATHUS

PanmonanpHas mimaHupoBKa pabodyero Mecra MpeayCMaTpUBAET YETKHM
MOPSITOK M TIOCTOSTHCTBO Pa3MEIIECHUS IPEIMETOB, CPEICTB TPyAa U TOKYMCHTAIIHH.

To, uto TpeOyeTcs A BBIOJHEHUS pabOT Yaie JOJKHO pacrojiaraThCs B

30HE JIETKOU JOCSATAEMOCTH pabouero mpoCTPaHCTBA, KaK MOKa3aHO Ha pUCYHKE 5.1

[25].
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Pucynok 5.1 — 30HbI 1OCSITaeMOCTH PYK B TOPU30HTAIBHON MIJIOCKOCTH: a —
30Ha MaKCUMAaJIbHOM JI0CSATAEMOCTH PYyK; O — 30Ha JOCSITraeMOCTH NalbLEB PU
BBITSIHYTOM PYKE; B — 30HA JIETKOM AOCATAEMOCTH JIJJOHU; T — ONITUMAJIbHOE
IPOCTPAHCTBO JJIs TpyOOi pyyHOU paboThI;  — ONITUMAaIbHOE IPOCTPAHCTBO IS

TOHKOM py4YHON pabOThI

OnTuManpHOE pa3MeElIeHHe MPEeIMETOB TpyJa M JOKYMEHTallUd B 30HaX
JOCITaeMOCTH PYK: JUCIUICH pa3MeriaeTcsl B 30HE, a (B IEHTpE); KIaBUaTypa — B
30HE T/1; CUCTEMHBIN OJIOK pa3meniaeTcs B 30He O (cieBa); MPUHTEP HAXOAUTCS B
30HE a (crpaBa); JOKYMEHTAIIHS — B 30HE JIETKOW JOCATaeMOCTH JIaJIOHU — B (CJIeBa)
— IUTEepaTypa M TOKyMEHTaIHs, HeOOX0oauMas TIpu paboTe; B BBIABMIKHBIX SIIHKAX
CTOJIa — JIUTEPATypa, He UCIOJIb3yeMast TOCTOSTHHO [25].

[Ipy TpoeKTHPOBAaHWM THUCHMEHHOTO CTOJIA JOJDKHBI OBITh  YUYTCHBI
crenyrontue TpedoBaHus. BeicoTa paboueli MOBEpXHOCTH CTOIA PEKOMEHIYETCS B
npenenax 680 — 800 mm. Bricota pabouelt MNOBEPXHOCTH, HA KOTOPYIO
yCTaHABJIMBACTCS KJIaBHaTypa, 10JKHA ObITh 650 MM. Pabouunii cToa J0KEH OBITh
mpuHo He meHee 700 Mm u anmuHOM He MmeHee 1400 mMm. JomKHO UMEThCA
MPOCTPAHCTBO JIJI1 HOT BhICOTOM HEe MeHee 600 MM, mupuHOoit — He MeHee 500 MM,
rJIyOMHOW Ha YpOBHE KOJIeH — He MeHee 450 MM U Ha ypOBHE BBITSIHYTHIX HOT — HE
menee 650 mM. PabGouee kpecio TODKHO OBITh MOABEMHO-TIOBOPOTHBIM U
PEryJIMPYEMBIM 110 BBICOTE U YIJIaM HaKJIOHA CHUACHBS M CIIMHKH [25].

MonuTtop J0/KeH OBITh PAcCHoJIOKEH Ha YpPOBHE TJia3 olepaTropa Ha

pacctostaum 500-600 mm. CoracHO HOpMaM, Yoyl HaOIIOJEHUS B TOPU30OHTAITBHON
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MJIOCKOCTH JIOJKEH OBITh He Oosiee 45 rpaaycoB K HopMamnu 3kpana. Jlydmie ecnu
yron o03opa Oymer cocrtaBisath 30 rpamycoB. Kpome Toro, momkHa OBITH
BO3MOKHOCTh BBIOMpATh YpPOBEHb KOHTPACTHOCTU U SIPKOCTH H300pa)K€HUs Ha
aKkpane [25].

JloymkHa TipelycMaTpUBaTHCS BOBMOXKHOCTh PEryJIMPOBaHUS IKpaHa:

- 10 BBICOTE +3 CM;

- 110 HakJIoHY OT 10 10 20 rpaaycoB OTHOCUTEIBHO BEPTUKAIIH;

- B JICBOM U IIPaBOM HarpaBiieHUsX [25].

[Ipu onHOOOpa3HOM yMCTBEHHON paboTe, TpeOyrolel 3HAYMTEIbHOIO
HEPBHOTO HAMPSDKEHUS M OOJBIIOTO COCPEIOTOUYCHHUS, PEKOMEHIYETCSI BBIOUPATh
HEsSpKHUE, MAJOKOHTPACTHBIE IIBETOYHBIE OTTEHKH, KOTOpbIE HE pPacCeuBaroT
BHUMaHHE (MaJOHACHIIICHHBIE OTTEHKH XOJOTHOTO 3€JICHOTO WA TOJyOOTO
nBeToB). I[Ipu padorte, TpeOyromield MHTEHCUBHOM YMCTBEHHOW WM (DU3HUYECKOM
HaMpPSHKEHHOCTH, PEKOMEHIYIOTCS OTTEHKH TEIIIBIX TOHOB, KOTOPBIE BO30YX IAIOT

aKTUBHOCTH 4ejioBeKa [25].

5.2.3 Muxkpoxkaumar
Bo3ayx paboueli 30HBI (MHKPOKJIMMAT) MPOU3BOJCTBEHHBIX MOMEIICHHMA
ONPEAEISAIOT CIEAYIOINE MapaMeTpbl: TEMIIEpAaTypa, OTHOCUTENIbHAs BJIAXHOCTb,
CKOpPOCTb  JIBUKEHUS OnrumanbeHbie

BO3ayXxa. 3Ha4YCHUA

XapaKTePUCTUK
MUKPOKJIMMAaTa YyCTAaHABJIMBAIOTCS B COOTBETCTBHMM C [26] W TIpUBEIEHBI B
Tabimue 5.2.

Tabnuua 5.2 — OnTumanbHble TapaMeTpbl MUKPOKIIMMAaTa B TOMENICHUU

epron roaa TeMmenarvoa. °C OtHOCHTEIBHAS CKOpOCTh TBH)KCHUS
PHOZ TOR patypa, BIAKHOCTD, % BO3/IyXa, M/C
XOJIOAHBIN U IePEXOHBIN 23-25 40 - 60 0,1
Témnerit 23-25 40 0,1
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Cucrema OTOIJIEHHUS JOJKHA OOECredYnBaTh JOCTATOYHOE, MOCTOSIHHOE U
paBHOMEpPHOE HAarpeBaHUE BO3AyXa. B mMOMENeHWsX C MOBBIIIEHHBIMU
TpeOOBAaHUSAMU K YHCTOTE BO3yXa JODKHO HCIIOIH30BAThCS BOJSTHOE OTOIUJICHHE.

Jlnis obecnievueHrs yCTaHOBICHHBIX HOPM MUKPOKIMMATHYECKUX TapaMeTpOB
Y YUCTOTHI BO3/TyXa Ha pa00YMX MECTaX U B MOMEIICHUSX MPUMEHSIIOT BEHTHIISAIIUIO
[26]. Ilapamerpsl MUKpOKIMMAaTra, B HCHoJjb3yemor mgabopatopun Ne 001A-10
yuebHoro kopmyca TIIY, perynupyrorcss CUCTEMOUN IEHTPAJIbHOTO OTOIICHUS, U
UMEIOT CJICIYIONINE 3HAYCHUS: BIaXXHOCTh — 40 %, CKOPOCTh JBUKCHHS BO3AyXa —
0,1 m/c, Temneparypa — 20-23 °C.

