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B crarbe mpencrasieHbl MepBbie pe3yabTaThl TPUMEHEHUsS] MUKPOBOJIHOBOM CUCTEMBI PEaKTOPHOTO THUIIA
UltraWAVE 1151 mpo601moaroToBKu reojiorndyeckux oopasios npu temneparype 250°C u naBienuu 82 6ap
C HCIIOJIb30BAaHUEM CMECH KOHIIEHTPUMPOBAHHBIX a30THOI U coJisiHOM KuciaoT (3 : 1). OnpeneneHue sie-
MEHTOB IIaTuHOBOM rpyrnnbl — Ru, Pd, Ir, Pt u Re mocie kucioTHOro BhileIa4uBaHUS BBITTOJTHEHO U30-
TOITHBIM pa30aBlIEeHUEM C MacC-CIIEKTPOMETPUUYECKUM OKOHYaHMEM Ha MPUOOpPe BHICOKOTO pa3pelieHus
ELEMENT nmociie oTnejieHUsI aHAIMTOB MOHOOOMEHHOI XpomaTtorpadueit Ha katuoHute AGS50Wx8.
OrnpeieieHue MOHOU3OTOITHOTO POIMSI TIPOBEIEHO C UCIOIb30BaHUEM '°Pt B KauecTBe BHYTPEHHETO
craHgapra. JlocturHyTeie npeaensl ooHapyxkeHust coctasistor ot 0.003 Hr/r (Ir) mo 0.09 ur/r (Pt). IIpa-
BWILHOCTB onipenenenus DI1T 1 peHust moaTBepKaeHa Ha OCHOBE aHAJIM3a MEXIyHAPOIHBIX CTAHIAPTHBIX
o6pasios coctaBa — GP-13, UB-N, BHVO-2. [1penyiaraemblii moaxo 3HAYMTEIbHO YCKOPSIET U YITPOIIIAeT
Mpoleaypy IpoOONOArOTOBKY reoJIOTMYecKrX 00pa3ioB mjs onpeneneHus DI u peHus mo cpaBHEHUIO C
UCTIOJIb30BaHUeM Tpyook Kapuyca.

KiroueBble cioBa: Macc-CleKTPOMETPUSI ¢ MHIYKTUBHO-CBsi3aHHOM Tazmoit (MC-WCII), uzotomnHoe
pazoasienue (MP), anemenTtsl minatuHoBoit rpynnbl (D11 u Re, MukpoBosHoBast cuctema UltraWAVE,
Tpyoku Kapuyca (TK)
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BBEAJEHUWE

Omnpenenenne DI 1 peHNsI B Te0I0rMYeCKUX 00-
pasuax SBAsSIeTCS CIOXHEHIIe aHaIMTUYeCcKou 3a-
Jladyeit Kak U3-3a HU3KO# pacmpOCTPaHEHHOCTU U He-
OOHOPOTHOIO pacHpeaelcHUsI UX B MOpoaaxX, TaK U
n3-3a MPOoOJIEM C TPOOOIMOATOTOBKOM TPYIHOBCKPHI-
BaeMbIx o6pasioB (Kyb6pakosa u ap., 2020; I'pedHe-
Ba-bamok, Ky6pakosa, 2020; Meisel, Horan 2016;
Qiet al., 2011). JIxg ompeneneHUs HAHOTPAMMOBBIX
KoHIeHTpauuit DIIT 1 peHUs1 U30TOIMHBIM pa3dasie-
HueMm (MP) ¢ Macc-CrieKTpoMeTpU4eCKM OKOHYA-
HUEM MOCJIeNHEee BpeMs dYallle BCEro HCIOJb3YIOT
KHUCJIOTHOE BbIlIIeauMBaHue B TpyOkax Kapuyca
(TK) (Qi et al., 2011; Ishikawa et al., 2014; Chu et al.,
2013, 2015; Li et al., 2014, 2015; Puchtel et al., 2014;
Zou et al., 2020; Sato et al., 2021; Nicklas et al., 2021;
Paquet et al., 2022; Sun et al., 2021) 1 B cucTeMax BbI-
coxoro nasieHus — HPA-S, Anton Paar, Graz (Wang,
Becker, 2006; Meisel, Moser, 2007; Aulbach et al., 2019;
Van Acken et al., 2016, 2018; Feignon et al., 2022).
I1pu ncnoap30BaHNM 3TUX METOIUK 00pa3Ilbl oOpa-

