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CocTaB M COOTHOILIEHHE XUMUYECKHUX 3JIEMECHTOB HA
Pa3HbIX 10 BLICOTE MOBEPXHOCTAX MOACLUEB
sarejJbHOro Jumannuka Cladonia rangiferina
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Kntouesble cnosa:
JSINLLANHUKN

Cladonia rangiferina
NOBepPXHOCTb NoAeLMeR
p-POC

COCTaB 3/IEMEHTOB
pacnpefeneHme 3/1leMeHToB
BEPTMKa/bHbIN rPaneHT
137Cs/90Sr

K/Ca

¢dakTop oboraLeHums
BaprysuHcKuii xpebet

Unemumym — npobnem  sxonoeuu u  ssomoyuu  PAH,
lev.biazrov@rambler.ru

Unemumym — npobnem  sxonoeuu u  ssomoyuu  PAH,
platon@sevin.ru

AHHoTaumA: CpaBHW/IM COCTaB aTOMOB 21 XMMWYECKOro 3/1eMeHTa —
Mg, Al, Si, P, S, Cl, K, Ca, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, As, Sr, Ba, Pb—Ha
MOBEPXHOCTAX BEPXYLUEYHOM, CpedHein M HUXKHEM 4YacTell nogeumes
AreNbHoro AnwanHmKa Cladonia rangiferina, cobpaHHbIX Ha cKnoHe bap-
ry3MHCKOro xpebTa. M3mepeHne cooTHolleHua aoneit (%) anemeHToB
MpoBeAEeHO HepaspyLlaloWMM 0bpasel, MUKPOPEHTreHOMIyOPEeCLEeHT-
HbIM criekTpomeTpom (U-PPC). YcTaHoBNEHO, YTO BEMYMHBI Aonen (%)
6ONbLIMHCTBA 3/1IEMEHTOB, 33 UCKoUYeHem Cu 1 Zn, Ha NOBEPXHOCTAX
noAeumeB IMLIANHUKA OYeHb BapuabesibHbl. [onm (%) anemeHToB Ha
MOBEPXHOCTAX Pa3/IMYaLOTCA MEKAY M3MEPEHHBIMM YaCTAMMN NoAeumeB
C. rangiferina: KonnyectBeHHble nokasatenu aonew (%) P, S, Cl, K 6biam
3HQYMMO BbILLE HA MOBEPXHOCTM BEPXYLLUEYHOM YacT NOAELUMEB, TOr4a
Kak Al, Si, Ca, Ti, Cr, Mn, Fe, Cu, Zn, Co 1 cymmapHO A0 — Ha NoBepX-
HOCTU HUMKHER YacTu. OueHb BbICOKME 3HaYeHUA PpaKTopa oboralleHns
Ha BCEX 4acTAX NogeupeB ycTaHoBMeHbl 418 As 1 Pb, noBbiweHHble —
ana P, Co, Ni, Cu, Zn.

© MNeTpo3aBOACKUI FOCYAAPCTBEHHbIN YHUBEPCUTET

PeueH3seHT: A. B. CoHnHa

MonyuveHa: 21 mapta 2016 roga

BsepgeHue

KoHLEeHTpauns M coCcTaB 3/1eMEHTOB B
Tenax pacteHuin, rpnbos, B TOM YnCie U nnxe-
HWU3MPOBAHHbLIX (NMWAMHUKOB), — npeameT
M3y4yeHMa OOLIMPHOro YMcia UccneaoBaHUN,
3aTparneBalrowmx, Hanpumep, Guoreoxmmuye-
CKMEe UMKNbl B 3KOCUcTeMax, ¢pusmonorunye-
CKYIO YCTOMYMBOCTb OPraHM3MOB, Ka4YecTBO
KOPMOBbIX PecypcoB, BUOMOHUTOPUHT, 6u1o-
JIOTUYECKYID OYUCTKY 3arps3HEHHbIX OObek-
TOB, Pa3BeAKy PYAHbIX MECTOPOMNKAEHWUN, -
TMEHUYECKYIO oOUeHKy cpeabl (CaeT u gp.,
1990; bs3pos, 2002; bsaspos, 2005; Nash,

MopnucaHa K neyatn: 19 maa 2016 roga

2008; Backor et al., 2010; Kumar et al., 2012;
Bsaspos, MenbryHosa, 2015r). OTHOCUTENBHO
JINWAAHUKOB 3HauyuTe/ibHEeNLWas 4acTb onyo6-
JIMKOBaHHbIX AaHHbIX MHPOPMUpPYET O coaep-
KaHUM 31eMeHTOB BO BCEM C/l0eBULWLE /n-
WwanHuKa (Muxainosa, WapyHoBa, 2008; Mu-
xarnnoBa, KwHaces, 2012; baspos, MenbryHo-
Ba, 20153, r). MeHblle cBeAEeHUN O KOHLEH-
TPauUM 3N1EeMEHTOB B pPa3HbiX MO BO3PaACTy
yactax ux cnoeswu, (Bargagli et al.,, 1987,
Loppi et al., 1997; Nimis et al., 2001). Popma
pOCTa NMLWANHMKOB MPU3HAETCA OYEHb BaXK-
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HbIM paKTOPOM, BAMAIOWMM Ha NOrAOLWEeHne
31EMEHTOB W3 cpeabl; KaK MpaBuao, KyCcTu-
CTble NINWANHUKN cynTatoTca 6onee cnabbimu
aKKyMy/naTOpaMW B CPaBHEHMU C INCTOBATbI-
MW U HakunHbimKM dopmamum (St. Clair et al.,
2002a, b). Pag npeactaBuTenein HanoOUYBEHHbIX
KYCTUCTbIX NUWANHUKOB MOFYT AOCTUraTb 3Ha-
YUTeNbHbIX PAa3MepoB, U3-3a Yero coaeprKa-
HWEe HEKOTOPbIX 3/IEMEHTOB B HUXKHUX U BEPX-
HUX YacTAX UX C/IOEBULL, MOXKET ObITb pasnny-
HbIM, YTO ObINO MOKa3aHO KaKk gnsa cTtabuib-
HbIX M30TOnNoB Ha npumepe Cladonia furcata
(Tuba et al., 1994), C. cariosa, C. pyxidata, C.
rei (Osyczka et al., 2016), Tak n gna paguo-
HYKAWA0B OTHOCUTE/IbHO MHOMMX BMAOB (06-
30p cMm.: baspos, 2005). Tem He meHee uccne-
AOBAHWIN HAaKONNEHWUA 3/1EMEHTA Pa3HbIMKU MO
BbICOTE YAaCTAMMU KYCTUKOB /IMLLIANHUKOB OY€EHb
Mano, HeT MHpopmaunm ob anemeHTax Hemno-
CpeacTBeHHO Ha UX NOBEPXHOCTU, XOTA MMEH-
HO NOBEPXHOCTb CNOEBMLLA ABNSAETCA aKuen-
TOPOM XKUAKUX U CyXMX 0CALKOB, KOMNOHEHTbI
KOTOpbIX gasee nonaaatoT B Tesa AULWaiHMKa
(Williamson et al., 2004; Purvis et al., 2013).
MossneHne Npnbopos, NO3BONAOWMX NPOBO-
ANTb U3MEpeHMe CoCTaBa XMMWYECKUX 3fe-
MEHTOB, He pa3pywas obpasubl, AaeT BO3-
MOKHOCTb ONPeAE/IUTb COOTHOLLIEHME COCTaBa
pAga 3/1eMEeHTOB Ha MOBEPXHOCTU C/IOEBULLA
NMwanHuKa. Kpome Toro, coxpaHeHue ueno-
CTHOCTM u3Mepaemoro obpasuya nossosneT
MCNoab30BaTb ANA Lefed MOHUTOPMHIa Ma-
TepUan M3 Hay4yHbIX KONNEKLUMWA, NOCKONbKY
06pasybl NpU U3MEPEHNN HE NOBPEXKAAOTCS.
BblI0 MOKas3aHo, YTO pe3ynbTaTbl He paspy-
watowero obpasel, M3IMepeHUa cocTaBa aJe-
MEHTOB B C/I0EBULLAX /IMWANHUKOB CONOCTA-
BMMbIl C pe3y/sbTaTaMu, MNONYYEHHbIM Ha Mpu-
b6opax, 419 U3MEepPEeHUs Ha KOTOpbIX Heobxo-
AMMO paspylleHne obpasua M3MeNbYEHUEM,
npeccoBaHnem, pactBopeHnem (Bontempi et
al., 2008; baspos, MenbryHosa, 2013, 20156,
B, 4).Llenbto Hawero nccnenoBaHus 66110 Bbl-
ABNEHME BO3MOMHbIX KOJIMYECTBEHHbIX pPas-
NIMUUIA MeXAY XMMUYECKMMU 3/1eMeHTamMM Ha
NOBEPXHOCTAX BEPXHEW, CPeaHEN U HUXKHEWN
YyacTel KyCTUKOB CI0EeBULLLA KOPMOBOTO fAiresb-
Horo nuwairHuka Cladonia rangiferina, 4To6bI
YCTaHOBUTb OCOBEHHOCTU  pacnpeseneHus
31EMEHTOB NO BEPTUKANbHOMY TpPAANEHTY
cnoesuwa. AHanuMsMpyemble NoKasaTenn —
COCTaB U HEe HOPMA/IM30BaHHOE K CYMMapHOM
BE/IMYMHE CcOOTHOoWweHue (%) anemeHTOB Ha
NOBEPXHOCTAX Pa3/IMYHbIX YacTel C/OEeBULL
(nogeumneB) KycTMCTOro HAMOYBEHHOro /u-
WaMHMKa.

