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PLASMACHEMICAL PLANT FOR NPP
DRAIN WATER TREATMENT

Introduction. As a result of the operation of nuclear power plants, liquid radioactive waste (LRW) is formed, which consist
mainly of drain water. Technologies and technical means of drain water treatment have a number of disadvantages that
make the treatment long and expensive.

Problem Statement. One of the most promising advanced methods of LRW treatment is the plasma chemical method
that has not been used in domestic practice. An experimental study of plasma chemical method for the treatment of
radioactive waste from nuclear power plants has been performed for ensuring safe and efficient treatment of liquid
radioactive waste in order to make it suitable for temporary storage.

Purpose. Development of modern domestic equipment for concentrating and removing the radioactive elements from
solutions of complex salt composition.

Materials and Methods. When creating a plasma chemical plant, methods for mathematical and computer modeling,
full-scale prototyping, and machine design have been used. Special solutions containing Cs*, Sr?*, Co?*, Cu?*, and Mn?*ions,
as well as solutions with organic components, have been prepared to study the technical characteristics of the developed
plasma chemical plant and its features.

Results. An experimental electric discharge plant for using the plasma chemical technologies for the treatment of li-
quid radioactive waste, in particular, drain water, has been created and studied; its characteristics have been determined.

Conclusions. The developed prototype plant enables to carry out integrated treatment of LRW and to significantly reduce
its volume. Due to one-stage process, the plasma-chemical method is effective in solving the problems of LRW utilization.

Keywords: nuclear power, radioactive waste, drain water, environmental safety, and plasma chemical method.

Radioactive waste (RAW) is a product of nor-
mal operation of nuclear power plants (NPPs).
They are constantly accumulated, which is one of
the serious problems both in the field of NPP
safety and in the industrial ecology as a whole. In
the structure of RAW, a special place is occupied
by liquid radioactive waste (LRW).
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In view of the fact that RAW poses a serious
danger to the environment and humans, the re-
moval and processing of LRW, in particular drain
waters, is an important task today.

Now, there are the following methods of LRW
utilization: evaporation, ion exchange, ultrafil-
tration, cementation, bitumen embedding (bitu-
minization), vitrification, deposition, sorption
and membrane methods. The choice of one or an-
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other method depends on LRW chemical and ra-

dionuclide composition and is determined by the

state of radionuclides in the solution.

One of the main methods for reducing the
LRW amount is evaporation that enables to
downsize it 20—100 times. The formed concen-
trates have complex radionuclide and chemical
composition, they contain a significant amount of
suspensions, petroleum products, colloids, sur-
factants, and complexing agents. However, this
method has significant disadvantages which re-
sults in the need to develop new cost-effective
and environmentally sound technologies for con-
centrating RAW.

Radionuclides can also be removed from solu-
tions by physical and chemical methods based on
sorption, deposition, and membrane processes.

The use of sorption methods leads to an in-
crease in secondary RAW. In addition, they re-
quire selective inorganic sorbents that bind spe-
cific radionuclides from complex salt solutions.

The deposition method is used as universal
means for removing radionuclides both in ionic
and in colloid states. The main disadvantage of
the method is a poor degree of solution purifica-
tion and formation of large amount of secondary
waste, which is explained by the lack of methods
for selective radionuclide deposition.

The membrane methods are widely used for
water treatment, desalination of seawater, in food
industry. Their use for RAW treatment has not
gone beyond pilot trials.

In general, the disadvantages of existing tech-
nologies for converting LRW into nonradioac-
tive waste by concentrating radioactive isotopes
in lesser volume and in condition suitable for fur-
ther long-term storage are as follows:

+ ignoring the dispersed state of radionuclides in
LRW;

+ presence of organic and complexing agents in
the solution;

+ the need to concentrate the withdrawn compo-
nents with the associated formation of an ad-
ditional amount of secondary radioactive waste
from sorbents, membranes, ion-exchange res-
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ins, etc., which are used in the technological

process;

+ the formation of a significant amount of sec-
ondary RAW,

+ the need for using systems for pretreatment of
radionuclide solutions;

+ the formation of highly soluble and highly ac-
tive still bottoms requiring special utilization
methods.

