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Abstract

The final qualifying work contains 105 pages, 26 figures, 57 tables,
20 sources.

Key words: ion-exchange resin, sorption, leaching of ion-exchange resin,
alkaline leaching of ion-exchange resin.

The object of the study is the process of leaching off a saturated ion-exchange
resin at the sorption unit of the processing shops of pregnant solutions extracted by
the method of underground well leaching.

The purpose of the work is to determine the feasibility of the process of
leaching a saturated ion-exchange resin with alkaline solutions.

In the course of the study, laboratory experiments were carried out on leaching
the saturated ion-exchange resin with alkaline solutions. For the study, real
ion-exchange resins and solutions were used, taken directly from the technological
processes of the processing shops of pregnant solutions of the production site of
LLP «JV «Inkai».

As a result of the study, the effectiveness of the use of alkaline cleaning on
existing ion-exchange resins was determined, and an analysis of the state of ion-
exchange resins at the nearest mines of neighboring deposits was carried out.

Scope: metallurgy, mining and processing of natural uranium.
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Introduction

This Master’s thesis was written to study the production problem to determine
the necessity and effectiveness of introducing alkaline leaching of saturated ion
exchange resin into the dynamic technological process for the intensification of
sorption and desorption processes at JV Inkai LLP.

Alkaline leaching as a method of influence on ion exchange resin for
improvement of its physico-chemical properties is successfully used in the water
treatment, desalination, and in hydrometallurgical industries during processing of
rare-earth and precious metals.

The literature review also found research aimed at studying this process under
conditions of processing pregnant solutions (PR) produced during uranium mining
using drillhole ISL. The purpose of such research is to clean the ion exchange resin
from impurities, the composition of which, in turn, depends on the salt composition
of PR solutions. PR solutions produced by underground leaching of uranium ores on
each individual deposit have a unique salt composition. There is often a difference
under control and efficiency of ion exchange processes at different sites of the same
deposit.

Thus, the usefulness and potential effectiveness of introducing the alkaline
leaching of ion exchange resin into the operating process requires special laboratory

studies.
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1 Processing technology of PR solutions for drillhole ISL

Drillhole ISL technology has been developed since the beginning of the 20th
century and today is one of the advanced technologies for the extraction of uranium
and a number of other metals (gold, copper, renium, scandium, molybdenum, etc.).
The drillhole ISL method [1] for uranium production is more effective and easy.

The method is most used in Kazakhstan, Uzbekistan and the United States,
and almost all uranium production in these countries is conducted using drillhole
ISL method [1]. Since 2009, Kazakhstan has been the world leader in the production
of natural uranium. The national operator of the Republic of Kazakhstan on uranium
import-export is the “National Atomic Company “Kazatomprom” JSC. All uranium
deposits of the company can be used for economically efficient and least
environmentally harmful drillhole ISL mining.

Uranium is extracted using a system of technological wells, intergrated into
processing cells and blocks. Leach solution, containing reagents capable dissolve
uranium minerals, enters through injection wells. The physico-chemical interaction
of uranium minerals with leaching reagents in the undergraound horizon produces a
pregnant solution (PR solution) containing uranium to be injected to the surface
through a system of extraction wells. While treatment process of the PR solution,
uranium is extracted from it, and the remaining stock solutions are reinforced with
leaching agents and fed back to the injection wells as a standard solution [2].
Underground leaching as a new, progressive method is now widely used in
Kazakhstan in uranium mining. This method in a short time passed the whole process
of research, development and industrial introduction of uranium mining enterprises
of the country.

According to the complex chemical composition of the PR solutions and the
low useful component content, sorption methods based on ion exchange are the most
comfortable treatment option. The process cycle of uranium reprocessing, extracted
using the drillhole ISL method, starts with sorption conversion as the first step of

uranium concentration.
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1.1 lon exchange

lon exchange is widely used in uranium extraction and purification
technologies [3].

lon exchange processes for uranium hydrometallurgy in the Republic of
Kazakhstan are too important, wherein they are used in most processes of PR
solution processing.

In uranium hydrometallurgy, especially in ore processing with medium and
small uranium content, different systems are used, including ion exchange.

Uranium is extracted from both plant leaching solutions and slurry and from
underground uranium leaching solutions from ore formations as well as mine waters
from uranium ore mining.

The characteristics of uranium-bearing ore is a complex composition
including along with uranium and other valuable components — colored and rare
metals: gold, molybdenum, copper, etc. Therefore, rational utilization of raw
materials is one of the most important directions of scientific and technological
progress in our country and abroad. To date, technological systems for the joint
extraction of uranium, vanadium, molybdenum, etc., have been developed and
continue to be improved. Sorption processing are important in processing chains to
produce these elements, and they are used to extract, separate and concentrate a
number of elements. Mechanization and improvement of such processes are similar
to the extraction of uranium from ore materials. Waste water from various
hydrometallurgical processes can be purified by ion exchange under different
systems. To date, not a few of high-powered ion exchange columns have been
developed for wastewater treatment processes, including the specifics of such
changes.

lon exchange has taken on an important function in the process cycle of
uranium extraction using drillhole ISL. For low-value industrial solutions, a more

suitable treatment option is sorption methods based on ion exchange technology.
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Uranium sorption from carbonate environment is widely used in uranium
industry. Uranium in the carbonate environment is found in the form of a
tricarbonate anion complex [UO2(CO,)s]* which is quite efficiently sorbed with
highly basic anionites AM, AMP, AV-17, VP 1Ap, Douex-1, Amberlit-400 and
others.

Sulphuric-acid leaching process of uranium raw material laced with some
oxidants (at atmospheric pressure, in autoclaves at high pressure, underground
leaching from ores at the site of deposit) is the most common process of uranium
conversion into solution. And the uranium discovering in the sulfuric acid
environment in the cation and anionic forms creates, as noted above, opportunity for
sorption extraction and concentration of uranium from pulp and solutions.

The concentration of uranium in the original solution and the availability and
concentration of desorption anions - sulphates, nitrates, chlorides are the controlling
factors of sorption extraction technology.

Y.N. Matveyev and V.S. Strizhko described the sorption extraction process of
uranium from acid solutions at the leaching phase of ore raw material [4]. The use
of ion exchange technology in the uranium industry based on ion exchange resin is
due to the fact that uranium in solutions after leaching is found in the form of various
complex uranyl anionites [UO2(SO04).], [UO2(SO4)s]” (in a sulfuric acid
environment). In this case, the sorption process is generally described by
equations (1), (2):

4[R4sN]*CI- + [UOz(SO4)3]4_ — [R4N]4[UO2(S0O,)s] + 4CI; (1)
2[RN]*CI + [UO5(SO4),]> —> [ReNJ[UO5(SO4)s] + 2CI- . 2)

At the same time, though in a less degree, there are rival sorption processes of
other ones in the solution anion (S04%, HSO,4, Fe(S0.)?, Fe(SO, );*), some anions
V, P, As, Mo, as well as chlorine and ion nitrate. Fe?*, Ca?*, Mg?*, Na*, K*, Cu?",

Co?*, Ni%* and some others are not sorbed.
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At high acidity, a rival sorption of HSO,, is particularly evident, significantly
reducing the resin capacity by uranium. Therefore, sorption of uranium is more
intense at high pH.

When the acidity and concentration of uranium in the solution decrease, the
resin capacity grows, because the four-charge anion [UO,(SQ,).]* mainly two-
charge complexes [UO,(S0O,),]* are sorbed. As acidity decreases further (pH 2,5)
the resin capacity increases due to the hydrolytic formation of uranium-type
complexes: [U205(S04)s]* u [U205(S04)2]%*.

The resin capacity depends heavily on a few salts. The depressing effect of a
few salts is used at the phase of uranium removal from resin (desorption,
regeneration). Desorption is inverse to sorption. Therefore, nitrogen, hydrochloric,
high sulfuric acid, chloride or nitrite solutions are usually used for desorption in
uranium industry.

Molybdenum can be sorbed in the form of sulfate anion complex
[M0O,(SO,)s]-, with uranium, and in small quantities of iron in the form of
[Fe(SO.)2], [Fe(SO4)s]®, [Fe(OH)(SO4):]*, phosphate-ion, vanadat ion.

Molybdenum, vanadate, phosphate, cyanide reduces the capacity of uranium

2 lon exchange columns

The wide variety of using the ion exchange process has been greatly supported
by a wide range of ion exchange materials with different physico-chemical
properties. The proper identifying of an ion exchange material is the first step in
solving the complex problem of creating a new one or improving the actual ion
exchange process.

However, effective using of ion exchange is not possible without the use of
modern high-intensity column.

Sorption columns — lon Exchange Column (IXC) are successfully used at
sorption unit. The feature of the pressure column is to maintain a clamped layer of

ionite along the entire volume of the column to establish conditions for uniform
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saturation of the column. The height of the working layer (about 10 meters) creates
ideal conditions with infinitely many theoretical steps.

The disadvantage of the ion exchange resin movement is that if the resin
moves inside the column in a continuous, dense flow with minimal disruption of the
parallelism of individual ionite layers (mixing ratio is close to zero) then outside the
column, when transferred from the column to the ionite one is subjected to intensive
mixing.

This results to distortion of the ion exchange process front, to an increase in
the height of the equivalent theoretical phase of ion exchange, in other words to a
decrease in the efficiency of ion exchange. One of the ways to increase productivity
was the use of columns with alternate phase movement of short-cycle filtration. The
creation of conditions with a short filter cart (function as an approximation to the
mode of ideal dynamics of sorption, desorption) allowed to significantly reduce the
one-time loading of ionite and to organize a fortification cycle (concentration) and

uranium desorption in one column — sorption and desorption column.

2.1 Sorption of uranium. lon Exchange Column

The uranium sorption from PR solution is done in ion exchange column of
IXC type on a high-basic anionite with the discharge of the sorption barren solution
into the sand pond of the leaching solution. The ion exchange column is made from:

- Cylindrical shell (material selected using chemical resistance to aggressive
process solutions);

- Upper drainage device;

- Storage tanks;

- Solution drainage;

- Injection devices for PR solution with a conical input flow distributor;

- Devices for loading saturated ion exchange resin;

- Pressure hopper for regenerated resin loading.
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Sorption extraction of uranium in IXC flows in dynamic mode, in which the
working flow of the solution is filtered through the stationary sorbent layer. The
uranium contained in PR solution is fixed on the active exchange centers in air

anionite, as a result of ion exchange flowing through a chemical reaction (3):

2(RaN)2"(SO4)* + [(UO2)* (SO4)s™]* = (RaN)4[(UO2)**(SO4)s”]*" + 2804 (3)

“IXC-3M» is the most easy ion exchange column of countercurrent, semi-
continuous action. “IXC-3M” is a cylindrical container with a lower dilution
distributor, upper drainage and a hopper for anionite storage. The column is filled
with anionite, and the solution is filtered through its layer from the bottom up. The
solution is regularly shut down and a part of the anionite is pumped by a
hydroelevator or an erlift to another operation, the same amount of anionite flows
from the hopper to the upper part of the column. Column material is from
12H18N10T, 10H17N13M2T Stainless Steel.

The saturated sorbent from the buffer vessel is directed to be reinforced and
desorbed into the sorption-desorption column. Most often, the hydraulic transport is
used to transfer saturated sorbent from columns “IXC-3M”. The hydraulic transport
of saturated resin reduces the mechanical wear of the anionite and also produces a
transport solution that allows anionite to be subsequently separated from the main
amount of mechanical particles. The conveying solution is washing solution (WS),
because if free acid is in the transport solution, partial desorption of uranium with
saturated resin is possible during transportation. Uranium desorption a result from
the saturated sorbent in the nitrate desorption area, where the initial desorbent
solution (DS) is supplied to this area.

Barren solutions are removed via drainage cassettes at the top of the column.
The content of uranium in barren solutions is not more than 2 mg/I.

Further, the barren solutions are directed to the sand pond leaching solutions.

Leaching solution is the main control point in production, showing the impeccable
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operation of the processing shop of PR solutions and determining the recovery
efficiency of uranium extraction.

As sorption columns in processing shops of PR solutions of one of production
sites of JV Inkai LLP are also used reliable in operation and showing good
technological parameters cylindrical columns of “Down flow” type with internal
drainage.

This technology was introduced along with IXC columns for sorption of
uranium on resin. The feature of this type of columns is none of a clamped layer, but
at the same time nonemixing in the volume of the column. The column is filled with
only half resin, the upper part is supplied with a PR solution through switchgear.
The uranium-depleted barren solution from one column is delivered to the next one
in the form of a PR solution, from there on to the third phase, which is a pre-
extraction column. Once the required saturation has been achieved, the resin from
the header column is overloaded and loaded with the newly generated resin,
becoming the tail. The past cycle of the intermediate column becomes the head, and
the tail is the intermediate and so on. Thus, having three columns in a single bundle,

called a traine, there is a semi-continuous process of resin saturation with uranium.

2.2 Desorption of uranium. Sorption and Desorption Column

The Sorption and Desorption Column (SDC) was developed by a group of
engineers at the Tselinny Mining and Chemical Complex (TMCC) for metal
extraction processes from poor PR solutions. The main difference between the
sorption and desorption column is the richer finished product, i.e. rich eluate (RE).
The concentration of uranium in rich eluate directly depends on the saturation of the
ion exchange resin by uranium input. Uranium content limits in finished desorbate
from 70 to 150 g/dm3. The uranium content in rich eluate exceeds the uranium
content of the saturated sorbent. Concentration of U from WS to RE can reach 1000

or more.
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lon exchange in the column is done under conditions of sorption dynamics in
a mode of ideal displacement of phases (height of equivalent theoretical stage is
equal to one and a half diameters of grain resin, which provides about a thousand
stages of ion exchange in a meter layer of resin). Such column operating conditions
provide maximum efficiency (close to theoretical) of ion exchange processes.

During the column operation, the sorbent passes a series of zones concerning
to the following processes (during the course of the resin): fortification (sorption of
uranium from the regenerate), regeneration (desorption of uranium from the resin),
leaching from the desorbent (desorbent solution).

Sorbent saturation at the sorption phase of PR solution follows the
concentration of uranium in the solution, which, as a rule, is low, with 20-30% of
the total sorbent exchange capacity. In the traditional desorption way, the
concentration of uranium in the desorbate is therefore also low.

When sorbent is regenerated in SDC, the sorbent saturated at the sorption
phase enters the fortification area, where additional saturation of the resin flows due
to the sorption of uranium from a part of the desorbate diluted by the original MSF.
The fortification of the sorbent increases its capacity and makes it possible to
increase the concentration of uranium in the desorbate and thus reduce its volume at
a given uranium flow. The fortification allows the use of 80-90% of the total sorbent
exchange capacity, which increases the resin utilization rate. Fortification is the main
advantage of SDC.

After fortification the sorbent passes the “concentration” area, which is a
transition area between the fortification area (sorption) and regeneration one. This area,
in a constructive way, follows the lower part of the column in the form of a torus. Here
the sorbent and the solution (regenerate) pass the point of maximum concentration of
uranium in both sorbent and solution. From this point the rich eluate is selected.

In the process of further progression through the column, the resin passes a
desorption area, where uranium is desorbed from a sorbent solution based on

ammonium nitrate high in nitrate-ion.
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Sorbent with low residual content is transferred to the operation of denitration,
from where transported to sorption in IXC (ion exchange column).

In the SDC columns, the sorbent moves with compressed air (pneumatic
pulse) to counter the movement of the solutions and passes several areas.

The process, in industrial conditions, apart from the time and degree of
desorption of the element, is the maximum concentration of the extracted element in
RE. The technological conditions and operational parameters for the desorption
concentration of uranium in the SDC-1500 column, determining the efficiency of
the process, are the parameters described below:

— Volume of anionite overloaded, m3/h;

— U concentration in RE, g/dm?;

— U concentration in the barren fortification solution (BFS), g/dm?;

— NOs ion concentration in DS, g/dm?;

— RE output, m¥/h;

— Desorption concentration time, h;

The quality of the rich eluate is higher the higher the uranium content. The
concentrations of impurities shall aim at minimum values. The higher the
contamination content of the SDC column, the higher the impurity content of the
rich eluate. Thus, the quality of the rich eluate produced depends directly on the

uranium content and impurities on the resin.
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3 lon exchange resin leaching

In the standard treatment chart for drillhole ISL-derived production solutions,
the process of leaching saturated resin is between the sorption and desorption.
Leaching of saturated resin after its overload from IXC takes place in the ion
exchange column. The leaching is made in the standard mode by a continuous flow
of technical water in the ratio of L : S = 1-3 : 1. The barren leaching solutions are
reversible solutions directed at the sludge pond or sander.

Technical water leaching designed to clean away residual acidity and
impurities in air ionite moisture. Also in the process of resin transportation, a
transport solution, which is directly PR solution with low pH value, residual acidity
and high impurity content, enters the column.

The leaching process can be adjusted by the flow ratio L : S depending on the
technological process required. For example, in the case of incorrect acidification
and leaching, shortages for sulphuric acid extraction increase pH values, resulting in
hydrolysis and deposition of various impurities. The usually high iron content in PR
solution when the pH of PR solution increases the complexity of iron leaching with
air moisture, which requires increasing the flow of fresh technical water to the
leaching process.

Leaching of saturated ion exchange resin with technical water in standard
mode depending on the deposit and salt composition is quite effective. In this case,
if individual impurities increase in PR solution, technical water leaching may not be
as effective. In such a case, preventing impurities from entering the final product,
rich eluate requires a change in the technological regime and additional costs.

To make better conditions and shift equilibrium towards uranium sorption to
displace rival depressing ions, an increase fortification front in the SDC column
fortification area is required. The increase in the fortification front allows
concentrating more uranium in the toroidal part of the column and creates conditions
for the displacement of impurities into the barren fortification solution. Along with

the content of impurities in the barren fortification solution the content of uranium
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increases, which leads to irreparable losses of the extracted uranium like recycled
solutions, which reduces the rate of extraction of uranium from the subsoil riches
and increases the cost.

The above conditions in the SDC column also require high reagent costs in
the form of a higher desorption solution flow rate. Expensive reagent - ammonium
nitrate is used in JV Inkai LLP TMCC for desorbing solution preparation. Higher
ammonium nitrate is required to reduce resin saturation by increasing L : S of
desorbent solution or increasing the nitrate concentration in the desorbent solution.

Another problem of sorption and desorption processes related to impurities is
the creation of conditions for deposition of certain impurities of complex
composition as precipitation directly in ion exchange columns. During the opening
of the ion exchange columns for Preventive Maintenance Plan (PMP) and stripping,
various sediment accumulation phenomena were observed. Laboratory analysis of
sediment data showed different complex salt composition.

Thus, the urgent issue is the study of the processes of leaching the ion

exchange resin from depressing impurities.

3.1 Alkaline leaching in water treatment

Methods of leaching ion exchange resins with various alkaline solutions for
water treatment and desalination of water are widely known.

There is a problem related to the “poisoning” of ionites at the HPP (Heating
Power Plant) water treatment plants. This is particularly the case with high-core
anionites, which are the most affected by this adverse effect.

“Poisoning” of ionites is caused by clogging of functionally active groups of
ionites with organoferric compounds (humates). The main reason for the
introduction of organoferric impurities into ionites is the insufficient pre-treatment.

[onite “poisoning” effects shows itself:

- reduced working exchange capacity;

- the deterioration of treated water quality;
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- in increasing the unit costs of water, acid and alkali for the own needs of the
ionic part of the ELSBM (exposed location single buoy mooring).

Traditional remediation of ionites is used to restore their performance.

The most detailed technology is described in [7]. The point of the technology
consists in pre-regeneration of ionite, treatment first with a 2% solution of acid
followed by leaching with an alkaline solution of sodium chloride consisting of 4%
alkali and 10% solution of table salt, and subsequent leaching and regeneration.

[7] describes laboratory studies of salt-alkaline treatment of high-base
anionite Purolite A-400, which has been used in the water desalination cycle for
more than five years.

The purpose of the laboratory studies was to test the effectiveness of salt-
alkaline treatment, and to determine the influence of the duration and multiplicity of
treatment on the resulting effect.

The following results and conclusions were obtained in the::

- the duration of the reduction treatment of anionite not more than a day
significantly affects the efficiency of leaching of organoferric compounds. Further
increase in processing time will not significantly increase the leaching effect;

- the efficiency of the removal of organic compounds decreases when the
reduction treatment of anionite increases. Indeed, the largest amount of organic
compounds (mainly humates) are well dissolved under the influence of alkalis and
become a leaching solution;

- the removal efficiency of iron compounds increases when the reduction
treatment of anionite increases. This effect can be explained by the amphoteric of
iron compounds. Under the influence of alkalis, iron is gradually dissolved (its
complexes are destroyed) and then released into the leaching solution.

There are two ways to solve the problem of “poisoning” ionites: making
remedial treatments or their complete replacement. The first area is highly priority

due to the high cost of ion exchange materials.
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3.2 Alkaline leaching of silicon in uranium processing

A number of sources provide data on the accumulation of silicon compounds
on ion exchange resin during processing of PR solutions produced by drillhole ISL.

As mentioned above, in the process of sorption extraction of uranium from
solutions and pulp of complex salt composition, various impurities accumulate in
them. Among poisonous impurities, silicon acid is the most important.

[8] provides data on the absorption mechanism of the silicon acids with highly
basic anionites.

With acid leaching of aluminosilicate uranium ores, silica converts to liquid
phase in soluble low polymeric form like mono- and dipolymeric acids. They
become colloidal and even polymer particles at elevated concentrations. The
maximum stability of the individual forms of silic acid corresponds to the following
pH values: pH 1-2 monomeric ortho-silicic acid, pH 2-3 silicon acid dimer, pH 10-
11 colloids polysilic acid colloids. Minimum silica stability is set at pH less than 1
and at pH between 5 and 6.

