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Abstract. The research results were generalized regarding the possibility of uranium sorption from radioactive waste
accumulated at Production Association “Pridneprovsky Chemical Plant” (PA PCP). The conceptual possibility was illus-
trated for sorption leaching of uranium from pulps produced by acidic leaching of radioactive waste dumped at Zapadnoye
(Western) tailing impoundment using AMP anionite contained benzyl pyridinium functional groups (manufactured by Smoly
State Enterprise). Uranium recovery was 70 % to 80 % during waste acidic leaching with the mixture of 15 % sulphuric
and 1.5 % nitric acids. Application of sorption leaching allowed the recovery increase up to 15 %. Uranium recovery was
assessed from upper ground and underground water of Centralny Yar tailing site using AM-p-2 strong base macroporous
anionite (produced by Smoly SP) based on styrene-divinyl benzene copolymer with 2-hydroxyethyl-dimethylammonium
functional groups. This tailing impoundment features acidic reaction of radioactive water since the pulp was almost not
neutralized after ore processing. It poses an environmental hazard due to active uranium leaching from the tailing im-
poundment body and its ability to migrate into groundwater. It was found that the distribution factor may attain ~2 000 for
uranium concentration 7 mg/l in interstitial water and 4 mg/l in underground water. Assessment results were given regard-
ing uranium recovery from radioactively contaminated water accumulated in the basement of building No. 103 using phos-
phate cationite based on modified plant material. The building is extremely contaminated and of top-priority for treatment
and further dismantling. Sorbent capacity by uranium achieved in static mode was ~20 mg/g with distribution factor ~4 800.
The results obtained may be proposed as the reasoning for the method and technology intended to decontaminate polluted
water before it would be pumped from underground rooms of building No. 103. The research performed has shown that
application of sorption materials is the most expedient and promising method for selective uranium recovery when solving
the problems of tailing site remediation and handling radioactive waste of the former Pridneprovsky Chemical Plant.

Keywords: Pridneprovsky Chemical Plant, uranium ore processing tailing sites, sorption, cationite, anionite

Production Union Pridneprovsky Chemical Plant (PU PChP) was among the first
industrial facilities in the former Soviet Union engaged in processing various uranium
ores and concentrates. For many years, it was the basic factory where new hydromet-
allurgical technologies were implemented for selective uranium recovery. During the
factory operating period (1948-1991), nine radioactive tailing impoundments were
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formed; Figure 1 illustrates their location in the city of Kamianske and the region [1-
3].

Figure 1 — Location of radioactive waste tailing impoundments within Kamianske (Dnieprodzer-
zhinsk) city and the region: (a) Dneprovskoye and Konoplianka river, (b) Sukhachevskoye, 1 — Za-
padnoye, 2 — Centralny Yar, 3 — Yugo-Vostochnoye, 4 — Dneprovskoye, 5 — Lanthanum Fraction, 6

— Blast Furnace No. 6, 7 — Baza S, 8, 9 — Sukhachevskoye, 1*t and 2™ sections, 10 — tailing im-
poundment in Lazo street

The tailing impoundment located on Lazo street was formed after processing radi-
oactive nitrogen-containing solutions, which were formed at PU PChP, into liquid fer-
tilizers at Dneprodzerzhink Production Union Azot.

Since 1999, experts of the laboratory New Technologies for Processing Raw Ma-
terials and Industrial Waste in cooperation with Sorbent Scientific-Pedagogic Centre
at Dniprovsk State Technical University (DSTU), have been paying special attention
to the issue of radioactive waste handling formed at former PU PChP. These activities
include assessment of the possibility to process waste with uranium recovery and bring-
ing them into an environmentally safe condition.

In 2000-2002, a contract was fulfilled with ComPro Inc. (USA) on the comprehen-
sive study of Zapadnoye, Dneprovskoye, and Sukhachevskoye radioactive tailing im-
poundments [1] in cooperation with Tsvetnye Metaly Research-Technical Centre and
SE Ukr R&D Institute for IndTech.

Experts of the laboratory took part in the implementation of project 1160 The In-
vestigation of Level of Environmental Radioactive Contamination in the Sites of Pro-
duction of the Uranium Concentrate and Elaboration of Recommendations on Affected
Territories Rehabilitation (2201 to 2003) funded by Science and Technology Centre in
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Ukraine intergovernmental entity. Partially, the results obtained were used when pre-
paring the conclusions of the IAEA experts, who worked within the UNDP-IAEA pro-
ject aiming to study the condition and impact of uranium mining and processing facil-
ities in Ukraine on water bodies in the Dnieper basin. The technical report and conclu-
sions made by IAEA experts [4] were presented to the Government of Ukraine.

