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Ypansckuil 3nekTDOXMMIYECKIMA KOMOHHaT

MNocTynuna 8 penakuuio 15 sapta 2005 ¢

B pafioTe npeanoxeHsb Asa BapradTa onpegensqye Bopa 8 PacTBOPax ruoponuIceaHHoro rek-
cadTopyuga ypaHa: npaMon aHanws ypaHCoooepkallikx PAacTBOR0E K NPUMEHEHWE 3NEKTROTEpMMYEC-
KOro ucnaputens ona seofa npot & nnaswy BY pazpana. Ans METOAMKW NPAMOrO Onpeaenedig
Gopa noaobpaHsl oNTWMansHLe yenoews paGorsl macc-cnexTpomerpa ¢ UCH. MNposeneda oueHka
npenenos obHapyxerus Gopa 8 pacTeopax ypawa,

Fonux Bacwnud MuxadnoBuy - 3aMecTuTens
nauansniaka L3N YIXK no KOHTDOABHO-aHaH-
THYECKUM paboraM, xKaHgugaT XMMHYECKHX HayK.

O6macTs HAYYHBIX HHTEDECOB: aHanHTHWYecKan
XHUMMA BEICOKOYHCTEIX BELWECTE, aTOMHAR M 3TOM-
HO-abcopByNOHHaR CNEeKTPOMETPHA W Macc-
cnexTpoMeTpia ¢ HCTl ypaHoBbIX MATEPHAN0E H
06LEXTOR OKDYKSIOLEH COeM!.

Kuncens TateaHa ApOHOBHA - PYKOBOQHTENE
rpynnsl CREKTpansHoro ananwaa Y31 YIXK.

O6MacTE HAYYHBIX HHTEPECOR! METOOLI ATOM-
HO-3MHCCHOHNON CREKTPOCKOMMK M MACC-CMex-
TROMETDHH C HHAYKTHBHO-CBRIaHHONA NNaIMONA.

Tpenayes Cepred Anexcangpoauy - HHXeHep
FpYnnel CAeKTPANLHOM0 aHanH3a XHMUKO-aHany-
Tuveckoid naboparopun LU3ST Y3XK, acnnpaHT.

O6racTh HBYYHLIX HHTEDECOB; aTOMHO-IMHG-
CHOHHLIK H M3CC-CNEKTROMETRDHYECKHA © MHOYK-
THEHO-CBAIAHHOA NAaIMod aHANMWS YyPaHOBLIX
MaTEPHANOoE,
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Onpegenenne conepxanna 60pa B ypaHoBbIX
MATEPHANAX OCTASTCH AKTYANLHOH 3ajiaveid npu
KOHTPOJE KAYECTBA MPOAYHKLHH, I05TOMY CYILECTHY -
eT noTpedHOCTb B pa3paboTHe HOBLLX SKCIIPECCHBIX,
BLICOKOUYYBOCTBUTENBHBIX METOAHK OnpeleeHHA
fopa. MOCKONLKY HCOOTLIYIOMecH B HACTOALLeE
BpEMA MeTO b (POTOMETDHYECKOTO H CIICKTPANBHO-
ro aHanuaa TpebyioT NpoBeeHHA IIHTEIBHBIX H
TPVADEMEMX onepartii npobonoaroTosku [ 1],

Hosole BO3MOKHOCTH JJ1H AHALN3A YPaHOBLLX
MATEPHATOR NOABWIKCE C PAIBHTHEM TEXHHKN
MACC-CIIERTPOMETPHH ¢ HHIVEKTHBHO-CBA3AHHON
nraamoi (MCI-MC). Ina onpenenensa Gopa B rex-
cadrropuae ypana ([MY) Hamu npeioeHbl ABa Ba-
PHAHTA MACC-CIERTROME TPHYECHOTO AHAANSA, OT-
AM¥AmIHecd cnocofoM BEoAA NPoshl B rOpesiKy
macc-crerTposMetpa. lepesii cnocol sakIoYMaeTCA
B [IPAMOM MACC-CHEKTPOMET DHYECKOM 0T peaeIe HHK
Gopa 1a paszdaTeHHBIX PACTBOPOR C KOMLEHTPALTH-
et ypana | r/a. 9ToT MeToa pocT B HETIOWIHEHHH H
MOAXOAMT U1 SKCIIPECCHOTo onpeaeieHua fopa B
YpaHoBLIX MaTepHATAX.

Bropoil sBapHanT MaACC-CHEKTPOMETPHYCCKOTO
AMATHEA NPeIYCMATPHBAET HCMObIOBAHHE SIEKT -
pPOTEPMHYECKOrND HCMAPHTENA THIA IpapuToBAS
(edbs 1A BRoAa npol B Macc-cnexTpoMetp [(9TH-
HCT-MC meTon).
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HenoasaoBaHHe aNeKTPO TePMUHECKOT 0 HOTIADM -
TeJIA LA BBOAA Npobkl B IUIa3My, HECMOTPA Ha 60J1h-
LIYIO JUTHTENLHOCTE AHANM3A, HMECT PH/I HPHHLIH-
MHANBHBIX TPEHMYILIECTE N0 CPABHEHHE) C METOA-
MH MTHEEMATHYCCKOTD pacnbuieHnna [2, 3):

= BOAMOMIKHOCT B HCTIO/IB3OBAHMA [UIH AHATHAA pa-
CTBOPOB C KOHUEHTpaIMei oCHOBR GoTbie, wes 1 r/m

- BOAMOMKHOCTE MPOBOIHTL Pasaele HiHe MaTpHu-
HBIX M AaHATUAMPYEMBIX JIEMEHTOR 34 c4eT ux dpak-
LHOHHPOBAHKA NMPH MCMAaPeHHI pobhl;

- apcpexTHBHOCTE Neperoca npolikl B ropeky
MACC-CMIERTPOMETPA 3HAMHTENBHO BhILLE 10 cpan-
HEHMIO C [THEBMATHYECKOH PACOLLUIHTENEHON CHC-
TEMOH.

