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Abstract. Purification of drinking water, isolation of rare metals from industrial wastewater, and
water treatment for a wide variety of applications are constant tasks requiring various solutions.
Population growth, the development of new territories, agriculture, factories and manufacturing
enterprises, all of them need clean water. lonite is an ion—exchange resin, one of the ways to solve the
described problems. lonite is able to sort various ions from solutions, thereby purifying them or releasing
valuable ions during sorption. The urgent task is to produce ionites more economically with minimal
energy and material costs. The process of ionite synthesis consists in polymerization and
copolymerization of various monomers, while introducing various initiators and changing the process
conditions, it is possible to achieve a product with high characteristics.

The ionite was based on well-known monomers such as epoxy resins and aliphatic polyamines. The
reagents used were (AGE) allylglycidyl ether, (ED-20) epoxy resin, and (PEI) polyethyleneimine. A
product was synthesized from diglycidyl ether of dioxydiphenylpropane, allylglycidyl ether, and
polyethylenimine using initiating systems based on potassium persulfate (K2S20s) and
azobisisobutyronitrile (AIBN). The synthesis process and method of introducing the initiator into the
reaction mass were selected. The reaction was carried out in an organic solvent medium (DMF) -
dimethylformamide. These initiators have not been described in known sources in combination with
specific reagents during the synthesis of the ion exchanger. Further, the properties of a weakly basic anion
exchanger were investigated using various methods, gravimetric, acid-base titration, infrared
spectroscopy, atomic emission spectral analysis. The study of sorption capacity was carried out on the
ions of metavanadate (VO?%). According to the content of vanadium - (V), in the solution before and after
sorption, the sorption capacity of the ionite - (CE) in mg/g was calculated.

The resulting ionite can solve the problems of water purification and industrial wastewater
treatment. It can be used for the selective extraction of non-ferrous and rare metals contained in industrial
wastewater.
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1. Introduction

Simple methods for producing anion exchangers based on copolymers of
glycidyl methacrylate and polyamines have been studied, and their potential for
extracting metal ions from aqueous solutions has been demonstrated [1, 9, 10,
22]. A comparative analysis of synthetic polyamine resins with commercial
counterparts has shown their high efficiency in sorption [2]. New epoxy sorbents
with amino groups for the removal of azo dyes from aqueous media [3] have been
developed, as well as initiating systems for controlled radical polymerization
using diazo compounds [4]. The diffusion characteristics of azo initiators and
their radicals [5] have been studied, as well as the structure and application of
poly(ethylene glycol)-based macroinitiators for the synthesis of cross-linked
polymer structures [6]. Special attention was paid to the reproducibility of free-
radical copolymerization [7], as well as to the kinetics and mechanism of the
polymerization of acrylamide and methyl methacrylate in the presence of various
initiators, including potassium persulfate and benzoyl derivatives [8, 14, 16]. It
was found that the structural and physical-chemical properties of the resulting
polymers depend on the temperature, monomer concentration, and the nature of
the initiating system [13, 17, 18]. The obtained data can be used to develop
thermostable and chemically stable ion exchangers with high sorption capacity for
metal sorption [11, 23, 24, 25].

The aim of this study was to synthesize an ion exchanger with new initiators
under new conditions and to investigate the sorption properties of the resulting
product towards metal ions.

The novelty of this study lies in the use of AIBN initiators and potassium
persulfate together with known starting reagents for the synthesis of an ion
exchanger. The literature cited describes the use of the components separately
with other reagents. Conducting a joint synthesis and studying the properties of
the resulting product is an urgent task.

2. Experimental part

The initial reagents are allylglycidyl ether (AGE) with a molar mass of
114.14 g/mol, polyethyleneimine (PEI) with a molar mass of 43.04 g/mol, and
epoxy resin (ED-20) with a molar mass of 60.1 g/mol. The ratio of the average
molar mass of the oligomers is 1:1:1 (mol). The synthesis was carried out using
equipment such as a Loip 4T-105A thermostat, as well as ISOLAB 615,10,100,
and IKA eurostar 20 digital overhead mixers. AGE was introduced into a three-
necked flask with a reflux condenser and heated to 80°C. ED-20 was dissolved in
dimethylformamide (DMF). Next, the initiator was added at a ratio of 0.1%
(mass) by weight of the reaction mass.