Results were presented [5] on evaluation of the content of natural and man-induced
radionuclides 23U, °Th, ??%Ra, 2!°Pb, 2**Th, “°K and '*’Cs, gamma-radiation exposure
dose rate on the surface of Baza S former uranium ore storage and Sukhachevskoye
impoundment (section 2) and comparing results for soil radioactive contamination with
physiological parameters of test plant development. The content of movable forms of
I-III hazard class elements As; Cd; Pb; Se; Zn; B; Co; Cr; Cu; Ni; Sb; Al; Ba; Mn; Sr;
V and accompanying elements Fe, K, Mg, Na, P, Be was assessed [6] in the soil of
Baza S uranium ore storage and Sukhachevskoye tailing impoundment. A correlative
relationship was found between the concentration of Na, Cd, Be, Ni, B, Co, V, Sr, Zn,
Cu movable forms and specific activity of 2**U isotope [7].

The maps for time series of the spatial distribution of soil contamination fractions
around Sukhachevskoye tailing impoundment are presented [8]. The maps were ob-
tained based on remotely measured hyperspectral satellite images and ground meas-
urements of soil contamination.

Sorption materials are widely used for selective uranium recovery due to their com-
plete insolubility in an aqueous phase, low rate of physical destruction, high sorption
and kinetic properties and osmotic stability. For this purpose, organic and inorganic
cation and anion exchangers are used as well as materials combining the properties of
a selective liquid extractant and a sorbent — solvent impregnated resins and Levextrel-
type resins known as Solid Extractants (TVEX) in FSU countries [9]. This paper sum-
marizes research data on the possibility of uranium sorption from radioactive waste of
the former PU PChP obtained by the laboratory team.

In cooperation with Radioecological Monitoring Centre (RMC) and DSTU, the data
on physical and chemical properties, radionuclide composition of radioactive waste in
Zapadnoye tailing impoundment (Figure 2) obtained in 2000 [1] and 2009 [10] were
generalized and processed.

Zapadnoye tailing impoundment was in operation during the initial period of the
PChP operation since 1949 until 1954. It is located within the II terrace above flood-
plain of Dnieper River, in used-up clay pit separated by earth-fill dams [1]. The im-
poundment area is 40 thousand sq. m. The tailing layer thickness varies from 1 m to
12.5 m; the waste total volume is 0.25 million m®. Chemical composition of waste fea-
tures basic minerals of uranium ores (quartz, field spar, hydrous micas and kaolinite)
as well as reagents used when processing them. The high iron content in tailings 1s due
to processing the slag formed in blast furnace No. 6 of Dneprovsky Integrated Iron and
Steel Works. Waste was neutralized before dumping (using lime, ammonia, etc.) re-
sulted in the formation of alkaline conditions (pH=8.5 to 9.5) in tailing materials. Av-
erage content in tailings is 1.7 kBq/kg for uranium (238) and 5.9 kBg/kg for radium
(226) [11-13].
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Figure 2 — Zapadnoye tailing impoundment after erosion-preventive activities

During field works performed by SE Ukr R&D Institute for IndTech, 6 exploratory
wells were drilled to a depth of 5.5 m to 19.0 m in 2000 [1] and 8 ones to a depth of
3.0 m to 17.5 m in 2009 within the tailing site contour.

We have demonstrated [10] the conceptual possibility to process radioactive waste
accumulated in Zapadnoye tailing impoundment by sorption leaching from pulps using
AMP anionite with benzyl pyridinium functional groups (manufactured by Smoly State
Enterprise).

A composite sample was used for the study, which was prepared from 7 samples
each weighed 100 g. The samples were taken from exploratory wells drilled in 2009.

Radioactive wastes were leached by the mixture contained sulphuric (15 % to
30 %) and nitric (1.5 % to 3 %) acids, reagent grade, at a temperature within 70 °C to
90 °C and phase ratio Solid : Liquid= 1:1-1:2 during 16 hours. The content of uranium
isotopes (238, 234) was measured by radiochemical analysis with alpha-spectrometric
measurement using Progress-alpha complex with a semiconductor detector (RMC).

