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Abstract. In this work discusses methods for obtaining composite cryogels for use as a sorbent of heavy
metalions. The specifics of this problem for Kazakhstan is not in short supply of water resources, as wellin their
pollution. Were obtained composite cryogels based on polyvinyl alcohol and gelatin in different proportions.
Selection of the initial material is due to the availability and environmental safety. Given the importance of
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information on the mechanism of sorption for practical use of materials, were investigated the regularities of sorption
ions of copper (II), nickel (I), iron (II), cadmium (II) and lead (I) from solutions of different concentrations of
PVA-gelatin cryogel.During the cryogenic treatment of the polymer composition obtained macroporous cryogel
which might be used as a sorbents. Also were investigated swelling and sorption properties of cryogel-sorbent rela-
tive to heavy metal ions. Influence of time and pH on sorption magnitude was studied and desorption properties,
surface morphology, structural characteristics of composite cryogel — sorbentwere considered. Capacity for sorption
of adsorbents depends on magnitudes of specific surface of sorbent and volume of obtained porous. It has been
established that the contribution to the overall rate of sorption process depends on chemical interaction of metal ions
with functional groups of the sorbent. They have high thermal stability, significant water absorbtion, little affected by
changes in external conditions — the ionic strength and the value of the pH value of the sorption, high biocom-
patibility, mechanical strength sufficient. Obtained cryogels were compared with each other and found the best
samples for use as sorbents.

YAK 66.095.26 : 544.022.84

MOJIYYEHUE KPUOT'EJIEI1 HA OCHOBE IIBC N KEJIATHHA
N U3YYEHUE UX COPBIIMOHHBIX CBOUCTB

A. A. Hakunexosa, b. M. Kyaaiideprenosa,
P. C. UmunoBa, 111. H. ’Kymaranuesa, M. K. BeiiceGexon

Kazaxckuii HanHOHATBHBIN YHUBEPCHUTET UM. anb-Dapadbu, Amvarsl, Kazaxcran

Kmouennie ciioBa; [I1BC, sxenaTun, Kpuoreiab, COPOSHT, COpOmus.

AnHoTammsi. B paboTe paccMOTPEHBI METOIBI MOy YCHH KOMITO3UIHOHHBIX KPHOTEICH IS HCTIOIB30BAHUS B
KAYeCTBEC COPOCHTOB HMOHOB THKCIBIX MeTauioB. Cnenuuka 31oi mpodiaemsr amsa KazaxcraHa 3akIFOYacTCs HE B
Jeumure BOJHBIX PECYPCOB, a B UX 3arpsi3HCHUH. B xoze mccnenosanmii ObIy MOTyYCHB KOMIIOZHIIMOHHBIC KPHO-
TCJIK HA OCHOBC NMOJUBUHHJIOBOI'0 CIHUPTA M JKCIATHHA B PA3HBIX COOTHOLICHHUAX. BI)I60p HAYAJIbHBIX MATCPHAIOB
00YCIOBJICH JOCTYHOCTHE) U JKOJOTHYCCKOH Oe3BpeaHOCTRIO. [IpHHIMAd BO BHUMAHHE BAXHOCTD HH(POPMALHH O
MEXaHH3ME COPOUMH Uil MPAKTHUYCCKOTO WCIHOJIb30BAHMSI MAaTEpHaja, HCCICAOBAHBI 3aKOHOMEPHOCTH COPOIMHA
wonoB mexu (1), mukena (II), sxene3a (1), xkagmua (1) u curnma (II) w3 pacTBOpoB pasHOH kKoHuUCHTpamuu [1BC-
JKCIATHHOBBIMH KpHOTeIaMu. [10Ka3aHO, UTO B X04¢ KPHOTCHHOM 00PA0OTKH MOTUMCPHON KOMITO3HITHH TOJTY IaeTCs
MaKpOTIOPUCTBIH KPHOTEIb, KOTOPBHIH MOKET OBITh TCPCICKTHBHBIM B KaudecTBe copOeHToB. MccnmenoBaHbl
HAOyXaromue u COPOMUOHHBIC CBOHCTBA KPHOTEIb-COPOCHTA MO OTHOLICHHIO K HOHAM TKEIIBIX MCTAIOB. M3yucHO
BJIHSHAC BPEMCHHU M pH Ha BemmauHy COpOLHH, a TAKKS PACCMATPUBATIMCH JSCOPOLHOHHBIC CBOUCTBA, MOP(OTIOTHA
TOBEPXHOCTH, CTPYKTYPHBIC OCOOCHHOCTH KOMIIO3HTHOTO KpHorenb-copOeHTa. CopOImmoOHHas COCOOHOCTD a/Icop-
OCHTOB 3aBHCHT OT BEIMYHH YICTHHOH MOBCPXHOCTH COPOCHTA W PAa3MEPOB 00PA30BABIIHXCA TMOP. YCTAHOBIICHO,
YTO BKJIAJ B OOIIYFO CKOPOCTBH IPOIIECCa COPOIMH BHOCHT CTAAMSI XHMIUCCKOTO B3aMMOACHCTBHS HOHOB METAILIOB C
()YHKIIMOHANBHBIMH TPYIIIAMH cOpOEHTa. A Tarke OHH 00JaJaf0T BHICOKOW TEPMUYCCKON CTAOMIIBHOCTBIO, 3HAH-
TCJIBHBIM BOAOTIOTIAIICHUCM, HC3HAYU TSI HO H3MCHAIOIIIUMCS ITPH H3MCHCHHUU BHCIITHUX yCJ'IOBI/Iﬁ — HOHHOH CHIIBI H
BCJIMYMHBI BOJOPOIHOTO ITOKA3ATEI PACTBOPA, BHICOKOH OHOCOBMECTHMOCTHIO, JOCTATOYHOW MEXaHHMUICCKOH MPOU-
HOCTBIO. [losyueHHBIC KpHOTENIH OBIIM COIACTABICHBI APYT C APYTOM M BBUIBJICHBI HAMIYUINHE OOpasmpl ATl
HCIIOJIb30BAHMS B KAUECTBE COPOCHTOB.

