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ABSTRACT

The final qualification work contains: 85 pages, 33 tables, 14 figures, 44
references.

Key words: tetramethyllead, Q-cascade, mass transfer, mathematical model,
non-stationary process.

The object of the study is the Q-cascade for the production of tetramethyllead
highly enriched in 2%Pb,.

Purpose of work: to calculate the parameters of the Q-cascade for the
production of highly enriched 2°Pb.

In the course of the study, the following were carried out: calculations of the
1st and 2nd phases of separation, as a result of which the profiles of the
corresponding Q-cascades and the dependence of the distribution of the
concentration of lead isotopes over their stages. It is shown that lead isotopes are
distributed over the stages of cascades in accordance with their mass numbers. The
largest change in the concentration of lead isotopes takes place at the end stages of
the cascades, the smallest - near the feed flow stage.

When calculating the parameters of the Q-cascade, it was found that it is
impossible to obtain the required concentration of 2°Pb in one phase of separation.
The maximum concentration of the target isotope in the first phase of separation is
90,41% at the stage of the light fraction selection flow of the cascade. The number
of stages in the cascade was 64,21.

At the second separation phase, using a multi-stage separation process,
Cascade 1 and Cascade 2 were calculated with the concentration of the target isotope
In the heavy fraction manifold is 0,1% and 0,3%, respectively. It is possible to
achieve a 2°°Pb concentration of 95,76% and 95,79%, respectively, in light fraction
manifold of Cascade 1 and Cascade 2, and a concentration 89,32% of 2°’Pb in heavy
fraction manifold of the Cascade 1. and Cascade 2 of the second separation stage

were 81,34 and 72, respectively.
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Introduction

Isotopes are atoms of the same chemical element that differ in mass number.
The difference in mass entails a difference in the properties of the elements: density,
diffusion coefficient, specific ion charge, rate of chemical reactions, equilibrium
distribution coefficient, and others. To effectively use the properties of certain
Isotopes, it is necessary to enrich them in the natural isotopic mixture to a high
concentration. The main industrial method of enrichment is the gas centrifuge
method, where the isotopic 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. 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.

Lead and its isotopes are widely used in geology, medicine (for example, for
the synthesis of medical radioisotopes) and nuclear power, and lead also plays an
important role in reactor engineering, where it is used as a liquid metal coolant in
the form of Pb or in the form of a Pb-Bi alloy in reactors at fast neutrons.

The relevance of the 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 isotope mixtures, in
contrast to the theory for two-component isotope mixtures, does not allow
calculating the parameters of a real cascade. Launching a cascade for separating
multicomponent mixtures is an expensive, time-consuming and science-intensive
process that requires a huge amount of time and resources. To assess the possibility
of separating lead isotopes and obtaining highly enriched 2°®Pb, it is most rational to
calculate a model cascade. The paper presents the calculation of the parameters of

the Q-cascade to obtain 2°°Pb enriched to a concentration of 95%.
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1. Theoretical part

1.1 Properties and uses of lead and its isotopes

Lead is a grayish-white metal. The melting point of lead is 327,4°C, the
boiling point is 1745°C. The density of solid lead is 11,336 g/cm®.

Mechanical properties are low: Brinell hardness is only 28-42 MPa, the
metal is soft, ductile, easily rolled into the thinnest foil.

The specific heat capacity of lead at 18°C is 0.12 kJ/kg-K, and that of liquid
lead is 0.142 kJ/kg-K [1].

For nuclear energy, Pb is attractive due to a number of its inherent nuclear
and thermophysical properties - high boiling point, low chemical activity and
radioactivity. In this regard, at present, Pb or Pb-Bi alloy are considered as a liquid-
metal coolant for fast reactors with increased safety reactors [2].

Natural lead is a mixture of four isotopes: 2%Pb, 2%Pb, 207Ph, 298pPph, The
natural concentration of isotopes is shown in Table 1. The last three isotopes are the
end products of the radioactive decay of uranium, actinium and thorium [3].

Table 1 - Initial data on lead isotopes [4]

Isotope Natural Degree of Chemical form
P concentration, % enrichment, %

204ppy 1,40

95-98
206pp, 2410

Metal (Pb)

207pp 22,10 99,00
208pf, 52,40 99,80

Each of the isotopes of lead finds application in science and technology.
204pp, 25pp, 207Ph are used to create isotope standards used in the search for uranium
deposits. 2%*Pb is also used in the development of neutron activation detectors for

spectrometry of intense neutron fields. 2°’Pb is used to determine the age of rocks

[5].
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When a target enriched with stable isotopes 2%*Pb, 2%Pb, 297Pb and 2°®Pb is
irradiated with a proton beam with an energy of 100 MeV according to the reaction:
Pb(p,xn)?1—201T],

It is possible to obtain the radionuclide 2°TI, which is widely used in nuclear
medicine for cardiovascular research due to its nuclear and biological characteristics.

At the moment, in the development of new nuclear power plants, priority is
given to fast neutron reactors (FNR) with a heavy liquid metal lead-bismuth coolant.
Internal self-protection, compensation of uranium fuel burn-up by plutonium fuel
production, and other positive qualities of the FNR make it possible in the future to
increase the operating campaign of the reactor up to 10-12 years, and the service life
of the FNR - up to 30-60 years [6, 7].

The FNR coolant, circulating through the reactor core, is activated and
produces long-lived radionuclides. Taking into account the amount of coolant in the
FNRs under consideration and the scale of introduction of small nuclear power
plants in the future, problems may arise in the management of spent coolant after the
FNR is decommissioned and during repair and emergency work. Therefore, it is
desirable to have a coolant with a low content of long-lived radionuclides - products
of nuclear reactions. Lead enriched in 2%Pb can be used as such a coolant. Its
concentration in a natural mixture of lead isotopes is ~24%, and the required isotope

enrichment does not exceed 95-98% [8].

1.2 Properties of working substance Pb(CHs3)s

The working substance used in the separation of lead isotopes by the gas
centrifuge method is tetramethyl lead, Pb(CH3)a.

Under normal conditions, Pb(CHjs)a4 is a colorless liquid with a characteristic
odor; it has a tetrahedral structure with a lead atom in the center [9].

Table 2 shows the properties of tetramethyl lead - melting and boiling points,

enthalpy of sublimation and evaporation and density.
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Table 2 - Properties of tetramethyl lead

Properties
Compound
Tmelt, K Tboiling, K AH syblimation AHevaporation P, r/em®
Pb(CHj3)4 300.5 383 97.9 135.9 2.034

Pb(CHs)4, like most organometallic compounds, is relatively non-reactive.
The compound exhibits stability in air at room temperature, does not participate in
reactions inherent in organometallic compounds, such as addition to a carbonyl
group. Pb(CHs)4 is resistant to aqueous bases and dilute acids.

Tetramethyllead is obtained in three ways: - Interaction of Pb(lIl) salts with
organomagnesium compounds (Grignard reagent);

- Electrolysis of complex organometallic compounds on a lead anode;

- Interaction of Pb alloys and alkali metals with alkyl halides in the presence
of organic catalysts [2].

The synthesis of Pb(CHs).4 using the Grignard reagent is described in [10],
the yield of the target component is about 70%. The formation of Pb(CHs). proceeds
according to the following reaction:

2PbCl, 4+ 4CH;MgCl —» Pb(CH3), + Pb + 4MgCl,.

In some cases, lithium compounds can be used to synthesize Pb(CHs3)4. Then

the reaction looks like this [11, 12]:
3CH,Li 4+ CH5I + Pbl, - Pb(CHs), + 3Lil.

Several options are used in the electrochemical method: electrolytic
reduction of alkyl halides on a lead cathode in an alkali solution, where graphite
serves as an anode; electrolysis of complex organometallic compounds on a lead
anode; electrolysis of the Grignard reagent.

During the reduction of alkyl halides, the following reactions occur:
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4CH;X = 4CH; + 2X,

At the cathode: Pb + 4CH; — Pb(CH;),

At the anode: X, + 2NaOH — NaX + NaOX + H,0,

where X is a halogen atom.

During the electrolysis of NaAl(CHs)s or KAI(CHs)s, an alkali metal is
released at the cathode, and a mixture consisting of Pb(CHs)s and AI(CHs)s is
released at the anode. Due to the high melting point of aluminum complex
compounds, the process of obtaining Pb(CHs)4 is carried out in a tetrahydrofuran
medium. The process proceeds according to the following reaction:

ANaAl(CHs)s + Pb — 4Na + Pb(CHs)s + 4AI(CH3)s.

Na liberated at the cathode is separated in the form of mercury amalgam, i.e.
mercury is used as a cathode, otherwise Pb(CH3),4 settles on the surface of the anode
and prevents the passage of current. The resulting sodium amalgam is decomposed
with water into alkali and hydrogen, which is used in the production of sodium
hydride. Sometimes the Pb(CHs), and AI(CHs); liberated at the anode are difficult
to separate. In this case, NaF is added to the mixture, with which AI(CH3); forms
stable complexes. After that, Pb(CHs). is easily separated from the mixture by
distillation. The yield of Pb(CHs)s is more than 90% of the theoretical one. The
resulting Pb(CHs)4 is separated by steam distillation [13].

1.3 Specificity of separation of multicomponent isotope mixtures

Separation of a multicomponent isotope mixture occurs in a cascade of gas
centrifuges (GC). The working substance contains n components (isotopes) with
indexj (j =1, ..., n). The cascade consists of S stages with indexi (i=1, ...,S). The
stages are connected in a countercurrent-symmetric scheme (Figure 1). Feed flow F
Is fed into the cascade and flows of light P and heavy W fractions are taken. The
feed flow is supplied to the stage with index Sg, the heavy fraction flow is taken from

the first stage, and the light fraction flow is taken from stage S [14]. The separating
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stage consists of N;j GCs connected in parallel. It is supplied with a Ggi power flow.

The flows of light Gp; and heavy Gw; fractions are taken from the stage (Figure 2).

F, Cx l
Guw Ges P, C;:’
1 S S
W, C W G ’ G:e
w1
ks -4 -  — -

Figure 1 - Model of a countercurrent-symmetric GC cascade

GFr'l ch,ll

GH‘;’- GH']J . GPH GFJ}'

Picture 2 - Separating stage

The concentration of the j-th component in the feed flows, light and heavy
fractions of the i-th stage are designated Crij, Cpij and Cwij, respectively. The heavy
fraction of the first stage can be partially returned by the swirling flow of the heavy
fraction G, to feed the first stage. The light fraction of the S stage can be partially
returned by the swirling flow of the light fraction G.p to feed the S stage [15].

In the absence of corrosion losses of the working substance, the flows of the
stages and the concentrations of components in them in a stationary hydraulic mode
are related by the equations of the balance of the working substance and component

(isotope):
Gri =Gpi + G (1)

Gri - Cri =Gpi - Cpi + Gy - G )
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6 =Gp; / Gy, ®3)

where 6; is the division factor of the power flow of the i-th stage.
The sum of the concentrations of all components for any flow is equal to one.

The separation of components in a stage is determined by the expressions:
Zijt = (Cpij - Cpij) 1 (Cpjj - Cpjy), (4)

M;-M
it =Xoi ®)
where y;j is the separation factor of the j-th and I-th components in the i-th
stage; yoi Is the separation factor per unit difference of mass numbers; M;, M, are the
mass numbers of the j-th and I-th components, respectively.

The value of yoi depends on the hydraulic parameters of the stage:

Xoi = T(Gg,8), (6)

The flows of the cascade in the stationary hydraulic mode are connected by
the balance equations:
F=P+W, (7)

The use of gas centrifuge technology to obtain an isotopically modified
product is accompanied by non-stationary hydraulic processes. These processes
affect many parameters of the separation cascade, in particular, the flow of the
working mixture inside the stages of the cascade, the extraction and waste flows, as
well as the pressure in the routes. Non-stationary hydraulic processes directly affect
the content of isotopes in the working mixture in the stages and flows of the cascade.
The value of the influence of non-stationary processes on the process of separation
of a multicomponent isotope mixture is determined by the value of the gas content
in the volume of the separating element. In a gas centrifuge, the gas pressure in the
rotor is much less than atmospheric, which means that non-stationary processes will

have a greater effect on the distribution of isotopes than, for example, with the gas
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diffusion separation method. An important factor is the fact that the separation of
multicomponent mixtures is carried out in cascades much smaller than, for example,
cascades for the production of 2°U [15].

In [16], the influence of nonstationary processes on the distribution of
isotopes in a multicomponent isotopic mixture over the stages of the cascade was
studied in the process of filling the cascade with the working mixture (in the non-
selective mode).

The process of separating a multicomponent isotopic mixture can be
conditionally divided into two stages: the nonstationary process of filling the cascade
with the working mixture and the stationary mode of separation. The non-stationary
process is due to two main processes - the establishment of predetermined pressures
in the cascade paths and the distribution of the mixture components over the stages
according to their mass numbers [15-17].

For a mathematical description of a non-stationary process, the following
provisions are used [17]:

Each of the stages of the cascade contains a finite number of separating
elements, and, accordingly, volumes.

For a given component (isotope) of the mixture, such characteristics as
pressure, temperature, and concentration are unchanged in a given stage of the
separation cascade.

The basic equations of the model are the equations of the balance of the
working substance and components in each volume and the equation for the
separation of a multicomponent isotope mixture in the GC.

When filling the separating cascade with a multicomponent isotope mixture
In a non-extraction mode, the pressure and flows of the working mixture in the stages
and collectors of the extraction and waste stages increase to stationary values.

During the filling of the separating cascade, the separation of the components
of the isotope mixture occurs. According to their molecular weight, they are

distributed among the stages of the separating cascade. Intermediate isotopes are
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concentrated in the middle part of the cascade and are distributed in ascending order
of mass numbers from the S-th stage towards the first stage of the cascade.

The highest concentration for the selected component of the mixture is
observed in the stage where the weighted average mass number of the mixture
coincides with the mass number of the isotope.

In addition to the value of the feed flow of the cascade, the process of
separating the isotopic mixture during the filling of the cascade is affected by the
position of the feed flow and the number of stages of the separating cascade [16].

The study of transient processes by mathematical modeling is a complex and
time-consuming process. The existing methods for studying nonstationary processes
for binary mixtures are not suitable for modeling the behavior of a multicomponent
isotope mixture. The use of numerical integration is possible by writing suitable
software, but at the moment there is no single standard. The most used approach at
the moment is the use of differential-difference models and grid finite-difference
equations.

A significant drawback of the former is that for boundary value problems of
this type, implicit schemes turn out to be quite stable, which lead to the fact that
large systems of nonlinear algebraic equations have to be solved on each calculated
time layer. The use of traditional explicit methods, free from this shortcoming, is
limited by an unacceptably small value of the time integration step [16, 18].

The second approach is justified by the fact that at present the methods of
numerical integration of ordinary differential equations are better developed than the
methods for solving systems of nonlinear algebraic equations. Differential-
difference models (“method of lines”) can be considered as a limiting case of grid
models, when one of the grid sizes (time integration step) tends to zero [19].

After the steady state is established and the components are distributed over
the stages of the cascade, the concentrations of intermediate isotopes can have a
maximum at the inner stages, in contrast to the extreme isotopes, which have

maxima in the extraction and waste, respectively. When organizing a technological
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scheme with additional selection in stages with the maximum concentration of the
target isotope, it is possible to obtain a product with a higher enrichment than at the
extreme stages of the separation cascade. However, obtaining a product highly
enriched (90...99%) in terms of the intermediate isotope within one cascade is

practically impossible.

To obtain components with a concentration higher than Cp&and Gy
there are two ways:

1. Organization of a multi-stage separation process. In one of the flows of
the cascade, the concentration of the target component increases and the content of
lighter or heavier components decreases, as a result of which the target component
becomes extreme. Next, the resulting multicomponent mixture is again fed into the
cascade, and the target component is enriched to the required concentration. Thus, it
IS necessary to carry out several separation processes, called separation stages. The
number of stages is determined by the concentrations of the target isotope in the raw
material, product, and the design of the cascade (number of stages, profile) (Figure
2) [20, 21].

2. Carrying out the separation process in a 4- flow cascade. As shown above,
the intermediate component has the maximum concentration in the stages within the
cascade (Figure 3).

An additional outflow is taken from the stage in which the content of the
target intermediate component is maximum and not lower than the required value
(Figure 4) [16, 20, 22].

.\_ Ma ten':l_i:'
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Figure 3 - Model of a multi-stage separation process
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Figure 4 - Separation model in a four- flow cascade

The paper [22] shows the fundamental possibility of obtaining a relatively
high concentration of intermediate components in the additional selection flow in a
cascade, the distribution of the stage feed flow in which sharply increases at one of
the internal stages. Such a feature in the distribution of the power flow of the stages
of the cascade was called the expansion of the flow [23]. The principle of operation
of an expansion cascade is based on a change in the concentration gradient of all
components of the mixture being separated when the gradient function of the feed
flow of the cascade stages changes. With an appropriate choice of the cascade
parameters, it is possible to achieve the concentration of the target intermediate
component on the internal stages, which, when the additional selection flow is turned
on at one of the stages, will provide a product with a content of the target component
above the limit [22, 24].

For evaluation calculations in the theory of separation cascades, model
cascades are often used, whose mathematical models, based on the laws of
conservation of matter, are adequate to the separation process in cascades used in
practice, but at the same time make it possible to significantly simplify the
calculations necessary for analysis. As a mathematical model, a Q-cascade was

chosen, which is used in calculations for the case of “weak enrichment”, when the

22



cascade stage separation factor mau differs from unity. Such a choice does not
violate the generality of the problem statement, since all the revealed patterns for a
symmetric countercurrent cascade in the case of “weak” and arbitrary enrichment at

the stages will differ only quantitatively [25, 26].

1.4 Model Cascades

Highly enriched isotopes are widely used in science, medicine, aircraft
construction, energy and many other areas. Obtaining a highly enriched isotopically
modified product is a technologically complex and time-consuming process. The
most difficult to produce are intermediate isotopes. In contrast to the separation of a
binary mixture, in this case, not one, but several isotopes of the chemical element
being separated are found in the selective and waste parts. Based on this, when
separating into intermediate isotopes, a restriction is imposed on the maximum
concentration in the manifold of light and heavy fraction of the separation cascade,
since, based on the material balance, the sum of concentrations cannot exceed unity
[27].

The process of separating multicomponent isotope mixtures in cascades of
gas centrifuges has not been studied as much as the process of separating binary
mixtures and has many limitations. Such concepts as separating potential and
separating power cannot be used in the form in which they are usually used in the
separation of binary mixtures of isotopes. The launch of a cascade for the separation
of multicomponent mixtures is an expensive, labor-intensive and science-intensive
project that requires an enormous amount of time and resources. To assess the
possibility of separating isotopes of a given chemical element and obtaining a
mixture enriched in the target isotope, it is most rational to build a model and
calculate a model cascade.

A “quasi-ideal” cascade is a cascade in which the relative separation factors
Qik, Bik, oik and the quantities introduced to describe this model cascade remain

unchanged over the entire length of the cascade. From a physical point of view, the
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initial choice of the introduced parameter determines the distribution of isotopes
over the stages of the cascade and is the decisive factor in choosing a mathematical
model and methods for its solution.

