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AHHOTauusA

HUccnenoBan mporuecc ussneyenus noHoB Cu (l) u3 BOAHBIX CHCTEM HPHUPOIHBIM MHHEPAIBHBIM
COpOCHTOM Ha OCHOBE ONaJ-KPHUCTOOAIMTOBBIX MOPOA M €ro MOAM(UIMPOBAaHHBIMH (QOpMamMH B
CTaTMYECKUX YCJIOBMSX. YCTaHOBJIEHa INpHpOJa B3aUMOJCHCTBHS copbata M copOeHTa. Haiinens
ONTUMaJbHBIe ycimoBusl KoHIeHTpupoBanusi woHoB Cu  (II). Tlokasama BO3MOXHOCTH TIPUMCHEHHUS
MPHUPOAHBIX COPOSHTOB /ISl OYNCTKH BOAHBIX CHCTEM.

KiroueBble cji0Ba: BOAHBIC CHCTEMBI, IPHPOIHBIE COPOCHTHI, MOAM(HUKALNS, U3BJICUCHUE MEIH,
CTaTUYECKHE YCIOBUS, H30TEPMBI COPOITIH

The process of extraction of Cu (Il) from aqueoolsitions natural mineral sorbent and its modified
forms in static conditions. The nature of the iation sorbate and the sorbent. Optimal conditifoms
concentration of Cu(ll). The possibility of usirnthe natural sorbents for purification of water eyss.

Keywords: water systems, natural sorbents, modificatioriragxion of copper, static conditions,
sorption isotherm

BBegeHue

B mpakTuke OYMCTKH MPOMBINIJICHHBIX CTOYHBIX BOJ OT TSDKEIBIX METaNIOB BCE
Oonbllice MPHMEHEHHE HAXOMAT TNPHUPOAHBIE MHHepalbHble copbertsl [1]. Tlox
MPUPOJHBIMI MUHEPATLHBIMH COPOCHTaMU TIOHMMAIOT TOPHBIE TMOPOABI U MHUHEpAbl,
oOranaroniye crnocoOHOCThIO U3BJIEKATh U3 BOAHBIX CHUCTEM TOKCHUYHBIE MPUMECH, B TOM
YHCIIe W TsDKENbIe MeTauibl. Hapsiy ¢ meonutamu, TIMHAME U TTIMHUCTBIMU MUHEpaJIaMy
0O0JIBIION MHTEpEC MPEACTABIAIOT AMATOMUTHI, TPEMENbl U OMOKH. PaccmaTpuBaeMblil psij
NPUPOIHBIX MaTEepPHaJIOB OOBEIUHSIOT IMOJ OOIIMM HAa3BaHHUEM OMNAaJ-KPUCTOOAINTOBHIC
NOpOoJbl. YKa3aHHbIE MOPOJbI MPEJCTABIAIOT COOOM OJHOPOJIHYIO CMECh KOMIIOHEHTOB,
COCTOALIYI0 U3  ONaJOBOrO KpPEMHE3eMa, TJIMHUCTOIO W OOJIOMOYHOTO Marepuala.
[penensl BapualMii KOMIIOHEHTOB B mopoaax (%):omanosoro kpemuesema — 607 80;
riauHEcToro Marepuana — 10~ 40, necuano-aneBpurosoro — o 10 [2].

CopO1roHHbBIE CBOMCTBA OMAI-KPUCTOOAIUTOBBIX MTOPOJT MAJIO M3Y4eHBI. BMecTe ¢
TEM pa3IU4yusi B MUHEPATbHOM COCTaBe M CTPYKTYPHBIX OCOOEHHOCTSX MPUBOIAT K
BO3MOXXHOCTH  TOJYYEHHUS  MEPCHEKTUBHBIX  KOJUIEKTOPOB  TSKENBIX  METaJUIOB.
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CopOIMOHHYI0 CIIOCOOHOCTh OMaI-KPUCTOOATMTOBBIX IMOPOJI MOKHO MOBBICUTH ITYTEM HX
TEPMUYECKON U XMMUYECKOH 00pabOTKH.

lenpto maHHOW pabOTHI SBISETCA BBIABICHHE 3aKOHOMEPHOCTEH W3BIICUCHUS
uonoB Cu (ll) W3 BOAHBIX CHCTEM XHUMHYECKH MOJIU(DUIIMPOBAHHBIM MPUPOIHBIM
copboentom AC, moiaydeHHbIM crienranuctaMu kommnanuu 3A0 «AJcuc» Ha OCHOBE Omal-
KPUCTOOATHUTOBBIX TTOpoT CyXOJI0KCKOTO MeCTOpoxkaeHUsT CBepUTOBCKON 00IaCTH.