Beeaenne. IlocTymiueHne TOKENBIX METAIOB B OKPYJKAIOIIVIO CPEAy CBA3AHO C AKTHBHOM
JIEATEIbHOCTHIO UeoBeka. MIX OCHOBHBIE MCTOYHHMKH — NPOMBIIIIIEHHOCTD, ABTOTPAHCIIOPT, KOTEJIbHBIC,
MYCOPOC)KHMTaIOINE VCTAHOBKH M CEIBCKOXO3AHCTBEHHOE IIPOM3BOACTBO. TsDKEIBIE METaIBl TIPH
M30BITOYHOM MONAJAHUN B OOBEKTHI OKPYIKAKOIICH Cpeapl BEAYT ceOs KaK TOKCUKAHTBI H 3KOTOKCHKAHTHI
[1, 2]. IIpm 3TOM K TOKCHKAHTaM OTHOCSTCS 3JCMCHTHI M COCAMHCHHS, OKA3BIBAIOIINC BPCIHOC BO3ICH-
CTBHE Ha OTJCNBHBIN OPTaHW3M M TPYIINIY OPTaHH3MOB, 4 SKOTOKCHKAHTAMH SABILIOTCS SJIEMEHTHI WIH
COCAVHECHHMS, HETATHBHBIM 00pa3oM JACHCTBYIOLIME HE TOJBKO HA OTACIBHBIC OPTaHHU3MEI, HO H DKOCHC-
Temy B menoM. [Ipobrnema ouucTky OKpYKAKOMEH CPeabl OT TSUKEIBIX METAIIOB M paspaboTka COpOCHTOB
JUTSL 3TOTO ¢ MMPUMCHEHUEM MPOCTHIX B 0QOPMIICHHH U JOCTYITHBIX METOJOB CHHTE3a SBISCTCS OJHOU M3
aKTYaJIBHBIX 33724 [3-5].

Cpeou METOJ0B, IPUMCHICMBIX U OYUCTKH CTOYHBIX BOJ, COPOLIMOHHAS OYHCTKA BOIBI ABISACTCS
omHUM U3 Hambonee 3PQEeKTUBHBIX CHOCOOOB YIAICHHS 3arpsA3HCHUN TKEIBIMH METAIAMH H TIPH
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MHOTOCTYTICHYATOH OPraHU3aLlH MpoLecca criocobHa 00eCeYnTh OUUCTKY BOJBI 10 TPEOYEMOTO YPOBHSL.
[TosTomypazpaboTka COpOCHTOB I 3TOrO C MNPHUMCHEHHEM NPOCTHIX B OGOPMICHUH W JOCTYIHBIX
METOJOB CHHTE3a SIBJISICTCS OJHOW M3 aKTyalbHBIX 3aqad [6-8].B cBsi3au ¢ 3TuM, B AaHHOH pabote
[OCTABJICHA 3aa4a MMOJIYICHN KPHOMATEPHAIOB HA OCHOBE CHHTETHUIECKOTO MOJIMMEPA TTOJIMBUHHIOBOTO
cnupta (I1BC) B coueTanuu ¢ MpUPOAHBIM MOJTUMEPOM KEIATHHOM, a TAKKE AATbHEHINEEe UCCICA0OBAHUC
BO3MOXKHOCTCH TPHUMCHCHHS HX B KauecTBE COPOCHTOB HMOHOB TsKENbIX MeTamtos.llomumepHbivu
KPHOTCISAMH SIBISIIOTCS TEIICBRIC MATCPHAIEL, C(POPMUPOBAHHBIC B HETTYOOKO 3aMOPOKEHHBIX PACTBOPAX
MOJMMEPHBIX WM MOHOMEPHBIX NPEALICCTBCHHUKOB. TemmepaTrypa 3aMOpaKHBaHHS NPH HETTyOOKOH
00paboTKe HE HHIKE HECKOJBKHX JACCATKOB I'PaIyCOB OT TOUYKH 3amepsaHus pacteoputens. Cucrewmsl,
MOJYYCHHBIE AaHHOU OOpabOTKOM, MPEACTABIAIOT ABYX(A3HBIC CHCTEMBI, B KOTOPBIX MOJIUKPHUCTALTEI
TBEpAOU ha3bl HIPAIOT POJb MOPOrCHOB, a OOBEM OCTABIICTOCH IKHIKOTO PacTBOpa (OPMHPYET
MUKpodady — KpPHOTEICBYID MaTpULy Ui KOHLCHTPHUPOBAHHSI PACcCTBOPEHHOro BemmecTea [9-12].
Bcrneacrere skomoruueckol 6€3BpeIHOCTH U HETOKCHYHOCTH KPHOTCIHM HALIUTH ITHPOKOEC MPHUMCHCHHE B
OUOTEXHOJIOTHH, THINCBON MPOMBIIIICHHOCTH W MEIULIHHE.