K  ™epompusitusiMm 1O  O3JOPOBICHUIO  BO3AYIIHOM  Cpeabl B
MPOU3BOJCTBEHHOM  TOMENICHUM  OTHOCSTCS:  NpaBWIbHAs ~ OpraHu3alus
BEHTWISIIMM ¥ KOHIAWIIMOHUPOBAHWS BO3AyXa, OTOIUIEHHE TOMEIICHUH.
BeHTunanuss MOXXET OCYIIECTBISTHCS E€CTECTBEHHBIM M MEXaHUYECKUM IYTEM.
OnTuMasnbHasi KpPaTHOCTh BO3AYyXO0OOMEHa B MPOU3BOJCTBEHHBIX IMOMEIICHUSX
HAXOJUTCS B JOCTAaTOYHO MMPOKUX mpenenax: oT 3 no 40 pa3 B uwac [26]. B
UCIIOJIb3yeMOW  J1abOpaTOpUU  YCTAHOBJIEH  BBICOKOHATNOPHBIM  BBITSXKHOM
BeHTUIATOp Mapku BP-12-26-4 npoussomurensrocThio Q =2400 — 4400 M3/4ac.

O0bem 1adopaTopHuH COCTABIISIET:

V=a-b-h=6-12-7=504 M. (5.1)
JlaHHBIN BEHTWISATOP 00ECIEUNBAET CJICIYIONIYIO KPaTHOCTh BO3TyX000OMEHa

(BO) B nabopatopuu:
BO = 2= 222 —48 <87 (5.2)

Takum o00Opa3oM yCTaHOBJIEHO, YTO MHKPOKJIMMAT B HCIOJIb3yeMOU
na6oparopuu Ne 001A—10 yuebHoro xkopmyca TITY cooTBeTCTBYeT ONTUMAIbHBIM

yCIOBHSM paboThI [26].

5.2.4 lllym u BuOpauus
ym u BuOpauus yXyAlIAIOT YCIOBUS TpyJa, OKa3blBalOT BPEIHOE

BO3I[CI>1CTBHC Ha OpraHu3M 4YCJIOBCK4, a MMCHHO, Ha OpPraHbl CJIyXa M Ha BCCb
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OpraHu3M 4Yepe3 LEHTPaJbHYI0 HEPBHYIO cHcTeMy. B pe3ynbrare 3TOro
0CJIa0JIsIeTCsl BHUMAHUE, YXY/IIIAETCS MaMsTh, CHUXKAETCS PEAKIIUsl, YBEIIMUYUBACTCS
yucino omubok 1npu  padore. Illym MoxkeT co3maBatbes paboTaromUM
o0opyZ0BaHUEM, YCTAaHOBKAMH KOHAWIIMOHUPOBAHUS BO3yXa, OCBETUTEIHHBIMH
npuboOpaMu JHEBHOTO CBETa, a TAKXKe MPOHUKATh U3BHE [24].

B Hamem ciaydae HCTOUHHKOM IIyMa SIBJIIETCS OTKAYMBAIOIINA KOMIIPECCOP.
YpoBeHbp myma kommpeccopa MeHee 55 b, 4TO COOTBETCTBYET CAHUTAPHBIM
HopMmaMm [24]. llym Ha paboueM MecTe MOXKET ObITh BbI3BaH padoroii DBM.
Yposenb myma OBM nexut B npeaenax 30-40 nb, yTo Takke COOTBETCTBYET
HOpMaM.

[Ipu 3HaYEHUSX BBIIIE JOMYCTUMOIO YPOBHS HEOOXOAMMO MPEIYCMOTPEThH
cpeacTBa uHauBHayaiabHOM 3amuThl (CU3) U cpeicTBa KOJIEKTUBHOM 3alUTHI
(CK3) ot mryma.

CpencTBa KOJUIEKTUBHOM 3aIlIUATHI:

- YCTpPAaHEHHE MNPHUYMH IIyMa WIM CYIIECTBEHHOE €ro OcJa0JIeHHe B
HCTOYHUKE 00pa30BaHUs;

- M30JIAIMS UICTOYHUKOB IIyMa OT OKpY»Karomieh cpeabl (MpUMEHEHUE
TIIYIIATEINEH, SKPAHOB, 3BYKOIOTJIONIAOIINX CTPOUTEIFHBIX MaTEPUATIOB);

- MPUMEHEHUE CPECTB, CHIDKAIOIIMX IIYM W BHOpaIUi0 Ha MyTH HX
pacrnpoctpaHeHus [24].

CpencrBa WHIMBUAYAJIBHOW 3alUTHI: MNPUMEHEHHE CIHEHOACKIbl U
3alIUTHBIX CPEACTB OPraHOB CyXa: HAYITHUKHU, Oepyiu, anTu(hOoHbI [28].

Takum 00pa3oM yCTaHOBJIEHO, YTO IIYM M BUOpalus B HUCHOJIb3yeMOU
naboparopun Ne 001A—10 yueGHoro kopmyca TITY cooTBeTCTBYeT ONTHUMAaIbHBIM

yCIOBHSIM paboTHI [24].

5.2.5 DieKTpoMarHuTHOE M3JIy4eHHne
DNEeKTPOMarHUTHOE M3IYyYEHUE — PacCHpOCTpaHsIolieecs B MPOCTPAHCTBE
BO3MYIIIEHUE (M3MEHEHHE COCTOSIHUS) BJIEKTpOMarHuTHoro mnoisi. BYD-

IIa3MaTpOH IIHUTACTCA OT TICHEpATOpPa BBICOKOYACTOTHOI'O TOKAaA. FeHepaTop
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MOJIHOCTBIO 3KpaHUpOBaH. [IpenenbHo AomycTUMAas BEIMYMHA HIEKTPOMAarHUTHOTO
BO3JICHCTBHS OT YCTAHOBKH Ha 4yesioBeka coctaBisieT MeHee 0,2 Mk Ti. O1o 3HaueHune
BXOJWUT B JOIYCTUMBIM IOPOr CTPOTUX CAHUTAPHBIX HOPM 3JIEKTPOMArHUTHOIO
u3nydeHus [22].

OkpaH u cucrteMHble Ooku OBM 1Opou3BOASAT 3JIEKTPOMArHUTHOE
uznydyeHue. OCHOBHasi €ro 4acTb MHPOUCXOJUT OT CHCTEMHOro OJoka W
BUJIe0Ka0enss. HanpspkeHHOCTh 3EKTPOMAarHUTHOIO MoJisi Ha paccrtossHuu 50 cMm
BOKPYI DKpaHa II0 DJIEKTPUYECKOM COCTABILIIOLIEH JOJDKHA COOTBETCTBOBATH
JOITYCTHMBIM YPOBHSM ITapaMeTPOB AJICKTPOMAarHUTHOTO 1oJis (Tabmuma 5.3) [22].