HecMOTpA Ha To, 4TO 3ICKTPOTEPMHYECKOE HE-
[apeHHe NPobbl B eoYeTaHHK ¢ I0CTeIVIONIHM BBO-
NOM Mapos Npobbl B HCTOMHUK HHAIYKTHBHO CBASAH-
HOH [11a3MBI 1LH PORO HOTIOVIB3YVETCH JUTA OnNpeienc-
HIA Gopa B pasinyHbIX 00 beKTAX [BHICOKOYHCTHIX
PEAKTHBAX, MPHPOAHBIY H CTOYMHEBIX BOJAN, METal-
Jax) [4.5.6]. ceepennn of MCTIOIBAOBAHHH 3TOFG Me-
TOAA JUIA AHATH3A YPAHOBLIX MATEPHATOR OTCYT-
cTBytoT. OcHoBHAA NpofneMa ITpH MCNOAL30BAHUK
AEKTPOTEPMHUECKOTO HCTIAPHTENR COCTOMT B TOM,
YTO MATEPHA KIOBETHl HCTTAPHTENS - TRAUT CIIo-
coben obpasobbibarh kapbuas (B,C) ¢ Gopom npmu
TeMNepaTypax eeitue | 300°C. BepoaTHoCTs 06paso-
BAHHA KAPOH/IOB 3ABHCHT, B OCHOBHOM, OT TEMIepa-
TYPhI, 10 KOTOPOH HarpesaeTes rpaduToBad Neds,
COCTABa AHANHINPYEeMOH NMpobel M KaYecTRa NOBER-
XHOCTH IpadHTOBON KIoBeThL. duperT ofipasopanusn
KHAPOHI0B MOMKET CAENATE HEBOIMOMIRIM ONpeaeie-
HHe Dopa B rpadHTOBO KIOBETE, MOCKOWILKY TEMIIe-
paTypa pasiaoxeHHn kapbnaa Gopa (= 3500'C) ana-
HHTENLHO NPERLITNAET TEMNEPATYPY. KOTOPYIO Bbi-
AepPRHBAET rPahuT € MHPOAHTHYECKHM NOKPLITH-
e [=2650"C).

IIpamoe onpexeneane Gopa B

rEgpoIH30BAHHOM rexcadTopuoe ypaHa

BoaMOMsKHOOTS MPAMOro onpeie/leHHA Diga sie-
MEHTOB B F’HJPOJH30BAHHOM rexcadTopH e ypaHa
HAMH VIKE paccMaTpuBaiack panee s pabote [7].
llokasato, 49T0 NPH aHANH3E YPaHCcodeDHalln pa-
CTBOPOB HABMIOZAITCA CHABHEIE MATPHYHEIE BIH-
aruA. [1pH coge pskaruu ypaHa cesiine 10 ymr/mon
OKAILIBAET MOJABRANIONE: BIUAHNE HA AHANHTH-
YeCHHE CHIHASBL OlIpejlegeMbix aleMeHToR, Didg-
therT noganieHHa cpa3ad o SoboH aToMHON Mac-
COH ypaHa, Tak kak ofbemubii sapan, opMmupye-
MBIH B JaHHOM claydae “TAKeIbIMKH™ HOHAMMA MAT-
pHLUbL, CHEAAeT 9QheKTUHBHOCTL NEePeHoCE HOHOB
ananruTa, [logasrenye aHATHTHYECKHX CHTHAIIOR B
MPUCYTCTBHH YpaHa MPOABAHeTes, Pe#Ie BCero,

[ IErEUX aJIeMenTon, Tarux kak B, Li, Na, K, Mg,
Be. uro ceazano ¢ HU3Koi sdderTHBHOCTBIO fiepe-
HOCA "JErHHX" HOHOB B MPHUCYTCTEHH "THKe ol MaT-
pHuLL [U1A TErKHX 3/IEMEHTOB, TaKKMX Kak Li u Be,
HaGIINACTCA 5-KPaTHOE NOAABICHHE AHAIMTHYEC-
HHX CHIHAIOR,

BOp 0THOCHTCA K YMC/ITY TerKix 21eMeHToB (Mac-
causoronos Bopa 10w 11 a.e.m ). nosTomy Heolixo-
AHMO YUHTBIBATE CTOMB CHILHBIA aduperT nogasne-
HH3, BEOAA YPaH B PACTBOPLUIA KATWGPOBRKHA.

J71A BHIACHEHAA ONPHHIMITHATLHOA BO3MOGKHOC -
TH IPAMOTo onpejeieHnsn Gopa B rekcapTopuie ypa-
Ha meTogom HCT-MC na ocHobe ocofo uMcToro rek-
capropria ypana GsUIH NPHroTORACHE! PACTROPEIL,
COAEPHALTME PACIETHRIC KONMYecTsa SOPHON KHC-
AoTel. HoHuenTpauus 6opa B pacTROpaX COCTABWIA
0.5: 1: 5; 10 myr/r ypana rnpm aHaueHUH MACCOBOM
aoaw ypana 200 /0.