In a particular case of a quasi-ideal cascade, it is possible to construct a
cascade with the same relative concentrations of two components with indices i and

k, called key ones:
Ric(i—1) =Ry (J) =Ry (j+1,j=2n-1
In this case, the separation coefficients are constant and are determined by

the expression:

oy = Py = M :

Indexes i and k can refer to any selected components of the mixture.

With a certain choice of key components, the R-cascade is close to optimal
with given external concentrations for one of the components [30, 31]. This means
that the theory of R-cascades makes it possible to obtain initial approximations for
calculating the optimal parameters of a cascade for given concentrations of one of
the isotopes. In [31], a method for calculating R-cascades with one additional
extraction flow was proposed and demonstrated using the example of a five-
component mixture of tungsten isotopes. It should be noted that R-cascades
constructed from key components with the same average mass number are
completely identical [32-34].

Q-cascade is a model cascade used to calculate the separation parameters of
multicomponent mixtures. The main feature of the Q-cascade is the introduction of
the Q parameter, which is a function of the stage enrichment factor, and the
characteristic function, which is a function of the stage number and concentration.
Thus, there is a transition from the classical integral systems of equations describing
the relationship between the extraction and waste flows with the concentrations of
the i-th isotope, to exponential systems of equations. There are several methods for
solving these systems, but the most common are the “secant” method, as well as the

linearization of the system. The parameter Q, in turn, describes the relative increase
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in the concentration of the i-th component at each stage of enrichment, relative to
other components of the mixture.

Q-cascades make it possible to analyze the process of isotope concentration
in a certain part of the isotopic spectrum with an appropriate choice of the Q;value.
This follows from the following reasoning. Suppose that for the i-th isotope the
parameter Qi> 0. In addition, it is natural to assume that we are dealing with long
cascades in which P, Sp and Sy are large. When evaluating the separation effect,
there is a difference in the behavior of the components for which Q, is greater or less
than zero. Considering that the expression for the coefficient & can be represented

as eik = g0 (Mx — M;), the constant Q; for any component i=1, m can be written as:
Q =& (M —M;), )

where M is the parameter, the setting of which allows one to simultaneously
determine the constant Q for all components of the mixture, & is the enrichment
factor per unit difference in mass numbers, M; is the mass number of the i-th
component of the mixture.

All concentrations of components with mass numbers M; <M will increase,
concentrations of components with mass numbers M; >M will decrease at the
selective end of the cascade [29,34].

Consequently, Q-cascades make it possible to separate all isotopes of a given
element into two groups, with the concentrations of all components simultaneously
increasing in the first group and decreasing in the second group. In one Q-cascade,
it is impossible to increase the concentration of the intermediate component in the
selection indefinitely, since the sum of the concentrations of enriched isotopes
should not exceed unity [29].

The most suitable for our task is the Q-cascade, since it is more suitable for
the case of weak enrichment. [28, 29]. The procedure for calculating the Q-cascade

parameters is described below.
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2. Q-cascade calculation method
To estimate the maximum possible concentration of the target component in
the extraction flow from an ordinary cascade (with three external flows: feed, waste

and extraction), the following ratios are usually used:

C
Clgwkax = Fk 7
10
fc. (10)
i=
W=F-P, (11)
P=F. CF - C\N (12)
Co —Cu
e — Cr (13)
N
> Cr
i=

where is Cg the concentration of the i-th component in the feed flow.

Achievement of concentration C7i2* and Cp* is possible in a cascade of
infinite length.
In the case of a Q-cascade, the characteristic functions are usually given in

the form:

¢, (s) =exp(Q;s), (14)

where Q; are some constants related by the conditions:
Q —Q =¢i. (15)
In this case, for single-phase separation methods, the relation:

&k = &My — M), (16)

where, My, M; are the mass numbers of the k-th and i-th components,
respectively, ¢y is the enrichment factor per unit difference of the mass numbers.

Taking into account (15) and (16), the constants are:

26



Q =5 (M, —M;), (17)

where M is a parameter, the setting of which allows one to simultaneously
determine the constants for all components of the mixture and, accordingly, the

functions.

M, +M
%’CPK >Cpy

ATV VI ’ 18
Tacpk <Cg

The M parameter has an important physical meaning: setting the value
determines such a nature of the distribution and the ratio of selection to waste, in
which the components with mass numbers are enriched in the lightest component in
the selection of the light fraction, and the components with Mi> M (Q; <0) are
enriched, respectively, in the selection of the heavy factions. The M parameter
determines the direction of transfer of the components of the mixture being separated
along the length of the cascade. In this case, in the mathematical model of the
Q-cascade, it is assumed that the value of the parameter M is the same in all sections
of the cascade.

One of the key stages in the calculation of the Q-cascade is the determination
of the number of stages in the enrichment and regenerative parts of the cascade, at a
given concentration of the target isotope in a multicomponent mixture.

To derive the necessary system of equations, we use the Voltaire integral
equation [18, 24]:

1
L(O)cip +2Pcip g(/}' (s)ds (19)

G; (s) = L(s)ci (s) =

»;(8)

where G; is the partial flow of the component, L(s) is the flow of the mixture
to be separated, L(0) is the flow at the selective end of the cascade (at s=0).
Substituting (13) into (19), while taking into account the condition for
minimizing the total flow L(0)=0, as well as:
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L(s)= %1 Gi(s), (20)

G, (S)
Z G; (S)

Gi(s) = 1)

After mathematical transformations, we obtain the following expressions:

Gi(s)= Q'P [1-exp(-Q;s)], (22)
L(s)=2P§‘g—f’[1—exp(—Qis)], (23)

‘i o L-ep(-Qs)]
G (s) = (24)
5 - exp(-Qs)]

i=1

Equations (22-24) reflect the distribution of concentrations and flux in the
enrichment part of the Q-cascade.

Similar equations can be written for the regenerative part of the cascade:

Gi(s) = Z‘Ag‘w [exp(Q:s) 11, (25)

L(s) =2W %%—W[exp@is)—l], (26)

=1

Ciw o/ lexp(Qs) -1
ci(s)= (27)
z ('?W [exp(Qs) 1]
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Using the obtained relations (21), (22) and (23), (26) and the equation
C (S)— Gk (S)
ZGi (s)

i=1 , It is possible to express the concentration and cjp in the enrichment

and cjy regenerative parts of the cascade through the concentration cj; at the feed

point and, using the material balance equations, exclude ci and express ci, and Ciw
through the concentrations in the feed flow:

1-exp(Q;Sw)
L _ep(-QSy) —expQSy) "

N

1 exp(Q, Sy ) NG
k=1€XpP(—QySp) — eXp(QkSW)

.M

exp( Q| P) -1
¢, = OP(QSe) —exp(QSw) K

% exp(—Q¢Sp) —-1) . (29)
k=1eXp(—QySp) — eXp(QkSW)

The solution of this system of equations is a very time-consuming process
and the complexity of calculations increases with an increase in the number of stable
isotopes for a given element. The source [15] proposes Newton's method or the
secant method.

The next stage is to calculate the total flow Lq of the cascade:

LQ zz{PCIP[eXp( QI P) 1](-;;NCIW[EXD( QISVV) 1]

(30)

+ PCipSp —~WCiw Sw 1.
Q

After calculating the total flow, it is possible to plot the distribution of the

isotope concentration of a multicomponent mixture over the stages of the cascade.
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3. Calculation of Q-cascade parameters

3.1 Calculation of the parameters of the cascade of the first phase of
separation

The calculation of the Q-cascade parameters was carried out in the Wolfram
Mathematica 13.1 package using a group of operators necessary to search for values
using the secant method, in particular, NSolve, FindRoot. Using the package allows
you to find all the roots of nonlinear systems of equations with high accuracy. By
the method of selection and introduction of restrictions on the imaginary part, one
can obtain the only correct solution to the system of equations (28) and (29).

The initial data for the calculation are given in Table 3.

The natural concentration of lead isotopes is taken from the IUPAC report
[33] and is shown in Table 4.

Table 3 - Initial data

_ Estimated
Chemical Targeted e 9 F, kgls concentration
element isotope
Cao6pb , %0
Pb 205pp 0,2 0,5 10 95

Table 4 - Natural concentration of lead isotopes

M"’}SS number of the Natural concenration, %
isotope, a.m.u.
204 1,4
206 24,1
207 22,1
208 52,4

Using the methodology presented in Chapter 2, the weighted average mass

number, the maximum possible concentration of the target component in the cascade
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extraction and waste flow, and dimensionless values M and Q were calculated. The
calculation results are presented in Table 5.
Table 5 - Calculated values of the parameters of the cascade of the first stage

of separation

M CIna* %% | CI9* % | M(*®Pb) | Q204 Q206 Q207 Q208
207,241 | 94,51 24,44 206,5 0,5 0,1 -0,1 -0,3

The next step is to solve the system of nonlinear equations (28) and (29) to
calculate the number of stages in the regenerative and enrichment part of the cascade.
Taking into account the maximum allowable concentration of the target isotope
calculated above, it is assumed that C,=0.9, C,=0.01. Below is a screenshot of the
program, which shows a system of equations for calculating the number of stages in
the enrichment and regenerative parts of the cascade (Figure 5).

A change of variables was carried out in order to simplify the system of

equations:
S = X (31)
Q;
5, = ln[Y]. (32)
Q;

Thus, exponential functions are reduced to polynomials. Additional
restrictions are imposed: the roots must be real and greater than O:

Re(x) > 0,Re(y) > 0, (33)
Im(x) > 0,Im(y) > 0.

As a result of the change of variables, the system of nonlinear equations for
calculating the number of stages of the cascade has acquired the following form
(Figure 6).

The NSolve and FindRoot operators were applied to this system of equations,
which provide a numerical approximation of the solution of the system of equations
with a high degree.

During the calculations, a number of roots were obtained (Figure 7).
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The above conditions for the roots (33) are satisfied by only one pair
(highlighted by a rectangle), therefore, the system has a unique solution. The roots
of the system of equations are:

X =30,8002,
Y =18,0524.

A reverse replacement was performed, as a result of which the number of

stages for the enrichment and regenerative parts of the Q-cascade was obtained to

obtain highly enriched 2%Pb.
_ In[X] In[30,8002]

Sy, = = = 34,28,
w Q; 0,1

6 - In[Y] 3 In[18,0524] _ 5893
P79 01 T

DOVHKINA I PacdeTa KOIHIeCTEA
cTymeHeil o0oraTHTENBEHOI JaCTH KacKaga

raditionalForm=

(0.241 (1 — £21571)) f.f'
0.524{1 — 93 S‘“) 0.221 {1 — 01 swl‘J

2 2., T -
EG_J spl E—G__-. swl E(].1 spl E‘_G'l swl

{'E—G_l spl EG'I SWI‘J [

0.241 {1 - g0 5“-1] 00]4{1 — %3 swl‘J
. + : ~09
E_O'l spl E(]_1 swl E—(}_E spl EG_j swl

DYHKIHA O714 pacdera KOIHIecTRa
cTyIeHel peTeHepaTHBHOH 9aCTH Kackaaa

raditionalForm=

(0.241 (70151 _ 1)) /

0.014{8_0'5 spl _ l‘J 0.524 {EO_S spl _ 1‘]-|

+
E—G.S spl 20_5 swl 20'3 spl 2—0_3 swl

{'E—G_l spl _ 20'1 swl‘J [

0.221 (%1 — 1) 0.241 (2= - 1)
g0 1spl _ —01swl * g-01spl _ 0.1 swl - 0.01

Figure 5 - Screenshot with a system of equations for calculating the number

of stages in the enrichment and regenerative parts of the cascade
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OYHKLUMA AAA pAcYeTa KONWHECTEa KOMWHYECTBa CTyneHed
0BOraTMTENbHOW YaCTH KACKaA&8 C BbNOJHEHHOW IaMeHOH

-0.9+ [(0.241 [1-xM]] /||t
\ \ / 1.
J | ¥
8.814 |1_x5| @.241 .'1_}{1.; @.221 l.l— i | @.524 '1—; | IH
\ | - ) | e K
5. 1 1. 1 1 R 1 R
X y_'l- x yl. w1t yl =1 yj

OYHKUWA AnA pac4eTa KONWYeCTBa CTYHEHEﬁ
pereHEpﬂTHBHOﬁ HaCTH KacCcKafa C BLINONHEHHOW IameHOoR

-8.01+
(@.014 -1+ 2| ©.241 [-1+ |
e -

|'ra.241 |'—1—i-' | . ‘ |"-x1- s L]

RV R | bl 1
v

8.221 (-1 +y" | @.524 [-1-y*) ‘

Figure 6 - Screenshot of the system of equations for calculating the number

of stages of the cascade after the change of variables

r X — 38.8082 y — 18.8524

x—=33.4217 -28.22/51 y = -©.06/2604 - 1.556751

X —=33.4217+28.22751 y = -8.8672684 +1.55675 1

X —=8.343811-9.961182 1 y—=98.0978752 -9.8202125 1

X —©.343811+9.961182 i y-0.978752 +0.0202125 1

Xx—-9.58825-9.83888361 y—98.0953026-0.82542521

Xx—-9.58825+-9.8888361 y—9.0953026 +0.8254252 1
X —=-9.843718 -8.6377501 y—8.04444 - 9.9180383 1
| %X —=-8.843718 +9.637750 1 y - 08.24444 - 0.8188383 1

Figure 7 - Solving the system of equations

When calculating the number of cascade stages in the Wolfram Mathematica
13.1 package, their numbering starts from 0, in reality the stages in the cascade are
numbered from 1, so another stage was added to the regenerative part of the cascade.
Then, the number of stages in the regenerative and enrichment parts of the cascade:
Sw = 34,28 + 1 = 35,28,
Sp = 28,93.
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Using formulas (28) and (29), the concentration of isotopes of a
multicomponent mixture in the selection flows of light and heavy fractions of the
cascade of the first stage of separation was calculated. The data obtained are shown
in Table 6.

Table 6 - Concentration of Pb isotopes in the selection flow of light and

heavy fractions of the cascade of the first stage of separation

204Pb 206pb 207Pb 208Pb
Isotope concentration in light e
fraction manifold, P, % 5,38 920 4,57 3,42-10
Isotope concentration in heavy P
fraction manifold, W,% 4,13-10 0,91 28,27 70,83

The calculation of the relative error in determining the number of stages in
the enrichment and regenerative parts of the cascade of the first stage of separation
was carried out:

5 = 28,93 — 28,93
28,93
5, = 34,28 — 34,27319;9:9999999996 . 100% = 6,93889 - 10-16 %,

The error in calculating the number of stages in the concentrator is zero, and

+100% = 0 %,

in the regenerative part, the error tends to zero, which implies a high accuracy of
calculations.

Knowing the concentrations of isotopes in the selection of light and heavy
fractions and using formulas (22) and (25), the Q-cascade profile was constructed
(Figure 8).

It follows from Figure 8 that the cascade consists of 64.21 stages (35.28
stages in the regenerative part and 28.93 stages in the enrichment part) and the

performance at the cascade feed flow stage is approximately 120 g/s.
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Figure 8 — Cascade profile (phase 1) F is the feed flow, W is the heavy

fraction manifold flow, P is the cascade light fraction manifold flow for the first

separation phase

To calculate the total flow of the cascade using formulas (23), (24), the

extraction flows of the light and heavy fractions of the cascade were calculated.

The total flow and the power flow supplied to the power stage are determined

by formulas (23) and (30). The calculation results are presented in table 7.

Table 7 - Values of feed flows, selection of heavy and light fractions of the

cascade, total flow of the cascade of the first stage of separation

F, ofs

P, g/s

W, g/s

Lo, /s

L, g/s

10

2,595

7,405

3961,84

120,46

The next step was to determine the concentration of lead isotopes by stages

in the regenerative and enrichment parts of the cascade (Figure 9). The concentration

of isotopes in the selection of light and heavy fractions of the cascade are presented

in Table 8.

35



C, %

100
90 2
80 4 1-Pb-204
70 /
60 —2-Pb-206
50 3 3-Pb-207
40

4-Pb-208

o L/
20 1
10 \
0 N
33 41 4

1 9 17 25 9 57 65

Figure 9 - Change in the concentration of lead isotopes by stages of the

cascade of the first phase of separation

Figure 9 shows that 2°Pb reaches its maximum concentration at the 63rd
stage, C(°*®®Pb) = 90.55%, and at the stage of light fraction manifold, its
concentration is equal to C(*°Pb) = 90.41%. The isotope market requires lead
enriched in 2°°Pb 95-98%, that is, after the first stage of separation, it was not
possible to achieve the desired degree of enrichment. Therefore, to obtain a given
concentration, it is necessary to carry out the second stage of separation.

Table 8 - Calculated concentration of lead isotopes in the manifold of light

and heavy fractions of the cascade of the first phasee of separation

204Pb 206Pb 207Pb 208Pb

Isotope concentration in light fraction
manifold, P, %

Isotope concentration in heavy
fraction manifold, W,%

4,47 90,41 5,08 | 0,04

0,47 36,78 | 33,73 | 29,02
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In the selection of the light fraction, the concentration of the target isotope is
only 0.14% less than its concentration at the 63rd stage, so there is no need to use
the four-v cascade model presented in Chapter 1 in Figure 4. In this case, it is
advisable to use the multi-flow separation process model presented in chapter 1 in

figure 3.

3.2 Calculation of the parameters of the cascade of the second phase of
separation

The use of the model of a multiflow separation process implies the supply of
the light fraction manifold flow of the first separation stage, enriched in 206Pb, to
feed the second separation stage.

As the initial concentration of isotopes in the feed flow of the second phase,
the concentration of these isotopes in the selection of the light fraction of the cascade
of the first separation phase, presented in Table 8, was used.

The concentration of 2%Pb in the selection of the light fraction for further
calculations was taken equal to C,=96%. When choosing the target isotope
concentration in the heavy fraction manifold flow of the cascade, two concentration
values Cy1=0,1% and Cy,=0,3% were used in order to select the most economical
and efficient separation scheme.

Next, similar calculations of the cascade parameters for the second phase of
separation were carried out according to the methodology presented in Chapter 2.
The results of calculating the cascade parameters are presented in tables 9, 10, 11,
12 and in figures 10, 11, 12.

