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AxkmyaneHocms uccnedosaHus obycriognesa HeobxoOuMocmbl yyema pasHoobpasus ¢hopM Mugpayuu npupodHbix paduoHyknudos
Npu CMeHe 2e0XUMUYECKUX YCII08UL, a makKe Npu NPOSHO3UPosaHUL paduo3KoosUYeckoe0 cmamyca sudposkocucmenm. Ha meppumo-
puu CemMunanamuHcKo20 UcNsIMamensHo20 NOUZOHA MUSPaLUA ecmecmaetHblx paduoHyknudos & 800HbIX cucmemMax cnabo usyyena,
pacuem ¢hopM Muspayuu ypaHa U mopusa npu cMexe 2eoxumuyeckux obcmarosox bydem uncbopmamuser AnA NOHUMaHUS Muzpayuu
LWUPOKO20 CNEKMPa MPaHcypaHoebIx paduoHyknudos.

Lens: onpedenums ¢hopMbl Muzpayuu ypaHa u mopus & npupodHslx eodax & 3agUcuMOCMU OM Pa3Mepas yacmuy U ¢ YYemom LUPOKo-
20 Chexmpa KOMNOHEHMOS, paccyumams (hopMbI UX MUZPaLUL 6 PYYbAX U 03epax.

Obbexmsi: 800b1 pydbes 20pHO20 Maccusa [lezene, 800bl 03ep SKCNEPUMEHMANbHbIX niowjadok CeMunanamuHcKo20 ucnbimameris-
HO20 NOMU20Ha, MOOEMbHbIE 2UOPO2EOXUMUYECKUE CLCMEMBI.

Memodsi. Qopmbl HaxoxdeHus npupodHbIxX paduoHyrmudos uccnedosanu in situ Memodom kackadH020 (PPaKUUOHUPO8aHUA NPUPOOHbIX
s00. pH, Eh 800 onpedenanu memodom nomexyuoMempuu, obuwyto MuHepanusayuw — koHdykmomempuell. OnpedeneHue 0CHOBHbIX
LOHO8 800k U OMOENbHLIX 3NEMeHMoe npoussedero Memodamu mumpumempuu (HCOs, COs%-, CF, Ca%, Mg%), onmuko-sMuccuoHHol
cnekmpomempuu (Na, K, Ca, Mg, Fe, Si), a mare uonHol xpomamoepaguu (CF, SO++). Codepxarue pacmsopeHHbIX 0p2aHUYecKux
seluecme onpedenanu no nepMaxszaHamHoll u buxpomamuol okucnaeMocmu, Memodom KamanuMUYECKO20 CKU2aHUA, a MakKe no UH-
metcusHocmu UV cuerana. Codepixarue U u Th onpedensanu Memodom Macc-cnexmpoMempuu.

Peaynemamei1. Onpedenetbl ocobeHHOCMU nepeHoca ypaHa U mopusa 8 NpupoOHbIX 8odax pasfuyHbIX 800HbIX obbexkmos Cemunarna-
MUHCK020 UcNbImamensHo20 NofU2oHa, U 0003HadeHb! onpedensoulue UX Npouecchl YemaHoseHo, umo cynbham-UoH 8 8odax pyub-
es AsMAemcA UHAUKaMOpoM UHMEHCUSHOCMU 803000MeHa U CKOPOCMU OKUGNEHUA CybhUOHBIX MUHEPaIos, onpedenswux ebixod &
pacmeop 3HaYUMefbHbIX KOHUeHmpauull ypaHa. YpaH ¢sasaH ¢ 0p2aHUYEecKUMU U Op2aHOMUHEPANbHBIMU KOMNIeKcamu U nodsepieH
mparcgopMauuy hopM HaxokAeHUs 8 CTydae USMEHEHUA 2e0XUMUMECKUX ycrosull cpedsl. [na mopus & Gonsuiel cmeneHu, yem 0na
ypaHa, xapakmepeH KonnoudHell mpakxcnopm. Jomunupyroweli MuepayuoHHol chopmoll 3mux 3/eMeHmos AeNAMCA e38elleHHble
KoMnoHeHMbI NpupodHbIx 80d. OmHowerue Th/U e pacmeoperHoll ¢hopme 0ocmamoyHo cmabuibHO N0 CPABHEHUI G KOMTOUGHBIMU U
838eLUeHHbIMU chopmamu. [na eod ¢ pasHbiv 2UApoOUHAMUYECKUM PEXUMOM NPOCTEXUSAEMCA OMAUYUE 8 CIMENEHU 8bIDAXERHOCTIU
8MUAHUA meppuzeHHoll cocmasnarLyel.

Knroveesie cnosa:
YpaH, moput, konnouds!, ModenuposaHUe, 2e0XUMUYECKLE YCNOBUA, MU2PAUUSA, ypaHUTkapboHam Kanbyus, paduoHyKnudsl, MUHepans!.

BeegeHue

OcHOBHEIM TIyTeM MepeHoca pa3THUHOro poja 3a-
IPA3HATEICH Ha JaTbHHE PacCTOAHHA, B TOM UHCIE H pa-
THOHYKTHIOB, fABIAETCA BoAHAA cpela. OcoGoe BHHMa-
HHE B 3TOM BOIpOCE YASTAETCA TPAHCYPAHOBEIM PaIHo-
HYKTHIaM, HMEIOIIHX caMOoe ATHTETbHOE NpeGhIBaHHE B
onocepe ¢ MepHOIOM MOTypaclaga MITTHOHE H MHT-
THAPTB TET.

IToBeeHHE PAIHOHYKTHAOBR B THAPOreOXHMHUECKHX
CHCTEMaxX fABMASTCA AKTYaTbHOH HayUHO-TIPAaKTHUECKOil
npoG1eMOH, HapAIy ¢ HHTEHCHBHOCTBE) H CKOPOCTBIO HX
MHTpPAIHH, a TAKKe BIHAHHEM paJHO3TEMEHTOB Ha 3710-
poBbe ueloBeka [1]. B HacToAmee BpeMA BHIIOTHEHO
CYIIECTBEHHOE KOIHUECTBO HCCIE0BAHHIT 10 H3YUSHHIO
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IIOBEICHAA PaIHOHYKIHI0B B 3K0cHCTeMax. Ha Teppuro-
pun CpexHeii A3HH H3BECTHE! KPYIIHBIE MECTOPOAICHHA
ypaHa. a Takke OOIBIINE TEPPHTOPHH C IIOBBIIICHHBIM
COZIEPKAHHEM €CTECTBEHHBIX PaTHOHYKIH/IOB B II0YBAX H
TOPHEIX IOPOAaX, YTO MOKET CIOCOOCTBOBATH YCHIEH-
HOH MHIPAIHH IIPHPOIHBIX PAJHOAKTHBHEIX 3IEMEHTOB.
IIpu 3TOM YCTAHOBIEHO, YTO ITIABHBIMH IIapaMeTPaMH.
ONPENEAIOMHEME MHTPALIHOHHBIT [IpoIece, ABIAKTCA
(opMBI  HAXOAKIEHHA 3IEMEHTOB H TaHIMA(THO-
TEOXHMHYESCKHE YCIOBHA IPHPOIHOIL cpeisl [2].
DKOJTOTHYeCKasd ONAcHOCTh, CO3/aBaeMad IIOBBILICH-
HOH €CTECTBEHHOH PaJHOAKTHBHOCTBIO B IPHTOIHBIX 1A
HCIONB30BAHAL BOJHEIX pecypcax [3], HMeeT MecTo,
HalpHMep., NIPH 3KCIUTyaTaliH HIH PeKyIbTHBALHH OT-
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padOTaHHEIX WIH 3aKPHITBIX YPAHOBEIX PYIHHKOB [4. 5.
TIPH pa3BeJIke HOBEIX PECYPCOB NOJ3EMHEIX BOJ B AQpH-
ke [6] u bnxaeM BocToke [7]. rie COOTBETCIBHE IMHUThE-
BOH BOJIBI THTHEHHUECKHM HOPMATHBAM II0 IIPHPOJHBIM
PaJHOAKTHBHEIM 3eMEHTaM JO0BOJBHO YacTO ABIAETCA
npodaemod. [lormomenye ypada H3 BOJBL, MOYBEl H BO3-
JyXa JKHBBIMH OprasHH3MaMH B KOHEUHOM HTOTe IIPHBO-
JHT K 0ONMyYeHHI0 YertoBeka. JJo0ba M0oIe3HBIX HCKOIa-
EMBIX TaKKE MOKET CYIIECTBEHHO YCHIHTH MHTPALHIO
ypaHa B pe3y/bTaTe H3MeHEHHA THIPOTIOTHUECKHX H reo-
XIMITUeCcKHX yeIoBuii [8, 9].

CeMHMaTaTHHCKHH HCIBITaTeIbHE mommron (CHIT)
ABIACTCA OJHOH M3 KPYNHEHIIHX MHPOBBIX AIEPHBIX
IIOMAI0K, Ha KoTopoil B TeueHHe 40 1eT B XX B. IIpo-
BOJHIHCEH HCIIBITAHHA, H3MEHHBINHE OOMHK JaHHOH Tep-
PHTOPHH H CO3JABIIHE CHENH(PHUESCKHE YCIOBHA MHTpa-
IIHH HE TOJIBKO TEXHOTEHHBIX PAHOHYKIHIOB, HO H MHO-
THX JPYTHX 37TEMEHTOB, B 3HAUHTEILHOH CTENEHH [I0BIH-
ABIIIHE Ha [IEPEHOC BEINECTBA. PaHee HAMH ObLIO MOKA3a-
HO. UTO TeXHOTGHHBIE paTHOHYKTHIEI (“ Pu. *'Am m
Ip.) B IOBepXHOCTHEIX Bojax CHII coxepskarcd B cyIe-
CTBEHHBIX KOIHYECTBAX. H JakKe BBINE THTHEHHUECKHX
HOPMATHBOB, YTO MOKET IIPEACTABIATH ONACHOCTH 1A
YelI0BeKa H 3KOCHCTEM, IepeMeIladch 3a Mpe/Iensl I10-
manok ucnsitanuii [10, 11]. TIpu 3ToM MHTpamus ecTe-
CTBEHHBIX PAJHOHYKIHI0B B THAPOIEOXHMHUECKHX CH-
CTeMax ocTaeTcd c1ato H3yueHHOH. HaTypHble Hecneo-
BAHHA MHTPAlHH H KOHIICHTPHPOBAHHA TOPHA H YpaHa, a
TAKKe pacyeT (OpM HX MHTPALHH IPH CMEHE T€OXHMH-
YEeCKUX OOCTAHOBOK TakAxe OyIyT HH(OPMATHBHEI 111
TIOHHMAHHA YCIOBHH MHTpAalHH OMH3KHX IIO CBOHCTBAM
JPYTHX PaJHOHYKIHIOB, B TOM YHC/IE H TEXHOTEHHEIX.