IKCHEePHUMEHTAIbHAS YACTh

B xauectBe monmMepoB BEIOpaHB MOJUBHHHIOBHIA CIUPT W kermatwH. lIpuHrMas BO BHUMaHUE
BXKHOCTh MHGPOPMALIMH O MEXaHU3ME COpOLMHU AN MPAKTHUECKOTO HUCIONB30BAaHUS MaTepHana, HCCIe-
JoBaHbl 3akoHOMepHOCTH copOumu nonoB meau (II), nukens (1), sxkeneza (1), kaamus (II) u cunma (1) u3
pacTBopoB pa3Hoi koHueHTparmu [ 1BC-xe naTHHOBBIME KPHOTCIISIMH.

B naGopatopHbBIX HCCICIOBAHHUAX UCTIONB30BANCH KOMMEPUCCKHH 00pasel] MOIHBUHUAIOBOTO CITUPTA
€O cpeaHel MoJIeKyIsipHOi Maccoit MM = 85 000 u crenenbio ruaponuza 99%, xeaaTuH KiacCHpUKAITTH
«4.0.a.», COTM METAUIOB [ TNPHIOTOBICHUA pPacTBOpoB.MCXOAHBIE PACcTBOPHl TSKETBIX METANIOB
¢ koHueHTpamued 50 MKr/MJI TOTOBWIM PACTBOPCHHEM COOTBETCTBYIOLIMX HABECOK  CONCH
CuSO - 5H,0, NiCl, - 6H,0, FeSO, - 7H,0,Pb(NO;),, CdBr, - 4H,Omapok «x.4u.» u «4.0.a.» B TUCTHI-
JMPOBAHHOH BOZXE.

Boaneie pactBophl monmmepoe rotosunu ciacayiommM oOpazom: [IBC u xematuH B MaccoBoM
cootHomennu 9:1, 8:2, 7:3B BUAE CyXOro MOPOLIKA PACTBOPSIIN BOMPCACICHHOM 00BEME AMCTHILTHPO-
BAaHHOW BOJBI MPU MCPSMEIIMBAHNHT, HATPSBAIK B BOASHOU Oane mpu temneparype 70-90°C xo momHoro
pactBopenus nonnMepa. Hanee, mocne oOpa3oBaHusS TOMOTCHHONH CMECH OCTAaBIIIM 00Pa30BABIIUI Telb
OCTHIBaTh 10 KOMHaTHOH Temmeparyprl. [locne aToro mocyny ¢ coaepKUMBIM MOMEINATH B XOIOAUTBHYIO
KaMepy u 3amopakuBaad rmpu t = - 20°C B TeucHue 24 vacos. [locae yero cieayeT U3BICYbH PA3MOPO3UTH
B TCUCHHE CYTOK IPU KOMHATHOH TeMIIEpaType.

CBoiicTBa KOMITO3WLIMOHHBIX KPHUOTCHHBIX MAaTCpHaNoB B OONbLICH CTENMCHH OYAYT 3aBHCCTh OT
COCTABILIIOIIHX €r0 KOMIIOHCHTOB, 0COOCHHO, OT UX COOTHOWICHHU. B CBS3M ¢ 3THM, NEepBOCTCIICHHBIMU
SBISIFOTCS WICCICAOBAHMS BJIMSAHHS COOTHOLICHHUS MUCXOJHBIX KOMIIOHCHTOB Ha TAKHE MApPaMETPHI, Kak
IUIOTHOCTh U TEMIIEPATypa IUIABJICHHS MOTYYCHHBIX Kpuorenew. Hms m3MepeHus TeMmeparypsl IUIaB-
JICHUSI KPHOTEJICH, MBI TIONYYaIN KPHOTEIH B HUIHHAPUICCKUX HPO3PAYHBIX MOTHSTHICHOBEIXECMKOCTAX,
3aTeM CBEPXY KPHOTENs MEMEIIATHCTATBHOH MAPHK AUAMETPOM PABHOHIHAMETPY €MKOCTH HOMYCKANH B
BOJSHYIO BaHHY, CHAOXKCHHYIO Memankou(repmocrar). TemmepaTrypy B TepMOCTATe MOBBIIIATIH
TIOCTENEHHO CO CKOPOCThio B mpeaenax +0,1-0,4°C/vun. B mpolecce MIABIEHHs KPUOTENS MIAPUK MPO-
XOJHT Yepe3 CIOW PacliIaBICHHOrO el Ha JHO MOCYABI U TMO3BOJICT, TAKUM 00pa3oM, (HKCHPOBATH
TEMIICPaTypy paciuiaBa MmoaHoro obowema rens. TemmepaTypa mnaBiacHUS KpHoreneHd Oblia M3MEpeHa Ha
3 mapaiienbHBIX Ipodax, MOMYUCHHEIC AHHBIC OBLTH YCPCIHCHEL.