Table 9 - Parameter values of the cascade of the second phase of separation

Cascade 1, | Cascade 2,
CW:O,l% CW:0,3%

Feed manifold flow, F, kg/s 2,595 2,595
Light fraction manifold flow, P, kg/s 2,455 2,412
Heavy fraction manifold flow, W, kg/s 0,14 0,183
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Starting concentration of targeted isotope, % 90,41 90,41
Concentration of targeted isotope in light fraction 96 96
manifold flow, Cp, %
Concentration of targeted isotope in heavy fraction 0,1 0,3
manifold flow, Cw, %
Parameter M 205,96 205,96
Number of stages in the enrichment part of the 29,66 33,34
cascade, Sp
Number of stages in the regerenerative part of the 51,68 38,66
cascade, Sw
Total flow, L, g/s 1515,42 1615
Feed stage capacity, Gsw, g/s 47,69 48,65

Table 10 - Values of isotope concentrations in the flows of light and heavy

fractions of Cascade 1 and Cascade 2

204Pb 206Pb 207Pb 208Pb
Isotope concentration in light 4,72 95 0,28 5,78-10°°
fraction manifold, P1, %
Isotope concentration in heavy | 501.10%°| 913 90,12 0,75
fraction manifold, W1,%
Isotope concentration in light 4.8 95,01 0,19 1,95-10
fraction manifold, P,, %
Isotope concentration in heavy | 334.107 | 27,95 71.47 0,58
fraction manifold, W»,%

The error in calculating the number of stages in the enrichment and

regenerative parts of the cascade of the second stage of separation in Cascade 1 and

Cascade 2 tends to zero, which confirms the high accuracy of the calculations.
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Table 11 - Error values for determining the number of stages in the
enrichment and regenerative parts of the cascade of the second phase of separation
in Cascade 1 and Cascade 2

S, % Sw, %
Cascade 1 1,11022-10 1,11022-10%
Cascade 2 0 1,33227-105

G, g/s

— Cascade-1
— Cascade-2

PN

11 21 31 41 51 61 71P 81

Figure 10 - Profiles of Cascade 1 with C,,=0.1% and Cascade 2 with

Cw=0.3% for the second phasee of separation

Figure 10 shows that Cascade 1, with C,=0.1%, consists of 81,34 stages, and
Cascade 2 with Cy=0.3% consists of 72 stages, while the performance of these
cascades at the power supply stages is practically is the same and equals to
approximately 50 g/s. The number of stages in the regenerative and enrichment parts
of the cascades differs, for the enrichment part the difference is insignificant, in
Cascade 2 it is 3.68 steps more, in the regenerative part of Cascade 1 it has 13.02
more steps.

Table 9 shows that the flow of selection of the light fraction in Cascade 1 is

0.043 g/s more than in Cascade 2, that is, it is insignificant. Therefore, Cascade 2,
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from the point of view of obtaining the target isotope, is more economicaly
preferable.
C, %
100

90

80
20 —1-Pb-204

60 —2-Pb-206

3
50
40 / 3-Pb-207
30 / 4 1 —4-Pb-208
20 t
10 \\\\\
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0

—————

1 11 21 31 41 51 61 71 81

Figure 11 - Change in the concentration of lead isotopes by stages of

Cascade 1 for the second phasee of separation
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Figure 12 - Change in the concentration of lead isotopes by stages of

Cascade 2 for the second phase of separation
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Table 12 - Concentrations of lead isotopes in the manifold flow of light and

heavy fractions of Cascade 1 and Cascade 2 after the second phase of separation

204Pb 206Pb 207Pb 208Pb
Isotope concentration in light 3,93 95,76 0,31 7,13-10°
fraction manifold, Py, %
Isotope concentration in heavy | g 77.101°| 10,01 89,32 0,67
fraction manifold, W,%
Isotope concentration in light 4,0 95,79 0,21 2.98-10°°
fraction manifold, P,, %
Isotope concentration in heavy | 442.107 | 30,02 69,47 0,51
fraction manifold, W»,%

From Figures 11 and 12 and Table 12 it follows that the concentration of the
target isotope in the light fraction manifold flow of Cascade 1 and Cascade 2 is
almost the same: Cp1=95.76% and Cp,=95.79%, respectively. In Cascade 1, the
maximum concentration is reached at stage 72, Cp1=97.7%, in Cascade 2 - at stage
61 Cp2=97.94%.

Thus, it has been shown that in Cascade 1 and Cascade 2, the specified
concentration of the target isotope (above 95%) is reached at the second stage of
separation. At the same time, in the manifold of the heavy fraction of Cascade 1, it
is additionally possible to obtain highly enriched 2°’Pb with a concentration of
Cw=89.32%. When using Cascade 2, the concentrations of non-target isotopes are
much lower, as is the number of stages in the regenerative part of the cascade.

Cascade 2 has an economic advantage in terms of obtaining the targeted
iIsotope. Cascade 1 makes it possible to additionally obtain highly enriched lead-207,
which can be used in reactor control and protection systems, to create lead isotope

standards used in the search for uranium deposits and to determine the age of rocks.
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4. DOuHAHCOBBIN MEHEeKMEHT, pecypcod(ppeKTHBHOCTH U
pecypcocoepexenmne

Lenpto naHHOrO paszgena ABIAETCS SBISETCS MOJYYEHHE pacyéra
napameTpoB Q-kackajga IO MOJIYYEHHUIO BbICOKoOOoramieHHoro cBuHua-206, c
MO3ULUHU Pecypco3(PPEKTUBHOCTU U KOHKYPEHTOCTIOCOOHOCTH.

JInst JOCTHKEHUSI TTOCTaBJICHHOW 1€ HEOOXOJIUMO PENIUTh CIEAYIOIIne
3a/1a4u:

OnpenenuTs NOTEHIMATBHBIX TOTpeOUTENEN PEe3yIbTaTOB UCCIIEIOBAHUS.

[IpoBecTu aHaMM3 KOHKYPEHTHBIX TEXHUYECKUX PEIICHUN.

Boemmonaute SWOT-ananu3: onucath CHIIbHBIC U CJ1A0bIE CTOPOHBI ITPOCKTA,
BBISIBUTH BO3MOXKHOCTH M YIPO3bI JJI peain3aliy MpoeKTa.

OneHuTh CTeneHb rOTOBHOCTH HAYYHOU pa3pabOTKU K KOMMEpIIUATU3aIIHH.

[locTpouTs KaneHAapHbI MIaH-TpadUK MpPOBEACHUS pabdOT Hay4dHO-
UCCJIEA0BATENBCKOTO MPOEKTA.

PaccuuTaTh O10MKET HAyYHOTO MCCIICIOBAHUSI.

Onpenenuts pecypcHyto, GUHAHCOBYIO 3P (HEKTUBHOCTH HCCIIEOBAHUS.

B pa6ote HeoO6xoauMO JaTh KOMILJIEKCHOE ONTMCaHUE U aHaJIu3 (PUHAHCOBO-
HKOHOMHYECKHUX ACTIEKTOB BBIMOJIHEHHOW paOOThI, IO U3YyYEHUIO MPOIIEcca CHHTE3a
B BO3JYIIHOW IJIa3M€ OKCUIHBIX KOMIIO3MIIMI, U OLICHUTh IOJHBIE 3aTpaThl Ha
UCCleIoBaHue (MPOEKT), a TaKKe JaTh MPUOIMKEHHYIO SKOHOMUYECKYIO OLIEHKY
pE3yJIbTaTOB €€ BHEAPEHHA. OJTO B CBOK OYEpPEIb IMO3BOJIMT C IOMOUIBIO
TPaIUIUOHHBIX  TOKazatened  A((PEKTUBHOCTH  WHBECTUIMHA  OIICHUTH
HKOHOMUYECKYIO 11€TI€CO00Pa3HOCTh OCYIECTBICHUS PaOOTHI.

4.1 OueHka KOMMEP4YeCKOr0 TMOTEHIHAJA M NEePCHEeKTHBHOCTH
NPOBEACHUS HAYYHBIX HCCJIEIO0BAHMN C MO3MIUM pecypcoddPeKTUBHOCTH H
pecypcocoepexeHust

4.1.1 AHaIU3 KOHKYPEHTHBIX TEXHUYEeCKHUX pelleHu

I'maBHOE MIPEUMYIIECTBO TEOPETUYECKOTO MaTEMaTUYECKOT O

MOACIUPOBAHUA — O3TO BO3MOXKHOCTBb IMOJYYCHHA TCXHOJOIHYCCKHX IIapaMCTpPOB,
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P KOTOPBIX OyJIET pACCUUTAHBI ONITUMATbHBIC XaPAKTCPUCTUKU PA3ACITUTCILHOTO
Kackana. PacuérHass Mozellb MO3BOJIAET TaKkKe M30aBUTCS OT MHOTOYMCIICHHBIX
HKCIIEPUMEHTOB M KPYIHBIX (PMHAHCOBBIX 3aTpaT Ha MX peanu3aiuio. Mcxons w3
3TOr0 KOHKYPEHTaMH pa3pad0TaHHOW MOJICIH SBIISIFOTCS:

DKCIIepUMEHTAJIbLHBIC ~ HCCIICIOBAaHUS B O0JacTH  ONTHUMH3AIUHN
pa3IeITEeNLHOrO Kackaa o HOy4eHHI0 BRICOKooOoramenHoro 2%°Ph;

Teopernueckuii pacuér mapameTpoB ¢ MPUMEHEHHEM APYTUX MOJCIbHBIX
kackanoB (R-kackaa, X-kackan).

OrneHoyHass KapTa aHajiu3a pa3padOTaHHOW MOMCIH, IO KOTOPOHM ObLI
paccuntan Q-kKackas, npeacrapicHa B Tadumie 4.1.

Tabmuna 4.1 — OueHoyHass KapTa s CpPaBHEHHUS KOHKYPEHTHBIX

TEXHUYECKHUX pelieHni (pa3paboTok)

K Bec Bbasibl KonkypeHTocnoco0HOCTh
HUTEPHH OLIEHKH
puTep xputepusi | By | b | By Ko Ky Ko

1 2 3 1415 6 7 8

TexHuyeckue KpUTEPUN OLlEHKHU pecypcoddeKTUBHOCTH
1.IToBeiIEHHE

MIPOU3BOIUTEIHLHOCTH TPYy/a 0,1 5 4 3 0,5 0,4 0,3
MOJIL30BaTEIS

2. Y1006CTBO 3KCILTyaTaIlluu 0,15 5 4 3 0,75 0,6 0,45

3. DKOHOMUYHOCTb 0,03 5 2 3 0,15 0,06 0,09

4. HagexHOCTH 0,1 5 4 3 0,5 0,4 0,3

5. 3aKpBITOCTh MOJY4aEMBbIX 0,05 5 5 5 0,25 0,25 0,25
aHHBIX

6. lotpebuocts B 0,05 5 | 1| 4|02 | 005 | 02

MaTepHaIbHBIX pecypcax
7. CTaOUIBHOCTH 0,06 5 3 3 0,3 0,18 0,18
8. loctynHOCTh 0,1 5 4 4 0,5 0,4 0,4
JKOHOMHYECKHE KPUTEPHH OLEHKH 3(P(PEeKTHBHOCTH

1. KonkypeHnTocnocoOHOCTb 0,04 5 4 3 0.2 0,16 0,12
MeToa

2. 3aTpathl Ha pa3paboOTKy 0,12 5 1 3 0,6 0,12 0,36

3. [Ipenmonaraemslii Cpok 0.1 5 5 3 05 0.2 0.3

JKCIUTyaTaIul
4. ®uHaHCUpPOBAHUE 0.1 5 1 3 05 01 0.3
pa3paboTaHHOTO METO/1a
Hroro 1 60 | 35 | 40 5 2,92 3,25

AHanu3 KOHKYPEHTHBIX TEXHUYECKHUX PElIeHUH onpeiensercs no hpopmyle:
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K=2>EB-R,

rae K — KoHKypeHTOCIOCOOHOCTh Hay4yHOU pa3paOOTKU WM KOHKYPEHTA;

Bi — Bec moka3arens (B 019X €AUHUIIBI);

Bi — 6ain i-ro mokaszares.

4.1.2 SWOT-anaaus

Jlnist ucciienoBaHusl BHEIIHEN U BHYTPEHHEH cpelibl IpOoeKTa, B 3TON padoTe

npoBeeH SWOT-ananu3 ¢ JeTanbHOW OIEHKOM CHJIBHBIX W CIA0BIX CTOPOH

HCCJICAOBATCIILCKOI'O IIPOCKTA, 4 TAKIKE €TI0 BO3MOXKHOCTEH U yrpos.

[TepBeiii oTam, coctabnsercs marpuiia SWOT, B KOTOpYIO onmucaHbl ciadbie

U CWIBHBIC CTOPOHBI IMPOCKTA W BBIABJICHHBIC BO3MOXHOCTH MW YI'PO3bl IJIA

peajim3alu MpoOCKTa, KOTOPBIC IIPOABUIIMCH UJIN MOT'YT IMOABUTHCA B €TI0 BHEIIIHEH

cpene, npuBeeHbI B Ta0uie 4.2.

Ha BTopom stane Ha ocHoBanuu matpuiibl SWOT cTposiTCsi HHTEpaKTHBHBIE

MaTpUlbl BO3MOKHOCTEH M yIrpo3, II03BOJAIOIIHUC OLCHUTDL 3(1)(1)€KTI/IBHOCTL

IMPOCKTA, a TaKKC HaJIE)KHOCTh €TI0 peajm3anunn. CooTHomIeHUS I[mapaMcCcTpoOB

npeacTaBiaeHbl B Tabnumax 4.3—4.6.

Taomuna 4.2 - SWOT-ananus

CuJjibHbIE CTOPOHBI NPOEKTA:
Cl. AKTyalbHOCTb MPOEKTA.

C2. IlpumeHeHre COBPEMEHHOTO
000py/I0BaHUA HA CTAJIUU pacyeTa
C3. bropkeTHoe MHAHCHPOBAHHE
C4. Ilonyyenue pE3yNbTaTOB
BBICOKOM TOUHOCTH.

C5. Bo3MO>KHOCTh ONTUMU3AIINH
pacu€THOM MOJEIIH.

Cia0dble CTOPOHBI NMPOEKTA:
Cinl.OrpanndyeHHOE TPUMEHEHUE
KOHKPETHOU MOJIEIH.

Cn2. Tpebyercs
AKCIEPUMEHTAIbHOE
MOATBEP)KICHUE PE3Y/IbTATOB.
Cn3. 3aKpbITOCTh NPOIPAMMHOTO
KOJa.

Cn4. OrpaHnuyeHHbII Kpyr
noTpeduTene.

Cn5. OrpaHnyeHHbIE BO3MOYKHOC
TH pacuéra (TOoJIBKO JUISL

OIPCHACIICHHBIX KOMHOHCHTOB).

Bo3moknocTH: 1. ITonHoe oGecnieueHue ycIOBHMA
B1. Ucnons3oBanue JUId  CO3JaHMsT W TPUMEHEHUs
MOJENn MOJEIH JUIsl pacyETOB.

JUI UCCIIEI0OBAHUM. 2. llosiBneHne  JOMOJHUTEIBHOTO

cnpoca U (UHAHCUPOBAHUS,
00ECIIEYeHHbIX  aKTyaJIbHOCTHIO

1. HeoOxoaumo
AKCIEPUMEHTAIbHOE
MOATBEPXKJICHUE, YTO BO3MOXKHO
peann3oBaTh B YCIOBUSIX BY3a.
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B2. Pacuiupenue TEMaTUKA U  HUCIOJIb30BaHUEM | 2. 3aKPBITOCTh pacyéTHoun
BO3MOXHOCTEHN COBPEMEHHBIX pacuéTHBIX | MOAEIU HE  OTpaXkaercss Ha
pPac4E€THOM MOIENH. MOJEIIEH. TOYHOCTH pPe3yJIbTATOB.
B3. Bo3mosxHOCTh | 3. Bicokast TOUHOCTB norydaembix | 3. Kpyr moTpebuteneii  MOKHO
HCCIIEI0OBAaHUS pe3yJIbTaToOB pacuera | yBEJIUYMTh c HIOMOIIIbIO
pa3IMYHbIX M30TOIOB | pacrnpeeseHusl KOHLEHTPALUH 10 | yBETUYECHUS KOJIMYECTBa
CBUHIIA CTYNEHSIM II03BOJISIET IIOBBICUTH | BJIEMEHTOB.
B4.  JlonmonHUTENBHBIN | CIPOC HA PACUETHYIO MOJIEIb
CIpOC Ha PpEe3yJIbTaThl
HCCIIEIOBAHUSI.
Yrpossi: 1. Bueapenue pazpabotrku B | 1. Co3manue mogo0HBIX MOJeei
V1. Huzkuii cnpoc €O | HAy4HbIE LEHTPbl M HWHCTUTYTHI | IPYTUMU OPraHU3alUsIMUA MOKHO
CTOPOHBI IPEANPUATUN. | TIO3BOJIUT  YBEJIMYUTh  OOXBAT | pEHIMTH c MIOMOIIbIO
V2. BeposiTHOCTH MMOJB30BaTeNIeH M, CIEIOBATEIILHO, | BOBMOKHOCTEN pacueTHou
pa3paboTKu  TMOJOOHBIX | 3aMHTEPECOBAHHOCTH MOJIENIM,  KOTOPBIX  HET Yy
pacuY€THBIX MOJIENIEN | IPEANIPUATHMN. KOHKYPEHTOB.
APYTUMU 2. bnaromaps  BO3MOXHOCTSM | 2. Hecosepmencrsa
OpraHu3aIusaIMu. pacuérHoit MOJIETN U | pa3pabOTaHHON MOJENU MOXHO
V3. Cl10KHOCTh B | CBOEBPEMEHHOMY pelnTh c MTOMONIBIO
MPOJIBIKEHUN  MOJAENH | (MHAHCHUPOBAHUIO TPOJBIKEHHUE | ONTUMHU3ALNUKA  MOJENU  TOJ
Cpeo  KOHCEPBATHMBHO | HA  PBIHOK  MOXET  CTaTh | TpeOyeMble H30TOMbI.
HACTPOEHHBIX YCTICUIHBIM.
MPEANPUITHIA. 3. Taxk Kak CYILLECTBYET
V4. PazpaboTtka BO3MOXHOCTE ONTUMHU3ALNN
HOBEHIINX MOJIEIEN | pacu€THON MOJENH U PacCUIupEHUs
pacuéra. BbIOOpa  M30TOMOB, TO  ATO

MO3BOJIUT  KOHKYpHUpPOBaTb €

HOBEUIITUMU pa3pabOTKaMHu.

4, JlomomauTeapHOE

dbuHaHCHpOBaHUE IIO3BOJIUT

IPOJBUHYTh PACUYETHYIO MOJEIH
Ha PHIHOK.

Tabmuma 4.3 — UHTepakTUBHAS MaTpuIia MpoekTa «Bo3MOKHOCTH MTPOEKTa

" CUJIBHBIC CTOPOHBI»

BosmoxnocTH CuiibHBIE CTOPOHBI MPOEKTA
MPOEKTa Cl C2 C3 C4 C5
Bl + - 0 + +
B2 + - - 0 +
B3 + + - + +
B4 + - + + +
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Tabnuua 4.4 — MaTepakTuBHAs MaTpulla NpoekTa «Bo3MOKHOCTH POEKTa

U c1a0ble CTOPOHBI»

BosmoxxnocTn CusibHBIE CTOPOHBI MPOEKTA
MPOEKTA Cnl Cn2 Cn3 Cn4 CnS5
Bl + - - - +
B2 + - - - +
B3 - + + + +
B4 - - + + -

Tabnuua 4.5 — MHTepakTHBHAs MaTpulla MpoeKTa «YTpo3bl MPOEKTa U

CUJIIbHBIC CTOPOHBI»

BosmoxHnocTu CunpHBIE CTOPOHBI MPOEKTA
IPOEKTa Cl C2 C3 C4 C5
Vi - - + - 0
y2 + + 0 0 +
V3 - - - 0 -
V4 + - - - +

Tabnuna 4.6 — MHTepakTHBHAs MaTpulla MPOEKTa «YTPO3bl MPOEKTa U

cia0ble CTOPOHBI»

BosmoxuocTu CuiibHBIE CTOPOHBI MPOEKTA
IIPOEKTA Cnl Cn2 Cn3 Cn4 Cn5
Vi + + 0 + +
Vy2 - - + 0 0
V3 + + 0 + +
V4 - - + 0 -

Taxum o6pazom, BemmoauuB SWOT-aHanu3 MOKHO clienaTh BHIBOJ, YTO Ha
JAaHHBIA MOMEHT MPENMYIIIeCTBa pa3paboTanHoi Moaenu pacuera Q-kackama, TaKue
KaK: KOPPEKTHOCTh, TOYHOCTh ITOJy4a€MbIX JAHHBIX, BO3MOXHOCTh ONTUMM3ALUN
pa3leNUTEeNbHOI0  MpOIecca,  A3KOHOMUYHOCTb,  CTAOWUJIBHOCTH  MOJEIH,
JOCTYMHOCTb, YA0OCTBO 3KCIUTyaTallMi, BO3MOXXHOCTb MOJIYYEHUSI TAHHBIX «3/1€Ch

U ceiluac» 3HAUYUTENbHO MpeoliajaroT Haj €€ HeaocTaTKamH (HeOOJbLIONW Kpyr
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noTpeduTeNe, 3aKpbITOCTh). OTpuuaTENbHBIA 3QPEKT OT BIUSIHUS CIA0BIX CTOPOH
WIH Yrpo3 BO3MOJKHO CHU3UTb, €CIM BHEIPUTH MOJenb pacueTa Q-kackajga Ha

IIPOU3BOJICTBA U HAYYHBIE LIEHTPHI AAECPHON IPOMBIIIJIEHHOCTH.

