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3AKJIIOYEHHME
@enepanbHOro rocyJapcTBEHHOIO aBTOHOMHOI'O 00pa30BaTeIbHOIO YUPEKACHHS

BBIcLIEro obpa3oBanus «CuOUpcKuil GpenepanbHbIi YHUBEPCUTET

Huccepranus «Heopranuueckue OKCHJIBI, II0CJIe1I0BATEIEHO
MOIU(UUUPOBAHHEIE [OJHAMHHAMH W CylIbho- H KapOOKCHIIPOU3BOJHBIMHU
OpPraHHYeCKUX PpEeareHTOB, I pa3ZefieHHs, KOHLEHTPUPOBAHHUS U OIpeJesIeHuUs
XMMHYECKHX 3JIEMEHTOB)» BBHINIOJHEHA B HAay4YHO-HUCCIIEI0BAaTEIbCKOM HH)KEHEPHOM
nenrpe «Kpucramn [lenapramenTa HayKd U HHHOBAIllUOHHOM J1€ATEIbHOCTH.

B nepuon moaroroBku aucceprauuu couckarens dumyx-lllagpuna Cernana
JleornnoBHa pabortama B JOMDKHOCTH  HAYYHOrO  COTpPYJHHKAa  Hay4dHO-
HCCIIeI0BAaTENIbCKOr0 HMHXKeHepHoro neHtpa «Kpucramwm [lemaprameHTta Haykd MU
MHHOBALIMOHHOM JI€ATENIbHOCTH, JOLEHTa KadeApsl OpraHUYecKOod M aHAIUTHKOM
XUMUH  (enepasbHOrO0  IroCyJapCTBEHHOIO  aBTOHOMHOrO  00pa30BaTebHOIO
y4upexaeHus Beiciiero obpazoBanus «Cubupckuit GpenepaibHbli yHUBEPCUTETY.

B 2009 r. Junyx-Illagpuna C.JI. 3ammTiina KaHAUAATCKYIO JUCCEPTALMIO Ha
COMCKaHME YyYeHOW CTeneHH KaHAuAaTa XMMHYecKuX Hayk Ha TeMy «CopOeHTsl Ha
OCHOBE HEOpPraHU4YeCKUx OKCH/JIOB, MOAU(HUIMPOBAHHBIX
MOJIMI€KCAMETHJICHTYaHUJUHOM U KOMIUIEKCOOOpa3yloIUMH peareHTaMu, s

KOHLOEHTPUPOBAaHUSI H OIPEACICHHA IBETHBIX H 6naroponH1>1x METaJlJIOB» IIO



cneruanbHocTH 02.00.02 - aHanuTHYeckass XUMHsS B JUCCEPTALMOHHOM COBETE
J1212.269.04 npu ToMCKOM MOJIUTEXHUYECKOM YHUBEPCUTETE.

Hayunsiit koncynsTanT JloceB Brnagumup HukomnaeBud, JOKTOp XHMHYECKHUX
Hayk, mpodeccop, ¢eneparbHOe TOCYAapCTBEHHOE aBTOHOMHOE 00pa3oBaTEIbHOE
yupexaeHue Beicuiero obOpaszoBaHus «Cubupckuil QenepanbHbI yHUBEPCUTETY,
nabopatopusi GU3MKOXUMUN METaJLUTyprHueCKUX MIPOLECCOB U MaTEPHUaJIOB, CTAPLINA
HAYYHBIH COTPYIHHK, podeccop Kadheapbl OpraHuuecKor U aHATUTUKON XUMUH.

