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Annortanus. Paccmorpena npoGiieMa OIEHKH WHIUKATOPHOW CIIOCOOHOCTH CHUCTEMATHUYECKH OJU3KUX
BHJIOB SNUQHUTHBIX JIMIIAHHUKOB HAa OCHOBE JAaHHBIX 00 WX 3JIEMEHTHOM COCTaBe, IONy4YaeMbIX C
IIOMOIIIBIO  aTOMHO-3MHUCCHUOHHOW CIIEKTPOMETPUHM C WHIYKTUBHO-CBSI3aHHOW Iu1azMoil. Ha mnpumepe
npencraButeneit poga Hypogymnia nokasauo, uro H. tubulosa mo cpaBuenuto ¢ H. physodes obnamaer
Oosiee BRICOKOW HAKOMHUTEINBHON CITOCOOHOCTHIO IO OTHOMIEHWIO K KaJIBIUIO, JKENe3y, JIUTHIO, a TAKKe K
TaKUM TSDKENBIM MeTajlaM, Kak KaJMWi, CBHHEI, alfOMUHMH, ThTaH, cypshMma. Ommako H. tubulosa
pe3UCTeHTEH K MBIIbIKY. CONpsDKEHHBINH aHAIU3 JIEMEHTHOIO cocTaBa M (hM3HOJIOr0-0MOXUMHUYECKUX
XapaKTePUCTUK OJIM3KOPOICTBEHHBIX BHJOB JIMIIAHHUKOB OyIeT CIOCOOCTBOBAaTh BBIICHEHHUIO
MEXaHU3MOB YCTOMYMBOCTH OJHUX BHAOB W INPUYMH YA3BUMOCTH JIPYIMX B YCIOBHUSIX 3arpsi3HEHHS
cpempl. OTO MO3BOJIMT PACIIUPUTH BO3MOXKHOCTM OMOMOHHTOPUHIOBBIX MCCIENOBAaHUM U Oyzer
CITIOCOOCTBOBATh pa3pabOTKe pPEKOMEHIAIMH 10 COXPaHEHHWIO OHopasHooOpasws W CTaOMIBHOCTH
MPUPOIHBIX YKOCHUCTEM.
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Abstract. Epiphytic lichen Hypogymnia physodes is widely used in the biomonitoring of environmental
condition. The lichen is widely spread and is able to grow in terms of moderate technogenic pollution.
However, not all of the systematically related species turn out to have the same stability. Taxonomically
close kind of species such as Hypogymnia tubulosa disappears fast as a result of ecosystem's
transformation. The aim of the work was to consider the estimation problem of indicator ability of
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systematically related species and analyse their elemental content with the use of inductively coupled
plasma atomic emission spectrometry. The experiment on Hypogymnia indicates that H. tabulosa has a
high accumulating ability to calcium, iron, lithium and also heavy metals such as cadmium, lead,
aluminium, titan, stibium compared with H. physodes. However, this kind of species appears to be
resistant to arsenic. The analysis that includes elemental content and physio-biochemical characterists of
closely related lichen's species will enable people to understand the species' resistant mechanisms and
vulnerability of the other in the polluted environmental conditions and will become the basis to arrange
recommendations of the nature preservation events.
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Beeaenue

B nacrosimee Bpemsi B OMOMOHUTOPHUHTE COCTOSIHUSI OKPYKAIOIIEH Cpeapl IIMPOKO HC-
moJie3yroT nuiraiinuku [Meysurova et al., 2014; Meysurova, Notov, 2016b; Tpudonora, Cai-
muH, 2019]. HexoTopblie BUIBI B Ka4eCTBE OMOMHIMKATOPOB MCIOJIB3YIOT OCOOEHHO YacTO — 3TO
YCTOMUYMBBIE K aHTPOIIOTEHHOMY 3arps3HEHHUIO JHIaitHukn. Hanpumep, Omaromapsi mmpoKoMy
pacrpocTpaHEeHUIO U BO3MOXKHOCTH PACTH B YCIIOBUSX YMEPEHHOTO TEXHOTEHHOTO 3arpsi3HEHHSI
snuduTHe aumaitauk Hypogymnia physodes (L.) Nyl. cTan tpaauinnoHHBIM 00bEKTOM OHOMO-
uutopunra [Gauslaa et al., 2016; Meysurova, Notov, 2016b; Parzych et al., 2016; Tpudonosa,
Canvun, 2019]. Jnst OnCHKH COCTOSIHMSI Cpeabl Takke Mcmonb3yroT Parmelia sulcata Taylor
[Pungin, Dedkov, 2017]. B oco60 3arps3HEHHBIX pallOHaX B MOHUTOPHUHTOBBIX MCCIICIOBAHMSIIX
yamie npumensror Xanthoria parietina (L.) Belt. [bsasposa, Ilensrynosa, 2015; Jle Txu buu
Hryer u np., 2017; Meysurova, Notov, 2020]. OTi BUIbI JUITAHHUKOB B PA3HOW CTEIICHU YYyB-
CTBUTEJIbHBI K 3arpsi3HEHUI0. B yCIIOBUAX CHIIBHOTO aHTPONOTE€HHOTO BO3/IEHCTBUS OHU aKTUBHO
HaKaIlJIMBAIOT pa3HbIe MOJUTIOTAHTHI, B TOM uKcie MeTaluibl U Metayutonsl (TM) [Meysurova et
al., 2014; Tpudonosa, Canmun, 2019].