4.2 IlnannpoBaHue HAYYHO-UCCIEA0BATEIbCKOI0 MPOEKTA

4.2.1 CTpykTypa padoT B paMKaxX HAYy4YHOI'0 MCCJIeIOBAHUS

Jiist BeIosiHEeHUs paboThl hopMupyeTcst paboyasi TpyIina, B COCTaB KOTOPOUH
BXOJIUT HAYYHBIN PYKOBOAUTEL IPOEKTA U UCIOJHUTEND - CTyAEHT. [locne uero, B
paMKax MpOBEAEHUS HAYYHOTO UCCIEA0BAHHUS BBIIIOIHAETCS PSJL OCHOBHBIX 3TAIIOB,
Npe/ICTaBIeHHBIX B Tabnuie 4.7.

Tabnuua 4.7 — Ilepeuenp 3Tanos, padboT U pacnpeaerieHrue UCIOTHUTENeH

OcHoBHble 3Tanbl | Ne Copeprxanue padbot JlomxHOCTH
WCTIOJTHUTEIS
Pa3paboTtka 1 CocraBieHue 1 yTBEpKACHHUE PykoBoautens
TEXHUYECKOTO TEXHUYECKOTO 3aJaHus
3a/IaHUs
Br16op 2 | IlonGop u n3ydeHue MaTepraoB 1o CryneHt
HaIPaBJICHUS TeMe
UCCJIeIOBaHUMN 3 | Kanennapuoe mianupoBanue padbot | PykoBoaurens,
CTYJEHT
4 N3ydyenne BO3MOKHOCTEN CryneHt
pac4YETHOU MOJEIH
OcBoeHne METOOUKA | 5 [IpoBenenue pacyéTon CryneHnt
pactcra Ha AHanu3 MOoJTy4eHHBIX JaHHBIX PykoBoauTens,
IPAKTUKE CTY/IeHT
O0600meHue u 7 CocraBieHue NOSICHUTEIbHON CryneHt
OIICHKA PE3yJIbTAaTOB 3aMUCKU
8 [IpoBepka npaBUIBHOCTH PykoBoauresns,
BoinoTHEeHUs: ['OCTa CTYJCHT

MOSICHUTEJIHbHOM 3alIUCKH

9 ITonroroBka K 3amuTe Crynent
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4.2.2 OnpeaesieHue TPYA0EMKOCTH BbIIOJTHEHUsS PadoT

TpynoBbie 3aTpaThl B OOJBIIMHCTBE Clydasx oOpa3ylOT OCHOBHYIO 4acTh
CTOMMOCTH Pa3padO0TKH, MO3TOMY Ba)XXHBIM MOMEHTOM SIBJISIETCSl OMpPEICIICHHE
TPYAOEMKOCTH pabOT KaX10ro U3 YYACTHUKOB HAYYHOI'O UCCIIEIOBAHMUS.

TpynoeMKOCTh BBINIOJIHEHUSI HAy4YHOTO HCCIIEIOBaHMS  OIICHUBAETCS
OKCTIEPTHBIM MYTEM B YEJIOBEKO-THAX U HOCHUT BEPOSITHOCTHBIN XapakTep, T.K.
3aBUCUT OT MHOXKECTBA TPYJIHO Y4YHTHIBaeMbIX (akTopoB. s ompeneneHus,
OKHJAEMOTO (CPEHEr0) 3HAYEHUSI TPYAOEMKOCTH toxi HCIOIB3YETCS CIEAyoIast
dbopmyna:

3tmini T 2tmaxi

tomi - 5

Ucxonss w3 oxupgaeMod  TpyZo€MKOCTH  paboT,  OmpeiaessieTcs
IOPOJOJKUTENIBHOCTh KaXJ0M paboTel B pabouux JHAX Tp, YydMTHIBaroLas
NapajuieIbHOCTh BBIMOJHEHUSI Pa0OT HECKOJbKUMHU HWCIOJIHUTEISAMH. Takoe
BBIYHCIICHUE HEOOXOMMO JIJIs 000CHOBAHHOT'O pacyeTa 3apadO0THOM IIaThl, TaK KaK
yIEIbHBIA BEC 3apIuiaThl B OOIIEH CMETHOM CTOMMOCTH HAy4YHBIX HCCIICIOBAHHUI

COCTAaBJISIET 0KOJIO 65 %.

Tpi _ to;xi
4;

4.2.3 Pa3zpadoTka rpaduka npoBeieHusi HAYYHOI'0 MCCJIeI0BAHNS

[Ipu BBINOJIHEHUU AUIUIOMHBIX pabOT CTYAEHTHl B OCHOBHOM CTaHOBSITCS
YYaCTHUKAMU CPaBHHUTEIBHO HEOONBIIMX MO 00BeMy HaydyHbIX TeM. [loatomy
HamOoJiee yIOOHBIM W HATJISAIHBIM SIBJISETCS TMOCTPOCHHUE JICHTOYHOTO Tpaduka
MPOBEICHUS HAYIHBIX paboT B hopme nuarpammbl ['aHTa.

HNuarpamma ['aHTa — rOpU30HTANIBHBIN JIEHTOUYHBIM I'paduK, Ha KOTOPOM
paboThl MO TEME MPENCTABISIIOTCS NPOTSHKEHHBIMU BO BpPEMEHH OTpE3Kamu,
XapaKTepU3YIOMUMICS TaTaMHi Hadalla 1 OKOHYAHHS BBITTOJTHEHUS JTaHHBIX PaboT.

JInst ynoOcTBa MoCcTpoeHus rpaduka, AIUTEILHOCTh KaXI0r0 U3 ATAnoB padboT u3
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pabouux AHEH cieayeT MepeBecTH B KalleHIapHble AHU. JlJig 3TOro HEoOXO0auMO
BOCIIOJIB30BAThCS cleaytoiei popmMynoii:
Ti = Tpi * Kan
KoaddunmeHT kaneHagapHOCTH onpeneseTcs no cieayroiei popmye:

Tan _ 365
365 —104 — 14

k =
wa TKaJI - TBbIX - T

= 1,48
np

Bce paccunrannbie 3HaueHus CBeIeHbI B Ta0auity 4.8.

Tabnuua 4.8 — Bpemennble nokazarenu nposeaenus HUP

HasBanue pa6oTbl TpynoémkocTs pador JaureabHocts | JIMTEIBLHOCTH
tmin, 4€1- | tmax, 4€d- | toxi, 4€II- pador B pador B
IHU IHA IIHA padouux IHAX | KaJeHJAapHbIX
Thpi aaax Tk
Uc | Uc | Uc | Uc | Uc | Uc | Ucm 1l | Ucn2 | Ucm 1 | Ucm 2
nl |o2|ol|{o2|ol |02
CocraBieHue u - 1 - 1 - 1 - 1 - 1
YTBEPXKACHUE
TEXHUYECKOTO 3aJaHus
[TonGop u n3yueHue 1 - 3 - 18| - 1 - 1 -
MaTepHUaIoB MO TEME
Kanennapuoe 5 5 7 7 | 58] 5,8 6 6 9 9
IJIaHUPOBaHUE paboT
Nzyuenune 1 - 2 - 14| - 1 - 2 -
BO3MOJKHOCTEH
pacy€THOM MO Ienn
[Iposenenue pacuéroB | 25 | - | 40 | - | 31 | - 16 - 23 -
AHaIu3 MOJy4EeHHBIX 1 1 3 3118118 2 2 3 3
JTAaHHBIX
CocraBieHue 20 - 30 - 24 - 24 - 35 -
MOSCHUTEILHOMN
3aMUCKH
IIpoBepka npaBunbHOCTH | 1 1 2 2 1141|114 1 1 1 1
peimmontHeHuA 'OCTa
MOSICHUTEIIHbHOMN 3aITHCKH
IToaroroBska k 3amure 7 - 14 - 98 | - 10 - 14 -

Ha ocHoBe manHOM TaOIUITBI CTPOUTCS KaleHIapHBIN miaH-Tpaduk. ['padux
CTPOUTCS I MAaKCUMAJIbHOTO MO JJIUTEJIbHOCTH HWCIOJHEHUS padOT B paMKax
HAyYHO-UCCIIEIOBATEILCKOTO MPOEKTAa HAa OCHOBE Tadmwmibl 4.9 ¢ pa3dbuBKoOil 1O

Mecsam u nexanam (10 gaeit) 3a mepro1 BpeMeHH AUIuioMupoBanus (Tabmuma 4.9).
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Tabnuua 4.9 — Kanenaapusiii miian-rpaduk nposenenns HUOKP no teme

Ne | Bua paboTst HUcnonaurenn | Tki, [Tpo10IKUTENBHOCTD BBITIOJIHEHUS padoT
kai | Desp Mapt Arnpeinb Maii Hronb
mH. | 213 (1231|123 (12(3]1|2

1 | CocraBnenue | PykoBomurens | 1

u (KpacHbI)
YTBEPXKACHUE
TEXHUYECKOTO
3a/IaHusI
2 [Mon6op n Crynent 9
H3y4YeHUe (cunwmit)
MaTepuaioB
10 TeEME
3 | Kamennmapuoe | PykoBommrens | 1
TJIAHUPOBAHUE CTYJIEHT
paboT (3eneHblit)
4 N3yuenue Crynent 2
BO3MOKHOCTEHN
pacu€THom
MO

5 [IpoBenenue Crynent 23

pacd€ToB

6 Ananus PykoBomutens | 3

MOJTy4YE€HHBIX CTYIEHT
JAHHBIX
7 | CocraBienue Crynent 35
MOSICHUTENBHO
1 3aIIUCKH
8 [TpoBepka PykoBomurens | 1
MIPaBUILHOCTH CTYIEHT
BBITIOJTHEHUS
I'OCTa
MOSICHUTENHHO
1 3aIIUCKH
9 | IHoaroroska K Crynent 14 J L
3aIuTe o

4.3 bromxeT HAY4YHO-TEXHUYECKOT0 MCCJIeI0OBAHMS

HpI/I IIaHUPOBAHUHU 6IOI[)KeTa HAay4YHOI'O HCCICHOBAHHA YUHUTBIBACTCA

IIOJJHOC MW JOCTOBCPHOC OTPAKCHHC BCCX BHAOB IIUNIAHUPYCMBIX PaCXOd0B,

HEOOXOIMMBIX ISl €ro BhIMoJHeHus. B mpornecce dhopmupoBanus 6romxera HTU

HCMOJIB3YETCS CHEAYIOLIAsl TPYIIMPOBKA 3aTPAT MO CTAThSIM:

1. marepuanshbie 3aTpatel HTH,;

2. 3aTpaThl Ha CIlelMaIbHOE 000PY/I0BAHNE;
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. AMOPTHU3AIMOHHBIE OTUMCIICHNUS,
. OCHOBHas 3apab0THas IJ1aTa UCTIOJHUTENEH;
. IOTIOJTHUTEIIbHAS 3apa00THAs IUIaTa UCTIOTHUTENEH;

. OTUYHCIIEHUSI BO BHEOIOKETHBIE (DOH/BI (CTpaXOBbIE OTYUCIICHHUS);

~N N L R~ W

. HaKJIaAHBIC paCXO/bl.

4.3.1 Pacuétr MmaTepuaJbHBIX 3aTPaT

B naHHylo cTaThiO0 BKJIIOYAIOTCS 3aTpaThl Ha MPUOOPETEHHE BCEX BUOB
MaTEpHUANIOB, KOMIUIEKTYIOIUX H3AENUid U 1oiaypadpuKkaToB, HEOOXOAUMBIX IS
BBITMIOJIHEHUS pa0OT MO IaHHOM TeMe.

PacueT maTepuanbHbIX 3aTpaT OCYIIECTBISETCA 10 Clenytomieil popmyne:

m
3w = (1 +kp)- z L; - Npacxi
i=1

rae M — KOJIMYECTBO BUA0OB MATCPHAIBHBIX PECYPCOB, HOTpC6JISI€MI>IX Impu

BBIIIOJIHCHUH HAYYHOI'O HCCJICIOBAHUA,

N,

pacxi — KOJIMIECTBO MATEPHAJIBHBIX PECYPCOB i-TO BHJA, TIAHUPYEMBIX K

U T.0);

MCIIOJIb30BAHUIO TIPH BBHIMOJIHEHUN HAYYHOTO UCCIAEAOBAHMS (IUT., KT, M, M

[1; — rieHa mproOpeTeHUs SAMHUIIBI I-T'0 BUA TOTPEOJIIEMBIX MATEPHATIBHBIX
pecypcos (py6./mT., py6./kr, py6./™M, py6./M?u T.1.);

kr — Ko3pOdUIMEHT, YYUTHIBAIONIUNA TPAHCIOPTHO-3arOTOBUTEILHBIC
pacxojibl (3-5% OT CTOMMOCTH MAaTEpUAJIOB).

OCHOBHBIMH 3aTpaTamMH B JaHHOW MCCIIEOBATEIILCKOW paboTe SIBISIIOTCS
3aTpaThl Ha IEKTPOIHEPTHUIO U PUOOPETEHNE KAHIIEISIPCKIUX TOBAPOB.

3arpaTel Ha aneKkTpodHepruro s padotel [I9BM paccumthiBatoTCS 1O
dbopmyie:

3=l - P-Fos=3,16-0,5-800 = 1264,

rae [],; — Tapud Ha TPOMBINIICHHYIO diekTposHepruio (3,16 py6. 3a 1
kBT9);

P — MommHOCTE 000py0BaHus, KBT;
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padort

Fos — BpeMst uCnioyib30BaHusl 000PyAOBaHUS, Y.

3arpaThl Ha NEKTPOIHEPTUIo cocTaBwin 1264 pyoas.

4.3.2 Pacuér 3aTrpar Ha cnenuajibHoe 000OpPYAOBAaHHE IJIsi HAYYHBIX

Pacuet cBogurcs k OIpPCACICHNUIO aMOPTHU3aIMOHHBIX OT‘IHCJ’ICHHﬁ, TaK KaK

o0opy/ioBaHHEe OBLIO MPUOOPETEHO J0 Hadalila BBIMOJIHEHUS JaHHOW pabOThl U

OKCILUTYaTHPOBAJIOCHh PAHHEC, IIO3TOMY IIPH PACUCTC 3aTpaT HaA 06OPYI[OB3HI/II/I

YUHUTBIBACM TOJIBKO pa6oqne JHH I10 I[aHHOﬁ TEMC.

Pacuer AMOPTHU3alU IPOBOAUTCA CICAYHOITUM 06pa30M:

Hopma amopTu3zanum: paccuuTbiBaeTcs o popMmyie:

F,He: N— CPOK I10JIC3HOI'O UCIOJIb30BAHHUSA B KOJIMYCCTBE JICT.

AmopTtuzanusi 000pyI0BaHUSL pacCUUThIBAETCA 10 HopMyIie:

H, W
A=A,
12 ™

rae, U — urorosas cymma, Thic. py0.; m — BpeMs UCTIOIb30BaHUs, MEC.

3arpaThl Ha aMOpTHU3AIMI0 000PYI0BaHMs MpuBeIeHbI B Tabnuie 4.10.

Tabnuua 4.10 — 3aTpatsel Ha 000pyIOBaHUE

Oo6i1mas
CpOK 10JIE3HOTO Llenb! equHULIBI

HaumenoBanue Kon- CTOMMOCTh
Ne UCIOJIb30BaHUS, 00opynoBaHuUs,

obopynoBaHus | BO, LIT. 00opynoBaHuUs,

JeT TBIC. PYO.
TBIC. PYO.

IlepconanbHbIN

1 KOMIIBIOTEP 1 4 30 30
(HOYTOYK)
Hroro 30 ThIC. pYO.

CPOK ITIOJIC3HOI'O MCIIOJIBb30BaHUA COCTABIIACT 4 roga.

PaccuutbiBaeTcss HOpMa amoOpTHU3alMU 1JI1 HOYTOYKa, C y4€TOM TOrO, 4TO

1 1
Hy=—=7=025

n
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OO6m1as cyMMa aMOpTU3aIlMOHHBIX OTYUCIeHUH (110 hopmyiie 4.7):

_HM0,25-30000
RV 12

12 = 7500 py®6.

4.3.3 OcHoBHas 3apa0OTHAA IUIATA UCIIOJTHUTEIE TeMbI

B HacTosyto cTaThio BKIIOYAETCS OCHOBHAS 3apa0O0THAas IlaTa HAYYHBIX U
WH)XEHEPHO-TEXHUYECKUX pPaOOTHUKOB, HEMOCPEJICTBEHHO YYacTBYIOIIUX B
BBITIOJIHEHUU pa0OoT MO JaHHOUN TeMe U JOTOJHUTEIbHAs 3apaboTHasI IJ1aTa Hay4YHO-
POU3BOJICTBEHHOTO TiepcoHana. bamaHc pabouero BpeMEHU TIPEACTABICH B
tabnune 4.11.

Tabnuua 4.11 — bananc paboyero BpemeHu

[Tokazarenu pabouero PyxoBoaurens Crynent
BPECMEHU
Kanennapnoe uuncio 365 365
JTHEH
KonnuecTBo Hepabounx 66 1118
THeH
[ToTepu pabouero 56 28
BpEMEHU
JlecTBUTEIIBHBIN 243 219
rojsoBoi poH1 pabodero
BpEMEHU

OcHoBHas 3apaboTHAas MIaTa HAYYHOTO PYKOBOJIUTENSI paCCUUTHIBACTCS HA
OCHOBaHUU OTpACJIeBO omiatkl Tpyaa. Otpacneas cucteMa oriatel Tpyaa B TIIY
MpearnoiaraeT Ciaeayonuii COCTaB 3apaboTHOM MIIATHI:

okJax — onpexaensercs npeanpustuem. B TIIY okmansl pacrpeneneHsl B
COOTBETCTBUHM C 3aHMMAacMbIMU JOJDKHOCTSIMHM, HAlIpUMEpP, AaCCUCTEHT, CT.
mpenoaaBaTesb, JOIEHT, Tpodeccop.

