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BBEAEHHE

ABTop Hauam crot pafory B ofJacTH XHMHIUECKOro aHa n3a Me-
TaJa0s B 1933 r. B mafopatopun 3aB01a «IDAEKTPOCTAIB,

DJIERTDOMETANNYPTHUECKHIT 3aBO L «DASKTPOCTAAb> B TOT MEPHOIL
SABAANCH € UIHCTBEHHBIM KPYIIHBIM 32B010M B CTPaHE, BHITYCKABUIHM
BBICOKOKAUECTBEHHYIO CTajdb. B mocneiyioulie TOAL 3TOT 3aBOI
BIEPBEIe B CTPAaHE HAYAJ BBLIIYCKATh XKAapONPOUHLIE CIJaBRI HA OC-
HOBE HHKeJd, NPEelU3HOHHBIE U APYTHE CTJAaBbl 117 HOBOI TeXHHU-
ki. Ilo xapakrepy CBOell IesiTeTbHOCTH 3aBOJ «DJIEKTPOCTANbY B~
JHETCH 110 CYIH,ECTB}" 3ZI.BO,L‘L,OE\I-HI'ICTHTYTOM.

B xummieckoli naboparopuy 3aBoja aBTOP 3aHHMAaJCH Hay4HO-
HceaegoBaTensekoil padoToll B oofnacTtu YCOBEDIUEHCTBOBAHUA CY-
IIeCTBYIOUNX 1 pa3paboTKyu HOBHIX METOAOB aHAMN3a CTaleil, clia-
BOB, (PEpPpOCIIABOB, MJAKOB H IPYTHX MaTepHajoB MeTajaypraue-
CKOro IPON3BOACTBA. ABTOPY TNpPHXOLHJAOCH LAaBaTb OTBETHl Ha
MHOTOYHC/AEHHBIE BONPOCH TIO XHMUUECKOMY aHAJAH3V, CBA3AHHBIE C
paspadoTKOil TEXHOMOIMH BbLUIJIABKM H BbIIYCKd HOBBIX CTajled H
cn1aBoB. MeTaaaypruyeckas MpOMBILACHHOCTL B B OCOGEHHOCTH Ka-
YyecTBEHHASA METAJ/yPrist TOTo BpEeMeHH pacrojaraja HeL0CTaToH-
HbIM KOJHYECTBOM TOUHEIX ¥ HAIEe/KHLIX METOJ0B XHMHUECKOro amna-
Ausza. [Nepseie yHU(pHIMPOBAHALIE H TOCTHPOBAHHDIE METOIBl aHamIl-
3a uyryHoB, cranefl 11 (peppocmiaBoB MOABHAUCE TOJBKO B 1940 r.

B T0 ke BpeMs GYPHO pa3BUBAlOLIasics MeTalayprisa BhlcoOKOKaue-
CTBEHHBIX CTaJell i CriaBOB BRIABHrAJA CAOMKHBIE 3afayy IO paspa-
00TKe TOUHBIX, OBICTPRIX W HAYYHO OOOCHOBaHHBIX METOLOB Ompele-
JeHus KpeMuis, Mapranua, gochopa, THTana, MOMTHOACHA, aJIOMil-
HHS | TeJNOro psijia APYTHX 2JEeMEeHTOB.

Jlist pelnenusi 5THX 3a7au aBTOPOM HCIOIL30BATACH BCA HEMHO-
rounc/JeHHas JHTEPATYpa TOTO BPEMEHH 10 TeXHHUECKOMY aHamTH3y
METAJATIOB, 4 TAKIKe OTEUeCTBEeHHAs H 3apylerHad HayuHas JUTepd-
Typa [0 aHAJWTHUECKO XHMUHM ¥ (DHBHKO-XMMHUCCKOMY aHATH3y
METaJJIoB,

Bosriasass HayyHO-MCCJEL0BATEIbCKYIO TPYINY Ha 3apole, aB-
TOp PYKOBOTHJI M MPHHHMAJ JHYHOE ydacTie B paspaboTKe u BHE-
JApEHHH XHMHUECKHX M (DH3HKO-XHMHYECKUX METOLOB aHAJIH3a CJI0XK-
HOJeTHPOBAHHBIX CTaJell W chna1aBoB. PesyisTarsl NPOBeASHHLIX HC-
cjaegoBaniil opoPMIAAHC, B Buie COOPHAKOB METOIHK, Marepuafbi
KOTOPBIX IIHPOKC OCBAWBAJICH MHOTHMH 3aBOIAMH, a Haubomee HH-
TepecHble ONyGIHKOBLIBAINCE B KypHAJe «3aBOICKas aabopato-
pus». {

Asasisick 6e3 oTpblBa OT Npoussoictea acnupantom MOHX AH
CCCP, asrop B 1952 r. mopm pykosoacrsoM uj.-Kopp. AH CCCP
M. B. TanamaeBa B TOM e HHCTHTYTE 3AIMWTUI IHCCEPTALUIO0 HA
cOHCKAHNe y4eHell CTelmeHn KaHINTaTa XHMHUECKHX HayK. TeMoHl
JMCCepTAUUM ABIUJCA paspaboTaHHpil aBTOPOM HOBBIA (PTOPHAHBIH
[(Kpm:pgmmisblﬁ) MEeTOJ Ofpeae/eHisl aJlMIHis B CTaJIX H CHaaBax
10, 12, 13]. :
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Tocneayiouue paGorsl nposoguance B LHHMYM um. M. TL
Dapanna, rae aBrop ¢ 1953 r. Bo3raapJser XUMHUECKYIO Jadoparo-
pHIO.

LHHMHUUM sBaseTcs [IOJOBHBIM HayYHO-HCCIEL0BATEIbCKAM
MHCTHTYTOM YepHOI MeTaslyprui, KOTOPHIH 3aHnMaercs HAYUHOII
pa3pa6oTKOil 11 MpaKTHUECKHM BHEIpeHleM pe3VibTaTOB CBOUX HC-
ciel0BaHNi B OGJACTH CO3IaHMs HOBBIX CIJIABOB /st PAKETHOI,
ATOMHOII, PaAHO3IeKTPOTEXHUUECKON 1 APYTHX OTpacieil COBPEMEH-
MOl TEXHHKH, a Tak#e B 00iacTH pa3padOTKH HOBOH TEXHOJOTHH
BHINJIABKI CTAfeil, CNAaBOB M YHCTBIX METAJ/I0B AMs OOsblLIOf Me-
TATTYDPrUH Halueil cTpaHbl.

B 3Tux yeaoBHsx B mpollecce paGoThl BO3HHKAIH Cepbe3libie 33
naud Mo pa3paloTKe TOUHBLIX METOLOB ONpeleldenys B CTalax il
CIIABAX PAJA 2JEMEHTOB B CJI0KHBIX COUETAHHAX (TaHTana, o0,
BosIb(paMa, MomnGlena, penns, THTaHa, Banalus, Ml I ap.). Ipo-
BeIeHHble ABTOPOM ICCJACIOBAHUA N0 H3YUEHHIO KPHBLIX CBETOIO-
TJOLIeHHS B y/abTPaduoaeTosoli, BHILMOI H GauzkHell nHppaxpac-
Hoil 061acTSIX cTieKTpa PAacTBOPOB coJell MeTaslI0B, KHCJ0T H HIE10-
yell HOKasaJdi, 4o cnexkrpodoroMeTrpHueckKue MeToldbl aHajalsa
ABJAAIOTCA HanGoIee NEPCHEKTHBHBIME H NPAKTHYECKH MOJIE3HBIN
B XUMHUECKOM aHaauze. PeayibTaThl pellleHHs HEKOTOPLIN TEOPETi-
yecKIIX BOMpPOCOB B 9TOH 06JACTH Il 'HOBBIE paspadoTandble MeToI1bl
Gbinu onyGanKoBaHbl asTopoM B pale pador [18, 21, 27, 29, 44, 45.
46, 48, 57, 58].

YacTh pea3yabTaToOB HayyHO-HCCAeT0BATEIbCKUX paboT, NPOBe-
TeHHbIX HA 3aBole M B MHCTHTYTE B 00aacTy paszpaloTKH XHMHYc-
CKIIX METOJI0B aHa/Jiu3a YHCTHIX METalaoB, cTaJdell, cijiaroB H Qeppo-
CTAaBOB, B C;Katoli dpopMe ony0auKoBana aBToOPOM B KHHre (chnpa-
BOUHOE DYKOROJICTBO) IO TEXHIUECKOMY aHAMH3Y B MeTaiaaypruu [52].

B cBsizu ¢ pa3paboTKOfl TeXHOJIOTHH NOJYUCHHA MeTajn0B, C1a-
Jefi u CmAaBoB 0coBO0i WHCTOTHI AJst PAa3JUUHBIX OTpacjeji HOBOH
TeXHUKIl BO3HMKJAA OcTpast HeodXOAUMOCTL, B CO3TaHIIN 10CTATOUHO
TOUHBIX METOIOB OIpeeenls MaJblx coleprKanuii npumeceii B nepe-
ylc eHHBIX Martepuagax. [Ioa HayyHbIM PYKOBOJICTBOM aBTOpa H ¢
HEeMoCPeICTBEHHBIM ero yuacTieM OBl paspabOTaHbl METOIbl OTpe-
ZejeHtsl CBHHIIA, 0J0Ba, CYPbMBI, BHCMYTA, KaiMus, IHHKA, Mell,
Gopa M yraepoia npu colepzxanuy ot 1-107° no |- 1075% B xpome.
Mo/inG1eHe, HHOOHH, HHKeNe, jKeje3e § HEKOTOPHIX Ch/iaBax Ha HX
ocHOBe, PeayIbTaThl HAaYUHOIL U SKCTIepUMeNTaIbHO paspaboTKi 91X
BONPOCOB ONyOMHKOBAHBI B JABYX KHHrax [30, 53] u panme crareil
[19, 20, 22, 24, 25, 31—40, 42, 55, 56].

B cnucKe HAYUHBIX TPYACB IPEACTABAEHBl KOMMEKTHBHbEIE pADOTHI,
BLIMOJHEHHble TIOJ HENOCPEeICTBEHHBIM HayUHBIM PYyKOBOICTBOM 4B-
topa. OraensHbie u3 HuX [16, 18, 21, 26, 27, 29, 44, 45, 48, 57, 58] BbI-
MOJIHEeHbl B TECHOM TBOPYECKOM COADPY’KECTBE H NPH COBMECTHOM Ha-
VYHOM PYKOBOACTBE aBTOpa ¢ KaHi. TexH. Hayk M. I1. XapaaMoBeIiL.

Huske u3a0k,enbl OCHOBHBIE PE3YALTATH, MOJyIeHHBIE B padoTax
aBTODA.
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PASBUTHE MPOU3BOICTBA
CJOXHOJETrHPOBAHHBIX CTAJEH, CIJIABOB
U YUCTBIX METAJIJIOB U 3HAYEHHE
XUMUKO-AHAJHUTUYECKOI'O KOHTPOJA

Pemennie XXII cbeana maprun u HoBas [porpamma KIICC Boi-
ABUHY.IH TPaHAHO3HbBIE 3aTaul B 06JgacTH OBICTPOrO 1 BCECTOPOHIErD
PA3BUTHS HAIIETC HAPOAHOro XO3SHCTBA, B TOM UICAC YEPHOI NMe-
Taaaypruu, o6ecneunsannell pacTyyue 3anpockl MHOTHX HOBEIlILIIN
oTpacteil npoMbliieHHOCTH. [na nx yI10BAETBODEKHs OCBOEHD I11D0-
H3BOICTBO HECKOJIBKHX COT HOBBIX HH3KOJEIIPOBAHHBLIX H BbICOKOKE-
YECTBEHHLIX MapoK CTadu, 4To Obio Obl HEBO3MOXHO OCYUICCTBHTHL
©e3 opranusalyi HAayyHO OOOCHOBAHHBIX M TPOBEPEHHBIX MeTOIOB
XHMHUECKOTO aHamu3a crajell Ha cOoTeprKaHue yraepona, KpeMHHI.
Maprauua, cepsl, pochopa, xpoma, HHKeIds, BaHaiusi, Monudaena,
KobaabTa, BoAbgpamMa, HHOOUS!, LUPKOHHS, THTAHA, 60pa, aJK0MUHUA
430Ta H IPVIHUX 3JEMEHTOB. i

C noMolipl0 COBPEMBHHOTO XWMHKO-aHAJHTHYECKOTO KOHTPOJIS
YCIeIIHO PellaloTess BONMPOCH JadbHeHlIero IOBBIUEHNs KauecTBa
OPOIYKUUH 1 GoJee WHPOKOro HayuHO-TEOPeTHYECKOro 0DOCHOBA IS
HOBBLIX [IPOLLECCOB BHINJIABKIL METANIA 1l €T0 JEeTrHPOBaHIHS,

Ocofo BamHyIo pOJb HAay4YHO OOOCHOBAHHbLIN XUMHKO-aHAIUTH-
YeCKHIi KOHTDOJIb HrpaeT B paclIXpAmolleMes MPOU3BOICTBE CA0KHO-
JIETHPOBAHHBIX CcTajJel, CNIJAABOB ¥ MeTaaJ0oB 0co00if UHCTOTHL A5
s11ePHON HepreTHKH, 3JeKTPOHHKH, palHONpPOMBIIIIeHHOCTH, paKer-
HOI ¥ Ipyrux orpacaefi HoseHulell Texunku. Co3nanue Takux CHIa-
BOB H MeTaJ/i0B BBIABHHYJO COBEPLIEHHO HOBYIO NPO6JEMY B TEODPHI
M NMpaKkTiHKe aHAJHTHYECKO! XEMMM METajdfoB, CBA3AHHYIO ¢ paspa-
OoTKOIi Meroios ONpeIeJeHHs DasJMUHBIX MHKpOMNpHMecell B yKa-
3aHHBIX MaTepuaaax.

M3 cxazayHOro sCHO, HACKOABKO BeJUKA POJb XHMHYECKOTQ aHd-
Ju3a B obluey Mpoliecce METaNdJIYPTHH W HACKOJLKO BaXKHbl Jalb-
HeHlllue HAYYHbIE lccJael0BaHlsa B 00JaCTH METO 0B XHMHKO-2HAMl-
THYECKOro KOHTPOJIA.



XUMUYECKHE METO/IbI
AHAJIU3A CTAJIEM W CIIJIABOB
(BECOBDbBIE, OBbEMHBIE, KOJIOPUMETPUYECKHE)

I. 0 HEKOTOPBIX HELOCTATKAX PABOT
B OBJIACTH XHMHUYECKOIO AHAJIU3A METAJIJIOB

B oreuectsennoil u sapy6exuoil muteparype Beeraa UYBCTBOBAJI-
Cfl OCTPEI HEXOCTATOK B HAVYHO-TEXHHUECKHX DYKOBOACTBAX MO XH-
MuuecKoMy ananusy meramnos. Kuuru @, K, Tepxe [59], . C. Llnn-
Gepra [60], E. Meiicca [61] n J. H. Moracteipckoro [62] sBasAuCh
COBEDIIEHHO HEeMOJHBIMII 1 'HEIOCTATOUHHIMH, a pPYKOBOICTBA
A M. Neuimosa [63, 64], T. Jlenaens, I. [opmana, T, Bpaiita [65],
B. T'manebpania u T. Jleunens [66], P. Mypa [67], Bepas-Jlyure [68]
n 1. oy [69], xoTs1 i1 Gbliu cepbeaHBIMI HACTOMILHBIMH PYKOBOICT-
BaMH, HO OHH He MOIVIH 1aBaTh OTBETH HA BCE CJIOKHBIE I Hepellen-
Hble BONPOCKHI TI0 aHA/IN3Y JIETHPOBAHHBIX CTaJeil, cnaaBoB u deppo-
cniiasos. K ToMmy xe mocienHee (5-e) H3laHIe BechMa HEHHOTO
pykosozerBa A. M. JlniMoBa MO TEXHHUECKOMY aHAJIH3Y METa/I0B
BoI0 B 1949 1., T. e. 13 ner Tomy Hazaz,

3a 3710T nMepuoi GBI H3TAHB OYEHb NOJE3HbIE KHHTH MO XHMI-
YecKoMy aHamudy craJeli u cniasos [70, 72], o1HaKO M 3THX PYKO-
BOACTB ObLI0 HEIOCTATOUHO /st YIOBJIETBOPEHHS BCEX HACYIIHAHIX
3aMPOCOB XHMHKOB-AHAJIHTHKOB,

CepresHblv 1pOGENOM B PA3BUTHH XHMIKO-aHAINTHICCKOrO KOHT-
POJIsSl B 4epPHOH METAJIYPrHH SBHIOCH TAKKE OTCYTCTBHE Psila Heob-
XOMHMBIX TEODETHUECKHX DPaspaboTOK MO ONpeIeNeHHI0 Maxkpo- M
MHKDOKOJINYECTB 3J1eMEHTOB B CJAOKHBIX COoueTaHusx (docdop—ri-
TaH — BaHaaui, HIKeJb— K00aJabT — Melb, THTdH — BaHaIHil—-
MOJAHG,1eH,  HHOGH{ — TaHTan — Boabhpam — UHpKOHUIT, Mapra-
Hell — MOMHOIeH — peHHil M 1p.), BCJAGICTBHE UETo GOJBLINTHCTEO
onyGaUKOBaHHLIX B TO BPEMS PYKOBOJICTB HOCHJIO DeLeNTYPHBIH xa-
paKTep II He OCBEILAJIO MHOTHX CJIOMKHBLIX BOIPOCOB aHAJTHTHYECKOH
XHMHH. B npakTuxe Mazno npuMeHsannch Gu3nKo-XHMIIUECKHe MeTOIbl
aHa;u3a, MHOTHE Ke Apyrue MeToabl OOILero Xapakrepa SiB.IsdHCL
BECbMa CJOMKHBIMII, JJIHTEJILHBIMI, YacTO HeIOCTATOYHO TOUHBIMH
ILTH yCTapeBLIHMH (HAUpuMep, onpeIeseHue KPeMHHSI B CJI0KHOJe-
THPOBAHHBIX CTAJAX, onpenenenue cepel no Llyasre, onperenenue
pochopa B mpucyTcrBuY BoMbMpaMa, HHOGHS 1 THTAHA, ONpelee-
HHE aJIIOMHHHS ¢ NPHMEeHeHuey PTYTHOrO KaTola H 1p.).

[IpuMeHsIBIUHECH paHee METOIbl XHMHUYECKOTO aHa/IH3a 3a4acTyIio
He OTBeuaIH H NpakTHyeckuM TpeGoBaHusAM Meraaaypros. Tak, Ha-
NPHMep, K KATETOPHH IKCIPECCHLIX METOIOB XMMHHYECKOTO aHaaH3a
OTHOCHAHUCH TOJIbKO METOIB! ONpeleJenHs yriepoja, cepsl, pocdopa
I MapraHua B mpoctuix cransax. Ilpu atom dochop ompesensid
KpaiiHe HETOYHBIM BH3YaJbHO-HehesoMeTpHIECKHM MeToa0M, OTeyT-
CTBOBAJIH 3KCIPECCHbIE HIN YCKOPEHHBIE METO bl ONpPeIeAeHIs MTOBbI-
LIEHHBIX H BBICOKHX COJep:aHU MapraHna s cranu. Muorie «ikc-
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TipeccHBIE» METOibl (ompeaenesue XpoMa, BaHagus, Boabdpama,
MomubIeHa M T. 1) WMeJH NPOIOMUTENLHOCTL He Memee 30-—
50 muk. (!). OTCyTCTBOBAAM TaKKe YCKODEHHblE METOMbi Olpesee-
His THTAHA, aJlOMUHHSA, HHOOHA H APYTHX 3JEMEHTOB.

Hevuoraym ayuile 06Crosiio 1610 H ¢ MaPKUPOBOYHBIMI MeTO14-
MH aHaJIH3a CJOMKHOJErupoBaHHEIX crajiell. M B sTom cayuae oco-
OEHHO CJIOMXKHBIMH HJIH HETOCTATOUHO TOUHBIMH SIBASIHCH METO/IbI Ofl-
pelledieHHA KPeMHHS, Mapranua, kofanbra, MoandaeHa, HHOOHSA, TH-
TaHa, aJIOMHHUA I Gopa, T. e. TeX JerHPYIOLIHUX 31eMEHTOB, Kay 1blil
U3 KOTOPBIX pellamwiiuy o6pa3oM BJIHAM Ha CHElHaNbHHE CBOHCTBA
CTAJN WY CI1aBA.

Eme menee 6bu1i pazpaGoTalbl MeToAbl aHadu3a (eppociIaBoB,
COJEp2KallHX B CBOEM COCTaBe, KaK H3BECTHO, TE ME 3JIeMEHTH, HO
B ropasjgo GOJbIIHX KonnyecTBax. MHTeHCHBHOe pasButie (eppo-
CIIABHOH NPOMBINIJIEHHOCTH [IOCTABHJIO TIepe] XUMHKAMH P CJI0ZK-
HBEIX BONPOCOB 10 paspaGoTKe MeTol10B ONpeledeHts B psae deppo-
CIIaBOB KPEMHHMS, MapraHiia, MoauOaeHa, THTAHA, aJIOMHHHS U
IPYTHX 5JIEMEHTOB,

Hakonel, caMbiM TAMXKENLIM M MaJo Pa3padoTaHHBIM B TEODETH-
YecKOoM H 3KCHepUMeHTaJbHOM OTHCIIeHHSX 0KasaJjcs aHAAH3 CTa-
Jeil, CllJIaBOB H YHCTBIX METAJ/I0B Ha COIeprKaHHe MUKPONDPHMeceil.
CyliecTBOBABIIHE METOAB! XHMHYECKOTO M (PH3HKO-XHMHYECKOro aHa-
an3a He OBIIH IPUMEHHMBI X ONpPeIeNeHHio 5JeMeHTOB B MaJLX KO-
augectax (1-:10-83—1-107%% yraeponia, kpeMuus, Mapranua, goc-
dopa, cepsl, XpoMa, BaHagud, 6opa, CBHHLA, 0J10BA, CYPEMBI, BHCMY-
Ta, KaiMus, MHHKA, MeIH H IPYTHX 3JE€MEHTOB).

Pemenne oCHOBHBEIX OTMEUEHHLIX BOTIPOCOB, €CTECTBEHHO, 10JKHO
6bIJI0 CTIOCOGCTBOBATE CYIIECTBEHHOMY MPOrpeccy XHMHUUECKOTO KOHT-
POJSA B YEPHOH MeTanaaypruu.

II. PABPABOTKA VJIYYIMEHHBIX XUMHYECKHX METOAOB
ONPENEJEHHS KPEMHHS, MAPTAHUA, MOJIUBAEHA,
THTAHA, BOJB®PAMA, AJIIOMHHHS, HUOBUS WU TAHTAJIA
B CIIO)KHOJIErHPOBAHHBIX CTAJISIX M CIJIABAX

1. Onpenenenue KpemHHS

llpn nponssojcTBe BaKHEIX AJs HAPOLHOrO X03sHCTBA BHICOKO-
KPeMHHCTLIX HEPIKABEIONUX U APVrUX crajefl cogepaanue KPeMHIR
10 X0V IMAaBKH He KOHTPOJANPOBAJOChH, 4 ONpeIeIeHHe ero B MapKH-
POBOYHOM aHaJH3e NPOBONIUIOCH JJHTeAbHBIMH BECOBBIMH MeTOIaMH,
Mapectueill B cBOe BpeMsa HanGomee GLICTPHI KOJIOPHMETPHUECKH
METOI NPUMEeHsJICA IJ ONPeneseHns MaJjblx KOJHYECTB KpeMHHS
r0JbKO B HH3KOJETHPOBAHHEIX CTAJAfAX. DB Leasx mpHMeHeHHs: 3TOro
METO/a 1Js ONpeIeNeHts KPEMHHS B CJAOMHOJETHDOBAHHEIX CTAdAX,
coxepxamux 10 20% Cr n no 279% Ni, Heo6xoiuMo GBIIO H3YYHTh
YCJAOBHS KONHUECTBEHHOTO 00pa30BaHHA KOMIMJIEKCHOr0 KpeMHeMO-
auGaara [1].
9 3ak. 1236 2]



[lo coBpeMeHHbIM TMPeICTABICHUSM, CYIMECTBYET ONpele/qeHHan
CBFI3b MEKIY CTEMEHbIO [OJHMEepH3alUHH aHHOHOB KpeMHeBoil KIic-
JOTH B PACTBOPE H UX CHOCOGHOCTBIO K 00Pa30BaHHIO KOMIJIEKCHOTO:
KpemMHeMoJbaaTa.

