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C TOqKH3peHHHHccne,noBaHHHrno6anhHOro3arpa3HeHHB 
aTMoctl>ephl npe,ncTaBnseT HHTepec onpe,neneHHe co,nep>KaHHB 
MHKPO3IleMeHTOB B aTMOC!pepHbIX oca,nKax B o6naCTBX, 
HaH6onee y,naneHHhIX OT ,nesTeilbHOCTH qenoBeKa. AHTapKTH· 
qecKHii nonspHhlii MaTepHK, 6naro,napa reorpaipuqecKoii 
H3OIlBUHH OT rnaBHhIX HCTOqHHKOB aHTponoreHHhIX Bbma,ne
HHH KaK a 3ana,nHOM, TaK H B BocToqHOM nonywapuax, 
npe,ncTaBnaeT nyqwyro Ha 3eMne npOBu11uu10 ,nna u3yqeuua 
lpOHOBOro XHMHqecKoro COCTaBa aTMOC!pepHblX Bhma,neHHH. 
KpoMe Toro, npu reoxHMHqecKOM uccne,nona11Hu ne,n11uKo
noro IlOKpona AHTapKTH,nhl TaK>Ke HY>KHhl 3HaHHB XHMHqe
CKoro COCTaaa CHe)KHoro IlOKPOBa H3yqaeMbIX paiioHOB. 

bOilhWUHCTBO pa6oT no H3yqeHHIO XHMuqecKoro COCTa
Ba c11e>K11oro noKpoBa AHTapKTH,nhI nocBBl.l\eHo onpe,nene -
HHIO co,nep:>KaHHB B HeM B OCHOBHOM MaKpOKOMilOHeHTOB 
H BhIIlOilHeHo 06'heMHhIMH, nnaMe11110..:1poT0MeTpuqecKUMU 
unu nonaporpaipHqecKHMH MeTo,naMH a11anH3a/I/. B 11eKo
Toph1x pa6oTax, BhIIlOilHeHHhIX aTOMHo·a6cop6uuo1111b1MH 
unu 11eiiTpo11110-aKTHBauuo1111hlMH MeTo,naMH I 2!. coo61.l\a
eTca TaK>Ke 06 onpe,neneHHH co,nep>KaHHB HeCKOilbKUX MUKpo-
3neMeHTOB / Fe, Cu, Zn, Ni, Pb/. B 3THX pa6oTax aua
IlH3HpoBanucb o6pa3Uhl CHera H3 npu6pe>KHhIX paiiOHOB 
/cT. MHpHbIH, 3eMna 3H,nep6H H T.,n./, a KOTOpbIX Ha XHMH· 
qeCKHH COCTaB oca,nKOB, HeCOMHeHHO, OKa3bIBalOT BilHBHHe 
a3pO3OIlH MOPCKOro npoHCXO>K,neHHH. HaM H3BeCTHhl IlHWh 
pa60Tbl C.Boutron C COTpy,nHHKaMH/3/, KOTOpble npono
,nHnH onpe,neneHHe co,nep>KaHHB HeCKOilbKHX MHKpO3IleMeH
TOB /Fe' Mn/ B 06pa3uax CHera H3 BHYTPHKOHTHHeHTanh
HblX paiioHOB H onpe,neneHHe co,nep>KaHHB 26 3IleMeHTOB 
n a3p_o3onax, OTo6paHHhIX B paiioHe CT. IO>KHhIH Ilonroc / 4 /. 
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TaK KaK BOIIpoc O COOTHOWeHHH conep)KaHHH MHKp03JieMeH

TOB B 1IpH3eMHbIX a3p030JI.HX H B CHe)KHOM IIOKPOBe BHyTpH

KOHTHHeHTaJILHbIX paiioHOB AHTapKTHAbl COBepweHHO He 

n3yqeH, He rrpencTaBJI.HeTC.H B03MO)KHbIM CYAHTL O XHMH

qecKOM COCTaBe CHe)KHoro IIOKpOBa Ha OCHOBaHHHnaHHhlX 

0 XHMHqecKOM COCTaBe a3p030Jieii. 

HacTOHll\a.H pa6oTa rrocB.Hll\eHa orrpeneneHHIO conep)KaHHH 

MHKP03JieMeHTOB B BOAOHepaCTBOPHMOH KOMIIOHeHTe o6-

pa3UOB BHYTPHKOHTHHeHTaJILHoro CHera peHTreHopanuoMeT -

puqecKHM H He:e:TpOHHo-aKTHBaD;HOHHLIM MeTonaMH aHaJIH3a. 