MaTtepuansbl

O6bekTOM M3yyeHua 6biam 10 aKk3em-
NASPOB OAHOIO BWAA JINXEHU3UPOBAHHbIX
rombos un3 cemeiictea Cladoniaceae -
Cladonia rangiferina (L.) Weber ex F. H. Wigg.
OHM 6binn cobpaHbl U3 OAHOW AEPHUHbI
(KypTuHbI) 10 x 20 cm Ha No4Be cpean MXOB B
nuctBeHHMYHoMm (Larix dahurica) necy Ha no-
NIOTOM CeBEPHOM CKNOHe baprysmHckoro
xpebTta (Pecnybnuka bypsaTtuAa) B aKopernoHe
XBOMHbIX necoB 3abankanba (Ecoregions,
2001). C. rangiferina NpuUHaANEXUT K XKMU3-
HEHHOM ¢GOpMe 3MNUTeHHbIX KYCTUCTbIX NpA-
MOCTOAYNX AuwarHukos (lfonybkosa, bss-
pos, 1989). Cneabl NepBUYHOro CNOEBULLA B
mecTe cbopa 06pasLoB OTCYTCTBOBANMN, a Obi-
N npeacTaBneHbl Pa3BeTB/NEHHbIE KYCTUKMU
(nogeumn), He MmetoLMe KOPOBOro C/0f, C
NayTUHUCTO-BOMIOYHOM, FNaKOMN, NenenbHo-
Cepon NOBEPXHOCTbIO. BbicOTa WM3y4YEHHbIX
obpasuos ot 7 4o 10 cm (puc. 1). Apean Bnga
BKAOYaeT psg H6MOMOB BCEX KOHTUHEHTOB
cywu, Kpome ABCTpanum, ero npeactaBuTenu
3aHMMAKOT 3aMeTHOe MeCTO B HEKOTOopbIX
3KocucTeMax TyHAP U BopeanbHbIX XBOMHbIX
JIecoB Ha MOYBaAX IETKOTO MEeXaHMYeCcKoro co-
CTaBa. ITOT Are/IbHbIA NNWANHUK CNYXKUT UC-
TOYHMKOM KOpPMa ANA CEBEPHOro OJ/IeHs U
paga Apyrux KuBoTHbix (AHapees, 1954;
Aastrup et al., 2000; Courtois et al., 2007).

MeTtoabl

Ha nosepxHocTK Kaxgoro ns 10 noge-
umes C. rangiferina n3mepeHua NPoOBeAEHbI
Ha TPEeX BbICOTHbIX YPOBHSAX (BEpPXHAA YacTb —
0.5 cm OT BepXYLWKM NOAELMNEB, CPEAHAA YacCTb
— 2 CM OT BEPXYLLUKM NoAeLnes, HUKHAA 4acTb
— 5 cm oT BepxylWKM nogeumnes) B 5 Touykax Ha
Kaxkgom yposHe (puc. 2). Takum ob6pasom, Ha
KaXAOM BbICOTHOM ypOBHE Mojgeumes caena-
HO 50 mamepeHuin. OgMHAKOBOE PaCCTOsIHUE
TOYEK M3MEepeHMsa OT BEPXYLWKM noaeumes
obecneunBano NPUMEPHO CXOAHbLIA BO3PacCT
Ka)K40ro BbICOTHOrO YPOBHS Ha pa3HbIX noge-
LMAX, MOCKO/IbKY Y ArefibHbIX IMWANHUKOB POCT
NPeUMYyLLECTBEHHO BepxylleyHbli (AHapees,
1954), a HUXKHMI ypoBEHb 5 cM cBA3aH C pas-
MepaMu camoro HebobLLoro nogeuus.

MNepen 3mepeHUem COCTaBa 31EMEH-
TOB C MOBEPXHOCTU MOAELMEB MATKOW KUC-
TOYKOM M PeHOM yaanAnm Mecok, Mbiib U
Apyrne TBepAble 4acTuubl, OCEBLUME Ha MO-
BEPXHOCTb. 3aTem namepsemblie 06pasubl
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E Cladonia rangiferina (L.) Weber ex F.H. Wige.

Puc. 1. O6beKkT nsmepennit — 10 nogeumes C. rangiferina

Fig. 1. Measurement object — 10 podetia of C. rangiferina

Puc. 2. PacnonoxeHune5 Touek nusmepeHna HaNnoBepxHoCcTU nogeuma Ne 1, sepxyleyHan 4acTb

Fig. 2. The location of 5 points of the measurement on the surface of podetia N 1, upper part

TpUKAbl 06MbIBaNN AENOHU3UPOBAHHOWN BO-
AO0oN. Bblcoxwuin nogeumin 3akpennanca Ha
npeaAMeTHOM CTO/IMKE B BAaKYYMHOW Kamepe
(2 mbap) mMKpopeHTreHO(pYOPECLLEHTHOTO
cnektpomeTpa HW-XRF M4 Tornado (Bruker
AXS, TepmaHusa). MukpopeHTreHodnyopec-
LEHTHbIX aHAaNM3 31eMeHTOB Ha 3TOM Mpwu-
6ope 0OCHOBaH Ha B3aMMOAENCTBUM /1€ MEH-

TOB, coAepKawmxca B obpasue , C BbICOKO-
3HEepreTMYeCKMM PEeHTreHOBCKUM U3NYYeHMU-
eM, KoTopoe NpMBOAWUT K MCMNYyCKaHU 06-
pasyoM BTOPUYHOTOPEHTIEHOBCKOIO U3y-
YeHMA peHTreHoBCKaa ¢ayopecueHumna). Uc-
TOYHUK PeHTreHoBCKoro nsnyyeHms (Rh) pa-
6otan npu 50 KB, 200 mKA, 6onee 100 um-
nynbcoB, BPeMA B3aMmopencTsusa ¢ obpas-
uom 1 cek. MNMy4oK PeHTreHOBCKOro msnyye-
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HWUA HaANpPaBAANACA B HAMEYEHHYI TOYKY No-
BEPXHOCTU MOAELMA, U COCTaB 3/IEMEHTOB
onpeaensanca gna natHa pasmepom 20 um.
Mpu aTom 06pasey, He paspyLuancs.
KomnbtoTep, ABNAKOWMNACA YacTblo
npubopa, No cneuuanbHOW Nporpamme Bbl-
[laBan pes3ynbTaT U3MEpPeHUs B BblOpaHHOM
TOYKE KaK cpefHee 3HayeHWe Ana 4yucna
MMMNYNbCOB B BUAE CNEKTPa 0OHapYMKEHHbIX