[13RecTHO, UTO KPeMHEKICA0DO IHbIE HOHBL AYUIlle MOIIMEPHIYIOT

cst TPH YBENHYEHHH KIICJIOTHOCTH DACTBODA, KOHLIEHTPALHI, TeMMe-
patyps H Ipyrux (axTopos. B npuuuuie, aHaJOrHYHbIe YCIOBHA
crnocoBeTBYIOT TIOTHMEPH3AIHIT TaKzKe MOJHBIAT-HOHOB. 1103TOMY
3a14uy KOJHYECTBEHHOIO 00pasoBaHus kpeMHeMonaubraTa HaM Ka-
22/10Ch BO3MOZHBEIM PENIITL MYTeM H3BICKaUMs ONTHMAa/lbHbIX vea0-
pufl KHCJAOTHOCTH M pas3faBieHHsa pacTBopa. [Ipu 3TOM MHOTOKOMIO-
HEeHTHOCTh AHAJIM3HPYEMBIX CHEeIHATIbHbIX cTagsell yenomHAma 3a1d-
qy pacTBOPEeHHs U JasbHeliel o6paboTKH pacTROpa GOMBLIHX KOJil-
gecrp Jernpylomux saemedtoB. Tem He MeHee aBTODY Va14.0Ch

yCTAHOBHTH Hanbosee MOIXOTsLLEE VCI0BHS pacTBOPEHHA M XHMH-
tecKOl MOITOTOBKH pacTBOopa IJsl KOJHYUECTBEHHOIO oGpazoBaHiisd
i 3KCTIPeCcCHbI

kpemueMosuGIara # pazpaborarh A0CTATOUHO TOUHBIL
MeTOL KOJOPHMETPHUECKOro oNnpeieneHus KpeMis B HeprKaBerolluX
cransy. CoemnanbHo noIoBpaHHbEM Coco00N HAaBECKy pacTBOPSIN B
CNECH A30THOH H COMAHOI KHCJAOT. DTaJOHAMH TP KOJOPHMETPITEc:

CKOM THTPOBAaHHUH GBRJSINUCE MEJThle pacTB0phl ()HXPOMEiTa.

JLast Apyroi rpymmel CrielHabHBIX craqeil B 3TOM sKe padore ObIT
paspaloraH yCKOpEHHbIH BecoBOHl Merol  ONPEIeJCHUA KpeMHU,
- OCHOBAHHBII HA GLICTPOM NPOKANHBAHMM 0CalKa KpeMHeseMa B dT-
mocdepe Kucaopona. 3alaua 371ecCh B KaKoil-To CTEMeHH fBIANaCH
MPOTHBONOJOMKHOI rpeabliyuleil: Heobxo1nmMo OBIIO YTOUHHTE VCJO-
BEsl KICJOTHOCTH ¥ pasbaBieHHsi PacTBOpA, TNpPH KOTOPLIX mpouece
MmoauMepu3aliyg KpeMHeseMa TNpOoTeKal 6o 10 ob6pasoBaHus (QOPM,
HepacTBOPHMBIX B KicnoTax. Tlocrasiennas saiata i B 5TOM CAy4de
frina VClellHo pelleHa,

B Gosee nosineit paGore [11], ony6muxoranuoil B 1950 r. u oTMe-
yerHoll B [73], aBTOPY MPHILIOCH BHOBD 0OpaTuThC K BECOBOMY Me-
TOY ONpeeNennst KpeMHs B CBA3H C aHdIII30M ponb(pavMonnodne-
BLIX cn1aBop U (eppoodbdpama. 1o ObLIO BHBZBAHO TEM, 49TO B
IPHCYTCTBHN BOJIbGDaMa H HHOGHA 06paboTKa BbIJEJIEHHOr0 0CalKa
KpeMHe3eMa CMeCchio NIaBHKOBOIl | CepHOil KHCJOT CTAHOBHTCS HE-
JKeNATeIbHOH N3-332 HCKAMKEHIs Pe3V/IbTATOB ONpeIe/ieHns KPeMHH,
0GYCA0BIEHHOTO J1eTy4ecThio (pTOPHIOB HHOOGUS U BOJbGpara.

Pemexyio 9700 3a1add cnoco0cTBOBAIO HCMOAb30BaHHE BIHHOM
J THABEACBON KHCJIOT B KAUecTBe KOMILIeKcooOpasoBaredeil ¢ Uelbio
ylepxanua HuoOus U BOMbpaMa B pPacTsBODe H HCKJIIOUeHHs BO3-
MOIKHOCTH 3arpsi3HeHHs MMH OocalKa KpeMHe3eMa. Eure 6oaee yaau-
Hble Pe3yJbTATH OBLIE HNOJYYEHE C HCHONL3OBAHHEM B KauecTBe
KoMmaekcooOpasopartenst (QocopHOIl KHCJOTLI, He colepKalei
¢drop-uonos (!), ayuure yieprKUBalolLeil HHOOUH | soakdpay B pa-
cTBOpE MPU OCAMKICHHH KPeMHEBOi KICI0TSL,

E:Jle:i}'GT 3aMETHTh, UTO H3YueHHe KOMILIeKCcooGpasyouuy
cROHCTB M JIPYTHX BO3MOKHLIX ObsiacTel NPHMEHEHHA (ochopnoit
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KHCJIOTHL AJs1 MACKHPOBKH NpPH aHalH3e CaMBIX PasiIHuHbIX 00BLEK-
TOB ¢ yCHexXOM IPOBONHJOCH HAMH B TEUeHHEe MHOIHX IOCJenyio-
wux Jer [30].

2. Onpepenenre MapraHua

B ¢Bsi3H ¢ NPOM3BOJICTBOM 3HAYHTCALHOTO KOJHYECTBA CTAIH 1H-
na Tazdniabia u ADYrHX BbICOKOMAapraHUEBHCTBIX cTaJdell, colepKa-
mux mo 15% Mn, a Tak:ke deppoMapranina BO3HHKIA ocTpasi He0O-
XOJIHMOCTL B OMNpeje]eHHH Mapratila mo XoJy IJIaBKH H YCKOpeH
HOM OTIpEIe/]EHHHN ero B (peppoMaprauie.

HauGonee GpicTphiit 0 vI106HLIH nepeyabdaTHo-cepedpanblil MeTo,!
OrpeTeJeHis MapraHiua Obll NpelHasHavyeH /s ONpeleseHtst OTHO-
cureabHO Heboapmux ero xomnuyects (mo 1—1,5%). JxcmpeccHbie
W YCKOpEeHHble MEeTOjbl OfnpeleseHHs] OOJbIINX KOJHYECTB MapraHia
(mo 15% u Bbile) He Gblu elle paspadoranbl. Mccenenosanue, npo-
BeIeHHOE aBTOPOM, TO3BOJIMO CO3MaTh SKCIPECCHL BapHauTr nep-
cyabhaTHO-cepedpsIHOT0 MeTona Onpele]eHus MapraHua B BbICOKO-
MapraHioBHCTHX cTadfdx u B (eppomapranue [2].

Cymnocth Meroja coctout B oxucaenun 50—70 me Maprazua
(I1) nmo MapramueBOH KHCJOTH MEPCVab(paToM aMMOHHs B MPHUCYT-
CTBUM 430THOKHCAOro cepeGpa B pacrBope cepHOH W (ochopHoi
KHCJIOT;, MapraHueBasi KHCJI0Ta  ONpeJessercs  THTPOBaHHEM
coabio Mopa.

MHorye aBTOPHE CYHTAMH, UTO MOJAHOE OKHCAEHHE GOJBLIIHY KOJH-
qecTs Maprauua (II) 1o Mapranuesofi KHCIOTE BO3MOMKHO TOJAbKO R
NpUHCYTCTBUH MeTa(oc(popHoil HaAn  (QTOPHCTOBOIOPOIHON KHCAOT
[74, 75], HO He B mpHCYTCTBHH OPTO(OCHOPHON KHCIOTH, KOTOpas
AKOOLl TIPUBOIHT K NONYYEHHIO 3aHHMKEHHLIX pe3ysbTaToB 113-34
YACTHYHOrO PAa3J/ozxKeHHst o0pasymlierocs rnepManrasara [76].

Hekortoprie asropui [77], nozo6Ho HaM, cuuTaau oprodochopHy
KHCJA0TY JIYUIIAM KOMILTeKcooOpasopaTteaen MpH OKHCJICHHA Maprat-
1a 70 MapraHUeBOl KHCJOTb, HO OHH BCE 3Ke DPEKOMENIOBAJH IC-
6aBaATDL NIPH 3TOM (PTOPHCTOBOIOPOIHYIO KHCJIOTY.

Hawmu nokasawo, 4T0 B 3THX YCJIOBHsIX MeTadochopias KHCIOTA
B pacTBOpe KOJWYECTBEHHO NepexoiuT B 0pTodocopHyr0 KHCAOTY,
KOTOpasi ABIAETCH CUJABHBIM KOMIIeKco0Opa3opaTeaeM IId OKHCAeH-
HBIX CO€TITHEHHII MapTaHLa, 00pasys ¢ HHMHA NPOYHbLIE PACTBOPHMEIE
KOMIIJIEKCHbIe COeIHHEHHs H TaxuM 06pa3oM HpensiTcTBYsi Bbinale-
auio ocagka MnO(OH),. Tlocmeainee obGcTOdTEIRCTBO ABJASETCS
0CODEHHO BaKHBIM MOTOMY, UTO B KHCJ0M PACTBOPE 0Ca10K 4-BaJeHT-
HOrO MapraHia, Kak ¥3BeCTHO, KaTAJTHTHYECKH OYeHb CHAbHO pasJa-
raer TepMaHraHaT W TeM [PEeNATCTBVeT MOJHOMY OKHCIeHHI0 00Jb-
mux goauuects Mn (II) mo Mn (VII).

Hpyroe mojesxsoe HasHaueHue Gocdopuoil KHCJIOTBl B paspafo-
TaHHOM HAMH METOJ€e COCTOHT B 00pa30BaHMH PACTBOPHMBIX GECIIBET-
HblX Komiekcos Thna [Fe (POy) I~ B mpouecce turposanus Mapras-
1eBoi KHCAOTH coablo Mopa.

Hakoneu, docdopHas Kuca0ta, Kak GbIIO 3aMeyeno HaMu | NOJ-
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TBEPIKJEHO JAPYrHMH HCCaefoBaTeaaMu [70, crp. 96], npensitcrByer
OKICJEHHIO KHC/I0POIOM BO34YXa PACTBODPA JIBVXBAJEHTHOTO XKeje3a,
KOTOPEIM NPOU3BOAUTCH THTPOBAHHE MapraHIEBOI KHCIOTHL,

B paccmarpuBaeMoM HCCHeL0BAHMM HAMM  BbIACHAJCA ApYrof
BaXKHBIH BONMPOC 1O BEIGOPY BOCCTAHOBHTEAsS MAPTAHUEBOH KHCJOTHI
B IIpOLECcCce THTPOBAHHS,

Ilupoko H3BecTHO, uTO peakuus Mexay Fe (II) u maprauueroil
KHCJIOTOA TIPOXOJMT KOJHUECTBEHHO, OJHAKO MPH THTPOBAHHH TMOUTH
BcerJa MCmoJab30BaJi HIX aPCEHMT, MJIH €50 CMEeCH ¢ HHTPHTOM Ha-
Tpusi. I yCKOpeHHs! 5THX peaklMil ¢ MepMaHraHaToy 100aBJsan
pasnuyHble KATAJUM34TOPH (0UeHb Majible KoJanyecTsa Hoanid, 6po-
MA1a, Hogata wiau ocMHeBoil Kucaorhl). Ilpumenenue 3THX Boccra-
HOBHTEIeH, KaK II pPacTBOPOBR LlaBeneBOll KHCIOTH, IJs THTDOBAHHS
GOJNBUIHX KOJHYECTB MAPraHLEBOH KHCJIOTBl HEXeaaTeNbHo, TaK KakK
COOTBETCTBYIOLIHE PEAKIMK C MepMaHraHaTOM NpOTeKaloT cTyneHya-
TO, HE¢ CTEXHOMETPHUECKH H 3ABHCAT OT IMHOTHX (hakTopos !,

s TuTpOBaHust GOABLINX KONMUECTE MAapraHleBoil KUCAOThL Ha-
MH Ipenmnoxexa conlb Mopa Ha TOM OCHOBAHHM, UTO peaKLHs B3au-
MOJelicTBHA ABYXBA/JEHTHOTO :Keje3a ¢ NepMaHTAHATOM He HMeeT
IepeynCIeHHbIX He10cTaTKOB., HeanauuteabHoe KoauyecTBO Hepas-
pVIIEHHOrO nepcyJbara aMMOHHsA B DACTBOPE CYLIECTBEHHOTO BJlHs-
HISI Ha Pe3yJbTaTHl aHAJN3a He 0OKa3bIBAeT, Tak Kak (ocdopHas KHe-
J0Ta HECKOJbLKO 3aMe/LIs1eT peaklulo B3auMoIeHcTBHS Nepeyabdara
¢ Fe (II).

B pesyabrate HaMu Gbl1 pazpaGoTaH 3KCNPECCHHIl BapHaHT Oil-
penesieHus GOJBIIHX KOJIHYECTB MapraHia B CTaadxX, KOTODbIH MHO-
THE TOALI NPUMEHAICS B IpakTuueckoil padore 3aBojckux aadoparo-
puil ¥ pasiMUHBIME JuLaMi B Hx pa6otax [76, 78, 79 u 1p.].

3. Onpenenenue MoaubGiaeHa, THTAHA H BOJb(pama

B Gonbuioy accopTHMeHTe NPOU3BOICTBA CAOCKHOJETHPOBAHHDIY
crageif 1 c1J1aBOB, MMEIOIIUX OTPOMHOE TEeXHHYECKOE 3HAUSHHE, 0KOJIO
250 pasanuHBIX MapOK COIepXkKaTr MOJIHOIeH.

C TOuKM 3pEHHs METOI0B XHMHYECKOrs 4aHajn3a BCe ¢TajJu H
CIIAaBkl, cofeprKalliie MOAUOLEH, MOXKHO pa3Je/uTh Ha ABe IPYyNTH:
¢ cozepxkanuem monubuena or 0,1 mo 2% m or 2 mo 20—309% (Xa-
cTe100) uau 1axe 10 60% (peppoMonuGuen).

Has onpeflenendsa MoauOAeHa B CTAXAX NPH COTEPXKAHHH €ro
10 2% NpHMEeHFIOT KOJOpPHMeTpHUecKe i (POToMeTpHIeCKHE MEeTOAb,
OCHOBAHHBIE HA H3MEpPEeHWH HHTEHCHBHOCTH OKpacKH POTaHHIHOTO
KOMIJIeKca NATHBAJEHTHOTO MOJIHGIeHa. DTH MeTOIbl MaJo MPHTO%-
HBI 1J5 OfMpeleneHnsa MoJaudaeHa npH Go/iee BLICOKIX KOHLEHTpaLli-
$iX €ro B pacrsope.

1 TaK, HaNpHMep, peakiHio B3anMoaeficTaus nepMaHraHata ¢ OKCaJaTom
gamenJser caM okcajat, o0pasys c HoHamH Mn (III) xommniekcHbie HOHbBI

[Mn(Cy04)s]. B vycuoBuax uadpanHoro Hamu Metoja (ocdopuas Kicaora Y-
RaeT 3aMeAJIfIONIee JeHCTBHE OKcanaTa.
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Paznuunbie pelledns 3TOH 3a1aud aBTOPOM OnyGJaHKOBAHBI B Pi-
ne pator [5, 7, 8, 14, 16, 26, 27].

B nepBoil #3 ykasaHHRIX paboT [5] KpaTKo onHcaH MeToH, CyLi-
HOCTh KOTOPOT'O COCTOHT B THTPOBAHMH MEePMaHraHATOM BOCCTAHOB-
JIEHHOrO aMajnbraMoii nuHka MonubieHa 1ocle ero 3KCTParuposantus
3HpPOM M3 pacTBOpa CrajH B BHIAe PojaHHIHOTO Komnjekca., Mc-
MoJab30BaHHe 5QHPHOTO 3KCTpPaKTa pojaaHuia MojaubIeHa Ias ero
06BEMHOTO ONpeaeseHus Gblo NpoBefeHo srepsuie. [IpexBapurtesnsb-
HO H3ydyanach BO3MOMKHOCTb 9SKCTPATHPOBAHHS 3(PuUPOM GOJBIIHZ
Kosauuects (no 100 me) HATHBAJEHTHOro MoJHOIeHa, CBS3aHHOTO B
POLAHUAHBIH KOMILJIEKC.

H. A. Tazauaes [80] u A. K. Ba6xo [81] ycranoBuau, 410 B CH/b-
HOKHCJION cpejle aKcTparupyercs 3(pHUpOM cpaBHHTENLHO HECTOHKHII
DPOJAHHIHBI KOMIIEKC ISITHBAJEeHTHOro Monubaena (Ky = 8- 10-2).

ABTopEl OGHAPYIKUIN TIPHA 3TOM B PACTBOPE M JApPYrHe caabooKpa-
LieHHbIE DCIAHHAHBIE KOMIJIEXCH, 00pasoBantbie Moandienom B §o-
Jiee HH3KHX CTENEeHsX ero BOCCTAHOBJAEHHsS, a TaKxke yKaszajanm Ha
CrnocoBHOCTL HOHA POJaHd MEIJEHHO BOCCTAHABJIMUBATE HIECTHBAJEH-
THBLI MONTHGAEH W HA Bpel OT GOJbIIOro H3bBITKA XJIOPKCTOrO 0J10B4a,
Moryliero Bocctanasansats Mo (VI) o Mo (I11).

PyKkoBoACTBYSACH 3THMH NOJOMEHUSMH, Mbl BBHIIOJHHIH CEPHIO
SKCIIEPUMEHTOB N0 BHIGODY YCJOBHH 3KCTPATHPOBAHHA POAAHHIHO-
ro Kommjekca OGONbHIMX KOJHUECTB MNATHBAJEHTHOro MoJubaeHa
(mo 100 me).

Ha 1| 2 HaBeckn cranu, coxepxkauieii 20—30 me Mo, 700—800 ne
Fe n pacTeopenHoi B consHoil xuca0te, BROxuAoch 50 ma 20%-HOro
pactsopa SnCly u 30—50 ma 7%-Horo pacrsopa poiakuza Kaaus
HJIH aMMOHHs. PacTBop XJa0pH1a 0/10Ba NPEIBAPUTENLHO BHICTAHBA-
cA JJIMTeAbHOe BpeMs Ha Bosayxe. HeKoTopblii H3GBITOK ero pexo-
MEHI0BaH C Lesblo GOJBLIOr0 ¢ABHTA paBHoBecus: 2Mo V!l + Spll Z
Z2MoVY + Sn'Y B mpasyio cTOpoHy. JKCHNEPHMEHTANBHO YCTAHOB-
JIeH BBICOKHH nponent sxcrTpakluu (~99%). Ananus sakaHuuBasics
BOCCTAHOBJEHHEM MOJHOIeHA 10 TPeXBaJeHTHOTO aMaJblaMoH IIUH-
Ka B annapare CoMeHss H THTPOBaHMEM DACTBOPOM INE€pPMaHTaHATa.
ITpozomxyTensHocTs METOLA He mpesblllana 1,5 yaca,

AManbraMupli cnoco6 BOCCTAHOBJEGHHA MOJHOIEHA H THTAHA
(Gonee ynoGHBI W GBLICTPHIH, YeM BOCCTAHOBJEHHE B penyKTope
JI0Hca) WHPOKO NPHMEHSIICS HaMH JJIsl HX OTpelenenus B (heppo-
MosnOaene, (heppoTHTAHe H KApONpouHbix cmnaasax [8] ma 3azoxe
«dJeKTpocTanb». KonnuecTsenHoe onpetenenue THTaHa B GeppoTH-
TaHe 3aBepumaercs turposanuem Ti (1II) pacrBopom FeCl, na done
Fe (II). 3ror merTon ¢ ycnexon NDHMEHSETCS IJ5 ONDELeNEHHs TH-
TaHa B KAPONPOUHLIX CIJIaBaX HA OCHOBe HHUKels. B arom cioyuae
HEOOXONMMO THTAH H ¥eJe30 NPeiBapHUTebHO OTIEATh aMMHUAKOM
OT 1IeCTHRAJEHTHOIO XPOMa U IPYTHX 3/J1EMEHTOB.

Hexocrarkom amanbraMuo-o0beMHOTO METOIA ONMpeTeNeHHs: MO-
aubiera B deppomoaudieHe fBJsieTcd HeCGXOIMMOCTL MpeIBapH-
TEJLHOIO OTIENeHHs MonubIeHa OT Kejesa leJoyblo, 4TO 3HAUH-
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TeNbHO yenoxHseT merox. B mameii padore [7] Gbiia m3yuyeHa BO3-
MOYKHOCTD 3aMeHbl IepMaHranaTa paCTBOPOM METH/EHOBOI CHHH, TO-
3BOSIOULHM TPOoBOANTL THTpoBanne Mo (III) B mpuCyTCTBIH Fe (L)
H ApYCAX BOCCTAHOBHTEN Il

AManbraMHo-06beMHbLE MeTo1 onpe/lenenus MojnGieHa ¢ METH-
JIeHOBOII CHHBIO BHepBbie GblI TIpUMeHeH 117 analHsa heppoMoaHG-
deHa M NepManios U3 pacTBOPOB, COXEpPIKAUIHX Boaee 450 me me-
aesa [14].

B CcRA3M ¢ TPVAHOCTSMH OlpeleieHns MoJaHOieHa (~10%) =
cnaBax Ha OCHOBe THTAaHa OBIO NPOBEAEHO HCCHETOBAHHE H pas-
paboTan MeTo1 OnpeleseHHs VOMUGIeHa C TOMOLIBK HOHOOOMEH-
Hoit xpomarorpaduu [16]. Ilpu sTom GBIIO HCTIONB30BAHO CBOHCTBO
cyab(oyrasl NONIOWATE H3 KHC/J0MO pacTsopa NpeanoUTHTENBHO Ka-
ruoH MoQg2 1 B MeHbLIell CTeneHH KaTHOHDI TiO2+, VOz+, Cr*t,
Mn2+, Fedt, Co* n Ni%t, Onpeienenne 3aKaHiHBaeTCH 00 BEeMHBIM
METO10M TOC/Ie BOCCTAHOBAEHHSI MOanb1eHa B PETyKTODE.

Wonoobuvennas xpoMarorpadus Oblia HaMi NDHMEHEHA B pabo-
te [26], B KOTOpOl pazpaGoTaHHbIi xpomartorpaduueckuii MeTo1 pas-
Jesenust W ONpelesieHus  BOJAbQDAMa I HHCGHsS B AKapOMNPOYHBIX
chnaBax 6a3upoBajcsd Ha MDHHIHNAX, M3TO0KEHHBLIX B 06CcTOATEN b=
ubix nccaeaosanusix 10, 10. Mdypse n H. A. duannnesoil Mo NpHMe-
HEHHIO OPTAHOJMTOB B aHAJNTHUECKOH XHMHM [83]. HuoGuit B gopme
reKcaHlloBaTa Kadiud XOPOMIO alcopGHPYeTCs HAa OKHCH allOMHHIA
M3 1esouHoro pacrsopa, Bombdpam fpH STUX YCJOBHAX OPOXOAUT
B QHABTPAT H OMPelesieTcs H3BECTHLIM $OTO2/1€KTPOKOIOPIMETPH-
HeoKHM MeTonoM. Huofuii u3BaeKaeTcs H3 KOJOHKM KHCABIMH pacs
TBOpAMH LIABEJEBOH KHCJOTBl WJIH TEPEeKHCH Bonopona, Onpelede-
HHMe ero 3aKaHuMBaeTcst MO MeTOIHMKE, omucamHoil naMu B paborax
[18, 21]. B sTOM e HCCJI€10BAHHH [26] npuBedena MeTO1HKa (oro-
3JIEKTPOKOIOPHMETPHYECKOTO ONpeae/IeH s Boabdpama B NpPUCYT-
cTBHH HHOOUS.

HakoHell, caMblM COBPEMEHHBIM METOLOM ONpPeNesIeHts MOaHO 1€
Ha B CJOIKHOJErHPOBAHHBIX CTAJSX, COJEPIKALLMX BOMbOPAM, KPEM:
HAl, aJIOMHHUI 0 ApYrHe Jerupyollie saeMeHThl, ABIACTCH CIIeKT-
po(OTOMETPHYECKHIT, paszpaGoraunsii K. B. Snuvmpckum
1. 1. Anekceesoii [84]. B naweil paGore [27] 5T0T METOIL MOJIYHH/
nanpHelllee pasBUTHE.

AsTopbl [84] He HccaeNOBaIR CBETONONIOIEHHE paCTBOPOR BOIb:
dpava, KpeMHIIs, BaHA 15, PEHUsA H aJIOMUHIA B yabTpaduoeToBoH
obmaactu crekrpa. OnHaKo 3TH MeTalIbl ABJIAIOTCA BAMHEHIIHMY JI€e-
rHpYOILUMH 106aBKaMH B GOJbIIMHCTBE crageil u cnsiasos. He nay-
UeHo TAK¥Ke BAMSHHe M aHHOHHOIO COCTaBa pacrsopa.

