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ABSTRACT

Master's thesis contains: 100 pages, 38 tables, 11 figures, 77 references.

Keywords: silicon tetrafluoride, Q-cascade, mass transfer, mathematical
model, non-stationary process.

The object of study is the Q-cascade for obtaining silicon tetrafluoride
highly enriched in %Si.

The purpose of this work is to calculate the parameters of the Q-cascade to
obtain highly enriched #Si.

In the course of the study, the following were carried out: calculations of the
1st and 2nd stage of separation, as a result of which the profiles of the
corresponding Q-cascades and the dependences of the distribution of the
concentration of silicon isotopes over their stages were obtained. It is shown that
silicon isotopes are distributed over the stages of the cascade in accordance with
their mass numbers.

The calculation of the parameters of the Q-cascade to obtain highly enriched
28Sj showed that one stage of separation can produce 2°Si with a concentration of
99.92% with a product flow of 32.31 g/s. The number of stages of the cascade was
135.

It is recommended to use the heavy fraction waste flow of the first
separation stage for further enrichment of 2°Si and *°Si, since the concentration of
283 in this flow after the first separation stage is low (0.1%) and the mixture can be
considered two-component.

In the second separation stage, using a multi-stage separation process in the
light fraction waste flow, it is possible to achieve a **Si concentration of 99.74%
with a flow of 1.61 g/s. In the heavy fraction waste flow of the cascade, the *Si
concentration is 99.91% at a flow value of 1.08 g/s. At the same time, the number
of stages of the cascade of the second separation stage was 139.

The results can be used in the gas centrifuge technology for the separation of

multicomponent isotope mixtures at separation plants in Russia.
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Introduction

Isotopes are called atoms of the same chemical element, differing in mass
number. In order to fully use the properties of a certain isotope, it is necessary to
enrich the natural isotope mixture with respect to it to a high concentration close to
100%. The main industrial method for the separation and enrichment of isotopic
mixtures is the gas centrifuge method, which was originally developed for the
separation of uranium isotopes. Later, this method was used to separate stable and
radioactive isotopes of various chemical elements. To carry out the separation, the
isotope mixture in the gas phase is fed into a rapidly rotating rotor of a gas
centrifuge. In this case, heavy isotopes are concentrated near the rotor wall, light
isotopes are relatively closer to the rotor axis, due to this, a separation effect is
achieved. Multiplication of the separation effect is achieved by connecting stages
in series in a cascade [1]. In the cascade, the initial isotope mixture is separated
into a heavy fraction enriched in heavy isotopes and a light fraction with an
increased concentration of light isotopes.

Currently, isotope products are used in biology, medicine, nuclear power
engineering, and electronics. Silicon is the main element in the production of
semiconductor electronics. To improve the characteristics of manufactured
microcircuits based on silicon, it is enriched with *®Si. In a particular case, such
enrichment leads to an increase in the thermal conductivity of a silicon single
crystal [2]. In this regard, the development of a technology for obtaining highly
enriched #Si is topical.

The relevance of this work is due to the need to use the methodology for
calculating the parameters of model cascades to determine the possibility of
obtaining a highly enriched target isotope and to estimate the economic costs of its
production, since the theory of separation of multicomponent isotopic mixtures
does not allow calculating the parameters of a real cascade. Launching a cascade
for separating multicomponent mixtures requires an enormous amount of time and

resources.
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Carrying out the calculation of a model cascade is one of the stages of
designing a real cascade. Suitable model cascades for estimating the parameters of
a real cascade are special cases of a quasi-ideal cascade, such as Q-cascade and
R-cascade [3]. The paper presents the calculation of the parameters of the
Q-cascade to obtain #Si enriched to a concentration of 99.9%. If necessary, 2Si

can be enriched to a concentration of at least 99.999% according to the patent [4].
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1 Theoretical part

1.1 Properties of silicon, its isotopes and their applications

1.1.1 Physical properties

The free silicon atom in the ground state has the electronic configuration
[Ne]3s?3p®. Silicon crystallizes in the diamond structure with oo = 0.54 nm at
25°C, which corresponds to a Si-Si distance of 0.24 nm and a covalent atomic
radius of 0.12 nm,

The exact value of the density and lattice parameters of pure single-crystal
silicon make it possible to calculate the value of the Avogadro constant
(Na =6.0221363 - 10 mol™), which practically coincides with the generally
accepted value (N = 6.0221367 - 102 mol™) [5, 6].

At normal pressure silicon does not form allotropic forms. At high pressures,
the 4-coordination diamond-like Si—I structure transforms into other modifications.
Among them are Si—Il with a distorted diamond structure, Si—V with a primitive
hexagonal structure, and Si—VII with a hexagonal close packing. During these
transitions, the coordination number consistently increases [5, 7].

Silicon is much more volatile than carbon and has a lower evaporation
energy, which indicates a lower Si—Si bond energy. Silicon in the form of a simple
substance is a semiconductor with a noticeable gray-blue metallic luster.
Resistivity decreases with increasing temperature, as is the case with
semiconductors. Resistivity significantly depends on sample purity and is about
40 Ohm - cm at 25°C for high purity silicon.

Natural silicon contains 2°Si, #Si, and *°Si. There are no other stable
isotopes. In addition to the above isotopes, there are synthesized radioactive
isotopes of silicon: #*Si, **Si, #Si, Si, °Si, ?'Si, *'si, *Si, ¥si, ¥si, *"si, **si, *si,
7Si, ¥si, ¥si, “si, “si, “*si, *si, “!Si. At the same time, *'Si formed under the
action of neutrons on *°Si by the reaction Si**(n, y)Si** has a half-life of 2.62 h. It
can be determined by the characteristic g-radiation (En.x — 1.48 MeV). S-radiation
of *Si is used for the quantitative determination of silicon by neutron activation

analysis. The *Si radionuclide has the longest half-life (~172 years) and is soft
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(low energy). The half-life of the remaining radioactive isotopes of silicon is less
than 7 s. The #Si nucleus has a nuclear spin | = 1/2 and is increasingly used in
NMR spectroscopy [5, 8]. ®Si and *Si have zero spin. Table 1.1 lists the main
properties of stable silicon isotopes.

Table 1.1 — Properties of stable silicon isotopes [9]

Nuclide | J* M, Da 4, keV wnm | Ab,% | g,, mb
i 0 27.98 —21492.8 92.23 177
si |12° 28.98 21895.05 0,55 4.68 119
%Si 0 29.97 —24432.93 3.09 107

1.1.2 Chemical properties

Silicon is a chemical element of the 14th group, the third period of the
periodic system of chemical elements of D. I. Mendeleev, with atomic number 14.

Silicon atoms are characterized by the state of sp® hybridization of orbitals.
Pure crystalline silicon forms a diamond-like cubic crystal lattice with a
coordination number of 4, in which silicon is tetravalent and is bonded to
neighboring silicon atoms by covalent bonds. In compounds, silicon manifests

itself as a tetravalent element with oxidation states of +4 or —4.

Figure 1.1 — Scheme of covalent bonds in crystalline silicon
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Silicon is stable in air. Forms a protective oxide film. In crystalline form, it
is slightly reactive. Does not react with water, acids, hydrogen [10].

In the amorphous form, it is more active. Reacts with concentrated
hydrofluoric acid, alkalis. Oxidized by oxygen, halogens, reacts with hydrogen
halides, ammonia, hydrogen sulfide, metal sulfides when heated [5, 10].

Extremely active in the molten state. Reacts with alkali, alkaline earth and
other metals [5, 10]. Alloys, but does not react, with beryllium, aluminum, gallium,
indium, tin, antimony, zinc, silver, gold.

Silicon does not form binary compounds with germanium, tin, lead. In the
overwhelming majority of compounds, silicon has a tetrahedral structure, but
sometimes a coordination number of 6 and other rarer variants are encountered [5].

Industrial grade silicon is obtained by reducing the SiO, melt with coke at a
temperature of about 1800°C in shaft-type ore-thermal furnaces. The purity of
silicon obtained in this way can reach 99.9% (the main impurities are carbon and
metals).

Chemical reactions of silicon with various substances [5, 10]:

Si + 4NaOH = Na,SiO,4 + 2H,7;
Si + 2H,0 = Si0O, + 2H,1;
Si + 6HF = H,[SiFg] + 2H,1;
Si + 4HF = SiF, + 2H, (40-100°C);
3Si + 18HF+4HNO3= 3H,[SiFg] + 4NO?T +8H,0;
3Si + 18HF+2KCIO; = 3H,[SiFg¢] + 2KCI + 6H,0;
Si + 6HF+KNO;3; = H,[SiF¢] + 2KNO, + 2H,0;
Si + O, = Si0O, (1200-1300°C);
Si + 2F, = SiFy;
Si + 2Cl, = SiCl, (340-420°C, in toque argon);
Si + 2Br, = SiBr, (620-700°C, in toque argon);
Si + 21, = Sil, (750-810°C, in toque argon);

Si + 4HI = Sil, + 2H, (400-500°C).
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Si + S = SiS (650-700°C, p),
Si + 2S = SiS, (350-600°C).
Si + 2E = SiE; (at 800°C; E = Se, Te; in an argon atmosphere).
3Si + 2N, = Si3N, (1200-1500°C),
Si + C(graphite) — SiC (1200-1300°C).
Si + M = MSi (when fused; M = Na, K, Rb, Cs),
Si + 2M = M,Si (when fused; M = Mg, Ca),
Si— MSi, MSi, (when fused; M = Ca, Sr, Ba),
2Si + M = MSi, (when fused; M = La, Th, Ti, Cr, Mo, Mn, Fe).
3Si + 4NH; = SisN, + 6H, (1300-1500°C).
Si + 2H,S = SiS; + 2H, (1200-1300°C).

1.1.3 Application of silicon and its isotopes

Silicon is used in the manufacture of semiconductor devices, solar cells, the
production of alloys and the recovery of metals from oxides.

%8S is used in the doping of semiconductor materials with aluminum, in the
manufacture of monochromators [11, 12].

The #Si single crystal has a higher thermal conductivity than that of natural
silicon. This causes the use of a ?°Si single crystal to improve the thermal
conductivity of semiconductors [11-13]. It is believed that semiconductor chips
based on a ®Si single crystal provide faster heat dissipation [2, 15-17].Due to this,
the use of only ?°Si in the production of microcircuits contributes to an increase in
the packing density of transistors in a microcircuit and the clock frequency of the
microcircuit. In [2, 14, 18], the results of measurements of the thermal conductivity
of enriched *°Si are presented. The maximum value of thermal conductivity
enriched in %Si up to 99.7%, 99.8588% and 99.995% is respectively
4-10*W-mtK* 3-10° W-mtK™, 45 - 10* W-m™K™,

Since #°Si has zero spin, the idea of a quantum computer using the magnetic

properties of alloying phosphorus is proposed as a potential application of #Si
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single crystals [11, 12, 19]. For semiconductor quantum computing, the
concentration of 2Si must be at least 99.999% [20, 21].

Enriched #Si was used to create a new mass standard and refine the
Avogadro number within the Kilogram project [22, 23]. The required level of
relative uncertainty is achieved only when using highly pure highly enriched #Si
with a concentration of at least 99.999% at a relative concentration of ®Si to *°Si of
at least 5 and an impurity concentration of carbon and oxygen less than
1 - 10" atoms/cm?®, boron and phosphorus - less than 1 - 10" atoms/cm®.

2Si is used in the study of intrinsic and impurity defects, in the distribution
of impurities in semiconductor materials, in the detection of local centers and
irregularities in the structure of glasses, crystals, and ceramics by the electron
paramagnetic resonance (EPR) method [11, 12].

#Si is used in nuclear magnetic resonance spectroscopy (NMR
spectroscopy) [11-13, 24-26] and is used for instrument calibration in order to
expand the range of resonant frequencies detected by NMR spectroscopy [11-13].

Silicon-based quantum computing uses “Si nuclear spins as qubits, with 22Si
used as the substrate. The dipole coupling between adjacent °Si nuclear spins is
used for two-qubit operations, and the selectivity of the qubits is provided by a
large magnetic field gradient induced by a small magnet located next to the array.
The reading of each qubit is achieved by moving the state to the end of the chain
using a sequence of exchange operations between neighboring qubits. The spin
state of the *Si nucleus at the end of the chain is read from an electron in the
phosphorus atom located next to the 2°Si atom [27, 28].

%Sj is used in the production of the *'Si radioisotope by reaction
Si*(n, y)Si*!, in the study of silicon self-diffusion [11-13], and in the neutron
doping of semiconductor materials with phosphorus [11, 12, 29-32].

1.2 Used substance
A method is known for producing highly enriched #Si using silicon

tetrafluoride (SiF,) as a used substance [33]. The advantage of using this substance
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is that fluorine has only one stable isotope and its presence does not interfere with
the separation of isotopes of the main element. The use of fluorides for isotope

separation is a common practice in centrifugation.

1.2.1 Physical properties of SiF,

Silicon tetrafluoride (SiF,) is a binary inorganic compound of silicon and
fluorine. SiF, is a colorless poisonous gas with a pungent odor, thermally stable
[10, 34, 35].

The molar mass of SiF, is 104.08 g/mol. [10, 34, 35]. The critical
temperature of SiF, ;s minus 14.2°C and the critical pressure is 3.72 MPa. The
melting point of SiF4 is minus 86.8°C at 0.224 MPa. The boiling point of SiF, is
minus 65°C at 0.241 MPa. The sublimation temperature of SiF, is minus 95.7°C at
0.1 MPa [34, 35].

The sublimation pressure of purified SiF, by multiple fractionation is

expressed by the equation [34]:
1gp=-6100/, . +10,382 (1.1)

where P is pressure, mm Hg.; T is temperature, K.
Tables 1.2 and 1.3 show the density of gaseous and solid SiF,.
Table 1.2 — Density of gaseous SiF, at a pressure of 0.1 MPa [34]

t,°C| -95 -87 | 857 | -84 | 821|801 | 787 |-7/84| O

d,g/l | 1660 | 1630 | 1622 | 1614 | 1604 | 1598 | 1592 | 1590 |4.68

The density of SiF,at 15°C and 0,1 MPa is 4.43 g/I.

Table 1.3 — Density of solid SiF, at a pressure of 0.1 MPa [34]
t,°C —273 —195 —192 -183 -170
d, g/l 2200 2145 1960 2133 2170

SiF, has a tetrad molecule. In this case, the Si—F interatomic distance is
1.55 A [34, 35]. The force constant of the Si—F bond is 87000 dyn/cm [35].
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The main vibration frequencies of the SiF, molecule are given in Table 1.4.

Table 1.4 — Vibration frequencies of the SiF, molecule [34]

w, cm* 800

285

1000 431

The molar heat capacity and enthalpy of SiF,are given in tables 1.5 and 1.6.
Table 1.5 — Molar heat capacity of SiF,[34]

T, K C,, cal/mol K T, K C,, cal/mol K
298,1 17.47 500 21.39
300 17.52 550 21.98
350 18.77 600 22.47
400 19.81 650 22.88
450 20.68 700 23.22

The heat of formation of SiF,is 370.8 kcal/mol.

Table 1.6 — Enthalpy of SiF, [34]

Enthalpy of fusion 4H,,,, | Boiling enthalpy 4H,,.,, | Enthalpy of sublimation
(kJ/mol) (kJ/mol) AH,,;., (kJ/mol)
9.38 15.36 5.91

1.2.2 Chemical properties of SiF,

SiF, is considered to be highly toxic, as hydrogen fluoride (HF) is released

upon contact with hot water and acids. HF poses a great danger to humans. The

substance has a narcotic effect and adversely affects the work of the

cardiovascular, excretory, respiratory systems. It affects the skin and mucous

membranes. Poisoning with a mixture through the skin proceeds painlessly.

Symptoms appear the next day: the formation of ulcers on the skin and burns on

the mucous membrane of the eyes. Ingestion causes destruction of lung tissue.

SiF, is poorly soluble in benzene and trichlorethylene. The solubility of SiF,

is given in Table 1.7,
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Table 1.7 — Solubility of SiF, at 27-33 °C [34]

Solvent Solubility, %
Acetic acid 1.1
Acetone 3.1
Glycerin 5.7
Fusel oil 17.3
Butyl alcohol 23.4
Glycol 26.2
Isopropyl alcohol 28.2
Methyl alcohol 32.8
Ethanol 37.8

SiF, does not form silicic acid esters when reacted with ethyl alcohol.
Silicon fluoride is slightly soluble in dry vaseline oil, which can be used as a
barrier fluid.

SiF, cannot be reduced by hydrogen, hydrogen sulfide, sulfur, carbon and
phosphorus. The reduction process of SiF,; with low reactive metals is highly
endothermic and cannot proceed. The reduction of SiF, with aluminum, alkaline
earth and alkali metals is thermodynamically possible [34].

Glass is resistant to dry SiF, at room temperature. Jena glass reacts with SiF,
at 220°C. Glass wool reacts with silicon fluoride at 450°C [34].

SiF, does not react with concentrated sulfuric acid, mercury at room
temperature. Easily hydrolyzed by water. Reacts with water vapor at temperatures
above 800°C. Forms fluorine complexes [10, 36].

SiF,4 synthesis reaction [10, 34, 35]:

Si + 4HF(r) = SiF, + 2H, (40-100°C)
Si + 2F, = SiF, (20°C, combustion in fluorine)
SiO, + 4HF(r) = SiF, + 2H20 (250-400°C)

SiO, + 2F, = SiF, + 0, (250-400 °C)
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SiO, + 4ANHy(HF,) = SiF, + 4NH,F + 2H,0 (200-250°C)
H,[SiFs] = SiF, + 2HF (20°C)

H,[SiF¢] = SiF41 +2HF (in concentrated H,SO,)
Na,[SiFs] = 2NaF + SiF, (570-600°C)
Na,[SiFg] + HoSO4(98%)= Na,SO,4 + 2SiF,1 +2HF?
Na,[SiF¢] + 2HF = 2Na(HF,) + SiF,1

Chemical reactions with SiF, [32, 35, 36]:
SiF4 + 2H,0= SiO, + 4HF (at temperatures above 800°C);
3SiF, + 2H,0= Si0,| +2H,[SiF¢];
SiF4 + 4H,0 = H,Si0,4 + 4HF (impurity H,[SiFg]);
SiF, + 2HF = H,[SiF¢] (20°C);
SiF4 +4M = Si + 4MF (500 °C, M = Na, K);
SiF, + 2Mg = Si + 2MgF, (at 500-600°C, Mg,Si impurity);
SiF, + Si = 2SiF, (at 1100-1400°C, in vacuum);
SiF4 + 2MF = M,[SiFg] (at 200 °C; where M — LI, Na, K, RDb, Cs).
The chemical reactions of SiF, are used in chemical processing in the
synthesis of a commercial product or in the isolation of silicon for further

crystallization.

1.3 Features of separation of multicomponent isotopic mixtures

Enrichment of an isotopic mixture in terms of the target isotope by gas
centrifuge technology is accompanied by non-stationary hydraulic processes. Such
processes affect the pressure value in the routes, on the flows of the working
mixture inside the stages of the cascade, extraction and waste, on the content of
isotopes in the working mixture, in the stages and flows of the cascade. Due to the
fact that the gas pressure in the rotor of a gas centrifuge is much less than
atmospheric pressure, non-stationary processes have a significant effect on the
distribution of isotopes in the cascade. In [37], the results of studying the effect of

nonstationary processes on the distribution of isotopes in a multicomponent
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isotopic mixture over the cascade stages in the process of filling the cascade with
the working mixture are presented.

The process of separating a multicomponent isotopic mixture can be divided
into two stages: the nonstationary process of filling the cascade with the working
mixture and the stationary mode of separation. The nonstationary process is due to
two main processes: the establishment of preset pressures in the cascade paths and
the distribution of the mixture components over the stages according to their mass
numbers [37].

In the process of filling the cascade with the working substance, the pressure
and flows of the working mixture in the stages, extraction and dump collectors
increase to stationary values. In turn, in the stationary mode, the position of the
feed flow and the number of stages of the separation stage affect the process of
separation of a multicomponent mixture [3, 37, 38].

During the operation of the cascade, the components of the isotopic mixture
are separated by distributing the components of the mixture over the stages of the
separation cascade in accordance with their molecular weight.

The concentrations of intermediate isotopes take maximum values in the
middle part of the cascade. In this case, the distribution of the components of the
mixture will take place in the order of increasing mass numbers from the last stage
towards the first stage of the cascade.

Methods for studying non-stationary processes for binary mixtures are not
suitable for modeling non-stationary processes in multicomponent isotopic
mixtures. Applying research methods for binary mixtures, one has to solve large
systems of nonlinear algebraic equations, which is a significant drawback. The use
of traditional explicit methods, free from this shortcoming, is limited by an
unacceptably small value of the time integration stage [37].

At present, methods for the numerical integration of ordinary differential
equations are better developed than methods for solving systems of nonlinear

algebraic equations. Differential-difference models («method of lines») can be
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considered as a limiting case of grid models, when one of the grid sizes (time
integration stage) tends to zero [39].