0aTBIBAIOT CMECHIO COJITHOM M a30THOM KHMCJIOT B pa3-
HBIX COOTHOIIIEHUsIX (“IIapckasi Bogka” 1 obpaTHas
“mapckass BomkKa”) IIpyM BBICOKHUX TeMIlepaTypax
(240—270°C u oo 300°C B TK, 250—300°C B HPA-S).
ITpu 3TUX yCIOBUSIX JOCTUTAETCS PABHOBECUE MEXKIY
J00aBJIEHHBIMU N30TOITHBIMM METKAMU — TpacepaMu
" TIepeBeieHHBIMU B pacTtBop DIII 1 peHnem B BbIC-
IIeii CTENEHU OKUCJICHUS, YTO SIBJISIETCSI HEOOXOA1 -
MBEIM TpeOOBaHUEM IPH OIIpeAe/IeHNM KOHIIEHTpa-
nuii UP. ITpoiiecc 3aHMMAaET OT HECKOIBKHNX YacOB B
HPA-S no Heckonbkux cytok B TK. Ilpeumyiie-
CTBOM 3THUX CIIOCOOOB IIPOOOMOATOTOBKU SIBJISIETCS
JIOCTXKEHNUE HanboJiee HU3KUX 3HAY€HUIT KOHTPOJIb-
HOTO ONbITa MO CPAaBHEHUIO C MPOOMPHON MIaBKOM
WIN COYETAaHUEM KMCIOTHOIO Pa3jIOXEHMSI C JOIUIAB-
JICHHEM He pacTBOPHUBIIIETOCS OCTaTKa ¢ pa3HbIMU pe-
aktuBamu (Meisel, Horan, 2016; Qi et al., 2011; MeHb-
IIUKOB U 1p., 2016; Todand et al., 1995).

KucnotHoe BbIlIeIauBaHe B MUKPOBOJIHOBBIX
cucTteMax mpuMmeHsiercda npu omnpeaeneHun DIIT u
penust ropasno pexxe (Kyopakosa u ap., 2020; Qi et al.,
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Tabomuna 1. CpaBHeHUe MPUHUMIIOB neiicTBus U P-T tapaMeTpoB, UCTIOJIb3YEMbIX MTPY MPOOOIIOATOTOBKE B PA3HBIX CH-

cTeMax
IMTapametp MARS-5 UltraWAVE HPA-S TK
IMpuHuun neiictBust | MUKpOBOITHOBBIN | MUKPOBOJTHOBBI TerutooO6MeHHBbIN HarpeB | Harpes 3amastHHbIX

HbIX aBTOKJIaBOB

HarpeB repMeTHY- | HarpeB COCYIOB IO TeX~
Hojioruu Single Reac-

CTEKJISTHHBIX TPYOOK
B peakTope

KBapueBbIX NJIN CTCKIIO-
YIJI€PpOOHbIX COCYAOB B

tion Chamber (SRC) TepMETUYHOM peaKTope
IMpenenvHo nonyctu- | 7= 200°C T=280°C T=250°-320°C T=250°-300°C
Mble pabouue yciaoBus | P = 24 6ap P =190 6ap P> 100 6ap P> 100 6ap

