KYPHAJI AHAJTHTHYECKOH XHMHH, 2023, mom 78, Ne 12, c. 1151—1162

OPUTNHAJIBHBIE CTATbU

OINIPEJAEJIEHUE PAINOBKOJOTNMYECKHN 3HAYNMBbIX
PAJIMOHYK/IUJIOB YIJEPOJIA-14, TEXHEIIMA-99, TO/IA-129
B OCTEKJIOBAHHBIX BBICOKOAKTUBHbBIX OTXO/JJAX, OBPA3YIOIIINXCA
ITPU IIEPEPABOTKE OTPABOTABIIIEI'O AJEPHOI'O TOIVIMBA

© 2023 r.

E. B. Yyxaanunesa® *, O. B. CrenanoBa’, O. 0. [Iuuyenko“, T. A. 3aiineBa?,

K. A. JIxxesesuno?, E. JI. Mypamosa“, 0. M. TatapuukoBa® %, E. A. Benanoa“, I1. A. Baoxun*

4[Ipouzeodcmeennoe obsedunenue “Mask”
ya. Jenuna, 31, Ozepck, Yensbunckas oon., 456784 Poccus

bCegepcruii mexnonoeuueckuii uncmumym — guauan Hayuonansnozo uccaedosamenbcko2o
s0epHoeo yHusepcumema “MHUDH”
npocn. Kommynucmuueckui, 65, Cesepck, Tomckas 06a., 636036 Poccus

¢ Uucmumym npobrem 6e3onacnoeo pazsumus amomuoll suepeemuku Poccutickoii akademuu Hayk
ya. boavwas Tynvckas, 52, Mockea, 115191 Poccus
*e-mail: cpl@po-mayak.ru
IMoctynuna B pepakumio 19.04.2023 r.

IMocne nopa6otku 10.07.2023 1.
ITpunsara k nyonukauuu 14.07.2023 1.

IMpemnoxeH crioco6 U3MepPeHUs YaeIbHBIX AKTUBHOCTEN B OCTEKJIOBAHHBIX BHICOKOAKTUBHBIX OTXOIaX pa-
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JIEHUSI U OYUCTKU OIPENeISIEMbIX PATUOHYKIIMAOB OT MEIIAIOIINX KOMIIOHEHTOB. YCTaHOBIEHBI KO3 DU~
LIMEHTHI BBIXOA U K0dhdULmeHTs! ouncTky. OnpeaencHue “C 3akIi049anocs B TPEXKPATHOM OTTOHKE CO,
U OCIIEYIOIIEM U3MEPEHNH aKTUBHOCTH ' *C B OUNILIEHHOM PACTBOPE METOIOM XHIKOCTHOMN CLIMHTUILISI-
LIMOHHO# CIIEKTPOMETPUH;, OnpeneicHue 21 — B pacTBOpPEHUH TIPOGHI B HNO;, natikpaTHO 3KCTpakuyy 1
MOCJIEIYIOIIEM U3MEPEHUN AKTUBHOCTH | B OUMILIEHHOM PAaCTBOPE METOIOM XKUIKOCTHOM CLIMHTWLISILIMOH -
HOI1 CIIeKTpOMeTpUH; ompeneieHue 2 Tc — B pacTBOpeHMH mpoGbl B pucytersiu Cl1O™, JIBYKpaTHOM 3KCTpaK-
LIMOHHO-XPOMATOrpathIeCKOM OTICIEHUM *2TC MMIIPErHUPOBAHHBIM HUTPATOM METHJITPUOKTHIAMMOHMUS
COpOEHTOM M TTOCJICAYIOIIEM OIpeIeICHUM ero aKTUBHOCTH C MCITOJIb30BAHUEM METO/Ia MACC-CITEKTPOMET -
pUM C MHOYKTUBHO CBsI3aHHOM IutazMoii. CorlacHO BBIOpAHHOMY IIOAXOAY IIPOAHAIM3UMPOBAH MMUTATOD
OCTEKJIOBAHHBIX BBICOKOAKTUBHBIX OTXOAOB C PAIMOHYKJIMIHBIMU METKAMU U TIOJYYEHbI YIOBJIETBOPUTEIIb-
HbIE pe3yabTaThl. Pa3paboTaHHbIN MOAX0N OyIeT MPUMEHSIThCS IIPU aHAJIN3€ HAKOIUJICHHBIX OCTEKJIOBAH-
HBIX BBICOKOAKTUBHBIX 0TX010B I1O “Masik”, a moaydeHHble pe3yabTaThl YYUTHIBATHCS IIPU MOIEIMPOBa-
HUM MHXEHEPHBIX 6apbepOB 0E30ITACHOCTH IIyHKTA NNIYOMHHOTO 3aXOPOHEHUSI pAIUOAKTUBHBIX OTXOH0B.
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Crpaterusi I'ockopnopauuu “PocatoM” mpeamno-
JlaraeT nepexo Ha 3aMKHYTbIN SII€pHbBII TOMJIMBHBIM
LIUKJI C IepepabOTKOI BCceX BUIOB OOIyUEHHOTO SIIep-
HOTO TOILJIMBA aTOMHBIX BJICKTPOCTAHIIWI 1 BbIICICH -
eM 13 otpabotasiiero simepHoro Tormwmba (OAT) U u
Pu nng mocnenyromero ucroab3oBaHusi. O0pasyto-
muecs pamuoakTuBHbie oTx0mbl (PAQ) B cooTBeT-
crBuu ¢ MemepaabHbIM 3aKOHOM [1] HOMKHEI OBITh
HarlpaBJIEHbI Ha JOJITOBPEMEHHOE XpaHEHWE U 3aX0PO-
HeHue. B HacTostiee BpeMst B Poccuiickoit @enepammm
C LIeJIBIO OKoHYaTenbHOoM n3onauuu PAO 1 u 2 kitacca
MPUHATA KOHLIETLMSI CO3JaHUSI TMyHKTa DIyOWMHHOTO
3aXOpOHEHMsI pangnoakTuBHEIX otxonoB (ITI'3PO) [2].

daHHas KOHLENMS MoApa3yMeBaeT BbISIBJIEHUE OC-
HOBHBIX (paKTOPOB, BIMSIIOIIMX HAa DKOJOTUYECKYIO
6e3omacHOCTh 3axopoHeHuss PAO. OgHUM M3 TaKux
GaKTOpOB SABASIETCS paguOHYKIUIHBINA cocTaB PAO,
KOTOPBII JOJDKEH ObITh YUYTEH MPU MOACIMPOBAHUU
UHXeHepHbIX 6apbepoB 0e3onacHoct (UBB), onieHke
MPOLIECCOB M3MEHEHUSI COCTaBa, CTPOSHUST I CBOMCTB
MaTepUaaoB TaKUX 0apbepOB Y MUTPALIUY PATUOHYK-
munoB (PH) B yclIoBUsIX ITyHKTa 3aXOPOHEHUSI pa-
JTUOAKTUBHBIX OTXOIOB.

Cpenu Bcero CIeKTpa paguoOHYKIUI0B, OKa3blBa-
IOIIUX BJIUSIHUE HA JOJTOBPEMEHHYIO OE30I1aCHOCTb,
BBIIEJISTIOT TPYIIITY PaIMO3KOJIOTUYECKU 3HAUYMMBIX
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PaIVOHYKIINIOB, K KOTOPBIM OTHOCSIT PaIUOHYKIIH-
JIbI, UMEIOLIME IIEpHOAbI TT0JTypaciiaga, CpaBHUMEBIE CO
BpEMEHEM XU3HU MHXXEHEPHBIX OGaphepoB 0€30IMacHO-
CTU, BBICOKHUE TIPEeIe/Ibl pACTBOPUMOCTH, HU3KYIO
COpPOIIMOHHYIO CITOCOOHOCTh, XUMUYEeCKUe (DOPMBI
(xpome '3Cs), npusoasime K 3GHeKTy “aHNOHHOTO
UCKJIIOUEHUSI” VI BO3MOXHOCTH IIPUCYTCTBUS B ra-
30B0I1 (paze. K TakuM paguvoOHYKIUIAM OTHOCSTCS
14C, 99TC, 1291.