Hns onpeencHus MIOTHOCTH KPHOTEICH B MEPHBIM LMIHHAP, € 3aTUTBIM 5 M OCH30J70M, MOrpy-
JKalld TOYHYIO HAaBECKY NOBCACHHOIO X0 MOCTOSHHOU Macchl kpuorens. [Ipu morpyeHnu xpuorens B
MEPHBIH IUIHHAP ¢ OCH307I0M YPOBEHb OCH30/1a MOAHUMACTCS Ha 00beM KpHores. MeToJ mpoBoIuIn Ha
mpubope onpeaencuust WIOTHOCTHRADWAG (Ilosnbimna).

Hns onpenenacHUsT NPOTEKACMOCTH KUIAKOCTH 4Yepe3 KPHOrenb, ObIT MOMYYCH KPUOTEIh B 5 MHI-
JWINTPOBOM INIPULICH HCCIECAOBATIACh MPOTCKAEMOCTh pacTBopa MeaHoro kymopoca. C MoMeHTa
MPUIMBAHKS PACTBOPA HA KPUOTEb VCTAHOBAIMBAIMCH BPEMS M JUIMHA IYTH NpolAcHHOrO pacteopa. [lo
MOJYYCHHBIM JaHHBIM OBLIIA PACCUUTAHA CKOPOCTh MPOTEKAHUS KHIKOCTH M0 00beMy Kpuorens ¥ (cM/4).
XapakTepUCTHKH KPUTSPUH MPEACTABICHBI B TAOIHUIIC.
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HpOBOZ[I/IMOCTB, IDIOTHOCTD U TEMIIEpaTypa IUIaBJICHUA

KOMITO3MIMOHHBIX Kprorenel [1IBC — xenatun] = 15%. tgy, = -20 oc, Tpno = 24 4

[IBC-Ken 9:1 8:2 7:3 IIBC 15%
v, eM/a 8,268 21,8426 58,4402 6,402
p, T/en 1,46 1,147 0,96 1,278
to, 'C 7841 8241 8841 82

U — CKOPOCTH IIPOBOJUMOCTH, P — INIOTHOCTH KPHUOI'ECTIS, tm— TeMIIepaTtypa IuIaBJICHUS.

Kunetuky copOumu HOHOB Tsikeabix MeTauioB kpuoreassmMu [IBC-kenaTvH u3ydaad METOIOM
orpanuucHHOro oObema. M storo B emroctu momemanu 0,1 r cyxoro kpuorens, 3amuBamu 50 i
pacTBOpa ¢ KOHIEHTpalued uoHa Metamta 50 MKr/MI M HEPUOJHYUSCKUA MEPESMEIIUBAS YEPE3 OMPeac-
JICHHBIC TPOMEKYTKH BPEMCHH Opalid aJHKBOTHI M OMPSACIISLIH COACPKAHUE HMOHOB COOTBETCTBYIOIIETO
MeTa/ljla METOAO0M ATOMHO-a0COPOLMOHHON crnekTpockoruuc nomoipio NtegraTHERMA, (Benu-
KOOpHUTAHUS).

OGcyxaeHue pe3yibTaTOB

N3BecTHO, UTO KPHOTEIH MOTHMBUHUIOBOTO CIHMPTa (QOPMHPYIOTCS B MPOLECCE 3aMOPAXKUBAHUS —
OTTaNBaHUS KOHLICHTPUPOBAHHBIX BOJHEIX PacTBOpoB momumepa. CTpykTypa W CBOWCTBA KpPHOTEICH
3aBUCAT OT KOHLCHTPALMH MOJUMEPHOTO KOMITO3UTA B HCXOJHOH CHCTEME H €ro XapaKTepUCTHK, OT
PCKUMOB KPHOTCHHOTO BO3JACHCTBUS. Y BEMUUCHUC YHCTA LUKIOB 3aMOPAKUBAHUS-OTTANBAHUS TPUBOIUT
K ynpouneHuro kpuorens. Kpome toro, kpuorean [IBC obnamaroT MHKpO- U MakpOMOPHUCTOCTHEO, UTO
obecrieunBacT CBOOOJHBIN MaccomepeHoce BemecTs B o0beMe kpuorens. Tak kak [IBC sBrsercs HenoHo-
TCHHBIM TOJHUMEPOM, BO3MOXKHOC B3aHMOACHCTBHE MEXKAY MOMMMEPOM H HOHOM METAllIa OCYIICCTB-
Jasgercs mpu moMoind koopamHaumoHHBIX cBiased. Cam [IBC B umcTtoM BHae He OIM30K K NPHPOIC
METAIOB, W HAIMYHE MHKPONOP KPHOTrelsl HE AOCTATOYHO YTOOBI VACPKaTh HOHBI METamnoB. MoHBI
METANIOB B3aUMOJCHUCTBYIOT C MOIHUMEPOM KOOPAMHALMOHHO Tonbko no —OH cBsazam u oOpasyror He
yeTorunBbill koMIuicke [13-15]. Jmg pemeHus 3TOoro BOMPOCA HCMOIB30BANH MPHUPOIHBIN TMOIAMCP —
JKCIATHH € MHOTOYHUCICHHBIMH (DYVHKIIMOHATIBHBIMHA TCPYINAMH, KOTOPHIE B CBOK OYEPEIb, MOTVT
VIIYUIIATh CBA3b MEKIY MOTUMEPOM U HOHAMH METAIIOB.

