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Beenenue

HauHem c ollpenenenus noHATHI, BKIOYEHHBIX B Ha3BalMe
ITOWH KHUTH.

Tepmun “ananuruyeckas xumus”, oTHoCAILMICA K CaMoMY JIpeB-
HeMY pa3jiclly XHMHMM KaK HayKu W OTPacjii IPOU3BOACTBA, Ha nep-
BBIii B3I He HYXAaeTcs B nosicieHusx. TeM He Meiiee, U 110 ITOMY
BOTIPOCY CYUIECTBYIOT pa3Hble, He CBOJMMbIE PYT K JAPYTY MHCHHUSI.
Hedbunnums, npunaras 8 1993r. Meneparmeii EBporneiickux xumu-
4YECKHX OOUIECTB, XapaKTepu3yeT aHaTUTHUYECKYI0 XMMMIO KaK Hayu-
HY10 IMCLIMTIIUHY, <...KOTOpast pa3BUBAET U TIPUMEHAET METO/IbI, CI10-
co0bl M 06110 MCTOAOJIOTHIO HOJTyYeHns: MHAOPMALMU O COCTABE U
1IpMpoOJie BeLECTBA B IIPOCTPaHCTBe U Bo BpeMenn» [1]. I0.A. 3oJio-
TOB |2] olipe/ie/isieT aHaTUTHYCCKYIO XMMHIO KaK HAayKY <...0 MCTO/[aX
M CPEACTBAX XHMHYECKOTO aHa/M3a U B U3BECTHOI Mepe ycTaHoBJIe-
HUst XuMHYeckoro cTpoerns». Coractio onpesenchuio B.I1. Antono-
BUYa [3] “AHanuTuyeckast XMMHsS — HayKa O NPUHLMIIAX, METOAX W
crnocobax onpesc/ieHnss XUuMHYCecKoro coctasa Beriects”. H.IL Ko-
Mapb CYMTANl, YTO PEUENTYPHYIO aHATUTHYECKYIO XUMUIO, OCIIOBAl-
Y10 Ha DMIIMPUYECKOM NOJAXOAE K TIPOLC/YPe analv3a, 0JKHA 3a-
MEHWUTb XMMHYCCKas METPOJIOTUA — llayKa O MyTAX M CPC/CTBAX
obecricyeHust JJOCTOBEPHOCTH OTPCIEIICHHS XMMHUYECKOTO COCTABA He-
creiyembix o6bektoB [4]. Vicxoas w3 aByx nocieuimx olpeaccHui,
MOJXHO FOBOPHTb O TOM, YTO AHAMMTHYECKAst XUMHUSI — HAYKa O Me-
TOAAX H3YIEHHSA XHMHYECKOTO COCTAaBA BEIIECTB, MATEPHAJIOB H IPH-
POZIHBIX OGBEKTOB, YTAX H CPEACTBAX 0OECTIeUEHH s JOCTOBEPHOCTH
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pe3yJbTAaTOB aHAMH3a. 3aMCTHM, YTO BEIIECTBA, MATepHalbl U IIPH-
pojtiible OODBEKTBI SIBSHIOTCS OCHOBHBIMM KJIACCAMMH AHATM3UPYCMBIX
0O'bEKTOB, IPUCYTCTBUE KOTOPLIX B ONPe/IeJieUn atajuTUUECKOH X1+
MUY MpeJICTaBAsIeTcs XKeaTesblibiM. V3ydeniue XuMuyeckoro cocraBa
B 0OIICM cJlydae BKJIOYAECT JaHHBIC 00 2CMCIHTIIOM, IPUMECHOM U
BCIIECTBEHHOM COCTaBe MCCICAYEMOro 00BEKTA, CI'o CTEXMOMETPUHM,
pacripejieleHUy KOMIIOHENTOB 110 ero MOBepXHOCTH U 00beMy, a Tak-
K€ O HOrPCIIHOCTSIX PC3YJIbTaTOB aHAJIM3A. .

“OYHKUMOHAJIbHbIE MATEPHAIIbI” — CPABHUTC/ALHO HOBBIA TEPMUH,
BBE/ICHHBIA B HayuHblil 06uxoj akageMukom HAH Yxpaunn B.I1. Ce-
MHHOXEHKO B €r0 0OpaliCliiK K YUTATCJASIM B 1ICPBOM HOMCPC OJHO-
MMCHHOIO KypHaJla, Bbilyckaemoro Mictutyrom MoHokpucraiio HAH
Ykpaunsl [5]. @ysxuponamsubivi MaTepuatamu ((DM) Mbl HasbBaem
NOJyNPOBOJHHKH, IM3JIEKTPHKH, CBEPXIIPOBOAHUKH, (eppu- u eppo-
MAarHeTHKH, ONTHYECKHe, 3NeKTPOONTHYECKHE,, HEMHEHHO-ONITHYECKHE,
JIIOMHHECLIEHTHbIE H PaJHOMIOMHHECLEHTHBIE CPEeibl, ABISIONIHECS OC-
HOBO 2/IEKTPOHHO}, JIA3€PHOI, CLMHTIUIALMOHHOH, HHPOPMALMOHHOIH,
MeMUMHCKON H PYTHX HOBEMIINX OTpacieil COBPEMEHHON TEXHHKH.
XapakrepHoi 0COOEHHOCTBIO OOJIBIIMIICTBA U3 HTHX MaTCPHAJIOB, 11a3bl-
BACMBIX TAKXKE «MHTCIUICKTYa/bHBIMY MaTEPUANIAMU», SIBJSIETCS CIIOCO0-
HOCTDb OBICTPO M 0OPATUMO U3MCHSITb CBOM XAPAKTEPUCTHKY N0/ BJIMSI-
HUEM BHCHIHMX BO3/ICHCTBHI (TCMIIEPATYPbI, ABJIelns], SAeKTPUYeCKHX
M MartuTHBIX HOJCH, sIeplIbIX U3JYYeHUH, XMMUUYCCKOID COCTaBa OKPY-
Kalolicit cpebl M T.1L). Ypoens paspabotok v npoussojcrea OM s
31a4MTCJIBHON Mepe OHPCACIISICT 1IPOIPece B TAKUX OTPacJisiX HAPOAIIOro
XO3SUCTBA, KaK MalllMiiocTpoelive, MpHOopoctpociiue, lIepreTHKa, Me-
TaJJIypPrus, CBA3D, [COJI0I0Pa3Be/IKa, 3/[PaBOOXpaIICHHe, OXPAHa OKPYKa-
ouleit cpenbl. Ykazantie ocobernoctd OM, 3aBUCUMOCTL X CBOHCTB
OT COJICPXKaHUA U paclpe/iesiensl OCHOBHBIX KOMIIOHCHTOB, JICTUPYIO-
HIMX 100aBOK ¥ MUKDPOITPUMCCCH JICJRIOT HTH MaTCpHaibl BasKHEHIIIMM
0OBbEKTOM XUMUKO-QHAIUTHUCCKHUX MCCIICOBAliMA, '

PaceMOTpUM 00J1acTh IpUMCHEHMST 00CYKAACMBIX B KHUIT 11¢-
opratndcckux OM, GobUIMICTBO U3 KOTOPbIX OTHOCUTCA K YHCAY
JIMAJICKTPUKOB WJIH HHOJYTIPOBOAIUKOB.
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MoHOKpHCTaIb FajloreHUI0B MIEJOYHBIX U LIeT0YHO3eMeTbHbIX
METAJLIOB NMPUMEHSIOTCS B Ka4eCTBE OIITHYECKHUX, JIA3ePHBIX M CLIMH-
THISIUAOHHBIX MaTepuanos. [locneqHue sIBASIOTCS paguoJiOMUHO-
(opamu, UCHIOJIL3YCMbIMU JUIs IETEKTUPOBAHMS AEPHbIX U3JYYCHU
{6, 7, 8]. Cioia oTHOCATCS MOHOKPHMCTA/IBI HO/AMAA HATPUS, AKTHBU-
poBatiHoro TamnveM (Nal:Tl) u noanna uesns, akTMBUPOBaHHOTO Tas-
smeM (CsI'Tl) mnu narpuem (CsI:Na), a Takxke HcaKTMBHUPOBaHHbIC
MoHokpucTanbl Csl, monokpucranst LiF:W, monokpucrannst ¢ro-
pujla Kablus, Jeruposatiibic nonamu P33, KoTopble NMpUMEHSIOT
TaKXkKe B KaUCCTBE aKTUBHBLIX JCMENTOB JIa3€POB, T.€. ONTHYCCKUX
KBaHTOBbIX reepatopos (OKI).

OnTvYeCKMMM MaTepHanaMu SBJISIOTCS MOHOKPUCTAJLIB (To-
pu/la IUTHUA, Npo3pavHble B BaKyyMHOM yibTpaduosiere |9], kepamu-
yeckue ajieMenTsl M3 Gpropuia Maruus [10] u monokpuctanasl KCI
st okon CO,-nazepos [11], uMetomre 1mmpokyio obaacth npomnyc-
xanus B MUK obnactu cnexrpa.

B KauecTBe CLIMHTUILIATOPOB UCTIONB3YIOT MOHOKPHCTAILIbI BOJIb-
¢pamaros CAWO, [6, c. 116; 7, c. 174] n POWO, |7, c. 193], repma-
nara sucmyta Bi Ge,0,, [6, c. 56; 7, c. 158], cenennpa nmiika, akTu-
BupoBantoro Teanypom ZnSc:Te [6, c. 167], 6opatos Li,B,O, u
Li,GdB,0O, |12, c. 200] cusmkara raio/IMHUSI, aKTHBUPOBAHHOTO LEPHCM
nin esponem, Gd,SiO L |7, ¢. 52]. TlomynpoBoAHNKOBBIMK JICTEKTO-
pamMu PCHTIEHOBCKOTO ¥ raMMa-U3/lydcHUst, paboTaloniMMu 1IPU KOMHAT-
HBIX TeMIepaTypax, ciyxar motokpuctamabi Cd, Zn Te [13, c. 174].

Motoxkpucranin tukopa (ALO,:Ti) sBAsIOTCA TBEPROTENBHDI-
MU aKTHBUBIMH JIEMCHTAMU JIa3€POB € llepecTpauBaeMoil 4acToToMH
[14, c. 27]. JlasepHbiMn MaTepuanamu sBASIOTCA TakKe JICTHPOBAIL-
HBIC HCOJIMMOM MOHOKPUCTAJIIbl UTTPUA-AJIIOMUHUEBOLO IpaHaTa W
AJIOMOMArHMeBO# tnuuesn [15].

DJICKTPOOIITUYCCKUE W HESHHEHHO-0IITHUCCKUE MOHOKPUCTAILI
KH,PO, u KD,PO, naxonsr npumenenune 8 npuéopax ylpasictus
JlazeptbiM uaydenves™ [16]. Monokpuctatinl HHO6ATOB U TaliTasla-
tos (LINDO, , LiTaO, v Ap.) MCHOJB3YIOT JUIS yIIpaBiCIHs Jlazep-
IIbIM M3JIyHelleM W B akycToonTuke [12, ¢. 157]. Motokpucraninl
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ZnSe MpUMEHSIIOT B KaYecTBe ONMTUYECKUX DJEMEHTOB MOILUHBIX I'a30-
BbIX JlazepoB [13, c. 67].

Kpucrannnyeckuii KOpYHA U ero pa3HOBUJIHOCTH (candup, Jeii-
Kocaiiup) HaXoAsT HIMPOKOe NMPUMEHEHUC B COBPCMEHHOM TeXHUKE
KaK ONTHYECKHE W KOHCTPYKI[MOHHbIE MaTepuasibl farofapst Takum
YHUKaJIBHBIM CBOICTBaM, KaK Xopolllee OIITUYecKoe MPOIlyCKaHue B
yabTpadyoieToBOM, BUIMMON U MHPpaKkpacHOU 06JacTaxX CleKTpa,
BBICOKas! TeMIlepaTypa [IaBJeHUs, pallallioH1as U XUMHYCCKas CTOM-
kocTh [14, 17, 18, 19].

Beaien 3a oTkpeiTHeM BegHopiieM 1 MiossiepoM cBepXnpoBo/iu-
MOCTH KynpatoB JatitaHa-6apus [20] 6bi1 cHHTE3UpOBaH U MCCaE/ (0~
BaH paAA cJoxHbix kynpatoB (YBa,Cu,O,,, Bi,Sr,CaCu,O,
T1,Ba,CaCu,O, u 11p.), 061aaI0UIMX CBEPXIPOBOMMOCTBIO IIPY TEM-
nepaTypax, NpeBbILIAIONIMX TEMIIEPATYPY KUIEHHSs! )KUAKOTOo a30Ta [21].
BricoxoremneparypHbie cBepxnpoBoanrku ( BT CII matepuaisl) B Buzie
KepaMMKH, TMJIEHOK 1 MOHOKDUCTAJIOB CTAM HHTEHCUBHO MCCJIENO-
BaTbCA, YYUTHIBAsl BOBMOXKHOCTH MX MPUMEHEHUS B IHEPreTHKE, 3J1eK-
TPOHHMKe, (DUBNKe 3/1eMEHTapHBIX YACTHLL, APYTHX 061acTAX HayKul H
TeXHUKY [22]. U xoTs peanusanust STHX BO3MOXKHOCTel noTpebosana
pelleHust pAAa CA0KHBIX (PYHAAMEHTANBHBIX W TEXHUYECKHX NTPobIieM
¥ BO3HMKIIMC TPYJHOCTH /IO CUX TIOp He TPEOI0JIeHbl, BEICOKOTEMIIC-
paTypHble CBEPXIIPOBOAHUKM OCTAIOTCS OJHUM U3 BAXKHBIX U UHTE-
PECHBIX 00'bEKTOB UCCJIEIOBAHNS COBPEMEHHOTO MaTepHaNOBECHUS.

Onnoit U3 HeMHOTHX opraHuyeckux Matpuil MM, paccMarpuBae-
MBIX B 3TOil KHUTe, ABSETCA NMOJMMETHIMETAKPUIIAT, HA OCHOBE KOTO-
POro 110JIYYaIOT I1JIACTMACCOBbIE CLIUHTUJLIATOPDI, JIETUPOBAHHbBIE 1'3/10-
JIMHYEM M TNpe/iHasHaYeHHble IS peTHCTpalliy ObicTphiX HelfTporios | 23).

KoHnTposib cocraBa ykazantbix @M siBasieTcss BakHeHucH co-
CTaBHOMN YaCTbIO UX XMMUUECKOH JIMarHOoCTUKU. Pasiioobpasue U ¢JIox-
HOCTb HTOTO COCTaBa, HeOOXOAMMOCTb olipeacaeruss B OM nourn
Bcex asieMeHTOB [lepuojuyeckoil cucTeMbl B HIMPOKMX JMalla3oHaX
MX COJACPXKAHUM — OT JICCATKOB IMPOLEHTOB JI0 MUJJIMONHbBIX JI0JIeH
IIPOIEHTa U MCHee — TpehyeT UCIOJb30BalIMs BCero apceHala CoBpe-
MEHHOM aHAIUTHYCCKON XMMUM, BKJIIOYAs He TOJILKO HOBeHmMe Gu-
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3MYecKHe U (PUBUKO-XUMHYECKUE METO/BI, HO U KJIaCCHYeCKHE MeTO-
Abl aHaMu3a. BaxkHyto, a B ps/ie C1y4YaeB M peliaioulyio pojb B aHaIH-
Tr4eckoi xuMun @M urpaioT 11poOOIOATOTOBKA M NPEBAPUTCILHOE
KOHIIeHTPUPOBaHUE OMpe/Ie/ISICMbIX MUKPOKOMITOHEIITOB. A OTBCTCTBEH-
Hoe HaszHaueHue OM jiesiaet HEOOXOAUMBIM CTPOIMH KONITPOJIb Kade-
CTB4 BBLIIIOJHACMbBIX aHAJU30B Ha OCHOBE KOPPEKTHOTO MECTPOJIOTH-
4ecKoro Mojxo/a.

BaaumozneiicTBMe XMMHUKOB-aHAJIMTUKOB U MaTepPHAJIOBEOB BCE
yale BBIXOJUT 32 PAMKH «aHAIMTUYECKOTO 0OeCTIeueHUsI> 1IPOU3BO/L-
ctBa U uccaerosanusg OM. Meroabl ¥ peaynbTathl aHain3a JAaloT
BaXXHYIO HayYHYIO MH(OPMalHI0, HOMOTAIOUYIO TOHITh HEKOTOPIE
(pU3nYCCKUE 3aKOHOMEPHOCTH M ONTHMHU3UPOBAThH YCJOBUS MOJyYe-
HUsl HOBBIX MaTepuasioB. lIpencTaBasercs, 4To ykasaHHOe B3aMMO-
AeiicTBue OyneT urparb Bce Gosiee 3HAYMTENIbHYIO POJib B HayKe O
MaTepuasiaXx ¥ MeTojlaXx UCCAeN0BaHUs UX COCTaBa.

bonbimncTBo Heopranuyeckux @M cofepKUT B CBoEM COCTaBe
TOKCHYHBbIe U paccesiHHble djieMeHTbl. [[03TOMy MPOU3BOACTBO U MC-
c/leloBaHWe 3THX MaTepHalloB HYX/JAeTCS B HAE)XHOM aHaJUTHYeC-
KOM KOHTpOJIe BO3llyXa paboueil 30HbI M OJM3JIEKAUIMX HACEICHHbIX
MECT, UX MOYB U (QJIOPbI, TCXHOJOTUYECKUX, CTOYHBIX W [IOBEPXHOCT-
HBIX BOJI, @ METO/Ibl aHaIN3a 0OBEKTOB MPUPOIHON CPe/Ibl ABJIAIOTCS
COCTABHOHN YacTblO aHANUTUUECKON XuMUU DM,

YkasaHHble BOIPOCHI COCTAaBUJIM OCHOBHOE cojiepikaHue 3Toit
KHUIH, KOTOPast ABJISICTCS [1OIILITKON 0606I1IeHHsI MHOT'OJIETHETO OTIbl-
Ta aBTOPa W ero KoJjljier U3 oT/Ac/1a aHaIMTHYeCKOH xumMuu UHeTuTy-
Ta MoHokpuctamioB HAH Ykpauns B paccMaTpuBaeMod 00JacTH.
ObsacTh aTa He MPOCTO HIMPOKA, OHA MOYTH HCOGBATIIA; T0ITOMY
JajieKko He BCe ¢ CTOPOHBI PACCMOTPEHbBI JIOCTATOYHO 110JIHO, H 9TO,
KOHE4HO, MOXKeT ObITh MOCTABJIEHO aBTOPY B BMHY. B wyacTnoctu, B
KHHMTIe He PacCMaTPHBACTCS UCIIOJIb30BAHME MACC-CIIEKTPOMETPUYEC-
KHX, SepHO-(DUBUIECKHUX U HEKOTOPBIX APYTUX BbICOKOUYBCTBHUTEb-
HbIX MCTO/I0B OIIpe/lesIeHNs MUKPOKOMITOHEHTOB Heopralinucckux OM.,
Ho aBTOp HajieeTcsa Ha CHUCXOJAMTEABHOCTD YUTATEIICH, KOTOPbIE, KO-
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HEYHO, OMHSAT KpbuiaTyio ¢pasy Kossmbt IIpyTKoBa 0 TOM, 4TO <Hesb3s
00BTh HEOObATHOE>.

XoTesock 6bl HAESTLCS, YTO B 3TOM KHUTE AOCTOAHO MpeACTaB-
Jenta wxoaa npocdeccopa H.I1. Komaps, y kotoporo asrop yumicst
XMMHUCCKOI METPOJIOTMM — OCHOBC COBPEMEHHONW aHaNIUTUYECKOH
XUMHH. -

ITa KHUTa He MorJia 6bl yBUJIETh CBET 03 NOJUIEPKKU U COACH-
crBuA retepanbioro avpekropa HTK «WHcTHTYT MOHOKpHUCTaNIQB»
akasiemika HAH Ykpaunbr B.IT.Cemunoxetiko u ampexropa UHcTuty-
Ta CUMHTUJJIALMOHHBIX MatepuanoB HTK «Mucturyr MoHokpucTan-
JoBs yneHa-koppecrionachta HAH Ykpaunnbt B.B. T'puniéna, 6e3 copmect-
HBIX PabOT aBTOpa KHUIH, NOCBALICHHBIX METPOJOIHYCCKUM aclieKTaM
ananuaa, ¢ mpodeccopoM XapbKOBCKOTO HAIMOHATBHOI'O YHUBCPCUTETA
A.A. ByraesckuM, 6e3 npejuiecTBYIOUMX TPY/IOB KOJUIET M YYEHUKOB
asropa — JLU. Adanacuaam, I' A. babuy, K.H. Beankona, JI.W. Benu-
koBoit, H.H. I'peGetioka, T.B. Apysenko, HJI. Eroposoii, 9.C. 3os0T10-
sunikoid, T.M. WskoBoii, E.I1. Kucuns, JLI1. Mawmxenuii, .M. Mupenc-
xoit, P.I1. ITanranepa, B.I" [lotanosoit, 3.M. Crionbiiuk, C.IO. Cymapo-
kosa, H.HW. lllesnosa, JI.Il. 3kcnepuanfoBoi M MHOIMX APYIHX.
Koucrpyxrusiibie 3ameuanus v copetsl B.I1. Antonosuya, O.A. 3aiiopo-
xert, JLII. Ixcnepuanaosoii Obi UCNOIB30BAHbI 1IPH TIOAATOTOBKE Py-
KOIMCH KHWUTHM K lleyaTd. BceM UM aBTOp BbIpaskaeT ¢BOIO MMYGOKYIO
1IPU3HATESIBHOCT.

Aprop nukorna ue sabyner JI.3. Benenko, H.W. Komuinan,
W.B. IlynseBy — Tex CBOMX YYCHHUKOB M KOJLIET, KOTOPbIC BHEC/U
CBOH BKJIaJ| B Pa3BUTHC M3JIaraeMbIX B KHUTE 1POBJieM, 110 CAUIIKOM
palo Yl U3 XXU3HU,
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[pyHWNBI MeTponorMieckoro
obecrieyeH s QHQIUTUYECKOTO KOHTPOSS
bYHKLMOHANbHBIX MATEPMANIOB

TI.1. Hopmuposarne npenensHbix CORepXaHmi
NPUMECEen u OTKIOHEHWA OT CTEXUOMETPHM

BaxHeliiuumy xapaktepuctukamt GyHKIMOHAIBIBIX MaTcpHa-
JoB (DPM) sBAscTCs MX XUMUYECKWH M (pa3OBbIii COCTaB, a Takxe
mopgosiorus, T.e. iedeKTbl pelnéTku MoHoKpUcTania (610KH, 1UCTI0-
KalMu, BAKAHCHHU M T.IL.) M PacloNoxkeHHe KPUCTAJUIMTOB B HOJMKPH-
cTajjie. ITH XapaKTePUCTHUKH, Booblie FOBOPS, CBA3aHbl MEXKAY CO-
6oil: 11IpU ONpPe/IeICHHOM YPOBHE COflepKaHUil TeX UIH HHBIX TTPHMe-
Ceil B BellecTBe MOTYT NOSIBASTHCA HOBbIC (TIpuMeciibic) dhasbl, MOXeT
MeHATbCA ¥ MOpGOJIOTHsL MaTepHalla.

B o6uiem ciryuae npejicbiio 0MyCTHMOE COACPKallue PUMECH
B kpucrainicckoM @M JI01)KHO COOTBETCTBOBATH YPOBHIO CTPYK-
TYPHOTO COBEPIIEHCTBA MOHOKPHCTaLIA. PaBHOBECHYIO MOJISIPHYIO JI0J1I0
BakaHcuii B kpuctaaie C, (%) MOXHO olleHUTb 1o dopmyJe [1]:

C, =10% exp(-Ap, k;'T™"), (1.1)

rac A, — usmerictne cBobojitoi ateprun I'mb6ea B kpuctaane npu
ofpasoBainy ojiHOM Bakaticuu, k, = 1.38-1072 [Ix-K™' — noctosituas
Bosnbnmana, T — tepMoanHamuycckas TeMiicpaTypa, K.
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Ecim Ay = 1.6-107" [{x (.. 1 5B), T0 tipn 1000 K C, =102 %, a
MpU KOMHATHOH TeMitepatype C, = 107" %. Onnako gaxe pu amuren-
HOM OTKHMIC KPUCTALIOB 3HAYUTENbHAs YacTh OGPAsOBABIIMXCS patiec
BAKAHCHH «3aMOPAKMBACTCS>; HAIPUMED, MX MOJISIPHAS /05 B MOIIO-
KPUCTAIAX TANIOreliuioB IeToYHbIX MeTawIoB focturact 1074 % [2).
Coriacno onenke Crénuna [3] maccosas nons NIpUMeccH, cosain-
WLMX CTOJIBKO JKe HOCUTEJsIeH 3apsifla, CKOJIbKO MX MMeETCS B HOMY-
MPOBO/UTHKE 3a CYET COGCTBEHHBIX DJICKTPOHOB U <«/IbIPOK>, CoCTaBls-
eT A4 kpemuus 107" %, nas repmanus 1078 %,

TL1oTHOCTb JAMCNIOKALMIE B COBEPIIEHHBIX KpHCTaTaX repMaHusi
 KpemHus coctapiser 102~ 103cM™, a B THIHMYIBIX MONOKpHCTa-
J1ax Fajloreln/l0B UICJIOYHBIX METALIOB, BbIPAICHHBIX U3 PACIliaBa, —
10%...108cm™2 [2]. TTockobKy B 1U10CKOCTH JIMCJIOKaLUs HapylluaeTr
npuMepHo 10 peryapiibix Y308 KpUCTANIMUYCCKON pelieTKH, MOJISIp-
fast 101 HapyIeHIbIX INCIOKALNAMU KPUCTa1006pa3yiolX Yac-
THIL 151 9THX TUIIOB KPHCTAJIIOB PaBHa COOTBeTcTBeHHo 1078... 107 %
n1076..102%. TaKnM"'06pa30M, OObIYHbI YPOBEHD CTPYKTYPHOIO CO-
BEPUICHCTBA MOHOKPHCTA/I0B, BbIPAIMBACMBIX U3 PACILIABA, COOTBCT-
CTBYET MOJsApHOi jlosic cymmbl nipumeceir 1077... 107 %. Oucsupio,
COLCPKANME OTACTBHbIX 1IpUMeccH 10JKHO GbITh Ha 1-2 nopsiika Huxe.

BBuay npumxeninioro xapaktepa nopo6imix oucHok ocHosoii 1nop-
MupoBaiins Hpumeceit B DM 00bI4HO SBASIIOTCH DKCIEPUMCHTAIBIIbIC
JIQUHDIC ¥ TEOPETUYCCKHC COOBPAKCIISE O BAMAHMM MUKPOKOMIIOHEIITORB
Ha Tosicstble CBOMCTBA YKasaHibix BeiiiecTB. ONpeaCIeHIYIO IOMOTILb B
PCIUCHUM DTOTO BOHPOCA OKa3bIBAET [PCABAPHTC/ILHOE M3YYCHHC IIPUMEC-
HOI'0 COCTaba MATCPHANIOB [IPH NIOMOLM KOMILIEKCA METOJIOB allajiifga,
HOBBOJIAIOLLMX OXBATHTH MAKCUMAJIbIIO IHUPOKKI Habop npumeccit. [o-
A06110€ UCCefoBanie XJI0pHia Kaiks ocoboil YHCTOThI IUIst ofTuYec-
KWX MOHOKpUCT&/LI0B GbL0 BbiosHeHo so BHUN MOHOKPHCTAJINIOB 1
TEOXW AH CCCP nipu yuactun A.B. Baatika, 10.B. Axonesa, TV, Pa-
MCH/IMKa |4, c. 13]. [lias usyyenus ipumectioro coctana sTol cosu Hpu-
BIICKIIN aTOMHO-OMMCCHOIIIYIO 1 aToM10-a6COPOIMONIEYIO CLICKTPOMCT -
PHIO, HCKPOBY IO MACC-CHCKTPOMETPHIO, HICHTPOHHO-AKTUBAIHO!HbI alia-
A3, MHBCPCHOHIYIO  BOJIBTAMIICPOMCTPHUIO, MOJICKYASPIYIO
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Puc. 1.1. [IpuMecHsiii cocTaB xJopuaa Kanus ocoboi YMCTOTHI AJIS ONTH-
YeCKUX MOHOKPHCTAJIOB.

Brnoms ocu abetmce otsioxens! suavenust —lgC (C — maccosast o npuMect, %).
1 — nemetannsl, npuyeM N — obmee conepxanue asora, C — obmee coaep-
XaHHE OPraHHMYecKOTo YIjaepoaa; 2 — XHUMHUYeCKHe aHA/JOrW OCHOBBI, 3 —
HOHBI HeNOYHO3EMETbHBIX METAJIOB; 4 — IPOYME HOHBI METAIJIOB

abcopbromMeTpHio (CHEeKTPOMOTOMCTPHIO PACTBOPOB) M JIPyr1e MEeTO/IbI
atia/113a, a TAkXKe MCTO/IbI IPC/IBAPHTCIILIIOTO KOHICHTPHPOBAHUS MUKPO-
KOMUOHCHTOB HPW 1I0MOIIY IKCTPAKLIMH, HATPABJICHHON KPUCTA/LIM3ALINMY,
COPOLMH, COOCAKACHUS, HOHHOTD 0OMEIIa, JIMCTHILIAIMU 1 DJICKTPOXMMH-
YCCKOIO BOCCTalOB/ICHUA. JIaHHbIC 00 OTHOCHTEIbHbIX COACPIKAHUSX TIPH-
Mecer B ucciicityemom Bettiectse (C) npejcrasiciint 1ia puc. 1.1, B Tex
cJydasx, Korja MaccoBas foJist npuMmecu (%) Obljia Mctibllie 1Ipejedia
onpejiesictins Hanbosiee YyBCTBUTENLHOW M3 NPUMCHABIIMXCH METO-
ank ananusa (C, ), Ha pucylike npusefetist Bepxiive ipesiesst C,
pasiibic C (9To oTHocHTCA K npuMecsim As, Au, B, Be, Ga, Hf, In,
Mo, N, Nb, Pd, Pt, Re, Sb, Sc, Th, V, W, Y, Zr, P33). [loayucuiible
Jaitiible 10Kas3au, 9To HanbobIni BKIaL B 001K npumechblid ol
U3Y4CHIIOrO MaTCpUala, IIOMUMO 4/ICOPOUPOBAIHON BO/IbI, BLIOCAT U30-
MopdIible, OPraliuccKue, aHUOHHDIC [IPUMECH, a TakyKC WOIIBI TIe104-
1103eMCABIBIX MCTannoB. Bmecre ¢ tem, Bkaaj B 910T ol 6oabLINNI-
CTBa HOJWBANCHTHLIX HOIIOB TAKCbIX METAIOB CPABHUTC/ILHO HeBe-
JIK, XOTS O4MCTKE OT HUX M UX AHAIUTUUCCKOMY OHPCACACHHIO 0ObIYHO
yaesserest nanbosbiuee Binmanne. QUeBMJINO, B YHCAO HOPMUPYCMBIX
JIOJIKIBE ObITD, HPEK/IC BCCTO, BKJIOYCHBI IOMUITUPYIOHHE MUKPOKOMIIO-
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HeHTbl. Ha rnpakruke ke HaBop rpumeceii, KOHTPOAMPYEMbIX B YUCTOM
BELIECTBE, HacTo OFPe/Ie/ISIeTCs He IPUMECHBIM COCTABOM MaTepHaia niu
AQHIBIMH O BIIMAHUMW [IPUMECEN Ha ero CBOMCTBA, a HAMYUEM HOAXO/S-
HIMX QHATMTHYECKHX METOAMK. YKasailiioe T0M0KCHME B 31aYUTCIbIION
Mepe 0BYC/IOBICHO OTCYTCTBMEM OBUICNIPULSTOrO Cocoba YHCIEHIIoN
OLICHKHM Ka4ecTBa YMCTOrO BelllecTBa. Takoil OLEHKOH MOr 6bl CyKuTh
06obuieHHbIi Nokasate/ib I, paccuuThiBaeMBblii 110 opmy.ie:

r=3a((c,~C)/(¢,~Cu)]. (12)

rae o; — KoabdUUMEHT BeCOMOCTH i-TON npuMecH, C, — upenenpto
AONYCTUMOE OTHOCUTEJIbHOE COZIEPXKatve, HaunHasi ¢ KOTOPOro MpH-
MeCh yXyauiaeT CBoCTBa Matepuana, C, — pealbHOE OTHOCUTEIbIIOE
CO/lepKaH1e npuMecH B Matepuaie (MM mpesie cé onpejeeHus
C,.)- OTHouleHue (C,-C)/(C-C, ) noxasbiBaer, Kakas 10/ /uaria-
30Ha KayecTBa (T10 COEPKAHUIO i-TOI MPUMECH) Peanu3yeTcs B Aa-
HoM Beltiectse (M. /1. BypuITef/’[H 1983 r.). Ecmn €, < C<C ., 9TO OT-
HolerMe MOXeT MeHsTbest oT Hyast (C.= C )10 emd}mubl (G,,=C).
Makcumanbhas pastocts C,~ C co3/laeT «3ariac KadecTBas, 11eo6x011v1—
MOCTb KOTOPOIo 06yCJIOBJICHa TIOTPELIHOCTSMM aHATTMTUYECKOTO KOHTPO-
JIS M PUGITKENHBIM XapaKTCPOM OLICHOK C,. B kauecrse’ Koapduuu-
€HTa BECOMOCTH Mbl 1IDEVIOXKUIIN [5] IPUHUMAT BEPOSTHOCTD BbINYCKa
MIPOAYKIMM € OTHOCHTETBHBIM COACPKAHUCM [IPUMECH, TPEBOCXOS MM
C.. Takoii noaxon po/xken criocoGCTBOBATH IIePBOOYEPEIHOMY BKTIOYE-
HHMIO B 4MCJI0 HOPMMPYEMBIX TeX IpUMeccil, JUisi KOTOPbIX 3HAuMMa
BEPOSITHOCTD HPUCYTCTBUS B BEUIECTBE HA YPOBHE, 1IPEBOCXO/SIIEM C.
B cootsercruu ¢ panmbivu puc. 1.2 K02 DULMCHTEI BECOMOCTH J1Jist
[IPUMCCEH XKC/le3a M UMHKA B HOAMAC HATpHsi OCOOOH YMCTOTBHI st
CLHANTWIALMOHHBIX MOHOKPUCTIOB pasitbl 0.07 1 0.005 cooTBeTeTBeHHO.
ITO 1OCAYKMIO OCHOBOI 1A BKIIOYEHWS [1epBOi IIPUMECH B YMCIIO
HOPMHPYEMBIX U U1 UCKITIOYEHUS! M3 ITOTO 4UCIa BTOPOI HPHMECH.
B Tabui. 1.1 npuesied npnmep pacueta oGoGiicHbIX nokasatecii
Ka4ecTBa JIBYX 00pasioB HOAMAA HATPHUsi 0cOGOH YMCTOTBI IS ClIMII-
THITALMONIBIX MOTOKpUCTaLI0B. Otietiku I 103BOASIOT yBepei o npej-
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Puc. 1.2. Omnupuyeckye pactpefe e st NPOAYKUMA — HOAUAA HATPHS OCO-
60l YHCTOTH A/ CUMHTHIUIALIMOHHBIX MOHOKPHCTANIOB — IO MAacCOBOM
noue (%) npumecedt xenesa (a) v uMHKa (6).

[nomanp 3amrpuxoBartoil 061acTH IPONOPUMOHATBHA KOa(hUIEHTY Be-
COMOCTH (Y; NPeJeNbHO AONYCTHMBIE MAcCOBbIE JOJM HpUMeceil xele3a U
uunka (C,, %) pasubl cooTBeTcTBeHHO 11074 1 1x1075

1oyecTb MepBblil 06pasell cojiM BTOPOMY, TOT/ia Kak 0ObIYHOe CpaBiie-
HHC OTHOCUTCJIBHBIX COJACPKAHMI OTAENBIBIX HPUMECCHt B 3TUX 06pas-
1ax He JaloT BO3MOXHOCTH CJleJIaTh BIOJTHE OJIHO3HAYHbBII BbIBOJL.

B 11e10om ju1s onpeieIeHHOCTH MOXKHO YKA3aTh, YTO B 6O/bINKH-
ctBe DM MAacCoOBBIC 10/ JINMUTHPYEMbIX TIPUMECeit He 0MIKHb] tipe-
Bbimatb 1077... 107 % (B nonynposozaunkax 1077... 107° %). Maccosble
JIOJIY OCHOBHBIX KOMIIOHEHTOB CJIOXKHOTO BCIIECTBA, KaK IIPaBuiIo, He
JOJIKHBI OTJIMYAThCS OT 3a/laHHbIX (COOTBETCTBYIOIMUX CTEXMOMETPU-
yeckoMy cocraBy) Gojice dem nia 0.01..0.03 %. T[Ipubausurenblio Ta-
KOBbI K€ TIPEe/Ie/IbHO JI0IYCTUMbIE MAcCOBbIE JIOJIM IIPUMecHbIX (a3
Ipu aToM caienyeT 3aMeTHTD, YTO peHTreHOMA30BbIA ananus cHocobeH
06HapyKMUBATDL [pUMectibie (hasbl JIMIIbL TOIJA, KOra YPOBeHb WX CO-
JICPKAHMI Ha OIMII-/[BA [TOPSJIKA BBITIE; MTOATOMY M 3/¢Ch HC OBOUTUCH
6e3 aHaJIMTHUYCCKOI XMMHH, TOYHEC — TOIO pasjielia aHain3a MaTcpya-
JIOB, KOTOPbIH Ha3biBAIOT BCHICCTBENILIM aHAMU30M (cM. 11, 9).



A.B. Branx

Ta6mmua 1.1. Ouelka KauecTBa ABYX 06pasioB HOAKMAA HATPUS 0cO60il

YHUCTOTHI A1 CUMHTUJIAINMOHHBIX MOHOKPHCTAJLIOB

Ilpumecs | C, | C. | C/ | C ] « : €, -C) o (€ -C,)
(Ca - Chm) (Ca _Clim)
H,O, % x10'} 31 02]09] 2| 0.1 0.075 0.036
10,, %10 5] 04 ] 08| 1] 0.05 0.045 0.043
OH-, % x10% 6 | 2 3 }002 0.020 0.015
Cl-, % x10*]| 10| 2 31003 0.022 0.026
SOr, % x10 10 2 |00t 0.078 0.089
K%x10*} 11 05| 08]09]0.06 0.024 0.012
Rb, % x10° | 6 2131001 0.010 0.008
Cs, % x10° | 6 2131001 0.010 0.008
Mg, % x10° ] 10 4 | 41002 0.015 0.015
Ca, %x10*]1 2] Q1]05] 1]003 0.024 0.016
Ba, % x104} 51 02 L 09| 2 ]0.05 0.042 0.031
Al %xt0° | 5] 05| 05] 2 0005 0.005 0.003
Fe, % x10° | 10} 1 5191007 0.039 0.008
Bi, %x10% | 5| 4 4 | 4 ]0.003 0.003 ~0.003
Cd, % x10° | 2 1 1 1 10.007 0.007 0.007
Co, %x10°| 5| 4 51 41001 0.000 0.010
Cr,%x105 | 1] 04| 0.6 06]0.003 0.002 0.002
Cu, % x10%| 5 1 21 51004 0.030 0.000
In, % <10 | 5 1 2 | 2 10.003 0.002 0.002
Mn, % x10%| 5 1 11 2]002 0.020 0.015
Mo, % x107° | 10| 1 11 2 ]0.003 0.003 0.003
Ni, % x10 | 10| 4 6 | 5|00t 0.007 0.008
Pb, % x10% | 5 1 2151002 0.015 0.000
Ti, % <10 | 7 1 51 71008 0.026 0.000
Tl % x10> | 3 1 21 21001 0.005 0.005
V, % <107 5 1 1 2 10.005 0.005 0.004
z 0.534 (I") 0.369 (I'")
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1.2. Metponornmueckn obocHoBaHHas pa3bpakoska
NpOAYyKLMM

Conepxaitne C HOPMHUPYEMOIr0 KOMIOHEHTA JIOJHKHO OTBCYATH
OJIHOMY U3 CJICAYIOIUX yeaoBuit: C < C"W,(Bpem—lafl npumecs); C> C

under
(ocHoBHoe BetlectBo); C . < C<C  (serupyioiime 106aBKK, HCKO-

under upper

TOpbIE KOMIOHEHTDbI OCHOBbI), rine C H C — HWXXHAA N BCPXIIAA
under upper

rpanmila noJs aonycka. OLHAaKO NMpH HEMOCPE/NCTBCHHOM CpaBliciiiU
pesyJIbTaTa aliausa u3 IByX - Tpex napamnensuvix ¢ € (uin C_ )
puck norpeGutesist Moxet gocturats 50 % (puc. 1.3). Boace xectkue

6PaKOBOYHBIC KDUTEPUU

nder

C+AC<C,,,, (Bpennas npumecs);

C-AC>C

under

(OCHOBHOE BellleCTBO) (1.3)

¢-AC>C,,,: C+AC<C,  (nerupyomas JlobaBKa)

under’
1103BOJISIIOT CHU3NUTDH PUCK NMOTPebUTENS [0 T1060T0 3a1aHHOTO 3Have-
nug (1-P)/2, KoTopoe 3aBUCUT OT BBIGPAHHOI TOBEPUTELHOI Bepo-

a P(C)
Puc. 1.3. Puck norpeburens
(3alITPpUXOBaHHAg 4acTh
0% IVIOIAK TOX KPUBOM pac-
HpefesieHUs ) P UCIOTb30-
BaHUH GPAKOBOYHBIX KPUTE-
€ = Cupper C pues ESCupper (a) mu
b i(C) C+ACLCyp (6); 9(C) ~

BEPOSITHOCTD TOTO, YTO Pe3YIlb-
TaTy aHaJN3a COOTBETCTBYET
coflep)KaHHe BPeIHOM puMe-
cu C

(1-P)/2

C Cupper C
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ATHocTH P. QueBuano, «3anac kavectBa» AC, KOTODbIH A0JKeH 1pu
9TOM CO3/1aBaTh 0CTABIINK NPOAYKLHH, — ITO MOTPEUIHOCTD Pesy.Ih-
TaTa aHalu3a, W, CJIeJloBaTe/bHO, 3aMeHa MeHee TOYHOH MeTOAMKH
aHauza 6osee TOYHOI GyLET CONPOBONKAATBLCS PeabHbIM CHHKCHH-
eM ce6ecTOMMOCTH MPOAYKIIMH.

PaccMoTpUM OCHOBHbIE TIpMEMbI METPOJIOIHYECKOTO obecreye-
HUSl aHAIMTHYecKoro KoHTposiss M, onpasaasliye cebs npy npak-
THYECKOM WCTOMb30BAHWM Ha NPOTAXKEHUM MHOTUX JieT [6, 7]. .

Ecsn cicTemaTnyeckue NorpeltHoCTH He3HAUNMBI WM HCKTIOUEHB
(pezcTaBiIsieTcs, YTO NpH aHanMTHYeckoM Kontpose @M ykazamnoe yc-
JIOBHE JIOJKHO OGSI3aTENTHHO BBITOIHSTHCS ), CITYHaiiHYIO OTPELTHOCTb pe-
3y/IbTaTa aHalM3a PAaCCUUTHIBAIOT KaK MOTPEIIHOCTb BOCIIPOM3BOAUMOC-
TH — BHYTPUTabOPaTOPHOM MM MeXTabOPaTOPHON B 3aBUCUMOCTH OT
COIVIALIEHHs 3aMHTePEeCOBAHHBIX CTOPOH. B 6onbinmHCTBe citydaeB pacripe-
AeJIEHHE PE3YIbTATOB aHAIM3A WM MX JIOrapudMOB MOXHO anNpOKCHMH-
poBaTbh HOPMAbHBIM 3aKOHOM. TorMa NIOMYIIMPUHY I0BEPUTENBHOTO MH-
TepBaJa pe3y/bTaTa aHé.nnaa AC paccuMTBIBAIOT 10 M3BECTHOI opMY.ie

AC=t(Py)S,,, [\n, (1.4)

rie {(P,v) — xoaddunment Crplogenta npu NOBEPUTENBHOI BepoAT-
locT P 1 umcse crenenedt cBoGoab! v 2 20, COOTBETCTBYIOMWMX BbIGO-
POYHOM OLEHKe CTaHIapTHOTO OTKJIOHEHHMS BOCIIPOM3BOAUMOCTH S epr
n = 2..4 — WHCJO NapaJUie IbHBIX ONpe/IeeHHil; J0BepUTebHAS BCpO-
SITHOCTL P 06BIYHO mpUHMMaeTcs paBHOit 0.95*.

Ecam cucTematiyeckiie NOrpeliHOCTY peayJibTaToB aHAIN3a 3HAYMMbI
M HE MCKJIIOYEHDI, COIJIACHO HOPMATUBHOMY JIOKyMeHTY [9] AC nysHo
paccuMThiBaTh Kak KOMOMHAIIMIO OLIEHOK CHCTEMAaTHYeCKOH U CJIyYaitHoOU
NOTPEIHOCTeH. ITOro, OAHaKO, MOXKHO M30€XATb, €C/IM MPUHSATH MepbI /s
MCKJIIOYEHHNS CUCTEMATHYECKHX TIOIPEIIHOCTEN M3 Pe3y/IbTATOB aHA/N3A.

* Ecnu 3akoM pacrpenesienusi pesy/bTaToB aHaJM3a HEU3BECTEH, BMECTO
ypaBHenus (1.4) MOXHO BOCIOJIB30OBAThCA IOJYYEHHBIM M3 HEDaBEHCTBA
Yebrrmesa [8, ¢.183] npubmmxeHHbiM cooTHomeHeM A( = yS/‘p Jn , koto-
poO€ CIPaBeIIBO NPH JOBEPUTEIbHON BEPOATHOCTH P =1-— l/y u S, mpak-
THYECKH PABHOM CTaHJaPTHOMY OTKJIOHEHHIO FeHEPaIbHOM COBOKYITHOCTH.
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Pa36pakoBka NpoayKUNM He 10/KHA 3aKaHYMBATbCS CPABHEHH-
€M BepxHed (HWKHeH) TpaHMIbl pe3y/ibTaTa aHajJW3a C HOPMOIl CO-
AepXaHusi KOMIIOHeHTa B BelllecTBe. HysxHo Taxoke y6equTbes B TOM,
YTO Cjy4aiHblii pa3Gpoc pe3y/bTaTOB He MpEBbILIACT A0MYCTUMOLO
YPOBHS, a CUCTeMaTHYeCKHe NOTPEINHOCTH He3HAYUMDBI.

Ha npakTuke BO3MOXEH TOJIBKO ONEPaTUBHbINA KOHTPOJIb CXO/H-
MOCTH, T.€. OLieHKa pazbpoca pe3yJIbTaTOB Napasijie/ibHbIX onpeseJie-
Huit. K cyacTebio, cyniecTByer, Mo-BUAMMOMY, 1pocTas B3aUMOCBA3b
MEX/Y CTaH/IaPTHBIMU OTKJIOHEHUSMH CXOUMOCTH M BHYTpHJabopa-
TOPHOH BOCHPOU3BOAMMOCTH: MO AaHHBLIM aBTopoB [10, c. 103; 11]
nepsas U3 9TUX BeauyMH B 1.5..2 pasa Menbline Bropoi. CornacHo
AaHHbIM paboTh! [12] npubAM3HTEILHO B TAKOM Xe OTHOLIEHHH HAX0-
IATCS BHYTPHU- K MeKJ1abOPaTOPHbIE MOTPEIIHOCTH BOCIPOU3BOLUMO-
CTU ONpeJie/ieHNs TIpUMeceil B YMCTBIX BELIEeCTBaX, €ClN BKJIIOYATh B
NePBYIO U3 3TUX BEJUYUH MOTPEIIHOCTD, 0OYCIOBIEHHYIO HEOAHOPOJ-
HOCTBIO aHA/IM3UPYEMOTo MaTepualia. MoXHo rnojarathb 103ToMy, 4TO
OlepaTUBHbIA KOHTPOJIb CXOAUMOCTH MO3BOJIUT BbISIBUTDb HEJOMYCTU-
Mble HapyuIeHUs Npolecca aHalu3a B JaHHOW J1abopaTOpUH WJIH, Ha-
060pOT, KOHCTATHPOBATb OTCYTCTBHME TAKMX HApyIIeHHIi.

Zeno cBOAMTCA K IPpoBepKe CTaTUCTHYECKON TMIIOTE3bl O TOM, YTO
pasiMyMe MeXY periaMeHTHMPOBAHHOM MUCTepeHeil CXOOUMOCTH U ee
OLIEHKOH, 110JIy4aeMoHi B X0/l aHaIM3a, He3HaYUMO (MOXeT ObITh 06bsIC-
HEHO CJTy4aHbIMM NPUYMHaMU). B kayecTBe onepaTUBHOI OLIEHKH CXO-
AMMOCTH yIOGHO MCNIOJIb30BATh pa3Max BapbMpoBaHMA R(n) u3 n na-
paslnesbHbIX ornpesieieHnii (koraa n pasHo 2, 3 wiu 4). [lisi iposepku
TMIOTE3b! UCIOJIb3YIOT HEPaBEHCTBO, MolyYaemoe M3 F-kputepus:

R(n)=d(n)S(N)\F(P,n,N), (1.5)

rie d(n) = R(n)/S(n) — TabavvHas BeMYMHA, CBA3BIBAIOIAS Pa3Max
W CTaH[apTHOE OTKJIOHEHME M3 N Napanenbhbix [13, ¢. 90], S(N) —
perjiaMeHTUPOBaHHOE CTaHJapTHOE OTKJIOHEeHHe CXOAUMocTH (A5 JaH-
HOI'0 KONIEHTPAUHOHHOIO UHTepBaJa), noayuentoe w3 N > 20 onbl-

ToB, F(P,n,N) — ko Puuuent Puutepa Ans ogHOCTOPONHE JI0Be-
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1 1 1 L 1 1 1 ! 1

1 3 5 7 9 2 3 4 5.
C,mac.%-10°° C,mac.%-10™
a 6

Puc. 1.4. KonuenTpaunonnas saBucuMocts R/C Ais MeTonuk boToMeTpu-
YECKOTO ONpe/ieNIeHUsT NpuMecei xesie3a (@) ¥ XJ0puaoB (6) B HOAHUIE Ha-
TpHs 0COBO0H YHCTOTHI AUIsl CUMHTHAUMOHHBIX MOHOKPHCTALIOB; P = (.95,
N=30,n=2(7),n=3(2)

pUTEJIbHOI BEPOATHOCTH P NIPU CPaBHEHUM BBIGOPOYHBIX AMCTICPCHIL
u3 n u N onsitoB. Ha puc. 1.4 npencrasiensl paccunratubie 1o ¢op-
myJie (1.5) 3aBUCHMOCTH MaKCHMMa/bHO JONYCTUMOIO OTHOCUTENbHO-
ro pasmaxa BapbupoBanus R/C ot n v C 11 HEKOTOPBIX METOAMK
onpeeeHHs MUKPOKOMIIOHEHTOB.

TIpaBH/ILHOCTb aHAIN3a KOHTPOJIMPYIOT NEPHOAMYECKH, 1POBeE-
psAd 3HAYMMOCTD PA3JIUYUsl MEXAY 3HaueHusMH C ¢ Cmp, yKasai-
HbiMu B TabJ1. 1.2. VI3 9T0ii TaGauLbl BUAHO, YTO BBIABJIATH 3HAYUMbIE
CHCTEMATHYECKHUE IIOTPEIlHOCTH MoXHO U B orcyTctBue CO. 3ro
OYCHb BAXHO, T.K. B MOJABJAIOIEM OONBUIMHCTBE CJy4aeB Mbl Iic
pacrioynaraem CO coctasa OM.

[is1 Takoit NpoBepky O6BIYHO UCITOJIB3YIOT t-KPUTEPHUHA, O/IHAKO
6onee MHPOPMATUBHBIM NpPEACTAaBAAETCA METOJ HJUIMIICOB, C 11OMO-
1bI0 KOTOPOr0 YCTaHABJMBAIOT, YTO Y 1IPpAMOM

C =a+bC (1.6)

anal comp
cBOOOAHBIH WICH @ HE3HAUYNMO OTJMYACTCA OT HYJs, a YIJIOBOH Ko-
apdutiment b — ot enunnitbl. st 3TOr0 CTPOAT IUIIC, OFPAHUYN-
BAIONNH JIOBEPUTCABHYIO 0OACTD 11APAMETPOB a 1 b, N yBEKJIAIOTCS
B TOM, 4TO To4Ka ¢ KoopauHatamu {a =0, b= 1} Haxonurcsa BuyTpn
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Ta6auna 1.2. Crioco6bl IPOBEPKM NMPaBUIBHOCTH Pe3yIbTaTOB aHAJIM3A

(HE3HAYMMOCTH CUCTEMATHYECKUX HOTPENTHOCTEH )

CpaBHI/IBaeMI)Ie BEJINYWHBI

Cana] comp
Pe3ynbTar aHa/MN3a CTaHAAPTHOTO ATTecTOBaHHOE colepXaHue
obpasnia coctasa (CO) koMmmonenTa 8 CO

PesysnbTar aHanusa obpasua B 1-i Pesynbrar ananuza ofpasua Bo 2-i
naboparopuu (apbutpaxuoil) maboparopun

PesysbTar anammsa obpasua us
HaBECKH, YMEHbIIEHHOH
(yBeJIMYEHHOM) B HECKOMBKO pa3 *

PesynpTar ananu3za obpasiia us
perjiaMeHTHPOBAHHO HaBeCKH

Pe3ysbTaT aHATH3a UCKYCCTBEHHON
CMECH ABYX CTaHJAAPTHBIX (WU PacyeTHOe coznepikaHye TPHMeCH B
3apaHee NMPOAHATU3UPOBAHHBIX ) VKa3aHHOI cMecH

06pa3iioB JaHHOTO BelliecTBa

PeaysbTaT aHa/MM3a JaHHOTO BEUIECTBA
HPH MOMOUIM PerIaMeHTHPOBaHHOR
METOIUKH

PesynbTaT aHANMM3a JaHHOTO BellleCTBa
TIpH [OMOLIU apOUTPAKHOM METOAMKH

Haiinennoe comepxatnye n06aBku BeezneHHOe coziepxanue 06aBKY B
KOMIIOHEHTa B BellleCTBO-Marpully | KOMIIOHEHTa B BEIeCTBO-MaTpHIy**

*Meton BapbupoBaH#s HaBecoK; ** Metoa 106aBok

atoro suaunca [14]. IIpu 3ToM MOXHO B OTACABHOCTH YCTaHABANBATD
HaJIMYUC WM OTCYTCTBHE 3HAYMMbBIX 1IOCTOSTHHOU (a/IMTUBHOM) U
IIPOMOPIHOHANBLHON (MYJIBTUTIMKATHBHOI) norpeuitocteii (puc. 1.5).

B pa6ote [15] 1okasaHo, 4YTO METOJ BapbUpOBaHMs HABECOK U
MeTojl J106aBOK HE [al0T BO3MOXKHOCTH OOHApY)HUTb COCTaBASIO-
ILMe CUCTEMATUYECKOH ITOIPEUIHOCTH, KOTOPBIC IPONOPUMOHAIbHBI
COJlEPXKAHUSIM IIPUCYTCTBYIOUIMX B 11po6e COMYTCTBYIOIMX KOMIIO-
tientoB. [To-BUAMMOMY, 3TOT BbIBOJ CIIPABEANUB WU B clydac IPH-
MEICHUS AJsl KOHTPOJIA IPABUABHOCTH MCTOJMKW CTaHAapTHDLIX
06Da3IoOB COCTABA, B KOTOPHIX COAEPKAIUS COIYTCTBYIOUIMX KOM-
IOHENTOB [MPAaKTHYEeCKU TAKHMC KC, KAK B aHaJU3UPYyCMbix 00pas-
tax. OTciofa fcio, YTO HOSIBJCHUE 311a4MMBIX CHCTCMATUYECKHX
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Puc. 1.5. Viccnienopanme 3HAYMMOCTH CHCTEMATHYECKMX NOTpEIIHOCTei npu
PEHTTeHOTYOPECLIEHTHOM OTeNie/IeHu MeAX B CBEPXNPOBOJIALIEM KYyIpaTe
BUCMYTa~CBUHLA~Ka/IbIMsI~CTPOHUKS € HCTIOJB30BAHMEM METONA TeOpeTHYEC
KHX NONIPaBOK IIPH HAIMYHMH OHOTO (a) U TpeX (6) rpagyHpoBOMHbIX 06pasLioB

TNOTPEUIHOCTeH YKA3aHHQIO THIIA CICyeT HCKJI0YaTh KaK TIpH Ofl-
PelesieHUH TapaMeTpoB IPajyMpoBOYHONM YHKIMH, TaK M Npu
BLIFIOJIHEHMH aHa/Iu3a MaTepuaa, He JOMycKas, YToGbl cofepika-
HHUsl COMYTCTBYOUIUX KOMIIOHEHTOB B QHATM3UPYEMbIX U rpasyy-
POBOYHBIX 06pa3liaX BHIXOJMAY 33 FPaHUIlbl AMANIA30HOB UX Bapb-
MDOBaHHUA, B IIpefiesiaX KOTOPbIX MX BJIMSHHE Ha aHAJIUTHYECKHe
CHTHAJIBI OCTAeTCS] NPAKTUYECKH NTOCTOSIHHBIM.

Peajmsauus uanoxeHHoii 1ipoueypsl HeBo3MOXHa 6e3 pesiBa-
PHTEJIbHON METPOJIOTMYECKO aTTecTallMi METOAUK anannza OM.

B nipouiecce artectaunu neoGXouMO M JIOCTaTOMHO YCTAHOBHTD:

~ 3aKOH pacnpe/ieleHUsi pe3y1bTaToB aHaMu3a (06bIYHO HOPMaTb-
HOE WM JIOTHOPMa/IbHOE palipe/iesienue);

~ OTHOCHTEJIbHbIE CTaHAapTHble OTKJOHEHHUA CXOAUMOCTH W
BHYTpUnabopaTopHoii ni MexnabopaTtopHOii BOCTIPOM3BOAMMOCTH
(B AManasoHe cofiepxanuii OT Npejieaa onpeesienns C,, 1o C,pper 1151
ipumeceit; ot C_ . no 100 % — pisi koMnoHeHToB OCHOBbl OT Cm”,w
no C,,, — AJIs IETUPYIOUMX JI0DABOK); OHOBPEMEHHO YCTAHABAHBA-

npper
0T C[‘.m JUIA ONpefeasieMbiX l[pHMCCCﬁ;
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~ HaJIMYMe U YPOBEHb 3HAYMMbBIX CHCTEMATHUYECKUX MOIPEIHOC-
Teil, OIleHMBAEMbIX U3 IKCMEPUMEHTa (110 [-KPUTEPUIO WM ITyTeM
(IOCTPOEHHSA DJIIUIICA JOBEPHTENIBHOM 06J1acTH), a TaKXKe pac4eTHBIM
IIyTEM Ha OCHOBAHMM 3aKOHA HaKOIICHUS TOIPCIINOCTCH:

87 =(Y/aX, )82 +..+(3Y/aX, )82 +..+(3¥/aX,)8% , (1.7)

rie Y=fX,, ., X,, .., X ) — KOCBEHHO uU3MepsAeMoe CojlepxKaHue Orl-
pe/le/isieMOro KOMIIOHEHTa, KOTOpoe sABJsteTcs dYHKLUUeH Helocpes-

CTBEHHO W3McpsieMbIX BesnyuH X, ., X, ., X ; 6,(' ,...,6X, ,...,6,(“ -
MaKCHMaJIbHbl€ OLIEHKH CUCTEMATUYeCKUX I10rPElIHOCTEN Herocpes-
CTBEHHO M3MepsAeMbIX BeJMUMH X, .., X, ..., X,
Ionyyaembie dKCTIEPUMEHTANBHBIM M PAacyeTHbIM ITyTeM JBE pa3-
HbIE OIIEHKM OIHOM U TOM e CUCTeMaTHYeCKOMN MOrPEUIHOCTH B3auMHO
AOTOJIHSIIOT APYT /Ipyra: NlepBasi — MONOKUTENbHAS WU OTPULIaTe/ibHas
TNOIIPaBKa, KOTOpasi MOXeT U JOKHA ObITb UCKITIOYEHA U3 TI0MyYaeMbIX
pe3yJIbTaToOB; BTOpPasi — MaKCUMaJibHasg OllCHKAa CUCTCMAaTHYecKok IMo-
TPENIHOCTH, KOTOpas He HMeeT 3HaKa M M03TOMY He MOKeT ObITh UCKITIO-
YeHa, 3aTO MOXeT GbITb HMCIIO/IB30BaHA IS ONTUMMU3AIMK ATTOPUTMA
aHa/IM32, T.K. HO3BOJISET BbIABUTb OTHOCUTEBHBIN BKJ1a/ pa3HbIX HCTOY-
HHKOB B CyMMapHy1o rorpemnoctb. K cyacTbio, Npu ornpeneenny MHK-
potipumeccii B MM pacuerHasi (HeMCKIIIOYEIHAs ) CUCTeMaTHYecKast 110-
PEIHOCTD (KaK, BIPOYEM, M pealbHast CUCTEMATHYECKAsH 10TPElIHOCTD,
OHEHWBaeMas 10 {-KPUTEPUIO WM METOMY DJIJIMNCOB) yalle BCero He-
3HayuMa Ha QoHe JOBOJILHO GOJIBUIMX CJIYYalHBIX MOTPEIHOCTEIA.

1.3. OueHku npeaensHbIx BO3MOXHOCTEN METOANKM B
0BNACT MANbIX COREPXAHUI OMPENEniemMbIX
MMKPOKOMIMOHEHTOB

[pegenbHble BO3MOKHOCTY METOAMK ONpeje/elns IpuMeceil B
@M 006bi41i0 XapakTepu3yloT npeaenoM obrapyskcnus C 1 npese-
JIOM ONpE/ICNIEHUs, WM HUXKIleH TPaHuLei olipe/le/IsieMbiX CojlepiKa-
nuit C, |4, c. 16; 16; 17] IlepBast U3 9THX XapakTepUCTUK NPEACTaB-

asier coboi HauMeHbllee COJ/IEpsKaHuKe, IpU KOTOPOM 1O JIAHHOU Me-
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TOJMKE MOXHO OOHapYHTbh CTATHCTUYECKH 3HAYMMOE [IPHCYTCTBHE
KOMIIOHEHTA B aHaJu3upyeMoil o6bekTe. BTopas Beauunmua — ato
HauMcHblIee COfEPXKaHKUe, KOTOPOEe MOXET ObiTh OIPele]eHO CO Cy-
4aillo} 110TPEIHOCTbIO, He ITPEBOCXOAsIIICH 3agatiyio. OUucBHUIHO, C..
OTHOCHMTCA K KayeCTBEHHOMY aHanusy, a C, — K KOJWUYCCTBEHIOMY.
Merposornyeckn o6ocHoBaHHbI MOAXOML K OlleHKe Npegesia 06-
HapyxeHus Obu1 BbLABMHYT Kaitsepom [18, 19, 20|. On ucxoaun ns
TOTO, YTO CJIy4YailHas NOrPEIHOCTh ONPeAeaelIns B IMUCCUOHHOM CIICK-
TpajibHOM aHajiu3e ¢ GoTorpaduyeckod perucTpanueii ciaraercss us
daykryaunit 6, M G, , uHTENCHBHOCTEH (hoHa (1;) n amunK Ha aTOM
doue (1,,,). Cuurag, yto B6IM3M npenena obHApyKCHMS I,,=In
Op = O, ABTOD NOJIY4YWJI B 3TOM NpeAeSbHOM CJlyyae cJeayIoLLyo
Gbopmyy i CTAaHAAPTHOTO OTKJIOHEHHS! CNIeKTPaIbHON JHHUH ):

o, = \/50'5. 3ajaBas OBCPUTEIIBHYIO BEPOSTHOCTb P o6HapyKeHust

JIMHUH, MOXXHO CBSI3aTb HaMMEHDLIYIO AOIMYCTHMYIO Pa3HOCTb UHTEH-
CHUBHOCTEHN IL = IL+B_IBC BE/JIHYUHOH O'L. Hp]/l BbIIIOJIHEHUHW HOPMaJib-
HOI'O 3aKOHa paclipeiejieHnA pe3yJbTaToB MaMepe}mﬁ W OJHOCTOpEH-
Hel ITOCTaHOBKe 3aja4Y¥ MUHUMaJIbHBIA aHATUTUYECKUN CUTHAJ Cco-

cTaByseT 2\/50'8 U 3\/:2_0',, Aas P, paBHoro, coorBetcTBenno, 0.9773 u

0.9986. [Mozo6HbIH 110/1X0 NOJTYYHUA 3HAUUTENbHOE pacnpocTpatdetue
U Obit IPUMEHEH He TOJILKO K CHEKTPANbHOMY, HO 1 K JIPYTUM METO-
AiaM ananusa (cM., Hanpumep, 6ubauorpaduio k cratve [21]).
HanbHeHlIMM pasBUTHEM 3TOIO NMOAXOAA SBMAOCH NPUBHAHUC
TOTO, YTO OBEPUTENbHAsA BEPOATHOCTb 00HAPYKCHUS SIBISIETCS CIOK-
HOM XapaKTEPUCTUKOM, BKITIOYAIONIEH BEPOATHOCTH «0KIIOH TPeBo-
I'M» W «Ilpollycka curiaia» (21, 22]. [lepBas u3 sTux BeposTHOCTEHH
(p,) oTnocutes K cayyasm onGoYHORO 0BHApYKCHKS IPUMECH, BTO-
pas (p,) — K cJyyaaMm, KOIJa IPUCYTCTBYIOLIAs B IIPOGC MPUMECh
0nbouHO He 0bHapyskuBacTcs. Mcxons M3 9Toro, npesciom o6Hapy-
KeIns CHUTAIOT INallason coepxkanmii, Ha muskiich (C, ) u Bepx-
neit (C,,, ,) rpaimIiax KOToporo 3aatbl BEPOSTHOCTH p, v p,. lyctb
Pa3HOCTHBIE aHAIUTHUYECKUC CUTHAJIBI (NPEBbINCHUS CUTTIANOB Hajl

doriom) z,. Mz

min,2’

KOTOPbIC COOTBETCTBYIOT COJICPKAHMHAM C 141

i, min,1



Inaea 1 25

C,nz» BTPOC [18] 1 Butectepo |19, 20] npeBbimaioT craiaprioe or-

KJIOHEHHE §, CDEJAHETO PE3YJIbTATAa UBMEPCHUS Pa3HOCTHOIO aHANUTH-
YEeCKOTO CUrHasta a4 HPO6, 6M3KKX 1O COCTaBY K XOJIOCTbIM:

- 3s,, (1.8)

2 .
min,1

z .=6s

min2 b (19)

Ecan 11p1 3TOM pe3yibTaThl M3MEPCHUS aHAJIUTUYECKOTO CUIHA-
na B6an3n C . pacrpesieieHbl HOPMaJbHO, To ycaosuio (1.8) coot-
serctyet p, = 0.0015, a ycaosuio (9) — p, = 0.0015. B Tex cayuyasx,
KOT/la 3aKOll paclpefe/ieHUsl pe3yJibTaTOB HeM3BeCTeH, I OLeHKH
BEPOSITHOCTEH p, U p, Ipeasioxeto [21] ucnosb3oBaTh HepaBelcTBO

Yebpilena:

P{Zmin = 2] > 7, } 1Y, (1.10)

rjie p — BEPOATHOCTbL BbIXOJa Zm.n 3a 110J10CYy paccessHus + ]/Sb, Emin -

1
MaTeMaTHYeCKoe OXHAaHWe Pa3HOCTHOTO aHAIMTHYECKOIO CUrHaia,
Y — HeKoTopoe I0J0XHUTeNbHoe Yucao (0bbruto 2..6).

IIpn 5TOM A/ CHMMETPHUYIIOrO 3aKOHA pacnpejiccling OKasbl-
Baetcst, 4o ycosuio (1.8) cootercrayet p, = 0.05, a yenosuio (1.9) —
p, = 0.05. llocneanve 3Hauenns p, u p, XOTs W MPEBBIIAIOT UX OLEH-
KW JUIsl HOPMaJbHOTO pacnpefie/iCHUsA, HO He SIBJSIIOTCS Ype3MepHO
Gosnbiuumu. [oaromy dopmynst (1.8) n (1.9) MOXHO HCHO/IB30BAT
AN NPUOIVKEHHON OLIEHKH T1pejiesioB O6HapyKeHWs 1 B TeX Ciyya-
AX, KOIJIa 3aKOH paclpejie/ICHUsl Pe3yabTaToOB M3MCPelinid aHalIuTH-
4CCKOTO CMIHata Heu3BeCTeH. 3aMeTuM, 4to Besnumity C 06bIYHO
Ha3bIBAIOT 1POCTO <«IIpejiesioM obnapyxenusi», a C,. , — <«lipejieoM
HaJleKHOro obnapyxkeHus» [21] win <«ipenesioM rapaHTUPOBAaHHOI
uuctoThl> [19]. Onnako, ecu cofiepkaHie KOHTPOJIMPYEMOii pUMe-
cu naxoputes BOMau C ., BecbMa BeJIMKa BEPOSITHOCTD P, «I1po-
IlyCKa curnala», a eciu ato coacpxanuc C JEKUT B IIpeacaax
0<C<C, ,— BelnKa BCPOATHOCTb P, — «JIOKHON TPEBOrM>».

C nnbix no3uumii k npobJjeme OLCHKH Mpejesia obHaPYXCHUS
nogomén H.IT. Komaps [23, 24]. B ocHoBY npeiiniokeHHoro um Mero-
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/la OUEHKH NpeJieIbHBIX BO3MOXHOCTEN KaueCTBEHIbIX Peaki1ii GbLIo
HOJIOXEHO HaJMuKe 061aCTH HeHaIeXHO OTKPBIBAEMbIX COlEPXKAHMIA,
KoTopoe patee o6Hapyxun F.Emich. B npenenax stoi obnactu yacts
Npo6 /IaeT MOJOKUTCABHYIO PCAKI[MIO, 4 YacTh — OTPHIIATEJIbHYIO,
WA — €C/IH UCTIONb30BATh COBPEMEHHYIO TEPMUHOJIOTHIO — BEpOSIT-
HocTb p(C) MoJyYeHUst OTIIMYHOTO OT HyJIst PA3HOCTHOTO aHANUTHYEC-
KOTo cHrHajia HaxofuTea B Ananasote 0 < p(C) < 1. Ouenikamu Bepo-
ATHOCTH p(C) CIyXKaT SMIMPUYECKUE YAaCTOTHI OBHAPYKEHUs HCCle-
Ayemoro xomnoneHra. H.II. Komapb co cBouMM coTpynHukamu u
y4eHMKaMH1 IPMMEHUJI YKa3aHHbIN [I0/IXO/ K PAZY KaueCTBEHHbIX pe-
aKLMii ¢ OpraHo/IeNTHYECKOH perMcTpanmeil aHATUTMYCCKOTrO CUTHAA
(10 NMOABNIEHUI0 OKPacKW WAM 3amaxa aHaAUTHYCCKON dopmsr)
[25...28]. [osanee 6bi10 MokazaHo [22], Y4TO M IpH ATOMHO-IMUCCH-
OHIOM CIEKTpabHOM aHainse ¢ dortorpaduycckoii perucrpaiueit
NMeeTCst 00J1acTb HeHAZEKHO OTKPbIBAEMBIX COJEPXKAHH, B npesesax
KOTOPO# aHa/IMTHYECKast TMHUA BUIHA He Ha BCEX CTIeKTPOrpaMMax.

Ouenky C_, 1o Komapio nojyyaioT cieyiomum obpazom. Ecau
Pe3y/bTaThl U3MEPeH Uit pacTipesie/ieHbl HOPMATBHO, BEPOSTHOCTD 06-
HapyXeHHs NpuMecH Npu e¢ coaepxatuu C, HaxoadlleMcsa B obnac-
TH HeHaA€XHO OTKPBIBAEMbIX COJEPKaHUH, CBA3aHa ¢ napameTpamu
C,; 1 H cooTHowenuamu:

p(CO)=1/2+ Ky)/2, (1.11)
y=04769(C - C,,)/H, (1.12)

Y
rie F(y)= (2/ N )J'exp (— y? )d( y) — muterpai Bepositocty [29, c. 69];
0
Cys — cpeaHee OTKPbIBAEMOE COACPKAHME, IS kotoporo p(C) = 0.5;
H — BeposiTHOE OTKJIOHEH e, XapaKTepH3yolilee HIUPHHY 0BMACTH lie-
HA/IC)KHO OTKPBIBAEMbIX COJIEPHKAHUH.
3navenns C . v H HaXogAT 110 METOly HAaUMelblIIMX KBajIpa-
TOB Ha OCHOBaHMM psAlla usmepenuit p(C), a npesesoM obHapysxe-
s cuanTaior cofepxkanune C . = C .+ aH. Koadduunenr a 3asu-

mn

CUT OT 33JIlaHHOI BCPOSITHOCTY 06HAPYKEHUSA p(C, . ) v npuHuMaer



TI'nasa 1 27

p -
08r Puc. 1.6. Imnupuyeckas 3aBucH-
06k MocTs p(C) B 06IaCTH HEHAZeKHOK
' PpeaKIuM U151 TecT-MeTona obHapyKe-
04 HHUSI CYMMBI TSXEJIBIX META/JIOB B
Bozte. C, = 1.3x10" Mosb/1;
02} H=0.3x107% monb/1;
00 1 i L 1 L ) Cmin = C0.5+ 25H= 2X10_6 MOJIL/H
0.0 05 1.0 1.5 20 25

C, Monk/n-1078

3HayeHus 2.5, 3.0 u 4.0 ans p(C_) 0.95, 0.979, 0.997 cootser-
cTBeHHO. A.A. Byraesckuii pacnpocrpanun u3noxeHHbIH NOAXO/ Ha
CJly4aM, Kor/a pacrpe/ieieHue pe3y/ibTaToB OTJIMYAETCH OT HOPMaJlb-
Horo {30, 31]. PexoMennanuu pa6otsi [31] 1103B0AAIOT HPOBEPUTD,
KaKoMy M3 paclipe/ic/ieHHil — HOPMa/lbHOMY, JIOTHOPMAJIbHOMY. 9KC-
n0HeHuha.an0My MK pacnpenesienmio Beitbyna coorBercTByior 11o-
JIy4CHHble IMAMPHYECKHE YacTOTbl. ONbIT aBTOpa KHUIK B 06JacTH
KayeCTBEHHOTO aHa/IM3a NoKa3biBaeT [32], 4To B nofaBasioieM 60Jib-
UWIMHCTBE CYYacB Pe3Y/IbTaThl SKCIICPUMEHTA He MIPOTUBOPEYAT I'M-
110Te3e 0 HOpMaJIbHOM pacnpe/ieNenH, KOTOPOe U UCIIONb3YIOT Jis
OUEHKH Cpe/iHeH OTKPbIBACMON KOHIEIITPALMHU, BEPOATIONO OTKJIO-
HeHMs W npeaena obuapyxenus. IIpuMep Taknx oleHok |32, 33)
npe/ictaBiied Ha puc. 1.6.

OueBnano, pacCMOTPEHHbIN 110X MOXET ObITh HCIOJb30BaH
JUls OLEHKH 1penena obHapykelusi METOAOB aHalu3a, B KOTOPbIX
aHaTUTHYECKNH CUTHAI PETUCTPUPYIOT HE TOJIBKO OPraHOJICHITHYCCKH,
HO M MHCTPpYyMeHTalIbHO. B nocseatiem ciryyae s OLeHKH 3HaunMMOC-
TH Pa3/inuMsi CUIHAJIOB aHATU3UPYCMOM M XOJIOCTOM Npob MOXHO
UCTIOJb30BATD {-KPUTEPHIA.

Yke oTMeyanoch, uTo npejiesi 06HapyKeHUst — XapaKTepUCTHKa
KayecTBeHHOro aHaansa. Ona okasaiach MOJE3HOW, Hanpumep, st
OHEHKH I1peAeAbHBIX BO3MOXKHOCTEH TecT-MeTofoB. KonuuecTaenmle
METOJMKH CJIEYEeT XapaKTCPU30BaTh MHOM BEIMUMHON — MpeicjioM
onpeiestentust . , KOTOPbIA HENOCPEJCTBEHHO CBA3AH € KOHUEHTPAIIN-
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OHHOM 3aBUCHMOCTbBIO C/1yHaitHOH 1IOTPEIHOCTY Pe3yIbTaTa aHaNM3a
(1ipeanonaraercs, YTO CUCTEMATHYECKAs TTOIPELIHOCTD He3HAYMMA WU
MCKJIOYCHA M3 110JIy4aeMblX Pe3yJibTaTOB).

B onoii ms 11epBbix pabot 1o gatinomy Botipocy |16] Mbl pacemor-
peJIv BOIPOC O Tpefiesie oOHapyxetust (JOTOMETPUUCCKOTO atanuaa. [1os-
e 6bLI0 110Ka3aHo [17, 34], 4to B 061eM cityyae JUIst ONCHKH C,, Heob-
XO/IUMO YCTaHOBHTb 3aBMCMMOCTb CTaHJAPTHONO OTKJOHEHUS CPEHEro
SHAUCHMS PA3HOCTHOTO aHATUTHYECKOIO CHTHAIA S; OT 3HAYEHHSA CAMOrO
curHana z (B OOJaCTH €ro MajibiX 3HaYeHWi) MPU BBUTOJHEHHH BCEX

yCJIOBl/II/I H onepaulxm, 11pEAYCMOTPEHHbBIX MCTOJMKOH aHaIU3a. Havmyq-
UM crnocobom HaXOX/ICHUSL ITOU 3aBUCHMMOCTU SBJSIETCH o6pa60TKa

AAHHbIX aHAJIMTHYECKOrO apXyBa 3a JUIMTCIIBHBIH [IPOMEXYTOK BpeMeHH.
Oco6eHHocTH pacyeTa 3aBUCUMOCTH S, (Z) ONpefeNsioTes Cno-

cobom yyera obuiero ¢ona, NpeycMOTPEHHBIM METOLUKON aHAJH3A.
Ecan kaxaoMy onbiTy ¢ anannsupyemoit 11po6oit COOTBETCTBYET Bbi-
TIOJHIAEMBIi OHOBPEMEHHO OIBLIT € XOJIOCTOH I11po6Oii, pe3yJibTaThl
M3MEPEHWs CUTHAJIOB: OT aHaIU3MpPYeMoii (2,) u xonocToii (z,) mpob

CTOXaCTHYECKH CBsA3aHbl Mexy coboit |33, 36]. B atom cayyae B3a-
MMOCBS3b BEJIMUMH Z , Z,, Z,, @ TAaKXKe CTaHJAPTHDLIX OTKJOHEHUI e/ln-

HUYHOIO pe3y/ibTaTa U3MCPENHst CUIHala OT allaiusupyeMoii (s,) u
X0J10CTOH ($,) NPO6 BbIPAXKAITCS COOTHOUICHUAMMU:

=i(za—zb)/n, (1.13)

s, = [(sf +s, = 2rs,s, )]VZ, (1.14)

/i€ 7 — YMCJIO Map 3HAYCHUMN Z, M Z,, 110J1y4acMbIX [IPU BBITOJHEI MM
ananmza (06b1410 1 = 2 + 4); 7 -~ KodPDUIHCHT KOPPEJIALHA.

3aMeTum, uTo 57 U 5, 1HEOOXOJMMO OLICHUBATDL 3apaHee U3 6OJTb-

Horo yucia oneitoB (N 2 20) ujiu paccYUTLIBATL M3 AalHbIX AllajIu-
THYeckoro apxusa [13, c. 85| npu uncae crenencit cBoboanl v 20.

Ecau xe onpitel ¢ ananusupyemoii u xonoctoil npobamu crasst
HC3aBUCHUMO JIDYT OT Jpyra, CTOXacTHYeCKast CBA3b MCXKY pesy/ibTaTaMu
U3MEPEHNst 2, U Z, OTCYTCTBYET; TOMIA T M S, HAXOJIAT W3 COOTIOIIEHUIA:
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7= izﬂ/na-—izb/nb , (1.15)

s-=[s /n, +s,,/n,,:|v2, (1.16)

raen vun_— 44CJI0 OMbLITOB C aHaﬂusnpyeMOi/i M XOJIOCTOMH HpO6HMI/I

COOTBETCTBEHHO.
M3 nostyueHHO# 3aBUCUMOCTH 5;(Z), UCTIONIb3YS Py MPOBOYHYIO

XapaKTePUCTHKY M U3BECTHBIN CHOCOD OlLEHKH MOrpelIHOCTeH KocBell-

HbIX H3Mepenuii [13, ¢. 55], naxonaT saBucuMocTb sx(C) , Fiie sz — CTaH-

AApTHOEe OTKJIOHEHHE CPEe/IHETO 3HAYCHMS ONPENE/IIEMOTO COlepKaHUs

C . Hanpumep, ans rpasynpoBounbix dynkuuit z=5b,C+b, C* u

z = b, + blgC, npumensicmbix B otokonopumerpuu [35] u aTOMHO I-)M]/IC-

CHOHHOM criekTpoMeTphH [37, c. 9], 57 pacCuMTbIBAIOT M3 BBIPAKEHMIA:

C z

52 = s, (B +4b,2)", (1.17)

sz =2.3/bx10"s, - (1.18)

re u= (E—bo)/b )

penen onpepenenna €, B 3anauHoe 4uciIo pa3 1), A0JKeH
6bITh GoJIbINe 10T IIMPHHDI CBOETO JIOBEPUTE/ILHONO MHTCpBaia. Moo
NIPHHATH (B COOTBETCTBMM C NPAKTUKOW ONpeACTEHUs MalbiX COLep-
KaHUH KOMIIOHEHTOB), uTo 7], = 3. Cile10BaTCbIO, €CIH PE3YTbTATDI
U3Mepenus cosiepxkaling Boau3m C, pacnpejesiensbl HOpMaIbHO, B3a-
UMOCBA3b G\ M 5. MOXHO BbIPa3HTh COOTHOLIEHHEM:

Ciim =TS, t(PV), (1.19)

rie {(P,n) — kBantuab pacrpeneieius CTpiojleHTa NpM 3aaHiioi
AOBEPHUTC/IbHON BeposaTHocTH P u v = 20 creriensax cBo6oIbL.

IIpu C>C,Im BBITOJIHACTCH HepaBeHCTBO C/{s t(P,v) } n>1n,.
OucBuo, MCNoJIb3YA IMIMPUUCCKYIO 3aBUCHMOCTD s4(C) , 311auciiue
C= Ciim MOXHO HAWTH U3 CUCTCMbE ypasueinit (cm. puc. 1.7a):
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Mo 2 Spr-——

Ciim Cc zZ

Puc. 1.7. Tpadpuyeckue criocobbl HaXOXKIeHHS Cin(@ us, (6); 1 n(C);
2-1n=n;3 - 5.(2)

n=Cflsst(Pv)}

1.20
n=n, ( )

Anst nvHelHOM rpafyMpOBOYHOM 3aBUCMMOCTH HET HeOo6XOU-
MOCTH NpeobpasoBhIBaTh s;(Z) B s5(C). B aT0M caiyyae C,. Haxonar

MO HIXHeH rpaHuile 3HAYeHHi aHANMTHYECKOro curHana (Z =z, ),
KOTOPYIO PACCYMTHIBAIOT U3 CHCTEMbI YPaBHEHMUIL:

=5/{s.¢(P,
m=2/{s( V)}, (1.21)
n=n,

IIpu 06paboTke AaHHbIX AHAUTHYECKOTO APXHMBA, KOTZA OTCYT-
CTBYIOT IaHHble O pe3y/1bTaTaX U3MEPeHMs] aHATUTUYECKHUX CHIHAJIOB,
OLUCHKU Sz I10JTy4aIOT HENOCPEACTBEHHO M3 HaiIEHHBIX CollepKaHHii,
YCJIOBHO paccMaTpHBasi MX KaK pe3yJabTaTbl NPSIMbIX MaMepeHuil. K
TaKOMy yHPOIIEHHOMY NPHUEMY NPUXOAMTCS npuberaTb U B JPYruX
CJlydasx, KOr/la He yJaeTCsl KOPPEKTHO PacCYMTHIBATDL S, 1o (PopMy-
Jam (1.14) n (1.16), a 3aTeM nepexoAUTb OT 3ABMCHMOCTH 5.(Z)
3aBUCUMOCTH  s4(C) .
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IJKCTPaNoALMA PACCMOTPEHHON IMIUPUYECKON 3aBUCMMOCTH
5:(z) no z=0 (puc. 1.76) no3BoigeT HAXOLUTh s, no dopmMysam
(1.8) u (1.9). Taxkoii c110co6 OllEHKY S, IPUMEHUM W B Tex clIyvasx,

b
KOT/la COIJIACHO METOMKE aHaIN3a XOJ0CTHIE IIPOGbl OTANYAIOTCS 110
COCTaBYy OT aHANM3UPYEMbIX.
B anaauTuyeckoM BH/le COOTHOLIEHUE C,. 1 C__(no Kaiizepy)
m min
yAaeTcss HaWTH TOJBKO M1 YACTHOTO CJlyyas JMHEiHOH rpajympo-

BOYHOM (yHKUMH 11X YCJIOBUM paBeHCTBa S, W S;,ecam z=0:

Cin/Criny = not(P,v)s,“m /3s7 =2,ecnuz =0

Clim/Cmin,Z = 1 .

WMHaye roBops, B 9TOM YacTHOM cjlydae 3HayeHHe C,, 61m3Ko K
npefiesty Hajie)XHOTo obHapyxeHUs KoMiloHeHTa (1o Kaitzepy).

ITpumep ouerok G, v C, . U3 5KCIIEPUMEHTATLHBIX JAHHBIX TTPH-
BefleH Huxe. IIpuMech nukens (II) B BbICOKOYMCTOM HMOAMjE Ha-
TPUA A/ CUMHTWIISLIMOHHBIX MOHOKPHCTAJLIOB OTIPEeIsIU 110 IK-
CTPaKLUHOHHO-PoTOMeTpHYecKoi MeTonuKe [35] B Bujle KOMIIeKca
¢ a-¢dypuiarokcumoM. Bbio npoananuanposano 30 Xon0cTiX Tpob
U B KaX/IOW CEPUHM ONBLITOB — 10 15 aHanM3UpyeMbiX Mpob.

Ipusenennsie B Tabn. 1.3 cpeanve 3HayeHUs aHATUTHYECKOTO
CHrHaa z (ONTHYECKas MJOTHOCTb) PACCYUTBIBATH 110 Pa3HOCTH Cpe/l-
HUX 3HAYEHWH CHTHAJIOB OT aHAJNU3UPYEMbBIX Z, MU XONOCTBIX

(%Z,=23-10") npob6 ana kaxmoi CepHH OMbITOB. MaccoBbie 01U
Ni(II) B Nal Haxoanau npu NOMOIM rpajyMpoBOYHOM (BYHKIMK:

2= 4.4410°C - 3.90-10°C?, (1.22)

W3 pe3ynbTaToOB U3MEHEHMSI CUTHAJIOB OT XOJIOCTbIX M aHaIHU3U-
PyeMbiX 11Po6 PaCCYUTBLIBAJIM CTAHAAPTHbIE OTKJIOHEHMUS: s,= 68107
(4mcno cteneneii csoboant v, = 29) 1 npuBeseHHbie B Tabs1. 1.3 3Have-
uust s, (v, = 14). TlockonbKy MeToaMKa IpelycMaTpUBaeT He3aBUCH-
MOE BbiIIOJIHEHHeE OTIPe/e/ICHHN [/ aHAM3UPYCMBIX U XOJIOCTBIX 11po6
(n,=n,=3), 3Havenns s, paccyuTbiBatn 1o dopmyne (1.16). 3ua-
YEHUsl Sz HaXOAMJU U3 Bbipaxenus (1.17) nocse nojicTaHoBKU B Hero
llapameTpoB rpajiyuposoqnoid hyukimu (1.22). Yucna creneneit cro-
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Tabauua 1.3. Ucxonusle gannble 105 onenky C, u C . [pu 3KCTPaKIu-

min

oHHo-(oTomeTpudeckoM omnpeaesenun Ni(Il) B Nal ansa criuntunnsumon-

i
HBIX MOHOKPDHUCTaJLJIOB

z10 Mac.g/:x10‘5 10 S0 Mac;f;doq V:=vel oM
05 | 0011 13 0.85 1.9 23 | 028
28 | 050 15 0.95 22 20 1
63.2 1.4 20 12 28 17 2
82.4 1.9 1.6 1.0 23 19 | 40
83.9 1.9 20 1.2 28 18 | 32
1243 | 29 33 1.9 45 15 30
1637 | 38 26 16 39 15 46
2062 | 49 28 17 42 16 55

60/bl, COOTBETCTBYIOMINE CTaHIAPTHHIM OTKJIOHEHUSIM s; U Sz, Olle-
HuBanu no gopmyse [38]:

2
— _ 2 2 2.4 2 4
V; SV =V Y, (n,,sa +nasb) /(v,,n,,sa +v,n.s, ) . (1.23)
3HayeHusa 7] HAXOAWHU C [1OMOLL(bIO EPBOrO YPaBHEIUS CUCTe-

mbi (1.20) nipu P = 0.95. Okasanocs, 4to 3aBucumoctd 1(C) u s,(Z)
B JIalIHOM CJIy4ae YAOBJIETBOPUTENbHO OIUCHIBAIOTCS YPaBHCHUSAMM:

n=13-10°C, (1.24)

s, =86-10"+4.8-1077. (1.25)

3navenne C, = 2.3-10% mac.% Haxoauau us ypasneius (1.24)
npu n=3. Coboaubiit unen ypasuenns (1.25) Obla PUHAT 3a

s, =5, = 86107 (upu z =0). Anarutnueckue curnanpl z,, = 2.6-107
wz, ,=52107 paccuntbisanu no dopmynam (1.8) u (1.9), a npe-

aenbt obuapyxkerus C o =58107"mac.%n C, ,=1.2:10° mac. % —

min, 2
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M3 rpajlyupoBodHoil pyHkiuu (1.22) nocie 1MoACTaHOBKY B Heé 3Ha-
YyeHUY z Mz MoxHo BHJeTh, YTO B jgaHHOM Npumepe C

min,1 min,2"

im B
4 pasa npesbimaer C . 1 B 2 pasa ~ C_ .. VI3 ypasuenuit (1.20) n
(1.24) naxo/1M, YTO OTHOCHTCJIbIAS IOTPCUIOCTD OTIPCACACHUS W3
TPeX Mapajie/ibHbIX COAEpXkaHUs HuKels, pastoro C . ., Gosbiue
130 oru.%, T.e. ¢ NO3UIUIT KONHYECTBEHHOTO aHANHW3a ITO CojlcpXa-
HUE ABJIAETCA «CTATUCTHYECKUM HYJICM>,

CorsiacHo 1epBoMy U3 HepasetcTB (1.3), Npu NPOM3BOACTBCH-
HOM KOHTpOJte (pYHKIIMOHANBHBIX MaTePUAIOB OrpaHUYeHEe PUCKa 110-
TpebuTesl 3a/laHHbIM 3HauenneM TpebyeT, 4TOObI BepxHuii 1penen
pe3yJibTaTa aHa/iu3a He ITPEBOCXOANJ IOMYCTUMOTO COAEPKAHUS 11pU-
mecu C,, . OueBnano, paspakoBka POLYKLMH C IPUMEHEHHEM Jali-
HOI MeTOAMKM ahaiu3a Bo3moxHa, ecan (C +AC < C, . rie
AC, — nonymMpvHa JOBEPUTENbHOTO UNTEPBaa /sl COAEPXKaHUS,
pasroro C, . Ilockoabky AC, = C, /7,,a 1, =3, 3T0 paBHOCUIBLHO

lim
Tpe6oBaHHIO, YTOODI

lim

C,,<0.75C (1.26)

upper *
Tak xak B obutem cayvac C C . #C

min,1’ min,2

iy 3HAHUE OHOTO
JIMIIb npejeia 0OHapyXKeHUs HEe JaeT BO3MOMKHOCTHU IIPOBEPUTh
BblNOJHeHUe HepaBeHeTBa (1.26) M pelruTh BOIIPOC O NPHUToAlOC-
TH METOJAUKU A5 IIPOU3BOJCTBEHHOr0 KOHTPOAS (PYyHKIIMOHATD-
HOrO MatepuaJa.

1.4. KoHTponb 0aHOPOAHOCTM pacnpeaeneHus
KOMMNOHEHTOB B GYHKUMOHANBHBIX MATEPHANAX

OHOPOAHOCTL Paclpe/ic/icling KOMIIOIEHTOB — OJIHO M3 Ba-
HBIX TpeboBaHWii, lpexbsBageMbix K GoaptimicTy OM. O6biuHo
JJISL TIPOBCPKH OJIHOPOJHOCTH BEHIECTBA PE3YJILTATbL ONPCACACHHUS
KOMIIOHCHTOB NOABEPIAIOT JUCIepcUoHHOMY anainudy [13, c. 138].
IIprMepoM GoJsiec MPOCTONH HPOUCAYPHI MOMKCT CHYXKHTh HpoBepKa
OAHOpOIOCTH crangaptibix obpasiios (CO) s peirtrenodayopec-
LEHTHOTO aHaju3a CJAOXKHOIO OKCH/Ja HOMMIIAJbHOIO COCTaBa

Ti Ba,,,Nd ,.Sm , O, [39]. CrexuioButbic u3ayyarean 1omydam,

0.23 2.89
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Sela
WL SORLE 2

Puc. 1.8. IlpoBepka 0AHOPOAHOCTH MOBEPXHOCTH CTAHAAPTHOTO 00Opasia /st
peHTreHodTyOPeCIieHTHOTO aHaamM3a CJI0XHOro okcuaa Ti—Ba—Nd—-Sm—-O
IIPU TIOMOIIM CKaHUPYIOIIETO 3I€KTPOHHOTO MUKpockoma ISM-820

BBIJIMBAsi PaciljlaB CMECH MCXO/IHBIX BelllecTB ¢ MeTadocdaToM JnuTrs
B CTEKJIOYIJIEPOJAHbBIN TUresb ¢ 1iockum aHoM [40] (nogpobuee ator
crocob U3roToBJICHUS U3JTydaTeeil U3JI0KeH B I 2).
Onnopotocts CO Ha MUKPOYPOBHE 1TPOBEPSLIIN, UCTIOJb3YSl CKa-
HUPYIOIIYIO 2JIEKTPOHHYIO MUKpocKoruio (puc. 1.8); B 1. 5 pacecmoT-
peHbl BOBMOKHOCTH KOJIMUECTBEHHON O1IEHKU TaKOH OJHOPOAHOCTH Ha
OCHOBE JIaHHBIX PEHTTEHOBCKOrO MUKpoaHaiusa. [l 1IpoBepKU OIHO-
poaroctn CO Ha MakpoypoBHe ITpU MIOMOIIM KPUCTALI-AUGPAKIIMOH-
HOTO peHTreHoBcKoro ciiekrpomerpa VRA-30 u3mepsain MHTeHCUBHOCTD
XapaKTepUCTUYECKOTO U3JyYeHUs ONPe/IC/sAEMbIX 9JIEMECHTOB OT BEpPX-
Hell u HusKHei nosepxHocTeit CO, a Takke OT [JIOCKOCTH, HaXO/s11ei-
cg Ha rayOuHe 2 MM OT TOBEpXHOCTH (B TocJieieM ciiydae obpasell
MOJIMPOBAJIA 10 IOCTVOKEHUS HYKHOM TosuHbl). PesynbTarsl nsme-
peHU 1 MX cTaTUCTHYecKoN 0OpaboTKM TpejcTaBctbl B Tabu. 1.4.

HesnaunmocThb pas/inumii MeK/1y BBIGOPOUHBIMM JIMCIICPCUAMU S,

XapaKTepu3yrioumumMmu [)'d"i()p()(' pe3yJabTaTOB U3MCPCHUA XapaKTepUC-
TUYECKOIo M3JIy4YeHUd JIaHHOro sJjeMeHTa OT KaXKJ10M1 U3 ucecienye-
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Ta6auua 1.4. Peaynsrarsl [0CJ0OHHOTO H3MepeHus MHTeHcuBHOCTH (1 x1072)
XapaKTePUCTHYECKOTO U3JIYYEHUS 3JIEMEHTOB, BXOASIIMX B COCTAB CTaHAap-
THOTO 00pasua Ais PeHTreHoGIyOPeCeHTHOTO aHalInu3a

Mcenenyemas Ba Ti | Nd | Sm

N 06pa3ua IIOBEPXHOCTDH

25413 | 16689 10244 | 13658
25421 | 16681 10240| 13628
25408 | 16698 | 10242 | 13637
25414 | 16673 | 10243 | 13648
1 cepeauHa 25428 | 16686 10241| 13624
25407 | 16691 10242 13620
25432 | 16678 10241] 13621
HH3 25426 | 16669 | 10239 13643
25414 | 16681 10241] 13631
25433 | 16658 10240] 13681
BEPX 25449 | 166731 10249 | 13631
25452 | 16665 10245] 13669
v 25418 | 16686 10245] 13658
2 cepeanHa 25431 16659 | 10249 | 13643
25449 | 16648 | 10244 | 13664
25415 | 16683 | 10244 | 13686

Bepx

13 25439 | 16648 [ 10246 | 13657
25411 | 16654 [ 10246 13648
G(P=0.95k=6;v,=2) 0.616 | 0.616 | 0.616 | 0.616

0.298 | 0.388 | 0.581 | 0.382

cak

F[ﬁ=0,95;k—1:5;2;v,=12] 301 311 | 311 | 311
F 287 | 235 | 262 | 214

calc

MbIX MOBEPXHOCTCH, NPOBEPSIM NpU HoMolllM G-kKpuTepusi Koxpeiia
[41, c. 137], a Mexy cpeiHUMK apupMeTUuecKuMu ¥, 9THUX PE3YJib-
TaTOB — MpU 1oMoun F-kputepust @uincpa [41, c. 145]:
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G =max ( /Z.us G(P.k.v,), (1.27)

Fue ={Z0n (£ -2 Tev }fle-0Z v} F[P -0, 300 a®)

rie k — YUCHO CpaBHUBaeMbIX aucnepcnit (s7) v cpeannx (%, );

V, — 4MCIO creneHed cBobosbl mucnepeuu s”; max(s’) — MakcH-
MaJlbHasd U3 CPaBHMBACMbIX JIMCTIEPCHH; ¥ — reHepasibHOe Cpejiiee;

= = k
P — OHOCTOPOHHA A JOBEpUTEJIbHAsA BEPOATHOCTD; x=2,«_|xi/k;

=(P,k,v,) - KBaHTHJIb pacnpejieneHus Koxpena;

F[l_’,(k—l),z:;]V,-] — KBaHTWJIb pacnipefienienns Oumepa. JanHbie

TabJ1. 1.4 1103BOJIAIOT IPUHATH IMIOTE3Y O HE3HAYUMOCTH pa3nuuuii
MEX/ly CPaBHWUBAeMBbIMH JUCIIEPCUAMM W cDeAHUMU. B raniom cay-
H4ae 9TO PaBHOCHJILHO BbIBOLY O TOM, YTO HEO[HOPOAHOCTBIO paciipe-
Ae/IeHUs olpesieiieMblX dJieMenToB 110 00béMy CO M pasinuusamu
Mesxy AByMsi CO MOXHO 11peHe6peyb 1Mo CpaBHCHUIO CO CyYaiiHbi-
MU [IOTPELHOCTAMH Pe3yIbTATOB ONPEACHE NS DTUX DJICMEHTOB.

1.5. OueHka copepxanus npumeck 8 sewwecTse npu
OTCYTCTBUM QNPUOPHON MHPOPMaLMM

[inst onpesicienys IPUMECH B BellleCTBe HEM3BECTHOTO COCTaRa,
Kor/a He yJ1aéTcsl BOCIIOJIb30BaThCA 3apatiee yCTaHOBJICHHOM Ipagyupo-
BOUHO dyHKIMeil, MCII0JIB3YI0T MeTol f06aBok [42, c¢. 50], ocHoBaH-
HbI Ha HaXOXIEUMH DMIIMPUYECKOi 3aBucuMocTH z = fC) pasHo-
CTIIOTO QHWIMTHHECKOrO CUTHala z oT obuiiero coacpxkanms C = G + C.,
riic C; — MCKOMOoe cojiepxkaHue TIPUMEcH B BelIeCTBe, C,, — nepe-
MellHoe cojepxkanme 106asku. OnHaKo I peaiu3aliu 3TOr0 MCTO-
/1a HY’KHO pacliojlarath anpuophoil uudopMalueil o JuanasoHe nime-
Henust G, nockosibky snauctiust Cy u C,, I0JOKHBI GbITh COM3MEPUMbI-
mu (ripu €, < C nan C,, > C, onenutb C, HCBOZMOXIO).



I'naea 1 37

[pesnoxen [43] npuém, nosponsiiommii ouetusarb C, 6¢3 Ha-
XOXKJeHust 3aBUcUMOcTH z = fC); OH JoTIOMHAET O6BIYHBIH MCTO/L J10-
6aBOK, 4 TAKIKC MOXKCT OBITb MCIIOJb30BAll CAMOCTOATENLHO JUISL HIPH-
GJIVOKENHOM OICHKY COJICPIKAlIUS [IPUMECH B BCILCCTBC.

B coorserctuu ¢ (1.4) v (1.19) MoXHO cuuTath, YTO colepxa-
e C=C, + C_, 3naumumo otaudaercs ot C,, ecim

Sct(P,v)

c, 6 >——,
ad \/;

rac S, — cTalfapTHoe OTKJAONEHHE C/IMHUYHOTO Pe3y/bTaTa olpeje-
Jetiusi conepxanug C; t(P,v) — xoaddunment CThlofieHTa MpH J0Be-

(1.29)

pUTENbHON BeposiTHocTH P W v cTertensx ¢BobGobI, COOTBETCTBYIO-
X BbIGOPOU1IOii ollclKe S; 1 — YMC/IO apajIcABHbBIX TIPH onpejie-
Jgeruu C.

HepaseHerso (1.29) MoX1O YIIPOCTUTD, €CJIM YUCCTD, YTO B HEP-

BoM npubamxkennu ((P,v)/n =1 nis n=2..4, P=0.95 u v=20:
C,>3S.. (1.30)

B o6uiem Buse B3aumocsasb S, 1 C BOIM3K 1pejiesa onpefelic-
Hus pubavxkénno onucoisaercs |10, ¢. 29] sMHeHHBIM ypaBHCHHCM:

S.=a+bC. (1.31)
W3 (1.30) u (1.31) Haxoanm, 4TO aHANIUTUYECKUNA CUTHA IS

npo6bl ¢ 106aBKoN OyJeT 31IAYNMO OTJIMYATHCA OT TaKOBOIO (e3 J10-
6asku (upu C = C)) 1Ipy yCJAOBHY, UYTO

3(a+bC

0
" >¥. (1.32)

1-3b
Ecay nafizeninas ollbITHBIM 1IyTéM rpativynas jgodaska C .,
TaKoOBa, 4To ticpascHeTBo (1.32) soitioansieres g C > C U He
ad ad, bound
spitonnsercs s C < C . TO MOKIO CHHTATD, YTO
i ad, Hontid

C

ad, bound

~3(a + bC,)/(1-3b)

H, CJAC/10BATCJ/ILHO,
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Cot pouns (1-3b)=3a
3b -

C, = (1.33)
Ecay 6b1 MbI pacrioniaranu xota 6bi IpUGIMKCHIIBIMU OLEHKAMH
a,bwC,, . u3 ypasHeHus (1.33) MoxHo 6b110 6B1 OlECHUBATD
HeusBecTHOe cosiepxanue C,.

Pemas ypashenue (1.31) oTHocutesnvho C = C,,, ¥ IpUHMMas Bo

Cm (lae
31(P, v)/\/—

— CTAHAAPTHOE OTKJIOHEHUE eAUHUYHOTO pe3yJabTaTa onpejee-

BHMMaHue, 4yTO B cooTBercTBuM ¢ (1.19) S, =—o—lin

S

LiM

Husa C, ), a t(P,v)/Jr_rzl (cM. BbllLE), HAXOAMM, 4TO

~ (1_3b)clim

3 (1.34)

Cornacto (1.31) oTHOCHTENBHOR CTAHIAPTHOE OTKIOHEHME S .
BbIPAXKAETCs COOTHOILIEHUEM:

-a/C+b. (1.35)

le/l 6OJIbIIJMX BI{a‘{EHMHX C [IEPBOE CylaraeMoe CTaHOBUTCH rpe-
ue6pe>l<14Mo MaJiblM, a S - le/l6JIl/131/lTCJIbHO ﬂOCTOHHHbIM U paBHbIM
5, gy = b (1.36)

JL71st MHOFHX KOTMYECTBEHHBIX METO/IOB OTIPe/e/IeHHS] MAJIbIX KOH-
LUeHTpaIMKA 3HaueHust S Jexar B Auanazode ot 0.01 go 0.05

r, C(const)
142, c. 14]
Hpmmmaﬂ BEDXHIOIO OLIEHKY Sr Cleonsty HAXOIMM 13 (1.33) 1 (1.34):
b=001,
a=03C,, 137
C 6(C ad, bound Clim) ’
C >C

ad, bound

lim ~
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YuurbiBas UpUOAMKEHHBIH XapaKTep OLEHOK, COOTBETCTBYIONIMX
cucreme (1.37), C,, . MOXKHO HAXOMUTb MO CHOCOBY «OKaiMIeHUs >
Kak cpefHee apudmeTrdeckoe ABYX A06aBOK, 6oJibliasi U3 KOTOPbIX
3HAYMMO U3MCHSICT aHAJIMTHUCCKUIA CUTHAJ, & MEHbILAS IPAKTUYECKU
Ha nero He Bauser. Ouchka C,MoxeT ObITb Il0AyYeHa B Mpoiiecce
IIPe/IBAPUTENBHOIO M3YUCHUSI MeTOAUKH (6e3 MaTpullbl UK Xe ¢
JIpyroii Matpuuei).

[IprMenenye npejaracMoro NMpUéMa UAJIIOCTPUPYIOT JIaHHbIE,
OTHOCALIMECS K OlIPC/Ie/ICHAIO MapraHila B XJIOpUJe Kajiusl JUJIsl Oli-
THYECKUX MOHOKPUCTAIJIOB NPU MOMOHIM KaTaJMMETPHUYECKOK MeTo-
AMKy [44], ocHOBaIIHOi Ha YCKOPEHNH PeaKLMy OKHCIEHUS DPHOXPO-
Ma yépHoro T nepokcujiioM Bojiopoaa B npucytcTBui Maprania(ll):
yepe3 (PUKCHPOBAHHOE BpeMsi M3OBITOK KPacUTE/sl KCTPATUPYIOT 1i-
aMMJIOBBIM CITHDTOM M ONPEC/AAI0OT MO CBETOMOIIOUIEHUIO OpTraly-
yeckoii dasbl. Ilpenen onpenenenus ais cneKTpodOTOMETPUYECKOTO
BapHaHTa MeTOAUKH U HaBeckH 0.5 r paBeH 5-1077 Mac.%.

AHa/IUTHYECKMMHM CUTHAMAMH 37€Ch CYXKAT B3ATHIE [0 MOJLYJIIO
Pa3HOCTH 3HaYeHUIl ONITUYCCKOI MJIOTHOCTH [1Jist PACTBOPOB HCCJIENY-
eMoit cosn 6e3 1o6aBkn u ¢ 106aBKo#t orpenessieMoro ajementa. Ho
yKa3aHHbIe aHaJIMTHYeCcKye CUFHABI 3aBUCAT HC TOJILKO OT COAEPXKaHUS
Mapraiilia B UCCACAYCMOR COJId, HO OT CKOPOCTH HeKaTalUTUYeCKOH
PCAKLIMK, KOTOpas CoXpansieT 110CTOSIHCTBO JIMLIb TIPH MOCTOSIHHOUN KOH-
1leHTpallik conu B pacTBope. [1o3TOMy Npu BBINOJHEHUM aHalu3a C
TIOMOLLIO 3apaHee MIOCTPOCHHOTO IPallyuPOBOYHOIO Irpadiika uiu obbIy-
HOTO MeTofia 106aBoOK B 1po0Yy CPaBHEHHMS BBOJIAT 3apaHec OUMIICHHYIO
OT MapraHiia OClOBY, YTO CYLIECTBEHHO YCJIOXKHsIeT aHATUTUYECKY1O0 I1POo-
1enypy. IIpeiuioxxeHHbIi HpUEM MO3BOJISAET OLIEHUBATH COJICPXKAHUE Map-
raHiia B OTCYTCTBHE OYMIICHHON OCHOBBI. TIpUOMVOKEHTIBIM KPUTEPHEM
3HAYMMOCTH MPEACTABACHIBIX B Tabn. 1.5 3HAYCHUN aHATUTHYECKOTO

cvrHaza |AA‘ CIIYKMJIO 1ICpaBEeHCTBO 'AA| >3S,,, e S,, =R, /141 —
CTaHJAPTHOE OTKJIOHEIIHE ¢/IMHMYHOIO 3HaYeHnst A4, , R, — pasmax Ba-

pbUpOBaHUs 3HAYCHUI A4, U3 ABYX napaiensHbix [13, ¢. 90].
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Tabunua 1.5. Ucxonnbie nanmbie s IpUOIMKEHHOM OLEHKH ComepKaHus

MapraHua B o6pa3ue XJIOpHJA KaJdHus AJIsA ONTUYECKHUX MOHOKPHCTANJIOB

Ca(l hound? A SS s
Mac.%' XIdO’7 ' AA, | |aAl 35, Mac.%c><10’7
0.008
2 0.017 0.039 4.2
0.026
0.012 A
3 0.020 0.033 4.5
0.028
0.032
5 0.042 0.039 4.8
0.051
0.056
8 0.063 0.030 5.4
0.070
0.072
10 0.082 0.042 57
0.092

U3 nannbix Taba. 1.5 Haxoqmm, yto €, = (5107 + 8:107)/2 =
=6.5-10"mac.%; C, = 6(6.5107-5-107) = 9-10~7 mac.%. [Tonyyennas
onetika C; 611u3Ka K 31avenuio 81077 Mac.%, HalUJCITHOMY 1IPH 110MO-
UM TOH e MCTOJMKH ¢ HMCI10/1b30BaHUEM 3apaHee 1I0CTPOCHHOTO I'pa-

Sc, Mac.% Sic
L

2-10°%}
Puc. 1.9. Konuenrtpaunonnsie
saBHcHMOCTH S, (1) u S, (2

102 npu KaTaTHMETPHYECKOM Olipejie-

JIEHMHM MapraHila B XJIOpHJe Ka-

1.106 JIMA [JISL ONTHYeCKMX MOHOKpPHC-
{oq TamroB

4-10° C,Mac.%
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AYMPOBOYHOTO I'papyKa 1 oumIeHHO#H cotn. KonuenTpaiuoniible 3a-
BUCMUMOCTH S. # S, . npeiacTaBieHbl 1ia puc. 1.9. [lepas u3 atux
3aBUCHMOCTEH OIMCBIBAETCS! YPABHEHHUEM NPAMOIL:

S, = 14107 + 0.046C . (1.38)

B nocaeancii kononke tabi. 1.5 npusejcibl paccunTaniisic ¢
[OMOIUBIO HTOIO ypaBHEeHUs 3HaYeHHA 35, KOTOPbLIC TIOATBEPKAAIOT

npasujibHocTh Boibopa C .\ 110 pesyibTaTam usMepenus A4, .

