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AKIECCOPHBIE MUHEPAJIBI BTPAHUTONJAX KAK NHCTOYHHUK
TOKCHUYHbBIX 2JIEMEHTOB

HpI/I IIOMOIIM KOMILJICKCa BHeKTpOHHOﬁ MHKPOCKOIIMN Pa3JIMYHOI0 paspCuiCHUd U CUCTEM
MUKpOaHajn3a IIpru KOHTPOJEC 06]].[61"0 XHUMHYCCKOro cocraBa 06pa3ua HCCJICI0BaHbI (l)OpMH Ha-
XOXKACHUA TOKCHUYHBIX 3JIEMCHTOB B I'PaHUTOMAAX OAHOI'O M3 PETUOHOB Poccun. B pe3yiabTaTe
YCTaHOBJICHBI yCTOfI‘IPIBI;Ie n HeyCTOﬁ‘IHBLIe (bOpMLI HaXO0XKACHUA TOKCUYHBIX 3JICMCHTOB.

HOKa3aHO, YTO BTOPUYHBIC TUAPOTEPMAJILHBIC (bOpMLI KOHOCHTpAaIU TOKCUYHBIX 2JIEMECH-
TOB MOT'YT IPEACTABJIATH coboit 9KOJIOTHYECKYIO OIMMaCHOCTD. HPEI[J'IOX(eHa JABYXIHKJIIOBasg CXx€Ma
T€O3KOJIOIr'MYCCKOI'0 MOHUTOPHUHTA, IpeayCMaTprBaromas 0T60p Hp06 B JTOHHBIX OTJIOXKCHUAX U

TEKy4UX BOJIaX PEYHBIX OacceifHOB.

Knrwueevle cnosa: TOkCUIHbBIC OJICMCHTBI, aKIIECCOPHBIC MHUHCPAJIbl, TPAHUTON/IBI.

MINERAL FORMS OF THE FINDING OF TOXIC ELEMENTS
IN GRANITOIDS

Having used electron microscopy permits and microanalysis systems for monitoring the
general chemical composition of the sample researched forms of occurrence of toxic elements in
the granitoids one of regions. As a result, studies have established stable and unstable forms of

occurrence of toxic elements.

Concluded that secondary hydrothermal forms of concentration of toxic elements may con-
stitute an environmental hazard. Two cycle scheme proposed geoecological monitoring, provid-
ing samples of sediment and flowing waters of the river basins.

Key words: toxic elements, accessory minerals, granite.

UccnegoBan oIMH W3 MEPCIEKTUBHBIX B
IMPOMBIINIJICHHOM OTHOWICHHMU W AJWHAMHW4YHO
pa3BHBAIOIINXCS PErHOHOB Poccum, xapaxre-
pU3YIOIIUNCSA CIIeNU(DUIECKUMH  T€0IKOJIOTH-
YCCKMMU YCIIOBUSAMHU H p33H006pa3HI>IMI/I BO-
JTOHOCHBIMH cucTeMaMu. OHH (OPMUPOBATUCEH
B pa3HOOOpa3HBIX Maneoreorpaduyeckux o00-
CTaHOBKax B YCJIOBHAX HCEOTCKTOHUYCCKUX
IIPOLIECCOB, BBICOKOM CEHCMHYHOCTH, KpHOre-

HE3a U XapaKTEePU3YIOTCS HEOTHOPOIHOCTHIO
BOJIOBMEIIAOIEH CpeJIbl, JIOKATbHBIM Pacipo-
CTpaHEHHEM ITOA3EMHBIX BOJ M CIIO)KHBIMU CBSI-
35IMU C IIOBEPXHOCTHBIMU BogamH [6].

