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Abstract

Graduate qualification work 97 pages, 55 figure, 39 tables.

Key words: plasma, HFT-plasmatron, water-organic nitrate solution, oxide
compounds.

The object of the study is the process of recycling water-organic nitrate
solutions (WONS) of uranium, plutonium, and magnesium by plasmachemical
synthesis in air plasma.

The aim of the work is investigation of plasmachemical process of «UQO,—
PuO,-MgO» oxide compounds in air plasma flow from WONS.

As a result of the work the following investigations have been carried out:
calculated the initial composition of WONS in components, calculated adiabatic
combustion temperature and the lowest calorific value of solutions that determines
their energy-efficient processing, simulated plasmachemical synthesis of WONS in
plasmatron in air plasma at different temperatures, measured parameters of
plasmatron during processing solutions, investigated the structure of the obtained
powders, determined the distribution of target components in the obtained powder.

In this work the composition of initial WONS was determined, the
compositions of solutions that meet the criteria for processing in plasmatron were
determined, the criteria for energy-efficient plasmachemical processing were
obtained.

The results can be used to improve the production process of REMIX-fuel, for
further research on the creation of nuclear fuels by plasmachemical synthesis in air

plasma.
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Introduction

Today the nuclear industry is a strategic for the Russian Federation; our
country has achieved significant success in this area that provides a beneficial
negotiating position in the global energy market and the political arena. For example,
the largest number of nuclear power plants under construction abroad, the world's
only nuclear icebreaker fleet, more than 40% control of the global stable isotope
market, 4th place in nuclear power production, 5" place in uranium mining.
However, despite the obvious advantages, there are also problems that need to be
solved. One of them is the high cost of producing REMIX-fuel.

REMIX-fuel is a type of nuclear fuel developed in Russia, created from a
mixture of regenerated uranium and plutonium. The use of REMIX-fuel results in
uranium savings because it is potentially possible to recycle plutonium without
significant degradation. Thus, reprocessing with some re-enrichment can provide
multiple returns of fuel to the reactor, which reduces reactor uranium consumption
and the accumulation of spent nuclear fuel. Whereas conventional fuel degrades so
much that it becomes completely unusable. Moreover, its production is multi-stage,
after which, due to mechanical mixing, the resulting powders may have an unequal
distribution of phases, which negatively affects its further operation.

The proposed method is a plasma-chemical synthesis of fuel oxide compounds
(FOC) from water-organic nitrate solutions obtained after extraction of uranium and
plutonium including magnesium nitrate. This method provides single-stage, high
process rate, uniform distribution and the required composition of phases.

The purpose of this work is to study and optimize the process of plasma-
chemical synthesis of «UO,—PuO,—-MgO» fuel oxide compounds for REMIX-fuel
from the optimal composition of water-organic nitrate solutions (OONR), including
aqueous nitrate solutions of fissile metals (uranium, plutonium), matrix metal
(magnesium) and organic component (ethanol, acetone). Also the modes of
processing in air plasma of high-frequency flare discharge of model HNR solutions
providing direct synthesis of nanostructured model oxide compositions «Nd;Os—

Smy03-MgO» imitating REMIX-fuel are investigated.
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To achieve this goal it is necessary to solve the following tasks:

1. To conduct a review and comparative analysis of the literature on methods
of producing REMIX-fuel from spent nuclear fuel. To determine their advantages
and disadvantages;

2. To calculate the combustion indices of water-organic nitrate solutions
including the organic component acetone, water solutions of uranium, plutonium
and magnesium nitrates. Determination of patterns of influence of the content of the
organic component on their lower calorific value. Determination of the optimal
composition of WONS, ensuring their energy-efficient plasma processing;

3. Conduct thermodynamic modeling of the process of plasma chemical
synthesis of fuel oxide compounds from WONS. Estimation of specific energy
consumption for the process. Determination of modes ensuring the energy efficient
synthesis of «UO,—PuO,—MgO» fuel oxide compounds for REMIX-fuel dispersion
in air plasma;

4. Making analyses for the resulting powders to determine their particle size
distribution and phase composition;

5. Preparation of science-based recommendations for the practical

implementation of the process.

1. Literature review

REMIX-fuel (REMIX — REgenerated MIXture of U, Pu oxides) consists of
an unseparated mixture of U and Pu obtained by spent nuclear fuel reprocessing
which the addition a small percentage of 235U enriched up to 16-17% to
compensate the presence of 236U, 232U, 240Pu, 242Pu isotopes and to provide the
necessary neutron-multiplying properties. As a result, the approximate composition
of REMIX-fuel is the following: 1-1.5% 239Pu + 2.5-3% 235U + 238U. The
technology makes it possible to reuse this mixture as nuclear fuel. It is worth
mentioning that no additional plutonium is needed to the already regenerated fuel,
but only plutonium produced in the reactor is used. To maintain the isotope balance

of the fissile materials, only a small amount of 235U is added to the fuel with an
13



enrichment of about 17% at each new cycle and stage. This suggests that the energy
potential of REMIX-SNF remains nearly constant during recycling, thus allowing
the entire amount of fissile material loaded into the reactor to be recycled multiple

times and good stability during REMIX-fuel fabrication.

1.1.

At the moment, the main preference for making an inert matrix for dispersed

Metal oxide matrices for dispersion REMIX-fuel

nuclear fuel is given to oxides, so the most studied and used nuclear fuel is also oxide
—UO; and PuO; [1].

The main oxide compounds for practical use: ZrO,, MgO, Al,O3, Y,03, CeO;
and more difficult systems: (Zr, Ca)Ox—X, (Zr, Y)O2+x, ZrSiOs , Y3Als01,,
MgAl,O4 and other. Below are tables with the different characteristics of the main
metal oxides used as matrix material for dispersed nuclear fuel and their comparison.
The main characteristics is showed in tables (1-4)

Table 1 — Main physical and mechanical properties of oxide materials [2]

Property Oxide compounds
Al,O3 MgO CeO> Y203 ZrO; MgAl,O4 ZrSiOy
Melting
temperature 2054 2827 ~2400 2430 2710 2105 1676°C —
, °C eutectic
formation
Steam 2-107
pressure, | 10°(1950 | ~10* |(1500°C| 2-107 | 2-10°8 - -
mm Hg. °C) (1727°C) | 6-10°° | (2000°C) | (2000°C)
(2000°C)
20,0
13,3 (500°C) 1,2 4,1(500 2,2 9,0 54
Thermal (500°C) 13,0 [(1000°C)| °C) (1000°C) | (500 °C) | (500 °C)
conductivity, 8,2 (2000°C)| 0,9 2,5 1,5 7,7 4,5
W/(m-K) | (1000°C) 6,0 [(1500°C)| (1000°C) | (1500°C)| (1100°C) | (1000°C)
5,8 (1500°C) 1,2 2,9 1,8 ~8,0 4,2
(1500°C) 50 |(2000°C) | (1500°C) | (2000°C) | (1500°C) | (1500°C)
(2000°C) ~4,0
(2000°C)
Modulus of
normal 374,63— | 295,20- | 1624 180,1 | 168,68- 274,0 154,0
elasticity E,| 147,10 219,68 | (293K) | (293K) | 94,15 (293 K) (293 K)
GPa (293-1773 K)|(298-1573 (293-
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K) 1635K)
Shear 124,55—- | 113,76- | 62,74— 60,80—
modulus G, | 105,92 35,31 34,32 - 97,09 - 64,4
GPa (298-1323K)| (573- (303- (293-
1673K) | 1373K) 1573K)
Poisson’s | 0,26-0,45 |0,36-0,47 0,19
ratio (298-1473K)| (298- 0,515 - 0,36 -
1373K) | (293K) (293K)
Table 2 — Compatibility of oxide materials [3]
Contact Kind of interaction
substance
Al;O3 MgO CeO, Y203 ZrO; MgAl
O4
Iron (shell of | Compatible at | Compatib | Compatib | Compatib | Compatib
FUEL) temperatures below | le at | le at | le  with|le at
900 °C temperatu | temperatu | refractory | temperatu
res below | res below | metals at | res below | Comp
1100 °C | 650 °C temperatu | 1200 °C | atible
res below
1500 °C
Water Doesn't dissolve Hydroxid | Doesn't Slowly
eis dissolve dissolving
formed
HNO3 Doesn't dissolve Dissolves | Dissolves | Dissolves | Doesn't
at a low|at a low|at a low | dissolve
rate rate rate

Table 3 — Changes in the length of oxide samples as a result of radiation exposure

[4]

Sample length L, Sample length L, Extension (L — Lo)/Lo,

Sample material mm mm after %

before irradiation irradiation

MgO 251,6 252,7 0,4

Al2O3 248,0 251,3 1,3

Y3AI5012 250,0 249,6 0,2

MgAlO,4 251,5 251,9 0,2

Table 4 — Influence of irradiation on the fracture viscosity of IMF matrix materials

[5]

Matrix

Fracture viscosity

Data of work

Published data from
unirradiated samples
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CeO2 1,2 £2%% 1,5+ 0,4 1,6-1,8

1,8 + 0,3
MgO 2,0£0,5% -
MgAlO4 2,5 +0,4% 2,0+£0,2% 3,0

1,94 + 0,10

Y3Als012 2,5 +0,4% 1,9 £ 0,5% 1,7 £0,1
Y203 1,7 £0,2% 2,1 +0,4%

2,1+0,3%

The main attention in the development of matrix materials is focused on

zirconium dioxide, because it has high rates of chemical and radiation resistance [6].

However, zirconium oxide has a number of disadvantages, the main of which
is the low thermal conductivity, which is improved by the gradual introduction of
MgA|204 [7]

2.2  Methods for obtaining oxide compositions for REMIX-fuel

Powder metallurgy makes it possible to produce dispersion compounds, the
creation of which includes the following stages: preparation of powders of each
component, preparation of powder mixtures, creation of samples of compositions,
heat treatment for achieving all the necessary physical and mechanical properties of
the samples.

This technology is subdivided into several methods: hydrostatic pressing (the
most common), extrusion forming and slip casting.

Hydrostatic pressing. The most important advantage of this method is the
ability to distribute pressure evenly over the entire volume. The powdered mixture
Is enclosed in an elastic shell, which is placed in a perforated metal tube, and
subjected to all-round hydrostatic compression in a pressure vessel. The method was
used for production of cylindrical blanks of fuel element cores based on a mixture
of thorium and plutonium dioxide powders [8].

Gelation (formation of microspheres) is performed through dehydration.
The resulting dispersed sol droplets are injected into an organic liquid. CCl4 was
used as the phase. Dispersing device can have different forms (Fig. 1), the vibrating
capillary is very popular because it makes it possible to achieve maximum

uniformity of droplets in size.
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Vibrator
1 2

1 - two-liquid nozzle; 2 - vibrating capillary; 3 - free-fall.
Figure 1 — Device for dispersing sol into a gelatinous medium [9]

The advantages of this method are simplicity, flexibility, easy process control,
possibility of remote control.
Disadvantages are impossibility to achieve monodispersity and to control the

anisotropy parameters, obtaining only one-dimensional nanostructure.

Plasmachemical synthesis

After the fuel is burned out, one of the further options for its development is
the subsequent introduction of the residual usable nuclear fuel back into the fuel
cycle. One way to do this is to extract the regenerated uranium through an extraction
process, the last step of which is to produce nitrate solutions containing the isotope
U-235 in a much lower concentration than that needed for the fuel.

Once the plant has extracted all the other components necessary to create the
fuel, it is necessary to solve the problem of separating the uranium in the form of
uranium dioxide. One way to do this is through the plasma process, which reduces
the cost of creating the oxides, shortens the process chain, and has no environmental
concerns.

Depending on the method of increasing the U-235 isotope content in the

regenerated uranium, two schemes can be distinguished (Fig. 2).
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Irradiated NPP

J' fuel Variant A
i - Solution of HNO3
Nitrate reextract
ofrc{gcr}eratcd U-235 isotope
uranmun enriched nitrate
feedstock Plz?sma
Uranium oxides for
T nmuclear fuel l
U-235 fabrication | Fuel
Nuclear fuel assemblies
. . —_—
fabrication plant
l ]1‘1‘admf::lec: NPP  Fuel Variant B
= .
Solution of INO; 2ssemiblies |0 i Fuel
= brication plant
Nitrate reextract Uranium oxides for
of regenerated nuclr_:ar _fucl T
aranium fabrication
— Plant for plasma conversion
Plasma of uranium hexafluoride into
denitrator uranium oxides
Urani .
ranm l U-235 1sotope T
oxide

rdepleted UFs
— _———
F

Waste of UFs i

A - without producing uranium hexafluoride. B - with production of uranium
hexafluoride
Figure 2 — Potentially possible schemes of plasma conversion of nitrate reextracts
of regenerated uranium from spent fuel elements for subsequent fabrication of
uranium fuel

The advantages of this technology are the following: it is one-stage, it is
carried out at high speed, it is possible to correct the size and morphology of the
particles, often the technological equipment is compact.

2. Calculation part
2.1. Calculation of Combustibility Indicators for Organic Water

Nitrate Solutions
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One of the indicators of combustibility of water-organic nitrate solutions is

the lower calorific value Qf;, which is determined by the following formula:
p _ (100-W-A)Qf 25w

Qn 100 100 ’ (1)

where QY; is the heat of combustion of the combustible component, MJ/kg; W is the

water content, A is non-combustible minerals in the composition %; Coefficient 2.5

takes into account the latent heat of water evaporation at 0 oC, MJ/kg.

Solutions with Qlﬁl > 8.4 MJ/kg are considered flammable [10].

A more objective indicator of the flammability of water-organic nitrate solution is

the adiabatic combustion temperature, which was calculated using this formula:
_ (100 - UOK)QZ + UOKCOKtOK (2)

ad — 100VC '
where Vo - theoretical oxidizer flow rate, m3m?; Co - average heat capacity of

oxidizer, kJ/m3-grad; t. - temperature of oxidizer, °C; Cs, - specific equilibrium heat
capacity of plasma processing products of water-organic nitrate solution kJ/kg-grad.

WONS that have T~ 1500 K, provide their energy-efficient recycling in an
air-plasma flow [11].

Acetone and ethanol were used as the combustible component because they
have a high calorific value, high mutual solubility, and easy accessibility .

Tables 5 and 6 present the optimal composition of acetone-based BONP
solutions having Tad=1500K.

Tables 7 and 8 present the optimal compositions of ethanol-based BONP
solutions having Tad=~1500K.

Table 5 — Calculation of the composition of solutions of WONS 1-10; 41-49 for
plasmachemical synthesis of the required oxide compounds at o = 0,033 for the case
of acetone

a=U/( U+ Pu) = 0,033
o UOz(NOg)z' PU(N03)4' Mg(N03)z' 0 CsHs0, 0 PuO,, MgO,
Ne 6H.0,% | 6H.0, % | 6H,0, % H20, % % U0, % % %
1 34,159 1,362 6,399 38,078 20 91,865 | 3,135 5
2 28,227 1,126 11,164 | 39,482 20 87,03 2.97 10
23,343 0,931 14,664 | 40,061 21 82,195 | 2,805 15
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4 19,485 0,777 17,340 40,397 22 77,36 2,64 20
5 13,803 0,551 21,058 40,587 24 67,69 2,31 30
6 9,987 0,398 23,7 40,913 25 58,02 1,98 40
7 7,271 0,29 25,882 41,556 25 48,35 1,65 50

Table 6 — Calculation of the composition of WONS 11-21; 50-58 solutions for
plasmachemical synthesis of the required oxide compounds at a = 0,044 for the case
of acetone

o =U/( U+ Pu) = 0,044

Ne | UO2(NO3)2 | Pu(NO3)s | Mg(NO3)2- 0 C3HeO, | UO2, | PuOo, 0
N | -6H,0,% | -6H:0,% | 6H,0,% | 2O % | o % | o | “M9O%
8 33,779 1,8178 6,401 38 20 90,82 | 4,18 5

9 27,563 1,483 11,027 38,926 21 86,04 | 3,96 10

10 22,79 1,226 14,481 39,502 22 81,26 | 3,74 15

11 19,266 1,036 17,343 40,353 22 76,48 | 3,52 20

12 14,186 0,763 21,892 42,158 21 66,92 | 3,08 30

13 10,269 0,552 24,65 42,527 22 57,36 | 2,64 40

14 7,476 0,402 26,92 43,202 22 47,8 2,2 50

Table 7 — Calculation of the composition of solutions of WONS 22-30; 59-67 for
plasma chemical synthesis of the required oxide compounds at a. = 0,033 for the case
of ethanol

a=U/( U+ Pu) =0,033
o UOz(NOs)z' PU(N03)4' Mg(N03)2' 0 C2Hs0, UO,, PuO, 0
e 6H20, % | 6H20,% | 6H20, % H0, % % % , % MgO, %
1 30,315 1,209 5,679 33,794 29 91,865 | 3,135 5
2 24,698 0,985 9,768 34,546 30 87,03 | 2,97 10
3 20,684 0,825 12,993 35,497 30 82,195 | 2,805 15
4 17,486 0,697 15,561 36,253 30 77,36 | 2,64 20
5 12,532 0,5 19,118 36,850 31 67,69 | 2,31 30
6 9,055 0,361 21,488 37,095 32 58,02 | 1,98 40
7 6,495 0,259 23,121 37,124 33 48,35 | 1,65 50
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Table 8 — Calculation of the composition of WONS 31-40; 68-76 solutions for
plasma chemical synthesis of the required oxide compounds at a. = 0,044 for the case
of ethanol

o= U/( U+ Pu) = 0,044
No| U02(NOs)2 | PU(NOs)a- | MG(NO3)o | H20, | CoHeO, | UOz | PuOy, MgO, %
‘6H20, % 6H20, % 6H20, % % % % %

90,82

L 20079 1,613 5681 | 3373 | 29 3,135 5
86,04

2| 24423 1,314 90771 | 34491 | 30 2,97 10
12

31 20,160 1,085 12,810 | 34945 | 31 2 2g0s | 15
76,48

“| 16796 | o904 | 15119 |35180 | 32 264 |20
66,02

| 12081 0,647 18,566 | 35,754 | 33 2,31 30
57,36

°| sz 0474 | 21174 | 36530 | 33 198 | 40
47,8

" 6230 0335 | 22,4326 |36,001| 35 1,65 50

2.2.  Thermodynamic modeling of the process of plasmachemical

processing of WONS

For modeling the synthesis we used the program «TERRA», which has an
extensive database of various heterogeneous mixtures and allows us to determine
the output components with the setting of the required processing parameters.
Atmospheric pressure, a wide temperature range from 300 to 4000 K was taken as
the basis. Calculation was performed when the fraction of air content was changed,
in order to find the optimal processing mode with the required output.

Figures 3-9 show the characteristic equilibrium compositions of the products
of plasma processing of acetone-based WONS for T(ad) = 1550+50 K at o = 0,033.
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Figures 10-16 show the characteristic equilibrium compositions of the
products of plasma processing of acetone-based WONS for T(ad) = 1550+50 K at o
= 0,044.
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Figures 17-23 show the characteristic equilibrium compositions of the plasma
processing products of ethanol-based WONS for T(ad) = 1550+50 K at o = 0,033.

28



0.0F MaS.0AM Qg  MacAoan
UQZoch

3¢
e A2 BECY 1403

0.045 0.045
0.03 003
0015 0.015
a g g ceedREEERmeT e
1] 00 1600 2400 2200 T. K 1] &00 1E00 400 3200 T. K
a) b)

a — percentage of air 67 %; b — percentage of air 69 %
Figure 17 — Dependence of the mass fraction of WONS 15 output components on
the temperature during plasma treatment, (MgO 5%)

pg5 Mac.dean gg5 Macdosm
UDZich
[Mlal=te=s} U408y
0.0t 0ot
0.03 00z
0.0z 0.0z
0.0 00t
MgOics MgOdcy
. o -g‘ N N[ 'Eo £
@
0 &00 1E00 2400 00 T. K 1] &00 100 2400 3i00 T. K
a) b)

a — percentage of air 67 %; b — percentage of air 69 %
Figure 18 — Dependence of the mass fraction of WONS 16 output components on
the temperature during plasma treatment, (MgO 10 %)

MEE 304K MEE .A0AH
004 UOzecs 004
U403dch

003z 003z
00zt n.oz4

0018 0016
0.ans MgOic 0.00s MgDecs

o PUOZ0C]
1] H i 1] [Py
] 200 1E00 2100 3100 T. K i 200 1E00 400 3zoo T. K
a) b)

a — percentage of air 67 %; b — percentage of air 69 %
Figure 19 — Dependence of the mass fraction of WONS 17 output components on
the temperature during plasma treatment, (MgO 15 %)

29



003z MAC J0M 20y 0032 Mac J0au

L4030

Uz0adc?

