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one KTPO | OBIIASl XAPAKTEPHCTHKA PABOTBI

PaBora shimonmena wa xadenpe xummueckoii TEXHOJIOrHH ApeBecHtbl, GHOTEXHOJIOTHII W AKTyanbHOCTL TeMbl HcciefoBannsi, OCHOBHOH MOTpeOWTENh BaHaIWs — dYepHas
HaHoMaTepuanon MHCTMTYTa XnMueckoii nepepaGorki PACTHTENEHOrO CHIPhS M MPOMBILLICHHOM ‘ METAJUTYPrus, IIe €ro MCMONB3YIOT KaK JIETMPYIOLMHA 3JICMEHT /Ul BHIIUIABKM CHICUMAILHBIX COPTOB
sxonoruu GI'5OY BO «Ypanbexuit TOCY/IapCTBEHHBIN JECOTeXHHUCCKHUI YHHBEPCHTET) crajieii. Banaauit mony4aloT BOCCTaHOBJIEHHEM NIEHTOKCH/Ia BaHAIHsA, KOTOPBIH B CBOIO OYEPE/L HALIENT

HIMPOKOEC IIPUMEHEHUE B IIPOU3BOJICTBE Q)EPPOBaHallPICBBIX CIUIABOB, KaTaJIM3aTOPOB Il IIPOU3BOJACTBA
| CCpHOﬁ KHCIIOTEI, 1 KPYITHOTOHHAXXHOTO OPraHMIECKOro CHHTE3a, a TAKXKE KaK KOMIIOHEHT CTEKOJI U

4 L AOKTOP XMMHUECKHX HayK, Npodeccop JHOMHHO(OPOB.
AYUHbIA pyKoBoOAUTENL — CBHUPHUIOB B \
pA Jaguciaas Baagmuposuy { OCHOBHOW  TIPOMBIIUIEHHLI  WCTOYMHWK — TMOJNYYEHHMS  BaHAAUA —  OKEJIE3HBIE M
THTAHOBAHANEBLIE PY/IBI, COAEPKAIIME BAHAAWH KaK NpUMech. C NMOMOIIBIO 3TOT0 MCTOYHHMKA YIAaeTCs
JIMHHUKOB Outer iMuTpuennt,
OdHunAILEBIC ONIIONECHTDI: AOKTOp XUMHYECKHX Hayk, PI'BYH MuctutyT
XHMHH TBEPLOTO TeJld Ypanl,c](oro OTHeleHHs KOHIICHTPATHI IIONIY4ArOT, KaK TIIPaBUJIO, NHUPOMETAINTYPrHICCKUM CHOC060M, a Oomee YHCTBIN
Poccuiickolii akagemuu nayx, r. Exarcpnubypr, ’
3aBelytounii nabopatopueii HeopranHueckoro

MOKpBITE GONBLIYIO 4acTh MMPOBOM MOTPeGHOCTH B BaHAAHMEBOH NPOAYKIHMK. BaHaaueBble LITAKA U

TNCHTOKCH BaHaaHA — THAPOMETAJTY prU4C€CKHAM.

CHHTE3a; Ilpn  KoHUEHTpauwu BaHagus B pacTtBope OGonee 20 r, WCIONB3YIOT ~ METOR
o " WKICHUA B KUCIOMN BHJE HEPACTBOPHMB ucnor. B cocras

KPAIUEHUHHWH Anexceit Nennagnesny IIPOIRRHRIRIFG DER SIH GpRRs B BHA PRETHOPHNED:. FOIHE =

KaHAMAAT TeXHHUeCKuX Hayk, PI'BYH Uncturyr s TBEPAOH (a3bl MpH 3TOM, BXOAAT MPUCYTCTBYIOLIME B pacTBope npuMec Na, Ca, Mg, Cr, Ti, Si, Mn,

METTYPrEH Y pajlbCKOro OTHEEH S |
Poccuiickoii akapeMmuu Hayk, r. Exarcpuubypr,

CTapluni Hay HbIi COTPYAHMK IPYNIibI JanpHelmeM Tpe6GyeTcst JOMONHUTENBHOE HCIONB30BAHHWE JOPOTOCTOSMIMX — TEXHOJOTHYECKHX
CoBetHuka PAH.

Fe, P B xonuuectse 2-4 mac.%. JInd TONyYeHWs TOBApHOTO MPOAYKTa —IICHTOKCHIA BaHauus B

onepauui. JlpyruM HENOCTATKOM 3TOTO METOJa ABJAETCH JOCTATOYHO BBICOKOE COJAEpIKaHHe
(0,1-0,4 r~n") COCIMHEHMH BaHAAMsA B PacTBOPE IOCIE THAPOIMTHYECKOTO OCAXIACHHSA, UTO CO3/AeT

Beaymast oprannzanus - DI'BOY BO «Hensbuuckmil rocyiapcTBeHHbL i TIpoGNIEMBI  3KOJIOTUYECKOTO XapakTepa MpH cOpoce pacTBOPOB B MPUPORHYIO cpeay. I[IpeaensHo

YHHBEPCHTETY JIOTyCTHMas KOHUEHTpAIWs, COTNIacHO rurvenudeckoMmy HopmatuBy I'H 2.1.5.689-98, ne momxkna

TIPEBLILIATE 0,1-10'3 ot , UTO B GOJILITMHCTBE CITyYaeB HE BBHIMONHAETCA MPH OUMCTKE CTOYHBIX BOJ

TatinT e ) W3BECTKOBAHHMEM. HICIIOIB30BaHIE BMECTO W3BECTKOBAHHS MPEUMYIIECTBEHHO COPOLIMOHHBIX METOMIOB C
ALLHTA IHCCEPTALMKU cocTouTes «16» depans 2018 r. B 17:00 u na 3acenanuu JIMCCepTallMOHHOI0

npuMeHeHHeM aHuoHuTOB AK-22, AB-16T, AB-17, 3/I2-10IT1 AM-n, Takxe HaTaJKWBaeTcs Ha pi
cosera J[ 212.285.05 na 6aze ®I'AOY BO «YpanbekHil (enepalibHBIL YHUBEPCHTET MMeHH nepeoro e ! -

5 JIHOCTEH, CBA3aHHBIX, B MEPBYIO 0UEPE/b, C HU3KON NMPOM3BOJUTENLHOCTBIO NPOLIECCa, HEBBICOKOM
IMpesupenra Poccnun B.H. Ensuuna» no ajipecy: 620002, r. ExarepunGypr, yin. Mupa, 19, ayn. 1-420 (zan i o P P P

VyeHoro COBCTa). COpGUMOHHOH €MKOCTEIO, IOPOTOBU3HOMN COp6eHTOB ¥ C UX YTHIIA3ALWCH.

U3 M3JI0XKEHHOTO CIENYET, UTO pa3paboTka HOBBIX BHICOKOI(Y(EKTHBHEIX TEXHONOTHH

C nuccepraumeil MOXHO o3HakoMMThCA B GuGaHoTeke M Ha caiite BTAOY BO «Ypanbckuit U3BJICUCHUS COCAMHCHHUM BaHAJWs U3 KUC/IBIX PACTBOPOB SBJIAETCA B HACTOSAIICE BPEMs aKTyaJIbHOM
(encpansHbIH YHHUBCPCHUTCT ~ HWMCHM ricpBoro [Mpeauacura  Poceun B.H. Enburnay, 3afayeii. B OCHOBY aMccepTauHOHHON paGOTHI TMOJNIOXEHAa TEXHONOTHS M3BJICUEHUA BaHAIUA M3
http://lib.urfu.ru/mod/data/view.php?d=51 &rid=274775 : TEXHOJIOTMYECKHX PAcCTBOPOB C INPUMEHEHHEM HOBBIX MOAM(PHLUPOBAHHBIX BHICOKOXMCIIEPCHBIX

CIIOMCTBIX AJTFOMOCHUITHKATHBIX COpGCHTOB.

AsTopedepar pasocnaH «__ » 20 r. Crenenb paspaGorannoctn Tembl, CymiecTByer psj paGoT MO M3BJICUEHHIO BAHANHA M3

ﬁ s / / 5 j CTOYHBIX BOJ| U THAPOMETAILTYPrHYCCKUX pacTBOpoB Ha aHnonutax AK-22, AB-16T, AB-17, 519-1011

AM-n. Tlo pgaHHOW TEXHOIOTHH TIPOBEICHBI naﬁopa'ropnme HCCIIENOBAHUA W TIPEUIOKEHA CXema

H.o. yuenoro ¢
y 0 CeKperapst M3BJIEYCHHUS1 BaHAMs M3 OTPAaOOTaHHBIX KATAIM3ATOPOB, UMEIOTCA NaTeHTh PD Ha n3o6peTeHue.

JHaR O
YTt _
r ExatepunOypr

et b ’

JAHCCEPTALMOHHOrO coBETA

Bpychnupin Cepreit Bukroposu CyuiecTBYIOT paGoThl 10 UCTOJB30BAHHIO B KAYECTBE afcOpGEHTOB, PA3IHUHBIX MPUPOIHEIX

A/IFOMOCHJTHKATOB /IJIs1 H3BJICUCHHA WOHOB METAJJIOB H3 pacTBOPOB. Cpe);m HUX Bce GONBIIMIT HHTEpECC
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TIPEACTABILIIOT BBICOKOAMCIIEPCHBIE CIOUCTEIC ATFOMOCHITHKATEI, KOTOpBIe NpuMeHsiéD Mt M3neats
MCEMW, HUKE/A, LMHKE, CTPOHUMA, MHIMA M pija [PYTMX METalioB. MsyueHsl CTPYKTYpHBIE
XApaKTEPUCTUKH NPUPOAHBIX CIOMCTHIX AJIOMOCHIMKATOB M HMX B3aUMOJEHCTBHE C PAs/IMYHBIMH 1O
TOJAPHOCTH  pacTBOpUTENAMM. CBCACHUA 0O HCIOJL30BAHHMIO CIOMCTBIX AIOMOCHIMKATOB A
HM3B/ICHCHIA COCIMHEHMA BaHALWS 10 HAYasla HALKX HCCIEI0BAHMIA B JIATEPATYPE OTCYTCTBOBAH,

Hens paGorsr: PaspaGotka HayuHO-0GOCHOBAHHOM COpOLMOHHON TEXHOJIOTHH H3BJICUECHHS
BaHalud M3 TEXHOJIOTMMECKHX DPACTBOPOB M MPOMBILUIEHHBIX CTOYHBIX BOJ, C HCIOJL3OBAHMEM B
KauecTBE a/ICOPGEHTOB MOAM(PULMPOBAHHBIX CIIOUCTHIX AIOMOCHIMKATOR,

3agaun ncenenopanus:

— Msyunts u3suKo-XxMMUUeCKHe CBOHCTBA COPBEHTA OKCOCOCAMHEHHI BAHAMMA, HA OCHOBE

MOAM(UIMPOBAHHBIX AIOMOCHIMKATOB
— MHsyuurs 3axoHoMepHOCTH agcopOuUuM COeMHEHMI BaHaius Ha MOU(HLMPOBAHHOM

MoHTMOopumnonuTe(MM)

— Vsyuuts 3aKOHOMEPHOCTH aficOpOLWMM BaHajMs Ha MOPHCTON 3arpy3Ke C KOJUIOMAHBIM

HocuteneM(MM)
— PaspaGotarb MeTOAbl U3BJIECYEHMS BaHAmMA U3 pacTBOpOB C pAa3IMYHOM MCXOAHOM
KOHUCHTpaLuen

Hayunasi HoBH3HA U TeOpeTHYECKAS 3HAUHMOCTD
BrepBrie  MOMyYeHBI  CHEAYIOLIME HAYHYHBIE PE3yNbTAThl, JIEXKAIME B OCHOBE Pa3paGOTaHHBIX
TEXHOJIOTHIA;

1. MeTooM HHTEPKAISUMOHHOTO CHHTE3a BIEPBBIC nojNyyeH COpGEHT Ha OCHOBE
MOHTMOPHIUIOHMTA (MHTEPKANATA). M XJIOPUAA JUIELIMIAUMETHIAMMOHHS (npekypcopa), obnanaromue
BBICOKHMH a/ICOPOLIOHHBIMA CBOWCTBAMHM IO OTHOIUEHHIO K OKCOAHHOHAM H2V100284', HV100235',
V305%, VOy5.