It was established that residual acidity after leaching of radioactive wastes sampled
at Zapadnoye tailing site was 3.3 to 4.9 times higher than residual acidity after leaching
radioactive wastes at Centralny Yar impoundment. This difference was caused proba-
bly by the acid-base properties of the tailings associated with different types of pro-
cessed uranium raw materials and technologies used at workshops No. 2, 22 and 5 of
former PU PChP.

We have demonstrated that uranium recovery rate achieved 70 % to 80 % when
leaching radioactive waste with the mixture of 15 % sulphuric and 1.5 % nitric acids
during 6 hours at a temperature of 70 °C and phase ratio Solid : Liquid = 1:1.

We used the pulp formed after leaching radioactive waste with the mixture of sul-
phuric 15 % and nitric 1.5 % acid at a temperature of 90 °C and phase ratio Solid : Lig-
uid = 1:1. Uranium was recovered from the pulp cooled up to 60 °C and neutralized by
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ammonia solution up to pH = 2.5, in which we put 2 grams of AMP anionite under
permanent mixing; the resin was preliminary swollen in distilled water. Uranium con-
centration was measured by sampling 2 ml of the solution every 2 hours during 8 hours.
It was found that the uranium recovery rate achieved 84 % after 8 hours.
We have estimated [ 14] the possibility to recover uranium from groundwater accu-
mulated in Centralny Yar tailing impoundment (Figure 3) using AM-p-2 strong-base
macroporous anionite based on styrene-divinylbenzene copolymer with 2-hydroxy-

Figure 3 — Centralny Yar tailing impoundment

The tailing site was in operation since 1950 until 1954 and located within the gulley.
It occupies area 24 thousand sq. m. and contains 130 thousand m* of radioactive waste.
The waste thickness varies (1 to 2) m to 17.4 m; average thickness is 8.0 m. The waste
surface was covered by the fill soil layer (sand clay, sandy soil) of 0.5 m to 3.5 m thick.
Average content in tailings is 2.8 kBqg/kg for uranium (238) and 60 kBqg/kg for radium
(226) [11-13, 15].

The tailing site distinctive feature is that the processed pulp was not neutralized;
that’s why, it is acidic. According to the monitoring data obtained within 2005-2017
[15], the conclusion was made about active uranium leaching from the tailing impound-
ment body and its ability to migrate into groundwater.

Anionic composition of pore and underground water features sulphate-ion (up to
2.6 g/l SO4*) and hydrocarbonate-ion (up to 0.9 g/l HCOs"); pH is within 2.5 to 4.0,
which promotes uranium to form uranyl anionic complexes.

We assessed the possibility to recover uranium from the tailing site groundwater
[14, 16] based on uranium equilibrium distribution between AM-p-2 anionite and ura-
nyl sulphate simulated solution contained sodium sulphate 25 g/l, pH=1.45 at
2012 °C. Under these conditions, equilibrium is described with modified Langmuir-
Freundlich equation with high determination factor (R? = 0.9980):
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q — quLFCenLF
1+ K,.CH

and with the following parameters: maximum capacity g, 1s 373.8 mg/g, constant
Kiris 8.570x107 1/mg, empiric factor nzris 0.7612. C. is uranium equilibrium concen-
tration, mg/I1.

Efficiency of uranium recovery at its content 7 mg/l in pore water and 4 mg/l in
underground water [15] was assessed by distribution factor approx. 2 000. Its value
allows considering AM-p-2 anionite as an advanced material for uranium recovery
from upper ground and underground water of the impoundment.

In cooperation with Ukrainian Hydrometeorological Institute of State Service of
Emergencies of Ukraine and National Academy of Sciences of Ukraine, we tested
phosphate cationite based on modified plant raw (apricot stone) to recover uranium
from radioactively-polluted water accumulated in the basement of building No. 103
(Figure 3) at former PU PChP [17]. Previously, uranium concentrate was purified in
this building producing uranium oxide and triuranium octoxide. After the factory
forced shutdown in 1992, its territory and buildings were not decontaminated.

-

Figure 4 — Building No. 103

Today, building No. 103 is rated as extremely contaminated and is among prefer-
ential structures for decontamination and further dismantling of polluted hardware and
building structures, among all, due to ongoing destruction. Water accumulated in the
building basement due to atmospheric precipitation is among factors caused instability
of building structures. Rainfall enters rooms and washes out radioactive materials into
the basement forming solutions with high uranium content (up to 40 mg/1). That is why
it is possible to pump out water from the building only after its decontamination. For
this purpose, initial study was carried out regarding the possible use of selective cati-
onite based on modified plant materials.