OcHOBY MOpOJ, JaHHOTO MECTOPOXKACHUS MPEICTABISIIOT ONOKH. OHU COCTOSAT U3
MHOXECTBa MEJbYalIINX YacTULl KpeMHe3eMa aucnepcHocThio < 0,005mMM. Mx oObeMHast
Macca HaxXxOJUTCA B Tpeneax 1,1+1,6'103 Kr-M'3, MOPUCTOCTh HE mpeBbimaeT 55%,
npounocTh 5+ 20MI]a.

3anmexu OMOK HaXOATCs, KaKk MpaBHJIO, BMecTe ¢ Auaromutamu. l[locnemnue
SIBIITFOTCSI  JISTKUMH TOHKOTIOPHCTBIMHU TOPOJAaMH, pa3Mep YacTUIl KOTOPBIX OOBIYHO
cocrasistetr 0,01-0,04imm. Onu comepskar (%): 75-90kpemuesema, 10 5 rimuo3ema, 10 7
OKHCH JKeJe3a M JI0 / OKCHUIOB IIEIOYHO3EMENTbHBIX MeTauioB. OmokaMm CBONCTBEHHA
pa3BUTas MOBEPXHOCTh MEPEXOJHBIX MOp. JMaTOMHUTBI XapakTepus3yloTcs OOJIbIINM
00beMoM Makpornop [3].

[IepBUYHO CTPYKTYpHOU €IUHHUIEH KapKACHBIX CHJIMKATOB, KAKOBBIM SIBIISFOTCSA
KBapIl, KpUCTOOATUT SBIISICTCS SiO4-TeTpa3np. U3 Sio4-TeTpaBI[p0B dhopmupyeTcst IepBhIi

«3TAXK» CTPYKTYPHI:

~078iE07SIF0=SiEO~
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OtpunarenbHbie 3apsIbl aHUOHOB KHCIIOpOJa YPaBHOBEIINBAKOTCSA

MOJIOKUTEIBHBIMU 3apslaMi KaTHOHOB KpeMHus. [locnennue, B CBOIO ouepenb, OymyT
B3aMMOJICCTBOBATh C aHMOHAMH KHCJIOpoJia U Tak aaiee. OOpazyercs BTOPOH <OTax» U3
TETpadJpoB, Tpetwidi W Tak nanee. OOBEM KpuCTala MOXXKHO paccMaTpuUBaTh Kak
0eCKOHEUHOE YepeI0BaHNe HOHOB KHCI0POIa U KpeMHus [4].
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[Tpomecc copbuuu oman-KprucToOATUTOBBIMU TIOPOJIAMU OOYCJIOBIIEH XapaKTepoOM
B3aUMOJICHCTBUsI copOaTa (KHMCIOTHO-OCHOBHOTO THIA) C THAPOKCHUIBHBIMH TPYyMIIaMU
copOeHTa. B kpeMHHUCTBIX MOpoJax, MPEACTABICHHBIX aMOP(HBIM KpPEMHE3eMOM,
MOHOOOMEHHAsi CIOCOOHOCTh CBs3aHA C PEAKIIMOHHOW CIIOCOOHOCTHIO CHIIAHOJBHBIX
rpynn(=Si-OH) u MX KOJIMYECTBOM, KOTOPOE 3aBHCUT OT CTENCHHW THIpaTaluH
kpeMHe3ema. CopOIMOHHBIE CBOMCTBA KPEMHHCTBIX TOPOJ HAXOMATCS B TPSIMOM
3aBUCHMOCTH OT BEIMYHMHBI YIEIHHOW TOBEPXHOCTH U 00beMa COpOIMOHHOTO
NPOCTPAHCTBA, MPEACTABICHHOTO KaK MEPEeXOJHbIMHU, TaK U Makporopamu MuHepana[S].
KonndecTBo (hyHKIIMOHANBHBIX TPYII, COAepKammxcs B 1 rpamme copOeHTa, COCTaBIseT