Ha tepputopun CHIT moMHMO TeXHOTEHHBIX (aKTO-
POB (A7epHBIE HCMBITAHHA H 3KCTIEPHMEHTHI C PaJHOAK-
THBHBEIMH BEIIECTBAMH) HMEETCA PAJ NPHPOIHEIX (haKTO-
POB TIOBBIIEHHOH PaJHOAKTHBHOCTH. PErHOH OTHOCHTCA
K YPaHOHOCHOH IIPOBHHIIHH, a HEKOTOPEIE TOKAIBHEIE
MecTa (HampHMep, JonHHA pyubd Kapalyiak) ABIAOTCA
ypaHoBeMH aHoMaTmAMH [12, 13]. Ha dore Gomsmoro
pa3Ho00pa3Hd THIPOTEOXHMHYECKHX OOCTAHOBOK (0CO-
OeHHOCTH pelbedpa, pasrpy3ka IOI3EMHBIX BOJ Ha IO-
BEPXHOCTD, HATHYHE TOPHOTO MACCHBA, 3aMKHYTBIX BO-
JOEMOB Pa3THYHON TTyOHHE!) IOBEISHHE PalHOHYKIH-
0B OyIeT CENH(QHYHEIM B Ka:KI0M KOHKPETHOM CIydae.
Ha 1aHHOi TeppHTOPHH HMEKTCA IPHPOJHEIE BOJEI Ca-
MOT0 Pa3IHYHOIO COCTABA — OT IPECHBIX IO COIEHBIX,
doratele H Oe[HBIE [I0 PACTBOPEHHOMY OpraHHYeCKOMY
BEIIECTBY. IIPH 3TOM KOHILIEHTPALHA YPaHa H HHOIJA TO-
PHA BBIIIE (JOHOBEIX 3HAUEHHUIL.

CKOpOCTb IIEPEHOCA OTAETBHBIX (JOPM XHMHYECKHX
37EMEHTOB MOKET JOCTHIaTh 3HAUEHHH, COIOCTABHMBIX
CO CKOPOCTBIO ABMAKEHHA MPHPOIHBIX BOT [14]. dm3uxko-
XHMHYECKHe MEXaHH3MbI [IepeH0ca TEXHOIEHHBIX PaIHo-
HYKIHJIOB C BOZOH HEJ0CTAaTOYHO H3YUeHBL DTO 00BAC-
HAETCA KaK METOHYECKHMH CIOKHOCTAMH, TaK H 00BEK-
THBHOI TPYZHOCTBI OINpeleleHHA (opM HAXOXISHHA
PaTHOHYKIHZOB B BOJHBIX CHCTEMAX H3-3a HX HH3KHX H
YIBTPaHI3KHX KOTHUeCTB [15, 16].

Ha HeoGX0aMMOCTE H3y4eEHT (hOpM HAXOAKIEHHA pa-
JHOAKTHBHEIX ~ 3MEMEHTOB B  CHCTEME  DacIBOp-
KOIUTOHBI-B3BEIIEHHOE BEMIECTBO YKA3BIBAKT DPalOTE

[17. 18 u 7p.]. cTapmme y&ke KIacCHUECKHMH. B HacTod-
Iee BpeMd IPOHCXOJHT COBEPLICHCTBOBAHHE AHATHTH-
YeCKHX METO/I0B, BHEIPAKTCSA HOBBIE KOMOHHHPOBAHHEIE
HHCTPYMEHTH! JTA H3YUeHH (DPAKIHOHHPOBAHHA 3Ie-
MEHTOB, HISHTH(HKAIIMH H ONPEIeTIeHHA Te0XHMITIECKH
U SKOTOTHYECKH 3HAUHMBIX (POPM HAXOKIEHHA pagHo-
HYKTHIOB H pAfa IPYTHX 3HAUHMBIX B 3KOTE€OXHMHYE-
CKHX HCCIIE0BAHHAX 371EMEHTOB B IIPHPOIHBIX CPElax,
YTO OTKPBIBAET COBEPIICHHO HOBEIE BO3MOKHOCTH LA
VIUIIEHHs TPOTHOCTHYECKHX MOJeNell MHTpalHH Be-
IIeCTBa.

OOGImHUpPHEIL., HO He HCUEPIBIBAIOIIHIT CITHCOK METOI0B
m3y4eHHA (OpM MHTPALMH YpaHa, TOPHA H JPYTHX 37e-
MEHTOB B [IPHPO/IHEIX NIOBEPXHOCTHEIX BOJAX NIPHBOIHT-
cd B 0630pe S. Markich u P. Brown [19] u B [20]. Pas3-
TMYHEIE BAPHAHTEl (DH3HYECKOTO (DPAKIHOHHPOBAHHA
XHMHYECKHX 37EMEHTOB C BBIJEICHHEM YacTHIl II0 pas-
Mepy IOIyYHIH HauOolee MIHPOKOE paclpocTpaHeHHe
TI0 CPaBHEHHIO C BEIIETIEHHEM XHMHUECKHX (OPM.

CpeH BHX MOKHO OTMETHTB pal0Tsl 0 KacKaZHOMY
(ppaKIHOHHPOBAHHIO (YIBTPaHUIBTPALIMU) C HCIIOTB30-
BaHHEM Hadopa MeMOpaH. BKTHOUAA YIbTPA(HIBTPAIIHIO
[21, 22]. 0 IPOTOYHOMY H TAHTEHIHATEHOMY (DpaKiHo-
HHPOBAHHIO, TO3BO/IOMINE OCYIIECTBIATE MYIBbTHIE-
TEKTOPHOE CONpAKEHHE THOO HCIOIB30BaTh OOIBIIOH
oGBeM Tpols! [23-27 1 ap.].

ITommMo 3TOTO, 14 BBLAEIEHHA «Pa3MEPHBIX» (QOpM
MHTPALHH PaTHOAKTHBHEIX 37IEMEHTOB HCIIOIb30BATHCH
TAKKe THATH3, Telb-QHIBTPalHd H Pa3MepOHCKTIOUAk0-
masA XpoMmarorpadus, KamwTTApHEI 3nekTpodopes [19].
B TOM YHCJIE CONPSKEHHEIE C MACC-CIIEKTPOMETPHYECKIM
JETEKTHPOBAHHEM 3IEMEHTOB B KAKNOH BBIIEIAEMOH
(pakmuu [19, 28] 4714 KOTHMUECTBEHHOTO OMpEAeTIeHHA
VPAHHIBHEIX KOMILUIEKCOB C €CTECTBEHHBIM PacTBOPEH-
HBIM OpraHHYecKHM BemecTBoM (POB) B mpecHOIl mo-
BEBXHOCTHOﬁ BOIE, a TAKKE JIA Pa3geiIcHHA UOgE_ H
U".

Kax mpaBuio, HH OJHH METOJ HE JaeT OJHO3HAYHOMH H
ACUepIbIBAKMEl HHPOPMAIHH 0 (OpPMAaX MHTPAIIHH Me-
Tamwia. OGEMHO BRITOJHO KOMOHHHpPOBATH 1Ba H 0onee
METOJa HIH HCTOTR30BAaTh CXEMY BEIACTACHHA (opM
HaxoxdeHnd [19]. Pa3nnudsie BapHAHTHL KOMOHHAITHH
METO/IOB IpeZICTaBIeHE B padotax [27-32 1 ap.].

EnuHOrO MHEHHA 0 TOM, fABMAETCA TH Kakag-THOO
KOHKpDETHad MeTOJHKA BBIAETCHHA (IOpM HAXOXICHHA
37IEMEHTOB B BOJIE ONTHMATRHOI, Ha CETOHAIHHI JIEHb
HeT. PaGoTocnocoGHOCTh TOil MTH HHOH CXeMEl (paKkiH-
OHHPOBaHHA (OpM MHTpPAIHH KaATblll pa3 HyKHO BEpH-
(unmpoBate. A HaGop HanGodee TMOIXOIAMNX HHCTPY-
MEHTOB (CXEM BBIIETEHAA KOHKPETHEIX (POPM HAXOKIe-
HHA, METOJHK, CO3JAHHE THOPHAHEIX METOAOB M T. I.)
OyZeT 3aBHCETE OT IPHUPOEL H XapakTepa o0pasia, Habo-
pa ONpeeTAeMBIX 3TeMEHTOB. BakHo, 4To0H (opMa
CYIIeCTBOBAHHA MeTalla (paJHOHYKTHTA) He H3MEHH-
1ack mocie oTdopa mpod, XpaHEHHA, IPeIBAPUTENBHOM
00paloTKH HIH CAMHM  aHATHTHYESCKHIM  METOJOM
(RampmMep, TpH HAPYIIEHHH PABHOBECHBIX YCIOBHIL).
Kak moxazan Halll OIIBIT U [TOJUEPKHBAIOT MHOTHE HCCTIE-
noeaten [10, 15, 19-21]. ompeaerenne GopM HaxoxIe-
HIA 31EMEHTOB OBLIO H OCTACTCA HETPHBHATILHOH 3a1a-
ueil. B CHIy METOIHYECKHX CIOKHOCTEH IKCIEPHMEH-
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TATbHOE BBIACIEHHE MHTPALHOHHBIX (JOPM 3IEMEHTOR
BEIKA3EIBAET BEICOKHE TPEOOBAHHA K NPO(ECCHOHATHIMY
HCIIONHATENA H HCIOTB3YEMBIM AHATHTHUSCKHM METO-
JaM. O7HAKO IIPH OTCYTCTBHH METOJOTOTHYECKHX OIIH-
OOK Jlaxe C/KaThlil Ha0op METOJ0B MOKET AaTh GOIBIIOE
KOTTHYECTBO IEOXHMIYECKOH HH(OPMAIIHHL.

XHMHA H TeOXHMHA VpaHa, KaK H MHOTHX JPYTHX aKTH-
HHJIOB, OCIIO/KHEHA CTIOCOOHOCTBIO AHHOTO 37IeMEHTa K H3-
MEHEHHIO CTETIEHH OKHCIEHHA. B THAPOreoXHMHYECKHX CH-
CTeMax MHTPALEA ypaHa KOHTpoupyeTcs pH., OKHCIHTED-
HO-BOCCTAHOBHTEIBHBIM NOTEHIHATOM H PAJOM JOCTYIHBIX
KOMITTeKco0Opa3oBarteniell, TAKHX Kak TYMHHOBBIE Bellle-
cTBa, KapGoHaTL, (ocdaTel, cyIpatel H T. 1. [33].

IMeeTca B pAx HepaspyIIAIOMHX METOJO0B, KOTOPBIE
Yalle BCET0 MOTYT JOINOMHHTH OOMIVIO KapTHHY [OHHMa-
HHS MHTPALHH PaJHOAKTHBHBIX 3IEMEHTOB H JIHKBHIHPO-
BaTh «OeTble MATHA» B Bompoce (IOPM HAXOAICHHA H
TpaHcmopTa pagHoHYKTHAOR [34]. K TakmMm MeTogam oT-
Hocarca TRLFS W pa3nuuHEIE BAPHAHTEHL CIIEKTPOCKOINH
peHTreHoBcKoro nortomeHns (EXAFS, XANES) [35].

