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OueHeHa BO3MOXHOCTb MCMOMNb30BaHUA TPaANLMOHHOIO peHTreHonyopecLeHTHOroO MeToaa aHa-
nnza (P®A) c BonHosow gucnepcuen (POA BA) n POA ¢ nonHbiM BHewHUM oTpaxeHnem (PPA MBO) onsa
n3yyeHust pacnpeaeneHns bpoma no rnybuHe kepHa Ha NpMMepe OOHHLIX OTNOXEHUI 0. Bavikan u 0. Xa-
pa-Hyp. Ona nposegexusa POA B[] usnydatenn maccon 200-300 mr n gnametpom 10 mm npeccoBanu B
BMAe TabneTok Ha NOAOXKE U3 GOPHON KUCIOTLI; COAepXaHMs Bpoma paccumTbiBanu cnocobomM BHYTPEH-
Hero ctaHgapTa C Koppekumen ¢ ncnonb3oBaHmem yHaaMmeHTaneHbix napameTtpos. Ons POA MNBO u3 ns-
MernbYeHHoM Npobbl Maccon 20 Mr rOTOBWIU CYCMEH3UI0 HA OCHOBE NMOBEPXHOCTHO-aKTUBHOMO BELLIECTBA
Triton X-100, B koTOpY0 06aBNSANM BHYTPEHHUIA cTaHAapT — pactBop Ge. [Npepensl obHapyxeHns 6po-
ma pasHbl 1 mr/kr n 0.4 mr/kr gna POA B[l n POA NBO cooTtBeTcTBEHHO. [ToKasaHo, 4To pe3ynbraTthl onpe-
AeneHvs 6poma, NosnyYeHHbIe C MOMOLLbIO pa3Hbix BapuaHToB POA, conoctaBrMbl Mexay cobor u mo-
ryT ObITb MCNOMb30BaHbI NPU NANEOKNMMaTUYECKUX PEKOHCTPYKLUMAX. OOHUM U3 OCHOBHbIX MPEVMMYLLIECTB
npegnaraembix Metoauk POA B[l n POA MNBO saBnsietcs oTCyTCTBUE HEOOXOAMMOCTY HanuMuus ctaHaapT-
HbIX 06pa3LOB AOHHbLIX OTMOXEHWI C aTTECTOBAHHLIM coaepXaHnem bpoma.

Knrodeenie cnosa: peHTreHohnyopecLeHTHbIN aHanus, POA, POA MNBO, POA CU, goHHbIe oTno-
XeHus, bpom, naneoknumar.
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One of the signals of changing paleoclimate is the concentration of bromine which is increased in the
warm periods and correlated with the content of organic matter in sediments. A conventional wavelength
dispersive X-ray fluorescence analysis (WDXRF) and total reflection X-ray fluorescence analysis (TXRF)
have been applied to study the bromine distributions in the sediments of Lake Baikal and Lake Khara-Nur. In
order to carry out WDXREF, the samples weighing about 200-300 mg with diameter of 10 mm were pressed
as tablets on the boric acid base; the bromine concentrations were calculated by the internal standard
method with correction using fundamental parameters. For TXRF measurements the powdered sample
weighing 20 mg was suspended in the surface-active solution of Triton X-100 and Ge solution was added
for the internal standardization. The detection limits of bromine were 1 mg/kg and 0.4 mg/kg for WDXRF
and TXRF respectively. It was shown that the results of the bromine determination obtained with different
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XRF techniques were comparable to each other and can be used for palaeoclimatic reconstruction. One of
the main advantages of the offered WDXRF and TXRF techniques is the lack of necessity for the standard
reference materials of sediments with certified content of bromine.

Keywords: X-ray fluorescence analysis, XRF, TXRF, SRXRF, sediments, bromine, paleoclimate

BBEAEHUE

[loHHBIE OTNOXEHNSA NPEACTaBNSAT COBON CNoX-
HYHO MHOTOKOMMOHEHTHYIO CUCTEMY, SBMSSICL CPeion
0BUTaHNA MHOrOYNCIIEHHbIX FPYMM )KUBOTHBIX OPraHn3-
MoB — 6eHToca [1]. [JaHHble 0 3aKOHOMEPHOCTSAX pac-
npeaeneHust aNeMeHTOB B IOHHbIX OTNIOXEHUSIX 03ep
LLUIMPOKO UCMONb3YTCS AN PEKOHCTPYKUMN U3MeEHe-
HWUIA NpupoaHou cpebl 1 knumata. OgHUM 13 SreMeH-
TOB-UHAMKATOPOB NaneoKNIMMaTu4eCcKux U3MeHeH1n
MOXET CMy>XWTb 6pOM, NOBbILLIEHHbIE COAEPXKAHUS KO-
TOPOro PErnMcCTPUPYOTCA B TENIbIE NEPUOALI U KOppe-
NMpYIOT C COAEPXXaHNEM OpPraHMYeCcKoro BELLECTBa B
OOHHBIX OTNOXEHUSIX, OTpaxast BuonpoayKTMBHOCTb
osepa [2-6].

