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B npepnaraemom 0630pe, COCTaBNEHHOM MO 0NyBIMKOBaHHbIM OaHHBIM U YaCTHLIM COOBLLIEHUSM
ypanbckux cneunanucToB (1996-2004 r.r.), paccMoTpeHbl OCHALWEHHOCTL Ypanbkckoro pernora UCI-
MC cnektpomMeTpamu, ux NPUMEHEHUEe ANA Hay4HbIX 1 MPaKTUYECKUX Lenei, akTUBHOCTL NoNb3oBaTe-

new aTux npubopos.

Cypuxos Bnagnwmup TpopruMoOBHY ~ CTapLUINA
Hay4YHbIA COTPYAHUK NabopaTopnu Pu3nKo-xu-
MH4YecKux MeTogos aHanusa MHCTATYTa XxuMuu
TBepaoro rena YpO PAH.

O6nacTs Hay4YHbIX MHTEPECOB: 3/IEMEHTHbINR N
M3O0TONHLIA aHaNu3, aHannTu4eckoe npubopoc-
TpOeHue. )

Astop 140 HaywHbix nybnukaunii u 4 nzobpe-
TEeHHIA.

Myarud Bnagumup Hukonaesny — npogeccop,
AOKTOp XMMHUYECKUX HayK, 3aBeAyroLni kajdeq-
PO# PUINKO-XUMUYECKNX METOANOB aHANMN3a Ha
duaunko-rexnudeckom pakynorere YITY-YIN.

O6nacre HayyHbIX MHTEPECOB — aHanuTu4Yec-
Kasi XUMusi, CNeKTpanbHble MeTOAb! aHaNIN3a.

Astop Gonee 340 HayyHbix nybnukaymi, Mo-
Horpagum, 22 nzobpereHui.

CnexTpoMeTphl

Macc-cneKTpoMeTpHA ¢ HHAYKTHUBHO CBA3AHHOMN
rtasmoit (MCIT-MC) nosiBunach Ha YpaJie B CBA3H ¢
npuobpereHuem HITO «Masw» (r Ozepck)B 1992 u
YpanbCKHM 2JIEKTPOXUMHYECKHM KOMOHHATOM (T
Hosoypannck) B 1993t [ 1] nepBeix criekTpoMeTpoB VG
PlasmaQuad (VG Elemental) u SOLA (Finnigan MAT),
cooTBeTcTBeHHO. CerogHa komrdectso MCIT-MC criexk-
TPOMETPOB B YPAILCKOM PErH0OHe, COCPEIOTOUEHHBIX
B YEThIPHAAUATH BaHEHIINX IMPOMBIIILIeHHBIX,
Hay4HBIX M 06pa3oBaTebLHBIX LIEHTPAaX, J0CTHII0 23
(cM. Ta6murry).

IsaTh npuGOpPOB 13 3T TA6IMIIBI PACTIONIOKEHBI
Ha HOmxuom Ypane (Osepck, CHexRHHCK, YenabuHck
u Yda). OcrasbHblie 18 HaxoaaTcsa B CBEpAIOBCKOM
obnactu. [IpoussoauTenem GOMBIIMHCTBA U3 HUX
(56.5 %) asnaerca Perkin-Elmer-SCIEX. Ha BTopom
MecTe anmnapaTtel kopanopauuu Thermo Electron
(34,8 %) c noapasnenenuamu Thermo Elemental (pa-
Hee VG Elemental 1 Thermo Jarrell Ash Solutions) u
Thermo Finnigan. OcTaibHble qBa NIPHOGPETEHBI Y
Spectro Analytical Instruments 1 Hewlett-Packard
(reneps Agilent Technology). [TouTu Bee nepeguciex-
HbI€ CITEKTPOMETPhI — KBaJpyIIoabHble. TONBKO JBa
criektTpomerpa (ELEMENT-2 1 AXIOM) umeroT mar-

'PaBora nonoxenra Ha VIl koHdepeHuMn «AHanuTika Cubupu v flansHero Boctoka-2004» (HoeocuBupck, 11-15 okraBps 2004 r.).
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HUTOCEKTOPHBIE aHAMIM3ATOPbI C YBETHIEHHBIM
CIIEKTPaTLHBIM paspelueHeM. HacTb HOBBIX KBaJI-
PYIIONBHBIX CIIEKTPOMETPOB CHabkeHa AYeiiKaMu

rasoBoro peakuroHHOro (DRC) Win KoIJIH3MOHHOTO
(CCT) BoapericTBHMA Ha 3KCTParupyeMsle MOHEL, YCT-
PaHAIOLLEro NIaBHbIE CIIEKTPAJIbHEIE HAJIOKEHASA.,

Tabnuua
OCHBMGHHQCTI: Ypanbcxoro pernoHa macc-cnekTpomerpamm ¢ UHLAYKTUEBHO CBA3aHHOW Nnasmon
Bnageney pwbop MNpouzsoguTens Konuuectso, rog npuobpereHus

O3zepck, Masik VG PlasmaQuad VG Elemental 1, 1992

SOLA Finnigan MAT 1, 1993

ELAN 6000 Perkin Eimer 3, 1995-1997

ELAN DRCII Perkin Elmer 1, 2003
Hoeoypansck, Y3XK ELEMENT-2 Thermo Finnigan 1,1997

VG PQExCell Thermo Elemental 1, 2000

VG X7 Thermo Elemental 1,2003

AXIOM Thermo Elemental 1, 2000
ExarepuHBypr, YT TY-YIA ELAN 5000 Perkin Elmer 1, 1995

ELAN 6000 Perkin Elmer 1, 1996
O O N & ANDECE Perkin Elmer 1,2003
NecHoi, IXMN ELAN 6000 Perkin Elmer 1,1997
CHexwvHck, BHANTD ELAN 6000 Perkin Elmer 1,1997
ExarepuiEypr MXTT YPOPAH |  Spectromass2000 | SPectroAnalytical 1,1998

Instruments

Exarepunbypr, O6nC3C HP 4500 Hewlett-Packard 1, 1999
Kupoerpag, K3TC VG PQExCell Thermo Elemental 1, 2000
TpexropHbiit, M1C3 VG PQEXxCell Thermo Elemental 1,2000
ExarepuHbypr, YB[ ELAN 9000 Perkin Elmer 1, 2004
ExatepuHbypr, UI'T YpO PAH ELAN 9000 Perkin Elmer 1, 2004
Yda, Bogokaxan ELAN 9000 Perkin Elmer 1,2004
YenabuHck, Mevyen ELAN 9000 Perkin Elmer 1, 2004

Pacwudpoeka abbpesuaTyp:

YIXK - Ypanbckuidi aneKTpoxXmmMuyeckuin kombuHar,
YITY-YIU — Ypansckuit rocyfapCTBEHHbIA TEXHUYECKMIA YHUBEPCUTET,
E30UM — EkatepuHbyprckuii 3asop 06paboTky LUBETHbIX METANMos.,
UXTT — VIHCTUTYT XuMum TBEpAOro Tena,
WIT — VIHCTUTYT reonorum u reoxmmMun,
¥YpO PAH — Ypansckoe otaenenne Poccuiickoid Akagemnn Hayxk,

YBA- YnpasneHue BHYTPeHHUX Aen,

3XM- AnexTpoxumnpubop,

K3TC — Kuposrpaackuia aasoj, TBepAbIX CNNaBoB,

BHUMUTO® — Beepoce. HaydHO-Uccned. UHCTUTYT TeXHWHECKOW hU3NKK,

MNC3 — MNpubopocTpouTensHbld 3aBog.

Ilons30BaTENBCKAA AKTHBHOCTE

INepeuncneHHbIX B Tabaune npubOpoOB IOKA He-
JOCTATOYHO /1A YZIOBIETBOPEHUA BCEX PACTYIIUX I10-
Tpe6HOCTEH YpaIbCKOro PETHOHA, [I03TOMY BAaAe)b-
11aM CIIEKTPOMETPOB IIPUXOANTCA OBCIyKHUBATE H
CTOPOHHHX 3aKa34YMKOB. B 3TOH CBA3M BO3HUKAIOT
LIEHTPBI KOJUIEKTUBHOT O [10JIh30BAHUA, HATIDUMED,
BYpO PAH.