0.0zt 0.0z4
0.016 0.016
MgQded Mgy
0.oog 0.008 -
rp PUDZEC) PuDzic} % \‘\
0 5 Ly 0 [ ]
1] 200 1600 100 3z00 T. K 0 200 1600 400 3z00 T. K
a) b)

a — percentage of air 67 %; b — percentage of air 69 %
Figure 20 — Dependence of the mass fraction of WONS 18 output components on
the temperature during plasma treatment, (MgO 20 %)

0075 Hac 30AK 0025 Mac 30K
U020y UDS(.CU3C|8(C) U40gecs
o0z ooz
0.015 0.015
001 MgOic? 001 MgOic)
0005 0005
oo PubZic Pulzich
0 - g 1] T T )
0 g00 1800 2400 3200 T. K ] &00 1600 2100 3200 T. K

a) b)

a — percentage of air 68 %; b — percentage of air 70 %
Figure 21 — Dependence of the mass fraction of WONS 19 output components on
the temperature during plasma treatment, (MgO 30%)

30



0 016 MAC A0NA S (= 0 016 Mac .30aK

Uozicy
0.012 Mgaces \ 0.012 %
MgQic

0008 0008
0004 0004
oo PUDZ0SY Pulzics
0 H 47 1] 477,
0 200 1800 400 3200 T. K 1] &0n 1600 2400 3200 T. K
a) b)

a — percentage of air 68 %; b — percentage of air 70 %
Figure 22 — Dependence of the mass fraction of WONS 20 output components on
the temperature during plasma treatment, (MgO 40 %)

00125 MaC A0AH 00125 [LE-T==I=F T

A4 Ig..g')D(C)
OIS Maogeaicey
0.0t 0.01
0.007% 00075
0.005 0.00%
00025 00025
Coc PulZics Fudzich
1] 1 et 1] T i
0 200 1800 z400 3200 T. K ] £00 1800 zt00 3z00 T. K

a) b)

a — percentage of air 68 %; b — percentage of air 72 %
Figure 23 — Dependence of the mass fraction of WONS 21 output components on
the temperature during plasma treatment, (MgO 50 %)

Figures 24-30 show the characteristic equilibrium compositions of the plasma
processing products of ethanol-based WONS for T(ad) = 1550+50 K at o = 0,044.
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Figure 24 — Dependence of the mass fraction of WONS 22 output components on
the temperature during plasma treatment, (MgO 5 %)
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Figure 25 — Dependence of the mass fraction of WONS 23 output components on
the temperature during plasma treatment, (MgO 10 %)
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the temperature during plasma treatment, (MgO 15 %)
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Figure 27 — Dependence of the mass fraction of WONS 25 output components on
the temperature during plasma treatment, (MgO 20 %)
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Calculations of the energy consumption for compositions of acceptable

WONS obtained after plasmachemical synthesis have been performed.
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Figure 31 — Specific energy costs of acetone-based plasma treatment at o = 0,033
and at T(ad) = 1550+50 K to 1500 K
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Figure 32 — Specific energy costs of acetone-based plasma treatment at oo = 0,033

and at T(ad) = 1550+50 K to 2500 K
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Figure 33 — Specific energy costs of acetone-based plasma treatment at o = 0,044
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Figure 34 — Specific energy costs of acetone-based plasma treatment at o = 0,044
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Figure 35 — Specific energy costs of ethanol-based plasma treatment at o. = 0,033
and at T(ad) = 1550450 K to 1500 K
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Figure 36 — Specific energy costs of ethanol-based plasma treatment at a. = 0,033
and at T(ad) = 1550450 K to 2500 K
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Figure 37 — Specific energy costs of ethanol-based plasma treatment at o = 0,044
and at T(ad) = 1550+50 K to 1500 K
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Figure 38 — Specific energy costs of ethanol-based plasma treatment at o. = 0,044
and at T(ad) = 1550450 K to 2500 K
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Figure 39 — Specific energy costs of acetone-based plasma treatment at o = 0,033
and at Qsp > 8.4 MJ/kg up to 1500 K
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Figure 40 — Specific energy costs of acetone-based plasma treatment at o = 0,033
and at Qsp > 8.4 MJ/kg up to 2500 K
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Figure 41 — Specific energy costs of acetone-based plasma treatment at o = 0,044
and at Qsp > 8.4 MJ/kg up to 1500 K
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Figure 42 — Specific energy costs of acetone-based plasma treatment at o = 0,044
and at Qsp > 8.4 MJ/kg up to 2500 K
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Figure 43 — Specific energy costs of ethanol-based plasma treatment at oo = 0,033
and at Qsp > 8.4 MJ/kg up to 1500 K
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Figure 44— Specific energy costs of ethanol-based plasma treatment at oo = 0,033
and at Qsp > 8.4 MJ/kg up to 2500 K
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Figure 45 — Specific energy costs of ethanol-based plasma treatment at o = 0,044
and at Qsp > 8.4 MJ/kg up to 1500 K
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Figure 46 — Specific energy costs of ethanol-based plasma treatment at o = 0,044
and at Qsp > 8.4 MJ/kg up to 2500 K
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3. Experimental part

3.1 Determination of air flow rates through the reactor and plasmatron

The pressure created by the incoming air flow was determined by the formula
[11]:

|4
fzp_ZPH_R:Tr (3)

where P, — total pressure, Pa;
P.. — static pressure, Pa;
p — air density at temperature T, kg/m3;

2
f= % — pressure created by the incoming airflow.

Converting formula 3.1 lets to express the speed of the incoming flow V:
0,5

Py — PCT] ()

p
The required value of volumetric airflow through the duct is calculated by the

V=[2-

formula:
Qe =S5V, (5)
where S — cross-sectional area of the duct.

Due to the above formulas, plots of the plasma-forming gas flow rate through
the HF plasma torch (Qg), as well as the air coolant through the gas path (Qgqg) On
the reactor inlet area have been plotted. The effect of the reactor inlet area on the
mass flow rate of air through the HF plasma torch and gas duct is shown in Figs. 47
u 48.
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Figure 47 - Influence of the reactor inlet area on the mass flow rate of the air

coolant through the HF plasma torch

600 800 1000 1200 1400 1600
S, 104 m?

Figure 48 - Influence of reactor inlet area on mass flow rate of air coolant through

the gas duct

The data from the obtained tables and graphs make it possible to estimate the
dependence of the plasma gas flow through the reactor.
The following expression was used to calculate the air flow through the
reactor:
Qr = di - th, (6)
where Q; — air coolant flow rate through the reactor, m?/s;
Qqa — air coolant flow rate through the gas duct, m*/s;

Qpt — plasma gas flow rate through the HF plasma torch, m?/s.
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According to the results of calculations, plots of air coolant flow rate through

the plasma reactor as a function of its walking area were obtained, shown in Fig. 49.
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Figure 49 - Influence of reactor inlet area on mass flow rate of air coolant through

the reactor

The obtained dependencies allow for smooth adjustment of the air coolant
flow rate through the reactor and the plasma torch by changing the inlet area of the

reactor.

3.2 Analysis of powders of model oxide compositions

The obtained powders of model oxide compositions were analyzed to evaluate
the particle size distribution (particle size distribution), their shape and the presence
of target components.

Powders were analyzed to evaluate the size of particles (particle size
distribution), their shape and the presence of target components.

To study the size of particles in the powder, we used a laser diffraction method
implemented on the SALD-7101 device (Shimadzu, Japan).

SEM analysis was used to study the topography of samples after sintering and
to determine the nature of the distribution of target elements in them after sintering.

XRD-7000 X-ray diffractometer (Shimadzu, Japan) was used for X-ray phase
analysis (XRD) of the studied OC powders using the standard database of crystal
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structures of inorganic materials PDF-4, in the free PowderCell program using the
Rietveld algorithm for full-profile analysis from X-ray diffractograms.

The degree of agglomeration of such particles is quantitatively characterized
by the agglomeration coefficient Q, the value of which is defined as the ratio of the
OC particle size (LD method) to the OC size (number of crystallites per linear
transverse OC particle size).

Figure 50 shows the histogram of particle size distribution of the OC-65
aqueous suspension (LD method) obtained by WONS treatment.
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Figure 50 - Particle size distribution histograms of water suspension of OC-65

The aqueous suspensions under study are characterized by a fairly wide size
distribution; the distribution for the OC-65 aqueous suspension particles has a
pronounced maximum (7 um). Characteristic values of medians of particle
distribution for OC-65 are in the range of 1-52 um. The average D50 particle size
for OC-65 is 9.5 um.

X-ray fluorescence analysis of the powder samples after XRD shows that the
main products of the OC-65 powder samples are the target oxides Nd,O3, Sm,0Os,

and MgO, as seen in Figure 51.
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Figure 51 — X-ray fluorescence analysis of OC - 65

SEM images of synthesized OC-65 powders are shown in Figure 52, 53.

20mKm BNekTpoHHOE uzobpaxkexue 1

Figure 52 — SEM-image of the morphological structure of OC — 65 powder
particles

Nd La1 Sm La1l Mg Ka1_2

Figure 53 — SEM-image of the morphological structure of OC — 65 powder
particles

SEM images confirm the indications of the laser diffraction method about a
wide range of particle diameters, their average value of 7-9 um, and the rounded

shape of the particles is also noticeably visible. The distribution of neodymium
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(instead of uranium), samarium (instead of plutonium) and magnesium between each
other over the area of the pattern has been established due to various filters. There
are places of concentration in magnesium and places of voids in samarium, which
can be explained by the presence of impurities in the plasmatron from residual
experiments, which negatively affect the distribution of the target components.

Thus, the production of ceramic powders from these powders is possible using
commercially available equipment and steel molds.

Science-based recommendations for the practical implementation of the

process are presented in (Application B)
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4, COHI/IaJIbHaﬂ OTBE€TCTBCHHOCTD

OaHO U3 OCHOBHBIX HAPABJIEHUH MPOPHIAKTHUECKON paOOThI IO CHUKEHHIO
MIPOU3BOJICTBEHHOTO TpaBMaThu3Ma M MpodecCUOHANbHOW 3a00J1€Ba€MOCTH
ABJIETCS TOBCEMECTHOE BHEJIPEHUE KOMIUIEKCHOM CUCTEMbI YIPABICHHS OXpaHON
TpyAna.

OnacHblif TPOU3BOACTBEHHBIM (DaKTOp — TNPOU3BOJACTBEHHBINM (akTop,
BO3/ICHICTBHE KOTOPOTO B OINPEICICHHBIX YCIOBUSAX NPHUBOAAT K TpaBME WIH
JIPYroMy BHE3aITHOMY, PE3KOMY YXYJIIEHUIO 3/10POBbSI.

Bpenuslii mpou3BoACTBEHHBIN (pakTop — pakTop, BO3AEHCTBHE KOTOPOTO Ha
paboTarolero B OMNPEACICHHBIX YCIOBUAX NPHUBOAUT K 3a00JEBaHUIO WU
CHUKEHHIO TPYJOCTIOCOOHOCTH.

DKcnepuMeHTbl MpoBoauiuch B taboparopuu Ne 001 A 10 kopryca Tomckoro
NOJIMTEXHUYECKOTO YHUBEPCUTETA, IIPU 3TOM HCIIOJIH30BAJICS TUIa3MEHHBIN MOy
Ha 0a3e BhICOKOYAcTOTHOro reHeparopa BUI" 8-60/13-01.

B paznene paccMoTpeHbl omacHble M BpeOHBIE (PAKTOPhI, OKa3bIBAIOLINE
BIIMSIHUE Ha IPOLECC MCCIENOBaHUSA, PACCMOTPEHBI BO3JEUCTBHUS HCCIEAYEMOIO
00BEKTa Ha OKPYXAIOIIYI0 Cpely, MpPaBOBbIE M OpPraHMU3ALMOHHBIE BOMPOCHI, a

TaKXXe MEPOIPUITHS B UPE3BbIUANHBIX CUTYaLUAX.

4.1 TIlpaBoBble W OpPraHu3alMOHHbIE BONPOCHI olecneYeHUs!
0e3onmacHOCTH
4.1.1 CuneumnanbHble (XapaKTepHbIe AJs1 padoueil 30HbI HCCIeI0BATEIs1)

NMPaBoBbie HOPMbI TPYJA0BOI0 3aKOHOIATEJIbCTBA

OcHOBHbIE TIOJIOKEHHSI IO OXpaHe TpyJa W3JI0XKEHb B TpyaoBoM Kojaekce
Poccuiickoit ®enepannu [12]. B 3TOM I0OKyMEeHTE yKa3aHO, YTO OXpaHa 3J0POBbS
TPYISIIUXCsS, oOecnedeHne  Oe30MacHbIX  YCIOBHM  Tpyna, JIMKBHIAINS
npo¢ecCUOHANBbHBIX 3a00J€BaHUI U MPOU3BOJICTBEHHOIO TPaBMaTU3Ma SBIISIOTCS
OJIHOW U3 TJIaBHBIX 3a00T roCy1apCcTBa.

CornacHo Kax/plii pa0OTHUK UMEET MPaBo Ha:
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—  pabodee MeCTO, COOTBETCTBYIOIIEE TPEOOBAHUSIM OXpaHBI TPYA;

—  00s13aTe’abHOE COLMATbHOE CTPAXOBAHME OT HECYACTHBIX CIIy4aeB Ha
MPOU3BOJICTBE U MPO(PECCHOHATBHBIX 3a00JIEBaHUM;

—  TMOJy4YeHHWe  JOCTOBepHOM  umHbopMamuu  oT  paboromares,
COOTBETCTBYIOIINX TOCYJaPCTBEHHBIX OPTaHOB M OOIECTBEHHBIX OpTraHU3aIMil 00
YyCIOBUSAX UM OXpaHe Tpyla Ha paboyeM MecTe, O CYIIECTBYIOIIEM pHUCKE
TOBPEKCHUS 37IOPOBbS, @ TAKXKE O MEpax IO 3allUTe OT BO3JICUCTBHS BPEIHBIX U
(1) OMacHbBIX MPOU3BOJCTBEHHBIX (PAKTOPOB;

—  OTKa3 OT BBINIOJIHCHUS paboT B cllydae BOZHUKHOBECHHS OMTACHOCTH JIJISI
€r0 KU3HU U 3]I0POBbsI BCJICJICTBHE HAPYIIICHHS TPEOOBAaHUI OXPaHBI TPY/a;

- oOecrieuyeHue CpeICTBAMHU MHANBUIYAIBHON U KOJUICKTUBHOM 3aIllUTHI
B COOTBETCTBHH C TPCOOBAHHMSAMHU OXPaHBI TPYJIA 32 CUET CPEJICTB padOTOAATEIIS;

—  o0OyueHue Oe30mMacHBIM METOAAM M MpPUEMaM TPYJa 3a CYET CPEJICTB
paboToaarens;

—  JIMYHOE YydYacTHe WJIM Yy4acTHe 4Yepe3 CBOMX IMpEeACTaBUTENECH B
PaccMOTpPEHUHU BOIIPOCOB, CBSI3aHHBIX € 00ecrieyeHueM 0€301MacHbBIX YCIOBHUMA Tpyaa
Ha ero paboyemM MecTe, U B pacCiIEAOBAHUU MPOUCHISANIET0 ¢ HUM HECYACTHOTO
ClTy4asi Ha MPOU3BOJICTBE WU PO EeCCHOHAIBHOTO 3a00JICBaHNS;

—  BHEOYEPEIHOU METUIIMHCKHUI OCMOTP B COOTBETCTBUU C MEAUITTHCKUMHU
PEKOMEHAIUSMU C COXPAHEHHEM 32 HUM MecTa paOOoThl (JOMKHOCTH) U CPETHETO
3apaboTKa BO BpeMsl MPOXOKIACHHS YKa3aHHOT'O MEIUIIMHCKOTO OCMOTPA;

— TapaHTUU U KOMIIEHCAIIUHU, YCTAHOBJICHHBIEC B COOTBETCTBUH C HACTOSAIIUM
KonekcoM, KOJIEKTUBHBIM JIOTOBOPOM, COTJIANICHUEM, JIOKAIbHBIM HOPMATHBHBIM
aKTOM, TPYAOBBIM JOTOBOPOM, €CIIM OH 3aHST Ha paboTax C BPEIHBIMHU M (WJIH)
OTTACHBIMU yCIIOBUSMH TPY/IA.

B [12] roBopuTcs, 4T0 HOpMabHAS MPOIODKATEIILHOCTS PAO0UYEro BpeMeH!
HEe MOXeT mpeBbimath 40 4acoB B Henenm, padoromaTtenb 00si3aH BECTH YYeT

BPEMEHH, OTPAOOTAHHOTO KaXKJAbIM paOOTHUKOM.
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4.1.2 OpraHu3anuoHHbIe MepONPHUATHA NPH KOMIIOHOBKe pabdoueil

30HbI HCCJICA0OBAHUA

PannonanpHas maHupoBka pabodyero Mecra MPEeAyCMaTpUBAET UETKHMA
MOPSIAOK ¥ MTOCTOSIHCTBO Pa3MEIIEHUS IPEAMETOB, CPEACTB TPYAa U JOKYMEHTALMHU
[13]. To, yTo TpebyeTcs A BBITOJHEHHsS padOT yYallle JOJIKHO pacroiaratbes B

30HE JIETKOW JOCITaeMOoCTH paboyero NpoCcTpaHCTBa, Kak MOKa3aHO Ha PUCYHKe 54.
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a — 30Ha MaKCUMAaJIbHOM TOCSATaeMOCTHU PYK,
0 — 30Ha JOCATaeMOCTH MaJIbLIEB MPHU BHITSHYTOU PYKE; B — 30HA JIETKOU
JOCSITa@MOCTH JIAJIOHU; T — ONTHUMAaJIbHOE
Pucynox 54 — 30HbI 1OCSATaEMOCTH PYK B TOPU3OHTAIBHON MJIOCKOCTH

OnTumanbHOE pa3MellleHHe MPEAMETOB TPyAa M JTOKYMEHTAIlMd B 30HAaX
J0CSITa@MOCTH PYK: JUCIUICH pa3MeIIaeTcs B 30HE a (B IEHTPE); KJIaBUaTypa — B 30HE
I/1; CHCTeMHBIN OJIOK pa3meniaercs B 30He O (CiieBa); MPUHTEP HAXOJIUTCS B 30HE a
(cipaBa); JOKyMEHTAIIUSL:

— B 30HE JIETKOW J1OCATaeMOCTH JIAJIOHU — B (clieBa) — JUTepaTypa u
JTOKyMEHTaIHs, HeoO0Xoaumast Impu padoTe;

- B BBIIBWKHBIX SIIMKaX CcTOJa — JIUTEpaTypa, HE HCIOJIb3yeMas
MMOCTOSTHHO [14].

[Ipy mnpoexkTHpOBAaHWM THUCHMEHHOTO CTOJIAa JOJKHBI OBITh YYTCHBI
cieayrolne TpeOOBaHMUs.

[Ipenen BeicoThI paboueit noBepxHoctu ctoia 680 - 800 MM. BeicoTa paboueit
MOBEPXHOCTH, HA KOTOPYIO YCTaHABJIMBAETCS KIJABHATypa, JOJKHA ObITH 650 mMm.

Pabounii cTon gosmxkeH ObITh MpuHON He MeHee 700 MM 1 JyuHoM 6osiee 1400 Mm.
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JIOM>KHO MMEThCSI TPOCTPAHCTBO I HOT BBICOTOM HE MeHee 600 MM, MIMPUHON —
He MeHee 500 MM, rIyOMHOUM Ha ypoBHE KoJieH — He MeHee 450 MM U Ha ypoBHE
BBITSHYTBIX HOT — HE MeHee 650 Mm.

Pabouee kpecio JoMKHO OBITh MOABEMHO-TIOBOPOTHBIM U PETYIUPYEMBIM T10
BBICOTE U yTJlaM HaKJIOHA CU/ICHbS U CIIMHKHU.

MonuTtop A0KEeH OBITh pPacHojioKeH Ha YpOBHE IJIa3 omeparopa Ha
pacctostauu 500—600 mM. CorniacHo HOpMam, yroJyi HaOJII0ICHHS B TOPU30HTAIbHON
IUIOCKOCTH JIOJDKEH ObITh He Oojee 45° k HopMmanu 3kpaHa. Jlydiie — ecnu yroi
0030pa Oyzaet coctaisaTh 30°.

JlomxHa npesycMaTpuBaThCS BO3MOKHOCTb PEryJIUPOBAHUS dKpaHa:

- I10 BBICOTE + 3 CM;

— 1o HakjIoHy oT 10 70 20 rpaycoB OTHOCUTEIBLHO BEPTUKAIIH;

— B JIEBOM M MPABOM HAIPABJICHUSIX.