Takum 06pasoM, KOHIIEHTPaLIMOIHAS 3aBUCHMOCTD S, onucbiBa-
eTCst JIMHCHIILIM ypaBHetneM (1.38), a nlapaMeTphl 9TOro ypasHenus
YZOBJICTBOPUTE/ILHO COTJIACYIOTCS ¢ ouenkamu (1.37), 4o noarsepax-
AaeT 060CHOBAHHOCTD 1PEJIOKEHHOTO NPUEMA.

1.6. AHanu3 yHKUMOHANBHBIX MATEPUANOB 1
CUCTEMO XMMMUYECKMX MEP

W3BecTiio, 4TO B OTJIMYHE OT MeTpa, KUJIOTpaMMa, CEKYH/Ibl, aM-
11epa, KesbBUHa M Kan/jleabl cefibMast octoBHast efiunniia CU — moab
le uMeeT aTajiona (1IPOTOTUINA) UJIM ITATOHHONW YCTAHOBKM JUISt BOC-
1IPOM3BE/ICHUS, XPAHCHUSI 1 11ePC/ladk pa3Mepa 9TOM CAMHMIbI B paK-
TUKY. I109TOMY €MHCTBO M TOYHOCTH PE3Y/NbLTATOB W3MEPCHUS XH-
MHYECKOIO COCTaBa He MOTYT ObITh ofcciiedCHbl IPUIATON B METPO-
JIOTUM [1pOLe/ly POl CPaBHEHUs] U3MepSACMON BeJIMYUHBI ¢ ITAN0IOM
[45, c. 23]. Craunaprubte 06pastipl coctana [46] stanonamu iie spas-
I0TCA, MX HPUMEHCHNE B Ka4ccTBE CPEICTB U3MepeHus e obeclicuu-
BaeT CBSA3U PC3YJAbTaTOB aHANN3a ¢ OCHOBHOM enIUICH KonndccTBa
BEHICCTBA M HE UCKJTIOYACT MOSABJIEHUS B OTUX Pe3ybTaTax 31aqyuMbIX
cHcTeMaTHYecKUX norpetnoctei. Heonpeneneniocts, obycnosnctnas
OTCYTCTBUCM 3TAJIOHA MOJISI, €/1BA JIM BJIMSAET 1a JIOCTOBCPIOCTD KOH-
TpoJia npuMectoro coctasa MM, 1O OT HEE MOXET CYMECTBEHHO
3dBUCCTH HPABUABLHOCTD ONPCAEACHUSA OCIIOBHBIX KOMITOHCHTOB TaKMX
Marepuanos. B 9TOA cBA3M NpeicTaBaser uirtepec opuUruHasbHbIi
MOJIX0]L K yKasanoi npobsiem, ipeaoxetinibiii H.IT. Komapem [47...52].

H.I1. Komapb npesutosxuit ocTpouTh cUCTeMy XMMMUCCKIX MEp
fla OCHOBC YHMUKAIbIILIX CBOMCTB TAKOIO XHMUUYECKOIO DJICMEHTA, KaK
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MOJl, KOTODbIH MPAKTHYECKH SIBJSETCS MOHOHYKJMIOM M, CJIe0Ba-
TeJIbHO, €T0 MOJIAPHAs Macca He 3aBUCUT OT [IPEeJAbICTOPUH COAEPKa-
IUX ero BeulecTs. Yo ManoTokcuyeH, oH obpasyct 6GuHapHble CO-
CILMHEIMA [TOCTOSTHIIOTO COCTaBA ¢ GOJIbUIMM YMCIOM DJICMEHTOB, XU-
MUYECKUC peakiu L, u I co MHOTUMM MPOCTBIMU BellleCTBAMH MU
COC/IMHEHUAMH [IPOTEKAIOT AOCTATOYHO GBICTPO B YCAOBUAX, GIU3KUX
K HOpMaJibHbIM. [ToaToMy coeprHenust Hoja LIMPOKO UCNOJIb3YIOT B
TUTpUMeTpun. Mofl — A0CTYIIHBII 31eMEHT, 2 COOTBETCTRYIOLICE npo-
CTOE BEIIeCTBO, L, JIerko OYMCTUTL AUCTU/LISILMEH M COXPaHATH B
3anasgHHpIX amitynaax. OTcioja — MepeneKTHBHOCTh UCHOMb30BAHUS
MOJIEKYISIPHOTO MOJla KaK 06pa3iloBOro BelecTsa 14 nepeiayy efiu-
HUIIbI KOJIMYECTBA BelllecTBa — MOJISI B IPAKTHUKY aHaiusa. B paborax
[50, 51| nameyeHa mepapxuyeckas cxeMa liepejaid pasmepa STOii
e/IMHUIbI B THTPUMETPUU: OT TIEPBUYHOTO 3TajloHa I, yepe3 pacTBopbl
Na,S,0, u AgNO, k pactBopam HCI, KMnO,, CuSO,, NaOH u
komnexcona(1ll) (Na,H,A). IIpeanoxeno [49] ucnosb3oBats npe-
LIM3MOHHYIO I'PaBUMETPHIO /Il U3MEPEHHSI MOJIAPHBIX MACC Pa3Jivy-
HBIX BJCMEHTOB, CBA3AHHBIX ¢ MOJISIPHON Maccoil Mona. K coxane-
HHUIQ, BbITIOJIHElIe 3TO NporpaMMsl ObLIO NpeKpallielo B Kotie 70-X
TO/IOB, a 3a/10XkKeHHbIe B Hell MIeu 0 CUX TIOp He Peaiv30BaHbl.

B Mexaynaponnoit cucteMe eIMIULL MOJb paBell KOAUYCCTBY
BEIECTBA, CO/IEPXKALIEro CTOJILKO e CTPYKTYPHbIX 37eMeHTOB (aTo-
MOB, MOJIEKYJI WJIW JIPYTUX YAaCTHL), CKOJIBKO aTOMOB COAEPKUTCS B
0.012 kr yrnepona-12 |45, c. 20].

Jlsist Toro, yToObl NPUMEHATH I, B KauecTBe 3TaIOHHOTO Bellic-
CTBA /I NICPE/lady pa3Mepa MOJisl, OTBEYAIONICro YKa3aHHOMY ollpe-
JIeJIEHNIO, B NPaKTUKY aHAJIMTUYECKOH XUMUH, Tpebyercs Toutoe (110-
BU/JIMMOMY, MacC-CIIeKTPOMETPHYECKOe) CPaBHEHHE MOJISIPHON MacChl
atoMa MoJla CO CTaHJapTOM — MOJAPHOH Maccoit atoma C [53].
Heobxonnmo Takxke paspaboTaTh METOAbI OYUCTKM MOJIEKYJIIPHOTO
M0/Ia, KOHTPOJIA CI'O YUCTOTBL U 0TOOPA 11PO6 HTOTO ITANOHHOTO BClIC-
cTBa, BbIOGPATh CBS3AHHBIE C MOAOM PaBoUMC BTATOHDI M MPE/JIOKUTD
MeTO[bl MX arTectalinu. B ctathe [53] paccMoTpensl BO3MOXKHOCTH
peain3alluu B COBPEMCHHBIX YCJIOBUSAX CHUCTEMbl XMMHMYCCKHX Mep,
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OCHOBAHHO# Ha MOJHOM HTA/lOHE, C LEJIBIO ONTUMHU3ALMK Habopa MeTo-
NOB, NPUMEHSIEMBIX B [IPAKTHKE XMMHUYECKOTO aHa/IU3a, T0CTPOEHHS OIl-
TUMAJIbHOW CHCTEMbI CTaHAAPTHBIX 06PasLOB BEIECTB M MaTCPUAOB,
YIIPOILEHUS] CUCTCMbI KOHTPOJIS KAuecTBa U3MCPEHUI XMMHUYCCKOIO CO-
cTaBa. AJIbTGPHATUBHBI NOAXO/l K npobaeMe obecriedenust eIMHCTBA
M3MCPEHHUI B aHAIMTHYECKON XMMMY U3JIOXKEH B MOHOTpadmu [54].
Jlnst Hauiero Bpemeny XapaKTepHa H30bITOUHOCTL METOJIOB H NPH-
60poB, NpejuTaraeMblx AJIs aHaln3a Pa3lTUUHbIX 0GBEKTOB, M CTUXMIi-
HbIii XapaKTep 0TOOpa TeX U3 HUX, KOTOpbIE IPUMEHSIOT /ISl PeLeHUs]
KOHKDETHBIX aHAIMTHYECKHX 3a/1auy. BBefileHHe CUCTEMBI XMMHUYECKHUX
MEp TMO3BOJIUT TOYHEE OLIEHWTD JIOCTOBEPHOCTb PE3YJIbTATOB aHau3a
PasHBIMW MCTOaMH € TMIPUMEHEHHUCM Pa3HOM amnapaTypbl, HOCKOJIbKY
rosryyaeMble OueHKH ByIyT 3aBHCETh OT BO3MOXKHOCTEI llepeiauyt pas-
Mepa MOJIg OT 3TalOHa B NPAKTUKY COOTBETCTBYIOILETO MeTO/A.
HecMoTps Ha npuHuMnuanbhble orpaHnyeHus, PUCYIIMe Cylile-
CTBYIOLIEH cHCTeMe CTaHAaPTHBIX 06pa3lioB cOCTaBa, 6bL10 6bl O1ING-
KOW OTKa3aTbCsA OT MCMOJIb30BAHUA CTaHAAPTHBIX 06Pa3LOB BElIECTB
U MaTepuanos B 6OJNBIIMHCTBE HHCTPYMEHTATbHBIX METOIOB aHANU3a
(ocobenno MHoroaneMenTHbIX). ITo-BUAMMOMY, HEOGXOAUMA MIIBCH-
TapHU3allns OCHOBHBIX TUIIOB CTaHIApPTHHIX 06pa3loB (TIpexe BCero
TBCP/bIX 0OGBEKTOB) M OTGOP OrpaHMYenoro YUCaa CTalAAPTILIX 06-
PaslUoB, aTTeCTyeMbie XapaKTEPUCTUKM KOTOPbIX HENOCPCACTBEIIO
YBA3BIBAIOTCS € ITAJIOHOM CHMCTeMOH 06pa3lioBbIX W pabouux Mep, a
TaKKe 06pa3LOBbIX METO/I0B M3MepeHus. [lepeaTTecTalust OCTAIBHBIX
CTaHAPTHBIX 06Pa3LOB, HEOOXOAMMBIX JUIS IPALyMPOBKU aHAIUTH-
YECKHX METO/MK, Oy/IcT 3aKJII04aThesl B X CPaBHEHWM C OTOOPAHHbI-
MM CTaHJapTHBLIMU obpastiamMu. Bo Beex ciyyasix HeO6XOAMMO OLeHU -
BaTh NOTPEIIHOCTH, 00YCJIOBJIEHHbIE BapUAHUAMU U30TOMHOTO COCTa-
Ba 3JIeMEHTOB, BXO/SILIIMX B COCTaB MaTepuaoB. [Ipuiercs oleHuTs 1
9KOHOMMYECKHC 110CE/ICTBUS lTepeaTTecTalluy CTallapTHbIX 06pa3UoB.
HakoHcll, ciesyer oTMeTUTh, YTo HOBasg CMCTEMa XMMHYCCKHX
MCP MOBBICUT UH(OPMATUBHOCTb CUCTCMbI KOHTPOJISI KAYCCTBA U3Me-
PeHMd XMMHYECKOTO COCTABa, IIPEXK/IE BCETo, MCTONOB ONpPEACTEHMs!
OCHOBHBIX KOMIIOHEHTOB MCCeyeMbIX MaTepuasioB. Moxiio paspa-
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60TaTb HPUHILMIIBL CUCTEMBI KOHTPO/A, OCHOBAaHHbIE Ha MCIHOJb30BA-
HUU COC/IMHEHUN ONPEAC/AAEMbIX 3JeMEeHTOB, aTTeCTOBaHHbIX 10 06-
pasloBbIM U paboYMM MepaM, KOTOPble HENOCPEACTBEHHO CBSI3aHbl C
ATAJOHOM MOJIL.

B cucreme xonTposisi KauecTBa U3MepCHUE XMMUUCCKOTO COCTa-
Ba NP UCHONBL30OBAHUY METOJIOB aHaJW3a, IPalyMpPoOBaHHbIX [0 CTaH-
AGpTHBIM 06pasLaM, CYLICCTBEHHBIM OTJIMYMEM OyleT Ha/iexkas yBA3Ka
aTTeCTOBAHHbIX XapaKTEePUCTHUK CTAHAAPTHBIX 0GPasIOB ¢ CUCTCMOM
xuMHucckux Mep. ObeclicyMBacMoe PU 3TOM €IMHCTBO nsMepeu.nﬁ
XMMHYECKOI0 COCTaBa CTaHET He yCA0BHbIM (B ITpe/icax UCIIONb30Ba-
HUsl JIAHHOTO METO/, I]aHoro Habopa CTaHAAPTHBIX 06pa3IoB U T.I1.),
a abCoJOTHDBIM.

Pelilene aTUX 3a1a4, BOXHBIX TS BCEX pa3/esioB aHaJlUTHYEC-
KO XUMMH, TIO3BOJIUJIO Obl, B YaCTHOCTH, CYLIECTBEHHO MOBBICHTb
Ha/IeXXHOCTb KOHTPOJISI COAEPAKANUA OCHOBHBLIX KoMHoHelToB OM n
YMEHbIIUTD OTKJIOHEHHUS OT CTeXMOMETPUYECKOTO COCTaBa, YXyAIIalo-
HIMe WX [10Jie3Hble CBdﬁCTBa.

1.7. Xummueckas METPONOMMS U XEMOMETPHKA

PaccmoTpentiblii B 1Ipe/ibULYIIEM pas/iesic BOIPOC O CUCTCME XMMHU-
YCCKHX MCD SABJIAETCS OJLHOM M3 COCTABHBIX YACTCH XMMUYCCKOIH MCTPO-
JIOTMHW = y4CHHUSE O METPOJIOTMYCCKH 000CHOBAHHOM M3MepeliMy coCTaBa
Heeseyembix oGbeKToB, Kotopoe passusai H.IT. Komapsb [47, 48, 55].
ITO yuciiMe OTHOCUTCS KO BCCM MCTOIaM M 0OBbCKTaM aHajinaa, BKIIO-
yas ananus @M. [lockonbky MeTposiorus — nayka o6 ofecriedcHum
C/IMHCTBA M TOYHOCTH (T.C. IOCTOBCPHOCTH) M3MEPCHHUH, a U3MCpPenuc
XMMMYCCKOTO cocTaBa (KaueCTBCHIIOT0 H KOJMYCCTBCHHOTO, ACMCIITIIO-
IO, MOJICKYJISIPHOTO, BEIIECTBCHHOTO, U30TOIHOTO U T.11.) COCTABAACT NPC/L-
MET aHaJMTUMCCKOR XUMMH, MOXKIIO ObLTIO Obi HasbiBaTh XMMUYECKOH
MCTPOJIOIMCH pas/iesl aHATUTUUCCKOR XUMHUH, H3YYalonIuil I1yTH U Cpej-
cTBa 00CCMICYCHUS OCTOBEPHOCTH U3MCPCHMI XHMHYECKOTO COCTaBa
BCIICCTB, MATePUANOB W ITPMPOLIX 00beKTOB |56,

B tpynax H.II. Komaps 1ameuctisi Tpu 0CHOBIBIX 1IVTH pelile-

HWUA 3a/laM, CTOAIMX Hepe/l XUMHYECKON METPOJIOrHCH:
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1) cosnanMe cucTeMbl nepejayu pasMepa OCHOBHOI eIMHUILbI
KoJin4ecTBa BenlecTBa (MOJb) OT MEPBMYHOIO 3TaJOHAa, B KayecTBe
KOTOPOI'0 NPEJIOKEHO UCII0Nb30BATh MOJIEKYJISPHbIA WO/, B IIPAKTH-
Ky pasJIMYHbIX METOJOB aHAJIN3a,;

2) ucnonb3oBaHUe MATEMATUYECKOH CTATUCTUKM JUISL OLCHKU U
MUHMMH3AIMHU [IOTPCLIHOCTE pe3ybTaTOB aHAW3A;

3) onTUMM3alMA BCeX CTaMH M YCIOBUI aHalUuTU4ecKoil Mpo-
Ie/lypBl € UCHOJIb30BaHUEM (DUBMKO-XUMUYECKHX MApaMeTpoB Ipo-
116CCOB, peaiM3yeMbIX B X0/Ie aHaJIHu3a.

Hocnennue 1pa Hanpas/ienys JaBHO B3SIThI Ha BOOPYKEHHE aHa/Iu-
THKaMM U e]IBa JIK SBJAIOTCA ANCKYCCHOHHBIMU. [TepBoe M3 yKasaHHBbIX
HaripaBsieHiui, paccMoTpenHoe B pasj. 1.6, Moka, k coxaenuio, He pea-
AmzoBano. B pabote, nanvcannoit B 1995 r., K. Joepdens no cymectsy
nojutepxan uaero H.II. Komapsi, yTBepi/as, uTo <ananutuyeckas Xu-
MHUS — JIMCLMIUIMHE, Jiexaliasd Mexy XvuMHell M MeTposorueii» [57].

Cdopmuposasiasca B 80-x rofax Npolwioro BeKa XeMoMeTpHKa
[58, 59] — yuyenue o npUMeCHEHUH MaTeMaTHYeCKUX METOIOB UCCTIENO0-
BaHUSA B XMMUU, NPEXJIE BCETO, B aHAIMTHYECKOM XUMKH, ISl JIyYI1IEro
HOHUMAHWA XMMHYecKoii undopmaimu. B uucie sonpocos, oxBaTbiBae-
MBIX XCMOMETPHMKO#, — cTaTUCTHYecKast 00paGoTKa pe3yJbTaToB H3Me-
PCHUH, ONTUMU3ALIMA IKCIIEPUMCHTAJIBHBIX 1apaMeTpoB, MaTeMaTH4ec-
KOe I1JIaHMPOBaHKe DKCIICPUMCHTa, 0OHapyKeHHe M pa3pelicHUe aHalu-
TUYECKHX CUIHAJIOB, I'Pa/lyMPOBKa B aHAIMTHYECKON XMMMH, U3BJIeYeHHe
uHhOpMalIMM U3 XUMHUKO-aHATUTUYECKUX fannbiX. HeTpyHo 3aMeTHTs,
YTO B YKa3aHHOM liepeylie HPUCYTCTBYIOT BCe OCHOBHbIE HarpaBb/ieius
XMMHYECKOW METPOJIOTUH: CTAaTUCTHKA, MPa/lynpoBKa, ONITUMU3alMs yC-
JIOBUI aliannsa. Pa3BuTble 337107110 JI0 10SBJICHMST XEMOMETPUKH METO-
Jlbl MaTeMaTHYeCKOro IJIaHMpoBatust akcniepumenTa [60] n o6paboTku
CHCKTPOCKOIMYECKUX CHUTHANOB [42] sBistioTcsi cniocobGamu peleHus
OJIHOW U3 331a4 XMMHYECKOU MCTPOJIOIMH — ONITUMU3aUMU CTaAWii U
YCJIOBUI aHAIMTHYECKOH NPOTIC/LYPbl (YTO HU B KOCH MCpC He yMansicT
POJIM YKa3aHHBIX METO/IOB B COBPEMCHIOW aHANUTHYCCKON XMMUU).

Omnako 1M, 10CTABACHHbBIC 11CPC XMMUYCCKON MCTpoJIoTHeil
M XEMOMETPUKOH MX OCHOBATCAAMH, PA3jIMuiibl: fiepBast 11pU3BaHa
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obecreynuBaTh AOCTOBEPHOCTb M3MEPCHUIl XUMMYECKOTO COCTABA,
BTOpast CTPEMHTCS K U3BJICYEHHUIO MAKCUMallbHOH UHMOPMALIMH U3
XUMMKO-aHAIUTUYECKUX AaHHblX. COOTBETCTBYIOIMMI pa3zfen Xxe-
MOMETPHKH, BKJIIOYAIOUIMIA, B YaCTHOCTH, OCHOBY Ka4yCCTBEHHOI'O
aHaJM3a CJI0XKHBIX CHCTEM — TeOPHIO pacliosiaBanus obpaszos [62],
HC MMeeT aHalora B KOHUENIMH XMMHYECKOH MeTPOJIOruM, mpej-
Jnoxennoi H.II. Komapém.

TaknuMm 06pa3soM, XMMHYECKYI0 METPONOTHIO M XEMOMETPUKY
00beIMHAET He TONbKO OBIIHOCTS [HOCTPOCHUS YKa3aHHbIX TEPMUHOB
M3 KOpHeH MHTepHALlMOHAIBHBIX CJOB, 0003HAYAIOUMX <«XUMHIO» W
«naMeperue». Bonee riybokas cBsi3b MeXAy HUMM ~ B IPUMEHEHHU
MaTeMaTHKH, Npex/ie BCero, MaTeMaTU4ecKoi CTaTUCTHKH, A5t obpa-
6OTKM M MHTCPIPETALMK pesy.bTaToB ananusa. [lporpamMma paboT B
061acTH XMMUYECKOIT METPOJIOTHH HaMeyaeT OCHOBHbIE MTyTH obecrie-
YeHUs MOCTOBEPHOCTH aHANWTUYECKMX W3MepeHHUil, BO3ZMOXKHOCTH
KOTOPBIX ellle JaJIeKO He vcyepnaHbl. XeMOMETPHKA UCCIIENYeT HEKO-
TOpbie (HO He BCe) CIocoObl pellieHUst YKa3aHHbIX 3a/a4 M pa3BUBaeT
MHQOPMaIIMOHHBI acMeKT XUMUYeCKoro ananusa. Baanmouoronusio-
LM XapaKTep MeTO/0B M 3a/la4 XMMHYECKOH METPOJIOTMM U XeMO-
MCTPUKH [eJ1aeT NePCrieKTUBHBIM OGbe/IHene UX KOHLEMMI M T0J-
XO/IOB B MHTEPECAX alaIUTHYECKOH XUMUHU B LIC/IOM H, B YaCTHOCTH,
aHanuTHYeckoil xumun OM.

MeTpoJiornyeckue acrekTbl MIPalOT BaxHYIO POJb B aHAJTUTH-
yeckodl xumuu DM, obecrieunsas 10CTOBEPHOCTb M WHGOPMATHB-
HOCTb UX XMMHUYECKOH A1arHocTUKU. TeM He MeHee, MHOTHe U3 3THX
acCIIeKTOB, PACCMOTPEHHbBIX B HACTOsILICH FlaBe, HE SBJISIIOTCS OOLenpy-
3HaHHBIMH. XapaKTepHbIM NMPUMEPOM SIBJISETCS PacYET JOBEPUTEIb-
HOTO UHTEPBaJIA C UCII0JIb30BaeM BBIG0POYHOIO CTaH{APTHOTO OTKJIO-
HCHUS, OLIEHEHHOro 3apaHee M3 GOJIbIIOIO CTATUCTHYECKOTO aHCaMG-
Jis1. MHorve npe/uiaraemblie KOJIMYECTBEHHbIC METOXHKH aHaiM3a DM
XapaKTepU3yIoT He HpeaesioM ofipe/ieICHHs], 4 MAJIOMHPOPMATHBHbIM
[Ipe/iesIoM 06HaPYXKEHHs!, PACCYNTAHHBIM 110 TPEXCUTMOBOMY KPHTC-
puio. JKIyT CBOEro pelcHUs BOIPOCHI 110CTPOCHUSI CHCTEMbI XHMH-
YCCKUX MEp, a Takke OObeUHCHMS KOHLENIMH XeMOMeTPUKM U XH-
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MHUYECKO# METPOJIOrMM B MUHTCPEcax allajIATHYeCKOH xumuu. Takum
06pa3oM, METPOJIOTHYECKOe 06CCIICYCHIE aHATTUTHYECKOrO KOHTPOJIS
@M HyxaaeTcs B JaTbHCHUICM COBEPLIEHCTBOBAHUY U Pa3sBUTHU.

1.8. HeonpeanenenHocts uameperuin u aHanua
$YHKLMOHANBHBIX MATEPHANOB

B 1993 r. MexayHapoanas oprauuzaius 1o cTanzapTU3alimu
(ISO) nanana «PyKoBOACTBO 11O BBIPAKEHMIO HCOTIPEAEICHTIOCTH U3~
Mepetuit»> [63]. B nocaiesiine rojpl cranoBsTCs Bee Gonee 1acToHYn-
BbIMH DCKOMCH/IALMY O IPUMEHCHUM KOHLEIILMH, U3NOKEHHONH B ITOM
PYKOBOJICTBE, KO BCEM BUJIAM H3MCPCHUIA, B TOM 4YHC/E M K PE3yJih-
TaTaM XHMMYCCKOTo ananu3a |64, 65]. B Poccum [66] u na Ykpaune
[67] mosABMIMCH HOPMaTHBIIbIC /IOKYMEHTBI, COTIACHO KOTOPbIM Heo-
TIPE/IEJIEHHOCTD SIBJACTCS yXKCe He PEKOMEH/IyeMol, a 06s3aTesIbHOI
XapaKTCPUCTUKOM Pe3yNbTaTOB JHOGHIX M3MEPEHUil.

Corniaco paccMaTpuBaeMoit KOHUETILHH, Mbl He 3HaeM M HHKOT-
fla He y3HaeM HM UCTMHHOTO 3HaYyeHMs MU3MepsieMOi BeJMYMHBI, HU
NOrpeliHOCTel pe3ysibTata ce U3MepeHHs. BBeacHMe NMOHATUA «Heo-
peACAEHHOCTb» BMECTO HPUBbIYHO#M «IIOIPEIIHOCTUS B OCHOBHOM Ha-
MpaBJIeHO 1a To, YTOGbI YCTPaHWTL pasieieHHe OrPelHoCTeii Ha CTy-
YaifHblC W CUCTEMaTHYEeCKHe: HCONPEACTEHHOCTb BKIIOYacT B cebsi
KaK Te, Tak M J[pyrye.

CrangaprHoe oTkoHCHIMe pe3yJibTaTa NPAMOTO U3MCPEHHS Te-
Nnepb NpejijlaracTcst HasbiBaTh <«CTal/IAPTHON HEOINpeAeNeHHOCTbIOS,
obosHayaeMoit cmBostom u. «CTanapthyio HeOoTpe/IeJIeHOCTb», 00yc-
JIOBJICHHYIO CJTy4aiiHibIMK aKTOPaMH, HAXOAAT KaK MTOJ0KUTEAbHbI
KBa/IpaTHBIA KOPEHb M3 BbIGOPOUYHOH AUCHEPCUN eIMHHUYHOIO MM
CPEAHErO 3HAYEHUA U3MCPSICMOH BeJIMuMHB (BbIGOPOUITYIO AMcTIep-
CHIO TENCPb MMCHYIOT <«IKCIICPUMEHTANbHOI Anchepeueit»). Ty one-
paimio HasbIBAlOT OLEHKOH «CTalllapTHOR HeOTIpeAesICHIIOCTHY <TI0
Tuny A». «CTanIapTHYIO HCOIPECACHHOCTb> CHCTEMATHYECKOTO Xa-
PaKTepa OlEHUBAIOT «10 THIY By M3 HEKMX anpHOpIBIX HAYUYHBIX
CooBpakeHuit W cripaBoulbiX faiHbiX. [TosHoe M3CKTIoYCHHe CHc-
TEMaTHYECKOW TOIPENIHOCTM U3 Pe3yJbTaTOB M3MEepPeHUid CYMTAIOT
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HEeBO3MOXHBIM. Y TBEPKAAETCSL, 4TO B OBIIEM C/Iydae HET oJHO3HAY-
HOI'O COOTBCTCTBUSA MEXAY CNYy4YailHbIMU MOTPEIHOCTAMU U HeolIpe-
JEJIEHHOCTAMM, OLHEHEHHBIMU <110 TUILY A», a TAKXKe MEX/Jy CUCTe-
MaTUYCCKUMU MOTPELIHOCTSIMK W HCONPEAEICHHOCTAMHM, OICHCITbL-
MU <110 THIy By.

HeoupeneneHHOCTb pe3ysibTata KOCBEHHOTO M3Mepellnsl, Hasbl-
BacMYIO «CyMMapHOH CTaHAapTHOW HEONpeleJCHHOCTbIO> U 0003Ha-
YaeMYI0 CUMBOJIOM U_, PaCCYUTLIBAIOT U3 M3BECTHOrO 3aKoHa Paciipo-
CTpaHeHUs 110rPeIHHOCTel, KOTOPbI B TPaAMIIMOHHON METPOJIOrMK
MCIIOJb30BAJIH JUIS OLLEHKH IMCIICPCHU PE3YIbTAaTa KOCBEHHOTO U3Me-
peund. ToabKo BMECTO JUCHEPCHIT Pe3yIbTAaTOB MPSAMbIX U3MepeH Uit
B YpaBHeHHWe 3aKOHa PacNpoCcTPaHeHUsl MOTPEIHOCTEN HOACTABIAIOT
BO3BE/ICHHble B KBaJlpaT 3HAYCHUA UX «CTAHAAPTHBIX HEOIIPEAEICHIIO-
cTeil», olleHelHbIX <110 TNy A» uau «no tuny B». Teneps ykazan-
HbIi1 3aKOH Ha3bIBalOT «3aKOHOM PacMpOCTPAaHEHUS HeolipeleieHHOC-
Teit>. «CyMMapHO# CTaHAapTHOH HeollpeaeseHHOCTbIO» CUMTAIOT [10-
JIOKMUTEJIbHBIA KBaApaTHbIH Kopelb M3 pe3yJsibTara NPpUMCHCHMA
YKa3aHHOI'o 3aKOHa. L’

. TepMuHBI «1pAAMble U3MEPCHUSI> U «KOCBCHHbIE U3MCPEHUA> B
KOHIIEIIMH HEONIPENESCHHOCTH N3MEPEHUH He MCITOJIb3YIOTCS,

Hakotlew, To, YTo patiblie Ha3biBaiM AOBCPUTENbHBIM MIITCPBa-
JIoM (TouHee, ero NoJYIMPUHO), TETICPb NPELJIOKEHO HA3bIBATD «paC-
IIMPENHON HEOIPEAeNeHHOCThIO», 0603HaYyaeMoit cumposiom U, 1 Ha-
XOJIMTH €€ OLCHKY, YMHOXas «CTaHAapPTHYIO HEOTIPENEJCHHOCTbY WK
«CYMMapllyi0 CTaHZAPTHYIO HeollpeicieHHOCTby Ha «koadduiiment
oxBata» kK — Tak Terepb HasBalW KBauTWJIb pacnpenesedus Crbio-
JleHTa U [IpY 3alaHHOM <yPOBHe JoBcpusi> (ObiBILEN JOBEPUTEIIbHON
BepositHocTH) P u addektusiiom uncae creleneit csobousi v . B
1IPOCTeIleM cilyyae, KOT/la «CTallapTHYIO HEOPEeeHHOCTb> HaXo-
JAIT W3 Pe3yJIbTAaTOB MHOTOKPATIIbIX U3MCPEHMI X, V . 11d CIIMHULY
MEeHDLI¢ YUCIIA NapaJliesibHbIX 7.

MTak, riaBibiM B KOHICIIIUH HCONPCAEACHHOCTH U3MCPEITHii sIiB-
JIACTCA OTPULIAHWE IPUHLMITHANBIIOH PASHULLI MEXKIY CJYy4allibIMK U
CUCTCMATHYCCKUMM TIOTPEUTHOCTIAMU, a TAKKC BOZMOXKIIOCTH UCKJLIO-
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YeHHsl CUCTEMATHYECKHX NOTPENIHOCTENH M3 Pe3yAbTATOB M3MEPEHUIA.
Ho nipu /o6bIX KOHKPETHBIX U3MEPEHUAX CJyHailHble M CHCTEMATH-
YeCKHe COCTaBJAIOUIMC HOTPEIIHOCTH N0-PA3HOMY BJIMSIOT Ha MoJy-
yacMblC pe3yabTaThl. CaydaidlibiXx MOrpeniinocTeid Helb3s U36eKaTh,
HO 0OYCTOBJICHHOC UMW MCKaXKEHUC pe3yJibTaTa U3MEPCHUS MOXHO
YMEHDBIIUTD, YBEAWUUBAA YUCI0 HapaiesibHbix. CHCTEeMaTHYECKUC N0-
TPEIIHOCTHU 11€ 3aBUCAT OT YMCJIa Napalic/bHbIX, HO UX MOXHO Bblsi-
BUTb U UCKJIIOYUTL U3 pe3ysIbTaTa U3Mepclivs, B TOM YMCJIC U TOrAA,
KOI/Ia UCTOYHUKH 3TUX HIOTPENTHOCTEN HCU3BECTHDI.

B 1pakTuke XMMHMYCCKOro aHaivza JUis oGHapyKeHMA 3Ha4yM-
MbIX CUCTEMATHYCCKUX NTOFPCLIHOCTCH UCTIOJIL3YIOT PSAJT UBBECTHBIX U
AaBHO OlIpaBAaBIIMX ceOs [IPUCMOB, PACCMOTPCHHBIX B pasjl. 1.2.
Jlio6oit u3 npueMos, ykasalitblx B Tabi. 1.2, O3BOASET OTBETUTD Ha
BOIIPOC: BKJIIOYAIOT JIM PC3YJIbTaThl aHalu3a 3HauMMbIC CHCTCMATH-
YECKHC TTOrPCUIHOCTH, a CCIN </a», TO B KAKYI0 CTOPOHY M Ha CKOJIb-
KO C/IMHHLL COACPAKAHUS OIPECTACMOrO KOMIIOICHTA OHY MCKAXKAIOT
pesynbraT anannsa. O4eBW/iHo, B cilydac 1COOXOJMMOCTH 110JyYel-
1BIC JLAHHBIC MOKHO UCHOJIb30BATH JUIA BHECEHWS! [IONPABOK B PE3YJib-
TAThl alajau3a, T. ¢. I UCKJIIOYEH U N3 KX 3HAYUMbIX CUCTCMAaTH-
YCCKUX 110IPENHOCTEH.

OTMCTHM, YTO paccMOTPCHiibIi B pas/l. 1.2 aibTCpUATUBHBIN Cl10-
06 OlCHKH CHCTCMATHYECKUX MOIPEIHOCTCH alalMTHUYCCKOI 11polic-
JLYPbl — C MCIIOJIb30BAHUCM 3aKOHA PacnpocTpalclus norpeniHocTei
¥ MaKCHMaJbHBIX OLCHOK CHCTEMATHUYECKHUX 1I0TPEIIIOCTCH peay ibTa-
TOB HPAMbIX HU3MEPEelHd — HCXOJUT U3 1IPC/LIOJIOKEHH, YTO Bee
IIPSIMBIC U3MEPEHUS UCKaXAIOT PC3YJABTAT B O/IY M TY KC CTOPOHY,
110 9TO KpailHe MantoBeposiTHO. Takofl pacyet jiaet aunibL abcosloTioe
3HAYCHHME MAKCUMAJIbHO BO3MOXKIONW CUCTEMATHYCCKOR HOIPELIIoCT
pesyjibTaTa alfaansa, KOTOpPOoC Hedb3s MCIIOAb30BaTh JUIA BIECEHUA
1I0TIPABKH B 1OJIY4ACMblil PE3YJIBTAT.

ABTOpBI cTaThy [68] yKE OTMEYANU HCAOCTATKH KOIHIICHIIMH 11CO-
IIPEe/ICHHOCTH U3MCPCHUMIA M BBICKA3AJIMCH 33 «pasyMIIbIH cKenTu-
1IM3M> B OTHONICHHKM 1IPUMENICHMS HTOU KOHICHIIMU K pe3yJibTaTam
XUMHYeckoro ananmnsa. HaM upejcrasisicrest, uto BHejpetive ykasali-
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HO KOHIETIMK JIMIIb BHECET CMYTY B CPeAy aHaJMTHKOB U 3aTpyA-
HUT obeclleyeHre NOCTOBEPHOCTH MOMYYAaeMBIX Pe3yJbTaToB, T. ¢.
MUHUMM3AUMIO CAYYaHHBIX U MCKJIOYEHME CHCTEMATHUECKMX TO-
rpeurtcreit. Kpaiiie nexenaresnbhoii siBaiseTcst Takxe 3aMeila 1pu-
BBIYHBIX TCPMHHOB M 0603HAaYCHWII HOBBIMM, K TOMY e BecbMa
HeYJaYHBIMU. PajiMKaNbHBIil 1I€PECMOTP METPONOTMM aAHAJIMTHYEC-
KOW XUMMH, CNOXUBIIEHCS B TeyeHWe NocaefHUX 50 eT, MoxeT
HAaHECTH HENONPABUMBIA BPeJl [IPAKTHKE XMMHUYECKOLO aHanu3a, B
YacTHOCTH, aHainsa M. Buaumo, He ciyyailHo aBTopbl cTateii,
My6JMKyeMbIX BeAyLIMMHM XYPHAIaMH 110 aHAJIUTHYECKOH XHMUH,
A0 HACTOSALIErO BPEMEHH, KaK NMPaBMJIO, HE HCIONb3YIOT KOHLEHIHIO
HeoINpeeleHHOCTH U3MEPEHMUI.

Hesnb3st monycTuTh BHeApeHMs! KOHUENMY HeonpeaeleHHOCTH
M3MepeHHI B MPaKTUKY aHaluTHYeckoro kontposnsd OM. Bmecte ¢
TEM, U3 MaTepuala, U3JI0XKEHHOTO B 3TOM I/aBe, SICHO, YTO MCTPOJIO-
ruyeckoe obecriedenne avaamsa OM nyxjaercs B ganbiciineM co-
BepIIEHCTBOBAaHNH U PA3BUTUM.
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[naea 2
[Mpobonogrotoska

BaxkHe#ANMAI CTaMAMU XMMUYECKOTO aHATU3a ABASIOTCS TPO-
600160p U 11poGonoarotoska. [Ipu aHATUTHYECKOM koHTposie M peako
MCIIOb3YIOTCS TPAAULUHMOHHbIC IPUEMbBI TOJTYYEHHS TIPEACTABUTEbHBIX
npo6, NpUMeHsieMble B aHAJUTUYECKOH XMMUH TeXHHYECKUX HPOAYK-
TOB MM 0GBEKTOB OKpY’Kalollleii cpesibl. Y /1e/10 He TOJIbKO B TOM, YTO
1pH uccieoBaind DM snauuTe IbHO BaxkHee NPeIOTBPATUTD 3arpsis-
HeHue 11pob orpesie1TeMbIMH MHKPOKOMITOHEHTAMH, YeM NP1 aHain3e
Apyrux o6bekToB. Bo MHOTMX ciydasix coiepKaHue OrpefesisieMbix
KkoMmoHeHTOB B DM MOXHO CUMTaTh OJI1HAKOBBIM B JIOGOH Makpo-
CKOMHMYECKOI 10pLMK MaTepualla, U Toria JoGas npoba aaseTcs 1pei-
CTaBHTEIbHOH. B HEKOTOPBIX Clyyasix npejicTaButebHOCTL Tpo6 OM
MOXHO yJTyYLINTD, aHAIMBUPYS HE UCXOTHOE BELIECTBO, 4 KOHLCHTPAT
MUKPOKOMIIOHEHTOB, MOJYYEHHbIH U3 OTHOCHTENLHO BOJBIIOI Macchl
uccnepyemoro Marepuaiia (cM. . 3). Ho wacro comepxatue KoMIo-
HEHTa 3aKOHOMCPHO MEHSETCsl, HAlIPUMCP, BAOJIb HAMPABJEHUS pOCTa
MOHOKDHCTaJI/Ia UJTH OT 1IOBEPXHOCTH B 06BEM KOMIIAKTHOIO MaTepHa-
Ja. B no106ubIX cilyyasix omnoil M3 3aa4 XMMHUKO-aHAIMTHYCCKONO
HCCTIeIOBAHMSA ABAAETCS OOHAPYXeHUE M KOJMYeCTBEHHAs XapaKTeph-
CTHKa YKa3aHHbIX HeopHopoanocTeld. CkaszaHiioe B elle 60Jblucit cre-
ITEHU OTHOCHTCS K MUKPOHEO/HOPO/IHOCTSAM HCCIEAYEMOI0 MaTepyana,
KOTOpbI€ M3y4YalOT TaKUMH CHClMalbHBLIMU METOAAMM, Kak Jla3cpHas
aTOMHO-DMHMCCHONIHAsL CIEKTPOMETPHUS, PEHTIEHOBCKAs 9NCKTPOIIHAS
MUKPOCKOIIHS M PCHTICHOBCKMIA MUKpoallanus (cM. pasa. 4.4 u 5.2).
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Ipobonoaroroka (sample preparation) MoXeT BKIOUYATh 11pe-
BapuTesiblioe pasfejende (separation) M KOHIEHTPUPOBaHHE
(preconcentration) ollpe/le/isiICMbIX KOMITOHCHTOB, a TAKXKC 1ICpeBe/ie-
1Me allajIM3UPYEMOTO BCUICCTBA MW KOHIICHTPaTa B GopMy, 1IPUTO/L-
HYI0 JULA 1HOJIYYCHHS M U3MePeHUs aHaJIUTHYECKUX CUTTIAIOB (specimen
preparation). Pazsenenue u kotieuTpupoBaHue MpH aHAMTUYCCKOM
konrpose MM 6yayT pacemorpetibi B 1. 3. HacTosas riaBa 11ocss-
LIEH2 BAKTIOYUTENbHOM (a BO MHOTHX CyyYasX M e[MIICTBEeHIION) cTa-
JIMU 11POOOIIOIrOTOBKU, 6C3 KOTOPOM, Kak NMpaBwJIo, Iie 06X0JMTCA 1in
o/[Ha McTo/iMka anaiusza OM.

B tabu. 2.1 ykazaibl xapakrepibic GOpMbI BCIICCTBA, 0T KOTO-
PBIX MOJYYAIOT aHATIUTHUCCKUE CUTHAIBI B Pa3JIMYHbIX MCTOJlaX aHa-
an3a. Moxilo BUIETh, YTO 1IpM MCMOJb30BAHUW MOJICKYJSIPHOH M
aTOMHO# a6cOPOIMOMETPUY, aTOMII0-IMUCCHOHHON (JOTOMCTPUM TJIA-
MCHH, aTOMHO-3MHUCCUOHHOR ¥ Macc-ClIEKTPOMETPUU ¢ UHAYKTUBHO-
CBSIBAHHOM NJA3MOM, @ TAKIKE BONLTAMIIEPOMETPUN H KYJIOHOMCTPHUU
aHAJIMTHYCCKMC CHUTHAJBI, KK HPABWJIO, NOJIYYaloT OT XKHIKHMX pa-
CTBOPOB, a HPH MCIIOJIL30BAIMM OTPAKATENBION CHEKTPODOTOMCT-
pPUM, aTOMHO-3IMUCCUOHHON CHEKTPOMETPUHM € JYTOBBIM U IlJ1a3Mar-
POHHBIM HCTOUYHUKAMH BO30OYK/eiiusi, HCKPOBOH Macc-CHCKTPOMeT-
PHH, PaiMOAKTUBAILMONIIONO aHaiM3a — OT TBEPALIX 1pad. B jnoGom
cJlydae, 3a MCKJIIOUYCHIMEM MCTO/I0B HCPA3pYHIAOIICIO KOHUTPOJS MOHO-
KPUCTA/JIOB MU KCPaMMKH, CHayala U3MeJ1byaloT aHaJIM3UpYCeMblit Matce-
pyas WM KOHIEHTPAT 1IPUMeCcen JUlst TIoJyYeHust Iopoliika 1eobxom-
MOU cTelleny AUCIICPCHOCTH, 3aTeM — B MEPBOH TPYTIIC MCTOJOB —

IOJ1YYAIOT BO/IHbII PacTBOP, @ BO BTOPOU TPYIIE MCTOIOB — 1HOPOIIOK

1peccyloT uiau neperviasaaior. [lepesesenvio B pacTBOp MaopacTBo-
PUMBIX BEIICCTS 1IPE/LILECTBYCT MX BCKPLITUC LIPH [IOMOIUM ClIEIHAID-
HbIX pearenToB. Hanbonbimmm pastnoobpasuem dhopM BelIecTsa, o[-
TOBJICHHOTO K aHAJIN3Y, OTJIMUYACTCS MCTO/L PCHTreHodIyopecIieliTHOM
CIICKTPOMeTPUH. B YacTHOCTH, 5TOT MeToft, HapALY ¢ PCHTICHOBCKUM
MUKPOAHIU30M M aTOMIIO-IMUCCUOHHOW CHCKTPOMETPUCH ¢ Jlasep-
HBIM HCTOYIMKOM BO3OYIK/CHMst, MOKCT ObITh MCIIO/b30BAl JUIS 11C-
PaspYHIAIOHICro alA/IM3d MOTIOKPUCTAIIOB WM KCPAMMIKH,
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Tabmma 2.1. XapakrepHble (JOPMbI BEILIECTBA, OT KOTOPHIX MOTYYAIOT aHAJH-

THUECKHE CHIHAJIbLI B PAa3sjIMYHbIX METOJaX aHa/IU3a HEOPraHWIeCKUX OdM

Meton aHanu3a

(Dopma BelecTBa

[Tpumeyanus

MounekyJiisipHas
abcopbumomepus .
Bonubrii, BoqHO-Oprannye-
(cnextpodoromeTpua . . "
ckmit win opranmieckuil | Oprannyeckuii pactBop
PacTBOPOB); aTOMHO-
pacrBop 0OBMYHO MOJIYYAIOT B
3MUCCHOHHAS
(B MeToIe aroMHO-abcoph- pe3yJibrare
CHEXTPOMETDUA LUHMOHHOH CTEEKTPOMEeTPUU IKCTPAKIHUOHHOTO
[LIEMETH, aTOMHO- C 37EKTPOTe ;pw{ecfcrc))ﬁ KOHIEB)H HUpPOBaHUS
abcopbuyonHas porepy ' PP
atoMuzauyeit n1pobs onpeenseMbIX
CTEKTPOMETPHA C
. HHOI'IA aHAINSUPYIOT MHKPOKOMIIOHEHTOB
IJIaMeHHO WK
" MOPOIIOK )
3NMeKTPOTepMUYecKoi
aToMu3alueil mpoGhl
TBepaodasnas UYame Bcero
MOJIEK YIS PHAS IMopourok, npeccoBaHHas | aHAIUTHYECKHI CHTHAT
abcopbuuoMerpust npoba Wi KOHUEHTPar HOJYYaIoT OT
(cnexTpodoToMeTpHst IpuMecel Ha TBEPAOM | KOHIUIEHTpaTa mpuMeceii
midpysHoro HocuTese Ha MOAMGbULUPOBAHHOM
OTpaXKeHusl ) copbente

ATOMHO-3MUCCHOHHAS
CIIEKTPOMETPUSA €
QYTOBBIM MCTOUHUKOM
BO36YXIEHUS

[Topomok B kpartepe
YTOJIBHOTO 3JIeKTpo/ia
(pexxe — BOIHBIA PacTBOP,
BBICYIIIEHHBII Ha TOpLEe
YIOJIBHOTO 3/1eKTPOAa)

O6bruHO B Kparep
YTOJIBHOTO 3EKTPOJa
TNOMEIIAIOT CMeCh
aHA/IH3UPYEMOTO
BENIECTBA C YrOJIbLHBIM
TIOPOIIKOM

ATOMHO-3MICCHOHHAs
CIIEKTPOMETPHS! C
JlazepHBIM UCTOYHHKOM
BO30YK/IEHHS;
PEHTTeHOBCKHH
MHUKPOaHaIH3

WccnemyemMbrit
MOHOKPHCTA/U1 WIH
KepaMuKa

AHATUTHYECKMH CHTHas
HOJIYYAlOT, CKAHUPYS
JIa3epHBIN JIyY WIH
TYYOK 3/EKTPOHOB 11O
TIOBEPXHOCTH 00pa3ia

ATOMHO-3MHUCCHOHHAs
CIIEKTPOMETPHUS €
MIa3MaTPOHHBIM
HCTOUHUKOM
BO30OYXKAEHN s

[Topoiok (pexe -
BO/IHBII pacTBOD)
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Ipadoarcenue maban. 2.1

Meron ananusa ®Dopwma BeinecTBa Ipumevanus
ATOMHO-9MHCCHOHHAS
WY Macc-
CIEKTPOMETPHS C Bonuslit pactBop
HMHAYKTUBHO-CBSI3aHHOM
1a3MOH
Hccnenyembrit
MOHOKDUCTALI WIN N
OO6bIMHO KBa3UTBEpIBIe
KepaMUKa, NOpOIIIOK,
H3JTydareny,
TnpeccoBaHHad mpoba,
. OpTaHHYeCKOe CTEKJIO
I1aBJIEHHBIT U3JTyYaTelb, .
N WY TLIEHOYHbIE
Pentrenogayopecuent- BOJIHBIH PacTBOP,
PR H3JIyYaTesIH MOIy4aloT
Hasg CIIEKTPOMETpUs KBa3sHTBEP IbIid I
M3NyYaTeNb, OPTaHUYECKOE,
A . KOHLIEHTPATOB
CTeKJIO, TIEHOYHBIH
olpeJesisieMbIX
U3Jly4aTesnb, KOHLUEHTPAT
. . MHUKPOKOMNOHEHTOB
npuMecei Ha TBEpAOM
HOCHTeJIe
Y * UccmenyeMbiit
Paanoax tusanmonnbrit
MOHOKDUCTAIIJ HJIH
aHa/IM3, HICKPOBast Macc-
: KepaMHKa, PeccoBaHHas
CTIEKTPOMETPHUSA «
WIN TTaBNEéHHas mpoba
Bonstamnepomerpus o
POMETpH, Bommsiit pactsop
KY/TIOHOMETDHSI

2.]. UsmensuyeHne QHONU3IMPYEMbIX MATEPHANOB

Usmenbuenve — nepBas cTagus Ipo6ONOATOTOBKH JI060r0 KOM-
IIaKTHOTO MaTepuasa. Uckiiouctiviem sBiisieTcst HepaspyLIaIOWMi KOH-
TPOJIb COCTaBa UCC/IEyCMOro 06beKTa yKa3aiHbIMK BblILe MCTOJAMM;
B 9TOM Clyae M3 KOMIIaKTIIOrO MaTepuaa oObIYHO BbIPC3AIOT 06pa-
31l HYXKHBIX Pa3MepoB, pabouyio NOBEPXHOCTb KOTOPOTO TO/IBEPraIOT
HeobXo1MMoll MexaHuuceckoil o6paboTke.

[Ipu noaroroske OM «k onpenenenuio MPUMECHIOI0 COCTaBa
HX M3MeJbYaloT [1] B pyYHBIX MM MeXaHMYECKMX CTYMKaX M3
arara wiin Kpucrannuyeckoro caidupa | 2]. Xopolino sapekomen 1o-
Bana cebs Mexanudeckast MeJbHULA-cTYIIKa Pulverisette (Frisch,
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Tepmanusa) ¢ necTMKOM M CTYIIKOU U3 KOpyHAa. MaTepuasbl, MMme-
IoLiMe YMEPEHHYIO TBEPAOCTh U He obJiafaoime abpasuBHbIMK CBOW-
CTBAMH, MOXHO M3MeJbYaTh B JIE3MHTETPATOPE — YCTPONCTBE C
MeMIONUMHK TeJaMH, KeCTKO 3aKPCIJeHHbIMA Ha JBYX Hapajie/ib-
HO PacIlOJIOKEHHBIX JIUCKAX, KOTOPbIE BPAIAIOTCS B HPOTHBONO-
JIOXKHBIX HallpaBaeHUsX. 15 TOHKOTO U CBEPXTOHKOTO IOMOJia MHOT-
/12 UCTIOJTL3YIOT CTPYIHbIE MCJBHUIIBL, B KOTOPBIX YaCTHI[bI [IPe]Ba-
pUTENbHO Pa3ApobJCHHOrO MaTepuala, yBJeKaeMble ABYMs
BCTPEYHBIMU NOTOKAMH YUCTOTO BO3/YXA WM MHEPTHOIO rasa, u3-
MebyaloTCa TIPU COYAapeHUsiX U B3aUMHOM HCTHUpaHHH. MoxHO
MCII0JIb30BATh U YJIbTPa3ByKOBble MEJIbHUIBI, B KOTOPbIX MaTepual
u3MesbyaeTcs MojJ AeHCTBUEM BbICOKOUACTOTHBIX 3BYKOBBIX KOJie-
6anuii. Hanbosee TBEP/biE W, BMECTE C TEM, JJOCTATOYHO XPYNKHE
MaTepHasbl Npe/BapUTEbHO OJBEPTalOT BO3/EHCTBHIO «TEILJIOBbIX
yZapoBs», IIOIIEPEMEHHO TIOMelasi X B Pa3orpeTyio JoKpacHa My-
enpHyl0 Neyb U B XOJIOAHYIO OGUAMCTUANUPOBaHHYIO BOAy [2].
MHorue njaacTUuHble MaTepHabl CTAHOBATCH XPYIIKUMH NOCJIE [Ipe-
ObIBaHMSA B JKUIKOM a30Te.

2.2. Nepesenerne QHANU3MPYEMBIX MOTEPUANOB B
pacTsop

[lepeseneHne B pactBop ManopacTBopvMbix M 6es norepb
onpee/sicMBbIX 1IpUMecell M BHECCHMsI TUX TIpuMeceit B npoby u3
peareHToB, KOHCTPYKIIMOHHBIX MaTepUajioB MU OKPYXKaIOIUCH cpeibl
ABJISIETCS HENpPOCTOi 3afayei.

O6biutiast 06paboTKa MPOCTHIX M CIOKHBIX OKCHA0B KUCNOTaMU
NpU TeMilepaTypaX MX KHUMEHWsl BO MHOTHX CJyyasx He JoCTuraet
eau. CriaBaenue ¢ docaMy (¢ OCAETyIOUUM PACTBOPEHUEM TJia-
BOB B KMCJIOTax) 1pu OfpedesieHUH PAclpOCTPAHEHHBIX MUKPOIIPU-
Meceil 0ObIMHO TIPUBOJMT K HEJIONYCTUMOMY YBEJMUYCHUIO Pe3yibTa-
TOB XOJIOCTBIX ONBITOB. Mcnosb3oBalive aHATUTHYECKHUX aBTOKIABOB
w3 droporviacta [3] Mo3BoJACT BO3ACHCTBOBATL Ha pacTBOpsicMOe
BCILCCTBO KMCJIOTOH MIPH TEMLICPATYPC, CYHIECTBEHHO NIPCBbILIAIONIEN
TeMIlepaTypy KHIIEHUs KUCJOThI 11pU atMocepHOM JIABICHUM, U HUC-
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KJIOYMTD [IOTCPH PACTBOPUTCJISA BCICACTBUE €O WCHAPCHUS M3 OT-
KpbITOrO cocy/ia (4, c. 23]. 3ameTHO ycKkopsieT npoiiecc nepeBeieHus
B PacTBOP MaJOPaCTBOPUMBIX COEAMHEHWH HCITONB30BAHUC MUKPO-
BOJIIOBBIX [CYCH, B KOTOPBIX PACTBOPAEMOC BCU{CCTBO, 1IOMCIIEHIOE
B aHAIMTUYCCKUI aBTOK/AB, HAalIPeBACTCs DHCPIUEH NeKTPOMAriuT-
Horo masydenuss CBY reneparopa |5].

Bumecte ¢ Tem, B ipobonoaroroske @M ucnonssyiotes u takue
TPaJIMIIMOHHbIC HArPeBATENbHBIC IPUOOPDI, KaK 2MCKTPOIIMTKY W MH-
¢pakpacubie namibl. O6UIMI BUL YCTaHOBKH, XOPOLIO 3apeKOMEH/10-
Basuieii ceOst TIPU KUCTOTHOM PassiokeHUH HCKOTOPHIX (hTOPHJIOB M
noauos [6], npeacrasnen na puc. 2.1. Crivpaiib a1eKTPOIIMTKY 3aK-
PBIBAIOT ANIOMUHUEBBIM JIMCKOM. DJEKTPOIUIMTKY ¢ ofpasitaMu Ha-
KPbIBAKOT 6OJIbIIOI NEPEBEPHYTON BOPOHKOI, 3aKPCILIEHION Ha alio-
MUIIMEBOM 1ITaTuBe (/15 MOAU/IOB UCIIOJB3YIOT BOPOHKY U3 CTCKJA,
Hst gropunos — u3 ¢roponnacra). Ceepxy (Yepes cTCKAO BOPOI-
KH) Tpo6bl MOXHO JIONOJIHUTENbHO HarpeBaTh MHQPAKpPACHO JlaM-

Puc. 2.1. YcraHoBka f1g KucJI0T-
HOTO pasJiokeHus mpo6

1 — pesuHoBas npobKka, 2 — cTek-
JISIHHAs BOPOHKA, 3 — KBapleBblIii
TUrenb, 4 — KepaMUYecKHil Ha-
rpeBaTeIbHbIA 3JIEMEHT ¢ HUXPO-
MOBOH cnupansio, 5 — acboie-
MEHT, 6 ‘— aJIOMHHHUEBBIN ILTa-
THUB, 7 — MPaMOPHO€ OCHOBaHHe
IITaTUBa, 8§ ~ KepaMHYeCKOe OC-
HOBaHMe DJEKTPOIUIUTKH, 9 —
aTIOMMHUEBOE Kosbllo, 10 — amo-
MUHHEBBIH auck, 11 — unbpa-
KpacHas JaMra 6

K aamompasic-
bopMamopy

8

~t
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noit. IIpu nomomm BO3AYIMHOIO KOMIIpECcopa B TPYOKY BOPOHKHM
HArHETalOT OYMLIEHHbIA Bo3AYX. TOK BO3/AyXa B 1IPOCTPAHCTBE MOJ
BOPOHKOMH, HarpaBJICHHBLIA CBCPXY-BHU3-HAPYXKY, HPENSATCTBYET 3al-
pABlCHUIO 06pa3lloB BO BPeMst MX 06pabOTKU W YCKOPACT OTrONKY
IIPOAYKTOB Pa3N0KeHNA. AHAJIOTMUHYIO YCTAHOBKY MOXKHO HCIIOJb-
30BaTh JUIA NepeBefielUa B PacTBOP TPYAHOPACTBOPUMBIX COC/H-
HEHWid B PE3yJIbTaTe WX B3aUMOJICHCTBUSA € KOMILIEKCOOOPasylo-
MMM pearentaMi. B monorpaguu [7] B kayccTBe Takux pearcH-
TOB YNIOMANYTbl HOAW/-, PO/IAaHW/I-, AIICTAT-, TAPTPAT-, LIMalIUjl-HOHDI,
ammuak ¥ komiuiekcon I11. B MuctuTyre MouokpUcTalioB s
pactsopetinst dropeoacpxainx ®M (CaF,, MgF,, LiF, LiBaF,)
HauLy npumetictne pactsopbl H,BO, 1 xakoit-nu6o Muiicpasnbioit
kucaotbl. Hanpumep, 0.5 r MgF, pacTsopaioT 1pu narpesanuu B
10 ma 6opatnoro pacrsoputedst, B 1 s Kotoporo copepxutes 30 r
6opuoit kucnoTel U 317 MJI KOHIEHTPUPOBAHHOI XNOPOBOOPO/L-
Hoit kuciorel [8].

i BCKPLITMA MHOTHX IIPOCTBIX M CJIOXKHBIX TYTOIJIaBKMX OK-
CHAOB — B BWIC MOIIOKDHCTAJJIOB W NMOPOUIKOBOH NIKXTb! JUIS UX
BbIpalMBaHus — 2OPCKTHBIBIM pCarcliTOM 0Ka3alach KOHACIHCHPO-
Batnas ¢ocdopnas kuciora [9..12]. MerojaMu rereposiiepioii
AMP-criekTpockonnn 6bIJI0 HOKA3AH0, YTO IPU HATPCBallUY OPTO-
docdopuoit kucsorsl B untepsane emneparyp (20..400) °C cnaya-
JIa IPOMCXOJIUT YAasicHHe GOJIbINCH YACTH BOJIbI, @ 3aTCM — KOHJICH-
calMsi OCHOBHOTO KOMHOHCHTa ¢ ofpasoBsaliueM JIMHCHIBIX THOJIU-
bochopHbIX KUCTOT, CHla KOTOPLIX YBEJUYUBAETCA C YBCIUYCIUCM
crenei ux noaumepusanmn: H,PO, > H P,0, > H.P,0, >HPO,,
u 1./ Ha ocnoBe pacyera uhrerpajibHOM MHTECHCMBHOCTU JUHMIA,
OTOOPAKAIONICH YUCIO PC3OHUPYIOIMX SAEP Aol HPUPOLLI, Oblia
nocTpoenta uarpamMma pacnpeacicuus gocedopa Mexy pasiibiMu
kucaoTHbIMK Gopmamu (puc. 2.2). ITo Mepe yaaieins Bojbl paBllo-
seene H,PO, 2 H,0” + H,PO, cmelactes B croponty ofpasosaiins
mosiekys H,PO,. B otux veaosusx opro-docdopiias kuc/iota apascer-
st 1HauBOJICC CHIIBHBIM OCHOBAIIMCM, 2 00Pa3yIoUHeCs B Pe3YJILTATe ¢6
TCPMOUIHIIHUPYEMbIX HPCBpalciinil GinxKaiime romonoru H,P,O.n
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o, %
Puc. 2.2. 3aBHCHMOCTH OTHOCH-

TEJIbHOTO COJAEPKaHHS PasIMYHbIX
¢dochopHbIX KuCaOT (2) OT Temme- 80}
paTypal:

1 - H/PO, 2 - HPO,, 3 -
H,P.0,, 4 - HPO,, 5.8 -

5 10
H PO raen=>5.8

n+27 n 7 3n+1’

40

100 200 300 400 tC

H,P.,O,, nposaBsiioT sApko BbIPaXEHHYI0 KUCJAOTHYIO (PYHKLHMIO, YTO
06yC/IOBJIMBAET, B YACTHOCTH, HA/M4HEe PaBHOBECHI:

H,PO, +H,P,0, = H,PO; + H,P,0; ,

H,PO, +H,P,0,, 2 H,PO; + H,P,0;, .

le/l HarpeBaHHuH peaKLlMO}IHOl)'[ CMeECH, couep)Kalueﬁ YKa3aHHbIe
IIPOJYKTBI, ¢ OKCUAOM MeTalja CcHayala MPOUCXOIUT pa3pblxJjieHHe
MEeTaNIOOKCUTHOMN KpPICTaJUIH‘{eCKOf;I PELIETKHU B pe3yabTaTe €€ B3au-

MOJIeHCTBHS ¢ KUCJOTHBIM arentoM H,PO}, a 3aTem — HeobparuMoe

fiepeBe/ieHNe KaTHOHOB OKCH/IA B PAcTBOP 3a CYeT 06pa3soBaHUs KOM-
IJIEKCOB 3THX KaTHOHOB ¢ docathbiMu smrangamn H,PO, , H,P,0;

n H,P,0;,. Ha puc. 2.3 npe/icTaBiieHbl KpUBbIE PacTBOPEHUs ALO, n

CdWO,, na puc. 2.4 — TemitepaTypHas 3aBUCHMOCTb CpeaHCii CKOpO-

Puc. 2.3. 3aBucuMocts mom (a) . %

PacTBOPEHHOTO BOIh(ppaMaTa Kaj- wob 2 Aeat 1
muaA (7..3) ¥ oKcuaa AIOMHHUS P —~
(7°..3") oT BpemeHH (7T, MMH) IIpH 4 )(/ ~
215°C (1, 1), 270°C (2, 2) u f <
330 °C (3, 3). S0r i d 4 -
Hasecka ALO, — 03 r, CdWO, -
0.6 T, obbeM nexomHoi 70 %-Hoii op-
Tochocdoproi xucstorst gst Al O, — .
10 m, s CAWO, — 5 mn 10 20 30 T, MVH
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CTH pacTBOpelins HekoTophix MM, B Tabi. 2.2 — onTUManbHble ycJio-
B UX PaCTBOPCHHSA, a TAKXKe 3MIMPUUYECKUe 3HAYEHHUs] PACTBOPHU-

MocTu nipu 270 °C.

Ta6auna 2.2. OnTHMabHBIE YCIOBHS PAacTBOPEHUS HekoTopelx DM B

KOHIEHCUPOBaHHOI ¢ochopHOi KucaoTe*

Bpems Ycnophas
Hagecka,| Temnepary-
Bemectso o PacTBOpeHy, | pacTBOPUMOCTB,
r pa, °C MHH r/Ma**
mmxra a-Al,O, 0.3..0.4 270 16 0.050
kpucrani o-Al,O 0.15 290...300 30 0.016
273
wruxta o-AL O, Ti 0.3 270 13 0.090
KPHUCTAJLI
o-ALO,Ti 0.2 300 25 0.020
umxta mALO,nY,0,{ 0.3..0.4 270 11 0.070
IIHXTA
mALO, nY,0,kNd,O, 0.3..0.5 270 10 0.090
KPHCTALI
mALO, nY,0,kNd,0, 0.2..0.3 | 300..320 20 0.050
umxra mAL O, nMgO| 0.3..0.6 270 5 0.200
HINXTA
mALO, nMgONi 0.3 270 6 0.200
KPHUCTa/LI
mALO, nMgO:Ni 0.1 270 18 0.030
uuxra SrTiO, 0.1 330 0.010
muxta CAWO, 0.6..0.8 265 > 0.40
kpucrani CAWO, | 0.6..0.8 270 15 0.400
KPHCTAILI
NaBi(WO,), 0.4..0.8 ] 300..330 8 > 0.40

* Jlna coepHEHHI HA OCHOBeE ALO,n SrTiO, o6beM ucxoaHoi 70%-Hoit

opTo-tdocdopHoil kHcaoTH coctaasn 10 MiI, a1 BoAbHPaMaToOB — 5 ML

**Macca BemecTsa, r, nepexoagutas B pactsop npu 270 °C u oTHeceHHas

K 1 M7 ucxonnoi 70%-1oi opro-pochopHoil KHCIOTHI
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v, f/MUH
040}
030
Puc. 2.4. 3aBucuMocTs ckopocTu 020}
pacTBopeHust pasauulbsix DM B KoH- 010
neHcupoBanHoi ¢ocdopHoit kucmo-  0.08¢
T€ OT TEMTIepPaTypHl.
1,2,3,4,56,7,9 — unxta; 1,2, 3, 006k

4,6, 7,8 — moHokpucrawrs; 1, 1" -~
a-ALO,; 2, 2" - o-ALO,Ti; 3 — ur-
Tpuii-amomunmesbiii rpanat (MAT);  go4f
4, 4" — UAI'Nd; 5 — amomoMarite-
Bas mmnuHenap (AMII); 6, 6° —
AMIIN;; 7, 77 — CAdWO,; 8" — 002t
NaBi(WO,),; 9 ~ SrTiO,

100 200 300 t°C

Pactsopetive B konjeticupoBsanioii ¢ochophoii KUcaoTe Haliio
HpUMellelHe TIPH aTOMIIQ-DMUCCHOHIOM U aTOMHO-abCOpOHHONTIOM
OlIpesieieltM IPUMeCEil, IErHpYIONIUX J00aBOK 1 9JIEMCHTOB OCHOBbI
DM pas3inyHoro Haznadetivsi, B ToM YUCAC CHUHTHISIAOIIDIX (BOJIb-
dpamarbi), koncrpykuuoithbix (a-ALO,, SrTiO,), nupocerieToackr-
puyecknx (SrTiQ,), ontnyeckux (AMIL : Ni) momnokpucTanion u
TBEPAOTCAbHbIX aKTUBIDBIX ICMCHTOB OIITHYCCKMX KBAHTOBBIX retic-
patopos (MAT : Nd, o-ALO, : Ti) [13..16].

2.3. Usrotosnewnne manyusatenen ans
peHTreHopnyopecueHtHoro ananusa OM

2.3.1. NopowkoBbie 1M NPECCOBAHHLIE U3NYYATENM

[TpoGonoaroroska MM K anaiusy 11pH [MOMOUIM PEITTCHO-
tdaryopecuentioit ciickrpomerpun (POC) pacemorpenia B 0630p-
1o# crarbe |17]. B nipocreiimiem ciyyac ananmsupycembiil 10poiok
[IOMCIIAIOT B KIOBCTY, 3dKPBITYIO MailnapoBoit iwicHkoi. Tnasibim
MCTOYHHUKOM NOUPEHNINOCTENR 1IPH AHAAUIC HOPOIIKOB MCTOJIOM CBO-
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OONHOI 3aCbllIKW B KIOBETY SIBJASETCS HCHOCTOAHCTBO PasMcpoB
yactuil Beulectsa. Ilokasano [18, 19], yTo uHTEeHCUBHOCTDL Xapak-
TCPUCTHUYECKOIO PCHTIEIIOBCKOrO U3AYUElHs AJICMCHTOB yObiBACT ¢
YBCAWYCHUCM PasMcpa 4acTull Hopolika. To4nocTh alajusa no-
POHIKOBBIX 11PO6 YAAETCS MOBBICUTD 1IPY NOMOIIM TAKOI'O CpaBiy-
TCJBHO I1IPOCTOIO 1pUEMa, KaK 1IPEeCCOBAHMC, HO U B HTOM CJyuae
MHTEHCUBIIOCTD H3JYYEHHUS BO3PACTACT HO MCPE YMCHbIICIIUS pa3-
MCpa YaCTHI| [1PCCCYCMOro MaTepHana, a TakkKe ¢ poCTOM JlaBJiciius
npeccoBanus |18, 20].

Peay/braThl anannsa Kak MOPOUIKOBBIX, TAK M [PCCCOBAHHBIX
1po6 MOryT ObITh OTAIOIICHDBI 31HAYMTCIbHBIMU CHCTCMATHUCCKUMM 1
CJ1yYaiHbIMU 1OIPCILHOCTAMMU, €CIM aHATU3UPYCMbIC U IPAjLy UPOBOU-
Hble 06pa3libl Pa3/IMYAIOTCs 1O IPalyIoMETpUYCCKOMY, (GasoBOMy M
XUMHYcckoMy cocTaBy. OIICHKM CUCTCMATUYECKUX MOTPEHIHOCTCH,
CBA3AHHDIX C Pa3NMYUAMU IPalYIOMETPHUYCCKOTO COCTaBa NOPONIKO-
BbIX 1po6 |21], npeacrasielsl Ha puc. 2.5.

Ha puc. 2.6 nokasansl aMIIUPUYCCKHE 3aBUCUMOCTH [IOTUOCTH
HPCCCOBAHHOTO U3JyYaTC/Isl P OT JIaBJCHUS TTPECCOBAHUS P IS O 1

A, %

6 -
Puc. 2.5. 3aBHCHMOCTb OTHOCHTEIb-

st HOIl CHCTeMaTH4YeCcKOH IOIpPeIIHOC-
TU (A) OT OTHOIUEHUS CPEAHHX 3Ha-
YeHHl JIMHEMHBIX PasMepPOB YacTHUIl

4r AHATTM3UPYEMEIX M TPALy MPOBOYHBIX
obpasnos ( / /1) npu onpexeneHun

3 0.4 % xpoma (1), urrpust (2) u Mo-
nubaena (3) B MOPOLIKOBHIX TIPobax

2l ATIOMOAMMOHHUIMHBIX KBaCI[OB.
Macca uznyvaresst 5.00 r, U = 32 kB,
=10 MA

‘| .

0 . .

1 5 20 100 1/1,
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In(pum_ p)

Puc. 2.6. 3asucumocts In(p, . -p) 10
OT p, rZe P, — IUIOTHOCTb MOHO-
KpHCTaJLia. 0.8
7 —a-ALO,, 2 — y-ALO,

0.6

1 i 1 1 1 J

0 40 80  p.MMa

¥ MoAMdHKaUUil OKCHAa aliOMHHUS [22]. Cucrematuueckue no-
TPELIHOCTH pe3y1bTaTOB PEHTreHO(IyOPeCLIeHTHOTO OIpeiesieHUs He-
KOTOPBIX 5/IEMEHTOB B OKCHJIE aJIOMUHUSA, 00YCIOBJIEHHBIE PasiHyM-
eM (ha30BOTO COCTaBa AHANUIUPYEMbIX U rpagyupoBOYHBIX 06pa3LOB,
lpeAicTaB/ieHbl Ha pHc. 2.7. MOXHO BUETh, YTo Hanbosiee BeIUKU
9TH NOTPELIHOCTH B Cly4ae aHa/lu3a MopouiKosbX npo6. Ho u npec-
COBaHME MaTepualia nepeMEeHHOro (a3oBOro cocTaBa MPH MOCTOSH-
HOM JaBlE€HUHU, KaK B'Mzmo M3 9TOTO PUCYHKA, IIPUBOIUT K MOJyYe-
HMIO M3J1yyaTeseil pasiMYHON MJIOTHOCTH, KOTOpbIE MMEIOT pasHylo
MHTCHCUBHOCTD XapaKTePUCTHYECKOTO M3/yYeHUs NPH OAMHAKOBOM
coJiepKaHuu ornpenengeMoro ajieMenta. B ofiiemM Buze 3aBucuMocTs

A%

2
Puc. 2.7. 3aBucumocts oTHOCHTEID- [-
HOM CHCTEMATHYECKOH MOTPELIHOCTH
(A) or coaepxanus a-A1203 B aHa-
JIM3UPYeMBIX 06pa3lax OKCHAA alio-
MUHUS TIpH PeHTTeHOMTYOPECIeHTOM
onpezenennu 0.4 mac.% Cr (A,4),
Y (O, ®) u Mo (O, M); A, 0,0 —
TIOPOIIKOBbIE NPOGHL 4, @, W — 06-
Paslibl, TOJy4YeHHbIE MPECCOBAaHHEM
IpY NMOCTOAHHOM JaBJIeHUH; 06pa3Lbl
CpaBHeHHUS GBUIM NIPUTOTOBJEHBI Ha
ocnoge Al O,

50 100
Al;O5. Mac.%
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Puc. 2.8. Cxema npecc-popmbl as
TIOJIYYeHUs U3/IydaTenel OCTOSHHO-
|_—3 ro obvema.

1 — nyaHcoH, 2 — pa3spe3Hoe orpa-
4 HUYUTeNbHOE KoJjblo, 3 — KopImyc,
4 npeccyeMbIH MaTepHat, 5 — MoA-
= 5 knagka, 6 — NoOANOXKKa

IJIOTHOCTH IOJy4YaeMbIX M3JIy‘laTe.7]eI‘;l OT UX (1)2130801‘0 COCTaBa OIlu-
CbIBA€TCA YpPAaBHCHUEM:

ln(plim_p)=ln(phm—p0)—Ap’ 2.1)

e p — AaBjieHHA NpPeccoBaHusl, p — IJIOTHOCTh ITPECCOBAHHOTO U3~
Jly4aress, p. — TpejeibHas MJIOTHOCTh MaTcpyaia B MOHOKPUCTa-
sindeckoM coctostinu (s a-Al,O,oua pasna 4.0 r/cm?, ans #ALO, —
3.4 r/cm®); p, — HacbiNHasA MJIOTHOCTb NOPOIIKA, KOTOpasg 3aBUCUT OT
€ero rpaHyJIOMeTPUYCCKOTO cocTaBa, A — KOHCTAHTa, XapaKTCPU3YIO-
11ast TPecCcyeMocTh MaTepHaa.

YTo6bI MCKITIOUMTD YKA3aHHYIO [0IPEUIHOCTb, B UHCTUTYTC Mo-
HOKPUCTa/1/10B ObL10 11peioxeto [22] npeccoBath 06pasubl 10 110J1y-
YeHHs M3JTydaTe/cit NOCTOSTHHOTO 06bEMa, YTO MPU ITIOCTOAHHOI Mac-
ce MaTepuana NPUBOAMT K HOJIYYEeHHI0 00Pa3I0B 3a4alHoil 1J10THOC-
TH (HE3aBUCHMO OT Passiuimii hasoBoro coctaBa UCXOMHBIX HOPOLTKOB).
s 3T0r0 MCHo/1b30BaIM Npecc-hopMy, CXeMATUUECKU IIPEICTaBIICH -
Hyl0 Ha puc. 2.8, B KOTOPOH ABMXEHUC IyallcoHa OIPaHUYUBaIOCh
1TPAKTHYECKH HCCKMMAEeMbIM KOJIBLIOM, a HPUJIOKEHHOE JIaB/ielne yi0B-
JIETBOPSIIO HCPABCHCTBY:
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m[ﬁ/A]qq&/g)o, (2.2)
rue S, 1 S, — paboume 10BEPXIOCTH OrPAMUUTENBHOIO KOMbLA W
IlyaHCONa; O — NIPeJies YIIPYIOCTH OrPaHUuUTe]bHOTO KOJbIA.

IPHEKTUBHOCTD TIPE/IOKCHNIOrO cl10coba POGONOATrOTOBKM
NOJATBEPXKAAIOT AaHHbie TabJL. 2.3

3aBMCMMOCTDb Pe3YJILTATOB aHanu3a MetotoM PAOC oT cTexmo-
MeTpuU Npob 1 rpagyrmpoBoUHbLIX 06pasiioB WIJOCTPUMPYIOT Jialiiible
TabJ1. 2.4. AnanuTiyeckue curians N(x = 1) u N(x = 2), otniouicHus
KOTOPBIX NPEACTaBICHbI B 2TOi Tabauie, Guiiu nsmepeiin [23] juis
06pasiloB wIOMOMArHUCBON IITHHEIN COCTaBA MgO - xALO,, rac x
paBeH 1 1 2 cootBeTcTBen0. HoMUbanbHOE cofepxatue ofpeaesisic-
MBIX DJIEMCHTOB B 3THX ofpasiiax pasio 1-107! mac.%.

MosxHo BUAETB, YTO 1IpU aHaNM3e NOPONUIKOBBIX 11po6 OTHOLIC-
Hust N(x = 1)/N(x = 2) Bapb1pyioT B IOBOIBHO LIMPOKHX 1peesax m3-
3a Kose6auit HachINMHON [LIOTHOCTH 3JyyaTesicil. IIpeccoBatine upu

Ta6auna 2.3. Pe3yabTaTsl peHTreHO(IyopeceHTHOTo onpesieJIeHAS! XpoMa
B obpasuax AlLO,*

Coctap obpazia IIpeccopanue pu IIpeccosanne 1o
TMOCTOSIHHOM JaBJIEHHU | NOCTOSSHHOTO 06'beMa

a-ALO, | v-ALO, Hﬁe;‘) A % H;”;ﬁe;o A%
- 100 ] 033001 22 | 040+001 0
25 75 | 034x001 | 18 | 0.4020.01 0
50 50 | 036+001| 12 | 0.40+001 0
75 25 | 0.37+0.01 9 0.40+0.01 0
100 - 0.40+0.01 0 0.40+0.01 0

* papynpoBouHble 06pa3Ibl GBLIM IPHTOTOBAEHEl HA OCHOBE a-ALO,;
A — cucTeMaruyeckast morpemHocts; P =0.95; n=4.
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Tabmuua 2.4. Baustue cnocoba npo6oOnoATOTOBKM Ha OTHOIEHHE aHATH-
THYeCKHMX curHanoB N(x = 1)/N(x = 2) nupu onpegenennu metogom POC

HEKOTOPHIX JIETHPYIOIUX AOOABOK B alI0OMOMaTrHHeBOIT MIMUHe ™

N(x=1)/N(x=2)
OnpenensieMbiii IpeccoBanye npu ITpeccosanue 1o
[MopoukoBsie MOCTOSIHHOI'O
STEMEHT TIOCTOSTHHOM
Ipobs ABCHI obbeMa

A U3JTyYarens

Sc 1.14+0.04 1.08+0.02 1.041+0.002
Mn 1.28 +0.20 1.06+0.05 1.039+0.001
Fe 1.09+0.03 1.09+0.01 1.040+0.003
Ni 1.17+0.03 1.07£0.03 1.042+0.004
Zn 1.19+0.05 1.09+0.08 1.038+0.001

Y 1.10+0.03 1.09+0.03 1.040+0.001
Nd 1.29+0.12 1.08+0.03 1.040+0.001

* Uucno oneiToB n = 20; foBepUTeNbHAs BeposaTHOCTb P = 0.95; gaBiaeHue
npeccoBarust 270 MIla; Macca uanyyatens 6.00 r

MOCTOSTHIIOM JIaB/IeHHY YMelIbllaeT 5T KosicGaliust, oHaKo pasbpoc pe-
3yJIbTATOB U3MEPCHHS CUIIA/IOB OCTACTCs HEAOIYCTUMO GostbiinM. [Tpu
npeccoBanuu npob 0 NOCTOSHHOIO 00heMa BOCIPOM3BOAUMOCTb pe-
3yJILTaToB M3Mepelinsi oTHowenrit N(x = 1)/N(x = 2) cylilectBeHHO yiiyu-
HIaeTest, a Pasjitius MCXKAY OICHKAMM ITHX OTHOLICHHMH Ui pasibiX
AJIEMCHTOB CTAHOBATCA HeallauyMMbIMU. TIpu aToM cpeatiee 3nadenne or-
nomennst N(x = 1)/N(x = 2) = 1.04 + 0.02 mano oT/iMyaercs oT Teope-
Tryeckoi oueliku (1.03), paccumrannoit jig mnmHencii cocrasa 1:1 u
1 : 2 npu oMHaKoBoii nIoTHOCTH MBJydareneid. IIpeccoBanue /10 1OCTO-
AUHOIO 06beMa NMO3BOJISIET [IPYU alaNM3e WIHHeTeH MU HOAOBHBIX UM
BEIIECTB JII060r0 U3BECTHOTO CTCXMOMETPUYECKOTO COCTaBA MPOBOJUTD
U3MCpelnA 110 OHOMY Habopy rpa/lyMpOBOYHBIX 06Pa3LIOB, & CUCTEMA-
THYECKYIO HOTPELIHOCTL B CJ1y4ac 11COOXOAMMOCTH MCKIIOYaTh U3 KO-
HEYHOro Pe3yIbTaTa ¢ HOMOMUIbIO HOCTOSIHNONC MHOMKUTCIIA.
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2.3.2. Mnaoenenbie manyyatenu

Metposiorndeckue XapakTepucTHKM MeTOAMK aHalu3a IOPOLIKOB
W TPECCOBaHHBIX U3Myyaresicit npu nomomm POC npuemnems npu
OHPCAE/ICHAN HPUMECEN W JICTUPYIOWNX 106aBOK, HO He YIOBJETBOpSI-
10T TPEGOBAHMAM TIPEIHU3UOHHOTO KOHTPOJIS crexvomerpun OM. Jlyy-
ll1Me pe3y/IbTaThl AT CIUIaB/IeHHe aHAIM3UPYEMOTO BELECTBA C HOAXO-
aanmm dmocom. Ilonobras Texnuka, npemnoxennas F. Claisse 6onee
40 ner nazan [24], npenycmatpupaia cruiasieHue obpasita ¢ Gypott u
ToJTy4eHNE U3NTyyaTesls B BUAE TBEPAOTO Koposibka. Onucanbi BapHaHTbl
TEXHUKH CIIABJICHUS, B KOTOPBIX HCIO/B3YIOT (JTIOCHI Ha OCHOBE pas-
JMYHBIX CoeliHeHMH Gopa M HCKOTOpbIX 106aBOK (TeTpaGopaT AuTHs
[25, 26, 27}, meraGopat autus 28], cmecn MeTaboparta JIMTHUS W NUpo-
cynbdara kanusa [29], Tetpa- u merabopata sUTHS [30..33], rerpabopa-
Ta 1 Kapbonata iutus [34], MeraGopata mTusi 1 GOPHOI KMCAOTHI [35],
oKcHaoB Gopa u BucMyTa [36] u ap.). OnHako nmosyyaeMble GoparHbie
OT/IMBKW XPYNKH, M VI CHATHSL OCTATOYHBIX TEPMOYINPYTUX Harpsixe-
HHUI, IPUBOAALIMX K UX PatTPECKUBAHMUIO, HEOGXOIUMO JOCTATOUHO M-
JIeHHOe CHIKeHKe Temnepatypbl. K Tomy xe TpysHo usbexars npuu-
IaHUA CJUTKA K CTeHKaM OObIYHO MCTIO/b3YeMbIX IIaTHHOBBIX THIVICH.

ITHX HEJOCTATKOB Y/aeTcs M3bekaTh, UCHIOb3ys TIPETOKEHHBI I
8 MHCTHTYTE MOHOKPHCTaII0B dilloc Ha 0cHOBe Ge3BOIONO Metadoc-
Gbara mvTust U popMoobpazoBaTesn M3 crexyoyriepona. Ilokasano [37,
38], uto npuMeHente ykasauioro dioca AJ1s BBICOKOTOMHOIO aHAIH3A
OKCHIHBIX MaTCpHaoB MO3BOJISACT [10JIy4aTh U3Jy4aTeaH B Buje OQHO-
POAHDIX CTEKNOBHAHBIX OTJIMBOK, HC TPEOYIOIMX AIHTENLHOIO OTHKHUTA.
CMech anauaupyemMoro MaTepHaiia ¢ QUHOCOM PaCIIaBASIOT B 06blY-
HOM [UIATHHOBOM TUIJIC €MK. 50 MJI M BBIIEPKMBAIOT PacUIaB 0 €ro
TIOJIHOM roMoreHusatui B Tevchue 20..30 MHH, NepHOLMYeCKH nepeme-
HIMBAsA €0 KPYTOBbIMU JIBUXKCHUAMM TUIAA. 3aTeM NepenBaloT Hosy-
HEHHbI PACIUIaB B CTEKIOYTIPO/IHbI TUTeIb-H3IOKHHUILY, K KOTOpOMY
CJIMTOK MPAKTUYECKU He puiniiaeT. [Ipu KOHTaKTe paciliaBa ¢ [10CKUM
JIHOM THIIAL hOPMUpYeTCst 11a/1Kkasi paGoyast IOBCPXHOCTD M3JydaTes,
HTO JIE/IACT MBJIMUIHAM €€ THOCIIE/YIOIYI0 MEXaHHYeCKyIo 06paboTKy.
3amMeTuM, YTO 1PU BBHICOKUX TEMIICPATYPAX CTEKIOYIIEPOS OKHCASETCS
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KHCJIOPOJOM BO3AYXa, OJHAKO THIVIM-WIJIOKIIMLbBI U3 HTOTO MATEpUAIa,
MCII0JIb3yeMble [PY CPABHUTEJIBHO HU3KHX TeMIlepaTypax, JOCTATOUHO
JI0JITOBe4Hbl. Bapbupys coctaB BBOAMMBIX JI0GABOK H paBoyyio TeMrie-
patypy, yAanoch 1IpPUMEHUTb 3TOT cllocof 1o1ydeHus uaaydarescii K
Pa3/IMYHBIM OKCH/IHBIM MaTepuanam (tabu. 2.5). Cnenuanbioe uccie-

Ta6anua 2.5. YcioBus nonyYeHus CTEKJIOBUAHBIX MajlyyaTeneil Ha ocHOBe
MeTadocdara sutus (Macca usnyyarens 10 r)

Beiectso : ¢uioc o
BewwecTs0 COCT::I;C d())/moca, (Maccosoe Temnepatypa, °C
e OTHOLLIEHHE)
YBa,Cu,O, LiPO, (100) 1:2 780
Bi, Pb, ,SrCaCu,0, LL;ZIE%B ((91%)) 12 850
LiNbO, LiPO, (100) 13 800
CdWO, LiPO, (100) 1:10 850
LiPO, (90) .
a-ALO, LiZCOSB (10) 1:10 900
¥-ALO, LiPO, (100) 1:20 850
. LiPO, (90) i
SrTiO, L12C033 (10) 1:10 900
LiPO, (90) i
La,0, L12C033 (10) 1:25 950
. LiPO, (80
La,GaSiO,, LiZCOZ((ZO)) 1:20 950
. LiPO, (90) .
Gd,SiO; LiZCO:; (10) 1:30 950
) LiPO, (70) )
SiO, L12C033 (30) 1:30 900
LiPO, (70) )
Ta,0, LiZCdS (30) 1:40 900
. LiPO, (80) _
SrTiO, LiZCOZ (20) 1:10 900
LiPO, (80) .
Zr0, LLCO. (20) 1:10 900
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noBanue [39] 110Kazano, 4To cTaHAapTHBIe 0OPa3LBI COCTAaBa B BUIE
(ochaTHBIX CTEKJIOBMIHBIX M3MyyaTesneid MOTYT HMCIOJb30BaThCs B
TeyeHue 1.5 JieT U 6oJice IPH YCJOBUU XPaHEeHMs X HAJ HeHTOKCH-
AoM docdopa. Ucnonbsosanue uanoxelinoro crocoba 1poGoIoAro-
TOBKM TNO3BOJIXJI0, B 4aCTHOCTH, paspabotath [40] meTomuky perirre-
HodayopectienTHoro ornpegenenust Ca, Sr, Bi, Pb u Cu B CBEPXIPO-
BOJSIHIEN KepaMUKe HOMHHAJBIIONO CoCTaBa Bi,Sr,CaCu,O,, kortopas
XapaKTCPU3YCTCH HC3HAUMMBIMU CHCTEMATHYCCKUMH M BCCbMa 1IM3-
KMMHU CJ1y4aitHbIMHU [IOTPELUTHOCTSMHU: 31aY€HUST OTHOCHTE TbHOIO CTall-
APTHOTO OTKJIOHEHMA CAMHUYHOrO pesynbrata S (51073 7-1073)
6JIM3KM K TCOPETHUYECKUM OLICHKAM, 11C BKJTIOYAIONMM MOTPENIHOCTH
poGONOATOTOBKH.

2.3.3. MNpobonoaroToska npwu
PEHTTEHObNYOPECUEHTHOM QHANU3e
pacrsopos

IlepeBenenve B phcmop — HPOCTCHLINI crnocob romMorenusanmu
aHaJM3KUpyeMoro BelllecTBa. Bo MHOrMX CJIyyasix KOHLICHTpaTaMu olipe-
ACIAEMBIX MUKDOKOMIONCHTOB SIBJSIIOTCS BOJIHBIC WJIM OpraHHuecKHe
pacTBopbl. OIHaKO HENOCPEACTBCHH bl penTrenodIyopecteHTHbIH aHa-
JIU3 PACTBOPOB BO3MOXCH TOJILKO HPH OHPCACJCHUH HICMEIITOB CO cpaB-
HUTEJILHO XKCCTKUM XapPaKTCPUCTUYCCKMM U3JTyUCHUEM: NPH TaKOM aHa-
JIM3€ HCJb3A CO3/IaTh BAKYYM B KaMepe CIIEKTPOMETPa, a MSITKoe penTre-
HOBCKOC HM3Jlyenne 3aMCTHO MOIJIOUIAETCA BO3LyXOM M MaitapoBoii
IUICHKOH, KOTOPOH 3aKPBIBAIOT OTBEPCTHE KIOBCTBI [IPH AHAIM3C KHIKHX
npo6. Bosuukaior Takoke 1pobiembl, cBAzaHHble ¢ BbIJI€JICHHCM Ta30BbIX
ITy3bIPbKOB M3 PacTBOpa BCJICACTBMC €10 HarpeBalus MM PajMoin3a.
Hakonet1, tpysro obecricynrs 3ajannoe PACCTOAHUC MEXIY YPOBIHCM
aHAJIM3UPYEMOI XKHJIKOCTA H aHO/IOM PCHTICHOBCKOI TPy6KH (1ipm pas-
MCIIENNN PEHTIEHOBCKOM TPYGKH 1101 KIOBETOI 9TO CBA3AHO C paziny-
HbIM HATAXCHMEM MaiapoBoil 1utenku). Boabumx yeunmii Tpebyer u
obeenedciiue HOCTOSICTBA TOMIMHbL CI0H KMAKOCTH B KIOBETC. Mesxiy
TEM, ITOT CJIOH, KK IPABWIO, ABJSICTCH HEHACDIIEHIIbIM U Cro KoJieGa-
HAS TPUBOJST K HOALIINMM NOTPCIIHOCTAM B PC3YJIbTATAX vamepcerivii. B
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KayecTBe NMPUMEPOB MPAMOIO aHajiu3a pactBopos MM MOKHO TIpUBec-
Th onpefenenvie Y, Ba u Cu B cBepxnpoBojisiuieM Kynpate WTTpHS-
6apus, pacTBOPEHHOM B XJI0POBOJOPO/INOI KucsoTe [41], a Takke oripe-
Jic/ieliie MonHoro U obuicro cepeGpa B CBCPXIPOBOSIILEM KOMIIO3UTC
YBa,Cu,0, : Ag nocsie ero pacTBopcHMs COOTBCTCTBCHHO B YKCYCHOH 1
a30THOM kucaorax [42). Ho ans maccosbix ananmsos metogom POC
HEloCPpeICTBEHHOE UCII0JIb30BAHUE PACTBOPOB HElCAeCO06Pa3HO.

HacTo npuberaioT kK TaKOMY 1IpOCTOMY HPHEMY, KaK HaHeceHHe
pacTBopa Ha GyMakHbIi QUIBLTP € €ro NOCACAYIOUIUM BBICYIIMBAHK-
eM. ITOT cnocob NpoGONOArOTOBKM OANOBPEMEHHO 06ecTicYMBaeT
HEKOTOpOe KOHUCHTPUPOBAIHE OlIPCAEASEMbIX MUKPOKOMIIOHCHTOB,
OAHAKO «EMKOCTb» OyMaxHoro (u/bTpa HEBCIMKA U TOITOMY 3d-
GbekTUBHOCTB OboralleHus BecbMa orpatuyena. PesynbTaThl, Hoay-
YaeMble ¢ IIPUMEHEHHEM ITOTO NTPUEMA, OTATOLLEH bl 3HAYUTENbHBIMH
[IOrPeIHOCTAMH, TIOCKOJIbKY PEeIKO ylaéTcs nabexarb o6pa3oBanus
HEPOBHOCTEN Ha II0BEPXHOCTH (UIBTP2 BO BpeMs ero BBICYLIMBa-
HUA W HEOJIHOPOJIHOCTCH, 0BYCJIOBIEHHbIX «XpOMaTOrpadMyecKuM
addexToms [43].

JLIL. SkcnepuanioBa npemnoxuna |44..54] neckonbko acbdek-
TUBHBIX W IOCTATOYHO IPOCTBIX C110COOOB NOJIyYeHUS U3 PacTBOPOB
Pa3JIMYIIOro COCTaBa O/IIOPO/IHBIX U3JIYYATCACH ¢ BLICOKHM Ka4eCTBOM
paboucii nosepxnoctu. [lokasano [44, 45, 46, 4To BBCAelMe B Hc-
CJic/lyeMble PACTBOPBI XKeJieo6pasyIoNnnX BellecTB, HapUMEp, XKella-
THHA WJIK arap-arapa ¢ focaeylouleii KpaTkoBpeMeHHoi TepMoobpa-
6OTKO# 1M03BOJISET MONYYaTh KBAa3UTBEPABIC M3JYYaTeIH 3a@liibix
pa3MepoB W (hOPMbI, NIPUrOJHbIC JUIsE UCIIONBb30OBAHUA B PEHTICHO-
BCKUX CIleKTpoMeTpax Jo6bIxX TrnoB. [Lis atoro 10 Mac.% nopoliko-
BOYO KeJlaThIla Wiam 3 Mac.% arap-arapa 1IOMCINAIOT B UCCIICAYCMbiil
pacTBop (KOHLEHTPAT OIIPC/IEISIeMbIX 1IPUMecCii) M OCTABISIOT s
nalyxatius. 3aTeM cMech HAarpeBaloT, e JIOBOJS ¢ /10 KHiicHust. To-
PSYMiA TOMOTeHIbIi PacTBOP BBUIMBAIOT B KIOBCTY M3 (PTOPOIIACTA,
KOTOpast 110 (hopMe COOTBETCTBYCT KIOBCTO/ICPKATE/IO CHCKTPOMETPa,
M BbIICPXKHMBAIOT 10 HaYajla 3acTblBaHMs. 3aTCM 1ICPeBOPAYMBAIOT
KIOBETY € COJCPKUMbIM Ha TUIACTHILY ¢ FJIafkoi NIOBEPXIIOCTDIO, HO-
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KDPBITY10 (hTOPOIIAcTOBOM IL1eliK0i. B pesynbTaTe KOHTaKTa ¢ rupo-
(o6HOII T10BEPXHOCTBIO (pTOpOILTACTA dhopMHUpyeTCs yIIpyruil sxee-
00OpasHbIil U3JlyyaTenb, pa6oyas 110BePXHOCTb KOTOPOTO COOTBETCTBY-
eT nojupoBainoit. Onucaniplit crioco6 MpoGOMOATOTOBKK B coueTa-
nun ¢ POC (kpucrani-andpakuuonnbie cnekrpomerpsi CITAPK-1
n CIIEKTPOCKAH ¢ MozepHu3npoBaHHbIMI NPOBOACPKATEIAMM
[54], a Taioke VRA-30) 6bu1 cnionb3osan i ananmsa paga OM:
KOHTPOJIb CTEXHOMETPUM CBEPXIIpoBojisiiici kepamukn YBa,Cu,O,
Toc/le pacTBOPEHUs! €€ B a30THOM KucsioTe [46], onpeneneHue npume-
ceil Ag, Bi, Cu, Fe, Ni, Pb, Zn B BblcoKouMCcTBIX consix g MOHOKpPH-
crannoB (Csl, CsCl, CsBr, RbNO,, KNO,, NH I, NH,NO,) nocne
NPEABAPUTENILHOTO KOHIIEHTPHUPOBAHUS IPpUMeced MeTOJ0M HMU3KO-
TeMIIePaTyPHOI HaNpaBJICHHON KPUCTA/IM3ALIMK BOAHO-COJICBbIX pa-
CTBOPOB 3BTEKTUYECKOIo coctaBa [47] (cM. . 3).

IIpestoxeHpl ciocobbl 1101y YcHUs KBA3UTBEPABIX U31yYaTeeii-
opraHoreJieit HENOCPEACTBEHHO U3 OPraHUYECKUX IKCTPAKTOB — KOH-
LIEHTPaTOB OfpeseisieMblX ipumMeceit [48]. K IKCTPAKTY HpUOABIAIOT
He6oMblIMe 06BEMBI TENIONO BOLHOIO pacTBopa keslaTUHA U BOJHOTO
pacTBopa NOBEPXHOCTHO-akTUBHOrO BeltecTBa (ITAB), cMmech anep-
TMYHO BCTPAXMBAIOT, a 3aT€M OCTaBJSIOT /10 Hayalla 3arycTeBaHHS.
[ToepxtiocTs obpasua GopMuUpyioT Tak xe, Kak NPH 10IYSEHUH BOJ-
HO~)K€JJaTUHOBOTO U3J1ydareisl.

Usyyenue MexaHu3Ma o6pa3oBatms KeJaTHHOBBIX rejieit B BOJI-
HBIX M OpraHu4ecKux cpedax [49] 1pu noMou TepMOMETPUYCCKUX
M BHUCKO3MMETPUYECKUX u3Mepehui, a Takke WK-criextpockonuu
TNOKa3aJ10, 4TO B 1Ipoliecce 06pasoBaHis reis IIPOUCXOANT BHYTPHMO-
JIeKyJIApHas MepecTpoiika >keNaTuHa, HPUBOAALIAS K M3MEHEHHIO ero
peoJIornuecknx xapaktepuctuk. O6HapykeHa BO3MOXKHOCTb 110BbI-
WEeHUSA PaIMalMOHHON M MeXaHM4YeCKOH CTOHKOCTH KeJaTHHOBBIX
rejiell 6J1aroaps BBEICHUIO B HUX XMHTUAPOHA, KOTOPbI «ClIMBAcT»
MaKpOMOJIEKYJIbl JKeJlaTHHa B GoJiee KpyriHble KOHToMepaTbl. [Ipu
5TOM TCMIlepaTypa TeKy4eCcTH rejist yBejuuuBaercs ¢ 35 1o 50 °C, a
BpCMsl, HOCJIE KOTOPOrO HaUMHAeTCs Pa3sMArycHue Tesis 101 AeHCTBU-
€M peHTrenoBckoro ussyuetus (U= 25 kB, I = 20 mA), BospacTtaer ¢
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Ta6auna 2.6. CpoiicTBa opraHoresieil Ha OCHOBe Pa3/IIYHbIX

opraHuyeckux pactBopureneil u ITAB

OMYJIbCUs CI'){ Zﬁ::f 2{ af:yc S,
Byranon — 6pomun uetwimupumHus 10 0.06
CCl, - 6poMun ueTHImupuIUHIS 20 0.09
W3oaMInoBelii ciupT— oneat HaTpus 30 0.03
CCl, - neoHon 35 0.08
CHCI, - daoramun 60 0.11
Okrad — deHoKcon 100 0.12
Texcan — cyxuunon 150 0.13
CCl, - onear narpus 150 0.16
CCl, - tBun-80 200 0.33

60 1o > 400 c. Opranoresis, 06pasyioumiics B cucTeMe OpraHU4ecKHii
pacTBOpHTeNb-BoJa-kenatuH-IIAB B pesysibrare eé kpaTkoBpeMeHHO-
o BCTPSIXHUBaHUsI, Npe/CTaBAsgeT coboil yCTONYMBYIO SMYIbCUIO THIIA
«Macyio B Bojie». Kak u c/ie/10Bano oxuiars, OrpetHocTb peHTreHo-
(J1yOpECIeHTHOTO aHaTU3a TAKOIo OPraHoreNis y6biBaeT ¢ yMeHbIleHH -
CM pa3Mepa YacTHI], IPUCYTCTBYIONIMX B Takoil amMyJibcuu (Tabil. 2.6).

Eute oanum cnocobom npobomnoiroToBKM opraHnyecknx aKcT-
PaKToB K aHamudy MetosoM POC sBaseTcs nojsydyeHue u3 HUX Io-
JIMMEPHBIX TUIEHOK. Hausyyuime peaynstarsl 6bian noaydennt [50]
6GJ1aroiapst UCIoJ1b30BatHIO 6I10K-COMONUMEpPA TTOJIHCHIOKCAHA U TT0-
nukapboHata («kap6ocui-70»), KOTOpbIl LIMPOKO NPUMEHSICTCH B
MeauLiMHe. BBeaenne aToro nostumepa B Xi0podopMHblii 9KCTPAKT C
MOCJIe/IYIOHIMM BbICYLIMBAHHEM PacTBOPUTE/sE B aTMocdepe XJIOpo-
(bopMa NPUBOJIMT K 1IONYYENHIO OHOPO/IHBIX 110 COCTABY M TOJIILHMIE
MJIEHOK, MMEIOLIMX IMAJKYIO 3CPKa/IbHYIO 1HOBepXHOCTb. Takue 11éH-
KM COXPalISiOTCst HA OTKPBITOM BO3JlyXE HeOrpaHWYeHHoe BPCMsl, 4TO
I03BOJISICT MIPU PCHTICHODIYOPECICIITHOM aHAIu3€e TPOBOJUTL I'pa-
AYVDOBKY 110 METOAY BHelHiero cranjapra. [InéHKU ctabuibHbl B
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BAKYyMC, H, CJIEOBATC/ILHO, HX MOXKHO UCTIOJIB30BATH IPH ONpe/ce-
HUK JICTKKX dlleMeHTOB. Tosmumia 11néHok cocrasisier okoso 0.08 mu,
BCACACTBHE YETO TMPU Olpe/eJCHUU GOJIBINUHCTBA HJCMEHTOB OIIU
OTBCYAIOT KPUTCPHIO «TOHKOIO CJAOSI»; HTO MCKIIOUAET B3AUMIIOC BJIH-
ANUC DJCMCHTOB LIPY MX COBMCCTHOM ITPUCYTCTBMM B KOILICHTPATC.
Ecan obvexrom ananusa snsercs ne6onbuioil 06beM BoIHOMO
pacTBopa (HalpuMep, KOHICHTPAT [IPUMCCE, 110J1yYeHHbI it TIPH HU3-
KOTEMIICPaTyPHOM HAMpPaBACHHOA KPUCTANIN3AUMHN PACTBOPA MCCJIC-
AYEMOTO BEIECTBA), ISl LIOCAEAYIOIETO ONpe/IeeHUs IPUMECCH Me-
TosoM PDC yno6HbIM 0OKazaoch Monyyelide KapaMean — CTeKJIo-
BH/LHOTO U3JTy4aTeisl Ha OCHOBE caxapoabi [51, 52, 53|. Takas kapamesib
obpasyeTcst IIp1 GBICTPOM THarpeBaHul CMeCH €axapo3sbl M BO/IbI C Mac-
COBLIM OTHOlICHUeM 1:1 B OTKPBITOM cocyile; copepxanue MocTopori-
Hux cosieit (Hanpumep, CsI unn KNO,) moxet gocurars 30 mac.%, pH
MOXHO BapbupoBaTh B iManiasoHe oT 2 1o 9. Topsiumii cupon 6bicTpo
OXJIX/IAIOT, BbLIMBasA ero B (OPMOBOYHOE KOJIBLO M3 (TOPOILIACT,
JIexallee Ha rajikoit rupocobHoit oBepXHOCTH (MaccHBHas dropori-
JIacTOBas IJIACTHHA WM CTEKJIO, HAKPbITOE (bTOpOILIACTOBOIA NIEHKOI1).
[locsie Hauana 3aCThiBaHMs. OTKPBITYIO [OBEPXHOCTD KapaMeJii NOKpblBa-
10T TOHKOM (TOPOILIACTOBOM ILIEHKOI M TPUAABIMBAIOT MIOCKOH CTEK-
JSHHON Kpblluko#. Kapame/msauus caxaposbi npoTekaerT ¢ rocieosa-
TEJ/IbHBIM OTUICIIEHUCM MOJIEKYJ BOIbI, OJIHAKO, KAK 110KA3a1M JAHIIbIC
TEPMOTpaBUMETPHYECKOrO aHau3a U anddepeHinanbhoi ckaHUpyio-
Hieil KaJIOPUMETPHH, JUlst 06pasoBalys KapaMen U3 caxaposbl Hcobxo-
JINMO HeKOTOpoe M3GBITOYHOE KoJindecTBO Bofibl. [TosydaeMbic cTekio-
BU/IHbIC U3/TY4aTC/IM MMEIOT LAA/IKYIO IOBEPXHOCTD, Ol FOMOTEHHbI (atia-
JIUTHYECKME CUTHATBI ¢ 06EMX CTOPOH MBAYYaTeNs MPAKTHYECKH
O/tMHAKOBBI), HC BBIACASIOT B BAaKyyMe JICTYYHX COCAMHENMil U YCTOi-
YMBbI K ICHCTBUIO peHTrenoBekoro uaayyenus (U= 25 kB, I = 20 MA).
Crocobbl 11poBoIIOArOTOBKH, BKIIOYAIONIHE NOJIlyYeHHe U3 opra-
HUYCCKHUX HKCTPAKTOB OPraliore/iei U OJUMCPHBIX ILICHOK, A U3 BOJL-
HBIX KOIIEHTPATOB — CTEKJOBUAHBIX WU3JydaTesieil 11a ocHOBe caxa-
pO3bl, 10 CHUX 1OP HPCUMYUICCTBEIIO MCIIONb3OBAINCD IS Allajiusa
HPUPO/UIILIX M CTOYHBIX BOA. O/12KO 5TH IPUEMBL MOTYT HARTH 1pH-
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MeHEHHEe B UCCJIeHOBAHUAX lpuMcctioro coctaBa OM metoom POC
B COYCTAHUM C 1IPEABAPUTENILHBIM KOHIICHTPUPOBAHMEM OlIpejieisie-
MbIX IIPUMCCCH KUJKOCTHON DKCTPAKHMEH WM HU3KOTEMIICPATYPHOIL
HAIPABICHHON KPUCTALINIAIUCH BO/UIO-COJICBBIX PACTBOPOB HBTCK-
THYecKoro cocrasa (cM. 1. 3). B wacTiocty, BecbMa 11CpCICKTHUBIBIM
NPCACTABACTCSA MCNOJb30BAIUC 10JMMEPIbIX TUICHOK B KAYECTBC W3-
Jlyqaresicii U BbICOKOYYBCTBUTCIbHOM anaiinze DM ¢ npuMenceHmeM
TIPEIBAPUTCIILHOTO KOHIIEHTPUPOBAIUS OIPCAC/SIEMBIX MUKPOTIPUMC-
ceid v Takoro Bapuanta POC, kak Metos noatioro orpaxenus (TRXRF).