[TpUroToBAeHHLIE PACTBOPE! GRITH NTPOAHATHAH-
PUBAHEI HA Macc-crnekTpoMeTpe {ELAN 6000+ nocne
pasbarnenHa 1% a3oTHON KMCIOTOH 10 3HAYEHHA
MaccoBoli 10TH YpaHa B pacTeope pasHoit 1r/n. [To-
JYVYEHHBIE 3HAYMEHHUA AHATHTHYLCKHX CHTHANOR
(ckopocTeil cueta) GLUTH HCIIOILAOBAHK] JUTA MOCT-
POCHKA rpagyHpoBovHOTo rpadgmea. [pajayuposouy-
HEIi rpahuK NpeacTaBIeH Ha puc. 1.
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Puc. 1. JaskcHMocTe BHANUTHNECKOTO CHIHANE OT KOHLAHTPA-
uwi Gopa B pacTeope rugponwaata (C =1rn)

[TpH BRIMOIHEHHH N3MePeHHH HOTIONL30BAIUCE
CHSAYHIITHE NAPAMETPEI paboThl MACC-CIIERTPOMET-
pa sELAN-B000:, ApnAOMPecH CTAHIAPTHEIMH LR
MHOTOTEMEHTHOIO aHaTH3a:

Moiwsocts BY renepaTopa - 1050 Br;

Hanpsamenne Ha HoHHOH TMHae - 3.8 B;

Pacxon pacneisiowero rasa - 0,81 n,/Muu;

Bpewma pameperia Ha kasnod Macee |Dwell Time)

=300 mc,

Peaynsrar naMepeHHd BBIYHCIANICA IO CYMME
CHOPOCTH cHerta AByx HaoTonos Gopa (B'": BY).

Ouenky rpeaenos oSHapyXeHHA NPOBOMIH 110
pesyaerartam (n=10) anannusa «poHosrrx npofb. [ns
MTPHrOTORNEHHA *POHOBLIX: TPO6 MMAPOTHA0BAHHE
rexcathTopua ypaua pasGasasnm 1 % asoTHON KHC-
JAoTol 10 copepranna ypana 1 r/n. Cogemranue
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Gopa B HEXOAHOM Me RCafTo pHIE YPAHA IO JAHHBIM
MACC-CMERTPOMETPHYCCKOTO AHANU3A raszoBo
thaael cocTapnawmere mepee 1 109%,

Npejen ofHapVREHHAA I TPAMOTG 0HPeaeie i
fopa B pACTBOPE MHAPOITH30BAHHOTO reRca TopHIa
VpaHa, paccYHTAHHLIH N0 30-KPUTEPHIO, COCTARH
C,, = 0.3 MEr/rypana, morpeuiHoCTE ONMpe/ieeHAn
Gopa Ha YPOBHE €ro Co/IEfKaHiA | MKT /T ypaHa co-
crapnfeT |1 %, PeayasraTsl, NoTyHeHHBIE HAMM, XO0-
POLIO COMTACYIOTCA C AAHHBIMH, 0NyGIHKOBAHHBIMK
B auTepaType [8,9]. Hanpusep. npeaes obHapyike-
HUA GOpPa B PACTBOPEX YPAHHIHHTPATA, PACCHHTAH-
HELH 110 40 KpuTepuio |8], coctasin 0,68 mur/r ypa-

HA, [OFPETHOCTH ONPejeneHHA Colepania Dopa
Ha vposHe 1.4 mur/rypana coctariget 10%. BoT-
detax nabopatopii GHpMe «PERKIN-ELMER- (9, 10
NPHBOJATCA JaHHBE 110 NpejenaM obHapyHeHuA
PHAA AIEMEHTOB B YPAHCOAEPHALMY PACTBOPAX,
Jlns 6opa ripeaess 06HAPYHEHHSA, PACCHATAHHbLH 110
3o wputepio, cocraaun 0,12 mur /T ypana. Momy-
YeHHBIE pacdeTHble 3HaveHuna C . 10CTATOUHE
JJIA OTpefeNeHHA cogeprans Bopa rexcaTopH-
JIE ypaia, CormacHo TpfﬁGBaHHHM CcTangapron
ASTM. v cpaBHHMEl ¢ npejcaaMi ofHapyKeHHA
TPAAHLIHOHHBIX CIIEKTPAILHLIY METOOHEK, YhH Xa-
PAKTePHCTHEH NpeicTasIeHs 8 Tafin. 1.

TaGnuua 1

xﬂﬂEKTEPHCTMKH CNEKTPanbHeIX MaTOO0B

onpegenasua bopa B rencadTopwie ypasa

MeToawvka lMNpanen obHapymeHus, OTHOCUTENLHDE Bpems, 3aTpaumBaemos
MK/ ypaHa CpeaHeKBanpaTMYeckoe | Ha aHANW3 NapTe K3
OTKNOHEHWE pE3YNETATOR NATH Npof, 4
aHanuaa, %
CneTpansHeI MeTom C 0.3 14 7
hoTorpatinieckon
pervcTpaumei .
CnexTpaneHLIA MeTom 0,2 11 5
C PErMCTRaUMER HA

B 1o e Bpess, eoIH Nepe]] paspaboTYMEaAMM CTO-
HT 3a/1a48 onpefeneHHa HH3KHX YPoBHEeil cofepka-
HUA TOMBKOG OO 31CMEHTA, TO, BOIMOMHO, |lIJH.-
MEHHEB HECTAHJAPTHELE YCI0BHA PaBoTE MACC-ClIeK-
TPOMET Pa CYILECTBEHHO VBEIHYHTE YYBCTEHTENLHO-
CTH alHa I 3el.