KnaBuarypy crienyer pacrosnaratb Ha MOBEPXHOCTH CTOJa HAa PACCTOSIHUU
100-300 MM ot kpas. HopMaJlbHBIM TOJOKEHHEM KJIaBUATYPhI SIBIETCS €€
pa3MellleHie Ha YpOBHE JIOKTSl OMeparopa C YriioOM HakKJIOHA K TOPU30OHTAILHOMN
mirockoctu 15° [13].

B na6opatopuun Ne 001A 10 xopmyca TIIY mnOSHOCTBIO BBITIOJHSAIOTCS

YCTaHOBJICHHBIC HOPMBI [13].

4.2 TlpousBoacTBeHHasi 0€30MACHOCTH

4.2.1 AHaiu3 BpeIHBIX U ONACHBIX (aAKTOPOB

[IpousBoACTBEHHBIE yCIOBHS Ha pabodeM MecTe XapaKTepU3yrTCs
HAJIMYUEM OIACHBIX W BPEIHBIX (PAKTOPOB, KOTOPHIC KIACCUDUIIUPYIOTCS IO
rpynmnam DIIEMEHTOB: busngeckue, XUMHYECKHE, Onosornyeckue,
MCUX0(PU3NOIOTHIECKHE.

B Tabmume 9 mnpencrtaBieHb OCHOBHBIC BHIBI pabOT, KOTOPHIE MOTYT

MIPUBECTH K BO3JACHCTBUIO OMIACHBIX U BPEAHBIX (PaKTOPOB.
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Ha  paOortHuka

nabopaTtopuu,  MPOBOJISAIILL

€ro OKCIICPUMCHTAJIbHBIC

UCCIJIEOBAHMSI, MOTYT BO3/I€ICTBOBATh CIEAYIOUIUE (PaKTOPHI:

— (usnueckue;

— XUMHYECKHUE;

— NCUXO(PU3UOIOTUUECKHUE;

— Oomosornueckue [14].

Tabmuma 9 — Onacuele u Bpennbie dakTopbl B tabopaTtopun Ne 001A 10 kopmyca

TIIY
HanmenoBanue BuoB DakTopsl
paboT u mapaMeTpoB HopmaTuBHBIE TOKYMEHTBI
MIPOU3BOJICTBEHHOTO Bpenubie OmnacHelie
npoiecca
['OCT 12.1.007-76 CCBT.
Bpennsie Bemectna [15].
MY 2.6.5.033-2017
Pabota ¢ xummgeckumu| XUMHUECKUE OpraHu3zanusi BEHTWISIUUA Ha
peaKkTUBaMHU. BpEHBIC — paguamoHHO OTIACHBIX
BEIIIECTBA. MPEANMPUITHIX
(TIpOM3BOICTBAX)
rockopnopanuu "Pocarom" [20]
['OCT 12.1.038-82 CCBT.
DIIeKTPOOE30IIaCHOCTh [16],
Onekrpuueckuii Tok(CanlluH 2.2.4/2.1.8.055-96.
PaboTa na urasmennoii |  Bo3snaeiicTBue DJICKTPOMArHUTHBIC U3Ty4EHUS]]
YCTaHOBKE. paauauuu (BY, PaAOYacTOTHOTO  JIMAINA30HA|
VYBY, CBY u [17].
T.J.).
['OCT 12.1.004-91 CCBT.
[Toxapuas [ToxapHas 6e3omacHOCTSD [ 18].
OIIaCHOCTh
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lym, BuOpanus, CanlluH 2.2.4.3359-16

MHKPOKJIMMAT; «CaHuTapHo-
Pacuért mannbeix Ha BO3JICUCTBUE | DIIEKTPUUECKHUIN TOKPIUACMHUOJIOTHUYECKIE
OBM. paaunauuu (BY, TpeOoBaHUsA K (HU3NYECKUM
YBY, CBY u (akTOopaM Ha pabOUYMX MECTaX»
T.J1.). [19],

['OCT 12.1.038-82 CCBT.
DIIeKTp0oOe30macHOCTh [16].

K mcuxonorudyecku BpeaHbIM (DakToOpam, BO3ACHCTBYIOIIMM Ha TEPCOHAI,
MOYHO OTHECTH:

—  YMCTBEHHOE HaNpPsI)KCHUE;

- buzndYecKkue neperpys3KH.

buonornyeckue M XUMUYECKHE BpEIHBIE MPOU3BOJCTBEHHBIE (DAKTOPHI B

naboparopuu Ne 001 A—10 xopmryca TITY oTcyTcTBYyIOT.

4.2.2 O0GocHOBaHMEe MepPONPHUSATHI IO 3alIUTe HCCIAeA0BaTENsS OT
AefiCTBUSA BPEAHbIX M OMMACHBIX (JaKTOPOB

4221 OTkJI0HEeHHe ToKa3aTe/ el MUKPOKJIUMATA

Bo3nyx pabGoueli 30HBI (MHKPOKIMMAT) IMPOU3BOJICTBEHHBIX MOMEIICHUIN
ONPENEIAIOT CIEAYIOIINE MapaMeTpbl: TEMIIEPATYpa, OTHOCUTEIbHAS BIAXKHOCTb,
CKODOCTb  JBWXEHUS Bo3ayXa. ONTUMalbHbIE 3HAYEHUS  XapaKTEPUCTHK
MUKpOKJIUMAaTa mpuBeaeHbI B Ta0mmie 10.

Tabnuna 10 — OnTuManbHbIEe TApaMETPhl MUKPOKINMATa

OtHocurenbHas CKOpOCTb IBHKEHUS
IIepuox rona Temmneparypa, °C BIIQ)KHOCTB, %o BO3/yXa, M/C
XO0n01HBIN
23-25 40-60 0,1
Témnerin 23-25 40 0,1
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K  wmepompusTussiM 1O  O3MOpOBJICHUIO  BO3AYIIHOW  Cpeabl B
MPOU3BOJICTBEHHOM  IOMEIICHUM  OTHOCSTCS:  TMpaBWIbHAas  OpraHU3AIHS
BEHTWJISIIUN U KOHAUITMOHUPOBAHUS BO3/1yXa, OTOTUICHHUE TTOMEIICHHH.

BenTrisanus — mporiece yaaeHuss OTpabOTaHHOTO BO3yXa M3 TIOMEIICHUS
M 3aMEHa ero HapykHbIM. CHUCTeMa BEHTWISIIMM OOCCIICUMBACT OTTOK M MPUTOK
BO3/lyXa B TMOMENICHWU. BeHTHIAIMsS 00ecreynBaeT CaHUTAPHO- TMTUECHUYECCKUE
yCIIOBUS (TEMIIEPaTyPy, OTHOCUTEIBHYIO BIIAXKHOCTh, CKOPOCThH JIBI)KEHHUS BO3TyXa
U YHCTOTY BO37yXa) BO3JAYIIHOW CpeAbl B TIOMECIICHWH, OJarOnpHsITHBIC IS
3I0POBbSI U CAaMOYYBCTBHUS YEJIOBEKA, OTBEUAIONINE TPECOOBAHUSAM CAHUTAPHBIX
HOPM, TEXHOJOTHYECKHX IMPOIIECCOB, CTPOMTEIBHBIX KOHCTPYKIIMHA 37aHUMH,
TEXHOJIOTU XpaHCHHUS U T. .

BeHTHIIALMS MOXKET OCYIICCTBIISITECS €CTECTBEHHBIM M MEXaHHYECKUM
nytéMm. OnTuMallbHas KpaTHOCTh  BO3JyXOOOMEHa B  IPOM3BOJICTBCHHBIX
TIOMEIICHHSIX HAXOJIUTCS B IOCTATOYHO IIMPOKUX Tpenenax: oT 3 go 40 pa3 B yac
[14]. B ucnonbs3yemoii 1abopaTOpUM YCTAaHOBJICH BBHICOKOHAIIOPHBIN BBITSHKHON
BEHTUIATOP Mapku BP-12-26-4 mpoussoputenbHocThi0 Q = 2400 — 4400 m3/uac.
O6weMm nadboparopuun Ne 001 A cocraBiserT:

V=a-b-h=6mM-12M - 7M = 504 M3,
JTaHHBIN BEHTHISATOP OOECIICUNBACT CIICYIONIYI0 KPATHOCTh BO3yX00OMEHA

(BO) B maGoparopuu:

Q 2400 — 4400
BO ===
\' 504

TpeboBaHus M3T0KEHBI B HECKONBKMX JoKymMeHTax [14, 20], yka3zaHsl

=48—-874y L

OPUEHTHUPOBOYHBIC TOKAa3aTeI KPaTHOCTH BO3AYyX0OoOMeHa B (PU3UYECKUX
nabopaTopusx - oT 5 go 15971,

Takum 00pa3oMm, YCTaHOBJIEHO, YTO MHUKPOKIMMAT B HCHOJb3yeMOil
nabopatopuu Ne 001A—10 ygebnoro xopmyca TITY cooTBeTCTByeT ONTUMAaIbHBIM

ycioBusiM paboTsl [ 14, 20].

4.2.2.2 IIpeBbllIeHUE YPOBHS IIIymMa
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Iym wu BuOpauus yXyAlIAIOT YCIOBUA TPyAd, OKAa3bIBAIOT BPEIHOE
BO3JICMCTBHE HAa OPraHU3M YEJIOBEKa, a UMEHHO, Ha OpPraHbl CIyXa U Ha BECh
OpraHrW3M 4Yepe3 LEHTPaJbHYI0 HEPBHYK CcHCTeMy. B pesynbrate 3TOrO
ocla0sieTcsl BHUMaHUeE, YXYy/IIaeTcs MaMsITh, CHUYKAETCS PeaKusi, yBeJIMYUBAECTCS
guciao omubok mnpu pabore. Illym wMoxker co3naBaThCs pabOTAIOIINM
o0opyAOBaHUEM, YCTAHOBKAMU KOHAMIIMOHUPOBAHUS BO3AYyXa, OCBETUTEIBHBIMU
npuOopaMu JTHEBHOTO CBETa, a TakXe MpPOHUKAaTh U3BHE. B Hamem ciydae
UCTOYHUKOM IIyMa SIBJISIETCSl OTKauuBarouui kommpeccop. lllym kommpeccopa
BBICOKOYACTOTHOI'O T'€HEpaToOpa HUCIOJIb3YeMON YCTaHOBKHM He IpeBaiact 75 nb,
YTO TaK K€ COOTBETCTBYET CAHUTAPHBIM HOpMam [ 19].

B Tabmuue 11 mpuBeneHbl HOPMBI YpOBHS IIymMa MPHU Pa3IMYHBIX BUAAX

paboT.
Tabmuma 11 — HopMaTuBBI ypOBHSI ITyMa MpH pa3IMUHbBIX BUAX paboT
MakcumanbHO TOTyCTUMBINA YpOBEHb miyma (1b), B [DkBUBalieHTHE
noJsiocax cieayromnux okras (I'mm) YPOBHH IIIyMa,
nbA
Hayunas pa6ora,
pacuersl, 86 | 71 | 61 | 54 | 49 | 45 | 42 | 40 | 38 50
KOHCTPYHPOBaHHE
Oducsl, 93 | 79 | 70 | 68 | 58 | 55 | 52 | 52 | 49 55
nabopaTopuu

B na6opatopuu Ne 001A 10 yueOnoro kopmyca TIIY ypoBeHs mryma

COOTBETCTBYET CAaHUTAPHBIM HOpMaM [19].

4.2.2.3 IToBbILIEHHBII YPOBEHDb 3JIEKTPOMATHUTHOI O U3.JIyYeHUS

BpICOKOYAaCTOTHBIM TE€HEpPAaTOp IUIA3MEHHOM YCTAHOBKM  MPOU3BOJUT
AIEKTPOMArHUTHOE M3JIy4eHUE, KOTOPOE MOXKET OBITh CBEICHO K HYJIO 32 CYET
SKpPaHUPOBAHUSL.

OkpadH u cucteMuble 01oku [IK Tak ’xe MpoOU3BOAST 3JIEKTPOMArHUTHOE
m3nydeHue. OCHOBHasi €ro 4YacThb MPOUCXOJUT OT CHUCTEMHOro OJioka U
BUJIeoKa0ens. Hanmpsi>keHHOCTh 3JEKTPOMArHUTHOTO TOJis Ha paccTosiHuu 50 cm
BOKPYT 3KpaHa Mo 3JIEKTPUUYECKON COCTaBISIONIEH JOKHA ObITh HE OoJiee:

- B quama3oHe 4yactot SI'm — 2kl — 25B/M;
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— B quamna3oHe 4actoT 2K — 400kl 11 — 2,5B/M.

- IJIOTHOCTh MAarHUTHOTO MTOTOKA JIOJKHA OBITH HE OoJiee:

— B nquana3oHe yacTotT SI'm — 2kl — 2508,

— B nuara3one yactot 2kl — 400kl 'y — 250 Tn [17].

Cy1iecTByOT CJIeIYIOIINE CIIOCOOBI 3aIUThI oT TEeUCTBUS
AIEKTPOMArHUTHOTO U3JTYyUYEHUS

- yBEJIUYEHUE PACCTOSIHUSL OT UCTOYHMKA (PKpaH JIOHKEH HaXOJUTCS Ha
paccrosinuu He MmeHee 50 cMm ot mosk3oBaress) [17].

Ycranosneno, uto B snaboparopun Ne 001A—10 yyebnoro xopmyca TIIY

YPOBCHL 3JICKTPOMAIHUTHOTO H3JIIYYCHUA COOTBCTCTBYCT CAHUTAPHBIM HOpPpMamM

[17].

4224 HenocTaTrouHasi 0CBeNIEHHOCTH Pado4eil 30HbI

YTOoMIII€MOCTh OPraHOB 3pEHUSI MOKET OBITh CBsA3aHA KaK C HEJOCTaTOYHOMN
OCBEIIIEHHOCTHIO, TaK U C YPE3MEPHOU OCBEIIEHHOCTHIO, a TAK)KE C HEMIPABHIIHLHBIM
HAIPaBJIICHUEM CBETA.

[To HopMaTHBaM OCBEIIEHHOCTh Ha MOBEPXHOCTU CTOJA B 30HE Pa3MEIICHUS
pabouero nokymeHTa aomkHa 61Tk 300-500 k. OcBelneHne He T0KHO CO3/1aBaTh
OJIMKOB Ha MOBEPXHOCTH dKpaHa. OCBEIIEHHOCTh TTOBEPXHOCTH dKpaHa HE JT0JKHA
owITH O0tee 300 nk [14].

SIpKOCTh CBETUIILHUKOB OOIIIET0 OCBEIICHHS B 30HE YIJIOB U3NydeHus oT 50
no 90° ¢ BepTHKadbid B MPOJOJBHOM M MOMEPEYHON IJIOCKOCTAX JIOJHKHA
cocTaBisATh He Oojyee 200 Ka/M, 3aIIUTHBIN yroJI CBETUILHUKOB JIOJDKEH OBITH HE
menee 40°. Koaddumment 3amaca (K3) mist oCBETHTENBHBIX YCTAaHOBOK OOIIETO
OCBEIICHMS JOJDKEH NpUHUMAThbes paBHBIM 1,4. Koaddumment mynbcanmuu He
JOJDKEH TIpeBbIaTh 5 %.

HckyccTBeHHOE OCBelleHWE B MOMEIIeHUsX Juisi dkcruryartanuun [IOBM
JIOJIKHO OCYILECTBIISITHCSA

—  CHCTEMOU O0IIEro paBHOMEPHOTO OCBEIIICHUS.
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— B MIPOU3BOJICTBEHHBIX M aIMUHUCTPATUBHO-OOIECTBEHHBIX MTOMEIICHUSIX,
B CIIy4asx MPEUMYIIECTBEHHOW pPabOThI ¢ JOKYMEHTAMH, CJICAYyeT MPUMCHSTH
CUCTEMBI:

- KOMOUHUPOBAHHOTO ocBemeHus (K O0mEMy  OCBEILEHHUIO
JIOTIOTHUTENIBHO YCTaHABIMBAIOTCS CBETHIIBHUKHY;

- MECTHOTO  OCBEIICHMS, TPEAHA3HAYCHHBIC UII  OCBEIICHUS  30HBI
PacIooKeHus JOKyMeHTOB) [14].

[Inomane noMmenieHus:

S=a-b,
rjae a u b — JuiMHa ¥ IHpUHA, M COOTBETCTBEHHO
S=6-6=236M%.

Koaddumment orpaxxkeHuss mnoOeNeHHBIX CTeH C OkHamu, pP. = 50%,
nobeneHHoro mnoronka p; = 70%. Koapounuent 3amaca, y4MTHIBAIOLIMIA
3arpsi3HEHHE CBETHJIbHHMKA ISl TIOMEIIEHUH C MalibiM BBIJICJICHUEM MbUIM paBeH
K; = 1,5. KoaddumuenT aj1st HepaBHOMEPHOCTH JJISI CBETOAMOIHBIX JIeHT Z = 1,1.

Bribupaem ceeroquonsr Varton 9w, ceeribiii motox @, = 950 Jim.

Bri6upaem ceetmnbauk "BAPTOH" V-04-200-036-6500K mipoMbIiiieHHBIH.
OTOT CBETWJILHUK UMEET YEThIPE CBETOAMOIHBIE JIAMITBI MOIITHOCTHIO 9 BT kaxmas,
JUTMHA CBETWIbHUKA 595 MM, mupuHa — 595 MM.

HNuTerpanbHbIM KPUTEPHEM ONITUMAIBHOCTH PACTIONOKEHUEM CBETHIIBHUKOB
SBIIETCS BEJIMYMHA A, KOTOpas ISl CBETOJMOJHBIX CBETHJIBHHUKOB C 3aIlIUTHBIM
paccenBaHueM JexuT B aAuanazone 1,1 — 1,3. [Ipunumaem A = 1,1 paccTostnue a0
CBETWJILHUKOB OT nepekpbITus (csec) = h, = 0,05 m.

BricoTa cBeTmibHMKA HajJ paldodeil MOBEPXHOCTHIO OIMPEACNSCTCS IO
dbopmyie:

h =h, —h,,
e h, — BbICOTA CBETHIILHUKA HAJl MOJIOM, BbICOTA Mojseca, hy, — BricoTa paboueii

IIOBCPXHOCTH HAJl ITIOJIOM.
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Hanmenpmass  momycTtmmass  BbICOTAa  MOJBECa  HAX  MOJOM  JUIA
YeThIPEXJIEHTOBBIX cBeTHIbHUKOB “BAPTOH”: h, = 3,5 m.
Bricota cBeTuibHUMKa HajJ pabouell MOBEPXHOCTHIO OMNPENENACTCS IO
dbopmyie:
h=H-h;,-h.=35-1-0,05=245m,

u3 GopMyIIbl

Haxo0JUM YHUCIIO CBECTOAMOJAHBIX JICHT N
_(E-SK-7)
I T

i onpeaAcisieM 4Cpe3 NHACKC ITOMCUICHUS 10 (1)0pMy.He:
. ab  6:-6
'“h@+b) 2-(6+6)

KOC—)(i)(l)I/ILII/IGHT HUCIIOJB30BaHHA CBCTOBOI'O IIOTOKA, HOKaSBIBaIOIHI/Iﬁ Kakas

1,5.

9acTh CBETOBOI'O TIOTOKA CBETOAMOHBIX JICHT MONaaeT Ha pabouyro MOBEPXHOCTD,
1151 cBeTuibHUKOB TUMa “BAPTOH” co cBeToguoanbiMu JieHTaMu nipu p; = 70%,
pc = 50% u uHAeKCcOM moMertenus 1 = 1,5 pasen n = 0,5.

Torna

N = (E-S-K-Z) =300-36-1,5-1,1 — 3752 enT.
OJER 950-0,5 ’
[IpuMeHsieM KOTUYECTBO CBETOAMOAHBIX JIEHT paBHbIX 40, moiyyaercs, npu
nMmeroremMcs ceetmbHuKe “BAPTOH”, Heo6xoanmo 10 CBEeTHIIBHUKOB, T.€. 2 psjia
10 5 CBETUJIBHUKOB.

[ToTpeOHBII CBETOBOM MOTOK CBETOIUOIHBIX JIAMIT:
_(E-S-K-Z) _300-36-1,5-1,1
-~ N-m 40 - 0,5

o, = 891 am.