Therefore, in order to increase the efficiency of
purification of LRWs of nuclear fuel cycle facili-
ties (NFCs) and environmental safety as a whole,
it is necessary to use state-of-the-art equipment
that eliminates the abovementioned disadvan-
tages. Such equipment should provide a signifi-
cant reduction in electricity consumption for the
LRW treatment process, be compact, raise the
degree of purification of solutions, and downsize
the amount of waste that needs to be buried.

To fulfill the assigned task, the Department of
Nuclear and Physical Technologies of the Insti-
tute of Environmental Geochemistry of the NAS
of Ukraine (IEG NAS of Ukraine) has developed
and tested a modern electrodischarge laboratory
plant for LRW purification at NFC facilities.

THE CHARACTERISTICS OF DRAIN WATERS

Fig. 1 shows sources of drain water formation [1].

Drain water contains a significant number of
background metals (sodium, potassium, calcium,
aluminum); the majority of solutions are nitra-
tes (with a concentration of nitric acid ranging
from 2 to 6 mol/1), but there are also alkaline so-
lutions. Typical concentrations of macrocompo-
nents of solutions are quite high and varies from
10 to 150 mg/1.

Depending on the origin of drain waters, they
may contain the following components (g/1):

* dissolved salts: 0.1—40.0;

* dissolved organic matter: 0.1—5.0;

* micro-suspensions and colloids: 0.01—0.1;

¢ petroleum products: 0.0—1.0.

The concentration of organic compounds
(spent lubricants, solvents, etc.) in drain water
can range within 0.4—0.6 g/dm? and chemical oxy-



Zabulonov, Yu., Burtnyak, V., Odukalets, L., Alekseeva, E., and Petrov, S.

Accidental . . Washroom .
Cooling Decontami- ) . Operational
leakage of the . and active Laboratory Reclaimed .
: pond nation cleaning of
1*t loop laundry wastewater water T
. leakage wastewater facilities
equipment wastewater

\ 4

Y

Drain water

Fig. 1. Sources of drain waters

gen demand (COD) is 2000—3500 mg O,/dm?.
For the further LRW treatment it is necessary
to reduce the content of organic substances to
COD <200 mg O,/dm? [2].

The specific feature of drain water is that, in
addition to radionuclides, it contains a signifi-
cant number of stable isotope ions, the amount
of which substantially exceeds the content of
radionuclides.

In addition to radionuclides in the ionic form,
in drain water, there is a significant amount of
radionuclides in colloidal or pseudo-colloidal

form. Phase composition of drain water is shown
in Table 1.

The pollutants to be removed contain both al-
kaline, earth, and multivalent metals (Co, Mn,
Cu, etc.), as well as surfactants, phosphates, and
complexing agents.

In order to achieve the maximum concentra-
tion of radionuclides while treating LRW, it is
desirable to minimize or to completely exclude
the introduction of additional chemical reagents
into LRW, as well as to remove the maximum
amount of non-radioactive ballast components.

Table 1

Phase Composition of Drain Water

Form of radioelement
Isotope
Tonic Colloidal Pseudo-colloidal
9Sr | Almost at all pH: Sr** — At pH > 8.5, forms negatively char-
ged pseudo-colloids
MY | Can exist at pH of up to | At pH = 4.5—9.0; At pH = 7.0, colloid particles | At pH > 8.0, pseudo-colloids start to
9.0 of yttrium hydroxide and oxide Y(OH),, Y,O, | be formed
¥Cs | Atall pH: Cs* — At pH > 7.2, pseudo-colloids are
formed on impurities in the solution
"Ba | At pH = 4.0—5.0 can | Colloid aggregates BaSO, are formed —
exist as Ba*
"Ta | Up to pH = 6.0-7.0, in | At pH > 9.0, real colloids of lanthanum hydro- —
ionic dispersive La*" xide La(OH),, La,O, started to be formed
Ce | At pH<2.5 can exist as | At pH > 2.5 Ce (IV) as real colloids —
Ce* At pH > 6.0 main forms are hydrolysis products
106Ru — At pH = 4.5—7.0, Ru (IV) in the colloid form —
At pH = 5.5—8.0, Ru (IIT) in the colloid form
%Zr | At pH = 0-1.6, Zr*"; At | pH 4,0—12,0— ZrO(OH)*- —
pH>11.0-12.0, zircona-
tes started to be formed
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To destroy organic waste contained in drain
waters, the technology for plasma-chemical reac-
tions in liquid has been considered [3].