Ionite «Ax»: the initiator K2S,0g — potassium persulfate was introduced as a
2% aqueous solution.

lonite "B": the initiator azobisisobutyronitrile (AIBN) was introduced as a
2% solution in DMF.
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Next, PEI was added through a dropping funnel as an emulsion of a 50%
aqueous PEI solution in DMF. The reaction mass was stirred until it formed a gel,
making the liquid thick and viscous. Curing was carried out in furnaces at a
temperature of 100 °C.

The ionite was previously washed, prepared, and converted to the OH form
according to standard methods. The static exchange capacity was determined
using the standard method of acid-base titration according to GOST 20255.1-89.
lonites. Methods for Determining the Static Exchange Capacity. The method of
determining the moisture content of the ionite was carried out in accordance with
GOST 10898.1-84, taking into account the adaptations to the specific features of
the sample under study.

The sorption properties were tested on metavanadate anions (VOs), and the
calculation was based on the vanadium content. The starting reagent is
ammonium metavanadate, NH,VOs. To study the dependence of the sorption
capacity (1) on the concentration of the initial solution, five solutions with
concentrations of 25, 50, 100, 150, and 200 mg/L were prepared over a period of
7 days. To study the dependence of the sorption capacity on the pH of the initial
solution for 7 days, five solutions with a concentration of 100 mg/l were prepared,
with pH values: 2, 3, 4, 5, 6, 7, acidifier — nitric acid HNO3 0.1%, alkalizing agent
- ammonia hydrate NH4sOH 0.01%. To study the dependence of the sorption
capacity on the contact time of the ionite with the solution, five solutions with a
concentration of 100 mg/L and a pH of 2 were prepared. The contact time was
0.5, 1, 2, 4, and 24 hours. ge = @ (1), R=100 - (12—%) (2), where: ge —

0
sorption capacity (mg/g); R — degree of extraction (%); Co — initial concentration
of metal ions in the solution (mg/L); C — equilibrium concentration of metal ions
in the solution (mg/L); V — volume of the solution (L); g — weight of the ion
exchanger ().

To study the infrared spectrum, the ionite samples were crushed and mixed
with potassium bromide, then dried at 40-60 °C and cooled in an desiccator.

3. Results and their discussion

At the intermediate stage of ionite «A» synthesis, a light yellow, rather fluid
gel was obtained. The finished product had a soft, rubbery texture and was
insoluble in acids, alkalis, and water. After drying in an oven at 40-60 °C, the
sample took the form of dark yellow-brown transparent granules. At the
intermediate stage of ionite «B» synthesis, a jelly-like gel with a soft, elastic,
rubber-like structure was obtained. The final product was an elastic, soft, and
greasy material that was resistant to water, acids, and alkalis. After drying at 40—
60 °C, the ionite looked like light brown transparent granules. The characteristics
of ionites are listed in Table 1.
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Table 1 - Comparison of the properties of ionites obtained using potassium persulfate and AIBN as

an initiator.
lonite «A» lonite «B»
The initiator used potassium persulfate azobisisobutyronitrile
Molar ratio 1:1:1 - AGE: PEI: ED-20 1:1:1 - AGE: PEI: ED-20
Product yield 26.2 % 43.4 %
Curing time 70 hours 57.5 hours
Static exchange | 1.98 meg/g 2.54 meqg/g
capacity
lonite humidity 43.7 %. 27.1 %.
Appearance Hard, yellowish-brown, darker, Hard, yellowish-brown, lighter,
transparent, brittle transparent, elastic
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Figure 1 - IR spectrum of the «A» ionite sample

Figure 1 shows the IR spectrum of ionite «A». Figure 2 shows the IR
spectrum of ionite «B». The IR spectra indicate the formation of an epoxy-amine
cross-linked structure in both cases. lon exchanger «A» is characterized by bands
at 3898, 3853, 3678, 3668, and 3341 cm™, which belong to the O-H and N-H
groups, as well as signals at 2937, 2924, and 2850 cm™, which correspond to the
aliphatic - CH, fragments. The bands at 1655 and 1601 cm™ are associated with
the deformational vibrations of the amino groups and the aromatic framework,
while the signals at 1248, 1113, and 1088 cm™ indicate the CN and C-O-C bonds,
i.e., the opening of the epoxy ring and the formation of a polymer network. A
band around 926 cm™ may indicate the presence of residual epoxy groups.
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The spectrum of ion-exchange resin «B» is similar, but slightly different in
the main bands. It shows bands at 3349 and 3078 cm™ for the -OH, -NH-, and -
NH2- groups, bands at 2925 and 2843 cm™ for the -CH- fragments, and signals at
1651 and 1601 cm™. The bands at 1247 and 1112 cm™ also confirm the formation
of C-N and C-O-C bonds, while the band at 926 cm™ is weak, which may indicate
the completion of the reaction.