B namweli padote [27] moKa3aHo, 4TO PaCTBOPLI BaHa1aTd, neppe-
HaTa N HHTPATA HHTEHCHBHO MOT/IOWLAIOT CBET TPH 230 aMmK ¥ HMEIOT
MaKCHMYMBI Jad BaHajata npu 270 amk u A7 Tepperara mpH
296 mamrk. Hurpar, anloMHHAT H PACTBOPEL APYTHX H3YUYEHHBIX 2J6-
MEHTOB HMEIOT KpHBblE CBETONOIVIOLLEHHsI, CTPeMaALiecs K Hy.o,
Hauunas or 250 mak. YCTaHOBJIEHO, UTO ONpenc/eHNe voJsubieHa
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caeayer nposointh npu 230 MMK Ha dore caeayIOUAX KOHUEHTPaA-
umii saementos: Banaznd — 0,5 SR perus — 20 v/ma, amoMH-
Hust — 75 y/ma, xpemuust — 30 y/aa, Boab(pava — 40 y/aa, HUTPA-
ta — 10-%-1., cysnbtara, xaAopuia H nepxaopara — 10~3-u. MuTeHCUuB-
Hoe TOrJolleHie CBETA PACTBOpPAMH HHTPATOB IIPH 230 aMK yKa-
SLBAET HA HEOGXOMMMOCTH TIIATEJHHOPO yHAajleHHs MX wu3  pac
TBOpA.

Hamu TakKe H3y4eHO CBETONOTIOMIEHHE PACTBOPOB eIKOro HaTpa
U cyabdara HaTPHA PasIHUBBIX KOHILeHTpALUWH B HHTEpBaJje LJIHH
ponH or 220 no 300 mmk. Bouto TakKe N0Kasano CYIIeCTBEHHOR
BUIHSAHNE PA3ITHUHEIX KOHIEHTPATHI IleqouH Ha onpeneseHre Moano-
nena, PazpaGoraHHbie METOJB OTIPEIe/]eHILA MosauGaeHa, THTaHa I
BoJbGPanMa NPUMEHSIOTCA Ha NpaKTHKE. MeTozpl onpeienenus Mo-
AuBaeHa BOWLIH B JUTEPATYDY MO XMMHYECKOMY AHAJIH3Y MeTajsion
176, 85, 86, 87 u 1p.].

4. Onpenedenue aJlOMHHUSA

B ucenenosanu [10, 12] onucan paapaboraHHbl aBTOPOM dpro-
pHIHBI (KPHONUTOBEIL) METo] Onpeienenus ajloMuiis b cTagax M
JKapOrpOUHBIX CTIIaBAX HA OCHOBE HHKEJ. 1o HceaeloBaHue B
J0Ch COJepIKaHHeM KaHIHAaTCKOl amccepTaluy aBTopd [13], moaTO-
My B JaHHOM XOKJaze OYAyT paccMOTDEHBI TOJBKO TE OCHOBHEIE TIO-
NOKEHHA B HAYYHO-IIPAKTHUECKHE BBIBOIEL 1O 5TOM paboTe, KOTOpLIE
QCBellaloT JafbHelllee pasBuTHe yccae 0paHuil Mo TOPUAHBIM ME:
TOIay ONpemeneHHs aJlOMIHUSL.

Onpelejenne aliOMIHNA panbile ObUIO OCHOBAHO HA IpeiBapH-
TeNBHOM OTJIENeHHH ero OT COMYTCTBYIOMHAX 3JeMeHTOB LIe10Mbo,
‘5JEKTPOIH30OM ¢ DTYTHBIM KaTOLOM, kyndepoHoM, 3GupoM, ABYYI-
JIeKHCABIM HaTpueM, GemsoaToM, ocdaroM, aMMHAKOM I T. .
Bee 5TH c10COGH HMEI0T O6IIeH3BECTHbIE HEIOCTATKH 1 H3HAUDI.

dropucThii HATPHIl OKasajscs AJiA aMOMHHHA TAaKHM e cIe-
UndHUeCKAM OcaguTeseM, Kakx, HalpHMep, NUMEeTHJITANOKCHM I
HUKe/5.

B ocHOBE MeTOAa 0caXIeHusa KpuoanTa aexnr peaxins 3MeF +
—+ MeF;— Mel[Me!!Fg]. TIpn sTOM caielyer uMeTh B BIL1y, UTO CaM
KPUOJIAT B BOJHOM DACTBOpe 00HAPYMHBAET NOCTATOYHO GOBIIYIO
-pacrBopuyocts (1,36 1073 Moabla), KoTopas noHumaercss 10 5,6 -
-10-"! moas/a B npucytcran 0,03 moas/a U3OBITKA OCATATENA
(NaF). _
" Kak nokazan M. B. Tananaes [88] npu Gosipliom d30EITKe OCALM-
tens (>1,4% NaF) of6pasyercst KpHOJIUT COCTABA NasAlFg, a B ye-
IOBHSX HAIlero MeTond, T. €, TIPH 3HAUMTEJbHO MEeHbIIEM H30BITKE
ocazuteas (0,5-—0,8% NaF), AMIOMUHETN KOJHUECTBEHHO Oca)Kaaer-
¢si B BH1e NPOYHOrO COEIMHEHHs COCTaBa 11NaF - 4AlF;. Otcioia
‘BH/IHO, UTO YCJIOBHS OCAXKIEHHS BAHIOT HA CTeNEHb KOOPIMHALHOH-
HOTO HACHIIeHHs a1I0MHHHS KakK LEHTPaAbHOTO 4TOMa dTOPHIHOTO
KOMIJIEKCE,
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Ha ocHoBe u3y4eHHBIX W VCTAHOBIEHHBIX HAMH TOJIOMKeHHI Gbla
paspaboran ycKopeHHslil (6 4ac.) ¥ 10CTATOUHO TOYHBIH dhropriHbIH
METOT OIpPEAeNeHHs aJIOMHHHS B CTAMAX M CN/1aBAX HA OCHOBE HUKe-
Asi. MeTojl OCHOBAH Ha OCaXICHUH ATIOMHHES (hTOPHCTHIM HAaTpHEM
u3 caabokucabiX pactBopos (pH = 2—3), cozepmamux 10—20 e
Nb, 20 me V, 126 me Mo, 60 me W, 23 m2 Zr, 15 m2 Ti u 40 sz Fe
(II). Meroa no3Bosier onpegeaaiTh aMOMUHHE B NPHCYTCTBHH G0Mb-
IIHHCTBA METAJIO0B, 32 HCKJIIOUEHHEM pelKo3eMeNbHbIX (LepHs u
JIAHTAHA) M INeJCUYHO3eMEeIbHBIX 3/71eMEHTOR.

Hecmotps Ha Gouibliylo yHHBEDPCAJIbHOCTL PaspaGoOTAHHOTO Me-
Tola ompenesenyst aJIOMHHHS, TajdbHeiilllee ero yCcOBEpIIPHCTROBA-
HHE H pacilHpPeHHe ABM/ILCL MPeIMeTOM MOCAENVIOHY HAWNX HECae-
nosanuii. Tax, nanpuep, E. @. ITenskosoii [89] paspaGoran Bapuant
Obictporo (2,5—3 uaca) (pTOPHAHOrO MeTOHa ONPEeIeNCHHS aaioMU-
HHs B CI1aBAX HA OCHOBE HHKeJs U ¥KeJjle3a, OCHOBAHHBIH Ha B3BElIH-
Banuu npokasensoro npu 500—600°C ocaika KpHoaHTa B BHIE
1INaF - 4AlF;. AsTopom jaOK/ala [OCTPOeHa TepMOrpaBHCpaMMa,
noKaseiBaiowas yoslib B sece 10 500 °C, 0Gyc10BIeHEYIO YiadeHHeM
BOIBI 13 Ocalka, u 3areM crabuibHocTh Beca npu 500—600 °C, yto
COOTBETCTBYET cocTaBy ocanka 11NaF - 4AlF,. [Mocaeayiolnee narpe-
Banue ocaika or 600 mo 1100 °C mpHBOANT K NOCTENEHHOMY yMEHb-
IIEHHIO ero Beca BCJIEICTBHE JHccOouMauHd Xpuoauta. [lIpn 850—
1000 °C ocanox nnasurcst. E. @. Tlenskosoii [89] mpu VUACTHH aBTO-
pa 1oKasaHa BO3MOXHOCTb U HaHIeHBl VCJIOBHS OCaXKIEHHs KPHOIH-
Ta 0e3 NpeIBapHTENbHOrC BOCCTAHOB/IEHHS JKeJje3a IHHKOBOH aMaib-
raMof. YMeHblleHnem Hapecku ofpasiua, pasGaBjeHHeM pacTBOPa,
cHuzKennem pH u ypennueHneM KOHUEHTPALHKH HOHOB (pTOpa yianoch
0Ca/UTh KPHOJHT ¢ MHHHMA/JIbHOH NPHMECHIO KeJae3a, KOTopas yi1a-
JANACh H3 Ocaaka TLIATEeJLHOH ero NPOMBIBKOH pa30aBieHHBIM pa-
CTBOPOM (TOPUCTOTO HATPHS.

[lourn oxHoBpeMeHHO ¢ 3TOH PaBoToli HAMH MPOBOAMIOCH HeCTe-
AOBAHWE 110 H3BLICKAHHMIO CBICTPBIX H TOYHBIX METOIOB OMpejeseHHs
aTOMHHIS B (eppocniasax [15], npoMBILIICHHOS TIPHMEHEHHE KOTO-
PBIX BO3pacTajo B CBA3U C paClUHPEHHeM TPOH3BOICTBA CIJIABOB C
ocobbIMH cBolicTBamMi, B paGore craBuiack 3a1aua mo JdadbHeltmeMy
H3YUEHHIO OTOPHAHOrO METOAA ¢ HEeNbIO MPHMEHEHHS ero- A olpe-
AEJEeHUA allOMHHUA B (epponnobun, peppoBananuu, dheppounpko-
HIH, CHIMKOUHDKORHH, (heppoTuTane, hepposoandpame, peppoxpome:
H MeTajnnueckoM xponme. [lo cymectsy sto Gplsna 3azada no paspa-
0OTKe HOBLIX BAPHAHTOB METOJA, TAK KaK TPeBOBAJOCH U3YUHTb YC-
JOBHsT OCaXIeHHsI KDHOJIHTA M3 PACTBOPOB B NPHCYTCTBHH YIKe TO-
pasio GONBLUIMX KOJHUECTB CONYTCTBYIOUINX 3JEMEHTOB, TAKHX Kak
100 me Nb, 120 me V, 210 m2 W, 130 m2 Zr, 50 m2 Ti u 200 me
Fe (II1).

B 3710il paGote npexBapuTensHO H3YYaJdOCh MOBENEHNE B pacTso-
pax KOMIJIEKCHBIX TOpHIOB THNA MegMeg’ npbmgs THE 7 W m—
BAJIEHTHOCTb METaJJIOB, P H § — YHCJAQ 2TOMOB,

Ha ocnose aureparypubix 1 HekoTOpbix 3KCNEePHMEHTANBHEIX
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JAHHBIX T0 PacTBOPHMOCTH (TOPHIOB MeEpPEIHCAEHHBLIX Merajios
paspadaTLiBaJuch YC/AOBHA OCa:KIEHHs KpUOJHTAa B IPHCYTCTBUI
3THX MEerajoB. DeIo BHOBE MOATBEPIKIEHO, UTO OCazCIeHHe KPHO-
Jaura pactBopoM (ropucrore HatpHs npu pH = 2—3 BO3MOKHO B
TPHCYTCTBHH TOJIBKO Maprasia, HuKe/s, KoGaabTa, MonubieHa, Ba-
nagus u zKemesza (II). Mayuenne ycnopmil ocaxieHis KPHOAWTA B
pacTBOPAX, COJepIKALIUX BLICOKHE KOHLEHTPALHH XpOMa, HHOOHS,
IHPKOHNS, BOJb(DpaMa, THTAHA W ¥Keje3a, [0Kas3asio, YTo Kam bl
13 TIEPeUNCAeHHbIX MeTalJI0B 06pasyer GO0JbII0e KOJHYECTBO PasHo-
06pasHEIX W 3aYacTyiO J10CTATOYHO PACTBOPHMBEIX B BOJE MPOCTBIX
H KoMILleKcHBIX dropunos: 2NaF-.CrF; 2NaF - WO,F,;, NbOsFs-
-3HF - H,0, ZrF,:2NaF, ZrF,-5NaF, Na,TiFs, 5NaF - 2FeF;,
4FeF; - 1INaF- 12H;O u ap. OaHako B YCIOBHAX KOAHYECTBEHHOTO
OCaXKIeHHs KPHOAUTA, T. €, npu pH = 2—3 u sHauuTeJbHOM H30bITKE
ocazurens (NaF), pacTBopuMoCTb yKasaHHBIX (QTOPHIOB pE3KO
YMEHBIIAETCS, YTO, CCTECTBEHHO, MEIIaeT MONy4YeHHI0 YHCTOro ocal-
Ka KpuosiTa. IToCKOIbKY pacTBOPHMOCTb (PTOPHIOB, K&K TPABHIIO,
yBesHupBaeTcs ¢ ymenpliennem pH pacrsopa, HaM NpHILIOCH NOHTH
110 [yTH YBEJMUSHHs KHCJOTHOCTH PAcTBOpa MpuMepHo B 1,50 pasa
yMeRbilleHua HaBeckd (eppocmnasa. Oanako emie Gospliee CHUHE-
nie pll pacTBOpa MPUBOJHIO K MOBBIIEHHIO PACTBOPUMOCTI KPHO-
auta. [ToaToMy ¢ Heablo yAep:KaHuus B PacTBOPE OOJBIIHX KOJHIECTB
JeTKOTHAPOMH3YIOLLHXCST METa/I0B He0OX01UMO Obl0 HSYUHThH B3d-
MMOIEHCTBHE COMYTCTBYIOMIX METaIOB ¢ CePHOMH, JUMOHHOH W 1iad-
BEJEBOH KHCIOTAMH,

M3BecTHO, 4TO € YKA3aHHBIMM KHCJIOTaMy NepPeyucaeHHble BBILIE
MeTaJJsl 00pasyloT IPOUHBIe U XOPOLIO PacTBOPHMble KOMILIEKCHDLIE
coenunennus thana Ho[ZrO(SO4)]-3H,0, Mel[TiO(SO4),], [FeSO4+,
[Fe (C:04) P, TiO2 (H2CyOy) - 2H50, TiO (HCsHsO7Me) o,
Rg[WOs(CgO4)'HQO], M@g[NbO(CgO4)3]'7?HQO nJau ME‘{NbOz(CgO,;)]
1 2MeHCy0,4 - HoO u ap. IxcnepuMeHTa/bHas TPOBepPKa TIOBEICHHS
B CJIaBGOKUCJABIX PACTBOpaX HEKOTOPBHIX KOMIJIEKCHBIX COeIHHEHHH
MOATBEPAMAA JIX J10CTATOYHYIO CTOHKOCTh- DbIIO Taxkze OTMEUEHO
yCHJIeHHE KOMIIeKco00pasyIolux CBOHCTB TMEePEUHCAEHHLIX KHCIOT
MpH UX GNpEeTe/EHHEIX COUeTAHAAX B PACTBOPE.

B cBs3u ¢ HasmnuneM BbICOKOI KOHIEHTPALHN JETKOTHAPOIH3YIo-
IIUXCSE METaaA0B B PACTBOPE, OCOOeHHO HHOOHSA, BoJAb(hpaMa, LHPKO-
HHS W THTAHA, W H3VUeHHMeM uX MOBeIeHUs B YCAOBHAX OCaK-
DeHWs KPHOJIMTA B  METOIMKY  QcarJeHus  KDHOJAMTA OBLIU
BHECEHbl CYIIecTBeHHLIE W3MeHeHHs. Ecau mnpu onpeieseHu:l
AMIOMUHHA B CTaJsiXx ¥ CIHJaBaXx Ha OCHOBE HUKeasa Heltpa-
JM3allis PACTBOPA OKAa3blBaJjach BOAMOMKHOH IpPHU HAIHUHH TOJNLKO
OJHOTO KOMTIIEKC006pa3oBarTesss — CEPHOIl KHCAOTH, 6e3 npubasJie-
HUs JHMOHHOKHCIOTO H ILaBEJEBOXUC/LIOT0 aMMOHHS, TO NPH BEICOKHX
KOHILEHTPALUAX HHOOUS, BONbLPPAMa, THTaHA U LHPKOHHA NPH TAKOM
opsiiKe HeflTpaJu3alnuy B ocaloK BbiIaganl BOALPPaMOBasg W HHO-
OueBasi KHCIOTHl ¥ FHIPOOKHCH HUPKOHUA M TUTANA, KOTOPBIE MPH 19

caenyiolllem cHUXKeHHH pH monHOeThIO He paCTBOPAMNCH Jaze B NPH-
3 Bak. 1236 17



CYTCTBUH KoMIIekcooGpasopareneil. I[losTomy HeoOxoxumo Obli0
5TH METa/JIkl B PACTBOpE NpeIBapuTelbHO CBA3ATH B NPOUHBIE KOM-
NJEKCEH, a MOTOM y¥Ke MPOBOAHTL HelTpaansaluio cepHoil KHea0Toh
c moMouiko pH-MeTpa uan yHuBepca  bHOTO HHANKAaTopa, EcTecTseH-
HO, YTQ NMpH HelTpaansally pacTBopa B MPHCYTCTBHE OPraHHUEeCKHX
coelnHeHul HeoGX0AUMO BBLIO Mepel OCaACHUEM KPHOJHTE YBEeJIH-
YHBATH KICAOTHOCTL pacTBOpa. DElO TakXKe yBeIHUEHO H KOJHUECT-
BO KOMILJIEKCOOOpasoBaTenel 1 KOHKPETH3MPOBAHbl NPOMHCH [0 Ofl-
pelesiennio aIOMIHHsST B KaxKI0M OTIeAbHOM (peppocriiase.

PaspaforadHele HAMH METOIbl ONpeIeNeHHy aJOMUHUs BHEIDE-
HHl B NPOH3BOJICTBO H ONMHCAHH B OTEUECCTBEHHON M 3apyOeHOI JH-
Teparype [86, 87, 90, 91, 52 u ap.].

B patorax [92, 93], spnoanennsx 8 LIHUHYM nox pykoBoeT-
BOM 4BTODA J10KJgaXa, QTOPHIHLIT MeTol Obll YCMEIHO NpUMEeHeH K
OTpeIe/eHHI0 aJIOMUHNS B WJIAKaX I B WHTePMeTaqJluIHbX (asax.
Jpyravu asropavu [94] Gropuanbifi MeTo1 Obli PAa3BUT H YCHELIHO
NpHMeHeH K OmpelreNeHHio alloMHHHS B JKele3HbIX pylax.

TaknuM 06pasoM, HALIH HCCJAEeT0BaHNs N0 paspadoTke QTOPHAHO-
ro (KpHOIMTOBOr0) Merola ONpeNe/ICHHS aJIOMHHHAS B SHAYHTENbL-
HOH CTeneHH clocobCTBOBAMI PACLINPEHHIO BBIILIABKH H MOBLIILIEHHIO
KaUuecTBa JKADONPOUHBIX CIAABOB, a TAKXKE NPHMEHEHHIO MeTo/d B
aHa/M3e (PeppocliaBoB, MWnakos, pyA. [Kpove cymecTBeHHOry MpaK-
THYECKOrO 3Hauemnus, paborsl M0 GTOPHAHOMY MeTOLY ONpeleleHHS
AJTIOMHUHHSI HMEIOT TaKXKe H H3BECTHOE HAy4yHOe 3HAUCHHE.

HecMoTpst HA HAIHYHe B HACTOsIee BPEMs COBPeMEHHEBIX MOTEH-
HHOMETPHYECKHX I KOMIIEKCOHOMETPHYECKHX METOI0B Ofpereje-
Hysl aMIOMHEES, paGOTHUKH XHMUYecKHX nabopatopuil psaaa 3asojios
PEKOMEHIYIOT BKJIOUHTbL B COOTBETCTBYIOLIHE [OCTs (TOpHIHBIH
METOZL OTpeNieIeHHs aMOMUHIsL B KauecThe OLHOTO #3 apOHTpakublx
MeTo10B. Kpome TOro, BoO MHOTHX CJyyasiX aHaju3a CJAOXKHBIX Mate-
pHAaJOB CHOCOD OCaXIEHHA KPHOMUTA (PTOPHCTLIM HATPHEM MOMET
ABJSThCy Haubogaee chelHYeCKIM NPHEMOM 1M OTTeJeHHs aato-
MHHHS OT OOMBbUIMHCTBA 3JEMEHTOB,

5. OnpeaeneHre HHOOUA M TaHTaTa

[maBHOI TPYIHOCTBIO Pas3le]bHOTO ONpeleNeHus HHOOHA o TaH-
Tana ABASETCS 0JM30CTh XHMHUECKHX CBOHCTB 9THX 3JjeMeHToB [95]

B mammux pa6orax [45 u padote, Haxoaslelica B eyary] clenaHa
MOMNBITKA pemleHus 3TOf  3alauyd  OJHHM M3 MPOCTHIX CHOOCOOOB.
B mpotecce 3KCNEPHMEHTOB BLIICHHIOCH, YTO NMATHOKHCH HHOOHA H
TaHTa/Jda, TO-PasHOMY B3aUMOAEHCTBYS ¢ pACHJABAEHHBIMH  yrie-
KHCJIBIMU COMAMY IIeJOYHBIX MEeTaJJ0B, MOTYT OBITh IIPH H3BECTHBIX
YCJAOBHAX KOMHYECTBEHHO pasielieHbl.

[Tocae cnaBjeHHs CMEcH OKHC/I0B TaHtaga U Huobusa ¢ NaCOs
06pasyiores MaJopacTBOPHMEE HHOOATHl M TaHTaJaTel Harpud. [To-
cae cmJaasnaenusa oxHenos ¢ K,CO; o6pasyercs XopOMm@ pacTBOPH-
MBIl MeKcaHuo0aT Kalusd ¥ TPYAHO PACTBOPHMBIH rekcaraHTaJgar, Ko-
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TOPBIH B HEBOABIIOM KOJHUECTBE MEPeXOAUT B PACTBOP BMECTE ¢ reK-
cannofaToM. B 060HX cIyyasx KOJHUECTBEHHOTO pas3meseHis OKHC-
JOB HEOOHA 1 TaHTama He npoucxonuTt. MecnegoBanie XMMHUECKOTO
B3aNMOJIeHCTBHA NATHOKHcell HUoOWs u rtaHtrana ¢ KNaCO; noka-
3a/10 UX Pas/]HyHOe OTHOLIeHHE K muapJeduio npu 800—870 °C. Ila-
THOKACh HHOGHS IIDH 3TOM JIELKO M TOJHOCTBIO CH/JAABJSIETCS B Teue-
H{e 5 MHH. U NEPeXOIUT B PACTBOPHMBIN H YCTOHUYHBEL rekcaHnoGat
kauud. [Tatuokucy Tanrana B 3tux veaoeusx ¢ KNaCO; He crias-
Jsercst. BBIIO TakKe yeranoBaeno BAHAHHE MPHPOJB OKHCJIOB HA
HOJHOTY XUMHYECKOrO B3aHMOJESHCTBHSI ¢ MAaBHeM. BhisgcHHIOCH,
4T0 CMech MATHOKHCeH HHOOHMA M TaHTAaIa, NPeIBAPHTEILHO NPOKa-
JdeHHas Mpu BLICOKOH TeMIeparype, sBJsercs 00m0ee XHMHIECKH
CTONKOI IIPH CHNJIABJEHHH TO CPaBHEHHIO CO CMECHIO OKHCIOB, MOJY-
UeHHOMH JIerKHM IPOKAJHBAHHEM THAPOJHUTHUECKUX OCAAKOB HHOOME-
BOil M TaHTaJoBoll Kucaor. B mocienuem cayuae npu 800—870 °C
MOZHO pa3aensaTs cnaasjenueM 1o 100 me xamxmoro oxmcjaa cMecH;
IpH 3TOM TIOCJE BBIIEJAYHBAHHS MJaBa HUOGHI KOJHYECTBEHHO
IepexXonHuT B BOAHBIH PacTBOp, & TAHTAJ KOJMUYECTBEHHO OCTACTCA B
ocajke.

YeranoBaenublil yskufl unrepeans rtemmepartyp (800—870°C) 4
MPOTONKHTENBHOCTH CHAABJEHHA (D MHUH.) CMECH OKHCJOB MOJ0KEH
HaMH B OCHOBY NPOCTOH METOJMKH KOJHUYECTBEHHOTO pa3ieseHusd
HuoOusa u tantana. M3 nasecox 0,1—0,2 e wam y1anoch onpeiensith
10 7% Nb u 16% Ta. Meroauka OrpaHHUMBAETCS TOKA TMPEIENOM
COJEPKANNSA B HaBecKe HMOOHsA, parHbiM 1—1,5%. 310 orpaniueHHe
Mpelnojaraercst YCTPaHHTh BAPBHPOBAHHEM TIPOJIOJZKHTEIbHOCTH
cnaasjenusa natHoxuceil npu 800—870 °C B 3aBHCHMOCTH OT Pas3Ju-
HBIX KOJHYeCTB OKHCJIOB u mjaBHa. Hawm He yiamoch HalTH B JH-
TepaType CTOJb MPOCTOrO PellleHils BONPOCa N0 METOLAM pPasieeHH s
H onpenejenus HUoOHA W TaHTraJla.