CTUMYJIUPYIOIIME  BBILIATBL —  YCTAHABIMBAKOTCSA  PYKOBOJAUTEIEM
noapasneneHuit  3a  I(PGEKTUBHBIA  TPyA, BBIMOJHEHUE JOMOTHUTEIBHBIX
00s3aHHOCTEN U T.A.

VHBIC BBITIATHI: paiOHHBIN KOA(DPHUIIMECHT.
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PykoBonutenem JaHHOW HAy4YHO-HUCCIEOBATEIbCKON paOOThl SBISIETCS

COTPYIHHUK C JIOJDKHOCTBIO TMpodeccop M CTENeHbI0 JNOKTOp Hayk. Oxiaj

npodeccopa coctanisieT 32566 pyouieit (6e3 yuera PK).

HcnonnureneM sABisercs MHXKEHep-ucciaenosarens Pomanuc M.E., okian

nHXKeHepa coctapiseT 13786 py0. (6e3 yueta PK).

I[HH pacucta MECAYHOIro AJOJDKHOCTHOI'O OKJIaaa pa6OTHI/IKa IIPUMCHSACTCS

dbopmyna:

3= 3me (1 +knp+k<))'k ,

r7e 3,.— 3apaboTHad miaTta no TapudHoil craBske, pyo.;

K,y — mpemMuabHbIi KOdQPuIMeHT, pasubiii 0,3;

ko — k03 unmenT normnar u HopbaBoOK, cocraniser npumepto 0,2-0,5;

K, — paiionnsblit k03¢ durenT, paBubiid 1,3 (s Tomcka).

PesynbTaThl npeacrasieHsl B Tabnuie 4.12.

Tabmuma 4.12 — Pacy€T 0ocHOBHOM 3apabOTHOM TIaThI

3on, T, pab.
Hcnoaaurenu 3me | Kip | Ko | Ko | 3, pYO. 3oen, PYO.
pyo. JTH.
PykoBoauTennb 32566 | 0,3 /0,2 |1,3|63503,7 | 2717,9 6 16307,4
Pomanuc M.E. 13786 | - | - |1,3| 18070 |11915 88 104852
Hrtoro no craree 121159,4

4.3.4 JlonoiHNTEIbHAS 3apa00THAA IJIATA UCIIOJTHUTEJIel TeMbl

3arpaThl MO JOMOJHUTEIHHON 3apabOTHOM IUIaTe HMCHOJHUTENCH TEeMbI

YUYUTBHIBAIOT BEIUYMHY IPEAYCMOTPEHHBIX TpyaoBbIM kKoaekcom P® norar 3a

OTKIIOHCHHUC OT HOPMAJIbHBIX YCJ'IOBI/Iﬁ Tpyda, a TAaKXKC BbIILIAT, CBA3aHHBIX C

oOecrieueHneM TapaHTH M KOMIIEHCAUi (IIPU MUCIIOJIHEHUH TOCYIapCTBEHHBIX H

OOIIECTBEHHBIX O0S3aHHOCTEH, MPH COBMENICHHH PadOThl ¢ OOy4deHHEM, MpH

npcaoCTaBICHUU CKCI'OJHOI'O OINIAYMBACMOI'O OTIIYCKA U T.I[.).

3)c)on :kaon '300}1 ’

rae 3pon — AOTIOJHUTENbHAS 3apaboTHas 1J1aTa, pyo.;
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Koon — KO3 urmeHT gonoaauTenbHoM 3apriaathl Ky, = 0,14);

30en — OCHOBHASI 3apaboTHas 11aTa, pyo.

B Tabmune 4.13 mnpuBeaeH pacyeT OCHOBHOM M JOMOJHUTEIbHOU
3apabOTHOM TUIATHI.

Tabnuma 4.13 — 3apaboTHas mnata ucnoiaHurteneit BKP

3apaboTHas miara PyxoBoaureins Pomanuc M.E.
OcHoBHas 3apruiata 3., | 16307,4 104852

pyo.

JlonosHuTENbHAS 2283 14679,7
3apruiata 3yon, pyo.

Uroro no cratee 3;,, pyo | 18590,4 119531,3
Hroro 138121,7

4.3.5 OTunciaeHusi BO BHeOIOMKeTHbIE (DOHABI (CTPAXOBbIE OTUMCJICHUSA)

Pa3mep otuncnenuii Bo BHeO0KeTHBIC (DOHBI cocTaBisgeT 30 % oT cyMMBI
3aTpar Ha OIUIATy TpyJa paOOTHHUKOB, HEMOCPEICTBEHHO 3aHATHIX BBHITTOJTHEHUEM
UCCJIEOBATEILCKOU PaOOTHI.

Benmnuuna oTuncieHuit Bo BHEOIOKETHBIE (DOHIIBI ONIPEACIIAETCS UCXO IS U3
cieayroIie GopMyIb:

3BH66 = kBHe6 ’ (3001-1 + 3z[on)1

rae Kenes — KOO(P(MUITUEHT OTUHCICHUHN Ha yIUIATy BO BHEOIOKECTHBIC
dbouabl (TeHCHOHHBIH (POoHI, POHT 0053aTEIHPHOTO MEIUIIMHCKOTO CTPAXOBAHUS H
np.).

Bennyuna otunciaeHuii Bo BHEOIOKETHBIE (DOHBI COCTABIISIET:

Zunes = 0,3 - 138121, 7= 41436,5 py6.

4.3.6 Haxsaguble pacxoabl
Haknaguele pacxoapl yYMTBIBAIOT MPOYME 3aTpaThl OpraHM3aluu, HE

momaBmue B IPCABIAYINHC CTAaTbU PACXOAOB: II€CYATb M KCCPOKOIIMPOBAHHC
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MaTepHalioB UCCIEAOBAHMS, OIJIaTa YCIAYT CBSI3U, ANEKTPOIHEPTUU, PA3MHOKEHHUE
MaTepuayioB U T.4. VX BelMUMHA onpenensercs Mo cleayromnei popmyie:
B o (3, Sanes+ Jocn)
Benmnuuny kos¢dduimenta HakJIaIHBIX PACcXOA0B K,, MOXHO B35Th B
pazmepe 16%.
Chaxn = 0,16 - (1264+41436,5+121159,4) = 26217,6 pyo.

4.3.7 ®opMupoBaHHe OIOI:KeTa 3aTPAT HAYYHO-HCCJIe0BATEIbCKOI0
NMpoeKTa

Paccunrannas BenmuuuMHaA 3aTpaT HAYYHO-UCCIIEIOBATEIBCKON pabOTHI
SIBJIICTCSI OCHOBOM JUIsl (popMUpOBaHUS OFOJKETa 3aTpaT MPOCKTa, KOTOPBIA MPHU
(bopMHpOBaHUH JOTOBOpA C 3aKa3YMKOM 3aIUIIACTCS HAYYHON OpraHu3anuei B
KadecTBe HIDKHErOo TIpeJiesia 3aTpaT Ha pa3paboTKy HayYHO-TeXHHYECKON
POIYKIIUH.

Omnpenenenre OOKETa 3aTpaT HA HAYTHO-UCCIIEIOBATEILCKUAN TTPOCKT 10
Ka)XIOMy BapuaHTy UCTIOJHEHUsI pUBe/eH B Taduie 4.14.

Omnpenenennas cebecrouMocTs TpoekTta coctaBiasier 207039,8 py6., a
BpeMsi, HEOOX0IUMOE TS €€ BHITIOTHEHUS 89 KaleHIapHBIX THEH.

Ta6muma 4.14 — PacuéT 6ropKeTa 3aTpaTt UCCIeIoBaTeIbCKOTO MPOCSKTa

HaunmeHnoBanue cratpu CymmMma, py6

1. MarepuanbHble 3aTpaThl UCCIEAOBAHUS 1264
2. 3aTpaThl IO OCHOBHOM 3apabOTHOM

121159,4
1aTe UCTIOJTHUTENCH TEMBI
3. 3aTpaTsl MO JTOMOJHATEIIHBHOM

16962,3
3apabOTHON TIaTe UCTIOTHUTENICH TEMBI
4. OTuncieHus: BO BHEOIOHKETHBIC (hOHIBI 41436,5
5. Hakmaanelie pacxoibl 26217,6
OO01mue 3aTpaThl UCTIOJTHUTENS 205775,8
OO6muii OX0JKET 3aTpaT UCCIICIOBAHMS 207039,8
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4.4 Omnpenenenue pecypcHoii (pecypcocOeperaromeii), (puHAHCOBOI,
OI0/1’KeTHOM, COLMAIBLHON U IKOHOMHUYECKOM 3(P(PeKTUBHOCTH MCCICI0BAHUSA

Onpenenenue S(PGHEKTUBHOCTA MPOUCXOAUT HA  OCHOBE pacuera
MHTErpajbHOro TMokaszarens 3(PQGEeKTUBHOCTH HAy4yHOro wuccieaoBanus. FEro
HaXOXJEHUE CBSA3aHO C ONPEAEICHUEM JIBYX CpPEIHEB3BEUICHHBIX BEIUYHH:
(¢uHaHCOBOM 3P PEKTUBHOCTU U pecypcodPHEKTUBHOCTH.

WNuTerpanbHblil puHAHCOBBIN MOKa3aTeNlb pa3pabOTKU ONPEEsIeTCs Kak:

Incn.i _ pi

buEp T

max

r1€ Igysy — MHTETPAIBHBIN GUHAHCOBBII MOKa3aTeNb Pa3pabOTKy;

@p[— CTOUMOCTH I-TO BapHaHTa UCIIOJIHCHUA
D — MaKCHUMaJIbHas CTOUMOCTD HCITOJIHCHU A Hay4YHO-

HNCCJICAOBATCIILCKOT'O ITPOCKTA.

IHCH_1_207039,8_ al
buip 500000
360565,4

nuem.2 __

lwn™ 500000 72

Hcnonnenne 1 cOOTBETCTBYeT AaHHON pa3pabOTKe, HUCIONHEHUE 2 —
aHAJOTUYHOM. 32 MAaKCHUMAaJIbHYI0O CTOMMOCThH WCIIOJIHEHUS B3sITa TUMIOTETHYECKAs
CTOUMOCTH MTPOEKTA MPU MaKCUMAJIbHBIX IIEHaX HA BCE COCTABIISIIONINE OIOHKETA.

[Tony4yeHHast BeMunHA UHTETPAIBHOTO (PDMHAHCOBOTO MOKA3aTeNs MPOEKTa
OTpakaeT COOTBETCTBYIOIIEE UYUCIECHHOE YJCIICBICHHE CTOMMOCTU pPa3paboOTKH,
T.K. IOJIYYCHHOE 3HAUCHHUE ISl pa3HBIX UCMOJIHUTENICH HE MPEBBIIIACT ¢IMHUIIBI.

WNurterpanpHblii  mokazatenb  pecypcoddEKTUBHOCTH  BapHAHTOB

HCTIOJIHEHUS 00BEKTa UCCIIEAOBAHUS MOYKHO OINPEICIUTh CICAYIOIIUM 00pa3oM:

Ipi:z ai'bl’
rac Ipi — HHTeraJIBHBIﬁ ITIOKa3aTcCJIb pecyp003(b(beKTI/IBHOCTI/I JJIA i'rO

BapuaHTa UCTIOJHEHUS Pa3padOTKH;

ai; — BeCOBOM KO3 (DUIIMEHT I-r0 BapuaHTa UCTIOJTHCHHS pa3paboTKy;
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bi*, bP — OanbHas OICHKA I-TO BapuUaHTa HCIOJHECHUS pPa3padOTKH,
YCTaHABIUBAETCS SKCIEPTHBIM ITyTEM IO BHIOPAHHOM IIKajie OlEHUBAHUS;

N — YKCII0 TapaMeTPOB CPABHEHUS.

B Tabnuue 4.15 npencraBieHa CpaBHUTENbHAs OIEHKA XapaKTEPUCTUK
BapHAHTOB UCTIOJTHEHHSI MPOCKTA

Tabmuua 4.15 — CpaBHuUTENbHAs OIEHKA XapaKTEepPUCTUK BapHAHTOB

HNCIIOJIHCHUS ITPOCKTA

OBEKT UCCIIENOBAHUSA Becosoit
K03 pULeHT Hcm. 1 Hcm. 2

Kpurepun rapamerpa

TOYHOCTH BBIYUCIIEHUI 0,25 5 4
CkopocTh POU3BEACHUS 0.1 4 3
pacuyeToB

Y 106CTBO B DKCILTyaTaIMH 0,15 5 5
Busyanuzaius pe3yiabTaToB 0,2 5 5
DKOHOMMS CPEJICTB 0,3 5 5

Utoro 1 4,8 4,4
Lywen1 =5-0,25+5-0,1+5-0,15+5-0,2+5:0,3 =5;
Loz =4°0,25+3-0,1+5-0,15+5-0,2+50,3=4,55.

WNuTterpanpHbiii  mokaszatenb 3PQGEKTUBHOCTH BapHUAHTOB HUCIOJHEHHUS

pa3paboTKH:

__ Ip-ncmi

CII.1 1%(1:42{;) 1

Iy
Lyen1= > =12,2
I/ICH.I_O’41_ b

4,55
II/ICH.2_ m =6,32
C mwmenpto ompeneneHus HauOoyiee IE€IecO00pa3HOTO BapuaHTa U3
MPEIOKEHHBIX CPAaBHUM HMHTETPaIbHBIC TIOKa3zaTean 3()PEKTUBHOCTH BapPHAHTOB
WCIIOJTHEHUS Pa3pabOTKHU U ONPECIINM CPAaBHUTEIBHYIO A (DEKTUBHOCTH TIPOEKTA:

i 1 uct. 1
D=7
HCI.2
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rae 9D, — cpaBHUTENbHAs 3((PEKTUBHOCTh MpoekTa; [ pHH— WHTETPAJIbHBIN

mokasaTenb pPa3spaboOTKM; Iy, — WHTETPANBHBIA  TEXHHKO-3KOHOMHYECKH

MOKa3aTeNb aHajora.
B Ta6nuie 4.16 npencrasieHa cpaBHUTENIbHAs 3G ()EKTUBHOCTH pa3pabOTKHU.

Tabnuua 4.16 — CpaBauTtenbHas 3pPEeKTUBHOCTD pa3pabOoTKU

Ne | TToka3zarens Hcm.1 Hcn.2

1 | UnrerpanbHbiii  ¢uHaHCOBBIM  mokaszatens | 0,41 0,72
pa3palboTKu

2 | UaTerpanbHbIit [I0Ka3aTeib | 5 455
pecypcodrdGeKTUBHOCTH pa3pabOTKU

3 | UnrerpanbHblil nokazarenb 3pHEKTUBHOCTH 12,2 6,32

4 | CpaBHutenbHass 3(G()EKTUBHOCT, BAapUAHTOB 1,93
UCTIOJIHEHUS

CpaBHUB 3HauY€HHUs MHTETPATBHBIX IMOKa3aTesne 3((HEKTUBHOCTH MOXKHO
caenatb BbIBOJ, uTo peanuszanus HWP B mepBoM ucnonHeHuu siisieTcsi Oosee
(G ()EeKTUBHBIM BapUaHTOM pEIIEHUs 3a/a4yd, MOCTABICHHOW B JTAaHHON padoTe C
No3UIMU (PUHAHCOBOM M pecypCcHOM 3(PPEKTUBHOCTH, T.K B MEPBOM HCITOJTHEHHUH
TpeOyeTCcsi MEHbIlIe BPEMEHHU ISl MPOBEACHHS HCCIEAOBAHMS, a CIEAOBATEIHHO

MEHBIIIE 3aTpaT Ha 3apa00THYIO IJIATY UCTIOTHUTEIS.

BriBoasbl 1no pasaeny ”PUHAHCOBBIN MEHEeIKMEHT,
pecypcoddpeKTUBHOCTD U pecypcocOepe:kenne”

Ha ocHoBe npoBeIeHHOI0 aHaIK3a CEIAEM CIIEIYIOUIME BBIBOIBI:

1. CornacHo aHanM3y KOHKYPEHTHBIX TEXHUYECKUX PEUICHUN YCTaHOBJIEHO,
YTO KOHKYPEHTHBIE METOJbl HMEIOT PsSJ HEJOCTAaTKOB, HCKIOYAEMbIX
paspabotanHOil Mojaenblo. Panee paspaborannas corpymaukamu OSATL] moxens
MO3BOJISIET CYIIECTBEHHO CHHU3UThH (DMHAHCOBBIE 3aTPATHI, 00ECIIEYMBAET BHICOKYIO
TOYHOCTh PACUYETHBIX 3HAUYECHUH W HUMEET BBICOKMU TMOTEHIMAT pa3BUTUA B

IaJILHEHIIIEM.
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2. B xone muianupoBaHUs HAyYHO-MCCIIEIOBATEIbCKUX pabOT OnpeneseH
nepeyeHb paloT, BBINOJIHSAEMBIM pabouel rpymnmoil. B manHom ciyudae pabGouas
rpynmna COCTOUT U3 IBYX YEJIOBEK: PyKOBOIUTEND (ITpodeccop) u ctyaeHT (Pomanuc
M.E.). Ha ocHOBe BpeMEHHBIX MOKa3aTesIel 0 KaKJ0W U3 MPOU3BEAECHHBIX pabOT
OBUT MOCTPOCH KalleHAAPHBIN TUTaH-TpadUK, MTOCTPOCHHBIN Ha OCHOBE AHArpaMMBbI
["aHTa, MO KOTOPOMY MOKHO YBUJETH, UTO caMas MPOJOJKUTEIbHAS TI0O BPEMEHH
paboTa — 3TO COCTaBJIEHUE MOSICHUTENBHON 3aITUCKHU.

3. bromxer wuccnenoBanus coctaBwi 207039,8 py6. OH cocrout u3
MaTepuanbHbIX 3aTpar (1264 py6.), 3atpar Ha omiatel Tpyna (138121,7 py6.),
OTUHCIIEHU BO BHEOHOKeTHBIE (GoHALI (41436,5 py0.) M HAKIAHBIX PACXOJ0B
(26217,6 py6.).

4. [IpousBencHa CpaBHHUTENbHAS XapaKTEPUCTHKA JPHEKTUBHOCTH
pa3pabOTKM HAa OCHOBAaHMM HMHTETPATBHOTO TMOKazaTens d()QPeKTUBHOCTH.
Peanuzanus mpoekTa B MEpBOM HCHOJHEHUU sBisieTcs Oosee 3(h(PeKTUBHBIM

BapUaHTOM.

5. CounajbHasi OTBETCTBEHHOCTh

OnHO W3 OCHOBHBIX HAINpaBJICHUN MPO(HIAKTHYECKOW pPabOThI IO
CHI)KCHHIO  TPOM3BOJCTBEHHOTO  TpaBMaTtu3Ma W NPOQECCHOHATBLHON
3a00JI€Ba€MOCTH SIBJISIETCS TMOBCEMECTHOE BHEAPEHHUE KOMIUIEKCHOM CHCTEMBI
YIIPaBIICHUSI OXPAHOU TPyZa.

OnacHbli TIPOM3BOACTBEHHBI (DAKTOpP — MPOU3BOACTBEHHBIN (hHaKkTOp,
BO3JICIICTBUE KOTOPOrO0 B OMNPEAECICHHBIX YCIOBUSX NPHUBOASAT K TpaBME WIH
OPYroMY BHE3AITHOMY, PE3KOMY YXYIALICHHUIO 3I0POBBSI.