It is impossible to obtain a product highly enriched in the intermediate
isotope within one cascade. To obtain a component highly enriched in the target
isotope, there are the following methods:

1. Organization of a multi-stage separation process. In one of the flows
of the cascade, the concentration of the extreme component decreases. The
resulting multicomponent mixture, depleted in the extreme component, is fed to
the next cascade, where the target component is enriched to the required
concentration. The use of such separating stages helps to achieve the desired
concentration of the target isotope. The number of stages is determined by the
number of components in the mixture, the concentrations of the target isotope in
the raw material and product, the number of stages, and the profile of the cascade
(Figure 1.2) [3, 37-41].

raw material

Fl\f

1st cascade
Wi

F2 ,L P2

2nd cascade
W2 l l P2

Figure 1.2 — Model of a multi-stage separation process

2. Carrying out the separation process in a 4-flow cascade. Since the
concentration of the intermediate component takes on a maximum value in the
stages within the cascade, the mixture is waste from the internal stage and fed to

the next cascade to increase the concentration of the intermediate component
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(Figure 1.3). The feature in the distribution of the feed flow of the stages of the

cascade was called «flow expansiony» [42].

raw material

Fl"li’

1st cascade

! |

Wi F2 Py

w

2nd cascade

l ,l, P
W

Figure 1.3 — Separation model in a four-flow cascade

1.4 Quasi-ideal and model cascades
Model cascades are used for estimation calculations in the theory of
separation cascades for the separation of multicomponent isotopic mixtures.
Mathematical models of these cascades are based on the material balance equations
[3, 38]:
F=P+W (1.2)

F-Cp=P-Cp;+W-Cy; (1.3)

where F is the feed flow; P is the flow enriched in the light component; W is the
flow enriched in the heavy component; Cg; is the concentration of the target
component in the feed stream; Cyy; is the concentration of the target component in
the waste stream; Cp; is the concentration of the target component in the flow.

At the same time, local parameters are determined for each stage, similar to
the feed flow and flows enriched in light and heavy components for the cascade:

feed flow on stage L, flow on stage enriched in the light component L' and flow on
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stage enriched in the heavy component L. These flows are related by the

following relationship [3, 38]:
L=L'+L" (1.4)

The flow division factor for a stage is determined as follows [3, 38]:

=L/, (15)

For each component of the mixture, a partial flow is determined, according

to which the amount of the mixture component in the stage is calculated [3, 38]:

G,=Lc¢;, G;=L'c;, G/=Lc;, (1.6)

where i is the component number; G, is the partial feed flow of the stage; G; is the
partial product flow of the stage; G; is the partial waste flow of the stage; c; is the
concentration of the target component in the feed flow; c; is the concentration of
the target component in the product flow; ¢; is the concentration of the target
component in the waste flow.

Similar to the flow division factor for a stage, the concept of a partial flow
cutoff has been introduced [3, 38]:

_ G/
= /G (1.7)

In the absence of corrosion losses of the working substance in a stationary
hydraulic mode, the flow rates of the stages and the concentrations of the
components of the working substance remain unchanged.

In the case of separation of multicomponent mixtures, several isotopes of the
separated chemical element are distributed in the selective and waste parts. Thus,
intermediate isotopes are limited by the maximum concentration in the extraction
and waste of the separation cascade. The theory and methods for calculating

multicomponent isotopic mixtures are given in [43-57]. For an approximate
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estimation of the parameters of a real cascade for obtaining the target isotope, the
calculation of a model quasi-ideal cascade is used.

A «quasi-ideal» cascade is a cascade in which the relative separation factors
and cutoffs of partial flows remain unchanged along the entire length of the
cascade [3, 38, 43]. Particular cases of a quasi-ideal cascade are Q-cascade and R-
cascade [3, 38].

1.4.1 Q-cascade

When solving the problem of calculating a cascade for separating
multicomponent mixtures, a continuous profile cascade model can be used as a
preliminary approximation. The general method for calculating such cascades is
described in [44, 45, 57]. It consists in replacing C;s, which are functions of the
stage number S, in the concentration equations with the characteristic functions

wi(S). These functions are proposed to be set in exponential form:

w;(S)= exp(Ql.S) ,i=1, m, S=1, n, (1.8)

where Q; are constants satisfying the condition:

Q=0 ¢k (1.9)

where & is the total enrichment factor of the i-th component with respect to the
k-th one.
In the case of weak enrichments, the total enrichment factor is:

ex=Ing,. (1.10)

Model cascades satisfying condition (1.8) are called Q-cascades. The
calculation of Q-cascades is used in the case of weak enrichment (& << 1), since in
this case condition (1.10) will be valid.

In [58], an analytical solution is given to determine the cascade parameters
for given loss rates and the effect of losses on the total and initial flow at given

concentrations.
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In [59-61], the main research parameter is parameter M, which conditionally
divides the isotope concentration into heavy and light components depending on
the selected target component. A new approach to Q-cascade optimization is
presented. It is used when the target isotope is present in several components of the
mixture being separated and it is not possible to accurately determine the target
component. In this case, the range of acceptable values for the parameter M is
introduced, and the dimensionless parameter Q is the relative increase in the

concentration of the component.

1.4.2 R-cascade

For a multicomponent mixture, it is impossible to create a cascade in which
flows with different concentrations do not mix, due to the difference in Q;values.

It is possible to build a cascade with the same relative concentrations of two

components with indexes i and k, called key ones:

Ry(j-1)=Ru(D =Ry G+1), j=2, n-1. (1.11)

In this case, the separation factors are constant and are determined by the

expression

=Py =\ (1.12)

A cascade satisfying condition (1.11) is called an R-cascade [3, 38, 46].

The theory of R-cascades makes it possible to obtain initial approximations
for calculating the optimal parameters of a cascade at a given concentration of the
target isotope [49]. The R-cascade is close to optimal for a certain choice of

reference components [62—64].
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2 Algorithm and program implementation for calculating the Q-cascade
parameters
The Q-cascade was chosen as a model for the calculation, since the

enrichment factor is 0.2, which is the case of «weak enrichment.

2.1 Algorithm for calculating the parameters of the Q-cascade
Algorithm for calculating the Q-cascade for given values c;p, ¢;> and P is as
follows [3, 38, 45]:

1. Determination of the weighted average mass number:

|\/|:_i|\/|ic:i | (2.1)

where M is the mass number of the isotope with index i, C; is the concentration of
the isotope with index i.
2. Determination of light and heavy fraction flows:

CFk _C\Nk
Cor-Cun

P=F

! (2.2)

where P is the product flow, F is the feed flow, Cg is the initial isotope
concentration, Cy is the isotope concentration in the regenerative part of the
cascade, and Cpy is the isotope concentration in the enrichment part of the cascade;

W=F-P , (2.3)

where W is the waste flow.

3. Determination of parameters Q;and M:

M +M,
~ %’ Co>Cpy
M= (2.4)
|vlk-l_Mk-l | |
2 C\Nk>CFk
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where M is the dimensionless parameter, My is the mass number of the target
isotope, M+ IS the mass number of the isotope following the target isotope, My_; is

the mass number of the isotope preceding the target isotope.

Q=¢y (M-M,), i=I.N, (2.5)

where Q; is the dimensionless parameter, &, is the specific enrichment coefficient,
M; is the mass number of the isotope with index i.
4, Determination of the maximum concentration of the target isotope in
the flow of light and heavy fractions:
ch = e

C.

3 (2.6)
1=1
where CX* is the maximum concentration of the target isotope in the light fraction

flow, C, is a isotope concentration with index i.

Max __ CFk

k = N ! (27)
=k

Ci

where Ci® is the maximum concentration of the target isotope in the heavy

fraction flow.
5. Calculation of the number of stages in the regenerative (Syw) and

enrichment (Sp) parts of the cascade:

C 1_er'S\N c N e*Qi'SP _eQi'S\N
Pk — e_Qk.SP _er'Sw Fk ~ (1_eQi'S\N )'Cpi
e_Qk'SP -1 C N e—Qi‘SP _eQi'va ’ (28)
C\/\/k - e_Qk.sP _er'Sw Fk - (eQi'SW _1)'CFi

where Sp is the number of stages in the enrichment part of the cascade, Sy is the
number of stages in the regenerative part of the cascade, Cg; is the initial
concentration of isotope with index i, Qg is the dimensionless target isotope
parameter[3, 38].
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6. Calculation of the concentration of components in the selection of the
heavy fraction (C,;) and in the selection of the light fraction (Cp;) of the cascade:

Q Sw N -QSp _ oQSy
a5 g Cn
g %% g% (1-€%™)-C,
-Q

Cpi =
1=1

(2.9)

e QSe _ N iSp _ aQiSw ’

_ e
Cuwi e QS _ eQ. Cri- Z( ) CFi

1=1

where Cp; is the concentration of isotopes with index i in the enrichment part of the
cascade, Cy; is the concentration of isotopes with index i in the regenerative part of
the cascade.

7. Determination of the total feed flow:

P-Cp ( Q'SP]+W'CWi(eQ‘SP—1)+P-cpi-sP—W-CWi'sw

22 @ i (2.10)
where Lq is the total flow feed.
8. Cascade profile definition:
For the stages of the regenerative part of the Q-cascade:
G(S)ZZW.%(eQis_l), 1<s<S., (2.11)

where G(s) is the cascade profile, Sg is the number of stages in the regenerative
part of the cascade.

For the stages of the enrichment part of the Q-cascade:

G(S):ZP-%(l—eQ‘S), Sg <s<n, (2.12)

where n is the total number of stages.
9. Determination of the concentration of components by stages of the

cascade:
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For the stages of the regenerative part of the Q-cascade:

% eQs _1
Cui (S): NQCI:W( )
;il(eQis _1)

, 1<s<S; ., (2.13)

where Cy; is the concentration of the component with index i along the stages of
the regenerative part of the cascade.
For the stages of the enrichment part of the Q-cascade:
C:Pi(l_e_Qis)
C _ Qi
Pi (S)_ N C..
Zi(l_e_QiS)

i=1 i

, Sg £s<n, (2.14)

where Cp; is the concentration of the component with index i by the stages of the

enrichment part of the cascade.

2.2 Program implementation of the algorithm for calculating the
parameters of the Q-cascade

The tools used were the interpreted programming language «Python» and
the interactive development environment for working with notebooks, code and
data «Jupyter». This set of software is enough for calculations.

Since the programming language «Pythony» allows you to implement the
program in the form of a notepad and immediately execute it, it was decided to
develop two source files: «cascade.py», «calculate.ipynby.

The «cascade.py» file contains the implementation of the «cascade» class,
which describes the mathematical model of the Q-cascade. Each initialized object
of this class performs the calculation of the Q-cascade according to the provided
input data. This approach makes it possible to calculate several cascades with a
minimum expenditure of time.

Input data of the «cascade» class:

1. Mass array of isotopic mixture components M [Da];
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2. Array of concentrations of isotope mixture components in the feed
flow Cs [%];

3. Required concentrations of the target component in the flow of light
Cip and heavy fraction C;,, [%];

4. Enrichment coefficient ¢;

5 Flow division coefficient 6;

6. Feed flow F [g/s];

7 Ordinal number of the target component i in the component mass
array.

The output of the «cascade» class is:

1. Weighted average mass number M [Da];

2. Array of dimensionless coefficients Q;;

3. Array of concentrations of mixture components in the flow of light C,
and heavy C, fractions [%];

4, The number of stages in the regenerative S,, and enrichment S, parts of
the cascade;

5. Anarray of values of the partial flow of the target component over the
stages of the cascade Gs [g/s];

6.  An array of values of the concentrations of the components of the
isotope mixture by the stages of the cascade C; [%];

7. Flows of light P and heavy W fractions [g/s];

8.  Total feed flow L [g/s].

The program operation algorithm is compiled in accordance with the

Q-cascade calculation method described in section 2.1 (Figure 2.1).
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( start of the program )

preliminary calculation
(Q and M parameters)

!

calculation of light and
heavy fraction flows

|

determination of the number of
stages in the regenerative and
enrichment parts of the cascade

I

cascade profile calculation

y

'

calculation of the concentrations
of the mixture components in the

flows of the light

and heavy fractions

calculation of the concentrations
of mixture components in stages
of cascade

!

total flow calculation

!

( end of the program )

Figure 2.1 — The algorithm of the program

37



3 Calculation of Q-cascade parameters

Using the method described above, the Q-cascade parameters were
calculated to obtain highly enriched #Si. The concentration of #Si in the light
fraction flow is 99.9%, in the heavy fraction flow it is 0.1%. The data for the
calculation of the 1st stage of separation are given in Table 3.1.

Table 3.1 — Data for calculating the cascade of the 1st stage of separation

M(SiF,) %Si, Da 104

Masses of the components of the mixture M(SiF,) °Si, Da 105
M(SiF,) *Si, Da 106

Enrichment coefficient, ¢ 0.2

Flow division coefficient, 6 0.5

Feed flow, F, r/c 35
C«(*®Si), % 92.26

The concentration of the components of —
_ _ Ci«(“°Si), % 4.67
the mixture in the feed flow

C«(*°Si), % 3.07

Required concentrations of the target Cp(zgsi), % 99.9

component in the flows of light and heavy
fractions of the cascade Cu(®®Si), % 0.1

The calculation results are presented in tables 3.2 and 3.3 and in figures 3.1
and 3.2,

38



Table 3.2 — Values of the weighted average mass number, the number of

stages of the cascade and the values of the flows of light and heavy fractions of the

1st stage of separation

Weighted average mass number M, Da 104.5
Number of stages in the enrichment and Sp 41
regenerative parts of the cascade Sw 94
P,g/s 32.31
Light and heavy fraction flows
W, g/s 2.69

Table 3.3 — Values of the dimensionless coefficient Q and the concentrations

of the mixture components in the flows of the light and heavy fractions of the

cascade of the 1st stage of separation

mixture in the waste flow, C,,, %

SiF4(*°Si) | SiF4(*°Si) | SiF4(*"Si)
Dimensionless coefficient, Q 0.1 -0.1 -0.3
The concentration of the components of the
_ _ 99.92 0.08 1.52-107
mixture in the produst flow, C,, % ’
The concentration of the components of the
0.1 59.86 40.04
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Figure 3.1 — Profile of the cascade of the 1st stage of separation

Figure 3.1 and Table 3.2 show that the number of stages in the depletion and
enrichment parts of the cascade is 41 and 94, respectively. In this case, the cascade
profile is continuous. The maximum value of the partial flow is reached at the feed

stage of 635 g/s.
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Figure 3.2 — Distribution of the concentrations of the mixture components by

stages of the cascade of the 1st stage of separation
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Table 3.3 and Figure 3.2 show that the required concentration of **Si
(99.9%) in the light fraction stream can be achieved in the first stage of separation.
In this case, the #*Si concentration in the heavy fraction flow does not exceed
0.1%; therefore, it can be assumed that the isotopic mixture in the heavy fraction
flow conditionally contains two isotopes: °Si and *°Si.

It is expedient to use the heavy fraction stream for separating 2°Si and *Si in
order to obtain two highly enriched products from this mixture as a result of the
second separation stage.

The data for the calculation of the 2nd stage of separation are given in Table
3.4.

The calculation of the 2nd stage of separation was carried out according to
the scheme presented in Figure 1.2. In this case, the feed stream was the heavy
fraction withdrawal stream of the first separation stage cascade. *°Si was set as the
target isotope. The calculation results are presented in tables 3.5 and 3.6 and in
figures 3.3 and 3.4.

Table 3.4 — Data for calculating the cascade of the 2nd stage of separation

M(SiF,) %°Si, Da 104
Masses of the components of the mixture M(SiF,) °Si, Da 105
M(SiF,) *°Si, Da 106
Enrichment coefficient, ¢ 0.2
Flow division coefficient, 8 0.5
Feed flow, F, r/c 2.69
C«(*°Si), % 0.1
The concentration of the components of the 29an o
mixture in the feed flow C(SH), % 59.80
C«(*°Si), % 40.04
Required.concentrations gf the target C,(°Si), % 01
component in the flows of light and heavy
fractions of the cascade Cu(¥Si), % 99.9
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Table 3.5 — Values of the weighted average mass number, the number of

stages of the cascade and the values of the flows of the light and heavy fractions of

the 2nd stage of separation

Weighted average mass number M, Da 105.5
Number of stages in the enrichment and Sp 65
regenerative parts of the cascade Sw 74
P, g/s 1.61
Light and heavy fraction flows
W, g/s 1.08

Table 3.6 — Values of the dimensionless coefficient Q and the concentrations

of the mixture components in the flows of the light and heavy fractions of the

cascade of the 2nd stage of separation

SiF4(*Si) | SiF4(*°Si) | SiF4(*"Si)
Dimensionless coefficient, Q 0.3 0.1 -0.1
The concentration of the components of the
_ _ 0.16 99.74 0.1
mixture in the produst flow, C,, % '
The concentration of the components of the "
_ _ 5610 0.09 99.9
mixture in the waste flow, C,, %
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Figure 3.3 — Profile of the cascade of the 2nd stage of separation

Figure 3.3 and Table 3.5 show that the number of stages in the depletion and
enrichment parts of the cascade is 65 and 74, respectively. The maximum value of

the partial flow is reached at the feed stage of 21.46 g/s.
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Figure 3.4 — Distribution of the concentrations of the mixture components by
stages of the cascade of the 2nd stage of separation
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It can be seen from the data in Table 3.6 and Figure 3.4 that at the 2nd stage
of separation in the flow of the heavy fraction of the cascade, it is possible to
achieve the specified concentration of *Si (99.9%). In this case, the concentration
of 2°Si equal to 99.74% is reached in the flow of the light fraction of the cascade.

Thus, it has been shown that, using two-stage separation according to a
multi-stage scheme with an initial feed flow of 35 g/s, it is possible to obtain three
highly enriched products #°Si, #Si, and *°Si with flows of 32.31 g/s, 1.61 g/s and
1.08 g/s, respectively.
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_ 3AAHME JJISl PA3JIEJIA
«®UHAHCOBBIIf MEHE/UKMEHT, PECYPCOD®®EKTUBHOCTD U

PECYPCOCBEPEXEHUE)
CTyneHry:
'pynna DPUO
0AM11 ITerpoBy Makcumy BennamuHoBuay
Ixoga T Otnenenne mkoiabl (HOL) OsATH
YpoBeHb 00pa3oBaHus Marucrparypa HanpasJ/ieHue/cnenuajbHOCTb q):I:I;I(I):;'SIszfHeg 111{(]))11;11/1

Hcxonnbie nanHble K pa3aeny «OHHAHCOBBIH MeHEIKMEHT, pecypco3(GeKTHUBHOCTD H

pecypcocoepesKeHne):

1. Cmoumocms pecypcog nayunozo ucciedoganus (HH): Bromxer npoekra — He 6omee 150000 py6., B
MAMEPUATLHO-MEXHUYECKUX, IHEPeMUYEeCKUX, T.4. 3aTpaThl 10 OIUIaTe Tpyna — He Ooree
DUHAHCOBLIX, UHDOPMAYUOHHBIX U UEL0BEYECKUX 100000 py6.

2. Hopmui u Hopmamuensl pacxo006anus pecypcos Paiionnsiii koadpduument mis ropoaa Tomcka

paseH 1,3. [IpemuanbHblit koaddunreHT paBeH
0,3.
3. HUcnonvsyemasn cucmema nano200010x4cens, Cmasgku Koadpunuenrt otuncnenuit Bo BHEOIOIKETHBIE

HA0208, OMYUCTIeHULL, OUCKOHRMUPOBAHUsS U kpeoumosanus | Gouabl- 30,2%

IlepeyeHsb BONPOCOB, MOJIEKANMX HCCTETOBAHUIO, TPOEKTHPOBAHMUIO M Pa3padoTKe:

1. Oyenxa xommepueckozo u UHHOBAYUOHHO20 NOMEHYUANA 1. AHanu3 U olleHKa KOHKYPEHTOCIIOCOOHOCTH
HTH HU;
2. SWOT-ananus.
1. Paspabomka ycmaea Hay4HO-MeXHUYECKO20 NPOeKma 1. Lenu 1 pe3ysbpTaT MPOCKTa;

2. OpraHuzanoHHas CTPYKTypa MPOeKTa;
3. OrpaHn4eHus ¥ JONMyIIeHHUs IPOEKTa.

2. ITnanuposanue npoyecca ynpasienus HTH: cmpykmypa u | ®opMupoBaHue miaHa u rpaduka pa3paboTKu:
epagux npogederus, OIOHCem, PUCKU U OP2AHUZAYUSL opranusanus pabor HU; onpenenenne
3aKynoK CTPYKTYpbI paboT; pa3pabotka rpaduka ['anTa.

®dopmupoBanue OromKeTa 3aTpaT Ha HU:

MaTepHallbHbIEe 3aTpaThl; 3apaboTHAas IIIaTa;

OTYHCIICHUS] BO BHEOIO/DKETHBIE (DOH/IBL.