2.3.4. Hepaspywatowmit aHanus Teépabix 06pasuos
DM npu nomoum POC

Monokpuctanibl, dynkimonaibtyio KepaMuky U apyrue @M
MOXHO allannsupoBath MctofioM PDC 6e3 paspyuictus obpasios,
CCJIM BTH OOBCKTHI aHAJIN3A HE CO/ICPHKAT YYACTKOB ¢ PE3KUMHU payk-
TYalUMAMHU COCTaBa, MMEIOT TIPaBUJIbHYIO TCOMETPUYECKYI0 dopMmy,
TNPUEMJICMBIC Pa3MEPbl M cCil petiielia 1ipobiieMa rpajynposku. Co-
AEPHKAHUA OTIPCIIC/ASAEMbIX DJICMEHTOB B MOHOKPUCTAJIIAX 1la MaKpo-
YPOBHE 0OBIYHO [JIABHO MCHSIOTCS BJIOJIb HaNpPaBJICHusI pocTa, a B
TJIOCKOCTH, 1ICPHCH/IMKYJISIPHOIA 9TOMY HaMpaBJeluio, — OT LCHTPa K
nepudepun. Iocae packaipiBanus MOIOKPUCTaNIA IO IJIOCKOCTSIM
CllaiHoCTH BbIOpaHHble YYACTKH MOHOKPUCTAMIA MOXKHO MCIIONb30-
BaTb B KauCCTBE IPa/lyMpoBOYHBIX 00pa3lioB NPU HCPaspyHIAIoNnicM
petrenodyopectieNTHOM alanuse 104061bIX MOHOKPUCTANIOB. AT-
TCCTAIMIO TAKUX IPA/LYMPOBOYHLIX 0OPa3LOB MPOBOJUIT 110 PE3yJibTa-
TaM JIMHCHHOW MHTEPIOAAIMH JIAHIIBIX O COCTABC COCCANMX YUACTKOB
MOIIOKPHCT4/113, KOTOPBIC allaIM3UPYIOT 110CTE UX PaspyIICHUS MCTO-
aoM POC wam kakum-160 MHBIM MCTOAOM alannsa. BozsMoxHO
M3TOTOBJICHHE CUHTETHYCCKUX IPAAYMPOBOUHBIX 06pa3ios, OJU3KUX
1o cocTaBy uccaesyeMbiMm OM. TTockonbKy YMCAO IPafyHPOBOYHBIX
00PasIoB, UCHOALIYCMbIX TIPU 1ICPA3PYIIAIONICM peutrenodiyopec-
enriom atasnse OM, HEBCAMKO, FPALYHPOBKY Uallle BCCIo MPOBO-
JIAT 1PU HOMOUIM O/LHOTO U3 BAPHANTOB MCTO/la DyIAGMCHTANLHDBIX
NapaMeTposB, HaPUMEP, HIPH HOMOIIM METO/Id TCOPCTHYCCKUX [10TTpa-



78

AB. Braux

Ta6auna 2.7. XapakTepucTHKM METOIMK Hepa3pylaminero

peHTreHodIyopecieHTHOTO aHanusa OM

Juanazon
Ormnperne- | onpenens- T 0BOY- Meron
Martepyan | nsembrit eMBIX S paiynp rpaayu-
. i’ Hble 06pasibl
3/IEMEHT |conepkaHmt, POBKU
Mac.%
Monumerwns- [Toctpoenue
MeTa- Gd  [210+. 1107 2102¢| CHmTeTH: | rpazyupo-
kpmiar:Gd yecKue BOYHOI
[56] KPHBO#
ALO,Ti [57] Ti  |5107%..4107 2.10-1*¥ Hacs
MOHOKpDH-
Cd 26...36 9.104 cTannia,
CdwO, [58] ~, | arrecrosan-
w 46...56 7-10 Has o Merox
Pb 40..50 | 7-10- | Pe3YJIBTATaM | TeOperH-
PbWO4 [58] aHaJIn3a YeCKUux
W 37..45 610 COCEHUX TNIOIPaBOK
. yacrei
NaBi(WO,), Bi 24..33 6-10* {MoHOKpHCTaNIA
[ 58] » 11ocjie ux
w 46...54 4-10 paspymenus

*[lns conepxanud, paproro 2-107° Mac.%

** [lna copepxanus, pasHoro 1-1072 mac.%

BOK [55]. B Tabn. 2.7 npencrasielibl XapakTepUCTHKY paspaboTaHHbix
B MIHCTUTYTe MOHOKDHCTAILIOB MCTOAMK HEPa3pyLIAIOLICIo peHTrelo-
daryopectienTHoro aHaausa OM.

['pajiynpoBoynble 06pasiibl s OlPEIeCHHMSE TaJ0 NI B MO-
JIMMCTUJIMCTAKPUJIATE CHHTE3UPOBATH HOJIMMepH3allheit MoHOMepa ¢

M3BECTHLIMK 00aBKAMM DacTBOPa HUTPATA TajloNMHUA B TPUOYTII-
docdate [56]. U3 nosmyucHiibix 06pasios 1ouMepa 3roTasjamBaim
Ancku puametpom 20 u TosinHoi 10 MM, KOTOPbI MCIO/IB30BAJIM B
Kadccrse manydareneid. OJHOPOJHOCTD PACIIPCACACHUS FAOJUIIUS B
MOJTYYCHHDBIX TIOJMMEPHBIX 0OPa3I@X NPOBEPSIM LIPH HOMOLLM AMC-
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) \ . . . . .
0 1 2 0 1 2 0 2 Cc

Puc. 2.9. Tpanynposounsie rpaduku mis OIIpeJIEICHUS TaZlOJIMHUA B TIOJIIMe-
TuMeTakpuiare MeTofoM PDC npu ucnonbsoBanuu uanyyateneii ¢ paboueit
TIOBEPXHOCTDbIO U3-1I0/ pe3lia (a), uutudoBanHol (6) ¥ nomuposankoii (g). I —
MHTEHCHUBHOCTh aHATMTUYECKOTo CHIHaa (YUCJIO UMIYabcoB); C — comep-
XKaHHMe TajloIMHKA, Mac.%; TOYKH, 0603HAYEHHbIE TEMHBIMH ¥ CBET/IBIMU KpYX-
KaMH, OTHOCATCSH K Pa3HBIM CEPHAM IPagyHPOBOYHBIX 06pasLOB

MEePCMOHHOTO aHaIN3a PE3YJIbTaTOB H3MEPEHUS XapaKTePUCTHYECKOTo
M3Jy4eHHs TaflONMHUSL B PA3HBbIX W3JYYaTe/sX, U3TOTOBJECHHBIX W3
OHO# M TOH e 3aroToBku. IlpoBepka BiIMAHMS HIEPOX0OBATOCTH
M3Jlyqarens Ha BOCIIPOU3BOJMMOCTD De3yJIbTaTOB aHa/lM3a MMOKa3ala,
UTO MPEANOYTHTENbLHDIM SIBJISIETCA UCIONB30Balue WAUGOBAHHBIX 06-
PaslOB, MOCKOJIbKY pe3y/bTaThl H3MEPEHUs! /IS 110JIMPOBaHHbIX 06~
pasloB U 06pasloB U3-Noj pesla XapaKTePU3YIOTCS 3HAYMTCIBHbIM
pasbpocom (puc. 2.9).

IIpu ananvse MOHOKPUCTa/NOB THKOpa (ALO, : Ti) [57] nany-
YaTesn MPEACTaBAANN coboii 1doBatHble TUCKH aunametpoM 20 u
TOJIUMHON 1.5 MM, BbIpesaHtible U3 cpeiiux yacteil 6oJbLIMX (mna-
merp 80, Bbicota 150 MM) MOHOKpHCTALIOB AL O, : Ti, koTopble BbI-
pammBamch no Mctony Kupoitynoca. IIpn nposesenun nepaspyiia-
IoLero aHanusa THKopa Obliia obHapykeHa B3aMMOCBA3b MEXIY OpH-
eHTalMell MOHOKPUCTaNIa M MHTEHCHBHOCTBIO XapaKTePHCTHYECKOro
U3JIyHeHUs! TUTAHA: aHAJUTUYCCKUI CUIHA JUIsi KPUCTAJLIOB € OpU-
cHTalmed Kpucrtainorpadudcckux occit 90° 61 Gosbiie 1a 3.5 %,
4€M CUTHAl /11 KPUCTALIOB ¢ opuenTauueid 0°, M 3To pasinume
OKasalloch 3HauMMbIM npu P = 0.95. Pasuas opuenranma rpauymupo-
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BOUHBIX W MCCJICAYEMBIX 00DPasioB BHOCHT BKJaJl B 0DULYIO LOIpeIl-
HocTs anannia. Ecsin opuenTtanus 1ipo6 npomsBosibHa, yKasaliHas 10-
IPEHIOCTh LIOCUT CAYYAUHBIH XapakTep U eé MaKCHMalblIbiC 3iade-
Hust coctasisiior 8, 20 u 40 otii.% ans cojepxkanuil Tutata 41072,
11072 u 5107 mMac.% coorBerctBento. [lasi arTectallit MOIOKPHC-
TAJJTMYCCKUX PAAYMPOBOUHBIX 06Pa3IOB U3 COCEINX € ITUMM yyac-
TKOB MOIIOKPHCTAJI1a TUKOPA U3rOTABAMBAIN CTCKJIOBU/IIIBIC H3JIYYa-
TCJIM M aHaNM3upoBasin ux mcrojgom POC. st aroro 1 r Tinarespho
U3MebYEIIHOTO 0Opasua cMemuBaiy ¢ 8 1 ditioca (6e3B0/HbBIA TeTpa-
6opar JUTHSE CTEXMOMCTPHYECKOTO COCTaBa, CUIITC3UPOBAHHBII U3
TUJIPOKCH/IA JIUTUS U GOPIIOH KUCJIOTHI) M CIAABJISLIA CMCCh B IJIATH-
nosom Turie éMk. 30 ma 1pu 1000 °C B Teyenme 50 muit , neproau-
YeCKU liepeMellinBasi ¢ KpyroBbiMU JIBMOKeHHIMU TUrist. Tlonyycen-
HLII paciiaB BhIIMBAJIM B TUIeJb U3 CTEKJOYIJIepofila € IJIOCKUM
JIIOM, YCTAHOBJCHIBII BHE TICYH 112 MACCUBHON METAJITMYCCKON 1oJ(-
craBke. [lociie caMonpousBobHOro oxJaxactus turas jo = 300 °C
€10 BbLIEPKUBAAK 15 MUH Ha ropsiued 9JICKTPOIUIMTKE W U3BACKAIN
toJryyetiisiii obpasett ux Turis. Ciasienue ¢ TeTpabopaToM JIMTUS B
JAHHOM cJiyyac OblL10 IPUMCHEHO 110TOMY, 4TO (Jlioc U3 MeTadocdara
JUTHA XOTS W [IO3BOJISICT NOJYYaTh TOJICThIE CTCKJIOBHJIHBIC OTJIMBKH,
tie TpebylolMe OTKMIa s CHATHA TCPMOYIIPYTHX HAIPSKCHUIA, 110
TOJILKO 1ipH o4ellb HoJibiiiom (1 : 100) pazbasieinun TuKopa (Jiocom.

[Ipu ananuse BosibdpaMaTos [S8] UBJIYUATCIAMM CIYKUIN JUC-
KU JAuamerpoM 20 v tosnnuoit 2.0 MM, 1HoJiydyacMbie B pe3yJbTare
pacKa/ibIBalUsl MOHOKPUCTAIIOB 110 TH1OCKOCTAM cliaiftioctn (010).
Y4acTk¥ MOHOKDUCTAJIA, IPUMBIKAIOLINE K ATTCCTYEMbIM I'Pajlyu-
POBOUHBIM 06pasiiaM, ananusupoBain Mcrogom PDOC nocie us-
MeJibuelins U cllapictus ¢ MetadocdatoM autust (eM. pasiien 2.3.2).
Mcroanka 1epaspyinaioniero KOHTpoJis BoJjibgpaMata KajiMus Oblia
MCIIOB30BAlIA /U151 U3YUEHHST Iepepaciipe/ie/icHusl OCHOBHBIX KOMIIO-
HCHTOB 110 JUIMHC MOHOKPHCTAA B 1IPOILCCCC €TI0 BbipAlllMBalIW.
31HaYMMOCTD 1IpeficTaBientiblx ta puc. 2.10 3aBUCHUMOCTCR Macco-
Boix JloJieit WO, u CdO ot creienn KpUCTaIIn3atnm g H0JTBCPK-
JlaeTesl BLICOKUM 3l1adeHeM Koadduimenta amneiinoit koppess-
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WQ;3;, Mac.% CdO, mac.%

64.50
3580

35.70

64.30 35.60

64.20 . . . , ., 3550 . . . .
02 04 06 08 10 g 02 04 06 08 10 g

a 6

Puc. 2.10. PeaysbTaThl onpenesieHusi OCHOBHBIX KOMNOHEHTOB (a — WO,,
6 — CdO) Brosip HampaBeHHs BbIPAI{MBaHHS MOHOKPHUCTAIIOB BOJbdpa-
MaTa KaaMud.

g — CTeleHb KPUCTAIM3ALMY; CTeXHOMeTpHIecKuH coctas (Mac.%): WO, —
64.36, CdO — 35.64

unn 7, o= 082> (P =095 v=28)=063. Us pucynka moxno
BUJICTB, YTO B NPOILIECCE POCTA MOHOKPUCTAJLIA U3 paciljiaBa yaajser-
cs Gojiee JIeTyYrit OKCHI KaJMHs: cHadasa 370 M3bbiTodnbiii CdO,
BBOAUMBIH B UCXOAHYIO LIMXTY, 3aT€M — MIPOJLYKT TCPMUUCCKOM JUC-
collHalMK BoJibpaMaTa KaiMusl.

[naBubIM TpeGOBaHMCM, NIPEABABASAEMbIM K CTaiui NPobOIIoj-
rotoBkn DM, ABJAsICTCA MUCKIIOUEHME 3arpsi3HEHMI HCCIelyeMOoro
o0beKTa onpeeisieMbIMM MUKPOKOMIIOHEHTaMU, a TaKKe MX 3Hauu-
MBIX 110Tepb. [1J1s GOJIBUIMICTBA AHATUTHYECKUX METO0B ATa CTa/lUs
BKJII0YACT MepeBe/leHye BElIeCcTBA B PacTBOp, YTO B CJydae aHaju3a
MaJIOpacTBOPUMBIX BelllECTB, 0c0GeHHO MOHOKPUCTAJLIOB, Tpebyer
IIpUMCHICHHS PAfa crieliaiibiiblx npuéMos. [Ins pentrenodayopec-
[EHTHOW CTMIEKTPOMCTPHU TPCJIOKEIIbI PABTUYHBIC CHOCOOBI 1T0JTyUe-
HUST TBEP/BIX UBJIyyaTeicit, obeciicuuBaimue HU3KUH BKJIa/L HOrpeti-
I0CTEM, BIIOCUMBIX ATOH CTA/IMCH aHAIIMTHYECKON [IPOLCAYPbl B 06-
ULYI0 HOIPEHIHOCTb aHAIM3A.
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[noBa 3
KoHLUeHTp1poBaHME MUKPOKOMNOHEHTOB

Hpotuecc konTpossi npumechoro coctasa MM yacTo BKIIO-
4aeT NpeiBapuTebHOE KOHLUEHTPUPOBAHUE OTIpeeNAeMbIX MUK-
POKOMIIOHEHTOB, KOTOPOE, KaK YXe 0TMEeYalocCh B T, 2, ABASETCS
COCTaBHOM 4acThio npobonoarorosku. O6bIYHAS 110CAEA0BATE b
HOCTb Oflepallnii NP BLIMOJHEHUH TaKOTO aHAJU3a BHITJSALUT Clie-
AywounM o6pasoM: 1pobooT6op — MpoGonoAroToBKa (B3siTHE Ha-
BECKM, NOArOTOBKA K KOHLEHTPUPOBAHUIO U Pa3jleIeHUI0 MUKPO-
KOMIIOHEHTOB, KOHLEHTPUPOBaHHe, NMOATOTOBKA KOHLEHTpaTa K
M3MEPEHUIO aHAJIUTHYECKOTO CUTHala) — HM3MepeHHe aHaJMUTH-
4YeCKOTO CUrHaa.

Kak ykasbiBanioch B pasa. 1.5, TMINYHas 3aBUCMMOCTD cayyaii-
HOJ MOrPEIHOCTH pe3yJibTaTa aHain3a (XapaKTepu3yeMoii 3HayeH -
eM §) ot onpezessieMoro cofepxanns C ONUCBIBAETCS ypaBHeHHeM
(1.35); aTa 3aBMCHMMOCTb CXeMaTHYeCKH MpeacTaBieHa Ha puc. 3.1.

Hpu C < C, pesyabTar aHanu3a Bce yalle CTAHOBUTCS CTaTHC-
THYCCKUM HYJieM. [1aBHOM 1e/1bI0 KOHUEHTPUPOBAHUS SIBJISETCA CMe-
lieHHE Malia3oHa ONpelesIIeMbIX COAePKaHNi B CTOPOHY MeHbIIHUX
3HadeHMit C, ymeHblleHWe HUXKHEH IpaHMLBl 3TOTO JManasola 1o
Cim <Cii - DTO I0CTUIACTCA KOJIMYECTBEHHIM MM YACTHIHBIM (1o
BOCIIPOM3BO/IUMbIM) T1€PEBC/ICHUEM OIIpe/IesIIEMON 1IPUMECH U3 OT-
HOCHTEIbITO BOJIbINOI MacChl aHANM3UPYEMOI0 BEleCTBa B obpasey
Masioll Maccbi — KoHUeHTpaT. Takoe KOHUEHTPUPOBAIIMC HA3bIBAIOT
abCOJIIOTHBIM B OT/IMYHME OT OTHOCHTENBHOTO KOHLEHTPUPOBatin, l1e-
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S

03—
Puc. 3.1. TunuyHas 3aBUCUMOCTH

|
OTHOCHTEJIBHOTO CTaHAAPTHOTO OT- :
KJIOHEHHs: S OT OIpeSesISIeMoro co- i
nepxanus C :
|

|

[}

I

JIbIO KOTOPOTO ABJIAETCSA 3aMEHA OCHOBbI MJIM OTJIC/IEHHE TIPUMECH OT
Goublueit yacTh ocHoBHoro Beiuectsa [1, c. 6]. Bo MHOrMX cayuasx
1pu anaause OM abcomoTHOE U OTHOCHTEIbHOE KOHLIEHTPUPOBaHHE
OCYLLECTBJISIOT OHOBPEMEHHO.

IdeKTUBHOCTD KOHUEHTPUPOBAHHUA € LEJbIO CHIdKeHust C,
BbIPaXaeTcsl ypaBHEHUCM:

" I, =G, [Cin - (3.1)

AHanuTHYecK1ii CUTHa1 0GbIYHO HOyYaloT OT paboyeii cMecH KOH-
LieHTpaTa ¢ paszbaBuTesieM (B MOJIEKY.ISIPHOI 1 aTOMHO-a6copOLIMOHHO
CIIEKTPOMETPHH, a TaKKe aTOMHO-3MHCCUOHHOMN CTIEKTPOMETPUH C WH-
JYKTHBHO CBA3aHHOM I1/1a3Moi1 pa3baBUTeIeM KOHIIEHTpaTa Yallle BCero
CILYXUT BO/, B aTOMHO-3MUCCHOHHOH CIIEKTPOMETPHH € IYTOBbIM BO3-
Oy K/IeHHeM — YToJibHbIi HOPOMIOK U T.A.). [IpH (pMKCHpOBanHbIX yciio-
BUAX PabOThl OOBEM CMecH KOHIUEHTpaTa ¢ pasbaBuTesieM V. jjoJiket
OBITb He MeHbllle MUHUMAJILHO JI0IYCTMMOTO 06beMa V. (1icobxoanmo-
1O, HAIIPUMED, IS 3a110/1EHUA UCCeyEMbIM PACTBOPOM KIOBETbI CIIEK-
Tpocoromerpa). [Tokasato | 2], uro Beanyuna I1 , CBA3aHa ¢ OCHOBHBIMM
napameTpaMm KOHICHTPUPOBAHUSA CAEAYIOLIMM COOTHONIEHUEM:

m =RV, /V), (3.2)

rie R — crenienb u3Bieyenust onpeaesieMoro KoMIIOHeHTa B KOHIe-
TPAT Maccoit m unn obbémom V. (1ipn MeXoHoit macce BeniecTsa,
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B3SITOTO /19 KOHIIEHTpUpoBaiins, G WK UCXOLHOM o0ObeMe aHaNu3u-
pyemoro pactopa V), 1 — xoaduiiueHT oboraiienus, paBHelii oT-
vowenunio G/m unn V /V_ . Takum o6pasoM, ab@eKTHBHOCTb KOH-
ucntpuposanus I1, Gyzser Tem Gonblie, Yem 6MXKe K eAMIMLE CTe-
fneHb M3BaedeHUs R, yem Bbliie Ko3PUIMEHT oborallleHus 1 U 4eM
MeHbliie haKkTHYeckuii o6beM cMecH KOHLieHTpaTa ¢ pasbaButesnem V
OTJIMYaeTCs OT MHHMMAJbIIO JIONYCTHMOTO obbema V.

Kaxk suano u3 puc. 3.1, NorpeliHocTb onpe/ie/leHns coJiepKatus,
eute He pocruruiero C, , HO JI0CTaTOYHO GJTM3KOTO K HEMY, 0BOIbHO
BeJMKa. EciM B pe3y/ibTaTe MpeiBapUTENbHOrO KOHUEHTPUPOBAHHS
yKa3aHHOe cofiepKaHne YBETUYUTCS TaKUM 00pa3oM, 4To OKaxeTcsl Ha
TOPU3OHTAIbHON BeTBU KpHBOit S(C), 9TO NMO3BOJUT YMEHBLINTD MO~
rPeIiHoCTh pe3y/ibTaTa aHaiu3a (KOHEYHO, NPH YCJOBUM, YTO BKJIal,
olicpalii KOHLUEHTPUPOBaHHUs B CyMMapHYIO TTOrPeliHOCTb JIOCTaTOYHO

man). B aTOM ciiyyae o deKTHBHOCTb KOHLIEHTPUPOBAHUA

HZ = r,C/Sr,,C ’ (3.3)

rae S, .M ] . COOTBETCTBEHHO OTHOCHTE/IbHBIC CTAHIAPTHBIC OTKIOHE-
HUsl elIMHUYHOTO pesyJbTaTa onpejenetus copepxanns C 6e3 KOH-
LeHTPUPOBaHUS U C 11PC/IBAPUTCIILHBIM KOHUEHTPUPOBAHUEM.

[Ipy aHaIMTHYECKOM KOHTPOJE TPUMECHOTO COCTaBa AOPOrHX
MaTepuaioB (HanpuMep, TakMX, B KOTOPbIX OCHOBHbIMM KOMIIOHEHTA-
MH SIBJIAIOTCS G1aropofiHbie WK pe/ikKKMe MeTallJlbl) CyLIeCTBEHHBIM SIB-
JISIETCSl 9KOHOMMA aHaJU3MPYCMOro BelllecTBa. JTOTO, B YaCTHOCTH,
MOXHO J0CTHYb, UCIIO/Ib3Y$ TaKoi Oe3peaKTUBHBII METO/ KOHIICHTPH-
pOBaHMs, KaK ylIpaBisieMast Kpucta/mzanna (eM. pasa. 3.3). Iddekus-
HOCTb TAKOTO KOHIIEHTPUPOBAHUS BbIPA)KAETCH COOTHOILEHHUEM:

M, =m,/m, (3.4)

rJle m,— Macca BELICCTBA, PACXO/AYCMas MPHU IIPAMOM allajiuse (6es
KOULEHTPHUPOBAIHS ); M — Macca KOHILCHTpaTa.

B HCKOTOPbiX HHCTPYMEHTANbHBIX MeTo/lax aliannza OM ananu-
TUYeCKMIl CUIHAJ [10Ay4aloT oT HCHOJbIION Macchl BellecTBa
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(0.01...0.1 r). 310 OTHOCHTCA K TAKKUM METO/IaM, KaK aTOMHO-9MUCCHU-
OHHasl CIIeKTPOMETPHUSA C AYTOBbIM UCTOYHUKOM BO30OYXIeHHUs], Macc-
CIEKTPOMETPHUSA, peHTreHodIyopeciteHTHas CHEKTPOMETPUS B TOHKOM
cioe 1 JIp. B noo6Hbix cayyasx MoxHoO aHaIM3UPOBATh KOIIEHTpAT,
TTOJIYYEHHBI U3 OTHOCHUTEILHO GOJIBIION Macch] uccieyemMoro Mare-
puaa, 9To MO3BOJISIET ONPEEIUTh CpeiHee CojlepKaHrue MUKPOKOM-
IIOHEHTa, paclpelle/iEHHOr0 B BellecTBe HEJOCTATOYHO pPaBHOMepHO.
Y nyulueHue npeacTaBUTENbHOCTH 1pobbl sABAfETCS elé oAHO 3ajla-
YeH, pellaeMoi NpH MoMolIK Tpe/IBapUTE/IbHOIO KOHLIEHTPUPOBAHUA.

3.1. Skcrpakymorroe KOHUEHTPUPOBaHMe

KunkocTHast skcTpakLMs sIBAseTC BecbMa PacnpoCTpaHeHHbIM
1 HanboJlee U3YYEHHBIM METOOM 1TPEABAPUTENBHOTO KOHIEHTPUPO-
Balndg MukpokomnoHentos B M [1, c. 16; 3, 4, 5; 6, c. 41;7, c. 22;
8, ¢. 42]. OTMYUTeNbHOM 0COGEHHOCTHIO 3TOrO METO/1a KOHLEHTPHU-
POBaHUA ABJIAETCA NPOCTOTA IKCIICPUMEHTANBHON TEXHUKH, B KOTO-
pOH TN1aBHBIM MHCprMeI{TOM ABJIACTCA NeJUTe/IbHAsi BOPOHKA, NO-
3BOJISIIOINASA JIETKO M GBICTPO OTAEIATH KOHUEHTPAT OT BTOPOH XU/~
KO cbasbl.

s ONPEAe/ICHUs OIHOTO MUKPOKOMIIOHEHTA UCIIOB3YIOT IKCT-
PaKIHOHHO-(hOTOMETPHYECKHE METOIMKH, B KOTOPbIX U3BJCUEHUC OK-
PallleNHbIX aHAIMTHYECKNX HOPM U3 BOAHOM Cpefbl B HECMCLIMBAIO-
WHHACA ¢ BOAOH OPraHMyYCCKUil pacTBOpUTEH HEPa3pPLIBHO CBA3aHO ¢
MOCJIEAYIOINM U3MEPCHUEM CBETONOIIONIEHMS 9KCTPAKTOB (110 npen-
noxernio K0.A. 3o10ToBa TakKe METOABI HA3BIBAIOT «TMOPUAHBIMU>
[7, c. 165]). Ananutyeckumu dbopMaMM B TaKMX MeTOZaX yalle BCero
SABJIAIOTCS HE3APAKEHHDIE BIYTPUKOMILIEKCHBIE COCAMIICHUS olpelie-
JAEMBIX 2JICMEHTOB, PexKe — MOHIIble acColMaThl. B cocTas tocieamux
MOKCT BXOAMTH OKpalICHHbI! KaTMOHHBIH KOMILIEKC Orpe/ieieMoro
SJICMEHTa, Hanpumep, Komiuleke xeesa (1) ¢ 4,7-nudpennn-1,10-de-
HaHTPOJIMHOM [9], unn KaTmon oprannyeckoro kpacutens [10]. ITpo-
TUBOMOHAMHU B [ICPBOM ClIyyae C/y)aT TakKue KPYIIHbIC aHUOIbI, KAK
ClO, , BO-BTOPOM — aHUOIlIbIE KOMILIEKCDI OMpeJIe/IAEMbIX ITCMCH-
TOB, Hallpumep, Bil; .
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IIpennosxensl 3KCTPaKIMOHHO-HOTOMETPUYECKME METOAUKM He
TOJILKO U715t U3GMPaTeIbHOTO OlipefiesieHUsl MUKPOKOMIIOHEHTOB, HO 1
AJiA 1I0CJeOBATEIbHOIO ONpejeNeHus] HECKONMbKIUX MUKPOKOMIIOHEH-
TOB U3 OANO# npobbi |9, 11, 12], a Takxke ang onpeacicivs CyMMbl
61M3KHMX 110 NIPUPOJIe TIpUMeceii B BUE O/IHON aHAIMTUYECKOH dop-
Mbl [13, 14].

B pabore [12] paccMOTpeHbl yc10BUS, MO3BOJIAIONINE POM3BO-
AMTH SKCTPAKUMOHHOE pasjieJieHUe W NocefyIolIce onpeeieHre AByX
METALI0-UOHOB, 06PaA3YIOLMX 3/1EKTPOHEHTPaibHble KOMIUIEKCHI C
aHvMoHamy pearenTa. IlokasaHo, YTO 1IPU HEKOTOPHIX YNPOILAIOIUX
NPEANONONKEHUAX MaKCUMa/bHasi OTHOCUTENbHAas CHUCTeMaTHyecKas
TOrpelHOCTb @ (B 10JISX eIMHUILBI ), 06YCN0BNEHHAS TIPOLECCOM pa3-
Aenenus MeTalno-uoHoB M v T, caenyomnuM o6pa3oM cBs3aHa
KOHCTAaHTaMH PaBHOBeCHH B AaHHOM AByx(da3HoOil cUcTeMe:

07p" = (Bu/Br)x(v; [0, )% (B, /), (3.5)

rie p <1 — oTHOUIEHMe HaYaNbHBIX MOJIAPHBIX KOHILEHTpAIMii Ofpe-
AENSIEMBIX METAJJIO-HOHOB B BOAHOM ase; B, M B, — KOHCTaHTHI
06pa3oBaHMs HKCTparupyeMblX KOMILIEKCOB MR, u TR U U D,
KOHCTaHTbl 06pa3oBaH1sl KOMILIEKCOB MA n TA c MacxnpyroumM
peareHTOM (MJIM KOHCTalTbl 06pasoBaHus COOTBCTCTBlellJ,I/IX I'HApo-
KCO-KOMILeKcoB); P, n P, — KOHCTaHTBI pachpelieleHUs KOMILIEKCOB
MR u TR, mexny BoaHO# 1 opraHnyeckoil dasamm.

MOXHO BU[IETD, YTO IKCTPAKIMOHHOE pasjielenye ABYX MeTaJ-
JI0-MOHOB JOCTUIAETCA OJAOBPEMEHHBIM UJIH Pa3/lebHbIM HCII0Ib30-
BaHMEM c/lenyiolnx ¢GakTopoB: 1) pasinyve B NPOUYHOCTU KOMIJICK-
COB MRP H TRP; 2) 6osee BblcOKast CTeNeHb MaCKUPOBalus (FUAPOTIH-
3a) BTOpoOro mMetaiLio-uoa (T) 1o cpasHeHuIo ¢ niepsbiM (M); 3) Gostee
BBICOKAs 9KCTParnpyemocTh komiuiekca MR 1o cpasHeimio ¢ TR,
Ecnv ¢ =0.01, a p=1, ana pazpenvroro I/ICHOJleOBd]IHSI OLLIIOTO m
HCPEYUCIIEHHBIX (DaKTOPOB HCOOXOAMMO, YTOOLI COOTBETCTBYIONHE
KOICTAHTbl JBYX pasAc/sgeMblX KOMIUIEKCOB Pa3/iM4aluch He MeHee
4eM Ha detbipe nopaaka. Hanbonee adbdektuBubiM npeacrapisercs
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UCIOJIB30BAHUE CeNeKTUBHBIX peareHToB. [Ipy 1locaeoBaTe b HOM DK-
CTPAKIMOHHO-(POTOMETPUYECKOM OTIPeIeIEHUN HECKONbKUX DIeMeH-
TOB I'PYNITIOBBIE peareHTbl CTAHOBATCA ceIeKTUBHBIMM GJ1arofaps npeji-
BapUTCJABHOMY 9KCTPAIMPOBAHMIO MCLIAIOLIMX DJICMEHTOB.

MMetHo Takoit 1osxon 611 ucnionb3osail B paborax [9] u [11]
A1 10C/IE/0BATENBHOrO HKCTPAKLMOHHO-(DOTOMETPUYECKOTO OTIpe/ic-
JIeHus1 B BofiopacTBOpuMbiX OM (ramoreHu/ibl 1EAOYHBIX W L1EI0Y-
HO3EMC/IbHBIX METAJJIOB) IIPUMeCcei Meu, HUKeJIst, JKeae3a U Maprati-
ua. [locnenoBaTeIbHOCTh IKCTPArMpoOBaHMs 3TUX HJIEMEHTOB COOTBET-
CTBYET MpaBuily JpBUHTa-BunbaMca, COMIacHO KOTOPOMY UMEHHO B
TaKOM MOPS/IKe yMeHbUIAeTCs CTabUABHOCTb KOMIUIEKCOB, obpasye-
MbIX C [JaHHBIM JIMFaHJIOM JBYXBaJeHTHBIMH KaTUOHAMU 3JE€MEHTOB
cepetuHbl YeTBepToro nepuoja Ilepuoanyeckoii cucremsl. Onpese-
JIsieMble MMKPOKOMITOHEHTBI SKCTParipoBajiv U3 aMMHaYHO-TapTpaT-
HOTO pacTBopa. HekoTopbie XapakTepUCTHKM 9KCTparupyeMbIX KOMII-
JIEKCOB MpeJicTaBJieHbl B Tabu. 3.1.

HAnsi skcrpakumonnero otaenexus menu (11) ucnosnbzosanach
BbICOKOM3GUpaTe/IbHas 06MeHHasT peakums ¢ AMITUIAUTHOKapbaMu-
HaTOM CBHHLA B X0podopMe; ONpefeieHHI0 MENIAIOT IMLIb 4-X KpaT-
Hbti n3bpITok Bi(1II) n 10-kpathbie konuyectsa TI(II). Hukenn (ID)
AKCTPAarnpoBan xJ0pohOpPMOM B BUEe KOMIUICKCA ¢ a-(PypUIALHOK-
cuMoM; 1oce usBiedenuss Mcau (II) onpenenennio Hukenss Moryr
Meuats To/1bKo HoHbl PA(IT). XKeneso (11T) Boccranasnupanm 1o ayx-
BaJICHTHOIO W IKCTPArMpoBajv B BUIE KOMILIEKCa ¢ 1-HUTPo30-2-
HaTONIOM MM MOHHOIO accoluara, 06Pa3oBaHHOI® M3 KATUOHHOIO
komitnekca Fe(II) ¢ 4,7-nncennn-1,10-denanrponunom (6atodenan-
TPOJMHOM) ¥ lepxjopar-uoHa. [locie OTHeTeHHst Mead M HUKeNs
EAMICTBEHHON 11OMEX0# 1IpH onpejle/leHlH xKeJe3a ¢ 1-HUTPO30-2-
1tacpTosI0M MoxeT 6bITh 4-x KparHbiil 136bITok Co(11). Onpesencnue
xenesa ¢ 6aToCHAHTPOMIOM B OTCYTCTBUC ME/IM TakKe ABJACTCS
BbICOKOM3OMPaTeNbibIM. [ToCIeAHUM 3KCTPArMPOBATH KOMILIEKC
maprainia (II) ¢ 8-mepranroxunonutom (tuookcutiom). epey oToii
oliepauueii s obeciieyetns M36UPATEbLOro olpeie/ielns Maprall-
i1a 6bLI0 lipeyemoTpetio otacackue Pb, Zn, Cd, Bi, Co u HCKOTOPbIX
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Tabsuna 3.1. XapakTepUcTHKM KOMIUIEKCHBIX COEAMHEHMIA, HCTIONB3YEMbIX
TIpU TIOC/IeJOBaTe/IbHOM IKCTPaKIIHOHHO-(POTOMETPUYECKOM OMNpeAesieHHH

Cu, Ni, Fe u Mn
Maxcumans-
HbIH
Onpez[evn e Opranunyeckuii Koapu-
MBIt Pearenr pH LLUEHT
PacTBOpUTEND
JNEMEHT MOJISIPHOTO
NOIJIoNEHUA
4811]33_‘
JHITHIIANTHO- 1.3.10"
Cu KapGaMuHar CHCI, 75..8 (436 11v)
CBHMNIA
. o-bypuiamo- 1.9-104
Ni oy CHCI, 9.5..10 (438 1m)
N3oamunosbiii
i i CTIUPT UK '
12_}:;%):;2 cmecs CHCL u| 7..75 (720% 1}10;)
TpubyTHIdOC-
Fe ¢dara
6atocdenanTpo-
JIMH cmech CCl, u 455 2.210¢
(nporuBoMoH —|  #-6yTaHoJa R (533 um)
ClO,")
. 1.6-10
Mn THOOKCHH CCl, 7.5..8 (418 1w

ApYTHX CONYTCTBYIOIIMX HOHOB B BMJle AMTU30HATOB, IKCTParmpye-
MBIX YeTBIPEXXJOPUCTbIM yriiepogoM npu pH 7.5..8. O6a koMmiiiekca
Fe(Il), ncnonbsoaniibie B paGotax [9, 11], otnocsirest k 4YUCJY KOOP-
JMHAIMOIINO HeHacklIIteHIbIX [3, ¢. 94, noaTomy s ux skcTpakin
HUCIIOJIb30BAJIUCH NOJISIPHbIC KUCIOPOACOAEPXKAlUe pacTBopurenu. s
IKCTPAKIIMU KOODAMHAILMOIIO HachlleliblX KoMinekcoB Cu, Ni u
Mn uctionbsosanu Manononsipusiit x10podopm 1 HEIOSIPIBIA YCThI-
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PEXXJIOPHUCTBIA YI/Iepof. YKasaHHble aHaMUTHYeCKie POPMbI MOTYT
ObITh UCTOJIB30BaHbI M I UHAUBHAYAJIbHOTO IKCTPaKIMOHHO-(POTO-
meTpuieckoro onpesenenna Cu, Ni, Fe u Mn B @M (11ocsie DKCT-
PaKUMOIIHOTO OT/C/IEIUs] MELIAIOIWUX COIYTCTBYIOIINX IPUMCCEii).
3acnyKMBaIOT YIIOMUHAHHS TaKKe Ipeiokenible B Micturyre
MOHOKPHCTaJJIOB METOAMKH SKCTPAKLIMOHHO-(OTOMETPUYECKOTO Of1-
pesiesieHust puMeceit U nerupymouiux gobasok B @M B BUje KoMII-
JnekcoB ¢ 3,5,7,2"4'-nentaokcudrasonom (Mopurom). Ipu orpescJie-
nuu esponus (I1I1) B MoHOKpUCTaIIMYECKOM JIIOMHHODOPE HA OCHO-
Be ZnS ananuTuyeckoi GopMoil Cy KU KOMILIEKC ONPeiesSeMoro
JIEeMEHTa ¢ MOPUHOM cocTaBa 1 : 1, obpasyiowmuiics B wesouoii cpe-
ze (pH 9.5) [15]. Ana onpexnenenus esponus (I1I) B noammax 6a-
PHl, CTPOHLIMA U KaJIbLiUA, IPUMEHAEMbIX B CLIMHTHILISILIMOHHOM Tex-
Huke [16], uctonb3oBanmyu KoMIIeke cocTasa 1 : 2, Moay4aeMblii npu
pH 4.5. IxcrparentoM B 060MX clyyasx ClyKHJa CMeCh M30aMHIIO0-
Boro cnupra u Tpubyruiadocdara (TBD), obnanaouas BbCoKoi
KOODAMHALMOHHOMI aK:I‘MB‘}{OCTbIO. O6pasoBatie KoMnIeKca 1MPKO-
HUS C MOPHHOM B KHCJIOH Cpejie UCIIONb30BaHO [17] nns sxcTpakiu-
OHHO-(POTOMETPHYECKOTO ONPeAe/IeHUs LIUPKOHUS B OKCHAE UTTPHs
(pH 0.5, axcTparent — u30aMuiIOBbIA cupT). Bapbuposanue pH
A12J10 BO3MOXHOCTb TPOU3BOJIMTD [0CENOBATENLHOE IKCTPAKIIMOHHO-
¢oTomeTpuyeckoe onpesesieHre UUPKOHUA W TOPUS C MOPUHOM B
XJ0pujie Hatpusi [18]: KOMIIeKC LMPKOHMS HKCTPArMpoBali M30a-
MUJI0BbIM ciiupToM nipu pH 0.9, komneke Topust — npu pH 1.9.
Pexe yziaetcs ucrosib30BaTh 3KCTPaKLMOHHO-DOTOMETPHYECKHE
METOJMKH /Ui WHAMBUIYAJbHOTO ONPEAENCHUA HEMETALIMYCCKUX
npumeceii B OM. [IpumepaMu MOTYT CIYKUTb METOIUKH ONpe/Icae-
HUA [IPUMECH HOAM/I-MOHOB B rajloreHuiax UIEJIOYHBIX METAIOB B
BMAE IKCTPArMpyeMbIX TOMYOJIOM TPOIHBIX KOMILIEKCOB OCHOBHOMN
Kpacuresb — MO/ — rajloreHuai-not ochosbl [19]. Onpenenenvio npes-
IIECTBYET OKHCCHHE | HUTPUT-MOHAMH; OCHOBHBIM KPacHTe/IeM CJiy-
KUT OPUILIMANTOBbBIA 3eMeHbli WK 0ClIOBHON cuHMil K.
IKCTPAKIHOHHO-(DOTOMETPUYECKOE ONPE/IeIeHIe IPYIIIIbl THHKC-
JIBIX MCTAUIOB B BU/Ie OXHOM anaymTudeckoi dopmet [13, 14] no3so-
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JisieT BbIPAXaTh pe3y/ibTaT aHAIU3a B XHMUYECKH 3HAYUMBIX BEJMUYU-
HaX (B OTJIM4YHE OT METOJIOB, Pe3YJIbTaThl KOTOPIX YCIOBHO BbIpaKa-
IoTCA B riepecyeTe Ha KakOH-HUOYIb MeTalio-MoH, He JaBasi npeil-
CTaBJICHUA O (paKTUYECKON CYyMMe MHTCPCCYIOUIMX HAC NPUMCECCH).
[Ipensioxennplie MeTO/Ibl OCHOBAHBI Ha KOJMYECTBEHHBIX OOMEHIIbIX
peakUMsaX MexX/ly KOMIUIEKCAMH OTpeJe/isieMblX 9JIEeMEHTOB ¢ JIMATHII-
AMTHOKapOaMHHATOM B OpDraHMYeckKoil (haze WM <«BBITECHSIOUUMUS
MeTaJllIo-HOHAMM, HaXoA1MMHUCs B BofHOM (dase. Hajizennoe nocsie
Takoro oOMeHa KOJMYECTBO BelleCTBa IKBUBATEHTA BbITECHSAIONIETO
METaJlJIo-MOHa B BMJle €ro Kap6aMHHATHOIO KOMILIEKCA B OpraHuyec-
KO# (hase paBHO CYMMapHOMY KOJIMNECTBY BeLECTBA 3KBUBAIEHTA O~
pesiesisieMbIX 3JIeMeHTOB. Mcnosib3ysi B Ka4ecTBe BLITECHSIOIIMX MOHDI
menu (11) ¢ nocenyrouM naMepeHHeM CBETOTIOMIONIEHHS IMDTHIIIN-
THOKapbamuHaTa Meau B xjopodopme (€= 1.3-10 npu 436 1m) 113],
YZAaeTca onpeeNTh KOJUYECTBO BelllecTBa 9KBUBaJIEHTa CYMMbI I1pH-
meceil Bi(111), Cd(II), Fe(IIT), Mn(1I), Pb(II) u Zn(II). Hpumene-
HUE B Ka4yecTBe BbITECHAIOUMX MOHOB PTYTH (1I) ¢ MaMepenuem cBeto-
norjouierns B YD eé austunauTHokapGamuHaTta B XJopodopme
(¢=3-10* npu 280 nM) [14] No3BOAMIO BKIIOUNTL B CyMMY Ofpefte-
asembix nipumeceit Ag(1), Bi(11I), Cd(IT), Cu(11), Fe(1l, I1I), In(III),
Mn(1l, I11), Ni(IL), Pb(II), Te(IV), TI(111), Zn(1I), ymenbiuus GoJce
YeM BABOe Ipejies onpe/iesnieHusa 3Toit cyMmbl. O nosiHoTe 1IpoTeKa-
HHsl OOMEHHBIX peaKluii CBUAETENbCTBYET 6IM30CTh IMIUPHYECKHX
M TEOPeTHYECKHUX 3HAaYCHUH KOJIMYeCTBa BellleCTBa dKBUBAEHTA JI/Is
YKa3aHHbIX MeTal10-HoHOB (Tabi. 3.2).

Ecin C — HavyabHast KOHUEHTPALMS ONpeesisieMOro KOMIIoHEeH-
Ta B BOJHOM pacTBope 06bEMOM V, M 5TOT KOMITIOHEHT KOJMYCCTBEH-
HO M3BJIEKaeTCA B OpraHuyeckyio ¢asy obbémom V. 1 onpenensetcs
B BH/Ie aHAUTHYECKOH (HOPMBI ¢ KOIDPHULHEHTOM MOJAPHOTO NMO-
JIOIEHUs €, TO B COOTBETCTBMM C 3aKkoHOM Byrepa-Jlambepra-Bepa
ONTHYECKAs INIOTHOCTh 3KCTPAKTa BbIPAXKAETCHA YPaBHEHHCM:

A=¢€lC(V, [V). (3.6)
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Ta6anua 3.2. Ivmuprueckue(E

emp:

) u TeopeTudeckue (£, ) sHaueHus Kosude-
CTBa BellleCTBa IKBUBAJIEHTA, T/MOJIb, JUISl METAILIO-HOHOB, CYMMY KOTOpBIX
OTIpeZe/IAIOT B Byfle AUSTUIINTHOKapOaMuHata pTyTu (11); P = 0.95

Von Yucio E E

OIIbITOB emp teor

Ag(D) 6 102+9 107.9
Bi(1I) 7 70+4 69.7
Cd(1D 10 5612 56.2
Cu(ID) 8 32+2 31.8
Fe(11I) 6 20+t 18.6
In(III) 8 36+3 38.3
Mn(I1I) 10 28+3 27.5
Ni(I) 7 30+3 29.4

Pb(1I) 6 99+8 103.6
Te(IV) 8 32+1 31.9
TI(III) 7 69+9 68.1
Zn(II) 7 32+2 32.7

MoxHo BuzeTb, 4To 3HeKTUBHOCTD AKCTpaKIiMOHHO-POTOMET-
PHYECKOit METOAMKM TeM Bbille, yeM Gonblie oTHouenue V,/V 1ipu
ycnosun, uto V. = V=V  rae V — daktuyecknii o6béM KOHIiEHTpa-
Ta nocie ero pazbasiietiusi pacTBoputesieM, V .~ MMHHMabHblii
o6bEM pacTBopa B KioseTe criekrpodotometpa (hoTokoNOpHMeTpa) ¢
JUIMHO# onTuyeckoro nyTh [ Yem Menbuie otHowenve V/I=V /],
KOTOpOe 1IPUBIMXEHHO PaBHO UCIOJAb3YeMOi [I0MafH Morepey-
1IOTO CeyeHHUsl KIOBETbI, TCM HUXe [pejie] 9KCTPaKIHOHHO-POTO-
MCTPUYECKOro onpeacsienus. B pacipocTpaHeHHbIX MOAEAX NPU-
6opoB Uit MoJieKyasipHoii abcopbimomerpuu V. /l=4..5 cm2
[Ipeasioxkenbt NPOCTHIC IIPUCIIOCOBACHUS, HO3BOJAIONIME CYHIECTBEHHO
YMEHBUIMTbH 3TO OTHOlICHUC GC3 3aMETHOTO YBCIUUCHUSA HHCTPY-

min

MEHTa/IbHbIX IIOI‘pClJ]llOCTCﬂ. [ToscraBku [MOJL LIPAMOYI'ONbHBIC KIO-
BETbI, lipUaraembie K q)OTOE)JlCKTpOKOJTOpMMCTp‘dM tuina O©3K u
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K®K, ¢ o1HOBpeMCIIHbIM yMeHbLICHUEM CEYCHUS CBETOBBIX Iiyy-
KOB IIPH IOMOLLYM AHacdparM 103BOJMIM YMEHbUIMTh OTHOLIEHUE
V_ ./l npu pabore Ha ykasaHubix npubopax 8 2..2.5 pasa [20].
Marotosiennsic U3 ¢ropoiiacta BKAAABIIINA B IPAMOYTOJbLHbIC
kioBeTbl ¢ [ =5 cM (puc. 3.2a) obecneynnn yMmenblICHUC OTHOIIIC-
nusi V

min

/! Ha Tex xe 1pubopax B 4..5 pas {21]. [ns paboth Ha
ClIeKTPOPOTOMETPAX aBTOPOM KHMUIH TNPE/IONKCHB MUKPOKIOBEThI
u3 ¢roponnacta (puc. 3.26), KOTOpbie NO3BOJWIN YMEHBUIUTD OT-
Howenwe V . /I B 5..6 pa3. YkasaHHbie npucnocobienus B Tede-
HHE MHOTHX JIET YCHCHIHO UCIIONB3YIOTCS B IHCTUTYTC MOHOKPHC-
TaNJIOB JIJI CHUXXCHMA TMPCAEJIOB IKCTPAKUMOIIHO-POTOMETPUYCC-
KHUX OMNpefesieHuil.

IKCTPaKIIMOHHOE KOHLIEHTPUPOBAHUE MOXKET COYETATHCS C 110C-
JIeflyIollUM peHTreHog1yopeclieHTHbIM aHanu3oM. Onucaro [22] ak-
CTpaKIMOHHO-peHTreHodyopeclieHTHoe onpeaesiciue P33 B neru-
pOBaHHbIX MOHOKpHCTa/Iax GTOpUA Kaibiis. VI3 pacTBopa, nosy-
YEHHOTO B pe3ybTaTe 00paboTKM aHATM3UPYEMOTO BCLIECTBA XJIOPHOI
KMCI0TOM, pu pH 4.5 akcTparupylor KoMILIeKkcsl onpeaenseMbix P33
C MOPHHOM, HCII0JIb3YS B KAUeCTBE HKCTPAreHTa CMECh M30aMHIIOBOIO

75 @5 o5 75
Sl

175 ’ 72

a b

Puc. 3.2. Cxemarudeckoe uzoGpaxkeHye BKJIaIbILIA U3 (PTOPOILIACTA B IPAMOY-
TOJTIbHYIO KIOBETY (POTO3/IEKTpOKoIopuMeTpa (a) u cOOpHON MHUKPOKIOBETHI M3
¢roponacta (6) ¢ OKHaMH U3 ONTHYECKOTO CTEKJI2 MJTK KBaplla JUis paboTHl Ha
creKTpodOTOMETpax MpH ATHHE HOIJIOHAIOWEro ¢1oa 5 cM (pasMephl B MM).
1 — HAaBUHYMBAIOHWIAACA KDBIIIKA; 2 — ONTUYECKOE CTEKJIO; 3 — KOPIYC
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P 3
¥
8/
Puc. 3.3. [loanoxxka us ¢propomiacra wis ad
YUApUBaHUsA 9KCTPaAKTa M IOC/eAyIolIe- // .
ro aHajausa octarka MeronoM POC ~ hid BN
% 38 Mm

cnupta 1 TBD. 3ateM 9KCTPaKT ynapMBaloT Ha NOAJIOXKKE U3 ¢ro-
ponnacrta ¢ yriybaenveM, HMeolUM (GOPMY IapOBOTO cerMeHTa
(puc. 3.3), ¥ aHATU3UDPYIOT METONOM PEHTreHO(.1yopecleHTHOI
cnexrpoMerpuu (POC). Hapany ¢ abconoTHbIM KoHIeHTPHPOBa-
HUEM, IPUBOJALIMM K YBEJHYEHNIO OTHOCUTENBHOTO COAepIKaHUs
npumecH B 1poGe, B KOMOMHMPOBAaHHBIX METOAMKAX C PEHTIEHO-
(b1yopecueHTHBIM OKOHYaHHEM He MeHee BaKHO OTHOCHTEJIbHOE KOH-
LleHTPHUpOBaHUe, KOTOpoe obecreunBaeT obeHeHHe TPOBbI KOMIIO-
HEHTaMM OCHOBbI, MOTJIOAIOMMY XapaKTePUCTHYECKOE H3NTyye-
HUe ONpefeNsieMbIX 9NeMEHTOB. JTO B MOJHOI Mepe OTHOCHMTCSH K
paccMaTpHUBaEMOMY aHAN3y, NIOCKOJIbKY BTOPHYHOE M3JyYyeHHe
P39, onpenenseMbix o JIMHUAM L-cepuu, ABISETCS CpaBHUTE N b-
Ho MaTkuM. IIpu pasnenennn BoxHoN u opranuveckoii das B 9k-
CTPaKTBI Nomnajiaet e 6onee 0.2 % kanbumsa, cogepxkanierocs B mc-
XO[HO#A 11po6e, ¥ 9TO MPAKTHYECKU He BAMUSAET Ha 3HAYCHHME aHAM-
THYECKOro cHUrHana. B konuenrparax npeobaanaioT ciabo
norjiomatomue serkue anementol (C, O u H), nonyqaembie uzny-
qaTesn ¢ 10 %-HbIM NpHOAMKEHMEM OTBEYAIOT KPUTEPUIO «TOH-
Knx» npu onpeneneHnuu Tskeapix P33 u 6au3ku k Hemy npm
onpeneneHnu ocranbipix P33. CooTHomene Mace HCXOMHOTO Be-
liecTBa W KOHLEHTpara, XapakTepuayiolilee abCONIOTHOE KOHI[EHT-
pupoBanue, IpuOIU3NUTENBHO paBHO 25.

[Tpennoxeno skcTpakuMoHHO-perTICHODIYOPECIICHTHOE Olpe/ie-
JICHNE TAIMA B CLMHTHIULSLIMOHHBIX MONOKpUcTastax Nal : Tl [23].
Hocuse pacTBopenus uccesyeMoro MOHOKpUCTaIIA B 1eA0YHOM pa-
crBope aunukpuaamuia TI(I) cBA3KIBAIOT B KATMOHHBIK KOMILIEKC
C a30TCOLEPKAIUM MAKPOLMKIMYECKUM pearciiToM — a3aaHallorom
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NH HN

-

1ubeH30-18-kpayH-6 U aKCTParupyiotT xJopohopMOM M3 LIEJOUHOTIO
pactBopa (pH 11...12) B BujIe MoHIOrO accolMara ¢ KPYIHbLIM [POTH-
BOHOHOM — JMIIUKPUIAMHUHATOM. JKCTPAKT MEPEeHOCAT Ha dTopora-
CTOBYIO TOAJOXKY, Tpe/CTaBJeHHYI0 Ha pUc. 3.3, U OCTaBJSIOT M0
110JIHOTO WCTapeHusl PacTBOPUTEISA, TIOC/e Yero aHAJIU3UPYIOT MeTo-
aom POC. Kak v B onMcaHHOI1 Bblllle METOAUKe onpejenenus P33
Bo ¢TOpUlle KasblMsl, KOHLEHTPAThl COAEPXKAT TOJNLKO JIETKHe dje-
MeHTBl M M3JTyyaTeJ iy OTBEYaloT KPUTEPHIO TOHKHUX.

CoyeTaline 3KCTPAKUMOHHOTO KOHUEHTPUPOBAHMA METaNIo-
MOHOB B BUJe kapabaMMHaTOB C MX ollpejleleHUeM B KOHILEHTparax
nipy oMot PO C no3sonsieT Mpou3BoAMTh MHOTO3JIEMEHTHOE olipe-
Jenienyie MUKponpumeceil B Bojiopactsopumbix @M (Csl, CsBr, CsCl,
RbNO, u np.) [24]. [locne BhiTecHeHus olpesieiieMblx Npumeceit
Ag(D), Bi(I1T), Cd(II), Cu(Il), Fe(II, III), In(I11), Mn(IL, I1I), Ni(II),
Pb(I1), Te(1V), TI(111), Zn(II) B Boatiyio a3y B pe3y/bTaTe 0OMEH-
Hbix peakiMit ¢ nonamu Hg(I1) B BojHbIC KOHIIEHTPATHl BBOAAT XKe-
JIATUH W NOJYYAIOT KBa3UTBEP/bIE U3J1yYaTes M, TIPUTO/HBIE /IS T0C-
Jeflyiolero peHtreHodayopeciieHTHoro aHanusza (cM. pasa. 2.3.3).
JKCTpaKIMOHHO-peHTreHodmyopectienTHbiN aHannz @M MoxeT BKIIO-
YaTh MOJyYeHUE HEMOCPEACTBEHHO U3 OPraHMUCCKUX IKCTPAKTOB U3-
JiyyaTesicii B BUJIC TOJUMEPHBIX MJIEHOK M opraiiorejiei, paccMoTpeH-
HOEe B TOM e pasjiesie. ITOT MpUEM ITIPEACTABJISETCA BecbMa Tepce-
MEKTUBHBIM, HO /IO TIOCJIEJIHETO BPEMEHHU €10 B OCHOBHOM HUCTIOAB30BAIN
1IpH AaHATTUTHYECKOM KOHTPOJIE OOBCKTOB OKPYKAIOIEH CpeIbl.

IIInpokoe 1pUMeEHeHHMe HalllJIK AKCTPAKIIMOHHO-CIIEKTporpadu-
yeckue MeTouKH atayiuza OM, BrioyaoIMe 3KCTPAKHUIO opratiu-
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YECKHUM DACTBOPUTENEM OTIPEACTACMbBIX METAJIO-UOHOB B BUJC KOM-
IJIEKCOB C IPYNINOBBIM PEATEHTOM WM SKCTPaKLUOHHOE OTAecHUe
Matpuibl [1, c. 167]. Tlocneannii u3 ykasanHbIX npuéMOB npe/oy-
TUTEJICH, €CJIH HIEMCHTbl OCHOBblI MUMCIOT CJOKIbI DMHUCCHONIBI
CICKTP, 3aTPYAHSIOUMI ClIeKTPorpaduyeckoe onpeneserie MUKpo-
KOMIIOHEHTOB. B 9ToM clyyae yaliie BCCTO MCTIOMBb3YIOT KUCIOPOACO-
AiepKallue SKCTPareHThl, obrajaiouue 60nbIUIOH DKCTPAKLMOHHOI EM-
KOCTBIO, U KOHTPOJUPYIOT OTCYTCTBHE NIOTEPb OlPEAEISIEMbIX IIPUMe-
ceil, 06yCNIOBACHHBIX HELOCTATOUHOl H3GUPATENbHOCTHIO npotlecca
U3BJICYEHNS OCHOBHDBIX KOMIIOHEHTOB MJIM CO3KCTpaKuueii [5, ¢. 177,

B MnctutyTe MOHOKPHCTANI0B OblIM NPELI0XKe DI 3KCTPaKIU-
OHHO-CIIeKTpOrpaduyecKue MeTONKH, Npe/iHa3HAYeHHbIe /I KOHT-
POJIst TIDUMECHOTO COCTaBa BOZOPACTBOPHMBIX BElLleCTB — CajloreHMU-
noB wenounblx (I'IM) u menoyHozeMebHbIX (TII3M) Meranios,
auruapodocdara u aupeittepodocdara kanusd, bocopHoii Kucio-
Thl. MlcTO4HNMKOM BO36YXK/IEHMS! OMUCCHOHHBIX CHEKTPOB CYXWJIA iyra
NEPEMEHHOTO TOKA.

B kauecTBe rpyrinoBbix IKCTPAKLIMOHHBIX PEAreHTOB /S aTOM-
HO-OMUCCHOHHOTO CHEKTPOrpadMicCcKoro olpeaeeHus pafa Tsxe-
Jibix MeTasoB B TTIIM w THI3M nauwiu lpUMeHeHHe AUITUIIUTHO-
xap6aMuHar Hatpus |25, 26| u 1-denunn-3-merun-4-6enzonnnmpaso-
aou-5 (OMBIT) [27, 28]. [lepbiii n3 ykasaHHbIX peareHToB
MCHOJIB3YIOT /I SKCTPAKIIMOHHOIO M3BJIeYeHUsl B XJOpodopM M3
PacTBOPOB aHAIM3NPYEMbIX coJlell cHavasa npumeceii Bi(1I1), Cu(1l),
Co(11), Cr(IIT), Mn(II), Ni(II), Pb(II), TI(J, IIT) npu pH 7.5..8.5,
sateM npumeceit Cr(VI), Mo(VI) u V(V) upu pH = 5. O6beauticn-
HbIA SKCTPAKT YMapUBAIOT Ha YroAblOM nopoutke noja UK namnoi,
3aTeM oOpabaTbiBaloT 1HEeGOJIbIIMM KOJIMYCCTBOM a30THON KMCJIOTbI
AJ paspylienus OpraHvyecKnx coe/IMHeHni 1 nocje BBEIACHUS J10-
6asku NaCl iepetiocat B kpatep rpadmrtoBoro AJICKTpo/a AJis ocjie-
JLYIOLIEro clieKTporpauicckoro ananusa. OpuruHaibHbIHi IIpUeM K-
CTPAaKIMOHHOTO KOHIIEHTPUPOBalIMs [IPUMeECEH NPU JIBYX pasiibiX 3Ha-
denusx pH 103BOJIMA BKAIOYMTH B YMCHO ONpPeACACMBIX
anuonobpasyionme ripumecu Cr(VI), Mo(VI) u V(V). Baaroaaps
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UCIT0JIb30BAHUIO PasHbiX 3HaueHud pH A5 5KCTpaKLUU AUITUNIATH -
okapbamunaros Cr(IIl) u Cr(VI) yranoch onpenensars B OM obuiee
COJlepXKaHue HTOTO [IPUMECHOTO dJIEMEHTA.

B Buse womnaekcon ¢ @MBII cMecbio M30aMUA0BOTO CHIMPTA U
xJjopodopMa M3BJIEKAIOT M3 BOJHOTO PacTBOpa cHayala [pUMeECH
Cd(11), Co(1I), Cu(1l), Fe(Ill), Mn(II), Ni(II), Pb(II) npwu
pH 7.0...7.5, 3arem npumecu Mo(V1), Ti(IV) u V(V) npu pH 2..2.5.
YkazaHHBIH IlepeyeHb IKCTPATUPYEMBIX 2JIEMEHTOB HE SBJISETCSl UC-
yeplbIBAOLIUM, Bcero B BUAe koMijiekcoB ¢ ®MBIT MoxHo uspie-
katb 10 50 npumeceit [29, c. 18]. Ob6beiMteHHDIH 3KCTPaKT ynapusa-
0T 1a YTOJIbHOM MOPOLIKE, MUHEPANTU3YIOT IIPOKATIUBAHUEM B MY-
denbHOM neyn (M3BBITOK peareHTa NepexouT B opraHuyeckyio dasy),
KOHLEHTPAT NoMeNlaloT B kpaTep rpadHTOBOTO 3JIEKTPoAa U I10/BEpP-
raioT CNIeKTPabHOMY aHAIN3Y.

L5l sKCTpaKLMOHHO-CIIeKTporpadMyeckoro onpejiesieHust Npu-
meceit Cd(II), Co(1I), Cu(I1), In(III), Mn(IT), Mo(VI), Ni(1I), Pb(I1),
V(V), Zn(Il) B docdopHoii kuciote u aurnapodocdare (auaei-
Tepodocdate) kanus [30, 31] B KauecTBe rpyrniioBoro peareHta Mc-
[OL3YIOT AU TUIANTHOKAPOAMUHAT HATPUst. KOMILTEKCHI 101yYaioT IIpy
pH 7..7.5, 3aTeM aKkcTparupyioT ux xJaopodopMOM M3 alleTaTHOro pa-
cteopa ¢ pH 5.3..5.4. [Tocsic ynapuBaiius 1a yroJbHOM MOPOLIKE KO-
1ICHTPaThI [1epeHOCAT B KpaTep yroJbHOIO HJIEKTPO/IA U AHATIMBUPYIOT.

IKCTPAKLIMOHHO-CTeKTporpaduyeckuii aHaIu3 UHOTa MCII0JIb-
3YI0T JUIS1 MHJMBU/YalbHOTO ONpeiesienus 1puMeceil, poACTBeHHbIX
OCHOBHOMY KOMIIOHeHTy. Tax, [/1d olipe/esielinsi ipumecu Moaube-
Ha B okcuie BojbdpaMa npeanoxero [32] ussiekatb Mo(VI) xno-
podOPMHBIM PAaCTBOPOM IHUITUIUTHOKAPOAMHUHOBOH KHUCIOTBI M3
BOJHOTO DacTBOPa, CO/EPXKALLET0 JUMOHHYIO U CEPHYIO KUCJIOTBI, U
[locJjie yrapuBaHMs KOHILEHTpaTa Ha YroJlbHOM I1OPOLIKE MOABEPraTh
ero crnexTporpaduyeckoMy aHanusy. HeGoabiue konndectsa soibd-
paMa, repexojIsilMe B HKCTPAKT BMECTE ¢ MOJMOAEHOM, He MELIAIoT
olipe/ieJIeHHIO.

[IpuMcpoM coycTaHUs HKCTPAKUMOLIIONO KOULIEHTPUPOBAaHWUs U
IMUACCUOHHON (POTOMETPUH ILJIAMCHH MOXKET CJYXKHTb METOJMUKA Oll-
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Pe/ie/IeHUs IPUMECH KaJbLIMsl B KaJIMEBbIX M HATpHeBbIX cosisix [33].
Kanbumii skcTparupyiot us BoaHoro pacrsopa ¢ pH 10.4...11 H-6yTH-
JIOBbIM CNIMPTOM B BM/le KOMIUIEKCA C 8-OKCHUXWHOJIMHOM, SKCTPAKT
[POMbIBAIOT BOOI JUIsl yAAQICHUS HONIABLIMX B OPraHU4ecKylo dasy
OCHOBHbBIX KOMIIOHEHTOB, M BBOAAT OyTaHOJbHbIN a3p030Jb B MIams.
IIpnMecn Marhus, sxenesa, Mapranua, alioMMHHA U JP., OKCHXHMHOJIU-
HaTbl KOTOPBIX 3KCTParupyloTcs OJHOBPEMEHHO ¢ OKCUXUHOJIMHATOM
Kanbuusl, NPaKTHYECKU He BAMSIIOT Ha Pe3yJIbTaThl aHANIU32 11D Tex
CONEPXaHMAX 3TUX PUMeCEii, KOTOpbie MOTYT NPUCYTCTBOBATH B aHa-
JIU3UPYEMBIX BelleCTBax.

3.2. IMCTUNAAUMOHHOE KOHUEHTPUPOBAHME

ITOT MeTo oborallleHns Halllel IPUMeHeH e TpH onpe/ieleHU U
B OM npumeceit HeMeTaLIMYecKoro XapakTepa (a3oT, cepa, opraHu-
YeCKHUii yrieposi, kapboHaT- U rajoreHy-MoHbl ), CIOCOGHBIX ob6pazo-
BbIBaTh JIETyyue aHalIUTH4YecKUe (opmbl. Kak M3BeCTHO, yKazaHHbIe
IIPUMECH BBIAEAIOT MPU {IOMOLIM Pa3/IMYHbIX BAPUAHTOB PeaKLHOH-
HOM Ta30Boit 3KCTPakUWM [34] M ONpefensioT ¢ MCIONb3oBaHUEM
Macc-CEeKTPOMETPHH, a30Boii XxpoMartorpadmu, MoseKyasapHoil ab-
COPOIMOMETPUH, KYJIOHOMETPHH H JIP. METO/IOB.

OnHoit M3 Takux npuMeceil ABISICTCS BOJa, KOTO],:)ZJ:SI npucyT-
CTBYET NPaKTHYECKH BO BCEX COJSAX M OKCUIAX, MPUMEHSAEMbIX MpPH
BbIPAIIMBAHHH MOHOKPHUCTA/JIOB U NoNyYeHUH GYHKLMOHANbHOI Ke-
paMUKH. [MAPOAU3 MaTpHLIbl B NpoLecce NoJyYeHHs MOHOKPHCTaI-
JIOB U3 paciliiaBa M TBEPAO(]A3HOTO CUHTE3a KEPaMUKM TIPUBOIUT K
obpazosanuio voHos 02 u OH", Baustioumx Ha CUMHTH/UIALMOHHbIE,
OIITHYeCKHe, CBEPXNPOBOJiAlINe U Jpyrie cBodcTBa OM. Peaxiuu
o6MeHa MeX/[y KHCJIOPOAOM KOHCTPYKIIHOHHOTO MarepHana U coaep-
JKaIMMHUCA B PACIIABE KUCJIOPOAHBIMU [IPUMECAMH ABJSIIOTCS TJIaB-
HOM NPMYMHON NPUIMIAHMS CIUTKA K KOHTCHHEpY 1TpH ynpasJssieMoi
KPHUCTAJIIM3ALMH BEUIECTBA U CBA3AHHOTO € 3TUM AONOJHUTENbHOIO
3arpA3HeHus paciiiaBa. TUTpUMeETPUUCCKoe omnpeesieHle BOAbl 110
Duinepy, a Takxe HCHOJb30OBaHHE METO/A Fa3oBoii xpomarorpacduu
BRJIIOYAIOT NEePEeBC/ICHUE OIPEeNAeMOro KOMIIOHEHTa B OpraliMueckuii
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Puc. 3.4. CxeMa ycTaHOBKM /IS IMPOJIN3A TANIOTEHUIOB IHETOYHBIX MeTal-
JI0B. 1 — MHKPOKOMIIpeCCOp; 2 — CTEKJIAHHAS MOTJIOTUTENbHAS KOJIOHKA, 3a-
TI0/IHeHHAas TPaHYIMPOBAaHHBIM aKTUBHBIM yryieM; 3 — nedb CONPOTHUB/IEHHS;
4 — xBapueBas Tpy6Ka; 5 — KBapueBbiil 6ap6aTép; 6 — CTeKISHHBIA NPUEM-
HHK C METAHOJIOM HJIM IPYTHUM OPTaHMYEeCKHM PAaCTBODHUTENEM; 7 — CTEKJISAH-
Has MPOMBIBHAA CKJISHKa; § — alyHAOBast JIOAOYKa ¢ Npoboii

pacTBopuTeNb. AGCONIOTHOE U OTHOCUTENbHOE KOHLEHTPUPOBAaHNE B
HaHHOM cJyyae obecriedMBaeT NUPOJIU3 HCCJEAYEMOro MaTepualia.
[Toxasano {35], 4To nNpoBeseHUe 3TOro MpoLEcea B 1EYU COIPOTUBIIE-
1IMS C MCII0JIb30BaHUEM B KaYeCTBE rasza-HOCUTE/IS OYUILEHHOTO BO3-
AyXa Io3BoJIseT KOJIUYecTBeHHO U3BAeKaTh BoAy U3 Takux OM, kak
KCl, ¢ropunsr Mg, Ca u Ba, okcunbl Mg, Al, Y, Nd, kap6onat u
TUTaHaT Sr, amoMuHat Nd, aloMo-Marn1eBast LIIKHENb, ATTPUI-al0-
MHUHMAEBbIA rpaHaT (BbICOKOYMCTHIE BElECTBA B BUJE MOPOINKOB, a
TaKXKe MU3MeJibYeHHbIe MOHO- U HOJIMKPUCTAJLIb € Pa3/IMYHBIMU JIeTH-
pyouMMu 1obaskamu). JIMCTHIIAIIMOHHO-TUTPUMETPUIECKHI METO/L
OKa3aics TakKe NPUTOIHbIM JUIs Onpejie/ieHus] aacopOupoBaHHOM 1
cBsizanHoi Boabl B BTCII marepuanax [36]. Tluposnus KCIl nposo-
anau npu 660 °C, YBa,Cu,0,_; — npu 800 °C, Bi,CaSr,CuO, —
1npu 360 °C, leBaCaCusOx — 1pu 580 °C, ocTanbHbIX BeUIECTB —
nipu 1050 °C. YcraHoBKa JI/is [IMPOJIM3A 110Ka3aHa Ha puc. 3.4 (xou-
CTPYKUMS MCTIOAB30BAHHOM B HTOM YCTAHOBKC CTEKJsHHOU IIPOMBbIB-
HOM CKJSHKY onMcaHa B cTaTbe [37]). Kpusblie otrouku, npeacras-
JICHHBIC Ha pHC. 3.5, MOKa3bIBAIOT, UTO B Teveline 40~60 mun orrousier-
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Puc. 3.5. 3aBHCUMOCTb BBIXOZA BOZBL
OT IIPOJO/UKUTEJLHOCTH MHPOJIN3a A
CaF, (1), Y,0, (9, ALO, (3) 40}
20
] 1 ] ! | 1
10 30 50 T,MUH

A NpaKTHYeCKH Besi Bofa. Beimonnensie B pabore [35] npubamken-
Hble TepMOAUHAMHUYeCKHe pacyeThl (pHc. 3.6) NoKasaiu, 4To paBHOBe-
CHsl TEPMUYECKOH JIMCCOLMALIMM TUAPOKCH/IOB, IPUCYTCTBYIOUIMX B 60J1b-
LIIMHCTBE HUCCeloBaHHbIX BelecTs, npu 1000 °C cywecrBenHbM obpa-
30M CMeILEeHbI B CTOPOHY 00pasoBaHMsi CBOGOAHOM BObL. B ycnoBusx
HIOCTOSIHHOTO OTBOJA Bb,llﬂﬂblx NapoB U3 cepbl peakliuki MOXKHO 0XH-
JlaTb TIPAaKTHYECKU TOJIHOTO BBICBOGOXK/IEHUS BOIbI U3 TMIIPOKCHIIOB,
COJIEPXKaLIMXCS BO BCEX PaCCMATPUBAaeMblX MaTepuanax, Brovas KCI.

Puc. 3.6. PacyetHsie 3aBMCHMOCTH
ngp ot 1/T n1s1 paBHOBECHOI TepMH-
YeCcKOH IMCCONMAIMH THAPOKCHIOB
METaJLJIOB (Kp — KOHCTaHTa paHoBe-
CHsl, BbIPaXEHHas 4Yepe3 mapumanb- 44
Hbl€ [1aBJIeHMs ra3006pa3HbIX KOMIO-
HeHTOB; .T — abcoyoTHast TeMmepa-
TYypa, K).

1. 2KOH & K,0+H,0;

2. 2KOH +1/20, K,0,+H,0;

3. Mg(OH), = MgO+H,0;

4. Mg(OH),+1/20, = MgO,+H,0;

7

5. Ca(OH),e CaO+H,0;

6. Sr(OH), = SrO+H,0;

7. Ba(OH),« BaO+H,0;

8. 2/3AI(OH), & 1/3A1,0,+H,0;
9. Y(OH),& 1/3Y,0,+H,0

)
10T 650°C

e Rt TSP\

1050°C
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Opranndeckuil ¥ kKapboHaTHBIH yraepo B Heopralinucckux OM
MOHO OlIpefle]IATh AUCTHIIALIMOHHO-KYJIOHOMETPUYECKUM METOIOM.
ITOT MeTO/ Gblst IPUMEHEH, B YACTHOCTH, IS OlIpCAeicHUs yKa3aH-
ubix npumeceid B BTCII marepuanax — cJI0kKiibIX OKCHAax cocTaBa
Y-Ba—Cu-0 u Bi—-Sr-Ca-Cu—0 [38]. IIpucyrcTsuc nipuMecu kap-
6OHaTOB B DTHX BELIECTBaX CBSI3AHO C TEM, YTO KX TOJYYalOT MeTo-
JIOM TBCpA0(ha3HOTO CUNTE3a U3 OKCWIOB UTTPUS, MC/IM W BUCMYTA, a
Takke kapOoHaToOB Gapmsi, CTPOHIMA W KajibliMs. [IpuMech opranu-
YECKOTo yrjliepofia COAEPXHUTCS B 60/bUIMHCTBE Heopratndeckux OM.
Obe npuMecH OTPULIATENLHO BJMSAIOT Ha CBepXIIPOBOASAILIME CBOIi-
crea BTCII matepuanos. [lns onpenenenusi kKap6onar-uoHos mpoby
06pabaThiBalOT IPU HarpeBaliuy KoiuenTpuposatntoi H,PO, (cucre-
Ma Y—Ba~Cu-O) umm cmecbio konuentpuposanibix H. PO, n H,SO,
(cucrema Bi~Sr—Ca-Cu~-0), sbigenupmniica CO, 10TokoM raza-Ho-
CUTeJIl — aproHa WJIM KHUCJIOpO/a, OYHUIEHHbIX OT IIPHMMECH ompejie-
JI5IeMOr0 KOMIIOHEHTa, — TCPEHOCAT B KYJOHOMETPUYECKYIO sSTYEKY
rasoaanusaropa (AH-7560) co wenounsim pactsopom SrCl, rze
olipe/ieJieH1e 3aKaHYMBAeTCs aBTOMaTHYECKUM KYJIOHOMETPUYECKHUM
TUTPOBAHUEM 3JICKTPOTeHepHPYEeMbIM TUTpaHTOM. [lJist olipesiesieHns
OpraHMyecKoro yriepojia TeM xe metojoM onpesensior CO,, obpaso-
BaBlIMics B pe3yJjbTaTe MPOKaJMBaHUS MCCJCAYEMOIO BelllecTBa B
ToKe Kucioposia (ycranoska Y C-7077). Iockosibky yacTb kKapOona-
T08B, conepxauuxca B BTCII matepuanax, passiaraetcst 1pu Ux 1poKa-
JIMBAHHWM, B PE3Y/ILTaThl ONIPEAECHHUSE OPIaHUYECKOro yriepo/ia BHOCAT
1I0TIPaBKH, YYNTbIBasA orpefe/isieMoc 3apaHee o0liec cojiepkaHue Kap-
6OHATOB W JIONONHKUTEJILHO OMpefiesisieMoe cojcpkaiye KapboHaTOB,
ocTaBIIMXCS B 00pasliax 110cje MX NPOKAJIMBaHUs B TOKE KMCJIOPOJIA.

JMCTUANALMOHHO-KYJIOHOMETPUYeCKHi MeToA Obljl 11pUMeHen
TAKXKe [JIA ONpCAC/eHUs YTepoia B IIMXTe JUisi MOHOKDHUCTAJLIOB
nuobara NUTHUs, BobdpaMara KajMusi, repMatiata BUCMyTa M NIPO-
CTLIX OKCH/AX, MCIOMb3yeMbIX JUIS MX TBeprodasiioro cuntesa [39],
CbIpbe M MOHOKDHUCTa/JIaX calupa, 110JydaeMbiX METOJJOM TOPH30II-
TaJlblO HallpaB/IeH1I0i KPUCTANIM3AIMK B yrcrpadUTOBbIX [Ie4ax B
atmocdepe CO [40]. B ykazannplx Matepuaiax 4acth yraepoja BXo-
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Puc. 3.7. 3aBucuMOCTh cTelleHy BHI- s
rOpaHMs yTjiepoja OT TeMIIEPAaTyphl 70}
NPOKaJUBaHUA OKCUIAHBIX MaTepHa- -
JI0B (B NMPUCYTCTBHH (hJIIOCOB). 50f
7 — GeO,, 2 — Nb,O,, 3 - SiO,, 4 - -
WO,, 5 — Bi,Ge,0,,, 6 — LiNbO, 30f
7 — CdWO, -
10

l 300‘ 560 I7(30 l9(.:)0 11I00I t°C
JMT B cocTaB kap6unioB. IlonHoTa M3BJIeYeHUs KapOUIHOTO yraepoa
npu temneparype 1100-1200 °C obecrieunBaercs BBeneHuem iio-
cos — LiBO,, Na,B,0,, B,O, (puc. 3.7). [lns koaMyecTBEHHOTO M3-
BieyeHus obulero yriaepoga u3 kapbupa kpemuusi npu 1200 °C B
KauecTBe ¢uitoca ucnosbzobanu V,0; [41]. B oTcyTcTBue aToro dutioca
npu 1100 °C us o6pa$u013 B-SiC ynaetcst BBIIEAATh HeCBA3aHHbIH
(cBOBOMHBIIT) yraepos, He 3aTparuBas yriepoia OCHOBBI.
pucyrcTBue cepbl B KpUCTALTMYECKOM calnidype CBA3aHO C TeM,
YTO MCMOJBb3YEMBbli B Ka4eCTBe Chipbsl OKCHJL &JIIOMUHUS T10JIyYaloT U3
TeXHHYECKOIOo r/iMHo3eMa. Myyenive yejoBuil IMCTUIAIMOHOIO KOH-
lieHTpupoBaHusi cepbl B Buae SO, (ycranoBka YC-7077) nokaszano
[40], uTo npoxanusanue 0o6paslos cieayeT npousBoauTs 1pu 1100 °C
B npucytcTBuM 10-TH kpaTHoro usbbiTka duiioca — WO,, a nannyu-
IIMM ra30oM-HOCUTEJIEM B JaHHOM Calyyae siBjisieTcsi aproH. Kynonomer-
puyeckoe okoHvanue (rasoananusatop AC-7932) B gaHHOM ciyyae
0Ka3a/10Ch HE0CTaTOYHO YYBCTBUTE/IBHDBIM, 1103TOMY 06pasyolimiics
SO, y/1aBuMBaiv BOAHBIM PACTBOPOM M30IIPOTIAHOA, & 3aTeM OIPe/IC-
JISIK BHICOKOUYBCTBHTEJIHBIM KUHCTUYECKMM METOZIOM (CM. L. 7).
AList otipe/iesieHnst IPUMECH TaJIOrCHU/-HOHOB (XJIOPHIOB U (pTO-
PHU/IOB) B ChIPbE M MOHOKPHCTA/LIAX Ha OCHOBE TYIOTIABKUX OKCUAOB
(MTTPHI-alIOMUHUEBbIIA rPataT, allOMOMarHueBas NIIMHE/ b, KOPYHIL
W candup) MCroJIb30BAM elle OjtMH BapuallT peaKi{MOHHON ra30Bok
IKCTPaKUMKU — 1uporuipoans [42]. B atom Merojc B pesynbTare
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Puc. 3.8. CxeMa ycTaHOBKH 1JIs IHPOTHAPO/IM3a TYTOILIABKMX OKCHAOB. T —
TeYb CONPOTUBJIEHHS; 2 — MUKPOKOMIIpeccop; 3 — CTeKJIsHHas IPOMBIBHAs
ckisiHka ¢ pactsopoM KOH; 4 — napoo6pasosarens; 5 - napomeperpesa-
Tesb; 6 — KBaplieBass Tpybka; 7 — Jlofiouka ¢ TIpoGoi; 8 — BOASHOM X0J10-
OUJIBHHK; 9 — NPUEMHHK ¢ NOTJIOWAOIKMM pacTBopoM; 70 — cTekasSHHAs
NPOMBIBHAS CKJISIHKA ¢ OMIUCTUIIATOM

B3aHUMO/EHCTBUS aHaNN3UPYEMOii MOPOIIKOBOI NPOBBI ¢ BOASHBIM
napoM obpasyercsi ra3o00pasHblil raoreHOBOAOPO/, MOTJOIIAEMbIil
3aTeM BOJOM WM PacTBOPOM Iuesoyn. OGbIYHO ITMPOTHPOJIH3 T1PO-
BOJSIT MPH BbICOKO# TemniepaType (~ 1200 °C), cozpaBacMoii ¢ nomo-
b0 MHAYKLUHOHHOH 11eyH, a aHATM3UPYEMOEC BELIECTBO CMELIMBAIOT
C MeTAIMYeCKOH CTPYXKOM M OKCUIaMM KDEMHMUSA WM BaHaJus,
WIPRAIOIMMU POJIb KaTaausaTopoB. B MHCTUTYTe MOHOKpMCTAINOB
ObLIO MOKA3aHO, YTO KOJIMYECTBCHHBIE PE3YbTaThl B OTCYTCTBUE Ka-
Ta/IN3aTOPOB MA€T NPUMEHEHHE TIeYU COTIPOTHBJICHHUS Ha aJIyHI0BOM
Tpybe M raza-HOCHTeJisi — OYMIIEHHOro Bo3jayxa. UTOBB UCKIIOYNTD
nonajgaHue B Mpoby BOMSIHBIX OPBI3I, yBIEYEHHBIX Fa30M-HOCUTEEM,
HaJl Mapoobpa3oBaTesieM PasMeCTH/IW llapoTieperpeBaTeb B BUe HU3-
KOTeMIIepaTyPHOM MeYn CONPOTHUBACHHS Ha OCHOBE KBaplieBOM TPy6bl
(puc. 3.8). BbLno nokasaHo, 4To B TAKOW yCTalOBKE KOHLEHTPUPOBA-
HUC TraJlOTeHU/I-HOHOB U3 TYTOIJIABKHUX OKCW/IOB SIBJSACTCA KOJMYC-
CTBeHHBIM TIpU paboycii Temneparype ~ 1100 °C n TemnepaType B
napoticperpesarese 250~-300 °C.
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3.3 KpucTanimaaumMoHHoe KOHLEHTPUpPOBaHUe

Hapsinty ¢ TpajuumoHHBIMY METOAAMH KOHLICHTPUPOBAHHS MHK-
POKOMIIOHEHTOB B VIHCTUTYTe MOHOKPUCTAJLIOB NOMYYUI PasBUTHE
HOBBII METOA KOHUIEHTPUPOBAHHSA, OCHOBANIIBIA Ha Nlepepacipeaelic-
HUW IIDUMECH [IPU AIPABIEHHOR KPUCTALIN3ALIMHY aHATTU3UPYEMOTO
BelllecTBa [43]. ITOT MeTO/l, Ha3BaHHbIil KPUCTANIU3AIMOHHBIM KOH-
lleHTpUpoBaH1eM [44], JonoNHsET U3BECTHBIE METOAbI aHAIUTHYCC-
Koro oforamieHus, Tak KaK 1n03soJiset 3eKTHBHO KOHIEHTPUPO-
BaTh NPHUMECU Pa3HOH MPUPO/bl, B TOM YUCJE KATHOHbBE 1HEJOYHBIX
METaJIJIOB, XMMUYECKHE aHAJIOTH OCHOBBI, AHMOIHbIE M OPTaHUYCCKHC
npumech. Bynyun GespeakTHBHBIM, METOA XapaKTepU3yeTCsi HU3KHM
ypoBHeM obmiero GoHa; OH JIErKo HOANA€TCS aBTOMATHM3AllMH, 2 B
ciy4ae HeobGXOIMMOCTH 103BOJISIET 9KOHOMUTH JIOPOrOCTOSIIIMH aMa-
JIU3UPYeMblii MaTepuan 61aroaps BO3BpalEHHMIO €0 B NPOM3BOA-
CTBO TocJie 0T6opa KoHIleHTpaTa. BakHeliuM ycoBreM npumette-
HUSA KPUCTA/ITU3ALMOHHOTO KOHIICHTPUPOBAHHS sIBJISeTCs KoHCepBa-
TUBHOCTb INIpoliecca, TiC. IIPAaKTHYECKOE OTCYTCTBUC MOTEPb
Oonpe/ie/IsieMOH NPUMECH 3a CYeT eé yJleTyYMBaH1s WM cOpOLNM Ha
CTeHKaX KoHTeiHepa M [OTEPb OCHOBHOTO BCLIECTBA BCJAEACTBHE €ro
ucnapenus u3 paciiaa. Jlo/okHbl OTCYTCTBOBATH TAKXKe 3aLpA3HelIns
paciuiaBa olpe/le/IieMOi 1IPUMEChIo U3 MaTepHaia KouTeilnepa u at-
mocdepnt [43, c. 95].

IToBesenne MUKPOKOMIIOHEHTa 1IPY HAIPABCHHOM KPUCTAILIM-
3alMK BEleCTBa ofipejlesisieTcs 3hadciiteM addekTuBHOrO KoadhHu-
1IMeHTa paciipe/ieichns

k=Cg/C, , 37

rie Cg — KOHUEHTPALMS MHKPOKOMIIOHEHTA B KPUCTA/LIE Ha rpaHuiie
¢ pacriaBoM, C;, — ero Cpeilisisi KOHILEHTPaIUs B PacILlaBe.

Ecau nuddysus B tBepsoit dase upencbpesxknmo Mana, a cuc-
TE€Ma KOHCEPBATHMBHA, 3HAYCHHE kK MOXKHO OLEHWTb M3 IKCIePUMEH-
TalbHOW KPUBOH paclpeie/iCius IPUMCCH BAOJb CANTKA M YCAOBHS
marepua/bioro Haamca [45]:
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Cs(l‘g) ,

Co - jcs dg
0

k= (3.8)

rie C, — KOHLEHTPaLMs MUKPOKOMIIOHCHTA B paciliaBe Icpejl Haya-
JIOM KDUCTA//IN3ALMK; § — JI0JISl 3aKPUCTAJI/IM30BaBIIIErocs paciliaBa.

[IpanHoBCcKas cucTeMa AoMyulelvi, Hapsly ¢ NpakTUYECKUM
orcyTcTBUeM Anddy3nu B TBepiol (dase, npeanonaraer, YTo xKu/i-
KOCTb OIHOPO/iHA B J1060/1 MOMEHT BpeMcHH, a kKo3(PUUUEHT pac-
npejienenus k nocrositen {46, c. 25]. B atom cayyae pacnpeenenue
MHKPOKOMIIOHEHTA BJOJIb CJUTKA ONMCBIBAETCS M3BECTHBIM ypaBHe-
nueM lannusepa-TldanHa:

Cy =hCy(1-g) ™. (3.9)

Ctporo roBopsi, paHHOBCKME IONYICINS PEaM3yIOTCsl JIMILD B
paBHOBecHO# 0bJ1acTn kpucTaniusanny (pu k = k), a ypasHetnve (3.9)
HE MOXET BBIIOJHATLCA JUIA BCEIO CJAMTKA, NOCKOJNBKY B COOTBET-
CTBMU C 3TUM ypaBlieliveM npu k < 1 (naubosiee pacnpocrpanelliiblii
ciyyaii) u g — 1 lim Cg = eo, yto puzMuecky 11eBOZMOXKHO.

B peanbhbix ycnosusx addexkTuBiblii KoaddUMEeHT pacnpeje-
JICHHsI HE OCTaeTCsl 1I0CTOAHHBIM B 1IPOIeCce KPUCTAIN3alMH, 0Co-
GenHo 3aMeTHO MeHstisich 11pu g — 1. [Ipuunnbl 91010 110APO6HO pac-
CMOTpPEHbI B JIMTCPAType, B 4acTHOCTH, B kuure [43, c. 25]. K uncay
STUX [IPUYMH CJICAYET OTHCCTH: KOHLCHTPAIIMOHHYIO 3aBUCUMOCTD paB-
1I0BCCHOTO (a 3Ha4uT, 1 9ddeKTUBHOIO) KoaddHuLmeliTa pacupesec-
HHUsE; 1IepeXo/l 0T paBHOBCCHOTO DCXKMMa KPUCTAIM3AIMH K HEPaBIIo-
BCCHOMY, 00YCIOBJICHHbII yBenucIieM HakTUYeCKON CKOPOCTH KpH-
CTJIM3ALIMHM U3-3a UBMEHEHUS! TCILIOBbIX YCJIOBUI Ha 3aKTIOUHUTEALHON
CTAMM MPOIIECCa WK JKE ABJICHUEM KOHILCHTPAIIMOHHOTO Nepeoxiax-
JCHUS; IOCTHIKEHUC DBTCKTHYECKON KONICHTPAIIMH MUKPOKOMIIOTICH -
Ta B paciiiase. [ToatoMy B 0bnieM cityyac

C,=CslkzC,(1-g)". (3.10)
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Mcxona us nociieanero BolpasxkeHust, ahGeKTUBHbIE KO3b UIIN-
€HTBI paclipe/ie/leHUst He MOTYT UCIIOIb30BATLCS I HAXOXKIEHUS UC~
KOMO# Haya/IbHOW KOHLleHTpaumu npumeck C, N0 pe3yJIbTaTy aHalin-
3a konuenrtpara C, = C,. B atoil cBasn Mbl BBenu [47] sMimpuyec-
KWl rapameTp k,, KOTOpbIi, aBaasdch dyukuueir g ans noboii
peasbHOI cHUcTeMbl 00ecIieYMBAET BbIIONHEHUE PaBEHCTBa

C, =C(1-g)*™". (3.11)

Besnnuunbl k;, Ha3BaHHble XapaKTepUCTHYCCKUMHK Koadduim-
€HTaMH paclipe/ie/ieHus], ofiHo3HauHo caasbiBaloT Cou C, = C, u, cre-
JlOBATEJBbHO, MOTYT MCIIOJIb30BAaThCsl B KayeCTBe IPayuPOBOYHBIX
napaMeTpoB fIpH pacyeTe pe3yJibTaTOB aHAU3a C MPpeBapUTENbHbIM
KPUMCTANIN3alMOHHBIM KOHLEHTpUpoBaHUeM. OueBUIHO, 9TO Tpeby-
€T Npe/IBapUTEJIbHOTO onpe/ieieHus k, Ans paboyero quanasoHa 3Ha-
yenuit g u C,. OGBIYHO IS ITOrO UCIIOJIB3YIOT IAHHbBIE O Cerperaluu
TIIPUMECH ITPH HalNpaBJAeHHO KpHUCTANIIU3AlMH UCKYCCTBEHHBIX CMe-
ceil MaTpHilbl ¥ NPUMCCH G M3BECTHBIMU 3HauyeHUuAMH C, M Mare-
pHuasa ¢ He3aBUCHMO YCTaHOBJIeHIbIMU 3HaveHusAMu C,. B nepsom
cJlyyae HyXHO pacroJiaratb 06pasiiamMm aHaTM3UPYEMOTO BElLecTBa,
B KOTOPbIX OTHOCHTEJbHbIE CO/lePXKalHUsl OMNpE/E/sieMOi IpUMecH
TnpeHe6pexkMMo Masibl. Bo BTopoM — 1Heo0X0AMMO MMeTb 0CTaToy-
HO YyBCTBUTEJIbHBIIA aJIbTepHAaTUBHBIA MCTO/ aHanu3za. s pacuera
pe3yJ/IbTAaTOB aHAM3a MHOI/A NPUMEHSIOT 3Ha4YeHHs K, KOTOpBIC
COOTBETCTBYIOT C), CyHIECTBEHHO IPEBOCXOAALIUM OTPe/iesIsieMble CO-
Aepxkanus. Ho B obuiem ciyuae k,, kak u &, 3aucur ot C,. [Tosto-
MYy B KaX/IOM KOHKDETHOM CJIy4yae TpaBOMEPHOCTh TAKOIo HpHEMa
HEeoOXOMMMO 0Ka3bIBaTh. OlEHKH k,, He CBSBAHHbIC ¢ OTMEYEHHbI-
MM OrPaHUYEHUSAMH, MOKHO IOJTYYaTh € IIOMOUIBIO TIPUEMA, HA3BAH-
HOTO ABYXCTYNEHYATbIM KPUCTA/IM3AIIMOHIIBIM KOHIEHTPHUPOBaHHEM
[48]. CymnocTb aToro mpuéma cocToMT B TOM, YTO obpasell Belc-
CTBA C HEM3BECTHBIM HAaYaJbHBIM COJICPIKAHUEM TIPUMECH 110/iBEpra-
I0T JABYM [10CJICAOBATE/IbHBIM OMEPalMsAM HAIPABIEHHON KPUCTAIN-
3aIMH, OTAeA4 1Toc/e Kax/I0H ollepallid KOHIEEHTPAT, COOTBETCTRY-
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IOHMHA OHOMY M TOMY Xe 3HaueHWIo g HeTpyaHo mokasaTh, YTo
3HayeHue k, MOXeT PacCYUTaTDb 110 pe3yJibTaTaM aHalu3a ABYX KOH-
uentparos (C, u C,)) U3 ypaBHeHUs:

kL=lg[l~(ck2/ckl)g]/lg(l—g)' (3.12)

IMokasano [48], 4To 1pn 06bIYHO KCNONB3YEMBIX 3HAYECHUSX k, U
& OTHOCHTEJILHOE CTaHAAPTHOE OTKJIOHEHHUE NOJIydaeMoli olieHKH &, B
1.5...2 pasa 11peBbILIaeT OTHOCHUTEJIBHOC CTaHAAPTHOE OTKIOHEHUE Ol
pezies1sieMoro cofiepxkatusi npuMecu B KoHuenTpate C,, 4TO BIOJHE
NPUEMJIEMO, T. K. B 3TOM CJiydae BKJIajl ollepallui KOHIEHTPUPOBaHUS
B 061110 CJIy4aiiHyI0 MOrPeIHOCTb aHau3a, KaK IPaBUJIo, He3HAUUM.
TlokasaHo Takxe, 4TO NpeaJaraeMblii 1IpUéM MOXKHO MCII01b30BaTh U
TOCJa, KOrja I1pY NOCae/10BaTeNIbHOM OT/IeJeHUU IBYX KOHLEHTPATOB
8, # 8, €CJIn TOJbKO k,(8,) = k,(g,).

B, pabote [49] nokasano, 4to koaduilMenThl pacnpeeaeHus k
1 k, CBA3BIBAIOT CJI/YIOIMe YPaBHEHHUS:

k=kL_(1—g)1n(1_g)f’d"—L, (3.13)
g
1 %1-4
ko=l —t [k e (3.14)
’ ln(l—-g)ol-g

O6paboTka NoJy4YeHHbIX IKCICPUMENTANbHBIX AaHHBIX [10Ka3a-
na |49}, yto, ucnonb3ys ypasuchue (3.14), MOXKHO ¢ IOTPEHTHOCTbIO
5..10 oTu.%, paccuutath 3aBUCHMMOCTD k,(g) 110 MMeloLelics 3aBH-
cuMoctH k(g); npu pacuere k(g) no sHaucHuaM k,(g) ¢ UCHOJBL3O-
BaHueM ypaBHeHus (3.13) morpewnoctu cocraBuau 8..20 oTH.%.
Bmecre ¢ Tem, ¢ nomousio 3uavenuii k(g) no ypashenuio (3.8)
Y/I2JI0Ch € BBICOKOW TOYHOCTBIO BOCCTallOBUTL 3aBucuMocTh C(g),
a ¢ nomollbio 3HavyeHu k (g) no ypasneuuio (3.11) — szaBucu-
mocTb C,(g): B NCPBOM CJiydac NMOrpeliHoCTb e MpeBbicuIa 5 oTH. %,
BO BTopoM — 1 oTH.%.
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O6biuno k, k, <1, u Torna ypastenue (3.11) MoXHO npe/cra-
BUTh B CJIEAYIOIIEM BHJIE:

C, =C,(G/m)™, (3.15)

rae C, u C = C, — oTHOCUTeJIbHBIC COZEPXKAIUS OTPECIISIEMOTO KOMIIO-
HEHTa B aHJIM3HPYEMOM BelLleCTBe U B KOHIIEHTpaTe, G — Macca B3ATOro
IJIsl aHanu3a BelliecTBa (Macca CJIMTKa), m — Macca KoHueHtpara. Ouc-
BUJIHO, B DTOM CJlyyae CTeleHb M3BJICYEHUS] KOMIIOHEHTa B KOHIleHTpar
R=(C,-m)/(C,-G), a koapduument oboratiienust n=G/m. C yuétom
3THX COOTHOLIEHUH BbipaxeHue (3.2) A5 olleHKU 3PEeKTHBHOCTY KOH-
LEeHTPUPOBAHHSL C LIeJIbIO CHIDKEHHS Tpefie]1a OMpe/IcNeHHst TOMYYUT BUL;

,=q(G/m)™, (3.16)

rie g <1 — maccoBasi J0/st TOH YacTM KOHIEHTpATa, KOTOPYIO HC-
N0JIL3YIOT JUIA aHalu3a, MK TOi YacTH cojepxallieiicss B KOHIIeHTpa-
Te NMPUMECH, OT KOTOPOH TI0TY4aioT aHATUTHYCCKUHA CUIHA.

Ypasuenue (3.15), peuiéHHOe OTHOCHTEIBHO Cy ynobHO mpuMe-
HATDb 15 pacyéTa UICKOMOTO CO/IEpXKaHusl MPUMECH B MaTepyasie, allajin-
3UPYEMOM C NpUMeHeH MeM KPUCTAIM3allHOHHOTO KOHLIEHTPHPOBAHHS.

Ha puc. 3.9 cxeMaTHyecku Nnoka3aHbl BapUaHTbl KPUCTaJJIM3a-
LUMOHHOTO KOHIICHTPUPOBAHUSA, B KOTOPbIX PEa/IM30BaHbi PasIiblC TCM-
TCpaTypiible PEKUMbL M C1I0COODI BBIPABHUBAHMS KOHUEHTPALMU [PU-
Meceil B xuAKOU a3e.

X a
<3
Puc. 3)9. Bapuantsl KpucTaiim- i
3aIlMOHHOTO KOHLIEHTPUPOBAaHHS  °© °
a — BeDTHKaJbHasl HAalpaB/ieHHas o
kpuctamausanus (BHK); 6 - -
HHU3KOTeMIIepaTypHasl HampapjieH- ° °
Hasl KPUCTALIU3AUKSA BOIHO-CO- :
neBbix 3BTekTHK (HK BC3) u 000 000
kpuctamnoruaparos (HK KI); 5/?// /> I%m
6 — UeHTPOOGeXHas HalpaBjieH- i _ -/
o 0o o o Cco0

Haa xpuctasnusanus (LHK)
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Puc. 3.10. CxeMa ycTaHOBKH 7151 KOHLIEHTPHPOBaHUA

1 npuMeceil npu nmomouy BHK. 7 — TpybuaTtas neus
COINPOTHUBIIEHHS; 2 — TEIIOBOH 3KpaH; 3 — KOHTeli-
Hep ¢ KPHUCTAIM3YeMbIM BelllecTBOM; 4 — cHCTeMa
6JI0KOB

th

000000000000 000000ON

ooooooooooooopoooos

ITokazano [43, c. 81], yTo BepTUKa/ibHAsI HaNpaBJICHHAsA KPUC-
TaJUIM3alus BEICCTBA CBEPXY BHU3 B TPyOUaThIX KOHTelHepax iepe-
MeHHoro ceuyeHus (BHK), naroroieHHbIX U3 KBapLIeBOIO CTEKIA UJIH
NJIaTUHBI, MO3BOJIAET KOHIIEHTPUPOBATh NPUMECU B TEPMUYECKH yC-
TOMYMBBIX BEILECTBAX C TeMniepaTypaMy Miasienus ot 500 no 1000 K.
Ha puc. 3.10 npencrapnena cxema ycranoBku ansa BHK, na puc. 3.11

$20 $23
e
[=)

= r

~

#60 g
/5 2l

w0 Ol

~ (3]

#6
r A

Puc. 3.11. Tpy6uarsiii koHTeiHep 115 KOHIEHTPUPOBAHHSI IPUMeCer U Mo-
mouu BHK (g, 6), I1HK (g), HK BC3 (2, ) u HK KT (e, x). Konreiinep
(6) M3rOTOBJIEH U3 MJIATHHBI, OCTAJbHBIE — U3 CTeKJa ITHpeKC WM KBaplie-
Boro. 7 — KoHlleHTpaTop; 2 — KOpIyc; 3 — KpbIlIKa; 4 -- IJIaTHHOBas IIPO-
BOJIOKa; 5 — ToJcTocTeHHass Tpybka. OpHeHTHPOBOYHbIE pasMepsl — B MM

(d,= 3.5, d,= 25; h = h, = 20; h = 250)
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l10Ka3aHbl IPUMEHSIEMbIE B 5TOM Cllydae Tpybuatbie KoHTeiHepsl. [Ipu
TaKOH KPHUCTALIM3AIMH B PACILIABE BO3HUKAET eCTECTBEHHAS TEPMO-
TPaBUTALMOHHAS KOHBEKLHUA W /IS CO3/aHMsl JJOCTATOMHO OGOJbLIINX
I'PaMEHTOB TEMIIEPATYPLl B paciliaBe Y (ppoliTa KpUCTAIMBALMH HET
HEeo6XOIMMOCTH IPUMEHSTD ClelMalIbHbie TEMJIOCHEMHUKH, a X1a/[a-
TEHTOM MOXET CYXKUTb BO3YX JabopaTOpHOTO NOMeleHHS.

WUcnonbzopanne BHK 1o3Bosnuio B 5..100 pas cuuzurs Cin
pAna npuMeceit, onpesensieMblx B M MCTOfaMH SMHCCHOHHOH |
aTOMHO-abcopOUHOHHO HOTOMETPUH MIaMeHH, a Takxke dotoTypbu-
AUMeTpHH (ITOCTOPOHHKE 1eJiouHbie MeTatbl [50] n xsiopuas [51] B
MolMAe HATPHs, JIUTHI K pybuanit — B Gpomusic katus [43, c. 88],
luesIo9HO3eMeJIbHble MeTa/lbl — B HMTpaTe Kanus [52], 15 npumec-
HbIX MeTaano-uoHoB — Ag, Bi, Cd, Co, Cr, Cu, Fe, In, Mg, Mn, Mo,
Ni, Pb, Sn, V — B voaume tauiug [53)).

KonuentpupoBanuio nipumeceit ipu niomoiun BHK conesoro uu
METAJIJIM4ECKOro pacryiaBa PUCYIH HEKOTOPble OrpaHUYeHUs IPHH-
LMITMANBHOTO XapaKTepa. .OnHo u3 HUX 06YCIOBNEHO OTHOCUTENBHO
BbICOKUMH KOB3(PHULUMEHTAMH pactipefieienns U30MOpGHbIX npuMe-
ceit.(puc. 3.12) [51, 54]. Ewe o110 orpaHuyeHHe CBS3aHO C TeM, YTO
a¢deKTHBHbBIE (XaPaKTEPUCTHYECKHE) KOIDDUIMENTD! pacipeselie-
HUA MHKPOKOMIOHEHTOB J0BO/MbHO GBICTPO BO3PACTAIOT ¢ yBesye-
HUEM CKOPOCTH KpUCTauzauuu (f). ITo BbiHy)aaeT paboTaTh B
061acTH MasbiX 3Ha4YeHUil f, T.e. eNaloT MpoLecc KOHLEHTPUPOBaHHs
IOCTaTOYHO MeAJIEHHBIM. B 061acTv MasibIx 0THOCHTENbHBIX comep-
KaHUH NPUMECeH, CPaBHMMBIX ¢ KOHLEHTpalMedl CTPYKTYPHBIX e-

ke

Puc. 3.12. 3aBncumocts 3navenmii k, a1
npHMeceil — XMMMYECKHX aHAJTOTOB OCHO-
Bbl B Nal or abcomoTHbIX 3Hauenuii pas-
HOCTH MOHHBIX paauycos no [loauury npu-
MECH M 3aMeIllaeMOoro €0 HOHa OCHOBBI 0.1+

03
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(beKTOB Ha MOBEPXHOCTH PACTYLIErO KPUCTAJIA, PABHOBECHBIH Koa(-
(dUIMEHT pacnpe/lefieHnsl cKaukooOpasHo BoapacTaeT, a 3¢deKTHB-
HOCTh KOHLEHTPUPOBAHMA TMAflaeT, YTo OOBACHSAETCS yJaBIuBaHUeM
npuMeceil aedekraMu KpUcTanaMicckor peréTku. Hakonel, korza
KOHIIEHTpalMs PUMCCH B pacnase Tepeji GPOHTOM KPUCTaLIU3a-
MM IOCTUTAET IBTEKTUYECKOM, paBHOBeCHIbli KO3(pUILIMEHT paclipe-
[leJIeHUs: BO3pacTaeT [0 eUIMIb M AaJblieHlliec OTTECHEHHE IIpUMe-
c# (PPOHTOM KPUCTAJLIN3ALMHU NIPEKpalllaeTcs. Y Ka3zaHHble orpaiuie-
HMS TOJTHOCTBIO WJIM YaCTHYHO YAAETCs YCTPAHUTD MPU UCNIONB30BAHNUH
TaKoro NpejsoKeHHOTO HaMHM HOBOTO BapHaHTa KPUCTAIM3ALMOHHO-
ro KOHIEHTPUPOBaHUs, KaK HampasjieHHas KPUCTALIM3ALUA B HoJe
LeHTPOOEXKHBIX CHJI, Ha3BaHHas LEHTPOOEKHON HallpaBNEHHOI KpuC-
tannuzaumeit (ITHK) [43, c. 148]. Cxema ycTaHoBKH 7S OCYLIECTB-
nenns IITHK [55] npeacrasiena Ha puc. 3.13. ITo B3auMHOMYy pacrio-
JIOXKEHHIO TEMNJIOBOTO 0 KPUCTANLIN3ALMOHHON YCTAaHOBKY U BHELL-
Hero rpaButauuonHoro nonsi ITHK He otnnyaercs ot BHK; B 060oux
cy4adax yCKOpeHHe IoJisl TATOTelUs COBIIAZaeT 10 HANPABJIEHHIO CO
CKOPOCTbI0 NIepeMEHIEHUS FPaHULbl pasjea das, HO YUCIeHHOe 3Ha-
yenue storo yckopenus npu HHHK B cotnu pas 6osblite, yeM rpu
BHK. Baarogaps IpuJMNaHuIo CIMTKA K CTEHKAM KOHTeliHepa u clie-

Puc. 3.13. Cxema yctaHoBKM
ansa [THK.