0,6Mr-»KkB/T.
AKCNepUMeHT

Jlist u3ydeHus mpoiiecca copOrMu  ucmoiab3oBaiu 4 (Gopmbel copOeHTa: coOpOeHT
AC (mpuponsbrii munepan); Na-opma AC (AC obpaboran pacrBopom NacCl); OH-
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dopma AC (AC obpabdoran pactsopom NaOH);H-popma AC (AC obGpaboTan pacTBOPOM
HCI). Metoauka moaudukaiuu COpOSHTOB, a TaKXe HMX COCTaB, HOHOOOMCHHBIC U
9KCIUTyaTal[dOHHBIE CBOMCTBA MOAPOOHO MPHUBEACHBI B paboTtax [6-7]. [lns ncciemoBaHmin
6bu1a oToOpaHa ¢pakuus ¢ pazmepom yactun 2,5+3,mm.

DKCIEPUMEHTHI MPOBOAMIIA TIpH Temmeparype 20+ 2C°.

B kauecTBe MOJENBHOrO PacTBOpa MCHOJIB30BAIM PACTBOP CEPHOKUCIONW MEH, C
KOHIICHTpaIeld MoHa MeTajia 20ur-rt. CootHomenue cop6enT-pactBop —1:100.

HccnenoBanue BIMSHKUS KHCIOTHOCTH pacTBopa Ha crenenb copomuu Cu (ll)
npoBonuau B guanazoHe pH ot 2 mo 11. HeoOGxomumMyro KHCIOTHOCTh BOJHOW (ha3wl
CO3[1aBaJl C TOMOIIBIO areratHo-amMmuauHoro Oydepa (pH = 4+9), pacTBopa consHOM
kucinotel (pH = 2+3) u  pacrtBopa ruapokcuaa Hatpus (pH =10+11). CopOeHTHI B
KOHTAaKT€ C pACTBOPaMH pPa3HOW KHUCJIOTHOCTH BBIICPKUBAIA B TEUYCHHUE CYTOK IIPH
MIEPUOINICCKOM TIepEeMEIINBaHUH. 3HAYCHUs BeIMYUHBI pH pacTBopa KOHTPOIHMPOBAIH C
nomoripio pH-metpa «Annon» (Poccus).

Kunetuky  copOumonnoro wussineuenuss meau (lI) w3 pactBopa ee conwm
UCCJIEIOBAIM METOJIOM OTPaHMYEHHOT0 o0beMa B craTHyeckux ycnoBusx [8]. Ckopoctb
nepememuBanus (ducio kxonedanuit riatpopmel) 200 06/muH. [TpomOIKHTETHLHOCTD
KOHTaKTa HaBeCOK copOeHTa ¢ pacTBopoM coctaBuia oT 1010 150mus.

W3oTepmbl copOUMM  TOJMyYaad  METOJIOM IEPEMEHHBIX KOHIICHTPAIIHHA B
CTaTUYECKUX YCIOBUsX. COpOIMOHHBIN 3KCIIEPUMEHT MPOBOIMIN U3 CEPUH CTaHIAPTHBIX
pacTBOPOB, COJAEpXKAIIMX H3BJICKAEMbIi HMOH MeTauia oT 5 1o 50mr-at O0mas
NPOJIOJDKUTEIBHOCTh  KOHTaKTa COpOEHTa C  PacTBOPOM OpU  HEMPEPHIBHOM
nepeMeInBaHiy  Ha Kadaromieiics miardgopme 150 mun (ducimo konaebaHuit maaTdopMsl
200 o6/muH). Ucxomgnoe u ocrarounoe conepkanre Cu (ll) B pacTBOpax ompenensuiu
KOMIUIEKCOHOMETPUYECKUM THTPOBaHUEM 10 MeToauke [9].