CopnepxaHue 6poma C, B 0Cago4HbIX nopoaax
nameHsietcs B guanasoHe n-10~*-n-10-2 % mac. u 3a-
BMCWT OT YCIOBUIA, B KOTOPbIX OCagkun obpa3oBanuch
(Mopckue, npecHosogHble) [7]. Ans onpeaeneHus Br
BCIeACTBME NETYYECTN €ro COeAMHEHWI NPeanoYTm-
TernbHee NCNonb30BaTh HEAECTPYKTMBHbBIE aHaNUTU-
Yeckme MeToAbl, O4HMM U3 KOTOPbIX ABMSIETCS PEHT-
reHodnyopecLeHTHbIN aHanua (PPA). B HacToswee
BpeMS Mpu UCCNeaoBaHUN reoriormyeckmux marepua-
NOB NPUMEHSIOTCA pasfnyHble BapuaHTbl POA: Tpa-
OVUMOHHBbIN POA ¢ BonHosou (P®PA B[L) nnn aHep-
retnyeckon gucnepcuen (P®A 31), POA c nomnHbim
BHeLHMM oTpaxeHuem (PPA MBO), POA c ucnone-
30BaHUEM CUHXPOTPOHHOro nsny4veHus (POA CH).

P®A CU yacTo npumeHsieTcs 4ns onpenenexHus
cocTaBa JOHHbIX OTIIOXEHWI NPU NaneoknMmaTnyeckux
PEKOHCTPYKUMAX [2-6]. Mcnonb3oBaHUe CUHXPOTPOH-
HOrO N3My4YeHunsl B Ka4eCTBE UCTOYHMKA BO30Y K AEHNS
No3BONSET CHN3UTL Npeernbl 06HapyxeHusa POA (oo
10-° % mac.) M npoBOAMTL aHanm3 o6pasL 0B O4eHb Ma-
noro o6béma u maccel (o1 100 go 0.5 wr) [8, 9]. POA
CW nosBonseT aHann3mpoBaTb HE TOSNBKO BbICYLLEH-
HbI MaTepuarn, CNpeccoBaHHbIV B TabneTku, HO 1 Npo-
BOAWTb CMNJIOLLHOE CKaHMpOBaHMe HeaeopMUpPoOBaH-
HOro BNa)xHoro kepHa [4-6]. HecmoTps Ha oueBUaHbIE
npeumywectesa PPA CU, atoT BapmaHT PPA He aBns-
eTcs obLwenoCTynHbIM Py TUHHBIM METOA0M.

P®A MNBO umeeT xopolune nepcnekTnsbl Ans
peLleHns naneoknumaTMyeckux 3agad. ToT Bapu-
aHT POA npumeHeH ons onpegeneHms 6poma B ana-
Tutax [10], kapboHaTuTax n cunmkaTHblx nopogax [11].
Vcnonb3oBaHne MOHOXPOMATUYECKOrO U3Ny4YeHns U
ONTUKKW AN MOMHOMO BHELWHEro OTPaXeHus B Cnek-
TpomeTpax PPOA MNBO no3BonsaeT ynyywmTb YyBCTBU-
TenbHOCTb POA 1 nccnegoBatb Manble HaBeCkU (Me-
Hee 50 Mr) nopoLuKoBbIx Npob [12].

Ansa onpegenexnnst 6poma B ocagkax ¢ MOMo-
weto POA B TpaguLMOHHOM MCNONTHEHUUN BbICYLLEH-
HYI U M3MENbYEHHY0 Npoby maccon He meHee 11
(Hanpumep, 11 [13], 2 r [14], 5 r [15]) npeccytoT B BUAE

TabneTtkn gnametpom 25-40 mm. OgHako npu nsyde-
HWUW pacnpefeneHnst aNeMeHToB Mo rnybuHe kepHa
OOHHBIX OTITOXKEHWI YacTo Ha aHanu3 NocTynaeT orpa-
HU4YeHHasi Mmacca obpasua — meHee 500 mr. OgHum 13
BapuaHTOB yMeHbLUEHUSA Macchl Npodbl npyu POA B
ABMSAETCH BO3MOXHOCTb UCMOSIb30BaHNs Macok, orpa-
HMYMBatoLWmx obnacTtb Bo3byxaeHusa n otbopa cryo-
pecueHTHOro nanyyexus. Hanpumep, BonHogucnep-
CUOHHBIN peHTreHoNnyopecUEeHTHbIN CNEKTPOMETP
S8 Tiger (Bruker AXS, l'epMaHust) ocHalleH Habopom
MacoK C MYHUMarnbHbIM AUaMeTpoM 8 MM.