Opnako Bo3pacTaeT HeOOXOJUMOCTh OILIEHKH COCTOSIHUS CPelibl B SKOCUCTEMAaX, UCTIBIThI-
BAIOIIMX PAa3HYIO CTEIIEHb AaHTPOIIONEHHOTO BO3JACUCTBHUSA, B TOM YHCJIE U HA TEPPUTOPHUAX C MU-
HUMaJbHBIM WJIM HE3HAYUTENbHBIM TEXHOTEHHBIM 3arps3HeHueM. B 3Toil cBs3u akTyajabHO BBI-
SICHEHHE WHJMKATOPHOM CIIOCOOHOCTHU IPYTrUX BUIOB JMIaiiHUKOB. KpaitHe nHTEepecHsb! OJn3KO-
POJICTBEHHBIE BHUJIbI C PA3HON UyBCTBUTEIHLHOCTBIO K COJEPIKAHUIO SKOTOKCMKAHTOB B OKpYXKa-
foeit cpene. LlenecooOpa3eH crnenuanbHbli TOUCK MOAENBHBIX TAKCOHOB U TEPPUTOPUH, Jie-
TaJbHOE M3YyYEHHUE MPOIECCOB MOTJOUICHUS TMOJUTIOTAHTOB Y CUCTEMATHYeCKU OJIM3KUX BUIOB
nmumaiftHukoB. [logoOHbie uccienoBanus OyayT CIOCOOCTBOBATH pa3pabOTKe METOIUYECKHX OC-
HOB OLIEHKH MHAUKATOPHOW CIIOCOOHOCTH OJIM3KOPOJACTBEHHBIX BHIOB, EPCIIEKTUB UX UCIOJIb-
30BaHUs B OMOMOHUTOPHHTE.

HHTepecHpIM MOJIEIIbHBIM 00BeKTOM siBisieTcst pox Hypogymnia Nyl. He Bce mpencraButenn
3TOTO POJia MOTYT PAaCTH B YCJIOBHSX BBIPAKEHHOI'O aHTPOIIOTEHHOTO BO3JEUCTBHS. J[pyrue BUpI 10
cpaBHenuto H. physodes Gosnee ysi3BUMBI M OBICTPO HCHUE3AIOT B PE3yNbTaTe MPOUCXOAILCH TpaHC-
(dopMmaruy MpUpPOHBIX SKOCHCTEM. AKTyaleH Bonpoc ux oxpansl [ umensOpanTt, Kysnenosa, 2009;
Kpachast kuwra..., 2018]. Cpemu Hux cucremarnuecku Omiskuit Bux H. tubulosa (Schaer.) Hav.
[Stojanovi¢ et al., 2018]. On npakTuyeckn He BCTpedaeTcsi B ypOOIKOCHUCTEMAX, XOTS MHOT I MOYKET
HEKOTOpOE BPeMsl COXPAHATHCS B KPYIMHBIX JIECOMAPKOBBIX 30HAX HEOOJBIIMX rOpoIoB. B oTimuune ot
H. physodes, on kpaiiHe HEyCTOWYHB K JIF0OOMY aHTPOTIOT€HHOMY BIIMSHUIO, OYEHb YYBCTBUTEIICH K
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3arpsI3HEHUIO CPEJIbl MOJUTIOTAHTAMU U IPUYPOYEH NPEUMYIIIECTBEHHO K IPUPOIHBIM HEHAPYILIEHHBIM
¢uronenozam [Ckpumienko, Baxpomeesa, 2014]. B ormensnbix oOnactsax Llentpanshoit Poccun
H. tubulosa BxiroueHa B MOHUTOPUHIOBBIC CIIMCKK pernoHaibHbIX Kpacubix kaur [2010, 2018]. Bung
pearupyeTr Ha yMEHbIICHHE CTETICH! CTA0MIIBHOCTH PEKUMA BJIaro00eCIeYeHHOCTH BO3/IyXa, KOTOpast
SBJISETCS OOIINM CIIEICTBHEM W3MEHEHHSI MUKPOKIIMATA JIECHBIX SKOCHCTEM B N3MEHEHHBIX YeJIOBe-
KOM JlaHquIaTax. AHaIM3 CeM(UKH ITPOIIECCOB TOTJIOMICHNS SKOTOKCUKAHTOB, B TOM 4uciie 1 TM,
U3 BO3JIYIIHOM Cpelibl y 3THX ONM3KKUX BUIOB poaa Hypogymnia Oyner criocoOCTBOBATH BBISIBICHUIO
IIPUYMH pa3HOW YCTOWYMBOCTH, BBISICHEHHMIO OCOOEHHOCTEW MX pearupoBaHMsl HAa TEXHOT'€HHOE 3a-
Ips3HEHUE, MEXaHU3MOB B3aUMO/JICHCTBUS C MOJUTIOTaHTaMU. Bce 3TO M03BOJIMT OLIEHUTh UHAUKATOP-
HYIO CITOCOOHOCTH ¥ BO3MOYKHOCTH HCIIOJIb30BAHHS STUX BUIOB JIMITAHHUKOB B OMOMOHUTOPHHTE.