Spectrwm: 1bil

El 2N Series MNet unn. C

[wt.%]

Mg 12 K-series 15 0.74
Al 13 EK-series 3 o.ovw
5i 14 K-seriez 13 0.11
P 15 EK-serie= 13 0.08
3 16 K-seriezs 94 0.22
Cl.17 K-serie=s 77 0.z0
E 19 K-series 214 0.61
Ca 20 K-series 251 0.a0
Ti 22 EKE-seriezs 29 0.04
YV 23 EK-series i) o.oo
Cr 24 E-seriezs 148 0.01
Mn 25 KE-seriezs 43 0.03
Fe 26 K-series 209 0.10
Ca 27 KE-series 31 0.01
Ni 28 E-series 777 0.03
cu 29 E-zeriez 113 0.05
Zn 30 EK-seriez 256 0.11
L= 33 E-series 207 0.12
3r 38 E-series 126 0.18
Fh 45 E-series 206 0.on0
Ba 56 E-series u] o.on
FPb 52 EKE-series 447 0.17
Total 3

3/1IeMeHTOB, KOTOpPbIA 3aTem TpaHchopmMU-
poBanca B Tabnuuy co oTHoweHun (%) ane-
MEHTOB M MacC MX aTOMOB B M3MepsAemMOWn
Touke (pwuc. 3). B aaHHOM paboTe nUcnonb3o-
BaHbl NOKasaTenu KoaoHku Net unn. [wt.%]
Tabnauubl, NpuBeseHHON Ha puc. 3. TOYHOCTb
namepenuna —0.01 %.

norm.C Atom. ©C Error (1 Sigma)
[wt.%] [at.%] [wt.%]
21.42 32.868 o.og
1.90 2.62 o.og
3.08 4,09 0.o0
1.60 1.93 0.o0
6.27 7.29 0.o0
£.904 .24 0.od
17.76 16.94 o.o0
17.34 16.13 0.o0
1.05 0.5z o.o0
o.oo o.og 0.og
0.36 0.26 0.o0
0.74 0.50 0.o0
.01 2.01 0.o0
0,41 0.26 0.o0
0,93 0,59 0.o0
1.37 o.s0 o.o0
i g & 1.77 0.o0
3.47 s 0.o0
5.34 R, o.o0
o.o0 o.o0 0.o0
o.o0 o.o0 0.o0
4,91 0.s88 o.o0
.44  100.00 100,00

Puc.3. KonnyectBeHHble NOKasaTen 3/1EMEHTOB, NOJly4eHHble Ha cnekTpomeTpe U-XRF M4 Tornado ann
Touku Nel Ha nosepxHocTH nogeumna Ne 1, sepxyweyHasn
YyacTb
Fig. 3. Quantitative values of the elements measured by the spectrometer u-XRF M4 Tornado for point Nel
on the surface of podetia Ne 1, upper part

CoOoTBETCTBYHOLLME NMPUIOKEHUA NpPO-
roammbl  Microsoft Office Excel 2003 wc-
NoNb30BaAu A5 BbIMUCNEHUA CPEeAHUX 3Ha-
YeHWUI gonein 3NemMeHTOB, OWNOKK cpeaHe-
ro, KoapdpuumeHToB Koppenaunm lnpcoHa
(p £ 0.05), pasnnuuit No psagy 3TUX NOKasa-
Tenenm mexay CpaBHUBAEMbIMW YPOBHAMM
nogeumes (Kputepuin t CtotogeHa, p < 0.05).

[Ona onpeaeneHns BKAaAa PasiMYHbIX
NUCTOYHUKOB B POPMMPOBAHUE 3/1EMEHTHOTO
COCTaBa Ha NOBEPXHOCTM anoTeuueB NULIAN-
HWKOB Obln paccymTaH ¢akTop oboralweHua
anemeHToB (EFTi) OTHOCUTENIbHO CPeAHEro co-
CTaBa anemeHTa (3/1) B BepXHel 4acTu KOHTU-

HEHTa/IbHON 3EeMHOM KOopbl, HOPMa/IN30BaH-
HbI OTHOCUTenbHoO Ti:

EFTi = (3a/Ti)npoba / (31/Ti)3emHasn
Kopa.

Mpwn BbluncneHunax EFTi ncnonb3oBaHbl
onybnMKoBaHHbIE CBEAEHUA O COAEPKAHUU
3/IEMEHTOB B BEPXHEM 4YacTU KOHTMHEHTa/b-
HoOM 3emHoOM Kopbl (Fpuropbes, 2003).

Bce U3MEpPEHHbIE noaeuum C
rangiferina xpaHAatca B JlabopaTtopumn 3sKono-
rMYeCcKoro MOHUTOpPUHra B pernoHax A3C u
6MonHamMKauum MHctuTyTa npobnem 3skoso-
rmu u ssoaoumn um. A. H. Cesepuosa PAH u
NPUroaHbl ANA N3yYeHUA.

30



baspos J1. I., NenbryHosa /1. A. CocTaB 1 COOTHOLWEHME XMMUYECKUX 3/IEMEHTOB Ha Pa3HbIX MO BbICOTE NOBEPXHOCTAX
nogeumnes srenbHoro auwanHuka Cladonia rangiferina // MpuHumnbl skonormun. 2016. Ne 2. C. 27-42. DOLI:

10.15393/j1.art.2016.4983

Pe3ynbratbl

Ha noBepxHOCTAX BCex YacTei nogeum-
eB obcnenoBaHHOro BMAa NuUAMHUKA OOHa-
pyxeH 21 anemeHT (Tabn. 1). CornacHo 06-
LLLePOCCMUCKOMY KnaccuduKaTopy MHrpeau-
€HTOB BblOpPOCOB BpeAHbIX BELLECTB B BO3AyX

(Obwepoccuitckmit..., 2016), Cr, Co, Pb npu-
HagnexaT K Knaccy onacHoctn 1. daemeHTbl
Mg, Cl, V, Mn, Ni, Cu, Zn, As OTHOCAT K Knaccy
OMAaCHOCTU 2, a KPeMHMEeBaA M KanbLMeBaA
MblAK, a TaKXKe pag coeanHeHnn Fe — K knaccy
onacHocTu 3.

Tabaumua 1. CpeaHas fona (%) v ctaHgapTHas owmnbka (M £ m) anemeHToB, KO3GGULMEHT BapraLmm
(CV, %), bakTop oboraweHuna (EFr) Ha NOBEPXHOCTN BEPXHEN, CpeAHel N HUXKHel YacTein nogeumes C.
rangiferina; n — YACNO TOYEK, U3MEPEHHbIX HA Ka*KA0OM BbICOTHOM YypOBHE

Table 1. Mean proportion (%) and standard error (M £ m) elements, the coefficient of variation (CV, %),
enrichment factor (EFy;) on the surface of the upper, middle and lower parts podetia C. rangiferina; n —
the number of points measured at each level of height