The ion exchange resin absorbs and accumulates silicon acid by gradually
producing a large number of PR solutions. The absorbed silicon acid in the ion
exchange granule condenses and at high silica acid concentration in the ionite phase
of the silica gel macromolecule fills the voids of the high polymer anionite [5]. The
accumulation of silica in anionites leads to a significant decrease in the capacity of
anion exchange resin in uranium.

[8] shows dynamics of silicon accumulation in anionite VP-1Ap used at leach
plant (LP) Priargunskoe Industrial Mining and Chemical Company OJSC (PIMCC)
— Table 3.1.
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Table 3.1 — Dynamics of silicon accumulation on VVP-1Ap anionite during operation

No. Indicators Year of operation
1 2 3 4 5 7 9
1 SiO, content, % 28,0 | 34,0 | 36,0 | 40,0 | 43,0 | 50,0 | 54,0
2 OHY/Si ratio in silicon 24 2120 (19 |18 | 14 | 09
skeleton
3 | Mechanical strength, % | 85,0 | 82,0 | 83,0 | 86,0 | 90,0 | 92,0 | 96,0

At PIMCC OJSC this problem was solved by introduction of desorption of
silicon from anionite by treatment of sodium hydroxide solutions at pH 12,8 - 13,0.
Saturation indicators of VP-1Ap anionite before and after desilinization are shown
in Table 3.2.

Table 3.2 — VP-1Ap anionite saturation of uranium before and after alkaline

treatment of solution

Contact time of anionite with Anionite capacity by uranium, g/l
solution, hour Before processing After processing
2 4,0 2
3 4,1 3
6 4,9 6
24 20,6 24

The developed chart of anionite dessilicification is now put into process and

successfully operated at leaching plant of PIMCC OJSC.
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4 lon exchange resin characteristics

This chapter provides a description and basic physico-chemical characteristics
of ion-exchange resins used at the production site of the JV Inkai LLP mine
including several sites with separate geo-technological landfills and workshops for
PR solution processing. Due to different technological design of sorption units and
use of two-typed sorption columns, different ion exchange resin is used at different

sites.

4.1 Macroporous AMP anionite

AMP anionite is a macroporous anion exchange resin based on styrene
copolymer and divinilbenzene with benzyl trimethylammonium functional groups.
Porous polymer matrix structure gives high mechanical strength and osmotic
stability, and allows the sorption of large ions and anionic complexes. The increased
grain size of the working fraction results in the use of AMP anionite for extraction,
separation and concentration not only of uranium, but also of other elements in the
processing of solutions and pulp in hydrometallurgy. The main characteristics of this

ion exchange resin are shown in Table 4.1.

Table 4.1 — Main physical and chemical properties of AMP ionite

Properties Characteristics
Appearance Matte grains of spherical shape
lon form Chloride

Grain size in swollen form, mm 0,8-2,5

Working fraction volume, % 98

Total chloride ion exchange capacity, no less, mg-eq/g 34

Moisture mass ratio, % 50-55

Specific volume, cm®/g 3,2-3,3

Mechanical strength, % 99

Maximum operating temperature, °C 80

30



4.2 Gel anionite Purolite PFA 460/4783

Anionite PUROLITE PFA 460/4783 is a high-core gel resin created to extract
uranyl anionic complexes from sulfuric acid solutions of heap or underground
leaching of uranium. The main characteristics of this ion exchange resin are shown
in Table 4.2.

Table 4.2 — Main physical and chemical properties of AMP ionite

Properties Characteristics
Polymer structure Gel, polystyrene-divinyl benzene
Appearance Uniform spherical particles
Functionality Quaternary ammonium
Commercial ion form Sulfate (SO4)

Total exchange capacity (CI") min 1.3 g-eq./|
Commercial humidity (CI) 47-54%

Average diameter 570 (+/- 50) microns
Homogeneity coefficient, max 1.2

Total weight exchange capacity, no less 1.3 g-eq/l
Working temperature range (CI") 90°C
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5 Experimental description

The research as part of this Master’s thesis was conducted at the production
site of the JV Inkai LLP mine. Several series of experiments were conducted in the
Physico-Chemical Laboratory to study the efficiency of the alkaline leaching of
ionite to determine the feasibility of further introduction into the production cycle of
the process of leaching saturated ionite at the sorption unit.

The research involved a full cycle of work from literature review and
information collection to analysis and synthesis of results as recommendations to
use alkaline leaching of ionites in the sorption process and the pilot test planning as
the next logical phase of research development for the confirmation of efficiency.

The research practice as part of the operating enterprise has huge advantages:
a developed infrastructure, tools for testing, human resource as the operating
employees of the enterprise, but at the same time entails responsibility, because
unequal planning and, in general, approach to the experiment may entail unjustified
Costs.

Predicted research results: decrease of ionite capacity by impurity elements
(Fe, Al, Mg, Si, P, Ca), and increase in the saturation of the ionite during the SDC
column fortification. As of testing, the interest was also aroused in the decrease of
the uranium phosphate ionite capacity and the mechanism for the accumulation of
phosphorus-containing impurities, as the accumulation of uranium phosphate
precipitation in tanks was observed at the desorption unit when the acidity of the

solutions decreased.
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5.1 AMP resin leaching with alkaline solutions

According to some sources, the alkaline leaching can be used as a separate
process that excludes and totally replaces the classic water leaching, while being
more efficient for leaching individual impurities.

Thus far, the AMP ionite has been selected for research. The ionite was
leached with solutions of sodium hydroxide (NaOH) and ammonium hydroxide
(NH4OH). Leaching of ion exchange resin with alkaline solutions was conducted in
aratio of L : S, equal to 1 : 1. For comparison, fortification was conducted for the
ion exchange resin leached with water in the ratio of L : S, equal to 1 : 1, without
the use of alkaline leaching.

The leaching process was made using laboratory equipment and instruments.
The leaching itself was made in glass containers set at the vibration table.

Resin samples were taken nearly from the process during the transfer of the
saturated portion of ion exchange resin into the prefabricated hoppers. Rich eluate
samples were taken from the final output of the sorption and desorption column.
Samples were taken from solutions and ion exchange resin to control uranium and
impurities as well as pH levels of solutions before and throughout the experiment.

Uranium samples, impurities and pH level control of solutions were analyzed
at the Physico-Chemical Laboratory of the mine. Epsilon 3 XL X-ray fluorescence
analysis was used to measure the uranium content of solutions and resin. Iron,
aluminum, magnesium and calcium content measurements were tested on the
inductive plasma mass spectrometer Perkin Elmer NexION 2000. Silicon and
phosphorus were measured using the Lambda 25 spectrophotometric method. pH
solutions were fixed by Mettler Toledo pH meter.

The basic flow-chart of the leaching process with L : S parameters and phase

contact time for each solution is shown in Figure 5.1,
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Fortification solution
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10 minutes
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Figure 5.1 — Flow-chart of the first series of works

The results of the laboratory analyses are shown in Tables 5.1 to 5.6.

Table 5.1 — Results of saturated AMP ionite analysis

C), g/l
27,00

Table 5.2 — Results of RE solution analysis

Impurity content, mg/I
), gl Fe Al Fe Si Fe Ca
48,30 50 48,30 5,0 48,30 5,0 48,30
Table 5.3 — Results of post-leaching solution analysis
Leaching Impurity content, mg/I
solutions C(U), mg/l Fe Al Mg Fe P Ca
NaOH 2,0 5,0 1,0 1,0 10,6 1,0 6,0
NH4OH 2,0 5,0 1,0 49,0 0,2 1,0 70,0
Water 20,0 136,3 48,0 48,0 2,1 1,0 93,0
Table 5.4 — Results of leached process water analysis
Leaching Impurity content, mg/I
solutions C(U), mg/l Fe Al Mg Si P Ca
NaOH 35 55 1,0 13,0 2,0 1,0 35,0
NH4OH 2,0 5,0 1,0 16,0 0,5 1,0 12,0
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Table 5.5 — Results of RE solution analysis after fortification

Leaching Impurity content, mg/I
solutions C), g/l Fe Al Mg Si P Ca
NaOH 18,6 230,2 66,0 84,0 20,3 1,0 66,0
NH4OH 17,2 272,4 75,0 84,0 13,0 1,0 123,0
Water 19,5 2215 45,0 1110 49 3,0 90,0
Table 5.6 — pH levels of solutions
Solution pH
RE 0,73
NaOH solution 12,88
NH4OH solution 11,46
NaOH solution after leaching 11,60
NH4OH solution after leaching 9,24
Process water after leaching 2,42
Leached process water after leaching with NaOH solution 8,81
Leached process water after leaching with NH4OH solution 8,54
RE after fortification (NaOH leaching) 1,24
RE after fortification (NH4OH leaching) 1,57
RE after fortification (water leaching) 1,11

In order to reduce the number of analyses, the uranium resin capacity after
leaching and fortification was calculated with the material balance for uranium.

The calculated results of the uranium ionite capacity after the leaching and
fortification processes for alkali and water solutions are shown in Table 5.7 and in

Figure 5.2.

Table 5.7 — lon exchange resin fortification efficiency by uranium

Leaching Initial capacity of lonite capacity after leaching Fo_r t|_f|cat|on
. N A efficiency by
solutions ionite, g/l and fortification, g/l c 0
uranium, %
NaOH 56,69 110
NHsOH 27,00 58,10 115
Water 55,78 107
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Figure 5.2 — Efficiency of uranium fortification process for different types of

leaching solutions

There being no methods for the precise determination of impurity
concentrations in resin, it is only possible to calculate the material balance equations
of the quantity of impurity removed from the mole with the results of leaching and

fortification. The results are shown in Table 5.8 and Figure 5.3.

Table 5.8 — Quantity of impurity (in mass terms) removed from resin

Leaching Quantity of impurity removed from resin, mg

solutions Fe Al Mg Si P Ca
NaOH 47 12 -2 6 -4 8
NH4OH 55 14 8 2 -4 28
Water 72 17 10 0 -4 23
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Figure 5.3 — Quantity of impurity (in mass terms) removed from resin by alkaline
(NaOH and NH,OH) and water leaching, mg

As we can see from the results shown in Table 5.8 and Figure 5.3, the alkaline
solutions did not perform well in comparison with the usual process water leaching.
The exception in this case is the removal of silicon from the resin.

It should be noted that when the alkaline solution interacts with saturated
resin, a short-term neutralization reaction was observed with the release of a large
quantity of sediment (Figure 5.4), because as a transport solution contained in the
air moisture of the resin, a PR solution containing a large quantity of impurities is
used. Sediment consists of metal hydroxides contained in the “ionite-residual acidic
environment” system.

Reaction of alkali neutralization by residual acid environment on ionite
negatively affects the reflection of the results of the alkaline leaching. There being
a rather high quantity of precipitation in the samples for analysis that also negatively

affects the accuracy of the results of the conducted analyses for impurities.
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Figure 5.4 — Visible precipitation at first minutes of alkali environment exposure to

saturated ionite with residual acidity

Thus, based on the results, it is not possible to draw firm conclusions about
the effectiveness of the alkaline leaching. It is obvious that the acid residue has a
negative impact on the appearance of alkaline solution in the system, so it is not
advisable to use alkaline solution as separate water-free leaching method as a pre-

leaching step.
5.2 AMP and Purolite resins leaching using pre-water leaching

Following the results of the AMP alkaline resin leaching, it was decided to
add a step of pre-leaching with water. An alkaline pre-leaching with water was
conducted for two grades of ion exchange resins — AMP and Purolite.

Before the alkaline leaching, the ion exchange resin, having an acid transport
solution in air moisture (pH of transport solutions ~ 2), was leached with water in a
ratio of L : S =1: 1. The alkaline leaching of the ionite itself, similar to the first
series of experiments, took place with solutions of sodium hydroxide (NaOH) and

ammonium hydroxide (NH,OH). Otherwise, the sampling, leaching and analysis of
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uranium samples, impurities and pH-level controls were conducted in accordance

with the conditions described in 5.1.

The process flow-chart is shown in Figure 5.5.

Alkaline
Pre-leaching with leaching Water
water leaching

Fortification
solution of rich
eluate

L:S L:S L:S .
L:S
1:1 1:1 1:1 1:1

Contact time: Contact Contact
10 minutes time: time:
2 hours 10 minutes

Contact time:
3 hours

Figure 5.5 — Flow-chart of the second series of works
Samples were taken from solutions and ion exchange resin to control uranium
and impurities, and pH levels of solutions before and throughout the experiment.

The results of the laboratory analyses are shown in Tables 5.9 to 5.15.

Table 5.9 — Results of saturated ionite analysis

lonite grade C), g/l
AMP 27,0
Purolite 254

Table 5.10 — Results of RE solution analysis

RE for Impurity content, mg/I
ionite CL) g/l Fe Al Mg Si P Ca
AMP 48,3 5,0 6,0 108,0 4,6 24,0 66,0
Purolite 86,5 9,0 1,0 90,0 6,5 1,0 120,0

39



Table 5.11 — Results of the pre-leaching water analysis

. Impurity content, mg/I
Resin C(U), mg/l Fo Al Mg Si P Ca
AMP-1 28,6 58,7 44,0 44,0 2,1 1,0 52,0
AMP-2 25,4 54,3 47,0 47,0 2,1 1,0 55,0
Purolite-1 36,1 306,1 89,0 89,0 2,6 1,0 102,0
Purolite-2 10,8 228,3 95,0 95,0 3.1 1,0 102,0
Table 5.12 — Results of alkaline solution analysis after alkaline leaching
. Leaching Impurity content, mg/I
Resin solutions C(U), mg/l Fe Al Mg Si P Ca
AMP NaOH 75,6 8,8 24,0 24,0 29,2 1,0 34,0
NH4OH 7,7 12,3 23,0 23,0 0,7 1,0 20,0
purolite |—NaCH 37,3 70,8 32,0 32,0 17,3 1,0 47,0
NH4OH 10,8 56,3 29,0 29,0 0,9 1,0 30,0
Table 5.13 — Results of water leaching analysis after alkaline leaching
. Leaching Impurity content, mg/I
Resin solutions C(U), mg/l Fe Al Mg Si P Ca
AMP NaOH 11,6 6,8 14,0 14,0 3,1 1,0 22,0
NHsOH 3,2 6,2 12,0 12,0 0,6 1,0 11,0
purolite |—NaCH 42,4 58,4 20,0 20,0 6,9 1,0 26,0
NH4OH 17,8 23,5 16,0 16,0 0,7 1,0 23,0
Table 5.14 — Results of RE solution analysis after fortification
. Leaching Impurity content, mg/I
Resin solutions CL). g/ Fe Al Mg Si P Ca
AMP NaOH 16,6 308,3 84,0 84,0 23,7 1,0 60,0
NHsOH 16,9 3049 | 87,0 87,0 12,8 1,0 111,0
Purolite NaOH 19,3 205,3 81,0 81,0 12,9 1,0 93,0
NHsOH 18,7 1718 | 69,0 69,0 11,8 1,0 51,0

40




Table 5.15 — pH levels of solutions

Solution Resin | pH Resin pH

RE 0,73 0,92

Water after pre-leaching (for AMP) 2,35 2,41

Water after pre-leaching (for Purolite) 2,37 2,48
NaOH solution after leaching 12,29 11,37

NH4OH solution after leaching AMP | 9,66 | Purolite | 9,39

Leaching water after leaching with NaOH solution 8,41 6,58
Leaching water after leaching with NH4OH solution 8,17 7,32
RE after fortification (NaOH leaching) 1,35 1,50

RE after fortification (NH4OH leaching) 1,53 1,79

In order to reduce the number of analyses, the uranium ionite capacity after

leaching and fortification was calculated with the material balance for uranium.

The calculated results of the uranium ionite capacity after the leaching and

fortification processes are shown in Table 5.16 and Figure 5.6.

Table 5.16 — lon exchange resin fortification by uranium

L eachin Initial capacity of lonite capacity after Fortification
Resin ing al capacity leaching and fortification, | efficiency by
solutions ionite, g/l )

g/l uranium, %
NaOH 58,58 117
AMP NH.OH 21,00 58,36 116
. NaOH 92,48 264
Purolite I H,0H 2540 93,16 267
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Figure 5.6 — Efficiency of uranium fortification process for AMP and Purolite

There being no methods for determining impurity concentrations in resin, it is
only possible to calculate the quantity of impurity removed from the mole based on

the results of leaching and fortification. The results are shown in Table 5.17 and

resins when leaching with NaOH and NH,OH solutions

Figures 5.7 and 5.8.

Table 5.17 — Quantity of impurity (in mass terms) removed from resin

Resin Leaching Quantity of impurity removed from resin, mg
solutions Fe Al Mg Si P Ca
AMP NaOH 75,5 32,0 11,6 10,7 -4,0 20,4
NH4OH 74,5 32,6 12,2 2,3 -4,0 26,2
Purolite NaOH 126,3 442 26,4 6,6 0,6 29,6
NH4OH 94,2 41,6 23,8 2,0 0,6 17,2
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Figure 5.7 — Quantity of impurity (in mass terms) removed from AMP resin by
alkaline leaching (NaOH and NH;OH), mg
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Figure 5.8 — Quantity of impurity (in mass terms) removed from Purolite resin by
alkaline leaching (NaOH u NH,OH), mg

It has been discussed above that in this experience the ionite was subjected to

four phases of interaction with solutions, during each of which the uranium and
impurity receptacles could change (Figure 5.9).
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Fortification
Water leaching solution of rich
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Pre-leaching with Alkaline

water leaching

Figure 5.9 — Processes of ionite interaction with solutions

It can be said that there were three leaching steps: pre-leaching with water,
leaching with alkaline solution and subsequent leaching with water before the pre-
fortification process.

The results of each leaching step for AMP and Purolite resins are shown in
Table 5.18 and Figures 5.10 - 5.13.

Table 5.18 — Quantity of impurity (in mass terms) removed from the resin at each
step of interaction with the solution

i Alkali _ Leac_hing With Water
lonite . Element | Pre-water leaching, mg | alkali solution, leaching,

solution

mg mg

Fe 11,7 1,8 1.4

Al 8,8 438 238

Mg 8,8 4.8 2.8

NaOH S 04 =4 o5

P 0,2 0,2 0,2

Ca 10,4 6,8 4,4

AMP Fo 109 >e .

Al 9,4 4,6 2,4

Mg 9,4 4.6 2.4

NHsOH S 04 o1 o

P 0,2 0,2 0,2

Ca 11,0 4,0 22

Fe 61,2 142 11,7

Al 17,8 6,4 4.0

Mg 17,8 6,4 4.0

NaOH S 05 ae e

P 0,2 0,2 0,2

Purolite Ca 20,4 9,4 5,2

Fe 45,7 11,3 4,7

Al 19,0 58 3,2

Mg 19,0 58 3.2

NHsOH S 06 o 01

P 0,2 0,2 0,2

Ca 20,4 6,0 4,6
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Figure 5.10 — Quantity of impurity (in mass terms) removed from AMP resin by
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Figure 5.11 — Quantity of impurity (in mass terms) removed from AMP resin by

leaching with NH,OH solution, mg
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Figure 5.12 — Quantity of impurity (in mass terms) removed from Purolite resin by
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Figure 5.13 — Quantity of impurity (in mass terms) removed from Purolite resin by

leaching with NH,OH solution, mg

For completeness, figures 5.14 and 5.15 show the results of ion exchange resin

fortification on impurities based on data from Table 5.19.
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Table 5.19 — Fortification results of ion exchange resin by impurities

Quantity of impurity removed from resin at the fortification step,

. Leachin
Resin solutiong mg -
Fe Al Mg Si P Ca
AMP NaOH 60,7 15,6 -4,8 3,8 -4.,6 -1,2
NHsOH 60,0 16,2 -4,2 1,6 -4,6 9,0
Purolite NaOH 39,3 16,0 -1,8 1,3 0 -5,4
NH4OH 32,6 13,6 -4,2 1,1 0 -13,8
70
e
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Figure 5.14 — Quantity of impurity (in mass terms) removed from AMP resin as a

result of fortification with RE solution after leaching with alkaline solutions, mg
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Figure 5.15 — Quantity of impurity (in mass terms) removed from Purolite resin as

a result of fortification with RE solution after leaching with alkaline solutions, mg

Based on the information shown in the graphs, the efficiency of the complex
leaching of ionites can be evaluated. As shown in the graphs, alkaline leaching does
not show return results: as for, high efficiency is observed for leaching individual
elements, and there is no comprehensive improvement of leaching processes.

The interaction of the alkaline solution with pre-leached resin also resulted in
precipitation, especially on Purolite resin, due to the large quantity of residual
solution in the space between resin particles. Due to the smaller diameter of the ion
exchange resin, the surface area per resin volume is larger than the larger
resin — AMP.

Various rich eluates equivalent to the salt composition of the sites were used
for the fortification process where equivalent ion exchange resins were used.

Based on the analysis of the initial rich eluates used for resin fortification, it
can be concluded that they are different: phosphorus and its compounds with a
higher affinity for ion-exchange resin and transitioning from the liquid phase to the
solid one at the fortification, is only observed in rich eluate at the site using the AMP

grade as ion exchange resin.
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Based on the results of the analyses and graphs above, it can be concluded that
the near total number of phosphorus compounds has passed into the solid phase at
the fortification of ion exchange resin.

As for the uranium fortification efficiency indicator, it seems fair to say that
there is no obvious difference between NaOH and NH4,OH solutions for different
ion exchange resins. It is also not possible to compare the efficiency and fortification
of two different resin grades as different solutions since different solutions of rich

eluate were used for AMP and Purolite ion exchange resins.