Bonpmoi BK1aJ B IOHHMAHHE MEXAHH3MOB (DOpMI-
POBaHHA Pa3THUHEIX (OPM MUTPAIHH BHOCAT H TEPMO-
JIHHAMHUECKHE MeTOAbl pacueTa [36]. UpesmrraiiHoe
3HAUEHHE TAKKe HMEET H JOCTOBEPHOCTb TEPMOIHHAMH-
YeCKHX PacyeToB MHTPALHH PaTHOAKTHBHBIX EMEHTOB
B VCIOBHAX OKpYKawLieH cpelsl. JaHHBIE [0 KOHCTaH-
TaM PaBHOBECHA YpaHa JOCTATOYHO OOMIMPHBL H JeTalb-
HEI 110 CPABHEHHIO C TOpHeM. CYIIECTBYET Al TePMOIH-
HaMH4ecKHX 0a3 JaHHBX. Hampmyep PRODATA (based
on NEA-OECD TDB). Thermochimie, LLNL, Minteq,
PSI/NAGRA © p.. KOTOpBIe MOTH(QHIHPYIOTCA HIH J0-
TIOMHAKTCA 10 Mepe HeoOXOQHMOCTH, HampHMep, A1d
ypaHITKAapGOHATOB Kambmud W MarHmA [37, 38]. Ilo-
CKOJIBKY MOJIETHPOBaHHE OJHOTO H TOTO /K€ COCTaBa BO-
JBl C HCIOIB30BAHHEM PA3NHUHBIX 0a3 JAaHHBIX MOXKET
TIPHBECTH K BEChMA Pa3THUHBEIM pe3yapTataM [39], Kop-
PEKIHA HOHHBIX CHJ PacTBOPOB IIPH MOJETHPOBAHHH H
VUET CHENU(HUECKHX KOMILUIEKCOB ABIAIOTCA KPHTHUE-
CKHUMH 1714 pacueToB [40].

H3y4eHye MHIPAHH €CTECTBEHHBIX PaTHOHYKIHIOB —
ypaHa H TOpHA — ¢ METOJ0IOTHUECKOH TOUKH 3PEHHA HMe-
eT PAZ NpenMyliecTB Orarofapsd HX IIHPOKOH pacipo-
CTPaHEHHOCTH B IPHPOHEIX BOJAX H BO3MOXHOCTH OIIpe-
JeTeHHd KaK  paJHOMETpHYecKH. Tak M Macc-
CIIEKTPOMETPHYECKH, YTO II03BOIAET 00/ee UETKO BBLIB-
TATh CHENH(UKY BIHAHHA [EOXMMHUESCKHX YCTIOBHH HA
0COOEHHOCTH MHIPALHH H JPYTHX 3IEMEHTOB, B TOM HC-
7€ CTIOKHO OIIPEZIETAEMbIX TEXHOTEHHBIX PATHOHYKIHIOB.

O0bekTbl U MeToAbl UCCNENOBAHUA
Teppuropus CeMHNIATATHHCKOTO HCIBITATEIBHOTO T10-

JHT'OHAa HAXOTHTCA B CﬁBCpO-BOCTO‘IHOf{ yacTu KazaxcraHa.

B BOCTOYHOH yacTH Kaz3axckoro MenkoConovHHKa, B YCI0-
BHAX 3aCYILIHBOTO Pe3KOKOHTHHEHTATEHOTO KIHMATA.

[IpoGel OTOHpATHCE HA OCHOBHBIX HCIIBITATENBHEIX
mwiomaakax CUII (puc. 1):

«OIBITHOE TONEY, I/Ie IIPOBOMIIIACE HA3EMHEIE A7IEp-
HEIE HCIBITAaHHA B 1949-1961 1T. BoaHele 00BEKTEI 3TOMH
IUIOIIAJKH — 3T0 BOPOHKH IIOC/IE HA3eMHBIX A1EpPHBIX HC-
TIBITAHH, 3aII0THEHHEIE BOJOH H 3apOCIIHE BOIHOM pac-
THTEIBHOCTRIO, JaIlle BCErO KAaMBIMOM. (11 JETaTbHOTO

HCCIeJOBAHHA B3AT OJHH H3 TAKHX BOJOEMOB — BOPOHKA
B-1(1.1).

«TemskeM» U «banamany. H3yuaeMele BOIOSMEI Ipe-
CTaBILAI0T COGOH HCKYCCTBEHHBIE 03¢pa. 00pa30BAHHEIE B
Ppe3yIbTaTe 3KCKABALIMOHHEIX B3PEIBOB: TeIpkeM-1 (T. 2) H
TeaekeM-2 (T. 3); «AToMHOE» 03po (T. 4). ITep0 JaHHEIX
HCIIBITAHHI ABIATOCH CO3JaHHE HCKYCCTBEHHBIX BOJIOEMOB
B 3aCYIILTHBOM paifoHe. «ATOMHOE» 038P0 (IpyTHE Ha3Ba-
HHA 03¢po YaraH, ATOMKOTh) C(pOPMHIPOBATIOCE B PE3yIb-
TATE 3aM0IHEHNA BOJOH BOPOHKH ITyOHHOI oee 100 M u
nuameTpoM 400 M mocre B3peBa B 1965 I. Ha MecTe CIiA-
HuA pex 1laran 1 Amucy (JnepHEle HCIBITaHEA. .., 1997
Semipalatinsk test..., 2017). Ozepa miomaaks «TeTpkeM»
o0pasoBamuck B 1968 I. B roro-soctouHoil yacta CHIL
OGpazoBaHHBIE BOPOHKH 3alOHINIHCh OCalKaMH H o0pa-
30BaTH OJHOMMEHHEIE O3¢pa «TelbkeM-1» ¢ MIHpHHON
90 M u royouHoi 15-20 M u «TemrpkeM-2», BRITAHYTOE B
(opme oBa1a 03epo pamepamu 120x60 M u raySuHoit mo-
paaka 10-16 M [41 u ap.].

IInomanka «/lereneH», Ha OJHOMMEHHOM TOPHOM
MacCHBE, IJIe COCPENOTOUEHO caMoe OOMBIIOE KOTHYe-
CTBO BOJHEIX 00BeKTOB. I'OpHEIH MaccHB JlereneH Haxo-
nuTcA B roxxHOH yacTH CHIL B reozormueckoM OTHOIIE-
HHH Npeo0Iafaromad 4acTb TOPHOIO MAcCHBA CIIOXKEHA
TPAaHHTaMH, KOTOpbIE PacIpOCTPaHEHb] Ha TPH UETBEPTH
TEPPUTOPHH. B TOpHOM MaccHBe JIeTeleH BBLIEAIT
TPEIIHHHBIE BO/IB] ATE030HCKUX ITOPO. IOPOBEIE BOJIEL
ALTIOBHATBHO-IIPOIOBHAIBHBIX OTI0KEHHH, KyJa OTHO-
CAT H IOJPYCIOBBIE BOABL HOro-BOCTOUHOE HAlPaBIEHHE
MOJ3eMHBIX BOJ fBIAETCA OCHOBHEIM H COBIAJaeT C
HalpaBIcHUEM JOMHHE! Pyubd Y3BIHOYIAK. TpeIIUHHbIE
BOJIBI 00Pa3yIOT €(HHbII BOJOHOCHEII TOPH30HT.

HecTe10BaHEL caMEIe KPYIIHBIE PYUbH Y3EIHGYTAK (T. 5)
Ha MeCTe BBIXOJA pyubd 3a NPefenbl IVIOMAnKH «/lere-
7es» 1 KapaGymak ¢ ero mpaTokaMi (1. 6-11). OGmee Ko-
JIMYECTBO NPO0, 00CYAIaeMEIX B paldoTe, COCTaBUIo 11.

B MecTax pacIioloKeHHsA HCIBITATeNBHBIX IIIOMAT0K
CHIT mpoxoadr pa3noMel IITy00KOIO 3aIeraHu g, KOTOPEIE
OTIPEICIANT HEOAHOPOJHYI (ITBTPAHOHHYI0 CTOCOs-
HOCTB NOpOJ. K OCHOBHEIM pa3itoMam oTHocAT: Kanoa-
UHHTH3CKHIT pa3sdoM HAa HCHBITATEIBHOH IUIOMIAIKE
«OmbITHOE MoNTe», HalMamKaIsCKHi pasioM ILIOMAIKH
«TempkeM», n UHHpaycKHil pasmoM IUIomanku «bama-
TaH». 30HBI BIHAHAA TEKTOHHYECKHX Pa3TOMOB XapaKTe-
pH3yIOTCA Golee BBICOKHMH IIOKA3aTeIAMH TpELIHHOBA-
TOCTH H HATHUHEM 30H Jpo0IeHHd. D10 ABIAeTcA Hella-
TONPHATHEIM (DaKTOPOM 71 TPaHCIOPTA 3arpA3HEHHBIX
PAIHOHYKTHIAMH BOJ B IOJ3EMHBIE BOJBI TEPPHTOPHIL.
TJie He HMeeTCA CIe/I0B 3arpA3HEHHA.

Ot1Gop Ipod IPHPOHEIX BOJ IIPOBOJMICS B COOTBET-
creud ¢ 'OCT 17.1.5.05-85. O0reM npo0 BOZEL COCTAB-
man 10-12 1. TIpoOy OTOHpATH B YHCTEHIE IOTHITHICHO-
BBIE €MKOCTH, H30eras NONataHHsA [OCTOPOHHHX MPHMe-
cefl. Ha MecTe oTfopa IPOBOAHIH (PPaKIHOHHPOBAHHE
BOJEI 10 pa3Mepy ¢ (PHIBTPOBAHHEM Uepe3 MeMOpaHEI
450 am 1 10 x/la (cooTBeTCTBYET pasmepy 3 HM). TakmM
00pa3oM, BBIEIATH B3BEMICHEEIE (hOPMEIL (Pa3HHLA Mek-
Iy HeuIbTpoBaHHOI MpoGoit i moce GuibTpa 450 HM),
KOUTOHIHEIE (JOPMEBI (pa3HHIA MEATy IpodaMH, OT-
(rIpTpoBaHHEIMH Uepe3 MeMGpaHst 450 aM 1 10 k/la) n
pacTeoperHble dopMsl (<10 x/a).
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YcnoeHble 0603Ha4YeHNA
rpasmya CHN

rPaHMUB! MCNBITaTENBHBIX NNOWAaA0oK

1 - soposnxa B-1

2 - oaepo Tensxem-1

3 - osepo Tenskem-2

4 -* ATomHoe 038p0

5 - pywen YasmGynax

6,7.8 - pyuyed KapaGynax, npase# npuTox

9 - pyuei KapaGynax, neswid nputok

10 - pyved Kapabynax, kpafHimi Nessii npuToxK
11 - pywen KapabBynax, mecto

I'In]"Capbl-Y He"

Nn. "AxYanGop: L@

o5 w0 20
Puc. 1. Cxema onpodoeaniia g00HBIX 00LEKTNO0E

Fig. 1. Scheme of water bodies sampling

Onpeneterue o0mel Musepatm3amud H pH u Eh Boztel
BBINOTHATH C TIOMOIIBK AHATH3ATOPa KHAKOCTH J1adopa-
TopHoro cepur AHHoH 4100. Eh Bofp! mMepaca ¢ xmop-
CepeOpAHBIM TEKTPOIOM CPABHEHHA C IOCTIENVIOMHM Ile-
PECUETOM Ha CTaHTAPTHEI BOJOpPOAHEL 31ekTpon (SHE)
npH Temmepatype 25 °C. ComepikaHHe OCHOBHEIX HOHOB
BOJIEI ONPENETATH METOJAMH THTPOBAHHA (HCO; CO; ).
C. Ca”. Mg™. ¢otomerpun (SO,7).  ONTHKO-
SMICCHOHHOI CIIEKTpOMeTpHH Ha mpubopax iCAP 6300
Duo u Optima8300DV (Na, K, Ca, Mg). a Takke HOHHOM
XpoMatorpaduH Ha TpaGope Dionex-2000 (CI, SO,5).
OOmmil opraHMYecKu YITIepos OLEHHBANCA IO MEpMaH-
TAHATHOH M OHXPOMATHOH OKHCIASMOCTH (THTPOBAHHE H
(pOTOMETpHA COOTBETCTBEHHO). /114 4acTH 00pa3lOB HC-
TIONB30BAICA METOJ KATATHTHYECKOIO CKHTAHHA Ha IIpH-
Gope Vario TOC cube, a Takke KaueCTBEHHEIH METOT —
uHTeHCHBHOCTE UV curmaza (UV Schimadzu 1800) =
manasose 0T 225 1o 280 mm. Cozepixarne U u Th ompe-
JETATH METOJOM MAacC-CIIEKTPOMETPHH C HHIYKTHBHO
cem3anHoil mra3Moit (MC-HCII) Ha mpuGopax Elan-9000,
Agilent 7600, Thermo Element XR B cooTBeTCTBUH CO
craggaprom HCO 17294-2-2006.