Bpenusriii npousBoacTBeHHBIN (hakTOp — (HaKTOp, BO3/ICHCTBHE KOTOPOTO HA
paboTaromiero B OMNPEACICHHBIX YCIOBHUSAX NPUBOAUT K 3a00JEBAHUIO0 WIIH
CHIDKEHHUIO TPYA0CTIOCOOHOCTH.

B  pabGore mpoBoamtcs  pacuer Q-kackama 1O MOJYYCHHUIO

BBICOKOOOOTAIEHHOTO CBHUHIA-206. Pe3ynabTaThl MPOBEICHHBIX HCCIEIOBAHUN
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MOTYT OBITh HWCHOJB30BAaHBI JJIsi PaOOTHl HAa NPEANPUATHAX IO PA3ICICHUIO
U30TOIIOB.

Pacuetsl mpoBoawiuck ¢ momornipio maketa Wolfram Mathematica, u B
cpene Microsoft Offiice. ccnenoBanus npoBogwiuck B ayauropun Ne 246 10
Kopryca TOMCKOTOIOJUTEXHUUECKOTO YHUBEPCUTETA, TIPU ITOM HCIOJIh30BaIaCh
nepcoHaabHas dJIEKTPOHHO-BhIYUCIUTENbHAS MannHa ([I9BM).

B paznene paccMOTpeHBI OmMacHbie W BpEAHBIC (DAKTOPBI, OKA3bIBAIOIIUC
BJIIMSIHUEC HA TIPOILIECC HCCIICAOBAHUS, PACCMOTPEHBI BO3IEHCTBHS HCCICIYEMOTO
00BbEKTa Ha OKPYKAKOIIYIO CPE/Ty, IPABOBBIC U OPTaHU3AIMOHHBIC BOITPOCHI, ATAKKE

MCPOIIPUATHUSA B t{pe?yBBI‘IaI‘/,IHBIX CUTyaluAaXx.

5.1 IlpaBoBble W OpraHM3allMOHHbIE BONPOCHI O0ecNeYeHns
0e30nmacHoOCTH

5.1.1 IIpaBoBbIe HOPMBI TPYAOBOI0 3aKOHOAATEJIbCTBA

OCHOBHBIE OJIOKEHUS IO OXpaHe TPyJa U3J0KEeHbI B TpyJoBOM KOJEKCE
Poccuiickoit denepanuu [35]. B 3ToM 10KyMEHTE yKa3aHO, YTO OXpaHa 3I0POBbS
TpyIsUIuXcs, oOecneyeHre  O€30MacHbIX  YCJIOBHH  Tpyda,  JTUKBUAALMS
npodeccruoHaIbHBIX 3a0071€BaHUN U MPOU3BOACTBEHHOTO TpaBMAaTU3Ma SIBJISIOTCS
OJIHOM M3 TJIaBHBIX 3a00T rocyAapCcTBa.

CornacHo Kaxaplii pabOTHUK UMEET MPaBo Ha:

— pabouee MecTo, COOTBETCTBYIOIIEE TPEOOBAHUSIM OXPaHBI TPY/IA;

— o0s3aTeNbHOE COIMAIBHOE CTPAXOBaHHE OT HECYACTHBIX CIIy4aeB Ha
MIPOM3BOJICTBE M IIPO(PECCHOHATBHBIX 3a00JICBaHUN;

—  TONydyeHHWe  JIOCTOBEpHOM  wuHpopMamuu OT  paboTomaTens,
COOTBETCTBYIOINX TOCYJAPCTBEHHBIX OPTaHOB M OOIIECTBEHHBIX OpPTaHHU3AIUN 00
YCIOBUAX W OXpaHe Tpyda Ha pabodeM MecTe, O CYIIECTBYIOIIEM pHCKE
MTOBPEKICHUS 30POBbs, & TAKXKE O MEPAX IO 3aIIUTE OT BO3IACHUCTBUSA BPEAHBIX U

(1K) ONacCHBIX TPOU3BOJICTBEHHBIX (PAKTOPOB;
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— OTKa3 OT BBIMOJIHEHUS pa0doT B ClIyyae BOSHUKHOBEHUS OMACHOCTH JIJIS €T0
’KU3HU | 3I0POBbS BCIIEACTBHE HAPYIICHUS TPeOOBAaHUI OXpaHbl TPY/a;

— olecreyeHne CpeacTBAaMU MHIUBUAYATbHON M KOJUICKTUBHOW 3allUTHI B
COOTBETCTBHH C TPEOOBAHUSIMH OXPaHBI TPy 3a CUET CPEACTB pabOTOIATENS;

— 00ydyeHue O€30MacHBIM METOJaM W MpHeMaM TpyAa 3a CUET CPEICTB
paboToaarens;

— JIMYHOE Yy4YacThe WM YydYacTHe 4dYepe3 CBOMX IMpelCTaBUTENCH B
pPaccMOTPEHUH BOTIPOCOB, CBSI3aHHBIX ¢ 00ecreueHrneM 0e30MacHbIX YCIOBUH Tpyia
Ha ero pabodeM MecTe, ¥ B PacClIeJOBAHUW MPOUCIHISAINIETO ¢ HAM HECUYaCTHOTO
cliydasi Ha TIPOM3BOICTBE UM MPOQECCHOHATBHOTO 3a00JICBaHUS;

— BHEOUYEPETHOW MEAUIIMHCKHIA OCMOTpP B COOTBETCTBHH C MEIUIIMHCKUMHU
PEKOMEHIAIUSIMU C COXPaHCHHEM 3a HUM MecTa paboThl (IOKHOCTH) B CPEIHETO
3apaboTKa BO BpeMs MIPOXOXKICHUS YKa3aHHOTO MEIUIIMHCKOTO OCMOTPA;

— TapaHTHH ¥ KOMIICHCAIINH, YCTAHOBJICHHBIE B COOTBETCTBHUH C HACTOSIIINM
KomexcoM, KOIIEKTHBHBIM JIOTOBOPOM, COTJIANIIEHUEM, JIOKaJTbHBIM HOPMATHBHBIM
aKTOM, TPYAOBBIM JIOTOBOPOM, €CJIM OH 3aHSIT Ha paboTax ¢ BPEIHBIMH U (W)
OIaCHBIMH YCIIOBUSIMU TPY/Ia.

B [35] romopwurcs, 4TO HOpMalibHAs MPOAOKUTEIBHOCTh paboyero
BPEMEHH HE MOXET NpeBbimaTh 40 4acoB B HeAe0, paboToaareh 00s3aH BECTH

y4eT BpeMEHH, OTPabOTAaHHOTO KaXIbIM paOOTHUKOM.

5.1.2 OpraHu3anvoHHbIe MEPONPHUATHS NPH KOMIIOHOBKe padoueil
30HBI HCCJIeA0BATENs

PanonanpHas miaHupoBKa pabodero Mecta MperycMaTpUBAET YETKUH
MOPSJIOK U TMTOCTOSTHCTBO Pa3MEIICHUS MPEIMETOB, CPEJCTB TPYJa U JOKYMEHTAIIUN
[36]. To, uTo TpebyeTcs A BBIIOJHEHUS PAa0OOT Yalle JOJKHO PaclioiaraThCs B

30HE JIETKOH JIOCATAEMOCTH pabovero MpoCTPaHCTBA, KaK MOKa3aHO Ha pucyHKe 5.1.
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PucyHok 5.1 - 30HBI 10CSITaEMOCTH PYK B TOPU30HTAIBHOM TNIOCKOCTH:
a - 30Ha MaKCUMAJIBHOW JTIOCATaEMOCTH PYK;
0 - 30Ha JOCATaeMOCTH TNaJIbLIEB MPU BBHITIHYTOU PYKE;
B - 30HA JIETKOH! J10CATa€MOCTH JIaJJOHH;
I - ONTUMAJIbHOE MTPOCTPAHCTBO JJIsl IPyOOil pyuyHOU pabOThI;

A - OIITUMAJIbHOC IIPOCTPAHCTBO JJIA TOHKOH pquOﬁ pa6OTBI.

OntuManibHOE pa3MEIICHUE MPEAMETOB TPyAa U JOKYMEHTAllMd B 30HAX
J0CSITaeMOCTH PYK: JUCIUIEH pa3MelIaeTcs B 30HE a (B EHTPE); KJIaBUaTypa — B 30HE
r/1; CUCTEeMHBIN OJIOK pa3merniaercs B 30He O (cieBa); MPUHTEP HAXOJIUTCS B 30HE a
(cipaBa); JOKyMEHTAIUS:

— B 30HE JIETKOM NOCSIraeMOCTH JIaJIOHM — B (ClieBa) — JIUTEpaTypa U
JTIOKyMEHTAIIHs, He00X0o1uMast TIpu padoTe;

— B BBIJIBUJKHBIX SIIIIMKaX CTOJIa — JUTEpPATypa, HE UCIOJIb3yeMasi IOCTOSIHHO
[36].

[Ipy mOpOEKTHPOBAHMM MHUCBMEHHOTO CTOJA JOJDKHBI OBITh  YYTEHBI
crieayromue TpeOoBaHMS.

IIpenen BbIcOTHI paboueii moBepxHOocTH ctoja 680 - 800 mm. Bricora
paboueii TOBEpXHOCTH, Ha KOTOPYIO yYCTaHABIMBACTCS KJIaBUATYpa, MOJKHA OBITH
650 mm. PabGouwmii cTon gomxkeH ObITh mmpuHON HEe MeHee 700 MM W IITMHOW He
MeHee 1400 mM. JI0JKHO UMETHCS MPOCTPAHCTBO JJIsL HOT BbICOTOM HE MeHee 600
MM, TipuHOHN — He MeHee 500 MM, rTyOnHOM Ha ypoBHE KoJieH — He MeHee 450 MM

¥ HA YPOBHE BBITIHYTHIX HOI — He MeHee 650 M.
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Pabouee kpeciio JO0MKHO OBITH MOABEMHO-IIOBOPOTHBIM U PETYIUPYEMBIM
IO BBICOTE M yTJIaM HAKJIOHA CHJICHbBSI M CITUHKH.

Monutop M0MmKEeH OBITH PACIONOXKEH Ha YpOBHE TIJia3 ofmepaTtopa Ha
paccrosinun 500—-600 mMm. CortacHO HOpMaM, YroJi HaOJIIOIeHUS B TOPU30HTAIBHOM
TUTOCKOCTH JIOJDKEH OBbITh He Oonee 45° k HOpMmanu skpaHa. Jlydme — ecnu yrou
0030pa Oyaet coctaBisaTh 30°.

JloKHA TIpeIyCMaTpUBATHCSI BO3MOXXHOCTD PETYJIUPOBAaHUS DKPaHa:

— 110 BBICOTE + 3 CM;

— no HakyoHy oT 10 10 20 rpamycoB OTHOCUTEIHHO BEPTUKAIIH;

— B JIEBOM W [IPAaBOM HalpaBJICHUSX.

KnaBuatypy cienyer pacnojarath Ha TOBEPXHOCTH CTOJIa Ha PacCTOSTHUH
100300 MM ot kpasi. HopMmanbHBIM TMOJIO)KEHHEM KIIABHATYpPHI SIBISETCS €&
pa3MelieHne Ha ypOBHE JIOKTS OlepaTropa C YIJoM HAakKJIOHA K TOPU30HTAIBHON
wiockoctu 15 © [36].

B nmabGopatopun Ne 246 10 xopmyca TIIY mNONHOCTBIO BBIMOJHSIOTCS

yCTaHOBJICHHBIE HOPMEI [36].

5.2 IlpousBoacTBEeHHAs 6€30MACHOCTD

5.2.1 AHajau3 BpeIHbIX U ONACHBIX (JaKTOPOB

[IpousBoaCTBEHHBIE YyCIOBHS Ha pabodyeM MECTe€ XapaKTepUu3yITCs
HAJIMYUEM OIACHBIX W BPEIHBIX (AKTOPOB, KOTOpHIE KIACCUDUIMPYIOTCS TIO
rpynmnam AJIIEMEHTOB: dbusnueckue, XUMHUYECKHE, OunonornvecKkue,
MCUXO(PU3NOIOTHYECKHE.

Ha paGorHuka mabopaTopuu, TPOBOISIIETO OKCIEPUMEHTAIbHBIC
MCCJIeIOBaHUS, MOTYT BO3JICHCTBOBATH CIEAYIOMKE (PaKTOPHI:

— (usnueckue;

— XHUMHYECKHE;

— ncuxo(U3u0JIOTHYECKUE;

— Ouonorudeckue [37].
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OnacHble U BpeaHble (PAKTOPHI, KOTOPbIE MOTYT BO3JCHCTBOBATH Ha
nepcoHan npu padore Ha [I9BM, npuBenens! B Tadnuiie 5.1.

Tabnuua 5.1 - Bo3amMosxHbIE OMTacHbIE U BpeaHbIE (PaKTOPHI

HanmenoBanue BuioB DakTopsl HopmaTuBHBIE TOKYMEHTBI
paboT u mapamMeTpoB
MIPOU3BO/ICTBEHHOTO Bpennsie OnacHele
nporecca
Pabora ¢ xumuyeckumu| XHUMHUYECKHE — I'OCT 12.1.007-76 CCBT.
pEaKTUBaAMHU. BpE/IHBIE Bpenusie Bemectra [38].
BEIIECTBA. MY 2.6.5.033-2017

Opranu3anys BEHTHISIIHA Ha
paIuanoHHO OTACHBIX
TPEIIPUATHSIIX
(MIpou3BOICTBAX)
rockopnoparuu "Pocarom”
[43]

Pabota na rutasmennoit | BosnaeiictBue |Inextpudeckuit Tok| ['OCT 12.1.038-82 CCBT.
YCTaHOBKE. pammanmu (BY, OnekrpobdesomnacHocTs [39],
YBY, CBY n CanlluH 2.2.4/2.1.8.055-96.
T.JL.). DJIEeKTPOMAarHUTHBIC U3TYICHUS

PaanoYacTOTHOTO JUana3oHa
[40].

[MoxapHast I'OCT 12.1.004-91 CCBT.
OTIaCHOCTh [TosxapHas 6e3omacHocTts [41].

Pacuér nanneix Ha | lym, BUOpamus, | DIEKTPUUECKUAN TOK CanlluH 2.2.4.3359-16

OBM. MHKPOKJIUMAT; «CanutapHo-
BO3/ICIICTBUE AMUIEMUOJIOTHUECKHE
pamuaruu (BY, TpeOOBaHUsA K PU3NUESCKIM
YBY, CBY u (dakTopaM Ha paboOUYUX MECTax»
T.00.). [42],

I'OCT 12.1.038-82 CCBT.
Dnextpobe3onacHocTs [39].

K mcuxomorudyecku BpeaHbIM (pakTopam, BO3JICHCTBYIOIIUM Ha IEPCOHAI,
MOYKHO OTHECTH:

— YMCTBEHHOE HaIPsDHKCHHCE,

— (pU3UYECKHE TTeperpy3KH.

buonmornyeckne M XMMUYECKUE BPEIHBIC MPOW3BOJCTBEHHBIC (hAaKTOPHI B

naboparopuu Ne 246 10 kopmyca TITY oTcyTCTBYIOT.
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5.2.2 O0GocHOBaHMe MepPONPHUATHH IO 3alIUTEe HCCIAeA0BATENA OT
JAelCTBUS BPeJIHbIX M ONAaCHBIX (paKTOpPOB
NOMEILECHUSIM ~ JJIA

2.2.2/2.4.1340-03) oOHHM JOJDKHBI HMMEThH

B cooTBeTCcTBUY ¢ OCHOBHBIMU TPEOOBAHUSIMU K
skcruryatauuu [I9BM (CanlluH
€CTEeCTBEHHOE M HCKYCCTBEHHOE ocBelleHue. [Lmomanps Ha ogHO pabouyee MecTo

nons3osatenei [ID9BM nomkHa cocTaBisaTh He MeHee 6 M2 [39].

5.2.3 OTky10HeHNe MOKa3aTe el MUKPOKJIMMATA

Boznyx pabGoueii 30HBI (MUKPOKJIMMAT) MPOWU3BOJACTBEHHBIX MOMEIICHUN
OTIPENICIIAIOT CJICYIONINE MapaMeTphl: TEMIIEpaTypa, OTHOCUTENIbHAS BIAXKHOCTD,
CKOPOCTh  JBHXKEHUS Bo3Ayxa. OnTumanbHble 3HAYEHUS  XapaKTEPUCTHK
MUKpPOKJIUMAaTa yCTAaHABIWBAIOTCA B COOTBETCTBHU C HOPMaMH M TIPUBEICHBI B
Tabnure 5.2.

Tabnuna 5.2 - OnTuMalnbHble TapaMeTPbl MUKPOKJINMATA

o OTtHOCUTENbHAS CKOpOCTh JBHKEHUS
[Tepuon roma Temneparypa, °C 0
BJIQXKHOCTB, % BO3/IyXa, M/C
X OJIOAHBIH 23-25 40-60 0,1
Teruerin 22-24 40 0,1
K  MeponmpuaTusM 1O  O3J0pPOBICHUIO  BO3AYIIHOM  Cpeabl B
IIPOU3BOJACTBEHHOM  IIOMEILIEHMM  OTHOCATCS:  IpaBUJIbHAsE  OpraHU3alys

BEHTWISILIMU U KOHAULIMOHUPOBAHMS BO3yXa, OTOIJIEHUE OMELICHUM.
Bentunsinus — mporiecc yaneHus oTpab0TaHHOTO BO3/AyXa M3 MOMEIICHUS
U 3aM€Ha ero HapykHbIM. CHucTeMa BEHTWISIUU O0ECHEeUYMBAET OTTOK U MPUTOK
BO3/lyXa B TMOMENICHUU. BeHTWIsus o0ecrneynBaeT CaHUTapHO- TMTUEHUYECKUE
yCJOBHS (TeMIepaTypy, OTHOCUTEIbHYIO BIIa)KHOCTh, CKOPOCThJBUKEHUS BO3yXa
U YKCTOTY BO3/lyXa) BO3AYIIHOH Cpelbl B TOMENICHUHU, OJAronpusTHbIC IJIs
3I0POBbSl U CAMOYYBCTBHUS YEJIOBEKa, OTBEYAIOLIUE TPEOOBAHUSAM CAHUTAPHBIX
HOPM, TEXHOJIOTUYECKUX MPOILECCOB, CTPOUTEIBHBIX KOHCTPYKLIMHN 3HaHHUM,

TEXHOJIOT UM XpaHCHHA U T. 1.
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BeHTHIsIMst MOKET OCYIIECTBISATHCS €CTECTBEHHBIM M MEXaHHYECKUM
nytéM. OnTumanbHas KpaTHOCTh BO3AyXOOOMEHa B  IMPOM3BOACTBEHHBIX
TIOMEIIEHUAX HAXOJUTCS B JOCTATOYHO IMMPOKUX npeaenax: or 3 po 40 u 1 [37].

Takum 00pa3oM, YCTAaHOBJIEHO, YTO MHUKPOKJIMMAT B HCIOJIb3YyEeMOMU
naboparopuu Ne246 10 yueb6Horo xopmyca TIIY cooTBeTCTBYeT ONTHMAJIbHBIM

ycaoBHsIM pabotsl [37, 43].