dnemeHT Bepx Upper (n =50) CepegmHa Middle (n =50) Hus Lower (n = 50)
Element M+tm CV, % EF M+tm CV, % EF; M+tm CV, % EF;
Mg 0.33+0.05 103 1.9 0.26x0.04 108 3.7 0.28+0.05 114 0.8
Al 0.16x0.03 112 0.2 0.11+0.02 104 0.4 0.21+0.03 86 0.1
Si 0.33+0.05 106 0.1 0.31+0.03 74 0.3 0.60+0.09 103 0.1
P 0.09+0.01 54 153.0 0.06x0.01 69 256.8 0.07+0.01 67 61.8
S 0.17+0.02 76 12.0 0.11+0.01 68 20.1 0.12+0.01 55 0.4
cl 0.141+0.01 57 9.7 0.121+0.01 66 19.5 0.12+0.01 60 4.0
K 0.38%+0.03 47 1.7 0.30+0.05 107 3.5 0.24+0.02 67 0.5
Ca 0.77%0.05 47 2.0 1.74+0.24 97 114 3.04+0.28 67 4.0
Ti 0.03+0.01 162 0.01+0.00 131 0.07+0.01 114
\ 0.01+0.00 121 12.2 0.01+0.00 158 24.7 0.02+0.00 133 7.8
Cr 0.01+0.00 109 7.4 0.01+0.00 107 24.4 0.02+0.00 88 5.6
Mn 0.04+0.00 45 6.1 0.0510.00 46 19.8 0.071+0.01 67 5.7
Fe 0.12+0.01 36 0.3 0.151+0.01 47 0.9 0.34+0.02 50 0.4
Co 0.0310.00 39 173.8 0.03+0.00 61 465.7 0.04+0.00 43 105.7
Ni 0.04+0.00 45 62.8 0.04%0.00 50 165.8 0.04%0.00 41 33.1
Cu 0.06%0.00 32 169.9 0.07+0.00 28 4437  0.0710.00 25 100.8
Zn 0.11+0.00 23 145.7 0.11+0.00 25 361.5 0.12+0.00 25 79.5
As 0.09+0.01 47 1469.3 0.09+0.01 46 3707.8 0.09+0.01 51 726.7
Sr 0.20+0.01 42 75.3 0.17+0.01 35 164.0 0.18%0.01 36 33.6
Ba 0.03+0.01 129 5.6 0.04+0.01 143 20.9 0.04+0.01 116 4.3
Pb 0.321+0.02 50 1878.6 0.32+0.02 42 4725.4 0.29%0.02 52 882.8
$§farf 3.48:0.10 20 4.13:0.25 42 6.06£0.28 32
MocnepoBaTenbHOCTb  pacnonoxeHua umin (Ca), a 3akaHuYMBatoT BaHaaui (V) n xpom

(no ybbiBaHMIO) CpeaHUX A0NEN 31EMEHTOB Ha
NOBEPXHOCTAX BEPXHEW, CPeaHEN U HUXKHEWN
yacter nogeumes C. rangiferina no mectam ux
B 3TUX PAAAX KaK O4MHAKOBA, TaK M Pa3/iMyHa
(Tabn. 2). TaK, KaXKabIM psaf HAYMHAET Kanb-

(Cr). MepBble 6 3neMEHTOB HA BEPXHEM W
CpeAHEM BbICOTHbIX YPOBHAX NOAEUMEB, Ha-
pagy c Ca, B pasHOi nocnepoBaTe/ibHOCTU
dopmupytot Mg, Si, K, Sr, Pb. Ha nosBepxHocTH
HUXKHEM YacTu yBean4mBaeTca 3HaveHue Fe m
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yMmeHbluaeTcs aonsa Sr. Ha aTom ypoBHe no-
NNOXKEHMeE Kenesa COOTBETCTBYET ero Nnonoxe-
HUIO B MOC/NeA0BATE/IbHOCTU PaCNONOXKEHUA
M3MEpPEHHbIX Ha MOBEPXHOCTU Nnoaeuns 3ne-
MEHTOB B BEpPXHElM 4YacTU KOHTUHEHTa/IbHOM
3eMHOM Kopbl (cm. Tabn. 2; MNpuropbes, 2003).
Ho nocnenoBaTenbHOCTb PacnonoXeHua apy-
rMX 31eMEeHTOB B 3eMHOI Kope CyL,eCTBEHHO
OT/INYAETCA OT UX MecTa B pAfaX, OTHOCALLMX-
ca K nosepxHoctu C. rangiferina. NocnepoBa-
TENbHOCTb A0NEN 3/IEMEHTOB ANA 3eMHOMN KO-
Pbl HAYMHALOT KpemHuit (Si) n antomuHmin (Al),
a 3aKaHuuBaloT cBuHel, (Pb) n mbiwbak (As),
TOrga Kak Ha nosepxHOCTU nogeumes Al He

BXOAMT B NEPBYIO LLUECTEPKY 3N1€MEHTOB, a Pb,
HaobopoT, BXOAMT B MeEpBYylD MNATEPKY, U B
cpegHelr 4YacTu 3TOT 3/IeMEHT pacnosaraeTca
Ha BTOpom MmecTe (cm. Tabn. 2). MonoxeHue
As Ha Bcex BbICOTHbIX YPOBHAX NOAeLUMeB CTa-
6unbHoe B cepeguHe pagoB. M MbiwbAK, U
CBMHEL, HA BCEX BbICOTHbIX YPOBHAX NoAeLMeB
C. rangiferina BblAENAOTCA CaMbIMW BbICOKM-
MW BennuMHamu dakTopa oboraweHusa (cm.
Tabn. 1). OTHOCUTENIbHO BbICOKUE 3HAYEHUSA
aToro nokasatensa y P, Co, Ni, Cu u Zn (cm.
Tabn. 1). NMpakTUyeckn Bce OHWM pacnonaratoT-
CA B KOHUe pAfa nocnenoBaTesibHOCTU 40U
31eMeHTOB B 3eMHOM Kope (cm. Tabn. 2).

Tabnnua 2. NMocnenoBaTeNbHOCTb PACMONOKEHUA CPeAHMX Aonein (Mo ybbiBaHMIO) 31EMEHTOB Ha Mo-
BEPXHOCTAX BEPXHEW, CpeHel u HUKHel Yactel nogeuunes C. rangiferina v B BepXHen 4acT KOHTUHEH-
Ta/IbHOW 3EMHOW KOpbl (Kopa

Table 2. The mean proportion arrangement sequence (descending) elements on the upper, middle and
lower parts of C. rangiferina podetia surfaces and in the upper continental crust (crust)

522’; Ca>K>Meg, Si>Pb>5r>S>Al>Cl>Fe>Zn>P, As > Cu> Mn, Ni > Ti, Co, Ba >V, Cr
EﬂiZZﬁMHa Ca>Pb>Si>K>Mg>Sr>Fe>CI>Al,S,Zn>As>Cu>P>Mn>Ni,Ba>Co>Ti,V,Cr
E:v?/er Ca>Si>Fe>Pb>Mg>K>AlI>Sr>S,Cl,Zn>As>P, Ti, Mn, Cu > Co, Ni, Ba>V, Cr

Kopa Si>Al>Fe>Ca>K>Mg>Mn>Ti>Cl>S>Mn>P>Ba>Sr>Cr>V>Zn>Ni>Cu>Co, Pb>
Crust As

MpX BbBICOKOM 4uUCNe U3IMEPEHUN Ha
Ka)KZOM BbICOTHOM YypoBHe (50) u3meHuu-
BOCTb BE/IMYUH A0NEN 31IEMEHTOB Ha NOBEpPX-
HOCTU NogeLneB OYEeHb BeMKa, O Yem cBuae-
TENbCTBYKOT 3HAUYMTENbHbIE BEMYMHbBI KO-
duumnenToB Bapuauumn. Tonbko y Cu 1 Zn aToT
nokasatenb 32 % n meHee, a y TPETU 3NEMEH-
TOB KO3pduLMeHT Bapmaummn npesbiwaeT 100
(cm. Tabn. 1).

[donAa paga anemeHTOB Ha MNOBEPXHO-
CTAX pasHbIxX YyacTteh nogeunes C. rangiferina
HeoAnHaKkoBa (cm. Tabn. 1). [ocToBepHOCTb
Pa3INuMn Mexay KONMYecTBEHHbIMWU NMOKa3a-
TENAMU JONEN 31EMEHTOB Ha NOBEPXHOCTAX C
Pa3HbIX BbICOTHbIX YPOBHEN NOAELMEB OLLEHU-
Bann Kputepuem CrbtogeHat gna p < 0.05.
Meay BepxHeh U cpeaHen 4vactamu nopge-
LUMEeB BblABNAEHbI 3HAYMMbIE PA3INYNA 3HaYe-
Hun ana Al, P, S, Cl, Ca, Ti, Mn, Fe, Sr n cym-
MapHon gonu, npudem gonum Al, P, S, Cl, Ti
6bl1N BbIWE HA MOBEPXHOCTU BEPXHEWN 4acTU
nogeumes. Mexay BepXHEN N HUXKHEN YacTa

MW OOHapyKeHbl 3HAYMMble PaA3INYMA BENU-
yuH ana Si, P, S, Cl, K, Ca, Ti, Cr, Mn, Fe, Con
cymmapHon gonu. 3HadveHus P, S, Cl, K 6bian
BbllUEe Ha MOBEPXHOCTN TaK}Ke BepxXHel 4acTu
nogeunes. Mexay cpeaHem N HUMKHEN 4vac-
TAMWU pas3nmuma 3Haummbl ana Al, Si, Ca, Ti,
Mn, Fe, Cu, Zn 1 cymmapHom aonun. Y Bcex HUx
KO/NMYeCcTBEHHbIE MOKasaTenn Obinn Bbiwe B
HUXHEN YacTu nogeumes.