O6cyxaeHue pe3ynbTaToB

Hccnenyemslii HOH B 3aBUCUMOCTH OT pH 1 Hanuuus onpeneneHHbIXx KOMIIOHEHTOB
pacTBOpa MOXKET CYLIECTBOBaTb B BHUJE pPa3jIMYHBIX KOMIUIEKCHBIX yacTull. llosTtomy
BXHBIM MMapaMeTpoM, BIUsIONMM Ha u3BicueHue meau (l1) ykasaHHbIME cOpOeHTaMH,
ABJIIETCS KUCIOTHOCTh KOHTAKTHUPYIOLEro C HUM pacTBopa. XapakTep 3TOro BIHSHUS Ha
COpOIIMIO B CTATUYECKUX YCIIOBUSAX MPECTaBIEeHbI Ha puc. 1.

a, %
100 -
80 4
60
1
40 1
2
20 4 3
0 1 2 3 4 5 6 7 8 9 1011 2 13 uP

Puc. 13aBucumocts crenienn cop6imu Cu (Il) ot pH pactBopa
pasmuunbiMu hopmamu AC:1- Nadopma AC; 2-copoent AC; 3-OH-popma AC
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Pesynmbrathl  00pabOTKM  JKCIIEPHUMEHTAIBHBIX  JTAHHBIX  [OKA3bIBAIOT, UTO
konmuuectBeHHoe m3BiedueHne Cu (II) mambonee monHO ~ mocTUraercs B WHTEpBaie
BenuunH pH 5+8. JlampHelimue wuccnenoBaHusi MPOBOAWIN B yKazaHHOM obmactu pH
BOJIHBIX PAaCTBOPOB JJICKTPOJIHTA.

OmHUM W3 TEXHOJOTHYECKHX ITapaMeTpPOB COPOIIMOHHOW OYHMCTKH CTOYHBIX BOI
SIBIISIETCS. CKOPOCTh H3BJICUEHHUs copbara u3 pacTBopoB. Ha puc. 2. mpeacraBieHb
KHHETHYECKUEe KpuBbie copbiuu uoHoB Cu (lI) MomuduimpoBaHHBIMH COPOECHTaAMH.
Haubonpmast ckopocts wusBieuenus: wonoB Cu (II) mpu temmeparype 20+2’C  mis
MOAU(HUIIMPOBAHHBIX COPOCHTOB M YHCTOW TOpOABI Jocturaercs B TeueHue 30 MuH.
Bpemsi nmocTmkeHuss paBHOBECHS B UCCICAYyEMBIX CHCTEMax  JJs HMCXOIHOTO U
MOAU(PUIIMPOBAHHBIX (OPM COpOCHTa pacTBOpaMM XJIOPHCTOTO HATPHsl M THAPOKCHIA
Hatpus coctapnser 120 mun. /Ing copbenta MOAM(UIIMPOBAHHOTO PACTBOPOM COJISTHOM
KHACJIOTHl BpEMsl JTOCTHM)KCHHUS paBHOBECHS yCTaHaBiuBaeTcs B TedeHue 50 MuH, UTO
CBSI3aHO C TIOJIaBJICHHEM IPOIIecCa JAUCCOIUAINH CUIAHOIBHBIX TPYIII COPOCHTA B KUCIION
cpexne.

o (%)
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Puc. 2 Kunernueckue kpuBbic copoumu Cu (Il) pazmuunsivu popmamu AC:
1- Natopma AC; 2-OH-popma AC; 3copbent AC; 4- H-dhopma AC

[TIpu 006paboTke KUHETHYECKUX NAHHBIX OJHOW M3 BAXKHEMIIMX 3a/1a4 SIBISAETCA
onpejiefieHue SHEPTUM akTUBaUWU AUPPY3UH H3BIEKAEMOrO0 KOMIIOHEHTa B TBEPIYIO
¢a3zy, MOCKOJIbKY ATa BeIMYMHA CBsI3aHA C MEXaHU3MOM HCCIIelyeMOro mpolecca.

Jlnst BeIarcicHust SHeprun aktuBaiuu (E, I[)K-Mom{l) B3aUMOJICHCTBUS COpOCHTA C
usBnekaeMbiM HoHOM Cu (Il) B paccMaTpuBaeMbIX CHCTEMax HCIOIb30BATN YPAGHEHUE
Appenuyca.

dinK _ E,
= ) (1)
dT  RT?
rae K-KOHCTaHTa CKOpOCTH peakIluu, c'l; T—Tepmogunamuyeckast temmneparypa K;
E.— oueprus akrtuBanmu, JIx/Monb;R— yHUBepcaibHas ra3oBas  IOCTOSHHAsI
(8,341 1x/momns(K).
B Tabn.l mpeacraBieHbl paccuMTaHHbIE 3HAYEHHS] SHEPIUM AKTUBALUU IyTEM