To perform experiments, water samples were taken from the basement of building
No. 103 with its further preservation and acidity correction with 20 % ammonia to
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pH = 7. Hydrochemical composition assay confirmed its atmospheric origin (hydro-
carbonate-calcium, mineralization up to 0.6 g/I, with low sodium and potassium con-
tent 6 mg/l). Up to 90 % of water radioactivity was caused by uranium isotopes
(238, 234). Specific activity of U (238, 234) in water was measured using alpha-spec-
trometric technique with radiochemical pre-treatment at the analytical laboratory of
Ukrainian Hydrometeorological Institute. The measurement was made using Alpha
Analyst 7200-08 Canberra spectrometer (USA).

We prepared phosphate cationite by alkaline mercerization and phosphorylation
using the mixture of phosphoric acid and carbamide. The capacity of the prepared ma-
terial was measured [17] in batch experiments by contacting 0.5 g of the materials with
0.5 1 of aqueous phase during 7 days at room temperature. Uranium specific activity
was recomputed into concentration by the ratio activity of 1 g 23U —1.24-10* Bq. Sorp-
tion capacity (mg/g) was calculated by the difference of uranium concentration in aque-
ous phase. The weight of adsorbed uranium was 9.78 mg that means sorption capacity
approx. 20 mg/g with distribution factor ~4 800. The results obtained may be proposed
as the reasoning for the method and technology intended to decontaminate polluted
water before it would be pumped from underground rooms of building No. 103. This
cationite may be also used to purify underground water including Dneprovskoye tailing
impoundment, in and around which pollution areas that were formed due to migration
of chemical components and radionuclides and reached Konoplianka and Dnieper riv-
ers [13, 18].

In cooperation with DSTU, sorption properties were studied for selective uranium
recovery from nitric media using solid extractant [ 19] contained diisooctylmethyl phos-
phonate (TVEX-DIOMP) with different extractant content. Together with Institute of
Organic Chemistry, NAS of Ukraine, and Research Institute of Chemistry,
V.N. Karazin Kharkiv National University, we produced impregnate [20] based on po-
rous  styrene-divinylbenzene  copolymer contained  5,11,17,23-tetrakis-(di-
propylphosphinoylmethyl)-25,26,27,28-tetrapropoxycalix[4]arene as active phase and
studied its properties regarding selective uranium recovery.

Conclusions. Research data were generalized regarding uranium recovery from ra-
dioactive waste formed during operation of Production Union Pridneprovsky Chemical
Plant using anionites manufactured by Smoly State Enterprise and the cationite pro-
duced from modified natural raw.