ﬁﬂ'p = eMeHT TPET!.E!ﬁ I'[}}’I'IIIBI e [J-II'.'H.I_I"E '-'IL'CHC!I.:l
cHOTeME! Merneneena, of1aJaiinMil [IBYMHE HA0TO-
namMu o maccamit 10 n 11 a.e.m. lTpupamioe conep-
sHAHMEe H3oTONoB cocTapmeT 19,9 1 80, | % ocooTeeT-
crpenio, C 1eibio NoBbILICHAA YPOBHA aHANHTHHEeC:
KOT0 CHTHTA TRELTOMRENO NPOBOIHTD 0N P ICHHE
L0 CYMME IBYX HaoTonoe Gopa. Bop ofnagaeT auico-
HHM NOTEHUHMANOM HoHH3aHK (8.3 aB) 1 ero cte-
OeHs HOHH3AMK B MHAYHTUBHO-CBA3AHHO 0/1a3-
MO MTPH CTaHA PTHBLIX YOIOBHAX cocTasimaeT 58 Y,
[MopslUEHAE TCMIIERATYPE MHIVKTHEHO-CBHA3AI-
HO I/1a3Mb] CHOCOOCTBYET VRCIHYEHWI adiperTHE-
HOCTH HOHMAATHMH 2AeMEHTOR € BRICOKHM [IOTEHLM-
ATOM HOHHAALMH, 18 qocTHmeHHA Gonee BRICOKON
TEMITEPATYPb] IVTAIMBL YBETHYHBANT MOLLIHOCTE BY
rexnepaTtapa. [lo Mepe yBenH4YeHHA MolHocTH BY
reHepaTopa HAGIIOMANCA pocT aHATHTHYECHOTO
cHrHana Gopa, OnrHuMaibHOe SHAYMCHHE MOLLHOCTH
maasmel 1400 BT, Gojee aHAYHTEILHOE YBEAHUCHHE
MOLLHOCTH FEHEPATOPE MPUBOIMT K ero HecTadkib-
HOI pABOTE B CHIGKEHWID TOMHOCTH AHAMK3A.

HMamenenme MouHOCTH Ia3MEL NOTpebfoBalo

252

HPOBEIEHAA ONTHMH3AITMH CHOPOCTH MOTOKA pac-
MBLINAKIIET a3 W HALPHACHHA Ha MOHHOH THH-
ae. ONTHMaNEHOE AHAYSHHE CROPOCTH NOTOKA pac-
NLUIAILErD Fasa W HAIIPAMKeHHA HA MOHHOR THH3e
COCTARHAN cooTReTcTRENHO 1,050/ MmyunE, 1 B,

[lepexod 0T CrasAapTHRIX VIOBHH patoTs Mace-
CMIEKTPOMETPA K YCIUBHAM =KPeIRois niasMbl no-
3BOAHA B 3-5 pas yBEIHHMTE AHAIWTHYECKHE CHUT-
Han Gopa. [lpegen obHapyHeHHda Bopa B PeaVIETaTe
NPHMEHEHMA HECTAHAAPTHLIX VeloBHH paboTh
mace-cnertposerpa c UCTT, paceudTaniei no 3o-
KpuTepHio, coctasna 0,1 mir/r ypaxa,

Cepeeatoii npofnemMol IPpH MaCC-CNEKTPOMET -
PHUECKOM AHIUIM3E DACTBOPOB € BRICOKHM COTEBLIM
(HOHOM [HATTOMHHM, UTO COLE PAHKE YPaHa B AHa-
NUAHpveMbIx pacTBopax 11/} ARNAeTCS HIMEHEHWE
AAIHTHYECHHX CHIHAMIOB /eMEHTOB BO BPEMeHH
(apeid) Beaeacrane omoseHuit coaeit Ha npofiooT-
BOPHOM M CKHMMEP KoHyee, [Jpeiid curuanos npu-
BOAMT K HEODX0MMOCTH MOCTOAHIIOT0 KOHTPOLA 34
Tpajiy HpOBOYHEIM rpadHKOM H YaCTOH Nepexkamti-
poBkwr npubopa. CHHMEHHE YYBCTBHTEIREHOCTH
MACC-CTIERTPOMETPE [TPH 3TOM MOMET A0CTHTATh
Tk BOBOINX paaMepon, UTo TpebyeT ocTaHOBKH
MACC-CHEKTPOMETPA M HHCTEH KOHYCOR, CKOMIIEH-
CHPORATE Apefd aHATH THYECKHX CHIHATOB MOMKHO
NPH MCTIONLADEA HHH 3/ICMEHTA BHY TPEHHETD CTAH-
Japra(DBC). DneMenT BHY TREHHETD CTANJAPTA BBO-
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AUTCA B PABHBIX KONHYECTBAX B AHAIHIMPYEMBIE
PACTBOPBL, U, TPH HAMEHEHWH VPOBHA AHANHTHYeC-
KOO CHTHANA, HPOMIBOAMMOTO HM, KOPPEKTHPYIOT-
CH BOE PEIVNETATH aHAMH3A. TheboBanui, npe sAab-
JACMBIE K JIEMENTY BHVTREHHEO CTAHAAPTA Clle-
Y IOLLTHE:

- AO/THER [OAHOCTRED OTPa#aTh NOBEACHHE O~
peleiaeMOoro aneMeHTa [1o/eH ofnanaTh Gauanoil
MACCOH H ITOTEHLMATOM HOHH3AHH];

- OLITH AOCTATOYHO HEPACITPOCT PaHEHHBIM 3/le-

MEHTOM (pPHCK 1aGopaTopHOro 3arpASHEHHS JI0KeH
CHOIMTCA K MHHEMYMY];

- AouieH ObiTh CBOBOAHKIM OT CHOEKRTPANLIILIX
HEATOHEHHIT H e CO3AaRAThL NOMEeX JUIH OlTpeie e -
MOID 2/IEMEHTA.

MNonHocThio oTBEYMAET 3THM TpeboBaHWAM Be,
Macea 9 a.e.M., MnoTeHHan HoHuaauuu 9.3 aB, wo-
TOPLIH ¥ OLLT IPHHAT HAMU B KaYecTre IBC,

XapakTepHeTHRH paspaboTanHoil MeToIHKK
onpeaenenuda Gopa npegcrasiedb B Tad, 2.

TaGnwuuya 2

JHAVEHWE XADAKTEPUCTHEM OTHOCUTENBHOA NOTPRIWHOCTH W 88 COCTABNADLLMY METOAMKM onpeaeneuus B s My

[ManaaoH MaccoBLIx HawmeHoBaHne METDONOTMHECKON XapakTepUCTHRIA
noned Bopa, XapakTepueTuka XapaKkTepucTvka Cy4aiHon | XapakTepMcTvKa CMCTEMATUYECKON
% OTHOCHTENEHO NOTPELUHOCTH (FPaHMLBEl [COCTaBMNAWEN NOTPELLHOCTH|  COCTABNAKLLER NOTPEILHOCTH
COAERMAHWA YpaHa MHTEPBANa B KOTOPOM | (CpedHee kBaapaTHYEckoe | (rpaHMUbl MHTEPEaNa B KOTOPOM
NOTPELHOCTE HEXOAMTCA|  OTKNOHEHWE CNYYAAHOR | CUCTeMAaTHYeCKan COCTaBNSLWAR
C 330aHHOR COCTABNAOLLEN NOrPeLWHOCTH HAaXOOUTCH
| . B8BPOATHOCTLID), 8, % norpewnHacTr), o(d),% | c 3ananHoih BepoatHocTLIo), §.. %
Or3,010%001,010*
i 13 6 3
BHIHOHATENEHO
Ot 1,010* a0 1,010
3 9 5 2
BRIMHMUTENBHO
Ot 1,010 go 1,010
o 9 4 2
BRMIOMUTENSHO

HccnenoBaase BOZMOMHOCTH onpeneIcHNA

Gopa B reapomaosanROM rexcadropuge
YPaHAa ¢ HCNOIL30BAHHEM 3IEKTPOTE PMITHEC-
KOro HCNApHTENA THOA Tpadh HTOBAR DeYh:
Henonsaosatne MekTPOTEPMHYECKOT0 HEMTAPH-
TENA NO3BOTAET 3AMETHO NMOBLICHTE YYBCTEBHTEN L=
HOCTE MACC-CIIEKTPOMET PHYECKOIO OnpeaeneHusn
fopa BeaecTRHE NOBLITEHEA 3 KTHRHOCTH BBO-
Nanpob M BO3SMOMHOCTH NpUMeHeH A LA aHanu3a
Bosee KOHIEHTPHPOBAHHLIX PACTBOPOB YpaHa,

Anna seoja npobnl B ropenky HCI mace-ciekTpo-
METPa HAMH NPHAMEHAJCH eKTPOTEPMHYECKHH
uenapuTens Sola ETV dispunt « FINNIGAN MAT.

[Mpoueaypa onpeenenud Gopa B rekcadrropue
YPaHA NPeIyCMAaTPHBANA NPOBEICHHE CASIYIOLHX
OTIEePaLHI:

- BBOJ AVIMKBOTH aHATH3HPYEMOrD PACTBOPA B
rpap U TOBY IO MeYh MPH NOMOLLM MAKPONHANETHI;

- BEICYUIMBAHHE PACTBOPA 0 CYXOro OCTATHA;

- MenapeHue npobel ¢ 0IHOBPEMEHHBIM OITpe /e -
NeHneM Gopa NpH NoMollH MACC-CNeEKTROMEeTpA;

- OTHHT IpadUTOBOH ey LA YAANCHHA OCTaT-
KOB VpaHi,

Bui1o HecaegoBano BAHAHKHE VCIORHH paboThl
MIEKTPOTEPMHHYECKOTO MCTTAPHTENA Ha BETHYHHY
AHATMTHYECKOr0 CHTHANA Gopa npH ero onpegene-
HHM B FHIPOIHEATE,

H oCHOBHEIM NapaMeTpaM, BAHAKLIIHM Ha BeJu-
HHHY AHANHTHYECKHXY CHIHAJOH onpejeiaembix
AIEMEHTOB, [IPH HCNOIL30BAHHH METO/A TEPMHYEC-
HOM HCNAREHHA JUIA BEoda npofi B MACC-CNeKTpo-
METP MOMHO OTHECTH: TEMIIEPATYPY MCIa PEHHH pa-
CTBOPA NPoDkL, CHOPOCTE HATpeRa rpaduToBoi neu,
CROpPOCTh NPOTOKAS TA3a-HOCHTENA (aprota).