Pactymiee ¢ 1996 . (cM. pHCYHOK) KOJIMYECTBO
my6nMKaImii B oTe4ecTBEHHOM U 3apybeskHoH neya-
TH yPaJILCKHUX [T0IB30BATE/eH 3THX NPUOOPOB MOCBA-

LIIEHO NONYIAPU3ali BO3MOXHOCTEH, OLIEHKE CO-
CTOSTHHMSA ¥ IPHMEHEHHIo HOBOTro adipeKTUBHOr 0 Me-
To/1a 1 060pyNOBaHMA IJIA HAYYHBIX HCCIIENOBAHHMN
¥ aHATN3a INUPOKOro Kpyra o6sexkToB. [IpuBeneH-
HBIM rpauK JOCTATOYHO OGBEKTUBHO OTPAKAET
nporpecc B pa3BHTHH ¥ npuMmeHeHuH UCIT-MC na
Ypaue. ITpraeM sT0 CBA3AHO He TONLKO ¢ Habmoae-
MBIM YBETHMUYEeHHEM B PErMIOHE KOTMYECTBA I0pOoroc-
TOANINX CHEKTPOMETPOB. OHOBPEMEHHO ITPOUCX0-
JIXJIO BBITIOTHEHHE PANA BAXKHLIX DYHIAMEHTAb-
HBIX HCCJIE0BAHMI B Pa3HbIX OTPAC/AX 3HAHUA,
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MOCBAILEHHBIX KaK I1pob/1eMaM caMoro MeTosa, Tak
M ApPyTuM, pemaeMblM OJarojiapsa NpUMeHEHHIO
HCIT-MC. MHOro BHUMAHHA YAEICHO ¥ IIPUKIATHBIM
HeeaeloBaHuAM (pa3paboTKa MEeTOIUK), HApaB-
JIEHHBIM Ha pacliMpeHHe 06JacTH NpUMEHEHHUA
METOHA 110 3JIEMEHTHOMY ¥ M30TOITHOMY aHaIHA3Y.
[To/1e3HBIM KOMITOHEHTOM [IPOrpecca ABMI0CE TIPH-
BIIEYEHHE K HccelegoBaHuAM B ob6nactu UCIT-MC
CTYAEHTOB U ACIMPAHTOB AaHATUTHYECKOH crienua-
JM3anMu Ha (QU3HMKO-TeXHHUYecKoM daxynsrere
YI'TY-VYIIH, a Takske pacrpocTpaHeHue Ha Beepoc-
CHICKHX M PETMOHAJIBHBIX aHAMTHYECKHX 1 IpY-
I'iX KOHQePeHITUAX CBeIeHIH 0 JI0CTOMHCTBAX, BO3-
MOYKHOCTAX U 0cOBeHHOCTAX 06Cy K/1aeMOro MeTo1a
[2-16]. XopolHMM HHAMKATOPOM M B HEKOTOPO# CTe-
MMeH!, CTHMYJIOM YYaCTHA MECTHBIX aHAJIUTHHKOB B
passutnu UCII-MC saBasercsa Ypansckasi koH(e-
PEHIIMA 110 CIIEKTPOCKOITHH, ITPOBOAMMas Ypasbe-
KHM OTAe/IeHHeM HayuHoro coseta PAH o ananutu-
YeCKOM XMMUH cCOBMeCTHO ¢ YT TY-YTIU 1 3Ky pHAIOM
"AHAJIMTHKA M KOHTPOJIL" C HEPHOAUIHOCTLIO Pas B
ABa roja. B wacTHocTH, 9THM MOMHO OOBACHHATH
3aMeTHOE yBeJM4YeHHe Yrca My OIHKaHi B roJel
npoBeeHrA kKoHpepennmii (1999, 2001 12003 r.r).
C mauioii 101€# COMHEHHE MOKHO ITPOrHO3UPOBATh
M JalTbHelee COXpaHeHHe 9TOH 0CO6eHHOCTH.

XapakTepucTHka metoaa Gosee mogpobHo pac-
KPbITa B psjie 0630p0B H CTATEH MECTHBIX ABTOPOB
[16-27]. PacemoTpess! o6imue Bortpock [17,18), paa-
BHTHE UHCTPYMeHTaIbHOM 6a3bl MeToaAa [16,19,20],
0CO0EHHOCTH YCTPOHCTBA M IKCITIYyaTALIMH HEKOTO-
PhIX CIIEKTPOMETPOB U aHaIM3aTopoB (Renaissance,
Spectromass 2000. ELAN 250) [21-23], ciekTpaiib-
HbIE ToMexu [24,25], a TakiKe ClielMaTIbHbIE TPUMe-
HEHHUS MEeTO/A: «X0JI0JHaA» I1a3Ma [26], onpenene-
HUE OTPULATEIbHBIX HOHOB IJ1a3MBl [27] i Kosuto-
H/IHBIX (hOPM 2J1IEMEHTOB B lHAAKOCTAX [28,29]. 1po-
clieskeHa MCTOPHA CO3aHHA H HAYaJIBHOIO PA3BH-
THA uHeTpymeHTapus MCII-MC [13,30].

DyHaaMEHTATBHbIE HCCEJOBAHHA

OueHb MTPOJYKTHUBHBIM OKA3aJI0Ch [IPHMEHEHHE
PaBHOBECHOH TePMOIMHAMMKH JUTH (DYHAAMEHTA/Th-
HBIX HCCJIEOBAHMEH CBOMCTB MHAYKTHBHO CBA3AHHOMN
[/1a3MBI Macc-CcIIeKTpoMeTpoB [31-76), crasiiree Bo3-
MOKHBIM Gy1aroapsa paapaboTre MOX0/IAIIEH KBasl-
PaBHOBECHOI MHOTOKOMITOHEHTHOI MOZIEJIA TEPMO-
XMMHYECKHX IIPOLECCOB B IUVIA3Me. 9Ta MOJENh OCHO-
BaHa Ha JOTYIIEHUH BO3MOMKHOCTH Pead3aliyii J10-
KaJIbHOTO TEPMOJMHAMIUYIECKOT0 DPABHOBECHS B LIEHT-
PaIbHOM (AHUTMTHYECKOM) KaHalle [JIa3MEHHOTO
paspsijia mpu cof/Io/IeH1 K pAAa yeIoBHil [31-44].

CooTseTcTByIOLIEE TEPMOAUHAMUYECKOE MO/IE-
JUpPOBAHME KOHKPETHBIX YC/IOBHUI W IIPOLIECCOB B
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asMe obecrieyisIo Moy YeHHe MHTEPECHBIX U pas-
HOOOPA3HBIX HAayYHBIX Pe3yabTaToB. BeaucieHa
appexTUBHOCTE 00pPA30BAHUA OJHO U JABYKPATHO
3apAeHHBIX OO TE/IbHBIX HOHOB 84 XyMu4ec-
KUX 9JIEMEHTOB, & TAKHKE 3/IeKTPOHHAA IVIOTHOCTh B
AproHOBOMH IUTA3MeE B IHana3oHe Temmnepatyp 4000-
10000 K c marom 500 K [37-44]. PaccMOTpeHEI yeiIo-
BHA 00pa30BaHMA 3TUX HOHOE B IUTa3Me U UX JIBH:Ke-
HUA YePe3 KPUTHYECKHE KOMIIOHEHTBI CIIEKTPOMET-
POB IIPH PasjInIHOM XHMHYECKOM COCTAaBE I/Ia3Mbl
[39-42]. Ocoboe BHUMaHME YIEJ€HO 00 Pa30BaAHUIO
MeIIawUX ABYX3apAIHEIX 0JHOATOMHBIX HOHOB
[45-50]. YeranosneH Ha6op 371eMEHTOB, A KOTOPBIX
obpasoBaHWe TAKMX HOHOB Haubolee BEPOSATHO.
AnanoruuHas paboTa npojeraHa Mo CO3JAINMM
CIIeKTpajibHble HaJ0MeHHA OKCHIHEIM M THIpPO-
KCHIHBIM HoHaM [51-54]. PaccyuTaHbl HeocTa0-
I[{€e CYMMBI 110 COCTOSHUAM aTOMOB, OHO H JIBY-
KPaTHO 3apAKeHHBIX OHOATOMHEBIX MOHOB B HA-
nasoHe remrepatyp 2500-12000 K, BocrionHsonue
npo6ensl uMeIIuxca 6a3 TePMOAHHAMUYECKHUX
JaHHbIX [43, 55-58].