. L
N3 ycnoBuil paBHOMEPHOCTH OCBELICHUS ONpEAEsieM paccTosHus Li u ?1

L
L,u ?2 10 CIeIyI0IIMM YPaBHEHUSIM:
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2'L1

L
+2-595; L, = 2886 MM; — = 962,

6000 =L, + c
2 * LZ L2
6000 =4 L, + 3 +5'595;L2=648MM;E=216.
962
2886
< >

I 648

T 216

Pucynok 55 — Ilnan na6opatopuu Ne 001 A u pa3menieHusi CBETHIBHUKOB CO

CBCTOAMOJHBIMH JICHTAMH

Jlemaem IpOBEPKY BBINIOJIHEHHUS YCIOBUS

Ds—
—10% < M- 100% < 20%,
CDJIG

(P, —P,) (950 — 891)
®,6-100% 950 - 100%

= 6,21%.
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Takum o00pa3oMm, Mbl MOJYYWJIM, YTO HEOOXOJUMBIH CBETOBOM IMOTOK HE
BBIXOJAUT 3a Mpefensl TpeOyemMoro auana3oHa. MOIIHOCT OCBETUTEIbHOMN
YCTaHOBKHU IIOJIyYHJIACH:

P=40-9 =360 Br.

4.2.2.5 J1eKTP00Ee30aACHOCTD

DneKTpoOe30MacHOCTh — ATO CHUCTEMa OPTraHU3AlMOHHBIX M TEXHUYECKUX
MEPOTPUITUN M CPEACTB, OOECIEUMBAIOIIMX 3alIUTy JIIOJACH OT BPEAHOTO H
OMAacCHOTO  BO3JEUCTBUSL  DJIGKTPUYECKOTO  TOKA,  DJIEKTPUYECKOW  AYTH,
AIIEKTPOMArHUTHOTO TOJISl U CTATUYECKOTO AJICKTPUYECTBA.

B 3aBucuMocTH oT yclioBHiIl B TOMEIICHUN OMACHOCTh MOPAKEHUS YEIOBEKa
AIIEKTPUUYECKUM TOKOM yBEJIMYUBACTCS UK yMeHbInaeTcs. He ciengyer paboTtath C
[I19BM wim npyrumu 3JeKTpUYECKUMHU TPUOOpaMHU M YCTAaHOBKAMHU B YCJIOBHUSX
MOBBIIEHHON BIAXHOCTH (OTHOCUTENIbHAS BIIAXKHOCTh BO3JyXa JJIMTEIHHO
npesbimaeT 75 %), BbeIcOKOWM Temmeparypbl (6omee 35°C), Hamuuuu
TOKOTIPOBOJSIIEH  MBUIM,  TOKOMPOBOJAIIMX  IOJOB U BO3MOXKHOCTH
OJTHOBPEMEHHOTO TPUKOCHOBEHHMS K UMEIOIIUM COCJUHEHUE C 3eMIEH
METAJUTHYECKUM 3JIEMEHTaM U METATUYECKUM KOPITYCOM 3JIEKTPOOOOPYI0BAHHUS.

Cy1iecTByeT 0macHOCTh JECKTPOIMOPAKEHUS B CIACAYIONIUX CIydasiX:

- IPY HETOCPEACTBEHHOM MPUKOCHOBEHUHM K TOKOBEIYIIMM YacTAM BO
BpEMSI PEMOHTA DJIEKTPUIECKUX MPUOOPOB;

— IpU MPUKOCHOBEHUU K HETOKOBEIYIIMM YaCTSIM, OKa3aBIIUMCS MO
HaIpsbKeHHEM (B Cily4yae HapylieHus: u3oanuu) [16];

MeponpusTus Mo 00eCredeHNI0 MIEKTPOOE30MaCHOCTH YCTAaHOBOK:

— OTKJIIOUEHUE HAMPSKEHUS] C TOKOBEAYIMX YacTeil, HA KOTOPBIX WU
BOJIM3M KOTOPBIX OyJeT MPOBOIUTHCA pab0Ta, U MPUHSATHE MEp MO 00ECIeUEHUTO
HEBO3MO>XHOCTH T0/1a4y HAMPSIKEHUSI K MECTY paOOThI;

— BBIBCIIMBAHUC IIJIAKATOB, YKA3bIBAIOIIKUX MCCTO pa6OTBI;
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— 3a3€MJICHHE KOpITYCOB BCEX YCTAHOBOK 4YE€pe3 HYJIEBOM MPOBOJ;
IIOKPBITUE METALINYECKUX ITOBEPXHOCTEU UHCTPYMEHTOB HAJIE)KHOU U30JIALUEH;

— HEJOCTYHOCTh TOKOBEAYLIMX YacTed ammaparypbl (3aKIOYEHUE B
KOPIYC TOKOBEAYIIUX U 3JEKTporopaxkaromux yactei) [16].

DIIEKTPO3aIUTHBIE CPEACTBA — 3TO MEPEHOCUMBIE U NTEPEBO3UMBIE U3ENHS,
Cly)Xalllue I 3alllUThl JIoAeH, paboTarommMx ¢ 3JEeKTPOYyCTaHOBKaMH, OT
NOPAKEHMS DJIEKTPUYECKUM TOKOM, OT BO3AECHCTBUS IJIEKTPUUECKON OyTH. OTH
CpelICTBAa JIOJDKHBI OOECIeYMBaTh BBICOKYIO CTEMEHb 3alIUThl U YAOOCTBO MpH
sKcIUTyatanuu. VX BeIOMpaArOT ¢ yyeToM TpeOoBaHUM 0€30MacHOCTH ISl JAHHOTO
BUja pabor. B mepByio odepenb 0e30MacHOCTh 0OECTEYMBAETCS MPUMEHEHUEM
CPEIICTB KOJUICKTUBHOM 3alllUThI, a 3aTEM, €CJIM OHAa HEe MOXKET ObITh oOecreueHa,
IPUMEHSIOT CPEACTBA NHIUBUAYATBHON 3aLIUTHI.

K cpencrBaM WMHAMBHAYaNbHOW 3alUTBl OT MOPAKEHHS JIIEKTPUUECKUM
TOKOM OTHOCSITCS:

— OrpaJIuTeNIbHbIE YCTPOUCTBA, KOTOPBIE MOTYT OBITh CTALIMOHAPHBIMU U
nepeHocuMbIMU. OrpakJeHusT MOTyT OBITh COJIOKHPOBAaHBI C YCTPONCTBaMH,
OTKJIIOYAIOIINMU pabodee HalpsKEHUE IPU CHATHUMY;

— U30JIMPYIOIME YCTPOIMCTBA U IOKPBITHUS;

— YCTPOMCTBA 3alIUTHOTO 3a3€MJICHUS, 3aHYJEHHS U 3alUTHOIO
OTKJIFOYEHHS],;

- YCTPOWCTBA AUCTAHIMOHHOIO YIIPABIICHMUS;

- IIPEAOXPAHUTEIIBHBIE YCTPOUCTBA U JP.

Tabmuma 12 — Knmaccudukarus MoMemeHn Mo 3JIeKTpo0e30IacHOCTH

Kareropus Pacmmdposka Kpurepun
- Brnaxnocts He 607ee 75 %
- Paloraromas mpuTOUYHO-

1 [Tomemenus 6e3 BBITSDKHAsI BEHTUIIALIS
MOBBILLIEHHOW OIIACHOCTH - Temneparypa He BblIE 35
°C

- Marepuan MOKpBITUS TOJa
HE MPOBOJIUT JICKTPUIECTBO
- Biaxsocts 0osee 75 %
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2 [Tomemenus ¢ noBellIeHHOW | - B BO3ayxe  BO3MOXKHO
OIIaCHOCTBIO HaJIMYME  TOKOIIPOBOJSIIEH
BTN

- Beicokoe coaepxkaHue B
BO3/yX€ XUMHYECKUAX
COCIMHEHU I

- Marepunan nona cnocobeH
IIPOBOAUTD 3JIEKTPUUYECTBO

- Beicokas Temmneparypa

- Oco60 chIpble, BIAKHOCTD
Bozayxa 100 %

- Jlomemiennst ¢ aKTHUBHOM
XHMHUYECKOU 1580071
3 Oco0o0 omnacHele OpraHNYecKoi cpesoi

- Hammume cpazy 1Byx
($akTOpOB, OTHOCSIIUXCS K

YCIIOBUSIM MOBBIICHHO U
OIIACHOCTH
4 Tepputopuu C OTKPBITBIMH | - Hannuwme OTKPBITOTO
3IEKTPOYCTaHOBKaMU pacupeneauTeaIbHOro
ycrporictBa (OPY)

N3 tabmunpl 12 MoxxHO BHaeTh, uto jadoparopust Ne 001A—10 yueGHOTO
kopryca TITY oTHOCUTCS KO 2-0M KaTEropuu.

OpraHu3aiMoOHHBIMUA MEPOTIPUSTUIMH 10 AJIEKTPOOE30NaCHOCTH SIBIISIIOTCS

NEPUOJMYECKNE W  BHEIUIAHOBblE  MHCTpyKTaxu. [lepuogmueckwii
UHCTPYKTaXX NEPCOHAILY, BBINOJHAIOIIEMY

cleayoIIre padoThl: BKIIOYEHHUE U OTKIIFOYEHHUE JICKTPONPUOOPOB, yOOpKa
MOMEIIEHUH BOJM3M 3JICKTPOIIMTOB, PO3ETOK W BBIKJIOYaTeNed u T. 1. Bech
HERJIGKTPOTEXHUYECKHI TepcoHal JOJKEH ObITh aTTeCTOBaH Ha TMEPBYIO
KBUTU(PUKAMOHHYIO TPynImy 1o aiekrpobde3omacHoctu. [lepuommueckwii
WHCTPYKTaX MPOBOJIUTCS HE MEHEE OJTHOTO pasa B roj [14].

BHernnaHOBBI MHCTPYKTa)XX MPOBOJMUTCS PYKOBOAUTEIEM MOAPA3ACICHHS
MIPYU BBEJCHUH B IKCILTYyaTAIMI0 HOBOTO TEXHUUYECKOTO JIEKTPOOOOPYI0BAHHUS.

[Ipu Beimonuenuu nanHor BKP, ucnionp3oBancs BUD-mia3mMeHHbIN CTEH] €
WCIIOJIb30BAaHUEM BBICOKOUYACTOTHOTO reHepatopa BUI'8-60/13. DtoT renepatop
MMUTAETCA OT CETH C NPOMBINUIEHHBIM HamnpspkeHuem 380 B, ¢ aHOAHBIM

HanpsbkenreM 10,5 kB u HomuHaneHOM moTpebnsiemoir MourHOCcThI0 100 kBT.
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[Ipy wmcCHoNb30BaHUM JAHHOTO OOOPYIOBAaHUS CTPOTO  BBITOJHSIIUCH
TpeOOBaHUsI MO  DJEKTPOOE30MacCHOCTH, BCE  OMNEpallMiud  BBIMOJHSUIUCH

PYKOBOJIUTEJIEM, UMEIOLIUM JOIYCK K padoTte ¢ HanpsbkeHussMu cBbiiie 1000 B.

4.2.2.6 Icuxodusunyeckue pakTopsl

[lcuxodusznonornyecke onacHble U BpeAHbIC MPOU3BOICTBEHHbIE (DAKTOPHI,
nensTcs Ha: puznueckue neperpy3ku (CTaThyeckue, TUHAMHYECKHWE) U HEPBHO-
NICUXUYECKUE MEPErpy3ku (YMCTBEHHOE MepEeHANPSIKEHIUE, MOHOTOHHOCTh TPY/Q).

TpynoBas  nesTeNbHOCTH PaOOTHUKOB  HEMPOU3BOJICTBEHHOW  cepsl
OTHOCHUTCSI K KaTerOpuu paldoT, CBA3AHHBIX C UCIOJIb30BaHUEM OOJIBIIUX 00BEMOB
UHPOpPMAIIHMH, C TPUMEHCHHEM KOMITBIOTEPU3UPOBAHHBIX pa00YNX MECT, C YaCTHIM
NPUHITHEM OTBETCTBECHHBIX pEIICHUH B  YCJIOBHSIX JeuIMTa BpPEMCHH,
HEIMOCPEJACTBEHHBIM KOHTAKTOM C JIFOJIbMU Pa3HBIX TUTIOB TEMIIEPaAMEHTa U T.JI. DTO
00yCJIOBTMBAET BBICOKHHM YpOBEHb HEPBHO-TICUXWYECKOW MEpPErpy3Ku, CHUKAET
(GYHKIIMOHAIBHOCTD IIEHTPAJbHON HEPBHOW CHCTEMBI, PUBOIUT K PACCTPONCTBAM
B €€ JICSTEIIbHOCTH, Pa3BUTHUSL YTOMJICHUS, IEPEYTOMIICHHUSI, CTPECCY.

Haub6onee apdexTuBHBIC CpeaCTBA IPEAYIIPEKICHNS YTOMIICHUS ITPU paboTe
Ha TIPOM3BOJICTBE — OTO CPEACTBA, HOPMAJHU3YIOUIUME AaKTUBHYIO TPYAOBYIO
JeSTENbHOCTh yesoBeka. Ha ¢hoHe HOpManbHOrO MPOTEKAHMS TMPOU3BOICTBEHHBIX
IPOIIECCOB OJJHUM M3 BOXXHBIX (DHU3NOIOTMUECKUX MEPOTIPUATUI POTUB YTOMIICHHUS
SBJISIETCS MPABUIIBHBIA PEXKUM TpyAa U oTabixa [14].

B xone Beimonaenus padora B mabopatopuu Ne 001A—10 ydyeOHOTO KOpmyca
TIIY pykoBoguTeneM OpraHU30BaHbI BCE HEOOXOJAUMBIC MEPONPHATHS IS

HUBETTUPOBAHUS TICUXO(QU3UIECKUX (PAaKTOPOB.

4.2.2.7 XuMudeckas 0e30MacHOCTDh

I[Ipu oskcrmyaranuun  BYD  mmasmaTpoHa B OKPYXXAOIIYIO — Cpeny
BBIOPACHIBAIOTCS BpPEAHBIE Ta3000pa3HbIC BEIIECTBA, C KOHIIEHTpAILMEH, HE

MPEBBINIAIONIECH HOPMBI MPEACIbHO JomycTUMoM. B Tabmume 13 mnpuBeaeHbl
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npeaenbHo nomyctuMmble koHueHTtpauuu (IIJIK) BpeaHbIX BellecTB M MX Kiacc
omacHoctH [21].

Knaccer onacnoctu:

1 — BemiecTBa Upe3BbIYAITHON ONACHOCTH;

2 — BEIIEeCTBa BLICOKO OITACHBIC;

3 — BeIlleCTBAa YMEPEHHO OIACHbIE;

4 — BemecTBa Mano omacHele [21].

Ta6muma 13 — ITJIK BpeIHBIX BEHIECTB U UX KJIACC OMMACHOCTH

Ne BemecTBo TIIK, mr/m® Kitacc omacHocTH

1 Oxcux Maraust 3,0 3

2 Ateton 0,2 4

3 DTa”oa 2,0 4
BenTunsanus oOecrieunBaeT CaHUTAPHO-TUTUCHUYECKUE YCIIOBUS

(TemmnepaTypy, OTHOCHUTEIBHYIO BJIAXHOCTh, CKOPOCTh JBWIKEHUS BO3JAyXa H
YUCTOTY BO3/1yXa) BO3AYIIHON CPe/Ibl B TOMEIICHUH, OJIArONPUATHBIC JIJIS1 3T0POBbS
U CaMOUYyBCTBMSI UEJIOBEKa, OTBeyaron[ue TpeOOBaHUAM CAHUTAPHBIX HOPM,
TEXHOJOTUYECKUX IMPOIECCOB, CTPOUTEIBHBIX KOHCTPYKLIUM 3/IaHUN, TEXHOJIOTHI
xpaHeHus u T. A. CucreMa BEHTWISIIMM Ha IUIa3MaTPOHE OCYIIECTBISIETCS C
MOMOIIBI0  CIIEIMANIBHBIX JBH)KUMBIX JIOTIACTEH, O0O0ECTeUnBAIOIINX CKOPOCTh
noToka Bo3ayxa 18,76 m/c yepe3 razoxo]1 (BEHTHISALIHIO).

[Ipu paboTe WHCMONB30BATUCH CIEAYIONIME CPEICTBA WHIWBUIYATbHON

3aIllMTHI: PE3UHOBBIC MEpPUYaTKH, JTaOOPATOPHBINA XallaT, PEeCIUpaTop <«JICMECTOK»

[23].

4.2.2.8 Ilo:xkapHasi u B3pbIBHasi 0€30IIACHOCThH

CornacHo HOpMaMm TMOXapHOM 0€30MacHOCTH, B 3aBUCUMOCTH  OT
XapaKTEPUCTUKN HCIOJIb3YEMBIX B IMPOU3BOJCTBE BEIIECTB U UX KOJIHMYECTBA, MO
MOYapPHOM M B3PBIBHOW OMACHOCTH MTOMELIEHUS TOAPA3ICIISIIOTCS HA KATETOPUH A,
b, B, I', JI [22]. Tak kak nomenieHue 1abOpaTopuu Mo CTENEHU MOXKAPOOMACHOCTH
OTHOCUTCS K Kareropuu B, T.e. K NOMEMIEHUSAM C TBEPAbIMHU CrOPAOLINMU
BellleCTBaMU, HEOOXOMMO IPEAYCMOTPETh Pl MPOPUIAKTUUECKUX MEPOTIPUSITHI.
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Bo3moxxHbIe ipuunHbl Bo3ropanus [18]:

- paboTa c OTKPBITOM AJEKTpoanmnapaTypou;

- KOPOTKHE 3aMbIKaHUS B OJI0KE MUTAHUS;

- HEeCOOJTI0IeHNE MTPaBUII MOKAPHOM 0€30MaCHOCTH;

- HaJM4YUe TOPIOYUX KOMIIOHEHTOB.

HauGonee onacHbIM ¢ TOYKHM 3pEHUS MOXKAPHOU O€30MACHOCTH BEIIECTBOM,
PUMEHSEMBIM B paboTe, SBISIETCS dTAHO.

Bce paboTrhl ¢ 3TaHONIOM JOJDKHBI TMPOBOJUTHCS C HCIOJIB30BAaHHEM
OPUTOYHO-BBITSDKHOW ~ BEHTWJISIIMM  BIAd  OT OTHA U HMCTOYHUKOB
uckpoobpazoBanus. I[Ipu otd6ope npoo, MpOBEJCHUM aHAIM3a U OOpaIlleHUH B
mpollecce TPAHCIOPTHBIX W TIPOM3BOJICTBEHHBIX OMEpaIiii  C  ATaHOJIOM
NPUMEHSIOTCS WHIWBUAYaJbHBIC CPEJCTBAa 3allUThl 10 HOPMaM BbIIA4H
CHEIUANbHOW OJEXKIbI, CHEIUaJIbHOM OO0YyBM M JIPYTUX CPEICTB 3alllUThI,
YTBEPAKIAECHHBIM B YCTAHOBIIEHHOM TOPSIKE.

JIns TymeHus: TOPAIIEro 3TaHOJIa MPUMEHSIOT MOPOIIKOBBIE OTHETYIIUTENH,
cpelncTBa OOBEMHOro TYyIIeHHs (MUHUMAajbHasi OTHETYIIAIas KOHIIEHTPAIUs:
yraekucinoro raza — 29 % (mo o0wemy), azota — 43 % (mo o0Bemy),
muopomreTpadTopaTana — 2,1 % (1o o6BeMy), Mecok, acOeCTOBOE OACSAIO U TECHY
[18].

Meponpusituss 10  TOXKApHOW  NMpodUIAKTHKE  Pa3feisioTcs — Ha:
OpraHu3aIMOHHbIC, TEXHUYECKHUE, IKCIUTyaTallUOHHBIE U pexXUMHbBIC [18].

Opranu3allMOHHbIE ~ MEPONPUATUS  NPEAYCMATPUBAIOT  MPABUJIBHYIO
AKCILTyaTaluio 000pYyNOBaHUs, MPABUIBHOE COJIEPKAHUE 3AaHUN U TEPPUTOPUH,
MPOTUBOIMOKAPHBI ~ MHCTPYKTaX  paboynmx W CiIyXamuxX, OoOydeHHe
MPOU3BOJICTBEHHOTO TEPCOHAIa TpaBWUiIaM TMPOTHUBOMOXKAPHOW O€30MacHOCTH,
W3/1aHUE UHCTPYKIUM, IJIAKaTOB, HAJTMYKE TUIaHa 3BaKyanui [18].