Ha pacmmpeHHOM 3acenaHuu Kadeapbl OPraHUYECKON U aHAJIUTUKOM XMMHUHU
NPUCYTCTBOBANM: 3aBemyromui kadenpoit Tapan O.I1., DOKTOp XMMHYECKHX HAyK,
npodeccop PAH; KysuenoB B.H., nokrop xumuyeckux Hayk, mpogeccop; Kaunn
C.B., moxTop XMMHUYECKUX HaykK, mpodeccop; JloceB B.H., nokTOp XUMHUYECKHX HAYK,
npodeccop; Muxanés FO.I"., nokrop xumudeckux Hayk, mpodeccop; Kanskuna O.IL,
KaHIUIAT XUMHYeCcKuX Hayk, noueHt; Kamskun C.H., kaHIuoaT XMMUYECKUX HAYyK;
Masusk H.B., kangupgat xumMudeckux Hayk, aoueHT; [denucosa JI.T., kampunar
XHMHYECKHX HayK, HoleHT; bopomuna E.B., kaHaqunaT XuMU4YecKUX HayK, JOLICHT;
Hosukosa [I'.B., kanmmmar xumudeckux Hayk; Mertemuua C.M., xanaupar
XMMHYeCKUX Hayk; byiko O.B., kamaupmatr xumudeckux Hayk; [llyoun A.A.,,
KaHIUAAaT XUMHYECKUX Hayk, nomeHT, YymwminHa JL.I'., kauauaaT XUMAYECKUX HayK,
JOLIEHT.

YdacTHUKaMHU 3ace/laHus ObUIH 3a/1aHBbl CIIeIyIOIINe BOIIPOCHI.

- B yem 3aximouaeTcss NPUHIMIIHAAIBHOE OTIMYUE MPEUIOKEHHOro crocoba
MO (DUIIUPOBAHIS HEOPTAaHUYECKHX OKCUIOB OT OIMCAHHBIX B JIMTEpaType?

- Wsyuamoch nu MoaubUIMpOBaHWE IOJMAMUHAMHU JPYTHX MaTpull,
HarpuMep, LEIT0I03bI?

- Bmuser nu mpucyTcTBHE BOABI B COpOEHTE Ha PEruCTpPUPYEMBIH
ko3hbunment auddysHoro  orpaxeHus? Kak = KOHTpoaupoBanud — CTEIEHb
BBICYIIMBaHUsl copOeHTa?

- YKaXxuTe OCHOBHbIE NTPEUMYIIECTBa pa3pabOTaHHBIX METOAUK OTHOCUTEIBHO

aTTECTOBAHHBIX?



-UeM 00yciioBiieH Takoi BBIOOP HEOPraHUYECKUX OKCHUIOB?

- KakoBbl 0coOeHHOCTH IIPOGOIOATOTOBKY IPUPOAHBIX BOJ| C HCIIOIB30BaHUEM
NPEUIOKEHHBIX COPOLIMOHHO-(OTOMETPHYECKIX METOIUK?

- Kak ompenensin CeneKTUBHOCTh KOHIEHTPHPOBAHHS IO OTHOIIEHUIO K
ApYT¥MM KaTHOHaM, IPHCYTCTBYIOIIMAM B peaJIbHBIX 00beKTax?

- B yeM npu4rHa CymecTBEHHOTO pa3nuius KodpGULIHueHTa UyBCTBUTEIbHOCTH
COpOIMOHHO-(OTOMETPHYECKOTO ONpeleIeH!s IpPU MCHOJNB30BaHUU Pa3THIHBIX
MaTpuL?

- B yeMm 3axirogaercs pasznu4ue B COpOIMU OPraHUYECKHX BEILECTB UCXOJHBIM
OKCHJIOM QJIIOMHMHHS M OKCHUIOM ATIOMHMHHUS, MOTUGHUIMPOBAHHBIM IOJIUMEPHBIMU
IIoJIMaMUHaMuU?

- Uem oOycnoBneH L-o6pa3Helii BUA U30TEPM COPOIIMH JIEMEHTOB?

- BeineceHo npeayoxenue o 6onee nogpoOHOM HU3JI0XKEHUH B JOKJIa[e HOBU3HBI

paboTEL.

IIo BceM 3aJaHHBIM BOIIpOCaM COHCKaTeJIeM OpLTH AaHbl HCYEPIIBIBAIOIINE

OTBECTHI.

ITo uroram o6cyXIeHUs IPUHATO CIIeAYIOIIee 3aKITI0OYEHHE.