Tabnuua 5.3 — JlonycTrMblie ypOBHH MAPaMETPOB 3JIEKTPOMArHUTHOTO MO

Bennuuza nomyctuMoro
HanmenoBanue napameTpos YPOBHS
HanpsbxkenHocts Jwmanazon yactot 5 I'm —2 kI'11 25 B/Mm
3JIEKTPOMArHUTHOTO Hwnanazon vacror 2 k' — 400 xI' 2,5 B/m
OIS
II;moTHOCTH MArHUTHOTO Jmanazon yactot 5 I'm —2 kI'11 250 gTn
MOTOKA Juanazon yactor 2 kI'iy — 400 xI'1g 25 uTn

CymiecTBYIOT CIEAYIOITHE CITOCOOBI 3auThl 0T DMII:

- YBEJIMYEHUE PACCTOSTHUS OT UCTOYHUKA (PKpaH JOJIKEH HaXOJUTCS Ha
paccrosiHuu He MeHee 50 CM OT MoJIb30BaTeNs);

Takum o6pazom ycranoBieHo, yto B jabopatopuu Ne 001A—10 yueOGHOTO
kopnyca TIIY  ypoBeHb DIEKTPOMAarHUTHOTO HW3JIYYEHUS COOTBETCTBYET

CaHUTapHBIM HOpMaMm [22].

5.2.6 OcBeieHHOCTH

YToMIIs1IeMOCTh OPTaHOB 3PEHUS MOXKET OBITh CBsI3aHA KaK C HEJOCTATOYHOM
OCBEIIEHHOCTHIO, TaK U C UpE3MEPHOM OCBEIIEHHOCTHIO, @ TAKXKE C HEMPABUIBLHBIM
HaIpaBJICHUEM CBETA.

Cormacio [26] B maGopatopuu, THA€ MPOUCXOAUT TMEPUOTUICCKOE

Ha6JIIOl]CHI/I€ 3a XOJOM IIPOHU3BOACTBCHHOI'O IIpoHnecca IIpH ITOCTOSHHOM
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HaXOXXJCHUU JIIOJe B TIOMEIIEHUH OCBEIIEHHOCTh NPU CHUCTEME OOIIETo
OCBEIIEHUS HE T0kHA ObITh Hrbke 300 JIk.

[IpaBUIBHO CIIPOEKTUPOBAHHOE U BBHIMIOJHEHHOE OCBEIICHHE 00eCIeurnBaeT
BBICOKMH  ypOBEHb  pabOTOCTOCOOHOCTH,  OKa3bIBaeT  TOJIOXKHTEIBHOE
NICUXOJIOTUYECKOE JICMCTBME Ha 4eJlOBeKa U CIOCOOCTBYET MOBBIIICHUIO
MPOU3BOJAUTENILHOCTU Tpyaa [26]. g 3aiuThl OT CIEnsel SPKOCTH BUIUMOTO
u3nydenns ((paken masMbel B KaMepe C KaTaau3aToOpoM) MPUMEHSIOT 3aIlUTHBIC
ouku [28].

Pacuér oO1ero PaBHOMEPHOTO HCKYCCTBEHHOTO OCBEIICHUS
TOPU30HTAILHON paboyell MOBEPXHOCTH BBIMOJHSIETCS METOAOM Kod(hduimeHnTta
CBETOBOTI'0 MOTOKA, YYUTHIBAIOIIUM CBETOBOM MOTOK, OTPAKEHHBIM OT MOTOJKA U
cteH. /{nmuna pabodero nomenieHuss A = 6 M, mupuna B = 6 M, Beicotra H = 3,5 m.
Bricora paGoueii moBepxHoctu Haj nosioM h, = 1,0 M. CornacHo [26] HeoOxoaqumo
CO3/1aTh OCBELIEHHOCTh HE HIKE 150 JIK, B COOTBETCTBUU C Pa3psAa0M 3PUTEIBHOMN
paboTHI.

[Tnomans pabodyero moMeIeHus:

S=A-B=6-6=36M, (5.3)
rae A — qiuHa, M; B — mpuna, M.

KoaddurmenT orpakenus cBexenoOeneHHbIX CTEH ¢ OKHAMU, 06€3 IITOoP

pc = 50%, cBexenoOeneHHOro notojika py = 70%. Kosadduumenr 3anaca,
YUUTHIBAOIINI 3arpsI3HEHUE CBETHIIBHUKA, JIJIS1 TOMELIEHUN C MAJIBIM BbIJICJIEHUEM
neu paBeH K, = 1.5. KoadpumenT HepaBHOMEPHOCTH AJI1 CBETOJUOIHBIX JIEHT
Z=11.

BriObupaem cBerogmoanl Varton 9w, cBeTOBOH ITOTOK KOTOPHIX paBeH
Dy = 2900 Jm.

Bribupaem cBetwnbHUKM €O cBeroauonmamu THma Diora LPO. Dtor
CBETWJIbBHUK MMEET JIBE CBETOJMOJHBIE JICHThl MOIIHOCTHIO 9 BT kaxknmas, qiuHa
CBETHJIbHUKA paBHa 1260 mm, mmpuna — 124 mm.

HNHTerpanbHbIM KpUTEPUEM ONTHUMAIBLHOCTH PACHOJIOKEHUSI CBETUIILHUKOB

ABJIACTCS BCIIMYHMHA }\,, KoTOpasa AJisd CBECTOAMOJHBIX CBCTHUJIBHHUKOB C 3alIMTHBIM
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pacceuBarenem JexuT B auamazone 1,1-1,3. [lpunumaem A = 1,1, paccrosiHue
CBETHJILHHKOB OT TiepeKphITus (cBec) he = 0,5 M.

Beicota cBeTmnbHMKA HajJ paboyell MOBEPXHOCTBIO OIpPEAESETCS 110
dbopmye:

h=h,—h,, (5.4)

rae h, — BeicoTa CBETHIIBHHKA HAJ| TIOJIOM, BBICOTA MojBeca, Ny — BhICOTA paboyeit
MOBEPXHOCTHU HaJ MOJIOM.

Haumenspmiast fonmyctumasi BbICOTa MOJBECA HaJl MOJIOM ISl ABYXJIEHTOBBIX
cBETHIBLHUKOB Diora: h, = 3,5 m.

Bricota cBeTunpbHHUKA HaJ paboueil MOBEPXHOCTHIO OMpEACIseTcs Mo

bopmyie:
h=H-hy—h:=35-1-05=2m. (5.5)
N3 popmybr:
_ESK,sZ
D, = N (5.6)

Haiinem amcio cBetoano ubix jieHT N:
E'S'K,Z
N=—23= (5.7)
‘1>n'77
N ompeAeisieM Yepe3 MHJICKC ToMeleHus 1mo Gpopmyrie:

_ ab _ 66 _
h-(a+b) 2:(6+6) '

(5.8)

Koad¢uimenT ncnonp30BaHus CBETOBOIO MOTOKA, MOKA3bIBAIOUINI Kakas
YacTh CBETOBOIO IIOTOKA JaMmm TOMaJaeT Ha padodyyrd MOBEPXHOCTh, s
CBCTHJILHMKOB THIa DiOra co cBeTOAMOIHBIMU JIEHTaMHU TIpH py = 70%, p. = 50%, u
uHAeKce nmomernienus 1 = 1,5 pasen n = 0,52.

Torna:

__E'S'KyZ _ 300:36'1,51,1
O, 2900:0,52

N = 11,81 menHT.

[IpuHrMaeM KOJIMYECTBO CBETOAMOAHBIX JEHT 12. IIpu 3ToMm monyvaercsa 6
CBETHJIbHUKOB, T.€. 2 psiia MO 3 CBETHJIbHUKA.