2. H3yyeHbl (U3MKO-XMMHYECKHE CBOICTBA copGenra (CTpyKTYypa, 3apsj MOBEPXHOCTHBIX
CIIOEB, aACOPOLMOHHAs aKTUBHOCTB)., YCTAHOBJIEHA CIIOCOGHOCTD HHTEPKAIMPOBaHHBIX MM Kk
CaMONpPOU3BONILHOMY AMCIEPTHPOBAHMIO M AeopManuu B BOAHOH cpene (paccTosHue Mexay
CTPYKTYPHLIMH COAMHI MEHACTCA OT 1,5 1o 6 uM.). [TokasaHo, uTo B pesynbTate HHTEPKAJIALIMOHHOTO
cuHTe3a (-noTeHUMan copbeHTa MEHAET CBOM 3HAK U Benuyudy (ot -91 go +196 MB). IMonyyena
BbICOKasA COPOLIMOHHAS €MKOCTb [Nl OKCOCOEMMHEHMIT V, Mo u W — 1,65; 1,96; 1,21 mmonbr!
COOTBETCTBEHHO.

3. [IlokasaHo, urto Xapakrep B3aumozeiicreue KITAB ¢ OKCOCOCAMHEHUAMU BaHaAUA
CBOZMTCH K HOHOOOMEHHOMY MEXaHM3My ¢ 0Gpa3oBaHHEM MaJIOpaCTBOPHMBIX HOHHBIX aCCOLMATOB B
CTEXHOMETPUYECKOM COOTHOIIEHHH 2: 1.

4. YCTaHOBJEHO, YTO XapakTep B3aHMOAECHCTBHS OKCOAHHOHOB BaHA[UA C TOJIOKUTENILHO
3apOKCHHBIMN aKTUBHBIMH LIEHTPaMK copOenTa Takke oGycionsen 06pa3oBaHHEM HOHHBIX aCCOLMATOB

M HC CONpPOBOXIACTCA OSHEPreTHUECKUMH 3aTPYAHEHUAMH (PABHOBECHBIE 3HAYEHMSA NPEAENTHHOIM
4

€MKOCTH J lo¢TufaeTcs B Teuenwe 13-15 wmunyt). IlokasaHo, uTo HauGoJbIIEE H3BJICUCHHE
OKCOCOEJMHEHHH BaHAIUs A0CTHraeTcs B o6nactu 3HauyeHuii pH 3,4-4,5 npu nporexannu Qusiueckon
agcopbuun, (AH = - 4,36 x[x-mons™ ). OnpeneneHo, YTO OCHOBHOH BKNaj B aacopOLMIO BHOCHT
cTpykTypHas coctapnaomas (TAS = 18,47 kJlxeMoms™), 4TO cBA3aHO C pasynopsioueHHEM
PacTBOPHUTENS B MEXKCIOEBOM MPOCTPAHCTBE COpOeHTa.

5. OnpeneneHsl mapameTpsl afcopOLH OKCOCOSANHHI BaHaus Ha 3arpy3ke ¢ Cyab(aTHOl
LEIUTION0301 C KOJIOUAHBIM HOCHTENEM - MOAU(HLIpoBaHHEIM MM B nuHamuueckom pexkume (JJOE —
1193 mrr’!, COE — 116,4 mrr! TIOE — 235,7 mrr).

6. VYcTaHOBIEHBI HAayYHO-0GOCHOBAHHBIE ONTHMAJLHBIC YCIOBHA HW3BICUCHHS BaHAIWA W3
PacTBOPOB C BBICOKOH KOHLEHTpaluei METOA0M HOHHO-0CAUTENbHOM (hIIOTAlMH ¢ MCTIONIL30BAHHEM B
KauecTBe coOUpareNs XJIopuaa ANACHHITANMETHIaMMOHHS.

7. Jano HayuHoe OGOCHOBAaHME METOMY M3BJEUEHHMS COCAMHEHMI BaHAJUMA HA MNOPHCTOMH
Cynb(haT-LeTION03HO0H 3arpy3Ke ¢ KOJNIOHHBIM HOCHTENEM - MOAH(UIIpoBaHHEIM MM,

IpakTHUecKas 3HAUHMOCTD PaboThbI

Hayuno o6ocHOBaHBEI ¥ pa3paboTaHbl TEXHOJNOIMH W3BIEUCHHS BaHAIHA H3 DPacTBOPOB
BBILIETAYHBAHHS W XBOCTOBBIX PACTBOPOB.

JocturHyTa Gojiee BbICOKas CTENMEHb W3BNievueHwst BaHamus (96-97 wmac. %) w3
TEXHONIOTMYECKUX PacTBOPOB MO CPAaBHEHMIO C TPAJULMOHHBIMH TEXHOJIOTMYECKUMH METOAMH B
LIMPOKOM JIMAMa30HE HMCXOAHBIX KOHUEHTpauuid. [Ipn o4MCTKE XBOCTOBBIX PAacTBOPOB HOCTHIAIOTCS
BEJIMYMHBI OCTATOYHALIX KOHLIEHTpaLWi BaHaAusA ¥ MapraHila HIKe yCTaHOBNEHHbIX 3HaueHni [TK.

Hcnonb3oBaHue HOHHO-OCAAUTENBHOM (UIOTALMHU C KOJUIOWIHBIM HOcuTeneM MM mossonser
JIOCTHYE BBICOKOH CEJIGKTMBHOCTH 110 CPaBHEHWIO C W3BECTHBIMM TEXHOJIOTHAMK (COAEpXaHHE
NprMecei B KOHEUHOM TTPOJIYKTE - IIEHTOKCUAE BaHa/AMs COCTaBsieT He Gonee 1 mac. %).

Onpenenen cocTap MOPUCTOH TBEpAO(a3HOM 3arpy3KkH Ha OCHOBE CYJb(aTHOI LIEITIONO35I U
MoJIMaKpUIaMuia C  PABHOMEPHO  pACHpEACNICHHBIM B HEW  KOJUIOW/AHBIM  HOCHTENEM  —
MoauduumposanueiM MM, Hcnome3oBanne moiuduuupoBanHoro MM B kauecTBe KOJUTOMIHOTO
HOCHTEJIS, TIO3BOJIAET IOCTHYE GoJiee BHICOKOI TMHEHHOI CKOpOCTH ToToKa 10 8-16 M¢™' 1o cpasHenuio
¢ NMHEHHBIMHM CKOPOCTAMM aficopOIMH Ha W3BECTHBIX aHMOHHUTAX (MEHee 5 M-c") a TaKXxe 00ecreYnTh
6oJiee BRICOKYIO COPOLIMOHHYIO EMKOCTE 1,6 MMOJIL'T "(no cpaBHeHHIO ¢ aHHoHHTaMu 0,51 Mmom,'r'l).

VCTaHOB/IEHA BO3MOXHOCTh YBETUYEHUS BPeMEHH pabOThl KOJUIOMAHOTO HOCHTENA (xonuuecTsa
aJCOPOLIMOHHEIX IIMKJIOB) 33 CYET NEPHOAMYECKOH MOINUTKH HOCHTENS HEGONLIIHM KONMYECTEOM
pacTBopa MoaM(ukaTopa. B Xoje 3TOH TEXHOJIOrHYECKOH OIEpalli MPOMCXOMUT «IIOA3apSAKaN»
afcopOLMOHHBIX CloeB MM, T.e. yBenHUeHHE TOBEPXHOCTHOTO 3apsifia W BOCCTAHOBJICHHE MPEXKHHX
a/ICOpOLIMOHHBIX CBOMCTB.

Pa3paboTana NpUHIMIHANLHAS TEXHONOTHYECKask CXeMa H3BJIEUEHHs! COEMHEHHI BaHAUS U3
PacTBOPOB BBHILIETAYHBAHUSA H XBOCTOBLIX pacTBOpOB. [Toka3aHa BO3MOXHOCTb, TOJNYHUEHHS AWOKCHIA

Mapranua (Hap;my C IICHTOKCUIOM Bana,zum) Ha CTaINH OYHCTKU XBOCTOBBIX PACTBOPOB.
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MeT0/10/10rHSl M METOABI HCC/IEA0BAHHSI

MeTon0/0r4u€ecKoii 0CHOBOM MCCNEAOBAHMS ABISICTC KOMIUICKCHDII NOJAX0A K M3Y4EHHIO
(pU3MKO-XUMHYECKHX CBOICTB CHHTE3UPOBAHHBLIX COPOEHTOB, X COpOLMOHHOrO B3aUMOJEHCTBUA C
BAHAJIAT-HOHAMH, B CTATHYECKOM M IMHAMHYECKOM PEXUMAX.

Hcnosnb3oBanbl  METOAB!  CTATHCTHYECKOH  0OpaGOTKM  JaHHBIX,  MATEMAaTHYECKOIO
MOJIEMPOBAHHA ClICUUATM3HPOBAHHBIE IIPOrPaMMBIL [l 00pPaGoTKH JaHHLIX aKkcriepumentos (Origin
8.0, AnalysisStation) u nocrpoenus crpyxryp semecrs (ChemOffice).

Tlpu HccnedoBAaHUM MCXOMHBIX MAaTepHaloB, MAapaMeTpoB Mpouecca H (pM3HKO-XUMUYECKHX
CBOHMCTB HCIOJIL30BAIN COBPEMEHHBIC METO/IA AHANU3A: MH(paKpacHas criekrpockoms (npubop Nicolet
6700 meron HIIBO (HapylueHHOro MONHOrO BHYTPEHHETO OTPaKeHHs)), pentrenodasoBslii aHaus (
Audpaxromerp Shimadzu XRD 7000, Cu-Ke, rpadmrossiit MoHoxpomatop, Bruker AXS Advance, Cu-
Ka), snexrponnas cxanupyromas muxpockonus (JEOL JSM—6390 LA (SEM)), Macc-CrieKTpoCcKonus ¢
MHAYKTHBHO-CBA3aHHOM nnasmoii (Optima 4300DV), usMepenne {-NOTeHUMANa NPOBOIMIH METOXOM
anexTpoopesa.

Ionoxenns guecepTaumu, BHIHOCHMBIE HA 3AIMHTY:

1. Dusnko-xMMHMECKHE CBOHCTBa aficOPGEHTOB HA OCHOBE CIIOHCTBIX ATFOMOCHIMKATOB JUIS
U3BJICYEHHUS OKCOCOECANHEHUI METANIOB.