AKTyaJIbHOCTB TeMbl. [ OBEIIIEHNS CEJIEKTHBHOCTH U CHHXKEHHUS TIPEesioB
OOHapy)XeHHsI JJIEMEHTOB B aHAJIUTHYECKOW IIPAaKTHKE [IHPOKO IPHUMEHIETCS
COpOLIMOHHOE KOHLIEHTpHUpOBaHHWe. lI3BleYeHHe MHUKPOKOMIIOHEHTa H3 OOJBIINX
00BEMOB PacTBOPOB Ha OTHOCUTENIHFHO HEOOJBIION Macce COpOeHTa U BO3MOXHOCTh
aBTOMATH3allMi IIpolLecca JelaeT COpOLHOHHOE KOHLIEHTPUPOBAaHHWE OIHHUM U3
Haubosee BocTpeOoOBaHHBIX. Cpeoy IIHPOKOTO IEPEYHS COPOEHTOB pPa3IUYHOM
npupoasl  Hamboinee MEpCHEKTUBHBIMH  SIBISIOTCA COpPOEHTBI HA  OCHOBE
HEOpraHW4YeCKUX OKCHAOB, B 4acTHOCTH SiO;, Al,O;, ZrO,, TiO,, OCHOBHEIMH
NPEUMYIIECTBAMHA KOTOPBIX SBJISIOTCS: JOCTYIIHOCTh, LIMPOKHU BBIOOp MAaTpHI] C
PasIMYHBIMKM IIOBEPXHOCTHBIMH XapaKTepUCTUKAMH M OTCYTCTBHE HaOyXaHHs B
BOJHBIX pacTBOpax. Heopranuyeckue okcuIpl Kak MaTPHLEI st COpPOEHTOB 00J1a1al0T
BBICOKOM  MEXaHMYeCKOH IPOYHOCTBIO  YaCTHIl, OTHOCHTEIBHO  BEICOKOM
TUPOIUTHYECKON YCTOHYMBOCTBIO B CIIA0OKUCIBIX, HEUTPAIBHBIX U CIa00IIeT0HBIX

pacTBOpax. OTC}’TCTBI/IC COOCTBEHHOM OKpaCKH H JIIOMHHECHCHIIHH IIO3BOJISACT
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UCIIOJIB30BAaTh HEOPraHWYECKHe OKCHIBl HE TOJNBKO AN (OTOMETPHYECKOrO U
JIFOMMHECIICHTHOTO OIpe/ie/IeH!s] KOMIIOHEHTOB HEIOCPeICTBEHHO B (haze copOeHTa,
HO M HCCIIEJOBaTh 3aKOHOMEPHOCTH B3aWMOJENCTBUS U3BJIEKAEMOI0 KOMIIOHEHTA C
(QyHKIHOHAIBHBIMY IpynnaMu cop6eHToB. s MpuaaHus HEOPraHUIECKHM OKCHIaM
CENIEKTMBHBIX CBOMCTB HMX IIOBEPXHOCTh XHMHMYECKH WJIA HEKOBAJIEHTHO
MOIUGULUPYIOT pa3IuYHBIME peareHTaMi. OCHOBHEIM IPEUMYILECTBOM XUMHIECKU
MOAWGHULKMPOBAaHHBIX HEOPraHWYECKHX OKCHIOB SBJSIETCS [JOCTATOYHO BBICOKAs
YCTOWYMBOCTh NPUBUTHIX (YHKLHMOHAIBHBIX TPYyNI B pa30aBIEHHBIX pPacTBOpax
HEOPraHMYeCKHX KHCJIOT, OJHAKO CIIOXKHOCTh CHHTE3a [ejaeT JaHHble COPOCHTEI
MaJOJOCTYIIHBIMU. 3aKpeIUIeHUE OpraHWYeCKUX peareHToB 3a c4eT ciaaldbIx
Gu3MuecKNX B3aUMOJEHCTBUN (MMIPErHUPOBaHHE) MPUBOOUT K JecOpOLUu
pEareHToB MpH COPOLMOHHOM H3BIIEYEHHH XHMHYECKHX 3JIEMEHTOB M3 BOJHBIX
pacTBOPOB, 0COOEHHO B AUHAMUYECKOM PEeKUME KOHIICHTPHUPOBAHUS.