Cy1iecTByeT I1Ba OCHOBHBIX B3aMMHO TOIIOJTHSIIO-
HIVX OPYT Apyra MeEToAa ONpeneieHUA pafuOHYKIU/ -
Horo coctaBa PAO — pacyeTHBIII 1 THCTPYMEHTAaJIb-
Hbiil. PacuetHbiil MeTon i PAO ot OSAT ocHoBaH Ha
GU3NUECKIX CBOMCTBAX ACCHUS SIIep ¥ TCHETUYSCKOMN
CBSI3U PpaIMOHYKJIMIOB, obpasytoiuxcsa B OAT, ¢ no-
MOIIIBIO CIIEINAIM3MPOBAaHHBIX IIporpamMm. Pacuer-
HbI MOOXOJ Ha CErogHSLIHUIA OeHb LIMPOKO pac-
MIPOCTPaHEH IS pa3JIMYHbBIX OLICHOK ITIPY OOpAaIlieHIH C
OAT pasmmuHBIX THIIOB pEeaKTOPHBIX YCTAaHOBOK. B
npoiuecce nepepadborku OAT reHeTnyeckue CBSI3U
MEXIy paguoOHYKINAAMU YTPAaYMBAIOTCS, IIPOUCXO-
IUT UX IlepepacrnpencieHrue MeXAy pa3IndyHbIMU
TEXHOJOTUYECKMMHU MPOJYKTaMU, HO TEM HE MEHeEe,
IMOHUMAsI IIPOLIECCHl paAOXUMHUYECKHUX IIpeodpa3o-
BaHUI 1 KO3 (GUILMEHTHI pacIIpeaeIeHIs paqIuoOHyK-
JIMIOB, MOXHO KOJIMYECTBEHHO OLICHUTb MX CONIepKa-
Hue B paznnuHbix PAO, oO6pasyrolmxcs oT nepepadbor-
ku OST. UHCTpyMEHTAITBHBII METOH, 3aKJTI0YAETCS B
MpPOBEACHNM XMMUYECKOro aHanms3a (“mpsmoe” n3-
MepeHue, paspylialoliye/Hepa3pyllaoliie METOIbI
aHaJIM3a) CaMoOro O0beKTa MCcaenoBaHus. Pe3ynbraThl
9KCIEPUMEHTAIBHBIX UCCIEIOBAHUI IIIMPOKO MpUMe-
HSTIOTCS B KAYECTBE TaHHBIX TSI BepU(pUKALIMI pas3/iad-
HBIX IpOrpaMM pacueTa HykKimaHoro coctaBa OAT.

CienyeTr y4ecTh, 4TO YCTaHOBJIEHUE KOA(pDUIIM-
eHTa pacnpeneieHuss PH Ha cragusx TexHoJiorude-
ckoro nepenena OST nmeer HeonpeaeJIeHHOCTh, I1O-
CKOJIbKY 3aBHCHUT OT MHOXECTBa (DaKTOPOB (KOHIIEH-
TpallMOHHBIE, TEMIIEpaTypHbIe, BpEMEHHBIE (DaKTOPBI
u npod.). [Toaromy “npssmeie” meTonsl aHanu3a PAO
SIBJISTIOTCSL TIPEAIIOUYTUTEIbHBIMU 110 CPABHEHUIO C
pacuyeTHLIMU METOIaMMU.

B 1O “Magk” B TeUeHHE HECKOJILKUX AECATKOB
J1eT, HaunHag ¢ 1987 roma, IpoBOAUTCSI OTBEPXKICHUE
BbICOKOAKTUBHBIX PAO B amtoModocdaTHOE CTEKIIO
(OBAO). 3a mpoieniiiee BpeMsi HaKOIUIEeHO OoJiee
7.6 THIC. TOHH OTBEPKICHHBIX BEICOKOAKTUBHBIX OT-
X0HIOB. JlaHHbIE KOHIULIMOHUPOBAHHBIE OTXOAbI, paB-
HO KaK 1 BHOBb 00pa3yIolMeCs IPU paboTe YCTAHOBOK
OCTEKJIOBBIBAaHMSI, TIPEANOJIAraeTcs pa3MelaThb Iy6o-
KO O] 3eMJIEil B TeoJIOTMYeCKOoi (hopMaliv ITyHKTOB
3axopoHeHus. OnpenesieHre B HUX COIEP>KaHUS AOJI-
roxxuBymx PH sBisieTcs BaskHOM 1 HEOOXOIMMOIM 3a-
Jayeil B LeJIsIX JaJIbHEHIIero rimyoOMHHOIo 3aXOpOHe-
HUS OTBEPKIEHHBIX BHICOKOAKTUBHBIX OTXOIOB.

Llenb HacTosiLelt paboTbl — pa3paboTKa MHCTPY-
MEHTAJIbHBIX METOMIOB OTIPENECHUS COIEePKAHUS Pa-
nvonykmnos “C, PTc, 21 8 OBAO T10 “Mask”.

KYPHAJI AHATUTUUYECKON XUMUU

YYXJTAHIEBA u np.

CrienyeT OTMETUTh, YTO JaHHBIE PATUOHYKIUIBI HI-
KOIJa He KOHTPOJMPOBAJINCh B OCTEKJIOBAHHBIX OT-
Xomax. YUUTHIBASI TO, YTO OCTEKJIOBAHHEIE OTXOMbI
MMEIOT KpaitHe CIOXHBI XMMWUYECKUI U pagfUOHYK-
JIMIHBIN COCTaB M 00JIamaloT KpaifHe BBICOKOM pa-
JIMOAKTUBHOCTBIO, ONpeaeaeHne cogepxanusa “C,
PTc, 12 B HUX sIBASIETCS HETPUBUAIBHOM aHATUTU-
YeCKOM 3amayeii, He MMEBIIEH N0 HACTOSIIEro Bpe-
MEHH IIPAKTUIECKOIO PEIICHUSI.

OKCITEPUMEHTAJIBHAA YACTb

PeakTuBbl, pacTBOpbI U cOpoeHThI. B paboTe mpu-
MEHSIJIM pPEeakKTUBbI (KUCIOTHI, COJIU, TUAPOKCHUIBI
M NpoY.) KBaludUKaMM HE HUXKe Y. J. a. oTeue-
CTBEHHOTO TTPOM3BOACTBA. B KauecTBe copbeHTa WIst
U3BJICYEHUS TEXHEIUs WCIOJIb30BAIM TTOPUCThIN
cheprIecKrii COIOIMMEpP CTUPOJIA ¢ TUBUHUIOCH-
3oioM LPS-500 (muamerp wactum 150—250 MKwM,
nuameTp nop 50—500 HM), UMITIPETHUPOBAHHbBII HUT-
paroMm MetuiaTpuokTuiammonus (MTOAH). Mac-
coBas goisd MTOAH cocrasnsuia 33%. CopGeHT roTo-
BUJIY clieAyoumM oopa3zomM: HaBecky MTOAH mac-
coii 1.5 r pactBopsiiin B anileToHe 00beMoM 20 mir. K
pacTBopy IoOamiustiim HaBecKy Hocutenss LPS-500
maccoii 3.0 r. CMmech nepeMelInBaId U OCTaBJISIJIN 10
TTOJTHOTO MCITAPEHMST alleTOHA.

IIpuroroBienne xpomaTorpauyeckoi KoloHku. B
HOCUK CTEKJISTHHOIM KOJIOHKM miuHoi 10 cM, BHYT-
PEHHUM AMAMETPOM 6 MM U TUaMETPOM BBIXOTHOIO
orBepcTusd oT 0.5 mo 1.5 MM momelnanyd TaMIIOH U3
JlaBcaHOBOro BoJioKHa. KoJIoHKy paBHOMEpHO 3a-
MOJIHSIM copOeHToM Maccoii 0.5 T, cioit copbeHTa 3a-
KPBIBJIW TAMITIOHOM M3 JJABCAHOBOTO BOJIOKHA. KoJloH-
Ky npoMbiBasiu 0.1 M HNO; o6bemom 50 mii. Cko-
pPOCTb IPOTEKAHUS PACTBOpPa COCTaBJIsJIa B CPEAHEM
0.8 mu1/MUH.

OGpa3suoBbie ¥ 3TAJOHHbIE PATMOHYK/IHIHBIE HC-
ToyHMKHM. B paboTe mpuMeHsUI 3TaloHHbIE (00pa3-
LIOBBIE) pacTBOpLI pannoHykauaos (OPP) “C, 121,
37Cs, ?°Sr, #Tc ¢ ynenbHoit akTuBHOCTBIO (YA) OT 1

1o 1 x 103 kBK/r 1 OTHOCHUTENBLHOI MOTPEITHOCTHIO
YA He 6onee +3.0%.

IIpuroroBieHre UMUTAIMOHHOTO PACTBOPA, MOJIY-
YaeMoro npM pacTBOPEHMHM 00pa3la OCTEKJIOBAHHBIX
BBICOKOAKTHBHBIX 0TXO00B. /115 MCCIe10BaHU TOTO-
BN MMUTaIMoHHBIN pactBop (UP), coctaB KOTO-
poro GJM30K K COCTaBy pacTBopa, 0Opa3yIollerocs
IIpU pacTBOpPEeHMHU 1.5 T OCTEKIOBAaHHBIX BBICOKOAK-
TUBHBIX 0TX0J0B B 20 M1 HNO;. CoctaB uMuTaiu-
OHHOTIO pacTBOpa NpuBeleH B Ta0:. 1. UMUTaloHHbIH
pacTBOp TOTOBWIM IIyTeM CMEIIMBAHUS B OIpeacIcH-
HBIX MPOIIOPLMSIX KOHLIEHTPUPOBAHHBIX PacTBOPOB
COOTBETCTBYIOILMX 3JIEMEHTOB.