In the course of research, the method and labo-
ratory complex for modified plasma-chemical
treatment of such wastes have been substantiated
and developed.

PLASMA-CHEMICAL METHOD
OF DRAIN WATER PURIFICATION

The low-temperature plasma electrolysis met-
hod is unique due to the fact that it affects the
liquid by means of electrical and photochemical
effects, as well as electrochemical reactions oc-
curring on the electrode immersed in liquid. In
the solution there simultaneously occur photo-
lysis, electrolysis, and chemical reactions of ac-
tive radicals with the components of the solution.
The products of these reactions can interact with
each other.

Under the influence of electrical discharge in
the solution, water molecules fall into OH radi-
cals (oxidizing agents) and H atoms (reducing
agents): H,O — OH + H. In accordance with the
law of conservation of charge, the number of oxi-
dizing elements is equal to the number of reduc-
ing ones. Electric discharge in the gas phase (air)
creates a significant concentration of ozone. Hy-
drogen atoms interact with ozone with the for-
mation of OH radicals (H + O, — OH + O,).
Therefore, in the presence of air, in the discharge,
only oxidizing elements are formed.

The technology for plasma-chemical treatment
of water and liquid industrial wastewater belongs
to the so-called destructive methods based on
chemical changes in the structure and composi-
tion of molecules of impurities. Interaction of ac-
tive plasma particles with chemical compounds
or microorganisms leads to their destruction.
Moreover, the most effective transformation is
the oxidation of substances.

High-voltage discharge (10—70 kV) in water
generates a shock wave and causes an electro-
hydraulic effect (104—105 kg/cm?) and elastic
fluctuations of the medium (~ 100 Hz). The dis-
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charge has a powerful integrated effect on the
fluid and intensifies the processes in it.

In general, the plasma discharge in the drain
water is characterized by the following compo-
nents, which together contribute to water purifi-
cation: the thermal component — temperature of
plasma reaches 5000 °C (narrow zone of the gas-
liquid section); temperature of the treated liquid
with organic matter reaches 44 °C; acoustic com-
ponent — shock wave; electromagnetic compo-
nent; ultraviolet radiation; ozonization; and chlo-
rination.

The complex of factors influencing the drain
water treatment by plasma discharges leads to
the destruction of surfactants and activation of
sorbents, which contributes to the effective re-
moval of radionuclides.

Basic components and features of the plant

The pilot plasma-chemical plant consists of the
following elements: liquid purification reactor;
electronic unit; high-voltage unit; liquid supply
and filtration system; system for liquid purifica-
tion from coarse impurities; hydrodynamic cavi-
tator; and control panel.

The plant is based on a flow reactor that is a
vertical cylinder with a multipin cathode in the
form of a rotating brush and an anode located at
the bottom of this cylinder. The liquid is fed to
the reactor through the system of supply and pu-
rification from coarse impurities. Schematically,
the reactor structure is shown in Fig. 2.

The developed plasma reactor can be classified
as a bubble discharge reactor, where the electrical
discharge is generated directly in the aqueous
medium by adding air bubbles from outside [4].
This technology for obtaining plasma is based on
fluid bubbling, i.e. pumping gas from the bottom
upward through the anode nozzle, which is locat-
ed under the grounded electrode, as shown in Fig.
2. The nozzle electrode is placed inside the dielec-
tric tube to avoid any release of energy into the
water.

By generating plasma in the form of bubbles,
the total surface area of plasma-liquid interface



Zabulonov, Yu., Burtnyak, V., Odukalets, L., Alekseeva, E., and Petrov, S.