3. Onpedenenue pecypcHoil, huHanco8oll, IKOHOMUULECKOU 1. OnpeneneHre MHTErPATEHOTO (PUHAHCOBOTO
aghgexmusrocmu moKasaressi pa3padoTKy;

2. OrmpeneneHue HMHTETPAIBHOTO TTOKa3aTels

pecypcodpdexTuBHOCTH pazpabOTKH;

3. OmnpeneneHrne HHTETPaIbLHOTO TIOKa3aTels

3¢ GEeKTHBHOCTH;

4. Ouenka abcomnrotHol 3¢ dexTuBHOCTH HU.

Hepeqeﬂb r pac[)nquKoro MaATEPHUAJIA (c mounvim ykasanuem obazamenvhvix uepmedicetl):

. Ceemenmuposanue puinka

. Oyenka KOHKYPEeHmMOCROCOOHOCIU MEeXHUYECKUX PeuleHull

. Mampuya SWOT

. Uepapxuueckas cmpykmypa pabom

. Kanenoapnolii naan-epaguk nposedenusi HAQyuHoeo ucciedo8anus

SOOI WN P~

. Huacpamma I'anma

| JlaTa BbIIa4uH 33/1aHUS JUISI pa3jielia o0 JUHeilHOMY rpajuky | 27.01.2023

3aganue BbIAAJ KOHCYJBTAHT:

JokHOCTH DdUO Yuenast creneus, Hoanuck Jara
3BaHUe
H&ugﬁh%gy Cruneiaa JIro6oss FOpheBHA K.3.H.
38[[3Hl/le NMPUHAJ K UICITIOJTHEHUIO CTYACHT:
I'pynna PUO Homnuce Jara
0AMI1 ITerpoB Makcum BeHnamuHoBHY
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4 DUHAHCOBbII MEHEeIKEeMEeHT, pecypcod(pPeKTHUBHOCTH "
pecypcocOepexenne

Llens maHHOTO pasjaena — onpeaesieHne YdKOHOMUUECKUX 3aTpaT MPOBEACHHUS
pacuera Q-Kackaja U PasJeeHHs ~°Si ¢ yueToM JadbHEHIIero MCIoab30BaHMs
pacyeToB B MPOECKTUPOBAHMM pealbHOro0 Kackaja. Pacuer mapameTpoB Kackanaa
MPOBOJUJICS C HCIOJb30BAHUEM MEPCOHATBHOM 3JIEKTPOHHO-BBIUMCIUTEIHHON
mammabl ([I9BM), umHTepripeTupyemMoro s3pika mporpammupoBanus Python wu
WHTEPAKTUBHOTO OJOKHOTa JUPYLEr, 4TO MO3BOJISIET B MEPCIEKTUBE UCIOJIb30BAThH
IpojeNaHHyI0 padoTy B Y4eOHBIX LESAX IJS 3aKpEIICHHs] 3HAHUHM, TOTYyYEeHHBIX
Ha JICKITMOHHBIX 3aHATHSIX.

B nanHOM pasjene npuBOASTCS pelIeHUs CISAYIOMUX 3a/1ay:

—  OLIEHKa KOHKYPEHTOCTIOCOOHOCTh TEXHHUECKHUX PEIICHU;

—  SWOT-ananmus;

—  IUIAaHUPOBAHME HAYYHO-HUCCIEA0BATEIbCKON paObOTHI;

—  pacuer OroJIKeTa HayYHO-UCCIIEI0BATEIBLCKOM pabOThI;

— pacdueT M OILIEHKa CpaBHUTEIbHOW (UHAHCOBON 3 HEKTUBHOCTH
UCCIICTOBAHMSI.

JlocTuKkeHHe eI 00ecreynBaeTCs pelIeHUeM 3a/1a4:

—  pa3paboTrka oOImIel PKOHOMHYECKON HEH IPOeKTa, (HOPMUPOBAHHE
KOHIICTIIIUA TTPOCKTA,;

—  opranu3zaius padoT 10 HAy4YHO-UCCIIEI0BATEILCKOMY IIPOEKTY;

—  OmpeneicHHWE BO3MOXHBIX aJbTEPHATHB TPOBEICHUS HAYYHBIX
HCCIICIOBAHUM;

—  TUIAaHUPOBAHME HAYYHO-HCCIEAOBATEIbCKUX PadoT;

—  OIICHKA  KOMMEPYECKOro  TOTCHIMAJIa H  TEPCICKTUBHOCTH
MPOBEICHNUSI HAYYHBIX HCCJICJAOBAHUA C TO3UIMH PecypcodPPeKTUBHOCTH W
pecypcocOepexeHus;

—  ompenereHue pecypcHol (pecypcocOeperatonieii), (HHUHAHCOBOM,

OIOHKETHOM, COIMMAIbHON ¥ YKOHOMHYECKOU 3(D(PEKTUBHOCTH UCCIICIOBAHNUS.
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4.1 llpeanpoeKTHBIN aHATU3

4.1.1 IloreHuMaNbHBIE OTPEOUTETH PE3yJIbTATOB HCCIEA0BAHUS

Jannast paGorta BKIOYaeT B ceOs pacuer Q-kackaga I TOJyYEHHS
BBICOKOOOOTAMEHHOTO °Si ¢ y4eTOM TOro, 9TO KOMIIOHEHTBI pa3eIeHHs
M30TOIHBIN cMecu OyAyT y4acTBOBATh B JalbHEWIIEM OOOTaIlleHUH.

IIpoBenenHass pabora HampaBieHa Ha CIEIYIOIIME LENEBbIE PBIHKY,
OCHOBHAs I1€JIb KOTOPBIX — MMPOU3BOJICTBO M MPUMEHEHHE CTAOMILHBIX U30TOIOB:

®  TOCYyJapCTBEHHBIEC KOPIIOPALIMU IO AaTOMHON IPOMBIIIIEHHOCTH;
®  ATOMHAs U CMEXHbIE OTPACIU HAYYHON IPOMBIILIIEHHOCTH;
e  00;acTu MPOM3BOCTRA.

CermMeHTHpPOBaTh PBIHOK YCIYT MOXHO TIO CTEEHH NOTPEOHOCTH
UCIIOJIb30BaHUs JaHHBIX pacdyeToB. Pe3ynbTaThl CErMEHTHUPOBAHUS NPEICTABICHbI
B Tabmnure 4.1.

Tabmuua 4.1 — CerMeHTHpOBaHME PBIHKA YCIYr 10 MPOU3BOJACTBY

CTaOMIBHBIX H30TOIIOB

Pacuer mapamerpoB moaenmu Q-kackasa Jiis OJydeHUS
2 -
BBICOKOOOOTAIEHHOTO 2Si

Nubie
ATtomHas Hayunas 28
MPOM3BOJCTBEHHBIE | DKCHOPT ~ Sl
IIPOMBILUIEHHOCTb |  OTpPACIIb
oTpaciu

CunbHas

[ToTpebHOCTH

Kak BugHO u3 Tabmuubl 4.1. cuiibHas 3aMHTEPECOBAHHOCTh B MPOBEJCHHON

paboTe y aTOMHOM TTPOMBITIUICHHOCTH ¥ HAYYHOUM OTPACIIH.
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4.1.2 AHaaM3 KOHKYPEHTHBIX TeXHHYECKHX PpPelIeHuil ¢ MNO3HIHN
pecypco3(ppeKTHBHOCTDH U pecypcochepeskeHust

OmHrM W3 TJIABHBIX MPEUMYIIECTB TMPOJCITAHHON pPaOOTHI  SBISETCS
BO3MOXXHOCTh €€ HCIIONb30BaHMUsI MPU MPOSKTUPOBAHMU PEAIBHOTO KacKaja.
Maremaruueckass wmozenb Q-kackaga BepuHUIMpOBaHA, YTO  MO3BOJISET
UCIIONb30BaTh €€ B pacuere, MPU KOTOPOM TIOMy4YeHHBIC TapaMeTpbl OymyT
PUOJIMKEHBI K peaTbHbIM. KOHKYpEHTBI pabOThI:

—  OKCHepUMEHTAJbHBIE HWCCIAEAOBaHWS B  OOJACTH  ONTHUMHU3AIHH
pa3IeINTEIbHOTO KACKaIa 10 OMyYeHHIO BEICOK00OOorameHHoro ~°Si (Kyy):;

— Teopernyeckuii pacu€T MmapaMeTpPOB ¢ MIPUMEHEHUEM APYTHX MOCITBHBIX
kackanoB (R-kackan, Q-kackan) (Kgy).

OueHouHass kapTta aHanu3a mnpenactaBieHa B Tabmuue 4.2. Ilozunus
pa3paboTKu W KOHKYPEHTOB OIICHHBACTCS MO KaKIOMY IMOKa3aTeio SKCIEPTHBIM
myTeM M0 MATHOAIBPHOW mmikane, rae | — Hambonee crmabas mo3wmms, a S5 —
HanOoJIee CHIIbHAsI. AHAIN3 KOHKYPEHTHBIX TEXHUYECKUX PEIICHUA OMPeaesaeTCs
o dopmyiie:

K =2 B; - b (4.1)
rae K— KOHKYpeHTOCTIOCOOHOCTh Hay4yHOUM pa3paboTKu Wi KOHKypeHTa; Bi— Bec
nokasarens (B A0JISIX €IUHUIIBI); bi— 6at i-ro mokasarens [65].

JIIst  OIIEHKHM KOHKYPEHTHBIX pelIeHUuH ObLTH BBIOpAHBI  CICAYIOIIHNE
KPUTECPUU:

— yA00CTBO KCILTyaTaluu;

— YKOHOMHUYHOCTB;

— HAJIC)KHOCTD;

— 3aKPBITOCTH TOJTy4aeMbIX JIaHHBIX;

— NOTPEOHOCTh B MAaTEPUATILHBIX PECypCax;

— CTaOMIBLHOCTB;

— JOCTYITHOCTB;

— KOHKYPEHTOCTIOCOOHOCTb;
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— 3aTpaThl Ha Pa3paboOTKYy;

— MpeAnoiaraeMblii CPOK SKCIUTyaTallnu;

— (dbuHaHCcHpOBaHUE Pa3pabOTaHHOTO METOIA.

B omnenounoii kapte (Tabnmma 4.2) mis MPOBEACHHUS CPaBHEHUS BBHIOPAHO
TP BapHaHTa TEXHUYECKUX PEIICHUN MPOoOIeMbl pacueTa KacKa 0B pa3AeiICHUs:

BapuaHT | — pacueThl, OCHOBAaHHBIE HA SMIIUPUYECKUX JAHHBIX PEabHBIX
YCTaHOBOK;

BapuaHT 2 — pacueThl R-kackajga Kak AaHAJIOTMYHBIA  BapHaHT
MPEIBAPUTEILHOTO PacueTa PeaJlbHOro Kackaja,

BapuaHT 3 — pacueT Q-kackajga ¢ MEHEe JKeCTKUMHU TPeOOBaHUSIMH.

Tabmuua 4.2 — OueHouHas KkapTta Uil CpPaBHEHUS KOHKYPEHTHBIX

TEXHUYECKUX PEIICHAN

K Bec Baer KonkypeHnTocrnocoOHOCTh
ATEPUU OLIEHKHA
P P B KPUTCPHA be BK] BK2 K(b KKI KK2
1 2 3 4 5 6 7 8
TexHu4yeckne KpUTEeprur OIEHKH pecypcoddPEeKTUBHOCTH
. Y mobetso 015 | 5| 4| 3|075| 06 | 045
OKCILTyaTal|H
2. DKOHOMHAYHOCTH 0.03 5 2 3 0,15 0,06 0,09
3. HaI[eX(HOCTB 0.06 5 4 3 0,3 0,24 0,18

4. 3aKpbITOCTh
MOJy4aeMbIX JaHHBIX

0,05 4 | 4 | 4 0,2 0,2 0,2

5. HOTpe6HOCTB B 0’05 5 1 4 0’25 0’05 0’2
MaTePHUATBHBIX pecypcax

6. CTaOUIBHOCTH 0.2 5 3 3 1 0,6 0,6
7. JOCTYyITHOCTh 0.1 5 4 4 0,5 0,4 0,4

DKOHOMUYECKHUE KPUTEPUH OIICHKU I (HEKTUBHOCTH

1. 3aTpaTsl Ha pa3pabOTKy 0,04 5 4 3 0,2 0,16 0,14

2. llpennonaraeMblii CPOK 0,12 5 1 3 0,6 0,12 0,36
IKCILTyaTaIiH

3. ®uHaHCHUpOBaHUE 0.2 5 | 2| 3 1 0.4 0.6
pa3paboTaHHOTO METOJIa

Uroro 1 4,95 2,83 3,2
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BaxxapiMu mokazatenssMu  SBISIOTCSA: crtabmiabHOCTh (0,6 m 0,6 Oaia);

noctyrHocTh (0,4 u 0,4 6ama); ynoocTBo skcruryataruu (0,6 u 0,45 6anna).

MeHee BaKHBIMU KpPUTEPHUSIMU ObLUTM BbIOpaHbl: AKOHOMUYHOCTH (0,06 u

0,09 6amna); morpedbHOCTH B MaTepuaibHbIX pecypcax (0,05 u 0,2 6ana); 3aTpatsl

Ha pa3pabotky (0,16 u 0,12 6anna).

HpHBCIIeHHLIfI dHaJIN3 IIOKA3bIBACT, YTO HpOBeﬂCHHBIﬁ PacucT ABJIACTCA

ONTHUMAaIBLHOU AJIs1 UCITOJIb30BAHUSA B IIPAKTUYCCKUX HCIIAX.

4.1.3 SWOT-anaau3

SWOT -

NpeICTaBISICT

co0oM

KOMILIEKCHBIN

aHaJgu3 Hay4HO-

uccienoBarenbekoro npoekra. SWOT-ananu3 npuMeHSIOT 1 UCCIIEeI0OBaHUA

BHEIIIHEN U BHYTPEHHEN cpelbl MpoekTa [65, 66].

Cocranena matpuria SWOT-ananuza (Tabmmma 4.3).
Tao6muma 4.3 — SWOT-ananus

CusibHBIE CTOPOHBI IIPOE
KTa:

Cl. AkTyanbHOCTb ITPOEKT
a.

C2. Ilpumenenue coBpeme
HHOT0 000pYZ0BaHUS Ha
CTaJInM pacuera

C3. BropxeTHoe puHAHCUP
OBaHMUE.

C4. Tlonyuenue
pE3yJIBTAaTOB BBICOKOU
TOYHOCTH.

C5. BO3MOXHOCTh ONTUMH
3allMy PACYETHON MOJIEIH.

Cia0ble CTOPOHBI NIPOEKTA:
Cal. OrpaHn4eHHOE IPUMEHEHU
€ KOHKPETHOM MOJIeIH.

Cn2. Tpebyercs
AKCIIEPUMEHTAIILHOE
MOJITBEPK/IEHUE PE3Y/IbTATOB.
Cn3. 3akpbITOCTH IPOrPaMMHOTO
KoJa.

Cn4. Orpann4eHHbIN KpyT
norpedurenei.

Cn5. OrpanndyeHHbI€ BO3MOKHOC
TH pacyéTa (TOJIBKO AJIs
OTpeIeIEHHBIX KOMIIOHEHTOB).

Bo3Mo:kHOCTH:

B1. Ucnons3oBanue Moaeau
JIIS KCCIIEIOBaHUM.

B2. Paciupenue
BO3MOKHOCTEHN pacy€THOMN
MOJCIIH.

B3. Bo3MmoxxHOCTB
WCCIIEIOBAHUS PA3JIMYHbBIX
HM30TOIIOB MOIHOIEHA

B4. TonoiHUTENBHBIN CIIPOC

Ha PE3YyJILTAThI UCCIICAOBAHM.
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[Iponomxenue Tadbnuiel 4.3

Yrpo3ssr:

V¥'1. Huzkuii ciipoc co
CTOPOHBI IPEIIIPUATUH.

VY2. BeposTHOCTB pa3paboTKu
NOJOOHBIX PacyETHBIX
MoOJIeIeH JPYruMHU
OpraHHu3aLUsIMU.

¥3. C10XHOCTh B
MIPOJIBMXKEHUH MOJIETH CPelin
KOHCEpPBAaTUBHO HACTPOCHHBIX
HIPEANPUITUI

V4. PazpaboTka HOBEHIIUX
MOJIEJEN pacyéTa.

B tabnuue 4.4 npeacTaBieHa MHTEpAKTUBHAS MaTpUIlAa MPOEKTa, B KOTOPOH
[I0Ka3aHO COOTHOIIEHUE CUJIBHBIX CTOPOH C BO3MOKHOCTSIMU.

Tabnuua 4.4 — IHTepakTUBHAA MaTpUIla IPOEKTa

BosmoxHOCTH CuiibHBIE CTOPOHBI IPOEKTA
MPOEKTa Cl C2 C3 C4 C5
Bl + - 0 + +
B2 + - - 0 +
B3 + + - + +
B4 + - + + +

B wmatpume mnepecedueHHs CHIBHBIX CTOPOH W BO3MOXKHOCTEH HMeEET
OTIPEJICTICHHBIA PE3YNbTAT: «+» — CHWIHHOE COOTBETCTBUE CHJIBHOW CTOPOHBI H
BO3MOYKHOCTH, «-» — c1aboe COOTHOoIIeHHUE, «0» — €CIM €CTh COMHEHHUS B TOM, YTO
MMOCTABUTD «1» HUIIH «-».

B  pesyaprate cocraBmena wurtoroBas Marpuna SWOT-ananmsa,

npejcTaBiieHHas B Tabnuie 4.5.
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Taomuna 4.5 — SWOT-ananus

CuiibHbBIE CTOPOHBI IPOEKTA:
Cl. AKTyalbHOCTb MPOEKTA.

C2. IlpumeHeHre COBPEMEHHOTO
000py/nOBaHUs HA CTAJIUU pacyera
C3. bropketHoe (huHAHCHPOBAHUE.
C4. [TonydyeHue pe3yabTaToB
BBICOKOU TOYHOCTH.

C5. Bo3MOXXHOCTh OITUMHU3AIAN
pacy€THON MOJIETIH.

Cna0ble CTOPOHBI IPOEKTA:
Cinl. OrpannueHHOE IPUMEHE
HUE€ KOHKPETHON MOJIEIIN.
Cn2. Tpebyercs
HKCIEPUMEHTAIBHOE
MOJITBEPK/ICHUE PE3Y/IbTAaTOB.
Cn3. 3aKkpbITOCTh IPOrPaMMH
0ro Koja.

Cn4. Orpanu4eHHbIN KpyT
nmoTpeouTenei.

Cn5. OrpanuyeHHbIE BO3MOXKH
ocTu pacuéra (TOJIBKO AJIs

ONpeIeTICHHBIX
KOMITOHCHTOB).

Bo3Mmo:kHOCTH: 1. ITonnoe obecnieuenue ycnoBuii s | 1. HeoOxonumo

B1. Mcnonp3oBanue | co3MaHus M MPUMEHEHHS MOJICIH I | SKCIICPUMEHTAJIbHOE

MOJICIIN pacyéTos. MOATBEPIKICHUE, YTO

JUISL KICCIICIOBAHUH.
B2. Pacuupenue
BO3MOKHOCTEH
pacu€THOM MOJIEIIH.
B3. Bo3MoxxHOCTB

2. TlosiBIeHHE TOMOTHUTEILHOTO
cnpoca u GUHAHCUPOBAHUS,
00€CIICUCHHBIX aKTyaJbHOCTBIO
TEMATHUKU U UCIIOJIB30BAHHUEM
COBPEMEHHBIX PacYETHBIX MOJICIICH.

BO3MO’KHO p€ajin30BaTh B
YCIIOBHSIX BY3a.

2. 3aKpBITOCTh PACYETHON
MOJIEJIA HE OTPAKAETCS Ha
TOYHOCTH PE€3YJIbTaTOB.

UCCJIEIOBAHMUS 3. Bbicokasi TOYHOCTh MOJTYyYaeMbIX 3. Kpyr norpebuteneit MoxHO
Pa3InYHbIX pe3yabTaTOB pacueTa paclpesieieHus] | YBEJIUYUTh C TOMOIIBIO
H30TOIIOB KOHIICHTPALIUH 110 CTYIICHAM YBEIIMYCHUS KOJINIECTBA
MoJuOeHa MI03BOJISIET MTOBBICUTD CIPOC HA 3JIEMEHTOB.

B4. PacU€THYIO MOJENb

JloTOJTHUTENbHBIN

CIpoc Ha

pe3yibTaThl

MCCJIEIOBAHMS.

Yrpo3ssl: 1. BHenpenue pazpabotku B HayyHble | 1. Co3naHue mogo0HBIX

V1. Huszkuit cripoc
CO CTOPOHBI
MPEATNPUATHI.

V2. BeposTHOCTH
pa3paboTku
OJOOHBIX
pacu€THBIX MOJENEH
JIPYTUMH
OpraHu3aIUsIMU.
V3. Ci1o:XxHOCTh B
MIPOJIBIKEHUH
MOJIETH CpEAU
KOHCEPBATHBHO
HAaCTPOCHHBIX
MpEANPUITHI

V4. Pa3zpaboTka
HOBEHUIINX MoJeiIei
pacuéra.