[TpennoskeHa BO3MOMKHOCTE [TOBRIIIIEHH TOYHO-
CTH ITOJIYKOJIMYECTBEHHOT O OTIPEAEIEHUA COEPIKA -
HUSA 2JIEMEHTOB 3a CUET NPUMEeHEHUA KOMILIEKTOB
HOBBIX TEPMOAMHAMIYECKHX NaHHBIX, BEIYHCIEH-
HBIX aBTOPAMH. OTH HOBEIE JaHHKIE NIOSABHINCE 6/1a-
rofapsd yTOYHEHHIO HCIONb3YeMBIX B H3BECTHBIX
IIPOrPaMMHBIX MOAEIAX 3HaYeHHUH adderTUBHOCTH
o6pa3oBaHMA AHATUTUYECKHX M MEIIAIoIHMX HOHOB,
K02 (bPHUITUEHTOB OTHOCUTEIBHON YYBCTBUTEILHOC-
TH, & TAKIKe OJJHOBPEMEHHOMY YYETY HE TOJILKO CIEK-
TPaJILHOI0, HO M HOHU3ALIMOHHOIO BIMAHWSA MATPHIL
1npob [42-44,59-63]. [lokazaHo, YTO MATPUYHBIE
HOHHU3alHOHHBIE BJIMAHUA IPUBOJAT HE TONBKO K
M3MEHEHMIO BEJIMYHHBI AaHAIUTHYECKHX CUTHAJIOR
H KOHLIEHTPALMHK 5JIEKTPOHOB B IIa3Me, HO M K U3-
MEHEHHUIO TPAEKTOPHH HOHOB-aHA/JWUTOB IOCJ]E
CKMMMEpA. YCTaHOBJIEHbI (DAKTOPEI, OIIPE/IE/TIOTHE
CTEeleHb MATPUYHBIX BIUAHWH B 0ObIYHOM H «XOI0/-
HOW» I1a3Me [42,44,64-66). [peaioxKeHo BoIpase-
HHeE, OTINCHIBAIOIIIEE 3aBUCHMOCTh YYBCTBHTEILHO-
CTH CHIEKTPOMETPOB OT MAacC PETUCTPHPYEMBIX MOHOB
C y9€TOM MX AMCKpUMHUHALMH [38,42,67].

PaccMmoTpena BO3MOMKHOCTE aHATUTHYECKOTO
IIPUMEHEHNS OTPULIATEIBHBIX OJHOATOMHbIX HOHOB.
TIOKa3aHa BO3MOKHOCTL 00pa3oBaHUA TAKHX UOHOB
U aproHa 1 iaxe HaTPpUA (TIPH ero BeICOKOM KOH-
LeHTpauuu B Iu1asme) [38,68-71]. Hadineso Tepmo-
AHHAMHYECKOE ITOTBEPKICHHE IHIIOTE3EI 0 TOM, 4TO
OTPHLATE/IbHEBIE MOHBI BOSHHUKAIOT HE B MCXOHOH
IJIasMe, a B €€ 9KCTParupOBaHHON pacIlUPHAIOLIEH-
CH CTpye noc/ie NpoxosaeHuA naTepdeiica [71]. Be-
POATHO 3TOMY CIOCOGCTBYET COXpaHEHUE cylile-
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CTBEHHOM JI0J1H 2/IEKTPOHOB B aHAJIM3UPYEMOH cTpye
3apMKEeHHBIX YAaCTHL] B PEXKUME PErMCTPaliy OTPHU-
LaTeJIbHBIX HOHOB, OTIMYAIIEMCS ITON0HHTEb-
HBIM 3HAKOM IOJAPHOCTH MOTEHLHMAIOB HOHHBIX
JIMH3 U IETEeKTOPA, a4 TAKKe YMEHBILIeHHe BHYTPeH-
HUX [IOTE€Ph OTPHLATE/ILHEIX HOHOB B CIIEKTPOMETPE
6naronaps ocjaabieHHIo PoJIM IPOCTPAHCTBEHHOTO
3apsja 3a CKUMMEpPOM.

Ha ocHoBaHMM BCEH COBOKYITHOCTH HCCIEA0BA-
HHI JaHbl IpaKTHYECKHE PEKOMEH/IALMH I10 [10BLI-
HIeHU0 appeKTHBHOCTH HOHOO6Pa30BaHusA, BEIGO-
PY BHYTPEHHEr 0 cTaHgapTa, y49eTy MaTpPHYHbLX BJIHA-
AHWH, IPUMEHEeHHIO TEPMOIMHAMHMYECKOT0 MOJie-
JUpoBaHuA, BIGOPY MOAU(PHKATOPOB ITPH 3JIEKTPO-
TEPMHYECKOM HCIapeHHH 06pasloB B HCTOYHHUK
noHoB [72] u T.4. [TonyveHHbIe pacyeTHBIE pe3yilb-
TaThl MHOMOKPATHO MOJATBEPAIEHBLIATEPATY PHEIMU
U cobecTBeHHBIMH [77,78] aKcrepuMeHTalbHBIMH
JaHHbIMU. [TokasaHo IPEMMYIIECTBO OTEYECTBeHHO-
ro nporpaMmMHoro komruiexca ASTRA ¢ 6anxom Tep-
MoauHaMuveckux faHHbIXx MBTAHTEPMO, ncrrons-
30BaHHOTO B 06cykaaeMoil paboTe, 110 CPABHEHHMIO C
panoM 3apybexHbIx anaoros |7 1]. Hacte aToii pabo-
ThI 611 TTOAAEe piitaHa rpaHToM Nt 95-0-9.5-164 Kon-
KyPCHOTO HEeHTpa (pyH/aMeHTaILHOTO €ECTECTBO3HA-
HuA npH CaskT-TleTepbyprckoM rocyiapCTBEHHOM
YHHBEPCUTETE.

HauaTo nopo6Hoe TepMOAHMHAMMYECKOe UCCIIe/10-
BaHHE reJITMeBOi HHAYKTHBHO CBA3AHHOIM 71a3Mbl,
MoJTydeHEl HOBEIE pe3yibTaTtsl [73-76).

IIpoune hyHaaMeHTAIbHbBIE MCC/IELOBAHNMSA, TIO-
Aep:xaHHbie Poccuiickum GoHIOM pyHAAMEHTANb-
HbIX HecntefopaHuli (PMDH), BrirouaroT npuMeHeHHe
HCIT-MC B kauecTBe BaskHOI coCTaBHOM YacTH.

B ux 4ucie uceaeoBaHyue ABJIEHUA KOJLIOW/THO-
XHUMHUYECKOH SKCTPaKIUKH MHKEPOKOMIIOHEHTOB U3
BOJIHBIX PACTBOPOB € pa3paboTKoH MeTo/IOB COpOLIH-
OHHOTO KOHLIEHTPHPOBaHHA CIEAOBbIX KOJLUTOUIOB,
nojepanHoe rpanToM POMU Nt 01-03-33177. B
KadvyecTBe 3KCTPareHTOB MCII0Ib30BalH, B HACTHO-
CTH, Bock U napaduH. Mcecneaosaiy posib KOJIEK-
Topa, aHHOHHOro cocTaBa, pH u T.a. Boanyio gasy
CHCTEM [0 ¥ IIOCJIE SKCIIEPUMEHTOB aHa/IM3UpoBa-
i metogom UCIT-MC. INoraszarHa BO3MOMKHOCTS OIT-
peneneHu A0 K GOPMBI KOJUTOMIHOIO COCTOSHHUA
B IIPUPOAHBIX BOJIaX, pACCMOTPEH MEXaAHH3M BKCT-
paknuu. IlpeanomxeHsl 06JacTH NPaKTUYECKOTO
NpHUMeHEeHUS MT0JYYeHHEIX PE3YIETATOB, ONyOIHKO-
BaHHBIX B [79-91].