Hecnepoaanme 3apucuMocTel AaHATHTHYSCKHY
CHTHAJOB OT NapaMeTpol paGoTil 2IEKTPOTEPMH-
YECKOrD HCMTAPHTOILA TPOBMIHAN © MCITOTEIOBAHH-
&M MOJIETbHbBIX PACTEOPOR, MPHIOTOBIEHHBLX HA OC-
HOBE MHAPOIMA0EAHNOrNO rekcadTopHa vpaHa ¢ Ree-
JACHMEM PACYETHEIX HOIHMUeCTE GOPHOH KHC/IOTLL.
KonuenTparma fopa B MCXOAHLIX pacTBOpax rHApo-
nuaoBaHHOrO rekcadTopuaa ypasa coctaeguna 0, 1;
L. 5 MKr/T ypaHa NpH colie prRaHMK VPAaHa B PACTBO-
pe 200 /1. HenocepegcTBEHHO Nepe] HaMepeHHaMH
NpoBOAKIH pasfasneHMe HCXOOHBIX PACTROPOR 1%
PACTBOPOM A30THON KHC/I0TE 10 CONEPHAHNA Ypa-
Ha 10 r/n. [puMenenme Aa onpejenciua Gopa me-
Hee HOHLUEHTPHPOBAHHBIX PACTBOPOR CHHHEET 4YB-
CTBHTEILHOCTE MeTona,. B To e BpeMA HenoIb3oBa -
HHE PACTBOPOE © Go/iee BHICOKDH KOHIeHTpaHed ypa-
Ha (100 /1) NPHBOIHT K YBETME HHEO TTPOJ0IHHTE -
HOCTH CTAAMH OTHMIA. CHHKCHUIO CpoKa cmymbb
rpaguToRLIX TPYGOK o yeunenuio shderTon naMaTH,

B TeveHHe cTaaMu HenapeHHa PerHeTpUpoBaiu
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HaMeHeHHe CHOPOCTH CHeTa HoHoR Gopa. BellHaHHy
AHWTHTHYECHHX CHTHANO0B 6opa onpeaeisin no Bbl-
coTe luka carmana, OnpejeierHe curiana Gopa no
IUIOWIAIM [TMEA HE MPOH3BoAHI0CE. IOCKOTBRY pa-
GOTaMACC-CTIIERTPOMET DA H ANeKTPOTEPMH4ECKOTO
HenapuTens He GLia CHHXPOHHIHPOBaHA, BCIel-
CTBHE NPHMEHeHHA MTPHGOPOB PasHbX (hHUps. Pery-
CTRIUWA cHrHanos fopa no (aoiaii niea B Aar-
HOM cTydae Monia OeITe fonee MpenouTHTCIBHA HE3-
30 MaMeHeHUA (POPMbL CUTHANA 10 MEPE HaHoCa Ipa-
thuToBoil neun. Ha puc.2. 3 npeAcTaBIeHbl CHIHE-
sie Gopa, NoayueHILiEe TPH AHATHAe pacTBOPa THi-
poamzosanHoro rekcadrropia ypasa (C =0.1 Mer/r
ypaua: C =10 /1) B HAYANLHBIA NEPHO/ SHCTUTYA-
TauHH rpaduToROH KIOBETH M nocie 15 HamepH-
TEMNBHBLK LIHKENO0B,

1/ e OTH. B4,

(=] (1] S a0
Bpewmna, ¢
Pwuc.2. Ananutedecouit curdan Gopa (1M ) npw ananuse
pacteopa regpanwaara (C = 0,1 mwrlr ypasa; G, = 10rin)
8 HAYANLHLIA NEPWOL KCINYATAUMA FPAdMTOB0N KINBETH

1/ e OTH. &1

Uop
£ l |

0 10 10 0
Bpewma, ¢
Puc. 3. Avanwmvsecssa curnan Sopa (1) npw aranvae
pacreapa ruapanwiata (C,= 0.1 mert ypana, G, = 10rin} nocne
15 HAMEPWTENEHBIX LHENOB