The difference between the spectra is no longer related to the set of
functional groups, but to the way the polymer network is formed.
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Figure 2 - IR spectrum of the «B» ionite sample

Table 2 shows the results of sorption. It has been shown that ionite «A» has
higher and more stable sorption capacity values than ionite «B». In an acidic
environment (pH 2.3), the maximum sorption location were observed, especially
for ionite «B», but as the pH increased, its efficiency decreased significantly,
while ionite «A» maintained more stable characteristics. An increase in contact
time led to a regular increase in sorption capacity and degree of extraction for
ionite «A», while the changes were less pronounced for ionite «B», which
generally indicates a higher efficiency and stability of ionite «A» under the
studied conditions. Figures 3 - 5 show the graphs of the sorption capacity as a
function of concentration, pH, and time, respectively. Figure 6 shows the
structural unit of the obtained ion exchange resin, where R is a branched
oligomeric unit of PEI, epoxy oligomers, and oligomers of allylglycidyl ether that
form a mesh structure.
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Table 2 - Results of sorption of ionites «A» and «Bx»

Sorption depending on concentration
The ionite weight is 0.05 g; T=20°C; static sorption for 7 days in 10 ml of the initial solution.

Initial solution (mg/L) 26.25 50.98 98.53 149 201.98
pH of the initial solution 6.6 6.6 6.6 6.6 6.6
Solution after sorption «A» | 1 15.75 72.45 125.55 168.25
(mg/)

Solution after sorption «B» | 1.65 33.92 79.1 127.5 175.78
(mg/l)

Sorption capacity «A» (mg/g) 5.04 7.02 5.15 4.59 6.6
Sorption capacity «B» (mg/g) 4.92 3.37 3.84 4.19 5.11
Extraction rate «A» (%) 96.19 69.1 26.47 15.74 16.7
Extraction rate «B» (%) 93.71 33.46 19.72 14.43 12.97
Sorption depending on pH

The ionite weight is 0.05 g; T=20°C; static sorption for 7 days in 10 ml of the initial solution.

Initial solution (mg/L) 99.85 104.68 101.92 102.38 103.24 99.77
pH of the initial solution 23 3.3 4 5.6 6.6 7.8
Solution after sorption «A» | 37.46 57.31 71.14 73.08 72.97 64.56
(mg/l)

Solution after sorption «B» | 18.35 87.42 89.42 87.68 85.96 85.85
(mg/l)

Sorption capacity «A» (mg/g) 124 9.36 6.12 5.77 5.92 6.97
Sorption capacity «Bx» (mg/g) 16.04 3.45 2.46 2.94 3.37 2.71
Extraction rate «A» (%) 62.48 45.25 30.21 28.62 29.32 35.29
Extraction rate «B» (%) 81.62 16.49 12.26 14.36 16.74 13.95
Sorption depending of time

The ionite weight is 0.05 g; T=20°C; static sorption in 10 ml of the initial solution.

Initial solution (mg/L) 99.52 99.52 99.52 99.52 99.52
pH of the initial solution 2.3 2.3 2.3 2.3 2.3
Contact time (hours) 0.5 1 2 4 24
Solution after sorption «A» | 80.01 61.16 43.56 35.9 22.7
(mgfl)

Solution after sorption «B» | 79.7 85.96 92.32 86.79 73
(mg/1)

Sorption capacity «A» (mg/g) 3.9 7.54 11.08 12.67 15.06
Sorption capacity «B» (mg/g) 3.95 2.67 1.41 2.5 5.24
Extraction rate «A» (%) 19.6 38.55 56.23 63.93 77.19
Extraction rate «B» (%) 19.92 13.63 7.23 12.79 26.65
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Figure 3 - Graph of the sorption capacity dependence on the concentration of the initial solution

Figure 4 - Graph of the dependence of the sorption capacity on the pH of the initial solution
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Figure 6 - Structural unit of the obtained ionite