3Haunmble (p < 0.05) BeNUYUHbI KO3-
dnumeHTa Koppenauum MNuUpcoHa mexay [o-
NAMW 31€MEHTOB Ha MNOBEPXHOCTU BEpPXHEW
yactu nogeumes 3apuKkcmpoBaHbl B 117 cay-
YyaAx, M3 HWUX 75 nonoxutenbHole. Hanbonb-
Lee YUCNO0 3HAYMMbBIX MONOXKMUTENbHbIX 3Ha-
YyeHuU 3aecb umeeT Fe, a oTpuuaTeNbHbIX — Si
(tabn. 3), HO MaKcMManbHaA Be/IMYMHA KO3d-
¢unumeHTa 0.63 3aecb mexay Ca mn Ti, a mu-
HUManbHaa (-0.70) — mexay As n Pb. Ha no-
BEPXHOCTU CpefHen 4acTu NojeumeB 3HAYK-
MbIX BEAMYMH KO3pPMuMeHTa Koppenaumm
141, n3 Kotopbix 83 nonoxutenbHble. Ha aTom
BbICOTHOM YpPOBHEe Hambonblliee 4YMUCNO 3Ha-
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YMMbIX NONOMKUTENbHbIX 3HAYeHUn nmeet Ni,
oTpuuaTenbHbIX — BHOBb Si (cm. Tabn. 3). Mak-
CMManbHaa BenAnYMHa KoadpouumeHTta 0.51
3pecb mexxay Ni u Zn, a MMHUManbHasa (-0.58),
KaK M B BepxHen 4yactn, mexay As n Pb. Ha
NOBEPXHOCTU HUMKHEW 4YacTu nogeumeB 3Ha-
YMMbIX BEIMYUH KOIPDMLMEHTA KOppenaumnm

135, n3s kotopbix 94 nonoxutenbHble. 3aecb
Hanbosibllee YMCNO 3HAYMMBbIX MONOXKUTE/b-
HbIX 3HAYEHWUI, KaK U B BEPXHEN YacCTW, uMmeeT
Fe, a oTpuuatenbHbix — Mn (cm. Tabn. 3).
MaKkcMmanbHas NONOXKMUTENbHAA BEAUNYMHA
KoapodumumeHTa 0.75 mexgy gonamm Al n Si, a
MWHMManNbHas (-0.53) — BHOBb mexay As u Pb.

Tabnunua 3. dnemeHTbl co 3Ha4YMMbIMK (p £ 0.05) NONOKUTENBHBIMU U OTPULATENBHBIMWU BENNYMHAMM
KoaddpuumeHTa Koppenaumm MupcoHa mexay nx gonamm (%) Ha NOBEPXHOCTAX BEPXHEN, cpeaHen u
HUXHel yacten nogeumes C. rangiferina (n = 50)

Table 3. Chemical elements with significant (p<0.05) positive and negative values of the Pearson

correlation coefficient between their proportion (%) on the surfaces of upper, middle and lower parts of

C. rangiferina podetia (n = 50)

dnemeHT YacTtb nogeuums MonoxxutenbHble ¢ OTpuuartencHblie ¢
Element Parts Positive with Negative with
BEpX upper Al Si, Mn, Co, Cu, As, Sr
Mg cepegmHa middle - Cl, Cr, Zn, As
Hu3 lower Fe, Pb -
Bepx upper Mg, Si, Ca, Ti, Cr, Fe Ni, Cu
Al cepegmHa middle S Sr
Hu3 lower Si, S, K, Ti, Fe Ca, Mn, Zn, As
BEpPX upper Al, Ti, Fe Mg, S, K, Ni, Zn, Sr, Pb
Si cepeanHa middle As Ca, Mn, Fe, Co, Ni, Cu, Zn, Pb
Hu3 lower Al, S, Cl, K, Ti, Fe, Ba Ca, Mn, Zn
BEpPX upper S, Cl Ni, Pb
P cepegmHa middle S, Cl, Ni Cr
Hu3 lower S, V, Ni, Cu, Sr, Ba, Pb -
BEpX upper P, Cl, Zn, Sr Si, As
S cepegmHa middle Al, P, Mn, Co -
Hu3 lower Al, Si, P, Cl, K, Sr -
Bepx upper P, S, Co -
cl cepegmHa middle P, Ni, Sr Mn, K
Hu3 lower Si, S, K, Ti, Fe Mn, As
Bepx upper Fe, Ni, Cu Si
K cepeanHa middle Cr Cl, Zn, As
Hu3 lower Al, Si, S, Cl, Ti, Fe, Ba Ca, Cr, Mn, Zn, Sr
Bepx upper Al, Ti, Cr, Mn, Fe, Zn -
Ca cepeanHa middle Mn, Fe, Cu, Zn, Ba, Pb Si, Ti, As
Hu3 lower Ni, Zn Al, Si, K, Ti, Fe
BEpX upper Al, Si, Ca, Fe Ni, Pb
Ti cepegmHa middle - Ca, Mn, Co, Ni, Cu, Zn, Ba
Hu3 lower Al, Si, Cl, K, Fe Ca, Mn, Sr
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Tabanua 3.MpogonkeHne

dnemeHT YacTb nogeuma MonoxntenbHoble € OTpuuaTtenbHble ¢
Element Parts Positive with Negative with

Bepx upper Cu -

\Y cepeanHa middle Ni, Ba, Pb Cr, As
Hu3 lower P, Mn, Ba -
BEpPX upper Al, Ca, Fe -

Cr cepeanHa middle K, Fe, Co Mg, P, V
Hu3 lower Co, Zn K, Ba
Bepx upper Ca, Fe, Cu, Sr Mg

Mn cepeanHa middle S, Ca, Fe, Co, Ni, Cu, Zn, Ba Si, Ti
Hu3 lower Vv Al, Si, Cl, K, Ti, Fe
BEpPX upper Al, Si, K, Ca, Ti, Cr, Mn, Zn S

Fe cepegmHa middle Ca, Cr, Mn, Co, Ni, Zn, Pb Si, As
Hu3 lower Mg, Al, Si, Cl, K, Ti, Cu, Pb Ca, Mn
BEpPX upper Cl, Zn Mg

Co cepeanHa middle S, Cr, Mn, Fe, Cu, Zn, Sr Si, Ti
Hu3 lower Cr, Cu, Zn -
BEpPX upper K, Sr Al, Si, P, Ti

Ni cepeanHa middle P,CLV, Mn,:s, Cu, Zn, Ba, Si, Ti
Hu3 lower P, Ca, Zn, Sr, Pb -
BEpPX upper K, V, Mn, Ba, Pb Mg, Al

Cu cepeanHa middle Ca, Mn, Co, Ni, Zn, Ba, Pb Si, Ti
Hu3 lower P, Fe, Co, Zn, As -
Bepx upper S, Ca, Fe, Co, Sr, Ba Si

Zn cepeanHa middle Mn, Fe, Co, Ni, Cu Mg, Si, K, Ti
Hu3 lower Ca, Cr, Co, Ni, Cu, Sr Al, Si, K
BEpX upper - Mg, S, Ba, Pb