BepositHocTh 01HOBpeMeHHOT0 Tipouspactanus H. physodes u H. tubulosa B oaaoM G1o-
TOIIE CO CJIeJJaMU TEXHOTEHHOTO 3arps3HEHMs], 0OCOOEHHO B JIECOMAPKOBBIX 30HAX TOPOJIOB, OUEHb
Hu3kasg. TBepckas o0nacth sBIseTCA YA0OHONW MOJENBHONU TEPPUTOpPUEH, HA KOTOPOW B OJTHOM
MECTOOOMTaHMM B TaKMX OMOTOIMAX MOTYT BCTpeuaTbes 00a BuAa. ONTUMAaNIbHBIM /7S BbISBIIE-
HUS DJIEMEHTHOTO COCTaBa B 00pa3llax JUIIAWHUKOB MOKHO CYMTAaTh aTOMHO-3MHCCHOHHBIN
CHEKTPaJIbHBIM aHaIM3 C UHAYKTUBHO-cBs3aHHON mia3zmoi (ADC-UCII-ananu3). OH no3BoJsieT
C BBICOKO}M TOYHOCTBIO ONPEAEIIATh METAJUIbI JaKe MPU UX KpaltHEe HU3KOM COJIep’KaHUU.

Hens padotel — ¢ nomompio ADC-MCII-ananu3a BBISICHUTH CHEU(PUKY HAKOIUICHUS
AJIEMEHTOB y JIBYX CHUCTEMAaTHYECKH OJIM3KUX BUIOB JIUIIAWHUKOB — CPEAHEYCTOWYUBOrO K 3a-
rps3uenusM H. physodes u veycroitunBoro H. tubulosa.

MaTepI/laJI U ME€TOAbI UCCTICI0BAHUA

OObekTamMu WcciIeoBaHus ObLIM 00pasiel AByX »muduTHBIX BuaoB — H. physodes u
H. tubulosa. Matepuain coopan B 2015-2018 rr. B TBepckoii 001acTi B 4 MyHKTaX, MO-Pa3HOMY
yAAJEHHBIX OT KPYIHBIX UCTOYHMKOB aHTPOIIOTEHHOTO 3arpsi3HEHHUs CPEeJibl, PACIOIaraluuxcs
B MPHUPOJHBIX COOOIIECTBAX, JECOMAPKOBBIX U PEKPEAllMOHHBIX 30HAX, KOTOPbIE HCIBITHIBAIOT
HE3HAYUTEIIbHYIO PEKpPEallMOHHYI0 Harpy3Kky [CripaBoyYHUK. .., 2018].

1. KalMHUHCKUN p-H, HAIMOHAJIBHBIN MapK «3aBHA0BO», TYprHHOBCKOE JIECHUYECTBO,
kB. 122/123 (57°23'0,5" c. m. 35°54'40,3" B. 11.), enbHUK C Oepe30i YepHUYHBIN, HA BETBSIX CJIH,
31.10.2015. Ucrounuku 3arpsi3HeHust Ha paccTosHuU 0kojo 60 kM: OAO «PenKuHCKUN OMbIT-
HBIN 3aBOJ» (XMMUYECKast 0Tpaciib), Tpacca M-10 «Poccusy.

2. TlenoBckuii p-H, okp. 1. Ilomoso (57°07'52,3" c¢. m. 32°26'12,1" B. 1.), 09.07.2016,
eJIbHUK ¢ Oepe30il c(harHOBO-UepHUYHBIM, HA BETBIX €. VICTOUHUKM 3arps3HEHHs] Ha paccTosi-
Hun okoJjio 30 km: OO0 «/luckaBepulleno» (nepeBooOpadaThIBaroIas OTpacisb).

3. OneHuHCKU# p-H, 1. boOpoBka (56°15'24,2" ¢. m. 33°29'42,6" B. 1.), 20.08.2018, ce-
BEpO-BOCTOYHAs 4yacTh ycageOHoro mapka boOpoBka, Ha BeTBsiX enu. VICTOUHUKHU 3arpsi3HEHUs
Ha paccrosHud okojo 8 kM u 2 kM: OOO «/luckasepulleno» (aepeBoobOpabarsiBatomias OT-
pacnb), Tpacca M-9 «bantus».

4. Xapkosckuii p-H, 1. XKapkoBckuii (55°50'30,9" ¢. m. 32°15'08,7" B. 1.), 21.08.2018,
Oepe3oBas aies y cTaauoHa, Ha Kope Oepe3bl. ICTOUHUKHY 3arps3HEHHs] Ha PACCTOSIHUM OKOJIO
1-2 xm: «Kapkosckuit JJOK» (nepeBooOpabaThiBatoliasi 0Tpacib), TPAaHCIOPTHBIE OOBEKTHI 1.
XKapxoBckuii.

Bcero uccnenosano cBeiie 45 06pa3iios, odliee 4ucio coopaHHbIX 00pa3IOB U3 OJHOTO
MyHKTa JUIsl Kaxaoro Bujga cocroBiuser 4-7. CoOpaHHble 00pa3ibl CYIIWIN MPU KOMHATHOU
TeMIeparype A0 MOCTOSHHOW Macchl, TOMOT€HM3UPOBAIM U XpaHHWIIM J0 Hayala aHalu3a B IO-
TUATUIIEHOBBIX TakeTax [[omyOkuua, 2018]. DneMeHTHBIH aHANU3 MPOBOAUIU C TMOMOIIBIO
ADC-UCII-cnektpomerpa iCAP 6300 Duo (Thermo Scientific, CIIIA) no cTanmapTHON MeTo-
muke [Meysurova, Notov, 2016a, 2016b]. TTosrydeHHbIC KOHIIEHTPAIMH BBISBJICHHBIX JIEMEHTOB
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B 00pa3iiax JIMIIAHHUKOB CPAaBHHBAIM C M3BECTHBIMU (DOHOBBIMH 3HAYCHUSIMU Ui TBEPCKOTO
perunona [Meysurova, Notov, 2016a, 2020]. ®oHOBBIC pervOHANTbHBIC KOHICHTPAIIUU IS
H. physodes ycranosienst s 15 meramwios (Al, As, Cd, Co, Cu, Ge, Fe, Mn, Mo, Ni, Pb, Sn,
Ti, V, Zn) [Meysurova, Notov, 2016a, 2020]. YuuTsiBaau Takke MUPOBbIC (POHOBBIC 3HAYCHUS
[MockoBuuenko, Baneesa, 2011].