Pexu oOmel mnpoTsHKEHHOCTBIO —Oosee
500 000 kM 1 o6uMM cTOKOM Goee 350 KM® B
TOJl SIBJISIFOTCSl BQYKHEWUIITUM areHTOM, OIpe[e-
JISFOIIUM TEOXUMHUYECKOE COCTOSIHHE MPHPOI-
HOHN cpenbl pervoHa. l'maporeosiornueckue u
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THJIPOJIOTHYECKUE YCIOBUSL COYETAITCs ¢ 00-
rarefmumMu Ouopecypcamu, co3aaBast CJI0XKHbIE
u cnabon3ydeHHbIe OMOKOCHBIE CHCTEMBI.
IToutn Bcst uccnemyemasl TEPPUTOPUS 3aHsTa
3eMJISIMH, JIQIOIIMMHU OHOJIOTHYECKYIO MPOIYK-
IIUIO: Pa3HOOOpa3Hble Jieca, JIEKApCTBEHHBIE,
NUIIEBbIE U MENOHOCHBIE pacTeHHs. K oxoT-
HUYBUM YTroJbsiM oTHeceHbl 6oiee 90 % Tep-
putopun. B pekax u o3epax oOuTaer CBbIIIE
100 Bu0B pbHIO, B TOM YHUCIIE OCETPOBBIE U JIO-
coceBble. BHOKOCHBIE CHCTEMBI pernoHa TeCHO
CBSI3aHBl C AKBATOPUEH M KUBOTHBIM MHPOM
MIPWIETAIOIIUX MOPEH.

Bnusinue reonoruueckoi cpeibl Ha CIOXK-
HBIM paCTUTEIbHBIA U KUBOTHBIA MUpP — TIJaB-
Hasi TeOodKOoIoruyeckas mpolieMa perumoHa.
Baxxneiiimme acmekTbl 3TOW MpoOJIeMBI  clie-
AyHoIIue:

* (hopMHpOBaHNE MOBEPXHOCTHBIX U MOJ-
3eMHBIX BOJl B KpaiiHe HEOAHOPOJIHBIX T'OPHO-
MOPOJHBIX TeNax, JOKAIbHO O0OraleHHbIX
TOKCHYHBIMHM 3jieMeHTamMu (T3);

* 00bEJMHEHUE Pa3INYHBIX THUIPOreoso-
TMYECKHX CHCTEM ITOBEPXHOCTHBIMHU BOJHBIMU
MIOTOKAMHU M Pa3pbIBHBIMHM HapyLICHUSMH, BIle-
Kylllee HM3MEHYHBOCTb OPEOJIOB HPUPOAHOTO
3arpsi3HEHUs BOJ;

* TEXHOI'€HHOE 3arpsi3HEHHE MOA3EMHBIX U
Ha3eMHBIX BOJ, B TOM YHCJE CO CTOPOHBI IO-
IPaHUYHBIX FOCYIApCTB [6].

JucbanaHc B cofepKaHUU MUKPO3JIEMEH-
TOB y JieTell U Apyrue 3KOJIOTHYecKu 00yCIIOB-
JIeHHbIe 3a00JI€BaHUsI B PETHOHE CBSI3BIBAIOTCS
C 3arpsi3HEHHEM BOJI U JIOHHBIX OTJIOKEHUH ped-
HBIX 0acceliHOB TOKCHYHBIMH dJIEMEHTaMH [5].

B cBs3u ¢ 3THM, BecbMa aKTyaJlbHBIM $IB-
nsieTcsl yriryOJeHHOe M3Yy4YeHHE 3aKOHOMEPHO-
creil (pOpMHUpPOBAHMS HPUPOAHBIX U AHTPOIIO-
TEHHBIX OpPEeOJIOB pacnpocTtpaHenus TO Ha oc-
HOBE OIpEIENICHUs] MHUHEpPAIbHBIX (GopM HX
HaXOKIECHUS B TOPHBIX MTOPOJIAX.