Spritz, V
Fig. 2. Scheme of the plant
reactor: bubbles ascend to-
wards the high-voltage mul-
gas tipin electrode

increases. It is expected that an increase in the
surface area leads to raising effectiveness of the
destruction of organic matter.

Bubbling has also one more advantage — it cre-
ates conditions for stirring the solution. In addi-
tion, initiation of discharge in the gaseous phase
minimizes the electrode erosion, which results in
extended life of the plant. Gas bubbles passing
through the area of discharge greatly increase the
density of radicals in plasma. The air in the plant
is bubbled from a grounded electrode in the di-
rection of high-voltage multipin electrodes.

The plasma generator uses a specific type of
discharge, which is most effective for reducing
high concentrations of pollutants. Its main prop-
erty is to prevent excessive heating of plasma gas
and fluid that is purified.

The reactor is based on a rotating electrode
design with a rotation speed of up to 1000 rpm.
The air is pumped through a stationary electrode
and sprayed with the formation of bubble fog be-
tween the electrodes. The rotating electrode dis-
tributes erosion evenly on a stationary electrode
thereby preventing point corrosion and undesir-
able variation of the distance between the elect-
rodes. In addition, it partially removes the mass
transfer limitation that is typical for the pin-to-
plate type reactors, as well as reduces voltage loss
between the contact electrodes and the station-
ary electrode. The energy efficiency of decompo-
sition increases as speed of rotation increases.
This system is more energy-efficient than the
crown-based technologies, but still needs further
optimization.

The main technical characteristics of the in-
stallation are: discharge current is 10 A; energy
consumption is 3—5 kW per 1 m? liquid; air con-
sumption per 1 m? of purified liquid is 3 m?; time
of continuous operation is 8 hours; operating
modes (frequency of electric discharge impulses)
range within 1—100 Hz; consumables (sorbents)
reach, at most, 1% of the liquid volume; weight is
at most, 60 kg.

Pilot plant and the results of its operation

A solution containing Cs*, Sr?*, Co*", Cu*", and
Mn?"ions was prepared to simulate drain water.
For this purpose, nitric acid salts of the corre-
sponding metals were used. The solution was pre-
pared by adding calculated amount of each indi-
vidual salt to a small amount of water until the
salt is completely dissolved. The approximate
concentration of the initial solution was about
100 mg/1 of the corresponding ion.

For the experiment, the working solution was
made by diluting the initial solution in ratio 1:10.
The ion concentration was measured by the ato-
mic absorption method, using a spectrometer. The
following results have been obtained: Cs (6.2 mg/1);
Sr (6.6 mg/1); Co (7.3 mg/1); Mn (10 mg/1); and
Cu 10 (mg/1).

As the working solution is treated with plasma,
a suspension of particles that eventually floccu-
late is formed. The precipitate is not uniform,
which indicates the presence of particles of dif-
ferent sizes in the suspension. The most inten-
sively the precipitate is formed during the first
minutes after the treatment. At the same time, as
the number of impulses increases, so does the pre-
cipitate volume. According to the results of visu-
al observations, the precipitation of particles in
standing water is completed in 1—2 days after the
treatment.

Complex organic compounds decompose with
the formation of organic acids, which results in
a decrease in pH of the solution. In addition,
there is formed carbon dioxide that having dis-
solved in water leads to a decrease in pH as well.
As pH of the solution decreases, the rate of ma-
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ny reactions slows down, and oxidation is in-
hibited.

Using steel electrodes enables the following
processes when electric discharge passes through
liquid:

2Fe + 0, M8 9FeO |

2FeO(OH) M Fe, 0, + H,O.

This means, a small amount of Fe appears in
the solution. After the treatment with discharges
having the following parameters: U = 20 kV, num-
ber of pulses = 100, iron concentration reaches
0.55 mg/l, while before the treatment it was
0.48 mg/I.

Changes in the solution properties in the plant
has been observed when graphite electrodes are
used. It can be assumed that in the case of the
treatment of solution with plasma the reaction
occurs according to the following scheme:

2H,0 + 2¢— H,1 + 20H .