MNpxauna namerenya popye curiania Bopa, Boa-
MOHHID, COCTOWT B TOM, YT0 BCASACTRHE PA3py1IICHHA
CI0A MHPOTHTHYECKOTO IPaduiTa PO CXOIHT BITHTE -
patue pacreopa ['OY B rpadgun B aTom cayvae pena-
perie Gopa MOKeT MPOX0JIHTE KAK C MapaMi [podsL.
pAcToNOHKEHHOH HAa NOBE PXHOCTH FPafiMTOBOH KIoRe-
T, TAK M H3 MOBEPXHOCTHOrO oA rpadmTa, B na-
YaMbHLO MEPHON SKCTUTYATALIMH KIOBETBL TPEAMYLIE -
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CTREHHOE A3HAYEHNRE MMECT [IPOLeCce HCTIAPEeHHA © Na-
pamu npodisl, 3aTeM, N0 MEPE PAIPYIITEHWA CI0A TH-
POMTHHECHOTD [PAPHTA, YBEIIHYHBACTCA JHAYCHHE
BTOpOro npoliecca, Kpome Toro, NpH paspyiieH  c1os
MTHPOIUTHYECKOT D FpadinTa YBeIHUHBACTCH BEPOAT-
HOCTh EApGiaeobpasoBaHist. PopMUpoBLHHE BTOPO-
M MHEA [PH PETHCTPAalMH AaHAMTHYECKOTD CHIHATA
Bopa MOMET NPOHCKOAH T BOISICTEHE KOHBEKTHBHO-
ro nepeHoca HacTHI kapbuia 6opa B ropenyy Mace-
CTIEKTROMETPA. 3AaBHCHMOCTH BEJTHYHHE AHATHTHYEC-
KX CHTHAIOE OT NApaMeTpoR paboThl ek TPpoTepMH-
HECKOrD HCTIAPHTENA NPeACTARNeHB Ha prc. 4, 5, 6.

1§ Lrae 27H, 228,

2 * T T T 1
i} B0 1000 2500 0040

L e
Puc.4, Jasncimocts otHoweHws IV - 0T TeMneparyped

Monapanes (1) 8 rpauTDBCRA KIOBETE

1500 2000

1 e DT B

0 - 1
i an
-
PHC.5. JaprcdmoCTs OTHOWEHWA V], 0T BpaMeds
pazorpaea (1) rpadmToEon KKBETh

1/ g o7H B0
=
7 -
l——

o4 |
0 i
WV, e
Pwuc.6. 3apnocumocts oTHowenwA Ifl 0T CHOPOCTH
npotoxa (V) raaa HoGnTEnA (aprona)

PeayakTaThl aHa/IH3a MOJEIbBHbLIX PACTEOPOR ©

copepmanued Gopa 0,1; 1.0: 5.0 Mxr/r ypana Os111

MCIONB30BAHLI [TA TOCTPOSHHA IPayHpOBOYMHOTO

rpadguka A onpeaenedns 60pa B rjipoIH30Ban -

HOM rexcadTopiie ypaHa METOIOM Mace-CleKTpo-

METPHH ¢ HHAYKTHBHO-CBA3AHHOH 1asamMoi B code-

TAHWH ¢ ANEKTPOTEPMUHMECKHM HeNapeHHeM Tpobsl

(FTH-UCI-MC]. Mi3asmepeHHs TPOBOIMITHECD IIPH BhIG-

DPAHHBIX ONTHMATBHBIX TApAMeTpax paboTsl 3IeKT-

pOTEpPMIYECKoro MenapuTens. BuirpagymposouHo-
ro rpaduKa NpeicTapIer Ha pHe. 7,



AHSNWTHRE W KOHTRONE 2005, T.8, Ne &

1/l otH. 8O

o
n

] T T T T —
a 1 F 3 4 ]

Conapsanne Bopa, s

PHC.7. SasncumocTs otHowenes Il 07 soHueHTpausy Gopa
MK aHanwae pacTeCpa rMgpondlata metagom ITH-VCN-MC

AHATHTHYECKHIT curian Gopa, ronyveHHL mpm
AHATHAE DACTROPA MTMIPOIMI0BAHHOIO rekcady Topu-
aaypasa (C =10mur/a: C =101 /1), B cpaBHeHHH ©
CHIHANOM, NOJYYeHHBIM 0T BOJHOTO pactBopa Gopa
(C,=10 mrr/n, 1 % HNO,). npejcrasnen Ha pHc. 8.

Il OTH. &80

20
Bpamn, ©

Puc.8. AxanuTideckui curian Gopa (Il ) npw ananuse
PACTRODA MMARONHIDEAHHOTD TEXCRETOPKAA Ypasa
{C,=10 merin: C =10rn) v Boamore pacTeopa Gopa

(C=10 mixin, 1 % HNO ) metagem 3TW-MUCT-MC

BreicoTa nuka ciriana Gopa npu aHaHae Bol-
Horo pacTeopa Gopa (C, = 10 Mer /1) B 4 pasa Goflk-
HIe, HeM IPH aHANK e PACTBOPa MHIPOITHI0BAHHOrO
rexcadTOpHa, B TO BpeMA Kak MIoTHa s CHIHAIOR
NpHMEpPHO pasibl. CMelleHHe NHKos (a puc.8) Ha-
DJIOSae TCA BCAEACTBHE HECHHXPOHHA0BAHHTOH pa-
HOTHI BNEKTPOTEPMUYECKOTD HCITAPHTEIA M MACC-
CIIEKTPOMETPA.