2011; Todand et al., 1995; Ky6pakoBa, TopormueHoBa,
2013; IManecckuii u ap., 2009; Boch et al., 2002), xots
JIOCTOMHCTBOM TaKMX CUCTEM SIBJISIETCS KaK yBeJInye-
HUE CKOPOCTHU IIPOXOISIINUX IIPU MPOOOIIOATOTOBKE
(GUBUKO-XMMUUYECKMX MPOIECCOB, TaK U YMEHbIIIe-
HYe€ MPUBHECEHHBIX 3aTPSI3HEHUI 32 CUET UCTIONB30-
BaHMsI 3aKPHITHIX COCYI0B U MEHBIIINX KOJIMYECTB pe-
areHToB (KyOpakoBa, Topomuenosa, 2013). Hamm
ObLIO TTOKAa3aHO, YTO TeMIlepaTypa 1 JaBjeHUe, UC-
MMOJIb3yeMbie B MUKPOBOJIHOBOI cucteMe MARS-5,
HE ITO3BOJISIIOT JOOMTHCS U3O0TOITHOIO PaBHOBECHS
IUJISI UpUAYSI, B pe3ybTaTe yero ornpeaeiasieMble KOH-
LEHTPpALIMY UPUINS B aHAJIM3UPYEMbBIX CTAHIAPTHBIX
obpasiax GP-13 m UB-N 0buIn cuicTeMaTUdecKu 3a-
HuxkeHb! (ITanecckmii u np., 2009). OgHako, MUKpPO-
BOJIHOBasi cucteMa peakTtopHoro tTuna UltraWAVE, B
KOTOPOIi, 32 CYET MOJa4Yu MHEPTHOTO ra3a B peaKkTop
repen HavyaJloM HarpeBa, JOCTUTraeTcsl 60jiee BbICO-
KO€ NIaBJIEHME B COCyIax IS BBHINIEIAYMBAHUsI, 110
napaMeTpaM NHpoOOIoAroToBKM cpaBHMMa ¢ TK m
HPA-S (ta6a. 1). MukpoBosHoBast cuctema Ultra-
WAVE MoxkeT oka3aTbCsl He TOJBKO 3(h(HEKTUBHBIM
WHCTPYMEHTOM JUISI IIPOOOIIOATOTOBKM, HO U CIIO-
COOCTBOBATh COKpAIIEHUIO TpeOyeMoro st 3TOro
BpemMeHH. HemanoBaxXHbIM (akTOpoM BBIOOpa B
MOJIb3Y UCIOJAb30BAHUS 3TOM aBTOMAaTU3UPOBAHHOM
CUCTEMBI SIBJISIETCSI yTOOCTBO padOTHI, TTO3BOJISTIONIEE
n30exKaTh TPYOIHOCTEHd M PUCKOB, KOTOPBIE CYIIEe-
cTBy10T I1pu ucnojb3oBanuu TK (Ko3bmeHko u np.,
2011).

Takum o0pa3om, 1IedbI0 HACTOSIIEH pPaOOTHI SIB-
JIsieTcsl oleHKa 3(P¢GEeKTUBHOCTH MUKPOBOJHOBOM
cucteMmbl UltraWAVE 1151 ipo60onoaroToBKu Ieojio-
TMYECKMX 00pa3lioB C ITOCIEAYIONINM OIIpeaeICHIEM
OIII" u penuss meronoM MP ¢ macc-criekTpomMeTpu-
YeCKMM OKOHYAHUEM.

OKCITEPUMEHTAJIbBHAA YACTb
Obsexmul ananusza

B kauecTBe nccaeayemMblx 06pasLoB 4151 TPOBEp-
KA W TIOOTBEpPKIeHUs TIPaBWJIBHOCTA pa3paboTaH-
Hoit MeTogukm onpenesieHuss DI 1 peHns ncmoib-
30Bajid MeXAyHapOIHbIe CTaHAAPTHBIE 00pa3Ibl CO-
craBa: 0azanmsr BHVO-2 (US Geological Survey,
CIIA), cepnentenut UB-N (Association Nationale
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de la Recherche Technique, ®@paHuust), MIMUHETE-
BoIit Jepuoaut — GP-13. ComepkaHne HEKOTOPBIX
BIIT" (Ru, Pt, Ir) u peHus1 aTTeCTOBAaHO TOJBKO B
BHVO-2 (Jochum et al., 2016), a mi1s1 cTaHIapTHBIX
o6pasioB UB-N u GP-13 Ha caiite GeoReM (URL:
http://georem.mpch-mainz.gwdg.de/sample _query.
asp.31) coGpaHbl MHOTOUMCIIEHHBIE TaHHBIE, IOy~
YeHHbIE C MCMHOJb30BaHUEM pa3HBIX WHCTPYMEH-
TaJIbHBIX METOJOB U CITIOCOOOB MepeBOIa OIpeaesie-
MbIX 3JIEMEHTOB B pacTBOD.

Obopydosarue u peaKxmugul

J171s1 BBITIOJTHEHUS BCEX MCCIeAOBAHUI UCIIONb30-
BaJIl TOJBKO CIICLAIbHO OYMIICHHBLIC PEaKTUBEL
IenoHn3oBaHHyO Bomy MilliQ (compoTruBieHue
>18.2 MQ/cM), COJISTHYIO M a30THYIO KMCJIOThI MapKU
“OCY”, nBaxapl ITeperHaHHBIe METOAOM sub-boiling
Ha yctaHoBkax DuoPure ¢upmer Milestone. B3se-
IIMBAaHWE HABECOK BBIMOJIHSJIM Ha aHAJTUTUUYECKUX
Becax Sartorius BP211D (I'epMaHusi) ¢ TOUHOCTBIO 10
yeTBepTOro 3Haka. [lojrydeHHBIe Mocie pa3IoKEeHUS
Ha MukpoBojiHOBoit cucteme UltraWAVE cMecu
neHTpudyrupoBamn Ha neHtpudyre SIGMA 3-16L.
XpomaTorpaduieckoe oTaeIeHe aHAJTUTOB ITPOBOIM -
JI1 Ha MOHOOOMEHHBIX KOJIOHKAX C MCIOJIb30BaHUEM
katrnoHnuta AG50Wx8 (ITamecckuii u ap., 2009).