OT6op o6pa3UOB IIOBepXHOCTHOro CHe)ICHOro IIOKPOBa 

IlpOBOAHJIH BO BpeM.H xv CoBeTCKOH aHTapKTHqecKoii 3KC

rrenHUHH B paiioHe CT. BOCTOK. B IIOJieBOH na6opa TOj;>HH 

o6pa3D;LI pacTaIIJIHBaJIH H IIOJiyqeHHYIO Bony $HJILTpoBaJIH 

qepe3 MeM6paHHble $HJILTphl nuaMeTpOM 11 CM C pa3MepoM 

rrop 0,7 MKM. Ha aHaJIH3 6paJIH qacTH OTpa6oTaHHLIX 

$HJILTpOB, HeCYll\HX 13±1 MZ BOAOHepaCTB0pHMOH TBepnoii: 

$paKUHH, qTo COOTBeTCTBOBaJIO 37 ,5 11 OT$HJILTPOBaHHOH 

BOALI. Bo H36e)KaHHe OWH60K 3a cqeT ce30HHbIX KOJie6aHHH 

AJIH aHaJIH3a OT6HpaJIHCb $HJibTphl, HCIIOJIL30BaHHhle B Te

qeHHe onHoro H Toro )Ke Mee.Hua. 

PeHTreHopanHOMeTpHqecKHH aHaJIH3 rrpoBOAHJIH Ha yc

TaHOBKe OH.HM, BKJiroqaroine:e: B KaqecTBe ucioqHuKa Bo3-

6y)KneHHH 10 MKU KanMHii-115, IIOJIYIIPOBOAHHKOBhlH KpeM

HHH-JIHTHeBbIH neTeKTOP IIJIOIUanLIO 100 MM H 4OOO-Ka

HaJILHbIH aHaJIH3aTop "'Iridac ., / 5/ • ,ll;JIH AOCTH)KeHH.H MaK

CHMaJILHOH qyBCTBHTeJibHOCTH onp,eneneHHH H3MepeHHe o6-

pa3UOB H 3TaJioHa npOBOAHJIOCb B TOHKHX CJIO.HX 

/0,3 MZ CM - 2 /, nonJIO)KKOH AJIH KOTOpbIX cny:>1CHJIH M'.eM-

6paHHLie $HJibTpbI. B KaqeCTBe tlioHa npHHHMaJIOCb H3Jiyqe

HHe, Bo36y)KnaeMoe B MaTepuane aHanoruqHoro tiiunLTpa 

B "XOJIOCTOM" /6e3 o6pa3n;a/ on@Te. ,ll;JIH coxpaHeHHJi onu

HaKOBbIX reoMeTpuqecKHX YCJIOBHH H3MepeHHH H nJIOTHOCTH 

. · BeIUeCTBa B KaqecTBe 3TaJIOHa HCnOJib30BaJIH Me~yHa

POAHhlH cTaHnapT 6a3aJILTa BCR-1, paBHOMepHo HaHeceH

Horo Ha MeM6paHHhl:ii $HJILTp, no nnoinanu aHanoruqH@:ii 

06'pa3UaM B KOJIH'leCTBe 13 MZ. OKa3aJIOCL, qT(:,· 

H3 aHaJIH3HpyeMbIX 3JieMeHT0B· JIHWb CBHHen B 3TaJioHe co

nep)KHTC.H B HeAOCTaToqHOM KOm1qecTBe / 17pprn / AJIH qeT

KOrO IIpO.HBJieHH.H ero La,/3 JIHHHH, oTqaCTH H3 -3a HaJIHqHJI 
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BKnana KorepeHTHoro H3JiyqeHHH CBHHUa, HMeIOll\eroc.H B 

MaTepuane annapaTyphl. Ilo3TOMY B npuroTOBJieHHYJO yKa-

3aHHhlM BbIWe cnoco6oM MHWeHb 3TaJIOHa MbI' BBOAHJIH no

nOJIHHTeJILHOe KOJIHqecTBO CBHHUa /5,02 •10 - 5 z/. 
IlpH BhlIIOJIHeHHH He:e:TpOHHo-aKTHBaUHOHHOro aHaJIH3a 

o6pa3Ubl Ha $HJILTpax, 3TaJIOH <BCR-1), H XOJIOCTble $HJILTpbI 

noMell\aJIHCb B KBapneBhle 6IOKCbI H o6nyqaJIHCb B T H)KeJIO,. 