2. Ancopbums  oxcocoenuHeHMit BaHamusd ~ Ha HOBEPXHOCTH  BBICOKOAHMCIIEPCHOIO
MOAU(HUMPOBAHHOIO MOHTMOpHLToHHTa(MM).

3. AncopOuUMOHHOE MW3BICYEHHE OKCOCOCAMHMCHMII BaHaaud Ha HOPUCTOH  3arpyske,
aKTHBHPOBAHHOH BBICOKOAUCIIEPCHBIM MOM(ULMPOBAHHEIM MM B IMHAMHYECKOM PEXHME,

4. TexHONOrHM M3BICUCHUS OKCOCOEAMHEHUH BAHALMA M3 TEXHONOTMYECKHX pacTBOpOB U
TIPOMBILIJIEHHBIX CTOYHBIX BOJ.

MlocToBEPHOCTL HAYMHBIX pe3yNbLTATOB. DKCHEPUMEHTambHas paGoTa NpOBOAMIACH HA
BLICOKOKAYECTBEHHOM, CEPTU(MUMPOBAHHOM O0GOPYNOBAHMM C NPHMEHEHMEM HOBCHIIMX METOIO0B
aHanusa. Pe3ynbTaTel SKCIEPUMEHTOB XOPOLIO COMNACYIOTCH G JIUTEPATYPHBIMU  [IAHHBIMM M
TCOPETHICCKUMHU  PACUCTaMU, MONYYCHHLIMU I JAHHBIX CcHCTeM. [Ipy u3yuenuu copGLMOHHBIX
TIPOLIECCOB HCTIOIL30BAIUCE KAK MOJIENILHBIC PACTBOPDI, TAK M TEXHONOrHYECKHE pacTBophl, O6paGoTka
PE3YNLTATOB SKCIEPUMEHTOB NPOBOAMIACL C NPUMEHEHHEM METOJOB MAaTEMATHUECKOH CTATHCTHKM M
CHCTEMATU3aLMH SKCIEPUMEHTAIBHBIX IaHHBIX.

Juumpiii  BKAAA apropa. [lnannposauve paGoOTHI, MPOBEJEHME TEOPETHHECKHX W
OKCMEPHUMEHTANBHBIX HCCIEN0BaHMI, 06paboTKa pesyNIbTaToR IKCIepUMenTOB, HayuHo-TeopeTuueckuii
AHAM3  TIONYYCHHBIX  OKCLEPUMEHTANLHBIX ~ PE3YNLTATOB, MX HCIONL30BAHME Ml PaspaGOTKH
TEXHOJIOrHiecKuX npouecco. [loarotoska pyxomuceit i crareil B HaydHBIE XypHANbI, BEICTYILICHHA Ha
POCCHACKHX M MEXAyHapOJHBIX KOHIPECCAX M BhICTABKaX. [IpOBEACHUE TEXHUKO-3KOHOMHMYECKOIO

ofbocHoBaHue NpeAIoKEHHOH TEXHOIOT MM,

Anpofauns pa6otbl. Pe3ybTaThl SKCIEPUMEHTOB M HCCIENOBaHMM GbIIM MPE/ICTABICHb! B
\

BHJIE TE3UCOB M coolwenuit na VII Bcepoccuiickoil HayuHO-TeXHUUecKas koH(pepenunn «Hayunoe
TBOpPYECTBO MoNoAexu —Poccum», 2012 r., na XII MexayHapoaHoM HayYHO-IIPAKTUYECKOM
CHMII03HYM M BeicTaBke «ducras Boga Poccumny 2013 r., Ha XXIII Poccuiickod MOOJEKHOH HayqdHOH
koH(pepenin  «[Ipo6ueMbl TEOpeTHHUeCKOH W SKCIepuMeHTanbhodt Xummm» 2013 1, ma X
MEXJIyHapOJHOM KOHKYpCE HayYHO-HCCIIEH0BATENbCKUX IIPOEKTOB MOJOABIX YueHbIX «Eurasia
GREEN», 2013 r.

Iy6ankanun. TTo TeMe auccepTauoHHON paGoThl ony6mukoBano 10 pabot, u3 HUX 5 craTei
B XKypHaiax, pekomenoBanHeix BAK PO, 1 matent PO Ha uzobpeTenne, 1 cTaThs B TEXHONOTHYECKOM
JKypHaie, ¥ 3 Te3wca JOK/IafoB Ha BCEPOCCHICKIX W MEX/IyHaPOIHBIX HAYTHEIX KOH(EPEHIHsX.

CrpykTypa 1 00bemM paboThl

Beero B paGote copepxurcs: 122 crpanuusl, 54 pucyHka, 15 tabmun, 133 HauMEHOBaHMS

LIUTHPYEMOH JTHTEPATYPEI.

OCHOBHOE COJIEP)KAHUE PABOTbBI

Bo BBeaenHH 06OCHOBaHA aKTYalbHOCTH TEMbI, CHOPMYITHPOBaHBI LENb W 3aJa4H
HeeneoBaTesibekoi  pa6orsl.  [TokasaHa HaydHas HOBM3HA, aKTYalbHOCTb, MPAKTHYECKas M
TeopeTHIecKast 3HATUMOCTb PabOoThl, PEACTABIEHLI OCHOBHBIE TOJIOXKEHHUS, BHIHOCUMEIC Ha 3aIUTY W
pe3ybTaThl anpobauru paboTsl.

B nepBoii riaBe TNpeACTaBIEH KOMIUIEKCHBIH aHann3 JINTEPAaTypHBIX JAHHBIX O COCTaBe,
CBOICTBaX M TOBEACHHUH OKcocoeanHeHwnit V, Mo, W B. BOAHEIX pacTBOpax. PaccMOTpeHBI OCHOBHEIE
WCTOUHHKM TIONIYYCHWs] BaHauus W MeTolnl ero wu3Bnevenns. Ocoboe BHUMaHWE YACNEHO
afcopOIMOHHEIM  MeTofaM. OMNUCaHbI CTPYKTYPHBIE XapaKTEPUCTHKH MOHTMopuinonuta (MM),
BHLIOPAHHOTO B KA4yeCcTBE MaTPHLIbI Ui MOJy4eHus afcopOeHTa BaHaaus. OmucaHbl 0COOGEHHOCTH
MOAU(HKAaTOPOB,  CIOCOGHBIX ~ MEHATH  ()M3MKO-XUMHYEcKHe  cBolicTBa  ancopbenta MM.
[IpoaHaiM3upoBaHa BO3MOXKHOCTs MOAH(HKaLH MM ¢ 1onyueHHeM BbICOK0I()GEKTHBHEIX COPOEHTOB
METAIOB M3 BOAHBIX PaCTBOPOB.

Bo BTOpOii IVIaBe 1aHa XapaKTEPHUCTHKA BaHAAWHCOAEpKaIUX 0OBEKTOB, ONIMCAHA METOANKA
noyueHus ancopbeHTa Ha ocHoBe MM H ero (M3MKO-XMMHYECKHME CBOMCIBA, ONpPEAC/AIONIHEe
a/IcOpOLIMOHHYI0 aKTHBHOCTH 0 OTHOLIECHHIO K OKCOAHWOHAM METAJLIOB.

B kauecTBe OOBEKTOB /Ui M3BICUEHHS BAHAJWA HCIOJNB30BANM DPAcTBOpP IOCHE JBYX
CTaJIMIHOTO KMCJIOTHOTO BBILIENAYMBAHKSA BaHAANS M3 COAOBOH IIMXTHI, MonydeHHoi u3 maka OAO
«HTMK», MOENBHBIE PACTBOPHI C PErYJHPYEMBIM COOTHOLIGHHE BAHAZMS M MapraHlla M XBOCTOBOH

pactBop OAO «UM3» (tabn. 1).



Tabnuua 1 — Cocras pasnuunblx BaHaARACONEPHKALLMX PACTBOPOB 3.” e KTpO HHbIN 3

PactBop nocrne AByx | MoaensHbli pactBop XBOCTOBOIf pacTBop

CTaJiuHHOTO KUCIIOTHOTO OAO «UM3

BLILIEIAYMBAHUE BaHAWA U3 | | 2 3 4

COIOBOMH INIUXTHI
DiIeMeHT T aMe ram” M
\% 15,02 15,0 | 15,0 | 15,0 | 15,0 0,10
Mn 4,52 5,0 6,0 |8,0 10,0 2,42
Ca 1,20 1,2 1,2 1,2 1,2 0,49
Mg 0,65 0,65 0,65 0,65 10,65 0,08
Na 4,40 40 ©H40 440 W40 2,67
K 0,09 0,09 0,09 0,09 0,09 0,12
Fe 2,47 2,47 1247 12,47 [247 0,21
SO~ 24,80 33,0 |36,4 40,0 [434 10,40
NOy - - - - - 1,03
Cyxoit - - - - - 13,30
OCTaToK

TIockoieKy COAMHEHHS BAHAIWS MIPH PA3THYHBIX KOHUEHTPAIMAX U 3HaueHnsX pH HaxomaTes
B BOJHBIX pacTBOpax NpeUMyLIECTBEHHO B BUAE aHHOHOB Pa3HOOGPa3HOr0 COCTaBa, HaMu GbLT MOTyueH
ancopGeHT COEAUHEHHH BaHa/Us C TOJIOXKHUTENLHO 3aPSKEHHON TOBEPXHOCTIO, AncopGeHT Ha OCHOBE
MM cuntesuposanu B cenyiowieii nocnenosarensuocty. Ha nepsom srame NPOBOANIM 3aMEHY HOHOB
Kalblys Ha HOHBI Harpus B MM cocrasa (Na,Ca)o3(ALMg),SisO10(OH),'nH,0. [lanee HOJIyYain
BOAHYIO cycriensuio MM (5 mac. %) u poGaBisiin Moaudukatop B komuuectse 12 Mac. % OT Macchl
MM. B xauectBe MOAMDMKATOpA MCIOL30BANK KATHOHHBIE MOBEPXHOCTHO-AKTHUBHLIE BELECTBA
(KIIAB) — x10pHz RUACHMIMMETHIAMMOHMUS UM XJIOpHJ OKTajelynamMuna, Coctae MM Ha Pa3sHbBIX
CTalMsAX CHHTE3a NPUBEICH B Tab1.2.

Tabauua 2 — CocraB MM Ha pasHbIX CTafMsaX CHHTE3a

OMITIOHEHTHI B [MM(Ca-dopma) MM  (Na-¢opma) MomubHIHPOBaHHEIH
mepecueTe Ha oKcHapl  [Mac.% mac.% MM, mac.%

Si0, 51,9 51,9 47,20
AlLO; 17,1 17,1 15,5

Fe 03 7.9 7.9 7,2

MgO 1,2 1,2 1,1

CaO 1,5 - -

Na,0 0,21 1,7 1,6

K,0 0,3 0,3 0,24

H,O 8,8 8,8 8,0

ILILIL. 10,3 10,3 9,3
CaaHgsCIN - - 10,0

YceranosieHo, uto cIpykTypa MM B xoJle cuHTe3a u3Mensercs. Ha ynbpaMukpodoTorpagun
(puc.1 a) noxasana cnoucras crpykrypa MM nocne meproit cragun cunresa. TTocre BTOPO# cTaguu
cunresa (nabyxamuss u Momudukauuu KITAB) wactuusr MM JHCTIEPIUPYIOTCA 10 TIOTIEPEYHBIX
pasmepoB meHee 100 HM B BuE PABHOMEPHO PACTIPE/IENEHHBIX B 0GBEME CIIOMCTHIX NAKETOB (puc.1.6).
B xone uccnenoBanms GBUIO YCTaHOBNEHO, YTO HacTHUB MM CKIOHHBI K obpaTuMoil KoarysIun

(nenTuszauuu).