HUCII-MC ucrnions3oBanu A U3y4eHHUA copoLm-
OHHOH 2(pPEeKTUBHOCTH U CEJIEKTUBHOCTU HOBBIX
copGeHTOB B paMKax [IPOEKTAa 10 CUHTE3y U yIIpaB-
JICHUIO PeaKIIMOHHOH cmoco6HOCTEHIO HAHOPa3MEep-
HBIX THAPOKCHUAHBIX copbenToB (rpaHT POGHU Ne O1-

03-32490) [92-94], a Tak:ke A1 KOHTPOJIA cCocTaBa
deppoliaHU/IOB B paMKax [IPOEKTa, ITOCBAIIEHHOTO
HOBOMY KJIACCY TeKCaroHaIbHbIX IHaHo(eppaTos p-
nd- snemenToB (rpanT POOM N 88-03-32543) [95].
ITpu M3y49eHHM COCTOAHMSA BOAOPOAA U (PpasoBhIX
TIEPEXO/I0B B THAPHAAX IIePEXOAHEIX METAJLIOB (IPaHT
PO®DI Ne 02-03-32979) nprMecHYIo YHMCTOTY THAPH-
J0B TUTaHa, MPKOHKA U ragpuus (TiH,, ZrH, n HiH,)
ycraHaBnauBaau ¢ noMonusio MCIT-MC [96-98].
IMpumenenne MCI1-MC nosso/iio HCelleIoBaTh
BJIMAIHHAE H30TONHOTo cocTasna (“Li 1 "Li) tuTHEBLIX
HOCcHTeJIeH Ha MOHHBIA TPAHCIOPT B TBEPALIX dJIEK-
TpoauTax paasoro cocrasa (Li,ZrOs, Li,7N,, Li,AIN,,
Li SiN,, LigMoN,, LiWN,, LisMoO,, LiWO,, LiAlO,,
LiGaO,, La,, . Li,,TiOs) MpH pasnmu4HbIX yCIOBUAX
(rpasT POOU N0 03-03-32771). PaccMoTpeHs! yeiio-
BHSA ONITUMH3aIMH MHOTOJIMH30BOM HOHHOH ONTH-
KH IPHM BBITIOTHEHHMH H3MEPEHWI H30TOITHOr0 0THO~
meHud Ut (99, 100). [TonobpaHs! yelnoBHA pacTBo-
peHusd obpasnos. Camble CTOMKHE U3 HUX (HANpH-
mep, LiAlO,, La, 3 (Li, TiO;) pacTBOPAAN B KOH/IEH-
cupoBaHHO# ocdopHOHA KHUCIOTE MTOC/IE TOHKOIUC-
niepcHoro uaMenpueHud [101,102]. Konnentpauus
06pasLoB B pacTBOpax [UIA M30TOITHOTO aHaI3a co-
cTasiasia ~ 1 Mr/J1, anpu orpeaeneHuy IPUMECHO-
IO COCTABA JIMTHA H €ro BhIINEYKa3aHHBIX COeIMHE-
#Hu# — 100 mr/n [103]. lNomydeHHEIE CBEAEHHA O
TPaHCIOPTHRIX CBOMCTBAX TBEP/ABIX 3IEKTPOJIHTOB,
YHIC/Iax MepeHoca ¥ MEXaHHU3Me ITPOBOAHMOCTH OITy0-
maxoBaHse! B [104-113]. UCI1-MC okasamncs Take
TIoJIE3€H ITPH pa3pabGoTre M HCIEI0BAHMH AJICKTPO-
JHBIX MATEPHAIOB (UIIOMHHATH! ¥ CKAHIHATHI JIM-
THA) 1A KapOOHATHBIX TOILIMBHBIX 3JIEMEHTOB [ 1 14].
HMHAUMaTHBHOE UCCIEJ0BAHHUE N0 M3YYEHHIO
MarHMTHBIX CTPYKTYP. CBOMCTB M BHYTPEHHHX B3a-
HMoaecTBUH B MEXaHOCHHTE3HPOBAHHBIX IIOPOLII-
KOBBIX HAHOPA3MEPHEBIX CILIaBaXx jkenesa ¢ GopoMm
pasauyHoro cocrasa (a-FeB, Fe,B, Fe, B, Fe, B, u
[Ip.), 2 TAKJKe YCIIOBHH MX cCHUHTEe3a 65110 a(hperTHB-
HO noaaep#ano merogom UCIT-MC B uacTu onipezie-
JIEHUA COCTABA M COAEPIKAHMA NMPUMECHBIX U TIaB-
HBIX 3JIEMEHTOB B MICXOAHBIX MaTepHalax 1 KOHeY-
HBIX NMPOAYKTAX. YC/I0BHA aHAIM3a U PE3YILTaThl
HICCIIeIOBaHHIA CTUIABOB Oy B/IHKOBaHBI B [115-122).
Creaytoliee MHHIMATHUBHOE (hyHAaMeHTalbHOE
ucciie1oBaHue OTHOCUTCA K o6/1acTi TaHamadTHOH
GuoreoxuMuH. [IpH H3y4YEeHUH eCTECTBEHHOr0 (PHUTO-
reHHoro MaccoobMeHa (MUArpalys 3/JIEMEHTOB B LIENTH
pacrurensHocTe-aTMocgepa) UCTT-MC ncronsaosa-
JIM 111 OTIpele/IeHUA 9JIEMEHTHOr 0 CocTaBa A0 /e-
BBIX ¥ CHErOBBIX OCAJKOB, PEYHBIX BOJ, HUIKUX
TpPaHCITUPALIMOHHBIX U 'Y TTAIHOHHLIX BBIZICTICHHH
JIMCTBEB, XBOM U TPAaB, 3BATIOPAITHOHHBIX BbIIETEHITH
no4sksl. PaccMaTpyUBaiv KOPPEIAHH [TOIYIeHHBIX
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COCTABOB Ha3BaHHBLIX 00BEKTOR C YY€TOM PErHOHAb-
HBIX YCJIOBHIA Ypasia: FreOXMMHUYECKHX, BEICOTHBIX, pe-
JbedHBIX M ToroHELX. Meonorus paboTsl, criocobsl
oT6opa 06pasroB, METOAHYECKHE MTOAPOGHOCTH U I10-
JIy4eHHBIE Pe3y/IsTaThl OCBelleHsI B [123-131].

MeaMipHHa ¥ 3K0JIOTHA

B ob6mactu meguimmasl UCIT-MC ucnoas3oBaiu
[T NOKJTMHAYECKMX MCITBITAHWE HOBBIX XUMUYEC-
KHMX MATEPHAJIOB H rpenapaToB. Co3aHrue HOBOTo
2 (pEKTHBHOT0 PEHTTeHOKOHTPACTHOrO BEIIleCTBA
(oproTanTanaT naHTaHa) NoTpPeGoBAIO MCTTBITAHME
ero 6e3aBpeHOCTH 10 OTHOLIEHUIO K NAIIHEHTAM H
XapakTepa pacnpocTpaHeHK!d 110 BHYTPEHHUM Opra-
HaM ((papmaroruneTHiH). C 9T0il HeTBIO OLIITO BbI-
MOJTHEHO MPeBapUTe/ILHOE HCIBITAHHE TIPENapaTa
Ha kpbicax. C nomompio VICIT-MC nokasaso, 4To
nepopanabnoe nocrymniaenue LaTaO, B opranusm
KPBIC He BBI3LIBAET €ro NOABIEHHUA B OCTAJILHBIX
BHYTPEHHHX OpraHax 1 JKHAKOCTAX. BemecTBo npak-
THYECKHU [TOTHOCTBIO BLIXOAWIO M3 OpraHusMma c e-
kanuamu [132,133]. [lpyroe MegIHHCKOE IpHUMe-
HEHHE CBA3AHO C IIpeJBapUTEJBHON aTTecTalueil
HOBOro GMOAKTHBHOrO BELIECTBA HA COAEPIKaHME
IIPHMECHBIX, B TOM YHCJe TOKCHYHBIX 9JIEMEHTOB.
O6BbexToM ananmaa 6b11 CHHTETHYECKHI THAPOKCH-
anaTuT kanbuusa Ca, (PO,) OH, — noTeHuMaIbHBIH
KOCTHO3aMEIUAIOIHUE TBEP/AKIH MK resieo6pasHbLix
HMILTAHTAHT 1A XHPYPIrHUH, CTOMAaTOJIOTHH H OCTe-
onoruu [134].