5.3 Leaching of AMP and Purolite resins with increasing water volume

for pre-leaching

Following the work conducted on 5.2, it was decided to increase the ratio of
L : S at the pre-leaching phase to 3 : 1. Actually alkaline leaching of ionite, similar
to the first and second series of experiments, took place with the solutions of sodium
hydroxide (NaOH) and ammonium hydroxide (NH;,OH). Also for comparison, the
element of ionite after the pre-leaching was fed on the fortification operation without
alkaline leaching. Otherwise, the sampling, leaching and analysis of uranium
samples, impurities and pH-level controls were conducted in accordance with the
conditions described in 5.1.

Basic flow-chart of the leaching process is shown in Figure 5.16.
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Figure 5.16 — Flow-chart of the third series of works

Samples were taken from solutions and ion exchange resin to control uranium
and impurities as well as pH levels of solutions before and throughout the

experiment. The results of the laboratory analyses are shown in Tables 5.20 to 5.26.

Table 5.20 — Results of saturated ionite analysis

lonite grade C), g/l
AMP 27,60
Purolite 54,60

Table 5.21 — Results of RE solution analysis

RE for Impurity content, mg/I
ionite ) g/ Fe Al Mg Si P Ca
AMP 61,25 6,00 0,00 122,70 0,05 16,80 31,80
Purolite 66,08 56,00 0,00 108,30 0,06 0,00 37,50

Table 5.22 — Results of the pre-leaching water analysis

Resin C(U), Impurity content, mg/I
mg/I Fe Al Mg Si P Ca
AMP 0,02 97,00 27,90 31,50 0,02 0,00 28,20
Purolite 0,04 135,00 53,40 50,10 0,02 0,00 43,50
Table 5.23 — Results of alkaline solution analysis after alkaline leaching
Resin Leaching CU), Impurity content, mg/I
solutions mg/l Fe Al Mg Si P Ca
AMP NaOH 0,03 48,00 14,10 22,20 0,29 0,30 17,40
NH;OH 0,01 44,00 4,50 16,80 0,01 0,30 11,10
Purolite NaOH 0,03 56,00 24,00 24,00 0,23 1,50 26,40
NH;OH 0,01 36,00 6,60 19,50 0,01 0,00 16,80

50



Table 5.24 — Results of leaching water analysis after alkaline leaching

i Leaching Impurity content, mg/I
Resin solutions C(L), mg/l Fe Al Mg Si P Ca
AMP NaOH 0,02 14,00 0,90 9,00 0,23 0,00 8,10
NH4OH 0,00 14,00 0,60 11,40 0,01 0,00 6,60
purolite NaOH 0,02 13,00 4,80 11,10 0,07 0,30 15,60
NH4OH 0,01 17,00 1,50 9,90 0,01 0,30 9,30
Table 5.25 — Results of RE solution analysis after fortification
. Leaching Impurity content, mg/I
Resin solutions c), g/l Fe Al Mg Si P Ca
AMP NaOH 22,50 187,00 | 27,30 | 90,00 0,25 1,80 34,80
NH4OH 19,81 201,00 | 25,20 | 87,00 0,12 1,20 34,80
purolite NaOH 24,68 264,00 | 32,70 | 116,40 | 0,05 2,10 52,20
NH4OH 14,47 147,00 | 23,70 | 69,90 0,17 0,00 36,60
Table 5.26 — pH levels of solutions
Solution Resin pH Resin pH
RE 0,68 0,80
Pre-leaching water 2,32 2,06
NaOH solution after leaching 12,17 11,60
NH4OH solution after leaching 9,43 9,10
Leaching water after leaching with NaOH
solution AMP 8,21 Purolite 6,88
Leac_hlng water after leaching with NH4sOH 7.80 7,00
solution
RE after fortification (NaOH leaching) 1,26 1,57
RE after fortification (NH4OH leaching) 1,50 2,01
RE after fortification (water leaching) 1,02 1,26

In order to reduce the number of analyses, the uranium ionite capacity after

leaching and fortification was calculated with the material balance for uranium. The

calculated results of the uranium ionite capacity after the leaching and fortification

processes are shown in Table 3.8.

The calculated results of the uranium ionite capacity after the leaching and

fortification processes are shown in Table 5.27 and Figure 5.17.
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Table 5.27 — lon exchange resin fortification by uranium

Leachin Initial capacity of lonite capacity after Fortification
Resin 1ng al capacity leaching and efficiency by
solutions ionite, g/l e .
fortification, g/l uranium, %
NaOH 66,25 140
AMP NH4OH 27,60 68,97 150
Water 64,11 132
NaOH 106,04 94
Purolite NH4OH 54,60 107,35 97
Water 106,76 96
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Figure 5.17 — Efficiency of uranium fortification process for AMP and Purolite

resins when leaching with NaOH and NH4OH solutions and water

There being no methods for determining impurity concentrations in resin, it is
only possible to calculate the quantity of impurity removed from the mole based on
the results of leaching and fortification. The results are shown in Table 5.28 and
Figures 5.18 and 5.109.
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Table 5.28 — Quantity of impurity (in mass terms) removed from resin

Resin Leaching Impurity content, mg/I
solutions Fe Al Mg Si P Ca
NaOH 106,80 25,20 18,60 0,16 -2,94 22,62
AMP NH4OH 108,80 22,80 17,40 0,03 -3,06 21,06
Water 109,80 23,28 17,64 0,01 -2,94 21,00
NaOH 113,00 42,54 29,40 0,09 0,36 34,32
Purolite NH4OH 109,00 37,68 28,08 0,02 0,06 30,60
Water 111,80 37,92 26,76 0,01 0,00 28,92
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Figure 5.18 — Quantity of impurity (in mass terms) removed from AMP resin by

leaching with NaOH and NH,OH solutions, mg
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Figure 5.19 — Quantity of impurity (in mass terms) removed from Purolite resin by

leaching with NaOH and NH,OH solutions, mg
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The efficiency results of each AMP and Purolite resin leaching step are shown
in Table 5.29 and Figures 5.20 to 5.23.

o
60

0l mBE B

Fe, mr/n Al, mr/n Mg, mr/n Si, mr/n P, mr/n Ca, mr/n

Quantity of impurity removed from
resin, mg

@ Pre-water leaching
B Leaching with alkali solution NaOH
O Water leaching

Figure 5.20 — Quantity of impurity (in mass terms) removed from AMP resin by

leaching with NaOH solution, mg
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Figure 5.21 — Quantity of impurity element (in mass terms) removed from AMP
resin by leaching with NH,OH solution, mg
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Table 5.29 — Quantity of impurity removed from the resin at each step

Quantity of

Quantity of Quantity of
. Ikali Impurit element removed element rem_oved element removed
lonite Alke punity . after leaching .
solution element after pre-leaching . . after leaching
with water, mg W'th. alkali with water, mg
solution, mg
Fe 58,20 9,60 2,80
Al 16,74 2,82 0,18
Mg 18,90 4,44 1,80
NaOH Si 0,01 0,06 0,05
P 0,00 0,06 0,00
Ca 16,92 3,48 1,62
Fe 58,20 8,80 2,80
Al 16,74 0,90 0,12
Mg 18,90 3,36 2,28
AMP | NH,OH Si 0,01 0,00 0,00
P 0,00 0,06 0,00
Ca 16,92 2,22 1,32
Fe 58,20 - -
Al 16,74 - -
Mg 18,90 - -
Water Si 0.01 - -
P 0,00 - -
Ca 16,92 - -
Fe 81,00 11,20 2,60
Al 32,04 4,80 0,96
Mg 30,06 4,80 2,22
NaOH Si 0,01 0,05 0,01
P 0,00 0,30 0,06
Ca 26,10 5,28 3,12
Fe 81,00 7,20 3,40
Al 32,04 1,32 0,30
. Mg 30,06 3,90 1,98
Purolite | NHsOH Si 0.01 0,00 0.00
P 0,00 0,00 0,06
Ca 26,10 3,36 1,86
Fe 81,00 - -
Al 32,04 - -
Mg 30,06 - -
Water Si 0.01 - -
P 0,00 - -
Ca 26,10 - -
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Figure 5.22 — Quantity of impurity element (in mass terms) removed from Purolite

resin by leaching with NaOH solution, mg
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Figure 5.23 — Quantity of impurity element (in mass terms) removed from Purolite

resin by leaching with NH,OH solution, mg

For completeness, figures 5.24 and 5.25 show the results of ion exchange resin

fortification on impurities based on data from Table 5.30.
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Table 5.30 — Fortification results

Resin Leaching Impurity content, mg/I
solutions Fe Al Mg Si P Ca
NaOH 36,20 5,46 -6,54 0,04 -3,00 0,60
AMP NH4OH 39,00 5,04 -7,14 0,01 -3,12 0,60
Water 51,60 6,54 -1,26 0,00 -2,94 4,08
NaOH 18,20 4,74 -7,68 0,02 0,00 -0,18
Purolite NHsOH 17,40 4,02 -7,86 0,00 0,00 -0,72
Water 30,80 5,88 -3,30 0,00 0,00 2,82
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Figure 5.24 — Quantity of impurity element (in mass terms) removed from AMP
resin as a result of fortification with RE solution after leaching with alkaline
solutions, mg
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Figure 5.25 — Quantity of impurity element (in mass terms) removed from Purolite
resin as a result of fortification with RE solution after leaching with alkaline
solutions, mg

S7



5.4 Experimental results

Based on the analysis of the results, it can be said that despite the data reflected
in some literature sources, alkaline leaching does not show high efficiency for the
whole list of elements, but is effective for certain impurities.

As to phosphorus character and its compounds, the following conclusion can
be drawn: the leaching of phosphorus with sodium hydroxide solution has been
achieved and confirmed (Table 5.31). Moreover, there is a principal transition of
phosphorus compounds from the solution phase to the ionite one at the fortification.
Since the fortification takes place under conditions of high concentration of uranium
and acid in RE, it can be said that uranium phosphate complexes are more akin to
AMP anionite at certain pH values than uranium sulfate complexes targeted for
sorption. This is the reason for the periodic precipitation of uranium phosphate
complexes in the desorption unit. Increased phosphorus content on resin allows resin
to be deposited directly from resin or resin leaching solutions while reducing the

acidity of regenerating solutions observed in practice.

Table 5.31 — Quantity of phosphorus impurities (in mass terms) removed from the
resin at the results of each step of interaction with solutions

Pre-leaching with| Sodium Hydroxide | Leaching with water | Fortification
Leching water leaching (NaOH) before fortification with RE
phase solution
L:S=6:1 L:S=1:1 L:S=1:1 L:S=1:1
Quantity of
phosphorus 0,00 0,12 0,00 -1,86
removed from
resin, mg

Note: A negative value at the fortification phase indicates the inverse transition of phosphorus
compounds from solution to ionite phase

High efficiency of leaching silicon compounds during processing with sodium
hydroxide solution was also confirmed. The results are shown in Figure 5.26. The

data are based on the results of the work under 5.2.
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Figure 5.26 — Quantity of silicon (in mass terms) removed from Purolite resin by

leaching with NaOH solution, mg

To determine the quantity of accumulated silicon on the resins used in the
technological processes of JV Inkai LLP, expanded laboratory chemical analyses
were conducted in a third-party organization. The results of determining the quantity

of silicon dioxide in the ion exchange resins used are shown in Table 5.32.

Table 5.32 — Laboratory analysis of ion exchange resins

Determinable Unit measure Measured results
indicators Site 1 Site 2 Site 3
SiO; content % 2,86 2,29 2,13
Grade Purolite Purolite AMP

As you can see in the Table above, the silicon content on the ion exchange
resin used for uranium sorption in the processing shops of PR solutions mined at the
site 1 of the Northern Inkai field is within 3%. Such indicators do not have a high
negative impact on the capacity of ion exchange resin for uranium and indicate none
large quantity of silica in the PR solutions.

It can be said that according to the results of this research the use of alkaline
solutions for leaching saturated resin from silicon compounds as part of the

technological processes of JV Inkai LLP is impractical. At the same time, the
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National Atomic Company “Kazatomprom™ JSC, holding 60% of shares of JV Inkai
LLP, includes other subsidiaries engaged in the development of other deposits with
different ore compositions. Table 5.33 shows the results of analysis of ion exchange
resins from some deposits of enterprises that are part of the National Atomic

Company “Kazatomprom” JSC.

Table 5.33 — Results of silicon content analysis on ion exchange resins

Mine SiOz content, %
Kanzhugan 22,78
Central Moyinkum 16,34
Mynkuduk 16,89
Central Mynkuduk, site 1 20,29
Central Mynkuduk, site 2 9,49
Semizbay 24,83

As you can see the Table above, there is indeed a problem with the
accumulation of silicon on ion exchange resins in certain deposits. This is primarily

due to the composition of leaching ore.
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_ 3AJIAHME ISl PA3JIEJIA
«®PUHAHCOBBII MEHEKMEHT, PECYPCOD®®EKTUBHOCTH 1

PECYPCOCBEPEXEHUE»
Crynenry:
I'pynna ouo
0AMI11 AOmusHoBy Anmacy EpxaHoBuay
Ixoaa VAT Ortnenenne mkoasl (HOIL) OoiATIH
YpoBens 00pa3oBaHus Maructparypa Hanpassenue/cnenuansHocts | 14.04.02 Snepuslie pusuka
U TEXHOJIOTHU

pecypcocﬁepemeﬂne»

Hcxonnbie 1anHble K pa3aenay « DHHAHCOBbIA MEHEIKMEHT, pecypcodPPeKTHBHOCTDH U

mamepuarbHO-mexHu4YecKux, onepeemudecKkux,
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Tpemuanvustii koodghduuyuenm pasen 0,3.

HA0208, OMHYUCTIeHUL, OUCKOHMUPOBAHUS U
Kpeoumosanus
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2. Pa3pa60mka ycmaea Hay4YHo-mexHu4ecKko2o npoexkma

1. L{eau u pesynomam npoexma,
2. Opeanu3ayuoHHas cCmpyKkmypa npoekma,
3. Ocpanuuenus u OonyweHuss npoeKmad.

3. IInanuposanue npoyecca ynpasnenus HTU:

opeaHuzayus 3aKynokK

Dopmuposanue niana u zpaguxa paspadbomxis:

cmpyKmypa u epagux nposedenus, b00xcem, pucku u | opeanusayus pabom HU; onpedenenue cmpykmypoi

pabom; paspabomka epaguxa I anma.
Dopmuposanue broddicema 3ampam na HU:
MamepuanvHble 3amMpamvl;, 3apabomuas  nAAma;
omyucnenus 80 8HebIONcemuvle hoHObL.
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9KOHOMUYECKOU dhpexmusHocmu

1.  Onpeodenenue unmeepanvHo20  QUHAHCOBO20
nokazameist pazpabomki;

2. Onpedenenue  UHMEZPANILHO20 — NOKA3AMENSL
pecypcosdppexmusnocmu pazpabomxu;

3. Onpedenenue  unmezpaibHo20  NOKA3AMENs.

agppexmusrnocmu;
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33}13HI/IC Bb1/14J1 KOHCYJbTAHT:
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33}13HI/IC IMPUHAJ K HCIOJTHCHUIO CTYACHT:
I'pynna ()7 (0] Hoanuch Jara
0AMI11 AOnmussHoB Anmac
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6 DUHAHCOBBINI MEHEIKMEHT, pecypcod3dPeKTHBHOCTH U

pecypcocoepexeHne

Ilenpt0o naHHOTO paszfena SBISETCS  OMNpENEICHHUE HKOHOMHYECKOU
I1EJIECO00PAa3HOCTH W TEePCHEKTUBHOCTA WCIIOJIB30BAHUS IIPOIlecca IIEIOYHOM
OTMBIBKM MOHOOOMEHHOW CMOJIbI. DKCIIEPUMEHTANLHBIE JIA00pAaTOPHBIC PAOOTHI
MpoBeICHBI Ha MTpou3BoAcTBeHHOU miomaake TOO «CIT Nnakaity.

B nanHoM paznene st oOecrieueHHsl MOCTABICHHOW Ied HEe0O0XOIuMO
pELIEHUE CIEIYIOMINX 3a/1a4:

— pa3paboTka OOLEHd HPKOHOMHYECKON HAeH MNpoeKTa, (HOopMUpOBaHHE
KOHIICTIIIUA TTPOCKTA,;

— IUIAaHUPOBAHUE U OpTraHU3allUs HAyYHO-UCCIIEI0BATEIbCKUX padoT;

— oOompemelieHHe BO3MOXHBIX  albTCPHATUB  MPOBEIACHUS  HAYYHBIX
UCCJICIOBAHMUM, OTBEUAIOIIMX COBPEMEHHBIM  TpeOoBaHHSIM B  00JacTH
pecypcodPhHeKTUBHOCTH U PECYPCOCOEPEIKEHUS;

— OILICHKa KOMMEPYECKOr0 MOTEHIMAIa U MEPCHEKTUBHOCTU MPOBEACHUS
HAyYHBIX UCCIICIOBAaHUMN;

— ompeneneHue  pecypcHoil  (pecypcocOeperaroiieii), (puHAHCOBOMH,

OIOKETHOM, COIIMAIbHON U IKOHOMHYECKOM d(PPEKTUBHOCTH UCCIICTOBAHMS.

6.1 OneHka KOMMEpPYECKOr0 MOTEHHHAJA M NEPCHeKTHBHOCTH

IMPOBCACHUA HAYYHDBIX HCCJIe0BAHMM

6.1.1 IloTeHUMAIbHBbIE IOTPEOUTEIH PE3YIbTATOB UCCIEAOBAHUSA

JlanHasi HaydHO-HMCCIEIOBaTeNbcKasi paboTa HampaBieHa Ha H3ydeHHE
MpoIilecca OTMBIBKY HACKIIIIEHHONH HOHOOOMEHHOM CMOJIBI ITIIEIOYHBIMH PaCTBOPAMH,
a Takke Ha ornpeseneHue 3PpPeKTUBHOCTH JAHHOTO MpoIecca.

IleneBBIM  pPBIHKOM JUISI  JTAHHOTO  HWCCJICNOBAaHHMS OyAyT  SIBISATHCS

MPEANPUATHS, UCTIONB3YIONTUE TIPOIIECChl COpOIMu U aecopomumu ypaHa. K takum
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NPEANPUATASIM OTHOCSTCS JIOOBIYHBIE TMPEANPUATHS, BXOJSIINE B COCTaB
AO HAK Kazarommpom, a umerHo: TOO «CII «Xopacan-Uy», TOO «Ks13puikym»,
TOO CII «Katko», TOO «baitken-U», TOO «CII «}OTI'XK», TOO IIT «OpTanbik»
U IpyTHE JOYEPHUE NMPEANPUATUA. A TaKKE MOTCHUIUAIbHBIM PHIHKOM SIBIISFOTCS
BCEC BOJOIMOATOTOBUTEIBHBIC MPEANPHUATHS, HCIHOJB3YIONINE HOHOOOMEHHBIE
IPOLIECCHI.

CerMeHTHpOBaTh PBIHOK YCIYI MOXHO II0 CTENEHH NOTPEOHOCTH B
WCIIOJB30BaHUN TIpoLecca IIEJIOYHOM OTMBIBKM. Pe3ynbTarbl CerMEHTHUPOBaHUS

MPEACTABIICHBI HA pUCYHKE 6.1.

O} dexTuBHOCTD Mpoliecca MeI0YHOW OTMBIBKH HACBIIIIEHHONW CMOJIBI
J1loObIuHBIC
TIPS ATPUSTHS
peATp Hedrsanas u Hayuno-
(mo6b1ua u ['my6okas
XUMUYECKas HCCIIEIOBATEIECKHE
nepepaboTka BOJIOOYHUCTKA
MIPOMBITIUICHHOCTh YUIPEKICHUS
PUPOTHOTO
aHay

CunpHas

[ToTpebHOCTH

Pucynoxk 6.1 — Kapra cerMeHTHpOBaHUS PhIHKA YCIYT IO UCIIOJIB30BAHUIO

IIponecCCOB OTMBIBKHU B COp6I_II/IOHHI>IX TCXHOJIOTHAX

B pesynbpTare nocTpoeHus u aHaau3a KapThl CETMEHTUPOBaHUS (PUCYHOK 6.1)
MOBBIIIEHHBIN CIIPOC HA Pe3yJbTaThl UCCICAOBAHUN BBISIBIICH y NPEANPUITUH,
3aHUMAIOIIMXCS J0ObIYe M mepepadOTKON NPUPOAHOTO YypaHa, a TaKkKe Yy
MPEANPUATAN, UCTIONB3YIOIMX HOHOOOMEHHBIEC TTPOIIECCHI JIJIsl TITyOOKOW OYMCTKH

BEILECTB.
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6.1.2 AHaM3 KOHKYPEHTHBIX TEXHHYECKMX PpPelIeHUd ¢ TMO3ULIUuH

pecypco3¢deKTHBHOCTH U pecypcociepexeHust

JleTanpHBIA aHATU3 KOHKYPHUPYIONIMX pa3pabOTOK, CYMIECTBYIOIIMX Ha
pBIHKE, HEOOXOAMMO MPOBOJUTH CUCTEMATHUECKHU, IOCKOJIbKY PBIHKU MPEOBIBAIOT B
MOCTOSTHHOM JIBHKEHUH. Takoi aHaIU3 MOMOTaeT BHOCUTh KOPPEKTUBBI B HAYYHOE
UCCJICIOBaHUE, YTOOBI YCIIENTHEe MPOTUBOCTOATH CBOMM COMEpPHHKaM. BakHO
PEAIMCTUYHO OLIEHUTH CHIIbHBIC U C1a0ble CTOPOHBI Pa3pabOTOK KOHKYPEHTOB.