4. Conclusion

It was possible to synthesize ionites using new initiators for this composition:
potassium persulfate and AIBN. The conducted studies showed that the type of
polymerization initiator significantly affects the characteristics of the obtained
materials. The resulting ionites fully reflect the specific features of the synthesis
conditions used and demonstrate pronounced differences in their main operational
parameters.

lonite "A" exhibited higher stability and sorption capacity, despite its higher
moisture content and lower yield. The curing time was longer, which may
indicate a slower polymerization process and the formation of a more developed
porous structure with increased hydrophilicity. The experimental data showed that
this material has stable sorption properties when interacting with metal ions. The
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static exchange capacity of ionite "A" was 1.98 meq/g, and the sorption capacity
was 15.06 mg/g at pH 2.3 over a long sorption time.

lonite B with a shorter curing time and higher yield had a higher sorption
capacity at low pH. The static exchange capacity of ionite B was 2.54 meg/g, and
the sorption capacity was 16.04 mg/g at pH 2.3.

The results of IR spectroscopy confirmed the formation of a dense and
uniform polymer matrix. The obtained results confirm the potential of the
synthesized ion exchangers for use in sorption processes and further research in
the field of ion exchange materials.
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METAJIZAP/IBI COPBLHUSJIAY YIIIH )KAHA BACTAMAIIBLI KYUEJEPII
KOJIJAHA OTbIPBIIL, GIIOKCUATI IHAUBIPJIAP MEH HOJIMAMUH/JIEP
HET'T3IHAEI'TI MOHUT CUHTE3I

A.M.Poouonos”, T.K.Hanos, K.T.Cepuxéaesa, K.A.Caovixos, @.E.Epbonosa
O.b. bexmypos amvinoazel xumus evlivimoapsl uncmumymol AK, Anmamot, Kazakcman

Tyiiingeme. AysI3 Cyzbl Ta3apTy, OHIIPICTIK aFbIHABL CyJIapJiaH CHPEK MeTalgap/bl Geril aiy, Cyasl ap
TYpPJi KOJJIaHy cajianapblHa AadbIHAAy op TYpJii IIeMiMIepAi KaKeT eTeTiH TYPaKThl MiHIETTep OOJIbl
TabbLIanbl. XambIKThIH 6cyi, KepAiH jKaHa ayMaKTapblH Hrepy, aybll INApyallbUIbIFbl, 3aybITTap MEH
OHIIPICTIK KOCINOpPBIHIAP, ONApABIH OapibIFbl Ta3a cyra MyKTaX. VIOHMT-WOH anMacy IIaibIpbl,
CUNATTalFaH Macesenepai memyaid Oip »xonbl. MoHUT epiTiHALIEpAeH opTYpii MOHIAPIBI CYpBINTai
aajpl, OChUIAiiIA onapsl Ta3apTaabl HeMece COpOLus MpoLecinae KYHAB HOHAapAs! MbFapansl. EH a3
SHEPreTHKANbIK JKOHE MAaTepUasblK INBIFBIHAAPMEH HOHHUTTEPJi HEFYpIbIM SKOHOMHKAIBIK THIMIL
OHIIpy e3ekTi MiHger Oonbin TaObutagsl. MoHWTTEpai cuHTE3ley Ipoleci opTYpiai MOHOMepIepai
MOJIIMepIIey JKOHE COIOIIMepIIey OOIBIN TabbLIaIbl, all SpTYPIIi GacTaMaIIbLIapAbl €HTi3Y JKoHe IPOLece
JKaFIaiapelH ©3repTy apKbLIbl )KOFapbl OHIMALTIKKE KOJ JKeTKi3yre 6omanbl. IOHUTTIH Heri3i 3MOKCUATI
maiibiprap MeH anudaTThl NOJMAMHHAEP CHAKTHI Oenrini MoHomepnep ©Oonnbl. KonpaHbeiiaTbia
pearenrrep: (AI'D) - ammwimmma s¢upi, (3-20) - smokcuari wraiislp, ([IDM) — HOMUITHICHUMHUH.
JuokcunueHUIIPonaH AUTTHIUANT d(GUPIHeH, AUTIINIHICANT SPUPIHEH KoHE MONHITHICHIMUHHEH
kanmuii mepeyabdater (K2S20g) xone azo0ucuzobytuponutpun - (AVBH) Herisinmeri MHUIHAIMSIBIK
KyHenepai KosiaHy apKpulbl ©HIM cuHTe3fennl. CuHTe3 mpoueci >koHe OacTaMallbIHBl peaKIys
MaccachlHa eHTri3y ogici Tammanmsl. Peakums opranukanslk epitkim (JIM®A) — muMerundopmamun
opTachIHAa KYpri3iani. byn 6acramamsuiap Oenrini ke3aepae HOHUT CUHTE3IHeT] HAKThl PeaKTHBTEPMEH
Oipre cunarraamaraH. Opi Kapail op TypJi omicTep/i, rpaBUMETPHUSUTBIK, KBIIIKBIUIIBIK-HET13/1iK THTPICY I,
NH(PPAKBI3BUI CHEKTPOCKOIUSIHBI, aTOMIBIK-9MUCCHSUIBIK CIICKTPIIIK TalIayAbl KOJJaHa OTBIPHIN, QJICi3
HETi3/1i aHHOHUTTIH KacuerTepi 3eprreni. CopOumsuIbK KabineTin 3eprrey MetaBananat nouaapst (VO3Y)
GoiibIHIIa Kyprisinmi. Banaguiaig kypamsl 6oiibiHimna — (V), copOumsira Jedinri sxoHe Kelinri epitinmine
HOHUTTIH COpPOLMSIIBIK ChIHBIMABLIBIFEI - (CE) Mr/r menm caHamapl. ANBIHFaH MOHUT CYy MEH OHAIPICTIK
arbIH/Bl CyJIapJbl Ta3apTy MoceleNepiH LIele anagsl. OHEepKICINTIK aFbIH/bI Cylapaa Ke3IeceTiH TYCTI
KOHE CHPEK MeTalIap/bl CETIeKTUBTI OKIIAayIay YIIiH KOJIIaHyFa 6oaIbL.