To check the effect of electric pulse discharge
on complex solutions with organic components, a
series of experiments on their purification has
been carried out. Fig. 3 shows a general view of
prototype plant; Fig. 4 features the experiment
results. Table 2 presents the summarized results
of the experiment.

Table 3 shows changes in the solution parame-
ters after purification.

In order to increase the degree of purification
of complex isotope composition solutions, all-
purpose sorbents (montmorillonites, zeolites, and

Table 2

Effectiveness of TDA* and DNT* Degradation
After Their Treatment in the Prototype Plant

COD* of COD of the COD of the
Solution the initial | solution treated | solution treated
solution, with plasma, with plasma,
mg/| unfiltered, mg/1 | filtered, mg/1
with TDA 7875 150 90
with DNT 5480 350 240

*TDA — toluylenediamine, DNT — dinitrotoluene, COD —
chemical oxygen demand
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Fig. 3. General view of the prototype plant

a b c

Fig. 4. Plasma effect on the experiment solutions with or-

ganic components: a — initial solution; b — solution treated

with plasma, unfiltered; ¢ — solution treated with plasma,
filtered

nanocomposite compounds SiO,, Fe,O,) were
used. During the solution treatment with plas-
ma, the sorbent is destroyed, and nanoparticles
(nanosorbents) characterized by a high surface
area (ratio of surface area to volume) and activi-
ty (the specific sorption surface is 2700 m? per 1 g
substance) are formed.

Despite the fact that the sorbents reduce the
content of metal ions and organic compounds,
the use of plasma is justified as it is an all-purpose
destructor of any organic compound and initia-
tes a chemical reaction that results in more effec-
tive removal (sorption) of organic compounds
from contaminated liquids.



Zabulonov, Yu., Burtnyak, V., Odukalets, L., Alekseeva, E., and Petrov, S.

Table 3
Experimental Solution Properties after Purification
pH Salt content, COD, Organic decomposition, Purification
Element mg/1 mg/1 mg/| coefficient
based on salt
before after before after before after before after content, %
Cs 12 6 16.0 0.2 7656 70 8500 170 98.8
Sr 9 6 4.9 0.1 5673 80 7100 210 98.0
Co 14 8 11.3 0.2 7640 90 4300 150 99.9
Cu 11 7 29.2 0.5 8578 80 5900 190 98.3
Fe 12 7 44.8 0.8 8230 70 6300 70 99.98
Mn 11 8 32.4 0.6 8690 90 8100 140 98.2

Having carried out experimental studies of the
effect of the plant on the destruction of surfac-
tants in aqueous solutions having a complex
chemical composition, the authors can suggest
that under the action of a pulsed electric dis-
charge the decomposition of surfactants reaches,
at least, 98 %. As a decomposition product, CO,
has been detected. Its yield amounts to, at least,
60 % of the total carbon content. In the case of
surfactant destruction, due to the formation of
less toxic products, as compared with the initial
products, there is no secondary environment pol-
lution.

CONCLUSIONS

11. Radioactive waste management is the key
problem of nuclear energy in terms of environ-
ment safety. Therefore, treatment, concentration,
LRW storage, and final disposal of radioactive
waste are currently a matter of urgency.

2. Based on the innovative approach, a proto-
type plant has been developed and tested, which
enables deep treatment of liquid radioactive
wastes and significant reduction in the existing
LRW.

3. Electric pulse method is a complex one-stage
process for solving problems of industrial liquid
waste utilization. The method combines several
physical phenomena that arise as a result of elec-
trical pulse discharges and enables purifying
drain waters with various compositions and con-
centrations of radionuclides in the presence of
surfactants and organic pollutants.

4. Features and benefits of the designed plant
are as follows:

+ Oxidation groups are generated directly in the
liquid treatment zone. The combination of aer-
ation, generation of oxidants and liquid treat-
ment in one reactor increases the effectiveness
of drain water treatment and reduces the cost
of both the plant and the purification process.

+ Under the action of electric discharge, nano-
particles with high sorption properties are for-
med as a result of destruction of sorbents.