[TokazaTenu OIEHKM KadecTBa M TEPCIEKTUBHOCTH HOBOM pa3paboTKu
NOJIOMPaAOTCS UCXOAS M3 BBIOPAHHOTO OOBEKTAa HCCIEIOBAHUSA C YUYETOM €ro
TEXHUYECKUX M HSKOHOMHUYECKHX OCOOEHHOCTEH pa3pabOTKH, CO3JaHUs U
KoMMepuuanu3anuu. OnpeaeneHsl CIeIyoe TEXHUUECKUE KPUTEPUN OLIEHKH:

— 3(h(EeKTUBHOCTb OTMBIBKU KPEMHUS,

— abddexTuBHOCTH OTMBIBKHU (hochopa;

—  3(h(EeKTUBHOCTb OTMBIBKH KEJI€3a U AITIOMUHUS;

— KayecTBO TMOJy4YaeMOW MPOMYKIMHW — HaJIWuWe TMpUMEce Ha JTare
MOJIyYSHHS TOTOBOM MPOIYKIIHH;

—  yI00CTBO Y MPOCTOTA BHEAPECHUS — 00BEM PadOT IIPU M3MEHEHHUH 00BSI3KU
TEXHOJIOTUYECKOI0 y3J1a COpOLUY;

— HAJASKHOCTH — Hem3MeHHas 3(h(HEKTHBHOCTH MpoIiecca Mpy MOAAep >KaHuN
3aJIaHHBIX PEKUMOB OTMBIBKH;

[ToMUMO TEXHHYECKHX KPUTEPUEB OIEHKH pecypcodrhHEeKTUBHOCTH
OTpEe/IEeNICHbl TAaKKE U SKOHOMHUYECKHUE KPUTEPUH OLIEHKHU:

— KOHKYPEHTOCTIOCOOHOCTb;

— 3aTpaTthbl HA CTPOUTEIHLCTBO — OTICHKA (PMHAHCOBBIX 3aTPaT HA PEaTH3aIIHIO
MIPOCKTA;

— DKOHOMHYHOCTH — COKpAIICHNE MaTepUATBbHBIX U SHEPTETUYECKHX 3aTpaT
Ha DKCIUTyaTallli0 YCTAaHOBKH;

— YpPOBEHBb BO3MOXHOCTH BXOXKIICHHUSI Ha PBIHOK — CTpATETHus pocTa cObITa

YCTaHOBOK;
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— (uHAHCUPOBAHUE HAYYHOHN pa3pabOTKH — MOJAEPIKKA TOCYJaPCTBOM MU
MHBECTOpPaMHU.

B Tabmuue 6.1 npuBeneHa OIEHOYHAs KapTa CPABHEHUS KOHKYPEHTHBIX
TEXHUYECKUX pemeHuid. [IpoBeneHO CpaBHEHHE HCHOJIB3YIOLIEroCcs METOoIa
OTMBIBKH HaChIIEHHOW HOHOOOMEHHOU CMOJIBI CO IIETI0YHOW OTMBIBKOM:

— Ha JJAHHBIM MOMEHT Ha MPEANPUATHIX UCIIOIb3YIOT TEXHUUECKYIO BOLY
JUISL OTMBIBKM HOHOOOMEHHOMN CMOJIBL;

— Ha MPEANpPUATUSAX, CBSI3aHHBIX C BOJONOATOTOBKOW, HCIHOJB3YIOT
COJIEBBIE PACTBOPHI BBICOKMX KOHIEHTPALMHA [Ji1 MPOBEACHUS MOJHOLEHHOU
JecopOLMY B KAUE€CTBE OTMBIBKHU.

[lo3uumst mpengaraeMoro MeToJla M JIPYTMX HCHOJIb3yeMbIX METO/I0B
OTMBIBKM OLICHMBAETCS MO KaXKIOMY IIOKa3aTeNII0 JSKCHEPTHBIM IIyTEM IIO
nATHOAIUIBHOM 1IKane, rae 1 — Haubonee ciadas no3uius, a 5 — Haubosee CUIIbHAas.

Beca noxkaszarenel, onpenenseMble dKCIEPTHBIM IYTEM, B CyMME JOJIKHBI

COCTaBAThL 1. AHamu3 KOHKYPCHTHBIX TCXHHYCCKHX pCIHCHI/IfI OIIPCACIIACTCA II0

dopmyite (6.1):

K=Y B b, (6.1)
rae K — KOHKypeHTOCOCOOHOCTh HayuYHOU pa3paboTKu WM KOHKYpeHTa; Bj — Bec

noka3zates (B J0JsX eAUHMIIBI); Bbj — 6at i-ro mokasarers.

B orenouHoi KapTe [ MPOBEIECHHS CpPaBHEHUs BHIOpAHO TPU BapHaHTa
TEXHUYECKUX PelIeHUHN POOIeMbl OTMBIBKU HACHIIIIECHHOW NOHOOOMEHHOM CMOJIBI:
BapuaHT | — MIeI0YHAsT OTMBIBKA HACHIIIIEHHOW HOHOOOMEHHON CMOJIHI;

BapUaHT 2 — OTMbIBKAa HOHOOOMEHHOW CMOJIbI TEXHUUECKON BOIOM;
BapuaHT 3 — OTMBIBKA (TOJHOIICHHAS JECOPOIUs) KPETNKUMHU COJICBBIMH

pacTBOpamH.

65



Tabnuua 6.1 — OueHovHass KapTa JIJisi CPABHEHHS] KOHKYPEHTHBIX TEXHUYECKUX

peuieHuil (pa3paboToK)

Bec Banisl KonkypeHTOCTIOCOOHOCTH
Kpurepum oueHkun
KPUTEPHIH | Bap | | Bap.2 | Bap.3 | Bap.1 | Bap.2 | Bap. 3
1 2 3 4 5 6 7 8
TexHnuyeckue KPpUTEPUN OLIEHKH pecypcodPeKTHBHOCTH
SdpexTuBHOCTS 0,2 5 0 2 | 1,00 | 000 | 040
OTMBIBKH KPEMHHSI
SddexTusHoCTS 0,05 4 2 2 | o080 | 040 | 040
OTMBIBKH (pocdopa
DddekTuBHOCT
OTMBIBKH JKeJle3a U 0,1 3 3 3 0,60 0,60 0,60
ATIOMHHHUS
KauecTBo nmonyuaemoit 0.2 4 3 3 0,80 0,60 0,60
POIYKIIMH
YA0beTBO 1 npoctota 0,05 3 3 3 060 | 060 | 060
BHEJIPCHUS
Hanexuoctb 0,05 2 5 2 0,40 1,00 0,40
JKOHOMHYECKHE KPUTEPHH OLeHKH 3(P(PeKTHBHOCTH
KoHKYpEeHTOCTIOCOOHOCTb 0,1 2 3 2 0,20 0,30 0,20
3aTpathi Ha 0,05 4 4 4 040 | 040 | 040
CTPOUTEIHCTBO
DKOHOMHUYHOCTh 0,05 5 3 4 0,50 0,30 0,40
Punarcnposate 0.1 3 2 1 | 030 | 020 | 0,10
HAy4HOU pa3paboTKu
BeposiTHOCTh OCBOCHHUS 0,05 5 4 3 0,20 0,40 0,30
pBIHKA
Hroro 1 37 32 29 5,80 4,80 4,40

[Tonyuyennsle AaHHble B TaOnuue 6.1 MO3BOJSAIOT TOBOPUTH O TOM, YTO

uccienoBanue sABIgeTCs A(PPEKTUBHBIM, TaK KaKk OOECMeYMBaeT MPUEMIIEMOE

KaueCTBO pe3ysbTaToB. /lanbHeillee MHBECTUPOBAHKE TaHHOM pa3pabOTKH MOKHO

CUMTATh 11€71eCO00Pa3HBIMHU.

6.1.3 SWOT-anaun3

SWOT - Strengths (cunbHble cTOpOoHBI), Weaknesses (ciiadble CTOPOHBI),

Opportunities (Bo3moxHOCTH) U Threats (yrpo3el) — TpeAcTaBiIsieT co0Ooi

KOMILICKCHBIM ~aHaJIu3 Hay4YHO-HUCCJICIOBATCILCKOTO IIPOCKTA.

MPUMEHSIOT JIJI1 UCCJIEAOBAHMS BHEITHEW U BHYTPEHHEN CpEJIbl MTPOEKTA.
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B pe3yiabTaTe Obla COCTaBJICHA MTOrOBas

npejCcTaBiIeHHas B TaOiuIe 6.2.

Tabmuma 6.2 — Utorosas matpuria SWOT-ananuza

Marpunia SWOT-ananusa,

CuibHbIe CTOPOHBI HAYYHO-
HCC1eJ0BATeIbCKOI0 POEKTA!

C1. [IpumeHeHue COBpEMEHHBIX
MOJXO/IOB B PELICHUH MTPOOIEMEI
HaKOIUJIEHU NPUMECEi.
C2. AxTyalnbHOCTh IPOEKTA —
OTCYTCTBHE METO/Ia OTMBIBKU
kpeMmums 1 pocdopa.
C3. Hanmmume nHGpacTPyKTypHI U
peareHToB, UCTIONb3YIOIIUXCS Ha
JOpYTUX TEXHOJIOTUYECKUX y3JaX, Ha
OCHOBE KOTOPBIX IPOBOIST
HIETIOYHYIO OTMBIBKY.
C4. DXOHOMUYHOCTH U
9HEeprod((HeKTUBHOCTH TEXHOJIOTHH.
C5. OtcyTcTBHE B Ka3aXCTaHCKOM
ATOMHOW OTpPACIIU IPEIIPUATHH,
UCTIOJIB3YIOIIUX IIETOYHYI0 OTMBIBKY
MOHUTA.

Cialble CTOPOHBI HAYYHO-
HCCJIEI0BATEILCKOI0
npoeKTa:

Cal. HeoOxomuMocTh OOJIBIINX

KalMTaJbHBIX U
JKCIUTyaTaIlMOHHBIX 3aTparT.
Ca2. HeoOxoauMocTh
YAJTWHEHMS [AKJIA TIpoIiecca
OTMBIBKH.

Cn3. Bo3MOXHOE CHIDKEHUE
MEXaHUYECKON MPOYHOCTHU
CMOJIBL.

Can4. CunbHble niepenaibl
KHCJIOTHOCTEH pacTBOPOB MOTYT
MPUBECTH K U3MEHEHHIO
TCOMETPUYCCKUX Pa3MEPOB
CMOJIEI.

Bo3mo:kHOCTH:
B1. Hcnonb3oBanue
peaBapUTEIbHON BOTHON
OTMBIBKH.
B2. Bo3MO0OXHOCTE
MIPOBEACHUI
HUCCJIEIOBAHUM.
B3. JlonmonHUTENbHBII
CIIPOC Ha PE3yJIbTATHI
HUCCJIEIOBAHUM.
B4. Ncnonws3oBanue
ILIEJIOYHO-COJIEBBIX
PacTBOPOB IS OTMBIBKH
CMOIJIBL.
BS. ITposepka
WCCIIeIOBAHUS TIPH
H3MEHEHHH COCTaBa
MIPOYKTUBHBIX PACTBOPOB

Pe3yabTathl aHamM3a
HHTEPAKTUBHOW MATPUIIBI MPOEKTA
noJieil «CujibHbIe CTOPOHBI U
BO3MOKHOCTH»:

1. HeoOxonumocTh peleHus
MPOOJIeM C IPUMECSIMH B OITHKaIIeM
OyayIeM Mo3BOJIUT YBEITHYUTh
(bUHAHCUPOBAaHUE UCCIICTOBAHUH.

2. [Tony4deHHble B paboTe Pe3yIbTaThl
— Xopoias 6a30Basi OCHOBA JUIs
MPOAOJIKEHUS U3bICKAaHUH Ha
aKTyaJbHYIO TEMY.

3. Ucnone3oBaHye KOMOMHALTAN
BOJIHBIX, IIEIOYHBIX U ILEIOYHO-
COJIEBBIX PACTBOPOB JIJIsl HAXOKIACHUS
JYYIIETO PEeLICHUsI.

Pe3yabTarhl aHam3a
HHTEPAKTUBHONH MAaTPHUIbI
npoekra noJjei «Ciiadplie

CTOPOHBI U BO3MOKHOCTH:
1. ImeeTcsa BO3MOKHOCTD
COKpaTUTh BPEMEHHOU
HMHTEpBaJ OTMBIBKH CMOJIBI IPU
HCII0JIb30BaHUU HOBBIX
KOMOWHAIIUN PacTBOPOB.
2. CumbHbIE TIepenaibl
KUCJIOTHOCTH MOKHO
HUBEIMPOBATh PACTBOPAMH HA
OCHOBE COJIH.
3. YBenu4yeHus ColeprKaHus
[IPUMECEN Ha CMOJIE TIO3BOJIAT
MEPEOIEHUTh HEOOXOANMOCTh
WCCIIEAOBAHUN U BHEIPEHUMN Ha
TeMY IIEJIOYHON OTMBIBKU
CMOJIBL.

Yrposbi:
¥Y1. OrcytcTBHE
MOJXOSAIIMX COCTAaBOB
MTPOTYKTHBHBIX
pacTBOpPOB.
¥2. Otkas ot
HCITOJIF30BAaHUS IIEII0OYUCH
B KaueCTBE pPEarcHTOB-
ocaguTenel Ha
MIPEAIPUATHIX -
nepepaboTInKax
MIPUPOJTHOTO YpaHa.

PesynbTaThl aHann3a
HHTEPAKTHUBHONH MATPHUUbI POEKTA
nojei «CuiabHbIe CTOPOHBI H
Yrpo3b»:

1. IIpumeHeHne COBpEMEHHBIX
MOJIXOJIOB B pacyeTax, a TakKe
MMEIOIETOCS OTBITa MPOSKTUPOBAHUS
MIPUBOJUT K CO3JJaHHIO
KOHKYPEHTOCIIOCOOHBIX YCTaHOBOK
JU1s1 93¢ (HEKTHBHOTO BBITTOTHEHISI
MOCTaBJICHHBIX 33]1a4.

PesynbraTel anannsa
HHTEPAKTHBHONH MATPULIBI
npoekra noJjeii «Caadble
CTOPOHBI M YTPO3bI»:

1. HecoBepiieHCTBO pacyeTHBIX
METOAUK MOYXHO PEIINTH C
IIOMOIIIBIO UX OIITHUMU3AITNU U
MOJEpHH3AIINH.

2. IlpoektupoBanue Oornee
BOCTPEOOBAaHHOW YCTaHOBKH C
BO3MOXHOCTBIO TIOJTY4YEHUS
MOOOYHBIX IPOIYKTOB U3
OTXO/IOB IIPOU3BOJICTBA.
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B Tabnuie 6.3 npencrapieHa MHTEPAKTUBHAS MaTpHIla MPOEKTa, B KOTOPOM

IIOKa3aHO COOTHOIICHUC CUJIBHBIX CTOPOH C BO3MOKHOCTAMMU.

Tabnuna 6.3 — MIHTepakTUBHAs MaTpuUlla MPOEKTa

BozmosxHocTH CuibHBIE CTOPOHBI IPOEKTA
IPOEKTa Cl C2 C3 C4 Cs
B1 + - 0 + +
B2 + - - 0 +
B3 + + - + +
B4 + - + + +
B5 + + + + -

B wmarpume mnepecedyeHHs CHIBHBIX CTOPOH W BO3MOXKHOCTEH HMeEET
OTIPEJICTICHHBIA PE3YNbTAT: «+» — CHUIBHOE COOTBETCTBUE CHUIIBHOM CTOPOHBI U
BO3MOYKHOCTH, «-» — c1aboe cooTHoIIeHuE, «0» — €CIM €CTh COMHEHHUS B TOM, YTO
MIOCTABHUTD «H» HITH «-».

Takum o6pazom, BeimoaHUB SWOT-ananu3 MOXKHO ciejaTh BBIBOJ, YTO Ha
JAHHBI MOMEHT TPYIHOCTH W MPOOJIEMBI, ¢ KOTOPHIMH TaK WM HHAYE MOXKET
CTOJIKHYTbCS JIaHHBIN MCCJIEA0BATEILCKUI MPOEKT MOXKHO OYJEeT PEeIIUTh 33 CUET

HMCIOIIUXCS CUJIBHBIX CTOPOH U BO3MOKHOCTEH.

6.2. UHMumanus mpoeKTa

B ununmanuio npoekta BXOAUT HHPOPMAIIHS O 3aMHTEPECOBAHHBIX CTOPOHAX
MIPOEKTA, NEPAPXUH LIENEN IPOECKTA U KPUTEPUSIX TOCTUKEHUS LIEIIEH.

Ilox 3amHTEpECOBAaHHBIMM CTOPOHAMHU NPOEKTAa NOHUMAIOTCS JIMLA WU
OpraHM3alii, KOTOPbIE aKTMBHO YYacCTBYIOT B IIPOEKTE WIIM MHTEPECH KOTOPBIX
MOTYT OBITb 3aTPOHYTHI KaK IMOJOXKHUTEIbHO, TaK W OTPUIATEILHO B XOJE
UCIIOJHEHUsI WM B pe3yibrare 3aBepuieHus mpoekra. Wudopmanus o

3aMHTEPECOBAHHBIX CTOPOHAX MPOEKTa, MHPOpMAIUS O LENAX M pe3yinbrarax
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npoekTa, pabouas Trpynna MOpOeKTa W OrpaHUYEeHHs] NPOEKTa MPHUBEACHBI B

tabmunax 6.4 — 6.7.

Tabnuna 6.4 — 3auHTepecoBaHHbBIE CTOPOHBI MPOEKTA

3auHTEepEeCOBaHHbIE CTOPOHbI
IIPOEKTa

TOO «CIT «Muxai»

O)KI/I,Z[aHI/ISI 3aNMHTCPCCOBAHHBIX CTOPOH

[TonoxurenbHbIe pe3yabTaThl 3PGEKTHBHOCTH MpoIecca

HIEOYHOM OTMBIBKHM HACBIIIEHHONH HOHOOOMEHHOM CMOJIbI
JlodyepHue npeanpusTus Hcnonws3oBanne pa3pabOTaHHBIX PEKUMOB JJIs1 BHEAPCHHS

AO «HAK «Kazatomnpom» B JIpyrue JOYEPHUE IPEANPUATUS

[TonyyeHne MakCUMaJIbHOM JOXOJHOCTH B 3aBUCUMOCTH OT

BJIOKCHUM

YacTHbie HHBCCTOPBI

Nudopmanus uensx u pesyibTaTax MpoeKTa NpUBeAeHbI B TadnuIe 6.5.

Tabnuna 6.5 — Lenu u pe3ynbTaThl MIPOEKTa

Omnpenenenne 3 (HEKTHBHOCTH MPOIIecca MISTOYHON OTMBIBKU

Henu npoekra: HACBILIEHHOT'O0 MOHHUTA Ha y3Jie COPOLMH ypaHa U3 MPOIYKTHBHBIX
pacTBOPOB
Oxwunaemseie pe3ynbratel | Ouenka s dextuBHoCTU. [lomyUueHbl peKOMEH AU IO BECHUIO
MPOEKTA: MpoLEeCcca METOYHON OTMBIBKH
Kpurepun npuemkn [IpoBeneHHbIE UCCIIEOBAHMS TOJKHBI UMETh 0] COO0M
pe3yJibTaTa IpOeKTa: JKCHEPUMEHTAIBHO MOATBEPKICHHBIE PE3YJIbTAThI

[Tonmy4yeHHBIE pe3yIbTAaThl AaHATM30B JTOJKHBI OTOOpaXaTh
BBICOKHE KO PUIMEHTHI 3PPEKTUBHOCTH OTMBIBKH CMOJIBI
(oTHenpHBIX TpUMecei)

TpeboBanus k
pe3yNbTaTy MpOeKTa:

Tabnuna 6.6— Pabouas rpynmna npoekra

DdHUO, ocHOBHOE MeCTO Poab B
DOyHKIUH
padoThl, 10JIKHOCTH NpoeKTe
Tumuenko C.H., PI'AOY BO KOOPIWHALIMS TPOEKTA;
«HannonanbHbI BBIOOp HAIPaBJICHUSI UCCIIEIOBAHUS;
nccneaoBaresbekuil Tomcknit COCTABJICHUE W YTBEPKACHUS
. PykoBonurens
MOJINTEXHUUYECKUN TEXHUUYECKOTO 3aJaHMs;
YHUBEPCUTET», ITpodeccop KaJIeHapHOe TUIaHUpOBaHKe paboT;
0000I11IeHHE U OLIEHKA PE3YJIbTATOB.
Ab6ausHoB A.E., PI'AOY BO BBIOOD HaIpaBJICHUS UCCIIEIOBAHMUS;
«HannonanbHbI KaJIeHJapHOE TUIaHUPOBaHKUE PaboT;
nccneaoBaresbekuil Tomckni 0030p UCTOYHUKOB HH(OPMaLINH;
MIOJINTEXHUYECKUN MIPOBE/ICHUE SKCIIEPUMEHTAIBHBIX padoT,
Hcnonaurens
YHUBEPCUTET», MarUCTPAHT pacueros;
COCTaBJIEHUE OTYETA;
aHaJIu3 MOJIYYeHHBIX JaHHbIX;
10JIBEJICHUE UTOTOB.
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Tabnuna 6.7 — OrpaHudeHus NpoeKkTa

dakTop

OrpaHuyenus/onymeHust

1. BropkeT npoekra:

He momxken npesbiiate 300 000 pyo.