1 — Tpy6uyarhlii 31eKTpoHarpesa-
Telb; 2 — KOHTelHep ¢ 1npoboi;
3 - crakal; 4 — Tpoc; 5 — Bar;
6 — TATa; 7 — KpHILIKa; 8 — KO-
XyX; 9 — mérky; 70 — npusox
BpailleHHsl KOHTeliHepos; 17, 12 —
KOHe4YHble BBIKMIOYareny; 713 —
3JeKTpOABUraTeNb; 14 — MpUBOA
TOPU3OHTANBHOTO IIEPeEMEILEHUA
KOHTeltHepoB; 15 — peMeHHas 1e-
penaya; 16 — kopobka ckopocTelt
(peaykrop); 17 — xonbua; 18 —
miatdopma
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ilnajibHo# opMe nocsetero (puc. 3.118) kpuctaiindyeckas ¢asa He
oTOpacbIBaeTcst Ha lepudepHio LieHTpudyru, a oGpasoBasiumiicss GpoHT
KPUCTA/INBALIMA C 334aHHOM CKOPOCTBIO /IBUXKETCS OT OCH BpalieHusl
K llepudepyu Mo Mepe TMepeMelileHUs B TOM e HalipaBjieHHH (BJOJb
OCU KOHTeliHepa) W30TEPMbl, COOTBETCTBYIONICH TeMIepaType I1aB-
JleHust uccaesyeMoro BelllectBa. MHTCHcUdUKaUs nepeMelnMBaHust
paciuiaBa IPY HAJIOKEHUH Ha KPUCTAIM3YEMYIO CUCTEMY MOJist LEHTPO-
OEXKHBIX CHJI IPUBOJMT K YMEHbILIEHUIO TOJIIMIbI TIOTPAHUYHOTO AHd-
(y3MOHHOIO CJ105, B 11pe/ie/iaX KOTOPOTO BbIPaBIMBaHWe KOHIEHTPALUH
TIPUMECH B XKMIKOH (pase 1IPOUCXOANT TOJBKO 32 cueT auddysun. Creg-
CTBHEM ITOTO ABJSAETCS PacHIMPEHUE PABHOBECHON 00JIaCTH KPUCTALIH-
3almu (korza k = k), a Taxoke ymeHblieHue npoussojHoit dk/df, rne f —
CKOpOCTb KpucTamaudaly. [lokasano, yro TonumHa aqudby3noHHOro
cnost npu LTHK monxkwa 6biTh B @, /g, pas Meitbiuie, yem npu BHK, rae
a, — UeHTPOGEXHOe YCKOPEHHE, & — HOPMAJIbHOE YCKOPEHHE CHIIBI 3eM-
HOTO TATOTEeHUs; NPUOIU3UTENBHO BO CTOJBKO e pas npu ITHK pomxk-
Ha yBeJMYUBATLCS npofﬂmcHHOCTb PaBHOBECHOI 061acTH KpUCTa/LTN3a-
k. Ho BMsiHME LEHTPOGEXHOTO 110Jis HE CBOAMTCS K 3TOMY, Han6o-
Jlee .oueBUAHOMY pesyJibtary. Cornacho |56, ¢. 93] npu HHHK moxer
MEHSATBCS CaMO YCJIOBMe paBHOBecwd, mpudeM s k, <1 ky, o0 <k,
Hanbonee sameTHoe uamMehenue ky 1IpH HANOKCIHU TOJIS TEHTPOOEK-
HbIX CHJI JJOJDKHO HPOMCXOAMTb, €C/IW TIPUMCCh B paciliaBe [peuMyliie-
CTBEHHO JIOKA/TU30BaHa Ha CYOMUKPOCKOMMYECKHMX arperatax-Kjactepax
WJIM ke cOpPOUPYeTCsl HA MAJIOPACTBOPMMBIX TBEP/IbIX YAaCTHIAX.

BavsiHMe noJis LeHTPOGeXHBIX CHJI Ha [IepeHoc IIPUMECH B Tpe-
ncjax Audy3HOHHOTO C/IoS NIPUBOJIUT K U3MCHEHHIO €ro0 KOHIICHT-
palMoHHOTrO Npoduiis, 1, 10-BHAKNMOMY, MOXKCT ObITh OIMCAHO YpaB-
lieHMeM, NPeJIOKEHHbIM /IS OIIMCAHUsE BO3JIEUCTBUS MOCTOSHHOIO
SJICKTPUYECKOTOo NMoJIs Ha apdekTuBHBIE KoadduinelTsl pacripeaee-
1M [IPUMECH B MOHHOM pacrisiaBe |46, c. 324}

(e 1+ (/1)
1+ {1k 1+ (11 1) ]-1fexp{=(£8/D,)[1+(f/ £)]

(3.17)
}
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Puc. 3.14. 3aBucumocts k ot f ais npu-
04r Meceii Rb™ (1,1; C,=6-10"mac.%) u K-
2 (2,2, C,=510"mac. %) B Csl mpug=0.
olo- 1,2 — BHK, 1,2 — IHK; a =650g,
L f' e (a, — ueHTpobexHOe YCKOpeHUe, g, —
021 ¢« & ® - HOPMAJIBHOE YCKOPEHHE CIIbI 3¢MHOTO TS~

TOTEeHHS)

y I
0 40 80 f,um-y"

riie f° — CKOpOCTb fepemellleHHst npuMecd B AMdPy3MOHHOM CJloe
TOJIUMHOHN & NoJ AeiiCTBUEM BHeUIHero MoJsl, HarpaBJieHHas OT rpa-
HUIBI pa3fiesia B ry6b pacnnasa, D, — koadpduumnent anddysuu
IIPUMECH B paciljiaBe.

AHanus 3Toro ypaBHeHHs NTOKa3bIBaeT, YTO MOJIE 1EEHTPOOEKHBIX
CUJ1 yMeHblaeT k. [Ipu 9TOM BO3MOXHBI CUTYalUMH, KOTAR k. = k, 1
naxe k. <k, [leACTBUTENBHO, DKCIIEPUMEHTANblIble JaHHbIE
(puc. 3.14, 3.15) noxkasbiBaiot, 4To 3dxpekTUBHBIE (XapaKTepUCTH-
yeckue) koadubuimenTsl pacripesenenus npu LLTHK cyiectsentio imxe,
yem nnpu BHK. Buano takxke, uto B inMpokom auanasotie f3HaucHuUst
k nccnenosanHbix npuMeceit pu LTHK MoryT octaBatbes 1oyt ro-

ke
0.6
2 Puc. 3.15. 3aBucumocts k oT f npu
&=0.95...0.99 nns npuMecH xi0puI0B
041 (C,=2-10%mac. %) B amomoammo-
! HUHHBIX KBaclax.
0.2f 1 — UHK, 2 — BHK, a, =650,
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Tabauna 3.3. CpaBHenne BO3MOXHOCTEH KPUCTALTH3aIHOHHO-aTOMHO-
aMuccHonHoro ananusa NaNO, ¢ npumenenem BHK u IIHK (a, = 340 g)
npu koaddunuente oboramenus n = 100

A

BHK npu f =16 Mmm-y™ IHK npu f =48 mm-y~!
Mprmecs k, m C i k, I C
(P=095) ! mac.% (P =0.95) ! mac.%

Mg 0.5+0.1 10 | 210% |0.27+001] 29 | 710
Cu 05+0.1 | 10 | 1-10° |0.14+0.03| 52 | 2-10°
Pb |0.14+0.06| 52 | 610 | 0.17+0.01| 46 | 7-10°¢
Mn |0.23£0.04 35 | 310° [0.19+0.05| 42 | 210°®
Co ]030£0.05| 25 | 110 }0.1420.04] 52 | 610°
Ni [0.19+0.05| 42 | 710 | 0.22+0.02] 36 | 810°¢

CTOSAHHBIMH M 6bITh HMXe PaBHOBECHBIX K03(UIIMEHTOB pacipeie-
JIeHUs1 B OTCYTCTBME BHEIUHEro 10Js. Bo3MOXHOCTH cylllecTBEHHOro
YCKOpeHHUs1 nipoliecca KohuenTpupoBanus nipu LIHK witioctpupyior
JaHHble Tabu. 3.3.

Ipu IIHK Ha6nionaeTcst pacimpente INanasoHa HaYalbHbIX CO-
JlepKaHUM TIPUMeECH, B ITpesiesiax KOTOPOTO He MPOUCXOAHUT yBeauye-
HHUs1 paBHOBECHbBIX KO3 PULIMeHTOB pacripeaesienus (puc. 3.16). Itor

k
0.5

T

Puc. 3.16. 3apucumocts kot 1gC 1ns 0.4
npumecu K* 8 Csl npu f= 20 MMy,
g=0 (C,B Mac.%).

17— IIHK (¢, =650g,), 2 —~ BHK 44

0.2 |
-3.5 -3 IgC,
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¢dakT ynaérces oObACHUTH Ha OCHOBE KJIACTEPHOM MOJE/IM paciiiaBa.
[o-BuaumoMy, Mojt IeHCTBUEM 1EHTPOGEKHBIX CHUJT IIOBBILIAETCS CTPYK-
TYPHOE COBEPUIEHCTBO PacTyNCro KPUCTALIA, MOCKOJIbKY B paciliaBe
MIPOUCXO/IUT cerperalsa KJIacTepoB [0 pa3MepaM W KPUCTa pacTeT
U3 CTPYKTYpHO 6oJiee OHOPOIHOI cpelbl MYTEM TPUCOCAMHCHUS K
€ro IMOBEPXHOCTH NMPEUMMYIIECTBEHHO YaCTHUI[ OJMHAKOBOTO (MMIIY-
MaJIbHOI'0) pasMepa.

S dextusrocts HHHK ynactest 10n011UTebHO U BECbMa CyIie-
CTBEHHO TOBbICUTh BBEJEHUEM TBEPAOIO KOJIIEKTOpa ONPE/eAAeMbIX
MPUMeceH, NJIOTHOCTb KOTOPOTO NPEBbIIIAET IJIOTHOCTD paciiiapa. Tak,
adexTuBHbIi KoaddUUMEHT paciipeaestenus meau (I1) npu ontu-
MaJIbHOW Macce KojnekTopa — okcuua xenesa (III) coctaBun
0.003 £ 0.002, a 6e3 kosutextopa — 0.12 + 0.01 (P = 0.95).

KonuentpupoBanue nipu nomoin ITHK nossoamnno na 1.5..2
nopsiika cHu3uThb C, npuMeceil, KOHTPOIMPYEMBIX B BbICOKOUMCTOM
ChIPBE /171t MOHOKPUCTAJIJIOB METOIAMH ATOMHO-3MHCCUOHHOM CIIeKT-
POMETpHM C JIyroBbIM MCTOYHUKOM B036yxaeHuss (AIC), atomHo-
aMuccHOHHON (AIDIT) u aromHo-abcopbunonHoit (AADII) doto-
MeTpuH I1ameHn M dototypbuaumerpun (ODTM): xnopuios B anio-
MOaMMOHUIHBIX KBaclax |57}, KAaTMOHOB NMOCTOPOHHUX 1LEJOYHBIX, a
Takxke HICJOYHO3EME/IbHBIX MeTa/uloB B Honaule ue3us [58], psna
ABYXBAJIEHTHbIX KaTHOHOB B HUTpaTe HaTpus [59]. XapakTepucTuku
pa3paboTaHHbIX METOAMK MpeAcTaBaeHbl B Tabu. 3.4.

IIpu KpucTanIU3aLMy paciyiaBoB He Beeraa yjaaeTcs obecleduTnb
KOHCEPBATUBHOCTD NIPOLiecca — BaKHelilee YCI0BHE IIPUMEHEHHUS TO-
ro MeTo/ia JUIst aHaJIMTU4ECKOTO KOHIIEHTPHPOBaHHMS MUKPOKOMITOHEH-
T0B. [109TOMY 1PEACTaBISIOT MHTEPEC HU3KOTEMIIEPaTyplible BAPUAHTbI
KPHUCTALIM3aIMOHHOTO KOHIIEHTPUPOBAHUS, IPH MCIIONb30BAHHMU KOTO-
PBIX NPAKTHYECKM OTCYTCTBYIOT CONYTCTBYIOIME MPOLIECCHI, TPUBOAS-
Il[Me K HapylIeHHIO MAaTepUaibHOro GanaHca KoMIIOBEHTOB. Mbl 110Ka-
34, YTO B aHaiuTHyeckod xumuu OM TakMMM MeTo/laMM MOXeT
6bITh HUBKOTEMIICPATYPHAS HallpaBJieHHas KPUCTALIN3AlIUS BOIIO-CO-
JIeBbIX pacTBopoB aBTekTudeckoro cocraa (HHK BC3J) [43, c¢. 103]
U KPHUCTALITOTH/paToB Heopranuycckux coseit (HHK KI) [43, ¢. 112].
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Tabauua 3.4. AHanutnyeckue BosMoxuocTH LHTHK

Bemecrso | Ilpumecu | C’. . mac.% IT, Meron .
in onpejieeHus

AnmoMo-aMm-
MOHMIHbIE Cl- 2-107 60 OTM

KBaCLbl

Csl Li, K, Mg, 6-108..2.10| 28..100 | ODII, AADII
Ca, Sr, Ba
Mg, Cu, Pb, " 6
NaNO, Mn, Co, Ni 2-10°%.810 29..59 A3C

* ®TM — dortorypbuaumerpus; IPI1 — sMuccHoHHas GoTOMETpUS Iia-
meny; AADT — atoMHo-abcopbunonnan dotoMerpus miameny; ADC — aToM-
HO-9MHUCCHOHHAs CHIEKTPOMETPHUA € AYTOBBIM HCTOYHHKOM BO36ysKaeHHs

.CxeMa ycTaHOBKM /Il HU3KOTEMIIEPATYPHOIrO KPHCTA/IM3ALIM-
OHHOTO KOHLIEHTPHPOBAaHMS, XOPOLIO 3apeKOMeH/[0BaBIlas cebs npu
MCIIOJIb30BaHUM B TeueHHe MHOTHX JIeT, NpeicTaBiena Ha puc. 3.17,
Tpy6uaTble KOHTeiiHepb! A5 11po6 — Ha puc.3.112,0,e,%). [Ipu npose-
JIeHUW HU3KOTeMIlepaTypPHOH HallpaBJieHHOM KpUCTal/IM3aLel CTeK-
JIAHHBIA UM KBapLIeBbli KOHTeHHep ¢ KPUCTAJLIIM3YCMbIM PaCTBOPOM
C 3a/IaHHON CKOPOCTDBIO OIIYCKAIOT U3 30HBI KOJIbIIEBOTO HarpeBareJis
CONPOTUBJIEHNA B XOJIOAMJIbHYIO KaMepy-TEepMOCTAT, 3all0JHEeHHYIO
XKUAKUM auTUGpU3oM. Tenso U3 XOJOAUNLHOM KaMepbl OTBOAMTCA
UcliapuTeseM X0JIOAUIBHOIO arperata KOMITPECCMOHHOTO THNa, JlaT-
YMKOM TEMIIEPATYPbI CAYXKUT KQHTaI(THMﬁ TepMoMeTp. PacTBop Han
PacTylMM CIMTKOM NepeMcliiBacTcs 61arofiapsi peBepcHBHOMY Bpa-
HEHHMIO KoHTeiHepa BOKPYT cOBCTBEHHON BEPTUKAIBIHON OCH.

B BC3 conb 1ic obpasyer iicnipepbiBHOii (asbl, a npucyTeTBYeT
B BH/IE OT/Ie/IbHBIX KPUCTALIUTOB B HENPepbIBHO#M (hase abaa. O npe-
PBIBUCTOCTH CTPYKTYpbi BCO ¢BUETENBCTBYIOT, B Y4CTHOCTH, HONY-
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Puc. 3.17. CxeMa ycTaHOBKM IS HU3-
KOTeMIlepaTypHOii HanpaBJieHHOH Kpu-
CTALIIU3ALUU.

1 — npuBOA BpalleHus; 2 — TPUBOJ
BEePTUKAJBHOTO TepeMellleHus; 3 —
mratdopMa; 4 — IPUBOA PYYHOTO
niepeMeIleHUs TIAaTQOPMEL; 5 — CTOH-
Ka; 6 — KOHTaKTHBIA TEpMOMETD; 7 —
XOJIOAUIbHASA KaMepa; 8 — aHTudpus;
9 — ucnapurtens; 10 — MyAbT ynpas-
nenus; 11 — Memanka; 72 — Kosblie-
BOii 3J7IeKTpoHarpesartesb; 73 — KOH-
TelHep ¢ po6oi; 14 — KOHTPOIbHBIN
TepMoMeTp; 15 — marpoH; 16 — MIKUB;
17 — mmunnens; 18 — npuBoA pyyHo-
TO NepeMelieHHs MIMTHHAES

yeHHble Hamu JlaHibie [60] 06 ux pasjic/icHHMK B IpolCCCe HalPaBJCH-
HOM KPHUCTaIJIM3AIMM HAa ONMCAHHOW BBILIC YCTAHOBKE IIPH MaJIbIX
ckopoctsix f (puc. 3.18).
B Tabn. 3.5 u 3.6 npusenenbl uaMmepennble Hamu [43, c. 105]
addexTHBHbIE M XapakTepucTHYeckue KoadduimenTsl npumeceil B

Puc. 3.18. Pazaenenue BC3 npu pasubix
cKopocTAX KpucTainusauuu (f,,<f,<f )
1 — nén; 2 — cMechb KpUCTaLJIOB JIbAa U
coyH (1S SBTEKTHK KCl—HZO, KBr-H,0,
CsBr-H,0, CsI-H,0 f = 0.8 mMu™"; naist
aprexktnku NalO,—~H,0 f ./, u £ paBHsi,
cootBetcTBeHHO, 40, 20 1 7 MM-u™")
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pasnnunbix BCI. 3nech xe ykaszana cTpyKTypa o6pa3yiolmxcs 9BTek-
TUYECKUX KOMHNO3ULMHA B COOTBETCTBUM ¢ KiaaccudHKalUeH

Ta6muua 3.5. Koadpuumentsr pacnpenenenns HEKOTOPBIX NpUMecei IIpH
HK BC3 (C, 2-10..1-10* mac.%*, f= 6.5 mm-u"!, P=0.9)

Counb [Tpumecs | £ (g =0.6) (¢ ___k(L).gs) CT%yé;ypa
1 2 3 4 5
Li* 0.04+0.01
Na* 0.10+0.03
K* 0.10+0.01
Rb* 0.03+0.01
F 0.07+0.01
Cl- 0.06x0.02
Cu (L) 0.09+0.02
Fe (I1I) 0.06+0.01
Th (IV) 0.08+0.03
U (VD 0.10x0.01
Csl MOHbI -
TAXKEJbIX 0.04x0.01
MCTA/LJIOB
CO,> 0.07+0.02
SO 0.10+0.03
CrO2> 0.07x0.01
apceHaso [ 0.0920.01
rpadut 0.04+0.01
TJIMIHEepUH 0.04%0.02
AlTapHaz 0.0320.01
KHCJIOTa
RbNO, Cu(1l) 0.04+0.01 I
apcenaso | 0.08+0.01
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IIpodonnenue maba. 3.5.

1 2 3 4 5
Li* 0.21+0.02
. 0.76£0.01**
Rb 0.4320.01***
KBr Cs* 0.24+0.04 I
Cu(ID 0.22+0.02
SO” 0.35%0.07
apcedazo I | 0.22+0.01
ClO, 0.37%0.03
KCI SO 0.30%0.05 II
apceraso [ | 0.30x0.04
Cu(1D) 0.59%0.02
KHCO I
> | apcenaso I | 0.45%0.01
Cu(Il) 0.63+0.04
KH, PO v
74 | apcenazo I | 0.48+0.01

* 3mecy 1 panee ns BCO € — HavaibHOE colepaHHe NPUMECH IO
OTHOIIeHHIO K Ge3BoaHOl comy; ** f=7.5 Mmu’; *** f=1.8 Mm-y™!

A.A. Bousapa [61]: I — meskokpucTaiyeckas, 1T — meskokpucTanim-
yeckas ¢ BKJIKOYEHUAMH AeHapuToB, 111 — kpynHokpucTaiinyeckas ¢
BKJIIOYEHUAMM JIeHApUTOB, IV — rpy6blii KOHI/IOMepar.

Hannble 5THX TabJULl CBUAETENBCTBYIOT 0 61M30CTH KOabDHU-
LIMEHTOB pacnpejieseHrs pa3Hblx puMeceil B ganHoi BCD u, BMecTe
C TCM, NOKa3bIBAIOT, YTO 3HAYCHHA k(k,) B Pa3HBIX MaTPHLAX CHJIBHO
pas/IMyaioTcs, Bo3pacTas IPU MepeXofie OT MEJIKOKPUCTANIMYeCKUX
3BTEKTUK K CTPYKTYpe rpyboro KoHrjoMmepara. BbilosHeHHbIC HaMK
OLIBITBI 110Ka3a/IH, YTO MOBEPXHOCTHO-aKTUBHAIC BEHICCTBA [IPAKTHYEC-
K{ He BAUSIOT Ha KO3 UIlMeHTsl pacripeliesieHust npuMeceil 3 BCI.
Cpocobpa3Hoe BIMSIHMC 11a Cerperaliio MUKPOKOMIIOHCIITOB OKa3bi-
BaeT BXOX/EHMC UX B COCTaB KOMILIEKCOB. IIpH MaccoBoit kpucTan-
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Ta6auua 3.6. Kospduuments! pacnpenesienus npuMecy apcenaso | npu
HK BCD (C,=5-10"mac. %, f=6.5 mmy!, P=0.9)

Com Kg=06) | k (g=095) CT%yé‘gypa
1 2 3 4
CsCl 0.0620.02 1
Csl 0.0920,01 1
NH,NO, 0.060.01 1
CsBr 0.08+0.02 I
RbNO, 0.08+0.01 I
CsNO, 0.080.02 1
KCIO, 0.090.03 I
KIO, 0.10£0.02 1
NalO, 0.100.03 I
NH,I 0.100.04 I
KNO, 0.1120.02 I
Na,SO, 0.20+0.02 1
KBr 0.20+0.01 I
KCl 0.30£0.04 11
KI 0.3120.11 1
NHHCO, | 0.32+0.03 I
RbCl 0.320.03 Il
NaHCO, | 034:0.06 I
Na,CO, 0.35+0.02 I
NaBr 0.36£0.02 11
K,SO, 0.370.02 I
LiCIO, 0.38+0.03 1
NaCl 0.410.07 I
MgSO, 0.480.04 11
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IIpodoaxcenue maba. 3.6

1 2 3 4
LiNO, 0.510.11 11
Sr(NO,), 0.57+0.03 11
KHCO, 0.59+0.02 11
KH,PO, 0.63+0.04 v
NaNO, 0.73+0.03 1
NH,CI 0.75£0.12 v
Li,SO, 0.86+0.08 11
NaH,PO, | 088005 v

JM3alK coseil U3 BOJHBIX PacTBOPOB BBEAEHUC MACKMPYIOIMX pea-
reHTOB MHOI/A UCIIOJB3YIOT [JIst [IOBLIUIEHHsI CTelleHH OYUCTKY KpUC-
Ta/imsyemoro BewectBa. [Ipy HK BCO cBsizbiBanne MeTal10-HOHOB
B KOMILJICKCHI C Pa3JIMUHBIMU JIMTAHAAMU TIPUBOAUT K 1IPOTHUBOIIONONK-
HOMY pe3yJibTaTy, T.e. obJicTyaeT MX BXOXJeHue B TBepiyilo ¢asy,
1ipuyeM KoahUIIMEHTB! paclipesesiCHUs IPUMeceit BO3pacTaloT 110 Mepe
yBeJIMYeHNs] MOJISIPHOU Macchl 06pasyIoUINXCS KOMILICKCHBIX COEHMHE-
i (tabs. 3.7). Ecin ofpasoBaiine ry/IpOKCOKOMILIEKCOB M THAPOKCUIOB
3TUX MCTALIOB, a Taloke aMMuakaToB Meau (1I) 1pakTuyeckn He BIMSieT
Ha 3HauyeHust k(k,), TO B IIPUCYTCTBUHM APYTHX MCCJIENOBaHHBIX JIMTAHIIOB
onu pospactaioT B paay NH,OH < EDTA < uurpar < caxaposa < DDTC.
OtMeTuM, yTo 3HaueHUs k st Meau(1l) B NpUCYTCTBUM COMBMEPUMOM
KOHIICHTPaUMH caxapoabl U eé 1000-kpaTHOro U36bITKA pa3IMyaloTCs He
04CIIlb CHJILHO Y B TO XKC BPEMs 3aMETHO TTPEBOCXOMST 3t1a4cHUs KO-
¢uientos pacripepesienust meau(1l) B oTcyTcTBUC caxapo3bl. Y UWTbI-
Bas1 BLICOKYIO TIPOYHOCTE 0b6pasylolierocst Komiulekca u ero cocras (1 : 1),
OTOT PE3YJIbTAT MOXHO WMHTEPIIPETUPOBATh KaK J10Ka3aTeJbCTBO TOTO,
4T0 Ha pactipenenenue meau(1l) B laHHOM cyydae BinsieT 06pasoBaHKC
komiuickea Mesu(Il) ¢ caxaposoid, a He M30BITOK caxaposbl KaK MOCTO-
POHHCTO MAKPOKOMIIOHCHTA, KOTOPBIH MOXKET MPHUBOAMTEL K BOSIUKHOBC-
HKI0 KOHIICHTPALMOHHOIO [ICPCOXAKAEHUS 11a Mpatuile pasiena das.
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Ta6muua 3.7. Koabduuuentst pacnpenenenus npumeceii Cu(Il) u Fe(III)
npu HK BCO B mpucyTcrBun Mackupymomux 106aBok
(C,=510" mac.%, f=6.5 Mm-a~!, P=0.95)

c JlobaBka* u eé u K k,
o | [Ipumecs Konﬁg:glaﬁm, p (8 =06) |(g=095)
- 0.5..11.6 0.21+0.02
NH, (1-107) 10 0.21+0.01
NH,OH (1-10-?) 5..11.5 0.28+0.02
EDTA (1-10Y) 3.9 0.33+0.02

KBr | Cu(Il)
Lurpar (1-10™) 3.126 | 0.37+0.04

Caxaposa (6-107) 11..12.5 0.34+0.01
Caxaposa (1.5-107%) 9..125 0.43+0.01

DDTC (1-107%) 9..115 0.73+0.05
L= 2..12 0.06+0.01
Csl | Fe(Ill) [Caxaposa (%5-10°2) 12..13 0.15%0.02
DDTC (1-107%) 7..10 0.18+0.02

* EDTA — srunenpuamunrerpaaterar; DDTC — ausmnnmoxapéaMHHaT

HManubie puc. 3.19 10Ka3bIBAIOT, 4TO A/ BCEX HCCAEAO0BAHHBIX
9BTEKTHK [10CJIe/0BATCIbHOCTD U3MEHCHUS k NIPU TTepexojie OT OLHOM
COMM K JIPYTOH MJIs Pa3HbIX f OCTaeTcst MOYTH OFHOM W TOi e, a
3Ha4eHMs k ObICTPO YMEHBLIAIOTCS 110 Mepe CHWXEHHS f, cTpeMsch B
npenene .k wymo. Ilocnentee osnauaer, 4yto Ans Beex M3y4YeHHbIX
cucrem k, = 0.

Hpuuntoii 3axpata upumeccii ppoHTom KPUCTAJIJIM3ALMHA 1IpH
HK BC3 moxer 6biTe au60 06pasoBatue TBEPAOrO pacTBopa
3aMCIICHUS € COJMbIO, BXO/IANICH B COCTAB 3BTCKTHKM (TBCp/lble
pacTBOpbI €O JIbIOM, NO-BUJUMOMY, He obpasyiorca [62]), aubo
copbuus npuMeceit NOBEPXHOCTbIO KPUCTANIUTOB 3BTEKTUKH, ANOO
3aXBaT MaTO4HOrO PAacTBOPA, JOKAAUIYIOUICTOCA MCXKLY KPUCTal-
JIUTAMU.
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[epBasi Mogesib He cornacyercsi ¢ paBeHCTBOM HYJIIO paBHOBEC-
HbIX KO3hOULIMEHTOB pacripe/lesieHus, 6IM30CThI0 3(h(EKTUBHBIX KO-
3¢ duimenToB pacnpenenenns pasHbix npumeceil B jganmoit BCO,

k -
0.6
0.4
021
4
0 10 MMy 0 20 fmMmy’
a 6
k
& o1
]
1
[}
L 1 1 1 1 1
? 1 4 235 6 =55mmy’
é 1 11 1 1 1
& 2345 6 FE20
)
5 36 1=6.5
1}
5t s £=3.5
1
) it i1 1 F]
2145 5 6 £=1.8
H
O—35t3 £=0.75

8

Puc. 3.19. 3aBucumocts apbekTUBHBIX K03 PHUHEHTOB paclpe/ieIeHus TIpH-
meceit npu HK BCD or ckopoctn kpucrammmsauuu (a, 6) u oT npuposst
CONM-MaKpoKoMIIOHeHTa (¢) 1ipu g = 0.9.

a, 6 — npumMeck apceraso I (C;=1-107 mac.%) B BC3 na ocnose Csl (1),
RbNO, (2), KBr (3), Na,CO, (4) KHCO, (5), KH,PO, (6);

6 — npnmecx: Rb(C, —1 10° 3 Mac.%) B BCB Ha OCHOBe KBr
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yBeJUYeHHeM 3TUX KOIDPUIIMEHTOB MPU BXOXKIEHUH MeTali/Jo-HOoHa
B COCTaB KOMILIEKCAa. EIMHCTBEHHBIM U K TOMY K€ JIMIIb YaCTHUHbIM
UCKJIOYEHUCM siBJseTcs ToBefieHde npuMecd Rb* npu HK serekTu-
kn KBr—H,O. AnoManbHO BbICOKHe 3HaucHUs k, /18 9TOH NpuMecH
(Taba. 3.5) AalOT OCHOBaHME HPEAIIOJaraTh, YTO NMPU KOHEYHbBIX CKO-
POCTSAX KPUCTANIU3ANMM ITA BbICOKOU3OMODPQHAS PUMECh YACTUUHO
3aMmenaer nonbl K* B kpuctanamrax KBr; oxHako saBucumocts k(k, )
OT f AJIs1 HTOi IPUMECH KAUeCTBEHHO He OTJIMYAETCS OT aHaJOTUYI[bIX
3aBUCUMocCTed s Apyrux npumMeceit B BCO, a limk npy f—» 0 n 8
9TOM cJyvae paseH Hymio (puc. 3.196).

BbiGop Mexay ABYMsi IPYrHMH MOJEJSIMHM, YKa3aHHbIMH Bbillie,
MOJKHO c/le/IaTh U3 PacCMOTPEHUS! 3aBUCUMOCTH k OT CTPYKTYDbI 9BTEK-
THKH. B Me/KOKpUCTaIIMYecKMX 3BTEKTHKAX 3a30Pbl MEXY KpUCTaI-
JIMTaMy — HaMMeHBIIINE, 2 CYMMapHast IIPOBEPXHOCTb — HauboJbilas, B
clyyae rpyboro KoHrsoMepata — Haobopor. Kak BHAHO M3 aaHHBbIX,
fpecTaBieHHbIX B Tabs1. 3.5 u 3.6, HauMetbline k HaGmoAAIOTCS B Cy-
Yae OJHOPO/IHbIX MEJKOKPUCTA/LIMYECKUX IBTEKTHK, Hanbosbline — B
CJly4ae DBTEKTHK, MMEIOIMX CTPYKTYPY rpy6oro KoHrioMepata. 1o jaer
OCHOBaHHMe [1PE/LIIOJIOKUTD, YTO IPUMECH 1IPeUMYHIECTBEHHO JIOKAIU3Y-
0TCsl B 06beMax MaTOYHOTO PacTBOPA, 3aKIIOYEHHOTO MEXAY KpHCTal-
JIMTaMH, a He Ha UX IOBEPXHOCTH. DTO IPe/lNoIoKeH e MOATBCPIK/IAeT-
Cst ONBITAMU C BBEJICHYWEM MOBEPXHOCTHO aKTUBHBIX BetecTB. Ecan 6bl
NpUMecH cOpOMPOBATHCH NIOBEPXHOCTbIO KPUCTALIUTOB, BBeicHue TIAB
JOJDKHO Obi1o Gbl YMEHBIIUTL KO3POUUMEHTDI pacripeiefieHHs, Tor/a
Kak B IeViCTBUTEJbHOCTH OHU TMPaKTHYECKH HE U3MEHUJIHCH.

ITo Bozpacranuio kKoahdUUMEHTOB pachnpejiesieHus npumeceit
MOHbI COMIM — MaTPULbl MOXKHO PACIONOXKUTh B ONPENEIEHHOM [10-
panxe. Husxe npuseieHbl HpUMEPBI TAKUX MOCAEAOBATCAbHOCTEN:

B Hurpatax: NH; < Cs*, Rb* < K* < Li* < Sr?* < Na*;

B xjopujax: Cs* < K* <Rb* < Na' <NH; ;

B cyibdartax: Nat < K* < Mg? < Li;

B consix kamsi: ClO, <I10; <Br <Cl-<I-<SO? <HCO, <
<H,PO;, .
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Puc. 3.20. 3aBucumocts acpdexkTuBHbIXx K03HUIHEHTOB paclpeaeseHns
npumeceil B BCO oT TemnepaTypHbIx k03 dHIMEHTOB NOABMKHOCTH &, HOHOB
COIM-MaKPOKOMIIOHEHTA [JIS HeKOTOPhIX HUTPATOB (a) u cosell Kanus (6)
npu f= 6.5 MMy~

[IpuBenenHble psabl coorsercTBYioT (puc. 3.20, 3.21, 3.22) no-
CelOBATEJIbHOCTY U3MEHEHUSl TaKMX XapaKTepUCTHMK TUJpaTalluu
MOHOB, Kak TeMIlepaTypHbli koachduumesT noasmxHoctH [63, c. 92],

a k 6 k
%
MgSO .
L 104 10.2
K, SO,
-24 0 24 -16 -8 0

Qo . kpK-Monb”

Puc. 3.21. 3aBucumoctb a¢pekTHBHBIX K0 PULHEHTOB pacTipeeleHUs IIpH-
Mecedt B BC3O or uHTerpaibHolt TemIoTe pacTBopeHMs (), COMM-MAKPOKOM-
IIOHEHTa /I HeKOTOPBIX cybhaTtoB (a) u xnopunoB (6) mpu f= 6.5 mymyu™!
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Puc. 3.22. 3asucumocts 3¢dextuBHbIX K03 DULIMEHTOB pacnpeznenenus
npumeceit B BCI or suTponuu ruzpatanuu AS ', HOHOB COJIM-MaKPOKOMIIO-
HEHTa /711 HEKOTOPBIX XJIOPUAOB (@) U HUTPaToB (6) ipu f= 6.5 MM-u™!

DHTpONHUA rufparaund [64, c. 133], rersora pacropenus (coneii ¢
061IMM TTPOTHBOMOHOM) [63, c. 117]. Pasanuus B nopsajke pacnoso-
XEHUA MOHOB B NPHUBEJEHHBIX PAJaX, MO-BUAUMOMY, 0ObACHSIOTCS
BAMSIHUEM Ha MX TU/PATALHIO NPUPOAbI IIPOTHBOMOHOB.
B3anMocBs3b rupaTaliit MOHOB OCHOBBI, CTPYKTYPbl 3BTEKTH-
KW U paclipefie/IeHUs] MUKPOKOMIIOHEHTOB MOKeT nmerb'c.ﬂeuylomec
obbscHetue. IIpu 06pa3oBaln CMTKA NEPBBIM HAYMHAET KPHCTA-
JM30BaTh JIE, 4TO OGBACHACTCA TPYAHOCTBIO 3aPOX/AEHHUs TBEpAOi
(asbl conu BBUAY ruApaTalMu eé HOHOB. B6ausu dponTa KpucTan-
nu3aumn obpasyeTcst 06OraluEHHBIN COMBIO CIOH pacTBopa, B KOTO-
poM TemllepaTypa 61M3Ka K 3BTEKTHYECKOM, NOITOMY 3/1eCh [10SIBIS-
I0TCA 1IePBUYHbIC KPUCTA/LIBI COTM MUKPOCKOIIMYECKHX pasmepoB. [Ipu
KOHEYHOW CKOPOCTHM KPUCTANIU3AIMH BEPOATHOCTb MX HOSIBJCHUS
(2 3HaYMT, M YHUCJIO ITUX KPUCTALIOB) TeM BBILle, YeM MEHbILE [0JI0-
KUTeNbHast rujipataius [63] nonos cosn u, ciienosatenbho, pabota
Aerunparanun. [locnepnss onpenensieT nepecolicHue, HCOOXOAMMOC
A1 TOABJICHUSA NEPBUYHBIX KPUCTALIOB. DTU KPUCTAILIbI YBEJTUYHU-
BaIOTCS B Pa3Mepe, MHOTOKPaTHO OCEAAIOT Ha MOBCPXHOCTD JIbjla, CTaJl-
KMBAIOTCA APYT € IPYrOM M CAMNAIOTCA B KPUCTALINTLL B onpese-
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JEHHBIH MOMEHT BpeMeHU KaXIbIi U3 KPUCTAIIHUTOB BPACTACT B NE[,
obpa3ys cBoeoGpasHblit 1MddY3HOHHDIN CNOH, a 3aTeM 3apalMBaeT-
€A HOBBIMHU NMOPUMAMH JIbA Y CONU. MATOUHBII pacTBOP, 3aKJIOUEH-
HBIA MCXKAY KPUCTALIHTAMH, OKA3bIBAETCS B 11CPEOXNaXKACHIOM CO-
CTOAHMU U 3aMep3aeT, a HaxoJdllyecss B HEM IIPUMeECH 3axBaTbiBa-
ioTcs TBEpAOH ¢a3zoil. UeM 6osbile pasMepbl KPUCTaAIUTOB,
olnpejiesisieMble NPUPOAOH MakKpOKOMIIOHEHTa M, B KOHEYHOM CUéTe,
rujipatalieil HOHOB COJIM, TeM GoJiblile TaKoH 3axBaT M TeM Bblille
addeKTnBHbIe KOAPGbULIMEHTI pacripefie/IeHUs PUMECEH, He3aBUCH-
MO OT UX [IPUPO/IBI.

Onucannas Monenb 06bICHSET cTPpeMJIEHHE K Hy 10 9ddeKTHB-
HbIX KO2(hdHULUHMEHTOB pacrpeseneHus npH f— 0, 3aBUCUMOCTb 9TUX
K09 GULMEHTOB OT MPUCYTCTBUS MacKMpyIOlIMX A06aBoK v pasjc-
Jeive BCO npu MasbiXx CKOPOCTSAX KPHUCTALIHM3ALMH B YCJAOBMAX
PEBEPCHBHOTO BpallleHUs! KOHTelHepa.

Tomumna anddy3HoHHOTO €10 B TAKUX CHCTEMAX COM3MEPH-
Ma ¢ pasMepaMu MUKDOKDUCTALIOB cosd. JlJisi ollMcaHus 3aBUCUMO-
cTeil k oT f 3a npeielaMM HECTAllMOHAPHOTO YYacTKa B Hayajle pocTa
1oJiy6ecKOHEYHOro CJMTKA UCMOJb3YIOT M3BECTHOE ypaBHeiine Bap-
toHa-IIpuma-Cauxrepa |46, c. 29]:

‘e 1
1+ [(k,)-1]e

(3.18)

rie 6 — Tonmuna aAuddysuontoro cios, D, — koabduument and-
dy3un mpuMecH.

Ho ¢ nomoupio 370ro ypaBHeHMs Heib3si paccuurtaTh k 1
3ajlaiiol ckopocty f, ecan k, =0, T.K. B 3TOM caydae 1ipu a06oi
ckopoctu kpuctaanuzauuu k = 0. [losyyerHnble HaMu aKcHpumen-
TaJbHbIC Aalibie NpU f<7 MM Y/IOBJCTBOPUTENbHO OIMMUCHIBAIOTCS
ypasHcHueM VM.A. MepxanoBa u A.I. Aitkuna, KOTopoe Ipejuloxe-
1o [63] anst sasucuMocTu k oT f B 061aCTH MasblX 3Ha4YCHUl CKO-
POCTH KPUCTANIM3ALMUU 1IPH HECTALMOHADHOM PEXUMC POCTA CJLUT-
Ka KOHEeYHO#H JIJIMHBL:
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1

1
— =4 3.19
—k 1=ky D, o (3.19)

IJic Y — OTHOIICHHE MJOTHOCTCH KPUCTAJIA M KUK (asbl.

ITonyyaembie u3 aToro ypasHenus ouenku 8/D, (104 c-em ')
npu k,=0 paBubl coorBercTBeHHo 0.4, 0.5, 0.6, 0.9 u 1.2 xax
RbNO3, KBr, KCI, KHCO, u KH,PO,. Ecau nipuustsb D, =110"%
cM*c™!, To 3HaucHMA & (B MM) YMCJIEHHO PaBHbI IPUBCACHHBIM OIiCH-
kam &/D, (10*c-cm™'). HenocpeacTBeHHo uaMepetitble MHeHHbIE p;m-
Mepbl kpucrannautos s BCO na ochose Csl, KCI, KBr u KH, PO,
OKa3ajuchb paBHbIMU cooTBeTcTBeHHO 0.03, 0.2, 0.3 u 1.1 mM, Te.
Ans aBTekTHK Ha ocHose KBr, KCl nu KH,PO, onn cpaBuumsbl ¢
oneHkaMu 6. MoxxHo nosiarars, uyto sns BC3 CsI-H,O snavenns 6
6m3ku K 0.03 mMMm.

Tsépabie pacTBOpbl KPUCTAJIIOFHPATA AaHATTM3UPYEMOI COH H
OTIpe/le/IAeMOro MHKPOKOMIIOHEHTa 06pa3yIoTca LD B TeX CpaBHH-
TeJIbHO PEIKUX Cy4asix, KOr/la IPUMECh IIPUHMMAET NpPOCTPaHCTBCH -
Hylo cTpykTYpy ochoBbl. Tlosromy nmpu HK KT IIPUMECHBIC HOHbI
Yallle BCEr0 pacroJiaraloTcs Ha CTPYKTYDHbIX JedeKTax KpHCTaliu-
YeCKOM PelIETKH, U PaBHOBeCHbIE KO3((PHULIHEHTDI pacnpenejleunﬂ 1pu-
Mecei B M3YUYeHIbIX HAMU CUCTEMaX HEBEJIMKH.

B Tabs1. 3.8 npuBencbi oueHkH k, 1 8 1o ypasnetuio (3.18) Bap-
Tota-IIpuma-Cnxrepa ¢ MCIONB30BaHMEM BCPOSITHON OLIIKM KOAd-
¢uumenta anddysnn B Boano-conieBom paciiiase D, = 1-107 cm?c™
O upumennmocty ypastehus (3.18) B gatitiom ciiyuae cBUCTENLCTBYET
IIPAKTHYECKM JinHenas 3aBucuMoctb Ig(1/k—1) or /< 15 MMy’

OtmeTuM, 4TO 3HaycHUA k, 1pU HampaBJjienHOW KpUCTaslin3a-
1imu Nal-2H, 0O s3iaunTenbio Hyke, 4eM Nnpu HarpaBaeHHON KpUCTal-
JM3anMu 6e3BOANON0 MoanAa HaTpHs (puc. 3.12), uTo TIOATBCPXKACT
IPEAIIONOKEHUE O JIOKANU3ALMN IPUMECEiT H1a CTPYKTYPHbBIX Jicdek-
tax KT. Oanako 1ipu peaisyeMbix Ha npaktuke snadenusx [ koad-
uienTsl paciipeaenciivs & u k, cyliiecTBeHHo Gosbine k, u3-3a 3na-
UMTEBHOM ToslMubl AMdysnontoro caos (0.2...0.6 Mmm) u upucyT-
CTBUA Ilcpel rpavvieil paszena (a3 HPOAYKTOB YaCTUUHOFO
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Ta6anna 3.8. Ouenky &, u 8 ans npumeceit npu HK KT

BemectBo IIpumecs k, 5, MM
Li- 0.021 0.5
K- 0.016 0.5
Rb- 0.059 0.3
Nal-2H,0
Cs* 0.024 0.6
Cl 0.020 0.4
Cu(l) 0.090 0.3
LiNO,-3H,0 Cu(Il) 0.107 0.3
MgBr, 6H,0 Cu(Il) 0.039 0.2
Cu(I) 0.051 0.3
Cd(NO,),4H,0
Cl- 0.047 0.2
Cu(Il) 0.001 0.4
N‘HAAI(SO4)2~12H20 Fe(III) 0.006 0.3
Cl- 0.012 0.2

Tepmudeckoro passoxenuss KI. Mbl 1nokaszanu, 4to aTv Hexena-
TenbHble 3¢ eKTsl YCTPaHseT BBelleHHe OITUMaTbHOIG CBEPXCTEXH-
OMETPUUCCKOro KoJuuecTBa BoAbl (puc. 3.23), cosnalive BbICOKOrO
(no 6..7 K-MM™') rpaavenTa TeMiepatypbl Ha (hpOHTC KpHUCTaIU3a-
unn (puc. 3.24) ¥ MUHTEHCHBHOE NMPUHYAWUTCIbHOE MepeMelinBaiye
XKUAKoH ¢asbl.

kL
087

Puc. 3.23. asucumocts k, or Monsp-
HOTO OTHOIIEHUS! BBEJIEHHOW BOIBI M
com, n(H,0), na nprveceit mema (11)
B Nal-2H,O (xpuBas 1, g=0.4),
Cd(NO,),4H,0 (xpusas 2, g=0.5) u
NH,AI(SO,),12H,0 (xpmsas 3,g = 0.9)
mpu C,= 110" mac%, f=85 vmu

0 1 2 ny(H;0)
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k.
Puc. 3.24. 3asucumocts k, npn HK KT ot rpazu-
eHTa Temneparypsl G, (K-cM™') Ha rpanune pasne- 01k
Ja ¢as ana npumecn Cu(ll) B amomoammonuit- =
HBIX KBacuax npu C, = 1-10* mac.%, f=8 Mm-u™!,
g=09
0 50 G,

Haiizennbie 3aKkoHOMepHOCTH NOCIYXMIM OCHOBOI 118 aHATN-
THUYECKUX TMPUTOXKEHUI HU3KOTEMIICPATYPHOH HalpaBleHHOH Kpuc-
TalIM3auuK. B 4acTHOCTH, BIM30CTL 3HaYeH Ui k(k,) pasnbix npume-
ceil B laHHO# OCHOBe, XapakTepHasi He TobKO /i BCI, Ho B nep-
BoM npubauxenuy u ans K[, nossoauna addekTUBHO
KOHIIEHTPHPOBATb IIPUMECH JII06OH MPUPOLDLI, B TOM YHCIIE W XHMH-
4ecKHe aHaJIorH OCHOBBI, £0H[ICHTpMpOBaHHC KOTOPBIX IPYrUMH Me-
ToZamu 3atpyiHeHo (Tabi. 3.9). JkcrpakumoHo-GoToMeTpudeckoe
OllpeAe/IcHHE JKesle3a B a/lloMO-aMMOHMHHBIX KBacLiax B BH/e KOMII-
Jiekca ¢ 6aTodeHanTpPOIMHOM M KaAMMs B HUTpaTe IMIKa B BUe
AWTH30HATa COYETAETCS C IIPEABAPUTENbHBIM KPUCTANIM3ALMOHHbIM
KOHLEHTPUPOBaHUEM OIpE/ie/IIeMOi IPUMecH. ITO OlPaBAAHO Me-
LIAIOLIUM BIUSAHNCM OCHOBBI Ha pesy.ibTathl IDO: B 11cpBoM ciyyae
MaKCHMMaJIbHOC CoZiepaKatine KBaclloB B BOAHOH (baze JOMKHO ObITh
He Gosbie 0.5...1 r, BO BTOPOM — 6e3 npuMeHcHUs TOKCHYHOTO IMa-
HU/Ia Kanus KaJIMH MOXXHO OTIDEENIATD NPH [IOMOIUM IMTH301A TOMbKO
lipn MaccoBoM otnouennn Cd : Zn, He npesbimaioiem 1 : 200.

Ta e ocobeHHOCTD 110Be/ieHns NpUMeceii B paccMarpuBaeMblx
CUCTEMAX MOCTY3KUJIa OCHOBOH [IJIsl paspaboTKH METOAMK UX MHOTO-
KOMIIOHEHTHOTO WM IPynNoBoro onpejeiexns (tabu. 3.10). B nep-
BOM cJlyyae KOHLUEHTPATbl aHalM3HUPOBAIM IPH TIOMOLUM O/IIOTO M3
MHOTGKOMIIOHEHTHBIX MeTO/0B, Hanpumep, ADC, COM, POC win
VOHOMETPUH € HOCICAOBATEILHBIM HCII0/Ib30BAINCM HECKOMBKUX MOHO-
CEJIEKTUBIBIX 3JIEKTPO/IOB. JLA PeHTreHO(MIyOpecIleHTHOTO aHain3a
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Tabnuna 3.9. XapakTepHcTHKH MeToaUK onpegenenus B OM xumuueckux

AHIOTOB OCHOBBI C NMPENBAPUTENbHBIM KOHLEHTPHPOBaHUEM ITpUMeceii

NpH MOMOLIM HU3KOTEeMIIEPaTyPHOH HalpaBIeHHOH KPUCTALIH3ALNH

_ . : , Meron i
BeiectBo lpu- | Pac £ o k * tim | T1. | onipene- Jlurepa
Mech | IuiaB|MM-y Mac.%| -] Typa
JIEHUA
Li* 0.077+0.009| 3-10-¢| 70
Csl BCa| 75 201 | [66]
Rb 0.060+0.008| 3-10-| 70
cst | Br [Bca| 120 | 0.16+0.02 |510] 100] poc | [67]
Csl Cl- |BC3| 65 [ 0.06£0.02 | 210¢[100] OTM | [68]
Li* 0.3820.03 [ 1-10%] 20| 30
75 ’
KBr Rb- BC3 0.76+0.01 | 110 3 | AADII| [69]
1.8 | 0434001 | 1-105] 20| 2@
AnioMo-
PO Fe(D)| KT | 80 | 0102002 | 1105 20| a0 | [T
KBacClibl
Humpar | | kr | 50 | 0204002 |410s] 25 aao | [
IIMHKa
Humpar 1y | kr | 50 | 0052001 [2105] 50| asc [ [71]
JIaHTaHa
Humpar Zn(I)| KT | 80 | 0.16+0.01 {210 15| A3C | [72)
KaaMusa
*P =095

** OO®II — smuccuonHas doToMeTpus miamenn; POC — peHtreHodgyo-

pecuenTHas cnextpomerpus; AADII — aromHo-abcopburonnas ¢oToMer-

pus niamern; @TM — dotorypbunumerpus; IPO — aKCTPaKUKHOHHO-

dotomeTpuyeckoe onpenenenne; AIC — aTOMHO-IMUCCHOHHAS CIIeKTpo-

METPHsI C 1YTOBHIM MCTOYHHKOM BO30YXICHMS.

KOUICHTPATOB U3 HUX U3IOTABJIMBAIN KBa3UTBEP/Ible U3NYYATENN HA
OCHOBC XenatuHa (cM. pasit. 2.3.3).




Tabsuua 3.10. Xapakrepuctiuky Metoauk rpynnosoro (I'p) u MHorosnementHoro (M3) onpenenenus npume-

ceit B @M ¢ ux mpexBapUTeIbHBIM KOHLEHTPHPOBAHUEM NIPH MTOMOIIM HU3KOTEMIIEPATYPHON HanpaBAeHHOM

KpHCTaJIIXI/ISaHI/II/I
Merton
BemectBo | Ilpumecy | Pacnnas M;ﬁ - k* C\. » Mac% I, omnpeze- Jlue-
JleHua* * parypa
1 2 3 4 5 6 7 8 9
NG cl- ses | 1s 0.0420.01 610 100 UM 73]
’ Br- ' 0.02+0.01 1.10° 100 | (M3)
Cu (LII 0.09:+0.02 210" 60
Csl 2D opeg | g COM |74
Fe (11, 1I) 0.025+0.007 1-106 90 (M2)
U (VI 0.10£0.01 5107 120
Csl D 1 pea | 115 COM | a5y
Th (1V) 0.08+0.01 51077 120 | M)
Co, Cr (IID),
Amomoam-|  Cu (II),
woruimie| Mn (1), | KO | 8 0.(0+5(.)..(§)1.§1 2.107"... 3-10°¢ | 30... 50 (Al\fg) [76]
KxBacubl | Mo, Ni, Pb, -
Ti, V
Bi, Co,
Cr(IILVD),
Humpar | ol Mg | KT | 8 Okof(')'é)i“;’s 7107.. 210% | 10..67| 4TS | (72,77
an Mn (II), Ni, =
Ti

9¢1

NHDUG 'Yy



[Ipomoxenue

1 2 3 4 5 6 7 8 9
Csl, CsCl, Ag, Bi,
NH,NO,, | Cd, Cu (1I),
CsBr, Fe (I11), In, 0.06...0.11 05 2.40-6 POC
RbNO, | Mn (II), Ni, BC3 11.5 (£0.01) 2:-105.. 3-10%| 63... 76 (M) [24]
NH,I, |Pb, Te (IV),
KNO, Tl (I1I), Zn
Cymma
RbNO, | Ag Bi,Cd. | BCO | 11.5] 0.10£0.01 5107
| CudD, M~t, | 200
Mn (1I), Ni, 3 p
Csl Pb, Te (IV),| BC3 11.5 0.04+0.01 5103
Tl (III), Zn
ocy:;f;_ KM wn
Csl p BC3 11.5 0.04+0.01 2:1075 100 oM [79]
YecKUX
e (Tp)
puMeceit
*P =095

**1IM — nonomerpus; KM — xynonomerpus; [IM — pH-notennuomerpus; COM — cnextpodoTomMeTpus
(MONIeKyITpHAas afcOPOLIMOMETPHSI) PACTBOPOB; OCTAJIbHBIE COKPaNIEHUS YKa3aHbl B MOACTPOYHOM IPHMEYaHHU

K Tabauue 3.9

£ vovrJ

LET
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IIpu ucnonb3oBanum rpymiosbix MeToamk CYMMY POJICTBEHHBIX
TpUMecei onpesiessiv B BUAE OMHON aHATUTHYECKOH opmbl. MeTo-
ANKUA TPYMNIIOBOIG ONpe/le/ieHHs! NIPOLile METO/IMK OMNPeIcIeHHs Kax-
ROW M3 NPUMECCH B OTAENBHOCTH U B TO XKe BPeMA JAI0T JOCTATOY-
Hylo uHdopMalio 06 yposite ynctotel OM, ecii BiUsHUe pasHbix
NPUMECEH Ha €ro MoJie3tble CBOHCTBA B MEPBOM IPUGTHKEHUN MOYK-
HO CHMTATh AALMTUBHBIM. CyMMY TSKEJIbIX METAJIOB M MOJNyMeTa-
JIOB B COJIAX Pybuans u uesus — Ag(l), Bi(IIl), Cd(1I), Cu(1D),
Fe(I1I), In(111), Mn(II), Ni(IT), Pb(Il), Te(1V), TI(11I), Zn(1I) —
OTPE/Ie/IAI MO CBETONOLOIEHHIO B YD 06/1acTH CIICKTPa AMITHI-
smrroxap6amunara prytr(IT) nocse npoBefeHns o6MeHIbIX peakiuii
MEX /1y KapOaMHHATHBIMU KOMILIEKCAMU Ompe/le/isieMbIX 3JIEeMEHTOB B
opranuyeckoit dase u monamu Hg(II) B Bomioit (daze, Bbipakas
PE3yJIbTAT aHaNN3a XUMHYECKU 3HAYMMON BEIMYMHOIH — MONSAPHOI
MONIER DKBUBAIEHTA CYMMbl OIpeRe/isieMbiX npuMeceit B uccienye-
Moit conu (CcM. pasj. 3.1). Ykazannoe SKCTpakiMonHo-hoToMeTpHyec-
KO€ onpesiesieH1e MOXHO 6bLI0 bl BbIIOTHUTE U3 10 T aHaIU3HpyeMO-
ro BeulecTBa 6e3 MPUMCHEHHs KpUCTALTM3ALIMOHHOTO KOHLIEHTPUPOBa-
Husi. B naHHOoM cayuae HU3KOTeMIlepaTypHas HanpaBiaeHHas
KPUCTAIU3aNM Obi1a MCMONb30BAHA IS SKOHOMUM JOPOroCTosIEero
allaM3UpyeMoro BCLIECTBA: TOYTH BeCh MCXO/IbIA obpadeil Maccoit
10 r nocse ot6opa konuenTpara maccoii = 0.1 r BO3BpAlAJICH B IPOMU3-

Bo/cTBO. I1pu Takom ananuse 11, = C; /Cim =1, TOIA KaK OTHOMIEHHE

Macc OpOroCTOALICIO MaTeprasa, pacxojyeMoro 6€3 KpUCTaIM3al1-
OHHOTO KOHIEHTPUPOBAHUS U C €r0 NPUMEHEHHEM, T.e. 11, =100.

Bimsocts koahduitenTos pacnpesesenms campix pasHbIX opra-
Hudeckux fipumMeceid npu HK 3Brextrku CsI-H,0 nossosnuaa onpe-
ACNATb CYMMY STUX [IDUMECCH C MX NPEABAPUTCIbHbBIM KOHI[CHTPUPO-
Batinem npu nomoun HK BC3; ananmurnueckoii dhopmoil B stom
cilyyae 6bl1 JIMOKCMAL yrieposa, a pe3y/bTaThl BbIPAXKAIM B BUJIC
COAEPKAHUS OPraHUYECKOTO YTJIepoJia.

Kucnopoacoaepxkauime anuonubie IpuMecH (OKCOaHUOHbI) Cy-
HECTBEHHO YMEHDIIAIOT ONTUYECKYIO TPO3PAYHOCT MOHOKPUCTAILION
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Ta6muma 3.11. XapakrepnucTHKH METOHK OTpee/IeHNs IpUMecel
KHMCJIOPOACOAePKAIMX aHHOHOB B (DM ¢ X IIpeiBapUTEIBHBIM KOHIIEHTPHPO-

BaHHEM TPH MOMOIIM HU3KOTeMIePaTyPHOH HalpaBeHHOH KPUCTALIM3alHH

MeTop, Tlure-

Bexectso [Ipu- | Pac-| f, I * (O o | o™ | ar-
Mech | miaB|Mm-u! L Mac.% ' | nere- pary

Hm** pa

CO. | BC3| 11.5 [0.09:002] 410 | 66 [ kKMA ] [80)
Csl | SOz [BCa| 75 [0.10£0.02] 310 ] 100 [ @T™M] [81]
Cro | BCa| 115 [0.07x0.01] 210 | 70 [coM]| (82
s0, [ BCa| 11.5 [0.08+0.02{2.510¢| 20 | KMA] [83]
5,07 | BC| 11.5 [0.0920.02] 2510 20 | kmA [ [84]
NO, | BC3| 80 [035:0.02] 1-105 | 30 [com]| (85

7.5 [04120.03[ 510 | 50
SO | BCa - OTM | (86)

1.8 [0.12+0.01] 110 [ 100
Clo,; [BCa| 1.8 [0.20:0.02] 1105 | 50 [com] [68]
Co. | BC3| 115 [0.30:002] 410+ | 25 [ KkMAT (80]
SO2 | BCa| 11.5 [0.32:0.02] 210 | 23 [kMmaA[ [87)
€O | BCO| 115 [0.22+0.02] 210 | 36 [ kma | [80)
KBr | SO [BCa| 115 [0.23+0.02| 1510 35 | kma | [87]
s02 |BCa| 7.5 |047x006] 310 | 17 [©TM] [86]
KClo, | SO [Bcal 11.5 0.09x0.02] 810 | 63 [ kma | [87]
5,02 | BCa| 115 [0.12:002] 2107 | 26 [ kMma | [84]

CsNO,

KCl

KNO, -

507 |BCa| 115 [0.1120.02] 210° | 28 | KMA | [83]
NH,NO, | 502 [BCa| 65 [0.08£001| 1105 | 50 | @T™ C[@]
o , B 43,
LiNO;3H,0| NO, | KT | 80 [017002f 2107 | 10 [com | [

*P=0.95

** KMA — kuHetuueckuil Meton anamnsa; COM — cnextpodoroMeTpus
(MosnexysipHas afcopbLUMOMETPHSI) PacTBOPOB; OCTATbHbIE COKPAIEHHUS
YKa3aHbl B IOACTPOYHOM MpUMeyaHuH K Tabiune 3.9.
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TaiorcHUIOB LeoYHbIX MeTaIoB B YO 1 MK obnactsix cnexrpa, yxya-
1IAIOT CBETOBBIXO/L M HEPTeTHYECKOE PaspellCHUE CLUWHTHIAIMOHHDIX
MOHOKPHCTAJIJIOB, CHIKAIOT X PafMaliMOHHYIO CTOMKOCTD, & TakkKe Jiyde-
BYIO 1IPOYHOCTh MOHOKPHCTA/IOB, HPUMELISIEMbIX B KAYCCTBC OKOH Ta30-
BbIX JlasepoB. Kucjiopogcosiepxaliivie PUMCCH MONMAAAIOT B KPUCTAILIBI
M3 MCXO/HOTO CBIPbfl, a TaKkxKe 00pa3ylOTCs MPU UX BbIPAILMBAHUU B
pesyJibTaTe B3aMMO/IeHCTBHs paciljiaBa ¢ Baroi u arMocdepHbIMU rasa-
MHU. Bo3MOXXHOCTH onpefiesieH!st TaKUX PUMeCed B BBICOKOUMCTBIX €O-
JISIX IEIOYHBIX META/LIOB OTCTAIOT OT TpeBOBAHMiA TEXHOJIOTHH MOHOKPH-
CTaJLJIOB, Npe/ieJibl UX OfpelleJICHUs, KaK MPaBUJIO, HaXOJSTCS Ha ypoBHe
107 mMac.%. Y HUBepCaIbBHOCTb HUBKOTEMIIEPATYPHOI HallpaBJieHHOM Kpyic-
Ta//IM3alMK [I03BOMW/I2 MPUMEHUTD STOT METO/ /LIS NpeBapHUTENLHONO
KOHLIEHTPUPOBaHUsI YKa3aHHOM IPyTIbl IIpUMECE M CHU3UTh 3HAaYeHUs
C,,,Ha 1.5-2 nopazka (ta61. 3.11), 4To, B YaCTHOCTH, AAIO BO3MOXHOCTD
M3Y4YUTh KOHLEHTPALMOHHbIC 3aBUCUMOCTH CLIMHTUILIALMOHHON adek-
TUBHOCTH MOHOKpHUcTa/wioB CsI u Csl : Na ans aTux npumeceii v yctaHo-
BUTDb TPeGOBAHUSA K YDOBHIO, YHCTOTHI UCXOJHOTO ChIPbSI.

O HeTpHBMaNBHOM NPUMEHEHHH METOAA KPUCTaNIN3ALUOHHOIO
KOHHeHTpupoBaHHs coobuuin JLA. JInteutos u C.A. Tkauetnko [88].
Ouu nokasanu, 4TO pacTBOPeHHbie B PaciliaBe OKCHIA aTiOMHHUSA
ra30BBIC [IPUMECH MOXKHO KOHLEHTPUPOBATb NIPH BbIPALUBAIIMN KPH-

t
—~—"1}
2 |7,

Puc. 3.25. ®opmupoBaHue 1ojio-
CTH OTTECHEHHBIMH Ta30BBIMH
IPUMeCSMH NPU BBIPAIUBAHHH
KpHcTa/Lia o Metony CrenaHo-
Ba. 1 — ¢opmoobpasosatess;
2 — kpucraws, 3 — obmactb pac-
CpeloTOYeHHUS Fa30BbIX BKIIIOYE-
HUif; 4 — TIOJIOCTB, 3aNOIHEHUA
ra30BBIMM [IPUMECSIMHU
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r

Puc. 3.26. I'a3zoBble mprMecH, CKOHUEHTPUPOBaHHbIE B KPUCTAJIAX TIPU pas-
JINYHOU YUCTOTE UCXOTHOTO CHIPBA.

Conepxanye pacTBOPEIHBIX Ta30B B 0Opa3iiax, MpeicTaBaeHbiX
1a doTtorpadusx, yobiBaeT B MocjefoBaTeAbHOCTH a > 6 > B > T

cTasnnoB 1o Metoay CrenatioBa AJIsi UX MOCEAYIONIEro Macc-ClieKTpo-
MeTpuueckoro anajsusza. Ha puc. 3.25 cxemaruyecku pejcrasieti
1IPOILeCC KOHIICHTPUPOBAHUS Ta3oB, Ha puc. 3.26 1okazal BHeUIHUH
BU/I KPUCTAJIOB, COACPKAIIMX KOHLEeHTpaTbl iipuMeceil. [To-BujMMo-
MYy, TIOAOBIBIA TIPOIeCce MOXKHO HUCTIONb30BATh JLis aHAIMTHYCCKOIO
KOHICHTPHUPOBaIINS 'A308, PACTBOPEHHBIX H B APYIUX BLICOKOTEMIlE-
PATYPHbBIX pacivlaBax.
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3.4. Copbums 1 coocaxneHne MUKPOKOMMNOHEHTOB

CopbuKoHHOe KOHLEHTPUPOBAHHE ONPEEAeMbIX MUKPOKOMITO-
HEHTOB Yallle BCero UCHOMb3YIOT /A aHAIM3a BOJA K OMONOrMYECKUX
HKHUIKOCTCH; TeM He MeHee, 3TOT METOJ MOXeT MPUMEHATbCS M B
aHanmuMTHYecKoi xumun MM nocsie ux nepesenietus B pactsop. Hau-
6oJibliee paciipocTpaHeHHe MOJTYYHIH XUMUYECKH MOAM(ULIMPOBaH-
tbie COPOEHTB! ¢ UMMOGHJIM30BAHHBIMM Ha X MOBEPXHOCTH MJIM B UX
obbéMe KoMILIeKkcoobpasyouMn pearentamu [1, c. 51, 89, 90, 91].
MarpuiamMu TakuxX cOpOEHTOB CJIyXKaT KPEMHE3EMBI, 11eJL110J1032, CHH-
TETHYeCKHe TOJUMepDI, IleHononypeTanbl. MHoraa oipejenseMble
MUKPOIPUMECH CBA3BIBAIOT B KOMILIEKChl C OPraHUYECKMM peareH-
TOM, BBEJIEHHbIM B HCCJIE/lyeMblii pacTBOp, a 3aTeM KOHIEHTPUPYIOT
HECENEKTUBHBIM COPOEHTOM, HallpuMep, aKTUBHLIM yricM. BeeeHiibie
B cocTaB cOp6eHTOB (hyHKLIMOHATbHBIE IPYNIIbI 06€CNeYMBaIOT B psife
cJlyyaeB BbICOKYIO M30UpaTesbHOCTb, Hanpumep, otienenue Pd or
GonbuIMX KOIMYeCTB Meau, oTaenehve Ag, Hg u Pd oT userHbix
METAJLIOB W 1aTHHb [1, ¢. 56]. Ing aHanu3a KOHUEHTPATOB TaKUMH
METO/IaMH, KaK MOJI(BK)’JIHI;H&H, aTOMHO-3MHMCCHMOHHAs U aTOMHO-ab-
copOLMOHHAs CIIEKTPOMETPHSI PacTBOPOB, MPUXOAUTCA IMOMUPOBATH
ofpe/ie/isieMble IPUMECH B XKHUIKYIO Pasy, 4TO NPUBOJUT K yMeHblIle-
o KoapduimenTa oboralenns, yeIoKHIET aHAIMTHYCCKYIO 11po-
Leypy Y YBeJIMYMBAET NOTPEUIHOCTH Pe3yaAbTaTOB ofpe/cacHuit. [pu
UCIIOJIb30BAHUM B KaYyecTBE aHaJMUTHYECKOrO OKOHYaHMs PEeHTIeHo-
byopecueHTHON CEeKTPOMeTPUN aHATUTHYECKHE CHIHATBI HOJTyYa-
10T HEMOCPEACTBEHHO OT TBEPAOrO MEJIKOAUCHEPCHOTO KOHIleHTpaTa
HJIK OT KOMIAKTHBIX U3TydaTesed, U3TOTOBJIEHHBIX MPECCOBAHUEM KOH-
LieHTpara. IlepcneKTUBHBIM HCTOYHUKOM BO3OYXAEHHS B aTOMHO-IMHC-
CHOHHOM CMEKTPAJIbHOM aHATK3E 110PONIKOOOPA3HBIX KOHUEHTPATOB
SIBJISIETCSL TYTOBO# IL1a3MaTpoH, B akes KoToporo noJ AeicTBveM
pacTbUIAIOLIETO ra3a HENOCPEACTBCHIIO MOCTYIACT MOPOIIOK, B3MYYell-
HbIH MCKPOBBIM pa3psiioM (cM. pasji. 4.2).

Kotiientpuposanue npumeccii coocaskieHneM 1IpUMeNMMO KO
MHOIMM 00OBEKTaM, HO 3TOT METO/ TPYAOEMOK U €1ab0 10JUIaéTCs
aBTOMATH3alMKU. Ero NpUMCHSIOT B Tex cilydasx, Koria Apyrue MeTo-
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AbI Npe/IBAPUTENbHOIO KOHLEHTPUPOBAHMSI OTIPEAEIeMbIX [IpUMeceii
Manoa(heKTUBHBL. [IpUMEPOM MOXET CIAYXUTb MpPEANOXKEeHHDbIH B
MHCTUTYTE MOHOKPHUCTAJIOB METO/l OTIpefiesieHusl ipuMeck Gapus B
raloreHUAX ILeJIOYHBIX METAJLNIOB, BKIIOYAloUuii coocaxkictuc Ba(ll)
Ha XpoMare CBMHNA U N10CIelyI0UUi aTOMHO-3MUCCHOHHBIN CIIEKTPO-
rpaduyeckuil aHain3 koHueHTpara [92]. Ilpu ucnosib3oBalMy JHHUM
Ball 233.53 uM npenen onpenenenus 6apua B NaCl, KCl, KBr, CslI
coctapasger 2-107° mac.%. Vcnosbays nunuio 6apus B BUAMMOI dac-
TH CIeKTpa, yAaétest chusuTh G, 1ipu ananuse Csl o 2-107%mac.%

HecmoTps Ha 1nosBJieHHe psila BBICOKOYYBCTBUTCIBHBIX METOAOB
ananusza OM, He TPeOYIOLIMX NPEABAPUTENLHOTO KOHLEHTPUPOBAHHS
MUKDOKOMIIOHEHTOB, a TaKke TMOPHIIHBIX METO/(0B, B KOTOPHIX CTa/[UM
KOHIIEHTPMPOBaHUA U TIOC/IeLYIOLIero aHaAIW3a HePaspbiBHO CBA3aHb,
KOHLIEHTPUPOBalINE OCTAETCs MPOKO HCTIOML3yeMOit oricpaleil, npej-
wecTBytoule onpeaenenuio npumeceit B @M. Hapsiny ¢ Takumu Tpa-
JMIIMOHHBIMHM MeTO/[aMH 060TallleHV s, KaK SKCTpaKLus, COpOLHMS U co-
ocax/ielie, 3acNyXHBaeT BHUMaHHMs KOHIIEHTPHPOBalike, OCHOBaHHOe
Ha pacipeicieHn MUKPOKOMIIOHEHTOB MEXy TBEPHOH M XMAKOH
(basamu nccnesyeMoro BelecTBa B 1IPOLECCE Cro HalpaBJCiiioN Kpuc-
Talmsalink. Haubosiee adexTnBHBIMU OKa3aIMCh HIM3KOTEMIIEPATYP-
HbI€ BAPUaAHThI KPUCTAIM3AIMOHHOTO KOHIIEHTPHPOBAIINA.
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MeToabl aTOMHOM CnexTpoMeTpHM

B ananutudeckoil xumMun OM 1mIMpPOKO NpUMEHAIOTCA Takue
METO/Ibl ATOMHO# CIIEKTPOMETPHH, KaK aTOMHO-3MUCCHOHHBIR CIIEKT-
pajibHbI aHAJIW3 ¢ Pa3/IMYHBIMK UCTOYHUKAMM BO3OYKAEHUs CBETa, a
TaKKe aTOMHO-abCcOPOLMOHHAS CIEKTPOMETPHS C 11JTaMEHHOM U DJIeK-
TPOTEpMHYECKOH aToMU3alMeld BelecTBa. [lockosbKy peHTTeHOMY-
OpEeCUEHTHasi CIIEKTPOMETPUs 110 CBOUM METOJMYCCKUM OCOOEHHOC-
TAM WM aHATUTUYECKUM BO3MOXKHOCTAM CYILEeCTBEHHO OTJIMYAeTCs OT
APYTHX METOAOB aTOMHOH CIEKTPOMETPHU, IPHMEHCHHE 3TOTO METO-
na B aHanuze OM 6yner paccmotpero B 1. 5. BoiipocaM Teopun u
1IPAKTUK{ Pa3JMYHbIX BADUAHTOB aTOMHOM CIIEKTPOMCTPHHU U UX IIpKU-
MEHEHHIO JUISi aHAIU3a BbICOKOUMCTHIX BELIECTB NOCBsleHa obuinp-
Has auTepatypa (cM., Haripumep, |1-7]). Huxe OyayT paccMoTpeHbl
TOJIbKO OCHOBHbBIE PE3YJIbTATHI, OTHOCANIMECS K HTUM METO/IaM, KOTO-
pble ObUIK NosyYeHbl B MHCTUTYTe MOHOKPUCTAJIOB IIPU paspaboTKe
METO/IOB aHATUTUYEeCKOro KOHTposas PM.

4.1. ATOMHO-3MUCCHUOHHOA CNEKTPOMETPHS C
AYTOBLIM MCTOYHUKOM BO3DYXaEHMs

[IpuMeHeHre MHOT03JIEMEHTHOIO aTOMIIO-IMUCCUOHHOTO CHEKT-
PAJbHOTO aHaW3a ¢ BO3BYXKJICHUEM CIICKTPOB JIYTOBBIM pa3ps/ioM
AJs onpejiesieHnst MUKponpuMeceit B MM, riasiibiM 06pa3oM, Molio-
KPUCTAJUIAX M UCXOAHOM HIMXTeE, MOTPebOBAIO, IPCK/IC BCETO, U3YYC-
(15l 3AKOHOMEPHOCTEH BBICOKOTEMIICPaTYPHbLIX 11POILCCCOB, [IPOUCXO-
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JSIMAX B KaHale NpoOoHecyllero yrolbHOrO 9JICKTPoJa M LYTOBOI
nnasme [8]. ITH Mccae0BaHUs MO3BOJIUIN ONTUMH3MPOBATH YCJIO-
BUA MCNapeHus Mpobbl, TEPMUYECKON AMCCOLMAIMU COeMHEHMI Ol
PC/C/ISIEMBIX DIEMEHTOB U BO3OYXK/ICHUS X aTOMOB, 00ECIICYMB Cy-
fUCCTBEHHOE NTOBLINIEHUC UHTEHCHBHOCTH CHCKTPAJIbUbIX JTUHUIA. Pe-
FMCTPaLMsl M3JyYeHHUs clieKTporpadaMu BBICOKOH JIMCIIEPCHU faJla
BO3MOXHOCTb paspeliarh OJIM3K0 PacroOKEHHbIC IMHUHU CIIEKTPa U
HCII0NIb30BaTh Hanbosice MHTEHCHBHBIE JIMHKUU. Bbio UayyeHo Bus-
HHUE MaKPOKOMITOHEHTOB ((DTOPHABI HIENOYHO3EMCIbHBIX MeTaIoB [9],
[IPOCThIE U CJIOXKHbIE OKCH/IbI pas/inunbix asiementoB [10..17], doc-
darbr [18, 19], xanbrorenuant [9], Boabdpamartsi [20]), n06aBok rpa-
(UTOBOTO MOPOLIKA, FAJIOUAUPYIONINX U CYNb(PUIUPYIOIIUX aAreHTOB,
cleKTpocKonuyeckux 6ycdepoB M HoCHTesel, a Takxe NapaMeTpoB
Ayrosoro paspsafa [9..20] na kuHeTHKy Ucnapetins u GopMUpPOBaHHe
CIICKTPaIbHOTO U3JYYEHHS DIEMEHTOB.

B uyactnocty, 661110 nokasano [19], uto onTuManbHbe YCAOBHS
aHasnusa auruapodocdara (auaeiitepodocdara) xanus cosmaloTCs
Mpy pasbaBrennu npob rpadMTOBbIM MOPOHIKOM (1:1 no macce), a
Takxe BBCACHUM 00aBok ranonmupyoumx (AgCl, Nal) wmm cyib-
dunnpyomux (CdS) pearentos, kotopbie Ci10cOGCTBYIOT yBemye-
HUIO WHTErpaNbHOM MHTEHCUBHOCTH CIEKTPanbHbIX JUHHWN Gaaro-
Aapst Gosiee 1I0JHOMY BBIXO/Y MAaKPOKOMIIOHCHTOB B 1a3oBylo (hasy;
IIPUMECH B OCHOBHOM [OBTOPSIIOT MOBCAECHUE MATPHIlbl.

B ciyuae ananusa docdopuoit kucaorsi u pochoproro an-
FMAPU/A, UCIOJIB3YEMbIX B Ka4eCTBEe MCXOJHBIX BEIECTB NPH NPO-
nasojictse auruapodocdara kanus |18], uenccoobpaznbiM okaza-
JIOCh TPe/IBAPUTE/ILIIOE OyYEHHE U3 ITUX BCIILECTB AUTHAPOdOC-
(darta aMMOHHMSL B DE3YJbTATC MX BIAUMOJACHCTBUSL ¢ AMMHAKOM.
Bbisio ycTanoBsieno, 4To B 3TOM Cayyac yCKOpelHoe mocTyrieHue
MaTpPUIbl U [IPUMECEH B 11J1a3MY JIYTU HPOMCXO/AUT B LPUCYTCTBUHU
rpaMTOBOTO MOPOUIKA KAK BOCCTAHOBMTC/ILIIONO arcHTa (Macco-
BOC oTHONIEHne 1pobbl 1 rpaduToBoro nopouika 2: 1), a Haunyu-
MM CIICKTPOCKOHKYCCKUM 6ydepoM U3 4ucaa JICrKOHONU3MpYe-
MbIX COCJMHEHWI OKasascs xjopuj narpust (7.5 mac.%).
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Hpu onpenenennn npumeceii B okcuae amomuuus [14, 15],
amoMomarineBoi mmnuneny [11], Turanare crporums [14], xap6ona-
Tax 6apua U cTpoHums [16] rajomamposanye Npof oKazasoch MeHee
5DCKTUBIILIM, YeM MX KapOUAN3ALHSl, TIOCKOILKY Y KapOuIoB -
MCHTOB OCHOBBI M OTpeJEJACMbIX 3J1eMEHTOB, 06pasyloluXcs B pe-
3yJIbTaTe KapbOTepMMYECKNX peakiuii 1po6bl ¢ rpadUTOBLIM HOPOLL-
KOM, 3HAUCHUS SHEPTUU JUCCOIIMALMU HUXKeE, YeM Y OKCH/IOB U rajo-
FCHU/IOB 3THX BJIeMEHTOB. B ykasaHubix ciayyasx onTuMasbHoOe
MacCcoBOe OTHOILEHHE PoBbI U rPadMTOBOTO NOPOLIKA OKA3aI0Ch PaB-
tibim 11 1. /lng pakuronnoro ucnapenus npuMeccii 11pu Mx olpesie-
Jlettin B BoJsibgpamate KaaMus [20] o6pascu pasbasisim rpaduro-
BbIM [IOPOLIKOM B OTHOIICHMY 3 : 1; aHanu3 kapboHata Kaibuus [16]
noTpe6oBan BBeJEHHs ABYXKPaTHOro W30bITKa rpacMTOBOIO NOPOLL-
Ka; 15t GOPCUPOBAHHOTO UCTIAPCHUS OKCH/Ia BACMYTa IPH €ro CIieK-
Tporpaduyeckom ananuse [16] usbbiTok rpaduTOBOIO HOPOLIKA NPHU-
1LJI0Ch YBCIMYUTD [0 YETbIPEXKPATHOTO.

Hna onpenenenns npumeceii Pb, Si, Fe, Mg, Ni, Co, Cu 1 Mn B
WTTPHIi-TIOMMHMEBOM rpaliaTe B KayecTBe HOCUTC/IS MCIIOJIb30BAIU
Ga,0, (2 mac.%), a B KauectBe (ropupyioweii 106aBku — HTOPOILIACT-
4 (MaccoBoe oTHowenune npobsr U droporuiacta — 2 : 1) [10]. OTopon-
JIacT-4 UCIOBL30BANN B KayecTBe HTOpUPYIONCi 106aBKHM M 1IPK olIpe/e-
Jiennun Ti B MOHOKpHcTaiax kopyhua [17]. Ha puc. 4.1 npencrapieHb
KpHBble UCIIapeHUs NpUMeced U 3/1eMEHTOB OCHOBBI 11DH ClieKTporpadu-
YEeCKOM aHa/iM3e UTTPHI-a/lOMUHHMEBOTO IPAHATA, MOJITBCPKAAICHINE Bbi-
6op ykasaHHbix j106aBok. Takoii xe nocutess (4 Mac.% Ga,0,) npume-
fisljics 1IpH ONPCAC/IEli K lIpUMecei B ajlloMuHaTe Jiattana | 14). Beenetue
¢ropupyioweit n06aBkn — 20 mac.% MgF, — okasanoch addeKTHBHbIM
1P OUPCILEICHUM TIPUMeCel B OKCHJIe MarHusl.

B HexoTopbix ciyyasx (Hanpumep, Mpu NPoBCACHHM aHaNM3a
CuO [16], dTopunoB KajbliMst ¥ MarHus, a TakKe XaJbKOreHHI0B
KaAMHst ¥ 1MHKa [9]) pasbasiiciide aHaIM3MPYEMOTO BELIECTBA rpa-
(PUTOBBIM HOPOLIKOM U BBeAEHNC I0GABOK JUlsi OCYHICCTBIICHUS Tep-
MOXUMHUYECKHMX peakuUMi B Kalajic npobouecyuicro aackrpoa 6bu1o
1IPU3HAHO HellenecoobpastbiM.
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s
180
Puc. 4.1. Kpusbie ucnapenust pu-

Meceli (IoyepHeHUe aHasuTH4ec- 140
KOH JIUHUH, § B yCI.eX., B 3aBU- 100
CHMOCTH OT BpeMeHH oTorpadm-

pOBaHMsA CIEKTpa, T B ceKyHaax) 60
Si (@), Mg (x) u Pb (O), a tak-
e sjeMeHToB ocHoBel — Al (0J)
1Y (A) npu ciexTporpadieckoM
aHaJM3e UTTpHii-amoMunueporo 180

20

rpaHaTa: a — ucmapenue 6e3 noba- 140

BOK; 6 — MCTIapEHVE B MIPUCYTCTBHM
dropomnacta; ¢ — ucnapenne B 100
MPUCYTCTBUM OKCHAA TJLTHS; 2 —

60
VCTIApEHHe B IPHCYTCTBHH hropon-

JlaCTa U OKCH/la rajumisa ’ 20

30

- JI1s1 K2XXJIOTO aHATM3UPYEMOTO MaTepHalia BbIOUPATHCH OTITUMaJlb-
Hbl€ TTapaMeTphbl UCTIONIb3YEMBIX MPaTOBbIX 2NEKTPONOB — GopMa aJieK-
TPOJIOB, paaMelilenye 1po6 U crielmanbibix 106aBoK B ux Kananax. [Ipu
oripenesieHUH IpuMecell B rajlinil-CKaHAMii- Talo/IMHUEBOM rpaHare, TH-
TaHaTe CTPOHUMSI, a/lloMUHaTe UTTpU [14], a Takke B auruapocdocdare
aMMOHU [ 18] MakcMaNbHASI MHTEHCUBHOCTD CIIEKTPAIbHBIX JIMHUIT ObLTa
JIOCTUrHYTa 61aroapsi ToMy, YTo npoGbl HAOMBAIK B KaHAJIbI M HYKHe-
IO, ¥ BEPXHETO 3MEeKTPOIOB. B ocTanbHbIX ciiyyasx npoGsl HAXOAUIKCH B
KaHalaX HHXXHHUX 3JEKTPOAOB, NPUYEM [PH OlIpejleJieHHd TIpUMecei
I[E/TOUHO3EMETBbHBIX METALIOB B OKCHte alioMutus [15], a Takke rpu-
meceit Al, Bi, Co, Cr, Cu, Fe, Mg B Bosibdpamare kagmus [20] ueneco-
obpa3Hoit okazasach HabMBKa Kanasa IPOTUBORJIEKTPoaa 5%-HON cMe-
cbio NaCl ¢ rpaduToBbIM MOPOIIKOM.

IIpenenn! olipejiesienusi npuMeceil IPU UCMOJIL3OBAHUM MHOIO-
AJIEMEHTHBIX MCTOJMK clieKTpaibHoro anainsza MM ¢ gyroBbiMU Hc-
TOYHUKAMHU BO3OYXKAEHHMs CIICKTPOB Ipe/icTaBaelibl B Tabu. 4.1 u 4.2.
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Tabmua 4.1. [Ipenennb onpenesenus Mukponpumeceid B MM (Mac. %) mpu

HUCIIOJIb30BAaHHHN MHOI'O3JIEMEHTHBIX METOAHK aTOMHO-IMHUCCHOHHOIO CIIE€KT-

PaJIbHOTO aHAIH3a C B036y)KlIeHHeM COEKTPOB B Ayre MEPEMEHHOIO TOKa

Ananusupyemsie OM
X e | ko, | tto! Li,CO,,
Mpumecu| A&1PKO" ' g 2w | KAT, | K,CO
renast | KBr, |NH.H,PO,|Ba(NbO,), AMHI:” SrCOy
Cduzn| MgF, | H,pPO, '|St(NbO,). v
CaF, CAWO, BaCO,
A8 Cu, 115 10| 107 10| 10105 | 105 |10-..10-5 10510
Mg*, Mn
R TSN IR TSR [FUSTEN BEUEIN PO TS
Mo,V | 10° | 10° | 10°.10% | 10+ 10+ | 10+
Bi'spb' 10 | 10° 10-s 1074 10+ | 10
n
Ta'ZrTi' 0 | 10 10+ | 10100 | 10+ [10.10°
Galn | 10° - 10- 10- 105 | 10°
AF | 10° | 10¢ | 105,104 | 10~ - 10°
s* | 105 | 10+ | 10+.10° | 1o~ 10+ | 10°

*[Ipenennl onpeaenenus orpaHU4YeHbl ypoBHeM obiero ¢goHa
** UAT — urrpuii-amoMuHueBbiil rpanat; AMIIl — amomo-marHueBas
HINHHETh
* k%
G, maV

Mo3KHO BMAETD, YTO, KaK ITPaBUIO, 3HaueHus C,  ONpefe/IseMbIX 3JleMeH-
TOB B 3aBUCHMMOCTH OT COCTaBa OCHOBBI YBEJIHWYUBAIOTCH B
creiyroileit [ocIeoBaTeILHOCTH: XaJIbKOTCHMIb! < rajloTeHu/Ibl < HHOba-
THl < OKCHJIBI < KapGonarbl. TIpubausuTe o B TOi e Noc/ieloBaTelb-
HOCTH BO3PacTaloT TEeIJIOThbl TEPMUYECKON JJUCCOIIMALIMM DTUX DJICMEHTOB.

CHukeHMe 1Ipe/lesioB crieKTporpaduuyeckoro onpeeseHus Mpu-
meceit B OM B psijle ciyyaeB JOCTUralioch IPU COYETAHUU ITHUX

METOJOB C IIpeABAPUTCALHBIM KOHUEHTPUPOBAHKWEM OITPC/LEIAEMbIX
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Tab6smana 4.2. [Ipenesbl aTOMHO-3MUCCUOHHOTO OTIpEiesIeHH 3/ieMeHToB B DM*
€ UCTIONIb30BaHHEM [IyTOBOTO MCTOYHHKA Bo3byxenus (1) u mwiasmarpona (I1)

AHanu3supyeMoe BelllecTBO
dxnement| KH,PO, SrCO, ALO, BTCII-marepuanbr***

I 11 1 I I II I II
Al 10 5 200 1 0.05 0.01
Ba 5 0.6
Bi 0.05 0.1
Ca 300 | t0 | 200 10 { BO**| 03 0.5 0.1
Cr 10| 10 20 3 10 1 0.1 0.01
Si 300 20 100 10 ] 100 | 20 0.5 0.1
Fe 10 1 20 4 10 2 0.05 0.02
Ga 0.02 0.005
In 0.02 0.005
Mg 2 10 3 5 1 0.01 0.005
Mn 1 2 051 05 { 07 0.01 0.005
Mo 10 5 | BO** 10 5 0.05 0.01
Ni 20 5 20 7 3 0.1 0.02
Pb 0.05 0.1
Si 0.5 0.1
Sn 0.05 0.1
Sr 5 0.7 0.1 0.01
Ti 50 | 10 10 2 10 1.5 0.1 0.01
\% 10 5 10 2 7 1.5 0.05 0.01
Y 0.1 0.02
Zn 1 1

* G, ana KH,PO,, SrCO,, AL,O, —8 (Mac.%)-107° , ans BTCII marepua-

JIOB — B MKT npumMecH Ha 100 Mr yrossHOro mopoirka.

** BD — Hamuume BBICOKOTO (hOHa 3JeMEHTa OCHOBBI
*** BTCIT marepuanbr — YBa,Cu,O,, BiZSrZCaZCu3Ox, NdHCexCuOv;

C,. s Bi, Ca u Y oTHOcSTCA K BemecTBaM, B KOTOPBIX 9TU 3JIEMEHThI He

ABJAIOTCA KOMIIOHEHTAaMU OCHOBBI.
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KOMITOHeHTOB (cM. r. 3). Ewé ojinnm nytém ymenpumenuna C, CTao
UCITONb30BaHUeE 1171a3MEHHBIX MCTOYHMKOB BO36Y K/I€HHS CTIEKTPOB, pac-
CMaTpUBaeMbIX HUXe.

4.2. ATOMHO-3MUCCHOHHbIM CNEKTPANbHBIA AHANU3
®OM ¢ NNasMaTpoHHLIM BO3BYXaEHWEM
CNEKTPOB

JlyroBoit 1nasMaTpoH npesictasisier coboit (aken, ob6pazoBan-
HbI U3 TJIa3Mbl IyTH NOCTOSIHHOTO TOKA, CTAOMIU3UPOBAHHO 110TO-
KOM MHEPTHOro rasa (aproHa) W npucnocobieHHod JJis aHaiu3a 110-
porikoBbix 11po6. OxaHol 3 MoandUKaIMiA TAKHX UCTOUHUKOB sIBJIS-
eTcsl ABYXCTPY#HBINA AyroBol naasMatpon [21, 22|, daken kotoporo
CXeMaTUUYeCKU IIPE/ICTaBJeH Ha pyc. 4.2. AproHoBast rj1aamMa MHUIMK-
pyeTcst MoliHo# nyroit noctosiiHoro Toka (70...100 A); ucenenyembie

h,mm
1 ]

Puc. 4.2. Cxemaruueckoe n3obpaxxeHHe TPOEK-
nun akesa ABYXCTPYHHOIO AYTOBOTO IJ1a3Mar-
pOHa Ha mensb crnekTporpada.

46 3

2] 1.1 __1/4 h — BbIcoTa (hakena (paccTOsIHUE OT CePeIvHBI
¢ 30HBI CIUSIHUS CTPYH M1a3Mbl); 1 — 30Ha CIH-
g /) 5  sHus cTPYHl MIa3Mbl; 2 — OCHOBHOI NOTOX 111a3-
B fl_ _/_ _ MeHHOTro dakesa; 3 — 30HA TUKOB AS aTOMHBIX
snHuit; 4 — dororpadupyemas 30Ha A MHO-
N rO3JIEMEeHTHOTO aHaMH3a; 5 — 30Ha MUKOB AS

1 ///0 | \\\ HMOHHBIX JIMHHUH
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As uF | AS /\;/ ALO,
- ’/
L
1.0t 10+ / /\
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/ Cu !
v Ni !
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;/,
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4 2 0 2 4 6 8 10 12 hwm 4 2 0 2 4 6 8 10 12 b, wm

Puc. 4.3. OceBoe pacnpeneneHye moe3HOro cUrHana (pasHocTh moYepHe-
HHI JIHHUK ¥ POHa, AS = S,.s — Sy) 1o BhicoTe dakena (h) npu ucnape-
Huu LiF u Al,O, B rasmarpone

MOPOUIKK B3MY4MBAIOT MCKPOBBIM PA3psiioM U B pacnblIHHOM BUle
(c moToKoM aproHa) BBOAAT B IIa3MeHHblit dakes. Bbuio 110Ka3aHo
[23, 24], 4To 1S KAXK/AOTO AHATUMPYEMOTO BellecTBa CylulecTByeT
ontuMaibHas ¢otorpadupyemas 3oHa dakena, B KOTOPO aHAINTU-
YecKue JMHMKM GOJIBIIMHCTBA ONpeAesieMbIX HJeMEeHTOB UMEIOT Hau-
6osblne 31aveHmst. B a6, 4.3 npuBeseHbl ONTUMANbHbIE TnlapaMeTpbi
aHannsa psga OM c npuMeHeHHeM U1a3matpoiia, a Ha puc. 4.3 1oka-
3aHO 0CEBOC paclipeae/ieHue aHATUTUYECKOr0 CUIHAMa 10 BLICOTE [1J1a3-
MeHHOro aKeJia ISl IBYX aHATM3UPYEMbIX BELICCTB — (HTOPU/A JH-
THSA W OKCH/A aJIOMMHUA.

ITpnMeHetine nnasMatpoHa okasanoch a3dbeKTHBHBIM B ciiyyae
[IpSIMOTO aTOMHO-YMUCCHOHHOIO aHa/Iu3a BEILECTB, KOTOpble 06aja-
I0T CPaBHUTC/ILHO MPOCTBIM COGCTBEHHBIM BMUCCHOHHBIM CIIEKTPOM,
XapaKTePU3YIOTCs HU3KUMH MOHM3ALMOHHBIMM HOTCHILMAIAMU DJlC-
MEHTOB OCHOBbI M JIEIKO U3MEJIbYAIOTCA A0 MENKOAMCIIEPCHOTO CO-
CTOAHUA (MaTEpUaJIbI, YNOMAHYTbIE B TabJ1. 4.3, 0TBEYAIOT yKa3aHHbIM
Tpe6OBaHUAM). ITa TEXHMKA NO3BOJIACT AHATUIMPOBAT o6pasitbl Ma-
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Tabauua 4.3. OnTUManbHbIE NapaMeTpbl ATOMHO-IMUCCHOHHOIO CIIEKT-
panbHoro aHammsa (PM ¢ npUMeHeHHeM IIa3MaTPOHA

AHanusupyeMoe BeuiecTso*

ITapamerp

KH,PO,

CaCo,

Y-BTCII
SrCO,|ALO,| 4.
BaCOi 73| Bi-BTCII

Nd-

BTCII

Cuna Toka
ayru, A

75

75

75

75

75

Pacxon

aproHa ans
obpa3oBanus
IJ1a3Mbl,
JI/MHH

34 3.2 3.

2

1.7

1.7

Pacxon
aprosa s
pacnbuieHHs
MIOPOILKA,
21/MUH

1.8

1.6 1

8

1.7

1.7

Macca
NOPOILIKa,
pacmbuis-
eMoro s
MOJTYYEHHUS
OIHOTO

CIIEKTPa, MT

75

25

75

25

25

pyemoii
30HBI

obnacti
CIASHNS

Paccrosnue
dotorpadu-

¢akena or

MJIa3MeHHBIX
CTpYH, MM

6..8

5.7

6..8

6.7

7.9

pyeMasi

Dororpadu-

obnacth

CNEeKTpa, HM

250...330

225..325

265...365

*Y—BTCH—YBaQCUBOX; Bi~-BTCII-Bi,Sr,Ca,Cu,0O,;

Nd-BTCII-Nd, Ce,CuO,
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Jiolt Maccbl (o 50 Mr), nanpumep, BTCII matepuanbi B Bue Kepa-
MUKH HJIH MOHOKDHUCTAJJIOB, MPEACTABIECHHbIE B TOil e TabJiMlie.
Baarogaps Beicokoit Temncparype (8000...11000 K) u «crepuibho-
CTH» 1LJIa3MaTPONIOro uctodlimka (atMocdepa YMcToro aproia, ot-
CYTCTBME IPAPUTOBBIX BIEKTPOIOB) C €ro TOMOMIBIO YAAETCA MOsy-
YUTb HU3KUE NPC/IEIbl ONPE/IEIEHUSA BJeMEHTOB, 0COOeHIIO TPyAHOMe-
Tyunx (Ti, V, Mo) u pacipocrpanénnsix (Ca, Al, Si): anst ykazaHHoi
IPYIIIbI D7EMEHTOB 3Hauctus C,  yMenbuiaiores B 5..30 pas 1o cpas-
HEHHUIO C aHaJIM30M B jiyre lepeMeHHoro Toka (tabi. 4.2). Onnako
IS JierkosieTyuux anementos (Bi, Pb, Sn, Zn) Boicokotemneparyp-
HOE IL1a3MaTpoHHOe Bo30YysxkjcHuce Manoaddektusno. Ucnoabaosa-
HHE MJ1a3MaTPOHa 1103BOJISICT 10BBICUTh BOCIIPOM3BOAMMOCTb Pe3Y.lb-
TaToB ONpefeNeHuit: JUA coepxkanuil = 5C,  3nauenusi S cocrapas-
ot 0.03...0.06, Toraa Kak B cl1yyae HCIOIBb30BAHMS yTOBbIX HCTOYHMKOB
YKazaHHbie MOrPeliHOCTH NPUBIU3UTENLHO BABOE BhILIIE.

Coueratue 11pe/BAPUTENBHOTO KOHLEHTPUPOBAHUA OTIpe/este-
MbIX MUKPONPHMeceii ¢ 110CIEAYIOIMM aTOMHO-OMHCCHOHHBIM CIICKT-
porpabUyYecKMM aHAIH30M KOHIleHTpaTa Ha rpadMTOBOM MOPOUIKE C
BO3OYX/ICHUEM CIICKTPOB JIBYXCTPYHHBIM /yTOBBIM 111a3MaTPOHOM
1no3poJisiet onpeneiats B OM no 30 npumeceii ¢ npeneﬂaMn obHapy-
xenua 1077108 mac.% |25].

4.3. MNonydenne rpapyMpoBOYHbIX obpasuos ans
GTOMHO-3MUCCHOHHOIO CMEKTPANbHOIO QHANU3a
BLICOKOUYMCTLIX CONEN MyTEM BbICTPOM
KpUCTanNnM3aumMK CONeBoro pacnnasa

Crocobbl noJTyYeHus! IpajlyMpOBOYHBIX 06PasIos, lpesycMaTprBa-
I01HC IO3UPOBAIIME B ITOPOHIKOBYIO MAaTPHILLY M3BECTHBIX KOJMUECTB Ofl-
PCAC/IACMOTO 27IEMENITa ¢ HOCIEMYIOIINM TILIATETbHBIM NepeMCLLMBaHHeM,
ABJIAIOTCA TPAIMITHONIHBIMU JUIst [IPSIMOTO aTOMIIO-IMUCCHOHHOTO CIIEKT-
PAJILHOTO aHa/IU3a KPUCTA/LIMYECKUX MaTcpUasloB (6e3 1x repese/icHus B
pactBop). Bo MHorvx cityyasix, 0/1HaKo, Takue HPUEMBI HETTPUMCIIMMBI H3-
33 0COBEHHOCTCH AllA/IM3UPYCMbIX BEIIECTB, HANPUMEP, CHIBLHOMN TUrpoc-
KOIUYHOCTH (MOIM/L HATPHS) WM IIACTUYHOCTH (MOAMJL LIE3Hs, XJI0pHL
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cepeGpa). KpoMe Toro, 1ip1 HCTIO/Ib30BaHMM TPAIMLMOHIIBIX IPHEMOB (e
BCETAAa YAAETCsl M3beKaTh 3HAYUMbBIX CHCTEMATMUECKMX TMOTPeIHOCTCH,
00yCIOBIEHHbIX PasinyMeM GUIMKO-XHUMHYECKUX CBOIACTB IPalyHpOBOY-
HBIX M aHAM3UPyeMbIX 06paslioB. Mbl [0Kasaiu, 4TO rPajyMpoBOUIiblc
00pastibl HCKOTOPBIX BCILECTB MOYKHO TIOJTyYaTh I1yTéM BBICTPOI KpHCTA-
JIM3aliMK COJICBOTO pactiiasa | 26]. TIpumepoMm 1pesuioskeHHOM poLe/typhbl
CJIY>XHMT M3TOTOBJICHUE I'DAIyMPOBOYHBIX 0OPa3IoB ISl ClieKTporpadu-
YECKOTO ONPE/IC/ACHUST KPEMHUST B HOMUJIE 1IE3UsI.

B unnunapuucckue npo6upkM m3 cTeknoyriaepofa nomeiaau
MOJIMJL LIe3Us U pas/inylible 06BEMBI CTAHAAPTHOTO PacTBOpA Olpejie-
Jisemoro ajieMenTa. Ilocsie ocTopoxkHoro BbicymiMBanus npob 1po-
OMPKH TIOMCLIANM B KBapLEBble aMITyJibi, BAKYyMUPOBaIIH, HarpeBaJiu
B Ne4Yu COHPOTUBJIEHUA Bbllle TECMIepaTypbl IJIABACHUS COJU
(=700 °C) v BbiePKMBAIM [P 3TOI TeMIlepaType B Tedenue 30 MUH.
3aTeM M3BJIEKANM KAXKAYIO aMITyJly U3 NIeYM U TOTYAC OXJIKAANM eé
cTpyé€ii xonoaHoit Bojbl. IlosyyeHHble CAUTKH UCMOB30BANH B Kaye-
CTBE I'PAAYMPOBOYHBIX 00Pa3LOB, MOCIONHO cocKabuBas MaTepuall
€O CJIMTKOB XUPYPrUYECKHUM CKaJibIleJieM.

Octiosiioe TpeboBalme K NoJIy4eHHbIM 06pa3iiaM COCTOUT B paB-
HOMEPHOCTH pacrpe/ie/ieHUsi MUKPOKOMIIOHEHTA 110 UX 0Obémy. Oue-
BHJLHIO, [IOJIy4aeMOc pactipe/ieieH|e BoJIb HOpMaJiell K NoBCPXIIOCTH
CJIMTKA MOXKHO OIMCATh I1PU NIOMOILUM TEODUM Cerperaimu npumeceii
MpH HAlPaBJEHHOM KPUCTAIJIN3ALUY BellecTBa. EC/U CTUTKY Ae/IUTh
112 YaCTH BJlOJIb [HOBEPXHOCTEH, COBNA/IAIOUIMX C MTOCAe/|0BaTeNbHbIMH
NONOXKEeHUAMMU GPONTA KPUCTALINZALMH, TO B TIPe/iesaX KaK/0ro Cos
COZCPKAHMC PUMECH MOXKHO CYMTATh HOCTOSHHDBIM, €CJH MaccoBas
AoJis dTOrO Cllod Ag <1 (npakthueckH, eciu Ag, < 3-1072). Hcnosb-
3ysl TIOHATHC XapaKTePUCTHYECKOIo KoaduIlMeHTa paciipeienetins (cum.
pasjiest 3.3), LeTPY/AHO 110Ka3aTh, YTO CPE/HAA KOHLENTPALMS MUKPO-
KOMIIOHEHTA B j-TOM CJI0€ MOKCT ObITh BBIYMC/ICHA H3 YpaBHEHUS:

K 7

j—l J
C, =Cag'||1-X A8 | -[1-DAg | |, (4.1)
i=1 i=]
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rae 1 €£i<j — HoMmep CJIOH;jziAg’ =0npuj=1; C, — nayanbuas (cpel-
i=1

H3151) KOHI[CHTPAlMs MUKPOKOMITOHeHTa B oOpaslie; k, — XapaKTepuc-

THUYECKUH KOaDPUIIMCHT paclipeieielinsi, COOTBCTCTBYIOIUM rPaHu-

e passena (j—1)-ro u j-ro cnoés.

B 06bIuHbIX c1ydasx k, < 1, T.e. BHEIUHME CIOU C/IWTKa obe/IHeHbl
PUMECKIO, a IEHTpabHAsK YacTh oforaleHa eto. PacyéTsl N0Ka3biBAIOT,
YTO JIIst KOHLeHTpauuit Mukpokomnonenta B 1-m (C)) n 27-m (C,))
cJ105X, oTBeyatouux HepasetictBam 0.95C < C <1 n1<C,<1.05C,
npu Ag, ~ 3-107% xapakTepucTHyecKHid KoapUIMCHT pacrpefeetus
k, nomxen 6biTh He Menblue 0.95. B aToM ciydae KoHileHTpalus 11pH-
MecH B niepBbiX 27 ciosix (4T cooTBeTCcTBYeT pacxoay ~ 80 % cautka)
MO3KET OTJIMYAThCA OT Hauyanbiioil He Gosiee yeM Ha 5 %.

Iyt onucaHus 3aBUCUMOCTH XapaKTepMCTHYecKoro koadduuu-
€HTa paclipefieJieHUsi OT CKOPOCTH KPUCTANIM3allMM MOXHO NpUMe-
HUTH ypaBHeHue Baproua, [puma n Cauxrepa (3.18). I1pu 6picTpoM
3aMOpaXXMBaHUM CKOPOCTb KpucTaiausaimu [~ 0.1 ecm/c. IIpunnmas
A TomuuHbl Anddysuottioro cios & u koaddutmenta anbdysun
D ouenku 1072cm 1 107 cm?/c, naxoaum, yto &, 2 0.95, ecam pasiio-
BeCHbI K03MMULMEHT pacnipe/ieselins ky2 8107 Tlocnennee ycio-
BHe JIist GONMbIIMHCTBA coJjieit Buinonusiercs [27], u, ceaoBaTcibHO,
TAKOMW NPUEM JIOJIKEH AABATh [IPAKTUYECKH OJIHOPOJHbIE CAMTKH, NTPH-
ro/iible Ui UCIOJIb30BaHUs B KauyecTBe rPalyMpOBOMHBIX 0OpasloB.
PaBHoBecHbli K03d@UIIMCHT pacTipefie/ieHHst 4151 KPCMHUS B UOAHUC
He3Ms 3HAYUTENBHO TIPEBBIINAeT KPUTHYecKoe 3Havenne 8-1074, mno-
ckosbKy 1pH f = 1-107* cm/c k, = 0.5. CiefoBatenbHO, B AAHHbBIX yCJI0-
BUSIX pacripejleieHue TPUMECH [0 CJIUTKY SBAAETCA MPaKTHUYECKH
OJIHOPOAHBIM. DTOT BbIBOJ TOJTBEPAHAN PE3YJAbTaThbl IIPOBECPKU OJ1-
HOPOAHOCTH CJAMTKOB M PasjMuyuil MeXAY HUMM (110 cojicpXKanuio
KpeMHHNs) [Py MOMOLIM JUCIICPCHOHHOTO aHajlu3a ¢ JBYXCTYyIleHYa-
TOW KJlaccuUKalmend IKCIIepUMEHTAIbHBIX JaHHbLIX |26].

U3roToBeHIIbie ONUCaliiibiM CIIOCOOOM TPajlyMpoBoUlible 06pas-
11bl UCIIOJIB30BAJIUCH JUISI ONPEJICACIIUS TIPUMCCH KPEMHUST B HOJUAC
LLE3UST METOA0M aTOMHO-IMUCCHOHHOMN CIIEKTPOMETPUM € BO3OYIXK/IC-
HUEM CIICKTPOB B JLyrc ICPCMCHHOIO TOKA.
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4.4: Ananusz GYHKUMOHANbHBIX MOTEPHUANOB C
MCNONb30BAHMEM OTOMHO-3MUCCHMOHHOM
CNEKTPOMETPUMU C MHAYKTMBHO- CBA3AHHOM
N1a3mMon

Wunyktusio-cesizanias nnasma (inductive couple plasma, ICP) —
BBICOKOYACTOTHBIN GE33/IEKTPO/IHIbii MHTYKLIMOHHBIH pa3psf B aprote, oT-
JIMYAIOLLMIACA XOpOoLIeil BpeMeHHOM CTabUITBIIOCTBIO U BLICOKOM TeMnepa-
Typoit (= 10000 K), yTo obecneunBaet 5hPeKTUBHYIO aTOMM3ALMIO U
BO30Y’K/IEHME aTOMOB aHAIM3UPYEMOTO BEILECTBa, TOCTYIAIONIEro B UC-
TOYHMK Bo30YXJIEHHS B BUJIe a3po3osist (TBEp/ble BENIeCTBa Nepejt poBe-
JleHHeM aHaTU3a NepeBoAAT B pacTBop) [28]. Hapsizy ¢ Bo30yxEHHbIMMU
ATOMaMM B MHAYKTUBHO-CBA32HHOM TIa3Me NPUCYTCTBYIOT BO30yx/IEH-
Hble MOHBI OTPeENAeMbIX DAEMEHTOB. JTOT METOJ JIaeT BO3MOXHOCTD
O/IIIOBPEMEHHO OTIPeAessATh HOJBIIOE YUCIO DTEMEHTOB C HUBKUMHU 11pe-
nenamu onpenenerus (107..100 Mxr/i1) ¥ LUMPOKMM AMAIla30HOM OlIpe-
JenseMblx KoHuenTpauyii (o 10 r/:), oH oTanYaeTcst IKCIPECCHOCTBIO 1
Xopolliel BOCIPOU3BOAMMOCTBIO pe3y/ibTaToB aHanusa (s, = 0.001..0.1).