5.2.4 llpeBbllIEHUE YPOBHS IIIyMa

Mym u BuOpauus yxyamialoT YCIOBUS TpyAa, OKa3bIBAIOT BpPEIHOE
BO3/ICHCTBUE HA OpPraHU3M 4YeJOBEKa, a MMEHHO, Ha OpraHbl ciliyXa U Ha BeCh
OpraHu3M 4epe3 IEHTpaJbHYI0 HEpBHYIO cucreMy. B pesynbrare 3TOro
ocabIsieTcsl BHUMaHKe, yXYAIIAETCs MaMsITh, CHUYKACTCS PeaKIusl, yBETUUUBACTCS
gucio omubok npu  pabore. Illym wmoxker co3nmaBarbes  paboTaroIIUM
o0opyA0OBaHNEM, YCTAaHOBKAMHM KOHIUIIMOHHPOBAHUSA BO31yXa, OCBETUTEIbHBIMU
npuOopaMu JTHEBHOTO CBETa, a TaKXe MpPOHUKATh U3BHE. B Hamem ciydae
UCTOYHUKOM IIyMa SIBJISIETCSl OTKauuBaromui kommpeccop. lllym kommpeccopa
BBICOKOYACTOTHOT'O T€HEpATOpa MCIOJIb3YyEeMON YCTAaHOBKM HE NpEBBIMIAET /5 b,
YTO TaK K€ COOTBETCTBYET CAHUTAPHBIM HOpMaM [42].

B Tabmuue 5.3 mpuBeAeHB! HOPMBI YPOBHS IlIyMa MPU Pa3IUYHBIX BHIIaX

paboT.
Tabmuma 5.3 - HopMaTuBel ypoBHS IIyMa MPY Pa3IddHBIX BHIaX padoT
N DOKBHUBAJICHTHBIC
MakcuMaabHO JOTYCTUMBIH ypoBeHb nryma (1b), Brosocax
cnenyromux okras (I'm) YPOBHHIIYMA,
nbA

Hayunas paborta,

pacuersl, 86 | 71 | 61 | 54 | 49 | 45 | 42 | 40 | 38 50
KOHCTPYHUPOBAHHE

Otpuct 93 | 79 | 70 | 68 | 58 | 55 | 52 | 52 | 49 55

nabopaTopuu

B nmabGopatopun Ne246 10 yueOnoro kopmyca TIIY ypoBens miyma

COOTBETCTBYET CAaHHTAPHBIM HOpMam [42].
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5.2.5 TloBbIlIEeHHBIH YPOBEHb 3J1eKTPOMATHUTHOI O U3JIy4eHH S

Okpan u cucremHble Oyoku [I9BM npous3BOAAT 3IEKTPOMATHUTHOE
m3nydeHue. OCHOBHasi €ro 4YacTb NPOUCXOAUT OT CHUCTEMHOro OJioka H
BUJIeoKa0Oesi. HanpskeHHOCTh AJIEKTPOMArHUTHOTO TOJIsl Ha paccTostHuu 50 cMm
BOKPYT 2KpaHa M0 JIEKTPUIECKON COCTaBIISIIONIEH TOKHA OBITh HE OoJiee:

— B aquamna3oHe 4actoT SI'n — 2kl — 25B/M;

— B nuana3one yacTtoT 2kl 11 — 400k’ — 2,5B/Mm.

— IJIOTHOCTh MAarHUTHOTO MOTOKA JI0JKHA OBITH HE OoJiee:

— B quamna3oHe yactoT SI'm — 2kl — 250uTm;

— B auamnasone yactot 2kl — 400k — 25uTxa [40].

CymiecTBylOT  CIeAylolue  CrmocoObl  3alUThl  OT  JICUCTBUSA
AJIEKTPOMArHUTHOTO W3JTYUEHUS :

— YBEJIMYEHUE PACCTOSHUS OT MCTOYHMKA (PKpaH JOJDKEH HaXOJUTCS Ha
paccrosinuu He MeHee 50 cm ot mosb3oBatesst) [40].

YcranoBneno, uro B jaboparopuu Ne246 10 yuebnoro kopmyca TITY

YPOBCHb JJICKTPOMAIHUTHOT'O H3JIYUYCHHUSA COOTBCTCTBYCT CAHHUTAPHBIM HOpMaM

[40].

5.2.6 HemocTaTouHasi 0CBEIIEHHOCTH padoyeii 30HbI

YToMI5€MOCTh OPTaHOB 3PEHUS MOKET OBITh CBSI3aHA KaK C HEJJOCTAaTOUHOU
OCBEUIEHHOCTHIO, TaK U C YPE3MEPHOU OCBEIIEHHOCTHIO, a TAK)KE C HETIPABUIbHBIM
HaIpaBJICHUEM CBETA.

ITo HOpMaTHBaM OCBEILIEHHOCTh Ha MIOBEPXHOCTH CTOJIA B 30HE Pa3MEIICHUs
pabodero nokymeHTa gomkHa 06ITh 300-500 k. OcBemenne He T0KHO CO3/1aBaTh
OJIMKOB Ha MTOBEPXHOCTH dKpaHa. OCBEMIEHHOCTh TTOBEPXHOCTH dKpaHa HE JTOJDKHA
ob1TH O0stee 300 ik [37].

SApKOCTh CBETHIILHUKOB OOLIEr0 OCBEIIEHUS B 30HE YIJIOB U31yueHus ot 50
10 90° ¢ BepTUKaIBIO B MPOJOJBHOW W TONEPEYHOM IIJIOCKOCTIX JIOJKHA

coctaBysiTh He Oonee 200 k1a/M, 3alIUTHBIA YTOJI CBETHJIBHUKOB JIOJDKEH OBITh HE
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menee 40°. Koadpduuuent 3amaca (K3) 11 OCBETUTENBHBIX YCTAHOBOK OOIIETO
OCBEILIEHHsI JOJDKEH NpuHuUMatbes paBHbIM 1,4, Koadduument nynbcauuu He
JIOJKEH MpeBbIaTh 5 %.

HcKkyccTBEHHOE OCBELIEHHE B NMOMEMIEHUAX M 3KciuryaTtanuun [19BM
JOJIKHO OCYILECTBISATHCS:

— CHCTEMOM O0OLIEro paBHOMEPHOI'O OCBEIICHHUS.

— B TOpow3BOACTBEHHBIX W  AJAMHHHCTPATHBHO-OOIICCTBEHHBIX
MOMEIICHHSIX, B CIIy4asiX MPEUMYIIECTBEHHOH pabOThI ¢ JOKYMEHTaMH, CIEAyeT
NPUMEHSTH CUCTEMBI:

— KOMOMHUPOBAHHOTO OCBeIIeHUs (K oO1emy OCBEILIEHUTO
JIOTIOJTHUTEIIPHO YCTAHABIMBAIOTCS CBETUIIHHHKH;

— MECTHOTO OCBEIIEHUS, TPETHA3HAYCHHBIC ISl OCBEIICHHS 30HBI
pacroioKeHust TOKyMeHTOB) [37].

[Tnomaas moMeneHus:

S=a-b,
rae A — avHa, M; B — mmpuna, m.
S=4m-5M= 20 M?,

KoaddunmenTt orpakeHuss cBEKENMOOEICHHBIX CTEH C OKHaMH, 0e3 IITop
p. = 50%, cBexenoOenenHoro moTosika P, = 70%. Koaddumuent 3amaca,
YUUTHIBAIOIIUN 3arpsi3HEHUE CBETHIILHUKA, /JIs1 IOMEIICHUI C MaJIbIM BBIJIEJICHUEM
nen paBeH K, = 1.5. KoaddunmeHT HepaBHOMEPHOCTH ISl CBETOAMOIHBIX JIEHT
Z=11.

Bribupaem ceetoanonsr Varton 9w, cBeToBoi MOTOK KOTOPhIX paBeH P =
2900 JIm.

Breibupaem cBeTmibHHKH cO cBeTommomamu Tuma Diora LPO. 3tot
CBETHJIbHUK MMEET JBE CBETOAMOIHBIC JIEHTHl MOUIHOCTHIO 9 BT kaxnas, nnmuHa
CBeTWIbHHKA paBHa 1260 MM, mupuHa — 124 Mm.

HNuTerpanbHBIM KPUTEPUEM ONTUMATILHOCTH PACIIONIOKEHHS CBETHIILHUKOB

ABJIACTCA BCIMYHMHA 7\., KOTOpasd AJ1d CBCTOAHOJHBIX CBCTUIBHHUKOB C 3alllUTHBIM
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pacceuBateneM JexuT B auanazone 1,1 — 1,3. Ilpunumaem A=1,1 paccrosinue
CBETHWJILHUKOB OT mepekpbiTus (cBec) h, = 0,5 M

Bricota cBeTmiabHUMKa HajJ pabouell MOBEPXHOCTHIO OMpPEACNSIeTCS 10
dbopmyie:

h =h, —h,,

rae h, — BbICOTa CBETUIBHMKA HAJ| TOJIOM, BBICOTA MOJBECA, hy, - BhICOTA
paboueit TOBEpXHOCTH HAJl MOJIOM.

Hanmenpmas nomyctuMasi BbICOTa MOJABECA HAJ MOJOM ISl JBYXJIEHTOBBIX
cBeTribHUKOB Diora: h,= 3,5 m.

BricoTa cBeTwibHMKA HajJ paldodeil MOBEPXHOCTHIO OMNpeAeNseTcsl IO
bopmyie:

h=H-h,=35-1-05=2wm.

N3 popmyibl

(ESK,7)
J N'T] )
HaXO0JMUM 4YHUCJIO0 CBECTOAMOAJHBIX JICHT N
N2 ESKD).
®,m

1] ompenensieM yepe3 UHACKC MOMEIIeHUs 1o hopmyie:
3 (a-b) 45
“(@a+b) 2-(4+5

KoaddunmeHT ucmnonb30BaHus CBETOBOTO TOTOKA, IMOKA3bIBAIOIIUN KaKas

i 1,1.
4acTh CBETOBOrO TIIOTOKA JIaMIT IIOHajacT Ha paboduyi0 IOBEPXHOCTh, JUIS
CBETHJILHUKOB THIa Diora co cBeToanoaHbIMU JieHTaMu 1pu p. = 50%, p, = 70%
1 uHzAcKce momerieHus 1 = 1,1 pasen n = 0,45.

Torna

N_(E-S-KS-Z)_300-20-1,5-1,1
~ ®d,m  2900-0,45

= 7,59 neHr.
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[IprHMMaemM KOJIMYECTBO CBETOAUOIHBIX JEeHT 8. IIpu 3ToM momyuaercs 4
CBETWJIBHHUKA, T.€. 2 PsAJia MO 2 CBETUJIILHUKA.
[ToTpeOHBII CBETOBOM MOTOK CBETOJAMOIHBIX JIAMII:
_ (E-'S'K,-Z) 30020 - 1,5-11
T Nm 8-0,45

= 2750 JIm.

. L
N3 ycnoBuii paBHOMEPHOCTH OCBEIICHUS ONpeieisieM paccTosiuus Ly u ?1,

Lou % IO CJIEAYIOLMM YPaBHEHUSIM:
2 Ly
4000 = L; + 3 Li +2-124; L, = 2251MM,? = 750MM;

2 L
5000 = L; + 3 Ly + 2 1260; L, = 14—88MM,?2 = 496MM;

Ha pucysnke 5.2 n300pakeH 1iaH noMenieHus: 1 pa3MeieHus: CBeTUIIbHUKOB
CO CBETOAMOIHBIMHU JIeHTaMH B ayauTopun Ne246 10 kopnyca HU TITV.
JlenmaeM NpOBEPKY BBIITOIHEHUS YCIOBUS:

—10% < (P, — D)

-100% < 209
D % < 20%

A

(@, — ®,) (2900 — 2750)
®,,-100% 2900

-100% = 5,71%

Taxkum 00pa3oM, MBI TOJYYHIIM, YTO HEOOXOIUMBIH CBETOBOH MOTOK HE
BBIXOJUT 3a TMpeensl TpedyemMoro auamna3oHa. MOIMHOCTh OCBETUTEIBHOM
YCTaHOBKH NOJIYYHJIACH:

P=8-9=72BT
Pacu€TtHOo€ KOTWMYECTBO CBETHJIIBHMKOB COOTBETCTBYET (haKTHUUECKH

ycTaHoBieHHOMY B aynutopun Ne246 10 koprmyca HU TITY.
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4

4000

PI/IcyHOK 5.2 - IInan IMOMCHICHUA U Pa3MCIICHUA CBECTUIIBHUKOB CO

CBCTOIUOJHBIMH JICHTAMH

5.2.7 DJ1eKTp0o0e30NnacHoCcTh

DnexkTpo0e30MacHOCTh — 3TO CHUCTEMa OPTraHU3AI[MOHHBIX U TEXHUYECKUX
MEPOIIPUSTUN M CPENCTB, OOECIEYMBAIOIIMX 3aIIUTy JIIOJAEH OT BPEAHOTO U
OMAacHOTO  BO3JEHUCTBUSL  JJIEKTPUYECKOIO  TOKA,  AJIEKTPUYECKOW  AYTH,
AIEKTPOMArHUTHOTO IMOJISl U CTATUYECKOTO 3JIEKTPUYECTBA.

B 3aBucuMocTH OT yCIIOBHi1 B TOMEIIEHUN OMACHOCTh MOPAXKEHHUS YEIOBEKA
AIEKTPUUYECKUM TOKOM yBEIMYMBAETCs WU yMeHblaeTcs. He ciengyer paboTaTh ¢
[I19BM wunu npyrumMu 3JIEKTPUYECKUMH TPUOOpaMH U YCTAHOBKAMHU B YCIIOBUSAX
MOBBIIIEHHON BJIQXXHOCTH (OTHOCUTENbHAsI BIAXKHOCTh BO3AyXa JJIUTEIBHO
npesbimraer /5 %), Bbicokod Temmeparypel  (Oomee 35°C), Hammuuu
TOKONPOBOJSIIIEH  MbUIM,  TOKOMPOBOASIIMX  MOJOB U  BO3MOKHOCTHU
OJIHOBPEMEHHOTO TPUKOCHOBEHUS K HMEIOIIMM COCIMHEHUE C 3eMIEH

MCTAJNIMYCCKHUM JJICMCHTAM N MCTAJNIMYCCKUM KOPIITYCOM 3J'I€KTpOO6Op}II[OBaHI/I$L
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Cy1miecTByeT OmacHOCTh ICKTPONOPAKECHUSI B CIACAYIONINX CIydasx:

— MPHU HETOCPEICTBEHHOM MPUKOCHOBEHHH K TOKOBEAYIIMM YacCTSIM
BOBPEMsI PEMOHTA AJIEKTPUUECKUX TPHUOOPOB;

— NpU TPUKOCHOBEHHHM K HETOKOBEIYIIUM 4YacTsIM, OKAa3aBIIUMCS O]

HanpsHKCHUEM (B cilydae HapymieHus u3oisiimn) [39];

Meponpusartus mo 06ecTeYeHHIO dJEKTPOOE30MaCHOCTH YCTAHOBOK:

— OTKJTFOUCHHUE HAIPSHKCHUS C TOKOBEAYIIUX YaCTeH, Ha KOTOPHIX MU
BOJIM3U KOTOPBIX OYJET MPOBOJUTHCSA padoTa, U MPUHATHE MEP MO 0OECICUEHUIO
HEBO3MOXKHOCTH TOJIa4YH HAIMIPSDKCHHS K MECTY PabOoTHI;

— BBIBEIIMBAHHE TIAKATOB, YKA3BIBAIOIINX MECTO pabOTHI;

— 3a3eMJICHHE KOPITyCOB BCEX YCTAaHOBOK Yepe3 HYJICBOW IMPOBOJ;
MOKPBITHE METAUTUIECKUX MMOBEPXHOCTEH HHCTPYMEHTOB HAACKHOUN M3OISAIIUEH;

— HEJIOCTYITHOCTh TOKOBEIYIIUX YacTel ammaparypsl (3aKioueHHE B
KOPIYC TOKOBEAYIIUX M AJICKTPOMOpakaronux yacteit) [39].

DNEeKTPO3alIUTHBIE CPEICTBA — ATO NIEPEHOCHUMBIE U TEPEBO3UMBbIE U3IENHS,
Cy)Kalllue JJisi 3alluThl JIIoJied, paboTalolUX C 3JIEKTPOYCTAaHOBKAMH, OT
MOpPaXEHUSI DJIEKTPUUECKUM TOKOM, OT BO3JIEUCTBUS AJIEKTPUUECKOW AYrH. OTH
CpelCTBa JTOJDKHBI O0OECIeYMBaTh BBHICOKYIO CTEMEHb 3alIUThl U YAOOCTBO MpH
dKcIuTyaTanuu. Mx BeIOMparoT ¢ yueToM TpeOboBaHUN 0€301MacHOCTH IS JaHHOTO
BUJa paboT. B mepByro odepenr 6e30macHOCTH OOECIEUMBACTCS NMPUMEHEHUEM
CPEICTB KOJIJIEKTUBHOM 3alllUTHI, a 3aT€M, €CJIi OHA HE MOXKET ObITh oOecreueHa,
NPUMEHSIOT CPEICTBA MHANBUAYAIbHOMN 3aLUTHI.

K cpencrtBaM MHAMBHUIYaTbHOM 3allUTHl OT MOPAXKEHHS 3JICKTPUUECKUM
TOKOM OTHOCSITCSI:

— OTpajuTeIbHBIE YCTPOWCTBA, KOTOPHIE MOTYT OBITh CTAllMOHAPHBIMU U
nepeHocuMbIMUA. OrpakJieHHsT MOTYT ObITb COJIOKMPOBAaHbBI C YCTPOWCTBAMU,
OTKJTIOYAIOIIMMH paboyee HANpsKEHUE MPU CHITUH;

— U30JIMPYIOIINE YCTPOICTBA U TOKPBITHUS;
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- YCTpOfICTBa 3alMATHOI0  3a3€MJICHHA, 3aHYJICHHA HW 3allMTHOIO

OTKJIIOUYCHHS;
— YCTPOMCTBA AUCTAHIIMOHHOTO YIIPABIICHUS;
— NPEIOXPAaHUTENbHBIE YCTPOMCTBA U JIP.

Knaccupukanus nomemeHuid 1Mo 3JIeKTpoOE30IacHOCTH IPUBEAECHA B

taoune 5.4.