1.1 Mcrounnk (hMHAHCHUPOBAHUS

Cpencta PI'AOY BO HU TITY.

2. Cpoku npoekKTa:

15.02.2023 — 20.05.2023

2.1 Jlatra yTBepXkAECHMS  3aJaHUA
BBINOJIHEHUE HUCCIIEOBAHUM

3agaHue Ha BBINOJIHEHHE HCCIEHOBAHUN
JIOJDKHO OBITH yTBepkIeHo K 15.02.2023.

2.2 JlaTta 3aBeplIeHUs IIPOCKTA

PabGora gomkHa  OBITH  BBINOJNHEHA K
20.05.2023.

3. [Ipoune orpaHuyueHUs U JOMYIIECHUS

Orpannyenue paboyero BpeMeHH Y4aCTHUKOB
pOEKTa (PYKOBOAUTENS] M MCTIOJHHUTEIIS).

6.3. [l.ianupoBaHue ynpaBJjieHUs HAYYHO-TeXHHYECKHM MPOEKTOM

6.3.1. Uepapxuyeckasi CTpyKTypa padoT npoexkra

ITpu oprann3anmu nporecca peanu3alii KOHKPETHOTO IPOEKTa HEOOXO0IUMO

PallOHAJIbHO INUIAHHUPOBATL 3aHATOCTb KaXIAOI'o M3 Cro y4aCTHHKOB H CPOKH

IMPOBCACHUA OTACIbHBIX pa60T.

B nanHOM paszzene cocTaBisieTCsl MOJHBIN NIEPEUEHb MTPOBOJIMMBIX padoT, B

paMKax IIPOBCACHHA HAYYHOI'O UCCIICOOBaHUA, OIIPCACIAIOTCA UX HCIIOJIHUTCIIN U

pamroHaJIbHas IMPOAOJLKUTCIIBHOCTD.

Uepapxuueckast ctpykrypa padbor (MCP) — peranuzanusi yKpyHmHEHHOM

CTpyKTyphl paboT. B mpouecce coznanus UCP cTpykTypupyeTcss U onpeesieTcs

coneprkanue Beero npoekra. MCP npuBenena Ha pucyHke 6.2.
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BuimyckHas
KBATIHEALIOHHAR
paGoTa
I
[ T ] [ |
PaspaboTia BuiGop TeopeTideckne 0 OGobmenie __| Odopanenne
TeXHIMeCKOTO — HANMPARNEHHR | — JKCHEPHMEHTATEHEIE H OLIEHEA or4éTa no HHP
JAAHIS HCCEO0BAHIA HCCALNOBAHIA Pe3yALTATOR
Cocrasnenme
(CocTaBnerie i MoaGop Hayuemie L noscHuTeNLHO
YTBEPRIOEHHE L W3ydeHne | pogosHEoCTEl JAMICKH
TEXHHYECKOTO MaTepHANOB pacuETHOM
JALAHNA no Teme
NpPABINEHOCTH
Kanennapuoe i Oceoetie — enmonHenns MOCTa
| MIAHHpOEAHIE METOmI NoACHUTENLHO
pabot pacuéra 3aMIcKn
| IIpoeensnue || Moarotoska
pacifTos K 3alniTe
Anamis
! MOTYUEHHEIX
HaHHBIX

Pucynok 6.2 — Mepapxudeckas cTpykTypa padbot

6.3.2. KoHTpoJIbHBIE COOBITHSI TPOCKTA

HepequL OCHOBHBIX JTallOB HX COACPKAHUC M PpacCIIpCACICHHUC CPCOU

Y4aCTHUKOB IPEJCTaBIEHbI B Tabnuie 6.8.
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Tabmuma 6.8 — IlepedeHp KIIOYEBBIX JTamoB, pabOT U paclpejecHue
UCIIOJTHUTEJIEH

Cocras
OcCHOBHBIE 3Tarbl No pabot Coneprxanue padbot
Y4aCTHUKOB
1 CocraBiieHre U YTBEP)KICHUE TEMbI PykoBoauresnb,
JTUTUIOMHOU paboThI WCIIOJIHUTEIb
Pazpabotka T3
PykxoBoguTens,
2 AHanus akTyaJIbHOCTH TEMBI
WCIIQJIHUTEIb
3 [Touck n u3yuenue marepuana no reme | Mcnomautens
PykxoBogurens
4 Br16op HanpaBieHus Uccae0BaHUS Y 8 ’
UCIIOJTHUTEIb
PykxoBogurens
Br100op Hanpasnenus ) KanenmapHoe rmianupoBanue paboT y ’
. UCIIOJTHUTEIIb
UCCJIETIOBAHUM
PykxoBonurens,
6 [Ton6op HOpMAaTUBHBIX JOKYMEHTOB
UCIIOJTHUTEIb
[IpoBeneHune 3KCepUMEHTAIBHBIX
7 poBEl P Ucnonuurens
pabor
TeopeTtnueckue u Coznanue METOANKYU U BepupUKaIUs PyYKOBOIHTENS
AKCIIEPUMEHTAJIbHBIC 8 JAHHBIX, TTOJIYYECHHBIX B PE3YJIbTATE y ’
UCTIOJTHUTEIb
MCCJICJIOBAHHUSI mpoOHOro pacuera
PyxoBogurens
9 AHanu3 pe3yJbTaToB y A ’
O06o01IeHHE U OIICHKA TOTOIIITEID
10 3akiroveHHe HcnomHuTeNnb
pE3yJIbTaToOB =
11 Odopmnenne nosicHUTeNbHOM 3anucku | McnomHutens
12 [ToaroroBka K 3ammre HcnosHutens

6.3.3 OnpeneneHue TPy10eMKOCTH BbINIOJIHEHUS padoT

TpynoBbie 3aTpaThl B OOJBIIMHCTBE ClOydasiXx 00Opa3yrOT OCHOBHYIO YacTh
CTOMMOCTH DPa3pabOTKH, MO3TOMY Ba)XHBIM MOMEHTOM SIBIISIETCS OTpEEICHHUE

TPYAOCMKOCTHU pa60T KaXXJ0T0 N3 YHaCTHUKOB HAYYHOI'0 UCCIICAOBAHNA.

towci — 3tmin i :_)_Ztmaxi ’ (62)

rae t_ . — oKujpaeMas TpyJOeMKOCTb BBIOIHEHHs I-0i pabOThI 4enl.-aHu.; t ., —
MHUHMMAJIbHO BO3MOYKHAsI TPYJOEMKOCTh BBITIOJHEHUS 3aJaHHON | — Of pabOThI
(omTUMHUCTHYECKAsT OIICHKA: B TPEAMNOJIONKEHUU Haubosiee O1aronpusTHOrO

CTEUCHUS OOCTOATENBCTB), 4YeN.-AH.; t .. — MaKCHMMaJlbHO BO3MOKHAs

TPYAOEMKOCTb BBITIOJIHEHUS 33JJAaHHOM | — Of pabOThI (IECCHMUCTHUYECKAs OIICHKA:
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B MPEANOI0KEHUN Haunbosee HEOIaronpusITHOrO CTEUEHHUS

00CTOATENBCTR), YeIL.-IH.

t .
Ty =2 (6.3)
5 :
1 ql
rae T, — NPOAOJDKUTENBHOCTh OJHOW DPaboTHI, pad. nH.; t .. — OXHJaeMmasd
TPYIOEMKOCTb BBIIIOJHEHUS OJHOM paOoOThl, 4Yel.-AH.; Y, — YHUCIEHHOCTh

VICITOJIHUTEJIEH, BBIMOJHSIOIIMNX OJHOBPEMEHHO OJIHY U Ty K€ padoTy Ha JaHHOM

oTaIIc, 4CJI.

6.3.4 Pa3zpa0orka rpadguka npoBeieHus HAY4YHOT0 UCCJIeI0BAHNS

JInst yno6cTBa moctpoeHus rpaduka JJIMTEIbHOCTh KaXK10T0 U3 ATANoOB paboT
U3 pabouux JTHEH cleayeT MepeBecTy B KaJIeHJapHbie THU. J{J1s1 7TOro He00X0IuMO

BOCIIOJIb30BATLCA CIICAYIOMEH GopMyJIoif:

T =T -k (6.4)

rae T,, — IPOJOJIKUTENBHOCTD BBINOJIHEHHS i-ii pabOThI B KAJIEHAAPHBIX THAX; T

— MPOJOJDKUTCIIBHOCTh BBITIOJHEHHUS I-W paboThl B paboumx JHAX; Kig
K02 (PHUIIMEHT KaJTeHIapHOCTH.

KoaddunmenT kanenaapHoCcTH onpeensercs mno cieayromuei popmyie (6.5).

D P (6.5)
’ TKaJZ _stlx _Tnp

rae T — KOJMYECTBO KaJ€HAAPHBIX AHEW B roay; T — KOJIMYECTBO BBIXOJIHBIX

bIX

JTHEN B TONY; Tnp— KOJIMYECTBO MPA3THUYHBIX JHEN B TOJY.

Bce paccunTanHbie 3HaueHUs TpeacTaBieHbl B Tadnuie 6.9. B Tabmuie 6.9

UCIIOJIb3YIOTCS CleAyIolre cokpanieHus: P — pykoBoautenb, Y — HCOTHUTEND.
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Tabnuna 6.9 — BpeMeHHbIC MTOKa3aTeNM MPOBEACHUS HAYYHOTO UCCIEOBAHUS

TpynoémkocTs paboT JmutenbHOCTD | JNTUTENBHOCTH
tmin, tmax, tosi, pa60T B pa6OT B
Haszanue YeT-IHU | YeN-IHHM | 4el-THH pabouux MHSIX | KaJeHIApHBIX
paboThI T . nasax T .
pl K
P U | P | U |P|HU P " P 41
Cocrasnenue u YTBEpKICHHE 2 5 | 28|32 14 16 3 3
TEMbI JIUIIIOMHON PabOTHI
AHanu3 aKTyaJqbHOCTH TEMbl | 2 3 3 5138(24]| 1,2 1,9 2 3
Ilowck v u3yyenne matepuana | 5 110 - |76 i 76 i 12
10 TeMe
Bri6op HanpasiieHus 21345 |28|38| 14 1.9 3 3
WCCJICJIOBAHHUSI
KanennapHoe rianupoBaHue 21 2133 |24]24] 12 12 9 9
pabort
[ToxGop HOpMATUBHBIX 21 43|56 |24]a8] 12 2.4 9 4
JIOKYMEHTOB
Hporezerine -7 |- |15 - |02 - 102 - | 16
IKCIIEPUMEHTAILHBIX PadoT
Co3paNUC METOMMKH M | 1e | 50 | 50 | 25 | 17 [22 | 85 | 11 | 13 | 17
BepudUKanus JaHHBIX
AHanu3 pe3yJbTaToB 2 110 51203214 ] 16 7 3 11
3akiroueHue - 2 5 - 132 - 3,2 5
OdopmiieHHE TTOACHUTENBHOM | 15| - |18 - |162] - 16,2 i 24
3aIUCKU
IToaroroBka K 3aiure - 5 - 8 - 16,2 - 6,2 - 10
OO0111e€ KOINYECTBO THEN 27 | 79 | 42 |125(34,4| 96 | 165 | 70,4 28 110
Ha ocHoBe momyueHHOW Tabmuibl TMOCTpoeHa auarpamma [ aHTa,

MpEJICTaBICHHAs! PUCYHKE 6.3.
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7

No pabot Bua pa6or YyacTHUKH i [TpoK0KUTEIBHOCTD BBITIOJIHEHHS pa0OT
KL, [H. dbesp. MapT anpenb Mai UIOHB
2 3 1 2 3 1 2 3 1 1
1 CocTaBJicHHE U YTBEPXKICHHE
YT P PykoBogurens 8
TEMBbI TUIUIOMHOM paboThI
2
PykoBogurens, 3
AHanu3 aKTyaJlbHOCTH TEMBI
WCIIOJIHUTEINb
3 ITouck u n3yuenue Marepuana | PykoBoaurens, 5
o TeMe WCIIOJIHUTEINb
4 Br160p HanpaBieHus 8
PykoBogurens
UCCJICIOBAHUS
S5 KanennapHoe mianupoBaHue 3
PykoBogurens
pabor
6 I1
0/100p HOPMATUBHBIX PykoBonurens, 5
JIOKYMEHTOB WCIIOJIHUTEINb
7 [poseneHune
POBCA Ucnomuurens 13
AKCIIEPUMEHTAIIbHBIX padoT
8 Co3nanne METOUKH U €€ PykoBonurens, 12
BepudUKanus WCTIOTTHUTEIIb
9 PykoBonurens
AHanu3 pe3yiabTaToB y A ’ 6
WCTIOTTHUTEIIb
10
3akiroueHue Hcnonaurens 13
11 Odopmienune nosiCHUTENbHON
Pop Hcnonuurens 19
3aUCKA
12 15
ITonroroBka K 3amuTe HUcnomauTtens
[
B - ucnonnurens 4 — PYKOBOIUTEND

Pucynok 6.3 — KanenaapHslil miian-rpa@uk mpoBeIeHHs] HAYYHOTO UCCIIEIOBAHUS




9,

6.4 brojgxker HayYHO-TexHUYecKkoro ucciaenopanus (HTH)

[Tpu mnanupoBanum Owomxetra HTU gomkHo ObITH 0OecreueHo MONHOE U
JIOCTOBEPHOE OTPAKEHUE BCEX BUIOB PACXOJIOB, CBSI3aHHBIX C €r0 BBIINOJIHEHNEM. B
nporecce popmupoBanus 6romkera HTU ucnons3yercs crnemyroias rpynmnupoBKa
3aTparT MO0 CTAThSIM:

- Marepuasblbie 3aTpatel HTU;

- 3aTpaTbl HAa  CHEIUAJIbHOE  00OpyJOBaHME i  HAYYHBIX
(3KCIIepUMEHTaIBHBIX) PadoT;

- OCHOBHasl 3apa00THAas IaTa UCIIOJTHUTENIEH TEMBI;

- JOTIOJTHUTENbHAS 3apab0THAs IJ1aTa UCTIOJHUTENEH TEMBIL;

- OTUYHUCJIEHUSI BO BHEOIOKETHBIE (DOH/BI (CTPaxOBbIE OTYUCIICHHUS);

- HaKJIaAHBIC PACXOIbI

6.4.1 Pacuer MaTrepuaJIbHbIX 3aTPaT

B o1y crareio BkIIOYANOTCA 3aTpaThl HAa TMPUOOPETEHHE BCEX BHUJOB
MaTepHaioB, HEOOXOAUMBIX JJIS BBIIIOJHEHUS padoT Mo JaHHOoM Teme. KonnuecTBo
MOTPEOHBIX MAaTEPUATIBHBIX IIEHHOCTEH OIpeessieTcs Mo HopMaM pacxoia.

Pacder maTepuanbHBIX 3aTpaT OCYIIESCTBISIETCS IO CIEAYIONICH dhopmyIie:

m
3u=QA+kr)- ZHI 'Npacxi (6.6)

i=1
rI¢ M — KOJIMYECTBO BHJOB MAaTEPUALHBIX PECYPCOB, MOTPEOIAEMBIX IIPH
BBITIOJTHEHWH Hay4HOro uccienoanuss; N .. — KOJHYECTBO MaTepHambHBIX

peCypcCoB I-oro BHJA, INITAHUPYCMBIX K UCITIOJIb30BAHUIO ITPU BBITIOJIHCHUU HAYYHOT O

2

MICCIIeAOBaHU (IIT., KT, M, M° M T.11.); ], — [IleHa IPHOOPETeHNS eIUHHUIIBI I-0TO BHA

NOTPeOIAEMBIX MaTEPUAIBHBIX pecypcoB (py0./mrt., py6./kr, py6./m, py6./M? U T.11.);

k;— Kk03(GUIMEHT, yYUTHIBAIOIIMI TPAHCIOPTHO-3arOTOBUTEIBHBIE PACXOJBI,



NpUHMMAKOTCA B mpenenax 15-25 % or crommoctu Mmarepuanos. IIpumem k.

paBHbIM 0,2.

OCHOBHBIMHM 3aTpaTaMu B JaHHOM HCCIIEIOBATEIbCKON paboTe SIBISIOTCA
3aTpaThl Ha DJEKTPOIHEPTHI0O U MPOBEACHUE JAaO0OPAaTOPHBIX aHAIHM30B.
[IporpammHoe obecrnieueHre Mo 00pa3oBaTeNbHBIM JIUIIEH3UsAM OecruiaTHoe. [lena
MPOBEICHMUSI BCEX JIAOOPATOPHBIX aHAIM30B BHYTPEHHEH (PU3MKO-XUMHYCCKOU
nabopatopuei coctaBuia 50 000 pyOseit. Pe3ynpTaTsl pacdeToB Mo 3aTpaTaM Ha
MaTtepualbl IpuBeeHbl B Tadaute 6.10.

3aTpaTbl Ha 3JNEKTpo3Hepruro s pabdorsl [I9BM paccuuThiBatoTcs 1o

bopmyie:

Cc,=14,-P-F,=58-0,5-800=2320 (6.7)
rae [[,, — Tapud Ha MPOMBIIUICHHYIO JIEKTPo3HEpruto (5,8 pyo0. 3a 1 kBT u); P —

MOIIDHOCTB O60py,[[0BaHI/IH, KBT; F06 — BPCM:A UCITIOJIb30BAHUA O60py,ZIOBaHI/IH, q.

Tabnuma 6.10 — MaTtepuanbHbIe 3aTPaThI

HaumenoBanue 1;/;2113[ Keé;’ KonuuectBo | Ilena 3a equnuiy, pyo. | Cymma, pyo.

OneKTpoIHeprus 400 xBtu 5,8 2320

JlabopaTopHbIe aHATH3bI n - 50 000

[TporpamMmmHoe obecrieueHue:

PTC Mathcad Prime 4 Mecsna 0 0
Bcero 3a marepuabl 52 320

TpaHCIOPTHO-3arOTOBHUTENIBHBIC PACXOIBI 0

Htoro no cratee Cy 52 320

3arpaThl Ha 31eKTpo3Hepruto st 1Byx [IOBM u mabGopaTopHble aHanHM3bI

coctaBuin 52 320 pyOas.
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6.4.2 Pacyer 3arpar Ha cHeuMajJbHOe 000pyIOBaHUE  JJIS

IKCIIEPUMEHTAJBHBIX padoT

Ha crartpio «Cnerno0opyaoBanue» ajig pa3pabOTKU U SKCHEPUMEHTAIBHBIX
paboT OTHOCATCS 3aTpaThl HAa TNPUOOpPETEHHE, H3TOTOBICHUE, apPEeHIy WIH
aMOPTHU3AIIMOHHBIE OTYUCIIEHUS ClIENUATbHBIX TPUOOPOB, YCTPOUCTB U T.A.

CYMMa AMOPTHU3alINOHHBIX OTYHMCIICHUM PaCCUUTBIBACTCA 110 CIICAYIOIIUM

dbopmynam:
A :%, (6.8)
Az = Soen” AH ! (6'9)
A = % , (6.10)
A=A -n (6.11)

rae A —HOpMa amopTu3anyy; N — CpOK IOJIE3HOTO HCIIONb30BaHusA; A —OJJOBbIE

AMOPTU3aIVOHHBIC OTYUCJIICHUA, C — CTOMMOCTb OCHOBHOI'O CpPCIACTBA,

OCH

A — CKCMCCAYHLIC aMOPTHU3aOVMOHHBIC OTYUCIICHUA, A - 3aTpaTel Ha

M

aMOpPTU3alIrI0 B IMPOCKTEC, N — KOIMYECTBO MECSLCB HCIOJb30BAHUS OCHOBHOI'O

CpCaACTBA UJIM HEMATCPUAJIBHOI'O AKTHBA,

Ucnonb3yemoe 000py10BaHUE, €0 CTOMMOCTb U aMOPTU3AIIMS IPUBEICHBI B

tabmurie 6.11.

Tabnuma 6.11 — 3aTpatel Ha 000pyAOBaHUE

OO6mias
Cpoxk nonie3Horo | LleHs! enuHuIs! 3arparbl Ha
HaunmenoBanne |Kom-Bo, CTOMMOCTbh
No UCIIOJIb30BaHUs, | 000PYIOBaHMS, aMOPTHU3AIIHIO,
000OpyIOBaHMS | IIT. 000py10BaHus,
JeT pYyo. pyo.
pyo.
1 | Hepconambhetit | 3 45000 90000 10000
KOMIBIOTED
Hror: 90000 pyo. 10000
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B nmanHOM paznene mnpoBeneH pacu€éT amMopTH3auuu  000pYAOBAHUA.
AMopTu3anus JUis MEpPCOHAIBHOIO KOMIBIOTEpPa, € YUYETOM TOrO, 4TO CpPOK
MOJIE3HOTO HCHOJb30BaHMs 3 roxa coctaBwia — 0,33, a oOmas cymma

aMOpTHU3alMOHHBIX oTuncieHuit 10000 pyoieii.

6.4.3 3arparsl Ha omjary Tpyaa HUCHOJHUTEEel HAYYHO-TEXHUYECKOIro

HCCJIeaJ0BaHUA

Cratbsi  BKJIIOYAET OCHOBHYIO  3apa0OTHyl0  IuiaTy  paOOTHUKOB,
HEIMOCPEJICTBEHHO 3aHAThIX BbinosHeHneM HUP, (Bkirouas mpemuu, AOIJIATHI) U
JOTIOJTHUTENBHYIO 3apab0THYIO IIaTYy.

Csn = 3ocn + 30 (612)

on

rae 3, — OCHOBHas 3apa0oTHas Iuiara, py0.; 3, — JHONONHUTEIbHASA 3apa0dOoTHAsA

niara, pyo.