It was shown that application of sorption materials is the most expedient and prom-
1sing method for selective uranium recovery when dealing with remediation of tailings
impoundments and handling radioactive wastes of former PU PChP.
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AHoTauis. Y3aranbHeHi pe3ynbTaTi JOCMimKeHb LWOAO0 MOXIMBOCTI COPOLHOIO BUMYYEHHS YpaHy 3 pagioakTUBHUX
BiAxoaiB BUpoOHKMYOro 0b’eaHaHHs «[MpuaHinpoBCbKuiA XiMivHMI 3aBoay (BO «MX3»). MNokasaHa NprHLMNOBa MOXMBICTb
BUIYYEHHS YpaHy MeTOA0M COpOLItHOMO BUAYroBYBaHHS 3 NyNb, OTPUMAHWX Y pe3ynbTaTi KUCIOTHOMO PO3KPUTTS pagio-
aKTMBHWX BiAXOAIB XBOCTOCXOBULA «3axigHey, 3 BUKopuUCTaHHaM aHioHiTy AMIT (O «Cmonuy) 3 6eHaunnipuamnHiesnmm
(yHKLiOHanbHAMKM rpynamu. Mpu KMCNOTHOMY PO3KPUTTI BigxodiB cymiwwio 15 % cynbdatHoi Ta 1,5 % asoTHoI kucnoT
BUNYyYeHHs! ypaHy B po3unH gocsrae 70-80 %. 3actocyBaHHs COpOLiHOMO BUNYroByBaHHS 4O3BOMNSIE AOAATKOBO BUMY-
untn 0o 15 % ypaHy. HaBegeHi pesynbTaTi OLHKM MOXMWBOCTI BUNYYEHHS YpaHy 3 BEPXHIX fPYHTOBMX i NiA3EMHUX BOA
xgocTocxosuwa «LleHTpanbHuin FAp» 3 3aCTOCyBaHHAM CUNBHOOCHOBHOMO Makpornopysatoro awioHity AM-n-2 (M
«Cmonuy) Ha OCHOBI CTUPEH-AMBIHINGEH30MBHOMO KOMoniMepy 3 rMAPOKCUETUN-AUMETUNAMOHIEBUMI (hYHKLIOHANBHUMM
rpynamu. BigMiHHOK pUCOK XBOCTOCXOBMLLA € Te, L0 Mymbna Nicns nepepobku NpakTUYHO He 3a3Hana HerTpaniaalii Ta
Mae KMCMy peakLiito. XBOCTOCXOBMLLE CTBOPHOE Hebe3neky 4151 JOBKINS 3aBASKM aKTMBHOMY BUYrOBYBAHHIO ypaHy 3 Tina
XBOCTOCXOBMULLA Ta MOro 30aTHICTIO MirpyBaTh Y nig3emMHi Boau. NokasaHo, Lo Npu KOHLUEHTpaLi ypaHy B NOPOBIi BoA;
7 mr/om? i nig3emHnx Bogax 4 mr/am® koedilieHT posnoginy moxe cknagatu ~2000. HaBeaeHi pesynbTaTit OLHKK BUITy-
YeHHs ypaHy hOCEOPHOKUCIINM KaTIOHITOM Ha OCHOBI MOAMCIKOBAHOI POCIMHHOI CUPOBUMHY 3 PagioaKTUBHO-3abpyAHEHOT
Boam nigsany kopnycy Ne 103. byaisns BigHOCMTLCS [0 HaA3BMYaNHO 3a0PYAHEHMX, | 3 OBHUM 3 NPIOPUTETHUX ANS 0YM-
LEHHS Ta HACTYMHOroO eMOHTaxy. EMHICTb COPOEHTY MO ypaHy, OTpUMaHa B CTaTUMHOMY pexumi, cknana ~20 mr/r 3
koedivieHTom po3noginy ~4800. OTpumaHi pe3ynbTaT MOXyTb OyTW 3aNPOMNOHOBAHI B SIKOCTi 0BIpYHTYBaHHS ANs CTBO-
PEHHs1 METOAY Ta TEXHOMNOrIT 0unLLEHHS 3aBpyaHEHOT BOAM Nepes ii BigkadyBaHHaM 3 nigsany 6yaisni Ne 103. BukoHaHui
KOMMMEKC AOCTIMKEHb NOKa3aB, LU0 BUKOPUCTaHHS COpOLLiiHMX MaTepianie € HanbiNbLL JOLINbHAM | NEPCNEKTUBHUM ANS
CENEKTMBHOTO BUITyYEHHS YpaHy Mpu pilleHHs npobnem peabiniTayii XBOCTOCXOBULL, Ta NOBOGKEHHS 3 padiOaKTUBHUMM
Biaxoaamu konuiHbLoro BO «[MX3».

KntouoBi cnoBa: MpuaHiNpOBCHKMIA XiMiYHWMIA 3aBOA, XBOCTOCXOBWLLE Nepepobku ypaHoBMX pysd, copbLis, aHioHiT,
KaTiOHIT