Xumuueckas npob6ono0d2zomoska
eeono2utecKux oopasyoe

Ha cranuu B3BelIMBaHUsI K HAaBeCKaM aHaJIU3UpPy-
eMBIX cTaHAapTHBIX 00pa3uoB (0.2—0.3 r) B kBapiie-
BBIX ITpOOMpPKaxX J00aBJISIJIM Tpacephl, OOoTalllcHHBIE
cTabuIbHBIMU M30TONaMu — PRu, 19Pd, Y!r, 194Pt,
185Re, KOJIMYECTBO KOTOPBIX PACCYMTBHIBAIIA HA OCHO-
BE COIEpXKaHUS ONpene/sieMbIX aHAJMTOB B 0Opa3-
nax. [MpuwimBanu 1.5 MJI KOHIIEHTPUPOBAHHBIX KUC-
Jiot ¢ cootHomieHrueM HCl: HNO; = 1: 3. [Ipo6upku
C HETUUIOTHO MPUJIETAIONIMMU KPBILIKAMU YyCTaHABIU-
BaJIM B IITATUB U TTIOMEIAI B TePMETUUHBII peakTop
mukpoBosiHOBoM cuctembl UltraWAVE (puc. 1). Peak-
TOp TIPEICTABIISIET COOOM cocyd M3 Hep:KaBelomei
CTaJIu, BHYTPU KOTOPOT'O PACIIONIOKEH CTaKaH U3 Mo-
TuTeTpadTOPITUIICHA, 3aIOJTHEHHBIN 6a30BBIM pac-
TBOopoM (150 MJ1 Bonbl ¢ HOOaBICHUEM 5 MJI KOHIICH-
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MAJIECCKHWUH u nmp.

Puc. 1. MukposonHoBas cucrema UltraWAVE (Milestone, Mtanust).

TPUPOBAHHOM a30THOM KUCJIOTHI). Jlanee peakTop 3a-
KPBIBAJIA CBEPXY IUIOTHOM KPBIIIKON Y (DMKCUPOBAIN
3aKMMOM, MOCJIE YeTO B HETO HarHeTaJaIu WHEPTHBIN
ra3 — aproH, CTaHIapTHOE HavyajbHOE JaBeHUE IS
mukpoBonHoBoit cuctembl UltraWAVE cocraBisuio
40 6ap. [lanee mogaBajgoCch MUKPOBOJIHOBOE M3JTyde-
Hue (MomHocTh — 1500 BT), KoTOpOe mormioiaeTcs: B
IepByIo oYepenb 0a30BBIM PACTBOPOM, UTO rapaHTH -
pyeT paBHOMEPHBIN HarpeB BCex Mpo6 0e3 BpallleHUs
MpOOUPOK. YpaBjieHNE MUKPOBOJIHOBOI CUCTEMO
OCYILECTBISIETCS C IIOMOIIBIO CIIEIIMAILHOIO TEPMU-
HaJla C CEHCOPHBIM 3KpaHOM, TaKUM 00pa3oM, Ipo-
1IeCC MPOOOTIOATOTOBKY MaKCUMaIbHO aBTOMAaTU3M-
poBaH (Michel, 2010).

PexxiM MUKpPOBOJIHOBOI'O BO3[ECTBUS BKJIIOYA
OIHY CTaguIo — B TeueHUe 30 MUH HarpeBaHUe, 3aTeM
B TedeHue 1 4 BelmepxkuBaHue npu 250°C, naBjieHue
npu 3ToM gocturano 82 6ap. Ilocne aToro cucremy
OXJIAXIAJIM [0 KOMHATHOM TeMIlepaTyphbl, 3aTeM
cOpachIBajIu JaBJIEHUE T10 3aJaHHOM IMporpaMme.