MN3BecTHO, uTO M30TOIIBI Am, Cm, Pu oGnamator
BBICOKOI CTOMMOCTbIO, TIO3TOMY B HEKOTOPBIX SKCIIe-
pUMEHTax B UMUTALIMOHHBII PacTBOP BBOIWIIM aHAJIO-
i Am/Cm u Pu — Eu(IIl) u Th(IV) coorBeTCTBEHHO.
Ne 12
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Taomuna 1. CoctaB UMUTALIMOHHBIX PACTBOPOB

DeMEHT CoenuHeHue KoHnuenTtpanust DeMeHT CoenuHeHue KoHnuenTpanust

nst ipurotosiieHust P |snemenTa, Mr/i 1ist mpurotosieHust UP | anemenTa, Mr/mn

Na NaOH, NaCl 416 Ni Ni(NOs), - 6H,0 148

Cl NacCl, BaCl, - 2H,0, Nd Nd,04 56
FeCl;-6H,0, HCI 520

Al AI(NO3)5 - 9H,0 5402 La La(NOj); - 6H,O 16

P H;PO, 14500 Sm Sm(NO3), 4.0

Pb Pb(NO3), 2230 Eu (ananor Am, Cm)| Eu(NOs); 6.0

Zn Zn(NO3), - 6H,0 1930 Ce Ce(NO3); - 6H,O 68

Br KBr 1868 Cd CdSO, - 8H,0 5.0

Gd Gd,0; 492 Sn Sn 6.0

Mn MnSO, - 5H,0 300 Se H,SeO; 190

Mo (NH,)¢Mo,0,, 162 Ag AgNO; 1.4

Cs CsNO; 120 Sb Sb 1.2

Ca CaCO, 126 U UO,(NH,)(NO3); 590

Ba BaCl, - 2H,0 160 Th (anasor Pu) Th(NO3), 0.8

Pd Pd 12.5 In In,04 0.1

Pr Pr(NO3); - 6H,0 56 F HF 180

Sr SrCO; 50 S SO,*" (43 coneit) 180

Fe FeCl; - 6H,0 360 Zr* ZrSO, - 4H,0 160

Te Te 26 Si* Na,SiO; - 9H,0 60

Y Y(NO3); - 6H,0 22 Co Co(NOy), 50

Rb RbNO; 16 HNO; - 4 Monb/n

Cr Cr(NO3); - 9H,0 84

* BBogmnu nepea nNpoBCACHNUEM SKCIICPUMCHTA.

Eu n Th gsmsiorcsa ananoramu Am/Cm u Pu, mo-
CKOJIbKY 00J1aaloT OJIU3KUMU (DUBMYECKUMU U XU-
MUWYECKIMU CBOCTBaMH.

IIpuroroBjieHre HIMHTATOPA OCTEKJIOBAHHBIX BBICO-
KOAKTHBHBIX OTXOI0B C PAJMOHYKJIMIHbIMA METKAMH.
IIpouenypa npuroToBjieHUsT UMUTaTOpa ObLIa MakK-
CUMAaJIbHO OJIM3Ka K IIPOLEAype M3TOTOBJICHUS pe-
aJIbHOTO CTEKJIA C BBICOKOAKTHUBHBIMM OTXOJIAMHU U
COCTOSIJIa U3 CAEOYIOLIUX 3TaloB: 1) MPUTOTOBJICHE
CTeKJI000pa3yloliero pacTtBopa; 2) BapKa CTeKJIa;
3) BBeeHUE B IIOJYYEHHOE, MpPEeaBapUTEIbHO W3-
MeJIbYeHHOE CTEKJIO PaAuOaKTUBHBIX METOK; 4) I0-
BTOpHAsI IUIaBKa CTEKJIA.

PenenTypa mmpuroToBiaeHMsI CTEKII000Pa3yIOIIETO
pacTBoOpa cOCToslJIa B MOCJIe0BaTeIbHOM pacTBOpe-
HUU HaBECOK CoJieil B OMHON eMKOCTU, T00aBIeHUU
ATMKBOT KOHIIEHTPUPOBAHHBIX pacTBOpoB Mo, Zr, U
u cmecu P390 u ¢parocoBannu oprodochopHOit Kuc-
Jiotoit. Peuientypa npuBeneHa B Tab1. 2.

IMonydeHHBIH CTEKI000pasyIOIIHit paCTBOP 3aJTH -
BaJd B CTEKJIOYIJICPOAHYIO 4Yallly M YIapyuBaJid Ha

KYPHAJI AHAJIUTUYECKOU XUMUHUU  Tom 78

Ne 12

TecyaHoi 6aHe 10 cyxoro ocratka. Cyxyio cMech U3-
MeJIbuaiv, TIoMellaad B ayHAOBbI TUTEIb U KaJlb-
MUHUPpOBaAU B auara3oHe TemmepaTyp oT 300 mo
700°C. ITonbeM TEMITEPATYPHI OCYILECTBIISIN ITOCTE-
neHHo. CTeK/1000pa3yolnii KaJlblIMHAT TIJIaBUJIH,
HaunHasg ¢ 800°C, rpu nogbeMe TeMIiepaTyphl 4Yepes
Kaxaeie 50 no 950°C. Jlajiee paciuiaB CTeKja BbUIM-
BaJIM Ha METAJUIMYECKYIO TUIMTY W OXJIaXKIalIu OO0
KOMHATHOM TeMITepaTyphl.

HaBecky cTekia nsmenbyanu. B KopyHIOBBINM TH-
reJib C TTOPOIITKOM CTeKJIa BHOCUJIN TTOPLIMKM 00pas31io-
BOT'O pacTBOpa paaTNOHYKIINIA, TICPHOTNICCKI ITepeMe-
IIMBas W BHICYIIMBAsI CMECh B TUAIIa30HE TEMIIEpaTyp
ot 50 1o 450°C, rocTeneHHO MOoAHUMAs TEMIIEPATYPY.
JampHeUIIyIo TUTaBKY CTeKJIa ¢ METKaMU TIPOBOIVIIN
B nnana3oHe TeMItepatyp ot 500 1o 950°C ¢ uHTepBa-
JioMm 50°C 11pu TIoabeMe TeMITepaTypbl U BbIICPKKOMA
pu Kaxmou temneparype B Tedyenue 10—20 mMuH.
PacueTHbIit cocTaB MOMYIEeHHOTO CTEKJIa C METKaMM
PH npuseneH B Tabu. 3.

AJII‘OpI/ITM HCCea0BaHuA 3aKJIIo4dajiCdad B BLI60pC
aHaJIUTUYCCKOro mMeroaa, O6CCH€‘II/IBaIOH_[eFO n3MeE-

2023
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Tab6muna 2. Peuenitypa mpuroToBieHUsT CTEKJI000pa3ylo-
11ero pactBopa s rmoaydeHus 110 r crekia

KomrmoneHT pacTtBopa Macca nasecxu, r
(o6BeM pacTBOpa, M)

NaNO; 75.95
AI(NO3);3 - 9H,0 116.58
Fe(NO3); - 9H,0 4.75
Cr(NO3)5-9H,0 1.22
Ni(NOy), - 6H,0 1.38
Ca(NO;), - 4H,0 1.35
CsNO; 0.27
Sr(NO3), 0.23
NacCl 0.20
NaF 0.10
Na,SO, 0.49
MnO, 0.25
HNO; (¢ =916 1/m) (64)
KonnentpuposanHas cmech P39 (5.5)
Mo (c = 40.65 r/m) 4.9)
Zr (¢ = 37.02 r/7) (6.6)
U (c=42.51/n) (25.8)
H;PO, (c = 1498 r/7) (56)
KoHeuHbIit 06beM cTeKII000pa3y- (440)
IOIIIeTO pacTBOpa, M
O06BbEM STUIEHIIUKOJIS 25)
(C=1106 /1), Mma

IIpumeuanue: MnO, 1 pacTBOp STUJIECHIIMKOJISL BBOAMIN HA CTa-
UM yrapuBaHus (ITOC/ie NMPUTOTOBJICHUSI CTEKJI000pa3yolero
pacTtBopa).

peHUEe aKTUBHOCTU OIIPENe/IsIeMOro paguoHYKINIA
Ha ypOBHE, COOTBETCTBYIOIIEM peaJlbHOMY coaepxKa-
HUIO B 00pa3ile OCTEKJIOBAHHBIX BEICOKOAKTUBHBIX OT-
XOIOB, YCTAHOBJICHUH MEIIAIONINX ONPeIeICHUIO KOM-
IIOHEHTOB MPOOLI U ITOCIIEAYIOIIEM SKCIIEpUMEHTAIb-
HOM TIOMCKE YCIOBUI X HUBenUpoBaHus. Kpurepruem
yCTpaHEHUSI MeLIaIOIMX BIUSTHUMI B X0/1e IIPOoOOono-
TOTOBKHU SIBJISUIOCH HOCTIDKEHHE TPeOYyeMBIX KO3(dh-
¢unumenToB ounctku (KOY), mpeaBapuTelbHO BBI-
YUMCJIEHHBIX, UCXOSI U3 TEOPETUYECKOTO ColepKa-
HUSI MEIIAIOIINX W OIIpeAesieMbIX KOMIIOHEHTOB B
OBAO. OntuManbsHYIO TIPOoeaypy IMpOoOOIIOATOTOB-
KM TIpUMEHWIN MPU aHaJM3e MMUTALIMOHHOTO 00-
pa3sla, IIpeAcTaBIISIIoNIero codoii amomModochaTHOE
CTEKJIO C BBEIEHHBIMU METKAMU PaIUOHYKIUIOB.