3akJayeHue

BrinonHennble necae10BaHNA 1 paspadoTaHHble METOIbl pacUik-
PHJIH BO3MOXKHOCTH XMMHKO-aHAJIUTHUCCKOTO KOHTPOJs JErHpOBaH-
HOTO MeTal/Ta B MpOILecce ero NPOH3BOICTBA H SIBHJHCL HECKOTOPHIM
BXKJaJOM B TEOPHUIO M NPAKTHKY XHMHUECKOrQ AaHaaHM3a crajel u
cnsaBoB. Bee pekoMenioBanHble MeTOIBl aHaju3a NPHMEHSIOTCS B
npaKkTHUecKol pabore 1abopaTopuil, a TakiKe OCBEULAIOTCS B OTE-
4JEeCTBEHHOH M 3apy0exHOl autepartype.
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PU3HKO-XUMUUYECKHE METOMbI
(3JEKTPOXUMHUYECKHH, ®OTOMETPHYECKHH,
CINEKTPOXUMHWYECKHWW) AHAJIU3A CTAJIEH, CIIJIABOB
H YHCTBIX METAJIJIOB

I. OB OCHOBHBIX HANPABJIEHHAX B PASBUTHH TEOPHH
W NMPAKTHKH ®#H3HKO-XHMHYECKOI0 AHAJIH3A METAJIJIOB

TlosipuBuines B Hamwedi ctpade B mepuod 30-x TOL0B, QH3NKO-XII-
MHYECKHE METOIh aHaJHM3a DA3BHBAMAHCH TJAaBHBM 00pa3oM B Ha-
npasJieHin  QoTOIIEKTPOKONOPHUMETPHYECKOTO, NOTEHLHOMETPHYE-
cxoro u nossiporpaduueckoro Merozos. OIHAKC 370 PasBHUTHe BHA-
yaje 6110 MelaensbiM, Tak, B 1949 r. A. M, IsiMoB B cBOEM Kiac-
CHYECKOM PYKOBOJCTBE MO aHATH3Y MeTa/10B [64] cues BO3MOMKHLIM
PEKOMEHIOBATh BCEro Jullb 12 (pH3HKO-XHMHYECKHX METCI0B AJA
onpeneiaenus Qocdopa, KpeMHUdA, BOAb(paMa, XpoMa, HHKEJsd, KO-
fanbra 0 MeaM B cTanax. B apyrux pykosojcreax [65, 96] srax me-
TOA0B OblI0 ellle MeHbIIle,

BriCTpoe pasBHTHE MPOH3BOJICTBA CTaJefl H CIVIaBOB /151 HOBOW
TeXHHKY H HHTEHCH(UKALHA NPOLECCOB BHIMIABKH YKapONpPOYHBIX
CIIJIABOB PEe3KO TMOCTABMJAM BONPOC H 'O MOBbIUEHHH MTPOH3BOIHTENL-
HOCTH TpPyJa XHMHKOB-aHAJHUTHKOB NYTEM CO314HHH YCKOPEHHBIX #
TOYHBIX METOJI0B aHa/i3d. ITUM YCIOBHSAM VI0BJETBOPAIOT MpPEK/e
Bcero (u3MKO-XMMHUECKHe METOAbl aHaJal3a.

Kag nokasan Kpuruyeckuii o630p JaurtepaTyps, B objgacrH Qu-
3UKO-XHMHUECKMX METOJOB aHanusa Habaiolajcs OnepezKaiollii
pocT TeopeTHYecKHX paboT M Pe3Koe OTCTaBaHNe SKCIEeDHMEHTANb-
HBIX HCcaegoBannil, B kauecTBe HaragIHOrO IPHMeEPa MOKHO IPUBE-
CTH pasBuTHE NoJsiporpadHi 3a WECTh JeTr MOCHEeIHEero AecATH/Ie-
tua. [Ipu mannyuu 88 teopernueckux pabor u 126 Metoank Aas
ompedeaeHus METaJJI0B B UHCTLIX coJsiX B 00jacTu noasporpaduye-
CKOro agaJjisa craneil W cuiaasop OblIO  TPOBEIEHO BCero JHIb
38 nccaesoBaHuil,

CyllecTBeHHBIM [PENSTCTBHEM B DAa3BUTHH HEKOTOPLIX (DU3HKO-
CHMHUECKMX METOI0B apjajuaa siBAsgeTcs Hexocrarounasg paspalor-
Ka BOMPOCOB, CBSI3@HHBIX ¢ CO3JaHMEM YAOOHOI, MPOCTOH H Jerxo-
moCTYIHON annapatypnl. Elle u 1o cux mop annaparypa 1o KOHIyK-
TOMETPHUYECKOMY H KYJOHOMETPHYECKOMY THUTPOBAHHIO SIBIACTCH
LJOXKHOM, a Tpelu3nOHHBle OCUHIOTpa(HUecKHe n Apyrue CcoBpe-
MeHHBle noJaporpadel H HOBefilllne CHEKTPOPOTOMETPB! — OYeHb
JODOTHMH.

Tewm He MeHee B xuMuueckoil aaGoparopun IIHUHYUM, sosraas-
JsteMoil aBTOpoM, (MH3MKO-XHMIYECKHE METOIbl aHajH3a crajel A
CIJIABOB [PEICTABJIEHBl NOTEHHUOMLTPUYeCKUMY MEeTOLaMH Onpele-
JeHusi Mapraiua, Xpoma, BaHaiud, KobambTa, aJoMHHEA, Gopa,
xKeaesa M YLaepola, noadpo2pa@uuecKkumy METo1aMu OlNpereeHis
Meid, HAKeas, KobaabTa, HHAWA, IHHKA, CBHHIA, 0J10Bd, CYPBMDI,
BHCMYTa U KaIMid, (POTO3AeKTPOKOAOPUMETPULECKUMI, METOLAMY
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onpenenenua cepnl, Gocdopa, tuTraHa, Mosaubiena, BoJabdpama,
HHOOHs, MeIU, HUKens, aJIOMHHHS U JKeJesa, CneKTpogoTomeTpute-
CKuM METOJIaMU OIpeldeneHHs Mapradia, MenH, peHus, MoaHOHe
Ha, BAaHAIWS W HUOOUS H CNexTpoXumu4ecKumiy MeToaaMu ONpelne-
JEeHHs CBHHILA, 0I0BA, CYPbMBI, BUCMYTa, KATMUS, HUMHKA, MEIH, rafd-
HHs, Lepus, JaHTaHa, HeoJAHUMa, TpaseoinMa, HTTPHS H caMapHs.
B o6uem o6bemMe paGorel JaG0paTOpPHH yIeJbHBIH Bec (QH3UKO-XH-
MHUECKHX METO/0B AHAJNH3a cocTaBaser npubansutensno 75—80%.

ITox pykoBoicTBOM aBropa M LPH €r0 YYacTHM BBLINOJHEHO 3
obIell caoKHocTH oKoyao 40 uceaenoBaunil mo paspafoTre (hH3HKO:
XHMHYECKHX METOLOB aHaJlk3a H HX INPpUMEHEeHHIO B :ﬂpaKTHHECKOﬁ
padore.

1. TOTEHILTHOMETPHYECKHE METOJbBI AHAJH3A

Teopust MOTEHIMOMETPHH MOJPOOHO H3J0XKEHa B psijle H3BECT-
HBIX DYKOBOICTB M0 XHMHYECKOMY H (DPU3HKO-XHMHUECKOMY aHa/H-
sam [64, 72, 97].

Vceaenosanus aBTopa KacaloTes paspaboTky NOTEHIHOMETpHYE-
CKHX METO/10B Onpe/ienenis Gopa u yraepoia B veramiax [28, 31, 41,
43, 49, 54, 55].

1. TloteHuMoMeTpHUECKHMH MeTOj oOmMpejedeHHsa Gopa

B aureparype ussecTEBl raBHBIM 00pa3oMm pasJuuHbBE KOJODH-
MeTpHYeCKHe M O00DbeMHBIE METOALl OnpenejHHs 6opa ¢ IpHMeHe-
HHeM BHENIHUX HHIMKATOPOB. Bosee mpocTHIX ¥ TOUHBIX (PU3HUKO-XH-
MHUECKHX METOIOB pa3paboTaro OUeHb MaJo.

B padorax [28, 41, 54] usmaraioTca pesyJabTaThl Hoc/eioBaHui,
MOCBSIUIEHHBIX TOTEHIIHOMETPHUECKOMY METOIY onpelenexns Gopa B
CJ0IKHOIETHPOBAHHEIX CTaNgX, cniaazax, deppobope U S/ACKTPOIUTE,
COLepsKAalleM XJIOPHBIH XpOM.

Mero: ocHoBaH Ha cBoicTBe c1ab0lt 60pHON KHCIOTH 00pa30Bbl-
BATh C WHBEDPTHBIM caxapom 0osee CHIBHYIO KOMILIEKCHYIO KHCAOTY.

MHTepeCHO OTMETHTD, UTO JJsl YCHIEHHS KHCJIOTHBIX CBOHCTB 60p-
HOM KHCJOTBI M3 BCEX TPENJIOMEHHBIX MHOTOATOMHBIX CHHPTOB HH-
BEDTHHI caxap oKaszajcs JVUIIHM peareHToM; TO BHIHO H3 KOU-
CTAHT YCTOHYMBOCTH KOMILJIEKCOB OOPHOH KHCJAOTBHl C PasiiYHbIMH
VMHOTOATOMHBIMH CIHPTaMH: raMiepuHoM — 41,2, rmokozoi—77,0,
manuutoM — 51000, dpyxrozoi — 95000.

Jnst yerpaHeHusi BPENHOTO BAHSHUS AJIOMUHHA Ha THTPOBaHHE
Bopa HaMM NpensoxKeHa JHMOHHAsg KHC/I0Ta. B lenaX MNOBBIIEHHS
4YBCTBUTEJNBHOCTH METOXAa HAMM OBlIO M3OpaHO NMOTEHLHOMETpHYe-
CKOe OKOHUYAHME aHaJu3a C MPHMEHeHHeM JaMIIOBOTO IOTeHLHO-
Merpa JIII-5. ;

PaspaGoTtaHHblil 1 BriepBhle IPAMeHeHHLIH 105 onpeieseHusa 6opa
B CJO0KHOJETHPOBAHHBIX CTANAX, CMAaBax u (eppobope MOTEHLHO-
METDHYSCKHH METO MO3BOJHI- YCMelIHO PAa3pPellnTh BaXKHYIO 3a/1a4)
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Mo OMpeledeHHI0 Maabx H Goabliux Koauuects Gopa (ot 0,056 10
24,0%). Metox npuusT psiTOM 3aBOJOB B KayecTBe YHH(HUUPOBAH-
HOro, UIHPOKO BHEIPEH B MPOH3BOJICTBO M OMHCAH B JdTepaType
[87, 30, 52].

B pa6ore [46] maMu ouucadbl Pe3yabTarel CHEKTPOMOTOMETpHYE-
CKOTo onpeleneHus 6opa B CA0IKHOJETHPOBAHHLIX CTANIX C METHJIe-
HOBBIM TOAYOBIM MOCAe IKCTPAaKUMH JHXI0P3TAHOM €ro KOMIJeKcd
¢ anioHoM BF,~. Omncanubiii B 1957—1960 7. B 3apy0eiKHOA JHTe-
parype MeToJ mpelHazHauajcs IJs onpeleseHus 0opa TOJLKO B
YrAepo1HCThIX CTaJfAX, MPH 9TOM JONYCTHMBlE Mpedesbl colepiKa-
HHS CONYTCTBYIOUIHX 3JeMEeHTCB OBILIH OUYeHb HE3HAUHTeJbHBI (Ha-
npuMep, aas Kpemuus 0,15%, wmapraunna 0,37%. Turana 0,019%,
amomupusg 0,006% ). Hamu 6bl1a IocTasieHa 3ajadya Mo H3VUEHHIO
BO3MOZKHOCTH OmpeleneHns 6opa ¢ METHAEHOBBLIM [0JyObIM B JerH-
pOBaHHBIX cTaJsX, cogepxamux 10 60% Ni, 20% Cr, >39% Nb,
>59 Al >209% Ti, >5% W u 1. 1

B paGore [46] ucciesoBansl ONTHMAdbHble YCIOBHs KHCAO0THOCTA
pacrsopa, 00pasoBanns (GTOPHAHOIO KOMIIeKca Gopa H mociae-
AVIOLLETQ 3KCTPATHPOBAHMA AHXJOPSTAHOM TPOIHOTO KOMIJEKca ¢
METHJIEHOBBIM TOAyOLIM. AHAAM3 3aKaHUHBAETCH CNEKTPO(HOTOMET-
pHUYECKHM MeTO10M NpH 656 muk, TaK KaK MPH 3TOM MaKCAMYME CBe-
TOMOTJIOIIEHUS HAJ0XKeHUsl OKPACKM KDACHTeas Ha OKPacKy KOMII-
Jiekca He HabuwaaeTes (MaKCHMYM CBETOINOT/IOLIEHUA METHJIEHOBOTO
roy6oro Hemsoro Gonee 640 mmx). 0,1 e cramu pacTBOPsAOT B CEP-
HOll KHCJ0TE MM cepHO-oc(opHOfi  eMecH KHCJAOT B KBAPUEBOI
xonGe. Cosiator HeobxoInMylo kucaoTHoers (10 asa 2,6-n. HySO.),
PACcTBOP MEPEIBAIOT B IOIHITUNCHOBBIH COCY, NPUJHBAIOT 5—7 Mt
59 -HOll NJaBUKOBOH KHCJIOTH, PAaCTBOP METHIEHOBOTO TOJyG0ro, co3-
AT cpely /st SKCTPArupoBaHUS KOMIJIEKCA THX/A0PITAHOM I 3d-
KAHUHBAIOT aHANN3 Ha crekTpodoromerpe CP-4 B KlOBETE ¢ TOJILH-
uoii ontHueckoro caost 10 mam, Conepxanne Gopa B npobe onpene-
JASI0T 110 KaJuOpOBOUHOMY Tpa(UKY.

2. HOTEHHHDMETPH'{eCKHﬁ METOoH onpenejieHUs yraepoua

Kak uzsecrno, yriepos onpejiensier CIpyKTypHble, MeXaHHIecKie
M UHLIE CROMCTRA MeTauioB, 00pasver TBepble PacTBOPHl Paanny-
HOH CTPYKTYDHI H DOJbLIOE KOIHUECTRBO NPOCTHIX W CAOKHEIX KapOu-
A0B. B cBs3H € 3THM TOUHBIM MeTOIaM OnpeiesieHHs yIiepolia B
METaJJ1aX BCerla MPHIaBajoch HCKIUHTENbHOe 3HadeHHe. OHAKO,
HECMOTpPST HA OOJBLIOE KOMHYECTBO pas3paboTaHHBIX MeTOI0B, Ompe-
JeJIeHHe YIJIepoaa ABJSETCs 10 KOHLA ellle He pellleHHEIM BONPOCOM.
B aureparype onHcaHbl NpeHMYILLIeCTBEHHO METOAbl, OCHOBAHHLIEe HA
CXKUPAHUKM HABECKM MeTajna B CTpye Kucmopozaa. [laa saseplieHus
aHanuza PeKOMeHIVIOTCst (OTO3JEKTPOKOJOPIHMeTPHYECKHE, Taso-
H3MepHTe/bHbIe, BECOBEE H 00heMEEIe METOIBI C MPHMEHEHHEM BHell-
HHX MHAAKATOPOB HJIM 3JeKTPOXHMHUECKHX CHOCOOO0B s (hHKcalHH
KOHLla THTPOBAHHS.
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B paGorax asropa [30, 31, 43, 49, 58] nanaraworcd pesyabTATH
HCCACNOBAHHI IO METOAaM ONpedeNenns yraepoia B MeTalnax.

B paGore {43] yraspiBaeTcsi Ha TO, 4TO OOJBLIHHCTBOM HCC/IeN0Ba-
Tesell T1aBHOe BHHMAHHE B MeTOjaxX ONpeneneHds yrjepoma o6pa-
IaeTCA Ha KOHEYHVIO, a He Ha HauaJbHYl0 (CIKMTaHHWe HaBEeCKH)
CTAJNI0 aHaJu3a, XOTs HMEHHO OT 3TOH CTajHHd aHaausza B TEPBYIO
ouepels 3ABUCHT MOJYUEHHE INPABHILHBIX PE3yJbTaTOB.

B paGore onucaHa 3aBHCHMOCTb MOJHOTLI BBIFOpaHHs yTJepola
OT XUMHUYECKOI'0 COCTARA METaJja, TeMNepaTypel U MPOLONAHTENb-
HOCTH CYKHUTAHIS, BEHUMHLL HABECKH H TIPHMEHTEMOro NJIaBH.

ABTOopoM TpPOBOANJIOCH HCCAeIOBaHUE MpOLecca CropaHds Hape-
COK MeTal1a W [OJHOTH BHITOpAHusd YTJAEepoia B Teyax C BblCOKOUA-
CTOTHBIM HarpeBoM mpu teMmeparypax 1o 1800°C (medys MBII-3M
¢ JAMIIOBBI{ TEHEPATOPOM TOKOB BhICOKOiH uactorel [JI-156M). Ombi-
THI I0KA3aJH, UTO B TOM cjydae NpUMeHeHHe IaaBHel H3IHIIHe.

[puveHenne pagHoakTHBHEIX M30TONOB TO3BOJIUAC Ham 0OHApPY-
HKHUTh, UTO BO MHOrux caydasx 10% yraepoza or ero coiepikaHus
B 00paslc He BHITOpaer Aake NPH Bcex OJaronpHsITHBIX YCIOBHAX.

B moesenyiomeil paGore ObLIO MOKa3aHo, YTO B TePHOL BbITOpa-
HUA YIVIepona NpY B3auMOJeHCTBHH HaBeCKH MeTaJlia M IIJIABHS 01-
HOPOAKOTO pacniaBa He MoJyuaercsd, Ha 4YTO yKashizalor ¢ororpa-
un MUKpPOIITH(OB NPOLYKTOR PeakIHH Meranna U maasHs B Qap-
doporoii doso0uke (puc. 1 1 2).

Puc. 1. Mukpowaud NpoAyKTOB peakiuuu Merajiuye-
ckoro xpoma ¢ maasHeM (1.5 2 Sn+ 1 & Fe).
/| — XpOMHTHI; 2 — KODOJBKH MeTajina

B xuurax nmo aumanusy meraqaos [30, 31, 52] onyGauKOBaHBI Me-
TOIUKH ONpPENeNeHUs MajbX KOJHYecTB yriaepola o0beMHblM 0apH-
TOBbIM, TA3000bEMHLIM ¢ MHKDOSBIHOMETPOM H TOTEHLHOMETpHYE-
CKHM METOITaMH, pa3p360'TaHHb1MH HaMH Ha OCHOBe HCCJ!&JOB&HHﬁ
[43, 49, 55 u ap.]. Bo Bce mepeyncneHHble METOAHKH BHECEHBI CyIle-
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CTBEHHbIE H3MEHeHHs u yroynenud, Tak, HampuMep, B 06HeMHOM
0apuTOBOM METOJe THTPOBAHHLIE PACTBOPLI COIAHON HJH LaBeaeBOil
KHCJIOT 3aMeHeHbl siHTapHOiH. KUAKOCTh B YPABHUTEJNLHON CKAAHKC
M MHKDOSBIHOMeETpe 3aMenena Godee Tsaxenoi — pactsopom CuSO;
uau ochoproil kKueaoTel ¢ via. B. 1,3. PekoMeH10BaHa TATeIbHAS
OYHCTKA KHCJIOPOIA OT OPraHHYeCKHX COeIWHEeHUIl myTeM TpOomycKa-
HHA KHCJIOPOIA B CHEUHAAbHYIO (haphopoByio TpyOKY B TOH XKe TeuH.

Pue, 2. MuKpowing NpoAYKTOB peakilHH JerHpoBanHOi
craan ¢ nmaaHeM (1,5 2 Sn -1 2 Cu):
I — xpomurel; 2 — Sn0;; 3 — rasoBble NY3BIDH

Hakonel, u3yueHa cTeleHb MOJHOTH B3aAMOIeHCTBUA VIJIEKHCIOrO
rasa ¢ TATPOBAHHBIMH DacTBOpPAMM €IKOro GapHsi pasjuuHOH KOH-
neHTpauud. CrenaHsl COOTRETCTBYIOUIHE KOHKDETHLIE PEKOMEHMA-
ILHH.

B paGore [55] onuchiBaeTcsi peKkOMEHIOBAHHAST HAMH MeToLHKA
oTpedeseHHs] MaJblX KOJHYECTB YIraepoaa B YHCTHIX MeTajjax, cra-
JfX U CIJIaBaxX, KOTopasi MPHHsITA PSAA0OM 3aBOJOB B KauecTse YHH(H-
IHPOBAaHHOH.

Taxum o6GpasoM, HAMK J1aHa KpPUTHUECKAs OLEHKA CYIICCTBYIO-
IMM MeToJaM onpeleneHMst Gopa i yraepoia H BHECEH Pl HOBBIX
¥ TIOJe3HBIX PEKOMEHZAlUuil, KOTOPble I0CTATOYHO MOJHO YVUTEHBl H
peasu30BaHbl B [pAaKTIUecKoil paGoTe. -

III. MOJSPOTPA®HYECKHE METOJ bl AHAJTH3A

Heaplo HalluxX Hccaeropawuii mo paspafoTke nojsiporpaduue-
CKHX MEeTOJOB aHajausa SBAAJOCH CTpeMJeHHe XOTd Obl 4acTHYHO
OCHACTUTL Ja00paTOPHH 3aBOJOB YEPHOH METaJJVPTHH OLICTPBIME
U TOYHBIMH MOAsAporpaduUecKHMH METOZAMH aHaJiW3a cTaJjeil, cruaa-
BOB H YHCTBIX METaJ/JIOB Ha COoJepIKaHHe npuMecell.
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3a KopoTxuii CPOK Mo PYKOBOACTBOM apTopa b LIHHMMUM 6Graa
cozlaHa u obopyioBana (U3HKO-XUMHYECKasg Tpynma, KOTOpas
cnavaJja nposeja paboTy Io ocCHAlleHuIo JafopaTopum obuieusBe-
CTHBIMH TOJAPOrpa(pUUecKHMH METONAMH aHajHu3a, a 3aTeM mno pas-
paGoTKe HOBLIX H YCOBEDIIEHCTBOBAHHI CYLIECTBYIOIIHX TOJSPO-
rpacuyeckux Meronos. Ilox HaYYHBEIM PYKOBOJCTBOM aBTOpa OBLIO
npoBeneHo 10 uccnezoBanuii, OCHOBAHHBIX Ha COUETAHHM MOJISIPO-
rpaguy ¢ MeTo1aMu XHMHUYECKOTO pasfefieHusi, SKCTPATHPOBAHHA H
KOHILLeHTPUPOBAHHS.

1. MMoasiporpathuyeckue MeTOABLI OMPefeNeHus MeTaJlJoB

Havu pexoMeHIOBaHBl [0AApOrpaduyeckue MeTOAb OMpeese-
HMs MenH, Hukesd, Koba/JbTa, UHHKA, CBHHLA, 0J0Ba, CYpPbMbI, Kal-
MU, HHIHS ¥ IPYTUX 3J€MEHTOB B PA3JHYHBIX Marepuasax MeTas-
JYPrHYECKOTo IPOM3BOICTBA. B MeTOIMKax HCNOJbL30BAHBI Pe3yJb-
TaTthl Heeaetopanuit 3. C. Myxuunoit, [T, B. Couesanona, I0. C. Jlanu-
koBa, f. [1. Toxmrelina, C. M. Cunsxosoit, A, T. CtpomGepra u ap.
ColcTeeHHble DEKOMEHTALMA KACAIOTCA (1OATOTOBKM DACTBOPOB K
MOJAPOTrpa)HPOBAHHIO, BLIGOPY KOJNJIEKTOPOB MJsi KOHLEHTPHPOBA-
HIIsl TOTO WM HHOTO MeTajna, VCJoBHII mojasiporpadgipoBaHua H
OMUCaHyusd HEKOTOPEIX pa3paloTaHHBIX HaMu BapuaHToB. IJapHed-
UHE Pe3yJbTarbl BLIIOJIHEHHLIX HCCJAeIOBRAHHI N0 moasiporpaduue-
CKHM MeTOJaM aHalusa MeTajlioB onucans B paborax [20, 22, 30,
32, 33, 35, 37, 38--40, 47, 51—53].

B o6nactu nceaenopanns 3JeKTPOXHMHUECKHX TMIPOLECCOB MpH
noasporpa)upoBaHUK HaMM HavyaTbl M TPOA0JKAIOTCH paboThl MO
H3YUEHHUI0 M IPIHMEHEHHIO HOBBIX noJasporpaduiyeckix (oOHOB
KOMIIJIeKCo0Bpasyioux BellectB, Ilpuvenenne ams 3THX Henell op-
Panyyeckux PeareHToB sIBASETCS OIHKM M3 MepcleKTHBHBIX Halpas-
JIeHNH B pasBuTHH ToJsporpaduueckoro Merona aunaansa. B pabo-
tax [32, 33, 36, 37—39, 47, 53 u Apyrux, HAXOIAUMXCsS B MeyaTH]
OTpazkeHbl OCHOBHBIE PE3YJABbTATHI M0 H3YUEHHIO HEKOTOPBIX MHIH{-
(DEepEHTHBIX JEKTPOJHTOB M KOMIIEKCOOGPa3yIOX BEeLlecTs, B Ya-
CTHOCTH BHHHOH KHCJOTHI, TpHACHA B, aTnieninaMiuta u ARMeTHINA -
padennIenIHAMHAHA.