B mpouiecce 00paboTki 00pa3oB B MUKPOBOJIHO-
Boii cucteme UltraWAVE 3a cueT KMCIOTHOTO BHIIIIE-
JnayuBaHus OIII 1 peHuUs moCTUTaIOCh U30TOITHOE
PaBHOBecCHE B pacTBOpE ¢ HJOOABICHHBIMM Tpacepa-
mu. [ToydeHHBIEe pacTBOPHI YITAPUBAJIH 10 BIAKHBIX
CoJieil, TIepeBOIUIN B XJIOPOKOMILICKCHI, LIEHTpU(DY-
TUPOBAJIM U OTAE/ISUIA MIOHOOOMEHHOM XpoMaTorpa-
dueit or MaTpuilbl Ha KatnoHuTte AG-50Wx8. g
aHajqM3a coOMpaju BTOPOM M TPETUM MUJITWIUTP
9JIIOEHTA, IIe HaOIomanach MaKCUMaJibHask KOHIIEH-
tpauus DT 1 peans. B kadyecTBe 371106HTA UCITOIb-
3oBasin 0.6 M HCI (ITasrecckuii u ap., 2009). KoHeu-
HBIE PaCTBOPHI II0 YPOBHIO KMCJIOTHOCTU U OOIIEeMY
COIEPKaHUIO COJIel COOTBETCTBYIOT TPEeOOBAHMSIM
MC-UMCII aHanu3a pacTBOPOB U MPUTOAHBI JIJIST U3-
MepeHUii 6e3 pazdaBieHUsI.

MC-HUCII uzmepenus

ITomydeHHBIE paCTBOPHI aHATU3UPOBAIN HA MacC-
CIEKTPOMETPE BBICOKOTO pa3pelleHUs ¢ MHAYKTUB-

FTEOXMUMHUA Ttom 68 Ne7 2023
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Tabauna 2. Mszoronubie otHouieHust (MO) u koHuentpanuu (Cp, HT/MJT) 3JIEMEHTOB B Tpacepax

U30TOTBI Ru99/Ru101 Pd106/Pd105 RCISS/R6187 II.191/II.193 Ptl94/Pt195
O + 2¢ 235+1 1342 + 0.4 36.4 £ 0.1 50.8 £ 0.1 47.9 + 0.1
Cpt20 42.0+0.3 106.0 £ 0.3 14.5+0.2 36.0£0.2 116 + 1

Tao6muna 3. M3oTtomnbl, ucioib3yeMble st onpenencHus DI 1 peHUsT 1 BO3MOXHEIE HAJTOXKEHUSI

BoaMoxkHBIe HAJIOXKEHUS

DeMeHT Macca,
a.c.M. n306aphl MOJIEKYJIIPHBIE NOHBI

Ru 99 - Ni®2CI¥7, Ni*4CI*, Zn*CI%, Ni?Ar’®, CuS3Ar*®, Co¥Ar*
Ru 101 _ Rb35016, Ni64CI¥, Znb4CI37, ZnSCI3S, Ni6!Ar0, CusSAr6
Pd 105 - Y9016, CubSAr
Pd 106 4106 Z19°016, M0%0!6, Zn66A 0
Re 185 - Tm!6016
Re 187 05187 Yb71016
Ir 191 - Lul5016
Ir 193 - HE77016
Pt 194 — Hf!78016
Pt 195 - HF790 16

Tab6muua 4. JTaHHbIe KOHTPOIBHOTO OMBITA (1 = 8) ¥ HOCTUTHYTHIE TIpenesbl ooHapyxeHus (C,;,) DIIT u peHus B TBep-

JI0M oOpa3lie

DneMeHT Ru Rh Pd Re Ir Pt
KoHTponbHbIi OTBIT, HT 0.009 0.0005 0.01 0.002 0.0005 0.017
Cnin» HI/T 0.06 0.003 0.07 0.02 0.003 0.09

Ho-cBs13aHHOM Ma3moiit ELEMENT npowu3BoacTsa
Finnigan MAT (I'epmaHusi) B MHCTUTYTE r€0JIOTUU U
muHepaioruu CO PAH. ConepxaHue orpenesnsie-
MBIX 3JIEMEHTOB paccUUThIBaJIUM 1o dopmynam MP,
VICXOIS M3 M3MEPEHHBIX COOTHOIIICHUI Iap BEIOpaH-
HbIX uzoronos Ru”/Ru'’l| Pd!%/pdl%5 Re!$5/Re!®,
It /193, Pt!94/Pt!%. [1penBapuTelIbHO OIIpenessuIn
HeoOXOMUMBIE XapaKTEePUCTHUKU TPacepoB, K KOTO-
PBIM OTHOCSITCSI HI30TOITHBIM COCTaB M KOHIICHTPAITHST
(tabn. 2). OmnpeneneHne KOHIEHTPAUM MOHOM30-
TOITHOTO POAUSI, JJISI KOTOPOTO HETIPUMEHUM METOI
M30TOITHOTO pa30aBjieHUsl, BHIIIOJIHEHO C UCIIOJIb30-
BaHueM Pt B KadecTBe BHYTPEHHEro CTaHIapTa
(CaBenbeB u np., 2018).