MozempoBaHHe MUTPAlHOHHEIX (JOpM ypaEa H To-
PHA TIPOBOJIOCH € IIOMOIIBI0 TPOTPAMMHOTO KOMIITEK-
ca Visual Minteq 3.1. Mcmons3oBanack BcTpoeHHAA (aza
JIaHHBIX KOHCTE]HT PaBHOBeCHA. PacueT IpoBOIHICA IpH
TeMmeparype 25 °C, 1aneHHH | aTM H PaBHOBECHOM C
aTMocepoii l'IapllHa"[BI-II:IM JIaBIEHHH YITIEKHCIIOIO Tasa.

Monens Oplia OrpaHHYCHa C"IC,‘IYIOHHH&]]I I\OI\H'IOHCHIRMHZ

PH. Eh. 00Imas MeT0YHOCTh ((CO;’ +HC 0, ) CI. S0~

Ca>” Me .Na". K Si (HySi0y). Fe*™, UO,”", Th* . pac-
TBOPEHHEII OpTaHWUECKHH YTIepos (Copr). Pacuer opra-
HIUECKIX (HJOPM MHTPAITHH 3TEMEHTOB TIPOBOIHIH C TI0-
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| yenoamme oBosnavenun
Dvanam nnowase “Hersres”

Mompr MozenH NICA-Donnan ¢ pasIenbHEIM BBEICHH-
eM KoHmeHTpanuil rymuHOBBIX (IK) H (yIbBOKHCIOT
(®K). OTHOIIEHHE aKTHRHOTO (CTIOCOGHOTO K GHOTpAHC-
(opmarmn) Copr K OPrAHHYECKOMY YITIEPOJY IPHHHMATH
Kak 1.65. qomo @K yuHTEIBaIH HCXOIA H3 COOTHOIICHH]
I'K/®K. HoHHad cu1a pacTROpa H GaTaHC aHHOHOB H Ka-
THOHOB PAaCCUHTHIBATNCH ABTOMATHUECKH. KoppeKimsa
AKTHBHOCTH HOHOB IIPOBOJHTIACE II0 YPaBHEHHIO /[3BHCA
¢ b-mapameTpom paBHEM 0.3.

PezyneTatel v nx obcyxaexune

W3yuennrle BogHele 00beKTEl CHII mpeacTaBifioT
c000i BOZOEMEI H PYUBH, KOTOPBIE CYIIECTBEHHO Pa3iH-
YAKTCA [0 YCIOBHAM MHTPALHH PaTHOHYKIH/IOB.

ITo XMMHYECKOMY COCTaBY H IPe0dIaaroNIiM HOHAM
BOJIBL TOPHOTO MaccHBa JleTeleH OTHOCATCA K MPECHBIM
BOJAM CYIb(ATHOTO, KATBLHEBOTO H [HIPOKApOOHATHO-
CyIb(aTHOTO KaTBIIHEBOTO cocTaBa. [1o naHHEIM [42-44]
XHMHYECKHIT COCTaB BOJ CTAOH/IBHELT H HE 3aBHCHT OT
ce30Ha. [lepeMemmanch 1o cHCTeMaM TPELIHH H IOT0CTAM
IITOTIEH, BOIBI IIOMOHANT 0acceiH I03eMHBIX BOJ [TH-
00 BBEIXOZAT Ha JHEBHYIO NOBEPXHOCTH B paiioHe HOpTa-
JI0B IITOJICH.

VI3yueHHBIe BOJBI CYIIECTBEHHO Pa3IHYATHCh 10 XH-
MHYeCKOMY COCTABY. XOTA H IPOCIEKUBATHCH CXOKHE
VCIOBHA HX (opMHpOBaHHA. 13yuaeMas TeppHTOpHA Xa-
PpaKTepH3yeTcd MHPOKHM HalOpOM YCIOBHI (OpMHpO-
BaHHA IIOBEPXHOCTHBIX BOJ H JOCTaTOYHO IIECTPOI Treo-
XIMIUecKoli oScTaHOBKOH. Ha (opMupoBaHHE XUMHUe-
CKOro coctaBa NpupoAHEIX Box CHIT oKa3bIBANOT BIHA-
HHE MEXaHH3MEl HCIAPHTEILHOTO KOHIEHTPHPOBAHHA H
KOHTHHEHTATBHOTO 3aCOEHHA. BBHINETAYHBAHHA BO-
JIOBMEIALOLIHX [IOPOJ] B YCIOBHAX NOBBIIEHHOH TPeIlH-
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HOBATOCTH H 00pa3oBaHHA GOTBIIOTO KOTHUECTBA 30H
JpoGreHnd B pe3yIbTaTe eOpMallHH TOPHOTO MaccCHBa
JlereneH BCIeACTBHE ANEPHEIX HCIIBITAHHUI.

Kaxk yske GBLT0 CKa3aHO paHee, BOJOHCTOUHHKH MIpe]-
CTAaBIEHE! TEXHOTEHHEIMII 03¢PaMH H BOPOHKAaMH, a Tak-
K€ PYUBAMH H peKaMIL

Tadauua 1. Xunmuyecxkuil cocmae HpupooHelx eod Cemuna-
JAMUHCKO20  UCHBUNAMETbHO20 — NOJUSOHA,
cpedHee co0epHCanie (MUHUMYM—MAKCUMIM)
Chemical composition of natural waters of
Semipalatinsk Test Site (STS), mean (minimum—
maximum)

Table 1.

TIOKa3aTeb, €. H3M. Pyuen/Riverstreams
Parameter, units (n=7)

Osepa/Lakes
(n=4)

pH 744 (7.14-7.91) 7.92 (7.20-836)

Ehupe. MB/mV 249 (208-260) 186 (152-207)

Copr, Mr//Dissolved 12.8 (9.6-16)

organic carbon, mg/1* 14 (5-35)

PKTKFAHA

(humic acid/fulvic acid) 9.5 7

MHHepaTH3aIHS, ML/

DS, mg/l 472 (235-2310) 10950 (1960-20520)
HCO:™, ur/wme/l 171 (67-490) 3325 (180-530)
SO~ ur/w/mg/1 221 (79-1100) 3345 (600—7580)
CT", mr/w/mg/1 15 (5,5-210) 3705 (420—-5950)
Ca™, ur/wme/l 93 (54-120) 380 (120-540)
Mo, Mr/1/mg/l 18.5 (8-76) 512 (80-910)
Na K", mr/w/me/l 39.5 (17-560) 2845 (480-5450)
S1, Mr//mg/1 6 (4,5-10) 3(2.2-3.8)
Fe, Mrr/m/pg/l 210 (180-240) 330 (90-600)
Ca™ /Mg~ 5.0 (1,6-8.4) 0.92 (0.59-1,50)
o.-/cr 16.4 (5.2-53.3) 0,97 (0.47-143)
n — Koauyecmeo npod/n — number of samples; *1a eodoe-

Mo Temwxerm-1 u TeisxeMm-2 Hpu pacueme cpeoHezo co-
Oeparcanua Cop, UCTIOTLI0BATOCH IHAUEHUE NOTOSUHB! Npede-
1a ooxapyxcenua/*For Telkem-1 and Telkem-2 lakes the
half of the detection limit was used for mean value of DOC.

[To 3maueHnaM pH (1aé1. 1) BogEl GOTBIIMHCTRA
ONpOOOBAaHHEIX PYYLEB H BOPOHKH B-1 OBLIH HeHTpams-
HEIMH, BOJBI 00BeKTOB TempkeM-1, TempkeM-2 0 « ATOM-
HOTO» 03¢pa — cIafomeTounsIMiL. 3HaueHnd Eh (mpuee-
JeHHBI K CTaHIAPTHOMY NOTEHIHaTy H 25 °C) npHpoz-
HelX Bog CHII yxrameBawoTcd B quanasoH +150...+260
MB. BEICTpanBasAck B pA1 B 3aBHCHMOCTH 0T pH Ha 600-
700 MB BbIIe HIDKHEN TPAHULE! IPEIEa YCTOHUHBOCTH
Bozsl B Ha 200-300 MB HIDKe paBHOBECHA B3aHMOZCH-
CTBHA BOJEI ¢ atMoc(epoit [45]. [I11 Bcex BOAHEIX 00B-
€KTOB ~ XapakKTepHa  IIEpeMeHHad  OKHCIHTEIBHO-
BOCCTAHOBHTEIBHAA 00CTAHOBKA.

Bozna BogoemoB B-1 u TenpkeM 2 0THOCHTCA K COTO-
HOBATEIM BogaM (1960 m 8950 MI/I COOTBETCTBEHHO).
Boger o3epa Tempkem-1 (20520 mr/md), «ATOMHOTO» 03€-
pa (12380 Mr/1) — K comeHsIM BOgaM. BoJkl pyubeB GBLTH
TIPECHBIMH, 33 HCK/IHOYEHHEM MecTa CIHAHHA NPHTOKOB
pyuns Kapadyak. re Bofa ObL1a COTOHOBATOI.

ITo HOHHOMY COCTAaBY MOBEPXHOCTHEIE BOmEl CHII
JIOCTAaTOYHO pa3HOOOpasHEL. OCHOBHBIE T€OXHMHUECKHE
(paurEy GELTH BELAETEHEI IO IPe00IataolIiM aHHOHAM H
KaTHOHAM C IIOMOINBI0 amarpammsl ITaiimepa (pHc. 2).
IIpu 31T0M ueTKas JH((epeHIHANA Ha0TI0IaeTCA MEK-
JIy BOJOEMAMH H Py4bAMH. POCT MHHEpAIH3ALHH [ITOIb-
HEBBIX BOJ 00ECIIEUHBACTCS YBETHUEHHEM COJIEP/KAHIA B

HHX THIPOKApOOHAT-HOHA, KAlUbLHA, MarHud, a TaKxke
CyIb(haT-HOHOB.