LEHTPbI 1 UHCTUTYTHI TO3BOJIUT
YBEJIUYUTH 00XBaT MOJIb30BaTeNeH 1
3aMHTEPECOBAHHOCTD MPEATIPUATHH.
2. bnarogaps BO3MOXXHOCTSAM
pacy€THON MOJENU U
CBOEBPEMEHHOMY (PMHAHCHPOBAHUIO
MPOJBUKEHHNE HA PHIHOK MOXKET
CTaTh YCIEIIHBIM.

3. Tak Kak CylecTByeT BO3MOKHOCTb
ONTUMU3ALMY PACYETHOU MOJENH U
pacipeHus Bbloopa U30TOIOB, TO
3TO MO3BOJIUT KOHKYPUPOBATh C
HOBEHIIMMHU pa3paboTKaMH.

4. JIonoIHUTEIBHOE
(buHaHCUPOBAaHUE TTO3BOJIUT
IIPOJBUHYTH PACUETHYIO MOJEIb Ha
PBIHOK.

MOJEJIEH IPYTUMHU
OpraHu3alUsAIMU MOKHO
PELINTh C TOMOIIBIO
BO3MOYKHOCTEHN pacyeTHOMN
MOJIEJIA, KOTOPBIX HET Y
KOHKYPEHTOB.

2. HecoBepiiencTBa
pa3paboTaHHOH MOJEH
MOYXHO PEIINUTH C MIOMOLIBIO
ONTUMM3ALMH MOJAEIH MO
TpeOyeMble U30TOTIBI.
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Takum o6pazom, BeimoaHUB SWOT-aHanm3 MOXKHO clenaTh BBIBOM, YTO HA
JTaHHBIH MOMEHT NpeuMyllecTBa pa3paboTaHHON Mojenu pacuera Q-kackana,
Takue Kak: KOPPEKTHOCTb, TOYHOCTh MOJIy4a€MbIX JaHHBIX, BO3MOXHOCTb
ONTHUMM3AUUU  PA3ACIUTEIBHOTO IMPOLECCa, 3KOHOMHUYHOCTb, CTaOUIBLHOCTD
MOJICNIA, JOCTYIHOCTb, YIOOCTBO 3KCIUTyaTallud, BO3MOXKHOCTb TOJYYEHUS
JAHHBIX 3HAUUTEIBHO TMpeodianaroT Haj e€ HemoctaTkamu. OTpUIATEIbHBIN
3p¢deKT OT BIUAHUS CIA0BIX CTOPOH WJIM YIrpo3 BO3MOXHO CHHU3UTH, €CIU
BHEJIpUTh MozeNb pacuera (QQ-kackajla Ha MPOU3BOACTBA U HAy4YHBIE IIEHTPHI

AIEPHON TPOMBIIIIIEHHOCTH.

4.2 Unnnuaau3anus npoexKra

B wuHMmmamuio mnpoekta BXOAUT UHQPOpPMALUA O 3aUMHTEPECOBAHHBIX
CTOPOHAX MPOEKTA, UEPAPXUU LIEJIEN TPOEKTA U KPUTEPUSAX JOCTUKECHUS LICJICH.

ITox 3amHTEpECOBAaHHBIMM CTOPOHAMH IIPOEKTAa MOHUMAIOTCS JIMLA WU
OpraHu3anvy, KOTOPbIE AKTUBHO YYaCTBYIOT B MPOEKTE WJIM UHTEPECHI KOTOPBIX
MOTYT OBITh 3aTPOHYTHl KaK IMOJOXHUTEIbHO, TaK M OTPUIIATEIBHO B XOJE
VICIIOJIHEHUS WIH B PE3YJIbTATE 3aBEPLICHUS IPOCKTA.

Nudopmanus o 3aMHTEPECOBAHHBIX CTOPOHAX MPOEKTa, HH(POpMAIUsi O
HEeJsIX U pe3ysbTaTax MpoeKkTa, paboyas rpymnma MpoeKTa U OTPAaHUYCHUSI TTPOEKTA
MIpUBEICHBI B Tabmuiax 4.6 — 4.9,

Tabnuua 4.6 — 3anHTEepecoBaHHbBIE CTOPOHBI MPOEKTA

3anHTEpecOBaHHBIC CTOPOHBI

O:xuaHns 3aNHTEPECOBAHHBIX CTOPOH
NMpoeKTa

Hcnonb3oBanue pacueToB sl JAIbHENIIEN
HU1UN orntuMm3anuu Q-kKackaja Mo MoJIydeHUIO
BBICOKOOOOTaIEHHOT O 283

Hcnonb30BaHue pacyeToB JUIsl IPOSKTHPOBAHUS
PEaTbHOTO KacKajia 1o MOJydeHUIO
BBICOKOOOOTallleHHOT O 28g;j

Komnauuu aromMmHON
MIPOMBIIUIEHHOCTH

[Tonydyenne MakCUMaJIbHOM JOXOJHOCTH B

YacTtHbie HHBCCTOPBI o
3aBUCHUMOCTH OT BJIOKCHUU
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Tabnuna 4.7— Lenu u pe3yabTaThl IPOEKTA

esm mpoexTra:

Cosznanue, MporpaMMHOM peanu3alus paciyera Q-Kacmﬂa;28
pacuer Q-Kackajaa JIsl MOJIYYEHUs BBICOKOOOOTaIeHHOro < Si.

OxugaeMble

pPe3yJabTaThl MPOEKTA:

Cosznana, mporpamma juis pacuera Q-kackazna; paccunrtan Q-
KacKaJa JJIs MoJIy4eHUs BBICOKOOOOTallleHHOTO 8si.

Kpurtepuu npuemMku
pe3y/1bTaTa NpoeKTa:

[Tonmyyenue pe3ynbTaToB pacdyera napameTpoB Q-kackaaa u ux
aHaJIn3

TpeboBanus k
pe3yJbTaTy MPoeKTa:

[TonydenHble pe3ynbTaThl mapameTpoB Q-kackaaa TOJKHBI
YIOBIIETBOPSTH 3HAYCHHUIO KOHLICHTPALMH ~°Si, IPHBOINMOMY B
narente [4].

Ta6nuna 4.8 — PaGoyas rpyriia npoekra

PDPUO, ocHOBHOE
MecTO padoThl, Pouasb B mpoekTe DyHKIUH
JAOJIKHOCTh
Opaos A.A., @TAQY KOOpIUHAILUAI IPOEKTA,
BO «HarmoHaabHbIH P P ’
N BBIOOp HAIPaBJICHUS UCCIICIOBAHMUS;
HCCIIEIOBATEIIbCKUI
N COCTaBJICHUE U YTBEPKIACHUS TEXHUYECKOTO
Tomckui PykoBoaurens
N 3a/1aHus;
MOJIUTEXHUYECKU N
KaJICHJIapHOE IJIaHWPOBaHUE padoT;
YHUBEPCUTETY,
0000111eH1E U OLIEHKA PE3yIbTaTOB.
npodeccop
Ierpos M.B., BBEIOOp HAIIPaBJIEHUS UCCIIEIOBAHUSL,
®rAOY BO b Hatip ’
N KaJICHJIapHOE IJIaHUPOBaHHUE padoT;
«HanuoHanbHbIN
. 0030p UCTOYHUKOB HH(OpMaLUK;
HCCJIeI0BATENbCKUI
N Ucnonnurens MIPOBEICHUE PACUETOB;
Tomckuit
N COCTaBJICHHE OTYETA;
MOJIMTEXHUYECKUM
aHaJIN3 MOJTYYEHHBIX JaHHBIX;
YHUBEPCUTETY,
MOABECHUE UTOTOB.
MarucTpaHT

Tabnuua 4.9 — OrpannyeHus: IpoeKkTa

®akTop OrpaHuveHus/10NyIEeHUsI
bromxer npoekra He nomxken npespimate 150 000 py6.
HcTounuk prHaHCUpPOBaHUS Cpeactea ®I'AOY BO HU TITV.
3a/laHue Ha BBIOJIHEHUE UCCIIEI0BAaHUM JOKHO
Cpoku npoexTa ObITh yTBepkAeHO K 15.02.2023. PaGora
noJpkHa OBITh BeImoHeHa k 20.05.2023
OrpannyeHue paboyero BpPEMEHHM YYaCTHHUKOB
[Ipoune orpaHu4eHus U AOMYIIEHUS
poeKTa (PYKOBOAMTEINS U UCTIOJIHUTEIS).
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4.3 IlnanupoBaHue ynpasjieHUs HAYyYHO-TEXHHYECKHUM MPOEKTOM

4.3.1 Uepapxuueckasi CTPyKTypa padoT MPoeKTa

Wepapxuueckas ctpykrypa pador (MCP) — neranuzanusi yKpymHEHHOM

CTpYKTYpHbI padoT. B mponiecce coznanuss UCP cTpykTypupyeTcss U ONpeaeseTcs

conepkanue Bcero npoekta. MCP npuBenena Ha pucyHke 4.1.

BeimyckHas
KEATHGHKALNOHHAR
paGoTa
]
| l | |
Paspalotsa Bubop TeoperHdeckne 1 Obobmenie __| Odoprnenne
TEXHHYECKOTO — HANPaRMeHIA — IRCMEePIMEHTATEHELE M OLUeHEA otuéra no HHP
IADAHHA HCCneQOBAHIA HCCNeOOBAMHA Pe3VALTATOR
- CoCTaBneHue
L'?:azam:ﬁ;: MoaGop u H IYHCHHE LI noacHHTENLHOT
r'etmimecmm i oy —| BORMOKHOCTEN JAMICKN
: - MaTepHANOB pacHETHON
no Teae
MOTETH Tiposepxa
. MpaBHABHOCTH
Kanesmapsioe | | Oczoerne — Bnoarenia FOCTa
~ MIAHHpPOBAHKHE METD,JJE{RM N
paGot pachcra 3amucK
- Hpuﬂ‘:{!{f““e || Moarotoska
|_Pacicios | ¥ 3aumTe
AHams
= NTOMVIEHHBIX
JaHHEIX

Pucynox 4.1 — Uepapxudeckasi CTpykTypa paboT

4.3.2 KoHTpOJIbHBIEC COOBITHS IPOEKTA

KaroueBnie cOOBITHS HCCICAOBATCIBLCKOI'O IIPOCKTA, UX HAThbl U PC3YJIbTAThI

npuBeAeHsl B Tadnuie 4.10.

Tabmuma 4.10 — KoHTpoJIbHBIE COOBITHS TIPOSKTA

Ne KonTponbpHoe coObiTHe Jara Pesynprar
1 | Paspadotia Texmmeckoro 1.02.2023 Tprkas o USITII
3aganusg Ha HP
CocTraBiieHHE U YTBEPKICHUE 3ananue na
2 T YTBCPIL 3.02.2023 BBITIOJTHEHHE
TEXHUYECKOTO 3a[aHHs
HCCIICTOBAHUS
3 Bri6op HaIpaBIICHH 5.02.2023
WCCIICTOBAaHUI
4 [TonGop u u3yueHne MarepraioB 702.2023 Oraer
o TeMe
5 Kanennapnoe nianupoBanue 12.02.2023 Ilnar paGot
pabot
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[Iponomxenne Tadbaust 4.10.

6 I/I3yT-IeHI/IeuBO3MO)KHOCTeI/I 13.02.2023 Oruer
pacueTHOM MOJICITH
7 OcBoeHHE METOIMKH pacueTa Ha 14.02.2023 Order
MIPAKTUKE
8 | [IpoBenenue pacyeToB 15.02. 2023-28.03.2023 Otyer
9 | AHanu3 NOJIYYeHHBIX JAaHHBIX 29.03.2023 Otuer
10 | Q0oOmerHe  ouenica 30.03.2023 Oruer
pe3yJIbTAaTOB
11 CocraBieHue MOACHUTEIBHON 1.04.2023-25.04.2023 IMosicunTensHas
3aIIUCKU 3aImcKa
[TpoBepka MpaBHILHOCTH ToscHITebHAs
12 | Bemonnenus 'OCTa 26.04.2023 !
. 3aImcKa
MOSICHUTEIBLHON 3aIIUCKU
131 27.04.2023-
OITOTOBKA K 3aII[UTE 99 05.2023
4.3.3 Il.1an npoexkra
B paMKax IIAHUPOBAHUA HCCIICA0BATCIIBCKOI'O IIPOCKTa IIOCTPOCH

KaJ'ICHI[aprlﬁ HJIaH-Fpa(i)I/IK C IIOMOIIBIO AUArpaMMBbI I'anta. B JaHHOM CJIy4dac

pa60TBI mo TEMC IMPCACTABIAIOTCA IMPOTAKCHHBIMU BO BPCMCHH OTPC3KAMU,

XapaKTepU3yIUMUCS aTaMU Hadalla 1 OKOHYAHUS BBITIOJIHEHU paboT [65, 67].

Jlunelinplii TpaduK U KaJeHAAPHBIM TMUIaH-TpaUK MPOBEACHUS HAYYHOIO

HcClieIOBaHUs TpeicTaBieHbl B Ta0bimmax 4.11 u 4.12 cOOTBETCTBEHHO.

Tabnuua 4.11 — KanennapHslii mian mpoekTa

Koxn JUTHTENBHOCTS, Aara Hara Cocrap
SotE1 HazBanue - Hayasa OKOHYaHUS ACTHUKOB
pa pabor pabot v
Pa3pabotka
TEXHUYECKOrO 2 1.02.2023 2.02.2023 PykoBoguTens
3aaHUs
CocraBieHue 1
YTBEpXKIEHHE 2 3.02.2023 4.02.2023 PykoBoaurenn
TEXHHYECKOTO
3aaHUs
Bri6op PykxoBouTens,
HallpaBJICHUA 3 5.02.2023 7.02.2023 WCIIOJIHUTEIb
HCCIIeIOBaHU I
[Ton6op n
U3ydCHUC 3 8.02.2023 10.02.2023 HcnomHuTens
MaTepUaoB IO
TeMe
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[Iponomxenne Tadmuie 4.11.

Kanennapnoe
IJIaHUPOBAHUE
pabor

11.02.2023

13.02.2023

PykoBoautens,
HCIIOJIHUTEND

N3yuenue
BO3MOXHOCTEN
pacyeTHOH
MOJIeNIN

14.02.2023

14.02.2023

Wcnonuurens

OcBoenue
METO/IMKHU pacuera
Ha MIPaKTHUKE

15.02.2023

15.02.2023

Wcnonuurens

IIpoBencHue
pacueToB

41

16.02.2023

28.03.2023

Wcnonuurens

Ananmms
MOJTy4YEHHBIX
JaHHBIX

29.03.2023

29.03.2023

Hcnomuurens

10

O06o0061IEHNE U
OLIEHKA
pe3yabTaToOB

30.03.2023

30.03.2023

PykoBoaurens,
HACIOJIHUTEID

11

CocraBienue
HOSICHUTEILHOU
3aIllUCKHU

25

1.04.2023

25.04.2023

Ucnonuurens

12

IIpoBepka
MPaBWILHOCTH
BBITIOTHEHH S
I'OCTa
MMOSICHUTEIbHOM
3aIMCKHU

26.04.2023

27.04.2023

PykoBonurens,
VICIIOJIHUTEIIb

13

ITonroroBka K
3alUTe

56

27.04.2023

22.06.2023

Hcnomuurenns
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Tabmuma 4.12 — Kanenpgapubelii 1aH-rpauk MPOBEIEHUS HAYYHOTO

HCCICAOBaHU

Ne

Bun pador

Ucnonuurenu

Ty,
KaJI.JIH.

HpOILOJ'DKI/ITeJ'[BHOCTB BBITIOJIHCHMUA pa60T

@®eBpanb | Mapr

Anpenb

Hrousn

112|13]1]2]3

1123

1]2

Pa3paboTka
TEXHHYECKOTO
3aJaHus

PykoBoautens

CocraBiieHue u
YTBEPKJICHHE
TCXHUYCCKOI'O
3aaHus

PykoBoautens

Bri6op
HaIpaBIEHUS
HCCIIEJOBAaHNH

PykoBoaurens,
HCIIOJTHUTEIIb

[TonGop n
U3yuCHHE
MaTepuaoB 1o
TeMe

Ucnonaurens

Kanengapnoe
MJIAHUPOBAHKE
pabot

PyxoBoguteins,
UCIIOJIHUTEIIb

N3yuenue
BO3MO>KHOCTEM
pacueTHoM
MOJEJIH

Ucnonaurens

OcBoenue
METOIUKHU
pacdera Ha
MTPAKTHKE

HUcnonaurens

AN
H
h
N
||

IIposenenue
pacyeToB

HUcnonuurens

41

Anamus
MOJTYYEHHBIX
JTAHHBIX

HUcnonuurens

10

O0600111EH1E U
OLICHKA
pe3yJIbTaToB

PyxoBoguteins,
HCIIOJIHUTEIb

11

CocraBiienue
HOSICHUTEIHHON
3aIUCKA

Ucnonuurens

25

12

IIposepka
MIPaBUIILHOCTH
BBIIIOJTHEHUSA
I'OCTa
MOSICHUTEIbHOU
3aIlUCKH

PykoBoaurens,
HCIIOJIHUTEIb

13

IloaroroBka k
3aIUTE

Ucnonuurens

26

— PykoBourenb

. — UcnoaHureinn
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4.4 Boa:KeT HAYYHOr 0 UCCJIeI0BAHUS
[Ipu mnanupoBaHuU OIOIKETa HCCIEIOBaHUS JOKHO OBITH O0ECIEUeHO
MIOJTHOE W JIOCTOBEPHOE OTPaKEHHWE BCEX BHUIOB PACXOJIOB, CBS3aHHBIX C €TO
BBINOJIHEHHEM. B mporiecce popmupoBanus OroKeTa UCIONB3YeTCs Cleayromas
IPYNITUPOBKA 3aTPAT MO CTATHSIM:
—  MaTepHuaJbHbIC 3aTPaThI;
—  OCHOBHas 3apa0O0THas IJIaTa UCIIOIHUTENEH TEMBI;
—  OTYHUCJICHHUS BO BHEOIOJKETHBIC (DOHJIBI (CTPaXOBbIC OTYUCIICHU);

— HaKJIaIHBbIC PACXOIBbI.

4.4.1 Pacuetr MaTepHaJIbHbIX 3aTPaT

Pacder maTepuanbHBIX 3aTpaT OCYIIECTBIISICTCS IO CIEAYIONIeH dhopmyIie:

m
3u = (1+kT) ZHI 'Npacxi ’ (4.2)

i=1
rme M — KOJUYECTBO BHUIOB MATCPHAIBHBIX PECYPCOB, MOTPEOISEMBIX MPH
BBIIIOJITHCHHMM HAYYHOI'O MCCICAOBAHUA, Npacxi — KOJIHMYCCTBO MAaTCpHUAJIBbHBIX

peCypcCoB I-ro BHUJA, INIAHUPYCMBIX K HUCIIOJIb30BAHUIO ITPHU BBIIIOJHCHUN HAYYHOI'O

2
nccienoBanus (IT., KT, M, M

U T.1.); I[; — lleHa IpUOOPETCHUS STUHUIIBI I-TO
BHJIA MOTPEOISIEMBIX MATEPHANBHBIX PeCypcoB (py6./mt., py6./kr, py0./Mm, py6./m°
u T.0.); Kr — k03pUIHEHT, YYHUTHIBAIONIMN TPAHCIOPTHO-3arOTOBUTEILHBIC
pacxojibl, IpUHUMaIOTCA B nipenenax 15-25% ot croumocTu Marepuanos [65, 66].
OcCHOBHBIMHM 3aTpaTaMu B JaHHOM HCCIEAOBATEIICKOW paboTe SBISIIOTCS
3aTpaThl Ha 3JeKTpodHepruro. [IporpaMmMuoe obecrieuenne mo 0o6pazoBaTeIbHBIM
JuneH3usiM - OecruiatHoe. Pe3ynbTarthl pacueToB MO 3aTparaM Ha MaTepuaibl
npuBeAeHbl B Tabauie 4.13.
3arpaThl Ha 3JIEKTpodHEpruto st padotel [I9BM paccumthiBatoTCS 1O
dbopmye:
C=L,, - P - Fg, (4.3)
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rae [],, — Tapud Ha MPOMBIIUIEHHYIO 31eKTposHepruio (5,8 py0. 3a 1 kBt-u); P —
MOIITHOCTh 000pyaoBanus, KBT; F,; — BpeMs ncnosib30BaHusi 000pyI0BaHMUS, Y.
3arpaThl Ha AJIEKTPOIHEPTUIO COCTABUWIH 2784 pyOs.