Bonbitras paboTa 9K0I0rMYECKOM U YTHIMTAPHOM
HaINpaB/JIeHHOCTH TMPo/ie/laHa B PAMKAaX MPOEKTOB
MEHAYHAPOAHOTO HAYYHO-TEXHHYECKOTo EeHTpa
MHTIL: «OnesKa npHoprMTETOB MO ITPEJOTBPaIEHHIO
3arpfAsHeHus okpykarwileii cpeaur r.Kapabaun
(Nu 500-98) 1 «PaapaboTKka MporpaMMsl 110 passBu-
THIO U peabunrranum r Kapa6ali 3a cueT UCIoJIb-
30BaHHUA KOMIUIEKCA TEXHOJIOTH o nepepaboTke
TEXHOTEHHBIX pecypcos ropogar (Ne 1872). C nomo-
b0 UCTT-MC aHaIM3MpPOBaJIM COCTAB PA3IMYHBIX
roxasaTenbHbIX 06 beKToB patioHar. Kapabanr. Cpe-
M HHUX TeXHOreHHbBIE OTXO/bI (LILUTAKH, OTBAJILL), TIPU-
po/ilible 0O6'bEKTEI (CHEr. BOAbI, PACTEHUA, KOpPMA,
o4Bbl), 6HoIOrNYecKrne npobbl (KPOBb, MOJOKO,
Mo4a, BHYyTPEHHHE Opraubl, II1€PCTh MHBOTHBIX, Ye-
JIOBEYECKHAE BOJIOCHI). YCTAHOBJIEHBI KOPPEIALMH
COCTaBOB NPHPOJAHBIX U TEXHOTEHHBIX 06LEKTOB,
BbIABJ/ICHbI HEAOCTATKM JEHCTBYIOUIMX [TPOMEBIITIIEH-
HBIX TEXHOJIOTUH, BbIpab0TaHBI ITPEJTOMEHMUS 110 MX
COBEPIIEHCTBOBAHMIO U NIepepaboTKe HAKOTUIEHHBIX
orxonos. [Tonyuena oSmmpHas nH(GOpPMALIMSA, H3710-
HEHHAA B HUKIIe Nyonkamuii [135-149].

Bocrpebosanrocts UCTT-MC nposaBMIacs Takike
B cpepe 3a1MThI YeJIOBeKa OT TEXHOTEHHOTO BO3Ieli-
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CTBUA BOJIM3H NTPENPUATHIA RTOMHOMN MIPOMBILILIEH-
HocTH [1,150-159]. ITpx 2TOM KOHTPOJIMUPOBAIIH CO-
Aep:kaHMe 600N FPYTINEI 9JEMEHTOB (0COGeHHO
TOKCHYHBIX ¥ PAJHOAKTHBHLIX) B OKPYIKAIOIEM BO3-
Jtyxe (B TOM 4mCIIe Ha BBIXO/IE U3 BEHTWJISILIUK), CHEre,
TIUTHEBBIX, [IPHPOAHBIX ¥ OYHILIEHHBIX CTOYHBIX BO-
Aax, BOJe ¥ NOHHBIX OTVIOKEHUAX IPHUJIErarollero o3e-
pa, nouBe, pacTeHHAX H GHOJOTHYEeCKHX mpobax. B
3THX 00BEKTAX OJTHOBPEMEHHO ITPOBEPAJIN YCTOMN U -
BOCTB €CTECTBEHHOT 0 M30TOIIHOTO coCTaBa (hOHOBBIX
npumecel ypasa, mo3BoJIsIoyIo OLEeHUBATD TEXHO-
reHHOe BJIMAHKE COCeQHEro mpousroacTea. Huskoe
coziepicanye ypasa TpefoBalio ero KOHIIEHTPHPOBa -
HUS [1aiKe [TPH HCTI0/Ib30BAHUH CTOJMb BBICOKOYYB-
CTBHTEJILHOTO CrIeKTpoMeTpa, Kak ELEMENT-2. Ca-
MbIM 3(h(PERTUBHEIM KOJUIEKTOPOM YpaHa OKasajcs
BOJIOKHMCTBIM KOMILUIeKcoo6Gpasylonuii copbeHT. pas-
paboTanHbi B MHCTUTYTE FeOXMMME M aHAIATHIEC-
Kol xumuu uM. B.WU. BepHazckoro.

K sxonmormueckmuM NpUMeHEHHAM METO/1a MOK-
HO 106aBUTH KOHTPOJb COAEP:AHHA 6opa B peYHbIX
BOJax. oja B pasjMYHbIX HAIIEBLIX NMPOJYKTAX U
Ka/1id B ouBax [ 160- 162]. B cBsaau c HeobxoauMoc-
TBIO YTHIM3aun# 60JBIIMX HEUCIIONb3YeMEIX 3ara-
COB MOHAIMTA, CKIaiMpoBaHHbIX B6/H3K I KpacHo-
yHMCKa U CO31AIOIIMX CONMAIBHO-9KONOTHYECKYIO
HaNPAKEHHOCTh CPE/IM MECTHOTO HACEJIEHHA, Pa3-
paborana MCIT-MC meToanka skcrpecc-aHa M-
324 3JIEMEHTHOTO COCTaBa MOHALINTA (PACTBOPAEMO-
IO B KOHIEHCUPOBaHHOH (hocdopHo kucnore) [ 163).
[TokasaHa BEICOKAA 3HOJIOTMYHOCTE 3TOM METONMKH,
o0yc/ioBIeHHAss HUBKMM PAcXoA0M 00pasIioB ¥ MU -
HHMAaIbHBIM KOJHYECTBOM JKUIKNUX H BEHTHJIAIM-
OHHBIX OTXOZOB.