Bois! pyuseB HMEHT OIH3KHIH COCTAB CO INTOIBHEBBI-
MH BOJJOTOKAMH, TIOCKOIIBKY MOCJIEIHHE MOIHTEIBAIOT HX
[10]. Bozsl pyuseB ‘ysHHoyjaﬁ 1 KapaGyak o cocTaBy
CyTh(aTHE KaTbmuessle. OTHomerHe SO, /CI™ B pyunx
H3MEHAeTCA B Ipefenax oT 5.2 10 53. D70 I03BOTAET
TIPENOTI0AHTE, YTO COCTAB BOJ PYUbER (JOPMHpYETCS 0]
BIMSHHEM IPOLECCOB BBINENAUMBAHHA MHHEPATIOB BO-
JOBMEINAMOIIIX [IOPOJ H OKHCISHHA CYIb(QHIHEIX MHHe-
patoe. Ha muarpamne Ilafimepa (puc. 2) BO BCEX IITOCKO-
CTAX TOUKH PYUBEB JIeKaT OUeHb OMH3KO JPYT K Jpyry H
TIPH 3TOM 3aHHMAKOT IPOMEKYTOYHOE MOTOKEHHE 10 OT-
HOIIEHHIO K COCTABY INTONBHEBEIX BOX. TakmM 00pasoM,
TIPH CMEIIHBAHHH BOJ MEIKHX PYUbEB H POJIHHKOB, [OT-
TIHTEIBAKOMIIX PYUBH MaccHBa JlererneH. IPOHCXOIUT «BBL-
PaBHHBAHHE» HX XUMHYECKOIO COCTABA. JTO MOKHO IIPH-
HHMAaTh BO BHHMAHHE IIPH OL[CHKE MHTPALHH PaIHOAKTHB-
HEIX 371EMEHTOB BHH3 I10 TEUEHHK) PYULEB.

IToBepXHOCTHEIE BOIOEMBI HAXOAATCA B 30HE BIHAHHA
KOHTHHCHTATLHOTO 3aCOTCHIA C H3MCHCHHEM OTHOIIC-
Hua SO, /CI'=1.4 B Bogax Bomoema B-1, o3epa Teapkem-
1 - 1.2, «AtomHoro» o3epa — 0.7, o3epa TempkeMm-2 — 0.5,
BoJIEI BOZI0EMOB 110 COCTABY ABIAOTCA XIOPHAHBIMH H
XTIOPHIHO-CYIb(aTHEIME. [Ipeo0Tajaroliie AHHOHEL a
TAKKe HATPHIl IPONOPLHOHATEHO YBEIHYHBAKTCA C Po-
CTOM ~ MHHEDATH3alHH B  BOJOEMAaX, OTHOIICHHE
Ca” /Mg’ TaKike CHHKACTCA.

CoziepKaHHE OpTraHHYECKOrO YITIEPOJa B PYUbAX Ba-
peHpoBano or 10 mo 16 MI/a. B BomoeMax IOCTHrano
35 mr/n (Boponka B-1). JIn14 9actu mpoG He GBLIO MOTY-
YeHO KOTHYECTBEHHBIX 3HAUCHHI H3-3a HH3KOI UyBCTBH-
TEMBHOCTH METOZOB ONpE/EIeHHA OpTaHHYeCKOro Bellle-
CTBa B Ip0o0ax CO CIOKHOI MAaTpHLEH H BEICOKOH MHHE-
pammzanyell. OHAKO B BOJAX. [/l COZAEPAKAHHE PacIBO-
PEHHOTO OpTraHHUYECKOro YI7epofa OBLIO HIDKE IIpefena
00HApY:KEHHA, B YACTHOCTH 1A 03epa TembKeM-2, TyMH-
HOBBIE H (DYTBBOKHCTOTE (DHKCHPOBATHCH KAUSCTBEHHO
TI0 TOTTIOMEHHE0 Y D-ClieKTpa.

OGpamadcy K paHee NPOBEIECHHBIM HCCIETOBAHHIAM,
He0OXOIHMO OTMETHTB, YTO BOJHBIH PEXHM H XapaKTep
IHTAHHA TAKKE MOTYT OKAa3aTh BIHAHHE HA MHTpALHIO
PaIHOAKTHBHBIX MEMEHTOB H paclpe/iellecHHe QJOPM HX
HaX0IeHHA. OTHONEHHe CTAGHTBHBIX H30TomoB “H/"*0
CBH/CTENBCTBYET O IIHTAHHH BOJOEMA 3a CYET aTMo-
cheprex ocagkoe [10. 11]. mockoTbky BOABI 03¢pa
TenepkeM-2 H BojoeMa B-1 1exaT odeHp OIH3KO K 10-
KaTbHOH JHHHH METEOPHBIX BOJ. HeGomblHe CIBHTH
H30TOIHOTO COCTaBa B MecTax oT0opa Ipod MOIYT 00B-
ACHATHCA KOHZIEHCHPOBAHHEM HCIIAPEHHOH BIard ¢ BOJ-
HOTO 3€pKala 03epa B MOBEPXHOCTHOM ci1oe [46]. Takue
JIaHHEIE HE NPOTHBOPEYAT BBIBOZAM ABTOPOB. HCCIENO-
BABIIIX «ATOMHOE» 03¢po [47 1 ap.]. 0 TOM, UTO OCHOB-
HOH HCTOYHHK [IOCTYIUICHHA PATHOHYKIHIOB B BOJOEM —
BBILIETAUHBAKNIE H3 3arPA3HEHHOTO TPYHTA. JTO N0O3BO-
J4€T PacIpOCTPAaHHTh TAKOE CY/KICHHE H HA JPYTHE BO-
JoeMbl CeMHIATaTHHCKOTO TIOTTHI0HA.

Taxcke paHee ycTaHOBTEHO [11], UTO MTOMRHERHIE BO-
JBL, TIOQMHATEIBAKONINE PYUbH TOPHOTO MacCHBa J[ETETeH.
T0 OTHOIIEHHI “H/ O yTAAKeNeHE M0 AHTEPHIO B CPaB-
HEHHH C JIOKaIbHOH THHHH MeTeOpHBIX BOZ. Taxoe pac-

11
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IpeJielleHHe MOKHO OOBACHHTL HCIIAPHTENBHBIM KOH-
IIEHTPHPOBAHUEM HH()HIBTPAIIHOHHEIX BOJ METEOTeHHO-
ro QopmupopaHua. Takke BO3MOKHO CYIIECTBOBAHHE
JOIOTHATENBHOTO HCTOUHHKA IIHTAHAA BOX B YCIOBHAX
OTHOCHTETBHOM THTOIOTHYECKOH H THAPOre0I0I HUECKOH
3aKPBITOCTH, C OTIHYHBIM OT JIMHHH METEOPHBIX BOJ OT-

somenneM H/'®0. JleocToporrmit capur A’H oTHOCH-
TeTbHO THHHH METEOPHEIX BOT MOKHO TAiCKe OOBACHHTS
H aKTHBHBIM HCTOIEHHEM O BCIEJCTBHE €r0 Iepexoa
B KapOOHATHEIE OTIOAKEHHA H YITIEKHCIOTY, a TaKKe OT-
CTaBaHHEM BOBICUEHHA JeHTepHd BO BTOPHUHEIE MHHE-
patsl B poIIecce B3anMoIeiicTBAA Boga—Tioposa [48].

p4 ¥Y3biHBynak

p4 Kapabynak
«ATOMHOE» 03Ep0
Tenbkem-1
Tenbkem-2
Boponka B-1

Addr >on

100 80 60 40 20
Ca

Tadauua 2. Pacnpedeierue pacuoHVKINO0E & f00HBIX 00b-
exmax CHIT u gopimsl UX HAXOXCOEHUA, Cped-
Hee 3HAUeHUe (MUHUMYM—UAKCUMYM)
Distribution of radionuclides and  their
speciation in water bodies of STS, mean
(minimum—maximun)

Table 2.

TTokasatens, ex.usM. | Pyasm/Riverstreams Osepa/Lakes
Parameter, units (n=7) (n=4)

Thear/ Theowm, MET//pg/1 0,43 (0,11-0,59) 19.1 (4.5-46)
Theen/ Theyp, % 89 (84-92) 88.4 (75.4-94.4)
Thyoee/Theen, % 9.2 (7.6-11.4) 11,1 (53-24.4)
Thyacr/Thaes, % 1.5(0,8-2.4) 0.42(0,1-09)
Usaa/Usorar, MET/ W1/ 110 (32-810) 202 (10,6-2567)
et 0, 5 55 (47-82) 845 (49-98)
Usons/Usen, % 13 (5-15) 3.6 (0,5-12)
UpaersUgis, % 32(10-42) 12 (2-39)

ITpuveuanue: cepsiv ysemoM esl0eneHsl CMpoxl ¢ gopua-
MU HAXOHCOSHUA PAOUOHVKIUOO0E.
Note: speciation of radionuclides is highlighted gray.

BaioBoe comep:xarue TopuA (Tadl. 2) B IPHPOIHEIX
Bogax CHII m3MmeHfAeTcd B INHPOKHX Ipenenax, Ooree
IByX mopsAakoB — ot 0.11 go 46 mxr/a. IIpu 3T0M, ectH
OTCEUB B3BEMIEHHYI0 (Ppakiiio (kpymHee 450 HM), cymMa
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Cl
Puc. 2. [Tatinep-ouazpammd XUMUYECcKo20 cocmaed o3ep U pyusee CHIT
Fig. 2. Piper diagram of chemical composition of lakes and waterstreams of STS

OCTABIIHXCA (DpaKumil, KoTopad HaH0olee dYacTo pac-
CMATpHBAeTCs B HCCIIEOBAHHAX 110 THAPOTEOXHMHH pa-
JHOAKTHBHEIX 3IEMEHTOB Kak pacTBOpEHHAd (JopMa, co-
crasuT oT 0.014 1o 3.7 MKI/T COOTBETCTBEHHO. BHIHO,
9TO JTOMHHHpYET B3BeIICHHAA (JopMa B MEPEHOCE TOPHA
H ypaHa. IIpH 3TOM 0714 IEPEHOCHMOT0 CO B3BECAMH TO-
pHA IPHMEPHO OIHHAKOBAA KAk I PYUbeB, Tak H U1
03ep. B To BpeMd Kak 714 ypaHa OTMEUeHa CYIIECTBEH-
Hai pasHHIA. B pyusax ropaszo Ooislmad 10714 ypaHa
MHTPHPYET B (pOpMe PAcTBOPEHHEIX YACTHI, MPOXOId-
mux yepes MeMOpany 10 x/la. [ond ypaHa, MHTPHPYIO-
IIET0 B BOJAX PYUBEB € YAaCTHIAMH KOTOHIHOM pasMep-
HOCTH, IIPHMEPHO B TPH Pa3a BBILIE, YEM B BOJOEMAX.