Tabnuma 4.13 — MaTepuanbHbIe 3aTPaThI

HaumenoBanue Mapxa, KonnuectBo Hena 3a equrmy, Cymma,
pasmep pyo. pyo.
DJIEKTPOIHEPTUS 480 kB1'u 5,8 2784
[TporpamMmMHOe obecnieueHue:
WNHTepakTHBHBINA OJIOKHOT
Jupyter; 4 mecsma 0 0
S13BIK TpOTpaMMUPOBaHUS
Python
Bcero 3a marepuansl 2784
TpaHCOPTHO-3arOTOBUTENBHBIE PACXO]IbI 0
Hroro no cratee C,, 2784

4.4.2 Pacuyer amopTU3anuu 000pyA0BaHUA

B UTOroByro cToMMOCTh MPOEKTa BXOJAT OTUMCICHHSI HA aMOPTHU3ALMIO 32
BpeMsl  HCMOJB30BAaHUS OOOpYIOBaHUS B CTaThe HAKIATHBIX PACXOJOB
(tabmuna 4.14). Bce paboThl NpOBOAMIMCH HA IEPCOHAIIBHOM KOMITBIOTEPE.

Ta6nuna 4.14 — 3atpaTel Ha 000pyI0BaHUE

Cpox O6mas
Komn- [leHa eqUHUIIBI
HaumenoBanue TIOJIC3HOTO CTOUMOCTh
Ne BO, 00opyoBaHus,
00opya0BaHuUs HCIIOJIb30BAHUS, 0bopyaoBaHus,
IIT. pyo.
JIeT pyo.
1 Hepconanbitbiit 1 3 45000 45000
KOMITBIOTEP
HTroro: 45000py0.
Pacder amopTu3aiiuu mpoBOIUTCS CIICIYIOMKUM 00pa3oM:
Hopma amopTu3saruu paccuuTheiBaeTces 1mo popmyoie:
1
H,==, (4.4)
n
rJ1€ N — CPOK MOJIE3HOT'O UCIIOJIB30BAHMS, JIET.
AMOpTH3aIs pacCUUTHIBACTCS 10 (hopMmyJie:
H, -0
A=—2— m, (4.5)
12

rae A — utoroBasi Cymma, ThIC. py0.; M — BpeMsi UCIIOJIb30BaHUs, MEC.
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PaccuntaeM aMOpTH3aLUIO )i IEPCOHATBHOTO KOMIIBIOTEPA, C YUETOM, YTO
CPOK IIOJIE3HOTO UCMOJIb30BaHuUs 3 roja:
1 1
n

H,==-=-=0,33
4 3

CymMMy aMOpPTH3alIMOHHBIX OTYUCICHUI HAXOIUM CIIETYIOIUM 00pa3oMm:
Hy-U 4o 0,33 * 45000

CYMMapHBIC 3aTpaThl aMOPTHU3aITHOHHBIX OTUYHCJICHUM:
A = 4950

B nmanHoM paszmene mnpoBeAeH pacuéT aMOpTH3alMd O00OpYIOBaHMS.
AmopTuzanys s TEPCOHATBHOTO KOMIBIOTEPA, C YUYETOM, YTO CPOK MOJIE3HOTO
ucrnosib3oBanusi 3 rojga coctaBuwia 0,33, a oOmas cymMMa aMOpPTH3allMOHHBIX

otunciieHnit 4950 pyoiei.

4.4.3 OcHOBHasi 3apa0OTHAS IJIATA UCIIOJHHUTE/IEH TeMbl
Crathsi  BKIIOYACT OCHOBHYIO  3apa0OTHyI  IulaTy  paOOTHHKOB,
HEIOCPEICTBEHHO 3aHATHIX BBITOJTHCHUEM MPOEKTA, (BKIIIOUAs MIPEMUH, JTOTLIATHI)
U JIOTIOJTHATENIbHYIO 3apa00THYIO TIIATY.
C31'I = 30CH + 3)101'[! (4'6)
riae 3,.; — OCHOBHAs 3apaboTHAas 11aTa; 3., — JOTOTHUTEIIbHAS 3apaboTHAas TaTa.
OcHoBHas 3apabotHast mnata (3oe;) PYKOBOJIUTENS PACCUMTHIBAETCS TIO
cnenyrolieit hopmyiie:
3oen = 3+ Tpas (4.7)
ra€  3os — OCHOBHAas 3apaboOTHas IUIaTa OIHOTO PaOOTHHKA; Ty
MPOJIOJDKATEILHOCTh Pa0OT, BBITIOJHSEMBIX HAyYHO-TEXHHUYECKHM DPAOOTHUKOM,
pabounx JHEH; 3, — cpelHeIHeBHAs 3apaboTHas uiaTa paboTHUKA, pyO.
CpennenneBHas 3apabOTHAs MJIaTa PACCUUTHIBACTCA 10 OpMyIIe
3= M) IF, (4.8)
rae 3, — MECSYHBIM JIOJDKHOCTHOM OKJaa paboTHHWKA, pyO.; M — KOJUYECTBO

MecsIIeB paboThl 0€3 OTITyCKa B TE€UEHUE roja:
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1) nmpu otmycke B 24 pab.mus M =11,2 mecsna, 5-1HeBHAs HEJEIS,

2) npu otiycke B 48 pab.muedt M=10,4 mecsmna, 6-aHeBHas Henens, F, —
JNEUCTBUTENBHBIN rofoBOM (oH padodero BpeMEHHM HAYyYHO-TEXHUYECKOTO
nepcoHana, pad. ad. (tabnuua 4.15).

Ta6muma 4.15 — bananc pabouero BpemeHu

[TokazaTenu pabodyero BpeMeH! PykoBogurens | MicmoaHuTE b
KanenmapHoe uucio nHe 365 365
KoandecTBo HepaOboOUnX JTHEH: 66 66

— BBIXOJIHBIC THW/TIPA3THAYHBIC JTHU

[ToTepu pabouero BpeMeHU: 56 48

— OTITYCK/HEBBIXOIBI 110 OOJIC3HU

JelicTBuTEIBHBIN TO10BOM (hOH pabouero 243 251

BPpCMCHH

Hcnonaurenp eXeMeCca4Ho MOJIydaeT BO3HarpaxiaeHue B pasmepe MPOT
13890 pyo®.

OcHoBHas 3apaboTHas TUIaTa HAYYHOTO PYKOBOJMTENSI PACCUMTHIBAETCS HA
OCHOBAaHMH OTpacieBOM oIuiaTel Tpyxa. OTpacieBas CUCTEMa OIUIAThl TPyJda B
TITY npenaronaraeT ClIeIyOMUA COCTaB 3apaO0THOM TIJIaThI:

— okman — onpeaensercs npeanpuatneM. B TIIY  okmansl
pacripesieyieHbl B COOTBETCTBUM C 3aHUMAEMBIMHU JIOJKHOCTSIMH, HampUMeED,
ACCHUCTEHT, CT. IIPErnoJiaBatelib, AOLEHT, Ipodeccop;

—  CTUMYJIUPYIOIIHUE BBHITJIATHI — YCTAHABJIMBAIOTCS PYKOBOJUTEIIEM
nojapasneneHuit  3a  3(PGEKTUBHBIA  Tpyd, BBINOJHEHUE JOMOJHUTEIBHBIX
00s3aHHOCTEH U T.1.;

—  WHBIC BBIIIATHI: palOHHBIN KOA(DPUIIUEHT.

PykoBoguTenem naHHOW HayYHO-HCCIIENOBATEIHCKON pPaOOThI SBISECTCS
COTPYAHUK C JOJDKHOCTBIO Tipodeccop M CTEeNeHbo MOKTOp Hayk. Oxian
npodeccopa cocrasiser 35000 pybneit (6e3 yueta PK).

JIyist pacdera MECSYHOTO JOJKHOCTHOTO OKJIaja pabOTHHKA MPUMEHSETCS
dbopmyna:

3, =3k, (4.9)
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rae 3,. — 3apaboTHas maTta mo oknaxy, py0.; K, — palionHslii ko3 duLUEHT,
paBsbii 1,3 (ns Tomcka).

3apaboTHas mIaTa UCIOJIHUTENIEH npuBeieHa B Tadmutie 4.16.

Tabnuma 4.16 — 3apaboTHas IJlaTa MCHOJHUTENEH HCCIIe0BATEIbCKOM

paboThI

3 3 | 7 3

Wcnoauutenu OK 1 K , Mo oat ocH
pyo. pyoO. pyoO. pyo.

PykoBoautens 35000 1,30 45500 2240 8 1. 17920

HUcnionuurens 13890 1,30 18057 863 631. 54369

Uroro 3, 72289 py6.

JlonoyiHuTENNbHAS 3apabOTHAs TJ1aTa paccuuThiBaeTcs ucxoas uz 10-15% or
OCHOBHOM 3apa0OTHOW IUIaThl paOOTHUKOB, HEMOCPEICTBEHHO YYACTBYIOIIMX B
BBINOJIHEHUH TeMbl. [Ipumem ko3 PuumeHT qononHuTenbHON 3apab0THON IUIAThI
JUI. HAYYHOTO pykKoBoautens paBHbIM 15%. Torma pomosHWTenbHAs 3apruiara
pykoBoautens 2688 pybiei, a ucnosuurens 8155 pyoOaeit.

Cymmapnast 3apriata pykooautens 20608 pyOseid, ucnonHutens 62524

pyOJei.

4.4.4 OTuncieHusi BO BHeOKOIKeTHbIe GOHBI

Pasmep otuucnennii Bo BHeOwmkeTHbie (onnbl coctaBisier 30,2% ot
CyMMBI 3aTpaT Ha OIUIaTy TpyAa paOOTHUKOB, HEMOCPEICTBEHHO 3aHSATHIX
BBITIOJTHEHHUEM HCCIIEIOBATEIILCKON PAOOTHI.

Benuunna oTumciieHnit BO BHEOIOKETHBIE (POHIBI ONIPEACIISAETCS UCXOIs U3
cienyromnieit hopMyIbl:

Cnes = Kanes * (3ocn + 350n)s (4.10)

e Kges — KOI(MGUIMEHT OTYMCIICHHWH Ha yIUIaTy BO BHEOIOKETHBIC (DOHIBI

(merncuonnbId HoHA, HOH 003aTEITHPHOTO METUIIMHCKOTO CTPAXOBAHUS U TIP.).
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Takum oOpa3zom oTuMcieHHS BO BHEOIOKETHbIE (OHIBI OT 3aTpaTbl Ha

OIUIaTy TPYAa PYKOBOJMUTEIS BBIYUCIISIFOTCS CIEAYIOIIUM 00pa3oM:
Cnes = 0,302 -20608 = 6223 py0.

OTtuncneHuss BO BHEOIO/UKETHbIE (POHIBI OT 3aTpaThl Ha OILIATy TpyAa
VCIIOJTHUTEISL BBIUUCIISIIOTCS CIIEAYIOINUM 00pa3oMm:

Cines = 0,302 -62524 = 18882 py0.

B pesynbrare pacu€TroB oOmNpenesieHbl OTYHUCICHUSI BO BHEOIO/KETHbBIC
(GoOHIBI OT 3aTpaT Ha OIUIaTy TPyJAa PYKOBOAMTENS M MCIIOJIHUTENS, IPU TOM, YTO
KO?((UIMEHT OTYMCIECHUI Ha yIuIaTy BO BHeOwkeTHbIE (poHAbI cocTaBui 0,302.
st pyKOBOAMTENISA, OTYUCIEHUS cocTaBuind 6223 pyO., a 11 ucnoaauTess 1 8882

pyOIIs.

4.4.5 HakiagHble pacxoabl

B Ty craThio BKIIIOYAIOTCS 3aTpaThl HAa YOpPaBICHUE U XO3SAMCTBEHHOE
oOCITy’)KMBaHHE, KOTOPbIE MOTYT OBITh OTHECEHbl HEMOCPEJCTBEHHO Ha
KOHKpeTHYI0 TeMy. Kpome Toro, croja OTHOCSTCA Pacxojibl MO COJACPKaHMIO,
AKCIUTyaTalliM ¥ PEMOHTY OOOpYAOBaHHUS, MPOU3BOACTBEHHOIO HHCTPYMEHTA M
WHBEHTApSI, 3/1aHUI, COOPYKEHHUH U JIp.

Pacdet HaknagHBIX pacxoJ0B BEAETCA MO cieayromiei Gpopmye:

CHaKJ'l = kHaKJ’I : (3OCH + 32[01'[)! (4'11)
r11€ Kyar — KOODGUIIMEHT HAKITATHBIX PACXO/I0B.

Haxnannusie pacxoasl B TIIY cocraBnsaior 12—-16% oT cymMMbl OCHOBHOW U
JIOTIOJTHUTEIIPHOW 3apIiaThl PaOOTHUKOB, YYaCTBYIOIIUX B BBHIIIOJHCHUU TEMBI.
[TpumeM Ko, = 16%.

HaxkmnanHbie pacxo/ibl COCTABJISIOT:

Couaen = 0,16 (20608+62524) = 13301 py6.
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4.4.6 ®opmupoBaHue OKO/KETA 3aTPAT UCCJIEI0BATEIbCKOI0 POEKTA
Omnpenenenne OrOKETa 3aTpaT HAa HAYYHO-UCCIIENOBATEILCKUN MPOEKT IO
Ka)KZIOMYy BapUaHTy UCIIOJIHEHUS NpuBeeH B Tadnuue 4.17.

Tabnuua 4.17 — Pacuer Oro/pkeTa 3aTpar UCCIeA0BaTEIbCKOrO MPOEKTa

MarepuanbHble 3aTpaThl 2784 pyO.
AMOpPTH3AIMOHHBIE OTYUCIICHUS 4950 pyO.
OcHoBHas 3apaboTHAs TUIaTa 72289 pyo.
JlonoyiHUTENIbHAS 3apa0oTHAs IJ1aTa 10843 pyo®.
CtpaxoBbl€ B3HOCHI 25105 pyo.
Ntoro 0e3 HaKIIaIHBIX pacXOJ0B 115971 pyO®.
Haxnagnbie pacxosl 13301 pyO®.
Htoro OromkeTHAs CTOUMOCTD 129272 py0.

4.5 OnpeneseHne pecypcHoii (pecypcocoOeperamoiueii), (pMHAHCOBOW,
OI0’KeTHOM, COUMATBHON U IKOHOMUYECKOM 3P (PeKTUBHOCTH HCCIENOBAHUA
NHTerpanpHbIi NIOKa3aTelb pecypcodd(HEeKTUBHOCTH BAPUAHTOB
UCIIOJTHEHUS 00BbEKTa UCCIIEI0BaHUS MOKHO OIIPENIEINUTD 10 PopMyJie
li=2a-b, (4.12)
rfie Ip;— MHTErpanbHbIi MOKa3aTenb pecypcodP(eKTHBHOCTH Ul i-r0 BapHaHTa
UCITOJIHEHHSI pa3pabOTKH; a; — BECOBOU KOA((UIIMEHT 1-r0 BApUAHTa UCHIOJHEHUS

paspabotku; bf

,bP— Ganpmas omenka i-ro BapmaHTa WCHONHEHMS pa3pabOTKH,
YCTaHaBJIMBAETCS HKCIEPTHBIM IyTEM 110 BEIOPaHHOM IlIKaJie OLIEHUBAHUS.

Pacuer wuHTerpanpHOrOo TmOKazarensa pecypcodPHEKTUBHOCTH JTAHHOTO
uccienoBanus TpenctaBieH B Tabnuie 4.18. B kadecTBe aHamora BBICTYIAET

pacucT R-KaCKaI[a, KakK BTOpOfI MCTOA pacucTa KaCcKalaa.
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Tabmuua 4.18 — CpaBHuUTEnbHAs OLIEHKAa XAapaKTEPUCTUK BapHUAHTOB

HCIIOJIHCHHUA ITPOCKTA

Kpurepun Becogoii ko3 durment Texymuii Ananor
napaMmerpa POCKT
1.DKOHOMHUYHOCTE 0,15 4 3
2.Y 100CTBO B DKCILTyaTaIluu 0,15 5 4
3. 3aKpBITOCTD OJIY4AEMBIX JAHHBIX 0,15 4 4
4. JlocTyImHOCTB 0,1 5 4
5. HamexHocTth 0,25 4 4
6. 3aTtpaThl Ha pa3paboOTKy 0,2 4 3
Hroro 1 4,25 3,65

|,=015-4+0,15-5+0,15-4+0,1-5+0,25-4+0,2-4=4,25;

,=015-3+0,15-4+0,15-4+0,1-4+0,25-4+0,2-3=3,65.

WNHuTterpanbHblii (UHAHCOBBIA TMOKa3aTedb pa3padOTKU OIpeAesercs Io

. :
i tne ®; — crouMocTh I-TO BapuaHTa HUCHOMHEHUS; D, —

max

dopmyne | =

MakKCcUMaJIbHasi CTOUMOCTE ucnoaHenuss HTU.

oo Do 312572 o0
@ 350000

jo__®, _180000 _

— a

?" @ 200000

max

WNHTerpanbHbIii  moka3arenb A(PQGEKTUBHOCTH BApUAHTOB  HWCIOJHCHUS

p a
pa3paboTKu (Iqup) u aHanmora (lgy,,) ONpPENCTSCTCS Ha OCHOBaHWHM
WHTETPAILHOTO  TIOKasatens  pecypcodPPEeKTHBHOCTH W WHTETPATLHOTO

(brHaHCOBOTO MOKa3aTels 1no Gopmysaam

| =75 (4.13)
¢
a —
b
|
12, =2y g7,
170,89
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CpaBHEHHE WHTETPANBHOTO MOKa3aTesns 3QpPEeKTUBHOCTH TEKYIIEro MPOeKTa

¥ aHAJIOTOB TIO3BOJIUT ONIPEICTUTH CPABHUTEIBHYIO 3(PPEKTUBHOCTH MPOCKTA.

CpaBautenbHas 3¢ dEeKTUBHOCTh ITpoekTa (Tadnuna 4.19) onpeaensercs mo

dbopmyie
| P
— _Qunp
Qcp - I (415)
p
Tabnuua 4.19 — CpaBautenbHas 3pGHEeKTUBHOCTh pa3pabOTKU
ITokazarenu Amnanor Pa3zpaboTka
WuTerpanbHblil MoKa3zaTenb pecypcodPPeKTHBHOCTH 365 495
pa3pabOTKH U aHAJIOTOB ’ ’
WuTerpanpHblil moka3aTens 3 hekTuBHOCTH 4 477
BapUaHTOB UCIOJIHEHUS pa3pabOTKU U aHaJIora ’
CpaBaurenbHas 23 PEKTUBHOCTh BAPHAHTOB 109 112
VCTIOJIHEHUS ’ ’

Ha ocnHoBe pacdcTta HHTCTPAJIBHOI'O IIOKA3aTCIA C OIIPCACICHUCM [IBYX

CPCAHCB3BCIUICHHBIX

BEJIMYMH: (dbuHAHCOBOI s pexTUBHOCTH

u

pecypcodPheKTUBHOCTH HAYyYHOTO MCCJIEAOBaHUS MOKHO CJieJIaTh BBIBOJ O TOM,

4YTO pa3padaThiBaeMbIii TMPOEKT sBisieTcss Oonee HPHEKTUBHBIM BapHAHTOM

peIICHUA MMOCTaBJICHHOMN 3aJ1a4i 110 CPpaBHCHUIO C MIPCAJIOKCHHBIM aHAJIOT'OM.
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4.6 BriBoa 1o pasaenay «PUHAHCOBBIH MEHE/IKMEHT,
pecypco3(ppeKTUBHOCTDH M pecypcocOepe:keHue)

1. B xome BeimonmHeHus pasnena «DHUHAHCOBBIA  MEHEIKMEHT,
pecypcodhHEeKTUBHOCTE U pecypcocOepekeHne» COTJIACHO aHaJIU3y
KOHKYPEHTHBIX TEXHUYECKHUX PEIICHUN YCTaHOBJIEHO, YTO KOHKYPEHTHBIE METOJIbI
UMEIOT PAJT HEJJOCTATKOB, UCKITI0YAEMbIX pa3padoTaHHON Moelbio. [IpoBeneHHbIi
pacuer Q-Kackaga ISl TOMYYCHHS BBICOKOOOOTAIICHHOTO -°Si  IIO3BOISET
CYILIECTBEHHO CHU3UTH (PMHAHCOBBIE 3aTpaThl MPU MPOECKTUPOBAHUU PEATHHOTO
Kackaza.

2. B xo1e mimaHupoBaHUsl HAyYHO-UCCIEA0BATEIbCKUX padOT onpeeneH
nepedyeHb paldoT, BHIOJIHAEMbIA pabouei rpymnmnod. B ganHom ciydyae pabouas
rpyIIia COCTOUT U3 JBYX 4YeloBeK: pykoBoauTesb (OpioB A.A.) U UCHOJHUTEIH
(ITetpoe M.B.). Ha ocHOBe BpeMEHHBIX IOKa3aTelel Mo Kaxaoh u3
MPOU3BEJEHHBIX PAa0b0T ObUI MOCTPOCH KAJICHAAPHBIN TUTaH-TpaduUK, 0 KOTOPOMY
MOXHO YBHUJETh, UYTO camasi NpOJOJDKUTENbHAs NO BpPEMEHH pabdoTa — 3TO
COCTABJICHHE MOSICHUTEIBHOM 3aMMCKH U MOATOTOBKA K 3aIIUTE PAOOTHI.