Bxknax B 06myro ckopocTh mpouecca COPOLHH BHOCUT CTAIUS XHMHUYECKOTO B3aUMOJCHCTBUS HOHOB
METAINOB ¢ (PYHKIMOHATBHBIMH rpymmamu copOenra. [Ipu stom Moryt oOpazoBaTbes MOTUMEPHBIC
KOMITICKCHI € TSDKCIBIMH METATIAMH B BHJC XCJATOB M XapakTep CBI3CH, a TAKKE YCTOWYHNBOCTh KOMII-
JeKca MEXKAY MaKPOMOJICKYIOH W HOHAMH METAILIOB 3aBHCAT OT MHOTHX (aktopos. CylmecTBEHHOE
BIMSHUC Ha XapakTep (OpMHUPOBAHUS KOMIUICKCOB OKA3BIBAIOT CTPOCHUE MOJHUMEPHOHM LENH, MPHPOIA
(VHKIHMOHAIBHBIX TPYIIL, JIHHA MakpoMonekyisl, pH pactBopa, o0beM HOHOB M CTCICHb OKUCICHHS
METAJIIOB, a TAKXKE TEMIICPaTypa.

OxHuM U3 BROKHCHINUX CBOMCTB IEJICBHIX COPOCHTOB SBIACTCH WX HAOYXaroIas CIOCOOHOCTb, TaK
KaK CKOPOCTh U CTCIICHb COPOLIUHN ONPEAETICTCS CIIOCOOHOCTHIO COPOCHTA PACIIUPATHCS WITH HAOYXaHHEM
[16-20]. B pesympraTe MpPOBCACHHBIX HCCIICIOBAHUN BBISIBICHA CACAVIOMAS 3aKOHOMCPHOCTh: 3HAUCHHUS
Habyxaromel cnocobnoctn kpuorened [IBC-kenaruH 3HAYUTETIBHO HIDKE MO CPAaBHCHHIO ¢ Habyxae-
MOCTBIO OOBIYHBIX (usnueckux renci (pucynok 1). Hampumep, ana 10 u 15 % kpuorenei mokaszarems
HaOyXaHUs HAXOAUTCS B mpeaeaax 7-15 r/r, B To Bpems Kak st PU3HUSCKOro refist oHa cocrasisier 20 1/r.
Kak u B cyuae oOBIYHBIX (PU3HUCCKUX TENCH, C YBEIMUICHUEM COACPKAHHS MTOTUMEPA B HCXOTHOHN cMecH
VMEHbIIACTCA HabyXxaromas CrocoOOHOCTh Tefis, CBA3aHHOE ¢ YVUAINCHHEM TMOJIMMEPHOM CIIMBKH 32 CUCT
BoxopoaHbixX ceaseil. Kak BugHO u3 pucynka 1, crenenp HaOyxanus kpuorenedt [IBC-kenarun ¢ yeemu-
YCHHUEM B HCXOJHOH CMECH KEJIaTHHA BO3pacTacT. BuaumMo moanamMQpOIUTHBRIN KEJATHH CIIOCOOCTBYET
AyqIeMy HaOYXaHHIO KOMIIO3ULIHOHHONM MOIMMEPHOH MaTPHLIBL.

B pactBopax conei MeTamioB HaOMIOAACTCS 3HAYUTCIBHOC YMCHBLICHHC CTCIICHH HAOVXaHUS
kpuoreneh (pucynok 2). Takoe pe3koe CHUKCHUE 00BEMOB KPHOTEICH (KOJIAIC) MOXKET OBITh OOBSICHCHO
B3aMMOACHCTBUEM MaTEpHalia KPHOTES/ICH noHaMu MeTaioB. [t Ooee moapoOHOro OOBSICHCHHS 3TOTO
SBICHUS PACCMOTPHM Ipupoay kpuorens. XKenatuH — npupoaHsi momiamM(ponuT ¢ H30ICKTPUISCKON
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[IIBC : xxenatuH| = 15%. [IIBC : xxenatur| = 15%; [1BC : xenarun = 7:3.
1-Cd*,2-Cu™,3-Fe",4-Ni"", 5-Pb™.
1-(9:1),2-(8:2),3-(7:3) [Me?*] = 50 Mcr/wn.
Pricynok 1 — KueTrika HaGy XaHus KPHOTENS B BOJE Pucynok 2 — KureTrika HaOy XaHusl KPUOT €IS

B pacTBOpax METaJLIOB

toukor pl = 4.8, u uMeeT aMuHHBIC U KapOoKkcunbHbIC $yHKIHOHANBHBIE Tpymmsl. [pu cpeae pH > pl, B
TOM 4Hcie B BOAHBIX pactBopax (pH = 7), yacTs kapOOKCUIBHBIX TPy HOHU3UPYETCH, & JUCCOLIMALHUS
aMHHOTPYII NOJABIIICTCS.