+ The modular structure of the equipment en-
ables to assemble plants having a required pro-
ductivity, and, if necessary, to place them on
the existing sites.

+ The possibility of using standard components
both domestic and foreign made.
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IIJTASMOXIMIYHA YCTAHOBKA OUYMHIIEHHSA TPAITHUX BOJ AEC

Beryn. B pesyabrati po60TH aTOMHUX €JIEKTPOCTAHIIN YTBOPIOIOThC pifiki pagioaktusi Biaxoau (PPB), B cTpyk-
TYpi AKUX 3HAUHE Miclie 3aliMaloTh TpalHi BoAu. TeXHoIorii Ta TeXHiYHi 3ac06M OYMIIEHH TPAITHUX BOJ MAIOTh HU3KY HE/I0-
JIKIB, sIKi POGJISITD MIPOLIEC OYUCTKU JOBTOTPUBAJIUM 1 3aTPATHUM.

IIpoGaemartuka. OnHuUM 3 HAUGIIBII IEPCIIEKTUBHUX Cy4acHUX criocobiB ouninertst PPB € miasmoxiMiunmii MeTo,
KU y BITYM3HAHIN mpakTulli nosojskenns 3 PPB ne Bukopucrtosyerbes. BukonaHo ekcriepuMeHTalbHe JOCI/PKeHHs 3a-
CTOCYBaHHS IJIA3MOXIMIYHUX METOJIIB B MIPOIIEC] MOBOKeHH st 3 pagioakTuBHuMu Bigxogamu AEC st Gesieunol ta edek-
TrBHOI 06po6Kku PPB 110 cTany, IpUAaTHOrO JIst TUMYACOBOTO 30epiraHHs.

Merta. Po3po6ka cydacHoro BiTYM3HAHOrO 00Ja{HAHHS AT KOHIIEHTPYBAHHS | BUIYYEHHA PaJiOaKTUBHUX €JIEMEHTIB
i3 PO3UMHIB KOMILJIEKCHOTO COJIbOBOTO CKJIATY.

Marepiamu it metoau. [Ipu cTBOpeni NI1a3MOXIMIYHOT YCTAHOBKY BUKOPUCTAHO METO/IM MATEMATUIHOTO 1 KOMIT'I0Tep-
HOTO MOJIEJTIOBAHHS, HATYPHOTO MAKeTYBaHHS, MAIMHHOTO TIPOEKTYBAHHA. {1 IOCHIPKEHHS TEXHIYHUX XapaKTEePUCTUK
PO3pO6IIEHOI MTa3MOXIMIUHOI YCTAaHOBKH, ii 0COOJMBOCTEI BUTOTOBJIEHO CIIEI[iaNbHi po3urhu, o mictuin ionn Cs*, Sr?',
Co?*, Cu?*, Mn?', a TakO:K PO3YMHHM 3 OPTaHIYHUMU KOMITOHEHTAMU.

Pesyabsratin. CTBOpEHO Ta JOCTIKEHO EKCIIEPUMEHTAJIbHY €JIEKTPOPO3PS/IHY YCTAHOBKY 3 BUKOPUCTAHHAM I171a3MO-
XIMIYHUX TeXHOJIOTI /17151 ountiienHs PP B, 3okpema, TpaniHux Bojl, Ta BU3HAYEHO 11 XapaKTePUCTUKU.

BucHoBku. Po3zpobiiena excriepuMenTaibHa yCTaHOBKA [03BOJISIE MPOBOAUTU IMboKy 1epepodky PPB Ta icrorho
3MEHIIYBaTu iX 06’eMu. 3aBASKK OHO CTAAIIHOCTI IIPOIIECy MIA3MOXIMIYHUN MeTOL € eDEKTUBHUM IIPY BUPIllIEHHS! IPO6-
siem ytumizaiii PPB.