Pucynox 1 — Vnsrpamukpogororpadpuu MM, nonyueHHsIe Ha CKAHUPYIOLIEM MUKPOCKOTIE
JEOL JSM-6390 LA; a—MM mnocnie nepBoii craaiu MHTepKaniuuu, 6 — MM nocie BTopo# cTaaun

UHTEPKAJIALNH

IMpu cuntese copbenra, nepsbie nopuun KITAB pacxomoBaiuch Ha B3aMMOJICHCTBHE C
OTPHUATENBHO 3aPAKEHHON MOBEPXHOCTHI0O MM ¢ (opMHpOBaHHEM TEPBOrO aACOPOLMOHHOTO ClIOA,
(puc. 2. a ). Tlocnenyromme mnopuun KITAB pacxomoBanuchk Ha (pOpPMHPOBAHHE BTOPOTO

a[copOLMOHHOTO CJIOS, 3apAXKEHHOTO TONIOXKUTENBLHO (CM. puc. 2.6 ).

O Kucnopon
@ Tinpoxern

O Aoyt
AJIOMOKHCIOpOIHBIT cnoft
® Kpemmii
Kpemnekicnoponusrii croft :
My ® Marumit
i 4 ’»‘(X‘}(X‘.‘Enmoﬂ KIIAB

. Bucnoit KITAB
Kpemuekncnopoausrii cioft

AsroMoKICa0ponHbIit cnioit

PucyHok 2 — Cxema Moau(uKaLuy oBepxXHOCTH MM AU AHMETHIAMMOHHIA XJI0PUOM; @ —

MOHOMOJIEKYJISIPHEII acOpOUMOHHEI CIoH, 6 — GUMONEKyYIIPHEIH aIcCOPOIMOHHEIH ClIOH



Pentrenorpaguyeckue uccnenosanus MM I0Ka3aili, 4TO B AHANA30HE €r0-KOHNEHTPAITH 1B
BOJIHOM pacTBope 5 - 10 macc. % yKpynHeHus yacTul, He mpoucxoiut. Cycnensuio MM usyuanu Ha
Auppaxromerpe Shimadzu XRD 7000 (Cu-Ko, rpaduropsiii Momoxpomartop) (puc.3). Kpussie
ONMCHIBAIOT MHTCHCUBHOCTH AM(PAKIUMOHHOIO CHIHaNa BOJBI, MCX0AHOr0 MM, MOAM(ULMPOBAHHOrO
MM 5 macc. % u 10 mac.%. Ilpn aucneprupoanny MM B BOJAE YMEHBIIAETCA OTHOCHTEIbHAS
MHTCHCUBHOCTh MMKOB MM (KpacHast JIMHMA M HKENTAs JMHKI) H HE [POMCXOAUT MX YIIMPEHHs. DTO
CBA3AHO C JucrnepruposanueM Gosbuieit yacty MM B BOJHOM pacTBope ¢ 06pa3sOBaHHEM YACTHILL, HE
Aaroux Oparropekux pedexcos, T.¢. obnagalomux aMopHO# cTpykTypoit. [10CKONBKY yiIMpeHus
JMHHUI IMKOB HE [IPOMCXO/IMT, MOXHO CYMTATh, UTO JUCIEPIUPOBaHKe M MoauduKaips MM B BOAHOM
pacTBOpe NPMBOJMT K 0Gpa3oBaHMIO BBHICOKOAMCIEPCHBIX YacTul (Mexee 100 HM) M K yBENHMUEHHIO

MexcoeBoro npocrpacTsa ot 0.8...1.5 HM 10 5 HM.

WnTencHsHoCTh

Yron nudpakuuu, 20
Pucynok 3 — ludppaxrorpammet 3018 MM. 1 — cyxoro MM - (uépuas nuuus); 2 - KOHLEHTPALHs 30115
MM 10 mac. % (xénras nuuus); 3 — koHueHTpauwus 3018 MM 5 mac. % (kpacuas nunms); 4 —

AuQpakTorpaMMbl BOAb! (CHHSISL JIHHUA)

HonyyeHHble  pe3yabTaThl  XOPOLIO — COMVIACYIOTCA C  DE3YNLTATAMH  PEOIOTHYECKHX
HCCNE/I0BAHMI. DTO BHIPAKAETCS B CHIXKEHMH HANpPDKEHMs! CABUTA JUTsl MOAM(HIMpoBaHHOro MM mo
CPABHEHUIO ¢ HCXOJHBIM, BCIIEACTBUE YBEIMUEHUs MEKCIOEBOrO IPOCTPAHCTERA.

HononHurenbhad MHpopManus, KOCBEHHO YKasbIBAIOLAA HA M3MEHEHMS B CTPyKType MM,
ObL1a Noy4eHa U3 MUKPOINEKTPOOPETHIECKUX HeeneaoBanuit, U3 puc. 4 a. CIIE/lET, UTO BBEJCHUE B
crpyktypy MM Bce Bospacraiommx konuuectB KIIAB NpUBOAMT HE TONBKO K CHHIKCHHIO
OTPULATENLHOTO 3apA/a MEXKCIIOEBOIO IPOCTPAHCTEA, OOYCIOBIEHHOr0 CHIIMKATHEIMH IPYIITUPOBKAMH,
HO M K Mepesaps/ike MOBEpXHOCTH. B xome Moaudukauuu usMmeHsercs Kak 3HAK, TAK M BENHYHHA
TIOBEPXHOCTHOrO 3apsifa oT -91 MB o +196 MB, s AMIEHHTAMMETHIIAMMOHMI XJT0pUIa 1 10 +54 MB
Anst xnopupa okrajaeuunamuHa. Ha pucd4. 6. nokasaHo, uTO NPH BBEJEHMH B CHMCTEMY C

MO}J,H(I)HHI/IPOB&HHBIM MM 0KCOaHHOHOB BaHaaWsA INPOUCXOJUT CHHMXKEHHUE II0JOXKUTEIHLHOrO 3apsaaa
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MOBEPXHOCTHEIXY ctoeB MM. Dro, B cBOIO ouepelp, [AOJDKHO NPHBOJUTE K PasymNOpANOUECHHIO
PacTBOPHMTENS B MEXKCIOEBOM IPOCTPAHCTBE M CAMONPOM3BOJILHOMY CXaThio cjioeB. Taxumu
CTPYKTYPHBIMH HM3MEHEHHSAMH MOXHO OOBACHHTH BBICOKHE 3HAYEHHA ancopOIyu M CENCKTHBHOCTH

Mo uMpoBaHHOro MM.

250 - 250 -
200 -
200
150 -
i o 150
100 - 2
2 100 -
1 50 S
20 &
0 : :
0 5 10
150 PaBHOBeCHAs KOHIIEHTpAIHs BaHAIMNs,
Konuertparus kKITAB, mMac. % MMOITBT!
a 6

Pucynok 4.a — 3aBHCUMOCTb 3JIEKTPOKHHETHYecKOro ({-roTeHimana) ot konuenTpauuu KITAB: 1
— XJIOpH/Ia JMICIIIIMMETHIIAMMOHHS, 2 — XJTOPHAA OKTAJCLMIIAMKUHA; 6 — 3aBHCUMOCTB (-

TIOTEHLIKajIa OT KOHLEHTpaUWX BaHA/Usl B pacTBOpE

B Tperkeii riiaBe npeCTaBIEeHbl 3aKOHOMEPHOCTH aACcOpOLMH M XapaKTep B3aHMOJEHCTBHS
OKCOCOEAMHEHUI BaHaINs C TOBEPXHOCTHIO Moau(uupoBanHoro MM.

JIoCTIXKEHHE BBICOKMX BENMYHH afcopOLHM OKCOaHHOHOB MOKa3aHo Ha puc. 5. CpaBHeHHE
BEJIMYHH afcopOumu nommokcocoexiHenmit V, Mo u W Ha MoaudimmposannoM MM nposouii npu

Temneparype 298 K u pH 3,4(puc.5.6).

~ 25 a 2,5 6
e —
A I 2
3 8 i
4 =
g € 15
o g
2 = 3
= = 7
O =
o, {te)
o 2 05
[ o
= Q
< F o : A .
0 5 10 15

PaBHOBeCHas KOHIIEHTPALHS, MMOMb-T !
PucyHok 5. a — Bausuue pH cpesbl Ha BETHUMHY NPEAenbHOM eMkocTn 1-Banaans, 2- MonubaeHa, 3-

BoNb(pama. 6 - M30TEpMEI ajcopbuuu 1-Bananus, 2 — MonubaeHa, 3 — Bob(hpama

HOHY‘ICHHLIC SKCIIEPUMEHTAIILHLIE PE3YNLTATLl MMOKA3bIBAIOT, HYTO Haubosiee TMOIHOE

W3BJICYEHHE OKCOAHHOHOB TMPOMCXOMHUT B KHCIOW obmacty 3uauenuit pH ot 3,4 no 4,1. ®opmel
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COpGHpPYEMBIX HOHOB M KOHLEHTpAlMH 0GPa30BaHMsi IMOJTHOKCOAHHOHOB. MPH IOnTuMaibEHEX
sHaucHwiIX pH npencrasnenst B Ta6n.2. IonyueHHbIE NPEJEIBHBIE 3HAYCHHA P yKA3aHHBIX B
Tabm.3. ycnoBusx 3HauuTensHo (B 3-3,5 pasa) NpeBBINIAIOT OTH 3HAYEHMA 1 H3BECTHBIX
AQHHOHHTOB.

Tabnuua 3 — Ceopnas Tabuua npeaenbHbIX 3HAYEHHH copOLMH MoauduurpoBanHoro MM

OneMeHT | A 1pu pH - KonuenTpanus ®dopma copbupyeMoro noxa
pH=34, ONTHMAaBHBIH o6pa3oBaHus npH onTUMaabHoM pH
MMOJIB'T | JUIA M3BJICYCHHS | [IOJIMOKCOAHHOHA,
Mmonb !
A% 1,65 3,4 107 JlexaBaHaaaT-HOHbI
(H2V16025" HV1602™)
Mo 1,96 3,9 10 Okra - ¥ renrtamonnoaar-
HOHBI (M030254-,H2M070244.)
w 1,21 4,1 10 JloiexaBonb(pamMaT-MOHEI
(HaW1208'" HyW15040%)

Ilo crenenu ancopGuUMM OKCOAHMOHBI MOTYT OBITH PAacrONOKEHBl B psj| HaWa04® <
H2V100234'< H2M07Oz44'. HauGosiee Bblcokas BenuuuHa aacopOLuM XapakTepHas JUIA COEAMHEHMIt
MONUOAEHA, M0-BUAMMOMY, CBA3aHA C €ro CNOCOGHOCTLIO NIPU OIPEAENEHHbIX YCIOBHAX 0GPa30BbIBATE
Hau6oJee JUIMHHOLEIOUEYHbIE TI0IMAHHOHBL,

Hcxopst M3 TOro, 4To OTBETCTBEHHOCTH 3a 3((EKTUBHOCTL AACOPOLMM, B MEPBYIO OYEPE.b,
HECET BBOAMMBIH B CTPYKTYPY cOpGeHTa MOAM(HKATOD, H3ydallk €ro B3auMOJICHCTBUE C OKCOAaHHOHAMU
B BOJHBIX pacTBOpax. YacTh CBeleHMH O XapakTepe B3aMMOJCHCTBMA MoAM(MKaTOpa — XJopHiaa
AUIEHUITIUMETHIIAMMOHHS C OKCOOCAMHEHUAMH BaHa/Us, MOTYYalli U3 KOHLEHTPAUMOHHBIX MarpamMm
cocrosnus IIAB B pacrBopax HeMHAE(EPEHTHBIX JJIEKTPONUTOB, Pa3pabOTAHHBIX paHee Mpod.
CeupunossiM B.B.