Craructudeckyro 00pabOTKY MMOTydeHHBIX TAaHHBIX (CpeHee 3HaYeHUE, CTaHAapPTHOE OT-
KJIOHEHHE, Ko3(ppuunenTsl Bapuanmu 1 koppemsaiuu [Tupcona, t-kpurepuit CTeioeHTa) NpoBo-
JIAITA ¢ TIOMOIIBIO CTAaHIAAPTHBIX METOJ0B MAaTEMaTUYeCKON CTaTHCTUKU C MCTOJIH30BAHUEM JIHU-
[IEH3UOHHBIX MPOrpaMMHBIX MpoaykToB Microsoft Office Excel 2013.

Pe3yabTarsl M UX 00Cy:KIeHUE

C nomompio ADC-UCII-ananu3a B 00pasnax qByx BUIOB pojaa Hypogymnia oOHapyxu-
au 23 snementa. Cpenu Hux makpo- (K, Ca, Mg, Na) u mukpoanemenTtsi (B, Ba, Cu, Fe, Li, Mn,
Mo, Zn), a takxe Tsokensie MmeTautbl 1 Metasmionasl (TM) (Al, As, Cd, Cr, Ni, Pb, Sn, Sr, V, Ti,
W) (cMm. Tabauiy).

B npenenax ogHOM Ipymibl TSHKENBIX M HOTEHLIMAIBHO TOKCHYHBIX MeTaiioB (TM) Obu1H
BKJIIOUEHBI HEKOTOpHBIE JIETKHE METaJUIbl (QIIOMUHMM, TUTaH). B paboTax, MOCBAIIEHHBIX U3yYe-
HUIO BO3JCHCTBHS MOJUTIOTAHTOB, OTHECEHHE TaKMX MeTauioB K TM cBsi3aHO C NPOSIBIIEHUEM,
MIPEK/IE BCEro, OMOJOrUUECKONH aKTUBHOCTU M ONPEJENIEHHOMN CcTereHU TOKCUYHOCTH [['0osyOKku-
Ha u ap., 2019; Meysurova et al., 2020].

Cpenu BBISIBIICHHBIX METAJIOB Y CpaBHUBAEMBIX BUJ0B 20) 3JIEMEHTOB OTMEYEHBI BO BCEX
MyHKTaX uccienoBanus (cM. Tabnuiy), Ni oOHapyXeH TOJbKO B 00pasliax U3 HAllMOHAJIBHOTO
nmapka 3aBUI0BO, Sn — B o0Opa3iax u3 3aBug0BO U 1. bobpoBka, Li — B oOpasiax u3 3aBUI0BO,
okp. 1. IlomoBo u 1. BoOGpoBka. IT0 MOXKET OBITH CBA3aHO C OCOOECHHOCTSIMHU IKOJIOTHUUYECKHUX
YCIIOBUM MECT MPOM3PACTaHUs BHUJOB, a TAKK€ BIUSHHUEM (DYHKIIMOHUPYIOUIUX MPEANPUATUN
pa3HBIX OTpaciiel B HCCieayeMbiX paiioHax. Hampumep, U3BeCTHO, YTO UCTOYHUKOM 3arpsizHe-
HUS Cpe/ibl HUKEJIEM MOTYT ObITh NMPEANPUATHS XUMUUYECKONW OTpACiH, UCHIOJIb3YIOIINE B TEXHO-
JIOTUYECKUX MPOIECccaxX pa3IuyHble COCIUHEHHSI HUKENs, KOTEIbHbIE U TEIUIOBBIE AJIEKTPOCTaH-
1Mu, paboTarolue Ha Ma3yTe U KAMEHHOM YTJIe, a TaK)Ke aBTOTPAHCIIOPT.

Copep:xaHrie OOJIBIINHCTBA BBIABICHHBIX JIEMEHTOB HE MPEBBIIIACT 3HAYCHUS (DOHOBBIX
KOHIICHTpamuii i TBepckoil o0iacTu, a Takke MUpOBbIe (DOHOBBIC TOKazatenu [MelicypoBa,
Horos, 2016; Meysurova, Notov, 2020]. OgHako ypoBHHM COJAEpXaHHUs JIEMEHTOB B o0Opasiax
M3YYEHHBIX BHJIOB HEPEIKO Pa3IUYalOTCs. 3HAUEHUSI KOHLEHTPALUK OOJIBIIMHCTBA BBISIBIIEHHBIX
3JIEMEHTOB OKa3aJIMCh 0oJice BhICOKUMHU B 0Opasiax H. tubulosa. ITpu 3TOM, B CBS3U ¢ BBICOKOI
HAKOIMUTEIbHOW criocoOHOCTRIO H. tubulosa mo oTHOIIEHHO K OJJHAM 3JIEMEHTaM, a B psije CIIy-
4yaeB CO c1a0bIM TOTJIOIIEHWEM JPYTUX 3JEMEHTOB, Pa3jMyuus B YPOBHSX COICpPKaHUS OTHCINb-
HBIX 3JIEMEHTOB Y CPAaBHHBAEMBIX BUJIOB BapbUPYIOT B 0YCHb IIMPOKHX Mpe/eiax.