3. bromxer wucciaegoBanus coctaBwin  129272py6, B TOM uucIe
3apabotHas miara 83132 py6. u Hakinaaueie pacxoas 13301 pyo.

4, [IpousBenena cpaBHUTEIbHAS XapakTepucThka A(HHEKTUBHOCTH
pa3paOOTKM HAa OCHOBAaHMM MHTErPAIbHOrO Mokazareis A()QPEeKTUBHOCTH.
Peanuzanust mpoekta B TIEPBOM HCIOJHEHUM sBIsieTcss Oosiee 3G (HEKTUBHBIM
BapUaHTOM.

S. Ouenka abcomtotHoM »(ddexktuBHocT HU mokazana, 4To MOpOEKT
aBisgeTcsi dQPEKTUBHBIM C TOYKM 3PEHUS II€I€CO00pPa3HOCTH WHBECTHPOBAHUS

JEHE)KHBIX CPEJICTB, CO CPOKOM OKYNaeMOCTH 2,26 roja.
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3AJIAHUE JIJISI PA3JIEJIA
«COILIUAJIbHASI OTBETCTBEHHOCTb»

CTyneHry:
I'pynna DPUO
0AM11 IlerpoBy Makcumy BeHnamMuHOBUUYy
Ikoaa AT OTtnenenne (HOIN) oATH
14.04.02 SAnepHubie
Yposensb
Maructparypa HamnpagieHue/cnenquaabHOCTh ¢u3nka u
o0pa3zoBaHus
TEXHOJIOTHH

Hcxoanble 1aHHbIe K pa3geny «ConuaabHas 0TBETCTBEHHOCTBY

1. Xapakrepuctuka o0beKTa HCcieI0BaHus (BEIIECTBO,
MaTepHal, Mpuodop, aNropuT™M, METOINKA, pabodasi 30Ha) U
00JacTi ero NpUMEeHEeHUS

O0bekT nccaenoBanus: Q-kacka.
Obnactp TIPUMEHCHHUS
MIPOMBIIILICHHOCTb.

aTOMHas

Hepel{eHL BOIPOCOB, NOAJICKAIIUX UCCICAOBAHNUIO, IPOCKTUPOBAHUTIO U pa3pa60T1<e:

1. [IpaBoBbIe H OpPraHN3anHOHHbIE BONMPOCHI
olecneyeHust 6€30NMACHOCTH:

— CHeHHalbHBIE  (XapakTepHble TPH  SKCIUIyaTalluu
o0bekTa HCCIeOBaHMs, NPOCKTUPYEMON paboueil 30HEI)
MIPaBOBbIE HOPMBI TPYIOBOTO 3aKOHOIATEIILCTBA;

— OpraHU3alMOHHBIE MEPONPHATHS TpPH KOMIIOHOBKE
paboueii 30HBL

— TpynoBoi kopekc Poccuiickoit @enepanuu
ot 30.12.2001 N 197-®@3 (pen. ot 19.12.2022);

2. IlpousBoacTBeHHAs1 0€30MIACHOCTD:

2.1. AHanu3 BBISBICHHBIX BPEIHBIX U OMACHBIX (PAKTOPOB
2.2. O60CHOBaHUE MEPOTIPUATHH 110 CHHIKCHUIO
BO3/€ICTBUA

BpenHble u onacHble (akTOpPHL:

— OTKJIOHECHHE TO0Ka3aTeleil MUKPOKINMATA,;

— TOBBILCHHBIA YPOBEHb
9JIEKTPOMATHUTHBIX U3JTyYCHHH;

— HEJO0CTaTOYHAs OCBELIEHHOCTb pabouel
30HBI;

— TIOBBILICHHBIN YPOBEHb IIyMa;

— ncuxogpusnonornyeckrue Gpakropsl;

—  OIACHOCTb MOPAXKEHHS IEKTPHUUECKUM
TOKOM.

4. Be3onacHoOCTb B aBapUITHBIX M Ype3BbIYAHBIX
CUTYyalusXx:

— BBIOOp M onucanue TunuaHo ACHYC —
o’Kap, yaap TOKOM, TaJIcHIE C BHICOTHI
COOCTBEHHOTO POCTa;

— 000CHOBaHWE MEPOIPHUATHIA 1O
npenotBpameHuo ACu4ic;

— TOPSIOK NeHCTBUH MPH BOZHUKHOBEHUH
ACu4C.

| JlaTa BpIIauyM 3aiaHMs JJIS pa3fieia o JuHeiiHoMy rpaguky | 27.01.2023 |
3agaHue BbI/1aJ KOHCYJIbTAHT:

JlokHOCTH DOUO YyeHasi cTenieHb, 3BaHNe IMoanucek Jlara

Honent OSTI]

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

3az[aH1/le MNPUHAJJT K UICITIOJJHEHUIO CTYACHT:
I'pynna DPUO Hoanuce Jara
0AMI11 ITerpos M.B.
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5 CoumnanbHasi 0OTBETCTBEHHOCTh

Pa6ota Beimonusanace B ayautopuu Ne 246 10 xopryca HU TIIY na 6aze
OtaeneHnst  SIIEPHO-TOIUIMBHOTO — IMKJIA  MHXEHEpHOW  IIKOJBI  AJEPHBIX
TEXHOJIOTUH.

Pesynbrarom paboThl sBIsieTCsS pacdyer mapameTpoB Q-kackana i
pasnenenus 2°Si. Pacyer mapaMeTpoB KacKaja MPOBOAWICS C HCIIOIb30BAHHEM
[13BM, wuHTEepmpeTHpyeMoro  si3bplka  nporpammupoBanusi  Python u
UHTEpAaKTUBHOTO OnokHOTa Jupyter. Pacuer odopmieH B BHJE€ NPOTrPaAMMHOIO
KOJ1a, 9YTO TIO3BOJISIET B OyAyIIIeM MPOBOANTH pacueThl Q-Kackana sl BRIOpaHHBIX
HayaJIbHBIX 3HAYEHUW. J[aHHYI0 MpOrpaMMy MOXHO HCIOJIb30BaTh B YYEOHBIX
LENAX IS 3aKPEIICHUS 3HaHU, II0JyYEHHBIX Ha JEKINOHHBIX 3aHATHSIX.

B pazgene paccMOTpeHBI OMAcHbIE U BPEIHBIE (DAKTOPBI, OKA3bIBAIOIIME
BIIMSIHAE HA IPOLIECC MCCIIEIOBAaHNUs, PABOBbIE U OPraHU3allMOHHBIE BOIPOCHI, a

TAKIKC MCPOIIPUATHA B LIpe?ﬁBI)I‘-IaI\(JIHBIX CUTyalluigX.

5.1 IlpaBoBble ¥ OpraHu3alMOHHbIC BONPOCHI oOlecreYeHUs
0e30macHOCTH

5.1.1 IIpaBoBbIe HOPMBbI TPYAOBOI'0 3AKOHOAATEJIbCTBA

OCHOBHBIE TOJIOKEHUSI IO OXPAaHE TPYyAa U3JI0KEHBI B TPYyIOBOM KOJIEKCE
Poccuiickonn @enepaunu. B 3TOM JOKYMEHTE yKa3aHO, YTO OXpaHa 340pPOBbS
Tpyasimuxcsi, oOecredeHue  Oe30MacHBIX  YCIOBUM  TpyAa, JIMKBUAAIUS
poecCHOHANIBHBIX 3a00JIEBaHUIM W MPOU3BOJICTBEHHOTO TpaBMaTU3Ma SIBIISIIOTCS
OJIHOM M3 TJIaBHBIX 3a00T rOCy1apCTRa.

Cornacuo TpynoBomy kozaekcy Poccuiickoit denepariun, Kaxabiii paOOTHUK
MMEET MPABO Ha:

1) paGouee MecTo, COOTBETCTBYIOIIEE TPEOOBAHUSIM OXPaHbI TPY/IA;

2) o00si3aTenbHOE COIMATBHOE CTPAXOBAaHWE OT HECYACTHBIX CIIy4aeB Ha
MIPOU3BOJICTBE U MPOECCHOHATBHBIX 3a00JICBAHMIA;

3) nmonaydeHue  JOCTOBepHOM  wHbOpManmuu  OoT  paboTomaresns,

COOTBETCTBYIOIIUX TOCY/IAPCTBEHHBIX OPTraHOB M OOIIIECTBEHHBIX OpTraHU3aIfii 00
70



YCIOBHUSIX W OXpaHe Tpyaa Ha pabodeM MecTe, O CYIIECTBYIOIIEM PHUCKE
MOBPEXKICHUS 3I0POBbsI, & TAKKE O MEPax IO 3alUTe OT BO3JACUCTBUS BPEIHBIX U
(WJIHM) OTIaCHBIX TIPOU3BOJICTBEHHBIX (DAKTOPOB;

4) 0TKa3 OT BBIMOJHEHUS padOT B cllydyae BOSHUKHOBEHHUS OMACHOCTU IS
€ro KHU3HU U 3/I0pPOBbsI BCJIEICTBHE HAPYIICHHS TPEOOBAaHUMN OXpaHbl TPY/a;

5) obecnieueHue cpeaCcTBAMU MHAMBUAYAJIbHON M KOJUIEKTUBHOM 3alllUTHI B
COOTBETCTBHH C TPEOOBAHUSAMHU OXPaHBI TPYJA 33 CYET CPEICTB pabOTOMATENIS;

6) oOydyeHue Oe30macHBIM METOJIaM U IMpUEMaM TpyJla 3a CUET CPEICTB
paboToarens;

7) JWMYHOE Yy4YacThe WM YYacTHE uYepe3 CBOUX TPEICTABUTENEH B
pPacCMOTPEHHM BOIPOCOB, CBSI3AHHBIX C OOecreYyeHUueM Oe30IMaCHbIX YCIOBUN
TpyZa Ha ero pabodeM MecTe, W B pACCICAOBAHHWH IPOMCIICIIICTO C HUM
HECYACTHOTO CIIy4dasi Ha MPOU3BOJICTBE WK MPOodheCcCHOHATBHOTO 3a00JIeBaHNUS;

8) BHEOYEpETHON MEIUIIMHCKUNA OCMOTP B COOTBETCTBUHU C MEIUIIUHCKUMU
PEKOMEHAAIUSIMH C COXPAaHEHHUEM 3a HUM MecTa paboThl (JOJKHOCTH) U CPEAHETO
3apaboTKa BO BpEeMs MPOXOXKJIEHUS YKA3aHHOTO MEIUIIMHCKOTO OCMOTPA;

9) rapaHTMM ¥ KOMIICHCAIIMHM, YCTAHOBJICHHBIE B COOTBETCTBUU C
HacTosM KoJeKkcoM, KOJIJIEKTUBHBIM JIOTOBOPOM, COTJIAIIIEHUEM, JIOKAJIbHBIM
HOPMATUBHBIM aKTOM, TPYJIOBBIM JOTOBOPOM, €CJIM OH 3aHAT Ha paboTax c
BpPEAHBIMH U (WJIM) ONTACHBIMH YCJIOBUSIMU TPY/A.

Cornacuo TpynoBomy kozaekcy Poccuiickoit ®Penepanuu HOpMalibHast
MPOJIOJDKUTEILHOCTh Pabodyero BpeMEHHM HE MoKeT mnpeBbimaTth 40 YacoB B
HEeJeN0, paboToaTenb O0s3aH BECTH YYE€T BPEMEHH, OTPaOOTAHHOTO KaXKIIbIM

paboTHUKOM [68].

5.1.2 OpraHu3anuoOHHbIC MEpPONPHUATHA INPH KOMIIOHOBKe padoueit
30HbI HCCIEA0BATEISA

PanmonanpHasi TUIaHHpPOBKa pabouyero MecTa MNpeaycMaTpUBAaeT YETKUH
MOPSIAOK W TNOCTOSAHCTBO  pa3MENICHUs MPEIMETOB, CPEACTB Tpyda U

JOKYMCHTAIIUU. TO, qTo Tpe6yeTc;1 JJIA  BBIITOJIHCHUA pa60T qame AO0JIZKHO
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pacnojiaratbCsd B 30HC JIETKOM JOCSracMOCTH ‘pa60qero IMpOCTpaHCTBA, KakK

n300pakeHo Ha pucyHke 5.1 [69].
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Pucynoxk 5.1 — 30HBI 10CATaEMOCTH PYK B TOPU30HTAIBHOM TNTIOCKOCTH:
a - 30Ha MaKCUMAaJIbHOM JOCATaeMOCTH PYK;
0 - 30Ha 0CITaeMOCTH NaJbIEB MPU BHITIHYTOU PYKE;
B - 30HA JIETKOU JI0CSATAaEMOCTH JIAJIOHU;
I - ONTUMAJIBbHOE TPOCTPAHCTBO JJIsI TPyOOi pyuHOI pabOoThI;

1 - ONTUMAIBHOE MPOCTPAHCTBO JJIsl TOHKOM PYYHOU paOOTHI.

OntumanbHOE pa3MEIICHUE NPEAMETOB TpyJa U JIOKYMEHTAllMd B 30HAX
JIOCSITAEMOCTH PYK:

1) nucruiei pa3MeriaeTcs B 30He «ay» (B LEHTPE);

2) KJIaBUATypa - B 30HE «I» U «I»;

3) cucTeMHBIH OJIOK pa3MemiaeTcs B 30He «O» (cieBa);

4) npuHTEep HAXOIUTCS B 30HE «a» (CIipaBa);

5) nuTepaTypa W JOKYMEHTAIUs, HEOOXOoauMas IpHu padoTe HAXOAWTCS B
30HE JIETKOW JTOCSATAEMOCTH JaJOHU — «B» (CJEBa);

6) B BBIABMKHBIX SIIMKaX CTOJIAa - JUTEpaTypa, HE HCIOJb3yeMas

ITIOCTOAHHO.

TpeboBaHus K OCHAIICHUIO pabovero MecTa MpuBeAcHBI B Tadimme 5.1 [69].

72



Tabmuua 5.1 — TpeOoBaHus K  OCHalEHUWIO pabdoyero Mecra,

MPEeIyCMaTPUBAIOIIETO ITUTEIbHYI0 padoTy 3a [TK

[[Iupuna paboyero crosa Ot 80 5o 140 cm
Bricora pabouero croia 75 cm
['myOuna pabouero croia Ot 60 o 80 c™m
PaccTostHue oT ria3 10 MOHUTOpa Ot 50 5o 60 cm
PaccTossHue knaBUAaTypel OT Kpad
M p Ot 10 1o 30 cm
cTOJIa
JIOMKHO TO3BOJISITH  PETYJIUPOBKY IO
BBICOTE, TIOBOPOTY MW YINIy HakJoOHa
Cunenue ’ pOTY yrLy

CIUHKH (PEryJUpPOBKH JOJDKHBI OBIThH
HE3aBUCUMBIMH JIPYT OT JIpYyTa)

[upuna ot 30 cm, rmyduna — ot 40 cM, ¢

[IpocTpaHCTBO 1151 HOT
poctp a yIJIOM HakjoHa 70 20 rpaaycoB

MoHuTOp JOJDKEH pacrnojararbCsi Ha YpPOBHE IJIa3 oOIllepaTropa Ha
paccrostHuu 500-600 MM. Yron HaOdOJeHUS B TOPU3OHTAIBHOW IUIOCKOCTHU
JNOJDKEeH ObITh He Oosiee 45 rpaaycoB K HOpMalu 3KpaHa. JlomkHa OBITh
BO3MOXKHOCTh BBIOMpPAaTh YPOBEHb KOHTPACTHOCTH U SAPKOCTH HM300paK€HUS Ha
sKpane [69].

Takxke AOKHA TpPETycMaTPUBATHCA BO3MOXKHOCTh PETYJIHPOBKH SKpaHA
MoHuTopa [69]:

1) mo BeIcOTE 13 CM;

2) HaKJIOH OTHOCHUTENIbHO BepTHKaiu 10-20 rpaaycos;

3) B JIEBOM U TIPAaBOM HATPABIICHHUSX.

KnaBuarypy aomkHa pacnoiaraThCsi Ha MOBEPXHOCTU CTOJIA HA PACCTOSIHUU
100 — 300 MM oOT Kpasi, HA YpPOBHE JIOKTS OIleparopa C YIJIOM HaKJIOHA K
ropu3oHTaIbHON TIockocTH 15°. KoHCTpyKIMs KiaBUIlKM AODKHA OOecrednBaTh
OIlepaTopy OILLYIIEHHE IIeT4Ka. [[BeT KiIaBUIll TOJKEH KOHTPACTUPOBATH C LIBETOM
MIAHENH.

B ciuywae ecium paborta omepaTtopa MpeanosiaraéT  0JHOOOpa3HYyIO
YMCTBEHHYIO paboTy, KOTOpasi TpeOyeT 3HAUUTEIbHOIO HEPBHOTO HANpSIKEHUS U

OOJBIIOTO  COCPENOTOYEHHUS, TO  Jydllle BCEro  BbIOMpaTh  HESPKUE,
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MaJIOKOHTPACTHBIE IBETOBBIE OTTEHKH, KOTOpPHIE HE OCNa0istoT BHUMaHue. Ecmu
pabora TpeOyeT OOJBIION yYMCTBEHHOHW W (DU3WYECKON HAIPSKEHHOCTH, TOTA
ClleyeT WCIONb30BaTh 0Ooyiee TEMIble OTTCHKH, KOTOpPHIE CIIOCOOCTBYIO

MOBBIIIEHUIO KOHIIEHTPAllMK BHUMaHUs [69].

5.2 IIpousBoacTBEeHHAsI 0€30MACHOCTH

5.2.1 AHaJIu3 BpeJAHBIX H ONACHBIX (AKTOPOB

['pynnbl TPOM3BOJACTBEHHBIX YCIOBUM, XapaKTEPU3YIOIIHECS HaTudyueM
OTIACHBIX U BPEIHBIN PaKTOpOB:

1) pusnueckue;

2) XUMUYECKHUE;

3) ncuxopU3UOIOTHYECKHUE;

4) OMONIOTUYECKHE.

OmnacHele U BpeaHbie (HaKTOPhl, BO3JECHCTBYIONIME HAa MEPCOHAN IIpHU padboTe
¢ II9BM npuBenens! B Tadimiie 5.2.

Tabnuua 5.2 — Bo3MoXHbIE€ ONIaCHBIE U BpeAHbIE (PaKTOPbI

DakTOophI HopmaTuBHBIE TOKYMEHTBI

CanlluH 2.2.4.548-96. ®usnveckue GpaxTopsl

1. OTknoHEHWE NTOKA3aTeNner | NPOU3BOACTBEHHOW Cpelbl. | nrmeHnyeckue
MUKpOKJIMMaTa TpeOOBaHMS K MUKPOKIMMATY MPOU3BOJICTBEHHBIX
nomemnenuit [70]

2. I1oBBIIIEHHBIN YPOBEHD I'OCT 12.1.006-84 CCBT. DnekTpoMarHuTHbIE
AJIEKTPOMATHUTHOTO noJist paguoyactoT. O0ume TpedoBaHus
U3ITyYCHUS 0ezonacuoctu [71]

CanlluH 1.2.3685-21. 'urnennueckue HOpMaTUBbI
1 TpeOOBaHUs K oOecrieueHnI0 0€30MacHOCTH U
(nnn) 6€3BpeTHOCTH JIJIs YelloBeKa (PaKTOpOB
cpeapl ooutanus (ot 28 sHBapst 2021 r. Ne 2) [72]

3. Hemocrarounas
OCBEIICHHOCTh paboueit
30HBI

CH 2.2.4/2.1.8.562-96. lllym Ha pabounx MecTax,
B TIOMEIIEHUSX KUIIBIX, OOIIECTBEHHBIX 3TaHUN U
Ha TEPPUTOPHUH 3aCTPOMKH [73 ]

4. IlpeBbllieHUE YPOBHS
nryma
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[Iponomxenne TadbauIs! 5.2.

CII2.4.3648-20
CaHUTapHO-3MHIEMHOJIOTUYECKHAE TPEOOBAHUS K
5. [lcuxodusnonoruueckue | OpraHU3aIUsAM BOCIIUTAHUS U O0yUYEHUSs, OTAbIXA
bakTopsI Y O370POBJICHUS ACTEU U MOJIOJEKHU : YTB.

MuHHUCTEPCTBOM FOCTULIMU Poccuiickoun
®eneparuu ot 18.12.2020 Ne 61573 [69]

I'OCT 12.1.038-82 CCBT.