ATOMHAA NIPOMEBINUIEHHOCTSH

Cpei¥ N1poMBIIIIEHHBIX ITpHMeHeHH UCIT-MC
Ha Ypane AbBUHaA 0/ IPUXOAMTCA HA aTOMHYIO
UHAYCTPHIO, OCTABJIAIOILYIO CBOIO TIPOYKITHIO HA
BHEUIHWHA 1 BHYTPEHHUN pbIHOK [1,164-186]. Kont-
POJb KaYecTBa MPOAYKIHH, TEXHOIOTHYECKUX ITPO-
LIECCOB, 3KOJIOTHYECKHUX 06'LEKTOB, HAyYHBIE HCCiie-
AOBaHHUA — TakoBa cepa NPUMeHEeHHA MeToJa B
9TOM OTpac/i. MHOro BHUMAHHUA YIEJIEHO Ofpeie-
JIEHHIO TIPUMECEN B pACTBOPEHHAIX YPAHOBBIX Ma-
Tepuaiax (ypas, rekcadyropuz ypasa, rerpadpropua
ypaHa, 3aKUCh-OKHCh ypaHa) C TIOMOIIBIO CIIEKTPO-
MeTpa ELAN 6000. B 3aBUCHMOCTH OT TEXHOJIOTH-
YECKUX WM aTTeCTAllHOHHBIX TPeGOBAHHUH HCITONb-
30BaJIM KaK MPAMOE OlIpeAe/IeHHe TPUMeceH U3 pa-
CTBOPOB C cofiep:kanneM ypana o 1 r/ia[1,164-166],
Tax 1 C IIPe/IBAPUTE/IbHBIM OTACIEHUEM YPAHOBOH
ocHoBEI [1,166, 167]. Beicokoe cofep:kaHue ypaHa B
pacTBOpax IIPUBOAKIIO IIPH MPAMOM aHAIK3€e K Ha-
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KOILUIEHHIO MAaTPHUHBIX COJIEBLIX U ITPOYHX OCTATKOB
B pacHbUIUTENbHON cucTeMe, MHTep(eiice 1 HOH-
HO}t OITHKE CIIEKTPOMETPOB. UTO BEIZBIBAJIO Apeid
aHaIUTHYECKHX CHTHAJIOB ¥ YXY/IIeHHEe YYBCTBH-
TEJBHOCTH, a TAKKEe COKPallleHHEe CPOKa CIIyOBI
3arpA3HAEMBIX JAeTaleil. YCTaHOBJIEHO 3HAYUTE/NhL-
HOE JIe[TpecCUpyIollee BIHAHUE ypaHa IIPH ero co-
aepxxaHuu 6osee 10 Mr/ 1, a Takke a30THOH (B 6016~
LIek cTeneHn) 1 (PTOPOBOAOPOAHON KHCIOT IIPH HX
cofepskaHuu 6osiee 1-3 06 beMHBIX % Ha HHTEHCHB-
HOCTB CIIEKTPa aHaJIMUTOB. [JIA HCKIIOYEHHA dTHUX
npo6;em paapaboTany 1 HCII0JL30BAIH METOAHMKH
C OTZe/IEHHEeM ypaHa U3 pacTBopoB ¢ 5N conepxa-
HHEM a30THOH KHCIOTHI MeTOoAaMHM BKCTPaKIIUOH-
Hol xpoMaTorpadHH U IEPHOAHYECKOH SKCTPAKIIHH
C HcroJib3oBaHUeM Tpubytundocdara. 3amMmeueHo
[IPH 3TOM, YTO OCTATOYHOE NPHUCYTCTBHE TPUOYTHII-
thochaTa B pacTBopax npu coaepmmaHuud dosnee 2
06 BbeMHBIX % YBE/INYUBAJIO HHTEHCUBHOCTE CITEKT-
pa aHIMTOB 3a CYET CHHKEHMA [MOBEPXHOCTHOTO
HaTAKEeHHA aHAIM3HPYEMbIX PACTBOPOB. [1n4 cHu-
HEHHA CHEKTPAIbLHBIX HAJIOMEHWI aproH-coiepra-
LL{IX HOHOB, MELIAOILMX OTTpe/IeIeHHIo npumecei K,
Ca u Fe c moMolIbi0 06bIYHOT0 KBaAPYTIO/IBHOTO aHa -
JIM3aTopa. MCIOJIb30BaHA «X0JI0HaM I1asMa [ 168].

YieneHo BHUMaHue onpenenenuio e u **’Np B
3aKMCH-OKHMCH M rekca(pTopr/ie ypaHa C IOMOIIBIO
criekTpomerpa VG PQExCell ¢ npeasapHTenbHBIM
9KCTPaKLIMOHHBIM KOHLIEHTPHPOBAHHUEM aHAIMTOB.
B nmeproM cayuae (*¥It) ucrionb3oBain oTAeIeHHE
AHAIMTA MEeTHISTIIKETOHOM 13 KapOoHATHOM cpe-
a1 [1,169], a Bo BTOpoM (**7Np) - pacTBOPOM TEHOHI-
TpH(pTOpaLleTOHA B KCUJIOJIe H3 A30THOKHCIION cpe-
1bl [1,170]. IIpsamoe onpeeneHue "It M3 pacTBOPOB
C cozieprraHieM MaTPHIbLI BILUTOTH 0 2 T/1 oGecnie-
YuBaeT Npegen oGHapyxeHus Toasko 0,1 Hr /rypa-
Ha [171], ¥To IOYTH Ha IOPALOK XyHe ITPeAbIIYIIEro
ciy4das,

OTMedeHBl JOCTOMHCTBA cniekTpoMmeTpa VG
PQExCell: BeIcOkMe 9yBCTBUTEIBHOCTb U CTAOWIIb-
HOCTBb CUTHaJIOB. [IpuMeHeHne aToro ITpubopa gaie
IIpM [IPAMOM aHa/IM3€ YPaHOBhIX MATEPHATIOB U3
PacTBOPOB C Cofep:HaHueM MaTpHUIlsl 1 r/1obecne-
YMBAJIO NpeAesl oGHapykeHua npuMeceit P39 u
TOPHA, TPEeBOCXOAANINE TPeOOBaHHA aMEPHKAHCKO-
ro cranaapta ASTM C 1287. [1pu aToM cymMmMapHas
TIOr peIIHOCTE O peAeSIeHUA aHAIUTOB He ITPEeBbIIIa-
1a10%[172].

Hceneposanbr ocobeHHOCTH onpejeneHus 6opa
B rexcadTopHie ypaHa ¥ BRICOKOYHCTOM rpaduTe,
HCIIOIB3YEMOM B aTOMHOM TPOMBIIIUIEHHOCTH U V14
NPOM3BOACTBA CTaHAAapPTHBIX 06pa3ios. B nepsoMm
ciIyJae HCIoIb30BaIM TPAMON aHaIM3 ypaHcoep-
samux (1 r/ma) pacTBopoB ¢ go6aBkoH GepuiiidA B

Kad4ecTBe BHYTPeHHero craHgapra [ 1]. 3tonossonm-
JIO ITPH COM3MEPHMBIX peenax o0HapyKeHHA 3Ha -
YUHTELHO YCKOPHTD BRITIOJIHEHWE AHAM30B II0 CPaB-
HEHHWIO C TPAAUMIIMOHHBIM METOAOM (PPaAKIIMOHHOM
JUCTHINALNH. JUTA IOBBILIEHUA YYBCTBUTEIEHOCTH
Ha NOpA/ICK 60p ITepe ] BBEACHHEM B HCTOYHHEK HOHOB
B [IpOLIECCE aHATH3a [IEPEBOJWIHA B JIETYYEE COCTOA-
Hue. [Tpu aTom Bostee adpperTUBHBIM crtoco6oM BbI-
Jesienus 6opa 13 06pas1oB OKa3aioch €ro ANeKTPo-
TEPMHUYECKOe HCIIapeHHe C ITIOMOUIbLIO TpaUTOBOR
rnevyu, HeMKeNnH HU3KOTEMITIEpaTypHOe HellapeHnue
acipoB 6opa, moy9aeMbIX B PACTBOPaXx JIeHCTBAEM
BTHJIOBOTO MJIH MeTH/IOBOTOo cnupToB [173]. Bo BTO-
pOM clTyyae rpauT IpegBapUTe/IbHO PACTBOPAIIN B
MHKPOBOJHOBO neud [ 174). ITpu sToM U1 yMEHb-
menuna 3¢ perta namaTu 6opa pacrbUIMTEILHYIO
CHCTEMY IIPOMBIBAJIH BCIIOMOraTe/IbHEIM PACTBOPOM,
copepxamuM MaHHMT. Kpome Gopa onpenensnm 1
IpOYHE IPHUMECH C LIEJIBIO OTpe/ie/IeHAS IIPUT0THO-
CcTH rpaduTa VIl U3roTOBJIEHUA CTaH apTHRIX 00-
pasnoB Ha ero ocHoBe [175].