[ToTpeOHBIN CBETOBOM MOTOK CBETOIMOHBIX JIAMIT:
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E'S'*Ky:Z _ 30036:1,51,1
D, = = = =2856 JIm.
N7 120,52

N3 ycnoBuii paBHOMEPHOCTH OCBEIICHUS ONpeAeisieM paccTosiHus Ly u %, L,
nu L?Z 10 CJIICAYIOIIUM YPABHCHUAM:
6000 = Ly+2 - Ly +2: 124, tnie Ly = 3451 mm, = = 1150 am. (5.9)

6000 = Lo+ - Ly +3- 124, raie Ly = 832 mv, = = 277 am. (5.10)

Ha PUCYHKC 5.2 I/1306pa}KeH IUIaH ITOMCUIICHUS U PasSMCIICHUA CBCTHUIIBHHUKOB

co cBeTroanoaHbIME JieHTamu naboparopun Ne 001 A—10 xopmyca TITY.

A&

Pucynok 5.2 — [1nan momenieHus u pa3MeIieHus CBETHIBHUKOB CO

CBCTOOAUOAHBIMU JICHTAMU

Jlenaem IpOBEPKY BBHITIOJIHEHHS YCIOBUSL:

-10% < ZE2-100% < 20%. (5.11)
a5
2. 100% = 2225 1009 = 1,5%.
an
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CrnenoBaTenbHO, HEOOXOAMMBIN CBETOBOM MOTOK HE BBIXOJIUT 3a MPEICIIbI
Tpedyemoro auana3oHa. MOITHOCTb OCBETUTEIBHOM YCTaHOBKH MOJIyYNIACh:
P=12-9 =108 Br.
PacuéTtHoe KOIMYEeCTBO CBETUJIBHUKOB COOTBETCTBYET YCTAHOBJIEHHBIM B

nomerniennu 001 A—10 kopryca TITY [26].

5.2.7 Ilcuxopusuosornyeckue GakTopbl

TpynoBast JesTeNbHOCTh PAOOTHUKOB HEMPOU3BOJCTBEHHONW  chepsl
OTHOCHUTCSI K KaTeropuu padoT, CBA3AHHBIX C UCIOJIL30BaHUEM OOJIBIINX 00HEMOB
uH(popMaIu, ¢ MPUMEHEHUEM KOMITbIOTEPU3UPOBAHHBIX pab0YUX MECT, C YaCThIM
NPUHATHEM OTBETCTBEHHBIX pEIIEHWH B  YCJIOBUSX JeQUIUTA BpPEMEHHU,
HEMOCPECTBEHHBIM KOHTAKTOM C JIFOJbMHU Pa3HbIX TUIIOB TEMIIEPAMEHTA U T.J1. DTO
O0OyCJIOBIIMBAE€T BBICOKHI YpOBEHb HEPBHO-TICUXUYECKOW IMEpPErpy3KH, CHUXKAET
(YHKIIMOHATBHBIX Ha aKTUBHOCThH IEHTPAJIbHONW HEPBHOW CHUCTEMBI, MPUBOJUT K
pacCTpOICTBaM B €€ JeATeIbHOCTH, Pa3BUTHS YTOMJICHUS, IEPEYTOMIICHHUSI, CTPECCY
[26].

Haubonee s¢gdhextuBHBIC CpeACTBA TPEAYIPEKICHUS YTOMIICHHS pU paboTe
Ha TMPOU3BOJACTBE — OTO CPEACTBA, HOPMAIU3YIOIIME AaKTHUBHYIO TPYAOBYIO
JesATeTbHOCTh uenoBeka. Ha (hoHe HOpMabHOTO MPOTEKaHUsI TPOU3BOJACTBEHHBIX
MPOIIECCOB OJIHUM U3 BOXXHBIX (PU3UOJIOTHYECKUX MEPOIPUATUN MPOTUB YTOMIICHUS

SBJISICTCS IPABUJIBHBIN PEKUM TPyia U OTabIxa [26].

5.3 Xumuyeckas 0e30acHOCTb

I[Ipu oskcrmyatanmun  BUY®  nna3MoTpoHa B OKPYXKAKOLIYIO  Cpeny
BBIOpACKIBAIOTCSl BPEJIHBIE Ta3000pa3HbIe BEIIECTBA, TaKue KaK OKCHIbLI a30Ta U
yriepoaa, C KOHLUEHTpAlMel, HEe NPEBBIIAIONICH MPEIeTbHO JOMYCTUMBIX
3HAYCHUM.

B tabnuue 5.4 npuBeneHsl npenenbHo aonyctumbie koHeHTpauun (IT1K)
BPEIHBIX BEIIECTB M UX KJIacC OmacHocTH [27].

Kiacchel ormacHOCTH:
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1 — BelecTBa Ype3BbIYAITHON OMACHOCTH;
2 — BEIIIECTBA BLICOKO ONACHBIE;
3 — BelecTBa yMEPEHHO OTacHBIE;

4 — BelecTBa Majio onacHeie [27].

Ta6nuna 5.4 — IlpenensHo pomycrumbie kKoHneHTpanuu (I1JIK) BpenHbIX BemiecTs

H UX KJIaCC OIIAaCHOCTH

Ne BerecTtBo TIIK, mMr/m° Knacc onmacHoctu

1 Oxkcut camapus 4,00 3

2 Oxcua Margus 3,00 3

3 Aneron 0,35 2
BGHTI/IHHHI/IH O6€CH€“II/IB3€T CAHUTAPHO-TUTHUCHUYCCKHUC YCJI10BUA

(TemmiepaTypy, OTHOCUTEIBHYIO BIIQXXHOCThb, CKOPOCTh JBIDKCHHUS BO3JyXa U
YUCTOTY BO3/AYyXa) BO3YIIHOM CpPeIbl B TOMEIICHUH, OJIarONPUSTHBIC 1JISI 3I0POBbS
U CaMOYyBCTBHS YEJIOBEKAa, OTBEUAIOIIME TPEOOBAHMSIM CAHUTAPHBIX HOPM,
TEXHOJIOTUYECKUX MPOLIECCOB, CTPOUTEIIBHBIX KOHCTPYKIMHN 3IaHUM, TEXHOJIOTHN
xpaHeHus U T. A. CucremMa BEHTWIALMM HAa IUIA3MATPOHE OCYIIECTBISIETCA C
MOMOIIBI0 CHEUUATIBHBIX JBHKUMBIX JionacTteil. CKOpOCTh MOTOKAa BO3/1yXa YEpe3
razoxo]i (BeHTWIsAIHMI0) paBHa 18,76 m/c.

[Ipu paboTe WHCMOIB30BATUCH CIEAYIONIME CPEACTBA WHIUBUAYATbHOM
3aIATHI: PE3WHOBBIC TiepuaTku [28], maGoparopHblii xanaT [28], pecrmmpaTop

«enectok» [28].

5.4 J1eKTp06€e30NaCHOCTh

PaGouee momelieHHe MO OMACHOCTH TIOPAKCHHS DIICKTPUUYSCKHUM TOKOM
MOYHO OTHECTH KO 2 KJIaccy, T.€. 3TO MOMEIIeHUE O€3 MOBBIIIIEHHON OMaCHOCTH 13-
32 BO3MOYKHOCTH OJIHOBPEMEHHOTO NPUKOCHOBEHHMSI YEJIOBEKA K HMMEIOUIUM
COCOMHEHUE C 3€MJIEM METAJUIOKOHCTPYKLUMSM 3JaHUK, TEXHOJOTHMYECKUM
amnrmaparaM, MeXaHu3MaM U T.II., C OJHOW CTOPOHBI, U K METAJUIMUYECKUM KOpPIycam

3JIeKTPo0OOpyI0BaHUs — ¢ aApyroi [21].
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Cy1iecTByeT OMacHOCTh DJIEKTPOMOPAKEHUS B CASAYIOMMUX CIydasx:

— TMPU HEMOCPEICTBEHHOM IPUKOCHOBEHWH K TOKOBEAYIIMM YacTsIM BO
BpEMS pEMOHTA;

— TMpU TPUKOCHOBEHUW K HETOKOBEIYIIMM YaCTAM, OKa3aBIIUMCS IO
HanpspKEHUEM (B clTydae HapyIISHUs U30JSAIMHA TOKOBEIYIIIUX YacTeh);

— TpH TPUKOCHOBCHHH C TIOJIOM, CTCHAMH, OKa3aBIIUMHUCS O]
HaIPsHKCHUEM;

— TIpW KOPOTKOM 3aMBIKAaHHH B BEICOKOBOJITHBIX OJIOKaX: OJIOKE MATAHUS U
OJ0Ke qUCIUIeHHOM pa3BépTku [21].