B HacToswen paboTe oLeHeHa BO3MOXHOCTb
ucnons3osanua P®A B[] ons onpegenexHus 6poma
13 maneix HaBecok (meHee 300 wmr) n POA MBO (me-
Hee 50 Mr) 4N U3ydYeHns pacnpegeneHms aToro ane-
MeHTa Mo rnyoOuHe KkepHa Ha NpUMepe LOHHbIX OTIO-
XeHun o. barkan n o. Xapa-Hyp.

3Kcnepu MeHTallbHaA 4YaCTb
O0ObeKkTbl uccrneaoBaHus

KepH JOHHbBIX OTNOXEHW 0. Balikan cocTouT 13
BMOreHHO-TepPUreHHOro 1rna ¢ BbICOKUM COAepXKaHu-
€M OCTaTKOB AMaToMoBbIX Bogopocren (oo 25-27 %
mMac.) 8o rmy6uHbl 90 cm, 1 NeAHMKOBO-03EPHbIX MMUH
C He3HauYnUTENbHBIM CoaepXXaHneM oUaTtomoBebIX (~3 %
mac.). BospacT Bcero pa3spesa coctaBnsieT npubnmau-
TenbHo 20 + 5 Teic. net. KepH no rmy6uHe ot 0 go 150
CM ObIn pasgeneH Ha OTAeNbHbIE TOPU3OHTbI, U3 KO-
TopbIX Ha POA oTobpaHbl 20 Npo6 AOHHbIX OTNOXeE-
HWK C LWwarom 6 cm.

O3sepHas Tonuwa ocagkos o. Xapa-Hyp npea-
cTaBneHa GMOreHHO-TEPPUreHHLIMU UlaMun C BbICO-
KUMW KOHLIEHTpaLMSMU OMaTOMOBbLIX BOOOpPOCHEN
(KaK UMKNMYeCKnX, Tak U NEHHATHbIX hopm), rae aons
TEPPUreHHOM 1 BMOreHHOM COCTaBMSALWMX NPaKkTu-
Yyecku paBHa. Bo3pacT oTnoXeHuin orpaHu4mMBaeTcs
cpeaHum ronoueHom. KepH no rnybune ot 0 go 100
CM ObIn pasaeneH Ha OTAeNbHbIE TOPU3OHTbI, U3 KO-
TopbIX Ha PPA oTobpaHbl 200 Npo6 AOHHBIX OTNOXe-
Hun ¢ warom 0.5 cm.

AnnapaTypa n matepuanbl

MccnepoBaHms BBIMNOMHANU HAa PEHTIEHOB-
CKMX CMeKkTpomeTpax C BOJIHOBOW Aucrnepcuen
S8 Tiger (P®A B[1) 1 C NONHBLIM BHELLUHUM OTPaXXeHnem
S2 PICOFOX (P®A MBO).

P®A B[]. CnektpomeTp S8 Tiger ocHaLLEeH peHT-
reHoBCKOW TpyOKoM MoLHOCTbIO 4 KBT ¢ Rh-aHogom
1 Be-okHOM TONWMHOM 75 MKM; MacKoW, NO3BOMSO-
Ler aHanuanpoBaTb 0bpasLbl guameTpom 8 Mm. Yc-
nosus namepenns BrKa-nuuum (26 = 29.97°) cneay-
oLme: HanpskeHue Ha peHTreHoBckow Tpybke 50 kB,
cuna toka 50 MA, kpucTtann-aHanunsatop LiF200, kon-
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numartop 0.46°, CUMHTUNNSALMOHHbIA AETEKTOP, 3KCMO-
3unuyusa 100 c.

[nsa npoBeaeHus namepeHun nsnydartenu npec-
coBanv B Buae TabneTok Ha Noanoxke n3 6opHom Knc-
notbl (ycunue npeccoBanus 10 T). AnameTp TabneTkn

— 40 mm, B LeHTpe eé BrnpeccoBaHa aHanuanpyemas

npoba gnametpom 10 mm. Macca npobbl cocTaBns-
na 200-300 mr nopoLlka B 3aBUCMMOCTM OT €ro nnoT-
HoCTU. [loBEPXHOCTHasA MAOTHOCTb HACHILLEHHOrO U3-
nyyatens [16], paccuuTaHHasa Ans COCTaBOB AOHHbIX
OTNoXeHun, coctaBnsaeT okono 150-180 mr/cm? ans
BrKa-nuHumn, noatomy npu BbIbpaHHbIX yCroBUsAX Npo-
6onoaroToBkM obecnevmBaeTcs HacbIWEHHbIN 13ry-
YaroLu1n Crown.