K TexHuyecknum MepornpusiTUsiM OTHOCSITCS: COOJIIOIEHUE MPOTUBOMOKAPHBIX
MpaBUJl, HOPM TPU MPOEKTUPOBAHUY 3IaHUH, IPU YCTPOUCTBE IIEKTPONPOBOIOB U
000py/1I0BaHUS, OTOIUICHUS], BEHTUJISILIMKM, OCBEIICHHUSI, MPABUIBHOE pa3MEIlCHHE

obopynoBanus [14].
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K pexuMHBIM  MEpOnmpHATHSM  OTHOCATCS, YCTAaHOBJICHHE  IPABUI
opraHuzauud  paboT, U  CcOONIOAEHHE  MPOTHUBOMOXKApHBIX  Mep. Jlnd
MIPEeAYNPEKICHUS BOSHUKHOBEHUS MTOKapa OT KOPOTKUX 3aMBIKaHHM, TIEPETPY30K U
T. 1. HEOOXOAMMO COOJIIOJICHHE CIICIYIONINX MPaBUII MOXKapHOH O6e3onacHocTu [14]:

- UCKJIIOYeHue  oOpa3oBaHMs  roproueid  cpeasl  (TrepMeTu3anus
o0opynoBaHUs, KOHTPOJIb BO3AYITHOMN Cpe/ibl, pabouas U aBapuiiHas BEHTUJIAIINSA);

- NPaBWIBHOE COJCPKAHUE 3JaHUH W TEPPUTOPHH (MCKITFOYCHHE
o0pa30oBaHus HCTOYHMKA BOCIUIAMEHEHMSI - TMPEAYINpEexJACHHE CaMOBO3TOPAHMS
BEIICCTB, OTPAHMYCHHUE OTHEBBIX paboT);

- U3JIaHUe WHCTPYKIIUH, MJIaKaTOB, HAJTMYKE TJIAHA DBaKyalluH,

- coOJTI0/ICHUE TTPOTHBOIIOXKAPHBIX TTPABUII, HOPM IPHU MPOCKTUPOBAHUH
3MIaHUl, TP YCTPOWCTBE OJJIEKTPOIPOBOAOB U 0OOPYJOBaHUS, OTOIUICHHUS,
BEHTHUJISIIIUU, OCBCIIICHHUS,

- IPaBWIBHOE pa3MelleHrne 000py10BaHus;

- CBOEBPEMEHHBIN MPOPUIAKTUYECKUI OCMOTpP, PEMOHT M HUCIBITaHUE
o0opy10BaHMUS.

[Ipy BO3HMKHOBEHHH TIOKapa COOOIIUTH PYKOBOAMUTENIO, OpraHam
IPOTUBOMOXKAPHOM 0€30MACHOCTH MPEANPUSITHS U IPUCTYIUTH K TYIICHHUIO TOXKapa
OTHETYIIUTEJIEM.

[Tpu BOBHMKHOBEHUHU aBapUHOM CUTyaIuu HeoOoxoaumo [18]:

- COOOIINUTh PYKOBOJCTBY (ACKYPHOMY);

- MO3BOHUTH B COOTBETCTBYIOIIYIO aBapuitHyro cinyx0y wim MUC mo
tenedony — 112;

- IPUHSITH MEPHI TI0 JTUKBHUIAIIUK TTOCIEICTBUN aBapUH B COOTBETCTBHUU

C UHCTPYKLUEH.

4.3 be3onacHOCTh B aBAPUITHBIX U YPe3BbIYAHHBIX CUTYALHAX

Upessbruaiinas cutryanuss (UYC) — oOcraHOBKa, CJOXKMBIIAsCA Ha

ONPEAECIECHHONW TEPPUTOPUH B PE3YJIBTATE aBAPUU, OTACHOTO TPUPOJAHOTO SBJICHHS,
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KaTacTpo(bl, CTUXUITHOTO WM UHOTO O€JICTBUS, KOTOPAsi MOKET MOBJIEYb 32 COOOM
YeJIOBEYECKHUE KEPTBBI, yIEpO 3I0pPOBBIO JIOACH WM OKpYyXKarolled TpUpOAHOU
cpelne, 3HAYUTENIbHBIE MaTE€pUajbHble TMOTEPHM W  HApYUIEHUE  YCJIOBHM
KU3HEAEATEITBHOCTH JIFOIECH.

ABapuitHas cutyanust (AC) — codeTaHuE YCIOBUM U OOCTOSITENIBHCTB,
CO3JAI0LIUX YIPO3y BO3HUKHOBEHMS aBapui U JIPYIUX OINACHBIX MPOUCIIECTBUH,
KOTOphIE MOTYT TPHUBECTH K B3pbIBY, I[OXAapy, OTPaBICHUIO, TUOENH WIH
TPaBMUPOBAHUIO (3a00JIEBAHUIO) JTIOJICH, TOTEPSIM MAaTEPUAIIbHBIX IIEHHOCTEH.

[Ipu mpoBenennu uccienoBanus Haubosee BeposaTHON YC sBisieTcs moxap.
[loxxap B paboueM TMOMEUIEHUH MOKET BO3HUKHYTh BCIEJCTBUE MPUYHUH
HERJIEKTPUUYECKOTO U DIIEKTPUYECKOro Xapakrepa. B Tabnuie 14 paccMoTpeHbl
BO3MOKHBIE€ aBapUMHBIE U YpE3BbIYANHbBIE CUTYAlIUU, METO/Ibl UX MPEIOTBPALLICHUS
Y JINKBUJAIUHU TIOCTEACTBUH.

Tabmuma 14 — ABapuiiHble W 4Ype3BBIYAWHBIE CUTYallUM, METOJBl UX
PEeOTBPAIICHHS M JIMKBHUIAIIUHU TTOCJICICTBUN

Ne AsapuiiHas 1 | Meronb! npenotBpamienus AC u UC | JIlukBunanus nocinenctsuii AC u

HCIIpAaBHOM COCTOSHHUHU nepBoﬁ IIOMOIIIH

Yype3BbIYaiiHas ucC
CUTYaIus
[IpoBeneHne BBOJHOTO M MTOBTOPHOIO
(1epe3 6 Mec.) HHCTPYKTaxa; BbI30B  MOXapHOW CIyXOBl W
1 [Toxap CoOmroaeHue TeXHoJIoTHYeckuxicriacareneit  (ten. 112); BrizoB
PEXUMOB Tpon3BoAcTBa; (Co3MaHHECKOPON MEAUIIMHCKON TOMOIIH
[YCIIOBUH IS HBAKyalluu
epcoHaa
[IpoBenenne BBOJHOTO M TOBTOPHOIO
(depe3 6 Mec.) UHCTPYKTaxa; BbI30B  CKOpOM ~ MEAMIIMHCKOH
2 VYnaap tokom  |Coaepkanue sHeprerudeckux cereit Brnomoinu (ten. 030, 112); Okazanue

[TpoBeneHre BBOAHOTO M IOBTOPHOTO
(depe3 6 Mec.) UHCTPYKTaxa;

HaaCHUs C BHCOTBICO6J'IIOI[3TL Tpe6OBaHI/I$[HepBOI7I oMo
0Ee30MMacHOCTH IIPpH BBIIIOJIHCHHUN
pa60T Ha BBICOTC

TpaBmupoBanue B|(Co3aHle CHCTEM MNPEAYNPEKICHUSABBI30B  CKOpON  MEIULUHCKON
3 pe3ynbTaTe  [MagCHUMN; nomo1nu (tein. 030, 112); Oxa3anue

B nmanHOl riaBe mpoBEJEH aHAIW3 BPEIHBIX M OMACHBIX (DAKTOPOB Ha
paboueM mecte B mabopartopun Ne 001 A 10 kopmyca TITY ¢ uccnenoBanuem:

- MuKpokimMar [14, 20];
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- urym [19];

- 3JICKTPOMArHUTHOE u3aydenue [17];

- OCBeIlleHHOCTD [14];

- ncuxodusunonorndeckue pakropsr [14];
- XHUMHYECKas Oe3omacHoCTh [21];

- 31eKTpoOe3onacHocTh [16];

OYKapo-B3pbIBOOE30MacHOCTH [18].

[Tomemenne Ne 001 A—10 kopmyca TIIY oTHeceHo:

- 10 3JIeKTpoOe30nacHoCTH — K 2 kiaccy [16];

. 0 TI03KapO-B3PHIBOOE30MACHOCTH — K KaTeropuu B [22].

Taxxe paccCMOTpPEHBI BO3MOXXHBIC aBapHUHBIC U YpPE3BBHIYANHBIC CUTYAIIHH,

MCTOIbI UX TMPCAOTBPAIICHUSA U JIMKBUAAITUN HOCHC}ICTBHﬁ.
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ASSIGNMENT FOR THE SECTION
"FINANCIAL MANAGEMENT, RESOURCE EFFICIENCY AND RESOURCE SAVING

To the student:
Group Full name
0A92 Shcherbina Danil Sergeevich
Institute ESNT Institute department DNFC
The level of education Bachelor Direction/Specialty 14.03.02 Nuclear Physics and

Technology/Physics of
Kinetic Phenomena

Input data for the section "'Financial Management, Resource Efficiency and Resource Saving"

1 The cost of scientific research (SR) resources: material
and technical, energy, financial, information and
human

The cost of material resources and special
equipment are determined in accordance with
the market prices of Tomsk. Tariff rates of
executors are determined by the staff schedule
of SR TPU.

2 Norms and norms of resources expenditure

Rate of depreciation charges for special
equipment.

3 The system of taxation, tax rates, deductions, discounting
and crediting used

Contributions to non-budgetary funds 30%.

List of issues to be researched, designed and developed:

1 Analysis of competitive technical solutions (SR)

Calculation of competitiveness SWOT-analysis

2 Formation of a plan and schedule for development and
implementation (SR)

Determination of the structure of the SR.
Determination of labor intensity of the work.
Development of the research schedule.

3 Engineering project (SR) budgeting

Calculation of the budget cost of SR.

4 Assessment of resource, financial, budgetary, efficiency
(SR)

Definition: integral financial index, integral
resource efficiency index, integral efficiency
index.

List of graphic material

Evaluation of SR competitiveness
SWOT matrix

Grants diagram

SR budget.

Key performance indicators of SR

GO wN -

| Assignment date for the line graph section

The assignment was given by a consultant:

Position Full name Academic degree Signature Date

Hasanov Maharram

Ali oglu

Professor of DSSH Grand PhD in Economics. 04.02.2023

The assignment was accepted for execution by the student:

Group Full name

Signature Date

0A92 Shcherbina Danil Sergeevich

04.02.2023
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3AJTAHME 110 PA3JIEJTY
"®UHAHCOBBIIA MEHEKMEHT, PECYPCOY®®EKTUBHOCTH 1

PECYPCOCBEPEXEHUE
Crynenry:
I'pynna DoUO
0A92 epbune anuny CepreeBudy
M koaa NATII OTtaenenue mkoabl (HOL) oATH
Yposenn o00pa3oBanust bakanasp Hanpasaenue/cnenuanbuocts | 14.03.02 SnepHpie Gusuka u

Texuonorun/ Ousnka
KUHETHYECKHX SIBJICHHI

Hcxonnbie naHHbIe K pa3aeny «@PUHAHCOBBIN MeHEIKMEHT, pecypco3¢PeKTHBHOCTD U
pecypcochepeskeHue» :

1

Cmoumocmsb pecypcog HayuHo2o ucciedosanus (HH):

mamepudailbHO-mMexXHUYeCcKux,
d)uHaHCO@blx, qu)OpMaL{MOHHblx Uu yeioeevecKkux

dHepeemu4eCcKux,

Cmoumocms — MamepuaibHblx — pecypcog U
cneyuanbHoeo 0060py0osanusi onpeoeieHvl 6
COOMBEMCMBUU C  PLIHOYHBIMU YEHAMU 2.
Tomcka. Tapuguvie cmasxku ucnornumeneti
onpeodenenvl wmamnblM  pacnucanuem HHU
T11y.

Hopmbl u Hopmamuswsl pacxoooeamnusi pecypcos

Hopma amopmuzayuonHvix omyucienutl Ha
cneyuanvroe 06opydosanue.

HC"OJZbS’y@M(lﬂ cucmema Ha]ZOZOO6JZ09iC€HZ/l}Z, cmaeku

HaN0208, omuucneHut,
Kpeoumosanusi

auCKOHmMPOGQHM}Z

u

Omuucnenust 60 6Hebo0xcemubvie ponovt 30
%.

Ilepeuens 6onpocos, noonexcauiux uccie006anuio, RPOEKMUPOsanuio u papadbomxe:

1 Awnanuz kouxypenmmuvix mexnuveckux pewenuti (HU) | Pacuem  xouxypenmocnocoonocmu  SWOT-
ananus
2 Dopmuposanue nnana u epaguxa paspadomku u | Onpedenenue cmpykmypvl evinonnenus HU.
enedpenus (HH) Onpeoenenue mpyooemKocmu pabom.
Paspabomxa epaghuka npoeedenuis
uUccnedo6aHusl.

3 Cocmasnenue O100xcema unsiceneprnozo npoexkma (HH)

Pacuem 6100s1cemnou cmoumocmu HU.

4  Oyenxa pecypchoil, punancogol, 6Owdxcemnou, | Onpedenenue: UHMESPATLHOZO (YUHAHCOBO20
agppexmusnocmu (HH) noxasamens,  UHMESPAILHOZO — NOKA3AMmes
pecypcoaghpexmugrocmu, UHMEeZPATLHO20
nokazameJsi dhexmusHocmu.
Ilepeuennb rpaguyeckoro Mmarepuasia
1 Onenka kKoHKYpeHTocmocodnoctn HA
2  Marpuuma SWOT
3 Juarpamma I'panrra
4  Bromkxer HU
5  OcnoBubie noka3zarenu 3¢dexrusaoctn HA
‘ JaTa BbI1a4M 3aJaHusA VI pa3/esa 1o JuHeiiHoMy rpaguky
3agaHne BbIIAJ KOHCYJIbTAHT:
JosxHOCTH DdOUO YuyeHnas creneHb, 3BaHUe MMoanucek Jdara
T'acanoB Mareppam
Ipodeccop OCT'H ALK OFIIBI II.3.H.
33}13]—[“6 NPUHAJ K UCITIOJTHCHUIO CTYACHT:
I'pynna DOUO Homnucey Jara
0A92 epbuna Hanun CepreeBud
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5. DUHAHCOBBIM MEHE/IKEeMEeHT, pecypcod(ppeKTHBHOCTD "
pecypcocoepexenmne

B ycnoBusix cerogHsIHedl >XECTKOM KOHKYPEHTHOCTH M OIOpOKpaTuu,
Hay4YyHO€ HCCleoBaHUE 0053aHO OBITh HE TOJBKO MOTEHIMAIbHO 3HAYUMBIM,
MMEETCs BBUY IIUPOTA U 3HAUUMOCTH €T0 OTKPBITHS, HO U pecypcHO3 () EeKTUBHBIM
1 KOMMEPYECKHU BBITOJAHBIM. [103TOMY OlIEHKa KOMMEPUYECKUX U3JAEPKEK SIBIACTCS
KpaliHe HeOOXOUMBIM ITANIOM Ha PaHHUX CTaAUSAX Pa3BUTHUA Jt000T0 poekTa. OHa
MO3BOJISIET YIIPOCTUTH MOUCK BCEX BO3MOKHBIX PECYPCOB ISl peain3aluy MpoeKTa:
(MHAHCOBBIX, BPEMEHHBIX, YEJIOBEUECKUX, MAaTePUATLHBIX U T.1. MOXHO CKa3aTh,
YTO I1eNIbl0 pasnena «DUHAHCOBBIM MEHEIKMEHT, pecypcodPheKTUBHOCTh U
pecypcocOepexeHrey SBISETCS OIEHKa »XU3HECTIOCOOHOCTH HaIlero IMPOEKTa,
pa3paboTka HEOOXOIMMBIX MEpP IO €ro BBIMOJHCHHUIO Ha Pa3HBIX JTamax ero
peanu3zanuu.

JlocTrokeHue e 00eceurBaeTCsl PelieHueM 3a/1au:

® KOMMepUeCcKasl OLIEHKA HAyYHOTO UCCIIEOBAHUS;

® COCTaBJICHUE IUIAHA WUCCIIEIOBAHUSI;

®OIIpPEIEIICHUE pecypcHoOu (pecypcocbeperatoiieit), (brHAHCOBOI,
OI0KETHOM, COITMABHON ¥ IKOHOMUYECKOU 3P (HEKTUBHOCTH UCCIICIOBAHMS.

llens pa3gena — OIEHKA KOMMEPUYECKHX acClEeKTOB HAyYHOW paboThl
“IImasMOXUMHUYECKHUII CHHTE3 MW MCCIEIOBAHUE OKCHIHBIX KOMIIO3UIIMN U3
BOJHOOPTaHUYECKUX HUTPATHBIX PACTBOPOB CaMapus, LIEpHsl U MarHusi” Ha BCEX €€
sTanax BbiMoJHEeHUs. [loAcdyeT Bcex 3aTpar Ha AaHHYKO pabOTy U OLIEHKa €€

peccypcHO3(pHEeKTUBHOCTH.

5.1 IloTeHuuajdbHbIE MOTPEOUTEHN Pe3yIbTATOB HCCIET0OBAHUS

JlaHHast HayyHas pa0oTa HampaBjeHa Ha HAaXO0XJAeHUE Haubosiee YJauyHOM C
TOYKH 3pEHUS SHEPTrod(HPHEKTUBHOCTU COCTABA OKCUIHBIX Kommo3uiuii 111 REMIX
TOIUIMBA, MCIOJIb3YIOIIEE YK€ OTpabOTAaHHOE SAEPHOE TOIUIMBO, KOTOPOE B
MOCJIECTBUHU OYIET UCTIOIB30BaThCA U MPOoU3BoAUThHCs Ha Bcex ADC tuna BBOP u

COOTBETCTBYIOIIMX 3aBOJAOB IO co3/1aHuio TorumBa st ADC u TBOJI-0B.
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5.2 OneHka KOMMepPYeCKOro IMOTEHUHMAJa W MePCHeKTHBHOCTH
NpOBeJAeHUS] HAYYHBIX HMCCJIEAOBAHMN ¢ MO3UIHMH pecypcod(p(PeKTUBHOCTH H
pecypcocoepexeHust

5.2.1 AHa/iu3 KOHKYPEHTHbIX TEXHMYECKUX pPelieHuil

AHanu3  KOHKYPEHTHBIX  pELICHUH  TO3BOJIIET MPOBECTU  OLEHKY
CpaBHUTENBbHON 3 (HEKTUBHOCTH HAYYHOU pa3pabOTKHU U ONPEETUTh HAPABIICHUS
JUTsl ee OYTyIIero MOBHIIICHUS.

B nannoit pabore Obin paccMmorpeH cunTe3 AT ¢ wucnonbp3zoBaHnem
BO3/yIIHOM 11a3Mbl ((), a B KaueCcTBEe KOHKYPEHTa BbIOpaH TPaJAUILIMOHHBINA METO/
cunte3a AT (k).

[IpoBenem naHHBIM aHAIM3 C TOMOIIBIO OIEHOYHOM KapThl, KOTOpas
npuBeeHa B Tabnuiie 15.

[To3unus pa3paboTKu 1 KOHKYPEHTOB OLIEHUBAETCS 10 MATUOATUIBHOM IIKAJIE.
Beca noxka3areneil B cyMMe JTOJ>KHBI COCTaBIISTS 1.

AHanu3 KOHKYPEHTHBIX TEXHUYECKUX PEIICHHH orpeaensercs no hopmye:

K= ZBI : Bi, (41)

rae K — KoHKypeHTOCTIOCOOHOCTh HayYHOU pa3pa0O0TKH HIIM KOHKYPEHTA;
Bi — Bec mokazaresns (B A0JISIX €AUHULIBI);
bi — 6amn i-ro mokasates.
Tabnuna 15 —OueHounas kapTa i CpPaBHEHUS KOHKYPEHTHBIX TEXHUYECKUX

peueHuii (pa3paboToK)

Kpurepuu onenku Bec Bamsl KoHKypeHTOCTIOCOOHOCTH
kpurepust | Bap.l | Bap.2 | Bap.3 | Bap.l Bap.2 Bap.3

1 2 3 4 5 6 7 8

Texnuueckre KpUTEPHH OIEHKU pecypcodPhEeKTHBHOCTH

Bpewms napaboTku 0,04 3 4 1 0,12 0,16 0,04

JTAHHBIX

IToMex0yCcTONYMBOCTh 0,02 3 4 3 0,06 0,08 0,06

MoOHUIBHOCTE 0,01 5 3 5 0,05 0,03 0,05

YpoBeHnsb nyma 0,2 3 4 4 0,6 0,8 0,8

[ToTpebHOCTH B pecypcax | 0,03 5 3 2 0,15 0,09 0,06

maMsITH

Hanmuune otxonoB 0,01 5 3 5 0,05 0,03 0,05
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[IpocroTa B 0,13 5 3 1 0,65 0,39 0,13
AKCILTyaTaI[iH

Hannuue 0,2 4 3 5 0,8 0,6 1
JOPOTOCTOSIIETO

000pyIOBaHUS

DKOHOMUYECKHUE KPUTEPHUU OIIEHKHU 3(heKTHBHOCTH

Konkypenrocnoco6unocts | 0,07 5 4 3 0,35 0,28 0,21
Ilena 0,15 5 5 5 0,75 0,75 0,75
dunancosas 0,08 4 5 5 0,32 0,4 0,4
3¢ dEKTUBHOCTh HAYYHOU

pa3paboTKu

TpynoemMKkocTh 0,06 4 5 1 0,24 0,3 0,06
Hroro 1 51 46 40 4,14 3,91 3,61

[Tony4yennsle qaHHbIe B Ta0IMIE 15 MO3BOMISIOT TOBOPUTH O TOM, UTO
UcclieloBaHue sABIsAeTCA 3(PPEKTUBHBIM, TaK KaK 00€CIIEUNBAET IPUEMIIEMOE
Ka4yecTBO pe3ybTaToB. JanbHelee MHBECTUPOBAHKE TaHHON pa3pabOTKU MOKHO
55 cuurath nenecoodbpaszHeiMu. [IpoBeeHHBIN aHATN3 KOHKYPEHTHBIX
TEXHUUYECKUX PEIICHUH MoKa3ai, 4To BapuaHT ycTpoiicTBa Nel sBisieTcst Haubosee

MpCaAIIOYTUTCIIbHBIM.