Takum 00Opa3oM, B BOOHBIX PACTBOPAX KCIATHHBEACT ceOAKaK MOJHAHHWOH C OTPULATENIBHO 3aps-
skeaapiMu Tpymmavu COO™. TlpunoGpeTeHne KOMMO3UIUEH OTPHLATEIBPHOTO 3apsia 3a CUET JKEIaTHHA
CHOCOOCTBYET 3NCKTPOCTATUYCCKOMY CBSA3BIBAHHIO C KATHOHOM CONEH METAIOB C OOpa3oBaHUEM
KOMIUICKCA, YTO HPHUBOAUT K CHIDKCHHIO HaOyxaHus kpuorens. lIpum 5TOMKak BUIHO W3 PUCYHKA 2,
kpuorenn [1BC-xenaTnH MOKa3pBalOT HAMMCHBIIYIO HAOVXAMOLIYIO CIOCOOHOCTh B PACTBOPAX HOHOB
Ni?*u Pb?*. BepoaTHO, 3TO 3aBHCHT OT aTOMHOH MACCHl H PaJHyca HOHOB METAIOB. B IIe10OM, IPUTaKOM
MEXaHH3ME B3aMMOJCHCTBHUS BIIOJIHE 3aKOHOMEPHO IMPEIIIONOKUTh, UYTO H3MeHeHHe pH cpenpl okaxeT Ha
HAOYXaIIy 0 CIIOCOOHOCTh U HA COPOLIHIO METAIIJIOB CYIICCTBCHHOC BIIHUSHHC,

Nayuenne kuHETHKH COPOLIUM MOKA3AI0, UTO COPOLUS BCEX HCCICAYEMbIX HOHOB MeTamios Ha [IBC-
JKCTATHHOBBIX AACOPOCHTAX AOCTHUracT MAKCHMAJIBHOrO 3Ha4YcHHs uepes 1-1,5 waca ¢ Hauama mepeme-
mwuBaHus ¢a3. PaBHOBecue copOuuu ycTaHaBIMBAacTCs 33 OAHU CYTKH. [lampHedee copOupoBaHue He
MPUBOJUT K 3aMCTHBIM HM3MCHCHHMSM B KHHCTUKE copOumH. BepodrHo, 31O mpoHCXoAuT 3a CYET
3aMOHCHUS MOP Kpuoreys noHaMu Metannos. [lomHoTa noHHOrO 0OMeHa copbata ¢ rpymnnaMu copbeHTa
MOJKET 3aBHCHTb OT 3HAYCHUS COOTHOLICHHUN MOJUMEPOB B Kpuorese. [103ToMy npu U3yueHHH KHHETHKH
copOuun ObI0 paccMOTpeHo Takke BiusaHue komuuectea [IBC m kenarmHa HA MOMHOTY H3BICUCHHS
HOHOB MeTaiuIoB. YcraHosieHo, uto worsl Cu’’, Fe’*, Cd*" mauboree mOMHO M3BICKAIOTCS MPH COOTHO-
mennu 7:3, a nonst Pb2*uNi?* m3snexarorcs npu 9:1 coornomenus [MBC:xenatun (pucysku 3, 4).

Cyas 0 COOTHOLICHUAX KOMIIOHCHTOB B KOMIO3HIHOHHOM kpuorene [1BC-xenaTuH, MOKHO cka3ath,
YTO YBEIHUYCHHE KOHICHTPALMH JKCJIATHHA B KPUOTEIC CHOCOOCTBYET MOBBIMICHUIO COPOLMH B OTHO-
wennn Cu®’, Fe'*, Cd*', uromoxHO 06BACHATD VBCIUUICHUCMKOTHICCTBA MOTHAHHOHOB, CBA3BIBAIOIINX
KaTHOHBI METALIOB. Bce 5TO B COBOKYNHOCTH, YCHUIHMBACT CBA3BIBAHHEC METANIOB C KOMIIO3HIMECH, UTO
MPUBOIUT K pocTty copbumu. Kpome Toro, Ha copOLMIO METANTIOB OKA3bIBAIOT BIHAHHEC WX KOOPIHHA-
LHOHHBIC YUCTA U Paguychl aToMOB. MIOHBI METaNNOB 00BIMHO HMEIOT OOIBIICE KOOPANHALMOHHOE YHCIIO,
YeM HOH BOAOPOJA, KOTOPBIH MOXKET KOOPAMHUpOBaTh HE Oonee ayx rpymn. Ecmu cpaBHuTh COpO-
OHOHHYIO EMKOCTb KPHOTENECH A Pas3HbIX HOHOB METAIIOB, TO MOXKHO 3aMETHUTh YTO MEAb 3aHHMACT
MEPBOC MECTO B PALY, 32TEM PACIONOKEHBI KAIMHI U JKEJIC30, U camasl HU3Kas COpOHpPYeMOCTh HAOIIO-
naetca B oTHOMmeHuH ceuHna U Hukens Cu’ >Fe’ ~Cd* >Ni*'~Pb”". 910 MONKHO OOBACHHUTD Pa3HBIMH
KOOPAWHALMOHHBIMH YHCIAMH U PaIUyCOM HOHOB — MCHBIIUM B CJIYYac MEIU U OONBIIMM IS HUKENIS U
ceurma. Ecrm cpaBHUTE KOOpAMHAIMOHHBIE uncaa HoHOB Cu”’ m Fe’”, KoopIHHAIMOHHOE YHCTIO JKene3a
paBHO 6, a v Meau 4. B cBiA3HM ¢ 3THM, ANSHACKHIIICHUS HOHOB JKEJIC3a TUTAHAAMH KPHUOTEIISl MOHAT0OUTCS
0OJIBIICCKOMMICCTBO TIOTUMEPA.
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(IIBC : xenatun) (IIBC : xenatun)
1-(9:1),2-(8:2),3-(7:3),4 —xenarun, 5 — [IBC. 1-(9:1),2-(8:2),3-(7:3), 4 — xenarun, 5 — [IBC.
Pucynok 3 — Cop6ums noHoB Cu?™ 10%-HBIM KproTeIeM Pucynok 4 — CopOrius HoHoB Pb?* 10%-HEIM KpHoreneM