C 1e1bio coBepIIeHCTBOBAHUA METPOIOTHYECKO-
ro obecrieyenud oTpaciy, 6aarofapa HATHYHIO U
Hcroab3oBaHUIo coBpeMeHHBIX MCIT-MC ciekTpo-
MeTpOB, ObBLIH CO3AaHb!l IBAa KOMIIJIEKTA CTAHAapT-
HBIX 06pa310B cocTaBa 3aKHMCH-OKUCH YpaHa, aTTe-
CTOBAHHBIX HA COEPXKAHME ITPMMeceH B JUanaso-
He 10° - 107 %. npegHasHaYeHHBIE /1 PACTBOPE-
HHUA MM aJIETEPHATHBHOTO MeTojJla GpakIMoOHHOA
JHUCTHILIALINY, @ TAKIKe TOCYAapPCTBEHHLIA cTaHaap-
THBIN 06paszen] aHAJIOTHYHOTO COCTaBa, aTTECTOBAH-
HBIH Ha cofiepaaHre ypaHa. OnmucaHa TeXHOJIOTUA
M3TOTOBJIEHHSA W MCITLITAHUI 3THX 06paanos [176.,
177]. HanameHo TaxKe IIPOM3BOCTBO U ATTECTALIUA
TOCYZAPCTBEHHBIX CTAHAAPTHLIX 06pa3nos cocTaBa
CIIeHAIBHOTI0 M 06111ero Ha3HAYeHHA B BU/le pacTBo-
POB HHAMBHYyaIbHbIX HOHOB P33, Thn U [178], a
Taxike Zr, Nb, Ta, Re u Ru [179], 3yuyeHs! pons MaTe-
PHAJIOB, MCTIO/Ib3YeMBIX V15 U3TOTOB/IEHHUA TAPhl CTaH-
JapTHbBIX PACTBOPOB, U YC/I0BHH MX XpaHeHHA [ 180).

PaspaboraHa MeTO/IMKA aTTECTALIMOHHOrO oIIpe-
JleJIeHHA M30TOITHOro cocTana IIPHPOAHOIo ¥ HU3-
KooboraleHHOr 0 ypaHa ¢ IIOMOIIBIO CIIEKTPOMETPa
BeICOKOTO paspeineHHs VG AXIOM ¢ MyIETUKOJLIEK -
TOpHOM peructpanueti (nerexkropsl Papajesn) c vc-
TI0JIb30BAHHEM ITOITPaBOYHOI0 MHOKUTEIISA, OITPE/Ie-
JISeMOro 1o BHOCUMOI B npo6bl MeTKe TaJutuA. [Tpo-
BEJEHHOE ITPH 3TOM METPOJIOTHYECKOe HCceloBa-
HUE JI0KA32JI0 BBICOKYIO TOUHOCTE U3MEPEeHMI], Y10B-
JeTBopAwIyl TpeboBanuam crannaptTos ASTM
C996, ASTM C787 n ux ananoros[1,181,182]. Me-
TOJAMKA HalllJIa IPUMEeHEeHHWe, B YaCTHOCTH, JUIS OIT-
peaenenus cojiep:kanua U B ypaHco/epKaniiux
pyAax pasHbIX mecTopomzeHuit [182]. C aToi me
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LENBI0 HCIOAL30BAH CIIEKTPOMETP BBICOKOIO pas-
pemenua ELEMENT 2: ananusuposann o6pa3sisl
MOI0GHBIX Py KOJUICKLIMH Me0JI0rOMUHEPAJIOTHYEeC-
xoro myses BHHUHUXT (Mocksa) 1 JJanMaToOBCKOTO
MecTopoxaeHuA. O6beKToM aHan3a ObLIN TaKkKe
pacTBOPHI TIOJ3EMHOT0 BhILEIaYHBAHUA PYA H 10~
JydaeMble H3 HUX KOHIeHTpaThl. [To/rydeHs! MHTE-
pecHbIe Pe3yNETaThl HCC/Ie0BaHUA TEXHOJIOIHH 3TO-
ro Benuenayusanud [183].

VsoTonHbIi cocTas ypaHa H ero obee cofepra-
HHe B 0TpaboTaHHBIX BAKYYMHBIX Maciaax, HCIOJIb-
30BaHHBIX B TEXHOJIOTHH Pa3/e€MHTEIbHOIO ITPOU3-
BO/ICTBA YPaHa, @ TAKKE B TEXHOJOTMTYECKUX PacTBO-
pax onpenensany ¢ nomousio ELAN 6000 [1,184].

Becbma apPeKTHBHBIM OKA3a/10Ch MPUMeHEeHUe
HCIT-MC (ELAN 6000) 115 KoHTpoJA KadecTBa 060-
raireHHbX cTabMIBHBIX H30TOIOB PAJia 3JIEMEHTOB
(Li, Mg. Ca, T\, Cr. Pd, In, Sb, Ba, La, Ce. Nd. Sm, Gd,
Tl Pb), To:e nocrapnsieMbIX HA BHYTPEHHHH U Me-
AYHApOJHBIA PbIHOK. [IpH 9TOM IpPOBEpPAIH U
NIPUMECHYIO YUCTOTY M W30TOITHBIMA COCTaB BBIITyC-
KaeMbIX MPOAYKTOB. IIpuMeHeHNe 06CcykaaeMoro
MEeTO/ia BMECTO @TOMHO-3MHCCUOHHOMH CITEKTPOMET-
PHH /I OTIPEAC/IEHUSA IPHMECHOM YUCTOTEI IT03BO-
JIKJIO PE3KO COKPaTHTh PAacXo/] TECTHPYEMBIX J0PO-
FOCTOAIIMX H30TOIOB, SHAYUTEIBHO YBETUYHTh CIIH-
COK OITpe/ie1AeMbIX IPHMECHBIX 371eMeHTOB (70 BMme-
cTto 10-15) 1 ycKOpUTD BHITTOTHEHHE aHAMU30B. [1pu-
menenne UCIT-MC BMecTO TEpMOHOHHU3ALMOHHOM
Macc-CreKTPOMETPUH 1A OTIPeAeIe HIA H30TOITHO-
ro cocTaBsa ro3BoJAET PACUIHPUTD CITMCOK aTTECTy-
€MBIX 3JIEMEHTOB (3a CUET B/IEMEHTOB C BEICOKHMMH
[IOTeHU\aIaM¥ HOHHU3al[i1), obecnieunBaeT Gosee
BBICOKYO [IPOM3BOAUTEILHOCTE, YMEHBIIAET PACKO
JAoporocToAimux o6pasuos [159,185-189].

Ilpou3sBOACTBO 6/IArOPOAHEIX METAJLIOB

H CILIABOB

HCIT-MC nocTeneHHO 3aBOEBLIBAET BAKHBIE POJIb
M ITO3ULIMIO CPEAM METO/10B KOHTPOJIA [TPOM3BOACTEA
671aropoAHBIX METAJIJIOB M CIIABOB. PaapaboTaHbl
METOMHKH ONpeeIeHHs MPUMeceH B INIaTHHE, KaK
6e3 mpobonoAroToBKH (¢ 1asepHoit abaanwmeii [190]),
TaK M ¢ pacTBopeHHeM obpaanos [191-193]. B oc-
JIeJTHEM CJTyyae H3y4eHO MaTPHYHOE HEeCIEKTPaITh-
HOE BJIMAHME IJIATHHDI, KOTOPOE 9KCIIOHEHIHAIBHO
MOA@BJIAI0 MHTEHCUBHOCTD CIIEKTPA aHAJIUTOB, Ha-
yuHad ¢ 0,05 mr/a Pt. [TokasaHo, YTO BHYTPEeHHHUI
cranaapr (La niau Xe) ocnabnsger (B pasHoii crene-
HH U1l pa3HbIX 3JIEMEHTOB) MATPHYHOE BIMAHHE
Jazke npu 1 r/n Pt. Ucrnions3oBaHue MOBBIIEHHOTO
paspelnenus kBaapymons ELAN 6000 B 3 pasamo-
HH¥KaJ0 npejaen obHapy:KeHUs 30JI0Ta B TVIATHHE
6i1aroylapa yMeHbIIEHHIO BAMAHKUA %Pt 1 '%Pt ya
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¥7Au, PaspaboTaHbl METOJHUKH OITPeie/IEHHS [IPH-
Meceii B 30/10Te U cepebpe, B ToM uncie 6e3 Tpaan-
IIHOHHBIX CTAHAAPTHBIX 00 pa3uos [194-196]. [1pu-
MeHEHHE cO6CTBEHHBIX METOAUK /1A aHAI3a KOH-
TPOIBHLIX P06 JIOHAOHCKOH GUPIKK METAIIOB BHE-
CJIO cyLIeCTBEHHBIN BRI B oaydyeHne ExaTepuH-
OyprckuM sasogoM OLIM craTtyca Good Delivery ripu
ITOCTABKE C/JIMTKOB 30/10Ta ¥ cepebpa Ha YKa3aHHYIO
oupiky [194]. CymecrBenen Bxaag UCIT-MC u B co-
3aHMH KOMIUIEKTOB I'OCYJapCTBEHHLIX CTAHAAPT-
HBIX 00pa3sloB IJIaTHHEI M najuaausa [197-199].
MeToa HCronb30BaH TAKIKE JIJIA ONpee/IeHIA TPH-
meceii (0T 0,1 r/T) 3010Ta ¥ cepefpa BO BTOPHYHKIX
CBIPBEBEIX HCTOYHHKAX 6/1aropoiHEIX 3JIEMEHTOB!
KIMHKEepax ¥ CBUHLOBRIX Kekax [200].