B aTOMHO-3MHCCHOHHOM CHIEKTPOMETPHH C HHAYKTHBHO-CBA3aH-
no# nnasmoit (ICP-AES) ocHOBHbIMM T1apamMeTpaMH, ofipelesisiiolu-
MU 3HaYeHUs aHATUTHYECKUX CUTHATIOB M CUTHAOB QoHa, ABAAIOTCA
MOII[HOCTD TJ1a3Mbl, JlaBJieHHe 110TOKA ra3a-HOCUTeJIsl U CKOPOCTb T10-
JlauM pacTBOpa B pachbinTesb. [ ONTUMU3ALMM YCJIOBUH aHAIM32
¢ npumenenneM ICP-AES K.H.BenukoB usyuun [29] saBucumoctu
OTHOLIEHUA curHan/¢oH OT NepBbIX ABYX MapaMeTpoB. M3 pesyJibTa-
TOB, MPEACTABACHHBIX HAa PUC. 4.4, MOKHO BUAETb, YTO MaKCUMaJib-
HBIM OTHOIEHHSIM CUTHa/oH /i Pa3HbIX 2JIeMEHTOB COOTBETCTBY-
IOT pasHble COOTHOLICHUS M3Yy4YEHHBIX MapameTpoB. [d CHUXCHUS
NpejleioB olpeesicHUsT 6e3 3aMETHOTO YBCJIMYEHUs JUIMTEJbHOCTH
aHaJIM3a 1IPCJUTONKEHO IPYINUPOBaTh ollpe/ieieMbie DJIEMENTh ¢ y4é-
TOM HaiiIcHHBIX cooTHONICHMIA. PaccMoTpetie ocobeHHoCTel HpuMe-
neuuss Merosaa gobasok B ICP-AES nipusesio K BbIBOAY O TOM, YTO
JUISE MUHUMU3ALIMAY [I0TPelioCTCiH oltpe/Icielinst 1ieecoodpasiio BBo-
JUTh 6osibliine A06aBKY, i€ BBIXOAIME 32 JWalla3oll JUHCHHOCTH
I'pajyupOBOUHON 3aBUCUMOCTH.
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Cd 228,802 .

Hasnenne necyuiero novoka rasa, psi

1000 1200 1400 1000 1200
MougHocTs nnasmbl, Br MoujnocTs nnasmsi, Br

Puc. 4.4. 3aBucumocts oTHOIIEHUS curHAI/(POH OT JaBJeHUs MOTOKAa rasa-
HOCHUTEJI ¥ MOLHOCTH I1J1a3Mbl IpU puKkcupoBaHHO# ckopocTH (1.8 mMu1/MuH)
Mo/la4yd PacTBOPA B PACIIbLIUTEb.

HlaBnenue Boipaxeno B enuunnax psi (¢ynr/xB. moiiM). Boaustii pactsop
coziepxasn o 10 Mr/n Kakoro U3 McCaeayeMbiX 3JIEMEHTOB; PSIAOM C CHM-
BOJIaMH OIIpe/Ie/IsieMbIX 2JIEMEHTOB ITPUBeIeHbl HCIIOTb3yeMble aHATUTHYEC-

Kue JIJMHUH
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Meton ICP-AES npuMeHeH HaMHu AJIst ONpe/IcICHUA MUKPO-
npuMecei, Merupyomux 106aBOK U OCHOBHBIX KOMIIOHEHTOB B
psiie matepuanos (tabia. 4.4). [Ipu onpegeneHUN OCHOBIHbBIX KOM-
IIOHCHTOB JUISL 1TOCTPOCHUSA I'Pa/lyMPOBOYIBIX 3aBUCUMOCTCH Npu-
MEHSJIM METO/I BHENIHEro cTaH/apTa ¢ UCNoJIb30BaHUCM UCKYCCT-
BEHHBIX CMCCEH OMnpejiesiseMbIX 3/leMeHToB. Onpesenetue coaep-
XKAaHUH MHUKDONpUMCCEe! M JIETHPYIONIMX 2JEMCHTOB NPOBOIUIN
10 METO/ly cTaHAapTHBIX A06aBok. ONTUMM3AUMA YCAOBUI U3Me-
PEeHHH Ha OCHOBAHMM M3JIOXKEHHBIX Bbillle IPUHILUITOB 1103BOJIUIIA
UCKJIIOYMTb B3aMMHOE BJIUSIHUE OMpe/iejisieMbIX 3JICMeHTOB U MU-
HUMHU3UPOBaTh MaTpUuHble a3 dekTnl. PaspaboTannbie MeTOAHKH
OTJIMYAIOTCS OTCYTCTBHEM 3HAYMMbIX CUCTCMATHUYCCKUX IOTPeLI-
HOCTEH M I0CTaTOYHO HU3KUM YPOBHEM [1OIPELIHOCTEH BOCIPOU3-
BOJMMOCTH (1P ONpeNeNIEHUH DJIEMEHTOB OCHOBBI W JICTUDPYIO-
mux pobasok S <0.01). ITpenesb onpenenenus (C,,,) pasnu4HbI
JJI pa3HbiX 9JIEMEHTOB M MaTPULL: A1l HOJBUIMHCTBA IpUMEcei B
HeopraHuvyecKUX (PyHKIMOHaNbHbIX MaTepUasiax OliM JICXKAT B M-
anasone 51075...1-107° mMac.%, HO /19 NpUMecH CBUHIA Clim Ha no-
PALOK BBIllE.

BoaMoxHocTH M MeToanyeckue ocobenoctd ICP-AES mimoc-
TPUPYET €ro MpuMeHeHHe /I aHalu3a CbIpbs M MOHOKDHUCTANJIOB
TeJllypusa Kaamus-uuhka [30]. AHanu3 BblIIOJHAIN HAa CKaHUPYIO-
L[EM aTOMHO-3MHUCCHOHHOM CIIEKTPOMETpE ¢ UHAYKTUBIIO CBA3aHHOM
niasMoi Trace Scan Advantage ¢dupmbt Thermo Jarrall Ash, CIIIA.
CrieKTpoMeTp UMeeT clieyolllMe XapaKTepUCTHKH.

Hctounuk BosbyxeHust u cucrema noaauu npobui: BU-rerepa-
TOp, 2 KBT, 27.12 MI'1], aproHoBas njasma; MOLIHOCTb Tia3Mbi: 750,
950, 1150, 1350, 1550, 1750 Bt; ocHOBHO# 1HOTOK aprota: 14 s/muii;
BCMOMOTATC/IbHbBIA 110TOK aprona: 0..1,5 ji/MuH; jaBaciue aproia B
pactibuntesic: 0...45 psi (byHT/KB. A10HM); CKOPOCTD 110/la41 PacTBO-
pa: 0..2.5 miu/muii.

Ournyeckas cucTeMa: TCPMOCTATUPOBAHME, TIPOLYBKA aprolOM;
0.5 M monoxpomatop 6epra (2400 u 1200 wTp./MM); OITHYCCKUI
Auvanason: 160..850 1M; criektpasibiioc paspeutenuc: 0.036 1im.
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Ta6auua 4.4. MeTposiornyeckue XapakTepUCTHKHM METOAMK aHaauza DM ¢

ucnosas3osanueM [CP-AES

Clim Lot S ( q
o [Hana3oH (AR
npejenseMble coaep>KaHui
O6bekT aHanusa OfpefesieMbIX
KOMIIOHEHTbI . =5C, )
COlepPXKaHUI, im
mac. %
Cro>xHble TpaHaTHL; STEMEHTHI OCHOBHI 0.007
Li Gd(BO,), )
Bopun tynnus | aneMeHTH OCHOBBI 0.007
Mg* 1.10™...2-10" 0.01
Ti* 510.5107" 0.01
Oropun tutns- Mg, Mn** 1105
Gapus
Sr** 210 0.01...0.1
Pb** 11073
Mg, Ba, Mn, Nij, 5.10-6
. Cu
ﬂ“fﬁﬂaﬁi’fﬁd’“ Ca, Fe 110 0.06..0.3
Al Cr, Si 51073
Pb 110
Al, Ca, Co, Cr,
CdZnTe** Cu, Fe, Mg, Na, | 210-.5.40 | 0-007-009
Ni, Pb, Si, Ti, V
MoHokpucTanasl 0.05
KCl (meton Pt 110+ ’
Kuponynoca)**
Ca, Cd, Co, Cr,
Huoxcun u cynpdar | Cu, Fe, Hg, K, 1105 210~ 0.08...0.1
Mapradnoa** Mg, Mo, Na, Ni,
Pb, Sb, Ti, Zn
Menuo-cepeGpsnbIit DNeMeHTsl <001
CIIaB OCHOBBI

*Jlerupymwouue 106aBKu

** OnpeneseHne MUKPOIIpUMeceH



Tnasa 4

167

Coipsé n kpuctannbl Cd,_ Zn Te o6pabaTbiBajyu KOHLUEHTPUPO-
patHoit HNO, 10 o6pagoBanus okcuzga tesypa (IV), koTopsiii nepe-
BOAWIM B pacTBOp KoHlcaTpuposatHoit HCI. TTockosibKy ucnosb3ye-
Mblil JIJIS1 allajiu3a KOHIICHTPHPOBAHHbIM COJICBON PacTBOp co3laBad
3HAYMTENbHbIA MaTpUYHbIA 3¢@eKT, a noj6op CTaHAapTHBIX 06pas-
1IOB cOCTaBa 6bljl HCBO3MOXEH M3-33 HEIIOCTOSIHCTBA COCTABa KPHC-
TaJIJI0B, B KOTOPbIX CojlepxKaHue Zn MeHsiioch B npenesax 3..8 mac.%,

JJIsL ollpejieleHUsl MUKpOTIpUMeceld MCIOb30Balu MeToJ CTanaapT-
HbIx go6aBok [29]. HekoTopbie XapaKTePUCTUKY TIPE/JIOKECHHON Me-
TOAUKH TIpeAicTaBjaeHbl B Tab. 4.5.

Ta6auua 4.5. XapakTepucTHKH METOAMKM aHAIM3a TeJUIypuia KaZMHUs-

uHka npu momouu [CP-AES

Yenosua C, ,Mac%
BO30YKIEHUS lim S (

. . (ana

JJjieMeHT Jlunns, MomHoCTh Hasnenye coepKaHuit
HM MOTOKA .| Mouo-
T1J1a3MBl, Crippé 5C,,..-50C,, )
Br ra3a-HOCH- KPUCTAILI
Tens, psi

Al 396.152 1150 32 <2105 5107 | 0.004..0.03
Ca 393.366 1150 30 <5105} 310 | 0.008..0.02
Co 237.862 1350 30 <5-1075) <5107 | 0.003..0.04
Cr 283.258 1150 32 5107 | <510°° | 0.008..0.03
Cu 324.754 1350 32 <2105 9107 0.03...0.04
Fe 259.940 1350 30 2105 | 310 | 0.004..0.02
Mg 279.553 1350 30 <1105} 9107 | 0.003..0.01
Na 589.592 1150 30 5103 | <5103} 0.01.0.02
Ni 231.604 1350 32 <5107 <5107 | 0.004..0.06
Pb 220.353 1350 30 <5107°| <510 | 0.02..0.09
Si 212.412 950 30 110"} 510 0.02...0.08
Ti 334.941 1350 30 5107 ] <5107 | 0.005..0.03
\Y% 310.230 1150 30 510 | <5107 ] 0.001...0.007
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B tex cayyasx, koraa npesenbtbic BO3MOKHOCTH Metoaa ICP-AES
OTCTaIOT OT TpebGoBaHuii TexHoMornu MM, ero xemateJbHO COYETATD
C NPEABAPUTETbHBIM KOHLIEHTPUPOBAHHEM OIIPCESEMbIX MUKPOKOM-
HoleNToB. [Lns 3Toro Haubosiee IIPUTro/HbE CHEKTPOMETPBI € NOJUXPO-
MaTopaMH, 1103BOJIAIOIIUC ITPOBOIUTD OJIHOBPEMEHHbIE MHOTO2JIEMCH-
THBIE ONpedeseHns u3 nmpob Masnoro obbema (mo 0.02 mn). Bonee
pacnpocTpateHHble IPUGOPBI CO CKAHUPYIONIMMU MOHOXPOMATOPaMu
He TOJIKO MeHee TPOM3BOANTENbHDI, HO W TPeOYIOT A7 onpeaesieus
6OJIBIIOTO YMC/IA HIEMEHTOB 3HAYMTEIbHBIX 06BEMOB AHATM3UPYCMO-
ro pacTBopa (0K0J10 2 MJ1 Ha KaX/Iblid orpe/icisieMblii anemenT). Mak-
THYECKH ITO O3HAYAET, YTO /11 MHOTORJICMCHTHOIO aHa/IM3a KOHIICH-
TPATOB UX MPUXOAUTCHA CUJILHO Pa3baBAATh, YTO CHHKACT deKTUB-
HOCTb [PEJBAPUTEIbHOTO KOHLEHTPUpoBaHHua. CHUTYalLMI0 MOXHO
YJIYUUIUTD, UCNOJIB3YSA CUCTCMY PCIMPKYJISLNN PacTBOPa, €CIM TpHU
3TOM UCKJIDYHTb BO3MOXHOE 3arpsiaHelue 1npob onpeenseMbIMHU 2Jle-
MeHTaMH. He3aBMCHMMO OT THIIa IIPUMeHSIEMbIX aHAJM3aTOPOB KOH-
UCHTPAIMA PAaCTBOPEIHBIX COJIEH B UCCJIC/yeMbIX PACTBOPAX, KaK [1pa-
BUJIO, He JoJokHa npeBbliuaTh 50 r/a. [pu 6osiee BLICOKUX KOHIIEHT-
paiusix cojteit Moxet 3abuBaThes ToHKast (1.8 MM) LieHTpasibHas Tpy6Ka
TOpPEJIKH; 9TO OrPaHMyYMBacT BO3MOXKHOCTH ONpeleseHusi HU3KUX COo-
ACPXKaHUA MUKpOTIpUMece [IPU NPSAMOM aHaJIn3e MaTCPUAioB METo-
nom ICP-AES. TIpuxoauTest cuMTaThes M ¢ TAKUMM OTFPaHHUYCHUSIMK
METO/I3, Kak HeoOXOMMOCTb MepeBesieHnst 00pasiloB B pacTBOp, Apeiid
dakesia, IPUCYTCTBUC B IIA3MC KarleJicK adpo30as U TBEP/bIX BKJIO-
yeHuid. Cka3aHHOe CJIYXKHT HOJTBEPX/ICHUEM WU3BECTHOTO BbIBOAA O
TOM, YTG HU O/IMH, Jlae CaMblil YHUBCPCAJIbHBIH U NPOU3BOJUTCb-
HbI METOA aHa/IM3a HC JIMHIEH HeJOCTaTKOB M OrpaHMYeHUi; 60Jib-
WIMHCTBO BO3HMKAIOLIMX aHATMTUYCCKHX 33/la4 yAaéTcs penlaThb TOJb-
KO IIPH MOMOLLM KOMILIEKCa B3aUMOJIONONHSIONIMX METO/0B.
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4.5. JlokanbHbI% QHONKM3 MOHOKPHUCTANNOB C
NA3ePHbIM UCTOYHMKOM BO3DYXAEHMA ATOMHO-
3MMCCUOHHBIX CNEKTPOB

[IpumMenenme siazepa 18 MCHApCHns U aTOMU3allMM BElleCTBa, a
TaKke BO30YX/ICHUs! OIITMYECKUX HIMUCCHOHIIBIX CIEKTPOB MO3BOJISIET
IIPOMU3BOANTL JIOKANbHBIH AHANU3 MOHOJMTHBIX HeMETaNAUYECKUX
Martepuanos [31, 32}. Itor metox Gbin npumenén B UHcTUTYTE MO-
HOKDHCTAJLJIOB JUIA H3y4eHUs pacnpe/ieJieHusl akTUBUPYIOIUX fo6a-
BOK B CUMHTHIIALMOHHBIX MonokpucTaniax Nal : T1, CsI: Tl u CsI : Na
6e3 paspyuieHHs ananuaupyemsix o6pasiios |33, 34]. Meron xapak-
TepusyeTcd JuHeliHbIM pa3peuienrem 100..250 MKM M JiManazonom
onpeznensieMbix cojiepxxanuit 1073..107" mac.%. MasyyeHue nasepa Ha
OCHOBE MTTPUIA-aNIOMUHUCBOIO IPaHaTa, JErMpoBaliHoro Heo[UMOM,
paboTalolero B UMIYJILCHOM PEXHUMC ¢ MOAYJSLHUCH J06pPOTHOCTH,
(boKycrpoBay Ha OBEPXHOCTDb HCCIIE/lyeEMOTO MOHOKPUCTALA B BHJIE
CBETOBOTO MsiTHa iameTpoM 25..30 MkM. Jl11Ha BOJIHBI M3/TyYeHHs —
1.06 mxm, aneprus = 0.04 JIx, yactoTa cJcAOBaHUS UMIYJIbCOB —
ot 12.5 no 50 Ti. C noMotitbio crielUanbHol OINTHYECKOH PUCTABKY
JlazepHoe uzydenive GOKYCHPOBaJIM Ha BHIOPaHHbBIA y4acTOK MOHO-
kpuctanna. O6pasylouniics B peayibTaTe UCIIApeHHs BeLeCTBa 1a3-
MCHHbIN (aken doTorpaduposaiu ciickTporpadom cpeaHel aucnep-
cuu (UCII-30). Paccrosiive oT daketa o imeiu cnektporpada co-
crapisno 10 ecm. Cnexrpel dotorpadmposann B yabsTpadmoseToBoM
M BUIMMOM AuanasoHax. ns onpegpencing 0.02..0.2 mac.% Tannus
UCTI0JIb30BaNIM atoMubic My 377.57 wan 351.9 uM, st onpeaese-
Hust 0.001...0.02 mac.% narpus — aromuyio sunuio 588.99 nm. Buyt-
PCHHHM CTaHAAPTOM cyxun ol BOJIU3M ITUX JIMHHUI.

BosaeiicTBue nazepHoOro uaiyuernus Ha CpaBHUTENLHO JIETKOII-
JIaBKYEe MOHOKPUCTaJIILI MOMMAOB IHCAOYIIBIX METAIJIOB BbI3LIBACT
aKTUBHBIA BBIOPOC BellecTBa U ero ucniapeiive. Buibpoc 6onee Tyroii-
JIaBKMX BEIICCTB C NMOBEPXHOCTH UCCJC/YCMbIX 06pa3loB HEl0CTaTO-
YeH JUIA [0JIYHEeHUS U3MCPACMbIX ALAJIUTUYCCKUX CUTHANOB — U HTO
ABJIACTCA OAIMM U3 CYILCCTBEHHbLIX OTPAHMYCIMH 1IPH UCII0Nb30BA-
HUM YKAa3aHHOTO MCTOYIMKA BO3DYK/CHUS HIMUCCHOHHBIX CEKTPOB.
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d, MKM AS

Puc. 4.5. 3aBucuMOCTh AMaMeTPa 500+
JIYHKH, d(a) ¥ pasHOCTH [oYepHe-
HUH JiuHuY U ¢oHa, AS(6) ot 3k-

400 L
cnosunuy, 7. Yactora ciieioBaHus .
umnyascos 25 Ty 7 — Nal:Tl, osh
2 — CsI:Tl, 3 — CsIiNa 300~ '

00 L ) S
0 10 20 30 40 0710 20 30 40 1,¢c

B ciyyae ananusa moauaoB BbicoTa dakesia JiasepHOM IJ1a3Mbl
cocraBisieT okoJio 3 MM. [losrydaembie ClIeKTPb! HMEIOT HHTEHCHBHbBIC
aTOMHBble U MOHHbIE JIMHUM, a TaKXKe CIJIoLHOi ¢on, 6ojee UHTeH-
CUBHBIA B 06J1acTH IJIMH BosiH > 350 HM. MakcuMasibHOe no4epHe-
HHe JIJIs] YKa3aHHbIX BbilllE ATOMHBIX JIMHUI TAJJIUS U HATPHs, a TaK-
XK€ aTOMHBIX JMHUI 1esust 455.5 v 460.3 uM uabiofaetcs B 1ICHTPE
dakesa; ajis MoHHBLIX aunMil te3ust 427.7 u 460.4 1M, a Takxke doHa
CIIEKTPa MakCUMajibHOe NoyepHeHue Habonaetcst 6inxe K NOBEpX-
HocTH obpasia. Juamerp W riayGuHa nyHkH, obpasyionleiicst Ha no-
BEPXHOCTHU MCCAE/lyeMOTO MOHOKPHCTA/I1A, 3aBUCAT OT NPHUPOABI MO-
HOKPHMCTa/LJIa, BPEMEHU BO3JEHCTBUS U OCTPOTHI (POKYCHPOBKM Ja-
seproro uzaydedusi (puc. 4.5). Iocne 750 nazepHBIX HMMTYJILCOR
rayOuHa JyHKK Ha noBepxHocT MoHokpucTtaia Csl: Tl cocrapuna
1.5..2 MM, auametrp — 0.4 Mm.

TpajtyvpoBoYHbIMU 00Opa3aMy CIYKHIHK Clielatbio Bbibpari-
1ible MOHOKPHCTA/LIBI C JIMHENHBIMU pasMepaMu 15x15x5 MM, pasiio-
MEpHBbIM paclipe/ie/ieHUeM aKTUBATOPA M U3BECTHBIM €ro COJIepKatin-
€M, YCTaHOBJIeHHbIM HE3aBUCHMBIM MPEIIM3UOHHBIM McToIoM [33, 36].
XapakTepHble 'PajlynpoBodlibie rpachMKy B KOOP/IMHATAX: PA3HOCTD 110-
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1 1 TR T T S N A

Puc. 4.6. XapakTepHble rpazyupo-
BOYHbIE TpadUKU IS Onpenee-
Hus tammua (1, 2) u Harpus (3)
B MoHokpucramsiax Nal:Tl (7),
CsL'Tl (2), CsI:Na (3). C — co-
ZepXXaHHe ONpeIesIieMOro eMeH-
Ta (Mac.%)

0.02 0.05 0

1
0.002 0005 001 Cy,

Cqn

yepHeHUH mHKUU U doHa (AS) — norapudM MaccoBOIt 10U oTIpeeisi-
€Moro asieMeHTa B MoHokpucTae (C, %) rpejicTaBieHbl Ha pUc. 4.6.
I1paBUIBHOCTD PE3YJAbTATOB JIOKaJbHOTO aHaluM3a MOHOKPHC-
TaJIJIOB C J1a3ePHbIM UCTOYHUKOM BO30YXKIEHHSI aTOMHO-IMHUCCUOH-
HbIX CIIEKTPOB MOATBEPK/JAIOT CpaBHeHHWe 3ITUX pe3ysbTatoB [33]
(puc. 4.7, Tabn. 4.6) ¢ naHHBIMKM HE3aBUCUMBIX METOJIOB aHalW3a
[35, 36]. BocnpousBoAMMOCTh pe3yJibTATOB Jla3epHOr0 aTOMHO-3MHC-

CruMac.%

0.26

0221

0.18

0.14

0.10F

10 20 30 40 hmm

Puc. 4.7. CpaBHeHHe pe3yJIbTaTOB OIpere-
nenust Tauus B MoHokpucrajuiax Cs[Tl
Jla3epHbIM aTOMHO-3MHCCHOHHBIM U TOJA-
porpaduyeckM MeTOLaMu: @) cxXeMma Jiejie-
HUSA MOHOKDUCTAJLIA HA YAaCTH; 6) Pe3ylib-
TaThl aHAIH3a @ X A De3yNbTaThl JOKah-
HOTO OIIpe/Ie/IEHNs TA/UTHSA BOIM3H BHELIHEH
(7), Buytpenneii (2) u 60koBbIx (3, 4) 1O-
BEPXHOCTEH KPUCTALIA JIa3ePHBIM aTOMHO-
3MUCCHOHHBIM MeTozoM; O pe3yJIbTaThl OIl-
pefieIeHusI CPEIHETO CONEPKAHMUS TN B
JaHHOM Y4YacTKe MOHOKDUCTAJLIA MOJSPO-
rpachMIeCKUM METOIOM
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Ta6auua 4.6. CpapHeHye pe3sy bTaToOB ONpeNle/IeHUs aKTHBUPYIOIIAX

HOéaBOK B CHHHTHJIJIANHOHHbIX MOHOKPHCTaJIaX JIa3€pHBIM aTOMHO-

IMHUCCHOHHBIM M AJIbTEPHATUBHBIMM METOJIaMH aHaJ/JIH3a

Pesynbtars onpenenenua Tl Pesynbrate! onpeneneHua Na
(Mac.%x10%) B MoHOKpHCcTaLIaX | (Mac.%Xx107%) B MOHOKpHCTaLIaX
Nal: Tl i CsI:Na

JlazepHbrit JlazepHbrit IMHCCHOHHAS .
aromHo-smMHuccH- | [lonsiporpadus | aromuo-sMucen- | dpotomerpus
OHHBII MeTOZ (£0.1)**** OHHBIN MeTOoJ IIaMeHHu
(£0.2)* (+0.2)* (H0.1)**»>
4.1* 5.0 14 1.2
5.2%* 47 1.8 1.8
5.5* 3.9 22 2.0
5.5%** 6.3 28 3.2
5.8%** . 2.6 5.0 4.0
6.4* 6.3 16.0 18.0
7.2** 7.3

*Ha BHelllHell OBEPXHOCTH KPHUCTaJla

** Ha BHyTpeHHeil TOBEPXHOCTH KpHCTAIA

*** Ha 60k0BOIi IOBEPXHOCTH KpHCTaslla

**** Cpennee conepxaHue, HailZleHHOe Ha JaHHOM Y4acTKe KpHCTa/lla

CHOHHOI0 METO/Ia XapakTepuayercst 3Havenuamu S, 0.07..0.08 (on-
pexenenue 1-1072..1-107" mac.% Tanaus B Monokpuctainax Nal : Tl),
0.04..0.11 (oupenenenne 4-1072.4-107" mac.% Tanius B MOHOKpPHC-
tannax Csl: Tl) u 0.08...0.18 (onpenenenue 1-1073...1.6-10 2 mac.% na-
Tpus B Mmonokpuctajiax Csl : Na).

JloKa/ibHbIA aHA/IM3 MOHOKPHCTAJLJIOB C JIa3epPHbIM UCTOYHHKOM
B30y eHus Goliee YeM i1a HOPSIOK YCTYHAeT 110 CBOCMY JIMHCHIO-
MY PaspCHIeHUIO METOJTY 2JIeKTPOHHO-301LI0BOIO PCHTTEHOBCKOIO MUK-
poanausa (pasji. 5.2) 1 1109TOMY €ro HeJb3sl UCIIOJIb30BATh IS N3Y-
deHus KoJieGaHuit coepKalins aKTHBATOpa B KpMCTalde Ha MUKpO-
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ypoBHe. Ho B oTcyTcTBHe Takux KoJieGaHuil aTOT MeTOJ jaeT BO3-
MOXXHOCTb UCCJEL0BATh pacnipefesleHUe aKTHBMpYOLLell 106aBKYu B
MOHOKpHCTalIe, 00YC/IOBIICHHOE cerperaliueil akTHBATOPA B COOTBET-
CTBHHU € ero KOdhUIMCHTOM paclipeie/ielus B cUCTeMe paciliaB-
kpuctas. [IpeumyniiccTBamu saseplioit aTOMIIO-9MUCCHOHHOM CIIEKT-
POMETPHM ABJAIOTCS DKCHPECCHOCTD, BBIIOIHCIIMC W3MEpEHMii TTPH
arMochepHOM JIaBIIelIMK U MoyYeHHe HHPOPMAIMU O COACPKAaHUM
aKTMBATOPA Ha rIy6uHe 1.2 MM OT NOBCPXHOCTH MCCICYEMOro 06bEK-
Ta, a He TOJIbKO Ha [I0BEPXHOCTH KPUCTANA, KaK 11PU UCTI0JIb30BAHUH
3JIEKTPOHHO-30H/I0BOTO PEHTTEHOBCKOI0 MUKpoanannza. QueBu/Ho,
[109TOMY PE3YJILTAThl JIA3€PHOIO ATOMHO-3MUCCUOHIOTO ONpe/ieeHust
TaJUIUs Ha pa3HbX 1oBepxHoctsx monokpuctamta Csl: Tl (puc. 4.7,
Tabn. 4.6) IPaKTHYECKH COBIIANAIOT MeXTY cOGOiA.

4.6. ATOMHO-3MUCCMOHHOR BOTOMETPUA NNAMEHH

ATOMHO-9MHCCHOHHas dotomerpus namenin (ADDII) nezame-
HuMa 1pu onpenenetnn B OM niesioutibix MeTtanos (npumeceii u
9JICMEHTOB OCHOBBL), KOTOPDIC ONPEAEISIOT 110 ATOMHBIM (Yallle BCero
PEe30HAHCHBIM) JIMHUSIM 3THX 3JIEMEHTOB. Y Ka3aHHbIH METO/l UCIOJIb-
3YI0T TakKKe JUISl ONpeiceHUsl MaJIbIX COICPKanuil Marlus M 1ie/ioy-
1I03CMCJILHBIX MCTAJIJIOB, IPUYEM Marnuii, KaiblMil U CTpolumii on-
pelesiaioT 110 aTOMHBIM JIMHMAM WJIM MOJICKYJSIPIIbIM 11070CaM WX
OKCHJIOB, @ GapHii — 0BBIYNO 110 MOHHOMN JMIINHU, I0CKOJIBKY aTOMHAs
Jmins 6apus COBNALACT ¢ IIMKOM MOJICKYASPION N0JOCH OKCHAA
Kanblst (U1 onpe/ieletusl IPUMECH Mariug 1pelouYTUTeNeH Goee
4YBCTBUTC/IBHBI METO/l aTOMHO-abCOPOLMOHIION CMEKTPOMETPUH,
onucanubii B pasa. 4.7). Pexe meron ADOM ucnonnsyercs st
ONpesieicHns IPYTUX 91EMEHTOB BBUAY Hajnuus Gojlee 4yBCTBU-
TEJIbHBIX abTEPHATHBHBIX MeTO0B aHannza. ADDII apiasieTcs MHO-
FOSIEMEHTHBIM METOJIOM aHajlu3a, XOTs 110 YUCJY 0/IH0BPEeMeHHO Of-
pe/IC/IAeMbIX 2JIEMCHTOB 3aMCTHO YCTYIACT /IPYTMM BapuaHTaM aToM-
HO-DMHUCCHOHHOMN CIIEKTPOMETPHH.

[lepBoit cTapmeit Takoro anainza ABjsieTCs NEPCBCACHHE BCIIC-
cTBa B pactBop. [losromy Hanbosbliee pasBuTHE HONYUUAN IMUCCH-
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OHHBIC [JIaMeHHOGMOTOMETPUYECKHE METO/IBI aHAIN3a BOAOPACTBOPH-
MbIX BellecTB, HAallpUMep, I'aJOTeHUIOB LIeJOUHbIX MeTannos [36].
YkazaHHble BeU[eCTBA aHAJIM3UPYIOT U3 PACTBOPOB C KOHLEHTpalueit
commn 50 r/n (Nal), 20 r/n (NaCl, CsI), 5 r/sn (KCl, KBr, KI),
TIPUYEM OCHOBA BBITIOJHSIET POJib HONM3aIMOHHOTO Oydepa, 4To obec-
[eYynBaeT HU3KME TIPEesibl olipe/ie/ieNus MpuMeceil Y JerMpyoinx
106aBOK 1OCTOPOHHUX HieAo4YHbiX MeTaios — Li, Na, K, Rb u Cs
(107°..10* Mac.%). ¥ cTaHOBJICHO, YTO OJIHOBPEMEHHOE NIPUCYTCTBYE B
Nal, CsI u NaCl or 2-10* no 2-102 mac.% Kanus v pyouaus He
BJIMSIET HA [PABUBLHOCTD ONpeeeHNs KaXI0T0 U3 3THX 3JIEMEHTOB,
Ec/in Bo3HMKaeT HeoBXOAUMOCTD onipeensTh MeHee 1-1073 mac.% py-
6uaus B obpasniax, coaepxaliinx bosee 2-1072 Mac.% kanust, Heobxo-
JUMO 00ECIICYMTh OJIMHAKOBbLIE COJIEPXKAHUS Kalus B aHAJIM3UPYye-
MBIX W IpajyMpoBoYHbIX obpasiiax. O6GHapyXeHo 3aMeTHOe BAUAHUC
aHMOHA OCHOBBI Ha 9MUCCHOHHOE TJIaMeHHOMOTOMeTPHYECKOE olipe-
Ae/jieHre NPUMECH Kajius B coisix Hatpus [37], B ¢BA3M ¢ ueM Ans
KaX (04 aHaJIM3UPYEMOI:COIM PEKOMEHIyeTCs CTPOMTD CBOi IpalyH-
POBOYHbIH rpaduK.

IIepen nposefennem anannza Metogom AIDII manopacTsopu-
Mble (PTOPU/IbI JIUTHSI, MarHusl U KaJbliUg PacTBOPAJIM B PacTBOpe,
cojiepatieM GOpHyIo U XJ0pOBOOPOIIYIO KHCIOTH [38], rpocTbie u
CJIOXHBIC OKCHJIb! IEPEBOIMJIN B PacTBOP IIPH 1IOMOIIH KOHACHCUPO-
BaHHoi1 docdophoit kucaorb {20, 39..42]. (cm. pasa. 2.2). Huobar
JIMTUA CILUTABJISIN € ITUPOCYIbATOM Kalus, IJ1aB PACTBOPAJIN B KOHIL.
H,SO, u nocsie pasGasienus BoioH cTabUIM3UPOBATM PacTBOP Lia-
BesicBO# kucaoroil [43]. [Ipeaennt onpeacaeHnss MUKDOKOMIIOHEHTOR
B MajiopacTBOpHMMbIX BenecTBax MetogoM AIDDIIL coctaBasdior or
21071 o 5-107% mac.%.

[Ipw onpesie/ieHny 1HEJIOUHbBIX METAIOB, UMEIOIUNX HU3KYI0 3Hep-
TUI0 BO30YXK/ICHUs], MCTIOB3YIOT IlamMéna ¢ TeMitepatypoit 2300...2500 K
(nponai-6yTaH — OKCH/I AMa30Ta, alleTUJICH — BO3YX ), APYI'He onpe-
‘TensieMbic JeMeHTbl Bo3OyxiaT B Gosee ropsiuem (2700..3100 K)
IIaMelin alleTuaed — okeul anasora |20, 39, 40, 41, 44, 45, 46]. [las
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Tabauua 4.7. OnruManbHble YCIOBHA ONpefeteHNs 3JieMeHToB B docdop-

HOKHUCJIBIX pacTBopax metogoM ADODI]

p Bricota
Onpene- acxojl rasa, /4 BHyTpeHHe- | DoToMeTpH-
JsIeMbIii Taams ro kouyca | pyemas
3/IeMeHT BOCCTaHO-| OKMCTM- | pyiamenu, | 3oHa, MM
putens | Tens MM
AnleTHeH—
Li, Na, K, BO3IYX,
Rb, Cs |ponam tyran-| %3 620 3 6.9
OKCMJ IMa30Ta
Ca | Auemwen— | o5 | sg 1.2 5.6
OKCHJ AMa30Ta
g | Auemmmen— } 0 | 580 2 5.6
OKCHJ IMa30Ta
Ba | AUETWIEHT | gy | sg0 4 5.6
OKCHJ IMa30Ta
Al | Awemanen— |90 | 560 | 5.10 9
OKCMJI IMA30Ta

onpe/iefieH|s IEeNOYHbIX MCTaJIOB UCHOJb3YIOT U 6oJiee HU3KOTEM-
nepaTypHoe 1jamsi — niporat-6yran—sosayx (2000-2200 K) [36, 42].

Ornrrumaibtibie YCJI0BUS olipejlesielinst Pa3jiMuHbIX 3J1eMelNTOB B
dochoprokucibix pactBopax MetogoM AIDII [46] npeacTaBaenbl B
Taba. 4.7. TIpu nipoBeicHUK U3Mepeli Ui IS KaXK/IOH CUCTCMbI HY>)KHO
MCIIOJIb30BaTh ONTHUMAJIbIIYI0 30HY fulaMenn. Hanpumep, B ciyyae
aHanusa BoJbdpaMara kaamus [20] aHaUTHYeCKHe CHUIHabl ISt
npuMeceil Kajiblsl, CTPOHLIMST U 6apusl MaKCMMaJbHbl B BepXlieu,
6oJiee ropsiyeit 30He.

lacsee aciicteue docdaToB U APYTMX KOMNOHCHTOB MHOTO-
KOMIIOHEHTHBIX PACTBOPOB B 3HAYNTCIbHON Mepe yCcTpaHsaeTcs B Hpu-
CYTCTBMM aTOMOB JierkonoHusupyembix anemenitoB (K, Na, Sr, Ga).
Haubonee yjio6HbIM HOHU3AIMOHHBIM OydepoM, obcecrnednBaloniuM
YBCJAUUYCHUC AHATUTUYCCKHUX CHIHAJIOB, ABJSACTCA XJIOPUI HaTpUA
(5..10 mr/mn) |20, 40|. Bausiaue conyTcTBYIOUIUX 2JICMEHTOB OCHO-
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Bbi (0cOOCHIIO MArHHsT) Ha olpe/ieJieHue aTIOMUHUS MeToom ADMDII
B aJIIOMOMarineBoi NINUHEN U UTTPUI-AIIOMUHMEBOM rpatiate yja-
€TCA NONHOCTBIO YCTPAHUTD BBE/ICIIMEM CIIEKTPOXUMHUYECKOTO Gyde-
pa — La(NO,),; konuentpaums La(IIl) nomxkna 6bitn > 0.1 /11, pac-
TBOP J0JDKEH CO/ICPXaTh Takxe He Metice 1.4 Moab/n HNO,.

Hapsiy ¢ aToMHO-3MHCCHOHHBIM 11aMeHHOBOTOMETPUYECKHM
onpejesicHUeM [puMecel LeJOYHbIX U 1IeJ0YHO3CMe bHBIX MeTal-
708 B @M (ranorenusibi mesiodnbix metawios [36], gpropus maruus
[38], B-raunosém [39, 42], docdopras kucnora [44], Bosbdpamarh
KaaMus u kanusi-ranonuuus |20, 40|, candwup, kopyiia, MTTpHii-anio-
MHHUEBDIH U Ta/IIMA-CKaHAMI-ra/l0JIMHUEBbIi IPaHaTbi, THTAHAT CTPOH-
uust [40]) aTOT MeTON HaLIés NpUMeHen e 171 ONpeieeH s JICTUpY-
jolleil 106aBKM HEOJIMMa B UTTPUA-aNTIOMUHMEBOM IpaHare [40] u
HCKOTOPBIX DJICMEHTOB OCHOBbI: JINTUA B HHOGaTe sutua [43], anio-
MHUHUS B UTTPUHA-ANIOMHHUEBOM TpaHaTe W aJIOMOMATHMEBON NIMHU-
Hen [41], JMTHS, Kanus M Le3Ws B IBTEKTMYECKUX CMECAX Ui
akkymysatopos LiCI-KCl u LiCl-KCI-Csl [45].

4.7. AtomHo-abcopbunoHHas cnekTpomeTpms

AToMH0-a6cOPOUMOHHas CIIEKTPOMETPHUS (AAC) OTHOCHTCH K
YKcTy Haubosice YYBCTBUTENbIILIX U CCACKTUBHBIX METOOB DJICMEHT-
HOTO aHa/IM3a HeopraHuYeckux BeulecTB. OHa WIHMPOKO NPUMEHsIETCS
AN ompe/ic/ieHnst MUKpoOIIpuMecel W Jierupyiouux gobasok B OM,
HECMOTPS Ha TO, YTO JOCTYIIHble BApUAHTLI 3TOLO METO/a SIBJASIOTCS
O/IHODJICMEHTHBIMM, T.K. JUUISt KOKIOTO OIpeIesIAeMOr0 3eMeHTa B ClIeK-
TPOMETpPE HY)XHO yCTaHaBAMBATb CBOW WCTOYHMK CBeTa — JAMIy ¢
MOJIbIM KaTO/IOM MJIM BLICOKOYACTOTHYI0 Ge3aneKTpoatyio namny. [lis
aromuzauuy BeitectBa B AAC ncronb3yior utaména (Takue xe, Kak
B Metoze AIDII), a Takxke HelTaMeHHbIC aTOMU3ATOPbI, HPCXK/IE BCe-
ro, ajieKrpoTepMudeckue. B ofoux ciayuasx aTomuas miazma 60n-
IUMHCTB2 D/ICMCHTOB COMAEPIKUT 3HAYUTCIBHO Bostbilie HCBO3OY K AEH-
HbIX aTOMOB, CIIOCOBHBIX MOIJIONIATH CBET MOHOXPOMATHUCCKOIO MC-
TOYHUKA, YEM aTOMOB, BO3OYMKJAEHHBIX TEPMUYCCKUM [IYTEM W
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M3JIyYaloLMX CBETOBbIE KBAHTbI. JTO 0OCTOSATENBCTBO U ONpeAC/AeT
YHHUBEPCATBHOCTD METO/Ia AaTOMHO-abCcOPOIMOHHOMN CTIEKTPOMETPUH MO
OTHOWIEHHIO K GOJIbLIMHCTBY 3JieMeHTOB Ilepuomuueckoii cucTeMsi,
JUIst KOTODBIX CO3/1aHbl MOAXOJsiiMe UcTOYHUKHM cBeta. B AAC uc-
CJIe/lyeMoe BeleCTBO aTOMU3UPYIOT, PACIibIILIsAsl ero pacTBOp B Iia-
M$ TODeJIKM WM MCTapsis CyXOH OCTaTOK pacTBopa B MeYM COIpo-
TUBJICHUs. VI3 BOJOPaCTBODUMBIX BEIECTB MPEAJIONKECHB METOLMKH
aTOMHO-a6COPOLIMOHHOrO aHAIN3a raloreHUIOB LIETOYHbIX METALIOB
[47, 48] v noauna xanbums [49]. HauGonee s3dpeKTUBHBIM crioco-
6oM repeBesieHHs B PACTBOP NPOCTHIX U CJOKHBIX OKCHJIOB ABJISETCA
bocdopHokucnoe passioxkeHHe, paccMOTpeHHoe B pasfl. 2.2 u 4.6.

W3 uncna snemenToB, onpesensieMbix aToMH0-a6cop6LMOHHOI
cnektpoMerpueit nnamenu (AACIIT), nanbosee noapobHo uccaefoBa-
Hbl BO3MOXHOCTH onpefienenns B M maruus kak npumec |20, 40,
44, 47, 48, 49] u snemenTa ocHoBbl [41]. Haunyuumme pesysnbTarht
Ja€T NMpUMeHeHHe IIaMeHU alleTHJIeH — OKCHI /IMa30Ta M TipoNaH-
6yTtan — okcua Auasora. IIpenesibl onpenenenus Mg B pasivyHbIX
MaTepuaax HaxolaTcs B uHTepBane oT 6-1078mac.% (B docoproit
kuciore [44]) no 1-107* mac.% (B Bosnbdpamare kaamusa |20, 40]).
Kak v B ciiyyae npumetienina AI®II, B metoge AACII Heo6x0aMMO
YYMTBIBATh 32aBUCUMOCTb aHaJIMTHYECKOTO CUTHaMa OT BbICOTHI GOTO-
MeTpHUpYyCcMO# 30HbI NlamMenu [20]. B HexoTopbIx cucTeMax Habiiona-
eTCs B3aMMHOE BJIMSIHME OlIpefic/sieMbIX 3JleMeHTOB. IIpu olipesene-
H1uKM Mg B rajloreHuax 1e/04HbIX MeTalIoB Bausnue Ca ycTpaHs-
0T, co3aBasg B pacTBopax u30bIToK (20 MKr/mi) 3Toro ajemelita
[48]. Bausinmne Na, K u Ca na onpenescnve Mg 8 hochopHOKHUCIbIX
pacTBopax BoJsib(paMara KaJAMHUS 3JIMMUHUPYIOT, NpuUbaBasAs 3Ha4U-
Tenbubli n36biTok NaCl nau KCI [20]. TIpu ycranoBachuu crexuo-
METPHUYECKOrO COCTaBa alloMOMAriMeBod IMIMMHE U allOMUHUIA OKa-
3bIBAET racsiiiiee BJAMAHHUE 11a aTOMITYIO abCOpOLMIO MarHHMs; 3Ty 11oMe-
Xy B 1l/1aMEHAX alleTHIell — OKCHJL AMA30Ta WM TIpolial-6yTaH — OKCU/L
AMa30Ta y/Ia€Tcs MOMHOCTbIO ycTpaHuTh BBenenuem 0.1 r/n La(III)
(B BH/IC HUTpaTa JlaHTaHa) ¢ O/IHIOBPCMEHHBIM MTOAKMCACHUECM PACTBO-
pa a3oTHoi kucoTo# (10 Kontentpainu 1.4 moab/a) |41].
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Kpome Mg, meton AACII 6bi1 IPUMEHEH /1151 ONpe/iesieHust JieTHpy-
oumx fo6asok Fe, Ni, Co, V, Ti B xopynge u Ti B rawmii-ckanmii-
raztosimH1eBoM rpanare (10722 mac.%) [40], Ag B cBepxipoBoasieit kepa-
MHKe — Kylpare UTTpus-6apusi, erupoBaHoM cepeGpom (1...20 mac.%) [50],
Na v K B vomuze kanbims (C, = 1074 Mac.%) [49). U3 anemeHTOB OCHOBBI
3TUM METO/I0M olpeiesisii Al B aioMOMarn1eBoi IMMHeaH, a Taioke Al u
Y B urrpuii-amomunuesoM rpatate [41]. CiyyaiiHble morpeiHocTd pe-
3YJILTATOB ONpE/Ie/IeHHs ITUPYIOIINX T00aBOK XapaKTepH3yloTcs 3Haue-
Husimu S = 0.03...0.08. Pesy.ibTathl orpefie/ieHHst HOHHOTO cepebpa B KyTi-
pate utTpHs-6apus npu nomomy AACII u pentreHodyopectieHTHOM
crieKTpoMeTprH (I 5), a Takoke Al B alOMOMarHueBoil HIMYHENN U UTT-
puii-alloM1HKMeBOM rpaHarte ¢ ucnosb3oBaHueM AACIT u AS®II xopoino
COITIACYIOTCSA MeXty coB0it, a 3HaueHust S, CPABHMBAEMBIX METOJIOB Paa/ii-
YaIOTCS He3HaYMMO. XOPOLIO COTTIACYIOTCS MeXIy coboii Takxke pesyJibTa-
Thl OTIpEIe/IeHUs 9IEMEHTOB OCHOBBI AMOMOMArHMEBOM HIMMHEIU U UT-
TPHii-JIIOMUHHMEBOTO IpaHata npy oMot AACII u Tutpumerpuu. Tlpu-
menervie AACII s onpepesienus npumeceit Na u K B nozmze kanbims
06YCJIOBIIEHO TeM, UTO B filaHHOM cJiydae ADMIT HenpumenrMa n3-3a 6oJib-
HIMX ONTHYECKHX TIOMEX, BbI3BAHHbIX U3TyYeHHEM OCHOBBIL.

Wcnonb3oBante 31eKTPOTEPMHYECKOTO rpadMTOBOrO aTOMU3ATO-
pa, BIepBbIe NpeokeHHoro B.B. JIbBOBbIM, 03BO/IAET CYLIECTBEHHO
CHU3HMTb He TOJIbKO abCOMIOTHbIE, HO M OTHOCUTEJIbHBIE TIPeJieIbl Orpe-
JleJIeHust 3JIeMEHTOB, HECMOTPA Ha TO, YTO B Ipad)MTOBYIO IeYb BBOAAT
Jvib He6osbIoi 06bEM HccaenyeMoro pactsopa (50..100 mkn). 3to
06bACHAETCA HATMYMEM TAKOTO CHJILHOTO BOCCTAHOBUTES, KK YIJie-
pold 1pH BBICOKOM Temmneparype (Y CTeHOK TpyOKM oHAa [4OCTUTraeT
3000 K, 4To cpaBHMMO ¢ TeMMNepaTypoii CaMbiX TOPAYHMX ILIAMEH),
JOKIM3AIIMeH 1 JUINTEeIbHbIM IpeGblBaHHeM aTOMOB OTIpefe/isieMOro
a/ieMeHTa B HeGoIbIIOM 06béMe NedH, MHEPTHOM aTMocdepoil, co3a-
BAaeMOii [0TOKOM aproHa, a TaKXXe TeM, YTO CBET OT PacKaéHHbIX
CTeHOK T1€YH He 1oMNajlaeT Ha BXOAHYIO LieJb MOHOXpPOMATOpa.

ATOMHO-a6cOPOIMOHHAsE CIEKTPOMETPHS C 2NCKTPOTEPMUYECKO
aromuzaumeit 1po6 (AAC-DTA) 6buia npumetera B UHCTUTYTe MOHO-
KPHUCTAJLIIOB 17151 onpeneienus rpumeceil Fe, Ni u Cr B MoHokpucTan-
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Jiax KOPYH/Ia, a TaloKe OKCH/Ie A/IIOMHHHIA M aJTIOMOAMMOHMIHBIX KBaC-
11aX, MCMOJIb3YeMbIX B KAaueCTBE CbIPbsl MPU MOMYYEHUH YKa3aHHBIX
moHokpuctanioB [31], Sr v Ba B docdophoit kuciore [44], Al, Fe n
Si B auruapodocdare kanus [52], Si B MOHOKpHMCTA/LIAX Ha OCHOBE
rajioreHu/IoB 11e04HbIX MetasnoB [53]. [Ipexensi onpesenenust Fe, Sr
1 Ba — n:107% mac.%, octanbHbix 31eMeHTOB — n-1075 Mac.%. Ha npu-
Mepe onpesesneHus Sr u Ba B docdopHoii kucnore [44] MOXKHO BUAETD,
yTo 3HaveHna C, npu ucnonbzoBanuu AAC-ITA cyiecTBeHHO HHUXe,
yeM B cyyae npuMerenust AADIL: s Sr — 21078 u 1-107° mac.%, nns
Ba — 1-107 u 5-107% mMac.% cooTBeTcTBEHHO.

B pa6orax {44, 51] ucriosb3oBasu rpaduroBbie aroMusatopbl HGA-
72 cniexrpomertpa ¢upmbl “Perkin-Elmer”, B paborax [52, 53] ~ aromuza-
Top «['pacput-2» K cnexrpomerpy «Caryphs. [lopoLIok okcHa ATIOMUHUS
(1 Mr) BBOMM CTICLMAIBHBIM ILIIPULIEM HETOCPENCTBEHHO B TAHTAIOBYIO
JIOJI0YKY, fIOMelileHHYIO B rpachUTOBYIO Neyb. [[pyrye aHaMsupyemble Ma-
TepUaIbl BBOJIWIM B aTOMU3ATOP B BUE pacTBOpoB (Tabi. 4.8).

Tabauua 4.8. Yci10oBus BBeleHMs aHATU3UPYeMBIX BEllECTB B rpauTO-

BYIO TleYb
XapaKTepUCTHKY BBOLUMOTO
Onpezensembie| AHanuaupyeMoe parTroe
TPUMECH BEIECTBO Korues- O6néM,
Tpalus, MK Jlokamusanus
r/n
Fe,Ni, Cr [NH,Al(SO,),12H,0| 50 g | credKamenH
Sr, Ba H,PO, 100 50 | CreKanet
CTEHKa MeYu
(Al Si);
Al Fe, Si KH,PO 20 1o | rpadurosas
T4 iaropma
(Fe)
Si Csl, KCl1 gg EI((:gl)) 20 CTeHKa Ieuu
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AHanu3 pacTBOPOB BKJIIOYAJ CTA/iMK BICYLIMBAHUSA, 1Ipe/iBApH-
TEeJIBHOTO HarpeBa (030/1eHUA) CYXOro 0CTaTKa, aTOMU3allMU M, HAKO-
Hell, 06xkura rpaduToBoit TPyGKK ¢ Lebio eé ouncTky [44, 51, 52, 53]
Haiipumep, 11pu olipesieietinu Si B raoreHuax weaoublx MCTailoB
[53] nmpouienypa coctosina U3 caeayomux onepauuit: cyiika — 80 °C,
20 ¢ u 160 °C, 20 c¢; ozosnenune — 950 °C, 60 ¢ (Csl) nmm 900 °C,
60 ¢ (KCI); atomuzaumsa — 2400 °C, 5 c; ounctka neun — 2800 °C,
2 c. Tlopoumok okcuza aliOMMHUS cpa3y NOJBEPrajy aToMU3alUNHU
(2200 °C, 8 c npu onpenenennn Fe; 2660 °C, 8 ¢ npu onpesesennu
Ni uan Cr), a 3aTeM BbIXHranm octatku ocHosbl (2660 °C, 5 ¢) [51].

ITpu ucnonb3oBaHuM rpadmTOBLIX ATOMU3ATOPOB MPUXOAUTCS
CYMTATLCSA C TAKMMH UCTOYHMKAMM MOTPELIHOCTEM, KaK HEBOCIIPOU3-
BOJAMMOCTD JIOKaNu3allMH TIPOGBI Ha 110BEPXHOCTH TpadpMTOBOI IteuH,
HEIOJINAsl ATOMM3aLWsA COeJHHEHUH OlIpe/Ie/IieMOT0 JIeMCHTA U He-
CEJIeKTUBHOC 1TOIJIOLIEHHE, MCKaXKalolLiee aHa/IMTHYeCKUii curian. Bripo-
YeM, BTOPOH ¥ 0COBEHHO TPeTHil 3 yNOMSHYTHIX (aKTOPOB OTHO-
CUTCS M K IJIAMEHHOMY BAPHAHTY aTOMHO-a6copGIMOHHOI CIIEKTpO-
meTpuu. IlepBoe orpanndenue yAaéTca B 3HAYMTENbHOH Mepe
SJIMMMHMPOBATD HAHECEHUEM PacTBOpa He Ha CTEHKY l1eYM, a Ha Ipa-
GbuTOBYI0 NIATGHOPMY, YTO CHMXKAET HEM30TEPMUYHOCTb aHAIM3aTOpa
M YMEHbIIAET HOMeXH, 00YCJIOBJIEHHbIE COMYTCTBYIOMMHU KOMIIOHEH-
Tamu 1poGut [54]. IToT npuéM Gbln McoNb3OBaH NPU ONpe/eieHNH
Fe B aurnnpopocdare kanus [52]. Aromusaumio coeannenuii onpese-
JISIEMOTO 9JleMeHTa 06ecTieunBaeT UCNOJIb30BaHHE BbICOKOTCMIICPATYp-
HBIX 1UIaME€H (B NJIaMEHHOM BapHaHTe aToMHO-abcopOLMOHIION CreKT-
pOMeTpHK), BBe/icHHe B 11pobbi Mogudukatopos Matpuitsl (B AACIT u
AAC-9TA) [55], a takoke MoMdHKaiMs MOBEPXHOCTH 1ICYM COCAMIIE-
HUsiMK KapOuooGpasylonx metanios (8 AAC-3TA). Ilpn onpese-
nerunn Si B KH,PO, [52] B rpacdutosyio neus BBoamau cHavana 10 Mi
csexenpurotopsienHoro pactsopa Ca(NO,), (0.5 r/u), sarem — 20 min
aHaJIM3UPYCMOTO PacTBOPA, cojiepxaliiero 20 r/J uccneayeMoit o u
0.02 mosb/n HNO,. B pesysbrare Ha noBepXHOCTH licun o6pasoBbIBa-
JIOCH 1IMPOHOKPLITHE U3 KapOu/ia Ka/iblls, IIPENATCTBOBABIICC 10 BJIC-
HUIO KapOu/la KPeMHHUS! BCJICACTBAC BBICOKOTEMIIEPATYPIONO B3AMMO-
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NleHCTBUA aTOMOB 3TOT'0 AJIEMEHTa C OBEPXHOCThIO I'pachUTOBOM TPY6-
ku. Kpome Toro, 1mpu paspylilieHMH MHPOTIOKPLITHA B ra3oBoil dase
nosABNsMCh atoMbl Ca, 4TO 06eCTeYUBaNIO NPOTEKAHUE PEAKLIUU

SiO, + 2Ca — Si + 2Ca0

Takum obpasom, Ca He ToJIbKO 06pa3oBbiBas KapOujaHoe Io-
KPbITHE, HO M CIIOCOBCTBOBAJ BOCCTAHOBJICHUIO OKCHA KPEMHUS, T.€.
BBICTYHAJl B POJIM XMMUYECKOT0 MOAUDUKATOPA MATPHUILbI.

I[Tpu onpenenennu Si B Csl u KCl [53] ans obpasosanus kap-
OWHOTO MUPONOKPBITHS 1IPOBOJNJIM NpeBapUTEIbHYIO 00paboTKy No-
BepXHOCTH Tieun pacTBopoM ZrOCL, conepxaimm 2r/n Zr(IV): Tpy6-
KW MPONUTHIBAIM 3TUM PAacTBOPOM IMPH TIOHWXKEHHOM JaBJ€HUH, BbI-
AepxMBany B cywmiabHoM wwkagy npu 110 °C B Teuenue cytok, a
3ateM HarpeBaiu B atomu3saTope /10 2500 °C co ckopoctbio 25 °C/c. B
KayecTBe MOAMUKATOpa MaTpHILbl Hconb3oBain HUuTpat xenesa(111):
Ha cTeHKy Meyu HadocusM 10 MKJ pacTBopa 9To# COJIM ¢ KOHLIEHTpa-
umeit Fe(III) 0.1 r/n n 20 mxa npo6si (50 r/n CsI uau 20 r/a KCI).
[To-BuzmMoMy, obpasyioiiieecst B npobe Fe® kaTaiusupyer peakliuio
Boccranossennsa SiO, no Si. Ha puc. 4.8 nokasano BaMsiHue npeapa-

n, MM 4

Puc. 4.8. 3aBucuMocTh aHAMUTH-
% YeCKOTO CUTHa/Ia KpeMHHS OT ero
cojepxaHus B pactBopax Csl
(—e—) u KCl (- = x— ~) npu
HUCIONb30BAaHMHU CTaHIAPTHOM
3 rpadutoBoii eun (1) u neuu, ob-
paboraunoit ZrOCl, (2, 3, 4).

1, 2 — 6e3 MOAM(UKATOPA MATPHIIBL,
2 3 — ¢ BBeIEHVEM B KAUECTBE MOIM-
¢uxaropa matpunpl Ca(NO,),; 4 —

C BBE/ICHUEM B Ka4eCTBe MO}IYI(I)HKa'

\ Topa Matpuibl Fe(NO,),
12104
Csi, Mac.%

410° 8107
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pute/ibHOM 06paboTKy 1eun ¢ 0GpazoBaHHeM IMPOMOKPBITHS, 4 TAKKe
BBEACHUSA MOIM(HUKATOPa MATPHLIbl HA AHANTUTHYECKHH curhan Si npu
€TO ONpeAesieHUN B TallOTeHU/IaX HIEJOYHbIX METAIOB.
HecesiekTuBroe norjouicHue cBeta — ocHOBIas CleKTpabHas
loMexa B aToMHO-abcopbunonHoM ananze. Mosiekyibl, HOHbI M pa-
JiKasbl, obpasylolecs Mpu UCIapeHud U TepMUYECKO# JUCCOLNa-
UMW aHATM3UPYEMbIX BELIEeCTB, MOTYT MOLJIOWATh CBeT B 1060 06-
NacTH paboyero AnanasoHa aToMHO-abCopGIIMOHHbBIX CTeKTPOMETPOB.
Bimsitine HeceneKTUBHOTO NOIJIONEHNS HA IPABUNBLHOCTb Pe3yJibTa-
TOB CJIe/Iy€eT YYUTBIBATb IIPH JIOOBIX BapraHTax aTOMHO-abCOpOLMOH-
Hoi criekTpomeTpuu. Oco6eHHO 3T0 BaXHO /IS UBMEPEHMIA B rpadu-
TOBbIX [l€yaX, I/ie NJIOTHOCTb MapoB BellleCTBa BbICOKA M3-3a MAJIOr0
o6béMa neveit M orpaHnyeHHoH AUPDY3UH napos. JIns MUHUMU3a-
IIMM 3TUX TIOMEX MporpaMMa HarpeBa MeyMd JIOJKHa obecre4uBaTh
(bpakUMOHHOE HCTIapeHHe JIErKoJIeTy el OCHOBBI Ha CTRAMK 030JCeHUS
CYXOr0 OCTaTKa MM JKe ITPaKTHYECKOE OTCYTCTBUE MCMapeHUs TPy /-
HOJIETYYel OCHOBBI Ha CTa/IMM ATOMM3ALUU. ITOT MPUEM MCHOJB3O-
BaH, B YacTHOCTH, nipu onpenenenun Al, Fe u Si B muruspodocdare
Kanus [52]: ykaszanHas cosb pasmaraercst oie 250 °C ¢ 06pasoBa-
HUeM MeTadocdaTa Kalust, KOTOPbIA NPaKTHYeCKH MOJHOCTbIO HCHa-
pAETCA 10 CTafiMM aTOMH3ALMK ONpefesIsieMblX MUKPOKOMITOHEHTOB
(puc. 4.9). DpaxinoHHas OTrOHKA OCHOBbI MCIONb30BAHA H IIPU OI1-
n, Mm
70r g 2 " 6 3
60 - -
Puc. 4.9. 3aBucumocTn anamuTH-
yeckux curnanos Al (a) u Si (6) 50f i
OT TEMIIEpPATYypbl II€eYH Ha CTaAUH 40
aTOMH3alluH: 1— B OTCYTCTBHE
OCHOBDI, 2— B IIPHCYTCTBUHU
KH,PO,; 3 — B npucyrcteum 20} -
KH,PO, u Ca(NO,),

1800 2600 1400 2200 t,°C
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penenenud Sr u Ba B opro-docdopHoit kuciiote [44]; ucnapenue
H,PO, 3akanuusaercsa npu 920-930 °C, t.e. 10 NnosiBieHUs1 B raso-
Bo#t dase Sr u Ba. Onpenenenue Si B rajoreHuax UIEJOYHBIX METa-
JIOB TAKXKC BKJIIOYACT CTaAUI0 (ppaKLMOIIIIOTo UCIIAPCHUS] OCHOBDI [ 53]
xJopuj kanus ucnapserca npu 900 °C, wonua nesus — npu 950 °C,
NPpUYEM JUIA 11I0JIHOH OTTOHKM 3THX COJIeH CTaius O30JIEHUS IIpH
yKa3aHHBIX TeMIepaTypax JIoJxHa GbITh JOCTaTOYHO ANUTENbHOU —
60..70 c. B To xe BpeMs (dhpakiioHHasi OTTOHKa OCHOBBI TIPH oNpe/ie-
sennn Fe, Ni n Cr B amomoaMMoHuiiHbIX KBacuax [51] okasamach
HEBO3MOXHOM: HauboJsiee MHTEHCHBHOE MCNIapeHHe OCHOBbI IIPOMCXO0-
JUT NIpU TeMIleparypax neuy, npessimaiomux 2000 °C, Ho npu atom
Habmonaercs noJiHas notepst Fe n yactuunas noreps Ni u Cr.

B nono6nbix ciayyasix NpUMEHSIOT pa3iM4dHble METOJbI KOppeK-
MU (HOHOBOTO MOTJIOLEHUS: HCIIONB3YIOT KOHTPOMbHbIH pacTBOD, He
COAepKaLIMH ONpeiesIeMOro 3JleMeHTa UK JKe TPalyupoBOYHbIN pa-
CTBOP, B KOTOPOM 3TO COJIePKaHHe oNpefeeHO He3aBUCUMBIM MeTO-
AOM; U3MEPSIIOT CUTHA Ha JUHMM, OJU3KOH K aHaAMTHUUYECKOH, HO
IIpUHajJIexalileil ApyroMy afaeMeHTY; perUCTPUPYIOT poHOBOE HOTI0-
lleHHe CBeTa OT MCTOYHMKA HEMpPEPLIBHOTO crieKTpa (JeliTrepueBbie
WM raJIoreHOBbIC JIaMIIbl); UCTIONb3YIOT 3ddekT 3eemana. [Ipeumy-
UIeCTBOM 3€€MaHOBCKOH KODPEKIIMM SBJSIETCS BO3MOXHOCTh Y4éTa
HeceJIeKTUBHOTO MOIJIOUeHH Ha BCEM CIIEKTPAJIbHOM JHANa30HE, TOT-
Ja Kak JeiTepueBblit KOppeKTOp (poHa OXBATHIBAET TOJILKO YJIbTpa-
dvoneroByio obnacts (10 400 HM). TeMm He MeHee, JeHTepueBbiii
KOPPEKTOp YAal0Ch UCMONb30BaTh NMpH onpeaeiennn Mg B dochop-
ot kucnore MetoaoM AACII [44], a Takxke Fe n Ni B oxcuue
aJIOMUHUS, MOHOKpUCTAJLIaX candupa U alloMOAMMOHHHHBIX KBac-
nax MetogoM AAC-OTA [51)]. das uckioyeHUs! CUCTEMATHYECKOi
MOTPEIIHOCTH, 00YCJOBIEHHON 1IOrJIOIEeHMeM CBeTa OCHOBOM, NpH
onpejenenvy Cr B aJIIOMOAMMOHMIMHBIX KBaclax MpeasoxeHo [51]
OIIpe/IeNIATh ITOT ANEMEHT B IPALYUPOBOUHbBIX PACTBOPAX KAKUM-1100
HE3aBUCUMBIM METO/IOM.

OaHako Bce yKaszaHHbie IIPUEMbBE UMEIOT CYLECTBEHHbIE OIpa-
HUYCHUA W HEJOCTAaTKW. BO MHOIMX cjyyasiX OTCYTCTBYIOT J0CTa-
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TOYHO YHUCThIE€ PEAreHTbl /71 IPUrOTOBNEHNSE KOHTPOJIbHOIO PacTBo-
pa, a TakXke aJbTepHATUBHBIE METO/bl ONPEeNeHUs MUKPOKOMIIO-
HEHTa B IPa/lyMpPOBOYHBIX PacTBOpaX; HET MOAXOAALIEH cocepHeit
JMHUM; BOHOBOC NOFMOMEHHE HE TI0JTHOCTBIO KOMIICHCUPYETCS aBTO-
MaTHYEeCKHMHU KOPPEKTOPaMHU.

Hpeanoxennniit H.H. TpebentokoM Gosiee yHUBepCanbHbIH MyTh
5JIMMUHMPOBAHNA HeCeJIeKTUBHOTO MOTJIOIEHHs OCHOBbI BKJIOYaeT
NpeNBapUTE/IbHOE N3MEPEeHHE DNeKTPOHHOTO CEKTPa NOIJIOHICHHS Ia-
30BOH (ha3bl Hajl UCC/IElyeMbIM BELECTBOM TNIPH TCMIlepaTypax, COOT-
BETCTBYIOLIMX CTAM1 aTOMHU3ALMH [PH aTOMHO-a6COpOLMOHHOM aHa-
Jmze. [lokazaHo [55], uTo HeobXoAMMBIE JaHHbBIEe MOTYT ObITH NOTYYe-
HBI C MCNOJIb30BaHMEM aTOMHO-ab6COPOLMOHHOIO CHEKTPOMETpa ¢
BJIEKTPOTEPMUYECKUM aToMU3aTopoM. C OMOLIIbIO JIEHTEPHUEBOI NaMITbl,
a TakxKe JIaMIl C MOJIBIM KaTOMOM M BbICOKOYACTOTHBIX 6e32/1eKTpo-
HBIX JIaMil, BXOJSILUMX B KOMILIEKT aTOMHO-abCcop6IIMOHHOTO CIeKTpo-
MeTpa, yIaéTcsa 0XBaTUTh clieKTpasibHbli AnanasoH 200..800 HM ¢ marom
B HECKOJILKO HAHOMETPOB., J[0N0THHTEIbHO MOKHO MCIIOIb30BaTh Ta-
KH€ MCTOYHMKN HEIPEPBIBHOTO CTIEKTPA, KaK rajloreHoBbie H KCEHOHO-
Bble-JIaMIIbL.

Ha puc. 4.10 npencrasietibl CIEKTPBb! NOTOLEHHUS 23080 (a3bl
HaJl MOJ/IAMI JINTUS, HATPHs, Kaus, 1e3nd U GTOPUIOM Kasbing,
M3MePeHHBIE ¢ [IOMOIUbIO aTOMHO-abcopOLMoHHOro KoMIitekca «Ca-
TYPH» C DJIEKTPOTEPMHYECKUM aHanusatopoM «[padut-2». HcTouy-
HUKOM CBeTa CJIyXKHWJla BCTpOeHHas feitTepueBast jiamna. Y1oObl ypas-
HATb TeMIlepaTypy NOBEPXHOCTH rpadUTOBOM 1eYn 1 razoBoi ¢asbl,
MCTI0/Ib30BaU rpapuToByio natdopmy Jbsosa. [is 1ipeaoTspalie-
HUST KOH/IEHCALIMM COJIed Ha TOpHaX ey U KBapleBbIX CTEKAAX MpPH-
MEHsI/IM BHYTpeHHHMId 06,1yB aToMuzatopa aprotom (0.6 1/4). Uame-
PeHMs! IPOBO/IMIM DU TeMIepaTypax, 06ecleYUBAIOIINX ONyYeH e
ycroiunBbix curhanos. Cou nometanu B yriy6iichue naatdopMbl,
npokainBaiu 1ipn 300 °C (conm menouunsix Metaanos) uau 500 °C
(dropua KanblMaA) JUIS yIAJICHHS BOABI M JIETYYHX NPUMECEH, a 3aTeM
YBEJIMYMBAJIM TEMIICPATYPY 110 HeoOXOAUMOro 3itadeHust. ONTHYCCKYIO
IJIOTHOCTL PErUCTPUPOBATIU 1T0CJIE YCTAHOBJEHWS e¢ 1T0CTOSTHIOND 3Ha-
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Puc. 4.10. CnexTpsl norjouieHys ra3oBod (asbl HaJ MOAMAAMH LIEJOYHBIX
MeTana0B nipu 700 °C (a) n dropuaom kambuus npu 1100 °C (6)

HHUS, YTO CBMAETEJIbCTBOBAIO O CTAOMJIM3ALUK TEMIIEPATYPbl IEYH,
1IPOLIECCOB HCIIAPEHMSI COJIEN M yaaJeHust napos u3 neuu. [Ipeacras-
Jemiible Ha puc. 4.10 CreKTpbl CBUAETENLCTBYIOT O TOM, 4TO NIPH aila-
JIM3€e YKa3aHHBIX COMell MAaKCHMAJbHOE HECEJEKTMBHOE MOrJIOLIEHHE
byner vabaonarscs BOM3K caeayiownx Anun BoJH (1m): Nal, KCl u
Csl — 250 u 370 um, Lil — 200 um, CaF, — 600..610 u 550 um.

U3 IIpUBEACIHIHbIX B 3TOU TIjaBe AAHIBIX MOXHO BHUIETHL, 4YTO
aTOMHO-IMUCCHOHIHAA U aTOMIIO‘a6COp6U,MOIIIIa}I CIIEKTPOMETPUA OT-
HOCATCA K 4YUCIY Hanboaee HIMPOKO IIpUMEHAEeMbIX METO/J0B alialaun-
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THUYECKOIO KOHTPOJNA NPUMECHOTO COCTaBa HeopraHuyeckux OM.
CymiectBennyio posis py peitieHun KOHKPETHOH aHAINTHYECKOI 3a-
fladu urpaet BbIGOp HauGosee MOAXOSAUIETO BapMaHTa YKazaHHbIX
MeTo10B. OUTUMHU3AUMA YCTIOBUii 1IPOGOIOATOTOBKY U M3MEPCHHS
aHaIMTHYECKOTO CUIHAsa 06ecednBaeT MOJIyYelue pe3y IbTaToB aHa-
JIM3a, He OTATOEHHBIX 3HAYMMBIMU CHCTEMATUYECKUM [10rPELIHOCTS-
MH U UMEIOIIMX IPUEMIEMbIN YPOBEHDb CIYYaHHBIX MOTPEITHOCTEHH.

OtMetuM, 4To 3¢hheKTUBHOCTD ATOMHO-OMHUCCUOHHOTO CIIEKT-
PaJIbHOTO aHA/U3a C AYTOBBIM, IIa3MATPOHHBIM U Jla3ePHbIM UCTOY-
HUKOM y/laeTcsl CYIeCTBEHHO MOBBICUTL B Pe3YJIbTaTe 3aMeHbl (hOTO-
rpaduyeckoil perucTpaunu cnekTpos MoTO3NEKTPHYECKOil M aBTOMa-
TU3ALMHK M3MepeHUst 6Jarofiapsi MCIOJIb30BAaHHMIO YIIPaBJISIOILEro
KomibioTepa |56, 57].
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[nasa 5
PeHTtreHocnekTpanbHbiM aHANM3

PeHTreHoBcKas CEKTPOMETPHsI OTHOCHTCS K YHUCJIY MHOTO3J1e-
MEHTHBIX (U3UYECKUX METOJOB aHAIKU3a, MO3BOMAIONUX JOCTATOY-
HO OBICTPO YCTaHABIWBATh SJEMEHTHBI COCTaB UCCJENYyeMOro 06-
pasua 6e3 ero pa3pyleHHs (ecau OTCYTCTBYeT PajMO/MU3 BellecTBa
IO/ leficTBHEeM PeHTTeHOBCKOIo U3JyueHus ). TeopeTHYecKe OCHO-
Bbl Y MpaKTUUecKHe NPUIOKEHUA METOMIA MU3JIOXKEHBI B PsiAe MOHO-
rpacuii u pykosoacTs [1..10], a Takke MHOrOYMCJIEHHBIX CTAThAX,
ny6iMKyeMbiX B CrHelHMalu3MpPOBAaHHOM XypHale «X-Ray
Spectrometry» M IpYyrux HepUOJMYECKMX HM3[aHWAX 1O aHAIHUTH-
yeckoil xumuu («Spectrochimica Acta B. Atomic Spectroscopy»,
«XypHan aHanUTUYEeCKO! XMMHUU»>, XKypHaibl «3aBojicKas Jabopa-
TOpHs. JIMarHOCTHKA MaTepaloBy», « AHATUTUKA U KOHTPOIb> U JP.).
CrenMasibHBIM BBIYCK NOCJIE[IHETO U3 YIIOMAHYTHIX XypHanoB [11]
MOJIHOCTBIO MOCBSIIIEH DEHTTCHOCTEeKTpaibHOMY aHaausy. Heobxo-
AMMBI€ JIJIsi UCIOJIb30BaHUs ITOTO MeTO/la CBeJIEHUS COJIepXKaTCcs B
CIPaBOYHBIX U3faHusAX |12, 13].

5.1. PentreHodnyopecueHTHas cnekTpoMeTpus

B peHtreHocnekTpanbHOM ¢yopeclieHTHOM aHajinse (peHTTeHO-
(nyopecuentHoM aHanuse), PCDA, aHaNTUTHYECKUM CUIHAJIOM CJTY-
HKHUT XapaKTepUCTHYECKOe M3JIyueliMe dJIEMEHTOB, BXO/ISIIIMX B CO-
cTaB vcclelyeMoro o6pasiia, KoTopoe BO3OYXKIaeTcsl 1epBUYHBIM U3-
JIy4eHHeM PEHTTeHOBCKOU TpyOKku. BTOpuUHbIH PEHTTeHOBCKHE CIIEKTP
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Puc. 5.1. [eoMeTpHUs peHTTEHOBCKOTO CIEKTPOMETPa C MIOCKHM KPHCTAN-
JoM-aHam3aTopoM. R6 — peHTreHoBcKas Tpy6ka, D — nmadparma, SS —
kosnumatop, G — TOHUOMETP

COJIEPXKHUT XapaKTePUCTHHECKHeE JIUHUM ONpe/iesIieMbIX U COMyTCTBY-
IOlUX 3JIEMEHTOB, B TOM 4MCJe U 3JIeMEHTOB OCHOBbI. B Haubosee
TOYHOM KpucTani-gudpakuyontoM Bapuante PCOA [9, ¢. 211] ans
BbleIeHUS 3aaHHOH TMHMH CclleKTpa U3 (JIyopeciieHTHOTo U3Iyde-
1usi 06pasua MCrosib3ycetes AMMPAKIUS W3NyYeHHs Ha KpUCTalie-
anannsatope (puc. 3.1). Tem 1ie MeHee, B 0oblileM ciyyae 3aBHCH-
MOCTb aHaJIMTUYECKOTO CUI'Hajla OT 3JEeMEHTHOrO cocTaBa NpoObl u
11apaMeTpOB NOIJIOLIEHUS €10 IepBUYHOTO ¥ BTOPUYHOIO U3JIyYeHHUs
Aoctatouno cnoxha [1, c. 21]. ITpy HeKOTOPBIX YIPOWAIOINUX TIpej-
[OJIOXKEHUSIX UHTEHCUBHOCTb [, ClIeKTpalbHOW NMHUK d/eMeHTa A
IJIs1 HACBIIIEHHOTO, MJIM TOJICTOTO cost oOpasila He 3aBUCHT OT TOJI-
IMHbI U3J1yyaTeas (pUc. 5.2) U ONMUCBIBACTCS ypaBHEHHEM:

1, = k————-—C" , GAY)

o, C, +0,Cy

rie C, - copepxkaiuc olpescisemoro aementa A; C; — adbekrus-
HOE CO/IEPIKAHNC «HAIIOJHUTCIS», COOTBETCTBYIOHICC OCTANLHBIM 2J1C-



Tnasa 5 193

MEHTaM 1po0bl, @, M O — 1APAMETPbl NMOIJIOUICHUS [IEPBUYHOIO H
BTOPUYHOTO U3JIyYEHUS 3JICMEHTOM A U «HAMOJHUTENEM», k — KO-
(puLMeHT TPOMOPUHOHAILHOCTH.

Ypasnchue (5.1) TpyaHo MCHONB30BaTh JUIA pacuéTa pe3yJIbTaTon
AHA/IM32 MHOTOBJICMEHTHBIX BellecTs. [Ipy BBIONHEHUH [IPEUU3UOIHOTO
aHA/IM3a MCKOMOE COAEPXKaHKe 2JICMeNTa OObIMHO PacCyMThIBAIOT U3 YpaB-
HEHWH CBA3M B BUJIE CTellelbIX psijioB. Hanpumep, st iepBoro ajieMeHTa
13 TPEX OTIPCAC/ISEMBIX B AINIOM BCIIECTBE CTENIEHHON P/l UMEET BUJL

C =a,+4aC +4q,C! +a,CC,+a,CC, +
+a,C, +a,,C; +a,,C,C, +a,C, +a,,Cl +... -2)

Ha npakTuiKe NpUXOAMTCS y4UTHIBATD TOMBKO HECKOJILKO ITCPBBIX
YJIeHOB NOA06HOTO NHOJMHOMA, K03 HULUMEHTbI KOTOPBIX HAXOMAT, UC-
noab3ys Gosubinoe yucao (10..20) rpaayuposounsix o6pasios (I'O).

Yucno 'O MOXHO CYILIECTBEHHO YMEHbUINTh, €CJAU MCIIONb30-
BaTb MeTOA (YHJaMeHTa/lblbIX [1aPAaMCTPOB, Pa3/MuHbie BapUaHThI
KOTOPOro OIlMCaHbl B iMTeparype |4, 5, 14]. [lo paboT, BbIIIOJHEHHbIX
B VIHCTUTYTe MOHOKDHMCTALIOB, YKa3aHiible IPUEMbBI IPUMEHSNN IS
aHa/IM3a HEKOTOPbIX CILJIaBOB MU MMHEDAJIOB, KOIia He TpeboBaiach
BbICOKast TOYHOCTD.

B npeaenbrom cayyae, korjia ToJnKMHa U3JydaTeas HACTOJIbKO
Majia, YTO MOXKHO NpeHeOpeyb IOIVIONICHUEM B HEM MCPBUYHOTO M
BTOPUYHOTO U3JIyYeHUH, HabutioaeTcst 1psiMast POIOpLUMOHAIbHAS 3a-
BUCHMOCTb MEX/Y COAEPKAlMCM dleMeliTa A U MNTelCHBHOCTBIO [,

1,=kpC,, (5.3)

T/ie p — IJIOTHOCTb 06pasya.

Taknm 06pa3oM, B TOHKOM €J10€ aHATUTUYECKUI CUTHAM HE 3a-
BUCHT OT NMPUCYTCTBUS COMYTCTBYIOIMX DIEMEHTOB U CAabo 3aBUCUT
OT ToJUIiUHbI obpasia. Ojiako, Kak BHAHO M3 puc. 5.2 {9, c. 227},
3HaYelue 9TOro CUrHajla o4eHb Maso.

B ob6pasiie 1ipomekyTouHoit TommuHbl (puc. 5.2), KaK M B TOl-
KOM CJIoe, aHaIUTHYECKUI CHPHal He 3aBUCUT OT MPUCYTCTBUS CO-
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o/l
Puc. 5.2. PacueTHbie 3aBucHMO-
CTH OTHOCHTEJIbHOM UHTEHCUBHO- 0.8}
CTH DEHTTEHOBCKOTO H3JYYEHUS

06
I /I ot Tonmmubl mpobs d s
pa3HbIX 3HayeHui nmapamerpa mo- 0.4
FJI0LLEHUS TPOGON NEPBUYHOTO ¥ 02
BTOPUYHOTO U3/IYYeHUS

T
o
o
pey
<

't

0 " " L .
10  10° 104 10 102 dmm
HYTCTBYIOIIMX IJIEMEHTOB, HO B OTJIMYUEC OT IIOCJICAIICTO Ol IPOIIop-
IHHWOHaJJeH TOJII[HNHEe 06})33[[& l; A4 MIOJYHCHUSA JOCTOBCPHBIX PC3YJIb~

TATOB aHaJIM3a 3Ta TOJIIHWHA J0JI)KHA 6bITb CTpOro MOCTOSHHOM:
1,=kplC,. (5.4)

Ouesu/iHO, YTO B cIyyae HENOCPEACTBEHIIOTO peHTreHodyopec-
IEHTHOTO aHaIu3a 06pa3iia MaKpPOCKOIIMYCCKMX PasMepoB NMpealoy-
TUTCJICH HACbILEHHBIN CNOH, @ TOHKUI W IIPOMEXYTOUYHbII CJIOU 1ie-
J1ecoo6pasHo MCIOJIb30BaTh, CIM 0OBEKTOM aHa/in3a ABJAETCS KOH-
UCHTPAT OIPE/IC/ISIEMbIX DJICMCHTOB, NPUYEM B IOCJACAHCM Cllyyae
TOHKHI CJOW NpeiIloYTUTeIeN.

W3joxeHHble MOJOKEHHUS, HAPAJY C PACCMOTPEHHBIMM Bblllle
MeTo/laMy 1oAroToBku marcpuanoB kK PCDA (pasa. 2.3) u ipeasa-
PUTCIILIOTO KOHIICHTPUPOBAHHS ONPCACSIeMbIX MUKPOKOMIOHEHTOR
(pas3n. 3.1 n 3.3), 6buM Mcnonb3oBaHbl B MHCTUTYTE MONOKpHUCTanN-
JIOB JUIA ONPE/C/ICHUS! DeMEHTOB OCHOBbI 1 JIErMpYIoInX 106aBOK B
dYyHUKIIMOHANLHBIX MaTepUanaX, HCKOTOPhIX MUKPOIIPMMCCCH B 9THUX
MaTCcpUaiax, a TakKe CBSI3AIIIBIX C UX [IPOMBBOJICTBOM CTOYHDBIX BO-
JlaX U Bo3Jlyxe paboueit 30HbI,

OcHoBltble XapaKTCPUCTHKY paspaboTalliibiX MCTOIMK [IPE/ICTAB-
Jgeubl B Tabu. 5.1. Haubonbiuee npumentenve PCDA naxoaut jus
KOHUTPOJIA CTCXMOMETPUW W OlIpeACcHust JEernpylonmx J100aBoK B
OM. [Ipu onpeencHny aCMCHTOB OCHOBbI ATOT MCTOJL B PSIIC CJIY-



Tabimua 5.1. XapakTepHCTHKH METOIUK PEHTTeHODIYOPECUEHTHOTO aHa K3a (hyHKIMOHAIbHLIX MATepHANOB U
CTOYHBIX BOJ IPOU3BOACTB 3THX MaTepHaJoB (KpUCTaui-ANdpakuHoHHbH BapuauT PCMA a1 BceX MeTOMMK,

KpoMe onpezesieHusa Zn u Se B Bo3yxe paboueil 30HbI IPOU3BOACTBA MOHOKPHCTAJLIIOB ZnSe)

Jlnanason
Onpeze- orpenes- Jlure-
O6bexT ananuaa | astemble CMbIX IpoGonoarotoska Ip 063 pOBO‘:)HbIe S, paty-
sneMeniThl| CORCPHA Pasiibl pa
HUHI MK
Con (G
1 2 3 4 5 6 7
PactBopenue B
Bil,-2Nal H,0 BOJIHOM pacTBope
(cumHTHAIA- - DJ1eMeHTBI NH,NO,, pacteop | Boansie pacteopst [15]
LMOHHBIK Bi. 1 OCHOBBI TTOMELIAIOT B KIOBETY, Bil, u Nal 0.003...0.004
MaTtepHa) 3aKPbITYIO
MaiiaapoBoit NIEHK O
BaSr, Nb,O,
(1unxTa s IMponykTts
MOHOK PHCTAJIJIOB, B;;bir, Sélce::;:m 1o onmizciozam:onst cnekanust BaCO,, | 0.001..0.009 | [15]
[IPUMEHSIEMBIX B P prp= SrCO, u Nb,O,
OITO3/IEKTPOHUKE)
[paHatst I'O noayuanu
5AL,0,3Ln,0, a) Cnnalineﬂue a) cruiaByeHHeM (¢
: : U3MeNbYEHHOTO
rze Ln — Y, Ho ALY 3 TeM e rocom);
unmu Er (MoHo- T JIEMEHTEL { KPUCTala C miocom 6) npeccoanvem | 0.001..0.003 (16]
- Ho, E® OCHOBBI NalC03+Na2B4O7; R
KPHCTALIB 6) 11 NPOLYKTOB
AKTHBHBIE BJIeMeH- ) Tlpeccosarue o CIIeKaHUs cMeceit
V=const
th1 anst OKI) OKCHIOB

¢ vopr [
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IIpodonncenue ma6n.5.1

VICXO[HAsI ILINXTA)

1 2 3 4 5 6 7
SrTiO,
(mmxTa ans
MOHOKDUCTAJLIOB NamenbpyéHubiii I'O nonyyanu
MHOrOGYHKLU- S Ti® IJleMeHTHl | HOPOMIOK MOMeWaloT B|  TBEpAodasHbBIM 0.002 [17]
OHAJILHOTO NPH- ’ OCHOBBI KIOBETY, 3aKpBITyI0 | cunresom us SrCO, )
meHeHust: CBY- n MaitnapoBoif MIEHKO#H u TiO,
Ip. obnactu
TEXHUKU)
Y-Ba-Cu-0O..
Ln-Ba-Cu-0O IO nonyuanu
(Ln=Eu, Gd, Ho CILIaB/IEHUEM
Er, Tm), Y. Ba Cnnasnenue ¢ LiPO, (c T(e):lcme SHIOEOM)
Bi-Sr-Ca-Cu-0O| ' 5% wiu LiPO_+Li,CO Y108 1T [18,
Cu, Ln, | Jnementnt 3 2773 kap6oHaToB
Tl-Ba-~Ca—-Cu-0O Bi Sr OCHOBDI ¢ nocneyoei OlIDeIeIAEMBIX 0.003..0.01 | 19]*
(BBICOKOTEMIIEPaA- i Mg OBKOH bea
Ca, TI® 3JIEMEHTOB C
TypHas HOBEPXHOCTH ocHe o
CBepPXIIPOBOIS AL Ayiome
KepamHKa I 1 OBKOHM
NOBEPXHOCTH
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IIpodonncenue mabn. 5.1

1 2 3 4 5 6 7
a) ATTecToBaHHBIe
YYaCTKH
MOHOKPHCTAIJIOB
dez?&v%)wo“ a) Hepaspymwarommii | (cm. pasz. 2.3.4);
NaBi(W6 ) cd Pb PCODOA 6) I'O ans ananusa
42 " | Onementwr MOHOKPHCTAJIJIOB; HIMXTHI TOTYYaJTH [22]
(S)I:[?{Zgﬁﬁigl_d Z%'ixv ' OCHOBbI 6) Crurasienue ¢ crtapjenueM (c 0.0004...0.0009
KPHCTALBI 1 LiPO, (anamu3 TeM xke dirocoM)
HCXOMHAA MIXTa) LITUXTBI) OKCHJOB WIH
KapBoHaToB
OIIpeAeNAEMBIX
3JIEMEHTOB
_ I'O nonyyanu
;ﬁooiNI?I;i C';/x“:ai ;0 npeccosanuem 10 | 0.004 (NdK )
3OS e V=const npoaykrtoe{" u 0.01 [15,
(uuxra s Nd (HusA ITpeccosanue no .« NdL 93
MOHOKpHCTaN- NdL ) u V=const TBEpIOGasHOro | ( w) A ]
JIOB — aKTHUBHBIX 8107 t;:lac % cuntesa emectsa | 210" mac.%
anementoB OKI) (NdK ) 13 Y,0, ALO, 1 Nd
23

¢ vovrJ
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IIpodonxcernue mabn. 5.1

okcugamMu Sc, Mn,
Fe, Ni, Zn, Y, Nd)

1 2 3 4 5 6 7
T'O nomyyanu
HIPECCOBAHMEM [0
ALO,, V=const cMmeceit
AINH,(SO,), 12H,0 or 2107 o U3MeJIbYEHHBIX
0,
(MOHOK pUCTAJLIIBL Cr Y, 1 Mac.A_SCr), Mpeccosarme 10 MOHOKPHCTALJIOB 0.04..;(:;).06 n,;m (24]
KODYHZAR, or 2-10* oo WJTY TIOPOIIKOB 11073 mac.%
Mo o V=const
neruposannbie Cr, Y 1 mac.% aHATU3NP YEMBIX Y u Mo
win Mo, u ucxojHoe (Y, Mo) MaTepHaJioB U
CBIpbE) OKCHJIOB
OlIpeeAeMBIX
37IEMEHTOB
MgO-xAlLO,, rze x
paBeH 1 wu 2 TO nomvaanm
(1IUXTA JUISE MOHO- 51073..1 i 0.003...0.009
Sc, Mn, o IIpeccOBaHHEM =
KPHUCTAJLJIOB I10JIH- X Mac.% N st 5-10
Fe, Ni, ITpeccoBanue no cMeceil OCHOBBI U o [25]
O YHKLIHOHAIBHOTO olpeaens- Mac.%
Zn, Y wim V=const OKCHUIOB
NPUMEHEHHS, eMoro olnpenenseMo-
Nd onpenenseMbIX
JIerUpOBaHHAS aneMeHTa: TO 3/IeMeHTa
. 37IEMEHTOB
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IIpodonxcenue mabn. 5.1

1 2 3 4 5 6 7
a) 'O monyuanu
a) C, =510 a) IIpeccoBanue npu MPeCcCcoBaHUeEM
tim p=const; cMecel MOopPOLIKOB
mac.%
6) KonuenTtpuposanue Csl n CsBr;
(npsimMoe o
HarnpasJeHHOMH 6) T'O nonyyanu, { a) 0.005 wia
CsL:Br onpejee- . L o
KPUCTALTU3aMei BbIITAPUBAsI 51072 mac.%
(CUMHTUNTALUN- HUe); )
_s|BonHoro pacreopa Csl pacTBOpHI Br; [26]
OHHBIE Br 6) C, =510
o 3BTEKTUYECKOrO Cs[+CsBr Ha 6) 0.1 ans
MOHOKPHUCTAILIBI U Mac.% (c o »
€OCTaBa U ¢dbroponnacToBoit 510
HCXOAIHASA IIUXTA) npexBapu- o
BBICYIIHBAHHE MOLTOXKKeE Mmac.% Br
TETBHbIM KOHLIEHTPATa Ha (rpagyvpoBOYHLIL
KOHIIEHTPH- p " paiynp
¢$ropomnacroBoit rpaduK 3aBUCHT OT
pOBaHuEM )
nomnoxke (puc. 3.3) | comepxaunus Csl B
KOHIEHTpATe)
I'O nonyyanu B
pesyJbTare
NoJUMepH3al Ky
[Nonumernnmera- pr3all
MOHOMepa ¢
Kpuiar, noGaBkamMu
JIerMPOBAHHBIN Gd C,,=2-10" Hepazpymaronuit ACTBODA Gci(NO) 31072 gnst 0.5} [27)
rajloJIMHHEM mac.% PCDA p p 31 wmac.% Gd
" B Tpubytundocdare
(nacTMaccoBbIf .
U ToCTIenyIolIei
CUHUHTUASATOP )
wau(OBKHU
NOBEPXHOCTH
3aroTOBOK

¢ vovU ]
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nomynoxke (puc. 3.3)

TIpM MIPOBENEHUH
aHaJIN3a

1 2 3 4 5 6 7
T'O nonyyany,
Ixcrpakuus B CHCI KcTparupyi
(1-107... KoTlxld)nJ[eKca TI(D ¢ ’ usBecmbe(fl 7 001_§ o
Nal: Tl (cuun- 1-1071) MAaKPOIMKJIOM H KomriecTsa N(II) 1 iv.lac.%;
TH/UISIIMOHHbIE Tl Mac.% TI; BbIIIADMBAHHE 13 pacteopos al ¢ 0 Og ' (28]
MOHOK PHCT&JLJIBI ) C,,=1-10 | skcrpakTa Ha ¢TOpO- flocuIenyiomen 1’ s mmo
Mac.% IIJIaCTOBO. TOATIOKKeE TOAroTOBKON 3107 mac2%
(pric. 3.3) H3JIydaTenei, Kak TI;
MIPH NPOBENEHNH
aHAIN3a
T'O nonyyamu,
INocne kucaoTHOM 3KCTparupyst
obpaborku (HCIO,) H3BECTHBIE
IKCTpaKLus cMechio | KoaudecTBa P33 us
CaF,Ln H30MEHTAHOIA C pacTBOpOB,
(monokpuctanasl | Lo (Euy, C. =2.10- TpubyTiidocharom | monyyenusix nocse |0.07...0.08 pis (29]
~ aKTHBHbIE Gd unu tim % KoMIutekcoB P33 ¢ KHUCJIOTHOM 2107 mac.%
aneMmentsl OKT u Lu) Mac. 7 MOPHHOM H obpaborku CaF,, ¢ P33
CUUHTWLJIATOPHI) BbIllapUBaHHE nocjaeAyoei
9KCTPaKTa Ha HOATOTOBKO#
¢ ropomiacToBoit U3JIydaTeseid, KaK

00¢

XHOYG gy



[Ipodoaxncenue mabn. 5.1

1 2 3 4 5 6 7
ALO, T a) Atrecrosannnie | a) 0.08 xns
(MOHOKpUCTALLI a) Hepaspymaromuit Y4YacTKHU 21072 mac.%
THKopa, PCODA; MOHOK DHCTa/lJIOB Ti;
HCTONIB3YEMBIE B . (5:-1073..1) 6) crnasnenye (cM. pa3a. 2.3.4); | 0.4 ana 2:.107) [30]
KayecTBe Ti o . o/ T3
Mac.% H3Me/bYEHHOTO 6) TO nonyuamm Mmac.% Ti
aKTHBHg);(I, obpasnua ¢ dirocom — CIJIaBJIEHUEM 6) 0.08 nna
SJIEMEITOB N Li,B,O, cmecu AlLO, n TiO,| 2-107 mac.%
nepecTpanBaeMoii c LiB'O Ti
Y4acTOTOM ) e
a) Pacreopenue B
HNO,, HE)ﬂ6aBJleHPI-e IO nonysan
YKCYCHOM KHCIIOTBL, aCTBOPEHHEM a) 0.02 nns
Y-Ba-Cu-0:Ag 6) JKCTpaKIUs MOH- p N . ) o
) Oburee HOTO A H3 HIMENb- uaMenpuénHoit | (4...16) mac.%
(BeIcOKOTEMTIE (a)u [(1..20) mac.%}| " xepamukn B HNO, | obmero Ag; | [31]
paTtypHast 4éHHOro obpasua B :
uoHHOe | obuero Ag CH.COOH: mony- c npubasnenreM | 6) 0.04 ana
CBEPXTPOBOMAMAA) - gy A g 3 » oay CH,COOH u | (2..6) Mac.%
KepamMuKa) YeHHBIe PaCTBOPH
M3BECTHBIX HOHHOTO Ag
HOMeEINaJId B KIOBETBI, .
KoauyecT Ag
3aKpbhIThIE
ManIapoBOH MIEHKOM
7nSe T AtrecTOBaHHBIE 0.05 nnst
nSeTe (cuun- T 0.03..2.6 Hepaspymaronuit YYaCTKH 1-107* mac.%; | [32]®
THIUIAITHONHbIE € Mac. % PCDA MOHOKDHCTIJIOB 0.02 gna
MOHOK P HCTAJITBI) (cm. pasn. 2.3.4) 1 Mac %

¢ vovU]
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IIpodonxcenue maba. 5.1

OCHOBE Caxapo3bl MU

KBa3UTBEPALIX Xena-

THHOBBIX M3JlydyaTeseit
(pasa. 2.3.3)

YaTesu ¢ BBEAEHHEM
Ga B KauecTBe
BHYTpPEHHErO
CTaHAapTa

1 2 3 4 5 6 7
KouuentpupoBanue I'O monyuansn,
NpY [OMOIIH H3TOTaBJIUBAst
, Bi, HHU3KOTeMIlepaTypHOH KBa3UTBEPble
A8 C,.. Mac.%: patyp pa 0.01..0.06
Cd, AP HarnpaBJeHHOH XeNaTHHOBbIE
Cu(I) 3107 (Bi), KPHCTANIU3AUUN H3JIyyaTeny ¢ AT
Csl, CsCl, CsBr, " | 810°5(Pb), CoMepXKaHUM
Fe(II), P BOJHO-COJIEBBIX BBeIeHNeM [33]
NH,[, NH\NO,, Ni 1-1075 (Ni), ABTEKTHK (pagr. 3.3) ACTBODOB onpenense-
RbNO,, KNO, | 2100 (ag, pasiL. 5.3), bacrsop MBIX
‘ Pb(11), W3rOTOBJIEHMe U3 AHATU3UPYEMBbIX
Cd, Fe, Zn, i . 371€MEHTOB
Te(IV), Cu) KOHLICHTPATOB KBa3Hu- | coslell ¥ M3BECTHBIX ~5C
Zn® TBEPABIX XKeJATUHO- KOJIFYECTB lim
BBIX H3JTyYaTesei OTIpenessieMbIX
(pasa. 2.3.3) 3JIEeMEHTOB
Konnenrpuposanue IO cnyxunu
IPY MOMOLIH CTEKJIOBUHbIE
HU3KOTEMIIepaTypHO# | uasyyarenu Ha
C , ur/n: HamnpasieHHON OCHOBE Caxapo3hl C
win? =77 | KPUCTANINBAAM BOIEL BBeJEHHEM
Crtounas BOaA 5 (npsaMoit
(paza. 3.3), HM3BECTHBIX
MPOU3BOACTBA aHanu3), [34,
H3rOTOBJIEHHUE U3 KOJIMYEeCTB ONpejie- 0.08 mnsa
ONTUYECKUX Se 0.05 (c npexa- i 35]
KOHUEHTPATOB JisieMbIX aneMeHToB | 5-107' Mr/n
MOHOKPHCTAJLJIOB BapHTE/IbHbIM .
CTEKJIOBUJIHBIX HJIY KBa3UTBEPAbIE
ZnSe KOHUEHTPHP- .
u3JTyuarteseit Ha JKeJIATHHOBbIE U3JTY-
OBaHHEM) -

z0e

MHVUG Gy



Ipodonxcenu maba. 5.1e

1 2 3 4 5 6 7
Crounble BOIbI
[IPOU3BOJACTB Wsrorossernue [ns rpaxyupoBku
P A KBa3UTBEPABIX Pallyup
MOJIYIPOBOA- HCIIOIb30BAIN 0.06 mnsa [35]
Ga (4..30) mr/n JKeJTATUHOBBIX
HHUKOBBIX . MeTO/l CTAaHAApT- 10 Mr/n Ga
U3JIyyaTeneit
MOHOKPUCTAJLIIOB (pasz. 2.3.3) toHa
AsGa PasLL, £
KoHuenTpupoBanue
IKCT] ueit B CHCI
paxdl 31 T'O nonyuator,
KOMILJIEKCOB
M3roTaBIUBAs
Ag, onpe/esIsieMbIX KBA3HTBEDIbIE
Bi(I1I), 3JIEMEHTOB C )KenaTHH(I: BhIe
Cd, AV3TIJIANTHOKapbama- 0.01...0.07 mns
OuuneHHbe H3JIyyaTesu ¢
Cu(Il), { (0.01..0.4) |rom, ux mocaeaywomas 0.1 Mr/n
CTOYHBIE BO/IbI BBeIEHUEM [34]
Fe(I1I), MTr/1 pe3KCTpaKIMs B onpezensieMo-
npoussojacts OM . H3BECTHBIX
Nij, pe3yJbTare OOMEeHHBIX TO 3JIeMeHTa
N KOJIMYECTB
Pb(ID), peaknuii ¢ Hg(II) u
e onpeessieMbIX
n U3TOTOB/IEHHEM
KBABUTBEIBIX 37IEMEHTOB, a TAKXKe
Hg(II)
JKeJATUHOBBIX M3JIy4a-
testeit (pasa. 2.3.3)

¢ povrJ
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Hpodonxcenue mabn. 5.1

1 2 3 4 5 6 7
Hanecenue
. U3BECTHBIX
Bosznyx pa6ouei
3 KOJIMYECTB 0.12..1.14 pns
30HBI ITpokauusanue 0.5 M
TIPOU3BOACTBa C_ =0.005 BO3[yXa yepes ONPEACIACMPIX | ONPEAE/IEHHS
Zn, Se¥ min ©7 R anemenTos (B Buge | 0.01 mr/m® | [21]
OIITHYECKUX ML /M’ LeJLJTIOIO3HBbIH
PacTBOPOB) Ha | OIpeNe/IIeMO-
MOHOKPHUCTAJLJIOB duabTp
ZnSe? ¢unpTp C ero TO 3JIeMeHTa
i TOC/IeIYIOIITUM
BBICYIIIMBAHUEM

"MopMy el 06BEKTOB aHAIM3a XapAKTEPU3YIOT X HOMHHAJIBHBIH COCTAB

» CoctaB rpanynpoBouHbix obpasuos (F'O), kak npaBuio, KOHTDPOJMPOBAIM XMMUYECKUM METONaMM.

» OnHoBpeMeHHOe onpesiesieHye 2-X U 60Jee 3JIeMEeHTOB.

* TlpeasioxeHbl Tak)Ke BapMAHTBI ONpe/e/eHUs 31eMEHTOB ocHOBE B BTCII kepamuke Bi~Pb—Ca-~Sr-Cu-0O ¢
ucnopsosaHuem 3-x 'O u Metona Teopernyeckux nonpapok [20], a Takxke 3HEPrOAUCTIEPCHOHHON peHTreHody-
OpecUeHTHOH creKTpoMeTpuu [21] .

* I1pu npou3BosIbHOMH KpHCTa/IOrpaduuecKoil OpHEHTALMH TIPo6 (anaﬂnrnl{écxnﬁ CHTHaJl 3aBUCUT TO KDUCTAJ-
JorpacuyecKoll OpHEeHTALUM MOHOKPHCTAJIA).

» Metonuka ycosepienctBoana K.H.Beankosbim.

? DHeproaucnepcHoHHbiit BapuanT PCDA.

70¢

AHDYG gy



I'nasa 5 205

4aeB MPEBOCXOJMT 110 TOYHOCTH Takue KJIAaCCHYeCKHe MeTOMbI, Kak
TUTPUMETPHUSL U FPAaBUMCTPHSL.

Tax, npu onpeacaenuu Sr v Ti B Tutanare crpoHuusa i PCOA
S cocrasnser 0.002, a juia TuTpUMeTpuyeckoro ananmsa — 0.004...0.005
|17]. Ilpu onpenenennu Zn 1 W B BoJibpamate 1IMHKA C IpUMelie-
HueM PCMA u xaccuyecKux XMMUYECKUX MeTOJI0B S paBHO, COOT-
BeTcTBeHHO, 0.0004...0.0009 1 0.004...0.005 [22]. Tosbko Hepaspylua-
I0I[Hi PEHTreHOPIYOPCCILEHTHBIN aHAM3 1Al BOBMOXHOCTb obHapy-
KHTb CPaBHUTEJbHO HeboJIbilloe IepepacnpeieseHusi OCHOBHBIX
KOMIIOHEHTOB 110 Ajuiie MoHokpHcTannoB CAWO, B npouecce nx
BbipaiMBaiua (puc. 2.13). ITo TOYHOCTH olipeesieHust JIeTUPYIOIIUX
nobapok B M PCODA npeBoCXOAUT MHOTHE LIMPOKO NPUMEHAEMbIE
CIIEKTPOCKONH4ecKHe MeTofbl. Tak, npu onpeaenenuy 2-107 mac.% Nd
B HIMXTe UTTPUI-IIOMUHUEBOTO rPaHaTa U MOHOAIIOMUHATA UTTPHUS
S _pasno 0.004 (PCDA) u 0.04 (aToMHO-3MMCCHOHHAST UM ATOMHO-
abcopbumonHas doTtomerpus niamenn) [15, 23]. BmecTe ¢ TeM, pe-
3y/IbTaThl aHa/M3a [IPU NIOMOLLH PEHTEHOMIYOPECIIeHTHON CHEKTPO-
METPHHU W U3BECTHBIX albTePHATUBHBIX METO/IOB XOPOILIO COTJIACYIOT-
csa Mexay coboil, uTo NOJATBEPXKIAAET OTCYTCTBME 3HAUYMMBIX
cucreMaTuyeckux norpewrHoctei. Ilpu arrecrauun 'O zng PCOA
XMMHM4YECKMMH MeTo/laMi HeobXoauMasi TOYHOCTb JIOCTHIAeTCsl yBe-
JIMYEHHEM YHCJIa NapajliesibHBIX.

CyniecTBeHHBIM TPEMMYILECTBOM PEHTTCHO(YOPECHEHTHBIX Me-
Toauk ananusza OM aBisercs ux akcnpeccHocTb. Hanpumep, Ha Bbl-
II0IHeHWE KOHTPOJIA CTeXMOMeTpuM rpaHartoB [16] ¢ usrotoBjieHuem
1J1aBJIeHbIX U3JydaTc/icii 3aTpaunBaercs 1.3 4, a B ciiy4ae MCHOMb30-
BaHUWs NpeccoBaHIbIX Ulnyyatened — 0.3 4; THTPUMETPUYECKHUT aHa-
JIU3 9TUX MATCPUAJIOB ¢ NPoGONOArOTOBKOM 3aHUMacCT 4 u.

OcobeHHo 3aMeTHYI0 3KOHOMMIO BpeMeHM JaéT NPUMCHEHHUC
PC®A 6e3 paspyuetins obpasuos [22, 27, 30]. Ecan pasmepsbi, popma
M COCTOSAHME MOBCPXHOCTH MCCJEAYCMbIX M3/leNiuit (HanpuMep, MOHO-
KPUCTAJIJIOB WJH [L1aCTMACCOBBIX CLIMHTHJLIATOPOB) TO3BOJISIOT BbIIIOJI-
HATb UX HENOCPE/ICTBCIHBIN PeHTreHohIyopeci ICHTHBIN allains, 9To JaéT
CYLLECTBEHHYIO 9KOHOMHMIO BPEMENH M CPC/ICTR. B coorBetcTBUU ¢ fail-
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HbIMK TabJ1. 5.1, JUIsl TPAYMPOBKH B [OJIOOIIBIX CTYYasiX MOXKHO HCTIONb-
30BaTb KaK CrelUaIbHO nojtydeniibic 'O, Tak M aTTecTOBaHHbIE YYaCTKH
peasibHbIX M3fienuid. B pasji. 2.3.4 onvcana npoucaypa Takoii aTrectaiyiu
Ha OCOBC JIMHCHAHON MITCPHOALIMN JlHHbIX O COCTABE COCC/UIMX YUaCT-
KOB H3JIE/Ns, KOTOPBIC all@IM3UpYIOT 1ocjie WX paspylietns. [Tpumep
Hepaspyiatontero PCOA monokpictanios tukopa [30] nokasa, yto B
HCKOTOPBIX CIYYasiX HabIO/IACTCsl 3aBUCMMOCTh aHATMTHYECKOro CUIrHAIA
OT KpHcTa/liorpadieckoi OPUCHTALIMH MOHOKPHCTA/LIA.
Ounnako, rosops 06 akciipecciioctt PCDA, crieftyeT MMeTh B BULY,
YTO BBIUIOJIHEHHIO TAKOIO aHa/IN3a HIPCAIICCTBYET JOCTATOYHO JITUTE b-
10€ Y TPY/I0EMKOE M3rOTOBJICHHUC MPayupoBoulibix odpasios (TO). [1pu
NIPOBC/ICHWW MHOTO3/ICMCHTIHONO allajiv3a ¢ UCHOIb30BalNeM [10JIMHO-
MUaJbHBIX YpaBHEHUH ¢BA3K uucao [O gomxHo GbITh He Mchee 10
JUISL TPEXKOMITOHEHTHBIX CUCTCM U He MeHee 15..20 a1 yeTbipéx- u
nATUKOMIoHCHTHBIX cucTeM. [Tokasaiio [18], yto Hammydiice onuca-
1Me aHaauTHYeckoi dylkiun tuna (5.2) obecrnicunBact nabop IO,
COCTaBbl KOTOPbIX pabcanallbl 1pH IIOMOIIII/I TabJMLbl Cy4alHbIX
yuced 1o dhopmye Coy = Cont (Coy= C 1o N/ 10, T €, — conep-
XaHue 7-HOTO OIIPCAEISAEMOIO 2ACMCHTA B i-TOM rpazlyupouoqnom 06-
pasue, C, n €, — BepXlisis U HWXKHAS IPAHLb 33/iaHHOTO AMaNa3ona
Cojiepxaiuit n-noro anemenra, N, - umcio, sbiGpantioe B i-Toit Ko-
JIOHIKE W n-10M Psijty TabJIMIbl PaBHOMEPHO paclpesentibiX cyyaii-
HBIX llesibiX yncen B AManazoite ot 0 g0 10. Coxepxkatine nocscstero
asiemetita B 'O paccuMThiBAIOT M3 YCI0BUs MaTepHanblioro Gasatica.
Hasa conepxanuit onpeaensiemoro snementa 10..20 u 20..50 mac.%
pastoctn C, = C,  nosuxibl 6bITh He Goee 10 u 20 mac.% cooTset-
crBenno. B aTom cnydae S aniipokenmalinm pu yuéte Toabko cBobos-
1IBIX W JTHHCHIIBIX YjletloB perpeccuu te npeseimaet 0.005. st kax/io-
ro JIeMeliTa HeoGXO/IMMO BbIGMPATh ONITUMAJILHOC YPAaBHCHUE CBAZM,
obecrieyupaioliee He3NAYUMOCTh CUCTCMATHYECKUX TIOFPCIITIOCTCH (L-
KPUTCPHI{), a TakkKe MMUIIMMHU3AIMIO [IOMPEHIHOCTER alllPOKCUMAIUK
rapproximationy V1 C/IYSAHHBIX 110rpenniocteit S [pumep Takoro sbibopa
[18, 19] ais BblcOKOTEMIICPATYPIOH CBEPXIPOBOAAIICH KCPAMHKH
(BTCII kepamuxn) Bi—Pb—Sr—Ca~Cu~O npescrasiern s taba. 5.2.
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Ta6maua 5.2. Ouetika norpemrsoctein PCOA cucrembl Bi—Pb—Sr—~Ca—~Cu—O
B 3aBHCHMOCTH OT BhIOOpa ypaBHeHHil cBA3H (onpeieleHye CTPOHIIS)

Bua ypaBHeHust S, spproximation | Cound S,
C,=atal ¢))] 0.025 0.18 | 0.029
C,=a ta I +a, I ? (2) 0.026 0.08 | 0.030
Cs=a,ta I +a, I 1. 3) 0.008 0.10 ] 0.010

Ci=a,ta I +a,l *+a, I 2 (4) 0.009 0.07 | 0.011

447 Bi

Cy=aa L *al +al +al I (5) [ 0007 0.25 | 0.008

BBCACHO Cllaﬁllclio

tfound = Sr C

Jn
<H(P=095v=15)=2.13

BBCACHO

Moo BUICTD, YTO BCC PACCMOTPEHHBIC YPABHCHUSA CBA3M HPU-
€MJIeMbl, HO HaMTYYIIIMM cJle/lyeT npusnath ypastieline (3) ua taba. 5.2.
Hnd ypasHeHui, colepykallinX KBaJ(paTHUHbIc YIeHbl, HYKIIO NpoBe-
PUTb OTCYTCTBHE DKCTPCMYMOB B paboycM aMalia3oHe W3MCPEHIbIX
MHITECHCUBHOCTEH, T.K. HaJIMUUC TAKMX IKCTPCMYMOB /ICJACT aHAJIW3
Heo/(Ho3Ha4YHbIM. B gannom ciayuae naitzensle 9KCTPEMYMbI JICKAT 32
1pefie1aMy paboynx MHTCPBIOB M3MepeliMs MHTchcuBiocTeit. Kax
BMAHO M3 Jlauiiblx Tabu. 5.3, cHCTeMaTHYeCKHe 1OIPelHOCTYH IPH UC-
110JIb30BallMK METO/IMKY aHaW3a [IITUKOMITOHCHTHOM CHCTCMbI Tie31a-
YUMBI, a cJlyyaiiibie xapakrepusylorces snadennamn S =0.005..0.007,
4TO yaoBJAEeTBOpsicT TpeHosanusim nipoussoactia BTCIT kepamukm.