P®A I1BO. CnektpomeTp S2 PICOFOX (Bruk-
er Nano GmbH, l'epmaHus) ykoMnnekToBaH peHTre-
HoBcKoW Tpybkon ¢ Mo-aHogom (HanpsibkeHue 50 kB,
cvna Toka 750 MKA), MHOrOCNOMHLIM MOHOXPOMAaTO-
pom (Ni/C), kpemHun-gperidoBbiM geTektopom (SDD)
nnowagbto 30 MM? C 3HEPreTUHECKUM pa3peLleHreM

~150 3B Ha MnKa-nuHun. BelgeneHne nmkoB (4eKOoH-
BOMIOUMS CNEKTPa) U pacyeT CoaepXaHUi BbINonHe-
Hbl C MOMOLLBIO Nporpammel Spectra-6.

HaBecky npobbl maccon 20 Mr cmelumBanu ¢ 2
mn 1 % mac. pactBopa NOBEPXHOCTHO-aKTUBHOIO Be-
wectea Triton X-100 (Amresco). B npurotoBneHHyto
cycneH3uio 4o0aBnanyM BHYTPEHHUI cTaHgapT — 50
mkn pacteopa Ge (CertiPUR®, Merck) ¢ kKoHUeHTpaLm-
en 100 mr/n n nepemewmeanu, 3atem 10 MKn cycnex-
31N HAHOCUNN Ha CUITMKOHU3MPOBAHHYIO KBapLEBYIO
NOANOXKY M BbICYLUMBASN.

Pe3ynkTathl U ux o6cyxaeHue

P®A B[]. OgHol 13 npobnem, 3aTpyaHsoLwmnx
npumeHeHne POA, sBnsieTcss HEOOXOAMMOCTb Hanuuns
rpagyvpoBoyHbix 06pasuos (FO) ocagouHbIX FOPHbIX
nopop, ¢ U3BEeCTHbIM coaepxaHnem 6poma, coctas Ma-
TPWLIbI KOTOPbIX aAeKBaTEH aHanM3npyembsiM npodam.
Mpw orpannyeHHoM vncne O paccmoTpeny BO3MOX-
HOCTb NpYMeHeHns cnocoba BHYTPEHHErO cTaHaapTa
C KOppeKLUMei ¢ Ucnornb3oBaHneM pyHaaMeHTarnbHbIX
napameTpoB. [1na pacyeTa KoOHUeHTpauun Br B kaye-
CTBe NUHWUM CpaBHeHUs ucnonb3osanv RbKa-nuHuio,
onusnexawyto k Brka-nuHun. Cogepxanne Rb B uc-
cnepyembix obpasuax B 3-30 pas 6onblue, 4emM co-
aepxaHue Br, n moxeT 6bITb onpeaeneHo MeToAoM
P®A ¢ xopoLen To4HOCTh0. B cTaHgapTHbIX 0bpas-
uax (CO) reonorMyecknx maTepmarnoB CoOAepXKaHus
Rb aTTecTtoBaHO ¢ norpewHocTblo MeHee 5-10 % OTH.

BblpaxeHune Ans MHTEHCUBHOCTU PEHTreHOB-
CKow chnyopecueHLUN anieMeHTa i NPUBIMKEHHO MOX-
HO NpeacTaBuTh B CrieayoLwem Buae:

Ci
u(4)
rae I, — UIHTEHCUBHOCTb (priyopecLeHLnn SNeMeHTa i,

k — nocTosiHHas BeNM4YnHa, He 3aBucsLlas oT cocTa-
Ba obpasLia, w — BbIX0A hrlyopecLeHLMN 3NeMeHTa |,
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I, = kayr,v(4) (1

S, -1
e

q S s Sq — CKa4oK norrnoweHna q-ypoBHs ane-
q

MeHTa i, T(A,) — KOA(PMULNEHT NOrMOLLEHNS NepPBUY-
HOrO M3Ny4YeHns C ONNHOW BOSHbI A, B 3IEMEHTE 1,
C,— cofepxaHue anemeHTa i B obpasue, u(h) — koag-
dvumeHT nornoweHns hnyopecueHTHOro U3nyyYeHus
C ANVHON BOSHBI A, B 06pasuie. /13 3Toro BblpaxeHus
crnegyeT COOTHOLLEHWE:

1, (07 1(hy,)
Ly, [or(A)]s u(Ag,)

Mpegnonaras, 4To ANMHa BOMHbI IEPBUYHOMO U3-
ny4eHus A, cootTeeTcTayeT Ka-nuHun Rh aHoga Tpy6ku,

lu (A‘Br ) A:;I

y4uTbIBasi, 4TO OTHOLIEHWE — —— = —— NpK OTCYyT-
U(Agy) A,

CTBWM B Npobe 3HauYMTEesbHBIX COAePKaHW SNeMEeHTOB,

Kpasi NOornoLleHns KOTOpbIX HaXoAATCA Mexay NUMHUA-

MU Rb 1 Br, npuH1Masn Bo BHUMaHWE 3Ha4YeHns w7, Ana

K-cepuu Rb 1 Br 1, npon3BOASA BbIYUCTIEHUS, MOMYYNM:

C, =149-C,, % 3)

Rb

CBr = LR

)

BobipaxeHus (1)-(3) He yunTbIBalOT pasnuyune B
acdhekTUBHOCTU perucTpauumn nsnyveHms Rb u Br.
[ns kpuctann-gngpakuMoHHOro CnekTpoMeTpa aTo
pasnuyne MoxeT BblTb 0BYCNOBNEHO pa3nuynemM oT-
pakatoLLen cnocobHOCTM KpucTanmna-MoHOXpoMaTo-
pa npu pernctpaumm nsnyyeHuns Rb n Br. Mbl npeHe-
Gpernu aTm hakTopoM A58 6rmM3Ko pacnonoXeHHbIX
no wwkane gnuH BonH Ka-nuHnn Rb 1 Br.

Mpun namepeHnn MHTEHCMBHOCTM RbKa-nnHun He-
06X0AMMO yunTBIBaTb PaKT HanoxeHus BrkB-nuHun
Ha RbKa-nuHuio. KoahduumneHT, yunteliBaoLwmn 3To
HanoxeHue, 6bin onpeaeneH ¢ NOMOLLBI U3MEPEHUS
06pas3suoB C BbICOKMM coaepxaHuem bpoma — LiBr n
KBr, He copepxaiymx Rb, n ero BennymnHa pasHa 0.15.
MsMepeHHY0 UHTEHCMBHOCTL RbKQ-NNHUK [, KOppek-
TMPOBAs C MNOMOLLbIO BbIPAXXEHWSI:

IRb=I1*eb‘0-15'IBr (4)

B Tabn. 1 npuBeeHo conocTaBneHne pesynsra-
ToB P®A, paccuntaHHbix no ypaBHeHuio (3), ¢ cogep-
XaHusamum 6poma B CO GXR-5 (noysa), MAG-1 (mop-
ckow un) reonornyeckon cnyxosl CLUA (USGS) [17] n
obpasue CH-1 (mopckon ocagok) 10-ro payHga Mex-

Tabnuua

Conocraenexue HanaeHHbIX (C,,,) v n3BecTHbIX (C, )

coaepxaHum 6poma, Mr/kr

PCDA)

O6pasey Coon C..
GXR-5 7.6 0.6 78+0.9
MAG-1 243 13 252 +0.66
CH-1 90+7 98.7+4*
MpumevaHue: * — NPUHATOE 3HaYeHWe B nNporpamme