Tyiiinai ce3aep: MOHMT, MOH anMmacy IIaWbIpbl, copOuus, Oacramalubuiap, SMOKCHUITI IIAHbIpIIap,

amudaTTel  NOMMAMHUHACD, AUNUITIHIEAWT dSGupi, NONMITUICHHMHUH, Kalumid mepcynbdarsl,
a300MCH300y THPOHUTPUIL.
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Yanoe Tynezen Kamenosuu Xumusi 2611bIMOaPbIHBIY OOKMOPYL, NPpopeccop
Cepukoaesa Kamupa Typnvixanoena Aza evinvimu Kbizmemkep

Caovikoé Kanam Amupkynoeuu Fouivimu Kvismemxep

Poouonoe Anexceit Makcumoguu Unorcenep

Epéonosa ®amuma Epoonkpize Hnowcenep

CHUHTE3 HIOHUTA HA OCHOBE 3IIOKCHUJHBbIX CMOJI U TIOJIMAMHHOB C
MNPUMEHEHMEM HOBBIX HHULIUUPYIOIUX CUCTEM AJ11 COPBLIMU METAJIJIOB

A.M.Poouonoé”, T.K.Yanos, K.T .Cepuxbaesa, K.A.Caovixos, @.E.Epéoonosa
AO Uncmumym xumuueckux nayk umenu A. 5. bexmyposa, Aimamer, Kazaxcman