BOAHOM peaKTOpe nOTOKOMHeHTPOHOB l,2·10I311eump./cM 2 C 

B TeqeHHe 20 "· O6nyqeHHhle o6pa3Uhl nepeHOCHJIH B 610~

Chl H npoBOAHJIH B3MepeHHe y -H3JiyqeHB.H C noMOll\blO 

nonynpoBOAHHKOBoro repMaHHii-nHTHeBoroneTeKTopao6oe

MOM 20 CM 
3 

H 8OO-KaHaJILHOro aMnJIHTYAHOro aHaJIH3aTo
pa LP-484O. 

B o6oux MeTonax aHaJIH3a KOJIHqecTBO 3JieMeHTa B 

06pa3uax paccqHTbIBaJIH H3 OTHoweHHH aK'J;HBHOCTeii cooT

BeTCTBYIOll\HX tlioTonHKOB B 06pa3nax H 3TaJIOHe. qyBCTBH

TeJILHOCTb aHaJIH3a onpenen.HJIH 3KCnepHMeHTaJILHO, npHHH

Ma.H 3a npenen KOJIHqecTBO 3JieMeHTa, COOTBeTCTBYJOIUee 

CKOpOCTH cqeTa 3v'N ¢· qyBCTBHTeJibHOCTb aHan'u3a IIPH 

onpeneneHHH HeKOTOpbIX 3JieMeHTOB B 06pa3nax HeCKOJibKO 

MeHLWe no cpaBHeHHIO C qyBCTBHTeJibHOCTblO aHaJIH3a B 

cnyqae XOJIOCTbIX $HJILTPOB B3 - 3a 60JibWero tlioHa B o6JiaCTB 

$OTOnHKa onpenen.HeMoro 3JieMeHTa, o6yCJIOBJieHHOrO Ha

JIHqHeM 6oJibW~ro KoJIHq~cTBa 3JieMeHTOB/C 6onee BhlCOKBMH 

3HeprHHMH. B HeKoTopLix cnyqa.Hx npu onpeneneHHH conep

)KaHBH 3JieMeHTa Mbl HCnOJib30BaJIH 6onee )KeCTKBe y-nu

HHH, XOTH B c MeHLUIHM BhlxonoM. HarrpBMep, JIHHHH 

122. K:JB eBponu.H-152 HaMHOro CBJibHee, qeM JIHHHH 

1408 K:JB, TeM He MeHee MLI ,ucnoJib30BaJIB IIOCJieAHIOIO 

B3 - 3a HaJIO)KeHH.H B nepBOM CJiyqae noMeX OT B3JiyqeHB.H 

ceneHa-75 /121 K:JB/ H 6apu.H-131 /124 K:JB/. HeCMOTp.H 

Ha BbICOKYIO pa3pewa10iny10 cnoco6HOCTb IIPHMeH.HeMbIX 

neTeKTOPOB IIPH onpeneneHHH HeKOTOPbIX 3JieMeHTOB Tpe-

6oBaJIOCb Y'iHTbIBaTb B03MO)KHble HaJIO)KeHHH tlioTOnBKOB. 

O6&1qHL1e rroMexu B peHTreHopanuoMeTpuqecKoM aHaJIH3e 

/HaJIO)KeHHe L-JIHHBH HeKOTOpbIX 3JieMeHTOB Ha K-JIBHHH/ 

B HaweM. cnyqae B03M0)KHbl JIHWb AJIH La 6apB.H B KaTB

TaHa. Conep)KaHBe- JJ;pyrHX TH)KeJibIX 3JieMeHTOB KaK B 

3TanoHe, TaK B B 06pa3uax HaMHoro HH)Ke rrpenena MeTo

na. Conep)KaHHe 6apHH, onpeneneHHoe HeiiTpOHHo-aKTHBa-
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UHOIIHhIM MeTO,ll;OM, OKa3anocb Ha IIOpH,ll;OK MeHLWe, 'leM 