CTemeHp OMACHOTO BO3JCHCTBUSA DIEKTPUYECKOTO TOKA Ha OpPraHU3M
YeJIOBEeKa 3aBUCHT OT:

— poOJa ¥ BeIWYMHBI HAMIPSKEHUS U TOKA,;

—  Y4acCTOTHI AIEKTPUUECKOTO TOKA;

— IIyTH IPOXOXKJIEHHUS TOKa Yepe3 TEJIO YEIOBEKa,

—  TMPOJOHKUTEIILHOCTH BO3JICHCTBHS Ha OPTaHU3M YEJIOBEKa;

—  yCJIOBHUH BHeIIHEH cpenbl [26].

OJIEKTPUYECKUA  TOK  OKa3bplBa€T  HAa  4YeJOBEKa  TEPMHUYECKOE,
SIIEKTPOJIUTUUECKOE, MEXaHUYECKOE U OMOJIOrHYecKoe Bo3zeicTre [21].

Tepmuueckoe BO3AEHCTBHE TOKa TMPOSIBISETCS B OXKOrax, Harpese
KPOBEHOCHBIX COCYJIOB M JIPYTHX OPraHOB, B Pe3yJbTaTe Yero B HUX BO3HUKAIOT
(byHKIIMOHABHBIE paccTpoiicTBa [21].

DIEKTPOIUTUYECKOE ICHCTBHE TOKA XapaKTEPU3YETCs Pa3IoKEHHEM KPOBH
JIPYTUX OPTaHUYECKUX IHKUIAKOCTEH, YTO BBI3BIBACT HApPYIICHUS WX (PU3NKO-
XMMHYECKOTro coctana [21].

MexaHU4ecKoe JCHCTBHE TOKa MPOSIBISICTCS B TMOBPSXKICHHUSIX (pa3phiBe,
paccioeHMd ®W  JAp.) pa3IUYHBIX ~TKaHEW  opraHu3mMa B pe3yJbTaTe
3JIEKTPOoAMHaMuIeckoro 3ddexra [21].

buonornyeckoe AcicTBHE TOKa Ha >KMBYIO TKaHb BBIPAXKAeTCS B OMACHOM
BO3OY)KIEHMM  KJIETOK W  TKaHeW  OpraHu3Ma,  CONPOBOXKIAIOIIEMCS

HCTIPOU3BOJBbHBIMH CYAOPOKHBIMU COKPAIICHUAMM MBIIIIII. B PE3YIbTATC TAKOTI'O
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BO30Y)X/IEHHSI MOKET BO3HHMKHYTh HAapyLIEHHUE M JaXK€ IOJHOE MpEKpalieHUue
JeSITETLHOCTH OPTaHOB JIBIXaHUS U KpoBooOpameHus [26].

OCHOBHBIMU MEPONPUATUSAMHU IO 3ALIUTE OT MOPAKEHUS DIIEKTPUUYECKUM
TOKOM SIBJISTFOTCS [21]:

— o0ecrieueHne  HENOCTYIHOCTH  TOKOBEIYIIMX  YacTell  myTém
UCIIOJIb30BaHUs U30JIALIMU B KOPITycax 000pyJOBaHMUs;

— IPUMEHEHUE CPEJCTB KOJUIEKTUBHOM 3allUThl OT MOpa)XEHUs
JJIEKTPUYECKUM TOKOM;

— UCITOJIb30BAHUE 3AlIUTHOTO 3a3€MJICHUS, 3aIlUTHOrO 3aHyJIEHUS,
3aIUTHOTO OTKJIIOYEHUS;

— UCIIOJIb30BaHUE YCTPONCTB OecrepeOOiHOro MUTaHUs.

Opranu3aliuOHHBIMH MEPONPUITHIMHU MO AJIEKTPOOE30MACHOCTH SIBISIOTCA
NEPUOJINYECKHE W BHEIUIAHOBBIE HHCTPYKTaXH. I[lepuonnueckuii MHCTPYKTaxX
IIPOBOJUTCS BCEMY HEAIEKTPOTEXHUYECKOMY IIEPCOHANY, BBINOJIHSIOMIEMY
cienyromme padoThl: BKIIOYEHHE M OTKIIOYEHHE 3JIEKTpOnpuOOpoB, yOOpkKa
NOMEIIEHUI BOJIM3M 3JEKTPOUIUTOB, PO3ETOK M BBIKIIOYaTenae um 1. A. Beck
HEAJIEKTPOTEXHUYECKUI TEpPCOHaNl JOJOKEH ObITh aTTEeCTOBAaH Ha IEPBYIO
KBAIM(UKALIMOHHYIO Tpynmy 1o  3nekrpodezonacHoctu. [lepuonnyeckuit
UHCTPYKTaX MPOBOAUTCS HE MEHEE OJTHOTO pa3a B roj [26].

BHennaHOBBI MHCTPYKTaXX MPOBOAUTCS PYKOBOAUTEIEM MOAPAACIECHUS
IIPU BBEICHUU B HKCIUTyaTallMI0 HOBOT'O TEXHUYECKOTO 3JIEKTPOOOOPY10BaAHUSI.

IIpn Bemonnennn panHo BKP mnpuMenen nma3MeHHBIM CTEHO C
UCTIOJIb30BAHUEM  BBICOKOYACTOTHOTO TeHeparopa BUI'8-60/13-01. lanHsrii
reHepaTop MUTAETCA OT CETU C MPOMBIIIJIEHHBIM HanpsbkeHueM 380 B, ¢ aHoHbIM
Hanpspkenrem 10,4+10,5 kB u HoMuHanbHOM noTpedsieMoit MOITHOCTHIO 60 KBT.

[Ipy wucnonb30BaHMM JAHHOTO OOOPYJOBAHMSI CTPOTO  BBITOJIHSIUCH
TpeOOBaHUSI MO  DJIEKTpOOE30MacHOCTH, BCE  OMNEpalud  BBIIOJHSINCH

PYKOBOJAMTEIIEM, UMEIOIIUM JOMYCK 10 pa0oT ¢ HanpskeHusamu csbiie 1000 B.
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5.5 IlosxkapHasi M B3pbIBHAsA 0€30IIaCHOCTH

B 3aBucuMOCTH OT XapaKTepUCTUKH HCTIOIB3YEMBIX B POU3BOICTBE BEIIECTB
U UX KOJIMYECTBA, MO TOXAPHOW W B3PHIBHOW OMACHOCTH IOMEIIEHUS
noapasnensitorcsi Ha kareropun A, b, B, I', JI [23]. Tak kak mnomemieHue
7a00paTOpUU MO CTEMEHH MOXKapO-B3PHIBOOIMACHOCTH OTHOCHUTCS K Kareropuu B,
T.e. K TOMEIICHUSIM C TBEPAbIMU CrOPAIOIIMMU BEIIECTBAMH, HEOOXOAUMO
MIPEAYCMOTPETh PSAI TPOOUIAKTHICSCKIX MEPOTIPHSITHIA.