OcHoBHy10 3apaboTHyI0 1aTy pykoBoautens HUP moxuo paccunrtath 1o

cienyrieit hopmyiie:

3()CH :3<)H + Tpa6 (613)
roe 3, ~— cpeaHenaHeBHas — 3apa0oTHas  muara  paboTHHKaA,  pyo.;
T . — IPOMOJDKUTENBHOCTE ~ paboT,  BBINOJNHAEMBIX  HAyYHO-TEXHUYECKHM

pabotHukoMm 28 1 110 a1t pyKOBOIUTENS ¥ UCTIOTHUTENS COOTBETCTBEHHO, Pal. TH.
JlomomHUTENBHAS 3apa0b0THAS TIaTa BKJIIOYAET OIJIaTy 3a HempopaboTaHHOE

BpeMsi (ouepedHOM ¢ y4ueOHBIH OTMYCK, BBHITIOJHEHUE TOCYIApPCTBEHHBIX

00s13aHHOCTEM, BHITIJIATA BO3ZHATPAXKICHHI 32 BHICTYTY JIET U T.I1.) U PACCYUTHIBACTCS
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ucxons w3 10-15% oT ocHOBHOW  3apaboTHOM  miaThl, pPaOOTHHUKOB,

HCIIOCPCACTBCHHO YHYACTBYIOIIMX B BBIIIOJIHCHUC TCMBbI:

3

oon

= 306H : Kdon (6' 14)

rae x, — Kod(QQUIUEHT TOMOIHUTENBHON 3apILIaTel, paBHbIi 12,5%.

CpennenneBHas 3apab0THas 11aTa pabOTHUKA PACCYUTHIBACTCS MO opMyJIe:

3 =M= (6.15)

rae 3, — MECAYHbIA JOHKHOCTHOM OKJaj pabdoTHHKA, py0.; M — KOJIMYECTBO
MecsieB paboTel 6e3 oriycka B TeueHue roga 10,1 u 10,4 nns pykoBoauTens u

MCTIOJHUTENS. COOTBETCTBEHHO, MeC. F; — pacdyeTHbId roJoBod (oHI pabouero

BpPEMEHU NEepCcCoHala B pabo4mX JHSAX MpeCcTaBieH B Tabmuuie 6.12.

Tabmuma 6.12 — PacueTHslit To0BoM (hoH pabouero BpeMeHU

IToka3zatenu pabouero BpeMeHH PykoBogurens | McrnonHuTenb
KanengapHoe uncio gHei 365 365
KonnyectBo Hepaboumx jHeH (BbIXOIHBIE/IPA3IHUYHBIC) 66 118
[Totepu pabouero BpeMeHH (OTIYCK/ HEBBIXO/BI 1O 56 o8
00J1e3HN)
JleiicTBuTenpHbIN ro1oBoi oHa pabodyero BpeMeHu 243 219

MecsuHbBIN TOKHOCTHOM OKJIa paOOTHUKA pACCUUTHIBACTCS 110 (hopMyJIe:
3y =30 +Kpp  Kp (6.16)
rae 3,. —3apaboTHas miaTa 1o Tapudaoi craske 35000 u 15000 ns pyxkoBoauTens
Y MICTIOJTHUTEIIS COOTBETCTBEHHO, PYO.; K, — IPEMHANBHBINA KOO(Q(UIIUEHT, paBHBIN

20% ot 3,.; Kk, — pallOHHBIN KOO(pPuuneHT, paBHbii 1,3 i Tomcka;

Pesynbrate pacueTa 3apaboTHOI TUIATHI TpECTaBIEHBI B TabmuIe 6.13.
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Ta6nuna 6.13 — PesyapTaThl pacuera 3apab0TaHHOM IIAThl UCTIOJHUTECH

PaGoTHUKH 3TC, KHP K 3,14, 3()H, Tpa6, 3ocu, 3()0n, an,
pyo. " | py6 py6. | pab.mm. | py6. | py6 | py6
PyxoBonutens| 35000 | 7000 44100 1825 28 51100 | 6387 | 57487
Wcnonuurens | 15000 | 3000 | 1,3 | 18900 723 110 79530 | 9941 [ 89471
14695
Hrtor 50000 {10000 63000 2547 138 130630 | 16328 3

6.4.4 OT4yucaeHns BO BHeOWIKeTHbIE (POHIBI

B nanHOl cTathe pacxolloB OTpaxaroTcs 00s3aTeIbHBIE OTUYMCICHUS IO
YCTaHOBJICHHBIM 3aKOHOJATeNbCcTBOM Poccuiickoit ®denepanuy HOpMaM OpraHam
rocyaapcTBeHHoro coruanbHoro crpaxoBanus (OCC), nencuonnoro douaa (I1D)
u MeauiHckoro ctpaxoBanusi (DDOOMC) oT 3aTpaT Ha oruIaTy Tpy/ia paOOTHUKOB.

Benuuuna oTuncienuit BO BHEOIOKETHBIE (DOHIBI OMIPEACIIAECTCS UCXOIS U3

cieayromieit GopmyJibL:

C{;Heﬁ = k6H€5 : Csn (6'17)
rae Kenes= 30,2% — K03(POGHUIUCHT OTYMCICHHMI HaA YILIATy BO BHCOIOMIIKCTHBIC
donabl  (meHcHOHHBIN  (oHn,  GoHA  00M3aTENBHOTO  MEIMUIIMHCKOTO

CTpaxoBaHUs U IIp.)

TakuM 00pa3oM OTYUCIIEHHS BO BHEOIOKETHBbIE (POHIBI OT 3aTparbl Ha

OIIaTy TPYZla PYKOBOIUTENS BEIUUCISIOTCS CICAYIOIIMM 00pa3oM:

Cunes = 0,302 -57487 = 17362 py6.

Otunciennsi BO BHEOKJKETHBIE (DOHIBI OT 3aTpaThl Ha OIUIATy TpyHAa

WCTIOTHUTEJS! BBIYUCIISIOTCS CIEAYIOIIMM 00pa3oM:

Cunes = 0,302 -89471 = 27021 py6.
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B pesynbrare pacuéToB onpeaeneHbl OTYUCICHUS BO BHEOIOMKETHBIE (DOH/IBI
OT 3aTpaT Ha OIUIaTy Tpyda PYKOBOJUTENS U WCIOJHUTENS, MPH TOM, YTO
K03(hUIMEHT OTYUCIICHUH Ha yIU1aTy Bo BHeOIOmkeTHbIe (poHnbl cocTtaBui 0,302.
JInst pyKOBOAMTENISA, OTYUCIAEHUS cocTaBuiu 17362 py0., a ayia ucnonaurensa 27021

pyOs.

6.4.5 HaksiagHubie pacxoabl

Hakmanueie pacxoabpl YYHTBHIBAIOT TMPOYME 3aTpaThl OpraHU3AlMM, HE
MOMNAaBIIME B TMPEABIIYIIME CTaThU pPACXOJOB: Te4YaTh M KCEPOKOMUPOBAHUE
MaTepHaioB HCCIEIOBAHUA, OIIaTa YCIYyTr CBSI3W, IMOYTOBBIE M TenerpadHble
pacxojpl, pa3MHOKEHUE MATEPUATIOB U T.JI.

Pacuer HaknagHBIX pacxXxoJ0B BeETCA MO cienytomei hopmyre:

Coer =K (C,, +A+C,, ) (6.18)

HAK1 HAK1

1€ Kiaxn — KOO(DOUIMESHT HAKIIAHBIX PACXOJIOB;

Haxnannsie pacxoast B TITY cocraBnstor 12 — 16 % oT cyMMbl OCHOBHOM U
JIOTIOJITHUTENILHOW 3apIiaThl paOOTHUKOB, YYaCTBYIOIIUX B BBIMOJHEHUU TEMBI.

[TpumeM Ko = 16 %.

HaKHaI[HI)Ie pacxoabl COCTABJIAIOT:

C_ =0,16-146958 = 23514 py6.

6.4.6 ®@opMupoBaHue OHIKeTa 3aTPAT HAYYHO-HCCJIEA0BATEIbCKOIO

NpoeKTa

PaccunTannas BeIuurHa 3aTpaT HAYYHO-UCCIIEA0BATEILCKON PabOThI (TEMBI)

ABJIIETCSI OCHOBOM UIsi popMUpOBaHUsl OIOKETa 3aTpaT MPOEKTa, KOTOPbIM Mpu
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dbopMHpOBaHUU JOTOBOPA C 3aKA3UMKOM 3alllMIIAETCS HAy4YHOW OpraHu3alueil B
KauecTBe HWIKHEro TIpelesia 3aTpaT Ha pa3paboTKy HayYHO-TEXHHYECKOU
MPOAYKIUH.

Omnpenenenue OrOKeTa 3aTpaT HA HAYYHO-UCCIIEAOBATENIbCKUI MPOEKT MO

Ka)XJIOMY BapuaHTy UCIIOJIHEHUS MpuBeaeH B Ta0nuie 6.14.

Tabnuna 6.14 — Pacuer 6romxera 3atpatr HTU

HanMenoBaHue cTaThu Cymwma, py0.
1. Marepuanshsbie 3aTpatsl HTU 52320

2. 3aTpathl Ha CIIEIUATILHOE 000PYI0BaHUE [T HAYYHBIX 10000
(9KCIIepUMEHTANIbHBIX) paboT

3. 3aTpaTbl 10 OCHOBHOH 3apa0OTHOM MJIaTe UCIIOTHUTEIECH TeMbI 146958

4. OtyuciieHus: BO BHEOIOKETHBIC (DOHJIBI 44383

5. Hakmaiapie pacxo bl 23514

6. bromker 3atpar HTU 277175

6.5 Onmnpenenenne pecypcHoil (pecypcocOeperaiwoineii), ¢GuHAHCOBOIA,

OI0IKEeTHOI, CONMATBHON U IKOHOMUYECKOH 3P PeKTUBHOCTH HCCIEIOBAHUSA

6.5.1 Onpenenenne GUHAHCOBOM U pPecypCcHOM 3(P(PeKTUBHOCTH

Onpenenenue  APEGEKTUBHOCTH  NPOUCXOJUT HA  OCHOBE  pacyera
MHTErpajbHOTO TOoKa3zaTensd 3(PQGEeKTUBHOCTH HAy4yHOro uccienoBanus. Ero
HaXxO0XJICHUE CBS3aHO C ONPEACIICHHUEM JABYX CpPEIHEB3BEUICHHBIX BEIUYMH:
¢dbunancoBo 3 (HEKTUBHOCTHU U pecypcorhPEeKTUBHOCTH.

Omnpenenenus (uHancoBoi 3(HPEKTUBHOCTH U  pecypcodPPeKTUBHOCTU
MPOBOAMUTCS JIJII TPEX BapUAHTOB peaju3allid METOJIOB OTMBIBKM HACBHIIIIEHHON
CMOJIBI:

— BapuUaHT | — 1ie109Hast OTMbIBKA HACHIIIIEHHOW HOHOOOMEHHOW CMOJIBL;

— BapUAHT 2 — OTMBIBKAa HOHOOOMEHHON CMOJIbI TEXHUUECKOM BOOM;

— BapuaHT 3 — OTMBIBKA (TOJHOIICHHASI JECOpOIUs) KpPETKUMU

COJIEBBIMU PACTBOPAMHU.
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WuTerpanbHplii  MOKa3aTrenb (QUHAHCOBOH A(PQPEKTUBHOCTH HAYYHOTO
UCCIIE/IOBAaHMsI TIOJIy4aloT B XOJIe OLIEHKU OrojkeTa 3aTpaTr Tpex (wim Oolee)
BApHAHTOB HCIIOJHEHUS HAy4YHOro wuccienoBanus. J[ns storo Hambonbiuit
MHTETPaJIbHbIN OKa3aTesb peaan3alii TEXHUUECKON 3a/1a4y IpUHUMAaeTcs 3a 6a3y
pacuera (Kak 3HaMEHaTellb), ¢ KOTOPbIM COOTHOCUTCSl (PMHAHCOBBIC 3HAUYECHHUS TI0
BCEM BapHaHTaM HCIOJHEHUS.

WNurterpanbHbiii  (pUHAHCOBBIA TMOKa3aTelb pa3pabOTKU OIpeaensercs o

dbopmyre:

b (6.19)

’
max

P _
I, =

rac d)i — CTOMMOCTE I-TO BapuaHTa UCIIOJIHCHHUS, @max— MaKCUMaJIbHas1 CTOMMOCTDb

ucnonHenus HTU (B T.4. ananorn).

bapi  Pap1 277175

I = = 0,92;
¢ @, 300000

) 290000
[Bap2 _ “Bapz =0,97;
b @, 300000

) 295000
B3 _ _Bap3 = 0,98;
b @, 300000

[TonyyeHHnass BeJMYMHA  HMHTETPAIBHOTO  (PMHAHCOBOTO  IMOKA3aTeJIs
pa3paboTKu OTpaskaeT COOTBETCTBYIOIIEE YNCICHHOE YBEIMUCHNE OI0KeTa 3aTpar
pa3pabOTKu B pazax (3HaueHUe OOJblIe €AUHUIIbI), JUOO COOTBETCTBYIOIIEE
YHUCJICHHOE YJCIICBJICHHE CTOMMOCTH Pa3pabOTKU B paszax (3HAYCHHE MEHBIIE

€AMHUIIBI, HO OOJIbILIE HYJIS).
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WNHTerpanbHblil okazaTesb pecypcodPPeKTUBHOCTH BAPUAHTOB UCIIOJIHEHHUS

00BeKTa HNCCJIICAOBAHUA MOKHO OIIPCACIUTD CICAYIOIIUM O6paBOM:

l,=>a-h (6.20)
rae | ; — MHTErpanbHbIA MOKa3aTeNb pecypcodpPEKTUBHOCTH IS I-TO BapuaHTa
MICHIOJIHEHUSI pa3pabOTKH; a — BECOBOH KOA((HULUEHT i-ro BapuaHTa MCIIOTHEHUS
pa3pabotku; b?,bP— OGampHas omneHka i-ro BapwaHTa HMCHONHEHUS pa3paboTKH,

YCTAHABJIMUBACTCA JKCIICPTHBIM ITYTCM IIO BLI6paHHOﬁ IKaJIC OLCHUBAHUA, N —

YHCJIO TAPAMETPOB CPABHEHUH.

Pacuer HHTCI'PAJIBHOI'O ITOKAa3aTCIIA pecprOB(l)(i)eKTI/IBHOCTI/I MpCcacCTaBJICH B

tabmnurie 6.15.

Tabmuua 6.15 — CpaBHUTENBHAS OLIEHKA XapaKTEPUCTHK BAPUAHTOB HMCIOTHEHUS
IPOEKTa

Becoson
Kpurepun ko3 dULreHT Bapuanrt 1 Bapuant 2 Bapuanr 3
napamerpa

1. O dexTuBHOCTDH 0,15 5 2 4
OTMBIBKHM KPEMHHSI

2. DppexTUBHOCTHh 0,15 4 2 3
OTMBIBKH (pocdopa

3. Db dexTuBHOCTH

OTMBIBKH XKeJle3a U 0,2 3 3 4
ATIOMUHUS

4. KauecTBO nosy4aemMon 0.3 4 3 3
MPOAYKIUU

5. Yno6cTBO M pocToTa 0.1 3 3 3
BHEIPCHHUS

6. HanexxuocThb 0,1 2 5 2

Ip 3,65 29 2,60

Igops =0,15-5+0,15-4+0,2-3+0,3-4+0,1-3+0,1-2 = 3,65;
Igap, =015-2+0,15-2+0,2-3+03-3+0,1-3+0,1-5=2,90;
Igaps =015-3+0,15-3+0,2-4+03-3+0,1-3+0,1-2 = 3,25;
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HNuTerpanbHbli  mOKa3aTellb

Bap.1
I p

q)nnp) u aHanoroB (I

pa3paboTku (

HHTCTPAJIBHOTI'O ITOKa3aTCIIsd

(buHaHCOBOTO TOKa3ares 1o popmysam

Bap.1 __ IBap.l

Bap.2
$uHp ’

bunp — IBap.l
¢

IBap,Z _ IBap.Z

bunp — IBap.Z
¢

Bap.3 _ IBap.3

bunp IBap.3
¢

3G ()EKTUBHOCTH BapUAHTOB  HCIIOJHEHHUS

Bap.3
Iqmﬂp) OMpeNeIeTCsl Ha OCHOBaHUU
pecprOC-)(I)(I)eKTHBHOCTI/I 51 HHTCTPAJIBHOTO
Bap.l __  Bap.l Bap2 __  Bap2 Bap3 __  Bap3 .
d)qu - IBap.l ! d)qu - IBap.Z ! d)qu - IBap.3 )
¢ ¢ @
3,65 3197
0,92 S
3,05 314
0,97 Y
3,40 345
0,98 T

CpaBHEHHE MHTErPATLHOTO MOoKa3arens 3PPEeKTUBHOCTH TEKYLIETO MPOEKTa

M aHAJIOT'OB ITO3BOJIUT OIIPCACIINTE CPABHUTCIbHYIO 3(1)(1)€KTI/IBHOCTB IIPOCKTA.

CpaBHurenbHasg 3(pPEeKTUBHOCTD MPOEKTA ONpEAesieTcs no popmyJie:

UH,
3, = ‘fpp (6.21)
Tabnuna 6.16 — CpaBauTenbHas 3PGHEKTUBHOCTH Pa3padOTKH
[TokaszaTenu Bapwuanr 1 Bapuant 2 Bapuanr 3
NHTerpanbHbi [I0Ka3areiib
pecypcoaddekTuBHOCTH  pa3paboTKu U 3,65 2,90 3,25
aHaJIOTOB
WuTterpanbHblil mokaszarenb 3QQEeKTUBHOCTH
BapUAHTOB  HCIIOJIHCHUS  pa3paboOTKH W 3,97 3,14 3,45
aHajora
CpaBuutenbHas 3((GEKTHBHOCTh BapHAHTOB 1,09 1,08 1,06
WCTIOJTHCHUS
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Ha ocHoBe pacuera HMHTErpajabHOrO IOKa3aTeliss C OINPEACICHUEM JIBYyX
CpeIHEB3BEIICHHBIX BEJIMYMH: (uHaHCOBOM 3¢ HEKTUBHOCTH u
pecypcodhHEKTUBHOCTH HAYYHOTO UCCIICIOBAHUS MOKHO CII€IIaTh BEIBOJT O TOM, UTO
pa3pabarbiBaeMblii MPOEKT sBisieTcst Oosiee 3(HEKTUBHBIM BapUAHTOM PEIICHUS
MOCTABJICHHOM 3aJ1auM 10 CPABHEHUIO C MPEJI0KEHHBIMU KOHKYPEHTaMU, HO CTOUT
OTMETUTh, YTO OTHOCUTENbHAS 3((HEKTUBHOCTh BCEX TPEX BapUAHTOB JOCTATOYHA

OJM3Ka.

6.6 BoiBoabI o pasaeny

1. OueHouyHass kapTa CpaBHEHHSI TEXHUYECKUX PEIICHUN KOHKYPEHTOB
MoKasajia, 4YTO0 IMPOBOJUMBIE B pabOTe UCCIEAOBAHUS MO CO3JAHUI0O METOIAUKU U
pPAaCCUYMTAHHOW C TIOMOIIBIO HEE YCTAHOBKHU SBISAIOTCA ONTUMAJIBHBIMM TS
WCIIOJIb30BaHUs B MPAKTUYECKUX IIEJISIX.

2. B xone miaHUpPOBaHUS HAYYHO-HCCIEIOBATEIBCKUX PAOOT ompenencH
nepedyeHb paldoT, BBINOJHAEMbIA pabouell rpynnoi. B manHom ciyuyae pabouas
rpyIa COCTOMT M3 JABYX 4YEJIOBEK: PYKOBOJUTENb W HUCHOJHHUTENb. COrjlacHO
COCTaBJICHHOMY ILJIaHy pa0oT JJIUTEIHHOCTh TPYAOBOM 3aHITOCTH B pabOUYUX JHSIX
COTPYIHUKOB HCCJIEIOBATEIBCKOTO MPOEKTAa COCTaBWIa B cymMme 138 nHei,
3aHATOCTh PYKOBOAUTENS U ucnoHuTeNA 28 u 110 1HE# cooTBETCTBEHHO.

3. CocraBiieH OOJKET BBINOJHEHUS HAY4YHO-HUCCIEAOBATENILCKUX padoT,
MO3BOJIAIOIIMN OLEHUTH 3aTpaThl HA PEaTU3AIUI0 MPOEKTA, KOTOPBIE COCTABIISIOT
277175 pybnei.

4. D GhHeKTUBHOCTh MPOEKTA MOATBEPKAACTCS HAUOOJIBITUMU 3HAYCHUSIMU
MHTerpajabHoro (puHaHcoBoro mokaszarens — 0,92, mHTErpanpbHOro IOKa3aTels
pecypcodddextuBHocTH — 3,65, cpaBHUTenbHOM »ddexktruBHOCTH — 1,09 110

OTHOLICHHUIO K aHaJIOTaM.
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3AJAHUE JIJISI PA3JIEJIA
«COIAAJILHASI OTBETCTBEHHOCTb»

Crynenty:
I'pynna DUO
0AMI11 Ab6nusnoBy Anmacy EpxaHoBuay
Ixoaa MATII Ornenenne mkouabl (HOILI) OTL
Yposenb Maructparypa Hanpasaenune/cnienuaiabaocts | 14.04.02 SAnepusie puzuka
o0pa3oBaHus W TEXHOJIOTHH

Hcxonnblie 1anHble K pa3neny «CouuaibHas OTBETCTBEHHOCTHY !