5.3 SWOT-ananu3

SWOT - Strengths (cunbHble cTOopoHbI), Weaknesses (ciaOble CTOPOHBI),
Opportunities (Bo3MoxHocTH) U Threats (yrpo3el) — TMpeacTaBiseT coOoi
KOMIUIEKCHBIM aHAJIN3 Hay4YHO-HCCIIEIOBATENIbCKOro Tmpoekta. SWOT-ananus
NPUMEHSIOT JJI1 UCCIIEIOBaHUS BHEIITHEN M BHYTPEHHEH CpeIbl MTPOEKTa.

[IpuBenem matpurly SWOT-ananusza mjisi mpou3BOJACTBA JIHCIEPCUOHHOTO

SIIEPHOTO TOILIMBA C MPUMEHEHUEM BO3YIITHOM 11a3Mbl B Tab:. 16.

Tab6auma 16 — SWOT-ananus

CuiibHbBIE CTOPOHBI Cia0bie CTOPOHBI HAYYHO-
HAY4HO- HCCJIe0BATEIHLCKOT0
HCCJIeI0BATEIbCKOT0 NMpoeKTa:

NMPOeKTA:

C1 HeBricokas cTOUMOCTE Cal Pabora ¢ MogensaMu
nepepaboTKU ChIPbS Cn2 bonbIioe KOIM4ecTBO
C2 KomnakTHOCTB BAPUAHTOB CMecer
HE00X0IMMOTO

000pyIOBaHUS

C3 B03MOXHOCTb BIIMATH HA

MOP(hOJIOTHIO YaCTHUIL
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C4 OnHocTaguiiHOCTh
nosnydyenus ST

Bo3Mo:xHOCTH:

Pe3yabTaThl anaaun3a

HHTEPAKTUBHOI MaTPHIIbI
npoekTa noJieii “CuyibHble
CTOPOHBI M BO3MOKHOCTH”

Pe3yabTaThl aHaIu3a
HHTEPAKTUBHOMH MATPHIIbI
npoekrta noJieit “Ciiadble
CTOPOHBI M BO3MOKHOCTH”

B1 Bo3moxxHOE yMEHbLIECHHE
BBIpa0aThIBAEMBIX OTXO0/I0B
SIEPHOTO ITPOU3BOJICTBA

B2 Bo3MoxHOCTH
COKpallleHHs 10J11 ypaHa 235
B IIPOU3BO/JICTBE

B3 Vxecrouenue
TpeOoBaHUi K BbIOpOCcaM
OKpYKarollen cpene

B4. Bo3M0XHOCTb CHUYKEHUS
3aTpaT Npu UCHOIb30BaHUU
BOJTHOOPraHMYECKHUX
HUTPATHBIX PACTBOPOB

1. [Ipu
yCIIELTHOM MoJ00pe
CMECH MOIY4UTCS
CHU3UTbH KOJIMYECTBO
0TpabOTaHHOTO
YpaHOBOTO TOILIMBA
2. JUAT,
IIOJIy4aeMoe celuac
CUHTE30M,
a¢dexTuBHEE
ucnoJibzyemoro AT

1. TToBbIitIeHue cpoca Ha

JAHHYIO TPOTYKIIHIO
00ecneyuT NPUTOK KaJIpoB.

Yrpo3sl

PesyabTaTsl anaamn3a
HHTEPAKTUBHON MaTpPHIbI
npoekrta noJiei “CuJibHble
CTOPOHBI M YIPO3b1”

Pe3yabTaTsl anaauza
MHTEPAKTHBHONH MaTpPUIIbI
npoekra noJjei “Ciadbie
CTOPOHBI M YIPO3b1”

¥Y1. OrcyrcTBHE cripoca Ha
HOBBIE TEXHOJIOTHUH
MIPOU3BO/ICTBA.

¥Y2. Tpynoemkuii mporiecc
MOMCKa NOIXOIIIIEH CMECH.
¥3. HenocraTouHoe
(mHaHCOBOE OOECIICUCHHUE.

1. KauecTBeHHBIE
npenmyniectsa HoBoro JIAT
CO3/aI0T XOPOIIIYIO
KOHKYPEHLHUIO
UCIOJIb3YEMbIM METOIaM
npousBojacTBa AT.

2. Takue dakTbl, KaK
HEXBaTKa ypaHa-235 u
HEOOXOIMMOCTh COKPAILIEHUS
OTXOJIOB IPOILIBIX JIET,
obecreyar crpoc Ha HOBBIE
TEXHOJIOTUH IPOU3BOJICTBA
AT.

1. OTcyrcTBHE TaHHOM,
HOBOM B CBOEM pOJIE,
pa3pabOTKH MOXKET
00epHYThCS TPOBAIOM 0€3
JOJIKHOTO (PMHAHCHPOBAHUSL.

Takum oOpa3zoM, Ha OCHOBE pe3yJIbTATOB aHAJIM3a JAHHOW MATPHIIBI MOKHO

CACJIaTb BBIBOJA O TOM, YTO TPYAHOCTHU H HpO6HeMI>I, C KOTOPBIMH TaK HJIM HMHAYC

MOKET CTOJIKHYTHCS JTAHHBINA UCCIIEI0BATEILCKHUM MPOEKT MOKHO OYyJIET PEIIUTh 3a

CYET UMEIOIINXCS CHIIBHBIX CTOPOH Pa3padOTKH.

5.4

IInannpoBaHUe HAYYHO-HCCJIE0BATEIbCKOI0 MPOEKTA

Jl1s1 BeITIONTHEHUST paboThl (hopMupyeTcst pabouast TpyImma, B COCTaB KOTOPOi

BXOJUT Hay4YHbIN pykoBoauTens npoekta (HP) u ucnonuutens (M). [locne yero, B
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paMKax NpOBCACHUA HAYYHOT'O UCCIICAOBAaHMA BBIITOJIHACTCA P OCHOBHBIX OTAIlOB,

MpeACTaBICHHbIX B Ta0aume 17.

Tabmuia 17 — [lepedyens aTanoB, padboT U pacnpeeieHue UCTIOTHUTENEH

Otan paboThl

Ucnonuurenu

ITocTanoBka mesnei u 3amad,
HOJIy‘-IeHI/ICI/ICXOI[HI)IX
JTAHHBIX

PykoBonurens, MH)XEHED

[Toxbop n U3ydeHHe MaTEPHAIIOB 110
TEMATUKE

PykoBonurens, MH)XEHED

Pa3paboTka KaieH1apHOTo IIaHa

PykoBouTenp, MHXKEHED

OO0cyxIeHre JTUTEPATYPHI

PykoBouTEINb, HHKEHED

Pa3paboTka Mosenu

PykoBouTenp, MHXKEHED

OnpeneneHHe aJICKBATHOCTHU MOACIN

PykoBouTEINb, HHKEHED

W3ydeHne pe3yapTaToB WHXCHEP
ComnocraBieHue pe3yabTaToB
HHXXEHED
IKCIIEPUMEHTOB C TEOPETHUCCKUMU
HCCIEIOBaHUSIMU
Odopmiierne rpaguyeckoro Mmarepraa WH)KCHEP

TlonBeneHune UTOroB

PykoBoauTenb, HHKEHED

B paMKax IINIAaHUPOBAHUA HAYYHOI'O IIPOCKTA H€O6XO}II/IMO IMOCTPOUTDH

KaJeHAapHbIi rpaduk npoekrta. JInHeitHbli rpaduk npeacTasieH B Tadauie 18.

Tabmuma 18— KanennapHblii 11aH POeKTa

Kon | HazBanue JmurensHoCcTh, | JlaTa Jara Cocras

pab THU Hayaia OKOHYAHHUA

OTBI pabot pabot YHACTHUKOB

1 CocraBiieHne uj|?2 01.02.2023 | 02.02.2023 | Ulepbuna JI.C.
YTBCPHACHHE Kapenrun A.T'.
3a/laHus
MAarucTepCcKou
JiCCepTaIu

2 Kanennapuoe 4 03.02.2023 | 07.02.2023 | Ulep6buna JI.C.
IJTAaHUPOBAHUE
paboT 1o Teme

3 Nzyuenue 14 08.02.2023 | 22.02.2023 | Ulepouna J1.C.
MaTepHaoB MO TEME

4 AHalmM3  HMCXOIHBIX | 5 24.02.2023 | 01.03.2023 | Ulepbuna JI.C.
MapaMeTpoB

5 Br16op MeToza | 8 02.03.2023 | 10.03.2023 | Ilep6buna  [.C.
BBITIOJTHEHUS paOOTHI Kaperrun AT,

6 [Tpumenenue metona | 28 11.03.2023 | 09.04.2023 | Illepbuna /I.C.
K HCXOTHBIM
napaMerpam

7 Amnanu3 pesynbraTtos | 30 10.04.2023 | 10.05.2023 | Illepbuna JI.C.
paboTHI

8 CocraBnenne otuera | 10 11.05.2023 | 21.05.2023 | lepbuna J.C.
no pabore
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HUTOI'O: 97

Huarpamma ['aHTTa — THN CTONOYATHIX AUArpaMm (THUCTOIpaMM), KOTOPbIH
UCIOJB3YETCS [UIsl WIUIIOCTPALlMM KaJEHAAPHOrO IIaHAa IPOEKTa, Ha KOTOPOM
paboThl MO TEME€ MpPEACTABIAIOTCS MNPOTKEHHBIMU BO BPEMEHH OTpE3KaMu,
XapaKTepU3YIOIUMHKCS JaTaMH Hadajga U OKOHYaHUS BBITIOJHEHUS JaHHBIX padoT.

I'padux cTpoutcs B Buae tabiuubl 19 ¢ pa3dUBKOM MO MecsAlaM U JIeKaaam
(10 gHeit) 3a mepuo BpeMEHH BBINIOJHEHUS HaydyHOTro mpoekTta. [lpu aTom paboTsl
Ha rpaduke cleayeT BBbIIACTUTh Pa3IMYHOM IITPUXOBKOM B 3aBHUCHUMOCTH OT
UCIIOJIHUTENEH, OTBETCTBEHHBIX 3a Ty UM UHYIO padoTy.

Tabmuna 19— Kanennapueiii maH-rpaduk npoBeneHus: padbot

[TponoKUTENBHOCTH

BBITIOJTHEHHS paboT
Kon

Bup pabot Wcnommnremm | T, | deBp anpen

paboThI MapT Maii
aJIb b

1213[1]2]3]1/2{3|1/2|3

CocraBneHnue u
Hayunsrit
yYTBEpXKACHUE 3a/IlaHUS
1 PYKOBOIUTEND, | 2
MAarucTepCcKou I
Ucnonuurtens
JccepTaluu

Kanengapnoe
2 TJIAaHUPOBAHUE Ucnonnutens | 4 l

pabort 1o Teme

3 Ucnomnnurens | 17
[0 TEME

I/IsyquHe MaTCpHajioB .

TepMoaMHAMUYECKOE
MOIETUPOBAHKE
npoiecca .
4 Ucnonaurens | 7
MIa3MOXUMUYECKOM
nepepaboTKH PacCTBOPOB

BOHP
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Hayunsrii
Br16op meTona
) pykKoBoUTEND, | 9
BBITIOJTHEHUS pabOTHI
UCTIOJIHUTEIb

HccnenoBanue pesxuMoB
6 paboter BUD- HUcnonaurens | 35 -

IIa3MOTPOHA

AHanu3s pe3ynbTaToB

7 Ucnonuurens | 16
paboThI -

CocraBiieHre oTYeTa 1o
8 Hcnonuurens 6
pabore

. — UCIIOJTHUTEb, . — HAy4YHBI PYKOBOJUTEND.
Takum oO0pa3oMm, TMOCTpPOEH IUIaH YOpPaBICHUS HAyYHBIM TMPOEKTOM,
OTpeJIeNieHbl BUbI pabOT, YCTAaHOBJICHBI JaThl HAYaJla U OKOHYaHUS paboT U COCTaB

Y4aCTHUKOB.

5.5 bBroomxer HayyHO-TeXHUYeCKOro uccijenosanus (HTH)

[Tpu mnanupoBannu Oromxera HTU momxHO OBITH 00ECIIEUEHO IMOJHOE U
JIOCTOBEPHOE OTPAKEHUE BCEX BUJIOB PACX0JIOB, CBSI3AHHBIX C €TI0 BHIITOJIHEHUEM. B
npoiecce hopmupoBanus 6ropxeTra HTH ucnonp3yeTcs ciaeayromias rpynmupoBKa
3aTpar Mo CTaThsIM:

1 Marepuanisi;

2 3arpaThl Ha OTUIATy TpyAa paOOTHHUKOB,;

3 OTuucieHus: BO BHEOIOKETHBIE (DOH/IBI;

4, Crnenio6opymnoBanue 115l HAyYHBIX U OKCIIEPUMEHTAIbHBIX PaboT;

) [Ipouue npsmelie pacxonsl;

6 Haknannsie pacxompi.

JlaHHBIE pacXoAbl OTHOCSTCA K MPSIMBIM 3aTpaTaM, BEIMYUHY KOTOPBIX, KaK
MpaBUJIO, CJEAYET OINpEeAeNsATh NPSIMbIM CUETOM, 3TO 3aTpaThl, CBSI3AHHBIC
HEMOCPEJACTBEHHO C  BBIMOJHEHUEM  KOHKPETHOTO  HAY4YHO-TEXHHYECKOTO
MCCIIEIOBAHUSI, OCTAJIbHBIC 3aTPAThl PACCUUTHIBAIOTCS KOCBEHHBIM CIIOCOOOM, 3TO

3aTpatThl HA COAEPKAHNE OOIIETEXHUUECKUX CITYXKO.
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5.5.1 Pacuer maTepuajbHBIX 3aTpPaT
Bce pabotsr aiist BKP npoBoaunuck Ha mia3MaTtpoHe UM Ha Kommbiotepe. B
Ka4yeCTBE MAaTEpUAIBHBIX 3aTpaT IPEACTaBJICHBl 3aTpaTbl HA JTAHOJ, ALETOH U

Hutpat maraus MQ(NO,),. MatepuanbHble 3aTpaThl, HEOOXOIUMBIC IJISl TAHHOW

pa3palboTKu, 3aHeceHbl B Ta0uIty 20.

Tabnuua 20 — MaTepuanbHbie 3aTpaThl

HaumenoBanue matepuaion Ilena 3a exn., pyo. Koi-80 Cymma, pyo.
OTa”on 60 2,5 m. 150
AnetoH 244 2,5 1. 610
Hurpar maraus Mg(NO,), 1040 2,5 KT. 2600
Hroro: 3360 pyo.

Takum oOpazoMm oOmas cymMmmMa MaTepHabHBIX 3aTparT Ui JIaHHOMU

pa3pabotku coctaBuiia 3360 pyoneit.

5.5.2 Pacyer amopTH3auuu 000PYI0BAHUSA /IS IKCIIEPUMEHTOB

Pacuér amopTm3ammu TpPOW3BOAWTCS HAa HAXOMSIIEECS B HCIOIH30BAHUU
obopytoBaHUE.

Bce paborer msi BKP mpoBogunuce Ha Imiia3MeHHOM Mojyle Ha Oasze
BeICOKOUacTOTHOrO reneparopa BUI™ 8-60/13-01 u Ha mepcoHaIbBHOM KOMITBIOTEPE,

3aTpaThl Ha 00OPYAOBaHUS MPECTABICHBI B Tabymie 21.

Ta6mmma 21 — 3arpatel Ha 060pyIOBaHUE

Cpoxk OO6mmast
Koi- Ilena eqMHULIBI
Hanmenosanue [IOJIE3HOTO CTOUMOCTh
Ne BO, 00opynoBaHus,
o0opyoBaHus HCMIOJIBL30BaHMS, obopynoBanus,
IIT. pyo.
JET pyo.
[Lima3sMeHHBI MOAYIBb
Ha Oase
1 BBICOKOYAaCTOTHOT'O 1 15 10000000 10000000
reHeparopa BUI" 8-
60/13-01
2 Hepconanbibiit 1 3 45000 45000
KOMITBIOTEP
Hroro: 1045000 py6.

Pacuer amopTu3aiuu npoBOAUTCS CIAEAYIOLUIUM 00pa3oM:
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Hopma amopTtu3zanuu paccuutbiBaercs mno ¢popmysne 4.3:
Hy =—, 4.2
A =s (42)

rze N — CpoK MOJE3HOTO UCIIOJIb30BAHHUS, JIET.
AmopTtuzanus paccuuTbiBaeTcs 1o popmyne 4.4:
Hy - U

IV

- m, (4.3)

rae U — urorosast cymma, ThIC. pyo.;

M — BpeMsl UCTIOJIb30BaHUS, MEC.

Paccuutaem aMmopTH3a1Mio TIIa3MEHHOTO MOYJIsl Ha 6a3€ BHICOKOYaCTOTHOTO
reaepaTopa BUI' 8-60/13-01, yuuThiBast, 4TO CPOK IOJIC3HOTO MCIOIb30BaHMS 15

JICT:

Hy =~ = — = 0,06
ATnT 15T T

Paccuntaem aMOPTHU3alIUIO AJIA IMICPCOHAJIBHOI'O KOMIIBIOTEPA, € y‘léTOM, qTo

CPOK ITOJIC3HOI'O UCIIOJIB30BAHUA 3 roaa:

H —1—1—033
AT p T 37 T

OO0myr0 cymMMy aMOpPTU3AIIMOHHBIX OTYHUCICHUN HAXOAUM CIEIYIONIUM

obpazom:

Monyinb Ha 0a3e BeICOKOYacTOTHOrO reHeparopa BUI™ 8-60/13-01:

Hy- U 0,06 - 10000000
=1 m = 12 -4 = 200000 py®.
[IepcoHAIBHBIN KOMITBIOTED:
Hpy- U 0,33 -45000
=~ m = 7 -4 = 4950 pyO®.

CymMapHbIe 3aTpaThl aMOPTU3AIMOHHBIX OTYHCIICHUN:

A = 200000 + 4950 = 204950 py®6.
B nmamHoMm pasnmene mpoBeneH pacu€T aMOpTH3AIMK OOOpPYAOBAHHS IS
AKCIIEPUMEHTATBHBIX PaboT. AMOpTH3aIUs s TJIa3MEHHOTO MOJIyNs Ha Oasze
BbICOKOYacToTHOTO reHepaTtopa BUI' 8-60/13-01, yuuThiBasi, 9TO CPOK IOJIE3HOTO

ucnoibs3oBanusi 15 ner cocraBmwia 0,06, a obmas cymMMa aMOPTH3alMOHHBIX
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oruucinenuit 200000 py6neil. AMopTu3zanus AJid NEPCOHATBHOTO KOMIBIOTEPA, C
y4€TOM, YTO CPOK IOJIE3HOr0 HMCHoJib30BaHUs 3 roaa cocraBuna 0,33, a oOumas
CyMMa aMOpPTHU3ALMOHHBIX oTuuciaeHud 4950 pyOneit. CymmapHble 3aTpaThl

aMOPTHU3aLMOHHBIX oTUKClIeHui — 204950 pyonei.

5.5.3 3aTpaTtbl Ha onaaty Tpyaa MUCNOJAHUTENEeA HAYYHO-TEeXHUUYECKOro
nccnepoBaHuA

1) Oknag — onpenenserca npennpusituem. B TIIY  okimaasl
pacripefielieHbl B COOTBETCTBUU C 3aHMMAEMbIMHU JIOJDKHOCTSAMH, HaIpumep,
ACCHCTEHT, CT.MpeINojaBarelb, IOIEHT, podeccop.