N3mepenne maccoBbix MUKoB DIII" n peHuns: BBI-
TIOJTHSUTM KaK B HU3KOM, TaK 1 B CpeIHEM pa3peline-
HUM, I OTACJIICHUS BO3MOXHBIX MOJIEKYJISIPHBIX
HajoxeHuit. Kpome 3TOro, MpoBOIMIM M3MEpPEHUE
MMMKOB T€X M30TOIOB, KOTOPHIE MOTYT BBI3LIBATH Ha-
JIOKEHWsI B BHUAE XJIOPHUIOB, apTUIOB W OKCHIOB
(Tabu. 3), AJ1s1 OLIEHKU CTEIIEHU OTAEJICHUSI aHAJIMTOB
OT MEIIAIONINX 3JIEMEHTOB. BBIJIO ycTaHOBIEHO, YTO

TEOXUMHUA T1omM 68 Ne7 2023

OTIEJEHUE DJIEMEHTOB, CO3MAIOIINX CITEKTpajbHbIE
HaJOXeHUs Ha orpenenaseMble n30Torrsl D11 n pe-
HUs1, nocturaiio 6osee 99%. 1t KoppeKuuu n3odap-
HbIX HastoxxeHuit Cd'% ga Pd'%¢ i Os'®” na Re'®” nc-
MOJIb30BaI PEKOMEHIOBAHHbIE BEJIMUNHBI PACIIPO-
cTpaHeHHocTeit n3oromnoB (Rosman, Taylor, 1998).

PE3VYJIBTATBI U OBCYXIEHHWE

B tabauue 4 npuBenceHb! comepxxanus DI u pe-
HUS, TIOJTy4YeHHBIE B pab0OTe B KOHTPOJIBHOM OIIBITE,
BBIMOJTHEHE KOTOPOTO BKJIIOYAJIO BCE CTAAUM XUMU-
YeCKOM MpOoOOIIOArOTOBKM B OTCYTCTBUM OoOpasla, u
npenenabl OOHapyXXeHUsI, pacCYUTaHHBIE IO 3G Bapu-
alMy 3Ha4eHUi1 KOHTPOJILHOIO OIIbITA IIPU Mepecye-
T€ Ha TBEpAYIO NpoOy C y4eTOM HMCIIOJb3yeMOil Ha-
Beckd (0.3 r). JocTurHyTHIE TIpeaesibl 0OHAPYKEHUS
JIOCTAaTOUYHO HU3KUE I onipeaencHus DI u penus
B CTaHIAPTHBIX OOpa3liaX, MPeICTaBISIONINX MaH-
TUIHBIE TIOPOIbI.

Pesynbrater onpenencHust DI u peHUsT B cTaH-
nmaptHbIx oopasznax GP-13, UB-N u BHVO-2, mony-
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Tabomuna 5. Pesynbrarsl onpenenenus DI u peHrst B ctraHgapTHBIX 0O0pa3lax (Hr/T) U JuTepaTypHbIe TaHHbIE