HecMoTpst Ha 3HaUKTENIEHOE KOJIMYECTBO IIpeJylaraeMbIX COPOEHTOB U CIIOCOO0B MX
IOJTy4YEeHUs], 3aKpeIUIeHHe IIMPOKOro Kiacca cynb(o- U KapOOKCUIIPOM3BOAHBIX
KOMILIEKCOOOPa3yIOIUX OpPraHUYeCKUX PEeareHTOB Ha IOBEPXHOCTH HEOPraHUYEeCKUX
OKCHJIOB IIPAaKTHYECKH HEBO3MOXKHO WH3-3a B3aUMHOIO OTTAIKHUBAaHHS CYyJIb(Orpymnm
PEareHToB U JENPOTOHUPOBAHHBIX TOBEPXHOCTHBIX IMIPOKCHIBHBIX IPYIIIL.

Pazpaborka HOBoro mpoctoro cmocoba IONy4eHHs ~COpOEHTOB ¢
IPOTHO3UPYEMBIMU COpPOLIMOHHBIMU M aQHAJIUTUYECKUMH XapaKTEPUCTHKAMH C
UCIIOJIb30BAHUEM JOCTYIHBIX MaTpUI] U PEareHTOB SBJSETCS aKTyaJbHOU 3a/adeid.
Pemenne oToM 3amaud  3aKio4yaeTcss B IIOCIIEOBAaTENIBHOM  3aKpeIUICHUU
(YHKIMOHAIBHBIX OpPraHUYECKUX CJIOEB Ha IIOBEPXHOCTH HEOPTaHUYECKUX OKCHIHBIX
Matpul. Ilpy fgaHHOM moAXone MOBEPXHOCTh HEOPraHMYEeCKOro OKcHIa
paccMaTpuBaeTCss KaKk MaKpOMOJIeKyJia ¢ OOJIBIIMM KOJHYECTBOM THAPOKCHUIBHBIX
IPyII, a NMEPBBIM (YHKIHOHAJIBHBIM OPraHUYEeCKUM CJIOeM, 3aKpeIUIEHHBIM Ha €ro
IIOBEPXHOCTH, SBIIAIOTCS IOJIMMEpPHBIE IMOJIMAMHHBI, IIPOYHO YAEpXKHUBAIOLIHECs 3a
cueT 00pa3oBaHMs MHOTOLIEHTPOBBIX CBSA3€H MEXIY UX TOJIOXUTEIHHO 3apSDKEHHBIMU
aMUHOTPYTIIaMHU 7§ IIOBEpPXHOCTHBIMHU OTPHUILATEIEHO 3apsHKEHHBIMU
IEeTIPOTOHHPOBAHHBIMH THIPOKCOTpYIIaMHu. Heopranuueckue OKCHJIBI,
MOJU(HUIMPOBaHHBIE ITOIMAMUHAMH, SBIIIOTCS YHHBEPCAJIBHOM IUIaTGOPMOM st

CO3MaHusl IMHUPOKOI'o Kpyra COpﬁeHTOB IIyTEM 3aKpPCIUICHUsA Ha HX MNOBEPXHOCTHU



OonpmIOro  Kjiacca BOAOPacCTBOPUMBIX  Cynb(po- U  KapOOKCHUIPOU3BOAHBIX
KOMIIIEKCOOOPa3yIOIUX OpPraHUYeCKUX PeareHTOB, SBIIIOLINXCS B JaHHOM Cilydae
BTOPBIM (YHKIIHOHAJIBHBIM CIIOEM COpPOEHTOB.

Ienr paborbl. PaspaboTka HOBOro moaxona K CHHTe3y COpOEHTOB METOIOM
HEKOBAJIEHTHOT'O TI0CJIeIOBATEIILHOTO MOAUGHULIUPOBAHUS IIOBEpXHOCTH
HEOPTraHWYECKHX OKCHJIOB IIOJMMEpPHBIMH IOJIMAMUHAMH U Ccyidb(o- HiIH
KapOOKCHUIIPOU3BOJHBIMU KOMIUIEKCOOOPA3yIOIUX OpPraHMYeCKUX pPEeareHTOB I
paszeneHus, KOHIEHTPUPOBAHUS U OIpEeNeHUs] XUMUYECKUX DIIEMEHTOB.