I'maporeoxummnyeckasi curyanus. Bax-
HeHmuMHu (aKTOpaMu aHTPOIOT€HHOTO BIIUS-
HUS Ha 3JIEMEHTHBIM COCTaB ITOBEPXHOCTHBIX
BOJl M JTOHHBIX OTJIOKCHMH SIBIISIOTCS: 3PO3USA
MOYB M KOpP BBIBETPMBAHHS B BOAOCOOPHBIX
OacceitHax  (mMOpomooOpasyromue 3JIeMEHTHI
Na, Al, Si; “HIUKATOPHI THIIOB MOPOJ U MOYB
Mn, Fe, Sc, Th, U u ap.), OnonpoayKTUBHOCTb
BOJIHOW 3KOCHCTEMBI PErOHa M OMOTeHHas ce-

mumenTarnus (C, N, P, S) u TexHoreHHoe 3a-
IpsA3HEHUE NPUPOTHBIX CPENl 3a CUET MECTHBIX
ucrounnkoB (As, Bi, U, Th, F, Hg, Pb, Ag, Cd
U 11p.). 3a mocenaHee necaTHiIeTue 3aQuKCHpo-
BaHO YXY/IIEHHE KauecTBa BOAbI B PEKax H
o3epax peruona [8, 9].

VccnenoBaHHBIM PErHOH SBISETCS KPYII-
HEHIIUM MHHEPaIbHO-CBIPHEBBIM  PETHOHOM
Poccuiickoit @enepaunu. Pecypcel mose3HbIX
HCKomaeMbIx oneHuBarorcs B 700 mupp mosna-
pOB. 371€Ch COCPenOTOYEHBl MHOI'OYHCIIEHHBIE,
B TOM YHUCII€ KPYIHbIE U YHUKAJIbHbIE MECTO-
POXIEHUs TOJNe3HbIX McKomnaeMbix [7]. UHte-
pechl T0OBIYM MOJIE3HBIX UCKOMAEMBIX BXOJAT B
IIPOTUBOpPEYHE C HKOJOTHMYEcKol Oe30macHo-
ctbio. Tak, Ha TeppUTOPUM PErvOHa PacIoJIo-
&KeHa 0co00 oxpaHsemasi IPUPOIHAs TEPPUTO-
pHsl — HAMOHAIBHBIA MapK IUIOLIA/bI0 Oonee
500 teic. ra. B 2011 r. ropHo-pynHas kKommna-
Hus «llonumeramn» npuobpena JIULEH3UIO Ha
pa3Be/IKy U J0OBIYY CHIPhSl HA MECTOPOXKICHUU
B 3TOM paiione [1]. OpyneHeHue cocpenoToye-
HO BOJIM3U THEBHOH NMOBEPXHOCTH U 3allJIaHU-
poBaHHas pa3pabOTKa OKHCIEHHONW MUHEpaIu-
30BaHHOW IOPHOM MacChl HEMUHYEMO M3MEHHUT
THJIPOr€OXMMUYECKYI0 CHUTYallul0 B paiioHe
3aroBeHUKA. B n3ydaeMoM pernoHe U3BECTHBI
YpaHOBbIE MECTOPOXKJICHHUS B TI'PAaHUTOMIAX U
BMEINAIONIUX TOJIIAX KPUCTAJUIMYECKUX Mac-
cuBoB [3,7]. B cBa3m ¢ 3THM HeoOXoamma
OLICHKa ECTECTBEHHOTO 3arps3HEHUs BOJX U
M30JIHS OT OHOoc(ephl TEXHOT€HHBIX MPOIYK-
TOB JI0OBIYU PaJJMOAKTUBHOTO CHIPHSI.