UHTETPUPOBAaHUs  ypaBHeHHs AppeHuyca B mpexenax ot 11 mo To, yro naer
BO3MOXHOCTh pacuera E, 1o KoHcTanTam ckopocTell mpu aByx Temneparypax [10]:
K., E T,-T,
Nt =R (1a)
T1 1'2
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Tabmuua 1. 3nadyenus sHeprum aktuBanuu rnpu copbimu Cu(ll) u3 BomHOoro pacrBopa
AIIEKTPOJINTA pa3auyHbIMu  (hopmamu AC

Dueprus aktuBaunu (E, kJk:MoIb )
Tun COp6€HTa T]_,Tz Tl,Tz Tl,Tz
293,313K 313,330K 293,333K
copbert AC 10.6 9.0 10.0
OH-dpopma 27.5 23.2 25.7
Na-popma 30.7 34.3 32.0

W3BectHO[11], uTO mpH COPOIIMOHHOM IPOIECCE SHEPTUs aKTHBAIMU UG Py3un
00byHO m3MeHsietcst ot 8,5-12,6 x/Ix/Mons (muddysus B maenke) mo 12,6-42,0
k/x/mMons  (muddysus B 3epHe). PaccunTaHHbIe 3HAUCHHS ~ JHEPTUU  aKTHBAIUH
YKa3bIBAIOT Ha MPOTEKaHHE CMEMIaHHO-IU(PPY3HOHHOTO pexuMa IMpolecca copOuuu
nonoB Cu (II), B koTopsiii HanOobIIHiA BKIa BHOCUT Auddy3us copbara BHYTpH 3epHA
copOeHTa.

CkopocTh copOuumu s rerepoda3HbIX CHCTEM paccuuThIBacTCs mo Gopmyie [12]:

& =k -c.) @)
Wnu B MHTETrpUPOBAHHOM BHJIE!
IN(C, -C..) =In(l-F) = —K (22)

rne C; u C,, — KOHIIGHTpAIlMM YacTUI[ B pacTBOpe B MoMeHT Bpemenu (f) u mocie
YCTaHOBJICHHSI ~ COpPOIMOHHOTO  paBHOBecHs  cooTBeTcTBeHHO, Mr/i; F =Qi/Qw—
Oe3pa3MepHasi BEIMYMHA, XapaKTePH3YIOIAs CTENEeHb JOCTIKCHUS COPOIMOHHOTO
paBHOBeCHSI, OpeessieMasi, Kak OTHOIICHHE KOJTMYECTBA COPOUPYEMBIX YACTHIL 32 BPEMs
t (Qu) 1 B MomenT paBHoBecHs (Qw); K— KOHCTaHTa CKOPOCTH PEaKIIHIL,C .

KoHcranTy ckopocth mporecca COpOIMM M3 pacTBOpa HAXOAWIH  IIPH
temneparypax 293, 313 u 33X rpadpuuecku Kak TaHTEHC YIja HakKjJIOHa KPHBOH,
noctpoeHHo# B koopauuaTax IN(1-F) =f(t). [lony4yennble 3Ha4eHHUsT KOHCTAHT CKOPOCTEH
MPEJICTaBJICHHI B Ta0MI.2.

Tabmuma 2. 3naveHust KoHCTaHT ckopocted npu copouun Cu(ll) u3 BogHOrO pacTBOpa
IIEKTPOSINTA pa3nuyHbIMU opmamu AC mpH pa3HbIX TeMIepaTypax

Komncranra ckopoctu (K-10° ¢™)
Tun copbOenTa 293K 313K 333K
copbent AC 0.6 1.0 1.2
OH-dopma 0.8 1.2 1.9
Na-popma 1.3 2.9 5.7

C yBenMUYCHHEM TEMIIEPaTypbl PAacTBOPa 3JEKTPOJIUTA MPOUCXOAUT TOBBIIICHUE
3HAYCHUU KOHCTAaHThI ckopocTu copOruu  uonoB Cu(ll) mis Bcex uccieayembix
copOeHTOB, HanboJIee CUIILHO 3TO NposBisiercs At Na—dopmer copOenTa.