B 3aBHCHMOCTH OT ypOBHS HAKOITUTEILHOM criocoOHOCTH Tasmiomamu H. tubulosa smemen-
ThI MOXHO YCJIOBHO pa3eiHTh Ha Tpu rpynnbsl. OHAKO HEKOTOPHIE 3JIEMEHTHI B 3aBUCUMOCTH OT
HKOJIOTUYECKUX YCIOBHI MECTOOOUTAHUH B PSZE CIIy4aeB MOTYT IIPEICTABIISATH Pa3HbIE TPYIIIbI.

1. DneMeHTHI, coiepkKaHNe KOTOPBIX Bhille B 00pasiax H. tubulosa.

JlanHas rpymia camas MHOTOYHCIIEHHas U BKIodaeT kak TM (nanpumep, Al, Cd, Pb, Sr,
W, V, Ti), tak u makpo- (mpexe Bcero, Ca) u MukposnemenTsl (pexe Bcero, B, Cu, Fe, Zn).

Haubosbiniee umcio 3eMeHTOB JaHHOW rpymmbl B o0pasiax H. tubulosa 3apeructpupo-
BaHO B oOpasuax u3 okp. A. [lomoso (17) u a. bo6poska (16), HaumeHblee — B 0Opa3nax u3
1. JKapkoBckuii (puc. 1).

Ota rpynmna 3J1eMeHTOB HEOJHOPOJHA 10 YPOBHIO KPaTHOCTH IMPEBBIIIEHUS KOHLIEHTpa-
it y H. tubulosa mo cpaBaenuro ¢ H. physodes. Paznuuust B comep:kaHuu 3JI€MEHTOB MOTYT
OBbITH 3HAYUTEIbHBIMU. [10 HEKOTOPBIM JIEeMEHTaM 3HauUeHHsI KOHLIEHTPAIMA MOTYT pa3anyaThbCs
B 2 u Oonee pa3 (puc. 2).
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ConeprkaHre 3JIEMEHTOB B TAJIOMax BHIOB poaa Hypogymnia B myHKTax ncciienoBanus Ha Tepputopun TBepckoit 001acTH, MI/Kr
Element content in thalli of species of genus Hypogymnia in different sites in Tver region, mg/kg

3 Hammonansabiii napk 3aBUA0BO okp. A. [Tomoo 1. bobporka 1. JXKapkoBckuit
ENEHT H. tubulosa H. physodes H. tubulosa H. physodes H. tubulosa H. physodes H. tubulosa H. physodes
Tspxenple METAIBI U MET aJIJION IbI
Al 308,80+10,83 234,40+8,20 736,00+£19,10 | 341,40+11,95 | 1381,20+2,06 | 254,42+0,01 | 585,00+£9,60 | 505,04+14,20
As 1,53+0,02 2,14+0,03 0,78+0,01 3,96+0,05 - 3,54+0,74 - 0,72+0,01
Cd 0,93+0,01 0,23+0,00 0,88+0,01 0,22+0,00 0,62+0,00 0,28+0,00 2,46+0,03 0,56+0,01
Cr 7,89+0,10 7,98+0,12 3,32+0,05 1,52+0,02 5,76+0,10 2,94+0,06 4,06+0,10 3,74+0,05
Ni 4,14+0,06 3,88+0,06 — — — — —
Pb 3,50+0,07 1,53+0,03 12,68+0,03 3,98+0,08 9,92+0,24 1,84+0,24 5,24+0,42 3,56+0,07
Sn 2,68+0,04 2,55+0,04 - - 2,34+0,93 1,68+0,72 —
Sr 44,53+1,78 30,31+1,21 46,54+1,86 28,06+1,12 32,56+0,20 5,74+0,04 16,56+0,04 5,02+0,20
\Y 1,92+0,02 1,39+0,02 2,22+0,03 1,28+0,01 4,48+0,08 1,58+0,04 1,24+0,01 1,48+0,02
Ti 29,76+0,14 19,82+0,09 49,44+0,25 24,56+0,12 79,16+0,10 13,76+0,03 36,22+0,08 33,06+17,00
W 10,54+0,15 6,77+0,10 1,70+0,02 0,36+0,01 16,84+3,76 12,36+0,04 16,53+1,63 11,1043,50
MaxkpoasieMeHTHI
K 2026,01+23,10 | 1855,00+16,62 | 4092,00+34,80 | 1469,00+13,22 | 1038,63+9,40 | 1352,8248,56 | 1276,44+13,22 | 1162,20+6,80
Ca 36280,00+181,00 | 6142,00+24,21 (39560,01+197,80 5226,00+26,13 [41580,02+80,11 |3954,00+20,05(41360,00+75,35 [7262,05+£12,06
Mg 6182,00+£30,91 | 6683,00+33,40 | 1145,80+5,71 994,20+4,97 675,21+0,61 | 882,40+2,40 701,8+21,51 | 801,25+0,80
Na 100,30+0,51 99,35+0,49 83,54+0,41 44,92+0,23 26,48+0,32 17,90+0,12 24,98+0,83 24,43+0,14
Mukpo3JiIeMEHTHI