1. XapakTepuctuka oObEKTa HCCIEIOBaHMs (BEIECTBO,
Matepuai, npudop, alNropuT™M, METOANKA, pabodas 30Ha) U
00J1aCTH €T0 IPUMEHECHHS

OOBEKT UCCIIEIOBAHMS: TIPOIIECC MIETOTHON
OTMBIBKH HACHIIIIEHHOI HOHOOOMEHHOMI
CMOJIBL, Y3€II COpOIHH.

O0nacTh MPUMEHEHHS: aTOMHAS
l'IpOMbILHJ'IeHHOCTI).

Ilepedyenn BOMPOCOB, MOIEKALIUX HCCIIETOBAHUIO, TPOEKTHPOBAHUIO U pa3padoTke:

1. IlpaBoBbIe U OPraHU3alMOHHbIE BONPOCHI
ob0ecrieyeHns 0e30MACHOCTH:

— cHenuanbHbIe (XapaKTepHbIE MIPH KCILTyaTaluu
00BbeKTa UcCIIeJOBaHUS, IPOCKTUPYEMOH padoueit
30HBI) IPABOBBIE HOPMBI TPYIOBOTO
3aKOHOJATENbCTBA;

— OpraHru3allMOHHBIC MEPOIPUATHA ITPU KOMIIOHOBKC
paboueii 30HbI.

— I'OCT 12.0.003-2015 Cucrema crangapToB
6e3omacuoct Tpyaa (CCBT). Omnacuble u
BpEIIHBIC MPOU3BOICTBEHHBIC (PAKTOPHI.

— CaunlluH 1.2.3685-21 T'urueHuveckue
HOpPMaTHBbI U TpeOOBaHHS K OOECICUCHUIO
OezomacHocTH ¥ (WIH) OE3BPEIHOCTH LIS
yenoBeka (PaKTOpoB cpe/ibl OOUTAHWUSL.

2. IIpousBoacTBeHHasi 0€30NIACHOCTD:

2.1. AHanu3 BBIIBIICHHBIX BPEIHBIX U OMACHBIX (pakTOpOB
2.2. OO0ocHOBaHHWE MEpONPHUATHI 1O  CHHKCHHUIO
BO3JIEUCTBUSA

Bpenubie u onacHbie (hakTOpHI:
— MHUKPOKJIUMAT;

— Iy Mm;

— OCBEILICHHOCTH;

— 2NIEKTPOOE30IaACHOCTD;

— MOXAapO- U B3PHIBOONACHOCTb.

3. BezonacHocTh B aBapPUIHBIX M Ype3BbIYANHBIX
CUTyallusIX:

Bo3moxHble aBapuiiHble U Upe3BbIYaiHbIE
CUTYAINH:

— TpaBMaTH3aLUs TIPH MMAJCHAN C BEICOTHI
COOCTBEHHOTO POCTA;

— yap dIEKTPUUECKUM TOKOM;

— Toap.

| JaTa BpLIauM 3aJaHMs ISl pa3jieia Mo JUHeilHOMY rpaduky

3agaHue BbIIAJ KOHCYJIbTAHT:

JloKHOCTH [%(0] ‘Y4enasi cTeneHb, IMoanuch JaTa

3BaHHUE

Ilepenepun FOpuii
Jlouent OSITL] USITIII PE/ICpHI Fp K.T.H.
Bragumuposuu
33}13HI/IE NPUHAJT K HCIOJHCHUIO CTYACHT:

I'pynna DPUO Hoanuch Jara

0AMI11 A6musiHoB Anmac EpskaHoBUY
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7 ConpajbHAs OTBETCTBEHHOCTH

B cooTBeTcTBMM C IIOCTABICHHOM LENIBI PE3YJIbTATOM MaruCTEPCKOU
JUCCEpPTAllMM  SABJISIIOTCS  MPOBEACHHBIE AHAIM3 M PacyeTbl IO HUTOraM
HKCIIEPUMEHTAJIbHBIX pabOT IO HCCIEJOBAHUIO IpoLecca IIETIOYHOW OTMBIBKH
HACBIIEHHON CMOJIBI.

AHanu3 TMOJY4YEHHBIX JaHHBIX, pacyeT 3(G(EKTUBHOCTH TMPOLIECCOB U
pe3yNbTaTOB MCCIIEAOBAHUS MPOBOIMINCH B KaOMHETe YTpaBieHHs MepepadoTKu
yuactka Nel TOO «CII «1ukaii» 3a pabouum mectom, 060pynoBaHHbIM DBM.

B nmanHOM paszene paccMOTpEHbl BpeIHblE M OHacHble (HaKTOpPbI
IIPOU3BOJICTBEHHOM CpENbl, OKa3bIBAIOIIME BIMSHUE Ha orneparopoB OBM,
OIpesieNieHbl CHOCOObl O0EeCHeueHus: 3alUuTbl OT HUX B COOTBETCTBUU C

TpeOOBaHUSIMU ACHCTBYIONICH HOPMATUBHON JOKYMEHTAIIUH.

7.1 BpifiBJileHHMe W aHAJW3 OMACHBIX M BPE¢AHbIX NPOU3BOACTBCHHDBIX

(pakTopos

B cootBercTBHH ¢ [9] OnpeeeHbl OCHOBHBIE 3JIEMEHTHI IIPOM3BOICTBEHHOTO
npoiiecca, GOpMUPYIOIIKE OIaCHbIE U BpeaHble PaKTOPHI, KOTOPHIC BO3HUKAIOT ITPH
BBITOJIHEHUH JTAHHOH paOOoThI:

— mukpokaumar [10, 11];

— mrym [12, 13];

— OCBEIIEHHOCTH [14];

— antekTpode3onacHocTh [15, 16];

— TIOXKapo- U B3pbIBOONIACHOCTH [17, 18]
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7.1.1 Mukporkaumar

OCHOBHBIMU ~ TOKa3aTeIsIMH, XapaKTEPU3YIOIMIMMH  MHUKPOKIMMAT B
IPOM3BOJICTBEHHBIX MOMEUICHHUSX, ABIISIOTCS: TEMIIEpaTypa BO3/AyXa; TeMIeparypa
MOBEPXHOCTEH; OTHOCUTEIbHAS BIAXXHOCThH BO3yXa; CKOPOCTD ABM)KCHHUS BO3/TyXa;
MHTCHCUBHOCTH TETJIOBOTO 0OITyUeHUSI.

OBM, BcriomoraresabHas TEXHUKA, a TaKKe IPUOOPHI OCBEIIEHUS B MTpOIEcce
paboThl BBIIEIAIOT TEIUI0. Bblcokasg TeMmiiepaTypa CHOCOOCTBYET OBICTpOM
YTOMJISIEMOCTH M NEPErpeBy OpraHM3Ma MNpU HAXOXJACHUU B HEMOCPEACTBEHHOM
OJMM30CTH OT MCTOYHUKOB TeIula. BilakHOCTh Takke OKa3bIBa€T 3HAYUTENIBHOE
BJIMSTHUE HA TEPMOPETYJIAINIO YeIOBEKa, TaK HU3Kasl BIAKHOCTh MOXKET IIPUBECTU
K BBICBIXaHHUIO KOXKH, CIIM3UCTHIX 000JI0YEK 1 001IeMy 00€3BOKMBAHHUIO OpraHU3Ma,
a BBICOKas — K TIOBBIIICHHOW OTJaue Temja W BO3MOXXHOMY II€pErpeBy
oprannsma [10].

B rokazareneii

tabnuie 7.1 TpuUBENEHB ONTUMAIbHBIE BEITUYMHBI
MUKPOKJIMMaTa Ha pabouyuxX MeCTax, KOTOpbhIE YCTAHOBJICHbl CAHUTAPHBIMU
HOPMAaMH JUTsl Pa3IMYHbIX KaTeropuii paboT B pa3Hble nepuobl rojaa. [lpu padote
3a OBM kateropus pabot siBisercs Jierkoi (la), moCkKoabky He BO3HHMKAET

CHCTEMAaTHYECKUX (u3ndeckux Harpy3ok [10].

Tabmuna 7.1 — OnTumanbHble BEIMYUHBI [TOKa3aTeled MUKPOKIMMara Ha padoumx
MECTax NPOU3BOICTBEHHBIX OMEIICHUI

Kareropus padot Temmnieparypa | OtHocutenbHas | CKOPOCTb
[Tepuon Temneparypa N
110 YPOBHIO o~ | IOBEPXHOCTEH, | BIAXKHOCTb JIBMOKECHUS
roaa BO31yxa, °C o 0
sHepro3arpart, BT C BO3ayXa, %  |[BO3;ayXa, M/c
X0JIOTHBII la (mo0 139) 22-24 21-25 60-40 He Oouee 0,1
Termbrit Ia (o 139) 23-25 22-26 60-40 He Oonee 0,1

B wumeromemcs kabunere VYmpamieHus mnepepaboTku ydactka Nel

TOO «CII «1uaKkai»

MUKPOKJIMMATYy.

3a  paboyuM MeCcTOM

BBIIIOJIHAIOTCA  HOPMATHUBLBI

I10
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JIist noiepkalrsi CAHUTAPHBIX HOPM JOCTaTOYHO MECTHOI'O KOHJIULIMOHEPA
YCTAHOBKMA  TOJHOTO  KOHJWIIMOHUPOBAHUS  BO3[yXa, 00ECHEeUHUBAIOUIETO
MOCTOSIHCTBO TEMIIEPATypbl, OTHOCUTEIBHON BIIAXXHOCTH, CKOPOCTH JIBHXKCHHS U
YHCTOTHI Bo3ayxa [11].

Jlns pacu€Ta mpou3BOJUTEIHLHOCTH BO3AYX000MEHA BEHTUIISIIIUU B KAOMHETE
VYopasnenuss nepepadotkn ydactka Nel TOO «CII «MHkail» Bocmoibzyemcs

bopmyIIoi:

w=v-K, (7.1)

rae V = 115 M3, kpatHOCTH BO3ayX000MeHa B nomenenny K = 3 g, uto cooTseTcTBYyeT
HopwMe 1o [11].

[TocTaBiss n3BeCTHBIE 3HAYEHHs B hopmyJty, momyaum W = 345 m® -uL, Ucxons
U3 MMEIOUMXCA KpUTepueB Juid OOecreueHHsl HaIeXKaluX [apaMeTpoB
MHKpOKJIMMaTa, TOoAOMIET BuxpeBas Bo3myxomyBka Becker SV 700/25.5, c

MaKCHMAJILHOM MPOM3BOAUTENEHOCTIO 370 M3 -u? [19].

7.1.2 lllym

[IIym yxXynamaer ycioBUS TpyJa, OKa3blBa€T BPEAHOE BO3JICHCTBUE Ha
OpraHr3M YeJIOBEKAa, & MUMEHHO, Ha OpPraHbl CIyXa M Ha BEChb OPraHU3M uepes
LEHTPaJbHYI0 HEpBHYIO cucTeMy. B pesynbrare 3TOoro ocnabisercss BHUMAaHUE,
YXYAIIaeTCsl MaMsTh, CHHXKAETCS PEAKLMs, YBEIMYMBAETCS YHMCIIO OLIMOOK Mpu
pabote. Illym Moxer co3maBaThCsi paboTaromuM 000pYAOBAHHUEM, YCTaHOBKaMHU
KOHJAMIIMOHUPOBAHUS BO3/yXa, OCBETUTEIbHBIMU MPUOOpPaMH THEBHOTO CBETa, a
TaKXe€ IPOHUKATh U3BHE.

JUis  OueHUBaHUS UIYMOBOM OOCTaHOBKHM JOIYyCKAeTCsl HMCIOJIb30BaTh
YHUCJIOBYIO XapaKTePUCTUKY, Ha3bIBa€MYI0 ypOBHEM 3ByKa (u3Mepsiercs B ADb).

JlonmycTuMBIN ypOBEHb IiIyMa Mpu padboTe, TpeOyoliei CoCpeIoTOUeHHOCTH, paboTe
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C MOBBIIIEHHBIMU TPEOOBAaHUSIMU K MpolleccaM HaOIOJIEHUS U JUCTAHLIUOHHOTO
YIpPaBJICHUS MPOU3BOACTBEHHBIMU IIMKJIaMHU Ha pabOYMX MEcTax B MOMEMICHHIX C
IIyMHBIM 000pyA0oBaHueM, coctanisier 75 nb [12].

3a paboueil MOBEpXHOCTHIO ypoBeHb Ityma oT 9BM nocturaer 30 nb, uto
HaxXOJUTCA B TMpeAesiax HOPMBl. YPOBEHb IIymMa OT BHXPEBON BO3IYyXOIyBKHU

cocraBisieT 53 nb, uTo cooTBeTCTBYEeT HOpMaMm [13].

7.1.3 OcBellIeHHOCTD

Ocgetienre paboyero Mecta — BaXHEHIINI (aKkTop CO3/aHUsT HOPMAJIbHBIX
yciaoBui Tpyaa. OCBELIEHUIO CIEAYeT YIeNaTh 0co00€ BHMMAaHHWE, TaK KaK MpHU
paboTte HauOOoJbIIIEE HATIPSHKEHKE TOTy4YatoT ri1a3a. HepocraTounast oCBEIEHHOCTD
paboyell 30HBI TaKXe€ CYMTAETCS OJHMM M3 (PAKTOPOB, BIUSIOMIMUX Ha
paboTOCIOCOOHOCTh YeoBeKa. JlJisi MPOMBIIIIIEHHBIX MPEANPUATANA ONTUMATbHAs
OCBEILIEHHOCTh TEPPUTOPUU U TOMEIICHUN SBISAETCS BaXHOM M HEMPOCTOM
TEXHUYECKOW  3ajayeid, pelieHue KOTOpoM  oOecreurnBaeT HOpPMasIbHBIC
TUTUEHUYECKHE YCIOBUS JUIsl paboTatomiero nepconana. [IpaBuiabHo mogodpaHHbIe
VCTOYHUKH CBETA U UX MMPOECKTUPOBAHKE CO3AAIOT YCIOBHS JJIsl TPOU3BOACTBEHHOTO
Tpy/Jla, KOPPEKTHOCTHU BBIOJHEHHUSI TEXHOJOTMYECKUX OIepanuui, COOII0IeHUs
MpaBUJI U TEXHUKHU 0€3011aCHOCTH.

OcgellieHue JeMUTCS Ha E€CTECTBEHHOE, MCKYCCTBEHHOE M COBMEIICHHOE.
CoBMernieHHOE codyeTaeT 00a Bua OCBELICHMS.

[IpyunHamMuM  HENOCTATOYHOCTH  E€CTECTBEHHOTO M HMCKYCCTBEHHOTO
OCBEIICHUH SIBIISIOTCS OTAAJIEHHOCTh Pab0Yero Mecta OT UCTOYHUKOB OCBEIICHMUS,
HEJIOCTATOYHAs MOIIHOCTh U HEKAYeCTBEHHOCTh HCTOYHUKOB OCBEIICHUS,
HEMOAXOASIINE TMOorojaHbie (akTopel HWIM BpeMs CcyTok. HemocTtaTouHOCTh
OCBEIICHUS] CHUKACT MPOU3BOJIUTEIBLHOCTh TPY/Ja, YBEIMUYMBAECT YTOMIISIEMOCTh U
KOJIMYECTBO JOIMYCKAEMBIX OIIMOOK, a TaKKEe MOXKET MPUBECTU K TOSIBICHUIO

npodhecCHOHANBLHBIX OoIe3HeH 3penus [ 14].
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HCO6XOI[I/IM8,$I OCBCIICHHOCTh Ha pa6oqu MECTEC OOCTHUIacTCAa 3a CUCT
HCKYCCTBCHHOTO OCBCIICHU JJIOMHMHCCHOCHTHBIMHA JJaMIIaMH. [Tocuuraem

HE00XO0IMMOE KOJMYECTBO CBETHJILHUKOB TIO (popmyIe:
_E-S-Z-K
" F U (7.2)

rie N — KOJIMYECTBO CBETHJIHHUKOB, HEOOXOIUMOE JJIsI YCTAHOBKHA Ha padodeM
MECTe, IIT.;

E — HopmupoBaHHas ocBenieHHOCTh, E = 300 1k;

S — wromans momemnieHus, S = 41,1 M?;

Z — monpaBOYHBIA KO3 UITUEHT CBETHIIbHUKA, Z = 1,2;

K — ko3 duumeHT 3amaca, yYUTHIBAIOIINI CHM)KEHHE OCBEIIEHHOCTH NpPH
skcruryaranuu, K = 1,2;

F — cBeToBOM moTok omHoi Jammsbl, JI/1 40, F = 2130 nk;

U — xoaddunment ucmonszoBanus, U = 0,55;

M — YKCJI0 JIAaMIT B CBETHJILHHUKE, M = 2.

[ToncraBuB 3HaueHus nosydaeM N = 7,58 mt. Ho Tak kak HE0OOXOAUMO 11€510€

4qucCJIO0, TO OKPYIJIMB, IIOJIy4dacM 8 JaMIl, 94TO COOTBCTCTBYCT KOJHYCCTBY JiaMII B

kabunere YmpasieHus nepepadotku yuactka Nel TOO «CIT «Mukaity.

7.1.4 DaexTpo6e30nacHoOCTh

B 3aBucumocTH OT yCJIOBUI B TOMEIIEHUU OMMACHOCTh MOPaXKEHUS YeI0BEKa
AIIEKTPUUECKUM TOKOM yBEJIMUYMBACTCS WM yMeHbInaeTcs. He cnemgyer paborats ¢
OBM B ycClIOBUSIX MOBBIIICHHOW BIAXKHOCTH (OTHOCUTENIbHAS BIAXKHOCTh BO3IyXa
JUTMTENIbHO TIpeBbIaeT 75 %), Bbicokoil TemmepaTypsl (Oonee 35 °C), Hanuuuu
TOKONPOBOJAIIEH  MBUIM,  TOKOMPOBOMSIIMX  TOJOB W  BO3MOXKHOCTHU
OJIHOBPEMEHHOTO TMPUKOCHOBEHUSI K HMEIOIIUM COCIUHEHUE C 3emJei
METaJUTMYECKUM DJIEMEHTaM U METaJUTMUYECKUM KOPITyCOM 3JIEKTPOOOOPYI0BAHUS.
Omneparop paboOTaeT C AIAEKTPONPUOOPAMH: KOMIBIOTEPOM (AMCIICH, CUCTEMHBIM

O6mok u T.n.) u mnepudepuiiHbiMU ycTporicTBamMu. ONacHOCTh MOPaKEHUS
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ANIEKTPUIECKUM TOKOM CYILECTBYET B CIEIYIONMX ciydasx [15]:

— IIPU HEMOCPEACTBEHHOM IPUKOCHOBEHUH K TOKOBEIYILIUM YacTsAM BO
BpEMsI PEMOHTA;

— IpU MPUKOCHOBEHUMU K HETOKOBEIYIIHMM YacCTAM, OKa3aBIIMMCS IOJ
HaIpsHDKEHUEM (B Cllydae HapyIISHHs U30JISILMH TOKOBEIYIINX YacTei);

— Opyd NOPUKOCHOBEHUM C IIOJIOM, CTE€HAMH, OKA3aBIIUMUCS IO
HaIpPsUKEHUEM;

— Opu KOPOTKOM 3aMBIKAaHUM B BBICOKOBOJBTHBIX OJIOKax: OJOKe
NUTaHUs U OJIOKE AUCTIIICHHON Pa3BEPTKHU.

DNEKTPUYECKUNA TOK, MPOXOJS YEpe3 TEJIO YEJIOBEKA, OKa3bIBAET TEILIOBOE,
XUMUYECKOE ¥ OUOJIOrHYECKOE BO3ACICTBUE.

TemnoBoe (TepMuyeckoe) AEMCTBUE MPOSABISAETCS B BUJE OXKOIOB ydacTKa
KOXH, IEperpeBa pa3iuyHbIX OPraHoOB, a TaKXE€ BO3HHUKAIOIIUX B pE3yJbTaTe
neperpeBa pa3pblBOB KPOBEHOCHBIX COCYI0B U HEPBHBIX BOJIOKOH.

XUMHYecKoe (IEKTPOIUTUYECKOE) IEHCTBUE BEAET K IEKTPOJIN3Y KPOBU U
JIPYTUX COJEPKAIIMXCS B OpPraHU3ME YEJIOBEKa pacTBOPOB, UTO MHPUBOJHUT K
U3MEHEHUI0 UX (U3MKO-XMMHYECKMX COCTaBOB, a 3HAYUT, M K HapyLIECHUIO
HOPMAJIbHOTO (DYHKIIMOHUPOBAHUS OpraHu3Ma

Meponpusatus 1no o0ecrneyeHuo 31eKTPo0e30MaCHOCTH ANEKTPOYCTAHOBOK:

— OTKJIFOYEHHE HAIPSHKEHUS ¢ TOKOBEAYLIMX YACTEH, HA KOTOPBIX WIH
BOJIM3U KOTOPBIX OYJET MPOBOJIUTHCA pabdOTa, U MPUHATHE MEP MO 0OECIEUECHUIO
HEBO3MOKHOCTH 01aYU HANPSHKEHUS K MECTY paOOThI;

— BbIBEIIMBAHME IJIAKATOB, YKA3bIBAIOLIX MECTO PabOTHI;

— 3a3eMJICHHE KOPITYCOB BCEX YCTAaHOBOK Yepe3 HYJIEBOM MPOBO/I;

— NOKPBITHE METAUIMYECKUX IMOBEPXHOCTEW MHCTPYMEHTOB HAJICKHOMN
HU30JISI1IMCH;

— HEJOCTYITHOCTh TOKOBEAYIMX YacTeW ammaparypbl (3aKiIO4eHHE B

KOopIryCa JJICKTPOIIOpaAKAOIIUX JJICMCHTOB, 3aKJIIOYCHUC B KOPIIYC TOKOBCAYIIIHX

vacreit) [16].
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[Tomerienre, B KOTOPOM MPOXOJAWIIA PAOOTHI, MOJXOIUT MO ToMeleHus 1

KJj1acca, B KOTOpOM paboune HanpsbkeHus He npebiiiaioT 1000 B [15].