As cepegmHa middle Si Mg, K, Ca, V, Fe, Pb
Hu3 lower Cu Al, Cl, Pb
BEpPX upper S, Mn, Ni, Zn, Ba, Pb Mg, Si

Sr cepeauHa middle Cl, Co Al
Hu3 lower P, S, Ni, Zn, Pb K, Ti
Bepx upper Cu, Zn, Sr, Pb As

Ba cepeanHa middle Ca, V, Mn, Ni, Cu Ti
Hu3 lower Si,P, K,V Cr
Bepx upper Cu, Sr, Ba Si, P, Ti, As

Pb cepeanHa middle Ca, V, Fe, Ni, Cu Si, As
Hu3 lower Mg, P, Fe, Ni, Sr As
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O6cyxpeHue

Bnepsble nNpuBOAATCA KOAUYECTBEH-
Hble cBeAeHMA O pacnpegeneHun 21 snemeH-
Ta Ha MOBEPXHOCTU PA3HbIX YacTen nogeumnes
HaMOYBEHHOro KYCTUCTOro JAuwarHuka C.
rangiferina. TocnepoBaTeNbHOCTb PACMO/O-
¥eHuAa no ybbiBaHWO aonen (%) anemeHToB
Ha NOBEPXHOCTU NOoAEeLMEB INLWAKMHKUKA ¢ bap-
rY3MHCKOro xpebTa OTAMYaeTca OT aHanormu-
HOro MOKasaTenAa ANA BEPXHEeM 4YacTu KOHTU-
HEeHTaNbHOW 3eMHOM Kopbl (cm. Tabn. 2).
NmetoTca onpeseneHHble pa3inuma u € CooT-
HOLlEeHWeM COBNaZatoWmx ¢ HaWUMN OAHHbI-
MM 3/1IEMEHTOB B Te/1lax TOro e Bnaa m3 3ano-
BeAHbIX TeppuTopmin CLLUA, B KOTOpbIX nocne-
[0BATENbHOCTb PACNONOXKEHUA No yObIBaHUIO
KOHLLEHTPALUMN 3N1eMEHTOB BbIrNAgUT Kak K >
Ca>P>S>Fe>Al>Mg>Mn>Zn>Pb>Cu>
Ni > Cr (Bennett, 2008), xota Ni n Cr, KaK 1 Ha
NOBEPXHOCTU /NWAMNHMKA C baprysmHckoro
XpebTa, TaKKe HaxoAAaATCA B KOHUe pAga, co-
OTBETCTBYIOLLErO TOM MM MHOM BbiCOTE Noae-
uma (cm. Tabn. 2). ObpawaeT Ha cebs BHUMa-
HWEe, 4YTO B M3MEpPEeHHbIXx Hamu obpasuax
MblwbAK (As) u, ocobeHHo, cBuHel, (Pb), B
CPaAaBHEHMWN C 3eMHOM KOPOM, Ha BCEX BbICOT-
HbIX YPOBHSX HaxoaaTca 6aumke K Havany ps-
0B nocnenoBatenbHOCTeN Mo yObIBaHUIO (CM.
Tabn. 2). U MMeHHO y 3TUX 31emMeHTOB Hanbo-
Nee BbICOKME 3HaYeHuAa daKTopa oboralieHus
(EFTi ) Ha noBepxHOCTAX BCEX YacTel nogeum-
eB (cm. Tabn. 1). NosbiweHHble BeNNYUHbI EFTi
Takxe y P, Co, Ni, Cu, Zn. MoaobHbIn nokasa-
TeNb 3/1EMEHTOB O0ObIY4HO MHTEepPnpPeTUpyrT
KaK A0MOAHUTENbHOE NOCTYyN/JeHMEe TaKUX
3IEMEHTOB OT WCTOYHWUKOB  3arpA3HeHus
(Garty, 2001; Osyczka et al., 2016). MockonbKy
B paguyce okosio 100 km oT mecTta cbopa u3-
MEPEHHbIX HaMM JINWANHUKOB TaKMe WUCToY-
HMKW OTCYTCTBOBA/IN, MOKHO Mpeanonaratb,
UYTO BbICOKME BeAMYUHbl EFTi y Ha3BaHHbIX
BbllLe 3/1IeMeHTOB 06YyC/N0BNEHDbI AaNbHUM Ne-
peHocom BblbpocoB balKanbckoro uennto-
NO3HO-6YMaXKHOro KombuHaTta B bypatum nnu
npeanpuATM, PACMONOXKEHHbIX 3anagHee
o3epa bankan B UpkyTckon obnactu. Henbss
WUCKNOYATb M TO, YTO BbICOKUE BeNNYMHA EFTi B
mecTe cbopa /IMWANHUKOB CBUAETENbCTBYIOT
O BO3MOXHOM 3aneraHuu 34ecb NoAUMeTan-
nnyecknx pya (Bpyke, 1986; KoBaneBckun,
1991; Caet n gp., 1990). Y Bcex anemeHTOB
BennumHa EFTi Hanbonee BbiCOKaA Ha no-
BEPXHOCTU CpefHel 4yacTu nogeumeB U Hau-
MeHbLIaA — B HUXKHEN (cm. Tabn. 1).

BennumHa cymmapHon ponm obHapy-
YKEHHbIX Ha NOBEPXHOCTAX NOAELMEB dNEMEH-
TOB N BHOCSALLUX B Hee ocHoBHOM BKaag, Ca, Si,
Fe, a Takxe Ti, Cr, Mn, Co, Cu, Ba ysennuymnsa-
eTCA C yaaneHnem OT BEPXYLWKM noaeumes K
NX HUXKHEM YacTu, TOrAa Kak BEIMYUHbBI AONEN
P, S, Cl, K 3Haunmo Bbiwe Ha MOBEPXHOCTU
BepxHel Yactu nogeumes (cm. Tabn. 1). Mex-
ay sennumHamu ponen Mg, V, Ni, As, Pb c
Pa3HbIX BbICOTHbIX YPOBHEN CTAaTUCTUYECKM
3HAYMMbIX pPas3NMunii He obGHapykeHo. [o-
CKO/IbKY CBEAEHMA O pacnpeaeneHun sne-
MEHTOB Ha MOBEPXHOCTU Pa3HbIX YacTel Kyc-
TUCTbIX /INWIANHUKOB HaM He AOCTYMHbl, Mbl
BbIHY)KAEHbI CPAaBHMBATb HAlLM pe3y/bTaTbl C
OAHHBIMU O KOHUEHTPAUUM 31EMEHTOB B Te-
Nlax pasHbIX YyacTel noaeumnes npeacraBuTe-
nen Bnpos poaa Cladonia, 4eTKo npeactasaas
Pa3NMuNA MeXay MexXaHM3MamMM NOCTyNaeHuA
3/1EMEHTOB Ha MOBEPXHOCTb NMOAELMEB U B UX
Tena (o63opbl cm.: baspos, 2002, 2005). B
BeHrpun B 27 Km 10XKHee ropoga byaanewTa
nocne 10 Hepenb 3skcnoHuposBaHuA Buaa C
furcata KoHUEHTpaUnKM 6ONbLUIMHCTBA 3N1EMEH-
ToB (Al, Fe, Co, Cr, Cu, Mn, Pb, Ti), Kak 1 cym-
Ma 3/1eMeHTOB, OblIM 3HAYMMO BbilLE B Macce
HUXHUX YacTel nogeumes, U TONbKO KOHLEH-
Tpauma K B macce BepxHeW 4acTu nogeumes
Ha 23 % npeBbiWwasna 3TOT MNOKa3aTesb ANA
HUXKHel Yactn (Tuba et al., 1994). Y nuwamn-
HuKoB C. cariosa, C. pyxidata, C. rei, cobpaH-
Hbix B [lonblue C TeppuUTOpUIA, rae npexae
[o6bIBan M nepepabaTtbiBaNn UMHK U CBU-
Hel, KoHUeHTpauuu Zn, Pb, Cd, As, Cu (apyrue
3N1eMeHTbl He n3mepann) 6ol 3HAYMMO Bbl-
e B Macce TaKKe HUXHUX YacTen nogeumes
(Osyczka et al., 2016).