B 3,11+0,11 1,90+0,06 4,42+0,15 2,44+0,085 6,52+0,02 4,38+0,04 3,44+0,06 2,82+0,07
Ba 47,53+0,71 31,59+0,47 20,62+0,31 50,80+0,76 27,98+0,08 9,81+0,02 26,31+0,08 26,18+0,08
Cu 10,97+0,16 11,06+0,16 4,76+0,07 3,26+0,01 8,16+0,02 3,64+0,02 3,14+0,06 2,66+0,03
Fe 376,70+5,65 313,40+4,71 | 1075,80+16,13 | 326,00+4,89 2262,00+2,00 | 265,03+1,41 642,83+1,24 | 565,60+11,30
Li 0,32+0,01 0,26+0,01 3,42+0,05 0,84+0,01 0,86=+0,00 - - -
Mn 387,30+7,74 381,60+7,62 274,00+5,48 282,40+5,65 84,04+0,36 105,34+1,56 | 816,04+4,20 | 594,80+23,76
Mo 0,16+0,01 0,17+0,00 0,12+0,00 0,16+0,00 0,24+0,04 0,08+0,06 0,12+0,09 -
Zn 53,67+2,15 36,70+1,46 200,80+8,03 94,28+3,77 113,22+0,08 73,92+0,24 211,80+0,23 192,02+7,68
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3HaveHHs KOHIIEHTPAITHI HIEMEHTOR PABHOE 3HadeHus KOHIEHTPAIUI HIEMEHTOB BBIIIE
B 00pasiax M3y4EeHHbIX BHIOB B obpasuax Hypogymnia tubulosa
4 10
m o 8
s = = )
£ = = =
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Puc. 1. O61iee 4ncIio 21eMEHTOB MEpBOI U BTOPOH rpyri B o0pa3iax BugaoB Hypogymnia
U3 pa3HbIX MyHKTOB TBepckoil obmacTu:
[1C 1-4 — mynkThl cOopa MaTepuana (cM. B TekcTe); TM — TsoKenbie MeTalIbl
Fig. 2. The whole number of elements (1 and 2 groups) in the lichen's species
in the different sites in Tver Region:
TIC 1-4 — collection points (see in text); TM — heavy metals
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Puc. 2. KpaTHOCTB IMMPEBBILICHUA BaJIOBOI'O COACPIKAHUA HCKOTOPBIX TSAXKEIIbIX METAJUIOB
B 0o0pasiax Hypogymnia tubulosa B pasubix myHnkrax TBepckoii 00iacTu:
[1C 1-4 — nynkTHI cOOpa MaTepuana (CM. B TEKCTE)
Fig. 2. The exceeding multiplicity of the several heavy metals total content in the compared speciments
in different sites in Tver Region: TIC 1-4 — collection points (see in text)
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Bricokyro HakomuTenbHYHO criocooHocTs H. tubulosa nposiBisier, npexe Bcero, K Kajib-
110 (KPaTHOCTh TPEBBINICHUST 3HAYCHUI CPeTHUX KOHIEHTpamnuii 6—7 pa3). 3HaueHue cpeaHen
KOHIICHTpAIMU Kaiblus B oOpasuax H. tubulosa cocrasisier 39 695 mr/kr, B To Bpemst Kak B 00-
pasuax H. physodes Bcero 5 646 mr/kr.

Tamnomer H. tubulosa aktuBHO mornomatror TM — kajgmuii, cBUHEI (KPaTHOCTh HPEBBI-
uieHust 3—4 pasa), aIOMUHHM, TUTaH, CypbMY (KpaTHOCTb IpEBBILLIEHUS 2—2,9 pa3).

BrrsBiieHo taxxke 0ojiee MHTEHCHBHOE TIOTJIONIEHHE HEKOTOPBIX MUKPO3JIeMeHTOB. Cpenu
HUX JKeJIe30 U JUTUM (KpaTHOCTh NpeBblleHus 2—2,9 pa3a) (cM. puc. 2). B oTHomeHnn apyrux
2JIEMEHTOB OTMEUEHO YMEPEHHOE HAKOIUIEHHE, IPU KOTOPOM OTMEYaeTCsl MPEBBILIEHUE UX CO-
nepxkanus y H. tubulosa ne Gonee yem B aBa paza. K Takum MeTamiaM MOYKHO OTHECTH BOJIb-
bpam, BaHaIU, XpOM, IIMHK U 00D.

2. DieMeHTBI, CoiepyKaHue KOTOPBIX CX0AHO B 0Opasiax H. tubulosa u H. physodes.

[lo oTHOmIEHWIO K AJIEMEHTaM STOW TPYMIBI TMPOSIBISETCS CXOJHAs CIIOCOOHOCTH K
HaKoIUIeHHI0 y oboux BUIOB (cM. puc. 1). CoxepikaHue 31€MEHTOB NMPUMEPHO OJMHAKOBOE, a
KPaTHOCThH TPEBBIIICHUSI 3HAYCHUI CPEHUX KOHIEHTpaluidi BappupyeT B uHTEpBase ot 0,8 10
1,1 pa3za. Dra rpynma Takke HeoqHOpoaHa W BkarodaeT TM (manpumep, Ni, Sn), makpo-
(manpumep, K, Mg) u mukpoanemenTs (Harpumep, Mn).