PaccmoTpenue auarpamMM cocTosAHMs (PHC.6). MO3BOJSIET CYAUTh O XMMHUYECKOM COCTAaBE H
FpaHMLAX CYIECTBOBAHMA ()a3 B reTepOreHHBIX cucTeMaX. Kpusble 1 Ha auarpaMmax XapakTepU3yroT
3aBUCHMOCTh KPMTHYECKOH KOHLEHTpauuu muuennootpasosanus (KKM) KIIAB or xoHueHTpamuu
BaHA/UA B pacTBOpe. OHU OTAENAIOT UCTUHHEIH pacTBop KITAB i M3B/IEKaeMOro MOHA (KOHUEHTpPAIHK
HIKE KPHBOH 1) OT MuLeIsApHO-KojTouHoro pactsopa KITAB (ebime xpusoii 1). [IpucyrerByronme
B PAacTBOpE MOHBI BaHA[Ms BBLIOJHSIOT PONIb NPOTHBOMOHOB, PETYTHUPYIOUMX TOMIUHY Au(dy3HOi
4acTH ABOHHOro anexrpuueckoro cnoa(JI9C) muuemn KIIAB. Kpusas 2 oTienseT MHUEMIAPHO-
xomnouaHyio (asy or dasel ruapodo6GHOro MamopacTBOPHMOro COelMHeHHs. Bhime kpupoit 2 B
pacTBoOpe CyILECTBYIOT TOJBKO MalOpacTBOPUMbIE COeAUHEHMs aHMOHOB BaHagus ¢ KIIAB. Tpoiinan
touka(TT) narpaMmel B KOTOPO# CXOAATCH 06C KPUBLIE, XapaKTEPH3YET COCYIIECTBOBAHHE TPeX (a3 1
ONTUMANBLHOE COOTHOLIEHUE KoHLeHTpauuii KITAB 1 u3BiekaeMoro uoHa, pu KoTopsix MoHbl KITAB
MaKCHMAJILHO CBSILIBAIOTCS C M3BJICKAEMBIMH HOHAMH B MaJlOPacTBOPHMbIC coeuHeHus. Kpome Toro,

B touke TT onpepenserca npoussenenue pacrsopumocty (I1P) 5TMX CoOeMHEHHT.

3,20 - 2 a

2,80 -

2,40 -

200 4 1

1,60 -

1,20 -

0,80 - TT

0,40 -

0,00 : . ) . . .
0,96 1,01 1,06 1,11 90 0,95 1,00 1,05 1,10

KoHUEHTpaLusl BaHA#aT-HOHa, MMOJbJI! KOHUEHTDALHA BAHATAT-HOHA, MMOITE-T!

, MMOIIb-JT!
, MMOJIB-JT!
S OPNW AU N®

1 TT

Korwerripaims CoplligN*

Konuerrpatpst CopITigN*

PucyHok 6 — JluarpaMMbl COCTOSIHMA BOAHBIX PACTBOPOB AUACLMIIAMMETHIAMMOHHMH XIOpHaa U

OKCOAQHWOHOB BaHaauA: a — npu pH=3,4, 6— npu pH=17,5

CpaBHeHHEe AMarpaMM COCTOSIHMSI [IO3BOJLIET CAENATH CEAYIOUIME BBIBO/AbL [IpH MOAKMCIECHUH
pactsopa ot pH 7,5 mo 3,4 cHmkaeTcs paBHOBecHast konueHTpauus KITAB B pactBope, uTo CBA3aHO C
Gosice  MHTEHCHMBHBIM  B3aMMOJCHCTBMEM  IIPOTMBONOJOXKHO — 3apseHHBIX HOHOB KIIAB 1
okcocoeauHenuil Baaaus. Kpome toro, obnacts Mexay kpuBbiMu | 1 2 npu pH=3,4 3Hauurensuo
CyXaercs B KMCI0H 001acTH, T.. YMEHBIUAECTCS KOJMYECTBO MMUECLIApHOH (asel  KIIAB.
Crexuomerpuueckoe cooTHoweHne KITAB 1 okcoanuoHa Bananus onpeaensercs us nonoxenus TT na
uMarpaMMe W COOTBETCTBEHHO paBHbl and pH=3,4 — 2:1, ana pH 7,5 — 3:1. U3 sroro cneayer, yro no
mepe yBenuueHus 3Havenus pH pactsopa pacter pacxos KITAB, TpeGyemsblit ans oBpasoBanud
MaJIopacTBOPUMOTO COCIMHEHH.

OueBuaHo, YTO TaKHE XKe COeAUHEHHUs 06pasyroTcs Ha MM, MoauduuuposannbiM KITAB. Otu
NPEATIONOXKEHUs cornlacyroTes ¢ pesynbrataMu MK-cnekrpockonuu. CnekTpbl MOAM(HUHMPOBAHHOIO
MM, wmoaudukaropa — KIIAB, KIIAB u okcocoenuuennii BaHagus, uucroro MM,
Moau@uuMposaHHoro MM mocne cop6uuu Banaaus noiyueHsl Ha npu6ope Nicolet 6700 MeTonom
HITBO (HapylueHHOTo MOMHOT0 BHYTPEHHETO OTPAXKEHHUS).

Ha VIK-cniextpe xnopuaa AHASHIHIIMMETHIAMMOHI (cM.prc.7 crekTp 1) npucyTCTBYIOT ABa
pacuumenusx muka Ha 2851.1 u 2917.0 oM, wuro COOTBETCBYET BAJICHTHBIM KOJIEOaHUAM
audarudeckoit C-H rpynmsr. B criekrpe (cM. puc. 7, criekTp 2) ecTb UKy cooTercBytouue KIIAB u
muku 760 u 530 e, coorsercrmyromme nedopmaruonssiM  konebanuam (V. — O+H) u
neopmanmonnsM koneGanuam (V — O — V), a rtawke maku 816 oM™ u 959cm’’, KOTOpbIE

.
COOTBETCTBYIOT BHOpaLOHHBIM konebanus (V-O). B UK-cniekrpe uncroro MM HaGlioatoTcsi THKH
B 0Gnactu 3629.3, 3425.7 u 1036.6 cM™, (cm. puc.7, ciexTp 3). DTH NMUKU XapakTepHbI ATst KoJieGaHuii
OH-rpynne! B kpucranuueckoii crpykrype, OH-ruapartoii rpynnet v ans koneGauuii coeauuennit
KpemHus coorBeTcTBeHHo. Ha MK-cnektpe MoAM(MUHMPOBAHHOIO MOHTMOPHIUIOHHTa (CM. pHuc.7,
crnekTp  4)  npucytctBylor 00a  XapaKTEPUCTHYECKMX IMKa cooTBerctByiowwx KIIAB u
MOHTMOpHIIOHHTY. Ha criekTpe ( puc 7, ciektp 5) 1o cpaBHeHmMIO co criekTpom(pHc. 7, crexTp 4) Her

HOBBIX INMUKOB, CICA0BATE/ILHO HE 06pa303anoc1, HOBBIX KOBWIECHTHBIX XHMHYECKHX CB3CH. KpOMC
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Toro, w3 criekTpa (puc. 7, cnekrp 5) MM ¢ ancop6HpOBaHHBIMH COCMHEHHSIMH BaHA WA ICIEAYET; HTO e " 2 - . 6
MK C MHTCHCHBHOCTBIO 985 oM™, NpUHAUIEKALMA COCIMHEHUAM KPEMHMs, cMelnaercs B Gosee E 14 Bccg ° 15 %
JUTMHHOBOJIHOBYIO 06/1aCTh ¢ MHTEHCHBHOCTHIO 1006 ¢M’!, UTO COOTBETCBYET BANEHTHBIM KOJIEOAHUAM % o a
. 1 E
(V=0). Takxe nabmomaercs yBENMYEHHE WHTCHCHBHOCTH mvka mpH 531 cM ! uto coorsercrmyeT E g 1
1] 3
nehopMalmoHHbIMI konte6annamu (V-0-V). £ 0.5 50.5 J
.
O 0@ 8
8 3 1 0 1000 2000 3000 4000 § O . . .
2 Bepwms, ¢ 9 3 10 15
120 - pui, PaBHOBeCHas KOHLIEHTPAIHs, MMOMb-JI-1
3 p
4
100 HCYHOK 8.2 — 3aBUCMMOCTH COPOLMK BaHAHs Ha MOAU(MUMpoBaHHOM MM oT BpeMeny, 6 -
]
%0 3aBHCHMOCTS aIcOP6IIHs BaHAIMH Ha MOAM(UUIPOBAHHOM MM MpH pasiuuHLIX TeMIEpaTypax:
® 1-294K; 2 - 313K; 3 — 333K; 4 — 343K
< 60
VCTaHOBJIEHO, YTO W30TEPMBl AACOPOLMH YNOBJETBOPUTENLHO ONMUCHLIBAIOTCH yPaBHEHHEM
2 p P y p yp
Jlenrmiopa: A = A, ——— rae K — paBHOBecHAs KOHCTaHTa aACOPOLMH, A —BeTHUMHA aACOpOLUK
20 I+K-C
MOIIB/T, Aw, —TIpEIENbHAS BENHUMHA aAcOPOLIE MONIB/T, C — paBHOBECHAs KOHIEHTPALH aacopGara
O . g oo e . T - ¥ 1
3400 2900 2400 1900 1400 900 400 MOJIB/IT.
v, (cm?) | Pacuersl TepMOMHAMHECKUMX NApaMETPOB NPOBOMIIM B COOTBETCTBUHM C TEPMOAMHAMHUECKUMH
R ypaBHenuamu: AG = AH - T-AS ; AG=—RT InK
Pucynox 7 - MK-cnekrpsr: 1 -KITAB, 2- KTTAB ¢ oxcoannonom Banamus, 3 —aucroro MM, 4 — Onransnuio npouecca AH onpeaensin u3 ypasHenus uso6apet Bant-T'odda B uuTerpanstom

moau¢uimposanHoro MM, 5 - Mmoau¢uimposanHoro MM nocre afcopOuuy OKCOAHHOHOB BaHa[UsA AH
Buje: InK = T +const (B npeanonoxesud yro AH B yKasaHHOM WHTepBAle TEMMeEpaTyp He