Knwouoei croea: atomHa eHepreTrka, pafioakTHBHI BiIXOIH, TPAITHI BOM, €KOJIOTIYHA He311eKa, MIasMOXiMiYHII METO/I.
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IIIASMOXUMHYECKAA YCTAHOBKA OYMCTKU TPAITHBIX BO/I A9C

Beenenne. B pesysbrate paboThl aTOMHBIX 9JIEKTPOCTAHIIMN 06pas3ytoTes skuaKne paaroaktushbie orxoabl (GKPO), B
CTPYKTYPE KOTOPBIX 3HAUNTETBHOE MECTO 3AHUMAIOT TPAITHbIE BOJIU. TEXHOJIOTHH U TEXHUUYECKUE CPEJICTBA OUMCTKU TPAITHBIX
BOJI UMEIOT PsIJl HEIOCTATKOB, KOTOPbIE JIEJIAIOT IPOIECC OYMCTKY JJIUTETBHBIM U 3aTPATHBIM.
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IIpoGaemaTuka. OxHuM U3 Harbosiee MEePCIEKTUBHBIX COBPEMEHHbIX crioco0oB ounctku JKPO gBasiercs nmasmo-
XUMHUYECKUN METOJI, KOTOPbIN B OTeuecTBeHHON npakTuke obpaienust ¢ JKPO He ucnosbsyercs. BbiiosHeHo sKciepu-
MEHTaJIbHOE MCCJIeI0BaHIe IPUMEHEHNUS MIIa3MOXMMUYECKUX METOJ0B B Ipoliecce oOpalleHus ¢ PaMOaKTUBHBIMU OTXO-
namu ADC g obecrieuenns 6esonacuoit u addexrusnoi o6paboTrn JKPO 10 cocTosSHUA, TPUTOLHOTO /1T BPEMEHHOTO
XpaHeHUsI.

Ilesnb. PazpaboTka COBPEMEHHOTO OTEYECTBEHHOTO 000PYA0BAHMS JJIsi KOHIIEHTPUPOBAHUS U U3BJEUEHUST PALUOAK-
THUBHBIX 9JIEMEHTOB U PACTBOPOB KOMILIIEKCHOTO COJIEBOTO COCTABA.

Marepuassi ¥ Meroabl. [Ip1 co3aniy Ia3MOXUMUYECKOH YCTAHOBKH MCIOJB30BAJINCH METO/IBI MATEMATHYECKOTO 1
KOMITBIOTEPHOTO MOJIEJIMPOBAHNSI, HATYPHOTO MAKeTUPOBAHMS, MAITMHHOTO MPOEKTUpoBanust. [l ucciaeioBanust TeXHu-
YECKMX XapaKTePUCTUK Pa3pabOTaHHOI M1a3MOXMMUYECKOIN YCTAaHOBKH, ee 0COOEHHOCTEIT ObLIN U3rOTOBJIEHbI CIIEIMAIbHbIE
pactBopbl, copepskariue noubl Cs*, Sr**, Co?*, Cu?*, Mn?*, a TakKe pacTBOPbI ¢ OPraHUUECKUMI KOMITOHEHTaAMH.

Pesyabratei. Co3jiaHa 1 nccieloBaHa dKCIIEPUMEHTAIbHAS JIEKTPOPA3PsI/IHAST YCTAHOBKA 10 UCIOJIb30BAHUIO T1J1a3-
MOXMUMMYECKHUX TeXHOJI0ruii i7ist ouncTkr ;KPO, B yacTHOCTH, TPAITHBIX BOJI, U OTIPE/IEJIEHBI €€ XapaKTePUCTUKH.

BeiBoabl. PazpaGoratHast 9KCIiepUMeHTa/IbHAsI YCTAaHOBKA O3BOJISIET IPOBOAMTH IyboKy1o nepepaborky JKPO u cy-
[IECTBEHHO YMEHIIaTh X 00beMbl. Biiarogapsi OHOCTaAUIHOCTH MpoIecca MIasMOXUMUYECKUIT MeTo/ dPEeKTUBEH TPU
pertrernn mpobteM yrusmsaiun KPO.

Knwueevie crosa: atoMHass 9HEPreTHKa, PAJMOAKTUBHBIC OTXOIbI, TPAIHBIC BOJDI, 9KOJOTHYECKas GE30MacHOCTD,
IIa3MOXUMUYECKUI METO/I.
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