Apyrue npuMeHeHHA
ITpoune npumenenua UCIT-MC oTHocaTcA k aHa-

JMTHYECKOH XUMHWHM OTAENBHEIX 9JIEMEHTOB M HX
WHAMBHIYaJIbHBIX COEJUHEHW, a TaKKe K aHAaIH-
3y METAJUTMYECKHX MJTH COJIEBBIX CILIABOB, CIOMHBIX
coepuHenri [201-215]. Paspa6oraHs! 1 orrpoboBa-
HBI ONTHMAJILHBIE METOIUKH OITpeie/IeHHA [TprMe-
cell B paCTBOPEHHBIX 2JIeMEHTAX U UX IIPOCTHIX pa-
CTBOPDHUMEIX COSIMHEHUAX (OKCHIBI, HUTPU/ILL, KAp-
6HAaBl, THAPU/BL, COJIH) ¢ KOHLIEHTpalHel o6pa3Los
B pacTBopax He 6osee 0, 1 r/11, HO3BOIAOLIEH MUHH-
MH3UPOBATh BIMAHHE JaiKe TAMKEIbIX MaTpul,. B
yuce Takux o6 beKToB 6blH tuTHE [103], 6op, Ha-
Tpuil, amomuuui [201,202], TnraH (98], BaHagu
[203], mapranen, ko6anst, Meas [204]. rammmii [205],
CeJieH, CTPOHLMHN, UTTPHI, IIUPKOHMH [97], HUOGHIA,
xaamuii [206], unauii, HeoguM, camapwuii [207,208],
€BPOMNMIA, raJloMHuit, Tepbuit [209), moTenwmii, rad-
Huii [96], TanTai, Bonbgpam, Tawiuii [210], cBuHer,
BHCMYT ¥ X COeIMHEeHHUA. HaliieHsl npurogHere as
HCII-MC ycnosus a¢pPeKTUBHOIO PACTBOPEHHA X1 -
MHYECKH CTOMKHX 00BEKTOB aHAIM3a, TAKMX Kak
MOHAaUMUT [163], BEICOKOYHCTERIN amOMUHHKM [215],
OKCcHbl amoMuHusA [202], kpemMHHA, TUTaHA [98],
LepHA U Bomb(pama, aMOMUHAT THTHA U JINTUEBBIE
TBEpAEBIE 31eKTPoanTh! [101,102], deppocrnassl,
LIUTAKH, KPacHBIH [ILJ1aM, TOPHbIE ITOPO/IBI U JIP.
Bosee TpyAHBIM OKasalloch OMpejleIeHAe MaT-
PHYHEBIX 3JIEMEHTOB B CIJIABaX U CIOKHBIX TEXHH-
YEeCKUX M IIPHPOJHBIX COEMHEHHAX n3-3a Gosee
BBICOKHMX TOYHOCTHRIX TpeGoBaHuHi. O6'bekTaMu
aHam3a 66U HOBbIE BAHAJHUEBEIE COeJUHEHHA (V-
Sc-Na-S) [21 1], monuBaHaAATEI M KOBAJIETHATLI IIE-
JIOYHBIX METAJUIOB, /IBOMHEBIE cIUTaskl (Al-P33) [212],
cresunThl [213], heppobop [115,116], conesobie ria-
BhI (Zr-Al-Na-K-Cl) [214], MALI-MeTa1, MOHAIHT,
JIETHPOBAHHBIE CTAJIM. MHHEPAJILI, IIUTAKH U IP.
Haxomner, MCI1-MC ucrnons30Bamu A1 U3ydeHust
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XUMHHYECKOH CTORKOCTH PaMOIIONIOIAIOeH (MUK-
POBOJIHOBOI1) KEpaMHUKH Pas3HBIX COCTABOB B Heopra-
HUYECKUX KucjoTax [216].

3axnrogeHnne
OnklT pacnpocTpaedus U npumenenus UCII-
MC nHa ¥Ypasie moATBEPAHA OKUAAEMEBIE IOCTOMHCTBA
METOAA, HO BRIABHII M HEKOTOPBIE TPYAHOCTH, B ux
YHCIe HENOCTATOYHBIH CPOK CIy:HOBI BTOPHYHO-
MOHHEIX YMHOMKHTE/IeH, 3arpAsHeHre HHTepdelica
M MOHHOW ONITHKH, OrpaHUYeHHE 110 KOHIIEHTPalX
06pa3noB B pacTBOpax, ClIeKTPasbHbIe IOMEXH ap-
TOHA4, INTABHBIX 3JIEMEHTOB oﬁpasucm H paC'I‘Bopme—
J1e¥i, HeIJOCTATOYHAA [TPUCIIOCODIEeHHOCTD CIIeKTPO-
MEeTPOB JJIf TOYHOrO ONpele/eHHA COAePKAHHA
[JIaBHBIX 2JIEMEHTOB BEIIECTB U MATEPHUAJIOB, BLICO-
Kasi CTOMMOCTS 3aIm4acTei ¥ peMOHTa, 3KCILUIyaTa-
LIMOHHbIE HEJOCTATKH HEKOTOPBIX NpUBOpOB, He-
XBaTKa Koe-Tjie KBATM(UIMPOBaHHOTO [TepcoHaIa.
JansHelilee pa3BUTHE METOAA B PETHOHE MOMET
ObITE CBA3AHO C IpUMeHeHueM TexHoaoruit DRC u

CCT (6narogaps ee nogBJIeHHIO B psje naboparo-
PH#i), YBETMHEHHMEM KOMHYECTBA H POJIM CHCTEM J1a-
3epHOI abAMK, BCIOMOTaTe/IbHBIX YCTPOHCTB B
cHcTeM IpoGOIIOArOTOBKM, OYHCTKH BOJIBI, KMCJIOT B
BOS/IYILHOH aTMocdepsl BOKPYT CHIEKTPOMETPOB,
pa3paboTKOH METOAUK aHaJIM3a HOBBIX 06 BEKTOB.
HeT coMHeHHA U B paciiMpeHrH o61acTi MpuMeHe-
HMfA METOAA, B YaCTHOCTH, JIJIsl FE0JIOTHH, TeOXHMMMH,
KPUMMHHAITMCTHKH U Pas/IMYHBIX HAyYHbBIX HCCJIE-
JIOBaHMA.
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INDUCTIVELY COUPLED PLASMA MASS-SPECTROMETRY IN THE URAL

V.T.Surikov, V.N.Muzgin

This review considers ICP-MS instrumentation, application of ICP-MS spectrometers for science and
practical purposes, and ICP-MS user’s activity in the Ural region of the Russia in 1996-2004.
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