Oxunaemas ynejibHasi AKTHBHOCTb PaJMOHYKJIAIOB
B OCTEKJIOBAHHBIX BBICOKOAKTHBHBIX 0TX0dax. CocTaB
OBAO I10O “Magk” o0ycI0oBIIEH COCTABOM Iiepepada-
teiBaemoro OST (BBOP-440, BH-600 u ap.). [Ipeo6-
JIagarolnyM BuaoM repepabareiBacmoro O T siBistercst
TOIIJINBO BONO-BOASTHBIX SHEPTETUUECKUX PEAKTOPOB

KYPHAJI AHATUTUUYECKON XUMUU

YYXJTAHIEBA u np.

(mpumepHo 80% 110 Macce). Mcrmonp3oBanmm oxuvmae-
MBbl€ COAEPXKAHUS OMpenesieMbIX paIuOHYKIUAOB U3
pa6or [3, 4]. 3HaueHUs TpUBEACHbI B Ta0JI. 4.

Bri6op MeTOI0B M3MepeHHns yIeIbHOil AKTHBHOCTH
PAAMOHYKJIMIOB. MeTon u3MepeHusl ColepXXaHusl pa-
IVOHYKJIMIOB AOJKeH obecrneuyuBaTh MOJydyeHUue
YUCJIEHHOTO pe3yJibTaTa, MO3TOMY ISl ONpeneeHUs
14C u 2] BeIOpamy METON, KUAKOCTHON CIIMHTUILIS-
moHHoi criektpomeTpun (2KCC), npenesr oOHapyxe-
HUsI KoToporo cocrtaBiisieT npumepHo 0.1 bk/r octek-
JIOBAHHBIX BBICOKOAKTUBHBIX OTXOI0B (IIPU MUHU-
MaJIbHO JeTeKTupyemou akTuBHoctu (MIA) B
cuetHoM obpasue 10 mbk [5]). g onpeneneHust
9Tc BBIOpaIM METO MACC-CIEKTPOMETPUM C MHIYK-
tBHO cBs13aHHOM 11a3moi (MC-MUCII), HyoKkHSIs rpa-
HU1Ia 11ana3oHa ONpeaessieMbIX COAep>KaHUi KOTOPO-
ro cocTapJisieT nopsiaka 20 Hr,/T OCTEeKJIOBAaHHBIX BbICO-
KOaKTUBHBIX 0TX010B (13 bx/r OBAO).

YeTaHoB/IeHHE MENIAIOMMX NpPUMeceil M BbIYMCIIe-
Hue Tpedyembix Ko3dduuuenros ouncrku. Conepxa-
LIMECS B OCTEKJIOBAHHBIX OTXONAX O€Ta-U3Iydarolne
pamuonyxsmasl (°°Sr, ¥Cs, 34Cs, '2Sb u np.) Memaror
onpenenenuo “C, °I metonom KCC.

CylLeCcTBEHHOE BIMSHKE HA PE3YILTATHI ONPEIe-
seHuns conepxanud *Tc Metronom MC-UCII oka3zbl-
BaIOT U300apHbIE U 0JIMATOMHBIE HAJIOXKEHUS C MAaC-
coit 99 a. e. M., Takue kak PRu’, “Zn¥Cl*, 2Ni¥’CI*,
59CO4OAI‘+, 98M01H+, 85Rbl4N+, 198Hg2+ u 198Pt2+. Hau-
GOJIBILNI BKJIA, B CUTHAI OKas3bBaroT Ru’ n ®Mo'H*
(*Ru u Mo — cTabWIbHBIE U30TOMNBI C ITPUPOIHOM
pacrpocTpaHeHHOCTBIO 14 1 24.3% COOTBETCTBEHHO).

HMcxong 3 oxxuaaeMbIX aKTUBHOCTEHM ompeaelise-
MOTO M MeIIAIoIIUX PaIuOHYKIUIOB, BBIUMCIWIN
Tpedyembie 3HaueHus1 KOY, mocTuzkeHue KOTOPBIX
00eCIIeunT MOJyYeHUE YKMCICHHOTO pe3y/bTaTa U3-
MEpeHUil yOeIbHOM AKTUBHOCTH PaIUOHYKIUIOB.
ITo pe3ynabTraTaM pacyeTa yCTaHOBUJIM, YTO IIPU OIpe-
nenenun “C meronom JKCC norpebyercsl HOMOTHU-
TesibHOE oTnesieHue “C oT 60JIbILINHCTBA palUOHYKIIN -
I0B, 3a ucKiIoyeHueM *Zr, Cl, Tc, **Nb. Bosb-
LIMHCTBO PaguOHYKINIOB, KpoMe 2 Tc u 24! Pu, 6ynyT
BHOCUTb 3HAUMTEJbHBIMA BKJIA C DHEPreTUYECKUMA
criektp 21, yTo MOTpPedyeT NPOBEAEHUS NOMOJIHU-
TEJILHOTO BBIICJICHMS oa U3 MaTpULIbI ITpoOkI. Pac-
cuuTanu, yTo *Ru 6yeT conepKaTbes B OCTEKJIOBAH-
HBIX BBICOKOAKTUMBHBIX OTXOIAX B TOPa3g0 MEHbBIINX
KOJINYECTBAX Y HE OKAXKET CYIIECTBEHHOTO BIIVISTHUS Ha
pe3y/IbTaT U3MEPEHUS YIeIbHOI akTuBHOCTU P TC Me-
TonoM MC-UCII. Cnenyet y4yecTh, YTO IIpoda OCTeK-
JIOBAHHBIX BBICOKOAKTUBHBIX OTXOJOB 00JIaIaeT BhI-
COKOI pagioaKTUBHOCTBIO U CONEPXKUT TaKME MaK-
POKOMITOHEHTHI, KakK P 1 Al, mo3ToMy U1 CHU>KSHUS
JIO30BOI HATPy3KU Ha MEPCOHA U YCTPpAHEHUs BJIU-
SIHUSI MAaTPUUHBIX 3P (eKTOB moTpedyeTcsl BhIACIC-
HUE TeXHEelusl, o0ecIlieunBalolllee CTereHb OUYUMCTKU
nopsiaka n < 102,

Ne 12

TOM 78 2023



OITPEJEJEHUE PAAVNOBKOJIOTMYECKHN 3HAYNMbBIX PAAMOHYKIINIOB 1155

Taomma 3. PacyeTHbI XuMUYIeCcKMiA 1 pa,[[PIOHyKJ'IPI,Z[HbIﬁ CoCTaB UMUTaATOpPa OCTEKIIOBAHHLBIX BBICOKOAKTUBHBIX OTXOI 0B

KoMmmnionenr MaccoBag noas, % KomnoneHr MaccoBag nois, % VA, Bx/r
U304 115 Cl* 0.46 —
Na,O 26.3 F* 0.04 —
Cs,0 0.18 SO, 0.25 -
SrO 0.10 Y,0; 0.014 —

AL O, 14.10 La,0, 0.032 —
P,0s 54.3 CeO, 0.14 —
Fe,0, 0.84 Nd,0, 0.11 —
Cr,0, 0.21 SeO, 0.45 —
NiO 0.31 137Cg - 0.91 x 104
CaO 0.29 908 - 0.96 x 10*
MoO, 0.27 99T c* - 1.14 x 103
ZrO, 0.30 129 - 6.20 x 102
MnO, 0.23 4Cx - 4.55 x 10*

* Pacyer mpoBeaeH CJIOBHO, MCXO/IsI U3 ITOJTHOI'O BKIIIOUEHUS XJIOPUI- U PTOPUI-UOHOB B CTEKJIO. AHaJIOTUYHBII pacyeT MpoBelIecH
91 14
I’

s 99Tc, 1
30BoI1 (pa3oii B IIpoliecce Bapku. Jdost

C. OnHako, OYEBUIHO, UTO

99

I u “C OynyT comepxarbcsi B CTEKJIE B CJICIOBBIX KOJIMYECTBAX B CHUJTY YIAJEHMS C Ta-
Tc, BKJIIOYaeMOro B CTEKJIO, Ha ITpakTuKe cocTassieT ot 40 mo 80%.