IL]’ISI OIMPCACIICHUA CTCICHU CPOACTBA HCCICAYCMBIX COp6€HTOB II0 OTHOLICHUIO K
nonam Cu (Il) moayuensr u3orepmbl copbuuu (puc. 3). M30Tepmbl cOpOIMH  HMEIOT
BBIITYKJIBIA XapakTep, HO IIPU 3TOM UMEETCs CYLIECTBEHHOE OTIMYME B CTEIEHHU CPOJCTBA
k nonam Cu (Il) s xaxmoit u3 popm copOeHTA.
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Cc (Mmrir)
4,5 -

4 -
3,5
3
2,5
2 J
15 1
1 4
0,5

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Cp (mrin)
Puc. 3Uzorepmsr copbiuu Cu (Il) pasauunsivu popmamu AC:

1- Natopma AC; 2-OH-popma AC; 3copbent AC; 4- H-dhopma AC

DKcIepUMEHTAIbHBIC JAHHBIC MOKA3bIBAIOT, UTO IIEIIOYHAs U cojieBast oOpaboTKa
NPUPOIHOTO MaTepHajga MPUBOIHUT K YBEINYCHUIO COPOMPYEeMOCTH Menu. [Ipu KUCIIOTHOM
o0pabotke opoenTa AC mmeer mecto 3(h(HeKT CHIKEHUS U3BJICUeHUs copOaTa.

Crenenp m3Biedenuss CU(ll) u3 BomHoro pacrsopa (C MCXOMHOM KOHIIEHTpAIHEH
pactBopa 1o noHy meraima 50 wr/im) cocraBuna (%):Nadopma — 72, OH-popma —76,
yucTas mopoaa—S6. 3HaueHUs] paBHOBECHBIX KOHIICHTpAIMil cocTaBisitoT 1yt Na-popmbl
AC- 14,Imr/n; OH-dopmer AC-11,95ur/n; copbent AC — 21,74ar/n. CopOiroHHast
E€MKOCTh MCCIIEIOBAHHBIX (POpPM COPOEHTOB B JaHHBIX yciIoBHsX 1mo noHam meau (1) 3,6;
3,8; u 2,8mr/r coorBeTcTBeHHO. PaccunTaHHble 3HAYCHUS] PABHOBECHBIX KOA(P(PHUIIMEHTOB
pacrpenenenus MeIu Ui PasIndHbIX Gopm copbenToB pasubl (Ma/T): mis OH-popmbr
AC — 4900111 Na-<opmbr AC — 4445 qucroii mopoast — 900.

Takum oOpazoMm, Na— u OH-— dopmbl COpOECHTOB TPOSBISIIOT HaUOOJBIIYIO
COpOILIMOHHYIO CIIOCOOHOCTH 1O oTHOMICHHIO K HoHaMm Cu(ll) mo cpaBHEHUIO ¢ TPUPOIHBIM
MHUHEPAJIOM.

3aknoyeHue

B  pesynpTare  TpOBENEHHBIX  HMCCICIOBAHWN  yCTAHOBJCHBI ~ OCHOBHBIC
3akoHoMmepHocTH u3BieueHuss CU(ll) w3 BOIHBIX PacTBOPOB MPHUPOIHBIMU MUHEPATHHBIM
copOeHTOM U ero MoauduIrpoBaHHbIMU opMamu. Hanbosbiee cpoaCTBO UCCIETYEMBIX
copbenToB k nonam Cu(ll) umeer mecto B nuanasone pH 5+8.

Koncranter ckopoctu copbumn woHoB Cu(ll)  yBenmnumBarOTCsA C MOBBIIICHHEM
TemIeparypsl B cienyromem psany: copoentr AC < OH-popma AC < Nadopma AC.
PaccuntanHbie 3HaUCHUSI DPHEPTUW aKTHUBALUM JICKAT B JHUAMA30HE 9-34,3KI[>K-M0JIL'1,
yKa3bIBasi Ha cMemaHHO-au(dy3nonHbIi Mexanu3M copormu Cu(ll) u3 BogHBIX cHCTEM.

Xumudeckass MoAuUKaIUs TMPUPOJHOTO Matepuaia sBiseTcsl 3GHEKTHBHBIM
CHOCOOOM TIOBBIIICHHSI COPOLIMOHHOM CHOCOOHOCTH COPOEGHTOB Ha OCHOBE OIaj-

KpUCTOOAIHUTOBBIX Mopo 1 CBEpTTIOBCKOM 00JIACTH.
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