OneMeHT Ru Rh Pd Re Ir Pt
GP-13
C, — — — 0.31 3.24 —
C, — — — 0.33 3.94 —
C; 6.66 1.06 5.98 0.32 3.54 6.38
C, 6.65 1.05 6.08 0.31 3.31 7.02
Cep 6.66 1.06 6.03 0.32 3.5 6.7
(S,, %) (2.8) (8.6)
Cep (S, %) 6.76 1.54 5.57 0.28 3.6 6.44
(Kospmenko u ap., 2011) (6.9) (17) (13) (15) (5.2) (16)
Cep (S) 6.25 1.25 5.68 0.320 3.33 6.69
(Meisel, Moser, 2004) (0.063) (0.095) (0.047) (0.071) (0.028) (0.10)
Cep (S) 6.79 - 6.28 0.304 3.48 7.7
(Liu et al., 2018) (0.01) (0.7) (0.02) (0.54) (1.28)
UB-N
C; 6.2 1.00 5.27 0.23 2.97 6.09
C, 5.9 0.97 5.43 0.21 3.05 6.12
Cep 6.1 0.99 5.35 0.22 3.01 6.11
Cep Sy, %) 6.43 1.1 5.85 0.19 3.16 7.31
(Fisher-Godde et al., 2011) (5.9) 9.5) 3.4 (13) (7) (6.4)
C,p (10) 6.6 — 5.9 0.184 3.27 7.37
(Aulbach S. et al., 2019) (0.37) (0.16) (0.04) (0.21) (0.31)
C.p (20) 6.6 — 6.11 0.188 3.35 7.2
(Zou et al., 2020) (0.71) (0.4) (0.027) (0.59) (0.65)
BHVO-2

C, 0.12 0.71 2.6 0.63 0.04 6.3
Cep (D) 0.125 0.7 2.7 0.543 0.07 8.9
(Jochum et al., 2016) (0.018) (0.4) (0.029) (0.011) (1.6)

YeHHbIE HAMU MOCJI€ MUKPOBOJIHOBOI TTpOOONOATo-
ToBKM B UltraWAVE, BMecTe ¢ TUTepaTypHbIMU TaH-
HbIMU MPUBEAEHBI B Ta0I. 5

B mepBbIx 3KcrnepruMeHTax ObLI MpoaHaIU3UPO-
BaH cTaHgapTHEI oopasenr GP-13 ¢ onpeneneHnem
nByx a1emeHToB — Ir u Re. Mpunuit 6611 BBIOpaH B
CBSI3U C TEM, UTO, KaK YKa3blBaJlOCh paHee, pe3yJibTa-
ThI TI0 €r0 OINPEAEIEHUIO C UCIOJb30BAHUEM HaMU
MUKPOBOJHOBOU cucteMbl MARS-5, O6bUIM cricTeEMa-
TUYECKU 3aHUXKEHbI, U HEOOXOAUMO ObLIO OLIEHUTH
3¢ HEKTUBHOCTh MPEMIOKESHHON MPOOOIIOATOTOBKHA
B UltraWAVE mis1 onpeneneHusi 3TOro BJIEMEHTa.
Bri6op Re o0ycnoBieH ero Hanboaee HU3KUM YPOB-
HeM comepkaHuss B GP-13 u3 Bcex onpenensseMbIx
aneMeHTOB. [lonyyeHHble B maHHOI padoTe cpemHue
3HaueHUs1 KOHIeHTpaluii kak Re, Tak u Ir B ipeaenax
MOTPELTHOCTA aHAIM3a XOPOIIIO COMIACYIOTCS C JIUTe-
paTypHbIMU JaHHBIMU (TA0. 5), TAKXKE MOJTyYEHHBIMU
HP c macc-crieKTpoMeTpUUeCKUM OKOHYaHUEM, HO C
HCIIOJIb30BaHUEM Pa3HbIX CIIOCOOOB MepeBOIa ONpeie-

JISIeMBIX 3JIeMeHTOB B pacTBop — B TK (Zou et al., 2020;
Kosbpmenko u ap., 2011; Liu et al., 2018) u 8 HPA (Mei-
sel, Moser, 2004; Aulbach S. et al., 2019; Fisher-God-
de et al., 2011).

TakuM oOpa3oM, HCHOJIb3yeMble IIpU aHaIU3e
GP-13 ycinoBus mpo0OONMOATrOTOBKM B MUKPOBOJIHO-
Boii cucteMme UltraWAVE ob6ecrnieunBaoTr He00X0mm-
Mble YCJIOBUS IJIsi KOPPEKTHOrO omnpenencHus Ir u
Re wm3otomubiM pasbaBiaeHmeM. OTHOCUTEIbHOE
CTaHIApPTHOE OTKJIOHEHME OINpPENeICHUS COCTABUIIO
2.8u8.6%.