CreKTPOCKONMYECKHE MCCIE0BAHNS O3BOJIIOT CENATh BRIBOJ 00 06pasoBaHs COEMHEHH U3MEHAETCH).
THINA CHOHHBIX ACCOLMATOBY, MOCKOJBKY B CHEKTPaX He OGHAPY)KEHO HOBBIX WHTCHCHBHBLIX JIMHHH, Tabnuua 4 — TepMoAMHAMHUECKHE [TapaMeTpbl COPOLIMOHHOTO MpoLecca
COOTBETCTBYIOIIMX XMMHUECKOMY B3aUMOJICHCTBHIO. G — Mo AR pImpoBariEtit GerTomiT
BrlisBIEHHbI XapakTep B3aMMOAEHCTBHA OKCOCOEAMHEHHH BaHaausi ¢ MOAM(HLMPOBAHHOH apaMeTp
Temneparypa, K 294 313 333 343
10 MM noATBEpPXIaeTCa aHalli30M TEPMOAMHAMIYESCKUX TapaMeTpoB afcopbumu. g ux >
TIOBEPXHOCTLIO ATBEPAY P P [penenshas agcopbumsa|  1.65 1.54 1.48 1.42
pacuera HCTONL30BANIA PABHOBECHBIE KOHLIGHTPALMH, KOTOPBIE YCTAHABIMBANKCh B TEUEHHE 15 MUHYT MMOTE T
TP pas/IM4HbIX TeMIeparypax (puc.8). Koncranta agcop6uun 198 185 168 150‘
. AG, xJDx/Monb -22.7 -24.0 -25.3 -25.7
AH, kJIx/Monb -4.44 .
TAS, x/Mons-K 18,26 19,56 20,86 21,26

Ha ocHoBanuy TepMoOIMHAMMYECKUX [apaMeTPOB TIPOLECCa, MPEACTABNEHHBIX B TaG.4 MOXKHO
CAeNaTh CIeAYIOLKe BBIBOALL AJCOpOLMA MOJNMBAHAAT-MOHOB HAa MOBepXHOCTM MM npoTtekaer
camorpou3sBoiibHO (AG<0). 3nak Temnosoro spexra ancopbunn (AH<0) ykaswiaeT Ha npoTeKkaHue
9K30TEPMHYECKOr0 MpoLeCcca, a BeNMYMHA TemnoBoro sdexra CcoOTBETCBYET (PU3HUECKOI
afcop6umn. Ha npoTexanue (usuueckoil afcopOUMM TaKKe YKa3bIBAET CNAGOE B3AMMOACHCTBHE
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MOJIEKYNt afcopGata ¢ MOBEPXHOCTHIO aAcOpGenTa, YTO MPOABNAETCA MpH perefepaitui andopoenTa
COJIGBBIM PACTBOPOM.

KpoMe TOro, ymaloch YCTaHOBHTb HEKOTOpble OcofenHocTH mpouecca. [emo B TOM, 4TO
06bIMHO Npolecc copbuMM  Ha  KeCTKHX  (HeneopMUpYeMBIX) COpOCHTaX — CONPOBOKAACTCA
yMeHblIEHneM SHTPONUI(AS<0), 4T0 OGBACHAETCA YNOPAIOIEHHEM YACTHL COPOTHBA HA MOBEPXHOCTH
copbenta. B paccMOTpEeHHOW Hamu cucreme BemwuwHa AS>0, wTo MOXeT ObiTh O0GBACHEHO
Pa3ynopas0oMEHHEM MOJIEKY/I PACTBOPHTENA M CXKATHEM MOBEPXHOCTHBIX CHOAX ancopOeHTa. Bomee
TOro, CTPYKTypHas cocrapistomas TAS 3HAYHTENBHO MPEBOCXOIMT MO  CBOGH  BEIMUMHE
3HEPreTHIecKyIo cocTaiontylo AH 1 cneioBatenbHo onpenenser 3¢ (eKTHBHOCTb W CEICKTHBHOCTh
npotecca aacopounH.

B ueTBepTOil IIABE OMHCAHBI TEXHOJOTHUECKHE METOJIBI M3BJIEUEHHMSI OKCOCOCAMHCHHA
BAHAJINS M3 PACTBOPOB BBILIENAYHBAHHA U XBOCTOBLIX PACTBOPOB.

[To cymECTBYIOIIEH TEXHONOTMYECKOH CXeMe KOHILEHTPHPOBAHHBIA BaHaIMICOACPKALIMi
PacTBOp 1OCHE BHIETAYMBAHMA TIOAKUCIAIOT ¥ OTNPABIIAIOT HA THAPOJMTHYECKOE OCAKACHUE
MHHepanbHEIMK kucnoTamu npu pH 1,1-1,9 1 McXo[HO# KOHIEHTpaUMHK pacTBopa He Hike 3 rol. B
cocTaB TBEPOi (ha3nl TIPU 3TOM, TIEPEXOUIT NPHCYTCTBYIOWINE B pacTBope mpumeck Na, Ca, Mg, Cr, Ti,
Si, Mn, Fe, P, S B komnuecTre 2-4 Mac.%. JIns mony4eHus: TOBAPHOTO MPOJYKTa —[IEHTOKCHa BaHAAHS
Gosiee BBLICOKOW CTENEHHW YHCTOTHI TpeGyeTcs JOTIONHUTENLHOE HCIONB30BaHAC JIOPOrOCTOSIINX
TEXHOJNOTWYECKAX omepaumii. J[pyriM HEZOCTaTKOM 3TOTO METOJA SBJETCA JOCTATOYHO BHICOKOC
coaepxanue (0,4-0,02 r1’") coeauHeHNit BaHAIMA B PACTBOPAX, TIO/VIEKAMMX cOPOCY B OKPYKAIOLLYIO
cpeny. B NpeuioxkeHHoi TEeXHONOTHYECKOH CXeMe 3TH HEOCTATKH YCTPAHAIOTCS TpH Gollee BBICOKOH
YHCTOTE MOJNYYAEMOTO MPOLYKTA.

B OCHOBY HW3BJICYCHWsS TIONHOKCOCOCANHEHHH BaHAMMsA M3 KOHLEHTPUPOBAHHBIX BOAHBIX
PAcTBOPOB  BLIIENAYMBAHMSA TOJONKEH METON «MHKpOQIOTaUMM», BNEpBBIE paspabOTaHHbIA 1
peannzoBannbiit M.A. KakoBcknM [t M3BIICUEHA KOGANbTa N3 pa36aBleHHBIX BOXHBIX pacTBopos. Jls
pellenys Haliei 3ajaud BO3HWKNA HEOOXOAMMOCTh YCOBEPLICHCTBOBAHMS 3TOr0 METOAA 3a CHET
MCTMONL30BaHKs B MPOLIECCE MUKPOGIOTaLMK KOJUTOUAHOro copOenTa-HocuTens MM,

Ha mnepBoil craguu W3BICUEHWS COCAMHEHUH BaHAWA NPEATNIOYTEHHE OTAAHO TpOLECcCY
MHKPO(IIOTALMHK € KOJUTOWHBIM HOCHTENEM MM Mo CPaBHEHMIO ¢ MOHHO-OCAIMTENLHON (ioTareit
(63 Hocutens). DTo 06ycNoBIeHo Gojiee BHICOKOH CKOPOCTBIO H MOJHOTOH M3BJIEYEHHA COEANHEHHA
BaHamuA ¢ MOAU(HUMPOBAHHBIM MM, CBA3aHHBIX C HX crieuMpuueckoi amcopbuueil Ha TBEpHOH
dase, a Takke c yBenuueHueM pasmepa (uioTHpyembix dactuu (puc.9 a). Kumerwka durorauuu

OINHCBIBACTCS YpPaBHCHHUEM, AHAJIOTUYHBIM YPABHCHHUIO TICPBOro MoOpsaKa XI/IMH‘ICCKOFI peakumnu:

—Kt
a=1-e ; TIE€ O — CTCMEHL H3BJICUCHHUA, K — KOHCTaHTa CKOPOCTH (I)IIOTﬁlI“PI KOJUJTOUIHBIX

vacTuil. PaccunTanHasd 1o YPaBHEHWIO KOHCTaHTa CKOPOCTH (bnommm C MO}IH(i)HHHpOBaHHLIM MM
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PrcyHok 9 — a - 3aBHCHMOCTH CTereHH H3BIeYEHUs OT BpeMenH 1 — A (roTauun coeAnHeHuit
Bananus u KITAB, 2 — puist diiotaumu coeaunenuii panaaus u KITAB ¢ MM; 6- Kunetuka KOaryJsiLmuu
Moauduumposannoro MM B npucyTcrere koarynupytouiero nona HyV gOog 4'

Ha puc.9 6 mpepcrasnena KMHeTHKa KOAryJsLUH, NPUBOJALIAS K YKPYITHEHHIO HAYAIbHBIX
KOJUIOMHBIX YacTull. [Ipouecc koary/suuu npoTeKaer Kak GUMONEKYIpHas peakius U MOXKET GbiTb

dv 2
OTHCaH ypaBHelmeM.—;?:Sﬂ?Dv , Tlie V —KOJIMYECTBO uacThl, t — Bpemst, D — koadpuiument

i 1
Aandysnu, R — panuyc vacTuubl. KOHCTAHTY KoaryJsiuun paccuuThBatu u3 ypaueHus: K" = —

v,0°

A-1£23

TJIe Vg — MCXO/JIHOE KOIMYECTBO YacTHLL 301, @ O - BpeMsl NOJIOBUHHON KOAry IsLMY,
YCTaHOBIEHO, YTO SKCIIEPUMEHTANbHAS KOHCTAHTa GIIM3Ka K KOHCTAHTe GLICTPOI KOAry/siuH.
Ilpu sTOM pasmepbl yacTul, ysenuuusatotcs oT 0,1 MKM 10 5 MxM. Jl1s cpaBHeHMs pasMepbl YacTHl,

00pasyioluxcs Npy B3aMMOACHCTBUN BaHaaT-coeuHennii ¢ KITAB cocrasasior 0,4-1 Mxm (pue. 10).

Pucynox 10 MﬂHKpO(bOTOI‘pa(l)HH 0CaJIKOB NPH MOHHO-0CAAUTENbHOI (proTauuu: 1 — KITAB ¢
; 2 — MoauduuupoBanHoro MM c¢ aexasananar nonamu; 3 — KITAB ¢
}u u GonbuieM paspemennn; 4 — Mogudunuposantoro MM c siekapanajar
HOHAaMH NpH GOMNBIIEM paspeLICHHU
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HawGosblas cTENeHb W3BJCHCHHsS BaHaausA w3 pactsopa npuxomutes/sal pH3l4 2 (415 rae

4 5- o
o6pasytores coenynenns KIAB ¢ uonamn HaVigO2™ u HV19Oa™". Kpome Toro, B oroi obnacTi
snauennii pH na6monaercs HanGonee BLICOKAsA CTEMEHb BBIACICHHS BELICCTBA — 0, MCHBIIAS CTENEHb

Tiepexofia pacTROpa B MeHy — B, i HaMGONBIIHE KOO(PPULMCHTE KOHLCHTPHPOBAHHS — Y. (tabn. 5 ).