[liiss PCOA natukomiiotienTHol cucremnl Bi—Pb—Sr—Ca—Cu—-0
GBI IPEJUIOXKCH W YCKOPEITIbIA Bapualit, ocloBallHbIit 11a puMcHe-
IIMMU MeTojla TeopeTHdeckux nonpasok |20). Kak v B cayvac wc-
noJb3oBatua Goibiioro nabopa FO [18, 19], uzayyatean nosydanm
ciutaBiennem 11po6 ¢ meradocdarom nutusa. VIHTEHCMBHOCTL BTO-
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Tabauua 5.3. Pe3y/bTaThl aHaM3a UCKYCCTBEHHBIX CMeceid

Bi-Pb-Sr—-Ca-Cu-0O

Ca Sr Bi Pb Co

Bee- | Hatine-| Bpe- |Haiine-] Bse- | Haitne-| Be- | Haiine-| Be- | Haiine-
geHo,| Ho, |meno,| wo, |xmeno,| mo, |menmo,| no, |aeno,| mHo,
Mac.%| Mac.% |Mmac.%| Mac.% | mac.%| mac.% |mac.%| mac.% |Mac.%| Mac.%

10.30| 10.37 | 18.98] 19.06 | 18.11] 18.13 { 833 | 8.32 | 27.16] 27.24

12.301 12.31]10.97| 11.09 | 16.30] 16.18 { 9.33 | 9.39 | 20.16] 20.44

7.30 | 7.24 | 15.97] 15.89 | 26.66] 26.79 | 15.33] 15.29 | 23.16| 23.29

430 | 4.27 |13.97] 1398 | 34.29| 34.21 | 15.33] 15.42 | 18.16] 1825

830 | 832 | 13.97| 14.00 | 27.36| 27.28 | 10.33] 10.25 | 24.16| 24.02

ApudMeTnyeckoe cpeJiHee OTHOILEHUI BBe/IeHO,/HaiileHO

100t | o097 | 1001 | 1000 | 099
ST
0006 | 0006 [ 0005 | o006 | 0.007

PUYHOTO U3JIy4YeHH s pacCYUTLiBAJIM 110 U3BECTHOI MOJEC/IH, YUUTBIBA-
oteil MaTpuyHbie 3P deKThl NOTIOLEHUs U JONOJHUTEIbHOIO BO3-
6YIKIACHNS AHATUTHYCCKON JIMHHK (DIIyOpECLEeNITIILIM U3TydeHneM dJic-
MEHTOB MaTpulibl. [L/st ollMcaHus pacrpejiesieH|si TOPMO3HOTO Hep-
BUYHOTO M3JYYeHHUs MO JIJIMHAM BOJH UCIIOJNb30BaIM KJIACCHYCCKOC
ypaBHeHnue Kpamepca. [ToTepu sHepruu 3JeKTPOHOB 1IpH TOpMOXe-
HUM B MaTepuajie aHO/a YUUTHIBaIM ¢ nomollublo dopmydibl Bere-
Awikuna [36, c. 156]. YuurbiBanu Takxke ocjabiienue U3aydeHus B
GepHIMEBOM OKHE PEHTICHOBCKOH TPYOKH, MONMpPABKU Ha MOIJIOLIE-
Hue (POTOHOB B aHOAC U 0HpaTHOE paccesiHue dJieKTpoHoB. IIpu pac-
4éTe MHTEHCMBHOCTH XapakTepPUCTHYECKOrO CMEKTpa MCIOJIb30BaIH
ceycHUe HOHM3aLMU L-ypoBlis, 1oJiyyeHHoe MoJiudHKaiimeit popmyJibl
Bere |36, ¢. 157]. Bxuaj uabuparebHoro o3ty KICHHs pacCUUTBIBAIH
o dopmyiie 3esecckoro |1, ¢. 109] ¢ npuMenelieM TabiudibIX 3HAYE-
HUH MaccoBbIx Koadduimertos U kpaés nornolenus [13]. Koaddu-
HMCHT BIMAHUSA ONPEICASIN 110 MOKEJIAM «CKUMaeMoro obpasia» [37|
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U «0OpATHBIX Y/eblibiX WHTeHCUBHOCTEH> [38]. [l7is KOPPEKTHOIO Bbi-
SIBJIEHMSI 3HAUUMBIX CUCTEMAaTUYeCKHUX MOTPelIHOCTeH 3aBUCUMOCTD Hail-
JIEHHBIX COZIEP3KaHUit OT BBEIEHHDIX IPEJICTABIANN NPAMOIA:

Cual“meuo =a+t anBeneHo - (55)

Kak yxe ykasbiBajioch B pasy. 1.2, 3HauMMoe OTJM4He yIIOBOTO
koadduiiMenTa b Takoil NpAMoit OT eAMHMIILI O3HAYAET, YTO Pe3YJib-
TaThl 2aHANKU3A OTSTOILCHBI 3HAYUMOUN IPONOPIMOHANbHON (MYJIbTH-
MJIMKAaTHBHOW ) CUCTEMATHYECKOH NOrPelIHOCThIO. 3HAYMMOE OTJAHYHC
cBOOOMHOTO YJieHa @ ITOI NPAMOM OT HYJiS CBUETENbCTBYET O TOM,
YTO pe3yJIbTaThl aHAIU3a BKJIIOYAIOT 3HAYUMYIO 1TOCTOSIHHYIO (M-
TUBHYI0) CUCTEMATHYECKYIO NOrPelIHOCTD. Jl1sl BbIICHEHUS] 3HAUYUMO-
CTH YKa3aHHbBIX OTJIMUMIA ObLJI MCIIOJNb30BAH METOM NOCTPOEHUS 3JI-
JIMMICa, OTPaHUYMBAIOIIIETO 10BEPUTENbHYIO 00J1aCTb 1apaMeTPOB a U
b, ¢ nocaeay0IUM pellleHUeM BONPOCa, HAXOAUTCS JIM TO4YKa C KOOp-
nuHatamu {@ =0, b =1} BHYTpH 3TOro asaunca. B tabn. 5.4 npen-
CTaBJIEHBI MapaMeTpbl NMpsiMbIX (5.5) NpU UCMOJNIB3OBAHWH OHOTO U
tpéx TO mis MHOrokoMIoHeHTHoro aHanusa BucMytoBoii BTCII ke-
paMHUKH, a Ha puc. 1.5 1 5.3 nokazaHbl IPUMEPbI TOCTPOEHUS BJLIUII-
COB paccestHUsl NPU oTipe/ieIeHrH IBYX aneMeHToB octoBbl — Cu 1 Bi.
Oxazasocs, 4To B ciayyae oaHoro I'O nocrosiHas W ponopLUOHab-
Hasl COCTABAAIOLME CUCTEMATUYECKOH NOTPELIHOCTY HE3HAYMMBI TOJIBKO
st Pb u Ca; /11 octanbHbIX 3/IeMEHTOB 3HAa4MMbl 06€ COCTaBJsIO-
uve. YpennueHue ynciaa ['O 1o Tpéx mo3BojMIO WCKIIOYUTD TIOAB-
JieHHe 3HAUMMBbIX CMCTEMATHYECKUX MOTPEITHOCTEN TIPH OTipeieleHUn
Bi, Sr u Cu. Cayuaiinbic norpemnocty onpejeenus Bi, Pb, Ca, Sr
u Cu xapakrepusyiotcs 3nHadennamu S, 0.01, 0.03, 0.05, 0.02 n 0.04
COOTBETCTBEHHO. JTH 3HaYeHUs] HECKOJIBKO BbILE, YEM B clyvae UC-
rnosis3oBanusi Gossioro yucaa FO [18, 19], Ho oHM cpaBHUMBI €
TOTPELIHOCTSIMM JIPYTHX MIICTPYMEHTaIbHBIX MeTo/0B atianu3a BTCII
MaTepUaJIOB.

IHEProAAMCIIEPCHOLHBIA BApUAHT peHTIeHOMh/1YOPECHCHTHOIO alla-
auza (3/IPDA) gaeT BO3MOXHOCTb Cpasy MOJydaTh CIEKTP BCCX OC-
HOBHBIX XMMHYECKUX DJICMCHTOB, NIPUCYTCTBYIOUIMX B JJAHHOU cUcTeMC.
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Puc. 5.3. dnnuncel paccesiHus apameTpoB a U b npsaMeix C =a+bC

Haitaeno BBeArHO

npu onpenenenuu Bi ¢ ucnonszosannem onHoro (a) u Tpéx (6) I'O; 2/ u
2], — pMMHBI CTOPOH TIPSIMOYTOJIBHUKA, B KOTOPBIH BITMCAH 3JUIHIIC € <LIEHT-
poM TskecTu» c(a, b)

Ha puc. 5.4 B KayecTBe prMepa 110Ka3at CIIEKTP CMecH, coiepxkaliiei
no 3 mr kaxzaoro M3 12 asneMeHToB. M3siyyareib 1oJayyany BblilapyBa-
HUeM PacTBOPOB COOTBETCTBYIOIMX COJIEH HAa MEJIKOTIOPMCTOM LICJTIO-
JIO3HOM (BUJILTDE, UCTIONB3YEMOM IS YJIABJIMBAHUS a9PO30JIEN U3 BO3-
ayxa [21]. C nomousio PDA MOXHO, B YaCTHOCTH, AOCTATOYHO

i, 0TH. eq.
Sn
1500+ Sr
Se
Pb cd
Puc. 5.4. Criektp MHOTrO3/IEMEHT- n gl s
HOTO 0bOpa3siia, MOTyYeHHbIH ¢ mo- 1000 F FCu "
MONIBI0 3HEPrOAMCIEPCHOHHOTO T e
Bapuanta PCDA. | — uHTEHCHB-
HOCTh XapaKTepPUCTHYECKOTO M3- 500} St
mepenus; N — HOMep KaHaIa W
!
\
oll ‘
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Tabauna 5.4. [lapamerpst npsimbix C . =a + bC B CJIy4Yae HCIIOJb30-

HaireHo BBEACHD

BaHuA oxHoro u Tpéx 'O ans penrrenodayopecuerTHoro ananusa BTCII
kepamukd Bi—Pb—-Ca-Sr-Cu-0O

ConepkaHue

3/IeMeHTa B

M3JIyvatee,
Mac.%

09..22 ]03..09/0.2..0.8] 0.6..1.2 1.1..1.8

OnpenensiembIit

Bi Pb Ca Sr Cu
37MeMeHT

Yucno I'O 1 3 1 1 1 3 1 3

a 0.109{- 0.008} 0.012 | 0.031 | 0.127]- 0.043]0.360]0.158

b 0921 101 | 097 | 090 | 0.86] 1.07 |0.78] 1.11

OBICTPO 1TPOU3BOAMTD 110JYKOJNYECTBEHHbII AHAJIM3 BCILIECTBA HEU3Bec-
THOTO COCTaBa, U3TOTaB/IMBaTh Ha OCHOBE 110JYYCHHON MHGMOPMALIMH OIUH,
ABa WK Tpy IO M BBIIOJHATD 3KCHPECCHBIM KOJIMUEeCTBCHIIBIN anaimns
BCILECTBa, UCIIOb3YS MCTO/l TCOPETHUYCCKUX [011PABOK,

B M3BeCTHBIX KOHCTPYKIIMAX SHEProjiuCepCUOHIIBIX PEHTIEHO-
BCKHMX CIIEKTPOMETPOB MCTOYNMKAMM BO3OYM/eHHs CIyXKaT Malio-
MOIL{lIble PEHTTeHOBCKUE TPYOKW MM pajiMonyK/uibl. B ycraHoBke,
1PCIJIOXKEHHON aBTopaMu paboThi [21], ucnioib3oBata peHTreHOBCKast
TpybKa MolHOCTBIO 3 KBT, 4To 0beciieunsio cyecTBeHHOE 1peBblllie-
IIMC aHAJIUTHYCCKUX CHMIHANoB Hajl (oioM M yMCHblleline BpeMeHu
ux chbopa. YcranoBka BiJIOYANAa YCTPOHCTBO BO3OYK/ICHHUS XapaKTepy-
CTUYCCKOIO M3JIy4elnsl ¢ peHTreHoBckol TpyOkoi tuna FS(Cr)60-50,
BbICOKOBOJIBTHBI MCTOUHMK HIMTAHUS PCHTICHOBCKOR TPYOKH, TIOJTy-
11poBOAHMKOBBII fieTektop Si(Li) ¢ npegycuanTesicM, aHATU3aTOp UM-
[1yJIbCOB M IICPCOHaIbIIbIA KoMIILIOTEP. Mclosb3oBaline MOIIIONA peH-
TICHOBCKOM TPYOKM 1103B0JIMIO pCaiii3oBaTh CXCMY [PCABAPUTEIb-
HOM CEJICKIIMH 110 DHCPIHU XAPAKTCPUCTUYCCKOTO MBJIYUYCHUS HJICMCHTOB
o6pasiia ¢ HOMOUIBIO M3OTIIYTHIX M LUJAHI/PUUCCKHX OPEerroBekux



212 A.B. Branx

Ta6xuna 5.5. Tpenenst obHapyxeHust Zn 4 Se ¢ MpUMeHeHHeM Pa3IMYHBIX
Bapuantos J/[PDA

Cmin’ MKT
BapuanT ananmusa
Zn Se
Be3 npeasapuTeabHOI cesleKIIUH 110 3HEpTHUH 1.7 1.8
p p p
C npuMeHeHHEM M30THYTOrO KpHCTAJLIa 0.2 0.3
p p .
C npuMeHeHHeM IWIHHIPHYECKOTO OTpaXKaTess 0.2 0.2
p p oTp.

orpaxareneld. IlocaefHUMU CAYXKUAN M3OTHYTHIH MOHOKPHUCTAJLI
LiF(002) ¢ panuycom kpuusHbl 180 MM, a Taxke HabOpHOI LMANUH-
IpUYeCKUU oTpaxarenb auaMerpoM 30 MM u jaauHoi 50 MM ¢
cermentamu u3 LiF(200). Kak BuaHo u3 ganubix Taba. 5.5, npejebt
oOHapyKeHUs 3NEMEHTOB C UCTIOJIb30BaHUEM OPErTOBCKUX OTpaXkareJieit
B 6..9 pas Hipke, YeM 6e3 NpefBapUTEIbHOM CeeKIMU M0 SHEPTUH.

ITOT MeToz 6bL/T IPUMEHEH LIS aHATUTHYECKOrO KOHTPOJIS BO3JY-
Xa paboueil 30HbI ITPOMBBO/ICTBA MOHOKPMCTAILIOB cesleHujla limkka (11K
0.5 1 2 Mr/M® 1 Zn U Se cootBercTBeHHO). [IpumeHenune DPDA
ans kouTpoJs ctexuoMerpur BTCII kepamuku Bi—Sr—Ca—Cu-0 [21]
MOKa3aJ0, YTO 3TOT METOJ 10 BOCMPOM3BOAMMOCTU YCTYIAeT KPUC-
TaNN-IMGdPAKIIMOHHOMY BapMaHTy aHANH3a ¢ UCTOJb30BaHNEM 6OJIb-
woro 4ucaa 'O [18, 19], Ho cpaBHUM ¢ pacCMOTPEHHbBIM BbIllE YCKO-
PEHHBIM Ma03TaJOHHBIM BapHMaHTOM, OCHOBaHHBIM Ha MCIOJIb30Ba-
HUU MeTojla TeopeTHYeckux fonpaBok [20]. Takum o6pa3oM, riaBHbIe
00.1aCTH TIPUMEHEHUSI HHEPTOAUCTIEPCHOHHOM peHTreHodIyopectenT-
Holl criexkTpoMeTpuu B ananuze DM — 370 ucciefoBaHHe BeleCTB
HEU3BECTHOTO COCTAaBa M ONpejleieHie MUKPOaJIeMelnToB B 06bheKTax
OKpYy>Xatollleil cpe/b, CBA3aHHBIX ¢ Mpou3BoacTBoM DM.

Ha npumepax aHanu3sa psina Heopranvueckux coseit [33], a Tak-
Xe CTOUHBIX Bog rpousBoacts @M |34, 35| MoxHO BUIETH, YTO B
COYETAHUU C 1IPE/IBAPUTCIIbHBIM KOHUEHTPUPOBAHUEM OTIPE/IEIACMBbIX
mukporpuMmeceit PCMOA moxer a¢deKkTUBIO UCIONB30BATHCH LIS
MHOTO3JIEMEHTHOTrO OIpc/e/icHuns npuMectoro coctaBa OM u cas-



Tnasa 5 213

3aHHBIX C HX IPOU3BOJACTBOM 0OBEKTOB OKpyXKaloluel cpepl. Takue
METOAUKH He YCTYMAIOT [0 YYBCTBUTENBHOCTU U3BECTHBIM KOMOUHM-
POBAaHHBIM M TUOPUAHBIM METOLMUKAM € PA3JUYHbIMU UHCTPYMEHTAIb-
IbIMH AHAJIMTUYECKUMHU OKOHYAlIUSAMHU, HO B psjic CJAYYacB OTIMYa-
I0TCA OT HUX GoJjiee TIPOCTON NpoLeAypol NPOOGOIIOATOTOBKY.

5.2. PentreHOCNeKTpanbHbid MMKPOQHONKU3

Hapsay ¢ MeTonamy, No3BOASIOLIMMU OINpeensaTh cpelilee co-
Jlep)KaHie MaKpo- U MUKpokomrioHeHtoB B OM, B psajse ciayvaes
HeoOXOJIMMO YCTAHABJMBATh WX pacnpejllesieHue Ha MUKPOYPOBHE,
KOTOPBINA 3aBUCUT OT ocobentocteii @M U ucnonb3yeMoro Metola
aHanuza. Peub uieT, B NepBylo odepelb, O KOHTPOJIe OTKJIOHEHHUH OT
crexomeTpun B OM €/105KHOTO COCTaBa, a Takxe 0 paclpeleseHuu
JIErMpyIoIUX 106aBOK B MOHOKPUCTAIAX, KOTOPOE YACTO OTIMYAET-
Cs1 OT paBHOMEPHOTO.

B nocsieiHeM ciiyyaeT 60/1bIHMe MOHOKPUCTA/LIBI MOXKHO HO Ofl-
pefleNéHHOM cxeMe JeJNUTh Ha OTHOCUTESbHO HeGOoMbilINe YacTH U B
KaXkI0M M3 HUX N0cJie COOTBETCTRYIONIEH MPoOOITOAroTOBKH omnpese-
JISTh JIETUPYIOLTYIo 106aBKY OCTATOYHO YYBCTBUTENbHBIM CIIEKTPO-
CKOTIMYECKUM WJIM 3JEKTPOXUMHYecKUM MeTofloM. O/HaKo HecoM-
HCIBIMU TPEMMYIECTBAMH 00J1/IAI0T MCTOILI JIOKANBIIOTO alan3a,
uMeiotiMe 6OJIBIIYIO Paspelalyio cnocoGHOCTh M 1103BOJISIOLLHE
CY/IUTb O pacripe/ie/ielii KOMNOHEHTOB B Matepuase 6e3 ero paspy-
utenusi. OMHUM K3 TaKUX METOJIOB SIBJISIETCS JIOKANbHBIM aHaIu3 Mo-
HOKPHMCTAJUIOB C Jla3epHbIM UCTOYHHKOM BO30YH/IEHUS] aTOMHO-3MHC-
CHUOHHBIX CMIEKTPOB, pacCCMOTPEHHBIH B pasf. 4.5. JluteiiHas paspetua-
jowas cnocobHocts 3toro Merona (100..250 um) okasajachk
JIOCTATOYHOM It M3YYCHHS PAClIpelCICHUS aKTHBUPYIOMIMX J1o0a-
BOK B CUMHTHJLISLMOHHBIX MOHOKpucTaztax Nal : T, CsT: Tl u CsI : Na,
06yCI0BNIEHHOTO cerperaliueil akTMBAaTOpa B COOTBETCTBHU C €r0 KO-
5GbdUIMEHTOM pacripesiesielinsi B cucTeMe paciuias-kpuctamt. OgHa-
KO J/ISA TIONYYelus JaliibiX o Koscbalusx pacipe/ie/ielins MaKpoKoM-
[IOIICIITOB W Jerupyloiux nobasok B MM 11a MUKpOypoBHE HEODOXO-
IMMbl MeToabl ¢ Bojice BBICOKON paspemalonicil ¢rnocobHoCTbIO,
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BO3MOXHOCTH KOTOPbIX, B OTJIMYKE OT IMUCCUOHHOTO CNIEKTPaIbHOTO
aHa/u3a ¢ Jla3epHbIM BO3OYKICHHUEM, He 3aBMCST OT TeMIIEpaTyp I1J1aB-
JIEHHs! UCCTelyeMbIX BellecTB. K uucily TakMX MeTOZOB OTHOCHUTCH
peHTreHoCHeKTpaibHblii MuKpoananuns [10, 36, 39...42], a Takxe npo-
TOHHO- [43], nonHo-3011/10Bas [44], 1asepHast MMKPO3OH/I0Basi CIIEKT-
pockonusa [45], nokanbHas snekTpoHHas Oxe-cliekTpockonus [46].
[lupokoe pacnpocTpalieHue HOJYYMJ TCPBbIH W3 MepeyncyieliHbIX
METO/IOB, KOTODbI OKa3biBaeT HauMeHbllice BO3/IEHCTBHE Ha HMCCJe-
AyeMblil MaTepyall.

PenTrenocnekTpanbHbIM MUKPOHATM3OM TBEP/bIX TeJ, KK Ipa-
BHJIO, 3aHUMAIOTCS (DU3UKM, He yJensiolMe BHUMaHUs MeTPOJIOTH-
YECKUM aclieKTaM aHajiuza. B 5ToH cBA3W NpeacTaBJslOT MHTEpec
1oJIy4eHHble B OT/E/IE aHATUTHYeCKOH XUMHUK MHCTUTYTa MOHOKpUC-
TaJITIOB Pe3yNbTaThl U3YYCHUS BOCIIPOU3BOJIMMOCTH U MPaBUIAbHOCTH
JIOKAJILHOTO OIIpefle/ieHHs 3JIeMEHTOB OCHOBBI U JIETMPYIOIHX Jioha-
BOK B HekoTopbix M [47, 48].

Mukpoanainz BbITOMHSIN Ha 3JIEKTPOHHO-30HI0BOM MMKpOaHa-
nuzatope MAP-3 ¢ BosHOBOI avcnepcreii. KonnyecTBeHHblil aHanus
NPOBOAM/IN B pPeXMMe aHalu3aTopa IpH BpeMeHM dKcriozuumu 50 ¢
(onpenenenye nerupyolnx Ao06asBok) uaun 20 ¢ (onpeneienue aie-
MCHTOB OCHOBBI), YcKopsioweM HarpsikeHuu 20..25 kB, Toke 1orio-
WEHHBIX 9/1eKTpoHOB 20 MKA, AMamMeTpe 30H/1a 0K0J10 1 MKM, obJtacTy
reHepalMy peHTreHoBckoro uanyyenus 3..10 mxm. B kavectse rpaayu-
POBOUYHbBIX 06pa3LOB, KaK 3TO MPUHSATO B PEHTIEHOCIICKTPaIbHOM MUK-
poatanuse (PCMA), ncrnosb308au 1NpocTbie BCIECTBA, COOTBETCTBY-
[OllIMe YACTBIM OIPEe/IACMbIM d/1eMeHTaM. B aTom ciyvae ypaBheHue
CBSI3Y HYXKIAeTCA B KOPPCKLUMM Ha MaTpHuHblit addext. B tabu. 5.6
IIPUBE/IEHBI PE3YNbTaTbl PacyéTa Pe3yJAbTATOB OlpeiesicHUs I[Py TIOMO-
i PCMA snemenroB ocHoBbl B BTCIT kepamuke Y—-Ba-Cu-O ¢
MCIIOJIb30BAHMEM M3BECTIILIX TIPOLEAYDP KOppeKiy |49...54]: nporpamm
ZAF, PAP, Coioasuia-Jlapa-Ckorra (CW) u ITankparosa (Pan).

Tabn. 5.7 copepUT pesybTaThl pacyéTa aHalOrMUHBIX Pe3yb-
TaTtoB N0 ZAF-1nporpaMme ¢ UCl0/b30BaliieM KOaPQPHUUUCHTOB 110-
riouteHus no Taiseuny |35], Teitupuxy |56], Mapenkony [57] u no
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Tabanua 5.6. Baunanue cniocoba xoppexuun pesynbratoB PCMA Ha ux
NPaBHJIBHOCTh (C UCMOIb30BAaHUEM MACCOBBIX KO2(D(PHUUEHTOB IIOTJIOMIe-
uus no Taiiseny) npy onpegeneHuH siemeHToB ocHOBbI B BTCII kepamuke

Y-Ba-Cu-0O*
Cnocob Cu Ba Y
KOppeK- [~ - —
815178 X lu - EI Lound X |l1 - YI Lgund x I” —X | Ciind

ZAF |1290| O 0 |417 0 0 1351 0 0
PAP | 283] 0.7 70 | 4181 0.1 4 144] 11 22
SW | 284] 0.6 60 | 41.8] 01 4 139] 04 0.8
Pan |277] 13 130 | 41.8] 01 4 1471 1.2 24

* H— q)aKTPI‘{CCKOC cpeatee coJepxXaHue dJIeMEHTa, YCTaHOBJIEHHO€ He3aBH-
CHMBIM TIPELIU3UOHHBIM METOIOM, .Y - apH@)MeTH‘IeCKOC cpeaHee pe3yybTa-
Ta Onpefie/ieHns aneMenTa npu nomoumu PCMA (ckaHupoBaHKMe 10 HOBEpX-
HOCTH); fpyng = | =XV [(S,7);1(P = 0.95, £ =13) = 2.16

cioco0y, 3aMMCTBOBAHHOMY M3 CTaHAAPTHOTO (pupMeHHoro obecrie-
yenns «Kamebakc Mukpo» (KM) [58]. Moo BHIeTb, YTO B JaH-
HOM CJlydae HaulydiliMe pe3yabTaThl a0 IIpUMeEHeHHe TpaJHUiHOH-
1ot ZAF-11porpaMMbl ¢ MacCoBbIMH K03(hULMEHTaMU [IOTJIOLCHH S
no Taizeny. JTa npollesypa MCIOAL30BANACh B JajbHEHuICM A8
11peoOpasoBaHusi Pe3yJ/IbTaTOB M3MEPEHUIA.

Bunsinne mMukpopenbeda Ha nosydaeMmbie pesyJibTaThl H3ydYasiu
Ha MpUMepe ofipejeielina Telypa B MOHokpucTtannax ZnSe : Te, s
KOTOPbIX paciipe/ie/ieHUe akTUBaTOpa 10 MOBCPXHOCTH OKa3a/ioch 1paK-
TUYECKK paBHOMcpitbiM. U3 TabJ1. 5.8 BUIHO, 4TO MOIPEIHOCT MUK-
poanasn3a IpU U3MEPeHUAX B OHHOH TOUYKE M CKAHUPOBaHUEM I10
MOBEPXHOCTH JJIs 110JMPOBaHHBIX 006pa3ios 110 F-kputepuio pasziu-
YaIOTCsl HEe3HauyMMo, a Ang HIUGOBAlHbIX — 3HAYUMO, NOITOMY Tie-
PeJL U3MEPEHUAMY MOITOKPUCTAILIBI TIOJIMPOBAJIY AJIMa3HbIM 110POLII-
koM. Kepamuueckue o6pasiibl repe/i BoUIOJHCHMEM alHaIu3a 3a/1MBa-
JIM BIIOKCHHOW CMOJIOH, BLICYNIMBAJIM M NOJWPOBAIH aiMa3libiM
1nopouikom B kepocutic. Ha pabouue nosepxtocty uisi yBeamdenms
UX JJICKTPONPOBOJAHOCTH HAMbIIAIN TOHKUEI CJION YIJICPO/ia.
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Tabanua 5.7. Biusrue Boibopa k0apHULUEHTOB NOTIOMEHHS Ha TIpa-
BUJIBHOCTD pe3ysabTatoB PCMA (c ucnonszoBanueM ZAF koppexuun) npu

onpenenenuy sneMenToB ocHOBb B BTCII kepamuke Y-Ba—-Cu—O*

Criocob Cu Ba Y
pacséra | 3 |[u-%|] ¢  |u-%| ¢ % ||e-7

found found

found

Theisen | 29.0| 0 0 |417] 0 0 |135] © 0

Heinrich | 28.8| 0.2 20 | 4181 01 4 |137] 02 | 20
Mapenxkos| 28.8| 0.2 20 | 417 0 0 |135] 0 0
KM 2891 01 10 | 416 01 4 1133] 02 | 20

* O6osHaueHusi, a TakxKe 3HayeHue t(P, /) NpHBefeHb B NPUMEYaHUM K
Tabaune 5.6.

[na npoBepKy NMPaBUIBHOCTH PE3YJIbTATOB ONpPEIEIEHHUS JIErH-
pYIOUMX 106aBOK CPAaBHUBAIN YCPEIHEHHOE 110 [TOBEPXHOCTH COJIEP-
JKaHHe OHpellesisieMOro 3JieMeHTa C €ro CPeHUM cofiepXkatreM BOU-
31 MCCIEeyeMOil TOBEPXHOCTY MOHOKPUCTAILIA, YCTAHOBJEHHBIM He-
3aBucHMMbIM MeTogoM — PCOA (Te [32]) u BoabramnepoMepHeii
(Cr [59], Eu [60]). PeayabTaThi Takoro cpaBHeHusi (10 t-KpUTEPHIO)
npeacTabienbl B Tabn. 5.9. 31ech xe NpUBeJieHbl 3HaYeHNs S, Xapak-
Tepuayiolilie BOCIPOU3BOJIMMOCTb YCPEAHEHHBIX pe3YJibTATOB MHK-
pOaHann3a J7is yKasaHHbIX B Tabiulie cofiepkaHuil Jerupyioniei 1o~
6aBKH (MHOTOKPATHOE 110JyYeHHe aHATUTHYECKOTO CUTHalla OT OJHO-
ro M TOro Xe MUKpOydYacTka obpasiia HeBo3MOXHo [61]), a Takxe
OLEHKH TIpeieioB obHapyxenus C . 110 TPEXCUIMOBOMY KPUTEPHIO
(cM. pasa. 1.3). MoxHO BMAETD, 4TO pe3yJibTaThl MHKPOaHaAIN3a, 110-
BUIIMMOMY, HE OTSIFOLIEHbl 3HAYUMBIMHA CHUCTEMATHYECKHM [OTPELIHOC-
TsAMU. 1o BOCIIPOM3BOAMMOCTH 3TOT METO/L HECKOJILKO YCTYTIAET IPYTHM
MeTOo/IaM OTIpe/ie/ieHHs aHATOTHYHBIX COACDIKAHMIT 37IEMEHTOB, 4 €10 f1pe-
JieJIbHble BO3MOXKHOCTH orpaHrueHsbl coaepskatnamu 0.01..0.1 mac.%. Hyx-
HO TakXe MOMHWTH, 4TO pe3ysibTaThl PCMA OTHOCATCA K TOHKOMY
[IOBEPXHOCTHOMY €010 06pasita. HecMoTpst Ha yKazaHHbIe orpaHuuc-
Hrs, PCMA He3aMenuM rpu M3yyeHuu XMMUUYECKUX MHKPOHEOHO-



Ta6unua 5.8. BiusHMe 1IepOXOBaTOCTH NOBEPXHOCTH MOHOKpHUCTa/IOB ZnSe:Te Ha pe3y/ibTaThl UX MUKPOAHa-

nu3a
S
r
Bupn Yucno | Hatizeno CxaHunpoBa- 7
. o/ | I3aMepeHusn F-xpurepuit
obpaborku |usmepennii| Te, mac.% HUe€ 110 TI0-

B OIHOM BEPXHOCTH
Touke (S ) (S)
L2

Tonnposka 12 0.23 110 1101 87, /8% =10<F(P, f, f,) =2.83*

[Ilnndoska 14 0.28 1107 2.5-10 Srz.z/Srz,l =62>F(P, £, f,) =2.53**

*P =095 f,=f, =11
**P =095 f,=f,=13

¢ vopr |

L1¢
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Ta6mmua 5.9. Merponoruieckue XapakTepUCTHKH METOJHK JOKATLHOTO

OIIpeZIe/IeHNs! JIETHPYIOLIMX 106aBOK B MOHOKPHCTAJLIAX TIPH TTIOMOIIY

PCMA*

Haitzeno, mac.% PCMA
Onpe- PCMA
Aelt- Mono- (ckaHu-
eMBf Kpuctawn | POBaHHe Hesash- C

. CHUMBI1 S -KpUTepuit* * min’ >

e o o . t-xpuTep Mac %
MEHT TIOBEPX- A

HOCTH)

0.50 0.50 |[1.3-107"] 0.0<t(P,v)=2.20
Te ZnSe:Te 0.41 0.40 |1.3-107Y 0.67<t(P,v)=2.20] 0.09

1.55 1.60 ]11.3107" 0.84<#(P,v)=2.20
0.065 0.070 |1.7-10'| 1.47<t(P,v)=2.20
Cr ALO.Cr 0.03
| 0.12, 0.11 |1.7-107"] 1.87<t(P,v)=2.20

Eu |Gd,SiO Euf 0.85 0.90 ]1.0-107"| 1.76<#(P,v)=2.26] 0.15

* Yucso napannensusix a1 PCMA (n) npu onpenerennn Eu B Gd,SiO,
paBHO 10, B ocTaybHbIX caydyasgx — 12 ’

——< P =095 v=n-1), 10 C-‘, ¢ C_‘Z — apudMeTHYeCKHE CPell-

HHe pe3yIbTaTOB ONpefleleHUs 31eMeHTa npu nomomu PCMA (ckanuposa-
HHe 10 NMOBEPXHOCTH) U HEe3aBHCHMOTO MeTOAa ([OTPEIHOCTH HOCJAeIHEr0
CYMTA/H [PEeHebPeKMMO MAJIBIMHE)

ponnocteii B @M. Ha puc. 5.5 npesictaBieH KoHUEHTPALMOHIIBIN PO~
GuIb Jlerupyomux 106aBOK U 3JIEMEIITOB OCHOBbI B HEKOTOPBIX MOII-
KpUCTa/1ax. BujiHo, 4TO 11pU BRIpAlIMBAHHU MOHOKPUCTAJIMYECKHX
Huteit kopynja AL O, : Cr anamerpom 1.5 MM HabitofaeTcst 3aMmeTHoe
paiMaibiioc paciipefeselive xpoma. Teanyp B 06bEMIIbIX MOHOKPHC-
Tasjiax ZnSc: Te na nolepediibix ¢pe3ax pactpepené pakTHYCCKH
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C, mac.% a 6 8
0st I I
O o0
0 075 15 0 5 0 0 T
C, mac.%
r
100+
so} w
cd
0 1 2 3 4 5 1,MM

Puc. 5.5. KoHueHTpannoHHbIH OpoduIb AETHPYIOWHNX 106aBOK U 37eMEHTOB
OCHOBBI B HEKOTOPBIX MOHOKDHUCTa/NaX NIPM CKaHMPOBaHMU HccexyeMoii
nosepxHoctH: @ — Cr B AL O, (pagnanshoe pacmpenenenue); 6 — Eu B
Gd,SiO, (Bxons Hanpasnenus BuIpamuBanys); ¢ — Te B ZnSe (panuanbHOE
pacnpenesnenne); 2 - Cd u W B CdWO, (panuanbHoe pacnpesienenue)

paBHOMepHO. PaBHOMepHOE paclipesie/ieHUC CBPOIMS B MOHOKPUCTaLIaX
Gd,SiO, : Eu siBasieTcs ycJI0BMEM OITUYCCKO# U CIAHTHILISLIMOHHOM Ofl-
HOpO/IHOCTH 3TOr0 MaTtepuana. Ha noeepxHocTH Ti0lepedHbIX ceyeHHit
moHokpuctaniop CAWO, na dore o6umprbix obaacteil cTeXHoMeTpy-
4CCKOTO cocTaBa obHapy:keHbl MUKpoydacTku (10..50 Mkm) ¢ Hpeobiaza-
IOIMM CcojlepiatneM b0 Kaamusl, b0 Bosbdpama. [lo-BUmMomy,
paJIMa/ibHast HCOAHOPOAHOCTb 3TOIO MOHOKPUCTAIA, KaK U cro 0ObEMHast
1CO/IHOPO/HOCT B/10JIb HaNpaB/icHs BbIpallitBatus (puc. 2.13), cBa3aHb
¢ ucnapeiiveM u3 paciiasa Gosee serydero CdO; sacch urpact posb
Taioke 00pasoBatMe HePaCTBOPUMOIA B paciiaBe (hasbl WO, scaeiicTsure
Tepmuteckoii uccotmatn CAWO,.

Ha npyMepax ykazaHHbIX MOHOKpUCTaJLIOB, a Takxke BTCII ke-
pamukt Y—Ba—Cu—O u Bi—Sr—Ca—Cu—-0O 10ka3alia BO3MOKHOCTD
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npumenenrss PCMA /s KOHTPOJIS OTKJIOHEHMH OT CTEXMOMETPHH
A MakpokoMnoHenToB MOM. 3amedeno, 4TO B HEKOTOPbIX CJIy4asax
pe3yJIbTaThl ONpEleNeH!s H1eMEHTOB octioBbl pH nomouy PCMA
BKJIOYAIOT 3HAYMMble CUCTEMaTHiecKue MOrpeliHOCTH, O YEM CBHUIC-
TeNbCTBYET HapyllleHUsi MaTepuaibHoro Gananca. [lo-BuaMMoMy, OHHU
06yCJIOB/IEHbI TIOTJIOLIEHHEM YaCTH XapaKTEPUCTHUECCKOTO PEHTIeHO-
BCKOTO M3JIyYCHUS HEPOBHOCTSIMU HEWJIEAJIbIIO OTIIOIMPOBaHHOM pa-
Goueii MoBepXHOCTH. BMecTe ¢ TeM, upe3MepHast MoJIMPOBKa MOXeT
MCKaXaTh COCTAB KCCJIE/lyeMOro MOBEPXHOCTHOTO C10st NPobbl, crlo-
co6CTBYS €ro ycpenHenuo. B 3Toil ¢Bsi3n Mpe/icTaBIseTcs 11e1eco06-
pasHbIM OTPaHUYMBATLCA YMEDPEHHOH MOJMPOBKOHW, a Mpy HANU4YMK
HeGOJIBIIMX HapYlIeHUA MaTepHabHOro 6ajlaHca OCYIIECTBIATb HOP-
MUPOBKY pe3yJIbTaTOB aHa/u3a Ha CyMMY TEOPETHYECKUX cojepxa-

Ta6auna 5.10. CpaBHeHre HOPMHPOBAHHBIX M HCXOAHBIX PE3Y/IbTAaTOB
PCMA obpasuos BTCII kepamuxu Y-Ba—Cu—O, pacnio/ioxeHHbIX B
NOpsiZIKe BO3ACTAHMsI MIEPAXOBATOCTH paboueil OBEPXHOCTH; (haKTHUECKHUit
COCTaB 3TOi l'IOBerHOCTH. ycranosser MerogoM PCOA (tabmmna 5.11)

Conepxatue sneMeHTa, Mac.%

Ilocsie HOpMUPOBaHHS
Pe3yJIbTAaToOB aHA/IM3A

Y Ba Cu h> A Y Ba Cu
131 | 420 | 288 | 839 0.3 131 42.0 28.8
126 | 386 | 270 | 782 6.0 136 | 415 29.0
107 | 324 | 227 | 658 18.4 13.7 41.6 29.1
9.3 217 198 | 568 | 274 13.7 40.7 29.2
6.2 196 | 124 | 382 | 460 13.9 43.7 217

Be3 HopMHMpOBaHHs pe3yJIbTaTOB aHanM3a™

* ¥ — cymMMa HallIeHHBIX cOAeP)KaHUH ONpesie/IfeMbIX 31eMEeHTOB; ZA — pas-
HoCTb Mexy 84.20 mac.% — (axruueckoil cyMMolt cofepxanuil onpenersi-
€MBIX 3JIeMEHTOB, YCTAHOBJIEHHOH He3aBUCHMBIM INIPELM3MOHHBIM METOIOM
(cm. Tabmuny 5.11), — ¥ 3HaueHueM T
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Ta6amua 5.11. Merposiornueckue XapakTepUCTHKH METONUK OIpeIeeHUS

37IeMEHTOB OCHOBH! npu nomMou PCMA

Onpene- | Haiineno, mac.% (P=0.95)

O6beKT aHanuza | JsTeMblii S (PCMA)
BIIEMEHT PCODA PCMA*
CdWO, Cd 30.91£0.01 | 30.8£0.3 | 15107 (n=26)
w 51.3520.01 | 51.4+0.3 | 1.5107' (n=26)
Y-Ba-Cu-0O Y 13.50+0.03 13.520.2 | 51072 (n=34)

Ba 41.7420.06 | 41.840.2 | 21072 (n=34)
Cu 2896+0.05 | 29.0+0.2 | 2102 (n=34)
Bi-Sr-Ca-Cu-O Bi 40.82+0.05 | 40.8+0.6 | 3-10? (n=16)
Sr 17.11+0.03 17.1+£0.2 | 3102 (n=16)
Ca 7.83£0.03 7.8+0.2 3102 (n=16)
Cu 18.61+0.03 18.6+0.4 | 41072 (n=16)

*CkaHMpOBaHHe N0 NOBEPXHOCTH

HHUil onpejeiseMblX sneMeHTOB. IIpuMep Takoit 06paboOTKHM IKCIIEpH-
MEHTa/IbHbIX JIJaHHBIX NIpeAcTaBaeH B Taba. 5.10.

Mooxno BusieTh, 4To npu ZA < 30 Mac.% pesyJibTaThl aHau3a 1oc-
JIc HOPMHUPOBAHHMA UCXOAHBIX JIAHHBIX HE3HAYMMO OTJIMHAIOTCS OT (ak-
THYECKMX COlepXaHUil 271eMeHTOB, NnoayvyeHHbIX 1pu oMol PCOA
¥ Tpe/icTaBeHHbIX B Tab/1. 5.11. [Janibie 3Toi Tab/mibl MOATBEPXKAA-
IOT MPaBUJILHOCTD OIpe/ie/IeHUsA 21eMeHTOB OCHOBBI IpH oMo PCMA
W MpHeMJIEMbIIT YDOBCHD BOCIIPOMBBOJIMMOCTH TaKWUX OTpeJcJeHMIA.

Mecrto, 3aHMMaeMoOe PCHTIeHOBCKOH CHCKTpOMETPUEH B aHasu-
TH4eckoit xumuu OM, onpencnsietcs, npexjae Bcero, BLICOKOH TOY-
HOCTBIO U3MEPEHHMH aHAIMTUYECKUX CUITIAlOB B peHTrenodiyopec-
IICHTHOM ataju3e M GoJbIION paspellaiolield crnocoHHOCTbIO PeHTTe-
HOBCKOro MukpoaHanuza. CyuiecTseiio u To, 4To MOMHO U3MCPATD
XapaKTePUCTHYCCKOE M3JyUele 104YTH Beex asieMentos [lepropu-
YeCKOU CHMCTCMBI, KPOMC CaMbIX JICTKHX, BKJIOYass M HEeMeTajUlbl, HE
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olpejie/isieMble APYI'MMH METOZaMM aTOMHOM CIICKTPOMETPHMHM, a TakK-
e BbIMOJHATH HEPA3PYIIAIONIMA aHamu3 roTosbix usfiennit. Couera-
ure POC ¢ npeaapure/ibHbIM KOHIICHTPUPOBaHUEM MPUMeCEH 110~
spoJsiser onpeaefsith B OM [0€TaToulio HU3KUE MX COACPIKAHHS.
[TpeanioxeHbl celMaabible TPUEMbI 1A UCKIIOYCHUA 3HAYUMBIX CH-
CTEeMAaTMYECKUX MOTPEIHOCTEN, KOTOPbIMU MOTYT OBITb OTATOILEHDI
Pe3YJIbTaThl aHAJIU3A C IPUMCHEHUEM PeHTIeHOBCKOM CIIeKTPOMCTPHUK.
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Potokonopumetpma
CNeKTPOPOTOMETPUS PACTBOPOB
(MonekynspHas abcopbupomeTpus)

Mousexkynsapnas abcopbuuomerpus [1..5], 6iaromaps npocrote
M MOCTYNHOCTH annapaTypHoro ogopmjeHus, B CBOé Bpems Oblia
OIHUM M3 OCHOBHBIX METO/OB OMpeJieJieHUs TIpUMeceil B HeOpraHu-
YeCKMX MaTepuasax. Pexe ero ucrosib3oBaiu s onpejeaeHus oc-
HOBHBIX KOMIIOHEHTOB (34¢ch HanboIbliyi0 poJib chirpas auddepen-
UMaNbHBIA BapUaHT MeTofla). B nociiesinme aecaTUneTUs 3TOT MeTO[
aHanuTvyeckoro KoHTpoass MM 3aMeTHO NMOTECHHUNM COBPEMEHHbIC
BapUaHTbi aTOMHO-IMUCCHOHHOI, aTOMHO-a6COPOLIMOHHOI U peHTTe-
HOBCKO# CIIEKTPOMETPHH, BOJIBTAMIIEPOMETPHHU U IPYTHUX HHCTPYMEH-
TaJIbHbIX METOJ0B. TeM He McHee, M cero/iH GOTOKOJIOPUMETPUA U
CNeKTpoOTOMETPUST PaCTBOPOB OCTAIOTCSA pabOYMMU METOAMH Ofl-
pcileieHns B MaTepuanax psijla NpuMecei, 0Co6eHHO HeOpraHuYeckKnxX
aHWOHOB U PENKUX 3JICMEUTOB.

B 1abn. 6.1 1puBe/ielibl XapaKTePUCTUKHY HEKOTOPBIX (OTOMET-
puueckux Metoauk ananusa OM, paszpaboranuvix B Mncturyre mo-
HOKPUCTANNOB. MOXHO BUAETDH, YTO 06bEKTAMM aHa/IM3a Yallle BCero
ABJIsoTCA BofopacTBopuMble DM, MOCKOJIbKY TPYAHOPAaCTBOPUMbIC
BCILCCTBA 110C/C TIePeBC/Ielins B PACTBOP 1iejiecoobpasiiee allajin3upo-
BaThb OJHUM U3 MHOTOIACMCHTHBIX METOJOB. 3aMCTHUM, YTO CIIEKTPO-
$hOTOMETPUA PACTBOPOB OCTAETCS 1O MMPEUMYIIECTBY OJIHOIJICMEIT-



Ta6auua 6.1. XapakTepuctuku GoTOMETPHYECKHX METOAMK aHaNN3a (HYHKIMOHAIBHBIX MaTepHaloB™

T1pobonoaroToBka,

Omnpene- Juanazon
asemble | o o amauza | CTPEACTAEMBIX | KOHLIEHTPHPOBAHNE 1 AHanmuTHYecKue S Jlurepa-
KOMIIO- CoZlepXaHuil Win orpeneneHne dopMbI r Typa
HEHTBI Cu MUKDO3JIEMEHTOB
1 2 3 4 5 6 7
C  Mac%: 7-10- O6paboTra KoMmmuexe Fe(Il) ¢
BoanopactBopumbie (l%III,'HJ,M C:S r): rajJoreHu/ioB 1-uurTpO30-2-HadTO-
raoreHuabl 2_10,5’ (LiF '| menouypIX METANNOB | JTOM, 3KCTParupy-
HIeJT0YHbIX G=21); ’ xonn. H,S0,; €MBII H30aMHJIOBBIM
Mmertasios ( BTIIIM) e pacTBOpeHue cnuprom (e=2.16-10*
; 3107 (comu 0.05 m1a -
Fe u LiF [6, 7], ponsdpamaroB B | pu 700 HM) (6, 10, [6..12]
kaamus, G=1r); . 10C,
cosu kaamus [8], 5.10- pactBope JauMonHOH | 11, 12] i cMeceio fim
BosnbdpamMarts! [9] KHUCJIOTH; CHCl, ¢
(BosBd pamars!, 3
(MOHOKPHCTAJJIBI G=11) 9KCTpakUMOHHO- | TpubyTwidocdarom
HCXOMHOE ChIPBE) B ¢oToMeTpHUYecKoe (e=1.79-10*
onpenenenne (IMDO)| npu 750 um) [7]
0,
C“"‘;T(f_ ﬁ‘/’) Kommexe Fe(II) ¢ | 0.05 nnsa
(3DO, G=1 r); KonuentpupoBanue | 6atodeHaHTpOIN- 110
’ - ) _ 0,
AINH (S0)-12H,0] 1.10 (3DO ¢ Fe npu nomMomu HOM, akcTparupy- | Mac.% Fe
N AN 2 -~ | HHK nerxomnnaskoro| empiii 13 BuHHOKHUC- | (DDO) 1 -
Fe (coIpbé asist TIpeBapUTeb- ol [13]
pacIuiaBa Ipernapara, JIOTO pacTBOpa s 5-10
MOHOKPUCTAJLJIOB) | HBIM KPUCTA/LIH- o
SALMOHHBIM TIOAKVUCIEHHOTO H30aMIWIOBBIM mac.% Fe
KOHIIEHTDHDOBA- H, SO, 9®O0*** |cnuprom (£=2.26-10*] (HHK+
LCHTPHD mp# 533 uM) +200)

nueM, G=30r)

8¢C

HHDYG Y



IIpodoaxcenue maban. 6.1.

1 2 3 4 5 6 7
0.04...0.06 nns
o,
BITIM, C'j'!" Mac. 7% Ob6paborka npenapatoB | Kommiekc Al(IID) ¢ |2-107° mac.% Al
KH,PO, 610" (BI'TLIM, actBopom HCl (1:1) u omazyposioM C B | B BI'IIM 1
Al (MoHOKpHCTa- G=15r); ’ BbIIFI)a UBaHU ;) nXII)&c cr}g)u(; HUTOH 1 410 (14]
Jbt ¥ ucxonHoe | 5-107° (KH, PO, P € H., pHeyT P a o
S G=0.2 rl) 4 BJIQKHBIX coJeit X-100 Mac.% Al B
' - KH,PO,
Cu(DEDTC), s
CHCI, (&=1.3-10" mpu
436 HM, -
O6paboTka npenaparos Pb}({gEII);%‘rg){T)' 0.02 s
27 .
xoun. H,50,, koMIuteke Ni ¢ 1-1075..1-10™
. flocaesoBareIbible 3®9 o—bypuwnanoxcumoM | Mac.% Cu u
BI'IM, LiF, Cu u Ni u3 TapTpartHOit 8 CHCL (e=1.9-10* | Ni; 0.07 ans
. CaF,, Cal, C, B BI'TIIM | cpeas! mpu oNTUMAaIbHBIX 3 ) 6 _

Cu, Ni, (MOHoé I/ICT;JI- (GE’% T, g=1 cM?) H; mpy 438 mm); 41074107 15
Fe, Mn P A = o P, SKCTpaKilHONIoe kommnexc Fe(Il) ¢ Mac.% Fe; [15]
Jjiel v ucxonHoe | 1-10™° mac.% | oraeneHue AMTH30HATOB GaTodenanTponuiom 0.06 MH’

CBIPBE) COTYTCTBYIOMHX 8 CHCI, (£=2.26-10¢ | 8107.810°
SJIEMEHTOB, npu 533 HM); Mac.% Mn B
nocienosaresbibie IOO xonmexe Mn(1T) ¢ NaCl
Feu Mn tnookcutioM B CCl,
(e=1.6-10" npu 418
HM)

9 povr ]
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IIpodonxcenue mabn. 6.1.

1 2 3 4 5 6 7
Kommnexcst Cu(l) ¢
2,2’ -6UIMHXOHUHOBOM
C,,, (Mac.%): kucyotoit u Fe(1l) c
2:107% (Cu); 2-HuTpO30- 1-HadTON- 0.1 (Cu)
Csl 1-107¢ (Fe) Konuenrpuposanue Cu 4-cynbdokucioroii B | u 0.06 (Fe) mis
N u Fe npu nomomu ) 6 . :
Cu. Fe (chIppé ans (IBYXBOJHOBas HHK sommoro pactaopa BOJTHOM DacTBODE; 51076..1-10°5 |[16; 17,
' MOHOKPHCTAI-| creKTpodOoToMeT- Denanata a¢dexTHBHDBIE Mac.% c. 125]
JIOB) pHsl BOTHOTO benapa 3HadeHus € npu 690 | onpexensieMmoro
3BTEKTHYECKOTO COCTABA
KOHIIEHTPATa, oM 2.16:10* (Fe) aJleMeHTa
G=38r, g=1 cm?) <5102 (Cu); npu
560 um 2.96-10° (Fe)
u 7.32-10% (Cu);
C,., (xonuyecTBo
BemecTBa akBuBa- | O6paboTka npenaparos
JIEHTa, MOJIb, Ha xouu. H SO, 0.05...0.09
Cymma 100r o6pasua) 3KCTPaKIHUS U3 3DO-1: U1 KOJIM4eCTBa
Cu. Pb BI'lIM, LiF B BT'1IIM: LUTPATHOI Cpexbl NpU Cu(DEDTC), B BelIleCTBa
Bi ,Cd’ (MoHOKDHC- | 2DO-1, (G=5T) - ontuManbHoM pH CHCI, (e=1.3-10" npu| sksuBasenTa, [17,
’Zn ’ TaJLJIBI U 3-10°7 [18]; KOMILJIEKCOB OIpesest. 436 um); ODO-2: | mospb, Ha 100 1 | c. 134;
Mr; HCXOHOe 3PO0-2, 37IEMEHTOB U3 Hg(DEDTC), B |obpasua cymmsif 18; 19]
Fe’ CBIPBE) (G=5r) - 1107 ‘opranmyeckoit paspl | CHCL, (e=3-10* npu | onpenensieMbix
[17, c.134, 19); nonamu Cu(Il) - 280 uM) 371EMEHTOB
B LiF: 3PO-1, IDO-1 wu Hg(II) - 10-5..10°%
(G=tr) - 2DO-2
1.5-1075 [18]

0€C
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IIpodonxcenue mabn. 6.1.

1 2 3 4 5 6 7
4107 Mac.% |KoHuentpuposauue thpnw
Zn(NO.).-6H.0 (2DO c npen- | momourn HHK nerkonnas- Kommaexe Cd ¢
32702 BapUTEJbHBIM [ KOI'O pacmjaBa NMpernapara, "
(cpIpbé ans JIITH30HOM, 0.14 pns 2-10 [17,
Cd KDHCTA1/H3a- noakucnessoro HNO,; . o
MOHOKpHCTa- e 3 | sxcrparupyemsiit CCl mac.% Cd |c. 140]
LTMOHHBIM ODO*** u3 menoyHoi _ 1
JIOB) " (£=8.8-10* mpu 520 um)
KOHLIEHTPUPOBa- cpeabl, coiepakanteit
HueM, G=10r) TapTPAaT- HOHbI
LiF-Ti Kommneke Ti(IV) ¢ au-
: 51071107 AHTUTIMPUIMETAHOM -
. | (Monokpucran- o IIpenapar pacTBopsIOT B Y 0.04 ana 5-10
Ti MBI 1 HCROMHOE Mmac.% a36. H.SO (CONSTHOKUCBII pacT- vac.% Ti [20]
oA (G=0.21) pasd. Hyt, BOp peareHTa); pabovast| 0
CbIpbE)
AnuHa Bonas! 380 HM
Kommnexkc Nb(V) ¢
LiF:Nb 4 - JIIOMOTJLTHOHOM,
(MOHOK pUCTAI- 5107.1-10 lpenapar pactsopsiior 5 obpasytomuiica npu | 0.1 1-102
Nb | {MoROKD Mac.% pas6. H,SO,, BBoasT Pasyiotit pr f 5.0 [20]
JIBL U UCXOJHOE - " HarpeBaHUM PacTBOpa; Mmac.% Nb
N (G=0.2 1) pacTBOp BHHHOH KHCJIOTHI
CHIpbE) pabouas THHA BOJHBI
520 um
Honnsrii acconuar po-
Ipenapat pacrBopsioT B AHWHOTO KOMILIEKCa
LiIFW 4 _, |pas6. H SO, B mpucytctuu
5-10™..1-10 LN W(V) ¢ ueruntpume- .
(MOHOKpHUCTAJI- o opTodocdopHOit KUCIOTH; 0.05 pnsa 31073
w Mac.% " THJIaMMOHHEM, 9KCTpa- o [20]
JIBl K UCXOHOE W(VI) B kucsnoii cpene . Mac.% W
N (G=0.271) rupyemblit CHCI, (pa-
CBIDBE) BOCCTaHaBJAUBAOT 10 W(V) 3
Sncl 60yast ATMHA BOMHBI
2 400 um)

9 vovr |
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Hpodonncenue maba. 6.1.

¢ee

1 2 3 4 5 6 7
Karnonsubiit
kommieke Eu(IIl) u
OJHO3aps1 IHOTO
. aHnoHa MopuHa (1:2),
CaIZ:Euf [Ipenapar pacTBOpSIOT B KOTOPBIH
it | s | s sptmone | et 065 006
Eu z Mmac.% y PEAR 1 1.1072..1-1072 | [21]**
(MOHOKpHCTAJI- ONTHMAJIbHOM KHUCJIOTHOCTH CMECBIO o
(G=1r1) Mac.%)
JIBI U UCXOTHOE (pH 4.5) BBIONIHAIOT  |M30aMHUJIOBOTO CIIUPTA
CBIpbE) 200 u TBO B
HPHUCYTCTBUU
fepxa0par-MOHOB
(e=4.74-10° npu
470 uM)
Kommnexkce Eu(1Il) ¢
mopunom (H,B)
cocTaBa
ZnS:lj:u; C. =510 mac.% ZnS pactBopsOT B pasb. [Eu(OH)zH“BB],‘ :ZIJIH B
MoO, Eu Jim “""|HCI, MoO, — B menousoM KOTODBbIi 5107.5-107
(G ans ZnS 3 o o
Eu |(monokpucran- 07 r pacTBOpe U NOcJie CO3/[aHusA| 3KCTParupyloT U3 Mmac.% Eus | [22]
JIbl M MCXOAHOE [ M(;O " 1) ONTHUMAJIBHOI KHUCJIOTHOCTH| ILEJIOYHOHN Cpelbl ZnS ~ 0.04,
CBIPBE) A 3 “soinonasiior 300 CMEChIO B MoO, - 0.16
H30aMHJIOBOTO CIIMPTA
u TBO (£=3.17-10"
IpH 435 HM)

MHOV]G 'Y



IIpodonxcenue mabn. 6.1,

1 2 3 4 5 6 7
CiuiassieHue npenapara co
CMeChI0 GYph! U COMIBL,
pacTBOpEHHe I1JiaBa B Pasb.
ALO,Ln; HCl, axcrpakuusa P39 K;“énsn;f(cugg’(i:sﬂ_“
P33 ALO.Y 1.10°2..2-10"" | wiu Y pacrBopom OMBII » {~AHOP .
23 o okcuxunosuuoM, | 0.03 misa 510
(Ln), | (MoHOKpUCTAI- mac.% B CHCI, npn ontumars- . o [23]
3 3KCTParupyeMsIit mac.% P33
Y |abi v ucxoxtoe (G=0.1r) HoM pH (B npucyrcTBUM CHCL, (pabovas
CBIPBE) cynbdOoCATHIIIOBOH KHC- 3 \P
JUTHHA BOJIHBI 513 HM)
JIOTBI), peaKcTpakiusa P33
win Y pas6. HCl u 200
npu ontuMasibHoMm pH
Kommnnekc Lo(11]) ¢
MODPUHOM,
3KCTparupyeMbIit
CMECBIO M30aMIIO- 0.2 st
IInenky B3BeUINBAIOT poro civpta 1 THO; mé}ulmﬂma "
P39 [Tnénxu BMECTe C MOAIOKKOH £107% mpu 460 Hm: 5.10-4 rCCO
(Ln) Xa/lbKOTeHH0B | DnemenT ocHoBbi| (norpemHocts £1-1075 1), | 7.30 (La), 8.95 (Ce), COBEDIK 'e»"t [24]**
P33 pactBopsiot B pa36. HCI u| 8.60 (Pr), 10.5 (Nd), féopM:élf’/
semonusaotT 3OO 10.6 (Sm), 11.2 (Eu),| ~ P33' °
10.1 (Gd), 10.9 (Tb),
9.10 (Dy), 10.7 (Ho),
9.84 (Er), 10.5 (Tm),
10.3 (Yb), 10.0 (Lu)

9 vopr |
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Hpodonxcenue mabn. 6.1.
1 2 3 4 5 6 7
[Tonmuoprasxo- Ocratok nocje
CIJIOKCAHOBBII MUHepTH3alMK KaydyKa CwMernraHHble
Kay4yyK (KOHCT- 1.10-_1.10- |PAcTBOPSIOT B cMecH HF un XJIOpMIHbIE ’
Pt PYKIHOHHBIA Ma::..% HCl u otronsor SiF,, | xommmexcn Pt(II) u [0.02 gns 1-102 [25]
MaTepua JJist (G=11) 3areM BBIIOJIHSIOT B Sn(II) B BogHOM Mac.% Pt
CUMHTWIISA - KHUCJIOH cpene pactBope (pabouas
I{HOHHBIX doTomeTprrieckoe JUiMHa BostHBI 403 HM)
IETEKTOPOB) onpenenenne Pt
‘ IIpenapar pacTBOpSIOT IpH Kommnexe Pt(IT) ¢
Bi,Ge,0,, 1101 5.10-2 HarpeBaHHUH B I[APCKOH UTH3OHOM
Pt (MOHOKpHCTAT- "'(y BozKe, yaansior HNO, , * o 10.03 ana 11073
Mac.% KCTparupyeMsiii o [25]
JIBL U HCXOIHOE (G=1r) BOCCTaHaBHMBaJO'{" Pt (IV) CHCI. (pa6ouas Mac.% Pt
CBHIPBE) B COJISTHOKHUCJIOH cpefe f— 13031 w1 720 1m)
SnCl, u emonusior 900
YO ITpenapar pactBopsiior B | Kommieke Zr(IV) ¢
(cmpiéa/:[,n . 1.5-107..4-102 | pas36. HCl u npn ontu- | mopunom, axcTparn- 0.04 ma
Zr MOHOKpHCTAI- Mac.% ManbHoM pH BBIMoONHSIOT | pyeMmslit uzoamuno- | 3-1074.3-1072 | [26]**
7108) (G=0.25r) IPO B npucyrcTBUH BBIM CITMPTOM (€ = Mac.% Zr
ackopbuHOBOM kucaoTel | 6.43-10* pn 430 M)

¥eq
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IHpodonxcenue mabn. 6.1.

KoHentpara cymmsl U u Th

nocje BoccraHoBaenust U(VI)

no U(IV); doromerpuueckoe
onpenenenue Th B apyro#

4aCTH KOHUEHTpara

1 2 3 4 5 6 7
IIpenapar pacTBopsOT npu
axenparapyor Anemom | Kownaesci Zr (e=
3-10°..7-10* | acdupom xOpHIHBIE KOMII- 6.43 10" npu 430 1)
o uTh (e=7.34-10 ~
7r KCl Mac.% ans Zr, saekcot Fe(Ill), akctpakT npu 420 HM) ¢ 0.03 gna 3-10™...
Th’ (xamennast | 6-107°..2-107* | or6pacbiBaioT, OCTaTOK BHI- pMO HHOM 1107 mac.%Zr | [27]**
COJIb) Mac.% mist Th;| napusatot mo BnaxusIx co- p ’ wiu Th
. IKCTpParupyemsie
(G=15r) JieH, 3aTeM MPOU3BOST I10C-
H30aMHJIOBBIM
nenosatesnibHoe DO Zr CIHDTOM
(pH Bonuoi dazel 0.9) u Th p
(pH 1.9).
Konuentpuposanue U uTh
npu nomoinn HHK Boauoro
pacTBopa npenapara 3BTeK-
THYECKOTO COCTaBa; obpa-
60TKa KOHIIEHTpaTa KOHII.
C. mmaUmn HNO,; MmackupoBanue Kommnexcest Th (IV)|  0.1(U),0.05
Csl lim 3
(coippé 15 Th 51077 comyrcrBylomux npumecedt; | u U(IV) c apcena- | (Th) ana2-10¢| [17,
U, Th VOHOK DHCTATL Mac.% CO3JlaHHe CONAHOKHUCIOMH 30 III B BogHOM Mac.% ompezne- | c. 126;
: 1 5 5) (G=35T; cpenss; poTomMeTpuyeckoe pactBope (paboyas JIS1€eMOr0 28]
g=1 cm?) olipesiesieHHe B OAHOM YacTu |mimnHa Bonb 660 HM) 37IeMEeHTa

9 povr ]
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IIpodonxcenue maban. 6.1.

1 2 3 4 5 6 7
Bop-conepxamuit
KH,PO, IIpenapatr pacTBOPSIIOT B Ms:zgf]?;r:;;q:
(MOHOKpHC- C,,=510™ Bojfie U BoimonnsioT GO F "
im” e(I1) ¢ Huokcumom | 0.04 ana 2-10
B TaJTBI U Mac.% npu ontumansaoM pH B o [29]
(Nx) Fe(Nx) (BOH) Mac.% B
HCXOTHOE (G=1r) [IPUCYTCTBHH 3 2
é acKOpGHUHOBOM KHUCIOTHI B BOJHOM pacTsope
coIpbE) (€ =1.810" mpn
447 um)
ITocne pacTBopenus A3oKpacureb,
nipenapara BbIHONHAIOT obpasymomuiics B
Nal, Cs1 | Cymaes | iC B NG | conerammn npomyien
NO,, *(ctipoé s | 3107 (NO, ); NO,- noan pac-rBongm zmasompoga:x};xﬂ 0.15 ara 5C,, [30]
NO,." |monokpuctan-| 3-10™ (NO,™) 2 .o INO, mmu NO,~
3 3 fnpenapara BOCCTAHABJIM- | I-aMHHOGEH30MHOM 2 4
JIOB) npu G=2r _ N
Batotr NO,™ 10 NO,” B xan-| kuciots! u 8-oken-
MHEBOM PETyKTope U 3ateM| XxMHoIMHA (pabouas
soinonusior @O NO,”  |anuna Bonab 439 HM)
IIpenapar pacTBODSIIOT [IpH
LiF HArPEBAHUH B PaCTBOPe, | 11 . HpoIyKT
iy coaepxaieM GOPHYIO H
(MOHOKpHC- C,, =510 : ) OKHUCJIEHVST HUTpaTa- -
- CEepHYIO KHCJIOTbY; aHaTH- 0.06 pnst 3-10
NO. TA/LIbl H Mac.% M# HHIUTOKapMHHA o - 1131, 32]
3 THYeckyto ¢hopMy nosy- Mac.% NO,
UCXOLHOE (G=0.2r1) . (paboyasn miunHa 3
; YaloT B CEPHOKMCJION cpezie
CBIPBE) BoJiHbI 620 HM)
NpY HarpeBaHHM pacTBoOpa
B KUMsLeH BOAAHON Gaxe

9¢€C
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[Ipodonxcenue mabn. 6.1.

BpinoHAT GO NO,”

t 2 3 4 5 6 7
MMocne pacTBopeHus
npenapara B pas6. H,SO, A3OKpacuTens,
spmosHaT PO NO,7; obpasyomuiics B
CdO C,,=410" VTSl ONpeieJIeHUs CYMMBI | KHUCJIOi cpelie IpH 0.07 mns
NO,", | (cbIpbé ans Mmac. % NO, u NO,” nocne coyeTanuu npoaykral 3-107%.5107 [33]
NO,” | monokpucran- | NO,” unu NO,” | pactBopenus npenapara AuasoTHpoBaHuA | Mac.% NO,” unn
JIOB) (G=0.11) BoccraHaBauBaloT NO,” 10| pusanona u DND NO,
NO,” B kanMueBoM (e=3.410"
PEeAyKTOpe U 3aTeM mpu 505 HM)
BbmoaHAT PO NO,”
[Tocne pacrBopenus
A3sokpacurens,
MpeMnapara B PacTBOPE pasyIONIics: B
NaOH swemmonusior OO KOHp Yo "
WO, C, =110 NO,"; ans onpenenenus coq::a(:xy;;prfug P ™ 0.03 ana
NO,", | (cpippé nia Mac.% cymmer NO,™ u NO,™ nocre POLYK 3-1073..5-10®
B - - JIMA30THPOBAHUSA ° [33]
NO," | monokpucran- | NO,” unu NO,” | pacTBopenus npenapara PR Se—— mac.% NO,— nwim
JIOB) (G=0.1r1) BoccTaHaBauBaoT NO,™ 10 KIZ ot 1 DND NO,
NO,” B KarMHeBOM ¢ e
€, \ TOpe U 3aTeM (e=3610
PelyKTop npu 535 Hm)

9 vovI |
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IIpodonscenue mabn. 6.1

HNO, u nonyuaror
MOJHOIOMBIBSIKOBYIO
KHUCJIOTY NPU HarpeBaHUH
CYXOro OCTaTKa ¢
MOIHGAATOM aMMOHUS B

CePHOKMCJION cpefie

CHHTAHOJIA WIH TBHH-
80 (pabouas mnuHa
BOJIHBI 640 HM)

1 2 3 4 5 6 7
. . Konnentpuposanue SO,
C,,,=2.5-10 mac.% nun HI(;MI())IJIPI HHK ‘ Cycnensus BaSO, s 0.08 ana
(PTO, G=09 r); ;)ozmoro acTBOpa ¢ CMEIIaHHOM ) 5107 uac.%

Csl C, =1-10" mac.% PacTBop SO, (c npex-
— OO cn expapy- | PENaPaTa SBTEKTIMECKOrO pacTBopHTee: s AHTEJIbeI\d
SO,* p P p coctasa; ®TO SO B BOJa+3TaHON+ P 1 [34]
MOHOKDUC- | TeJbHBIM KpHCTAN- KPHCTIIN3a-

BOJHO-OPIaHU4ECKOM +3TUIEHTIUKOIb
TALI0B) | TH3ALHOHHBIM KOH- LHAOHHEIM
pacTBoOpe KOHIIEHTpaTa B (pabouas winHa
LIEHTPHUPOBAHHUEM, ~ KOHLEeHTPHPO-
- N NPUCYTCTBHU acKopbu- BOJIHBI 360 HM)
G=25r, g=1 cM?) . BaHHUEM )
HOBOH KHCJIOThI
As(V) BOCCTaHaBAUBAIOT 10
As(IIT) mpu nomomu KI B
TPUCYTCTBHUH acKOp6H-
HOBOI KHCIOTHI; KOHIeH- | IIpoaykT okucnenus
TPUDYIOT AS B BUIE THOKeToHa Muxiepa
KOMILJIEKCa C AUITHII- MOTUOIOMBIILIKO-
AUTHOKapOaMMHATOM, BOH KHCJIOTOH B
3-1073...1.2.10"" Mr/n 3KCTParupyeMoro u3 MHULEISIPHOM
Croynble / parupy u P 0.08 nns
As (u3 25...30 ma CEPHOKHCJIOTO PacTBopa pacTBope [35]
BOJIbI . 0.04 mr/n As
uccnenyeMon Boabl) | xnopodopMoM; sKCTpakT |HenoHorenHmx ITAB -
MHHEPATM3YIOT KOHIL, TpuToHa- X,

8€C
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IIpodorxmcenue mabanr. 6.1

1 2 3 4 5 6 7
IIpenapar pacTBOpsOT B
BOJIE M OKHUCJISAIOT OCHOBY !
NalO, B asoTHOKMCJI0H Cycnensusa AgCl B
o/, . o
Nal, CsL, KI C“,||_,4Mac/>. cpeie; B JIMKBOTHOM YacTH 230THOKHCJIOM 0.10..0.14
N 310" (B Nal pacTBopa (Hal OCeBLIUM BOZHOM DacTBOpE,
_ (cbIpbé mnst o ) ans
Cl npu G=2.4 ) | KPHCTANIMYECKUM HOAOM) | CTaOUNH3UPOBAHHAS . 1[36, 37]
MOHOKpHC- 4 cofiepKaHuit
TANOB) 210 (B CsI 1 | BoccTaHABAMBAIOT M3OBITOK | AMATUIEHIIMKOAEM Cl- = 5C
KI npu G=2.7r)] wnomaros H O, B npucyr- (pabouyas wimHa lim
272
cteud Mn(1Il) u ynangior BOJIHB! 360 HM)
BbiienuBIMiCA [, npu
HarpeBaHHM pPacTBopa
[Ipenapar pacrBopsior B | Cycnensus AgCl B
KBr BOZE M OKHUCJISIIOT OCHOBY 230THOKHUCIIOM
(MOHOKpHC- C,.=2:107 KBrO, B xucioii cpene BOJHOM DacTBOpE, -
- im 3 0.1 gna 1-10
Cl TaJIAB U Mac.% npu c1aboM HarpeBaHuy, | CTabHIH3HPOBAHHAS Mac.% Cl- (36, 37]
HCXOIHOE (G=0.55r) yaanss BAEAAOWMMHACA | YKCYCHOM KUCIOTOMH e
CHIPBE) 6pOM TOKOM OYMIIEHHOTO (pabouast miuHa
BO3/yXa BOJIHBI 360 HM)
Cycnensus AgCl B
LiF TMpenapar pacteopsior mpu| 2CTHOKHCIOM BOA-
(MOHOKpUC- Cn=3-10" 5 ar EBangm s Ecmo ep HOM pacTBoOpe, cTabu- 0.1 ana
Cl- TaIbl | Mac.% cong —— 62) N DP 14, JIM3UPOBaHHAs 1.5-107 mac. %] [36, 37]
HCXOIHOE (G=09r) p PHY JAU3THIEHI TUKOJIEM Cl-
" a30THYIO KUCJIOTHI
CHIDbE) (pabouas mvHa
BOJHBI 360 HM)

9 vovi |
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Hpodoaxcenue mabn. 6.1

1 2 3 4 5 6 7
Has ClI” — cycnien3us
AgCl B azoTHOKHC-
JIOM BOJHOM PacTBO-
pe, crabuaM3npoBaH-
AMIOMOUTTpHE-
N [Ipenapat o6pabaTbiBatoT | Has AUSTHJIEHIJIH-
BbIf rpaHar, . -
o, | meperpertniM BomsiHbIM ma- | Kosem; s F — 0.1..0.15 ws
anmomomartue-| C, . Mac.% - . .
im pPOM B 1e4d CONPOTHB- HeOKpalleHHbIA conepxaHuit
_ | Bas mnuuens, | npu G=1r:
F, Cl " o st |nenns, a obpasopdBiIKecs | KOMILIEKC C Al(1I), | onpemensie- | [38]
cunretnueckuit| 1107 (F7)
s B pe3y/bTaTe MUPOTH/I- npy 00pa3oBaHUM | MBIX aHHOHOB
KODYHJ, 1107 (Cl")
ponusa HF u HCI KOTOPOrO YMEHb- =5C,
(MOHOKpUCTAI- . im
1) HOTJIOIAIOT BOAOH maeTcst KOHUEHTpa-
UHsA peareHTa -
OKpamIeHHOro
kommaexca Al(IIT) ¢
apcenaso [
B CONAHOKUCIOM PacTBOpE
HOMABI OKHCsIIOT JI0 I,
HOJaTaMH B [IPUCYTCTBHH
C,,=0.1 Mr/n | HONQEHONOBOrO KPaCHOTO, QOnHo3apsHbIH
u3 25...30 Ms1| KOTOpBIA NpU ONTUMATD- | AHHOH HOAPEHOJIO- 0.06 pns
I CrtouHble BOZbI ( M P p b A [39]**
uccnenyeMoit | Hom pH M HarpeBanuu | BOro cHHEro (pabouast| 0.2..1 mr/n |
BO/IbI) pacTBopa B3auMozgell-  |atuna sonubl 600 HM)
CTBYET C BBIIETUBIIMMCS
HOZIOM ¢ 0Gpa3oBaHKeM
aHaIUT4eCKOH (HOpMbL

0ve
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Ipodonxcenue mabn. 6.1

1

2

4

10,

Nal, Csl, Cal,,
Nal:Tl, CsI: Tl
(MOHOKpHCTA-
JIBI 1 HICXOTHOE
CBIPBE)

C|i|n=2. 10_4

Mac. %
npu G=1r

Nal, CsI unu Cal,
PacTBOPSIIOT B LIEJIOYHOM
pacTBOpe, 3aTEM CO3/aI0T
c1abo KUCIIYIo cpeny s

obpasosanust I, B

pesysbrate peaxuun [0, ¢
u3bbiTkom [7, ToTyac
HEUTPaJU3YIOT pacTBop,
4TOGBI IPEAOTBPATHTD
okucsenue [ kucioporom
Bo3/lyxa c yuactieM H”, u
MOJIYYAIOT AHATUTHYECKYIO
dopmy. Nal: Tl wau CsLTI
PACTBOPSIOT B BOAHOM
pacTBope Hoja,
00pa30BaBILIHECS] HOMUAHBIE
komutekcel TI(III) u
M36BITOK MO/Ia IKCTPa-
TUpYIOT H-OyTaHoMOM U
OT6pachIBAIOT; fajiee
MOCTYIAIOT, KaK IIPH

npoBeaeHuy aHasiu3a Nal.

HNon-kpaxmanbHbIx

KOMILJIEKC B BOZHOM

pactBope (pabouas
JUTMHA BOJIHBI 575 HM)

0.06...0.15 ansa
5107.3-107
mac.% 10,

[40, 41]
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1

2

4

IOZJ“’

o,

CsI:Na

JIBl K UCXOTHOE
ChIpbE)

(MOHOKDUCTAJ-

C,,» Mac.%:
2.1075(0,),
2:1075(10,7)
mpu G,=5T,
G,=10r

1) Hasecky G, pactBo-
PAIOT B INEIOYHOM
pacTBope, 3aTeM CO3AAI0T
cnabo KUCIYIOo cpeny s
obpasopanus I,” B
pesyabTtate peakuum 10,
¢ u3brrtkom I, roryac
HEUTPATH3YIQT PaCcTBOP,
YTOBHI IIPEOTBPATHTH
okucaeHue ["kucaoponoM
BO3yXa ¢ yyactueM H*, u
U3MEepSIIOT ONTHYECKYIO
nnotHocth A, 2) Hasecky
G, pacTsopAIoT B
UIEJIOYHOM PaCTBOPE, 3aTeM
BBOZAT KaTalu3arop -
MoJHOAaT aMMOHHMSL JUISt
NPOXOKAEHUS PeaKIH
obpazosanns 1,” ¢
y4aCTHEM TeX e KOMIIO-
HEHTOB B IPYTUX YCJIOBHUAX
K U3MEPSIOT ONITUYECKYIO
nnotaocts A, Conepxanus
10,” u O,* paccuutbiBaloT
M3 CHCTEMBbI IBYX

Honn 1, B
BOJIHOM PacTBOpe
(paboyas uHA
BOJIHBL
360 uM)

JIMHEHBIX ypaBHeHHH

0.08..0.2 — ansa
3-1075..7-10°5
mac.% O,
0.2 — pas
2:-1075..4-107°
Mac.% 10,

[42]

(4744
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1

2

4

5

Cu(IIT)

BTCII xepamuxa
Y-Ba-Cu-Cu-0O

1...10 Mac.%
Cu(III)
(G=20...40 mr)

IIpenapar pactBopsioT
OpH TiepeMel NBaHUK
MarHUTHON MeIaIKOii B
cnabokuciom 6ydepHom
pacTBOpe B PUCYTCTBHU
Co(II) u xommnexcona III

Komnnekc Co (III)
€ KOMILJIEKCOHOM
111 B BozHOI cpene
(pabouast mwinHa
BOMHH 540 M)

0.02...0.03 nns
7..8 Mac.%
Cu (III)

[43]

Cu(III)

BTCII kepamuka
Y-Ba-Cu-Cu-0O

1...10 mac.%
Cu(IID)
(G=13...15 mr)

[Ipenapar pactBopsiioT
IpH NepeMelIHBaHWN Mar-
HHUTHOH MelIaIKoil B
IIEJIOYHOM PacTBOpE B
MPUCYTCTBHM LUTpaTa
HaTpHsi, METHJIOBOTO
kpacHoro u HBr;
MIOCTIEAHUI OKHUCAETC
Cu(IID) mo Br,

HeokpameHnusrit
MPOXYKT OKHCIe-
HHSl METHJIOBOTO
KpacHoro 6pomMom
B LIEJIOYHOM cpefie,
npu obpasoBaHUm
KOTOPOTO YMEHb-
IIAeTCs KOHLIEHT-
palys MeTUIO-
BOTO KPacHOro
(pabouast nvHa
BOJHBI 540 HM)

0.02 nna
2 mac.%
Cu(III)

(44]

Cymma
Cu(1II)
"
Bi(V);
Cu(IID)
"
TI(IIT)

BTCII kepamuxka
Bi-Ca-Sr-Cu-0
54
Tl-Ba-Ca-Cu-0|

1-10°4..5-10°%
MOJIb/T
(KOJIMYECTBO
BEIIECTBA
9KBUBAJIEHTA,
MoJb, HA 1 T
pobsl,
G=0.1r)

IIpenapar pactBopsiior
MDY HepeMelBaHUK
MarHUTHOI MeIaaKoH B
craboxucnom 6ydepaom
pacTBOpe B [IPUCYTCTBHU
Co(II) u kommnekcona I1I

Kommnexc Co (IID)
€ KOMILJIEKCOHOM
111 B BOAHOI cpexe
(pabouas anvmHa
BOJIHBI 540 HM)

0.02...0.04 nnsa
1.10.5-10°3
MOJb/T
Cu(1ID)+Bi(V)

[45,
46,
47)

9 povr]
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1 2 3 4 5 6 7

- 06923(:?(1::;;2 B Kommaexe Sr(Il) ¢
WTHY P xiopdocdona-

npy ommumaneHoM PH B | Lt e ey

BTCII xepamuka IneMeHT 0.01 48]

S0 Bi—-Ca—-Sr-Cu-0O OCHOBBI TIPUCYTCTBHK NHATbHAs
v xoMmIutekcosa 111,
mackupytouero Ca(Il) n CTIEKTPOGOTOMET-
CudILIIT) pus npu 660 Hm)
[IpunsTbie obo3HaueHus ¥ cokpamenus: C, — mpenest onpeneneHus; DEDTC — austuiaguruoxapbamunar; DND —

okcanat N-matun-N'-(1-uadTun)-sTuneHanamMpuia; G — Macca npenapaTa (B «IpsSIMbIX» MeTOJMKax G cooTBeTCTBY-
€T Macce BEHIeCTBa, OT KOTOPOH T0JIyYaloT aHATUTYECKUH CUTHAT; B METOAUKAX C NPe[BapUTe/IbHBIM KOHLEHTPUPO-
paneM G COOTBETCTBYeT MaccCe BeNIECTBA, M3 KOTOPOH KOHIEHTPHUPYIOT ONpelesiseMblil KOMIOHEHT); q=lcM® —
[L/10IHAZB TTOTIEPEYHOTO cedeHust (hOTOMETPHPYEMOTO PacTBOpa (B CJIy4ae HCTOIb30BAHUA MUKPOKIOBET € IJIMHOH oll-
THYECKOro MyTH 5 cM nipu obbéme pactopa 5 ma); BTCII kepamuka — BbICOKOTeMIepaTypHas CBEPXNPOBOAAIIAS
kepamuka; HHK — HuskoTemnepaTypHasl HanpaB/leHHas KPHCTa/LIM3allus; I[TAB — noBepXHOCTHO-aKTHUBHOE Belle-
ctBo; TBD® — Tpubyrnndocdar; ®MBIl — 1-pennn-3-mernn-4-6ensoun-nupasoson-5; PO — doromerpuyeckoe
onpenenenue; DTO — dororypbuanmerpudeckoe onpeneenue; IDO — dKCTPAKUNOHHO-HOTOMETPHYIECKOE OTIpe/e-
JeHie; € — KO3 PUIHEHT MOJSIPHOTO TIOTTIOMEeHHS, JI-MOJIb™'-CM ™!

** ccnenoBaHbl paBHOBECHS, JieXKalllie B OCHOBe (POTOMETPUYECKOTO Olpelie/IeHUst

***[[oc/Ie0BATEIbHOE TIPUMEHEHHE BYX MeToloB KoHueHTpupobanusa (HHK u akcTpakuuy) onpasiaHo Mellaio-

UM BJHsTHUeM ocHoBBI Ha DPO (cM. pasa. 3.3)

vve

AHOUG qY
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Puc. 6.1. CrekTphl mornomeHus
koMIL1ekcoB Meau (1) ¢ 2,2'-6uiuH-
XOHMHOBOH KUCIOTOH (1) U Keme3a
(II) ¢ murpozo-H-comio (2). Ko-
3¢ ULeHTH MOJIIPHOTO HOTJIOLIEe-
HHUSA € BbIPaKEHHI B J-cM™'-MoJIb ™!

2_
530 570 610

650 690 HM

HBIM METO/IOM aHa/1M3a: MHOTOKOMIIOHEHTHasl CIEKTPOdOTOMETPUS He
IMOJIyYHJia 3aMEeTHOTO PacpOCTPAHEHHU S, TIOCKOJIbKY MPH eé UCIOJIb30-
BaHMM TPYAHO M30eXaTh CHCTEMATHYECKUX MOTPelHocTei, 06yc0B-
JIEHHBIX B3aMMHBIMM BJIUSAHUSIMHU KOMIOHEHTOB MpoObl. JIBYyXBOJIHO-
Basi CrIeKTPOGOTOMETPHS, UCII0JIb30BaHHasA sl OLHOBPEMEHHOI'O OI1-
penenenus Cu u Fe B koHueurparax, nosydaembix rnocie HHK
3BTEKTUKHU CsI—HZO [16, 17, c. 125], ocHoBaHa Ha lAAMYMH TIOYTH
11 NIePeKpbIBAIOUIMXCA 10J10C OTJIOUEHUS UCITOIb3YEMbIX aHaJIUTH-
yeckux ¢opm (puc. 6.1). Bosee nepcrieKTUBHBIMM OKa3aIMCh 1101y~
yuBiIKe pasBUTHe B IHCTUTYTe MOHOKDPHUCTAJIJIOB METOABI T1OCAE10-
BATCJILHOIO 3KCTPAKLHOHHO-(OTOMETPUYECKOTO Ope/leJieH s HECKOb-
KHX 5JIeMeHTOB M3 OZHOH NpoObl aHaJIU3MPYEMOT0 BELIECTBA.
TeopeTnyeckune 0CHOBbI TAKUX MCTOAOB ObLIM PaCCMOTPEHbI B CTaThe
[49] u usstoxkensi B pasa. 3.1. Ha npumepax 11ocie/[oBaTe/IbHOIO 3K-
CTpakuHnorHo-doToMeTpryeckoro olipesenenust Cu, Ni, Fe u Mn [15],
a take Zr ¥ Th [27] nokazana Bo3aMOXHOCTb IPUMECHCHUS TAKOrO

nojxo/a B npakTike anasnsa @M. [ocienoBarenbHoe olpe/esieHne
U n Th [17, c. 16; 28], a Takxxe NO, u NO; [30] ocroBano Ha uHOM

NpUHLMIIE — OMpPEACCIIMM B HepBoi 11pobe OIHOI U3 DTHUX NpHMe-
CCid, a BO BTOPOH — MX cyMMbl (NOCJIC NepeBeseHust BTOPOM npume-
CH B peaklMoHHOC0coOHYI0 hopmy). OjiHoBpeMeHIIOE OTIpe/eAeH e
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10; u O B Monokpucraaax Csl : Na ocHoBaHO Ha pasHOM BBIXO-
Jle aHaJuTH4YecKoi GOpMbI € yyacTHeM ONpe/esisieMblX MOHOB IIpU
IIPOBEIEHUH OJIHON U TOi XKe OKUCIHTENbHO-BOCCTAHOBUTEIBHON pe-

aKlIMK B pas/MYHbIX ycaoBusx [42].

[TpuBeieHHbIE TIPUMEPDI OKA3BIBAIOT, YTO 10 CBOMM BO3MOXKHO-
CTSM MoJleKysipHas abcopOIUOMeTPUS CYULeCTBEHHO OTJIMYAETCS OT
TAKHX METOOB 3JIEMEHTHOIO aHA/IN3a, KaK aTOMHasl U peHTIeHOBCKas
CIIEKTPOMETPHS, T.K. MOXCT UCTIOJIb30BAThCS AJIST ONpe/ie/leHUs pas-
HBIX BaJIEHTHBIX (POPM M XUMMYECKHUX COCTOSIHMH KOHTPOJMPYEMbIX
KOMITOHEHTOB. VIMeHHO noaToMy (oTOMETPUUYCCKME METOABE HAXORAT
IIMPOKOE [PUMEHEHUE ISl ONpeleseHUst aHUOHOB W JPYTHX HeMe-
TA/JIMYECKUX [IPUMECEH, BKJIOYAs XUMHUYECKHE aHAJIOTH OCHOBBI M
6M3KKeE 110 TpUpojie MUKpolipuMecH [29..42].

CrextpodoToMeTpusi pacTBopoB okasaiach 3¢ eKTUBHON M NIpU
oripejieJieHUH KATHOHOB B Pas3HbIX CTEIEHAX OKWCJIEHHS], IPUCYTCTBYIO-
IMX B BBICOKOTEMIIEPATYPHBIX CBEPXIIPOBOAHMKAX W B 3HaYUTENbHOI
Mepe OIpe/eIAOIUX inlemeanble CBOWCTBA ITHX MaTepUasioB [43..47}.

C 1oMolibio MOJIEKYJIAPHOM abcopOIMOMETPHM 0KA3a10Ch BO3-
MOXHBIM ONpefesisiTb CYMMY IpUMeceii, BbIpaXKeHHYIO KOJMYeCTBOM
BellleCTBa 3KBUBAJIEHTa, OTHECEHHOTO K (PMKCUPOBAHHON Macce aHa-
Jmsupyemoro BelllectBa [17, c¢. 134; 18; 19]. JneMeHTHHME MeTO/bl
aHaJIn3a JIJis TaKuX onpelesieHuii HelpUroiHbI.

Eie oanoil obnactbio npuMeHenusi GOTOMETPUYECKHX METOJIOB B
AHAJIMTHYECKOM KoHTposie DM siBiisiercs onpejieieHe «BYJblapHbIX»
KaTMOHHBIX NpuMeceld, B ocobertocTu Fe u Cu, noliajaionyx B uccie-
JyeMble. BEILIECTBA U3 KOHCTPYKIIMOHHbIX MATEPUAIOB M BO3IYILUHON CPE/IbL.
TakuM xe TyTéM MpoGsl 3arpsa3HAIOTCS «BYJbIAPHBIMUAY> PUMECSIMH B
nipotiecce aHanuza (DM MeTogaMy atOMHOW CHEKTPOMETPHHU. JTO M
00yC/IaBNUBAET B IAHHOM CJlydae NPeNnoYTHTEIbHOCT HOTOMETpUYEC-
KMX METOJIOB, He CBSI3aHHBIX € FIPUMCHCHUCM BBICOKHUX TEMIEpaTyp M
CIOKHOM MeTasioéMKoM armaparypst [6..13; 15; 16; 17, ¢. 125}, 3ame-
TUM, 4TO 1IpU (POTOMETPUYECKOM OIIPE/eICHUM [IPUMECH KeJle3a B
DM HeoOX0IUMOM CTajiMel aHAIN3a OKa3aIach KUCI0THas 06paboTka
TIpO0, IAKE €CJIN UCCIIelyeMblil MATEPUAT OTHOCUTCSE K YHCJY BOJIOpa-
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CTBOPHMBIX BeLecTB. ITO 06YCAOBIEHO TEM, YTO 3HAYNTCIbHYIO YaCTh
yKa3aHHOW MPUMeCH B YUCTBIX BElIECTBAX COCTABJSIOT MalOPacTBOPH-
Mble okcHiHbie dopmbl xeesza(Ill), u 6e3 xkucnoTHO 06paboTKU pe-
3YJIbTATHI A1IANIM3A OKA3bIBAOTCS 3aHUKEITHIMU.

JLnst onpeiesieHust MUKpOIIpUMECeH YacTo UCTIONb3YIOTCsT THOPHL-
Hble 9KCTPaKIIMOHHO-(DOTOMETPHYECKHE METO/IbI, MO3BOJSIONIHE OTIpee-
JIATh BeCbMa HU3KHME COjiepKaHus MMKpPOKoMIoHcHToB [6..13, 15, 16,
18, 19, 21...24, 26]. B koMOMHMPOBaHHBIX METO/IAX AHAIN33, KPOME SKUJ(-
KOCTHOI 3KCTpaKkUMK [33], U1t KOHIEHTPUPOBAHUS UCNOIL30BaHa HU3-
KoTeMIlepaTypHas HanpabJieHHast Kpuctaiauzauus [13; 16; 17, ¢. 125 u
140; 28], a Taroke OTIOHKa IpUMeceii B BUIE JieTy4YuX coenuteruii [38].
B HekoTopbix cayyasnx [15; 16; 34; 17, ¢. 87] HU3KUX Tipe/ieioB orpejie-
JIEHHst TpYUMeced MeTo/laMH, BKJIIOYAIOU[MMU OlepPalifio KOHLEHTPUPO-
BaHMs, Y/1aloch JOCTUYD Osiaroiapsi MPUMEHEHUI0 MUKPOKIOBET C Ma-
JIBIM OTHOIlIEHHEM 00bEMa K JUTHHE ONITUYECKOTo 1yt (cM. pasa. 3.1).

B MHcTHUTYTe MOHOKPUCTANLIOB ObLIM MPENJIOXKEeHb HEKOTOPbIE
HOBble aHanuTHYecKHe GOpMbl I GOTOMETPHYECKOTO aHANNU3A: K-
CTparupyeMble OpPraHUYECKUMU DACTBODUTENAMU KOMIIJIEKCHI
xene3a(ll) ¢ 1-HuTpo30-2-HadTonoM [6, 7] U KoMILIeKCh psja pel-
KHX U paccesHHBIX 3JieMeHToB ¢ MopuHoM |50, 51], npoaykT anaso-
TUPOBallusl PUBAHOJa — [IJIsl ONPeJeJICHUS] HUTPUT- U HUTPAT-UOHOB
[33], BoropacTBOpHMDI GOp-coepKalinii MaKPOOULIMKIMYECKUI HH-
okcumart xenesa(Il) — s onpenenenuns: Gopa [29], npoaykt okuc-
JIeHUs TUOKeTOHa Muxiepa MOJUOAOMBIIBAKOBOH KUCJIOTOH B MU-
LIeJUIIPHOM pacTBOpe — JJISl OTipefleieHus Mbllibsika [35].

WM3yuenbl paBHOBecHs], Jiexallive B OCHOBe psiia (poTOMeTpHUYECKHX
onpelc/iennit: xene3a — ¢ 1-HuTposo-2-Hadronom |11, 12| u 4,7-aude-
nui-1,10-denantponutom (barodenantposinom) [13], Zr, Th u P33 ¢
MOpHHOM [21, 22, 26, 27, 51, 52]. B taba. 6.2 npeAcTaB/ienbl MONyYeHHbIE
HaMM XapaKkTepUCTUKM paBHOBecHil 1-HUTpo30-2-HadTosla U MOpHHA B
AByXcaslibix cHcTeMax, B Tabj. 6.3 — XapaKTePUCTUKK paBHOBCCHI, OT-
HOCSMXCS K 9KCTPArMPYeMbIM KOMILICKCaM METANLIIO-MOHOB.

Bce vccnenoBatiibie KOMILICKCH IBJASIIOTCS KOOPAHIIAIMOITHO-
HeHacbiieHHbIMU |53, ¢. 94 ], 109TOMY AU DKCTPAKLIUMKU MCIIOJIB30OBAH
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Ta6uuna 6.2. XapaktepucTuku paBHOBecuil 1-HUTpo3o-2-HadTonma n

MOpHMHA, B CHCT€Max: BOAa — M30aMHWJIOBBIA cIupT (MOoHHad cwia [—0)

Komncranra
Pearent PaBHoBecue Jluteparypa
PaBHOBeCHs,
B+H* < HB 06=(9.3+0.7)-10’
1-HuTpO30-2-Had- _ 102
Ton (HB) HB < (HB), P =(1.3%0.3)-10 [11]
B ex(B7) * P =1.3+0.2

H,B*+H* & H,B"| 0=(1.5+0.2)-10°
H,B*+2H* & H B[ 6,=(1.9+0.1)-10
Mopum (H_B) [52]
(H,B) & (H.B)_ | P=(9.320.8)-10?**

HB & (HB)*| P=2805"

* IIporusouon — K-
** B cayvyae ucnonb3oBaHUA B KauecTBe OPraHMYECKOTO PacTBOPUTENS
20%-noro pactBopa Tpubyruidocdara (TBD) B usoamuioBoM crupre

P = (4.3£0.4)-10° P,= (8.9+0.3)-102

TaKolM aKTMBHBIA PacTBOPHTE/b, KaK M30aMMJAOBBIN CIIUPT, c1ocob-
Hbli1 3aMellaTh Body B KOOpAMHaLMOHHO# cdepe koMILiekca. B psae
CJly4aeB PaCTBOPHUTEJb COEPXKa JOHOPHOAKTHBHYIO 100aBKY — Tpu-
6yruadocdat, BaMsHEE KOTOPOro Ha IKCTParMpyeMocTh KOMILIEKCa
06yC/10BJIeHO CHHEpPreTHYeCKUM 3 dhEKTOM.

YcraHoB/IeHHbIe KOHCTaHThl PaBHOBECHUit MCIMOJIb30BATHCH JIJIS
pacyéTa OCHOBHBIX NapaMeTpPOB METOAHUK 3IKCTPaKIIMOHHO-(poTOMET-
PHUYCCKOro ollpe/iesienus 2AeMeHTOB. Tak, B cilyyae MeTOAMKH 11ocJe-
J0BaTe/IbHOTO DKCTPAKLMONHO-(OTOMETPUYECKOTO ONPCACIEHUS [P~
KOHMA ¥ TOpPUst B KaMeHHOH cosin [27] npu pacyére yIUTHIBAJINCH
paBHOBeCHs THAPOAK3a (KUCAOTHOH HMOHM3aUMU AKBAKOMILJIEKCOB)
oHpe/leIicMbIX 3JIEMEHTOB, 0OPa30BAHUS U paclipegeseHusa UX KOMII-
Jekcos ¢ moputom (H B) B aByxdasnoit cucreme, nonusaiuu u



Ta6auna 6.3. XapakTepHCTHKY KOMILJIEKCOB, UCTIOJb3YEMBIX IS 3KCTPAKUMOHHO-QOTOMETPUYECKUX ONpele/ieHuit*

Onpenenacmiii Pearent* | pH Hounas cuna, IIpotuBonon |Cocras komnnexca] lgK_** Jlurepa-
METaJI0- UOH MOJIb/ N1 - x Typa
1 2 3 4 5 6 7 8
1-HuTpO30-
Fe (II) 2-uadron | 4.. 0.2 K [FeB ] 0.94+0.05 | [12]
(HB)
Barodenan- Taptpart- 1 .
Fe(1I) roonan (B 4 0.3 ackopbraT-HOHb [FeB,J? 16.020.1 | [13]
Zr(1V) 1\(’1;;"1;‘;* f. 0.1 —~ [Zr(OH),(H,B),°| 7.19x0.07 | [26]
5
Th(1V) ygpé‘;‘ 1. 0.1 clo, [Th(H,B),J* | 4.0320.02 | {27]
La(I1T) tq}?pg;{ 4. 0.03 clo, [La(H,B),]" | -27620.03] (51)
3
Ce(III) 1?;;"1‘3‘;‘ .. 0.03 clo, [Ce(HB),l” | -225+005( [51)
3
Pr(11I) 1‘(’1135’];‘)“ 4. 0.03 clo,” [Pr(H,B),) | -213:0.03 [51]
Nd(IIT) 1}4}‘1’5’];‘)“ 4. 0.03 clo,- [Nd(H,B),)* |-t81x0.03] [51]
Sm(1II) %‘;"1‘3‘;‘ 4. 0.03 clo, [Sm(H,B),]* | -143+001] [51]
Eu(III) %‘;pg)“ 4. 0.03 clo, [Eu(H,B),I" |-1.20£0.05] (21, 51]
3

9 vV [
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1 2 4 5 6 7 8
Eu(IIl) 1\(4}?1:11;;1 85 0.03 NH," [Eu(OH),(H,B)]-| -20320.1 | [22)
Gd(11D) %gi’g;‘ 4.5 0.03 clo, [Gd(H,B),)* | -1.270.03] [51]
Th(III) 1‘(’1}‘{’5};‘; 4.5 0.03 clo, [Tb(H,B),]* | -1.22+003] [51]
Dy(III) “(’I}‘;i’g;* 4.5 0.03 ~ClO, [Dy(H,B),” |-113+0.03| [51]
Ho(III) 1\(’1;1’5’];‘)“ 4.5 0.03 clo, [Ho(H,B),]* | -1.10x0.01| [51]
Er(III) 1\(’1;1’"]‘34)“ 4.5 0.03 Clo, [Er(H,B),]- | -1.00£0.01| [51]
Tm(II) IE’II‘{’PE‘;‘ 4.5 0.03 clo, [Tm(H,B),]* |-090£0.03 [51]
Yb(III) l\(d}(ffg;l 4.5 -0 clo, [Tb(H,B),)” |-0.96:0.08| [51]
Lu(IIT) 1\(’[}‘;"];‘;‘ 4.5 -0 clo, [Lu(H,B),)” [-1.00£0.02[ [51]

*I1pu uayyenuu paBHoBecHii ¢ ydactueM Fe(1l), Zr(IV) 1 Th(IV) oprannyeckuM pacTBOpHTeNEM CIYXHII
M30aMIJIOBBIH CIIUPT, B OCTAJMBbHBIX cayyaax — 20%-usiit pactBop TB® B M30aMHIOBOM CIIHPTE; OTHOLIEHHE
06BEMOB BOAHOM U opranndeckol ¢as V,,/V_ aus xommiekcos Fe (I1) ¢ 1-uutposo-2-wadronom u 6arodeHan-
TposimHoM Gbuto paBHO 1:1, B ocTambHbIX cayyaax — 10:1

** K, — KOHCTaHTa 3KCTpaKUUH

05T

MU gy
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paciipeaeienus H.B. PaccuuThiBaiv Hayalbiylo KOHIICHTpALMIO pea-
renta (Cp), Ipu KoTopo# (akTop u3BJIeYeHHs daeMeHTa paBeH R.
PacuéTHas opMyJia sl IMPKOHUSA:

4

C,,=2RCZ,+b|il+hK"'(l+;—°R)H, (6.1)

rae C, — nayanbhas kouuenrpaiysa Zr(IV); h— axtviiocts wonos H' B
Bo/ioM pacTope; V, u V, — ob6bémbl Boanoii M oprannyeckoii das;

b= ——Egz—’—,;—w—— — PaBHOBeCHasi KOHLIHTpaisi MoHos H,B™ B Bomiom
ky,m, h™n,V,

-
4
pacTsope Hpu usBneveHn Zr(IV), m,, =C,, (1- R)[l +K,C+Y Hn, ] —

=1
paBHOBeCHas KOHLEHTpallMs HOHOB Zr'" B BOJHOM pacTBOpe;
K =0,07" =9.65-10™ — niepBasi KOHCTaHTa KUCJIOTHOI oHM3auuu H,B;
P, =9.3-10? — koHcTaHTa pacripefieieHisl MOJIEKYJT peareHTa Mexly M30-
AMMJIOBbIM CIIMPTOM M BoaoH; k, = 1.6-10% — sByxdasHas koncTanTa
YCTOMYMBOCTH KOMILIEKCA LIMPKOHMS ¢ MOPUHOM®™; 7], — ob1as KoH-
CTaHTa 'MAPOJIN3a HOHOB Z1r** na g-Toii ctynenn (0, = 1.1; 7, = 5.9-107;
n,=22107 n,=3.5102); K, = 2.0 — xoHcraiTa 06pa3oBaHUs MOHO-
XJIOPOKOMIJIEKCa HMPKOHUA; C — HavasbHasi KOHHEHTPALMA XJIOPHI-
MOHOB B BOJTHOM PacTBOpe.
Pacuérnas ¢opmysa jijia Topus:

CB=3RCT,,+b{1+hK'[1+VV—°R)H, (6.2)

w

* k,, cooTBeTCTBYeT paBHoBecuio Zr'” + 2H, B~ + 20H" < [Zr(OH),(H,B),] .
rae H,B™ — omHosapaaHbIii 2HHOH MOPHHA, 8 HHAEKC «Org» OTHOCHTCA K KOMII-

Nexcy B opraundeckoii ¢ase; k,, coorBerctByer pasHosecuio TH + 3H,B™ <
o[ Th(H,B),]

org
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rae C,, — HayanbHas koHuentpaius Th(IV); b= RCpVw paB-
Vo
HOBecHas KOHLCHTpallus wotos H B™ B BogHOM pacTBope nMpu u3BJic-
_f
yenuu Th(IV);, m, =C,, (1-R) 1+X9-K2C — paBHOBeCHasi KOH-
VW
ueHTpanus noios Th* B Bomiom pacTsope; k,, = 1.0-10% — 1Byxdas-
Hasl KOHCTaHTa ycrolduBocTH Komniaekca Th(IV) ¢ Mopunowm;
K, = 2.2 — xoncranTa 06pa3zoBaHus MOHOXJIOPOKOMILIEKCA TOPHS.

Pacuyét nokasan, yro npu pH 0.9 u V /V, =5 npaktuyecku
KOJMYeCTBCHHOE H3BJleueHue IIUPKOHUS B TNPUCYTCTBUM TODHUS
(ana uupkouus R = 0.98, ans topus R £0.02) nocturaercs, ecan
410 < C, (Monb/n) <8107 . Mpu pH 1.9 u V,/V, = 10 anst npak-
THYeCKH KoJuvecTBeHHoTo uzBiaeyeruss Th(IV) (nmocie oTaene-
HUA IIMPKOHUA) HeobxoauMo, utobsl Cp > 6-107¢ Mosb/ .

HccnenoBanuch METPOIOTHYECKUE XapaKTEPUCTHKH BCeX MeTO-
AMK, Npe/CTaBJeHHBIX B Taban. 6.1; 1 Bcero auanasoHa ornpejesise-
MBIX CO/lepKaHuii ObLIO YCTAHOBJIEHO OTCYTCTBHME 3HAUMMBIX CHUCTe-
MaTHYeCKHUX MOTPELHOCTEN.