CoziepkaHHe ypaHa B H3y4aeMBIX IPHPOIHEIX BOJAX
AHATOTHYHO H3MEHACTCA B JIHATA30HE JBYX MOPAIKOB.
ITpH 3TOM KOHIIEHTpAIHA JaHHOTO PalHOAKTHBHOTO 3MIe-
MeHTa (<450 HM) B BoJI0eMax MeHEIIe: oT 5.5 MKr/1 (B-1)
g0 66 Mkr/1 (TempkeM-2). B pyupsx TOPHOTO MaccHBa
Jlerener ofmee cofepkaHHe ypaHa coCTaBIdeT 60 H
81 MET/1 114 pyuseB KapaGyaak n Y3sHOYIaK COOTBET-
CTBEHHO.

JloA MHTPHpYIOIIETO B KOIOHAHOH (opMe ypaHa B
BOJOTOKAX MacCHBa J[eTe€NeH HEBEICOKA, OT 5 10 15 %.
OIHAKO. YUHTBIBAA BBICOKHE KOHILIEHTPALHH 3TOIO pa-
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JIHOAKTHBHOTO 37EMEHTA H 0COOSHHOCTH MHTPALHH 3le-
MEHTOB B KOTTOHTHBEIX (hOPMax, 3TO MOKET CBHICTETb-
CTBOBATH O 3HAYHMOM BBIHOCE YpaHa ¢ KO/UIOHIaMH. B
BozmoeMe B-1 u pyuse KapaOymak 10714 ypaHa, KOTOPBIHA
MHTPHPYET B KOTIOHTHOH (JOpME, BBINE, UTO MOKET
00BACHATECA §07ee BBICOKHM COJEP:KAaHHEM OpraHHye-
CKOTO BEIECTBA, 3aMeIEHHBIM BOJOOOMEHOM H BEICO-
KOIl KOHIEHTpAIHEH KOIOHIOB.

Jlna TopuA Taxke OBUIO YCTAHOBIEHO IpeoldlajJaHHe
B3BeMIEHHOH (opMEL (0T 75 10 91 % OT CyMMEI Beex
(opm HaxoxaeHHA). B cpearem mopAaka 12 % Topud
TIEPEHOCHTCA B H3YUYSHHBIX BOZOHCTOYHHKAX C KOIIOH-
JaMH, ¢ MAKCHMyMOM 1714 BogoeMa B-1 (24 %).

1000 - 100

100 4

Usgtan 19 ng/l

10 T T T
0 2 4 ] 8
PaccroaHue, kM
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Jl1a pyupa KapaGydak mpeoGragaeT B3BEIICHHAA
(opma ypasa H TopHd. BEITO NOAPOGHO H3YUEHO H3Me-
HeHHe ()OpM HAXOXIEHHA B IpOCTpaHCTBe (pHC. 3).
Bmke K HCTOKaM PydbeB TOPHOTO MacCHBA IPOHCXOIUT
pasrpy3Ka MOI3eMHBIX BOJ, OGOTAIIEHHEIX PaTHOHYKTH-
JaMH. HecoMHEHHO, B 3THX BOJOTOKaX IIPHCYTCTBYIOT H
TEXHOTECHHBIE PATHOHYKTHIEL UTO GELTO NMOKA3aHO HAMH
B Goee paHHHX patoTax. OJHAKO B CBA3H CO 3HAUHTETb-
HOfl JeopManHell MaccHBa H YBETHUECHHEM IPOHHIAE-
MOCTH TIOPOJ CKOPOCTE BHIMIETAYHBAHHA IPHPOIHEIX Pa-
JHOHYKTHIOB MOITA CYIIECTBEHHO YBETHUHTECA, 2 MH-
TpalHs — YCKOPHTBCA.
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Pue. 3. Pacnpedeiexue mopua, Vpaa u 0oiell KoL1oUudHoIl u g3gelienyoll gpaxyull e npasoM npumoxe pyusa Kapadyiax om
UCIMOKA 30 Mecma CTUAHUA NPUMOKOE: @) pacnpedeneHie edlogo20 cOOePHCaHUA 1 0oy Gopm Haxoxcoerua U; )
pacnpedeiediie ealogo2o codepxcanlia u doaeil opm Haxoxcderua Th. Kpacxoll u xcenmoil Turuell esideneqsl 001U
dopm HaxoxcOeHUA ypaHa u Mopua ¢ sude g3secell U Ko1L10Ud0E COOMBEMCMEEHHO, YepHOIl TuHUell — o0wyee cooep-

JHeanue 21eMenmos
Fig. 3.

Distribution of thorium, uranium and the proportions of colloidal and suspended firactions in the right tributary of the

Karabulak riverstream from the headspring to the confluence of the fributaries: a) distribution of the total content
and the proportion of U species; b) distribution of the total content and the proportion of Th species. The red and
vellow lines show the proportions of the uranium and thorium in suspended and colloidal fractions respectively, the

black line is the total content of elements

OmHOll W3 3amay HCCIEIOBAHHA CTOANO H3YUCHHE
TpaHC(opMaIHH MHATPAITHOHHEIX (HOPM PaaHOHYKTHIOB
BHH3 [0 TEUCHHI0 OT HCTOUHHKOB HX IOCTYIUICHHA.
HanGonee mokazaTeIbHBIM I714 TaKHX HAOTIOJEHHI OBLI
V4ACTOK IIPAaBOrO IPHTOKA pyubs Kapadymak. Iae cylme-
CTBYET MOATOK BOJ C MOBHIMICHHEIM COJCpPKAHHEM YpaHa
(Gomee 800 MKT/T ypaHa U 3 MKI/T TOpHA, 10 COGCTBEH-
HEIM HCCeT0BaHUAM). [IpOTAAKEHHOCTE yUacTKa COCTa-
BHIIA IIOPAIKA 9 KM. PacCTOAHHE MEKIY NMEPBEIMH TPEMA
TOUKAMH — 1.5 KM, KpaiHA1 TOYKA HAXOOHICA B 9 KM OT
TepBoi. B 1em0M cooTHOMEHHE (POPM HAaX0AIEHHA Kap-
IUHATEHO HE MEHAETCA 0T TOYKH K TOYKEe 0TOopa. HO
VMEHBIIAETCA O0Iee CONEPKAHNE PAaTHOAKTHBHEIX JIe-
MEHTOB. MaKCHMATBHOE COIEP/KAHHE VpaHa H TOPHA
TIPHYPOUEHO K HCTOKY PYUbA (TOUKa 6, pHC. 1), Ie HMe-
10TCA HCTOYHHKH MOCTYIUIEHHA 3THX PaJHOHYKIHIOB CO
IITOITBHEBEIMH BOZaMH. HIKe [0 TEUSHHIO PYUbd, IIpH
JOCTIDKEHHH TOUKH 11 (MecTo CTHAHHA TIPHTOKOB), CO-
JepKaHHE VpaHa MagacT NPHMEPHO Ha MOPATOK. a Co-
JepxaHue Topud — B 3—6 pa3. Takum o6pazoM, Th/U ot-

HOIIEHHE [0 CyMMe (POPM HAXOAKIEHHA MOBEINACTCA K
MECTY CTHAHHA IPHTOKOB Pyubd Kapadynax. Bo3pacTaer
POIIb KOIIOHJIOB B MEPEHOCE PAIHOAKTHBHEIX 31EMEHTOB
Ha (JOHE CHIDKEHHA OOIIET0 HX CONEPAKAHUA.

Hadmogad 3a pacnpegetcHHEM (OpPM  HAXOKICHHA
3THX JBYX YTEMEHTOB, OTMEUEHO, UTO (POpMEI ypaHa 0or1ee
YBCTBHTE/BHEI K H3MEHEHHIO TaHAmagTHO-
TEOXHMHYECKHX YCIOBHII cpelbl, ueM TopHd. Tak. B Impe-
Jenax 3 KM 1074 KOLTOHTHOH (JOPMEBI ypaHa H3MEHATACH
TIOUTH B JIBa pasza — oT 8.2 10 14 %. B TO BpeMA Kak HOH-
HEBII COCTAB H MHHEPATH3ALHA BOJ Py4bd ObLTH IPHMEPHO
OJIMHAKOBBIE. BepoATHO, HA JaHHOM YYaCTKe MPOHCXO/IHT
nepepacmpesienieHde  (OopM  HaXOXkIeHHA,  o0pariMad
copOIIHg B3BeCAMH Pyubd H 3aXBaT YpaHA KOUTOHIHBIMH
gacTHUAMH. [lanee Ha (pOHE MOBHIMIEHHA COTECONEPKAHIA
(ot 450 10 2300 MI/T) B MECTE CTHAHHA NPHTOKOB PyUbA
KapaOynak H3-3a MexaHH3Ma HCIApHTETBHOTO KOHIEH-
TPHPOBAHHA H CHIDKCHHA HHTEHCHBHOCTH BOZ0OOMEHA
JI0I KOJLIOMJIHOTO YpaHa COKparaeTcd B 3 pasa. B 1o xe
BpEMA 07 KOTOMIHOH H B3BEMEHHOM (pakiil TopHA
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(puc. 3. 6) ocTaeTcAd HA OJHOM YPOBHE HECMOTpA Ha TO.
YT0 €T0 KOHLEHTPALHA CHIKASTCA Ha TIOPAIOK.

COOTHOIIEHHE OTJENBHBIX IEMEHTOB — 4acTo IpH-
MEHAEMBIH MapaMeTp, KOTOPBI MOKET OBITH YETKHM HH-
JHKATOPOM TeOXHMHYECKHX IIPOLIECCOB H HHTEHCHBHO-
CTH MHTPALHH 371eMEHTOB. MHOIa TakHe apaMeTpel §o-
7ee HH(OPMATHBHEL, YeM BATOBOE COJSP/KAHHE 3IEMEH-
TOB B OTJIEIBHOCTH. TaK. H3BECTHBIH B TEOXHMHH PajIHo-
AKTHBHEIX 31EMEHTOB NapaMeTp, oTHomeHne Th x U [49],
TIPEHMYIIECTBEHHO HCIOIB3YETCs B TEOXHMHH MHHEpa-
JI0B U TOPHBIX MOPOJ, a TAK/KE HX JaTHPOBKe. U TeopeTH-
YeCKOE PACCUHTAHHOE, H JKCIEPHMEHTATbHO YCTAHOB-
neHHoe oTHomeHue Th/U B 3eMHOI KOpe Ha CEroJHAM-
HHIf IeHb VKIapBaeTed B Axama3oH 3—4 [50]. ¢ BecrMa
IIHPOKAM JHAIAa30HOM B TOPHBIX NOPOJAX Pa3HOIO CO-
crapa. OnHAKO B BoJax THApPoc(epsl B NOJABIAIOIIEM
GOTBIIMHCTBE 3KCTIEPHMEHTATRHEIX HccleaoBarmi [50,
51] 3maueHHe MHOTO MeHbIe eauHmIE! (Th/U=10"-107),
OJIHAKO BCTPEYANOTCA B HCKIIOYHTEIBHBIX CIIYYAAX BOJBI
¢ Th/U Beime exunumE! # Gonee. BenndnHa 3T0r0 MOKa-
3aTelld U1 OKEAaHHUECKHX BOJ, 0714 KOTOPEIX COCTABIA-
eT 98 % Boz ruapoceprL, B cpeaHeM paeHa 0,0036 [49-
51]. Jing xpymHefimero mo 3amacaM IPECHO BOJEL 03epa
baiikan maHHad BelHYHHA B cpemHeM cocraBmer 0,007
[49].