KonuuecTso yacTHll, wrx 107
o
=
kS

o
o
= N

o
[
o

0,36

0,34

032
0 100 200 300 400

Bpewms, ¢

Prcynok 11 — 3aBHCHMOCTB KOJIMYECTBA HACTHII OT BPEMEHHU NpH TenTHatit MM

TMocne 3aBepienns mporecca Koaryms MM npeacrasnsan coGoi peIXIbIA XNOMLEBHAHLIA
0caoK, KOTOpBIit PN MepemenBauy GbicTpo ocenan. [Ipu BReeHHH K ckoarynuposanHoMy MM
pacTBOpa XJOPHAA aMMOHMA C KoHueHTpaumeit 0,1 Mosb-n”, 1 neGonbinoro xomuuectsa KITAB (1
Mac. % oT Maccsl MM), nipu WHTEHCHBHOM TiepeMemmmBanuy (200-300 o6'mun"") B Teuenue 30 MUHYT,
MPOMCX OO €ro UCIEPripoBaHme (MeNTU3aLus) /10 PEXHUX Pa3sMEPOB YACTHIL C BOCCTAHOBJICHHEM
TNIepBOHAYATLHBIX aCOp6 LMOHHBIX cBoitcTB. Ha puc. 11 npuBeieHa 3aBHCHMOCTh KOJIMMECTBA 1aCTHL
OT BpEMeHHM TpH TenTh3auiy MM, 13 KOTOpo# BHMHO, YTO KOJIMHYECTBO YACTHI| BOCCTAHABIIMBACTCH
TMPAKTHYECKH 10 HCXOJHOTO 3HAUEHHS,

Hamune y moauduumposanHoro MM CKTOHHOCTH K 0GpaTHMOii KOaryiiuuy ro3BoliseT
MHOTOKPATHO HCNIONB30BATh 31CO0POEHT 1 OCYLIECTBATH GONBIIOE KONHYECTBO LMKIOB «ancopouus /
pereHepanvs».

[Mocne craguu (JoTauM¥ W BBIAGNCHHA BaHaauA M3  (UIOTONPOAYKTA IMPOBOIMIA
THAPONUTIYECKOE OCAX/ICHHE MAIOPACTBOPUMBIX BaHAIUEBBIX MOJMKACIOT. IIpu 3ToM B pacTBope
0CTAETCA 10 JINTEPATYPHBIM H IKCIICPUMEHTANLHEIM AaHHEM OAO «IM3» ot 0,2 10 0,5 e’ Banazus,

B CBA3M C 3TUM, HapsAy ¢ MHKPO(IOTALMOHHBIM H3BJICYEHMEM OKCOCOCAMHCHWH BaHAIW,
M3ydanu ajcopOLMIO BaHaaws M3 Pa3GaBIEeHHBIX (XBOCTOBBIX) PacTBOPOB HA MOPHCTOH 3arpyske ¢
MoAM(UIMPOBAHHEIM MM, MCCIEAOBAHHBIM paHEe, B KauecTBE KOJUIOMAHOTO HocuTens. [lopueras
3arpyska mpenctapisula  co6oif  HaGyXuyro  Cynh(aTHYIO  LEMNONO3Y, . CTAGHIM3HPOBAHHYIO
nonuakpunaMuioM, B (ase KOTOPOH NpOYHO 3aKperuisnuck wactnupl MM. Jin ompeneneHus
06hEMHOH EMKOCTH MOITM(MUIMPOBaHHOT0O MM M3ydyalnn 3aBUCHMOCTE PABHOBECHON KOHICHTpAllMH

BaHaAMs OT 0GbeMa PacTBOpa, MPOMYLIEHHOTO Yepes 3arpy3ky (puc. 12 a.). Tlonnas 0GMeHHas EMKOCTh
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{ITOE) Hpu ‘aacopbuuu BaHamust Ha Cynb(aTHON LeUToN03e ¢ Moau(uuMpoBaHHpM MM cocrasuia
2l

235,7 mrer” | nHamMuyeckas obmenHas emkocts(JOE) = 119,3 mrer! , CTaruveckas 0OMeHHas €eMKOCTh

(COE) - 116,4. TIlocne machligHus Beero ofbeMa afcopGeHTa  NpPOBOAMIM necopbumio

TOJIMOKCOAHHOHOB BaHa/IUs PacTBOPOM XJIOpUaa aMMoHus (puc. 12 6).
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OBbeM IPONYLIEHHOTO PACTBOPa, AN’ O0beM NPONYLLEHHOrO pacTBopa, AM?

PucyHok 12 — 3aBucUMOCTD KOHLEHTPALMH BaHAUs OT 00beMa PacTBOPA MPOLLELIEro Yepes
3arpysKy: a — [pu aficOpOLMK NOIMOKCOAHHOHOB BaHaAusl, 6 — NpH JecopOLMH MOTHOKCOAHMOHOB
BaHaHs

OCHOBHBIMH NPEUMYLICCTBAMU aACOPOLMH HA 3arpy3ke C KOJJIOMAHbIM HOCHTENEM 10
CPaBHEHHIO C W3BECTHRIMU AHHOHMTAMH, ABJAIOTCA. BO3MOXHOCTH YBENHUCHHS JIMHEHHOM CKOPOCTH
10TOKa "epes 3arpysky Jio 10 M (uto B yonosusax 9KCMEPUMEHTA COOTBETCTBYET 0OBEMHOM CKOPOCTH
notoka 0,6 L[M3-q") (5 mu™! s AHHOHHUTOB), yBE/IMUEHNE COPOLIMOHHO eMKkocTH Goslee YeM B 2 pasa,
TIOBBIICHUE KOHUEHTPALMK BaHAAWA B MPOMBIBHOM pacTBope Gonece ueM B 3 pasa, [0 CPABHEHHIO C
aHHOHOOOGMEHHBIMU CMOJIaMH.

Meroa ancopOuun Ha 3arpyske ¢ KOJUIOMIAHBIM HOCHTENIEM OMPABJAHO MCIOJIL30BATh MPH
KOHUEHTpaLuy Banaaus 0,5 ra”', ocrarounas KOHUEHTpauus nocne aacopbuun cocrasisia He Gonee
0,05 mrr’!, uro ke YCTaHOBJIEHHBIX HOPM MO cO6pocy B oTkpbiThle Bogoemsl. (ITOK = 0,1 Mr-n").
HOE momu¢puuuposansoro MM npaxriyecky B 2,5 pasa Bbue ueM ITOE anoHoO6MeHHbIX cMon (11
aHHoHoGeH o cMonst AK-22 TTOE =100 mrr ana Moauduuuposannoro MM I1OE = 236 mrr'),

OnTMMAIbHBIE PEXMMBL [ICOPOUMM TIPM [OCTOSHHBIX, PAHEE BBUIBJCHHBIX XapaKTePHCTMKAX
npouecca (3Hadenue pH, maccoBoe konuuectBo MM B 3arpyske),  OOpENENsUIM M3 TPHAHTYAPHOI
AuarpaMMbl 3aBUCHMOCTH KOHLEHTPAUMH MOAM(HKATOPA OT CKOPOCTH II0TOKA uepes 3arpysky u ITOE
(puc.13). h

Ypasuenue miockocru (3), oroGpaxaer sasucumocts [IOE 0T koHLeHTpauun Moaudukaropa u
CKOPOCTH MOTOKA YEPE3 3arpy3Ky ¢ MHEPTHLIM HOCUTENEM, A1 KoHueHTpauun KITAB Gonee 5 mac. % :

Y = 146.3+12,5X, — 40.3X, 3)

Tae Y - IIOE, mrr!, X1 — koHueHTpauus mMoaupukaropa — KITAB, macc %, X2 — ckopocth noToka,

ama'q'l
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Pucynok 13 — TpuanrynspHas auarpaMma, oto6posxarouas 3asucuMocts ITOE ot KoHUeHTpamn
KITAB ¥ cKOpOCTH NOTOKA U BAPHAHTa aACOPOIIMH Ha 3arpy3Ke 3 Cy/b(aTHOH LEITIONO3BI ¢
Mou(uurpoBaHHeM MM

W3 fmarpamMMbl CIeyeT, 4TO YeM HHIKE CKOPOCTh MOTOKA Yepe3 3arpy3Ky, U BhIIIE KOHIEHTPalHs
MOIM(HKATOPA, 32KPETIEHHOT0 Ha copGente, Tem Beie [TOE ancopbenTa.

Beiio yeranosineHo, 9to ITOE azcopfenTta CHUKAETCA CO BPEMEHEM 110 Mepe YBEIHUEHHUS YuC/a
LMKIIOB aacopbumu - peredepauny (8-10% 0T HMCXOAHOTO). DKCHCPHMEHTANbHBIC HCCICA0BAHMS
MOKa3aiM, YTO BOCCTAHOBNEHHE OOMEHHOW €MKOCTH MOXET OBITh OCYIIECTBICHO 3a CHET
MEepHONIECKOH TOMNMMTKA aaCopOLHOHHOM 3arpy3ku pas6asienHbiM pactopom KITAB mpu ero
Tipokauke uepes 3arpysky B teuenue 20-30 MuHyT. (puc.14). K Takum ke pesynbTaTaM TPHBOIMT
MOANMTKA KONMOWIHOTO HOCUTENA TPH OCYLIECTBIEHHH TMpolLecca MUKPO(QJIOTALHH, BhIsBICHHBIH
HaMu  S(QeKT «roa3apsaKu» aacopbeHTa MO3BONAET HCIONB30BATE €ro  JUTHTENBHOE  BpeMs
(OpPHEHTHPOBOYHO B TEYEHHE To/1a) 6€3 3aMEHBI.
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KonmuecTBo WHKI0B
PucyHok 14 — 3asucumocts [TOE ko/UIOHAHOTO HOCUTEIS OT YHCIIa MKIIOB aACOPOLMH — pereHeparyn
npu moAnuTKe MoaupuKaropom nocne 10oro uukia
Perenepaiyio ajacopGeHTa rnocne aacopSuMy BaHaaus NPOBOJMIIA PACTBOPOM XJIOPHIa AMMOHHSA
¢ koHueHtpauueit 100 ra. [TonyueHHbI  KOHLEHTPUPOBAHHBIA  pPacTBOp  NOABEPraiu
THAPOJTUTHYECKOMY OCAXICHHIO BaHAINA B BH/E MATOPACTBOPHMBIX MTOJTHKHCITOT.
OuMLIEHHbIE OT BAHAAMS PACTBOPLI HANPABISIM HA O30HHPOBAHHE M ANCOPOLMOHHYIO OYHCTKY

JUTS BHUIETEHHS OCTABLIMXCSl IPUMECEH Mepesl cOpocoM B TIPHPOIHYIO CPeaty.
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B nsiroii/riase onucaHa NPUHLMNMANBHAS TEXHONOTHHECKAS CXEMa M3BICYEHHS COCAMHEHMIl
BaHajiysl U3 PACTBOPOB M NPOBEJEH dHAN3 KOHEYHOI'O MPOJYKTA - [IEHTOKCU/A BaHAAMS.