JlocTIKeHre ey NpeayCMaTpHBaIO pellleHHe CIeIyIoIuX 3a1a4:

- OIpeNeNieHHEe ONTHUMAIBHBIX YCIOBHM U3BIE€YEHHS U YCTOHYMBOCTH
3aKpeIUIeHHs MOJIMMEPHBIX [TOJIMaMUHOB Ha ITOBEPXHOCTH HEOPraHMYECKUX OKCHIOB
U Cylb(Qo- MM KapOOKCHIPOU3BOAHBIX KOMIUIEKCOOOPA3yIOUIMX OpPraHUYeCcKHX
pEareHToB Ha IIPeABapUTEIbHO aMHUHHPOBAHHON IOBEPXHOCTH HEOPraHMYeCKHX
OKCHJIOB;

- HCCJIEZJOBaHHE XapaKTEPUCTUK COPOEHTOB (H3UKO-XMMHYECKUMH METOJaMU
FICCIIe[OBaHUS;

- HCCIeJIOBaHHE BO3MOXKHOCTH HCIIOJb30BAaHUS HEOPraHHMYECKUX OKCHJIOB,
MOAX(UIMPOBAHHBIX NOJIMAaMHUHAMH, B Ka4eCTBe aHHMOHOOOMEHHUKOB Ha IpUMeEpe
cOpOLMOHHOrO0 KOHIeHTpHpoBaHUs aHUOHHBIX ¢opMm Cr(VI), As(V) u Se(VI),
XJIOPHHBIX aHHOHHBIX KOMILIEKCOB ITATHHOBBIX METAJUIOB U @aHHOHHBIX KOMILJIEKCOB
XUMUYECKUX 3JIEMEHTOB C OPraHUYECKUMH peareHTaMu;

- WCClIeIOBAaHHE 3aKOHOMEPHOCTe}l COPOLIMOHHOTO KOHIEHTPUPOBAHHS HOHOB
LIBETHBIX, TSDKENBIX U 6JIarOpOAHBIX METAJUIOB, a Taloke UX (OpM HeopraHUYeCKHMU
OKCHJaMH, HEKOBAJCHTHO MOIU(UIMPOBAHHBIMU ITOJUMEPHBIMH IOJTHAaMUHAMH U
Cynb(o- MMM KapOOKCHUIIPOM3BOIAHBIMH KOMILIEKCOOOPA3yIOIUX OpPraHWYeCcKUX
pEareHToB, B CTATUYECKOM M JUHAMUYECKOM peXUMax;

- pa3paboTka KOMILIEKCa METOJIUK COpOLIMOHHO-MOJIEKYISIPHO-
CIIEKTPOCKOIIUYECKOT'0 (cexTpocKonus i dy3HOrO OTpaXKEHUS u
JIFOMMHECLEHLIUS ), COPOLIHOHHO-aTOMHO- ¥ COPOLIMOHHO-MaCC-CIIEKTPOMETPUIECKOTO
OIpeJeNIeH)s] XUMUYECKUX JJIEMEHTOB, a Tak)Ke METOIUK TECT-OIpE/eNICHUs] HOHOB

METAJ/IOB B BapHaHTaX BETOBBIX IIKAJl © HHAUKATOPHBIX Tp}’6OK



6

Hayuynas HoBu3Ha. IlpemioxeH HOBBIH crmoco® moidydeHHs cOpOEHTOB Ha
OCHOBE HEOPraHWYECKMX OKCHAOB IIyTeM IIOCIeHOBaTeNbHOM 00paboTKH uX
IIOBEPXHOCTH BOJHBIMH pacTBOpaMH ITOJIUMEPHBIX IOJHAMUHOB H CYyJIb(hO- HIU
KapOOKCUIIPOU3BOIHBIX KOMILIEKCOOOPa3yOIUX OPraHHYeCKHX PeareHTOB.