OO01MMu 3r1eMeHTaMH BTOPO Ipymiibl B 00Opa3nax U3 OOJIbIIMHCTBA U3YYEHHBIX TYHKTOB
SIBJIIOTCS KaJiui, MarHuii u maprasel]. CornocTaBUMy0 HAaKOMUTEJIbHYIO CIIOCOOHOCTh CpaBHU-
BaeMble BHBI MposBisioT k Hukemo (H. physodes — 4,14 mr/kr; H. tubulosa — 3,88 mr/kr) u
onoBy (H. physodes — 2,68 mr/xr; H. tubulosa — 2,55 mr/kr). Uncio 31eMeHTOB 3TO# TPYIIIIBI
OoJibIie BCero B oOpasiiax W3 HallMOHAJIBLHOTO Mapka 3aBu0BO u 1. JXKapkoBckuii (1o 9 anemeH-
TOB B KaxJ0M oOpa3sie). B oOpa3uax jauimaiHUKOB CpaBHUBAEMbIX BUJIOB U3 OKp. 1. [lonoBo u
1. BoObpoBka o0111ee YMCII0 TAKKX 3JIEMEHTOB 3HAYMTEIBHO MEHBIIIE.

3. DaeMeHTsI, coJepKaHne KOTOPhIX MEHbIIEe B oOpasnax H. tubulosa, wem B oOpasiax
H. physodes.

I'pynna npeacraBieHa eIMHCTBEHHBIM 3JIEMEHTOM — MBIIIBIKOM. JTOT METAJUION Taj-
nomsl H. tubulosa HakammBaroT ci1abo, u €ro cofep:KaHue CYIECTBEHHO HIDKE, 4eM B 00pasiax
H. physodes. B o6pasmax H. tubulosa meimibsk oOHapyKeH TOJIBKO B MyHKTaX KalMHUHCKOTO U
[TenoBckoOro pailoHOB.

Takum o6pazom, ¢ nomomnisio ADC-NCII-ananu3a B oopasuax H. physodes u H. tubulosa
BCEro 3aperucTpupoBano 23 snementa. B ux yucne makpo- (K, Ca, Mg, Na) 1 MUKPO3JIEeMEHThI
(B, Ba, Cu, Fe, Li, Mn, Mo, Zn), a taxxxe TM (Al, As, Cd, Cr, Ni, Pb, Sn, Sr, V, Ti, W). Ypo-
BEHb COJEP KaHUsI BBISIBICHHBIX JIEMEHTOB HUkKE (JOHOBBIX 3HAYEHHI, UTO YKa3bIBaeT Ha OJaro-
MPUATHYIO 9KOJOTHYECKYI0 0OCTaHOBKY B M3y4€HHBIX MyHKTaX. OHAKO YpPOBEHb COAEpKAHHS
BBISIBJICHHBIX 3JIEMEHTOB y CPaBHMBAEMbIX BHJIOB Pa3HbIH, YTO, BEPOATHO, OOYCIOBJICHO Pa3Jiu-
YUSIMU B HAKOTUTEIHHONU CIOCOOHOCTH.

HecmoTpsa Ha cucreMaTudeckyro OIU30CTh CPAaBHHBAEMBIX BUJOB HAKOIUTENbHAS CIO-
COOHOCTB M0 OTHOIIEHHIO K 00JbIIMHCTBY 3eMenToB y H. tubulosa Beimre, vem y H. physodes.
Oco060 creyeT OTMETUTh HCKIFOUUTEIBHO BHICOKYIO HAKOMUTEIbHYO crtocodHocTh H. tubulosa
K Kanbimio. B crnoesumiax H. tubulosa obnapyxeno cBbitiie 36 Thic. MI/Kr. BeposiTHO, 3Ty 0CO-
OCHHOCTh MOXKHO paccMaTpuBaTh Kak BuUAocnenupudeckuii npuzHak. B tamiome apyroro smu-
¢dutHoOro NMmaitnuka H. physodes ypoBeHb KOHIEHTpAIMH KaJIbIMsI HUKOTa HE JOCTUTAaeT Ta-
KHUX BBICOKMX 3HAYECHUH.

H. tubulosa niposiBisier 60Jiee BRICOKYIO HAKOMUTEIbHYIO ClI0cOOHOCTh K TM, B TOM Yrc-
JIe ¥ K TOKCUYHBIM (KaaMUl, CBUHIIEI), KOTOPBHIE SBISIOTCS TUIIMYHBIMH 3arPS3HUTENSIMU OKP Y-
JKAIOIIeH Cpellbl B TOPOJCKUX YCIOBUSX, a TAKXKE K allFOMUHHIO, TUTaHY, CypbMe, JKele3y U JIH-
TUIO0. B ecTeCcTBEHHBIX MPUPOHBIX PKOCHUCTEMAX, TJIe COJACPKAHUE ITUX DIEMEHTOB B OKpYXKa-
IolIel cpesie He MpeBbIIaeT (POHOBBIX 3HAUEHUH, 3Ta OCOOCHHOCTh HE SABISETCS JIMMHUTHPYIO-
M ¢pakropom. OTHAKO MPU HAIMYUH BRIPAKEHHOTO TEXHOTEHHOTO 3arpsi3HEHHs] aKTUBHOE T10-
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TJIONICHUE TOKCHYHBIX 3yeMeHToB aenaer H. tubulosa Bechma ysi3BUMBIM Bupom. OHAKo
H. tubulosa, o cpaBuenuto ¢ H. physodes, ciiabo HakamiMBaeT MbIIIbSIK.