AHHoTauumsA. O6006LLeHbI pe3ynbTaThl UCCNEA0BAHNIA MO BO3MOXHOCTY COPOLIMOHHOMO U3BNEYEHMS YpaHa 13 paamo-
aKTWUBHbIX OTXOOB MPOWU3BOACTBEHHOTO 06beanHEHNS «[TpuaHENpPOBCKMA xummndecknin 3asogy» (MO «MX3»). MokasaHa
NPUHUMNManbHas BO3MOXKHOCTb M3BNEYEHNS ypaHa METOAOM COPOLIMOHHOMO BbilienayunsaHns U3 nynbn nofyyYeHHbIX B
pesynbTaTe KWCMOTHOTO BCKPbITUS PaAMOaKTUBHBIX OTXOA0B XBOCTOXPaHWUMMLWA «3anagHoe» ¢ UCMOMb30BaHMEM aHMO-
Huta AMIT (I'T1 «Cmonbi») ¢ 6eH3MnNMpuanHeBbIMK OYHKLMOHANbHBIMM rpynnamu. Mpy KMCNOTHOM BCKPbITUM OTXOA0B
cmeckio 15 % cepHoi 1 1,5 % a3oTHOM KMCNOT n3BneyeHue ypaHa B pacteop gocturaet 70-80 %. MpumeHenne copbup-
OHHOrO BblLLEeNa41BaHNs NO3BONSET AONONHUTENBHO M3BNEYb A0 15 % ypaHa. MpuBeaeHbl pe3ynbTaThbl OLEHKM BO3MOX-
HOCTW U3BNEYEHMS ypaHa U3 BEPXHUX FPYHTOBbIX 1 NOA3EMHBIX BOA XBOCTOXpaHUnMLa «LieHTpanbHbIii Ap» ¢ npumeHe-
HWEM CMIIbHOOCHOBHOIO MakponopucToro aHnonnta AM-n-2 (I «Cmonel») Ha OCHOBE CTUPOM-ANBUHUNOEH30MBHOMO CO-
nonumepa ¢ 2-rmapoKCUITUN-AMMETUNAMMOHNEBLIMW (DYHKLMOHANBHBIMKM rpynnamu. OTNUYMTENBHON YEpTOi XBOCTO-
XpaHUnuLa SBRSETCs To, YTO Myrbna nocne nepepaboTku NpaKkTUYeCK) He NoABepranach HenTpanu3aumm u UMeeT Kuc-
Nyt peakumio. XBOCTOXPaHUINLLE CO3LaET Yrpo3y A415 OKPYXKatoLLern CPeabl U3-3a akTUBHbIX NPOLECCOB BbilLenaynBaHus
ypaHa u3 Tena XBoCTOXpaHWMMLLa 1 ero CnocobHOCTM MUTPUPOBATH B FPYHTOBbIE BOAbI. [10Ka3aHOo, YTO NPy KOHLEHTpaLum
ypaHa B NopoBow Boge 7 mMr/am? n noa3emHbix Bogax 4 mr/gm? koachduumeHT pacnpeaeneHus Moxet coctasnatb ~2000.
MpvBeaeHbl pe3ynbTaThl OLEHKN U3BNEYEeHUs ypaHa (POCEOPHOKNCTBIM KAaTMOHUTOM Ha OCHOBE MOAU(MLMPOBAHHOIO
PaCTUTENBHOIO Cbipbst U3 PaAMOAKTUBHO-3arpsisHEHHON BoAbl nogBana kopnyca Ne 103. 3gaHne oTHOCUTCS K Yncny Ypes-
BbIYAHO 3arPA3HEHHBIX 11 ABMSETCS OHUM U3 MPUOPUTETHBIX ANS €r0 OYMCTKM 11 MOCEAYHOLLEro AeMOHTaxa. EMKocTb
copbeHTa no ypaHy nonyyeHHas B CTaTM4eckoM pexvme, coctasuna ~20 mr/r ¢ koadhduumeHTom pacnpegenenms ~4800.
MonyyeHHble pesynbTaTbl MOryT ObiTb NpPeanioxeHbl B kadecTBe OOOCHOBaHMS METO4a W TEXHOMOMW OYMCTKM
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3arpsi3HEHHbIX BOZ, KOTOpble ByayT OTKauMBaThCs U3 NofBanbHbIX nomeLleHus 3aaHus Ne 103. BbinonHeHHbIN koMnneke
“ccrenoBaHuUiA nokasan, YTo UCMomnb3oBaHWE COPOLIMOHHBIX MaTepUanoB sBNsieTcsl Haubonee LienecoobpasHbIM 1 nep-
CMEKTUBHBIM 4715 CENEKTUBHOIO U3BMNEYEHNUS ypaHa Npi peLeHnn BONpPOCOB peabunuraLmm XBoCTOXpaHuIuLY 1 obpalwe-
HWS! C paanoakTMBHbIMK O0TXoAamm BbisLero MO «MX3».

KntoueBble cnoBa: puaHeNpOBCKMIA XMMWUYECKMIA 3aBO, XBOCTOXPaHMNMLLA neeppaboTki yYpaHOBbLIX pyd, copb-
LM, @HUOHWT, KaTUOHMT
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