Bo3MoskHbIe ipudKHbI Bo3ropanus [23]:

- paboTa ¢ OTKPBITOM ANIEKTpoANmapaTypoi;

- KOPOTKHE 3aMbIKaHUS B OJIOKE MUTAHMSI,;

— HecoOJI0AeHHE MPaBUIl T0KAPHON O€30MaCHOCTH;

- HaJIW4YUE TOPIOYUX KOMITOHCHTOB.

Haunlosiee onacHbIM ¢ TOYKU 3pEHHUS MOXKAPHOU OE30MACHOCTH BEIIECTBOM,
MPUMEHSIEMBIM B paboTe, sIBISETCS ATaHOJL.

Bce paboTel ¢ ameTtoHOM JOJDKHBI TPOBOJIUTHCS C HUCHOJIB30BAaHUEM
MPUTOYHO-BBITSDKHOM ~ BEHTWJISIIMM ~ BJAJIM OT OTHA W HCTOYHHKOB
HCKPOOOpa30BaHMUS.

JIJist TyleHus ropsImero aleToHa MPUMEHSIOT MOPOIIKOBBIE OTHETYITUTEINH,
CpelcTBa OOBEMHOTO TYylIeHUs (MUHUMalbHAs OTHETYIIAIlas KOHIEHTPAIHS:
yriaekuciaoro raza — 29 % (mo oOwvemy), azora — 43 % (mo o0bemy),
nuopomteTpadTopaTana — 2,1 % (1o oObeMy), MECOK, acOECTOBOE OSSO H
neny [23].

Meponpusatus 100  MOXapHOW  MNpPOPUIAKTUKE  pa3AENAIOTCS  Ha:
OpraHU3aIMOHHBIC, TEXHHUYECKHUE, IKCIUTyaTalldOHHBIC U pexXUMHBIE [23].

OpraHu3aluoHHBIC ~ MEPONPUATHS  TPEIyCMATPUBAIOT  MPaBUILHYIO
AKCIUTyaTauio 000PyAOBaHUS, TPABWIBHOE COJEpXKAHUE 3JaHUN U TEPPUTOPUH,
MPOTUBOIIOKAPHBIA ~ WHCTPYKTAX  pabouyumx ©  CIOyXKalmux, oOydeHue
MIPOM3BOJCTBEHHOTO TIEpCOHAIa TpaBUJaM MPOTHUBOMOXKAPHOK 0e30MmacHOCTH,

W3JaHie UHCTPYKIINH, IJIaKaTOB, HAJIMYKE MJ1aHa sBaKyanuu [23].
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K TexandeckumM MepOonpUsITHSIM OTHOCSITCS: COOJTFOICHHIE TTPOTHUBOIIOKAPHBIX
MIpaBuJjI, HOPM TMIPH NPOSKTHUPOBAHUHU 3AaHUH, IPU YCTPOUCTBE JIEKTPOTPOBOOB U
000Opy10BaHUs, OTOIUICHUS, BEHTWIAIMH, OCBEIICHMS, MPABWIHHOE pa3MEIICHUE
obopyoBanus [26].

K  peXumMHBIM  MEpOINPHUATHSIM  OTHOCSTCS, YCTAHOBJICHHE IIPaBUII
opraHuzand  paboT, ¢  CcoOOJIoJACHUE  MPOTHUBOMOXKApHBIX  Mep. s
MPEAYyNPEKICHNUS BOSHUKHOBEHHUS TT0Kapa OT KOPOTKUX 3aMbIKaHUM, TIEPETPY30K U
T. JI. HEOOXO0IUMO COOJIIOZCHHE CIIECIYIOIINX MPaBuII IoKapHOi Oe3omacHocTH [26]:

— HUCKJIIOYEHHE  00pa3oBaHHs Toproder  cpeapl  (repMeTu3arus
o0opyaoBaHUs, KOHTPOJIb BO3AYITHOMN Cpe/ibl, pabodast U aBapuitHast BEHTUJIAIINA);

— MpaBUJIbHAS DKCIUTyaTanuss 000pyaoBaHus (TPAaBIIIBHOE BKIIOUYCHHEC
o0opy/ioBaHUSI B  CETh  DJIGKTPUYECKOTO TMTaHUS, KOHTPOJIb Harpera
o0opy10BaHUS );

- MPaBUJIILHOE COJAEpXKAHUE 3JaHUU M TEPpUTOPHM (UCKIIFOUEHHE
oOpa3oBaHHsS HMCTOYHHUKA BOCIUIAMEHCHHUS - TPEAYNPEKJICHHE CaMOBO3TOPaHUS
BEILIECTB, OTPAHUYEHUE OTHEBBIX padoT);

— oOydeHMe MTPOU3BOJICTBEHHOTO MepcoHasa paBuIamM
MIPOTUBOIIOKAPHOM 0€30TaCHOCTH;

— U3JIaHUE MHCTPYKIIMH, JIAKATOB, HAJTMYKUE TIJIaHa DBaKyalluu;

— coOJIFOICHNE TTPOTHBOTIOKAPHBIX MPABUII, HOPM TP MPOSKTUPOBAHUHU
3MaHUH, TIPH YCTPOMCTBE DJICKTPOIPOBOJOB U OOOpYIAOBaHHUS, OTOIUICHUS,
BEHTHJISILINHI, OCBEILICHHS;

— IIpaBUJILHOE pa3MeIeHne 000pya0BaHNUS;

— CBOEBPEMEHHBIN MPOPUITAKTHICCKUNA OCMOTpP, PEMOHT M HCIIBITAHUE
o0opyaOBaHUSI.

[Ipy BO3HUKHOBEHHMH TIO)Kapa COOOIIUTH PYKOBOJIWTEIIO, OpTraHaMm
MIPOTHUBOIIOKAPHOH 0€30MMaCHOCTH MPEIPHUATHS U IPUCTYITUTD K TYIIICHUIO TI0’Kapa
OTHETYIIUTEIIEM.

[Tpu BO3HUKHOBEHUU aBapUIHOHN cUTyaluu Heooxoaumo [23]:
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- COOOIIUTH PYKOBOJICTBY (I€XKYPHOMY);

- MO3BOHUTHh B COOTBETCTBYIONIYIO aBapuiiHyto ciayx0y wiu MYC mo
tenedony — 112

- HNPUHATH MEPHI 10 JTUKBUAALIMH MTOCIEICTBUI aBapUU B COOTBETCTBUU
C UHCTPYKIHEH.

Takum 00pa3oM yCTaHOBJIEHO, YTO IOKapo- U B3PHIBOOE30IIACHOCTH B
ucnosbzyemoit taboparopun Ne 001 A—10 yuebnoro xopmyca TITY cooTBeTrcTBYyeT

tpeboBanusam [23].

5.6 be3onacHOCTH B aBAPUITHBIX 1 YPe3BbIYAWHBIX CHTYAIMAX

UpesBbiuaitnas cutyaruss (UC) — oOcrtaHOBKa, CIOXHBIIAsCS Ha
OMPEICICHHOU TEPPUTOPUH B PE3YJIbTATE aBAPUH, ONTACHOTO MPUPOTHOTO SBJICHMUS,
KaTtacTpodbl, CTUXUHHOTO WM UHOTO O€JICTBHUS, KOTOPasi MOXKET MOBJIEUb 32 COOOi
YeJIOBEUECKHUE KEPTBBI, YIIEPO 30POBBIO JIIOJEH WM OKPY>KAIOIIEH MPUPOTHOMN
cpele, 3HAYUTEIbHbIE MaTepuajbHble TOTEPU U  HAPYIIEHUE  YCIOBUU
KU3HEJEATEIbHOCTH JIFOJICH.