Konnenrpanuu ocranbHbIX 21eMeHTOB — Ru, Rh,
Pd n Pt B GP-13, ontpenencHHBIC B paboTe, B IIpee-
JIaX MOTPELIHOCTY BXOJSIT B MUHTEpBaJl 3HAUCHUIA, IO~
JIyYeHHBIX B IUTUPYEMOi TuTepaTtype (Tadir. 5), mom-
TBEpKIass MPUMEHUMOCTb KUCJIOTHOM 0O0paboOTKHN B
MUKpoBoJiHOBOI cucteme UltraWAVE, Hapsioy c
npoodomnoaroroBkoii B TK m HPA, misa onpeneneHust
I u pexus.
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IlepBhle pe3ynbTaThl, TTOJydeHHBIE TIPU aHAJIN3e
ctaHgapTHbIX o6pa3ioB UB-N u BHVO-2 (Ta6i. 5),
TaKK€ CBUIETEIBCTBYIOT O MEPCIIEKTUBHOCTH HAJlb-
HEWIINX 5KCIIEPUMEHTOB MO0 MPUMEHEHUIO OIMCHI-
BaeMoOii METOIWKM MUKPOBOJHOBOIO KHCJIOTHOTO
BBILLIEIaYBaAHMSI.

CrnemyeT OTMETUTH, YTO YPOBEHb COIEpPKAHMS
BIII' u penus B oopaszuax GP-13 u UB-N npumepHo
oguHakoBhIl, a B BHVO-2 cyniecTBeHHO HMXKe IS
Ru u Ir, 9TO mpuBOAUT K YBEIUIEHUIO IOTPEIITHOCTH
anHanuza. i1 BHVO-2 Bo MHOTMX IIUTUPYEMBIX CTa-
ThsIX OTMeUaeTcsl Hamnuue nugget — addekra (Li et al.,
2014; Meisel, Moser J., 2007), a Takke menaeTcs BbI-
BOJI O HEOOXOAUMOCTU IIPUMEHEHMS IIaBUKOBOM
KMCJIOTHI IIPU IIPOOOMNOATOTOBKE, HAPSITY CO CMECHIO
COJISTHOM M a30THOM KUCJIOT, IJIsI KOPPEKTHOTIO OIIpe-
nenenust DIIT u penus (Li et al., 2015; Zou et al.,
2020), 9TO MOXKET OBITh IPEAMETOM JaTbHEHIINX UC-
cJIeDOBaHUMA.

Taxkum o6pa3zoM, TiepBbie IKCIIEPUMEHTHI 11O MPU-
MEHEHMI0O MUKpOBOJIHOBOI cucrtembl UltraWAVE
(MomrHOoCTh A0 1500 BT) mi1st KCa10THOM MpoOoIIon-
TOTOBKM Teojiorndyeckux oopasnos (7= 250°C, P =
= 82 6ap, BpeMsi 06paboTKu — 1.5 4), BEIIOJIHEHHbIE HA
craHmaptHeIX obpasiax GP-13, UB-N n BHVO-2,
CBUIETEJBCTBYIOT O IOCTUKEHUU M30TOITHOTO paB-
HOBECHS MEXKIy TpacepaMu U IlepeBeIe HHBIMU B pac-
tBOp DIII" M peHMeM, 9TO MO3BOISIET OIIPEIEIITh NX
KOHIIEHTpAallMM Ha YPOBHE HI/T U MeHee B TBEPIbIX
reojiorndeckux oopasnax meromom MP ¢ UCII-MC
rmocje Xxpomarorpapudeckoro otaejaeHus. MeTtomu-
Ka MpOOOIMOATrOTOBKM B MUKPOBOJHOBOM CHCTEME
OTJIMYAETCS 3KCIIPECCHOCTBIO U 0€30ITaCHOCTHIO 10
cpaBHeHuIo ¢ TK 1 cpaBHUMBIMHU TIpeneiiaMu oOHa-
PYXXEHUSI aHAJIUTOB.

Koanexmue asmopos svipaxcaem 2ayboKyro npusHa-
MeabHOCMb pedaKuyuu HCYpHaia, GHUMAIMENbHbIM pe-
UEeH3eHMaMm U AUHHO HAYYHOMY pedaKmopy cimamol 3a-
sedyrouemy nabopamopueil, 3amecmumento OUpeKmo-
pa, O0oKmopy Xumuueckux Hayk, uaeH-kopp. PAH
npogeccopy Koaomosy Baadumupy Ilanmeneiimonosu-
Yy 3a NA000MEOPHOe COMPYOHUHECMBO U 6CeCHOPOH-
HIOI0 NOMOUb 8 pabome HAO cmMamobell.

Paboma ewinoanena 6 coomeemcmeuu ¢ HayuHou
memoit FWZN-2022-0032, nomep eocyoapcmeenHo2o
yuema: 122041400171-5.
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