GeoPT, payHg 10.
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OyHapoaHOW NporpaMmMbl IPOdECCUOHANBHOIO TECTU-
poBaHuWs recaHanuTuyeckux nabopartopuii GeoPT [18].
BuaHo, 4To goBepuUTenbHbIE MHTEPBAnNbl Ha-
AeHHbIX C, , 1 n3BecTHbix C_ coaepxaHuin B 0bpas-
Lax NepekpbIBalTCs, YTO CBMAETENLCTBYET O Nep-
CMEKTUBHOCTM UCMOMNb30BaHUsi cnocoba BHYTPEHHErO
CcTaHgapTa C KoppeKLmen C MOMOLLbI0 (pyHOaMEHTarb-
HbIX MapamMeTpoB ANs pacyeTa KoHLeHTpaumm 6poma
B YCINOBMAX OTCYTCTBUSI Heobxoammoro Habopa MO.
Ans oueHkn koadduumeHTa sBapuauum V , xa-
pakTepm3yroLLero ctTabnnbHOCTL NPUroTOBIEHNS U3-
nyyarenen, otobpanu rpynny n3 10 npo6 AOHHbLIX OT-
noxeHui 0. Xapa-Hyp, B KOTOpbIX coaepxaHue dpoma
BapbupoBano B gnanasoHe 10-14 mr/kr. U3 maTtepua-
na npobbl NpeccoBanu No ABa ua3nyvartensi, Kaxabln
N3 KOTOPbIX U3MEPSNN ABaXAbl B pa3Hble gHWN. OueH-
Ka no cxeme ogHOMaKTOPHOro ANCNEPCUOHHOMO aHa-
nu3a [19] nokasana, 4To NorpeLwHocTs V. HesHauynuma
Ha hOHE NOrpeLIHOCTH BOCNPOU3BOANMOCTM n3mepe-
HUA V., koTopasi Ans BelGpaHHoM rpynnbl Npob cocra-
Buna 7.7 %. Mpepen o6HapyxeHwus Br, paccumTaHHbIN
no 30-kputepwio, paseH 1 Mr/kr.
P®A IBO. Npn HaHeceHnn 10 MK CycneH3um
Ha KBapLEeBY NOAMNOXKY Macca BbICYLLEHHOW NPOo6bI
coctasnset 100 mkr. nsa nony4eHns KONUYeCTBEHHbIX
pesyneratoB POA NBO HeobxoomMmo paBHOMepHOe
pacnpegeneHune anemMmeHTa — BHyTPEHHEro cTaHgapTa
B BbICYLLIEHHOM MOPOLLKE. [1151 OLLEHKM BIINSHUS 3TOTO
chakTopa conocTaBunu pe3ynstathbl onpegenexHus Br,
nonyyeHHble NpU BBEAEHMUN pacTBopa BHYTPEHHero
ctaHgapta Ge, U Npy UCMNONb30BaHNM B KAYECTBE BHY-
TpeHHero ctaHgapTta Rb, nsHayaneHO NpUCyTCTBYO-
LLero B aHanusmpyemon npobe, cogepxaHme KoToporo
npegBapuTensHo onpegeneHo metogom POA (puc. 1).
CopepxaHvie C,, paccunTbiBanu no dopmyne:

_ Sy 1y,

Br
SBr ’ IO
roe [, v I, — VHTEHCMBHOCTK aHanUTUYeCcKon NHMM Br
N BHYTpeHHero ctaHaapTa (Rb unu Ge) COOTBETCTBEH-
HO; C, — KOHLEHTpaLWs BHyTpeHHero cTaHaapTa; S, 1

S§,— COOTBETCTBEHHO yAernbHas MHTEHCMBHOCTbL aHa-
NUTUYECKON NNHUK Br 1 BHYTpEeHHero ctaHaapTa (Rb

-G, ®)
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Puc. 1. Pe3synbtathl onpegenexus Br npu ncnonb3osaHumn B
kavecTse BHyTpeHHero ctaHaapta Rb (C, (Rb)) u Ge (C, (Ge))

unu Ge). 3HadeHus S nmetotca B 6a3e JaHHbIX Mpo-
rpammbl Spectra-6.

Mpoueaypa AeKOHBOMOLMY CNEKTpa Nonynpo-
BoAHMKOBOro aetektopa SDD B nporpamme Spectra-6
YYUTbIBAET HANOXEHNE NIMHWIA 3NIEMEHTOB, B YaCTHO-
ctn, BrKB n RbKa.

M3 puc. 1 BUAHO, 4TO pesynbTaThbl, NOfyYeHHble
NP1 NCMNoNb30BaHUN pa3HbiX BHYTPEHHWUX CTAHAapTOB,
XOpoLo cornacytTcs (KoadPuLUMeHT Koppenaumm
6nusok k 1). KoaddumumeHT Bapnaumm, xapakrepusy-
IOLLMIA pacxoXaeHne Mexay pesynbratamu, CocTaB-
nsiet 12 %, 4To CBMAETENbLCTBYET O AOCTATOYHO paB-
HOMEpPHOM pacnpeaeneHnn BBE4EeHHOIO BHYyTPEHHETO
CcTaHAapTa B NMOPOLLKE BbICYLLUEHHON NPOObI.

[nsa cycneHsuni nopoLwKoB NorpeLHocTs V. He-
3Ha4umma Ha doHe norpewHocT V.. CymmapHas no-
rpewwHocTb onpeaenexus Br coctaenset 8 % oTH. Co-
aepxaHue Br B CO GXR-5, onpegenernHoe POA BO,
cocTaBuno 8.3 + 0.6 Mr/kr n BXoguT B AOBEPUTESbHbIN
WHTEepBan aTTeCTOBaAHHOro 3HaveHus (7.8 £ 0.9 mr/kr).
Mpenen obHapyxeHus Br paBeH 0.4 Mr/kr.