IIpH MCMOJIB30BAHWM MOHOXPOMATHYECKOIO CBETOBOIO TIOTOKA
coryacHo 3akoHy Byrepa-Jlambepra-Bepa ontuyeckas mIoTHOCTDb pa-
CTBOpPa NPONOPLHOHANbHA MOJIAPHOMY KO3(hGdUUMERTY CBETONOLIO-
LIeHUs € aHaJMTHYeCKoH (OpPMbI, HanpuMep, KOMILIeKca MR, eé
xoHuenTpauuu C_ u jiuiie norouatouero ciaos L Ecan navdanbHast
KOHIIeHTpalus pearenta C, JocTaTouta JUlsl KOJHYCCTBEHHOIO BbIXO-
Jla KOMILJICKca M U30bITOK pcarcHTa He MorJonaer cset npu paboyeii
JUIMHC BOJIHBI, 3aBUCMMOCTD OTITUYECKOH [JIOTHOCTH A OT KOHLIEHTpa-
uuM metanno-uona C, olMCbIBaCTCSA ypaBHEHHEM:

A=(1/p)eC, . (63)

B CJIydae OKpallICHHOro pcaretra ¢ KO?)d)d)HllHCI{TOM MOJISAPDHOTO
HOIJIOHICHHUA SR ONTUYECKUC IJIOTHOCTHU aHAJIM3UPYEMOI'0 PaCTBOpa Aﬂ
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M pacTBoOpa CpaBHEHUA A, a TAKXKC Pa3HOCTHBIA alla/IMTUYCCKUI CHT-
Hal AA BBIpassiTCs COOTHOLIEHUAMMU:

4, = (m)e IC,, +ed[Co~(p/1)Cy ], (6.4)
A, =€,IC,, (6.5)
M=4,— 4, =(1/u)(e. - pE, )IC,, (6.6)

MoxHo BW/IETb, 4TO, BONPEKH paclipoCcTpaléliHoMy MHEHUIO,
KOHTPACTHOCTh L[BETHON peaKl[Mu 3aBUCUT He OT Pa3zHocTU Koaddu-
IIMCHTOB MOJISIPHOTO MOTJIONICHUSI KOMILJICKCA U [IBETHOTO pearenTa, a
OT MX JIMHCHHON KOMOWHAUMH, OOYCJOBICHHON CTCXHOMCTPUEH OK-
paliCHHOro KoMIJickca |54

[Tokazano [54, 55|, 4To 1IpM HAIMYKUKM OTKJIOHEHHH OT 3aKOHa
Byrepa-Jlambepra-Bepa Henocpe/cTBelHbIC U3MCPeEUs OIITUYECKON
IIJIOTHOCTH aHANIM3UPYCMOT0O pacTBOPa OTHOCUTC/ILHO XOJOCTOIO NPH-
BO/AT K 3HAYMMbBIM CUCTCMAaTUYECKUM TIOTPCIIHOCTAM B pe3yJbTaTax
aHajiu3a, CCJM cUrHal XoJocTol 11pobbl (obycaoBJcHiblid IPUCYT-
CTBUCM [IPUMECH B pearelTax) OTJIMYAcTCsl OT HYyJisl.

B ofiiieM ciiyyac 3aBUCUMOCTD ONITHYCCKOR 110THOCTH A (11po-
nyckaniust T) OT KOHIICHTpAllUK olipeicsieMoro koMitoHetita C aist
HCIIOCPCACTBCHHON CIIEKTPOGOTOMCTPUN UM (DOTOKONOPUMCTPHUU
MOXKIHO [IPCACTABUTD CJC/YIOUIMM YPaBHEHUCM:

A=—lgT =kelC+k, +kC", (6.7)

rie k, ~ Ko3(@UIMENT MPOIOPIMOHATBIOCTH MEXK/y HCKOMOH KOH-
ilenTpaliveit onpecasgeMoro koMiolieita C U paBlioBecHON KOIILICHT-
palieil OKpalCcHHON aHanuTHYcckoi dhopmbl ¢ abdekTuBHbIM Koad-
GUIMCIITOM MOJISIPHOTO [IOT0NICHUS € [ — Juvia HOMJIONIAIONIETO /105,
k, — 1ocTosias, XapaKTCPU3YIOLas HOJ0KUTCILII0e Ui OTPUILA-
TCABIIOC OTKJIOHEHHe oT 3akona Byrepa-Jlambepra-Bepa (M3-3a He-
CKOMIEICHPOBAHHOTIO HOIJIONICHUS PCAICHTOB, KIOBCT U TIL); k, UR —

[lapaMeTphl, XapakTepuayionue otkaonciime dyikimun A =fC) or
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JIMHERHOCTH (BC/IEACTBUE IIEMOHOXPOMATUYHOCTH 1IEPBUYHOTO U3y~
YeHUs U 0COOEHHOCTEl COCTOSTHUS BellecTBa B pacTBopax ). O6bIYHO
KPUBOJIMHEHHble TPajyMpOBOYHbie TpadMKH ¢ XOpollel cTelneHbio
NPUGIMKEHNS ABJISIOTCS MapabosaMu BTOPOTo HOPAAKA, M TOAA Na-
paMetp n B ypaBHeHMH (6.7) MOXHO cuntaTh pasiibiM 2. Eciu C, —
KOHLIEHTPALUSA ONpPEAEIAEMOro KOMIIOHEHTa B XOJIOCTOM PacTBOpE, TO
ONTHYecKHe TUVIOTHOCTH aHanusupyemoro (A ) u xosoctoro (A,) pa-
CTBOPOB, H3MEPEHHBIE OTHOCHTENBHO YNCTOTO PACTBOPUTENS, B COOT-
BETCTBUU ¢ ypaBHeHuem (6.7) Beipasartcst popmynamu:

A, =kel(C+C))+k, +k (C+C, Y, (6.8)

4, = kelC, +k, +k,C2, (6.9)

a pa3HOCTHbIﬁ QHAJIMTUYECKUIT CUTHAaN IMpU HENOCPEACTBEHHOM HU3Me-
pPeHHH ONTUYECKOHM TJIOTHOCTH dHaJIM3UPYEMOI'0 pacTBOpa OTHOCH-
TEJIBHO XOJIOCTOI'O Ol'lI/l\'UJCTCﬂ COOTHOIUEHHEM:

Ad= A4, - 4y = kelC +k (C* +2CC,). (6.10)

Taxum 06pa3oM, B citydae KPUBOJMHEHHOMO IPalyMPOBOYHOTO I'pa-
dvka 3HayeHre AA 3aBUCHT He TOJIBKO OT KOHICHTPALIMH ONPEESISICMOTo
KOMITOHeHTa, 00yCJ/IOBJIEHHO €10 [IPUCYTCTBMEM B MCCJIE/lyeMOM BelLieCTBe,
HO ¥ OT €ro coflepanus B pearenTax . TO Har/IA/HO BUJHO M3 CXeMaTU-
9ecKoro rpaduka, npezicTaBnieHHoro Ha puc. 6.2. MoxKHO BUETD, 4TO M3Me-
PeHHbIC 3HAYEHUs ONTUYECKON TUIOTHOCTH AA, n AA,, COOTBETCTBYIOLIIHE
OJIMHAKOBbIM KOHLICHTPaIIUAM OIIPEAEIISICMOTo KoMioHenTa C, HO pasHbIM
3HaueHusM G, CylecTBeHHO pasinyatorcs. HerocpecrseHHbie uamMepenms
AA [O1lyCTHMBI JIMLIB TIPY YCIIOBMM, YTO nponssenentve 2k,CC, cpaBHAMO
C NOIPELIHOCTBIO U3MEPEHHS OIITUUECKOH [IOTHOCTH, T.

2k,CC, <107 (6.11)

Ecau 310 ycnoBue He BBIOJHSIETCS, TO CJCAYCT NOCAE0BATCIIb-
HO M3MepsATb A U A, ycTaHaBAMBATD 110 IPajlyMPOBOYHOMY rpaduKy
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Puc. 6.2. CxeMa, unmocTpupyomas
3aBUCHMOCTb ONTHYECKOH ILIOTHOC-
TH A aHaJIM3HPYEMOTO pacTBODA,
H3MEPEHHOI OTHOCUTENIHHO PacTBO-
pa XOJIOCTO# MPOOBL, OT KOHIIEHTpa-
LM ONpefie/IAeMOTO KOMIIOHEHTa B
pactBope cpasrenns (C,)

AA,

Co

KOHIEHTPAL{MH OTIpe/leJIAEMOTO KOMITIOHEHTa B aHAIM3UPYEMOii U Xo-
JI0cTO# npobax M Mo pasHOCTH — MCKOMYIO KOHILIEHTPALMIO, COOTBET-
CTBYIOILYIO COJIEPXAHHIO KOMIIOHEHTA B UCCIE/yeMOM BeElLEeCTBE.
Ecnu Bhinonnenue yciaosus (6.11) He ynaércs obecneduTd He
TOJIbKO MDY BBINOJHEHMH aHAJIM30B, HO M NP TIOCTPOEHUH TPAlyHpPO-
BOYHOTO rpadpuKa, ero CTPOAT NPH NOCTOSHHOM KonLeHTpauun C,, a
3aTeM 10 MEeTO]Yy HaMMEHbLMX KBaJ[PaTOB OJHOBPEMEHHO HAaXOMSAT
HapameTphbl I'pallyMpoBOYHOrO rpadmKa ¥ HeusBecTHoe 3HayeHue C,.
Ilns onpesenenys OHOTO U3 37IEMEHTOB OCHOBbI — CTPOHIIMS —
B BTCII kepamuke Bi—Ca~Sr—Cu-O Gbina ucnosibzosana audde-
peHlMaibHas cnekrpodoTtoMeTpus |48]. PaccMoTpenne norpemHocTei
3TOr0 BapuaHTa cneKTpodoTOMETPUYCCKOro aHaU3a Tokasaio |56],
YTO €ro HpUMeHEeHHE NO3BONACT CHUBNUTD He TOJbKO MHCTPYMEHTANb-
HYIO coCTaBJsitollyIo obilled norpeuiHocTr. B ofuwem Buje 3aBUCU-
MOCTb ONTHYECKOH nioTHOCTH A (npolrtyckanusi T) OT KOHIIEHTpaLy
OTIpe/ie/isIeMOT0 KOMIIOHEHTa MOKHO TIPEACTAaBUTh ypaBHeHusaMy (6.7)
u (6.12), cootBeTCTBEHHO /U1 Henocpe/icTBeHtol (abconoTHol) cliek-
TPOhoTOMETPHHM U BapuaHTa JuddepeHIHanbHON ClieKTpodOTOMET-
PHMK —MeTOAa OTHOLICHUS [TPOITYCKAHH:
Ay =—18T,, = kel (C -C,

comp

J+k+k (C=C,ny ) s (6.12)

comp
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rae C,,,, — M3BECTHAs KOHLEHTPAIMS OIPEC/HCeMOr0 KOMIIOHEHTa B
pacTBOpe CPaBHEHUA ¢ ONTUYECKON MIIOTHOCTbIO A, (1POIyCKaHy-
eM Tmmp); A =A- Am,,,,, uT = T/Twmp — Herocpe/IcTBeHHO U3Mepsie-
MbIC B MCTO/IE OTHOIICHUS IPOITYCKAHUl 311a4¢HiMs O1ITUYECKON H10T-
HocTH ¥ mpornyckanus. [IpumcHenre x ypasnensam (6.7) u (6.12)
3aKOHA HaKOILIeHHWs 110rPEITHOCTel MO3BONUIIO 110JYYUTh [1pe/ICTaB-
JeHHble B Taba. 6.4 npubaMKeHHbIE O1ICHKH OTHOCUTEIbHBIX YaCTHBIX
norpenitHocreii abconoTHoro u iuddepeHManbIOr0 MeTo0B GOTO-
MCTPUYECKOro uaMepehust kouueHtpaiimd C. M3 panmbix Tabamisl
BUJIHIO, YTO HE TOJbKO MHCTPYMEHTaNblIAs COCTaBJIsiiolias obuiel no-
FPCINHOCTH, HO M YacTibic norpemtocty 2), 3), 4) B cayvae audde-
PCHIIMAIBHOTO METO/la HMXKC, YeM (I UCII0JIb30BaHUM MeToj1a abco-
oTHol cnekrpodotomerpun. Bostee Toro, ipn €= €, norpentioc-
T 2), 3), 4) obpamaiorcs B Hyab. Yacrnas norpeurHocts 6),
o0ycoBNeHHast HEITOCTOSIHCTBOM KOHLCHTPAllMK PacTBOpa cpaBHEHU,
HeBeJMKa M B GOJIBILMHCTBE CJ1y4aeB MOXKCT He y4UTbiBaTbCsA. Takum
ob6pasoM, npuMeHeHHe AuddepeHianbliol ClieKTPOGOTOMETPHH OI1-
PaB/IaHO He TOJIBKO [IpU OTpejiesieHUH OTHOCHTCAbHO BbICOKHX KOH-
IleHTpalMil KOMIIOHENTOB (32 CYET YMCHBUICIIMA WHCTPYMEHTaAbHON
MOrPelrHOCTH), HO U [1PH KCIIOJIb30BaHUU B KA4eCTBC aHalMTUYECKUX
GopM MeIelHo 06PasyIoNMXCs, HElOCTRTOYHO 1IPOYIbIX MM <«Bbi-
[IBETAIOIMX> KOMIUIEKCOB, & TaKXe B CJyyac HCBBICOKOW BOCIIPOM3-
BOJIMMOCTH 110JIC)KEHHS KIOBET 11PU U3MCPEHUAX (HallpUMEp, MUKDO-
KIOBET, UMEIOILMX HeOOIBINYIO II01Ia/b [I0IePEYIIoro ceyeHus ). Bme-
cTe ¢ TeM, NpH omnpeleleHUH MUKPOKOMIOHCHTOB 3a4acTylo
JIOMUHUPYIOICH OKa3bIBAETCS YACTHAS 1IOIPCIIIIOCTD 3), XapaKTepH-
sytomas ¢Jyktyaiuu obuiero goia. B 110/106HbIX cirydasx BbIMIPBILN
B TOYHOCTH HPU 3aMeHe abcosloTHOro Metoja AnddepeHiuanbibM
MOJKCT OKa3aThCsl HC3HAYUTEIbHbIM.

[IpocTeliiinM BapualToOM METOIOB, OCIIOBAHIBLIX Ha [0J1yYeHHH
OKpallleHHbIX aHATUTHYECKHUX (HOPM, SABJSIOTCH dKCIpecc-TecThl |57,
58, 59]. lpencrasasiercs, yto naubosec yio0iol GopMoil aHaluTH-
YECKOI'O TecTa ABJSCTCH COPOCHT, KOTOPBIH [10I'PYXKAIOT B UCCACAYC-
Mbiil PACTBOP MJIHM Ha KOTOPBII HAOCAT Kalltio pacTBopa. Yalle Bcero
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Ta6auna 6.4. CpaBHeHUe OTHOCHTEIBLHBIX YACTHBIX TOTPEIIHOCTEH

abcontotHoil n nuddepeHUanbHON cieKTPohOTOMETPHH

Konebmomascs ABCOMIOTHEL METOR Nubdepennnanshbrit
BeJIMYHHA MeTox
1) Onrtuueckas
IJIOTHOCTH A 0.434 0.434
(xonebanus 3a CUET 10447 e
HHCTP YMEHTaJIbHbIX
HOTPEIHOCTeN)
2) Brixoa coenuHenus, Sk /kl (1 —CUOMP/C)S". /kl
2
NOTJIOLIAIOLIETO CBET 2
C C - CL'DM
(k, ky) —S, g____'i S,
A" A ?
3) Oxpacka coeauHeHus, s /8 (1 —C /C)S /S
norjolamiero ceer (&) £ comp €
4) JlauHa cnos,
norjowaiomiero ceer (/) Si /1 (1 = Coomp /C)Sf /l
5) O6wuit don (k,) 5, /4 S, /A
6) Konuentparnus
pacTBopa cpaBHEHUA N Sf'o /C

TaK1e METO/bl IIPUMEHSIIOT ISl OGHAPYKCHUS TOKCMKANTOB B 00bCK-
Tax OKpyxaloleil cpeabl. OQHaKo UX MOXIO MCIOJIb30BATL U JUIS
HKCIIPCCCHOro KONTPOJISI €OCTaBa TeXHOJOMMYCCKUX PACTBOPOB B yC-
Josusx npoussoiactsa @M. Tak, npu NONYKOJIMUECTBENTIOM OITpee-
Jgeuun Fe(I11) B pactBopax st BeipaliiMBaius MOHOKPUCTALIOB JIH-
rusipodocdara kamus npenoxeto [60] soceranasausars Fe(IIT) no
Fe(I1) ackopbunoBoii kuciaotoi, copbuposars xomieke Fe(Il) ¢
4,7-nmadennn-1,10-dbenantposuiiom Ha enonojnyperane, Mojudu-
LIMPOBAIIOM 3THM DCAFCHTOM, a 3aTeM CpaBHUBATh OKpacKy copfara
€ [PE/IBAPUTC/IBHO M3TOTOBIEHTION 11BeTHOM ukasioi. [Tpeen obtapy-
HKCIHMA TIPUMCCH 3KCIIC3d, KOTOPBIH ollelinBasiv 110 Mctoiy H.IT. Koma-
pd, paccMoTpertomy B pasienc 1.3, okazancsa pasibim 0.03 Mir/mi,
YTO BIOJIHE YAOBJICTBOPSICT TPeGOBAHUS TCXIIOAOIMN BhIPAIMBAlIUST
KpHUCTaJLI0B Jiurnjipodocdara Kanus.
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MounexyasipHasi abcopOuuomerpusi, 6yay4u OZHUM M3 MEPBBIX
HHCTPYMENTANBIBIX METOJIOB aHAIU3A, COXPAHSET CBOE MECTO B DALY
IMUPOKO MCHOJIb3YEMBIX METOMOB aHAAUTUUYECKOro KoHTposst MM,
[peskie Bcero, 3To OTHOCUTCS K OFpellesieHUIO TIPUMeceit HeMeTa-
JIOB, @ TAK)Xe «BYJIbFapHBIX» TIPUMecel, COAEPKAIIUXCS B KOHCTPYK-
IIMOHHBIX MaTepuajiax v atMocdepe. [lo-BUAMMOMY, T0JyYaT Aaib-
Helllice Pa3BUTUE TIPOCThIE TECT-METO/Ibl, MPUTOHBIE ST OllepaTHB-
HOTO KOHTPOJIsl ChIPbS, MOJYIPOAYKTOB U 0OBEKTOB OKpyXKalouei
Cpellbl B TIPOU3BO/ICTBEHHbBIX YCJIOBUSIX.
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[nasa 7
KuHetnueckme metompl aHanusa

B nocneanue roapr 061acTh NPUMEHEHUS OHODIEMEHTHBIX KH-
HETHYECKHX MEeTO/I0B aHaIM3a 3aMETHO Cy3HuJack. BMmecre ¢ TeM, npe-
AeJIbl ONpefieSIeHUsi MUKPDOKOMITOHEHTOB [IPH NOMOLIH 3TUX METO/0B
Ha 1..2 nopsiKa HMXe, YeM B CJIydac MPUMeEHEHHS MOJEKyISpHOI
abcopburomerpu [1..3]. [loaToMy MX HCHOMB3YIOT ANSL BbICOKOYYB-
CTBUTEJILHOTO U CEJIEKTHBHOTO Olpe/esieHHst HEKOTOPbIX NIpUMeceii B
MaTepHaiax, obecrieynBas pelieHne aHANMTUYECKHUX 3a/[a4, KOTOPble
He YaéTcs PeluMTb APYTUMH JOCTYNHBIMHA METOJaMH aHalu3a. AHa-
JIMTHYECKUM CUTHAIOM 3€Ch CJYXKMT CKOPOCTh MHAMKATOPHOH XH-
MHYecKO# peakuuu. B paborax, BbinosHeHHbIX B MIHCTHTYTe MOHO-
KpUCTaJLI0B (Tabn. 7.1), ykasaHHYIO CKOPOCTb M3MEPSIIOT FO Bo3pac-
TaHUIO CBETONOITIOUIECHUS NPOAYKTa peakuuu [4, 5, 10, 13...24, 26],
1o y6blIM BO BpEMeHH CBETOMOIJIOEeHHs |9, 12] wnu dayopecuen-
wnn [25] pearenTa, MM Ke KOJMYECTBA OJHOTO M3 KOMIIOHEHTOB
KMHETHYECKON DeaklMH, orpesieiieMOro TUTpUMeTpudecku [11], a
TaKKe MO M3MEHEHUIO TeMIepaTypbl B Xojle peakuuu [6, 7, 8]. Uz
IaHHbIX TabIULIbI MOXKIIO BHAETb, YTO 3HAYUTEbHAS YACTb HPEJIO-
KEHHDbIX KUHETHYECKMX METOJ0B OTHOCHUTCS K OTIPEAENeHHUI0 HeMe-
TaJUIMYECKUX TIPUMCCEl, JUUISL KOTOPBIX, KaK yiKe OTMedasoch B I 6,
MHOTHe CIIeKTPOCKONUYECKUE METO/Ibl aHAIM3a MaI0d(MQEKTUBHbL.

BOJIbIIMHCTBO MCITO/Ib30BAHHBIX KHHETMYECKHX METO/IOB OTHOCHTCSI
K YUCJTY KATa/IMMETPHUYECKUX, T.€. ONpeeaeMbIM KOMIOHEHTOM B 3TUX
MeTozax sIBJISIeTCs KaTalu3aTop XMMHUYeCKO# peakiiMd. B U3BecTHBIX



Tabauua 7.1. Kunernueckue metoauku adanusa OM*

PacTBOPHI BHIIAPUBAIOT, OCTATKH
PacTBOPSAIOT B C1aGOKUCTIOM
6ydepHOM pacTBOPE U OCYLIECTB-
JIAIIOT UHIMKATOPHYIO PEaKIHIo

HSMepeHHe BO BpeMeHH

CBETOITOTJIOLIEHHUS KpaCHOI‘O

nponyxra OKUCJNIEHUda HpPI
530 um

Onpere- Ananazon TIpo6onodaroToBKa U WHaukatopHas peakius, JluTe-
nsemble | O6bexTh! | onpenensieMbIx
xomo- | amanusa | conepcanuit KOHIIEHTPHUPOBaHYE OCylecTBAsieMas IpU S, |paty-
MHKPOKOMIIOHEHTOB ONTHMaJIbHOM 3HaueHHH pH pa
HEHTHI umm C,
1 2 3 4 5 6 7
[Ipenapar pacTBOPAIOT NPH
narpesanuy B koHL. HCI, BbI- Oxwucnenue 1,5-mude-
[apUBAIOT PACTBOP, 9KCTParu- HILI- 3-aMUHOTUPA30JIMHA
pyooT Cu(DEDTC)'2 U3 NepoKCHAOM BOAOPOAA B 0.2
CdS, C,,=5107 cn1abOKKCIOro PacTBOpa B cnabouenouHoi cpene, s 4]
Cu KCl, Mac.% peaynbTare obMernHOM peakuun ¢ | kararusupyemoe Cu(Il); | 3107
NaCl (G=2r) Pb(DEDTC), 8 CHCI,, Mune- U3MepeHHe BO BpeMeHH Mac.%
paJIM3yIOT IKCTPAKT NpH Harpe- | ceeronornomenus cuHero Cu
Bannu ¢ konn. HNO, B npucyt- MPOAYKTA OKUCIIEHHUS
cteuu NaCl u ocyuiecTBasior npu 680 HM
WHIMKATOPHYIO PEaKiHIo
Xnopunst u 6pomumst menoysix | Karanusupyemoe V(V,IV)
METIJIOB PacTBOPAIOT B PacTBODE, okucnenue 1,5-nude-
cozepxauieM bochopHOMOIHb- HWI-3-aMUHOMKUPA30JIKHA
neHoByo kuciotry 1 HNO,; 6poMaroM Kanus B 0.12
C,,=5107 HWOJAMBI LIETTOYHBIX METaJlJIOB ¢s1a60KHUCTIOM PacTBOpE B s 5]
\Y% BIr'ilIM Mmac.% 06paboTHIBAIOT NPY HarpeBaHUW | mpucyTcTBHM akTBaTtopa — | 5107
(G=0.1r) koHi. HNO,; nonyuennsie 8-OKCHXNHOJIHHA,; Mac.%
v
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IIpodonxcenue mabn. 7.1.

HOHOB MaKpPOKOMIIOHEHTA
HoC/Ie MMHEPATU3Alt MU
OCYIIECTIAIOT HHAUKATOPHYIO
peakumio. KCI wiu NaCl
PacTBOPSIOT B ¢/1aGOKUCTIOM
6ydepHoM pacTBope,
npubasasiior KIO, u PAN u
Janiee TIOCTYTIAIOT, KaK TpU

ananuse CdS wiu ZnS

TeMIIEPATYPHl B X0/
peakiuu

1 2 3 4 5 6 7
CdS wan ZnS pacTBOpSIOT
npu HarpeBaHuy B paz6. HCI,
MOJIYYEHHBIA pacTBOP
BBITIAPHBAIOT, OCTATOK
PacTBOPAIOT B CIaBOKHCIOM
6ydepHOM pacTBope,
npubasisor PAN, BBogsT Pasnoxerue H.O. 5
HCI ans paspymenus L, 2
LL{EJIOMHOM Cpeze,
xomiiexkcoB Fe, Mn u ap. 0.12 nnsa
) METaJIJIO-HOHOB, 3KCTpa- KaTaHsupyemoe 21075
CdS, ZnS,| C, =110 ’ komiutekcoM Co(Il) ¢ o [6, 7]
Co KCl NaCl ("&_ 11) rupyior CHCI, kommnekc Co - AMYHOIL ont: mac.% Co
' B c PAN, OTMBIBaIOT 3KCTPAKT OT 1P ’ B CdS
perncTpais usMenenust | "o

2 vIVL]

514



IIpodonncenue mabr. 7.1.

1 2 3 4 5 6 7
Xnopuapt 1 6poMusl
IeJIOYHbIX METAI/IOB
pacrBopsioT B Boge; Nal
pasjiaraiot NIpH HarpeBaHHH B Pasnoxenne H,0, B
koH. HNO,; comytcTBytomue H1eJI04HOM cpene,
C. =510 npumecH (Fe, Co u ap.) KataJn3upyemoe 0.08 mns
Mn BILLIM [;:l‘ac.% skcrparupyior CHCL, B Buge komnsiexcom Mn(II) ¢ 1-10°° [8]
(G=1T) KOMILJIEKCOB cr'I_’AN, 1,10-dbenanTponnnom; Mac.%
3KCTPAKTHI OTOPACHIBAIOT; perucTpauus u3MeHeHHs Mn(II)
BOAHbIE (ha3hl YIIAPHBAIOT, TEMIIEpaTyphl B X0Ole
OCTaTKH PacTBOPSIOT B BOJHOM peaxiuu
pactsope 1,10-¢denanTposiuna
1 OCYHIECTBIAIOT
HHAUKATOPHYIO PEaKLHIo
OxHucnenne Kxpacurens
IIpenapar pacTBOpPAIOT B B 3puoxpoma uépHoro T
mies1ouHoM GydepHom NepOKCHIOM BOAOPOJA B
pacTBOpe, OCYIIECTBIAIOT IeJIOYHOM Cpefie, KaTaIu- 0.15 s
C,,=11107 | uHAMKATOPHYIO peaKLHIO B aupyemoe Mn(II); no 210 (9]
Mn KCl Mac.% TedeHUe (PUKCUPOBAHHOTO ucreyeHu (pUKCHPOBaAH- %
(G=0.5r) BPEMEHHU U IKCTParupyioT HOT'O BPEMEHH H3MeDeHue I\b/}ic(‘lf)
n36bITOK Kpacurens CHHeill OKPAacKM M30bITKA
apuoxpoma uyépHoro T KpacHress MocJie ero
H-aMWIOBBIM CITHPTOM 3KCTPAKILHU H-aMHIOBBIM
CITHPTOM

99¢
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IIpodorxcenue mabn. 7.1.

1 2 3 4 5 6 7
Karanusupyemas W
C,,=510"¢ | IIpenapat pacTBOpPSIOT B Bozle PCAKIHMA OKUCIIERUA P yGe- 0.14 nns
m aHOBOJOPOIHON KHCIIOTDI “s | [10]
W KCl Mac.% M OCYILECTBISIOT HepOKCUIOM BOTOPOMA; 1-10
(G=1r) MHIUKATOPHYIO PeaKLHIo HMepeHHe Bo BpeMeHl:[ Mac.% W
CBETOMNOIJIOLIEHHST PacTBOpa
[Ipenapar pasnarator H,SO,
TIPU HaTpEeBaHMY, 3aTeM U3 Karanusupyemas
altetatHoro 6ydepHoro pac- xomriekcoM Fe(III) ¢
TBOP2 SKCTPArMpyIoT XI0PO- | TPHITHICHAMHHOM peakuus | o« s
CdS, CdSe C,.=510% | dopmom xomnuekc Fe(III) PasJIoKeHUs MepoKcHia 1105 | [11]
s i o,
Fe ZnS. ZnSe Mac.% ¢ 1-HUTpO30-2-HadTONMOM. BOJAOPO/Ia, KOJIUYECTBO Mac.%
’ (G=1r) | Iocne oTronku pacTBOpUTENS KOTOpOro 4Yepes Fe(I1T)
W MHHEPATH3aLHM OCTaTKa ¢uxcuposaHHoe BpeMs
npu nomou HNO, ONpenesioT THTPUMETPH-
OCYIIeCTBIAIOT MHAMKATOpHYIo| yecku (TuTpanT KMnO,)
peax1Ho
Mn(II), Fe(III) u Co(II) Karanusupyemas Mn(II), | 0.3 gna
KOHUeHTpupyIoT sxkcTpakuyveit | Fe(III) u Co(Il) peakuma | 31076
CCl, u3 BosHoro pactsopa OKHCJIEHUA [ubeHn- Mac.%
C,. 2-10° | nmpemapaTa MX KOMILJIEKCOB C Kap6a3soHa nepoKcuiIoM Fe(I1I);
Mn. Fe mac.% Fe, | DEDTC, skcTpakT MuHepa- BoAopofia; usMepende Bo | 0.2 nns
éo ! KCl 21077 mMac.%| nm3ylOT NpH HarpeBaHuK ¢ | BpeMeHH cBetonornomenus | 4107 | [12]
Cou Mn H,0, B kucoit cpene u PacTBOpOB ¢ nocyenylomuM | mac.%
(G=50T) [ocymecTBasIIOT UHAMKATOPHYIO| COBOKYITHBIM PacyéToM Co(Il) u
peaKLHIO NPU ONTHMAJIbHOM | cofiepKaHMid onpenensieMbx{ 4-1077
VIt KaX[Oro OTpefieI1eMOoro 3JIEMEHTOB TI0 METORY Mac.%
3jieMeHTa 3HadeHuu pH HaHMEHbIINX KBaJpaToB Mn(1D)

2 vopur |
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IIpodonxcenue mabn. 7.1.

1 2 3 4 5 6 7
0.1 ansa
C 9.10-4 Kartanusupyemoe Kapbonar-| 5107
BX"'C % & HOHamu 0Opa3oBaHUe B Mac. %
ac.7o ciabokueoit cpene cor
KCl, KBr KBr, CsI | Ilpenapar pacTsopsiioT 8 Boze kommutekca Cr(III) ¢ B Kél'
Cotr ! "] (G=2571); U OCYILECTBISIOT . Ll [13])
: Csl 4 o xpomazypoinoM C; ans 1-107
5107 mac.% WHINKATOPHYIO PeaKI[HIO o
s KCI HU3MepeHHe BO BpeMeHU Mag.A
(G=11) ceetonoromeHusa npoaykra| CO,> B
h peakuuu mpu 595 HM KBru
Csl
Anams KBr Katanusupyemoe kapbonar-| 0.1 mis
wnu Csl: uoHaMu obpa3oBaHue B 8107
C, =510 c1aBOKHCIION cpene OKpa- Mac.%
KCL KBr mac.% tpu | [lpenapar pactBopsioT B Bofe | menHoro komaekca Cr(I1I) CO:fi
cox ! | G=25T1; Y OCYHIECTBJISIOT C KCUJIEHOJIOBBIM B KCI; | [14]
Csl anamms KCl:|  wmHauxatopHyio peakuuio OpaHXeBbIM; H3MepeHue Bo |mwis 2-107
C,=1107 BpeMeHM cBeTonorjouedus | Mac.%
Mac.% mpu TIPOAYKTA peaxKiuu cozr
G=Ir npy 550 HM B Csl

89¢
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IIpodonxcenue mabn. 7.1.

1 2 3 4 5 6 7
Karanusupyemoe kapboHar-
CO,” KOHUEHTPUPYIOT IPH HoHaMM 06pa3oBaHue B
moMorn HHK BoznHoro c1abOKUCIION cpefie OKpa- 0.1 s
C,=3107 pacTBopa Iperiapara wenHoro komyekca Cr(11I) 1 10-4 [15]
Ccox Csl Mac.% 3BTEKTHYECKOI'O COCTaBa U € KCHUJIEHOJIOBBIM ac.%
(G=43.5r) |ocyliecTBASIOT HHANKATOPHYIO| OpaH)XeBbIM; U3MEPEHHE BO C O. )
peaKIivio B BOOHOM pacTBope | BpEMEHH CBETOIOIJIOIIEeH 4
KOHIIeHTpaTa IPOAYKTa PeaKIu1
npu 550 HM
0.1 ans
1107
0,

A}:;J;IHSC?II?I Karanusupyemoe xap6boHar- hé?;f
C :1.10'_4 HoHaMU 06pa30BaHVE B s Kél‘

"m‘y npu | [Ipenapar pacTBOpPSIOT B B crabokuczoif cpene oxpa- 4»1(,)‘4

CO.> KCl, Nal, M?}CES p. penapar p P ¢ mennoro kommexca Cr(III) A o (16]

¥ Csl =eo b ¥ OCYIECTBIAIOT ¢ apHoxpoMuHaniHoM R; Mac./°
ananmua KCI: WHIVKATOPHYIO DeaKklHIo PHOXPOMT ’ cozr
C, =210 u3MepeHHe BO BpeMeHU 5 Nal:

Mag‘.‘% pn CBETOIIOTJIOIEHMS IIDOAYKTA st 2107
G=1r peakitiy Mac.%
COSZ‘
B Csl

/ voDrJ
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IIpodonsxcenue maba. 7.1.

tputoHa X-100; usmepenne
BO BPEMEHU CBETO-
NOIJIOIIEHHS] TIPOAYKTa

peakuuy npu 540 HM

1 2 3 4 5 6 7
Anamus Csl:
C,.=1510"°
Mac.% mpu CO.* xouteHTpHpYIOT TIpH Karanusupyemoe xapbonar-| 0.1 nins
G=19.7T1; I (S)MOII.IH HHK sotoro HOHaMH 00pa3oBaHKeE B KHC- | cofepxa-
aHanus KBr: JIoii cpelle OKpalleHHoro | Hus xap-
co.r KCI, KBr, | C, =210° BBT[; 22;‘;%12?(:1% eggg::sa 4 | xomMurexca Al(IID) ¢ kcune-| 6owar- | [17]
3 o, .
Gl | | omecrtmor aropiyn| - Torem cpuKenn | vrn,
e PEaKUHIo B BOXHOM PacTBOpe P P
anamua KCI: KOHLEHTDATA CBETOIIOTJIOMIEHUA MPOAYKTa| IOLIEro
C,, =410 HeHTp peakuu mpu 540 HM 5C,,
Mac.% mpu
G=27.5r;
Peaxumsa obpasoBaHus
kommekca Co(III) ¢
HUTPO30-R-conbio,
katanusupyemas docdar- 0.1 s
C,,=2-107 | Ilpenapar pacTBOpsIOT B Boge | HMOHaMH B ciabokucioi 5 11(1)_5 [18]
PO* Nal, Csl Mac.% U OCYIIECTBJSIOT cpezie B TIPUCYTCTBUH 2. %
(G=10r) VHIMKaTOPHYIO peaxI{Huio HenHoreHHoro [IAB — p O'::
4

0.2

MHDV]G Y



HIpodonxcenue mabn. 7.1.

Peakifio B BOAHO-3TAHOILHOM
pactBope

NIPOAYKTA PEAKI[UH — KOM-
ntexca Fe(Il) ¢ 1,10-¢pe-

HaHTPOJMHOM — npu 510 HM

1 2 3 4 5 6 7
Kuneruueckasi peakuus
BOCCTAHOBJIEHUS Cy/TIb(UT-
noHamu KoMmiutekcoB Fe(I1I)
SO,* konuentpupyior npu | ¢ 1,10-¢penanTporunoM win
Jns Na.SO nomomu HHK BozHoro 2,2’ - (MNP UANIOM; 0.1 ans
KCl, KBr, C = 1_21 0_54 pacTBopa Ipenapara U3MepeHHe BO BpeMEHH 51073 [19]
SO,* KCIO,, “ﬁac o IBTEKTHYECKOTO COCTaBa M | CBETONOIJIOMEeHHsT KpacHoro| Mac.%
Na, SO, ( G=1i ;) OCYLECTBISIIOT MHANKATOPHYIO NPOAYKTa PeaKkliy — SO, =
peaxuuio B BoHOM pacTBope | xomiutexca Fe(Il) c omnum | Na,SO,
KOHIIEHTpaTa M3 YKa3aHHBIX PeareHTOB —
npu 510 um (1,10-de-
HaHTponuH) U 520 HM
(2,2 - punupuun)
Kunermueckast peaxkimus
BOCCTaHOBJIEHHUSA CYJIbQUT-
paCTI:S;)Sx%TM;I:oI;é,S(})IZ S0, noHamu xommekca Fe(111)
Na,SO,, | C, =110 | Heitrpamu3yioT aMMHaKoM H ¢ 1,10-genantpommonm 5 0?51 (1)117;51 0
SO, K,SO,, Mac.% pa36aBsIoT Bono. 3arem | -onn o OTAHOTBHOM pacTso- e (20]
: H SO, (G=11) |ocymecransior ATOpHYIO pe; M3MepeHYE BO BpeMeHH MaC./?
CBeTONOIIOMennA Kpacioro| SO’

/ vovry

ILC



Ipodonxcenue mabn. 7.1.

1 2 3 4 5 6 7
Kuneruueckass peakuus
Ouenku C, | BOCCTAHOBJIEHUA CYJIb(PHT-
COCTaBJISIIOT unu THocynbdar-uoHamu | 0.05 aus
410" Mac.% I1penapat pacTBOPAIOT B c1abo OKpaleHHOro KoMII- | conep-
(onpenene- | BogHOM pactBope H3onpona- { nekca Cu (II) ¢ 2,2'-6unuHu- | xaHUN
SO *- K(l, aue SO,>) | nona (onpenenenne SQ,*7) XOHHMHOBOM KUcyoToit 1o | ompenme- | [21,
S O’ ) KNO,, u 310 WK aueToHa (OTpelleleHHe | MHTEHCUBHO OKpameHHOro | jsembix | 22]
2 CsNO, Mac.% S,07) u ocyumecrsisitor B | kommaekca Cu(I) ¢ TeM xe | HOHOB,
3 273 .
(onpenene- | BOAHO-OpraHMYecKoi cpeae | peareHTOM B MPUCYTCTBUH | COCTaBJIA-
nre 5,0,77) MHANKATOPHYIO PeaKLMIo nonoB Mn(1I); uamepenue | 1omux
npu G cperonorjontenus npoxykrtal 5 C,
0.025..0.5 r peakuuH BO BPEMEHH TIPH
557 HM.
Kuneruyeckasi peaklius
Tepmuueckoe pa3soxxeHue
. BOCCTAHOBJIEHUS CYIbDUT-
cy/bGhaToB NMyTEM HarpeBaHUA
HOHaMH ¢J1a00 OKPAIIEHHOrO
nperiapara ¢ AeCsTHKPATHbIM
xomiexca Cu (II) ¢
n3bsrtkom daoca (WO,) npu . -
% o 2,2'-6UIMHXOHHHOBOH 0.05 nnst
C, =510 1100 °C B ToKe aprosa; . s
) w7 KHUCJIOTOH 0 UHTEHCHBHO 3107 [23]
SO/ ALO, mac.% yJIaBJIMBaHHe MPOLYKTOB o
: 7 OKPaIIIEHHOI'O KOMILIeKca Mac.%
(G=0.5T1) pa3JIoXeHHUs1 BOIHBIM 5
. Cu(I) ¢ teM xe pearentom B| SO
PaAcTBOPOM H3OHPOINAaHOJa U 4
npucytctBur noHoB Mn(Il);
OCYIIECTBJIEHYE B BOLHO-
- i HU3MepeHHe CBETOIIOJ10-
opraHuyeckol cpene
. ILeHUsT NPOTYKTa PeaKuy
HHIUKATOPHOH peakLHu ;
BO BpPEeMeHH IpH 557 HM.
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Ipodoaxcenue maba. 7.1.

IOIIETO MPOAYKTA,
u3aMepeHHue dryopectueHIu
PHBaHOJA BO BpEMEHH

1 2 3 4 5 6 7
C Peakuusa BocraHoBIEHUS
TOYHbIE -
BOZBI OcymecTBaSIOT mipatoB f1o NO,” xomr-
rpows- C, =210 HHIMKATODHYIO peaxiio sexcoM Fe(Il) c EDTA ¢ 0.13 s
Mr/n TIOC/IEAYIOIMM M3MepeHreM | L% A7) [24]
Se BOJZICTBA (u3 5 M TOCIIE CHHTE3a B pobe OKDACKH 230COETHHEHHS, 510
MOHOKpH- BOHI) ucceslyeMoit Bofibl Komrutexcal -~ o rocs I Mr/n Se
CTaJLJIOB Fe(Il) c EDTA I g 6££;m eaK(;'CHJ;Z
CdSe, ZnSe p p
Ipucca
Kuneruyeckas peakius
OKHCJIEHUSI XJIOpaT-HOHAMH
pUBaHOJIA B CJIAGOKKMCIION 0.07
C,,=1-107 | Ilpenapar pacTBOpSIOT B BoZie | cpele B IPUCYTCTBUM aKTH- '2. 1 6!:1518 25
Clo, KCl Mac.% U OCYILIECTBASIOT Baropa —~ V(III) ¢ o6paso- ac.% 125]
(G=1r) HMHIVKATOPHYIO PEAKLIHIO BaHUEM HEeJIIOMUHECIUPY- cl O ?
3

2 voprJ
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Ipodomicenue mabn. 7.1.

1 2 3 4 5 6 7

Karanusupyemas nomia-
HOHAMH Peakiusl OKHCIIEHUSA
o-eHWTeHIMAMUHA
& 0.08 ws

Bap6otupyioT aHanu3upyeMuIi
0.01..3 |BO3ayX Yepe3 MOTJIOTHTENILHYIO

ATMO- Mr/m? (43 CKJISHKY C PacTBOPOM HEPOKCHIOM BOAOPOJA B
. ) npobbl NH,OH-HCI; npu6asasior P OHOD 31072
cdhepHbId L1 CEPHOKMCJIOHN CpeZe; s | [26]
BO3ZYX BO3AY K TIOMIYCHHOMY DacTBopy HU3MepeHHe BO BpeMEHU Mr/m

obbéMoM nupodocdar HaTpus U uona
CBETOMNOTJIONIEHHS TTPOIYK-
20 m) OCYIIECTBASIOT MHAMKATOPHYIO| o e o- deHmneH-
DEeAKIUIO

miamuHa npu 490 HM.

*[IpunsTrie o6o3Hauenus u coxpamenus: BITIIM — BomopacTBOpHMBIe raJIOTEHU/B! IUEJOYHBIX METaJJIOB;
HHK - Hu3KOTeMIlepaTypHas HanpasjieHHas KpucTaumsauus; PAN — 1-(2-mupuaunaso)-2-nadrom EDTA —
srunenndamuaTerpaaterart; DEDTC — mmstunantuokapbaMunar, G — Macca npenapara (B <«[IPSMBIX» METO-
aukax G coOTBETCTBYeT Macce BELIeCTBa, OT KOTOPOH NMOJIy4aloT aHATMTHYECKUA CUTHAN; B METOAUKAX C IpeABa-
PUTE/IbHBIM KOHIEHTpUpoBaHHeM G COOTBETCTBYET Macce BellecTBa, M3 KOTOPOH KOHUEHTPHPYIOT OlpeeisieMbLi
komioHenT). JlIsi oCcyUIeCTBIeHNs HHAMKATODHBIX peakuuii (KpoMe peaKI[MM OKHCJIEHHs 3pHoxpoma uépHoro T
IEPOKCHIOM BOZOpOAa [9]) MCIoIb30BAMM COCYA-CMECHTENb C TPEMs OTPOCTKaMH, npeasoxenHstit JI.W.Bynapu-
HbIM [1, ¢.47]. [panynpoBOYHBIM rpadMKOM CIy’KU/a 3aBHCUMOCTb CKOPOCTH KMHETHYECKON PeaKLUH, PacCyMTaH-
Hoil o MeToay TaHTeHcoB [1, ¢.48), oT xoHNeHTpaLuK (colepKaHMs) ONPEAENAEMOrO KOMIIOHEHTa

VLT
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KaTaJIMMETPUYECKUX METOaX B KauecTBe MHAMKATOPHBIX Yallle BCEro
UCTIOAB3YIOTCA OKUCJUTENIBHO-BOCCTAHOBUTE/bHBIE peakuuu. Takue
peaKkluH HalljiM HPUMeHeHHe W B Hallux pabotax [4..12, 24, 26].
Hapany c 1umu, B IHCTHTYTe MOHOKPHUCTA/IIOB B Ka4€CTBE WH/LU-
KaTOPHBIX ObLIO MPEAJIOXKEHO WUCIOJIB30BaTh MEJIEHHO NPOTEKAIoIMe
peaklyH 3aMelleHus: JWraHJaMHi MOJIEKYJ BOJbI B KOOPAWHAIIMOHHOH
cdepe metanno-uona [13...18]. IIpu onpenenennu docdat-uonos [18]
o6pasoBanuio npoaykra peakuny — komiiekca Co(III) ¢ nuTposo-R-
coJiblo — nipeminectsyet okucaenue Co(ll) npucyTcTBylolMME B CHC-

TeMe OKUCINTENIAMU. Y CTAHOBJIEHO, YTO Npefieibl onpeaesennss COZ u
PO;™ ynaércst CHMBMTD B MPUCYTCTBHYM HEKOTOPBIX TIOBEPXHOCTHO-aK-

TUBHBIX BelllecTB. B ciyuae onpenenenna CO?Z” ¢ ucnosp3oBanueM pe-
aK1uy obpasoatust komiuviekca Al(IIT) ¢ KCHIEHOJIOBBIM OpaHXeBbIM
Takoe JIeHCTBHe OKa3blBaeT KaTHOHOAKTUBHOE IMOBEPXHOCTHO-aKTMBHOE
BellecTBo — GpoMua Letwimupuaunus [27], B cllyyae onpenesieHUs
POJ™ — HeKOTOpble HeHOHOTreHHble M aHHOHOaKTuBHbIe [IAB [18].
Hapany ¢ xaraiuMeTpuyeckuMd MeTogaMu 1 aHanuza OM
UCIOJIb30BaHbl KHHETUYECKHE PeaKLMU BOCCTaHOBJEHUS CIabooKpa-
weHHbIX KomriekcoB Fe(I11) mam Cu(Il) onpegenseMbiMu MOHAMU

(SO5, S,0% ) c o6pa3oBaHieM HHTEHCHBHO OKPALIEHHBIX KOMILIEK-

coB Fe(IT) uau Cu(l) ¢ Temu xe suranaamu [19...23], a Taxxke peak-
M OKMCJIEHUA XJI0paT-HOHaMH JIoMUHOGOpa — puBaHosia ¢ obpa-
30BaHUeM HeJIIOMUHeCLUPYIOLLero MpoaykTa [25].

ObHapyXkeHo, YTO CKOPOCTb ME/IIEHHbIX KUHETHYECKHMX PeaKLid

[20...23] 3ameTHO Bo3pacTaer, a npezieiv onpeaenerus SO u S,0%

YMEHBIUIAIOTCSA B CMELIAHHBIX BOAHO-OPraHU4YeCKUX PacTBOPUTEJISX.
M3BecTHble KMHETUYECKHE METO/IbI aHAJIM3a SIBJIAIOTCH OHODle-
MeHTHbBIMU. B MHCTUTYTe MOHOKpDHCTANIOB MOKa3aHa BO3MOXKHOCTD
COBOKYITHOTO KHHETHYECKOTO Olpefle/ieHUs IBYX KOMIIOHEHTOB Ha OCHO-
Be a[INTUBHOCTH CKOPOCTEN MHAMKATOPHDIX peakiuii, MIPOTEKAIOIIMX
onHospeMeHHo. Tak, s onpenenerust SO3 u S,05 cnavana pe/-
JIOKEHO MU3MEPATb CYMMAapPHYIO CKOPOCTh BOCCTAHOBJIEHHS KOMILJICKCA
Cu(II) ¢ 2,2-6M1IMHXOHHHOBOM KMCJIOTON yKa3aHHBIMU aHUOHAMU, &
3aTeM MAacCKMpOBaTb CYJIbQUT-HOHBI (GOPMANBAETHAOM U HU3MECPSITh
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CKOPOCTb peakiiMu, B KOTOPOH YYacTBYIOT TOJIBKO THOCYJb(AT-HOIIbI
[28]. Kap6GoHatbl 1 GopaTbt yAaJoCh OMHOBPEMEHHO ONpeeNATh 10 Ka-
TanU3UPyeMoit UMK peakiinu obpasoBaHus komruiekca Al(1I1) ¢ kcwte-
HOJIOBbIM opaixkenbiM |29], a kapbonarst u ocdatbl — 10 KaTaIM3UPY-
eMoit UMH peaxiiu obpasoBanus komiiekca Co(I11I) ¢ HuTposo-R-
coJibio [30]; st 06paboTKM Pe3yNbTATOB UCIIOIb30BaH MaTeMaTHYECKHUiL
aTnapar, aHaiorM4Hbli TOMY, KOTOPbI PUMEHSIIOT B MHOTOKOMIIOHEHT-
HOM CIIeKTPodOTOMETPUH. YKazaHHbIH TMOAXO0/l MCTIOJb30BaH B paboTe
{12] 1u1st onHOBpEMEHHOTO OMpeesieH!st TPEX TAKENBbIX MeTaios (Mn,
Fe, Co), KaTaiM3upyIOUIMX Peakiyio OKUcTeHus AudeHuIkapbazoHa
NePoKCHIOM Boiopoia. TToo6Hble KUHeTHYeCKHe METOJIbl MOTYT HalTH
nprMeHeHHe B aHATUTUYECKON XUMUK (YHKLMOHATBHBIX METEPHAIIOB.

HccnenoBabl MEXaHU3Mbl HEKOTOPBIX MHJMKATOPHBIX peakLui,
JUISL BCeX peaKi(Mii, NpeJcTaBleHHbIX B Tabs. 7.1, npemioxeHbl BO3-
MOJKHBIE CxeMbl UX npoTekaHus. Tak, mokazaHo [4], 4To okucieHue
1,5-nuennn-3-aMmuHonupasonnya (A) nNepoKCcUaoM BoLopo/a, Karta-
susupyemoe nonamu Cu(Il) B npucyrersun nupuauta (Py) npu pH
7.7..7.8, npotekaeT ¢ o6pazoBaHueM CBOOOAHBIX PAIUKAIOB K KOMII-
JIEKCOB NepeHoca 3apsijia 1o clefylollei cxeMe:

CuPy” +A & (CuPyA™)
(CuPyA™)— CuPy’+A" +P,
CuPy* +H,0,  (CuPyH,0;)
(CuPyH,0; ) > CuPy* +OH" + OH
2A° > B
B+OH" - B +P,

B*+H,0, > X+OH" +P,

B aTuX ypaBHeHusiX A® — cBOGOMIBIA PaiMKaN UMUHOIIMPA3O-
anna; B — o0pasylolmuicss U3 aTUX CBOOOJMBIX PA/IMKATOB IIPOME-
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KYTOUHBIA LPOAYKT Okucjenus 1,5-1udeHun-3-aMuHONUpa3oauHa;
B* - cBOGOAHBIA PaNUKa, BO3HUKAIONIMI TIPU OKUCAEHUH IPOMEKY-
TOYHOTO 11IpoJyKTa B; X — koHeunblil nponykt okucnenus 1,5-mude-
HMJI-3-aMMHONNPa30JuHa; P, — Holibl BoJoposa, obpasyiomuccs 11pu
OKMCJIUTEIbHO-BOCCTAHOBUTELHOM PeakMK B KOMILJIeKCe HepeHoca
sapaaa (CuPyA*); P, — Mo/iekynbl BOJIbl, KOTOpbIE HOJy4YaloTCs 11pH
B3auMoJicicTBHU A%, B 1 B® co ¢BOGOAHBIMU paJIHKanaMu THIPOKCH-
Jla ¥ TIepOKCUJIOM BojlopoJia. [lokasaHo, 4To CKOpOCTh paccMaTpuBae-
Mol MHIMKaTOpHOM peakimu d| X|/dt onuceliBaeTcs ypaBHeHUEM:

d[X]/dt =k[A][H202]CCu(II)’ (7.1)

tie k= (1.3 +£0.1)-10!° — cpennuit karanutudeckuit koacdUIMeHT,

CCU(") — obmas konuentpanus Cu(Il) B pactope.

ITpemnoxeHbl CXeMBbl MPOTEKAHMST UHAMKATODHBIX PeaKIyi st
onpejieJieHns: cyAbGUT- U THOCYIb(DAT-UOHOB, B KOTOPBIX YYACTBYIOT
komrnexcsl Menu(l, 1T) ¢ 2,2°-6utunxonnnar-vonamu (bic®) [21, 22]:

1) Cu” +2bic*” & I:Cu (bic), ]2_
[Cu (bic), ]2‘ +Mn* > [Cu (bic), ... Mn]

[Cu (bic), .. Mn]+H,0 = [Cu(bic), ]~ +MnOH* +H’
MnOH* +HSO; ¢ Mn(OH)(HSO,)"
Mn(OH)(HSO,)" - Mn* +OH +HSO;
[Cu(bic),] +HSO; +H,0 »[Cu(bic),]” +S0O? +3H"

2) Cu*' +2bic*” &[Cu(bic),]”

[Cu (bic), ]2_ +Mn* - [Cu (bic), .. Mn]
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[Cu (bic), ... Mn]+ H,0 [ Cu(bic), ] +MnOH?" +H'
MnOH? +8,0% « Mn(OH)(S,0,)
Mn (OH)(S,0,) = Mn® +OH" +8,0;"
[Cu(bic), ] +5,05" = [Cu(bic),]” +5,0;

S,0; +S,0; = S,05

Hnsa peakiiu Co(11) ¢ Hutposo-R-cosbio R(INO)(OH), katanu-
3upyeMoii pocat-rioHamu [ 18], pe/inokeHbl ABe A/IbTEPHATHBHDIE CXEMBbI:

Co® +H,PO; — CoH,PO]

CoH,PO;, +3R (NO)OH? +0.250, -
— Co[R(NO)O] +0.5H,0+H,PO; +2H"

HJIn

Co* +H,PO, — CoH,PO;

CoH,POj +3.25R (NO)OH* -
— Co[R(NO)O] +0.25H,0+0.25R (NH, )OH? +H,PO; +2H’

1o niepsoii cxeme Co(1l) okucasieresi KMCIOPOJAOM BO3/IyXa, 110
BTOpPOUH — U3BBITKOM peareHTa.

ITpuBegeHHbIe B 9TOH IJlaBe MTPUMEPBI TIOKA3BIBAIOT, YTO KHHCTH-
YCCKUE METO/bI, OTJIMYAIONIMCCSA BBICOKOH YYBCTBUTENBIIOCTHIO W 11PO-
CTOTOH alifaparypHoro oGopmJICt t1st, CYIIECTBEHIIO JOTOMHAIOT BO3MOM-
HOCTH JIPYTUX MHCTPYMEHTasIblibiX MeTojloB aHaiuza OM. Ocobernio
9TO OTHOCHUTCH K aHMOHIIBIM TIPUMCCAM, /LIS OHIPCE/IEINST KOTOPBIX OT-
CYTCTBYIOT OCTATOYHO YYBCTBUTEJIbLbIC 2ibTCPHATUBHBIC METO/IHL.
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[maea 8
DNEKTPOXMMUYECKME METOLbI AHAM3A

IeKTPOXMMHUYECKHe MeTo/Ibl aHasm3a [1, 2] oT/iiMvaioTca pasHo-
o6pasueM, IPOCTOTOIH M OTHOCUTETLHO HEBBICOKOH CTOMMOCTBIO anma-
parypHoro odopMieHHs. B oT/inume oT aTOMHOM ClIEKTPOMETPHM YKa-
3aHHble METO/Ibl He CBA3aHbI ¢ TIpUMeHeHreM BBICOKHX TeMIlepaTyp, a
XapakTepHble [JI1 HUX [pefiesibl 06GHAPYXKeHHUsT KOMIIOHEHTOB B psije
CJIy4aeB CYILIECTBEHHO HIDKe. JJIEKTPOXUMUYECKHE METO/bl He OTHO-
CATCA K YMCIY 3JIEMEHTHBIX METOJOB aHaIU3a, T0ITOMY MX YAAETCs
VCIOJIb30BaTh AN Olpe/ie/ieHHst pasHblX BaieHTHbIX HOPM U (a3oBbIX
COCTOSIHUII sileMeHTOB. B MIHCTUTYTe MOHOKPHCTANIOB IS aHa/IM3a
(DM ucronb30BaHb! pa3TMYHble BADUAHTHI BOJbTAMIIEPOMETPHH, KYJIO-
HOMETPUS HEKOTOPBIX ra3000pasyioiux npiuMeceil (CoeAMHEHMs yriie-
polia, cepbl U KUCJIOPO/IA), a TAKKe MOHOMETDPUSI FaJloreHH/I-HOHOB.

8.1. Bonsramnepometpus

8.1.1. BonbramnepomeTpus ¢ PTyTHbHIM KQNQIOLWIMM
3M1eKTPOAOM

Krnaccuueckas nmmporpad)nﬂ Ha ITOCTOSAHITOM TOKE € DTYTHbBIM
KanamwlluM 3JIEKTPOIOM, UMEIOIIIUM Tepruo/ Kaltalusi 3.4 C, 1 HaCbl-
IIICHHBIM KaJIOMEJIbHBIM JJICKTPOAOM B KauyceCTBC HJCKTpoOJa CpaBHe-
MU HalllJla HIUPOKOE TIpUMEHEHHUC B [/IHCTVITyTC MOHOKPUCTaJIJIOB
JUIA onipezieJieHuA aKTUBHUPYIOILMX 11()621801( B MOHOKpHCTaJ/LJIaX 1 KOM-
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II0O3UTaX Ha OCHOBC IaJorellMIoB MEJOUHbIX METaNA0B. ITOT METO/l
MCII0JIb30BaH IS OTPEACAEHUA TS B CUMHTUIALMOHHBIX MOHO-
kprctaiax Nal: Tl u CsI: Tl [3, 4, 5], a takxe TabjeTKax cBETOCO-
CTABOB JLIA 1a30PasPs/IHbIX MCTAIOratorenibix jgamii [6]. Tlorenuu-
al noayBosHbl Tainusa E, , =-0.50 B upakrtuucckn ne saBucur ot
ucronbsyeMoro ¢ona (Kucias, HelTpaabHas, eJoYHas Cpeibl, aM-
MHUaYHbIA PacTBOP, MPUCYTCTBUE OKCANATOB, TAPTPATOB, LIUTPATOB U
Ap. KoMILIekcoobpazoBateeit). [1o-BujiMMomy, 5To 06yCI0BACHO Ma-
Joit cknonHocTblo Tawus(l) K ruaposinay uiam obpazoBaHuIo KOMII-
JieKCHBIX coepunenuil. Hapany co crienmdmucckoit agcopbumeil tan-
JinA Ha PTYTH ITO JieJlaeT paccMaTpyBaeMblil MeTO[ He3aMeHWMbIM
TPH OMpeie/IeHUH TAJIMS B XapaKTEPHOM IS yKa3aHHBIX Marepua-
JIOB IManasone cofepxanuit aktupatopa (2-1073...1 mac.% Tl B Mono-
KpHCTaJL/IaX, MULIMTpaMmoBble cofiepkalins Tl B Tabrerkax). O6-
Pasibl MOAUIOB pa3iaraly P HarpeBaHUM KOHUEHTPUPOBAHHOMN a30T-
HOM, a 3aTeM cepHoii kucioramu [3]. OGpasosaBiueecss Npu TaKoi
obpabotke Hebosbinoe komudectso TI(I1I) Bocctanapnusanu g0 TI(I)
cynbdurom Hatpud. [lonsporpaduposatine NPOBOAMIM B MHTEpBaJle
norexuranos ot —0.25 1o —0.75 B B amMuauHoM pacTBope, cogepxka-
uem 0.01 Mac.% sxenaTHHa, KOTOPbIHA MOAABJSIET MAKCUMYMbI Ha [10-
Jisiporpammax. [IpeaBapuTesbHO U3 3TOTO pacTBOPA TOKOM a30Ta yia-
JISLTW PACTBOPEHHbBIA KMCAOPOA. ['paflyMpOBKY OCYLIECTBJISIIN ITyTEM
OCTPOEHHS TPajyMPOBOYHBIX KPUBBIX MM UCIIOJIB30OBAHMS METO/A
N06aBOK, MO3BOJIAIONICr0 3JTMMHHUPOBATh Pa3/ivdis MaKpOCOCTABa
aHANM3UPYEMbIX NTPOO U BIMSTHKE COILYTCTBYIOIIMX MUKPOKOMIOHEH-
T0B. [lokasaHo [6], 4To 1puMeHeHue GOHOBOTO INEKTPONUTA, COAEPHKaA-
LIIETO HTUJICHIMAMUH, JIeJIaeT UBIULIHUM J00aBJICHHE B aHATU3UPYEMbIi
PacTBOP BOCCTAHOBUTeJIA (CYyMb(UTA HATPUS) U [HOBEPXHOCTHO-AKTHB-
HOro BellecTBa (Ke/IaTUNA) T10C/Ie KUCTIOTHOIO PasJioxkeHus obpaslia.
Cayvaifiibie TIOrPeIHOCTH OUPCAECHHUS! TALIHS B CLIMNTHIUISITIHOHIIbIX
MOHOKpHCTa1aX B Jnanasolic cojcpxaunit 5-1073.. 5107 mac.% xa-
pakrepusyiorest snadenusmu S 0.004...0.07.

Tloxaszana BO3MOXKHOCTb OJIIOBPCMEITION0 HOASIPOrpadhUICCKOro
oupegenennd 1-1072.1-107" mac.% ramius M Muaua B CHUHTHIISTIHON-
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HbIX MoHokpucTaiiax Csl: In, Tl [4], a Takxke B TabseTkax cBeTococ-
TaBoB Maccoi 18..20 mr, copepxalmx Moanbl ITMX D/emeHToB [6].
[Tocne pasnoxeHus NpoObl KOHIEHTPUPOBAHHOM a30THO KUCIOTO oc-
TATOK PACTBOPSIM B (POHOBOM JJIEKTPOJIUTC, COJlEPIKAIEM aMMUAK, ITH-
JIeHIMaMUH W XJIOPU]L Kasusl, Y/IaIsI PaCTBOPEHHbIA KMCJIOPOA W CHU-
Mai NOJISIPOrpaMMy B MHTepBasle noteHumanos ot —0.25 go —1.35 B.
PasHocTh NOTeHIMANOB NOMYBOJI MHMS M TAIMA Ha TakoM (oHe co-
crapJisier okosio 0.5 B, uTo BrioiHe A0CTATOYHO /ISt paspellieHus ToJIAPOor-
paduyecknx BOJIH 3TUX 3/IEMEHTOB IIPH MX COUBMEPHMBIX COAEPXKAHNAX
B MOHOKPMCTAJLJIaX, a TaKxkKe [/ aHa/iuza TabJeTOK CBETOCOCTaBOB, CO-
nepxauux 20...40-kpaTHblii U36bITOK Tasmst. [Ipy onpeaeneny MHANA B
MoHokpuctaiax Csl: In B oTcyTCTBHE TaslIMs He TpebyeTcs KUCIOTHOe
paszoxenve npob, nockonpky Inl, pactBopum B Boze. B aTom ciyyae B
KavecTBe (POHOBOTO BJIEKTPOJIUTA MPEAOKEHO [4] UCTo/Ib30BaTh PacTBOp
N,H, - HCI. Ioasiporpacduposatine npoounn 6e3 BBEACHUS JKeJlaTHHA
B MHTepBaJle NoTeHIManos ot —0.4 10 —0.9 B rocse yIajleHus KUcJaopo/a
M3 PacTBOpa TOKOM a30Ta. B CLUHTHIUIIUMOHHBIX MOHOKPUCTAIJIAX
Csl:In, TIu CsI: In ang 1-1073..1-10" Mac.% vHaMs W TAJUIMS, A TAKKe B
TabsieTKax cBetococTaBos, cofepxkaumx 0.2 Mr Inl u 3 mr T, 3HaueHus
§ cocrapumu ot 0.02 go 0.05.

s onpeneneHus eBpoNys B CHUHTHIUISLIMOHHBIX MOHOKPUC-
taniax Lil : Eu ucnosb3oBat xocBenHblil nonsporpagpuyeckuii Me-
TOJI, OCHOBaHHbI# Ha peakllMy BbITECHEHMA KaIMUSA €BPOIMEM U3 €ro
KOMIUIeKCcoHaTa B cabokucioM ateratiom GydepHom pacrsope [7].
BosibTamnieprible KpUBbIe BOCCTAHOBJICHWS! KaiIMUA Ha PTYTHOM Kanalo-
1leM 3/ICKTPOJie PCTUCTPUPOBAJIM B MHTCpBaje MOTeHUaRoB oT —0.4
no —0.8 B. lna nporekalinsi peakumu obMella oka3anoch AOCTaTOY-
tibiM 10 My, MsMepeHHbIid B yKa3alHHbIX yCAIOBUAX TOK BOCCTAHOBJIC-
HHA KalIMMA TIOC/IC BBIYUTAIIAA XOJOCTOIO HPONOPLMOHANIEH KOHIIEHT-
pauuu eBporust B pactsope. Ui NPe/BAPUTCABIIOTO pasiokellns
00pa3LoB ¢ OTIOHKON BbIICAAIONICIOCS L, ucnonbzosany cMmech XJ0-
POBO/IOPOALION KUCAOTBI U 11ePOKCHIa Bojoposia. [lpegen oupescice-
KA EBPOINA 110 9TOHU MCTOAMKe paselt 5-1071 mac.%, 3navenve S juis
2-107* mac.% eBpoiius coctapuio 0.13.
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Jlns pelneHusl HEKOTOPbIX 3aau B obaactu anaiuza OM 6bii
MCIIOJIb30BaH MeTO/l IepeMeHHOTOKOBOMK BOJIBTAMIIEPOMETPUM C Me/I-
JIEHHOKaIaioUKUM PTYTHBIM 2eKTposioM (Tiepuoa KanaHus 12...15 ¢)
[5, 8, 9]. HecoMHeHHBIM NPCUMYLIECTBOM 3TOTO PEKO MCII0Jb3YCMO-
ro pekKMMa, Ha3blBAEMOIG OJHOKAINENbHBIM, SIBJSICTCS Cro 3KCIIpece-
HOCTb: Ha M3MepeHue 3aTpaudBaercs Bcero 1 mun. /locToMHCTBaMuU
JIAHHOTO METO/Ia SIBNISIIOTCS TAKOKE MPOCTOTa IKCTIEPUMENTANBHOH TeXHU-
KH, HU3KMe TIpelesibl OTpe/iesielusi U BbICOKAsk BOCIIPOM3BOAUMOCTD pe-
3yJIbTaToB (S, HAXOAMTCA Ha YPOBHE COTBIX M THICAYHBIX JI0/1€{ E[IMHMIIbI ).
OnpenensieMblMH KoMriotienTaMu 6bu1i Kaamuit (€, = 1107 Momb/n),
curent (C, = 1-107 mMonb/n) n ranmit (G = 2-1077 mosin/n), cnoco6-
bie 00pa30BLIBATh AMaIbTaMBI CO PTYTHIO; CYIb(HA-MOHbBI, 06pasyio-
= 1-10"8 mMoub/11); Mousr WO,
TPOYKT BOCCTAHOBJIEHUSI KOTOPBIX a/ICOPOUPYETCS HA AJIEKTPOJIE U Ka-
TaJIM3UpyeT BoccTaHoBIeHMe HoHos Bogopofa (€, = 1.4-107 mosb/n).
[TokazaHo, 9TO YCJIOBHS MOJISPU3AlMU 3JIEKTPOAa W perucTpalluu
BOJIbTAMIIEPHBIX KPUBBIX — HayajibHoe Hanpsxenue (E, B), amniu-
tyna (AE, B), nHanpapjeHue M CKOPOCTb Pa3BEpPTKM HalPAXEHHU

e Ha nosepxnoctu prytu HgS (C,

im

(Vg MB/c) — MO/DKHBI BHIOGUPATLCA TaKMMH, YTOObI BbIIONHANHMCD
cootHomenus: 1,27, + 10°AE/V,, rae T,u T, — NepUO . KaraHusa 1
BpeMsi 3allepXKH, c¢. JIMHeHOCTh TpaflyMpPOBOYHBIX TpauKOB Mpu
U3MeHEeHUM KOHIIeHTDPallMu B lIpefieax TPEX-4eTbIpEX MOPAAKOB I10-
3BOJIMJIA IPUMEHUTH ITOT METO[I JJIsl OlIpe/leJIeHUst KaiMUsi U CBUHIA
B MaJjIbiX HaBeCKaX CJIOXKHLIX [PAaHATOB, BbIpallleHHbIX PacTBOP-pac-
[UJIABHBIM METOJIOM, CBUHILIZ — B MiéHKax JleHrmiopa-bionxerT Ha
OCHOBE cTeapaTta CBUHUA, TalIUS — B CLIMHTUUISUOHHBIX IJIEHKaX
Ha OCHOBe MOJM/a 1ie3us, BobhpamMa — NpU BeleCTBeHIIOM aHaJIU3e
okcuaa Bonbdpama (pasaes 8.1.3), cyabdUA-MOHOB — B HEKOTOPIX
BTCII maTtepuanax; TsiKelblX METAJIOB — B BO3Ayxe paboueil 30HbI
npoussoactB @M. Bo Bcex ciayyasx onpefie/ieHUsIM 1IPCALIECTBOBA-
JIo nepepeficHe 06pastos B pacTBOPbI, copepkaline GOHOBbIE aJleK-
TPOJIUTH ONITUMAIBHOI'C COCTABA.

[TpuMeHeHME PTYTHBIX KAAIOUIMX 2JIEKTPOAOB /15 BellleCTBeH-
Horo avanuza OM paccmarpuBaercs B pasjese 8.1.3.
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8.1.2. MlHBepcHOHHAS BONbTAMNEPOMETPHS

Wnpepcuonnas Bosbramitepomerpus (MBA) ¢ ucrionb3oBanieM
CTaHMOHAPHOTO PTYTHOIO 9JEKTPO/A KAANAHHOIO THIIA UM CTalMO-
1IapHOI'0 PTYTHOI'O 3JICKTPO/Ia Ha TJIATMHOBOM KOHTAKTE OTHOCUTCS K
yKcy THOPHJIHBIX METOZOB aHalk3a. VHBEPCHOHHO-BOJILTaMIIEPOMCT-
PHYECKHE H3MCPEHUA TOKOB aHOJHOI0 OKUCJICHUSA 3JIEMEHTOB MOCJIC
UX KOHLEHTPUPOBaHMA Ha CTAllMOHAPHOM 3JIEKTPO/ie MO3BOSIOT Ol1-
pellesisiTh BeCbMa HU3KHUC COAECPKAHMS KOMITOHEHTOB Ge3 NpuBJieye-
HHSL JIDYTUX METO/I0B KOHIEHTPUPOBAHMUS, YTO COKpAIaeT 3aTpaThi
BPEMCHM Ha aHAJIM3 U UCKJIIOYAET BO3MOXKHbBIE TTOTEPH ONPeJesieMbIX
5JIEMEHTOB WJIM 3arpA3HeHue NPod U3 NIPUMEHSIEMbIX PEareHTOB.

OnHolt U3 CIOXHBIX 3a/1ay aHauTHYecKol xumun MM apser-
¢sl olipe/iesieline B HUX HU3KHUX CcoAepKaHMil cBunua. Ilpu uuBepcu-
OHHO-BOJIbTAMIIEPOMETPUYECKOM Olpe/leJIeHUH HTOH MUKPOKOTIpUMe-
cu B okcuie Boandpama(VI), ucrosib3yeMoM B KadecTBe ChIPbS NPH
TBEPJOGA3HOM CUHTe3e BOb(dpaMaTa KaAMHs I CUMHTHIIALMOH-
HBIX MoHokpucTtaiios [10}], B kadecTBe pacTBOpuTENst M POHOBOIO
JIEKTPOJINTA UCTIONb30BAIU THAPOKCH]L JIMTHS, TIOCKOJIBKY B IIE/I0Y-
HBbIX cpeJiax BoJib(dpaMaT-HoH NoJsiporpaduiyecku HeakTUBeH. Mame-
peHUs MPOBOJAMIU B IIOCTOAHHOTOKOBOM DEXHUME, MHINKATOPHBIM
3JIEKTPOJIOM CJIYKWJIa CTallMOHApHAA KallJis PTYTH, 3JIEKTPOJUTHICCKH
OCaX/EHHASA Ha N1aTHHOBOM KonTakTe. [Ipu napecke WO, 0.5 r nipe-
JeJl onpefiesienuss cBUHLa cocTaBus 5-107% mac.%, 3HayeHue S nna
2-1075 mac.% Pb 6b110 pasto 0.08.

[IpucyTcTBUE 3HAYUTENLHOTO U30OBITKA TaJIUSA 3aTPYAHAET OI-
pellejieHe MUKPOIIPUMECH CBUHIIA MHOIMMM aHAJIMTUYECKUMH METO-
namu. Tlokazano [11], yro npm nomoum nepemenHotrokoBoii MBA
yAaéTcd onpelelisiTh HU3KHE COMEPKaHus Pb B CLIMHTWILIALIMOHHbBIX
monokpucrasiax Nal : Tl, conepkamux 10 0.5 mac.% TI, 6e3 npeapa-
pureibioro pagjcienus Pb uw TL Haunyuumnm donom, B koTopom
MIOTEHLMABI aHOATBIX IIMKOB 9TUX 3JICMCHTOB pasjnyaiorcs tia 0.8 B,
okazajicst pactsop, cojiepxaimii NaOH v NaClO,. Mnaukaropibim
DJIEKTPOIOM CJIYXKMJa CTAllMOHApHasl pryThast Kars. Ipo6onoaro-
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TOBKa 00pa3siioB BKJIOYAIA UX PA3JIOKCHUE [1PY HarpeBallivk KoHLeH-
TPUPOBAHHON a30THO KMCIOTOI € OTTOHKO} BBIAEJIMBIIEIOCSA MO U
yliajlleHue PacTBOPEHHOIO KMCJI0PO/la TOKOM a30Ta. MeTorKa Mmo3so-
Jaunia onpeaesatsh Ao 4-107% mac.% Pb us 1 1 ucenenyeMoro npeiapa-
Ta, cilydaiinas norpentHocts s 2-107°..8-1075 mac.% Tl xapakrepu-
3oBasach 3HayeHuem S = 9-107%

Ucnosib3oBanve aMMUaYyHO-IETOYHOTO (POHOBOTO 2/IEKTPONHTA
A0 BO3MOXHOCTb OTIpefiesisiTh Huskue cofepskanust Pb u Cd B Mo-
nokpucrainax Nal:Tl, B xoropbix cogepxanue Tl B 10°..10° pa3
MIPEBOCXOIMIIO COJEPIKAHUS ONpefeseMblX npuMeceii [3]. Boamoxk-
HOCTh TaKOTO aHamu3a 00YCJIOBJIEHA CMellleHUeM ITOTeHIMANOB aHo/-
HBIX [MKOB OTIpeJieIieMbIX DJIEMEHTOB B LIEJ0YHYI0 00J1acTh BCJen-
crTBUe 00pa3oBaHus IIIOMOAT-UOHOB M aMMMaKaTta KaJMHMs.

Jlisi “HBEPCUOHHOTO BOJLTaMIIEPOMETPHYECKOTO OIpeieseHIs
HU3KUX coflepkatuit Pb B mpuCyTCTBMU COM3MEPUMBIX KOJHMYECTB
Tl npeanoxen [12] npuéM, B 0CHOBE KOTOPOTO JEKUT CIIOCOOHOCTD
noHoB Pb(II) o6pasoBbiBaTh 11pu onTuManbHOM pH BecbMma npounbie
koMitekchi ¢ koMrekcoroM II1, Toraa kax TI(T) Takux KOMILIEKCOB
IpakTHYecKy He obpasyer. Q4eBUIHO, YTO B OTCYTCTBUE KOMILIEKCO-
Ha IIT MoxHo onpezxensitb cymmy Pb u Tl, a B ero npucyrcrBuun —
ToJbKO TI. '

[Ipy MHBEPCMOHHOM BOJILTAMIIEPOMETPUYECKOM onpesiesiennd Pb
B KOH [5] ¢oHOBBIM 37IEKTPOJUTOM CIYKUJI paCTBOP MaTpHLLbl, UH/M-
KaTOPHBIM 3JIEKTPOJIOM — CTallMOHApHAasA PTYTHAs KaruJist, ObLIO JIOCTUT-
HYTO YHMKaJIbHO HU3KOe 3HaveHue C, , koTopoe cocTaBuio 2-107 mac.%.

VIBA 6blyia puMeHeHa U 1711 KOCBEHHOTO OTIPeICeHUST HU3KUX
cozepxanuit P39 B OM ¢ ucnosb3oBaHHEM peaklMil 3aMelnieHUs
nonamu Tb(III), Sm(IIT) u Eu(11T) nonos Ph(IT), CA(11) uau Zn(IT)
B MX KoMIuiekcoHartax {12, 13].

W3sBecTible BoIbTaMIepOMETpUYECKHE METORMKH, KaK TIPABHJIO,
II03BOJIAIOT OJHOBPEMEHHO OTIpe/ieisiTh He HoJiee TPEX-UeTHIPEX dJle-
MEHTOB, IPUCYTCTBYIOIMX B COM3MePUMbIX KoHIlleHTpalusix. Opiako
B HccacioBaHun u npoussogctee MM yacTo BO3ZHMKAIOT 3a/auv
OIHOBPEMEHHOTO OlIPEIEEHUS GOJIBIIETO HUCIIA DJTEMEHTOB 1IPH CUJILHO
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Puc. 8.1. Bosabramneporpamma

I, 0mH. ea. Zn, Cd, Pb, Tl, Sb, Bi u Cu B
aneratHoM GydepHoM pacTBope
so N (pH 5.2).

1 — onoBbiit astekTpoMT; 2 — do-

HOBHII DMEKTPOJMT ¢ H0OABKAMH
THPb ~*  Zn (0.04 mr/n), Cd (0.04 mr/x),
TI (0.16 mr/n), Sb (0.4 mr/n),
Bi (0.08 mr/mx), Cu (0.008 mr/x);
3 — OTJIMYAETCS OT CUCTEMBI 2 [0-
6asxoit 0.08 mr/n Pb; 4 — otm-
YaeTcd OT cucreMbl 3 A06aBKOH
0.05 r xommaekcona 111,
YcnoBus U3MepeHuil: TTOTeHIMAT
HakonseHus —1.25 B; BpeMsa Ha-
xomnenuda 30 ¢, aMmIuTyna pas-
BépTku +1.45 B; ckopocTs passép-
Tku 10 MB/c; amrumrtyma mepe-
MeHHOro Hanpsikenus —20 MB;
BpeMs (POPMHPOBAHUS PTYTHOH
xamwm 20x10 mc

pasnauYaroLMXCcs UX coAepkaHusX. [ MHOrO3J1eMeHTHOTO BOJIb-
TamIIePOMETPUYECKOTO aHANN3A TAKUX CUCTEM B KayecTBe (POHOBOTO
5JIeKTPOIMTa ObLI BhIOpaH aleTaTHblil GydepHblii pacTBOpP, UMEIOLIHIL
cmabyio KOMILIEKCOOGPA3yIOULYI0 COCOBHOCTh U 0becledBaIOLHIl
(110 OTHOWIEHUIO K XJOPUICEPEOPSHOMY DJIEKTPOLY CPABHEHMUS) 1M~
POKHH /1Mana3oH NOTEHLHATIOB aHOAHDIX IIMKOB ONpee/seMbIX dJ1e-
menToB. [Toxazano [5, 8, 14..17], uro B 3TOM ZMAama3oHe ecThb BO3-
MOXHOCTb NOJY4YaTh «CIIeKTp» aHoxubix nukos Zn, Cd, Sb, Bi u Cu,
a taxxe cymmapublit tuk Pb u T, xotopwiit nerko paspemaercs c
omousio komiiekcona HI (puc. 8.1). Bapsuposanue ycnosui no-
JISIPU3ALMHK U PETUCTPALIMM BOJIbTAMIIEPHBIX KPUBBIX O3BOUIO Pas-
pewath Takue rapsl aiementon, kak Zn ¥ Cd, Cd u Pb, Cd u Tl, Bi u
Cu npu 3HaYMTEIbHBIX PA3NUYMSX MX copepxanuii. I Beex onpe-
AeAeMbIX 91EMEHTOB PAaAyUPOBOUYHbIe TPadUKU B MIIOrOKOMIIOHEH-
THBIX CHCTEMAX COXPAHAIOT JMHEAHOCTb B LIIMPOKOM AMalla30He KOH-
uentpauuit (107°..1075 Mo/ 1). ITO HE TOMBKO CHYKHT 10ATBEPK e~
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Ta6auna 8.1. [IpegespHbIe BO3MOXHOCTH MHOTOKOMIIOHEHTHOM MHBEPCHOH-

Hoii BosbTamriepoMeTpun @M 1 HeKOTOPBIX 06BEKTOB OKPYKAIOIIEH Cpebl

Cuuntwinsuuo- | Boma (H3 mpobsI Bosy (43 mpobr
Spemenr | FHbIE MaTepHATLI obBEMOM obpémom 300 1) C
(G=tr),C_ ., 100mm),C, , /vt min ?
Mac.% MT/J
Zn 1-10°¢ 1102 41073 .
Cd 8107 110+ 31073
Pb 1-10°¢ 610~ 4107
Tl 1-10°¢ 110 41073
Sb 1105 3107 410
Bi 3107 910 110
Cu 5107 310 2107

HMEM OTCYTCTBHS B3aUMHBIX BAUSHUN 3JICMEHTOB Ha Pe3yJAbTaThl UX
olpejieieHust, HO U [03BOJISET UCTIOJIB30BaTh M FPafyUPOBKH Me-
TOA 106aBOK, 4TOOB! SIMMUHUPOBATDL BAMSHHE MaTPULIbL.
HccneoBaHye METPOJIOTMYECKMX XapaKTePUCTUK MHOTOKOMIIO-
HEHTHbIX MHBEPCUOHHO-BOJBTAMIIEPOMETPUYECKUX METOAMK IOKa3a-
JI0, 4TO CJyyaifHble TOrPEIHOCTH 110 KPUTEPHUIO (P UMEIOT HOpMallb-
HOe pacripe/ie/ieie U B pabouux JiMara3oHax oHpesiessicMbIX colep-
’KaHWi Xapakrepuayiotcs suadenuamu S 0.02..0.17. BoipakeHHbie B
ML/ LIpe/ienbl onpesieeHus! C,, ana Cd, Pb, Tl, Sb u Bi, a Tarske
npesiesibl o6Hapyxkerus C i Cu v Zn COCTaBASIOT, COOTBETCTBEHHO,
2107422103, 1.2-107 1.1.102, 3.5-10%, 1.3-107° n 4.6-107. IIpeaens-
HbI€ BO3MOXXHOCTH METOAMK MHOTO3JIEMEHTHOIO aHaTM3a CIIUHTUILISALM-
onHblx Matepuanos (Nal : Tl, CsI : T!), npupoAHbIX U CTOYHBIX BOJ, BO3-
Jtyxa paGoycii 30HbI U HACEJEHHDBIX MECT ITPe/ICTaBACHb! B Tabu. 8.1.
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8.1.3. lNpumeHeHne BONLTAOMNEPOMETPUM AN
gellecTseHHoro aHanmuza OM

Hapsiny ¢ onpejesieHreM 3/1eMEHTOB B PasHbIX /{MAlla3oHax MX
COJICP>KaHUIN BOJIbTAMIIEPOMCTPHSI 1103BOJIMJIA PEIATh HCKOTOPbIC 3a-
lla4y, oTHocsMecd K BelllecTBeHHOMY aHanuzy DM, kotopoMy mo-
cBsitleHa ri. 9.

Onnoit u3 Takux sajgay 6ui1o onpenenenne Eu(1l) u Eu(1ll) B
MOHOKDHUCTAJ/JIAX XJIODU/IA KaJius, JerMpoBaHHbIX eBporeM [18]. Ua
(hOHOBOTO 3JIEKTPOJIMTA, COMePXKaBllero opTo-hochopHyio U XJIOPo-
BOAOPOHYIO KMCJOTBI, TOKOM a30Ta YAAJsIM pacTBOPEHHBIH KUCTO-
POJ, 3aTeM PacTBOPANM HaBeCKY KPUCTANJA, MepeMeluBas PacTBoOp
TOKOM a30Ta, U onpefensind Eu(lll), BoccraHaBivBas ero Ha pryT-
HOM KarawolieM 3JeKTpoJc (liepuo] Kanadus 3..4 ¢) U u3Mepss TOK
BOCCTAHOBJIeHUS1 B UHTepBajle noteHimasoB ot —0.5 1o —0.9 B. [lna
oltpenesieHust 0OLIEro cojiepIKaHusi eBPOITUSI OKUCIISLIN COJIePKaBIIHIACS
B ipobe Eu(Il), nposyBas yepes pacTBOp BO3AYX, U CHOBa perucTpu-
poBanu kpusywo BocctaHoBnenusi Eu(Ill). Conepxanue Eu(Il) pac-
CUMTBIBAJIM TI0 Pa3HOCTH Pe3yJibTATOB OMpeAeJeHns 0OHEero u Tpéx-
BaJIEHTHOTO €BPOIKSI.

Oxcun Bonbdpama(VI), ucnionsyemsiit 1ns cuntesa CAWO, n
PbWO,, moxer umeThb epULMT KMCIOPO/IA BCIICACTBUC IIPUCYTCTBUS
B HEM B BU/Ie IIpUMecCii OKCU/IOB HUBIINX CTeNeHel OKUCTIeHUS BOb-
¢dpama. Matepuan cocraa WO, . yxKe HENPUTOJCH /ISt CHHTE3a
BoJibdpaMaToB KajaMusl U cBUHLA. /7151 olpeieienuss KUCIOPOIHOTO
uHjaekca B WO, npeniapaT pacTBOPAIM NIPU HarpeBatuu B aTMocdepe
azoTa B BOJHOM pacTBope, cojepxasiieM Fe(Ill), uutpar nartpus,
Bopiiyio, cepHyio 1 opro-docdopiyio KucioTel. Besejcrsue okucie-
uug W(V) nonamu Fe(Ill) B cucrteMe nosB/siioch SKBUBATEHTHOE
kosuyectBo Fe(1Il). Ilpoliecc okucaenus-soccranosicius Fe(Il) —
Fe(IT1) B nanHoii cpejie npoTekaeT o6paTuMo, n obe BOJIHB UMCIOT
061IMI HOTEHLUAT TIOJIYBOJIHbI (E,, = —0.24 B). Konnentpawmn Fe(IT)
u Fe(II1) MoxHo olipecsiTe, COOTBETCTBCHHO, 110 aHO/IHOU W KATO/I-
HOW YacTu Honsiporpadguueckoid KpuBoil. [Lisi ananiusza UcHob30BIU
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KJIaCCUYECKYIO MOMSpOrpadHio, perucTpupyst aHOAHO-KATOIble BOJIb-
tamiieporpamMmbl Fe(IT)/Fe(11I) B 110CTOSHHOTOKOBOM pexxuMe 1t HHTEp-
Bajie noteHipanos ot +0.3 jo ~0.3 B. Kucsiopomnwiit unaeke B WO,
PacCuMTBIBA/IM 110 pesyJbTaTam olpeencnus obpazosasiicrocs Fe(1l).
Cucrema Fe(I1)/Fe(11I) oxasanach o4eHb YyBCTBMTC/IABHON K M3MeHe-
HUIO KMCJIODOZHOTO MHAekca: ero uaMmenenue Ha 0.0002 npusogutr K
yBejindennio BeicoTbl Bobl Fe(1l) Ha 5 mM. TIpaBunbHocTs pesyabra-
TOB aHa/IM3a Oblsla MOATBEPK/AEHA METO/IOM BapbUpOBaHUs HaBecok [8].

s onpenenenusa ¢azoBoro cocTaBa okcuaa BoJjbdpama |5, 8]
1 BoJibdpamara kaamus [19] ucnonb3oBanu pasHble BAPUAHTH BOJIb-
TaMIIePOMETPUM C PTYTHBIM KaMaloluM 3JEKTPOJOM B COYETaHHHU C
CeJIeKTMBHBIM PacTBOPEHHEM OlIpeiesisteMbiX (has.

@a3zy 0CHOBBI B OKCHJIE BOJIb(h)pamMa PACTBOPSIHU B HACHILICHHOM
pacteope Na,C,O, nipu Harpesanuu B atMocepe N,. [list nepesesie-
HUS B PaCTBOP HepacTBOPHBILelcs YacTH Hpobbl, KOTopas cojfepxana
npumMecHble $asbl, eé obpabarbipanu pactBopoM Na,CO,. B nepsom
U3 NOJYyYEeHHBIX PacTBOPOB ONpedessili MaKpoKoauuyecTBa W
(C,, = 2107 mac.%, S = 0.03 nna 79 Mac.% W) mMeTojloM Kiaccuyec-
Koii.1oiiporpadyu B NOCTOAHHOTOKOBOM pekuMe (MHTepBas I0TeH-
uuaos ot —0.3 go —0.8 B, GoHOBbII 2J1€KTPOSUT — pacTBop, cojep-
xamuid Na,C, 0, H,SO, u xenatun). 115 onpejieneHnsi MUKPOKOJIN-
yects W (€, = 1-107* mac.%, S = 0.3 ans 4-107% mac.% W) Bo Bropom
pacTBope UCIIOMb30BAIH IIePeMEHHOTOKOBbIH OIHOKANEABHBIN PeXuM
(nepuon kamanng 12 ¢, unrepsan noreHumanos ot —1.2 go —0.7 B;
dotiosbiit anckrposnt — pacrsop HCIO,). Mexanusm sosibrammepo-
METPHYECKOro onipefiejieHus W DPacCMOTPEH HITKe.

Hecpasanupiit CdO 8 CdWO, u3Biiekanyu KunsucHueM 1npo-
Obl ¢ pacTBOPOM MYPaBbUHOU KHUCJIOTbI € IIOCACAYIOUUM MOJISI-
porpa(bnposa}mem' nosyucHsoro pactsopa. s ofpeaenenus Kaj-
MUSA ¥ Boabdpama, KOTOPbIH MONANAcT B PaCTBOP M3-3a YaCTHUY-
iioro pactBopenus CAdWO,, ucionb3oBajin 1iepeMeH110TOKOBbIN
PCKMM C HIJIMKATOPHbIM MCAJIEHHOKANAOUIMM PTYTHBIM 3J1eKTPO-
noM (nepuog kananust 12..15 ¢). B tpéxanckTpoinoit sueiike snck-
TPOJOM CPABHEHHUS CHAYKUI XJOPUACCPCOPSIbIA DACKTPOL, BCIIO-
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MoraTe/lbHbIM -~ HachlLIEHHbIH KaloMelbHbI. B ocuose onpeje-
JIEHWs KaJIMUSE JIEKUT HEMOCPC/ICTBCHHOE BOCCTAHOBICHHWE MOHOB
Cd? wa pryTioi Kanic npu cé ecTectBenHoM oTphie. IIpu onpe-
AeicHUH BoibdPama NPpoAYKTH BoccTanosieting WO | ancop-
6upysch Ha HOBCPXHOCTH PTYTHON Karliu, KaTalusupyioT oKuc-
Jenue Bojopojia. HecMoTpa na pasnnunblii MexaHuam ajlekTpo-
AHBIX [MPOLLECCOB, BOCIIPOM3BOJAMMOCTD Pe3yJbTATOB M3MCPEHUS
BBICOT IIUKOB /I 060MX ITPOLECCOB B HIMPOKOM HHTCPBAJIC KOH-
nentpaimid (ot 1-107% 10 2-10™ moJib/1) xapakTepusycrcs 3Haye-
Husimu S 0.008..0.05. TIpenenni onpeacieHUs COCTaBIAIOT JUIs
kaamua 1-107" mac.%, mias Boabdpama — 2-1075 mac.%. YToObl
YCTaHOBUTD cojiepkanue HecasaHtHoro CdO B ucciienyeMoM BoJib-
dpamare, HEOOXONMMO BHECTH MONPABKU B Pe3yJIbTaThl OMpese-
nenus Cd, o6ycJIOBIeHHbIE YACTUYHBIM PACTBOPEHHEM CdwoO,.
Takue nonpaBku MOXKHO C/eJlaTh U3 Pe3yJIbTATOB OMpejeNeH s
BosAbdpaMa, yuuThiBasg, yto W u Cd us CdWO, nepexonsr B
pPacTBOp B 3KBUMOJIAAPHBIX KOJIMYECTBaX. MOXKHO Takke UCIIOJb-
30BaTh pasyinyKe B KMHETUKe PACTBOpeHMs HecBA3aHHoro CdO u
CdWO,: nipu nocsiefoBatenbHbIx 06paboTKax Mpemapara CBeXH-
MU nopLusiMu pactBoputesa CdO nMosHOCTbIO NEPeXOAUT B mep-
Bble MOPLMU PacTBOpa, a npucyrcrene Cd B mocnenyomux nop-
LMAX CBA3AHO TOJBKO € PAaCTBOPEHUEM OCHOBHL. BHeceHue nornpa-
BOK NMPaKTUYECKH He BJAHAET Ha TOYHOCTb ONpefeseHUs
Hecasannoro CdO, nockonbky ycTpangeMast ¢ MOMOIIBIO ITUX
IONIPaBOK CHCTeMATHYECKas MOTPelIHOCTh CPAaBHUMA CO Cay4dail-
Ho#1 norpeinocTbio onpefenetus Cd B 1o/1y4aeMbix pacTBOpax.

8.2. Kynonometpuueckoe onpegenetme
raszoobpasyowmx npumecein 8 OM

AMCTUIAS IMOHHO-KY IOHOMETPHUCCKOE ONPe/Ic/elUe HEKOTOPbIX
razoobpasylomux npumeceit B @M paccmarpuBanoch B pasjl. 3.2.
XapaKTepUCTUKU ITUX METOJIUK T1PECTaBJICHB B Tabil. 8.2. AHa/U3bl
BbIIIOJIHAIN Ha KYJIOHOMETPUYECKUX razoaHannsartopax AH-7560 (on-
pesetetst yriepona u kapbonat-uonos) u AC-7932 (onpesesictus



Ta6anua 8.2. XapakTepUCTHKH IACTILISIMOHHO-KYJIOHOMETPHYECKMX METO/MK Ope/leIeHus ra3oo6pasyolmux

npumeceir B OM*

Ormpe- JuanasoH
nejisie- ObbexThi oTpenens- Hpo6ono/1£omm<a, KOHIIEHTPHUPOBaHNe Tyre-
Mble aHATISA eMBIX aHAIUTUYECKON GOPMBI i KYJIOHOMETPHIECKOE S, aTvDa
KOMTIO- coflepXKaHuit onpejieleHue ra3000pasyioLieit IpuMecH paryp
HEHTHI WIH Cl'u.u
1 2 3 4 5 6
Hageckut GeO,, WO,, Nb,O, cmemmBamu ¢
Topomku dmocom (LiBO,); SiO,, LINbO,, CAWO,,
Si0.. GeO Bi,Ge,O,, ananusuposanu 6es dmoca Bee pobeL,
WOZ, Nb 02’_ kpome CdWO,, npokaluBaiu B TOKe KMCJIOPOZa
¥ a5 12.4073..2.1072F  1pu 1000 °C B tevenue 10 mun. Temneparypa 0.01...0.09
C Mgﬁggﬁ;ﬁ:‘ﬂ Mac.% npoxammsarus CAWO, - 1350 °C. mis 2102 | [20]
151 LINbO (G=0.2r) O6pasopasuniics CO, roromany B Mmac.% C
CdWO ¥ KYJIOHOMETPHYECKOI sTyeiike Ta30aHaIM3aTOPa
Bi Ge 04 menoyns pactsopom SrCl,, Tre onpenenenue
AT 3aKaHYUBAIN aBTOMaTHYeCKUM
KYJIOHOMETPUYECKUM TUTPOBAHHEM.

¢6¢

wovq qy



IIpodonxcenue mabn. 8.2.

1

2

4

co.r,

[Topomku u
KepaMHKa
YBa,Cu,0,,

BiQSrZCaCuzoy

51072..510"!
Mac. %
(€O

G=0.1r);
51072.1
Mac.%

(C; G=0.21)

Nast onpenenennss CO,2” npoGy mofseprain
KHCJIOTHOMY Da3JIOKEHHMIO IIPH MOMOIIH KOHIL.
H,PO, (ananu3 YBa,Cu,O ) wim cMecu KoHIL
H. PO n H,SO, (aHaJma B1 Sr,CaCu,0)). Ana
OlIpeesIeHus C poby HpOKaJII/IBaJII/I B TOKE
kucsopoza ipu 900 °C B teuenve 10 mun. B obounx
cryvasx obpazopasmumiica CO, ocBOGOKIAIH OT
crenos Bnary B Tpy6ke ¢ CaCl, u morsomanm 8

KYJIOHOMETPHYecKOH siyeifKe ra30aHaM3aTopa
menouHsM pacteopouM SrCly, rae ompenesnenne

3aKaHYMBAIN aBTOMATHYECKMM KYJIOHOMETPH-

YeCKUM TUTpOBatieM. UToObl y4ecTh YacTHYHOE

pasiiokeHue kapboHatos npu onpenenenuu C,
OCTaTOK IocJie mpoKasuBanus npobel pu 900 °C

TIOABEPTa/IM KHCIIOTHOMY Pa3JIokKEHMIO 1
onpeseIsau obpasopasiuiicst CO,.

Mac. %
0.1..0.15 mna

0.06...0.09
LA
1-102..1-10!
O,

1.1071..5-10"
mac.% C

(21]

aet AL,O,

Monokpucra-

C,, =510~

Mac.%

(G=0.5T)

Namenpuénnyio npoby cmemmBany ¢ GJIocoM
(LiBO,) u npokanupamu B TOKe KHCIOPO/A NIpH
1100 °C B tevenue 10 mun. O6pasoasumiicst CO,
HOTJIOLUIATH B KY/JIOHOMETPUYECKOI AYeliKe
razoaHaiu3aTopa mesouHsiM pactBopoM SrCl, rze
OIIpezie/IeHIe 3aKaHYHBATH aBTOMATUYECKUM

KYJIOHOMETPpUYECKM TUTPOBAaHUEM

0.02...0.05
IS

8107%...6-102

Mac.% C

[22]

9 vopu |

€6C
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1 2 3 4 5 6
V3MenpuéHHyio TIpoby IPOKAIUBAIA B TOKE
kuciopozna nnpu 1000 °C B teuenue 10 MuH. 0.15 s
Hecss- C =510 O6pasosasumiicss CO, morsolany B 2' e %
o . S " u .70
3aHHDIH B-SiC fim KYJIOHOMETPHYECKOH siyeliKe razoaHaIn3aropa [23]
Mac.% HECBA3aHHO-
yTIepOoz menoHbM pactsopoM SrCl, rze onpeneseHue
" ro yriepoja
3aKaHYUBAIH ABTOMATHYECKUM
KYJIOHOMETPUUECKHUM THTPOBaHUEM
H3menpuénnyio npoby cMemusaioT ¢ ¢JiocoM
(V,0,) u mpoxanuBaiy B TOKe KUCIOPOAR IIPH
oS M 0.01 gns
. 1200 °C B Teuenne 10 mun. Obpazosasmuiicst CO, o
O6mmit . JneMeHT . . 30 mac.%
B-SiC TIOrJIONATH B KYJIOHOMETPHUYECKOHN sueiike [23]
C OCHOBHI ob1tero
rasoaHajmusaropa wenouHbiM pactsopom SrCl, rae repona
onpezeneHUe 3aKaHYHBATH ABTOMATHYECKUM yrep
KYJIOHOMETPUYECKUM TUTPOBAHHEM
N3amenpyéHnyio mpoby CMENIMBAH ¢ TIOPOIIKOBOH
Cepoii U IIPOKAJIMBATH B TOKe aproHa, OUHILEHHOro
OT NpuMecH Kucaopona, npu 1100 °C B Teuenue 0.25 wrs
0 B-SiC C,,=510" 10 M. O6pasosasmuiics SO, morIomany B ’1 102 (23]
Mac. % KyJIOHOMETPUYECKOIT sTueliKe razoaHaiusaTopa vac.% O
pactBopom, comepxamum BaCl, u H,O,, rae e
ornpejie/ieHie 3aKaHYUBAIN aBTOMATHYECK UM
KYJIOHOMETPHYECKUM THTPOBAaHHEM

¥6¢

XHDYG Y



HIpodonxcenue mabn. 8.2.

1 2 3 4 5 6
Wsmenpuénnyio npoby cMmemuBamy ¢ ¢baocoM 0.2 s 1102
(WO, um1 Nb,O,), 3areM Ipokanmsanu B roke ’ Nf[ac % S
kucaopona (ananmus 3-SiC) wiu aprona (ananus (anéufus
B-SiC, » ALO,) nipn 1100 °C 5 Teuenne 10 mun. L
C,,=510 173 o B-SiC);
S MOHOKPHCTA- Mac.% O6pazosasumiics SO, normomamm B 0.1 st 11072 [22, 23]
a1 ALO, ) KYJIOHOMETPU4ECKOH stueiike rasoaHanuszaTopa ’ Mac% S
pactBopoM, comepxamum BaCl, u H,0,, rze (aﬂéufns
ornpeeieHHe 3aKaHYUBATH aBTOMATHYECKIM ALO.)
KYJIOHOMETPHYECKUM TUTPOBAaHUEM 273

*CumBosoM «C»> 0603HAYEHBI BCe BO3MOKHBIE (DOPMBI YIIePOLHBIX npumecei (B COCTaBe OPraHUYECKUX BELIECTB U

xapbu/0B, B Bune aMopdHoro yriaepona), kpome CO? ; G - nasecka

§ vovury

S6¢
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cepbl ¥ KMcaopoaa). Jas olTUMU3ALMK YCJIOBHIA BBIMIOJIHEHUS aHa-
JIMB0B MCCJEOBAJIM 3aBUCUMOCTH CTEIICHW BbIOpalivsl yrjepoda M
cepbl OT TEMIIEPATYPbl U AJIMTEJBHOCTH IIPOKAIMBAHUSA UCC/IEIYEMBIX
MaTepuasioB, a TakXe OT MPUCYTCTBUS (GIIOCOB.

B pasgesne 3.3 yxke oTMeyasach BO3ZMOXHOCTb KOHIEHTPUPOBA-
HUSI OpraHuyecKUX NpuUMeceil NPy HU3KOTeMIIEpATYPHOI HalpaBjieH-
HOI KpUcTanausauuu BojHoro pactBopa Csl asrexruyeckoro cocra-
Ba C MOCJELYIOIMM Ofpe/eeHHeM CYyMMbl 5THX NpUMeceil B BH/E
CO,. Jina aHanu3a KoHleHTpaTa B paboTe [24] 6bur MCTIONBb30BAH
TMCTUJISIMOHHO-TIOTEHIIMOMETPUYECKHI METO/, OHAKO olpeselie-
HHMEe MOXeT ObITh 1 AUCTUILISIIIMOHHO-KYJIOHOMeTprueckuM. I1pu aTom
Tpelies1 oTipefiesieHus: opraiuyeckoro yraepoga s Csl 6yzer Ha 2 no-
pA/iKa HUXe, 9eM B cJIy4yae MCMOJIb30BaHUS MPSAMOIl KYJOHOMETPUH,
u coctaBut 1-107% mac.%.

B mpolecce BhIropaHUsi OPraHU4ecKoro yriaepoja, cojepxa-
Ierocsi B BBICOKOTEMIEPATYPHBIX CBEPXTPOBOMSIIUX MaTepHaiax
[21], mpoucXoAUT YacTUYHAS TepMUYeCKas AuccoliManus KapboHa-
TOB Gapusi ¥ CTPOHLIMSA, NPUCYTCTBYIOUIMX B YKa3aHHbIX MaTepua-
nax B Buze npuMeceir. YToObI UCKAIOYUTD CBABAHHBIE C HTUM CHUC-
TeMaTHYeCKUe NOTPENIHOCTH, NPEJIOKEHO OTIpe/leNisiTh KapboHaTh
KaK B MCXO/IHOM BeIecTBe, TAK U B OCTaTKe MOCJe BHITOpaHus
OPrannyeckoro yriaepojaa U BHOCUTb COOTBCTCTBYIOLIME MOMPABKY
B pe3yJbTaThl aHATU3A.

B kapbusie KpeMHHsA 0Ka3aJoCh BO3MOXKHBIM ONpee]siTh U He-
cBsi3aHHBIN, M obmuit yraepon [23]. U3 puc. 8.2 BuxHO, YTO IIpH
1100 °C. B orcyTcTBHe (IIOCOB KpHBasi BHITOPAHUs YIJIEPO/Ia BbIXO-
JMT Ha HacblllleHHe; B 3TUX YCJIOBUAX OIMPEACTICTCS TOJBKO HECBSI-
3aHHbI yraepoj. Boiropative kapbuaHoro yrjiepoia HaduHaeTcs Ipy
GoJiee BLICOKHUX TeMIlepaTypax, 1 JUisl ofipejiejieHus ob1iero yriaepoia
B B-SiC npouecc neobxoaumo nposoauth lipu 1200°C B npucyt-
ctBum ¢pmoca — V, 0.

Ananutnyeckol GOPMOR /IS KYJIOHOMCTPHYECKOTO OIpe/leie-
WS KUCJIOPOJa B KapOWAC KpeMHHs Nociayskna okeny cepbi(IV),
obpasyiolmiicsa B pesyJibTate BzaumojciicTaua SiO, ¢ M3OBITOUNBIM
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1.7+
Puc. 8.2. Kpusnle BoiropaHud He-
T csi3aHHOrO yriepona B aByx o6pas-
13F nax B-SiC: 1 — cocraB obpasua
6M30K ¢ CTEXHOMETpHYECKOMY: 2 —
o6pasel COnepKUT 3HAYMTENbHMI-
09r BIH U3OBITOK HECBA3AHHOIO YIIEPO-
na; C — conepxkaHue HeCBA3aHHO-
To yriepona, mac.%
05+

01

1 1 L i )

100 500 900 t,°C

KOJIM4eCTBOM NOPOIIKOBOH cepbl. Ta ske aHamuTH4eckast ¢opMa, 1o-
Jly4aemas B pe3ysbTaTe TePMUYECKOTO pasJioxenns SO, MCI0/b30-
BaHa 1 KYJIOHOMETPUYECKOTO OTIpefleleHUs CyNb(haToB B MOHOKPH-
cTanjlax kopyHpua [22].

8.3. MNMpumerenne noromeTpun B aHanuze OM

Honomerpuio |25, 26, 27] cpaBHUTEIbHO PENKO MCIOJNb3YIOT
B aHanuTuyeckoit xumun MM B KavyecTBe caMOCTOATENBHOTO Me-
TOJla aHan3a. ITO 0OBACHSETCS OrpaHMueHHbIM YUCIOM Y/I0BJIET-
BOPUTE/IBHBIX UHAVKATOPHBIX 3JIEKTPOAOB, JUIb HEMHOTHE U3 KO-
TOPBIX MOXHO 3aC/YKCHIIO Ha3blBATh MOHOCEJEKTUBHBIMH, 3HAUH-
TCJILHBIM BAMAHUCM HOHHOTO (hOHA Ha MeMOpPaHHBIE 110TEHINAD,
6OJIbIMMU TIOTPEUTHOCTAMU B OLEHKC M3 AaHHLIX [PAMOM NMOTEH-
1IIMOMCTPUU KOHLCHTPAllMK [OTeHIMAM00Tpesesomero uola (B
ypasHenun HepHera ata KolilleHTpalins, Todnice, aKTUBHOCTb, TP/
cTaBiena CBOMM J0rapuGmMoM) U HEJIOCTATOYHO TOYIILIM HAX0XKIC-
IIACM TOYKH 3KBUBAJCHTHOCTH W3 PE3YJIbTATOB 11OTCHIIHOMCTPH-
YCCKOTO TUTPOBAH KA.
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JIyqimmumMu ©onoceqeKTUBHBIMU 3EKTPOJAMH SBJISIIOTCS DJIeKT-
POJibl, 06PATUMBIC K TanoreHUi-HOHaM. Mbl MPeUIORKUAN COUCTATD
MOHOMETPHYCCKOE OTIPC/IC/ICIHE YKA3AHIBIX HOIIOB B BOJAOPACTBOPH-
MBIX COJISIX € MX 11PCABAPUTCBIILIM KOHICHITPUPOBAIIKEM 1IPH [TOMO-
111 HU3KOTEMITCPATY PO HAMPABJICHHOW KPUCTANIM3AINA BOJHBIX
pacTBOPOB BTUX coJicil 3BTeKTUYeckoro coctaBa |28]. B kauccrse
MH/IMKATOPHbBIX UCHOJIb30BAIN IMEKTPOABI € OJUKPUCTAILIMYCCKUMH
membpanamu AgCl - Ag,S, AgBr — Ag,S u TBEpPAbIMU BHYTpeHUMp
KOIITAKTaMH, a Taloke QTOPUHBIN 2JIeKTPoJl ¢ MeMOpaHoil U3 MOHO-
kpuctainyeckoro LaF,. O6bexramu anammsa 6s11n Csl, B kKoTopom
onpezgessin gropua-uonnl, 1 KNO,, B xoTOpoM olpese/siiu xJo-
pui- 1 G6pomMui-uoHbl. B Tabs. 8.3 npuseienpl OLEHKM IIpefenoB
MOHOMETPUYECKOTO OTIpC/IesIelins NMpUMeceil B yKa3aHIIBIX cogax 63
xonitienrpupoBating (C, 1 C

lim,1 lim,2

), @ TaKKe ¢ Hpe/IBApUTeNbIIbIM KpH-
CTa/lJIN3alMOHHBIM KOHLIeHTpUpoBaHueM ( Cy ).