Bmecre ¢ Tem, MecTOpoXKAeHUs, Kak Ipa-
BUJIO, TIPEJCTABISIOT COOOM JOCTATOYHO JIO-
KaJbHbIe OOBEKTHI: FOPA3/l0 LIMPE PacIpoCcTpa-
HEHbI PYIOHOCHBIE TIOPO/IbI — IPAaHUTOU/IBI Pa3-
JUYHBIX UHTPY3UBHBIX KOMIUIEKCOB. [IprunHoit
MOSBJICHUS B TEOXMMHMYECKMX HKOCHUCTEMax
TaKUX XUMHYECKHUX AJIEMEHTOB, KaK MBIIIbSIK,
BUCMYT, ypaH, TOpUH, CypbMa M T.I., MOXET
CTaTh BBIBETPUBAHUE U TEXHOTEHHOE pa3pylle-
HUE PYJOHOCHBIX TPAaHUTOB M COINPSKEHHBIX C
HUMH KOp BbIBeTpuBaHus (tabm.l) [2,4].
Hmeromuecst naHHBIE MO3BOJISIOT BBIJCIUTH
TPYIIY PENKHUX 3JIEMEHTOB, COJEPXKAIIUXCS B
IpaHUTaX B KOJUYECTBE BBIIIE KIAPKOBOTO
(Ta671.2). BONBIIMHCTBO U3 HHUX: MBIIIbLSK, BUC-
MYT, CypbMa, (Top, Meb, €31, CBUHEI, TO-
puil, ypaH — SIBJIISIFOTCSI TOKCUYHBIMU. [IoBbIIIE-
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HBI TaK)K€ KOHIICHTPAIINH CHIECPOPUITBHBIX dJIe-
MEHTOB: BaHaJMs, XpOMa, KOOAJIbTa, HUKEJIS.

Tabauya 1

Copep:kaHue NPUMECHBIX 3J1eMEHTOB
B I'PAaHATOMIAX PErHOHA, ppm

KommoneHt 1 2 3 4
Li 80 227,5 170,0 40,0
Be 1 0.4 2,5 0,9
P 440 60,0 73,3 3533
\ 9 0,2 0,2 8,3
Cr 80 38,8 63,3 76,7
Co 0,3 0,1 0,1 0,2
Ni 9 5,8 7,0 20,7
Cu 7 0,1 0,1 53,7
Zn 40 5,0 35,0 113,3
As 10 9,3 13,3 35,0
Sr 42 5,0 5,0 62,0
Y 9,6 2,5 4.5 10,8
Zr 25 7,6 25,3 25,3
Nb 2,7 0,7 2,3 2,7
Sb 1,2 2,1 0,9 1,8
2REE 48,2 12,2 15,5 65,4
Ta 0,2 0,1 0,1 0,2
Pb 10 5,0 5,0 8,3
Bi 2 6,5 18,3 2,7
Th 0,5 0,0 0,0 0,6
U 0,3 0,1 0,1 0,3

|
Ilpumeuanue. 1 — KPyITHO3EPHUCTBIH OMOTHTOBBIN

IPaHUT; 2 — peIKOMETaIbHbIA LIMHHBAJILIUTOBBINA IPaHUT,
3 — oHroHuT; 3 — CyOBYJIKAHUUYECKHI IPaHUT-NOPOUD.

Munepajbl-koHUueHTpaTopsl TJ. Kak
MPAaBWJIO, HOCUTEISIMU TOKCHYHBIX DJIEMEHTOB
SIBJIAIOTCS aKIIECCOpHBIE MUHEpasbl. DakTrue-
ckue (popMbl HAXOKICHHSI TOKCHYHBIX JIEMEH-
TOB /IO HACTOSIIEI0 BPEMEHU HE YCTAHOBJICHBI.
Jis permenust mpoOieMbl ObUTH HCCIIETOBAHBI
(hopMBI HAXOXKJIEHUSI TOKCUYHBIX DJIIEMEHTOB B
TPaHUTOMJAX PETHOHA Ha MpUMeEpe TPaHUTOB
OJJHOTr'0 U3 KPYIHEHUIINX PYAHBIX PaliOHOB.