OnbIThl 1POBOAKUANCH HA CTAHIAPTHBIX PACTBOPAX BHCMYTa, CYPb-
Mbl, CBHHIIA, K2 IMHUSI, OJIOBA, WHHKA, Me1H, HAKeJs, Ko6aabTa, BOIb(H-
pava, moautneHa u reanypa. HanGomee uuTepecHble pesysbTaTh
ObLIN TOJAYYeHb! NPH NOJASIpOrpaPUPOBAHHH YKA3AHHBIX 3/1EMEHTOB R
pacTBope HUKEM €LIe He HCCJCAOBAHHONO MapadeHuIeHInaMHHa IPH
pH = 3. Bouio mokasano, uTO BOCCTAHOB/IEHHE BHCMYTA TiPOHCXO-
nut B nurepeane or —0,10 no --0,3 8, ceunua or —0,40 10 —0,60 s,
cypbMbl 0T —0,45 no —0,90 6, kagmug or —0,565 no —0,70 &, mexi
or —0,10 10 —0,30 g, Teanypa or —0,65 no —0,75 8.

Hannyuiiaa noaaporpaMma ¢ MakcHMaJbHBIM 3HAUeHHEM AHD-
{pysnonHOro Toxa Oblia MonyueHa Ang cypbmbl, [loTenunanb moay-
BOJIH NEPEYHCIEHHBIX MeTaN/0B, YCTAHOBJEHHbIE B H3YUEHHBIX 3JeKT-

4 3an. 1236 . 25
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POANTAX W MX CMecsAX, npuBeienbl B Tabauue. M3 comocrasmaenusl
JaHHBIX 3TOI TAOJMLbI BHIHO, YTO PACTBODPLI PEATEHTOB, MPUMEHEH-
HbIX B KauecTBe (hOHOB, NPHTOIHE! 175 10AAporpadupoBanug nepe-
YHCJEHHBIX MeTraJ/JoB, 34 HCKJIloyeHueM oJoBa. [luas onpeassienus
0J10BA B MPHCYTCTBHY LHPKOHIA HaMu uzOpaHa 6-11. coasnas KuCI0-
Ta. B atom cayuae pacrBop, colepzxaiinii 250—300 me HHPKOHHS,
MOZKET BBUIOJHSATh POJTb HHAM(GMEpeHTHOTO 3JA€KTpoaUTa st Ofl-
pedenenus 0,1 —10 se omoBa,

Onanuy 13 NPAKTUYECKHX CaeICTRUH  pafoThl MO HCCAEI0BAHHIV
NEANG PEPEHTHBIX JAEKTPOJUTOR ABHJIOCH NPHMeHeHHe JIMMeTrnIna-
paeHnJgenIHaMIHa B KauyecTse (poHa Iif ONpeleSqeHds CypPbMBL.
[Tpuvenenne cvecu 0,3-M. pacrsopa stusaeninavusa u 0,035-m. pa-
cTBOpa TpHaoHa B B KayecTBe poHa [03BOJAET MPOHIBOIUTH M0JS5I-
porpadupoBarne BHCMYTA, CYPbMBLI H Meld B MNPHCYTCTBHH CBHHUA,
070BA, KAIMuSA, LHHKA, HAKedq, KobaanTa, Boapdpava u Moaubie-
na. CyLlecTBeHHBIM NPAKTHYECKHM pe3yabTaTtonM palboThl M0 HCCIe10-
paHMIo ToJsiporpaduueckix (oOHOB ABASIOTCA TaxiKe paspadoran-
HBEIe HAMH METOIWKM ChpeleTeHils CBHHIIA, KaAMUsA H CYpbMbl
(1:10—*—1-10"2%) B voaubiene, Huobuu, HUKEJe 1 CHLIaBax Ha
HX OCHOBE.

2. Moaaporpaduuecknii Meron onpeneseHus MHIAHS

B ceazn ¢ GoABLIMM 3HAUEHHEM DEIKHX 3JeMEHTOB LI aTOM-
HOIl, paKeTHOl, PalH0O3IEKTPOHHOI NPOMBILIJIEHHOCTH M MPOH3BOIL-
€TBA CILIaBOB ¢ 0cOOLIMI cBOlicTBaMK OBlMa NOCTaBjeHa 3aliauad Mo
paspadoTKe METOIOB ONPEIeAEHHs HHINA B HOBBIX COJABAX Ha OC-
HOBe Mapranua, Tak Kak B COCTAaB CIIJIABOB BXOAAT HUKETb, XPCM,
aJICMHHHI, Moaub1eH, HHOOKH, Medb, BoAb(MpPaM I ADYTHE 3JeMeH-
Tbi, OOpedeJeHHe HEAUT BO3MOMKHO ObLIO HNPOBOIHTE TOJAbKO MOC/E
€10 NpeJIBapHUTeJbHOTO 0TI JeHHsI OT HEKOTOPLIX M3 Mepetc/IeHHblx
sneMenTos. Hag sroil ueau P. 1. ManwauHoil BnepBuie GBI MpHME-
HeH THOHAAMZ. Hauayuminy OKOHUAHHEM aHa/ u3a, KaKk moKasad
A. Y. Byces [98], sisnserca noasiporpadupopaniie nHiug Ha (oHe
2—3-H. pactBopoB coasHoll kucaorsl, 0,1—I1-u. pacTBOPOB 3THJIEH-
AuaMpHa # 1-H. pactBopa auerara aMmmonua. Hamu noxasauo, uto
JJ1 3TOH UeJIH MOYKHO HCIOJB30BATH TaKiKe M aJrOMHHOH. B Hamux
pafoTax HccaIel0BaHbL YCIOBHS MOJSPOrPAPHUECKOro OTpeIeseis
HHIHS B MPUCYTCTBUH II€PEYMCIEHHBIX 3JE€MEHTOB M TIOKa3aHa BO3-
MOKHOCTh Olpelededus HHAWsi B mpucyTterBuu 10-KpaTHBIX KOJH-
yecTB CBHHIIA H TPEXBAJEHTHOIO iKeje3a (MOTEHIMaJ BOCCTAHOBJE-
gus ceunna or —0,35 no —0,45 8, unaus or —0,55 10 —0,65 8).
800-kpaTHoro kosnyectea Mapranna, 200-KpaTHbIX KOJHYECTB HHKE-
ag 1 kofajbra (Kamaoro).

B Hacrosiuiee BpeMsi HauaTbl HCCJAeA0BaHHA 110 paspadorke ycKo-
PEHHLIX TOJSpOrpaduueckux MeTOIO0B ONpPEeAeJeHUs OTIeIbHbIX
371€MEeHTOB, BXOISILIHX B cOocTas cTajell u cmiaaBos. B aurepatype
ONHCAHBl ToJsporpaduueckie METOAbl ONpeJeseHus B CTAAAX Map-
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rafHua, xpomMa, BaHalngd, HHKeas, KoOaabra, MonubIeHa, THTAHA,
AJIIOMHHHS 0 IPVIHX 9JI€MEHTOB, HO pa3paboTaHHEe MeTO bl OCHOBA-
HEl, KaK NPABHJIO, Ha NMPEIBAPHTENbHOM OTIEJEHHH OMPEIeaseMoro
3JEMEHTA OT BCEX COMYTCTBYIOWMX eMy. [IpHnMeHeHHe KOMIIEKCOOE -
pasoBareieii H HOBBLIX (DOHOB NMO3BOJHT B Psije CaAvyaes paspadboratb
©oJiee MPOCThIe METOJIEL.

JLOCTHIHYThiE B TEPeYHCJAECHHBLIX paforax peayibTaTbl Peajnso-
BaHbl B NpaxTHyeckod pabore mabopartopuii LIHMHMYUM u psaa
3aB010B.

B nnane Hammnx pabor 3HAUHTEJNBHOE MECTO 3aHMMAIOT HCCAe0-
BaHHs, CBASAHHLIE C NOBLULEHHEM UYBCTBHTEALHOCTH MOJAAPOrpadii-
4eCKHX MeTomoB, [na mpoBeleHHs 9THX pafoT HaMH HCHOJb3Yercs
ocuunnorpahuuecxuil noasporpac. -

IV, ®OTO3JEKTPOKOJIOPUMETPHYECKHE METOIBI AHAJIU3A

H3zsecTHO, YTO TeopeTHyecKue BOMPOCH (POTOINEKTPOKONOPHMET-
pUH pa3paboTaHBl MHOTO JIET TOMY Ha3aj H ONHCAHBLL B CHENHAJbHOT
narepaTtype, a o0llue NPUHUHNE (OTOIEKTPOKOIOPUMETPUH H370-
*EeHbl B DAJIE PYKOBOICTB 0 XHMHUYECKOMY aHaJ M3y Merassos [64,
72 il

Hamu oT1esibHble HCCASTORAHNS CTABHAHCH B CBH3H ¢ HEOOX01il-
MOCTBIO OMPEIeNeHHsT HeKOTOPHIX NpuMeceld, HanpuMmep BaHaInd,
BUCMYTA M OJIOBA B UHMCTHIX MeTajjgax (Xpome, HUKeme, xKejese, MO-
mlﬁ;lej-ze). ITonyueHuble pe3yJbTaThl ONHCAHBL B Tpex patorax [19.
34, 40].

1. ®oT03ACKTPOKONIOPUMETPUYECKHH MeToH ONpeleleHns BaHAMS

B paGote [19] Havu noxkasako, uTo 1OCTe OTAEICHHA BAHALNSA O
COMYTCTBYIOUINX 3/JeMeHTOB KyndepoHoM Haubojee mpoctoll orto-
5JIEKTPOKOJOPHMETPUYECKH{ METOI €r0 OIpeleseHHs MOMKeT ObITh
ocHosan na Bzaumojeiictsun VIV 4 Fel’l .- V'V 4+ Fe I, O6pasyio-
meecs MPH 3TOM JIBYXBAJICHTHOE JKeJe30 onpelenseTcss (OTOITEKT-
POKOJOPHMETPHUECKHM ODTO(peHAHTPOJSHHOBLIM MeTOLOM. Y uiTHIBas,
uyTo coeauHeHds Banagua (IV) B LlesouHbrx pactBopax 00aalralor
Pe3Ko OTpPULATEIbHBIM OKHCIHTEIRHO-BOCCTAHOBHTEAbHLIM — MOTEH-
upanom (VY /VIV = 0,76 g 2 1-u. pacTBOpe eK0ii LIeJ04N), MLL lic-
MOJB30BAJH 3TO cBOiCTBO BaHaiua (IV) BoccTaHaBaHBAThL Kene30
(I1I) B »KBHBAJIEHTHBLIX KOJUYECTBAX B CI2GO0UIEIOUHLIX pa3baBJen-
HBIX pacrBopax. B yciaoBusix paspaboTaHHOI [PONNCH aHajHsa
pABHOBeCHE YKa3aHHOI peakUWH pes3Ko CABHHYTO B IpaByIo
CTOpOHY.

[Ipenso:keHHBI MeTOL [O3BOJNHJI KOHTPOJUPOBATh COJAEpKAHHE
TBICAYHBIX AOJiell MpPOLEHTa BaHAZHs B METANJMHYecKoM Xpoxe, HO
MOzKeT ObiTh IPUMEHeH W K APYCHM MeTaJjjiaM H CI1aBaM.
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2. POT03/EKTPOKONOPUMETPHYECKHIT MeTON oOmpeeaeHNs BACMYTA

B paGore [34] mpuseaena mponucs HOT03IKTPOKONOPHMETPHIE-
CKOTO OnpenesieHHss MUKPOTPAaMMOBbIX KOJHUECTB BHCMYTA B METaj-
Jugeckom Monubraene. Meron ocHOBaH Ha B3aMMOLEfICTBHH HOHOB
BHCMYTa ¢ H30BITKOM HOIHCTOrO KaJHsi B CaabOCEpHOKHCION cpele
¢ ofpasoBanueM OKPALIEHHOTO B KeATHIH UBeT KoMmmaexca K{Bily].
Bucmyr omgennior or MoanGiaena THOALETAMHIOM B AMMHAUHOM Pa-
creope mpu pH = 8—8,5 unu ceporomopongom mpu pH = 2—3. Uys-
CTBHTENLHOCTb MeToxa 5 - 10—4%. XuMnko-aHanuTHUECKasT XapaKTe-
pHCTHXA 3TOTO MeToJa H BAHAHHE PASIUUHBIX 3JMeMEHTOB ONMCAHBI B
kuure [30], a HekoTOphIe 3KCNEpHUMEHTANbHbIE JaHHble N0 pabore
NpUBEIEHE B8 KHHTe [53].

3. ®O0TO03JEKTPOKOJOPUMETPHYECKHI Meroj, onpefeseHuss 0J10Bd

[as oTneneHus o0Ba OT HHKEA, XKeje3a M JAPYTHX 3JEMEHTOB
JYUIIHM OKa3ajics Crnocod OcaXIeHHs 0J0Ba aHTPaxacoM, Ipemao-
xennbiii B. M. Kysuenoswim [99] n Heckonbko aeranmusupoBaHHbIl
HaMH NPHMEHHTEJNbHO K TOCTaBJACHHOH 3agave. MaonupoBauHkeii
0CaI0K TEPEBOAHIH B PACTBOP 71 OUpELEeeHle 0J0Ba 3aKaHUMBAIH
(hOTO3/JIEKTPOKONOPHMETPHYECKHM METOAOM C (heHHADIYOPOHOM; HH-
TEeHCHBHOCTb OKDACKH pacTBOopa uaMepstor npu 500 mmx. Pesyabra-
ThI 3TOFO HCCJEIOBAHHA OMHCAHLl B patore [40],

V. CNEKTPO®OTOMETPHYECKHE METOJbI AHAJH3A

Baarogapa cBoHM LIMPOKHM BO3MOXHOCTAM CHEKTPOGOTOMETPH-
UecKHil MeToH ABNAETCS OIHHM M3 CAaMBIX MEpPCHeKTHBHbIX (DH3HKO-
XUMHYECKHX MeTOI0B aHanuza. KpaTkoe onucanyue oTIeNbHBEIX METO-
J0B caenano B, M. IMemxosoit 1 M. M. Tpomosoit [100]. Xapakrepno,
4TO TOYTH BCE ONMCAHHBIE B JUTEPATYPE CHEKTPOdOTOMETPHUECKHE
MEeTOIbl OfpeleNeHis MeTajJoB OCHOBAHBLI Ha HU3MepDEHUH CBETOMO-
IJIOLIeHHs OKpalleHHBIMHE pacTBopayu. OTcyTCTBHE METOI0B ONpeile-
JIEHHs] METaJJI0B, OCHOBAHHLIX HA H3MEDEHHH CBETOMOTJOLIeH st Gec-
IBETHLIX PACTBOPOB COJIEH, B SHAYHTENBHOM CTENEHU OOBACHIETCH
HepaszpaboranHocThio aToro Bornpoca, OrpEIBOUYHLIE CBEIEHHA IO HC-
CJE/0BAHHIO CBETOMOIVIOUIEHHS PACTBOPOB HEKOTOPLIX METAaJlIOoB
npuBeneHsl B paborax [101, 102].

B mnocneanue roxsl asropoM coBMectso ¢ M. Il. XapaamoeiM
NPOBOAATCA HCCJAECIOBAHHSA MO CHCTEMATHYECKOMY H3YYEHHIO CBETO-
MTOTJIOLLEHHS! PACTBOPOB NPOCTBIX ¥ KOMTIEKCHBIX HEOPTaHHUYECKIIX
coJiell MeTasIoB. DTH UCCAEI0BAHMS HATPABJEHbl HA BLISBACHHE U
paculiperine BO3MOKHOCTEH  CMEKTPOPOTOMETPHUECKHX  METOI0B
aHaTH3a A ONMpeleseHds MEeTaNa0B B CTAJAX M COyaBax 6es mpu-
MeHeHs ClellnanbHbiX DeaKTHROB. BhGOp HMEHHO TAKOroO HanpasJje-
HHs OOBSCHACTCHA TEM, UTO CNEKTPOGOTOMETPHYECKHE METOLL], OCHO-
BaHHBIE HA H3MEPEHHH CBETOIONIOIIeHHs HeOKPalleHHEIX pACTBOPOB
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TOJeil OnmpelensieMblX METaJJoB, 3HAUHTEAbHO MPOIIE, a HHOTIA i
TOUHEe MEeT010B, OCHOBAHHEIX HA HI3MEDEHH! CBETOMNONIOUIEHHS OKpa-
HIEHHLIX PACTBOPOB.

B obnactu cnextpodioToMeTpuyecKkinx MeTOIOB aHaaM3a aBTo-
pPOM TpOBeTeHO OAHHHAUATL ueeaedoranuit [18, 27, 29, 44, 46, 48,
57, B8 1 Tpu palboThl B meuari).

1. Wccaenoranne KPHMBBIX CBETONOTJOUIEHWs] PAcTBOPOR
HEOPraHHYECcKUX M OPraHHyecKuX coelMHeHWH

B paGorax [44, 57] omicanbl pe3yabTaThl HCCAEIOBAHHUI 1O H3Y-
YEHHIO CBeTonoraolenisa okoao 80 pasnuiHbLIX PACTBOPOB HEOpPTraHu-
JecKUX U OPTaHHYeCKHX COeNHHEHHH, B TOM UHCJTe CEPHOKHCJLIX CO-
aeit 14 MeraqioB, XAOPHCTHIX cojell 25 MeTa/noB, CepHOH, COSTHOM,
a30THOH, pocthOpHOM, IABEJEBOH U YKCYCHOM KHCJIOT, elKOro Hatpa,
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Puc. 3. KpHBule CBETONOr/olLeHHsi PACTBOPOB CEPHOKHCABIX COUledl
MeTanoB (KOoHUeHTpauus MeTamia 1 ae/ma):
4= icu2t o — coty g — NiZF ;4 — erfh s~ TAE (70, +
K:S:07): 6 — Fe 3% (Fe.0; + KiS:01); 7 — Fed+: 8 — Mn2t

©IKOrO KaJ/H, MHIPOOKHCH aMMOHHSA, YLJIEKHCJIOro Kajus, YhJIeKHC-
JIOTO HaTpusl, PTOPHCTOTO HATPUA, THPOCEPHOKHCIOTO HATPHS, TeKca-
HHOGAaTa U reKcaTaHTanaTa, BoabhpaMara, CHIHKaTa HaTpHs, MOIHG-
Jara, neppenarta u ap. MavepeHue CBeTONOTJOLIEHHA TPEX pasIHy-
HbIX KOHIEHTPAUHHA DPACTBOPOB MPOBOIM/IOCH HA CHEKTPO(GOTOMETpE
C®-4 B guanasonax aiuH BoaH 210—1100 mmx B KIOBETAX C TOJLIH-
Ho# ontuyeckoro caosi 10 mm. HekoTopble pe3ynbTaThl 3KCIEPHMEH-
TOB NpeICTABAEHLI HA PHC. 3.
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Becuserusle pacTBOpBl KHCJAOT W 1IeJOuell MOrJOIIAKT CBET B
nanabHel yabrpaduoaerosoil obaactu npu 210—250 mmx. e unteH-
CHBHOCTH cBeTonoraoments 0,1 -4, pacTBOPOB LENOYH paclojaramnt-
ca B paa: NaOH>KOH>NH,OH.

PacTtBophl yriekucaslx coJel HATPHA U KaJus MOTA0LIAoT CBET
apu 210—240 mmx. Pacreops Na,COz moromialor CBeT MeHee HH-
TEHCHBHO. A30THAs, llaBejeBasi 1 YKCYCHas KHCJOTEH CHABHO TOTJIO-
maiT ceer npu Maxcumyme 300 mmx. PacTBophl cepHOH KHCJIOTEL
(10 5-H. KOHILEHTpaLMH) ONTHYECKH TIYCThl BO BCEM MHTepBaJje TMHH
BOJIH, UTO IIMEET 0c060 BaXKHOE MpakTHYeckoe 3Havenye. PochopHas,
XJIOpHas U GopHasi KMCJOTHI CBET MOTVIONUIAlOT HeswaunTesbHo, Pac-
TBOPbl = NUPOCEDHOKHCAOr0  HaTpua ‘W (hTOPUCTONO  HATPH#
cnabo  TOTNOILAIoT  CBET BO  BCeM HHTEpBaje JJIHUH BOJH.
Pacrsopsl HUTPATOB, XJI0PATOB, cyab(aToB, OPOMHIOB, MOAHIO0B H
thocthaTOB HATPHS MHTEHCHBHO IOIJIOLIAKT CBET B JaJjbHEH yabTpa-
¢uoserosoji 06nacTH; Npu 3TOM MHOTHE H3 HMX He 00HAPYIKHBAIOT
XapakTepHhIX MAKCHMYMOB. Ha oCHOBe H3/10XKEHHOTO MOXKHO yKa-
34Th HA BO3MOMKHOCTD CHEKTPO(MOTOMETPHUECKOrO ONpele/ieds asor:
HOH KHCJAOTHl B MPUCYTCTBHH JAPYTHX KHCJOT, IIABEJeBOH B MPHUCYT-
CTBHH YKCYCHOIl, YLJIEKHCHBIX cOJell B pacTBOpax €IKHX Ulenoduef,
flomuiga Kanaug B MpHCYTCTBHY OpoMula Kajug U T. 1.

BecuserHble 1 ¢Ja600KpalleHHble PACTBOPH CEPHOKHCIBIX COJEH
MeTa/JI0B HHTEHCHBHO MOLJOIIAIOT CBET B JaJsibHell yibTpaduosero-
BOH ofJacTu ClNeKTpa H 70 3TOMY NPH3HAKy paclnoJjaralorcs B psll
Hg?t > Feit > Sh¥ > Fe2t > Snt > G2t > Cpt > Belt =
> Al > Cedt > PrPt > Nizk > Mn?t > La®t > Cet > Lit >
> Na® >3

Ha puc. 4 npeixcrasieHsl KpuBbleé CBETONOTOLIEHHA BaHanarta,
Tekcannofara, rekcatantanara, Moauéaara, neppenara. OnrHueckue
XapaKTePHCTHKH 9THX PacTBOPOR TAKOBBI:

MakcHMyM MonspreH
Pacrsop CBETONOTNOLICHHA Ko3(pGHIHEHT
M CBeTONOTJIOMeHH 5t
[leppenar xaaus . . . . . . 230 4600—4700
Moaubpar ganust , . . . . . 230 4600—4700
Banagar matpus . . . . . . 265 4130
IFekcannobar kaang . . . . 235 2400

STy sKcnepuMeHTalbHbe TaHHbie GBIIIM HCTIOMb30BAHEl HAMH LIS
pas3pabOTKH METOAHK OMpeaejJeHns HHOoOKs, MonnbieHa, peHus 1 Ba-
HalIHs B CTAJAX H CIJaBaXx.

Ha ocuose nccaenosanni [44, 57) naMu Oblia mokasana BO3MOXK-
HOCTb Pa3pabOTKH CNMEKTPOPOTOMETPUUECKHX METOJ03 ONpeleJeHAs
BONbUIMX KOJMYECTB 'HATPHS, MeJIH, HHKens, Kobaabra H Keje3a B
CTAJsX, CIJIaBax H eppocnnapax. Jlaneko HeNoAHble JUTepaTyPHLIE
JAaHHble IO CBETONOIIOIIEHNIO PACTBOPOB COJIEH 3THX METAJJIOB MO-
380JuJH co3aath (103, 104] cnexTpotoToMeTpHYECKHe METOAUKH OIl-
peneNeHys MeoH, HUKENs U K06aJbTa, OJHAKO 5TH MEeTOLMKH HMeEIT
orpanuyeHHoe 3HaueHue. B cBasu ¢ atum B paGorve [58] Hamu mpo-
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BEICHO CNEUHANBLHOE HCCAEN0BAHHE 110 H3YYEHHIO CHEKTPOB MOIIO-
LLEHHST CEPHOKHCIBIX, XJOPHCTLIX H A30THOKHCJABIX CoMed epeune/Ier-
HBIX METada0B,

PacrBoprr ceproknenbix comeit ko6anbra u HHKeJId HMEIOT 1o IBa
MaRCHMyMa CBeTOmoraolenus: npu 225 u 520 umms n npu 400 =
700 mux. IIpakTHueCKH MOKET GBITbH HCTONb30BAH NpH ONpeneneHuu
KobaabTa MakcuMym mpu 520 mux (zo 1000 y/m: Melib u HUKEdb

10
i

Onmuyveckaq nromuocme
=)
[~ Y
T

0 : .
200 250 300
Lawwa Goansi, mirk

Puc. 4. Kpupuie cReTONOIVIOUIEHHS IHEIOUHbIX pac-
TBOPOB COJell HEKOTOPLIX MeTa/ioR;

I — V2 (v,04 conapnes ¢ K.COs), 11,2 7/ma; 2 — Nb+

(Nb2Os + KoCOu), 157 /ma; 3 — Ta®t(Ta,05 + K.CO,),

107 /ma: 4 — Mo®+ (MoO, + KiCOa), 118 Y funs 5 —

WOF (WO, + KuCOs), 118 1/84; 6 — ReT+ (KReOy.