ConocTtaBneHue pesynbtatos POA B[l, POA
NBO n P®A CU

B kayecTBe MeTOAMKM CpaBHEHWSI NCNOSb30-
Banu metoauky POA CU, lumpoko npuMeHsiemyto pa-
Hee Npu NaneoKnMMaTUYeCKUX PEKOHCTPYKUMAX [2,
9]. Olns npurotoBnexus nsny4vatenen 30 mr obpasua
npeccosanu B TabneTky guametpom 5 mm [9]. N3me-
peHUs1 MPOBOAMIIN NPU UCMOSNb30BaHUN MOHOXPOMa-
TM3UPOBAHHOIO BO30YX4atoLLero peHTreHOBCKOro n3-
nyyexus ¢ aHepruen 22 kaB B LIKIM «Cnbupckmin ueHTp
CYHXPOTPOHHOIO 1 TeparepuoBoro nsnydyexHunsa» (Ax-
cTuTyT sigepHon dmsmkn CO PAH). Mpegen obHapy-
xeHnsi 6poma npu POA CU paseH 0.3 mr/kr.

Ha puc. 2 pesynbrathl onpegenenus Br, nonyyeH-
Hble ¢ nomoubto POA Bl n POATIBO, conoctaeneHsl ¢
pesynstatamv POA CU anst npo6 4OHHBIX OTNIOXEHWI O.
Xapa-Hyp. uana3soH cogepxxaHusi Br B npobax name-
HeAeTcsa oT 2 0o 14 mr/kr. BuaHo, 4To pesynbrarhbl, Nony-
YeHHbIe C MOMOLLbIO pa3HbIX BapnaHToB POA, B Lenom
cornacyrtcs Mexay coboni. PacxoxgeHne mexay HAMK
HOCUT CryYanHbIN xapakTep 1 cocTaBnseT 26 % mexay
P®AMBO 1 POA CU; 18 % — mexay POA B, n POA CA.
OTO MOXET ObITb CBA3AHO KakK C MHCTPYMEHTarbHbIMU
NMOrpeLUHOCTSIMU, TakK 1 C BO3MOXHbBIM MPOSIBIEHNEM
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HEOOHOPOAHOCTM pacnpeaeneHns GpoMa B UCXOOHOM
npo6e Npu NCNonb30BaHUK MarbiX HABECOK, 0COBEH-
Ho npu P®A MBO 1 POA CU [9].

Mpumepbl UCNoONb30BaHUA pe3ynbLTaToB
P®A ans usyvyeHus naneoknmmMmaTmyeckux
M3MEeHeHUun

Ha pwvc. 3 npeactaBneHbl pesynbraTbl PEHTIEHO-
dnyopecLeHTHOro onpeaeneHus Br ons paspesa ro-
noueH-no3aHe-NnencToLeHoBbIX 0cafKoB 03epa bait-
kan. [Ina nHTepnpetauun Nony4eHHON 3aBUCUMOCTH
Ha p1c. 3 [ONOMHNUTENBHO NPUBEAEHO pacnpeaeneHne
BuorenHoro kpemHesema (SiO,,, ) no rny6uHe paspesa
(c warom 1 cm). BuaHo, 4to copepxaHus 6poma Kop-
penupytoT ¢ cogepxanuamm SiO, . . POCT KoHLeHTpa-
uun Si0,,,  oTpakaeT NocTeneHHoe yBenmyeHne oob-
€MOB IMaTOMOBbIX BOLOPOCHEN, U, TEM CaMbIM, POCT
BMONPOAYKTUBHOCTM BOgOEMA B NEPUOA MEXNEAHMU-
KoBbsi (ronoueHa). Beicokne koHUeHTpauum 6poma, Be-
POSITHO, CBSI3aHbl C YBENMYEHUEM KOHLIEHTPAUWIA Op-
raHNM4YeCKNX BELLECTB B rOPU3OHTaX C MNOBbLILLIEHHON
6ronpoayKTMBHOCTLIO. [paHuLa ronoueHa n no3gHero
nremncToLeHa Ans JaHHOro pa3pesa nporeraeT npu-
6nuanTenbHo Ha rnybuHe 80 cMm, 4YTO NoaTBEpPXKAaET-
CS YMEHbLUEHVEM KoHueHTpaumii Br n SiO, . B aTon
obnactu. Ha untepsanax 100—200 cm KOHUEHTpauum
kak Si0O, . , Tak 1 Br, MUHMMaTbHbI, 4TO BMOJHE Xapak-
TEePHO NS YCNOBUIA NEAHUKOBbS.