6. [Topaxxenue Onextpobe3omnacHoCTh. [IpeaenbHo AomyCcTUMBIE
AIEKTPUUECKUM TOKOM YPOBHH HANPSHKEHUN TPUKOCHOBEHUS U TOKOB
[74]

I'OCT 12.1.044-2018 CCBT
7. I1okapoB3pbIBOOIIACHOCTH | [102kapOB3pBIBOONIACHOCTH BEILIECTB U
Marepuasnos [75]

K ncuxonoruyecku BpeaHbIM (akTopaM, BO3JAEHCTBYIOIIUM Ha TEPCOHA,
oTHOcATCH [72]:

1) HEpBHO - SMOLIUOHAJILHBIE TIEPErPY3KH;

2) YMCTBEHHOE HaIpsHKCHHUE;

3) pusnueckue neperpys3Ku.

buonornyeckne W XMMHUYECKHE BpEJHbIE MPOU3BOIACTBEHHBIC (HAKTOPHI

OTCYTCTBYIOT.

5.2.2 O0ocHoBaHMe MEpPONPUATHH MO0 3alUTEe UCCIeI0BATENS OT
AefCTBUS BPEAHBIX U ONMACHBIX (PAKTOPOB

B cooTBeTCTBMM C CAaHUTAPHO-IMHAEMHOJOTHYECKUE TpeOOBaHUS K
OpraHu3alysIM BOCIUTAHUS W OOyYEeHUS, OTAbIXa U O3JOPOBJICHUS JETeH W
MoJoaexu [I9BM noibkHBI UMETh €CTECTBEHHOE U MCKYCCTBEHHOE OCBEIICHHUE.
[Tnomanr Ha ogHO pabouee MecTo Tmosb3oBateneit [ID9BM nomxHa cocTaBisTh HE

menee 6 M° [69].

5.2.3 OTk/I0HeHHe OKa3aTeled MUKPOKJINMATA
Bo3nyx paboueli 30HBI (MHKPOKJIMMAT) TPOHU3BOJCTBEHHBIX ITOMEIICHHMA

ONPEAEISAIOT CIEAYIOIINE MapaMeTpbl: TEMIIEpATypa, OTHOCUTENIbHAS BJIAXKHOCTb,
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CKOPOCTh JBW)XEHHS Bo3ayxa. OnTuManbHble 3HAYECHHUS XaAPAKTEPUCTUK
MUKpPOKJIMMAaTa yCTaHABJIMBAIOTCS B COOTBETCTBHHM C HOPMaMH W TIPUBEICHBI B
tabmure 5.3.

Tabmuua 5.3 — OnTumanbHbIe TapaMeTpPbl MUKPOKIMMATa

CkopocTh
[epuos roaa Temmneparypa, °C OrhocuTeLHas JIBYDKCHUS
’ BJIA)KHOCTbD, %
BO3/TyXa, M/C
KONOHE K 23-25 40-60 0,1
HEPEX O THBIHI
Teruinin 22-24 40 0,1

OTkJIOHEHUE TOKa3aTeaeil MUKPOKIMMATa OT HOPMbI MOKET MPUBOAUTH K
BO3HMKHOBEHHUIO OOIIMX U JIOKAJIBHBIX OIIYIICHUH TEIJIOBOr0 JIUCKOMQOpTa,
HaIPSDKEHUI0 MEXaHU3MOB TEPMOPETYJSILUU, YXYALICHHI0 CaMOYyBCTBHUS U
MOHKEHHUIO Pa0OTOCTIOCOOHOCTH.

Jist  oOecriedyeHusT  YCTAHOBJICHHBIX ~ HOPM  MHKPOKIMMATHUYECKUX
napamMeTpOB U YUCTOTHI BO3/lyXa Ha pabOYUX MECTaxX U B MOMEUICHUSX MPUMEHSIOT
BeHTWIsIIMIO. OO0IIe0OMEHHass BEHTWISALMS HCIOJB3YyeTCsl Il OOecreueHus: B
MOMEMICHUSIX COOTBETCTBYIOIIEr0 MHUKpoKJIuMara. llepuoanyecku  JI0JKEH
BECTHCh KOHTPOJIb BIAKHOCTBIO BO3AyXa. B eTHee BpeMsl pu BBICOKON YIUYHOU
TeMIEPAType JOJKHBI UCIOIb30BATHCA CUCTEMbI KOHAUIMOHUPOBaHUs [69].

[TapameTpsl MUKpOKINMaTa, B ayauTopun No 246, peryiaupyrTcsi CHCTEMON
LEHTPAJIBHOrO OTOoIIeHnd. K MeponpusTusM IO O340POBJICHHUIO BO3LYIIHON
Cpellbl B MPOU3BOJICTBEHHOM MOMEIEHUHA OTHOCSTCS: MPaBWIbHASI OpraHU3aLNs
BEHTWSIUMA W KOHAMIMOHUPOBAHUS BO3[yXa, OTOIUICHHWE IOMELIECHUH.
BeHTunsiuyss MOXET OCYHIECTBISATHCS E€CTECTBEHHBIM M MEXAHUYECKUM ITYTEM.
OnTuManbpHasi KpPAaTHOCTh BO3AYXOOOMEHAa B MPOM3BOJICTBEHHBIX MMOMEIICHUSIX
HaxOJUTCS B JOCTATOYHO IMUPOKUX mpenenax: oT 3 g0 40 pa3 B yac [69]. B
UCIIOJIb3yeMOM ~ JTabOpaTOpUU  YCTAHOBJIEH  BBHICOKOHATIOPHBIM  BBITSKHOM
BEHTWISITOp Mapku BP-12-26-4 mpoussomutensrocTsio Q =2400 — 4400 m*/uac.

O06beM abopaTopun COCTABIISET:
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V=a-b-h=4m-5m- - 6M=1200". (5.1)
JlaHHBII BEHTUJIATOP o0ecrneunBaeT CIIEIYIOLLYIO KPaTHOCTb

BO3yx000MeHa (BO) B mabopaTopuu:

o= _2400+4400 _, 56 4 (5.2)
v 120
Takum 00pa3oM YCTAHOBIEHO, YTO MHKPOKJIMMAT B HCIOJB3yEMOM

ayautropuu No246 cOOTBETCTBYET ONITUMAIBHBIM YCIOBHSIM paboThI [69].

5.2.4 IloBbILICHHBIH YPOBEHb 3JIEKTPOMATHUTHOIO M3JIy4eHHS

Okpan u cucreMmHble Oyoku [I9BM mnpousBOIAT 3JI€KTPOMArHUTHOE
nznyyeHue. OCHOBHasi €ro 4YacTb HPOUCXOAMT OT CHCTEMHOTO OJloKa U
BUJIeoKa0enss. HanpsskeHHOCTh 3EKTPOMAarHUTHOTO TOJIA Ha paccTossHuM 50 cm
BOKPYI' JKpaHa II0 JJIEKTPUYECKOM COCTABIAIOLICH JOJDKHA COOTBETCTBOBATH
Tabmurie 5.4.

IIOBBIIEHHBIN YPOBEHb JJIEKTPOMATrHUTHOI'O H3JIyYEHHUs] MOXKET HEraTUBHO
BIIUATH HA OpraHU3M 4YeJOBEKa: IIPUBOJUTH K HEPBHBIM pAaCCTPOMCTBA;
HapylIECHUIO CHA; 3HAYUTEIbHOMY yXYIUIEHHUIO 3pUTEIIBHOW aKTHUBHOCTH;
ocnabeHUI0 HUMMYHHOM CHCTEMbI; PAacCTPOHMCTBAM  CEPIEYHO-COCYIUCTOM
cuctemsl [71].

Tabnuua 5.4 — JlonycTrMble ypOBHH MMapaMETPOB 3JIEKTPOMArHUTHOTO MO

Benuuuna nomyctumMoro
HanmenoBanne napameTpoB
YPOBHS
Hana3oH 4acToT
HanpsbxkenHOCTh A 25 B/m
S5To—2 kI
3JIEKTPOMArHUuTHOTO
HOMIS] Jlnama3oH 4acToT 2.5 B/
2 kI'u — 400 xI'g ’
Jlnama3oH 4acToT
250 HTn
[InoTHOCTH ST'm—2 kI
MarHUTHOT'O TIOTOKA Hana3oH 4acToT
A 25 HTn
2 kI'p — 400 kI 1y

Jns 3ammtel ot OMII yBenuuyuBarOT paccTOSHUE OT MCTOYHUKA (IKpaH
JIOJKEH HAaXOJUTCSl HA paccTOSsHUU He MeHee 50 ¢cM OT MoJb30BaTess).
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5.2.5 HepocrarouHasi 0CBEIICHHOCTH pado4eil 30HbI

YTOMIISIEMOCTh OPTaHOB 3PEHUS MOKET OBITh CBsI3aHA KaK C HEJOCTATOYHOM
OCBEIICHHOCThIO, TaK U C YPE3MEPHON OCBEIIEHHOCTHIO JIMOO C HEMpaBUIbLHBIM
HaIpaBJICHUEM CBETA.

[Io HopmatuBaM [72] OCBELIEHHOCTh Ha IOBEPXHOCTU CTOJA B 30HE
pa3mernieHus pabouero jgokymeHTta nopkHa ObITh 300-500 k. OcenieHue He
JIOJKHO CO3/aBaTh OJIMKOB Ha MOBEPXHOCTHU dKpaHa. OCBEIIEHHOCTh MOBEPXHOCTU
PKpaHa He J1obkHa ObITh 60s1ee 300 K.

SApKOCTb CBETHJIBHUKOB OOIIIETO OCBEIICHUS B 30HE YII0B U3ydyeHus: ot 50
a0 90° ¢ BepTUKAIbID B MPOJOJIBHOW M TMOMNEPEYHOM IUIOCKOCTAX JOJDKHA
coctaBysITh He Oosee 200 Ka/M, 3aUUTHBIA YroJ CBETUJILHUKOB JIOJDKEH OBITh HE
menee 40°. Koadduument 3amaca (K3) misi 0oCBETUTENBHBIX YCTaHOBOK OOIIETO
OCBEIICHHS JOJDKEH MpUHUMAThes paBHbIM 1,4, KoadduuueHt mynpcanuu He
JOJKEH NpeBbIaTh 5%.

HckyccTBeHHOE OCBEHIEHHE B MOMENIEHUSX 11 3Kkcmuryarauuu [I9BM
JOJKHO OCYIIECTBIISITHCSI CUCTEMOM OOIIEr0 paBHOMEPHOTO OCBEIICHHUSI.

B npou3BoACTBEHHBIX U aJMUHUCTPATUBHO-OOIIECTBEHHBIX MOMEIICHUSIX, B
ClIydasix MPEUMYIIECTBEHHOM paboOThl C JOKYMEHTAMH, CJIEIYeT TPUMEHSThH
CUCTEMBL:

1) KOMOMHUPOBAHHOTO OCBEIIECHUS (K OOIIEMY OCBEIICHHUIO JOTOIHUTEIBHO
YCTaHABIIMBAIOTCS CBETHIIbHUKH;

2) MECTHOTO OCBCIICHHMS, TMPEIHA3HAYEHHbIC ISl OCBEIICHUS 30HbI
PacCIOJIOKEHUS JOKYMEHTOB) [72].

[momane nomenieHus:
S=a-b, (5.3)
rae A — qiuHa, M; B — mmpuna, M.
S=4.5=20 M,
Koaddurment orpakenusi cBeXEeNOOEICHHBIX CTEH C OKHaMH, 0e3 IITOp

p. =50 %, cBexenodbeneHHoro mnoroska p, =70 %. Koapdunuent 3amnaca,
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YUUTBHIBAIOIIMM  3arpsi3HEHHE CBETWJIBHUKA, JUII TOMEMEHUHM C MaJbIM
BelleieHneM 1nblim paBeH K, =15. Koaddunuent HepaBHOMEpHOCTH [UIs
CBETOIHOIHEIX JieHT Z = 1,1.

Bribupaem cBeroanonst Varton 9w, cBeToBOM MOTOK KOTOPBIX paBeH

®,,, = 2900 JIm.

Bribupaem cBeTwibHHKM €O cBetoguonamu Tuma Diora LPO. Otor
CBETWJIBHUK HMMEET JIBE€ CBETOJMOJHBIE JIEHThl MOIIHOCTHIO 9 BT kaxkaas, anuHa
CBETWIbHUKA paBHa 1260 mm, mmpuHa — 124 mwM.

HuTerpanbHbIM KPUTEPUEM ONTHMAIBHOCTH PACTIONOXKEHHSI CBETUILHUKOB
ABJIIETCSl BEJIMYMHA A, KOTOpasl JJIsl CBETOJAMOJIHBIX CBETUJILHUKOB C 3aIlUTHBIM
pacceuBareneM nexut B nuanazone 1,1 — 1,3. IMpuaumaem A =11, paccrosHue
CBETWJIBHUKOB OT nepekpoitus (csec) h, =0,5 m.

Bricota cBeTmnbHHMKa HajJ paboyeil MOBEPXHOCTHIO OIpPENEseTCs 0
dbopmyie:

h=h —h, (5.4)

rae h, — BbIcOTa CBETHJILHUKA HaJ| ITOJIOM, BBICOTA TOJBECA, hp _ BbICOTa paboueit

IMOBCPXHOCTHU HAO IIOJIOM.
Haumenbmas A0ITyCTUMas BbBICOTA ITOJABECA HAJ IMOJOM IJIA ABYXJICHTOBBIX

cBeTmiIbHUKOB Diora: h, = 3,5 m.

BricoTta cBetunpHMKa Haj pabodeil MOBEPXHOCTHIO OMPENEseTCs TI0

bopmyie:
h=H-h —h =35-1-0,5=2m. (5.5)
N3 Gpopmyiibr
cpv:(E’S'Kf'Z) (5.6)
. N -7

rae E — muanmanbsHas HOpMUpOBaHHAs OCBEIICHHOCTh;, K3 = 1,5 — koadduriment
3arnaca, YYUTBHIBAIOIIUI 3arpsi3HEHHE CBETHJIbHUKA, HAMYUe B aTMocdepe JbIma,

ITBbIJIN, i— KOB(I)(I)I/IHI/IGHT HCHOJB30BaHUI CBETOBOTO MOTOKA; N — KOJIWYECTBO JIaMII
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B CBCTHUIIBHHUKC, D — CBETOBOM IIOTOK OI[HOfI JJaMIibl, HaxOJWUM YHCIIO

Ja
CBCTOAMOJHBIX JICHT N, HaXoaAuM 4YMCJIO CBE€ETOANMOAHBIX JICHT N:

_(E-SK,-2)

N 57
D, -n 1)

1 OTPENIeIsieM Yepe3 UHICKC MOMEIICHHS 110 hopMmyIie:
@b) __45 _, (5.8)

T h@+b) 2-(4+5)

Ko>¢duimeHT ucnonp3oBaHus CBETOBOTO IOTOKA, NMOKA3bIBAOIIUM KakKas

4acThb CBETOBOIO IIOTOKA JIaMII IIOIagaeT Ha padodyl0 IOBEPXHOCTb, I

CBETHJIBHUKOB THNA Diora co cBeToamogHeIMu JeHTamMu Tpu  p, =70 %,
p. =50 % u ungexce nomenenus | = 1,1 pasen n = 0,45.

Torma

_(E-S-K,-Z) 300-20-1,5-11
D, -1 2900-0,45

N =7,59 sneHr.

[IpyHUMaeM KOJIMYECTBO CBETOAMOAHBIX JIEHT 8. Ilpu 3TOoM momydaercsa 4
CBETUJIbHHKA, T.€. 2 PSAJIa MO 2 CBETUIILHUKA.
[ToTpeOHBINM CBETOBOM MOTOK CBETOIMOIHBIX JIAMIT:

_(E-S-K,-Z) 300-20-1,5-11

D, = 2750 JIm.
N-7n 8-0,45
N3 ycnoBuii paBHOMEPHOCTH OCBEILCHUS ONPEACIIsiEM paccTosiHuA L, n %,
L2
L, n 3 0 CIEIYIOIIUM YPaBHEHUSIM:
2 | L
4000 = L1+§ L +2-124; L, =2251 mwm, §= 750 mm; (5.9)
2 _ L,
5000=L, + 3 L, +2-1260; L, =1488 mm, 32496 MM; (5.10)

Ha pucynke 5.2 n300pakeH 1miaH MOMEICHUS U pa3MeIeHUs! CBETUIILHUKOB

CO CBETOANOJHBIMHU JIeHTaMH B ayauTopun Ne 246 10 xopnyca HU TITVY.
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5000
1488

2251

A
Y

4000
Pucynok 5.2 — [1nan momMenieHus u pa3MeIieHus CBETUIBHUKOB CO
CBETOAMOAHBIMU JICHTaMU
JlenaeM MpoBEPKY BBITIOJIHEHHUSI YCIOBHUS:

~10% = (P, = P.) 10004 < 209%: (5.11)

710

(@, -®,) (2900 - 2750)
@, -100% 2900

-100% =5,17%.

Takum 00pa3om, Mbl TOJYYHJIM, YTO HEOOXOIUMBIM CBETOBOW IMOTOK HE
BBIXOJUT 3a Mpenensl TpeOyemMoro auana3oHa. MOIIHOCT OCBETHTEIbHON
YCTAHOBKH ITOTYYNJIIACH:

P=8-9=72Br.
PacuéTtHoe KONIMYECTBO  CBETHJIBHHUKOB  COOTBETCTBYET  (DaKTHUECKH

yctaHoBieHHOMY B aynutopuu Ne 246 10 kopnmyca HU TITY.
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5.2.6 IlpeBblilIeHHe YPOBHS LIyMa

lym sBasiercss oOmednonorndeckum pasapaxkurene. [llym oxaspiBaer
BIIMSHUE HAa CIIyXOBOW aHaIM3aTop, JEHUCTBYET HAa CTPYKTYpbI F'OJIOBHOIO MO3ra,
BBI3bIBAasl CABUTU B Pa3IUYHBIX (PYHKIHMOHAJIBHBIX cucTeMax opraHusma. lym
MOXET CO31aBaThCs paboTaromum 000py1I0BaHUEM, YCTaHOBKaMU
KOHJAMIIMOHUPOBAHUS BO3/yXa, OCBETUTENIbHBIMU MPUOOpPaMH THEBHOI'O CBETA, a
Tak)Ke MPOHUKaTh W3BHE. [Ipu BeimonHeHun padotel Ha [IDBM ypoBens mryma Ha
pabouem Mecte He oykeH npesbimath 50 nba.

Boeraenstor cneayromue HeOaaronpusTHbIE BO3AEHCTBYS IyMa HA OpTraHUu3M
YEJIOBEK: CHI)KEHHE Pa300pUYMBOCTH PEYM; HENPHUSATHBIE ONIYLICHUS; pPa3BUTHE
YTOMJICHHUS; CHIDKEHUE MPOU3BOJUTEIBHOCTH TpyZAa; IOSBICHHE IIYMOBOW
MATOJIOTHH.

B tabnuue 5.5 npuBeneHbl HOPMBI YPOBHS LIyMa IMpH Pa3IMYHBIX BUAAX
pab6ot [73].

Tabnuua 5.5 — HopMaTuBbl ypoBHS IyMa MpU pa3iuvHbIX BUAaX padboT

MakcumanbHO JOMYCTUMBIN ypoBeHb tyma (1b), B moyiocax
cnenyroux oktaB (I'm)

Hayunas palora,
pacyerTsl, 86| 71| 61| 54| 49| 45| 42| 40| 38| 50

KOHCTPYUPOBAHUE

Oduckl,

93| 79| 70| 68| 58| 55| 52| 52| 49| 60
nabopaTopuu

5.2.7 Ilcuxopusuosornyeckue GakTopbl

[Icuxodusnonornueckue omacHble ¥ BPEAHBIE  MPOU3BOJACTBEHHBIC
dakTopel, AenaTcs Ha (HU3UMYECKUE MEPErpy3KH (CTaTHUeCKue, TUHAMUYECKHE) U
HEPBHO-TICUXUYECKUE TIeperpy3Ku (YMCTBEHHOE MEpeHaIpsKeHUe, MOHOTOHHOCTh
TPYy1a, SMOLIMOHAJIBHBIC MTEPETPY3KH).

TpynoBast nesITENbHOCTh PaOOTHUKOB  HEMPOMU3BOJCTBEHHON  cdephl
OTHOCHUTCSI K KaTeropuu paldoT, CBA3AHHBIX C UCIIOJIb30BaHUEM OOJIBIIUX 00BEMOB

uH(dOpMaIuK, C TPUMEHEHUEM KOMITHIOTEPU3NPOBAHHBIX PAOOYNX MECT, C YaCThIM
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NPUHSATHEM OTBETCTBEHHBIX pEUICHHH B YCIOBUSX JAeduiuTta BpEMEHH,
HETIOCPEJICTBEHHBIM KOHTAKTOM C JIIOABMH DPa3HBIX TUIIOB TEMIIEpAMEHTa. DTO
00YCIIOBITUBAECT BBICOKHI YpPOBEHb HEPBHO-TICUXHYECKOH IMEperpy3KH, CHUKAET
(YHKIIMOHANBHBIX HAa AKTHBHOCTH IEHTPAIHLHOW HEPBHOW CHUCTEMBI, TPUBOJIUT K
paccTpoiicTBaM B €€ JEATCIBHOCTH, DPa3BUTHUS YTOMJICHUS, II€PCYTOMIICHHS,
cTpeccy.