MuHepanoruyeckoe HM3y4€HHE aKIeccop-
HBIX MHHEPAJIOB MPOBOAWIOCH Ha PACTPOBOM
AJEKTpOHHOM MHuKpockorne JSM-6460 (Jeol,
SnoHus) ¢ TOTYNPOBOJHUKOBBIM JETEKTOPOM
INCA Energy (Oxford, Aarmms) B otaene aHa-
nutndeckux uccnepoBanuii LIKII yHusepcure-
Ta. VICTOYHMKOM MOBBIIIEHHBIX KOHILIEHTPALHUi
Th, U, REE sBist0oTCS IUPKOH, aJUTaHUT, MOHA-
muT, KceHoTuM. CojepKaHue BBIIICTIEPEUHC-
JieHHBIX TO B IMPKOHAX MEHSETCS B PA3IUYHBIX
BUJaX TPaHUTOB: B OMOTUTOBBIX 10 1,3 % UO,,
B PEIKOMETAIbHBIX [TUHHBAJIBAUTOBBIX A0 4,5 %
HfO,, 1o 1,9 % UO,, no 1,1 % ThO,. B amnann-
Tax coxepxanue Y,0; nmocruraer 15,6 %, XREE
— 11,1 %, Th o 7,02 %, npudyem B OMOTUTOBBIX
rpaHuTax HaOJIFOMAeTCsl CHIDKEHHE COIep KaHUi
Th u noseimenne conepxanuii Ce, La or 1en-
Tpa K Kparo 3epeH; B IMHHBAJIBAUTOBBIX TPaHU-
Tax aJUIAaHUT COJIEPKUT TSDKEJIbIe PeIKUE 3EMIIH.

Tabruya 2
OTHOIIEHHEe KOHIEHTPALMHU K KJIapKaM PeIKUX 3J1eMeHTOB B TPAHUTOMIAX PerHoHa
Io nanubIM Tabu1. 1 o nanubM [2, 4]
KomnoneHT

1 2 3 4 la 3a 4a Sa 6a 7a 8a 9a 10a
F 0,88 | 2,50 | 1,50
\ 0,01 0,01 0,21 0,23 0,20 | 2,13 | 1,90 | 0,95 | 0,05 | 0,48 | 0,68 | 0,55 | 0,35 | 0,25
Cr 1,55 2,53 3,07 3,20 324 | 1,44 | 0,96 | 2,00 | 1,44 | 2,44 | 1,44 | 2,08 | 0,80
Co 0,01 0,01 0,04 0,06 0,40 | 1,40 | 2,40
Ni 0,72 0,88 2,58 1,13 2,25 1238 | 1,25 | 1,88 | 1,38 | 2,13 | 1,00 | 1,38 | 0,75
Cu 0,00 0,00 2,68 0,35
Zn 0,08 0,58 1,89 0,67
As 6,17 8,89 23,33 6,67
Cs 2,18 | 1,90 | 2,52
Sb 7,88 3,33 6,79 4,62
Pb 0,25 0,25 0,42 0,50 1,62 | 0,69 | 1,38
Bi 650,00 |1833,33| 266,67 | 200,00
Th 0,00 0,00 0,03 0,03 1,17 | 1,23 | 1,32 | 0,78 | 0,61 | 1,17 | 1,11 | 0,78 | 0,72 | 2,00
U 0,01 0,02 0,09 0,09 1,01 | 1,93 | 0,74

IIpumeuanue. 1 — KpyIHO3EPHUCTBIH OHMOTHTOBBIM I'DaHUT; 2 — PEAKOMETAJIbHBIN IIMHHBAJIBIUTOBBIII I'DAHUT;
3 — oHronur; 4 — cyOBynkaHnueckuii rpaHut-nopdup; la u 4a —rpaHuTel YpMuiickoro mMaccuna; 2a u 8a — rpanursl Cu-
JIMHCKOTO M AHaPKaKaHCKOro MaccuBoB; 3a u 9a —rpanut YanOuHckoro maccuBa; 5a u 6a — nelikorpanutsl [lycce-
AJnuHCKOro U YpMuiickoro maccusa; 7a — rpaHoquopuT Marmoiickoro MaccuBa; 10a — TypManuHOBbIN JedkorpanuT Yai-