Tabomuna 4. OxugaemMble ColepKaHUs pAIMOHYKIMIOB B OCTEKJIOBAHHBIX BBICOKOAKTUBHBIX oTxonax [10 “Mask”

Pannonyxiung VA B OBAO, Bbk/r OBAO Maccohfif /Lrl%Ig:g BAO, Jlutepatypa
4c 80 4.83 x 10~ [3]
PTc 1.4 x 10* 22.1 [4]
2.0 x 10° 316 [3]
1291 20 3.06 [4]
29 4.44 [4]

IIpouenypa ornenenus u ynaauBanuss CO,. Jlis
OTroHKMU U ynasiubaHus CO, NpUMEHsIY Crielualb-
HO€ YCTPOICTBO, COCTOSIIIEE U3 KOHUYECKOI KOJIOHI,
OTBOIHOI TPYOKU ISl MIPOMYBKU CXKAThIM BO3IYXOM U
HECKOJIbKMX MOCEN0BaTeIbHO COENMHEHHbIX CKIISTHOK
JUISL TIPOMBIBaHMsI Ta3oB (yJIOBUTEJIeIi), 3alOJHEH-
HbIX HormoTuTeNibHbIM 1 M pactBopom NaOH. Cxe-
Ma yCTaHOBKM 1300paxeHa Ha puc. 1. [IpoOy (HaBecka
OBAO u Na,CO; B kauecTBe “HOCUTENST” WU AIMKBO-
Ta UP) nomemiaau B KOHUYECKYIO KOJIOy, pacIioio-
JKEHHYIO Ha CTOJIMKE JIJISI MAarHUTHOM MelllaIKy ¢ Ha-
rpeBoM, ObicTpo npuauBanu 3—4 M HNO;, konby
3aKpbIBAIM U yJaBauBanu Beiaenauslieiics CO, me-
JIOUHbIM pacTBopoM. Ilocie oTneneHus: umepsiiu
aKTUBHOCTb U BBIYMCIISJIM CyMMapHYIO aKTMBHOCTb
4C B IOIOTUTEILHOM pacTBOPE.

IIpouenypa akcrpakiun u peskcrpakmum 1. K mpo-
6e nobasysi 3—4 M HNOs;, 3—5 mu H,O,, pactBop
HarpeBaJiy 10 MCYe3HOBEHMS ITy3BIPBKOB Ta3a, Iocje
OXJIAXKIEHUS pacTBOpPA 10 KOMHATHOM TeMITepaTyphl

KYPHAJI AHAJIUTUYECKOU XUMUHUU  Tom 78

nob6asnsiv nocienopatenbHo 5.0 mut CCly, 0.1 mut pac-
tBopa KI ¢ koHueHTpauumeit 10 /1, HaBecky NaNO,
Maccoii 0.2 r. BogHas ¢a3a nprob6peTana KpacHOBa-
TO-KOPUUYHEBBIH 1IBeT. CMech IepeMeluBaiu, u3de-
rast BCIieHWBaHUsI, B TedeHne 1 MuH. [1pu sKcTpak-
IINU olla B OpraHM4ecKyro a3y BogHas (pa3a obec-
IIBEYMBAJIach, B TO BpeMsI KaK opraHmyeckas ¢asza
mprobpeTana po30ByI0 OKpacky. IlepememmBaHme
TTOBTOPSIIN Yyepe3 Kaxkable 5 MUH B TeueHUe 20 MUH.
CMech BBIIEpKUBAJIA IO TOJTHOTO pasnefieHus da3.
IMunetkoit Ilactepa TMOTHOCTBIO YHANSIA BOTHYIO
a3y, nzberas mepeMernBanys ¢a3. K opranmaeckoit
¢aze npubassm S v 0.1 M pactBopa Na,SO;. Cmech
repeMelnBaId U BbIIEPXUBAIU 10 TTOJHOTO pa3ie-
JieHus (a3 B TeueHue 5 MuH. OpraHuuyeckyrwo ¢asy
oTOpackiBayii. Jlajtlee B BOMHOI (ha3e U3MepsIIA aK-
tuBHOCTH 2T MmeTomom KCC.

ITpouenypa copOouuum u mecopouun TexHemus. K
npo6e nobasnsiiu 3—4 M HNO;, 0.2 r Ca(ClO),,
pacTBOp HarpeBajd, 3aTeM OXJIAKIATW IO KOMHAT-
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Puc. 1. Cxema ycTaHOBKHM 7151 OTTOHKU U ynapiauBaHust CO,. I — eMKocTb A1t mogauu pactsopa HNOj3, 2 — konba s pac-
TBOpPEHMUS IIPOOBI, 3 — OTBOAHASI TPyOKa IJIsI ITOJAauM CXXATOro Bo3ayxa, 4 — CKJISIHKA JUISI IPOMBIBAaHUS Ta30B (YJIOBUTEIb).

HOM TeMIlepaTypbl, HEWTpaJu30Baiu pPaCTBOPOM
NH; no xonneHtpaunu HNO; npumepHo 1 MoJib/J1.
[MonydyeHHBIi pacTBOP MPOITyCKAIM Yepe3 IMTOATOTOB-
JICHHYIO XpoMaTorpaduyecKyro KOJIOHKY, 3alI0JIHEH-
Hyto copoeHToM ¢ MTOAH. KoioHKy nmpoMbIBaIn
20 M1 1 M HNO; nopuusimu 1io 5 mji. @uibTpaT u
MPOMBIBHOI pacTBOp oTOpackiBasiu. JlecopOoupoBain
TeXHeUnit HecKoIbKuMU nopuusmu 6 M HNO; 06-
mum oobeMoM 10 M. Jlecopbat cobrpanu u uamepsi-
1 aktuBHOCTh P Tc merogom MC-UCTI.

IIpuGopsl n o6opynosanue. [1pu onpeneneHNN ak-
TuBHOCTU MeTonoM 2KCC nmpuMeHSITTN paliOMETp allb-
da-6eTa-U3TydeHHUsI CIIEKTpoMeTpruuecKuii Quantu-
lus-1220, ocHallleHHBIII CTaHAAPTHBIM MpPOTPaMM-
HbIM oOecrieueHueM (ITO) WinQ. i KOHTpoOJIs
rmapameTpa raieHust Mpoobl TPUMEHSTU METOJ, KOH-
TpOJsl rameHusi mMpod Mo BHEIIHEMY CTaHIapTy
(Spectrum Quench Parameter (External) — SQP(E))
C MCMOJIb30BaHUeM paguoHykinaa 22Eu [6]. B kaue-
CTBE CLMHTWLIATOPA IIpu onpeaeneHnn YA “C uc-
nonb3oBanmu OptiPhase Hisafe 3. CueTHbIe 00pa31ibl
TOTOBWJIM CMEIIMBAHUEM BOTHOI IPOOBI CO CLVH-
TUJJIITOPOM B COOTHOIIIEHUHM 3 : 17 B HOIUATUIICHO-
Boit Buaiie eMK. 20 mu1. I1pm onpenesieHn aKTUBHO -
cty '?1 B KauecTBe CUMHTUUIATOPA MUCIOJIb30BAIN
Ultima Gold AB mipu 3ToM cooTHOIIeHHE 00BEMOB
OpoOkl ¥ CHUHTHILISITOpA cocTapisuio 2 : 10.

[IpuMeHsIIN MacC-CIIEKTPOMETP ¢ UHAYKTUBHO
cBa3aHHoin mimasMoii NexION 350S, ocHameH-
He1il [10 Syngistix, moHHBIN XpoMaTorpad Dionex
Integrion RFIC ¢ ITO Chromeleon Console, ocHa-
IIEHHBIA pa3de/IMTEIbHOM KOJIOHKOM IJISI CyHpec-
copHoro orpeneaeHnst annoHos AS11-HC, 3amur-

KYPHAJI AHATUTUUYECKON XUMUU

Hoit KoJmoHKOM AS17-C, 31eKTpOJIUTUIYSCKUM Mo1a-
BUTEIEM U KOHIYKTOMETPUIECKUM AETEKTOPOM.

PE3VYJIbTATBI 1 UX OBCYXIEHHWE

Otaeaenne “C. Haubonee mNpenrouyTuTebHBIM
METOJIOM BBIICISHMS YIJIEpoaa U3 00pa3ra OCTEKIIO-
BaHHBIX BBICOKOAKTUBHBIX OTXOIOB SIBJISIETCS €0 OT-
roHka u ynasaubaHue B Buae CO,, oOpasylolerocs
npu pactBopeHuu podsl B HNO; [7, 8]. I1pu oTroH-
Ke OOJIBIIMHCTBO MeIIaIux onpeneneHuio “C He-
neryunx PH ocrarorcs B pactBope mpoost OBAO n He
TIepeXoasiT B ra3oBylo ¢a3y, TeM CaMbIM He OKa3bIBasi
MEIIAIOIIETO BIMSIHUS Ha oIlpedeiieHue. Han6oab-
IIAM MEMIAIoNINM BIWSHUEM 00JIagaioT 0eTa-m3Iry-
yaomue PH, Haxonpsiuecss B MakKpOKOJMYECTBaX,
TaK3Ke JIETKO Mepexosiire B ra3oByio da3sy. K rakum
PH otHocsites *°Sr, ¥7Cs, 12°1 n PTc.

MoJieKyasipHBIN 1ioa He 0Opa3yeTcsl IIpU pacTBO-
peHumn ocTekaoBaHHBIX oTxoA0oB B HNO;, Tak kak
MIpenuMyIIeCTBEHHOI (popMOii ifofa B CTEKIIE SIBIISIET -
cs Mogua-uoH. A30THasI KMCJIOTa He OKUCIISIET HO-
Iun-vuoHsl 1o I,, mosatomy Bech ifoa ocTaeTcs B pac-
TBOPE IIOCJIC PAaCTBOPEHMSI CTEKJIa M TeM CaMbIM He
Mewaer onpeneyeHuto “C.