Pe3tome. OuncTka NUTBEBOH BOJbI, BBIACICHUE PEAKUX METAVIOB M3 IMPOMBIIUICHHBIX CTOKOB,
MOArOTOBKA BOJBI JUIS CaMbIX PA3IMYHBIX 00JacTell NPUMEHEHHUs SBISIOTCS IIOCTOSHHBIMH 3aJadaMu,
TpeOyrolye pasiIHYHbIX penIeHud. PocT HaceneHWs, oCBOGHHE HOBBIX TEPPUTOPUH 3eMIIH, CEIbCKOE
XO3SCTBO, 3aBOJIBI M [IPOU3BOACTBEHHBIE MPEIIPHUATHS, BCE OHU HYXKIAIOTCSA B YHCTOH Bojae. MoHuT —
HMOHOOOMEHHAsi CMOJIa, OAWH W3 CHOCOOOB ISl pEIICHHS ONMCAHHBIX 3amad. MoHuT cnocobeH
COPTUPOBATH PA3IUYHBIC HOHBI M3 PACTBOPOB, TEM OYMINAS MX WM BHIACILATH LICHHBIC HOHBI B IpoLEcce
copOmy. AKTyanbHOW 3ajgaueil sBIseTcs 6oliee SKOHOMHYECKH BBITOJHOE IPOHM3BOJACTBO HOHHTOB C
MUHUMAQJIBHBIMH JHEPreTHYECKUMU M MaTepuajbHbIMM 3arparamu. [Ipomecc CcHHTe3a MOHHTOB
3aK/II0YAeTCST B IOJMMEPU3alMM M COIOJMMEPH3AlMU PA3IMYHBIX MOHOMEPOB, IIPU OITOM BBOIS
pa3nuYHble WHULIMATOPBI, M MEHSS YCJIOBHS IIPOIECCa MOXXHO JOOHThCS MHPOAYKTAa C BBHICOKHMH
xapaktepuctukamu. OCHOBOM IJIsi HOHUTA MOCIY)KHJIM M3BECTHbIE MOHOMEpBI, TAaKUE KaK SIOKCHJHBIC
cMoJIbl 1 anudaTrieckue noaramuHel. Mcmonb3yembie peareHTsl: (AlD) - ammuarnuuuaunoBsiid d¢up,
(B-20) - onokcumuas cmoma, (IIOV) — nonamdTHICHUMHH. BbUT CHHTE3MpOBaH NPOIYKT H3
JUTIHALHAIOBOTO (pupa AMOKCHIN(BESHUINPONaHa, ajIITIHLEIHIOBOT0 d(QUpa U MOJHUITUICHUMUHA C
NpUMCHEHHEM  WHULOMUPYIOMMX  cHCTeM Ha  ocHoBe mepcyimbdara kamus — (KoS208) u
a3zo6ucuzobytuponutpuia - (AUBH). beut momobpan npoliiece cMHTE3a M CIIOCO0 BBEICHHST HHUIIMATOPA B
peakIMOHHyI0 Maccy. Peakuust Bemach B cpene  opraHudeckoro pacrsopurenst (JAM®PA) -
nuMmetiidopmamu. JlaHHbIe HHUIMATOPHI HE OBUTH OMKCAHBI B U3BECTHBIX HCTOYHHMKAX B COUYCTAHHUH C
KOHKPETHBIMH PeareHTaMM IpH CHHTe3¢ MOHMTA. Jlajee ObUTH MCCIIeOBaHbI CBOMCTBA CI1a000CHOBHOTO
AQHHOHHUTA C IPUMEHEHHEM Pa3IMYHEIX METOJOB, IPaBUMETPHYECKOT0, KHCIOTHO-OCHOBHOTO TUTPOBAHMS,
HH(PPAKPACHOH CIIEKTPOCKOIMH, aTOMHO-3MHCCHOHHOTO CIEKTPAJIBHOrO aHaimm3a. lccienoBaHue
COpPOIMOHHO CTOCOGHOCTH MPOBOMMIOCH 0 MoHaM MeraBanamara (VOgz). [To comepxaHnio BaHAIHUS -
(V), B pactBope 10 W mocie COpOIMH, cuurasach copbimonHas emkocth Houuta — (CE) B Mr/T.
Tony4yeHHBIE MOHUT MOYET PELIUTh MPOOJIEMbI OYMCTKHA BOJABI M MPOMBIIUICHHBIX CTOKOB. MOXKeET
enecoo0pa3sHo  MPUMEHSATCS Ul CEIEKTHBHOTO  BBIICNCHHS [BETHBIX W PEIKHX METaJlIOB,
COJIePIKAIIUXCS B MPOMBIIUICHHBIX CTOKAX.

KiioueBble cj10Ba: HOHUT, HOHOOOMEHHAs CMOJa, COPOLHs, HHHIHATOPBI, SIOKCHIHBIE CMOJIbI,
anudaTHIecKre TOJMAMUHBL, AJUTHJINTHLIEIUIOBbIH d(Up, MONUITHICHUMHH, Iepcyabdar Kaus,
a3001CcHU300y THPOHHUTPHUIL.

Yanoe Tynezen Kamenosuu Jlokmop xumuueckux HayK, npogeccop
Cepuxoaesa Kamupa Typavixanoena Cmapwiuil HayuHwlll COMPYOHUK
Caovikoe Kanam Amupkynosuu Hayunwiii compyonux

Poouonoe Anexceit Maxcumoguu Huowcenep

Epéonosa ®amuma Epoonkpize Huowcenep
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