THTaHa. C Y'leTOM Toro, 'ITO BhlX0,ll; peHTreHOBCKoro H3ny

'leHHH ,n;nH L- IlHHHH npHMepHO B ,ll;Ba pa3a MeHLWe, 'leM 

.n;n11 K - nHHHH, oKa3anocL B03M0iKHhlM npeHe6pe'IL BnHHHHeM 

H3ny'leHHH OT 6apHH. B HeiiTpOHHo-aKTHBaUHOHHOM aHa

IlH3e, HanpHMep, Ha MOH03HepreTH'leCKHH cneKTP PTYTH-

2O3 /279 K3B/ MO)KCT HaKna,n;hlBaThCH O,ll;HH H3 clioTOnHKOB 

ceneHa-75. B 3TOM cnyqae BBO,ll;HilH nonpaBKY, BenH'IHHa 

.KOTOpoii Haxo,n;unacb Ha OCHOBaHHH COOTHOWeHHH clioTOnHKOB 

B y-cne.1<Tpe 'IHCToro ceneHa-75. Onpe,n;eneHmo co,n;ep)KaHHH 

Me,n;u-64 no IlHIIHH 511 K3B MewaeT BKna.n aHHHrHil.HUHOII

HOro H3Ily'leHH.H OT 6onee )KeCTKHX H3Ily'leHHH, XOTH npu 

onpe,n;eneHHH MC,ll;H B HaWHX o6pa3nax noMeXH OT HaTpHH-24 

nocne BX oxna)K.l{eHHH B TC'leHHC 20 " u BBe.n;eHH.H COOT -

BeTCTBYIOIQeii nonpaBKH cocTaBHnH MeHLWe 'leM IO!fo. B 

r-cneKTpe o6ny'leHHhlX o6pa3UOB HeKOTOphle CHilhHhle clioTo

nHKH He MoryT 6b1Th HCnOilh30BaHbl ,nnH onpe,n;eneHH.H u3- 3a 

Hano)KeHH.H HCCKOilLKHX clioTonHKOB ,npyrux pa,nHOH30TonoB, 

HanpHMep, MhlWLHKa-76 /559 K3B/, 6poMa-82 /555 K3B/ 
H cyphMhl-124 /564 K3B/. 

BhlCOKHH clioH OT pa,nHOH30TonoB· Me.n;u-64 H HaTpH.H-24 

He no3BOn.HeT onpe,nenHTL co,n;ep)KaHHC UHHKa no H30TOny 

UHHK-69 H HeKOTOPLIX pe,nK03eMeilLHhlX 3neMeHTOB. C ,npy

roe: CTOpOHhl, 3HaHHe co,nep)KaHHH yKa3aHHLIX BLIWC 3ne

MeHTOB )KenaTenLHO npH reOXHMH'leCKOM H3y'leHHH CHe)K

HOro noKpoBa. Il03TOMY aHanH3 HCCKOilLKHX o6pa3UOB Mhl 

npoBO,ll;HilH C npHMCHeHHeM pa,nHOXHMH'ICCKOrO Bhl,neneHHH 

OT,nenbHhlX 3IleMeHTOB HnH rpynnhl 3IleMeHTOB. ,I:(n.H 3TOro 

o6pa3en nocne o6ny'leHHH pacTBOpHnH B CMeCH KOHUCHTpH

POBaHHhlX cepHOH H nnaBHKOBOH KHCilOT B npucyTCTBHH 

HOCHTeneii naHTaHa, UHHKa H MapraHna~ Ilocne OTrOHKH 

'ICThlpexcliTopHCToro KpeMHHH OT,nenHnH oca,noK ciiTopH,nOB 

p.3.3., nepeBO,ll;HilH B OKcanaThl, OTciiHnLTPOBhlBanH, BLICy

WHBanu H npOBO,l{HilH H3MepeHHC co,n;ep)KaHHH p.3.3. no 

COOTBeTCTBYIOIQHM raMMa- 3HeprHHM. OcTaBWHHCH paCTBOP 

nocne Bhl,n;eneHHH- p.3.3. nepeBo,n;unu B xnopH,nhl H nponyc

Kanu 'lepe3 xpoMaTorpaciiH'leCKYIO KOilOHKY C aHHOHHTOM 

,D;ay3KC lx8 B xnopocliopMe. lfa npowe,n;wero qepe3 KonoHKY 

pacTBOpa Bhl,ll;CilHilH Maprauen 3KCTpaKUHCH ,l{H3THil,ll;HTHO~ 

Kap6aMHHaTOM HaTpHH B xnopocliopMe u B opraHH'leCKOH 
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l}Ja3e npOBOAHilH H3MepeHHe aKTHBHOCTH Mapram~a. KonOHKY 

c aUHOHHTOM npOMbIBaJIH O, 1 11 paCTBOpOM COJIJIHOH KHCJIOTbl 

H 3aTeM BblMblBaJIH BOAOH UHHK B 6roKC AJIJI H3MepeHHJI. 