B HccIeI0BaHHEIX BOAHEX 00bekTax Th/U cocTaBHIo0:
11q pyuses 0.0011, 1719 BOJ0EMOB IOUTH B TPH Pa3a BEI-
me — 0.0028. 210 MoKHO 00BACHHTL 3aMeIICHHBEIM BO-
JI000MEHOM B BOJIOEMAX, T/Ie CO3MAKTCA OIaronpHATHEE
YCIIOBHA 714 TIePeX0/1a TOpHA B KOTIOHTHOE COCTOAHIE,
71100, HANpOTHB, 00Jee aKTHBHOE OCAKJICHHE ypaHa CO
BTOPHYHBIMH MHHEpaTaMH, T0CTHTHYBIIHMH HACHIICHHA
B COJIOHOBATOH BOJIE 03¢p H BRINATAIINMH B 0CaloK. B
Boze BogoeMoB Th/U BrIIIe IIOYTH HA MIOPAIOK, BEPOATHO,

DOpMBl MUrPaLMK ypaHa Bes y4eTa ryMUHOBbLIX BELLECTE

801 Migration forms of uranium without humic substances
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3a cueT 0orlee MEIeHHOTO BOJOOOMEHA H 00OraleHHd
BOJIBL TOPHEM B TIPOLECCE BBIMIEIAYHBAHHA H3 TOPHBIX
TIOPOJL.

Jpyroii 3amaueil paGoTsl OBLT pacueT IOMHHHDYIO-
mux (OpM MHTPalHH NPHPOIHBIX PAIHOHYKTHIOB B
pacTBopeHHOH (opMe. ITocKOIBKY NpHMEHEHHE 3JKCIIe-
PHMEHTATBHBIX METOJIOB BEIIEIEHHA (JOPM MHTPALHH Ha
CETOHAIIHMI JIeHb 3aTPYHHUTENBHO A TeX KOIHYECTB
PaIHOHYKIHIOB, KOTOPHIE NPHCYTCTBYEIOT B IIPHPOMHBIX
BOJIAX. VCIEIIHO IPHMEHATCA PacueTHBIE METOIBl Ha
OCHOBE H3BECTHBIX TEPMOIHHAMHYECKHX KOHCTAHT, IIPO-
H3BEJICHHH PaCTBOPHMOCTH OTIETBHEIX KOMIIOHEHTOB H
HATHYHA KOMIUIEKCOOOPas3yIOIUX BemecTs. Ilo TepMo-
JFHAMHYECKHM pacyeTaM, peodnatarmei GpopMoi Mu-
TpaliHd ypaHa B BOJAX JAHHOTO COCTAaBA, B JHAIla30HE
JKCTIEpHMEHTaTbHEIX 3HaueHni pH u Eh, 6yayt ypanun-
KapGoHaTHBIe KoMmmuTekcel (LNLL, OECD-NEA). 11
TOPHA pacyueThl I0KA3BIBAIOT HAHG0Iee BEPOATHYEO (op-
My €ro HaXOIeHHA IpH mocTpoeHnH pH-Eh amarpamm
ThO,cr, Topmanut (LNLL. JNC-TDB). OpHako 3To
VIBEPAIECHHE OYJeT CIpaBeIHBO 1A PacTBOPEHHBIX
(opM HaxOKIEHHA IIPH OTCYTCTBHH KOMILIEKCO00pa3o-
Batenell. Hamnume B BOJE KOMILIEKCOOOpAa3oBaTenei,
PACTBOPEHHBIX OpTaHHYECKHX BEINECTB H KOIOHIOB
Pa3THYHOH pa3MepHOCTH HCKAKaeT HIeaNbHYI0 KapTHHY.
TIONTYYaeMYH0 TIPH IIPHMEHEHHH TAaKHX PAcueToB H MOJe-
JHPOBAHHA IO CYINECTBYOIIHM KOHCTAHTAM PABHOBECHL.
Jlaxe Oomee JAETaTBbHEIN pacueT C YYETOM COJEPAKAHHA
OCHOBHEIX HOHOB BOJBI H OPTaHHYECKHX BEIIECTB, NPH-
BEJICHHBIH Ha pHC. 4. 5. KOTODBIH JEMOHCTPHPYET BO3-
MOXHOCTH MHTPALHH ypaHAa B BHJE YpaHIIKapGOHaTa
KalblHA, a Takke 000HX 3NEMEHTOB B BHIE (YIBBO- H
TYMAaTHBIX KOMILUIEKCOB, HE YUHTHIBAST B IOTHOH Mepe
TEOXHMHUECKOr0 OO/IHKA BCEX BOJHBIX CHCTEM.

DOPMEI MUIPALMKM YPAHA C YHETOM MYMHUHOBLIX BELLECTB
Migration forms of uranium taking into account humic substances

% OT BanoBOro
% of total

4 I py-ou[ | osepa
6/b

Puc. 4. PopMmbl Muspayuu ypasa € pyuvax u ozepax CHII: a) Ge3 yuema & Modelu KOMNIEKCOOOPA3VIOUUX GEUlecms;
0) ¢ yuemomM eIuAHUA SVMUHOEEIX eelyecme. TIpuvedanue 014 puc. 4, 5: HAI, FAI coomeemcmeyiom KapooKciilb-
HBIM MUNAM COEOUHEHUA € 2VMUHOBLIMU KUCIoMaMu 1 @yiveoxuciomamuy, HA2, FA2 — enonvHbiv QYHKYLUOHATL-
HBIM 2PVINAM C8A3U MEMATLT-TUAHO O 3IMUX COeOUHEHUTl

Fig. 4. Migration forms of uranium in riverstreams and lakes of STS: a) without taking into account humic substances in
modelling; b) taking info account humic substances. Note for Fig. 4, 5: HAI, FAI correspond to carboxyl types of
compounds with humic acids and fulvic acids, HAZ2, FA2? — phenolic functional groups of metal-ligand bonds for

these compounds
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PaccunTassl (opMEI MHTPAllHH ypaHa (pHC. 4) H To-
pua (pHC. 5) B IPHPOIHEIX BOJAX C IOMOIIBK) TIPOIPaM-
Mel Minteq Visual 3.1. ba3a JaHHEIX 3TOTO IIPOTPaMMHO-
TO KOMILTEKCA PETY/IAPHO JONOTHATCA H 00HOBILIIOTCA.
IToCcKOTBKY COCTAB BOJIOEMOB H BOJOTOKOB CYIIECTBEHHO
OTIHYancd, OBIIO PEMIEH0 PacCMOTPETh HX 10 OTAETBHO-
CTH. BEIeneHsl (JOPMEI HaXOXIEHHA TOPHA H YpaHa C
yueToM H 0e3 yueTa T'YMHHOBBIX BELIECTB /1A TOr0, 4T0-
Obl ObLTa BO3MOXHOCTb CPABHHTB, HACKOIBKO MOXKET H3-
MEHATBCA KapTHHA B NPHCYTCTBHH KOMIUIEKCOOOpasyo-
IHX BeIecTB. B Mozenb OBUTH 3a70KEHBI BCE KOMIO-
HEHTHL, [IEPEeUnC/IeHHbIe B Ta0l. 1. OTAENbHO MOJEIHpOo-
BATHCH (POPMEI MHTPAITHH C YIETOM TYMHHOBEIX BEIECTR
H 0e3 HHX.

IIporpaMMHELH KOMIUIEKC Takke I03BOAET PacCui-
TaTh HHJEKCHl HACHIIEHHA 10 OCHOBHBIM ITOpoz000pa-
3YIOMEM MHHEpalaM H CIEIH(QHYHEIM B 3TOM HCCIEI0-
BAHHH MHHepalTaM ypaHa H TOpHA. OTH JaHHBIE MOIYT
OBITH HCIIONTB30BAHEl 1A HHTEPIPETALMH JAHHBIX IIPH
H3YUYEHHH IIPOLIECCOB OCAKICHHA PafHOAKTHBHBIX 3le-
MEHTOB € TEMH HITH HHBIMH (pa3aMH.

®opmbl MUrpaLMn Topus Ge3 yyeTa ryMUHOBbIX BELLECTB
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IIpu pacuere opM MHIPAIHH ypaHa OBLI0 YCTAHOBIEHO,
UTO YPaHIITKapOOHAT KaTeIHd OyIeT peotnaaTh, BHE 3aBH-
CHMOCTH OT COCTaBa BOJEI H YYeTa ['YMHHOBBIX BEIIECTB.
TTpeoGnaaHne MMEHHO TAKOI (POPMBI MHTPAllHH B TIPHPOT-
HEIX BOJAX OBUIO SKCIEPHMEHTATBHO IONTBEPAIICHO H He-
PaspyIIAOIEM METOOM PEHITEHOBCKOH  CIIEKTPOCKOIHH
TIOITIOMIEHN paHee B padote . bepHapa ¢ coaTopan [52].

ITpy 100aBIeHHH B MOJETH T'YMHHOBBIX BEINECTB J0-
MHHAHTHaA (popMa MHTPALHH OCTaeTcs HeM3MeHHOH. Of-
HAaKO JUI1 MATOMHHEPaTH30BAHHEIX BOJ PYULEB MOABIACT-
C CYIIECTBEHHAA 10714 MHTPAlHOHHON (DOpMEI YpaHa,
CBA3AHHOM ¢ (PEHOIBHEIME (PYHKIIHOHATEHEIMH IPYIIIaMH
TYMHHOBEIX KHCJIOT. TIpH 3TOM. COITIACHO pacyeTaM. Cpean
OpraHHYecKHX (POPM 11 PYUbEB CYIIECTBEHHYIO PO O-
IyT HIPaTh TyMATHEIE KOMIUIEKCEI (70 30 % 0T CyMMEI
(popM MHIpaI), a B BoJ0eMax — (hyIbBaTHEIE. B menoM
TI0 Pe3y7IbTaTaM MOJEIHPOBAHHA BHIHO. UTO POIb I'yMH-
HOBBIX BEINECTB B BOJOEMAX HIDKE, UEM B BOZAX PYULEB.
3T0 MOKET OBITH CBA3aHO C TEM. UTO B BOJAX C 0Iee BEI-
COKOH HOHHOH CHIOH VCTOHUMBOCTE HEOPTAHHUYECKHX
KOMIITIEKCOB BEIIIIE.