Haubonee »>@dexTtuBHbie cpeAcTBa MNPEAYNPEKICHUS YTOMICHUA TPHU
paboTe Ha MPOU3BOJICTBE — ATO CPEICTBA, HOPMAITU3YIOIINE aKTHBHYIO TPYIOBYIO
JeSITeTLHOCTH YesioBeka. Ha ¢poHe HOPMaTbHOTO MPOTEKAHUS POU3BOJICTBEHHBIX
NPOIIECCOB OJHHM W3 BAKHBIX (PU3UOJOTHUECKUX MEPONPUATHI TMPOTUB

YTOMJICHUS ABJISIETCS MPABWIBHBIN PEKUM TpyJAa U oT1bixa [68].

5.2.8 IlopaxeHue 3JIEKTPHYECKHUM TOKOM

PabGouee momenieHne MO ONACHOCTU MOPAXXKEHUS AJIEKTPUUECKUM TOKOM
MOKHO OTHECTH KO 1 Kiaccy, T.e. 3TO HMOMeElLIeHHE 0€3 MOBBIIIEHHONW ONacHOCTH
U3-32 BO3MOXXHOCTU OJIHOBPEMEHHOTO NPHKOCHOBEHHMS YEIOBEKA K HMEIOLIUM
COCQMHEHUE C 3€MJIEM METAUIOKOHCTPYKUMAM 31aHUM, TEXHOJOTUYECKUM
anmnaparam, MEXaHU3MaM H T.II., C OJHOW CTOPOHBI, U K METAJUIMYECKUM KOpIycam
AEKTpOooOOpYyIOBaHUs — C Apyroi [74].

CymiecTByeT OITaCHOCTh 3JIEKTPONOPAKEHUS B CAEAYIOIMX CIyYasx:

1) mpu HEmocpeACTBEHHOM IPHUKOCHOBCHWH K TOKOBEIYIIMM YacTsIM BO
BpEMSI PEMOHTA;

2) TpU TPUKOCHOBEHHHM K HETOKOBEAYIIMM YacTsAM, OKa3aBIIUMCS IOJ
HaIpsHKEeHUEM (B Cllydae HapyIICHHs U30JIALMY TOKOBEIYIIMX YacTeil);

3) mpM TNPUKOCHOBCHMH C IIOJIOM, CTE€HAMH, OKAa3aBIIMMHCS IOJ
HaIpsHKCHUEM;

4) mpu KOPOTKOM 3aMbIKaHHUHU B BHICOKOBOJIBTHBIX OJIOKaX: OJIOKE MUTAHUS U
0JI0Ke TUCTIIICHHON pa3BEPTKH.

CreneHp OMACHOTO BO3AEHCTBHUS DJIEKTPUUECKOTO TOKAa HA OpraHu3M

YCJIOBCKA 3aBHCHUT OT.
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1) polia M BETUYMHBI HANIPSKEHUS U TOKA;

2) 4acTOTHI JIEKTPUUYECKOTO TOKA,;

3) myTH NPOXOXKIACHUS TOKA Yepe3 TEIO YEJIOBEKa;

4) NpOoOKUTEIIBHOCTH BO3/ICUCTBUS HA OPTaHU3M YEJIOBEKA;

5) ycnoBuit BHEIIHEH CPE/Ibl.

DONEeKTpUYecKUud  TOK  OKa3blBaeT  Ha  4YeJoBeKa  TEPMHUECKOE,
AIEKTPOIUTUUECKOE, MEXaHUYECKOE U OMOJIOTNYECKOE BO3ICHCTBHUE.

Tepmuueckoe BO3JAEHCTBHE TOKa TMPOSIBISETCS B OXKOrax, Harpese
KPOBEHOCHBIX COCYJIOB M JIPYIMX OPraHOB, B PE3yJIbTaT€ YE€ro B HUX BO3HUKAIOT
(yHKIHOHAJIBHBIE PACCTPOKCTBA.

DNEKTPOIINTUYECKOE JAEHCTBUE TOKA XapaKTEPHU3YETCs Pa3IOKEHUEM KPOBU
U JPYrUX OPTaHUYECKUX >KUAKOCTEH, YTO BBI3BIBACT HapylleHUs ux (HU3UKO-
XUMHUYECKOTO COCTABA.

MexaHnyeckoe JEHCTBUE TOKA MPOSIBISIETCA B TOBPEXICHUSX (pa3pbIBE,
paccioeHMM W JAp.) pa3IuYHbBIX =~ TKaHEl  opraHu3mMa B pe3yJbTaTe
AIIEKTPOUHAMUYECKOTO A (PeKTa.

buonornueckoe AeiicTBUE TOKa Ha >KMBYIO TKaHb BBIPAXKAETCS B OMAcCHOM
BO30YXKICHMM  KJIETOK W  TKaHed  OpraHu3Ma,  COINPOBOXKJIAIOIIEMCS
HEMPOU3BOJIbHBIMU CYJIOPOKHBIMHM COKpAIICHUSIMA MBbIIIL. B pe3ynbrare Takoro
BO30Y)K/IEHHSI MOKET BO3HHMKHYTh HapyII€HHWE M JaKe IMOJHOE MpeKpalleHue
NeSATEeTLHOCTH OPTaHOB JBIXaHUS U KPOBOOOpAIIICHHUS.

OCHOBHBIMU MEPOIPUATUSAMU MO 3aUUTE OT MOPAKEHUS BJIEKTPUUYECKUM
TOKOM SIBJISIFOTCSI:

1) oOecriedeHue  HEJOCTYMHOCTH  TOKOBEAYIIMX  YacTed  IyTeM
MCITIOJIb30BAHUS U30JISIMU B KOpIycax 000py0BaHUS;

2) TPUMCHEHHE CPEICTB KOJUICKTUBHOM 3allUThl OT TOPaKCHHS
AIIEKTPUYECKUM TOKOM;

3) WUCMONB30BaHUE 3alIUTHOTO 3a3e€MJICHUS, 3aIlIUTHOTO 3aHYJICHUS,
3aIUTHOTO OTKJIIOUEHUs [76];

4)  uCHNOJB30BAHUE YCTPOMCTB OecriepeOOMHOTO MUTAHMS.
84



Texnuyeckue cnocoObl U CpeICTBA MPUMEHSIOT Pa3eIbHO WM B COUETAaHUH
JPYyT ¢ APYTrOM TaK, YTOOBI 0OecreynBatach ONTUMAaIbHAs 3aIUTA.

OpraHu3aliluOHHBIMU MEPOINPUATUSAMU IO JIEKTPOOE30IaCHOCTH SIBIISIOTCS
NEPUOJIMYECKHE W BHEIUIAHOBBIE WHCTPYKTaXH. lleproandeckuil MHCTPYKTax
IPOBOANUTCA BCEMY HEIIEKTPOTEXHUYECKOMY IIEPCOHANY, BBINOIHSIOMIEMY
cileqyomue padoThl: BKJIIOYEHHWE U OTKIIIOUEHHUE HIIEKTPONPUOOpOB, yOOpKa
NOMEIICHU BOJM3HM 3JEKTPOLIMTOB, PO3ETOK M BBIKIOYaTeNled W T. O. Bech
HERJIEKTPOTEXHUUECKUM TMEpCcOHal [JOJDKEH OBITh aTTECTOBaH Ha IEPBYIO
KBATM(PUKANMOHHYIO TPYIIy 10 23JiekTpobe3onacHoctr. [lepuoamdaeckuit
WHCTPYKTAK IMPOBOJAUTCS HE MEHEE OJTHOTO pasa B rox [74].

BHEIIaHOBBIT MHCTPYKTaX IPOBOJUTCS PYKOBOIUTENIEM IOAPA3IACICHUS

MIPU BBEJCHUU B DKCIUTYaTAI[MI0 HOBOT'O TEXHUYECKOTO 3JIEKTPOOOOPYAOBAHUSI.

5.2.9 Ilo:xxapHasi 1 B3pbIBHas1 0€30IIACHOCTH

B 3aBucHMMOCTH OT XapakTEPUCTUKU HCMOJIb3yEMBIX B IPOU3BOJICTBE
BEILIECTB U WX KOJMYECTBA, MO MOXAPHON U B3PHIBHOM OMACHOCTH MOMEIICHUS
noapasaensatorcs Ha kareropun A, b, B, I', [ [77]. Tak kak mnomenieHue
Ja00paTOpPUU MO CTENEHHU MOKapOB3PHIBOOIMACHOCTH OTHOCHUTCS K Kareropuul B,
T.e. K TOMEIICHUSM C TBEPABIMUA CrOPAIOIIMMHU BEIIECTBAMU, HEOOXOIUMO
MPEAYCMOTPETh P TPODUIAKTUUESCKIX MEPOTIPUSITHIA.

Bo3moxHbie mpuunHbI Bo3ropanus [77]:

1) paboTa ¢ OTKpPBITOM dIEKTpoannapaTypoi;

2) KOPOTKHE 3aMbIKaHUs B OJIOKE MUTAHUS;

3) HecoOII0/IeHHE MPAaBUI MOKAPHOU 0€30MacHOCTH;

4) Hanu4KMe roproYUX KOMIIOHEHTOB.

Hanbonee onacHbIM ¢ TOYKU 3pEHUS MOXKAPHOM OE30MACHOCTU BEIIECCTBOM,
MIPUMEHSEMBIM B paboTe, IBISETCS ATAaHOJL.

Bce pabGoTel ¢ 3TaHOIOM MAOMKHBI TPOBOAHUTHCS C HCIOIH30BAHUEM
MPUTOYHO-BBITSDKHOM ~ BEHTWISIIMM  BIald  OT OrHI W HMCTOYHHUKOB

HUCKPOOOpa30BaHMUS.
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[Ipu otbGope mnpoO, mMpoBedEHUH aHalIM3a W OOpalleHWd B MpoOLEecce
TPAHCTIOPTHBIX W TPOU3BOJACTBEHHBIX OIEpallii € 3TaHOJIOM MPUMEHSIOTCS
WHMBUyalIbHbIE CPEJICTBA 3aIUTHI M0 HOPMaM BbIJIaYM CIECLHAIIBLHON OJEXKIbl,
cenuanbHO O0yBM MW JAPYTHX CPEICTB  3alllUThl, YTBEPXKICHHBIM B
YCTaHOBJICHHOM TOPSIJIKE.

JIJist TyleHus TOPSIIEro 3TaHOoJIa MPUMEHSIOT MOPOIIKOBbIE OTHETYIIUTENH,
CpelcTBa OOBEMHOTO TyHICHHS (MUHUMAalbHAs OTHETYIIAlas KOHIICHTPAIHS:
yraekucioro raza — 29% (mo oOwemy), azota — 43% (mo oObemy),
nuopomreTpadTopatana — 2,1% (mo o0wbemy), mecok, acOECTOBOE OESI0 U MEHY
[77].

MeponpusiTuss 10 MHOXapHOM  NPOPMIAKTHKE  pPA3AEISAIOTCS  Ha:
OpTraHU3aIMOHHBIC, TEXHHUYECKHUE, YKCIUTyaTallMOHHBIC U pEeXXUMHBIC [ 77].

OpraHu3alluOHHBIE ~ MEpONPUATUS  NPEIyCMAaTPUBAIOT  MPABUIIBHYIO
HKCIUTyaTallMl0 00OpYy/I0BaHUs, NMPaBUIbHOE COJEPKAaHUE 3AAHUNA U TEPPUTOPHUH,
NPOTUBOMOXKAPHBIM ~ WHCTPYKTaX  pabounMx ©  CIyXamuxX, oOydeHue
IPOM3BOJCTBEHHOIO IIE€pCOHANIa MpaBUjaM IPOTHUBONOKAPHOM O€30MacHOCTH,
W3JJaHie UHCTPYKIINH, IJIAKaTOB, HAJTMYWE TUIaHa dBaKyanuu [77].

K TEXHUUYECKUM MEPONPUITHUIM OTHOCSITCSL: coOroieHue
IPOTUBOINOXKAPHBIX MPABUJI, HOPM NPH MPOESKTUPOBAHUU 3aHUM, TIPU YCTPOHCTBE
AJIEKTPOTIPOBOJIOB M OOOPYAOBAaHHUSA, OTOIJICHHS, BEHTHISAIMU, OCBEIICHUS,
NpaBUJIbHOE pa3MeleHne 00opyaoBanus [77].

K pexuMHBIM  MEpONPHUSATHSIM  OTHOCATCSA, YCTAHOBJIICHHWE TIPaBHI
opraHuzauud  paboT, ¢  CcOONIOACHHE  MPOTUBOMOXKApHBIX  Mmep. Jlnd
IpeIynpexIeHNs BOSHUKHOBEHHSI TOXKapa OT KOPOTKUX 3aMbIKaHUM, TEPErpy30K
HEO0OXOIMMO COOJTIOZICHUE CIEAYIONINX TTPaBUil TokapHou 6e3onacHoctu [77]:

1) wuckmroueHue  0o0Opa3oBaHUS  TroproYel  cpeabl  (TepMeTH3aIus
000pyI0BaHUs, KOHTPOJIb BO3AYIIHON Cpe/ibl, paboyasi u aBapuiiHas BEHTUIISILINS);

2) mpaBwWibHas BKCIUTyaTalus o0OpynoBaHMs (MPAaBWIBHOE BKIIIOUYECHHE
o0OpylOBaHUSI B CETh DJJEKTPUYECKOrO MUTAaHUS, KOHTPOJIb  Harpesa

o0opy10BaHUS );
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3) DOpaBWIbHOE COJAEpXKAHUE 3AaHUM U TEpPpUTOPUNA  (MCKIIOUEHUE
o0pa3oBaHMsI HMCTOYHUKA BOCIUIAMEHEHHS - MPEIyNpekICHHE CaMOBO3TOpaHUS
BEIIECTB, OTPAHUYCHUE OTHEBBIX PadoT);

4) oOydeHue MPOM3BOJCTBEHHOTO MEPCOHANA MPaBUJIaM MPOTHUBOMOXKAPHON
0€30IIaCHOCTH;

5) uznanve MHCTPYKIMH, MJIaKaTOB, HAJTMYKE MJIaHA YBAKyalllH;

6) colOmoeHrne MPOTHBOIOKAPHBIX MPABUJI, HOPM MPH MPOECKTUPOBAHHUU
3JaHUM, TPU YCTPOWCTBE DJIEKTPONPOBOJAOB U OOOPYIOBaHUSA, OTOILJICHUS,
BEHTUJISILINU, OCBEILICHUS;

7) npaBUJILHOE pa3MelleHHe 000pyI0BAHHS,

8) CBOEBPEMEHHBII NPOPUIAKTUUYECKH OCMOTpP, PEMOHT U HCIIBITAHHUE
o0opy10BaHUS.

[Ipy BO3HUKHOBEHHMHM TIOKapa COOOLIUTh PYKOBOJMUTENIO, OpraHam
IPOTUBONOXKAPHON OE€30MaCHOCTH MPEANpPHUATHS W NPUCTYNUTh K TYIICHUIO
M0Kapa OTHETYIINUTEIEM.

[Ipu BO3ZHUKHOBEHUH aBapHUHON cuTyaluu Heooxoaumo [77]:

1) cooOmMTE PYKOBOACTBY (ZI€KYpPHOMY);

2) TO3BOHUTH B COOTBETCTBYIOIIYIO aBapuiiHyto ciyx0y wim MUC mo
tenedony — 112;

3) IpHUHSATH MEphl MO JTUKBUIAIMHN TOCIEACTBUI aBapuu B COOTBETCTBHUHU C

MHCTPYKLHEH.

5.3 be3onacHOCTH B aBapPUIHBIX M YPEe3BbIYANHbBIX CUTyallUAX

ABapuiinple u upe3BbluaiiHpie cutTyauun (ACuYC) — o6cTaHOBKa,
CIIOKUBILNASICA HA OINPENEIIEHHONM TEPPUTOPUM B PE3yJbTaTe€ aBapuH, OMACHOIO
NPUPOAHOTO SIBJICHUS, KATaCTPO(bl, CTUXUHHOTO WJIM MHOTO OEICTBHUSA, KOTOpPAs
MOJKET TMOBJICYb 32 COOOM YeNOBEUYECKHE KEePTBbI, yIIepO 310pOBBIO JIOACH WU
OKpYXarolleld NPUPOAHOW Cpele, 3HAYUTENIbHBbIE MaTEpPUAIbHBIE TOTEPU H

HapyLIEHUE YCIOBUMN KUZHEIEATETbHOCTH JIFOICH.
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B Tabmmue 5.6 paccMOTpeHbl aBapuiiHbIE W YpE3BbIYAIHBIE CHUTYallHH,

MCTO/JBI 110 UX IMPCAOTBPAINCHUTIO U JIMKBUAALIUA X HOCJ'IGI[CTBPIﬁ.

Tabmuma 5.6 — ABapuiiHble W 4YpE3BBIYAWHBIC CHUTYAllMH, METOJABl HX

NpcaoTBpalICHUA U JIUKBU AN HOCJ'IGI[CTBI/Iﬁ

Mepsl npenoTBpanieHus

Mepsl 0 TMKBUAALIAN

Ne ACHHC ACnYC nocaeactsuii ACudC
[IpoBeneHne BBOAHOTO U
MOBTOPHOTO (4epe3 6 mec.)
MHCTPYKTaXa,; BbI30B noxapHoi cryKOBbI
1 | Toxap Cobnronenue U cnacaTeneﬁv(TeJI. 112);
TEXHOJIOTUYECKUX PEKUMOB | BI30B ckopoit
IIPOU3BO/ICTBA; MEIUIIMHCKON TOMOIIA

Co3pnanue ycinoBuil aiis
HBaKyalllH MepcoHaa

2 | Yoap TokoM

[IpoBeneHrie BBOJHOTO U
MOBTOPHOTO (4epe3 6 mec.)
WHCTPYKTAXa,
Conepxanue
SHEPreTUYECKUX CETEN B
HCTIPAaBHOM COCTOSTHUU

Br130B ckopou
MEIULIMHCKON TOMOITA
(ten. 030, 112);

Oka3zanue nepBoi NOMOIIH

TpaBmupoBanue
B PE3YyJIbTATE
MaJICHUS C
BBICOTBI

[IpoBeneHre BBOJHOTO U
MOBTOPHOTO (4epe3 6 Mec.)
WHCTPYKTaXa,

Co3pnanue cucrem
MPEeAYNPEXKICHUS AJICHUN;
CoOmronath TpeOOBaHMS
0€30MacHOCTH MpU
BBITIOJTHEHUHU PaboOT HA
BBICOTE

Br130B ckopoit
MEIUIMTHCKON ITOMOIIHA
(ten. 030, 112);

Okazanue nepBoi MOMOIIH
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5.4 BoiBoa no pasneny «CouuajbHasi 0OTBETCTBEHHOCTH)»

B pasgene paccMOTpeHBI CHEIyIONTHE BpEAHBIE W OMacHbIe (HaKTOPHI
MOMEIICHHUS:

1) mukpoximmar [72];

2) mym [73];

3) aneKTpoMarHuTHoe u3inydenue [71];

4) oCcBeIIeHHOCTH [72];

5) ncuxoduzuonornueckue GakTopsl [72];

6) 21eKTpoOe30MacHOCTh [74];

7) moapo-B3pbIBOOE30MacHOCTh [77].

[Tomemenne Ne 246 10 kopmryca TIIY oTHeceHo:

1) mo anektpobe3onacHocTH — K 1 kaccy [74];

2) 10 Tokapo-B3pHIBOOE30IIACHOCTH — K KaTeropuu B [77].

Takke paccMOTpPEHBI BO3MOXKHBIC aBApPUHBIC M UPE3BBIYAHBIC CUTYAIIHH,

MCTOAbI UX IIPCAOTBPAIICHNA U TUKBUAAIINH HOCJ'IGI[CTBPIﬁ.
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Conclusions

1. As a result of the calculations of the 1st and 2nd stage of separation, the
profiles of the corresponding Q-cascades and the dependence of the distribution of
the concentration of silicon isotopes over their stages were obtained. It is shown
that silicon isotopes are distributed over the stages of the cascade in accordance
with their mass numbers.

2. The calculation of the parameters of the Q-cascade to obtain highly
enriched ?®Si showed that one stage of separation can produce #Si with a
concentration of 99.92% with a product flow of 32.31 g/s. The number of stages of
the cascade was 135.

3. It is recommended to use the heavy fraction waste flow of the first
separation stage for further enrichment of 2°Si and *°Si, since the concentration of
?8Si in this flow after the first separation stage is low (0.1%) and the mixture can be
considered two-component.

4. In the second separation stage, using a multi-stage separation process in
the light fraction waste flow, it is possible to reach a **Si concentration of 99.74%
with a product flow of 1.61 g/s. In the heavy fraction waste flow of the cascade, the
0Sj concentration is 99.91% at a product flow value of 1.08 g/s. At the same time,
the number of stages of the cascade of the second separation stage was 139.

The results can be used in the gas centrifuge technology for the separation of

multicomponent isotope mixtures at separation plants in Russia.
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