lopa3go 6onblie cBegeHU O BepTU-
Ka/ZIbHOM rpagueHTe pacnpepeneHns pagmo-
HYKAMAOB B MOAEUMAX ArefibHbiX AULWaNHU-
KOB, ABMAIOLWMXCA YacCTblO MNULLEBON LENU
«NUWANHUK - O/leHb —> 4yenoBeK» (0630p
cMm.: baspos, 2005). B Poccuiickoit ApKTUKe B
KoHue 1964 r. aktuBHocTb 137Cs B macce
BEPXHEN 4YaCTu noaeumeB Are/bHbIX NuLLan-
HMKOB 6blna NOYTN B 5 pas Bbile, YEM B HUXK-
Hel; B TO Ke Bpema pacnpegeneHune 90Sr,
210Pb, 210Po no BbicoTe TeX e NULAaNHUKOB
6blI0 OTHOCMTENIbHO PAaBHOMEPHbIM. JKcne-
PUMEHTbl NOATBEPAUNM HaTypHble Habatoae-
HuA. Mocne norpy*KeHus B BOAHbIE PACTBOPbLI
¢ 137Cs n 90Sr TanN1OMOB KYCTUCTOrO NULIAN-
HUKa C. rangiferina paguougesnit B OCHOBHOM
HaKanAMBanca B BepxXylweyHblx, Haunbonee
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MONOAbIX, YAacTAX CNOEBULLA, @ B HUXKHMUX, Ca-
MbIX CTapbIX, 4aCTAX COAEpPKaHMe 3TOro M3o-
TOMa COCTaBAANO NnUWb 5 % OT ero copeprka-
HMEe B BEpXyWe4HblX 4YacTaAx, TOrga Kak co-
AepXKaHue pagMoCTPOHLMA BO BCEX YacTax
cnoesuwa 6bIN1O0 MPUMEPHO OAWMHAKOBbLIM.
MN3mepeHne aKTMBHOCTEN TeX Ke PafUOHYK-
NNA0B B pasHbIX MO BbICOTE KYCTMKA 4acTax
cnoesuw, C. rangiferina, cobpaHHbIX 3MMOW
1964/65 r. B TyHApPE, AaN0 CXoAHble pe3ybTa-
Tbl: OTHOWeHKMe akTmBHocten 137Cs:90Sr B 1-
CM OTpe3Kax OT BePLUMHbI 40 OCHOBAHMUA OblNo
10; 6.1; 4.5; 3.2 (Nevstrueva et al., 1967), uTo
cBuaeTenncTByet o 60s1ee BbICOKOW MOABUNK-
HocTn 90Sr B cpasHeHun ¢ 137Cs. PasHaAa cTe-
NeHb NOABMMKHOCTM B TeNaX JINWANHUKOB YC-
TaHOBJ/IEHA U ANA APYrUX paanomnsotonos (06-
30p cm.: baspos, 2005).

Habnopaemble KOAMYeCTBEHHble pas-
NM4nA B pacnpeneneHun OTAeNbHbIX paguo-
HYKAngos, Hanpumep 137Cs, cBA3bIBalOT C
Mmop¢dosiormet KOHKpeTHbIXx ocoben — yem
NAOTHee, KOMMAKTHee BepXylWeyHaa u4acTb
pacTteHuMn, Tem meHble 137Cs B HUMKHMX Yac-
TAX NoAeumeB ArefibHbIX NMWANHUKOB. Takoe
06BbACHEHMEe co34aeT BNeYaTaeHue, YTo NaoT-
HaA KOMMAKTHaA BepxyLeyHaa YacTb MeXaHu-
YeCKM npenAaTcTByeT MPOHUKHOBEHUIO HEKOo-
TOPbIX PAANOHYKINAOB B HUXKeNeXalme Cnoum
JIMWANHUKOBOrO MokpoBa. Ho He Bcex, no-
CKO/NIbKY HeKoTopble paaunousoTonbl (90Sr,
210Pb, 210Po v ap.) pacnpegeneHbl No BbICO-
Te nogeumeB KNafoHUM NnMbBO paBHOMEpPHO,
nmbo 6osblue B HUXKHEM UX YacTu. PaanoHyk-
NMApl, B 3aBUCMMOCTU OT FNYyB6UHbBI MX NPOHMUK-
HOBEHMA B MOKPOB Are/ibHblX JUWANHUKOB,
PaHXUPYIOT cnegyowmm obpasom: 144Ce >
95Zr > 137Cs > 106Ru > 155Eu > 210Pb > 99Tc
> 238Pu > 125Sb > 239,240Pu, T. €. B 3TOM ps-
Ay HanmeHee noaBuXKeH paguouepuin (Holm,
Rioseco, 1987). MopobHoe paHXMpoBaHUE
nocne HaKonJeHMA AO0CTaTOYHbIX OAHHbIX, Be-
POATHO, MOXHO ByZeT yCTaHOBUTb U ANA CTa-
OUNbHbBIX M30TOMOB, NOCKOJIbKY HAlUM pe3y/b-
TaTbl CBUAETENbCTBYIOT, YTO PAL 3/IEMEHTOB
(P, S, Cl, K) CKOHUEHTPUPOBaAHbI Ha NOBEPXHO-
CTW BEPXYLUEYHbIX YacTel noaeunes.

MN3BecTHO, YyTo 137Cs ABnAeTca XMMMU-
4yecKMm aHanorom ctabunoHoro K, n B 6uo-
reoxmummyeckom obmeHe, B TOM 4ucie U B
TKAQHAX KMBbIX OPraHU3MoOB, NEPBbIA MOMXKET
3aHATb MecTO BTOpOro. [1oaTomy WMHTEpecHO,
4yTO KaK K Ha moBepxXHOCTU nogeunes Hawux
06pa3uos, Tak U 137Cs n3 rnobanbHbIX BbiNa-
AEHUI nocne AepHbIX UCNbITAaHUM B cepean-
He XX BeKa nmetoT 60/s1ee BbICOKME KONYECT-

BEHHbIE MOKa3aTeNn B BEPXHEW 4YacTU Arenb-
HOro nuwamnHuka, a Ca, XMMUYECKM aHanor
90Sr, — B HWXHel 4actu nopeumes. Kak u
npusegeHHoe paHee oTHoweHue 137Cs:90Sr
B pa3HbIX No BbicoTe Yactax C. rangiferina w3
TYHApbl, oTHoweHne K:Ca Ha NOBEpPXHOCTU
M3MepeHHbIX HaMu nogeuunes U3 bypsatum no-
CcnefoBaTe/ibHO YMEHbLUAETCA OT BEPXYLUKM K
ocHoBaHuio (0.49; 0.17; 0.08).