3uavenue C, , HaXOAUIN U3 DKCTIEPUMEHTATBHBIX JIaHHbIX A
COJIEBBIX PACTBOPOB, UCIIOJIB3YST IIPONEAYPY, UBJIOXKENHYIO B pasf. 1.3;

TaGauua. 8.3. XapakTepHCTHKH METORMK KPHCTALIN3aIMOHHO-HOHOMET-
PHMYECKOTO OTIpe/ieSIeHNs IpHMecell B BOAOPACTBOPHMBIX COJISAX

[Ipumecs | Ochnosa S;g% ﬁ];’;é%% ' k, (+0.01) xv({:;;lcm%
F- Csl 5-104 4107 0.07* 51076
Cl- KNO, 41072 6102 0.04** 610~
Br- KNO, 1107 1107 0.02** 1.10-5

* CropocTs kpucTautisanuu 11.5 MM/4, kospduument oboramenus 110...137
** Cropoctb Kpuctautuzauud 1.8 mm/y, koapdpunuent oboramenus 75...110
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i PACCYMTBIBANN € YYETOM KOIDDUIMCHTOB CENCKTUBHOCTH Ky
At olipeniesiaeMoro Hota X Ha (poHe COlYTCTBYIOIEro HOHa OCHOBbI Y,

a TaKxe MOJAPHBIX Macce sTuX monoB M(X) u M(Y):

M(X)
M(Y)

Kosdhduuvenrs cenextuprnoctn K mopdwodud® Kmpm, umpan
K sposimmpan HEXOAMIIA N0 pe3yJibTatam uaMepetnst JC B cMeman-
HBIX PaCTBOPaX C MOCTOSHHON KOHLEHTpalueil Y 1 NepeMeHIIoN Koli-
LeHTpanuein X; oHu okazanuch pasibiMu 3-1075, 11072 u 1-1075 coor-
BeTCTBeHHO. VI3 jamibix tabs. 8.3 Bumno, uto oba criocoba ouenkn
npejienia onpejie/ieHust fipumMeceil 1aam BecbMa GJIMBKUC Pe3yNbTaThl.
MosxHo BHfeTb Takxke, 4TO 63 KOHLUEHTPUPOBAHMS BO3MOXKIOCTH

Cllm,Z 100]<X/Y (81)

MOIIOMETPHYECKOTO OIIpe/IeSICHNS IPUMeCel B BOJOPACTBOPUMBIX CO-
JAX orpaHuyenbl conepxkanusmu 1072107 mac.%, T.c no 4yyBcTBU-
TETLHOCTY MOHOMCTPHSI Jlae C MCHOJIb30BAHWEM JIyYIUX HHIHMKA-
TOPHBIX JIEKTPO/OB 3aMCTIIO YCTYMAET APYTUM MeTo/laM aHajimza OM.
Couetanue MOHOMETPUM 1 NIPEABAPUTEIBHOIO KPUCTANIN3ALMOHHOTO
KOHLEHTPUPOBaHUsI [I03BOJIMJIO Ha 2 MOPSIIKA CHU3UTD NIPpefiesbl Ofi-
Pe/iC/IeHus rajlorCHU/I-MIOHOB B PacCMaTpUBaeMbIX cosisax. IIpu aTom

ansa npumeceit F- 8 CsI u Br B KNO, nocturnyThi 3Hauenus C

im ?
KOTOpbIC YAOBJIECTBOPACT '1']:)C6OBHIIH$[My NpeabABJISACMBIM K METOAU -
KaM KOHTPOJIsA NpUMecHoro coctasa OM.

Cerostst Tpyiio 1pejcTaBuTh cebe mmartoctuky OM 6es Ta-
KUX QJEKTPOXUMUYCCKHUX METOJIOB, KaK pas/iMuHble BapUaHTbl BOJIb-
TaMIIEPOMETPUH U KYJIOHOMETPUSA Tazoobpasyiolux npumecei. [lo-
Ka3aHa BO3MOXHIOCTb MOHOMCTPUYECKOIO OlIPEeJC/IEH st IPUMECCH ra-
Jorefing-uonos B Hekoropblx MM ¢ uX HpeaBapUTCbIIbIM
KPUCTALIU3ALMONILIM KOHIICHTPUPOBAHIMCM.
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[nasa 9
BewectseHHbIlt aHannz OM

JlanHbiX 06 5/IEeMEHTHOM COCTaBe BElleCTBa B psiie C/lyyaeB He-
NOCTATOYHO /IS TOTO, YTOObI YCTaHABAMBATh 3aBUCHMOCTH «COCTaB —
CBOICTBO», KOTOPbIE B 3HAUNTEJILHON Mepe ONpeneisioT ¢usnyeckue
napamerpbl ®M. He MeHee BaskHO 3HaTh, B BUJE KAKUX COEIMHEHMUIT
Wi a3 IPUCYTCTBYIOT Te WM MHBIEC 3JE€MEHTbI B HCCIC/IyEMOM
MaTepualie, a LU JIEMEHTOB NepeMeHHON BaJICHTHOCTH — KaKOBO
COOTHOIIEHNE B MaTepHalle X BalleHTHbIX dopM. [TepBbiil n3 ykasa-
HBIX BOHPOCOB OTHOCUTCS K cepe AeATeNbHOCTH PCHTTeH0(a30Boro
aHa/In34, OJHAKO Mpefie/ibl 00HAPYXeHUs NPUMECHDIX (Da3 ITUM MeTo-
AOM OOLIYHO OTPaHUYCHBI 11EJILIMU MAaCCOBBIMU NPOLEHTaMH WITH, B
JIyHLIeM city4dae, IecATbIMU J0JIiMHU npolenTa. JI1sl pelenus BTOporo
BOIIPOCA YaCToO NPUBJICKAIOT PEHTIEHOBCKYIO (DOTONEKTPOHHYIO CHEK-
TPOCKOIINIO, HO TPAKTOBKA NMOJYyYaeMbIX Pe3yJIbTaTOB JAAJIEKO HE BCe-
r1a sBagerca Ge3ynmpeyHoid, M0CKONLKY DTOT METO duxcupyer pe-
3Y/bTaT BO3/EACTBUS HA [OBEPXIIOCTb Marepuana peHTreHOBCKOTO
UBJIydeHUs, CNIOCOOHOTO MHWLUMUPOBATH OKMCINTE/bHO-BOCCTAHOBH-
TEJIbHbIC PEAKLMH, MEHsIoUIMEe BaJCHTHOE COCTOsHUe 3jcMelToB. K
TOMY JKC, COCTOSIHUC JIEMENTOB Ha MOBEPXHOCTH W B 0ObEMe Mare-
pHajia MOXCT CYLICCTBEHHO Pas3/inyaThCs, d M0CJe MPaKTUKYCMOR Me-
XallM4eCKOi OUMCTKHU IIOBECPXHOCTH 4acTo Habiioactes OblcTpoe 13-
MeHenue pEHTIEH0pOTORICKTPOHIIONO CIIEKTPA, 00YCIOBICHIIOC 11Cpe-
CTPOMKO# DJICKTPOHHO# CTPYKTYPbl BELIECTBA BCJICACTBHE [OTCPU
KUCIOpO/la MK IPYTUX 1ra3000pasyoliX HICMENTOB KPUCTALINYCC-
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kol pemétkoi. Takum ofpasoMm, ¢duzMuecKue METO/ibl HCCIeI0Ba-
HHMsl, BKJIIOYas! BbILIEYITOMSIHYThIE, He CITOCOOHBI OAHO3HAYHO OTBETUTD
Ha YKa3aHHbIe BOMPOCHL

Baxiiyio ungopMmanmio o HaIMYMK U COJePKallud pasJindiibIX
$hopM cylecTBOBaHMS 2JEMEHTOB B BEIECTBC al0T MCTOABLI aHalIn-
TUYECKOH XUMUH, 00beIuHsICMble YCJOBHBIM TEDMUHOM «BeLleCTBEH-
HbIi ananudy. [locaexanuii otiMyaeTcs ot (asoBoro ananusa Kak Tex-
HUKOH, TaK M 1PeJMETOM HCCIER0BaHNA, T.K. €ro 3ajadeil sABisierTcs
orpejejieHye MPUCYTCTBYIOUMX B BellleCTBe XUMUYECKUX coeiuHe-
HUI (BKJIIOYAs CJIOKHBIE MOHBI) W BaJleHTHbIX OPM 3JIEMEHTOB, He-
3aBUCHMMO OT MX pachpejieeHus Mexay dazaMi.

B psizie ciyyaeB 3ajauyM TaKoOTO pojia peImaioTcd NpH MOMOIIU
0OBIYHBIX METOOB aHAJIN3a, He OTHOCAIIMXCS K YUCTY 3JIeMEHTHBIX
(MogexynsipHas abcopbumoMerpus U HIYyOPUMETPHS, 3NEKTPOXUMH-
YyecKue, KUHETUYeCKUe, TUTPUMETPUYECKHE U HEKOTOPbIe Ipyrue Me-
toan) [1]. Ouu no3BosisieT onpeesaTs Haubosiee POYHbIE COENNHE-
HUSI 3JICMEHTOB, HAlIpUMep, KUCJIOPOJICOIepsKalliMe aHMOHbI, a TaKxkKe
BaJICHTHBIC POPMBI 3JIEMEHTOB.

- OlHUM uX XMMHYECKUX COeAMHEHMIi, omnpefienseMbix B OM,
SIBJISIETCS BOJIA, Ollpe/ieJieHre KOTOPOH B COYeTaHWH ¢ MPeiBapUTeNb-
HbIM JUCTHUIAMOHHBIM KOHIIEHTPUPOBaH1eM 06CyKAaloch B pas/ie-
je 3.2. IlpennoxeHsl [2] METOMUKH TUTPUMETPHUYECKOTO Ollpejesie-
Hyst BoAbl peakTuBoM Duuiepa B MOAMAAX ICTOYHBIX U 1HEJOYHO3E-
MeJIbHBIX METaJIoB, a Takke MoHokpucTainax Nal : Tl. AkBamerpus
MaTepUAJIOB C UCITOIb30BAHMEM LITMPOKOTO Kpyra GU3NYECKUX M XH-
MUYECKHUX METOJIOB fABJISETCS OJHUM U3 Pa3fiesloB COBPeMeHHON aHa-
JUTUYECKOH xumuH [3, 4.

HeboJblne OTKIOHEHMs! OT CTEXHOMETPHYECKOTO COOTHOLIEHHUS]
2MIEMEHTOB Ha IIOBEPXHOCTH U B 00BEME TBEP/IOTO TeJa XapaKTepHUay-
0T JIeHeKTHOCTb KPUCTAIMYECKOH PEIIETKH; OoJlee 3IIaUMTENbIIbIE
OTKJIOHCHUSA CBUZIETENBCTBYIOT O MMOSIBJEHNUN HOBBIX ¢a3 MK coelin-
eHuit. JList obHapyKeHUst OTKJIOHCHUI OT CTEXHOMCTPHUH MPUXOJUT-
Csl UCIIOJIb30BaTh Haubosiec TOUilble METO/bI allali3a, B TOM 4Hcie
TUTPUMETPHIO M TPABUMCTPUIO, d TAKKE TAKUC DJICMCHTIIBIE MCTO/IbI,
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KaK PEHTIreHOdIyopeceHTHYIO CIICKTPOMETPHIO U PEHTIeHOBCKMIA
MUKPOAHAN3 (IIPUMepPbl IPUMEHEHHST PEHTTeHOCTeKTPAIbHOTO aHa-
JIM3a [ KOHTPOJIA CTEXMOMETPUYECKOTO COCTaBa MOHOKPUCTAJLIOB
IpUBEAEHbl B pasi. 2.3 u 1. 5).

McnospzoBanue BOALTAMICPOMCTPUY TSI BEIECTBEHHOTO aHa-
auza OM 6bl10 paccMotpeno B pasgene 8.1.3. Huxe 1a npumepe
BbICOKOTEMITEPATYPHBIX cBepXipoBoaHukoB (BTCII marepuanos)
[I0Ka3aIbl BO3MOXHOCTH HPUMEHEHHUS IPYTHUX METOLOB aHaIM3a /st
oGHapYKCHUA 1 OTIPe/ieeHHs] TIPUMECHBIX XUMUIECKHX COCMHEH U,
a TaKKe aHOMaJIbHBIX BaJCHTHBIX COCTOAHMI s1eMeHToB B DM,

9.1. AHOMQNbHbIE BANIEHTHLIE COCTOSHUS INEMEHTOB
B BLICOKOTEMNEPATYPHBIX CBEPXNPOBOAHMUKAX

VI3BECTHO, YTO CYWICCTBYCT TeCHAs CBA3b MEXIY MeKTpodusu-
YeCKUMU (MarHUTHBIMM) CBOMCTBAMH BBICOKOTEMIICPATYPHBIX CBEPX-
NPOBOIHUKOB M COlEpKaHNEM B HUX Kucopona. UTTpuesbie, BUCMY-
ToBble, Tajnuessie BTCIT marepualibi, KOTOpblE CYMTAIOT CBEPXITPO-
BO/IHHKaMU P-THIIA (C JILIPOYHBIM TUTIOM MPOBOJMMOCTH ) IPHOGPETAIOT
CBEPXIPOBO/IANIME CBOMCTBA NOCIe UX 06KUTa B OKUCIUTEbHOM (BO3-
AYUIHOWN MJTH KMCIOPOAHOIT) atMocdepe. Y cBepXNPOBOIHUKA N-THIIA —
KylipaTa 1eoMMa-1epusi, B KOTOPOM HOCUTCJSIMU 3apsiia ABJISIOTCS
SJEKTPOHBI, CBEPXITPOBOAUMOCTD MOABJSETCS TOJBKO IOCJe 0OXKHra B
MHEepTHON (aproHoBoit) armocdepe, Kora coepxkanie KUCJIOpOJa yia-
€TCSl CHUBUTD JI0 ONPEeEHHOTO 3HAYCHHUS.

Bcee BbicokoTemnepatypHbie CBCPXIPOBOAHUKH C JIbIPOYHBIM TH-
110M TIPOBOAHMOCTH B PE/JOKC-PCAKIHSX SIBJSIOTCA OKUCTUTENIMU, B
cBepxnpoBojiiukax Y—Ba—Cu—0O (Ln—Ba—Cu—0) okucimrenem mo-
KET ObITh Me/ib B aHOMABHOMN CTENCHU OKUCIEHNS +3 WM KOMILIEKC
(Cu—0)", xummnueckn neoranunmptii or Cu(IIl). B BUCMYTOBBIX
BTCII matcpuanax Bi=Sr~Ca~Cu-O B posint OKMCIUTENS MOKCT
6biTh kak Cu(IIl), Tak n Bi(V). Tauiuesbie CBEPXIPOBOJHHUKH
TI-Ba~Ca—Cu—0 Takske MOIYT COACPIKATb B2 OKUCJUTCS — Cu(I1I)
u TI(HT). Tas onpenenenmus OKUCAUTCBHON CIIOCOGHOCTH ITHX Ma-
Tepuaon B Mncruryre Monokpueraion 6bum npestoxkensl [5..9]
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BOCCTAHOBUTEJ/IN, KOJTHYECTBEHHO BBaMMOIICIL/,ICTByIOHlI/le B c/aboKuc-
JIbIX PACTBOPAX CO BCEMU SJICMEHTAMU-OKUCTIUTEIAMUA, BXOJAAIIINMHU B
COCTaB 3TUX MATEPHAJIOB, a TAKXKC TaKUC BOCCTAHOBUTEN, KOTODbLIE
HO3BOJIAIOT M36MpaTC]leO ONpPC/AC/IATL B COOTBCTCTBYIOIIMX CBEpX-
NPOBOAHUKAX BbICHIME CTENEHU OKHCJECHWA BUCMYTa U TaJlJIUA. Uc-
HOJIb3YEMBIE [IJI51 9TOF0 OKHCIUTEIbHO-BOCCTAHOBUTC/IbHBIE PEAaKIIUH
CXEeMAaTU4YECKH NPeJCTaBN€HblI HUXKC.

Co(Il)= EDTA +Cu(111)+Bi(V) - '
— Cu(11)+ Bi(Ill)+ Co(I11)— EDTA CRY

Co(I1)~ EDTA + Cu(III)+ TI(III) -

— Cu(IT) + TI(1)+ Co(ITT)— EDTA (9.2)
Bi(V)+ Mn(1I) — Bi(IIl) + MnO; (9.3)
TI(IIT) + C,H, (OH), — TI(1) + C,H,0, (9.4)

“Cymmy Cu(I1I) u Bi(V) wan Cu(11I) u TI(I11) onpesesnsinu 1o
CBETOTIOrIoNeHUIO TIpH 540 HM MHTEHCHBHO OKPaIllEHHOTO KOMILJIEK-
corara Co(III), obpasyiomerocs B cnaGoKUCIOM cpeae B COOTBET-
CTBUM €O cxeMaTndyeckumu ypaBHeHusimu (9.1) u (9.2). Bocnpous-
BOAMMOCTD PE3YJIbTATOB OTIPE/IETIEHHI XapaKTepH3yeTCs 3HAUCHMSIMU
$ 0.03..0.04 B cryyac ananusa kepamuku Y~Ba—Cu-0 n 0.04..0.06
JUT BUCMYT- U TaJMUI-CO/IEPXKALIUX MATEePHAJOB.

Conepxauve Bi(V) ycTaHaBjiuBajd TUTPUMETPUUYECKU T10 KO-
JudecTBY 00pa3oBaBLIMXCS B KUCJIOH cpefie corsacHo cxeme (9.3)
nepmaiiranat-uonos (S 0.02..0.05). MaGuparenslioe ornpeicicHue
TI(TIT) MCTO/IOM NOTEHITUOMETPUYECKOTO TUTPOBaHus 110 cxeme (9.4)
OCHOBaHO Ha OKUCJIEHUM B a30THOKUCIOM PACTBOPC THJPOXHIIOHA
C,H,(OH), 1o p-Genzoxunona C.H,0, (S 0.007..0.014). Concpxa-
e Cu(11l) uan eorsmaumoro ot nero xomrutekca (Cu—-0)™ B Buc-
MYTOBbIX U TaJJIMEBBIX CBEPXIPOBOJIIMKAX T1IAXO/MWIH 1O PA3IOCTH



I'rasa 9 307

PC3YJIbTATOB OIPEIEIEHUA CYMMDB! COOTBETCTBYIONINX OKUCJUTENEH 1
Bi(V) wau TI(IID).

Hpemoxen [10] Takxe meton onpenencius Cu(IIl) B kynpare
MTTPHsA-Gapus, OCHOBANIILIA 112 OKMCJACHHH MCTHAOBOIO KPACHOTO
OPOMOM, BBIIETISIONMMCS B PC3yJIbTaTe B3aHMOJEHCTBUS aHATH3N-
pyemoro BemiectBa ¢ HBr B pacTsope, cozepsxainem nurpaT HaTpus.
YMeiibllieHue CBETONOIIONCHUA MCTUJIOBOTO KPACHOIO U3MEPAIU TIPU
540 umM, S cdvcrasuno 0.02. 3ToT METOA MO3BOMUI BbIHOMHSATH AHATN3
3HAYUTE/IbHO OBICTPEE, YeM B Cyyae UCIIONBb30BAIINS B KAYECTBE aia-
JUTHYCCKOM opMbl KoMILTekconata kobanbra (I11). XapaktepHblii
coctaB BTCII kepaMuKH, yCTaHOBJIEHHDBIH ¢ TPUMCIICHUCM HPEJUIO-
XKEHHBIX METOAOB, IpejcTaniet B Tabu. 9.1.

B Jjononnenve k Metoiam olpefesielius OKUCJUTENbION CIIO-
co6HOCTH Kynpara UTTpusi-Gapusi npesoxen [11] rpaBUMeTpuyec-
KM METO/ ONpe/ieNieHns KUCIOPO/Ia, CBS3aHHOTO C MebIO, B CBEPX-
NpoBojIALIEH KepaMiUKe HOMUHAJILHOTO COCTABA LnBa,Cu,0O, no nore-
pe Macchl aHaMM3UPYEMbIM BEILECTBOM TOCJE Cr0 BOCCTAHOBJIECHUS
BozIopozioM. TepMoaHaMudecKuil pacyéT U BHITIONHEHHbIE SKCIEPH-
MEHTbI ITOKa3aIH, YTO BOJIOPOJ BOCCTaHABAUBAET (JI0 METaJljla) TOJb-

Tabauua 9.1. Coctas BTCII xepamuxu

CootHonrenue
Cuctema Cocrap
KOMIIOHEHTOB
Y-Ba-Cu-0O Y:Ba:Cu = 1:2:3 YBa,Cu} o, CuitOg o5

Bi:Sr:Ca:Cu = 1:1:1:2 Bi(l)",wBi(\)'_lZSrCaCanCu(I)I_IZst76

Bi-Sr-Ca-Cu-O| Bi:Sr:Ca:Cu = 2:2:1:2 Biﬁ,Bi:}’l(,SrZCaCuH“Cu:)'_IMO8 16

Bi:Sr:Ca:Cu=4:334 | Biy};Biy,;S6,Ca,Culy,Cult O,

Tl:Ba:Ca:Cu=1:2:1.94:2.44| Tl ,, T1}, Ba,Ca, ,,Cul' s Culll O, -
Tl-Ba-Ca-Cu-0O

Tl:Ba:Ca:Cu=1.5:2:2.66:4 Tl:‘(,3Tl(')['uBa2Caz_(,ﬂCu;]”Cué“z(,O(,88
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Ko okcuzabl Mean (I, 1I1), Toraa xak okcwant 6apus u P33 Boccra-
HOBHMTDb BOJOPOJAOM HeBO3MOXHO. CilydaiiHasi [OrpelHOCTh Pe3yJIb-
TaTOB aHa/lu3a Xapakrepusyercs 3Hauenusmu S 0.006...0.009. IMoxa-
3aHO, YTO B 06pa3lax KepaMMKH, 06Aa/@I0UnX BbICOKOTEMICPATYp-
HOW CBEePXIIPOBOMMOCTBIO, YACHO ATOMOB KHMCJOPOAA, CBA3AHHBIX ¢
TpeMsi aTOMaMu Mejiu, paBHo 3.4..3.5, u, cilefoBaTesIbHO, B 9TUX 06-
pasuax NpUOIU3NTENIbHO OMH U3 TPEX aTOMOB MeAM UMeeT Gop-
MaJIbHYIO CTelleHb OKUC/IeHns +3. .

Oxucnnrenshyio cnoco6octs BTCII MaTepuaioB HeKOTOpBie
aBTOPBI 06bACHA/M 1IpUcyTCTBHeM B HUX He Cu(II1) uu (Cu—0)", a
KHCJIOPO/la B aHOMAJIbHOU CTeTeH! OKHCJIeHUsT — 1 B cocTaBe KOMII-

nexcoB Cu®*~0O~ wm numepoB O . [l NpOBepKY 3TOi TUIOTE3bI

MbI HCTIOJIb30BaNM LBETHYIO PEAKIMIO OOPa3sOBAHUS MEPOKCUAIILIX
KomruiekcoB BaHaausa (V) B kucnoit cpeze 5, 9]. Oanaxo npu pa-
creopern BTCII kepamukn Y—Ba—Cu—~O B pacTBope XJI0poBofio-
POJHOH KMCJIOTBI, cO/icp;KaBlLIeM BaHAAaT HATpusl, He nabaioxaioch
06pa3oBaHUsT [IEPOKCHIIHBIX KOMIUIEKCOB 10 PeakKLu:

VO; +4H" +H,0, - VO +3H,0 (9.5)

B konrposibHom onbite ¢ BesenneM H,O, B Toif xe cicteme noss-
JIIACh XapaKTepHas Kpaclo-OpaH)KeBast OKPACcKa NMEPOKCHIHBIX KOMIUICK-
coB BaHaA(V). IT0 Jasio OCHOBAHUE OTBEPTHYTDH THMIOTE3Y O IIPHCYT-
CTBMH B CBEPXIIPOBOZANIMX KYTIpPaTaX KUCOPO/Ia CO CTCIIEHBIO OKUC/Ie-
HUA =1 M NOCYXKUIIO OHNM W3 HOATBEPIKAEHHI NPaBUIbHOCTY MOJEH,
npeinoarapolled nanmyue B stux mMarepuasax Cu(Ill) wim (Cu—-O)*.
HononmmTtebHble gatibie, Moydeltbic B MHCTUTYTe MOHOKPHCTAI/IOB,
KOTOpbI€ NOATBEPKIAIOT CAeJIaHHbIH BbIBOJI, IpUBEeHb! B 1. 10.

B cBepx1poBofyKax n-Tina — Kynparax P33, JeTUpoBaibIX
LiepreM, [IPUCYTCTBYIOT /IBa 3JICMEHTa NepeMeliHoi BaJeHTHOCTH. ITo
1([CPUH, KOTODPBIA MOXKCT ObITh TPEX- M YETHIPEXBANCHTIHDBIM, H MEJlb,
KOTOpast MOXCT MMETb CTCllenu Ookuciaenusi +1, +2 u +3. Yrtobpl
PCUIMTD BOLPOC O BAJEHTHBIX COCTOANUAX DTUX DJIEMCHTOB B CBCPX-
MPOBOAANIMX M HCCBEPXITPOBOAAIIMX 06pA3IAX yKasaHHOro MaTCpua-
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Tabauna 9.2. Vsmenenue coctapa Kympara camapus-Llepysi B ipolecce

OTXHra B MUHEPTHOH aTMochepe

Cranug mosyueHus MaTepuana Cocras
1 m v 11
Ho orxura St g5Cep 104 C0 046 CUy 0904 02
i H i
B nporecce omkura Sm, g5Ce15Cu) 000400

ITocie orxura (monyyen

1 Sm".Ce™ ce! .Cul . O
CBCpXHpOBOZIHU.II/H/I 061)3,3611) 1.85 0.15 0.954 0.046 - 3977

73, npesioxkeHo [9] pactBopath ux B pactBope H,SO,, copepxaiiem
usBectHoe xosndectBo Ce(IV). 3arem Ce(IV) B nonyyenHom pa-
CTBODE ONpeesIv MOTEeHIIMOMETPUYECKUM TUTPOBaHHEM THAPOXU-
HOHOM. Ymenblienre konndectBa Ce(IV) no cpaBHeHMIO ¢ BBEAEH-
HbiM 06ycyoBIeHO pacxosioM ero Ha peakumio ¢ Cu(l), koTopas co-
JlepxaJjach B HCXOZHOM CBEDXITPOBOJIHUKE. YBeJIMYEeHUE KOJTUYECTBA
Ce(IV) mo cpaBHeHHIO ¢ BBeeHHBIM CBUETEJILCTBOBANIO O €r0 [IPH-
CYTCTBMHM B HcXotHOM Matepuaiie. IlonyuyenHsle nannsie (tabm. 9.2)
TNoKa3alM, YTO 110 Mepe oTxura obpaslia B MHEpTHOW aTMocdepe,
HeoOXOAMMOTO /LIS IPUAAHHMS €My CBePXIIPOBO/SIIMX CBONUCTB, KUC-
JIOPO/IHbIM MHEKC YMEHDbIINICS, COAePKaBIIMACA B MCXOIZHOM 00-
pastte Ce(IV) Boccranosuncs 1o Ce(111), a yacTh ucxonHoii AByxBa-
JIEHTHOR MeJlM BOCCTAHOBUJIACH JI0 OAHOBAJIEHTHOIA.

AJIbTepHATHBHOE OODBSICHEHUE IOJyYEHHbIX PE3YIbTaToOB Mpe/l-
nojiaraeT ofHOBpeMeHHOe npucyretBue B npobax Ce(IV) u Cu(l),
YTO MPEJICTaBASAETCSA MAJOBCPOSATHBIM.

9.2. TNpocTbie 1 CNoXHbIE OKCUAbI, CONEPXALIMECH B
sune npumeceit B BTCI kepammke
HommHaneHoro coctasa Y Ba,Cu,Oy

B cBsasu ¢ pacCMOTPEHHBIMU B Havaje 3TOU I'J1aBbl orpalinycHH-
AMU, TMPUCYIHUMHU M3BECTHBLIM CI)VI:%VI‘!CCKI/IM MCTOJlAM OlIpe/IeJiICHNA



310 A.B. Baanx

(ba3oBoro coctaBa MaTepUasIoB, MIPEACTABISETCS AKTYATbHBIM Pa3Bu-
THE METOJOB BCIICCTBEHHOTO aHAM3a, KOTOpBIE UCTIONb3YIOT Pas/Iu-
YU B PaCTBOPUMOCTH U (MJIM) KMHETUKE PACTBOPEHHS PasHbIX XU-
MHYECKHX COCANIICITME, BXOAAIMX B COCTAB UCCJAECLYCMOIO MaTcpHa-
na. Hpu ncnonbzosannu MeToaa auddepeHIMpyIonero pacTBopenus
(dasbl 110C/1e/10BaTeAbHO TICPEXOJAT B PACTBOP W ONpeleasioTcs B
HEM Ha OCHOBC M3ydeHHWs (YHKIMW M3MCHCHHUS BO BPEMEHM CTe-
XUOMETpUH pacTBopeHus (crexuorpapun) [12..14]. Yeaosus pas-
feseHns a3 HaxolAT, MePeXolisi OT MATKUX K bolee XKECTKUM
ycaosuam pacTBopeHMs. OfHAKO Takue ycjaoBUst yAaéTCS HalTH
He Beerga. B yactnocty, npuMenenye Merosa aubddepeHuupyioine-
ro pactpopenna K cucreMe Y—Ba—Cu-O He gano ogHo3HAauNUX
pe3yJIbTATOB M3-3a COBMECTHOTO PacTBOPEHHUA HECKOJIbKUX a3 [15].
Jnga ykasanHo# cucreMsl npensoxed [9] MeToa coBokynHoro on-
pellesienus KynpaTa UTTpUsi-6apus U 4-x npuMecHsix (a3 (Hanpu-
mep, Y,BaCuO,, BaCuO,, BaCO, u CuO). Merox ocHoBaH Ha
pasHoil PacTBODUMOCTH M. CKOPOCTH DacTBOpeHus 3Tux ¢as (co-
equnenunit) B pasz6asnennoi (1:100) ykcycHoil kucnoTe u, B oT-
JiM4ue oT MeTojla AuddepenLIUPYIOLLero PacTBOPeHHs, He Tpebyer
TOJIHOTO pasjie/ieHnd onpe/iesseMblX BelllecTB. Pe3yibTaTsl aHajin-
3a PacCYATBIBANM M3 KPUBBLIX Nepexojla B pacTBODP KaTHOHOB cHC-
TeMbl (puc. 9.1) n pe3y/bTaToOB ONperesieHuss OAHONW W3 NpUMec-

Puc. 9.1. Kpussie nepexopa B

(&)
pasbasnennyio (1:100) yxcyc- ,§4-

3
HYIO KHCZIOTY KaTHOHOB CHCTE- 3
Mbl Y-Ba-Cu-0. 53-
a — obnactb pactopenns BaCO,, &
BaCuO,, YBa,Cu,0O, ,u 4§‘2 -
Y,BaCuO,; 6 — obaacTs pacTBo-
penus YBa Cu,O, , u Y,BaCuO 1
6 — 0obnacTh NMPUCYTCTBUSA

HepactBopumoro CuQO
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tbix gas — CuO — B HepacTBopUMOM octatke [16] ¢ yyéTom Ma-
TepuanbHoro Hananca das ucciegyemoro obpasiia:

I J I
Zzauxii = Zmu

i=l j=1 i=l

M-
MK

4 X = szI

0]
~.
1]

1 J I
2245 =2 m,

i=} j=1 i=

J
X =1

=1
T a,, a,, a, — MaccoBas 0JA NTTPHUsA, Gapusi, MeM COOTBETCTBEH-
HO B j—TOil (base, nepexoasiiel B IPOMbIBHON pacTBop; 7, , m,, M, —
yCTaHOBJIeHHAs B pe3yJpTaTe aHaAM3a MaccoBas JOJs UTTpud, Gapus,
MeJI1 COOTBETCTBCHHO B i~TOH IOPIMH NPOMBIBHOTO PacTBOPE; X, —
paccuuTaliHas 10 MeTo/ly HauMeHbIIMX KBaipaTOB MaccoBas A0 j-ToM
($asbl B i-TOH MOPIHHU POMBIBHOTO PacTBOpa, X, — Maccosas 014
j-Toit dasbl B 0bpastie (13 uncaa Bas, MEPEXOALUX B IIPOMbIBHOMN
pacTBop), z — yCTaHOBJeHHas B Pe3yJbTaTe aHA/IM3a HepacTBOPUMOro

ocTaTKka Maccosas o1 CuO B uccienyeMom obpasiic.

MeToauka celeKTUBHOTO peHTreHO(yopectienTHOro onpeee-
Hust okenjia menu(1l) [16] ocHoBaHa Ha eTo pakTHYECKO HepacTBo-
PUMOCTH B Pa3baBJCHHOM YKCYCHON KUCIOTE U TI0JIHOM PacTBOPCHUU
B yKasallHOM pacTBOPUTCJE BCEX OCTabIIbIX Ghas (Coe/iuHenuit), co-
nepxanmxea 8 BTCIT kepamuike Y-Ba—Cu—0. U3 nonyyeniioro ocaji-
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Ta6muua 9.3. Pesy/bTathl BemecTBeHHoTo aHamu3a (Mac.%)BTCII
Kepamukn Y—Ba-Cu-O

. Haiizero B obpasie ¢
Dasza (coenunenue) Haiipeno }63;3?31 aste Ges nobaskoit 10 Mac.%
Ao BaCuO,
YBa,Cu,0, | 89.8 808
Y,BaCuO, 25 2.2
BaCuO, 36 133
BaCO, 26 23
CuO 1.5 1.4

Ka (popMUpYIOT usaydaTens 1s nocienyiomero PCOA. Cayyaiinas
norpeiHocTs g cogepxkanua CuO =1 mac.% xapakTepusyercs 3Ha-
yenueM S 0.1.

b0 ycranoB/ieno xopolilee corsiacue MexIy pe3yibTaTaMi Be-
IIECTBEHHOTO W peHTreHoda3oBoro aHaiusa KepaMukid Y—Ba—Cu-O.
[IpaBuabHOCTb pesy/ibTaToB onpeleenns ¢as (coeanHeHnii) B 91Ol
KepaMHKe MOJITBepPK/AeHA TaKkKe METOJOM BaphbUPOBaHMs HABECOK W
110 CXeMe <«BBe/IeHO-HailieHo» (B MOCNENHEM CJlydae aHaTM3HMpPOBaIU
o6pasLpl ¢ J06aBKaMy CHIITeTHYecKoro Kynpara 6apusa). Coctas oji-
noro 13 obpasuos BTCIl kepamuku Ges BBemenus 06aBOK W ¢
nobasxoit BaCuO, npexcrasien B tabu. 9.3.

Cuyyaiinble 1norpeliHocTH onpejiesientusi ipuMechbix $a3 (co-
epnnennit) BaCO,, BaCuO,, Y,BaCuO, B uccienyemoit BTCII kepa-
MHUKe XapakTepusyiorcst 3HadenusMu S 0.1..0.2; npu onpejesiesns
octoBHoro settectsa Y Ba,Cu,0,_;S pasno 0.01.

ITonykoanyecTBEHHBI BADUAHT U3IOKCHHOIO BbILIE MCTO/IA, Ha-
3BaHNbIA METOAOM llocaolinoro pacrtBopenus [17, 18], 3.C. 3onoto-
BULIKas 1IpUMenuIa /18 U3y4eHHs BCUIeCTBEHHOTO cOCTaBa CBEpX-
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MPOBO/SIUMX TVIEHOK, HOKPBLITHIA H MOHOKPHCTIN0B. MccaenyeMbiit
o6pasell 11004ePEIHO 1OTPYXKATH Ha OTIPe/IeJEHHOe BPeMs B Psijl TOp-
LM PaCTBOPUTEJIS 1 OIIPE/IE/IsIN B IOJy4€HHDBIX pacTBOpaX d/cMell-
Thbl CBCPXMPOBOAIMKA [1PH 1HOMOIIY aTOMHO-IMUCCUOHHON U1K aTOM-
Ho-aGcopbimonoit ciiekrpoMerpyn. Ecaim obpasell 1o BceMy 06béMy
SABJISIETCS MOHOQA3HBIM — OH TIEPEXOMUT B PacTBOp KaK eJHHOE lie-
JIoe, V KPUBbIE PaCTBOPEHMSA BCEX DJIEMEHTOB OCHOBbI B KOOPAMHATAX
«KOJIMYECTBO BelleCTBa DKBUBaJeHTa — HOMep MOPIMH PaCTBOPUTE-
Jisi» TIPaKTHYeCKH coBIajaloT. Ecau e obpasel] COCTONT U3 HECKOJIb-
KMX COE[IMHEHNH, Pa3/IMYaIOIIMXCSA PACTBOPUMOCTBIO, CKOPOCTBIO pa-
CTBOPEHUA M (WJIM) MECTONOJIOXeHHeM B 0ObéMe obpaslia — TOTAa
KPUBbIE PACTBODEHUs Pa3HbIX DJIEMEHTOB cOBNajath He OyayT. [Ipu-
MeHEeHHe 3TOT0 MeTO/1a 1103BOJIIeT OTBETUTD Ha CJIEYIONINE BOIPOCI:
HpeJCTaBsAeT JU faHHas MIéHKa (OKPbITHE) XUMUYECKoe coeluHe-
H{E WJIH 9TO CMECh MCXOAHbIX OKCH/IOB; COAEPXKUT JIM MOHOKPUCTAILI
3aMeTHbi€ BKJIIOYEHUS] MJIM [I0BEDPXHOCTHbIE 3arpPsA3HEHMs, COOTBET-
CTBYIOI{ME UCXOJHOMY PacIijiaBy.

O noxammzauuu npuMecHblx ¢as B o6beMe CBEPXNPOBOAHMKA
YHA€TCS CYTD 110 pe3ynbTaTaM PeHTTeHOCIIEKTPaIbHOTO MUKpOaHa U~
3a (pasfl. 5.2) B COYETAHMH C JAHHBIMH 3JIEKTPOHHON MMKPOCKOIIHH.

9.3. PaznensHoe onpepenerne MeTannMYeckoro u
nonHoro cepebpa 8 BTCI kepammke
Y-Ba-Cu-O:Ag

Pasninuve B pactBopuMOCTH pashbix a3 (cocaumHenyit) npu-
CYTCTBYIOIMX B HCCJE/YyeMOM Marepuasie, ObIJIO MCIONbL30BANO
[9, 18, 19] na onpenenenunst cBoGOAHOrO (METAIIMYECKOTO) U UOTI-
Horo (cBssannoro) cepebpa B BTCII komnosurax Y-Ba—Cu—0 : Ag.
Haunyyiim pacTBopuTesieM /Ui pasjeleHUst MeTa/IM4ecKOro U CBsi-
3annoro cepebpa okasaucst 50%-Hblii pacTBop yKCYCHOH KHMCIOTDI,
1pu aeicrsun kotoporo tia Y—Ba—~Cu—O : Ag B pacTiop nepexoanin
BCE KOMIIOHCHTBI 06paslia, KpOMC METaJIMIECKOro cepebpa M OKCUa
meaun(Il). Jlns pasgescuust TBEPOH M KMAKOH a3 MCIIONb3OBAIM
buabTpanmio yepes sjepiisie (pasmepsl 11op =0.1 Mkm) U Haubosee
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MEJIKOMOPHCTbIe cTeKsiiiHble GUAbTPbl. ClCIHA/IbIIbIC OHBITBI OKA-
3214, YTO BCE MaJiopacTBOPUMBIE (HOPMbI cepehpa 0CTaIoTCs Ha PUb-
TPE: B PACTBOP HE NEPEXOAUT HU MEJIKOIUCHCPCHOE METANNNYECKOE
cepebpo, 1K KoJToninoe cepebpo, T MX CMecH ¢ KCPaMMKOiL
YBa,Cu,0,_,. Conepxkativie cepebpa B dusnbTpate onpefensiiv mpu
oMoLH petrTreHodutyopectieHTHoM (1o Jimnuu cepebpa K, ) nim atom-
10-a6cOPOLMOHHO# CIICKTpOMeTpUK. B 1oc/acaHeM ciyyae s ato-
MU3aIUK NPOOBI UCIIONBL30BAJIN IL1aMS <allcTUIeH-Bo3iyX>. Cosep-
Kanue obuiero cepefpa ONPEACHsIN TEMU Xe METOJaMU Tocjie pa-
creopenuss BTCII kepamuku B pasbaBiieHHOl a30oTHOH KHCJOTe.
CpaBHene pe3yJIbTaTOB Olpe/ie/ieHust Kak CBA3aHHOI0, TaK U 06LICro
cepefpa 060MMM METOLAMK U HCIOJIb30BaHUE APYTUX IIPUEMOB MTPO-
BCPKHM IIPaBUILHOCTH, OIIMCAHHBIX B pa3/l. 1.2, moxasaiu, 4TO cucTe-
MATHUYECKHe HOTPEIHOCTH IIPH MCIONb30BAHUM TIPEIIOKEHHBIX Me-
TOAMK He3HayMMbl. Ciryyaiinble MOrPelIHOCTH XapaKTepU3YIoTCA 3Ha-
yeHusaMu S, He npespimaioiumu 0.15. Vicnionb3oBanue pesynstatoB
aHa/u3a s pellleHus BOIPOCca O COCTOAHUMU cepebpa B KOMITO3UTax
Y-Ba-Cu-O: Ag paccmarpuBaercs B 1. 10.

BelecTBeHHbI aHaNU3 ABJSETCA B HACTOsIIIEE BPCMSA OLHUM
Hanbosee BoctpefoBaHHBIX MeTonOB Auartoctukn OM. Haubosee
IIPOYHbIE COCAMHEHH, HAlIPUMED, IPUMECH KUCTOPOACOAEPKALUX aHU-
OHOB M BOJIbI, a TaKXe BaJCHTHbIC (POPMBI 3JIEMEHTOB B HeOpraHuyec-
kux OM, onpezessior Npy OMOIIM OOLIYHBIX METO0B aHANIM34, Tie
OTHOCSIIMXCH K YHCy dneMeTHbIX. BTopoit noixon ucronbayer pas-
JMYHSL B PACTBOPUMOCTH M (MJIM) CKOPOCTH PACTBOPEHUs pasHbIX
XUMHUYECKUX COCAMHEeHMH, BXOJSIMX B COCTAB UCCAELYyEMOTo Belile-
crBa. [lo-Buaumomy, ciesyer oXuaTh JiajibHelero pasBUTUS Be-
1ecTBenoro aHanin3za @M, 10CKONbKY aNeKo He BCe BO3HUKAIOU[He
3ajlauM CEeroiHs YIaéTcsl peluaTh.
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Tnasa 10
Ncnonb3osarue pesynstaTos
QHONM3A B MATEPMANIOBELECHUM

Tpaauumnonnoi 3afayeil aHATMTHYECKOH XUMUN SABJISETCA pa3pa-
HoTka MeTO/IMK aHAU3a C NOCEAYIOUMM KOHTPOJIEM COCTaBa 00beKTa
B COOTBETCTBUMH C TPeOOBAHUSIMU TEXHOJIOTOB, (DU3MKOB U 9KOJIOTOB*.
OnHako M3Hb BHOCUT KOPPEKTHBBI B 3TY TTPUBLIYHYIO CXEMY.

Onnvm m3 Haubostee MEPCIEKTUBHBIX MyTeH MOMy4YeHUs] MaTepHa-
JIOB C 3allaHHBIMU CBOMCTBaMM SBJSIETCSt BApbUPOBAHME WX COCTaBa Ha
OCHOBE ICT/ILHOTO U3Y4Y€HUsI 3aBUCHMOCTEH «COCTaB — CBOMCTBO». VIMeHHO
TAKOM TOJ(XO/1 [O3BOJINI, HAIPUMED, TIEPEITH OT MEPBOTO OKCH/IHOTO CBEPX-
IPOBOIHUKA, CHHTe3UpoBalHoro B 1986 r. 1 MMeBIIero TemMnepaTypy cBepx-
nposozsiero nepexopa (T') oxono 35 K [1], k Gostee nepcrnekTuBHbIM
COCTaBaM BblCOKOTemmeparypiibix cBepxnposoauvkoB (BTCII) ¢ T, cy-
IECTBEHHO MPEBBILIAIOIIMMU TEMIIEPATYPY KUTIEHHsT KUIKOro a3ora. PoJib
XMMHYECKOI'o aHa/ii3a B U3YYEeHUM T0/I0OHBIX 3aBUCUMOCTE CTaHOBUTCS
3avacryio onpeessowei. [loaroMy npeanouTHTenbHo Takoe Nooxkenue,
KOI/la aHIMTHUKY He OTpalnYMBaloTCA pellieHneM CBOUX cyTry6o npodec-
CHOHABHBIX 33/1a4 M TeXHUYECKOM MOMOIIBIO B Peaiu3allui WieH, Bhljl-
BUTAEMBbIX [IPEJICTABUTE/IAMU APYTUX HAYK, & IPUHMMAIOT aKTUBHOE yYac-

* 3mech ykasaHbl IPEICTABUTENN TEX CIENUANBHOCTEH, ¢ KOTOPBIMH XHUMH-
KH-aHATUTUKY B3aMMOJEHCTBYIOT B IPOLIECCE WCCAENOBAHHS W IIPOU3BOI-
CTBa QyHKIHOHAMBHBIX MaTepHaioB. Boobile e B JaHHLIX O XMMHYECKOM
COCTaBe Da3/IMUHBIX OOBEKTOB 3aMHTEPECOBAHB! MPAKTHYECKH BCe OTPACTH
X039MCTBa U TeXHUYeCKHe HAYKH, a TakxKe papMalisl, MeJIMIINHA, FeOIOTHS,
6MO/IOrHS, APXEOJIOTHS,, KPUMUHAIMCTHKA U JaXe KOCMOHABTHKA.
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ko n, %

Puc. 10.1. 3aBucuMOCTh paBHO-
BecHOTo KoabdunuenTa pacmpe-
aenenus (k,) ¥ BbIXOJA Y-CIUH-
TWIAALMU (1) OT HAYaJbHOTO
coepxanus (C, , Mac.%) HaTpus
B MoHokpuctaax Csl: Na

Igco

THe B NOCTaHOBKE MaTePUAIOBEAYECKHUX 3KCIIEPUMEHTOB M MHTEpIIpeTa-
LIMM [10JIyYaeMbIX JaHHbIX [2].

PesynbratoM Takoro B3auMOAEHCTBUS MOXeT GbiTh OOHapysKeHue
HOBBIX 3aKOHOMEPHOCTEH, KOTOPBIE TO3BOJISIOT IIOHSITh 0COOEHHOCTH HC-
c/leflyeMoro MaTepuaia ¥ ONTHMMHU3UPOBaTh ero fapamerpbl. Tak, cocro-
sBIIeecs B KOHLe 60-X TO/I0B NPOLLIOrO BeKa OTKPDITHE HOBOFO HEOpra-
HHUYECKOTO CLIMHTUILIATOPA — MOAM/IA LE3Usl, AKTUBHPOBAHHOIO HATPHEM
[3], B 3nauynTeNBHOI Mepe 005I3aHO aHAIMTHKAM, KOTOpblE 0GHAPYXHUIN
NPUCYTCTBUE HATPHS B HEJIETUPOBAHHBIX ofpasiiax MoHokpucTamios Csl
M TMOMOIJIM (M3UKAM YCTAHOBMTb BeChMa CBOEOOpasHbiC 3aBMCUMOCTH
koadduilvenTa pacipe/iesieHnst akTUBATOPa ¥ BbIXOAA Y-CLMHTHIIIALUN
OT COJIepKaHus HaTpUs B 3ToM Martepuane (puc. 10.1).

O6HapyXeHH e 3HAYNTEIbHBIX KOMMYECTB cepebpa B PUAbTpaTe, Mo-
JIy4CHHOM B peayJibTate obpaborku BTCII-komiosura Y-Ba—Cu—O : Ag
BOJUIBIM PacTBOPOM YKCYCHOW KMCJIOTHI (pasil. 9.3) 1103BONMIIO BHECTH
ACHOCTb B BOIIPOC O COCTOsIIMMU cepebpa B 5ToM Marcpuase [4]. Oxaza-
JI0Ch, YTO 3HAYUTEIbHAS YacTh cepedpa HAXOAUTCA B KOMIIOZUTC B UOITHO
dopme (puc. 10.2). bouto nokaszano Takke, yTO ¢ yBeJIUYEHHEM OOIIETO
cofiepxkans cepeOpa B KOMIIOBUTC  YBEIWUMBAIOTCS [APAMETPbI KPUC-
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(AG"M(AGr), %
85+

Puc. 10.2. OTHOCUTENBHOE COMEPXKa-
Hue nouHoro cepedpa B BTCII xepa-
mike Y—Ba—Cu—O:Ag (Ag'/Ag, )
B 3aBHCHMOCTH OT OOILETO COepKa-
HuA cepeGpa B 9ToM Kommiosute (Ag )

65

5 10 Agy,,Mac.%

25
0

TAJIJINYECKOH PELIETKY KyNpaTa UTTpUsi-6apust U OTHOBPEMEHHO BO3pac-
TaeT cofepskaiue aspl CuO. ITockosbKy TIO TaHHBIM BEHIECTBEHHOTO U
penTrenodasoBoro aHanusa cofepxanusa ¢as Ag,0, AgNO,, Ag CO, B
KOMITO3WTe MaJTbl, €CTb OCHOBAHMST MPEITIOIATATh, YTO GOJbINAA YacTh MOHOB
cepebpa BXOIMT B KpUCTa/iMyeckylo pewétky YBa,Cu,O, ;,
noHbl Mezu (¢ obpasoBanvieM (aski CuO). Ocrasbroe cepebpo NpUcyT-
CTBYET 3/IECh B BU/I€ METATJIA, 3alIOJHSIOIIEr0 [yCTOThI MEXJLY MPaHyJamMu
KEPAMUKK WM PACcTPeICAEHHOTO HO IPaHUaM 3EPeH.

BbITECHAA

WcnonbaoBative JaHHBIX XUMUYECKOTO aHaiusa A oObsSCHeHNs
AHOMAJIbHBIX BaJIEHTHBIX cocTosAHUM aneMenToB B BTCII Matepyanax
paccMarpuBaniocsh B pasza. 9.1. Bosee moapobHo aToT Bonpoc Gbin 06-
CyXéH B ctatbe [5]. B wactnocty, 3mecsh conoctasiienst (puc. 10.3)*
CIIeKTPbI [OT/I01EeHUs IETOUHBIX PACTBOPOB, CO/EPKAIIUX TICPUOLAT-
ubie Komiuiekeol Cu(lll), U pacTBopoB, 1107y4eHHBIX B PE3YJILTATC
o6paborin uamenbuénnoit BTCIT kepamuky YBa,Cu,O,_; pacrsopa-
*Usmenbuénnywo kepamuky maccodt 0.02 r obpabarsiasin 10 My pacTsopa,
copepxamero 0.1 moan/n KIO, n 1 Monb/n KOH; no ucreyenuu BpeMeHH,
YKa3aHHOTO pAAOM C COOTBETCTByIOIHefI KpMBOﬁ, OCaJIOK OTACJSJIN, PACTBOD
pasbaBisiiy BoAoH 10 50 MJI M M3MEPSIM €T0 ONTUYECKYIO ILIOTHOCTH [PH

JUTMHE TOTJIOMmainero ¢jos 1 ¢M OTHOCHTEBHO PacTBOPA, COAepKallero
0.1 moan/n KIO, u 1 moss/n KOH.
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Puc. 10.3. Cnekrpsl morsomeHus
wesoyHoro pactsopa Cu(l1l), co-
JepXallero nepHoAaT-UOHbL, U Ta-
KHUX K€ PacTBOPOB, IOMYYEHHBIX U3
BTClII-kepamuku YBa,Cu O, ;.
Psigom ¢ xaxaoi KpuBoii ykazaHa 0.5+
NPOAOJKUTENBHOCTh 06paboTKH 6y
KEDAMUKH IHETIOYHBIM DAaCTBOPOM 259
K10, (cm. moacTpoynoe npumeya-
Hue K ¢. 317) 3

Cu ()

y

xﬁﬁ

1

350 400 450 A, HM

mu KIO, n KOH. Bo Bcex cayuyasx, KOrla MHJEKC 11DH KMCIOpOZe
JUISi KeDaMUKH mpeBbiilai 6.5, HabioAanoch NpakTHyecKoe CoBNaje-
HUE MN0JIOC MOTJIOIEHUs] CPABHUBAEMbIX PACTBOPOB. JTO CAYXKUT ellé
OJTHUM TOATBEPIKAEHHEM 0GOCHOBAHHOCTH MOJENH, Npe/INoaramieii
Hanndue Cu(lll) B cBepxnpoBogHnKax p-Tumna. OTCyTCTBHE TaKoH TO-
Jiocsl iorsnoueHus B ciydyae BTCII kepaMuku ¢ KUCJIOPOAHBIM HH/EK-
COM MeHbIle 6.5 MCKITI0YaeT BOZMOKHOCTH 06Pa3s0BaHMs MEPUOIATHBIX
koMiuiekcoB Cu(11l) u3 HUBMIMX cTeneHel OKUCeHUS MEIM.

[IpeunanorHoe onpelieieHue 3JeMeHToB ocHoBbl B DM nospoJisier
B psijie CJlyyaeB 0GHAPYKUTD HEKeJTATeIbHbIE HAPYLIEHUS 3a/(aHHOTO CTe-
XUOMETpHUECKOro cocTasa. [IpiMepoM MoXeT cy>KUTh HapylleHUe CTe-
xuomeTpuu MoHokpuctaiios CdWO, B 1ipoliecce MX BbIpAlIBaHUS, HC-
clefyeMoe TIPY [IOMOIIM 11ePa3pyLIAIOLIET0 PEHTTCHOGIYOPECHIEHTHOIO
ananuza (pasat. 2.3.4), peHTreHOCHIEKTPAIbHOTO MUKpoaHaiusa (pasj. 5.2)
v BoJibTamnepoMerpuu (pasa. 8.1.3). OGHapysxkenn |6, 7] snaunTenn-
HBIE HOTEPU HCKOTOPBIX HJIeMEIITOB OCHOBBI TIPH TBEPI0GAZHOM CHHTC-
3e BTCII kepamuiku (puc. 10.4), koTopble HCOGXOIMMO YCTPAHUTE 1IPH
COBEPIIEIICTBOBAHUM TCXIHOJIOTUNA CHHTE3A.
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C Tl, Mmac.%
L Ca Cu Pb T
1 i 2F 1 o3 7 il |
Y
08 i 1 35f
i
06} i
1t | oasf In oy
04} 25t Yy,
02 :
0 15
Bi Ca Cu Pb 1) 2 3
a 6

Puc. 10.4. TloTepu s/eMeHTOB OCHOBBI ITpU TBépHodasHoM cuntese BTCII
KepaMUKH: a) BiMPmeaSrCusz, 850°C B Teuenue 116..210 u;
6) T1,,Ba,Ca,Cu,O, 800 °C ( I cragus TepMoobpaborku) u 860 °C (II cra-
Ius TepMoobpaboTki) B onbiTax 1), 2) 1 3); C — orHocuTeIbHOE CONepXKa-
HHe dJieMeHTa (HaYasbHOe CoflepXXaHue IIPHHATO 3a 1).

CyuiecTBeHHOe BIIMSHME Ha CBOHCTBA MOHOKPUCTAIOB OKa3biBaeT
pacnpezieieline B ux 06béme JICTUPYIOIMX A06aBOK, KOTOPOe, KaK BU/IHO
3 puc. 4.7 n 5.5, yacto GhiBaer HepaBHOMepHbIM. [[1s1 Olpe/ie/ieHust Ta-
KX /100aBOK B MOHOKPHCTA/LIAX MCTOJIB3YIOT NPaKTHYECKN BCe METO/b,
paccMOTpeHHbIe B IMPE/IbILYIIMX pas/ie/1aX KHWUIH, W, TIPEX/Ie BCETo, aToM-
HYIO CHEKTPOMETPHIO, DEHTTCHOCIIEKTPa/IbHBIA aHaIU3 W BOJIbTaMIepoMeT-
puto. BosisTamiiepoMeTpuyecKkoe onpescieHye Taumst B CLHHTHILIALMON-
HbIx Monokpuctajtax Nal : Tl u CsI : Tl nossonsier ¢ Bbicokoii TouHoC-
ThIO UCCJIEL0BATDb PacIPCIE/ICHUE aKTHBATOPA B LIMPOKOM JMAIa3oHe ero
CO/IEPAkKaHUit U UCTIOIB3YETCS JUTA OITTUMU3ALIMM YCIOBUIA BbIPAIIUBAHHS
1 TIOCJCAYIOUIETO UTOTOBNEHUS CIMHTH/LIALIMOHHBIX feTeKTopoB. [Tpu-
MEpbl 3aBUCUMOCTEH CIIMHTHILIALMOHHBIX [1APAMCTPOB OT YCTAaHOBJICHHBIX
110 pe3y./IbTaTaM aHa/In3a CojIepKalnii IeTUPYIOLICH JI06aBKN B MOHOKPU-
crainax Nal : Tl [8] npescrasciibt Ha puc. 10.5.

OrnipesiesicHre HauydIIero CooTHOLICHNS PA3IIBIX BATCHTIIX dhopm
JCIMPYIOLLNX 0OABOK B MOHOKPHCTIAX -~ CIIE O/(HA 3a/[aua, peiliacMast
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I, oTH.eq. R, %
Puc. 10.5. 3aBucumocth cBeTO- 1.0 L1
BbIXoda, I (1, 2) u sxepreTHyec-
koro paspemenus, R (3, 4) ot gl
MOJISIPHO# foJm Tatus (%) ang
moHokpuctaanos Nal:Tl, Beipa- H13
LIeHHHX B BakyyMme (7, 3) ¥ Kuc- 01
sopoanoii atMocdepe (2, 4)
———— e T 5
0 0.1 0.2 Cc(Tl)

CPeACTBAMH aHajJuTHYecKOW XMMHU. IIpuMepoM Takoro pellieHHs
MOXKET CJOYXKUTh BoJibTaMIiepoMerpudeckoe omnpefenerne Eu(Il) n
Eu(IIl) B MOHOKpHMCTA/LJIAX HA OCHOBE XJopuaa Kamus (pasf. 8.1.3).

M3BecTHO, KaKoe cylilecTBeHHOe BIMsHe Ha cBoiictBa OM oka-
3bIBaeT UX MPUMecHBI cocTaB. IlocioiiHoe onpexnesieHe BOALI B MO-
HOKpUCTAJNAX KH2PO‘4 [9] u LiIO, [10] 103BOMIO OOBACHUTH ONTH-
YeCcKyI0 HeOJIHOPOIHOCTh KPUCTAIIOB IIEPHOANYECKHUM 3aXBaTOM Ma-
TOYHOTO PacTBOpa B IIpollecce WX BoipamuBanus (puc. 10.6).

Ha puc. 10.7 n 10.8 npesnctaBieHst KOHIEHTpallMOHHbIE TPOhU-
JI UL pAjia IpUMecei 11oc/ie MeXaHn4ecKoi 06paboTKU MOHOKPHC-
tannos KH,PO, [11, 12], ycranoBiieHHbIe ¢ MCTOJIB30BAHNEM Pe3YJIb-

H, 0, mac%

0.3+

Puc. 10.6. Copeprxanue BOIbI, Mac.%
(&) B 30HE C MOJOCYATHIM H3MeHe-
HYeM Mpo3padyHoCcTH (6) KpUCTaLia
KH,PO,

0.2L

1, MM
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C, mac.%
2107
1103}
Puc. 10.7. KoHueHTpaITHOHHBIIHA 1Tpo-
5104 1 " Al ¢umb npuMeceii B MPUIOBEPXHOCT-
La HOM cJioe MoHokpucTaia KH,PO,
Fe nocte npmvcosku rparu (001)
P
210 T H\‘Q\

1 1 1 ‘1'
40 80 120 160 200 300
h, MKM

TAaToOB IOCJOMHOTO aHAMMN3a ITOI'O MaTepuaJja. 23 MOJIYYE€HHDBIX HaH-

C,mMac.%-107 C,mac.%-1072
1"Mr

100 300 500 d,MKkm 100 300 d,MKkm
a 6

Puc. 10.8. Konnenrpanyonssle Npoduan 1 yriIepoacoep aliux IpuMe-
ceil B NIPUITOBEPXHOCTHOM cJioe MoHokpucTaiia KH,PO, nocne mmudoskn
rpanu (001) (a) u mocse eé noanposku (6)
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HBIX BW/HO, 4TO yJIyYllieHHe yCJIOBUH NPOBCEHWS 3TOH oliepalluul
ABJAETCS CYIUEeCTBEHHBIM PE3ePBOM HOBBIIEHUS XMMHUUECKON YHCTO-
Tbi, &, CJICJOBATEJILHO, M ONMTHYECKOH NPO3PAYHOCTH BOJIOPACTBOPH-
MbIX 9JIEKTPOONTHYECKHUX MOHOKDHUCTAJJIOB.

H./1. 3BepeB 1 aBTOp KHMIHM NOKA3a/1, 4TO ONITHYCCKOE MPOITYC-
KaHMC I1pY [JIMHE BOJIHBI 2 MKM KepPaMHYeCKUX M3/cauil u3 Gpropria
Martus TeCHO KOPpeJUPYeT ¢ COAEpXKaHUeM B 9TUX M3JeNUAX TIpH-
Meceit Al, Fe n C, Toraa kak Bausanue npumecy Si Ha 31oT 1apameTp
CTaTUCTHYECKH HesHaunMo (puc. 10.9), a 3aBuCHMOCTDb npoiycKkanus
oT cozepkaina Ca nMeeT CJIOXKHBIN XapaKTep.

YcraHoBiieHa B3aMMOCBA3b MLy CBETOINOIIOUIEHUEM MOHOKPHC-
Ta/I0B LiF B YO 1 cTenenbio 30HHON OYHUCTKM ChIpbs U1 9THX KpHcC-

T, %
%} - -
N Al Fe
®
85| L o s
e\e
L)

8o+ - -
75 . | ! 1 | )

0 2 8 0 2 8 0 4 8

mac. %103 Mac. %1073 mac. %-102

4 7 10 X 0.38
mac. %-10°3 mac. %
Puc. 10.9. 3aBUCHMOCTD ONITHYECKOIO MPOIYCKAHKS KEPAMHKH MgF, (T) mpu jum-

He BOJIHBI 2 MKM OT cofiepkanus rpumeceit Al (koadduiment mueitHol koppess-
wan r= = 0.90), Fe (r=-094), C (r=-0.76) , Si (r= — 0.28, ue 3nawmm) u Ca
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80r
60~ Puc. 10.10. 3aBucumocts T,
BTCII xepamuxu YBa,Cu O, ;o1
40+ CYMMBI IIpUMeceil, colepKatinx-
cs B IIKMXTE
20+
0 ; . \

0.1 0.2 03 04 05 08
mac.%

TaJJIOB OT Psijla KATHOHHBIX W aHMoHHbIX npuMecei [13]. B peaynbTare
COTpY/HHYECTBA (PUBMKOB U XMMMKOB-aHAIMTUKOB Oblila 06HapykeHa
3aBHCUMOCTb MpeJieNia TeKy4eCTH CHUHTHIUISIIIMOHHBIX MOHOKPHCTA/LIOB
LiF : W ot conepsanus nerupyiomeii no6askn — W(VI) [14].

Kak Buzno u3 puc. 10.10, TeMneparypa cBepx1poBojsLiero nepe-
xonta BTCII kepamvixn YBa,Cu,O,_, HENoCpe/ICTBEHHO 3aBUCHT OT CO-
nepxaHus npumeceil. Mexy teM, navubie puc. 10.11 nokassiBaior, uTo
110 YPOBHIO YHCTOTHI 1IMXTa I YKa3aHHON KePAMMKHU 3aMETHO YCTyIla-
eT BBICOKOUHMCTOMY CHIPBIO /Il OHOIO M3 ONTHYECKUX MOHOKPUCTAJI-
sios — KCl [6]. [To-Bummomy, nosbiuienve uncrotst BTCIT matepua-
JIOB SIBJISIETCS OJIHUM W3 IIyTel YJIyYIICHHS UX XapaKTePUCTHK.

Herpusuanbhibie pe3ybTaThl JaJI0 CHCTEMATUYECKOE U3YYeHUE
BJIMSHVSL BJIAKHOCTH UCXOHOTO HOPOIUKA Ha 3JeKTpodU3nIecKne u
mexanuyeckue csoiictBa BTCII kepamuky, [oJy4YaeMoOU MeTO/IOM
ropsiicro npeccopanud [15, 16]. Kak suano usz puc. 10.12, ymepen-
HOE YBJIXXHCHHE OKasbIBaeT IacTUGULMpyoLlee eficTBYe Ha 110po-
LIOK, CIIOCOOCTBYS €10 YIIOTHEHHUIO B 1Ipollecce MTPeccoBaHus u GoJlee
abdexTUBHOMY CHICKAHUIO NPH BBICOKOTCMIIEpaTypHoM oxure. Kuc-
JIOPOJIHBIA MH/ICKC TIPU 9TOM NPAKTHYCCKU [1€ MEHSIeTCs, a KpUTHYeC-
Kas ILJIOTHOCTh ToKa yBeJMuuBaeTcsi. DoJiee cUJIbHOE YBAAXKHCIMC
MCXO/LHOTO NIOPOINKA BBI3BIBACT OOBEMIYIO XMMMYECKYIO ACTPAiALMIO
MaTCpHasla, KOTOPYIO MOXKHO MPCACTABMTD CAC/AYIOUIECH CXeMON:
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0 1 2 3 4 5 6 7 IgC(mac.%)
1 1 L 1 1 1 1 1
H,0 —i
(ole7 S — ©
C (org) —_ ©
N  E— O
[ — o
i — —_ 1
Na o U 0] 2
K ——
Mg — 0
Ca —_
Sr ———— 0]
Al — 0]
Si —_— 0
Sn — (0]
Pb —_— o)
Bi — e
Ti ‘I——O—_-I
\Y — (o]
Cr —_— 0]
Mo —_— o}
Mn — ®
Fe —_— (0]
Co — (0]
Ni —_— 0

0 4 2 3 4 5 6 -7 IgC(mack)

Puc. 10.11. Xapakrepusbiit Hpnmecmﬂn coCTaB YBa,Cu,0, , () u Bbicoko-
unctoro KCl (2)

2YBa,Cu,0; , +3H,0 & 3Ba(OH), +5Cu0+Y,BaCuO; +(1/2- §)0, T

ITO 1IPUBOJUT K YMCHBLIEHHMIO KMCIOPOAHOrO Mhjickca (¢ 6.95 o
6.5..6.6) n yxyaieHunio aneKTpodU3HYECKUX XapaKTCPUCTHK KCPAMMKM.
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Ha onrudeckne u mMexannueckie XapakTepuCTUKM MOHOKPHC-
TANNOB caldupa BIUACT NPUMECh YIIEPOIA, KOTOPbIH MOXET 110Tia-
/laTh B KPUCTAJLJIBI U3 OCHOBHOI'O KOHCTPYKIMOHHONO MaTepuaia poc-
TOBOMH 11CYH, @ TAKXKe HPUMCCH APYTUX Ta3006pPa3YIoNHX DICMCHTOB,
B 4acTHOCTH, cepbl. B Tabs1. 10.1 npuseacHbl pesysinrarsl onpeaee-
HUA yKa3aHHBIX TIPUMCCHBIX 2JIEMEHTOB B OKCHJLC aJllOMUHMS Ha BCEX
CTaMAX MOJIy4eHNA MOHOKpUCTaNInyeckoro caidupa [17].

Ha ocHoBanuu pesy/ibTatoB ananusa yCTaHaBJIMBAIOT MOCHACI-
CTBUSL XMMHUYCCKUX Bo3fencTBui Ha OM. OaHuM M3 Takux puMe-
POB MOXCT CITYXMTb M3YUCIMC XMMHYECKOH cTOiiKocTi naGopaTop-
HOM 1ocy/bl 3 Jeiikocandupa [18]. Jannbie 06 yMeHblicHHM MacChl
06pa3iioB yKa3aHHbIX MaTEPUAJIOB B Pe3YJIbTATe NX TpaBJeHUsT XUMM-
YECKHMM peareHTaMM, 3arpsasiienuy Jedkocaiihvpa KOMHOHEHTaMU
HCKOTOPBIX MeTaJlIMYCCKUX PACIUIaBOB, @ BOJHBIX PacTBOPOB KHC-
JIOT — ajlIOMUHIEM 1oc/ie 06paboTKK JeiKkocandupa KUNSIWNUMK pa-
CTBOPaMU STUX KUCIOT MOKA3AIH NePCIEeKTHBHOCTL UCMOJIb30BAHUSA
MocyJibl M3 JieKocangupa B 1abopaTopiioi PaKTUKC.

HeoTbemnemoli 4acTbio TeXHOJIOTMH POM3BOACTBA CHUHTHAIA-
UMOHHBIX MOHOKpUCTaLIoB Nal : Tl u CsI: Tl sapasiercs Bo3MOXHO

© °? r
E g
g °>° 567 — .
8 i - - -
=4 Q
o o
Q I
£50 5
g° 2
3
5 4
45
01 05 09 13 17 1 3 5 7
H,0,mac. % H,0,Mac. %
a 6

Puc. 10.12. 3aBucumocts MukpoTBépROCTH (@), M ITOTHOCTH (6) KepaMUKH
YBa,Cu,0, ;0T cotepxaHus BoAB B UCXOAHOM HOPOIIKe
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Ta6anua 10.1. Pesynbrarsi onpesesieHns npuMecei yriaepoaa 1 cepsl B

MOHOKpHCTa/lJIaX caldupa ¥ UCXOJHOH IINXTe

Haiineno, mac.%
OO6bexT aHanu3a
yraepona CCPHI
Inxta, nonysennas (1.1£0.1)-10"! (5.2+0.3)-104
U3 I'JIMHO3EMa
Tpanyuposannuiii (5.8+0.3)-102 (9.0+0.4)- 105
MOPOLIcK
OcHoBanue KpucTaia (4.1£0.2)-102 (2.8£0.1)-10°5
Bremmme rpar (2.1+0.1)-102 (1.20+0.02)-10°5
KpHCTILIA
Bryrpenuss uact (8.1£0.2)-10°3 (6.0£0.1)-10°
KpHUcTania
Bepiiuna kpucraina (1.6£0.1)-1072 (2.3+0.1)-10°3

6osee 1OJAHOE Bbljle/leHUe TOKCMYHOTO TS W3 OTXOJOB YKa3aH-
HBIX MOHOKPHCTa/L10B. CoBeplIeHCTBOBaHUE 3TOrO Ipoilecca HoTpe-
6oBano usyyenns pactsopumoctd TII B BOAHBIX pacTBOpax MOAMIOB
HaTpUA U Lie3usi B 3aBUCUMOCTH OT UX KOHLEHTDAIMK U TeMIlepaTy-
pol. [lna onpefeneHMs TaNIMs B TaKUX PacTBOPaX MCIIOJb30BaIU
METOJ MHBePCHOHHOH BOJIbTaMIlepoMeTPHH. HacTb MOydeHHbIX JlaH-
HbIX M3JIoXKeHa B paboTe [19], nocaenyioume sKcepuMEHTD BLII0J-
nsi E.IT. Kucuie u T.A. Babuu. Ioxazano, 4to nosejienme Tamaus(l)

B PacCMaTpPHMBaeMbIX CHUCTCMax ONpelessaeTcs JBYyMst pa3HoHallpan-
JIeHHBIMU Tipollecamu: obpaszosativeM Manopactsopumoro TII u ero

.
pacTBOpeHHMEM BeeacTBHe obpasoBanna kommiexcos T le-

PEXOY Ta/lIMsi B PACTBOP CIOCOOCTBYET TakKe YacTHMYHOC OKHCIIC-
HUC [TPUCYTCTBYIOIUX B U3OLITKE MOAN/I-HOHOB KUCJIOPOJOM BO3/Y-
Xa ¢ MOCJCAYIOIMM 06Pa3oBaliueM PacTBOPUMOTO MOJIM/la TPEXBa-
JENTHOIO Ta/lus uan komiliekca T1I-1, B pesyibTare B3anMoicHCTBIS
TII ¢ nonamu I, wau MosekyssipHbiM nogoM. Kak BujiHO M3 aliHbIx
Tabs. 10.2, npu temiicparypax, 6JM3KHX K KOMHATHBLIM, PABHOBECHC



Inasa 10 329

Ta6muna 10.2. Kusernka nepexona Tl B pacTsops! nogmaa Hatpus nipu 25°C

Bpews c Kounentparua Nal, Mons/x
MOMEHTA
HPUTOTOB™ 1 06 1.6 2.4 3.9 6.3
JIeHust
MOJeTbHOH -
cMecH, CyT. Konnentpanus T1I 8 pactBope Nal, (Monb/n )-1075
1 0,6 1,6 2,7 11,5 378
3 0,5 1,4 2,8 10,8 39,5
14 0,9 2,2 31 11,0 40,8
28 1,2 2,7 33 10,9 40,5
42 1,4 3.1 33 11,6 41,1
56 1,5 33 34 13,3 431

pacrBopeHus uMoaujaa Tanaua(l) B pacTBopax uoaua HaTpus
(0.6...6.3 Mosb/J1) He ycTaHaBJIMBaeTCs faxe yepes 56 CyTOK, npuuém
KoHIleHTpaluus TajuinA(l) B pacTBopax Monuia HaTprsl yBeJIMYUBAETCS
BO BPEeMCHH TeM GOJlblile, YeM Bbliile KOHLEHTPAlMA UOIUA HAaTPHs.

[TomyuetiHble AaHHBIC [I0KA3BIBAIOT, YTO YAANUTD TAIMHA U3 TEXHO-
JIOTMYECKHUX PacTBOPOB MOAUAOB IICJIOYHBIX METAIOB B BUJIE Majlopa-
CTBOPDUMMOI0 MOAHAa TalmuA(l) mpy KOMHATHBIX TeMrepaTypax HEeBO3-
MOKHO. OYeBM/IHO TaKXKe, UTO Pe3YJIbTAThl MCCAEA0BAHMS KOMILIEKCO-
obpasoBanust B cucreme Mol Taaamsa(l) — pacTBOPHl MOAMAOB
LIEIOYHBIX META/LIOB, [0JYUYCHHBle B pabotax [20] v uutHpyeMble B
M3BECTHOM CIIPABOYHOM U3/iaHuu [21], HeTocTOBEpHDI, T.K. COOTBETCTBY-
I01MEe DKCTIEPUMENTBI BLIIIOJIISIIUCD B HEPABHOBECHBIX YCIOBUSAX.

B pane cnyyaes peajusyembic npu anannze @M metojibl npo-
OOIOATOTOBKY U Pa3/ICJCHNS KOMITOHEHTOB MOI'YT CJTYKUTH MOJEJBIO
TEXHONOTHH I/1yOOKOH OUMCTKHW BELECTB, HOJIyYelIna HOBbIX MaTepH-
aJioB ¥ UCCACAOBAHUS UX CBOKCTS.

M3BecTiio, HacKo/IbKO CAOXKIIO OYUCTHTD BCIICCTBO OT POACTBCII-
IILIX 110 XMMHMYCCKOH LIPUPOJIC U3OMOPGHBIX TIPUMCCCA. DTO OTHO-
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CHUTCH, B HaCTHOCTH, K 11IPUMECAM KaJlUsl U pyOMMsS B HOJME 11C3Us,
MMEIOUIMM eCTECTBCHHBIC PAJIMOAKTUBHBIE U30TOIbI, OT COACPKAHUS
KOTOPbIX B BHAUMTCAbHOW Mepe 3aBMCUT COOCTBCHIILIA PajUallMOH-
bl ou cunnTHANAIMOHIBIX MottokpucTanios Csl: Tl u Csl : Na.
Banzoctb nonHbix paguycos Rb* u Cs* enaer niegoctatouiio apdek-
THBHOM MAaccOBYIO KPUCTAIM3AUMIO HOAU/IA LIC3Us KAK METOAA OYH-
CTKHM 9TOH conm OT nmpumecH pyGuausa. JIna peincius atoil 3ajaun
Obua ipumeneHa [22, 23] HuskoTeMnepaTyplias 1alpasJlicHiias KpHUC:
rajumsaiing (HHK) BogHoro pactsopa conm sretiieckoro cocra-
Ba, KOTOpasi paHee YCICIIIO HCTONb30BATACh IIaMU JUISI AHAJIUTHYEC-
KOrO KOHLEHTPHUPOBAHUSL Pa3/iM4NbIX, B TOM UMCJIe W U30MOPMHBIX
MpUMeced, coicpxanmxcsa B a10i conmnt (eM. pasi. 3.3).

Hockoubky nocne HanpapieHHON KPUCTALIM3AUMK APOLYKT T10-
JIyqaloT B BU/JE pacTBopa, cofepxainero 27.5 mMac.% Csl, nporecc
AOJLKEH BKJIIOYATh CTaJMI0 MAaCCOBON KpUCTaNIU3aLuH, obecriearnpa-
IOLILY IO 1T0JIyYenne 6e3BOIHON 04MIIeHHOH co. TeXHUKa HU3KOTEM-
fiepaTypHOI HalPaB/IeHHON KPUCTA/TU3AIMU 3BTEKTUYECKOTO PacTBOpa
COJIM OTIMYAJIACH OT aHATUTHIECKOIO KOHIIEHTPUPOBAHUS TOJIBKO Mac-
wTaboM Npouesypsl pasaenenus (cm. puc. 3.17). KonTeitnep ¢ kpuc-
TaJl/I3yeMBIM PacTBOPOM O0BEMOM = 45 J1 €O cKOpocTbio 25 MM/4
nepeMelacs CBepXy BHH3 — U3 30Hbl KOJIbLEBOTO HarpeBaTesst co-
MPOTUBJIEHUS B KAMePy OXJIaXIeHUA, B KOTOPOH MOJEPKUBAIM TEM-
neparypy, Ha 8..10 °C nwxe aBrektuueckoit, pasHoit —4 °C. Ycra-
HOBJIEHHBI Ha BXOJle KOHTe{Hepa B KaMepy OXJIax/leHHsl KOJTbIIeBO
HarpesaTeJb COMPOTUBJIEHUS CO3/[aBal HarpeBaeMyIo 30HY C TeMIiepa-
Typoit = 200 °C. OcymiecTBsIOCh IPUHYAUTEABHOE TIepeMCLIMBAHME
pacTBOpa HaJl PaCTYLIMM CJAUTKOM (YacTOTa PEBEPCHBHOIO BpalleHUs
KOHTeMtIepa BOKPYT COOCTBEHHON BepTUKaIbHON oc — 50 MuH™!, ne-
pUOJ BpalllCHUA B Oy CTOPOHY — 5 MuH). [Tocsie kpucTananzanmu
= 80 % MCXOMHOTO PacTBOPa OTKJIOYATM XONOMMMLHbIA ArperaT u fe-
peKaYUBaIY KOHUEHTPAT IPUMECeH B OTBEJACHHYIO A HETO EMKOCTD.
3aTeM C [OMOIIBIO MeXatU3Ma BEPTHKANBIIONO [1CPeMEelCHHUS 110/ H-
Ma/lu KOHTelHep BBEpX co ckopocTblo 80 Mm/4. B pesyabTare mpo-
XOM/IEHUA Yepe3 HArPEBACMYIO 30HY CAUTOK HOJIIOCTbIO PACTBOPAL-
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csi. [TostydeHHbIH pacTBOP NMPU MOMOILK TPAHCHOPTEPA 1ePEBOANIN B
CreUMaIbHbli COOPHUK U NPOBOAWIN MACCOBYIO KPUCTA/IUZALMIO
OYMIIEHHON COJIN, UCNOJIB3YS CXEMY, COCTOSIIYIO U3 BBLIAPHOTO all-
Napara, KpUCTA/IIMN3aTOpa U BakyyM-unsTpa. PesyibTaTnl ananinza
MCXOIHOW W OYMIMEHHOI cosu npesAcTaBaeHbl B Tabn. 10.3.

Crerenb ouncTkm Tocste ogtokpartoit HHK ¢ yuérom dbopmy-
Jbl (3.11) MOXHO paccyuTaTh M3 COOTHOUIEHUS:

C/C. =g[1-(1-g)k, ] (10.2)

rie Cy =C,/0.275 u C, — COOTBETCTBEHHO CPe/iHee CofepKaHye TpH-
MECH B MCXOJIHOM ¥ OuHIeHHOH comy; C) — cofepxkanuve NpuMecH B
MCXONIHOM pacTBope ¢ MaccoBo goseit Csl 0.275; g — nons kpuc-
TaJIM3yeMOTO pacTBOpa; k; — XapaKTepucTHYecKuil KoadduumenT
pacipe/iesieHus.

A g=08 u k,=0.1 crenens ouncTku C,/C, =53, uro ans

GONBIIMHCTBA IPUMECEH COOTBETCTBYET HKCHEPUMEHTAIbHBIM JaHHbIM,
npuBefieHHbiM B Taba. 10.3. MaccoBas kpucTaa/lu3aliisl MO3BOAAET
CHU3HTh COJiepKaHKe HEKOTOPHIX npuMeceil B cosin elté B 2..3 pasa.
B pesynbTare ynaércs OYMCTHTDH COJIb OT BBICOKOM3OMOP(HON MpH-
Mecn pyOuinsa B 25 pas, a OT NpUMecH KalHs — Ha HOPSAOK, YTO
J0CTaTo4HO AJst nonydyeHusas MoHokpucTtamnos Csl: Tl u Csl:Na ¢
HU3KUM (OHOM COBCTBEHHOrO PajliOaKTUBHOIO M3NY4EeHHS.
Vciio/1b30BaHHblid NPU MOArOTOBKE K aHATM3y MaopacTBOPH-
MBIX OKCH/IOB CTIOCOG MEPeBeeHNUs UX B PACTBOP IIPY MOMOIIK KOH-
AcHcHpoBaliHo# docdopHoit kucaoThl (pasa. 2.2) okaszasics mnoses-
HBIM I U3YYCHUS KOPPOBMOHHOM CTOHKOCTH MOBEPXHOCTH MOHO-
Kpucrtannmyeckoro candupa [24]. Opro-docdopuyio kucaoty
HaHOCHJIN Ha [10BEPXHOCTh KPUCTAIA, UMelonero (GopMy AMCKa; Moc-
Jie Bbiiepxkku 11ipu 300 °C B Tevenne 30 mun obpasosasiuycecs npo-
AYKTbl TPaBJeHUsI MaTCpUaa PacTBOPSIIM B GHIMCTMIIMPOBAHHON
Bojte. Crenetb paspyuenns candupa olLeHMBaIM 110 COAEPKAHMIO
AJIOMUHKS B TTOJIYYEHHOM PacTBOPE, KOTOPOE ONPCICAsIn MCTOLOM
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Ta6iuua 10.3. PeayipTaThl aHATH3a HOLHAA LE3HS (conepxkanue nmpuMecH
Mac.% x 107%)*

Coub mocie
7 pa— Coup nocsie OYUCTKH C
puecs C:]i[b at oudcTkY ¢ | momompio HHK Merton
prMe (ocu 17-2) [IOMOIIBIO M MacCOBOH aHaauza**
oc HHK KPUCTAI-
JIM3alMH
Na 50 10 10 IDII
K 300 60 30 IPII
Rb 500 60 20 I0DI]
Mg 50 8 5 ADIIT
Ca 50 7 5 I0I1
Ba 100 20 10 IOII
Al 10 2 2 COM
Cu 0.5 0.1 < 0.1 3A2C
Pb ! 0.2 0.2 IAIC
Mn 0.3 <01 <01 IA2C
Fe 3 0.2 0.1 200
" Co 1 <04 < 0.4 35A3C
Ni 1 <04 <04 2A3C
COZ 100 10 6 KKMO
SOz 50 10 5 K®O
CrO? 2 0.5 0.3 KOO
Cl- 50 <20 <20 KDO
Oprammiec- | ) 10 <10 KKO
Kuii yraepon

* Pa3bpoc pesysbTaToB aHamWza Kaxzoro obpasua < 14 ore%; ang natu
HE3aBUCHMO TIOTYYEHHBIX 00pa3LoB pa3bpoc pe3yabTaToB < 45 oTH.%.
**OMII —~ aromMHO-3MHccHOHHAs (oTomeTpus Miameny; ADI] — aToMmmHo-
abcopburonnas poromerpust nnamenu; COM — crexrpodoromeTpus (mo-
JiekynspHas abcopburoMeTpus) pactopos; DAIC — 3KCTPAKIHOHHO-aTOM-
HO-3MUCCHOHHaA crieKTpoMeTpus; PO — sKcTpakKIMoHHO-GOTOMETpUYEC-
koe omnpenenenne; KKMO — xpucranmmsauuoHHo-KaTaiuMeTpuiecKoe
onpezenenue; KOO — KpHcTaM3annoHHO-GOTOMETpHYECKOe ONIpeeIeHHE;
KKO - kpucTanmmsaMoHHO-KYJIOHOMETPUYECKOe OTpefe/IeHIE.

y
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aTOMHO-abCOPOIIMOHHON CIEKTPOMETPHH ¢ SJIEKTPOTEPMMUYCCKOM aTO-
Muzaled npobut (pasa. 4.7). KoaudectseHnHoi XapaKTepPUCTHUKO
CTCTIEHU pas3pylIeHust CIyXKula TOIIHNHA PACTBOPEHHOTO CJ10s1, KOTO-
pylo ouciuBaty 1o Gopmy.ie:

h=1.89m/(7rR2p

rae 1.89 = M(ALO,)/2M(Al) — oTHouenHe MoAsipHBIX Macc ALO, u
2Al; m — cpenHee 3nayenue Maccol Al nepele/ilero B pacTBOP 34 OIHO
TpapjieHue; R — pamuyc candupoBoro jucka, cM; p = 3.98 r/em® — 1iot-
HOCTb candmpa.

3aBUCHMOCTH CTORKOCTH candupa OT paaa UCCIeLyeMbIX ak-
TOPOB TNpeAcTaBieHbl B Tabauuax 10.4, 10.5 u 10.6.

W3 mosty4eHHbIX AHHBIX CIICAYET, YTO CKOPOCTH PACTBOPEHMS
OZIHOW M TO¥ 3Ke KpUcTanaorpaduieckoil MIOCKOCTH Majlo 3aBUCHT
OT IJIOTHOCTH AMCIOKaUMii B amanasoHe 10%..10° cm2 Jlaxe Topsl
pasmepoM 0.1 MM, BBIXOZISl Ha TOBEPXHOCTD, HE OKA3bIBAIOT 3aMETHOTO
BJIMAHUS HA KOPPO3MOHHYIO CTOHKOCTD. ITo-BHaAMMOMY, BKAaj 1pu-
Meceil B 9TOT napaMmeTp TOXe He sIBJsieTcs onpeesisoumnM. Hau-
6omblINit BKA2J B KOPPOSHOHHYIO CTOWKOCTh BHOCAT KpHUCTaLIorpa-

Ta6mmua 10.4. 3aBHCUMOCTH CTOHKOCTH MIOBEPXHOCTHU carpupa oT BUJa
06paboTKy; BhIpanHBaHue Mo metosty Kuponyioca, mwiockocts (0001)

I'ny6buna Tommuna cios,
Bun obpaborkn ITOBPEKAEHHOrO CJ10sA,|  CHATOTrO 3a OIHO
MKM Tpasyenue (A, MKkM)
EcrecrBennas rpaub 0 0.72
[Moauposka 1.5 0.77
Towkast wnudoska 20...30 0.96
Ipybas mandoska <40 1.8
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Ta6uuua 10.5. 3aBUCHMOCTb CTORKOCTH HOBEPXHOCTH candupa

OT NJOTHOCTH AHCJOKAIIUi

Meron [Lnotnocern Bua
BhipammuBa- | auciokanuid,| Ilrockocts | 06paboTku h, MKM
HMsI cM? MIOBEPXHOCTH
[Toauposka 0.75
Bepneiina | (1..5)-10° (0001) EcrecTBen- 082 -
Hasl TPaHb )
Monuposka 0.77
Kuponynoca 10° (0001) Ecrecrsen- 0.72
Hasl TpaHb ’
Topuson-
TajIbHast
“a“iii“e“' 5108 (0001) | Honuposka 0.83
KPHCTALIN-
3aKus
IMonupoBka 0.73
0001 -
(0001) Ecrecrsen 0.72
Hasi rpaHb :
ITonuposka 0.29
Crenanopa 10° (1010) | Ecrecrsen- 0.93
Has rpaHb )
_ Ilonuposka 0.15
1120 .
( ) Ecrecrsen 0.12
Hast TpaHb

buyeckre 0cobelHOCTH NOBEPXHOCTH. BHE 3aBUCMMOCTH OT MeTo/a
BBIDAILUMBAHUS U TepMoobpaboTku cToitkocTh Tockocti (0001) BbIpa-
Kaetcs 3uavennsamu o 0.72..0.83 mxm, mwiockocru (1120) — 0.12..0.15
MKM, rtockoctu (1010) — 0.12..0.29 Mxm. Takue passinuns yaaioch
00BACHUTD 0COOEHHOCTSMM CTPOEHUS TJIOCKUX CCTOK aTOMOB B KPH-
cTa/indeckod peuiétke candupa. U3 texnonorndeckux ¢GakTopos

HauboJblice BAUAIINAE Ha CTORKOCTD IOBEPXHOCTHU OKa3bIBacT BHJL
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Tabauua 10.6. CTOAKOCTb NOBEPXHOCTH JIerHPOBAHHOTO cardupa;

BhIpaLIMBaHHe N0 MeTOAYV Bepheits

Conepxanue
Kpucrann JeTupyloniein [TockocThb h, Mxm
no6GaBkH, Mac.%
- (1010) 0.25
A1203
; -= (0001) 0.80
110 (1010) 0.25
610! (1010) 0.20
ALO.Cr —
1.3 (1010) 0.12
1.3 (0001) 0.80
6102 (1010) 0.24
ALO.Ti -
6-102 (0001) 0.80

MeXaHH4ecKoi 06paboTKU: CTOWKOCTh IOBEPXHOCTH, IOABEPrHYTOM
rpy6oii mndoBKe, BABOE HUXKE, YeM CTOMKOCTb MOJMPOBAHHOM 10-
BEPXHOCTH WUJIM €CTECTBEHHOM I'PaHU KPUCTaJLIA.

IIpeanoxenHas B KauecTBe MeTO/Ia aHATUTHYECKOIO KOHIIEHTPU-
poBaHusi lieHTpoOeXHas HanpaBjieHHasa Kpuctaanusanus, LTHK
(pasa. 3.3) okazanach 3¢GdEKTHBHBIM METOJIOM OUUCTKH JKHIKHX KPH-
craanoB [25]. IIpumenenne B 1og06HBIX c/yyasdX APYFHX METOJIOB
KPUCTAIM3aHUOHHON OUMCTKU (30HHAS UJIM HAlpaBJieHHask KpUcTad-
JIM3alMA U3 paclijiaBa B OTCYTCTBHE [10JI51 1IeHTPOOEIKHDBIX CHJT) Majlo-
9 PEKTUBHO, T.K. KPUCTATIN3AIMA UIET U3 Me3odasbl, obagaionei
BBICOKOH TIJIOTHOCTBIO; 9TO 3aTPYy/AHseT TUPDY3Io IpUMecH oT HPOHTA
KpUCTaLIM3aUnK, TpubauxKas koadHUUHMEHT pacnpeesieHns K eJiu-
Huue. [Ipu nposeieHUM 1IEHTPOGEKHOM HallpaBAEHHONH KpUCTANIM3a-
1IIMM YAAETCA CYIIECTBEHHO YMEHBIIMTD TOALIUHY CJI0os Me30(dasbl U B
3HaYUTENBHON Mepe YCTPaHUTD YKazaHHoe orpaHudYeHre: B YCIA0BUAX
LHHK ocnoBlas yacTb Me30(hasHOTO €10d JOJKHA OTPBIBATLCS OT
(hpoHTa KPUCTALIN3ANMH 1, 110T13J1ast B BLICOKOTEMHEPATYPHYIO 30HY,
[IePEXOUThL B U3OTPOITHOE COCTOSIHUE € CYLIECTBEIIHO MEHbIICH BA3-
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Puc. 10.13. Cxema mpouneccop ~  ———
06BIYHON HampaBJeHHOH KpHC- l*:"i*:—I—W W a

tammmsanuu () u LTHK (6) xun- \

KOTO KpHcTasuia: | — U30TPONHBbIi
pactiaB; N — Mesodasza; K —

KPHCTAJLT; CTpelKa MOKa3biBaeT I:_—,—_:*:_:_:W 6
HallpaBeHUe BeKTOpa ycKopeHus = —————— =

HEeHTPOBEKHOTO OIS

kocTbio (puc. 10.13). CxazaHHoe NOATBEPIKAAIOT PE3YAbTATDI OuHCT-
KM HEMaTHUYECKOIo >XUAKOIO KPUCTAIAa U3 KJIacca apoMaTH4ecKHx
CIOXHBIX IUPOB — 4-nu-OyTUNIOKCHDeHUT-4’-1-TeKCHIOKcHbeH30a-
Ta — OT NPUMECH 4-H-TEKCUIOKCUOEH30MHON KUCIOTHI, UCIIOJIb3Ye-
MOH TipH ero cuHTe3e. HayanbHoe cofepxkaHue MPUMECH COCTABUIIO
2.75 mac.%, uHa obpasiia — 50 MM, iMameTp — 6 MM, leHTpobex-
Hoe yckopenre — 700 exnHUIl yCKOpEHUs cUiibl TskecTH. Pacnpene-
JleHWe MPUMeCH Mo JUTMHe oOpasiia Mpy pasanyHbix ckopoctax ITHK
(f) npencrasnero Ha puc. 10.14. [Ipu crenenu kpuctamimsauuu g = 0
acdexTuBHbIe KO3QDUIMEHTDI PacTIpefile/ieHUS UCCAETYEMON TIpUMe-
cu okazaiuch paBHbiMu 0.02, 0.09, 0.68 u 0.96 nas 3nauenwuii f
paBHbIX 5, 10, 15 u 20 MM/u coorBercTBeHHO. IIpyM MMHUMANBHOI
CKOPOCTH KPUCTA/UIM3ALMH YHCTOTA HAYalbHOIO yYacTKa CIAUTKA BO3-
pocna 1o 99.88 mac.%, Toraa xak 1nocjie 06bIYHOI 30HHOM TJIABKH C
14-10 npoxomaMu 30HbI YHUCTOTA MOAOOGHOTO JKMJKOLO KPUCTAJLIA C
97.7 mac.% yBenuuniach Bcero o 98.6 mac.%.

[TpesioskeHHbIi paHee Cr1ocob H3rOTOBAEHHS CTEKIOBULHBIX W3-
JlyqaTesiel Ha ocHoBe Metadocdarta TUTUA I peHTreHodIyopec-
LIEHTHOTO aHaJIN3a MPOCTBIX M CJOXHBIX OKCUJOB (pasit. 2.3.2) mocny-
KHJI MOJIeJIbIO IS 1oJIydeHUus HeckosbkHX HoBbix OM. Metadoc-
(aTHbBle cTéKJa, JerupoBaitiibie okcuaoM BucMyra (11I), ynanoch
MCIIOJIB30BATh B KAUECTBE PAJIHal(MOHHO-OIITUYECKUX KOHBEPTOPOB /I
JAEeTeKTUPOBaHUS TEIJIOBBIX 1ielTporioB [26]. OnTuMaibHoe cojiepika-
nue Bi,O, okazanock pasnbim 1.25 mac.% (puc. 10.15), cBeroBbixon —
15 % orHocutensiio Nal : Tl, aucpreruyeckoe pasperenve (s a-yac-
THI| ¢ 3Heprueil 5.5 MaB) — 12 %, spemsa satyxanus — 3 mkc. Bbi-



Tnasa 10 337

cle a 6 B r
0 o0 |©
o (e}
[e]
1.0r T
[¢]
o
05
(o}
(o)

0 05 0 05 0 0.5 0 05 ¢

Puc. 10.14. Pacnipenenenyie 4-H-reKCHIOKCHOCH30MHOM KICIOTHI 110 A/THHE 06pas-
na 4-m-GyTiiokcudennn-4’-u-rekcuibensoara mpy LIHK co ckopoctsio 5 (a),
10 (6), 15 (8) u 20 (r) MM/4; g — cTelleHb KPUCTAJUTM3ALMH BEIIECTBA

6Op MaTpHIIbl Ul TaKUX AETEKTOPOB 00YCJIOBIEH OOMBIIMM CCYEHU-
eM 3axBarta TCIJIOBbIX HeitTpoHoB mo peakiu ®Li(n,a)T, rne T —
AApO aToMa TPUTHUs (eCTCCTBeHHAas CMeCh M30TONOB COAEPKUT
7.3 mac.% ®Li). ITo cpaBHEHHIO ¢ U3BECTIIBIM CIIUHTH/LIATOPOM — MO-
HOKPHCTATJIMYECKUM FepMalaToOM BUCMYTa — CHEKTD paMOJIOMUHEC-
uennmu crékon LiPO, : Bi caBuHyT B Kpachyio obnactb (puc. 10.16).
Kax Buano 13 maitbix Tabu. 10.7, peanokeHHbId CUUHTUILIATOP IS
JACTEKTUPOBAHUS TCILIOBBIX HEUTPOHOB 110 OTHOCUTENILHOMY CBETOBbI-

|, oTH.ea.
08r
061
Puc. 10.15. CeeToBbIx0f Kak (yH-
04}t Kuus cofepxanng Bi,0, s crék-
nax LiPO,Bi npu obnyyenun o-
yactunamu (1), HeHTpoHAMU U
021
anexTpoHamu (2)
0 L

0 1 2 3 4 5
Bi, O; mac.%
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|, oTH.ea.
1.0"

08
Puc. 10.16. Cuextp paauomomu- 0.6f
Hecueninu crekaa LiPO,:Bi
0.4}

0.2f

0 1 1 1 1 s ]
600 630 660 690 720 750 A,Hm

XOy Y BpeMelil 3aTyXallus 1IPeBOCXOINT N3BECTHIN U3 JUTEepaTypbl
LiF : W, a no sucpretuyeckomy paspelienuio — ZnS: Ag. Tpenmy-
mwectBamu LiPO, : Bi no cpaBnenuio ¢ Mmonokpucrauiamu Nal : Tl u
Lil : Eu siBJisieTca MpocToTa M3roTOB/EHUs CTEKJIOBU/IHOTO ICTEKTOPa
¥ €ro Masas TMTPOCKOITMYHOCTD.

Créxna Ha ocHoBe MeTadocdaTa AuTHS, Ternpobatible P39,
0Ka3aJIUCh MePCIEeKTUBHBIMU GOTONIOMMHECIICHTIIBIMYA MaTepyaJa-

Tab6anua 10.7. XapakTepuCTHKH HEKOTOPBIX CHUHTHILIATOPOB AJISL AETEK-

THPOBAHHUSA TEIJIOBBIX HEUTPOHOB

P —— OTHOCUTENBHBIH | DHEPreTHYeCKoe Bpems
p CBETOBBIXOXL , % | paspelrcHue, % | 3aryxaHnus, MKC
Nal:Tl 0.05
(MOHOKPHCTAILA) 100 5
Lil.Eu 35 5 10 1
{MoHOKpHCTANT)
LiFW 3 ' 5 =0
(MoHOKpHUCTANT)
ZnS:Ag 200 100 ~10
(nopoox)
LiPQB:Bi 15 2 ]
(cTexI10)
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mu [27]. CunTtesupoBaHHble cTéka cojiepxkand 1 Mac.% P33. Bee
nofyyeHHble cTéKMA GBIIM TIPO3paviibiMu, obpasupl ¢ fobaBKaMu
Pr, Nd u Ho uMenu, coOTBETCTBEIHO, KEATO-3eMEHYIO, ToNYOYI0 U
PO30OBYIO OKPAaCKy, OCTalbiible CTEéKJA ObLIM HeOKpalleHlIbiMU. B
taba. 10. 8 npejcTapielibl yea0BUs CUHTE3a DTUX CTEKOJ U Hanbo-
Jiee UHTEHCUBHBIC JIMHUM UX JIIOMUHECIHEHIIMH, KOTOPYI0 BO30YK-
JajJv IPU KOMHATHOU TcMTiepaType, UCMoJb3ysl AJIMHY BOJAHbE 325
1iMm HeCd-nasepa. [List nonyyenust cTEKOJN ¢ MaKCUMAJIbIBIMH CO-
JIepKaHUAMHU eBPOIUs, LCpust U TepOUst B HUBIIUX CTETEHSAX OKUC-
JIEHUS! UC1I0J1b30BaNU TUTIN U3 cTekaoyTaeposa (CY), atMmocdepy
aproHa u j106aBKM BOCCTAHOBUTENSI — caxapa.

MosBneHre B CHeKTpax JIOMMHECIHEHIIMH JUHUNA BOIM3M
420 ... 440 M CBUETENIBCTBOBANO O NPUCYTCTBUM B o6pasuax Eu(Il),
aunuu 595, 620 HM 6binn oOycaoBensl HaanydeM B créknax Eu(111);
momutecuenuust Eu(Il) 6pi1a cyuectserHo Boitte, yeM Eu(111). Emé
3aMeTHee okaszajach pastuua B momutectenuun Ce(IV) n Ce(11D):
Junng 660 1M, cootBetcrayioimasa Ce(IV), 6eia Bo MHOTO pas cJia-
Gee aunuit 380, 390 nMm, cootserctByomux Ce(IIT). A Th(IV) B
CTéKJIaX BOOOIE He JIOMHUHCCUMPOBAJ, W JIOMUHECHEHIUsT 06pa3-
110B, COflepKaBlIMX TepOuil, Obia 00yCIOBIEHA BOCCTAHOBIEHUEM
yacTH 3TOr0 JICMEHTa JIo TpéxBaienTHOro coctosinus. Hanbosn-
[1Y}0 MHTEHCHBHOCTb JIOMMHECIIEHIIMK UMeu 06pasiibl, J1erMpoBaH-
HbIC TPEXBAJIEHTHBIM AUCIpo3ueM (275 HM) U TPEXBAJCHTHBIM ile-
pueM (390 HMm).

B créknax Ha ocnoBe MeTadocdara JUTHS yAAIOCh CUHTC3H-
poBath Kaactepbl CdS [28]. Ycraliosiien xapaKTepHbii JAJUHIIO-
BOJIHOBOH CABUI CICKTPOR MOTJOTIEHHs 00pa3IoB 3TUX CTEKOJ [IPH
yBeJUYeHUN BpeMelid UX TeMlicpaTypHoro oTxura (puc. 10.17). B
obpasitax ¢ Magbim cofiepikaniiem CdS 1o usmeHenuio bopmbl 1ui-
HOBOJIHOBOTO Kpad Tnojockl norjaomenus (puc. 10.18) ycranasim-
BAJCSA MOMEHT 3apOKIEHHs KOJLICKTUBHBIX DJIEKTPOIIBIX COCTOS-
Huit B kaacrepax CdS.

Hakoucry, xumudccexkuid atiannz OM B HCKOTOPBEX Cayydagdx CTa-
HOBHUTCS COCTABHOU 4aCTHIO TEXHOJIOTHH HoJIyHelusl Matepualla ¢ 3a-
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Taﬁmma 10.8. YcnoBus cuHTesa ¥ Haubosee HHTEHCUBHbBIE JTUHUHN

JmoMuHecteHlnu ctékoa LiPO,, neruposannnix P339

W HTCHCHBHOCTD,
Jlerupyioinas Ycnosus JlnvHa Bosiiibl, J
Jn00aBKa CUHTE3a HM HeClCHILh,
OTH. CIMHHUL{bI
1 2 3 4
B Bosayx, Pt 498 19
TUI'E]1b
PrO Boanyx, Pt 428 21
273 TUTEJIb
Nd,0 Boaayx, Pt 428 33
273 TUTeJb
Bosnyx, Pt 428 3.0
Sm203 TUTCITh 600 0.1
Gd,0 Bosnyx, Pt 428 21
273 TUTECJIb
Bosayx, Pt 480 90
Dy,0, TUTE€ND 575 320
Ho,0. Bosayx, Pt 428 24
273 TUT'EJIb
Er.O Boanyx, Pt 428 39
273 TUTCJIb
Tm,0 Bosayx, Pt 428 57
273 TUreJIb
Yb.O. Bosayx, Pt 428 24
273 TUTCJIb
Lu,O. Bosnyx, Pt 428 2.4
273 TUTCITD
Bosnyx, Pt 620 1.8
Eu,0, TUICAb 595 0.75
Bosnyx, Pt 620 1.6
EUCI*"'6H20 THrCI L 595 0.7
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IIpodorxcenue maba. 10.8.

1 2 3 4

| 620 17

EuCl, Booyx, Bt 595 0.7

b 430 1.3

620 1.2

Eucl, | Do OF 595 0.3

/b, Caxap 450 5.1

620 40

EuCl, Apron, CY 595 1.0

el 440 9.0

Ce0, Boaayx, Pt 660 05
THTECJIb

CeCl, Bosayx, Pt 380 30
TUreJb

CeCl, Bosayx, CY 390 100

THreJIb, caxap

CeCl, Aprom, CY 380 45
TUTEJIb

Tb,0, Bosayx, Pt 550 0.5
THUT'CJID

Tb,0, Bosayx, CY 550 2.4

THUI'€JIb, CaXap

Tb,0 Apron, CY 552 33

477 TUTeJIb

AaIHbIMKU cBoicTBaMy. [IpMMepoM MOXKeT CyKUTh I1POLECe TBEPIO-
(asHOro CHHTe3a OKCHJIHOW CBCPXIPOBO/SANIENH KEPaMUKM W3 OKCH-
JIOB TSKENBIX MeTajjioB (MeAU, UTTPUA, CBUHUR, Ta/UiMd M Ap.), a
TaKKe U3 KapOOHATOB LieJIOUHO3eME/IbHbIX MeTanoB (6apus, CTpoH-
1, Kasblus ). O NOJNHOTe MpoTeKalivst TBEP0¢A3HOTo CUHTE3a 0ObIYHO
CYJAT 10 AaHHBIM peHTreliodasosoro anammza. OKazaioch, 0/111aKo,
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Puc. 10.17. Criekrps! norsomenus
obpasnos créxon LiPO, , conep-
*amux Harouactuust CdS u oro-
AoxeHHBIX 11pu 350 °C B Teyenue
5 MUH (g, MAKCUMYM HOTJIOIIERHUS
507 BM) u 2 mun (6, MakcuMyMm
norjonienus 483 um). Havansnoe
cogepxanue CdS — 1.25 mac. %

A, oTH.ea.

1 . N Ao

350 400 450 500 550 A, Hm

YTO rpoule 1 HaaéxHer (0co6eHHO Ha 3aKITIOUNTENbHON CTAANM TIPO-
Liecca) CyauTb 06 9TOM IO pe3y/bTaTaM ONpeieieHNs B CUHTEe3UpYye-

Puc. 10.18. Cnekrpsl noriouie-
HUsL 06PasLoB CTEKOI LiPO, , co-
Jepkanmx Hanodactuust CdS u
otoxxeHHbIX 1pu 350 °C B Teue-
e 2 muH (a), 10 mun (6), 15
MuH (8), 20 muH (2), 25 Mun (9).
Havansnoe comepxanne CdS —
0.25 mac. %, MaKCEMyMBI TIOTJIO-
meHuss (HM) paBHBI, COOTBET-
CTBEHHO, 529, 445, 455, 470 u 487

A, oTH.eq.
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ot A/o——o—

80| Puc. 10.19. Ouenka Bbixoma (o)
cuntesupyeMoit BTCII-kepamuku

6ol at YBaZCuSOH B 3aBUCHMOCTH OT
02 YHCTa HUKJIOB TepMoobpaboTku (1)

IO IAHHBIM PEHTTeHO(A30BOrO aHa-

40r au3a (1) ¥ 1o pesyabTaTaM KyJio-
a HOMETPUYECKOTO OIIPefie/IeHHS OCTa-

20 4 TOYHBIX KOJIMYECTB KapGoHaToB (2)

MOM TIPOAYKTE OCTAaTOMHBIX KOJIMYecTB KapboHatos [2, 6], Hanuyue
KOTOPBIX 06YC/IOBJIEHO HeTIOTHOTO# TBépodasHoro cunTesa (puc. 10.19).

Taxkum obpasoM, npu peuteun QyHaaMeHTaAbHBIX U [pH-
KlaHbIX MpobiieM, otHocsimuxcs K OM, 1oe3Hbl aKTHBHbIE DKC-
ILePUMEHTDI, B KOTOPBIX Ha PaBHbIX YYACTBYIOT MaTepuanoBeibl U
XUMUKH-QHATUTUKA. 1 aHaliuTU4YecKol XUMUM KaK HayKd yKa-
3aHHO€ HalpaBJieHue UCC/IeIOBaHUI NTPeACTaBIsAETCS BeCbMa Hepc-
NEKTUBHBIM.
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