7.1.5 DyieKTPOMATrHUTHBIE MOJIS

OcHOBHBIM BpeaHBIM (AaKTOpPOM TMpH HUcCMoNb30BaHUM OBM  sBisercs
DJIEKTPOMAarHUTHOE  M3JYyYEHHUE OT  COCTABJAIOIIMX  YaCTEd  YCTPOMCTB.
[ToBBIIEHHBIN YPOBEHD 3JEKTPOMATHUTHOTO U3JIyYEHUS MOKET HETAaTUBHO BIIMSIThH
Ha OpPraHU3M 4YEJOBEKa, a4 MMEHHO IIPUBOJHUTH K HEPBHBIM PACCTPOMCTBAM,
HapylICHUIO CHA, 3HAYUTEIbHOMY yXYIIIECHHUIO 3pUTEIBHOM AKTUBHOCTH,
OocnabJeHUI0 HMMYHHOM CHUCTEMBI, pPAacCTPOWCTBAM  CEPAECYHO-COCYIUCTOM
CUCTEMBI.

DIJIEKTPOMATHUTHBIE MOJI KOHTPOJIUPYIOT B clieayromux auanazonax: 50 I'n
(mpombinieHHas yactotra) u ot 30 kl'm mo 300 I'Tu. M3mepenus npoBoaaT Ha
pabounx MecTax MOJIb30BaTENe CTAlMOHAPHBIX M MOPTATUBHBIX NEPCOHAIBHBIX
KOMITBIOTEPOB.  KOHTPOIMPYIOT  ClEAyIOIIHE NapaMmeTpbl:  HANPSKEHHOCTh
AIEKTPUYECKOTO U MAarHUTHOTO TOJISI, HAPSKEHHOCTD JIEKTPOCTATHYECKOTO TOJIS.

Hopwmbl mpenensHo pomyctumbix ypoBHe (IIY) snexrpomarHuTHOrO

U3ITy4YEHHUsI, YCTAHOBJICHHBIC B IOKyMeHTe [12], moka3ansl B Tabnunax 7.2 u 7.3.

Tabmuua 7.2 — IlpenenbHO MOMYCTUMbBIE YPOBHHM AJIEKTPHUUECKHUX M MarHUTHBIX
noJjiel npoMbinuIeHHoM 4acToThl S0 'l

N Hamnpsbxkennocts | Muaykius (HanmpsiKeHHOCTD
Tun Bo3nencTBUS 3IIEKTPAYECKOTO MarHuTHOTO T0JIsA), MK 11
/1
nosist, KB/m (A/m)
B >xunbIx 37aHUAX, TETCKHX,
1 JIOIIKOJIBHBIX, IIKOJIBHBIX, 05 5,0 (4,0)
0011e00pa3oBaTeIbHBIX ’ A
VIPESKICHUSIX
2 B 0011ecTBEHHBIX 3JaHUSIX 0,5 10,0 (8,0)
3 | Ha teppuropuu ®)HuJIoi 3aCTpOKH 1,0 10,0 (8,0)
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Ta6muna 7.3 — [IpenensHo nomyctumbie ypoBHu DMII nuamazona vacrot 30 kl'1-

300 I'T'ip
Jlnama3on 30-300 0,3-3 3-30 30-300 0,3-300 I'T'g
qacTOT k11 MI'1t MI'nl MI'nl
Hopmupyemsiii HanpsikeHHOCTh 3JIEKTPUYECKOTrO MOJI, [1oTHOCTH MOTOKA YHEPTUH,
napameTp E (B/m) TITD (vxBr/em )
[IpenensHO- 25 15 10 3 10
JIOIyCTUMBbIE 25 nnd ciy4aeB 00JIy4eHUS
YPOBHHU OT aHTEHH, pabOTaIOIINX B
peXuMeE KpyroBoro o63opa
WJIM CKaHUPOBAHUS

[lepcoHaJIbHBI KOMIIBIOTEP, HAXOASAIIMICS B KaOWHETE YMpPABICHHUS
nepepabotku ydactka Nel TOO «CII «MHkaii», co3gaeT 3JIEKTPOMAarHUTHOE

n3nydenue yactorord 130 ', uto He KoHTposmpyeTcs [12].

7.1.6 IloxkapHasi U B3pbIBHAsI 0€30MIACHOCTH

B 3aBHCMMOCTH OT XapaKTEPUCTUKH UCTIOJIb3YEMBIX B IPOU3BOJICTBE BEILIECTB
M HX KOJWYECTBA, IO TMOXAPHOM H B3PHIBHOM OMACHOCTH MOMEIICHUS
noapasaenstorcsa Ha kareropun A, b, B, I', /I. Tak kak nmoMelieHue no CTeneHu
MT0YKapPOB3PBIBOONIACHOCTH OTHOCUTCA K Kareropuu B, T.e. kK NOMEIICHUAM C
TBEPJIBIMA  CTOPAIOIIMMHU  BEIIECTBAMHM, HEOOXOJUMO TMPEITyCMOTPETh PNl
npopUIAKTUISCKUX MeporpusTui [17].

Bo3MoxHBIE TPUYMHBI 3aTOPAHUS:

— HEHWCIPAaBHOCTh TOKOBEIYIIMX YACTE€W YCTAHOBOK;

— paboTa ¢ OTKPBITOH JIEKTpoarnmapaTypo;

— KOpPOTKHE 3aMbIKaHUs B OJIOKE MUTAHMUS;

— HeCcoOJIIoICHUE MPABHII TTOKAPHOH 0€30MacCHOCTH;

— HaJIMYKE FOPIOYMX KOMIIOHEHTOB: IOKYMEHTHI, JBEPU, CTOJIbI, U30JIALUS
kabemnel u T.1I.

Mepomnpuatuss 10 TMOXapHOW MPOQPMIAKTUKE TMOAPA3ACISAIOTCS  Ha:

OpTraHU3allMOHHBIC, TCXHUYCCKUC, DKCINTYATAlIMOHHBIC 1 PC)KUMHBIC.
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OpranuzaluoHHbIE ~ MEPONPUATHS  MPEIyCMATPUBAIOT  MPABUIIbHYIO
AKCIUTyaTalio 000pyI0BaHUs, IPABWIBHOE COJICpKAHUE 3[JaHUN U TEPPUTOPUH,
NPOTUBOIOKAPHBIA ~ MHCTPYKTaX  paboyux ©U  CHOyXKalux, oOydeHue
MPOU3BOJICTBEHHOIO TEpCOHaNa IMpaBUjaM MPOTUBOIMOXKAPHON 0e30MacHOCTH,
W3JIaHUE UHCTPYKIUH, MJIaKaTOB, HATMYME MJIaHA SBAKYallUH.

K TexHruueckum MeponpUsITUsIM OTHOCSITCS: COOJIIOICHIE TPOTHUBOIIOKAPHBIX
paBujl, HOPM MPU NPOESKTUPOBAHUU 3AHUM, IPU YCTPOMCTBE IJIEKTPOIPOBOIOB U
000pyI0BaHUsl, OTOIUICHUS, BEHTWISILIMM, OCBEIICHUS, MPaBUIbLHOE pa3MeEIIeHUE
00opy10BaHUS.

K pexxuMHBIM MEPOTIPUSATUSM OTHOCSITCS CIICTYIOIINE: YCTAHOBJICHHE TTPABUII
opraHuzanud  paboT, ©  CcOONIOACHHE  MPOTHUBOMOXKApHBIX  Mmep. g
PEeAYNPEXICHUS BOSHUKHOBEHHUS ITOXKapa OT KOPOTKUX 3aMbIKaHUM, IEPETPY30K U
T. 7. HEOOXOIUMO COOJTIOJICHHE CIICTYIOIINX ITPABUJI MTOYKapHOU Oe3omacHocTH [17]:

— UCKIIOYeHHe  oOpa3oBaHMs ~ Toproded  cpeabl  (repMeTu3anus
000pyI0BaHUs1, KOHTPOJIb BO3IYIIIHOM Cpe/ibl, paboyasi U aBapuitHasi BEHTUJISLINA);

— TpaBUJIbHAsA DKCIUTyaTanus oOOpyJaoBaHUsl (IIPAaBUILHOE BKIIOYCHHE
o0OpyZIOBaHUSI B  CETh  DJJIGKTPUYECKOTO0 THUTAHUS, KOHTPOJIb  Harpena
o0opynoBaHUs);

— TMpPaBWIbHOE  COJAEpXaHUE  3JaHHUM, TeppuTOopuil  (UCKIIIOUECHHE
o0pa30BaHUsI MCTOYHMKA BOCIUIAMEHEHUS — NPEIyNpekIECHUE CAaMOBO3TOpaHUs
BEIIIECTB, OTPAHUYEHUE OTHEBBIX padoT);

— 0o0yueHue MPOU3BOACTBEHHOTO NIEPCOHANA IPaBUIaM MPOTUBOIOKAPHOM
0e301acHOCTH;

— W3JIaHuE UHCTPYKIIHMH, TIaKaTOB, HATHYHKE TJIaHA dBaKyalluH;

— coOmrofieHre TPOTHBOIOKAPHBIX MPaBWJI, HOPM TPH TPOEKTUPOBAHUHU
3MlaHUl, TPU YCTPOMCTBE BJIEKTPONPOBOAOB U OOOPYIIOBaHHUSA, OTOILJICHUS,
BCHTHJISIIUN, OCBEIIICHUS;

— TpaBUWIBHOE pa3MelleHue 000pyA0BaHMUS;
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— CBOEBPEMEHHBIA MNPOPUIAKTUYECKHH OCMOTP, PEMOHT M HCIIbITAaHUE
000opy10BaHUS.

[Ipu BOZHUKHOBEHUH aBapUMHON CUTYyaIlMH HEOOXOIUMO:

—  COOOIIUTH PYKOBOJIUTEIIO;

— TIO3BOHMTH B aBapuitHyto cityx0y win MUC — ten. 112;

— TPUHATH MEPHI B COOTBETCTBHH C [18].

7.2 be30macHOCTb B ABAPUHHBIX U YPe3BbIYAHHBIX CUTYALMSIX

UpesBbluaiiHas (aBapuiiHas) CUTYyalMsl — 3TO 0OCTAHOBKA Ha OINpPEIEIEHHON
TEPPUTOPHH, CIIOKHUBIIASACS B PE3YJIbTATE aBapUH, OIIACHOTO IPUPOIHOIO SIBIECHUSA,
KaTacTpoQbl, paCIpOCTPAHEHHS 3a00JEBaHUs, PEICTABIAIONIETO ONACHOCTh IS
OKPYXaIOIKX, CTUXUWHOTO WM MHOTO O€JCTBHUSA, KOTOPbIE MOTYT IOBJIEYb WJIU
MOBJEKIM 3a COOOl 4YeIOBEYECKHE >KEpPTBbBI, YIIEpO 3I0pOBBIO JIOJAEH WU
OKPY’KAIOIIEN CPee, 3SHAUUTENBHBIE MATEPUAIBHBIE IOTEPU U HAPYLIEHUE YCIOBUI
JKU3HEICATEIBHOCTH JI0/1ei. ECTh J1Ba BUIa YpE3BbIUYANHBIX CUTYaIIH:

- TEXHOT€HHAS;

- MIPUPOIHASL.

K rexnorennsiM YC MOKHO OTHECTH MOXKapbl, B3PIBbI, TUBEPCUH, BEIOPOCHI
anoBuThIX BeniecTB. K mpupoansiM UC OTHOCATCS NPUPOIHBIE KAaTAKIU3MBI.
HaubGosnee BeposiTHOM TexHOTeHHON YC SBISIOTCA MOXKapBhI.

K omacHoCcTSIM HecyacTHOro ciaydasgs OTHOCHUTCS  BHE3AIlHBIA U
HEYIPABIIIEMbIM MCTOYHHMK SHEPrUU: JBUTAKOLIUKCS NPEAMET, HEYyNpPaBIsSEMOE
nBUKeHHE nin sHeprus [20].

PaccMoTpuM BO3MOKHBIE aBapUIHBIE U YpEe3BblYaiiHbIE CUTYallUU B KAOMHETE
VYupasnenus nepepadotku yyactka Nel TOO «CII «Mukait», a UMEHHO:

— NaJIeHUE C BBICOTHI COOCTBEHHOT'O POCTA;

- yAap 3NEKTPUUECKUM TOKOM;
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- BO3HUKHOBEHUE I10Xapa.
MeponpusiTiss 1O NPENOTBPALICHUIO BBINIECYKAa3aHHBIX aBapUMHBIX U
YPE3BBIYAWHBIX CUTyallud W MEPONPHUATHSA 0O JIMKBUJAUMM KX TOCIEICTBUU

IIpeICTaBIICHbI B TabuLe 7.4.
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Tabnmuna 7.4 — ABapuilHble W Ype3BbIYAMHBIC CUTYyalldd, MEPONPUSITHS IO
MPEIOTBPALICHUIO W JIMKBUJALMK TMOCJICICTBAN ABAPUMHBIX W YPE3BbIYAWHBIX

CUTYaLUH.
Mepornpusrus o
ABapuiinbie IIPEIOTBPALICHUIO MeponpusaTus 1o JMKBUIALUN
Ne | (upe3BbluaiiHble) aBapuMHOMN U IIOCJIEICTBUM aBapUITHOM U YPE3BBIYAHON
CHUTYyallu:u YpE3BBIYANHOMN CHUTyalluu
CUTyaluu
1 TpaBmaruzauus | 1. Copepxanue 1. OcmoTtpeTsb W OIIPOCUTH
IIPY NTAJICHUM C | TIOMELICHHUS B | IOCTPaJaBILIEro;
BBICOTBI HaJJIeXKaleM 2. ecn HEOOXOAMMO — BbI3BaThb CKOPYIO
CcOOCTBEHHOI'O MOPSIIIKE. oMo — Teir. 112;
pocra 2. OrpannyeHue 3. OCTaHOBUTb KpPOBOTEYECHME, €CIIH OHO
pabouero UMeeTcs;
IIPOCTPAHCTBA. 4. ecnum ecTb NOJO3PEHHE, UYTO Yy
3. CBoeBpeMEHHOE [IOCTPAABILErO  CJIOMAaH  I[O3BOHOYHHUK
IIPOBEJICHUE (pe3kass 0Ooib B  TMO3BOHOYHUKE IIpU
MHCTPYKTaxXa. MaJiefllleM  JBMXKEHMM),  HEOOXOJUMO
o0ecrneynThb MOCTpa aBLIeMy OJHBIN TOKOH
B IIOJIOKEHUHM JIEXKa Ha CIUHE O OKa3aHWs
KBAJIM(PULIUPOBAHHON MEAULIMHCKOU
MTOMOLIH.
5. TO3BOHUTH HA EAWHBIA HOMEp CIyXO
SKCTPEHHOI'0 pearupoBanus —1en. 112;
2 Ynap 1. 3azemnenue  Bcex | 1. bricTpo 0cBOOOAMTH MOCTpPaJaBIIErO OT
AIIEKTPUYECKUM | BJIEKTPOYCTaHOBOK. JENCTBUS 3JIEKTPUUECKOIO TOKa,
TOKOM 2. OrpanuyeHue 2. BbI3BAaTh CKOPYIO ITOMOIIIb;
pabouero 3. ecny MOCTPaAaBLIMM MOTEPsUl CO3HAHUE,
IIPOCTPAHCTBA. HO JBIXaHHE COXPAHWIOCh, €ro CIEeNyeT
3. Obecnieuenne yA00HO YJI0XKUTb, paccTerHyTh
HEJOCTYITHOCTH CTECHSIIOIIYIO OJEXKIy, CO3/1aTh IPUTOK
TOKOBEIYIIMX 4YacTeH | CBEKETO BO3JyXa M OOECIEUYUTH TOTHBIN
arnmaparypsl. ITOKOM;
4. CBoeBpeMEeHHOE 4. mocTpajaBlIeMy HalO0 JAaTh IIOHIOXaTb
IIPOBEJICHUE HAIIATBIPHBIM  CIMPT, COPBI3HYTH  JIMIIO
MHCTPYKTaXa. BOJIOM, pacTEPETh U COIPETH TEIIO;
5. Tpu OTCYTCTBUM JABIXaHMSI HYKHO
HEMEJIEHHO Jienath HCKYCCTBEHHOE
JBIXaHUE U Maccax cepala.
6. MO3BOHUTH B aBapHiiHy0 cCiyk0y WM
MUC —Ten. 112;
3 [Toxap 1. CBoeBpemeHHOE 1. OOGecrounTh NOMEIICHUE, NPEKPATUTD
IIPOBEJICHUE MOCTYIUIEHHE BO3/yXa;
MHCTPYKTaxXa. 2. HEeMEeUIEHHO CcooOHmMTh O THoXape
VYcTaHOBIIEHHUE | I€KYPHOMY WJIH Ha IIOCT OXPAHBI;
CPEICTB 3. O BO3MOXHOCTH HPHHATH MEPHI IO
ABTOMAaTUYECKOTO ABaKyallMy JIoJed, TYUICHHIO IoXKapa H
MOKapOTYILIEHUs B | CITACEHUIO MaTepUaIbHBIX LIEHHOCTEH.
ITOMEILCHUSAX. 4. TO3BOHMUTH B aBapHilHyl0 Ciyk0y WM
3. YcraHoBKa MUC — ten. 112;
JaTYUKOB  JAbIMAa U
OTHS.
4. ObecnieueHue myTei
ABaKyaIuu "
nojaJep>KaHue HX B
HaJJIexaleM
COCTOSTHUH.
4. KoHtponb paboThI
3ICKTPOIPUOOPOB.
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B nanHoM noppasnesne paccMOTPEHbI TOTEHIIMAIbHbIE aBapUMHBIE CUTYALINH,
KOTOpBIE MOTYT BO3HUKHYTh NpU paboTe B KaOuHETe YIpaBieHUs nepepaboTKu
yuactka Nel TOO «CII «MHkait». PaccMoTpeHsl MeponpHsTHS IO

IPEIOTBPAIICHUIO M JTUKBHIAIIMHU TIOCICACTBUN 3THX CUTyaluii coryacHo [20].

7.3 BLIBO)ILI Mo pasaejay «COIII/Ia.]ILHaH OTBETCTBCHHOCTD»

B pasmene paccMOTpeHBl OpraHM3allOHHBIE BOIPOCHI  OOecTeueHUs
0€301acHOCTH pa0OTHUKOB, BBISIBJICHBI BO3MOXHBIE BPEIHBIE U OMACHBIE (PAKTOPHI
(MukpoxsmMmat [10, 11], mym [12, 13], oceemenue [14], anekTpoOe30macHOCTD
[15, 16], moxapo- u B3pbIBomacHOCTh [17, 18]), Takke MpoBEeICH WX aHAIW3 U
00OCHOBaH PsiJT MEPOIIPUITUNA IO CHUKEHHIO UX BO3JEHCTBHS Ha UCCIIEIOBATEIS.

PaboTa B uTaTHOM pexxrumMe kabuHeTe Y paBieHus nepepadoTku yyactka Nel
TOO «CII «MHukai1» He mpuHeceT Bpe padoTHUKY. [loMelieHne 0THECEHO K Kitaccy
B mo mnoxapoomacuoctn [17], k 1 kareropum MO 3JIEKTPOOE30MACHOCTH
(mo 1000 B) [15].

[Ipoananu3upoBaHbl BO3MOXKHBIE ABAPUMHBIE U YPE3BbIYAWHBIC CUTYaLWH,
OMHCAHbl MEPOIPUATUSA MO HMX NPEIOTBPAIICHUIO M JIMKBUAAIMHU TMOCIEACTBUM.
HauGosee BeposTHON Upe3BbIYAHON CUTyallMEH SIBISETCS BOSHUKHOBEHHE MOXKapa

Ha paboYeM MECTe BCIICJICTBUE BO3TOpPaHUs 000pYI0BaHHUS.
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8 Conclusions

Laboratory experiments were conducted to study the process of leaching ion
exchange resin with alkaline solutions. Alkaline leaching scientific process was
conducted under different conditions for different ion exchange resins. The
following results and conclusions were obtained:

1. Qualified laboratory experiments to determine the efficiency of using the
alkaline leaching of ion exchange resin at the production site of JV Inkai LLP were
tested. According to the research results, the use of alkaline leaching of ion exchange
resin with the processed impurity composition of PR solutions is impractical;

2. High efficiency of leaching silicon and phosphorus from AMP resin with
an alkaline solution with sodium hydroxide content equal to 1% was confirmed. The
leaching efficiency of the above substances is 12-14 times higher than that of water
leaching under the same conditions;

3. The mechanism of sorption and accumulation on the resin of uranium
phosphate having a higher selectivity to the resin compared to uranium sulfate has
been determined. Proceeding of uranium phosphate to ion exchange resin phase is
observed during the fortification process. Accumulation of uranium phosphate on
resin leads to deposition over time with reduced acidity of solutions;

4. The condition of ion exchange resins of nearby deposits in sectional of
silicon compounds on resin was reviewed. Alkaline solution silicon leaching data
transferred to interested mining corporates.

Thus, the findings of the research can be used in corporates engaged in the

production and processing of natural uranium using drillhole ISL method.
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