MonaratoT, 4to 3Haummble (p < 0.05)
BE/IMUYMHDBI KoadduumeHTa Koppenaummn Mup-
COHa MeXAay KO/NIMYeCTBEHHbIMM MOKasaTens-
MW 3/1IEMEHTOB B TeNax NMWANHUKOB YKasbl-
BAIOT HA OOLLNI MCTOYHUK NOCTYNNEHUA TaKUX
anemeHToB (Adamo et al., 2003; Garty, 2001).
B Hawem cnyyae (cm. Tabn. 3), BepoaTtHo, Mg,
Al, Si, K, Ca, Cr, Mn, Fe nonann Ha nosepx-
HOCTb NoZeuneB C NOBEPXHOCTM nousbl. [py-
ro o6WmMn UCTOYHUK Y P 1 S, mexay Benmyu-
HaMW J0NEen KOTOPbIX HAa MOBEPXHOCTU BCEX
Tpex BbICOTHbIX YypoBHel nogeumeB C.
rangiferina 3HayeHuns KoadduumeHTa Koppe-
nauum (p < 0.05) nonoxKutenoHble, a OoTpULa-
Te/IbHble ero 3HaYeHMA Ha BCEX YPOBHAX Bbl-
ABNEHbI MeXAy Aonamu Si u Zn, a Takke me-
XAy As n Pb, npuyem y nocnegHen napel, cy-
OA MO NpuBeAEHHbIM paHee Be/IMYUMHAM KO-
apodunumeHTa, cpeamn BbIIBIEHHbIX 3/1EMEHTOB
Hanbosiee BbICOKAA CTeneHb aHTAaroHM3mMa Ha
BCceX ypoBHsAX. A B Tubete mexay Koaumyect-
BEHHbIMW MOKa3aTeNAMW 3TUX 3/IEMEHTOB B
CNOEBULLAX NINLWANHMKOB CBA3b OYEHb BbICO-
Kana (p £0.01) (Shao et al., 2016). B BepxyLey-
HOM 4aCTU TONIbKO Y As He OBHapy)KeHOo 3Ha-
YUMBbIX MONOXKMUTENbHbBIX BEAUUYUH KO3IdDULM-
eHTa, B cpeaHen yactn —y Mg, Ti. B HUKHeN
YyacTu y BCEX 3/IEMEHTOB B TOM U/IN UHOM CTe-
neHun 6blaK 3HaYMMbIE MOJIOKUTENbHbIE MOKa-
3atenn KoaddpuumeHTa. 3HayMmble OTPMULA-
Te/IbHble BEe/MUYMHbI KO3ddULMeHTa Koppensa-
UMM B BEPXYLUEYHOM YaCTu NoAeumneB He no-
kasanu Cl, Ca, V, Fe; B HUxHert — Mg, P, S, V,
Co, Cu; B cpegHel 4acTu TaKMe 31eMEHTbI OT-
CYTCTBOBAM.

3aKnouyeHue

Pe3synbTaTbl UccnenoBaHMA CBUAETENb-
CTBYIOT, YTO He paspywatowan obpasel, MUK-
POPEHTIreHOBCKAA ¢yopecLeHTHas CNeKkTpo-
CKOMMA NO3BOAET MOJIy4aTb KONMYECTBEHHbIE
M KayecTBEHHble CBEAEHWMA O COCTaBe, COOT-
HOLEHUN XMMMUYECKUX 3/IeMEHTOB M WX pac-
npefeneHnn Ha MoBepPXHOCTM NoAeuMeB Ha-
MOYBEHHOro  ArefbHOro  AuMwanHuka C.
rangiferina. BennunHbl gonen 60nbWIMHCTBA
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NM3MEPEHHbIX HaMM 3/1IEMEHTOB Bbllle Ha Mo-
BEPXHOCTU HMXKHEWN YacTu noaeumes, CTapLuen
Mo BO3PacTy, B CPaBHEHUWU C BEPXYLUEYHOW.
OpaHaKo BbIAABNEHbI 3N1€MEHTbI, 40/1A KOTOPbIX
60/ble Ha NOBEPXHOCTAX BEPXYLLIEYHOM YacTu
nogeumes. 3TM AaHHble B LE/NOM COOTBETCT-
BYIOT XapaKTepy pacnpeaenenHua ctabunbHbIxX
N pagMoaKTMBHbIX M30TOMOB B Macce noaeum-
€B KaK fireNbHbIX, Tak U APYrMx BUAOB NULIAN-
HMKOB poaa Cladonia, ycTaHOBNEHHOMY MC-
cnefoBaTeNAMM, UCNO/Ib30BABLUMMUM UHCTPY-
MeHTapuii, Tpebyrowmin paspyleHnsa obpasua
npu ero NOAroToBKe ANA U3MepeHUs.
CoOTHOLWEHNE BbIABMIEHHbIX XUMUYe-
CKMX 371eMeHTOB Ha nosepxHoctax C.
rangiferina oTANYaeTcsa OT UX COOTHOLLUEHUA B
BEPXHEN YACTU KOHTUHEHTANIbHON 3eMHOM KO-
pbl. BepoATHO, 3TO CBA3aHO KaK C pPervoHanb-
HbIMM OCOBEHHOCTAMM, TaK W CBOMCTBAMM
buonormyeckoro cybcTpata, KakoBbIM AnA
31eMEeHTOB ABNIAETCA MOBEPXHOCTb NULIANHU-
Ka. OyeHb BbICOKME BennuuHbl dpakTopa obo-
raweHus y As, Pb n nosbiweHHble y P, Co, Ni,
Cu, Zn paloT OCHOBaHMEe npeanonaratb, 4TO
YyacCTb MX KOAIMYeCTBa NOCTynuaa B mecto cbo-
pa AMWanHUKOB NMbo B pesynbTaTe AasibHero
nepeHoca BbIbpocoB npeanpuATun bypatnmn m
NpKyTckon obnactu, nnbo B6AM3M MmeeTcA
MEeCTOPOXKAEHME NOIMMETANNNYECKOM Pyabl.

Bubnunorpadus

Ncnonb3oBaHue MMKpopeHTreHodyo-
pecueHTHOro cnekTpomeTpa ynpocTuao npo-
60N0AroTOBKY M 3HAYMTENBHO CHU3WU/IO 3aTpa-
Tbl BpeMeHu Ha usmepeHue. UccnepgoBaHHble
nogeuun C. rangiferina octaancb HENOBPEK-
AEHHbIMWU, U OHWM MOTYT BbiTb MCNONb30BaHbI
ANA BbIACHEHMA Apyrux ocobeHHocTen pac-
npegeneHna 3N1eMeHTOB B C/NOeBuULLEe, B TOM
4yucne n B UX macce.

YmecTHO npegynpeauTb, 4YTO NpuU pac-
CMOTPEHUN NpeacTaBAeHHbIX 34eCb AAHHbIX
cnepyeTt MMeTb B BUAY, YTO XMMUYECKUe ane-
MEHTbI, pa3mep 4acTuy, KOTopbix Bbln meHee
20 pm, NCNONb30BaHHbIA HaMK CMEKTPOMETP
KONMYEeCTBEHHO He PUKCMPOBAN, NMOITOMY PAL
3/1IeMeHTOB Ha NOBEPXHOCTU Nogeunes, Bepo-
ATHO, OCTANINCb HEYYTEHHbIMW.

PesynbTaTbl uccnepoBaHuMAa NoOATBEp-
OAI0T BbICKA3aHHble paHee peKkomeHAauuu
(bs3pos, 2002, 2005; Bbaspos, MenbryHosa,
2013), 4TO NPU UCNONBb30BAHUWN NULIANHUKOB
B CPABHUTENbHbIX NCCNEA0BAHMAX KaK aKuen-
TOPOB 3/1IEMEHTOB W COEAUHEHUN ANA U3Mme-
peHUs HeobXoAMMO OpPMEHTMPOBATLCA Ha
CNOEeBULLA OAHOro BO3PacTa, MOCKONbKY Ha-
6110430TCA KONIMYECTBEHHbIE PA3NINYNSA MENK-
Ay dINeMeHTaMM B MONOAbIX (BEPXYLUEYHbIX) U
6onee cTapbix (HUKHUX) YaCTAX CNOEBULL, KyC-
TUCTbIX JINLIANAHUNKOB.
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Summary: In the paper the composition of 21 elements — Mg, Al,
Si, P, S, Cl, K, Ca, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, As, Sr, Ba, Pb —
was compared in the upper, central, and lower parts of podetia
surfaces of the reindeer lichen Cladonia rangiferina, sampled on
the slope of Barguzinsky chain. For the measurement of the
elements content (%), a sample-nondestructive p-XRF
spectrometer was used. It was stated that the share (%) of the
most elements, except for Cu and Zn, was highly variable. The
content of the elements on the surfaces differs significantly
between the studied parts of C. rangiferina podetia: mean values

enrichment factor
Barguzinsky chain

of the content of P, S, Cl, and K were statistically higher on the
surface of the upper part of podetia, while those of Al, Si, Ca, Ti,
Cr, Mn, Fe, Cu, Zn, Co, and the total content — on the surface of
the lower part of podetia. On all the parts of podetia very high
value of the enrichment factor for As and Pb was established, and
It was increased for P, Co, Ni, Cu, Zn.
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