Ha puc. 4 npuBeaeHo pacnpefeneHue cogep-
XaHun 6poma no rmybuHe paspesa ocagkoB o3epa

Xapa-Hyp, koTopoe saBnsieTcs NNOTUHHLIM BOLOEMOM,
BO3HMKLIMM B pe3ynbraTe cxoda faBoBOro NoToka B
JonuHy peku XKom-bonok (BoctouHbii CasiH), npeano-
NOXMUTENbHO B ronoLieHe. 3To KOCBEHHO NOATBEPXAa-
eTcsl xapakTepom pacnpegenenus Br (puc. 4), T.k. He
HabnogaeTcs OTYETNMBOIO TPEHAA K CHUXKEHMIO KOH-
LieHTpaLm1i, 4TO roBOPUT 0 (HOPMUPOBAHUM BCETO pas-
pe3a 03ePHbIX OTIIOKEHUIA B JOCTATOMHO KTENSILIX» YC-
NOBUSIX MEXNEAHNKOBbS. He3HaunTenbHbIR TPeH K
POCTY KOHLIEeHTpaLumii Br BBepx no pa3pesy, BEpOSITHO,
CB$i3aH C NOCTENEeHHbIM POCTOM BMONPOAYKTUBHOCTU
BOJOEMA M0 Mepe ero pasBuTus.

BbIBOAbl

MpeanoxeHHble meToankn POA B[ n POATIBO
No3BOMAOT ONpeaensaTb 6poM M3 MarnbiX HABECOK Be-
LecTBa M MOryT ObITb YCMELIHO UCMOMb30BaHbI A1
N3y4yeHus pacnpeneneHnst aToro anemeHTa no rryom-
He KepHa AOHHbIX OTMNOXEHWUI, YTO NMPOAEMOHCTPUPO-
BaHO Ha npuMepe o. bawkan n 0. Xapa-Hyp.

Mpun POA B[] ncnonb3oBaHmne Macku, orpaHuym-
BaloLLen anameTp nanydatens Ao 8 MM, NpUBOAUT K
CHWXEHWIo Macchl aHanuanpyemon npobbl 4o 200-300
mr. Ana POA MNBO tpebyeTca MeHblUas macca npo-
6bl (20 Mr) n obecneunsatoTca 6onee HU3KME npese-
nbl o6HapyxeHwus (0.4 mr/kr), HO B TO Xe Bpems anna-
paTypa ons TpagmunoHHoro POA valle ncnonssyetcs
NPy reoOXMMmnYecKnx nccnegoBaHmsax n obecneynsa-
€T KonnyecTBeHHoe onpeaeneHne 6poma B ocagkax
NPeCHOBOAHbLIX 03€p C NpeaenomM obHapykeHus 1 Mr/kr.
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Cnocob BHyTpeHHEro cTaHaapTa ¢ Koppekumen
C Ucnonb3oBaHMem yHAaMeHTanbHbIX MapaMmeTpoB
npu POA B[] 1 cnocob BHYTpeHHEro crtaHgapra npu
P®A MBO nossonsatT onpegenaTs OpoM B yCrioBu-
AX OTCYTCTBWSA CTaHO4APTHbIX 00pa3L0B C N3BECTHBIM
cofepXaHuem aToro anemMeHTa. CymmapHas norpetu-
HOCTb, OLleHEHHas No cxeMe 0AHO(aKTOPHOro Anc-
NMepCMOHHOro aHanmaa, He npesbiwaeT 10 % kak gns
P®A B[, Tak u ans POA MBO.

B kauecTBe MeTOAWKM CpaBHEHMS NCMONb30Ba-
nn metoauky POA CU, npumeHsiemyto paHee npu na-
NeoKnMMaTMYECKMX PEKOHCTPYKUMAX. PacxoxaeHus
mexay pesynstatamn POA CU, POA B[l n POA INMBO
HOCAT CINyYalHbIA XapakTep U COCTaBMAIT MeHee
30 %, 4TO NMpUEMNeMo Npu TakMx YPOBHAX COAEepKa-
Hu 6poma (meHee 20 mr/kr).

BJIATOOAPHOCTU

OCHOBHbI€ Hay4Hble pe3ynbTaThl MOMYyYeHbl C
ncnonb3oBaHMeM MaTepuanbHO-TEXHUYECKON Hasbl
LleHTpa KonnekTMBHOro nonb3oBaHus «leoguHamum-
Ka n reoxpoHonorusy. iamepenus B LIKIM CLICTU
BbIMOJITHEHBI NMPY UCNOMb30BaHMM 060pyaoOBaHUSA
LK CLUCTU n domHaHcoBon nogaepxkke MnHooGp-
Haykn Poccun.
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