ITpu pactBopenuu crexkina B HNO; Bo3MoXeH ya-
CTUYHBII YHOC ¢ ra3oBoii (aszoii Tc B Bune Tc,Os,
Tc,0;. B okucIUTENbHBIX YCIOBUSIX TEXHEIUI B pac-
TBOpPE CYIIECTBYET IIPEUMYIIECTBEHHO B CTEIICHU

okuciyenus +7 B sune TcO, [9].

HccnenpoBanu BausHHWE IIPOOOLKUTEIBHOCTU U
qyHucijia IMOBTOPAIOLIMNXCA CTaIlI/lﬁ OTTOHKM U YyJIaBJIN-
Banus CO, Ha nomo “C, nepeuienniero B morioTu-
Ne 12
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Ta6mmua 5. Pesynbrats (akTBHOCTH “C, BK) OnpenesieHusI IOITHOTH OTTOHKH 14CO2
Haiineno CyMmMapHBbIi
Bpemst "
KpaTHoCTb OTHOCUTEJTLHBII
OTroHKHU, | BBemeHo 14
OTTOHKH MUH ynosutenb Ne 1| yosuresns Ne 2 [ynosurens Ne 3|ymosurens Ne 4| Bbixorn "C

B YJIOBUTENAX, %
OpHoKpaTHast 60 100 5 2 0 0 7
120 100 11 4 0 0 15
360 100 96 2 0 0 98
JIByKpaTtHas 360 100 75 13 0 0 88
TpexkpaTHast 360 100 69 11 0 0 80

TEJIbHBI pacTBOpP. DKCNEPUMEHT 3aKII0YaICS B J10-
OaByieHUM K pactBopy Na,CO; alMKBOTHI 00pa3Lo-
BOTO pacTBopa paguoHykiuga “C, HeliTpanuzauuu
130biTkOM HNO; 1 OTrOHKE BbIAEIMBILETOCS Ta3a MpU
HarpeBaHWY B MOIIOTUTENbHBIN pacTBop NaOH. Jlnsa
MOBTOPHOM OTIFOHKU PAaCTBOPHI YJIOBUTEJIEN MOCIe
MpenbIayIei craniuu o0beNuHSIM, K pacTBOPY JO-
6apsiu n366IToKk HNO; 1 mpoBoaWIM MOBTOPHYIO
otroHky CO,. Pe3ynbraThl 3KCIEpUMEHTA MPUBEIE-
HbI B Ta01. 5. Kak BunHo, B ynoButensix Ne 3 u 4 ripu-
cytcrBue “C He 0OHAPYKEHO, [TO3TOMY [UIS OTAEJIE-
Husl “C gocratouHo nByx “noByuiek”. BeemeHHas
no6aska “C moaHOCTBI0 OOHApYXeHA TIPU [UIATEb-
HOCTH oTroHa He MeHee 360 muH (6 4). C yBeTMYeHU -
€M KpaTHOCTHU OTTOHKM J0JIs1 HaliIGHHOTO B YJIOBUTE-
ne “C 3aKOHOMEPHO yMEHbIIAETCH.

OmnpeneneHbl KO3(pGUIIMEHTH OYMCTKY OT Mella-
fo1ux npumeceit mpu orronke CO,. B akcneprMeH-
Te TIPUMEHSIJIM MUMMUTALIMOHHBIM PacTBOP OCTEKJIO-
BaHHBIX BEICOKOAKTUBHBIX OTXOHOB (Tabi1. 1), HeiTpa-
Jin3oBaHHbI pactBopoM NH; 1o pH ~ 4, ¢ no6aBkoii
Na,CO; (B kauecTBe “HocuTens”) u MeTok 1, P Tc.
B pactBop no6asnsiiu uzobitok HNO;, HarpeBanu u
otroHstiu CO, B TeueHue 6 4. [IpoBonum oqHo-, 1ByX-
U TPEeXKpaTHYIO OTTOHKY. ITocne 3aBepiiieHust Kaxmoi
CTaJiuy B PaCTBOpE YIOBUTENICH ONpPeae/siiii cComepKa-
Hye Melnaromyx npumeceiit meronoM MC-UCII. *°I u
PTc onpenessyii B pacTBOpe MPOOBI, U3 KOTOPOTO
otroHsiin CO,. KoadhduiimeHTsl 04YUCTKUA ompee-
JISUTA TI0 COOTHOIIEHMIO Macc (aKTMBHOCTEM) OMHO-
WMEHHBIX 3JIEMEHTOB, COOTBETCTBYIOIIMX MeEIAoIIe-
MY PaIUOHYKIIUIY, B UICXOMHOM PacTBOPE U PaCTBOPAax
VJIOBUTEJIEi, He YUYUTBIBAsI IOJIM HYKJIMIOB B CMECHU
M30TOMOB OMHOMMEHHOTO 3JIeMeHTa, TaK KaK 3TO 3Ha-
YeHUe 11 MHOTUX PAIUOHYKIUIOB JOCTOBEPHO HEU3-
BeCTHO. Pe3ysibraThl peacTaBiieHbl B Ta0. 6.

CpaBHuBasi mnojiyuyeHHble M Tpebdbyemble KOY,
MOXHO CleJIaTh BBIBOJI, 4TO onpeaeneHuto “C mero-
1noM XKCC He merator 24'Pu, 12°], Nj, 7Se, 108mAg,
TaK KakK CTaaus IpoOOIOArOTOBKY 00eceurnBaeT 10-
CTIDKEHNE TpeOyeMbIX KO3((PUIIMEHTOB OYUCTKMU.
OmHako 1J1s1 OCTAIbHBIX HYKJIMIOB Tpeoyembie KOY

KYPHAJI AHAJIUTUYECKOU XUMUHUU  Tom 78
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NpY OJHOKPATHOI OTTOHKE JOCTUYb HE YAAJIOCh, O-
3TOMY TpeOyeTCs OOIOJHUTEIbHASI CTaAus MOBTOP-
HOI OTTOHKM.

JIByKpaTHasi OTTOHKA MO3BOJISIET 1OCTUYb Tpebye-
MBIX KO3(bULIMEHTBl ounucTKUA oT 2*'Pu, %3Ni, 291,
0Co, Se, 126Sn, 1%8mAg 152Ey, Ho oumctka ot *°Sr,
37Cs, PTc, 12°Sb npoTekaeT He B oaHOI Mepe. Tpex-
KpaTHasl OTTOHKA OOeCleuynBaeT OTIEIEHUE BCEX Me-
MIAONIMX PAIUOHYKIUIOB, OMHAKO TOYHO OIPENEIUTh
3HaYeHUST KO (PUIIMEHTOB OYMCTKU HE TIPENCTaBH-
JIOCh BO3MOXKHBIM BBUIy OTpaHUUYEHMs TIpeesia OOHa-
PYKEHUS IPUMEHAEMOTO METONA U3MEPEHUIA.

Otaenenne *Tc NpOBOAWIM METOLOM SKCTPAKLIU-
OHHOM XpoMmaTorpaduu, OCHOBaHHOM Ha IIpUMEHe-
HUU UMIIPETHUPOBAHHBIX COPOEHTOB, COCTOSIIIINX U3
WHEPTHOTO TUAPO(POOHOTO HOCUTEISI M HAHECEHHOTO
Ha ero MOBEpXHOCTh CEJIEKTUBHOIO 3KCTpareHTa. B
mpoliecce HaHeCEHUs BKCTpareHTa TuapodoOHas
YacTb MOJICKYJIbI SKCTpareHTa aacopoupyeTcs Ha TT0o-
BEPXHOCTU HOCUTEJIS 3a cueT cuil BaH-nep-Baainbca,
TOIIa Kak ruapodibHas OPUESHTUPYETCS K BOTHOM
daze. Tak TIPONCXOIUT TTOKPBLITHE BCeil CBOOOTHOM
BHYTPEHHEN 1 BHEIIIHE TOBEPXHOCTH ITOP HOCUTEJIS
rUaApOMUIBHBIMU AKTUBHBIMU YaCTSIMU MOJIEKYII Ce-
JIEKTUBHOTO 3KCTpareHTa, 6iarogapsi 4emMy J1OCTUra-
10TCs1 00JblIME CKOPOCTU N1 dy3un copdarta.