2) CTuMyNIUpYIONIUE BBITUIATHI — YCTAHABIMBAIOTCS PYKOBOIUTEIEM
noapazfeneHuit  3a  A(PQGEKTUBHBIA TPy, BBINOJHEHHUE JOMOJHUTEIBHBIX
obsi3anHOCTEe W T.1. JlomomHuTenbHas 3apaOoTHas TjlaTa BKIIOYAET OIJIATy 3a
HenpopaboTaHHoe BpeMsl (odyepeqHOM U y4eOHBI OTHYCK, BBIMOJIHEHUE
roCy/IapCTBEHHBIX 003aHHOCTEMH, BHIIJIATA BOSHATPAKICHU 32 BBICIYTY JIET U T.11.)
u paccuutbiBaerca ucxons u3 10-15% oT ocHOBHOW 3apabOTHOM ILIATHI,
pabOTHUKOB, HETIOCPEJACTBEHHO YYACTBYIOIINX B BHITIOJIHEHUE TEMBI:

CraThs BKIIOYAaE€T OCHOBHYIO 3apa0OTHYIO IIaTy paOOTHUKOB (BKIOYAs
IPEMUH, JTOTUIATHI) U JOTIOTHUTENBHYIO 3apa0b0THYIO TUIATY:

C31'[ = 30(:H + 3,&0111 (4-4)
rae 3ocn — OCHOBHAS 3apaboTHA TUIaTa;

30n — IOMIOJIHUTENIbHAS 3apaOOTHAs TIATA.

3,qor1 = K,ELOH * Bocw (4.5)
rje 37101 — AONOJIHUTENbHAS 3apa0doTHAs 1aTa B pyOsIsx;

Kon — KO3 PHUIEEHT TOTOTHUTETFHON 3apIIATHI;

30cn — OCHOBHAs 3apabOTHAs TUIaTa B pyOIsix.

OcHoBHas 3apabOoTHAs MIaTa PYKOBOJIUTENS PACCUUTHIBACTCS 0 (popmyIie:

Boctt = Tpag * Spw (4.6)

r7ie 3ocu — OCHOBHAS 3apaboTHAs IJ1aTa OJHOTO PAOOTHHKA;
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Tpas — TPOAOIKUTENBHOCTh PabOT, BBIMONHAEMBIX HAYyYHO-TEXHUYECKUM
pPaObOTHUKOM B pabOUUX IHSX;
3 — CpeIHeAHEBHAs 3apaboTHas 11aTa paboTHUKA B PyOIIsX.

CpenHenHeBHas 3apa00THas IJ1aTa paccuuThiBaeTcs 1o popmyne 4.7:

3y - M @7
AH = ) .
Ty
rje 3,,— MECSIYHbBIN JIOJPKHOCTHOU OKJIaJl paOOTHHKA, PYO.;
M — konu4ecTBO MecAIeB paboThl O€3 OTITyCKa B TEYEHUE T0/1a:
Ts - nelicTBUTENbHBIM TOHOBOM (oHA pabodyero BpeMEHU HAYYHO-
TEXHUYECKOTr0 MepcoHasa, pad.aH. (Tadmuna 22).
Tabnuua 22 — bananc pabodero BpeMeHH
[Toka3zarenu pabodero BpeMeH! PykoBoautens Ucnonnautens
KanennapHoe uncno gaei 365 365
KonnuecTBo HEpabounx qHEH (BBIXOAHBIC,
Mpa3IHUKH): 66 66
-BBIXOIHBIC/TIPa3THUYHEIE.
OTIycK/HEBBIXOIBI TIO 00JIE3HU 56 48
JleficTBUTENBHBIN TOO0BOM (OHT paboyero 243 251
BPEMEHU

HcnonHuTens BO BpeMs HaNHMCaHUS [UILIOMA €KEMECSYHO MOJy4aeT
Bo3Harpaxkaenue B pasmepe MPOT 13890 py6. OcHoBHas 3apaboTHas Iuiata
HAy4YHOTO PYKOBOJMTEJS PACCUUTHIBAETCS HA OCHOBAHMHM OTPACIEBOW OIUJIATHI
TpyJa.

Jlist pacuéra MECSYHOTO JOJIKHOCTHOTO OKJIaJa pabOTHHUKA MPUMEHSETCS
dbopmymna:

3M = 3ok * Ka, (4.8)
rae 3ox— 3apaboTHas 1IaTa 1mo okianay, pyo.;

K, — paiioHHBII KO3 GUITUEHT, paBHBIH 1,3.

PykoBonutenem MaHHOW Hay4HO-HCCIENOBATENbCKON pabOThl SIBISETCS
noueHt MATII Tomckoro moimTexHUYeCKOro yHuBepcutera ¢ oknagom 37700
pyO:eii. Pacuét ocHOBHOI 3apab0OTHOM MIIaTHl MPUBEIEH B Tabwmie 23.

Tabnuia 23 — Pacu€t ocHOBHOM 3apaO0THOM T1aTh

Ucnonunrenn 3ox> PYO. 3., PYO. 3> PYO. Tpas, 1H 3ocu> PYO.
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PykoBoaurens 37700 49010 2343 8 18744
Ucnonuurens 13890 18057 863 63 54369

UTOro 3, 73113 pyb.
3aTparthl TO JOMOJHUTEILHOM 3apaOOTHON IUIaTe HCIOJHUTENICH TEMBI

YUYUTBHIBAIOT BEIIMYUHY NPEAYCMOTPEHHBIX TpynoBeiM KoxekcoM Pd npormiar 3a
OTKJIOHEHUE OT HOPMAJIBHBIX YCJIOBUW TpPYZa, a TAKKE BBIILIAT, CBS3AHHBIX C
oOecreyeHneM rapaHTuii 1 KOMIIEHCALUH.

JlononHutenbHas 3apaboTHas Tu1aTa paccuuThiBaeTcst ucxoas uz 10-15 % ot
OCHOBHOM 3apa0OTHOW IJIaThl paOOTHUKOB, HEMOCPEICTBEHHO YYACTBYIOIIMX B
BBIIIOJIHEHUU TEMBI.

[Tpumem k03P GUIIMEHT AOMONTHUTEIBLHON 3apabOTHOM IMJIATHI AJI HAYYHOTO
pykoBoauTensi paBHbIM 15 %. Pe3ynbTaThl pacyéTa OCHOBHOM M JTOMOJHUTEIBHOMN
3apa0OTHOM TIUIAThl HMCIIOJHUTENEH HAYyYHOTO HCCJEJOBAHMS IPEACTABICHBI B
Tabnuue 24.

Tabmuma 24 —3apaboTHas 1m1aTa UCTIOTHUTENICH UCCIIeI0BaTeIbCKON paboThI

3apaboTHas 1uiaTta PykoBoautens Ucnonnutens
OcHoBHas 3apruiara 18744 54369
JlonosmHuTeIBHAS 3apIiaTa, pyo. 2812 8155
3apruiata UCIIOJTHUTEIS, PYO. 21556 62524
Hroro o cratbe Csy, pyo. 84080 pyo.

Takum o00pa3oM B pasjene paccuuTaHbl 3aTpaThl Ha OIUIATy Tpyda
UCTIOJIHUTENEH  HAyYHO-TEXHHYECKOTO  HCCIeNOBaHMA. 3apa0oTHas  IuUiaTa
pykoBonutensi — 21556 pyO, a ucnomnurtens — 62524 pyOneii. CymmapHas

3apaboTHas M1aTta ucrojHuTeael coctapmia 84080 pyOiei.

9.5.4 OtumciieHnsi BO BHEOIOIKeTHBIE (DOH/IBI

Bennuyuna otuncnenuit Bo BHEOIOKETHBIE (DOHABI ONIPENEIIAETCS UCXO IS U3
crenyromieit GopMyIbl:
331—1e6 = k131-1e6 : (30CH + 3,&011)' (4-9)
1€ Kpnes — KOXDPUUUMEHT OTUMCICHUN HaA yIUIaTy BO BHEOIOJKETHbIE (POHJbBI
(meHcuonHbt  poHA, GOHA 00S3aTEABLHOIO MEIUIIMHCKOTO CTpaxOBaHUS U
coruanbHoe cTpaxoBanue). O6mas craBka B3HOCOB cocTanisieT 30%.
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Kosdpdumment oruucnennii Ha ymiaaTy BO BHEOIOJKETHbIE (HOHABI
COCTaBJISIET:

Kpues = 0,3.

Takum 00pa3oM OTYUCIEHHMS BO BHEOIOJKETHBbIE (POHIBI OT 3aTpaThl Ha
OIJIaTy TPyZa PYKOBOAMUTENS BBIUUCIIAIOTCS CIEAYIOIUM 00pa3oM:

3aneg = 0,3 - 21556 = 6510 pyO.

Otuncnenuss BO BHeOHOKeTHbIE (DOHABI OT 3aTpaThl Ha OIUIATY TpyJa
UCTIOJIHUTENS BBIUUCIIAIOTCS CIAEAYIOLUIUM 00pa3oM:

3gues = 0,302 - 62524 = 18882 py6.

B pesynbTare pacy€ToB ObUIM ONpeeieHbl OTUYUCICHUS BO BHEOIOIKETHbBIE
(GoHIBI OT 3aTpaT Ha OIUIATY TPyAa PYKOBOJAMUTENS U HCIOJIHUTEINS, MPU TOM YTO
K03 (HUIIMEHT OTYMCIICHUI Ha yIiaTy BO BHeOrokeTHbIe (hoH bl coctaBui 0,302.
Jlnst pykoBoauTens, oruuciaeHus: coctaBuinu 6510 py0., a s ucnonaurens 18882

pyOIIs.

5.5.5 Hakuaanble pacxoabl

B nannHyro cTaThio BXOIAT pacxXodbl HA COJIEpKAHUE almapara yrpaBJICHUs U
o0mexo3aicTBeHHBIX clyk0. [lo 3ToW crTaTrbe y4YMTHIBAIOTCA OIUlaTa Tpyjaa
aIMUHHUCTPATUBHO-YIIPABICHUYECKOTO IepcoHana, coiepKaHue 3/1aHH,
OPIrTEXHUKU M XO03. MHBEHTaps, aMOPTHU3allMsl MMYILIECTBA, PacXolbl MO OXpaHE
TpyJla U MMOJATOTOBKE KaJIPOB.

PacueT HakIaHBIX pacXo/I0B BEIETCSA IO CIEIYIONICH popMye:

Chaxn = Kuaxn - (cymma crareii 1-6), (4.10)
re K, ,,— K03hdUIMEeHT HaKIaIHbIX pacXooB, paBHbIi 0,16.
Haknannbsie pacxoabl COCTaBSIT:
3paxn = (25105 + 3360 + 204950 + 84080) - 0,16 = 50799 py®.

Ha ocHOBaHMM MOJNyYEHHBIX AAHHBIX 1O OTAEIbHBIM CTaThsIM 3aTpaT

COCTaBJISICTCS KAJIbKYJISIIUS MJIaHOBOM cebecTouMocTr Hay4yHO-

HCCIIEIOBATEIBCKOTO IPOEKTA, IPUBEJICHHAs B Ta0auIe 25.
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Tabnuia 25 — ['pynnupoBKa 3aTpaT Mo CTaThsIM

Crarbu
Amoptu | Coipse, | Ocno | Homnomuut | Otuncne | WUroro 6e3 | Haknaan Uroro
3a1us Marepu BHas CJIbHas HUS Ha HaKJIaaHbIX bIC 6IOH)KCTHa$I
aJbl 3apal | 3apaboTHa | coLMalb | PACXOJOB | pPacXoAbl | CTOUMOCTH
OTHas s 1iara HBIC
Ijiara HYXbl
204950 3360 | 73113 10967 25105 317495 50799 368294
pyo. pyo. | pyo. pyo. pyo. pyo. pyo. pyo.

B utore 61o/keTHasi CTOMMOCTh HAYYHOT'O UCCIe0BaHus cocTaBmiia 368294
pyOreil. B aTy cTOMMOCTBH BXOJAT: aMOpPTU3AIUsl, CTOMMOCTh ChIpbsi, MAaTEpUaJIOB,
OCHOBHas 3apa0oTHas 1JiaTa, JOMOJIHUTEIbHAs 3apa00THAs IJ1aTa, OTYMCIICHUS Ha
COLIMAJIbHbIE HYXJbl M HaKJIaJHbIEe pacxojbl, KoTopble coctaBuian 50799 pyoueit

npu ko3 punmenTe HakIagHBIX pacxooB 0,16.

5.6 OnpepeneHune pecypcHoi 3¢pPEeKTUBHOCTU NPOEKTA
NuTerpanbHblil mokaszatens pecypcoddHEKTUBHOCTH BApUAHTOB UCTIOTHEHUS
00BEKTa UCCIEAOBAHUS MOKHO ONPEAEUTh 1o hopmyse 4.11:

Ipi = Zai : bi, (411)
re lpi— MHTErpanbHBIi MOKas3aTelb pecypcodP(EKTUBHOCTH Ul i-r0 BapHaHTa
UCITOJTHECHUS Pa3pabOTKH;

aj; — BecoBO# KOA()(PUITMEHT 1-r0 BapuaHTa UCTIOJHEHHS pa3paObOTKH;

bf‘,bib— OanpHAasT OILIGHKAa 1-TO BapuaHTa MCIOJHEHHS pa3paboTKH,
YCTaHABJIMBAETCS HKCIIEPTHBIM ITyTEM IO BRIOPAHHOM ITKaJIe OI[CHUBAHUS.

Pacuer wuHTEerpanmpHOro mokazarens pecypcodPdEeKTHBHOCTH JTaHHOTO
MCCJIeI0BaHUS PEJCTaBIeH B hopMe TaOIuIlbI 26.

Tabmuma 26 — CpaBHUTEIbHASA OLEHKA XapaKTEPUCTUK BAPUAHTOB HCIOJIHEHUS

MPOEKTa
Becosoii Texkymwuii | Amnanor
Kpurepun K03 PurmeHt i Amnaror 2
IIPOEKT 1
napamerpa

1.Cnoco6cTBYyeT

POCTYITPOU3BOIUTEILHOCTH Tpyna 0,15 4 3 3
M10JIb30BaTEIS
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2.Y106¢cTBO B SKCIUTyaTaIH

(COOTBETCTBYET TpeOOBaHHSIM 0,15 5 4 2
notrpeduTenei)

3. IloMex0ycTOHYMBOCTD 0,15 4 4 2
4. DHeprocOepeKeHHE 0,1 5 4 3
5. HagexuocThb 0,25 4 4 4
6. MatepuaioeMKoCTh 0,2 4 3 4
Hroro 1 4,25 3,65 3,15

Ip =0,15-4+0,15-5+0,15-4+0,1-5+0,25-4+0,2-4 = 4,25
laq1 =0,15-3+0,15-4+0,15-4+0,1-4+0,25-4+0,2-3=3,65
lg2 =0,15-3+0,15-2+0,15-2+0,1-3+0,25-4+0,2-4 = 3,15
NuTterpanbublil GUHAHCOBBIN MOKa3aTeNh pa3padOTKU OMPEACIISICTCS KaK:
Ig _ q)q)i ’ (4.12)
max

rjae @; — CTOMMOCTh I-r0 BapHaHTa UCIIOJTHCHUS;
D,y .x— MaKcUMasibHasi cTOUMMOCTh ucnioanenuss HTU (B 1.4. ananorn).

WNuTerpanpHplii  mokazatenb d()PQPEKTUBHOCTH BapUAHTOB  HCIIOTHEHUS

p

paspabotku (I duHp

) 1 ananora (Ig,,,,) ONPe/IeNIeTCs Ha OCHOBAHHH HHTETPATLHOTO

nokazarensi pecypcodPeKTUBHOCTH U MHTErPabHOTO (PUHAHCOBOTO IMOKA3aTels

o ¢popmysam:

p _ 4.13
I(l)m{p - é’ ( )
Y 4.14
18 p = i (4.14)

[P b 225 _ 497

GuHp ~ 1Y 0,89
@ —la_365_,
buHp 2 09 :
q) )
CpaBHeHHE UHTETPATBHOTO MOKa3aTess 3QPEKTUBHOCTH TEKYIIEro MPOeKTa
¥ aHAJIOTOB TMO3BOJIUT OTPEEIUTh CPABHUTEIbHYIO () PEKTUBHOCTD MPOCKTA.
CpaBHutenpHas 3G ()EKTUBHOCT, MPEICTABICHHAS B Ta0OnuIe 27, MpoeKTa
onpenensiercs o popmyne 4.15:

B (4.15)

Aep = I

p

Tabnuia 27— CpaBHuTenbHas 3pGHEeKTUBHOCTD pa3paboTKu

Moxasarenu Ananor I |Amanor 2 |PaspaGotka |
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VuTerpanbHblii  TOKazarenb pecypcodddextuBHocTH 3,65 3,15 4,25
a3pabOTKH 1 aHAJIOTOB

WuTerpanbHbIi nmokaszarenb  3(PPEeKTUBHOCTH 3,65 3,15 4,25
BapHAHTOB MCIOJHEHHUs pa3pabOTKH U aHAJIora

CpaBHUTENIbHAS 3P PEKTHBHOCTH BapuantoB | 1,09 1 1,12
VCTIOJTHEHUS

Ha ocHoBe pacuera HMHTErpajibHOrO MOKa3aTes C ONpEIeTIeHHEM JABYX
CPEIHEB3BEUIEHHBIX BEJINYUH: (dbuHaHCOBOM 3¢ pexTuBHOCTH U
pecypcoddPEeKTUBHOCTH HAYYHOTO HCCIEIOBaHMS MOXHO 3aKJIIOYHUTh YTO,
CpaBHUTEJbHASI OIICHKA TEKYIIETO MPOEKTa BHIIIE IPYTUX aHAJIOTOB

B pe3ynbrare BbINOJHEHUS JAHHOTO pasjiesia MOXKHO CHelaTh CIeAYIOLIne
BBIBOJIBI:

1. Pe3ynbTaToM MPOBEICHHOTO aHAIN3a KOHKYPEHTHBIX TEXHUYECKHX
pelieHni SBIISIETCS BEIOOP OJIHOTO W3 BAPUAHTOB pean3allii yCTPONCTBA, KaK
HauboJee MPEANOYTUTEILHOTO U PAllMOHATIBLHOTO, 10 CPABHEHUIO C aHAJIOTOM;

2. OmnpeneneHbl CUJIbHBIE M CJIa0ble CTOPOHBI TMPOEKTA, BBISBICHBI
BO3MOXKHOCTU M yTpo3bl JJis peanu3anuu npoekra. Beimonnen SWOT-ananus
IIPOEKTA;

3. B mporuecce miaHHpOBaHUS HAyYHO-UCCIIENOBATEIBCKOTO MPOEKTa
MIOCTPOCH TUIaH YMPAaBICHUS HAYYHBIM IMPOEKTOM, OMpEIeieHbl BUABI padoT,
YCTAHOBJICHBI IaThl Ha4aJjla ¥ OKOHYAHUS Pa0dOT U COCTaB YYACTHUKOB;

4, CoctaBieH OMOKET MPOSKTUPOBAHUS, ITO3BOJISIONIUN  OIICHUTH
3aTpaThl HA PeaTN3aIMIo MMPOEKTa, KOTOPBIE COCTABIAIOT 368294 pyo.;

Onenka 3¢ (HEeKTUBHOCTH HUCCIENOBAaHUS IOKa3ala, 4To pa3padaThiBaeMbId
MIPOEKT sABIILETCS Oosiee Y PEKTUBHBIM BapUAHTOM PEIICHHUSI IOCTABICHHOM 3a/1aun

I10 CPABHCHHUIO C IIPCIAJIOKCHHBIM aHAJIOTI'OM.