Ouenry npenenor obHapyierua ITH-UCIT-MOC
METOA MPOBOIHIN M0 PeIVALTATAM AHAT3A «(po-
Hosex npob. HerocpeacTee HHO e pea HaMepe -
MH IPOBOIHAH paslaBleHHe FTIPOIHIATA, YHOTOM
1o Gopy, 1% pacTBOPOM A30THOM KHCIOTH 10 COACH-
sKanuAa ypana 10 /a1, OnpejefieHHe KOHUEHTPALAY
Gopa. cooTBETCTBYIOMICH BETHYHHE MAKCHMATLHOM
CHOPOCTH CYETA HOHOB ITPH aHAaNuse «poHOBBIX
npof, NPOHIBNIHIOCK 10 FPAJYHPOROTHOMY rpadi-
EY [cm. puc.6). [pegen obuapyxerua Gopa B riugpo-
AnzatTe MmetTogomM ITH-HCIT-MC, paccumuTaHaRii nmo
30 kpuTepHIO. cocTarui C,,, = 0.026 Mur/r ypana.
OTHOCHTENBHOE CPeHEes KBAAPATHYCCKOE OTH/IOHE-

HHE peayILETATOR onpegenedus Gopa B ruapoInio-
paHioM regcapropuie ypana (C, = 0,1 mer/r ypa-
Ha) He npesbitaeT 2000,

HocTUrHyThie 3SHAMEHHA Npeaena ofHapyKeHHA
ABAHIOTCA ZOCTATOYMHBIMIA [NA TOro, HTOOKI DOpege-
JATH YPEaBLIMAHHO HU3KHE cogepskannn Gopa B rek-
capTOPHUAE YPAHA, KOTOPBIE SHAYUTEALHO HHIKE
TpefoBaHnil ctanaapros ASTM. [Mpegnome HHBLA
MeToq onpeaeneHua Bopa B rHApoIH3oBAHHOM [CK-
cafTopHe ypaHa cyllecTBEHHO TIPEBOCXOAMT 110
AOCTHraeMblM Npefenam oDHAPYHEHUA NpAMOi
HCTI-MC meTog onpeaeneHns 6opa B rHApoIu3aTe
W MCTIONB3VEMBIH B HACTOALCE BpeMA MeTo/ (hpak-
LUHOHHON JHCTHILTH LU,

PeaynsTaTsl

B xope npogenaHHoi paboTel MooledoBaHb ABa
BAPHAHTA METOAMKH olipejeetna 0opa B pacTao-
PaxrHAPOIMICBAHHOMO FEKCAPTOPH/IA YpaHa: nps-
MO AHATHS YPAHCONEPHATITHX PACTBOPOR M IIPHME-
HEHME SNCKTPOTEPMHTECKOTO HCNAPWTEA [I715 BRO-
Aa npo6 B iaamy BY paapaaa. [lna MeToIHkd npa-
MOro onpegeneHus Gopa nogobpaHbl 0NTHMAIbHBIE
yoaoBud paforel mace-cnekTpomerpa c MCIL [pe-
Aenbi ofnapyikenyd Gopa cocrasmny 0.3 Mer /T ypa-
Ha /18 CTAHAaPTHBIX YONOBHIT aHa/TH3a [[101X0,18H-
LK JATA MHOTOSAEMEHTHRIX onpeaenerui | n 0,1
MET /T YPaHa 115 YeJI0BHE 01HO30€MEHTHOTO ONpe-
Aenennn Gopa,

B ciyyae Henoab3oBatng sAeKTPOTEPMHYECKD-
r'o HCOAPHTENA 18 BBoAa P06, T0CTHraeMbIi pe-
e ofHapys#enna Gopa 3aHAMWTEABHO HIKE, 9eM
OpH npaAMOM onpejeleHtn, v coctapager 0,026
MKr/T ypana, [INA avoro sapHaHTa onpejeacHun
fiopa s rexcafpropu/ie ypaua HecIe10BaHO BAHAHHE
MApamMeTpoB patoTel AIEKTPOTE PMHYCCHOTO HCTIAPH-
TEAA! TEMIEPATYPLI, CKOPOCTH HATRERA KIOBEThL,
PACKDAA APTOHA, HA BEAHYHHY aHATHTHYECKOT 0
curHana Gopa. [ToKasaHo, YTO ONTHMANEHEIMK YO-
JNOBMAMH Henapenis Dopa M3 rEApOaNaaTa ARaA-
T

- TEMIEPATYPa IpadrTOROH KIoBeTH —2600°C;

- BpeMA Harpepa | cew:

- pacxog aproma =045 a/ muH.

ITOT METOA MOMKET BLITE C YCIEXOM MPHMEHeH 4711
onpejaenenHa fopa B 00060 YHCTRIX YPaHOBLIX MaTE-
PHAAX, HENONBIVEMBIX B KAHECTBE OCHOBLI 15 H3-
TOTOB/ICHHA CTAHOAPTHRIX 0fpaston.

[pentomeHALIE METO/b] ¢ VEMEXOM MOIYT GbITh
NpHMEHEHLI [T olTpe/ieeins Gopa ¥ B ApYTHUK vpa-
HOBBIX MATEPHANAX (DKCHAOR ypaHa, TeTpadTopH-
Ja YpaHa) MpH yeloBuH, YTo [IPY nepesojie npob &
pacTeop Gy T NPEANPHHATE] Mephl 1A MPeaoTBpa-
LweHun noTepk Bopa,
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BORON DETERMINATION IN URANIUM HEXAFTORIDE WITH THE USE OF "ELAN-G000" MASS

SPECTROMETER
5.4 Trepachev, V.M.Golik, T.I Kisel'

The work offers two variants to determine borum in solutions of uranium hydroisplated hexaftoride.
the direct analysis of uranium-containing solutions and the use of electrothermal evaporator to put
sample into high frequency charge plasma. The optimal conditions of ICP mass-spectrometer operation
were selected for the method of boronm direct determinalion. The evaluation of boron determination

lirmits in wranivm sofutions was provided.
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