C :naJIOHaMH auaJIH3HpyeMbIX 3JieMeHTOB npoBOAHilH aua

JIOrHqHble onepauHH. 

J(aK noKa3aJIH pe3yJILTaTbl auaJIH3a o6pa3UOB H xon~c

Toro l}JHnbTpa /ma6A. 1/,. COAep)KaHHe 6oJibWH11CTBa 3neMe11-

TOB no KpaiiHeii Mepe B 10 pa3 6oJibWe, qeM qyBCTBHTeJib

HOCTb MeTOAa. ,D;m1 HeKOTOpbIX 3JieMeHTOB qyBCTBHTenb

HOCTb orpaHHqeHa qHcToToii MaTepHana l}JHnbTpa /MeAL, 

UHHK, cypbMa, PTYTL, JiaHTaH/, a COAep)KaHHe HaTpHH, 

6poMa H ceneua B 06pa3uax MenLwe BX coAep)KaHHH B 

MaTepHane l}JHnLTpa. TeM He Meuee pe3yJILTaTLI aHanH3a 

IlOKa3anH, qTo MO)KHO onpeAeJIJITb 8 MHKPO3JieMeUTOB peHT-

, reHopaAHOMeTpHqecKHM H 19 3JieMeHTOB HH?TPYMeUTaJIL

HbIM HeiiTpOHUO-aKTHBaUHOHHblM MeTOAOM, Aa)Ke ecnH 

HeKOTOpLle H3 HHX npHCYTCTBYIOT B 06pa3uax B oqeHb 

MaJILIX KOnHqecTBax. HecMOTPJI ua npHUJITLle Mepbl npeA

OCTOpO)KHOCTH, pe3yJibTaTbl aHaJIH3a noKa3anH HanHqHe 

3UaqHTeJIL11LIX OTKJIOHeUHH B COAep)KaHHH 3JieMeHTOB OT 

cpeAHero 3HaqeHHJI, JIBUO npeBbIWalOJUHX TOqHOCTL HCilOJib-

3OBaUHblX HHCTpyMeHTaJILHbIX MeTOAOB aHaJIH3a. ,lJ;nH Bbl

JICUeHHJI TOqHOCTH H BOCilpOH3BOAHMOCTH onpeAeneUHJI 06-

pa3eu uenoro l}JHnLTpa pacTBOPHJIH B cBe)KeneperuauuoM 
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aueToue H ueHTpHl}JyrHpOBaHHeM OTAeJIJIJIH HepaCTBOpHMyro 

l}JpaKuHro. 3aTeM 6bIJIH oTo6paHbl pa3Hble no Becy qacTH 

/13,1 MZ; 7 ,4 MZ; H 5,2 MZ/, B KOTOpbIX 6bIJIO npoBeAeUO 

onpeAeJieHHe COAep:>KaHHJI 60JILWH11CTBa aHaJIH3HpyeMbIX 

3neMeUTOB HeiiTpOHHo-aKTHBaUH01111bIM MeTOAOM. Ko34il}JH

UHeHTbl BapHaUHH HaXO'AHJIHCL B npe'AeJiax 5-170/o. HanpH

Mep, paCXO)K'AeHHe B pe3yJILTaTaX auanH3a O'AHOrO H Toro 

)Ke o6pa3ua pe11Tre11opa'AHOMeTpHqecKHM H HeiiTpOHHO

aKTHBaUHOHHbIM MeTO'AaMH paBuo: 'AJIJI :>Kene3a - 4,0o/o, 
Me'AH - 9,3o/o, UHHKa - 5,6o/o H xpoMa - 5,lo/o. 

B 3aKJiroqeune Heo6XO'AHMO OTMeTHTL, qTo peHTreuo

pa'AHOMeTpHqecKHH MeTO'A · JIBJIJleTCJI 34il}JeKTHBHbIM npH 

MHOrO3JieMeHTHOM HHCTpyMeHTaJILHOM auaJIH3e IlPHPOAHbIX 

06'beKTOB, T .K. IlO3BOJIJleT C 'AOCTaToquoii qyBCTBHTeJib

HOCTLIO onpeAeJIJITL CO'Aep:>KaUHe PH'Aa 3JieMeHTOB, qTo 3a

TPY'AHHTenL11O, a B PH'Ae cnyqae H HeBO3MO:>KHO npH HCilOJib-

3OBaHHH a.KTHBaUHOHHoro aHaJIH3a. 
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