Da30BbIA COCTAB NEHTOKCUJA BaHaus onpenessid Ha npubope Bruker AXS Advance, Cu-Ko.
(puc. 15). PesynbTarsl ananusa nokasaiay, YTO COMYTCTBYIOLUME NPUMECH B BMAC KATHOHOB MEIM,
HUKEJIA, Marius, LMHKA, XENes3a, Kaliblus M JAp. HE NEPEXOJAT B COCTaB KOHEYHOrO [pOJyKTa
BC/ICACTBUE BBICOKOM CEJICKTMBHOCTM MPOLECCOB M3BJICUCHUS. EJMHCTBEHHBIM COMYTCTBYIOUIMM
KOMIIOHEHTOM, NEPeXoiuM B HEGO/IbIIOM KonuyectBe (MeHee 1 Mac. %) B MpoOAyKT, ABAAETCA
maprasell. Takum o6pasoM, nponykt obxura cogepxan dassl V,05(95%) u MnV,04(5%), a umcrora
KOHEYHOIO MPOJYKTa B MepecyeTe Ha NEHTOKCU BaHaaus cocTaBuia 99,01%. I[TonydeHHbI# KOHEUHbIIT
NPORYKT COOTBETCTBYET KATErOPUM «4» M MOMET ObITb HCIONb30BAaH IPU [OJYYEHMH THTAHOBBIX

CIUTABOB M JIETUPYIOUIHX 106aBokK.

10000

8000

Lin (Counts)
@
8
5]

g

2000

2-Theta - Scale

Pucynok 15 — Pentrenorpamma neHToKCH/a BaHAK, MIOJyEHHONO U3 KUJKOTO HOJyIPOAYKTA
OAO «HycM3»

[pu M3BNIEUEHMM BAHA/MA M3 PACTBOPA MOC/IE ABYXCTAAMHHOrO KMCIOTHOIO BEILENAYHBANUS U3
COZIOBOM LIMXTHI, MONMy4eHHOH u3 mnaka OAO «HTMK», KOHEUHBIH MPOAYKT -~NEHTOKCH BaHaIHs
CoAepKal TaKxKe B OCHOBHOM IpuMech MapraHua. ITo 5Toil npuuuHe JONMONHUTENLHO MCCIAEAOBANH
BIIUSHUEC MapraHia Ha U3B/IEYCHUE BAHAAUS U3 MOJE/bLHBIX PACTBOPOB.U COCTAB KOHEYHOTO MPOAYKTA.
CocraBbl KOHEUHBIX MPOLYKTOB, NMONYYEHHBIX M3 mutaka OAQ «HTMK» u 13 MoJenbHbIX pacTBOpoB
npuBeAeHbl B Tabn. 6. YCTaHOBJIEHO, UTO YBENMYCHHE KOHLEHTpauMu Mapradua ¢ 4 go 10 ral,

NPaKTHYECKH HE BIUACT Ha MOJIHOTY U3BJICUCHUSA BaHAIUs U YHUCTOTY KOHEYHOI'O NPOAYKTa.
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Tabnuua 6 — CocraB NEHTOKCHIA BaHaIUs, TTOJIYIECHHOTO H3YYCHHBIMHU MCTOAAMHA

Meron HonHno-ocagurensHas HonHo-ocaaurenbuas guiotanus ¢ | AacopOuus Ha

n3BnieueHus | droranms ¢ MomudurpoBaHHEIM MM WHEPTHO# 3arpyske ¢
MOAN(HLMPOBAHHBIM MOIU(HIIHPOBAHHEIM
MM MM

Baunaauiico | Pactsop nocne | MozienbHEIH pacTBOp, XBOCTOBOH pacTBOp

JAepxaluii | KHCIIOTHOTO OAO «UM3»

00BEKT BEILLETAYHBAHIE us | 1 2 3 4
COZLOBOM LUMXTEI

DneMeHT mac., % mac., % Mac., %

\ 99,16 99,28 99,20 | 99,22 99,15 | 99,01

Mn 0,54 0,63 0,72 10,71 0,62 [098

Ca 0,015 0,009 0,01 0,012 | 0,01 -

Mg 0,019 0,015 0,02 0,01 0,009 |-

Na 0,18 0,1 0,11 0,19 (0,15 |-

K 0,010 0,018 0,014 |0,01 0,008 |-

Fe 0,0026 - 0,003 |- 0,004 |-

O6uias TEXHOJIOTHYECKAss CXEMa HW3BJICYCHHS BaHaaus W3 pacTBOPOB BBILIENAYHBAHUS COLOBOH

IIMXTH X XBOCTOBLIX PACTBOPOB TMPHBEJCHA Ha puc. 16.

| Koppexti QABJ’HN Tlepemennpanne }—‘» Koarynsawis }—*{ Dnotauns

Texnonorireckimi

npomykTa V,05 (99 macc. %)

PereHepLIa CoeMIHEHHI \
lﬂ?ﬂﬂﬂ

pacTRap poexa pH
Comamn> 101!
| OraieneHie QIOTONpoAyKTa J
Tapoautnyec -
’ j pNHCL,
KO OCAXKIEHHE Bosspar MM ¢ 1100 rn?
MapraHua i nepuomm;z (;:'\l?[ri\B [
ttoxymALILA HOAnITROY l Perenepartiis (pnoTONPORYKTA
mpn pH=8
= e s | Pactop
Ancopbunon | | A _ ; Crmneni=
£ opucTofli s
Hast ouricTka | ! ZeopOLIA HA TIOP 10,2:0,5 rur! I'ipponiTigecKoe 0CakICHIE
1 & 3arpyske ¢ [ | .
OT MapraHua | v NN | MOJIKICIOT BAHAMIA
1 ApYHX \ MOIHGHIHPOBAHHED i
- ] )
nprmMeceii 10 — .
P TIK 1 Pactop NH,CI, 1 QOO6:xHr ocazika |
: 100 rr! ! l
Conod 1 P i )
P : ) TlosyueHHe TOBAPHOTO
1
! 1
! )
! |

Pacteop Coypym= 1,5 —3,0 rr!

PucyHok 16 — IpuHUMNMANbHAS CXEMA U3BIEUEHHs COCIMHEHHA BAHAMA U3 TEXHOIOTHYSCKHX
pacTBOpOB
B pesynprare peaqu3aliM OIMMCAHHOM TEXHOJNOIMYECKOH CXEMBI, MOMHMMO TONyHCHHS
METMpYIOLMX COCAMHCHWH BAHAJUA M MapraHua, pelNacTCdA JKOJOTMHECKas 3ajada IO CHIDKCHHIO
3arpA3HEHNs TIPUPOILIX BOA0EMOB 3a cueT foctikenns [1JIK no HanGoree TOKCHYHBIM KOMIIOHCHTaM
M BO3MOKHOCTH CO3/1aH s 0G0POTHBIX LMKJIOB METATYPriuecKoro Npon3BOACTEA.
TTpoBefieHbl  TPEABAPUTENBHEIE PAacueThl 3aTpaT Ha TONYYEHWE TMCHTOKCHAA BaHalHsA

MPEUIOXKEHHBIMH  METOIAMH B CpaBHEHUH C W3BCCTHBIMH TEXHOJNOTHAMH. TeXHONOTHA TIOJTYUECHHSA
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IPXNB

AT

[T

MEHTOKCHAA BaHaaus ¢ MonupuuupoBanHeiIM MM Bricokoit unctoTel (Gonee 99 Mac.%) mo3sonser
YBEJIHUUTE PCHTAGEIBHOCTL MPOH3BOACTBA Ha 38,5 % 3a CUCT CHMIKCHHS 3aTpaT Ha MHOIOKDATHYIO
IIEPEKPUCTATIIH3ALMIO, CBA3AHHYIO C [OCTH)XXCHHEM TOH X€ CTCIEHH YHCTOTHI IO CYIIECTBYIOIIEH
TEXHONOTHH., B pacuere peHTaGENBHOCTH NPOM3BOJACTRA HE YUHTHIBAIH BO3MOXKHOCTH MOJNYYEHHS
[pMOBUTH NPY BbIZIETIEHHU MapraHLa.

3aknrouenne

1. UsyueHbl (M3HKO-XMMHUUECKHE CBOHCTBA aCOPOLIHOHHOTO HOHOOGMEHHOTO MATEpHANA HA
ocHoBe MaTpHubl MM 1 MoaudukaTopa - Xn0puaa JUeLNIHMETHIAMMOHMSL,

2 YeTaHoBIIEH XapaKTep B3aHMOAEHCTBUA MOAM(DHIMPOBAHHOTO BhICOKOAMCHEPCHOro MM
C OKCO4HHOHAMHM BaHaiMi B KOHLEHTPUPOBAHHBIX H pa30aBNCHHBIX pacTBOpax. Ancop6ums
OKCOAHHOHOB BaHA/IHS COMPOBOXAAETCA 06Pa3s0BAHHEM HMOHHBIX ACCOLMATOB M HOCHT (PH3MYECKMI
Xapakrep.

3. Ha ocHoBanuM TepMOAMHAMMYECKMX M KHHETHYECKHX MCCIELOBAHHMM yCTAHOBIIEHHI
ONTHMaNbHBIE YCIIOBHS aICOPOUHOHHOTO M3BJIEYEHHs BaHafMsl C HCIMONb30BAaHMEM pa3paboTaHHBIX
METO/I0B.

4, Paspa6oTan HOBEIH METOA MOHHO-OCAANTENBHON (BIOTALHH ¢ KOLTOMAHBIM HOCHTENIEM —
MM, nokasaBwnii BbICOKYIO 3()(HEKTHBHOCTL M3BIEYEHHS, KOHLEHTPUPOBAHMA M M3OUPATENBHOCTH
a/IcopOLMK COE/IMHEHMH BAHA/IMA M3 KOHLIEHTPUPOBAHHBIX PACTBOPOB (DPACTBOPOB BHILIENAYMBAHH).

5. PaspaGotan HOBBIH BBICOKOI((EKTHBHEIA METOA aAcopbUMM COEAMHEHHH BaHAAMA Ha
MOPUCTON HMHEPTHOH 34rpy3ke C KOJUIOMAHBIM HocuTeneM — MM W3 pa36aBieHHBIX PACTBOPOB

(XBOCTOBBIX PACTBOpPOB).

6. VcraHoBi€HA BO3MOXHOCTE MHOTOKPATHOLO MCIIO/L30BaHHsA KOJUIOMAHOTO HOocuTenss MM
3a CYET ero NepHOAUUECKOH NOAMHTKH MOU(HUKATOPOM NPU HCMOIBL30BaHUH Pa3paboTaHHEIX METO/IOB,

7. Paspaborana TexHoNOrHUYECKas cXxeMa aAcopOLMOHHOTO BBIAENCHHMS BaHANUA M3 KHCIBIX
PacTBOPOB, peanu3alns KOTOPOi MO3BOJSET MOBBICHTH BBIXOA MEHTOKCHMZA BAHAAMA H JOCTHYBL €ro
TIPEACIILHO-AOMYCTUMBIX  KoRueHTpauunit (TIIK) npu cBpoce pacrBopos B priGOX03fiCTBEHHBIE
Bozoemsl. [Toslyyen ToBapHsIH POAYKT - MEHTOKCH/, BaHAAHs BLICOKOH cTeneHH YucTOTH (99 Mac. %).

8. IToxasana BO3MOXHOCTh, TMOJYYCHWs JMOKCHAA MapraHua (Hapsgy C HCHTOKCHIOM

BaHa,ELPIH)' Ha CTalMH OYHCTKU XBOCTOBEIX PaCTBOPOB.

24194
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