HawnbGoinee pacnpocTpaHeHHBIMU CEJIEKTUBHBIMU
9KCTpareHTaMu JIJisl U3BJIeUEeHUST TeXHELMsI SIBJISIIOT-
cs TPETUYHBIC aMUHBI 1 YeTBEPTUIHBIE aMMOHEBBIE
OCHOBaHMS, B YaCTHOCTU TPHUU3O0OKTUIAMUH M
MTOAH [10—12]. I1pu oTaeneHUr TeXHELUs OT py-
TEeHWs TaHHBIMU 9KCTpareHTaMu BeCbMa BaskHO, YTO-
ObI pyTeHUI B aHATM3UPYEMOM PACTBOPE HAXOIMJICS
B HEIKCTparupyemoii popme Ru’*, a rexnenuii — B

akcTparupyemoii ¢opme TcO,. as atux ueneit

OPUMEHSIOT “cuiibHbIN” okucimTelb NaClO, Koto-

po1it okucister Bce popmel Ru no RuO, u Te no TcO,.
I[pu mnuTeTbHOM HarpeBaHUM OCHOBHOE KOJIWYE-
CTBO PYTEHUS B BUIE BBICIITMX OKCUIOB IIEPEXOIUT B

razoBylo a3y, a TexdHeuuit B Buge TcO, ocraercs B
pactBope. B Hacrosieit pabore MpuMeHSIT B Kave-
ctBe cuiibHOTro okucauress Ca(ClO),.
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Taomna 7. KoadhdUumeHTs OYUCTKA MPUMECE MPpU SKCTPAKIIMOHHO-XpoMaTorpacuyeckoM OTACJICHUU TEeXHEeLUs

(peHust)
Haitneno B necopb6ate, MKT IMonyyennsiit KOY
Memarommi TpeOyemprit
STEMEHT Beeneno, Mxr repBsasd cragus | BTopas CTaaus | IepBasi CTaaus | BTopasl CTaaus KOY,,
copoLmm copoumm copoummn copoLmu
Mo 539 2.43 0.11 222 4.90 x 103 450
Ni 492 0.266 7.30 x 102 1.85 x 103 6.74 x 103 -
Zn 6.42 x 10° 2.48 1.68 2.59 x 103 3.83 x 10° -
Cl 1.73 x 103 5.10 1.00 339 1.73 x 103 -
Co 166 7.68 x 1072 1.00 x 1072 2.16 x 103 1.66 x 10* -
Rb 53.2 2.03 x 1072 470 x 103 2.62 x 103 1.13 x 10* -

Ta6iuna 8. Pesynbrarsl (aktuBHOCTD 22T, BK) OnpeneneHns: OTHOCUTEIBHOTO Bbixona 27T mpy oqHOKpATHO# 9KCTpaK-

uuu CCly B 3aBUCHMOCTH OT BpEMEHM KOHTaKTa a3

Bpewmsi, MuH BseneHo Hadineno Jlon 1, nepewsenuero
PE3KCTPaKT BomHas dasza B 9KCTPAKT, %
5 160 110 49 69
10 160 138 20 86
20 160 150 5 94
30 160 150 94

WN3BecTHO, YTO TexHELUil He UMEEeT CTaOMJIbHBIX
HM30TOMNOB, YTO CYLIECTBEHHO YCJIOXHSIET paboTy II0
NoI00py ONTUMAJIBHBIX YCIIOBUI eTo oTaesieHus. B ps-
JIe 9KCIIEPUMEHTOB IIPUMEHSUIM aHaJIOI TEXHELIMM —
pEeHUIi, KOTOPBIA UMeEeT aHAJIOTMYHbIE XUMUYCCKIE
1 (pm3nYeCcKre CBOMCTBA.

Omnpenennan KOY ot Memaiommx mpuMeceii mpu
OIHO- 1 AByKPaTHOM COPOILIMOHHOM OTIAEICHUU TeX~
Henus (peHus). [IpuMeHsIIM MMUTAMOHHBINA pac-
tBop OBAO (Tab1. 1) ¢ nobGaBIeHEM pacTBOpa PeHUS
(2.5 mr/n). Iocne miepBoit cramuu copouuu aecopoar
HeliTpamm3oBaiu pactBopoM NH; no KoHueHTparm
HNO; 1 MoJb/71 1 TPOBOIMIIM TOBTOPHOE OTIEJIEHUE
TexHelns1. B mecopbarax ompenesstin coiaepkaHue
Melnamux npumeceii u peaus. [1o pesyabraTtam u3-
mepeHuii Berancisuim KOY ot mpumeceii. Pesynbra-
THI TIpeACcTaBJIeHBI B Ta01. 7. OTHOCUTEILHBINA BBIXOJ,
peHUS Ha TIepBOi cTagnuu copOLmu coctaBuit 99.9%,
Ha BTopoit — 74%. W3 Ta6u. 7 BumHo, utro KOY ot Me-
LIAIOLIVX TIPUMeECE ITPU IBYKPATHOM BbIISICHUU 110
CpaBHEHUIO C OMHOKPATHBIM YBEJIMYMUJIUCh U COCTa-
BUJIM Mopsiaka n X 103—n x 104

HaiineHo mpu aKcTpakiyu (CyMMapHO)

Otaenenne 21 npoBoawyii METONOM 3KCTpPaK-
uuu. Onpenessiiv MoJHOTY oTaeaeHus 2°1 B 3aBucu-
MOCTU OT BpEMEHU KOHTAaKTa OPraHW4YeCKOi U BOJI-
Hoit (pa3. PesymbraThl 3KCcIieprnMeHTa IIPUBEICHBI B
ta6s. 8. Kak BunHo, Bbixon 2l BozpacraeT no mepe
yBEJIUYEHMUS BPEMEHU KOHTAKTa (a3 M JOCTUTAET
MAaKCUMAaJIbHBIX 3HAYEHMIl NMpU UIUTEIbHOCTU JKC-
tpakuuu 20 MUH 1 GoJiee.

Hanee ouenunu Boixon I mpu mpoBeneHUu Ie-
PHOINYIECKOM BKCTPAKIINM, T.€. IKCTPAKIINU BeIlle-
CTBa M3 BOAHOM (ha3bl OTACIBHBIMU MOPILUSIMHU CBE-
JKeTo 3KcTpareHTa. JJIst 9Toro sKCTparupoBaJiv Mo
AHAJIOTUYHO MPEIBIAYIIEMY 9KCIIEpUMEHTY IIPU Bpe-
MeHU KoHTakTa (a3 20 MuH, K BogHOM (a3e 100aB-
Jisiu ceexyto nopuuw CCl, 1 BHOBb 9KCTparupoBa-
JIV OCTaBIIMIACS B BOOHOI paze ion. Onepaimio 1mo-
BTOPSUIM B OOIIIEH CIIOXXHOCTY TpH pa3a. B rmorydeHHBIX
PEIKCTPAKTAX ONPENEIUIA AKTUBHOCTD 2T MeTomom
KCC. PesynbraThl 9KCIIEpUMEHTA TIPUBEICHBI HIKE
(naHa aktusHOCTb 21, BK):

Ionst '%°1, nepetueniiero B aKCTpaxT (CymMMapHoO), %

BBeneno
1 cragusa 1—2 cragun 1-3 cragun 1 cragusa 1-2 cragun 1-3 cragun
160 145 157 159 91 98 99
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Taomuna 10. PesynbTaThl onpenesneHns: paavoHYKIUIOB B
MMUTATOPE OCTEKJIOBAHHBIX BBLICOKOAKTUBHBIX OTXOJ0B

OpueHTUpOBOUHOE conepxkaHue | Pesymbrar
PH B UMUTALIMOHHOM CTEKJIE, OTIpeaeJICHUS,
Bkx/r OBAO Bx/r OBAO
14C 4550%* 1.9
9Tc 1140* 628
1291 620* 2.9

* PacueT MpoBe/eH YCJIOBHO, UCXOMst U3 TIOSTHOTO 100%-HOTro BKIIIO-
YEHUsI B CTEKIIO.

Kaxk BumHO, BBIXO o2 3aKOHOMEPHO BO3pacTa-
€T MPU YBEJIMYEHNN KPAaTHOCTH OOHOBJIEHMUSI Opra-
HUYeCKOM da3nl 1 jocturaeT 98% yxe npu nposee-
HUM IBYX MMOCJIEN0BATEILHBIX 9KCTPAKIIWIA.

Ouennan KOY or memralommx mpuMmeceit mpu
MIPOBEICHUM OTHO-, TPEX- U MSATUKPATHOI 9KCTPaK-
muu. B mpoOupKy ¢ KPBIIIKOM MOMEIIaIn aJIMKBOTY
WP, no6asnsum pactsopel Co, Nb, KI, OPP “C u
PTc. Jlanee MPOBOOWINA 3KCTPAKLUIO U PESKCTPAK-
muio oma. M3 IOJIydeHHOro pesKCTpaKTa BHOBb
9KCTparupoBaiau ion. Onepaluio 3KCTpakluu/pe-
9KCTpaKIUM TOBTOPSUIM MATh pas. Ilocne pasnene-
HUS (a3 onpeaesii comepKaHne IIPUMECHBIX 3JIe-
MEHTOB B BOJIHOI1 (pa3e 1 B pedKCTPAKTE, UCTIOJIb3YS
metoz XKCC nast onpenenenus “C, meton MC-UCITIT
qutg onpeaeneHus °Tc, METON MOHHOM XpoMaTorpa-
duu I onpeneseHus1 XJa0pua-unoHoB u meron MC-
WCII gnsg octanbHBIX MeIIAIOMMX 31eMeHTOB. [1pu
BBEIUMCIICHUSIX VUWTHIBAIA PE3YJIbTaThl “XOJIOCTOTrO”
OIbITa, TPOBEAEHHOTO ¢ ucronb3oBaHuem 2 M HNO;.
ITo nonydeHHBIM maHHBIM Bbruuciisiu KOY ot ripu-
Meceil. Pe3ynbraThl aKCIIeprMMeHTa MPeaCTaBICHEI B
Ta6a. 9. I3 Tabauiibl BUAHO, YTO OMHOKpPATHAs 3KC-
TpakKLus He MO3BOJISIET JOCTUYb HeooxoauMbix KOY
OT OOJIPIIMHCTBA MENIAIOIIMX SJIEMEHTOB. M cKiroue-
Hue cocrapwm Cl, “C u Ag. Tpebyemble KOY no-
CTUTHYTHI TOJILKO IIPU 5-KpaTHOI 3KCTPaKLUMU IJIS
BcexX MelllalolIMX JIEMEHTOB, 3a uckinoyeHueM Y, Cs
u Sr. I[Ipu 3TOM comep:KaHUE 3TUX JIEMEHTOB B pe-
9KCTPAKTE IIOCe S-KpaTHOM 9KCTPaKIIU1 COU3ZMEPH -
Mo ¢ cofiepkaHreM 2’1, uTo mpuBeneT K MOBBIIIIEHAIO
HM>KHEW TpaHULbl AMAalla30Ha U3MEPEHUN yIeIbHOMN
aKTUBHOCTY Ha MOPSIIOK U COCTABUT OPUECHTUPOBOY-
HO 1 Bx/T OBAO, 4TO HE IpEeBHIIAeT OXUIAEMYIO
VIEJIbHYIO aKTUBHOCTB 2’1 B ipobe.