18671 (ma; 7~ As3T (pacTsop As:O, B Na:C0y), 7.5 7 /ma

HE MELIAIOT); UYBCTBHTEABHOCTD Peakuuu 25 Y/MA KobanbTa B KiOBe-
Te C TOJIUHHOH ONTHYECKOro c/1ost 100 . Kosdguuunent MOJAAPHOrO
norjaouenus 5,0 B mepecyeTe HA MeTal.

LIS HEKeNs HMeeT 3HaueHHe MarcuMym npu 400 smk.

PacTBopsl cepHOKHCNOH Meau HMeIOT OIHK MaKCHMYM [pH
800 mmrK, KOTOPHII MOIKHO HCHOB3OBATH Ha TNDAKTHKE B NPHCYTCT-
BHM Gosee 1000 y/ma ko6aneTa u Toabko 100 y/ma Hukeas,
~ Pacrsopbr azotHOKHeABIX coneit Bel1yT celd NOYTH TAK ¥e, Kak H
PacCMOTpEHHBIE CEPHOKHC/bIE PACTBOPHI METAJIOB,

Mymemomunecs MakCUMyMBl CBeTONOTrIOMEHUS PacTBOPOB XJODH-
CTBIX COJeHl HUKens u KobaasTa He MOryT OBITH HEMOJb30BaHBl HA
UPaKTHKEe BBHAY MAalblX Kos3pduUHeHTOR MOJISIPHOTO MOrJIOIIeHHS.
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PacTBopbl XJIOpHCTOH MeTH, HMes] MAKCHMYMBI CBETOINOIVIOUIEHHS
npu 250 u 800 matx, Moryr ABAATECH 00BEKTAMM IJs crnexktpodoro-
MeTPHYeCKOro aHamanaa, Tak Kak mpu 250 mak HyBCTBHTENBHOCTD
peaxiuun pasHa 0,5 y/as B KioBere ¢ TOJMIHHON ONTHUECKOTQ CAOSA
100 sm; xosdduHeHT MOAAPHOTO MOTJOLLeHHs pasen 5b0. Bropoi
MaKCHUMYM MEeHee UYBCTBHTEJIeH, HO TaKkKe MozKeT OLITh HCIOJb30BaH
Ha MpaKTHKe.

HMcenenosanusa Mo M3yUEHHIO KPHBLIX CBETOMOIOLIEHHA PacTBO-
POB ©OJIEH METANJOB W APYTHX COeTHHeHNH NOCAYAKHIN OCHOBOH MJIA
pazpaboTky crnekTpoOTOMETPHYECKHX MeT0I0B ONMpeleeHHs HHO-
Oust, monubaeHa, peHus, 6opa, BAHAIHS M MeIH B CTAJAX M CIJaBax.
Huxe KpaTko H3JaraloTcsl OCHOBHBIE PE3VJALTATLI, MOJydeHHbBIE B
3THX paborax,

2. CnoektpodoroMerpHyecKoe onpefejeHHe HHOOMS

B patGore [18] onucan HOBHIL cHexTpoOTOMETDHYECKUE METOX
onpeneNeHns HHOOHA B CMJAABAX, COAEpPKAIIHX KPeMHHi, Boabppa,
MOIUGIeH M THTaH. BbiZo H3yueHo CBETONOrJIOlIeHHe pacTBOPOB PeK-
cacoJsieit Hno6us 1 ta"raaa (KsNheOjo u KsTagO9) B yasTpaduone-
TOBOH ofmacti crekrtpa. IlosyueHHble XpHBLIE CBETONOTJCIIEHIA
YKA3BIBAKT Ha BO3MOXKHOCTE KOJHUECTBEHHOIO ONpelejeHuss HuoGHs
B uHTEpBase 5—325 y/ma npn 2345 mmr IpU TOJUIHHE ONTHYECKOro
cios 10 ma. B kioBerax ¢ rosmunofl ontHueckoro ciaos 100 s
MoxkHo onperensts u a0 0,1 y/mr Nb. HMsyuemo cseromorso-
IEeHYe pPACTBOPOB BOJB(paMara, CHIMKATA W THTAHATA KaJHsd
pasJHuHBIX KOHIeHTpauui. B uurteppane 227—270 smmx pacrtBOPHI
COJIefl STHX METaNJOB 001a1al0T He3HaYHTeJbHBEIM CBETOMOTJI0IILe-
HHEM H TIPAKTHUYECKH He BJHAIOT Ha OnpeiefeHue HHOOHSA. YCTaHOB-
JeHHl JIOMYCTHMble KOHIeHTpanuu Meranios B cnaasax: 1% Si, 3%

Mo, 5% W, 1,5% Ti.
3. CnektpofhoToMeTpHUeCKOe oMpejejeHHe MOJHOGIEHA

Kax yxe ykaswiBamoch Ha ctp. 12, Merton paspaboran K. B. Huu-
mupckum u M. H. Anexceesoil [84]. Hamu crenaro nomonsenue no
HCCJIETOBANKHIO CBETONONIOLLEHHS PACcTBOPOB BOJAb(ppaMara, cHiuKa-
Ta, BaHajgarTa, meppeHara, anloMHHATA U aHUCOHOB a30THOH, XJI0pPHOIH,
cepHoil u coasnofl xucaoT, MHTeHcHBHCE NOTIOILEH e CBeTa PACTRO-
paMH BaHalnaTa, neppenara u HuTpata Habmozaerca mpu 230 mms
C MakcHMyMoM I/ BaHaznata npi 270 max U 149 TeppeHata mpu
220 mmk. PacTBopel HUTPATA, AJIOMHHATA W IPYTHX KATHOHOB U aHU-
OHOB HMEIOT MOJ0THE KPHBBIE CRETONONIONEH s, CTPeMAIIHecs K Hy-
JII0, HauuHas or 250 mmk.

Omnpenenenne MoauGieHa Bo3MOHO npH 230 MMk TPH YCAOBHL
TULATEJLHOTO yIaJeHHsA M3 PacTBOpa a30THOH KUC/JAOTHL, YCTAHOB/E-
HBl CJIeAYIONIHE MAKCHMAJbHO AONYCTHMBIE KOHIEHTPALHH COMYTCT-
Byromux Meraaaos: 0,5 yima V, 20 y/ma Re, 75 y/ma Al, 30 v/ma Si,
40 y/ma W, 10-5-u. nurpara, 107%-1 cynwara, x10puia u mepxJja0-
para. PesyabraTsl HeesleloBaAHMA ONHUCaHb! B paGote [27].
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4. CnekrpodoToMeTpHyecKoe ONpejeNeHHe peHHs

Hayu neenetopanice KpHBbE CBETOTIOT/IOUIERHST PACTBOPOB Tep-
perara kajaud, Mosau61aTa M BaHajzara HaTpus. Maxcumym cBeTo-
TOTJOIIEHHA PAacTBOPOB NeppeHarTa cooTBercrsyer 224 mmx. Bana-
JAaThel 0 MOMHOAATHl MEIIAIOT ONpee/eHHI0 PEHHA H MOTYT HaXOLHTh-
csl B pactsopax o 0,5 y/ma.

Hutpar-HOH MOAHOCTHIO VIAJSIOT BHIMAPUBAHHEM CEPHOKHCIBIX
pactsopos mpu 140—160°C 6es onacHocTy mMoTepH PEHHs TIPH Bbl-
TAPHBAHHIM,

PesyabraTsl Heeae10BaHUsA MO COEKTPOHOTOMETPHUECKOMY ONpe-
JeJEeHUI0 peHus H3aoxeHH B pabore [29]. Hoswiil cnekrpodoTomer-
puyeckui MeTOI MO3BOJIAET ompenensTh 10 179% Re B cnmasax.

5. CnexTpothoToMeTpHUecKoe onpefeneHde Oopa

Meron onucar B paGore [46]. XuMH3M W CYIIHOCTH METOZA, a
TaKyKe PEeKOMEeHJalHi ONTHMAAbHLIX YCJAOBHU I/l NPOBEICHHS aia-
Jiuza GbLIW W3noMenrl B pabote [46].

Haa cnexTpotoTOMeTPHYECKOr0 OKOHYAHHS aHANH3a K PACTBOPY
B NOJH3THIECHOBOM cocyle nobasiaaior b sma 5% -Hofi mnaBuKOBOIL
Kucqorsl, 0,1-M. pacTBOp mepMaHraHara o €aabo-po30BOro OKparlii-
BaHusi pacteopa u 2 ma 4%-noro pacreopa conu Mopa. o6aB/ision
0,001-m. pacTBOp MeTHAEHOBOTO roay6oro, 25 ma IUXJ0DITAHA H K-
CTPATHPYIOT OKpalleHHBbI KOMMIeKe; 5 M4 OKpalUeHHOro CJIosi pas-
0aBaAIOT M ONTHYECKYIO WJOTHOCTH pPACTBOPA MBMEPSIOT MpH
656 mmx. Hynesrim pacTBopom fiBjsiercs auxaopstan, Coaepxanne
60pa BBIYHCASAIOT MO KaJuGPOBOUHOMY Tpaduky.

6. CnexrpodroTroMerpHuecKkoe ompejeseHue BaHaaus

PaspaGoran HOBEL cmeXTpodoToOMEeTpHUECKHH MeTo1 omperene-
HHsl BaHaiusa B CTajasX H cnsaaBax npu 270 mmk [48]. Moaspuwbii
Kos(pduuuedt  noraouwlenus: 4630, UYBCTBUTENBHOCTL METOIA
—0,5 y/na V npu toamunHe ontuueckoro ciaosi 10 mm. Banamuin n3
pacTsopa IIpelBapHUTEeAbHO 0CAXKAAIOT KyndepoHoM BMecTe ¢ THTA-
HOM, KeIe30M, LHPKOHHeM, HHOOHeM, MOa#OI2HOM, BOIb(DPAMOM H
radtanoM. Ilocne cnmaeaenus ocazxa ¢ KNaCOjz B pacreop mepe-
XOTHT BaHa1aT BMECTe C reKCaHHO6aToM, BOJb(paMaToM H MOHG-
1aTOM, KOTOPbIE ONpe/e e Hnio paHalusd He MellaloT, 34 HCKIIUEHHEM
HUOOUS, COJEepXKaHHE KOTOPOro He TOIMKHO TpeBblllaTth 2—3 Me.
PaspaforanubiM MeTOOOM ONpenensnoch a0 3,5% V B cramsax u
crnJiaBax.

7. CuektpodoTOMeTpHYECKOE ONpeeNeHHe MenH

Pazpaboran HOBBIH MeTON onpeleneHHsl MeOH B aAJIOMHHHEBBIX
cnnaBax (pabora HAXOLWUTCS B INEYaTH), COLEPKALIUX NIPUMECH XKe-
Je3a, MapraHia, HUKens, UHHKa, MarHus, KpeMHus ¥ Oepunang. Pa-
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CTBOPBL CEPHOKHCAOMN NI A30THOKUCIOH MeIu HMEIOT 0IHH MakKCH-
MyM cBetonorgomenys npu 800 sk, NOSTOMY H3 BCEX Nepeulcaen-
HLIX 3IEMEHTOB ONPENeaeHHI0 MeIH MOMKEeT MellaTh TOJbKO HHKEIL
B Goabmix KoauvecTBax, Tak Kak B aJOMHHHEBBIX CMJAABAX HHKEHs
COTEePIKUTCA OUEHb MaJo, ONpeleldeHHe Meldd MOXKHO NMPOBOANThL H3
CEPHOKHC/IBIX pacTBOPOB. B NpHcyTCTBHM 7Ke BLICOKHMX CONEPXKAHHI
HHEeJs onpefeledyue MeLH Jyulle IPOBOAHTE B  COMSHOKHCJBIX
pacrtBopax npu 250 mmk, XOTS B 9THX VCJAOBHSX HMEETCH TakyKe H
BTOpOi Makcumym npu 800 smx. PaspaGoTaHHBI METO Ompejede-
HHSL MeJlH MO:KeT OBITH MPHMEHeH W IJIA Olpeie/eHHsl ee B CTanay
nocse NpeBapUTENILHOTO OTAEJIEHHS OT HEKOTOPHIX MEMIAIOMIHX
3JIEMEHTOB.

Takuy oBpazoy, B o6aacty cnekTpodoTOMETPHYECKUX METOL03
anann3a OblIM NPOBEIeHEl HCCAe10BAHHA KPHUBHIX CBETONOTJIOMEHNA
DAacTBOPOB Pa3JIMYHBIX BellecTB. BHSABIeHB BO3MOXKHOCTH 1Js1 pPas-
paGoTKH cnexTPOMOTOMETPHULCKHUY METOI0B ONpefeseHus psna Me-
Tan108. PazpaboTaHsl cneKTpodoTOMeTpUYECKHe METOE ONpelee-
Husl HHOOHA, MonudaeHa, penus, BaHanus, 6opa u MeIH.

BrimosHeHHBIE HCCAEIOBAENS CIOCOGCTBYIOT TAKMKe PA3BUTHIO
auddepeHHanbHOro MeTola 11 ONpeTeeHuss BbICOKHX KOHIEHT:-
panuui 31eMeHTOB,

VI, CNEKTPOXUMHYECKHE METOIbI AHAJH3A

CnexTpoxuMuyeckye MeTO1bl aHaJH3a MpeiHasHayeHsl a5 onpe-
IeeHus TIaBHBIM 006pasoM BeCcbMa MaJjblX KOJHUECTB 3JEMEHTOB
(1-107%—1-107%%) B pasnuunHbix Marepuansax. MeToIBl OCHOBAHbI
Ha TIPeIBapUTE bHOM XHMHUYECKOM KOHL@HTPHPOBAHHH ONperense-
MBIX JI€M@HTOB C MOCHeIYIOIHM ClIeKTPAAbHBIM OKOHIdHHEeM aHAaJH-
3a KOHUEHTPAaTOB. XUMHYECKOe KOHIEHTDHPOBAHHE MOMKET OLITh BBI-
TIOJIHEHO METOIaMU OcaKJIeHHs (HampuMep, CepOBOIOPOIOM, METHJ-
BHOJETOM, THOAUeTaMHIOM, THOHATHIOM, aHTPaXacoM W JAPYTHMH
OPTaHHYECKHMH H HEOPraHHYecKHMH DeareHTaMH), 3KCTDAarHpOBA-
HuA, QPaKLHOHHOH IUCTHAMALMH, ajcopbiuu W 1. 1. Peayabrars
CHEKTPAJNBHOrO OKOHYAHUS aHANH3A BBIUHCARIOTCS HA OCHOBAHUH
rpadHuKoB, TOCTPOEHHBIX 110 3TANOHHBIM 00pasaAM XUMHUYECKHX KOH-
LIEHTPATOR,

[Tpenvylu1ecTBO COEKTPOXHMHUYECKHX METOIOB COCTOHT B 3HAUH-
TE/JbHOM YCKODEHHH aHa/H3a N0 CPABHEHHIO ¢ XHMHUECKHMH Me-
TOLaMH.

CnekTpOXHMHYECKHe METOAEl aHaNN3a BIePBble HALIH NpaKTHye-
CKOe TIPHMEHEHHEe B YepDHOH MeTaNIypPriy Moc/e Psila HCCae 0BaHu,
MPOBEJIEHHBIX aBTOPOM N0 paspaboTKe METOIOB ONpeae/eHHs! CBHH-
1a, BUCMYTa, CYDbMBI, 0JI0BA, KAJAMHS, MeJIH B YHCTHIX METa//Iax,
cTanax u cnaaBax. OCHOBHBIE PE3YJIbTATH BLIMTOJHEHHBIX HCCIELOBA-
Huit ony6iauKoBansl B padortax [22, 24, 25, 30, 52]. Tak kak cmeKTpo-
XHMHUECKHE METOAbl aHa/ii3a MaJo OCBelUeHH B JiHTepatype, pabo-
THl aBTOPa B 3HAUUTEJNBHOH cremed Ga3UpPOBAIHCL HA OOLIUX KJIac-
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CHYECKHX DEKOMEHIALMAX U COOCTBeHHBIX IKCTEePHMEHTANLHLIX TaH-
HbIX. XHMHUYeCcKOe KOHUEHTPHPOBaHHe CBHHIIA, 0JIOBA, CYpPbMbI, BHC-
MYTd ¥ KaJIMHS MPOBOLHIOCH OCAMKIEHHEM B BHIE CYIL(GHIOB CEPOBO-
JOPOIOM, THOALETaMHIOM UM B BUIe KOMIJIEKCHBIX COSIUHEHHIT Me-
THJIBHOJETOM, aHTPaxacoM u T. 1. B KxauecTBe KOMIEKTOPA HCTIOIB30-
BaJach Meib, KOTOPAsi TIPH CMEKTPaJbHOM OKOHIAHHN aHa n3a ABJs-
€TCH BHYTPEHHHMM cTawgaprToM, Beuio npoBefeHo TUlaTEJLHOE Hecle-
JOBaHHE XMMHTIECKOTO COCTaBA MOMYIAEMBIX KOHIIGHTPATCB; IPH 3TOM
ofHapyKeHa HX 3arpA3HeHHOCTb HHKeJIeM, MoJubaeHOM, KpEMHEHEM H
B 3HAUHTEJBHO MeHbIIeH ¢TeneHl THTAHOM, aJIOMUHHEM, JKeje30M H
BOUTbpaMoM. TO 06CTOATENBCTBO 00A3bIBAI0 HAC B KazK 10M OT/Ie/b-
HOM ciyyae yTOUHATh W JeTaJH3MpOBAaTh MpeasaraeMyr CIeKTPOXH-
MHUSCKYIO METOLUKY aHanusa. B xuMnyeckoll uactH Meroga HHOTIa
NPUXOJHAOCh PEKOMEHIOBATH NPOMEKYTOUHbIE ONEpalMH N0 yaaje-
HHIO U3 pacTBOpa TOrO UJAH MHOTO MELUaIoLero aHajJu3y 3JeMeHTa,
4 B CHIEKTPaJbHOH UacTH B KauecTBe HauwboJsiee HAJEKHOTO OLLI PEKO-
MEeH[0BaH MEeTox OpaKUHOHHOTO HCIAPEHHS NpPHMeEceil NpPH JIyroBOM
Xapakrepe BO3Oy:kaeHHA crekTpa. B pabore HCMONb30BAHBI CMEKTPO-
rpager MCII-22 unu MCII-28 ¢ redepatopoM AYyTH TepeMeHHOro
toxa II'-1 wan OI-2 wu  coexkrponpoexkropom  TIC-18. Yrons-
Hbl€ 3/1eKTPOABl MOL0OpaHbl B BH/JE CTEepXKHEH cCrhenHaJbHOH dop-
MBI, ofecrmeuuBaiollell caabblii Tena00TBOA. B  Kadectse 3TaJ0-
HOB CJy¥aT KOHIEHTPAaTHl, BbIAeAseMble H3 PACTBOPOB HABECOK UHC-
ThIX MeTaJ/J0B, B KOTOpEIE NpelBapUTEILHO BRONAT Ol’Ip@:LEJIF!E’\!b!e
MPHMECH.

CymHocTs pa3paboTaHHEIX CNEKTPOXMMHUSCKHX METOJOB COCTOUT
B KOHUEHTPHUPOBAHKH MpHUMecell U3 KHCILIX PACTBOPOB YHCTEIX METAM-
JIOB, cTaJed wiau cnnasoB. Hdna yaepmaHus B pacTBOpe HEKOTOPDLIX
3JleMeHTOB BBOJST KOMIJeKcooOpa3osaresii. BrigeseHHbEle B 0calok
KOHLIEHTpATHl NOCJe TIUIATeJIbHOH OTMBIBKH OT PACTBOPA MPOKAJH-
BatoT mpu 500—550 °C 1 mepenaloT Ha cHeKTPadbHbIH aHaAH3 OJHO-
BPeMEeHHO C 3TAJOHHBIMH KOHIEHTPATAMY, MOJYUEHHBIMH B TexX e
VCIOBHSAX OCAXKIEHHEM H3 3TAJOHHLIX DPACTBOPOB CIELHAJBLHO BBE-
JEeHHBEIX B PACTBOPE! NpuMecedl. AnanuaupyeMble WM 3TAJOHHBIE KOH-
UEHTPATHl CMELIMBAIOT € YLOJbHBIM TMopomkoM (1:1) H cMech.HACH -
naT B yraydieHne yroibHoro sjexkrpona. Habuska asexrpora 1o-
POIIKOM KOHIEHTpaTa JAoJxKHa OblTh cranxaprHoit. Chextpel do-
tTorpadupyior nBaxKabl. [panyupoBOYHBIH TrpaduK CTPOAT NO pe-
syabTaram (POTOMETPHPOBAEHA CHEKTPOR 3TajoHoB. Paspaboran-
HBIE METOMHI BHe,I[peHb[ B naBoparopuax LUIHMHWUM u wexoropbix
3aBOLOB.

B naGopaTopyH, PYKOBOIMMONH aBTOPOM, APYTHMH HCCaeI0BATE-
JAMH pa3paboTaHbl CNEKTPOXMMHUECKHe MeTOIALl GlpeleseHHs pel-
KHX H peIKO3eMejbHbIX 3JIeMEHTOB B CTajfAX, KOTOpble TakiKe BHe-
IpeHbl B ipaKTHUecKyro pabory. Hopble cnekTpoxuyuyeckue MeTOIH,
paspaboTranuble B J1a00paTOPHH, 0Ka3bIBAIOT CYLIECTBEHHYIO NOMOILE
MeTaIypPriyeckoMy nponsso;tcmv H HMEIOT TaKmKe onpe,*leﬂeHHcc,
HAYUHOe 3HAUEHHE. "
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3akawyeHHe

BricTpoe pasBuTHe NpPOH3BOJICTBA UHCTBLIX 'METaJJIOB, CTajeil M
CIJ1ABOB /77 HOBOH TEXHHKH cIlocOOCTBOBAJO BCECTOPOHHEMY pasBil-
THIO (DH3HKO-XUMHYECKHX METOI0B aHasinza, B naboparopuu, Bo3-
rJ1aBJAAeMOH aBTOPOM, MOJNYUHIN UTHDOKOE PA3BUTHE TOTEHIIHOMETIH-
yeckue, moasporpaduueckHe, (OT03/1eKTPOKOJIOPHMETPHYUECKHE,
CEeKTpO(OTOMETPHUSCKHE M CHEKTPOXHMHUYECKME METOJE aHaau3a
cTajeil, CIIaBOB H YHCTBIX METAaJlJIOB,

[Toa pykoBOICTBOM aBTOpPA MJIH NPH €r0 VUACTHH BLINOJIHEHO OKG-
10 40 uccaeoBaHHH no paspaboTke (PU3HKO-XMMHUECKHX METO103
aHa/aM3a U ux npuMedenuto. IlpeanoKensl MeToLl onpereseHus 5o-
pa u yriepona. PaspaboTanHble moasporpadpuueckie MeTOdsl CHo-
CcOOCTBOBAIH CYUIECTBEHHOMY YJIYULIEHHIO XHMHKO-aHAJHTHUECKOTO
KOHTPOJS CTajeil H CNJIaBoB Ha colep:kaHue npuMeceil. Masecruniil
HaVUHBI HHTEPeC NMEIOT paboThl M0 M3YUEHHIO M IPUMEHEHHI0 opra-
HUYECKHX PeareHTOB B KadyecTBe HHIHGB(EPEHTHLIX 3JeKTPOIUTOR-
(onoB. DB obnacru cneKTpoOTOMETPHH HCCA€T0BAHB KpPHBHIE
ceronoraouenya donee 70 pacTBOpOB cojiell HEOPTraHUUECKHX H Op-
raHdueckix coelnHenuii, PaspaboTan psJ) HOBBIX CIEKTpOdoTOMer-
PHUECKHX METOJI0B aHanl3a MeTa/l/0oB, OCHOBAHHLIX HA H3MepeHU
CBETOMOIJOIIeHHA HeoKpallleHHbIX pacTBOPOB, Oea MpHMEHeHHs 10-
MOJHUTENBHLIX PeareHToB,

PaapaGorannsle GH3UKO-XUMHYECKHE METOABI aHalduza crajei #
CILTaBOB MPUMEHAIOTCA B paboTe XUMHUECKHX Jgalf0patopuii MHCTH-
TYTOB H 34BOJ0B.



PU3HKO-XUMHYECKHE METOAbLI OMPEAEJEHUA
MHKPOINNPUMECEH B CTAJISIX, CIJIABAX
M YAUCTbIX METAJIJIAX

I. COBPEMEHHOE COCTOSIHHUE TEOPHM W MPAKTHKH
XHMHYECKOro AHAJIM3A MHKPOIIPUMECEW

CoBpevennas MeTaJdNyprus, B 0COGEHHOCTH METAJJAYPTHS KAPO-
MPOYHBIX CIIJIABOB, MPEILABIMET JKecTKHE TPEGOBaHUS K UHCTOTE Me-
TaJN0B U CILIABOB. B TO Ke Bpeys NPOH3BOACTEO U NPUMEHEHHe B
HapoIHOM XO3siiCTBE METaJJIoB U CIIaBOB 0CODOH UMCTOTHL HErpe-
PLIBHO paCIIMpPSIOTCsH, UTO HACTOATEABHO Tpedyer opraHu3aiiiil KOHT-
poJig 3THX MaTepHaJoB Ha cojlep:KaHHe He TOJIbKO MaxKpOKOMIOHEH-
TOB, HO H MHKpompumeceit.