PaccmoTtpenst  Bo3mokHble — aBapuiiHble (AC) u  4pe3BbIUAlHbBIC
cutyauuu(YC), Meroapl HMX TMPENOTBpAlllcHUs W JUKBUAAIMKA TIOCICICTBUMN
(Tabmuma 5.5).

Tabmuua 5.5 — UYUpesBbluailHble CHUTyaluu, METOAbl WX MPEIOTBPALICHUS U

JIMKBUALMU TOCJIEACTBUUN

UpesBbluaitHas Mertoast penotBparnienus AC u UC JluxkBupamnus nocnenctsui AC u
cuTyanus qC

[IpoBeneHue BBOHOTO ¥ IOBTOPHOTO

(uepe3 6 Mec.) MUHCTPYKTaxa; Br130B noskapHO# CITyKObI U

Tosap CobutoieHne TEXHOIOTHYECKUX cnacareneit (ten. 112);
PEKUMOB IIPOU3BO/ICTBA; BbI30B cKOpOI METUIIMHCKOM
Co3naHue yciaoBUM [T dBaKyalluu TIOMOIIIHA
repcoHasa

[IpoBeneHue BBOIHOTO U IOBTOPHOTO

(duepe3 6 Mec.) UHCTPYKTaxa; BBI30B CKOpOW MEAULIMHCKON

Y nap Tokom ConeprkaHue YHEPTETUYECKUX CETEH B nomortu (ten. 030, 112);
HCIIPAaBHOM COCTOSIHUH Oxka3zaHue nepBoi NOMoIIHU
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[Tponomxenue TadbauIb! 5.5

TpaBmupoBanue
B PE3YJIbTATE
MaJeHus ¢
BBICOTBI

[IpoBeaeHne BBOJHOTO ¥ TTIOBTOPHOTO
(duepe3 6 Mec.) UHCTPYKTaxa;
Co3aHue CUCTEM MPeIyNpeKIACHUS
MaJICHUH;

CobnronaTth TpeOoBaHUs 0€301TaCHOCTH
IIPH BBITIOJTHEHUH pabOT Ha BBICOTE

BBI30B CKOpOIT MEAUITUHCKOM
nomornu (ten. 030, 112);
Oka3zaHue nepBoi MOMOIIHU

BeiBOa 1O ri1aBe

B nanHO# riaBe MpoBeACH aHAIN3 BPEIHBIX U OMMACHBIX (PaKTOPOB, KOTOPHIE

MOI'YT BOSBHHKHYTH Ha pa60qu MCCTC IIPpHU IIPOBCACHNU HCCHGHOB&HHﬁI

- MUKpOKIMMAT [26];

- ryM u BuOparus [24];

- 3JIEKTPOMArHUTHOE u3iyueHue [22];

- OCBCIIIEHHOCTSH [26];

- ncuxodusuronornyeckue Gaxkrops [26];

- XUMHYecKas 0e30macHOCTh [27];

- ANIEKTPOOE30MacHOCTb [21];

- 10Kapo-B3pbIBOOE30macHOCTh [23].

[Tomemenne Ne 001 A—10 kopmyca TIIY oTHeceHo:

- 10 AJIEKTPOOE30MacHOCTH — K 2 Kiacey [21];

- 110 [T0’KapO-B3PHIBO0E30IMIACHOCTH — K KaTeropuu B [23].

Taxke pacCMOTpPEHBI BO3MOXKHBIE aBaPUMHBIE M YPE3BbIYAWHBIE CUTyalUU,

MCTOAbI UX IIPCAOTBPAIICHNA U TUKBUAAIINH HOCJ'IGI[CTBHﬁ.
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Findings

1. As a result of the carried out calculations, the optimal compositions of
WONS were determined, ensuring their energy-efficient processing in air plasma.

2. Based on the results of thermodynamic calculations, the regularities of
the influence of the air mass fraction on the composition of the resulting products
have been established and optimal conditions for the plasmachemical synthesis of
fuel oxide compounds «PuO; — UO, — MgO» of the required composition have been
determined:

- air plasma coolant mass fraction is less than 68% with the mass fraction
of the matrix (MgO) 5-50%;

- operating temperature 1600+£200 K;

- the specific energy consumption for obtaining one kilogram of FOC
«PuO,-UO,-MgO» is 2,6 — 8,3 MJ/Kg.

3. Under the recommended modes, the process of plasmachemical
synthesis of model oxide compounds «Nd,O3; - Sm,0O; — MgO» from dispersed
WONS is implemented in the air plasma of the HFF discharge.

4, The physical-chemical properties (elemental composition, particle size)
of the obtained powders of model oxide compounds of the required composition are
determined. The regularities of the influence of the mass fraction of the matrix
(magnesium oxide) on the specific surface area and the size of the obtained OC are
established. It is shown that with a constant water consumption for quenching of 2,8
kg /s and the speed of rotation of the disperser of 35 Hz, a change in the mass fraction
of the matrix (MgQO) from 5 to 50% in the composition of OC leads to a decrease in
the size of the formed OC particles from 12,0 microns to 5,3 microns (LD method).
The specific surface area of OC and the particle size are in the range of 76-59 nm
and 10,2 - 16,1 m?/g (BET), respectively.
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Conclusion
The research results can be used to create an energy-efficient technology for the
production of tolerant REMIX-fuel obtained by plasmachemical synthesis from

water-organic nitrate solutions.
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Appendixes
Appendix A

Table A1 — Composition of WONS for plasmachemical synthesis of fuel oxide compounds «PuO>-UO>-MgO» based on acetone

The composition of WONS, % 0¢

o | Th ition of OC L
X ® COmPOsTHon © UO2(NO3)2'6H0 PUOZ(NO3)26Hz0 Mg(NO3)2-6H20 H,0 | Acetone | Mi/kg
1 | 95% (PuO-UO;) 5% MgO 37,434 0,374 6,850 27,341 8,148
2| 90% (PuOz-UO2) — 10% MgO 30,501 0,305 11,784 29,410 8,096
3_| 80% (PuO2-UO,) — 20% MgO 21,004 0,210 18,258 32529 | o0 | 8018
4| 70% (PuO2-UO,) —30% MgO 14,892 0,149 22,191 34,768 |~ | 7,962
5| 60% (PuO2-UO,) — 40% MgO 10,681 0,107 24,758 36,454 7,920
7| 50% (Pu02—UO2) — 50% MgO 7,629 0,076 26,525 37,770 7,887

Table A2 — Comparative table of processing of WONS compositions for plasmachemical synthesis of fuel oxide compounds «PuO>—UO>—MgO»

The Ne The composition of WONS, % Qup, | Taq, Composition of
composition |\ e Mikg | K products
of FOC UO2(NO3)2-6H20 | PUO2(NO3)2-6H20 | Mg(NO3)2:6H,0 | HoO | Ateron | Bozayx CO | UO> | U3Os
JVORS- 12,728 0,127 2,329 9,206 | 9520 | 66 7as | - | o+ | -
95% (PUO2- NS
UO2) 5% 5 11,979 0,120 2,192 8,749 | 8,960 68 8,148 | 1654 | - + -
MgO
y/ONS 11,230 0,112 2,055 8202 | 8400 | 70 1562 | + | - | +
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Continuation of the table A2