AHAIM3 MMHUTATOPA OCTEKJIOBAHHBIX PATNOAKTHB-
HBbIX OTXOJOB C PaJUOHYKJIWIHbIMM MeTKamu. [lepen
aHaJIM30M MMUTATOpaA CTEKJIO U3MENbYaid B METas-
JIMYECKOU CTYIKEe [0 IOPOIIKOOOPA3HOTO COCTOSI-
Hus. M3 mopoika oToMpaar HaBeCKU MPOObI U OTAe-
JISUIW OTIpENeNSiEMbIi paIMOHYKJIW/L COIJIACHO BHIOpaH-
HOMY Tionxomay. B ouuIlleHHOM pacTBOpe W3MepPsUTU
aKTMBHOCTb PAIMOHYKJIWAA U BBIYUCISINA YAETbHYIO
aKTUBHOCTH paguoHyKianaa B umurtarope OBAO. Pe-
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3yJILTaTEl U3MepeHnii mpuBeneHbl B Tadm. 10. Kak
BUJIHO, YIEJIbHBIE AKTUBHOCTU PatvuoOHyKInaoB P Tc,
4C u '’ B 06pasLe cTekiIa 3HAYUTEIBHO HIXE, YEM
BBeJICHHBIE HAa CTagUM BapKu, YTO OOBSICHSETCS UX
YHOCOM C Ta30Boii (pa30ii B IIpoliecce TePMUISCKOTO
Bosaeiicteug. Koadpduuuenrt ynoca PTc, “C u 121
cocraBuia 45, 99.9 u 99.5% cooTrBeTcTBEHHO. JlaHHBIE
KO3 GUIMEHTHI MOTYT OBITh TPUMEHEHBI JIJIST OLICH-
KM UX OPUEHTUPOBOYHBIX COIEPXKAHUI B OCTEKIIO-
BaHHBIX BHICOKOAKTUBHBIX OTXOAAX IPU U3BECTHOM
ncxogHoM conepxkannu B OAT.

koK ok

Takum obGpa3zoM, yCTaHOBJIEHBI ONTUMaJbHbIE
YCIIOBUST OMpENeSICHUST PaTuoO3KOJIOTHUECKN 3HAYM-
Mbix PH “C, #Tc 1 ' mns nocnenyrorero ux orpeze-
nenus nx YA B OBAO I10 “Magax”. 11 3pdpeKTuBHO-
ro oraeneHus “C npemioXeHo MpOBOIUTL TPEXKPAT-
HyI0 OTIOHKY yriepona B Bume CO,, mia PTc —
IBYKpaTHOE 3KCTPAKIIMOHHO-XpoMaTorpadudeckoe
OTIeJIieHUe Ha MOJUCTUPOJIE, UMIIPETHUPOBAHHOM
MTOAH, misa 1 — 5-xparnyio skcrpakuuio CCly.
Bri6paHHbIe cTTOCOOBI MPOOOITOATOTOBKM ONPpoOOBa-
HBI npy aHanmm3e umuraropa OBAO ¢ MeTkamMu pangu-
OHYKJIMIOB. Pa3zpaboraHHble ITOIXOAbI ITpeaIioara-
€TCSl HCIIOJIb30BaTh MpPU aHajlu3e HaKOILJIEHHBIX
OBAO I10 “Masx”. I1oaydeHHbIE pe3yabTaThl OyayT
VUTEHBI MPU MOMEJIIMPOBAHNN MHXEHEPHBIX Oapbe-
poB 0e30MacHOCTU MYyHKTa TJIyOMHHOIO 3aXOpOHE-
HUS paTOaKTUBHBIX OTXOIIOB.

CIIMCOK JIMTEPATYPDBI

1. ®enepanbHbiit 3akoH oT 11.07.2011 Ne 190-P3 (pen. oT
21.12.2021) O6 obpallleHuH ¢ paarOaKTUBHBIMU OTXO-
JlaM¥ ¥ O BHECEHU U U3MEHEHM B OTIEIbHbIE 3aKOHO-
marenbHble akThl Poccwuiickoit @enpepaunu. CIIC
Koncynprant Imoc.

2. http://dun-sap62030.pd. Caiit penepalibHOI LieeBOI
nporpaMmbl “O6ecrnieyeHue SIIEpHON M panualvioH-
Hoit 6e3omacHocTy Ha 2016—2020 roabl U mepuon a0
2030 rona” (18.04.2023).

3. boeamos C.A., Baoxun I1.A., Koznoe I1.B., Pemuzoe M.b.
OILIEHOYHBIN Pacy€T aKTUBHOCTH HEKOTOPBIX JOJTO-
SKMBYIIMX paTMoHYyKIuIoB B coctaBe PAO kiacca 1 —
ocTekioBaHHBIX BAO, oGpasylomuxcst mpyu nepepa-
o6otke OAT peakropoB BBOP // Bonpocsl panuanu-
OHHOI1 6e3omacHocTr. 2019. No 2. C. 39.

4. boeamos C.A., baoxun I1.A. YcpemHeHHBIE OLIEHKU
yIENbHOW aKTUBHOCTU U TETUIOBBIAEIEHUSI OCTEKIIO-
BaHHBIX BBICOKOAKTUBHBIX OTXOJ0B, HAKOTIJIEHHBIX Ha
OIryIl “I1O "Masgk” // Bonpocsl pamvallMOHHOM
6e3omacHoctH. 2021. Ne 3. C. 3.

5. Suarez J.A., Espartero A.G., Rodriguez M. Radiochemi-
cal analysis of 12°I in radioactive waste streams // Nu-
clear instruments and methods in physics research.
Section a: accelerators, spectrometers, detectors and
associated equipment. 1996. V. 369. Ne 2—3. P. 407.

2023



1162

6.

Measuring extremely low levels of alpha and beta activ-
ity. 1220 Quantulus. LKB Wallac: Prospect, 1987. 8 p.

. Bucur C., Fulge M., Tudose A. 4C content in CANDU

spent fuel claddings and its release under alkaline con-
ditions // Radiocarbon. 2018. V. 60. Ne 6. P. 1773.

. Momomose B.H., Bepun E.A. OnpeneneHue yaeabHO

aKTUBHOCTH yIiiepoa- 14 B oOpasiax cMeIIaHHOTO HUT-
PUIHOTO TOIUIMBA YPaH-TIYTOHUEBOTO OOJIyYEeHHOTO
saepHoro TorvBa // Pannoxumust. 2021. Ne 3. C. 276.

Yemunos O.A., Axywun C.A. TexHeuuii B ra30BbIX BbI-
Opocax TeXHOJOTMM OCTEKJIOBBIBAHUSI PaAMOAKTUB-
HBIX OTXOIOB (0030p HayYHO-TeXHNYeCKOI nHpOopMa-
uun) // Pagmoxumus. 2021. T. 63. Ne 4. C. 303.

KYPHAJI AHATUTUUYECKON XUMUU

10.

11.

12.

YYXJTAHIEBA u np.

Kolacinska K., Rjlacinska K., Samczynski Z., Dudek J. A
comparison study on the of Dowex 1 and TEVA-resin
in determination of *Tc in invironmental and nuclear
cooiant samples in a SIA system with ICP-MS detec-
tion // Talanta. 2018. V. 184. P. 527.

Tagami K., Uchida S., Determination of *Tc in rain and
dry fallout by ICP-MS // J. Radioanal. Nucl. Chem.
1995. V. 197. Ne 2. P. 409.

Villar M., Avivar J., Ferrer L. Automatic in-syringe dis-
persive liquid—liquid microextraction of *Tc from bio-
logical samples and hospital residues prior to liquid
scintillation counting // Anal. Bioanal. Chem. 2015.
V. 407. Ne 19. P. 5571
https://doi.org/10.1007/s00216-015-8761-8

Tom 78  Ne 12 2023