C moBBIICHUEM COACPKAHUSA MOJIMMEPA B CHCTEME MMCIOT MECTO M3MEHEHHs o0mel Mopdomnorun
KPHOTEICH, TJIaBHBIM 00pa3oM, B OTHOLICHHH PETYISAPHOCTH HX HOPHUCTONW CTPYKTYpHL. llopuctocTs
MOJTMMEPHOM MATPHLEI MOTYYCHHBIX KpuoreicH Oomee OTYETIHBO HAOMIOAAIOTCS HA CHHMKAX, MOMY-
YCHHBIX € MOMOIIBI0 AaTOMHO-CHJIOBOTO MHUKPOCKONA ¢ PUMECHECHHEM TEXHOIOTHH TPEXMEPHOrO H300pa-
skenns (pucyHok 5). Kak sunHO 3 cauMkoB ACM kpuoresei, uxX CTpyKTypa OTIHYACTCS OT TAKOBBIX IS
kpuoreneit uncteix [IBC.

y( 4m

o 107
100x100 1M, 31 100x100 1M, 31
a o

Pucynok 5 — Caumku ACM: a) [1IBC] = 15%, 6) IIBC : Kenatun = [9:1]
tipno= -20°C, =241

Obpamaer BHUMaHUE TOT (aKT, YTO HA TPEXMEPHBIX H300PLKCHHIX KOMITO3HLHUOHHEIX KpHOTesei
[NBC-kenatuH MOBEPXHOCTh MaTcpHaia BHIPABHUBACTCS, HAOMIOJACTCS OTCYTCTBUEC OCTPBIX BBICTYIIANO-
IIUX VYACTKOB. TakkKe OTYCTIMBO BHUIHO oOpa3oBaHHe Ooniee KPVIHBIX MOP U HEKOTOPas CMA3aHHOCTb
MPOJONBHBIX TPYOUaThIX MONOCTEH, HabmromacMbeix B cinydae uucteix kpuoreneh [IBC. Xapaxreproit
0coOeHHOCTBIO cTpoeHus kpuorenei [IBC aBnseTcs HaTMUne NPOTSDKECHHBIX MOP CO CPEAHUM CEUCHHEM
0.18-0.26 Mxm. CneacTBHEM TOTO, YTO MaKPOIOPH! (POPMHUPYIOTCSA HA MECTE PACILIABICHHBIX KPUCTALIOB
nopoobpazosatess (JipAa), B3aUMHO COMPHUKACAOIIMXCS M OTPAHMYHUBAIOIINX pasMep Apyr Apyra,
SBIISICTCSl B3AUMOCBI3aHHOCTD MOP MEXIY cOOOM, a TakkKe MPUMEPHO OAWHAKOBBIA pas3Mep mop B MOMY-
yacMoM rens. MOHBI MeTaioB, BHEAPCHHBIE B COCTAB KPUOTENS HEMOCPEICTBCHHO B MPOLIECCE KPHO-
00palboTKe, HE HMCIOT 0COOOr0 BIMSHUS HA CTPYKTYPY KPHOTSIs, 4TO HAOIIOAAIOCh B PE3VIbTATS
HCCIICIOBAHUS BCEX 00OPa3LOB KPHOTENIEH C MOMOIIBIO ONTHIECKOTO MUKpockona. ClaeayeT OTMETUTD, UTO
B BBICOKOKOHLICHTpUPOBaHHBIX remsix (15 %-Hpie kpuorenn) HaOmroaacTes 00JICE HACHIICHHOS pacmpe-
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JCICHUE HOHOB METAITIOB B KPHOTreNne. XOTs MPH NMOBBIIICHUN KOHIICHTPALMH HOHOB METAITIOBB COCTABE
KPHOTEI MOKHO VBUICTh HA OTHACIBHBIX VUACTKAX OONBIIME KPHUCTATIOOOPAa30BAHNEC HOHOB MCTAILIOB,
KOTOPOE MPUBOIUT, YACTHIHO, K HEPABHOMCPHOU CTPYKTYpE.