DOpMEl MAMPELIMK TOPUA © YYETOM MNYMUHOBLIX BEWECTS
Migration forms of thorium taking into account humic substances
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Pue. 5. Copaist MUspayuy mopua & pyusax u ozepax CHII: a) 0e3 yuema e MoOelu ZYMUHOBLIX ealfecng; 0) ¢ yuemom elua-

HUA SVMUHOBLIX eljecme

Fig. 5. Migration forms of thorium in riverstreams and lakes of STS: a) without faking into account humic substances in

modelling; b) taking into account humic substances

ITpu 10GaBICHHH B MOJETBHYI0 CHCTEMY ATA pacue-
TOB TYMHHOBEIX BEIIECTB 714 TOPHA KapTHHA pacrpese-
TeHHA er0 (OopM MHIPAllHH CYIIECTBEHHO MeHAeTcA. Tak,
BECh TOpHil CBA3GIBAETCA (DEHONBHBIMH (DYHKIHOHATH-
HEIMH TpynmaMH (yTbBOKHCIOT. JIHIIE HeGombInas ero
9acTh B3aHMOACHCTBYET C aHATOTHUHBIMH TPYTIIAMH Y-
MHHOBEIX KHCIOT. BEIBeAeHHE TOpHA C KOTIOHAAMH H
B3BECAMH TaKAE MOKET ObITh CIEACTBHEM €TI0 BEIBEIE-
HHA C acCOLHATaMH BBICOKOMOTEKYIAPHEIX OpraHHUe-
CKHX BEINECTB THOO C OpPraHOMHHEPATbHEIMH KOTI0HIa-
MH, T OJHHM H3 KOMIIOHSHTOB ABIAIOTCA (hyIBBOKHC-
T0TEL ITOCKOIBKY B IPHPOIHEIX BOJAX MPAKTHUSCKH BCe-
I7a IPHCYTCTBYIOT OpraHHYECKHE BEIIECTBA [YMHHOBOH
TIIPHPOJEL, TPH JeTaTbHOM PacCMOTPEHHH OCOOSHHOCTEH
MHTPAllHH TOpHA, ¢ OZHOH CTOPOHEL MOXKHO OBLTO OFI
IpeHe0peus ero HeOpraHHYeCKHMH KoMIUiekcamu. Of-

HAKO He0oOXOJHMO YUHTEIBATH OTPAHHUYEHHOCTH MOJETH
TONBKO JKene30M. JIaHHBIH 371eMeHT ObLT BKIIOUEH B MO-
JIelb KaK IeMeHT. HMEHOMIHI caMble BEICOKHE KOHCTAH-
THI YCTOHYHBOCTH Cpeld GONBIIHHCTBA H3YUESHHBIX Me-
Ta/w10B. OHAKO B IPHCYTCTBHH 3IEMEHTOB, HMEKOIIHX
0071ee BBICOKHE HIIH CONOCTABHMBIE KOHCTAHTH] YCTOHYH-
BOCTH C (pyI6BO- H TYMHHOBBIMH KHCIOTaMH 14 TOPHA,
HanpuMep MelH, KoOalbTa H Jp.. BCA JOCTYIHAA 1A
KOMIITEKCO00pa30BaHUA OpraHHYeckad COCTaBIAROIIAL
OyZeT pacXozoBarhes. [ B TaKOM ClIyuae MHTpaIHi TO-
PHA, PaBHO KaK H ypaHa, OyZIeT OIpeeiTbca HeopraHu-
YeCKHMH KOMILTEKCAMH, KOTOpBIE H OBLTH PacCMOTPEHEI
B padoTe.

Ommpadch Ha CyAIeHHA aBTOpOB [36 H Jp.]. MBI BH-
JeMUId TPajJalHi0 110 HHAEKCY HachlmeHud 0=SI[>-0.3
KaK PaBHOBECHYIO THOO0 OMH3KYIO K PaBHOBECHIO. TakuM
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00pa3oM, IIpecHbIe THAPOKApOOHATHbIE HEHTPAIBHbIE BO-
OBl PYYBEB IUIOMAAKH «JlereneH» M0 BelHudHe SI
(Tada. 3) OBLTH HACHIIEHE] TOTBKO OTHOCHTETBEO KBApLa
1 O7TH3KH K HACHIIEHHIO KaTbIHTOM (PABHOBECHE).

Taéauya 3. Hroexcw! Hacwilyenua (SI) OCHOBHBIX MUHEDA-
106 6 600HbIX 00vexmax CHIT

Table 3.  Saturation indexes (SI) for main mineral phases
in water bodies of STS
PyupH ; .
OCHOBHBIE MHHEPATIBL, Waterstreams Osepa/Lakes
JOCTHTIIHE Topuasnt/ Thorianite (4.9)
HACBIISHHS Kaomurnt/ Kaolmite (3.3)
Main minerals at Ksapu TIozomut/Dolomite (1,9)
saturation point and Quartz (0,4) | Aparomnut/Aragonite (0,75)
above (SI=0) Kansimr Kamsnut/Caleite (0,89)
10O OIH3KHE K pas- Calcite Ksapu/Quartz (0,04)
HOB2CHH (—0.08) I'uanc/Gypsum (—=0.27)
or near equilibrium MHHepaTel IPYIIIEL Keles3a
(0.3=81=-0.3) H Ip.
iron minerals efc.

BoEl BOZ0EMOB, COCTAB KOTOPHIX HCIOTE30BATCA A4
pacueToR B MOAETH, OYIyT HACHIMIEHH O KapGOHATaM
KaTbllHd H MarHHA, MHHEpataM TpyNIEl kel1e3a H OT-
JeTBHEIM ATIOMOCHTHKATaM. [0 OTHOIICHHIO K THICY H
KBApIy BOJBI MOKHO CUHMTATh PAaBHOBECHEIMH. DopMH-
POBAaHHE TOPHAHHTA, HECMOTPA Ha BEICOKHIl HHIEKC
HACBIIIEHHA, OCTAeTCA JHCKYCCHOHHBIM BBHAY KpaiiHe
MaIoro €ro KomuecTBa. BO3MOKHO, HATHUHE APYTHX
aKIeccopHEIX (a3 GyleT HHHIMHPOBATh Pa3BHTHE €T0
HECTEXHOMETPHUECKHX COSTHHEHHUI.

TaxuM 0Gpa3oM. NIPH BEICAKHBAHHH IEPEUHCIEHHBIX
BTOPHUHBIX MHHEPATOB 11 BOZOSMOB GyAET OUEBHICH
Go7ee aKTHBHEII BEIHOC €CTECTBEHHBIX PaIHOHYKTHIOB
TIPH HX COOCAKICHHH H COPOIHH Ha JaHHEIX (hazax.

3aknr4eHne

[TomyueHHEIE Pe3yIBTATEL B COBOKYIIHOCTH MO3BOJIIOT
Go11ee 0OLEKTHBHO B3ITIAHYTEL Ha 0COOEHHOCTH IIepeHOCa B
BOJHOH Cpefie MPHPOIHEIX PAJHOAKTHBHEIX 37IEMEHTOB H
0003HAYNTE MIPOLIECCEHL, KOTOPEIE B 3HAUHTENBHOM CTECHH
ero ompeaetaT. Cyae(aT-HOH B BoJaX PYUbEB ABIACTCA
HHIHKATOPOM HHTEHCHBHOCTH BOJOOOMEHa H CKOPOCTH

CTMUCOK NIUTEPATYPbI

1. Medved L, Cemy R. Modeling of radionuclide transport in porous
media: a review of recent studies // Journal of Nuclear Materials. —
2019.-V. 526. - 151765.

Regional geochemical survey of concealed sandstone-type

uranium deposits using fine-grained soil and groundwater in the

Erlian basin, north-east China / B. Zhang, X. Wang, J. Zhou, Z.

Han, Q.Liu, W. Wang, R. Li, B. Zhang, B. Dou // Journal of

Geochemical Exploration. — 2020. — V. 216. — 106573. URL:

https://doi.org/10.1016/].gexplo.2020.106573 (mata oOpamenna

15.09.2020).

3. Uranium in the environment. Mining impact and consequences /
Eds. B. Merkel, A. Hasche-Berger. — Berlin; Heidelberg: Springer-
Verlag, 2006. — 896 p.

4. Uranium agqueous speciation in the vicinity of the former uranium
mining sites using the diffusive gradients in thin films and
ultrafiltration techniques / I. Drozdzak, M. Leermakers, Y. Gao,
M. Elskens, V. Phrommavanh, M. Descostes // Analytica Chimica
Acta. — 2016. — V. 913, — P. 94-103. URL: https://dot.org/
10.1016/j.aca.2016.01.052 (nara odpamerns 15.09.2020).

[ =]

16
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POBaHHA THAPOTEOXHMHYECKHX H THAPOTEPMAIbHEIX NPOIeccoB IHCTHTYTAa TeOXHMHH H aHATHTHISCKOH XHMHH HM.
B.11. Bepraackoro PoccHiicKoH akaZeMHH HayK.

Puxeanoe JIIL|, TOKTOpP re0lIoro-MHHEPATOTHYECKHX HayK, Ipodeccop, mpodeccop OTAeTeHHA reolorHH THxKeHep-
HOH IIKOTBI IPHPOTHEIX pecypcoB HallHOHATRHOTO HCCTeI0BaTENbCKOr0 TOMCKOTO MOTHTEXHAYIECKOTO YHHBEPCHTETA.
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The relevance of the study is caused by the necessity to take into account the diversity of the migration forms of radionuclides under
geochemical conditions changes, as well as prognosis of the radioecological status of hydroecosystems. On the termitory of the
Semipalatinsk Test Site, the migration of natural radionuclides in water systems is poorly investigated, the calculation of the migration
forms of uranium and thorium with a change in geochemical conditions will be informative for understanding the migration of a wide range
of fransuranium radionuclides.

The aim of the research is to determine the forms of migration of uranium and thorium in natural waters depending on the particle size and,
taking into account a wide range of components, to calculate the forms of their migration in waterstreams and lakes.

Objects: water of streams of the Degelen mountain massif, water of lakes of experimental sites of the Semipalatinsk Test Site, model
hydrogeochemical systems.

Methods. Speciation of natural radionuclides were investigated in situ using the method of cascade fractionation. The pH and Eh of the
waters were determined by potentiometry, total dissolved solids was determined by conductometry. The main water ions and some
elements were determined by titimetric (HCOs, COs*, CF, Ca®, Mg®), optical emission spectrometry (Na, K, Ca, Mg, Fe, Si), and ion
chromatography (CF, SO+-). The content of dissolved organic substances was determined by the permanganate and dichromate oxidation,
the method of catalytic combustion, and the intensity of the UV signal The content of U and Th was determined by mass spectrometry.
Results. The features of U and Th transfer in different water bodies of Semipalatinsk Test Site are determined The processes that control
them are indicated. It was found that the sulfate ion in waterstreams is an indicator of water exchange intensity and the rate of oxidation of
sulfide minerals, which determine the release of uranium significant concentrations into the solution. Uranium is associated with organic
and organomineral complexes and is subjected to transformation of migration forms in the event of changes in the geochemical conditions
of the environment. Thorium is more characterized by colloidal transport than uranium. Suspended components of natural waters dominate
among migration forms of these elements. The Th/U ratio in dissolved form is rather stable compared to colloidal and suspended forms.
For waters with various hydrodynamic regimes, there is a difference in the severity of the influence of the terrigenous component

Key words:
Uranium, thorium, colloids, modeling, geochemical conditions, migration, calcium uranyl carbonate, radionuclides, minerals.
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