OnpeneneHsl GU3NKO-XUMHYECKUE XapaKTEPUCTHKU HEOPraHUIECKUX OKCHJIOB,
MOJU(UIMPOBAaHHBIX IOJMMEpPHBIMH I[OJHaMHUHaMH. VcciemoBaHa MPOYHOCTH
3aKpeIICHUs [TOJIMMEPHBIX NOJMAMUHOB Ha MMOBEPXHOCTH HEOPTaHUIECKUX OKCHIIOB.
ITokazaHo, 4TO 3aKpeIUIeHHBIN Ha IIOBEPXHOCTH KpeMHe3emMa
IIOJIMTeKCaMETUIICHTyaHUIUH He JecopOupyeTcss C ero IOBEpXHOCTH 00paboTKoM
ropsiaeii (50°C) 6 M HCIL.

OnpeneneHo BIMSHHME CTPOGHHS MOJIEKYJIBl KOMILIEKCOOOpa3yromero
OpPraHU4YECKOI0 peareHTa, IpUpOsl M KOJIMYECTBAa KUCIOTHBIX IPYIII B €r0 COCTaBe Ha
YCIOBHSl 3aKpeIJIeHHWsT Ha IIOBEPXHOCTH IIpPeIBapUTENIbHO aMHUHHUPOBAaHHBIX
HEOpPraHU4YeCKUX OKCHAOB. IToka3zaHo, YTO yBeNHYeHHE KOJHUYECTBa CyJNb(Orpymnm B
MOJIEKyJIe peareHTa IPUBOAWT K YBEJIWYCHHIO Auama3oHa pH u ycToWyumBOCTH €ro
3aKpeIUIeHHs Ha TOBEPXHOCTU aMUHHUPOBAaHHBIX HEOPraHUYECKUX OKCHAOB. Hannune
B COCTaBe MOJIEKYJIBl peareHTa TUApPOKCO- ¥ aMHHOTPYII MPUBOAUT K YLIUPEHHUIO
quanazoHa pH ero KoJIWYeCTBEHHOI'O H3BIICYCHHS MU YBEJIMYEHHUIO IMPOYHOCTH
3aKpeIlJIeHUs] peareHTa 3a cyeT 00pa3oBaHus JOMOIHUTEIbHBIX BOAOPOIHBIX CBSI3ei ¢
aMHHOIPYIIIIAMK IIOJIMAMUHOB, 3aKPEIUICHHBIX HA IIOBEPXHOCTH HEOPraHUYeCKHUX
OKCH/JIOB.

Iloka3aHo, 4TO B Mpoliecce 3aKperieHus Cyiab(o- U KapOOKCHIPOU3BOIHBIX
OpPraHMYeCKHX PEareHTOB COXPAaHSIIOTCSA UX KOMIUIEKCO0Opa3yomue U XpoMoGOpHEIe
CBOWCTBA.

VYCTaHOBIIEHBI 3aKOHOMEPHOCTH COpPOLIMOHHOTO KOHILIEHTPUPOBAaHUS HOHOB
XMMHYECKUX 3JIEMEHTOB HEOPraHHYECKUMH OKCHIAMH, KaK MOAU(UIIMPOBAHHBIMU
TOJIBKO HOJTUMEPHBIMHU NIOJTUAMHHAMH, TaK 5§ II0CJIEJOBATENIEHO
MOAUM(QUIMPOBAaHHBIMH  IIONMMEPHBIMA  IIOJIMAMHHaMH ©  Cynbpo- H
xapOokcunpousBogHeIMH N-, N,O-, O-, S-comepxaliux KOMILIEKCOOOPa3yrOLIHuX
OpPraHMYEeCKHX PEareHTOB B CTATHYECKOM U JUHAMUYECKOM peXHMaxX B 3aBUCUMOCTH
OT IPUPOABI HEOPraHHUYECKOTO OKCHJA, NMPUPOABI IOJUMEPHOIO IOJHAMHHA U €ro

HOBerHOCTHOf;I KOHIOCHTpalluu, IIPHPOABI OpPraHH4YeCKOro pearecHra W €ro