Tabnuma 5.4 - Kiaccudukarus moMemeHuit mo 31eKTpoOe30MacHOCTH

Kareropus Pacimmgposka Kpurepuu

- Bmaxsocts He 60stee 75 %
- Paboraromias mpuTOYHO-BBITSKHAS BEHTUIISLINS
- Temnieparypa ne Bpie 35 °C
- Marepuai mOKpBITHS 1T0JIa HE TPOBOMT
ANEKTPUUECTBO

ITomemenus Oe3
HOBBIIIEHHON OACHOCTH

- Braxunocts 0oiiee 75 %
- B Bo31yXe BO3MOKHO HAIMYKME TOKOTTPOBOIAIIIEH

IIBIJIN
Tlomerenus ¢
N - Boicokoe coneprkaHue B BO3AyXe XUMUYECKUX
MOBBILIEHHOMN .
COEIUHEHUN
OIIACHOCTBIO
- Marepuan nosia cnoco0eH IpOBOAUTH
ANIEKTPUYECTBO

- Beicokast Temmneparypa
- Oco6o0 ceipbie, BIakHOCTH Bo3ayxa 100 %
- IloMenieHUs ¢ aKTUBHON XUMHUYECKOU HIIHA
Oco60 onacHbIe OpPraHu4ecKo cpenou
- Hanuune cpa3y aByx GpakTopoB, OTHOCSIIUXCS K
YCIIOBUSIM MOBBIIIEHHON OMAaCHOCTH

Teppuropuu ¢
OTKPBITHIMU
AIIEKTPOYCTAHOBKAMHU

- Hanuuume oTKphITOTO pacipenenuTeabHOro
ycrpoiictBa (OPY)

N3 tabnumer 5.4 MOXHO BHIETh, 4TO jabopatopust Ne 246 10 yuebGHOTO
kopnyca TIIY otHocuTCs KO 1-01 Kateropum.

OpraHu3allMOHHBIMM ~ MEPONPUATUSIMU 1O  3JIEKTPOoOE30MacHOCTU
SABJISIIOTCSL TIEPUOJMYECKHE U BHEIUIAHOBbIE HHCTPYKTaxu. [lepuoamueckuii
MHCTPYKTaXX  MEPCOHAIy, BBINOJHSAIOWEMY CIEAyIolue padoThl: BKIIOYEHUE U
OTKJIIOYEHUE DIIEKTPONpPHOOpPOB, YyOOpKa MOMEIIEHUN BOJW3U BJIEKTPOUIUTOB,

PO3ETOK M BBIKIIFOUATEIEH U T. . BECh HEJIEKTPOTEXHUUECKUI TTEPCOHAI JOJKEH
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ObITh ~ aTTEeCTOBAaH  HAa  MEPBYK  KBAIM(PUKALNMOHHYIO  TpyNIy IO
anekTpobe3onacHocTH. [lepuonanyeckuii HMHCTPYKTaX NPOBOJUTCS HE MEHEe

ojHOTO pasa B rox [37].

5.2.8 Ilcuxopusnonoruueckue pakTopbl

[lcuxodusmonornueckue OMacHble ¢ BpPEIHbIE TMPOU3BOJICTBEHHbBIC
dakTopsl, AensaTcs Ha: U3MUYECKUe Meperpy3ku (CTaTUYecKue, TUHAMUYECKUE) U
HEPBHO- TICUXUYECKHUE TIEPErpy3KU (YMCTBEHHOE TepEHAIPSHKEHNE, MOHOTOHHOCTD
TpYJla, SMOIUOHATILHBIE TIEPETPY3KH).

TpynoBas AesiTeTbHOCTh PaOOTHUKOB HEMPOU3BOACTBEHHOU cdepbl
OTHOCHUTCSI K KaTeropuu padoT, CBA3aHHBIX C UCIOJIb30BaHUEM OOJIBIIUX 00BEMOB
uH(dOpMaINK, C TPUMEHEHHEM KOMITBIOTEPU3UPOBAHHBIX PAOOUNX MECT, C YaCThIM
NPUHSATAEM OTBETCTBEHHBIX pEIICHUH B  YCIOBUSAX JeduiuTa BpEMEHH,
HEMOCPEICTBEHHBIM KOHTAKTOM C JIFOJIbMH Pa3HBIX TUIIOB TEMIIEPAMEHTA U T.JI. ITO
00OyCIIOBTMBAET BBICOKHI YpOBEHb HEPBHO-TICUXWYECKOW IEpPEerpy3Ku, CHUXKAET
(GYHKIIMOHAIBHBIX Ha aKTUBHOCTH IIEHTPAJILHONM HEPBHOUW CHCTEMBbI, IPUBOJUT K
paccTpoicTBaM B €€ JCSTENbHOCTH, Pa3BUTHS YTOMIICHHsS, IEepeyTOMIICHUS,
cTpeccy.

Haubonee »ddekTrBHBIE cpencTBa NPeAYNPEKICHUS YTOMIICHHS IIpU
paboTe Ha POU3BOJICTBE — ATO CPEACTBA, HOPMAIHU3YIOIINE AKTUBHYIO TPYIOBYIO
JeSTENBHOCTh YenoBeka. Ha ¢oHe HOpManbHOTO MPOTEKAHMS TIPOU3BOJACTBEHHBIX
MIPOIIECCOB OJTHUM M3 BAXKHBIX (PU3NOIOTHUECKUX MEPOIIPUSATUIN MPOTUB YTOMIICHHSI
SIBIISICTCS TIPABUJIBLHBINA PEXKUM Tpyaa U oTasixa [37].

B xone BeimonHenus padota B maboparopun Ne246 10 ydgeGHOTO KOpmyca
TITY pykoBoauUTENEM OpraHU30BaHbl BCE€ HEOOXOIWMBIE MEPONPUITUS JIS

HUBETTUPOBAHUS TICUXO(DU3UIECKUX (PAaKTOPOB.
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5.2.9 TloxkapHas 1 B3pbIBHAs 0€30MIACHOCTH

CornacHo HOpMaMm TMOXapHOW 0€30MacCHOCTH, B 3aBUCUMOCTH  OT
XapaKTEPUCTUKU HCIOJIb3YEMBIX B MPOU3BOJICTBE BEIIECTB U UX KOJIUYECTBA, IO
MO’KapHOU M B3PBIBHOM OMACHOCTHU MOMEIICHHS MOIPa3IeNsIIOTCS Ha KaTeropuu A,
b, B, I', I [44]. Tak xak nomelnieHue J1abopaTopuu Mo CTENEHU MOKapOONacHOCTH
OTHOCHUTCS K Kareropuu B, T.e. K TOMENIEHUSM C TBEPABIMU CTOPAIOUIUMHU
BeI[ECTBAMU, HEOOXOAUMO MPEAYCMOTPETh PsiJl MPOPUIAKTUUESCKUX MEPOTIPUSITHH.

Bo3MoskHbIe ipuurHbl Bo3ropanus [41]:

— paboTa C OTKPBITOM AJIEKTpoanmapaTypou;

— KOPOTKHE 3aMbIKaHUs B OJIOKE MUTAHUS;

— HecoOJII0ICHUE TTPaBUJI TTOKApHOU 0€30MacHOCTH;

— HJIMYUE TOPIOYMX KOMITOHEHTOB.

— Haubosiee omacHBIM C TOYKH 3pEHHs TMOXKApPHOW OE30MacCHOCTU
BEII[ECTBOM, MPUMEHSIEMBIM MPU paboTe, SABISETCS TAHOI.

Bce pabotbl ¢ 3TaHOIOM JOKHBI TMPOBOJMTHECS C HCIOJIH30BAHHEM
IPUTOYHO-BBITSDKHOW ~ BEHTWISIIMM  BIATd  OT OTHA U HCTOYHHUKOB
uckpoodbpazoBanus. [lpu otbope mpo0o, MPOBEACHUY aHAJTN3a u
oOpallleHUH B TIPOIIECCEe TPAHCTIOPTHBIX M MIPOM3BOJCTBEHHBIX  ONEpaluii ¢
ATAHOJIOM MPUMEHSIIOTCS WHIUBUAYAIbHBIC CPEJCTBA 3AIIUTHI IO HOPMaM BbIa4H
CIIEMAJIbHOW  OJIC)K/bI, CHEIUaJbHOH OOYBH W JIPYTUX CPEICTB  3allUTHI,
YTBEPKJICHHBIM B YCTaHOBJICHHOM ITOPSJIKE.

JI71s1 TylIeHus TOPSIIIEro 3TaHoJa MPUMEHSIOT MOPOUIKOBBIE OTHETYIIUTENH,
cpeacTBa OOBEMHOTO TYIICHHMS (MUHHUMajlbHAs OTHETYIIAIlas KOHIICHTPaIlUs:
yriaekuciaoro raza — 29 % (mo obwvemy), azora — 43 % (mo oOwbemy),
muopomreTpadTopatana — 2,1 % (1o o6beMy), Mecok, acOECTOBOE OACSAIO U TCHY
[41].

Meponpustus 10  HOXapHOW  OPOPUIAKTHKE  pa3leNsioTcs  Ha:

OpraHM3alMOHHBIC, TEXHUYECCKHE, IKCITyaTallAOHHbBIC B pekKUMHBIC [41].
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Opranu3zanMOHHBIE ~ MEpPONPUATUS  NPEAYCMATPUBAIOT  MPABHIBHYIO
AKCIUTyaTaluio 00OpYAOBaHUS, MPABUIBHOE COAEpPXKAHUE 3JaHUN U TEPPUTOPHA,
MPOTUBOIMOXKAPHBI ~ MHCTPYKTaX  pabouuMx W CiIyXamuX, oOydeHHe
MIPOU3BOJICTBEHHOIO TE€pCOHANA MpaBUjaM MPOTUBOIMOKAPHON 0€30MacHOCTH,
U3JIaHUEe UHCTPYKIIUH, IJIAKATOB, HAJTMYUE IJIaHa dBaKyanuu [41].

K TEXHUYECKUM MEpPONPUATUIM OTHOCSITCS: coOmroieHne
IPOTUBOMNOKAPHBIX MPABWIJI, HOPM MPU MPOESKTUPOBAHUU 3AHUMU, MIPU YCTPOUCTBE
AJNIEKTPONPOBOJOB U 00OPYJAOBaHUS, OTOIUIEHUS, BEHTWISLUHU, OCBELICHUS,
NpaBUILHOE pa3MelieHne ooopymoBanus [37].

K pexumMHBIM MEpONpUSTHSIM OTHOCATCS, YCTAHOBJIEHUE TMIPABUII
opranuzanud  paboT, ©  CcOONIOZICHHE  MPOTHBOMOXApHBIX  Mep. g
IpeAyNpeKICHNUS] BOSBHUKHOBEHHUS TI0’Kapa OT KOPOTKUX 3aMbIKAHUM, IEPETPY30K U
T. JI. HCOOXOIUMO COOJTIOZICHUE CIICYIOIINX MPaBUIT OXKapHOU Oe3omacHocTH [37]:

—  HCKJIIOYEeHHE o00pa3oBaHUs TOpoYed  cpenbl  (repMeTH3anus
000pyAOBaHMs, KOHTPOJIb BO3AYIIHOM Cpe/ibl, paboyasi U aBapuiiHasi BEHTUJISAIUA );

— MpaBUJIbHAS HKCILTyaTalus 000pyAoBaHus (IPaBUIIBHOE BKIIOYCHUE

o0opyaoBaHUSI B CETh DJJIEKTPUYECKOrO TMHUTAHUSA, KOHTPOJb Harpena
o0opy1oBaHUS );

— TMPaBUIBHOE COACPXKAHUE 3JaHUM U TEPPUTOPUN  (MCKITIOUCHHE
o0pa30oBaHWs HCTOYHHMKA BOCIUIAMEHEHMS - TMPEAYNPEKICHHE CaMOBO3TOPAHMUS
BEIIECTB, OTPaHUYEHUE OTHEBBIX padoT);

— U3JJaHUE UHCTPYKIIUI, TUIAKATOB, HAJIMYUE JIaHA SBAKYyallUu;

— coOJIo/IeHNe MPOTUBOMOXKAPHBIX MPABUJI, HOPM IPH MPOEKTUPOBAHUU
3MaHUl, TMpPH YCTPOMCTBE HIIEKTPONPOBOJOB M 0OOPYAOBaHUSA, OTOILICHUS,
BEHTWISILIUHU, OCBEILICHHUS;

— MPaBUJIbHOE pa3MeIleHHe 000pyI0BaHNUS;

— CBOEBPEMEHHBI NPO(PWIAKTUYECKUH OCMOTP, PEMOHT M HCHBITAHHE

000pyI0BaHUS.
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[Ipy BO3HMKHOBEHHMH TMOXapa COOOLIUTh PYKOBOJIUTEIIO, OpraHam
MIPOTUBOIOKAPHON 0€30MaCHOCTH NPEANPUATUS U MPUCTYIUTh K TYLIEHHUIO TI0Kapa
OTHETYIIUTEIIEM.

[Tpy BO3HMKHOBEHUM aBAPUITHOM cUTyaluu HeoOxoaumo [41]:

— COOONIUTH PYKOBOJCTBY (JI€KYPHOMY);

— TO3BOHUTh B COOTBETCTBYIOLLYIO aBapuiiHyro ciayx0y wim MYC no
tenepony — 112;

— MPUHATH MEPHI MO JTUKBHUJIALNUU TOCIEACTBUM aBapuu B COOTBETCTBUHU C

UHCTPYKLMEH.

5.3 be3onacHOCTH B Ype3BbIYAHMHBIX CUTYALMAX

UpesBpuaiinas cutyarusi (UC) — oOcTaHOBKa, CIOXUBIIAsICA Ha
ONpENICICHHON TEPPUTOPUH B PE3YJIbTATE aBAPUHU, OIACHOTO NPUPOIHOTO SIBJICHUS,
KaTtacTpo(dbl, CTUXUITHOTO WJIM MHOTO O€JCTBUS, KOTOpas MOXKET MOBJIEYb 3a COO0M
YeJIOBEYECKHUE KEPTBBI, yIIEpO 3A0POBBIO JIIOJEH WIM OKPY>Karolled MPUPOTHON
cpene, 3HAuYUTEIbHbIE MaTEpUaJbHBIE T[OTEPM M  HAPYLIEHHE  YCIOBUU
KU3ZHEAEATEIbHOCTH JTHOJCH.

ABapuiinas cutyarusi (AC) — codeTraHue YCIOBUH U OOCTOSITENBCTB,
CO3JAI0IINX YIPO3y BO3HUKHOBEHHUSI aBapuUil U APYTUX IMPOUCIIECTBUU, KOTOPBIE
MOTYT MPUBECTU K B3PBIBY, MOXKapy, OTPABICHHUIO, THOETH WA TPAaBMHUPOBAHUIO
(3aboeBaHUIO) JTIOACH, KUBOTHBIX, TOTEPSIM MaT€pPHAIIbHBIX IIEHHOCTE.

[Tpu npoBeaeHnn uccnenoBanus Hanodosaee BepostHo UC sBhsieTcst moxkap.
[loxxap B paboyeM TOMEUIEHHMM MOXKET BO3HHUKHYTh BCJEACTBUE MPHUUYUH
HERJIEKTPUYECKOTO M 3JIEKTPUYECKOro xapakrepa. B Tabmune 6 paccMoTpeHsbl
BO3MOXHBIE YpE3BbIYAMHBIE CUTYallMM, METOJABl IO HUX NPEIOTBPAILCHUIO U

JJUKBHU AU UX HOCHGHCTBHﬁ.
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Tabmuua 5.5 — YpesBblualiHble CUTYyallMH, METOJbl MPEIOTBPAILECHUS U

JIUKBU AT HOCJ'ICI[CTBI/Iﬁ

UpesBbluaitHas u

JIuxksumanus nociaencrauiit YC

YCIIOBHM U1 3BaKyalluu
nepcoHana

No aBapuitHas Mertoast npenorspamienus YC u AC u AC
CUTYaIus
[IpoBenenre BBOIHOTO U TIOBTOPHOTO
yepe3 6 Mec. )MHCTPYKTaxa; N
(uep JUHCTPY ’ Bb130B nokapHoi city:k0bl 1
Co0OmroieHre TEXHOJIOTHIECKUX . ]
1 I ] crnacaresneit (ten. 112); Beizos
oxap pexuMoB npou3BoicTBa; Co3naHue

CKOpPOW MEIMIIMHCKONTIOMOIIN

2 VY nap Tokom

HpOBeI[eHI/IC BBOAHOI'O U IIOBTOPHOI'O
(uepe3 6 Mec.)HHCTPYKTaXKa,
CopepkaHue SHEPTEeTHIECKUX CETeH B
HCIIPAaBHOM COCTOSTHUHU

BBI30B CKOpO MEIUIIMHCKOU
nomoinu (terr. 030, 112);
OkazaHue MnepBoil MOMOIIH

TpaBMupoBaHuEB

3 pe3yibraTe

MaJieHus ¢
BBICOTBI

HpOBe)IeHI/Ie BBOAHOI'O U IIOBTOPHOI'O
(uepe3 6 Mec.)HHCTPYKTaXKa,
Co3pnanne cucTeM MpeaynpeskIeHNs
MaiCHUM;

CoOmronats TpeOoBaHMs 6€30TTaCHOCTH
IIPY BBITIOJTHEHUH
paboT Ha BBICOTE

BbI30B CKOpPOIT MEAUITMHCKON
nomoinu (terr. 030, 112);
Oka3zaHune repBoi NOMOIIHN

BoiBoabI MO pa3aeiay «ConHaJIbHasA OTBETCTBEHHOCTD»

B nanHoOii Ty1aBe mpoBeAEH aHalW3 BPEOHBIX U OMACHBIX (PaKTOPOB Ha

pabouem Mmecte B mabopatopun Ne 246 10 kopmyca

WCCJICIOBAHUN

— MukpokiauMmar [37, 43];

— wym [42];

— aekTpoMarauTHoe uznydenue [40];

— OCBEIICHHOCTH [37];

— ncuxodusnonoruuyeckue hakTops [37];

— anekTpobe3omnacHocTh [39];

— TMO’Kapo-B3pbIBOOE30MacHOCTH [41].

ITomemenne Ne 246 10 kopmryca TITY oTHeceHo:

— 110 3eKTpobe3omnacHoctr — K 1 kiaccy [39];

TIIY npu mnpoBeneHun

— I10 TI0Kapo-B3phIBO0E30MaCHOCTH — K Kateropuu B [44].
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Takke paccMOTpeHBI BO3MOKHBIE ABAPUMHBIE U UYPE3BbIYANHBIE CUTYALINH,

MCTO/JIbI HUX ITPCAOTBPpAICHUSA U JIUKBUAAIUN HOCJ'IGI[CTBI/II\/'I.

Conclusions

1. The profiles of the corresponding Q-cascades and the dependence of the
distribution of the concentration of lead isotopes over the stagess of the cascades of
the first and second stages of separation have been calculated. It is shown that lead
isotopes are distributed over the stages of cascades in accordance with their mass
numbers. The largest change in the concentration of lead isotopes takes place at the
end stages of the cascades, the smallest - near the feed flow stage.

2. When calculating the parameters of the Q-cascade, it was found that it is
impossible to obtain the required concentration of 2°Pb in one phase of separation.
The maximum concentration of the target isotope in the first phase of separation is
90,41% at the stage of the light fraction manifold flow of the cascade.

3. At the second stage of separation, using a multiflow scheme, Cascade 1
and Cascade 2 were calculated with the concentration of the targeted isotope in the
heavy fraction manifold flow of 0.1% and 0.3%, respectively. It is shown that in
Cascade 1 and Cascade 2, the specified concentration of the targeted isotope (above
95%) is reached at the second phase of separation. At the same time, in the manifold
of the heavy fraction of Cascade 1, it is additionally possible to obtain highly
enriched 2°’Pb with a concentration of Cyw=89.32%. Cascade 2 is economically more
profitable, since it has 13,02 steps less than Cascade 1 in the regenerative part, but
the concentration of non-targeted isotopes and degree of extraction in it is much
lower than in Cascade 1.

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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