OMHCKOI'0 MaccuBa.
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Puc.1. Monanur (a) u kcenotum (6) B 6rnotutoBoM rpanure. BSE-n3o6paxenus, POM JSM-6460LV

Tabauya 3
CocTaB MOHAIMTA H KCEHOTHMA B GHOTHTOBOM IPaHUTe, ppm
Touxa Si0, | P,Os | Y20; | La0; | CesOs | NdiOs | GdbOs | Dyz0s | ErOs | Y505 | ThO, | UsOs | Cymwma
30HIMPOBAHUS
1-1 3,9 26,1 - 17,5 28,6 7,9 - - - - 16,0 - 100,0
1-2 - 32,9 - 19,6 34,4 7,8 - - - - 53 - 100,0
2-1 - 36,2 | 42,6 - - - 44 | 48 | 46 | 4.1 1,9 1,4 | 100,0
2-2 - 35,0 42,7 - - - 4,6 4.8 4.4 3,9 2,5 2,1 100,0
Ipumeuanue. TIpodepk COOTBETCTBYET COAEPIKAHUIO HIDKE Ipe/ieiia TyBCTBUTEIBHOCTH.
Tabruya 4
CocTaB MuHepaJoB-HocuTeell TD B HIMHHBAJILAMTOBBIX I'PAHUTAX, Mac. %
Touxa Si0, | A$0; | Y:0; | Ce0s | NdOs | Gd,Os | Dy,0s | Yb,Os | Bi,Os | ThoO, UsOs
30HIMPOBAHUS
1-1 19,4 - - - - - - - - 655 | 14,9
1-2 14,5 3,8 8,0 - - - - 2.4 - 65,1 5,8
2-1 - 30,8 49,1 1,7 1,8 1,8 5,2 7,9 - 0,7 1,1
2-2 - 30,8 47,1 2,3 1,3 1,5 4,9 8,9 - 2,8 0,3
3-1 8,3 - - - - - - - 89,9 1,4 -

IIpumeuanue. TIpouepk cOOTBETCTBYET COEPIKAHHIO HUKE YyBCTBUTEIILHOCTH; KHCIOPO IO CTEXHOMETpHHU (HOpMa-

JIM30BaH).

B rpanuTax perrona HepeaKo BCTpPEYarOT-
Cid MOHAIIMT U KCCHOTHUM. HpI/I 9TOM MOHAIHUT
conepxut 1o 16,0 % ThO,, kcenotum no 2,6 %
ThO; u o 2,1 % U;0g (puc.1, Tabn.3).

UccnenoBanne aHmum@oB B KOMITO3UIIN-
OHHOM KOHTpAcT€ IMO3BOJMIO OOHAPYXUTh Ie-
TEPOIrCHHBIC 3€pHA U MCJIKOAUCIICPCHBIC MUHEC-
pajibHBIC arperarbl, COACPIKAIINUEC BbICOKUC
KOHIICHTpAllMM MbIlIbsKa, BUCMYT4, CBHHIIA,
ypaHa, TOpHs, UTTPHUS C MPHMECHIO peIKo3e-
MEJIBHBIX 351eMeHTOB (Tabm.4). Mopdonoruue-
CKOM OCOOEHHOCTBIO 3TUX OOpa30BaHUM SBIIS-
€TCA 3aMCIICHHUEC BTOPUYHBIMHU MHHCpAIaMU:
KpaeBble YacCTH 3€pHAa TOPUTA 3aMEIIAITCS

Y-As-mMunepanamu (puc.2, @), BIOJIb TPELUH
pasBuBaeTcs 4epHOBUT (puc.2, 06). Cpenu BHC-
MyTOBBIX (ha3 oOHapykeH Oucmur (puc.2, s).
Crienyer OTMETUTh, UYTO M3-32 T€TEPOreHHOCTH
U Majoro pasmepa (MeHee 3 MKM) oOsacTu
aHanu3a pe3ysibTaTbl COCTaBa YYacTKOB Ipe.-
CTaBJISIIOT COOOM COBOKYIHBIN aHAIN3 BbIOpaH-
HOT'0 y4acTKa ¥ BMEILAIOIIEN MATPULIBL.