Findings
1. A review and comparative analysis of literary sources on methods of

separate and joint production of fuel oxide compositions "uranium oxide - plutonium
oxide - magnesium oxide" from aqueous nitrate solutions is carried out. Their

advantages and disadvantages are disclosed;
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2. Calculations of combustibility characteristics of water-organic nitrate
solutions of different compositions, including aqueous nitrate solutions of fissile
(uranium and plutonium), matrix (magnesium) metals and organic component
(ethanol, acetone) resulted in determining the optimal composition of HNR
solutions, having Tad =~ 1500 K and providing their energy-efficient recycling;

3. According to the results of thermodynamic calculation of the process
under study in the form of optimal composition of BONR solutions in a wide range
of temperatures (300-4000 K) and mass fraction of air plasma heat transfer medium
(10-90 %) the following optimal conditions are determined:

3.3  WONS-65 (58.02 % - UOj; 1.98 % - PuO,; 40 % - MgO); WONS-67
(48.35 % - UOy; 1.65 % - PuO3; 50 % - MgO); WONS-74 (57.36 % - UO,; 1.98 %
- PuO2; 40 % - MgO); WONS-76 (47.8 % - UO; 1.65 % - PuO,; 50 % - MgO);

3.4  Composition of WONS-65 based on ethanol: [37.095% - H,0O; 32% -
C2HsO; 9.055% - UO2(NO3)2-6H.0; 0,361% - Pu(NO3)s,6H,0; 21.488%
Mg(NO3)2'6H20];

3.5 Composition of WONS-67 based on ethanol: [37.124% - H,0; 33%
CoHeO; 6.495% - UO2(NO3)26H20; 0,259% - Pu(NOs)s-6H20; 23.121%
Mg(NO3)2:6H20];

3.6 Composition of WONS-74 based on ethanol: [36.53% - H,O; 33%
CoHsO; 8.821% - UO2(NO3)26H20; 0,474% - Pu(NOs)s-6H20; 21.174%
Mg(NOs)2:6H,0];

3.7 Composition of WONS-76 based on ethanol: [36.001% - H,0O; 35%
C2HsO; 6.23% - UO2(NOs)6H20; 0,335% - Pu(NOs)s6H,0; 22.4326%
Mg(NOs)2:6H,0];

3.8 Mass ratio of phases: 73% - Air, 27% - WONS - (65); 73% - Air, 27%
- WONS - (67); 73% - Air, 27% - WONS - (74); 73% - Air, 27% - WONS - (76);

3.9  Operating temperature: 1550+50 K;

3.10 Specific energy consumption: Ey = 78.766 (WONS - 65); 90,622
(WONS - 67); 78.8241 (WONS - 74); 90,5645 (WONS - 76);
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4 Experimentally obtained model oxide compositions and investigated their
physical and chemical properties;
5 Scientifically substantiated recommendations have been prepared for for the
practical implementation of the process.
Conclusion
The results of the calculations can be used to create technology and equipment
for the plasmachemical synthesis of oxide compounds from water-organic nitrate

and other solutions.

References
1. Savchenko A, et al. Zirconium matrix alloys for high uranium content

dispersion type fuel. — International Meeting On LWR Fuel Performance «Nuclear
Fuel: Addressing The Future», Salamanca, Spain, 22—-26 October, 2006. — P. 22.

2. 19.  Current Status of Neutron Capture Therapy // IAEA - TECDOC-
1223, IAEA, Vienna, 2001.

3. Kleykamp H. Selection of materials as diluents for burning of
plutonium fuels in nuclear reactors // J. Nucl. Mater. — 1999. — V. 275. — No 1-2. -
P. 1.

4, Chauvin N., et al. In-pile studies of inert matrices with emphasis on
magnesia and magnesium aluminates spend // J. Nucl. Mater. — 1999. — V. 274. —
No 1-2. —P. 91.

5. Matzke H.J., Rondinella V.V., Wiss T. Materials research on inert
matrixes: a screening study // J. Nucl. Mater. —1999. — V. 274. — No 1-2. — P. 47.

6. Yanagisawa K., et al. Density, porosity and grain size. (1) Unirrodiated
Rox Fuels // J. of Nucl. Science and Technol. 1999. — V. 36. — No 11. — P. 1052.

7. Alekseev S.V., Zaitsev V.A. Thorium in Nuclear Power Engineering. -
M: Technosphere, 2014. - 394 c.

8. Wymer R.G. Laboratory and engineering studies of sol-gel processes at
Oak-Ridge Nat. Lab. Sol-gel processes for ceramic nuclear fuels, Vienna, 6-10 May,
1968. IAEA. — Vienna, 1968. — P. 131,

89



Q. Waldron M.B. Technology of plutonium used in reactor systems //
Proceedings of the Second International Conference on the Peaceful Uses of Atomic
Energy. Geneva, 1958. Selected Papers of Foreign Scientists. T. 6. Nuclear Fuel and
Reactor Materials. - M.: Atomizdat, 1959. - C. 627.

10. Novoselov I.Yu., Karengin A.G., Shamanin I.V. e.a. // AIP Conference
Proceedings. — 2018. — Vol. 1938. — P. 1-7.

11. Karengin, A. A. Karengin, I. Yu. Novoselov. e.a. // Journal of Physics:
Conference Series. — 2021. — Vol. 1989. — P. 1-5.

12. Labor Code of the Russian Federation from 30.12.2001 Ne 197-FZ (ed.
from 28.03.2021) // Sobranie zakonodatelstva RF. - 07.01.2002.

13.  SanPiN 2.2.2/2.4.1340-03 "Hygienic requirements for personal
electronic computers and work organization.

14. SanPiN 1.2.3685-21 "Hygienic specifications and requirements for
provision of safety and (or) harmlessness of environmental factors for people™.

15. GOST 12.1.007-76 "SSBT. Hazardous substances.

16. GOST 12.1.038-82 SSBT electrical safety.

17. SanPiN 2.2.4/2.1.8.055-96 Electromagnetic Radiation of Radio
Frequency Range.

18. GOST 12.1.004-91. Fire Safety".

19. SanPin 2.2.4.3359-16 "Sanitary and Epidemiological Requirements to
Physical Factors at Workplace".

20. MU 2.6.5.033-2017 Organization of ventilation at radiation hazardous
enterprises (productions) of Rosatom State Corporation

21. GN 2.2.5.1313-03 Maximum permissible concentrations (MPC) of
harmful substances in working area air. 22.

22, SP 12.13130.2009 "Determination of explosion and fire hazard
categories of premises, buildings and outdoor facilities".

23. GOST 12.4.011-89 "SSBT. Protective equipment for workers. General

requirements and classification".

90



APPLICATION A

Table A 1. Calculation results of the acetone-based WONS in the "TERRA" program
for o = 0,033

Bo3 Q(nr), | T(ad), | E(sp),
ayx, | UO Us0 MJ/k K MJ/k
Ne % 2 | UsOg 9 UO3 | PUuO; | MgO | C g g
o0=33
91,865% - UO2; 3,135% - PuO2; 5% - MgO
- 56 + - + - + + +| 5,35 | 1570,3
WONS-1 | 57 + - - - + + -| 535 | 1550,5 | 20,33
WONS-2 | 58 + - - - + + -| 535 | 1530,6 | 20,34
WONS-3 | 59 + - - - + + -| 535 | 1510,4 | 20,72
- 60 + - + - + + -| 535 | 1470,1
- 61 - + + + + + -| 535 | 14575
WONS-41 | 71 + - + - + + -| 8,63 | 1811,7 | 31,71
87,03% - UO2; 2,97% - PuO2; 10% - MgO
- 56 + - - - + + +| 5,32 | 1536,6
WONS-4 | 57 + - + - + + - | 532 | 1517,7 | 23,85
- 58 + - + - + + - | 5,32 | 1498,5
- 59 + - + - + + - | 532 | 1479,2
- 60 - + + + + + - | 532 | 1498,5
WONS-42 | 71 + - + - + + -| 8,6 1784,6 | 36,80
82,195% - UO2; 2,805% - PuO2; 15% - MgO
- 58 + - - - + + + ] 562 | 15494
WONS-5 | 59 + - - - + + - | 5,62 | 1529,4 | 28,39
WONS-6 | 60 + - - - + + - | 5,62 | 1509,3 | 28,61
- 61 + - + - + + - | 5,62 1488
- 62 - + + + + + - | 562 | 1457,3
WONS-43 | 70 + - - - + + - | 8,57 | 1806,5 | 41,58
WONS-44 | 71 + - + - + + -| 857 | 1770,3 | 41,75
77,36% - UO2; 2,64% - PuO2; 20% - MgO
- 61 + - - - + + +] 593 | 15415
WONS-7 | 62 + - + - + + -| 5,93 | 1520,1 | 33,76
- 63 - + + + + + - | 5,93 1488
WONS-45 | 70 + - - - + + -| 855 | 1792,1 | 48,15
WONS-46 | 71 + - + - + + -| 855 | 17555 | 46,74
67,69 % - UO2; 2,31% - PuO2; 30% - MgO
- 63 + - - - + + +] 6,55 1607
WONS-8 | 64 + - - - + + -| 6,55 | 1583,4 | 44,75
- 65 - - + - + + -| 6,55 1548,8
- 66 - + + + + + -| 6,55 | 15224
WONS-47 | 70 + - - - + + -| 853 | 1767,1 | 56,65
58,02% - UO2; 1,98% - PuO2; 40% - MgO
- 65 + - - - + + +| 6,86 | 15654
WONS-9 | 66 + - + - + + -| 6,86 | 1577,2 | 55,15
- 67 - + + + + + -| 6,86 | 1584,4




WONS-48 [ 70 | + | - [ - | - | + + |-] 851 | 1756 | 66,59

48,35% - UO2; 1,65% - PuO2; 50% - MgO

- 64 + - - - + + +| 684 | 1617,8
63,05
WONS-10 | 65 + - - - + + -| 6,84 | 15935 0
- 66 + - + - + + -| 6,84 1557,2
- 67 - + + + + + -| 6,84 | 1531,2
+ +

WONS-49 | 70 + - - - - | 8,55 1745 | 76,17

Table A 2. Calculation results of acetone-based WONS in the "TERRA" program
for a = 0,044

Bo3 Q(nr), | T(ad), | E(sp),
ayx | UO UsO | UO | PuO MJ/k K MJ/k
Ne % | 2 UsOg 9 3 2 MgO | C g g
a=4.4
90,82% - UO2; 4,18% - PuO2; 5% - MgO
- 56 + - - - + + + | 535 1571,4
WONS-11 | 57 + - - - + + - 5,35 1551,6 | 20,45
WONS-12 | 58 + - - - + + - | 535 | 1531,6 | 20,47
WONS-13 | 59 + - - - + + - 5,35 1511,5 | 20,72
- 60 + - + - + + - | 535 | 1470,5
- 61 - + + + + + - | 535 | 1458,3
WONS-50 | 71 + - + - + + - | 8,63 | 1812,4 | 31,71
86,04% - UO2; 3,96% - PuO2; 10% - MgO
- 60 + - - - + + + | 565 | 15334
WONS-14 | 61 + - + - + + - | 5,65 | 1511,9 | 25,29
- 62 - + + + + + - | 565 | 1174,3
WONS-51 | 71 + - + - + + - 8,6 1788,8 | 36,80
81,26% - UO2; 3,74% - PuO2; 15% - MgO
- 61 + - - - + + + | 595 | 1560,2
WONS-15 | 62 + - - - + + - | 5,95 | 1538,2 | 29,99
- 63 + - + - + + - | 595 | 1505,5
WONS-52 | 70 + - - - + + - | 857 | 1807,1 | 41,58
WONS-53 | 71 + - + - + + - | 857 | 1770,6 | 41,88
76,48% - UO2; 3,52% - PuO2; 20% - MgO
- 61 + - - - + + + | 593 | 15074
WONS-16 | 62 + + - + + - | 593 | 1520,6 | 33,76
- 63 - + + + + + - | 593 | 14837
WONS-54 | 70 + - - - + + - | 855 | 1792,5 | 48,15
WONS-55 | 71 + - + - + + - | 855 | 1755,7 | 46,92
66,92 % - UO2; 3,08% - PuO2; 30% - MgO
- 57 + - - - + + + | 557 | 1521,3
WONS-17 | 58 + - - - + + - | 5,57 | 1502,7 | 38,98
- 59 + - - - + + - | 5,57 1484
WONS-56 | 70 + - - - + + - | 853 | 1771,2 | 56,52
57,36% - UO2; 2,64% - PuO2; 40% - MgO
- (58 [ + [ - [ - ] -1 + ] + [+] 587 [ 1565 |
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WONS-18 | 59 + - - - + + - | 587 | 15455 | 4591
WONS-19 | 60 + - + + - | 5,87 | 1525,7 | 46,54

- 61 - + + + + + - | 5,87 | 1487,7
WONS-57 | 70 + - - - + + - | 851 | 1756,3 | 66,5

47,8% - UO2; 2,2% - PuO2; 50% - MgO

- 58 + - - - + + + | 5,85 | 1541,8
WONS-20 | 59 + - - - + + - | 585 | 1522,6 | 54,93
WONS-21 | 60 + - - - + + - | 585 | 1503,3 | 55,40

- 61 + - - - + + - | 585 | 1483,8

- 62 + - + - + + - | 585 | 1462,8

- 63 - + + + + + - | 585 | 1433/4
WONS-58 | 70 + - - - + + - | 8,49 | 1745,2 | 76,45

Table A 3. Calculation results of ethanol-based WONS in the "TERRA"™ program
for o = 0,033

Q(nr) | T(ad), | E(sp),
Bo3n , K MJ/kg
yx, | UO | UsO | UsO | UO | PuO | Mg MJ/k
No % 2 8 9 3 2 O |C| ¢
a=33
90,82% - UO2; 4,18% - PuO2; 5% - MgO
- 67 + - - - + + |+ | 6,64 | 1534,2
WONS-22 | 68 + - + - + + -| 6,64 | 1507,7 28,79
- 69 - + + + + + -| 6,64 | 1470,1
- 73 + - - - + + |+ | 899 | 17374 37,60
86,04% - UO2; 3,96% - PuO2; 10% - MgO
- 67 + - - - + + |+ | 6,89 | 1560,8
WONS-23 | 68 + - - - + + -| 6,89 | 15345 34,49
- 69 + - + - + + -| 6,89 | 14895
- 73 + - - - + + |+ | 858 | 1649,9 43,61
81,26% - UO2; 3,74% - PuO2; 15% - MgO
67 + - - - + + |+ | 6,87 | 1543,8
WONS-24 | 68 + - - - + + -| 6,87 | 1517,5 39,22
- 69 + - + - + + -| 6,87 | 14755
WONS-59 | 72 1669,9 50,64
+ - - - + + - | 8,55 78
WONS-60 1635,7 49,47
73 + - - - + + - | 8,55 33
76,48% - UO2; 3,52% - PuO2; 20% - MgO
67 + - - - + + |+ | 685 | 15294
WONS-25 | 68 + - - - + + - | 6,85 | 1504,2 43,96
- 69 - + + - + + -| 6,85 | 1467,9
WONS-61 | 72 + - - - + + - | 8,53 | 1658,2 56,70
WONS-62 | 73 + - - - + + - | 8,53 | 1624,5 55,39
66,92 % - UO2; 3,08% - PuO2; 30% - MgO
- 68 + - - - + + |+ 71 1532,6
WONS-26 | 69 + - - - + + - 71 1506,5 55,91
- 70 - + + + + + -1 71 1470,9




WONS-63 | 73 1608,0 67
+ - - - + + -| 851 3
57,36% - UO2; 2,64% - PuO2; 40% - MgO

- 68 + - - - + + |+ | 7,36 | 1566,6
WONS-27 | 69 + - - - + + | -] 7,36 | 1539,9 67,41

- 70 + - - - + + | -| 7,36 | 15134
WONS-64 | 72 + - - - + + | -] 849 | 1629,1 81,06
WONS-65 | 73 + - - - + + | -] 849 | 1596,4 78,76

47,8% - UO2; 2,2% - PuO2; 50% - MgO

- 68 + - - - + + | +| 7,63 | 1603,8
WONS-28 | 69 + - - - + + | -| 7,63 | 1576,4 79,91
WONS-29 | 70 + - - - + + | -| 7,63 | 1548,7 84,03
WONS-30 | 71 + - + - + + | -| 7,63 | 1520,2 88,43

- 72 - + + + + + | -| 7,63 | 1480,3
WONS-66 | 72 + - - - + + | -| 847 | 1620,2 92,72
WONS-67 | 73 + - - - + + | -| 847 | 1587,9 90,62

Table A 4. Calculation results of ethanol-based WONS in the "TERRA" program
for o = 0,044

Ai
r,| UO | UsO | UsO | UO | PUuO | Mg Q(nr), E(sp),
Ne % | > 8 9 3 2 O |C|MJkg | Td),K | MJ/kg
a=4,4
90,82% - UO2; 4,18% - PuO2; 5% - MgO
- 67| + - - - + + |+ | 6,93 1584,8
WONS-31 | 68 | + - - - + + | -| 6,93 1557,6 29,72
WONS-32 | 69 | + - + - + + | -| 6,93 1528,9 31,16
- 70| - + + + + + | -| 6,93 1489,7
- 73| + - - - + + |+]| 861 1669,1 37,59
86,04% - UO2; 3,96% - PuO2; 10% - MgO
- 67| + - - - + + | +| 6,89 1561,5
WONS-33 | 68| + - - - + + | -| 6,89 1535, 34,46
- 69| + - + - + + | -| 6,89 1489,7
- 73| + - - - + + |+ | 8,58 1659,2 43,61
81,26% - UO2; 3,74% - PuO2; 15% - MgO
- 68| + - - - + + |+ 7,15 1566,3
WONS-34 | 69 | + - + + | -| 7,15 1539,1 40,79
- 70| - + + + + + |- 7,15 1501,6
WONS-68 | 72 | + - - - + + | -| 855 1670,4 48,83
WONS-69 | 73| + - - - + + | -| 855 1635,9 49,41
76,48% - UO2; 3,52% - PuO2; 20% - MgO
- 68| + - - - + + |+ | 7,41 1600,6
WONS-35 | 69 | + - - - + + |- 741 1572,8 47,17
WONS-36 | 70 | + + + |- 741 15447 49,55
- 71| - + + + + + |- 741 1188,3
WONS-70 | 72 | + - - - + + | -| 854 1658,6 54,66
WONS-71 | 73| + - - - + + | -| 854 1624,9 55,30
66,92 % - UO2; 3,08% - PuO2; 30% - MgO
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- /1] + - - - + + |[+] §21 1621,2
WONS-37 | 72| + - + + | -] 8§21 1589,8 64,46
- 73| - + + + + + | -| 8§21 1553,1
WONS-72 | 73| + - - - + + | -] 851 1608,3 67,07
57,36% - UO2; 2,64% - PuO2; 40% - MgO
- /1] + - - - + + |+] §21 1617,8
WONS-38 | 72| + + + | -] 8§21 1586,8 75,77
- 73| - + + + + + | -| 8§21 1546
WONS-73 | 72| + - - - + + | -] 849 1629,3 78,15
WONS-74 | 73| + - - - + + | -] 849 1596,2 78,82
47,8% - UO2; 2,2% - PuO2; 50% - MgO
- /1] + - - - + + |+ | 8,48 | 1652,049
WONS- 72| + - - - + + | -| 848 1620,3 92,71
39/75
WONS- [ 73| + - - - + + | -| 848 1588,1 90,56
40/76
- 74 - + + + + + - 8,48 1543,8
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APPLICATION B

Scientifically-based recommendations

Based on the results of the calculations the following optimal conditions for
the practical implementation of the process, providing the maximum yield of the
target product in the form of compositions can be recommend:

1.  WONS-65 (58.02 % - UOy; 1.98 % - PuO,; 40 % - MgO); WONS-67
(48.35 % - UO2; 1.65 % - PuOy; 50 % - MgO); WONS-74 (57.36 % - UO>; 1.98 %
- PuO2; 40 % - MgO); WONS-76 (47.8 % - UOy; 1.65 % - PuO2; 50 % - MgO);

2. Composition of WONS-65 based on ethanol: [37.095% - H,0; 32% -
C2H60; 9.055% - UO; (NOs)2-6H20; 0,361% - Pu(NOs)4-6H,0; 21.488% -
Mg(NOs),-6H20];

3. Composition of WONS-67 based on ethanol: [37.124% - H,0; 33% -
C2H60; 6.495% - UO; (NOs)2-6H20; 0,259% - Pu(NOs)4-6H,0; 23.121% -
Mg(NOs)2-6H20];

4, Composition of WONS-74 based on ethanol: [36.53% - H,O; 33% -
C2Hs0; 8.821% - UO; (NO3)2:6H20; 0,474% - Pu(NO3)4:6H20; 21.174% -
Mg(NOs)2-6H20];

5. Composition of WONS-76 based on ethanol: [36.001% - H,0; 35% -
C2Hs0; 6.23% - UO; (NO3)2:6H20; 0,335% - Pu(NO3)4-6H,0; 22.4326% -
Mg(NOg).:6H20];

6. Mass ratio of phases: 73% - Air, 27% - WONS - (65); 73% - Air, 27%
- WONS - (67); 73% - Air, 27% - WONS - (74); 73% - Air, 27% - WONS - (76);

7. Operating temperature: 1550+50 K;

8. Specific energy consumption: Eyq = 78.766 MJ/kg (WONS - 65);
90,622 MJ/kg (WONS - 67); 78.8241 MJ/kg (WONS - 74); 90,5645 MJ/kg
(WONS - 76).
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APPLICATION C
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