3akmrouenue. [lomyueHHbBIC Pe3yAbTATH IOKA3BIBAIOT, YTO KOMIIO3WIIHOHHBIE KPUOTEIH HA OCHOBE
IBC:xenaTuHOoOma1a10T COPOLMOHHON COCOOHOCTRIO TI0 OTHOIICHUIO K HOHAM TSIXKEIBIX METAIJIOB, UTO
00yCI0BICHO HamuuueM (PYHKLHMOHAJBHBIX TIPYII, OTBCTCTBCHHBEIX 32 WOHHBIH 0oOMeH. Kpuorenm Ha
ocHose IIBC u ’kemaTvHa HMMEIOT BBICOKYIO CTCICHb MOPUCTOCTH, OONAJAIOT XOPOLICH MEXaHHYCCKOU
MPOYHOCTBI0 W CTaOUIBHOCTBIO I IOMMMEPHEIE KOMIIOHCHTHIAOMOTHAOT HEAOCTATKH APYT ApPYra H
VIYUIIAIOT CBOMCTBA Kpuorens, B HenoM. CpaBHUTEIBHBIC AAHHBIC COPOLIMOHHBIX CBOWCTB HATISIHO
MOKA3bIBAIOT HACKOIBKO YCUIMBACTCA COPOLMOHHAS CHOCOOHOCTh Kpuorens Ha ocHoee [IBC mpu
BHeapeHuu 3% xenaruHa. Haunbonee xopommvu copOeHTaAMU U3 U3YUCHHHBIX HAMH SIBISIOTCS COPOCHTHI
15% xpuorens B coornomeHuu 9:1 u 7:3 [IBC-kenaruH COOTBETCTBEHHO AJISI PA3HBIX HOHOB MCTAJIIOB,
MO3TOMY TPeOVIOT JanbHEHIICE HCCICAOBAHMS UX B KQUECTBE COPOCHTOB TSKETIBIX METAIIIIOB.
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NBC ’KIOHE /KEJATHH HETT3IHAE KPUOI'EJBJAEP AJTY
KIOHE OJAPABIH COPBHUAJIBIK KACUETTEPIH 3EPTTEY

A. A. Hakunekora, b. M. Kynaiioeprenosa, P. C. Umunosa, I11. H. Kymaraimesa, M. K. Beiicedbexon

Tipex co3aep: [IBC, sxenatus, KpHOTeIh, COPOSHT, COPOIH.

AnHoTtammst. JKympIcTa aybpIp MeTanaap cOpOCHTI PETiHAC KOJNJAHBUIYFA YCHIHBIIATHIH KOMITO3HIMSIIBIK KPHO-
TCITBACP ANBIHY JKOJAAPHI KAPacTHIpsUIAbl. by mMocemeHiH KasakCcTaH YOIiH €3CKTiiri Cy PecypCTapbIHBIH TAIIIIbI
60.TyBIHIA €MEC, OTAPBIH JACTAHYBIHAA. 3ePTTEY KYMBICHI OAPBICHIHIA TYPIIl APAKATHIHACTA TOTUBUHAT CITUPTI MCH
JKCJIATHH HETI31HACTI KOMITO3HIHSIBIK KPHOTCIBAC) CHHTS3ACTIHAl. bacTanke! eHIHACPAl TaHAAY ONAPIBIH KOJ MKe-
TIMIITITIHS JKOHE SKOJOTHAIBIK KAYINCI3AiriHe HeTi3aeares. Marepuanaapas! ic )Ky3iHAC MaiJamany YIoiH copOuns
MCXAHU3MI KAWTHI MOTIMETTEP eckepine oTripbmn, MbIC (1), Hukems (I1), Temip (I1), xagmuit (I1) sxoHe KopraceH (11)
HOHIAPBIHBIH COPOIMAIBIK 3aHIBLTBIKTAPEI 3epTTeial. [ToMMMEpIiK KOMIIO3HTTI KPHOOHACY CANTAPBIHAH, COPOCHT
pETiHAE OHTAWIBI HOTIDKE KOPCETECTIH MAKPOCAHBLIAYJIBI KPHOTENIb ANBIHATHIHBI KepceTinai. Kpuoremb-copOeHTTIH
aybIp METAIIap HOHAAPHIHA KATHICTHI ICiHY JKOHE COPOLIMSIIBIK KACHETTEP] 3epTTeNal. YaKsIT skoHe PH-THIH copOimsa
KOJIEMiHE 3Cepl KapacTHIPBULABL, COHBIMCH KATap, KOMIIOZHIHMSUIBIK KPHOTENIb-COPOCHTTIH ACCOPOLISIIBIK KACHET-
Tepi, 0T MOP(OTOTHICHL, KYPHUIBIMABIK CPEKINCIIKTEP] 3epTTeIal. AICOPOCHTTEPAIH COPOUMSIIBIK MYMKIHAIKTEP]
COpPOCHTTIH MCHIMIKTI OCTIHC JKOHE TY3UITCH CaHBLIAYIAP MemepiHe OalnaHeCTeI Oonmaxbl. CopOnus mpoLCCiHiH
SKBITIAMABIFBIHA METAI HOHAAPBI MEH COPOCHTTIH (DYHKIMOHAIIBI TONTAPBI APACHIHAAFBl XHMHUSUIBIK SPEKETTECY
YJIKEH MOHTE M CKEHIT aHBIKTasl. COHBIMEH KaTap, 0J1ap KOFaphl TEPMISLIBIK TYPAKTBUIBIKKA, CHIPTKBI IIAPTTAP-
JIBTH, ©3TepiCiHAC — HOHBIK KYII IICH CPITIHAIHIH CYTEKTIK KOPCETKIII MOIIIEPIHIE a3 FaHA AyBITKY OCPETIH >KAKChI
Cy CIHIpTim KaCHCTKE, JKOFAPhl OHOYIICCIMILUTIKKE YKOHE KCTKUTIKTI MCXAHHKAJIBIK OCPIKTIKKS MC. AJIBIHFAH KPHO-
reapaep Oip OipiMEH CaNbICTBIPBIIBIL, COPOCHTTEDP PETIHAC KOIAAHBUIATHIH Y3/AIK YITLIEP] AaHBIKTAIBL.
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