BriBOabI

[IpoBeneHHbIE MCCIEIOBAHUS TTO3BOJISIFOT
CIeJIaTh IIaBHBINA BBIBOM O TOM, YTO YacCTh TOK-
CHYHBIX KOMITOHEHTOB — As, Bi, Th, U, F, Pb —
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Puc.2. Toput (a), uepHOBHT (0), OUCMUT (6) B IMHHBAJIBIUTOBBIX TPaHUTaX (KOMIIO3UIIMOHHBII KOHTPACT)

COZIEP)KUTCS B TPaHUTaX B ()OpME yCTOWUHMBBIX
K BBIBETPUBAHUIO MMHEPAJOB: aJUIAaHUTA, MO-
HAIlUTa, IUPKOHA, KCEHOTUMa, TOPUTA, OUCMHU-
Ta. Bmecte ¢ Tem ycraHOBIeHBI (OPMBI KOH-
LEHTpallUH YKa3aHHBIX 3JIEMEHTOB THMIpPOTEp-
MaJIBHOT'O MTPOMCXOX/IEHUS B BUJE UYEPHOBHTA,
YepBaH/IOHUTA, BHCMYTOIHMPOXJIOpA, CIOCO0-
HBIE TPEACTAaBJIATH COO0M MCTOYHHMKH aJUTIOBU-
QJIBHO-JIEJIFOBUAJIBHOTO 3arPS3HEHHUS.

JanpHeWmme uccaeaoBaHUS — IKOJIOTO-
TE€OXMMHUYECKON CUTYallMd B PErMOHE JIOJDKHBI
BKJIIOYATh CJIEAYIOLIUE BUIBI paboOT:

* U3y4yeHHE B3aMMOCBS3M  MHHEpPAJIOB-
KOHIIEHTpaTopoB TO ¢ XMMHYECKUM COCTaBOM
TOPHOH MOPOJBL;

* BEISIBJIEHHE (DOPM 3KCTPAKLMH, MUIpa-
LUU U OTJIOXKEHUs TD B pernoHaJIbHBIX THAPO-
reOJIOTMYECKUX CHCTEMAX.

IIpoBenenue reonoropa3BeJOYHBIX U J0O-
ObIUHBIX PabOT cleayeT CONpPOBOXKAATH CIe-
[UATM3UPOBAHHBIM Pa3/IeJIbHBIM HCCIIeI0BAHU-
€M Py, OKOJOPYAHBIX THAPOTEPMAIBHBIX I10-
POA M PYIOHOCHBIX TPAHUTOUAOB C OLIEHKOM
(haKTOpOB I'€0’KOJIOrMUECKOro pucka. B cBszu
C 3TUM HE00XOAUMO IPOBEIEHHE MHOI'OJETHE-
ro  9KOJOro-reOXMMHUYECKOI0 MOHUTOPHUHIA
PEUHBIX M O3E€PHBIX CUCTEM PETrHOHa IO JIBYX-
[IUKIOBOH CXeMe€ C MHOTOJIETHHM OTOOpOM
JIOHHBIX OTJIIOKEHUH M €KETOJHBIM M3y4eHUEM
BOJIbI U B3BemleHHoro ocajka. Cpenu TO nan-
HOT'O PErruoHa Hambosiee pacHpoCTPAHEHHBIMH
saeistores As, Bi, Th, U, F, Pb, Y, REE.

VccnenoBanus BBINOJIHEHBI NpU (hUHAH-
coBoil mojzepkke Munoopuayku P®, rockon-
TpakT Ne 14.740.11.0192.
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