90% (PUO. | WONS-4 | 10,370 0.104 4.006 9.999 | 9520 | 66 1736 "
UO2) —10% | WONS -5 9,760 0,098 3,771 90411 | 8960 | 68 | 8,096 | 1644 "
MgO | WONS-6 9,150 0,091 3,535 8823 | 8400 | 70 1553 i
80% (PUO,— | WONS - 7 7141 0,071 6,208 11,060 | 9520 | 66 1720 "
UO2) — 20% | WONS -8 6,721 0,067 5,842 10409 | 8960 | 68 | 8,018 | 1630 "
MgO | WONS-9 6,301 0,063 5.477 9.750 | 8400 | 70 1540 i
WONS - 5,063 0,051 7,545 11821 | 9520 | 66 1709 ;
10
70% (PuO2— WONS -
UO2) — 30% " 4,765 0,048 7101 11126 | 8960 | 68 | 7.962 | 1619 '
MgO WONS -
> 4,468 0,045 6,657 10430 | 8400 | 70 1529 i
WONS -
- 3,631 0,036 8,418 12394 | 9520 | 66 1701 ;
60% (PuO2—
WONS -
UO2) — 40% ) 3.418 0,034 7.923 11.665| 8960 | 68 | 7.919 | 1611 ;
MgO
WONS -
- 3,204 0,032 7.427 10936 | 8400 | 70 1522 i
WONS -
50% (PuO»— - 2,594 0,026 9,019 12842 | 9520 | 66 1659 ;
UO2) — 50% 7.887
WONS -
MgO - 2,441 0,024 8,488 12086 | 8960 | 68 1605 ;
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Appendix B

Table B1 — The values obtained during the study and optimization of the operating modes of a plasma reactor based on a HFT-plasma torch

Anode Grid Electrode Case
a7 daT | P, Me, | dT

I, Ua, Po,k | Tof, S, Ma, dTa, Pa, Ta, Mg, g, Py, Tg, | Me, | &, k | Te, C, Pe, | T,
Ne| Al kWt | Wt | °c | em? | kgis | °C | KWt | °C | kgis | °C | KWt | °C | kgis | ¢ | Wt | °C | kgis | °C | kWt | °C
18, 121011 20| 14, ] 005 023 | 11,

103 57 | 171 | 34 |3x10| 0244 | 75 | 765 | 4 | 0066 | 43| 118 | 3| 9 |41| 5 | 7| 7 | 1| 8 | 9
18, 12| 011 20| 14 ] 005 023 | 1L,

23| 57 | 171 | 346 | 3x8 | 0244 | 75 | 765 | 4 | 0066 |43| 118 | 3 | 9 |41|5 | 7| 7 | 1|8 |9
18, 12,011 14| 0,05 023 | 11,

33| 58 | 174 | 357 | 3x6 | 0244 | 76 | 775 | 5 | 0066 |43 | 118 | 3 | 9 |42|21|8 | 7 | 1|8 | 9
43| 58 | 174 | 366 | 3x4 | 0244 | 76 | 775 | B | 0066 | 43| 118 |12 |01 ) 45 |20] 14, 10.050 4 1, 40 1L,
5 3| 9 9| 8| 7 9

3, 10 11, [ 011 24115 1005 023 ] 1L,
1]5 | 58 | 203|373 |3x10| 0244 | 85 | 867 | 4 | 0066 37| 102 | 7| 9 |49|5 |5 | 7 | 1| 8 |9
3, 10 11, | 011 2415 | 005 023 | 1L,
25| 58 | 203|368 | 3x8 | 0244 | 85 | 867 | 4 | 0066 |38 105 |8 | 9 |49|5 |5 | 7 | 1|8 |9
3, 10 011 2415 | 005 023 | 1L,
35| 63 | 2205|365 | 3x6 | 0244 | 84 | 857 | 3 |o0066| 4 | 11 | 12| 9 |a9|5 |5 | 7 | 1|8 |9
3, 10 12| 011 25| 15, [ 0,05 023 | 1L,
45| 65 |2275| 37 | 3x4 | 0244 | 86 | 877 | 5 |o0066 41| 113 | 1| 9 |51|5 | 7| 7 | 1|8 |9
20, 11, [ 011 0.05 023 | 1L,

14| 65 | 26 | 378 |3x10| 0244 | 93 | 949 | 2 | 0066 | 36| 099 | 6 | 9 |54|27|16| 7 | 1| 8 | 9
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Continuation of the table B1

214167 26,8 38 | 3x8 | 0,244 | 94 | 959 | 20,3| 0,066 | 35| 096 |115|0,119|55|2,75|16,1|0,057 | 1 |0,238| 11,9
314169 27,6 37,9 | 3x6 | 0,244 | 96 | 9,79 | 20,5| 0,066 {3,3| 0,91 |113|0,119 |56 2,8 | 16,2| 0,057 |0,9|0,214 | 11,8
4141 7 28 36,8 | 3x4 | 0,244 | 96 | 9,79 |205|0,066 | 3 | 0,83 | 11 |0,119 |5,7|2,85]|16,3|0,057|0,8|0,191 | 11,7
Table B2 — Determination of the temperature of the air plasma jet and the installation efficiency of the installation
HFT-plasma torch
N | b Ua, KWE Po, Tor, °C >, P Qr, kgls H,, ki/kg T,°C | Py KWt n,
A ’ KWt ’ cm? KWt ’ " b P %
1 3 5,7 17,1 34 3x10 5,737 0,11 354 350 5,98 96
2 3 57 17,1 34,6 3x8 5,737 0,12 349 350 5,98 96
3 3 58 17,4 35,7 3x6 5,885 0,13 344 350 6,12 96,1
4 3 5,8 17,4 36,6 3x4 5,884 0,15 338 340 6,12 96,1
1 35 5,8 20,3 37,3 3x10 7,682 0,11 372 375 7,92 97
2 3,5 58 20,3 36,8 3x8 7,654 0,12 365 375 7,89 97
3 3,5 6,3 22,05 36,5 3x6 9,451 0,13 370 375 9,69 97,5
4 35 6,5 22,75 37 3x4 9,82 0,15 365 375 10,1 97,6
1 4 6,5 26 37,8 3x10 12,34 0,11 415 425 12,6 98,1
2 4 6,7 26,8 38 3x8 13,02 0,12 411 425 13,3 98,2
3 4 6,9 27,6 37,9 3x6 13,67 0,13 402 420 13,9 98,5
4 4 7 28 36,8 3x4 14,15 0,15 393 400 14,3 98,7
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Appendix C

Table C1- Composition of the WONS and physical-mechanical properties of the "neodymium oxide—samarium oxide—magnesium oxide", simulating

the plasmachemical synthesis of dispersion REMIX-fuel (fs = 35 Hz, Qrtw = 2.8 kg/s)

The ComDOSition of WONS - Physica' and chemical
The composition of OC ties of OC
The composition of WNS properties o
Ne | Nd(NO2)s-6H20, | Sm(NO3)s-6H20, | Mg(NOs)26Hz0, |  C3Hs0. % "Nd,05, [ Sm20s, Dso, 2| Denst,
- MgO, % . Syx, M?/g

o/l o/l g/l % % microne nm
1 260,8 63,8 - 64,4 80,0 20,0 - 12,9 10,2 79
2 2477 60,6 80,1 63,4 76,0 19,0 5,0 12,0 10,8 76
3 2347 57,4 160,2 62,3 72,0 18,0 10,0 8,2 11,1 72
4 208,6 51,0 320,4 60,3 64,0 16,0 20,0 6,2 13,0 64
5 182,5 44,6 480,6 58,4 56,0 14,0 30,0 5,7 16,1 61
6 130,4 31,9 801,0 55,0 40,0 10,0 50,0 53 18,6 59
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