OOHapyXeHHBIE PAa3IU4Ms B MOTJOUIAIONIEH CIIOCOOHOCTH M3YYEHHBIX BHJIOB COIPSDKE-
HbI C Pa3HOM CTENEHBIO UX YCTOMYMBOCTU K aHTPOIIOI€HHOMY BO3JeHCTBUI0. OHU OIPENesoT
TaKKe M Pa3InUHy MHIUKaTOpHYIO criocoonocts H. tubulosa u H. physodes. Bosee Bbicokas
noryomaromias cnocoonocts H. tubulosa maer Bo3MoxHOCTE 3p(HEKTHBHO BBISBISATH MHOTHE
sneMeHThl 1 TM Npu MUHAMAIIBHBIX WX KOHIIEHTPAIMSIX B KOMIIOHEHTaX Cpeabl. ITO 0COOCHHO
aKTyaJbHO B HEHAPYIICHHBIX MPHPOIHBIX COOOIIECTBAX, KOTOPBIE UCTIHITHIBAIOT aHTPOIIOTEHHOE
BO3/ICICTBME HEKOTOPHIX B Pa3HOW CTENEHM YIaJCHHBIX OOBEKTOB MPOMBIIUICHOCTH U TpaHC-
nopTa. OTOT BUJ MOXKET OBITh HHTEPECEH MPH OPraHU3alui OMOMOHUTOPUHTA HA 0CO00 OXpaH si-
€MBIX IPUPOIHBIX TEPPUTOPUSIX.

3akiIroueHue

[To pesynbraram aHaiM3a JIEMEHTHOTO COCTaBa JBYX OJIM3KOPOJCTBEHHBIX BUJIOB POJa
Hypogymnia BeisiBiieHa pa3Has MOTJIOIIAOIIAs CIOCOOHOCTh, KOTOpast MOKET OBITh OJHOUW u3
MIPUYUH Pa3INYHON YCTOMYMBOCTH K aHTPOIIOT€HHOMY BO3ZCHCTBUIO U MOCTYIJIEHUIO B CpENy
AKOTOKCHKaHTOB. OrmpeaeneHbl BUA0oCTIEM(UIECKUe 0COOCHHOCTH 10 OTHOIICHUIO K HaKOTLIe-
HUIO OTIPEJICTICHHBIX AJIEMEHTOB, B TOM YHCJIE U T€, KOTOPBIE MOTYT CTaTh JUMUTHUPYIOMNUM (aK-
TOPOM TP HAIWYUU BBIPAKEHHOTO TEXHOTCHHOTO 3arps3HEHUs Cpeapl. YCTAaHOBJICHO, YTO
HAKOTHMTEIbHAS CITIOCOOHOCTh HEYCTOMYHBOTO B ypOoskocucTemax Buaa H. tubulosa mo otro-
MIEHUIO K KaJbIMIO, KaJIMUIO, CBUHITY, AJTIOMUHHIO, TUTAHYy, CypbMe, JKEJe3y U JUTHUIO CYIIe-
CTBeHHO BbIlIe, yeM y H. physodes. TTogoOHbIe pasinuuus OnpeaessioT 00siee BHICOKYIO HHINKA-
TOPHYIO 3HaYMMOCTh H. tubulosa B ycmoBusX HU3KOTO YPOBHSI 3arpsI3HEHUS.

B menom mostydeHHBIE pe3yibTaThl CBUIETEIHCTBYIOT O HEOOXOIMMOCTH JalbHEHIIEH
pa3paboTKH MOAX0/a, OPUESHTUPOBAHHOTO HA OLIEHKY WHIUKATOPHON CIOCOOHOCTH OJIM3KOPO 1I-
CTBEHHBIX BUJIOB JIMIIAWHUKOB. [Ipy 3TOM Ba)XHO y4HUTHIBATh pa3inyus MOTJOMIAIONIEH crocoo-
HOCTH BUJIOB, BBISBIATH MU depeHIHpyIoIre TPYIIbl 3KOTOKCUKAHTOB. [lpu nanpHeHmux mc-
CIIEJOBaHUSAX B TOM HAlpaBJICHUH MOTYT ObITh MHTEPECHBI ApYyrue, 6oJiee peko BCTpeyaroliy-
ecst BuabI poga Hypogymnia, mampumep, H. vittata (Ach.) Parrique, a Takke HEKOTOpBIE KpaiiHe
ysI3BUMBIE TIpeIcTaBUTEIN cemeiictBa Parmeliaceae, nanpumep, Menegazzia terebrata (Hoffm.)
A. Massal.

Cenenns 00 DJIIEMEHTHOM COCTaBe, moJiydeHHble ¢ momornisio ADC-UCII-ananu3za, 1e-
71€CO00pa3HO JOMOJIHUTH JaHHBIMU 00 OCHOBHBIX (PU3HOJIOr0-OMOXUMUYECKUX MapameTpax (co-
nepskanue xiopodumia a u b, deHonbHBIX coeauHeHui, 00IIero azora, ko3dduiueHt deode-
TUHU3AlUY, BEIMYMHA aHTUPAJAUKAIbHON aKTUBHOCTH). AKTyalbHa pa3paboTka OCHOB COMpS-
KEHHOTO aHain3a (PU3HOJIOTHMUECKUX XapaKTepUCTUK U 3JIEMEHTHOTO cocTaBa. Pe3ynbrarhl mo-
JNOOHBIX MCCIIEOBAaHUM OyIyT CIOCOOCTBOBATH BHISIBICHUIO MEXaHU3MOB YCTOMYHUBOCTH BUAOB U
MPUYMH yA3BUMOCTH. OHU MPEICTABIAIOT UHTEPEC Al OMOMHINKAIMU U JESTEILHOCTH 0 CO-
XpaHEHUI0 OMOPa3zHO0Opa3usl U CTAOUILHOCTU MPUPOJIHBIX IKOCUCTEM.
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