PexoMeHnoBanHble METOIB! ONpeIeleHis NPHMECHBIX KOJHYECTH
MeTa/J0B HeMHOMOYHCJIEHHBl, a 13 YHcaa anpodHpOBAHHBEIX MOXKHG
yKasarb JHLIb Ha MeTOonl, paspaboraaubie 3. C. MyxuHoil ¢ coTpy 1-
HUKaMu [72].

OBbIuHO 1151 ONpeleentss MEKPONpIMecell HeNoNb3YIOT [J1aBHBIM
c6pa3oM KaaccHueckue CrocoOBl 1 IPHEMBl BBIISASHHA W CTpelene-
HUst mpuMeceil. Halle Bcero 15 3TOIH [eJdH B KauecTsBe ocallTeelt
MeTaj/IOB HCMOAB3YIOT HeopraHuyeckiie (cepoBOIOPOI) M OpPTaHHYE-
ckue (AM3TUAIHTHOKAPOAMMHAT, IHTH30H U AP.) PeareHTol, lipime-
HSIA CIOCOOBI IKCTPArHpOBaHtis, XpoMaTorpad@Huueckoro pasieneHus
1 ap. Jag KoHeuHoH ¢taaud NPUMEHSIOT XUMHUYecKde I (H3HKO-XH-
MHYECKHE METObL.

M3 cxka3aHHOTO BHIHO, YTO NPOOJEMA ONpeTeaeHus npuMeceil 1a-
JEKO elle He pelileHa. JlHTeparypa Mo aHaJH3y MHKponplmveceil
BecbMa PasHooOpasHa U He CHCTeMATH3HPOBAHA, 4 MHOTOUHCIEHHBIS
SKCMEePUMEHTAIbHEE TAHHBIE 4AaCTO TEODETHUECKH He 0600MIarnTCH.

B reuenne nocaeanux 10 et aBTOD ¢ cOTPYIHUKAMH CHCTEMATH-
YeCKIH 3aHHUMAaeTCs paspadoTKOl MeTo10B onpe e e s MUKPOTPIME-
ceil B Marepuagax MeTaJJyDTHYECKOrD MPOH3BOICTRA. BblIoaHeHo
Bomee 25 uccaenoBanuil N0 pazpaboTie METOLOB ONPeIeNeHHA MUK-
DOKOJUYECTB yraepota, Oopa, BaHaiMs, CBHHIA, 0J0Ba, BHCMYTA,
CypbMbl, XKagMus, LHUHKA H MEIH B CTaJsiX, CIJIaBax W UHCTBIX Me-
Ta/aaax ¢ uyyBerBHTenbHOCTBIO 1-10-2—1-10-%%. Onucaunsie pe-
3yJbTaThl HCcAeToBaHUH onyGaukoeansl B patorax [19, 20, 22, 24,
25, 31—40, 42, 43, 49, 47, 49, 52, 55, 56]. B 3Tux padorax omnchiBa-
OTCS XHMHYecKHe ¥ (PU3UKO-XMMHUYSCKHE METO1bl ONpeleleHns mpiu-
Mecefl, OCHOBAHHbIE Ha XMMHYECKOM KOHLIEHTPHPOBAHHH UX Mpu NO-
MOLLH CepoBOJ0pO1a, METHJBHOJETA, THOAUeTaMula, THOHAIHIA,
AHTpaxaca | IpYTHX peareHTos. Mero1aM, OCHOBAHHBIM HAa KOH-
HeHTPHPOBAHHY IPHMecell ¢ IpUMeHeHHeM THoameramiia [53], cepo-
pogopoga [30] u mermasuonera [30], yieneno OCHOBHOe BHHMAaHUE.
B npouecce ncciel0BaHHi 3HauHTe 1bHOE BHUMAHNE yALJAI0CH TaK-
e palMoHAaJbHOMY MEePEeBeIeHHI0 CJ0XKHOIETHDOBAHHBIX CIJIABOB B
pactsop. [IperaoxKensr cnocolbl pacTBOPeHns CIJIaBOB U PACCMOTPE-
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HEl TIPOHCXOIANIHE NPH ITOM NPOLECCH XHMIUECKOro B3auMOIelcT-
BHA MeTa08 ¢ xucaoraMu. OTMEUEHO [MOJOMKHTEILHOE BJAHAHHS
KOMIIJIeKCO00pasylomux cBOHCTB cepHoll, docdopHoil, maseIesof,
BHHHOH H JUMOHHOI KHCJOT Ha OcazKIeHHe MHUKDONpHMecell U3 pac-
TBOPOB CJOYKHOro NHMuuecKkcro cocrasa [30, 53].

Marepunaas mo onpeaencHulo npumecell o6odileHsl aBTOPOM B
IBYN KHHrax: «Adajaus Martepiajop MeTaJdJypTHYecKoro NpoH3Bol-
crBa (onpeaesenue MHKpompuMeceil)» [30] u «TuoaneraMui — zave-
HUTEJ]b CEePOBOI0POIa B anajnze Meramnioss [53]. Huwe npubeteHst
HEKOTOpbIE OCHOBHLIE Pe3yJ/bTaThl, H3JOKEHHbIE B 9THX IBVX KHHCAX.

II. HCCJIENOBAHHE H PA3BPABOTKA METOJLOB
OMPEBEJIEHHS MHUKPOTNIPUMECEW B YHUCTHIX METAJIJIAX
H CIMJIABAX HA HUX OCHOBE

['1aBHBIM BOMPOCOM HAIINX HCCJIEI0BAHHI TIO paspaborke me-
TOIOB ONpeIeNeHlss MEKPONpHMecel B XpoMe, HUKe e, 2Kenesze, MO-
Jubjaere, HUOOHN H CN/JaBaX Ha HX OCHOBE SIBJSIOCH H3YY€HHEe Xil-
MH3Ma B3aHMOIelCTBHS CepoBCIOPOIa, METHABHOISTa M THOALETA-
Minla ¢ MeTajanavMu. bBoJbiroe BHMMaulie ObIIO VIeJ1eHO H3VYEHUIO
T171p0JIH3a U MeXaHH3Ma B3auMoIeHCTBHS THoaleTaMiaa ¢ MeTaa1a-
MH H KHHETHKE COOCazKIeHUs Cyab(III0B B pacTBOpaxX CJIOKHOIO NK-
Muyeckoro cocrasa [53]. Hecymompa Ha GoJiblliie J10CTOHHCTBA CePO-
BOZOpPOJA Kak ocaiutensd cyab(OHIoB, THOAUETAMUI UMEET NPeHMy-
1ecTBa Mpl OnpeleseHnt MpHMecel B cTanasx u cnjaBax. Ha ocnose
EPUTHUECKOTO H3YUCHHH OTEUECTBENHBIX H 32py0e:KHBIX JHTEepaTyp-
HBIX JaHHBIX M OOIIMPHOTO CONCTBEHHOrQ 3KCMepUMeHTaJIbHOrQ M-
Tepuana pa3paloTaHbl HAJTeKHBIE METOIHKH OlpeledeHis CBHHIA,
BICMYTa, CYPbMBI, 0/10B4, Ka MU, UHHKA, Me1H, Gopa II yriaepoia B
YHCTHIX MeTaJjax, crajsax ¥ cljarax.

I11. OCAXXKAEHHE NPUMECEN METHJIBUOJIETOM

Meruasuoaer ocaxiaer Gogee 15 9JIEMEHTOB, B TOM uHCJe, 1O
HaIIHM JaHHBIM,— HOAuJ cBuuLa. HavMu paspadotan Meros KoJaHue-
CTBEHHOIO OJIHOBPEMEHHOro COOCAXKIEHHs YETHIPeX MpuMeceil ¢ Me-
TIJIBHOJIETOM € [OCAELYIOIWHM noasporpauueckiny  OKOHUYAHHEM
axanuaa,

Ilpn pazzeJpHOM OCAXKIEHHM NOKA3AHO KOJIWYECTBEHHOE OCaK-
JeHne MeTHJBHOJIETOM LIHHKA B BHIe POIANNIHOIO AHHOHA, CBIHLA
H KaIMHS — B BHIe HOIMIHBIX KOMIIEKCOB,

HaMu moKa3ano, 4T0 KOJAHYECTBEHHOE COOCAXKIEHHE ¢ METHJIBHO-
JeTOM BHCMYTA BO3MOZKHO TOJLKO B pacTBOpax, COIEpXKALIUX OIHO-
BpeMeHHO HOIMA W PONAHHI Ka/us.

PaspaGoraunelii Mero1 NpHMeHEH K ONPEISTEHHIO TpHMeced B
HeKOTOPBIX YHCTBIX MeTaJsax H cljaBax Ha OCHOBe Hukess. Peay.ib-
TaThl HCCAEIOBAHUA omucaHsl B paborte [20] u B kuure [30].
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IV. OCAXJEHUE NPWMECEW CEPOBOLOPOIOM

HecmoTps Ha TO, UTO MeTOIb! OGHADYKEHHS METal/JIoB CepoBOI0-
pozoM ObIIH H3BECTHB € IABHHX NOp, LIMPOKOE MDHMEHEHHE B aHa-
JH3e OH MOJYYHJI TOCTE TOT0, KaK ObLT H3YUeH XHMH3M €ro B3aHMO-
aJeficTBua ¢ MeraJggaMu. Belnenenmue ocaika CyJsbduia HaunHaeTcA
torna, koraa [K{2+)[S?] > [1Px:s. Konuentpanus xe cyabui-noHa
3aBHCHT OT KoHuentpaunn HyS B pactsope. Masecrno, uto npu 25 °C
i 1asaenuyn 1 arm wouuenrpauus HeS B pacrsope pasna mpuMepHo
1-10-" e-moas/sa. Haxomgluufics B TaKOM DAaCcTBOpDe CEPOBOIOPOI
SIMCCOLHUPYET CTYHNEHYATO:

H,8 2 Ht + HS=(Ky s = 1,08-10-7) u
HS=2 H¥ 4 8= (Kyyg— = 1,0-10-19),

Orciong Kug .. = 1,08:10-22 u [S§* ] =
22061 412

(=]

3710 BbIpaeHue HMeeT BaXHOE MPAKTHYECKOE 3HAUEHHE TIPH H3YHe-

HHH YCAOBUI KQOMMYECTBEHHOTO OCAaMIEHHA METaJJI0B CEpPOBOI10)G-

JoM B 3aBucumoctia or pH pactropa.:

Ha monunoty ocamieHud cyabhuior Merannos, kpome pH, Baus-
0T TAKIKEe TeMIlepatypa pacTBopa, BpeMs BbICTAHBAaHHS OCAJKOB,
AHUOHHBIH cocTaB pactBopa u apyrue ¢gaxropsl, MMeor Mecro ano-
MaJbHBle SBACHHs [53] 1 CONpsKEHHOE OCAMKIEHHE TPH OCaZKICHHY
cynbhu10s (Hanpuvep, cyabuioB Keaesza u WHHKA ¢ CEPHUCTON
MeJbl H3 2-H. pacTBopoB cosgHol xucnorer), [locmenmee = paae
cliyyaen 00DACHSETCS UHCTO «XEMUUECKHMHY MPHYHHAMU, HANPHME]
o6pasosauunem cyasdoconelt (CdHgS,, ZnCuS, m 1. 1.) uau pasany-
HLIMY  CTPYKTYPHBIME —MoAnduxauuaMu cyas(uios, HalpHMeEp
a-, B- u y-MeS.

B maiiyx ncoeaeI0BaHUSAX MO pas.pa60wT}<e METOI10B OC&)K,’lEHIiH-

CBHHIA, BHCMYTa, 0JI0BA, KaIMusl U APYTUX MUKPONpHMeceil cepoBo-
JI0POLOM VUHThIBAANCH JaHHBIe Apyrux aBTopos [72, 105]. ¥rasanHsie
METaNbl OCaxkIAJHCh CEPOBOIOPOAOM H3 PACTBOPOB XpoMa, MoaHb-
JeHa, ¥eJaesa H CIJIABOB Ha HX OCHOBE, 4 TAKyKe CILIaBOB HA 0CHOBE
HHKead, Meau, pya u 1pyrux Marepuanos [30]. ITonyyennsie ocaixu
KOHILEHTPATOB MOC/e TMEPEBEIeHHs B DACTBOP AHAJHSHPOBAJIH MOJ-
porpacgpuuecknyi, GoTo31eKTPOKOJOPHMETPHUECKIIMH, CIIeKTPOXHMH-
JecKHMH ¥ IPYTHMH MeToIaMH.

IlogpoGuoe omucanne paspaboTaHHbLIX METOLOB aHAIHM3a IpHBe-
Teno B namux xmunrax [30, ctp. 116—164, 170—177 n 258—274] &
[53, emp. 7—I15].

CyILecTBeHHO MPeNBaAPUTEbHO y1aaaTh 6op B BlAe GOPHO-METH:
J0BOTO 3(Hpa mepel ocamIeHHeM MPUMeCed CEpPOBOAOPOAOM H3 pa-
CTBOPOB CIJIABOB XPOM — MOMHGAeH — 60p, TaK Kak 60p, 0cam1asnch
BMecTe ¢ cyab(HIaMH, B NOCJIEAYIOUIEM MellaeT MPOKATHBAHHIO HX
(onaaBaseT UX).
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KonnuecTeerHoe oca)1eHue CBHHIA W IAPYrHX HNpuMeceil peko-
MeHAyeTcs TPOBOAHTBL MNPONYCKaHHeM CEpoOBOIODOIA B TEUEHHE
30 muu. B Harpersiii 10 80 °C pacrsop npu pH = 2—3; B xauecTBe
KOJLIeKTOpa mpuMensieTcs Melb. BpexHoe BausiHue Kesesa, BOmb(-
pama, HHOOHSs, THTaHa M JPYTHX 3JEMEHTOB ycrpaHserca Jlo0abde-
HUEM K PACTBOPY BUHHON 1 JHMOHHOH KiCa0T, AHANN3 3AKAHUMBAIOT
KOJIOPHMETPHUECKHM MM NOJAPOrPaADHUCCKIM METOIAMH,

Pekoven10BaHHBIMH METOJIaMH MOXKHO NIPOBOIMTL OMpele/eHHE
B pasnuuHblX Matepuanax mo ! 107%Y xaxmoil mpumecH ¢ MaKcH-
ManbHOH omubkod 15—20% (orn.). Mertoan BHeapeHs! B Jabopa-
topusax UHMHWYUM u psaia sason0s. ’

HeeMoTpa Ha lleHHbIe aHAIHTHUECKHEe CBOICTBA CEepOBOIOPOIA,
NPAKTHYECKOE 3HAYEHHE ATOCO PeareHTa CYILIeCTBOHHO CHHIKAEeTCit
H3-32 ero TOKCHYHOCTH H 3aTDI3HEHHOCTH MBIIbAKOBHCTHIMH COEIU-
nenuavu. Ocaaku cyabhUIOB, MOJYUEHHBIE OCAXKIEHHEM METAIOb.
CepOBOAOPOAOM, BRICOKO, THCTIEDCHB! H CKIOHHBI K MEeNTH3AIMI P HX
NPOMBIBAHHH, DTH Ce€Pbe3Hble HeIOCTATKH, NPHCYULHE CEPOBOIOPOLY
U BCEM MET0J1dM, OCHOBAHHBLIM HA €ro NMPHMEHEHHH, OTPUILATEJBHO
OTPa’KaluCch HA MACCOBOM TPHMEHEHKHHM HX B 3aBOICKHX YCJIOBHSIX.

3a mepHoyx 5-JeTHEro NPUMeHeHHs CepoBOICPoaa HAMH TPOBOIN-
JHCh CHCTEMATHYEeCKHe HCCACIOBAHHUS 10 H3YUEHHIO THOALETAMHIA
H IPHMEHEHHIO ero B KaueCTBe 3aMEHHTEAA CCPOBOAOPOAa A5 0CAK-
TeHUs TpHMecel B MaTepuHasax MeTaJj ypruyeckoro npoH3BoIcTBa.

V. THOALETAMUI — 3AMEHHTE/Ib CEPOBOJLOPOIA
B AHAJIM3E CTAJIEH, CIIJIABOB M YHCTBbIX METAJIJIOB

1. TeoperuueckHe OCHOBHI MexaHH3Ma
JeHCTBHS THOALleTAMHILA

3a mocsexHee BpeMsi 445 BBIIEJEHHA H PA3AETCHAT TAKEIBIX Me-
TaJIJI0B IIHPOKOE MPHMEHEHHe Noayynan THoHaMuasl R—CS—NH, n
ocobenno THomouesnna NHyCSNH,, Tioxap6aMuuar avMMoHHS H
rinoaneraMus CH:CSNH,. HauGonee ynupepca bHBIM H3 HHX sBJS-
erca Thoaueramii. (Mexanuam xeficTBHs THOAleTaMAia OCHOBaH HA
THAPOJUTHUCCKOM Pa3JIOKEHHUI;

CH,CSNH, -+ 2H,0 - CH,COONH, - H,S.

THoameramna nerko cHHTE3HPOBATL, OH He 0BAATAET TOKCHYECKHM#
CBOMCTBAMH M Dearupyer MOYTil B CTEXHOMETPUYECKHX OTHOLICHHSX.
Ocazru cynbhuIoB mpH OCakIEHUH THOALETAMUAOM MONVUAIOTCS
KPYMHOKDHCTE/IUYECK e, MeHee 3arPA3HeHHbie MPHMECAMIH, JEerko
(puAbTPyeMble, MeHee CKIOHHBE K MenTH3auuu. OcamieHHe THOALC-
TaMHIOM BO MHOTO pas GeICTpee M TPOLIE, YeM OCakKIEHHE CepOBOI0-
poxoM. B XHMHUYECKOM aHaaH3e THOALETAMHI BIepPBble GBI HCIOMb-
soBaH B 1926 r. H. B. Basuaosuim [106], a B KOJHYECTRBEHHOM AHAIH-

3e—®. B. HMpauoseim B 1935 r., nocie yero peareHT Gbin 3a0bIT 10O
1949 r.
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Hecyvorps Ha To uToO THOALETAMAT HA NPaKTHKE 3apPEKOMEHIOBA!
cebsi KaK MOJHOUEHHbIH 3aMeHNTeNb cepOBOTOPOAa B aHa/lH3e, 10 CHK
0D elle OTCYTCTBVIOT CHCTEMATH3UPOBAHHbIE TaHHLIE 110 TEODHH Me-
XaHH3Ma NeHCcTBHA THOAUeTaMUIA, BAUSHUIO TeMnepatypsl H pH pa-
CTBOpPA Ha CKOPOCTh THAPOAHU3a THOAlETAMHIA, HCCAET0BaHHIO
CBOHCTB MOMVUEHHEIX CYAb(UIOB W TPAKTHUECKOMY HCIIOAb30BAHUID
pearenta B anaguse MeTannaoB. Pabora 3. Ceudra n ®. Ancona [107]
3TOT MPOGE] BOCHOIHACT TOABKO yacTidHO, Halln 1annbe mo 5ToMy
Bompocy ofobuieHsl B Kuure [53]. Himke #H3g0mKens IIdBHEHIIHEe pe-
3YJABTATEl STOr0 HCCAEIOBAHUA.

Tucaueramua B pacreope HAXOIUTCA B TAKOM PaBHOBECHOM CO-
CTOAHUN!

CH,CSNH, = CH,C (SH) = NH,

[Toanwlil ruiposus THOAUETAMHAa B BOAHOM DaCTBOPE MPOHCXO-
IMT 10 YDABHEHHIO
S O
it

il [
CH;—C—NH, + H,0 - CH,—C—OH -+ NH; -+ H,S,

d B KHCJBIX H ILEJOYHBIX PACTBRODAX COOTBETCTBEHHO

H,0F
CH,CSNH, 4 2H,0 -~ CH,COO— + NH, -+ H,S

{@in b=

CH,CSNH, - 30H—- 2> CH,CO0— 4 NH, - H,0 + S2—.

B xauecTBe MpOMeKyTOUHLIX NPOIYKIOB CHIPOJIH3a MOTYT 06-
Pa30BLIBATLCA THOYKCYCHAsS KHCJIOTA M ALETAMUI, IIPHYEM THAPOIH3
THOALETAMHIA B [IEPBOM CJAYVYae MPOTEKALT OUEHb MEI/IEHHO [0 CPas-
HEHHIO ¢ TYAPOJH30OM IO aueTaMusa.

CkopocTh riiponusa THOALETAMHIA C NOBLILICHHEM TeMIepaTy-
pel 1 KoHuenTparuu H™ wau OH- Bospacraer; npu stonm ruaposins
B IIEJOUHLIX PacTBOpAx NMpOHCXoIur Obictpee. OIHAKO Ocamaerye
METa.JI0B THOAULTAMHIOM MOMKET NPOHCXOIHTb HE TOJIbKO B Pe3yJb-
Tare FHAPOJTH3A THOALETAMHIA B KHC/IOH HJM LEJOYHON Cpexax, Hn
H TI0 NPAMOH peakluy ¢ 00pasoBaHHer KOMIJIEKCHEIX COeIHHe Ui
THoaueraMuia ¢ ocaxaaemem MeraaaoMm tunma CuClyT, ZnTeCls.
CC[T4C]2 H Ap.

Ilpu BzaumMomeficTBuY THOALETAMHIA C HOHAMH METAa/J0B B lie-
JIOUHOH cpeje pearupyroT NPOAYKTH IMAPOAH3Aa THOaueTaMuna. Cxro-
POCTb OCAMKIEHHS CYNb(HIOB NPH ITOM MOIKeT GBITH PACCYHTAHA MO
YPaBHEHHUIO

iﬂlﬁﬂ = K [CH,CSNH,].

Tlpyu mpsaMolt peakunn THOAUETAMH, B3aHMO/EHCTBYeT HeTocpes-
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©TBEHHO ¢ HOHAMH METa/JI0B ¢ HOCHEIVIOIHM ODpasoBaHuem Cyib-
¢mnos, CKOPOCTL MPAMOI peakllii BbIPAKaeTCsl ypaBHeHHeM

_ d[Me(x}] e [Me (x)] [CH;CSNH:]
dt ’ [HT /2

Hccnegosanue mpouecca ruiponusa THOANeTAMHIA B Dasdan-
HBIX YCJIOBHSIX NPOBOAMJIOCH PSAOM aBTOpOB. IlosyueHHbe mpi 3TOM
INaHHble B OCHOBHOM COTJIACYIOTCS MEXAY COG0M M NOATBEPKAAIOTCH
BAWMHE 3KCTIEDHMEHTANBHLIMU  Pe3YAbTAaTaMIl, HAKOIICHHBIMY B
npolecce paspaboTKH MET010B OHpeleneHus MPUMeceil ¢ NpUMeHe-
HHEM THOalueraMuia. Tak, HaUpHMep, MOKA3aHO, 4YTO HaHBOJbLIES
3HAYEHIE KOHCTAHTH CKOPOCTH PEAaKIHH THIPOIH3a MePEOro NopsiiKa

10}
o
=
SF 7L
s
23
T3
L il
i

a0 I8 L 1 2 ‘ L

/ 2 3 7 000285  Qp0295 490300

Puc. 5. Cxopoctb ruapo.ausa Puc. 6. CkopocTh THAPOJH-
THoaneramMuga npu 90 °C B 3a- 3a THOAUETAMMIA B 3aBHCH-
Bucumoctd  or pH  pacrsopa. MOCTH OT TeMIepaTyphbl
KonuerTpauus THoaueraMuia

0,1 moawlxa

118 THoaueraMuaa Owlaio Hafizeno mipu 4,5 moasfa HCI, npuuem B
LWEMTOYHBIX PACTBOPaX THIPOJAH3 THOAUETAMUIA NDOXOINT 3HAUH-
TesbHO OblcTpee, yeM B KucablX. Tak, nanpuvep, 8 0,11-v. pacrope
NaOH xomcTtanta cKOpoCTH peakiHH PHAPOJIH3A IE€PBOTO NOpsAKa
K=7:10"° cek~!, a B 0,1-M. pactBope HCl K = 7: 1077 cex.” L.
CkopocTh rugpoausa tuoaleramuna (0,1 mosasfa) mpu 90°C B 3a-
BucumocTd ot pH pacreopa Belpaxaerca rpadhHKoM, IpPHBEJEHHBIM
Ha puc. 5. TIpocTodi 3aBUCHMOCTHIO BHIPAXKAGTCH H CKOPOCTH THAPO-
Ju3a taoaueraMuia ot TeMneparypsl (puc. 6). Ecam no manHsIM
I. Pozenransa u I. Teitnopa {108] cunratk, 4yto Bes peakiims MeXay
THoauetamMuuoM W HsOt npoucxoautr tak: T + HzO+=Z (M*) —
— TH+ 4+ HyO u TH + H,O — nponyxrel peakitun ruapoausa (rie
7 — mosexyna rtuoalietamnia, THT ~—arosekyia MpoTOHHp@BaHHOTO
THoaueraMuna i M ¥ — KpHTHUeCKHH KOMIJIEKE HIIH TEPEXO0IHOe COo- -
CTOsIHHE BEULECTBa), TO. NepBas CTaIHsA- PeakNy HPOXOTHT MeFIeHHC
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H OHa gBJaAdeTCs O'HPE,IEJ]HEO'LH-@I:’T; CKOnpO-CTh ee MO HO BLIPA3HUTDH ypas-
HeHnHeM
d[T] I7Fa,ot-
— —— =k, [T][H,07] Li_ao_,

rae [— MOJSPHEIH KOS(GPHUMENT AaKTHBHOCTH pacCMAaTPHBAEMLIK
BeleCTB.

KOHCT&HT}' CKOpPOCTH rHIpOaH34d, CAEL0BATENbHO, MOXKHO BBIPA3UTH
Tax:

e o
h=—— . _{—] = .{{:’2 [1—130+] fT 'rHsO :
[7] dt e
HJH Tocjie JorapudMupoBaHus
lgk-lgk, - g [H,0+] - 1g [T 0™
Fne
2 sl T T T
x
S
R 4 d
S
<
305 -
3
S
<
g 1

1 1
2200 2400 2600 2800 3000
Aauna bfonwe,

Puc. 7. Crekrpodororpasmel, DOATBEPHK 1210~
IIIHe HaJHYHe B pacTsope MPOTOHHPOBAHHOTO
THOAUEeTaMuIa:

I — KOHOeHTpalUs THoAalUeTaMHIa B Bode 64X
X107 ymonsfa; 2 — KOHUEHTPAUHA THOAOeTaMHaa B
11,9-m. HCI 64:10°xoas/2; 3 — XOHUEHTpAIHS
THOaueTaMHza B 6-M. HCI 1,6-10—4 noan/a (nocie
5 MHH, nepeMemHBanHf); 4 — pacTtsop &, pazGas-

JIGHHBIH HANOJIOBHHY BOAON (mocie [6 MHH. mnepe-
MENIHBARHA)

[Tonyuennoe Beipaxkenue [108] momoraer onuchHBaTh rpaduue-
CKH, Hanpumep, 3aBHckHMOcTb lg & or Ig[H;O+], uro coorsercTryer
XapaKkTepHCTHKE Tpolecca FUAPOIH3A THOAUETAMHIA B COTTHOKHC-
J01i cpene mpu 35 °C.

CyulecrBoBalne B pacTBOpPe NMPOTOHHPOBAHHOND THOALETAMHIA
Kak Oyaro Obl TOATEep:KIaeTcs CHekTpodoTorpamMmoi (pue. 7),
MONyUeHHOH H3MEpeHHeM MaKCHMyMa CBETONOIJIOLLeHHsI THOAIETA-
Muza B 12-m. pacrsope HCl. Ha rpadguxe Buano, 4To THOALeTAMHUI

pMeer [IBa MaxkcuMyma—mpu 2615 A (B umcTOl BOZE) u mpH
2370 A (B 12-m. HCI).

Ilpn ruzponuse THoauUeTaMHAA IOJIKHBL GHITh PA3PYLIEHH IBE
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XHMHWYECKHe CBA3W: YIJepol— as3or u yraepog — cepa, B zasncu-
MOCTH OT TOro, Kakasi cBA3b OyleT paspylleHa Hepsoi, obpasyercs
KaK NPOMEexyTOUHBI TPOAYKT THIPOaHu3a Anb0 THOYKCYCHAs KHC-
Jiora, Jubo aueraMul. Pa1 arRTOpOB YTBEPXKIAET, YTO THOALIETA ML
MOZKeT CYINecTBOBaTh B JIBYX TayTOMepHbIX (hopMax, NMPHCYTCTBYIO-
IHX B PAacTBOPE — THoAUeTaMuIHOH 1 THoamuiaHoW. [lepsas mpu-
BOJMT K 00pasoBaHHIO THOYKCYCHOH KHCJOTBI, BTOpas — K aiera-
MUIY.

2. O coocaxpeHun cyapQUIOB MeTassos

flBaenyue coocazkIeHHs B KOJHYECTBEHHOM A4HAJH3E  MOMKET
HMeTh OTPHUIATEeNLHOE 3HAaueHHMe (3arpsA3HeHHe Ocajlka) M IMOJJ0MKH-
TeJbHOE, KOIJa COOCAMKIEHHE HCIONB3VETCA TIPH  BHLICIEHHH B
0CaTOK MaJblX KOJHYECTB TNpHUMecell BMecTe ¢ KOJJIEKTOPOM H3
PACTBOPOB METAJIOB.

BOHPOC’}’ coocazKJeHHus1 INOCBSLLEHO OYEHb 60aBIIOE KOJIMIECTBO
paGot, B uacTHoctH padorel A. K. Ba6xko [109] w M. TI. Anumapu-
na [110]. :

fBreHue coocazKIeHHs cyJb(DHIOB OOBIYHO 10IPa3TegTIOT Ha
ABa BHJA: i

1) mocaeocamgenue, xoria lccieryemble mpuMecn 00pasyroTcs
Ha TOBEPXHOCTH OCAaTKa-KOJJIEKTOpa Tocke MOJHOTO ero ocamxie-
HHA (3TOT BHJ, COOCAXKISHHS HMEET MEeHblIee 3HAUeHHE);

2) coocazkieHue, KOT/Ja Bell(ecTBO OKKJAIOIHPYeTes HJIH alcop-
Oupyercs Ha Ocajike-KOJIJEKTOpe B mpollecce ero (GopMHPOBaHHUS.

IIpencraBasor HayuyHBI H NMpakKTHUECKHH HHTepec paboThl 10
H3LICKAHWIO CNocO0OB  yMeHbIIeHHs WM Jaxke MpPeioTBpalleHHA
coocaxaenus. Tak, OBLI0 HaHIEHO, YTO YMEHBIIEHHIO COOCAXKIEHHS
crocoGersyer BBeIEHHE B DACTBOD OPraHUuecKHX BellecTs (Jydmue
Bcero ambaeruics ctpykrypsl RCH = CHCHO).

Coocaxgaenie cynbGHUIOB ¢ NPHMEHeHHeM THOAleTaMula BhIPa-
WeHo caabee, sem ¢ ceposoigopoioM [53]. Tax, wnampuiep, mpu
OCAYKIEHWM THOALETAMHIOM CYJIbL(HI0B UHHKA ¥ MeIM UHHK CO-
0CaXIAETCS TOPA3T0 MeHbllle, UeM MPH OCaXKICHHH CEPOBOIOPOIOM.
IlpaBna, uHoraa (oueHb pe1ko) HabJwolaercs obparHas KapTHHA,
HaNpHUMep MpH Oca 1eHin KobGajabra Ha ocajake ZnS.

Hamu mayyanoch coocaxzenue iKejiesa ¢ ocaikom CuS THo-
ameraMuIoM B aMMuaunov pactBope. C Henblo  yMeHBIICHHS CO-
OCAXICHHA JKelTe3d B PacTBOp 106aBAsAAM [1ABEJIEBOKHCIBIL #
JUMOHHOKMCABI avMMouuil, OneiTel [pOBOINIM  HA pacTBOpax
Fe-Ni-nuraryp, cogepxamnx Jo 85% Fe. TloayyerHeie KOH-
ueHTpaTs coiepxaan aus ot 0,06 10 0,28% Fe.

3. anMEHEHHe THOAUETAMHIA B KAYECTBEHHOM AaHAaJH3e

B xuure [53, ra. IV] nanoxeHsl pe3yabrarel NPHMEHEHHS THO-
aneraMuia B KAuecTBEHIIOM alajH3e, HCNOAb30BAHHBIE HAMH B HC-
C/IeT0BAHHAX YCJIOBUH KOJHYECTBEHHOTO OCaXKIEHHs NMpHMECed H3
pacTBOPOB METAJIOB, CTajlell M CIIaBOB.
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4. NpuMeHeHue THoaLeTaMHMAa B KOJHYECTBEHHOM aHaJH3e

B ra. V xumrn [53] onucano npuMeHeHHe THOANETAMEIA B KOJIH-
yecTBEHHOM aHaause, Msgomens: paborel, mpopenenntle [T, ®gam-
ka [L11] ¢ corpymnurgaMu 1 1pyruMu asropaMu. IIpHBeieHb MHOTO-
tmc:;elmble IPUMEDLl  OCAMKICHHS MeTALI0B THOALETAMHIOM H3
PacTROPOB AMIOMHHHS, ypaHa, a TakyKe THTAHOBBIX, HHKEIbMOJIHO-
LEeHOBBIX, HIKEILBOALMPAMOBLIX H IRYIHX CIAaB0B. CyllecTBeHHE
uHTepec mpeicrasagior pabotel I, Paamika o 0CAKISHHID TMPH-
Mecell THOALETAMILIOM B HPUCYTCTBHM TPHJAOHa b, mpumenseMoro
B Kayecrse MACKHPVIOLLETO CPEICTBA.

B sroit e rnaBe moapoGHO onHcaubl YCJAOBHS 0CAYKACHHS THO-
AUeTaMBION Meld, MoJnOIeHa, PTVTH, XKeae3a, MBIIbIKA, KoGaldb-
Ta, HUKeJs, MapraHila, CejeHa, BaHaIHf, TAJIAusg ¥ cepetpa, DtH
CBelleHUua JomogaHeHsl B r, VI xuurn [53] pesyaeraraMn nceaero-
BAHHil, MPOBEACHHBIX HaMM [0 H3YYEHHIO VCAOBAH OCaKIeHHs
MeIH, 0JI0BA, DTYTH, KAAMHUA, BHCMYTa, CBHHLA, CYPLMBI I IHHKA
THOALSTAMHIOM B aMMHAYHBIX U IIEJOUHLIX PAacTBOpax Crajeil m
cinnagos, OcaxcIeHHe MeIM THOALETAMUIOM BO3MOXKHO H3 HeHT-
PANLHLIX, KHCJABLIX H AMMHUAUHBIX DaCTBOPOR.

Ocazcienne MONHUOJEHA THOALETAMUIOM Jy4lle BCETO [POBO
IuTe U3 1-u, pacrsopa He.SO, npu Harpesamuu. KMz avmyuaunsix
PAcTBOPOB MJH INPH HCHOAL3ORAHHH 5—I10-wparTHOoTo M3OBHITKA THG-
aneraMuaa ocaxaenHe mMoaubieHa MOKHO TPOBOJIHTE Ge3 mpuMe-
HEHHS L2 BJIEHHS.

Ocawx leHne pTYTH THOAUETAMHIOM . BO MHOTOM AHAJOTHYHO
ocaxkieHuro Meld. Kak um B cioyuae ocaxIeHUs MeIH, YeDHBIR
CyabGHI pTYyTH BHIAJder B OCAIOK Tak:Ke uepes 00pa3oBaHEE
MPOMENMYTOUHBIX HeYCTOHUNBLIX COeTHHEHNI.

Keneso ocaxnaercss B BUIE YEPHOTO KDPYIHOKPHCTALIHUECKOTON
0cajka H3 aMMHauHOrd pacraopa, ColeprKallero BHHHYH KHCJIOTY.

Cyﬂbtpli;l MBIUBSKA Ve Ha X0J01y OUYEHb JEerKo BLINAIACT
IPH IeHCTBHM THOALETAMMIA HA COMTHOKHCABIE (1-H.) Wi cepro-
KHCJLIH (6-H.) pacTBOpP MBILIBSIKA.

Cyashuann Mapramia, KoGa/abTa I HHKeld BLITaJalor B OCALOK
TPpH HarpesaHHH OT ASHCTBMA THOALETaMHTa Ha aMMHauHble pacT-
BODBI, COTepIKalllde XJOPHCTHIE aMMoHHH, JloGaBJIeHHe KOMILIeKCo-
Ha JIPEensATCTBYET OCAKILEHHUIO KOOadbTa H HHKEJIs.

Cyabopun cenena sMecTe ¢ cepofi BhNAIaloT NpH JeHCTBHI THO-
aleraMuIa Ha KHCJBIE PACTBOPLI CEJeHa.

Brictpoe ocamaenue TamIuA THOAUETAMUIOM B BHIE CYAbhUILa
NPOUCXOTHT HA XOJNOAY H3 @MMHAUHBIX DacTBOPORB.

Ocaxpnenne uepHOTo Cy/ib(HAa cepedpa THOANETAMHIOM NpO-
MCXOIHT M3 HEHTPAJAbHBIX, AMMHAUYHBIX U CEPHOKHUCALX DACTBOPOG
IIDH HATPEeBaHHU.
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5. llpumeHeHHe THoaueraMuma B aHaJW3e craJed,
CMJAaBOB M UHMCTBHIX MeTaJJoB

HMayaenne yemosuil ocamIeHus 1 paspaboTka MeTOIOB Ompele-
JIeHHs MpHMecell CBHHLA, BHCMYTA, OJOBA, CYDBbMbl, KAaIMUA, IHHKA
U MelH TMPOBOJNIHCE HAMH Ha pasznoobpasubix ofpaslax Meralila

Puc. 8. Ocaaor CuS, ocamaennpiii u30,1-u. pacreopa HCl npu 60 °C Tho-
aneraMuaoMm (a) u cepoojopopoMm ()

Puc. 9. Ocagox CuS, ocamaennsii w30,1-n. pacteopa HCI npn 90 °C Tuo-
aueTaMuaom (@) M cepoBoopoIoM (0)

BecbMa CJOXKHOro XuMuieckoro cocrasa (2dW435, DM559, 311445,
U787, 21813, 3M617, 311602, JI-3, JI-b, JIDKH-20 u cnaassl Ha
OcHOBe Moaubuena).
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Havn ¢ororpaduposanucs ocaikd CYyAbOHIOB METaAJdoB, [0-
JIYUEHHBIE  [IPH OCAMKIEHUHM THOAUETAMIUALOM M CepoBOI0pPOAOM
(puc. 8 u 9). Peayabrarbl OMNBITOB TOKA3LIBAIOT, UTO CYJb(UIHI,
TMOJYyUeHHble 0CaX{IeHHEey THOoALeTaAMH10M, 00gaiaT Oomnee Kpym-
HOKDHCTAIIMYecKHM cTpoeHHeM. JloBblllleHe TeMmepaTypbl YBCJIH-
yHBaer  KPYIHOKPHUCTANJIHYHOCTh  «THOAIETaMHIHLIX» OC4JKOL
cyab(HIOB H MOYTH HE BJAHAET HA CTPYKTYPY «CEPOBOJIOPOTHBIX»
cyab(uI0B. YTOUHeHBI pe3yabTaThl [. Pralika o MOJYUEHHIO
KEPYIHOKPUCTANANYECKOTO Cyab(®uia CBHHIA OCAXKIEHHEM THO-
aueramuzoM u3 0,1-u. HCI. TlokasaHxo, uto eule 6oJiee KPYyMHOKPH-
cTaJiHueckuil 0caloK cyab(uia CBUHLA [OJYyYaeTcs NPH ocazxkie-
HUH THOALETAMMIOM U3 AMMHAYHOTO pacrBopa.

HaMmu uayyasuch YCIOBHg OCAXKIEHHA CBHHILA, KalMus, 071034,
BHCMYTA, CYPhMbI, LMHKA I MELH H3 PacTBOPOB MOJUGIEHA, HHOOUS,
JKemesa M CIJABOB Ha HX OCHOBS, a TaK:Ke CJI0XKHOJIerHpOBaHHBIX
cTadeil u cnaaBoB Ha OCHOBE HHKENS. :

[Tpu aroM cyLIECTBEHHOE BHMMAaHNe VIENsyioch [JCJIOBHAM PacCT-
BOpeHHs 06pasluos, MOJYIEeHHIO OJaroNpHATHOH cpeabl JJsi Ocax-
IeHUs cyAbGHIOB, BHIOOPY KOJJEKTOPOB, KOMIJIEKCOOOpasoBate-
Jeir, temnepatypst 1 pH pacrsopa. Hmxe mnpupezero BeceMa
KpaTKoe ONUCAHHE TJABHEHIUHX pPe3yJbTaroB, NOJYYEHHbIX MpH
ocaxaenun mpumeceil Sb, Bi, Sn, Pb, Cd u Zn n3 pdcTBopoB craJeh
H CIIIABOB, B TOM uMc/e Ha ocHOoBe HHKead [53].

Ocaacdenue cypbmoL

Haunyuiiie yeaosia 1is ocamiedus cypbMel: 150 ma Harpero-
ro 10 90°C 1-H. cOTSHOKHCIOTO pactBopa, cozepikaitero 10—15 2
BHHHOI KHcaoThl, 40 se agoTHokHca0H pTyTH (Koaaexrop) u 04—
0,5 2 tuoauneramuaa. Omnperenenne CypLMbI 3aKaHuyHBaercd (OTO-
SJEKTPOKOJOPHMETPHYECKHM METOAOM M0 H3MEepPEeHHIO HMHTEHCHB-
HOCTH OKpacku kowmmaexchoro coeauenus [SbCleg]™ ¢ Mernasuo.e-
TOM.

H3yuenne BOMPOCOE XHMHUECKOr0 B3aUMOXEHCTBHA CYypPbMBI €
THOALIeTAMHIOM B DACTBODAX CJO0KHOTO C€OCTaBa MNpeIcTaBlfer
H3BECTHLIE TPYIHOCTH ¥ NPOIOJIKAETCA B HACTOsALLEe BpeMsl.

Ocaocderie 6uCMYyTa

Cyasdui BHCMYyTa KOJHYECTBEHHO 0Ca# TA€rcsd THOALETaMHIOM
w3 200 ma 1-H, CONSHOKHCJONO PaCcTROPA B MDHCYTCTBUH 1IABe1eBO-
KMCJIOTO H JUMOHHOKHCAOrO amMoHHA u 30 me vexu. Bucmyr
XOPOLIO Ocax»IaerTcst H M3 aMMuaunblx pacrBopos npu pH = 8—8,5
B NPHUCYTCTBHU OOJBIIIX KOJHUYECTB MoJudIeHa H BHHHOH KHCJOTHL.
Harpesanne pacrBopa yckopsier nmpouece ocaxilenusi. Ocaxienue
cydbdHia BHCMYTa M3 KHCALIX M aMMHAYHBIX DACTBOPOB JErKO
NPOHCXOAUT B NDUHCYTCTBUH OOJBIIHX KOJHYECTB HHOOUA, a TakmKe
H3 pacTBOpPOB CTaJefl i CIJIaBOB.
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Ocancdetue oa08a

PeioyMen1yeMble HaMH YCIOBHS OCa)KIACHHs CYAb(MHIA 0N0Ba I3
LIEJOYHEIX M aMMHAUYHBIX pPACTBOPOB COCTOSIT B OCAXKIEHHH 0JIOBA
tHoalueTamugom H3 100—120 ma narperoro no 90°C pacreopa,
nveroltero pH = 7,5—8,5, B IpHCYTCTBHY BHHHOI KHCJIOTbI I a30T-
HOKHCJ0H pryTH. C cyabduIeM Meln OJIOBO OCaXKIaercd He KOJH-
uecTBeHHo, Cozepxanne B pacteope 10 0,65 2 xpoma (I11I) n 0,35 ¢
wenesa (II1) ocampennio onoBa He Memlaer. BeigeseHne onoBa H3
aMMHAUHLIX M LeJ10YHbIX PACTBOPOB OKAa3aJ0Ch YIOGHBIM NpH aHa-
J3e MoaubiaedHa, HuaoOHs W pepponuobus. M3 aMMHAUHBEX pacT-
BOPOB OJOBO 0caxiawT THoaueramuioMm npu pH = 8—8,5 B npu-
CYTCTBUM 15 2 BHHHOI KHCJIOTHI

Ocascdene cBUHLQ

Wayyenne ycnosuil ocaxienns cBunua u3 Kucaslx (1-n. mo HCl)
PacTBOPOR MeETa/JIHYecKoTo IKeje3a BHIABHJIQ MOTpPedHOCTh B NPHU-
MeHeHuH 3¢ eKTHBHOTO KoMIJeKkcooGpasoBaTens. Doin onpobo-
BaHBLI BHHHAA H CAJWLMIOBAA KICJOTB, THPOH, STHJEHIHAMHH
n 9JITA. Hanbonee npuroZublM KOMIJIeKcooOpasopaTesemM 0Kazald-
Csl THPOH, BO BCEX IPYTHX CJAyuasiX PeKOMeHTIOBaHA BMHHAA KHCJ/OTZ.

B cayuae ocaxaeHHd cyab(uIa CBHHIA H3 LIRJOUHBIX H aMMH-
ayHBIX PACTBOPOB JIYULIHM KOMIjexcooOpa3oBaTeneM fABIAEICH
CMéeCh JHMMOHHOKHC/IOrO U LILaBeJEBOKHCIOro aMMOHHA,

Ocancderue xadmus

KonnyecTBeHHOe oOcCaMIeHHe KaaMusi THOALETaAMHIOM H3 KHC-
JAuX pacreopos mnpoucxoxut npu 50%-HoM, a unorza u 1009%-HOM
u3bbiTke ocaautens. M3 aMMuaunbiX pPacTBOPOB KaaAMHH OCayKIaloT,
npumends 30%-uelit  u3GeTOK THOAameTaMuia, OcakIeHue CyJb-
¢una kazmua u3 pactBopoB (heppOHHOOUS H METAJIHUECKOr(
HHOOHA npoucxoaur B odbeme 150—180 ma pacrsopa B mpuCyTCI-
BuH 3—4 ma 40%-uoft HF, 5 ma HNO; (1,40) u 10 ma 209%-noro
pacrsopa KOH.

Ocascoenue yuHKa

HauGonee y106HBIM CIIOCOGOM KOIHUECTBEHHONO «0CAM TCHIS
HHHKA THOAHETAMHUIOM HABAAETCS €ro OCaXIeHHe H3 LIeJOYHBLX
1 AMMAAUHBIX DACTBOPOB Ha KOJJEKTOpe cyabduza pryTH, Ocax-
Aenne npoucXomaut mpu uarpesanuu 100—150 ma pactsopa.

B ra. VII xunru [53] npuBeseHo onucanne caenyiomux paspa-
GOTAHHBIX HAMM METOJNOB OMPEJe/eHHs TpuMeceii:

CBHHLIA — B XDOMe, HHOOMH, MoJuOIeHe, HHKeJe W CII4aBax Ha
HX OCHOBE;

0/10Ba — B MOJIMOJeHe, HHOGHH, HHKEJIe H CIJIaBax Ha HX OCHOBE;

BHCMYTa — B XpoMme, (GeppoxpoMe, MOMUGIEHE U CIIABAX HA ero
OcHOBe, HHOOHH U (PePPOHHOOHH, a TAKKE B JUTATYpax;

MeJll M KaIMHf — B CIJIABAX HA OCHOBe MOaubIeHa.
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3akawueHHe

Takum ofpaszoM, aBTOPOM C COTPYIHHKAMH Ha OCHOBe cHCTEMA-
THUECKHX MCCJIOBAHHE [0 M3YYCHHID) XMMH3Ma B3auMOIEHCTBUA
CEepoBOIOPOIA, METHJABHOAETd, THOalleTaMKaa H IDYTHX ocajuTe-
Jel  pas3paGoTaHB IPOBEPEHHBble W HCMNOJb3YEeMbie B XHUMHUCCKHX
JafoparopHax MeToxbl ONpele]eHHs Nepeuuc/eHHBIX BDhILie HpuMe-
ceil B xpoMe, HUKeNe, KeJaese, MOTUOIeHe, HHOOHH H CIVIaBaxX Ha HX
ocHose, HamucaHHble aBTOPOM ¢ COTPYIHHKAME KHUrH: <AHAIU3
MaTepuaJoB MeTa/lyprudeckKoro MpOH3BOJACTBA (Ompeleienie MH-
kponpuMeceit)» u «THoaneTaMun — 3aMeHHTeJL CEPOBOAOPOIA
B aHalH3€ MeTajJoB» SBJAAKOTCS [0KA eIHHCTBEHHBIMH B 3TOH
BaxHOH 0GaacTu.

BBIBOJLbI

PesoMupys ¥3102KeHHOe B NOKJAade, MOXHO CKa3aTh, uTo aBTOP
B Teverue 30-yeTHell HAYYHO-HCCAENOBATENbCKOH JEesTeIbHOCTH
B 00JIACTH XHMHKO-aHAJUTHUECKOTO KOHTPOJA B METAMIYPTHU
CHCTEMATHIECKH 3aHUMAJCs HAYYHO-HCCAENOBATEIbCKOH paspaloT-
KOH W BHeJADEeHHeM HOBHIX, & TakiKe YCOBeplIeHCTBOBAHHEM CYILEecI-
BYIOIINX METOTOB XHMHUGCKOTO M (PH3WKO-XHMHUECKOTO aHaaH3?
cranefi, CIIaBOB, (EppOCHNTaBOB, UHCTHIX METaJI0B W JPYyrux Ma-
TepUAa/oB METaJJIypruueckoro npoussoacrsa. ITonyueHHble HaAy4HO-
3KCMepHUMeHTaNbHbIE PE3Y.IbTATHl MO3BOJHIN BHECTH OIpeleseHHblH
BKJA4I B TEOPHIO H MPAKTHKY XHMHUECKOro H (H3HKO-XHMHYECKOTD

aHaJu3a MEeTajjoB Ha CcoJeprkaHue JeTHDPVIOMUX 3JeMEeHTOB H
MUKPOTIpHMecet.
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